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BBEJAEHUE

TenemexaHuka SBISETCS OBICTPOPa3BUBAIONICIHCS 0OJACTBIO TEXHUKH
cOopa, mepegaun, oOpabOTKH U oToOpakeHus MHGOpMAIUU, He0OX0IUuMOn
JUIS ~ ONEPAaTUBHOTO  IICHTPAJIM30BAHHOTO  KOHTPOJISI ¥ YIPaBJICHUSA
pa3IMYHBIMHM TIporieccaMu. B Hacrosiiiee BpeMs B TaKUX OTPacisaX
NPOMBIIUICHHOCTH, KaK JHEpPreTHKa, TPAHCIOPT, HEe(TsSHAs H Tra3oBas
MPOMBIIIJICHHOCTh, (DOPMHUPYIOTCS HepapXUYeCcKHe aBTOMATU3HUpPOBAaHHBIC
CUCTEMBbl JTUCIETUEPCKOTO YIMpaBICHHUS C MNpUMEHEHHEM MHUKpo-OBM wu
MCIIOJIb30BaHUEM JIOKAJbHBIX BBIYUCIUTENBHBIX CeTel. DTO MPHUBOIUT K
CYLIECTBEHHOMY HW3MEHEHHMIO, KaK B TEXHHYECKHMX CpPEICTBaX, TaKk U B
METOJIaX MepeIay TeIeMEXaHnIeCKON nH(OpMAaIIHH.

CuctemMpl TelIEMEXaHWKH MOXXHO paccMaTpuBaTh KaK KOMILJIEKC,
BKJIFOYAIOLIUI 3JIEMEHTBI TPEX CUCTEM: aBTOMAaTH3UPOBAHHOTO YIIPaBJICHHUS,
UHPOPMAITMOHHO-U3MEPUTENbHOM U cBsi3u. llpu  3TOM  OCHOBHOM
OTJIMYUTEIBHON YEpPTOM CHUCTEM TEJIEMEXaHUKU SIBISIETCA Iepefada Ha
00JIbIIKE PACCTOSIHUS MH(OPMALIUK MEXTy KOHTPOJIUPYEMBIMU IYHKTAMU U
YHKTaMH YIIPaBIICHUSI.

OcHOBHOM 3afauedl HacTosAUIero y4eOHOro TMocoOusi  SBISETCS
O3HAaKOMJIEHHE OYyIylIMX CHEHHUATUCTOB IO 3JIEKTPOHUKE U aBTOMATHKE
(U3HYECKMX YCTAaHOBOK C OOIIMMHU OCHOBAaMHM M OCOOEHHOCTBIO CHUCTEM
TEJIEMEXaHUKH, COCTOSIIIIMMHU B TIepelaye TEXHOJIOTUIECKON U YITPABIISIOIICH
uH(popMauu Ha OOJIBIINE PACCTOSHUS.

YyebHoe nocodre mo3BOJISET OCBOUTD:

— OCHOBHBIE 33/1a4H TeIEMEXaHHUKH;

— OCHOBHBIE MOJIb30BATENIbCKUE (PYHKIINN TEIIEMEXaHUUYECKUX CUCTEM;

— BTOPHUYHBIE [10JIb30BATEILCKUE QYHKIUH TEIEMEXaHUYECKUX CUCTEM;

— COBPEMCHHBIE TMPUHIUIBI TOCTPOCHUS CHUCTEM TEJCYIpaBICHUS |
TEJIEKOHTPOJIS;

— METOAbl  YIUIOTHEHHMsS ~ KaHaJllOB  CBSI3W,  YAOBJIETBOPSIOLINE
TpeOOBaHUIM TEIEMEXAaHUYECKUX CUCTEM.

YuebHoe mocobue Oasupyercs, Mpexae BCEro, Ha Kypcax BBICIICH
MaTEeMaTHKH, OCHOB TEOPUM DIEKTPUUECKUX LEMeH, OJJIEKTPOHUKU U
MUKPODSJICKTPOHUKH, TEOPHUH aBTOMATHYECKOTO  yMpaBICHHUS, TEOpUHU
uH(popmalu B o0beMe yueOHOT0 TIaHa CIIelMaIbHOCTH.



I'TIABA 1. BBenenue B Kypc «TeJIeKOHTPOJIb U TeJIeyIIPABJICHUE)

1.1.1TIpeamer «TejieKOHTPOJIb U TeJleyNIPABJICHUE)»

[lear kypca: 3HAKOMCTBO C OONIMMH OCHOBAMH TIOCTPOCHHUS U
OCOOEHHOCTSIMU CHCTEM TEJIEMEXaHUKH, OTIUYAIONIMMHU 3TU CUCTEMBI OT
CUCTEM CBS3H.

B kypce «TenexkoHTpodab W TejieylpaBieHue» OyJeM paccMaTpUBaTh
oOIe OCHOBBI TIOCTPOCHHS CHCTEM TeJleMeXaHHMKH KaK CHCTEM,
00eCreynBaroIIMX SKOHOMUYECKU 3¢ HEeKTUBHYIO nepenavy
TEXHOJIOTUYECKON U YIPaBIIAIONICH HHPOPMAIIUK Ha OOJIBIITNE PACCTOSHUA.

Tenemexanuka (OT Teye... U MEXaHHMKA), 00JIACTh HAYKU U TEXHHKHU,
MPEAMETOM KOTOPOH SBIISIETCS pa3pad0TKa METOAOB U TEXHUUYECKHUX CPEJICTB
nepegayn U npueMa uHbopManuu (CUTHAJIOB) C IEJIbIO YIPABICHUS WU
KOHTPOJIA Ha paccrosiHuM [1, 2, 3, 4].

Tenemexanuka OTIMYAETCS OT JPYrUX OOJAcTEd HAYKM U TEXHHKH,
CBA3aHHBIX C Tmepenadel uWHPoOpMalMU Ha paccTosHue (Tenedonus,
tenerpadus, TEIEBUICHUE U Jp.), PSAOM clenupuueckux 0COOEHHOCTEH,
Ba)kHe#HIMe u3 KoTopeix [1, 3, 4, 5]:

- Iepejava CUTHAJIOB C MOCTOSIHHOM U MEPEMEHHON COCTaBIIAIONIMMU, U
OY€Hb MEJIJICHHO MEHSIFOIIUXCS IaHHBIX;

- HEOOXOIMMOCTHh BBICOKOW TOYHOCTH TEPEIaddl M3MEPSIEMBIX BEITHMYUH
(m0 0.1%);

- HEIOMYCTHUMOCTH OOJIBIIIOTO 3ala3JblBaHUsI CUTHAJIOB, BO3MOXKHOCTH
niepeiauu TaHHBIX B PEKUME pealIbHOTO BpeMenH [6, 7];

- BBICOKas HAJCKHOCTh TIEpeIadyd KOMaH] YIpaBjcHHUS (BEPOSTHOCTH
BO3HUKHOBEHHS JIOKHOM KOMaHILI JOKHA OBITH HE Ooliee 10° = 107
10.

- BBICOKasl CTEMEHb aBTOMATU3AIMK MTPOIIECCOB COOpa U MCIOJIb30BAHUS
uH(popmanuu;

- IEHTPAJIM30BAHHOCTH MEPEepadOTKU HH(OPMALIUH.

Yka3zaHHble 0COOCHHOCTH 00YCIIOBJICHBI CIEIM(PUKON 3a7a4, pelaeMbIX
TerneMexannkoi. Kak mpaBuito, TemeMexaHu3anus MpUMEHIETCS Toraa, KoTaa
HEOOXOIUMO U IeJiecoo0pa3sHO  OOBEIWHUTH  Pa300IICHHBIE WU
TEPPUTOPHAIBHO PACCPEIOTOUCHHBIE OOBEKTHI YIPABJICHHUS B CIUHBIN
MPOU3BOJACTBEHHBIN KOMIUIEKC (HAmpuMep, TpH YIOPaBICHUH Ta30- U
He(TEPOBOOM, HHEPTOCUCTEMOM, KEIE3HO-IOPOKHBIM Y3JIOM, CEThIO
METEOCTaHIMI) TUOO KOT/Ia MPUCYTCTBHE YEIOBEKA HA OOBEKTE YIIPaBICHUS
HEeXeaTeNIbHO (BCIIEJCTBUE TOTO, YTO paboTa Ha OOBEKTE COMpsHKEHa C
PUCKOM [t 3/I0POBBSI — HaNpuUMEp, B aTOMHOM MPOMBIIIVICHHOCTH U
OHEPTEeTUKH, Ha HEKOTOPHIX XUMHUYECKUX MPEANPUITHIX) WIH HEBO3MOXKHO
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(M3-3a HEIOCTYIHOCTU OOBEKTa yIpaBJEHUS — HANPUMEP, IPU YIPaBICHUU
HEMUJIOTUPYEMOU paKeTOM, JIYHOXOAOM H T.1.).

OCHOBHOE BHHMAaHUE B HAIlleM Kypce OyJaeM YJIensiThb PacCMOTPEHUIO
MIPUHITUTIOB TIepeavYn COOOIICHUI Ha OOJBIIME PACCTOSHHUSI, UCIIOJIH30BAHUE
MHUKPOIPOIIECCOPHOU TEXHUKHA U NH(POPMAITMOHHO-BBIYUCIUTEIIBHBIX CETCH.

1.2.UcTopus TejieMeXaHUKHU

[lepBble TOMBITKA TPOW3BOAUTH HM3MEPEHUS W YNPaBIATH pPabOTOM
MalllMH Ha PAcCTOSHUU OTHOCATCS K KOHIy XIX B.; Tepmun «Tenemexanuka»
ob11 mipensioxkeH B 1905 ¢paniry3ckum yuénsim J. bpannu. [lepBonadansHo
C NOHSTHEM TEJIEMEXAHHMKA CBS3bIBAJIM NPEJICTaBICHUE 00 YNPaBIECHUU IO
paaro TOBIKHBIMUA BOCHHBIMUA OOBEKTaMH. M3BECTHBI CiTydan TPUMEHEHUS
CpelcTB 0OE€BOM TEXHUKH, OCHAILECHHBIX YCTPOWCTBAMM YIpaBJICHUS Ha
pacctostHuu, B 1-ii MupoBoit BoitHe 1914 — 1918 r.r. Ilpaktuueckoe
NpUMEHEHUE TEJIEMEXaHUKHM B MHPHBIX IeNsix Hadaiock B 20-x rr. XX B.
['maBHBIM 00pa3oM Ha >KEJIE3HO-JOPOKHOM TPAHCIIOPTE: TEJEYyNpaBiIeHHUE
KEJIE3HOJOPOKHOM ~ CUTHAJdW3allMe W CTpeJkaMu  ObUIO  BIIEPBBIC
ocymiectBiaeHo B 1927 na xene3nout nopore B Oraito (CIJA) Ha ydactke
mmHou 65 kM. B 1930 8 CCCP 6511 3amyliiieH NepBbiii B MUPE PauO30H] C
obopynoBanueM s tenemsMmepennii. B 1933 1. B MockoBckoi
sHeprocucteme (MocaHepro) BBEIGHO B 3KCIUTyaTallUi0 MEPBOE YCTPOUCTBO
tenecurHanm3anuu. B 1935 — 1936 r.r. Hayanock mpakTHYecKoe MpUMEHEHHNE
YCTpPOUMCTB TeneMexaHuku B Mocanepro, Jlensnepro, JlonGaccanepro. B
1935 1. peanm3oBaHO TENEYNpPABJICHWE CTPEIKAaMH W CUTHAJIaMH Ha
MockoBcko-Ps3anckoit xkenesnor aoporu. B nauwane 40-x rr. B Mockse
OBLJIO BBEJIEHO LEHTPAIU30BAHHOE TEJICYNPABICHUE OCBEIICHUEM YJIUII.
CepuiiHoe 3aBOJCKOE MPOU3BOACTBO ycTpoucTB Tenemexanuku B CCCP
BIIepBbIe ObUTO Opranu3oBaHo B 1950 r. Ha 3aBojae «Onekrporynbt». K 1955
I. BBISIBWIACh TEHACHIMS K TEXHUYECKOMY TMEPEOCHAIICHUIO CPEACTB
TEJIEMEXaHUKU: HEHAJEKHBIC PEICHHO-KOHTAKTHBIC JJIEMEHTHhl Hadalld C
1958 moBceMecTHO 3aMEHATh MOJYNPOBOJHUKOBBIMA M MAarHUTHBIMHU
O0eckonTakTHbIMU dneMeHTamu. [lepBas B CCCP anekTpoHHass cucrema
TeJaeu3MepeHuii Obl1a pazpadborana B 1955 — 1956 r.r. B kone 60 — Hayame
7/0-X IT. HA4aJIOCh OCHAIICHHE TEJIEeMEXaHUYECKHX CHCTEM amnmnapaTrypou c
UCIIOJIb30BAHUEM MHTETPAIILHBIX cxeM [1, 2, 4].

1.3.MecTo TejieMeXaHUKHU B Mpolecce ynpaBJieHUs

Cucrema ympaBieHUs, B KOTOpOHM Bce (YHKIMK YIpaBICHUS
TEXHOJIOTUYECKAM  TIPOLIECCOM  IEPEKIIAABIBACTCS C  YEJIOBEKa Ha
ABTOMATUYECKHE YCTPOMCTBA, HA3BIBAETCSI AaBTOMATHYECKON CUCTEMOM, a C



ydacTHEM YeJioBeKa — aBTOMaTU3MPOBaHHO# cucteMoii [8, 9]. PaccmoTrpum
CTPYKTYpPYy aBTOMaTHYECKOW CUCTEMBI yripaBieHus (cM. puc. 1.1).
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Puc. 1.1. Cmpyxmypnas cxema asmomamuyueckoui cucmembul YnpasieHusL.
KUII — konmponvro-uzmepumenvhvie npubopul;, UM — ucnonrnumenvuvie mexanuzmoi; BM
— GLIYUCTUMENbHAS MAUUHA (NPOMBIULIEHHBIT KOHMPOJLLED).

Ecnu ynpaBisiemblil mpoliece paccpeoToueH Ha OOJIbIION TUIOMAU, TO
K CpeJCTBaM MECTHOW aBTOMAaTHUKH OOABJISIOTCS CUCTEMBI TEJIEMEXaHUKU
KaK TIPEICTaBJICHO Ha puc. 1.2.
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Puc. 1.2. Cmpykmyprnas cxema meneagmomamuyeckou cucmemvl ynpasieHus:
CTM — cucmema menemexanuxu;, TH — meneusmepenus, TC — menecuenanusayuu, TY —
meneynpasieHue.



1.4.0OcHOBHbBIE NOHATHS U TEPMHUHOJOIUA

JIro6oi1 mporiecc ympaBieHHUs BKIIOYAET COOCTBEHHO YIIpaBJIEHUE, TO
€CTh BO3JIEUCTBHE HAa OOBEKT C LEIbI0 H3MEPEHUS €ro COCTOSIHUS
(moJoKeHHs B POCTPAHCTBE, 3HAUCHHUM €ro MapaMeTpoB U MEPEMEHHBIX), U
KOHTPOJIb 32 COCTOSIHUEM O0BEKTA.

Cornacao I'OCT 26.005-82 TepMuH «TeneMexaHUKa» BKIIIOYAET B ceOs
0ojiee YacTHbIE MOHSITHS, CBSA3aHHBIE C (YHKIMSIMH TeIeMEXaHUYECKHX
cuctem: teneusMmepenue (TH), tenecurnanmmzauust (TC), TeneympaBieHue
(TY), TeneperynupoBanue (TP) u T. 1.

MexnyHapoIHbIM  3JICKTPOTEXHUYECKUM  CJIOBAPbh  HCIIOJIB3YET B
anrnuiickom Tekcre oboOmarommii TepMuH « TELECONTROLY, xoTtopsrii
yIayHO OOBEAUHSACT MOHATHS «YIpPABICHUE)» HA PACCTOSHUH M «KOHTPOJIb
HE3aBUCHMO OT XapakTepa BO3JEUCTBUS Ha 00BEKT. B pycckoM si3bike 3TOMY
TEPMHUHY HanOoJiee COOTBETCTBYET TEPMHUH «TejeylpaBieHue». OgHako B
OTEUYECTBEHHOM JIMTEPATYpe 3TOT TEPMHUH TPAJAULIUOHHO MPUMEHSETCS JHILb
B OTHOIICHHH (YHKIMHM TepeJadyd KOMaHJ W HE OXBaThbIBaeT 3aJaud
HaOroieHust (KOHTPOJIsI) 3a yrpaBisieMbiM mporieccoM [1, 3]. Tlostomy B
HameMm kypce TepmMuH « TELECONTROL» Oynem 3ameHsITH codeTaHUEM
«TEJIEKOHTPOJIb U TeJIEyIpaBieHUE», JTUO00 NPUMEHITh TPaJAUIIMOHHBIN
TEPMHUH «TEJEMEXaHWKa», €CIi HMETb B BHJIY €ro YCJIOBHOCTh B
YIOMSIHYTOM BBIIIIE€ CMBICTIE.

Tepmun «TELECONTROL» o6wsenunser dynkuuun TU, TC, a Taxxke
moOble  npyrue  (yHKIMKM  HAOJMIOACHUST  COCTOSIHHMS  yIPaBJIsSIEMOTO
(KOHTPOJIMPYEMOT0) MPOIECCa Ha PACCTOSIHUM.

Cnegyer OTMETHTh, 4YTO B 3apyOexHOW muTeparype, OCOOEHHO
AMEPUKAHCKOM, HCTIOIB3YETCS COKpAILICHHBIN TEPMUH, YIAa4yHO
OOBbeIMHAIOMNNA (YHKIUM TEJEeMEXaHUYECKUX YCTPOMCTB B CHUCTeMax
ynpasienusi: SCADA (Suppervisure Control and data acvisation), uto B
JOCJIOBHOM TI€PEBOJIE O3HAUAET «YINpaBICHHE Ha pacCTOSHUU U cOop
naHHBIX». [0 CyIecTBy CHCTEMBI TEJIEMEXaHWKH B aBTOMATH3WPOBAHHBIX
cucremax aucreryepckoro ynpasieHnus (ACJY) sHeprocucteM BBITOIHSIIOT
GyHKIME crcTeM, UMeHyeMbIX Ha 3amaze SCADA [1, 3].

VYmopaBieHne W KOHTPOJIb C TIOMOIIBIO CPEICTB TEIeMEXaHUKH
OCYILIECTBIISIIOTCS O0BIYHO C nynkma ynpaesienus (I1Y) nnm oucnemuepcrozo
nynkma (J11), rne HaxoauTtcs onepaTtop (Aucneryep).

OOBEKTHI YIpaBiIeHUs MOTYT ObITh COCPEIOTOYCHBI B OJJHOM MECTE, Ha
omHoM  xoumpoaupyemom  (ynpaensemom)  mynkre  (KII)  nmbo
paccpesioTOYeHbI, TO €CTh PACIOJIOKEHBI 0 OAHOMY WM Tpynmnamu (Ha
Heckonpkux KII) Ha Gonpmioit Tepputopuu (B mpoctpancTse). PaccrosiHue
mexay KII u ITY moxeTr ObITh OT HECKOJIBKHX AECSITKOB (Hampumep, Npu
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YOPABJICHUH CTPOUTEIBHBIM KPAaHOM) JO JECITKOB M COTEH TBHICSY KM
(Hanpumep, IpH yIpaBIeHUH aBTOMAaTHYECKOW MEKIIJIAHETHOM CTaHLIMEN ).
Jng  mepemauum  TeleMEXaHMYECKOHM  MHQPOpMAlMU  UCHOIB3YIOT
BBIZICJICHHBIE JUIA OTOrO JIMHUMA CBS3UW (MPOBOAHBIE W KaOEIbHbBIE),
paguMOKAaHANIBI, ONTUYECKHE, THUIPABINYECKUE W AaKyCTHYECKHE KaHAJIbI,
pacrpenenuTeNbHbIE JJIEKTPUYECKAE CEeTU MW JIMHUM DJIEKTPOIIepeaadu.
Hepenko tenemexannyeckas uHpoOpManus mepegaeTcss IO KaHajam,
IpPEIHA3HAYCHHBIM JUIsl [Eepeayd JpPYrux CHUTHAJOB — HalpuMep, I10
Tene(OHHBIM KaHajlaM M KaHajaM Iepeladd JaHHbIX. B 3Tom ciydae s
TEIEMEXAHUYECKUX CUTHAJIOB BBIACIAIOT ONPENEIEHHBIM IUANa30H 4acTOT
KaHaja WIN LeJIMKOM HE3aHsThIN TeneOoHHbIN uim TenerpadHsiii kanai. 1o
OJTHOMY CTaHIApTHOMY TeJI€(pOHHOMY KaHaly MOXXHO Ie€pe/laBaTh
yOpaBisilonyr0o uMH@opManuio Ha Jnecarku u  gpaxe cotHu KII. Ilpum
MCIIOJIb30BaHUU BBIJICJIEHHBIX MPOBOJAHBIX JMHMKA anmaparypa KII oObraHo
MOAKIIOYAETCS MapajyieIbHO K OOIIEH JMHUM, CTPYKTypa KOTOPOW MOKET
OBITh JIOCTATOYHO CJIOXKHOW (IPEBOBUIHOM, KOJBIEBOM, KYyCTOBOW H
CMEILIAaHHOW). 3HAYUTENbHO pexe (BCIEICTBUE HU3KOW HaAEKHOCTH)
MIPUMEHSIETCA ILENOYEYHOE COCINMHEHWE JIMHUM CBSI3M M almaparypsl
ornensHoro KII. Ecnu mnga mepemaum TelneMeXaHWYeCKOM WHGOpMaIuu

UCIIOJIb3YIOT paavoKaHabl, TO TeJIEMEXaHUKa Ha3bIBAETCS
paouomenemexanukoii [1, 2, 4].
Tenemexanuveckasi cucrema (TMC) — COBOKYNMHOCTH YCTPOMCTB

IYHKTOB YTPAaBJICHUS U KOHTPOJIUPYEMBIX IIYHKTOB, HEOOXOAUMBIX JTUHUHA U
KaHAJIOB  CBSI3M, NPEIHA3HAYCHHBIX JUII COBMECTHOTO  BBIITOJIHEHHS
TeJIeMeXaHN4eCKUX (PyHKUUN (MM COBOKYIHOCTb YCTPOMCTB, MOCPEACTBOM
KOTOPBIX C TIOMOIIBIO YEJIOBEKAa-OMepaTopa OCYUIECTBISETCS YIpaBJICHUE
00BEKTaMHU ¥ KOHTPOJIb 32 MX COCTOSIHUEM Ha PACCTOSIHUM).

Cucremsbl TesieKOHTPOJsS U TeseynpasieHus (TK u TY) — cucremsl
TEJIEMEXAHUKHU, BBITOJHIIONME (QYHKIMH TOJBKO YIPAaBICHUS U TOJIBKO
KOHTPOJIS.

HNucneryepckuii nmyHKT ([II) — wmeHTp cucTteMbl AMCHETYEPCKOIrO
yOpaBJICHUs, THAE COCpedoToYMBaercs MHGoOpMalMs O  COCTOSHUU
NPOU3BOJCTBA,  JABI)KEHHUM  TPAHCIOPTA,  SHEPrOCHAOKEHHH,  XOJe
ctpoutenbcTBa U Jp. (cMm. Jlucmeruepusanus). B cocta JII BXomdr:
orepaTopckas (3aJl JIeXypcTB, KaOWHET), TJe HaxoguTcs pabodee MecCTO
AUCIeTyepa;  ammapaTtHas € BCIOMOTaTelbHbIM  000pYIOBaHHUEM;
KOHTPOJIBHO-PEMOHTHAss ~ MacTepckas € JEKYpPHBIM  [IEPCOHAJIOM,
oOciyxuBatouim  obopynosanue JII; BcrmomorartenbHble MOMEIICHHUS.
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PaGoyee MecTo mucrerdepa (Omeparopa), MMCIETYEPCKHH MyIbT |
JIMCTIETYEPCKUIl IUT Pa3MEIAIOT TakK, YTOOBI JHMCIETYEPY OJMHAKOBO
XOpOIIO OBLTH BUIHBI BCE KOHTPOJIbHBIE PUOOPHI, TIEMEHTHI CUTHAIU3AIIHIH,
sKpaHsl (TabJ0), yCTpOHCTBa 0TOOpaKEHHsSI HHPOPMAIMH U TPOMBIIILIICHHOTO
TEJIECBUCHUS.

Jluana cBsasu (JIC) — COBOKYNHOCTh TEXHHYECKHX YCTPOWCTB U
¢uznyeckoil cpeabl, oOecnedMBarollas pPacHpOCTPaHEHUE CHUTHAJIOB OT
nepenaTuvka K npuéMHUKy. JIC sBisieTCs COCTaBHOM 4acThiO KaHaja CBSI3U
(kaHaJa epegayn).

Kanan cBsi3m — KkaHal nepenadyu, TEXHUYECKHE YCTPOWCTBA M TPAKT
CBSI3H, B KOTOPOM CUTHAJIBI, COAEpIKaIlle HHPOPMAIUIO, PaCIpOCTPAHSIIOTCS
OT nepeJaTuuKa K NpuEMHUKY.

Tpakr c¢BA3M — TpakT Mmepefayd, KOMIUIEKC TEXHHUYECKOro
000OpyOBaHUsl W JHMHHUA CBSI3HM, MNpeAHa3HAYEHHBIM 17 (HOPMHUPOBAHUS
CHEeUaIN3UPOBAaHHBIX KAHAJIOB NIepeIaun HH(OpMaIuu.

Ilepenaya pgaHHBIX (MHOTJAa — TEJIEKOJIOBasg CBS3b) — OOJACTh
ANIEKTPOCBS3H, UMEIOIIAs LENbI0 Nepeaady MH(OpManuu, NpeCTaBICHHON
Ha OCHOBE 3apaHee YCTAaHOBJICHHBIX NMPaBWJI B (OPMaIU30BAHHOM BUIE —
3HaKaMH WM HENPEepPhIBHBIMU (YHKIUSAMHA W TpeIHA3HAYCHHOW Jis
00pabOTKM TEXHUYECKUMHU CpPEICTBaMHU (BBIUMCIUTEIBHBIMA MAalllMHAMHU),
cam mpotecc nepefaun 3Toil nHpopmanuu. Takyro nH(pOpMaLMIO HA3bIBAIOT
JaHHBIMU. [71aBHOE OTJIMYME TMepeAadyd JaHHbIX OT TenerpadHoii,
Tesne(OHHON U Ap. BUAOB CBSI3U 3aKJIFOYACTCS B TOM, YTO MOJydaTeseM WId
oTIpaBuTesIeM HH(GOPMaIUU (JaHHBIX) SIBJISETCA MallIMHA, a HE YEJIOBEK.

I PpekTUBHOCTH MCHOJIb30BAHUS KaHAla CBSA3M — 3TO OTHOILIEHHE
yycia TMpaBUJIBHO TMepedaHHbIX OUT uHpOpMalMu K OOIIeMy YHCIy
nepeaaBaeMbIX OUT B €IMHUILY BPEMEHHU.

1.5.0cHoBHBIE 321244 TeJEeMEXAHUKH

PaccMOTpHM OCHOBHBIC 3a/1a4H TEIIEMEXaHUKU U UX 0coOeHHOCTH [1]:
1. llenTpanu3amnus ynpasBjeHus.

Tenemexannka wu3y4aeT U pa3pabaTbiBaeT METOAbI M CPEICTBA
TEXHUYECKOTO M  MPOTPAMMHOTO  OOECTEUEHUs]  I[EHTPATU30BAHHOTO
yIOpaBJIICHUS] W KOHTPOJIA TPOU3BOJCTBCHHBIMH IIPOIECCAMH  CIIOKHBIX
IPOU3BOJCTBECHHBIX  KOMIUIGKCOB,  COJEpXAIlMX  MHOTOYHCIICHHBIC
TEPPUTOPHAIBHO Pa300IIEHHBIC, HO CBSI3aHHBIC CAWMHBIM TEXHOJIOTHYCCKUM
MPOIIECCOM OOBEKTHI.

! Jucneruepckuil nynpT — psij] NaHENEW ¢ OpraHaMu YIpaBJIeHUs, KOHTPOJIS, CUTHAIM3AlUU U CPEICTBAMU
JIUCTIETYEPCKOM CBA3H.

2 Jlucrieruepckuii IUT — YCTPOMCTBO [JIi OMEPATUBHOTO BH3YaJIbHOTO KOHTPOJIA U aBTOMATHYECKOMH
peructpanuu HHHOPMAIIUN O COCTOSTHUU O0BEKTOB.
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O¢ddexTBHOEC ympaBleHWE TaKUMH CIOKHBIMH TPOU3BOICTBAMHU
BO3MOXKHO JIMIIb M3 YIPABIAIOMIUX LIEHTPOB (IIYHKTOB ympasieHus — 1Y)
KyJa JOJDKHA MOCTYINaTh HEOOXoAuMas KOHTpOJbHAs MH(OpManus OT Bcex
00BEKTOB, YJaCTBYIOIIMX B €IMHOM IpoIllecce MPOU3BOACTBa. B pesynbrare
o0OpaboTku 310l mHpopmarnmu [1Y BeipabaThIBalOT KOMaHABI YIPABICHUS
KOHTPOJIMPYEMBIM MPOLIECCOM, YYHUTHIBAIOIIUE TEKYIIEEe COCTOSHHUE BCEX
KOHTPOJIMPYEMBIX OOBEKTOB.

[lpoiecc  mpOM3BOJACTBA  DIEKTPOIHEPTUU HA  AIEKTPOCTAHIIUAX
(TETUIOBBIX, THUAPODIICKTPUYECKHX, ATOMHBIX U Jp.) M pacupeesieHus ee
MEXJY HOTPEOUTENSIMH, CBS3aHHBIMU C SJCKTPUYECKUMHU TMOJCTAHIUSIMHU
BBICOKOBOJIbTHBIMM ~ JIMHUSMM  DJIEKTPOINIEPEayd,  paclpeiesieHHbIE
OPOU3BOACTBA SJIEPHOIO TOIJIMBHOTO LHKIIA, SBISIOTCA KIACCHUYECKUMHU
OpuMepaMu  CJIOXHBIX  TEXHOJOTHYECKHMX  MPOILIECCOB,  TPEOYIOIUX
NPUMEHEHUS TEIEeMEXaHUYECKHMX METOJIOB U CPEICTB IEHTPATM30BAHHOTO
yIpaBIEHUS U KOHTPOJISL.

2. Pesxxum peajibHOT0 BpeMeHH.

Oco0eHHOCTBIO  pabOThl  TEJIEMEXAaHMYECKHUX  CUCTEM  SIBJISIETCS
o0OecrieueHrne YIpPaBICHUS W KOHTPOIS B pedcume peanrbHo20 6peMeHlU.
Kontponbaast 1 komanaHas uH(OpManus, AOCTaBiseMas B LIEHTPHl U Ha
OOBEKTHI YIPaBJICHUS, 10JKHA [TOCTYIIAaTh B TEMIIE TEKYILErO YIPABIIEMOIO
TEXHOJIOTMYECKOI0 Mpolecca. ITO O3HAYAET, UYTO CHUCTEMa TEJIEeMEXaHUKH
J0JKHA BHOCHUTh MUHUMAaJIbHOE 3ama3jblBaHue MpH mepefade uHpopmanuu
U yIOpaBIsOMUX Bo3aeiicTBuil. ObecrieueHneM pekrMa pealbHOro BpeMEHU
TEJIEMEXaHUUYECKHE CUCTEMBbl OTIMYAIOTCS OT OCTAJIBHBIX CHCTEM Iepeaadu
UHpOpMaIUK, TaKUX, HAlpUMep, KaKk CUCTEMBI Nepeladll JaHHbIX, TeJeTar,
Tenerpad u T. . B 3aBHCUMOCTH OT CKOPOCTH MPOTEKAHUS KOHTPOJIUPYEMBIX
MpOIIECCOB  JIOMYCTUMBIE  3amas[blBaHusl  Tepegayn  WH(popMarmw,
o0ecreunBarOIINe PEKUM pPEalbHOTO BpPEMEHH, pa3MYHbl W MOTYT
COCTaBIISITH OT MUJUTUCEKYH/I IO SUHUI] CEKYHI.

3. Hajie:kHOCTDh M I0CTOBEPHOCTDH I0CTABKH HHGOpPMALHH.

CucTeMbl TeIeMeXaHUKHU JOJKHBI 00€CTIeYMBATh BHICOKYIO HAJE)KHOCTh
J0CTaBKH HH(POPMAIINH U €€ JOCTOBEPHOCTb, MMOCKOJIBKY YIIEpO OT mepenadn
HEMPAaBWIBHBIX KOMaH WM APYTUX ONEPATUBHBIX COOOIIEHUN U 3aJepiKKa B
nepenadye 3TUX COOOIIEHUH MOTYT MPUBECTH K OOJBIIMM 3KOHOMHUYECKHM
MOTEpsIM, a B OTIENBHBIX CIAy4asiX — U K THOenH JiroaeH, mpuueM Tpedyemas
HAJEKHOCTh JIOCTaBKM HWH(GOpPMALMU U €€ JOCTOBEPHOCTh JIOJIKHBI
o0OecreunBaThCsl B YCJIOBUSX TMOBBIIICHHBIX YPOBHEH MOMEX, XapaKTepHBIX
IUIA  CIIEUANbHBIX KAHAJOB CBSI3U, MCIOJB3YEMbIX B OJHEPreTUKE
(BBICOKOYACTOTHAS CBSI3b MO BBICOKOBOJBTHBIM JIMHUSIM DJIEKTPOINEPEIadH,
KaHaJbl TOHAJILHOM YaCTOTHI 10 PACTIPEACTUTEILHBIM JJIEKTPUUECKUM CETSM,
pPanuoCBsI3b B YCIOBHUSX CHIIBHOTO BIMSIHUA JTMHUHN 3JIEKTPONepeiadun U T. I1.).
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JUist 3TOM 1enu B TEIEMEXaHUYECKUMX CHCTEMaX HIMPOKO HCIOJIb3YIOTCS
pazIMyHbIE METOJbl IMOMEXO3AIIUIIEHHOTO KOJWPOBAaHUA COOOIICHHMIA,
00€eCreunBaOIIME 3a/laHHYI0 BEPOSITHOCTh HEOOHAPYKMBAEMBIX OILINOOK,
nyOnMpoBaHue (pe3epBUPOBAHKE) KAHATIOB CBSA3U U T. .

4. I¢pdeKTUBHOCTH UCNOJIH30BAHNS KAHAJIOB CBA3H.

Kananel cBs3u SBISIIOTCS HamOoJiee JOPOTOCTOSIIEH COCTABIISIONICH

cucTteMbl mepenaud wuHpopMauuu. Iloatomy Hapsgy c¢ nepenauei
TeJIeMEXaHUUYeCKO HHGOPMAIMK OHHM HCHOJB3YIOTCS JUIsl Tele(pOHHOM,
TenerpadHoON U IPyrux BUIOB CBSI3H.
B 3TuX ycnoBusix 0COOEHHO Ba)KHO 0OECIEUUTh BBICOKYIO 3((HEKTUBHOCTh
TeJenepeladyd JIaHHBIX, KOTOpash XapaKTepu3yeTcs OTHOIICHHEM YHhcia
PaBUWIBHO MEpeAaHHbIX OUT MHPOpPMAIIMK K 00IEeMY YHCIy MepeaBaeMbIX
OUT B COOOILIEHUH B €IMHUILY BPEMEHHU.

Hcnonb30BaHWE KaHAIOB CBSI3M C OTPAHUYEHHOM YaCTOTHOM MOJIOCOMU
MPONYCKAaHUSI B YCIOBUSIX CHJIBHBIX MOMEX TpeOyeT MPUMEHEHHUS METOJIOB
CKaTUsl JaHHBIX, MNPEAOTBPALIAIOIIMX 3aHATHE KaHala Hed(p()EKTUBHON
MOBTOpStOIIEHCS nHpopMaluei.

5. Obecneuenue «Ha0JI0A2€eMOCTH» KOHTPOJMPYEMOIro mpouecca H
ONEePATUBHOIO YIIPABJICHHUS.

Cucrema TeleMEXaHUKU JIOJDKHA OOeCleyuBaTh Iepenadyy B IEHTP
yIpaBJICHUs JOCTOBEPHOU MHPOPMAIIMH U3 CTPATETHYECKU BaAKHBIX MMYHKTOB
DHEPrOCUCTEM O pPEAIbHOM TEKYIIEM COCTOSHMM NpOLEcca W BbLAABATh
JUCTIETYEPY ITU JIaHHBIE B TAKOM BHUJIE, YTOOBI OH ObLI B COCTOSTHUU OBICTPO
U TOYHO pearupoBaTh HA OTKJIOHEHMs pPEKHUMa OT HOpMbI. ObecreyeHue
MaKCHUMaJIbHOW OMEpPaTUBHOCTH TPH JUKBHUIAIMKM aBapuil B IHEPTOCUCTEME
ABJISIETCS] OJJTHOM M3 BaKHEUIINX 33/1a4 CUCTEMBI TEJIEMEXaHUKH.

6. IlepBuyHasi 00padoTka HHGOPMALIMH.

CoBpeMEHHbIE CHUCTEMBI TEJIEMEXaHUKH, HMCIOJb3YIOIIUE BCTPOCHHBIE
MUKPOITPOLIECCOPHBIE KOHTPOJUIEPHI, PEIIAIOT 3a/1a4y MEepBUYHON 00pabOTKH
uHpopmanuu. Mimeercs B Bugy 00paboTka nH(pOpMauu Kak «Ha MECTax» ¢
LENbI0 €€ «CXKATUs» Tepe]] Mepenadeil mo KaHainy CBsI3W, TaK M B LIEHTPax
yHOPaBJICHUS TIPU BBOJIC B BHIYUCIHUTENIbHYIO CUCTEMY. TeM caMbIM periaeTcs
3ajlaya TMOBBITIICHUS A()(PEKTUBHOCTH HCIOIL30BAHUSI KAHAJIOB CBS3M U
onepatuBHO-uH(MopMarmoHHbIx KoMiuiekcoB (OWK). Ha HmxHUX ypOBHSIX
JUCIIETYEPCKOTO  YIPABICHUS, TJ€ CHEIUAIbHBIE MUKPOIPOIECCOPHBIC
KOHTPOJIJIEPHI, KaK MPaBWJIO, HE YCTAHABIMBAIOTCS, MUKPOMPOIECCOPHBIE
CUCTEMBbI TEJIEMEXaHWKU JIOJDKHBI BBITIOJNHATH OMPEEICHHBIM HaO0P
bynkui mo oopadbotke nndopmanuu 11t mectabix OUK.
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/. CaMOKOHTPOJIb, PEMOHTONPHUIOJHOCTb, PACIIMPSAEMOCTb W
COBMECTUMOCTD.

OKcIutyaTauus CpeCTB TEIEMEXaHUKH B JHEProCUCTEMAaX MPEACTABISET
BECbMa CIJIOKHYIO U TPYAOEMKYIO 3aJ1auy JUlsl 0OCIIy>KMBAIOILIETO MEPCOHAIA,
OCOOCHHO C Y4YeTOM TOTO, 4TO HH(pOpPMAIMOHHBIE O0BEMBI U (YHKIUHU
CHUCTEM TEJIEMEXAHUKH HENPEPBIBHO BO3pacTaroT. [loaToMy nepBocrenenHoe
3HaYeHUe NPUOOPETAIOT TAKUE XapaKTEPUCTUKHU CUCTEM, KaK CaMOKOHTPOJIb
YCTPOMCTB €  aBTOMAaTMYECKOM  CUTHAJIM3alMe W JIOKaJIu3auueu
HEUCIPABHOCTEH, PEMOHTOIIPUTOAHOCTh OTAENIBHBIX IUIAaT U OJIOKOB.

Cucrema TeneMexaHUKM TakKe JOJDKHA JIOIyCKaTh OTHOCHUTEIBHO
HECJIOKHYIO MEPECTPONKY MPHU PaCIIMPEHUU HMH(GOPMALMOHHOIO 00beMa U
o0ecrieunBaTh ~ COBMECTUMOCTb  C  CYIIECTBYIOUIUMH  CHUCTEMaMHU
tenemexannkn, OMK wu anmaparypoll KaHaJOB CBS3M, HAaXOIAIIMMHUCS B
JKCIUTyaTalMi  (OKeJaTeIbHO NPOrpaMMHBIM — IyTeM, 0€3 HU3MEHEHUs
ANIEKTPOHHBIX OJIOKOB YCTPOMCTB).

8. Yuer yci10BHii OKpY:Kalolleil cpeabl.

YcnoBus  OKpyKarmomied  cpeapl, B  KOTOPBIX  JKCIUIyaTUPYIOTCS
ycTpoiictBa tenemexaHuku (YTM), MOryT ObITh BeCbMa pazHOOOpa3HBIMU:
OT TIOMEIIEHWH C KOHJAMIMOHHUPOBAHHBIM BO3AYXOM U IOCTOSIHHBIM
oOCITy’)kKMBaHHUEM JI0 YCTAaHOBKM Ha HEOOCITYyXMBaeMbIX OOBEKTaX U
OTKpBITOM Bo3ayxe. Hagexnas pabora YTM B cTONb HIMPOKOM JHMAMA30HE
BHEIIHUX YCJOBHM TapaHTUPYETCS Pa3IMYHbIMUA HUCHONHEHUsSIMH YTM —
KJIACCaMH, OIPAaHUYMBAIOIIMMHU WX MPUMEHEHHE KOHKPETHBIMH YCIIOBUSIMHU
sKkcruTyaTanuu. [lo MHOrooOpasuio Ki1accoB, AOMYCKAIOUIUX HMCIIOJIb30BaHUE
YTM B pa3nuuHbIX YCIOBUIX OKPYNKAOLIENA CPEABI, CHCTEMBI TEJIIEMEXaHUKH
POACTBEHHBI CUCTEMAM PEJIEMHON 3aIUTHl 1 ABTOMATHUKH, YTO CYILECTBEHHO,
OTJINYAET UX OT CPEACTB YHUBEPCAIBHBIX BEIYMCIUTENBHBIX KOMIUIEKCOB.
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I'/TIABA 2. DOyHKIMHU TeJIeMeXaHUKU

2.1. ®yHKIUM TeJJeMeXaHUKH

OyHKIIMA CHCTEM TEJIEMEXaHUKH MOAPA3ICISIIOTCS Ha HECKOJIBKO
OnpeneNEéHHBIX YPOBHEH, KKl M KOTOPBIX MO CYIIECTBY HE 3aBHCHT OT
BBIIIE W HUKEPACIIOJIOKEHHBIX ypoBHEH. HimkepacronoXeHHbI ypOBEHb
BBITIOJTHICT OOCITyKMBaOIKe (YHKIIUU, BBIIIE PACIOIIOKCHHBIN SIBISETCS
TJIaBHBIM, C KOTOPHIM JaHHBIA ypOBEHb OOMEHHWBaeTcs WHMOpMaIuendn u
coobmmaet 06 omuodkax. OOBIYHO KaXAbIH (YHKIIMOHATBHBIA YPOBEHB CBSI3aH
C COOTBETCTBYIOILIUM YPOBHEM Ha JAPYTOil CTOpPOHE KaHAaJla CBS3H.

PaccmMoTpuM CTpyKTypy MOAENH CHUCTEMBI Tiepenaun WHGOpMaIuu
oO1ero Ha3HaueHus (coriacHo MexayHapoaHomy cranaapty ISO—CCITT) u
cuctembl TeeMexanuku (crangapt MOK) [1, 2], koropas mpencraBicHa Ha
puc. 2.1.

Mogens cuctembl cBsizu mo cranaapty ISO-CCITT (International
Consultative Committee for Telegraphy and Telephony) B nuteparype
MOXXHO BCTpeTuTh Takxke kak OSI (Open System Interface). Pacuudposky
OSI Model B nurepatype uHorga gaiotT kak (Open System Interconnect).
Ucnons3ytor Taxke TCP/IP model, kotopas B oTiinuue ot OSI Model umeer
S ypOBHEM.
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Mopgenb cnctembl CBA3U Mopgenb cncrtembl TenemMmexaHukn

YpoBeHs Mo cranpapty ISO-CCITT no ctaHgapty MOK
7 Monb3oBatenbckuii [ > Monb3oBaTtenb
6 MNMpeocTaBuTENBCKUN MNpencraenexHve

(oTo6paxkeHne) faHHbIX,
BKI1l0O4HaAa onepaTtnBHYyHO

5 CeaHcoBbIn (ceccus) obpaboTky
4 TpaHCcnopTHbIN
______________ - MNepepava gaHHbIX;
Bkntoyas ceTb
3 CeTeBon
2 KaHanbHbIN - - Kanan
Moaem
1 dusnyeckmii @ l—— o — — — — — — — — -
Pdusmnyeckas cpena
(nuHWs cBA3N)
L 2

Puc. 2.1. Mooenv cucmemut cesazu no cmanoapmy «1SO-CCITTy:

1. Qusuueckuui yposenn. Onpedensem 6u0 NUHUU CBA3U + COBMECMUMOCMb L.
Jlunutl (mun aunuti céa3u u eé 1. Xapaxmepucmuxu).

2. Kananvuwiti ypogens. Onpedensiem npasuia UCnoib308aHUsL TUHUU CEA3U MEHCOY
NOIb306AMENAMU.

3. Cemesoti yposennv. Onpedensem Oygepuzayuto u Mapupymuzayuro coooueHuil 6
cemu.

4. Tpancnopmmuolil ypogens. /lenenue coooueHUli Ha NaKemai.

5. Ceancosviii yposenvb. Dyuxyuu Omxpolmusi, HOOOEPAHCAHUSL U 3AKPLIMUSL CEAHCa
nepeoauu.

6. Ilpeocmasumenvckuil yposervb. Omobpadicenue ungopmayuu u npedgapumenbHas
obpabomka.

7. Ilpuxnaonoti yposens. [Ipedcmasnenue ungopmayuu, obpabomra ungopmayuu u
omoobpadiceHue e€ 8 mom euoe, 8 KOMopom yOOOHO onepamopy.

@DYHKIMU CHCTEM TEJIEMEXAHUKU TMOAPA3ACIAIOTCS Ha CIEIyHOLue
YPOBHH:
1. Tlonb3oBaTenbckue PyHKIMHU (YPOBEHD 7);
2. OyHKUMU ONEepaTUBHON 00OpabOTKH U OTOOpakeHMs JaHHBIX (YPOBHU
5-6);
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3. OYHKIUHU TPAHCIIOPTUPOBKHU JTaHHBIX, BKJIIOYAs BCE YPOBHH IEperayun

— (pusrueckuii, KaHaJIbHBIN U ceTeBOH (ypoBHH 1 — 4).
[Tonp3oBaTenbckue (YHKIMH TOAPA3ACISIOTCS Ha OCHOBHBIC (WU
6a3ucHble) U BTOpuyHbIe. OCHOBHBIEC — 3TO (PYHKIIMM OCHOBHOTO Ha3HAYEHUS

CHUCTCMBI TCICMECXaHUKN — TCIICKOHTPOJIb u TCJICYIIPABJICHHUC
TCXHOJIOTUYCCKUMHU IMPOICCCAMMU. BTO‘[)I/I‘-IHBIC d)VHKI_[I/II/I — IIPOU3BOAHBIC OT
OCHOBHBIX — OIIPCACIIAIOT BO3MOKXHOCTH CHCTCMBI IIO O6pa6OTKC )41

npeAcTaBiIeHUIo (0TOOpakeHHI0) HHGOPMAIIUU MTOJIB30BaTENIO.
2.2. [loab3oBaTeabckue GyHKINU

2.2.1. OCHOBHBIE MOJIH30BATEILCKUE PYHKITUU
Teaexonrpoas (TK, telemonitoring) — HaOmofcHUE 3a COCTOSHUEM
KOHTPOJIMPYEMBIX MTPOLIECCOB B 000PYI0BAHHS.
COoCTaBJISFOIIMMY TEIEKOHTPOJIS SIBIISTFOTCS:
— Tteneusmepenne (TU, telemetering) — mepenada mo kaHajamM CBSI3U

3HaYEHUH HENPEPBIBHO U3MEHSIOLIUXCSI napaMeTpoB
KOHTPOJIUPYEMBIX IIPOLIECCOB;
— tenecurnammzanus  (TC, teleindication) — mepemada ITUCKPETHBIX

CUTHAJIOB O COCTOSIHUH KOHTPOJIMPYEMOTO 000pyaoBanus. Yare Bcero
npu TC ocymectBiasiercss Tmepenadya MNO3ULMH  JBYXITO3UIIMOHHBIX
00BEKTOB (BKJIFOUEHO / BBIKJIFOUYEHO).

Teneynpasiaenue (TVY, telecomand) — mepenmaua mo kaHajiaMm CBSI3U
KOMaHJl OT Jaucrerdepa (omeparopa) K KOMMYTAIlMOHHBIM arfmapaTram st
U3MEHEHUS MOJIOKEHUS OTIEPATUBHOTO 000pyI0BaHUS
(BKITFOUUTB/BBIKITIOYUTH — PYYHOE (IUCTAHIIMOHHOE) YIIPABJICHHE).

TeneperynupoBanue (TP, teleregulation) — mepemaua ynpapisitommx
BO3JICHCTBUI THUTA «OO0JIbIIIE/MEHBIIE», «IIPUOABUTH/YOABUTE» U JPYTUX OT
JIUCIIETYEPA K PETYIATOPY, ycTaHOBIeHHOMY Ha KII.

2.2.2. BropuuHbI€e MOJIb30BATEILCKUE YPOBHU

Bropuunbie  monp30BaTenbCcKUe  (PYHKIIMM — MpEJHA3HAYEHBI IS
obOecrieuenus omeparopa (aucnerdepa) wuHboOpManueit, yaoOHOW s
WCIIONIh30BaHUsA. DTH (YHKIIMM HE BCerja 4ETKO OMPEeeHBI, TaK KaK HX
COCTaB  3aBUCUT OT BO3MOXHOCTEM MNPHUEMHBIX ycTpouctB TM
(TeneMexaHukH) Mo 00paboTke AaHHBIX ocHOBHOM mHpopmanmu (TU, TC u
T.1.).

Bropuunble mOIB30BaTENbCKUE (DYHKIIMM MOTYT BBITIOJHATHCS KAk
COOCTBEHHO MHUKPOIPOIECCOPHBIMU YycTpolcTBamu Tenemexanuku (YTM),
TaKk M OTIAEIbHOM MUHU — win Mukpo — OBM. OO0béM dyHKUMIA,
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BeIMOAHIEMBIX YTM, 3aBucuT oOT 00BEMa MHmaMIATH M HaJIUYUS
COOTBETCTBYIOIIETO MPOTPAMMHOT0 00ECTICUCHHUSI.

1.

~owhn

TunoBbie BTOPUYHEIC MOIb30BATEIbCKNE QYHKITUU:
CymmupoBanne THU u obOpa3oBanue 0000mEHHbIX curHanoB TC
ABTOMATUYECKH WJIU 110 33JIaHUI0 JUCIIETYEPa;

YKazaHue npenesoB KOHTPOJIUPYEMBIX TIEPEMEHHBIX ;

ABTOMaTHYECKasi pErucTpalys COOBITUI C YKa3aHUEM BPEMEHU;
KoHTpoas kaHanoB cBs3u U ycTporcTB TM ¢ peructpanueit ommuodok u
HEHCIIPABHOCTEMN;

®opMupoBaHue TrpapuKOB IUTAHOBBIX W  TEKYIIMX 3HAYCHUH
KOHTPOJIMPYEMBIX IIEPEMEHHBIX;

@dopMHpOBAaHUE OMNEPATUBHBIX CXeM U (QOpM MpelCTaBICHUS
nH(pOpMaMK Ha 3KpaHax JUCIUIes C YKa3aHUEM TEKYIIUX 3HAYEHUU
unpopmanuu TU u TC;

Obecnevenue nuanora oneparop — cucremMa TM;

OneHka coCTOSTHAS KOHTPOJIUPYEMOTO MPOLECCA B PEAIBHOM BPEMEHH.

2.3.@YHKIUM OTIEPATUBHOIN 00pPadOTKH CUTHAJIOB.

Ota rpynna QpyHKIHUA OXBaThIBaeT 00pabOTKy CHUTHAJIOB BXOJa/BBIX0/1a

Ha KII u IIY c¢ unenpto mnoBeimieHus 3¢GEGEKTUBHOCTH W HAJIEKHOCTH
BBITIOJTHEHUS MOJIB30BATEIBCKUX (PYHKIIUM.

o s

K TunoBbIM (GyHKLIHSIM OnepaTUBHON 00pabOTKH OTHOCSTCS:
1.

OOGecrieuenue 3aJJaHHOTO UHTep(deiica CUTHATIOB BXOa-BbIX0/1a MEXKIY
YTM u xonTposmpyembim npoueccom Ha KII, 1 YTM u onepaTropom
Ha [TV (/I1), Bxiroyasi (GUIbTpalMIO0 BXOJAHBIX CUTHAJIOB OT JEUCTBUS
nmoMex, JApede3ra KOHTAKTOB pelie U KITIoYeH JaTYMKOB UH(POpMAIUK;
@opMHUpPOBAaHUE CHUTHAJIOB Hadala Mepeaadyd (Hampumep, Ipu
U3MEHEHHUH COCTOSTHUSI KOHTPOJIUPYEMBIX OOHEKTOB);

3amura OT OMMOOK JTaTYUKOB M OT MOMEX BO BXOJHBIX U BBIXOJIHBIX
nersx YTM;

CykaTHe JaHHBIX Ha BXOJ€e U BeIxoae Y TM;

[IpeacraBnenne curHajaoB BbIxoma B ¢dopme, yAOOHOW ISt
O0TOOpaKEHUS Ha MOJIH30BATEIHLCKOM YPOBHE.

2.4 DYHKIIUM TPAHCTIOPTUPOBKHU (Nepeaym coOOIIeHNi)

B cooTBeTCTBHUM C OCHOBHBIM HAa3HAUYCHHUEM CHCTEM TCJIEMEXaHUKHU B

JHEPreTUKE — KOHTPOJIb M YIPABICHUE IIpOLECcCCaMU IPOU3BOJICTBA U
pacmpenenieHus SJCKTPOIHEPTHH Ha PacCTOSHUU — (QYHKIUU Tepeaadu
COOOMICHUI MEXKIYy KOHTPOJUPYEMBIMU M KOHTPOJUPYIOIIMMHU CTAHIMSIMHU
SIBJISTFOTCSI ONPEACIISIOIIMMHU BO BCEU CUCTEME TEIIEMEXAHUKHU.
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TunoBble QyHKIMM TIEpesayd COOOIIEHUH, KOTOPhIE BBIMOIHSIIOTCA Ha
TPAHCIIOPTHOM (BKJIIOYasi CETh) U O0Jiee HU3KUX YPOBHSAX Iepenayu (YpoBHH
1-4), nomKHBI 00€CIIeUYnBaTh:

1. BBICOKYIO JOCTOBEPHOCTH (LIETOCTHOCTH) JOCTaBKU COOOILICHHHA O
KaHajlaM CBSI3M B YCJIOBHUSIX BBICOKOTO YpPOBHSI MOMEX, BBI3bIBAEMBIX

AIEKTPOMArHUTHBIM BIIMSTHUEM BBICOKOBOJIBTHBIX JTMHUT
AJIEKTpoIepeaau, KOMMYTAIIMOHHBIMU SIBJICHUSIMU B CHJIOBBIX IEISX
U Tp.;

2. Manoe Bpems Tenenepenayd s OOCCIEUYEHHUS PEKHUMa PeaTbHOTO
BPEMEHU TNPHU KOHTPOJIE TEXHOJOTUYECKOIO IMpollecca U YIPaBICHUH
uM;

3. Bricokyto 3¢(HEeKTUBHOCTH UCTIOIB30BAHUS KaHAJIOB CBSI3U B YCIOBUSIX
OTPAHUYEHHOW YaCTOTHOM IMOJOCHI MPONYCKAHUS KaHAJIOB.

['maBHOE mNpensiTCTBUE MJisl YAOBJIETBOPEHUS A3TUX TpPeOOBaHUM — UX
MPOTHBOPEYUBOCTh (JIOCTOBEPHOCTh T — BpeMsi T — IPPEKTUBHOCTH |):
oOecriedyeHUE BBICOKOW JOCTOBEPHOCTH TIepedadyd JAaHHBIX CBSI3aHO C
YBEIIMUYEHUEM BPEMEHU U CHUXKEHUEM d(PGEeKTUBHOCTH TeJenepenayu,
noBbIIeHUE dPPEKTUBHOCTU MYTEM YAJIMHEHUSI KOJOBBIX OJIOKOB MPUBOIUT
K notepe 00ybII0ro 00béMa HHGOPMAIIUU B YCIIOBUSIX MOBBIIIEHHOTO YPOBHS
OMeX U KakK CJIEACTBUE — K YBEJIMUYECHUIO BPEMEHU JOCTABKU COOOIICHUN U
T.IL.

[TosTomMy GyHKIUK TIepenadyd  COOOIMICHHH MOJKHBI 00ecTeYrBaTh
Pa3yMHBIN KOMIIPOMUCC MEKYy STUMU MPOTUBOPEUUBBIMU TPEOOBAHUSAMH.

JIJis1 BBITIOJIHEHUS JTAHHBIX TPeOOBaHUI pelaeTcs CJeIyInid Kpyr
3aaau:

Ha TpaHcnopTHOM ypOBHE (BKJIHOYAs CETh):

1. Paznenenue cooOuieHui Ha OJOKU U BBEJCHHUE KOPOTKUX OJIOKOB st
AKCTPEHHBIX COOOIIICHUI;

2. BBenenue  mpuOpWUTETOB  Mepeqayd W YOPaBICHUE  ATUMHU
MPUOPUTETAMHU, pa3lelieHHe TepeaaBaeMblX JaHHBIX [0 Kjaccam
o0cykuBaHus (KJ1acChl JUATIOTOBBIX MPOLIEIYD);

3. ObecrieueHue pe3epBHOrO  IMyTH  JIOCTAaBKU  COOOIIEHUS  TIPHU
MOBPEXKICHUH OCHOBHOTO KaHajla — MAPIIPYTU3AIHS COOOIICHUIA.

Ha xananbHOM ypOBHE:!

1. TTomexo3zamuEHHOE KOAUPOBAHNUE CUTHAJIOB C JATYUKOB;

2. JlexkogupoBaHHWE CHUTHANa, OOHApyXEHUE OIMIMOOK C HCIpaBICHUEM,
KBUTUPOBAHKE COOOIIEHUN, CHHXPOHU3AIINS KAJPOB;

3. CornacoBaHue MOJIOCHl 4acTOT W ypoBHeW curHanoB YTM u kanana
cBsi3u (MOJEMBI U T.M.), GOPMUPOBAHUE CUTHAJIOB IpUEMa/TIEpenayu,
KOHTPOJIb KaueCTBa U CUHXPOHM3ALIUsI MPUEMHUKA U TIepeaaTuHKa.

Ha ¢usudeckom ypoBHe:
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OyHKIUU (PU3NYECKOTO YPOBHS OINPEACISIOTCS BUIAOM (HU3UIECKOM
Cpedbl, KOTOpasi CIYKUT IJid Nepefadydl CUTHAIIOB MEXIY MepealolinuM U
pUEMHBIM ycTporcTtBamu TM.

OcCHOBHbBIE BHUJbl KAHAJIOB CBS3U, MPUMEHSEMBICE B HSHEPrETHUKE MJIs
CHUCTEM TEJIEMEXAHUKH, CICTYIOIINE:

1. CoOcTBEHHBIEC MOA3EMHBIC TN ITOABECHEIC KAOCIU CBS3H;

2. I[IpoBojaHbIE BO3MYIIIHbBIE JIUHUU CBSI3U;

3. ApenpaoBanHble TerehoHHbIE (TenerpadHbie) TUHUNA U KaHAJIBI CBSI3H;

4. Papmoxanainsl YKB;

5. BUY kaHaibl 110 BRICOKOBOJIBTHBIM JIMHUAM 3JieKTponiepeaaun (35 kB u
BBIIIE) M KaHajbl  TOHAJIBHOM  YacCTOThl IO  CHUJIOBBIM
pacrpenenuTeabHbIM eKTpuueckuM cetam 10 kB u Huxe;

6. ONTHUKO-BOJOKOHHBIC JTMHUH H T.I.

du3nyecKue mapameTpbl CUTHAJIOB, MEpPEJaBacMbIX MO 3TUM KaHallaM,
JOMYCTUMBIE YPOBHU OTHOILICHUS] CUTHAJI/TIOMEXA U APYTUe XapaKTEPUCTUKHU
periaMeHTUPYIOTCS CTaHJapTaMHu.
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I'’IABA 3. TejieMeXaHNYECKHE COOOIIEeHUA
3.1. Teaemexanu4veckoe cOO0IIEeHNE U €TI0 XapaAKTePUCTHKH

3.1.1. TenemexaHU4YECKOE COOOIIECHUE

Tenemexannveckue coodmenusi (cm. puc. 3.1) — 310 comepkaHue
nepeiayd  TEJIEeMEXaHWMYEeCKHUX  CHCTeM:  CBEIEHUS O  3HAauYCHUSX

KOHTPOJUPYEMBIX  MapamMeTpoB  (TeleusMepeHusi), O  COCTOSIHUH
KOMMYTallMOHHOM  ammaparypbl  (TeJEeCHTHaIM3alus), KOMaHAbl  Ha
BKJIFOUECHHE WIH OTKJIIOYEHUE KOMMYTallMOHHBIX anmnaparoB

(TeneymnpaBiieHUE), CBEIECHUA O BEIUYMHE YCTAHOBOK [UIsl PETYJIATOPOB
(TeneperymupoBanue) [1, 2, 4].

coobLeHne curHan curHan coobLeHne
" | MNepe- nc nomexa _|lMNpném- H

nc " | paTumk HUK > nc

\

nomexa

un

Puc. 3.1. Ynpowennas cmpyxmypuas cxema menemexanuieckol CUcmemyl:
HUC — ucmounux cooowenuii; 11C — npuémnux coobweHutl.

CooOmienne — 310 OOBEKT mepemaun (mepemaBaeMmasi WHMopmarus).
CurHam — cpeacTBO Iepenayd CcooOIeHUs (HEKU (U3NYECKU MpoIece
COOTBETCTBYIOIINI COOOIICHHIO).

3.1.2. XapaKTepuCTUKU TEIEMEXaHNYECKUX COOOIIEHUN

1. JIOCTOBEPHOCTh COOOIIEHHIE — BEPOATHOCTh OOHApyXKEHUs
OIMOOK TMpu TpuéMe, BEPOATHOCTh HCIPABICHUS OILIMOOK,
BEPOSTHOCTh MPUEMA JIOKHBIX COOOIIEHUN U T.1.

2. OnepaTUBHOCTH MepeIadl COOOIIICHUA.

CooOmieHns JODKHBI MEepefaBaThCsd B TEMIIE  YIIPABISEMOTO
npouecca. PexxuM peanbHOro BpEMEHH OINPEAENSEeT JOMYCTUMBIE
3aJICP)KKA M 3ama3[bplBaHUsI NpPU IEpefayve TEIEMEXaHUYECKUX
COOOIIEHHI;

3. D} hHeKTUBHOCTH UCIIOJIH30BAHMS KaHAIA CBS3H.

TM nomkHA 3aHMMaTh MUHUMAJIBLHBIA 00BEM KaHaJIa CBSI3U, C TEM,
9yTOOBI 110 JAHHOMY KaHaJly TiepeaBaTh MaKCUMYM COOOIIEHUM.
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O0béM KaHama CBA3M MOXKHO OIPENEIUTh M0 CJIEeIYIOIIeH
dbopmye:
V. =AF,-T,lg(R./P,) (3.)
AF, — mprHa oJI0Ckl YacTOT KaHaja,
T« — Bpemsi 3aHSATOCTH KaHaa;
P./P, — oTHOIIEHNE YPOBHEH MOIIHOCTH CUTHAJI/TITYM.

4, HNupopMaTUBHOCTH COOOIIICHHIA.
CooOmieHuss  JOJDKHBL  COAEPKATh  HOBBIE  CBEICHUS, T.C.
uHdopMaIuio.

3.2. TereMexaHU4eCcKHii KaHAJ CBS3M W YCJIOBUSL o0OecneyeHUs:
nepeaaym CUrHajia

3.2.1. TenemexaHuuecKuil KaHas CBSI3U
Teaemexanumveckmii kaHaa cBa3u (TM KC) — 3To COBOKYIHOCTB
TEXHUYECKUX CPEJCTB Il mepenayud uHGopMaluu OT OJIHOTO HMCTOYHHKA
coobmienunii (cM. puc. 3.2).

nCci > K1 » K1 » [1C1
dursnyeckmii ypoBeHb

»| [lepe- Mpuém- —
> JaTunK HUK [

necz > K2 »  [OK2 » [C2

\ KaHarbHbIi //

TpaHCcnopTHbIN
ypOBEHb

Puc. 3.2. Teremexanuuecxkuii Kanan ces3u.:
K1, K2 — kooupyrowue ycmpoiicmea, /[K1, /K2 — dexooupytowue ycmpotiicmaa.

3.2.2. Knaccudukamnus kaHaJIOB M JIMHAM CBS3U

JIuauu m KaHanbel OBIBAIOT BJIEKTPUUYECKUE W HEINEKTpUUECKHE (I10
du3nueckoil  MpUpOAE):  DIEKTPUYECKUE —  TPOBOJHBIC,  PaJHO;
HEIJIEKTPUYECKUE — ONTUKA, AKyCTHKA, TMIPABIIMKA, THEBMATHKA, MEXAHHUKA.
B mpocrelimmx ciayyasx KaHallbl — NMPOBOJHBbIE JUHUM (Kalessi, MpoBOJa).
IIpu 3TOM ITMHUSA U KaHAJ COBIAAAOT.

Kanansl cBsiz3u  ObIBalOT  OJHOCTOPOHHUMH  (CUMIUIEKCHBIMH) U
JBYXCTOPOHHUMH (IyTUIEKCHBIMH).

[To nnamazony wactot paznuuarot KC:

0-300 I'y — moATOHAILHBIN TUAIA30H;
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300-3400 I'm — Toranewe# (TM);
3,5-6 xI'I1 — HaATOHAILHBIN;
6onee 6 k['m — BY — teneponus u TM.
JIC:
Bo3ayuHbie TuHuu: 10-30 kI 11;
meaubie: g0 150 kI
muHuu smektponepenay (JIDI): 50-500 kI .

3.2.3. YcioBus obecrnieueHus repeaadn

1. Emkocts kanama (V) nmombiie o0béma curHama (V.) — TaBHOE
yCIIOBHE:
V 2V.. (3.2)
2. JlnanasoH yacTtoT kaHajia (AF,) 6osbiie nuana3zona curxana (AF.):
AF > AF.. (3.3)
3. Bpewms 3ansToct kaHana (T,) OoJblie BpeMeHH Tepeadl CUrHaia
(To):
T >T.. (3.4)

3.3.Buabl CUTHAJIOB U UX XapPaKTePUCTHKHU

B Tenemexanuke qame BCCro IMpHUMCHAIOTCA JJICKTPOMArHUTHBIC
KoaeOaHus B BHJIC IICPEMCHHOI'O0 TOKA 1 UMITYJILCOB.

3.3.1. IlepemenHbBIN TOK
i(t)=1,-sin(wt+¢), (3.5)
r7ie
o=2nf — yrnosas yacrota; |, — ammmuTyna; ¢ — dasa.
Hectn wundopmamuto moxer |, f, ¢. HXx wusMeHeHue Ha3bIBaeTCs
MOIYJISII{HEH.

3.3.2. IMmynbChl TOCTOSTHHOTO U IEPEMEHHOT0 TOKa

Hmnyase B TeleMeXaHMKE — KpaTKOBPEMEHHOE BO3JEUCTBHE
SJIEKTpHUYECKOro Toka (cM. puc. 3.3). MMmyabCchl MOCTOSHHOIO TOKa —
BU/1€OMMITYJIbCHI. VIMITyIbChl IEPEMEHHOT0 TOKA — PAAHOUMMYJIbCHI.

XapakTEepUCTUKN UMITYJICOB:

1. AMIUTATY1a U JIIUTEIBHOCTb.
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Puc. 3.3.

JauTeabHOCTH (T) — BpeMs, B TEUCHUE KOTOPOTO MIHOBEHHOE
3HAYCHHUE TOKA WJIM HAMPSHKEHUS OOJNbBINE MOJOBHUHBI aMIUTATYIBI
(11 TOCTOSHHOTO TOKAa), WIM Oru0aromas  3amoJHSIOMINX
MMIYJbCOB (7151 IEPEMEHHOTO TOKA).

2. [Mepuox (T) u ckBaxxHOCTS (), KO3 PHIHEHT 3amoHeHUE (7Y)
T T
-y =—, 3.6
A=_—iv=z (3.6)
3. JlnanazoH 4acToT
AF =1 (3.7)
T

rae U — kodddunueHT GopMbl — CBSI3b MEXKIY ICHCTBYIOIIUM H
cpenHuM 3HaueHUsIMHA. i Muanapa p = 1.
4, CrekTp U3 rapMOHHK C Ay, fy, 1 ¢, , Tae K — namexc.

3.4.1lpeodpa3oBaHus CUTHAJIOB

JIroboe wum3MeHeHWEe HocuTeNnss HWHGOpMalMU TMOJ  BO3JIEHCTBUEM
COOOIIICHUST Ha3bIBACTCS Mpeodpa3zoBaHueM [2].

[IpeoOpa3zoBanus ObIBAIOT JIMHEIHbIE 1 HEJTUHEHHBbIE.

Jluneitnpie npeoOpa3oBaHusl MPOUCXOIAT Oe3 moTepu WHOOpPMAIUH.
Takue mpeoOpa3zoBaHUS HCIONB3YIOTCS TMPH HM3MEPEHHUAX (TepMmomapa —
TepMoIJ1C).

Henunelinpie npeoOpa3oBaHUsl MPOUCXOASAT C MoTeped HHPOpMalUU.
Takue mnpeoOpa3oBaHusi B OCHOBHOM IM(POBBIE C AUCKPETU3AlMEH IO
YPOBHIO.

KonnpoBanue — HenuHellHOe mnpeoOpa3oBaHUe — YHUBEPCAIbHBIN
crocod oroOpakeHuss uHOpMalMM, TMpeIHa3HAYeH I Tepeayw,
XpaHeHusi, 00pabOTKH B BUJIE CHUCTEMbI COOTBETCTBUN MEXIYy 3JIEMEHTAMU
JTUCKPETHBIX COOOIIEHNH U CUTHAJIOB
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[IpumenutensHo k TM: koampoBaHme — 3TO npeoOpa3zoBaHUE
JUCKPETHBIX COOOIIECHUI B [UCKPETHBbIE CHUTHANBI B BHUAEC KOMOWHALIUU
UMIIYJIBCOB I10 OIPEAEIEHHON CUCTEME JaHHOTO KOZa.

Moayasimusi — 2370 o0O0pa3oBaHHE CHTHajga MyTEM HW3MEHEHUS
napaMeTpoB NEPEHOCUNKa I0J] BO3/IeHCTBUEM COOOIIEHHUS.

3.5.MoayJsinusi CHTHAJIOB

Monynsius ObIBaeT HEMpPEpbIBHASA U UMITYJIbCHASL.

B HenpepblBHON MOAYNSIMHM TEPEHOCUUKOM COOOIICHHS SIBISETCS
CUHYCOUJAIBHBIM CUTHAJI — «HECYIIas». Tak Kak CHHYCOWJAJbHBIA CUTHAI
XapaKTepu3yeTcs TaKUMH TapaMeTpaMu, Kak aMIUTUTYAa, 4acToTa u ¢asa, To
CYIIECTBYIOT TPH OCHOBHBIX BHJIa HEMPEPBHIBHON MOTYISIINU:

1. AmmuutyaHas moayianus (AM).
2. YacroTtHas moaysiius (UM).
3. dazoBas moayssius (OM).

CylecTBYIOT ~ Pa3HOBUAHOCTH  3THX  MOAYJSLIMHA  (paccMOTpUM
noapoOHee Ha CIENyIOIMX pasjenax), a Takke HX KOMOMHAUd —
MHOTOKPATHbIE MOIYJISLUH.

B umnynbcHONM MOIyJISLNMN EPEHOCUUKOM COOOIIEHHUSI SBIISETCS CEpUs
UMIIYJbCOB, XapaKTEpU3YIOLIAsCs pPsIOM  MHapaMeTpoB:  AMILTUTYIOM,
JUTATEIHHOCTHIO, TIOJIO’KEHUEM BO BPEMEHH, YUCIIOM UMITYJIHCOB U T.JI.

IIpeumymecTBa MoayJasiluu (110 CPaBHEHUIO C HEMOIYJIUPOBAHHBIM
CHUTHAJIOM):

1. B03MOXHOCTH YBETUUECHUS KaHAJIOB HA OJTHOM JIMHUU CBSI3H.

2. Poct  pmocroBepHocTM — mepeaaBaeMoill  MH(poOpMauMd  pHU
UCTIOJIb30BaHUH TIOMEXO0YCTOWYHBBIX METOJOB MOMYJISIIIHH.

3. [ToBbiienre 3(HPEKTUBHOCTH M3MYyUYEHUS CUTHANIA TIPU TMEepeadyu
M0 pajuoKaHay.

4, [ToBbimienre >(PPEeKTUBHOCTH KaHAJIOB CBSI3W U yJEHICBICHUE

nepeaavn CoOOIICHUI.

3.6. AMILTUTYIHASI MOYJISIIIUS

AMIUIUTYIHOI monyjasumeidi (AM) Ha3piBaloT oOpa3oBaHHME CUTHaJa
nyTéM HM3MCHCHHUS aMIUIUTYJbl TAPMOHHYECKOTO KOJieOaHHs («HECYyIeh»)
MPOMOPLUOHATIEHO MTHOBEHHBIM 3HAYCHUSIM HANPSIKEHUS UM TOKA JIPYroro,
00J1ee HU3KOYACTOTHOTO JIEKTPHUUECKOTr0 CUTHAJA (COOOIICHNUS).

ITycTs U, (t) =U, -cos(Qt) - CUTHAI COOOIIEHHS,
U,(t)=U,, -cos(myt) — «Hecymmas.
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[Tog Bo3meiicTBHEM cooOmmeHHs Ha aMIUIMTYRy «Hecymei» U, (t)

obpasyercsi HOBOe KoJicOaHHe, B KOTOPOM H3MEHSETCS TOJIbKO aMILIATY/a
(cm. puc. 3.4):

U,.. ) =U,, (t)-cos(mt). (3.8)
| Ug | | | |
A | | |
:/J‘:\:\—/:/_\:\—/: coobLueHme
|

AR AR
uwwwwuw:

S hmmﬂm .
J W V-U»U\U,,U/ Y

Puc. 3.4. Aunnumyonas mooynsyust

AMIUTUTYIa «HECYIIEH» OYIeT U3MEHSTHCS 10 JIMHEHHOMY 3aKOHY:
U, t)=U_+k-U(t)=U_ +k-U,-cos(Qt)=

, 3.9
=U,,-(1+m-cos(Qt)) (3.9)
riae K — ko3 huIMeHT nponopuroHaaIbHOCTH, a
U.,—-U.
m=k-U,/U 6 =—"—0h 3.10
Q/ ®0 U + U ( )

max min
— OTHOCHTEIIbHOE W3MEHCHHE AaMIUIUTYIbl «HECYIIeH», Ha3bIBaeMOe
K03 PHUIIHEHTOM MOAYISALNN WIN TIyOMHOH MOTYJISIIHH.

[ToacraBuB B Beipaxkenue (3.8) 3HaueHue aMIUIUTY bl «Hecytei» (3.9)
MOy YHM:

U,..(t) =U,, -(1+m-cos(Qt))-cos(w,t) -

U U , (3.11)
—U,, -cos(myt)+ m-T‘*"’-cos(oa0 +Q)t+m 'TmO'COS((Do -Q)t
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ree m- 2‘”0 -COS((DO+Q)t —  BepxHsAA  OOKOBas  COCTaBIIAIOIIAs,

m- Uz‘”" -COS(oa0 —Q)t — HIDKHAST O0OKOBAst COCTABJIAIOIIAS.
3.6.1. CriekTp 4acToT MPpU aMILTATYAHON MOTYJISIIUH
Ui
FQ U(Do
. Fo ; IUQ m/2 U% Fo m/2 U
I
I
| -
Fa AF ‘
< =~ p» Fo+FQ
Puc. 3.5. Cnexmp uacmom npu amniumyouou MoOyiayuu 6 ciyuae
U, (t) =U, -cos(Qt)
U
A HWXHAS BokoBas
FO)O
BEPXHAS OoKoBas
AFQ AF(DO
| |
| |
% f
FQu  FQu. /" (Fao + FQu.)|(Foo + FQ...)
(Fos - FQ...) [(Foo - FQu)
- AF >

Puc. 3.6. Cnexmp uacmom npu amniumyoHou MoOyIAYUU

3.6.2. Pa3HOBUAHOCTH aMILTUTYAHON MOIYJISIIUNA
B 3aBucumMocTu OT TOro, mepenaércs Ju Bech crekTp AM konebaHus
WJIM TOJIBKO €T0 4acTh, Pa3inyaroT JBa criocoba AM:

1. AMIUITUTYTHasT MOAYJIALMS ¢ IBYMs OOKOBBbIMU mojiocamMu (AM c
JBII). Ilepenaércsa Bech cnektp yactoT. [llupuHa mosiocsl 4acTot

(AF,,) — 2 wactotsl curnana (Fq):
AR =2-F,. (3.12)
B ob6mewm cnydae (mepegava cooOIeHHs B MOJ0CE 4acTOT Famin —

Fomax) B CIIEKTpE TMOSBIIIOTCS 2 OOKOBBIE TTOJIOCHI:
AR, =2-AF,. (3.13)
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2. OpnnonosiocHast amrutyaHas moayisanust (AM ¢ OBII).
I[Ipu AM c¢ OBIIl momoca 4YacToT mepeaaBaeMoro COOOIIEHUS
MEPEHOCUTCS] B 00JIACTh BBICOKHX YacTOT 0e3 pacimpeHus: oOuieit
MIOJIOCHI TIPOIYCKaHUS, T.€.:

AF . =AF,. (3.14)
[IpenmymectBa AM c¢ OBII:
1. CoxkparnieHue nojgocsl 4aCTOT — POCT YUCIIA KaHAJIOB.
2. CokpanieHue MOIIHOCTH IepeJaTyuka M pPOCT MOUIHOCTH B
IepesaBaeMou MoJoce.
3. bonpas moMexoycToOM4nBOCTb.

HenocraTok: cl10KHOCTB NIpUEMa, T.K. HE MEPEAAETCSA KHECYLIAS.
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T'opronoB A.I'., JlusennoB C.H., Jleicenok A.A. «TenekoHTpons W Teneympasienue». [JIABA 4
«Peanmzanus aMIUTUTYTHON MOIYJISIIANY

I'/IABA 4. Peasmzanusi aMIUIMTYAHON MOXYJISIIM U

4.1.0cyumecTB/IeHre AMILTATYTHOH MOXY SN
BeIpaskeHue 1718 aMILTATYIHOM MOIYJISLIH:
U,.=U, -(1+m-cos(Qt))-cos(e,t) (4.1)

Kak cnemyer wu3 »a3toro BelpakeHuss AM curHan oOpasyercs
NEPEeMHOKEHUEM JBYX KoJeOaHuil: cooOmeHuss U  «Hecymeh». B
npocTelieM ciydyae IJisi MEPEMHOKEHUS MOXHO HCIOJIb30BaTh CXEMY C
HEJIMHEHMHBIM ~ 3JIEMEHTOM (Hampumep, ¢ JauojaoM). BoaprammnepHas

XapaKTepUCTHKA HEJIMHEHHOTO 3JIEMEHTa BBITJISINT, KaK IMPEACTaBICHO HA
puc. 4.1 [2].

lUCM ,

Puc. 4.1. Borvm — amnepHas xapakxmepucmuxa HeIuHeuHo20 d1eMeHmda

Kpusas 1 Ha puc. 4.1 onuceiBaeTcsi HENMMHEMHON 3aBUCUMOCTBIO:
i=a,+a,-U+a,-U?, (4.2)
rae | — Tok, U — HanpspKeHue, dg, a, — KOAOPHUIIMEHTH MHOTOYJICHA.
Bxonnoe Hanpsbkenne U B o0miem Bue (cm. puc. 4.2):
U=U_+U_, (4.3)
rae U, =U,-cos(Qt) — curnan coobmenne, U, =U_ -cos(ot) — curxan
«HECYILIEN.
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Puc. 4.2.

Haiiném BeipaskeHue i TOKa!
i=a,+a,-U+a,-U°=a,+a,-(U, +U )+a,- (U ,+U ) =
=a,+a,-U,-cos(Qt)+a,-U,, -cos(mt)+
+a, U5 -Cos’Qt+2-a,-U, -U,_, -cos(Qt)-cos(mgt)+
+a,-U2, -cos’ (ot)

Brimmonnus TPUTOHOMCTPHUUCCKHC Hp€O6pa30BaHI/IH, MOJKHO ITOJIYUUTb:

(4.9)

2
i=a, +%-(U§2 +UZ,)+ay, cos(Qt)+%cos(ZQt)+

+a,U U, Cos(m,t—Qt)+aU,, cos(wt)+ (4.5)
2
+a,U U, cos(m,t+Qt)+ % cos(2aw,t)

N3 Beipakenus (4.5) caemyer, uro | COACpKUT TOCTOSIHHYIO
COCTABJISIONIY0, COCTABJIAIONINE HIKHUX 9acToT (£2,2()), COCTaBISIOIILYIO

HecyIied 4acToTsl (,), COCTaBIIIOMME ABYX OOKOBBIX YacToT (m,— u
®, +<2) ¥ BTOPYIO0 TAPMOHHKY HECYIIeH YaCTOTHI.

C nomortisio GUIBTPOB HEHYXKHBIE COCTaBJISIONIME MOJaBIstOTC. [Ipu
AM c JBII BeigensitoTest Tpu cocraBisitomye (my,®, +Q u o, —Q), a npu
OJIHOTIOJIOCHOW AM BBIIESCTCS JIUIIB OJHA U3 OOKOBBIX MoJI0C [2].

Ha puc. 4.3 mpeacraBieHa CTPYKTypHas CXeMa MPOCTEUIIEro
naccuBHOro AM moayssitopa [2].
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Puc. 4.3. I[Ipocmetiwuti naccugnulii MOOYIImMop

Mopaynaropsl, B KOTOPBIX OCYIIECTBJISICTCS MOJIaBICHUE «HECYIICH» U
OJHOM OOKOBOW TOJNOCH Ha3bBalOT OamancHbiME [2]. Curman U,

mojiaBaeMelii yepe3 Tpancpopmarop T, (cM. puc. 4.4), npu OTCYTCTBUH
«HECyIIeH» He TMOCTyIaeT Ha TpaHc(opmaTop T,,» Tak Kax guoxsl VDI u

VD2 BkimoudeHnsl BeTpedyHo. Korma monoxuTenbHas MOJYyBOJIHA «HECYILE»
NOCTyIaeT B TOUKy «3» Tpancpopmaropa T, , TOK HOCTYIAET Yepe3 AUOABI,

KaK II0Ka3aHO CTPEIKaMW, W JAUOAbl OTKPBIBAIOTCA, B PE3YyJIbTATE YErO
MaJieHUe HaMpsOPKEHUsT Ha HHUX YMEHBIIAETCS TMOYTH JI0 Hydsd. OTO
o0ecrieuynBaeT MpoTeKaHue TOKa 4epe3 Auobl oT curHana U, .

Bo3aelcTBys Ha HEJIMHEWHBIA 3JIEMEHT, CUTHAJ M «HECYIash» COTrJIacHO
BBIPAKECHUIO:

: a
|:a0+?2~(U§2+U§O)+a1UQcoth+

2

+%cos 20t +a,U U, Cos(m,t —Qt) + (4.6)

2
2 ®y

+aU, cosmt+au,U, cos(m,t+Qt)+ COS 20,t

OynyT 00pa3oBbIBaTH psJ KoJieOAaHUM (B TOM YHCIE «HECYUIIYIO» U JIBE
O00koBbIX moJiockl). Tak kak Hecymas Ha ¢uiabtp [ID HEe moctymaer, To ¢
BbIXOJa TpaHcpopmaropa T, OyayT cHUMAThCs GOKOBBIE 4aCTOTHI ((, +€2)

1 (0,—Q). OmHa W3 ATHX YacCTOT C TOMOIIBIO (HUIBTPA BBIICIACTCS
(HammpumMep, BepxHsis, Kak Ha puc. 4.4), npyras noJ1aBJisieTCsI.
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Puc. 4.4 bananchwiii mooynsimop

Mexay muiedaMu OalaHCHOTO MOJYJIATOpa BCEr/a MMEETCs HEeKOTopas
ACHMMETpHUSI, MTOATOMY HECyIasi 4acToTa HE KOMIEHCHUPYETCS MOJHOCTHIO.
Kpome Toro, Ha BbIxozie Tpancdopmaropa T, HpUCYTCTBYeT Yactora () u e€

TapMOHUKH.

Jns wm30aBieHuss OT TAapMOHUK YacTOThl MOIYJSIUM TPUMEHSIOT
CHEeUaIbHYI0 cXeMy OajJaHCHOTO MOJYJIATOPA, TaK Ha3bIBAEMbIA KOJIBLEBOMN
MOAYJIATOp. B  KOJIBLEBOM MOXYJISITOPE HCIOJIB3YETCS AMIUIMTYAHAs
MOAYISAIUS (B HEKOTOPBIX CIIydasX C IOJABICHHEM «HECYLIEN»), KOTopas
[IOJIy4aeTCs MPOCTHIM NIEPEMHOKEHNUEM JBYX CUTHAJIOB. JTO IIEPEMHOKEHUE
JAET HOBBIM CUTHAJI, KOTOPBI COJEPKUT YaCTOThI, KOTOPBIX HET BO BXOJHBIX
CUTHAJIaX, TOYHEE PE3yJIbTaT IEPEMHOKEHUS JAET CYMMY U Pa3HOCTb YaCTOT
BXOJHBIX CHUTHAJOB (BEpXHSsS W HIXKHAA OOKOBble mojockl). KosbleBoi
MOAYJISITOP COCTOUT M3 KOJIbLIa W3 YEThIpEeX AHOJ0B (OTCIOJIa Ha3BaHUE
«KOJIBIICBOM MOAYJIATOP») U TIaphl TpaHChopMaTopoB [2].

KomnbiuieBoit MoaynsaTop mnpeAcTaBieHHbIH Ha puc. 4.5 COCTOUT U3
napajuieIbHO BKIIOYEHHBIX JBYX OalaHCHBIX MOAYJSATOPOB Ha auoaax VDI
— VDA4. Ilpu nosioxXUTENbHBIX MOJYBOJHAX HECyIIero konedanus padboraer
TOJILKO TMepBbId MoaysaTop (aumonsl VD1, VD2 oTkpeiThl, a guoasl VD3,
VD4 3akpseiThl), IpU OTPULIATETBHBIX — TOJBKO BTOPON MOAYJSATOP (IHMOABI
VD3, VD4 otkpsiThl, a nuonsl VD1, VD2 3akpbIThI).
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Puc. 4.5. Konvyesoii mooyismop

Cxembl aKTHBHBIX MOJAYJSITOPOB Ha TPAH3UCTOpAaX MpPEACTABICHBI Ha
puc. 4.6

U, % ‘Z
Cw,

Uo § Cao C-

|

|

a)
| . T
Co, Ca ‘E Ua
I
I
6)

Puc. 4.6. IIpumepwvl cxem akmugHwvix MOOYIAIMOPO8

Ilpu orcyrcrBuu Hanpsbkenud U, =~ u U, uepe3 kxoHTyp B 00omx

MOJYJISATOPax MPOTEKAET MOCTOSHHBIN TOK. [Ipy HanMumm 3TUX HaNpsLKEHUN
TOK B TPAH3UCTOPE HAYMHAECT HU3MEHATbCA B TAaKT HanpsDKeHUsM. Jlid
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buIbTpaMK HEHYXKHBIX YacTOT W CHSATHUS OOJBINETO HANPSHKEHUS C
MOAYJISITOpa B KOJUICKTOPHYIO IIE€TIh BKJIIOYAIOT KOJEOATENbHBIH KOHTYP,
KOTOPBIN BBITIOIHSIET POJIb HATPY3KH U 00Ja4aeT OOJBIINM COMTPOTUBICHUEM
Ha PE30HAHCHOM 4acToTe, paBHOW Hecyulen. [lonoca nmponyckanus KOHTypa
J0JKHA OBITh HE MEHBINIEC YJBOSHHOTO 3HAYCHUS HaWOOJBIIEH M3 YacTOT
MOJYJIUPYIOIIETO HANIPSAKEHUS.

B cxemax (pucyHOK «a» u «0») xkoHaeHcarop C_ mpemHazHadyeH s

IPOXOXKIECHUS IEPEMEHHON COCTABJISIIOIIEH TOKA KOJIJIEKTOpa (UTOOBI OHA HE
MIPOXO/IMJIA YePE3 UCTOYHUK MMUTAHNUSA).
[Tpu Monyssiuu 1o cxeMe «0» MCTOUHUK HampspkeHust U, ydactByeT B

IIMTAaHUWU T'CHCPATOPA, I[06aBJIHH CBOIO 3HCPIrUI0 K HOI[BO,Z[HMOﬁ MOIIHOCTHU
ICHCpaTopa.

4.2. leMmoayasiliusi AaMILUIMTY/AHO-MOAYJTUPYEMbIX CUTHAJIOB

Jemonmyasimusi — BBIJICJICHUE COOOIIEHUST W3 CJOXKHOTO CHUTHala,
HA3bIBACTCS JeTeKTHPOBaHUeM [2].

B nanHoM cnydyae AETEKTHpOBAHUE CBOJMTCSA K Bo3jaeicTBUiO AM Ha
HEJUHENHBIN 251eMeHT. [loacTaBuB B ypaBHeHuUe 111 AM curnana:

U=U,, =U, - (1+mcos(Qt))-cos(mt) (4.7)
B BOJIbTAMIICPHYIO XapaKTEPUCTHKY HEIMHEHHOTO 3jeMeHTa (4.2), moydum
BBIPaKEHHE:

2 2
oy 1+m7 +a,U2 mcos(Qt)+

I=a,+

(0, —Q)t+

2 2

cos(coO +Q)t+a, J 4m cos(2Qt) +

+aU,, cos(o,t)+a, —2 Yo

2 2 2 2

JrazLJ"’#mcos(Zoo0 2Q)t +a, J 2m cos (2w, —Q)t+ (4.8)

2 2 2 2
U2 1+m7 cos(2a,t )+a2U 2m cos (2w, +Q)t+

2m2

+a, %cos(ZoaO +20Q)t

-

M3 3TOrO BBIpaXKEHHS CIEOYyeT, YTO KpoMe «Hecymiei» (w,) W IByX
OokoBbIX yactoT (w,—Q,®,+C), U3 KOTOPBIX COCTOSUI CHUTHAlI JIO

neTeKTupoBaHus, mnosBwics psag 4vactor BU w HY, wm mnocrosHHas
COCTABJISIIONIAs, a TAKKE BTOpast FTapMOHHUKA COOOIIICHHUS.
CrieKkTp 4acToT B JaHHOM CjIydae mpejacTaBiicH Ha puc. 4.7 [2].
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‘Fa2Fa 7 Fo \ 2Fcoo
(Foo - FQ) (Fmo + FQ)
(2Fwo - 2FQ) | (2Fo + FQ)

(2F0)o - FQ) (2F(00 + ZFQ)
Puc. 4.7. Cnexmp uacmom nocie HeluHelH020 IneMeHma

Takum  oOpa3oM, JETEKTUPOBAHUE HA  HEIMHEMHOM  y4yacTKe
XapaKTepUCTHKU Auoja Aa€T HENUHEHble ucKakeHus. Bo wn30exaHue
WCKQXEHUW HYKEH HEJIUMHEHWHBIA DJJEMEHT C  JIMHEHHO-JIOMaHHOM

BOJIBTAMITEPHON XapakTepucTukoi (cm. puc. 4.8) [2]:
a-u, Uuz=0
_ e =T (4.9)
0, npu U <0

A

Puc. 4.8. Jlunetino-nomannas eonbmamnepHas Xxapaxmepucmuxda

B naHHOM cilyd4ae CIIEKTp 4acTOT BBIMVIAIMT, KaK MOKa3aHO Ha puc. 4.9
(HeoOxouMo Tpozenats Te xe aeicteus U, —i=a-U)
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| N
B~

Fa A reh A ara
(2Fwo - FQ) (2Fwo + FQ) (4Fwo - FQ) (4Fwo + Fo)

Puc. 4.9. Cnexmp wacmom nocie HeluHelHo20 1eMenma ¢ JUHetHO-10MAHHOU
80J1bMAMNEPHOU XAPAKMEPUCUKOU

4.2.1. JlerextupoBanue AM c JIbI1

[Ipouecc neTekTUpOBaHHUS COCTOMT W3 BbIpsiMicHue AM curHana, B
pe3ynbTaTe KOTOPOTro O0pa3yroTCs HMIYJbChl «HECYIIEH» € Orudaromiei,
uMeronien gopmy kosiebaHuil nepeaaBacMoro COOOIICHUS, U BBIJACICHUE U3
ATUX  HUMIYJbCOB HUCXOJHOrO curHaiza nytéM  ¢uiasTpanuu  BY
COCTABJISIFOIIUX CIEKTPa UMITYJILCOB [2].

B kagecTtBe nerexkropa mpumeHstoT auona (cM. puc. 4.10) ¢ MareHbKUM
oOpaTHBIM TOKOM. BBITIpsIMJICHHE >KENaTeIbHO BBIIOJHIATh HAa JUHEHHOMN
yactu BAX nuopa.

VD
Uawm gsn = = R+

Puc. 4.10. J[uoonwiii oemexmop

Cxema pearupyeT Ha «OTHOAIOIIYI0» MPHUHATOTO CUTHala (CM. pHC.
4.11), 00pa3oBaHHYIO MOJIOKUTEIIbHBIMU u OTpUIIATETbHBIMU
MOJIYyIIEPUOIaMU, B 3aBUCHMOCTH OT BKJIIOUEHHUS TUOMA, W TOITOMY HOCHUT
Ha3BaHHE JCTeKTOpa orudaroriei [2].
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Puc. 4.11. Jlemexmuposanue AM c /IPII:
1-i =1,-cos(Qt);2—i,=1,-cos(mpt);3— i, =l,-cos(Qt)+1,.

c

4.2.2. JlerextupoBanue AM c OBII

Hnsa  nmerektupoBanuss AM ¢ OBII HeoOXoaMMO BOCCTAaHOBHTH
«Hecymryo». [l 3Toro B NpuéMHUKE yCTaHABIMBAIOT TEHEPATOpP HECYyIIeH
gacTtoThl (cM. puc. 4.12), a 00e 4vacToThl (MpHUHITAas OOKOBask WU MECTHAs
«HECyIIas») BO3ICHCTBYIOT Ha HEJIMHEHHBIN 371eMeHT (eTekTop) [2].

VD

~J
L1

Uawm osn % R

Puc. 4.12. Jlemexmop AM ¢ ObII

4. 3. AMILIMTY/THASI MAHUITYJISIIIUS

Ecnu nepenaBacMoe COOOIIICHHE MIPEICTABIISCT coboit
MOCIICOBATCIPHOCT  TPSIMOYTOJIHBIX ~ UMIYJIbCOB,  T.€.  SIBJIACTCSA
JTUCKPETHBIM COOOIICHHEeM, TO TpH O0O0pa30BaHUM CHUTHAJIA aMIUIHTY/Ia
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NepeHoCUYrnKa («HeCylel») TNpUHUMAeT BCEro JBa 3HAa4YeHHs. Takoe
peoOpa3oBaHrWE Ha3bIBACTCS AMIUIMTYIAHOW MaHMOyjasiomeir (cM. pwuc.
4.13). HMuorma amIumTyaHas MaHUINYJSANWAS Ha3bIBaeTCAd JAHCKPETHOM
MoayJsinuei [2].

Ue

A

- T

y

m<1
(noeanbHas)

m=1
(peanbHble aMNNUTYAbl HA
BbIxoge omnbTpa)
pagnoumMmnynsbc

.....

Puc. 4.13. Amnaumyonas manunynsayus

CnexTp 4acTOT NpH AMIUIMTYJIHOW MAHUNYJALUU, Kak U npu AM,
COJEPKUT KPOME «HECYIIEW» BEPXHIOI U HIKHIOK OOKOBBIE IOJIOCHI
gactoT. CocTaBisiolne BepXHEH OOKOBOM IOJOCHI COAEpXKAT YacTOTHI
F,+k/t, a cocraBmstonme wwkueit — F —Kk/t, tne k = 12,... —
TapMOHUKH.

AMIUIMTYyJ1a 3aBUCUT OT M, pu M | — sHeprus 1. Uucmo rapmMoHUK
pacT€r ¢ pOCTOM CKBAXXHOCTU. JUISI aMIUIMTYAHOM MaHMIYJISIMUA I10J0ca
YaCTOT ONPEIEIAETCS BEIPAKCHUEM:

AR, =2 (4.10)

pu
T
rae | — kodddurmeHT GopMmel.
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4.4 TlonsipHast MOYJISIIIASA

[onsipHass MOMIYJSIMS  SIBISCTCS PA3HOBUAHOCTBIO — aMILIMTYIHON
Moy s, OTIMYUeM SBISICTCS OJHOBPEMEHHAsl Iiepeiaya AByX CHTHAJIOB,
KaK MmokaszaHo Ha puc. 4.14 [2].

Ua 1

Puc. 4.14. Ilonsapuas mooynsayus:
1-U,=U,cos(t); 2—U, =U,, cos(Q,t).

40



I')TABA 5. YacroTHas u pazoBast MOAYJISILMH

5.1.YacroTHasi MOIYJISILUS

[Ipn 4yacroTHo Moayasiumu (UM) MrHOBEHHBIE 3HAUYCHHUs CHUTHaIA
cooOmnieHust (TOKa WM HANpsHKEHUS) M3MEHSIOT YacTOTy IepeHOCUUKa
(«Hecyei»), ocTaBssl HCM3MEHHOM ero aMIuIuTyay (cM. puc. 5.1):

o=, +mQcos(Qt), (5.1)

rae M, =A®/Q — Ko3)GUIMEHT YaCTOTHOTO OTKJIOHCHUs, WM TIIyOuHa

YaCTOTHOW MOAYJsIUMHA; A® — JeBUAlMsA YIVIOBOM YacTOThbl, WIIH
MaKCHUMAaJIbHOE€ OTKJOHEHHE YacTOThl MEPEHOCUYHKa (B OJIHY CTOPOHY) OT
UCXOJHOTO 3HAYEHHs; (O, — CpeaHee 3HA4YCHHE YIVIOBOM 4YacCTOTHI
IIEPEHOCUHKA.

OTHOCUTENTbHOE U3MEHEHHUE YaCTOThI HECYIIIEH BBI3BAHHOE COOOIICHUEM
Ha3bIBACTCS A€BHAIHEIA.

JleBuaruss 4acTOThI 3aBHUCHUT OT aMIUIMTYIbl MOAYJHPYIOIIETO
coobmenusi. [lpu  yBeaWYeHWH  aMIUIATYIbl  COOOIICHHS  4YacTOTa
nepeHocunka Fw, Bo3pacraer, Tmpu yMEHBbIIEHUH (OTpHUIATEIbHAS
MIOJTYBOJIHA COOOIIEHUS ) — CHUYKACTCS.

Uc(t) A

T

~Y

Uwm(t) A

T~
L—
~Y

A
WEAWEVEYEVEIWERW B
VVVVVV N \/

Puc. 5.1. Bpemennas ouacpamma 4acmomuou Mooyiayuu

I[CBI/IaHI/IH JaCTOThI U MHACKC MOAYJIAIIMU CBsA3aHbl COOTHOIICHUCM:

Fz[eB = mq ) FQ ' (52)
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[Tomaras, 9yTo HavanbpHAs ¢aza paBHa HyO (pu t = 0), MOXKHO 3amucaTh
ypaBHEHUE CUTHAJIA TIPU YaCTOTHOW MOYJISIIAHN:

U, (t)=U,_ -cos[(oa0 +m, -sin(Qt))t]. (5.3)

5.1.1. CnexTp 4acToT Npy YaCTOTHON MOIYJISILIUU

Cnektp wyactor npu UM OeckOHEUHO BENMK, M JJS TOYHOIO
BOCIIPOM3BEJCHUS NIEPEAABAEMOI0 COOOIIEHUSI HY’)KHA OECKOHEYHO OO0JIbIlast
mupuHa 1osiockl. OJHAKO OOKOBBIE YAaCTOTHI BBICHIMX IOPSIKOB HMEIOT
HUYTOXHYIO HHTEHCUBHOCTbh M IMH MOXHO npeHebpeub. [lonoca yactoT npu
UM MokeT ObITh MPUOJIMKEHHO ONPEAEIICHA U3 BBIPAXKEHUS:

AF,, =2F, -(m +1)=2-(F, +F,). (5.4)

B TCJIICU3MCPCHUAX OIITHUMAJIBHOC 3HAYCHHE M, 3aBUCHUT OT Tpe6y€MOﬁ
TOYHOCTH IICPCIavun:

— THU c §=1% — ontumanbHbIii naaekc UM m" =5;

— TU ¢ 6=0.1% — onrtumansHselil nHAEKC UM M =15.

- =
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B

(Foo - 2FQ) (Fwo - FQ) (Foo + FQ) (Fmo + 2FQ)

Fooor

r)
Puc. 5.2. Cnexmp uacmom npu uacmomHou MoOYyIAYUU:
a — crektp yactoT UM npu my = 1; 6 — cnektp yacror UM npu my = 2,5; B — crekTp
4acToT Npu My = 4; T — criekTp yactor UM mpu m, = 5.

5.1.2. JlocTonHCTBA YaCTOTHON MOTYJISIIIH

1. ['myOunra MOIyIAIMKA MOKET OBITH OUEHBb OOJIBIION.
2. bonpias moMexoycToOM4nBOCTb.
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5.1.3. Peanuzanus 4acTOTHOW MOYJISALIUN

CymiecTBYIOT HpsIMble U KOCBEHHBIE METOJbl pealu3allid YacTOTHOM
monyisinud. Hanbomnee pacmpocTpaHEHHBIM KOCBEHHBIM METOJIOM SIBJISICTCS
UCTIONb30BaHuE (Pa30BOr0 MOAYISITOpA sl U3MeHEeHHs (pa3pl KoeOaHuil mo
3aKOHY YaCTOTHON MOIYJISITUH.

[Ipy TpsAMBIX MeTOAaxX dYacToTa TeHepaTopa HW3MEHSETCS IyTEM
W3MEHEHUS WHAYKTUBHOCTH KATYIIKA WA EMKOCTH KOHJIEHCATOpa,
MOJIKJIFOYAEMBIX TapaieIbHO KAaTYIIKE WM KOHACHCATOPY KOJeOaTenbHOTo
KOHTypa reHepatopa. IIpsiMmbie METOIbI, HECMOTpPS Ha MPOCTOTY, HE MOTYT
00ecrneYnTh JOCTATOYHOM CTa0UIILHOCTU YaCTOThI T€HEpaTopa.

MonynsTopbl, BBITOJHCHHBIC C TIOMOIIBI0O KOCBEHHBIX METOJIOB,
00ecTeunBalOT 3HAYUTEIHHO OOJIBIIIYI0 CTA0OMIBLHOCTh YaCTOTHI F€HEepaTopa.
D10 00YCIOBJICHO TEM, YTO YacTOTa MOJIYJISIIMU OCYILECTBISETCS B OJHOM
U3 TPOMEXKYTOUYHBIX 3BEHBEB CXEMbl, 2 HE B 3BEHbSIX, HEMOCPEIACTBEHHO
CBA3aHHBIX C KOHTYpoM reHepatopa. OJHAaKO TaKue MOMYJISTOPHI
OKa3bIBAIOTCS 3HAYUTENIHHO 00Jiee CI0KHBIMHU.

5.2.YacToTHasi MAHMITY IS LMSI

[Ipy YacTOTHOW MaHUMYJALMUA «HECYIIAs» TMPUHUMAET TOJIBKO JBa
3HAYECHHS.
[Tpumep criexTpa yactoT nmpu YM MaHMUITYIISIIMU TIPEICTABIICH HA pHC. 5.3.

AL 0, 64A

/ \
/TN v TN Jf

1/t  Fo, 1/t
Puc. 5.3. Cnexmp uacmo npu YM manunynrayuu npu m, = 1

[[IuprHa MOJIOCHI YACTOT KaHaja CBA3W, IPU NEpPEAadu, ONpeaeseTCs
JNOMYCTUMBIM BPEMEHEM YCTAHOBJICHMS CUTHajda Ha BBIXOAE BXOJIHOTO
buiabTpa NpuEMHUKA U IEBUALIMEH YACTOTHI.

OnHako WCKaXEHUs, BHOCHMBIE BXOJHBIM GuiabTpoM mnpu UM
Heckosbko Oombiie, yem mpu AM. Ilosromy nmns UM — maHunynsou,
cuntas, uto AF/(2F ) =1.4umeem:

AR, =(@7+3)/r. (5.5)

€B
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5.3.I[eMOI[y.]1ﬂ]_[I/IH YaCTOTHO-MOAYJIHUPYEMbBIX CUT'HAJIOB

Jns pemonynsitinn UM, koniebaHus mpeBpanialoT cHavajaa B KoyieOaHus,
MOIYJIMPOBAHHbIE 1O (aze WIM 1O AaMIUIMTYyJe, K3 KOTOPBIX 3aTeM
BbIICNIIETCS TiepenaBaemMoe coobOmieHue. [loaToMy pasznuyaroT 4YacTOTHO-
aMIUTATYHBIC WM 4acTOTHO-(a30BbIe (MO0 MPOCTO (ha30BbIC) AETEKTOPHI.
B rTtenemexanuke B OOJBIIMHCTBE CIIy4aeB MPUMEHSIOT YacCTOTHO-
AMIUIUTYIHBIE 1€TEKTOPBI.

[TpocTeiimmii 4aCTOTHO-aMIUIMTYAHBIN I€TEKTOP COCTOUT M3 OOBIYHOTO
KoJIeOATEeNbHOTO KOHTypa (pPacCMOTPEHHOTO OTHOCUTEIBHO OCHOBHOM
YacTOTHI MPUXOAAIIEr0 CUTHANA) U AMIUIMTYAHOTO AETEKTOpa (CM. puc. 9.4 1
5.5).

Bx.

Puc. 5.4. I[Ipocmetiwuti yacmomHo-amniumyOHslil 0emexmop

s

>

Puc. 5.5. Aunnumyono-uacmomnas xapaxmepucmuxa
YacToTy  BEIOMpAIOT TaK, YTOOBI YaCTOTA HECYIIEH Jiexkasa Ha criajge AUX.
Bonee coBepiieHHBIM YaCTOTHO-aMIUIUTYJHBIM JI€TEKTOPOM SIBIISIETCS
YaCTOTHBIN TUCKPUMHUHATOP (OaJIaHCHBIN JETEKTOP), BHIMOIHSAEMBIN C ABYMSI
BTOPUYHBIMU PACCTPOCHHBIMU KOHTYpamHu (cM. puc. 5.6).
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K3 K1

K2
| |
| | f,l Ny,

Puc. 5.6. Amnaumyono-uacmomuasn Xapakmepucmuxa

Ecnu, Hanpumep, MOJyJIMpPOBaHHBIE IO YacTOT€  KoJjieOaHus,
nojaBaeMble Ha BXoJ, Jexar B mosioce 1100-1000I'n, To koutyp K1 (cm.
puc. 5.7) nactpauBaetcss Ha vactoty 1050, xontyp K2 — Ha wuacroty
1100T'n u xoutyp K3 — nHa wacrory 1000I'y (cm. puc. 5.8). Kontyp Kl

SABJISIETCA  IIUPOKOIOJOCHBIM, TMPOIYCKAIOMIUM YacTOThl, Ha KOTOpBIE
HacTpauBaroTcst KOHTYpbl K2 u K3.

VD1
K1 ZH G
l g 1 T R1
b L | | |
é —1_ 1 R2
‘ K3 \£12
®- 1 L 4 ¢

Puc. 5.7. barancuuiii oemexmop
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UBbIXA

1000 0

Puc. 5.8.

Huonsr VD1 u VD2 BxitodeHbl TaKUM 00pa3oM, 4To Harpsbkenne U

BLIX
wx =, —Us.
Ecnu cinoxute pa3HocTHble KpuBble KOHTYpoB K2 um K3, TO momyuutcs
pe3yibTUpyIOlasl KpuBas JUCKPUMHHATOPA, MPEACTABIAIOMIAs COOOU
3aBUCUMOCTh HaNpsHKEHUSI HA BBIXOJIE OT YAacCTOThl BXOJIHOTO CUTHasIa (CM.
puc. 5.7). Ha 3HaunTenpHOM y4yacTKe 3Ta XapaKTepUCTHUKA JIMHEWHA.

Ha BBIXOJI€ AUCKPUMHUHATOPA PABHO PA3HOCTH HampsokeHui: U

5.3.1. CpaBHEHHE aMIUTUTYAHON MOTYJISIIUN ¥ YaCTOTHOW MOIYJISIIIIH

1. Texnuueckas peanuzanus AM npoiie, yem UM;
2. [Tonoca yactot nnpu AM 3HaYUTENBHO MEHBIIIE, YeM Tpu UM;
3. [TomexoycToitunBocth UM 3HaumTenbHO Bbiie AM (T.K. moMexu

BO3JICHCTBYIOT B MEPBYIO OYEPE/lb HA aMITUTY/ly CUTHAJA).

5.4.®a3oBast MOLYJIALMA
[Ipu ¢a3oBoii moayasimuu (OM) nepegaBaemMoe COOOIICHNE U3MEHSIET
3HaueHue ¢aszpl @ Hecymel. Takum oOpasom, ¢asza «Hecymen» ¢
MU3MEHSCTCS TMPOMOPIMOHAIBHO MTHOBEHHBIM 3HAa4CHHSIM TOKa WU
HaMPSHKEHUS MOYJIUPYEMOro cooOrieHus (cMm. puc. 5.9):
@ =A@-Sin(Qt). (5.6)
[Tpu yBenuyeHN 3HAYEHHUI TOKAa U HANPSKEHUS (COOOLIECHUS) YaCTOThI
Q Bo3HUKaeT omnepexxenue mo ¢gaze A@-Sin(Qt), rme AQ — MaKCUMaTbHBIN
cABUT 10 (haze wim aeBruanus (assbl.
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A

BRNN @
NS

Puc.5.9. @aszosasn mooynayus:

\j

AQ — desuayus ¢a3vl.

3nauenune ®M — konebaHus:
Uy () =U,, -cos(w,t+m, -sin(Qat)) (5.7)
— a”anormyHo U_ . c¢ Toi smmb pasHunei, 4yro npu DM uHzmekc
MO JISIUN:
m, =A@. (5.8)
[Ipy ®M wusmensieTcss He TOJIBKO (a3za, HO M MTHOBEHHas 4YacToTa
«Hecyuen». Touno taxxe nmpu UM usmenserca u ¢asza Hecymed. Takum
oOpazoM, ®M u UM B KakoH-TO Mepe AHAJOTMYHBI U OTJIMYAKOTCS JAPYT OT
Ipyra METOAaMHU OCYIIECTBIICHHUS.
®OM u UM cBs3aHBl, MOAITOMY OHU MOTYT OBITh OOBEIWHEHBI Kak
yrJjoBast MOXYJIS LIS
Ao=Q-Ap (5.9)
— JIEBHAIUS YTJIOBOW YACTOTHI.

5.4.1. Tlosmoca yacToT (ha30-MOYIUPYEMOTr0 CUTHAIA

[Tonmoca yactot npu @M MOIyIALUN ONPEAETSAETCS BBIPAKECHUEM
AF, =2-F,-(m, +1). (5.10)

Tak xak npm UM wWHAEKC MOIYISIMH cOrJIacCHO M, =Am/Q

YMEHBIIIAETCS C YBEIWYEHHUEM YacTOThl cooOmeHus, a npu ®M oH He
3aBUCUT OT HeE (m(b:A(p), TO IIUPUHA TIOJOCHI dYacTtoT mnpu OM

OKa3bIBaeTcs Ooubiie, yem npu YM.

[Ipy Mm<«k1 — cnektp gactor YM u @M cocTouT U3 Hecylel u AByX
060koBbBIX T0JI0C Kak npu AM c JIBII.

[Ipy M>1 — cnekTp yactoTr ®M cxo0xk co crnekrpoM npu UM ¢ Toii
JTulIb pasHulieid, yto npu ®M OOKOBBIE YACTOTHI HE 3aBUCAT OT YACTOTHI
cooOuieHus, Torga kak npu UM aMImTya 3TUX 4acTOT YMEHBIIAETCS C
YBEJIMYEHUEM YaCTOThI COOOIIECHUS.

Monaysarop pss @M ananoruyssl MmoayJisitopam st YM.
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5.5.Ma3zoBass MAHUNYJISIUA

@da3oBasi MAHUNYJSIIUST WU a0CcoMOTHas a3oBasi MOTYJISIIHS
(ADM) sgBuseTcss YacTHBIM  ciaydaeM  (Ga3oBOH  MOIYJSIUU  TIpH
MOJIyJINPYIOIIEM CUTHAJIC B BUIE UMITYJIbCOB (cM. puc. 5.10).

Uc(t) A

~Y

Udmc(t) A

I~
|
I~
|
I~
|
~Y

Udmc(t)

6)

Puc. 5.10. Bpemennas ouazpamma ¢azosoi maHunyisyuu:
a — ¢azosas manunynayus npu Ae =90°; 6 — gpazosan manunynayus npu Ap =180°.

5.5.1. Crektp yacToT npu (Ha30BOM MAHUITYIISIIUN

CrnexTp yacToT npu Ga3oBoi MaHUNYJSLMUU MPEACTaBiIeH Ha puc. 5.11.
Ecmu caur ¢a3 Ap =180°, To mpu CKBaXHOCTH HMITyJbca PaBHOW 2 HET
HECYIIEH.

[Tpumensiercs npu ckopoctax nepenayuun 6omaee 1200 6ut/c (boxn).
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0, 71A
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/1N Y2 BN f
1/t Fo, 1/t
a)
AA .
/ \
/ \
(TN | 1 v f
1/ Fo, 1/1
0)

Puc. 5.11. Cnexmp uacmom npu ¢ghazosoii manunyiayuu:
a — cnekmp yacmom npu Ap =90°; 6 — cnekmp uacmom npu A¢p =180°.

5.5.2. Peanuzanus $ha30Boit MaHHUITYIISIIIAH

dazoBasgs MaHHUMYJSAIUSA MOXET OBITh OCYIIECTBICHA C TOMOIIBIO
KOJIBIIEBOTO MOAYJISTOPA, PEICTABICHHOTO Ha puc. 5.12.

VD1
o~
|

vD2

Uc

VD3
VD4
N
| =g

UH

F =

Puc. 5.12. Konvyesoii mooynsmop @M npu Ap =180°

Udmc
—>
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5.5.3. [lerexTupoBaHue CUTHAIOB (Pa30BOM MaHUITYIISILIHH

Jlnst neTekTupoBaHUs CUTHaNa ¢ (a30BOM MAHUITYJSIIUEH CIYKUT
(da3oBbIi  JAETEKTOp, OCHOBAHHBIM Ha TaK Ha3bIBAEMOM  KOJIbIIEBOM

IpeoOpa3oBaHuH YacTOTH (cM. puc. 5.13).

VD1

a
o ~l o
B =1 >

Tp:
o p VD3

onﬂ.o_ % D :S VD4 DM

r VD2
| e
L1

<
I
Il

a ©6
fr

Puc.5.13. Jlemooyrsmop cuenanos ¢pazosoii manunyiayuu

Ha BXxoa mocTymaroT MMIYJIbChl, MOAYJIMpPOBaHHbIE MO (aze, a Ha
3KHUMBI «a» U «0» MOJaéTcsi MepeMEHHbI TOK MECTHOTO reHepatopa f; ¢
yacToTOM Hecymen. Ha BeIxome BKIIOYEHBI KOHAeHcaTtopel. [lpwm
MOCTYIUICHUM Ha BXOJl CHTHaJIa B (pa3e ¢ CUTHAJIOM MECTHOTO reHepaTopa
NpuEéMHMKA OTKpbIBatoTCs auonsl VDI, VD2 npu 1monoxuaTenbHOU
noiyBosine U auoasl VD3, VD4 — npu orpunarenbHoil. B o6oux cioydasx
TOK MPOTEKAET YEPE3 KOHACHCATOPHI OT 3aKHMaA «I» K «E» M Ha BBIXOJE
CHHUMAIOTCS BBIIPSIMIICHHBIE MOJIOKUTEIBHBIE UMITYJIbCHI. [Ipy mocTymeHnn
CUTHAJIa C JIMHUM B TPOTHMBO(dA3E C CUTHAIOM MECTHOTO TreHepaTopa TOK
CHavajla mpoTekaeT uyepe3 auoasl VD3, VD4 npu mnojaoxuTeIbHBIX
NOJyBOJIHaxX W yepe3 auonsl VDI, VD2 — npu oTpuULlaTENbHBIX, YTO
BBI3BIBAET IMPOXOXKJCHHE TOKA OT 3axuMa «e» K «a». COOTBETCTBYIOIIUM
00pa3oM Ha BBIXOJIE CHUMAIOTCS BBITTPSMIICHHBIC OTPUIIATEIIbHBIE UMITYJIBCHI.

5.6.IlpeumymecTBa M HeIAOCTATKH (Pa30BOl MaHMNYJISILMU MO
CPABHEHHIO C YACTOTHON MaHUMYJIsIMEH

[Ipeumymectsa ADOM:
1. bouibimast CkOpoCTh Nepeiaun B TOM ke MOJI0Ce YacToT, uTo U UM;
2. Takas Ke DOMEXOYCTOMYMBOCTb IIPH MEHBIIEH MOIIHOCTH
nepesaTymKa.
Henoctatkn ADM:

Hyxna mnocrossHHas (a3a Hecymed W OMNOPHOM YacTOThl MpHU
nerexktupoBanuu. [lpu cnsure a3 va 180° — HabGmrogaercss oOpaTHast padoTa.
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5.7.0THOcuTebHAsE  (GazoBas manunyasiuus  (¢pasopasHocTHast
MOXYJISII[UA)

da3za MeHsAeTCs JIMIIb NPU MEPeAauu «EAUHUYHOro» cooduieHus. Ilpu

nepesayl «HyJeBOro» cooOlieHHusT (a3za HE MEHsleTcs, NpPU 3TOM, 3HaK

HU3MEHEHUs He BakeH (cM. puc. 5.14).
Uc

MANNANND
VUV VUL

Puc. 5.14. Bpemennas ouacpamma gazopasznocmuoit mooyaayuu (PPM)

5.8./IBykpaTHasi HenpepbIBHASL MOXYJISIIIUSA

JIns  TOBBIIEHUS TOMEXOYCTOMYHMBOCTA IME€PENAYM  AMIUIATYIHO-
MOAYJTUPOBAHHOE COOOIIEHWE WHOT/AA JOMOJIHUTEIFHO MOIYJIHPYIOT IO
yactoTe. Bo3Hukaer aBoitHas monymsiius AM — UM. Ilpu stom mnepsas
«HEeCcylasH Ha3bIBACTCS «IMOAHECYLIeH».

Jnst 5xoHOMUHU TIOJIOCH! YacToT npuMeHsitor UM — AM. Bo3moxxno UM
—YM.
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I'/TABA 6. HNMnyabcHbIE METOABI MOAYISILMHA

6.1.BBeaenue

B uMIyabCHOM MOIYJISALNN IEPEHOCYUKOM COOOIICHHS SBJISCTCS CEPHS
UMIIYJIbCOB,  XapaKTepuzyemas  psSIOM  [apaMeTpoOB.  aMILIUTYIOM,
JUTATEIBHOCTBIO, TIOJI0KEHHUEM BO BPEMEHH, YHUCIIOM UMITYJIbCOB U T.JI.

NmnyJabcHass MOAYJISIIUS — H3MEHEHHE KaKOT0-JIM00 MmapaMeTpa cepuu
UMITYJIbCOB TIOJ ieicTBHEM cooltenust [1, 2].

6.2. AMITUTYIHO-UMITYJIbCHASI MOAYJISILIUS

[lepeHocunkoM COOOIIEHUS B aMIUTUTYHO-UMITYJIBCHON MOMYJISIUU
(AUM) sBasieTcst cepusi MPSMOYTOJBHBIX MUMIYJbCOB. [lon Bo3melicTBreM
MTHOBEHHBIX 3HAYEHUN COOOIIEeHUs (TOKa WJIM HaIpsOKEHUs) aMILUIUTyAa
UMITYJIbCOB IEPEHOCUNKA U3MEHSIETCS, KaK IMOKa3aHo Ha puc. 6.1.

§ \/ g
s

—_—— 9
—_—————————

| AUM

t

-
-

T T
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

Puc. 6.1. Bpemennas ouacpamma amniumyOHO-UMNYIbCHOU MOOVIAYUU.

U — aunaumyoa «Hecywet» (nepeHocuuxa coooweHus), T - OIUMeIbHOCHb UMNYIbCO8
«Hecyueuy.

BelpaxkeHue Ui aMIUIMTYIbl MOJYJIMPOBAHHBIX HMITYJIBCOB MOXKHO
3amucath CIEIYIOMUM 00pa3oMm:
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U, =U-(1+m, -sin(Qt)), rae (6.1)

U, - ammiuTyna MOAYIMpPOBaHHBIX uMmynscoB, U — ammumryaa

M

HEMOAYJIMPOBAaHHBIX UMITYJILCOB; M, — riyOuHa MonyJsinuu npu AUM; Q —

yIJI0Basi 4acTOTa COOOIICHMUS.

NMnynbebl, MOIYJIHPOBAHHBIE MO aMIUIUTYAE, OOJIalal0T CIIEKTPOM,
OTJIMYAIOIIUMCS OT HEMOJYJIMPOBAHHON TMOCIEIOBATEIIbBHOCTH TEM, 4YTO
BOKPYT KaXJ01 COCTAaBJISIFOLIEH CIIEKTpa HEMOIYJIMPOBAHHOM

TOCJIE/IOBATEILHOCTH  NOABIAIOTCS  OokoBele uactothl f £ f . = (cm.
puc. 6.2).
Ua
L 2fi-fa
=~ ~
TTrbrbe s Fims
N
LT TS
A fi k2 \
fi-fo fi+fo 2fi+fo
Puc. 6.2. Cnexmp wacmom amniumyOoHo-umnyibCHOU MOOYAAYUU
[upuna ITOJIOCHI 4acTOT AF onpenensiercs MPAKTUYECKU

JUTUTEJIbHOCTBIO UMITYJIbCOB M CJ1a00 3aBUCUT OT MOAYJIMPYIOLIEH YacTOTHI,
T.C.
AF = ult,tne (6.2)
T — JJIUTETLHOCTh UMITYJILCOB; L — KOADPUITUEHT (GOPMBI.
AWM obnamaer TeMH K€ HeJOCTaTKaMU M JOCTOMHCTBAMHU, 4TO U AM.
B rtenemexanuke AWM npumeHsAETCS TOJBKO KaK INPOMEKYTOUHBIA BHJ
MOJTYJISIIMH, Hanpumep, B cucteme AUM-UM [1, 2].

6.3.llInpoTHO-UMNYJILCHASE MOYJISIIIUS

[Ipu mumpotHo-umnynbcHo wmonymsauun  (IHMUM) non apeiictBuem
MT'HOBEHHBIX 3HAYEHHUI COOOILEHUS U3MEHSIETCS NIUTENbHOCTh WM IIUPUHA
UMITYJIbCOB TIepeHOocurka (cM. puc. 6.3), pacmmpssch TpU yBEITHUCHUH
MTHOBEHHOTO 3HAY€HUs COOOILEHUS M CYXKasiChb IPHU €ro yMEHbIIEHUU (3a
cu€T TMOJIOKEHUsI 3a7Hero ¢poHTa uMmNyibca). Yactora u amrumryaa
umiysbcoB npu [IIMM He u3menstores [1, 2].
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lc = ImSin(QT)

LA

Puc. 6.3. Bpemennas ouaspamma wupomuo-umnyibCHOU MOOYAAYUU

[Tonoca vacror IHIMM onpenensercs BoIpa)keHUEM:

AF=L (6.3)
Trin
II€ T, — MUHUMAJIbHAs JJIUTENBHOCT UMITYIbCOB LIITMM.

Cnektp uactor MM ananmornuen cnexktpy AWM ¢ Toil numb
pasHuuei, yto npu HIMM Bokpyr KakI0¥W rapMOHUKH «HECYILEW» UMEETCS
HE JIBE, @ HECKOJIBKO IMap OOKOBBIX YaCTOT.

[TomexoyCcTOMYMBOCTD 1111201 3HAYUTEIBHO BBILIE

noMexoycronunBoctu AVIM.

6.4.@azoumMnyJabCcHAS MOTYJISIIUS

[IupoTHO-UMITYIbCHAST MOAYJANMS U (A30UMITYIICHAS MOJYJISIIUS
(OMM) oObenuHsIOTCS OOIIMM MOHSITHEM — BPEMSUMITYJIbCHAS MOYJISIIUS
(BUM).

[Ipy ®VIM B 3aBUCHMOCTH OT MIHOBEHHOI'O 3HAYCHHS COOOIICHUS:
UMITYJIbC CJABUTAeTCS BIpaBo Ha Al mnpu yBeIWYEHWH MTHOBEHHOIO
3HA4YCHUs U BJIeBO Ha At — mpu ero ymeHsIenuu [1, 2].

[Ipn cuHycOUIaIbHOM COOOIIEHWU CHIBUT, WIM JACBUAIMS, HWMITYJIbCa
omnpeaessaeTcs BeIpakeHueM (cM. puc. 6.4):

At = At SIN(Q) . (6.4)
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lc = ImSin(QT)

\/ i

Ui
o LMAX
t
-
Ua
PUM
t
>

Puc. 6.4. Bpemennas ouacpamma ¢hazoumnyibCHOU MOOYIAYUU

[Tonoca wacror nmpu @UM onpenensieTcs UIUTEIBHOCTBIO HUMITYJIbCA,
KOTOpAasi B MPOLIECCE MOIYJISLIMU HE U3MEHSIETCS.

6.5.YacTOTHO-UMIYJIbCHASI MOLYJIALHS

B cinyuae wactorHo-umnynbcHoN Monyisiiuu (UMM) npu yBenuuenuu
MTHOBEHHOT'O 3HAY€HHUs COOOIIEHUS YacTOTa MMITYJILCOB BO3pPACTaET, a MpHU
YMEHBIIICHUH — CHWkaercs (cMm. puc. 6.5). Tlpm 3TOM IMTENBHOCTH
UMITYJIbCOB OCTaéTCs OCTOSIHHOM [1, 2].

i A

lc = ImSin(QT)
t

Ui

~—_ 7

qrM

i

00N

Puc. 6.5. Bpemennas ouazcpamma 4acmomuo-umnyibCHOU MOOVIAYUU
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6.6. KogouMnyabcHasi MOy IS LUSA

CooOmienue npu kopoummysibcHord moaynsanuu (KMM) kBantyercs mo
BpeMEHU M ypoBHIO (cM. puc. 6.6). [losyueHHbIe 3HAYEHUS TEPENAIOTCSA B
JMCKPETHBIE MOMEHTHI BpeMenH [1, 2].

Crynenuatas GyHKIHUS

>'[

Puc. 6.6. Bpemennas ouazpamma KoO0OUMNY1bCHOU MOOVIAYUU

[Tomoca wactor B KMM omnpenensercs: JTUTSIIEHOCTHIO UMITYJIbca (T):

A=l (6.5)
T

6.7.lebTa-MoyJAALMS

O@deKkTuBHBIM cnOocOO0OM MpeoOpa3oBaHMs CHUTHAJIOB B LU(POBYIO
dopmy sBisercs aenbra-Moayisuusa (A-momymnsuusi). IIpeumymectso A-
MOIYJSIUMM B pEAIM3yeMOM TOYHOCTHM IPU  33JaHHOW  4acToTe
JMCKPETH3AIMKA U 0OCOOCHHO B MPOCTOTE peanu3anuu [1, 2].

B nanHOM citydae OCylIECTBIS€TCS Meperaya JUllb JBYX JUCKPETHBIX
CUTHAJIOB, KOTOPBIMH TMEpPeNaéTcsl TOJBKO 3HAK MpupalieHuss GyHKuuu (cwm.
puc. 6.7). Ecnim Her mnpwupamenus, 1o mepemaércs 0. Uucno ypomHei
kBaHTOBaHUs — Mo0oe. Illar npupamiennst — 1 KBaHT.
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Puc. 6.7. Bpemennas ouazcpamma oenoma-mooyaayuu

OcoOEHHOCTH: TIOCTOSHHBIM TaKT KBaHTOBaHMs, MpHUpalleHue Ha |
HUMITYJIbC PAaBHO OJTHOMY KBaHTY.

Henocrarku. Ecnmm ckopocTh HW3MEHEHHS CHUTHAlla BBICOKA, MOIKET
MpOU3OMTU  AuHaMuueckas omwudOka. CregoBarenbHO, HEOOXOAUMO
MoA0MUpaTh YaCTOTy KBAHTOBAHUS 10 CKOPOCTh U3MECHECHHS CUTHAJIA.

[Tomexu cO3Maf0T MOTEPH, KOTOPHIE BOCCTAHOBUTH HEBO3MOIKHO.

6.8.Pa3HOCTHO-IMCKPEeTHASI MO /IS LU
[TpuHun ¢GopMHpoBaHUs Pa3HOCTHO-IUCKpeTHON Monymsuuu (PM)
MPOMJUTIOCTPUPOBAH Ha puc. 6.8.
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Puc. 6.8. Bpemennas ouacpamma pazHocmuo-oucKkpemuou Mooyisyuu

[Ipu nepexone Ha OoJiee BBHICOKMM ypOBEHb MepemaéTcsi CUTHAI O
€AMHUYHOM CKayke BBEpX, a MpHU Mepexojie Ha 0oJjiee HU3KHM ypOBEHb —
CUTHAJI O cKauke BHU3. Ecnu cooOlleHne He M3MEHSIET 3HauYe€HHEe, CUTHaJ
OTCYTCTBYET.

[TpeumyriectBa PJIM (1o cpaBHEHHIO ¢ A-MOIYJISAIIUCH):

1. Kanan cBs3u MmeHee 3arpyxeH. [Ipy MeqIeHHO M3MEHSIOIIMXCS
coobmenusix PJ/IM—curnanel OyayT mnepenaBarbcsi penako (B
OTIMYME OT A-MOIYJIALMH, T/I€ OHU JOJKHBI CJIEI0OBATh Yepe3 1ar

KBAHTOBAHMUS).
2. Bplie noMexoycToi4nBOCTb.
Henmocraroxk: Tak ke, kak W B A-MOAYJALIMM — BO3MOKHOCTH

HAKOIUJICHUS OIIMOKH (ITPU HOTEPSAX UMITYJIBCOB).

6.9.JIsmaa-geabTa MOIYJISILMS

Jlampa-nensra  Monxynauus  (A-A-MOAYJSIMS) OCYIIECTBISIETCS Ha
ocHoBe A-moxymsinuu. CHavana HenpepbiBHas GyHkius A(t) kBaHTyeTCs MO
YPOBHIO M IO BpPEMEHHM (BO3MOXHBIM pE3yNbTaT TaKOro0 KBAaHTOBaHUS
npecTaBicH Ha puc. 6.9).
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Puc. 6.9. Bpemennas ouacpamma aamoa-oenbma Mooyisiyuu

Jlanee KBaHTOBaHHasi CTymeHYaTas QYHKIHS Tepeaaércs TaKuM
oOpazom: 3HaueHue GyHkiuu A'(t) B MEpBOM HHTEpBajie Mepeaaércs
MOJIOKUTEIIbHBIM MUMITYJIbCOM C YpOBHEM «1» B TeueHue BpeMeHu At (cwm.
puc. 6.9). CooOiieHre 0 TOM, 4TO 10 TOYKU «a» KBAaHTOBaHHAsi (YHKIIMS HE
U3MEHSIETCS, NepeaacTcsi JOMOTHUTEIbHBIM HUMITYJIbCOM C OTPUIIATEIbHBIM
ypoBHeM «-1». [lepexon ¢hyHKIIMM Ha YPOBEHB «3» (B TOUKE «ay») mepenaércs
UMITYJIbCOM, aMILTUTY/Ia KOTOPOTO PaBHA YPOBHIO «3».

Takum oOpazoMm, mepenada OCYIIECTBISECTCS TOJBKO B MOMEHTHI
W3MEHEHUS COCTOSTHUS (DYHKITUH.

Kanan cBsi3u 3aHAT HECKOJIBKO OOJbIIE, YeM y A -MOAYJISLUHU, HO HET
HaKOTUICHUS OIIIHOKHU.

6.10. MHOroKpaTHble MeTObI MOAYJIALNH

CooOmienne  MOXET  OBITh ~ MEpPeaHO  CIOXKHBIM  CUTHAJIOM,
00pa30BaHHBIM HECKOJIbKUMH MO0YEPENHBIMU MOAYIAIUAMU. OOBIYHO TaKOU
CUTHAJI SIBJISICTCS PE3yJIbTaTOM JABYKpATHON Moayssinuu [1, 2]:

— HWMIIYJIbCHOW, B KOTOPOM MOIYJUPYETCS  IMOCIEAOBATEIBHOCTD
UMITYJIbCOB, WM UMITYJIbCHAS «ITOAHECYIas» (MEepBbIA NEPEHOCUUK);

— HEMpephIBHON, B KOTOPOW MOAYJIUPYETCS «Hecymas» (BTOpoi
MEPEHOCYUK).

[Ipu TpEXKpATHBIX MOAYJSALMAX IE€pBas MOLYJSALUS — HUMILYJIbCHAS,
BTOpAasi U TPEThS — HEIIPEPBIBHBIE.

NHuorpa [PUMEHSIOT JBOWHYIO MOYJISALIAIO MMITYJIbCHOU
«moaHecymie»:  cHadana  ocymectBisitor AWM,  kotopas  3arem
npeobpazyercss B BUM unu IIMM, a 3areM npou3BOASAT HENPEPHIBHYIO
MOIYJISLMI0 Hecylie. B pesynbrate Bo3Hukaer monyssinus AVMM-BUM-
AM, AUM-ITNM-UM u T.10.
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I'JIABA 7. Kanaiani cBsizn

7.1.BBenenue

[Ton kaHajiOM CBSI3M MOJAPA3yMEBAIOT COBOKYIMHOCTh TEXHUYECKHUX U
IPOTrpaMMHBIX CPEJCTB, MpEeAHA3HAYCHHBIX Ui Iepeaadyud uHOopMaluu ot
OJIHOT'O UCTOYHHKA COOOIIICHUM.

Pa3nesienne CHUrHaJOB — 3TO OOecCIeUeHHE HE3aBUCUMOM Mepeaadu U
MpreMa MHOTHX CHTHAJIOB MO OJHOW JIMHWUU CBSI3M WM B OJHOW IOJIOCE
4acTOT, IPU KOTOPOW, CUTHAJIBI COXPAHSIOT CBOM CBOMCTBA M HE MCKAXKAaKOT
Apyr Apyra.

MHorokaHaJIbHasI TeleMexXaHudeckass CHUCTEMa C OJHON JWHHEH CBSI3U
npejacTaBieHa Ha puc. 7.1,

nci1 » Tlep. 1 » U1 ’—> nil » TIp.1 » JIC1
ucC 2 » Tlep. 2 > U2 _l » JIC » U2 » IIp.2 » TIC2
A
HUCn > [lep.n > 1n Nn » [Ip.n » JICn
ITomexa

Puc. 71.1. Obwas cxema MHO2OKAHAILHOU MeNleMeXaHUUeCcKOoll CUCMeMbl ¢ 0OHOL
JIUHUEU CBA3U.
UC — ucmoynux coobwenusn; Ilep — nepedamuuk; Ilp — npuemnux; IIC — npuemHux
cooowenus; JIC — nunus ceasu;, M — knaccughukamop (uoenmuguxamop).

Hcnons3yembie  Mmetoabl  pasneneHuss  kaHanmoB  (PK)  moxkHO
KJ1acCU(UIIMPOBATH Ha JIMHEHHbIE U HEJTUHENHHbIe (KOMOUHAIMOHHBIE).

B OonbIIMHCTBE cllydaeB pa3feieHUs KAaHAJIOB KaXXIOMYy HCTOYHUKY
COOOIIIEHUS BBIJICISETCA CHEIUaIbHBIA CUTHAJI, HAa3bIBA€MbI KaHAJIbHBIM.
[IpoMoaynupoBaHHbBIE COOOIIEHUAMHU KaHAJIbHBIE CUTHAJIBI OOBEAUHSIOTCS, B
pesynbpTate dero oOpasyercs TpymnmoBod curHad. Ecnum — omeparus
oObeIMHEHUsI JTMHEHHA, TO TOJYYUBIIMICS CUTHAJ HAa3bIBAIOT JIMHEHHBIM
IPYIIOBBIM CUTHAJIOM.

Jlnst yHuUKamu MHOTOKAHAJIBHBIX CHUCTEM CBSI3M 3a OCHOBHOUW HIIU
CTaHJAPTHBI KaHAJ MPUHUMAIOT KaHal TOHaJbHOW 4acToThl (kaHan TY),
oOecrieunBaOIIM Tiepenayy cooOmennii ¢ 3¢h(EeKTUBHO TMepegaBaeMoi
nosiocoil yactor 300 ... 3400 I'm, COOTBETCTBYIOIIEH OCHOBHOMY CIIEKTPY
Tene(hOHHOTO CUTHAaJA.

MHorokaHajqbHbIE CUCTEMBI O0Pa3ylOTCsl MyTeM OObEAMHEHUS KaHAJIOB
TY B rpynibl, 00bIYHO KpaTHbIE 12 KaHalIaM.
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7.2.YacToTHOE pa3acji€cHuE KaHaJd0B CBA3H

[Ipn YacTOTHOM pa3AClICHHH Tepeaaya WHPOPMAIMK OT HECKOJIbKHX
HUCTOYHHUKOB COOOIICHUH TO OJHOH JIMHUHM CBS3H  OCYIIECTBIIICTCS
OJIHOBPEMEHHO Ha Pa3IMYHBIX YaCTOTHBIX auamna3onax [1, 2, 10].

KaxxmoMy kaHally CBSI3M OTBOJUTCS OINPEACIEHHBIH YJacCTOK OOIICH
nostocsl actot (f, — f, ), mepemaBaeMbIX 1O JIMHKU CBSI3U (CM. puC. 7.2).

Afrenp.
Af1 % Af2 Afn
T T™1 .. [ 71 .
fu fs

Puc. 7.2. Hnmepsanvl yvacmom npu yacmomHom pazoeieHuu Ka2aios cea3u

I[JBI IICPBOI'0 KaHalla CBA3U BBIACILACTCA I10JI0OCA Afl, AJIs1 BTOpPOTO — Afz

n 1.4. CocenHue KaHalbl CBS3M PA3ACIAIOTCA MEXKIY CO00il mojiocamu
HenporryckaHust Af HIMPUHA KOTOPBIX 3aBHCHUT OT KayecTBa (DPUIBTPOB,

Henp

IPUMEHSICMBIX IS pa3/ie/IeHUs] KaHaJIoOB (CM. puc. 7.3).
Aa Afnenp.

f
>
3kly, 6k, OklMy,
Puc. 7.3. Amnaumyono-uacmomuas xapaxmepucmurka KaHauio8 césa3u
ITonoca 4yacToT onpenesieTcs BhIpaKEeHUEM:
n
AF :Z(fi +Afﬂenp). (7.1)

i=1

[Ipumep CTPYKTypbl TeEJIEMEXaHUYECKOM CHUCTEMBbl C YaCTOTHBIM
pazzieJIeHuEM KaHaJIOB CBS3M MpeCTaBIeH Ha puc. 7.4.
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Puc. 7.4. Cmpykmypa menemexanuueckoi cucmemvl ¢ 4aCmMOmMHubIM pazoesieHuem
Kananoe cesasu.
M — mooynsmop, JIM — 0demodynsamop.

Henoctarku 4YacTOTHOTO pa3jiefieHus KaHalIOB CBS3U: CIOXKHOCTD
¢buabTpoB,  OOJIBIIME  TOJOCHI  HENmpOINycKaHus,  HedPPEeKTHUBHOE
UCIIOJIb30BAaHUE YaCTOTHOTO JIUAIa30Ha.

7.3.BpeMeHHOe pa3jie/ieHHe KAHAJIOB CBSI3H

[Ipu BpeMEHHOM pa3IeIeHHH KaHAJOB COOOIIEHUS AUCKPETHUIUPYIOTCS
U TEpealoTcs TOJIbKO WX MTHOBEHHBIE 3HAUEHHUs, OJIMH DPa3 3a IMEPUOJ
noBTopeHust (cM. puc. 7.5). MrHOBEHHBbIC 3HAYEHHUS KaKIOTO COOOIICHUS
NepealnTcss KOPOTKUMH HMITYJIbCAMH, MOATOMY MO OJHOW JIMHUU CBS3U
MOXXHO TI€pe/iaBaTh MOCIEAOBATEIILHO BO BPEMEHH HECKOJBKO COOOIICHUM.
JIist KaXIOoro KaHajla CBSI3U BBIIETSIETCS ONPENeIEHHBI MPOMEKYTOK
BPEMEHHU, SBIISIFOIIUIICS YaCThIO TIEPHOJia MMOBTOPEHUS, B TEUEHHE KOTOPOTO
BBICBUIAIOTCSI UMITYJIBCHI, MOJYJMPOBAaHHBIE MH(pOpPMAIIUEH, MepeaaBacMoit
Mo JaHHOMY KaHaly. MOIymsiusi WMMIYJIbCOB OCYIIECTBISICTCS IO
aMILTATYJIe, JUTMTSIIBHOCTH WK 1o ¢ase [1, 2, 10].

KOMMYyTaTOopbI
I1C
nCa // nc ; 1
1 2 g
2 T 2
nC2 IIC2
NMomexa

Puc. 1.5. Tenremexanuueckas cucmema ¢ 6pemMeHHbIM pazoeieHuem Kanaios ceasu
Jlnst cxeMbl puc. 7.5 KOMMYTaTOpbI JIOJDKHBI pab0TaTh CUHXPOHHO U

cuHpazno. Ilpumep BpeMEHHOW JuarpaMMbl CHUTHAJIOB COOOIICHUH MpH
BPEMEHHOM pa3JIeJICHUN KaHaJIOB CBS3M MTOKa3aH Ha puc. 7.6.
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Puc. 7.6. Bpemennoe pazoenenue kaHanos cesasu:
U; — HanpsbkeHHne Ha BBIXOJIE MepBoro kanana; U, — HalpsDKeHHE Ha BBIXO/IS
BTOPOTro KaHayia; Uj; — UMITYJIbChl CUHXPOHM3AIUK [IJISI IEPBOTO KaHana; Uy,
— UMITYJIbChl CHHXPOHU3ALIMU 111 BTOPOTO KaHaia.

Beenem cnenyromue 0003Hauenus: T, — BpeMs OIPOCa BCEX KaHAJIOB;

f — wacrora ompoca kKaHalOB; T, — BpeMsi pa0dOThl OJHOTO KaHaiga (CM.
1 > 7p
puc. 7.7); T, — 3aIIUTHBII HHTEpBal. B pe3ynbprare 4ero nomydaem:
T,=N-t, (7.2)
rae N — gucno xananos,
T, =T,+2:1,. (7.3)
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Puc. 7.7. 3awyumnore unmepsanvi

Koaddumument 3ammrel a8 KaHaa CBS3W  ONPEAEISIETCS 110

BBIPAKECHHUIO:

K =1:~13. (7.4)
TP

I[OCTOI/IHCTBa BPCMCHHOI'O Pa3JICJICHUA KaHAaJIOB CBA3U:

UCIIOJIb30BaHUE HU(POBOro CUTHAJIA IIPU Mepeadye coOOIECHNUS;
BO3MOKHOCTH nepeadn N30BITOYHOU uHopManu TUIS
BOCCTaHOBJICHHSI TIOJTYYEHHOTO CUTHAJIA;

BBICOKAsi MOMEXOYCTOMYHUBOCTh CHCTEM (OTCYTCTBYIOT IE€PEXOJIHbIE
MIOMEXH HEJIMHEHHOTO MPOUCXOKICHHUS);

OoJiee mpocTas peaausaius CUCTEM;

MOBBINICHHAS 3alWIIEHHOCTh KaHAJOB OT HECAaHKIIMOHWPOBAHHOTO
JOCTYyTIA.

HGI[OCTaTKI/I BPCMCHHOI'O PAa3ACIICHUA KaHAJIOB CBA3U!

JIVHEMHBIE WCKaXECHUS, BO3HUKAKOIIME 34 CYET OIPAaHUYEHHOCTH
MOJIOCHl YaCTOT M HEUACAIHLHOCTH aMIUIUTYIHO-4aCTOTHOM H (ha3o-
YaCTOTHOM XapaKTEPUCTUK CHUCTEMBI CBSI3M, HAPYIIAIOT UMITYJIbCHBIN
XapaKkTep CUTHAJIOB,

B3aMMHBIC TIOMEXM MOTYT BO3HHMKATh 3a CYET HECOBEPILICHCTBA
CHHXPOHM3ALIMM TAKTOBBIX MUMIIYJIbCOB Ha IEPEIAIOIIECH U MPUEMHOU
CTOpPOHAax.

7.4.Cnioco0bl CHHXPOHM3AIIUM W CHH(AZUPOBAHMS NMPH BPEMEHHOM

pa3iejIeHUM KaHAJIOB CBA3M
IomaroBelii. B 3TOM criocobe reHeparop ycTaHaBJIMBaeTCs Ha

Mepearolleii CTOpOHE, a NEPEKIIOYEHUE MPOU3BOAUTCA HA MPUEMHOU
CTOPOHE 10 UMITYJIbCY C MepenaTdnka (cMm. puc. 7.8).
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Puc. 7.8. Teremexanuueckasn cucmema ¢ nouta2o8bim cnocooom CUHXpOHU3AYUU

JlocTonHCTBA: MpocTas peaiu3alus.
HenocraTku: camasi HU3Kas IOMeX0yCTOMUHUBOCTD.

2. Hukanyecknit (ctapt-ctonHbiii). B 3ToM cnocobe Ha o0Ooux
KOHIIaX MMEIOTCSI CBOM T'€HEPaTOpbl, pabOTalolIKe B KIYIIEM pEXUME. 3a
UK pabOTHI MPUXOIUT TOJILKO OJMH 3aITyCKAFOIINH UMITYJIBC (CM. puc. 7.9).

JlocTouHCTBA.

— Oouiee BbICOKAs MIOMEXOYCTONUNBOCTD;

—  HMMeEEeT BO3MOXKHOCTh KOPPEKIUH OIIHOKH.
Henocrarku:

— Oousiee ciioXHas anmnaparypa;

—  TPYIHO 0OECTIEYUTh IIUKJI. KaHAJIOB JUTUTEIHHOE BPEMS.
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MUX MUX ——1
4 J-IC 4

A1l A1

A2 A2

CT cT
— nepenosiHeHune
T z m &
R

1L

nepenonHeHune

Puc. 7.9. Teremexanuueckas cucmema c YUKTITUHYEeCKUM cnocobom CUHXPpOHU3AYUU

3. NuepunoHHbIil. B 3TOM MeTO/Ie TeHEepaTOpPhl YCTaHABINBAKOTCS
Ha O0OMX KaHajaxX JUHUU CBS3U CUHXPOHHBIC, CMH(A3HbIE U CTAOUIILHBIC

(cMm. puc. 7.10).

MUX MUX——1
4 ﬂC 4

A1l A1l

A2 A2

CT
CT
' M
SYNC

Puc. 7.10. Teremexanuueckas cucmema c UHEPYUOHHBIM cnocobom CUHXPpORU3AUUU

JlocTOMHCTBA: OBBILIEHHAS [IOMEXO0YCTOMYUBOCTb.

B paccMmoTpeHHBIX TpEX croco0ax HET M30BITOUHOCTH B CHHXPOKOJIE,
CJIEOBATENILHO — HET KOPPEKLMH OIINOOK.
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7.5.BpeMeHHO-KOI[OBOG pasacjJcHuEe KaHaJd0B CBA3U

Kaxnomy cooOiieHnio OT KaHajga NPUIKMCHIBACTCS W30MpaTesbHbIN
INpPU3HAK, Ha3bIBa€MbIN aapecoM. llepenaTumk ompamvBaeT UCTOYHUKH C
NEPEMEHHBIM IIUKIIOM, MPU HAJIMYUU COOOIIEHUS Y KaKOro-J1u00 UCTOYHHKA,
nepenaércs aipec TOro UCTOYHMKA B BUJIE KOJIa U COOOIIIEHHE TAaK)KE B BUJIE
KOJa.

Bricokas 3¢ (peKTUBHOCTh U TTOMEXOYCTOWYMBOCTh KaHAJOB CBS3H, 3a
CYET NMPUMEHEHHUS PA3HOCTHO-AMCKPETHOW MOAYJSLUMU WM A -MOAYJISLUH,
KOPPEKTUPYIOLIHX KOJIOB, OMEXO03AIUIIEHHOTO KOJUPOBAHMS,
M30BITOYHOCTH U T.J.

Henocratku: 60Jb1110M 00bEM JIHIITHEH HH(OPMALIUH.

Takske pazauyaroT CIEeIyIONIUE CIOCOOBI pa3IejeHUs] KaHAJIOB

1. CunxpoHHas nepeaaya CUTHaJIOB

IIpyn CHHXPOHHOH Iepefadyd KaKIO0MY KaHaly BBIICISIETCSI CBOE BpEMS.
Nmeercs BpeMEHHOU TaiMep.

2. AcCuHXpOHHasd Iepeaya CUTHAJIOB

IIpu acHHXpPOHHOMW Ilepelaund Ha TEKYLIEW BPEMEHHOW MO3UIMUA MOXKET
OBITB JTI000M KaHa, KOTOPBINA TpeOyeTcsl.

3. Cnopannyeckas (ciryyaiiHas) mepeaya CUTHaJIOB.

Cnopaaunueckass — TMepefaya 0OpU  HAKOIJIEHUHM HYXHOro o00bEéMa
uH(popManuMu WM B 3apaHee 3aJaHHble MHTEpBajbl BpeMeHH. OcTajibHOE
BpeMsi TIEPEHOCYMK BBIKJIIOYEH. B 3TOM ciyyae HET BO3MOXKHOCTH
KOHTPOJIMPOBATh UCIPABHOCTH CUCTEMBI.

7.6.da30Boe pa3jiesieHue KAHAJIOB CBSI3U

ITpu ¢a3zoBoM pa3neneHUM Ha OJHOW 4YACTOTE NMEPENaéTcsi HECKOJBbKO
CUTHAJIOB B BHJIC PaHMOUMITYJICOB C PA3IMYHBIMKU HaYaJIbHBIMU (a3amu [2].

JUis  3TOro UCHOJB3yeTCs OTHOCUTENbHAs WM  (pa30pa3sHOCTHAs
MaHUMysaus. TakuM 00pa3oM, B OJHOM YAaCTOTHOM KaHaje CO3HaéTcs
HECKOJIbKO KaHaJIOB NI€pelayu ABOMYHBIX CUTHAJIOB.

PaccMmoTpum aByxkpaTHyto ¢a3oByro MaHunyssinuio (JOM).
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* @:=90° > 1’
| BTopoi kaHan
|
|
¢

¢2=180° >0 @=0°>1 ¢2>0
- 0 > -
: MNepBbin kaHan
|
* @+=270° > 0’
Puc. 7.11.
Tabauya 7.1
Kanan/cooOmienune «1» «0»
1 xaHan 0° 180°
2 KaHal 90° 270°

JI®OM obecnieunBaeT Tmepenady JBYX KaHAJIOB Ha OJHOM wactore. B
nepBoM (a3oBOM KaHaje HYJb (MMIYJbC OTPULIATEIIBHOW MOJSPHOCTH)
nepenaércss Tokamu ¢ ¢azoit 180°, a eguHuNa (MMIYJIBC MOJIOXKUTEIHHOM
NOJIAPHOCTH) — Tokamu ¢ ¢azoir 0°. Bo BropoM ¢azoBoM KaHame
UCTIONB3YIOTCSA TOKU ¢ ¢azamu 270° u 90° COOTBETCTBEHHO, T.€. CHUTHAJIBI

BTOPOI0 KaHaja CBUTAIOTCs 10 OTHOIICHUIO K CHTHAJIaM MEePBOro KaHayia Ha
90° (cMm. puc. 7.11 u Tabnumy 7.1).
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I''IABA 8. JIuHum cBA3HN

8.1. Knaccuduxanus JUHUN CBI3U

[To pusuueckoii npupose [1, 2]:
Mexanuueckue.
IMuapaBamyeckue (1eCITKU METPOB, HE OOJIBIIIE).
[TeeBmaTnueckue (Max f_ ~10 I'm).

CUTH

o E =

AKYCTUYECKHE JIMHUU CBS3U.
—Y4acToTa curHazia B Bo3ayxe A0 1 MI'm;
—yacToTa curHana B Bojie 10 10 M.
5. Dnextpudeckue npooausie [1, 2]:
— BosaymHbie (o 200 kI'm);
— KkaOenpbHBIC HA CHMMETPUYHOM Kabeie (o 1 MI'n);
— KoakcuaJibHbIe Kabenu (10 15 MI'm).
6. becrpoBozansie. Pagnonunuu [1, 2]:
— paanocssss B, CB, KB, YKB (ot 10 xI't; 1o 1 I'T');
— paauopeneiinsie uaUK (0T YKB 1 Boime ot 30 MI'q no 3 I'T'n) B
npeaenax npsMond BUAUMOCTH;
— kocmuueckue (1o 15 I'T'm).
7. Onrtuyeckue JuHUU CcBsi3u [1, 2]:
— ¢ OTKPHITHIM KaHAJIOM (HampuMmep, nasep) 1o 3-10™ I'm.
— C 3aKpBITHIM KaHAJIOM JI0 8-10" I'm.

HenoctaTku BO3IYIIHBIX JUHUM CBSI3M — IOJIBEP>KEHHOCTHh BHEUTHUM
rnoMexamM, Majiasg HaJIe)KHOCThb, OOJIbIlIasi yTeuka Npu  YXYAILICHUU
aTMOoc(epHBIX yCJIOBUHM (Tpo3a, M0XKAb, TOJ0Jie), OOJbIINE 3aTpaThl
MaTepualioB  NPU  COOPYXKEHUHM U  HEOOXOJAUMOCTh  IMOCTOSIHHOTO
poUIAKTUIECKOT0 0OCTY>KUBAHUS.

JpeBHEWIINMU JIMHUSIMU CBSA3U SIBIIIOTCSA aKyCTUYECKUE U ONTUYECKUE.
B namie BpeMss HauOosblliee PactIpOCTpaHEHUE TMOJYYHIIA DICKTPUUICCKUE
JIMHUH CBSI3U.

[IpoBOAHBIE TUHUM CBSI3M JOMYCKAIOT MEpeady dHEPrud MpU 4acToTe
TOKOB JI0 HECKOJIbkuX MI'1l 1 mO3BOJSAIOT MNPOU3BOAUTH MO HUM IEepenavy
TEJICBU3MOHHBIX MporpaMM Ha Oousbmue pacctosaus. [lo  mepBbIM
TpaHCATJIAHTUYECKUM TIOJBOJHBIM KaOeysiM, MPOJOKEHHBIM B 1856 r.,
OpraHU30BbIBAJIM JIMILb TeJerpadHyto cBs3b, U TOIbKO yepe3 100 net, B 1956
r., OblJIa COOpY>KEeHa MOABO/IHASI KOAKCHAJIbHASI MarucTpayib Mexay EBpornoit
1 AMEpHUKOH 1J11 MHOTOKaHaJIbHOW TeIe(OHHOU CBSI3U.

B kadecTBe NPOBOAHBIX JMHUN CBSI3U HCIOJB3YIOTCI B OCHOBHOM
TeneOoHHbIE JIMHUM W TeJeBU3HOHHbIE KabOenu. Haubonee pazBuroi

70



aBisieTcss TenedoHHAas TPOBOAHAs CBsA3b. Ho el mpucymu cepbesHble
HEJOCTaTKHU: MOABEPKEHHOCTh MMOMEXaM, 3aTyXaHHE CUTHAJIOB MIPH Tiepeade
UX Ha 3HAYUTENIbHbIE PACCTOSHUS U HU3Kas MPOITYCKHAs CIOCOOHOCTb.

OnTuueckoe BOJIOKHO CYMTAETCAd CaMOM COBEPIICHHON cpenoil s
nepenayu OOJBIINX MOTOKOB HHPOPMAIIUU HA OOJBIIINE PACCTOSHUSI.

ONTOBOJIOKOHHBIE JMHUU OTIMYAIOT OT TPAJAUIMOHHBIX MPOBOJHBIX
JIVHUMU:

— OYEeHb BBICOKAs CKOPOCTh Nepenayn MHpopMmanuu (Ha pacCTOSHUE
6osiee 100 kM 6e3 peTpaHCIITOPOB);

— 3al[UIICHHOCTD nepeaaBaeMoit uHbopMaIuu oT
HECaHKIIMOHUPOBAHHOTO JOCTYTIA;

— BBICOKAsl YCTOMUMBOCTH K DJIEKTPOMAarHUTHBIM TIOMEXaM;

— CTOMKOCTb K arpecCUBHBIM Cpeam;

— BO3MOXHOCTb II€pelaBaTh M0 OJHOMY BOJIOKHY OJHOBpEeMEHHO 10 10
MUJUIMOHOB ~ TENE(POHHBIX Pa3rOBOPOB M  OAHOTO  MHUJUIMOHA
BUJICOCUTHAJIOB,;

— THOKOCTb BOJIOKOH,;

— MaJble pa3Mepbl U Macca;

— HCKpO-, B3PBIBO- U M0OXap0oOE30MacCHOCTb;

— TMPOCTOTa MOHTaXKa U YKIIAJIKU;

— HH3Kas ce0EeCTONMMOCTD;

— BBICOKAs I0JTOBEYHOCTh ONTUYECKUX BOJIOKOH — 70 25 JIeT.

B mnacrosmee Bpems oOMeH wuH(oOpMaluend MEXIy KOHTHHEHTaMU
OCYIIECTBIISIETCS. TJIaBHBIM 00pa3oM uepe3 IMOABOJHbIE ONTOBOJIOKOHHBIE
ka0enmu, a He 4Yepe3 CIIyTHUKOBYIO CBs3b. IIpu 3TOM riaBHOM ABMXKyLIEH
CHJION pa3BUTHS TOJBOJHBIX ONTOBOJOKOHHBIX JIMHWHA CBSI3U SIBIISIETCS
HNuTtepner.

Il. Ilo Haswauenwmio [1, 2]:

— TenedOHHbIE JTUHUU CBSI3H;

— TtenerpadHsbIe;

— ¢otorenerpadHsie;

— TeJCBU3WOHHBIE.

I1l.  Tlo xapakrepy 3kcrutyaTtamnuu [1, 2]:

— BBIJICJICHHBIE (TTOCTOSIHHO MOIKJIFOYEHHBIE);

— KOMMYTHPYEMBIE (HEITOCTOSIHHO MOAKIIOYEHHBIE).

®akcumunbHas (wnu poroTenerpadHas) CBA3b — ITO AIEKTPHUUCCKUI
cnoco0 mepemaur  rpaduueckoil  mHGOpPMAMM  —  HEMOJBUXKHOTO
U300paKEeHUs TEKCTa WM TaOJuL, YepTexen, cxeM, rpadukoB, Gpororpaduit
u t1.n. OcymecTBiusercs Mpyd MOMOIIM  (PAKCUMUIBHBIX — annapaToB:
TenedaKkcoB U KaHAJIOB AJIEKTPOCBS3U (TJIaBHBIM 00pa3oM Tesie()OHHBIX).
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8.2.1lpoBoaHbIE TUHUM CBSI3H

[IpoBojHble JMHMM (BO3AYIIHbIE M KaOEJIbHBIC) XapaKTEPU3YIOTCS
TICPBUYHBIMH U BTOPHYHBIMU Tapametpamu [1, 2].

8.2.1. IlepBuuHbIC TapaMeTPHI.

1) TloroHHOE€ aKTMBHOE MMOCIIEAOBATEIILHOE COMMPOTUBIICHHUE;
2) EmxocTs,
3) UHOyKTHBHOCTS;
4) TIpoBOIUMOCTb.
[ToroHHOE AaKTUBHOE MOCIEIOBATEIBHOE COMPOTUBIICHNE
ConpoTuBJICHHE JIMHUKM IOCTOSSHHOMY TOKY IWIpW Temmeparype t,

oTJIM4yaeTcst oT conpoTtusienus rpu t =20°C:
R =R,-[L+a-(t—20)], (8.2)

rie R, — comporusnenne mpu t=20°C, OM; o — TemmepaTypHbIi

koahdunreHT, kotopsiit 11t menu paseH 0,0039, a nnst ctanu 0,0046.

Takum 00pa3oM, CONPOTUBIEHUE JIMHUMA CYIIECTBEHHO 3aBUCUT OT
TeMneparypsl. Tak, Ipu U3MEHEHUN TEMIIEPATyphl CTAIbHOU Lenu oT -40 1o
+40 °C e€ conpoTtuBicHUE corjiacHo BeipakeHuto (8.1) uamensercs Ha 37%.

AKTHBHOE COINPOTUBIICHUE JMHUM IMEPEMEHHOMY TOKY BO3pPACTAET C

4acTOTOM, UTO CBSI3aHO B MIEPBYIO OUEPEh C MOBEPXHOCTHBIM d(pdekToM (CM.
puc. 8.1).

pacnpeneneHue Toka no
anameTpy

Puc. 8.1. Pacnpeoenenue moxa no ouamempy (D)

NHAYKTUBHOCTB.
NHIyKTUBHOCTh  JIBYXIIPOBOAHOW  IIeMM W3  OJHOPOAHBIX  (HE
OMMETAJTHYECKHX ) TIPOBOIOB ONPEEIACTCS BEIPAKCHUEM
L:[4-In(a/r)+;<np]-10“‘, ML H/ kM (8.2)

r7ic & — PacCTOSTHUE MEX]Y LIEHTPpaMH IIPOBOJIOB, CM; I — paJinyC MPOBOJIOB,
CM; |l — OTHOCHUTEJIbHAsi MarHuTHas MPOHHUIIAEMOCTh MaTepuasiga MpoBOJa

(st memm p, =1, g cramm p, =140); x,, — TaOMUUHBIA KOd(PHUIUEHT,
YUUTHIBAIOIIMMI MOBEPXHOCTHBIN 3P HEKT.
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EMKOCTS.
EmkocTb JBYXIPOBOJHOM TEMH OTIPEETSAETCS 10 GopMyIie:
C:8-10‘6/36-|n(a/r), (8.3)
T7ie € — OTHOCHTEIbHAs UDJICKTPUYCCKas MOCTOSHHAS (ms Bo3myxa € =1).
EMKOCTH OJTHOIIPOBOTHOM 1ETIN:

C=¢-10°/18-In(2h/r), (8.4)
Tac h — PaCCTOAHUC OT ITOBCPXHOCTH 3EMJIM O IIPpOBOIA, M.

8.2.2. BropuuHble mapameTpbl

1). BoJIHOBOE CONPOTHBIICHHE;
2). KosddunueHT pactipocTpaHeHHUS,
3). 3aryxaHue, BHOCUMOE JIMHHUECH.
BoHOBOE CONIPOTUBIICHHE.
OmnpenensieTcs BRIpaKEHUEM:

R+ joL
AR AR Ly (8.5)
G+ JoC
rac G — dKTHUBHAas1 COCTABJISAIOIIAA HpOBOI[HMOCTI/I.
Ha BpicOkMX yacToTax wiv mpu Maibix norepsix R<KoL 1 G <k wC,

TOTJa
Z=,—. (8.6)

[Ipu Harpy3ke OJHOPOJHOW JIMHUKA Ha PE3UCTOpP, CONPOTHBIICHHUE
KOTOPOTO PpPaBHO €€ BOJHOBOMY COIPOTUBIICHUIO, OTPAXXKEHUS B JIMHHUH
OTCYTCTBYIOT U €€ NMPOITYCKHasl CIOCOOHOCTh PE3KO BO3PACTAET.

KosddurmenT pacnpoctpanenus.
[locTosiHHAas Tepenayu JWHUM, Ha3bIlBaeMas Takke KOIPPHUIIMEHTOM
pacupoCTpaHEeHusl, OTPEIENSIETCS BBIPAKEHUEM
y=a+ jo=+(R+ joL) (G + joC), (8.7)
rae o — mocTossHHAs (KOO UIIMEHT) 3aTyXaHusl JIUHUH, ¢ — KOIPPUITUEHT
casura (a3 My HalpsiKEHUEM U TOKOM B JIMHUMU.
3aTyxaHue, BHOCUMOE JIMHUEH.

3aTyxaHue JJICKTPOMAarHUTHOM SHEPruu B JIMHUM, HArpyXKEHHOW Ha
BOJTHOBOE COIPOTHUBIICHHE, MPOUCXOJUT IO IKCIOHCHIIMATBLHOMY 3aKOHY:
Tok |, u Hampsokenue U, B Hauase nuHUM Bcerga Oousbiie Toka |, u

HarnpsbkeHust U, B koHue nmuHud. [loatomy
—oZ —oZ
l,=1,-e*,U,=U,-e%, (8.8)
rae Z — anuHa auHuM. M3 yero nosryyaem:
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az:lnﬂzlnhzllnﬂ.
2 |2 2 F)2
Ecnru z=1 kM, TO KWIOMETPUYECKOEC 3aTyXaHUE B JIMHUH,
COIJIAaCOBAHHOM C HAarpy3KoM, OMpeAesaeTCsl BHIPAKCHUEM
azlnﬂzlnizllnﬂ.
U, I, 2 P
3aryxaHue BbIpaxkaercs B Hermepax. Hemep — HaTypanbHBINA JoTapupm
OTHOIIICHUS JBYX HAMpsSOKEHUM, TOKOB WJM TMOJOBUHA HATYpaJIbHOTO
norapudMa OTHOIIICHUS MOIITHOCTEH Ha BXOJIE€ U BBIXOJIC.
Ecnu nunaus o6namaet 3atyxanwem B 1 Hm, TO 3TO 3HauuT, 4TO TOK U

HANpsUKEHNE B KOHIIE JIMHUM YMEHbIIAoTCs B A= 2,718 pa3a, a MOIIHOCTb —
B & =7,39 pasa.
3aTyxaHHe TaKKe BRIPAKAIOT U B JCIUOEIaXx:
0 =10-1g2 =20-1g11 = 201921 | (8.11)
PZ I 2 U 2

UtoOBl 3aTyxaHue, BBIpAXXKEHHOE B HEIMEpax, MEepPeBEeCTH B JACIHUOEIbI,
YHCJIO HETEPOB HYKHO YMHOXUTH Ha KoddduiueHT 8,686, a nis o6patHOro

nepeBoaa — Ha 0,1151.

OTH  mapaMeTpbl  XapaKTEPU3YIOT  YCIOBHUSL  PAaCHpPOCTPAHECHUS
3JIEKTPOMAarHUTHOM DSHEPrUM IO JIMHUM CBSI3M W 3aBUCIT TOJBKO OT
IIEPBUYHBIX [IAPAMETPOB U YaCTOTHI.

(8.9)

(8.10)

8.3.Kanaipl C¢BSI3U 1O BO3AYUIHBIM JIMHUSIM 3JIeKTponepenay
BbICOKOTI'0 HANIPSI2KEHUSI

Kananel CBA3M MO BO3AYIIHBIM JIMHUSAM JJIEKTPONEpeaad BBICOKOIO
HanpspkeHus: (BJI) mpoko mMpuMEHSIIOTCST B SHEProcUCTeMax sl CBSI3U U
nepenayr TeJeMeXaHndecKux cooorienuii [1, 2].

Jluaun snextponepenaun 35, 110, 220, 400 kB wumeror BBICOKYIO
AIEKTPUUYECKYIO0 U MEXaHUYECKYIO MPOYHOCTh, MO3TOMY KaHasbl CBsi3u o BJI
OCYILIECTBIISIFOTCSI TOKaMU BBICOKOM 4acToThl B auamna3zoHe ot 300 mo 500
k['11, a 10 HEKOTOPBIM BO3YIIHBIM JHHUSAM — U 40 1000 KI'11.

Kanase! cBsi3u o BJI uMeroT cpaBHUTENBHO BBICOKHN YPOBEHB MOMEX,
MOATOMY I TIOJYYeHHS JOCTATOYHOTO JUIsl HOPMaJbHOW pabOThI
OTHOIIICHUS CUTHaJI/TIoMeXa TMPUMEHSIOTCS CHelHaibHas —ammaparypa
KaHaJIOB CO CPaBHUTEJIBHO BBICOKOM BBIXOJHOW MOITHOCTBIO CHUTHAJIOB U
KaueCTBEHHbIC (UIBTPHI IS pa3JClICHUs] CUTHAJIOB M  YMCHBIICHUS
IIEPEKPECTHBIX ITOMEX.

VYpoBenb curnana Ha auHusax 35 — 220 kB cocraBnsier npumepHo +4,5
Hm (10 Bt) mpu Bxoauom conpotusieauu auauu 400 — 600 Om.
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3aTyxaHue Ha KWIOMETp JUIMHBI B auamna3zoHe dactot 50 — 300 kI’ ms
BJI mnuuon 1o 300 kM onpenensieTcss BBIpaXKECHUEM:

o= k\/?, MH11/KkM (8.12)

rae f—gacrora, kI'11.
Jnsg muamit 35 kB —» x=14; nma 110 kB —» «=1,0; nmg 220 xB —
k=0,75.

JIns BBICOKOYACTOTHOM OOpPaOOTKH M TPHUCOSTUHEHUS HCIOIB3YIOTCS
BBIITYCKAaEMbIE  MPOMBIIIUICHHOCTBIO  BBICOKOYACTOTHBIE  3arpajuTeliH,
KOHJICHCATOPBI CBSA3U U (DUIBTPHI IMPUCOCAMHEHHUS, BKIIOUAEMbIC IO CXEME
daza-zemis (cMm. puc. 8.2), dhaza-daza u ap.

} _Bh_ L
' —— = tw ——— tw ?
3 3 3 3
== KC ==KC == KC —— KC
ol ol ol ®ri
Yy
nc i nc

Puc. 8.2. Cxema ¢aza — 3emna:
3 — 3aepaoumens, KC — xonoencamop céazu, @I — ¢punomp npucoeounenus,; 11C — nocm
cesasu, Y — ycunumerns.

8.4.PannopeJieiinble JIMHUU CBSI3U

Bomnael YKB-amanazona B OTIMUMU OT JJIMHHBIX M KOPOTKHUX BOJIH
MOTYT PAacOpOCTPAaHATCS TOJIBKO B TpeAeiax NOpsiMOM T'€OMETPUYECKOU
BUMMOCTH, YTO OIpaHUYMBACT JAIbHOCTH nepenayun Ha YKB [1, 2].

[Ipu BbICOTE aHTEHHBIX omop a0 100 M JanbHOCTH MPSIMOTO
pacnpocTpaHeHus paauoBoJIH He npeBbiaeT 40 — 70 kM. DTO O3HAYAET, YTO
CBS3b Ha OOJBIIME pPACCTOSHUS BO3MOXKHA JIMIIH TPHU HMCIOJb30BaHUHU
pamuMoONuHMIA ¢ peTpaHciusauuedr (cm. puc. 8.3), Tak Ha3bIBaCMbIX
panuopeneinbix auHui (PPJI).

PPJI ocymecTBasitoT nepegady Ha BosiHax /5; 15; 7; 5; 3,75; 2,73 cwm.
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peTpaHcnaTop

Puc. 8.3. Paouopeneiinas nunus ceazu ¢ pempauciayuetl

OkoHEYHBIE CTaHIMU OOOPYIYIOTCA  amnmaparypol  yIUIOTHEHUS,
MO3BOJISIIOIIEH C TOMOIIBIO YaCTOTHOTO U BPEMEHHOTO pa3/IeJICHUs] CUTHAJIOB
o0ecneunTh Tiepeiaqy 00JIbIIoro ncia coodmenuii [1, 2].

3a mociegHuEe JECATWIETHUST HEOOXOAMMOCTh MepelaBaTh JIaHHbIE —
MH(pOpMaLIO, MPEACTABICHHYIO B [IU(POBOM BHUJIE, — IPUBEIA K CO3AAHUIO
uudpoBeix cucrteMm nepenauyu. llosBunuch 1HMGPOBBIE paguopecHHbIe
CUCTEMBl TIepeJlayd JaHHBIX, CHOCOOHBIE OOMEHUBAThCA LUPPOBOIA
uH(popmanuen.

Kocmuueckass wiaM CIyTHUKOBas CBS3b 10 CYHIECTBY  SIBISIETCS
PAa3HOBUIHOCTBIO PAJUOPEIICMHON CBSI3M M OTJWYAECTCS TEM, 4YTO €€
pPETPaHCIATOPbl HAXOJATCS HE HA MOBEPXHOCTH 3€MJIM, & HAa CIyTHUKAX B
KOCMHYECKOM MPOCTPAHCTBE.
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I'/TABA 9. CnyTHMKOBBIE KaHAJBbI CBA3H

9.1.CnnyTHMKOBBbIE CHCTEMBI CBSI3U

CoBpeMeHHBIE OpraHU3allid XapaKTepHU3yITCs OOJbIIUM 00BEMOM
pa3IuyHOM nHpopmaruu, B OCHOBHOM AJIEKTPOHHOMN u
TEJICKOMMYHUKAIIMOHHOM, KOTOpasi MPOXOJUT Yepe3 HUX KaKIbIK [ICHb.
[ToaTOMYy Ba)XHO MMETH BBICOKOKAUYE€CTBEHHBIN BBIXOJI HA KOMMYTAI[MOHHBIC
y3JIbI, KOTOPBIE OOECIIEYMBAIOT BBIXOJ HA BCE BAKHBIE KOMMYHHUKAIIMOHHBIE
nuaun. B Poccuu, 1€ paccTOsSHUS MEXIYy HACEJICHHBIMU MyHKTaMH
OTPOMHOE, a KayeCTBO HA3E€MHBIX JIMHUW OCTaBJISIET KejaTh JIy4llIero,
ONTUMAJILHBIM PEIICHUEM STOr0 BOIMPOCA SBISICTCS MPUMEHEHHE CHUCTEM
criytHUKOBOM cBsi3u (CCC).

Ha cerogusmuuii aenb cymectByer Oodbiioe koiauuectBo CCC,
OCHOBAHHBIX Ha Pa3JIMYHBIX CIHYTHUKOBBIX CHUCTEMAaxX, Pa3JIMYHBIX
MPUHIMIIAX Y MPeIHA3HAYEHHBIX ISl Pa3JIMUYHBIX IPUMEHECHUH.

CrnyTHUKOBBIE CHUCTEMBI CBSI3M WM3BECTHBI JABHO, M MCIIOJIB3YIOTCS IS
nepeilaud pa3IMyHbIX CUTHAJIOB Ha MPOTSKEHHBbIE paccTosiHus. C MOMEHTa
CBOETO TMOSIBJICHUSI CIIYTHUKOBAs CBSA3b CTPEMHUTENIBHO pa3BUBaIach, U MO
Mep€ HaKOIUICHUS OIbITa, COBEPIICHCTBOBAHUS almapaTypbl, pa3BUTHSA
METOJIOB TIepe/layd CUTHAJIOB MPOM3O0IIET IMEPEXO0J OT OTIACIbHBIX JIMHUN
CITyTHUKOBOM CBSI3U K JIOKAJIbHBIM U TJI00AJIbHBIM CUCTEMAM.

Takue Ttemnbl pa3Butus CCC OOBICHSAIOTCA PAIOM JTIOCTOMHCTB
KOTOphIMU OHM o00sanaroT. K HHUM, B 4YaCTHOCTH, OTHOCATCS OOJibIlas
MPOMYCKHAsI CHOCOOHOCTh, HEOTPaHUYEHHBIE TIEPEKPBIBAEMbIE ITPOCTPAHCTRA,
BBICOKOE KAa4eCTBO M HAJACKHOCTh KaHAJIOB CBS3M. OJTH JOCTOMHCTBA,
KOTOPBIE ONPECTSAIOT IMUPOKUE BO3MOKHOCTH CIIYTHHUKOBOW CBSI3H, JIENAIOT
€€ YHUKaJIbHBIM U 3()PEKTUBHBIM CpPeACTBOM CBsi3U. CIIyTHHKOBAs CBS3b B
HACTOSIIEE BpeMs SBISACTCA OCHOBHBIM BHJIOM MEXIYHApOJIHOW U
HAIlMOHAJILHOW CBSI3W Ha OOJIBIIME W CpeIHHE paccTosHus. Mcmonb3oBaHue
UCKyCCTBeHHbIX cnyTHHKOB 3emin (MC3) i opranuzanuu — CBSI3H
MPOIOJIKAET PACIIUPATHCS MO MEPE PA3BUTHS CYIIECTBYIOIIUX CETEH CBS3M.
MHorue cTpaHbl CO37al0T COOCTBEHHBIC HAIMOHAIBHBIE CETH CITYTHUKOBOU
CBSI3H.

Bce cuctembl MOXKHO pa3ziesIuTh HA CUCTEMBI JBYX BHJOB: padoTarolye
yepe3 CIyTHUKU Ha HEreoCTANMOHAPHBIX M Ie0CTAMOHAPHBIX OpOUTax
[11].

HereocTtanmoHapHuble CIIYTHUKA MCIOJB3YIOTCS B OCHOBHOM IS
BOCHHBIX, HAyYHBIX M METEOPOJIOTMYECKUX ucciaenoBanuii. VX riaBHas
OCOOCHHOCTh — HEBO3MOXHOCTbH TMOJICP>KaHUSI KPYTJIOCYTOUYHOU CBSI3U C
semHoit cranmued (3C). Opmako, mepemeniasch IO 3aJaHHOW OpOuTe
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OTHOCUTEJIBHO TIOBEPXHOCTH 3€MJIM, OHM MOTYT COOHpaTh JaHHBIE C
OO0JIBIIION TTOIIAIN 36MHOW MTOBEPXHOCTH.

I'eocTaliuoHapHble CIOYTHUKKA BBIBOAATCS HA TakKyl0o OpOHTY B
IJIOCKOCTH 3KBAaTOpa, MPU KOTOPOM HX YIJIOBasi CKOPOCTh COBIIAJAET CO
CKOpPOCTBhIO BpameHuss 3emMJHM BOKpyr cBoed ocu. Beicota Hapg
MTOBEPXHOCTHIO 3€MJIU, I/I€ BBIMOJHSIOTCS YCIOBUS MOCTOSHCTBA CKOPOCTEMN
U PaBEHCTBA IIEHTPOOEKHOW M TPABUTAIIMOHHOMN CHUJI, cocTaBisieT 36 ThICSY
KWJIOMETPOB. TeopeTuyecku, OJUH pPACIOJOKEHHBIH TakuM 00pa3om
COYTHUK MOXET O0O0€CHeunTh KAaYECTBEHHYIO CBS3b MJIsi TPETU 3EMHOM
MOBEPXHOCTH. B JelCTBUTENBHOCTH  OOCIY)XKMBaE€Mble  TEPPUTOPHUH
CYLIECTBEHHO MeHbIle. OCOOEHHOCThIO CIYTHHKOB Ha TIe€0CTallMOHApHBIX
opOUTax SABJISETCS 3HAUMUTEIbHAsI BpEMEHHas 3ajiepkka (rmopsaaka 240 mc) B
CIyTHHUKOBOM KaHaJjle, BbI3BaHHAs HEOOXOJUMOCTBIO JIBa pa3a Mpeo0JIeBaTh
paccrosinue B 36 Thicsid krutoMeTpoB ot 3C o cytHuKa [11].

Mgbl OyneM paccMaTpuBaTh CUCTEMBI, TJI€ NPHUMEHSIOTCS CIYTHUKH
CBsI3U, OOpaIllaronuecs Ha OpOUTaX CHHXPOHHO C BpalleHHWeM 3eMiid. DTO
MO3BOJISIET CYHIECTBEHHO YIIPOCTUTh CUCTEMY CBSI3U. B 3TOM ciyuae xaxzaas
3eMHasi CTaHIUsl pabOTaeT HEMPEPHIBHO C OAHUM U TEM K€ CITyTHUKOM CBSI3U.
Panee, mpu UCIONB30BAaHUM HE CHUHXPOHHBIX CITyTHHUKOB, CYIIECTBOBaja
HEOOXOAUMOCTh  MEPUOJUYECKOTO MEPEKIIIOUEHUS AHTEHHOM CHCTEMBbI
KQXJ0M 3€MHOM CTaHUMH C OJHOIO CIyTHUKA HA JIPYrOM, YTO €CTECTBEHHO
BBI3BIBAJIO IE€PEPBIBBI CBA3U. K TOMy ke, 3HAUNTEIbHYI 4acThb CTOMMOCTH
3C cocraBisiila HE OYEHb HAJEKHAs anmnaparypa ciuexeHus. Mcnomap3oBanue
CTAIlMOHAPHBIX CITYTHUKOB CBSA3U oOecredynBaeT OecrnepeOoiiHyto0 CBs3b, HO
TpeOyeT JOIMOJIHUTENBHOIO 3amaca paboyero Tena JUIsl TMPOBEACHUs
MHOTOKpaTHbIX  koppekuuei opoutrst MC3. Cuuraercd, dYTO 3TOT
JOTIOJTHUTENbHBIA 3amac padboyero Tena sl KOPPEKUUU OpPOUTHI SIBISIETCS
CpPaBHUTENBHO HEOOJIBIION TUIATOM 3a MPOCTOTY SKCIUTyaTallMd CUCTEMBI U
OTCYTCTBHUE TIE€PEPHIBOB CBS3M. 3E€MHbIE CTAaHUMU MPU HUCIHOJIb30BAaHUU
CTAallMOHAPHBIX CIYTHUKOB YIPOUIAIOTCA 3a CYET OTKa3a OT CJIOXKHOW U
J0pOroi cuctemsl ciexxenus [11].

CHyTHUKOBBIE CHUCTEMBI CBSI3M MOTYT pa3jiMyaThCsi TAKXKE U THUIIOM
NepelaBaéMoOro  CUrHajia, KOTOPBIH MOXeT ObITh UU(POBBIM WU
ananoroBeiM. [lepenaya undopmaruu B mudpoBor Gpopme obsamaeT psaom
MIPEUMYILECTB MO CPAaBHEHHMIO C APYrMMH MeroAamu nepenadud. K Hum
oTHocsTcs [11]:

1. [Ipocrota u >(PdeKTUBHOCTP OOBECIUHEHUS MHOTHX HE3aBHCHUMBIX
CUTHAJIOB U TpeoOpa3zoBaHusi MUGPPOBBIX COOOIICHUN B “NAKeThl” IS
y100CTBa KOMMYTallUU;
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2. MeHbIMe sHEpro3arparbl MO CPAaBHEHHUIO C MepeAaydeii aHaJIoroBOTO

CUTHAJIa;

3. OTHOCUTENbHAST HEUYBCTBUTEIBHOCTh HU(POBBIX KAHANOB K 3PQEeKTy
HAKOIUICHUS UCKaXCHHM npu PETPAHCIISIIUSIX, OOBIYHO
NPEACTABISAIONIEMY CEPbE3HYI0 NpOOJEMy B AHAJIOTOBBIX CHUCTEMax
CBSI3U;

4. TloreHuManbHas BO3MOKHOCTh MOJIYYEHHUS] OU€Hb MAaJIbIX BEPOSITHOCTEH
OLIMOOK Mepeaauu U JTOCTUKEHUSI BHICOKON BEPHOCTH BOCIIPOU3BEACHUS
NepPEeIaHHbBIX IAHHBIX ITyTEeM OOHAPY>KEHUS U UCIPABJICHUS OIITHOOK;

. KondunenumnansHoOCTh CBS3M;

. 'mbxocTh  peanuzanuu  1U(PPOBOM  ammaparypbl, JOMyCKarolas
UCIIOJIb30BAaHUE MUKPOIPOILIECCOPOB, MHU(PPOBYIO KOMMYTAIMIO U
MPUMEHEHUE MHUKpPOCXEM C OOJIbIIEH  CTENEHbIO  HHTETpaluu
KOMITOHEHTOB.

o O1

9.2.VSAT-cTaHuusi CMyTHUKOBOM CBSI3H

VSAT!-cranuus — crannus CITyTHHUKOBOM CBSI3M C aHTEHHOW MaJioro
nuametpa, nopsaka 1.8 ... 2.4 M. VSAT-cTaHIus UCIIONB3YIOTCS J1s1 0OOMEeHa
uH(popMaIell Mex1y Ha3eMHBIMU IyHKTaMH, a TaKKe B CUCTEMax cOopa u
pactpeneneHus JaHHbIX. CIIyTHUKOBBIE CHUCTEMBI CBSI3HM C CETHIO 3E€MHBIX
cranuuii TMna VSAT o6OecnieunBatoT TeneoHHYIO CBs3b C IU(dpoBOH
nepeaadeii pedn, a Takxke nepenady nudposoit uadopmarmm [11].

K cranumsm crnytHukoBou cBsisu Tuna VSAT OTHOCATCS CTaHLMU
CITyTHUKOBOM CBSI3M, OOJAJAIOIINE OMPEACIICHHBIMU XapaKTePUCTUKAMH,
ormcanHbIMHI B Pexomerpammsix NeNe 725-729 MMKP (CCIR?).

[Tpu nepenaye Tene@oHHOro Tpaduka CIIyTHUKOBBIE CUCTEMBI 00Pa3yIoT
TPYIIOBBIC TPaKThI (COBOKYITHOCTh TEXHUYECKUX CPEACTB,
00€eCreunBaIIMX MPOXOXKICHUE TPYIIOBOTO CHUTHAJIA, T.€. HECKOJBKO
Teae(OHHBIX MOJKAHATIOB OOBEAUHSIOTCS B OJUH CIIYTHUKOBBIN) M KaHAJIbI
nepenayr (COBOKYITHOCTh CPEJICTB, 00ECTICUMBAIONINX TEPEAY CUTHAIOB OT
onHOW TOYkH B Jpyryro). Kananel u rpynmossie Tpaktsl CCC mHpoOKO
MCIIOJIB3YIOTCSl HA YYaCTKaX MArucTpajbHOW U BHYTPHU30HOBOW TEIE(POHHBIX
ceTel, B psaJie ciaydaeB Ha MecTHBIX JTUHUAX cBsi3u CCC no3BosstoT [11]:

— OpraHU30BaTh MPSAMbBIC 3aKPETUICHHBIC KAHAJIBI U TPAKTHI MEKTY
JTOOBIMH MYHKTaMU CBsI3H B 30He oOcyxkuBanus MC3,

— paboTaTh B peKUME HE3aKPEIJICHHBIX KaHAJIOB, IIPU KOTOPOM
CIIyTHUKOBBIE KaHAJIBI U TPAKTHI MOTYT OTIEPATUBHO MEPEKIIOUATHCS C

! Very Small Aperture Terminal
2 Center for Communication Interface Research
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OJTHUX HANPABJICHUH HA IPYTUe TPHU U3MEHEHUU TTOTPEOHOCTEH
TpaduKa Ha CETH,

— HCIOJIb30BaThcs Hanbomee 3(pPEeKTUBHO - TOTHOJOCTYTHBIMU
My4YKaMH.

K nacrosmemy BpeMeHu co3ano Heckoiabko CCC ¢ MCnoiab30BaHUEM
VSAT. OpHo#l W3 TUNWYHBIX CHUCTEM TaKOTO poja SBISIETCA CHUCTEMA,
OpraHM30BaHHAas Ha 0a3e TeOCTAllMOHAPHBIX  CHOYyTHUKOB. VSAT,
paboTarolye B COCTaBe JaHHOW CHCTEMbI, YCTAHOBIICHBI B PAJIE CTPaH, B TOM
yuciie u B Poccuu.

[IpuBnekaTrenpHOM  0cOO€HHOCTBIO  craHiuid  VSAT  saBmsercs
BO3MOXXHOCTh HMX pa3MEIICHUsT B HEMOCPEACTBEHHOW OJM30CTH  OT
MoJb30BaTeNCi, KOTOpble Onarojaps HSTOMY MOTYT OOXOoauThCcs 0e3
Ha3eMHBIX JTUHHUH cBsi3H. BooOme cranmusaMu VSAT Ha3pIBalOTCSl CTAHIIHMU,
o0JIalaloIe  ONPEJCICHHBIMU  XapaKTePUCTUKAMM, OMUCAHHBIMU B
pexkoMenaanuax 725-729 MMKP.

Kpome cuctemM ¢ 3aKperuieHHbBIM KaHaIoOM, 3(Q(EKTUBHBIX IpHU
MOCTOSTHHOM mepenade mHoOpMalMu Ha BBICOKHX cKopocTsax (10 Mout/c u
0oJiee), CYIIECTBYIOT CHCTEMBI, HCIOJB3YIOIIHME BPEMEHHOE, YacCTOTHOE,
KOJIOBO€ WJIM KOMOWHHMPOBAHHOE pa3JieJieHHe KaHajla MEXIy MHOTUMHU
abonentckumu 3C.

Eme omauM mapamerpom, mo3poiisronuM KiaaccuduimpoBate CCC,
SIBJISIETCS MCIIOJIb30BaHKE MTPOTOKOJIA. [IepBhie CITyTHUKOBBIEC CHCTEMBI OBLITH
OCCIIPOTOKOJIBHBIMM M TIpeJIarajid I0Jb30BaTeII0 IMPO3payHbIi  KaHa.
Henocratkom Takux cucTeM sIBJsIach, Hampumep, nepeaada uHGOpMaluu
nmojb3oBaTeNisi  0e€3, Kak TMpaBWiIO, TMOJITBEPXKICHUS €€  JOCTaBKU
npuHUMaroled cropoHoil. MHaue rTOBOps, B MOJOOHBIX CHUCTEMax He
OTOBOPEHHI ITpaBUJIa JUajora MeX1y ydacTHUKaMu ooOMeHa nuadopmarueit. B
stoM ciydae kadectBo CCC ompenensercs KadyeCTBOM CIYTHHUKOBOIO
kaHana. [Ipu TUMUYHBIX 3HAYEHUAX BEPOSTHOCTU OIMMUOKHM HA CHUMBOJI B
npegenax 10°.107 mepemaua Gompmmx (aiiioB Uepe3 CIYTHHKOBBIC
CUCTEMBI, JJaXK€ C HCIOJb30BAHUEM PA3JIUYHBIX MOMEXOYCTOMYMUBBLIX KOJIOB
3aTpyJHEHa, €CIUW HE CcKa3aTh, 4To HeBO3MoOxkHa. CoBpemeHHble CCC
HCTIOJB3YIOT MPOTOKOJI, MOBBIIAIOIINI HAJEKHOCTh CBSI3U MPHU COXPAHECHHUU
BBICOKOW CKOpocTH oOMeHa wuHpopManuern Mexay aboHeHTtamu. Tak,
HampuMep, JJIs pacCMaTpUBaeMOM HUKE CHCTEMBI Iepe/lauyd JaHHBIX THIIa

PES™ (Personal Earth Station — mnepcoHanbHas 3eMHasi CTaHIUS)
BEPOSTHOCTh OIMOKM Ha cuMBOI He mpesbimraer 10° mmst 99% Bpemenu
cesizu [11].

B nacrosmee Bpems B Poccuu cereil u 3eMHbIX cTtaHiui tuna VSAT B
CTPOrOM MX IMTOHUMAHHMH TTOKa MaJIO, HO UX YHUCJIO OYJIET pacTH, TaK KaK Hallla
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CTpaHa, Hapsiay ¢ OOJBIIONW MPOTSHKEHHOCTHIO, 00MalaeT IJIOXO Pa3BUTON
HH(DPACTPYKTYPOH CBsI3H, 0COOCHHO Ha nepudepun.

[Ipu BBIOOpPE CTONH CIOKHOW ammapaTyphl, CcleayeT oOpamiaTh
BHUMaHHE Ha MHOTHE (AKTOPHI, OJHUM U3 BAKHEHIIMX SBIACTCS TO,
HACKOJIBKO pachpoCTpaHeHa ammapaTypa JaHHOTO THMa B MHpE, CKOJBKO
BpPEMCHHU Ha pBIHKE CYIIECTBYEeT (upma, 3aHUMaromiascs pa3padoTKoi
noOOHOW TEXHUKH. DTO TMO3BOJIUT TapAaHTHUPOBATh HANEKHOCTH PaOOTHI
CUCTEMBI, 00ECTICUUTh CBSI3b C APYTUMHU CUCTEMaMH.

9.2.1. Cucrema SCPC

B Poccun u B EBpornie cymectBytot cetu VSAT-cTanuuii, paboTaroniux
Ha unpuHnoune SCPC [11]. Crammaptaeiii Bapuant cBsis3u SCPC e
HCIIOJIB3YETCS CBSA3b M0 MPUHLMIY «point-to-point» («TOYKa-TOYKa») — ITO
nBe  VSAT-ctaHimu, COCIMHEHHbIE  CIIyTHUKOBBIM  KaHajoM |
pacIoyioKeHHbIE Y TIoJIb3oBaresei (cm. puc. 9.1).

Gateway Berlin 64 kbps
W 16m . e
Antenna ;

Multiplexer

Puc. 9.1. Cxema pabomsr SCPC-cucmemsi

[Ipn HanmWuMu TaKOro KaHala IOJH30BATE]Id MOTYT YCTaHABJIHMBATH CBS3b
Ipyr ¢ apyroMm B Jwo0oi MOMEHT. Yame mnpuxoauTcss UMETh Jelo C
KOH(Urypamnueit cetn Tuma «3Be3fia» (MPUHIUI «IEHTP ¢ Ka)XIbIM»), KOTJa
MMEETCS OJIHA CTAHIIMS B TOJIOBHOM oduce (OTIACICHHUH, MTPEACTABUTEIHCTBE
M T.II.) ¥ HECKOJBKO CTAHIIMK B YIAJICHHBIX OTHAEIEHUsX, ¢punuanax. [Ipu
WCIIOJIb30BAaHUHU JTAHHOW CXEMbl BO3MOXHA OpPTaHMU3AIUs TOTOKOB ITU(poBOit
uH(pOpMaIMU CO CKOPOCThIO OT 32 KOuT/cexk mo 8 MOut/c m obecreueHue
TenedoHHOM, TenedakCcHON CBsI3U MEXKIY IEHTpoM u nepudepueit. JlanHas
CHUCTEMa OTKPBIBAET BO3MOKHOCTh BBIXOJ/Ia U€pE3 CITyTHUKOBBIC CTaHIIUU Ha
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MeXIyHapOoAHbIN TenenopT B bepnune um nanee B mio0yro cTpaHy Mupa.
Kpome 3T0ro Bo3M0oKHO HOJIydeHHE MPSMOTO0 MOCKOBCKOTO HOMEpa U uepes
Tenenopt B MoOCKBE BO3MOXKHO BeJEHUE TeNe(POHHBIX MEPErOBOPOB IO
ctpanam ObiBiero CCCP. B nenom cnegyer otmetuts, uro SCPC-cuctema
ABIICTCS OUYECHb MOIIIHOM allbTepPHATUBOMN apeHJOBaHHBIX
HEKOMMYTHPYEMbIX KaHaJlOB, BEJOMCTBEHHBIX JHHMM U T.M. BecbMma
OpUBJIEKaTE€IbHA OHA KaK CpeICTBO Iepeqadyd OoJIbIIMX 0O0BEMOB
UHpOpMAIMl C BBICOKOM CKOpOCThIO. BceienctBue MCHoJib30BaHUSA
CIIyTHUKOBBIX LIU(POBBIX KAHAJIOB, OHA SBJISETCS HEKPUTUYHOM K 1aIbHOCTU
U IOMEXO03allUIIECHHOM.

9.2.2. TES-cucrema

TES-cucrema mpemnazHadeHa st ooMeHa TeneoHHOM W 1UpPOBOI
uHpopMaluel B CETAX, YTO MOCTPOEHBI MO MPUHLIUIY «meshy («Kaxabli ¢
KOKJIbIM») WIH, APYTUMH CJIOBaMHU, B CETAX C IMOJHBIM JOCTYNOM. JTO
O3HA4aeT, YTO BO3MOXHA TeJIe(POHHAs CBA3b MEXKIY JIOOBIMU JIBYMs
aOOHEHTaMM CETH, KpOME€ 3TOoro abOHEHTaM OO0O€eCleYMBaeTCs BBIXOJ B
MEXIYHApOJHYIO CeTh OOIIEro mosib3oBaHus uepe3 Tenenopt (Gateway) B
bepmune [11]. B mpocreiiieid KoHGUTypaluu 00CCIIEYMBACTCSA CBSA3b 10
olHOMY  TeneOHHOMY WM  (PaKCUMWIbHOMY  KaHainy. AOOHEHTY
MPEIOCTABIIACTCS JOMOJHUTENbHAS BO3MOXXHOCTh OpTraHW3allid Tiepeaaqu

urdpoBoil HHPOpPMALIUK MEXAY ABYMsI CTAHLMSIMU, BXOASAIMIMMH B CETh (CM.
puc. 9.2).
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Puc. 9.2. Cxema pabomwt TES-cucmemul

82



Cetb pabotaet no npuHiuny DAMA — korna aDOHEHT He UMEET KECTKO
3aKpEIJICHHOT0 32 HUM CIOYTHUKOBOTO KaHaja, a J3TOT KaHal
MIPEIOCTABIIACTCA €My IO TIePBOMY TPEOOBAHMIO, IPUUYEM C BBICOKOU (Oomee
99%) BEpOSATHOCTBIO. OTOT CIMOCOO TO3BOJSET YMEHBIIUTH YHCIIO
apeHyeMbIX CIyTHUKOBBIX KAaHAJIOB M 00ECIEYUTh MPUEMIIEMbIE IIEHBI JJIsi
abonenTtoB. B menom, wmcnoap3oBanue uMeHHO TES-cucrembl sBiseTcs
CaMbIM  ONEpPAaTUBHBIM U  JIEUCTBEHHBIM  CIIOCOOOM  JIOCTyNa B
MEXAYHAPOJIHYIO TeIe(OHHYIO CETh, a TAKXKE XOPOIIUM CPEACTBOM CBSI3H C
TeMHU OOJACTSMHU, KOTOphIe 00J1a7atoT MO0 HEepa3BUTON HHPpPACTPYKTypoOit
CBSI3H, JINOO BOOOIIIE HE UMEIOT TAKOBOM.

9.2.3. Cucrema PES

Cucrema nepcoHaNBbHBIX 3eMHBIX cTaHnuid (Personal Earth Station)
PES™ —  cnoyTHUKOBass JHAJIOrOBasi MaKETHO-KOMMYTHUPYEMasi CETb,
npenHa3HaueHHas it oOMeHa TenedoHHON M mu@poBod MHPOpMalen B
pamkax CCC c Tomosorued THMa «3BE3/1a», C BO3MOMXHOCTHIO TOJIHOTO
aymiekca [11]. Cucrema pacrnojiaraeT KpyImHOH MW JOPOToOi IEHTpaIbHOM
craniuert (HUB station) u MHOrMMH HEOOJBIIMMU U HEJOPOTUMH
nepudepuiinbiMu cranisivMu PES win REMOTE (cwm. puc. 9.3).

Llenmpanvnasn
cmanyus (HW LAN ¢dumuana
64 kbps

IDU

I'naBub1I
odpuc LAN ¢unuana
L -
= [ -
L =m=

|

Puc. 9.3. Cmpyxmypa PES-cucmemvl
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bonbmas 3¢dexTuBHas u3mydaeMasi MOIIHOCTh U BBICOKOE KadeCTBO
pyueMa LEHTPATbHON CTAHLMM JIE€JaeT BO3MOXKHBIM IpuMeHeHue Ha PES
Manblx aHTeHH auamerpom 0,5-1,8 M U MaJOMONIHBIX TEPEIATUYUKOB
MoIIHOCTEIO 0,5-2 BT. DTO 3HAYMTEIBHO CHMIKAET CTOMMOCTH a0OHEHTCKOM
3C. B omimuue OT Jpyrux BBIIICHAa3BaHHBIX CHCTEM, B 3TOHMl mepenaya
uHpopmanmu Beerna uner uepe3 HUB. C Touku 3peHHs SHEPreTUKU
CUCTEMBbl M €€ CTOMMOCTU (COOTBETCTBEHHO U CTOMMOCTH MpeJjlaraembIx
yCIIyT) ONTHUMAJIbHO pacnojokeHue IeHTpaibHod 3C B IEHTpPE 30HbI
ocBelleHus: crnyTHuka. Hampumep B cetu, pabortaromieil depe3 CIYTHUK
INTELSAT-604, uenrpanbnas 3C pacnosnoxena B Mockse.

9.2.4. Onucanue VSAT-cranuuun

Cranpaptaeiii BapuanT cBsa3u SCPC (CBA3b 1O TOMOJIOTMHM «TOYKA-
Toukay) — 310 nBe VSAT-cTraHuuM, pacloOOKEHHbIE Y B JBYX MYHKTaX, U
COCAUHSIOTCS 4Yepe3 CIyTHUK. KaHanm CBsI3M JKECTKO 3aKpervieH 3a
nojb3oBarenem [11].

PannouactoTsl v npyrue napaMmeTpsl COyTHUKOBOTO KaHalla

CraHuuM CIyTHUKOBOM CBSI3U paboTaroT oObIYHO B 2 auamna3zoHax: C-
nuara3oH (nmpuem 4 I'T'n, nepenava 6 I'Tn) u Ku-nuanazon (mpuem 11 I'T,
nepenayda 14 I'T').

Tak kak mepenaya ujaetT B HU(PPOBOM BHUJE, TO UCHOJB3yeTcs (ha3zoBas
Moaynsiusi. Tak Kak, 4YeM YK€ 3aHuMaeMmas I[10Jl0ca, TEM MEHbIIIE
HCIIOJIb3YETCS PECYPC CIYTHHUKA, TO TPUMEHSAETCA MOMYJISILUNS QPSK3,
KoTopas >(dexrusHee B 1,5 pasa moaymsinun BPSK?, T.e. B oxuu 1 ToT *%e
MEpUOJI BPEMEHU MPU BCEX OCTAJBbHBIX PABHBIX YCIOBUSX ¢ momonipo QPSK
nepenaercs B 1,5 paza 6osbiine nHbopMaluu, yeM ¢ ucnojibzoBanuem BPSK.

Jns  yBenu4eHUsT HAJEKHOCTH IIpUEMa I[epeaBaéMOro CHUTHaja,
Tpebyemast mo crammapry SSOG-309 Bemmumna ommbok BER® 1x107,
MIPUMEHSIIOTCS Pa3IMYHbIE METO/IbI IOMEXO03aIUTHOTO KoupoBaHus. OqHUM
M3 TaKMX METOJIOB SIBJSIETCSI METOJ MPSIMOI0 MCIpPaBICHUS OLUIMOOK (FEC6),
IPU ATOM METOJI€ COOOIIECHUE JEIUTCS Ha HEKOTOPhIE KBAHTHI U OTJIEJIbHbBIC
KBaHTHI TIEPEAAIOTCSI TOBTOPHO.

® QuadriPhase Shift Keying — kaapaTudsas MaHHITY TSI
* Binary Phase Shift Keying — aonusas MaHuITy st

> Bit Error Rate — BepOsITHOCTb OLIHOKH

® Forward Error Corect
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9.2.5. KoHCTpyKIIMS U TEXHUYECKUE XapaKTEPUCTUKH

CnytHukoBast ctaHimsi tuna VSAT 1o KOHCTPYKTHBHOMY IpHU3HAKY
coctout u3 BeicokodactotHoro (ODU’) i Huskouactotroro (IDU®) moxyis.
ODU, cocrosmuii U3 aHTEHHbI U MpPHUEMOIEpEaTUNKa, Pa3MEIIAeTCsl BHE
30aHus, B KOTOpom YycraHaBimBaercs IDU, cocrosmuii U3 mojema u

MYJIbTHILICKCOpa (KaHaIo00pa3yrolel amnmapaTypbl), Kak II0Ka3aHO Ha
puc. 9.4 [11].

1.8 m Antenna

ﬂ\ b

o

supply
NMutanune
RF Driver Unit (TR) IF Cable

Puc. 9.4. Buewnuii 610k (anmenna u npuemonepeoamyux)

CraHmapTHBI BapyaHT KOMIUIEKTAIIMM BKIIIOYAET TapaboIMuecKyro
aHTEHHY HEOOJIBIIIOTO JAMaMeTpa W MpHeMolepeaaTunk. B 3aBucumocTtu OT
MECTOPACTIOJIOKEHUS CITYTHUKOBOM CTAaHIIMM 1O OTHOIIEHUIO K LEHTPY 30HbI
OCBEIICHUS CIIYTHHUKA M CKOPOCTH Mepeayl B KaHaje UCIOJIb3YIOTCsl Oosee
MOIIHBIE TIepeJaTUYMKU WM aHTeHHBI OOJbIero auamerpa. B momenieHun
YCTaHABIIMBAETCS MOJEM U MYJIbTUILICKCOP.

" OutDoor Unit — BHemH#ii MOTyIIH
& InDoor Unit — BHyTpeHHMI MOTYIIb
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ODU u IDU coenuHeHsl Mexay coboif paamodacToTHbiME (RF®)
kabexsvu. [To HEM wnper curHan mnpoMexyrousoii wactotst (IF™°). IF
ucnons3yemas obiBaet 70 win 140 MI'm1.

[To ¢ynkunonanbHoMy HazHaueHui0o VSAT-craHuus aenurcs Ha
0a30BBIi KOMIUIEKT, KOTOPBIA oOOecredynBaeT mepeiady camoro KaHajla U
JOTIOJIHUTEIBHOE o0opyoBaHue, KOTOpO€E oOecrieunBaeT
MYJIBTUIUIEKCUPOBAHHUE 3TOTO KaHasa.

Buemnuii 010k

BHemHuii, oM Kak €ro MHOTJA Ha3bIBalOT BBICOKOYACTOTHBIN OJIOK,
COCTOMT M3 AHTEHHbl W  IPHUEMOIEPENAIOLIEro  OJI0Ka, KOTOPBIH
YCTaHABJIMBAETCS HA 3TOW aHTEHHE.

[Tpuemonepenaromuii 010K oOecnieunBaeT npeoOpazoBaHue
HU3KOYACTOTHOTO CUTHAJIa, €r0 YCWICHHE W Mepefady «BBEpX», a TaKkKe
MIPUEM BBICOKOYACTOTHOIO CHUTHAJla CO CHYTHHKA €ro mpeoOpa3oBaHUE B
HU3KOYACTOTHBIN U Nepefady K BHyTPEHHEMY OJIOKY.

AHTEHHA

OpHo3epkanbHas aHTEHHa OOBIYHO BBINOJHAETCS MO cxeme odceer (co
CMEILIEHHBIM IIEHTpOM). Cxema opceT Mo3BOISET CHU3UTH YPOBEHb OOKOBBIX
JIENECTKOB MAYLIUX NapaJiIeNbHO 3€MJIM U JTAIOIINX MaKCUMAJIbHBIE TOMEXH.
Taxke naHHas cxeMa NO3BOJIAET H30€XKaTh HAKOIUIEHHS aTMOCQEpPHBIX
0CaJIKOB Ha MOBEPXHOCTH pedIieKTOpa.

AHTEHHa COCTOUT U3:
— peduexTopa (3epkana),
— CHUCTEMbI 00JIy4YeHHUs,
— OINOPHO-TTOBOPOTHOTO ocHOBaHus (OITY).
IIpuemonepenarommii 06,10k
OCHOBHOW TEpMHHAJ COCTOUT U3:
— CBUY 6n0ka npeoOpa3oBaHus 4aCTOT
— yemmrenst MommaoctH (SSPAM m TWT),
— wmagomrymsiiero kousepropa (LNC),
— Guoka srextporutanus (PSY)
— COCIMHUTENbHBIX Kabeseil.

OyHKIUS TpUeMoriepeaTuhKa 3aKII04aeTcs B MpeoOpa3oBaHuM, MOCHe

MoaynsaTopa, curana IF, Ha koHBeprope BBepX, B RF curnan nns nepenaun

® Radio Frequence

19 |ntermedia Frequence

1 Solid-State Power Amplifier — TBeprOKpHCTATHYECKHI YCHITHTEb
12 Traveling Wave Tube — namma oerymieii BosHbl (JIBB).

3 power Supply — 6110k ruTaHusL.
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yepe3 aHTeHHY U B npeoOpa3zoBaHuu nosiydyeHHoro RF curnana B curnan IF,
Ha KOHBEPTOPE BHM3, JIs1 OJIOKA, UCIIOJIB3YEMOT'O KaK IEMOYJISATOP.
Buyrpennui 010K
BuyTpennuit 6510k mpenctaBisieT coboii 19 cToiiky ¢ ycTaHOBICHHBIMU
B HEW CHOYTHUKOBBIM MOJIEMOM U MYJbTUIUIEKCOpoM. MHorma B croiike
YCTaHABIMBAE€TCA M  JOIMOJHUTEIBHOE  OOOpPYJOBAHHE  CYMMATOPBI,
BEHTUIATOPHI, UPS™ u t.1. UPS moxer YCTaHABIIMBAaTbCS U BHE CTOMKH,
OTJIEJIBHO.
CnyTHMKOBBIH MOJIEM
COyTHHKOBBIM MOJEM, B YacTH MOJIYJISATOpAa NpEeIHA3HAYEH s
KOJAUPOBAaHUS TepelaBaeMoro MUGpPOBOro MOTOKA, MPHUIICANIETo U3
MYJIbTUILIEKCOpa, MOAyJIupoBaHus curnaia mno IF, Heobxoaumoro ycuneHus
U MepeJadyu curHana Ha BHeIHui 0sok. M nmpuema curnana IF u3 BHemHero
0JIoKa, yCWJEHUS €ro, JAEeMOJyJUpoBaHWE B LUPPOBOM  CHUTHAI,
JNEKOJIMPOBAHKE U MEPENAYY B MYJIbTUILIEKCOP, B YaCTH IEMOIYJISITOPA.
MyabTumniexkcop
MynbTUIIIEKCOp MpEeAHAa3HAYEH ISl MYJIbTUILUIEKCUPOBAHUS TOJI0COBOM,
dbakcuMuiIbHOW WHMOpPMalMK U TEpeAaBaeMbIX JaHHBIX. MYJIbTUILIEKCOP
MO3BOJISIET CKOMOWMHHPOBATh €XEIHEBHbIE TeNe(POHHBIE W (PaKCUMUIbHbBIE
COOOIICHUS] C CHUHXPOHHOM M AaCHUHXPOHHOM Tepe/ayeidl NaHHbIX B OJMH
KaHaJ, MPEJaBAEMbIil 1O JOKAJIbHBIM CETSAM, Ha3€MHBIM WJIM CIYTHUKOBBIM
JUHUSIM. DTO TMO3BOJIIET CHU3UTh TEIEKOMMYHHKAIIMOHHBIE 3aTPaThl MMyTEM
YBEJIMUCHUSI  BO3MOXHOCTEM  mepenadyd  BaXKHOM  wHGOpManuu U
OJIHOBPEMEHHOT'0 YMEHBIIEHHsI TPOITYCKHOM CIOCOOHOCTH KaHaja.
Cnytauxkosbii 03
JIns BBIXOJ@ HAa CETHM HA3€MHBIX TEJIEKOMMYHHUKAIMI HCIOJIb3YHOTCS
CIYTHUKOBBIE ILIIO3bI (OOJIBIIME CTAHUMUU K KOTOPHIM MOJKIIOYEHBI YEpe3
cnyTHUK VSAT-cTaHun).
[Ir03 MokeT obecrneunBaTh 00ECIEYNBAET:
— BBIXO/JI Ha TeJle(DOHHBIC CETH;
— YCIIyTU MEXAYTOPOJHON CBS3H C BBIXOJOM Ha CETh OOLIETO
MOJIb30BaHUSL;
— YCIIYTH MEXIYHapOJIHOMN TeIe(POHHON CBS3H;
— BBIXO/I Ha CIielMaIbHBIC TeeOoHHBIE ceTH, HanpuMmep «lckpa-2»;
— BbixoJ Ha cetu nepenaun gaHHbix (POCHET, INTERNET, RELCOM u
ap.);
— BO3MOXXHOCTb apeH/Ibl HA3eMHOT0 KaHaJa J10 JIIoOoi ToUkH B T.MOCKBe:

14 Uninterruptable Power Supply — G110k GecriepeGoiiHOro nuTaHus.
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B nocnennee BpeMsi B OOJBIIMHCTBE COBPEMEHHBIX U MPOEKTUPYEMBIX
cucteMax HaxoauT npuMeHenue ctanaapt [ISDN. CymiecTByroT rino0anbHbIe
CETH, B KOTOPBIX 3TOT CTaHAAPT B3ST 3a OCHOBY, Harpumep Euro[SDN. ISDN
B INIOOANBHBIX CETAX MpUMEHseTcs U B Poccun.

[IInr03 mo3BoJiAeT  OOECHEYUTh BBICOKOCKOPOCTHOM  BBIXOJA  Ha
INTERNET, no 2 Mo6urt/cek. B nmanHOM BapuaHTe BO3MOXXHO MOJYyYUTH
noctyn ko BceM yciayram INTERNET (WWW, TelNet, E-mail, FTP u ap.).

Bce omucanHoe BbIlIE, TakkKe OTHOCUTCS M K APYTUM IJ100albHBIM
CETSIM Mepeaayuu JaHHbIX.

9.3.PaHI/IOCI/IFHaJII>I B CIYTHUKOBBLIX CUCTEMAaX CBA3H

OcHoBoOl  JIO00OM  CHCTEMBI  PagUOCBSI3U  SIBIIETCS  ammapaTrypa
dbopMupoBaHUs PaJUOCUTHAIIOB Ha MEpeNalIleii CTOPOHE W ammaparypa,
oOecrieunBaronias 00pabOTKy M BbifelieHHEe HHGOPMAIMU Ha MPUEMHOMN
ctopoHe. MmeHHo  ammaparypa — CUTHAJI000pa30BaHUSI  ONpEIEIsIeT
NIOMEXOYCTOMYMBOCTh ~ CHUCTEMBI M  IOJOCY  4YacTOT, 3aHUMAaEMYIO
paguocurHajlaMu, 4YTO, B KOHEYHOM HTOT€, SBIAECTCS ONPEACISIIOIINMU
napamMeTpaMHu JUIs OIICHKH SKOHOMHUYECKOH 3()(heKTHBHOCTH crcTeMbl [12].

B oOmem ciiydae moj anmapatypoil CUTHaI000pa30BaHUsI TOHUMAETCS
COBOKYITHOCTb TEXHUYECKUX CPEICTB, MpEeJHA3HAYEHHBIX LTSI
dbopmupoBaHusiT U OO0pabOOTKM CHUTHAJIOB, HCIIOJB3YEMBIX [IJIsl Tepeaadu
nHopmaiuu B UPOBBIX cUcTeMaxX. B CIyTHUKOBOW CBSI3U 3TU OINEpaLUU
OOBIYHO  BBIMOJHSAET  MOJEM  PAJUOCUTHAJIOB, KOTOPHI  MOMHUMO
TPAAUIMOHHBIX (YHKIIUNA MOIYJSIIUM U JAEMOAYJSILUM BBITIOJHSIET POJIb
KoJepa U JEKOAepa, JIOKAJIBHOIO MYJbTUILIEKCOPa, IEePEMEKUTENS
CHUMBOJIOB, CkpemoOiiepa u T.1. Takum oOpa3oM, COBpEeMEHHbIE CITyTHUKOBBIC
MOJIEMbl O0OECMEYMBAIOT BBHITIOJHEHUE BceX (DYHKIMI 1O MpeoOpa3oBaHUIO
UH(OPMAITMOHHBIX W CIIY)KEOHBIX IOCJIEIOBATEILHOCTEH CHMBOJIOB B
paaroCUrHajabl MPOMEKYTOUYHOM YacTOThl Ha Tiepenadye M oOpaTHoe
npeoOpa3zoBaHue HA TPUEMHON CTOPOHE.

Huwxe  OymyT  pacCMOTpEHBI  TEXHHYECKHE  XapaKTePUCTHKU
PaIMOCUTHAIOB, KOTOPHIE UCIOJIB3YIOTCS B CHYTHUKOBBIX CUCTEMAX CBSI3H C
OTKPBITOM  apXWUTEKTYpOH,  TMO3BOJSIONMICH  pabdoTaTh  Pa3IMYHBIM
HE3aBHCHMBIM T0JIb30BaTEIISIM B PEXKUME «OJMH KaHal Ha Hecyrnyio» (Single
Channel Per Carrier - SCPC), 3anmmas, Hampumep, 4YacThb CTBOJIA
peTpaHciIaTopa.

9.3.1. [ToMex0yCTOMYMBOCTH MTpHUEMa PaIMOCUTHATIOB

B coorBercTBUM € TEOpHEW IOTEHUHAIBHONW IIOMEXOYCTOMYMBOCTH
HaWIy4lllne oKa3aTelld JOCTOBEPHOCTH MpHeMa IBOMYHON HHPopMmaiuu 0e3
U30BITOYHOCTH o0ecneunBaroTCs B ciry4ae UCIIOJIB30BaHUs
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MIPOTHUBOIIOJOKHBIX CHUTHAJOB M MX KOIEPEHTHOM OOpabdOTKM Ha IpHUEME.

JanHomy TpeOOBaHUIO YIOBJIETBOPSIIOT HEKOTOpbIE THUIIBI
(azomMaHMIYIMPOBAHHBIX CUTHAJIOB.
Haubonee HIMPOKOE pacnpocTpaHeHue MOJTYYHIIN

(dazomMaHUTYTHPOBAHHBIC PATMOCUTHAIBI:
- nByxdaszHas ¢azoBas manumysius (OPM-2);
— yeTbipexdaszHas azopas Mmanunyssus (PM-4);
- odcernas ®DM-4;
- MaHWMYJIALIUSA C MUHUMAJIBHBIM ciBUroM 4actotel (MMC) [12].

DTH KJIaCCUYECKHUE BUbI MOIYJISIIUA MOTYT OBITh MPECTABICHBI B BUJIE
HEMPEPBIBHBIX MOCHUIOK, MPUHUMAIOIIUX MPOTHUBOIOJIOKHBIE 3HAYCHUS B
KBaJIpAaTypHBIX KaHajlaX, ¥ UMEIOT MOCTOSHHYIO OTMOa0IIyI0, YTO TO3BOJISET
HCITOJTH30BaTh BBEIXOHYIO MOIIHOCTh MIEPEIaTynKa B MAaKCUMAJIbHON CTETICHU
(11 omHOCUTHANIBHOTO pexuMa). B To ke BpeMst (a30BON MaHUMYJISLIUU
CBOWCTBEHEH ¢ dexr «oOpaTtHOM paboThI», CBSI3aHHBIN c
HEOTPEACNEHHOCThIO (Da3hl TMPU BOCCTAHOBJICHWW HECYIIEW YacTOTHl Ha
npueme. [ yctpanenus 3t1oro 3¢¢dekra MPUMEHSETCS OTHOCHTEIHHOE
npeoOpa3oBaHue, MPUBOJISIIIEE K HEKOTOPOMY YXYIIICHUIO
MMOMEXOYCTOMYNBOCTH TIPHEMA.

[Tomumo 2- u 4-pa3HbIX METOJOB MAHUMYJAIMH B COBPEMEHHBIX
CUCTEMaxX CBSI3M HCHOJB3YIOTCSI HEKOTOPBIE NPYTrue THUIIBI KIACCUYECKUX
PaAMOCUTHAJIOB, B YaCTHOCTH, BochMu(pazHas (azoBas manunyssinus (OM-
8) 1 16-1mo3uIMOHHas KBaApaTypHas aMIuTUTyaHas MaHunyssiinus (KAM-16).

[Ipu ®M-8 oxna paamonockuika HeceT WHMOPMAIUI0O O TpexX OuTax.
Curnanel ¢ ®M-8 UMEroT MOCTOSIHHYIO OTHOAFOITYI0, HO HE YAOBJICTBOPSIOT
YCIIOBUIO TPOTHUBOMOJIOKHBIX CHUTHAJIOB, W3-3a YEro MpH OJWHAKOBOU
CKOpOCTH Tiepefaur uHGOpMaIli yCTYHaroT Mo nomexoycronunpoctu OGM-
2 u ®M-4 nopsnka 3,5 nb.

JlanbHeilliee yBenuueHue rpaganuii (a3l HeCcylen B pajroIoChUIKax
MPUBOANT K PE3KOMY CHIDKCHHIO IOMEXOYCTOHYMBOCTH, IIO3TOMY
MHOTO(a3Hble curHaibl (¢ KonmuuecTBOoM (a3 16 u Oosee) B CIIyTHUKOBBIX
CUCTEMaXx MCTIOJIB3YIOTCS OYCHB PEAKO.

[Tpu KAM-16 onHa mockuika HeceT WHMOPMAIUIO O YEThIpeX OuTax, a
paaroCUTHAIBI UMEIOT HEMOCTOSHHYIO OTHUOAIOINIyI0, TaK KakK aMIUTUTY.ia
ABJISICTCST WH(MOPMAIIMOHHBIM TMapaMeTpoOM. TaKue CHUTHAJIBI JOCTaTOYHO
YYBCTBUTEIbHBl K aMIUTUTYHBIM HWCKOKEHHUSIM B TPaKTaX W OBICTPHIM
3amupanusiM B kaHaie. [lo momexoycroitunBoctu paguocursansl ¢ KAM-16
npourpsiBatoT Oosiee 4 nb cucremam ¢ OM-2 u ®M-4. Heobxomumo
OTMETHTh, YTO MOJEIb TayCCOBCKOTO KaHama i CITyTHUKOBBIX JIMHHM
CBSI3M, KOTOpas 4YacTO WCHOJB3YyeTCS JJs TEOPETUYECKOW  OIECHKH
OMEXOYCTOMYUBOCTH TMpHUEMa PaJMOCUTHAIOB, MOXET OBITh MNpPUMEHEHa
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JUIIh C OINPEACICHHBIM MPHUOIMKEHUEM, B MPEATOIOKCHUH OTCYTCTBHS
3aMHUpPAHUN U BO3JCUCTBUS BHEIITHUX TTOMEX.

9.3.2. PammocurHalsl CO CrilaXXKUBAaHUEM

Knaccuueckue (azomMaHUIyTUpOBaHHbBIE CUTHAJIBI B HEIOCTATOYHOMN
CTENEHU  Y/AOBIETBOPSIOT  TPEOOBaHUSM  MHHUMH3ALUUA  3AIIUTHBIX
YaCTOTHBIX MHTEPBAJIOB MEXy CUTHAJIaMH MPU UX YACTOTHOM YIUIOTHEHUU B
o01eM paauocTBoJie. B cBs3M € 3TUM CHENUaIUCThl B 00JAaCTH CITyTHUKOBOM
CBS3M, M B TMEPBYIO O4Yepeab MEXIyHapoaHas opranuzaunus Intelsat,
pazpaboTamu  anrTOpuUTMBl  (OPMHPOBAHUS  PATUOCHUTHAIIOB U HX
KOJMPOBAaHMS, MO3BOJSIOMINE O0ECIEUNTh TUIOTHYI0 PAacCTaHOBKY KaHAJIOB
IIPU YaCTOTHOM YIUIOTHEHHH, YTO CTaN0 (PaKTUYECKUM CTaHAAPTOM JJIsl BCEX
CITyTHHKOBBIX CUCTEM CBSI3U C OTKPBITON apXuTekTypou [12].

Jisg  3TOro  paguMoCHrHalbl  HA  Iepefadye  MOABEpPraroTcs
JOTIOJIHUTEIBHOMY CIUIQKMBAHUIO COOTBETCTBYIOIIMMHU (uibTpaMu. Takue
CUTHaJIbl OTIMYAIOTCA OT KJIACCHUUECKHX (C TEM € Ha3BaHUEM) TEM, YTO
Onarofaps crequalbHbBIM MepaM MO CIIaXHBaHUIO (OPMBI CUTHANa B HHUX
o0OecnieunBaeTcs pe3Koe CHUKEHUE CIIEKTPaIbHON IUIOTHOCTH MOLIHOCTH
y’K€ B IepBoM OOKOBOM JjemnecTke. M3-3a 3TOro BO3HHMKAaeT aMIUIMTYAHAs
MOJYJISILIUS B PE3YJIBTUPYIOLIEM PaIHOCUTHATIE.

Martepuanst [12] pernmameHTHPYIOT TpoleaAypbl (HopMHpOBaHUS U
o0paboTku curHasioB. Ha mepenaromieit  CTOpoHE  BHACOUMITYJIbCHI
IpsIMOYTOTBHON (OPMBI B KBajpaTypax IMOABEPralOT MPEIbICKAKECHUSM B
YaCTOTHO W30MpATEIbHOM TPAKTE, HKBUBAJIEHTHOM IMOCIEAOBATEIbHO
coequHeHHBIM QuibTpy Hali-kBUCTa, MUHUMH3UPYIOIIETO MEKCHMBOJILHBIC
UCKaxkeHusi, 1 ¢popmupytomiero guibtpa. Intelsat 3amaer orpannunTenbHyIO
MacKy A aMIUIMTYZHOW U ()a30BOM XapaKTEPUCTHKH MPEIbICKaKaOIIEro
nepenatouiero ¢uibrpa. Ilapamerpsl ¢uibTpa corizacoBaHbl ¢ OCHOBHBIM
JIENECTKOM CHEKTPaJbHOM IJIOTHOCTH MOIMHOCTU CHrHaia. AHaJIOTUYHO
perJaMeHTUPYIOTCSl NapaMeTpbl KOTEPEHTHOTO JEMOJYJsATOpa U €ro
npueMHbIX QuiIbTpoB. [lapameTpsr GUABTPOB AT paguoCUTHAIOB ¢ OM-2,
OM-4 u OM-8 HUIGHTUYHBI W HOPMHUPYIOTCS K JUIUTEIBHOCTH
paauouMIyJbca.

CrekTpaibHasg MJIOTHOCTh CpEAHEM MOUIHOCTH paJUOCUTHAIOB Ha
BBIXOJIE MOAYJISITOpa AOJKHA YJIOBJIETBOPATH Macke, KOTopas 3aJaercs B
periiaMeHTe oneparopa CIyTHHKA.

CrnepnoBatelnbHoO, y KJIACCUYECKUX u CTTIQ)KEHHBIX
(a30MaHUMTYTUPOBAHHBIX ~ PAJUOCUTHAJIOB  CIEKTPAJIbHbIE  TUIOTHOCTH
CpeHEel MOILIHOCTH MOX0KH B OCHOBHOM CIEKTPAJIbHOM JIEIECTKE, OJHAKO Y
CTJIQ)KEHHBIX CHUTHAJIOB 3TOT JIEMECTOK OoJjiee paBHOMEpEH BOJIM3M Hecyllen
YacTOThl, a APKO BBIPAKEHHbIE OOKOBBIE JICTIECTKH M HYJIU OTCYTCTBYIOT.
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Takum o0Opa3om, TPEenbICKKEHUS Ha Tepeaade Mo3BOIMIA chopMUpPOBATH
PAIMOCUTHAJIBI CO CTICKTPOM, TPUOIMKAIOIIMMCS K TIPSIMOYTOJIBHON (TO €CTh
MaKCUMaJIbHO KOMITAKTHOW IS JaHHOTO BHJAa CHUTHAJAa W CKOPOCTH
nepenaun) popme.

9.3.3. KogupoBanue curHaiaoB U moKa3aTeld TOMEX0YCTOMUYUBOCTH

Haubonee pacnpocTpaHEHHBIM METOJOM KOJIMPOBAHUS  SIBIISETCS
CBEPTOYHOE KOJHWPOBAHUE M JEKOJUPOBaHHE MO anroputMy ButepOu. Ilpu
HU3KHX BEPOSATHOCTAX OMIMOOK Oojiee MPEANOUYTUTENIbHO MPUMEHEHHE
MIOCJIEIOBATEIbHOIO  JIEKOJWPOBAHUSA, OJHAKO HAa  MPAKTHUKE  OHO
HCIIOJIb3YETCSI HEYaCTO M3-3a 3aMETHBIX BBIYMCIUTEIBHBIX CI0XXHOCTEW MpHU
paboTe B 3allyMIICHHOM KaHaje. B To ke Bpemsi peanuzanus aaropurma
Butepbu Ooisiee mpocTta, a HCHOJIb30BAaHUE MATKOIO JIEKOJWPOBAHUS 10
CPAaBHEHUIO C JHKECTKHM pEUICHUEM IIO3BOJISIET IOJYy4YaTb BBIMIPHII B
OMEXOYCTOWYUBOCTU MPUMEPHO 2 1B, mpUOIMKasICh 110 3TOMY IapaMeTpy K
[IOCJIEOBATENBHOMY JAEKOAUPOBaHUIO. CBEPTOUHBIE KOJBI UMEIOT 3aMETHBIN
BBIMIPBIII B MOMEXOYCTOMYMBOCTH U PAOOTAIOT HPU YMEPEHHO BBICOKHX
BEPOATHOCTSX OMIMOOK, YTO MO3BOJIAET MUCIIOJIB30BATh TAKHE KOJABI C Majioh
JUIMHOM KOJIOBOT'O OTPaHUYEHUS U aJITOPUTMOM JIEKOJAUPOBATh 110 Butepou.

B CHOyTHHKOBBIX CHCTEMAax CBSI3M, KakK IPAaBWIO, HCIOJB3YIOTCS
CBEPTOUYHBIE KOJIbI C KOJOBBIM OTPAaHUYEHUEM 7 U CKOPOCTAMH KOAUPOBAHUS
r=1/2 u 3/4, a B psge ciayqaeB 7/8 mans curnanos ¢ ®DM-2, ®M-4 u KAM-16.
Ha npueme pexkoMeHayeTcsi MPUMEHSTh MATKOE PEIICHHE C §-ypOBHEBBIM
KBaHTOBaHUEM. CBEpTOYHBIN KOJ IO3BOJIECT, HAIPUMEP, MPU BEPOSATHOCTH
OIMMOKK MpUeMa OJAMHOYHOrO CHUMBOJIa P, = 10° B rayCCOBCKOM KaHaJe
MOJIYYUTh BBIUTPHIII B TIOMEXOYCTOMUMBOCTU curHajioB ¢ ®M-4: 4,5 nb (nns
r=1/2);3 nb (msir=3/4) u 1,9 nb (ansa r = 7/8).

Hnsa  pamuocurHaioB ¢ DOM-8 wucnonab3yercs  pa3HOBUIHOCTH
CBEPTOYHOI'O KOAMPOBAHUS CO CKOPOCTHIO I' = 2/3, mojyuuBIlIasi Ha3BaHUE
pemetuatoro koaupoBanus (Trellis-Coded Modulation -TCM). Ipu Tex xe
YCIIOBHSIX BBIMIPHIII OT NPUMEHEHHS PEIETYATOr0 KOJIWPOBAHUS MOMKET
coctaBisATh Oonee 5 nb.

CBOMCTBO CBEPTOUYHBIX KOJOB pabOTaTh MPU OTHOCUTEIHHO HEOOIBIINX
BEPOSITHOCTAX OLIMOOK MO3BOJISIET UCMOIb30BATh UX B KAYECTBE BHYTPEHHUX
KOJZIOB, 2 B KaueCTBE BHEIIHUX MPUMEHATh OsiouHbIM KoJ Puna-ConomoHa,
TpeOyIolMi BBICOKOIO KadecTBa KaHala cBsi3u. Ha BeIxoae npexonepa
ButepOu HenpaBWIbHO MPUHATHIE CHUMBOJBI OOBIYHO TPYNIUPYIOTCS B
NaKeThl, U3-32 Yero OIMMOKH B MOCJEI0BAaTEIbHBIX CHUMBOJIAX Kojaa Puna-
ConomoHa MOryT OBITh KOppEIUpOBaHHBIMH. JlJIsi yCTpaHEHHUs ATOro
s dekTa UCToNb3yeTcs Takoe NepeMexeHrne, 4ToObl HUKaKhe JBa CUMBOJIA
Ha BBIXOJE JeKkonaepa ButepOu, paccTosiHue MeXIy KOTOPHIMH MEHbIIE
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rIyOWHBI JIEKOAUPOBaHUS (BEJIWYMHA, MPUMEPHO B 5-6 pa3 OombIias
KOJIOBOT'O OTPaHUYEHUSI), HE MPUHAJICKAIN OJTHOMY KOJIOBOMY CJIOBY KOJa
Puna-Conomona. CoBMECTHOE HCIIOJB30BAaHWE CBEPTOUYHOrO KOJa U KOja
Puna-ConoMoHa  MO3BOJISIET  MOJYYUTh  XOPOIIME  XapaKTEPUCTUKU
MMOMEXOYCTOMYUBOCTH CHUTHANIOB. OnHako konabl Pupga-CojioMOHa UMEIOT
JIOCTATOYHO PE3KYI0 3aBUCUMOCTh BEPOSITHOCTH OIIMOKA OT OTHOUIEHUS
CUTHAJI / TIyM, MO3TOMY HEOOXOIMMO COOMIOJaTh OCTOPOKHOCTh MPU HX
UCIOJIb30BAaHUU B KaHAJIaX C OBICTPBIMU 3aMUPAHUSIMH.

Hns paaguocurnanoB ¢ ®M-2 u ®M-4 pekoMeHyeTcsl IPUMEHSATh KOJIbl
Puna-Conmomona RS (n, I, t), rme n - komoBas miauHa, 1 - 4wuciIo
UH(OPMAITMOHHBIX CUMBOJIOB B OJIOKE; t - KOPPEKTHpYIOIIasi CIIOCOOHOCTh
koxa, t=(n-1)/2, ackopocts kKogupoBanusir=1/n < 1.

B 3aBuCMMOCTH OT CKOPOCTH MEpPENauyd U TUIA CUCTEMBbI MpeaaracTcs
ucnoas3oBaTh koabl RS(126, 112, 7), RS(225, 205, 10), RS(219, 201, 9),
RS(194, 178, 8), RS(208, 192, 8) ¢ riyOuHOI OJOKOBOTO MEpPEeMEKEHHS,
paBHOM 4 wiu 8. DTH KOABI JIOCTATOYHO OJM3KM [0 TMapamerpam u
pPacCHIMPSIOT TMOJIOCY YacToT He Oojee yeM Ha 10% (kpome mepBoro koja ¢
KOPOTKUMU OJIOKaMH, paciiupsitoniero nosuocy Ha 12%). B 3aBucumoctu ot
HCIOIB3yEMOT0 THIIA pPAamgHoOCHrHaza mpH Po, = 10° sueprernmueckmii
BBIMIPBIIT MOXeT nocturate 2 nb. Ilpu ymyuymeHun kadecTBa KaHasia
DHEPreTUYECKUM BBIUTPBILI OT MCIONb30BaHusA koxa Puma-Conomona pesko
YBEIINYNBAETCH.

AHanoru4yHo s paguocurHaioB ¢ M-8 COBMECTHO C pEHIETYATHIM
KOJIUPOBAaHHEM PEKOMEHAYETCS HCMOJb30BaTh BHEWHUM koj Puna-
Conomona RS(219, 201, 9), uro mosBosser npu P,, = 10° MOJTY4YUTh
JOTIOJTHUTENbHBIA BBIMIPHII B NoMexoycToluuBoctd 2,5 nb (u Oonee B
cilyyae yJay4dlIeHUsl KaHalla CBSI3M).

9.3.4. Typ6o-koaupoBaHue

3a mocnenHee NECATUIIETHE IyTh OT OTKPBITUS [0 BHEJIPEHUS B
OpakTUYecKue pa3pabOTKU MNpouuId TypOO-Koabl. J[aHHOE TexXHUYecKoe
pelieHre  IponaraHAMpPyeTcss  PSAOM — KPYNHEWIIUWX  IPOU3BOAUTENEH
obopynoBanuss W, B nepByw ouepeab, Comtech EF Data, ma upux
Marepuaiax u 0asupyercs HacTosmi aHamu3 [12].

JIOCTOMHCTBOM TYypOO-KO/JOB SIBIISIETCS. BO3MOYKHOCTH 00€CIIeYUBAThH
BBICOKME  XapaKTEpUCTHUKH  TMOMEXOYCTOMYMBOCTH TPU  yMEpPEHHOU
CJIIOKHOCTH 000pyAoBaHus. TypOo-KOAbI MOAPA3JCNSIIOTCS HAa CBEPTOUYHBIC
(Turbo Convolutional Codes -TCC) u 6mokossie (Turbo Product Codes —
TPC). Ilorenmmansuo typ6o-koaslt TCC Ha 0,5 — 1 n1b mpeBocxoasaT xomabl
TPC, onHako HMMEIOT psii HEIOCTAaTKOB, OCJIOKHSIOIIMX WX HPUMEHEHHE.
Cpenu mocneqHux MOXHO yKa3aTh 3PQPEKT HeCaHKIIMOHUPOBAHHBIX OIIUOOK,
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KOrja OIIMOKM TpH JEKOJAUPOBAHWM BO3HUKAIOT JaXe B YCIOBUAX
orcytctBus momex B kanane. Kogasl TCC TpebyroT nepeMekeHusi CHMBOJIOB,
YTO YBEJIUYMBAET 33JICPKKY B KaHasie. Kpome Toro, 11l HCIOJIb30BaHUs KOJa
TCC motpebyercs mureH3noHHOE corjacoBanue ¢ France Telecom,
COTPYIHHKOM KOTOporo Obul paspaborunk koma Kimom beppy (Claude
Berrou). Typ6o-konel TPC He MMEIOT B SIBHOM BHJI€ HEIOCTAaTKOB KOJOB
TCC u moryTr ObITH NpeACTaBICHbl B BUAEC 2- WIM 3-MEPHOUM pEIIETKH
HEOONbIIUX OJIOYHBIX KOJOB (XEeMMHHra, TIOCTOSSHHOTO Beca WM
CMEIIIaHHBIX ).

Kak mnpaBuiio, HamIydlmiuMH XapaKTepUCTUKaAMHU 0O0JIaJaloT KOJIbI C
OOJBIIION HKBUBAJICHTHOW JJIMHOM OJIOKa M CTPYKTYpOH, IomycKarouiei
OPUEMIIEMYIO CIIOKHOCTh PEATM3ALMU. OJTUM YCJIOBHSM yIOBIETBOPSET
KACKaJHOE KOAMPOBAHHE, OOECIEUMBAIOIIEE OIPEACICHHBI KOMIPOMUCC
MEXy HCIPABISIOMIEH CITIOCOOHOCTBIO U CIOXKHOCTBIO Aekozaepa. IIpu atom
BHYTPEHHUI Koaep oOpabaTblBaeT Kak UWH(OpPMAlMOHHBIE, TaK U
MPOBEPOYHbIE OUTHI BHEIIHETO KOAEpPa, IO3TOMY YacThb MPOIMYCKHOMN
CIOCOOHOCTH KaHaja TPAaTUTCA Ha IMepeAadyy CUMBOJIOB, SIBISIOLIUXCS
«MPOBEPOUYHBIMU  OT MPOBEPOUYHBIX». B  TypOo-kogax mapasienbHoe
KACKaJUPOBAHHE HMCKJIIOYAET MepeAady ABOMHBIX MPOBEPOYHBIX CHMBOJIOB,
BCJIE/ICTBUE YEro MCIpaBisAiouias CIOocOOHOCTh Bo3pacraeT. llpumeHneHue
TypOO-KOAUPOBAHUS MO3BOJIAET MOJIYYUTh XOPOLIME PE3yJbTaThl B CiIydae
UCIIOJIb30BaHUsl TIyOOKOTO IMEpPEeMEXEHUsS IPU BEPOSTHOCTU OLIMOKU IO
outam mopsimka P, = 10° Tlpm P,, = 107 kmaccudeckoe Typ6o-
KOJAMPOBAaHHE YK€ oOKa3biBaeTcss HedhdekTuBHBIM. B 3TOM  ciyuae
OPUMEHSIOT COYETAaHUE IOCIIEIOBATEIBHOIO KACKAJHOTO KOAUPOBAHMS U
BHYTPEHHETr0 TypOo-Koja. biokoBbIM KOoAOM MOXeT ObITh KoJ boy3a-
Yoyaxypu-XokBuHrema (bUX).

Xopouiue CBOWCTBA MMOMEXO0YCTOMYUBOCTH Typ0O-KOJI0B
oOecreunBaroTCcsl Oylarojiapsi CUJIBHOM KOPPEIMPOBAHHOTO BECAa BBIXOJIHOM
KOJMPOBAHHOW MOCJIEN0BATEILHOCTH M BUAA MHPOPMALMOHHOTO MOTOKA, a
TaK)K€ MPUMEHEHHUIO MCEBAOCIYUYallHOTO MEPEMENKUTEINS], U3MEHSIOIIET0 BUJT
BXOJIHOTO MOTOKA. [Ipn 3TOM OJIMH KOJ AOMOJHSET APYTrod TaKUM 00pa3om,
YTO MPHU MajON HUCIPABISIIONIEH CIIOCOOHOCTH OJHOTO KOJa YBEIMYHMBAETCS
HCIPABIISAIONIAs CIIOCOOHOCTh JIPYroro Koja u HaooopoT. B nmpunHIune uncio
COCTAaBHBIX KOJOB B Typ0O-KOJ€ MOXeT ObITh Oosbllie JBYX MpHU
COOTBETCTBYIOILIEM YCJIOKHEHNUU KOAEPA.

Typbo-xon mpencraBisger co0O CHUCTEMAaTHYECKUH KOJ, B KOTOPOM
npoBepoyHasi rpynma  oOpa3dyercs M3 [POBEPOUYHBIX  CHMBOJIOB,
TreHEPUPYEMBIX JBYMsI KOJE€PAaMU COCTABHBIX PEKYPCHUBHBIX CBEPTOUYHBIX
kofoB. Ilpu sTomM kozep [00aBISIET MNPOBEPOUHYIO TPYIIY CHUMBOJOB,
c(hOpPMHUPOBAHHYIO MEPBBIM KOJAOM HEMOCPEICTBEHHO M3 MH(OpPMALMOHHON
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MOCJIEIOBATEIbHOCTH, U TIPOBEPOYHYIO I'PYIIIYy CUMBOJIOB BTOPOrO KOJEpa,
00pa30BaHHYI0 M3 MH()OPMAIMOHHBIX CHMBOJIOB, MPOIIEAIINX YCTPOMCTBO
IICEBAOCIYYalHOTO NIEPEMEKECHUS.

Jlexogep MCHOIb3yeT MATKOE PEHIeHHE OT AEeMOAYJsATopa. BHemHss
uHpopMalMsg O KaxIoM HHPOpManMOHHOM OuTe BbIpabaThIBaeTCS
JIEKOJAEPOM D3JIEMEHTApPHOTO KOJa C HCIOJb30BAaHUEM CBEIEHUN 00
UH(OPMAITMOHHBIX CHMBOJIAX, COJEPXKAIIMXCA TOJbKO B MPOBEPOUHOMN
rpynmne AaHHOTO cocTaBHOro koja. Iloaromy BHemHssi uHbOpMaIus
OKa3bIBACTCS HEKOPPEIUPOBAHHOM C MATKUMHU PEUICHUSIMU JEMOIYISATOPA 110
KaXa0My WHGOPMAIMOHHOMY OUTY W C HH(OpManuend o meperaBaeMbIX
MH(POPMAIIMOHHBIX CHMBOJAaX, COJAEpXKallelcs B IPOBEPOYHOU TpyIie
JAPYroro 3J€MEHTapHOro KoJa. JTO IO3BOJIIET HCIIOJIB30BaTh BHEILIHIOK
MH(DOpMALMIO KaXJOrO0 JIIEMEHTAPHOTO KOJla B KAuyeCTBE AamlpHUOPHBIX
CBEJICHUI O TMepelaBaeMblXx HWH(OPMAIMOHHBIX CHUMBOJAaX B MPOLECCE
JEKOAUPOBAHMUS B JIPYrOM 3JEMEHTapHOM Jekoiepe. B mponecce
JNEKOAUPOBAHUS JEKOJAEPhl COCTABHBIX PEKYPCHUBHBIX CBEPTOYHBIX KOJOB
OoOMEHUBAIOTCS JApPYyr C JpYroM BHEIIHEH uHopMammen, ¢ Kaxaou
UTEepalliel CHIXKAs CPEHIOI0 BEPOATHOCTh OIIMOKM Ha OUT B
JEKOAUPOBAHHON MH(POPMALMOHHON NoceoBaTeNbHOCTA. OJTHAKO HAIUYUE
eny oOpaTHOM CBS3U B JIEKOJEPE MPUBOJIUT K KOPPEIUPOBAHHOE BHEIIHEH
MHpOpPMaIU C IPOBEPOYHBIMU CUMBOJIAMHU, YTO OTPAHUYUBAET BBIMTPHILI OT
JNEKOJUPOBAHUSI OIIPEAEIIEHHBIM IIPEIEIOM.

[lo aHanmorum ¢ OpyruMHM KOJaMH MOXHO ONPEAeNuTh TypOO-KOA Kak
Turbo(n, 1), mpudem cKOpOCTh TypOO-KOAUPOBAHUA T = 1 /n €CTh OTHOIIICHUE
yyciia UH()OPMAIMOHHBIX CHMBOJIOB K YHCIY CHMBOJIOB KOAMPOBAaHHOU
nocyienoBaTeabHOCTH. Kak MMOKa3pIBalOT MPAKTUYECKUE HCCIEIOBaHUS,
MpUMEHEHUE TypOO-KOAOB TO3BOJISIET MOBBICHTh IOMEXOYCTOMYUBOCTH
npuemMa curHaioB Ha 1-3 b wu Oojee B 3aBUCUMOCTH OT THUIA
PaAMOCUTHAJIOB, CKOPOCTH M BHJAa KOAUPOBAHMS, KAUYECTBA KaHala CBSI3U U
T.1. Kpome Toro, moporosbie cBoiicTBa y TypOO-KOJOB OOBIYHO JieKaT HA 2-3
nb HIKe, 4yeM B cHCTeMaX, UCIOJIb3YIOLUX AeKOAUpoBaHue no Burepou u
Puny-ConoMoHy, MOATOMY HMX HCIOJb30BaHHE B (DEIUHTYIOIIEM KaHale
0oJiee MPeaOYTUTEIHHO.

B Hacrosimiee BpeMs TypOO-KOJEKHM pealu30BaHbl Ui BCEX THUIIOB
PaZMOCUTHAJIOB, UCIIOJIb3YEMbIX B CIIYTHUKOBBIX CHCTEMax CBsI3H — 0T OM-2
10 KAM-16. KomnyecTBO BapuaHTOB TypOO-KOJOB, PEATM30BAHHBIX IS
pa3IMYHBIX CHCTEM CBSA3H, JOCTAaTOYHO BeNUKO. PacmmpeHHbie TypOO-KOIbI
(Enhanced Turbo Product Code — eTPC) umeroT KOpoTKHuii pa3mep OJIOKOB U
HeOOJIBbITYI0 H30BITOYHOCTh. Hampumep, koma co ckopocthto 0,95 He
OpUBOAUT K OONBIIMM 3aJep’KKaM M HMMEEeT XOpOUIMe MoKa3aTean
OMEX0YCTOMYUBOCTH.
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B 10 ke Bpems, kak mokaseiBatoT oreHkn Comtech EF DATA,
3¢ (PEeKTUBHOCTH TYypOO-KOJOB JakKe C OOJBIIUMH OJIOKAMH 3HAYUTEIIHHO
yCTyHaeT MpeAeabHO JOCTHXKUMOM (COOTBETCTBYIONIEH npeneny [llenHoHa).

Takum  oOpa3zom, peanu3alusi HOBBIX METOJOB  KOJWPOBAHUS
OCHOBBIBAETCSI HA BO3POCHINX BBIYMCIUTEIbHBIX BO3MOKHOCTSAX 3JIEMEHTHON
0a3wl. HeoOxomumo oTMeTHTh, uTO JoKyMeHTHI Intelsat (Intelsat Earth Station
Standards — IESS) pernamMeHTHUPYIOT HCIIOJB3yeMbIE B  OTKPBITBIX
CIIYyTHUKOBBIX CHCTEMaX CBSI3M THIBI PaIMOCUTHAIIOB, BUJIbI CBEPTOYHOIO U
0JIOKOBOT'O KOJIMPOBAHUS, YTO MO3BOJISIET 0OeCieunBaTh COBMECTHYIO paboTy
o0OpyJI0BaHUsl pa3IMYHBIX mpousBoguTeneil. s TypOo-kKoaupoBaHUs
n0JOOHOTO COTJIAaCOBAHMSI B HACTOSLIEE BPEMS HE CYILECTBYET, UTO B LIEJIOM
HE MpeArnojaraeT BO3MOKHOCTh COBMECTHOM pabOThl MOAEMOB pa3iIMYHBIX
¢upm ¢ wucnomnb3zoBanueM TPC. Opnako 3¢ddexkTuBHOCTE TypOO-
KOJMPOBAaHUS MOATBEPKIAEHA JEHCTBYIOLIMM 000pPYIOBAHUEM Psiia KPYITHBIX
MEXIYHApOAHBIX KOMIIAHUH, B CBSI3M C YEM MOXXHO OXHJAaTh, YTO
perjiaMeHTalus aaropuTMOB (OPMHPOBAHUSA MU 00pabOTKM TypOO-KOJIOB
OyZneT mnpou3BeleHa B Marepuaigax MEXAYHApOJHOIO TEXHHUYECKOTO
coo0uiecTBa B OJMKaieM Oy yIieM.

9.3.5. TexHOMOTHS OTHOYACTOTHOM TIEpeIadn

st 5hPekTUBHOrO MCMHOJB30BAHUS TOJIOCHI YacTOT PETPAHCISITOpa
kommanuss Comtech EF Data mnpennoxkuna HOBYIO ISl CITyTHHKOBBIX
MPUWJIOKECHUN TEXHOJOTHI0 OpraHU3alnd AYIUIEKCHOM CBS3W Ha OJIHOU
yactore, HasBanHyro Double-Talk Carrier-in-Carrier™. 3amaTeHTOBaHHOE
TEXHUYECKOE PEILICHUE TMO3BOJIET B MEPBYI OYEpPE/lb HA HOBBIX MOIIHBIX
peTpaHcIATOpax MPAaKTUYECKH BABOE MOBBICUTH MPOIYCKHYIO CIIOCOOHOCTH
32 CUeT OJHOBPEMEHHOI'O HCIIOJIb30BaHUS OOIIEH MOJOCHI YacTOT ABYMS
paboTatomMMH Jpyr € JAPYroM Ha3eMHbIMH cTaHUusMU. lcnonb3oBaHue
oOmiel moJIoChl YacTOT PETPaHCIATOpa JABYMS CTAHLMSIMH B YEM-TO
aHAJIOTUYHO CJIy4aro paboTbl B JBYXIPOBOJHOW TENEe(POHHOU JIMHUM C
npUMEHEHHEM dXOKoMIteHcanmu [12].

TexHOmOrMss  MOXET  HWCHOJIB30BAaThCA Uil MOJHOAYIIEKCHBIX
CIyTHUKOBBIX JMHUN, KOTJa Ka)xJas Ha3eMHas CTAHIUS MPUHUMAET CBOMU
COOCTBEHHBI TiepefaHHbI curHai. llpuMeHeHue mMoOg00HOTO MeToaa
npuemMa M [epedadyd  CTajo  BO3MOXHBIM  Ojarojapsi MOSBJICHHIO
3¢ (PEKTUBHBIX METOJOB KOJUPOBAaHMS, padOTAlOUMX TMpU HEOOJBIINX
OTHOUIEHUSIX  CUTHAJI/IIYM, W  Pa3BUTUI0O TEXHOJOTMYECKON  0a3bl
BBICOKOCKOPOCTHBIX ~CHUTHaJIbHBIX TpoueccopoB. (OOpaboTka CHUrHajIOB
POU3BOUTCS CHEIUATU3UPOBAHHBIM MOJIEMOM, COJAEP AIIUM adanTHUBHBIM
KOMIIEHCATOP MEPENaHHOro0 paguocurHaia. MoaeM BBIYUCISIET 3aI€PKKY B
pacnpoCTpaHEHUH CHUTHAlA O PETPaHCIITOpa U OOpaTHO, 3allOMHUHAET U
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3aJIepKUBACT HA ATy BEIWYMHY TEPENaHHBIA CUTHAJ, YTO HEOOXOIUMO JIJIst
€ro KOMIIGHCAIIMM W3 CMECH JABYX TMPUHITBIX CUTHAJIOB. AJaNTUBHAs
bunpTpamms U cuctema (Ga3oBOH aBTOMOJCTPOUKH YACTOTHI OOECIEYMBAIOT
JTAHAMUYECKYIO MOJCTPONKY MEHSIOIIEHCS BO BPEMEHU 3aJEPHKKH, YACTOTHI,
da3pl W aMIUIMTYIObl CHUTHAja, MPOIICANIETO CTBOJ pETPAHCIATOpa, H
o0OecreurnBaeT KOMIICHCAITMI0O COOCTBEHHOTO CHUTHAla HAa BEJIMYHMHY BIUIOTh
no 30 nb. Bonbliod BBIMIPHIII, MOJYYa€MbIM CHUCTEMON KOMIICHCAIUU
COOCTBEHHOTO  CHUTHaJIa,  T[O3BOJIAET  YCIEmHO  paboTaTh  Jaxe
HECUMMETPUYHBIM JIMHUSAM CBSI3M C Pa3IMYHBIMA pPa3MEpaMH aHTEHH U
o0beMaMH TepeiaBaeMoi HHGopMaIiu.

ITo yrBepxknenuro Comtech EF Data, wucnonas3oBanue JaHHOU
TE€XHOJIOTUY NMPUBOJUT K HE3HAYUTEIbHOMY YXYAIICHUIO SHEPTE€TUKH JIMHUH
CBSI3U (TUMUYHOE 3HAYCHUE CHUKEHHUS OTHOIICHMSI CUTHAJI/IIYM Ha MPUEME
Menee 0,5 nb). axe ecnu ypoBHU CUTHAJIOB OTIWYAIOTCS APYT OT Apyra Ha
10 nb, Hanmpumep, u3-3a pA3NUYHBIX PA3MEPOB AHTEHH HA HA3E€MHBIX
CTaHIMAX WJIM B CWIY JIPYIMX IPUYHAH, CUCTEMA MPOJOJHKAET COXPAaHSITh
paboTOCTIOCOOHOCTD.

TexHoJIOTUST MOXET OBITh MCHOJIb30BaHA B CIIy4yasX YacCTOTHOTO U
sHepreTudyeckoro  orpanuuenus. Ilpu  pabore ¢ PHEPreTUYECKUM
OTpaHUYCHHEM  IIEJeCO00pa3HO  KCMOJB30BATh  PAJUOCUTHAIBI  C
KOJMPOBAHUEM, 00ECIIEUUBAIOIINE CIEKTPATbHYIO d(D(PEKTUBHOCTD HE XYXKE
1,5 (6ut/c)/T'u. Onqnako MakcuMasbHas YPpPEeKTUBHOCT 0OECTIEUNBACTCS TS
CUMMETPHUYHBIX JTUHUH.

JlanHbIil MeTO/ Mepeaadyu U mpreMa CUTHAJIOB B OOIIEH Mmojoce 4acToT
MOXKET OBITh IPUMEHEH yKe ceroaHs: s ero peannszanun Comtech EE Data
npejyiaraeT cnyTHUKOBbIA MojieM CDM-QX, KOTOphIii paboTaeT B cuctemMax
DoubleTalk Carrier-in-Carrier™. OpgHako NIpHMEHEHHE PacCMOTPEHHOIO
crocoba JOMKHO OBITh MPEIBAPUTENIBHO CTPOrO MPOAHATM3UPOBAHO,
MOCKOJIbKY 3TOT CIIOCO0 MpUeMIIEM JJIsl pEIICHHs HE BCEX 3a/1au.

96



I'JIABA 10. Onrudyeckue KaHAJLI CBA3H

10.1. OCo0CeHHOCTH ONITHYECKHUX CUCTEM CBA3M

BOJIOKOHHO-ONTUYECKHUE JIMHUM CBSA3U — 3TO BUJI CBSI3U, IPU KOTOPOM
uH(popMaIus MepeaacTcss Mo ONTUYECKUM JUDJIEKTPUUECKUM BOJHOBOJIAM,
M3BECTHBIM MOJI HA3BAHUEM «ONTHYECKOE BOJIOKHO». ONTUYECKOE BOJIOKHO B
HACTOSIIIIEE BPEMsI CUMTAETCS CaMOM COBEPIIEHHON (U3MUECKOW cpeion s
nepepaun WHGOPMAIMKM, a TaKXKE CaMOW TEPCIEKTUBHOW Cpemo st
nepeaadnd OONBIIUX MOTOKOB WH(OpMAIMU Ha 3HAYUTEIHHBIC PACCTOSHUA.
OcHoOBaHUSI Tak CYMTaTh BBITEKAIOT M3 psia OCOOCHHOCTEH, MPUCYIINX
ONTHYECKUM BoJIHOBoAaM [13, 14, 15, 16].

10.1.1. dusznueckre 0COOEHHOCTH

1. IupOKOIOJIOCHOCT, ~ ONTHYECKUX  CUTHAJIOB,  OOYCJIOBJIEHHAs
4pe3BBIYANHO BBICOKOH dacToToif Hecymieit (F,=10™ I'r). D10 03Hauaer, uto
[0 ONTUYECKOW JIMHUU CBA3M MOXKHO TNepeAaBaTh HUH(GOPMAIHUIO CO
ckopocThio mopsaka 10" 6ur/c nan TepaGut/c. TOBOps APYrHME CIOBaMH,
[0 OJIHOMY BOJIOKHY MOXHO Te€pelaTh OJHOBpeMEHHO 10 MWIMOHOB
Teae(POHHBIX PAa3rOBOPOB U MHUJUIMOH BHJI€OCUTHAIOB. CKOpPOCThH Mepenayn
JAHHBIX MOXET ObITh YBEIMYEHa 3a CUeT Nepeiadyd MHQPOpMalHuHh cpas3y B
JIBYX HaIpaBJIEHUSIX, TaK KaK CBETOBbIE BOJIHBI MOTYT PacHpOCTPaHATHCSA B
OJIHOM BOJIOKHE HE3aBHCUMO ApPYyr OT Apyra. Kpome Toro, B ONTH4ECKOM
BOJIOKHE MOTYT pPacHpOCTPAHIThCA CBETOBBIE CHUTHAJbl JBYX pa3HbIX
HoJisipu3alii, 4YTO TMO3BOJIIET YABOUTh MPOMYCKHYIO  CIIOCOOHOCTH
ONTHYECKOr0 KaHana cBsi3u. Ha ceromHsmHuil IeHb Mpeaesl Mo IJIOTHOCTH
nepenaBaeMoil HHQOPMALIUK MO ONTHYECKOMY BOJIOKHY HE IOCTUTHYT.

2. Ouenp Manoe (MO CpPaBHEHUIO C APYTUMHU CpeJaMH) 3aTyXaHHE
CBETOBOTO CHTHaia B BOJIOKHE. Jlyumine oOpaslbl pOCCHICKOTO BOJOKHA
umeroT 3aryxanue 0,22 nb/kM Ha JjuHE BOJHBI 1,55 MKM, 4TO MO3BOJSET
CTPOUTH JTUHUU CBsI3U AjuHOU 10 100 kM 6e3 pereHeparuu curHaion. J[iis
CPaBHEHHS, Jy4IlIee BOJOKHO «SUMItOMO» Ha JuIMHEe BOJIHBI 1,55 MKM nMeeT
3aryxanue 0,154 ab/km. B onrtuueckux — maboparopusix  CHIA
paspabarpiBatoTCsl  emie  Oojiee  «Ipo3padyHbiey», TaK  Ha3bIBaeMble
(GTOpLUMPKOHATHBIE BOJOKHA C TEOpeTUYeCKUM TmpeaesnoM mnopsaka 0,02
nb/kM Ha JuiHE BOJHBI 2,5 MKM. JlabopaTtopHbie MCCIIENOBaHUS MOKA3aIIH,
YTO HA OCHOBE TaKHX BOJIOKOH MOTYT OBITh CO3/JaHbl JIMHUW CBSI3U C
pereHepalMoHHbIMUA yyacTkaMu udepe3 4600 KM mpu CKOpPOCTH Mepeaayu
nopsinka 1 ['out/c.
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10.1.2. Texunyeckue 0COOEHHOCTH

1. Bo0KHO M3roTOBIIEHO U3 KBapila, OCHOBY KOTOPOTO COCTaBJISIET
JIBYOKUCh KPEMHUS, IIMPOKO PaCIpOCTPAHEHHOTO, a MOTOMY HEIOpPOroro
MaTepualia, B OTIIMYUE OT MEJIH.

2. Onrtuueckre BOJOKHA UMEIOT auaMeTp okono 100 MkMm, To ecThb
OYEHb KOMIIAKTHBI M JIETKH, YTO JIeJaeT WX MEPCHEKTUBHBIMHU IS
MCIOJIb30BaHUs B aBUAIIUH, TPUOOPOCTPOCHUH, B KAOETBbHON TEXHHUKE.

3. CrexysiHHbIE BOJIOKHA — HE METAJLI, IPU CTPOUTEIBCTBE CHCTEM
CBA3M aBTOMATHYECKH JIOCTUIAETCSl TaJIbBAHUYECKAas pa3Bs3Ka CECMEHTOB.
[Tpumensist 0co60 MPOYHBIN MIACTUK, Ha KaOETbHBIX 3aBOIaX M3TOTABINBAIOT
CaMOHECYIIIME TOJIBECHbIE Kalenu, HE COJAEprKalllie MeTalyla U TEM CaMbIM
O0e3omacHble B JJIEKTPUYECKOM OTHOIIEHUH. Takue KaOeau MOXKHO
MOHTHPOBAaTh HAa MauTax CYLIECTBYIOIIMUX JIMHUM 3JIEKTponepenad, Kak
OTJENBbHO, TaK U BCTPOCHHBIE B (Pa30BBIA MPOBOJ, SKOHOMS 3HAUUTEIbHBIC
CpEICTBA Ha MPOKJIAJKY Kabess yepe3 peKu U Ipyrue nperpajibl.

4. CucreMsl CBSI3M Ha OCHOBE ONTUYECKHX BOJIOKOH YCTOWYUBBI K
AJIEKTPOMAarHUTHBIM IIOMEXaM, a IepeaBaeMas 1o CBETOBoIaM MH(pOpMaLus
3aIIMIIEHAa OT HECAHKLIMOHUPOBAHHOIO JOCTYIA. BOJOKOHHO-ONTHYECKHE
JUHUM CBSI3W HENb3s MOJACIYyLIaTh HepaszpylIaloumM crnocoboMm. Bceskue
BO3JICHCTBHUSI HA BOJOKHO MOTYT OBITh 3aperucCTPUPOBAHBI  METOJOM
MOHUTOpUHIa  (HENPEephIBHOTO  KOHTPOJIA)  LEJOCTHOCTH  JIMHUMU.
TeopeTnyecku CylIECTBYIOT CIOCOObI OOOWTH 3allUTy MYTEM MOHUTOPHHIA,
HO 3aTpaTbhl Ha peaiu3alUi0 3TUX CIOCOOOB OyAYyT CTOJIb BEJIMKH, YTO
MPEB30KIYT CTOMMOCTh MEPEXBAUYEHHON MH(POPMALIHH.

CymectByeT cioco0 CKphITOM nepeaadyr MH(PpoOpMaIu 1Mo ONTUYECKUM
JUHUAM CBsi3H. IIpy CKpBITOM nepenaye CUrHal OT MUCTOYHHMKA H3JIy4EHUS
MOJIyJIUpYETCS HE MO aMIUTUTYyJe, KaKk B OOBIUHBIX cHUCTeMax, a mo ¢ase.
3areM CUTHajJ CMEUIMBAETCs C caMHM COOOH, 3a/lep>KaHHbIM Ha HEKOTOPOe
BpeMmsi, OoJibliiee, YeM BpeMsl KOT€pEHTHOCTH UCTOYHHUKA U3TYUCHHUS.

[Ipu Ttakom cmocobe mepemaun wuHMOpPMAIUS HE MOXKET OBITh
[EpEXBAaYCHa aMIUIUTYIHBIM TNPUEMHHKOM H3JIy4Y€HUs, TaK KakK OH
3apErUCTPUPYET JIMIIb CUTHAII TOCTOSTHHOM MHTEHCUBHOCTH.

Jns  oOHapykeHHMsI  TepexXBaTbIBAEMOIO0  CHUTHajla  MOHAA00UTCSA
IIEpECTPANBACMBIN uHrepdepomerp MarikenbcoHa CIIEUATTbHOU
KOHCTpYKIMU. [lpuyeM, BUAHOCTh WMHTEPHEPEHIMOHHOW KAPTHUHBI MOKET
ObITh ocnabnena kak 1:2N, rae N — KOJIMYeCTBO CUTHAJIOB, OJJHOBPEMEHHO
nepenaBaeMbIX IO ONTHYECKOW cucteMe CBs3u. MOXHO paclpeienuTh
nepenaBaemMyr0 MHGOPMAIMIO MO MHOXKECTBY CUTHAJIOB WJIM TIEpe/laBaTh
HECKOJIBKO IIYMOBBIX CHUTHAQJIOB, YyXyAIIas 3TUM YCIOBUS IepexBara
uHpopmanuu. [lorpebyeTcst 3HaUUTENBHBIA OTOOP MOIIHOCTH M3 BOJOKHA,
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9TOOBI HECAHKIIMOHUPOBAHHO TPHHITH ONTHYECKUA CHUTHAJI, a 3TO
BMEIIATEIBCTBO JIETKO 3aPETUCTPUPOBATH CHCTEMAMUA MOHUTOPHUHTA.

5. BaxHoe CBOMCTBO ONTHYECKOTO BOJOKHA — JIOJTOBEYHOCTD.
BpeMs xu3HM BOJIOKHA, TO €CThb COXPAaHEHHE WM CBOHUX CBOMCTB B
ONPEAECICHHBIX MPEAENax, MPEeBbIACT 25 JIET, YTO MO3BOJIAET MPOJOKHUTH
ONTUKO-BOJIOKOHHBIA Ka0eiab OJWH pa3 U, MO Mepe HEOOXOIUMOCTH,
HapaluBaTh MPOMYCKHYIO CIIOCOOHOCTh KaHaja IyTeM 3aMEHbI IPUEMHUKOB
U TIEpe/IaTYMKOB Ha OoJiee ObICTPOIEHCTBYIOIIHE.

EcTh B BOJIOKOHHOM TE€XHOJIOTHUU M CBOM HEIOCTATKU:

1. [Ipu co3nanuy JWHUK CBSI3M TPEOYIOTCS BBICOKOHAJIEKHBIC
aKTUBHBIC DJIEMEHTHI, MPEOOpa3yIoIIne IICKTPUUYECKUE CUTHAIBI B CBET U
CBET B DJJEKTPUYECKHME CHUTHaibl. HeoOXoauMbl TakKe ONTHYECKUE
KOHHEKTOPHI (COCAMHUTETN) C MAJIBIMU ONTUYECKUMHU MOTEPSIMU U OOJIBILIUM
pECYpPCOM Ha MOJAKIOUYEHUE-OTKIOUYEHUE. TOYHOCTh WM3TOTOBJIEHUS TAKUX
3JIEMEHTOB JINHUU CBA3U JIOJKHA COOTBETCTBOBATH JIJIMHE BOJIHBI U3ITy4YCHUS,
TO €CTh MOTPEHIHOCTH JOJDKHBI OBITh MOpsAKa J0au MHUKpoHa. [losTomy
MPOU3BOJCTBO  TAKUX  KOMIIOHEHTOB  ONTUYECKUX  JIMHUM  CBS3HU
JOPOTOCTOSAIIICE.

2. Jpyroii HEAOCTAaTOK 3aKJIKOYaeTCs B TOM, YTO JJISI MOHTa)Ka
ONTHUYECKUX BOJIOKOH TpeOyeTCcsl MPElUU3HUOHHOE, a TMOTOMY JIOCTaTOYHO
JI0pOTOE, TEXHOJIOTHYECKOE 000pY0BaHHE.

3. Kak cnencrtBue, mpu aBapuu (OOpBIBE) ONTHYECKOTO KaOess
3aTpaThl HA BOCCTAHOBJICHHUE BHIIIIE, YEM MPU Pab0TE C METHBIMH KaOCIISIMH.

IIpenmymiecTBa OT NPUMEHEHHUS BOJOKOHHO-ONTUYECKUX JIMHUM CBSI3U
(BOJIC) HacTonbKO 3HAYMUTENbHBI, YTO, HECMOTpPS Ha MEPEUYHCICHHBIC
HEIOCTAaTKU OINTHUYECKOTO BOJIOKHA, O3TU JIMHUKA CBSI3M BCE IIUPE
HCTIONB3YIOTCS JJIs Tiepeauu uHpopMarum.

10.2. Onruyeckoe BOJOKHO

[IpOMBIIUIEHHOCTh MHOTMX CTPaH OCBOWJIA BBIMYCK  IIMPOKOH
HOMEHKJIaTypbl u3nenuii u kommnoneHntoB BOJIC. Cnemyer 3ameTuTh, 4TO
npou3BosicTBO komnoHeHTOoB BOJIC, B mnepByw ouepelb ONTHYECKOTO
BOJIOKHA, OTJIMYAaeT BBICOKAs CTENEHb KOHILEHTpAaUWW. bBOJbIIMHCTBO
npeanpustuii  cocpenoroueHo B CHIA. O6nagas riaBHBIMU TaTEHTaAMH,
amepukaHckue QupMbl (B TEpPBYIO OYepelb A3TO OTHOCUTCA K upme
«CORNING») oxka3plBalOT BIMSHHE Ha TPOU3BOJICTBO M  PBIHOK
komrnoneHToB  BOJIC Bo Bcem wMupe, Onarojgaps 3aKJIFOYEHHUIO
JUUEH3UOHHBIX COTJIAIeHUI ¢ IPYruMu (pUupMamMu U CO3AaHUIO0 COBMECTHBIX
npeanpusTuii [13 — 16].

Baxwneimmii u3 komnonentoB BOJIC — ontuueckoe BosiokHo (OB). [l
Mepeauyd CUTHAJIOB IMPUMEHSIOTCA JBa BHJIa BOJOKHA: OJXHOMOAOBOE U
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MHoromoaoBoe. CBoe Ha3BaHHWE BOJIOKHA TMOJYYHJIM OT crocoba
pacnpocTpaHEHUsT U3TYYCHHUS B HUX. BOJIOKHO COCTOMT W3 CEpAICBUHBI U
000JIOYKH ¢ pa3HBIMH ITOKA3aTeIAMU MpeioMiIeHus Ny 1 N, (M. puc. 10.1).

/

Puc. 10.1. Ceuenue onmuuecxoco 6010KHa:
1 — cepoyesuna, 2 — obonouxa, 3 — 3auwumuoe noKpvimue.

B omnomomoBom (cMm. puc. 10.2a) BOJIOKHE JuaMeTp CBETOBOIHOM
KUIbl opsiaka 8-10 MKM, TO €CTh CpaBHHUM C JIJTMHOW CBETOBOM BOJHBL. [Ipu
TaKOW TEOMETPHH B BOJIOKHE MOXET PacHpOCTPaHATHCS TOJIBKO OIWH Y4
(omHA MOfA).

B muoromomoBom (cM. puc. 10.20) BOJOKHE pa3Mep CBETOBOJIHOMN
xWibl nopsiaka 50-60 MKM, 4YTO [1€J1a€T BO3MOKHBIM PAaCHPOCTPAHECHHUE

0OJIBIIIOTO YKcia Jyueid (MHOTO MOJI).

r-|1 r-|1

ﬁ- r-lE WE

a) 0)

Puc. 10.2. Tunvl c6emo6o0os:
a — 00HOMO008bie,; 6 — MHO2OMOO08bIe.

Oba Tuma BOJIOKHA  XapakTEpPHU3YIOTCA  JIByMsS  BaKHEHIIUMU
napaMeTpaMHy: 3aTyXaHHeM U JUCIePCHei.

3aryxanme oObIuHO U3MepsieTcs B 1b/KM U onpenensercs noTepsMu Ha
MOTJIOIIEHHE M Ha PACCESIHUE W3JIyYEHHS] B ONTHYECKOM BOJIOKHE (CM.
puc. 10.3). IToTepu Ha MOTIOIIEHHE 3aBUCAT OT YACTOTHI MaTepHaia, MOTECPU
Ha paccesHue 3aBUCAT OT HEOJHOPOJHOCTEW IOKa3aTeNsl IPEJIOMIICHUS
Marepuaia.
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Puc. 10.3. 3asucumocms 3amyxanust om O1uHbl 801HbI

Jpyroii BaKHEWIIMHA NapaMeTp ONTUYECKOTO BOJIOKHA — JHMCHEPCHS.
Jlucnepcusi — 3TO paccesitHUEe BO BPEMEHM CIEKTPAJIbHBIX M MOJOBBIX
COCTABJISIFOLIMX ONTHYECKOro curHajna. CylecTBYIOT TpHU THIIA JUCIEPCHM:
MOJI0Basi, MaTEpUAJIbHAS U BOJIHOBOJIHAS:

— MOJ0Basg JAUCHEpPCHs IIPHUCYIa MHOIOMOJOBOMY BOJIOKHY H
oOycCliOBJIeHa  HaJIuyuMeM  OOJbIIOr0  4YHcClia  MOJ,  BpeMms
pacrpoCTpaHEHUs KOTOPBIX Pa3IMYHO;

— MaTepHAJIbHasl QucHepcusi 00ycIOBIEHa 3aBUCUMOCTBIO MMOKA3aTesl
MIPEJIOMIIEHUS OT JJIMHBI BOJIHBI,

— BOJIHOBOJHAasl JMcHepcusi 00yCIIOBJIEHA MPOLEeccaMi BHYTPU MOJIbI U
XapaKkTepU3yeTcs: 3aBUCUMOCTBIO CKOPOCTH PaCIpPOCTPAHEHUS MOJbI
OT JUJIMHBI BOJIHBI.

ITOoCKOJIBKY CBETOAMOJ WIIM JIa3ep U3JIy4aeT HEKOTOPBIM CHEKTp JJIMH
BOJIH, IMCIIEPCUS ITPUBOJUT K YIIUPEHUIO UMITYJILCOB IIPU PACITPOCTPAHEHUIO
IO BOJIOKHY M TEM CaMbIM IOPOKIAET MCKaXKeHHsI cuUrHanoB. [Ipu ouenke
MOJIB3YIOTCSI TEPMUHOM «I10JI0Ca TIPOITYCKAaHUSD — 3TO BEJIMYMHA, 0OpaTHas K
BEJIMYMHE YIIWPEHHUS WMITYJbCAa NPHU MPOXOKACHUUM UM IO ONTHYECKOMY
BOJIOKHY pacctosiHus B | km. M3mepsiercs nonoca nponyckanus B MI'm - km.
N3 onpenenenus nmoaocel NpOIyCKaHUs BUIHO, YTO AUCIIEPCUS HAKIIAAbIBACT
OTPaHUYEHHE Ha JAJIBHOCTb MEPEAaYd M Ha BEPXHIOK  YacTOTY
[IepeIaBAEMBbIX CUTHAJIOB.
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Ecnu nmpu pacnpocTpaHeHuHn CBeTa MO MHOTOMOJIOBOMY BOJIOKHY Kak
MpaBujIoO TpeodagaeT MOAOBAas UCIEPCHS, TO OJHOMOJOBOMY BOJIOKHY
MPUCYIIH TOJIBKO JBa MOCHEAHUX TUNa Aucnepcun. Ha nmmnae BonHbI 1,3 MKM
MarepualibHasi W BOJHOBOAHAs JUCIEPCHUM B OJHOMOJIOBOM BOJIOKHE
KOMITICHCHPYIOT JIPYT Ipyra, 9TO OOECIeYrBACT HAWBBICIIYIO MPOIYCKHYIO
CIIOCOOHOCTb.

3aTyxaHu€ M JUCIEPCHUS Yy Pa3HbIX THUIIOB ONTHYECKUX BOJOKOH
paziunbl. OHOMOI0OBBIC BOJIOKHA 00JIaal0T JYYIIUMHU XapaKTePUCTUKAMHU
10 3aTYXaHMIO U 10 MOJIOCE MPONMYCKaHUs, TaK KaK B HUX PACIPOCTPaHACTCs
TOJBKO OJAUH Jiyd. OjHaKo, OJHOMOJOBBIE MCTOYHUKH H3JIYyYCHHUS B
HECKOJIBKO pa3 JOpOK€ MHOTOMOJIOBBIX. B OJTHOMOJ/IOBOE€ BOJIOKHO TpyAHEE
BBECTH M3JIYUYCHHME H3-3a MaJIbIX Pa3MEpPOB CBETOBOJIHOM >KHUJIbI, IO ATOM K€
MIPUYUHE OJJHOMOJOBBIC BOJOKHA CJIOHO CpallUBaTh C MAJIBIMU MOTEPSIMHU.
OKoOHIIEBaHHE OJHOMOJIOBBIX KaOejel ONTHYECKUMH pa3beMaMH TakKXKe
00XOaUTCS TOPOKE.

MHoroMo0BbI€ BOJIOKHA 00Jiee yIOOHBI MPU MOHTAXeE, TaK KaK B HHUX
pasmMep CBETOBOJHOM KUJIbl B HECKOJBKO pa3 OOJbIIE, YEM B OJJHOMOJIOBBIX
BOJIOKHaX. MHOrOMO/IOBBI KaOedb TPOINEe OKOHIIEBATh ONTHUYECKUMHU
pazbemamu ¢ ManbiMu notepsmu (10 0,3 dB) B cteike. Ha mHOTOMOI0BOE
BOJIOKHO pacyuTaHbl M3JIy4daTeld Ha JJIMHY BOJHBI 0,85 MKM - cambie
JOCTYIIHbIE W JICIIEBBIE HW3JIy4YaTeNIM, BBITYCKAa€Mbl€ B OYEHbH IITUPOKOM
accoptumente. Ho 3aryxaHue Ha 3TOM JJIMHE BOJIHBI Y MHOTOMOJIOBBIX
BOJIOKOH HaxonuTcs B mpenenax 3-4 dB/kM u He MOXeT ObITh CYIIIECTBEHHO
yiyuuieHo. [Tonoca nponyckanusi y MHOTOMOJIOBBIX BOJIOKOH jocturaet 800
MI'11 - kM, YTO PUEMJIEMO ISl JIOKAJIBHBIX CETEM CBSA3U, HO HE JOCTATOYHO
JUIS MAruCTpaabHbIX TUHUM.

10.3. BoJ/1okOHHO-ONITHYECKHIT KA0EIb

BTopbiM BaXHEWITUM KOMIOHEHTOM, OMPEIESISIONINM HAJIEKHOCTh U
nosnroseunocts BOJIC, siBnsiercs BosiokoHHO-onTuueckuit kabens (BOK). Ha
CeTOMHSI B MHUPE HECKOJBKO IECSITKOB (PHPM, MPOU3BOAAIIUX ONMTHUECKUE
kabenu pasznuuHoro HasHaueHus. HaumbOonee wsBectHble uM3 Hux: AT&T,
General Cable Company (CHIA); Siecor (®PI'); BICC Cable
(BenukoOpuranusi); Les cables de Lion (®panums); Nokia (OunnsHaus);
NTT, Sumitomo (SAnmonus), Pirelli(Mtanus), Samsung (Kopes).

10.3.1. Knaccudukanuys ontuaeckux kadbeneit csizu

Ontuueckuit kadenb (OK) cocTouT M3 CKpy4YEHHBIX MO ONpeIeICHHON
CUCTEME ONTHYECKHMX BOJIOKOH U3 KBaplEBOrO CTeKJIa (CBETOBOMOB),
3aKJIFOUCHHBIX B OOIIYIO 3alIUTHYIO 000s104Ky. [Ipu HeoOXoaumMocT Kabeb
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MOXKET COZAepX aTh CHIIOBbIE (YIMPOYHSIONINE) U ASMI(PHUPYIOIINE 3JIEMEHTHI

[13].

CymectBytomme OK 1o cBoemMy Ha3HA4eHHIO MOTYT  OBITh
KJIacCU(PUITMPOBaHBl HA TPHW TPYIIBI: MarucTpajibHbIC, 30HOBBIE U
ropojickue. B oTnenbHBIC TPYMIBl BHACIACTCS MOABOJHBIC, OOBEKTOBBIE U
MoHTaxkubie OK.

1. Marucrpanbubie OK npegnazHavarotcs ajsi nepeiadyd UHQoOpMaluu
Ha 0OJIbIIIME PACCTOSIHUS U 3HAYUTEIbHOE YUCIIO KaHAIOB. OHU JOJKHBI
o0najaTh MalbIMHU  3aTyXaHMEM U Jucrhepcued u  OOJIbIIOH
MH(OPMAITMOHHO-TTPOITYCKHOM CIIOCOOHOCTHIO. Hcnone3yercs
OJTHOMOJIOBOE BOJIOKHO C pa3MepaMu cepjieBuHbl / obomouku 8/125
MKM. JImuHa BoaHb 1,3...1,55 MKMm.

2. 3onoBble OK ciyxat 11 OpraHU3aid MHOTOKaHATBHOU CBSI3U MEXKIY
00JIaCTHBIM ILIEHTPOM M pailOHaMH C JAIBHOCTBIO CBsI3UM A0 250 KM.
Hcnonb3yroTes rpaIneHTHBIE BOJIOKHA ¢ pa3zmepamu 50/125 mxwm. J{nHa
BOJIHBI 1,3 MKM.

3. Topoackue OK mpuMeHSIOTCS B KAadeCTBE COCIUHUTEIBHBIX MEXKIY
ropoackumu ATC um y3mamu cBsizu. OHM paccyuMTaHbl Ha KOPOTKHE
paccrosauss (mo 10 kM) u Oonblioe YHMCIO KaHalloB. BosokHa-
rpaguenTtHbie (50/125 mxm). ynuna Bonusl 0,85 u 1,3 MKkM. DTu nuHuUM,
KaKk  TpaBwio, paboraroT  0e3  MPOMEXKYTOUHBIX  JIMHEHHBIX
pEereHepaTopos.

4. THoasoanble OK npemHazHauvarOTCs JJIs OCYIICCTBICHHS CBSI3U uUepes
Oonpivie BomHbIe Tperpaabl. OHHM  JOMKHBI 00JagaTh BBICOKOM
MEXaHMYECKON MPOYHOCTBIO Ha pa3pblB M HUMETh HAJICKHbBIC
BJIATOCTOMKHE MOKPBITUA. J[JIsI MOABOAHOM CBSI3U TaKXKE€ BAXXHO UMETh
MaJjioe 3aTyXaHue U OOJIbIINE ITTMHBI PEreHEPAlMOHHBIX YYaCTKOB.

5. OobekroBble OK cnyxar s mnepepaud HH(QOpMauuMuU BHYTPHU
o0bekTa. Cro/1a OTHOCSITCSL YUpexkaeHUYeCKasi U BUaeoTeedOHHas CBSI3b,
BHYTPEHHSISI CE€Th KaOEIbHOTO TEJIEBUACHHS, a Takxke OOpTOBbIE
MH(OPMAIMOHHBIE CUCTEMbI MOJBUKHBIX O0OBEKTOB (CaMOJeT, KOpaldib
u ap.).

6. Monraxkuble OK wucnonb3yroTcss [isi BHYTPU- U MEXKOJIOYHOIO
MOHTa)ka annapaTypbl. OHH BBITIOJIHSIOTCS B BUJIE KT'YTOB WJIN MIOCKUX
JICHT.

10.3.2. KoncTpykuuu ontuyeckux kademneit

Konctpykumu OK B OCHOBHOM ONpPEACHSIOTCS HA3HAYEHUEM U
00JlacThl0 HMX TNpUMEHEeHHUs. B CBSI3W ¢ OITUM HUMEETCS MHOIO
KOHCTPYKTUBHBIX BapUaHTOB. B HacTosimee Bpems B pa3jIMUHBIX CTPaHaX
pa3zpabaThIBaeTCs M M3TOTABIMBAETCS OOJBIIIOE YHCIIO THIIOB KaOeIeH.
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OnHako Bce MHOTO0OOpa3ve CYHIECTBYIOIIMX THUIIOB KaOenaeldl MO>KHO
MOJIPa3IesATh Ha TpH rpymibl (cM. puc. 10.4):
— Ka0enH MOBUBHOW KOHLIEHTPUYECKON CKPYTKH;
— kabenu ¢ PUrypHBIM CEPACUYHUKOM;
— IUIOCKHE Kabenu JIEHTOYHOTrO THIIA.

F F ¢ &

%

Puc. 10.4. Tunosvie koHcmpyKyuu onmuyeckux xabeneu:
a — NOBUBHAS KOHYEHMPUUECKAs CKPYMKA, 6 — CKpymKa 60Kpye NpoQuiuposaHHozo
cepOeyHuKa; 8 — NIOCKas KoHcmpykyus, | — 6010KkHO, 2 — cunosou snemenm; 3 —
Odemngupyrowas obonouxa, 4 — sauumuas 0060104Ka, 5 — NPOPUIUPOBAHHBIU CEPOSUHUK,
6 — IeHmbl ¢ OJIOKHAMU.

Kabenu mepBoit rpymnmbl HUMEIOT  TPAJUIMOHHYI)  TTOBHBHYIO
KOHIEHTPUYECKYIO CKPYTKY CEpJCYHHMKA MO AHAJOTHHM C JJIEKTPUYECKUMHU
kabensimu. Kaknpiii mocienyromuidi MOBUB CEpJACYHUKA IO CPABHEHHUIO C
IpeabIAYIUM UMEET Ha IIECTh BOJIOKOH Oouibine. M3BecTHBI Takue kabemnu
MPEUMYIIIECTBEHHO C YMCJIOM BOJIOKOH 7, 12, 19. Yaiie Bcero BOJIOKHA
pacmoJiararoTcs B OTACJIBbHBIX MIACTMACCOBBIX TpyOKax, 00paszys MOIYJIH.

KabGenu BTOpO# Tpynmbel UMEIOT B LEHTpPE (UTYPHBIM IJIACTMACCOBBIN
CEepACUYHMK C MMa3aMu, B KOTOpbIX pazMemaroTcs OB. [1a3bl 1 COOTBETCTBEHHO
BOJIOKHA pACMOJIaratOTCsl MO TEIUKOUAE, W MO3TOMY OHU HE MCIBITHIBAIOT
MIPOJIOJIBLHOTO BO3JIEHCTBUS HA pa3phiB. Takue kabenu MOTyT coaepxarth 4, 6,
8 n 10 BonokoH. Eciin HE0OX0arMO HMMETh KaOenb OOJBIION €MKOCTH, TO
MPUMEHSIETCSI HECKOJIBKO TIEPBUYHBIX MOJTyJICH.

Kabenb TEHTOYHOTO TUIIa COCTOUT U3 CTOMKH IUIOCKUX IJIACTMACCOBBIX
JIEHT, B KOTOpPbIE BMOHTHPOBAHO ompeaeneHHoe uncio OB. Yame Bcero B
JIEHTE pacroyaraercsi 12 BOJIOKOH, a YUCIO JIEHT cocTaBisieT 6, 8 u 12. Ilpu
12 nenTax Takoi kabemb MOXET cofepkath 144 BoIOKHA.

B ontrueckux kabemsix kpome OB, kak nmpaBuiio, UMEIOTCS CIETYIONTUE
aeMeHThI [13 — 16]:
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o CHJIOBBIC (YHOPOYHSIOIIME) CTEp>KHU, BOCIPUHUMAIOIINE Ha cels
IIPOIOJIbHYIO HATPy3Ky, Ha pa3pbIB;

e 3aIOJIHUTEIIX B BUJIE CIUIOIIHBIX IIACTMACCOBBIX HUTEM;

e APMUPYIOIIME DJIEMEHTHI, MOBBIIIAIONIME CTOMKOCTh Kalens mpu
MEXAHUYECKUX BO3JAECHUCTBUSAX;

e HApy)XHbIE 3alIUTHbIE OOOJIOUKH, MPEAOXPAHSIONIME Kadelb OT
NPOHUKHOBEHUSI BJAru, I1APOB BPEIHBIX BEIIECTB M BHEUIHUX
MEXaHUYECKUX BO3/ICHCTBUM.

B Poccun u3roraBimBaroTcs pa3iinuHble TUNBI U KOHCTpyKiui OK. s
OpraHU3allid MHOTOKAHAIBHOUN CBA3U IPUMEHSIOTCSI B OCHOBHOM YETHIPEX- U
BOCHMHUBOJIOKOHHBIE KaOemu.

10.4. OnTuyeckue cCoOeTUHUTEIHN

[locne Toro, Kak ONTHYECKUH KaOedb TMPOJOKEH, HEO0OXO0IAUMO
COCIMHHUTH €T0 C IpueMo-Tiepeaaroniei anmaparypoii [13 — 16]. Coenath 310
MO>KHO C TIOMOIIBIO ONTHYECKUX KOHHEKTOPOB (coenunureneit). B cucremax
CBSI3U UCIOJIB3YIOTCSI KOHHEKTOPBI MHOTHX BUI0B. CerofHsl Mbl pACCMOTPUM
JUIIb OCHOBHBIE BHUJbI, TOJYYMBIIHE HaWOOJbIIEC PACHPOCTpaHEHUE B
mupe. BuenHuit Buj pa3beMoB nokazad Ha puc. 10.5.

5T R ———

Puc. 10.5. Kounexmopul

XapaKkTepuCTUKA KOHHEKTOPOB mpeacTaBicHbl B Tabmume 10.1 [13 —
16]. BoabmmuCcTBO Tip6opoB BOJIC uMeErOT po3eTku (aaantepbl) MO OIHH
U3 TIEPEUUCIICHHBIX BUJOB KOHHEKTOPOB.
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Tabauya 10.1

TEJIEKOMMY- |KaOenpHOe u3MepuT. | [lyriekcHble

Tun paseema JIBC Hukaiun | TB anrmaparypa |CHCTEMbI CBSI3U (urcanus
FC/PC + + + pe3noa
ST + + BNC
SMA + + pe3bba
SC + + + + Push-Pull
LC + |+ + Push-Pull
E-2000 + |+ + Push-Pull
DIN + o+ + Pe3rba
FDDI(MIC) | + + Push-Pull

®ukcamms «Push-Pully obecnieurBaeT NOAKIIOYCHUE KOHHEKTOPA K
po3eTke Haubosiee MPOCThIM 00pa3oM — Ha 3alleiKe. 3alieska-pukcaTop
o0ecreynBaeT HAAEKHOE COEIMHEHHE, NpPU O3TOM HE HYXHO BpauiaTh
HAKUJIHYIO Taiiky. BaxkHoe mpemmyIiecTBo pazpeMoB ¢ Qukcanued «Push-
Pull» — 3T0 BBICOKas MIOTHOCTH MOHTaXa ONTUYECKUX COCTUHHTEICH Ha
pacupenenuTeNbHbIX U KPOCCOBBIX MAHEISIX U YI0OCTBO MOAKIIOYEHUS.

10.5. JJIeKTPOHHBIE KOMIIOHEHTBI CHCTEM ONTHYECKOM CBA3U

[TepBoe nmokoJieHNE MEepPeIaTYNKOB CUTHAIOB MO ONTUYECKOMY BOJIOKHY
Obio  BHenpeHo B 1975 roay. OcHOBY nmepedaTyMka  COCTaBIISI
CBETOM3IYYAIOIUN Auoja, padoTtaromuid Ha jiauHe BojHbl 0,85 MKM B
MHOTOMOJIOBOM pE&XHMe. B TedeHune Mocneayromux Tpex JeT IMOSBUIIOCH
BTOpPOE TMOKOJIEHHE — OJHOMOJIOBBIE TEpeaaT4YrKH, paboTaronue Ha JJTMHE
BOoiHHBI 1,3 MkM. B 1982 rony poaunocs TpeTbe MOKOJIEHHE NMEPENATUNKOB —
JMOJTHBIC JTa3epbl, padoTaroliye Ha JyIuHe BOJHBI 1,55 MM [13 — 16].

HccnenoBanus MpoI0JDKAIUCh U BOT MOSBUIIOCH Y€TBEPTOE MOKOJICHUE
ONTUYECKUX MEPEeIaTUNKOB, JaBlIee HAYaI0 KOTEPEHTHbIM CHCTEMaM CBSI3H —
T.€. CUCTeMaM, B KOTOPBIX MH(OpMaLUs NepenacTcss MOAYISAINEH YacTOThI
win ¢a3pl u3TydeHHus. Takue CHUCTEMbI CBSI3U OOECIEUUBAIOT TOPa3/o0
0O0JIBIIYIO JATLHOCTh PACIPOCTPAHEHHS] CUTHAJIOB MO ONTHYECKOMY BOJIOKHY.
Crnemnanuctel ¢pupmbl NTT moctpounu 6e3pereHepaTopHyI0 KOTEPEHTHYIO
BOJIC STM-16 na ckopocts niepenauu 2.48832 ['0ut/c mpoTsHKEHHOCTHIO B
300 kM, a B naboparopusix NTT B nHauanme 1990 roma ydeHble BIEpBBIC
CO3/Maly CHUCTEMY CBS3M C NPUMEHECHHEM ONTHYECKHUX YCHUIUTENeH Ha
ckopocth 2.5 I'6ut/c Ha pacctosiaue 2223 kM [13].

[losiBieHMEe ONTHYECKUX yCHUIUTENed Ha OCHOBE CBETOBOJIOB,
JIETUPOBAHHBIX 3pOMEM, CIOCOOHBIX YCHJIMBATH MPOXOASIIUE 10 CBETOBOLY
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curHansl Ha 30 dB, gamo Hayamo MATOMY MOKOJEHHIO CHCTEM OINTHYECKOU
cBsi3u. B Hacrosiiee BpeMs OBICTPHIMU TEMIIAMH Pa3BUBAIOTCSI CHUCTEMBI
JaJlbHEN ONTUYECKOW CBS3U HA PACCTOSIHUS B THICSYH KHJIIOMETPOB. Y CIIENTHO
AKCIUTyaTHpYIOTC TpaHcaTiaanTuaeckue yuann cBsizu CIIA-EBpona TAT-8
u TAT-9, Tuxookeanckas nunus CIIIA-I"aBaiickue octpoBa-Anonus TPC-3.
Benytcs paboThl 0 3aBEpILIEHUIO0 CTPOUTENHCTBA TII00ATBHOTO ONTHYECKOTO
konpla cBs3u  Anonums—Cunranyp—Muaus—Caynosckas Apasus—Eruner—
Wranus [13].

B nocnemHue ronapl HapsAay C KOTEPEHTHBIMH CHUCTEMAaMH  CBSI3U
Pa3BUBAETCS aJbTEPHATUBHOE HANPABJIEHUE: COTUTOHOBBIE CHUCTEMBI CBSI3U.
COIMTOH — 3TO CBETOBOM MMIYJILC C HEOOBIYHBIMH CBOWMCTBAMH: OH
COXpaHsieT CBOIO (OpPMY U TEOPETHUYECKH MOXKET PaCHpPOCTPAHATHCSA 10
«HUJICATTLHOMY» CBETOBOJly O€ecKOHE4YHO Jajneko. COJUTOHBI SBIAIOTCS
WJICaJIbHBIMA CBETOBBIMH UMITYJIbCAMHM ISl CBSI3U. JJIMTENBHOCTH COJTMTOHA
coctaBisger npuMmepHo 10 TpunmoHHBIX Josiel  cexkyHael (10 mc).
COJIMTOHOBBIE CHUCTEMBI, B KOTOPBIX OTIEIbHBIA OUT HHGOPMALIH
KOJIUPYETCS HAJIMYMEeM WJIM OTCYTCTBHEM COJIMTOHA, MOTYT HUMETh
MPONYCKHYIO CIOCOOHOCTh He MeHee 5 1'0ut/c Ha pacctossHuu 10 000 kM
[13].

Takyro cucrteMy CBSI3M MOPEANOJAracTcs HCMHOJb30BaTh Ha YkKe
NOCTPOCHHOW TpaHcatTiantTuueckod nuHuu TAT-8. [ns storo mpuaercs
noAHATh noaBoAHbI BOK, nmeMOHTHpOBAaTH BCE pereHepaTtopbl U CPacTUTh
BCE BOJIOKHA HampsmMyo. B pe3ynbrare Ha MOABOAHON MarucTpaiu He OyaeT
HH OJIHOTO MPOMEKYTOYHOTO pereneparopa [13].

10.6. IIpyMeHeHMe BOJIOKOHHO-ONITUYECKUX JIMHUI CBA3H

BonbminHCTBO upM pa3zpabaThiBacT M YCTaHABJIMUBAET JIOKAJIbHBIE U
maructpaiabuble cet Ethernet, Fast Ethernet, FDDI, ATM/SDH ¢
OPUMEHEHUEM ONTHYECKUX JIMHUM CBS3M MO TpEM INpuYuHaM. Bo-NepBbIX,
3TO BBIFOJIHO. [IpH ycTaHOBKE MPOTSHKEHHBIX CETMEHTOB CETH HE TPeOYIOTCS
MTOBTOPUTENU. BO-BTOPBIX, 3TO HAJIEXKHO. B ONTHYECKUX JTUHUAX CBSA3H OYEHB
HU3KHI YypOBEHb IIYMOB, 4YTO I[O3BOJIIET TMepeAaBaTb HH(POpPMAILUIO C
kodbdummenToM oumbok He Gomee 10™°. B TpeTbHX, 3TO MEPCIEKTHBHO.
BonokoHHO-ONTHYECKHME  JMHUM  CBA3M  TO3BOJISIIOT  HapaliuBaTh
BBIUMCIIUTEIbHBIE  BO3MOXXHOCTM  CE€TM  0e3  3aMeHbl  KaOeJbHbIX
KOMMYyHUKalMil. [Ins  3TOro HYXHO TIPOCTO  YCTAaHOBUTH  OoJjiee
OBICTPOJICHUCTBYIOIINE MEpPEAaTYUKM M MPUEMHHKU. DTO BaXHO IS TeX
NOJI30BATEIIEN, KTO OpUEHTHpYETCA Ha pa3Buthe cBoei JIBC.

Kabenpb a1 CBSI3U CETMEHTOB CETH CTOMT HEJIOPOro, HO pabOThI MO €ro
MIPOKJIAIKE MOTYT COCTaBUTh CAMYK KPYINHYIO CTaTblO pacxoloB IO
yctaHoBke ceTu. [lorpebyeTcst Tpyn HE TOJIBKO TEXHHUKOB-KaOEIbIIUKOB, HO
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M 1LIEeJIOM KOMaHJbl CTPOUTENEH (IUITYKaTypOB, MaJspOB, 3JIEKTPUKOB), YTO
000OMAETCS HENEIEBO, €CIM YYECTh BO3PACTAIOLIYI0 CTOUMOCTH PYYHOIO
Tpyna. OcHoBHble Tomnosioruu JIBC: «mmHa», «3Be3ga», «KoJabLo». B
HACTOSIIIIEE BpEMsSI ONTUYECKOE BOJOKHO CJIOXHO HCIHOJIb30BaTh MpHU
CTPOUTENBCTBE OOLIEH IWIMHBI, HO €ro YyJO0OHO HCIIOJIb30BaTh MJIsi CBS3U
«TOYKa-TOYKa», IPUMEHSIEMOM B TOMOJOTUU «3BE3Aa» U «KOJIBLIOY.

Cxema BOJIC (cMm. puc. 10.6), npumensiembix, B yactHocTH, B JIBC,
yCTpOEHA CJIEIYIONIUM 00pa3oM: 3JIEKTPUYECKHM CHUTHAN UJET OT CETEBOTO
KOHTPOJUIEpa, YCTAHABIMBAEMOTO B pabOuyyl0 CTAHIMIO WJIH CEpPBEP
(manpumep, cereBoil koHtposiep Ethernet), 3arem moctymaer Ha
AJIEKTPUYECKUI BXOJA TpaHCHBepa (HAalpuMeEp, ONTUYECKUH TpaHCHUBED,
Hanpumep, ISOLAN 3Com), KoTOpbIil peoOpa3yeT dMEKTPUUSCKUNA CUTHAT
B ontrueckuid. Ontrueckuii kadens (Hampumep, OKI'-50-2) mpucoeaunsercs
K ONTUYECKUM pa3be€MaM TpaHCUBEpAa C TIOMOLIBIO  ONTHYECKUX
coeaunutenei (Hamnpumep, ST).

DneKTpUYeCcKuit
CUTHaJI

E O
)y 4
J J
2
Puc. 10.6. Cmpyxkmypuas cxema onmuiecko2o KaHania césa3u.

1 — mpancusep; 2 — onmuueckuii coeduHumenv, 3 — onmuyeckull Kaoerv, 4 — mecma
c8apKu.

DneKTpUIeCcKuit
CHUTHAN

—)

OITHYECKUN CUTHAT

X
X

PaccMoTpum Heckoibko BapraHTOB cTpouTteancTBa BOJIC [13 — 16].

1. BOJIC BHyTpu opHoro 3aaHus. B 3ToM ciydae pisi CBA3M
npuMensiercss BYxXBOJOKOHHbIM OK (tmna «Jlamma»), KoOTOpeIl mpHu
HEOOXOAMMOCTH MOXKET ObITh mposoxkeH B TpyOke [THJ/[-32 mox danbii-
MOJIOM WJIM BJIOJIb CTEH B JIEKOPaTUBHBIX KopoOax. Bce paGoTel MOTYT OBITh
MPOU3BEJICHbl CaMHM 3aKa34MKOM, €CIIM TIOCTAaBJSIEMbI Kabenb Oyner
OKOHITOBaH COOTBETCTBYIOIUMH KOHHEKTOPAMHU.

2. BOJIC mexny 3manusimu cTpoutcs ¢ mpokiankoi BOK mu6o mo
KOJIOJIIaM KaOeJIbHBIX KOMMYHHUKaIuid, Ju00 myteM moaseca BOK mexmy
ornopamu. B 3ToM ciydyae HE0OOXOAMMO 00ECHEeUUTh COMPSHKEHHE TOJICTOrO
MHOTOBOJIOKOHHOTO Ka0elis ¢ ONTHYeCKUMU TpaHcuBepamu. Jljist 3Toro
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HCIIOJNIB3YIOT KaOenbHbIE My(ThI, B KOTOPBIX POU3BOAUTCS pa3/iesika KOHIIOB
BOK, unentudukamus BOJOKOH M OKOHIIEBAaHHE BOJOKOH KOHHEKTOPAMH,
COOTBETCTBYIOIIMMHU BBIOpAaHHBIM TpaHCHBEpaM. OTy pabOTy MOXKHO
BBITIOJTHUTH HECKOJIBKUMU CIIOCOOAMHU.

3. Moxno 3akazate BOK B cnenmansnom ucnonHenuu Break-Out. Oto
Oojee mgoporoil BapuaHT, 3aT0 KaOelb MOXHO Cpa3y OKOHIIEBATh
ONTHUYECKUMU KOHHEKTOpPaMH, BBIBECTH W3 MY(PThl OKOHIIOBAHHBIE MOIYJIH
(HYpbI, MOJ00HBIE MOHTAXXHBIM MPOBOJIaM) M MOAKIIOYUTH UX K MPUEMO-
nepenaolie anmaparype.

4. MoXHO TIpUBapHUTh K pa3[eilaHHbIM B KaOeabHOW MydTe BOJIOKHAM
ONTHYECKHE IIHYPHl C KOHHEKTOPaMH Ha OJIHOM KoHIe (pig tail). dnuna pig
tail BeIOMpaeTcs U3 cooOpakeHuil y100CcTBa JUIsl TT0JIb30BaTelNs (Hanpumep, 3
M).

5. MOXHO OKOHIIEBaTh BOJOKHA KOHHEKTOPAMHU U BOTKHYTh KOHHEKTOPHI
M3HYTPU B ONTHYECKHE pPO3eTKU (coupling), BMOHTHUPOBAHHBIE B CTEHKY
ka0enbHON MyPThl. CHapyXH B coupling BTBIKAE€TCSI KOHHEKTOP ONTUYECKOTO
IIHYpa, BEAYIIEro K MprueMo-TiepeIalolie anmnaparype.

Bo3Moxubl u apyrue crnocoosl cTthikoBkM BOK ¢ ontuueckumu
TpaHCcHUBEpaMu. Y KaKIO0Tro Croco0a ecTb CBOU IOCTOMHCTBA M HETOCTATKH.

Ocobo crnenyer cka3aTb O HEOOXOJUMOCTH ONTHYECKOIO KpOCC-
KoHHekTa. CreqyeT OTMETUTh, YTO 3a IOCJIEIHUE ToJbl pa3paboTaHO
HECKOJIBKO CITIOCOOOB CpallMBaHMs ONTHYECKUX BOJIOKOH. YHMBEPCATbHBIM
CUMTAETCS CIOCO0 CpallMBaHMs BOJOKOH ITyTEM CBApKH Ha CIEHUaTIbHOM
anmapate. Takue anmapatbl npousBoaar pupmel: BICC(BenukoOpurtanus),
Ericsson (IlIBemnus), Fujikura, Sumitomo(fmnonus). Beicokas cToMMOCTh
CBApOYHBIX aNNapaToB CTajla NPUYMHOW CO3JaHUSI albTEPHATUBHBIX
TEXHOJIOTHIA CpalllMBaHUs ONTHYECKUX BOJIOKOH.

Hanpumep, 17151 ObICTPOro COEIMHEHHSI BOJIOKOH ceiuac UCIOJIb3YIOTCS
crnenuaibHO pa3paboraHHble  (Qupmol 3M  MeXaHMUYECKHE «CIUIaCh»
(splice). D10 miacTUKOBBIE ycTporcTBa pazmepamu 40x7x4 MM, COCTOSIINE
U3 JBYX 4YacTeil: Kopmyca ¥ KpBIIIKA. BHyTpH Kopmyca HaxoIUTCs
CHEIMATbHBIA  JKen00, B KOTOPBI C pa3HBIX CTOPOH BCTaBISIOTCS
COCNMHSEMbIC BOJIOKHA. 3aTeM HaJEBAaeTCA KpBINIKA, SBISIONIASICS
OHOBpeMEHHO 3amMkoM. Ocolas KOHCTPYKIUSI «cCIUIaiica» HaJeKHO
HeHTpUpyeT BoJiokHa. [lomyuaercs repMeTHYHOE M KayeCTBEHHOE
COeIMHEHHE BOJIOKOH ¢ motepsiMu Ha cTtbike ~0.1 nb. Takue «crmaiice»
0COOEHHO YIO0OHBI TP OBICTPOM BoOccTaHOBieHUH moBpexacHuii BOJIC.
Bpewms Ha coenrHeHuE ABYX BOJIOKOH He IpeBbimaeT 30 CeKyH/ MOcie TOro
KaK BOJIOKHA TIOJITOTOBJICHBI (CHSITO 3alIUTHOE TMOKPBITHE, CIENaH CTPOTO
NEePIeHANKYISAPHBIA CKOJ). MOHTaxX BeneTcst 0e3 TpUMEHEHHUs Kies u
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CHEIHATLHOTO 000pYAOBaHMS, UYTO OYEHb YyAOOHO Tmpu pabore B
TPYJIHOAOCTYITHOM MECTE (HalpuMep, B KaOEIbHOM KOJIOALIE).

@upma SIECOR npegnaraer [Apyryr0 TEXHOJOTHIO —CpallMBaHUS
BOJIOKOH, MpPH KOTOPOW BOJIOKHA BBOJATCS B MPEIHM3UOHHYIO BTYJIKY. B
MECTE€ CTBIKA BOJIOKOH BHYTPHU BTYJIKM IOMEIIEH I'ejlb HA OCHOBE CHUJIMKOHA
BBICOKOW TMPO3PAayHOCTH C TIOKa3aTesleM MpPEIOMIICHHs, ONU3KHUM K
MOKA3aTel0 MPEJOMIICHHSI ONITUYECKOT0 BOJIOKHA. DTOT Telib 00ecrieunBaeT
ONTHUYECKUI KOHTAKT MEXIY TOpPIIAMH CpallMBAa€MbIX BOJIOKOH U
OJIHOBPEMEHHO T€PMETUZUPYET MECTO CTHIKA.

MoHTaX ONTUYECKUX JUHUN CBA3U MPOBOJSAT C MOMOIIBIO CBAPOUYHOTO
anmapara, Hanpumep pupmbl «Fujikura type 30 S». DToT anmapat 1mo3BossieT
CBapuBaTh JIOOBIC TUIIBI BOJOKOH B PYYHOM M aBTOMATHYECKOM pEXUMAX,
TECTUPYET BOJOKHO IEpe] CBAPKOM, yCTaHABIMBAET ONTUMAJIbHBIE TapaAMETP
paboOThl, OLICHMBAET KAauye€CTBO IMOBEPXHOCTEM BOJIOKOH MEpe] CBAapKOW,
U3MEPSIET NOTEPU B MECTE COEIMHEHHI BOJIOKOH M, €CIIM 3TO HEOOXOAUMO,
JaeT KOMaHIy MOBTOPUThH cBapkKy. Kpome 3Toro ammapar 3amuuiaeT MecTo
CBapKH CIEUMAJBbHOM THIB30H M TMPOBEPSIET HAa NPOYHOCTh CBAPHOE
coelMHEHHE. Amnmapar  MO3BOJIIET  CBapuBaTh  OAHOMOJOBBIE U
MHOTOMO/I0BbI€ BOJIOKHA ¢ moTepsimu 0.01 nb, 9To SBIAETCA MPEBOCXOIHBIM
pe3ynpraToM. Ocob0 XOoyeTcsl cKazaTh O CHEHUaJbHO pa3paboTaHHOU
METOJIMKE OIICHKM KauecTBa CBapku. B ammaparax Apyrux KOHCTPYKIUH,
Hanpumep BICC, BonokHO wm3rubaercs, 1 B MecTe M3ruba CBapHMBAEMOIO
BOJIOKHA BOJUTCSl M3JIy4CHHE Ja3epa, KOTOPOE PErHCTPUPYETCS B MECTe
u3ruba BTOPOrO CBApHMBAEMOIo BOJIOKHa (oronpueMHukoMm. Ilpu Takom
crocobe HU3MEpEeHUIl BOJOKHO TOJBEpraercss upe3MepHod naedopmanuu
u3ruba, 4To MOXKET MPUBECTH K OOpa30BaHUIO TPEIIMH HAa ATOM YYaCTKE
BOJIOKHA. «SUMItOMO»» MPOBOAMT U3MEPEHUS HEPA3PYIIAIOIIUM CIIOCOOOM Ha
OCHOBE 00pabOTKM BHUJECOMH(POpPMAIIMK TIO CHEHUAIBHO pa3paboTaHHBIM
aJIrOpUTMaM.

B npouecce monTaxka BOJIC ocymiecTBiaseTCss TECTUPOBAHUE JTUHUM C
NOMOILBIO  onTHdeckoro  pedaekromerpa. OauuM w3 Haumbosee
NPUCTIOCOOJICHHBIX — ammapaToB Uil J3THX LeJed  SBIsieTcs  MUHH-
peduekromerp dupmbr  «Ando  AQ7220». Jlerkuit ©  KOMITAKTHBIN
(340x235x100 mm,4.6 xr, ¢ BCTpOCHHOU OaTapeeii Ha 3-4 yaca paboOThI), OH
0oco0eHHO yno0eH s paboThl B TOJIEBBIX ycnoBusAx. [Ipubop wumeer
BHYTPEHHIOIO MaMsiTh, 3.5 TUCKOBOJ, )KECTKUN TUCK (JIOMOTHUTEIBHO).

[Ipupoct oObema MNpoAaX MNPUBOIUT K 3HAUMTEIBHOMY CHU)KCHHIO
ctouMocTH Bcex koMmroHeHToB BOJIC, a HOBbIe TEXHOJIOTUN CTPOUTENHCTBA
ONTHYECKUX ceTel MO3BOJISIOT CO3/1aBaTh BBICOKOHA/I€’KHbIE
TEJIEKOMMYHHUKAIHH.
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I')TABA 11. TIloMexu B KaHAJIaX CBA3H

11.1. Tunsl momex
Iomexm — ciydaliHble BO3JCHCTBHS, HUCKaXAIOIIUE IEpEAaBaCMbIi
CUTHAJ.

Bo3zaeiicTBue momexu Ha CUTHaAJI MOXKET ObITh JBOsSIKMM. Eciu momexa
E(t) ckmampiBaeTcs ¢ curHanoMm S(f) m Ha BXOJ NMpHEMHUKA JEHCTBYET MX
cymma X(t) =E&(t) +5s(t), To Takyro moMexy Ha3bIBaIOT AITUTHBHOIM.

Ecnu pe3ynpTupyrOmuid CHTHal pPaBEH IMPOU3BEACHUIO TMOMEXH H
nepenaBaemMoro  curHama  X(t) =§(t)-s(t), To momexy Ha3BIBaIOT
MYJbTUIIJIMKATUBHOM.

MyabTHIVINKATHBHASI  TIOMeXa  BBIpaXaeTrcss B H3MEHEHUHU
XapakTepucTuK JUHUU CBs3u (compotuiienue JIC, udacrtora cpesa JIC,
HenuHeHocTh xapaktepuctuk JIC). CTaHgapTHBIX CIIOCOOOB KOMIIEHCALIUU
MYJIbTUIUIMKATUBHON MMOMEXH HE CYIIECTBYET. BennunHa moMexu 3aBUCUT OT
KadyecTBa CPEJICTB KaHajia CBSI3U U Ka4eCTBa OOCITYKUBAHUS.

AnauTuBHass nmoMmexa He 3aBucut oT JIC u omnpenenseTcs BHEUIHUMU
BO3JICHCTBUSIMU Ha Cpely Mepeaun CUTHAJIOB.

ITockosbky MOJABJISIOIIEE OOJBIITMHCTBO COOOIICHHMI B
POMBIILJICHHOW TEJIEMEXaHUKE MepenaéTcsi Mo MPOBOAHBIM JIMHUAM CBSI3H,
KOTOPBIE SIBJSIFOTCS TUHEUHBIMH 3JIEKTPUUECKUMU LEMAMH, IPU BO3ICUCTBUU
NOMEX Ha O3TH LEeNu MYJbTHUIUIMKATUBHbIE TIOMEXUM HE BO3HHUKAIOT.
BozpelictBue 1oMex Ha TNEpelnaBacMblii CUTHAJI HWMEET aAJAUTUBHBIN
xapaktep. [ToaTomy Oynem paccmaTpuBaTh TOJIBKO aAUTUBHBIC TOMEXH.

11.2. Kaaccupukanusi ajAuTUBHBIX MIOMEX U HCTOYHUKOB

AJTUTUBHEIE
IOMeEXH

Turner Hcrounuku
ToMex TIOMeX
| 1
[ | |
HNmmynecHbIE Onykryannonnsie| |['apmoHnuyeckue TemmoBere H  HIIpomMslmneHHbIE
HpobGoebie H  HArmocdepubie
DoH,

—  HIlepexpécTHbie

HaBOAKH

Kocmunueckue

Puc. 11.1. Knaccugpuxayus aooumusnvix nomex
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[To ¢opme ammutuBHBIe ToMexu (cMm. puc. 11.1 wm 11.2) MoxHO
pa3lleauTh  Ha  COCPEJNOTOYEHHBbIE  BO  BPEMEHU  (MMIIYJIbCHBIE),
rapMoHH4ecKre (COCpeI0TOYCHHEBIE IO YacTOTe).

—
—

)

0 N N

B)

Puc. 11.2. Tunwvi nomex:
a — UMnyIbCHble, O — (IyKmyayuonenvle, 6 — 2apMOHUYECKUe.

Hcrounnkun momex: VCcTOuHMKaMyM TIOMEX SBJISIFOTCS  BHEIIIHUE
BO3/ICHCTBUS M BHYTPEHHUE IITYMbI, BO3HUKAIOIIUE B IEMSAX U armapaType.

K BHyTpeHHUM IIyMam OTHOCSITCS TEIUIOBBIE IIYMbI, BO3SHHKAIOIINE
u3-3a OECHOPSAOYHOIO ABMXKEHMSI CBOOOIHBIX 3JIEKTPOHOB B MPOBOAAX U
pe3ncTopax M MIyMbl, 00YCIOBICHHBIE TPOOOBBIM 3(H(PEKTOM B IJIEKTPOHHBIX
Jammax W TOJYNPOBOJHUKOBBIX Mpubopax. B pesynpraTte npoOoBOTO
spdexTta TOK HE SBISETCA TMOCTOSHHBIM U (PIYKTYyUPYET OTHOCHTEIBHO
CpEIHEro 3HAaYeHHUs.

BayTpeHHHE HIyMBI CYIIECTBYIOT BCErJa M SBJISIOTCS HCTOYHUKAMU
(GIYKTYyallHOHHBIX TIOMEX, KOTOpBIC MPUHIIAIIAAIBLHO HEYCTPAHUMBI, WX
HEO0OXOJIMMO OTPaHUYUBATb.

HauGosnpiiee BausiHME Ha KaHa CBSI3M OKA3bIBAIOT BHEITHUE TTOMEXU,
TJIABHEHIIIMMHU U3 KOTOPBIX SIBJSIOTCS NMPOMBINLIEHHbIE (MCKYCCTBEHHBIC)
noMexu. [IpoMbIIITIEHHBIE TOMEXU CO3JAI0TCSl PA3IMYHBIMU YCTPOMUCTBAMM:
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ANEKTPOJBUTATENSIMH, AIEKTPOCBAPKOW M T.1. OCHOBHOM NPUYMHOW 3THUX
MOMEX SBJSETCA MCKPOOOpPa30BaHUE, CBA3AHHOE C Pe3KMM IpepbIBaHUEM
TOKA B JJIEKTPUYECKUX LETAX B IIPOLECCE UX KOMMYTAILIUH.

ATMocdepHbIe IOMeXH 00YCIOBIEHBI MEPEMEIICHUEM IIEKTPHUIECKIX
3apsaa0B B atMochepe. MOHUN CO3aI0T TOKOBBIE pa3psi/ibl B IECATKU THICSY
aMIIep, ¥ TIOMEXHU OT HUX HOCAT UMITYJIbCHBIM XapaKTep.

11.3. DayKTyallMOHHbIE IOMEXHU M UX XapaKTePUCTUKHU

@NyKTyallMOHHBIE IIOMEXH  SIBJLSIIOTCS  PE3YJbTaTOM  HaJOKECHUS
OO0JIBIIIOTO YKCIIAa UMITYJIbCHBIX TIOMEX, BCIIECACTBUE UYErO KpUBasl HAMPSKEHUS
IIOMEX SBJSETCA HENPEPBIBHOM BO BPEMEHH CIIyYalHOW BEJIWYMHOM.
[ToaToMy (IyKTyallMOHHBIE TOMEXH OIHKCHIBAIOTCS  BEPOSITHOCTHBIMU
XapaKTEPUCTUKAMH.

QyKTyalMOHHbIE ITOMEXH, UMEIOLIME NMPAKTUYECKU HEOTPAaHWYEHHBIN
CIIEKTp YaCTOT, HA3bIBAIOTCS «OeIbIM IryMmom» [1].

benplii  mym  XapakTtepusyercs  HOPMaJIbHBIM  (TayCCOBBIM)
paclpeneneHueM MIHOBEHHBIX 3HAYCHUM aMIUIMTYJ HAIpsDKEHUS IOMEXU
U, [17]:

o(U,) =#.e;{ulilj | (11.1)

rane U - — CpelHEKBaJpaTUYHOE HAIPSDKEHUE IIOMEXH, (O — IIOTHOCTb

BEPOSATHOCTHU MTOMEX ITPU HOPMAJIBHOM PACTIPEIEIICHNH.
@yKTyalMOHHBIE TOMEXHU XAPAKTEPU3YIOT CIEAYIOIINE TapaMeTphI:

1. VaenbHoe HanpsbkeHue mnoMexu — d3(PQPEeKTUBHOE HaNpsHKEHHE
MOMEXH Ha €IMHUILY YaCTOTHOM MOJIO0CH NPUEMHOTO PUIIbTpA:
U
—_ TIICK
G, = —F= (11.2)

rae AF — nuana3oH 4acTOT KaHaJla CBSI3H.

2. VienbHast MOIIHOCTh TIOMEXH G .

3. OTHOIIEHUE CUTHAJI/TIOMEXa — OTHOLIEHHWE aMIUIMTYAbl curHaia U, k
aMIUTATYZE IOMEXHU:

o= —m (11.3)

JE.UHCK .

4. OTHOILLIEHNE PHEPTUU CUTHAJIA K YAEIbHOU MOITHOCTU MTOMEXHU:

o2 =é- JuZdt. (11.4)
0 o0
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11.4. CocpenorovyeHHbIe MOMEXH

CocpenoTOUYCHHBIC TIOMEXH TOIPA3ICISIFOTCS Ha ciieaytorume [1]:
1. Anepuoanueckas momexa (cm. puc. 11.3).
U
A

Y.

Puc. 11.3. Anepuoouuecxas nomexa

Anepnozmqecxy}o IIOMCXY MOKHO OIIMCATh BBIPAKCHHUCM:

U= 0, t<0 (11.5)
Cle® t>0 '
2. Tlonynepuomuveckas momexa (cm. puc. 11.4)
U
Jt
0

Puc. 11.4. Ilonynepuoouuecxkas nomexa

[TonyneproanyecKyro NoMexXy MOXKHO OIUCATh BBIPAXKEHUEM:

0,t<0
U= _ . (11.6)
e .sin(wt), t>0

11.5. IToMexoycTOMYMBOCTE NepeaaYu CHTHAIOB
IlomexoycTOiYMBOCTH — 3TO CHOCOOHOCTH CHUTHala MPOTUBOCTOSTH

NEUCTBUIO TIOMEX (T.€. COXPaHSTh COJIEpPXkallylocs B HEM HH(POpPMAIIHIO,
HECMOTpS Ha JIEHCTBUE MTOMEX).

IMorenumaabHasi HOMeX0yCTOﬁqHBOCTb ME€Toda CBA3U — IIPCACIBbHO

JOIyCTUMas TOMEXOYCTOMYUBOCTh, KOTOpash MOXET ObITh oOecreyeHa
MJICaJIbHBIM TPUEMHUKOM.

PeasibHasi IOMEX0YCTOHYHMBOCTb — 3TO ITOMEXOYCTOMYMBOCTh METOAA

nepcaadu ¢ UCIIOJIb30BaHMCM HCOIITHMAJIBHOI'O HpI/IéMHI/IKa.
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Tpanchopmanus  TejileMeXaHHMYECKOT0  COOOIEHUSI —  3TO
HEOOHAPYKEHHOE M3MEHEHUE TEJIEMEXaHUYECKOTO cooOIIeHuUs],
BO3ZHHKAIOIIEE TIOJ[ IEWCTBHEM IOMEX W TMPHUBOJMIICE K MPUEMY JIOKHOTO
CUTHAaJA.

11.5.1. [IoMexX0yCTOMYNBOCTh JUCKPETHBIX CUTHAJIOB

DeMeHTapHBIA TUCKPETHBIA CUTHAN CONEPKUT OJUH OUT MH(OPMAIIH
«l» nmmm «0». IloMeXOoyCTOMYHMBOCTh TAKOTO CHUTHAlda XapaKTEepU3yeTCs
BEPOSTHOCTHIO MPABIIIBHOTO MPpHEMa CUTHAJIA TIPU 33IaHHOM YPOBHE TTOMEX.

O6oznaunm p(1—0) — BeposATHOCTH JOKHOTO Tpuéma «0» BMECTO
«equaub», P(0—1) — BEeposSTHOCTH JOKHOTO MpuéMa «1» BMecTo «0».

I[JI?I CUMMCTPHUYHOI'O IBOMYHOI'O KaHalia 663 IMaMATH 3TU BCPOATHOCTHU
OJHUHAKOBBLI N XAPAKTCPU3YIOTCA BCPOATHOCTBIO HpI/IéMa JIOKHOI'O CHI'HaJia
p=pl—>0)=p(0—>1).

COOTBETCTBEHHO IMOMEXOYCTOMYMBOCTh CHUTHAJIA XapaKTEpU3YETCS
BEPOSITHOCTHIO TMPABWIBHOrO MpuéMa (=1—p mnOpu 3aJaHHOM YpPOBHE
IIOMCX.

11.6. IToMex0ycTOIYMBOCTH MOPOr0OBOr0 NMPUEMHHUKA

[ToporoBelii NpUEMHHUK pearupyeT Ha MIHOBEHHOE 3HAUYE€HHUE YPOBHS
IIPUHUMAEMOT'0 CUTHAJIA.

IIycts mnepenaércsi amIUIMTYIHO-MOIYJIMPOBAHHBIA IPSIMOYTOJIbHBIN
curHan c¢ ammmrygod U . Torma, normyeckas «l» COOTBETCTBEHHO

BEPXHEMY YPOBHIO, a «0» — OTCYTCTBHIO curHaia (cM. puc. 11.5a).
[Toporoselii npuéMHuk umeer nopor U,. Ecnm npuxonsumii curaan

MPEBOCXOUT MOPOT, TO NPUEMHUK (pukcupyer «1», eciau Her, To «0» (cM.
puc. 11.50).

UA «“1” UA Un(t) A\ A "A I
A ] \Y V_VV \i A
4 A
Un Us Uo Unm
y \ “0r Gt 1), fan r !
0 <« T e T . EANE -« T »
a) 6)

Puc. 11.5. Bpemennas ouacpamma cuenanr/nomexa:
a — amMnaumyoOHo-MoOYIUPOBAHHBIU NPAMOY2OLbHbIU CUSHAL, O — NPOXONCOCHUE CUSHANA
yepes nopo2oesiil NPUEMHUK.
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BeposiTHOCTH TOro, 94To MOMEXa JAOCTUTHET IOPOTOBOTO YPOBHS, IPH
KOTOPOM TPHEMHHK BOCIPHUMET IIOMEXYy KaK CHTHAJ, ONpPEeIsIeTCs
ciexyromumM oopasom [1]:

p(U, 2U,) = pO0—1) = [ oU,)dU, =

(11.7)

UH
UHCK

- \27 U, ..

DTO BBIpAXEHUE COOTBETCTBYET 3aAIITPUXOBAHHON 00J1acTH Ha rpaduke
pacrpe/elIeHUs IUIOTHOCTH BEPOATHOCTH IToMexu (cMm. puc. 11.6).

w,

BN

Uo

o(Uy)

A
=

[

A

<7

Puc. 11.6. Pacnpedenenue niomuocmu 6epoamuocmu nomMexu:
@ — NoJe3Hblll CUSHAL omcymemeyem,; 6 — R00AgIeHUe CUSHALA NOMEXOIL.
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U, U

Ecnu 0603Ha4UTE =B u ¥ =7,
U, U
=B, =12, 11.8
TIICK B UHCK ( )
MOJTYYHM
1 7 22
pU, 2U,)=—=[e ? dz=v(p), (11.9)
27w i

rne V() — uHTerpan BeposTHOCTH.

Takum 00pa3oM, BEpPOSTHOCTH MPEBBIIMICHUS MOMEXOH IOPOrOBOTO
ypoBus U,, 1.e. p(0—1), Bopaxaercs uuTerpaioMm V(B) u sBusercs

OJHO3HA4YHOM (yHKIMEH moporoBoro ypoHs U, Ipu 3agaHHOM YpOBHE
nomex U __ .

AHanoruyHbIM  00pa3oM OIpPENENseTCs BEPOATHOCTb IOAABICHUS
CUTHajla IIOMEXOH, T.e. BEPOSITHOCTb TOTO, YTO IIOMEXAa OKaKETCs II0
aOCOIIOTHON  BEIWYMHE JIOCTAaTOYHOM, YTOOBI  «IOJABUThL»  CHTHAI
ammmryast U 10 yposas, menbmero Uy, te. U [>U, —U, [1]:

Un—Yo

1 TICK —EZZ
Ppl—0)=—— e? dz. 11.10
trll] (11.10)
BrIpa3zuB BepXHUM Mpeiell Yepe3 OTHOIICHHE CUTHAJ/ToMeXa
U

T (11.11)
U S, IOIy4YuM
1 a2-p _1e
pl—>0)=—= [ e? dz:v(a 2—[3). (11.12)

V2m

JIns cMiMMETPpUYHOT O KaHalia
pl—0)=p(0—>1) = B=a2-B, re. B:yﬁ. (11.13)

Ecnu moacraBuM o 1 B, TO MOJYyYUM YCIOBUE CUMMETPHYHOTO KaHAJa
TS IPOCTEUIIIETr0 TOPOroBoro npuéMuunka [1]:

U,=—=o. (11.14)

Takum o0pa3om, JJisi CAMMETPHUYHOTO TBOMYHOTO KaHaia BEPOSTHOCTh
JIOXHOTO TpuéMa OMTa BhIpaXKaeTCsl HHTETPaJioM BeposiTHoCTH [1]:
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P=v(p) =v(%). (11.15)

11.7. IToMex0ycTOIYMBOCTH H1eaJIbHOT0 NPUEMHHKA
KoteabHuKOBa (MOTEHUAJIbHAS MIOMEX0YCTONYHUBOCTD)

B Teopun nokaspiBaeTcs, 4TO HAWIy4ylIed MOMEXOYCTOMYHMBOCTHIO B
yCclIOBUAX (IYKTYallMOHHBIX TIOMEX oOJafgaeT MNpUEMHUK, B KOTOPOM
POU3BOJUTCS CpPAaBHEHUE TOJy4YaeMbIX CHUTHAJIOB C WX oOpasuamu
(3TaJIOHaMM) ¥ BBIYKCIISICTCS SHEPTUS PA3HOCTH IPUHATOTO curHaia [1]:

1= [ - AT 1, = [Ix(0) - AOFt (11.16)

rae A(t) —»aTanoH nepBoro curxaia.

Ecmm |, —1,>0 = mpunsar A(t). Ecmm |, -1, <0 = mpunsar A (t).

B o0miem ciydae pa3HOCTh CPaBHHBACTCA C HEKOTOPHIM IOPOTOBBIM
3HaueHueM L, T.e. ecim I, —1,>B, to X(t) otHocar xk A(t), ecim
I, -1, <B, 10 X(t) oTHOCAT K A,(t).

[ToMex0yCTOMYMBOCT, ~ HMICATBLHOIO  NMPUEMHUKA TNPH  HpUéMe
JTMCKPETHBIX CHUTHAIOB («1» u «0») B 00mmeM ciaydae omnpenesseTcs
cooTHomeHusiMu [1]:

p(0—1) =v(B); p(l—0)=v(oxV2—P); (11.17)
0l =i-J [IA®M-AMFdt. (11.18)
Gy \o

PaCCMOTpI/IM HOMeXoyCTOﬁqHBOCTb naCaJIbHOI'O HpI/IéMHI/IKa Bl ABYX
JUCKPCTHBIX CHUIHAJIOB IIPH PA3JIMYHBIX HMMITYJIbCHBIX IIPHU3HAKAX, IIOJIarasd,
9TO KaHaJ CBA3HU CHMMGTpH‘-IHLIfI, T.C..

PL—0) = p(0—1) =B =0,/2. (11.19)

11.7.1. AMIUIUTYTHBIN NTPU3HAK
Hns  BumeocurHanma: A (t)=U_, nmmarensHocThio 7, A, (t)=0,
TIOJTy9aeM:

(11.20)

Hns paquocurnana: A (t) =U,, -sin(wt), nmurensnocteio 7, A, (1) =0,

A
\/E'Go .

noay4aem [1]:

o = (11.21)
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Ecim pacrer o, CIENOBaTeNbHO, PacTeT IOMEXOYCTOMYMBOCTb, U

CJICOOBATCIbHO HOMGXOYCTOI‘/’I‘IHBOCTB BHACOUMIIYJIbCA BBIIIIC, 4CM
paauoOuMIIyJIbCa.

11.7.2. YacToTHBIN IPU3HAK
[Tycthb A)=U_ -sin(mt), A (t)=U,_ -sin(o,t), CUTHAII
JIUTENBFHOCTEIO 7 . [IogcTaBUM 3TH BBIpaKEHHUS B O, MOIydnM [1]:

Gy

(11.22)

Oy

CrnenoBaTeNnbHO, TP MCTIOIB30BAHUH YaCTOTHOTO MpH3HAKa (4aCTOTHON
MaHUITYJSIITAN) TTOMEXOYCTOMYMBOCTh IO CPAaBHCHHUIO C aMIUIUTYIHBIM
MPU3HAKOM W HCTOJB30BAHUEM PAIUOCHUTHATIOB (aMILTUTYTHAS MOTYJISITNS)
MOBBINIACTCS, JOCTUTAsT TIOMEXOYCTOMYMBOCTH CHUTHAJIOB MOCTOSSHHOTO TOKa
(BUICOUMITYJILCOB).

11.7.3. [TonstpHBI pU3HAK
[lycte A()=U,, A({)=-U,, curman mmrenbHOCTBIO T. B
pe3yinbTaTe  Yero  BEJIMYMHA  ITOMEXOYCTOWYMBOCTH  ONPEICISICTCS
BeIpaykeHuem [1]:
_2:Upr

Gy

(11.23)

Oy

CnenoBaTenbHO, TOJNAPHBIM  MMMYJIbCHBIM  TPHU3HAK  HaumboJjee
IIOMEXOYCTOMYUBBIN U3 BCEX PACCMOTPEHHBIX BBIIIIE.

11.7.4. [[I1pOTHO-UMITYJIBCHBIN MTPU3HAK
[Mycte  A(t)=U,, A(t)=U,, mmrensHOCTRIO 7,. BennunHa
MOMEXO0YCTOMYMBOCTH B 3TOM CIIydae:

U _
=V (11.24)
Gy

CrnenoBaTenbHO, MOMEXOYCTOMYNBOCTh MIMPOTHO-UMITYJIBCHOTO
OpU3HaKa 3aBUCUT OT PAa3HOCTU JIUTEIBHOCTEW MMITyJIbcOB «1» um «0» m
MOKET OBITh TIONydy€Ha CKOJIb YTOAHO BBICOKOW MpPH YBEIUYECHUU OTOU
Pa3HOCTH.

11.8. MeToabl NOBBIMICHUS IMOMEXOYCTOMYHUBOCTH JAUCKPETHBIX
CUTHAJIOB

CyIIecTBYIOT ClIeAyoIIre MeTo bl [1]:
l. [TapameTpuyecKkue METOIBI.
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OcHoBaHbI Ha BIOOpE HanOoJee BHITOIHOTO BUa MOIYJISIIUU U
UCIIONIb30BaHUE KOPPEKUMHU (POPMBI U AITUTEIBHOCTH HMITYJIbCOB
(moxbop MeToIa repeaayn).

Il. [TpumeHeHre N30BITOUYHBIX KOPPEKTUPYIOIIUX KOJIOB.
1. N30BITOYHOCTH TepeIaBaeMbIX COOOIIICHUA.
V. Hcnonb3o0BaHre 00OpaTHOrO KaHaa.

MeToabl 60pbOBI ¢ HIOMEXaMU
1. YMeHbIIIeHUE SHEPTUN TTOMEX.
1) VnaneHue UCTOYHHMKA TOMEX OT KaHasla CBSI3H.
2) DKpaHMPOBAaHHE UCTOYHHUKA TIOMEX.
3) IlpaBuibHOE BBIIOJHEHUE 3a3eMiIeHUH (cM. puc. 11.7).

1

a) 0)

Puc. 11.7. Illpumep peanuzayuu 3a3emienuii:
a — HEMPaBWIHHOE BBHITIOJTHEHUE 3a3eMJICHUN; O — MPaBUJILHOE BBIMOJHEHUE
3a3€MJICHUM.

2. Ucrionb30BaHue CXeM MOJIaBIICHUS TTOMEX.

3. YMeHbIlIeHHE Tapa3uTHBIX CBS3ed MEXAy KaHAJIOM CBS3U W
UCTOYHUKOM TIOMEX (Pa3HOCSAT CUJIOBBIE M CHUTHAJIbHBIE Kabenu,
AKpaHUPOBAHUE, UCTIOIb30BAHNUE raJIbBAHUYECKON PA3BA3KH).

4. YBenuueHue MOMEXOYCTOMYMBOCTH CHUTHaJIa (YBEJIWYEHUE DHEPIHH
CUTHAJIa,  HCIOJb30BAHME  IOMEXOYCTOMYMBOIO  KOJMPOBAHUA,
nepegaya € NOBTOPOM,  HMCHOJIB30BAHME  INOMEXOYCTOMYHUBOM
MOTYJISIIUN).

5. Ucnonp3oBanue pazauyuil MEX1y CUTHAJIOM U TIOMEXOH.

1) Hcnosib30BaHNe OTpaHUYCHUN CUTHAIA.
2) OunbTparms.
6. KomOmHUpOBaHHBIE METO/IBI.
1) JduddepeHimanbHble JUHAN CBSI3H.
2) Tlpuém ¢ mpeackazaHHEM.
3) WnTterpupoBaHue ¢ BEIOPAHHBIM HHTEPBAJIOM.
4) CrpobupoBaHre MPUEMHHKA U TIEPEAaTUHKA.
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I''TABA 12. MuxkponpoueccopHbie TejieMeXaHu4eCKHe CHCTEeMbI

12.1. O01mue cBeJeHus 0 MHUKPOIPOLECCOPHBIX
TeJIeMeXaHN4YeCKHX CHCTeMAaX

[IpuHnunuaabHOE  OTIMYME  MHUKPOIPOLIECCOPHBIX  CHUCTEM  OT
TPaJAMIIMOHHBIX CHCTEM TEJIEMEXaHUKH TPEeIbIAYIIEro IOKoJeHus (Ha
UHTErpajJbHBIX MHUKPOCXEMaX HHM3KOTO U CPEAHETr0 YpOBHS HHTETPALUM)
COCTOUT B TOM, YTO (PYHKITMH ¥ TIapamMeTpbl MUKPOIPOIIECCOPHBIX CHUCTEM
3aIaf0TCSl TPOTPAMMHBIMU CPEACTBAMU TIPH HEU3MEHHOMW SJIEKTPUUYECKOM
CXeMe M KOHCTPYKITUN YCTPOKCTB.

MIT TMC o6nanaioT psaaoM IOMOTHUTEIbHBIX (YHKIUNA (OCHOBHBIC
npeumytiectsa) [1]:

1. TeneoOpaboOTKa JaHHBIX.

2. YnpaBneHue  oOmUMU  WIM  WHAUBUAYAJIbHBIMH  CpPEICTBAMHU
O0TOOpakeHUs UHPOPMAIIUH.
KoHTpob 3a co0ItoieHreM perjiaMeHTa.
CrnexeHue 3a mpeiesiaMyd U3MEHEHHS TapaMeTPOB.
KoHTposb 10cTOBEpHOCTH MepeaBaeMon (TojrydaemMoii) nadopmanuu u
KOHTPOJIb UCITPABHOCTH JIATYUKOB.

6. Perucrtpanus, xpanenue u oToOpakeHre nHPOpMaIru.

7. IlporpamMMHass peanu3arisl aJalTUBHBIX  aJITOPHUTMOB  TEepeaadun

uH(popManuu.

8. Peammzarust caMoTeCTHPOBAHUS U PE3CPBUPOBAHUS.

9. IIporpaMMHasi COBMECTHMOCTD Pa3IUIHBIX YCTPOMCTB.

Cpenan MUKpPOTIPOIIECCOPHBIX TEIEMEXaHHMUECKUX CHCTEM B JIUTEpaType
[1] BBLEENAIOT TelEeMEXaHWYECKHE CHUCTEMBbI C CIMHONM CHCTEMHOM
MarucTpaiblo U TEJIEMEXaHNUYECKUE CUCTEMBI C BTOPUYHBIMU MaruCTPaJISIMHU.

Ha puc. 12.1 mnokazan mpumep CTPYKTYpbl TeJIEeMEXaHUYECKOTO
KOMIIJIEKCA C €IMHOW CUCTEMHOM MarucTpaibio, a Ha puc. 12.2 — cTpykTypa
TEJIEMEXaHUYECKOM CUCTEMBI ¢ BTOPUYHBIMH Maructpasisivu [1].

ok w
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Puc. 12.1. Cmpyxmypnas cxema menemexaHuiecko2o KOMNIEKca ¢ eOUHOU
CUCTNEMHOU MAUCMPATBIO:

.| UbY Buemusas naMaTh
MKIT,
o3V, II13Y,
Talimep, KOHTpOJLIED
NpepbIBaHUMI KoHTpoJuiep pacuinpeHus
CucremHast Maructpaib
HNaTepdeiic Monynu
(mapasutenbHbIH, (byHKITHOHAJIBHBIC
MTOCJICA0BATEIbHBIN ) BBOJIa-BbIBOJIa
m
> = i A
7 5 y HCKpPETHbBIE HaJIOTOBBIC
M = 2 CUTHAJIHI, CUTHAJIHI,
= 5
= = 5 JaT4YUKH JaTYNKH
5 =l | 2
= X
5 o

MKII — mooyne muxponpoyeccopa, LIPY — yenmpanvuuiti 610k ynpasnenus, [113Y —
MOOYIIU nepenpozp. NOCMOSHHOU NAMAMU.
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CucremMHast MarvucTpajib

Monaynu pyHKIMOHATBHEIE
Kontpoiep

BBOJIa-BBIBOJIA

v

BBoa-BrIBOJ

BBoa-BBIBO B >

? AEREOL e >

biiounsie - -
Broa-BeIBOS

MaruCTpalin - -

- -

|- -

MaFI/ICTpaHB BBOJAa-BbIBOAA

Puc. 12.2. Cmpyxmypnas cxema menemexaHuieckol Cucmemsl ¢ 6MOPULHbLMU
Ma2ucmpanimu

Kak npaBuiio, TeneMeXxaHWYECKHWE CHCTEMBI C €IMHOM CUCTEMHOMU
MaruCTPAIBIO SIBIISIFOTCS MaJIOKAHAIBHBIMHU, & C BTOPUYHBIMU MATrUCTPAIISIMU
— MHOTOKaHAJIBLHBIMHU.

12.2. NHpopManiuOHHO-BBIYNCIUTEIbHbIC CETH B TeJIEeMEXaHUKE

Tenemexanuyeckass ceTb — 3TO COBOKYIIHOCTh  YCTPOWCTB
TCIIEMEXaHUKH, JIMHUM CBSI3H, CHCTEM CBS3H, (YHKIHOHHPYIOUIHE B
peasbHOM BPEMEHH B LiessIX yrpasieHus [1].

CTpykTypa TejleMeXaHHMYeCKOW CeTH — 3TO COBOKYITHOCTH ITyHKTOB
ynpasienust (ITY), TepMHHAIOB W Apyrue JOMOJHUTEIIBHBIC MYJIbTHI, H
CXEMbI, COCAMHSIONINE X KaHaJbI CBs3M [1].

Cetu ObiBatoT [1]:

— ueHtpanm3oBadubie (ITY-1);

— JIeLIEHTpalIn30BaHHble (MHOTO paBHONpaBHBIX [IY ¢ Touku 3peHus

CETH).
[IpocThie ceTn KaaccuGUIUPYIOTCS, KaK MPeACTaBIeHO Ha puc. 12.3.
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ITpocTthie ceTn

MOCJICIOBATEIbHBIE  MApaIJIC/IbHBIC paguanbHbIC
o—o0—o0—0 &>
MeHee HaaEKHbIC pe3epBUpOBaHUE
(B ci1. pa3pbiBa) (6onee HanéxHpie)

Puc. 12.3. Kraccughuxayus npocmuix cemetl

CTpyKTyphI TeJIeMEXaHHYECKUX CeTel IpecTaBiIeHbl Ha puc. 12.4 [1].

oV
> T

a) 0)
arry

ny O l
\O Ly 1y 1Y

TANVANRVAN

B) r)

Puc. 12.4. Cmpyxmypor menremexanuueckux cemel:
a — YeHmpaiuszo8amHas mejlemexanudeckas cemov ¢ oouum I1Y; 6 — Opesosuonas
CmpyKmypa, 6 — Kycmoedas cmpykmypa, 2 — uepapxudeckas cmpykmypa, LIV —
YEeHMPANbHbILL NYHKM YIPAGIEHUS.

Kos¢ppuuueHr wuepapxum — 3TO KOJIMYECTBO KOHTPOJIUPYEMBIX

MYHKTOB, OJHOBPEMEHHO TIOMYUHSIOMINXCS OJHOMY WYHKTY YIPaBIICHUS
(osiBaet 20-30 u mo 20000).
Tomnosorus TejreMexaHU4YeCKUX ceTel mpecrarieHa Ha puc. 12.5 [1].
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a) 0)
B) r) 7
i | |
1) ¢)
oﬁ 0\\
)

Puc. 12.5. Tononocus menemexanuueckux cemeii.
a — MoYKa-moyKka, O — MHO2OMOYEYHASI (MHONCECMBEHHAS PAOUATIbHASL C OOHOBPEMEHHBIM
0OMEHOM); 6 — MHO2OMOUEUHAs (MHOMCECMBEHHAS PAOUAIbHASL ¢ NOCIe008aAMeNbHbIM
0OMEHOM), 2 — MHO2OMOYEYHAsL PAOUANIbHASL C OOHOU JUHUEU C853U;, 0 — MHO2OMOYEUHAs
KObYesas, e — 36e30000pa3HaAsl; HC — MOCH U W03,

Moct coenuHsieT OJHOpOAHBIE Ilienu, Tpaduk He wmeHser. [llmro3

OTHENSIeT IIeMH HE TOJbKO JIOTUYECKH, HO W HWH(OPMAIHUOHHO (CM.
puc. 12.5x).

12.3. CranpgaprHbie KoaoBble (opMaThl mnepeaay JAaHHBIX B
TeJeMeXaHMYeCKUX CUcTeMax

Cranmaptet MOK 1o cucremaM TeleMEXaHUKH NPEAYyCMaTPUBAET
omnpeneséHHbIe KOJOBbIE (PopMaThl JJisi 0OECIEUCHHS MOMEXO03alUIIEHHON
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mepeaadyd JIaHHBIX Ha Oonbimme paccrosHus. K takum  dopmaTtam
(mpotokonam) otHocsTes [1]: FT1.1; FT1.2; FT2; FT3.

Conepxanne ¥ (YHKIIMOHAIHLHOE HA3HAYCHUE CHUTHAJIOB, KOTOPBIMH
OOMEHMBAIOTCS ~ TIEepefaronias W NpUHUMAlomas  CTaHIUd B
TEJIEMEXaHUYECKIX CHCTEMax, B MPOIECCe peali3allid TOr0 WA HHOTO
KJlacca JMAJIOTOBBIX TIPOIEIYp 3aal0TCsl CICHAIBHBIMU  CITY>KEOHBIMU
OaifTaMu, KOTOpbIe Hapsay ¢ WHQOPMAIMOHHBIMA OalTaMu BXOAAT B
KOJOBYIO KOHCTpyKIuio [1], oOpasyromiyro Kaapbl COOOIICHHH (CM.
puc. 12.6).

Crapt (¢iar)

LA JnuHa L
% VYnpapienue C Cb:
5 Anpec A S
g Janueie D A
™y KoHTpoJb CS

A JlaHnble D é _¢
o KOHTpOJII) CS 4=
(D) :
= JlaHHbIC D =

J KoHTpoJib CS| 3 Zi

Konen

Puc. 12.6. Cmpyxmypa kadpa coobuenutl

Takum  00pa3zoM, OOIIyl0 CTPYKTYPHYHO CXEMY COBPEMEHHOM
MHUKPOITPOIIECCOPHOM TEJIEMEXaHMYECKOW CHCTEMBl MOXXHO TPEICTaBUThH B
BHjIe puc. 12.7.

Hcrounuk
»  KoaupoBanue » Monysanus » JIC
Cco00IIeHUs _‘
ITpuémuuk
» JleMomy sy »| JlexoaupoBaHue >
COOOIIIEHUS

Puc. 12.7. Cmpyxmypnas cxema cospemenHol meiemexanuieckol cucmembl
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12.4.  MuxponpoueccopHasi TejeMeXaHHYecKasi CHCTeMa Ha
npuMepe komiuiekca «I'panur»

B 1992 romy Obu1  OCHOBaH HMH(pOPMAIMOHHO-YIPABIISIOMIAMA
teneMmexannueckui komruieke (MY TK) «I'paHuT-MuKpO».

Pa3zpaboTunk KOMILIEKCA «I"paHUT-MHKPO» — Hay4HO-
IPOU3BOJICTBEHHOE Npeanpustue «IIpomakcey.

OCHOBHBIM BHJIOM AESATENbHOCTH «I paHUT-MHUKpPO» SIBIISETCA MMOCTAaBKa
n comnpoBoxaenne NUYTK cepun «I'panut» (TK «I'panur-mukpo», TK
«I"paruT-M») BO BCE OTpAC/IM MPOMBINIJICHHON ¥ HETIPOMBIIIJICHHOU Cephl.

NupopmaninoHHO-yTIpaBISIOIHIA TEJIEMEXaHUYECKUI KOMIIJIEKC
«'paHAT-MHUKPO» SIBISAETCS HOBBIM IIOKOJEHHEM IIMPOKO H3BECTHBIX
KOMIUIEKCOB ceMencTBa «I paHuT», KOTOPBIN IMMOBCEMECTHO IKCILUTYyaTUPYETCS
yxke 6onee 15 nmer. Hapsay c nydmmmu pemeHussMM 0a30BOTO KOMILIEKCA
NYTK «I'panut» B UYTK «I'paHUT-MUKpPO» BHEIPEHBI MPUHLIUIIHAIBHO
HOBBIE TEXHUYECKHUE, CUCTEMHBIE U CXEMHBIE PEILICHUS.

NYTK «I'paHuT-MHKpO» TMO3BOJSIET 00pabaThiBaTh, PETUCTPUPOBATH
TeJeUH(OpPMaLMIO U TIepefaBaTh Ha JUCHETUEPCKUE IMYHKThI, OTOOpakaTh
onepaTUBHYIO MH(pOpMalMI0 Ha paboueM MecTe MEepCOHala, JUCTAHIIMOHHO
yIpaBJsATh 00OpyIOBaHHMEM C paboyero Mecra OINEpaTHUBHOIO IEpPCOHAia.
Jlns peanuzanuu oOMeHa WHQPOpPMAIUU HUCIIOIB3YIOTCS PA3IUYHBIE THIIBI
KaHaJIOB CBS3U.

Haunbonee BaXHBIMM XapaKTEPUCTUKAMH MPOrPAMMHOrO oOecreyeHus
ABJISIFOTCS:

- HCHOJIb30BaHUE U1 IIOCTPOCHUSA NYTK CTaHIAPTHBIX
(oOHIEnpUHATHIX) OMEPALMOHHBIX CUCTEM, JIpailBEpOB BBOJIa-BHIBOJA
uHbopMaIK, CTPYKTYp 0a3 TaHHBIX,

- OTKpPBITOCTb JUIA MOJIb30BATENS IPOTPAMMHOTO 0OecIIeYeHMs,

- HE3aBUCUMOCTbH (popmupoBanus 0a3 TaHHBIX,

- BO3MOXHOCTb MOCTpOe€HHsI Ha ocHoBe IIO aBTOMaTHM3MpPOBAHHOIO
HH(GOPMaLIMOHHO-YTIPABJISIONIET0 KOMILJIEKCA,

- BkimoueHne B coctaB [I0 HMHCTpyMEHTaldbHBIX MNPOrpaMM IS
yrpouenus aganranuu MY TK k peasibHbIM yCI0BUSIM IPUMEHEHUS,

- BkiwyeHne B cocraB [I0 makera TECTOBBIX MpOTpaMM  JUIst
OpraHu3allid  aBTOMATH3UpOBaHHOro pabouero wmecta (APM)
00CITy’KHUBAIOIIEro MepCcoHala.

OcHoBable TexHnueckue xapakrepuctuku MUY TK «I'panury.

- WYTK BbImONHAETCS 10 HEPAPXUYECKOMY NPUHIMITY U BKiIrovaeT [IY u

LHEHTpaJIbHbIN MYHKT ynpasienus (LITY),

- s uHopmanmoHHbIx oOomeHoB Mexay I[IY u KII ucnomp3yrorcs

YIUIOTHEHHBIE KaHAJbl CBSI3U, (PU3UUECKHE JIMHUU CBSI3U - BBIJECJICHHAsS
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napa npoBoaoB iuHON 1m0 15 kM, YKB pammokanan cszu, GSM
KaHaJIbl MOOMJILHOM CBSI3H,

- C TOMOUIBIO CTaHJAPTHBIX MOAYJEH-peoOpa3oBaTeyieil peann3yeTcs
compspkeHrne ¢ MUGPOBBIMA KaHAJIAaMH CBSI3W  (HampuMep, paauo
Ethernet),

- nmwmamaszon yactot 2800 — 3400 't crangapTHOTO TenedOHHOTO KaHaa,
oOMeH JaHHBIMU BeneTcst Ha ckopocTH 100...600 out/cek,

- IIVY oGecrnieunBaeT oomen undopmarmend co Bcemu KII HezaBucumo ot
UX 4YHUCIIa, TEPPUTOPUATILHOTO pa3MEIIeHMs, BHUJA KaHaja CBS3H,
CKOPOCTH MH(pOPMAITMOHHOTO 0OMeHa, 00bEMOB U BUI0B MHGOPMAIIUU
g kaxaoro KII.
3a COpoK JIeT MPOU3BOJCTBEHHON nesTenbHOCTH «lIpoMdke» mporwuio

MyTh OT TIPOW3BOJICTBA CHCTEM Ha PEICHHO-KOHTAKTHBIX JJIEMEHTaX JI0

MHOTOITPOIIECCOPHBIX KOMIUIEKCOB THMa «[ paHuT-Mukpo», «I paHHUT-CBET»,

«I"paHuT-HEPTHY.
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I'TABA 13. Peanu3anmsi cuCTeMbI TeJEKOHTPOJISI HA 0a3e CHCTEMbI

SkyLink

SkyLink — Cucrema o00IIero MOHHTOpPHMHIa U  0€30MaCHOCTH,
aBTOMATU3MPOBAHHOTO  KOHTPOJSI W  pearupoBaHUS HA  COCTOSHHUE
OKpY)KaloIIel cpeapl i TPOTHO3MPOBAHMS YPE3BBIYAMHBIX CHUTYyalUd
MPUPOITHOTO M TEXHOTEHHOTO XapakTepa paamyce 100 km [18].

CucremMa MOHHUTOPHHTA OKpYXarolied cpeabl u mporaosupoBanus YC
NPUPOJHOTO M TEXHOTEHHOro Xapakrepa Ha 0a3ze SKyLIink obGecreunBaer
MOCTPOSHHE OOBEKTOBBIX, PETHOHAIBHBIX M TOCYJapPCTBEHHBIX CHCTEM JUJISI
MOHHUTOPUHIa  IOTCHIMAIBHO  OMACHBIX  OOBEKTOB: JK/I  CTaHIIHH,
rOCYJJapCTBEHHBIX OOIIECTBEHHBIX 3aHUH, TOCTHHUI], OOBEKTOB YHEPTETHKH
TOI, TPOC, ADC, mpoMmbllIEHHBIX NOpeanpudatuii, npeanpustuii ATLI,
BOJHBIX 00BEKTOB, HeGTEOa3  T.1I.

['maBHBIE 0COOEHHOCTH CHCTEMBl MOHMTOPWHTA OKPY)KAroOIIeH Cpelbl U
nporHo3upoBanus YC TpUPOAHOTO M TEXHOTCHHOTO XapakTepa Ha Oase
SkyL.ink:

— HaJU4ue CUCTeMBI cOopa OT PA3JMYHBIX JATYMKOB M OOBEKTOB U
nepeadn 3TUX JaHHbIX Ha paccTosgHue 10 100 kM u Golsiee o paaroOKaHAILY
MomHocThI0 10 MBT Ha yacTote okoiio 459,55 MI'11;

— BO3MOXHOCTh  TOJAKIIOYCHHS  CYIICCTBYIOIIUX  JTATYUKOB:  JJISt
XHUMHAYECKOTO, HIOXKapHOTO, THIPOJIOTUIECKOTO, panuaIroHHOrO,
(Gu3uUecKoil 3aMuUThl ¥ JPYTUX BUJOB MOHUTOPUHTA,;

— aBroMmarm3anus (YHKIUHA KOHTPOJS W YIPAaBJICHUS CHCTEMaMHU
0€30MacHOCTH U KU3HEOOeCTIeUeHHs 3JaHUI U COOPYKEHHUIA;

— aBTOMaTH3amMs PadOT TO KOHTPOJIIO YTCUEK XMMHUYECKH OITACHBIX
BEIIECTB HA MOTCHIMAIBHO OIMACHBIX O0OBEKTaX M MEepeaayd B HEOOXOIUMBIX
clIy4asx cooOmeHuii o0 aBapud B EAMHYIO JEKYPHO-IUCIETYEPCKYIO
cyx0y EJIJIC.

Cuctema SkyLink ocymiecTBiseT paadaliOHHBIH MOHHTOPUHT |
npenocTaBieHne MHPOpPMANUU B yHOOHOM U aHAIM3a BHIE, COACPIKUT
IIMPOKHIA CHEKTP almapaTHOr0 W MPOTPAMMHOTO OO0ECIeYeHHs, YTO
MO3BOJISICT AHAJIM3UPOBATH JAHHBIE HA Pa3IMUYHBIX dTamax oOpaboTKU — OT
U3MEPEHUsl IapaMeTpoOB OKPYXKAroIled cpensl A0 UX TpadudecKkoro
MPEIOCTaBICHUSI.

OCHOBHBIC YacTH aHaMuTH4YecKoro ooecreuenus Cuctembl SKyLink:

— Radio-GammaTracer, npeacTaBisionmi cO00H 30HI ISl H3MEPEHUS
panuaIoHHBIX IMapaMeTpoB W Tepeiada B ICHTpP mpuema. Haxoaurtcs B
IYHKTE U3MEPEHUS paJuOaKTUBHOTO ypoBHs (cM. puc. 13.1.);
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— mnpuemHuk (Receiver), mpeactaBmstonuii coboii HaOOp aHAIOTOBBIX
YCTPOWCTB IiJIsl TOJIydeHus pamuonepenad or GammaTracer. Haxogutcs B
neHTpe npuema (cm. puc. 13.1.);

— kowmmbtotep Ludposoit O6padotku Curnana (KLIOC) Digital Signal
Processor and Embedded PC ( DSP + EPC ), npeacrapistomniuii coooii Habop
YCTPOUMCTB JJisi TIpeoOpa3oBaHUsl BXOIAIIMX CHUTHAJIOB M Tepefadd B
nudposom Buae Ha CCJl. HaxoauTcs B IEHTpe npuema;

— cepep Coopa Hanaeix(CCH) Primary Data Center (PDC),
MIPEACTABISIIONTNN cO00M HAOOp yCTPOWCTB ISl OIEHKH, CHCTeMaTH3alluu,
pa3MeIICHHsI, YIPABICHUS W HATJIIHOTO MPEAOCTABICHHUS H(PPOBOM
unpopmanuu. Kpome Toro CCJI BBITOJHIET KOMMYHHKAIIMOHHBIC (DYHKIINN
U KOHTPOJIMPYET KadecTBO pabOThl CHUCTeMbl. Haxomumtcs B IieHTpe
00pabOTKH.

rv
-
»
~
oo
>
§|
]

Puc. 13.1. Cmpyxkmypuas cxema cospemeHHOl melemMexaHuieckoll Cucmemol
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Radio-GammaTracer

Radio-GammaTracer »1o pammanmonsbelii 30 ~ GammaTracer,
BxoJ il B cucreMy SKyLink u o6opymoBanHsiid paguo moayinem SKyLink,
KOTOPBIM TepeflaeT H3MEpsAEeMble JaHHbIE B LHKJIE C HacTpauBaeMou
MepUOANYHOCTHI0. KpoMe perynspHOro M3MepeHusl U 3alucy ypOBHS /103
paananuu 3Ta Bepcust GammaTracer TpaHciupyeT AaHHble Ha 0a30BYIO
CTaHIMIO IO JIMHUM paarocBs3u. ONTUMAIbHBIA paguyc Mepeaadyd JaHHBIX
JexuT B quanazone mexay 30 u 100 km.

[Ipy BO3HMKHOBEHHMM KPHU3HMCHBIX CHUTYyallMil, KOIrJa H3MepseMble
napaMmeTpbl MPEBBIIAIOT MPEAETIbHO JOIMMYCTUMBIH YpOBEHb, UHUIIUUPYETCS
HEMEJUICHHAs] Tiepe/ada JIaHHBIX Ha 0a30BYIO0 CTAHIMIO, YTO TIO3BOJISIET
AKTUBU3UPOBATH QYHKIIUU TPEBOTU B PEKUME PEATTLHOT'O BPEMEHHU.

Bce ocHoBHbIe ocoOeHHOCTHM KOHCTpykmuu GammaTracer Takxke
ucnonb3ytorces B Radio-GammaTracer. Bcenoro bl alFOMUHUEBBIA Y€XO0JI,
COJICPKUT: H3MEpUTEIbHOE OOOpy/IOBaHUE 30HJA, JIMTHUEBBIE OaTapeu Hu
paguoMonyib. M3mepsieMble JaHHBIE HE TOJBKO IMEpPENaroTcs Ha 0a30BYIO
CTaHIIMIO, HO W coxXpaHstoTcs B mamsatu Radio-GammaTracer, obecrieunBas
TaKuM 00pa3oM HENPEPHIBHOCTh JAHHBIX /1K€ B Cydae MpEphIBaHUS PAIUO
KaHana. PagroMoaynb CKOHCTPYHpPOBAH B pacueTe Ha HEOOCITYKMBAeMOE
dbyHKuHOHUpOBaHUe. braromapss CcOBpeMEHHON TEXHOJIOTHHM IU(POBOMA
00paboTKM CUTHaJNA, TOTpeOIeHNe MepeaTINKa MUHUMAIIBHO U COCTABIISIET
10 mBt, obecrneunBas aBTOHOMHYIO paboty Radio-GammaTracer Ha
IPOTSHKEHUU HECKOJIBKUX JIET.

Cucrema SKyLink OGasupyeTcs Ha TNpHUHIMIE OJHOCTOPOHHECH
paguonepeaayn.

Panno3ona 1ocTaBisieT TeserpaMMbl 0€3 MOATBEPKICHUS TIOJTyYEHUS C
0a30Boil craHumu. Jlg TOro 4TOOBI JTOOMTBCS BBICOKOTO  YPOBHS
HaJIe’)KHOCTHU, PAIUO30H/] MepelaeT KaXIblii H3MEPEHHBIN MapaMeTp B 001Iei
cinokHocTH 27 pa3. OIHOBPEMEHHO CO 3HAYEHUSIMHM YPOBHS paguallvid
nepenatoTcss QA JTaHHbIC, TTO3BOJIAIONINE OIEHUTh KAYeCTBO PabOThI CUCTEM
pPaaIro30H/A.

Kaxnas tenerpaMma COAEpKUT MOJIHYI0 MHPOPMALIMIO 00 aKTyalbHBIX
TaHHBIX (YPOBEHb pajHaIlii U KaueCTBO PabOThl CUCTEMBI) U ILIIOC BOCEMb
MPEABIAYIINX U3MEPEHUI ypoBHS paauaruu. [Ipyu cTaHAapTHBIX yCTaHOBKAX
BOCEMb 3HAUCHUN YPOBHS pajuaIiuu 0epyTcs 3a CIeAyIOIUN MepruoI:

— 1 yac Hazan,

— 2 yaca Hazagj,

— 4 ygaca Hazan,

— 8 yacoB Ha3ax,
— 16 yacoB Hazan,
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— 32 4aca Ha3ag,
— 64 yaca Hazan,
— 128 yacoB Ha3a.
Kaxnas Ilepemaua BbINOJNIHSETCS TPU pas3a, yMEHbIIAs BEPOSITHOCTH
0oOphIBa paIuOTEIIETPAMMBI.
Takum o00pa3om, Kaxaas Ao3a paauanuu nepenaercss 27 pa3. IOTo
o0OecreunBaeT MaKCUMaJIbHYI0 O€30MacHOCTh M HEMPEPHIBHOCTH MAaCCHBA
M3MEPCHHBIX TAHHBIX.

SkyLink Cepsep Coopa JJaHHBIX

CepBep COopa J[laHHBIX coOBepllaeT 3aKIIOYUTEIBHYI0 00pabOTKY
MOJIY4YeHHOU MH(POpPMAIMK, PEJAOCTaBISET BO3MOXKHOCTH TIpadUyecKOro
OTOOpaKEHUS PAAUAIIMOHHON CUTYallud B PailoOHE UCCIIEI0BaHUS B YI0OHOM
JUtsl ipocMoTpa (opme, MpeaocTaBisieT yAoOHbINH HHTepdeiic cynepBuzopa
IS BCEX YIPaBIICHUYCCKUX M aHamuTHUecKuX (yHkimid Cructembr SKyLink.

JIJisi HaJIe)KHOTO TPEJOCTaBICHUsI BCe HEoOXoaumou uHbopMaluu B
CUCTEME TMpeAyCMOTpeHa (QYHKIIHMS KOHTPOJISl KauecTBa paboThl. AnmnapaTHoe
U mnporpammHoe oOecnedeHue CucreMbl obOecriedyuBaeT 00pabOTKY
napameTpoB kadectBa pabotel Cuctemsl SKyLink.

Bce mapameTphl kauecTBa GyHKITMOHUPOBaHHUST CHCTEMBI JOCTYITHBI KaK
ULl KJIMEeHTa, TaK W JUIsl CyNepBU30pa. OTO TMO3BOJIAET HEMPEPHIBHO
KOHTpoJimpoBaTh CHCTEMy M YCTaHABIIMBATh MPUYHUHY BO3MOXKHBIX COOEB.

B 6a3e maHHBIX XpaHUTCS pE3yIbTaT €XKEAHEBHOTO OOIIETr0 CUCTEMHOTO
KOHTpoJis. Mcnons3oBaHue 3TOW MHPOPMAlUU JAaeT BO3MOXXHOCTb OLIEHKH
JUHAMUKH paOOThl CHUCTEMbl W TIOJYYEHUS JaHHBIX Ha KaXIblii OJOK
CUCTEMBL.

Bce wu3mepenHble mnapamerpsl coxpaHstorcs B b/l Bmecte ¢
uHdopmaleli o TyHKTe W3MEPEHMs, TUIIE TMPOTOKOJAa UM BPEMEHHU
U3MEPEHUSL.

OKCIOpPT JIaHHBIX MOKET OBITh Tpou3BeAeH mocpenctBoM SQL
3anpocoB ¢ ucnoas3oBannem ODBC. Hcnons3yercs Ceppep ynpasnenus: b/]
MS SQL server 7.0

JIist coequHeHust ¢ CUCTEMOM Heo0XoauMa cieayrolas nHpopMaus:

— Server name: user dependant (wampumep PDCO0012) — wums
cepBepa;

— Database name: SkyLink_Export - umst 6a3bl JaHHBIX;

— Username: Sqlexport — ums nosip3oBatess;

— Password: Sqlexport — mapouis.
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XapakTEepUCTUKU CHCTEM
npuBeaeHsl B Tabnune 13.1

cobopa w mepemaum gaHHBIX SKyLink

Tabauya 13.1

Cucrema cbopa u nepefaun ganabix SKyLink

OO1u1ee onucaHue CUCTEMBI cOOpa U 11e

peaun gaHHbIX SKyLink

[IpousBoauTens

Saphymo GmbH

HaumeHnoBanue npoaykra

Cucrema cOopa u nepegauun naHabix SKyLink

Lenn

CO0op maHHBIX O PAAMOKAHALY C Pa3TUYHBIX
natuukoB B paaumyce 100 m Oomee kM aus
co37aHusl OOBEKTOBBIX M PETHOHAIBHBIX CHUCTEM
MOHHTOPHHTIA

KOMHJ’ICKTYIOIHI/IC CHCTCMBbI

a) Jlatuukum co BCTpOeHHBIM OecHpOBOAHBIM
MOJIEMOM U ME€PEIaTINKOM;

0) Bepxuuii y3emn: aHTeHHa U KOHBEpTEp
CHUIKEHUS Ha BEPIIMHE MAYThI;

B) KoakcuanbHblii kabenb, MaKCUMalbHAs JIMHA
300m;

r) Buyrpennnii y3en: IF-mpoueccop u DSP-
KOPPEJSATOP.

Copepxanue COOOIICHUS

[Iepenada n3mMepeHHBIX TapaAMETPOB
1 6;10k= 512 6ur

Tun cBsizu OJTHOCTOPOHHSISI Tepefada HEOOJBIINX MaKeTOB
JTAHHBIX (CUMIUIEKCHAs CBSI3b)
Crpykrypa cetu Jo 100 u Oonee mnepenaTyuKoB K OJHOMY

LEHTPATFHOMY TMPUEMHHUKY (0a30Bast CTaHIIHS),
BO3MOXXHO YBEIMYCHHE A0OHEHTOB CETH IyTEM
yBEJIMYEHUS KOIMYEeCTBa 0a30BBIX CTAHIIMHA

O06paboTKka yTepSHHBIX COOOIICHU I

27-KpaTHOE TIOBTOPEHHE KaXKIOTO COOOIICHUS
JUIS KOMIIEHCAIlMd TIOTePh OT CTOJIKHOBEHUS
(ceB0-cydaifHOE BpEMEHHOE pa3Hoo0pasue)

VcnpaBnenue omuOOK M TpOBEpKa
LEJIOCTHOCTU

[IpenBaputenbHOe UCHpaBIEHUE OIIUOOK, TLTIOC
Bepudukanus ganaeix o CRC-32, ommbouyHbIe
coobmienuss OyayT ynaieHsl (OymeT co3aaHO
cooOmieHue o0 ommoKe)

Yacrora IIOABJICHUA OIINOOK

(rapaHTHpPOBaHHOE 3HAYCHUE)

UIlO < 10 ~ '° (o3HayaeT MEHBIIE YeM OJHO
nepegaHHoe JIokHOe coobmenune 3a 100 mer
WCIIOJIb30BaHUs)

OxoHYaTeaIpHOE 3aTyXaHHUEC CBA3U

A 165n1b ¢ anTeHHamu, NEUCTBYIOIIMMHU BO
BCeX HampanieHusx (2x360°7)

A 185 nb ¢ HampaBieHHBIMHM aHTEHHAMH
(2x30°)

MakcuManbHOE pacCcTodHuC

a) [Ipsamas BuAMMOCTH 6€3 MpenaTcTBUil Oojee -
200 km

0) [IpensTCTBHUS — XOJNIMBI, 31aHUs, qepeBbs — 10-
50

B) [lpm mpoxXokIeHHH dYepe3 TEPPUTOPHUIO

POMBINIICHHBIX TpeanpusaTuii — 3-10 km
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3KCHHyaTaI_[I/IOHHBIe JIUIICH3UHN

EMC (R&TTE, Article 3.1b)

ETS 300 113 utons 1996 (mazemuHass MOOWMIIbHAS

ciyx0a)
Cepruduxar CE 0682
SkyLink nepenarunk
Texnuueckue Bo3mMokHoctu: | Cranpapt JlonoJHUTENBHO
Mexannyeckas KOHCTpyKuus: | IlokpsiThe: AITFOMUHUAN +I1I1
oOTeKaTelb aHTEHHBI, IEKTPOHHbIE
CXEMBI, MepeJaTyuK W aHTCHHA
bopmupyrOT repMETUYECKH
W30JIMPOBAHHBIN y3€11
PaGouas Temnepatypa -20...+60 °C -40...+50 °C
-10...+70 °C

Ilutanue

2 nuTHEBBIX akkymyJsstopa (4,8-8,0
B), 40 MA, ctabunm3anus 3,6 B

[loTpebiienue 3Hepruu
(3 mepenauu B yac)

<0,5 A/aBTOx

CrannaptHble
MOJIIEPKUBAEMBIE YaCTOTHI
(coryiiacHO JUIIEH3UN)

434,700 MI';
459,550 MI'u

446,887 Ml 'L;

Bce uactoTel OT
400 mo 500MI't

OcHoBHas OITOpHAaA 4aCTOoTa

TCVCXO 7,9872 MI'n

[IpeobpazoBaress 4acTOTHI

Kackannsrii JBYXTAKTHBIN
YTPOMTEIb YaCTOTHI

3aBUCUMOCTh  yCTOMYHMBOCTH
9acTOThI OT TEMIIEPATypPbI

bazosas: +/- 2 ppm
MaxkcumanbHas: +/-3 ppm

Bazosaa: +/- 3

ppm
Makc.: +/- 5 ppm

CMmenienue yacToTel | < 1 ppm B rox <2,0 ppm B rox
(ronnyHOE)
MomHocTb nepeaaruuka | +10 nbm (10 mBt) EIRP 0 dBm (1 MBT)
(EIRP) 9,5 dBm (9 MBT)
+14 dBm (25
MBT)
+20 dBm (100
MBT)
CrabWIbHOCTH NepeIaTynKa Jyame wem +/- 0,5 nb npu | Jlyume gem +/- 1
CTaH/IapTHBIX 3HaueHusx | n1b
TEeMIEPATYPhI

[Tapa3uTHbIe U3TyYEHUS OT
10 k['m mo 10 ITx

< -36 nbm cormacuo ETS 300 113

< -30 nbm

Conepxumoe MoTys KoaupoBanusie JTAaHHBIE B
nndpoBom dopmare
Cxopocts mnepenaun gaHHbixX | 150 bon

10 CETHU

(HOpMa Tepeauu JIsl TaHHBIX )

KOI[I/IpOBKa KaHalia

Koukarenamus:
HCXOIAIINN Ko = convolution code
Bxomaumi kox = Reed-Solomon code
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CkopocTh mepenauyu JaHHBIX
Ha MOJYJIATOP

1200 box
(@pdexkTuBHO TMMOCIE Pa3IOKCHUS
KOJ1a)

VY3KkomnonocHoe GUIbTpOBaHHUE

«yBEJIMYEHHBII KOCHHYC -
NpOQUITUPOBAHHBIA TIPH  [TOMOIIU
tabmuiy ROM u DAC 3aBepmaercs
PE3KUM CY)KEHHEM KaHaja

Tun mogynupoBaHus

«MATKas» AByX(azHas MOIYJISIUS:
2-CPM /2
(mocrostnubIi Kopyc BPSK)

MopynupyemMoe OTKJIOHEHHE

IHMKa HeCylen

+/- 1,8 xI'

MakcumanbHO —
2,5kl

MoniHoCTh COCEIHNX KaHaI0B
(Paznuuue mexay kaHamamu -
12,5 x['m)

< -60 nbm cornacuo ETS 300 113

Pabora nepenatanka

KopoTtkune ouepenu CUTHAJIOB ¢ MaKCUMaJIbHOU

JIUTCIIBHOCTBIO 3 cexk.

Pabounii uKT nepegaTynka

Hopwmainbnast — oqHa oyepenb CUrHasioB B 20 MUHYTHBIHN

MMPOMEIKYTOK BPpECMCHU

TpeBora — oxgHa ouepenb 3 MHUHYTHBIA TPOMEXKYTOK

BpPCMCHH

Koopaunamus
BpEMEHHU

OTpPE3KOB

ALOHA BcTpoeHHBIH B nepenaTuuk, KOHTPOJIUPYEMBI
B Ipejienax OTpe3Ka BPEMEHM IMpU IOMOIIU IICEBIO-

CIIy4aitHOTO reHepaTopa.

Attack and decay behavior

YacTtoTHBIN HAMITYJIBC
NepEeKpPbIBACTCS BKJIFOUEHHUEM
TCVCXO c¢ onepexennem Ha 0,5
CEKYH/IbI M MO3BOJISIET NepeaTunuKy
BapbUpoOBaTh B paMkax 30 mc.

ITopr cBsizm RS-232/9600 6ur

Kontpomnep MasnoMonHbIi MSP430 JUIS
KOJIUPOBaHUS " yIpaBICHUS
nepenaden

AHTEHHA JevicTBytromas BO Bcex | HampaBneHHbie
HaIpaBJICHUSAX JIsamOpa/4 | aHTEHHBI
CHMMETpUYHA

ESD croiikocTb IIpoBenen Tect cormacHo EN

61000/ IEC 801-2, yposenn IV,
OyTeM TOJayd BBICOKOBOJBTHBIX
pa3psanoB(16kB) HenmocpeacTBEHHO
Ha TX aHTeHHY

Pesynpratel Tecra:

- oJHas paboTOCIOCOOHOCTh

- 0€3 MOBpEeXKICHUHN

SkyLink mpuemuuk

TexHu4ecKkre BO3MOXKHOCTU

Cranpapr

JlOIOITHUTEIBHO

AHTeHHA

Konnuueapnsiii MAacCHB,

Hanpasnenueie
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MyJibTHHanpasienHas (360°) + 8 nb

AHTEHHBI
b

mo 15

Bepxuuii y3en

HiQ ycTpoiicTBO mpeBapuTEeIILHOTO
oTbopa ciabbix curHainoB, LNA u
npeoOpa3oBareib CHUKEHUS
4acTOThl (POPMUPYIOT FEPMETUUYECKI
U30JIMPOBAHHBIN OJIOK = BEpPXHUU
y3eln

(Bepxnuit  yzen —
BHYTPCHHHUH y3€I1)

kabenp —

PaGouas Temnepatypa

Bepxnuii y3en - -20... +50 °C
Bnyrpennuii y3ein —
0... +50°C

-40...+60°C

[Tpunimn paboTel MpHEeMHHKA

Tpoitnoe nmpeobpazoanue DSP

OcHoBHBIE pabOYNE YaCTOTHI
MIPUEMHHUKA (COTJI. JIUIICH3UHN )

434700 MIu, 448,125 Mlw,
459.55MI'n

Bce wactoTBl OT
400 mo 500 MI'g

[Tpenycunurens (LNA)

GaAs-FET, NF=1.0 1B

[TpeaBapuTenbHBIA BHIOOP
(wactora +/- 31b)

Pezonarop cnaga (6 MI'tr)
Kepamuueckuit puibtp (2,5 MI ')
Bozaymmnsnii punstp (SMI ')

OTo6pa>KaeMoe OTKJIOHCHHC

>100 nb

>120 nb mig cMemaHHbIX CUTHAJIOB

N306uparenbHOCTh C OTKJIOHEHHEM OoJbIe, yeM Ha 200
kl'1g
OCXO 50 MIn c¢  Tpemsa
[IepBblil OIOPHBIN reHepaTop | ABYXTaKTHBIMU YABOUTEIAMU

JacTOTHI - +23 n1bMm

HecrabmibsHOCTE YaCTOTEI

<

(roanuHOE) 0,5 ppm rox

[IepBas NPOMEXKYTOUHAs | 1.4 Ml

9acToOTa

[Mepenaua CHTHANA op | HacToTa: 21,4 MTI'

pen VYposens curnana: -120...+20 gbm

BEPXHET0 y371a K .
MakcumanbHble TIoTepH B Kabene: <

BHYTPCHHEMY

10 nb

Beinenennas mepBast cpenHsis
4acToTa

Kpucrannuueckuit ¢unptp +/- 8
k[’ (-3 nb)
+/- 40 xI'1r (-901b)

ABTOMAaTUYECKUA  KOHTPOJb
MOCTYNAKIIUX JaHHBIX

Amnanorossrii AGC oonee 120 nb
Oo6ecnieuenue RSSI curnana

Bropas IIPOMEXYTOYHAs
4acToTa

134 xI'g

Cenekmus BTOPOU
ITPOMEKYTOUYHOM YaCTOThI

JBynonsapuas mnpomyckatomas LC
roJjioca

Hudponas o0OpaboTka

CHUrHaia

a) TpurrepHas cxema

(FFT TLTIOC DKCTPAKLIMS
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CyOHOCHUTENSI C TOMOULIBI0 METO/IOB
ABTOKOPPEJISALINN)

0) ABTOMaTHMYECKUH  KOHTPOIb
yactor AFC +/- 5 k't

B) OkxoHYaTelIbHOE  BBIACICHUE
(FIR-pumsTp 1,5 KI'1)

r) CyOHOCHUTENIb-OpPUEHTUPOBAHHBIN
¢azossiii gerexktop 1,2 k'

«vsirkoe pewenue» (MLSE) muiroc

Jexomuposanne ARQ tun 2 ¢ RS kogom
MuHuManbHBIN OBEHb -145 abw, 124B Ha 15 Om
M SNR= - 31b na 1,2 xboxa maHHBIX

BXOJHOIO CHIHAIA ATTA wim -15 1b ma 15 k' 3gdexTnBHO
BER <107 1°

IIUPOTHI MOJIOCH TPUEMHUKA

Yposens 61mokupoBku >-18 nbm (26
MakcumanbHbII yposeHb | MB Ha 50 Om)

MNOCTyHnaromero cCuriaajlia Ha
BXOJTHOM pPa3bEeM aHTCHHBI

Paspymatonuii yposeub >+30 nbm
(HempephIBHOE TUTAaHUE Ha JI00O0M
4acToTe)

ESD- croiikocThb

Tect mnpoBemen cormacHo EN
61000/ IEC 801-2, yposenn IV,
MyTeM TMOJAa4YX BBICOKOBOJIBTHBIX
pa3psI0B  HEMOCPEACTBEHHO B
pa3beM TX aHTEHHBI.

Pesynpratel Tecra:

- oyTHasg paboTOCOCOOHOCTh

- 0€3 MOBpEeXKICHUMN
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