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B KHHTe H3/103KeHEl OCHOBBI TeXHHKH TeJIeynpaB-
JIeHHsl, 2 TaKXe OCHOBHEIe CBeJieHHS MO TEOPHH
uHpOpMaLKH, KaHANaM CBS3H H TEOPHH HaleX-
HocTH. PaccMOTpeHa - TeOpHSI NOCTPOEHHSI CHT-
HaJloB TejleynpaB/eHHss H TeJeCHIHalH3alHH,
MeToAbl H36HpaHMA H Kopeo6pa3oBaHHA, a
TaKXke IOMeXOyCTOHUYHBOCTb TeseynpaB/eHHs.

OmyicaHEl OCHOBHBIE Y3JIBI YCTPOHCTB TesleyIpas-
JIEHHS M OPUHLMIB [IOCTPOEHHS CHCTEM IIPO-
MBIIIIEHHOro Ha3HaueHus. [IpuBeieHEl OCHOBHbIE
CBeJIeHHA 10 YCTPOHACTBAM TeleylnpaBieHHs
H TelleCHIHA/NU3aUMH, BBIIYCKAaeMBIX IIPOMBILI-
JIEHHOCTBIO.

Knura npepnsasHaueHa B KauecTBe  yueGHOTO
N0COGH S AJIsl CTYZEHTOB, CleHHaTH3HPYIOMUXCcs
o aBTOMaTHKe H TeneMexaHHKe. OHa MOXeT
GBITb TaKxke HCIOJNb30BaHAa HHIKeHEePHO-TEXHH-
YeCKHMH paGOTHHKaMH, 3aHHMAIOMIMICS Tele-
MeXaHH3anHel DaslHYHBIX OTpaciell HapOLHOro
xossaiicrea CCCP.

Penensent B. H. llecmonanos, kKauj. TeXH. HayK

Pepakuust snnrtepatype mo sHepreTuke, 3-3-13
SJIEKTPOHHKE, KHOepHETHKe H CBS3H 121-67
3aBepymomuit pepakuueit unxk. P. II. Pax

XAPBKOBCKASI KHU)KHAS
TUMOTPAOUSA «XOMMYHHCT»



IPEUCJIOBUE

I'naBHON 5KOHOMHUECKOH 3amavell mapTuu U co-
BETCKOTO Hapojg fBJSETCS CO3[aHHe MaTepHa]bHO-TeXHHUECKOM
6a3bl KOMMyHH3Ma, UTO BEINOJIHSETCS Ha OCHOBe KOMINIEKCHOH aBTO-
MaTH3aLUM NPOH3BOACTBEHHBIX NPOLECCOB H BBeJeHHS HEHTpasH30-
BaHHOTO KOHTDOJISL M YIPABJEHHS] HA PACCTOSHHH, OCYILECTBJISIEMOTO
IS KPYIHBIX CHCTEM CPeJICTBAMH TelleMeXaHHKH.

HauGonbwee passutie B Hamell cTpaHe mocje OKOHuaHMS Benukoit
OtevecTBeHHOH BOfiHB 1941—1945 rr. nonmyumsia TejeMeXaHHKa,
B 4YaCTHOCTH TeseynpaBieHne. OcOGeHHO GHICTPBLIMH TeMIlaMH 3Ta
o6nacTb TeXHHKH pasBHBajach B mociegHHe 15—20 Jer B cBS3H
¢ BBeJIeHHEM LieHTPaJH30BaHHOrO yIpaB/IeHHs B Pa3THYHBIX OTPACASIX
NIPOMBILIJIEHHOCTH M HA TPAHCIOPTe.

Kak usBecTHO, MpHMeHeHHe HOBeHIINX NOCTHXKEHHHA OTeuecTBeHHOM
aBTOMATHKU W TeleMeXaHHKH SBHJIOCh OJHHM M3 BaXKHeHIIHX ycio-
Bull ycnemHoro 3anycka B CoeerckoM Colo3e HCKYCCTBEHHBIX CHYT-
HHUKOB 3eMJH, KopaG/el-CIyTHHKOB C yeJOBeKOM Ha GOPTYy M aBTO-
MaTHYeCKHX MeXIIAHEeTHBIX CTaHHUH.

OCHOBHI TeXHHKY TelleylIpaBleHHs BIepBble GhIM H3/0XKEHH B KHH-
rax B. K. llykuna (1940 u 1945 r.), a sarem B 1954 r. B yueGHOM
noco6uu O. A. T'opsunosa u P. JI. Paiineca. B Hacrosimee BpeMms
STH MOCOGHS B 3HAUMTENBHOH CTElleHH YCTapell H He YAOBIETBOD SIIOT
nporpamme. Llenb HacTosimefl KHUIM — BOCIOJHHTH 3TOT HpoGes.

B jasHOM KHHIe H3/TOXEHbl OCHOBBI TEXHHKH TeJeylpaBleHHS,
a TaKXe OCHOBHblE CBeJIeHHS 10 TeOpHH HHGPOPManuM M KaHalaM
CBSI3H, SAB/AIOMMECT COCTAaBHOH YacThIO YCTPOHCTB Teseynpabie-
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HHA. B omInume or cymecTBYIOMHEX y4yeGHBIX NOcoGuii B 3TOH KHHTre
OCHOBHOE BHHMaHHe YyJAensieTcsl pasjefaM, fBISIOWUMCH TeOpeTH-
4eCKOH OCHOBOH TeXHHKH TeJleylpaBJeHHs: TeOPHH HH(OpMAlHH,
TEOPHH NOCTPOEHHS CHTHAJIOB (METONbl H30HPaHHs M Komoobpas3oBa-
HUSI) U TIOMEeXOyCTOMURBOCTH TeneympabieHusi. [Ipu paccMoTpeHHH
YCTPOHCTB TelleynpaB/ieHHsl OCHOBHOE BHHMMaHHe yJeleHO paccMo-
TPeHHIO GeCKOHTAaKTHBIX YCTPOHCTB, KaK HaHGosee MepCreKTHBHBIX.

OT3biBBl M NOXKETaHHS [0 KHHIe NPOCHM HAaMpaBisiTh MO aipecy:
Kues, 4, ITywxunckan, 28, usdamenrvcmeo «Texnikar.



BBEJIEHUE

JlucneryepcKuil KOHTPOJIb U YIpaBJeHHe MpHU-
MEHSIOTCS JJIs1 OCYLIeCTBJICHHS ONTHMAJBHOIO C TOUKH 3PEHHUSsI
9KOHOMHYHOCTH PexHMa paboThl yIpaBJisieMOH IPOU3BOACTBEH-
HOH CHCTeMbl, 00eCIeyMBAIOMIEr0 MAaKCHMAJbHBIH BBIXOA MPO-
JyKTa IpPY MHHHMaJbHOM Dacxofie Chpbsl W 3Hepruu. Kpome
TOro, BHIIOJHSIOTCS HEMNPePHIBHBIA KOHTPOJb 3a KayecTBOM
NPOLYKUMH M HeoOXOAMMBE ONepanuu IPH BO3HUKHOBEHHH
ABApUUHBIX PEXHMOB PabOTHl YNPABJSEMBIX YCTaHOBOK.
JucneTuepckuit KOHTPOJIb U yIPaBJ€HHe IIPOCTPaHCTBEHHO-
pa3HECEHHLIMH YCTAHOBKAMH KPYIHBEIX IPOM3BOJACTBEHHHIX CH-
CTEM OCYIIECTBJISIETCST CpeACTBaMM TejeMexaHuku. CirenoBa-
TeJIbHO, TeJeMeXaHH3allMsl HPOU3BOJACTBEHHLIX IIPOLECCOB SIB-
JisileTcs1 JasbHeAIM pasBUTHEM aBTOMATH3allMM NPH BBEJEHHU
IIHTPAJIM30BAHHOTO KOHTDPOJIA M YNPAaBJIEHHS NPOCTPAHCTBEH- -
HO-Pa3HECEHHBIMM YCTAaHOBKAMM KPYIHBIX NPOHU3BOACTBEHHBIX
CHCTeM, CBSI3aHHEIX MeXJy co60i TexHoJorudeckKu. Huas psipa
TEXHOJIOTMYECKUX NPOLECCOB, CBSI3AHHBEIX C ONACHOCThIO B3PHIBA,
BBIIEJIEHUSIMH BpPEJHBIX Ta30B HJH H3JYYEHHUSMH KOHTPOJb
H yOpaBjeHdHe Heo6XOLUMBI Jaike HA OJM3KOM DPaCCTOSHMH.
OnlH¥M U3 METOJIOB KOHTDOJIS 32 PAGOTOH NPOU3BOACTBEHHBIX
YCTaHOBOK $IBJISI€TCsl HCIOJb30BaHHE YCTPOHCTB TeJsleH3Mepe-
uusi (TH), KoTopele NepelawT HA PAacCTOSHHE pe3yJbTaThl
H3MEPEeHHi OCHOBHLIX [TapaMeTpOB, XapaKTepH3YIOUUX pasoTy
ycTaHoBKH. YacTo oJHHX YCTPOHCTB TesleM3MepeHHsl HeloCTa-
TOYHO M OHM JIOTIOJHSIOTCS YCTPOHCTBAMH TeJsleCHIHAJ/IN3alMH
(TC), mnepenaiomuMi Ha DAacCTOSTHHE CHTHANBI O COCTOSTHMH
KOHTPOJIHPYEMBIX YCTAHOBOK HJIM CHTHAJBI CJAYxKeOHOro HasHa-
uyeHusi. B HauGosee oOmeM cjayyae HCNOJAb3YIOTCS —TaKHe
ycrpoiicta Teseynpapienus (TY), mpu nomouiu KOTOPBIX
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AMCIieTYep aKTHBHO BO3JefCTBYeT HA XOJ, NPOM3BOLCTBEHHOIO -
nporecca.

Ilpn wucnons3oBanuu cpencts TeneMexanukun (TH, TC
u TY), Tax e KaK ¥ [OpPM aBTOMAaTH3aLUHU NPOU3BOACTBEHHBIX
IIPOIIECCOB, NOBBIIAETCS] MPOU3BOAUTENBHOCTD TPYAA, KAauecTBO
NPOAYKIMH, a TaKkKe YCJIOBUSI TPYyAa OOC/IY:KHBAIOMErO Iep-
coHaJa.

TexHuKa TeseynpaB/ieHHs U TeJIeCHTHA/JIM3aIUH BO3HUKJA
Ha OCHOBE DAa3BUTHSl 9JIEKTPOTEXHHKH, TEXHMKH CBSI3H H pa-
JuoTexHUKH. IlepEbl2 mpenpsio:keHHsi [0 Ilepefaye CHIHAJIOB
Ha PACCTOSIHME C HCIOJNL30BAHUMEM IIPOBOJOB OCHOBLIBAJIHCH HA
OTKPBITHSIX paHee HEH3BECTHBIX CBOHACTB 3JIeKTPHYECKOTO TOKA.
B 1820 r. snamenuTwlil ¢panmysckuii yueneit A. M. Awmmnep
OpelJIOKHUN JJIs1 Tepefiayd pas/MYHbIX CHTHAJIO0B HCIOJbB30- -
BaTb NPOBOZHHKH M MarHuTHble cTpesku. Ilpuwem curuanos
(uKcHpoBasCs OTK/JAOHEHHEM MAarHUTHOH CTpesiKH NpU HpPOXo-
XKJeHHUH TOKa Mo NpoBofHoi nuHuH. OJHAKO 3TO NpelJ/oxkKeHue
HE TIOJYYHJIO NIPHMEHEHHs! BCJE[CTBHE- TOTO, YTO KOJIHYECTBO
HCII0/Ib3YeMbIX POBOJOB OBbLJIO PABHO YHCJY CHTHANOB (HAIpH-
Mep, uyuca1y GYyKB B ajdaBure).

CucTembl Nepefauyu 3/JeKTPHUUECKHX CHTHAJIOB HAa4yaau IpH-
MEHATLCS JIMLIb TOTA, KOTAa GbLIM H300pEeTeHE! CIOCOO YMeHb-
IIeHUS YHC/1a TPOBOLOB IyTeM KOAHPOBAHHS CHTHANOB. Bmep-
Bble METOJ, KOAMPOBAHUsI CUTHAJIOB OBl IPUMEHEH HPH TOCTPOe-
HHH Tejerpaduoit amnapatypel. CospgaTesnb TEpPBOTO  3JEK-
TpUueckoro Tejerpada uJeH-KOppecmoHAeHT Poccuiickoit
Axagemun mayk I1. JI. Iluanuar B 1832 r. memoHcTpupoBan
TeJsierpadHblil annapar, obecrneynBaomuil nepegady Gyks, mudp
U 3HAKOB 10 CeMH NpoBojaM. KaxAblfl CHrHA/ OpeacTaBJs/Cs
KOMOMHAIMeH DAasHOMNOJSPHBIX HMIYJbCOB, nepejiaBaeMbIX 110
HIECTH TPOBOJAM (CeIbMOH NPOBOA OhLI 0GpaTHBIM, @ BOCbMOH —
CIYXKHJ AJIsl BBLI30BA).

Iepenaromuii annapar IT. JL. LIHAAHETA COCTOS 3 ceMu
nap 4YepHbIX M OesbIX KJaBHIH, KOTOPBIMH II€pPeKJI0Ya/iHCh
HalpaBJIeHUsl TOKA B CeMH IIpOBOJAaX. B mpueMHHUKe HOJsip-
HOCTb HMITYJIbCOB B NpOBoAAaxXx (PUKCHpOBaJach NpH IIOMOIIH
CTPEJIOK, IOMEINAeMBIX BHYTPH KATyIIeK, BK/IOYEHHBIX B Kax-
Aptit nposop. CTpenku 3aKpemisiuch Ha IICABECE M MOTJIM
HMETb TPH IOJIOXKEHHMSI: CPejHee, IPEK OTCYTCTBHH TOKa B 06-
MOTKE; OTKJIOHEHHME OT CPEJHEr0 B OLHY H JPYTYI0 CTOPOHY
Ha 90°, B 3aBMCHMOCTH OT HANpaBJIeHHsl TOKa. Ha noxgece
YEPEMNJISICS KPYKOK, OKPaIUeHHBIH C OXHOM CTOPOHBI B YEPHbIH,
a c Jpyroii — B Geyblit 1BeT. CTPe/IOK C KPYXKKAMH B annapare
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[1. JI. llunauura GO IECTb, a CeabMast CAyXKHJIA LS NPH-
BelleHHs] B JeficTBHE BBI3BIBHOIO 3BOHKA.

Ecnu Ha nepefaiomeil CTOpOHE HaKMMaJiach OfHA M3 KJja-
BUII, KPYKOK IOBOPAYMBAJCS K HAOMIOAATEJNI0 YEPHOH HJIH
Genoit ctoponot. Kaxpoe moJioxkeHHe HaXKATBIX KJIABUII HA
TepefaTunKe M COOTBETCTBYIOIIEE HM HOJIOXKEHHE KPYIKKOB
B IPHEMHUKE COOTBETCTBOBAJIO ONpefieieHHol OyKBe, nudpe uiu
3HaKy, Hampumep, OykBa A mnepenaBasach HaxaTHeM G6eJioH
KJIaBHIUK NepBo#l mapel, OykBa b — HakaTuem uepHoil KJja-
BHIIM TOH Ke mapel, OykBa P — HaxkaTmeM [AByX uYepHBIX
KJaaBuml u3 3 u 4-i napel. Takum o6pasom, I1. JI. [lunnunrom
Obls1 BIlepBble pa3paboTaH M NPAKTUYECKH HCIOJb30BaH Tesle-
rpadHb  Kog. ‘

B nocnrenyromenm IT. JI. IMunnunrom 6e1 pazpaboran ammna-
par, B KOTOPOM pas3J/iMYHbIE CHUTHAJBl [epefaBajiuch [0 ABYM
npoBofaMm. Ilpu 5ToM Kaxjpli CHTHAJI NPEACTaB/asA] Co6oi
KOMOHHAIIMIO HECKOJbKHX HMMIYJbCOB TOKa  Pas3/iHUHBIX
noJisipHOCTel,  mepenaBaeMbix noodepenHo. CrenoBaTtenbHo,
I1. JI. HluanunaroMm Obl1 BOEpBBIE IPENJIOKEH NPHHIHI KOM-
OGUHALHOHHOTO NOCTPOEHUSI CHTHAJIOB C OJHOBPEMEHHBIM H MO-
oYepeHbIM HAa6opoM Y/IeHOB KOMOHHAIMM, KOTODBIH B NOC/eH:-
CTBHH Hallles1 IIHPOKOe NPHMEHEHEEe B TeJleMeXdHHKe.

Unen-koppecnionfieHT IleTep6yprckofi AxageMHH  HayK
Bb. C. SIxo6u BnepBbie NpeNIOXKHI UCIONb30BATL LJIS MOCHLIKH
Pa3JIMUHBIX CHTHAJIOB, COCTOSIIIMX M3 MMINYJIbCOB, NMOCHIIAEMBIX
II0C/Ie/I0BaTeIbHO, PACHpefesUTe/H C CHHXPOHHBIM H CHH(}a3-
HBIM BpaulenueM. B mepuox 1839—1850 rr. Geuto co3gawo
HECKOJIbKO THIIOB TejerpadHBIX annapaTtoB, W3 KOTOPHIX IIO-
c/1efHUH OBl NepBLHIM B MHpe OyKBONEUATAIOMHM almnapaToM.
Annapatsl SIko6u ObLIM YCTaHOBJIEHBI M paGoTaAd HA JIHHUSX
Tletep6ypr — Ilapckoe ceno u Ilerep6ypr — Ilereprod. Ta-
KuM 06pasoM GObli peasn30BaH IPHHIMI BPEMEHHOTO pasjesie-
HHS 3JIEMEHTOB CHTHAJ1a, KOTOPHIH B HACTOSAIIEE BPeMs IIHPOKO
HCIO/Ib3YeTcsl NMPU TOCTPOEHHH YCTPOHMCTB TeJeyIpaBJeHHUSI.

B nanbueiiiuem B AHrsuu, ®panuuu u AMepuke GbLiH pas-
pa6oTaHel TeJjerpadHbie amnmnaparhl, B KOTOPHIX HCIOJb30Ba-
JIMCh IPHUHIMIIBI, 3a/10:xKeHHble B paborax [unmara u Jkobu.
Tak, B 1855 r. amepukanen IO3 3anarenToBan TeserpadHeri
anmnapat, B 3HAUMTeJbHOH CTeNeHH NOBTOPSIOUIUH [0 CBOEMY
NPUHIMIY Toc/aegHu# obpasell GYKBOMEYaTaOMEro anmnapara
SIxo6u.

B 1869 r. npod. XapbKoBcKoro yuusepcurera I'. M. Mopo-
30B BlepPBLIE NPeLJIOXKU/I METOL YaCTOTHOTO Pasie/IeHHs CHlHa-

7



JIOB ¥ OJMH M3 CIOCOGOB ero mpakTuyecKoil peasnusanuu. Ilo
5TOMY TpeJJIOXKEeHHIO CHTHAaJbl NepefaBajuCh Ha pPasJMYHbIX
4acToTax HO OJHOH mape NPOBOJOB NapajlieNbHO BO BpeMeHH
U pasliesisijiich HA [MPUEMHOl CTOpPOHE NpH NOMOUIH pe30HaHC-
HBIX peje. [l 06pa3oBaHMsl YACTOTHBIX CHT'HAJIOB HCIHOJIB30-
BAJIUCh YyOpYTrHe ILIACTHHKH, HMEIOMMe OonpelesleHHYI0 Co6-
CTBEHHYIO 4YacToTy Kosie6anui. Konell miacTHHKH NomernaJjcs
B IpPOBOAALIUH pacTBOp, HAXOAAIMHCA B MeTaJJHYECKOM
crakade. Ilpu Kose6aHUH NUIACTHHKH CONPOTHUBJIEHHE MEXLY
Hell M CTaKaHOM H3MEHSJIOCh C 4YacTOTol, BJjBoe OoJbliel
COOCTBEHHO!N 4acToTh KoJieGanuil. PesonaHcHoe pene co-
CTOSLJIO M3 3JIEKTPOMArHuTa, fKOpS, YKPENJIEHHOro Ha CTpy-
He, M TOJBHXKHOIO KOHTaKTa. l3MeHeHHeM MJIMHBEI CTPyHHI
pesie HACTpamBaJIOCh Ha YaCTOTy COOTBETCTBYIOIEIO TeHe-
paropa.

YacToTHoe pasjiefieHue CUTHAJIOB, BIEpBBIE MPeJOXKEeHHOe
Mopo30BbIM, B HOC/JEAYIOMIEM HAYAJIO MIMPOKO NPHUMEHSIThCS
B TeJieyNpaBJieHHH.

B 1880 r. kanutan pycckofi apmuu I'. I'. MiruateeB Bnepsbie
OCYIIECTBUJI OJHOBPEMEHHYIO Iepefauy o OLHOH (U3HUeCKoH
JIMHHUH HMIYJ/bCOB TePEMEHHOr0 U IOCTOSIHHOTO TOKA, YTO SIBH-
JIOCh TIEPBBLIM OIBITOM MHOTOKPATHOTO HCIOJb30BAHHS JIMHHH
CBSI3H.

Hzo6perenne B 1895 r. GecnpoBoJOYHOTO Teserpada Bhia-
tomuMest pycckuM yuenbiM A. C. TToIOBBIM 3aJI03KHJIO OCHOBBI
panuotenemexanuku. B 1896 r. A. C. IlonmoB nmpozemoHcTp-
poBajl MEpBYIO B Mupe CHCTeMy pajuocBssu. M3 onmoro 3na-
Husa [leTep6yprckoro yHHBepCHTETa B Jpyroe Ha PAacCTOSTHUM
B 250 u GBLI0 nepefano TeserpagdHoe coobiienue. Ilpu nepenaue
3THX CHTHAJIOB IIPOM3BOAUJIOCH BKJIIOUEHHE M OTKJIIOUEHHE
3]eKTPUYECKOll Lenu B nyHKTe npueMa. CreloBaTebHO, IpHEM-
noe ycrpoiictBo A. C. IlonoBa sBHJIOCH TaK:Ke U IEPBEIM B MHpe
YCTPONCTBOM pajuOoTeseylpaBIeHus.

Bcekope mnocsie u3oGpeTeHusi pagpo MOSIBHIMCH paGoTHl MO
CO3J4HHIO YCTPOHCTB  pajHOTe/eyNPABJEHHS MOIBHKHBIMU
U HENOJBUKHBIMU O0OBEKTAMHU. )

B 1897 r. 3. Busbcony u Y. JBancy B AHruM Gbli BEIAH
MaTeHT Ha pajiHoTe/ieMeXaHHyecKoe yCTPOHCTBO, a B 1906 r.
ucnanckuii uxxkeHep T. KeBeno ocyinecTBHJ yNpaBjeHHe 110
pajuo MOTOpHOH JIOAKOH Ha paccrosinud 1o 200 m.

MHuTeHCcHBHOEe pas3BHTHE TeseylpaBjieHdst B psijie CTPaH
Hauasoch B 20—30-x ropax Haiiero Beka BHadaJje JJis yIpas-
JIEHU§l YJIUYHBIM OCBEIeHHEM, BKJ/IIOYEHHMEM PEKJaM, CHrHaju-
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3alyy, 4 3aTeM JJsi YOPAaBJEHHS NPOMBILIJIEHHEIMH YCTaHOB-
KaMH H INOABHXKHBIMH OOBEKTaMH. .

IlepBLie fneficTByromMe yCTPOACTBA TeJEYNPABJCHHS JJIst
NPOMBIIJIEHHOCTH NOSBHJIMCE B Hawefi ctpane B 1932—1934 rr.
DTH YCTpOHCTBA WCHBITHIBAJUCH H BHEAPsIUCH B JleHsHepro
n B Mockosckom Merpomnosutere (paspadotku b. K. Ilykuna
n JI. T. PamkoBckoro). YCTpPOHCTBO TeJieCHTHa/NH3AlUK Ha
JIWUCTIETYEPCKUA NYHKT C OAHOH M3 NOACTAaHOMH Mocsnepro
6bl10 npuMeneno B 1933 r. (M. A. TI'aBpuJios).

[lepBuifi B Hamell CTpaHe AUCIETUEPCKHH NYHKT, 06OpYyLO-
BAHHBIA CPeNCTBAMHU TejieMEeXaHUWKH, Obli1 mocTpoeH B 1938 r.
Ha KaHaJje uMeHH MockBbl. C 3TOr0 NYHKTA OCYIIECTBJISIJIOCH
TeJleMeXaHHYeCKoe YIpaBJieHHe BCEMH HACOCHHIMH M THJIPO-
3JIeKTPOCTAHIHUSIME KaHasa. Bes amnaparypa Owlsia paspabo-
TaHa u BeinosiHeHa LIJIDM Mocanepro (LlenTpanbuasi jabopa-
TOpPHUSI U SKCIEPUMEHTaJbHble MacTepCKHe).

B nocneBoeHHble Tofbl PabOTHL MO TeJeMeXaHU3aLHH Hep-
rocucteM OblIM Pa3BepPHYTH MHPOKHM (POHTOM, OCOGEHHO
nocje Toro Kak B 1949 r. Obli Ha/Ma)KeH HPOMBIILJIEHHBIH BHI-
nyck ycrpoiicts TY—TC tuna BPT-48, a sarem BPT-50
(3aBop «JHeprofieTanby). JTH YCTpoHcTBA OBLIM pa3paGoTaHBI
B llenTpanbHoll HayYHO-HCCJIENOBATENLCKOR 3JEKTPOTEXHH-
yeckoit snaboparopuu (LLHKSDJI) Munucrepcrsa sjieKTpocTaH-
nuit (P. JI. Paiinec).

C 1953 r. 3aBoa «Jnexrpony.bTy (I. JICHHHIpaj) BHITyCKaeT
GoJiee cosepientoe ycrpoiictso TY—TC tuna BPT-53 (pas-
padorka B. K. Komuccaposa u P. JI. Paiineca). B nacrosmee
Bpems 310 ycrpoiictBo TY—TC yxe cHATO C NMPOU3BOACTBA
¥ 3aMeHeHO ycrpo#icTBom Tunma ¥ TM-1 (paspa6orano BHIHIMD
COBMECTHO C 3aBOJIOM «DJIEKTPONYJILTY).

[lepBorauanbuo ammaparypa 1¥—TC BuiNoNHAJACh HA
3JIEKTPOMEX AHHUECKHX 3JIEMEHTaX C 3JeKTPHYECKUMH KOHTAaK-
Tamu (3JIeKTPOMexaHHuecKye pesie, I1aroBele UCKATeNH), a 3a-
TeM ObLTH CO3LaHbl OeCKOHTAKTHbIE YCTPOHCTBA HA MAaTCHHUTHBIX
M T0JyNPOBOAHHKOBBIX 3JeMeHTax, obnajawouiue GoJbiiei
HaJeXKHOCTbIO, OLICTPOLEHCTBHEM H IOJTOBEYHOCTbIO.

[TepBbie paspaGoTKu M TyOJHKaUXH 10 GeCKOHTaKTHBIM
yerpoiictBam TV —TC B CCCP 6bliu crenane! B 1955 r., a mu-
POKOe BHeJpeHHe TAKHX YCTPOHCTB Hayasoch ¢ 1958—59 rr.—
Ha HeCKOJIbKO JIeT paHblle, 4eM 3a py6GexoM.

PaspaGotku 10 G6GeCKOHTaKTHbIM ycTpoiictBam TV —TC
C BPeMEHHBIM pasJieleHHeM HMITyJIbCOB BHITIOJIHSIHUCE H BBINOJ-
HAoTcs B MIHCTHTyTe 4BTOMATHKH H Te/eMEeXaHHKHU (UAT)
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AH CCCP (B. H. TyreBuu, B. A. Xoxuxamsuiau, P. B. Bu-
auk, H. B. Ipanrumsuny), a Takxe BHUMD (K. I'. MuTion-
kud) 1 B. [IIHMMKA (B. E. Xasamxuii). Ilpumenuresbno
K TpeGOBaHMAM 3JeKTPUGMUIMPOBAHHBIX KeJe3HBIX AOPOT 3Ha-
4yuTeJbHBIe PaspaboTKH OeCKOHTaKTHHIX yeTpoiictB TV—TC
BBINIOJIHEHBl BO BCECOIO3HOM HHCTHTYTE KeJIe3HONOPOKHOIO
tpancnopra (H. 1. Cyxompyzackuii, B. §I. Oaaciok).

TeopeTnyeckne OCHOBBI MOCTPOEHHMSI YACTOTHBIX H YacToT-
HOBpeMeHHBIX ycTpoilcTB T¥Y—TC u psii ONBITHEIX 006pas-
OB BLINOJHEHH B KHEBCKOM IOJIMTEXHHYECKOM HHCTUTYTe
(. A. Karkos).

INpurnune nocrpoenus ycrpoiicts TY—TC ¢ ucnonb3o-
BaHUEM BPEMEHHOrO pasjie/ieHHsT YaCTOTHBIX MMITYJIbCOB (TOCHI-
JlaeMbIX IIOC/IE[0BaTe/bHO) pa3pabaThiBaJuCh B AKajeMuu
ceanpckoro xossicrea YCCP (B. JI. MuocoB, A. M. Jlyuyk).
3atem B MHcTutyre aBToMaTuki (r. Kue) Gbuio paspaGoTano
pan ycrpoiicts TY—TC storo tuna.

3HaunTenbHEIE 0ObeM pafoT 1Mo paspaboTKe YacTOTHBIX
3JieMeHTOB u ycTpoiictB TY—TC ¢ BpeMeHHBIM pasfiefleHHeM
YaCTOTHBIX HMITYJIbCOB JIJIsT pacCpeOTOUEHHBIX 00BEKTOB YIIPaB-
JIEHHS! 1 KOHTPOJIS BBINOJIHEH B IHCTHTYTE aBTOMATHKH U Tese-
mexanuku AH (MAT AH CCCP) CCCP c npussiedenuem psifa
opranusanuit (B. A. Mabun, A. I'. Mamukonos, M. I'. Teme-
JuH). B HacTosimiee BpeMmsi 3HAUMTEJBHOE KOJIHYECTBO INOA06-
HBIX YCTPOHCTB HCIIOJIb3yeTCst NPH TeJeMeXaHH3alUuu HedTs-
HBIX IIPOMBICJIOB.

Paspa6otka, ocBoenue u mpumeHenue ycrpoiicts TYV—TC
ocymectsasiiorcss B CCCP  HapocraomuMy TeMIaMH, 3Ha4u-
TeJbHO MPEBOCXOAAINIUMH pA3BUTHE JaHHOH OTpaciu Tex-
HUKH B Haubo/ee DPAa3BUTHIX KANHTAJMCTHYECKHX CTPaHaXx.
[pumeuaTebHBEIM ABJISIETCS IOCTENIEHHOE CHSITHE C NPOHM3BOJ-
CTBA KOHTAKTHBIX YCTPOHCTB M 3aMeHAa HX OeCKOHTAKTHBIMH,
NPHUCIOCOGJICHHBIME /151 UCHOJIb30BAHUS B PAa3JHUHBIX OTpac-
JITX HapOJHOTO X039HCTBA. \

HaunGonee TesleMexaHH3HPOBAHHLIMH B HACTOANIEE BpeMs
SIBJISIIOTCSA 9HEPTocHcTeMBl. YcrpoictBa 7YV —TC mupoKo Opu-
MEHSIIOTCSl TaK¥XKe Ha JKeJIe3HbIX JOporax, 0COGEHHO 3JIeKTpHu-
(GuuMpoBaHHBIX, a TaKkKe HAa HedTAHBIX Ipombiciax. Hauaro
TaKkKe IMPOKOe MNPUMEHEHHE TeJeMEeXaHHKH HA IPOMBIILLIEH-
HBIX NPeANpHATHAX, IIaXTaX, Ta30BLIX MPOMBICJIAX, B KOM-
MYHQJIbHOM XO03SIHCTBE TOPOJOB H OPOCHTE/IbHBIX CHCTEMaXx.
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nasanepsan

TEJEMEXAHUYECKUN
ROHTPOJIb 11 YIIPABJIEHUE

§ 1. OCHOBHLIE IOHATHA N ONPEJEJEHUA

Tenemexanuyeckuii KOHTPOJb OCYINECTBJISI-
eTCsl NIPH MIOMOIILH YCTPOUCTB TeJlen3MeperHs (TH) u Tenecurua-
ausauun (TC).

YcTpoiicTBa  TeJleM3MEpeHHS! [MepefaloT Ha PacCTOsIHHE
3HayeHHs1 u3MepsieMblx napaMeTpoB. OTJIHYHTENBHOH OCOGeH-
HOCTBIO 3THX YCTPOHCTB SIBJISIETCS] Ipe0Opa30BaHHe MepBUYHBIX
H3MepSEMbIX BEJMUYHH B IPOMEXKYTOUHBLIE; IPHCIOCOGJEHHBIE
JJS1 Tmepefaud IO KaHAJy CBS3HM C HAHMEHBIUHMH HCKamKe-
Husmu [48].

YcTpoiicTBa TeseCUTHAMH3ALMH I1ePEJAOT HA PacCTOSIHHE
CUTHAJIBI O COCTOSIHHH KOHTPOJHPYEMBIX YCTAHOBOK HJIH CHT-
HaJbl Cl1yxe6HOro Ha3HayeHHS.

Tenemexanuyeckoe ynpaB/eHHe OCYIIECTBJISIETCS MPH TMO-
Mo ycrpoiicts Teseynpaenenust (7). Ilpunuun paGotsl
yerpoiicts TV u TC.ananoruyeH H 3aK/ioyaeTcss B TOM, YTO
nepezamwias -annaparypa o6pasyeT KOAHPOBAHHEIM CHIHAJ
U TlepefiaeT ero B KaHaJ CBfI3M, a NpHeMHas ammaparypa ocy-
IeCTB/IsIeT u3bupaHue, npeobpasysl NPHHATHIE CHI'HAJT B BO3-
JIeHCTBHE HA COOTBETCTBYIOUIHH OOGBEKT YNPABJEHHS HJH CHI-
HaJIbHBlE LeITH.

JMCTaHIHOHHOE YMpaBJeHKE H TeJeynpaBieHne. Y npasJe-
HHE Ha PACCTOSIHHH OCYIIECTBJISETCS NPH NMOMOULM YCTPOMCTB
IUCTAHIMOHHOTO YIPABJEHHS HJH TejeynpaByenust (puc. 1).
B pucraniyonHslx ycrpoiicTBax (puc. 1, @) ynpasnaenue o6beK-
TaMH BBINOJHSETCS! C IMOMOLIbIO IPOMENXYTOUHBIX OGBEKTHBIX
pene, YCTaHABJHBACMBIX Ha HCIOJHHTENLHOM nyHKTe HIT
K HeMNOCPeACTBeHHOH OJIM30CTH OT OOGBEKTOB YIIPABJIEHHSI.
Oprans! ynpasierust OY (00beKTHBIE KJIIOUH) YCTAHABJIUBAIOTCS
Ha JucreTyepckoM HyHKTe /[/] M NPOBOZAMH MaJOro CeueHHsI
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JHHHY CBsI3U (/IC) CBSI3BIBAIOTCS C COOTBETCTBYIOUIHMH HCIIOJ-
HHUTe/NbHBIME pejie HP obbektoB ynpassenus O5. Ilpu mepe-
Jaye CHUTHAJIOB IIOJIOXKEHUS] OOBEKTOB HA BXOJ YCTPOHCTBA
BO3EHCTBYIOT GJIOK-KOHTAKThI OGBEKTOB, 4 HA BBHIXOJE BKJIIO-
4aloTCs JIaMIbl CUrHaAu3auuu. B orauume or TV mepepaua
CHTHaJIOB NpousBogutcs ¢ HMII wa JI1.

JlucTaHIMOHHBle YCTPOHCTBA YIpPABJEHHS U KOHTPOJIS
XapaKTepHbl TeM, YTO /151 Nepefayy KaxKJoro NpHKasa ympas-
JIEHHUS HJIM CHTHAJ/a IOJIOXKEeHHUS! OOBEKTOB BhIEJsIeTCsl OTAE b~
HBIH NpoBoj, (oOpaTHblil npoBof obmuit). CrenoBaTesbHO, MakK-
CUMaJIbHOE YHCJIO NPHKA30B MJM CHTHAJOB, IepefaBaeMBIX
JHUCTaHLHOHHBIME YCTPOACTBAMH, OIpeaessieTCsl TOJbKO KOJIH-

Yl e i Aan i
0y == fipA =06
a b

Puc. 1. Biok-cxeMbl IeHTPa/M30BaHHOIO YIpaBleHHS:
a — JNUCTaHLHOHHOIO; 6 — TeJleynpaBJIeHHA.

YeCTBOM IIPOBOJIOB B JIMHHUH CBSI3H. DTO YHCJIO NMPHKA30B yIIPaB-
JIEHHS! WJIH CHTHAJIOB IIOJIOXKEHHS Ha3bIBAETCS] eMKOCTbIO CHCTe-
MBl YIIpaBJIeHHS.

JlucTaHIMOHHBIE YCTPOHCTBA YIpaB/eHHsT M KOHTPOJIS
3KOHOMHYeCKH Ie/1eCO06pa3HO NPHMEHSITb TOJBKO NpPH CpaB-
HHUTEJbHO HeOOJbIIHX PACCTOSHHSAX MEXIY JHCIeTYEPCKHUMH
U, UCIIOJHHUTEJbHBIME NTYHKTAMH W IPH CPABHHUTENHLHO MAJOM
KojnyecTBe OOBEKTOB. [lJifl yMeHBIIeHHs 3aTPaT HA JHHHIO
CBSI3H NPHMEHSIOTCS YCTPOHCTBA TeJIeyNPAaBJIEHHS H TEJECHT-
HaJIM3alMH, AJIs KOTOPHIX KOJIHYECTBO HPOBOJAOB B JIMHHHU CBSI3H
MeHblIle YHCJa NepefaBaeMblX NPHUKA30B HJIH CHTHAJOB II0JIO-
JKEHHs.

TeneynpaBJ/eHue—3T0 yIpaBleHHe HA PaccTos-
HHUH C HCNOJIb30BAHHEM CIIEIIHaJbHBIX METOAOB U30HPATEIHbHOIO
BKJIIOUEHHsI, 06eCIeynBalouX COKpalleHHe KOJHYeCTBa KaHa-
JIOB CBSI3U g TNOBLIIEHHE HANEKHOCTH YIIPAaBJIEHHUSL.

YCTpOHCTBa TeJleynpaBJjeHusi COCTOST U3 mepenaiwuieit /1A
U NpHEMHON annapaTypsl /IpA, KOTOpbIE COELHHSIOTCS MEKAY

* Hon KaHa/IOM CBSI31 TNOHHMaeTcss He TONBKO [POBOAHASA JIMHHA,
HO W moJsioca 4acToT, BplgesisiemMasl B II[:)OBO)IHOI’I JAUHUH, WA KaHaJga pajguQ-
CBA3H.
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cobeii xananom cBsizu KC (puc. 1, 6). Ha nepepatomyio auna-
paTypy BO3/eHCTBYIOT OpPTaHH YIPABJEHHsS, H C BHIX0OHA NpH-
eMHO} annaparypsl 3TO BO3JeACTBHe NepefaeTci Ha OOBEKTHI
yIIpaBJIEHHUSs.

B ycrpoficTBax TesecUrHa/M3alMy Ha Nepefdiomiylo anma-
paTypy BO3HeHCTBYIOT BMeCTO XKJjiioueil ympaBjeHusi OJIOK-
KOHTaKThl OOBEKTOB, a4 Ha BHIXOJe IIPHEMHOH anmapartypel
BKJIIOYAIOTCS JIAMITBl CHTHAJIH3aIMH.

Ilpuxasel # CHTHAJBL B YCTPOHCTBAX TeJE€yNpaB/eHUsI U Te-
JIECHTHAJIN3ALHUN TepefaloTcsl -B BHIE OTAeJNbHBIX HMITYJIbCOB
HJIH KOZIOB, TIPeJCTAaBJISIIONHX COOOH ONpefiesleHHble KOMOUHA-
UM UMIyJabcoB. Kopuposanne (o6pasoBaHue KOJOB) BBIIOJ-
HfieTcsl B Imudparope, KOTOPBIA SBJISETCS OCHOBHBIM Y3JIOM
nepejawoouiell anmapaTypel. JekomupoBaHue (pacuugpoBkKa)
KOJIa BBIMOJIHSIETCS B OCHOBHOM Yy3Jie IIpHeMHOil anmnapaTypsl —
Jemndparope. IIpyu 5ToM IPOHCXOAUT BEIOODP COOTBETCTBYIOIIETO
oObeKTa yNpaBJieHHs! WM CHTHAJIBbHON Ieni.

§ 2. KIIACCHOAKALUS YCTPOIICTB
TEJEYIIPABJIEHH A
1 TEJIECATHAJIA3AIINN

YcrpoiicTBa TeseyIpaB/eHHs] KiaacCHPUILH-
pyIOTCS 1O Ha3HAYeHHMIO, MO MeTOAY HCIOJb30BAHHS KaHAJOB
CBSI3H, 110 INPHUHSATHIM KAayeCTBEHHBIM INIPH3HAKAM HMIyJIbCOB
TOKa U MeTOZaM H36HpaHHUS.

Kaaccudukauust ycTpoilcTB TesjeynpaBjeHHs MO Ha3Haye-
HUI0. YCTPOMCTBA TesieyNpaB/eHUs] NPUMEHSIIOTCS [Jsi yIpas-
JIEHHSI Ha pAaCCTOSIHHM IIPOU3BOJCTBEHHBIMH YCTAHOBKaMH,
nepefayd CHTHAJIOB CJy:KeGHOro Ha3HayeHHs!, BEI30BA 1AaTYHKOB
TeJIEU3MEpeHHUsl, BOSAEHCTBUSI HA HACTPOHKY aBTOMATHYECKHX
perysisiTopoB, a TaKiKe OCYLIeCTBJIEHHs TejeMeXaHHYeCKoH
CBfI3M MeX/Y ABTOMATHUECKHMH YCTPOHCTBAMH HJIH CHCTEMaMH
aBTOMATHYECKOH 3alUTHl NPOU3BOACTBEHHBIX YCTAHOBOK, HAXO-
JSINAXCS HA 3HAYUTeNbHOM paccrossHuM oT J[/1. Tlpunuun
paGoTHl 5THX YCTpOHCTB aHasnoruyeH. [lepeuncrieHHble yCTPOi-
CTBa BHIMOJIHSIIOT Pa3/uuHble GYHKIHH M OTJIHYAIOTCS TEXHHU-
YeCKHM BBINIOJIHEHHEM AaNNaparypel, I03TOMY CyIIECTBYeT
CleAyioliee pasjesieHue YCTPOHCTB TesieyIpaBjiedus MO HasHa-
YeHHIO: .

1. ¥YcrtpoiictBa Teneynpassenus: (TYV), mnepepawonipe Ha
PACCTOSTHUM HMIYJIBCHl YNPaBJEHHs, BO3LeHCTBylomHE HA
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UCIIOJTHUTE/IbHEIE MeXaHHU3MBl YIIPABJISIEMEIX YCTAHOBOK (06'bEK-
ToB ympasjenus). Ilpu TV, Kak npaBujo, NPOH3BOJUTCS
OJlHOBPEMEHHO YIIpaBJIEHHe TOJbKO OJHUM OOGBEKTOM YIIpaB-
JIEHHSI.

2. YcrpoiictBa TenekomannoBanus (7TK), mepenawonide Ha
pPAacCTOSTHUH CHI'HAJIBl — PACHOpPSIKEHHUsl JeXKYpHOMY Iepco-
Hajy yTpaBJ/sieMblX yCTAaHOBOK. Ha BbIXoje 3THX YCTPOHCTB
BKJIIOYAIOTCSl CBETOBBle Tab/0 C COOTBETCTBYIOLIEH HAJMHCHIO
H 3BYKOBOH CHTHaJI.

3. YcTpoiicTBa BbI30Ba JATYMKOB Teseusmepenus (BTH),
nepejdroliye Ha PACCTOSIHHE HMITYJIbCHI YIpaBJeHHs, BHINOJ-
HSIOMYe BLIOOp Y MOJKJIOUEHHE K OTJeJbHOMY KaHasly CBSI3H
TpeOyeMOro AaTYUKa TeJieH3MepeHHsl.

Oco0eHHOCTBIO 9THX YCTPOHCTB SIBJISIETCS TO, YTO JATYHKH
TeJIEM3MEPEHHSI  PACCMATPUBAIOTCS KAaK  OJHOMNO3HIIMOHHBIE
00BeKTHl YIPaBJeHHs], IPY BEIGOpe OJHOTO U3 HHX pPaHee BKJIO-
geHHBI! Jatunk TH aBTOMaTHyecKH oTKJIOYaeTcsl.

4. YerpoiictBa teseperyiaupoBanus (TP), Bo3ielicTByoLLie
Ha DACCTOSHHH HA HACTPOUKY ABTOMATHYECKHX PEryJssTOpOB.
Oco6eHHOCTBIO 3THX YCTPOHCTB SIBJISIETCS] TO, YTO BO3JEHCTBHE
Ha HACTPOHKY pEryasaToOpoB AOJKHO OCYILIECTBJISITHCS HeIpe-
PBIBHO B 33JlaHHBIA NIPOMEXKYTOK BpeMeHH (NPH NepeBeJeHHOM
KJloye yIpaBJeHHsl B NojioxeHHe «Boubiue» wiau «MeHbliey).

5. Ycrpoiictea Tesne6nokupoBku (T5), ocyuiecTBIsIONIEE
Ha pAacCTOSIHUM BO3JEHCTBHE HA aBTOMATHYECKYIO 3allUTY
yIpaBJ/isSieMbIX YCTAHOBOK. DTH YCTPOACTBA OT/IMYAIOTCS MAJIbIM
KOJIHYeCTBOM KOMaHJ, BBICOKHM  OBICTpOZeHCTBHEM (MEHee
0,1 cex) m moBbILIEHHOH HafeXHOCTBIO. Kak npaBmio, mpeny-
CMaTPHBAeTCsl aBTOMATHYECKUIl KOHTPOJIb BCEX Y3JI0B H aBTOMA-
THYECKOE TEePEKNIOYeHHe Ha pe3epBHBIA KaHaj CBSISH IPH
HeHCIIPABHOCTH OCHOBHOTO KaHaja CBSI3H.

6. YcrpoiicTBa TesieMexaHH4YecKoil cBsI3H aBTomatoB (TCA),
o6ecreyHBaIONIYE TeJeMEXAHUYECKYIO CBSI3b MEKAY aBTOMATH-
3HPOBAHHBIMH IIPOH3BOJCTBEHHBIMH YCTaHOBKaMH. B Takux
CHCTEMax ollepaTop Ha BXOJEe OTCYTCTBYeT W BO3AEHCTBHS Ha
CHCTEMY 33JaI0TCsl aBTOMAaTHYeCKHMH ycTpoiictBamu. Ilostomy
TpeGOBaHHsl K OBICTPOZEHCTBHIO H HAJIEXKHOCTH YCTPOHCTB
TCA noBbilIeHHEIE.

B nacrosunee Bpems paspaGaTHIBAIOTCS TaKKe YCTPOHCTBA
Tesienepefaud AaHHelX (T/]), ocyllecTBJsIOMKMX Tepegadyy Ha
paccTosiHde JAHHBIX INPOM3BOJCTBEHHO-TEXHHYECKOH M SKOHO-
MHYECKOH HH(POpPMALHU B HYHKTHl O6PaGOTKH ¥ BHIYHCIHTEb-
Hble HEHTpH. K 3TuM ycTpoficTBam NpeybsBIsioTCs TpeGoBa-
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HHsl BBICOKOH [OCTOBEPHOCTH Ilepefaud NpH MaKCHMAJbHON
CKOpOCTH Tiepefaun U 3(p(eKTHBHOCTH HCIO/Ib30BaHMsI KAHAJI0B
- CBSI3H. /

CrepyeT OTMETHTb, YTO NPAKTHYECKH BBHIIIOJIHSIEMbIE YCTPOH-
CTBA HCIOJIB3YIOTCS AJIsl OCYIIECTBJIEHHS] HECKOJIbKUX QYHKIHH.
Hanpumep, yctpolictBa Teneynpasienus (7¥), Kak mpasuio,
JIQTIOJIHAIOTCST yCTpoCTBaMu TeJiecurnanudanuu (TC), Tak Kak
JJ1s1 TOro, 4ToObl IPOU3BOJHUTD YIIpaBJeHHe, HEOGXOLHMO 3HATD
cocTosiHue O0OBEeKTOB ympasjenuss (yctpoiictea TY—TC).
Kpowme toro, Bo MHOrux ciyuasix ycrpoiicrea TYV—TC BuinoJ-
HSIIOT TaKkKe (QYHKIUH BHI30BA AATYHKOB Teseusmepenus (BT H)
U OCYIIECTBJISIIOT BO3JeHCTBHE HA HACTPOHKY aBTOMATHUECKHX
peryastopoB (TP).

Kaaccudukauuss ycrpoiicts 7Y u TC no mMerqay MCHoOJb-
30BaHUS KaHAJOB CBfA3M. MeTOL HCIIONB30BAHHS KaHAJIOB
CBf3H 3aBHCHT OT CIIOCO0a pasjesieHHs 3/1eMEHTOB HMITYJIbCHOM
cepuu, ofpasywoueit KoMmaHsy wuaum cursan. IIpumensiercs,
4acTOTHOE, BPEMEHHOE M YaCTOTHO-BPEMEHHOE pasjesieHue
HMITyJIbCOB, MOCHIJIAeMBEIX II0 OJHOMY KaHaly CBsis3u. B coot-
BETCTBHU C 3THM pasnuyaroT ycrpoiictBa TY unu TC c gyactor-
HBIM, BPEMEHHBIM H C YacCTOTHO-BPEMEHHBHIM - Pa3jeJeHHEM
HMITYJIbCOB.

IlpuMensieTcs: Tak:ke MOCHLIKA HMIYJBCOB MO Pa3JHYHBIM
IIPOBOLHBIM JIMHHSIM (MHOT'OIIPOBOJHBIE yCTPOHCTBA).

Kaaccudukauusa ycrpoiicte TY u TC no npuHATHIM Ka-
YeCTBEHHBIM MNPH3HAKAM HUMNYJAbCOB ToKa. Ilo npuHATHIM
KaueCcTBEeHHBIM MPHU3HAKAM HMITYJ/IbCOB TOKA Pa3/IMYaioT yCTPOli-
ctBa TY win TC ¢ aMmMIJIHTYAHEIMH, MHOJSPHBIMH, BpeMeH-
HBIMH, YaCTOTHHIMH ¥ (DA30BBIMM KauyeCTBEHHBIMH NIPH3HAKAMH.

Kaaccugukauus ycrpoiicts 7Y u TC no NpHHATHIM METO-
Jam ua6upauusa. [Io NpUHATEIM MeToZaMm H30HpaHUS pasJ/H-
yaloT ycrpofictBa 7Y unu TC ¢ YaCTOTHBIM, pacnpele/uTesb-
HBIM, YaCTOTHO-KOMOHHALHOHHBIM, paclpeleHTe/]bHO-KOMOHU-
HALHOHHBIM, YaCTOTHO-pPACIIpEele/HTebHBIM H YaCTOTHO-KOM-
-OUHALHOHHO-PaCIIpeeUTEeIbHBIM METOAAMH H30HPAHHS.

Ipu uCnoyib30BaHHH HECKOJNbKHX KAaHAJIOB CBSI3H HJIH IpPO-
BOJHBIX JIHHMH TNPHMEHSIOTCS IIPOM3BOAHBIE METOABI H36Hpa-
Husi. Hanpumep, B Han6oJiee IPOCTHIX MHOTONPOBOAHLIX YCTPOH-
CTBAaX IPUMEHSIOTCS] PAa3feJHTeNbHbIl H Dasje/HTe]bHO-KOM-
OMHALMOHHBIH MeTOAB H30HMpaHHS.

YcrpoiicTBa Tesecursaauzandu. YCTPOHCTBA TeseCHTHA-
gusanun (TC) npeaHasHayeHH! [Jisl TEPEJayd Ha PACCTOsSIHHE
CHFHAJIOB O COCTOSIHMM KOHTPOJHPYEMEIX OOBEKTOB (THIA
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«Bxumoueny, «OTK/IOUeH»), aBapuiHBIX CHTHANOB H CJIyXKel-
HBIX CHTHAJIOB. XapakTepHbM Ajsi ycrpoiictB TC sBjsiercs
Iepeaya CHTHAJIOB OT KoHTposaupyemoro (KI[I) B cropony
nucnetuepckoro nyukra. Ilpu TC B otiimume ot TV, xak npa-
BHJIO, IpPUMEHsleTCsT HHUPKYyJsSpHAs Iepefaya CUTHAJIOB, IOK
KOTOpO# INOHMMAaeTCsl Mepefauya CHTHAJOB O COCTOSTHMH BCeX
OOBEKTOB ONHOBPEMEHHO HJIH 33 OJHH UMKJ PabOTHl yCTPOU-
CTBa.

Texuuyeckoe BoiMosiHeHHe ycrpofictB TC, Tak ke Kak u
yerpoiicte TV, xapakrepusyercsi MeTONOM HCIOJb30BAHUSA
KaHa/joB CBsI3HW, TPHHSATHIMH KauyeCTBEeHHBIMHM IPH3HAKAMH
HMIYJIbCOB TOKA ¥ METOAAaMH H36MpaHHsl.

§ 3. OBIIIE TPEBOBAHNA,
NPEIDLABIAEMBIE K YCTPOIICTBAM
Ty — TC

TpeGoBanusi, npepsaBisieMble K yCTPoOCTBaM
TY—TC, 3aBucat ot obsactd ux npumenenus. OpHaxo, cyuie-
CTBYIOT ofmue TpeGOBaHHS.

1. ¥YerpoiictBo TY—TC [OMKHO HOPMAJBHO BBHIIOJHSTDH
GOYHKLIUH yOpaBJeHuss W CHCHAJH3ALHH IPH OIpeleseHHOM
CpefiHeM YpOBHE NOMeX B KaHaje CBSI3H U U3MEHEHHH YCJOBHH
3KCIIyaTallHH B 3afdaHHBIX Ipefienax (KosjeGaHHS Hamps:Ke-
HHSl NHTAHUS JHHeHHBIX U MeCTHBIX Lelell, H3MeHeHHsl Xapak-
TEePHUCTHK KaHaja CBsI3H, KoJieGaHWH TeMIeparypsl, AABJIEHHSI
U BJIAKHOCTH B M€CTaX YCTAHOBKH anmapartypsl  T. IL).

2. TloBpexxeHue KaHajla CBSI3H U HOTepst nuTaHust Ha M1
JOJIKHBl CHrHasnu3upoBatbes Ha J/1.

3. DBeictpogeiictBue ycrpoiictBa TV —TC [OMKHO COOT-
BETCTBOBAaTb TPEOOBAHHSIM 3KC.LIyaTaIUH.

4. Tlpu TeneynpaBieHHH JOJDKHA 06GeCrneyHBaTbCs Tpebye-

. Masl NPOOJIKUTEIbHOCTh HCIIOJHUTENBHOTO uMnyJbca Ha HIT
IJis1 BKJIIOUEHHS! MJIH OTKJIIOUEHHS] YIIPaBJseMOro OGbeKTa.

5. Ucnonuenne ua HII pacnopsiutebHON KOMAHIBI A0JK-
HO CONPOBOXKAATbCSA, KaK NPABUJIO, aBTOMATHUYECKOH OTBETHOH
CHTHAaJIM3alyel.

6. Ilpu wucnonssoBanuu jgsi TY—TC nocseloBaTebHO
BO BpeMeHH OOILEero KaHasa CBsI3H JOJIKHO NPENyCMaTpHUBAThCS
npennourenre 7C nepen TV unn HaoGOPOT.

7. Kak mpaBusio, mpomnajganve H3BECTHTEbHBIX CHIHAJOB
(TC) o uaMeHeHHH COCTOSIHHSI OGbEKTOB HE JOMyCKAeTCsl.
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8. Ilpu BhIMONHEHHH oNepaliuii yIpaBJeHUsi JHCIETYEPOM
MOXeT JONyCKaTbCsl OFHOKPATHBIA COOH (HEBLINOJNHEHHe KO-
Maujp1). OfHAKO MPU HCHOJIBL30BAHHH YIIPABJSIIOMIMX BHYHC/IH-
TeJBHBIX YCTPOHCTB (THma «ABTOAMCIETYep»), cOoH He Jo-
HYCKaIOTCSI.

Kpowme nepeuncsieHHbIX 00IUX TpeGOBAaHHI K yCTPOHCTBaM
TY—TC, npenbsB/sIOTCS CIENUANbHbIe TpPeGOBAHUSI B 3aBH-
CHMOCTH OT 00/1aCTH IPHMEHEeHHS.

§ 4. OBMAA XAPAKTEPACTHKA
OE'BEKTOB TY — TC

OGbeKThl ynpaBJeHusl pasfessioT Ha cocpe-
JOTOYEHHBIE M PacCpefOTOYEHHEBIE, ABYXNO3HIHMOHHBIE H MHO-
ronosuunonHsle. Kpome foro, uMelorcst 06beKThl yIIpaBJieHHs,
Tpelylolllie HENpepHIBHOIO TeseynpaBJieHHusl.

CocpenoTouennbie  paccpefoToueHHble 06bekThl 7Y — TC.
OG6BeKThl yrnpaB/eHHsl PasfessioT Ha COCPEeNOTOUYEHHbIE U pac-
CpeJOTOYeHHbIe HJIH pacnpenesneHHsle. K cocpefoTOYeHHBIM
oTHOCAT 00beKThl TY—TC, pacnojioKeHHble Ha OTJEJbHBIX
HII, cBa3anubix ¢ [JI1 paguanbHbIMU KaHATaMH CBSI3H, a K pac-
CPeOTOYEHHBIM OGBEKTaM OTHOCST OTAE/bHbIE OOBEKTHI YIIpaB-
JIEHHS HJIM MX TPYIIE!, PacloJOKeHHbIE BAO/b OOLel JHHUH
cBsi3d. OGBIYHO TO 5TOH JIMHHM CBSI3H OCYILECTBJISIETCS TI€pe-
Jada KOMaHjf TeJeyIpaBJeHHs U BBI30Ba JATUYHKOB TeJieH3Me-
peHHsi, a Takxke obparHas nepefaua curnamoB 7C u cob-
crBenHo TH. Kpome Toro, ofmas JIMHHA CBASH HCIOJb3yeTCs
TaKxe s ;mcneTtIepCKoﬁ TesleOHHOH CBS3H NPHU BpeMEeHHOM
OTKJIIOYEHHH YCTPOUCTB TeseMeXaHHKH.

ITpu 3mauuTeIBHOM KOJHYECTBE paccpeJJ,OToqume 00BeK-
TOB 0ObIYHO cucreMa TY—TC paGoraer no BEH30BY. Brauase
IIPOM3BOAUTCS BHI30B jaHHoro MII, a 3areMm moc/jefoBaTe/bHO
BO BPEMEHH IepefaloTCs KOMaHAbl TeeyIpaB/IeHus 00beKTaMu
U BriGopa natuukoB TH. B COOTBETCTBUH C 3THM C ganHoro HIT
Ha JIIT nepepnatorcs: curianst TC u nanswe TH.

JABYXno3uuyokHble ¥ MHOTONMO3HIKOHHBIE 00BEKTHI YIIPaB-
neHus. HauGosbiiee KOJIHYECTBO OOBEKTOB yIpaBJE€HHS OTHO-
CHTCSI ' K JBYXIO3HIHOHHBIM, KOTOpPHIE MOTYT HAaXOAUThCS
B OJHOM H3 JBYX COCTOSIHMH (mosuuuil) — BK/IoueHHOM (BK)
HJIE OTKJ/MoYeHHOM (Orm). DTO BBIKJIOYATENH MOLUIHOCTH B SHEp-
rccucTeMax, JBUCATeNH HAa HPOMBIIUIEHHBIX IPEANPHATHAX,
CTPe/IKM Ha KeJe3HOAOPOXKHOM TpAHCIOpTE H T. [,

17



MHorono3unyuoHHsle 06BEKTH MOI'YT HMeTb GOJIbIIOE KOJIH-
4ecTBO (PUKCHPOBAHHBIX NoJIoKeHH#A. K TakuMm o6beKTam OTHO-
CSITCSI pas/iMyHble 3a/BHIKKH, @ TaKKe IIUTHl B BOLOBBINYCKAX
HPPHUTAlHOHHBIX CHCTeM. TesieynpaBjieHHe 3THMH OOBEKTaAMH
OCYILIECTBJISIETCS Mepefadell COOTBETCTBYIONIETO KOJIHYeCTBA KO-
MaHJ, Ha yCTaHOBKY B 3ajaHHo# nosuuuu. [TockonbKy npu sToM
BpeMsl YCTAHOBKY OOBEKTA yIPaBJIeHHS B HOBYIO O3HIIUIO MOXKET
OBbITb 3HAYUTENLHBIM, TO Ha IIPUEMHOl CTOPOHE YCTAHABJIUBAETCSI
3anoMMHalollee yCTPOHCTBO, KOHTPOJHpYIoLlee O0TPaboTKy Ko-
MaHJpl, TOCJe BBINOJHEHUS KOTopoi nepenaetcs curran TC.

HenpepbiBHoe TeneynpaBaenue. Psil 06beKTOB yIIpaBJeHHst
TpeSyeT yCTaBKH B JI0OOM IOJIOKEHUH B 33JaHHOM AHAanasoHe,
HanpuMep, y3Jbl HACTPOUKH pAa3/JIMYHBIX aBTOMATHYECKHX pery-
JIITOPOB ¥ PYJIH YIPaBJIEHHS TOABHKHBIMH CHCTEMAMH (yIpaB-
JISieMble CHapsJbl, PaKeThl W T. I.). YIpaBjeHHe HacTpOii-
KO}l aBTOMATHYECKHX PEryJssiTOPOB NPOU3BOAHTCS OpTaHU3almes
HeNMpepLIBHOrO KaHaja TeJieylpaBJeHUus C nepejaveil AByX
KoMaHJ — «boJsibliey uan «Menblley H C KOHTPOJEM NPH IO-
Moy cuctem TH. CooTBeTCTByloiiasi KOMaHJa HOBTOPSIETCS,
noKa 'K/IoY ympasjeHus: noBepHyT. Ha npuemHO#l cTopone
HenpepniBHOe BO3/leHCTBHE HA HCIOJHHTEBHBIA JBHIaTeNb
y3/a HacTPOHKH peryJ/siTopa OCYIIEeCTBJSETCsI yCTPOHCTBOM
3aMacaHusl KOMaHABl Ha BpeMsl, NpEBLINAIOlee [JIUTEIbHOCTD
MIPOXOXKJEHHSI COOTBETCTBYIOLIETO CHTHAJIA MO KaHAJNY CBS3H.
Ilpz Taxom merose TeseynpaBJieHHsl BO H36eKaHHE BO3HHKHO-
BEHHs IepeperyJupOBAHUST KJIIOY YIPAaBJEHHS HOJKEH ObiTh
NOBEPHYT B HeHTpasbHOe IIOJIOKEHHe 0 TOro KaK peryiupye-
MBIi TapameTp JOCTUTHET TpeOyeMoro 3HaueHHsl. TOuHOCTDH
YCTAHOBKM aBTOMATHYeCKOro perynsTopa Gyaer TeM G6oJb-
IIe, 4eM Bpllle OBbICTPOAEHCTBHE HMeeT NPHMEHsIeMOe YCTpOM-
crtBo TeseperynupoBanus (TP). HenpepriBHoe Teseynpasaenue
YCTAaHOBKOH pyJell yIpaBJeHHs1 OCYIIECTBJISIETCSI T0 CQOT-
HOLIEHHIO TapaMeTPOB HMITYJbCOB, OOPA3yIOMUX CHTHAJEI
NPOTHBOIOJIOKHBIX KOMaHJ, HallpuMep, N0 COOTHOLIEHHIO IJH-
TeJBHOCTH HMIYJIBCOB.

§ 5. OCOBEHHOCTH TEJIEYOPABJEHHIA
1 KOHTPOJIA B PA3JIMYHBIX OTPACJIAX
HAPOJHOI'O XO3AICTBA

B HacTosimee Bpemsi HauGosiee TejeMeXaHH-
B8HPOBAHHBIMH SIBJISIIOTCS. SHEPTOCHCTEMBI M SHEProoGheuHe-
HHOs. YCTPOMCTBA Te/leMEXAHHKH IPHMEHSIOTCS TaKkKe H Ha
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JKeJIE3HOJIOPOKHOM TpaHcmopTe. DHCTpeIMH TeMnamu  oCy-
IIIeCTBJISIETCS TeJIeMEXAHU3ALUSl HEe(PTSHLIX U 'a30BbIX [POMBIC"
JIOB, He(pTENPOBOJOB, MAXT H KapPbePOB, KOMMYHAaJILHOTO X035H-
CTBa KPYIHBIX TOPOJIOB, a TAKKe OPOCHTEJILHEIX CHCTEM. X apaK-
TEPHOH OTJIHYHTEJIbHOM OCOGEHHOCTBIO 3THX CHCTEM SIBJISIETCSI
TO, YTO OGHEKTH TeJeMeXaHH3aLUH PacCpeflOTOYEHBl HA 3Ha-
YHTeNbHOH MJIOWANH HJIH BAOJb ONpeleseHHbIX HalpaBjeHuf.

Ocy1iecTBsSIETCST TaKKe TeJeMeXaHH3aUUsT TPOMBILIIIEHHBIX
HpeAnpHSTHH.

JHeprocHcTeMbl U 3HeproodbefuHenusi. B sHeprocucreMbt
BXOAHUT GOJIBIIIOE KOJHYECTBO 3JIEKTPUUECKHX CTAHLHH H HOJ-
CTaHUUM, pa3oOIEHHBIX TEPPUTOPHUAJIBHO W CBSI3AHHBIX MEXKAY
co60il TEeXHOJIOrMYECKH E€JHHBIM IPOLECCOM NPOH3BOJCTBA H
notpe6sienust 3jaeKTposHepruu. IlosTomy pexumMoM paGoTel
9HEPrOCHCTEM YIPABJISIOT C LEHTPAJbHOIO JHCIETYePCKOro
IYHKTA TPH IHPOKOM HCIOJb30BAHUH CPEICTB TeseMeXaHHKH.
Kpome Ttoro, ammapaTypa TeseMeXaHHKH HIpHMEHsIETCSl Ha
PafOHHBIX JUCIETYEPCKUX ITYHKTAX H JHCIETUEPCKHX IYHK-
Tax TFOPOJCKHX 3JEKTpoceTel KPYIMHBIX SHEPTOCHCTEM.

OG6GbeKTbl KOHTPOJISI W YIpaBjeHHS B 3HepProcHcTeMax
(remepartopbi, TpaHcpoOpMAaTOPHl, BBIK/IOYATEJH  MOLIHOCTH
M T. 1), COCPeJOTOYEHE B OCHOBHOM Ha H[], cBs3anHbX ¢ /11,
BhIJIEJIEHHBIMHE KaHaJaMH CBfI3H. B HEKOTODHIX CjydasXx K Of-
HOMY KaHajy CBsI3M IOAKJIo4aeTcs: Heckosbko HII. Komu-
yecTBO 0GBEKTOB yTIPABJIEHUsT HA OTAeNbHBIX HII KoseGiercs
ot 5 10 50, a 06pekTOB curuanusanuu — ot 10 go 80. Kpowme
T¥Y—TC npuMeHseTcs: BLI30B JaTYHKOB TejiensMepenuit (BT H),
a Tak)Ke BO3JeHCTBHE HAa HACTPOHKY aBTOMATHYECKHX peryJs-
~TopoB (TP). B atux ycTpoiicTBax ocofoe 3HaueHHe MPHAA-
eTCsl HAafieXXHOCTH MPOXOXKAeHHst curHajoB TC o COCTOSHHH
OCHOBHOTO 06opyaoBanusi. I103TOMy BOSHHKAIOT JOHOJHHTE/b-
Hble TpeGOBaHUS:

1. Curnanel TC xsutupyotes Ha [[I1 BpyuHYIO AHCHETYE-
pOM HJH aBTOMaTuueckd. B mpouecce nukia mpuema TC ne
JIOTyCKaeTCsl M3MEHEeHHe IPEXHUX CHIHAJIOB.

2. B ciyuae napymenus npuema TC na /[T cxema foJKHa
OCYIIECTB/IATh NMOBTOpHble mepenaun ¢ MII wa [JII u oGecre-
YYBAaTh HEBO3MOXKHOCTb INpeKpalleHuss HX 0e3 BefoMa Iepco-
nana JIII.

3. JlomkHO ObITH MpenycMoTpeHo mnpexnouteHne TC nepen
TY¥. CnenoBarensHo, nepeiada TC, upymas ¢ HII, He MOXET
ObITh HApyIIeHA BO3JEHCTBHEM HA ITyCKOBbIE KHONKH H HMHIH-
BHIYyaJIbHbIe KJIIOYH. ’
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4. Curnanel, BosHuKIIMe Ha HII B TNepuoi BpeMeHHOIo
BBIXO/ld M3 CTPOsI ammapaTypbl YCTPOHCTBA HJIM KaHasa CBSI3H,
JOJIKHBl OBbITH 3amaceHbl U N0 BOCCTAHOBJIEHHH PaboTOCInocol-
HOCTH YCTPOHCTBA aBTOMATHYECKH HJIK IO CNELHAJbHOH KO-
MaHje nepenansl Ha /1.

5. CurnaJel, BosHukmye Ha HII Bo BpeMsi JefCTBUS yCTPOHi-
ctBa (mepefaya 7V wumm TC), AOJDKHBI 3amacaTbCst U 3aTeM
aBTOMaTHYeCKH nepejasatbcst Ha /JI1.

6. B ciyuae oJHOBpeMEHHOI'O IepeKJIOYeHHsI HeCKOJbKHX
00BEKTOB JOJIKHA ObITh ofecledeHa IooyepefHasi Iepejaua
BCeX ' BOSHHUKIIHX CHTHAJIOB.

7. B cxeme ycTpOHCTBAa HOJKHA NPeLyCMATPHBATLCS ‘BO3-
MOXKHOCTb 3ampoca JHCIeTYepoM LHPKYJISPHOH - mepefayu
CHI'HAJIOB O COCTOSIHHH BCeX OOBEKTOB.

B ycioBusx AuCMETYEPCKOro YIPABJEHHSI SHEPrOCHCTEMGHT
BpeMsl JBYXCTOPOHHE!l Iepejauyd CHTHAJIOB YIpAaBJIeHHs] H CHI-
HaJU3alMU He JOJ/DKHO INpeBhimnaTh 1—2 cex, yTo npuobperaeT
ocofoe 3HAYEHHE NMPU CO3LAHHM KPYMHBIX 5HEProoObeNMHEeHHH
U BO3HHKHOBEHHH B CBSI3M C STHM HeOOXOLHMOCTH JBYX-
H TPeXCTYNeHYaTOH pEeTPaHC/SLHH CHIHAJIOB.

B KpynHBIX ~3HEpProoOBENMHEHHSIX HEOOXOAUMB TaKxKe
yCTpoiicTBa TeJieGJIOKHPOBKH, BO3AEHCTBYIOIHE HA aBTOMATH-
YeCKyI0 3alluTy YINpaBJseMblX -YCTAaHOBOK, HAaIpHMEp, AaJb-
HHX JHHHUE 3JeKTporepenau.

B HEKOTOpBIX CaIy4Yasix NpH TejeMeXaHH3alHH MONCTAHLHH
U MaJIOMOLIHBIX THAPO3JEKTPOCTAHIMH NPHUMEHSIIOTCS YCTPOH-
CTBa BCEro Ha JBa CHTHa/a — IpPeLyNpeAHTe]bHOr0 U aBapui-
HOTO — IIpH CPaBHUTEJbHO HEBHICOKOM OBICTPOAEHCTBHH. ITH
YCTPOHACTBA TeJeCHTHAIU3ALUHK JOJ/IKHE paboTaTh MO CBOGOM-
HBIM HJIM 3aHSTHIM JIMHHSM CBS3H IIPH AanbHOCTH Ao 40 xm.
DKOHOMHYECKH OGOCHOBAHO TaKke IpPHUMEHEHHE TeJeMexa-
HHYECKOTo YIPABJEeHHsT Ha MOUHBIX T'HAPO-, & B HEKOTOPHIX
CIyYasx Y TeII03JeKTPOCTaHUHsIX. EMKOCTb TaKHX yCTPOUCTB
Ha ofuH KaHan cBs3d 5—15 T& u 10—30 TC. Hekotopne
KOMaHIpl Ha OTKJIOUEHHe BHIKJIOYATeN el JOKHBI Iepefa-
BaThCA 32 BpeMs He GoJsee 0,2 cex, ocTanbHble — 33 1—2 cex.

B mepcrnexTuBe, NOBBIIIEHHE HAEKHOCTH PAGOTHI SHEPro-
006befyHEHNI ¥ YMeHbIIEHHEe TOTePh SHEPTHH 32 CyeT OMNTH-
MH3aIHH PEXHMOB OY[eT OCYIIeCTBJSATHCS MIHPOKUM NpPHMEHE-
HHEM BBIYHC/IHTENLHOH TEXHHKH, CIENUAJbHLIX YCTPOHCTB
TeJleMEXaHHKH, 00eCIeynBaomuX o6MeH HHpopMalued MeKLY
BBIYHC/IUTE/bHEIMY MAIIMHAMH, YCTAHOBJIEHHLIMH Ha PasJiuy-
HBIX CTYNEHAX JHCIETYePCKOTO YIPaBJIEHHS.
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JKenesHonopoxHblit TpancmopT. Ha XesesHomopoxHOM
TPaHCIopTe mpuMeHstoTcss ycrpoiictBa TY—TC nia gucner-
uepcKofl LEHTpaNH3aluH, YIPAaBJEHHS CTPEJKAMH HA CTaH-
IUAX, AUCIETYEPCKOrO KOHTDOJIS JBHKEHHS! IO€3JI0B, YIpaB-
JIEHUs] Pa3belUHUTENSIMH BLICOKOBOJBTHOH JIMHHH aBTOGJIO-
KHPOBKH, pa3beJUHUTEISIMH KOHTAKTHOH CETH, TSTOBLIMH
TIOACTAHUMSAMU M IIOCTAMH CEeKIHOHHpOBaHUs. TpeGoBaHus K
a1uM ycrpoiictBaM TY—TC BecbMa pa3noobpasubl. Hanpuwmep,
JUCIIeTUepCKasi LeHTpasJu3anusl oxBaTwiBaer 1o 16 HII, nox-
KJ/IOYaeMbIX K OJIHOMY KaHajy CBA3H. EMKocTh ycTpolictra
- o 500—800 ympasasiembix 1 600—1000 KOHTPOJHpPYEMbBIX
JBYXMO3UIIMOHHBIX 00BEKTOB. DricTpofelicTBie ycTpoficTBa
TY—TC ponxHO GHITb BeCbMa BEICOKOE, TAK KaK KOJHYECTBO
H3MeHEeHH# cocTosinus 06beKToB TC B TeueHHe CYTOK PaBHO
10—15 THiC. HA OJHONMYTHHEIX y4YacTKax, a KOJHYEeCTBO IIpHKa-
30B, MEpEJaBaEMBbIX JAUCIET4EpPoM, paBHO 1,5—3 Thic.

Kpome mepeunc/ieHHBIX YCTPOHCTB, XKeJie3HBIe JOPOrH 0060-
pYAyIOTCS CHCTeMaMH aBTOONOKHpPOBKH. Ha snexTpuduuupo-
BAHHBIX JIOPOrax 3TH CHCTEMbI BHIHYK/EHBEI PaGoTaTh IPH BEICO-
KOM YDOBHE IIOMEeX, BCJIEACTBHE 4ero HeoOXOAHMO NMPHMEHeHHe
METOJIOB TeJIeMEeXaHUKH.

MpombimieHHble npeanpusitus. Ycrpoiicra TY—TC npu-
MEHSIOT B Pa3/JMYHBIX OTPAC/saX NMPOMBIILIeHHOCTH. Ha meras-
JIyPrHYeCKHX KOMGMHATAX OCHOBHBLIMH OCBEKTAMH TeseMeXa-
HHU3ALUH SBJIAKTCS CHCTEMBI 3/1€KTPO-, BOJO- U Ira3oCcHaGKeHusl.
BoubmuacTBo HII cuCTeM 3/€KTPOCHAGKEHUS 3THX KOMOMHA-
ToB Haxomutcss oT JIII na paccrosiumu 0,8—3,6 xm. Kouu-
uyectBo HMII pocturaetr 20, KOTOpHE PasfeJsOTC HA TPYMNIBI
no 3—5 HII, pacno/ioKeHHBIX BJOJbL ONHOH pafgHaJbHON
JuHud, uexonsimnedt u3 /1. Hexoropuie HMII B rpymnmnax oTHe-
cennl oT 3Tod JguHuu Ha 100—200 m (1peBOBHAHOE pacHoJo-
xenne MIT). Emrocts M1 pasnnuna —ot 2 TY,7TCu 2 BTH
1o 30 TV, 92 TC u 4 BTH. O6beKkraMu TeJeyNpaBJeHHs
SIBJISIOTCS  IIMHHOCOEIMHUTENbHEIC BBIK/IIOUATENH I[THTAMOMUX
GunepoB nozpcTaHnui. OOBEKTAMH TEJIECHTHANU3ALUM ABJS-
IOTCS TakKike BHIK/IIOYaTeJH M HEKOTOpEIE pPa3befUHUTEJIH.
[MpenycmaTpuBaioOTCs TaKXe IPelyNpeiuTeNbHas U aBapuiHas
Tesjecuraanusanuy. Teseu3MepseMbIMH BeJIMYHHAMH SBJAIOTCH
HanmpsKeHWe B PAa3/IMYHBIX TOYKAX CeTH M TOKH HArpysKH
OHTaMmuX (QuaepoB.

Merajsypruyeckye KOMOMHATHI HMMEIOT LIMPOKO Da3BHTOE
rasoBoe XO03sIHCTBO, yNpaBJeHHE KOTOPHIM TakKxkKe LEHTpaJiu-
syercsi. Ha JII1 cocpefoTauuBaeTCss KOHTPOJb COCTOSAHUS BCEX
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OCHOBHBIX YCTAHOBOK H Y3JIOB CHCTEMBbI T'a30CHAGKEHHS: KOM-
IIPECCOpOB T'a30NOBBICUTENBHBIX CTAHIMH, arperatoB ras’ooduH-
CTHTeJIbHBIX CTaHIMH, ApPOCCEJbHBIX KJANaHOB, Ta3oBhIX 3a-
aBuxKek. [Ipu HapymeHnH HOPMAJIBHOTO peXKuUMa paGoThl JIIOGOTO
y4yacTKa CHCTeMbl rasocHal:xenust Ha JIII nepejaioTcsi Hpeny-
npejuTeNbHAs M aBapuiiHas TeJIeCHTHANH3ALHM, a TaKxKe
TeJICH3MEPEHUs pPacxo/ia U AaBJeHus rasa (1o Bri3oBY). OObek-
TaMH TeJeyIparJeHHsl SBJAETCS CPABHUTENbHO HeOOJbIIOE
KOJIHYECTBO APOCCEJbHBIX KJAaNaHOB, KOTOPbIE AOJKHBEL OCTa-
HABJIMBATBECS B JIIOGOM IPOMEXYTOYHOM MHosokeHHH. Ocranb-
HBIMM OOBEKTaMH YIpPAaBJSIOT NMPHU IOMOIIM TeJeKOMaHJoBa-
wust (TK).

Cucremsl BofiocHaGxkeHus1 umetoT 10 20 HII, Kotopre pac-
ToJIaralTcsl OTAEIBHO WM rpynnamu no 2—3 HII Ha paccro-
sHun 1—5 ikm ot JJI1. OGbeKTaMHu TeJIeynpaBJeHusl ABJISIOTCS
BOJSIHBIE HACOCHI M ¢eTeBEle 3aiBWKKH. Hacochl pasmernaircs
B HACOCHBIX CTaHUMSX, a 3a[BHXKKH — HENOCPEACTBEHHO Ha
BOJOBOAAX OoJibllell YacThio BHe IOMEIIEHHH M HIKE YPOBHS
3eMJIM (B CIemuasbHBEIX Kosoauax). Ilpu sTom cienyer nmersb
B BHJY, YTO NPOLECC OTKPHITHS U 3aKPHITUA 3a[ABHKEK JJIHTCS
HeCKOJBKO MHMHYT H HEKOTOpbie 3a[BHKKH SIBJSIOTCS MHOTO-
MO3UIMOHHBLIMY OOBEKTAMH yIpaBJEHHS.

Cucrembl BOJOCHAGKEHHST TAKXKE HMEIOT IpeLyNpefuTe/lb-
HYIO U aBapHiHYIO TeJeCUrHANIU3 LM, AeHCTBYIONINE IPH TIOHH-
JKEHUH YPOBHSI BOABI B OTKPBITHIX BOJOEMAaX H CHEIMAJbHBIX
pesepByapax ¢ pe3epBHBIM 3aI1acCOM BOAbI, a TAKKe IPH MOHU-
JKEHUH HOPMAJIbHOT'O NABJICHHS B ONPEJENeHHBIX TOUKax BOJO-
nposofoB. Kpome Toro, Ha [[/] nepenawoTcs TejeH3MepPeHHs
JIaBJIEHUA M DAacXoibl BONBI, OIpENesisieMble B HECKOJbKHX
INYHKT4X CHCTEMBL.

.O06mas eMKoCTh TeJleMeXaHHYeCKHX YCTPOHCTB CHCTEMEL
BOZOCHAOXKeHHsT cocTaBjsieT g0 360 TV, 450 TC u 100 BTH
IIPH €MKOCTH YCTPOHCTB Ha oTdenvHuix HII jo 4TC, 13TV,
7 TC u 7 BTH.

JlJ1st MHOTHX KPYNHBIX MPOMBILIEHHBIX TPEANPUATHH (KOK-
COXMMMYECKHE 3aBOJBI, OOoraTuTe/jbHble (aCPHKH YepHOH
U [[BETHO! METaJUTyPrHH, IPEANPHATHS LEJJI0JI03HO-GYyMaXKHOM
NPOMBIIIEHHOCTH M JP.) HEOOXOAUMBI YCTPOACTBA TeJeMexa-
HUKH ISl TOTOYHO-TPAHCIOPTHBIX CHCTEM, NpelHa3HAYEHHBIe
AJIS KOHTPOJISL ¥ YIPABJIEHHs TPAHCIIOPTOM M 06PaGOTKH CHIITY-
YHX ¥ KYCKOBRIX Marepuanos. IlogoGurie yerpoiictea TY—TC
JOJKHEl OCYIIECTBIATL NMyCK M OCTAHOBKY arperatos, TeJe-
CHTHAJIM3ALMIO X COCTOSIHUS H aBaPHAHYIO TeJeCHIHA/IH3aLHUIO
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npu obimeM KosuuectBe o6bekToB TYV—TC no 1000 u GoJee.
Kpome Toro, mpepycMaTpuBaeTCss BO3MOXKHOCTL OMpOCA MOJIO-
JKEHHUsT MEXaHH3MOB H ofecleyeHHe IMKJIHYECKOro AeHCTBHSA
HEKOTOpPBIX W3 HHX.

Hmnynberr ynpasnenus nocrynatotr ¢ /1 na HIT nenocpel-
CTBEHHO HJIH Yepe3 NPOMe:KYTOUHble NyHKTH YIpaBjeHus (Kak
U CUTHa/El B OOpaTHOM HampasjeHuH). B psme cayuaeB myck
arperaToB JONYCKaeTcsl TOJLKO IMOCJ/E PA3PELIAIOIEro CUTHANA
C MeCTa ero ycTaHoBKH. Kak mpaBuso, NyCK OTJeNbHBIX y4acT-
KOB IOTOYHO-TPAHCIOPTHOH CHCTEMBl OCYILEeCTBJISIETCS B OIpe-
JleJIeHHOH 1ocJ/iefioBaTebHOCTH. OCTaHOBKA MX HPOH3BOIUTCS
TaKKe JABYMsl OlNEpalusMu: BHAYa/Je BHIKJIIOUAETCS MeXaHU3M,
NOJAIOMIMH TPAHCIIOPTUPYEMBIH MaTepHas Ha ydyacToK, a 3aTeM
BBIKJIIOYAIOTCS] BCE, MEXAHU3MBI y4acTKa IO Mepe HX 0CBOGO-
JXKJAeHUS OT TPaHCIOPTHPYEMOro MaTepHaJia.

YerpoitctBa TY—TC HeoOXOAUMBI TaKxKe IPU TeJeMeXa-
HHU3aLUM KOHBeHepHBIX JHHHH H OGBEeKTOB NPOKATHOTO Mpo-
u3BoAcTBa. [Ipn sToM HeOOXOAMMBI MPOTPAMMHEIE ABTOMATH-
YyecKHe yCTPOHCTBA C mnepejadell NPHKA30B 0 MHHHMAJbHOMY
KOJIHYECTBY TPOBOJOB. -

Ilpy nepeBosie NOABEMHBIX KpaHOB, YCTaHABJIHBAEMBIX
B IleXaxX MPOMBILIJIEHHEX NPEJIPHATHH, HA TejeMeXxaHHYecKoe
yOpaBjieHHe 3HAUMTENIbHO IOBBIIIAETCS IIPOH3BOJUTEJNBHOCTD
W YAYYLWIAIOTCS YCJIOBUSI TPyAa OOCIYKHBAIOIIErO MepcoHaJa.
Heo6xonnmoe uuc/j0 MNPHKA3s0oB 3HaA4uTesNbHO (2o 50—70),
a ynpasJieHHe JOJIKHO OCYIIeCTBJATbCA MO ABYXIPOBOXHOH
TPoJUIeHHON JIMHUM WM pajuokanaiy. Ilpu TeneynpaBienuu
OCyIIEeCTBJISIETCS BHIGOD MEXaHH3MOB (IO 5), HampaBJieHue
IBUKEHHST H OCTAaHOBKH. Kpome TOro, 1Jisi OCHOBHBIX MEXaHHU3-
MOB JIBIKEHHsI HEOOXOLHM BEIOOpP CTYNEHH CKOpPOCTH (fo 7 CTy-
neneil). Bpemsi nepepaun GOJBLIIMHCTBA KOMaHJ He JOJKHO
* npepwiath 0,3—0,4 cex, a AJs HEKOTOpHIX (HANpuUMep, NpH
NPOU3BOJCTBE ornepanuii MokoBKH) — He Gonee 0,1—0,15 cex.

[Tpu TeneynpaBieHHH CTPOMTEJbHBHIMM KpaHaMH Heo6Xxo-
JIMOe KOJIMUECTBO KOMaHJ, 3HAYUTeJbHO MeHbine (10 10 - 12).

B 1e/151X MOBHILIEHHS IPOU3BOAUTELHOCTH [PH YIIPaBJEHHU
KpaHaMH B HEKOTODBIX CJydasx HeoOXoiuMMa mepenaya OfHO-
BPEMEHHO JBYX KOMaHJ, OTHOCSNIMXCS K pAa3/JHYHBIM Mexa-
uusmam. [lepenaua curnanoB TC fie mpou3BOAMTCSH, TaK Kak
BBHITIOJIHEHHE KOMAH[, KOHTPOJIHPYETCS BHU3YaJbHO.

Ha npoMpiyieHHBIX NPEANPHATHAX B Psfie CAydaeB HeoO-
XOAMMBl TIPOCTEHIIHe YCTPOHCTBA TesieylpaBJIeHHs] OABHK-
HbIMH OOBEKTaMH Ha 3—4 KOMaHABI C Iepejadeil ux Ho TpoOJ-
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JiesiM, NMPEeAHA3HAYEHHBIM [J51 IOABOAKU 3JIEKTPHYECKOro TOKa

K YIIpaBJIsieMOMY MEXaHH3MY, HiId N0 pafnoKanasy. IIpumepom
TAKOr0 MEXaHH3Ma SIBJISIETCS] CJAMTKOBO3 B IIPOKATHHIX I[€XaX
METaJITyprudecKux 3aBOJOB, AJs YIPaBJIEHHS] KOTOPHIM HeoG-
XOIHMO HMeThb TpuU Komauiwl: «Bmepen», «Hasazm» u «Croms.
ITonoGueie ycrpoiictBa TV JOMKHBI HMETb BEICOKOE OGBICTpO-
JeACTBHE IPH 3HAUUTENBHOH INOMEXOYCTOHUHBOCTH.

IIpu aBTOMATH3aLHH TEXHOJOTMYECKHX IPOIECCOB B MpO-
MEIILJIEHHOCTH 4YacTO BO3HHKaeT OoJiee CJOXKHAs 3ajaya —
00eCIeunTh TeNEMEXaHHUECKYI0 CBA3b MEXAY aBTOMATH3HPO-
BAHHLIMH [POU3BOJACTBEHHBIMH OOBeKTaMuH. K TakuMm Tejeme-
XaHHYECKHM YCTPOHCTBAM IPENbSBJIAIOTCH OCOOBe TpeboBa-
HUsl, OTJIMYHBIE OT TPeOOBAaHUE K CHCTeMaM OOBLIYHOTO JHCIET-
YepCKOro TeJieylpaBJeHus:

1. Onepatop Ha BXOJe CHCTEMBbI TeJEYIPaBJEHHS OTCYT-
CTBYeT, ¥ BO3JeHCTBUS HA CHCTEMY 3aJlal0TCs aBTOMAaTHYECKUMH
yCTPOHCTBAMHU, NIO3TOMY HEBBHIIIOJHEHHE KOMaHJ, HCKJI0YaeTCsl.

2. KoMmaHJH TeseynpaBJeHus CJIefylOT OJHA 3a APYrof co
3HAUUTENBbHOH YaCTOTOH B COOTBETCTBHU C XONOM HEIpephIBHO
HpPOTEKAIOMIEr0 TEXHOJOTHYECKOTO0 NpoLecca, MO3TOMY OYeHb
BaXKHO 00eCreynTbh HeOOXOAMMYI0 IPOIYCKHYIO CIIOCOGHOCTb
Kanasa cBsisi. KosmuecTBo Komanj MoxeT OnTh 30 u GoJee.

3. OGbeKT TejeaBTOMATH3AIMH YaCTO SBJSETCS MOABHXK-
HeM. CBSI3b B 3THX CJy4asiX OCYIIECTBJSETCS C I[OMOIILBIO
TpoJLIel, YTO NPHUBOAUT K OOJIBIIMM IIOMEXaM, BbI3HIBAEMBIM
HApyLIEHHEeM KOHTaKTa.

4. DBrucrpozeficTBHe YCTPOACTBA JOJIKHO YIOBJETBODPSTDH
BBICOKHM TPeGOBaHHAM JHHAMHKHM aBTOMATHYeCKOro yIpasJie-
HUSl TPHBOAAMH.

5. Ilocko/bKy noJioKeHHe PaGOYMX OPTaHOB YIIPABJISIEMBIX
00BEKTOB TOJHOCTBIO M OJHO3HAYHO OIpPeNessieTcsl MpeiuecT-
BYIOIIMMH IIPOLECCAMH YIIPABJIEHHS, TO, KaK IPaBHJIO, 0GbeM
TEJIECUTHAIU3AIMH OTPAHMYHBAETCH TOJIBKO ORHHM  OGHIHM
CHTHAJIOM, KBHUTHPYIOIIMM NpHEM JaHHOH KoMauipl. OpgHaKo
B psje cayuaeB HEOOXOAUMO NPeAyCMaTPUBATh TAKKE Mepefauy
¢ HIT o6paTHBIX CHT'HAJIOB O COCTOSIHHH YIIPABJISIEMOr0 00BbEKTa.

IlpavmepoM yCTpOACTBA € NpPHMEHEHHEM TeJIeaBTOMATHKH
ABJISIETCA CHCTeMa Habopa IIMXTH JAJs 3aTPY3KH JOMEHHBIX
nevell. Onepauu¥ 10 HA60py, B3BEUIMBAHHIO MW PAasrpyske
IIMXTOBLIX MAaTepPHAJIOB BLINOJHSIOTCSl IOJBHIKHBIMU BaroH-
BeCaMH, CHAaOXKeHHLIMH CBOeHl aBTOMATHKOH, Nporpamma pa-
60THl KOTOpOHi 34BHCHMA OT CHCTEMHl ABTOMATHKH OCTAJBHOH
YacTH JOMHEL
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Cucrembl cBszn. [uist paGoThl JanbHUX KaGeJbHBEIX JHHHE
CBSI3H HeOOXOLMMO 3HAUHTEJbHOE KOJHYECTBO NPOMEXKYTOUHBIX
YCHJIUTEJbHEIX NyHKTOB. Ha GO/MBIIMHCTBE 5THX NMYHKTOB HET
o6cayxuparoiero nepcorana (HYII). Koutpoas 3a ux pabo-
TOH M yIpaBJ/eHHe HeOOXOAHMBIMH NEPEKJIIOUEHHSIMH OCYIIECT-
BJISIIOTCS CO CPABHUTENIBHO HEGOJBILIOTO KOMHYECTBA OOC/HYKH-
BaeMbix NyHKTOB (O¥II) nmpu mnomomu ycrpoiicts TY—TC.
3T ycTpoficTBa 00eCNeYHBAIOT HENPEPLIBHYIO CHTHAJIHM3ALHIO
M3MeHeHHUs psfia napaMeTpoB C HeCKOMbKUX HYIT (no b B Kaxk-
JyI0 CTOPOHY), PACIOJIOXKEHHEIX BJOJb OOIIEro KaHaja CBsI3H,
Ha OYII. Heo6xoauma CHTHAJH3aLHUs O MOBPEXICHHH 0060-
JIOYKH OCHOBHOT'O H Pe3epBHOro KabeJisl, CHTHA/NH3aIusl O HAPY-
LICHHH YPOBHel Nepeflauyd M JUCTAHIMOHHOTO NHTAHHUS, a TAKKe
06 oTKpBITHH ABepeil noMemenust [ YII. MicnpasnocTs anmnapary-
PHL, Bxozsimei B yerpoiictBo 7Y —TC, 10/KHA HENIPEPHIBHO KOH-
TPOJIMPOBATHCS, MOCKOJBKY TPeGOBAHHUSA K HAJEXKHOCTH YCTPOH-
cTBa upe3BhyaiiHO BricoKue. K ycerpoiictsy TY—TC mnpenbsis-
JisieTcst  JIONOJIHUTEJbHOe TpeGOBaHHE — Majioe NoTpel/eHHe
SHEpPTHH, NMOCKOoJbKYy HYII nuraiorcs AucTanuuoHHO ¢ OVII.

Pannopeneiinble JIHHUM CBSI3H NPEACTAaBJAAIOT COOOH Iie-
IOYKY PeTPaHC/SIHOHHBIX CTaHLUUH, HAXOAANIUXCS HA pac-
crosiHUH npuMepHO 50 kM. Mexay 06CTyKMBAEMBIMH I'TaBHEIMH
CTaHIMAMH HaxoasTcsi oT 3 A0 10 NpoMeKyTOYHBIX CTaHIHH
Ge3 mocTosiHHOro oGcy:kuBauus. CHrHA/IM3aLMsl HA TJIaBHbIE
CTaHIUK O BCEX OTKJIOHEHHSX OT HOPMAJLHOrO PeXHMa PaGoThi
anmapatypel ® 00 aBapHfiX OCYLIECTBJSETCH YCTPOHCTBOM
TeJeCHTHA/IM3AINH, A JHCTAHIHOHHbIE MEepPEKIIOYEHHs amnma-
paTypel WJIH 3HEProcHaGXKalomMX YCTPOHCTB, HEOOXOAUMbIE
B TIpolecce SKCINyaTalluH, YCTPOHCTBOM TeJeylpaBJeHHUs.
KosnyectBo OGBHEKTOB CHTHAMM3ANUH W YIpPaBJEHHUS AJs
KaKJIOH MPOMEXKYTOYHOH CTAHIHMH MOLIHBIX DPafiHopesefHEIX
JuHHH  goxomuT Ao 50. Hekoroprie KoMaHjbl TeneylpapJe-
HHSA JOJKHB OHTh HUPKYJNSAPHBIMH [LJIS BCeX CTAHIMH 06Cay-
JKHBAEMOI'0 y4acTKa.

YerpoiictBa TY—TC Takxke HEOOXOAMMBL IS yIIpaBJeHH
CTAIMOHAPHREIME YCTPOHCTBAMH FOPOACKHX TEeJIEPOHHBIX ceTel
U NPOBOAHON pauodHKalMH, NMPHYEM YacTo BO3HHKAET Heol-
XONUMOCTb B DETPAHCJSIMM CHTHANOB M KOMaHJ HpH oOIei
emroctu ycrpoiictBa TY—TC 200 o6bekToB u GoJiee (KOMaH/BI
JOJKHEL TIepefaBaThCsl C LEHTPAJbHOTO YCHIMTEILHOIO MyHKTa
Ha ONMOPHBIA YCHIUTEJbHBIH NMYHKT, a3aTeM Ha Tpancpopmartop-
HYIO NOACTAHIMIO, a CHIHAJBI TaKuM e o6pasoM — B o0paTt-
HYI0 CTOpPOHY).
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BaxHoit nmpo6ieMoli, KOTopasi MOKeT OHITh pellleHa TeseMe-
XaHHYeCKUMH METOJAaMH, fBJSETCS B Iepejaye HOMepa Mpu
aBTOMAaTH3alMK AajJbHed TejeOHHOU CBSA3U.

Aspoppomsr. Crenuduka ynpaB/jeHHss Ha3eMHBIM 060pyL0-
BAHHEM IIOCA/IKH CaMOJIETOB COCTOUT B CJICAYIOLIEM.

C opHoro komamgHoro paucneryepckoro nyskra (KIIIT)
ynpasasioT fo 18 HII, pacnosokeHHBIX HPEeHMYIIEeCTBEHHO
0 IpsIMO¥ 10 06e CTOPOHBI OT KOMAHJHOI'0 IYHKTA (JBa HAIIPaB-
JIEHHSI TIOCAJKH), 32 HCKJ/IOUEHHEM HeCKoJbKux HII, pacmoso-
JKEHHBHIX B CTOpOHe OT 3To#l JuHuH. KosudecTBO 00BHEKTOB
VIpaBJeHUs1 U CHUTHaNu3auwu Ha HM[] pa3nnuHO U paBHO OT
5 no 50. Kpome Toro, mexxny K/III u Bcemu HII nmeercs TeJe-
¢oHHAsT CBA3b, @ JJIl HEKOTOPHIX HMII NpUMEHSIOTCS H3MepH-
TeJIbHble LEIH.

OO6BeKTH yNpaBJeHUs] MO TeXHOJOTMYeCKHM OCOOGeHHOCTSM
Pa3JIHYHBL U JEJSITCS HAa HECKOJIbKO OCHOBHBIX I'DYNI, KaxKAas
U3 KOTOPHIX XapaKTepH3yeTcs creluduuecKUMH TpeGOBaHHUSIMH,
npenbsaBiaseMbEMH K cucreMe TY—TC B OTHOLIEHHH BpeMeHU
BKJIIOUEHHSI, OZHOBPEMEHHOCTH BKJIIOYEHHS, a TaKke KOJHU-
YecTBA CHTHANBHLIX I -MU3MepHTeJbHEIX ILenelt. Kaxnas us
9THX OCHOBHBIX TIpPYNN HA3eMHOTO OCOpPYAOBAHHS COCTOHT
U3 NOATPYIII, OTJIHYAIOMUXCS CTEIEHBIO yYacTHs B IIpolleccax
nocajiKku, B3JjeTa u T. J. [loyTn Bce 06BeKTH ynpaBJeHus pabo-
TalOT KaK IpPH UHAHBUAYAJbHOM, TaK M IIPH OLHOBDEMEHHOM
(omepaTUBHOM) yIpABJEHHH B PA3JIMYHBIX CTPOrO OIpeJeJieH-
HBIX KOMOHHAIMAX, MCKJ/IOYAIOMIHMX BO3MOXKHBIE OMIMOKH AHC-
neTyepa.

s HEeKOTOPHIX KOMAaHJ CHTHAJbl YIPaBJeHHS OXHOBpe-
MEHHO IMOCHIJIAIOTCST MO ABYM KaHajaMm ynpasjeHus Ha HIJ,
pACIIOJIOKEHHBIM C pAasHBIX CTOPOH oT KJIII.

Hekortoprle 0oGbeKkThl yrnpaBjieHus (danpuMep, CTYHEHH
SIPKOCTH CHTHAJILHBIX OTHei) yIPaBJsoTCs TakuM o0pasom,
yToOBl NPH Iepefaye MOCJELOBATEIbHO BO BPEeMEHH B3aHMHO
HCKJ/IIOYAIOMINX KOMAaHJ NpeAblLyinas KOMaHIA aBTOMATHYECKH
OTMeHslJIach. Bpemst Ha ocyiecTB/ieHHe 0G0 KOMaHAbI (IpyII-
MOBOH H/IM HHIAMBHAYa/IbHOH) [O/KHO ObITh MeHBIIE 1 cex
AJsi psina OOBEKTOB  yIpaBJieHHsl, C IOMOMIBIO KOTODPHIX
OCYIIECTBJ/ISIETCH ONTHYECKAsl CHTHAJIM3ALUs MHJIOTOM, COBEp-
HIAIOIMIUM  MOCafKy M B3JIeT, a [/l OCTaJIbHBIX — He GoJiee
1,5 cex.

Kpome ocnoBHO# cucteMbl 7Y —TC cpeicTBamMu MOCAAKH
CaMOJIETOB, 1151 060PYIOBAHUS 23POAPOMN:E HEOOXOIUMEL CJie-
AyIOllHe TeJeMexaHHueckHe yCTPOHRCTBA:
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1. YerpofictBo TV BLIHECEHHBIMH NpHeMHMKamMu Ha 14—.
20 KomaHJ, NpHYeM HEKOTOphle M3 3THX KOMaHJ, (3acTpoiika
U TOACTPOiKAa) JOMKHBEI NpoxoAautsb 3a 0,2—0,5 cex.

2. YcTpoiCTBO UMITYJIBCHBIMH OTHAME PUO/IHKEHHS, KOTO-
poe [oJKHO o6ecrneyuBaTh NEPeKJoYeHue UMIYJbCHBIX OTHEH
(mo 30 mt.) Ha paccrosgHuM 1,5 kM Ajg X paboOTHl B peXuUME
«berymeit MOJIHMH» C 4acTOTOH 45 HMIIYJIbCOB B MHHYTY.

l'asosaa n medranaa npombimIenaocTb. CHCTEMBI HEHTpA-
JIM30BAHHOTO KOHTPOJII M YINpPABJIEHHS Ta30BBIX MPOMBICJIOB
OXBAaTHIBAIOT 10 25—30 CKBaxHH, PACHOJIOXKEHHBIX BJOJb
ofuiero Kanana cBsi3u. JLisl Kaxao# CKBaXKHHBI IIpeLyCMaTpH-
BAeTCSl TeJIECHUTHANH3ALHUs IOJIOXKEHHSI KDAaHOB M IepenoJjiHe-
HHS CEeraparopoB, a TaKKe NOHMKEHUS TeMIepaTypH B MyHKTE
OYHCTKH W 3aMepa, YTO MOMKET IPOU3OHTH IIPH HEHUCIIPaABHOCTH
paboTel OTOMHTENbHOIO KoTjia. KpoMe Toro, oT Kaxmoli CKBa-
JKUHBL JJOJDKHBI TIEepelaBaThCs TeNeu3MepeHHUsl JaBJIeHUus W Jie-
6uta, KoTophle peructpupyiorcst Ha JIII.

B cucremy TeseMeXaHHKH BXOLHT TaKKe IIPOMBICJOBAs
razoperyJasropuas cranuus ([/I'PC), anast KoTopoit nmpejpycma-
TPHUBAETCSl TEJIECHTHANU3ANHUS NOJIOKEHUST KPAHOB, TeJeynpas-
JIEHHe 33JBHXKKAMH H TeJeH3MepeHHe DAcXofa, AaBJIEHUs U TeM-
nepatypnl rasa.sa Bxofie u Beixoge [II'PC.

Iasi omepaTHBHOrO KOHTDOJsL 3a paboTOH IIpOMBICHA H
ORICTPOro mepepacnpeeseHns I'a3a Npu aBapuu AaBJjeHue rasa
nepenaercss Ha JI/I u3 HeCKOJbKHMX XapaKTePHBIX TOYEK raso-
3200PHOTO KOJIJIEKTOpa M 00eCneunBaeTcs TeseynpaBJieHHe .
OCHOBHBIMH OTKJIIOYAIONIUMH YCTPOHCTBAMHU.

Tpe6oBauus x ycrpoiictBy TY—TC u BTH ycaoxus0TCS
ere TeM 06CTOSITETCTBOM, UTO Ha H[] OTCYTCTBYIOT UCTOYHHKH
NHTaHUs, a paccTosiHus Mexny JI1 u Kpainumu HII poctu-
raoT 30—40 xm. ITockonbKy M3MEHEHHe I1apaMeTpoB Ha raso-
BOM IIPOMBIC/IE TIPOMCXOAHUT OYEHb MEJJIEHHO, TO NpeLycMaTpu-
BaeTCs CHCTeMa LMKJIMYEeCKOro (IIOC/IeoBAaTe]bHOI0) OIpoca
HCIIOJIHUTENbHBIX TYHKTOB. IIpH KaxkaoM ompoce MpoU3BOASATCS
TeNensMepeHHe H TeJeCHTHATH3alHsl [0 COOTBETCTBYIOMIEMY
HII. Kpowme Toro, anmnaparypa AHCIETYEPCKOro NyHKTa JOJIKHA
obecreyyBaTh BBI30B JIOO0T0 KOHTPOJHPYEMOrO MYHKTA I10
YCMOTpEHHIO JHCIeTYepa M OCYIIECTBJEHHE N0 3TOMY IIyHKTY
HeoGxopuMo# TeseMexanuueckoil onepaumun (7Y, TC u BTH).

Ilpu BuiGOpe METOAA LHMKJHMYECKOrO OIPOCA BBIIOJNHSETCS
OCHOBHOe TpeGoBaHHe K YCTPOACTBY — Majioe COOCTBEHHOE
norpeGyieHne SHEPruH, OOyCJOBJEHHOE HeOOXOLUMOCTBIO JHC-
TaHUMOHHOrO nuTaHus. Kpome Toro, cucreMa IHKJIHYECKOrO
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OIpoca 3HAYUTEJbHO INpOINe, YeM YCTPOHCTBO -HENPepEIBHBIX
TeJIECUTHAMM3AMHE U TeJieu3MepeHui.

JL/is1 LeHTpaNH30BaHHOrO yIIpaBJeHHs ra3onpoBojaMH opra-
HHU3VIOTCSl HEHTPaJIbHEIA M paflOHHBlE JUCIETYEPCKHE MYHKTHI,
Ha KOTOpble NUKJIHYECKH JOJKHBI [IepeflaBaThCa JaHHbe O JaB-
JIEHHH W pacxole rasa B pa3JHYHBIX TOYKaX Ta3olpOBOAA.
PafionHrie gucneTyepcKie MyHKTH 000pYAYIOTCA YCTPOACTBAMHU
TY—TC 151 KOHTPOJIS TIOJIOXKEHHST MarHCTPabHEIX JTHHeHHBIX
KDAHOB H TesieyNpaBJieHUs HanboJiee OTBETCTBEHHLIMH M3 HHX,
a Takxke [JJis KOHTPOJs M YIpaBJeHHs arperaTaMu, yCTaHOB-
JIEHHEIMH Ha KOMIIPECCOPHBLIX CTaHIMSAX.

st yIpaB/eHus TOPOACKUMH CeTAMH rasocHaGKeHHsI
HEOOXOIUMbI YCTPOMCTBA TeseynpaBJjeHuss Ha 1—5 oGBEKTOB
JJisT M3MEHEHHs] HACTPOHKH peryJaTopoB [aBJieHHS rasa.
C HUII na JII no/okHbl MepeaBaThCs TeJeU3MepeHHus JaBJIeHust
U pacxofia rasa no BHI30BY, a TaKxKe B CJydae HE0OXOLHMO-
CTH — aBAapUUHBEIA CHTHAJL

O6beM 1 METOJBI TeJIeCHTHAMH3alUuH He(DTeIPOMBIC/IOB 3aBHU-
CAT OT croco6a sKCITyaTaluu HepTAHBIX CKBaxkuH. [Ipu sToM
HeoOXOJHMMO HMETb B BHIY, YTO KOJHYECTBO CKBAXKHH Ha 3STHX
IIPOMBIC/IAX HMCYHUCJ/ISAETCS B COTHAX M OHH PAacCpeJOTOYEHH Ha
6osbioi nuomany. Ilpu oHTaHHON SKCIUTyaTallMH POMBICJIOB
apamMeTpaMH KOHTPOJIS SIBJISIOTCS IOfauya HedTH U3 CKBAXKHUH,
3amoJlHEHHe MEepHOro Tpama, HampsaXKeHHe Ha [HTAIHUX
¢umepax u Ap. Ilpu riyGUHHOHACOCHOH 3KCIUTyaTalMH IIpo-
MBICJIOB, KpOMe TOr0, He0OXOAHMO 00ecneuuTh TeseynpaBeHue
CTaHKAMH-KauajKaMi M TeJIeCHTHAJIM3alHMI0O OT HHX, a TaKxKe
JAMHAMOMETPHPOBAHHE PAGOTHI I'J1yOUHHOHACOCHBIX YCTAHOBOK.

O6bekthl TY—TC TOBapHO-CHIphEBHIX 6a3 Hedrenepepaba-
THIBAIOIIMX 3aBOJOB CIPYIIUPOBAHEI HA HECKOJIbKO coted HIT
C KOJIH4eCTBOM OOBEKTOB OT 3 210 4. ¥YCTpOHCTBO JO/KHO obec-
IIEYNBATh TeJleM3MEPEHHe MO BHI30OBY M HMeTb aBapHHHYIO
TeJIeCHTHAJNH3ANHI0 OT Kaxkpaoro HII.

Yraeno0bBaONIan NpoMbIILIeHHOCTD. JIJIs1 JUCIIeTYEPCKOro
KOHTPOJIS1 paboT MPOU3BOACTBEHHBIX YUYACTKOB YTOJIbHBIX LIAXT,
COCTOSIHHS OCHOBHBIX MAIIHH M yCTAHOBOK, & TaKxke ympabJe-
HHS aBTOMaTH3HpoBaHHbIMH YCTaHOBKAaMH HEOOXONUMBL pas-
Juunple yctpoiictBa TY—TC. OcoGeHHOCTSMH TOCTPOEHHUSI
CHCTEM TeJIeMEXaHHKH JJisl MIAXT fBJSAIOTCH: &) PACCpPefOTOUEeH-
HOE pacroJioKeHHe OOBEKTOB- Ha y4yacTKax (KOMOaiHE, Bpyo6-
MAIlINHbI, KOHBeleprl, JeGefKH, NOABEMBI H Jp.), 4aCTb KOTO-
pBIX IepeMernaercsi; 6) COCPENOTOUEHHOE PACIOJIOKEHHe YaCTH
06DBeKTOB (TeXHOJIOTMYECKUH KOMIJIEKC, BEHTHJISTOPHI [JIaB-
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HOTO IIPOBETPHUBAHHUA, 3JEKTPOMNOACTAHIMS, BOLOIOHHUKAIOLIHE
HACOCHBle CTAaHUMM M Ap.). HeoOxomuMbl Tak:ke ycTpoiicTBa
A YNPARJIEHHS BHYTPUIIAXTHAIM TPAHCIOPTOM NPH HANHYHH
W OTCYTCTBHHM IIAXTHHIX YCTPOHCTB CHTHA/M3ALMH, LEHTPAJH-
3anuu u 6nokupoBku (CL{D).

B nacrosinee BpeMsl B maxTax yCTaHABJHBAIOTCS aBTOMATH-
YeCKHe MHIMKAaTOpHl MeTaHa, OT KaXK/Oro U3 KOTOPHIX JOJIKHEL
nepefabatbcsl Ha J[[] TpH CUTHAJA — IIpeJBapPHUTEJNbHEIA H aBa-
PUHHBIA O HaJMYMM INOBBIIIEHHHIX KOHIEHTpPalWi MeTaHa B
aTMocepe KOHTPOJHPYEMOrO YYacTKa, a TAaKXKe CHIHAJ AJis
KOHTPOJIST HMCIPABHOCTH CaMOro HHAMKATOpa.

KoHTpo/ib COCTOSHHS NepeMelalmuxcs OGbEeKTOB  Ha
y4acTKax JOJKEH OCYIIEeCTBJASTLCS YAacTHYHO [0 CHJIOBOH
JIHHHH (JO Y4acTKOBOH NOHH3HTEJbHOH IMONCTAHIMH), & 3aTeM
0 CBOGOJHON MM 3aHATOH TesehOHHON Nape NpoBoxoB. Bpems
paboTel 5THX OOBEKTOB JOJKHO pPerucTpupoBaTthess ua 1.

X0 BHINOJHEHHS] MJIaHA [JOOLIMH YIVIS KOHTPOJHDYETCs
NOACYeTOM KQJIMYECTBA BArOHETOK, HArpyXKeHHHX HA I[OTPY-
304YHOM INyHKTe y4acTKa. IlofcuuTEIBATL HEOOGXONHMO TaKHM
o6pa3oM, 4ToObl AHCIeTYep B JIOO0H MOMEHT MOT YCTAHOBHTDb
KOJIHYECTBO HArpyKeHHBIX M HEHAlPyKeHHLIX BaroHeTOK,
a TaKXKe KOJIM4eCTBO BCeX OTIHPABJIEHHBIX IPYMEHBIX BaroHe-
TOK C Hayaja CMEeHBI

Ing TpaHCHOPTHPOBKH VIV KOHBefepaMH IIpHUMEHSETCS
crnennanpHoe ycrpoiictBo TYV—TC, KoTopoe B OmpefieseHHOR
MOCJIENOBATENBHOCTH 3allyCKaeT M OCTaHABJMBAET OT/IEJIbHBIE
yuacTKH KoHBefiepHo# JsuHuu. Ilepen 3amyckoM KoHBeHepHOM
JIUHHHU TlepeflaeTcsl aKyCTHYeCKHH CHrHAJI.

YerpoiicTBO Assl yyeTa KOJHMYECTBA YIJsA, AOCTABJISIEMOrO
KOHBEHepoM, C HapacTAIOMUM HTOTOM IlepefaeT MOKa3aHHS HA
IyJbT AHCIETYEpa.

I'lo ycnoBusM sKCI/TyaTauMu HEOOXOLHMO 06eCIeduTh B3phl-
B0OGE30NACHOCTh AaNMapaTypsl U AJHTEJIBHYIO ee paboty 0e3
PEryJMpoOBKH B YCJOBHAX TPSCKH M 3aIbIJIEHHOCTH.

CenbcroxossiicTBeHHble 00BeKThI. B cebckoM x03sHCTBE
CpelCTBa TejleMeXaHH3aLMH HEOOXOAMMBL TIPek/Ie BCero B aHep-
reTHYECKHX M MPPHUTALHOHHLIX CHCTEMAax, MOACTAHLUAX INPH=
COEJMHEHHs] M 5JEKTPOCTAHUMAX YKDYNHEHHOH MOIIHOCTH.
MunuManbHasi eMKOCTb YCTPOWCTB TeJleMeXaHHKH [Jisl CeJfb-
CKHX 5He procucreM cocrabasier 3—4 TV, 5—6 TC u 2—3 BTH,
a makcumanibHasg — 16—20 TV, 30—40 TC u 5—6 BTH.
Tenenamepennsi, Kak IIPaBMHJIO, IIPOM3ROASATCS MO BHI3OBY.
Bpems nepegauu cursanos 7Y —TC nopsigka 4—5 cex, a BpeMs
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BTU no 8—10 cex. KanaJsl B3 — BEICOKOBOJIbTHAS BO3YII-
Hasg WIH KabejbHAs JIHHUH.

K yecrpoiictam TesemexaHuku HJII MOAKMIOUAOT HCIIOJHH-
TeJbHBIE pejie Ha PAacCTOSTHHM A0 7—8 KM OT MecTa pacroJio-
xKeHnsi HMII (yepe3 oTHesbHBIE Naphl IPOBOJOB).

L1 cenbCKHX 3HEPrOCHCTEM, COCTOSIIUX M3 TpeX — ISITH
9JIEKTPOCTAHLHUI yKPYNHEHHOH MOLIHOCTH, SKOHOMHYECKH IeJe-
coo0pasHa TeJIeCHTHAIM3ALHUSl 110 CHCTEMe IIOJYKOMILIEKTOB.
Iipu Gosbmem KomuuectBe HII U CpaBHHUTEJBHO MAJIOM YHCJIE
06beKkTOB T'Y—TC (9HeprocucteM, COCTOSIIUX U3 HECKOJBKHX
JeCSITKOB MAaJIOMOIIHEIX 3JEeKTPOCTaHLu#) Gosee 3(pdeKTHBHON
SIBJISIETCSL CHCTEMA TeJIeMEXaHH3aluH C OJHUM YCTPOHCTBOM
CBSI3W M TeJieMexaHWKH Ha /[[I], pabGoTalomum HOcC/e10BaTeTbHO
BO BpeMeHH cO BceMH HII (1O BBI3OBY).

g smeKTpuyecKux nojcTaHuuifi HeoOXOAMMBI YCTpPOHCTBA
TEJIEKOHTPOJISI HA OJHH-JBA CHUTHAJA, COBMEIEHHEIE C YCTPOHi-
cTBamMu TesnedoHHO# cBsi3W. Takue ycTpoiicTBa MOr'yT paboTarth
[0 BBHICOKOBOJIbTHBIM CETM, IIPOBOAHBIM JIMHHUAM H pajHo-
KaHasy. )

Vppuranyonssle CHCTEMBI HMEIOT 60JIbIIOE  KOJHYECTBO
pa3yHYHBIX OOBEKTOB YIPABJIEHHS H KOHTPOJsA (BOZ03a6OpHEIE
COOpYKEHHUs, KpYIHbe y3Jbl BOLOJCJECHUSA, OJAHHOUHBIE BOJO-
BBIIYCKH HAa CaMOTEUHBIX KaHa/jaX, HacCOCHBe OpPOCHTEJIbHbLIE
CTaHLHUU, CTAHIMH BEPTHKAJBHOIO JApeHaXKa, MyHKTH KOHTPOJIS
VPOBHSI HAa MAarucTpajbHHIX KaHaiax H Ap.). B 3aBucumocTH
0T ocoOeHHOCTeli 0OBEKTOB yIpaBJeHUs K ammnaparype TejeMe-
XaHUKH TpPeLbABJSIOTCS pas3nuuHble Tpe6oBanus. Ilpocreii-
mas MPPHraldOHHAst CHCTeMa TIPENCTaB/seT coGol maru-
CTpaJbHBIH KaHaJI C IJIaBHBIM BOJI03a00pOM U3 PeKH, OT KOTOPOro
OTXOJAT pAacHpelesiUTebHEIE KaHaJbl, @ OT HHUX IIHTAETCs
TNIOCTOSIHHAST OpPOCHTeJIbHAs ceTh. IIpn TesemexaHu3auuu uppH-
FaloOHHON CHCTeMBbl O0ecleuuBaeTcs HEHTpaIu3alnus Bojopac-
npefienenus u3 JII1 B COOTBETCTBHHU C 3apaHee COCTABJEHHBLIMH
rpadukaMH BOLONOJB30BaHHUs, Gsarofapsi Yemy COKpaiiaeTcs
KOJIMYECTBO OOC/IYKHBAIONIErO MepCcoHaIa U YJIydiiaeTcs: BOJO-
nosib30Banue. IIJ1g KOHTPOJIST M yIpaBjieHHsi GOJIBIIHM KOJH-
Y4eCTBOM OOBEKTOB HEOOXOAMMO GOJIBLIOE YHCJIO YCTPOHCTB
TY—TC u BbzoBa TH. HekoTopble 0GHEKTH YIIPABJIEHHS MHO-
TONO3HIMOHHBIE (IIUTHI BOZOBHIYCKOB). KosinuecTBo 06beKTOB
yNpaBJieHus: JOXOAHUT 0 HECKOJbKHX COTeH, KOTOpble pacIo-
JIaralTCHd OAMHOYHO MJIM IpyHnamu A0 3—8 miT.

KosnuuectBo curnanoB 7Y —TC 3aBUCHT OT HAJMUHS HJIH
OTCYTCTBHSl aBTOMATHYECKOro perysupoBanus Ha HII. s
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06BeKTOB, 06OPYLOBAHHEIX ABTOMATHYECKHM DEryJHPOBAHHEM,
Heo0Xo/MMa Nepesiada KOMaH/, BO3JefICTBYIOIHX HA HACTPOHKY
peryJisiTopoB ¢ oOpaTHON TeseCUTHANU3ALMEH HX TIOJIOKEHHS,
U TejeH3MepeHHe pacxofa BOZEL

Ilnsi o6beKToB, He 06ODPYNOBAHHBIX ABTOMATHUECKHM DEry-
JIpOBaHHeM, Heo0xoluMa nepefada KOMaHA HA OTKPHITHE HJIH
3aKPHITHE 3JeKTPH(MHUIUPOBAHHOIO IUUTA, HA €ro OCTAHOBKY
B NIPOMEXKYTOUHOM IOJIO:KEHHUH C 00paTHO# TesleCHTHAIM3ALHEeR
nonoxenus: wura. J[as ynpowenus ycrpoiictea TY—TC
BCE ONEPalV{ BLINOJHSIOTCS O BLI3OBY. :

Cieyer OTMETHTD TaKiKe, 4TO YCTPOHCTBA TeJjeyIpaBJeHHsI
HAUMHAIOT BHEAPSITHCSl TaKikKe B TEXHOJIOTHIO CEJIbCKOXO03SHCT-
BEHHOrO TNpou3BoAcTBA. Hampuwmep, paspaforana cucrema
papuoTesieynpaBeHusl HeCKONbKHIMH TPAKTOPAMH C BEAYILETO
Tpaktopa. [ljsi aToro nmpuMeHsieTCsl YCTPOHCTBO TesieyIrpasJe-
HHsl HA 6—8 KomaHji 6e3 OOpaTHOi TejeCHTHAJM3AINH, IO~
CKOJIbKY BCe MAaIIMHBl HAXOASITCS B IIOJI€ 3PeHHs oleparopa.
Ilpukasel TpakTopaMm MepefaioT IOCJeI0BATeJ]bHO BO BPEMEHH

Ha Pa3JHMYHBIX Hecymux yactoTax. OCHOBHBIMU TpeGOBaHHSIMH
" K YCTPOHCTBY TeseylNpaBJeHHs SBJSIOTCS IPOCTOTA CXEMBI
U BLICOKAsl HajJEXKHOCTb PabOTHl NMPU 3HAUHTENBLHOM GHICTPO-
JeiictBun (nopsaka 0,5 -+ 0,1 cex).

KommyHanbHoe Xo03siicTBO ropomos. Ilpennpusitus Kom-
MYHaJIbHOTO X03sICTBA (CHCTEMBl SHEPro-, ra3o- M TenJocHas-
KEeHHsl, KaHAJH3aliu U TFOPOACKOro TPAHCIOPTA) paccpenoTo-
4eHbl HA TepPUTOPHM TOPOAA, HO HMEIOT MHOTO COODY:KEeHHH,
B3aHMHO CBSI3aHHBIX €[MHBIM TEeXHOJOTHUECKHM PEeXHMOM,
H TI09TOMY HeOOXOAHMMO HX HEeHTPANTH30BAHHOE YIpaBJeHHe.
OKOHOMHUECKH OGOCHOBAHO TaKKe [EHTPANU30BAHHOE YIIpaB-
JIeHHEe YJUYHBIM ocBelneHueM. J1s1 9THX Lesell npuMeHsOTCS
pasnuunble yerpoiictBa TY—TC ¢ cocpeoTOUeHHBIMH U pac-
CPEOTOYEeHHEIMH O0BeKTaMH YNpaBJeHHs M KOHTpOJs HAa 2—
3 KomaHgel M 2—3 curgajna. DTH YCTPOHCTBA MOryT pato-
TaTh 10 CHeNMaJbHBIM JIHHUSIM €BA3H WM 0O CHJIOBBIM
JIUHHASIM.

Jlns TeseMexaHH3alHl BORONPOBOJHBIX M KaHANH3aLHOH-
HEIX HACOCHHIX CTAaHLUH, THATOBLIX MOACTAHUHE TOPOACKOrO
3JIEKTPOTPAHCIIOPTA, PaCNpele/UTeNbHbIX NYHKTOB TOPOJCKOMH
aeKTpoceTd npuMeHsitorcs yerpoiictsa 7Y —TC Ha 60 u Gosee
00BEKTOB. )

IIpu TenemexaHusaluy ONMHOYHBIX BOLONMPOBOJHLIX U Ha-
COCHBIX CTaHIHUH C BOLO3a0OPOM M3 ApPTE3HAHCKHUX CKBAKUH
Heo6xoxuMel yctpoiictea TC—TY Ha 3—10 KomMani u CTOJIb-
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Ko xe curuanoB. Ilpu TeneMexaHusalWy OJMHOUHHIX Kamep
NepeKJ/IOUeHHs] CeTEBHIX 3aJBIKEK, peryJsTOPHEIX CTaHIHH
rasocHa0xenuss H aGOHEHTCKHX BBOJOB TelJsoceTell HeO6XOo-
nuMmbl yctpofictea TY Ge3 ofparHoit curhanusauumu Ha 10
KOMaHZ. \

[sist curHanusanuu ABUMKEHHSI TOPOACKOIO 3JEeKTPOTpaH-
crnopTa paspabatmBaioTcs ycrpoiictBa 1'C, KoTopsle npu 60Jb-
moM KoJsimuectBe 06beKTOB (10 200) nepenaBaiu OB JaHHBIE
O HAampaBJieHHH [BHKEHHs] BaroHa, ero HOMep M HOMep Map-
mpyra. yKenaregqbHo TakkKe HMeThb H30HPaTENbHYIO TesedoH-
HYIO CBSI3b C KaXKAhIM BAaroHOM, YTO HMeeT GOJbIIOe 3HAueHHe
npu asapusix. [yis mepepaun CUrHaANIOB M TesedOHHOH CBSSH
B JIAHHOM CJiyyae MOXKeT OLIThb HMCIOJIb30BaHA TOPOACKAsS KOH-
TaKTHas CeTb W/ pAafgHOKaHAJL

§ 6. IEPCHEKTHUBBI PA3SBUTHA
IEHTPAJIN30BAHHOI'O YIIPABJIEHH A

3anauu MeHTPaM30BaHHOTO YIIPaBJIeHHS KPYII-
HBIMH TIDOU3BOACTBEHHBIMH CHCTE€MaMH HAaCTOJbKO CJIOXKHEI,
YTO BO3HHKdeT HEO6XOAMMOCTb B AaBTOMATH3AlMH CaAMOIO
JICTIeTYepCKOro ynpasJeHusi. Ha nmepsBom srtame pucnerdep He
yCTpaHsieTcsl OT YIpaBJieHHs IPOU3BOACTBEHHEIM IIPOIECCOM,
a TOJIbKO 0CBOOOXK[AeTCsl OT YTOMHUTEJNbHEIX ONlepanuil no KoH-
TPOJIIO 32 MHOTHMH TEXHOJOTHYECKHMH IapameTpaMH M oIpe-
JleJIeHUsT ONTHMAJIbHBIX PEXHMOB. DTH (PYHKIUH BBINOJHSIOTCS
pa3/MYHBIMH YIPABJISIONIME W KOHTPOJHDYVIONIHMH aBTOMA-
THYECKHMMH -yCTPOHCTBAMH, a TaKKe CIeNHaJH3HPOBAHHEIMH
YIPAaBJSIOMUAME BBIYUCAUTENbHEIME MamuHamu (Y BM), pabo-
TAOIMMHA B peXHMe COBeTYHKA AHCIeTyepa. ABTOMATHUECKHE
KOHTPOJIUPYIOMIME M YIPABJSIONIHE CBOHCTBA OCBOGOMKIAIOT
JHCTeTdepa OT oNepalyii onpoca KOHTPOJHPYEMEIX OGHEKTOB,
nepefiayn MOBTOPSIIOMIMXCS KOMAaHJ, COOTBETCTBYIOIIHX OIpe-
JeJeHHON mporpamme paGoTHl YNpPaBJseMOHl CHCTeMbl H KOH-
TPOJIsI HAXOXKJEHHsS NapaMeTPOB, XapPaKTePH3YIOMUX TeXHO-
JICTHYECKHH Mpouecc, B 3alaHHHIX npenenax. ¥YBM umeer
BHEIUHHE, BHIYHCJIUTE/bHbIe H BRIXOAHBIE YCTpOHCTBA. BHemHune
YCTPOMCTBA BKJIOYAIOT B celGs1i KOMOHHHPOBAHHYIO TejeMexa-
HHYECKYI0 CHCTEMY, OCYIIeCTBJSICIIYI0 HENOCPeACTBEHHYIO
CB$13b BHIYAC/IUTEILHON MAIIKHEL i BHIXOJHBIX YCTPOHCTB AKCIET-
4yepCKoro OyHKTa C¢C oObeKTaMu KOHTPOJIA U ylIpaeBJedus.
Beixognbie ycTpoficTBa 0GecneyuBaloT BBZAYy JHCHETHEPY
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o6pa6oranHoii uHGopMauuu B GopMe, YIOGHOH N1 AajbHel-
LIEro ee aHaJu3a M MCNOJIB30OBAHUS [JIs YNpaBJICHHs.

Ha Bxox ¥BM nocrynaer uadopmanus ot gatuuko TH
u curfansl TC oT 00BEKTOB, PACIONOKEHHEIX HA PasJMUHBIX
HII. B cooTBETCTBHH C nonyquHoﬁ nHpopmanmeit YBM BHzaer
pPeKOMEHJAIMH N0 H3MEeHEeHHIO peXnMa paboTH yIpaBJsieMOH
CHCTeMH B Tpe6yeMOM HaNpaBJeHNH, YTO BEIIOJIHSIET JUCTIETYE].

B nanpmefimem, Korga HajgeHocTh paGoTel Y BM u Ttese-
MeXaHHYeCKHX YCTPOMCTB OKaXKeTCs HOCTATOUHO BHLICOKOH,
CTaHeT BO3MOXKHBIM IIOJIHAsI 3aMeHA JHUCHeTuepa.

Tesemexannyeckyue CHCTEMEBI I€DBOHAUAJBHO BO3HHUKJIH KaK
BCIIOMOraTe/IbHbIe CPEACTBA IIEHTPANH30BAHHOTO KOHTPOJs H
YTpaBJIeHHs], HCIONb3yeMble IHUCIeTYepOM JJs1 obecreueHus
33JIaHHOTO pelkuMa PaGoTHl YIPAaBJsSEMBIX yCTaHOBOK: OnHAKO
IIPH 3aMeHe JIHCIeTuepa «ABTOLUCIIETIEPOMY TeJleMeXaHHUeCKHE
YCTPOHCTBA CTAHYT OCHOBHBIMH CpPEeICTBAMH AHCIETUYEPCKOrO
KOHTpOJIsI ¥ ynpasJesus. IIpy 5ToM 3HAuMTEeNIbHO MOBHLIIAIOTCS
Tpe6OBaHHS K MX HAJEXKHOCTH pabOTHl H GHICTPOAEHCTBHIO.
Kpowme Toro, undopmanust Ha BXOA «ABToMCIIETUEPAY HONKHA
IocTynaTb B BHAE JABOMYHOro Kojpa. [l Hero HeoGXxomumo
BLIIIOJIHATb JIOTIOJTHUTEIbHEIE NpPeoGpa3oBaHusi TejeMeXaHu-
YeCKHX CHIHAJIOB.

Ynpasienne BceMH OGBEKTAMH CJOKHBIX IPOTSINKEHHBIX
IIPOU3BOJCTBEHHEIX CHCTEM He MOXKET OCYIIECTBJATLCS C OfHOrO
IMCNIeTUEPCKOro MyHKTAa. B 3TOM ciydae NpHUMEHSIeTCss MHO-
TOCTyIIeHUaToe YIpaBseHHe, KOJHYeCTBO CTyINeHeidl KOTOporo
VBEJMUHBAETCS] MO Mepe YKDPYNHEHHS NPOHU3BOACTBEHHBIX CH-
creM. Hanpumep, B KDYIHBIX 3HEPrOCHCTEMAaX HMEIOTCS
IeHTpaJbHEIE gucnertdepckue NYHKTH (L[/]I]) 1 nmopuuHeHHbIE
UM pafoHHBIE JHCIeTYepckHe NYHKTEL. Ilpu oObefuHeHHH
9HEpProcucTeM OGOPYAYIOTCS AHCIEeTYePCKHe NYHKTHI CJefLyIo-
mell CTymeHH YIpaBJieHHs, KOTOPhHIM HauuHawores L[J1T.

Mexny [I1 pasnuyHbBIX CTyneHe#l obecrieumsaeTcsi IBYCTO-
poHHuil obmeH wuHbpopMaiyei, KOTOPas IPH HCIOJb30BAHUU
YBM nupencrasasietcs B uudposoit dopme. [las nepepaun
JAHHBIX NPOH3BOJCTBEHHO-TEXHHYECKOH HHGMOPMAIUU HCIIOJb-
3YIOTCSI yCTpOHCTBA, K KOTOPHLIM HPENBSBISIOTCS TpeGoBaHUS
OUYeHb BHICOKOTO GBICTPOAEHCTBHS TIPH AOCTOBEPHOCTH MEPEenadu
Ha HECKOJIbKO MOpsAKOB GoJiee BBHICOKOH, 4eM B CYILECTBYIO-
IMX cHCTeMax INepefaud TeJerpadHelX COOOIIEHHI.

AHajoryunas 3agada BO3HHKAeT MpH Tepenade IAHHHIX
9KOHOMHYECKOfl HH(pOPMANKH B OOLIEroCcyAapCTBeHHOM chucreMe
BBIUHCJIMTENbHBIX [EHTPOB, KOTOpast Oyner cosfaHa B Ogn-
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Kafimem OypymeM. Dta cucTeMa OyAeT NPENCTaBJsATb COGOMH
COBOKYITHOCTh BBIUHCJHTEJIBHEIX LEHTPOB DAa3HLIX pPasMepoB,
OCHAIIEHHBIX COBDPEMEHHBLIMH BBEIYMC/IHUTEJNbHEIME MAalIHHAMH,
KOTOpBle pasMelleHbl Ha TeppUTOPHH CTPaHB H B3auMofeH-
CTBYIOT MeX1y co0oil 4Yepe3 eIHHYIO AaBTOMATH3HPOBAHHYIO
cucTeMy INlepefadu AAHHLIX. EQWHAs cHCTeMa BHIUHCIHTENbHBIX
HeHTpoB OyleT BHINOMHATL PyHKIHH c6opa, mepefaud M mepe-
paboTKH BCeil IJIaHOBOH SKOHOMHYECKOH H yUeTHOH HHpopma-
I[MM, pacyeTa ONTHMAJbHBIX HAPOAHOXO3SHCTBEHHBIX NJIAHOB
OTJeNbHBIX OTpacse, pecnyO/UK, NPOU3BOACTBEHHEIX 00BeAH-
HeHUH, TpaHcnopTa u (HMHAHCOBHIX opranoB. EjnuHas ceTb
BBIYHCJIUTENIBHEIX IEHTPOB OyleT BKJIOYATb HECKOJIbKO CTY-
neHel, Kax1asi U3 KOTOPBHIX OGCJY:KHBaeT IJIAHOBO-XO3sHCT-
BeHHble OpraHbl JAHHOI'O YPOBHSI — CTPaHHl, pecnyGJuK H OT-
pacsieif, IPOU3BOACTBEHHBIX ¥ TEPPUTOPHAJBHEIX KOMILIEKCOB.
Ona G6yzeT onuparbCsi Ha aBTOMATH3MPOBAHHLIE M MeXaHH3H-
poBaHHBIE CHCTeMbl MH(OPMALUK H yNPaBjeHHs NPeANpHATHH
U HX OObefHHEeHHIl.

Kpowme ennHOil cHCTeMBI BBIMHC/IHTENBHBIX IEHTPOB OynyT
NPUMEHATBCS U OTJE/bHBEIE CIElHAaJU3UPOBAHHEIE CHCTEMBI
cbopa u obpabotku wuHbOPMAIMH, HANPUMEP, LAJS IIPOLANKH
Ha HeCKOJIbKO MecCsIIeB BIlepeZ aBHAIIHOHHBLIX U 3KeJsle3HOLOPOK-
HBIX OMJIETOB, Ilepeflaud M 0OpabOTKH 3aKa30B HA aBTOMOOHJIb-
HBle TepeBO3KH C ONTHMH3alueH MapupyToB H T. [.

Ilna Bcex mepeyncyeHHBIX cHCTeM c60pa u 0OpaGOTKH HH-
dopmanyuy HeoOXOAHMBI YCTPOACTBA Iepefauyd MAAHHBIX IO
CYILECTBYIOIYM TFOPOACKHM H MeX/JyTOPOLHHUM KaHasaM CBSI3H.
B Hactosiimee BpeMsi BeleTCSl MHTEHCHBHAsl pa3paboTKa TakKux
YCTPOHCTE € HCIOJB30BAHMEM METOLOB TeXHHKH TeseyIpas-
JIEHHUS.



lnagasropas

DJIEMEHTBHI TEOPUH
HNHOOPMAINN

§ 1. OCHOBHLIE IIOHATHA U ONPEJEJEHHUA .

Teopust uH(pOPMALMH BO3HHUKJIA CPABHUTEJIBHO
HegaBHo *. OnHAKO ee TeopeTHUYeCKoe 3HAueHue HeOoOGBUaHHO
BeJIMKO, a 06/1aCTH NPUMEHEHHUs OUeHb IMHPOKU. Teopus mepe-
Jauy uHpOpPMAamUU MO KaHasaM CBSI3H SIBJISIeTCS YacThio 3TOH
ofeft TeopyH, MPUMEHSIEMOH B TEXHUKE CBSI3H U TeJeMeX aHHKe.

B Teopun uHpOpMamMH paccMaTpHBAIOTCS B 06mieM Buje
BONPOCHl Ilepefaud COOOMIeHHH, YCTAHABJMBAETCS KOJIMYEeCT-
BeHHast Mepa wuHPOpPMALMH U ONpefessieTcsi MaKCHMaJbHad
CKOPOCTh Iepefauu CoOOHmeHWH NpPH OTCYTCTBHH NOMeX M HX
HaJIMYUH, METOAH 3PpeKTHBHOIO KOAHPOBAHHUSI CHIHAJIOB H IO-
BBILIEHHsT TIOMEXOYCTOHYMBOCTH Nepesayuy.

IMop cooGmenusiMu  (MH(pOpPMANKel) NOHMMAIOTCS J100LIe
CBEJeHHUS, NOJJIeXKaNe Nepefave. DTH CBeJeHHsI MOT'YT OBbITb
NpefCcTaBJeHbl B (hopMe YCTHOH peuH, NHCbMa, H300paxKeHHsl,
Yuces H3MEepseMbIX BeJMYMH, KOMAHJ YIpPaBJeHHS HJAH JaH-
HEBIX, XapaKTepHU3YyIOIUX COCTOsSIHIE KOHTPOIUD YEMEIX OGBEKTOB.

Ilpn nepepade Ha paccTosiHHe COOOMIEHHS HpPeoGpas3oBHI-
BAIOTCSl B CHMIHAJbI, KOTOPHIE SIBJSIIOTCSI NEPEHOCYHKAMH CO06-
menuii. CHrHAAB PACHPOCTPAHAIOTCS 1O JIMHHUSM CBS3H,
KOTOpbIE MOT'yT GHITh IPOBOJHLIMH, PAIHOTEXHHYECKHMH, ONTH-
YeCKHMMH, akycTuuecKuMu # Ap. Ilo oxHoll JiMHHU cBsI3H MOTYT
TIlepeaBaThCsl OAHOBPEMEHHO HJIH MOCJ/IEN0BATE/LHO BO BPEMEHH
CHTHAJL OT HECKOJIbKHX HMCTOYHHKOB COOCIIEHHH, MPH 3TOM
Kaxjoe coolleHHe NepeaeTcs Mo OTAeJbHOMY KaHasly CBS3H,
KoTophle o6pasyioTcsi Ha o0umied JIMHUHM IpH INOMOMIM PasJuy-
HEIX TeXHMUeCKHX cpencTts (cM. ra. III).

* OCHOBHBIE TeopeMbl TeOpHH HHpopMauuu Gbuiu chopMyaHpOBAHE!
K. IllsuHonomM u omy6mukoBaHel B 1949 r. [52].
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B Teopum nepepaun unbopManuMm paccMaTpUBaeTCs HEKO-
TOpHI# OGOOWIEHHBIH KaHaj KakK CpejiCTBO Iepefaud coofie-
uuil. Ilpuuem c mo3uWuwil Teopuu BepoOSITHOCTENl W MaTeMaTH-
YeCKOH CTaTHCTHKH peIIalnTCs BONPoch Haubojee IOJHOro
HCHOJIL30BAHMS €T0 NPONYCKHOH CNOCOGHOCTH M obecleueHHst
MHHHMAaJbHLIX MCKaXKeHHH INpH Iepejaue.

Cnefyer oTMeTHTb, YTO B TEODHH Iiepefaud HHPOPMAIHU
KaHajbl CBSI3M PAcCMaTpPHUBAIOTCSl C TOYKH 3PEHHsl UX HCIOJb-
BOBaHHUs B TexHHKe cBs3i. OfHAKO BLIBOALI 3TOH TEOPHH CIIpa-
Be[JIUBbl TAKXKE W JJIs1 CHCTEM TejIeMeXaHHKH BOOOIE U JJIs1
cucTeM TesieynpaBJjeHnss B uacTtHocTH. OGoOmieHHAss cxema
CHCTeMbl Iepefaud cooOlieHH# (CHCTeMBl CBSI3W) IpHUBELEHA

Coubi I7 20QHHbIL Tpuramei Coobiuien
I i tyeﬂue UBHOS cueHan oK 0061 e{ pC ]

HcmoyHuK
nom

Puc. 2. O6o6menHas cxeMa CHCTEMbI CBSI3H.

Ha puc. 2. CoolwmeHns: OT uCToyHHKa coobmenuit MC mocty-
MAIOT Ha BXOJ nepenaruuka /1K, npeoOpa3ylomero CooluieHust
B CHTHAJIbl, KOTOpble NepefaloTCst N0 JIMHUK cBsA3H JIC u mocry-
NaI0T HAa BxOJ npueMHHKa [IpK, ocymecTBJsoOmero o6paTHoe
npeoOpa3oBaHyue CHIHAIOB B COOOIMIEHHsI, KOTOphle BOCIIPH-
HHUMAlOTCs1 IpueMHHKOM coolmenuit [1pC.

Jlunus cesisu JIC — 310 cpena, ucnoJb3yemas IJjs Iiepe-
Jaud CHMTHAJOB OT IepefaTyuka K NpPHEMHHKY. B cucreme
IPOBOZHOH CBSI3M 3TOH Cpelofl sABjseTcs (HU3UUeCKasi ILEllb.
B o6uieM ciydae Ha OZHOM JIMHUU CBSI3U MOTYT 06pa30BLIBATLCS
HeCKOJIbKO He3aBHCHMEIX KaHAJIOB CBsI3H, 0 KOTOPHIM CHTHAJILI
NepefanTcess OT PAa3JHUYHBIX HCTOYHHKOB COOOLIEHH (MHOro- .
KaHasnbHasl JIMHHS CBs3H). B MHOrokanasbHOH JIMHMH CBA3H
anmaparypa nepefaTyuka M NPHEMHHKA BKJIOYAeT TaKxKe 3Je-
MEHTBI pasjieseHHst KaHAJOB CBSI3H.

Ilpu nepenave no Kamanay CBsI3H NPOUCXOAMT OCaaGieHHe
U HCKaOKEeHHe TNepelaBaeMblX CHTHAJOB. Kpome Toro, Kauan
CBSI3H BCErjia MOJABEPraeTcsl JeHCTBHIO MOMeX, KOTOPHIE TaKKe
uCKaxkaT curHajnl. CrefnoBaTesbHO, NPUHSATHH CHTHAM He
HIOJIHOCTBIO COOTBETCTBYET NepefaHHOMy cHrHaNy. Ilpu 0606-
IIEHHOM PAaCCMOTPEHHH CHCTeMEI CBSI3H IpeAIoJaraercs, 4To

SKBHBAJICHTHBIE 1O JOpMe M HANPSIKEHHIO [OMEXH CO3[AI0TCS
0coCbIM HCTOYHHKOM (pHC. 2).

36



§ 2. HENPEPHIBHBIE I [MCKPETHBIE
COOBIMEHIA

OCHOBHBIM CBOHCTBOM HMCTOYHHKOB COOGLIe-
HHfl BJIsIeTCS] UX CNOCOGHOCTb CO3]1aBaTh COOOMIEHHUS, KOTOPEIE
MOTYT IpPeACTaBJATb CO00H HenpephiBHEIE (DYHKIHWH BpeMeHH
(HenpepHIBHEBIE COOOIIEHHS) HJIH COCTOSTh H3 IIOCJEN0BATEILHO-
cTell AUCKPETHBIX CHMBOJIOB (IHCKpeTHble coolmenusi). [Ipume-
pOM HCTOYHHKA Henpepol8Holx COOOU,eHULl SIBJISIETCS] UeJsIOBEK,
Beymuil pasrosop no Tejedony. Kak usBecTHO, B cucreMax
OOBLIYHOH TOpOACKOH Tesqe(pOHHOH CBSA3H KaxKaoMy aGOHEHTY
npefcTaBJeTCss CBOsSI JIHHHA CBS3M (Dapa NpoBofoB). B atom
cydae nepefaTiHKoOM sIBJsIeTCS MHKPO(OH, a MpPHEMHHKOM —
TestlepoH. MuKpPOOH NpeoGpa3oBLIBAET H3MEHEHHE JAaBJIEHHS
BO3jlyXa Ha MeMOpaHy B TOKH 3BYKOBOH 4YacTOTEI, KOTOpEIE
B JlaHHOM CJlyuae IIPeACTaBJ/siioT CoOOH CUrHAJ, nepefaBaeMbi
no sunud cBs3u. OfHaKo mpu nepejade Ha GoJsbllke PaccTosi-
HHUS (MEXAYTODOJHSS CBSI3b) CHCTEMA CBSI3H YCJIOXKHSETCS,
TaK Kak JONOJIHAETCS ellle annaparypod YNJOTHEHHs JIHHHH
CBsI3M OOJIBIIMM KOJIHUECTBOM HE3aBHUCHMBIX KAaHAJOB CBSI3H.
HcrounnKaMu HenmpephIBHEIX COOOHIEHHH TaKkKe SBJIAIOTCS
NepBHUHEIE NpeoOpasoBaTe/d H3MepseMblX BeJHUYMH B CHCTe-
Max TeJileu3MepeHHH.

Huckpemnpie coobujerus TepefaroTCsl annaparypoid CHCTEM
TeJerpadHOil CBSI3H, CHCTEM TeJieyNPaBJ/IeHHs], CHCTEM JUCKpeT-
HBIX TeJeH3MEPEHHMH H CHCTeM IePeiadH JAHHBIX IPOH3BOA-
CTBEHHO-TEXHHYECKOH HH(OpPMAIHH.

VlcTOUHHKH AHCKPETHBIX COOOLIEHHH xapaKTepnsyIOTca He-
KOTODHIM KOHEUHEIM MHOXKECTBOM 3JIeMEHTapHLIX CHMBOJIOB.
CoBOKYIIHOCTE CHMBOJIOB 006pasyeT andaBUT COOOmEeHHsl. B Te-
opuu HHpOpPMAIMH NOHATHE andaBHTa HCTOYHHKA COOOLIeHHU
ABJsieTcsl Gosiee LIMPOKHM, 4YeM IMOHsATHE andaBuTa s3bIKa.

B KaX10M KOHKPETHOM CJIydde COOOMIEHHe H ero CHMBOJIBI
HMEIOT passiHuHoe cojepxkanue. Hampumep, B Teserpacun
COOGILIEHHSIMY SIBJISIIOTCSL NePeaBaeMbIi TEKCT, AJsl Mepenaun
KOTOpPOrO Ha PYCCKOM SI3HIKE HCHOJIb3YeTCs 54 CHMBOJIA, U3
KOTOPHX 32 — GykBHl andasuta, 10 — mubps, 12 — sHaku
NpenyHaHis U YCJIOBHBIE 3HAKH C/y:KeGHOro HasHayeHud. [lpu
TeJIeyNpaBJeHHH COOOIIEHHSIMH SBJSIOTCS KOMaHABl O BKJIO-
YeHHH HJIH OTKJIIOUEeHHH OOBEKTOB YIIPABJIEHHUSI, & CHMBOJIAMH —
X4pakTep Olepalyuu M HOMepa OGBEKTOB.

Ilpu nepepave AHUCKPETHHIX COOOMIEHHI, COCTOANINX U3
HOCJ/efloBaTeJbHOCTEH AHCKDETHBIX CHMBOJIOB, CHTHa/l TaKxke
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npeacTaBJisieT co00f AUCKPETHYIO MOCJEJ0BATeIbHOCTL OTAE/Ib-
HBIX, 2JeMeHTOB. Hanpumep, npu nepejaue TeKCTa IO TeJe-
rpady CHMBOJIEI COOOIIEHHS — 5TO OYKBBHI, LHGDPL H ApyTHE
3HAKH, & COOTBETCTBYIOLINE UM CHI'HAJBI — KOLOBLIE KOMOHHA-
UK TeserpadHoro Koja, COCTOSIIHE W3 OTIEJbHBIX HMITYJIbe
COB, IOCHIAeMBIX IOCJIeROBaTeNbHO (pHC. 3).
Hwmnysecel, ofpasyiomiie CHTHAJ, Ha3bIBAIOTCS 3J1€MEHTap-
HbIMH curHajgamu. OHHM XapakTepHU3ylOTCsl ONpeleseHHOH IJu-
TEJBHOCTBIO M MOTYT pPas/nyaThCs
bykbsi  CueHansi MEXIy CO0OH aMIIuTYLOH, noJIsAp-
HOCTBIO, JJINTEJBHOCTBIO, YacTOTOH

P , l l ' | i unn hasofi NmepemMeHHOro TOKa, HashHl-

© BaeMBIX HMIYJIECHEIMH NDH3HAKAMH.
I ‘ l ITocKoMBKY HMNYJBCH, 00pasyro-

6 _ [ye CHrHaJg, 06JIaJaloT OIpeleJieH-
HOH [JIMTeJBbHOCTBIO, TO, CJefoBa-

8 l l I I [ | TeJIbHO, CHIHAJI IPeACTaBJsieT coboi
BpeMEHHO#l HpoIece, B OTJIHYHE OT

| I I I | l coo0uieHust, KOTOpPOe MpPeICTaBJIsIeT
co6oit KOMOHHALIMIO CHMBOJIOB (HanpH-

—H J“ mep, GYKB B cJI0Be) H B OOLIEM CJIy-
yae MMEIOT ONpeflesleHHYI0 CTaTHCTH-

yeckyio CTpykKrypy. Hampumep, B

£ ﬂ OOLIETTPHHATHIX SI3BIKAX BEPOSITHOCTD

nosiBJIeHus1 GYKB, TaKk XkKe Kak JIBYX-
Puc. 3. Mpexcraaenue cuv-  OYKBEHHBIX H MHOTOGYKBEHHBIX COYe-
BOJIOB cooGuieHHsl  (6yKB) TaHui, He oguHakosa. [lof Koauposa-
CHrHalaMH (KOMOHHALMAME HieM NPHHSATO IIOHHMAaTh INPEICTaB-
TeserpadHoro Koza). JIeHHe CHMBOJIOB COOOIIEHHSI JMCK-

PETHEIMH  CHTHAJAMH, COCTOSIIUMH
OOLIYHO 13 TPYNILL HMITYJIBCOB. l'IpaBnJlo KOJHPOBAHHUS BHIpa-
KaeTcss KOAOBOH Tabsumell, B KOTOPOH Ka&XKIAOMY CHMBOJY
COOOWIEHHs] COTIOCTABJIAETCSl ONpe/ieJieHHasi KOLoBasi KOMOHHA-
mus (puc. 3). Ilpu KomupoBanuu HeOOXOAMMO YUHUTHIBATH CTa-
THCTHYECKYIO CTPYKTYPY HCTOYHHMKA COOOLIEHHH, B pe3yJ/bTaTe
Yero yBEeJIMYHBAETCS MPONYCKHAs CIOCOOHOCTb HCIOJIL3YEMOro
KaHaja CBSI3H. IJTO sABJsieTCsl (yHJAMEHTANbHBIM BBIBOLOM
TEOpHH HH(pOPMAIIHH.

Oro0paxeHne HENPEPbIBHBIX CHIHAJOB JAMCKPETHBIMH 3Ha-
uenusivu. Curuanel, mepejaBaeMble B peasbHLIX CHCTeMax
CBfA3H, HMEIOT OTpaHWYeHHEIH wacToTHwi cnektp. Crenosa-
TeJILHO, TIPH Pa3/ioKeHHH CHTHAJA HA FapMOHHYeCKHE COCTaB-
JISIOIIME OTCYTCTBYIOT MJIM HECYLIeCTBEHHBl BBHLY CBOeH Ma-
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JIOCTH COCTaBJISIIOIIHE C YACTOTAMH BHIE HEKOTOPOTO IIpejesib-
Horo 3Hauenus F.. Ilpuumnoit storo siasiercst GO CBOHCTBO
HCTOYHHKA CHT'HA/A, JHOO0 OrPAHHYEHUS IIUPHHEL NOJOCH IPO-
NyCKaHusi KaHaja CBsisu. lIpH 3TOM YCJOBHH HenpephIBHBIE
CHTHAJNB MOXKHO NepefaBaTh KOHEUHBIM YHCJOM JHCKPETHBIX
3Hauenuil. B cooTBercTBHH c Teopemodl B. A. Kortesnbnukoa
CHUTHAJ, ONHCHIBAeMBI!l (DYHKLHEl C OrpaHHYEHHBIM CIIEKTPOM,
MOJTHOCTBIO OIpeJeJIsieTCsl CBOMMH 3HAYEHUSIMH, OTCUMTAHHBIMU
gyepe3 HHTepPBaJb BpeMeHH
Vi

T
A= ="c @

F T
rie F. — mupuHa cnekrpa
cuTHaJja.

CorstacHo dopwmy.te (2-1) un-
TepBaJ MeXK1y OTCUETAMH He At
[pEBHIIAET MOJOBHHEI Ie- a t
puona HauboJjee BEICOKOH 4 r

YacTOTHl CIEKTPa (YHKLHH.
N3 teopembr KoTtenbHuKOBa,
HasblBaeMoOH TakKxke Teope-
MOH OTCYUETOB, CJIefyeT, 4TO ‘ “

ecin  Tpebyercst Iepesath
HereprBHbIﬁ curgaJs C€ or-
DAHMYEHHBIM CIEKTPOM, TO 6

JOCTAaTOYHO Hepe,HaTb oTae/b-

HBIE MTHOBEHHBIe 3HAueHusi, Puc. 4. HenpeposHblii cursan m ero

OTCUNTAHHBIE Uepe3 HpOMe- oTOGpaKeHHe JMCKPEeTHHIMH CHIHa-
JlaMu:

XKYTKH BpEMEHH AV < —1- a — rpaduk Henpepbmuord curaana; 6 —
2F, JACKDeTHble CHUTHAJIBI,
(puc. 4).

MrHoBeHHbIE 3HAUeHHs1 (YHKIMM HAa3BIBAIOTCA OTCUETAMH
WM JIMCKpeTaMH, a Olepaius MNPeBPAEHHs] HeNPepHBHON
(GyHKIME B NOC/I€L0BATeJbHOCTb AUCKPET-IUCKPETH3ALUEH HIIH
KBAHTOBAHHEM 10 BpeMeHH. [LJIHMTeNbHOCTh IMCKDET T MOXKeT
OLITb TEOPETHUECKH CKOJIb YFOAHO Majof, a MNpaKTHYeCKH
BBEIOHPAETCs1 C yYeTOM IIMPHHBI IOJIOCH NPONYyCKaHHs KaHasna
CBfA3H, TaK Kak

A =%, 2-2)

rae Af — mosioca nponycKaHus KaHaja CBs3H,
k — mocTosinHas BeJHMYMHA, Onu3Kas K eLHHHMIE.
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§ 3. KOJMYECTBO MH®OPMALIAN
1 EE MEPA

C MaTeMaTHueCKOH TOUKH 3peHust HHGopMaIus
ecTb (YHKIWS OTHOLIEHHS YHCJA BO3MOXKHBIX OTBETOB [0
U TO0CJe MoJyueHHsl COOoOIieHHs, KOTOpasi paccMaTpHBAaeTCs
BHe ee CyO'BeKTHBHOH OIIeHKH (HEe3aBHCHMO OT ee IIeHHOCTH AJIs
TOr0 WJIM APYTrOro WHAHBHAYYMA).
HauGosee ynoGHo#l siByisieTcs: jiorapudgmudeckas QpyHKIUs,
[I03TOMY NPH PaBHOBEPOSITHEIX OTBETAaX KOJIMUECTBO HHGOP-
Maruu

I=log -, 2-3)
C

rie n — NepBOHAYAJbHOE YHCJIO PABHOBEPOSTHBIX OTBETOB;

Ne — YKUCJIO OTBETOB NOCJIE IOJyYeHHs COOOIIEHHUSI.

Tak Kak n > n., To HHDOPMALUs BCETAA H3MePSIETCs I0JIO-
JKUTeJbHOH BeJuuuHON. BriGopoM ocHOBaHHUS Jorapudma ompe-
JeJisieTcst BRIOOD efMHHIEI H3MepeHus: uHbopmaryu. HauGosee
yno6eH BbIOOp OCHOBaHUsI jjorapudma, paBHoro asyM. I[lpu stom
nHbOpMAaLKs H3MepseTCs B JBOMYHEIX €IMHMIAX (EB. €IHH.
unu 6um). CnegoBarenbHo, Npu =2 U A= 1

I = log,n = log,2* = 1 gB. emun.,
YTO COOTBETCTBYET IpocTelIeMy BbIOOPY M3 JBYX PaBHOBEpOSIT-
HBIX BO3MOXKHOCTEH.

Ilpu nepegaue no KaHajy CBsI3H HEKOTOpPOH HHpopManuH,
T. €. HeKOTOPOro KOJINUeCTBa CBelleHHi, 0cofoe 3HAYeHNe HMeeT
TO 06CTOSITEJILCTBO, YTO JAHHOE YacTHOe coollueHHe BhIGHpa-
eTCsl U3 ONPeLeJeHHOT0 KOJIHYeCTBA BO3MOXKHBIX COOGHIEHHIL.
Ilpennosioxkum, uto ofliee KOJIHYECTBO PABHOBEPOSITHHIX COOO-
IeHu# PABHO 7, HAapUMep, YHMCJO BO3MOXKHBIX KOMaHX B YCT-
po#icTBe TeJjieynpaBJeHHsl. DTa BeJHYMHA PaBHA, OYEBMJHO,
4HCJy OCGBEKTOB yNpaBJIeHHs 4O MOJy4eHus coobmenust. [Tocne
TMOJTyYeHHs] OHOTO COOOIIeHHsI, HAPUMeD, KOMaH/bl yIpaBJe-
HUSI OJHHM M3 OGBEKTOB, CHTyalisi MOJHOCTbIO ONpefeseHa.
CrnemoBatenbHo, ne = 1 U u3 Boipaxenus (2-3)

I = log n 1. exun/coobur **. 2-4)

* B nanbueiimem sHak log 03HauaeT JBOMUHLIA JorapHdM.
** CII0BO «COO6IL,.» B Pa3MEPHOCTH BHIDAKeHHS YACTO ONMYCKAETCH HJIH
BOOGLIE PasMepHOCTL He NPHBOJHTCS.
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ITockonbKy BepOSITHOCTb COOGIIEHUS
1
p= e
TO BhIp&enue (2-4) MOKeT ObITb TaKKe MpeACTaBJeHo B Bue
I = —logp. 2-5)

BriGop Jorapudmuueckoit GyHKIHK obecrneunBaeT aiiuTHB-
HOCTb HH(OPMAIMM, TaK KAK CymMMa JOTrapu(pMOB BeJMYHH
paBHa JsorapupMmy HX INpousBefeHus. Hampumep, B ycTpoO#-
CTBAX TeJIeyNPaBJIeHHUs TPUMEHSETCsS OfHOCTYNIeHUATHIA U JBYX-
CTyNeHYaTbI BLIGOP 00beKTOB ympasJaenus. IIpu opHoCTymeH-
4aToM BBIOOpe OGBEKThl YIIPABJCHHS BHIOHPAIOTC HEMOCPes-
CTBEHHO IIPH MOMOIIH OfHOH KomauiplIlpu mByxcrymeHyaTom
BbIGOpE BCe OGBEKTHI PA3EJSAIOTCS HA IPYIIL U BHAYAJIE BLIGH-
paeTcs Tpymna, a 3aTeM o6bEKT B JaHHOU rpynme. Ecau o6mee
KOJINYeCTBO OOBEKTOB OMHAKOBO B OOOMX CJy4asX, TO HU3
CBOHCTBA a[JUTHBHOCTH MH(OpPMALMH CJAefyeT, YTO Npu BuIbope
OJIHOTO U3 OOBEeKTOB KOJHMYECTBO NepefaBaeMoil HH(pOpMAIHH
TaKxke OYIeT OZMHAKOBLIM.

Ipenmosoxum, 4T0 YHCJIO0 06BbEKTOB PaBHO Ncg, TOTJA NMPH
pPaBHOH BepOSITHOCTH BbIOOpA JIOGOTO U3 HHUX, B COOTBETCTBUH
C BbIpaxkeHHeM (2-4), KOJHYECTBO NepefaBaeMoH HH(pOPMAIUH
IpH HENoCpeJCTBEHHOM BblGope

11 = lOg Noﬁ,
a 1pu ABYXCTYNEHYaTOM TPYIINOBOM BbIGOpe
I, =log Nrp + log Nos = log NipN g6,

rie Nos — ofllee KOJUYecTBO OOBEKTOB YIIpaBJIEHHUS;

N:, u Ngs — KoJMUeCTBO IPymn H 00BEKTOB B HHX. Tak Kak
no ycioButo Nos = NrpNgs, To Iy =1, uTO U Cienyer u3
CBOHCTBA aJJUTHBHOCTH HH(OPMALMH.

B ofmem Ciayyae HepPABHOBEPOSITHBIX COOOLIEHHH BBIpazKe-
Hue [/ KOJHMYecTBa HMH(QOPMALMH YCJIOXKHSeTCsd, TakK Kak
HEOOXOJMMO YUHTHIBATh BEPOSITHOCTH BHIOOpPA TOTO HJIH HHOTO
coobmenus. [To mpasusiam TeOPHH BEPOSITHOCTH CpefHee KOJIH-
4eCTBO HH(POPMALHH, TP UXOASIIEECs HA OfHO coollIeHre, B 3TOM
ciyyae ompenesisieTcss KaK MareMaTHdeckoe OXKHIAHHE BeJd-
upHbl uHGopMaunuk. Kak H3BECTHO, MaTeMaTHYeCKHM OMKHAA-
HHEeM CJyYadHOM BeJMYMHBI HA3bIBAETCS CyMMa IMpPOU3BelCcHHH
BCeX BO3MOXKHBIX 3HAUeHHH CIy4aiHOH BeJMUMHBI HA BEpOST-
HOCTb THX 3HAueHUH. Tak KakK 3TH BO3MOMKHBIE 3HAUEHHUS AJIA
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HH(OPMaLHHK ONMPeNeJITIOTC U3 BblpaxkeHUs (2-5) mpu pasJuy-
HBIX BEPOSTHOCTSX COOBITHUH pi1, P2,..., Pn, TO CPeNHEE KOJH-
yecTBO HH(oOpMaLuM, INPHXOAANIeeCS HAa OAHO coobmieHwue,

H = _Z p;log p; nB. exguu/coobm, (2-6)
=1

Bce p; cBsi3aHEl MexAy €OGOH COOTHOMIEHHEM -

mpudeM 1 > p, > 0.
Beipaxkenune (2-4) MOXKHO NOJNYYHTb U3 OOLIEll (HOPMYJILI

1
(2-6) mpu p;=—

& 1 1 1 ¥
Hmax=‘i;— 7=7; n =logn.

B sToMm cayyae Benuuuna H makcumanbsaa. Korga n = 2,
T0 Hpax = 1.

" TlpuMeHWUTENIbHO K TEXHHKE TeJeylpaBJieHusi BhIpaKeHHe
(2-6) Takxke MOXKHO MOJYYHTb U3 CJIELYIOMHUX IIPOCTHIX coobpa-
:xeHuil. Ilpenanosioxkum, 4to 1/ ofpas3oBaHus CHrHajga (Koja)
MCIIOJIb3YIOTCST MMITYJIbCHI, HMEIOIIMe HMITyJbCHble MOPU3HAKH
(xauectBa) K1 1 K,, npuueM BeposiTHOCTb NOSIBJIEHHS HMITYJIbCA,
HMelomero Kauectso Ki, paBHa p;, a K — paBHa p,. 3aja-
JHUMCSI YHCJIOM HMNOYJBLCOB B Kofe, paBHbM N. Torma MosKHO
YTBEPAKAATD, YTO MPU N - co Jiobas KofoBast KoMOHHaIus Gyner
colepxarb piN HMIy/bCOB, MMEIOMHUX KauecTBO K; U poN
HUMITyJIbCOB, HMEIOUIUX KauecTBO K.

Onna KonoBass KOMOMHAIMS OTJIHYAETCs OT APYrod mopsii-
KOM CJIeOBAHHUSl HUMIYJbCOB C KauecTBoM K; miau K, Torna
B COOTBETCTBHH C TEOPEMOH O COBMEIEHHH HE3ABUCHMBIX COOHI-
THH BEPOSITHOCTb MOSIBJIEHHS OIpPEJe/JEeHHOr0 MOPSIIKa CJelo-
BaHUs HMITYJIbCOB C KauecTBom K; Gyger pplN , C KauecTBQM

Ky — pPaN, a BepOSITHOCTb IOSABJICHHUS Juoéoﬂ KOMOHHALUH
Koja

p = pi"NpgPeN,
KosiuuecTBo pasuyHbIX KOLOBLIX KOMOHHALMI
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KosuuectBo mHdopManny, NOTYyYeHHOH NIPH Tepejaue OfHoH
KONOBOM KOMOWHAIWM, U3 BhbIpaxeHus (2-4) pasuo log M,
a KOJIMYeCTBO MH(OpPMALKH, NPUXOLAIIeecs HA ONUH HMIYJILC,

1 1 1
H= W—logM = —logp =—3 (Npylog py + Np, log py) =
= —(pylog p; + pslog ps) AB. eguB/UMIyJbC.

B Tom ciiyuae, KOT/ia HCIOJb3YeTCsl 7 UMITYJIbCOB C Pa3J/Iyu-
HbIMH KaYeCTBEHHBIMH NPH3HAKAMH, BEPOSITHOCTb MOSIBJEHHS
KOTOPBIX p1, P2s..., Py, AHAJIOTHYHO TOJyHAEM OOILYIO OPMYJITY

n
H=— Yp,logp, nB. eiun/uMmysc.
i=1

B ranHOM ciydae HoJydeHMe MMITYJIbC2 PACCMATPUBAETCS Kak
coobIenme.

HeomnpeneneHHoCTb CYIIECTBYET B IOJIHOH Mepe TOJBKO JO
noJyueHusl coobmenus. Ilocne nosmyueHus ero Heompeneses-
HOCTb MCUE€33eT, TaK KaK MbI
[oJyyaeM OIpefeseHHylo HH- H f\1
dopMarud, BelHYMHA KOTOPOH /
3aBHCHT OT NepBOHAYAIbHON He- 08
onpefeseHHOCTH. HeM GoJibie
6bla mepBOHayaJsbHas Heompe- 06
JIeJIEHHOCTh, TeM 60Jblle J0JIXK- \

Ha OHITh moJsydaemass uHDoOp- 04 /
Mauusd. T \

CrenoBaTte/ibHO, CpefiHee KO- (2
JnuecTBo HHpopmamnuu H, onpe-
JeJisiolee CTeNeHb Heompene-

JIEHHOCTH, CYIIECTBYIOMEH JO 02 04 06 08 »p
[OJIy4eHHs] COOOIIEHHs, TAK:Ke Puc. 5. Kpusas saBucumocTn
ABJIsIeTC yIOOGHON Mepol And sHTponHH [ BepOSITHOCTH p.

OUEHKH KOJIMYeCTBA IIOJydae-
Moii HMH(pOpMAUHH, COOTBETCTBYIOIIEH [TAHHOMY COOGIIEHHIO.
Buipaxkenue (2-6) st H cOOTBETCTBYeT hopMyJie SHTPOIHUH
TepPMOJMHAMHUYECKOH CHCTEMbI, BCJIEICTBHE Yero BeJuuHHy H
TaKKe HasBBAOT dxmponuel, TOJ KOTOPOH MOHHUMAIOT Mepy
HejocTaomel MHGOPMAILMH, HJIM SHTPONHEH HCTOYHHKA COO06-
IIEHHUs, Moj KOTOPOH MOHHMAIOT CIOCOGHOCTL OTAAuH HHQOp-
MAal{{d HCTOYHHKOM COOOIIEHHH.
Ha puc. 5 mpuBeneHa KpHBAs 3aBHCHMOCTH SHTponuu H
OT BEpPOATHOCTH p MNpH n = 2 (LBa BO3MOXKHEIX COOGBITHS),

43



Korza p usmensercst ot 0 o 1. B atom cnyuae H onpegenserca
U3 BbIpKEHHS

= —(plogp + qlogy), (2-7)

Tle p — BepPOSITHOCTbL MEpPBOTO COOOHIeHHsd;, ¢ = p — | — Be-
pPOSITHOCTb BTOPOrO COOOIIEHHS.

Kaxk BugHo w3 puc. 5 SHTpONHS JOCTHraeT MaKCHMyma
(Hmax=1) mpu paBeHCTBe BepOATHOCTEH COOHITHH pi;= p.=
= 0,5 u cTpeMHTCS K HYJIIO IO Mepe NPHGMIDKEHHs K eLHHHIIe
BepPCSIPHOCTH ofHOro u3 cobwrruil. Ilpu p, = pa= 0,5 weompe-
JleIleHHOCTb HauboJIbIIas, a IPU

_pmgp % < p1= 0,99 u p.= 0,01 ona 3ua-
YHTeNIbHO MeHbIe (COOTBETCT-

04— BEHHO YyMeHblnaercs u H).
\ B cayusae omelta ¢ n BO3-
03 MOXCHBIMH HCXOLAMH C BEpOSIT-
/ HOCTSIMH P31, P2,..., P, SHTpO-

a2 Nus 3a03eTCst BHIp KEHHEM
/ \ H = —p;log p; — p; log p; —
o1 i 10g Pn- (2'8)
dra HKIUSI JNOCTHTaeT HAaH-

0 y

02 04 06 08 10p Gosburero 3HaueHHsi (paBHOrO
Puc. 6. KpuBasi 3aBHCHMOCTH Be- log n) mpu
JIHYUHEL — p logp OT BeposT- 1
HOCTH . Pr=Pz=Pp3g="""=Py ="

UTo0bl NpPEACTABHTH XapaKTep 3aBHCHMOCTH 2-8 ot
OTHENbHBIX ~ BEPOATHOCTeH, pacCMOTPUM Tpaduk OyHKIMH
—p log ppu 0 < p < 1. U3 puc. 6 BuaHo, uto 1npu p < 0,1
BesimunHa —p log p pacreT oueHb OLICTPO, IIO3TOMY B 3TOMl
06J1aCTH CPABHHUTEJNbHO HEOOJIBIIOMY YMEHBLIIEHHIO BEPOSITHO-
ctd p; (tme i=1,2..., n— | WM n) OTBEYaeT 3HAUMTE/bHOE
yMEeHBLIEHHE COOTBETCTBYIOIIENO C/IaraeMoro p; log p; B Bhlpa-
)eHHu (2-8). DTO mPUBOAMT K TOMY, 4TO OOCBIYHO CJ/1araemble
—p; log p;, oTBevaomKe OueHb MAIbIM 3HAYEHHSIM BEPOSIT-
HOCTH p;, BHOCAT HAMHOI'O MeHBIIMH BKJ/aj B BBIpAXKEHUE
(2-8), uem mpouMe YJeHbl, TaK YTO IIPH BLIYHC/IEHHH SHTPO-
NHM CPaBHHUTEJBHO MAaJOBEpPOSITHBIE HCXOAbl YacTO MOXKHO
OIyCTHTb.

HaoGopor, B o6nactu mexny p=0,2 u p = 0,6 dysk-
nus —p log p mpuHMMAaeT HauOOJbIINE 3HAUEHHS U HU3Me-
HSIETCA CPABHUTE/ILHO IJIABHO; II03TOMY B 3TOH o6JacTu jaxe
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Tabruya 1 JIOBOJIbHO  3HAUUTEJILHOE

BeposiTHOCTH ONBITOB H3MEHEHHE BepOSITHOCTEH
P; CpPaBHHUTEJBHO MaJo
User sotryroro mapa OTPaXKaeTCsl HA BEJHUYUHE
, SHTPOIIHH.
YepHbl Bennrit Kpacub#t B O6JIaCTI/I p > 0‘8
bysKIus —p log p usMme-
Be POSITHOCTB HJd HSETCs TAKXKe BeCbMma 3Ha-
nNepBOro ONHLITA YUTEJbHO.

40 8 4 1 PaccmorpuM  citenytomuit
== —= — npumep. MmeloTcs 1Be ypHHI,
45 9 45 45 cofiepxKamue mno 45 mapos:
1-1 — 40 uepHBIX, 4 GeJbiX,
BeposTHoCcTh ANx 1 KpacHbI; 2-1 — 20 uepHBIX,

BTOpPOTro omuTa 20 GenblX, 5 KpacHBIX.
M3 xkaxpolt ypubl GepyT
20 — i 20 — 4 5 _ 1 no oxHoMy mapy. Onpefenum,
45 9 45 9 45 9 HCXOJ, KaKOro H3 3THX JABYX

OMBITOB CJIefyeT CYHTATH HaH-
Goslee HeONpefETIeHHBIM.
3HaueHHs BePOATHOCTE#l JIJISL COOTBeTCTBYIOM[HX ONLITOB CBeNeHH!
B Tabm. I.
DHTpoNHs MepBOro OMEITA paBHa

8 8 4 4 1 1
H1=——§-10g§—4_5—10g4_5—_ﬁ10g4_5—:0’15+0’31+0’12=
= 0,58 1B. efmH., °
a BTOpOro )
4 4 4 4 1 1

= 1,41 1B. epuH.

CrnenoBaTeNbHO, HeONPeAENeHHOCTh IEPBOrO  ONMbITA  SHAUHTEbHO
MeHbIIasi, yeM BTOPOrO, TaK KaK HMEIOTCH HauGOJbIIHE OCHOBAHHS MpE.-
nojarath, 4Tto B pe3y/bTaTe NEPBOro ONbiTa GyAeT BHIHYT YePHBIH Iuap.
Eciu KoMMuyecTBO LIapOB pasHOro LBETa B Of(HOH H3 ypH cHelaTh OXHMHA-
KOBEIM, TO B 3TOM CJIyuyae HeONpeJeleHHOCTb OyfeT MakKcHMAaJsbHOM

H_ . =logn=log 3 = 1,58 uB. epun.

BrluncsieHHble 3HAUEHHS SHTPONHHU NPH HEPABHOBEePOSATHBIX COGBITHAX
CJieflyeT NMOHMUMaTh TONBKO KaK CpelHHE 3HaueHUs nﬂ(popmaunn Ha OIUH
ONBIT, K KOTOPBHIM CTPEMHTCH H npH 68CHpe)leJleOM yBeJMYEHUH YHCJIa
OIILITOB.
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§ 4. IPOITYCKHASA CIIOCOBHOCTD
KAHAJIA CBH3H [JIA MEPEJAYN
JAUCKPETHBIX CHTHAJIOB BE3 IOMEX

PaccmoTpum  KaHadbl CBSISM JJISl [epefauu
JUCKPETHBIX CHI'HAJIOB, HE TMOJBEP:KEHHBIX NeHCTBUIO MOMEX.
Ilpepnosaraercst Takxe, 4To B KaHaje OTCYTCTBYIOT HCKaxKe-
Hus. Ha mepBulfl B3rJsL 5Ta JMIIEHHAd NPAKTHYECKOrO 3Ha-
4eHHs] NTOCTAHOBKA BOIPOCA NO3BOJISET yYeCTb CTAaTHCTHUECKYIO
CTPYKTYpPy CoOOUIeHHsI, a 3aTeM MepeHTH K PpPacCMOTPeHHIO
KaHaja CBSI3M [PH HAJIMYUM IIOMEX.

Kaunan cBsi3u Ais mepefaud QUCKPETHBIX CHI'HAJOB, HA3bl-
BaeMblil TaKxKe Ouckpemueim kararom csasu [52], co cratuuec-
KOH TOYKM 3peHHUsl IIPUCIOCO6JeH TOJMbKO AJS Mepefadu Iocse-
JI0BaTeJbHOCTeNl HaGOpOB M3 KOHEUHOrO psfa 3JeMeHTapHBIX
CUMBOJIOB Si, Se,..., Sj,..., S, C JJIUTEJbHOCTAMH f1, fo,...,
tiy.., t,cex. Ilpenmosaraercs, 4To CHMBOJBI Sj IOJHOCTBIO
He3aBUCHUMBI MeXKIy COO0H H ompefeseHbl TakK, 4TO MeXKAY
HUMH OTCYTCTByeT Kakas-jqu0o Koppeasuud. Pusuueckas
NpUPONA CHMBOJIOB HTHOPHPYETCS, YUYHUTHIBAETCS  TOJBKO
UX JJIHTEJbHOCTb, MPHUYEM OTJEJbHBIE CUMBOJILI MOTYT HMeTb
OZMHAKOBYIO JJIHTEJbHOCTD.

[Tpenmosiaraercsi, 4To MPOW3BOJBHAS IOCJAELOBATEJBHOCTD
CHMBOJIOB CIIOCOOHA IPENCTAaBJATbH HEKOTOpPoe COOOIIeHHe.
Ionuas nuutenbHOCTb coobienusi T cex PaBHA CyMMe AJHTENb-
HOCTeHl f; OTHEJbHBEIX CHMBOJIOB, COCTABJISIOMIHX COOOMICHHE.

O6o3saunm yepe3 N(T) 4HCIO OTHAEJbHBIX COOOMEHHH IJ/1H-
TeJBHOCTBIO 7' (NOMYCTUMBIX JAJs1 JAHHOTO KaHaja CBsI3H),
Pa3JIMYAIOIINXCS MEXKAY CO060il BBIGOPOM 3JIEMEHTAPHBIX CHM-
BOJIOB U TIOPSIIKOM HX pasMelleHHsi. Tax Kak Bce COOOMIeHHUs
paccMaTpuBaIOTCS KaK PABHOBEPOSITHBIE, TO IPH BHIGOpPE OJHOTO
H3 HHUX ToJjydaeM HHGPOpMAIUIO

H =1og N (T) nB. eguH.
CkopocTb, ¢ KoTopoit mH(OpMANHs TNepefaeTcs Mo KaHany,

PaBHA —:. JTa CKOPOCTh MEHSTCA C M3MEHeHWeM OOImiedt J/iu-

teabHocTH T. Hanpumep, mpu yBesnueHHM YHC/IA CHMBOJIOB
B OJlHOM cooflieHuH yBesuuusaercss H u T, Ho B ofieM ciydae
He B OJMHAKOBOH CTEeHH.

Ilpu neorpaumuenHom Bospactauun T BO BCeX MpaKTHUeC-
KHX C/ly4asgx CKOpPOCTb, C KOTOpOH HH(OpMAIHs Neperaercs
0 KaHasy CBSI3M, CTPEMHTCS K Npefienny. ODTHM MOpenesioM, Kak
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nokasauo B paGote [39], sBaseTcs nponyckHas cnocobrocms
OucKpemnoe0 KaHaiQ CEA3U

C = lim lo—gj;—(l) 0. edunr/cex. (2-9)
T~

B COOTBETCTBMH C 3THM BLIPQKEHHEM TIOJ MPOMYCKHOMH
CIIOCOGHOCTBIO JHCKPETHOTO KaHAa/Ia CBSI3M IOHUMAETCS MaK-
CHMaJIbHOE KOJIHYECTBO JBOMYHBIX ENUHHUIl, KOTOpOE JaHHAs
CHCTeMa CBSI3M MOXKET IepefiaBaTh 3a OQHY CeKyHAy. Boipake-
uue (2-9) mokasblBaeT BepXHHIl Ipenesn cKopocTH nepepaun C
B 08. edut/cex, KOTOPBI# MOMKET OBITb HOCTUI'HYT TOJBKO IPH
ONTHUMAJBHOM KOJHPOBAHHH.

CxopocTh mepepnauum coob6menui. Ecan
KaHaJl CBSI3M MMeeT MPOIyCKHYy crnocoGHocTs C ds. edun/cex,
2 HCTOUHHK COOOIEHHH HMeeT SHTpormio H 1B. eIWH. HA
CHMBOJI COOGIIEHHMS HMJH 3HAK, TO HAWJydIlias CHCTeMa KOAU-
poBaHUsl (OTITHMAJIbHAS) IO3BOJIMT HCIOJB30BATh KaHaj CoO
CKOPOCTBIO

C
=5 3HaK/cex. (2-10)

o . C
l'IepeAaqa CO CpenHen CKOPOCThIO, GoJblteit g’ HEBO3MOIKHA.

Ilpu omuHAKOBOH BEPOSITHOCTH MOSIBJIEHHSI 3HAKOB 3SHTPOIHS
HCTOUYHHKA coolmieHuil OyneT HuMeTb MakCuMajbHOe 3Haue-
HHe H .y Ec/ii BepoSTHOCTD MOsIBJIEHHS 3HAKOB He OJMHAKOBA,
TO SHTPOINHST YMeHbIIAeTCsl, H CKOPOCTL IMepefaud MOXKeT ObITh
yBeaunuena. Ms Boipaxkenns (2-10) caenyer, uto

C = vH. 2-11)

IMpr nepenaue cuMBOJNOB COOOMIEHMS KOMOMHAIMAMH KOAA
ofliee KOJHYECTBO KOJOBLIX KOMOMHAIU{ M JOJKHO OBITh
PaBHO UYHCJAY pa3JMYHBIX CHMBOJIOB coobmenusi. Ecsu Bce
CHMBOJIbI PABHOBEPOSITHBI, TO SHTPOIMHs HCTOUHHMKA COOOMIEHHH

H = logM
U Bolpaxenie (2-11) 6yeT uMeTb CJEAYIOMHH BUI:
C =vlog M, (2-12)

[Ie v — KOJHY4eCTBO KoMOMHAUMil Koja, mepefaBaeMblx 32
1 cex. Tak Kak

1

U=T,
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rae T — AJIMTENbHOCTb OAHOH KOMOMHALMHM KOAa, Cek, TO BbI-
paxkenue (2-12) Taxke MOKeT ObITb IIPENCTaBJIEHO
B BHJE

! __logM .
C=logh, @13)

-

HpI/I UCIOJIb30BAHUHU KOMIIJIEKTHOI'O KOJIa HA BCE COYeTaHHUA
M =K, 2-14)

rge K — ocHoBauue Koja, PaBHOE UHCJY HCIOJNL3YEMBIX HM-
NYJIbCHBIX MPH3HAKOB;
I — KOJIMYECTBO 3JIEMEHTOB KOZa, KOTOpOe JiJIsi KOMILIEKT-
. HOTO KOJA MOCTOSIHHO.
U3z Buipaxenuit (2-12) u (2-14) mosnyuaeM BblpaskeHHe IJis
MPOIYCKHOH CHOCOGHOCTH [JHCKPETHOTO KaHana CBSI3H IIPH
HCI0JIb30BAHHM KOMILJIEKTHOI'O KOJ@ Ha BCE COYETAHHUs

C=uvnlogK =uv;logK, (2-15)

Te U; = Un — KOJHUUYECTBO 3JIEMEHTOB KOJa, IepeaBaeMbiX
3a 1 cex. Eciu JauTesbHOCTh 3JEMEHTOB KOZia pasjnyHa, TO
oTpefieNisieTCsT CPENHss BeJMUnHA v1. B 4acTHOM caydae gBoud-
Horo Koma K = 2, cienoBaTeJbHO,

C = v;. (2-16)

N <
Ilpu onpenenenuu v; LOKHBEI YYUTHIBATHCS TOJNLKO 3/I€MEHTHI
Kona, Hecyiuiue HH}OPMAIHIO. HanpnMep, B Tejierpaduu uc-
TOJIb3YeTCsl CTAPTCTONHBIA ABOMYHBIA KOA, KaXAas KONOBast
KOMOHMHAIMST KOTOPOTO HAUMHAETCS TMYCKOBOH MOCHIIKOH —
JIJINTebHOCTBIO 20 Mcex U 3aKAHUYHUBAETCST CTOTIOBOH MOCHIIKOH—
quutenbHocthio 30 mcex. Cama KomoBass KOMOHHALMS COCTOUT
U3 MATH TOCBUIOK — JJHUTebHOCTBIO Mo 20 mcex, KOTophle
nay3aMe He pas[elsiioTcs. OJeMeHTaMH, HecymuMHu HHop-
MALMIO, ~ IBJAIOTCS TOJBKO IIOCHLIJIKH KOJOBOH KOMOHHAIUMH.
HaJinune nmycKoBoO# 1 CTOMOBO# MOCHIJIOK CHUIKAIOT MPONYCKHYIO
CIOCOGHOCTb TesierpadHoro KaHana CBS3H

1
C=ty=—tr, @-17)
TK+ n c

A€ Tk, Tn, Tc — AJHUTEJBHOCTH KOLOBLIX, ITYCKOBBIX H CTONOBLHIX
IIOChLJIIOK, COOTBETCTBEHHO.
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Tak Kak KOJIHYECTBO 3JEMEHTOB Koja n = 5, To

C=—-—2t L _ 33,3 0s. edun/cex.

002 4+ 0,02 -é- 0,03 0,03

Ora ke BeJUYHHA MOXKET ObITb MOJy4YeHAa HEMOCPEICTBEHHO H3
BolpaxeHus (2-13), Tak kax M =32 u T = 0,15 cex. Ecan
JCKJ/IIQUUTh MYCKOBYIO M CTOMOBYIO HOCBUIKH, TO IIPONMyCKHAs
CIIOCOGHOCTL MOXKeT ObITb NOBHILIEHA. B 3ToM ciyuae
1
C' = - 0s. eduw/cex. (2-18)
K

CrefoBaresibHO,
, 1
¢ =5

TaK KakK /i JHUCKPETHbIX KaHaJIOB CBA3H IIPUHATO BEJUYHHY

,5;, PaBHYIO KOJIMUECTBY IIOCHLIOK, MepelaBaeMblx 3a 1 cex,
BhIpaxatb B Gofax.

CrnenyeT OTMETHTb, UTO B CYIIECTBYIOMIMX CHCTEMAax mepe-
Jlauy TesierpacdHblX COOOUIEHNH MYCKOBAsS U CTONOBLIE MTOCBHIIKH
HE MOTYT OBbITb.HUCKJ/IIOUEHBI, TaK KAaK OHU 06eCHeuuBaIOT CHH-
tdasHyro pabory TeserpadHbIX anmaparoB, HE3aBHCHMO OT
BO3MOXKHBIX HCKaXeHHH KOJOBOH KOMOHHAIMH IIPH Meperade
N0 KaHaJNy CBSI3H.

CpaBHeHHe METOLOB Mepefadud MHPOPMALHUM MPHHATO MPO-
U3BOJUTH TI0 OMHOCUMEAbHOL CKopocmu nepedadu

C

Rr=—F, (2-19)
rie F — nojioca 4acToT, 3aHHMaeMas B KaHaje CBS3H.
C yuerom Bhipawkenus (2-13) mosyuaem [20]

Rp =", (2-20)

= 50 0Oa./edun/cex = 50 Gox.,

§ 5. U3BBITOTHOCTD
HCTOYHUKA COOBIMEHUI
1 OINTHUMAJIBHOE KOQUPOBAHHUE

M36bITOYHOCTEI0O HMCTOUHHMKA COOOLIEHHH Ha-

3BIBAIOT BEJHUHHY
r=1—21, 2-21)

max
rie H — sHTpOnusl HCTOYHHKA COOOIIEHHH;
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Hpmax — HTPONHUS, MAKCHMAJIbHO BO3MOXKHAs IPH JAHHOM
andaBuTe MCTOYHHMKA COOOLIEHHUH, OIpefesseMast

IpH paBHOH BEPOATHOCTH MOSIBJEHHS CHMBOJIOB.

DTOT mapamerp XapaKkTepU3yeT OTHOCHTENbHOE KOJHYECTBO
JuinHeii uHpOpMAIMH, KOTOpAasi OIpeiesserTcss €TPYKTypoH
MCTOYHHKA COOOIIEHHI 1 M3BECTHA YK€ HA IIPHEMHOM KOHIE U3

NPUHATO HA3LIBATDH

CTATUCTHYECKHX JAaHHBIX. Besjuuuny
max
Koaghghuyuermom cxcamus.

IMpuynHamu H3GLITOYHOCTH MOTYT SIBJISITbCS HEOAMHAKOBLIE
BEPOSITHOCTH CHMBOJIOB COOOLIEHHS] W HaJHuie BepOSTHOCTHBIX
CBsisell MeXAy HHUMH.

Hamnpuwmep, u3BecTHO, UTO B JIOG0OM OOIIETIPHHATOM S3bIKE
BEpOSITHOCTD HCIIOJIb30BaHUsI GYKB HeoquHaKoBa. Kpome Toro,
KaKJIplH SI3BIK MMEET. CBOH OCOOEHHOCTH B OTHOIIEHHH 4YacCTOTHI
TMOSIBJIEHUS IBYX-, TPeX- H MHOroOyKBeHHbIX coueranuit. Creno-
BaTeJbHO, AJ51 OOHIENPUHSTHIX S3bIKOB SHTPOHHUS HMMeeT 3Ha-
YyeHNe, MeHblllee MAaKCUMAJbHOT'O, YTO JOJ/KHO YYHTHIBATbCS
NPU TOCTPOEHUH ONTHMAJbHEBIX TeJierpadHbIX KO0B (HampuMmep,
YCTAHOBJIEHO, YTO H3OBLITOYHOCTb pPYCCKOTO M AaHIJIMHACKOro
s13bIKOB TpeBrinaeT 0,5).

JBowuHbIA KOJ GYAET ONTHMAJbHBIM, €CJIM CpefHee YHCJIO
JIBOMYHBIX 3HAKOB HA OJMH CHMBOJ II€Pe1aBaeMOro COOOIIeHUs
OyleT COOTBETCTBOBATbL SHTPONHMH HCTOYHMKA  COOOLICHHH.
IlpakTuueckuilt pe3ysbTAT ONTHMAJLHOIO KOJHPOBAHMS 3a-
KJIIOYAeTCs B TOM, 4TO HauboJiee UACTO MNOSIBJISAIOMMUMCS CHMBO-
JaMm COOOIIeHHs NMPHLAETCST HAHKpaTdadmas KoJoBas KoMOH-
HaLusl, a PeAKO NOSBJISIOMUMCS — caMasi JJIHHHAs. B pesyib-
TaTe JOCTUTaeTCs COKpameHHe oOmero BpeMeHU nepena‘m
COBOKYIIHOCTH CHMBOJIOB.

PaccmorpuM ciepyromuit npocroii npumep. IIpeanonoxum, 4To HCTOY-
HHK COOCLIeHHH CO3JaeT NOCJef0BaTeNbHOCTh GYKB, BHIGpaHHBIX M3 HaGopa

6yks A, B, C, II ¢ BepositHocTsiMU 1/, /4, /g, 1/s, TpHueM ouepefHas
6yKkBa BbIGHpaeTcs He3aBHCHMO. DHTPONUS TaKOTrO HCTOYEHMKA

1 1 1 1 2 1 7
H = —| = l _— —_— —_— —_ —_ = —

(2 og B + 7 log 7 + g log 8) 7 1B enuH/GyKBa.
MaxcuManbHOE SHaueHHe SHTPONMHH JJISl 9eTHPeXGYKBeHHOro ajdasuTa
H_,.=log4 =2 gp. enun/6ykea,

c/lel0BATENIbHO, KOS(POULHEHT CKATHS '

H 7
=5 = 0,875,

H

max
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a uabbiToyHocts r = 1 — 0,875 = 0,125.
B paHHOM c/yuae ONTHMaJbHBEIM 6y,ue'r KOJ, KOMGHHALHH KOTOPOro mpez-
CTaB/eHH B Taba. 2.

Tabauya 2
IMocTpoeHne onTHManbHOTO KOJAa NPU HEPABHOBEPOSTHBIX CHMBOJAX
BeposaTHOCTB
Gywen) MORBICHNE |\ o\ Chmann | maxos wy | ngpi | Cevemnn
1 1
A — 0 1 —
2 2
I
B 1 10 2 1
4 2
11
C % 110 3 %
II1
1 3
— 111 3 =
A 8 8

JLa1sl moCcTpOeHHST ONTHMAJBHOTO KOJld NPHMEHSIETCS CIoco0
PAaBHOBEPOSTHLIX ceueHuil. Bce cumBosibl (GyKBbI) 3aIHCEIBA-
I0TCSl B HOpsiiKe yOblBawomieil BeposTHOCTH (Taba. 2). 3artem
3aNHCAHHAs IIOCJENOBATEJNbHOCTL DA3JeJsieTCs] TOPU3OHTA/Ib-
HOH uyepTofl Ha JBe TPYNNBI TaK, YTOOBl CyMMa BEpOSITHOCTEH
CHMBOJIOB B KaxJoH TIpylNe NO BO3MOXKHOCTH OblIa OfMHA-
KoBoi. CuMBoJIEI BepxHefl Ipynmel 0603HAYAIOTCS IEpPBOH
uuppoit kopa 0, a nmxuelt — nudpoit 1. Janee Kaxnas rpymnna
pasjesisieTcsl aHaJOTMYHO HA JiBe NOATPYNNBI M CHMBOJBI BepX-
Hell IOATpYNIBEl 0603HAYAIOTCA BTOPOH Iubpoil koxa 0, a HUIK-
Helt — nupoit 1. ITlpouecc penenus Ha NOATPYNNBL IPOAOJ-
XKaeTcsl N0 TexX Iop, MOKAa B KakJAOH IOATPYIIIE OCTAHETCS
TOJILKO OINH CHMBOJI. DTOT KOJ OTBeuaeT TPeOOBAHHIO HEIpH-
BOJMMOCTH, TaK KakK 6oJsiee KOPOTKHeE KOJIOBble KOMOHHALUY He
ABJISIIOTCS HAYAJILHBIMH YacTsIMH Oosiee JJIMHHBIX KOMGHMHAIHMH.
CrieioBaTesibHO, TEPEfaHHLIE NOCIEN0BATENILHOCTH MOTYT ObITh
OJlHO3HAYHO JeKoxupoBaHbl. Hampumep, mocsenoBaTesbHOCTD

0100101100111
OyneT NeKoAHpoBaHa TakK:

ABABCAL.
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CpenHee KOJMMYECTBO JBOMYHBIX 3HAKOB Ha OJHY OYKBY DaBHO
MaTeMaTHYeCKOMY OXKHAHHIO

n

}_‘ 1 1,6 7 6
Nep= 2 ND; =5 + Pl + 5 =7 BB 3HaKOB/OYyKBa,
i=1

CpasHuBas BeJquyuHy H U ficp, MOXKHO 3aKJIIOYHTh, YTO BEIGpAH-
HBI# KOJ| JE€HCTBUTEJBHO SIBJISIETCS ONTHMAJBHLIM.

Crnenyer OTMETHTb, YTO H3GBITOYHOCTL HCTOYHHKA coOOmie-
HHH SIBJISIETCS] HEXeJaTesJbHOM TOJMbKO B KaHasax, He IOJABEp-
JKEHHBIX JeHCTBHIO IIOMEeX, a NPH HAJIMYHK IOMeX H30BbITOY-
HOCTb $IBJISIETCSI HAJEXKHLIM CPEJICTBOM IIOBBIIIEHHSI IIOMEXO-
ycTOHUHBOCTH Ilepenaum coolumieHu#l. I3BecTHo, Hampumep,
4TO KOppeKLusi TeJjerpadHbx COOOmeHHH O6eCrneunBaeTcs
H30LITOYHOCTBIO sI3bIKA. ONTHMAJIbHOE KOIHPOBaHMe He obecre-
4YUBAeT, KaK IIPaBHJO, HEOOXOLUMYIO IIOMEXOYCTOHUHBOCTH
nepejayy, KOTopasi NOJYdYaeTCsl HHUXKe, YeM IPH HeONTHMAJb-
HOM KOJHMPOBaHUH.

Tabauya 3
TIpuMeHeHHe ONTHMANbHOTO HEKOMIUIEKTHOTO W KOMIUIEKTHOIO KOJ0B
ITpumenenue
onTuManproro | lIPHMeHenne
TlocaieposarenprocTH HeKoMMJIeKT- | KOMIVIEKTHOro
HOro Kofia Kopa
IlepBonauansuas HOCJIE 10BATENBHOCTD
GYKB . . . v v u e e e e e e ABCA ABCA
IMepenannas moc/ef0BaTelbHOCT 3HAKOB
KOMA . v v v v v i e e e e e e e 0101100 00011000
Ilpunsitas noc/enoBaTENbHOCTD 3HAKOB
KOJA v v ' v v e e e e e 011100 0001000
IpunsAtas nocnefoBaTeNbHOCTL 6YKB . . AIAA A CA

B Taba. 3 mokasaHo, K uemy MOMKeT NIPUBECTH EIHHHUHOE
HCKaXKeHHE MOCJIEN0BATENLHOCTH 3HAKOB KOMA IIpH Ilepefaue
IUIs IBYX BapHaHTOB KOJA — OMNTHMAJLHOTO HEKOMILIEKTHOTO
(rabn. 2) M KOMIUIEKTHOTO KOfa, NPH KOTOPOM BCe GYKBEHI,
HE33aBMCHMO OT BEPOSITHOCTH NOSIBJIEHHSI, NepenaloTcsl ABYMs
snakamu (A —00, B—01, C—10, J—11). Kak Bug#o u3
Tabn. 3, TOJAaBJEHHE OJHOrO 3HAKa (IATOrO) NPHBOLHT
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NpH ONTHMAJBLHOM KOAMPOBAHHH K JIOXKHOMY IpPHEMY JBYX
OYKB, a IpPH HCIIOJb30BAHUM KOMIIJIEKTHOTO KOJA — TOJIBKO
K IpONycKy ofHoH OykBbl. [yl NOBHIIIEHUS MOMEXOYCTOHYH-
BOCTH MepefauyH IOCJe ONTHMAJbHOIO KOJWPOBAHHUSI B CHTHAJ
pEKOMeHZyeTCsT BBOLUTh M3OBITOYHOCTb. B aTOoM ciyuae moryr
OpUMEHSITbC KOABl ¢ OOHApYKEeHHeM H HCIIPaBJEHHEM HCKa-
KeHu#i. Ecin BepoSITHOCTH MNOSIBJIEHHS CHMBOJIOB COOOIIEHHS
3HAYMTEIbHO OTJIHYAIOTCH MeXy COO0H, TO B HTOre NMPONyCKHAast
CTIOCOGHOCTh KaHala CBSI3M MoxKeT ObThb MOBHILEHA. Takoe
TIOJIOXKEHHE HMeeTCsl, HalpHMep, IPM Iepefaue GYKBEHHOTO
TeKcTa (4actora IosiBjeHHs 6YKBB O B PYCCKOM si3bIKE paBHA
0,09, a 6ykBer @ — 0,002). OnHaKo 10 HACTOSAIIETO BPEMEHH
ONTHMAaJbHOE KONMPOBAHHE IPH Nepefave TejerpamMm He MpH-
MEHSIETCSI, BCJIEACTBHE CJIOXKHOCTH aIIapaTypPHOTO BHINOJ-
HeHHs.

§ 6. IIPOITYCKHAA CIIOCOBHOCTh KAHAIJIA
CBA3N NIPH HAJINYNHA IIOMEX

[HeficTBre moMex ynoOHee Bcero XapakTepH-
30BaTh YMEHbIIEHHEM NPOMYCKHOH CIOCOGHOCTH KaHaja CBS3H,
TaK Kak 4acTb coobuieHHH ncKaxaercs. IIpn Hajquuuu momex
BCJIE[CTBHE TMOSIBJIEHHSI 3JIEMEHTA HEOJHO3HAYHOCTH (aKTH-
yeCKOoe KOJHYECTBO MNPABHJIBHO INPHHATHIX COOOMIEHUH IpH
TO¥ K€ CKOPOCTH INePeJauH U YMEHbLIIaercs.

B cootBerctBuH C BhlpaxeHueM (2-11) mpomyckuasi cro-
COOGHOCTh KaHa/ia CBSI3M B [JAHHOM CJIy4Yae ONPeLesiseTCs Mo

tdopmye
n=0[H (x) — H,(x)] 0s. edun/cex, (2-22)

rae H (x) — suTpOmusi HCTOYHHKA COOCHICHHH;
H, (x) — yc/J0BHAsl SHTPONHS, KOTOpas YHCJIEHHO Xapak-
TepU3yeT HEeOIlpe/eJIeHHOCTh NIPHHATOIO CHIHAsA
BCJIEJCTBHE JEHCTBHS ITOMEX.

BeseficTBre  HeofHO3HAYHOCTH H, (x) KoJsHuecTBO HHGOD-
Maiuy, KoTopoe (DaKTHYECKH TMepelaeTcs N0 KaHaly CBS3H,
YMEHbIIAeTCs. i

INpenmonoxkum, YTO MO KaHaNy CBf3H MepejaroTcsl Mocje-
ZOBATeIbHOCTH U3 ABYX BO3MOXKHBIX CHrHaMOB O U 1 ¢ paBHEIMU

1
BEPOATHOCTAMU MOABJICHUA py= p1= Pl
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[TockoaLKy BeposATHOCTL NosiBJeHHs curHanoB 0 u 1 oxm-
HAKOBA, SHTPONHUS HCTOYHHKA COOOmEHN I MAKCHMAJIBHA H paBHa

H(x)= 1 nB. enun/3uak.

CrnenoBartenbHo, corJacHo BolpaxeHnmio (2-10) ckopocTs me-
peraun

9 9
TO=T1= C 3nak/cex. (2-23)
JefictBue moMex NpOSIBISETCS B TOM, YTO M3 7 IepelaHHBIX
CHTHAJIOB B CPEHEM OJMH IIPHHHMAETCSl HENPaBHJBHO, T. €.
BMecTo 1 mpunnMaercs 0 u HaoGopot. CiienoBaTesbHO, BEPOSIT-

U =

1
HOCTb HCKaKeHUMH (TlepexofioB) pPaBHA p = —. JTa BeJIHYHHA

XapaKTepH3yeT HHTEHCHBHOCTbL IIOMEX.

BEIsSICHHM, HACKOJIbKO JeHCTBHE IIOMEX MOHMXKAeT IIPOMYCK-
HYIO CIIOCOGHOCTb KaHaja cBsidu. Ecsiu ObLT NPHHAT HYJb, TO
BEPOSITHOCTE TOro, 4to OBbLT NepefaH Hy/b, paBHA | — p =

1
= 1— -, a BeposATHOCTb TOro, yTo GblJa MepejaHa eMHALA,
1
paBHa p = —. Ecuu ke 6bl1a NPHHATA €IMHHIA, TO BEPOSIT-
1
HOCTB TOTO, YTO ObLI NMepeiaH Hyab, PaBHA p = —, @ BEpOST-

1
HOCTD TOT0, YTO GBljIa MepefaHa eiuHuna, paBHa 1 —p =1 —

Ha ocroBanun Bripaxenus (2-7) HaxOAMM 3HaueHUe Hy(x)
1 ) 1
H,) =—|(1=L)tog(1— 1)+ Liog |,
UJIM TI0CjIe MpeoGpa3oBaHU ’
Hy(x) = % [(n —1) logn—i—l + log n] IB. eIMH/3HaK.

CrnenoBartesqbHo, B JAHHOM Cjiyyae MPONMYCKHAS CHOCOGHOCTD
AHCKPETHOrO KaHAsa CBSI3M NPH HAJHYHH OMeX Ha OCHOBAHHH
ypaBHeHus (2-22)°

Co=C{1~L[(n = 1log ;2 +1ogn]}

Ecau npunats n = 100 (mpu 3TOM BEPOSITHOCTH HCKaxKeHHi
p = 0,01), 10

Ca=C [1 —0,01(9910g 1% 4 1og 100)]
= C(1— 0,081 — 0,919C.
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C ysenuuennem H,(x) mpomyckHas CrnOcOGHOCTL JHCKpeT-
HOTO KaHajia CBSI3M YMEHBINAETCSl B enie GoJiblliedl CTEeHH.
B ToMm ciyuae, Korga mpu Nepejaue KaKOro-T0 3HaKa BCJEN-
CTBHE [JefICTBHSI [IOMEX DAaBHOBEPOATEH NIpHEM KaK HyJsl, TaK
H eIUHUIIL, TPOIYCKHAS CIOCOOHOCTh, KAaK M CJIEHOBAJIO OXKH-
JaTh, paBHa Hy/o. Kpusas

3aBHCHMOCTH OTHOCHTEJBbHOM %ﬂ—\
IPONYCKHOH  CIIOCOGHOCTH 8 N
JBOMYHOTO KaHana CBSI3H N
%" OT BEPOSITHOCTH HCKaXKe- \\
HMH p NpHUBEJEHA HA PHC. 7.
3amuTra oT JeHCTBHA NO- g«
MeX JOCTHTaeTcsi BBeJeHHEM \
B KOJ HEKOTOpO# H3OHITOY- ,, }
HOCTH, YMEHbIIAOMEH BJHSA- N
HHE TIOMEX. N

IponyckHas cnocOOHOCTL (7 07 om0 G203 P

u.
HENpPEPLIBHOro KaHaa CBA3 Puc. 7. KpuBasi 3aBHCHMOCTH OTHO-

Ilponyckuast ~ €HOCOGHOCTL  cyrenpiofi mpomycKHOR CrOCOGHOCTH
KaHaJjia CBsI3H AJIA Iepefadu

HerrpeprBHbIX CUTHAaJIOB r[pn JBOHYHOI'O KaHaJ/a CBA3HU fﬂ OT Be-
HaJIMYUHK TIOMEX POSAITHOCTH HCKaXKeHHs p.

P,
C = Flog ( 1+ Pi) da. edunjcex, (2-24)

rie F — mosoca yacToT KaHaza;
P.u P, —cpefHsisi MOIIHOCTh CHTHA/Ja H NMOMEXH (C PaBHO-
MEepPHBIM YACTOTHEIM CIIEKTPOM).
U3 dopmyaer (2-24) ciepyer, 4TO C yBeJHYeHHEM OTHO-
p

LIeHU Fc NpONyCcKHasi cnoco6HocTs C yBenuHBaeTCs.
o

P
Eciau IT">> 1, To dopmysa (2-24) npunuMaer GoJee mpo-
o

CTOH BHJ, »
C=Flogy 0s. edunjcex. (2-25)

Vpasuennss (2-24) u (2-25) BBIpAKAIOT MaKCHUMAJBHYIO
BeJIMUMHY NPONYCKHOH CIOCOGHOCTH KaHaja CBs3H, KOTopas
LOCTHraeTcsi TOJbKO TMPH ONTHMAJBHOM KOZHPOBAHHH.
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Kanan cBsi3ay uMeEeT KOHEYHYIO MPOIYCKHYIO CIOCOGHOCTD
Jaxe B TeX CJAyYasix, KOTJa CpelHsis MOUIHOCTh CHIHAJa OKa-
3LIBAETCSl SHAUMTEJILHO HUKE CpefHell MOUIHOCTH TOMeX.

Ipu P, & P, Bolpaxkenwe (2-24) ympomaercsa. Tak kak

NpH MajblX o
=1+ a,

P,
TO 1MoJiaras }T = da,

rosiyyaem

a

C = Flog ¢’n = ———log e=1, 44 E 06, edun/cer. (2-26)

BripaxeHue ' (2-24) s MpOIYCKHOH cnoco6Hocm HeIlpephIB-
HOT'O KaHajia CBSI3W MOXKeT OBITh TaKxKe IPEeACTaBJIeHO B JpyTroM

c Bune. Ecian 0603HaunTh
AEF——T—TF——F == —— /44
| P, P
10 P,
25 rie P,— MOIHHOCTb IIOMEX B
’ nojioce 1 ey;
| Fy— mosioca mpomyckanus
C—=—7% 35 <+ F KaHaJa, IPH KOTOpO#
Fo MOILHOCTD IIOMeX paB-
Puc. 8. KpuBasi 3aBHCHMOCTH TPO- Ha MOIIHOCTH CHI-
NycKHOH  CMOCOGHOCTH — KaHala Hasa

CBSI3H, OTHeCeHHOH K moJoce Fo,

OT OTHOCHTE/BHO TOJIOCH MPOIYC- Ecmu yuecTb, 4TO MOmIHOCTb

3 IOMeX NPONOPLUHMOHANLHA  TIO-
xamas - 7, Jioce TIPONYCKaHus KaHaja
P, = P,F,
TO .
Fy
WK

Cc F Fy
=7 loe(1+ 7).
Ha puc. 8 npuBe/ieHa 3aBUCHMOCTb BEJHYHMHEL g ,
F
B [BOMYHBLIX €IMHHIAX, OT OTHOLICHHS T . M3 storo pucyuka

BHIpAXKEHHOM

BHIHO, HTO IIpH YBEJNUCHHH IOJIOCHI NIPONYCKaHHs KapaJja
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CBAA3H, €ro NPONYCKHAsl CIOCOGHOCTb NPH JAaHHOM F, 3Hauu-
TEJILHO BO3pacTaer 10 TO'—IKH, e

Fo =1
H, CJIefOBaTe/IbHO, CPENHSsT MOMIHOCTb NOMEX paBHA CpefHeil
MOIIHOCTH CHTHAJa -

o F C
Ipn nanbHeilineM yBeJMueHHH - BeJHYHHA —-  BO3pac-
0 0

TaeT 3HAUMTEJHLHO MeJJieHHee, aCHMIITOTHUYECKH MPHOIHKAICH
K BejuunHe loge = 1,44, kaK 3TO C/JefyeT M3 BHIpAXKEHUS
(2-26).

§ 7. OFbEM CHUTHAJIA I EMKOCTh KAHAJIA
CBA3N

Cursan uMmeeT OIpENEJIEHHYIO JJIHTEIbHOCTD
(Tc), mupHuHY moJocH crekTpa 4actot (F), a Takxke xapakre-
pu3yeTcsi ONpeJesieHHBIM IIpeBBIIIEHHEM CpPefiHedl MOIHOCTH
(P.) x cpenneit mouHocTH noMex (Pg). B coorBeTcTBHH C BEIpa-
KeHHeM (2-25) NpeBbllLIeHHe IPHHSTO ONPeje/siTh

P
he =log . (2-27)

ITpousBesenne 3THX XapaKTepHCTHK CHTHANA NPHHSATO HAa3bl-
BaTb 06BEMOM CUSHAAQ

Ve = TeFe log— = T.Fehe. (2-28)

Uto6bl yMeHBWHATh O0beM CHTHANA, IIHPHHY €ro CrekTpa
F. cTpeMsiTCSl MAKCHMAJIbHO OTPAHHYHTb, HO TaK, 4TOOBI HOJY-
yaemble TIPH STOM HCKAXKEHHS CHTHAJIA He MPEeBBIIaNH JOMyCTH~
Mbix. Hanpumep, mpu Iepejauye pasrOBOPHOH PEeYH OrPAHHMYH-
Batotcst mosiocol wacToT 300—3000 ey, xoTs B Hell HMMelOTCS
vactorsl 3HauuTesibHO Bhme 3000 u Humke 300 ey.

Kanan 6434 MOXKHO OXapakKTepH30BaTh ONpELEIEHHOH
eMKOCITbI0

Vi = TuFe lov K — T Foh, (2-29)
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rge Tk — BpeMsi, Ha KOTOpPOe KaHAJ CBS3H MpPEeNOCTaBJIf-
eTcsl A5 Tepejaul;
F, — mojioca 4acToT, NPOIyCKaeMasl KaHAaJOM CBSI3H;
Py w P, — wmakcuMasibHash MOLIHOCTh CHIHAsa, KOTOPYIO MO-
KeT MpPONYCTHTb KAaHAaJ, U MOLIIHOCTb IIOMEX B
KaHaJje CBSI3H.

Jlns mepenaud JAHHOTO CHUTHAsA MO KaHANy CBSI3M HEOOXO-
JUMO, uTOOBl OGheM CHTHAJa yMemancss B eMKOCTH KaHasna
CBSI3H

V> Ve. (2-30)

Ecnu IPpH 3TOM HE€ BBINOJHAIOTCA JOIIOJHUTE/NbHLIE YCJIOBHSA
PK Pc
Fe>Fe; Te>Te; logy > logs,
n n

TO HeOGXOIHMMO OCYIIECTBUTL IpeoGpasoBaHHe CHTHAJA.
OcoGeHHO TPOCTO BHINMOJIHSIETCST NpeoOpasoBaHHe IOJIOCHI
YacTOT ¥ [JIMTEJbHOCTH CHI'HAJMA IPH HEHM3MEHHOM IIPOH3BeJe-
Hun FT W3 BhIpaKeHHS
F.T
©OFRi=lge, (2-31)
(4

rge F¢ u T¢ — uoBele 3Hauenuss F u T.

Hanpuwmep, eciu curnan umeer Fo =200 ey u T, = 0,5 cex, a xa-
Han cessn F, =100 ey u T, =2 cex, TO QA COrIaCOBaHHA MOJOCH

yacToT HeoGXOQMMO [JHTEJbHOCTh CHIHANa YBEJHYHTh MHUHHMYM B
2 pasa (T, =1 cex). Toraa

B0o3MOXKHO TaK:Ke MpeoGpasoBaHHe NOJIOCH YACTOT H IIPEBHI-
IIEHHs] CUTHAJA NPH HEH3MEHHOM IIpom3BefeHMH Fche. Tax
KaK MOIIHOCTb TIOMEX MOXKET CUMTATLCHA 3aJaHHOH, TO

P! P

P, P,
Beogs oGo3nauenne F, = nF., mosyyaem

1

P
logy =nlogy

P Po)" Pe (Pe)”“

HJin
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CriefioBaTe/IbHO, NIPH YMEHBIIEHHH IIOJIOCHL 4acTOT B 7 pas

Pn—1
Cpel HsS MOIIHOCTL CUI'Haa Pc JOJI2KHA YBEeJINUUBATLCS B (P_c)

o

pas u HaoGopoT. HanpuMmep, NpH yMEHLIIEHUH NOJOCH YacTOT
B /IBa pasa (n = 2) HeoGX0oxuMO P, yBeJHUHTD B (17") pas. Anano-

134
TUYHBIE COOTHOIIEHHS IOJNYYAlOTCs H IIPH PACCMOTPEHHH IIPOH-
3BefieHUsT T .

OGneM curHaja ¢ eMKOCTbIO KaHaJja CBSI3H MOMKHO COTJIaco-
BaTb OJHOBPEMEHHBIM H3MEHEHHEeM JIOOBIX XapaKTepHUCTHK
curHasa. Kpome Toro, Ha NIpakTHKe 4YacTO IIPOU3BOAUTCS
npeobpasoBaHue curHana 6e3 H3MeHeHHsl ero o6bema, HO CO
CIBUTOM BO BpEMEHH HJH IO OCH 4acToT. CIBHI BO BpeMeHH
OCYHIECTBJISIETCS] C IOMOIIBIO JIMHHH 33JepXKKH HJIM 3aMHCHIO
Ha JIeHTe, a CMeUleHHe M0 YacToTe — IPH MOAYJSLMH HeCcy-
IeHd 4acToTel CUTHAIOM. -

S ————
e ————
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NELERELARY

KAHAJIBI CBA3N
B TEJJEMEXAHUKE

§ 1. OCHOBHBIE MOHATHA U ONPENEJEHNA

Kanan CBsA3H SBJISIeTCS OCHOBHBIM 3BEHOM
060l cUCTEeMBI CBSI3M M TeJIEMEXaHHKH, NPH NMOMOIIH KOTOPOro
OCYILIECTBJIsSIETCS] Nepejaya HMHGOPMAIMM Ha 3HAYMTE/bHbBIE
paccTosiHusl.

IT00 KaHaAOM CBA3U NOHUMAENICA COBOKYNHOCHLL MEXHUMECKUX
cpedems, npednasHaterHblx 0As  nepedauu UHGOpMayuu om
00H020 UCMOMHUKA COOOUWEHULL.

Kanasner cBsizau 06pasyioTcss HAa JHMHHAX CBSI3H, IIPeCTaB-
JISTIOMUX coGo# Cpely, B KOTOPOH PacnpoCTPaHSIOTCS CHTHAJBI
OT mepefarynka K npueMHuHKY. CjefoBaTeIbHO, TeXHHYECKHMH
CpeACTBaMH, 00pa3yIOUMMH KaHa/bl CBS3H, SBJSIOTCS JHHHSA
CBSI3M .M allaparypa CBs3H (IepefaTinKu U IPHEMHHKH).

JIMHUM ¥ KaHaJBl CBSI3W [JENSITCS Ha 3JeKTPHYecKne u
He3JIeKTpuYecKye (ONTHYECKHe, aKyCTHYeCKHe, FHAPaBJIHuIeCcKye
M NIHeBMAaTHuecKue). B TejsemexaHmKe, Kak U B TeXHHKE CBS3H,
[PEUMYIIECTBEHHO HCIIO/IB3 VIOTCH 3JIEKTP HUeCKHe KaHaJbl CBSI3H,
nepejaya cooOmeHHH MO KOTOPHIM IIPOM3BOLUTCS IIyTEM IIO-
CBIIKY 3JIEKTPHUECKHX CHTHANOB MJIH 3JeKTPOMArHUTHHIX KOJle-
6aHuil pajHOTEXHHUECKOro JHanasoHa.

B HauGosiee mpOCTBIX C/y4asix B KayeCTBe KAaHAJNOB CBSI3H
HCTIOJIB3YIOTCSl TIPOBOAHbIE JIHHHH ((I)HSI/I'-I&CKI/Ie KaHaJbl), Ka-
GesbHBIE MJIM BO3LYINHbIE Ge3 ClElHAJbHOH HX 0GpaGOTKH.
Ilpu 3TOM MOHATHS KaHAJ M JIAHHSI COBIIAJAIOT.

Ilpu mepenaue mHGOpMAanuKM HA 3HAYMTE/bHBIE PACCTOSHHS
OT GOJIBIIOTO KOJNHYECTBA HCTOYHHKOB COOGIIEHHH JIMHHH
CBSI3M HCIOJb3YIOTCSI MHOTOKPATHO MYTEM pasjieJieHust OTHEb-
HBIX KaHaJ0B CBSI3M IO YacTOTe HJIM BO BPEMEHH (4aCTOTHOE
U BpeMEHHOe pasfieleHHe KaHasoB). B 3Tom ciyuae mndopma-
" IUSl B OTIENBbHBIX KaHajaax Nepefaercsl IapasjenbHO HA pas-
JIMYHBIX YacTOTaX WJHM TOCTELOBATENBbHO BO BPEMEHH.
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Kanasbl, 1o KOTOpPHIM CHTHANEl NEPealoTcsl TONBKO B Of-
HOM HAanpaB/IeHHY, HA3bIBAIOTCS ONHOCTOPOHHUMH, HJIH CHM-
IVIeKCHBIME. Takue KaHaJbl HCHOJNB3YIOTCS NPH Teserpadu-
POBaHMH, Iepefaue TeJEBH3MOHHBLIX CHTHAJIOB, a TaKXKe Iepe-
Jlaue CHTHAJIOB TeJleMeXaHWKM U LH(PPOBOH aBTOMAaTHKHU (mepe-
Jade JaHHBIX). KaHnausbl, M0 KOTOPHIM CHTHAJEI MOTYT Mepena-
BarbCsl B OOGOMX HANpPABJEHHSX, HA3BIBAIOTCS JBYXCTOPOH-
HUMH. B 3TuX Kananax cursanssl B 06e CTOPOHBI MOTYT Iepe-
JlaBaThCsl INONepeMeHHO MJH ofHoBpeMeHHO. Ilomepemennas
nepejaya CHI'HAJIOB OCYILIECTBJSETCS B panuoresedoHHol U pa-
JuoTteserpadHoii CBsI3u, a TaKxke B OObIUHOH TesieOHHOM CBsi-
34 IO NPOBONHEIM JuHHAM. [lonmepeMeHHast nepejaua CurHa-
goB TY u TC mo onHOMY KaHAJY CBSI3H TAKKe NP UMEHSAETCS
BO MHOTHX ycrpoiictBax TV—TC.

Ecan curnanel B o6e CTOPOHBI NEpefaloTCs OfHOBPEMEHHO,
TO TaKoH KaHaJl CBSI3W HA3bIBAETCS AYNJEKCHBIM. [lymJeKcHble
KaHaJbl CBfI3M HCIOJB3YIOTCS B CHENUAJbHBIX CHCTEMAX TeJie-
rpagupoBaHNsl M B HEKOTOPHX OECKOHTAKTHHIX CHCTEMaXx
TY—TC. B 3aBuCHMOCTH OT TOTO, HAa KaKHUX JIMHHSIX CBS3H
o0pasyloTcsl KaHajbl CBSI3H, DAa3/MYalOT KaHa/bl CBS3H IO
JINHHSIM CBSI3H (BO3AYIIHBIE W KalesbHBE), KaHAJBI CBSI3H IO
JHUHHSIM 3JeKTponepenaun (J13II), pammokanansl Ha YKB.

B 3aBHCHMOCTH OT HAa3HAUEHHs pAa3JHYaAOT CJEAYIOIIe
KaHaJbel CBs3U: TesedOHHble M TejerpadHble, TeJJeBH3HOHHBIE,
KaHaJbl TeJleMeXaHUKH, KaHaJbl CBSA3H IJIs Nepefaud JaHHbIX
(undpoBoii NPOU3BOACTBEHHO-TEXHHYECKOH H SKOHOMHYECKOH
uHpopManuu). O6muM TpeGOBaHMEM K KaHajaMm CBY3M fIBJs-
eTcs- obecrneyeHHe MaKCHMaJbHOH CKOPOCTH Iepefaud HHGOp-
Malu¥ TNPY MHHHUMAQJTbHBIX HCKQKEHHUAX, BBHI3bIBAEMBIX He-
HCIPABHOCTSIMH anmaparypbl u jAelicTBueM nomex. Ilpu mepe-
Jlaue CHTHAJIOB TeJleMEXaHWUECKHX YCTPOHCTB HCIOJIb3YIOTCS
Te 3Ke METObl, YTO M IPH Mepefaue CUrHAJIOB TeseOHHO-TeJIe-
rpadHOil CBfI3H, a TaKxke MPEMMYIIECTBEHHO OOIHe JIHHUH
CBSI3M M CXOfHAs anmaparypa.

§ 2. CIIEKRTP YACTOT, IPUMEHSEMbIX [JIA
NEPEJAYH CHUTHAJIOB

CnekTp YyacTOT, HMCIOJIb3yeMBIX JJIsl Nepenaun

CUTHAJIOB, JEeJUTCS HA P AHANA30HOB:
a) ot 0 1o 300 ey — MOATOHAJBHBIN JHANA30H, HCIOJb3Y-
eMBIH I/ mepefauu TeJerpadHbIX CHTHAJIOB H CHTHAJIOB Mef-
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JieHHO-fleficTByIomHX  yerpoiictB 7Y —TC U HEKOTOpPHIX YCT-
poiicts TH,

6) ot 300 mo 3,4 xey — TOHAJNbHLIH AHMANA30H, HCIOJIB3Y-
eMblil 111 TesieOHMPOBAHUSA, TOHAJBLHOIO TeserpadupoBaHus
U Nepelaud CHTHAJIOB TeJleMeXaHUKH;

B) oT 3,5 10 6 Key — HAITOHAJbHBIA IMANA30H, HCIOJb-
3yeMblit 4,19 oToTeserpadupoBanus, TenerpapupoBaHusa u me-
pelayn CHUCHAJIOB TeJleMEeXaHHKH;

r) Boime 6 Key — KaHaJbl BLICOKOYACTOTHOIO TeJsieOHHPO-
BAHHS U TeJleMeXaHHKH.

MakcumasnbHOe 3HaUeHHe YacTOThl Mepelnaud ONpeesisieTcs
B 3aBHCHMOCTHM OT THIIA JIMHHM CBsI3H. DKOHOMHUECKH{ pacuer
NOKa3biBaeT, YTO mepejada TOKamMu Gosiee BLICOKHX YacTOT
Heresecoo0pasHa, TaK KaK BCJENCTBHE PE3KOTO YBeJHUEHHs
3aTyXaHus nenu, TpebyeTcsl yacTas yCTAHOBKA IPOMEXKYTOU-
HBIX yCHJIHTesed.

JI1s1 ‘BO3YIIHBIX JIMHUU CBA3H CO CTaJbHBIMH INIPOBOJAMH
MaKCHMaJbHOE 3HAueHHe YacTOThl nepenaud BuiOupaercs 10—
30 xey, a pnsa MemHBIX MpoBOAOB — X0 150 xey. B mocnennem
cjaydyae TOKH OoJiee BBICOKMX YacTOT He HCHOJb3YIOTCH H3-34
IIOMeX, CO37aBaeMbIX paAAMOCTAHLIMAMH, pAabOTAMUMH Ha
yacroTax Bhie 150 xey.

BosnymHble BLICOKOBOJILTHBIE JIHHHH  3JIEKTpOIEpenadyn
(/1311) ucnosnb3yiotess B puanazone 50—500 xey. Bunsuue
PalMOCTaHNIME B JAHHOM CJydae YCTPaHAETCs 3a CUeT MOBbIile-
HHsl YPOBHSI Iepefaud ¥ COOTBETCTBYIOLIEro BHIGOPA HECYMIHX
yactoT. CHMMeTpHUHBIe KaGe/bHble JIMHHH CBSA3H YIUIOTHSIOTCS
B amanasode yactoT a0 800 xey, a KoakCuayibHBe Kabejaw —
Jo 12,56 Mey. PannocBsi3b OCYIIECTBJSAETCS INPEHMYIIECTBEHHO
Ha yJbTpakopoTkKux BoJjHax (30—30 000 Mey).

§ 3. YACTOTHOE PA3JEJEOUE KAHAJOB
CBA3N

B Ilpu gactoTHOM pasieseHuH mepefaya HHGOp-
MalKM OT HECKOJIbKHX MCTOUHHMKOB COOOGIIEHHH IO OAHON JHHUK
CBSI3H OCYIIECTBJISIETCS] IapaJjielbHO BO BpPeMEHH B pasiny-
HbIX YAaCTOTHBIX JuanasoHax. KaxnoMy Kanany CBsI3H OTBO-
JUTCSL OnpeJieJieHHBIH yuacToK obuieH MoJsock 4acToT (fz — fu),
nepenaBaeMbiX 10 JHHUHA cBsizu (puc. 9). JIast mepBoro Kanana
CBSI3M Bbinessiercss mosoca [ Afyp, 11d Broporo — I Afpp M T. A
Orje/ibHbIe KaHAJB CBSI3M PasfefsioTcss MexAy co6oi MoJo-

62



CaMH HemponycKaHusl Afgenp, IIHPUHA KOTOPHIX 3aBHCHT OT
KauecTBa (UJIBTPOB, NPUMEHSEMBIX [Js pasjesleHHsl KaHajoB
CBSI3H.

YacToTHoe pasfiesieHye KaHAJIOB CBA3H MOXKET BBLINOJHSATLCS
6e3 mpeo6pa3oBaHHUs CIEKTpa YACTOT NepefaBaeMblX CHTHAJIOB.
Hanpumep, onHoBpeMeHHO ¢ TeslehOHHOH CBSI3BIO MOXKET OCY-
IIeCTBJISATBCS Iepefada TeJjeMexa-

HHYECKHX CHI'HAJIOB B MOJATOHAJIb- _T%A%HP_/‘[A];, nfy;
HOM, HaATOHAJbHOM HJIH BBICOKO- L'—E[—-[——% r‘—ﬂ]
YaCTOTHOM JHanasoHax. | \ I)
Ilpy HCHOJBb3OBAHHH HOATO- T b
HaJbHOTO  WIH HAATOHAJBHOTO  Puc. 9. YactoTHoe pasueneHue
IuanasoHoB TesedonHslt TP u KaHaJOB CBSI3H.

TeJeMexanuueckuii Kananel 1M

paspenstoTcss GuUAbTPAaMH BepXHUX PBY U HUKHHX YacTOT
®HY, xak noxkasano Ha puc. 10. Ilpu nepenaue curnasos TM
B NOATOHAJbHOM Auanasone (puc. 10, a) pas TP npumensiercs
3YMMEpHBIH BBI30B HA TOHANbHOH YacToTe, a IpH mepejgaye
cursajos TM B noaToHanbHOM Auanasone (puc. 10, 6)— oG6by-
HBIH BBI30OB.

®BY PHY oBY @HY

™ ® T® ™

|7 A
0 150 300 3000 f f

a 1]

Puc. 10. YacroTHoe pasaeseHHe KaHAJIOB CBSI3H Ge3 mpeoGpasoBaHHUs yaCTOT
npu nepefaue curHajoB TM:
a — B IIOATOHAJNbHOM JHamnasoHe; 6 —B HaATOHAJIbHOM JAualiasoHe.

Ilpu nepenaue CHTHAJIOB TeNeMEXaHHKH B BHICOKOYACTOTHOM
NHana3oHe YacTo BHIOHPAIOT YacToTy curHanoB 7¥—TC Boie
16—20 Key. DTH yacTOTHI PAKTHYECKH HE BJIHSAIOT HA TesedoH-
HBI pasroBop, 4YTO YCTpaHsAeT HEOOXOAUMOCThL OTpaXKAeHUs
TesleOHHOTO KaHaja IpH IOMOMmM (GuALTpoB. B stoM ciydae
curnanyl TY—TC BBLEASAOTCS NPOCTEHIIHMH HOJIOCOBBIMH
GuIbTpaMH.

PaccmoTtpenuble MeTOZbl 4aCTOTHOTO pasfiesieHHsi KaHaJIoB
CBSI3W NPHMEHSIOTCS TOJbKO HA BBIIEJEHHBIX NMPOBOAHBIX JIH-
HHSIX CBSI3H (HAanpuMep, HA He(TAHBIX ¥ ra30BLIX MPOMBIC/AX).
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B MarucTpanbHBIX CHCTEMAX CBSI3M NPHMEHSIETCS YaCTOTHOe
pasgnesienyie KaHAJOB CBA3H € NpeoOpa3oBaHyueM CIeKTPa 4acToT
nepenaBaeMbIX CcHrHasoB. [lsis nepenaun wurbOpManuu IO
OTAEJNBbHBIM KaHaslaM CBsI3H INIPHMEHSETC MOAYJSLHS CHHY-
COMJANbHBIX KoseGaHWH Hecymiel 4YacTOThl B COOTBETCTBHH

Ke, [ me, ‘ 10, 1AM, o\ Bbix1T PG,

11, M, L Boix 1110,
|
|
|

Puc. 11. Buok-cxemMa 4aCTOTHOTrO pasieleHHs KaHaJlOB CBS3H C mpeoGpa-
30BaHHMEM CMeKTpa 4acTOT NepefaBaeMblX CHIHAJIOB.

¢ nepenaBaemoit undopmaryesi. IIpy 5TOM CIEKTpBI CHrHAJIOB
nepeMeranTcsl B 6oJee BLICOKHH JHANa30H YacToT.

Ecnu crnekTp nepenaBaeMbIX CHTHAJIOB HH3KOYACTOTHBIH
U 3aHMMaeT y3Kylo noJsocy yactotT, HanpuMep 100 ey (Tenerpac-
Hble W TejeMeXaHWueCKHe CHTHaJsbl), TO NpeoOpa3oBaHHBlE
CTeKTPhl HEeCKOJBbKHX KAaHaJO0B pasMEHIAloTCs B TOHAJLHOM
JuanasoHe (anmaparypa TOHAJbHOrO YHOTHeHHs). CHeKTpHI
TesleOHHBIX M (poTOTeserpagHEIX CHTHAJIOB, HMelomue Gosee
IIMPOKYIO [OJIOCY YacTOT, B pe3ysbTaTe NpeoOpasoBaHHs Iepe-
MEIIAI0TCs] TOJBbKO B BHICOKOYACTOTHBIA AMANasoH (ammaparypa
BBICOKOYACTOTHOTO VIJIOTHEHHS).

IlpuHnun yactoTHOro pasfesieHHsl KaHAJOB CBS3H C Tpe-
o0pazoBaHueM CIEeKTpa 4YacTOT HOsiCHAeTcss OJIOK-CXeMO#,
npuBefenHofl Ha puc. 11. Coobmenus, NoCTynaroie OT HCTOY-
HUKOB coolbmeruil HC, mnpeoOpasyloTcsi B 3JEeKTPHUECKHE
CHT'HAJIBl BXOAHBIMM NpeoGpasoBatensmu Bxll.

Ha nepeparomei cTopoHe ycTaHOBJIEHB T'eHEPaTOPHI HeCy-
wux vacror I'Hy, I'H,,...,H, ¢ pasiuysoii 4acToTOil Ha-
crpoiiku 1< fo<< f3< f,, OGpasyiomine He3aBUCHMEIE KaHAJIBL

B mnepBoM Kanajne cBsisu uactora remeparopa I'H, npwu
NOMOIIM MOAyJATopa M; MOxynupyeTcs IO aMILIMTYyle, yac-
TOTe HMJM (pa3e CHIHAJOM, MOCTYNAIOMIUM C BEIXONA BXOXHOIO
npeoGpasoparenst Bx[I;. 3arem npeo6pa3oBaHHbIH CHTHAJ MpPO-
XOIHUT uepe3 10s10cOBOH puabtp [IPD;, no juuuu cBsisu JIC
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¥ uepes nosocoBoil ¢uapTp [1P,” nocrynaer B aemony.ss-
T0p [IM1, Ha BBIXOZie KOTOPOTO BBIE/SETCS NePBOHAYAIbHbIH
curHal. Ilocne npeoGpasoBanmss B BHIXOJHOM Npeo6pasoBa-
Tese Bowxll, coollenue nepefaeTcst NPHEMHHKY COOOLICHHI
IIpC,. AHanoruuHO OCYIIECTBJISIETCA TNepenaya CooGuieHHH
U 70 JIpYrdM KaHajiaM NapaJsulesbHO BO BpPEMEHH.

Pasnoc necymux uwactor remeparopoB I'H onpegessiercs
TNOJIOCOi MPONYCKAHHSA H YACTOTHOH XapaKTepPHCTHKOH MOJIO-
COBBIX GMILTPOB [IP, NPHHATHIX AJs DasfieieHdst KaHAJOB.
B cBowo ouepenb pacueTHast moJjoca NpONYCKAHHS pasjesiu-
TeJIbHBIX QUILTPOB 3aBHCHT OT MaKCHMAJ/IbHOM YaCTOTHI CHI'HAJIA
U NPUHATOTO METOAA MOZAYJISILIHH. '

§ 4. BUJBI MOYJIANMA TAPMOHNYECKOTO
HANPSKEHHA DEPBHYHBIMU CHTHA-
JIAMI

Kak H3BECTHO, MI'HOBEHHOE 3HauYeHHe rap-
MOHHYECKOIro HampsiKeHHus

w=U,cos (wot'+ Pa)s 3-1)

rae Uy — amnuiutyna HanpsikeHHs;

Wy — YTJIOBAsl 4acToTa;

99— HauasjbHas ¢asa.
[lpu mopy.nALMH TapMOHHYECKOrO HANPSIKEHHs MePBHYHBIMH
CHTHAJIaMH MOXKHO BO3/€fiCTBOBAaTb HAa aMIVIHTYAy HaIlpsiKe-
HHSl — aMIIMTyJHas MopyJasuus (AM), Ha wacrory — uac-
ToTHast mofyasauus (YM) unu Ha a3y — daszoBas MOLYIsALUSA
(@M).

Avnauryanas moxyasiuuss AM. Tpu amnuiutyaHol Moxy-
JALMH aMILIHTYA3 MOJYJHPYEMOTO HAMPSKEHHsI H3MEHSEeTCs
B COOTBETCTBHH C 3aKOHOM H3MEHEHHSs BeJHYHMHBI MOLYJIHP VIO-
iero curgana. dacrtora MOLYJIHPYEMOrO HANpsiKeHHsl, HA3bl-
BaeMOTO HeCyHHM, OCTaeTCsl HeH3MeHHOH, a HavajbHas ¢asa
MOXeT ObIThb pa3/jUYHOH B 3aBHCHMOCTH OT MOMEHTa HavaJa
MOZAYJISIIIAH.

AMIIMTYAHO-MOAY/IMDOBAHHOE HANpPSIKEHHe HMeeT CJie-
AyIoliee BhIPAKEHHE:

u = [Uy + kac ()i cos (@ef + ¢o) = U (f) cos (o047 + o), (3-2)

rjpe Uo—amnnmyna HeCyIero Hamnpsi:KeHHsl IpH OTCYTCT-
BHUA MOJAYJIAILHH,
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k. — K03()pUIHEHT NPONOPIHOHANBHOCTH;
¢ (f) — 3aKOH H3MEeHEHHsl MOJYJIMPYIOWero CUruaJfna;
U (¢) — oruGatomas HeCylllero HanpsixKeHus,

U () = U, + kac (). (3-3)

U3 Bolpaxenus (3-3) MOMKHO 3aKJIOUHTb, YTO MEXLY oruba-
fomefi Hecymero Hanpsikerus U(f) ¥ MORYJMpYIOUAM CHIHA-
JoM ¢(f) umeeTcst JIHHEHHAst

”/"1 /\ 3aBHCUMOCTh, TaK Kak U,

o] 7 ka— KOHCTAHTHI.
| \/ Ecin  momysup yrouiui
a CHUTHaJl sIBJISIeTCs1 [apMOHH-
_L JECKHM C eJMHHYHON aMIJIu-
—~— — & TyJo#, TO
uft / N _3 _ ¢ (t) = cos (2 + 1),
i: A \T ,/T ]‘ rae Q u | — yIJioBast 4acToTa
) nN _ ¥ HauajbHasg ¢dasa MOAYJH-
0 MY\ \[- pylollero CHruasna.
v - \\v . Torma Boipaxkenue (3-3)
- —= MOXKeT ObITb IIPEeCTaBJEHO
S U7 g B BuJe
Puc. 1¢ Kpusble HanpsikeHus, U) = Uo[l +
r:ﬂh};ggg‘:i‘—.unoro no amr}.nmy;(e AU
¢ «HM CHT'HAJIOM: .
a B nepBuq\Hbm“ curHan; 6 — Hanps- + 'D_O cos (Qt + T)] ’
XKeHHe Hecylled 4YacTOTHI, MOAYJIHPO-
BaHHGe IO AMIVIHUTYJAE. rjie AU — MakcuMaJjibHOe U3-

MeHeHue aMILIHTYAbl HeCy-
ero HaTpsKeHus. BHA aMIUIHTYIHO-MOAYJ/IMPOBAHHOTO KoJe-
Gauusl AJs JAHHOTO Caydasi NpeAcTaBjeH Ha puc. 12, a, 6.
OrHoulenne
AU
Kw = T, (3-4)
Has3bIBaeTCsl KoahpuuHeHTOM TJIyOHHBI MOAY/IALMH HJIH IPOCTO
KoaddunuenTom wmoxyasinuu. st TOro uyToObl MOLYJAIMSA
6bla 0e3 MCKaXKeHHH, KOa(phHLHEHT MOAY/ALMH He JOJIKEeH
NpeBbIIATh eAMHHLEBI, T. €. Ky < 1.
MopynpoBaHHOe HampsiKeHWe NPH T[ADMOHEYECKOM CHI-

Ha/je M3 BBIpAXKEHHs (3-2) ¢ yueTom ypasHenu# (3-3) u (3-4)
UMEeT CJeAYIOIHUN BHJA:

u=Uy[1+4 Kumcos(Rf + 7)1 cos (0t + ¢).  (3-5)
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M3 3toro BhIpaxKeHHs CJIELyeT, YTO AMIUIHTYAA HeCYIIero
HalNpsXKEHHs] U3MEHsIeTCs B Npejesax OT MHHHMAJIbHOM

)

Upin=Uo(1 — Kn) =U, — AU,
JI0 MakKCcHMaJibHOH
Upax =Uoy (1 +Km) =U, + AU,,.

C u3MeHeHHeM aMIUTUTYALl MEHSIeTCSI W CpelHss 32 MepHOA
BEICOKOH YacTOThl MOIIHOCTb HECyiero KojeGaHus. DTa MO
HOCTb, BhI€JisleMasi Ha conpoTuBaeHuu 1 om, nmpu Q K o,
omnpesesisieTcst U3 CJELYIOMHX BbIPakKeHUH:

B peXHMe OTCYTCTBHS MOAYJALUH

[

uU:.
Po Ed ‘50;
B MHHHMaJIbHOM pE€XKHME
U2 UR(1— Ky)?
Pmin= r;m= g ) =P0(1_KM)2;

B MaKCHMaJIbHOM pexXHMe

U2 U2 (1 4+ Kpy)?
mer _ 2o CH B by (1 4 K.

MOLU,HOCTI:, cpegHsAsd 3a NEepHOL MOAYJIAILUH,
P(f) = Py (1 40,5 K).

Prax =

Ipuy Km =1

P(t) = 1,5P,; (3-6)
Poax = 4P, 3-7)

V3 Bolpaxenus (3-6) cienyer, 4TO IOJIe3HOEe TpHpalieHHe
cpeaHeil MOIIHOCTH Kosie6aHMH He MPEBHINIAET MOJOBUHBI MOLI-
HOCTH PEXHMA OTCYTCTBHS MOAYJSALMH, @ U3 BhpaxkeHus (3-7)
C/IelyeT, YTO B MAKCHMAJbHOM peXHMe Ppax BUETBEPO IpeBbI-
IaeT MOMIHOCTb B pEXHUME OTCYTCTBHSI MOAYJsALMH. OTa:
0COGEHHOCTb aMIUIRTYAHOH MOLYJISALMH ABJISETCS €€ CYIeCTBEH-
HBIM HEJOCTAaTKOM, YXYAUIAIOIMINM HCIOJb30BAHHE JlaMIl Nepe-
JaTyHKa ¥ YLOPOMKAIOUIMM €ro CTOUMOCTb.

CnekTps aMNJAHTYyAHO-MOZLYJAHDPOBaAH-
HEeX KoJaeOaunui CroekTp Kose6anuid, MOAYJHPOBAH-
HBIX 10 aMILIATYZ4e, 3aBHCHT OT BHJA MOAYJHPYIOUIHX
CHIHAJIOB.
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Ecou Mopynupylomuii curHan npeacTaBssieT coGoii rap-
MOHHYecKoe KoseOaHHe OJHOH HHM3KOH YacTOTHl, TO W3 BHIpa-
kenus (3-5)

u = U,y cos (Wt + @) + UpKm cos (£ + 1) cos (wof 4 ¢g) =
UK
= Uy cos (@t + o) + —5 c0s [(0g + 2) ¢ + (po -+ 7)] +

U,
+ s (@ = Q)+ =L (39

IlepBoe cnaraeMoe B NMOCJeHEM BBIPAXKEHHH 5TO HEMOAYJH-
pOBaHHOE KoJeGaHHe Hecymled uyacTOThl. Bropoe u Tpetne
cjlaraeMble NOSIBUJIHCH B pe3y/bTaTe aMIJIMTYAHOH Mopy-
aauud. Hx wactotel wy 4+ @ ¥ wy— Q HasHBalOTCA COOT-
BETCTBEHHO BepXHeHl M HMXHell GOKOBBIMH 4YacTOTaMu. AMm-

JIUTYIBI 3THX KOJIeGaHHH paBHEL

U UoKy
g, UK, 2 -
—"2£” 2 CrekTp aMmIuIUTyA s pac-
[ 1 CMOTPEHHOTO CJIy4asi MpeCTaB-
T 6) —
0w orn JieH Ha puc. 13, a. Jrot cnextp
R S— JHCKDETHHIH, COEEPKHT TpH

COCTaBJISIOIIME BEICOKOH ydacTo-
TH, TaK Kak Q < w, 3aHu-

a
. Maemast LIMPHHA MOJIOCH YacToT
W”mm mm-m pasia 2Q. CrenoBaresbHO,
™ aMILIMTYAHAs MOAYJIAIUS — 3TO
W5Snax YSpin '@#9mp “itMmax  He MPOCTO CyMMHPOBAHHe Trap-

MOHHMYECKHX KoJieGaHHH JByX

Puc. 13. Cekrps awmmurygmo- JACTOT & H @, a 310T mpoO-
MOAYJIUPOBAHHOIO KoJeGaHHS: ecc CB4A3aH C Hp306pa3OBaHI/IeM
@ — NIpH TapMOHHYECKOM MoAyaupylo-  CIIGKTPA YacToT.

LUeM CHTHaJe; 6 — IIDH CHrHaJe, BKJIIIO- ]
YamuieM TrapMOHHYeCKHe YacTOoThl OT EC'HH MOﬂyJIprIOU.EHH cur-
®min A0 2max- HaJl CONEPKUT LINPOKHH CIIEKTp

FapMOHHYECKHX KoJsieGaHufi ot
Qmin WX 10 Quax, TO 3aHHMaeMasi 10J10Ca paBHA 2Qnax, Tle
Qmax MAKCHMAIbHASL YaCTOTA FApMOHHYECKOTO KOJIeGaHHs, BXO-
AALIET0 B MOAYJMpYOmuil curHan (puc. 13, 6).
Tlonesuvbifi CHrHAN U3 MOAYJMPOBAHHEIX KOJEGAaHHH Bhte-
JIsleTCsl JeTEeKTHPOBAaHMEM.
Il yMeHBIUGHHMS MOJIOCHI YACTOT MOAYJIMPOBAHHOFO HAa-
TIpSKEHHs, TOBBILEHAS] MOMEXOYCTOHYMBOCTH M JIYYLIETO HC-
T[I0/Ib30BaHKsI anmapaTypbl nmepefaya NPOH3BOAUTCA HA OLHOM
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Gokosoit nosoce (O5IT). Ipu aTom Hecymas u Bropas’ 60KoBast
noJjioca MOAABJASAIOTCA (HJIBTPAMH U CHENHAJbHBIME CXeMaMH,
4TO COKpaIiaeT 3aHHMAeMylo IIOJIOCYy 4YacToT GoJiee YeM B JBa
pasa. CjieoBaTeIbHO, IPH MHOTOKAHAJILHOMN CBSI3M UHCJIO KaHa-
JIOB MOXKET ObITb VJBOEHO, YPOBEHb IIOMEX B KaXKJIOM KaHaJe
CHHKEH, a MOIIHOCTb IlepefaBaeMoli GOKOBOH IOJIOCH 3HAYH-
TeIbHO IIOBBIIIEHA.

Hepocratkom nepepaun no merony ObLII sBasiercs Heo6-
XOZHMOCTb HAJIHUMA HA NPHEMHOH CTODOHe reHeparopa Hecy-
1IeHd YacTOThl Wy, TaK KaK Ha u
JeMOLyJIATOP JOJIKHBI MOfa-
BaTbCsl FapPMOHHUYECKHE KoJle-
6aHus JBYX UYacTOT w,+ Q
" o, Torna cpenn KombuHa-
IIMOHHBIX YaCTOT IOJIyYaeTCst
U pasHoCTHasi wactora €.
YCloXKHEHHE CXeMbl TpHEM-
HHKa — OCHOBHOH HeROCTa-
ToK cucteMel OB571. Kpome
TOTO, NPY H3MEHEHHH dYac-
TOTH Kosle6aHHil reHepaTtopa
IPHEMHHKA HA CTOJBKO XKe p. . -y Hanpsxkenne Hecymed,
MEHACTCA HacTOTa CHTHANA.  yauynynnposaHHOe MO aMILIMTYfe:
OT0 HEOOXONMMO YUHMTHIBATL g — curmam 6 — mecyugs.

NpH Nepefave 1Mo KaHaJjam
cBsi3h ¢ Ob5J] YacTOTHBIX TeJleMEXaHHUECKHX CHIHAJIOB.

CnexTp Kone6aHuMii NPH aMIOJAHTY ]
HOH MaHuMNDyasanuu B cucreMax TeneynpasJienus
CUI'HAJI 9acTO MPEACTaBJjsieT co00H NOC/E0BATENbHOCTL OLHO-
NOJIAIPHBIX HMJIM JBYXNOJIAPHBIX INPSMOYTOJBHBIX HMITYJIbCOB
(puc. 14, a). Tlpu amMniuTyRHOH MORYJSIEH OTHOGAMONLAS HECY-
Lero HanpspKeHHsl NMOBTOpseT ¢Gopmy cursHana (puc. 14, 6).
Taxoli BuA aMIIUTYAHOH MOAYJIAIMM HA3BLIBAIOT aMILJIUTYLHON
MaHunyJsnuel. Ecau CnekTp MOAYJIHPYIOMEro CHTHAJAa orpa-
HUYUTb TPH TMOMOIH (UJILTPOB YACTOTOH

9max = kﬂg = kn %E ) (3-9)

rge k,— nocTostHHBIA K03(HUIMEHT;

T — nepuop cJeoOBaHHs HMIYJILCOB,
TO IIMPHHA CNEKTPa CHIHANA ITIOC/Ie MAHHNYJSLNMH COCTABUT
2Qmax. PopMa curHajsa nocsne JETEKTUPOBAHMS 3aBHCHT OT
BeJIMYHMHBl Koa(bduuuenTa ky, KOTOPHIH Npu nepegaue Tesneme-
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XaHUYECKHX CHTHAJOB OOBIYHO NPHHHMAeTcsi paBHBIM He
MeHee 3.

AMnuuTyAHAA MaHUIYJISIUAS IIHPOKO NPUMEHSIETCS B CHCTe-
Max TOHaJIbHOro Tejerpada. B aToM caydae moJioca mpomycka-
HHsl KaHaJioB PACCUMTHIBAETCS HCXOASl M3 NPHUHATOH CKOPOCTH
TesierpapHpOBaHHUsA

1
n, = Y 606,
rfe © — AJIUTeJbHOCTb ONHOH 3JIeMEHTapHOHl NOCHUIKH (0O6BIY-
woc=T)
T=5.
YacToTa MaHUNYJISLUH
1 n
F=4=3

a MoJioca MPOMyCKaHUs OLHOI'O Tenerpaq)ﬂoro KaHaJjia CBf3H
Afnp = 3,2F = l,6ns.

Hanpuwmep, npu cranjapTHo# ckopoct TeserpadupoBanus ng = 50 600
Afpp=1,6 - 50 = 80 2y.
IluprHA [OJOCH HENPONYCKaHMA, paslelsiomas OTHeNbHble KaHaJhl

CBSA3H,
\ Bfyenp = 40 24

CJTEAOBaTe-HbHO, Pa3HOC 4YaCcTOT MeXAYy OTAeJbHHIMH KaHa/JaMH CBS3H
Ay = Bfyp + Dfenp = 80 + 40 = 120 2y,

B cooTBETCTBHH C 5THM B OJHOM TeslehOHHOM KaHalje CBSI3H C NOJOCOH
nponyckanus 3400 — 300 = 3100 2y moxer GHITh pAacIOJOXEHO 24 Te-
JerpadHbIX KaHaJja.

Hecymuiie 1acToThl OTAEJBHBIX TesnerpadHbIX K4HANIOB BLIGH-
palOTCs U3 HEUYETHOKPATHBIX 3HAUEHMH HEKOTOPOH OCHOBHOM
YacToTH f,, T. e. U3 psia

fo: 3f0’ 5f0’ 7f0’ 9f0: llfo’ tee
Af,

p
rae fo= 5 -
9T10 06YCJIOBIMBAETCS TEM, UTO [IPH MPOXOKAEHUH Yepe3 Hesu-
HelHBle 3JIEMEHTHl BLICOKOYACTOTHOHM ammaparypel KoJeGaHus
HeCyIHX YacTOT OTAEJbHBIX TeserpadHeX KaHAJIOB, B3aUMO-
JEACTBYst Mexay Cco0oif, Co3fai0T KOMGHHAIMOHHLIE YACTOTHI,
KOTODBIE, MOTYT BHI3BATb NOMeXH NpH Hepefade. AMIUIUTYIbI
KOMOHHAUHOHHBIX YaCTOT yOBIBAIOT C BO3PACTaHHEM NopsifKa.
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HanGonpmne aMminTyasl y 4actoT BToporo mopsigka. [lpuu-
LM HEUeTHOKPATHOCTH BHIGOpA HECYIIHX YACTOT 06ecleuHBaeT
HECOBIaJieHHe HX C KOMGMHALHOHHLIMH UYAacTOTAMH YeTHOTO
nopsiaka, HauuHasi co BToporo (fi= fu, 2f;, 2f.).

Hecympe yacToTel KaHAIOB ONPeNENSIOTCS M3 BHIPAKEHHSI

fo=Tf1+ Afp (n—1),

rige fi— Hecymas 4acToTa IepBOro KaHasia, KoTopas vuIOH-
paerca pasHolt 420 ey (7f,).

Yacrornasa monyasiust YM. Tlpu wactoTHO# MOp: jisiuuu
aMIVIATYa MOAYJMPYEMOro HANMpPSKEeHUS OCTaeTCsl MOCTOSH-
HOM, a YacToTa U3MEHseTCs B COOTBETCTBHH C 3aKOHOM H3MeEHe-
HUST MOAYJHPYIOMIEr0o CHrHaja. MrHoBeHHOe 3HAaueHHe YTJIO-
BOMl 4acTOTHl ® HECYIIero HANPSIKEHHS ONpejessieTcsd BhIpa-
KeHueM

0 = wp + ke (), (3-10)

rie ky — K03(ppulMeHT IPONOPUHOHANBHOCTH, YCTAHABJ/IHBa-
IomMUH CBSA3b MEXKAY MOLYJHPYIOMIUM CHTHANIOM c(f)
H H3MEeHEeHHeM YacTOThl HECYIIEro HAMpSKEHHS;
— yIJIOBas 4acToTa HEMOAYJHPOBAHHOIO HANpPSKEHHS.
M3 Bripaxenus (3-10) MOXKHO 3aKJIIOYHTD, YTO MeXKAY YacTOTOH
HECYIUETr0 HAMpSDKEHHS ¥ MOAYJHPYIOMHMM CHTHAJIOM HMeeTcsi
JINHEe{Has 3aBHUCHUMOCTbD.
Ecin u3MeHsieTcsl yIJIoBas 4YacToTd ®, TO H3MEHSeTCs
n dasza, KoTopas HAXOAUTCA KaK MHTerpaj Ilo.BpPeMeHH OT
YIJIOBOH 4aCTOTHI,

o=[odtt oo =0t +hfcOdt+o0. (10

CnemoBaTeibHO, MPH YaCTOTHOMH MO}],yJIHI.LI/II/I umeercst U ¢aso-
Basg MOAYJ/IALHUS.

[MoncTaBuB BhIpaKeHHE IJIsl TIOJHOH cpasbl (3-11) B (3-1),
MosMyuuM o6umee BHIpa’KEHHE I/l YACTOTHO-MOAYJIHPOBAHHOIO
HanpsKeHHs

u=U,cos [coot + kqfc(t) dt + qao] . (3-12)

Ecian Moay/aMpyloOmMil CHCHAN mHpeicTaBJsieT cofoif rap-
MOHHUeCKoe KoJjeOaHue, TO Bbhipaxenue (3-11) MoxeT ObITb
TpeiCTaBieHo B BHIE

o = o +2sin (@ + 1) + oo 3-13)
7



rie Ao — MakcHMajabHOE OTKJOHEHHE YacTOThl OT 3HAUeHHUSA
®, MJH JeBHANHNA YaCTOTHL
Besuuuua -

p="p (3-14)

Ha3kLIBAETCS MHIEKCOM YaCTOTHOH mopynsauuu. MHpekc uacrtor-
HOM MOIYJSLHMH OMNpefessieTcss HCKIIOUHTEJBHO BeJHUHHOMN
JeBHALMH 4acTOThl A® W YacTOTOH MOAYJMPYIOMIETO CHTHANA
Q2 H He 3aBHCHT OT .

OxonuatesibHO U3 BhIpaxenud (3-12), (3-13) u-(3-14) noay-
YaeM BBIpKEHHs JJIsi HEeCYIIEro HanpspKeHHsl, MOJLYJIHPOBaH-
HOTO IO YacTOTe TapMOHMYECKHM CHIHAJIOM

u =Ujcos[wgt + Bsin(Rf + 1) + ¢,l. (3-15)

dazosas.vopyasiuus PM. Ilpn dazoBoii mopynsuuu Ho
3aKOHY MOAYJHUPYIOLIEro CHIHAJMA H3MeHseTCss Haya/bHas
(asza HecylLlero HanpsiKeHHs

¢ = %o + Eec (£), (3-16)

rfie kp — Ko3()DHUHEHT NPONOPLHOHAIBLHOCTH, ONPeNesIIOmHH
CBs3b MEXK/JY MOAYJIHDPYIOUIIM CHUTHAJIOM c(f) U H3Me-
HeHHeM (asel KoJseGaHHui.

O6rmee Bolpaxkenue PN HanpsKeHHs

u = U,cos (04t + kac (£) + ¢o). (3-17)

Ecnu mopynupylomuil CUrHaJm sBJsieTCS TAPMOHHYECKHM, TO
BoipaxkeHue (3-17) umeer BHJA

U= UO Cos [(’)ot + Ar)?max cos (Q't + T) + (P]: (3'18)

rae Apmax — HHAEKC $a30BOfl MOAYJIALNHMH, T. €. MaKCHMAJb-
HOe OTKJIOHeHHe (a3nl KoJieGaHUS.
MrHoBeHHOe 3HaueHHe yacToThl PM KojeGaHusd

d .
0= 7 = 0 — Afpa:@sin (2 +7),

CJIeJIOBATEJIbHO, HeBUAIHSA yacToThl PM KoJebaHusA
Aw = Apax®. (3-19)

CpaBuenune YM u &M xone6anui. CpaBHu-
Bas BblpaxeHus (3-17) u (3-18) u yuuthiBas, uT0 B = Ay,
MOXKHO 32KJIOYHTb, YTO MNPH TapMOHHYECKOM CHTHA/NE 3TH
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BLIPAXKEHHST OTJIMUAIOTCA TOJNBKO (ha30ft rapMoHUUECKO# (pyHK-
UHH, ONpejessomel H3MeHeHHe IOJHOH (a3bl He€yllero Ha-
npsokenus. Pasnuune mexny YM u @M nposiBiasieTcst NpH
H3MEeHeHHH YaCTOTHI MOAYJMPYIOMIETO CHTHANA HJIM IPU OLHO-
BpeMEHHOH, MOAYJSILHUH IIOJOCOH YacTOT.

IMpu YM BenuuuHa JeBHAMH 4YacToTHl Aw, 3aBHCAMIAS
TOJILKO OT aMIIMTYABl CHTHazna, NPH H3MEHEHHH YacTOTHI
MOLYJIALHH R ocTaeTcsl IOCTOSSHHOH, a BeJuYHHA A@max

A
C yBejuYeHMeM & yMeHblIaeTcs (Tax Kag mpu M §°)=

= A‘Pmax) .

[lpu OM Bennuuua uHOeKca MOAYNSUHH AQmin 3aBHCHT
TOJIbKO OT aMIVIUTYAbl MOAYJIHPYIOMEr0 CHTHA/Na H OCTaeTcs
MIOCTOSTHHOH IIPH H3MEHEHHH 4YacTOTHl 2, a JeBHALMS YaCTOTHI

Aw u3MensieTCst MPSAMO HPONOPLHOHANBHO YacToTe 2 (Tak Kak
mpu DM Ao = Agmax Q).

Hanpumep, 3apagumcd, uto npu YM u &M amnaurygna cureala
OCTaeTCsl NOCTOSIHHOH, a €ero Yactota HsMeHsiercss ot F .. =300 ey 1o
Frax = 3000 2y. Ilpm YM pesumaunsa uacrotnl Af =30 ey, a PM uu-
nekc Monyasauu Ae .. = 0,5 pad.

Ilpn YM makcHMa/bHOE OTKJOHEHHE (a3bl

Af 30 000
= —_——= == (
Ao ax Fom 300 100 pad,
a MHHHMAaJIbHO€
Af 30000
Momin = F_—= 3o00 — 1° P%-

Ilpu &M MuHHManbHAS JeBHAaL M 4YaCTOTHI
Af min = 89 minFmin = 0,5 - 300 = 150 ey,

a MakKcHmaJipHas
Bf e = A0 axFmax = 05 - 3000 = 1500 24,

[Tpu YM 06b1uHO IpHMeHsIeTCS PsIMoe BO3/JeHCTBHE HA YaCTOTY
sajaromero regeparopa. Ilpuy @M sajaromuii renepaTop HMeeT
CTaGUJIbHYIO 4acToTy, a pasa KoseGaHui MOLY/IHpYeTCs B NOC/Ie-
IYIOMUX Kackajax Iepeiaryuka.

CnexTpsl KoaneOaHHUH MOAYJAHDOBAH-
HEHX nmo yacToTe u ¢ ase Bopakenue gna uanps-
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KECHHUS, MOAYJ/JUPOBAHHOIO I10 YaCTOTE HUJIH (baae OLHHM TOHOM 2,
MOKET OBbITh NpeACTaBJICHO B BHAC

u="U,cos (oo + Bsin (2% + 1) + @), (3-20)
rae $ — MHJEKC MOAYJISLMH IO 4acToTe M (ase.

3aMeHHB KOCHHYC CYMMBlI JIBYX YIVIOB II0 U3BECTHOH TpH-
FOHOMETpHUECKOH (hopMyJie, MONYYHM

u = Uy cos [Bsin (R 4 7)] cos (wef + ¢o) —
. — U, sin[Bsin (R#f + 7)] sin (gt + @), (3-21)

npu B« 1 MOXHO cuHTaTh, 4YTO

sin [Bsin (R + )] =< Bsin (v + 7);
cos[Bsin(Rf 4+ 7)1 =1,
Torja

~ U, cos (wt + 9o) — UoB sin (f + 1) sin (0ot + @,).
Ec/v 3aMeHuTh NPOU3BEJEHHE CHHYCOB CYMMOH, TO

u=U cos (wof + ¢o) — I% cos [(we — ) £ + (9o — 7)1 +

+ % cos 100 + )£ + (90 + )] (3-22)

CpaBHuBas BrpameHus (3-22) u (3-8), MOXKHO 3aK/IIOUATh, UTO
CIIEKTP HANDsI)KEHHs, MOLYJIHPOBAHHOTO II0 YacToTe Wi (hase
OJHHM TOHOM, TIPH MajOM HHJEeKCe MOAyJSLHH [ COCTOHT,
KaK M CTIEKTP AMILIHTYAHO-MOLY/JHPOBAHHOIO HAMpPSAMKEHHS, H3
HecyIei 4acToThl @, H ABYX G0KOBBIX YacTOT w,+ Q u w,— .
EAHHCTBEHHOEe OTJHYHE 3aKJI04aeTcss B CIBUTe (askl Koseba-
HHs HHXKHe# 60KoBOMH moJiockl Ha 180° OTHOCHTENBHO ero MmoJio-
MEeHUs NPU aMILIHTYAHOH MOILYJISIHH. .

Ilpu unpexce wmopynsuuu P > 1 cnekTp HampskeHus,
MOJYJIUPOBAHHOIO 0 4acTOTe WJH (pase OLHHM TOHOM, COCTOHT
13 6eCKOHEUHOro KOJHYeCTBA GOKOBBIX YaCTOT, OTVIMUAIOHIUXCS
OT HecymeH YacToThl ®, Ha + nQ (rme n — Jwob6ce uemoe
4HCI0 OT 1 M0 o). OgHaKo aMIIuTyIbl GOKOBEIX COCTaBJISIIO-
IHX CTAHOBSITCA OYEHb MAJBIMH HPH 7 > U HUMH MOXKHO
npeneOpeub. Torja mosmHas mmpuHA CeKTpa KojeGaHuit

2nR == 26Q = 2Aw, - (3-23)
T. €. NPAKTHYECKH IIMPHHA MOJIOCH PaBHA YABOEHHOH JeBHa-
K yacTotel. CrieoBaTe/ibHO, IUMPHHA CHEKTPA KoJeGaHui

C YaCTOTHOH MM (asoBOil Momynsuuell npumepHo B f pas
6osibllie LIMPHHE! criekKTpa AM KoJe6GaHHil.
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HanpuMmep, nas paguoBemanus npHHATO B = 15. Ecanm MakcuMmanbHas
yacrota Monyasiuun Fp .. =5 gey, To mMHpPHHA CneKTpa NPH YacTOTHOM
WM $HasoBod MOAYJISAIHH

9BF 0y =215 5=150 ey

I aTolt e uacTOTH MOZRYJSLMH IIMpUHA cnekTpa AM KoneGauuit
2F Lax =2+ 5=10 key.

Io s1o#t npuunne YM n M ajst pannoBelaHusl IPUMEHSTIOTCS
TosbKo B KB u ¥ KB puamasonax, rae 3aHmMaemasi 1oJoca
MOXeT ObiTb MIHPOKOH. OCHOB-
HBIM NIpeumMyiiectBoM M u dM
siBJIsieTcs uX 0oJiee BBICOKAs I10- l_
MeXOyCTOHUHBOCTb TIO CpaBHe- | 7
Huo ¢ AM, Tak Kak MOMexH a
HCKAXAI0T aMILIMTYAY KoJjeba-
HHUH U DPAKTHUYeCKH HE BJUAIOT U
Ha HX 4aCToTy uau dasy.
ConekTp Koneo a-
HUH mMpHU YACTOTHOH _ _
Manunyaauuu Ilpu gac- fain  Tnar
TOTHOH MAaHUNYJSIHUH 49acTOTa ]
HECYMIETO HANpPSKEHNUS CKAUKO-  pyc. 15. HanpsixeHne Hecymef,
06paSHO Hu3MeHsieTCd OT fmin MaHHNYJHPOBAHHOE MO yYacToTe:
J0 [max B GOOTBETCTBHH C H3Me- @ — curHam; 6 — Hecymas.
HeHHEM AaMIUIUTYAbl CHTHAja
(puc. 15, a, 6). B aToM ciyuae MHIEKC MOLYJNALHM PaBeH
OTHOLIEHWIO JeBHALMH YaCTOThl K YacTOTe IepBOofi rapMOHHKH
HOCHUIOK F, T. €.

p=fm_ax2¢fz=¥. (3-24)

UYacToTHAsT MAaHMIyJsLHs OYeHb IIHPOKO NPHMEHSETCs
B CHCTeMax TOHaJbHOro Tejerpada M Npu mepejade HMMIYJILC-
HBIX CHI'HANIOB Teseynpasienus. lIupuaa nosock! nponyckanust
KaHaja CBS3H ONpeJessieTCs H3 BhIPAXKEeHHs

Afnp = 4Af — Afyenp. (3-25)
Hanpumep, npu Af = 45 ey 1 Afyeq, =40 2y
Afgp =14+ 45— 40 = 140 2.



Ipn ckopoctu TenerpadupoBanus ng =50 600 HHIEKC MOAYJIALUHUH
Af _20F 245

P=F=% =75 — 1%

TTosoca nponyckanusi KaHaja CBSI3H NPH YacTOTHOH MaHMNYJSLUHU
npuMepro B 8 pa3 GoJbine, yeM npu amMniutygnuHodl (80 - 1,8 = 144 2y).

§ 5. BPEMEHHOE PA3[IEJIEHUE
KAHAJIOB CBA3N

Ilpn BpemeHHOM pasjieJieHHH KaHAJOB CO0G-
IIEeHUs] JUCKPETH3UPYIOTCS M MepelaloTcsl TOJMbKO HX MTHOBEH-
Hble 3HAYeHHs ONUH pas 3a NepHoJ NMOBTOpeHHs. MrHOBeHHbIe
3HAYeHHS KaXKAOrO COOOMIEHHS IEPefaroTCsi KOPOTKHMH HM-
yJbCaMH, IMO3TOMY IO OAHOHN JIMHHHM CBSI3H MOXKHO IepelaThb

{ /€, =Bty | M,
R
|M02|J.-|anﬂ_—|mz42} 2, e, I——-lﬂMle—-IBblxﬂzl-—-lﬂeczl

| |
(e - IECLﬂ [ L Y
o7 I

{125 N0 g on R 2

Puc. 16. Baok-cXema BpeMeHHOTO pasjie/icHHS KaHAJOB CBSI3H.

MOC/IEIOBATE/bHO BO BPeMeHH HeCKOJIbKO coobuiennii. s
KaMJIoro KaHaja CBSI3H BbIIEJISIeTCs ONpeJeNeHHbI IPoMexy-
TOK BPEMEHH, SIBJIAIOMMACS YacTbl0 MEPHOJA IOBTOPEHHS,
B TeYeHHe KOTOPOrO MOCHINAIOTCS HMIYJIbChI, MOAYJIHPOBAHHEIE
B COOTBETCTBHHM C HH(OpManueii, nepefaBaeMoil MO JaHHOMY
Kanany. MOAyJsLHs HMIYJIbCOB OCYLIECTBJASETCS 10 aMILIH-
TyAe, AJUTEJBHOCTH WJIH (ase.

BJiok-cxeMa BpeMeHHOro paspenenusi KaHAJOB CBSI3H NpH-
BeleHa Ha puc. 16. MudopManus, nocTynamomas oT HCTOUHH-
KoB cooCuennit HC, npeoGpasyerca B 9JEKTPHUECKHE CHTHAJIBI
BXOAHEIMH IpeoGpasoBaTesisiMu Bx[I. 3aTeM B COOTBETCTBHH
C STHMH CHTHAJAMH B MOAyJAATOpax uMmyabcoB MH ocy-
IECTB/ISETCA  MOAYJSUMSA HMIYJbCOB, INOCTYMAKMHUX OT
HenpepeIBHO  paGoTalomero  pacmpegesnutens P,
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Yacrora McC/IeOBAaHHS HMIYJLCOB 33JaeTCsi TeHepaTopoM
uMnyabcoB ['H, KOTOpHIA NepeK/iouaeT pacrpeneuTess P.

Kpome mmnysnbcoB KaHAJIOB CBSI3H, HOCTYHAIOMHUX C BLIXO-
ToB MH, B KOHLIe KaXJOro LHKJIA B JIHHHIO CBSI3H MOCTYNAIOT
CuH(asupyIole UMIYJbChI C BBIXOAA y3/1a 06pa30BaHMs CHH-
dasupyromux uMnyabcoB ¥CH. DTH UMIYIbCH CAYXKAT AJs
CHH(a3upoBaHHsl Hepejamoumero P; u npuemsoro P, pacmpe-
Jenuresiel ¢ TeM, 4TOObI B KaXKIbIH JAHHBIA MOMEHT Bblaua

Tsau

cn

ac ] | |_T| | = | ] _
Bbgﬂl ! i

T

1 c

Ke, I
Tmin
KC, []
k-
e,
Tmax
Puc. 17. Bpevennas guarpaMMa HMIYJbCOB B KaHA/JaX CBSSH H JiH-

HHH CBSA3H.

HMITYJIbCOB OCYIIECTBJANACH C OJMHAKOBBIX BHIXOLOB pacipe-
JenuTesel, B IPOTHBHOM CJydae HOpMaJbHAasg paGoTa CHCTEMbI
HEBO3MOXKHA.

Ha npuemnofi cTopore cuHdasupyomue HUMIyJbCH Bbije-
JISIOTCS  pasJuyuTeseM CHH(A3HPYOIUX uMIyJabcoB PCH
U CIyXkaT [/l YCTAHOBKH pacnpelesuTens Py B HyJeBOe M0JO-
JXeHHe B KOHIe KaxJOro IuKia, 4eM obecreunBaeTcsi cuHpas-
HocTb ero paGoTei ¢ pacnpegenuteneM P, Ilocaenyioiee
nepek/IoueHye pacnpefesuTenss P, oCymiecTB/IsieTCS HMIOYJIb-
CaM¥ C BEIXOZA y3/1a 06pa30BaHUs TAKTOBLIX UMNYJbcoB ¥ TH,
KoTopble (GOPMHPYIOTCS U3 HMITY/IbCOB KAHAJIOB CBs3M (HOLIAro-
BOe NEepeK/IIoueHye paclpeleuTes).

WMmy/ibCel KaHAIOB CBASH H HMIYJIbCHL C BHIXOLOB pacrpe-
Jeanrenass P, nOCTyNalT Ha BXOAbl y3J0B coBmageHuil YC.
Ipu coBnajeHuu 5THX MMIYJbCOB BO BpeMeHH Ha BhIXofax ¥C
TaKKe BO3HHKAIOT HMITYJIbCH, MOAY/IHPOBAHHbIE 10 AMILIATYE,
Anurensroctd und ase. Ilocne pemonynsiumu B ysnax JMH
3JIEKTPHYECKHe CHIHAJIBI IPeoOpasyloTcsi B BLIXOAHEIX npeolpa-
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soBatressix BowxIl u mocTynaiot Ha BXOJ NPHEMHHKOB coobiie-
auit [IpC. CnefoBatenbHO, NPHEMHBIE 3JeMEHTHl KaXJOro Ka-
HaJla OTHMPAIOTCS TOJILKO HA BpeMsl CYIIECTBOBAHHS MMIYJbCA
JIAaHHOTO KaHaJja, a OCTaJIbHOe BpeMsi OCTalOTCS 3allepThIMU, UTO
ofecrieunBaeTcss CHHXPOHHON M cUH(a3HOH paGoToil pacmpe-
Jenutened P; u P,.

Ha puc. 17 mpuBeneHa BpeMeHHas AuarpaMMa HMIYJIbCOB
B OTAEJbHBIX Kananax cBsisu KC u ofumweit aunuu cBssu JIC.
Cundasupylomue WMIyJabCH HocTynailoT B JIC ¢ HYJEBOro
BBIXOAA pacnpeflenutenss P;. DTH HMOYJILCH OTIHYAIOTCH
OT HMITYJIbCOB KaHAJIOB CBSI3U CBOell JIHTeNbHOCTHI0. MMIyin-
Chl KaHAJIOB CBSI3H MOLYJIMPYIOTCS 10 AJHMTENLHOCTH B 3aBHCH-
MOCTH OT aMIUIHTYIBl CHTHAJOB HA BLIXOJE BXOJHBIX Ipeo6pa-
soatesiell BxIl (WHPOTHO-UMIYJIbCHAS MOLYJISANUSA).

KosnuecTBo BpemMeHHBIX KaHAJNOB CBsi3H OIpeJeJsieTcs
Heo6XOAMMOl 4YacToToil MOBTOPEHHS HMIYJBCOB M HX MAaKCH-
MaJbHOH JsurenbHocThio. Ilpu mepefaye HempephBHHIX C€006-
IIEHHH YacToTa IOBTOPEHHsI HMIYJbCOB ONpefenseTcs Co-
rJacHo Teopeme KoTesqbHHKOBA 0 NpeoGpasoBaHMH HeNpephIB-
HBIX CHTHAJIOB B JUCKpeTHble (2-1).

Hanpumep, npu nepefaue pasroBOpHEIX TOKOB C MaKCHMaJbHOH uacToTOH
fmax = 3400 ey uactoTa noBTOpeHHs HOMKHA OHITH He HHXKe
fu = 2fmax= 2 - 3400 = 6800 2y.

B stomM cnyuae f; npunumaercss paBHo# 8 xey.

Pacuer KosmuecTBa KaHAJIOB CBA3H i, ¢ MOXKET ObITh BBLIIOJI-
HEH HCXOIs U3 BHIPAXKEHHs AJIS1 NepHOAA NOBTOPEHHS

Th= —fln- = Mg, ¢ (Tmax + Tsam) + Tc + Tsam, (3-26)

Tl€ Tmax — MaKCHMaJbHAs QJIMTEJbHOCTb KaHAJbLHBIX HMITYJIb-
COB;
Tsam — JJIUTEJBHOCTb 3alIHTHOTO IPOMEXYTKa,
Tc — JJIMTEJBHOCTD CHH(}ASHPYIOLUIEr0 UMIYJbCA.
s Bripaxkenus (3-26) momyuyaem

Tn - (Tc + Tsam)

Ng, ¢ =
Tmax + T3ang

. (3-27)

2

T, —3
Py, o = g, (3-28)

max

1
Ecan npusATh, 9T0 Tsay = - Tmax H T + Taam = 3Tmaxs TO
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“Hanpumep, npu < ,, =6 mxcex n T = 8_010—0 =125 mKcex
' 125—3.6
Ng. ¢ = —1_,5—6—_ ~ 19,

MurnManbHasi JAJIHTENBHOCTb HMIIYJIBCOB KAaHAJNOB CBSI3H
OObIYHO BHIOHPaeTCs Tmin= 0,5 -+ 1 MKcek, TaK Kak UMITyJb-
Cbl MEHbIeH JJINTEJbHOCTH CJIOXKHO TIeHepHpoBaTh. Kpome
TOr0, HEOOXOAMMAs MOJOCA YacTOT B, JHMHHH CBSI3H OGPaTHO
NPONOPIHOHAIbHEA MHHHMAJIBHOH JJIMTEJBHOCTH KAaHAJbHBIX
HMIIyJIbCOB

Af = —, (3-29)

rge ko= 0,7 =+ 0,8.

Hanpumep, mpu ky= 0,7 U tmin= 1 mxcex Af = 700 xey.
CrnenoBarenbHo, NPH BPEMEHHOM pa3lelieHHH TesepOHHBIX
KaHalOB CBSI3H Tpe6GyeTCs OUeHb IIMPOKAsi I10J10CA YAacToOT,
3HAUUTeNbHO OOJbllasi, YeM [PH YaCTOTHOM pasjeJeHHH.
[TosTomy BpemeHHOe pasjefieHHe KaHAIOB AJS ITHX LeJeil
NpHMeHsieTCsl TOJIbKO B AuanasoHe YKB Ha paguopeeidHbIX
qunuAx. Ilpy sToM oueHL BaXKHBIM SIBJISIETC TO, YTO MPH
HMITY/JIbCHOH MOAYJISIME MOXKHO 3HAUMTEbHO YBEJHUHTH MO
HOCTb B HMIYJbce P, MpH CPaBHUTEJbHO HEGOJIBLIOH CpepHel
MOII{HOCTH, TaK Kak

T
P, = P, -t (3-30)

Ornourenne mepuopa noBTOpeHHst Tn K JJIUTENHHOCTH HMM-
Iy/IbCOB T HA3BIBAETCS CKBAXKHOCTBIO H B CJyYae UMITYJIbCHOH
MOJYyJdIMH MOXKeT JocTurath Gojee 2000.

§ 6. BIbl OMIIYJIbCHOI MOLYJIANUAN

B TexHuKe MMIIyJIbCHOH CBSI3H (IIPH BpeMeH-
HOM pasJie/IeHHH KaHAJIOB) HOCHTeJIeM MepefaBaeMoro CHrHasa
AIB/IAETCS NepHOLHYecKas I0C/Ief0BaTe/IbHOCTb MPAMOYTO/b-
HBHIX HMOyJbcoB. Takas I0OC/IeI0BaTe/IbHOCTb  HMIYJIbCOB
(puc. 18, a) xapaxrepuayercss ammuutygoé U,, AJUTENbHO-
CTBIO HJIM LIMPUHOH T M (pa30H MMIYAbCOB T, — IOJIOKEHHEM
HMITYJIbCOB TOCJI€ CABHIA BO BPEMEHH OTHOCHTE/IbHO TAKTOBBIX
TOYEK.
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IlepenaBaemelft CHrHa MOXKeET BO3JEHCTBOBATH Ha JoGOH
U3 TEepeudCJeHHBIX MapaMeTpoB IMepHOAUYECKOll [oc/ea0Ba-
TEJILHOCTH HMMIYJIbCOB. Takum o6pasoM, MOJyYaIOTCS YeThipe
OCHOBHEIE BHJA HMITYJIBCHOA MOAYJSLMH: aMIIUTYLHO-HMITYJIb-
crasg wopyasuus (AHM), wmupotHO-uMIyabcHas (LTHM),
(asoso-umnyscuas (DHM)

g u YaCTOTHO-UMITYJIbCHA S
A [LLALILI] com,

I T 1 A 1Y Y T IT AHM amnaury-
o P - P o eRReTe

Ja HMIYJbCOB H3MEHSAECTCH

u

. a 0 3aKOHY IepefaBaeMoro
u (MORyMUpYIOmIEro) CHrHAJAA
‘ (puc. 18, 6, 6). IrtOT BHA

| | MOZYNALHMH He MOJYYHJ IIH-

6 7 pOKoro pacmpocTpaHeHHs,

TaK KaK OTJIHYAeTCsl HH3KOH
nomMexoycToiiuuBocTbio. Ilpu
IITHM  pauTesbHOCTD  HJIH
d W WL | IMIHPHHA HMIYyJbCOB H3Me-
5 t  HseTcs IO 3aKOHY Nepefa-
BAaeMOro CHrHaja, a amILIH-
Y A MAA A TyJa OCTaeTcst MNOCTOSHHOH
(puc. 18, 2). DtoT BUA MOAY-
O T JIAUMU HasbiBaeTcsl TaKxke
2 MOAYJsILMEeH MO0 JJIHTe/b-
u _ uoctu ([HUM).
] [ [] [lpu ®HM B cooTBercT-
W L BHH C H3MEHEHHEM MOLY-
= 7~ JIHPYIOmIEro CHUrHAJNa H3Me-
ca HAETCA BPEMsi BO3HHKHOBe-
Puc. 18. Bugel mmnysibcroi Mogy- HHS HMIYJbCOB HJM  (hasa
JISLHH: 0 OTHOLIEHHIO K Hayajb-
a — HOCJIEAOB&’I:EJU:HOCT]: HeMOAYyJIHDOBaH- HOMy HOJIO}KeHH}O, a aMIlJIu-
HBIX HMITYJIbCOB; 6 — MOJAYJIHUDYIOLIHH CHI-
nan; e — AHM; ¢ — LIMM; 0 — ®MM, Tylda W IIHPHHA HMIYJb-
COB OCTAIOTCSI HEH3MEHHBIMH
(puc. 18, 9). D1oT BHA MOLYJALHMH Ha3bBIBAeTCs TaKkKe BpeMs-
HUMIyJIbCHEIM (BHM).
IomexoycroituuBocts [ITHM, PHM u YHM nobimaercs
3a CyeT IPHMEHEHHS aMIIUTYJHOTO OrPAHHYEHHS.
HauGospiiee IpuMeHeHwe B anmaparype pagnopesei-
HBIX JIMHHA Tnoayuumia @HM, Tak Kak OCyLIECTBJEHHE 3TOrO
BHAA MOAYJIALUMM IO cpaBHeHumio ¢ YHM MeHee CJOXKHO,
a 1o cpaepenmo ¢ IIHM wmoxeT OwITb IOCTHTHYTa 6oJee
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BBICOKAsi CKBaXKHOCTb, YTO YMEHBINAET CPENHIO MOILIHOCTb
nepefaTunKa.

B nocnennee BpeMsi Ha pajHOpesefiHBIX JIHHHSAX CBSI3H
HAYMHAIOT IPUMEHSThCS TAK:KE HOBBHIE BHIBI MOLYJISIIHH.

UmnyascHo-koposast moayasuuss (UKM), npu xotopoi
JUCKPeTHble 3HAUeHUsl NIeDBHYHOrO CHTHAJIA MEPEfAlOTCs Ompe-
JesleHHBIMM KOMOHHAIMSIMM MMITYJIbCOB B BHIE KOJOBBHIX TPYII
C TMOCTOSIHHBIMH AaMIVIHTYLOH, LIMPHHOH H TIay3aMH MEXLY
HuMmH. [lepenaBaempiii curHanm BHauaje MOAYJHMPYeT MOCJENO-

lepedabaembi® cuzHan
/
6 — — 7 <~
L
N\, v 7 i
4 N = N
2 AN 7 \
Doy " \
0 t
N0 1N a0 on
KoGobbie KombuHayuu

Puc. 19. Ilepemaya mepBHYHBIX CHIHAQJIOB HMITYJbCHO-KOZOBOH MOLY.d-
wan (HKM).

BaTeJIbHOCTh WMMITYJIbCOB IO AaMIIMTyAe aHnasoruyno AHM,
a 3aTeM Kax/bli AMIYJbC OUCKPETH3UpYeTcss M KOLHpyeTCs
TakuM 00pasoM, 4TO KakAOMY (PHKCHUPOBAHHOMY 3HAYEHHUIO
aMIUIUTY/Bl CTABUTCH B COOTBETCTBHE ONpejeJieHHAss KOMOWHA-
IUA MMIyJbcoB. KoJsimgecTBO ypOBHeH NHCKPeTH3alUH BHIOH-
paeTcst paBHEIM MAaKCHMAJIbHOMY YHCJIY KOLOBBHIX KOMOHMHALHMH.
OG6byEO npHMeHsieTCsl BOHUYHBLIH HeKOMILIEKTHBIH KOJ ¢ mepe-
Jauel eIMHUI] HMITYJIbCAMHE, a HyJell — nay3amu, MaKcHMaJbHOe
YHC/I0 KOMOMHAUMHA KOTOPOTO

M =2",

e 7 — KOJMYECTBO 3JeMEHTOB B KOMOHMHAIHUSX.

[lpu n =7 M = 27 = 128, YTO JOCTATOUHO [Jisl Tepefaun
TesepOHHOrO0 pasroBopa.

Ha puc. 19 noscHAeTCS NPUHIMI KOAHPOBaHHs NpU n = 3.

Ha mnpuemHO!i CTOpOHE Kaxjas KojoBass KOMGHHALMS
np _o6Gpasyercss B UMIIYJIbC, AMILIMTY/[A KOTOPOTO paBHA KOJH-
YeCTBY YpOBHEH, NepeflaBaeMblX AaHHOH rpymmoit. Takum 06-
Pa3oM, MOCJeLOBATEJIbHCCTh KOJOBLHIX Ipymn mpeoGpasyercs
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B IOCJIEOBATEILHOCTE MMITYJIbCOB, MOAYJMPOBAHHBIX IO aM-
IJIUTYJe B COOTBETCTBHM CO 3HAYEHHUSIMH IlepelaBaeMoro CHr-
Hana. Ilpu puckperusanuu Hem3Oe:KHBI ONpefesieHHBIE HCKa-
¥eHHs CHTHAJIA, BOCNPHHHMAeMble TPH nepegade TeneGoOHHOTO
pasroBopa kKak mym HKM (wyM KBaHTOBaHHUS).

HKM otnuuaercs HauGoJiee BHICOKOH IOMEXOYCTOHUHBO-
CTBIO IIO CPABHEHMUIO C NepedHC/IeHHEIMU paHee BULAMU UMIYJIbC-
HOH MORYJsiLHY. DTO CBSI3aHO C TEM, UTO peoOpa3oBaHue KOJ0-
BBIX KOMOHHALM, BCJIeACTBYE JeHCTBUS TOMeX, MeHee BepOSITHO,

/ -~

A

| I~ At = | | | I

| [

| )e |
' | | |

| | |
Puc. 20. ITepegaua mepBHYHBIX CHIHAJOB NPH JeNbTa-MOAYJSA-
wun (IM).

uyeM HeGONbIIIME H3MEHEHHSI aMILIMTYAbl UMnysabcoB npu A HM
HJIM HX CMelleHusi mo ocu BpemeHu npu ©HM. Kpome Ttoro,
npu HKM Ha npueMHOH CTOpOHe HEOOXOLHMO TOJIBKO (DMKCH-
pOBaTh HaJMYHe HJIK OTCYTCTBHE HUMIYJIbCOB B KOLOBOH KOM-
OMHALMM, YTO TNpPU HAJIUYUHM 3HAUUTEJSbHOIO YPOBHS IOMEX
npome, 4YeM ONpefesieHMe AaMIWIATYIbl, [JIHTENBHOCTH HJIH
HOJIOXKEHHsT UMIYJ(bCA BO BPEMEHH.

Crenyer, oJHAKO, OTMeTHTh, uTo npu M KM Bpewmsi, Bhife-
JeHHoe JJisl Nepefaud Ha OQWH KaHAaJ JOJKHO ObITh GoJblie,
yeM 0OpH JDYTHX BHAAX HMIYJbCHOH MOAYJAIMH, TaK Kak
BMECTO OJIHOTO MMIyJIbCA MO KaHaNy JOJKHA MepefaBaThCs
rpynmna HWMOyJabCoB. BceienctBue 3TOro KOJHMYECTBO BpeMeH-
HBIX KaHanoB cBssu npu MKM wmenbure, ueM npu AHM wniau
®HM, a annaparypa GoJiee CJIOKHAS.

Heabra-vouyasuusi (AM) mnpencraBssieT PasHOBHAHOCTb
HKM, npu KoTOpO#l NpOM3BOAMTCS Mepefaya TOAbKO 3HAKa
NpUpAIeHHs] TepeaBaeMoro CUTHana OTHOCHTeBHO Mpefsl-
JyINEero 3HayeHwsl.
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B mepeparomefi annaparype cosjaeTcsi CTylneHyaToe Hamps-
JKeHHe, ¢ KOTOPBEIM, B ONpeleseHHble, NepHOLUYECKH MOBTOPS-
IOIHeCs] MOMEHTH BpeMeHH, CPABHUBAeTCs IlepefaBaeMblil CHI-
Han (puc. 20). Ecnu B MOMEHT CpaBHeHHsI IepeiaBaeMoe Ha-
IpsiKeHHe GoJiblile CTYIeHYaToro, TO IOCBLIAeTCS HMIYJbC,
a ecnu MeHble — obpasyeTcs naysa.

BoccraHoBsieHne INepefaHHOrO COOOIIEHHS HAa IPHEMHOH
CTOpOHE TPOW3BOLMTCS CYMMHDOBAHHEM MMIYJbCOB B HaKO-
THTese.

JIM oTinuaeTcsi BBICOKOH NOMEXOYCTOHYMBOCTBIO, OZHAKO
HMeeT clieli(uuecKiil Hel0OCTaTOK — HAKOMJIeHHe OMHOGKHU B pe-
3yJIbTaTe MOAABJIEHHUS XOTsI Obl OZHOIO HMITYJIbCA NPH CHIBHBIX
BHIOpOCax MoMeX B KaHasle CBA3H.

Heoiirast mopyasiuusi. IIpuMeHHTeIBHO K PAgHOCBSI3H Tep-
MUH «HMITYJIbCHAST MORYJISIIMSI» O3HAYAeT ABOHHYIO MOLYJISLHIO:
HEePBHYHYIO MOLYJSIMIO BCIIOMOTATeIbHOH IIOC/Ie0BATENbHO-
CTH MMITYJIbCOB HepefaBaeMblM CHTHATIOM M BTOPHYHYIO MOAY-
aauuio Y KB KoseGaHui HanpsiKeHHeM, IOJYYEHHBIM B pe-
3yJbTaTe NepPBHYHOH MOZy/suuH. I[lpuHNMNHANbHO BTOPHY-
Hasi MOAYJSLUMS MOXKET ObITb Mo00as, ONHAKO HauGoJblIee
NpUMeHeHHe IJs1 9THX uesell mosmyunna AM.

O6o3nauenne PHM—AM o3navaeT, YTo NepBHYHAS MOAY-
Jasuust  (asoBO-MMITYJIbCHAS, a BTOPHYHAS — AMILIMTYAHAaS.

§ 7. IEPE[JAYA CHT'HAJIOB HO IIPOBOJHbBIM
JUHUAM

IIpoBojiHEIe AHEME CBS3H WIHPOKO HCIOJb-
3yIOTCSL 1Sl Mepefiaud MH(POPMAUMH NPH NOMOULH 3JeKTpHYec-
Kux curHajoB. Ilpu HeGospmux paccrossHuAx (10—30 xwm)
NIPOBOJIHbIE JIMHHH HCHOJAB3YIOTCA HETOCPEACTBEHHO KaK (H3H-
yeckHe KaHajel CBsAad. EcaHM paccTosiHue 3HAYHTENbHO, TO
NPOBOAHBIE JIMHHH NPHMEHSIOTCS AJsl OPTaHH3alMH MHOTOKa-
HaJLHOH CBSI3M NMyTEM MX YacTOTHOrO ymoTHeHudA. Ilo KoH-
CTPYKTHBHOMY BBIIIOTHEHHIO IPOBOAHLIE JINHUM CBSI3M pasjiesis-
I0TCS Ha BO3JyIUHBIE H KaGesbHbIE.

Kpome cnenuaibHBIX JUHHH CB3H, AJ OPTAHH3AIHH
KaHAJIOB CBSI3M HCNOJB3YIOTCH BLICOKOBOJILTHBIE JIMHUH 3JIEK-
tponepefaun (JIJI1) n pacnpefesuTeNbHble CETH.

[lepsuynble mapameTphbl MPOBOJHBIX JHHHMIA. DIeKTPHYECKHE
CBOMCTBA NMPOBOAHBIX JIHHHH XapPaKTEePH3YIOTCS ee OCHOBHBIMH
MJIM TIePBUYHBIME [1aPAMETPAMH, OTHECeHHBIMH K OJHOMY KHJIO-
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METpy: aKTHBHOE CONPOTHBJIEHHE IPOBOOB R, OM/KM, HHLYK-
TUBHOCTb L, MeH/km, eMKocTb C, MKQ/KM ¥ TPOBOIHUMOCTH
usossiuuyu npoBofoB G, l/om - km. V3BecTHO, 4YTO COMPOTHEB-
JIeHHe TPOBOJOB 33aBHCHUT OT HX JAMaMerTpa M marepuana. Ha
CONPOTHBJIEHHE IIPOBOLOB BJIHSIET TeMIlepaTypa OKpYyKaroued
Cpefbl, TO3TOMY COIPOTHBJIEHHE BO3AYIUHBIX JUHHH MeHseTrcs
(3uMoit — MHHHMaJbHOE, JEeTOM — MakcumasnbHoe). Cormpo-
THBJIEHHE MOA3eMHBIX KaGebHBIX JIUHUH B TeUueHHe T'ofid Mpak-
THUeCKH He wusMeHsiercsi. [Ipum BO3pacTaHuM 4YacTOTH TOKa
BCJIEICTBHE MOBEPXHOCTHOTO 3(deKTa aKTHBHOE CONPOTHBJICHKE
NPGBOLOB, OCOOEHHO CTAJbHBIX, 3HAUUTENBHO YBEJHUHBAETCH.
IToaToMy cTasbHEIE TPOBOZA

Vi e IIPH YacTOTe TOKAa IepefauH
6osee 10—12 Key He ucnosb-
3YI0TCSL.

¢ G. HUHAYKTHBHOCT H €M-

KOCTb JIMHHH OINPEJEJISIeTCs

B OCHOBHOM  PAacCTOSTHHEM

R s Vi . MEXIy NPOBOAAMH H AHAMET-
Puc. 21. DxpubanenTHas cxema mpo- POM TPOBONOB. EMKoOCTE Ka-
BOJIHOH JIMHHH. GeJIbHBIX JIMHUH, KPOME TOTO,

TaKXKe 3aBHCUT OT JAH3JeK-
TPUKAa MeXHAy [NpOBOJAMH, a WHAYKTUBHOCTb BO3AYIIHBIX
JUHHH — OT Marepuaja NpPOBOAOB. [yl BOSAYIUHBIX CTasb-
HBIX JUHUH L,= 9 = 12 meu/km, AN MeIHHIX ¥ Oume-
Tannuueckux — Lo 2 men/km, a Co= 0,05 <+ 0,06 mxeh/xm;
151 KabenbHuIX aunub Ly= 0,5 =+ 0,75 men/km, a Cy= 0,03 <+
-+ 0,1 mxp/km *.

IlpoBoAMMOCTL H30JIAIUM BO3AYIUHBIX JIMHHA 33BHCHT
OT TNOrofpl (0OBYHO HpHHHMaercss paBHo# G,= 0,05 . 107°
1/om - KM); IPOBOLUMOCTD H3OJISILHU KaGeJIbHbIX JIHHUA 3aBUCHT
OT THIIa H30JIUMU U npuHuMaetcest Go,= 1077 = 1075 1/om-km.
JIMHHH CBSI3H, Y KOTOPHIX HEPBUYHLIE NAPAMETPhl OCTAIOTCS
HeH3MeHHBIMH IO Bcell IJIHHe, Ha3blBaOTCs OHOPOAHLIMH. Ilpu
pacuetax OAHOPOAHBIX IPOBOAUMBIX JIHHHH CBSI3H IO IepBHY-
HBIM [apaMeTpaM MOJb3YIOTCS SKBHUBAJeHTHOH CXeMOH MJid
1 km uenu (puc. 21). Bce napameTpsl JIMHHH OTHOCSATCS K 1/KM
ABYXIPOBOAHOH IleMM M onpejessiorcs u3 TaGiIdly B 3a-
BHCHMOCTH OT THMIIA JIHHHH M YacTOTHl Nepe]aBaeMoro CHr-
Hasa.

* TTogpoGHEle paHHBle KaGeNbHBIX H BOSAYIIHBIX JHHHH CBSI3H OpH-
BONATCA B clpaBoyHHKax [17].
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BropuuHnie nmapameTpnl nposopHbiX JuHuil. Kpome nep-
BHUHBIX [1aDaMeTPOB MPOBOAHBIE JIMHHM XapaKTepHU3YIOTCs
TaKXe BTODHYHBIMM TNapamMeTpaMH, K KOTOPHIM OTHOCSITCS
BOJIHOBOE CONPOTHBJIEHKE M 3aTyXaHue CUTHAJA.

DNIeKTpOMarHuTHAasl HepPTHsl PACIPOCTPAHseTCsl BAOJb JIH-
HUH B BUJie BOJIHB HANpsKeHHS M ToKa. BoJIHOBOe COMPOTHB-
JIeHUe JIMHUH DaBHO OTHOLICHHIO HANDSKEeHHUS BONHH K TOKY
BOJIHBl M AJS1 Kak[IOH JMHHM B 33JaHHBIX YCJIOBHSX HMeeT
MOCTOSIHHYIO BeJIMUHHY

Z.— (3-31)

A
/
Be/sMyuHA BOJTHOBOTO CONPOTHBJICHHS! 3aBHCHT OT MEPBUUHEBIX
HapameTpoB JIMHUM H YacCTOTH TOKa.

BosiHa HampsuKeHHS U TOKA, NPUXOASINAT K KOHIY JIUHUH,
OTJAeT Harpy3ke BCIO SHEPTHIO TOJBKO B TOM CJyyae, KOTAa
COTpOTHBJIeHHe HATPy3KH Zy DABHO BOJIHOBOMY COMpOTHBJIE-
HHIO JIUHUY Z,. B IIPOTHBHOM C/ly4ae 4acTh SHeprHU BO3Bpa-
maeTcss OT KOHIA JUHHM K ee HayaJy B BHJe OTPa:KeHHOM
BOJIHBI TOKa W Hampsi:keHHusi. CjiejoBaTesibHO, YCJOBHEM Ilepe-
Jaud MAKCHMaJbHOH MOLIHOCTH IO JIMHHM CBSI3U SBJSETCH
PaBeHCTBO COMPOTHBJIEHHS HArPy3KH BOJIHOBOMY CONPOTHBJIE-
Huo JuHud (Zy= Z.). Corsacopanue CONPOTHBJEHHH OGHIYHO
TIIPOU3BOAMTCS BKJIIOUEHHEM HArpysKHd yepe3 COTJIACOBBHIBAIOLIHE
TpaHc(hOPMAaTOPHL.

Ilpu pacmpocTpaHeHHH BOJHBI O JIMHHUHM YMeHBIIAeTcs
HanpsKeHWe 3a CdYeT MNafileHUs] HANpsIKeHHs HAa AKTHBHOM
M WHAYKTHBHOM COIIPOTHBJ/IEHHSIX, TOK—3a CYeT OTBETBJIEHHS
yepe3 pacrpesieJieHHbIe BIOJb JHHHH €MKOCTb H NIPOBOJHMOCTD
H30JIAIMH M COOTBETCTBEHHO MOLIHOCTb CHTHasa. SIBJjieHHe
YMEHbIIEHHS] MOIIHOCTH, TOKA X HANpsKeHHs NPH PacnpocTpa-
HeHHH BOJIHB HAsSHIBAeTCsl 3aTyXaHMeM JIMHHH H 3aBHCHT OT ee
NepBUYHBIX [1APAMETPOB H YACTOTHI TOKA.

BeauurHa 3aTyXaHUs JIUHMH H3MepsieTcsl B Hemepax (xen)
uaM Jeuubesnax (06) M ONMpENessieTCss B YCJIOBUSX paBEeHCTBA
BOJIHOBOTO CONPOTHBJIEHHs! JIHHHY Y CONPOTHUBJIEHHS] HATPY3KH

b= ln%; == ln% = % In gi Hen (3-32)
HJIU
b =20 lg%: = 20lg 1 = 10 gt a6, (3-33)
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rae Uy, I, u P, — HanpsiKeHWe, TOK ¥ MOIIHOCTL B Hadaje
JIMHUH;
U,, I, u P, — HampsiKeHHe, TOK H MOIIHOCTb B KOHIE
JIMHHH.
3aryxaHuio B 1 Hen COOTBETCTBYeT yMeHbILEHHEe HampsiKe-
HHUs (TOKA) B 2,72 pasa uiM yMeHbIIeHNe MOLHOCTH B 7,38 pasa,
a 3aryxaHuio B 1 06 — yMeHbllleHHe HANpsKeHUus (TOKa)
] B 1072 =1,12 pasa wau Moru-
B merfkn / | wmoctm B 10Y0=1,25 pasa.
1 Hen = 8,686 06, a 1 06 =
/ =0,115 #en.
@0 3aryxanue, IPUXOASIIEECS
/ Ha | km uenmu, HasbBaeTCs
f

Kuiomerpuyeckum (). Creno-
BaTeJbHO, NIPH AJHMHE JIHHHH [

b= 1. (3-34)

20
/ Ha pHc. 22 npuBeieHsl KPUBEHIE
12 H3MEHeHUsl 3aTyXaHUs JHHHH
C yBeJIHYEHHEM YacTOThl TOKa.
0 4 8 frei [EcoM  H3BeCTHO  3aTyxaHmue,
Puc. 22. KpuBble H3veHeHns kujto-  AOTNYCKAeMoOe CHCTEMOM CBSI3H
MeTpHYeCKOro 3aryXawus f or HJIM TEJIEMEXaHHKH, TO AJMHA

4aCToThl TOKAa: JUHUHU

1 —cranpuo#t nposopx (d =4 mm); b

2 — 6umetann (d = 4 mm); 8 — Melb l ==,
(d =4 munm). B

HanpuMep, ec/u J0oNyCTHMoe 3aTyXaHue b =3 wuen, a JIMHHA HMeeT
crajapnbie nposoja d =4 mm, To npu uyacrore 4000 ey no xpuso# Ha-
XoxuM (pHc. 22), uto B = 46 muen/km. Torpa

MakcumasnbHas JanbHOCT Hepefaun Ge3 NpPHMEHERHS YCH-
JuTeNiell  ompefesisieTCss 3aTyXaHWEM JIHHHH U JONYCTUMBIME
3HAUEHHSIMH MOINHOCTM B Hadaje M KOHIEe ee. MomHOCTb
B HayaJje JIMHUH BLIOUPAIOT U3 YCJOBHUS JAONMYCTUMOIO BJIMSIHHUS
Ha coceJlHHE IIeNH, 8 MUHHUMAaJIbHOE 3HAUeHHe ee B KOHIIE JIMHHU
ONpefiesisieTcsl YYBCTBHUTEJILHOCTHIO IDHEMHHKA W YpPOBHEM
nomex.

Yposuu nepepaun. [ns ompegesneHusi aGeo/IOTHOH BeJiH-
YHHBl TOKA, HANDSIKEHHS HJH MOIIHOCTH HCHOJB3yeTCs TOHS-
THe 00 3JIEKTPHUECKOM YpOBHe, KakK Jorapume OTHOIICHHS
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MOLIHOCTH, HaTpsKeHHs WK TOKA K HYJIeBOMY ypPOBHIO. B Ka-
4eCTBe HYJIEBOTO YPOBHSI NMPHUHUMAETCS MOIHOCTb Py= 1 mem,
nanpsxenue U,= 0,775 6 u ToK [,= 1,29 ma (n1a uemei
C YUCTO AKTHBHLIM BOJIHOBBIM CONpOTUBJIeHHEM Z. = 600 on).
Ecnn usBectHa BeawurHa Hanpsikenus U, Toka / mim wmou-
Hoct P, TO ypoBeHb

U ) I .
p= lnm Hen, p = 1nr’2—9 Hen; p=4InP nen. (3-35)
VpoBeHb nepefiauu npu P > 1 mem cunTaeTCs NOJOXKHTEIb-
HbIM, a npu P < 1 mem — oTpuuareibsHbiM. PasHocTe ypoB-
Heil B ABYX TOYKax JHHHM DAaBHA 3aTyXaHHIO 3TOTO ydYacTka
IenH

1 P P, 1 P
PL—P2='§(1np-z— HE)——-?lnﬁ:b. (3-36)

Mepenaua TejeMeXaHHYECKUX CHIHAJOB MO MPOBOJHBIM
auudagM. Bo MHOrHX cayyasx Aast pabotwl ycrpoiicts TY—TC
TpeJICTaBJsIeTCs] OTeJbHAsA NMapa MPOBOAOB B KabeqbHOH Jid-
HMM, @ Tepejaua curHanoB TH oCymecTB/seTCs NO BLISOBY
¢ MCHoJb30BaHMeM NapaJieNbHOH mapel. B mpegenax ropona
IS 3TOTO HCIOJb3YIOTCS CBOCOIHBIE Maphl KabenbHOH ceTH
ATC. Tlpu sTOM pacueT KaHa/a CBSI3H AJIsi YCTPOHUCTB AUCKpeT-
HOro JeHCTBHSI 3aKJ/H0YaeTcs TOJNbKO B BBIOODE HAMPSIKEHHS
HCTOUHMKA, NOCTATOYHOTO JJIsi KOMIEHCAlMH 3aTyXaHus IemH.

INepenaua cursanoB TV uiu TC no O4HOH mape IPOBOAOB
OCYIIIeCTBJISIETCS TIOCJIe/OBATEIbHO BO BPEMEHH HIIH C DasHe-
ceHMeM TIO yacToTe. B mocieiHeM ciydae BO H30exKaHHE BJIHS-
HUsSI TIepeJaTIMKOB Ha TPHEMHUKH, HAXONSIIHECS Ha TOM XKe
KOHIEe JHHHH, NPUMeHsIoTCs JnddepeHinanbHbie TpaHcop-
MaTopsl (puc. 23). HacTOTHEIE CHI'HAJIBI, NPUXOASIIIHE C JUHHH,
3aMbIKaloTess yepes OOMOTKH Wi H W, nuddepennuanbHoro
Tpancdopmaropa H GajaHCHBI KOHTYD B5K. Ilpu stom dwepes
06MOTKYy W CHPHa/Ibl TOCTYNAKT HA BXOL NPHEMHHKA IIp.
Brixo mepefaTuuka [I TOAK/MOUEH HA CPejHHe TOUKH OGMOTOK
W, u W, Ilpu paBeHCTBE BXOJHOIO CONPOTHBJIEHHS JHHHH
W CONPOTHBJEHHS! GaJAHCHOTO KOHTYPA TOKH B IOJyOOMOTKAX
W, u W, omunakoBbl. IIOCKOIBKY 3TH TOKH HAmIpaBJeHbI
BCTPEUHO, TO SHeprus B OOMOTKY W He Iepenaercs. Onnaxo
TaK KaK DaBeHCTBO BXOJHOIO CONDOTHBJEHHS JIMHHH H CONpO-
THBJIEHHS GAJAHCHOrO KOHTYpa TPYAHO NOCTHXHMO, TO Iepe-
naua curianoB TY u TC oCymecTBisieTcss Ha Da3/IHYHBIX
YacToOTAX. )

87



Ilpu mocTpoeHHH cuCTeM TeJjieMeXaHHKH JJIS PaccperoTo-
YeHHBIX OOBEKTOB K OJHOH NPOBOLHOH JIMHHH MOJKJ/IIOYAeTCs
neckosarko HII. Tlo stofi nuHuu mepenaiot curnans 7Y, TC,
TH, a takxe TeseoHHOH CBsi3m. B 3ToM ciydae cucreMma
OOLIYHO CTPOMTCS C IOC/eLOBaTeNbHEIM BO BpeMEHH HCIIOJIb30-
BaHueM nuHuH cBs3u. Curnansl TC u TH oT oTAe bHBIX 00beK-
TOB, DACHNOJIOXKEHHBIX Ha pasnuyHbelx HII, mnepepaTcsi™ IO
omnpocy ¢ JI1. T1lpu nomowu ycrpoiictsa TV BriOHpaeTcs 3a4aH-
Huid HAI1. 3arem Ha faHHOM HJI MOTYT NPOM3BOZMTLCS HOCJe-
JIOBaTeJIbHO BO BPeMEHH OMNEPAIMH TeJeyNpaB/eHHs] IO Ko-
5 MaHgam ¢ /J[I1 u Bbljaya CHTHAJIOB
n TC u TH, a npu Heo6XOLUMOCTH U

TejiebpoHHAs CBs3b. Eciu B cucreme

I W € paccpefoOTOYeHHBLIM PACHoJIoKeHHeM

00bEKTOB HeOGXOAUMO NepeaaBaTh 1o

W, ONHOH JHHHH TOJbKO curHajgsl TV

—_— € y TC, 10 yacro ycrpoiicteo TY—TC

CTpOUTCH TaK, 4TOOB curHamsl 1TC

Ws| 4 or pasimunbix HII nepenaBamuch

Ha HeCOBNAJAMIIHX YacToTax, KOTo-

" pele Ha [III pasgensoTcss IOJIOCO-

BbIMH (uabtpaMu. [Ipu HeoGxomu-

p MOCTH Tepefadd currasoB T Terne-
uc. 23. CxemMa BKJIIOUEHHUS

nudbepenuansoro Tpanc. CHIHAIH3AIKS OTMEHSIETCS, CHIHAJBL

dopmaTopa. 3anacatotcst Ha M1, a mocjie OKOHYa-

Hus curnana TV nepepatorcs Ha /7.

Eciu Heo6X0AMMO OPTraHH30BaTh HECKOJIbKO HE3ABHCHMBIX
TeJleMeX aHHYECKHX KaHAJI0B CBS3M Ha OJHOH NPOBOLHON JIMHHH,
TO TpUMeHsieTCsl annaparypa, aHaJOTWYHAas amfapaType uac-
TOTHOro TeserpadupoBanus. Jljas 3TUX Leseldl BBIIyCKaeTcs
annaparypa tuna TMTM, npennasnagaemas AJsi nepefadu
CHTHAJIOB TejleMeXaHHUeCKHX YCTpPOHCTB B TOHAJbHOM JHamna-
30He N[O MeTONYy YacTOTHOH MOAYJISILMH MM MaHUIYJISILHHU.
Anmaparypa paccuuThiBaeTcsl JJs Iepefadd CHTHAJIOB IO
LIeCTH KaHajaM ¢ JoObIMH HeCYUHMH YacTOTAMM M3 YHCJa
NPUHATEIX B anmapaType ToraabHoro Tejerpaga TT 12/16.
Hecymye 4actoTel KananoB onpefessiioTCsl U3 BbIparKeHHUs

f, =450 + 180(n — 1),

rie n — HOMep KaHaja (ot 1 go 16).
B anmaparype TMTM umeercst auddepeHunanvHas chcre-

Ma, obecreynBalomas JBYCTOPOHHIO Iepelayy IO OJHOM
nape IPOBOJOB.
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Bo3amoxkHO ©o6pasoBaHHe [0 YeThIpeX NPAMEIX KaHAJIOB
U IByX — cOpaTHBIX UK HAa060poT. [lonycTuMas yacToTa curuasna
TH we pomxHa npeBbumath 23—45 2y, a wuacToTa CJejio-
Banus uMmnyaecoB 17¥Y—TC — no 50 600.

B amnaparype tuna TMTII nammbl 3ameHeHHI TpaH3HCTO-
paMH M BHeCEeHbl HEKOTODBIE YCOBEPLIEHCTBOBAHHS B CXEMY
H KCHCTPYKIHIO. )

Hns yniorTHeHHS TPOBOAHBIX JIMHHME KaHAJIAMH TeJieMe-
XaHWKHM TakmKe Hcrojb3yercss ammaparypa KII-58-TM, koto-
past 06pasyeT CeMb KaHAJIOB TeJeMEXaHHKH, H3 KOTODBIX LIECTh
UMeIOT Hecymue uactoTel 1050, 1220, 1410, 1560, 1870 u
2150 ey. Cenbmo#t KaHasn TNpegHasHayaeTcs AJIst 6eICTpOLIEH-
CTBYIOIIEH amnaparypbl TeJeMeXaHWKH ¥ 3aHHMaeT AMANasoH
300—800 ey. B HacTosmiee BpeMs BBIIYCKAaeTCs anmaparypa
KII-569-TM.

BbiGop CTPYKTYphl KaHaloB CBS3H st PaccpedOTOYEHHBIX
00bekToB TY — TC. B psge orpacieil HapogHOTo X03s1HCTBA
MHOTOYHCJ/IeHHblEe OOBeKTHl, MNOAJEXKAIHE TejJeMeXaHU3aluy,
paccpefoToueHsl M pacroJiaraotcss BAOJMb JHHHE (TpPyGompo-
BOJIbI, OPOCHTeJIbHBIe KAHAJBI, CHCTEMH JajTbHell CBsI3H, KeJes-
HBIE JOPOTH) MJIM MO IIOWAAM (HedTsHBle M Ta3oBHE MNPO-
MBIC/IBI, NPOMBIILIeHHble KOMOHHATHI, a5POAPOMBI H T. IL).
Ot paccpenotoueHHble 06beKTol TV —TC mpu TejeMeXaHHU3A-
LUK JOKHBI KOHTPOJHPOBATLCS U YHPABJAATLCS C OLHOTO MJIH
Heckonbkux JII. TIpu 3TOM Heo6X0AMMO OGOCHOBATH BEHIGOD |
CTPYKTYPHI KaHAJIOB CBS3H, COYeTalOIell BEICOKYIO HaJeXKHOCTh
C 5KOHOMHYHOCTBIO M YAOOCTBAMH 3SKCIJIyaTallMH.

Ananu3 cTpyKTypHl KaHajoB cBsisu [19] nokaswiBaer, uto
1t o6bektoB TY—TC, paccpefloTOYeHHbIX M0 IUIOUIA/H, NIPH
HCIONB30B2HUU AJ TeJeMeXaHU3alluh MPOBOAHLIX JHHUH
HauboJsiee 11e7eCO00PA3HBIM SBJSETCS KYCTOBOH IPHHLMII IIO-
" cTpoeHHst cuCTeMbl, KOrfa Bce M ] B 3aBHCHMOCTH OT HX pac-
TIOJIOXKEHHUS] JesIATCsl Ha TPynnel (KYyCThl), KOTOpHIE CBSI3HIBA-
1otcq ¢ obmum J[/I oTAeNbHBIMH JIHHMSAMH cBsi3u. Ilpu stom
Bce HMI] naHHOrO KycTa NPHUCOENHHSIOTCS HENOCPeNCTBEHHO
K ofIlei JIUHUH CBSI3H (PHUC. 24, @) WM Yepe3 [ONOJHUTE I bHbIE
OTpe3KH JiuHuH (puc. 24, 6).

UTo6H NOBLICHTb HAJeXKHOCTb PaloThl cucTeMel, Bce HIT
NOAKJIOYAIOTCS K JIMHMH, KaK NPaBHJIO, NapajjieibHO 0e3 ee
paspuiBa. OnTHMaJbHOE C TOYKH 3DeHHSI HANe:XKHOCTH U KO-
HOMMYHOCTH YMCJO KycToB Nx 3aBHCHT oT KosuwuectBa HIT
B cHcTeme (puc. 24, 8).
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Ipu Tenemexanusauuu oGbEKTOB, PACCPEIOTOUEHHBIX BIOJb
obiieft UHHYM (TPyOGOIPOBOABI, CHCTeMBl AaJbHEH CBSI3M, OpO-
cuTeNbHEIE KaHajsl M JAp.), obopyAyioTcs palionHble JII,
KOTOpble DasMelaloTCsi PAaBHOMEPHO IO JAJHMHE M IO cpe-
IuHe KycToB (puc. 24, ¢). Or pafionneix [[II uHpopmanus
HOCTymaeT Ha UeHTpajbHblil /[[/] no OTHesNbHBIM KaHaJjam
CBSI3H.

IMpu ucrnosib30BaHUK PafHOKAHAJIOB 11e/1ecO00pa3HO JeNHTh
HII na rpynnel ¢ nepefaveir TC Ha onno#t obuiei BosiHe. Ecau
KOJIH4eCTBO MHGpOpMALHHK, IepefaBaeMoil oT Kaxkpmoro HII,
CPaBHUTEJLHO HEBEJIHKO, TO NPH TaKOM

30

25 »

2 /

5 | |
5 3040 80 200 300 Ny
8 2

Puc. 24. Bupgel KaHaloB CBS3H /I PaccpeOTOYEHHEIX OOGBEKTOB:

a — Hemocpe/iCTBeHHOe NpHcoefuHeHHe HMIT K ofuelt JHHMH cBsisH; 6 — KpeBOBHJ-
Hasi cXema MNpHcoefijnHeHHs HII; ¢ — KpHBasi 3aBHCHMOCTH_KOJIHYecTBa KycTOB N i

or uHcna HIT B cucteme Nyp; e—cxema npucoesunenus HII, pacnoloxeHHbIX BROJMb
obulett JuHHM,

TIOCTPOEHHH CHCTEMBI BEpOSITHOCTb noTepH curHana TC
(B cayuae oLHOBpeMeHHOH nepepavu TC 0T HeCKOJbKHUX
HII) He3HauuTesbHA.

Pacyer kaHasoB TeseMexaHMKHM J1Jd paccpeloTOYEeHHbIX
00BbEKTOB C y4eTOM IIYHTHPYIOWEr0 ReiCTBUA ammapartypsi,
BKJIIOYEHHOH B NpoMeXyTOYHBIX NMyHKTax. Ha puc. 25, a opu-
BelieHA SKBHBANIEHTHAsI CxeMa JJis1 ONpefeJieHHsl IIYHTUDYIO-
mero JeHCTBUSA annapatyps ¢ BXOAHBIM CONPOTHUBJIEHHEM Za,
BKJIIOYeHHOH Ha NPOMEXKYyTOYHOM NyHKTe 2. B Hauaje JUHUH
BKJIIOUEH I'eHepaTop, a B KOHIe JHHHH — HaArpyska C COIpo-
THUBJIEHUSIMH, DPAaBHBIMH BOJHOBOMY CONPOTHUBJIEHHIO JIHHHH.
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ITpu OTK/MIOUEHHOM COMPOTHBNEHHH Z, TeHepaTop MOCkH-
JIaeT B HAarpys3ky TOK

E
I 1= 57 »
2z,
a MpH HaMuuuu Z,
I E
= .
2=z, +Z"(z N Z,Z, )
Za . Za + Z.rl
/ 2 3 KMy K1, K0,
I 12 an
R
Z, Zg 2, . ko, 0y
Zn z '
I3 Zn Zp
a ‘7— by —=
2
ﬂﬂ, Mﬂz an b
8
R
Zﬂ Zﬂ
Z
a - Puc. 25. CxeMbl K pacueTy KaHaljloB Tefe-
& y MeXaHHKH C PaccpefOTOUYEHHEIMH OGBeK-
£ TaMH ynpaBlieHus:
a — JNs onpefie/leHHs WIYHTHPyIOIero peft-
L_ [,, . CTBHA TNPOMeXYTOYHBIX IYHKTOB; 0 — Jas
b onpeneyIeHHss JOINOJNHHTEJBbHOIO COINPOTHBIIE-
6 HHA; 6 — K IIpUMepy pacueTa JIHHHH CBA3H.

CnenoBaTenbHO, 3aTyXaHHe, BHOCHMOE UIYHTHPYIOMMM Je-
CTBHEM COIPOTHUBJIEHUS Z,

fat iy g Al )
Za 7 Za"'z.rl

I Zy
: o ~In[t+ 52/ 337

Iy

by=1In =In

Ecnu Za=Z,, TO
by = In 1,5 = 0,405 wen. (3-38)

Uto6bl yMEHBIINTb 3aTyXaHHe, BHOCHMOE IIPOMEKYTOY-
HbHIM TNYHKTOM, €ro BXOJHOE COIPOTHBJEHHE YBENHYHBAIOT
BKJIIOUEHHEM JOTOJHHTEJILHOTO ConpoTusenns. OfHako po6a-
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BOYHOE CONPOTHBJIEHHE YBEJIHYHBACT 3aTyXaHHe LeNH AJs
NPOXOXKAEHHs CUTHA/MA OT MPOMEXYTOUHOrO HCIOJHHTEIbHOTO
nyukra (MIT) x pucnetdyepckomy nyekty (JIT).

3aryxanue, BHOCUMOE JOGABOUHBLIM CONPOTHBJIEHHEM Ry
B y4acTOK KaHaja CBs3u Mexay HIl, u JIII, onpenensieTcs us
crenyromux coobpaxkenuit (puc. 25, 6). Korpa R, = 0 rene-
paTop IMpOMEKYTOUHOTO I/IH2 HOCHIJIAeT B MOJIE3HYI0 HAarpyskKy
TOK

E E

7N 9z, 1z’
2(Za+5“) atZa

11-_—

ampu R; >0

I, = E E

7\ 97, +Z +9R;"
frrey) BT

CrnepoBate/ibHO, 3aTyXaHHe, BHOCHMOe J0GaBOYHBIM COTpPO-
THBJIEHHEM R; B y4acTOK KaHaja cBsisu mexny M1, u JAII,

2Z, 4+ Z, + 2R,
2Z, + 7,

I _ 2R,
I =1In 17,

bn = ]I’I [2

1

=In |1+22

a B obweM BuJe AJsA J0OOOr0 ydacTka

(3-39)

. 2
'bnn=1n|1+2—za—|-nzn .
TMpu Z, =2,

b, = (3-40)

2R,
L+ 57

D710 IONONHUTEJHHOE 3aTyXaHWe B CyMMe C 3aryxaHueMm b,
yuacTka oT M1, no /Il He AOMKHO NPEBbIUIaTb MAKCHMAalbHO
JIONyCTUMOR BeJIMUMHBL 3aTYXaHUS MeXKAY OKOHeUHHIMHU INyHK-
TaMU Pmax 32 BBUETOM 3aTyXaHHsI, BHOCHMOIO IIYHTHP YIOUIHM
JIeFiCTBUEM JIeBOH IIOJIOBHMHBI JHHHHM CBsisu. CJel0oBaTeJIbHO,

by, + b, = bmax — bu, (3-41)
a npu Z, = Z, u3 Bepaxenusn (3-38)

ba, -+ bn = bmax — 0,405
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HJn

bg, = bmax — b, — 0,405. (3-42)
U3 ypaBrenu#t (3-42) u (3-40) monyuaem
1n| I+ §§: — bimax — b, — 0,405
HJH

Tak Kak e%4% = 1,5, 1O
R, = Z, (etmax—bn — 1,5). (3-43)

Eciu 3aryxaHue JIMHHM 3HAYUTEJIbHO MEHbUIE bpax, TO AJ
onpesenerusi R, B Bhipaxenue (3-43) MOACTAB/SIETCs] BEJHUHHA

bmax +b

by = —5

(3-44)

[pomesxyTouHsli MYyHKT HJI BHOCHT B KaHasl CBSI3H MEXIY
OKOHEUHBIMH MYHKTAMH 3aTyXaHHe by, n , BeIMUHHA KOTOPOro
u3 Boipaxkenus (3-37) npu Z,=Z;+ R

Z

'bﬂ‘n = In 1+'2—(1—?-q_ﬂ—z')—5' .

(3-45)

I OKOHeYHOro NyHKTa CyMMa IIOJHOIO 3aTyXalMs JHHUU
¥ 3aTyXaHwusl, - BHOCHMOTO NPOMEXYTOUHBIM NyHKTOM HII
JIOJIKHA OBITh

b+ bu.n < bmax. (3-46)

ITpH HeCKOJIbKMX NPOMEKYTOUHBIX MYHKTaX

H. T,

b + 2 bK. n < bmax. (3'47)

H. Iy

Jnsi mpoMeKyTOYHBIX ITYHKTOB CJIEflyeT TakKxke YYUTHIBAThH
3aTyxaHue, BHOCHMOe AO0ABOUHLIM CONPOTHBJIEHHEM, M IIYH-
THpYylolee JeHcTBUe JeBOH IOJIOBUHBI JIMHHH, KOTOpOe B COOT-
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BeTcTBHH C BhpaxenueM (3-38) mpuHuMaercss pasubiM 0,405.
CrnenoBaTeibHO, AJIA NPOMEXKYTOUHBIX IYHKTOB
H. n,,_l
b+ bz, + X bun+ 0,405 < biay. (3-48)
H. Iy
Paccuntaem p06aBoYHEE CONPOTHBJEHHS O/ CXeMBl, NIDHBEAEHHOH Ha
puc. 25, 6 npu b, = 3,5 nen, by =0,5 nen, by=1 nen, b= 1,5 nen.
Wz ypaBHenHs (3-44) '

b = 2,5 nen.

_35+15
p="g

Hs ypasuenus (3-43), npunuMas b, = b,
R =2, (e¥5 05 —1,5) =627,
Ry=2, (62'5_1 —1,5) =3z,

VB Bripaxenus (3:45)

by n, = In|l+ 22—3;2411 = 0,07 nen;
by n,=1njl +2—?-‘112T1 = 0,11 nen.
Hs Buipaxenns (3-40)
by, = In|l 4 2 32? = 1,6 nen;
bq, =In|l+ 2 agf'" = 1,1 nen.

Jast oxoHeuyHore nyukra HMII, u3 ypaBHenus (3-47)
1,5 + 0,07+ 0,11 = 1,68 nen < b,y
Jas NpoMexyTOUHBIX nynx'roé HIT, u HII, u3 ypaBHeynsa (3-48)
1 41,1 4+ 0,07 + 0,405 = 2,7 < b_..;
0,54 1,6 4 0,405 = 2,6 < b,

§ 8. HICRAJKEHHA B KAHAJIAX CBA3H

HckaxeHnsi CHrHaloOB NpH Iepejade HX IO
KaHajaMm CBA3H BO3HHKAIOT BCJIEACTBHE BO3JEHCTBHS 3J€MeH-
TOB KaHasa (NMHeHHble N anmnaparypHble HCKAKEHHs), a TaKKe
H3-3a NPOHHUKAIOIIHX B KaHaJjd IIOMeX OT COCeIHHX KaHaJiOB
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(mepexofiHple TIOMEXH) H aTMOCHEPHBIX MJIH MHLYCTPHAIBHBIX
nomex *.

JIuHeliHple MCKaXKEHHs CHTHAJIOB BO3HHKAIOT NPH UX IIPO-
XOXKJAEHUH IO JIHHEHHOH ILleMH, a annapaTypHble BCJEACTBUE
HeJIMHEHHOCTH OTHEJbHBIX 3JEMEHTOB ammnapaTypbl W OrpaHH-
YeHHUs ee MOJIOCH NPONMyCKaHus. Pe3ysbTaToM 5THX HCKaxeHHH

AIBJISIOTCSA HM3MEHCHHS1 ITI€PBOHAYaAJbHBIX

aMIUTATYAB, GOPMBEI ¥  JJHTEJIbHOCTH M
CHTHAJA. u

JIuHeiliHble HCKakKeHHs] CHTHAJOB _|
TY—TC. TenemexanuueCKue CUTHAJIBI

YacTo MPEICTaBJsIOT Co0OH Nepuoiu-
YeCKyI0 IOCJIeJOBATeNbHOCTb HMITYJIb-
coB (puc. 26, a). Takyio cepuio HMIYJb-
COB MOXHO IIPEICTaBHTb COCTOSIIEH U3
NIOCTOSIHHOfl caiarawomes 1 psifa CHHyCo-
HIAJbHBIX COCTaBJSIOMWHKX (IaPMOHHK),
nepBasi U3 KOTODBHIX (OCHOBHAst rapMmo-
HHKA) HMMeeT YacTOTy CJ/eJOBaHHS HM-
nynbcoB (puc. 26, 6)
fi= 2. (3-49)
n
Bricuive rapMOHUKH — COOTBETCTBYIOT
PSLY HEUeTHBIX YHCeJ, KPaTHBIX dac-
TOTe OCHOBHOM rapmoHUKH 3f;, 5fy,
7f1, ..., nf1. ITlpuueM ammauTyza rap-
MOHHK yOblBaeT C YBEJHYEHHEM HX
HoMepa.
Brlpaxenue pJis  TEPHOAHYECKOH
NOCJIe JOBATEJbHOCTH  IPSMOYTOJIBHBIX

HMIYJIBCOB TIPH Iy =~ , PasJIOKeEH-
HOH Ha rapMOHHKH, MMeeT BHJ
U . .
u(t)=-5+ U;sin ot + Ussinwyt +

rge

thl.t

A A
N

L\
-/

u 6

L\ ™M
L/ t
2

Puc. 26. Popma cura-
Ja TOpH OrpaHHYEHHH
creKTpa HocJiefoBaTelb-
HOCTH NPSAMOYTOJBHEIX

HMITYJIBCOB:

a — IoC]eA0BaTeNbHOCTb
NPSIMOYTOJBHBIX  HMITYJIb-
COB; 6 — OCHOBHas TapMo-
HHMKa; 6 — NDH OrpaHH-
YEeHHH CNEeKTpa CHrHana
TpeTbeff rapMOHHKOR; 2 —
NpPH OrpaHHYeHHH — MATOR

TapMOHHKOH.

t

coo + U, sinw,t,
(3-50)

* [loMexH B KaHajaX CBSI3H H NOMEXOYCTOHYHBOCTH TefeynpaBieHHS

paccmoTpeHsl B 1. VI.
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Ha puc. 26, ¢ nokasana dopMa cursHajsa npu OrpaHUUYeHHH
10cJ/1e40BaTeIbHOCTH NPSIMOYTOJIbHBIX UMIIYJIBCOB TPETheil rap-
MOHHKOH, a Ha puc. 26, & — NATOH TapMOHHKOM.

Ilpoxosist o TUHUY, TAPMOHUKH IIPSIMOYTOJIBHEIX UMITYJILCOB
3aTyXalOT He OJHHAKOBO, TaK KAaK C YBEJUYEHHEM YaCTOTHI
TOKa 3aTyXaHue BoapactaeT. IJosTomy B KOHuE JHHHH CymMa
rapMOHHK IpHOGpeTaeT GopMy, OTIHUHYIO OT (PUPMBI UMITYJIbCA
B HayaJe JIMHHMH, CJIEOBATe/JbHO, BO3HMKAIOT aMILIUTYLHBIE

uckaxenus.. Kpome TOro, BO3HH-

N KaloT Takxke (a3oBble  HMCKaxke-
j g HUsl, BCJEJCTBUE HEQIUHAKOBOH CKO-
&» = POCTH PaCHpOCTpAHEHHs TapPMOHHK

N N0 JIMHHU. OTH aMIUIATYAHO-(a3o-

t tt, t  Bple HCKaKeHHSI YMEHBINAIOT II0JIe3-

a HYIO JJIHTEJbHOCTb HMITYJbCOB (PHC.

4 27, a). TIpsAMOYrONbHBIH HMITYJIbC

‘1'—— o= B Hayajge JIMHUH MMeeT IJIUTeJ]b-
1 \ ; \  HOCTb

! fy = t2 — tl'
et =t t Tlocje NPOXOXKACHHS NO JIMHUH HM-
& NyJbC UCKaXKaeTCsl, BCJEICTBHE YETO

i IpHEMHOE  IIOPOrOBOE  YCTPOHCTBO
f:;;f;&éjkxme}mﬂ PopMECrokoM cpaGateBanms Iy, M OTHyC-
@ — aunanryaro-basosse me-  KAHHSA Jorg CPaAOaThIBAeT H OTMYCKaeT
Kaxedux INTybca; 0 — Mcka-  He B MOMEHTBI f1H 75, @ B MOMEHTHI ¢

T . 4
u t,. Ilpu sToM AnuTesnbHOCTH pado-
4Yefl YacTH HMIyJbCa COKpauiaeTcs
t, —t; <ty
JL1s. yMeHBbIUEHUsl aMIVIMTYAHO-(DasOBBIX HCKAXKEHWH aMIlid-
TyAHBIE H (pasoBble XaPAKTEPUCTHKH KOPPEKTHPYIOTCS BKJIO-
UEeHMEM B JIMHHIO COOTBETCTBYIOIIMX BLIPABHHBAIOLIMX 3Je-
MEHTOB.

Ilpu HecornacoBaHHBIX HArpyskax HaO/IOAAIOTCS JOIOJ-
HMTe/IbHBIE HCKaXKEHHsI, 0OyCJOBJEHHbE NeHCTBHEM OTpPaxeH-
HBIX CHTHaJIOB. BcesefcTBHe 5TOTO TaKKe M3MeHsercs dopma
CHT'HAJIOB, MOCTYNAOMMUX B [IPHEMHUK.

AnnapatypHbie McKamKeHusi. ANNapaTypHble HCKaKeHHS
CUT'HAJIOB CBsI3aHBI C OrPAHHYEHHEM IIOJIOCHl MPONYCKAHUS
MPHEMHON amnaparypsl. BeseacTBue STOro HaGMIOAAETCsT HCKa-
xeHWe (POHTOB HMIYJIbCOB, TaK KAaK TOK YCTAHABJIMBAETCS
He MTHOBEHHO M HCuyesaeT He cpasy (puc. 27, 6).

Ecaiu cuutare, 4To ycTaHaBAMBAIOWMACS POLECC PH BKJIIO-
UeHHH 3aKOHYMJCS, Korga TokK poctur 90% maxcumanbHOro
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3HAUeHusi, a TPH BBIK/IIOUEHHH cooTBeTcTBeHHO 10%, TO
BEJIMYMHA 3aMasbIBaHMs

(3-51
=8, )
rie Afqp— IIMpHUHA. MOJOCH INPONYCKAaHHUs alnaparypsl.
Ilpu © > ¢, nmepegaua HMIYJBbCHBIX CHTHAJOB HEBO3MOXKHA.

Ecnn TpeGyercss mnepefaTh TpPeTbi0O TapMOHHKY CHTHAJa,
TO HeOOXOAMMAsl IIMPHHA MOJIOCH

315 .
Afrp = %=1 (3-52)
a TpH Tepejaye MsTOR I‘apMOHPIKH
2,5
Afmp = 5— =7 (3-53)

Mepexonnbie nomexu. B3aumHOe BJHAHHME MEXKAY LEMSMH
CBSI3H OGYCJIOBJMBAETCS HAJMYHEM EMKOCTHOH M MAarHUTHOH
cBsizell mMexny HumH. Ilpum 3TOM BO3HHMKAIOT NepeXOAHBIE MO-
mexu. KosimyecTBeHHAsi OLEHKA B3aUMHOTO BJIHSHHS MEXAY
IeNsIMH ONpEefe/sieTCsl BeNTHUYHMHAMHM IePeXOAHBIX 3aTyXaHHu#
Ha OJIMKHEM M JaJbHEM KOHIaX.

Ecnu ypoBenb nepefaus Biusiioledl Liend pi, 8 YPOBeHb
MepexofiplXx IOMEX B IEMNH, MOABEPKEHHOH BJHUSHUAM, pg,
TO INepexofHOe 3aTyXaHue

brep = P1 — P

IepexonHoe 3aTyxaHue Ha BO3/YIIHBIX JHHUSIX CBSI3U HA CIHK-
HeM KOHIe (TaM e Ifie BKJIOYeH MCTOYHMK MeIIAoNiuX CHTHA-
JoB) npu uactote 800 ey He HOJIKHO OHITH MEHbIIE

buep = 7,5 + 5 N,

rge N — KOJMYeCTBO YYacTKOB LENH MEXKAY YCHJIMTEeJbHEIMH
MyHKTaMH.

[lepexognoe 3aTyxaHue B KODAEJNbHBEIX Kabenax MexXAy
JMOGHIMU MapaMH JKHJ Ha JIoOOM KOHIE JOJIKHO OBITh HE MeHee
9 nen mpu uactote 800 2y.

YMeHbUIEHHE B3aMMHOTO BJIMSAHHS MeXNy BO3AYIIHBIMH
LENsIMH JIOCTHraeTCss CKpPElIMBAHHMEM, a MeXAY MapaMH KHJI
B Kalejie — CKPyYyMBAaHHEM B TDYNIBl C PAasJHYHBLIM LIATOM
ckpyTkH. Kpome Toro, ypoBeHb IOJIE3HOrO CHUTHAJIA OrpaHH-
4yuBaeTcA.
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§ 9. DJIEKTPAYECKUE YACTOTHBIE
OUJIbTPbI, NPUMEHAEMBIE
B KAHAJIAX TEJIEMEXAHHUKH

YacToTHHIM (QUJIBTPOM HA3HIBAETCS UETHIPEX-
MOJIIOCHHUK, oOsafamomuil  #36UpaTeNbHOCTBIO, II0J, KOTOpOH
MOHUMAETCsl CIIOCOGHOCTb BBIAE/ATh ONpENeJNeHHBbIH JAHanasoH
YacTOT M3 BCEro CMEXTPa YacToT, NOCTYMNAIOMMX HA €ro BXOM.
B noJsioce nponyckanusi GUIbTPa TOKH MPOMYCKAIOTCS € HeGOJIb-
IIAM 3aTyXaHueM, a BHE 5TOH IMOJOCHl — ¢ O6OJBIIUM 3aTy-
XaHHUeM.

B 3aBucuMOCTH OT MOJIOCH! IPONY CKaHUSA (DHJIBTPHL AeJSTCH
Ha:

a) GuAbTPH HWKHUX 4acToT (PHY), mponyckawoouie TOKH
C 4acTOTamH OT HYJisi 4O ONpefesNeHHOH YacToThl f. (dacrtora
cpesa);

6) ¢uabTpE BepxHHX yacToT (PBY), mpomycKamomue TOKH
OT OIpefieJIeHHO! YacTOTHl fo A0 OECKOHEUHOCTH;

B) N0JI0COBBIe GuJbTPH (/IP), MpolycKaomye TOKH B oIpe-
JeJIeHHOfl MoJIoce 4acToT OT f1 RO fa;

r) sarpaxpawonmye GuabTpel (3P), He TPONYCKAIOIHE TOKH
B II0JIOCE YACTOT OT [ J0 fa.

B 3aBucuMocTH OT NIpPHMEHSIEMBIX B CXeMe 3JIEMEHTOB
¢unpTpul  genstca Ha LC-¢uaptpel 1 RC-punbrpel. Hau-
6oJiee mWHPOKO NpuMeHsoTCs LC-GubTpHL.

KauecTBo ¢uibTpoOB OmNpenessioT XapaKTePHCTHKH 3ary-
xaHusi, ($a3oBOro CABHra M XapaKTePHUCTHYECKOTO CONMPOTHB-
JieHHsl. XapaKTepuUCTHKA 3aTyXaHus (PUALTPA SBJISETCS HaH-
6oJiee BaXKHOM, TAK KAK OHA ONpPEJENseT ero H3GHPaTeJbHOCT.
Xapakrepuctuka (ha3oBoro CABHra B IIOJOCE IIPONYCKAHHUS
OIpefesisieT YacTOTHO-(asoBble HCKAKEHHUS, BHOCHMBbIE (PHJIb-
TpoM. YacToTHasih 3aBHCHMOCTb XapaKTEPUCTHYECKOTO COMPO-
THBJIEHHS B I10JI0CE MPOIMYCKAHHs OIpefessieT BOSMOKHYIO CTe-
NeHb COrJIacoBaHUs (PUILTPA C HATPY3KOH, a B MOJIOCE HENTPOITyC-
KaHWs XapakTepu3yeT NPUrOAHOCTb (GUIBTPA AJIs Iapasliesb-
HOH pafoThl B MHOIOKAHAJILHO! anmapaType KaHaJoB CBS3H.

®unbtpbl THNA K. OusnpTpatamu THna K HashBAIOT TaKue
(GuabTPHl, y KOTOPHIX IOC/EfOBaTeJbHble H IapaJljiesbHble
TUIEYH SIBJISIIOTCS OOpAaTHBIMH ABYXIIOMIOCHHKAMH

2122 = RZ, (3'54)

rie R — HOMHMHA/NbHOE XapaKTepHCTHYECKOE COIPOTHBJIEHHE,
ABJISIONIEECS] NOCTOSIHHOR  BesH4HHO. Cxembl (HIBTPOB
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HIXKHUX 4acToT THna K M XapakTepuCTHKA 3aTyXaHus MpH-
BefleHBl HA puc. 28, rie ’ ’

Z, = joL;
1 3-55
Zy =1z (3-59)

04t 05L 05L
;-MT‘; g,_fV\TN\__q o . 7~ V\ 2
05¢ -|- 4 T 0.50% JFUJC

3
& ® 2 - ¢ 2 @ -2

a 7 6
)]
i
Puc. 28. CxeMbl GHJIBTPOB HIXKHHX YacTOT TH-
na K:
a — T-o6pasnoe nonysseno; 6 — T-o6pasHoe 3BeHO;
7 Ff oe— Il-o6pa3Hoe 3BeHO; & — XapaKTepHCTHKa 3aTy-
c.- XaHHd.
e»
s Buipaxenuit (3-54) u (3-55), mosyuaem
T
R=) L. (3-56)
2¢ 2c 2¢ ¢
— — =
2L L 2L 2L
a .0 6
8
Puc. 29. Cxembl GUIBTPOB BepXHHX yacToTr THna K:
a — TI'-o6pasHoe moJsy3BeHo; 6 — T-o6pa3Hoe 3BeHO;
¢ — I1-06pasHOe 8BEHO; & — XapaKTepHCTHKA 3aTyXaHHd.
fe f
2
YactoTa cpesa ompejessieTCsi H3 BHIPaIKeHHs
1
= — 3-57)
c .
f =V LC (
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Us euipaxkenuit (3-56) u (3- 57) nojiyyaeM

L = =

fc
C=gm ¢

Cxembl ¢uIBPTPOB BepXHHX yacToT THna K u xapakre-

pHCTHKA 3aTyXaHHS NpUBeJeHbl Ha puc. 29, rge
1

(3-58)

Zi=pc’ (3-59)
Zz == jO)L
85L, 2¢ ast, ¢, 26', QoL
g gy
a5, 2L, G, 2y [mz

6 N
‘ Puc. 30. CxeMBl 1OJIOCOBHIX (HJIBTPOB THNA K:
a — I'-o6pasHoe mnosysBeHo; 6 — T-o6pasHoe 3BeHO;
¢ — Il-06pasHoe 3BeHO; & — XapaKTepHCTHKa 3aTy-
xamm
o RS

Yacrora cpesa onpegenaeTca U3 BBIPAKEHHsI

fe= m (3-60)
Us Bripaxenuit (3-56) u (3-60) wumeem
L=2=X eH;
‘W (3-61)
C= ——4n R o.

CxeMbl TOJIOCOBEIX (HABTPOB THNA K M XapakTepHCTHKA
3aTyxaHus l'IpHBe}.IeHbI Ha puc. 30, rae

fo—1F1 4.
n\( 7 o C, = yrTS b;
L R (f22 —ffl)) C TtRflfz (3'62)
2T AR, TR (fa AN
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ITo 3aryxaunuio u (a3oBEIM xapakTepuctukam T- u IT-o6pas-
HBIe 3BeHbsl KaXKJIOTro THHA (PUJIBTPOB PABHOLEHHH], & COOTBET-
CTBYIOI[HE XapaKTePUCTHYECKHE CONPOTHBJIEHHS IOJy3BEHbEB
B JiBa pas3a MeHbIe 3BeHa.

Hns mapasiesnpHOfl pa6oThl OOGBIMHO NpuMeHsioT T-06pas-
Hble 3BeHbsl, TAK KaK HX XapaKTePHCTHYECKOEe CONPOTHBJEHHE
B T0JIOCE HENPONYCKAHUsI HEIIPePHIBHO BO3PACTAET H B MEHbLIEH
CTEeITleHH LIYHTHPYeT TOKH COCEJHMX KaHaJIOB.

CylecTBeHHBIM HENOCTaTKOM (HJIbT-
poB tHna K sBJjsieTCs1 pe3koe H3MeHe- L=05mL L=05mL
HHE YacTOTHOH 3aBHCUMOCTH XapakTe-
PUCTHYECKOTO CONPOTHUBJICHHSA B HOJOCE
IIPONyCKaHUsl, B pe3yJbTare Yero Io-
SIBJISIETCST  HECOTJIACOBAHHOCTb (PHJIBLTpPA
¢ Harpyskoif. Kpome TOro, OUIBLTPH
THna K HUMEIOT CpaBHUTENbHO He(OJb-
IIyI0 KPYTH3HY XapakKTePHCTHKH 3ary-
xanus. s noBbileHUs] KPYTH3HHL Xa-
PAKTePHCTHKH 3aTyXaHHsl IPUMeHsIoTes: |6 1\

MHOTO3BEHHEIE (DPHJIBTPHI, COCTOAIHE H3 !

nocJiefloBaTesIbHO  BKJIIOYEHHBIX OCHOB-

HBHIX 3BEHBEB. ’ .
®dunptpel THNA . Cxema (uIbTPA

HMXKHMX 9acTOT THIA /M U XapaKTepHC- £ fo f
THKAa 3aTyXaHHs NpUBeJieHHl HA puc. 31. 6

Dra cxema mnosaydyeHa wu3 T-ob6pasHoro

spena PHY Ttuna K myTeM 3aMeHHl Pue. 31-33:1’;1?
apajuIeNbHOro  Myieda GUIBTPA MOCHe- ;oo 6 xaiavre.

JIOBaTeJbHBIM COEJIHHEHHEM HHIYKTHB- pHCTHKA 3aTyXamHs.
HOCTH U eMKOCTH. [ameHenme xapak-

TePHCTHKH 3aTyXaHHsl NOJNY4aeTcsl BCJIEACTBHE LIYHTHpYyIoLe-
rocsi eHCTBHS NapaJuieJbHOTO IJjeda (uIbTpa Mo Mepe MpH-
GauiKeHHs] K ero pesoHaHcHo#l uactore. IIpu pesonancHoii
yactote f. CONPOTHBJIEHHE TNAPAJJIENbHOrO Ijeud (HILTPA
paBHO HYJIO, GUILTP OKA3LIBAETCS 3aKOPOUEHHEIM H €ro 3ary-
XaHHe CTaHOBHTCs GeCKOHEYHO GOJIbIIHM.

BeJqHuMHBL 9JEMEHTOB H JEKTPHYECKHe XapaKTePUCTHKH
bUILTPOB THNA /M ONPEJESIOTCS] PACUETHBHIM NAPaMeTPOM 1,
BeJIMUMHA KoToporo BoiGupaercs B mpenenax 0,50—0,62. Ilpu
3TOM XapaKTepHCTHUYECKOoe CONPOTHBIIEHHe (HIBTPOB B MOJIOCE
npornyckanus HauGosee MOCTOsiHHOe. Takue (UILTPHI BKJIO-
YalOTCSl HA KOHLAX CJIOKHBIX MHOTO3BEHHEBIX (DUJILTPOB (HAMpPH-
mep, Tuma K), ueM yJIy4lI2eTCs COr/IacOBaHHE C HArpysKoH.
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§ 10. KAHAJIBI BBICOKOYACTOTHOI CBA3N

B MHOTOKaHAJBHBIX CHCTEMAX CBSI3M JJIS Hepe-
Jaun uHdopmanuu OT GOJBUIOTO UYHCJAA HCTOYHUKOB COOOIie-
HUH HCIOJIb3YIOTCS BBICOKOUACTOTHBIE KaHaiel cBs3H. s
paboThl STHX CHCTEM MCIIOJb3YIOTCSl BO3AYIIHBIE HJIH Kalesb-
Hble JIMHHM CBSI3H, a TaKKe JIMHUH 3JeKTponepenaun (JI3I1)
U PajHOJHHUH.

s mexpyropopHell cBsisau HauboJiee HIMPOKO HNPHMEHS-
IoTCs1 KabesbHblE W pajuopeseiHble JIMHHH, 00Jajalomue 3Ha-
YHTETbHOH IPONYCKHOH CHOCOGHOCTEIO H BHICOKOH Hajex-
HOCTBIO. -

M3 kaGenbHBIX JHHUH, TPUMEHSEMBIX B HACTofIlee BpeMsl,
HauboJsiblIell MpONMyCKHOl CHOCOGHOCTBIO OOJafaloT KOAKCH-
ajibHble KabeJjbHble JIHHHH. DTH JIHHUM OOBIYHO HCIIOJIB3YIOTCS
B nuanasose or 60 g0 8000—12 000 xey.

BbicokouacTOTHBle KaHaJbl MO JUHASM CBs3H. [Las ymior-
HeHHsl BO3JYIIHLIX JIMHMH MHCIOJB3yeTCsl ammaparypa Tuna
B-3 u B-12, a mi1s cumMeTpHUHBIX KabesbHBIX Lened — K-12,
K-24, K-60, K-120, K-180 *. Jra anmaparypa paGoTaerT Ge3
nepejauy Io JIMHHH TOKOB HeCymuX 4actor (mo cucreme O5IT)
H cHa(:keHA YCTPOHCTBAMHM aBTOMAarHYeCKoll peryJHpPOBKH
ypoBHs (APY).

B MHOroxanasbHOH annaparype BBICOKOYACTOTHOH CBSI3H
MOXKHO BBbIIEJNHTb JONOJHUTEJbHbIe KaHANBl TeJeMeXaHUKH.
Hanpuwmep, B annapatype B-3, mpuMensieMoii 17151 BelOMCTBEH-
HOfi onepaTtHBHON Cj1y:KeGHOH CBSI3H, HE HCIOJL3YeTCs CIEKTP
uactor ¢ortoTenerpada 3,5—6 xey. B sToM jJuanasoHe Moryr
NepefaBaTbCsl CHTHAJBL TEJEMEXAHHKH HENOCPEJCTBEHHO HJIH
¢ ucnosab3oBanueM ammaparypel TMTM wunu TMTIL

Eciu B anmaparype ynJIOTHEHHSI AJsi aBTOMaTHUYECKOH
peryJIMpoBKH YpOBHell MpelycMOTpeHa Hepejada KOHTPOJIb-
HBIX YacCTOT, TO 3TH YacTOThl MOXKHO AONOJHHTENBLHO IIPOMOJY-
JUPOBATb CHUTHAJAMH TesieMeXaHHKH.

Jlns1 mepeflauy CHTHAJIOB TeJIleMEXaHHKH YacTO HCIONb3YeTCs
4acTb IOJOCH TenedoHHOro Kanasa. Hampumep, HHXKHsS
vacTe mosochl  300—2400—2700 ey mpemocTaBisieTCs AJs
Tesle(p)OHHON CBSI3M Ge3 CYIECTBEHHOTO €e YXYAIIEHHs!, a BepX-
Hasg yactb — 2500—3400 2y 3anumaeTcst AJsi epefaun CHTHa-
JIOB TeJIeMeXaHHKH.

* B—Bospymuasn, K—xkaGenpnas, nudpa nocie Gyksbl 0603HayaeT Ko-
JIHYeCTBO KaHaJOoB.
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BhICOKOYACTOTHbIE KaHAMBI CBA3H MO JMHHMSIM 3JeKTpome-
penaun (JI3).

BricokouacToTHble KaHajbl CBsisu 1o JIJII, Kak mpasuio,
yCTpauBaroTcs 1o cxeme asa — 3emis (puc. 32). Beicokouacror-
Hble NOCTbI CBsI3H BYII BKIIOYAIOT BHICOKOYACTOTHYIO anmapa-
Typy, 00pasylollyl0 BHICOKOUACTOTHBIH KaHAJ CBSI3H, 4 TaKkKe
anmaparypy YacTOTHOTO YILIOTHEHHs! 5TOTO KaHama myTeM
MOAYJ/ISIUMH BBICOKOYACTOTHOH HeCymle#l 4YacToThl TpyNHOH
NOAHECYIIMX 4YacCTOT, BLIOPAHHBHIX B TOHANLHOM JMAalas3oHe
H 00pasyomux OTAe/]bHEIe KaHabl CBsidH. Ilepegaua curHasioB
TY—TC  ocymecrBisiercs

IyTeM MOJYJISILH M HJIH MaHH- Ly a9n Ly

NMyJANEE TOJHECYIIMX 4Yac- ‘E’Y“ ! .I. .L LI/I-;\-T

rort. e BTl Cocy A
BricokouacToTHBIE TOCTHI 3 3

cBsi3u BY IT niopcoeiMHAIOTCS

K JI3II uepe3 GUIBLTPEI IPH- ” ? v

coequnenuss @I ¥ KOHJEH- . ¢

catophl cBA3U Cep. DuabTp ' BYN

IPHCOELMHEHHS] CIYKUT JIJIs1

COTJIACOBAHMS BXOJHBIX H = =

BLIXONHBIX ~ CONPOTHBJIEHHHM  pyc, 32. Cxema mnpHcoemuHeHus BHI-
JIJI] u KaGeJbHOH JIMHMH  COKOYacTOTHBIX mocToB BYIT K AHHHU

KJI, coepunsiomesi ero c antekTponepenaun JIIII,
BBICOKOUACTOTHBIM ~ [OCTOM.

Konpencatopel CBsI3H CJyKAaT AJs OTHeNEHHSl annapaTyphl
IocTa OT BHICOKOro Hampsukenus JIJII. Tak Kak eMKoCTh
KOHJIEHCAaTOpOoB CBf3H Mana (nopsagxka 2200—4400 ng), Tto
OHM IIPEJCTABJSIOT BHLICOKOE CONPOTHBJIEHHE JJisi TOKOB IIPO-
MBIIIeHHOH vactoTel (50 ey4) M Manoe CONPOTHBJIEHHE JJIs
TOKOB BHICOKHMX uacToT (40—500 xey). Hsoasiuusa Koumencaro-
POB pacCUHTHIBaeTCsl Ha MOJHOE HampsixKeHHe BbICOKOBOJBTHOH
JIMHHH 3JIEKTpONepe/aut.

BBICOKOUACTOTHLIE 3aTrPajMTeIH COCTOST H3 CHJIOBOH Ka-
Tymku L, Konnencaropa C, u conporusnenuss R. Ilpu coor-
BETCTBYIOIIEH HACTPOHKE OHH HMEIOT 3HAYMTeJbHOEe CONpPOTHB-
JIEHHE [/ TOKOB BBICOKOH YacCTOTHl M NPErpaxiaioT UM IIyThb
K LIHHAM MNOACTAHIMH, IIYHTHPYIONUM KaHal Mepefayu.

B macrosumee BpeMsl JJisl LleJefl TeJeMEXAaHHKH H CBSI3H
paspa6oTaHo 3HAYNTEJSbHOE KOJHYECTBO BBHICOKOYACTOTHHIX I1OC-
ToB [16]. Kak mpaBuJIO, 3TH IOCTE PAacCUHTaHbl HA Nepefauy
CHTHAJIOB [ePEMEHHOI'0 TOKa C YacToToH 10 45 ey WM UMITYJIb-
'coB ¢ yacToToii ciefoBanus 40 600. B Gosiee HOBo#l anmaparype
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(zanpumep, Tuna KIT-58) Briessiiorcst CrnelHaJbHBle KaHAJH
IJsa OeicTposeficTBylomux cucreM 1¥—TC c mosmocoil mepe-
Jagu 300—800 ey.

TexHHuecKue JaHHble IOCTOB BHICOKOYACTOTHBIX KaHAJOB
TeJeMexaHWKH 1o JIJII npuBefiennl B Taba. 4. B kamanax
BBICOKOYACTOTHOH €Bs3u 1o JIJII ypoBeHb NOMEX OYEeHb BHICO-
KM, [OSTOMY MOLIHOCTb B JIHHHHM CBSI3M NIPUHUMAaercsl 3Ha-
YHTeJbHOH.

Tabauya 4
TexHuueckne JAaHHbIE NMOCTOB BHLICOKOYACTOTHBIX KaHaJOB
TeaemMexaHnku no JIAI
Konnue- g ITepek priBae-
CTBO anMeHﬂEMble q9acToOThl ° MoOe 3aTy XxaHue,
KaHaJIOB N = Hen
- =
g E 2 | € |w
THI NOCTOB E " g E : : s |s
3 '5 %) o 5 E E g
gl g ¢ g3 2|2 g|e8
TMI/T1-6 6 | — | 40—300 (1050, 1220, 1410 8 | — 55| 5,0
1625, 1870, 2150,
TMJI/T1-400 4 | — | 40—300 | 630, 810, 990, 15| —163]53
1170 507
T10-400 1 1 | 40—300 180 75 | — 18,0170
SI10-2K 6 1 | 40—300 2500—3400 {10 | — 50 | 4,0
AIOK-3 2 1 | 50—500 2710, 3150 3| — |85 —
TMTC-1m 2 1 |100—450 540 1,6] 50| — | —
TY-3 3 | — | 40—300 300—2300 9165|55| —
KI1-58 7 1 | 50—300 1050, 1220, 1410, 10 | — 55145
1560, 1870, 2150,
300—800
MK-58 2 1 | 50—300 2150, 2500 9| — 55|45

B Hacrosiiee BpeMst BHEPSIIOTCS BHICOKOUACTOTHEIE KAHAJIBL
CBI3H 110 CHJIOBBIM 3JIEKTPHYECKHM ceTsM HanpsikeHus 10/0,2 ke
NOCTOSIHHOTO M IEePEMEHHOTO TOKA, a TaKxkKe II0 KOHTAKTHHIM
CeTsIM 3JIEKTpHYecKoro tpancnopra [18]. Bexnyres paspaGorku
10 HCUOJIb30BAHHIO paClpefieIMTeIbHBIX ceTell JJist BBICOKO-
YaCTOTHOH CBSA3H M TeJeMeXaHHKH Ha& He(TenpoMbicaax, Top-
¢opaspaGoTKax U B KOMMyHAa/JbHOM XO3SHCTBE. -

* B 3naMeHaTesle IOKa3aHA MOLLHOCTb C ycuauteiem MYC-2.
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§ 11. CHCTEMFI PAJIOCBA3U HA VKB

Yabrpakoporkumu BoviHamu (YKB) Hasw-
BAIOTCSl 3JIEKTPOMArHUTHHE BOJIHBI, JJIHHA KOTOPHIX MEHBbIIe
10 ». Ouanason YKB paspensiercss Ha:

MetpoBble BOIHBL . . . . .OT 1 1o 10 u (300—30 Mey)
JHenumerpoble BosHbl (ALIB) . » 10 em» 1 (3000—300 Mey)
CaHTHMeTpOBHE BOAHBL . . . » 1 cem» 10 em (30 000—3000 Mey)
MusiuMeTpoBble BOJHEL . . . » 1 mm» 10 mn (300 000—30 000 Mey)

MeTpoBrle BOJIHBI HCIIOJNB3YIOTCS [J1s1 PaJHOCBS3H (B TOM
YHCJIe C MOJBHXKHBIMH OGBEKTAMH), PAIHOBEMIAHHs, Nepeiaun
CHTHAJIOB TeJIEBHIEHHUS, a TaKKe B PAMOHABUTALMH MU PaJHO-
actpoHoMuH. JlenHMeTpOBEIE H CAHTHMETPOBBIE HCIIOJb3YIOTCS
B OCHOBHOM /ISl PaJHOpeJeHHON CBf3U, & MHJITHMETPOBBHE —
B PaJMOJIOKAlMH, PAJHOHABUTANHH U JPYTHX OGJACTAX.

Ilpumenenune puanasona YKB mis neselt cBssu o6ycJoB-
JIUBAaeTCs CJEAYIOUWUMH IPeHMYIeCTBaMH:

1. Tuanason YKB ouenp mupox. B sToM auamnasone, He
VUHTHIBAsl MHJJIHMETPOBBIE BOJIHBI, MOMKHO pasMeCTHTb G6e3
B3aUMHBEIX moMeXx GoJiee 10 000 MHOroKaHaJbHBIX CHCTEM IIO
600 xanayoB B Ka10il (B KOPOTKOBOJHOBOM JHana3oHe MOKHO
PasMecTHTb ToJbKO 10 TaKUX CHCTeM).

2. Csasp Ha YKB omiMuaeTcsi BBICOKOH YCTOHYHBOCTBIO
M HaJeXHOCTbIO, @ TaK¥Ke OTCYTCTBHEM AaTMOCHEPHBIX M IMpO-
MBIIIJIEHHBIX TOMeX.

3. MomHoCTh MepefaroliuX YCTPOHCTB MOMKET ObITh HEGOJIb-
moH, TaK KaK aHTeHHble cHcreMbl Ha Y KB wumeor cpasuu-
TeJIbHO HeGOJIbIINE PA3MEPHl H BHIIOMHSIOTCS OCTPOHAIPaBJIEH-
HeiMu. OIHAKO YJILTPAKOPOTKHE BOJHBI HE OTPaKalTCs OT
HoHOC(eprl, KaK KOPOTKHE BOJIHBI, H He OTHOAalOT IOBEPXHOCTD
3eMJIM, KaK JJIMHHbIE ¥ CpPeLH¥e BOJHBL B OOBIYHBIX CHCTeMax
CBSI3H YJITPAKOPOTKHE BOJHBI PAacIpOCTPAHSIOTCS B Hpejesax
npsMOil BHAMMOCTH, MOJOGHO sydam cBeTa. Ilostomy mpu pac-
CTOSIHMSIX MeXJy NepefaTinkoM H NpPHeMHHKOM Oosee 40—
50 kM HeoGXOAMMO TIPUMEHATb IPOMEXKYTOUHBIE MPHEMO-
nepejaoiiye CTaHIUH.

Papuopeneitnpie gunun cesasd (PPJI).  Papuopeseiinbie
JIMHHM CBSI3M IIPEJCTABJSIOT COOOH LENOUKy INpHeMO-Iepe-
JAIONUX CTaHUMH, pPAacHoJOXKEeHHEIX BIOJb BooOpa:kaeMoH
auaun (puc. 33, a). DTH INpHeMo-NepefaloNiHe CTAHIHH HE
TOJIKO YCHJIMBAIOT CHT'HAJ,. HO H IPeoOpasyIoT ero Io YacroTe,
uTO HeOGXOZMMO JJIsl YCTPaHeHHS IOMeX OT BJIMSHHS Hepenar-
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9yKa HA COOCTBEHHBIH TPHEMHHK, a4 TaKkKe BJHSHHUS OLHOIO
HamnpaBJ/IeHHs Nepejayu Ha jpyroe *.

Jns yBe/MueHHs PACCTOSIHHS MKy TPHEMO-NePEealoUMH
CTaHLUSIMH Tepejaoliie W I[pHEMHble aHTEHHb! YCTaHABJIHBA-
I0TCSI Ha BBICOKHMX onopax. JlajbHOCTb INPSAMOH BHAHMMOCTH Ha
POBHOH MECTHOCTH OIIpefeJsisieTcsl KPMBH3HOH 3eMHOH INoBepx-
HOCTH M paccyuThiBaercs mo QopmyJe

I=V2R (VI +Vh) =36V T+ Vh) xn, (3-63)

rae R — cpenHee 3HaueHne paguyca 3emsu (6370 xm);
hy u h, — BbIcOTA mojbeMa Nepefarollell H MPHEMHOH aHTeHH
) 3 HaJl [10BeP XHOCTbIO

2 3emun, M.

Hanpumep., ecin hi=
= hy= 50 m,T0 [ = 50 xkM.
a IlpakTuyeckH HelesecooG-
7 , 5. 5 .pasHo yCTaHaBJIHBE’;TOb aggen-
2 51 Hble omopel Bbiue 70—80 x,
— HO09TOMY DPAacCTOSTHHE MEXIY
2 1

PeTPaHC/SIHOHHBIMH ~ CTaH-

0 IIUSIMH HA POBHOH MECTHOCTH
Puc. 33. Papuopeneiinas sumus  OOCBLIYHO He mpeBbiaeT 60 K.u.
CBsi3H: ‘ B ropaeix pafionax ato pac-

a — pacfoJioXXeHHe OKOHEYHBIX H IIpHeM- -
e e A one Ll ¥ IbpeN.  CTOSIHHE MOKET 6BITb 3HAUU

pannopeneﬁﬂog JHHHH TIO CHCTeMe ,r.ua_\%x TeJIbHO 6oJblile (,EO 300 KM),
patHoro Ranpasnennd cessn. . C0  TAK KaK ONOPHI YCTAHABJIH-
BAlOTCS1 Ha BepUIMHAX Top.
Juis paguopesiediHbIX JUHUE HanGosiee ymoTpeGuTesieH jJua-
11a3oH BOJH OT 5 10 20 cm (BOJHBEL KOpoue 2 cm B CHJIBHOH CTe-
TIeHH [OTJIOMIAIOTCSI OKAEM, TYMAHOM M CHETOM), OHAKO TIPHMe-
HSIIOTCS. U METPOBBIE BOJIHBL
B marucrpanbHHIX JHHHAX CBSI3H GOJIBIION EMKOCTH OGBIIHO
HCIOJIb3yeTCs JIBe MoJIocH yactoT: 1700—2300 Mey (cpemusis
BoqHA 15 cm) u 3600—4200 Mey (cpennsis BoaHa 7,5 cm)
¥ paboTa OCymIeCTBJSETCS MO CHCTEMe JBYX 4acToT Aas obpa-
30BaHHUS NPSIMOTO U 0GPATHOTO HANpaBJeHUil CBs3H (puc. 29, 6).
Momusle paguopesiefinble CHCTEMBI HMEIOT HECKOJILKO He3a-
BHCHMEBIX CTBOJIOB (O CeMH), Kam[IBIi M3 KOTOPHIX NpeACTaB-

* Haspanue «pajuopenefinasi» JHHUS CBSI3M NPOMCXONMT OT AHINIUH-
CKOTO CJIOBA «relay», 4To 3HauMT CMeHa, T. e. 3aMeHa\CJaGOro CHrHaja
Ha NPOMEXYTOUHBIX CTAHIUSX HOBLIM CHJIBHBIM CHTHAJIOM C OJHOBpEMeH-
HBIM CABHIOM IO YacToTe.
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JsieT coGofi CaMOCTOSITeNIbHYIO pafuopenelinyio junuoo. Kax-
Jplfi cTBOJI paboTaeT Ha CBoeil paouell BoJiHe, a mepenat-
YHKH HJIH, IPHEMHUKH TIOAKJ/IIOYAIOTCS HA OOLLYI0 AHTEHHY NpPH
HOMOILH CIeNMAJbHBIX PAa3/eJHTeJbHBIX (HIBTPOB.

IlpakTuueckn Ge3oTKasHasi paboTa pajguHOpeseHfHbIX JIHHHIM
obecrieyyBaeTCsl pe3epBHPOBAHHEM ANNAPATyPhl U IPUMEHEHHEM
aBTOMATHKH, TejeMeXaHHUKH. DOviblnasi 4acTb peTpaHC/IsiLHOH-
HBIX CTAaHIHMH IOJHOCTHIO ABTOMATH3HPOBAHBI H paoTaior Ges
o6cay:kuBapolero nepconana. Ha kaxnpie 10 HeoGey:kuBae-
MBIX CTAHLHMH IPUXOAMTCA OIHA OOCHy:KHBaemasi, Tae oGopy-
ayercsi jpucrnertdepckuii myHKT. Ilpu HemcmpaBHocTsix amma-
parypel Ha KaKo#-1160 CTaHLUH BMECTO HEHCIIpaBHOTro oGopy-
JIOBaHHSI ABTOMATHYECKH BKJIIOYAeTCSl pe3epBHOe G6e3 OLLyTH-
MOTO HenpepbiBa cBfi3H. IlepeknioueHHe Ha pe3epB OCYINECTB-
JisteTcsi MO0 OTHeJbHBIX KOMIJIEKTOB almnaparypsi, JuGo _Ie-
JIOTO y4acTKa MarucTpaJy (epek/ioueHHe Ha pe3epBHBIH CTBOJ).
OnHOBpDEMEHHO € BKJIOYEHHEM pe3epBHOrO 0GOpyI0BaHHS
npu nomomy ycrpoiictBa TC Ha GiuKalmyo 06CTyKHBAEMYIO
CTaHLHMIO IlepeflaeTcsi COOTBETCTBYIOMIMH CUTHAJT O HEHMCIIPaB-
HOCTH H Bble3:KaeT aBapuiiHas Opurajga. B MecTe ycraHoBKH
annapatypsl HEHCIPABHBIH KOMILJIEKT 3aMEHSIeTCsl UCIIP aBHBIM.
Bce pemoHTHble PaGOThl BBINOJHSIOTCS B IEHTPATH30BAHHBIX
MAacTepCKHX. '

DeKTpoNHTaHHe aNNaparypsl PafHopesedHbIX JHHHH OCy-
IIECTBJISIETCS OT MECTHBIX CeTell NepeMeHHOro Toka. Eciu
HCTOUHUKH NEPEMEHHOI'0 TOKa OTCYTCTBYIOT HJIH He SIBJISIIOTCS
JIOCTaTOYHO HAJEXKHBIMH, TO IpeLycMaTPUBAETCs YCTAHOBKA
aBTOHOMHOH 3JIEKTPOCTAHIMH, paboTaioliell aBTOMAaTHYeCKH.

[TpOMBINIIEHHOCTBIO BEITYCKAIOTCS- HECKOJIBKO THIOB arma-
_parypul papumopenefinnix JsuHuii: PPC-1, P-600, PM-24,
P-60/120 u zp. HauGosee mpocroii pamuopeJseitHo#i amnmapa-
Typoit sBasierca cranuusa TtHna PPC-1, Kotopasi paGoraer
B JuamnasoHe yactor 66—70 Mey (4,5—4,9 u). DToT AHanazou
pasfieneH Ha 54 (GUMKCHPOBAHHBIE YaCTOTHI C HHTEpBaIaMH
B 75 Key, Kax/as U3 KOTOPHIX MOXKeET GbITh BbIOpaHa B KayecTBe
Hecyied. DTUM obecredndaeTcss paboTa HeCKOJbKHX CTaHLMH
B OIHOM pafioHe 6e3 B3aHMHHIX NOMeX. MoIIHOCTL Mepejar-
yHKa B aHTeHHe 2—3 6m. KoMmmiekT ammaparypsl mo3BOJISIET
OpraHu3oBarh JBa TeleOHHBIX KaHaja H JBa JYIJIEKCHBHIX
KaHaja nepefaud TeserpadHbIX coobumieHuil Hiu st paboThl
CHCTeM TejieMexaHuKH. [IpHMeHsleTcsi wacToTHAast MOMYJSIHS.
HeBuanus yacToTsl NpH MAHHIYJSALUK B TejerpadHbIx KaHa-
aax 1300 ey. .
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3HauyuTesbHHIM HEJOCTAaTKOM ammaparypsl Tuma PPC-1
sIBJIsTETCSL GJIM30CTh ee JHanasoHa K MOJIOCE YACTOT TeJIeBH3HOH-
HBIX Ilepefas M 4YacTOT YJbTPAKOPOTKOBOJHOBOTO BeEIAHHSA
C 4YaCTOTHOH MOAYJSLHeH, YTO MOMKET BbI3bIBATH B3aHMHBIE
[IOMEXH.

Annaparypa cayxeGHoit cBasu Tuna P-600 paGoraer
B auanasore 3400—3900 Mey. B mepenaBaeMoM IpyHIIOBOM
cnekrpe yacror 0,3 — 108 xey pasmemarorcsi: KaHas ciayxe6-
HBHIX [ePeroBOPOB MexKAy IIPOMEKYTOUHBIMH M IJIaBHOH CTaH-
musmu (0,3—2 key), kanan TY—TC (3,3—b,9 key), nBa Ka-
Hasia CBSI3H /ISl [IEPErOBOPOB MEXKAY TJIABHEIMH H OKOHEUHEIMH
cranmuamu (10,3—12,7 u 13,3—17,5 key) u Kanana aBapwuii-
HbIX curranos (19,5—27,5 ey). Cnekrp uacror ot 30 o 108 xey
He MCTOJb3YeTCs H B HEM IIPH YacTOTHOM DPasieJeHHH MOXKHO
OpPraHH30BaTh [0 IIECTH JONOJHUTENBHBIX KaHAJOB TeJse(oH-
HOH CBA3H.

Anmaparypa tuna PM-24/A peficTByer B AHanasoHe 4acToT
1850—2050 Mey. HMwmeer 24 xamana, u3 KOTOpPHIX 22 TejedoH-
HBIX U 1B KaHaja cyyKeOHO# CBSI3W M CHHXpoHH3auuH. Paspe-
JIEHHEe KaHAJI0B BPEMEHHOe C HMITYJIbCHO-(pa30BOH MOAYJIsIIIHEH.
Dta annaparypa umeeT GOJIBIIYIO NOMEXO3aIUIIEHHOCTb, YTO
SIBJISTIETCS TJIABHBIM €e JOCTOMHCTBOM. IIoBHINIEHHEIH YpOBeHb
BHYTPEHHUX IOYMOB 3TOH anmapaTypbl OTPaHHUUBAET Jajib-
HOCTb €e JIeHCTBHUS.

Anmnaparypa tuna P-60/120 peiictByer B ananasone 1600—
2000 Mey. B sToM JmanasoHe pa3MeLIAOTCSI TPH CTBOJA,
KaxXK[bplfi H3 KOTOPHIX MOxKeT OblTh ymjotHeH 60—120 Ttere-
(OHHBIMH KaHaJaMM HJH OJHOH TeJeBH3HOHHOH mepenave.
B crBosne TenedOHHOH CBSI3M MMEIOTCH KaHAMBl CIy:KeGHOH
cBa3u u TY—TC (3,3—5,9 xey).

[lepenaya curHanoB TeJeMeXaHHKH MO PagHOpPENEHHBIM
aunuam. McnosbsoBanue pajguopesiefiHbIX JIHHUEL TO3BOJISIET
JIETKO OPraHU30BaTb KOMILIEKCHBIE KaHAJbI JUCIETYEPCKOTO
yIpaBjieHus: (CBSI3M U TeJeMEeXaHUKH) s YIPaBJEeHHS IMPo-
MBIIJIEHHBIME  KOMILJIEKCAMH (9HEPTOCHCTEMEI, HedTe- U Taso-
NPOBOABL, KeJsie3HbIE JOPOTH U T. [1.). Panuopenefinbie JTHHHH
BCJI/ICTBHE BBICOKOHl HaNeKHOCTH M YCTONYHMBOCTH IIO3BOJISIOT
3HAYUTEIbHO MOBBICHTL HAaJEXKHOCTb CPEICTB TeJeMEXAHHKU
H JIUCNIETUYEPCKOH CBS3H.

KaHa/bl TelleMeXaHHKH 110 PaJHOpeseHHBIM JHHHSIM MOTYT
GBITb OGPA30BAHEI MTyTeM BTOPUYHOIO YIJIOTHEHHS TeeOHHBIX
KaHa/oB. [I/is1 3TOr0 MOryT GHITH HCIOMB30BAHBI CTOMKH THIIOB
TMTM, TMTII, KII-59TM, a takxe Tenerpadnas anmaparypa
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ymsotHenus: Tuna TT-12/16 u gp. ONBIT CTPOMTENLCTBA H SKC-
Iyatauud papuopesedHeX JuHuil [1} nokaseBaer, uro npu-
MEHEeHHe MAJIOKaHAJbHBbIX pajuopesefHbX JHMHUH (HA 1Ba —
yeTblpe KaHajia) JJIsl AHUCHETUePCKOH CBSI3M U YNpaBJieHHS Ha
paccrosiHusX cBhime 10 xu sIBJS€TCS 3HAUUTEJBHO pPeHTalelIb-
Hee, YeM CTPOMTEJBbCTBO INPOBOAHBEIX JIHHHIL

Annaparypa YKB pagnocBsi3H ¢ NOABHIKHBIME 00bEeKTaMH.
I'nasuas ocoGennocTs anmaparypsl ¥ KB paauocBssu ¢ moj-
BHXKHBIMH OOBeKTaMH—MaJiblil BeC, HeGOJIbIINE pa3Mepshl, Mpo-
CTOTA YNPaBJIEHHS] M NUTaHHE MOABHKHHIX MOJYKOMILJIEKTOB
OT aKKyMYJISITOPOB. MOIIHOCTb NepeIaTInKOB HECKOJIBKO MOBbI-
I1aeTcs] NOCKOJIbKY HPHUMEHSIIOTCS IIPOCTHIE aHTEHHBIE YCTPOH-
crBa. [lns yBejuueHus [JaJbHOCTH JEHCTBHSI TOABHIKHBIX
H TIePeHOCHHIX PaJAHOCTAHLHUHl TPHUMEHSIOTCS PEeTPaHCASTOPHL.

Annaparypa noJBMXKHOM pAJUOCBSI3H NPUMEHSIETCH JJis
CBSI3M C aBTOMAalIHHAMH, TPAKTOPaMH, 3KCKaBaTOpPaMH, 3eM-
CHApsIlaMH, TeNJOBO3aMH, PEUHBIMH H MODCKHMH CyJaMH.
dTa ke anmaparypa B psje CIyYaeB IpHMeHsieTcs JJis Tepe-
Jauu CHTHalOB Tejeynpasienust. IlopratuBueie Y KB mepe-
JaTYUKH IDPUMEHSIIOTCS AJisl TesleylpaBjeHust KpaHaMd H Jpy-
THMH IIPOMBIIIEHHBIMH OOBEKTaMH.

B Hacrosimee BpeMsi IIPOMBIIJIEHHOCTBIO BHINYCKAIOTCS
psl THIOOB ammapaTypbl NOABMKHOH paguocBsisau Ha YKB,
paforamomeii NPeUMYIIECTBEHHO B METPOBOM  JMAaNasoHe
BOJIH. .

Paguoctaununuu Tuna IIPC-APC. Paauocrau-
nus Tuna IIPC npennasHauena JJ1si CTAlMOHAPHOM YCTAHOBKH.
PaGoraer B auanasone 36—46 Mey (8,5--6,5 m). MomuiHocTs
nepenarurka Ha Buixofie 80 em. Pajguwocraniusi pa6oraer pyn-
JIEKCOM Ha JIByX 4acTOTaX C HCIOJb30BAaHHEM YacCTOTHOH MoOJy-
aauud. [upuna nonocel wacror TejedoHHoro Kanama 300—
3000 ey.

Pagunocranunus tuna APC npeicrasiser co-
Goit mepeaBUKHbIe aBTOMOGHJbHBIE Y KB pajnuoctaniuu, Koro-
pule paGoraior co cranuusmu tana IPC. Momnocts nepepar-
yyka Ha Beixofe 8 ém. IluTanuwe oT aBTOMOGHJILHOrO aKKyMy-
JATOpa HanpsikeHHem 12 a.

Paguocranuun IIPC—APC o6ecneunsaor GeCHOHCKOBYIO
H GecrojiCcTpoeunyio papHoTe/edOHHYI0 CBA3b C IOJBHKHBIMH
ob6rvekramn Ha paccrossHuH 20—30 k.

Paguocrauwuuu cepuu PT. Pagmocranuum pa-
6oraior B puanasone 36—40, 100—130, 156—174 Mey c uac-
TOTHOH MopyJisiueil ¥ UMelOT JO LIecTH KaHajoB cBs3u. Cepust
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comep:xkuT uerhipe Tuna paguocranimi: PTC, PTM, PTH
n PTII *,.

HanbHocts peiictBust papuocrannuit PTC—PTM  okouo
30 kM, OJHOTHUITHBIE PAJHOCTAHIIHH OGECIIEUHBAIOT CBfA3L HA
paccrosuuu: PTM — g0 20 «m, PTH — o 10 xm, PTII —
okojo 1 xm. Papmocranuuu tuma PTII npemmasnauens s
OpraHu3aIyH OTIEPATHBHOH PaJHOCBA3H C ONEPATOPAMH HO/IBEM-
HBIX KpPaHOB, 3€MCHapsiioB H APYTHX HPOH3BOJCTBEHHBIX
06BEKTOB. '

Paguwocranunuu rtuna KP-5. Pagnocranuuun
npefHasHAueHsl JJIS HCMOJB30BAHHS HA IKEJE3HOJOPOXKHOM
TpaHcnopTe (Moe3jHas M CTAHUHOHHAs pPajguoCcBsi3b). Panuo-
craHuu padotaloT B auanasone 150, 25—154 "Mey u BhIyC-
KaloTCsl HACTPOEHHBIMH Ha OfMH U3 16 KaHANOB CBSI3U B 5TOM
nuanasone. Mwmeior u3buparenbHblil BBI30B, OOeCrneyHBAIOIUH
oJHOBpeMeHHyl0 paboty 216 paguocTaHnuii JaHHOH CepHH
B OLHOH CeTH pPaJUOCBHA3M.

§ 12, HE3JIEKTPIYECKIE KAHAJIBI CBA3U

K HesnekTpHuecKuM KaHajaM CBSI3M OTHO-
CATCSI ONTHUECKHWEe, aKyCTHUeCKue, THIpaBJHYECKHe, ITHEB-
MaTHyecKue Hu Jp.

Onruueckuil KaHaa — 3T0 KaHaJ CBSI3H, B KOTOPOM Iiepe-
Jlaua CHTHAJIOB OCYIIECTBJSIETCS C IOMOLIbIO 3JeKTPOMAarHur-
HOTO H3JIyYeHHS ONTHYECKOro JHanasoHa (yJbTPaduoJeToBoro,
BHAMMOTO ¥ HH(ppaKpacHoro). EMKOCTb ONTHUECKOTO KaHaja
CBSI3M 3HAUHTEJBHO MpPEBBILAET €MKOCTb PajHOYACTOTHBHIX
KaHasoB. Hanpumep, npu uacrore 10 ey MOXKHO nepejgaBaTh
HEeCKOJIbKO THICSY TEJEeBU3HOHHBIX INporpaMMm. Manas piauna
CBETOBOH BOJIHBI OGYCJIQBJIHBAET BO3MOKHOCTL CO3JaHHS KBaH-
TOBHIX T'eHepaTOpOB, HANPaBJEHHOCTb JIy4ya KOTOPHIX B THICAYY
pas NpeBOCXOJUT HANPABJIEHHOCTh PaZUOAHTEHH. DTO IO3BO-
Jif€T 3HAYUTEJNbHO YBEJIHUHTH JAJIbHOCTbL CBS3H.

[Mocnie cosnaHusi KBaHTOBBIX I'€HEPATOPOB CBETA (J1a3epoB)
HOSBHAACH BO3MOXKHOCTb NHepefaud MH(GOPMAnUH IO ONTHYeC-
KHM KaHajam cBssu. PaspaGorka cpecTB ONTHUECKOH CBSI3H
OCYILIECTBJISIETCS C HCIOJb30BAHHEM METOJOB, B IPHHIHIE
aHAJIOTHYHBIX paspaboTaHHbiM B papuorexuuke. Ha puc. 34

* P—papnuorenedon, C-—cranuonapusii, M—MOGH/IBHEIE (1151 ycTa-
HOBKM Ha MOABHXHBIX 00bekTax), H-—Hocumblt, [I—mnopraTuBHbIi.
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npejcTaB/ieHa NPUHIUNHKAJIbHAA O/I0K-CXeMa Mepejayn u npue-
Ma uHdOpMALMK [0 ONTHYECKOMY Kanany cBsasu. Ha mnepena-
IoEel CTopoHe Jiyy J1azepa JI ¢ 4acToToll f MOCTynaeT Ha BXOL
MonyJasTopa M, rie mopynupyeTcsl (IO 4YacToTe MM aMIUIH-
TyZe), IepefaBaeMbIM CHTHAIOM H H3JIy4aeTcs 10 HampasJie-
HHIO K mpueMHHKy. [lepBoHauaJbHO JIy4d IOCTYNAeT HA BXOJ
cMecutesis CM, rje CMEIIHBaeTCs C JyYyoM Jasepa-reTepojuHa
JI—I', uMelomeM 4acToty f.. 3aTeM CHIHAJ Pa3HOCTHOM yac-
tothl [ = (fi— f2) (yxe B ZAnanasoHe CBY) ycuiuBaercs
1 BbiEJseTCs MoJie3Hast nH(opMauus B npuemHuke [Ip oObIY-
HBIMH METOLAMH pajiuo- ,

texnukn CBY.

AkycTuyeckuit Ka-
HaJ — 3TO KaHaJ CBA3H,
B KOTOpOM Ilepezaya CHr-
HaJIOB OCYIIECTBJISAETCS C
TIOMOLIBIO 3BYKOBBIX MJIM  pyc, 34. Ipunuunuanphas GIOK-cXeMa
YJAbLTPa3BYKOBLIX KoJie6a- nepeflaud H IpHeMa HHpoOpMauUuH [0
Hufi. Kanaaw genarcs OIITHUECKOMY KaHaly CBSA3H.
II0 yacToTe, a Iepeaauy
CJIOXHEIX CHTHAJIOB OCYLIECTBJISIOT H3BECTHHIMH METOJaMH
MO JIAIAH. AKyCTHUeCKHe KaHaJbl HCIOMb3YIOTCs NpH paGo-
T€ C arpecCHBHBIMH M ONACHBHIMM CPEICTBAMU H BeleCTBAMH,
Ges monBona 3JEKTPHUECKOH SHEPTUH.

[pn HCHONB30OBAHHH AKYCTHYECKHX KaHAJIOB MOXKHO IO-
CTPOUTh CHCTEMBI YIPAaBJIEHHS TEXHOJOTHYECKHMH MpPOIeCcCaMH
C IOMOLIbI0 PEYEeBLIX M APYTHX AKyCTHYECKHX CHTHAJIOB.

TunpaBanueckuil KaHam 5TO KaHaN CBsA3H, B KOTOPOM Iepe-
Jlaua CHIHAJIOB OCYINECTBJISIETCS IIOCPEACTBOM paouell KHAKO-
ctu. Tuapapiuueckuii KaHal CBA3H MOXeT IIPHMEHSATHCS
TaM, TJe KHAKOCTb y4YacTBYyeT B TEXHOJIOTHYECKOM Ipolecce,
HaTpuMep, NpH OypeHHH HeQTAHBIX CKBaXKHH.

ITueBMaTHueCKHH KaHaJ — 3TO KaHajl CBA3H, B KOTOPOM
Tepejaua CHTHAJIOB OCYIIECTBJIAETCS INOCPEACTBOM BO3AYLIHOM
cpejibl, 3aK/IOYEHHOH B TpyGompoBoiax. Kamenenue BesuuHHbL
CHTHa/Ma TepefaeTcsi COOTBETCTBYIOIMM H3MEHEHHEM JaBiie-
Hua B Tpy6GonpoBofe. IIHeBMATHYECKHE KaHAJBI XapakTepu-
3yIOTCSl 3HAUMTEJbHBHIM 3aNas/biBAHHEM B MEpejaye CHUTHAJIOB.
TlpuMeHsAIOTCS B IHEBMATHUECKHX CHCTEMAX KOHTPOJIS H yNpas-
JIEHUSI.

CiiefiyeT OTMETHTD, UTO OINLIT IIPHMEHEHH S HE3JIEKTPHUECKUX
KAaHAJI0B CBSI3M AJIs TeJeMEeXaHHKH ele He3HayuTesIeH.

. Sn——————
e———
—————



nasa yersepras

OCHOBBI TEOPUM W3BHNPAHUA

§ 1. OCHOBHLIE INOHATHA N ONPEJEJEHNAA

3anaueil TeXHHKH TeJIeyNPaBJEHHs SIBJSETCS
ocylecTB/ieHne BhiGopa (M30HpaHusl) 3anaHHoro obwekra TV
unu TC wu3 Gosbiioro umcia OOGBEKTOB IEHTPAJH30BAHHOIO
yIpaBJIeHHS.

TeopeTnueckoii OCHOBOH TEXHUKH TeJIEYNPABJEHHS SIBJISI-
eTcs Teopusi M3OHUPAHUsA, B KOTOPOHl pPACCMATPUBAIOTCS CIe-
[MAJIbHBIE METOAHl H36MPATEJbHOTO BKJIIOUEHHS HJIH METOAbI
u30UpaHusi, ONpPENENsIONIHe NpPaBH/IA IOCTPOEHHS CHTHAJIOB
TY—TC. Meronr u36upanuss B OCHOBE HMEIOT TEOPHIO CBSI3H
C TEM CYLIECTBEHHHIM OTJIHYHEM, UTO B TEOPHH CBSI3H paccMma-
TPHBAIOTCS METOABl pa3jie/leHHsi KaHAJIOB CBA3H, & B TEOPHH
H30HPaHUST — METOAbl PAa3Je/IeHHs] HMIYJbCOB, IOCHIIAEMEIX
IO OJHOMY HJIH HeCKOJbKHM KaHaJlaM CBSI3H H 00pasyIomux
curganel TY—TC. Kpome Toro, paccmaTpuBaioTcs crenudu-
yeCcKHe BOIPOCH KOMOHHHPOBAHMS HMIYJBCOB — Memodol K00o-
00pasoearus, 3ajauell KOTOPHIX fABJISETCS NOJYYCHHE MAaKCH-
MaJIbHOTO KOJIMYecTBa KOMOMHAIMH H3 MHHHMAJIbLHOTO KOJIH-
YecTBA MMIYJbCOB IPH YCJIOBHH obecrieuenusi Tpebyemoin
[IOMEeXO0yCTOHYHBOCTH.

¥YBesnuenue uncia KoMOMHAUMi TNPH OOpa3OBAHHH CHTHa-
JIOB MJIM TOBHILICHHE IIOMEXQYCTOMYHBOCTH HOCTUTAeTCs IPH-
MEHEHHEM HMITyJbCOB C DAa3/JHYHBIMH aMIVIUTYROH, IIOJSpP-
HOCTBIO, AJIUTENIbHOCTBIO, YAaCTOTOH 3aMOJIHEHHS HJIM HAYAJIb-
HO¥ (hasoil KosieGaHmil. DTH mMapaMeTphl MMITYJbCOB, HCIOJIb-
3yeMble AJsl Uejed H30MpaHHsl, HA3LIBAIOTCS KAueCTBEHHBIMH
[IPU3HAKAMH HMIIYJ/IbCOB TOKA, UMIYJIbCHLIMH IIPH3HAKAMH HJIH
IPOCTO KaYeCTBAMH HMITyJIbCOB. .

Metofrl  M36HMpaTesLHOrO BKJIIOYEHHS PAasfefsloTCsl Ha
OCHOBHbIE H Ipou3BofHble. OCHOBHbIE METOLRI H3GHpaHHUA
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XapaKTepU3yIoTCH Mepefayell HMIYJbCOB, OOPasyIOMIMX CHI-
Hanel TY—TC, no ogHOMY KaHAJNy CBS3H. DTH METOLH NpH-
MeHsoTCs Haubosiee nipoko. I1pousBosHble MeToAk! U36HpaHHS
B OTVIHYHE OT OCHOBHBIX XapPaKTEPU3YIOTCA mepeaued UMITYJib-
COB II0 HECKOJIbKMM KaHaJaM CBSI3H, KOTOPHIE HCIHOJB3YIOTCS
B ofHOM yctpoiictee TY—TC.

§ 2. KAYECTBEHHBIE ITPU3HAKM
AMIIYJBCOB TOKA

KauecTBeHHEIE TNPU3HAKM HMIYJbCOB TOKQ,
Ha3bBaeMble TaK:Ke HMITYJbCHBIMH TpPH3HAKAMH, ONEHHBAIOTCH
C TOYKH 3peHHusl ypobcTBa uX oOpasoBaHus M ¢ukcaruu (pac-
mu(poOBKH), BO3MOKHOCTH MEpPeNaYd HMIYJbCa C 33JaHHBIM
KauyeCTBEHHBLIM [IPH3HAKOM ITO Pa3/IMYHLIM KAHAJIAM CBSI3H (YHHU-
BEPCAJbHOCTH), 4 TaKXKe HUX INOABEPKEHHOCTH HCKAKEHUSMH
B KaHase cBsidu (moMexoycroiiuuBoct). Kaxknas u3 ocoben-
HOCTell KaueCTBEHHBIX IPH3HAKOB IpuoOpeTaeT HauboJibliee
3HaYeHHe N OOYCJIOBJHBAET BLIOOD AAHHOIO KAUecTBA B 3aBHU-
CHMOCTH OT NPHHSATOTO KaHajia CBS3H H YPOBHA IIOMEX B HEM,
a TaKxke oT TpeGyeMoil IPOCTOTH H, CJIELOBATENbHO, CTOHMOCTH
annapaTypel.

B Hactosimiee BpeMsi NPHUMEHSIOTCA MNATb KadeCTBEHHBIX
NPU3HAKOB HUMITYJILCOB TOKa (puC. 3D): aMIJHTYIHBIN, MOJSp-
HBIF, BPEMEHHLIH, YacTOTHBIH M (Da3OBHIH.

AMnauTyaubiii npusHak (puc. 35, a). Hwmnyuascsl orau-
4aoTCs CBOEH aMILIMTYROH. 3aJaHHAs aMIVIHTYJA UMITYJbCd
obpasyercsi HanGoJsee IPOCTO NMyTeM H3MEHEHHs HaNpsiKeHHs,
MUTAIOIYEr0 KaHaJ CBSI3M, HJIX H3MEHEHHEM €0 CONPOTHBJICHHUS.
Hmmyabcsl B 3aBHCHMOCTH OT MX AMIVIMTYAB  (UKCHPYIOTCS
TaK:XKe HECJI0XKHO, HalpuMep NpH I[IOMOIMM pesefHBIX CXeM
C pA3JIMYHOM YYBCTBUTEJNbHOCTHIO, KOTOPHIE BKJIOUAIOTCS B Ka-
HaJl CBSI3M HA MPUEMHOH cTopoHe. Tak Kak 6osiee 4yBCTBHTEJNb-
Hble peJIeiHbIe CXeMbl CPabaTHIBAIOT MPH MMITyJbCaX GOJBIION
H MaJoil aMInuTyJs, HeoOXOAUMO 00pa3oBaThb B3AUMHO HCKJIO-
Yaompe IenM, YTO HECKOJbKO YCIOXKHSET CXeMy IpHEM-
HHKA.

AMIIATYAHBIE TPH3HAK HMIYJbLCOB TOKA JOCTAaTOYHO YHH-
BepcasieH ¥ MPUHIUIHANBLHO IPHIONEH AJIsl HCIIONBL30BAHUS TIPH
n060M KaHaje CBfi3M (DPOBOZHOM M GecnpoBopHoM). OfHAKO
aMIUIUTYAHBIH TPU3HAK HMEET HH3KYIO IIOMEXOYCTOHUHBOCTD,
TaK Kak IIpH Hepejaye Mo KaHAJY CBSI3H aMILIHTYLA HMITYJIbCA
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MOKEeT 3HAUHTEJbHO HCKaXKaTbCsl BCJEACTBHE HECTAaGH/bHOCTH
napaMeTpoB KaHaja CBs3M M JelicTBus NoMeX. [Toatomy ammiiu-
TyLHble KauecTBa NPHMEHSIOTCS TOJBKO IIPH HCIIOJIb30BAMHU
IIPOBOJHEIX Kale/bHEIX JIMHUI CBSI3U CPABHHTENBHO HEGOIBIIONH
IIPOTS:KEHHOCTH U He 0oslee ABYX Pa3JMUHBIX KAyecTB B OJHOM
ycrpoiicTse, npuueM A= (3 < 4)A;.
Az Moaspupiit mpusnak (puc. 35, 6). Uwm-
IyJIbCHl OTJIHMYAIOTCH CBOEH MOJISIPHOCTHIO.
A, IIpuMeHAI0TCS HMITYJIbCH TIOCTOSIHHOTO TOKA
NemE HJIH TIOJYBOJIHEL BBINPSIMJIEHHOTO [IepeMeH-
a Horo Toka. HauGosiee INpocTO NOJYYHTD
NOJIYBOJIHY ITyTEM BLINPSIMJICHHUS NlepEMeH-
I+ Horo Toka. HanpasseHue Toka (moJssip-
- -/~ HOCTb) (pHKCHPYeTCs Ha IPHEMHOH CTOpPOHE
) CPAaBHHUTEJILHO IPOCTO ABYMs HEHTpaJb-
+ HBEIMU peJie, BKJIIOYEHHBIMU Hepe3 BhIIPSAMH-
6_\—/— TeMH, HJH TNpPH TOMOIH OeCKOHTaKTHBIX
Y4 L cxeM. [IlossipHBIe KauecTBa OTJIHYAIOTCS
LI L Gosee BLICOKOl MOMEXOYCTOMYHBOCTBIO, UM
4 aMIIUTYAHBEIE, OIHAKO HE MOTYT Iepexa-
LI ] Bartbca MO0 BBHICOKOYACTOTHBIM KaHA/laMm
) cBsa3u. IlosaToMy noJsipHBIE KauecTBA IIPH-
MEHSIOTCSL TOJBKO IIPH HCIIOJIb30BAHUH IIPO-
BOJHBIX KaHAJIOB CBSI3H (KaGeJbHBIX M BO3-
\/\/ IW\/ AYLIHHX).
e Bpemennoit npusHak (puc. 35, 8).
% % HImnysibCEl WM Tay3bl MEXKAY MMIYJIbCAMH
-/\/- —\/\- OTJINYaloTCs AJuTebHOCThI0. O6GpasoBanue
H (UKCAUHS BPEMEHHOTO IIpU3HAaKa He-
CKOJIBKO CJIOXKHee, YeM aMIIUTYAHOIO HJIH

Puc. 85. Kaueersert- 11 19n50r0. Ha nepenaromeii CTOpoHe 10/1K-

Hble TMNPU3HAKH HM-

MyJ1bCOB TOKa: Hbl OBITh YCTAHOBJIEHBl yCTPOMCTBA, 337210~

a — awnaurypusit; 6 —  IHE JIHTENBHOCTS HMITyJIbCA HJIH TIAY3Hl,

NOJISIPHBIH. — - o B o -

wonnoi ", ®aaeiber a4 HA IPUEMHOM — YCTPOHMCTBA, pearu

HbIH; 0 — Gasosbrl. PYylomue Ha NPOAOJIKUTEJBHOCTL HUMITYJIbCa
(mayssi).

BpeMeHHOH Npu3HAK mNpuUMEHsETCS TPH JIOOBIX KaHajax
cBa3u. ONHAKO CJlefyeT y4HTHIBATb €r0 CPABHHTEJBHO HEBHI-
COKYIO TOMEXOYCTOHYHBOCTb. [IpOmO/IKHTEILHOCTD HMITYJbCA
UJIY Naysbl UBMEHSIETCS B pe3yJsbTaTe JeHCTBHS ITOMEX B KdHaJe
CBA3H, @ TAKXKE IPH KpaTKOBPEMEHHHIX €ro HapyLIeHHX.
Kpome TOro, Ha NpOLOJ/KHTENBHOCTh HMIYJbCA HJH TAY3HI
BJIMSIET HECTaOMJIBHOCT pPaGoThl MpHEMO-Nepejalomeli amnmna-

114



paTyphl, HampuMmep, B pe3yJbTaTe KOJeGaHHI HAIp sKEeHUS
nutanus. [lo 3THM DpHUMHAM 32 PEIKUM HUCKJIOUYEHHEM IIPHU-
MEHSIIOTCH TOJIBKO [IBA BPEMEHHBIX IPH3HAKA — GOMbIIAS H Ma-
Jas JJIMTeNbHOCTH, OTJMYAIoNivecs ofHa OT Apyro#i B 3—
4 pasa. Kak npaBuJ/io, He HCIOJIb3yeTCsl TAKKE OJHOBpPEMEHHOE
KOJVPOBAHHE MMITYJIbCOB H Iay3, TaK KaK IPH 3TOM TepPSETCs
BO3MOMKHOCTb KOCBEHHOTO KOHTPOJISI HCKaxKeHWH, HaIpuMep,
nayskl TyTEM OIPENENeHUs JJIUTEIbHOCTH COCELHHX HMITYJIbCOB,
KOTOphlE HOPMAJIbHO JAOJKHBI HMETb IIOCTOSIHHYIO AJIUTEJIb-
Hoctb. [IpH HCKameHHH AJUTENBLHOCTH May3bl Haubosee Be-
POAATHO HCKAMKEHHE IJUTETbHOCTH OJHOTO HJH JBYX COCELHUX
HMITy.1bCOB.

Yacrotupii npusnak (puc. 35,2). VMnynabcel oTsiHuaTCs
cBoeft uyactoToifl 3amosiHeHus. [ 06pa3oBaHHs HMIIYJIbCOB
C DPAa3IuyHOI YACTOTOH 34TOJIHEHHS NPHUMEHSIOTCS YaCTOTHBIE
TeHEepaTophl MO YHCJAY HCIOJNb3yEeMBIX YACTOT HJIM OLHH Iiepe-
CTpaUBaeMblil IeHepaTop. '

Puxrcanys YacCTOTHBIX KAueCTB BLINOJHSETCS IIPH IOMOIIH
(bHJIBTPOB, HACTPOEHHEIX HA COOTBETCTBYIOLLYIO YACTOTY. SICHO,
4yTo o6pa3oBaHue U (PUKCANMSA HACTOTHBIX KauecTB HECKOJBKO
cloxHee, ueM Bcex npeabaymux. OfHAKO NPH UCTIOJb30BAHUH
HOJyIPOBOJAHUKOBLIX NPHOOPOB CXEeMbl TeHepaTopoB H (uib-
TPOB MOJIYYAIOTCS] HECJHQXKHBIE C BBICOKOH HAJIeXKHOCTBIO pa-
60TEL

YacToTHbIE KAyeCTBA YHHUBEPCAJbHBHI OTHOCHTEJIBHO KaHa-
JIOB CBfI3H M OTJIMYAIOTCS] HAuOOJbIIeH NMOMEXOYCTOHYHBOCTBIO,
TaK KakK YacToTa HUMIYJbCOB IIPAKTUYECKH INPU Iepefave He
HCKaxkaeTcsd. BO3MOXKHEBIA CABHT 4YacTOT NpH Iepefaue IIo
YACTOTHBIM KaHaJaM CBf3H C OJHOH GOKOBOH NOJIOCOM IIpOIyC-
Kanus (O5I]) 3apanee yyuThIBaeTCsl IPH BeIOpPE IOJIOCH! NPO-
NyCKaHUs INPHEMHHKOB YACTOTHBIX CHTHAJIOB.

BaKHBIM JOCTOMHCTBOM YACTOTHBIX KauecTB SIBJSETCS BO3-
MOXKHOCTb HCIOJIb30BaHHSI B OJHOM YCTPONCTBE 3HAUUTEJNLHOTO
KOJMYeCTBA PA3JMYHBIX YACTOT, OTPAHMYMBAEMOTO TOJbKO
IIMPUHOH HCIONb3yeMoro KaHana cBs3. Ilpum 3Tom cxembl
yerpoiictea TY—TC ympomaiorces.

dazosbiii npusHak (puc. 35, 0). B BHie KauecTB HCIOJb-
3yI0TCSl PA3JIHYHBIE HAYaJIbHblE (a3bl HMIYJbCOB NEPEMEHHOTO
TOKA — MNPEMMYLIECTBEHHO CABHT Mo (ase Ha 180° u, cueno-
BaTeJIbHO, YHCJIO KayecTB, PaBHOE IBYM.

O6pasoBanue (a3oBEIX KAaUeCTB HECJIOKHO, OAHAKO HX (u-
KCaIlMsl OCYLIECTBJISIETCS! CPABHUTENLHO IIPOCTO TOJBKO TPH
Hau4YuH oblieil aBTOHOMHOH CETH IiepeMeHHOro Toka. B aToM

g* 115



clyyae NPHEMHHK cpaBHuBaeT a3y curuana c ¢asofi mepe-
MEHHOTO TOKa OOLIell CceTH.

@azoBrle KayecTBA TAaKKe YHHBEPCAMbHH OTHOCHTEJILHO
KaHayioB cBa3u. IIpm HCHONB30BAHMM YACTOTHBEIX KAaHAJIOB
OJJHOBPEMEHHO C CUTHAJIOM IlepefaeTcs IePeMEeHHBIH TOK TOH XKe
YACTOTH C HEM3MEHHOH (a3oil, OTHOCHTEJNLHO KOTOPOH H oIpe-
Jlensercs ¢asa curuand. Bo3MoXHO TdKxKe ompefiefeHHe (has3bl
NIPHMHHUMAaeMOil TNOCBLIIKH IO CPaBHEHHIO C (pa3oil mpefbAyLiel
NOCHIJIKH, KOTOpasi 3amacaeTcss (OTHOCHTE/BLHBI MeToJ, Iepe-
naun). dasa xosebGaHuil 3amacaeTcss IPH NOMOIIH 3JEKTpOMe-
XaHHYEeCKHX (PUIBTPOB, OTJHYAIOIUXCS BEICOKOH JOOPOTHOCTHIO.

§ 3. METOJbI PA3SEJIEHNA NMITYJIbCOB

H3BecTHbI jBa OCHOBHHIX METOAA pasJeJeHHsl
MMITYJIbCOB, IOCHIIAEMBIX 110 OLHOMY KaHAJy CBfI3H,— YacTOT-
HBill ¥ BpemeHHoi. Ilpu uacmommuom pasdeserut AMIYJIbCHI
. ~ C pasjiMYHOH YaCTOTON 3aNoJHEHHS
—{ata Al (JacTOTHBIE HMITYJIbCHI) MOCHINAIOTCS
L R napajjielbHO BO BPEMEHH H pasJjiu-
P S NP T YaloTCA MO YacToTe IpPM INOMOLILH
! 2 J ' bunbTpoB, a NIpH 6pementom pasde-
AeHUU MMITYJbCH  IOCHUJIAIOTCS TIO-
1 CJIEOBATEIbHO BO BPEMEHH M Pas/iu-
11141 YajoTCs N0 BPEMEHH BO3HHKHOBEHHS
-—-— (mopsAKOM CJIelOBaHUS).
| __% UacToTHOE H BpeMeHHOe pasje-
21 _}_{ JIeHHEe UMITYJIbCOB OTJIHYAIOTCS OT Yac-
TOTHOTO U BPEMEHHOIO pasfieseHuit
- K4HAJIOB CBSI3H TEM, YTO IPH BPEMEH-
A HOM H YaCTOTHOM pa3JeJieHHSIX HM-
i NyJbCOB HX MOLYJIALMS He IpuMe-
HseTcs, Kak 5TO NPUHATO IIPH Bpe-
Puc. 36. O6pasoBanne uac-  MeHHOM M YACTOTHOM pPAa3JeJIEHHAX
s | PPEMEHERX MO~ gapanop cBsasu. [Tostomy oTgenbHbie
1, 2, 3 — peennie u wac. UACTOTHBIE TO3HIMH IPH YaCTOTHOM
TOTHEIE NMOSHILHH, pasfieieHdy UMITYJIECOB HJIM BPEMEH-
Hble TIO3HLIMH TpPH BPEMEHHOM pas-
JeNIEHHH He PACCMATPHBAIOTCS KakK OTAE/bHbIE KaHaIbl CBSI3H.
Ha puc. 36 nosicusiercs Metopuka o6pA30BaAHHST YACTOTHBIX
M BPEMEHHBIX MO3MIMH, M3 KOTOPOTO BMJHO, 4TO BpPEMEHHBIE
TNIO3HIMH OTCYHTBHIBAIOTCA O OCH BPEMEHH, a YACTOTHBIE — IIO
OCH YacToT.
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Ilon BpeMeHHEIMH NO3HUIHSMH NOHHMAIOTCA ONpeJieJIeHHEE
BpEMEHHbLIE HHTePBaNbl Af;, CABUHYTHIE BO BPEMEHH H B 06LIEM
Cly4yae pasjesieHHble MexAy coboli MHTepBajaMu pasrpa-
HudeHuss Af, (B 4aCTHOM Cliyuae, €CIH COCELHHE UMITYJIbCHI
pas/MyaloTCs CBOMMH KayeCTBEHHBIMH MpPU3HAKAMH, JJIH-
TEJbHOCTb HHTEPBAJIOB DPA3TPAHHUEHHS] MOMKET ObITb paBHA
HYJIO).

[Tog 4acTOTHBIMM TOBHUMAMH NOHHMAIOTCS ONpeEeJeHHEE
MOJIOCH 4acTOT Afy, CABMHYTHE N0 YacToTe M pasjieseHHbIE
MEXJy €060 NOJoCamu pasTpaHHYeHHs Afp.

BpemenHble MO3HIMM OTCUMTHIBAIOTCS OT HYJs (HAYaJso OT-
CyeTd), a YaCTOTHble — OT HMKHEH YacTOTHl B ONpPENENEHHOM
YACTOTHOM JHAINa3oHe.

[luprHa BpPEeMEHHBIX H YACTOTHHIX MO3MIUI OMpenesseTcs
TpeOyembiM OBICTpOZeficTBHEM Ilepefauu curHajnos TY—TC,
a TaKXKe 3aBHCHT OT IIOJIOCHI YacTOT, BBIIENEHHOH B KaHaje
cBsAsu. Jlyif TOBbIIEHHS OBICTPONEHCTBHS HEOGXOLHUMO COKpa-
MATh JJIMTEJbHOCTh BPEMEHHBIX NO3HLIHMH Af; M paclupsTh
nosiocy 4actoT Afy.

Ecnu x 6rictponeiictBuio yerpoiictBa TV —TC NoBLIIIEHHBIX
TpeGOBAHHI He NPeAbABJAETCH, TO NIPHU YACTOTHOM pasfie/eHHH
HeoOXOAUMas II0JIOCA OIpejesseTcss HeCTaGu/JbHOCTBIO TIeHe-
paTopoB ¥ NPHEMHUKOB YACTOTHBIX CHT'HAJIOB, a TaKkKe HETOY-
HOCTBIO HX B3aWMHO¥ HacTpoiiku. Hampumep, nmpu ucnoanso-
BaHHH BBICOKOCTAGH/BHBIX 3JIEKTPOMEXAHHYECKHX (HIBTPOB
H TeHepPaTopoB JOCTATOYHOH fBJIAETCA IIMPHHA IOJIOCH, PaB-
Hasg 1—2% or wacrorsl uMmnyabca. Ecan fo = 100 ey, 10 Afy=
= 1--2 ey. B s3ToM caydae Npu BPEMEHHOM pPas3JesIieHHH IJIH-
TeJIbHOCTh BPEMEHHBIX MO3MIHMH BHIOHDPAETCS M3 YCJIOBHE HOp-
MaJIbHOH paGoTH NpPUMEHSEMEIX 3J1EMEHTOB, a TaKikKe ofecIie-
YeHHsI HeoOXOAMMOH NOMEXOyCTOHYHBOCTH NeEpefauH, KOTopast
TNOBBIIETCS IPH YBEJIHYEHHH JJIHTeIbHOCTH UMITYTbcoB. Hanpu-
Mep, TPH MCIOJb30BAHMH B KAayeCTBe OCHOBHEIX 3JIEMEHTOB
5JIEKTPOMAarHUTHHIX peJie JUINTEJbHOCTh HMIYJbCOB BHIGHpa-
eTcsa He meHee 40 wmcex.

ITpn BpemenHOM pasje/ieHHH OGBIYHO MPHHHMaeTcsi Af, =
= Af;, a TpH 4YaCTOTHOM pa3je/ieHHH IIHPHHA ITI0JIOC Pas-
TPaHHYEHHS OINpeleNsAeTCs XapAKTePHCTHKAMM (UJILTPOB,
NPUMeHAEMBIX JJI Pa3jM4YeHHs] CHIHAJOB (06bluHO Afp >
> Af).

C TOuUKH 3peHHs MCIOJb30BAHUS KaHAJA CBA3M MMeeT 3Ha-
gyeHue o0las MIHPUHA 3aHMMAeMOH TOJIOCH M o6Mias AJIHTeJNb-
HOCTb Nepefiauy BCEeX IMO3MLHUHA (BpeMs 3aHATHS KaHAJAad CBA3H).
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OGuias mupHHA 3aHMMAaeMOH MOJIOCH IIPH YacTOTHOM pasfe-
JIEHUH

n n—1
F =3 A+ % A, @
a Npu BPEeMEHHOM pas3je/IeHHH
k
F=,, (4-2)

n

rle k — NoCTOsIHHAs BeJIMYMHA, PaBHAsg NPHMEDHO 3.
OO6mas AJHTENBHOCTL Ilepelaud BCeX BPEMEHHBIX IO3HIUM
(ZUTENBHOCTL LHMKJA) NPH BPEMEHHOM pasfe/leHuH paBHA

n n—1
T =Y Aty 121 At,,, (4-3)
i=1 =
a IIpH 4aCTOTHOM pasjae/ieHHH
T = Aty , (4-4)

TaK KaK YacTOTHBIl CHTHAJ 3aHHMAeT OJHY BPEMEHHYIO NO3H-
muo (puc. 36). Ha puc. 37 npusefieHb! GJIOK-CXEMBI, IOSIEHS-
IOl He PHHIIUIIE YACTOTHOTO
H BPEMEHHOTO pasJe/eHHi
HMITYJIbCOB.

IIpu wacmomnom pasge-
JIEHHH HMITyJIbCOB (puc. 37,a)
HEe0oO6XOIUMBI reHepaTopsl
YacTOTHBIX HMNYJBbCOB [ ;—
— I, u duastpel 91— D,
a NpM BPEMEHHOM pasjesie-
Huu (puc. 37, 6)—pacmpe-

N ) 7 Jeauresds P, ®w P, Koro-
S p 2°7|S8| ple JOIKHDI MepeK.TouaThCst
§§ 3 P === P, g0 %g cundasHo u cunxpouHo. INox,
§§ — p 25| oTHM nNOApasyMeBAETCS OfU-

S—= 6 e 3| HakoBHI Temn paGoTh pac-

Puc. 37. Biok-cxemn pasgeneHns TIPEACIIUTENICH 1 OMHOBPEMEH -
HMITYTBCOB, NOCEUIaeMBIX mo onomy ~ HPIE HJIH C HEGOJIBIIMM CBH-
KaHasny CBsI3H: TOM BO BpEMEHH IepekJioye-
2 — uactoTHOe; 6 — BpeMeHHoe. HHUS OJMHAKOBBIX LIEMeEH.

Heo6xon1MoCTb CHHXPOH-
HOH ¥ cuH(asHOl pabothl pacnpenenuteneii Py u P, 06ycios-
JIUBAETCA TEM, YTO TNPH BPEMEHHOM DAa3[ENIEHHH IOJIOXKEeHHEe
BPEMEHHBIX MO3HLHA CTPOro (PHKCHPOBAHO.
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YacToTHOE M BpEMEHHOE pasjie/eHHe IPHMEHSIOTCA JJist
pasJIHUeHHs] OAHOPOAHBIX HMITYJIbCOB HJIM HMITYJIbCOB C PA3JIM4-_
"HBIMH KauyeCTBeHHBIMH NIPH3HAKaMH. B nepBoM ciyuae dukcu-
pyeTcsl TOJbKO HAJH4He HJIM OTCYTCTBHE HMIYJIbCA HA JTAHHOH
YaCTOTHOH HJ/JM BPEMEHHOH MO3HMIHH, a4 BO BTOPOM — TAKXKe
KAyecTBO HMMYJbCA.

CrnenyeT pa3nuyaTb YacTOTHOE pasfesieHHE H YaCTOTHBIE
KayecTBd, T4aK XKe KdK BPEMEHHOE pasfieneHHe H BpEMEHHbIE
KauecTBa. ITpu 4aCTOTHOM pasfie/IeHNH UMITYJILCHI, TOCHLIAEMbIE
napajsesbHO, Pa3/MYaloTCsl MeXAYy COOOH YacTOTOM 3amoJiHe-
HHsA, KOTOpas B JaHHOM CJy4ae He MOXKeT paccMaTpHBaThCS
KaK KaueCTBEHHBIH NPH3HAK, 4 OTHOCUTCA K YACTOTHBIM IO3H-
muaM. B o6pa3oBaHMU YaCTOTHBIX KAYECTB H YACTOTHBIX TO3H-
IHH HMMeIoTCA OTJHMYMA, TaK KaK YacTOTHLIE KA4ecTBA MOTYT
06pa30BLIBATLCS NPH TIOMOILY OJHOTO IEPECTPAHBAEMOrO reHe-
paTopa, a 4acTOTHble MO3HIUH — TOJBKO IIOCPEICTBOM OTAEJb-
HBIX Te€HepPaTopPOB C PA3JHMHOH YacToTOH HacTpoiiku. IIpueM-
HUKH YaCTOTHBIX K4YeCTB M YACTOTHHIX NMO3UIMH TaKKe OTJH-
qaloTCs MeXAy co0oll, TaK KdK IPH Nepefiaue YACTOTHHIX Ka-
yecTB B oOmieM ciaydae HMeeT 3HAYeHHe IIOC/IeN0BAaTebHOCTD
nepefaun UMNyJabcoB. OYeBHAHO, UTO IIPH YAaCTOTHOM pasjelie-
HUHM HMMITYJbChl MOTYT MMETb TOJbKO AMIVIMTYAHLIE H BPEMeH-
Hble KAueCcTBEHHble NPU3HAKH, a NPH BPEMEHHOM pasjesleHHH
HUMITYJIbCH TOCHLIAIOTCS MOCJel0BATENbHO BO BPEMEHH H MOTYT
HUMeTb Jito6ble KauecTBEHHLIE NPH3HAKH, B TOM YHCJE BpEMEH-
Hble W yactoTHble. CjefyeT OTMETHTh, YTO NPH HAaCTOTHOM pas-
JeJIeHHH, KaK IpaBHJIO, KaueCTBeHHble NMPH3HAKH HE HCIOJb-
3yI0TCs, TaK KAaK OHH CHMXKAIOT IIOMEXOYCTOHYMBOCTb Iiepe-
Jlaun.

YacToTHOe pasnesieHHe UMITYJbCOB OTIHYaeTCst Gosiee BEICO-
KOH IIOMeXOyCTOHYMBOCTBIO, YE€M BpEMEHHOe, OIHAKO IIpH
BPEMEHHOM pasJeJieHHH IN0JIoCca YacToT, 3aHMMaeMasl B KaHaje
CBSI3H, MOXKET OHITb yXKe, YeM IIPH YacTOTHOM pasiesieHUH.
[pu orpaHuYeHHOH IOJOCE YAaCTOT H TOBBINIEHHBIX TpeboBa-
HHI K TIOMEXOYCTOMUMBOCTH HauGoJjee UeJecoo6pasHO COB-
MECTHOE IIpHMEHEHHE YacTOTHOTO H BPEMEHHOro pasfiesleHHH
HMIyJIbCOB.

Pasnenenne HMIYJLCOB OCYLIECTBJIAETCS TaKKe MyTEM HX
NOCBUIKH I10 PAa3JUYHBIM IIPOBOAHLIM JIHHHSAM HJH KaHAJIOM
CBSI3H.
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§ 4. OCHOBHBIE METOJbI H3BHAPATEJ/ILHOI'O
BRJIIOYEHN A

OCHOBHBIE METOIBl H36HPATENBHOTO BKJIIOUE-
HHSl, WJM MeTOAbl H3GHpaHHs, XapaKTepH3YIOTCs Nepejauei
HMIyJbCOB, o6pasyiomux cHrHamnl TY—TC no omHoMy
KaHany CBs3H.

MeTtozipl U36HpaHUs] B 3aBUCHMOCTH OT TOrO, NPHMEHseTCs
HJIM HE NpPHMEHsIeTCs: KOMOMHMPOBAaHHE MMIYJILCOB, pasje-
JIAIOTCS HA LMPKYJSIPHBIE H HEIUPKYJsAPHble HJIM KOMOHHA-
IHOHHbIE MeTomel (Tabn. 5). B yupkyrapuex memodax
u3buparus KOMOHHMPOBAaHHE HMIYJbCOB HE IPHMEHAETCH,
uyeM .06eCIeuHBaeTCs] BO3MOMKHOCTb IHPKYJSPHOTO yIpaBJe-
HHS, O KOTOPHIM NMOHHMAETCS] BO3MOXKHOCTb OJHOBPEMEHHOH
(1M 32 OMH UHMKJ paboThl) Nepesdyd HECKOJbKHX NMPHKA30B
HJIM CHT'HAJIOB.

Tabauya 5
OcHOBHBIE MeTOABlI U3GUpPaHHUS
Pazpenenue LlupKyJasipable MeTOJbI KOoMOHHAIHOHHbIE
HMI1yJ/1bCOB H36HpaHHusA MeTO/bl H3GHpaHUusA
. YacTtoTHO-KOMOHUHAIMOH-
YacToTHO® YacToTHH Y HHAUHOH
HBIH
eJINTeNbHbII PacnpeenurenbHo-
Bpemernnoe Pacnpex BIK HTH pex o
BPeMeHHBI# KOMGHHAIHOHHBIH
Yacrorno- YacToTHO-pacmnpe- YacToTHO-KOMOHHALHOH-
BpPEMEHHOe JeTUTeNbHbIN HO-pacnpeaeauTeNbHbIR

B kombunayuonnsix wxemodax u36upaHus TPUMEHSIETCS
KOMOMHHUPOBAHHE HMITYJIbCOB, BCJEACTBHE YEro HUPKYJISPHEHIH
BHIGOp HeBo3MoxkeH. OfHAKO, 5TH MeToAbl M36MPaHHs Xapak-
TEPU3YIOTCS 3HAUUTE/BHBIM yBeJHYeHHeM 3((EKTHBHOCTH HC-
NOJb30BAHHSI HMIYJLCOB II0 CPABHEHHIO C UUPKYJSPHBIMU
METO[iaMH, T. €. YBeJHUYeHHEeM KOJIHYeCTBa NPHKA30B HJIH CUTHA-
JIOB IIPH TOM XK€ YHCJEe HCIOJb3YEMBIX HMILYJIbCOB.

Ilia yBe/iMueHHs KoJiMuecTBA NPUKA30B NPH LHMPKYJIsPHBIX
MeTofaxX H30HpPaHHs MPHUMEHSETCs TpYyNIOBOH BHIOOP, NpH
KOTOPOM BCE OGBEKTHl JessiTCs HA Ipynnsl. BHauyane BhIGHpa-
ercqa rpynmna, a sareM — o6wekT B rpynne. Kpome Toro, mpu-
MEHsIeTCs1 TAKXKe IpeABapUTe/bHBIH BHIGOp MO3MIMH OOGBEKTA.

I'pynnosoii BLIGOp NpM HCNONB30BAHHM HEWUPKYJISIPHBIX
MeTOLoB HM30HP2HHA He yBeJMYHBAET KOJHUYECTBO IPHKA30B,
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O/lHAKO NPHMEHSIeTCs] B HEKOTOPBIX CJAyYasix IJd YTpOLIeHHs
cxemnl ycrpoiictea TV—TC.

BecbMma panuoHaNbHBIM SIBJSIETCS CMewaHHbIL memod usbu-
panus, TP KOTOPOM TIpymNIa BHIOHPAETCS HENUPKYJSPHBIM
METOLOM H36UpaHusl, a OOBEKTH B TPYIIe — IUPKYJSPHBIM.
IIpu sTOM yBeMYMBAETCS! KOMHYECTBO MPHKA30B NPH yCJIOBHH
COXpaHeHHs] LUPKYJSIPHOrO BHIOOpa B mpefiesiax I'PYIIbL

Hupkyasipubie MeToAbl M3GupaHus. LIMpKy/asipHbIE METOIBI
H30MPaHUsl XapaKTepU3YIOTCSl OTCYTCTBHEM B3aUMHOH 3aBHCH-
MOCTH MMIYJIbCOB, NepefaBaeMbiX IO KaHAAy CBSI3M. DTO 3Ha-
YAT, YTO KaXKABIH HMMIYJbC, BO3HHKAIOMHKHE HAa ompeleseHHOH
BPEMEHHOH MJIM YacTOTHOH MNO3MIIMM, HE3aBHCHM OT APYrHX
HMIIyJIbCOB M HMeeT Hamepe] 3aJaHHOE HasHaueHHe.

B 3aBHCHMOCTH OT MeTOAA Pa3fesieHUs] UMIYJIbCOB, MOCHLIae-
MBIX TIO Of(HOMY KaHa/Iy CBSI3H, HMPKYJsSIPHbBIC METOAbl U36Upa-*
Hus (Tabs. 5) pasjesstoTCsi HA YacCTOTHBIH, paclpefesuTelib-
HBIH U YaCTOTHO-PACIIpefiesINTeJbHBIH MeTOnbl H30HpaHus.

HacToTHH U MeToh u36upanusdg I[lpu yac
TOTHOM MeTofie u3bupanusi Kaxaplii curHan 7Y win TC nepe-
JAeTCsl ONHMM HMIYJIbCOM IIePEMEHHOr0 TOKa (YACTOTHHIM
HMITYJIbCOM) C ONpeLEEeHHbIM 3HAYEHHEeM YacTOTH KoJieGaHHil.
IIpu ORHOPORHBIX HMMMOYJbCAX C TNOCTOSIHHON JJIHTENbHOCTHIO
H aMILIHTYJOH KoJsindecTBO curHanos TV unu TC

M = n‘b (4'5)

Il Mg — KOJIMUECTBO YACTOTHBLIX TO3UIUH.

Ilpp pBYXMO3HIMOHHBIX OOBEKTaX KOJHYECTBO YacTOT-
HBIX TO3MIMH JOJKEO ObITh B JBa pasa 6oJiblle YHcJa
00BEKTOB

gy = 2N 6. (4-6)

O6pasoBanue curHagoB 7Y wnn TC npu 4YacTOTHOM MeTOje
u3bupanns mosicusiercss puc. 38. Ilpm IupKyJaspHOM BhIGOpE
CHUTHAJBI, OTHOCSIIMECS K Pa3/MYHbIM OOBEKTaM, IepealnTCs
OHOBPEMEHHO OJHOH mNochlIKOH (puc. 38, a). Ecam mupky-
JISIPHBIH BHIGOP He HYXKEH, TO MepefaeTcsi TOJbKO OfHH Ya-
CTOTHBIH uMmyJabc (puc. 38, 6).

[Mpx ucrnosb30BaHUM AMIVIMTYAHBIX HJIM BPEMEHHBIX Ka-
YeCTBEHHBIX TNPHU3HAKOB HMIYJbCOB KOJHYECTBO CHIHAJIOB
COOTBETCTBEHHO YyBeJHYHBAETCS

M = n‘! K’
rie K — KOJIH4eCTBO NPHHSATBIX KayeCTBEHHBIX IIPH3HAaKOB.
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Hanpuwmep, onun cursas MoxeT NepefaBaThbCsl YaCTOTHBIM
HUMITYJbCOM 3HAYUTEJbHOH AJIMTEJNbHOCTH, a APYrod CHrHan —
YACTOTHBIM HMITYyJIbCOM TOH Ke YacTOThI, HO MaJIOH JJIUTEJbHO-
ctu (puc. 38, 8). B sTom cnyuae K = 2 u

hq = N 06-
Ilpu npenBapuTenbHOM BbIGOpE TO3HLMM YHCIO CUIHAJIOB
yBesuunBaercs U mpu K = 1
M =2 (ny— 2) = 2N . 4-7
JlBe wacTOTHBIE TO3MIKMH CJAYKAT JJsl Tepefadd CHTHAJIOB
«BrumounTh» uiau «OTKIIOUNTbY AJ1s1 BceX 00BbeKToB (puc. 38, 2).

B atom cayuae npu TY oaxo-
BpPEMEHHO MOXeT ObiTb MPOH3-

eros5 [ Onzbﬁ, 7 BEJICHO TOJIKO BKJIIOYEHHE HJIM,
Om0by| _ fy | BKOBp| 5 OTKJIIOUEHHE BCeX OOGBEKTOB.
Br0b3 S5 OmOb3| __Jfs

IIpu TC otmenbHell BbIGOp TO-
3UIMM He NpHMeHsieTcs, Tak
Kak HEBO3MOXKHO OJHOBPEMEH-

Bros5; [ F ] 0/77 HO IepefaTtb BKJ/IIOYEHHOE CO-
t 6 to CTOsIHHE OJHOTO o0BbeKTa H

—-tnoc— @
Br 06/ __J& IO/gOB,I L]

Bx 7 om % OTKJIIOYEHHOE —JpyTOro0. B yecr-
05, ) 0by S poiicteax TC 4acTo HpHMeHs-
0b; fa 062 |__f4 eTCsl  OJlHONO3WLMOHHAS TeJie-
¢ curHanusamus ¢ BHOOpOM
Dy ] bz 22 MO3UIUH OODBEKTa, 1O IPUCYT-
0b, 5 06; 5 ) pucy
05, f4 064 [ 7 CTBHIO HJIH OTCYTCTBHIO COOT-
Vil BETCTByIOmIeH OOBEKTHOH uvac-
Puc. 38. OGpasoBaHue CHIHA- TOTEl B mocklike. Hanpumep,
2108 TY unu TC npy 4acTOTHOM €c/in JlaHHas 4acToTa MmpucyT-
MeTOfle H36HpaHHs: : CTBYeT B MNOCBHLIKE, TO OOBEKT
a — TMPH HCMOJIb30BaHHH ng Kax- BKJIIOYEH, a eCJid — OTCyTCTBy-
Oro JABYXIO3HILHOHHOTO O0OBbeKTa
gsyx qac}‘,ro'rﬂblé( nosgum‘i H 1LHUp- eT, TO 0OBEKT OTKJIIOUEH. BOJIee
KyJsspHOM BbIOODE, -— IPH HC- -
nznbgosaﬂuu nast Ka)xnorcl)pgayx- HaJexHa ﬂ‘ByXHOSHH‘HOHHa?{ Te
MO3HLHOHHOTO %ﬁheKTg IBYyX Yac- JIeCUrHaJjausanus, OLHAKO B
TOTHBIX TMO3HIH 11
ofexra; aK-—unp}l; BH6OBe omioro 5TOM CJIy4ae KOJIMYECTBO YacToT-
o6beKTa H K = 2; 2 — 1pH or, - i -
HOM BHGODE MOSHIHE poﬁeﬁigg; HBIX MO3ULUH yJIBaHBAETCS B CO
0 — mpH TPyNnoBoM BHGOpe, _ OTBETCTBHH C BhIpa:KkeHyeM (4-6).

[pu rpynnosoM BeiGope Yuc-
JIO CUTHAJIOB Takxke yBenuuuBaercs. [y JBYXCTYIEHYATOro
rpYNIoBOro BLI6OPA, Ijie B epBOi CTYNEHH IPOU3BOLUTCS BHIGOD
TPyNnsl, a8 BO BTOPOii — o00keKTa B rpymme (puc. 38, 0)

M = ng,na,, 4-8)
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rje g, U Ny, — KOJMYECTBO YACTOTHHIX TMO3MIMH B IEPBOH
- U BTOPOH CTYMNEHAX.

st MHOTOCTYTIEHYATOro TpYINOBOro BEIGOpA
M = HNy,, Aayy ooy nqsy
rje S— KOJHYeCTBO cTyneHeHd BbiGopa. Ilpu sTom ofiiee
KOJIMYECTBO YACTOTHBIX IIO3HUHH

S
Ny = 21 flq,-. (4'9)
MakcuMasbHOe 4HCJIO CHTHAMOB OyneT NpH
nq1 = nqz, « e ey nqs = nq,‘.
B atom cayuae
s
M = (1) = (n—:) . (4-10)
KoJmmuectBo rpynm
krp=s—1, (4-11)

TaK Kak B NoCjefHed CTyneHH IPOM3BOLUTCS BHIGOP OOHEKTOB
B TOCJefHeH rpymnme,
Hanpumep, npu ng =12 1 s =4 umeem

12\*
M= (T) = 81,

B 3TOM cayuae NOCHIIKAa COCTOMT H3 TPeX IPYNNOBLIX (kl.p = 3) u Tpex

OGBEKTHHIX YacToT,
Bes rpynnosoro BeGopa NpH rn, = 12 BO3MOXHA nepejaua Mosoxe-

HHS1 TONBKO 12 06BeKTOB.

[Tpu yacToTHOM MeToAe M3OMDAHMSI KOJHYECTBO HEIOJb3Yye-
MBIX YAacTOT ONpefeAsieTcss HeoOXOAUMBIM KOJIMYECTBOM CHIHA-
JoB. CrefoBaresibHO, TNPH YBEJMYEHHH YHCJA CHTHAJIOB COOT-
BETCTBEHHO BO3pAacTaeT 3aHHMaeMasi II0Joca YacTOT, OLHAKO
BpeMsl mepejaud He H3MeHsSIeTCS! M OCTaeTcsl PABHBIM froc.

PacnpenpenurenbHB# MeTOJ H306HDa-
H u 9. [Ipu atom mMeTofe u3bupaHusi Kaxiapld curnan TY uiau
TC nepenaercs OIHUM MMITYyJIbCOM H3 CEPUH HUMITYJIbCOB, MOCHI-
JlaéMbIX NOCJENOBaTeNbHO BO BpeMeHH. ITockosbky Kamuwiit
HMIYJbC COYXKHUT JJIsI Tepefadyd BIIOJIHE ONpeJieeHHOIo CHI-
HaJa 32 OfMH LHMKJ paGoTHl B ONHOH CepHu U3 f; BPEMEHHBIX
MO3UIMHA MOXKHO TepefaTh N CUrHajaos. CrefoBaTesibHO, KOJIH-
YeCTBO CHMTHAJIOB

M = n,, 4-12)
a IPU HCNOJb30BAHMH KaYE€CTBEHHBIX IPU3HAKOB
M == nBK. (4'13)
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[Mpu pacnpesennTesbHOM METOIE H30MPAHUS KOMMYECTBO Bpe-
MEHHBIX MO3HIHMH HAXOAMTCS B NPSIMOH 3aBHCHMOCTH OT YHCJIA
nepefaBaeMbix curuajon. CiiefoBaTeqbHO, C YBETHYEHHEM YHCIA
CHT'HAJIOB COOTBETCTBEHHO BO3pacTaeT H BpeMsl OJHOrO LIHKJA.

IMockonbKy MpH paclpefesuTe;bHOM METOAe H3OMpaHud
NPUMEHsIeTCs] BPEMEHHOe paclipejieJieHHe HMITyJIbCoB, TO 00s-
3aTeJbHO TPHMEHEHHe paclpefennTeneli u obecnedeHne HX
CHHXDOHHOM W CHH(ba3HOH pabOTHL.

MeTopuka moctpoenust cepuit uMmnymaecos 7Y u TC mpu
pacnpejenuTeJbHOM MeTojle H30HpaHusl ONpeNeJsieTCs NPHHS-
TBIM criocoGoM nepeksoyenus: pacnpenenureneid. Ilpumensercs
IBa chocofa TEepeKJIoYeHHs paclpejeuTenell — IOIAaroBH i
(3aBHCHMBIf) U HE3aBHCHUMBIH (IMKJIHYECKHH).

ITpu nowazogom nepexaroweruu pacnpedesumeneil MMITYIbCLL
CepuH CJyKaT OJHOBPEMEHHO /s MEPEeKJIoYeHHs pacrpese-
JuTesIel, O3TOMY OTCYTCTBHE KaKOro-jn6o HMNyJbca B CEPHH
He JONMyCKaeTcsi. B 5TOM cilydae UMNYJIbChl A€/IAT HA aKTHBHbIE
M [AcCHBHLIE, OTJHUAKOIIHECS MeXay co00oil KayecTBeHHBIMH
NpPU3HAKAMH, KOTOPBIX IPEUMYIIECTBEHHO HCIOJb3YeTCs! TOJIbKO
IBa. AKTHBHBIE MMIYJIbChl BBINOJHSIIOT QYHKLHIO H30HpaHHs,
TNO3TOMY HA3LIBAlOTCSl TaKike M3OuparomuMu. [laccuBnbie um-
My/1bCHl COBMECTHO C AKTHBHBEIMH BBINOJIHSIOT BCIIOMOTATe/b-
HyI0 (QYHKUMIO ABMXKEHHS (TEePeK/IOYEeHHs)) Nepejalomero H
IPHEMHOTO paclpeje/uTeaes.

Ecay KOZUPYIOTCS Nay3bl, TO BCe HMITYJIbCH CYKAT TOJNLKO
JJsl pasjesieHHsi TNay3 M TePeK/IoueHHsl pacmperesuTesed.
CuH}a3HOCTb [BWXKEHHSI paclpelesuTeNed JOCTHTaeTcss TeM,
yTO 06a pacrmpefenuTess NPH Mepefaye CepUHd UMNyJabcoB T
niu TC HAUuMHAIOT JBUXKEHHe C HyJeBoro nojoxenus. Cepuu
uMiysbcoB 7Y u TC cTposiTCS PasjinyHoO, MOCKOABKY mpu TV
NPHMEHSIeTCs OTAEJIBHBIH BpIGOp mosuuuu, a npu 7C mpume-
HsileTcsl Tepejaya TOJbKO ORHOH NO3HIHHM OOBEKTOB (OLHOIO-
SMIIMOHHAs TeJIeCUTHAIN3aLHs).

Ha puc. 39, a npuBegeHa cepusi MMIyJbcoB 1Y mnpu oT-
JesibHOM BhIGope mosunuu o6bekToB. I[lepBrie ABa uMmyJibca
Cayzat A4 BbI6OpA NO3MIUH OGHEKTOB, a OCTAJbHEE — JJISI
BeiGOpa 00beKTOB. IlpuBeneHHAs cepHsl COOTBETCTBYET BKJIO-
YEHHUIO TPeThero o0beKTa, TaK KaK NEePBHIH U ISTHH HMITYJIbCHI
VAJMHEHHl M SBJSIOTCS aKTUBHBIMH. Bce ocTasbHBIE HMITYJIBCHL
TIACCHBHBEI M CJYXKAT TOJNBKO JJisl NepeKJIIoYeHHsl pPaclpesesu-
Teseld. Ko/MYeCTBO [BYXMO3HIHOHHBIX OOBEKTOB YNPaBJIEHHUS

Neg=3=n—2 (4-14)
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TaK Kak JBa HUMIyJbca CJaykKaT AJS BHOOpPa MO3MIUH 06D-
€KTOB.
JIuTeNbHOCTE TIPOXOXKIEHMS Cepuu

Ty = tu (s — 2) + 2y + tn (15— 1), (4-15)

rge f; — AJHTEJbHOCTb KOPOTKOTO (MACCHBHOTO) HMIYJIbCA;
ty — JAJIMTENIBHOCTh [JIMHHOTO (aKTHBHOI'O) HMIIYJbCa;
ty — JJHTEeJbHOCTh NAay3bl.

Bk Om O 06, Ob; OB, 06y,

J_UULFU_UL_IL

1D, Bk Om Bbibop 00bexmo8

S 1 S ] S )

34557

05, 05,055 06, 055 05,., OBy

g 17 2 3 4 5 n-1 N

Puc. 39. Cepun ummyiscoB TY u TC npu pacnpepelHTeNb-
HOM MeTOfie H3CHpaHMsI H IIOLIATOBOM IepEeKJIOYeHHH paclpe-
JenuTenei:

a — cepHst uMIyJbcoB TY TIPH OTAeNbHOM BHIGODE IO3HLUH OGBEKTOB;
6 — cepusi HMOyabcoB T INpH TPyNnmoBoM BhIGOpe; 6 — CepHSA HM-
nynabcoB TC.

Ha puc. 39, 6 npusesena cepus ummyJbcoB 7Y ¢ usamene-
HYeM JJIMTEJIbHOCTH Tay3 (KOLHPOBAHHEM INay3) W TPYINOBHIM
BHIGOPOM NPH BKJIIOYEHHH YeTBEPTOro o0bekTa BTOPOi Ipyl-
nel I p,.

[Mpu rpynmoBoM BbIGOpPe KOJIHMYECTBO [BYXNO3HIHOHHBIX
00BEKTOB

Nog = kep (1ts — brp — 2), (4-16)

rje Rrp — KOJHYECTBO TDYMIL.
JiuTeIbHOCTh TPOXOXKJAEHHS CepHH

T =ty (1 — 3) + 3ty + tun,, (4-17)

rae ty — AJHTeNLHOCTh KOPOTKOH INaysel;
1 K1)
ty — LJIUTEJBHOCTL IJMHHOH May3shl,
Iy — AJATEeJBHOCTh MMIYJbCa,
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ITpu TeneynpaBjieHuu, U3 COOOpaxmeHUs] HAAEIKHOCTH, KaK
NpaBUJIO, YIpaBJieHHe NPOU3BOLUTCS OLHOBPEMEHHO TOJIBKO
OfHUM OGBEeKTOM. B 3TOM ciyuae KOJIHUECTBO H3GHPAIOMIUX
HMIYJILCOB MJIM Tay3 B CEpH OCTAETCS] BCETAa INOCTOSHHBIM,
uTO 06ecrneyrBaeT BO3MOKHOCTb KOHTPOJIS U NEPEBOAA JIOXKHOTO
BbIOOpPA B 3amUTHBIA OTKa3. KOHTPOJBHEIN y3es JO/MKEeH MofA-
CYHTHIBATH KOJHMYECTBO M3OHPAIOUMX HMIYJIbCOB WM May3
M 3arpelnarb BhITOJHEHHE MCKAXKEHHBIX KOMOWHAUMH, B KOTO-
PBIX YHCJI0 H3OHPAIOUHX MMIYJbCOB HJM Nay3 OTJIHYaeTcs OT
3aJ@HHOTO (YHCJIOBOH KOHTDOJIb).

ITpu TesecUTHANIM3ANMM IKEJNATEIbHO TMOJYYHTh CHTHAJEL
0 COCTOSIHMH BceX OGBEKTOB 32 OfHY CEPHIO, YTO Y BBHINOIHSETCS
IpU pacnpenesuTesbHOM MeTofe u3bupanus. [lpumensercs
ofHomnosunuonnass TC, Hanpumep, YAJIMHSIOTCS Te May3Hl,
KOTOpHIE OTHOCSTCSI K OTKJ/IIOUEHHBIM OOBEKTaM yIIpaBJeHHUS.
Cepust umnysnbcoB 7C moxkaszana Ha puc. 39, 8 pu OTKJIIOUEH-
HBIX oOwvekTax Ttejecurnanmsaumu O5,, Ob; u Oby_;. Ecan
B CpefHEM KOJIHYECTBO BKJ/IOUEHHBIX OOBEKTOB MEHbILE, 4eM
OTKJIIOUEHHHIX, TO AJis YKOPOYEHHS CepHH HMIYJbCOB yIJIHU-
HSIIOTCSl Tay3bl BKJIIOYEHHBIX OGDBEKTOB.

KoJIH4eCTBO OGBEKTOB ONHOMO3HIMOHHOH TeJeCHIHAMH3a-
IIMK TIPU TPYIIIIOBOM BhIGOpe

N’l‘. c = krp (nB - krp) (4'18)
H AJUTeJIbHOCTh NMPOXOXKAEHHA CepUr
Ty = th (e —1— Nox) + tjNox + tans,  (4-19)

rie Nop — KOJHUYECTBO OTKJIIOUEHHBIX OGBEKTOB TeJIeCHIHa-
JIM3alMH.

IIpn rpynnoBom BhIGOpe LHPKYJISAPHOCTD COXPaHSAETCS
TOJIBKO B Tpejeax I'PYIbL.

Ilpu ucnosib30BaHMH BpeMEHHBIX KaUeCTBEHHBIX NMPH3HAKOB
OJIHOBPEMEHHO MOXKET H3MEHSIThCSl AJIUTEJbHOCTb HMITYJIbCOB
H T1ay3, YTO YBEJHYUBAET KOJMUECTBO OOGBEKTOB MPUMEPHO
B JIBA pa3a NPH TOM K€ YHCJIe UMITYJIbCOB B CEPUH.

Ecqu ucnonbayercs: nesagucumoe nepexaouerue pacnpedeiu-
meaelf, TO MMITYJIbCBl CEPHH HE MPUHHMAIOT y4acTHs B mepe-
KJTIOYEHHH, a CJYXKAT TOJAbKO JAJs Ileseil u30upaHus (fJs
BbIOOpa 00BEKTOB). B 3ToM ciiyyae cHMHXPOHHOCTB nepexJroye-
HHS pacnpejenuTtesell obecneyuBaeTcs 3a CUeT MUTAHUS Ieneld
JBI:KEHHUS paclpefenuresneil ot oOluel CeTH NMepeMeHHOro ToKa
HJIH OT OTAEJIbHBIX CHMHXDOHH3HUPYEMBIX ['€HepaTOpOB.
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PacnpenenuresnbHble cepuy. NMPH HE3aBHCHMOM IepeKJIo-
YeHHM DaclpefesuTesiell XapaKTepH3YIOTCsl HaJIMYHEM CHH(pa-
3UPYIOMHUX (MyCKOBBIX) HMIYJIbCOB, PasfessiOuX OTHENbHbIE
CePUH HMIYJIbCOB (LHKJIBL).

Cundasupyiomue umnyiscsl (CH) BbZENSIOTCS aMILIATY-
Jo#, MOJNSIPHOCTBIO WJIM JJIMTENbHOCThIO. Eciu lemu ABuiKe-
HUSl pacrpejenuTesnedl NUTAIOTCA OT OTAEJbHBIX TeHepaTopoB,
TO 3TH MMIIYJIbCHI CYXKAT TAKXKe HJIS CHHXPOHU3ALHH.

[ o= — g
. —

T v T ‘V‘U—T
VoV \
Bx Om 0B, 0Oby Oby U
cH a on

Bk Bx Om Bx Om
06, 0B, Ob; 06, O0bs

I
6 t
Puc. 40. Cepuu umnysabcoB TY u TC npH pacnpeiesnTebHOM MeToze

H30HpaHHS H HE3aBHCHMOM IIepeKJIIOYeHHH pacnpefiesuTeleil:
a — cepHsi HMIyJbcoB TY; 6 — cepHs1 HMOyJbcoB TC.

HesaBucumoe mnepekoueHue pacnpefesnuTesiell NpHMEHs-
€TCsl NPEeNMYINECTBEHHO B GeCKOHTAKTHBIX ycTpoiicTBax TV —
TC. Ilpu TY npumeHsieTCs] OTAEJNbHBIH BBIGOP MO3HIIMH OGBEK-
TOB _(puc. 40, a). Nmnynec PH (paspeuieHusi MCHOJHEHHS)
CJYXKHAT IJis KOHTPOJis CHH(A3HOCTH NepeKJIOYeHHS pacmpe-
Jenauteneit. ITpu TC npumeHsieTcs nepefada TOJLKO BKJIOYEH-
HOro (HJTH OTKJIIOUEHHOTO) COCTOSTHHUS 00BeKTOB (cM. puc. 40, 6).
B Bunosnnennsix ycrpoiictBax TY—TC cepun TY u TC
mepenaoTcs 32 OLHH IMKJA C HCNO/L30BAHMEM Das/IHUHBIX
BpeMennnix nosuiui. Hanpumep, cepuss TV mnepemaercss Ha
HEUYETHHIX TOJYBOJIHAX HAMNPSKEHHs OOmel CeTH, CJyxaiiei
JJIsl TIepeKJIoueHusl pacnpefenurtened, a cepus TC — Ha 4eT-
HBIX IIOJIYBOJIHAX.

YUacToTHO-pacunpeleJUTeJdbHBHA METOJ
u3bupaunus Ilpu 3TOM MeTofe wu3OUpaHusi KamKIbIH
curHan TY unu TC mnepenaercs OAHMM YaCTOTHEIM HMITYJIbCOM
B CePHH Ny MHOTQUACTOTHHIX IIOCHUIOK, IepefaBaeMbIX IOCJe-
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Jl0BaTeJIbHO. HOCKOJIbe KaxJass MHOrodacTtoTHasi IMOCBIJIKa
MOXKeT COCTOSITb U3 7y YaCTOT, TO YHCJIO CUTHAJIOB

M = ngng, (4-20)
a KOJIHYeCTBO JBYXIO3HIUOHHBIX 06beKkToB T nmmu TC
N 06 — % = nn% )
rae 72—" — KOJIMYeCTBO YaCTOTHHIX HMITYJIbCOB B OIHOH MOCHLIKeE,
=g iy
Bk 05, f, 0mO0s, 5 0m06,| 1,
6x 05, 13 B 0B 5 T 0m0b, A
0mO0b,4 Ts Bk 05, Js 0mO0Bg f5
1 2 3
a
Bros, | £, omos,|[ % | omok, | f,
Bx0B, | 5 Br0Bg | /5 0mO0Bg4| £,
omos, | | BK05| f; 0m05y | f,
1 5 2 3
’p; 5 Py Iz Ibg 5
BkOB, | 4 BKOB3 |  f, 0m0bs| __ J5
O0m0G,| /o BKOB, |  Js BkOBd %
1 2 3

6

Puc. 41. OGpasoBanHe CHTHAJOB NPH YaCTOTHO-PacCHpefeNHTeNbHOM
Metofle HM36GHpaHHS:

a — TpH HCIIONb30BaHHH AJIsl KaXXAOro JABYXMO3HUHOHHOTO O6BEKTa ABYX Yac-
TOTHBIX NMO3HUHH; 6 — npd K = 2; ¢ — NpH TIpyNnoBoM BelGope.

O6pazoBaHue CHIHAJIOB IPH YACTOTHO-PACIPENESUTENbHOM
MeTofle M30MpaHusi nosicusiercst puc. 41.

g nepenagyu nosunuu Bk win Om UCHONB3YIOTCS Pa3J/iny-
Hble 4aCTOTHl, HEYETHHE M YeTHble, COOTBETCTBEHHO, KaK IOKa-
3aHO Ha puc. 41, a npu ny= 6 u ny= 3.

Ilpn wMCHONB30BAaHHH KayeCTBEHHBIX INPH3HAKOB YHCJIO
CHT'HAJIOB YBEJIMUHMBAETCS '

M = ngn.K. 4-21)
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Eciu K = 2, To KOJIM4eCTBO [BYXMO3HUHOHHLIX 06bekTOB TC
N06 == anq. (4'22)

Hanpumep, npu TC BKIIOYEHHOE COCTOSIHHE MOXET IepenaBaThCAd IJAHH-
HBIM HMIYJbCOM, a OTK/IIOYEHHOE — KOPOTKHM (puc. 41,6), npu n, =
=3 Hn,=3

Nog=ngn, =3-3=9.

IIpumensis yacToTHO-pacHpeequTeNbHbI MeTon u3bupa-
Hus, B o0meM ciydae HEOOXOAUMO 00ecleduTh CUHXPOHHU3AIMIO
u cuHdasupoBanue pacnpefenurteneil. OIHAKO NPU IPYINOBOM
BHIGOpE pacnpefenuTe]b Ha NPHEMHOH CTOPOHE HCKJIOYAETCs,
TakK KaK B Ka&XJOH MHOrOYacTOTHOH IOCHLIKE, NepefaBaeMoH
1I0C/IeI0BATENbHO, OJMH YACTOTHEIE HMIYJbC BhILEJISETCS /ISt
BhIGopa rpymmsl (puc. 41, 6). ITpn aToM KOJIMYECTBO YaCTOTHBIX
HO3UIUH

N
ny=ny +2-2, (4-23)

B

6 o
= — KOJIMYECTBO OOBEKTOB B OJHOM TPyINe, NepejaBa-

B

rue

eMbIX B OJ(HOH mochlike. Hampumep, mpu Nog =6 u ns =3
(puc. 41, 6)

m=3+2§=1

[Mpy uyacTOTHO-pacHpejesUTeTbHOM MeTOAe U3OUPaHHs
LJIUTeNIbHOCTh Tepefiadd CepHH IOCHITOK

Ty = ftnoe + (s — 1) £ (4-24)

CpaBsuuTtenbHas ONeHKa uH o6aacTu
NpuMeHeHHUS LUHUPKYJASAPHHX METONOB H3-
Gupanus UacToTHbI METOX H30HPAHHS MPHUMEHSETCS
TIpH CPABHUTEJBHO HeGOMbIIOM KosudecTBe 00bekToB TY—TC
(B wacTHOCTHM, NPH paccpefoToueHHsX oOnekTax). Ilpum aTom
MeTofie M36upaHusi OGeCIeYHBAETCA 3HAYMTE/bHAs MOMEXO-
YCTOHYHBOCTD M HAJEXKHOCTb YNPABJIEHHS TPH BBICOKOM GHICT-
pOZEeHCTBUHU.

PacnpesiestuTe ibHBIH METOL M30MpaHMs B HACTOsLEe BpeMs
HauboJsiee MIUPOKO NPUMEHSETCS BCJIEACTBHE HPOCTOTO BBINOJ-
HEHMS] OCHOBHEIX 3JIeMeHTOB. Kpowme Toro, ecsiu BhicOKoe GHICT-
pozeiicTBre He Tpebyercsl, TO NPH paclpele/UTeJbHOM MeTOAE
u3bupanus TpeOyeTcsi CPaBHHTEJNbHO y3Kas IOsioca YacToT
B KaHaje CBsi3u (IPH MNepefaye IO MAarHCTPAJbHBIM JIMHHSAM
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CBfI3M MOT'YT MCIOJNL30BATHCS CTAaHAAPTHBIE TeserpadHkue
KaHaJibl).,

YacToTHO-pachpe/ie/IUTebHEIT  MeTOL H3OUPaHUS MOXKET
OPUMEHSITHCS TP 3HAYHTENBHOM KOJUYecTBe 00beKTOB TV —
TC, ecnn Tpebyercs o6ecreyuTh MOBHIIEHHOE GHICTPOAEHCTBHE
U TIOMEeXOYCTOHYMBOCTH 32 CYeT HEKOTOPOro pacIiupeHust
IOJIOCHl 4aCTOT, 3aHMMaeMOil B KaHaje CBS3H.

KomoOunanuonnsle MeTonbl u3GupaHus. KomOuHaANHOHHBE
MeTofbl M36MpaHus XapaKTepu3yTCsl B3aHMHOH 3aBUCHMOCThIO
HMIy/1bCOB, KOTOphIe KoMGUHUpYIoTCs. CliefioBaTeIbHO, OTAE b
HBle MMINYJbCH He UMEIOT CaMOCTOSITEIbHOTO 3HAUEHMsl, 4 CHT-
Hassl TY nnu T'C npefcTaBasioT co60i KOMOUHALMY UMITYJIECOB.

B 3aBucHMOCTH OT MeTOZa pasJiesleHHst MMIYJbCOB, IOCHI-
JIaeMbIX 110 OJHOMY KaHa/ny CBsI3H, KOMOWHALMOHHBIE METOMBI
usbupanus (cM. Ta6a. 5) pasjessiioTcsi HA YacTOTHO-KOMOHMHA-
IIMOHHBIH, pacnpefeNuTeNbHO-KOMOHHALMOHHBIH | YacTOTHO-
KOMOHHALMOHHO-pACIPEENUTEIbHBIH MeTOLsl M30HpaHusl.

YUacTOTHO-KOMOUHALHOHHB U MeTO/
u3bupanusg Ilpy sToM MeToze wu3GHPAHHSA KaXK[IbIH
curan TY umu TC nepenaercss onpefeseHHOH KoMGHHALKEH
YACTOTHBIX HMNYJBCOB, IOCHIIAEMBbIX MapasliesbHO BO BpEMeHH
K 00pas3yioluX 4YacToTHBlE Kojbl. KosnyecTBo KoMGMHALMH
Hau6oJiee 4acTO NPUMEHsSeMOro 4acTOTHOTO KOAa Ha OJLHO coue-
TaHWe TPU OJHOPOAHBIX HMIYJbCAX PABHO UUCJY COYETAHUHN
U3 Ny YacTOT 1O 14 YAaCTOT, NMOCHIAAEMBIX OLHOBPEMEHHO,

M=Cy. (4-25)

Ha puc. 42, a npuBeleHBl JBe KOAOBEIE KOMOWHALMH YacTOT-
HOro KOJa Ha OJHO COoYeTaHHe (C MOCHUIKOH HENOJHOH cepuu
HMIIYJIbCOB) IIPH My= 2.

Ilpn uacTOoTHO-KOMOHHAIIMOHHOM MeTofie H3OupaHusi AJs
06pa3oBaHUsl OJHHAKOBOI'O YMCJIA CHTHAJIOB HEOGXOoZHMOe
KOJIMYECTBO YACTOT MOJYYaeTCss MEHBIIHM, YeM NpH YaCTOTHOM
mMeTone H3OMpaHus. Bpemss mnepefaun CHTHAMOB OZHMHAKOBO.

PacnpenenurTenbHO-KOMOGUMHANHUOHHBH |
mMeTon u36upanwus Ilpm stom Merome usbupanus
Kaxaeiii curian TY umu TC mepefaercsi onpeiesieHHOH KoM-
GuHanMefl Ny MMIYJbCOB, MOCHLIAEMBIX MOC/IEIOBATENBHO BO
BpeMsl 1 QOpa3yIomUX BpEMEHHbIE KOMBL.

HauGosibee KosuuecTBO KomGMHALME 06pasyercss TpH
BPEMEHHOM KOLe Ha BCe COYETAHHUS ’

M = Kns, (4-26)
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KonnuectBo KomOuHauuii HanGosiee 4YacTo NPHUMEHSEMOTO
BPEMEHHOro Kojla Ha OJHO coueranue npu K = 2 (C HOCBHLIKOH
MOTHOH CepUHM HMIYJbCOB) PABHO YHC/IY COUETAHHH H3 flg
HMITYJIbCOB IO /71; MMITYJIbCOB, HMEIOUINX PA3JIMYHbIE KaueCTBeH-
HBle TIPH3HAKH,

M = Cre, (4-27) ka?li/ wnf?@
a npu K KauecTBax _‘{;c_ , 7
M = (K —1)™Cnz. (4-28) ty

sro5-1- 2 3 4

Ha puc. 42, 6 npuseseHbl o1 L1 [
JBe KOMOMHALUH BPEMEHHOIrO

omos, 11

KOfa Ha BCe COYETaHHs NpH T ]
K = 2. (nBonunblil Kop) un = 4, a
gna puc. 42, 8 KOM6HH3L[I/IP_I 8105, 1
PEMEHHOro KOAa Ha OHO CO- | ]
yeTaHWe C TOCHUIKOH HOJHOM
CepHH HMIy/IbCOB MH TeX XKe g, 1 [1
K u n,. Iocwika nosHoi cepuu L1 4
HMIIYJbCOB HeoGXOAMMa IIpH ! 2
TIOIIATOBOM MePeK/IIoYeHHH pac- BK OB, 2 ‘ Z
npeneauTesed. o e S

B ofmem ciayuae mpH HC-
TI0JIb30BAHHN PACHpPEJeHTEeNb- onos, ]7:' ;73

2

HO-KOMOMHALIMOHHOTO  MeToja
n36upanusi HeoOXOAMMO NpHMe-
HATb PACIPEACJHUTENH HA ICPE-  pye 42, KogoBsle KoMGHHALHH
JAAomieyd ¥ NMPUEMHOH CTOPOHE,  yacTOTHHIX, BPeMEHHEIX H 4acTOT-
a cJefoBaresqbHO, HX CHHXPO- HO-BPEMEHHBIX KOJIOB:
HH3ALMIO M CHH(ASHPOBAHHE. 1 = sacromiuhh fof na onio conets
OnHAKO TpH HCTOJBL3OBAHHH  ga nce coveramms mpn K= 2 1 n = 4;
CHelHaNbHBIX ‘CMEHHOKAUECT- ¢ — BpemeHHOH KOA Ha OJHO COYeTaHHe
BEHHBIX KONOB, OGMANAIOMAX fpn K g, o o b e s o
CBOJCTBOM CAMOPACIIPE/ICNIEHHUS,  wacToTHO-BpeMeHHOH Kofj Ha Bce code-
HA MPHEMHOH CTOpOHE pacrmpe- TAHUA NPH Mg = 2 8 np = 2.
Je/MUTeH MOXKHO HCKJIOUHTD.

Yro6rl mepesaTh OAMHAKOBOE YMCJO NMPHKA30B MPH pacnpe-

JeJINTebHO- KOMGHHAIIMOHHOM MeTOfle M36MpaHusi, HeoOX0LUMO

2

MeHbIIIee KOJHYECTBO HMIYJbCOB, YEM IIPH PACOPEACTUTENBHOM

MeTojle u36upanusi. CieoBaTeIbHO, TPH HCNOJMb30BAHHM pac-
TpeieJIuTeIbHO- KOMGHHAIIMOHHOTO MeTofa H36upaHusi GHICTPO-
JeHCTBHE CHCTeMBbl TeJIeyNPaBJIECHHs IOBBILAETCS.
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JacToTHO - KOMGHHANHOHHO - pacnpeje-
JUTeabHBHd MeToj u3b6bupanus Ilpn stom
MeTofie u36upaHusi Kaxzawli curHan TY uam TC nepepaercs
onpejie/ieHHON KOMOWHAUMe#l 7, MHOrOYACTOTHHIX IIOCHUIOK,
CTeAYIOMHUX IOCJAefOBaTeIbHO BO BpeMeHH H 00pasylomux
YaCTOTHO-BPeMeHHbIE KOABL JTOT MeTof H30HPaHHS OTJIHYAETCs
HAHOOJMBUIMMH KOMOHHAIMOHHBIMA BO3MOXKHOCTSIMH. Makcu-
MaJIbHOe KOJIMUeCTBO KOMOGMHALMI MONy4YaeTcss AJs 4acTOTHO-
BPEMEHHOr0 KOJja Ha BCe COYETaHHS

M = (Cr2Kma)™, (4-29)
amnpu K=1
M= (C,’::“)"n. (4-30)

Ha puc. 42, 2 npuBefeHb! JBe KOJOBHE KOMOHHAIMHA YaCTOTHO-
BpeMEHHOro Kojga Ha Bce coueranus npu K =1, my = 2
H ng= 2.

Ecnu ny=1 uyacToTHO-KOMOHHALIMOHHO-PACIIPEENUTENb-
- HBIf MeToJ, H36MpaHus NpeoGpa3yercs B 4ACTOTHO- KOMOHHAIHOH-
HBIH, a NIpH My= 1 — B pacmnpeieuTe bHO- KOMOHHAMOHHBI.

Jns npuema W mHepeayd 4acTOTHO-BpeMEHHBIX KOJOB Ha
BCE COYETAHHS HeoOXOAMMO NMPHMEHSITb CHHXPOHHM3HPOBAHHEIE
u cuHbasupoBaHHble pacnpefenutend. OLHAKO, €CJHM HCKIIO-
YUTb [PUMEHEHHe KAuyeCTBEHHBLIX NMPH3HAKOB M HAJNOXKUTb HA
KOMOUHHPOBAaHHKE NOTIOJHHATEbHbIE OI'PaHHUEH U, TO 0GP a3 YIOTCSA
Ge3bIHTePBAIbHBIE KOJbI, 00JAAAIONIHe CBOMCTBOM camopacmpe-
JeneHust. Takue 4acTOTHO-BpeMeHHble KOZHI HA3BAHE CMEHHO-
MIOCBLTTOYHBIMH.

§ 5. IPOU3BOOHBIE METOObI M3BNPAHNA

ITpu ncrmonb30BaHUM HECKOJBKHX MapaJiiesib-
HBEIX MPOBOAHBLIX JIMHMH MM KAHAJIOB CBSI3H MOXKHO MOJYYHTb
3HAYHTE/JbHOE KOJIMYECTBO NPOM3BOLHEIX METONOB H36HpaHHs.
INpu nepenave B KaKa0M U3 NP HHATHIX KAHAJIOB CBSA3H 110 OLHOMY
HMIYJbCYy OOPA3yIOTCsi pasiesuTe]bHBIH (IPOCTOH KayecTBeH-
HBIH) 1 pa3/1eTHTeNbHO- KOMGHHAIIMOHHbI (KAYeCTBeHHO- KOMOH-
HAIHOHHLIH) METOAb! H36Hupanus. Ecan ke B KAXK/I0M H3 KaHAJIOB
CBfI3H TIPUMEHUTb YaCTOTHOE, BPEMEHHOE HJIH YACTOTHO-BpeMeH-
HOe pasjesieHHe MMIYJbCOB, TO 06pasyeTcd eCTb KOMGHHHDO-
BaHHBIX METOLOB H30MPaH¥si: pa3fe/uTe/IbHO-YaCTOTHEI, pasge-
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JIMTEJILHO-PACTIPENeNUTENbHEI, PAa3/eNuTeNbHO - YACTOTHO-pAac-
IpeJeNUTeNbHBIA, Pa3fesnTebHO-YaCTOTHO- KOMGHHAIIMOHHLIH,
pasjeJHTeNbHO-pacpeJeIuTe bHO- KOMOHHAIIMOHHEI! U pasfe-
JINTEJIbHO-YaCTOTHO- KOMOHH ALIHOHHO- PACHIPEIe/IUTEbHBIM.
Bce nepeuncieHHble NPOM3BOAHBIE METOALI H3OHPAHHS
LUpPKYJISipHBle H KOMOMHALMOHHBIE NpUBeLeH:! B Tabj. 6, rie
TAaKXe JaHbl COOTBETCTBYIOIIHE BLIPAXKEHHS JJis MAKCHMAJb-
HOro KoJiMyecTBa KOMOMHAIMH (Ng. — YUCJIO KAHAJIOB CBsI3H).

Tabauya 6

Mponseogubie MeTOAB H3GHpAHHS

Meron paspeJie-

HHUS UMIYJbCOB HupxynsipHEle METOAH KoM6HHANHOHHbIE METONH
B OTAENbHBIX Ka- H86GHpaHHS H36HpaHud

HaJjiaX CBSI3H
B KaxjgoM KaHa- PaspenutenvHblt M = | Pasgenurenpno-koMGu-

- = - N
JIe CBSA3H IPO KNy ¢ nampuonHbE M = K& ©

HCXOJHT MO
ONHOMY  HM-

nyJabCy
YacToTHHI PasgesuTeNIbHO-4acTOT- PaspenuTenbHO-4acToT -
Heli M=nN, . HO-KOMGHHAIMOHHBIA M =
. (Cm 'I)NK. c
= (Cp,
BpemeHHHIH PaspenuTenbHO-pacmpe- PaspenuTenbHo-pacnpe-
IeNuTeNbHEHE M = JIeJUTeJbHO-KOMOUHA M -
= o my N,
KngNy, ¢ oHHHHA M= (C, %) * ¢
B
YacToTHO-Bpe- PaspgenuTesbHO-9aCTOT- PaspenuTenpHO-4aCTOT=
MeHHBIH HO-pacmpe feJTHTeNbHbIH HO-KOMGHHAIHOHHO-pacC-
M=nn,N, npeaenuTeNbHbE M =

— (Cmq)”BNK. c
g

PasneaurenbHblit MeToA u36upanus. IIpu sTom meTone u3bu-
panus curHansl 7Y uau TC mepenaoTcsi KauecTBEHHO pas-
JHYHEIME HMIyJIbCAMH, KOTODBHIE TOCHIIAIOTCS 1O OTAE/bHBIM
TNPOBOAHBIM JIHHHSIM HJIH KAHAJIaM CBS3H.

[Tpu wucnosnbzoBanuu Npp OTAENBHBIX TPOBOAOB, OAHOTO
ofmero npoBofa u K KaueCTBEHHBIX IPH3HAKOB KOJIMYECTBO
CHTHAJIOB

M =Kan. (4'31)
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PasfenutenbHblll MeTOA H36HPAHHST OTHOCHTCS K IUPKYJNSPHBIM,
TNIOCKOJIbKY OJJHOBPEMEHHO MOXKEeT NepeaBaThbCsi Ny, IPHKA30B.
Bpemst nepefaun OJHOTO WJIH BCEX NMPHKA30B PABHO JJHTENb-

HOCTH OJHOIO HMIIYJbCa.

Tabauya 7 Meton 0o6pazoBaHusi CHIHAJIOB
0GpasoBanue CUrHAJNOB NpH npu Ny =3 u K = 2 (nonsp-
pasgeauTeNILHOM METOAE H3- HOCTb) mMoOsICHsieTcsl TabJa. 7.
Gupanus ) B COOTBETCTBHH C BHIpaKEHHEM

Ne mposozxa (4"31)
Ne cursana ) . I 3 M=2.3=6.

I n Pa3penvrebHO-KOMOHHALHOH-
2 _ Hblil MeTo], M36upanus. [lpu sTom
3 + MeToje M36HPAHUS KaKIbIH CHTHAJ
4 - TY unu TC mepepaetcs ompefe-
g +  neHHoll KoMGHHALKEH KAUECTBEHHO

Pa3JUYHLIX MMITYJbCOB, IOCHLIAe-

MBIX TapasjenbHO IO BCEM HC-
MOJb3yeMbIM IPOBOJHBIM - JIMHHAM MJIM KaHalaM CBSA3H.
IIpy WCMOJIB30BAHMH TPOBOAHBIX JIHHHH IPHMEHSIOTCS
KOMOWHAIMH HMMIyJIbCOB Ha Bce codyeTanus. Ilpu atom KoJsu-

YeCTBO CUT'HAJIOB

M=K"o, (43

ITockonbKy Asist nepejayy Kax-
JIOTO CHTHA/Na HCIMOJb3YIOTCS BCe
JVHUH CBSI3H, TO NPH pa3jesH-
TeJbHO-KOMOWHALMOHHOM — MeTOJe
H36upaHus OJHOBPEMEHHO MOXKHO
YOPaBJATb TOJBKO OJHHM OOBEK-
ToM. OHaKo GBICTpPOJECTBYE YCT-
poficTBa O CpaBHEHMIO C pasfe-
JIUTENbHEIM METOIOM He yMeHblla-
eTCsl, TaK KaK BCe HMIYJbCH IO-
CBIIAIOTCS TapaJIIeJbHO BO Bpe-
MeHH.

Meton 00pa3oBaHusi cUrHajoB

npu Npp=3uK =2 (monsipHOCTb) TOsICHsteTcst Tabn. 8.

Tabauya 8
OGpa3oBaHHe CHTHAJOB NpH
paspeauTelbHO- KOMOHHALHOH~.
HOM MeTojJe U3OHpaHUs

Ne mposozna
Ne curnana

1 2 3
1 + 4|+
2 +l+ =
3 =+
4 + ==
5 — |+ ]+
6 -+ =
7 =+
8 —_ | - | —

> B cooTBeTCTBHH ¢ BhipakeHueMm (4-32)
M = 28=8.

CrieoBaTesbHO, NPH HCMOJB30BAHHH  PAa3feJIHTeqbHO-KOM-
OMHALMOHHOTO , METOAA H3GupaHHs NPHU OAMHAKOBHIX Ny u K
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MOXHO HepefiaTh GOJIbllle CHTHAJIOB, YeM IIPU pasNe/HUTe/IbHOM
n3bupannu. OOHAKO CXeMbl YCTPOHCTB HOJNYYAIOTCS 3HAYH-
TeJIbHO- Gosiee CJIOKHELIE.

Pasgenntencubli U pasjesuTesIbHO-KOMOHHALIMOHHEIR Me-
ToAEl M30HpPaHHS NPUMEHSIOTCS B MHOTONPOBOAHBIX CHCTEMAX
TY—TC. Ilpuuem cucrempl TY—TC c¢ ncnonb3oBaHueM pas-
JeJIMTeJbHOTO MeTOAA M36HPaHUS NPH KOJNHYECTBE UMITYJIBCHBIX
npusHakoB K > 1 mo cymecTBY SBJSIOTCA YJYULIIEHHBEIMH
CHCTEMaMH AMCTAHIMOHHOIO yNPAaBJEHHS M CHTHAMM3AUHUH (IPH
Kotopeix K = 1). Ilpu ucrnonb3oBanuu 3THX YCTPOHCTB KOJH-
YeCTBO HEOOXOAMMBIX INPOBOJHBIX JHHHI CBSI3H YMEHLIIAETCS
B K pas mo cpaBHEHHIO C JUCTAHIHOHHBLIM YTPABJIEHHEM.

PasnenynTesbHO-4aCTOTHEIH,  PAa3fe/UTeNLHO-paCHpeae/n-
TeJbHEIA H PAasle/HUTeNbHO-4aCTOTHO-pACHPENEHTEAbHEE Me-
ToAbl M36HpaHHsl He NPHUMEHSIOTCS, TAK KAaK CXeMbl YCTPOMCTB
TY—TC ycnoxHsSOTCA, He [JaBas OCOGBIX JONOJHHTEIbHBIX
[IPEUMYIIEeCTB. ’

IlpuMeHeHuWe OCTaNbHBIX TNPOHU3BOAHEIX METOJOB H3G6H-
paHus (KOMOMHALMOHHBIX) HMEET CMBICJ HPH GOJIbLIOM KOJIH-
gyecTBe OOGBEKTOB TEJEYINPAaBJeHH M BBLICOKHX TpeGoBaHUH
K OBICTPOJEHCTBHIO YCTPOHCTB, a4 TakKxke IIPH HOCTPOEHHH
yerpoiicte TY—TC. noBbllleHHOH HAJEXHOCTH C IpHUMe-
HEHHEeM KOPPEeKTHPYIOIKX KoxoB. IIpu cpaBHHTeNbHO HeGOJIb-
IMINX pacCTosHUAX Mexny JII m HII BecbMa CyIECTBEHHBIM
ABAseTcs Takxke ympomenue annaparypel 7Y —TC, nosnyuae-
MO€ 32 CUeT HCIIOJIb30BaHHsI HECKONbKHX KaHAJIOB CBSI3M (mpo-
BOAMMBIX JiuHUi). OcoGeHHO NePCHEeKTHBHBIMH SIBJSIOTCS pas-
JIeJIUTeNbHO-4aCTOTHO- KOMOHHAIMOHHLIA B pasfesuTe bHO-4ac-
TOTHO-KOMGMHAIIMOHHO-pACTIPEle/IUTE/IbHEII  METOAbl  U36H-
paHus.



Fnasa natasn

METOJBI KOJJOOBPA3OBAHUA

§ 1. OCHOBHBIE NOHATNA N ONPENEJIEHN 1

B TeneynpaBieHHH KOABI NPHUMEHSIIOTCS AJIS
06pa3oBaHMs CHTHAJOB NPU KOMOUHAIMOHHBLIX METOAAX H36H-
panus. KonoM B IIHPOKOM CMBICJIe HA3bIBAETCS COBOKYIHOCTH
YCJIOBHBIX CHTHAJIOB, 0G03HAYAIOUIMX AMCKPETHbIE COOGIIEHMS
[50]. B Texnuke TeseympaBieHust IPUMEHSIOTCS KOABI, Tpes-
CTaBJfIONINE COGOH COBOKYIHOCTH KOMOMHAIMEA WMILYJbCOB,
o6pasyemble 10 ONpejeJeHHBIM NPAaBHJAAM HJH METOLAaM KoJo-
06pa3oBaHus.

Metos; kKor006pa3oBaHusi HAXOAUT OTPAXKEHHe B HA3BAHHU
koia. Kpome Toro, B 3aBHCHMOCTH OT METOAA DAa3iesieHHs HM-
NyJabCOB, 0Opa3yloOmuX KOJOBEIE KOMOMHAIMH, PasjHyaoT
YacTOTHHIE, BPEMEHHble, YACTOTHO-BDEMEHHHBIE KOJbI, a TaKKe
pasjenuTeNbHBIE KOABI (NPH TOCHIIKE HMIYJBCOB IO OTAENb-
HBIM TPOBOJHBIM JIHHHSIM HJIH KaHAJIaM CBA3H).

YBennueHHne KOJHYECTBA KOJOBLIX KOMOMHAIMH HJHM HOBHI-
IIeHHe MOMEXOYCTOHYHBOCTH KOJOB JOCTHUIaeTcs MpuUMeHeHHeM
HMIIyJIbCOB C PA3JIMYHEIMH KAyeCTBEHHBLIMH NPH3HAKAMH.

Meroz Koroo6pasoBanusl OIpenessieT MAaKCHMAJbHOE KOJIH-
4eCTBO KOJOBBIX KOMOHHALX, KOTOPBIE MOT'YT GHITb 06pa30BaHEl
npu JaHHOM KOJIMYeCTBE HMITYJbCOB H HPHHATHIX KAYeCTBEH-
HBbIX IpusHAKaxX. O6uue MeTONB KOJLOOGPA30BAHUS HE 3aBHCAT
OT (M3HYECKOH NMPUPOLLI HMITYJILCOB M METOLOB MX PasfeNeHHs
NPy IIepefiaue o KaganaM cBA3H. MeToinka KOMOHHHDOBAHMUS
OCHOBBLIBAETCSI Ha CJIELYIOMHKX IOJOXKEHHAX TEOPHUH COENH-
HeHHH. '

1. PasMemeHusaMu U3 n 3JIEMEHTOB TI0 M HA3HIBAIOTCS TaKue
HX COEJHHEHHS, KOTOpbIE PAa3/MYaloTCsd CAMHMH 3JIeMEeHTaMH
HJIH HX TOPSAKOM.
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Yneno Bcex pasMellleHH W3 7 PA3JIMUHBIX  3J1€MEHTOB
no m

A =nn—1)(n—2)...(a —m +1). 6-1)

Ilpepnmonaraercsi, yto m < n.
Ilpn XOoMOMHMpOBAHMH IO [ABA 3JEMEHTA

A2 =n(n—1). (5-2)

B xoMGMHAMHAX OJHOPOAHBIE UJEeHbl He MOBTOPSIOTCS.
Hanpuwmep, pasmemeHus w3 Tpex 3JeMeHTOB @, b, ¢ mo jBa
(ab, ac, be, ba, ca, cb)

A?=3.2=6,

MakcuMasbHOe KOJMMYECTBO pa3MelleHH#l HOJydaercs mpu
m=n-—1. (5-3)

[lpn m = n pasmemenus npeo6pasyloTcss B MepecTaHOBKH.
2. TlepecTaHOBKaMu U3 N PAasJHYHBIX 3JEMEHTOB HA3bIBa-
I0TCSl HX COEJMHEHHAs, OTJMYAIOMHeCs TOJNbKO TMOPSJIKOM
BXOASIIMX B HUX 3JeMeHTOB. Hampumep, nepecTaHOBKU H3
Tpex 3jeMeHTOB @, b u ¢ —abe, bea, cab, cba, bac, acb.
Uncso Bcex mepecTaHOBOK H3 7 PA3jIMUHBIX 3JIEMEHTOB

P,=1.2.3. ... n=nl=Al (5-4)

3. CoueTaHHAMH H3 1 Pa3JHUYHBIX 3JIEMEHTOB MO /M Ha-
3LIBAIOTCS MX COEJAMHEHMS, pPAasJUyaiouixecs TOJbKO CAMHMH
3JIEMEHTAMH.

Uncso BeeX COYeTAHHH U3 1 Pa3JHYHEIX 3JIEMEHTOB IO M

m
C:z n(n—-l)(n—2’)n.l..(n—m+l) _P__ (5-5)

Ilpeamonaraetcs, yto m << n
Ch=n Co,=Cr=1; C;=C ",
MakcuManbpHOe 4YHCJIO COYETAHME MONMydaeTcsl NMPH m =
= -(npn 4eTHOM 1) U M -—”——(npn HeyeTHOM h).
Ilpn xkomGuHHpOBaHHH IO JiBa

c=1-D, (5-6)
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B XoMOMHauusX OFHOPOJHBIE UIEHH He MOBTOPSIOTCH.
Hanpuwmep, coyeranust us Tpex sjemeHToB @, b, ¢ mo xBa
(ab, ac, be)

MsBecTHO Takxke, uTO
CriCrznt < Cy. (5-7)
Hanpuwmep, npu n =8, m=4 u n; =4, m;=2

8.-7-6-5

551 — (0

4.3 4.3

B TexHuke TeJeyNpaBiCHHs TNPHUMEHSIOTCS IPEHMYIECT-
BEHHO KOMIJIEKTHEIE (PABHOMEPHBIE) KOIBI C IOCTOSIHHBEIM KOJIH-
YeCTBOM HMIYJIbCOB, YTO HOBBLIIAET HALEXKHOCTb YIPaBJEHHS,
TaK KaK 106aBJeHHe HJIH yTepsl HMIYJIbCOB B KOMILIEKTHOM KOge
JIETKO OGHapy:KHBaeTCsl. ‘

Ina nospienns 3(deKTHBHOCTH HCIOJb30BAHHSA HMITYJIb-
COB NPH KOA006pa3oBaHMH HEOGXOAUMO, YTOOBl HPH JaHHOM
quC/Ie HMMYJAbCOB KOJHYECTBO KONOBLIX KOMOWHAIuil OblIo
KaK MOXKHO GosbiuiuM. fI/f TOBBHIIEHHSI [TOMEXOYCTOHUMBOCTH
KOJA HCIIOJIb3yeMOe KOJIMUeCTBO KOMOHHAIME COKpamaercs
(8 xon BBOZMTCS H3GBLITOYHOCTD).

§ 2. OBIIHE METOJbI KOJOOBPA30BAHHUA

Koawl Ha Bce coueranusn. HauGosbinee - kosu-
YecTBO KOMOMHAIMI JAlOT KOAbl HA Bce CoueTaHus Ge3 orpa-
HHYEHHH. IDTH KOJBI MOIYT OBITb KOMIJIEKTHEIMH (COCTOSIIAMH
U3 TIOCTOSIHHOIO KOJHYECTBA HMIYJbCOB) HJH HEKOMILJIEKT-
HBIMH (COCTOSIMMH H3 PAa3JMYHOr0 YHCJA HMMIYJbCOB).
Komnaexmuoie koder na éce covermanus MOTyT o6pa3oBLIBa-
ThCsl TOJIBKO IIPY HCIIOB30BAHKH ABYX UM GOJiee KAUeCTBEHHBIX
NPU3HAKOB HUMNYyabcoB (K > 2). Hexomnaexkmuoe KoOol Ha
6ce covemanus 00pPasyloTcsl TaKkKe NPH OLHOPOLHBLIX HMILYJIb-
cax (K = 1). Kom6unanuu 3Toro Koja MoJydaioTcs HCIOJb-
30BAHMEM BCEX COYETAHHH, COCTOSMUX OT OJHOIO JO 1 UMITyJib-
COB, BO3HHKAIOIMUX HA ONpeAeJeHHEIX BPEMEHHBIX HJIH YacTOT-
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HEIX NO3WIHUAX. B COOTBETCTBMHM C 3THUM o6liee KOJHYECTBO
KOMOUHAIMH 3TOro Kojga

m=n
m
M= 2 Cn ’ (5'8)
m=1
rae m — KOJHYECTBO HMITYJBLCOB B KOM6HH3HHPI.

Hanpumep, npu n = 4 mosnyuaeM clelyiomine KOMOHHALHA H3 OXHO-
PORHLIX YIEHOB, PACMOJIOXEHHBIX HA PA3HYHBLIX TMO3HIUAX:

C,=4 Cij=6 C,=4 Ci=1
1) a4 5) aas 11) ayasa; 15) aja.a3a,
2) ay 6) ya; 12) ajaqa4
3) ag 7) ajas  13) a1a504
4) a4 8) asa; 14) asazay
9) (221273
10) asa,

Us Bupameﬂuﬂ (5-8)
=4

4.3.2
M= Ec’" c+c+c+c_4+ 2 + -3 +1=

m=1

—4464L441=15

Komnaexmuoie ro0ot Ha éce couemanus npu K = 2 obpa-
3YIOTCSl JOMONHEHHEM KOMOMHAIMH HEKOMILIEKTHOrO Koja o
TIOCTOSIHHOT'O YHCJIa HMIYJbCOB n. sl NONOJHEHHSI MCIIOJIb-
3YIOTCS1 MMITYJIbChI, OTJIMYAIOMKECS OT OCHOBHEIX HMIYJbCOB
CBOMM KaueCTBEHHBIM NMpH3HAKoM. [Ipn 5TOM MOXKHO NpuUMeHHTh
TaKXKe HYJeByI0 KOMOHHALMIO, COCTOSIIYIO TOJBLKO H3 JONOJ-
HHTeJIbHHIX HUMNYJbCoB. OG6liee KOMHUECTBO KOMGHHAIME 3THX
KOZLOB

m=n
M= Y C,. (5-9)
< m=g
Hanpumep, npu n = 4
1) abbb 5) aabbd 9) baba 13) abaa
2) babb 6) abab 10) bbaa 14) baaa
3) bbab 7) abba 11) aaab 15) aaaa
4) bbba 8) baab 12) aaba 16) bbbb

KomnieKTHEIH KOJ HA BCe COYETAHHs MMeeT GoJiee BHICOKYIO
IIOMEXOyCTOHYHBOCTb, 4eM HEKOMIJIEKTHBIH, TaK KaK MOTeps
HJIH 06aBJeHHe UMIYJIbCOB B KaHaJe CBSI3M MOTYT GbITh 0GHA-
PY?KeHEL.
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Onpenenum obiee BEpaxKeHHe AJ1s1 KOJTHUECTBA KOMOHHALHIT
KOMIIJIEKTHOI'O KOfa Ha Bce COYeTaHus npu K HCIOJb3yeMbIX
KayeCTBeHHBIX IPH3HAKOB. B OCHOBY NOCTPOEHMSI KOJOB IpH-
HUMaeM KoMmMOuHamuu mno Aa ummmnysabca (n = 2). Ilpm sTom
B COOTBETCTBHH C BblpaxkeHHeM (D-2) MosydaeM 4YHCJIO pasMme-
meHui# u3 K uMIyJbCcoB 1O ABa

2
A, =KK—1).

s nonyyeHus mMOTHOrO Yucja NOJHOYJIEHHBIX KOMOHHa-
M HEOOXOAMMO TAKXKe y4YeCTb KOMOHHAIMH C OJMHAKOBEIMH
YyjeHaMH THNA aa, bb, cc, KOJHUECTBO KOTOPHIX OYZeT pPaBHO

YHCJy KauecTBeHHHIX npu3HakoB K. CnefoBaresbHO, NOJHOE
YRCJ0 KOMOMHAIMH HO JBa

M=KEK—1) +K =K.

Hanpuwmep, npu K = 3(a, b,c)un =2 umeeM K(K — 1) =3 . 2 =
= 6 pasmemenu#l # K = 3 KoMGHHALK} ¢ ONHOPONHLIMH YJeHaMH.

(5-10)

Pasmemmenus KoMm6uHaUUH ¢ OXHHAKOBHIMH
yJleHaMH
ab
ba aa
ac bb
ca cc
be
cb

ITonuoe uucsio KomGuHamuil 6 4+ 3 = 9, uTO TaKkXKe MOJNyuaeTCs H3
BeIpaxkeHnus (5-10).
M=23=09.

[lpu yBenWueHMH YHC/Ia MMIYJbCOB Ha EIHHHIY YHCJO
KoMGHHANMH yBeauuyuBaercs B K pas, TaK KaK TpexujeHHbE
KoMOMHAIMH 00pasylTcs: IyTeM KOMOHHHPOBAHHSI OCHOBHBIX
JBYXUJIEHHBIX KOMOHHAIMI TOOUEePESHO CO BCEMH KaueCcTBaMu K.
CnegoBaresbHo, mpu n = 3

M = K2K = K8. (5-11)

Hanpumep, npp K =3 u n = 3 uvmeeM clefylomue KOMGHHAIWH:

Kom6unanuu, nouy-

Kom6uuanuu, noay-  KomOuHalluu, moay-

yaeMble yTeM KOMOH-

HHPOBaHHUS JBYXuJeH-

HBIX KOMOHHAaIUH C
KayeCTBOM @ _

aab
aba
aac
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4aeMble IyTeM KOMOH-

HHPOBAaHHA ABYXUJIEH-

HBIX KOMOGMHaUUA C
KauecTBoM &

bab
bba
bac

yaeMble MyTeM KOMGH-

HHPOBAHHUSA JBYXUJIeH-

HHX KOMGHHAaLHH ¢
KauecTBOM C

cab
cba
cac



aca : bea cca

abc bbe cbc
acb bcb cch
aaa baa caa
abb bbb cbb
ace bee cce

9 KoMGuHanuA 9 KoMGHHALHT 9 KoMGHHaHU A

TMosnoe yucno xomGuHamuit 9 4+ 9 4+ 9 = 27, uTo Takxke mojyuaeTcs
u3 Bblpaxkenus (5-11)
M= 33=27,

Ilporo/mkas yBequuMBATL YHCJIO HMIYJIbCOB B KOJeE, JIETKO
yOeAUTLCS, YTO NIPU BBeIeHUH KaXkK/0r0 HOBOI'O UMITYJ1bca ofliiee
KOJIHYeCTBO KoMOHMHanuil yBesuuuBaercs B K pas. B ofmem
clyyae NPH 1 UMIIyJbCax B KOAE HA BCe COYETAHHS MOJIHOE
YHCJIO TOJHOWIEHHHIX (MMEIOmMX MOCTOSIHHOE KOJIHYeCTBO
HMIyJIbCOB) KOMOMHAIUH

M = K. (-12)

W3 st0r0 BHIpameHHs MOMHO 3aKJIOUUTb, YTO AJIA KOM-
IJIEKTHOTO KOfia Ha BCE COUETAHHS KOMOMHMPOBAHHE BO3MOXKHO
Toabko npu K >1 u n > 1.

KoMmnnekTHBIHI KOJ Ha BCE COYETAHHS HAa3bIBaeTCsl TaKKe
YHCJIOBBIM KOJIOM TpH OCHOBAHMH, paBHOM K, KOTopoe oIpeje-
JISIeT CUCTEMY CUMCJICHHS. -

Oeoumunst Koa Ilpu K =2 BelpaxeHue pujs
KOJIMYeCTBA KOMOMHALMH COBIAfaeT C ABOMYHBIM CUHCJIEHHEM
H T03TOMY TaKo#l KO HasbBaeTcs JBOMYHBIM. JLas1 atoro koza

M =2n, (5-13)

OTo BHIpaxkeHHe TaKKe MOJydYaeTcss M3 ypaBHeHus (9-9)

m=n

Y Cl=CitCtCot - +CT G
m=0

ITpaBasi yacTb STOrO BBIPAXKEHHs COOTBETCTBYET Pa3JIOXKEHHIO
2" mo Gunomy Heiotoma mpu a=0b=1. Tak xak C, =

=C,=1, 10

m=n

2n=”§003=1+ci+02+--.+c::“+1.

ﬂBe €JHMHHIBI B 3TOM BBIpAXKEHUHU LAIOT ABE KOMOMHAIHH C OJ-
HOPOAHBIMH 4JIEHAMH.
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Tabauya 9 Ecnmu  o6osHayuTh
OJHO KadecTBO LIU(DpPOH

KomGunauun nBouyHoro koga 0, a gpyroe — 1, ToO
? ?

Howep xon- KomGmna- | Komémma.  34IHChb  KOMOMHAIMH
Gunanun | JBouunepe | UWHH ABOHY- |IHH JBOHY- Kojpa 6y).1eT COOTBeT-
(}leCﬂTH‘?- ygeaa hOT® HE- HOro Komr-

HblE QHC.Ta) KOMIJIEKT- | JIEKTHOTO CTBOBAThb Ta6.npme JABO-

HoTo koAa Koma nuHbix yuces. CooTBeT-
. CTByIOIIAsl 3aMKUCh IIPH
(1) 888? 4 g,%’g yeThlpex JBOHYHBIX
2 010 | ——a—| bbab  Pa3psnax (n = 4) mpu-
3 0011 ——aa bbaa. BejeHa B Tabu. 9, rue
g 8{8? —a—— gagb komOuHamuun 0 u 15
6 oilo | — ZE— —a ba a‘; C OJHOPOJIHBIMH YJIeHa-
7 0111 — aaa baaa Mmu, Kom6uHanuu 1, 2,
3 }88? a——— a’b?zb _4u 8 310 C; KOMOU-
f a——a acoa
10 1000 | a—a— | abey  HaWm 3, 5,69, 10
11 1011 | a—aa | abtaa ¥ 12 2710 C}, 2 KoMGu-
12 1100 | aa—— aabb Hanuu 7, ll 13u 14
13 1101 aa—a aaba c?
14 | 1110 aaa — aaab 9T0 Ly
15 1111 aaaa aaaa Ilpu  ucnonn3oBa-
HHH B KOJIOBBIX KOMOH-

HaIMAX TOJBKO OJHO-
POAHBIX HMIYJbCOB 06pPasyeTcsi HEKOMIUIEKTHBIfl JIBOMYHBIH
KO, B KOTODOM EIMHHIA TepefaeTCss HanuyueM HMIyJbCca,
a HyJp — ero orcyrcTBHeM. IlockosbKy B 3ToM Koje KOMOH-
HalMs, COCTOAIAS M3 OLHHUX HyJelH, He NpUMeHseTCs:, TO ofuiee
Kon;mecnao komMOuHanuit npu K = 1 u3 ypaBHenuit (5-8)
u (5-13)

M= Y Cl=2"—1, (5-14)
m=1
a npu K KauecrtBax
M=K@ —1). (5-15)

Ilpu K = 2 Ko/iuuecTBO KOAOBBIX KOMGHHAIMH 3TOro Koja
NPHMEPHO B JBAa Pasa MpeBbIIIAET YHCJIO0 KOMOMHAIMH COOT-
BETCTBYIOIIEI0 KOMILJIEKTHOrO KOja.

JIBOMYHEI/l KOMILIEKTHBIH M HEKOMILJIEKTHBIH KOABI IIHPOKO
NPHUMEHSAIOTCS B TeXHHKe CBfISH JJIS1 Hepefayu TeJerpadHuix
cooOuieHnit. B TexHHKe CBSI3y MPHMHATO HA3bIBATh JABOMYHBIH
KOMIJIEKTHEIH KOJ — KOJOM C aKTHBHOM may3off, a HeKOM-
IJIeKTHBIH KO — KOLOM C NacCHBHOf Hay3of.
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HDecsasTHuHBH KOA JecATHUHHIH KOJ — 3TO KOA
Ha Bce coueranus mpu K = 10. BrlpaxkeHue Ass KoJHuecTBa
KoMOuHAaIMi 3Toro Kopja

M = 10" (5-16)

COOTBETCTBYeT MECSITHYHOH CHCTeMe CYHCJIEHMS (1 — YHCJIO
JleCSITHYHBIX PaspsjioB).

B Texnuke TejeynpaByeHus1 06e3pl30bLITOUHBIE KOABI HA
BCE COYETAHHS] He TPHMEHSIOTCS BCJEICTBUE CBOEH CpaBHH-
TeJbHO HHM3KOH IOMEXO0yCTOHYHMBOCTH.

Konpl Ha oxHo coyeranue. Koibl Ha OfHO coueTaHue 3TO
KOMILIEKTHEE KOJIbl, KOTOpEle Haubosee MIMPOKO HPHMEHSIOTCS
B TeXHHKE TeJieyIpaBJieHus.

Kojg Ha ogHO coueTaHue c mepepaued
HEeNmOJHOHN CepHHM HUMIOYJAbCOB MOXHO obpa-
30BaTh MPU HCIIOJb30BAHMH TOJNBKO OLHOPOAHBIX HMITYJIbCOB
(K = 1). Kom6uranuu 3Toro Kofa noJy4arorcs myTeM HCIOJb-
30BaHM{A TOJIBKO COYETAHHH, COCTOSAIINX M3 IOCTOSHHOIO yucjaa
HMIYJIbCOB /1, BO3HHKAIOUMX HA OIpEJEeJEHHBIX BpPeMEeHHBIX
HJIH YaCTOTHBEIX MOSHUUMAX, MpH ofuieM ux Kosudectse n. Cre-
JIOBaTeJIbHO, IIOJHOE KOJHYECTBO KOMOMHAIMH STOr0 KOZa
PaBHO YyCJy COYETAHHH U3 n IO m

M=Cl. (5-17)

Ioctpoenne komOuHaLMiH HauGosee YacTo MPHMEHSEMOTO
kopa mpu m = 2 gas n go 10 npuseseno B Ta6a. 10.

IMpu K ucmosb3yeMbIX KadecTBAaX KOJHYECTBO KOMOHHaUHMi
COOTBETCTBEHHO YBEJHYMBAETCH

m
M = chn ’ (5'18)
TaK KakK JONyCKaeTrcs Jio0oe coueTaHue H3 M 3JEMEHTOB.

Hanpumep, mpu K=2 (@ u b), n=4um=2

2 4.3
M=2204=4T=24.

310 KOoMOUHALUH

I I - 111 Iv
1. a Qs bibz albg bla2
2. a;az blb3 a_lbs bla;;
3( a,ay b1b4 albd b1a4
4., Qsag b2b3 azb3 bzas
5. asa, boby asby bsay
6. asa, b3b4 a?bl b3a4
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Tabauya 10
KomGuHauMu Koja Ha OJHO CoYeTaHue

r{&sxf 9 3 4 5 6 7 8 9 10
1 |1—2|1-38|1—4|1-5|1—6|1=7| 1—8| 1—9 | 1—10
2 — |2—3|2—4|2—-5|2—6|2—7| 2—8 | 2—9 | 2—10
3 — — | 3—4|3-5|3-6|3-7| 3-8 3—9 | 3-10
4 | — | — | — |4-5|4—6|4—7| 4—8| 4—9| 4—10
5 — — — — | 5—-6|5—7| 5—8| 5—9 | 5—10
6 | — | — | — | — | — |6—7| 6—8]| 6—9| 610
7 | — | — | —| = | =] = | 78| 7=9|71=10
8 | — | = | —| =] == — |89 810
9 — — — — — — — — [ 9—10

Kod Ha 00Ho couemanue c nepedadedi noaHol cepuu umnyio-
cos o0pa3yercsl NPH HCNOJB30BAHMH He MEHee JBYX 3HAUEHHH
KauecTBeHHOro mpusHaka (K > 2). KomOunamnum storo Kopa
COlepKaT n HMIYJbcOB M NpuH K = 2 mosydaroTrcs JONoJHe-
HueM KOMOMHAUMH Hpejpyiiero Koga A0 4ucja n MMIYJbCOB,
OTJIMYAIOMMMHUCSA OT MMITYJIbCOB 711 KAueCTBEHHBIM NPHU3HAKOM.
Ilpun 3ToM KoamyectBO KoMmGuHAmuit (5-17) He wu3MeHseTcs.

[Tpu K kauectBax ymcsio KOMOMHAUHMI KOJa ONpefensercs
U3 BBIpAXKCHHSA

M = (K — 1)Cy. (5-19)

s 3TOro Kojia To ke KOJHUeCTBO KOMOMHALHH, 4TO U AJ
npeipliymero mpuMepa, noaydaercs npu K = 3, Tak Kak

M=@—1pCi=42=2
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OTH KOMOMHAIMH TOJYYaAIOTCs JOTOJHEHHeM KOMOWHAIME mpe-
ABAyIEr0 TpHMepa TPeTbUM KavecTBom ¢. Hampuwmep,
a1a2C3Cy, A1C2A3C4 U T. N.

Muoroctynenyatbie Kojpl. KoMGuHaNMK MHOTOCTY [IEHYATBIX
KOJOB 06pa3yioTCsl myTeM KOMOMHHDOBAHHSA HECKOJbKHX KOM-
' GHHAUMH COOTBETCTBYIOMIET0 OCHOBHOrO Koia. Kak u aas onHo-
CTyTeHYaTbIX KOLOB KOMOMHHPOBAHHME OCHOBHBIX KOMOHMHAIMi
MOXKET OCYIIECTBJISITbCS MO JIIOOOMY METOLY, KOTOPBIH HaXOAHUT
OTpaxkeHHe B HA3BaHMH KOAA, NPHYEM BHAyaje yKasbIBaercs
MeTo o6pasoBaHus KOMOMHAIMH OCHOBHOTO KO[a, a 3aTeM—
CJIOKHOTO KOza.

Jlnsi JByXCTyNEHYaTOro KOJA OCHOBHBEIMH KOMOHMHALUSIMH
ABJAIOTCS KOMOMHALMH OLHOCTYNIEHYaToro Koga, AJs Tpex-
CTyNeHYaTOro — KOMOMHALMK [BYXCTYyNEHYaTOro KOja H T. A.

KonnuectBo koMOMHALMH JBYXCTYyIeHYaTOro KOJa Ha Bce
coueTaHHs

M = (K™, (5-20)

rge f,— KOJHYeCTBO KOMOHHAIMH OCHOBHOTO KOAa, COCTaB-
Jsifoiee KOMGHHAIMH [JBYXCTYNEHYaTOro KOja.

[Tpumepom TaKoro Koja, IHPOKO NPHUMEHAEMOTO B BBIYHCIIH-
TeJbHOH TeXHHKe, SIBJAETCA JBOMYHO-AecSITHYHBIN Koi. U3
HasBaHMs 3TOr0 Kofa sCHO, YTO B KaueCTBe OCHOBHOIO KOAa
HCMOJIb3YeTCs IBOMYHBIA  KoA. MuHMMaibHOE KOJHYECTBO
JBOMYHBIX pPa3psifioB, JAOCTaTOYHOEe [Jisi MOCTPOEHHSI JBOMYHO-
IeCSITHYHOTO KOAa, paBHo 4. Ilpu sToM /1 u300paxeHus aecs-
THYHBIX LIH(Qp MCIONb3yeTCs TOJNbKO AECATh KOMOMHAUMH U3
BO3MOXHBIX 16 (Hampumep, mepBble AecsiTe B Ta6n. 9). Torza
muppa 25 Gymer mepenaBaThest KomOunammedt 0010—0101,
a mudpa 10 xom6unamueit 0001—0000.

C TOuKM 3peHMsl TeXHHKH TeJeynpasjeHus GoJiee mepcrek-
THBHBIM fIBJISIETCSI JBYXCTYNEHUATHIH KOJ Ha OJHO COYeTaHHe—
BCe COUEeTAaHMsI, TaK KaK 3TOT KO OTJHuaercs Oosiee BBICOKOH
TIOMeX0yCTOHYMBOCThIO. \

KosnuecTBo KoMOHMHAIMH ABYXCTYIEHUATOrO0 KOJA HAa OLHO
COUETAHHE — BCE COYETAHHs ONPENENATCA M3 BHIPaXKeHHs

M = (C;)" = (5-21)
Hanpumep, npu n =4 (210203 4 aa), m=2 14 n,=2
2
M= (C)} = (%3—) = 36.
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D10 KoMGHHALUH:

. 1090103
. Q18—a;Q3
. Q102—0a1Qy
a;Q;—asxas
. Q1Q9—Q2Qy
aiQs—Qazay

1830102
;03— 0103
10;— 0184
a103—as03
a;a3—Qs0y
Q03—0A30,

a;a4—0Q1Q2
a;a,—aiag
a;a,—a10,
a,a4—020a3
aQy—Q20y
a104—0Q30y

Q203—Qa109
Q903—a,a3
Q203—Aa104
a03—a03
Aa03—004
Q203—QA30y

Q2a4—01Q2
Ag04—aq0ag
Q04— 010y
Q2040203
AoQ4—0204
QoQy—0Q30,

Q304—0a1Q3
asas—a;agz
Q3Q4—0;104
Q304—0Q2045
Q3a4—0204
Q3a,—A30,

Bosiee mpocTo AeKOAMpYeTCs ABYXCTYNEHUYaTHIH KOX Ha Cco-
geTaHMs, KOJHYECTBO KOMOMHAIUH KOTOPOTO

M=Cl%, (6-22)
n
Hampumep, npu n =4, m=2 u n,=2
2
2 -5
= 2 = == .
M=C, C6 5 15,
4
OT0 KoMOHHALHH:
1. ayas—a a3 a a;—a,ay a;a4—0as0,
2. a,a3—aia4 a1a3—0A203 a,04—0a30,
3. a;a,—aya; a1a;—0as0, Ay@3—ar04
4, a,a3—azay a;a;—asa, Q03—0a30y
5. a;a,—asa, Q,04—0a504 Ax04—030,

§ 3. TEOMETPUYECKHE TIPEJICTABJIEHHA
KOJIOB

JIio6y10 COBOKYITHOCTb KOLOBBIX KOMGHHAIMH
MOXKHO NpEACTaBuTb B n-MEpPHOM npoctpaHcTBe. HawuGoJee
TIPOCTO FeOMETPHYECKOe TIPEeCTaBIeH e JBOMYHOTO HEKOMILIEKT-
HOro KoAa. B KOMGMHANMSIX TOr0 KOAA IEPEfaloTCsi TOJNbKO
enuHuupl. IlostoMy assi mpeoGpasoBaHus OfHOH KOZOBOH KOM-
OuHauuy B n OJMIKAHLIIMX AOCTAaTOYHO TOSIBJCHHS MJIM HCUe3-
HOBEHHSl €IMHMIBI HA OJHOH M3 NMO3ULUA (efMHHYHOE HCKaxkKe-
nue). Hanpumep, npu 'n = 3 xomGunaumun — aa(011), a—
—a (101), aa—(110)— otamyatorcsi oT KombuHamuu aaa (111)
TOJIKO B ONHOH eiuHHuue (B ofHOM 3Hake). C reoMeTpuYecKoi
TOYKHM 3DCHHs] KOMOMHAUMM — ad, a—a W aa — HaxOAATCs
Ha OJHOM €JHHHYHOM DACCTOSIHHM OT KOMOMHAIMH aaga, Kak
MOKa3aHo Ha puc. 43, a. CrnenoBaTe/bHO, PACCTOSAHHE MEXKAY
KOJLOBBIMM KOMOMHAIIUSIMH ONpEJENsieTcs] O KONHYECTBY eiHu-
HMYHBIX HCKaXeHWH, NMPUBOAAMIMX K NpPeoOpasoBaHHIO OLHON
KOZO0BO¥ KOMOMHAIMH B APyTyIO.
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I'eomerpnueckass Mofe/Ib n-3HAYHOTO JBOMYHOIO HEKOM-
IJIEKTHOT'O KOJa NpeAcTaBseT co60i n-MepHEI Ky6 ¢ peGpom,
PaBHBIM e/iMHHIIE, KaXJas M3 BepPLUIHH KOTOPOTO MPEACTAaBJIsieT
OfHy W3 BO3MOXKHEIX KOJIOBBIX KoMOuHauui. Ilpu n = 3 mo-
JieJ1b IBOMYHOTO HEKOMIJIEKTHOTO KO[ia — 3TO TPeXMepHBIi Ky0
(puc. 43, 6). Ina xaxno# BepIIMHBI Ky0a HMeloTCs TPH ApPY-
rHe BepIIMHBl HAa PACCTOSHUH €MHHIIA, e1e TPH — Ha paccTos-
HUM [Ba U OfHA — Ha paccTogHuu Tpu. ClenoBaTesbHO, pac-
CTOSIHHe MeXJy KOMOMHALMSIMH H3MepseTcs YHCIOM pebep
Ky0a, KOTOpBle Haj0 TNPOHTH HAa NYTH OT OAHOM BepIIMHEI

K gapyroii. Hanpumep, or kom6Gunamuun — —a (001) Ha pac-
--q¢  g-q
0oy __ (o1

a-- O OO
(100) aga  aa- aab
a ]
(10)
0
Puc. 43. T'eomeTpHuecKHe NpPeACTaBIeHUSA ABOHYHEIX HEKOMILIEKTHBIX
KOJIOB:

@ — reoMerpHdecKass MOjeJb dYeThlpeX KOMOGHHanH#; 6 — reoMeTpHYecKas
MojeNb KoJila NpH n = 3; 8 — npeo6pa3oBaHHe KOMGHHalUH aaa B aab.

CTOSIHMM eMHMIA HaxoisaTcsd Kom6unamun — — — (000), —aa
(011), a—a (101), Ha paccrosiuuu gBa —a— (010), aaa (111),
a—— (100) u Ha paccrosiHuM Tpu KomGOuHamus aa— (110).

ITomexoycTOMYHBOCTD KOZ@ 3ABUCHT OT PACCTOSIHUSI MEXKAY
ero OMMmKaHIIMMK KOJOBBIMM KOMOWHALHMSAMH, KOTOpOEe Hasbl-
BaeTCcs KoOosbim paccrmoanuem (dy).

ITockosbky Onmxkafimue KofoBble KOMOHHALMM JBOMYHOTO
HEKOMILIEKTHOI'O KOJla HaxONATCS OfHAa OT APYrofl Ha OJHOM
eIVHUYHOM pAaccTOSHHH (dx=1), TO eIVHMYHBIE HCKaXKeHHs
KOMOGHHAIMA 3TOro Koja He MOTYT ObiThb oOHapyxkenwl. Cieno-
BaTeJIbHO, ABOMYHBIH HEKOMIUIEKTHBIA Koj He o6janaer obHa-
PYXHBaIOmEH HCKaXeHHs CIIOCOGHOCTBIO.

Ecau ucmonp3oBaTh TONBKO MOJIOBHHY KOMGHHALHE JBOMY-
HOTO HEKOMILJIeKTHOrO KOfa, HalpuMep, HedeTHble KOMOHHA-
uu 001; 010; 100; 111, cocTosimye 13 HEYETHOrO YHUCJ/A eIHHHUIL,
TO KOJOBOE pPaccTOsSIHME YBEJHMYHTCA B JBa pasa (dx= 2) u 1o-
SIBJISIETCS] BO3MOXKHOCTh OOHAPYXKEHHUsI eJUHUYHBIX HCKaXKeHuH,
IPH KOTOPHIX HApyliaeTcsl HEUETHOCTb eIMHMI] B KOMOHHAIMH.
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CrefoBaTeNbHO, [JBOHMYHBIH HEUeTHBIH HEKOMILIEKTHBIH KOJ
o6s1agaeT oOHAPYKHBAIOLIEH HCKaXKeHHs] CIOCOGHOCTBIO.

[Mpu ucnonb3oBaHUM AJs1 00Pa30BaHHs KOLOBHIX KOMOMHA-
1Ml UMITYJIbCOB, HMEIOIINX Pa3/THUHbIE KaYeCTBEHHbIE [IPU3HAKH,

Tabauya 11
KonoBble paccTOsiHHS OCHOBHBIX KONOB
Bmmxaiimue | Koposoe
KOH KO[OBbIE paccrodgHue
KOMOHHALUHK K
JIBOHYHBIH He- 1. aaa 1
KOMIJIEKTHHIH | 2. aaaa
JBouunnfi He- [l. ——a— 2
YeTHbIH HEKOM-|2. —a — —
JIeK THBII
JIBOMUHBIH KOM- 1. aaba 2
[JIEK THBIH 2. aaaa
JBouunniii He- | 1. bbab 4
yeTHHH KoMm- | 2. babb
MJeKTHBLH
Ha oxuo coue- |[l. aa — — 2
TaHWe € Mmo- | 2. a—a—
CBIIKOH  He-
MOJIHOK CepHH
HMITYJIbCOB
Ha ogso coue- | 1. aabb 4
tTaHHe ¢ no- | 2. abab

CBIIKOH mnoJ-
HOHW  cepuH
HMITY JIbCOB

MO3MIUH,

OblJ1  TOZaBJIEH

(omHO epWHHYHOE

paccTosiHHe MEXKAY KOM-
GUHALMSIMH COOTBETCTBEH-
HO yBejuuuBaercd. Ha-
npuMep, Kofosass KOMOH-
Halpsg JBOMYHOTO KOM-
miaekTHoro koza 000 mepe-
JIaeTcss TpeMs MMIyJbCa-
MH OJHOTO KauecTBa aad,
a Omuxkapmasg KoMmOHHa-
musg 001 — gByMss  uM-
MyJIbCaMH, HMeIOII MU Ka-
YecTBO a,U OAHHM HMITYJIb-
COM, MMEIOIIMM KadeCTBO
b. 2T KoMOMHANMH OT-
CTOST OJHA OT ApPYyToil Ha
JIBA eIHHUYHBIX DPaccTod-
Hus (dg=2), TaK Kak s
TOr0 4TOOBI OfHA KOMGH-
Hanus TnpeobpasoBanach
B JPYTyl0, JOXKHO HPO-
HM30HTH J[Ba €JUHHYHBIX
HCKaXKeHHusl WJH JBOHHOE
uckaxenve. Ha puc. 43,8
MOKa3aHo, 4To AJIs Iipe-
006pa3oBaHus KOJI0BOH
KOMOHHALIMH Qaa B KOM-
GuHALHIO aab HeoOXonu-
MO, 4TOOH B KOMOMHAIINU

aaa HWMOYJbC, HaxXous-
muHca Ha  IOCJeJHeH
HCKaXKeHue),

a BMeCTO Hero BO3HHK HMIIYJIbC, HMEIOmMH KauecTBO b (eme
OLHO eJUHHYHOE HCKaXKeHHe).

B Tabn. 11 mpuBesens GauKaiiiue KogoBble KOMGHHAIMH
U KOJLOBOE PACCTOSIHWE JJIsi JBOMYHBEIX KOLOB H KOLOB HAa OLHO

coueTaHue.
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§ 4. OBHAPY;KEHIE N HCIPABJIEHHE
HCKAKEHHN B KOJOBBIX
KOMBHHAIIAX

OGHnapyxuBalomue u HCNpasJsionye (Kop-
PeKTHpYIOle) CBOHCTBA KOMOB ONpPEJEJSIOTCS KOLOBBIM pac-
cTosiHMeM. Ec/IH ¢os — KPaTHOCTb OGHAPYKHMBAEMBIX HCKaXkKe

HUH, @ @uen— KPaTHOCTD UCIIPAB- 0o g

JIsIeMbIX HCKaXKeHHH, TO AJs (1010) (0104)
OoGHapyXKeHHus SN
// \\ // \
1, (b-23 /
> Gos + ( ) (0000/* OL%_7_°“ }(0000)
a /sl MCIpaBJleHus \ (0010) !0170} (0/00),
dy > 2uen + 1. (5-24) -l
(0011) a (1100/
B cayuae opHOBpeMeHHOro aga ol
OGHApyXKeHUsl U HCIPaBJEHUS ye N/ N
/ 7Y 1 \
dy > Qucn -+ o6 + 1, (5'25) P‘“"*\f\ ag__—;/g(;_—a?a_ /;FG—w
1€ Qo6 => Quen. \\\*_,/ \\\\*,//
Ecnu xomoBoe paccrostHHe -a-- § ow
paBHO exuHune (dy= 1), T0 enu- ‘
HHUYHbBIE HCKAXKEHHS He MOryT ot 1
OblTb OOHApyXKeHbl, TaK Kak ¢a a-p @ @

HCKaxKeHHass KOMOHHAIUSI COB- e, 44. T
o . Hc. . 1 eOMeTpuyeCcKne nocTpoe-
Ha}laeT ¢ OLHOM H3 pgSPemte HHUS, NOSICHSAIOIHE cBoiicTBa KOJIOB
HBIX  KOHOBBIX KOMOMHALMM, ¢ oGuapyixenneM W ncnpaBieHHeM
HCIIOJIb3YeMBIX - A1 Tlepejaunt HCKaXeHHH:
COO6]J_[eHI/Iﬁ_ Hpﬁ KOJOBOM pac- a@ — KOMOGHHaLHH J:Lnommorg Heqem%ro
HEKOMIJIEKTHOTO KOJa; — KOMOH-~
CTOSIHHH, DPABHOM JBa (dx= 2) Haunnﬁxop,a Ha ogx—roucoqe'ranne% no-
~CBIJIKO. HEITOJIHO CepPHH H b N
eAHHHquIe HCKa}KeHHH MOFyT 8 — KOM5HHaL{HH nBOelquOFOMng:KOCl:l);'
GbiTb OGHAPYMKEHDbI, TAK KAK B  JexTHOro Kofa ¢ dy = 3; O — paspe-
- LIeHHble KOMOGHHALHH (HCHOJIb3yeMble);
5TOM CJlyyae HCKaxKeHHas KOM-  [eHine Kornarens KOMﬁHHaug" (H)e_
6uHanusa He ABJsSeTCA paspe- HCIO J1B3YeMbie).
menHofi. Ha puc. 44 BeInOJ-
HEHBl COOTBETCTBYIOIIHE TeOMeTPHYECKHe nom‘poenna Paspe-
[IeHHbIE KOJIOBBlE KOMOHHAIMH OTMEUYEHbl KPYKKOM, a 3ampe-
IIEHHBIe — KPeCcTHKOM (3TH KOMOMHAIIMM pacloJioKeHbl Ha
OKPYXHOCTAX PajHycoM B OJHO eIMHHYHOe paccrosinue). Cie-
JIOBaTe/IbHO, €JIHHHYHbIE HMCKaXXeHHs Npeo6pasyioT paspelleH-
Hble KOJOBble KOMOMHAIIMU B 3alpelieHHbIe.
O6HapyxeHHe eJHHHYHBIX MCKaXKeHHH [BOHYHOTO HeueT-

HOT'O HEKOMIUJIEKTHOI'O KOA2 OCYIIECTBJISETCS HpOBepKOﬁ
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JIOCTYTAIOMINX K3 KaHasja CBA3H KOMOMHAIMI HA HEYeTHOCTb,
TaK KaK YeTHBle SBJSIOTCA 3alpeieHHBIMH KOMOHHALHAMH
(puc. 44, a). O6HapyxeHHe eJHHMYHBIX HCKaXeHHH Koja Ha
ofiHO coueTaHue (puc. 44, 6) oCyIeCTBJISETCS IIPHU IOMOIIY
YHCJIOBOIO KOHTPOJSl, TaK KaK eJMHHYHEIE HCKaXKeHUs H3Me-
HSIIOT KOJIMYEeCTBO HMITYJIbCOB B KOMOHHALMH.

Ecnu dy= 3, T0O B COOTBETCTBHH C BHIpaxKeHusAMH (5-23)
u (5-24) MOKHO OGHAPYKUTb eMHHYHBIE 1 ABOAHbBIC HCKaXKEHHS
UM HCIPAaBUTh efMHWUHBIe MCKaxeHud. OOCHapyxkeHHe eny-
HUYHBIX M JBOWYHBIX HCKaXeHHH OCHOBAHO Ha TOM, YTO 3TH
HCKaXKEHHUs] INePeBOASAT paspelleHHYI0 KOMOMHALMIO B 3ampe-
meHHyo (puc. 44, 8).

CrnefyeT ydYuTBIBATb, YTO INPHU HE3aBHCHMBIX HCKaXKeHHSX
BepPOSITHOCTb MCKaxeHNH yOblBaeT C BO3PACTaHMEM KPaTHOCTH.
Ecnu BeposTHOCTb BO3HMKHOBEHU S HJIM NIOTepH OLHOTO UMITYJIbCA
B KOZIOBOH KOMGHMHAIVH PaBHA pi, TO BePOSITHOCTh €UHUYHOTO
HCKaXXeHHs Ha ONHOH M3 n MO3MLHH '

Pen = APy (l - Pl)"_l, (5'26)

rre (1 — py)*~! — BeposiITHOCTL OTCYTCTBHSL OMMOGKH Ha oc-
TaJbHBIX N — | no3unHuaX.
B ycrpoiictBax Teneynpassenus p; < 1, a mostoMy MoxHO

HNpUHATH
Pen = NPy, (5-27)
TOT/l2 BEPOSITHOCTH JBOHHBIX HCKaXKeHHH
Prs = C’lef ) (6-28)
a BepOsITHOCTb HCKa)KeHHH KpaTHOCTH ¢
ps = Cipj. (5-29)

Hanpuwmep, npu p, = 107 u n =5,
P = Cp - 1070 = 22 100 — 1075,

Ecau cuuTath, 4YTO ABOMHBIE MCKAKEHHsI MAJIOBEPOSITHHI,
TO TPH dx = 3 MOXKHO MCHNPABUTb EJWHHUHBIE HCKaXKeHHS,
TaK KaK HCKaXKeHHasi B OJHOM HMITyJibCe KOMOHHALUS OTJIM-
yaercs OT Onuxafimef Apyroii paspeleHHOH KOMGHHALMK HA
IBa eJHHUYHBIX paccTosiHus (KOMOMHAHM aa— U a—a Ha
puc. 44, a).

Ciieyer OTMETHTb, 4TO KOJIHUECTBO HCIOJIb3yeMBIX KOMOHHA-
Ll B KOLAX C HCIIPABJICHHEM HCKAKEHHH HJIH KOPPEKTHPYIOMH X
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KOJaX 3HAUUTENLHO COKPAMIAeTCsl MO CPABHEHMIO C HCXOLHBIM
KofoM. [IpuMepHOe Ko/JMueCTBO KOMOBHIX KOMGHHALME ABOHY-
HOTO' HEKOMILJIEKTHOTO KOZ3, OTJIMYAIOMIMXCSl He MeHee ueM Ha
TPH €QMHHYHBLIX DAaCCTOSIHHS, ONpPEeIEe/IsAeTCS] U3 BhIpPaXKeHHsI

n
My<2. (5-30)

Harpumep, npu n = 5 MOXKHO HOJYYATb 2° = 32 KOJOBHIE
KOMOMHAIMK JBOMYHOTO KOJA, M3 KOTOPHIX TOJIbKO HYeThIpe
—a——a (01001), —aaa—(01110), a— —a— (10010), a—a—a
(10101) oramuaroTest MexKAY COGOH He MeHee, YeM HA TPH efH-
HHYHBEIX. PACCTOSIHUS, H OTHOCSITCS K KOPPEKTHPYIOWEMY KOLY.

1 HH—— 08,
awg 2
) 77— X
\{ pll) == aw, |2
-0 ~ Py —

Puc. 45. CrpyKkrypHasa cxeMa, NOsICHsIOIas MPUHIMI HCIpaBJeHHs
e[MHAYHBIX HCKaxeHHHd mnpu d, — 4.

Ins nepBofi KoAOBOH KOMOHHAILMH KOpPEKTHP YIOUIEro
kora 01001 umetorcss marte, komGuuaumii: 01000, 01011, 01101,
00001, 11001, oTiMyarOImMXCs OT KOXOBOH Ha OJHO efH-
HUYHOE paccTosiHue. AHAJOTHYHO MHOJMy4aeTcss u JJIs OCTaJb-
HBIX KOJOBHIX KOMOWHAIMI.

EnuHMYHEIE HMCKaXKEHHS KOJOBHIX K0M6nﬂaunn, OTJIMYAI0-
IMUXCSA HA TPH €JMHUYHEIX PACCTOSHHS, HCHPABJISIOTCS IO-
cTpOeHHeM JeimndpaTopoB TaKHM 00pasoM, YTOOBI OGBEKT
yIpaBJieHusi BHIGHPAJICS NPH NpPHEME KaK HeHCKaXKeHHOH KOM-
OGHHALMM, TaK H CeMeHCTBAa KOJOBHIX KOMGHMHAIMH, OT/IHUAIO-
IMEXCS OT JAHHOH HA OHO eIMHUYHOe paccTosuue. [Ipu di= 4
B COOTBETCTBHH C BhIpaxeHHeM (5-25) MOXKHO 06HAPYKHTDH
JIBOIHBIE HCKAXKEHHS M HCIPABUTh efHHMYHble. Takoe KOLOBOE
paccTosiHpe MMEIOT [BOMYHBIA HEUETHBIi KOMIJIEKTHHIH KOX
H KOJ Ha O{HO COUETaHHe C IOCBLIKOM [OJIHOA CepuH HMITYJIbCOB
(ra6n. 11). B stom cnyuae AJsl OGHAPyKeHHS M HCIPABJEHHS
MCKaXKeHU# KOJOBHe KOMOMHALMH IPHHUMAIOTCS JBYMSI IIPHEM-
uukamu [1p(a) u IIp(b), pearupyomumMy TOJbKO Ha KayecTBO @
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unu b (puc. 45). 3arem KoMOHHAUHUM, AONOJHSAWOLUEE APYT
Ipyra, ¢ BBIXOJA MPHUEMHHKOB MNOCTYNAIOT HA Hemudparopel
ALl u JII,. Janee Bo3neiicTBus uepe3 cxembl HJIH mnepe-
JalOTCsl Ha o6GbekThl ympasjeduss Ob. Ecan B pesysabraTe
€MHHYHOIO HCKAXKeHHUsI, HalpHMep, OJ¥H U3 HMIYJbCOB, HMe-
IOLIMX KauecTBO ¢ GYAeT yTepsiH, TO HA BHIXOAAX AemIxdparopa
JII, ynpaBnsiomee Hanps:xKeHue He Bo3HHMKaeT. OJHAKO
BO3JefiICTBHEe Ha OGBEKT GYyAEeT nepefaHo ¢ OfHOTO M3 BHIXOHOB
nemrudparopa [, Takum o6pa3oM OCYIIECTBJIAETCS HCIPaB-
JieHHe eIHHUMYHHIX HCKaxeHu#. [IpH JIBOMHBIX HCKaxKeHHAX
(mpeoGpa3oBaHue KayecTBa HMIYJbCA) H3MEHseTca oomee
KOJINYECTBO HMMITYJIbCOB, HMEIOIIHX KauyecTBO @ HMJH b, 4TO
o6GHApY:KMBAeTCs JAJIf KOZA HA ONHO COYETAHHE 3alUTHBIMH
CXeMaMH YHCJIOBOTO KOHTDOJISI, & [/l JBOHYHOIO HEUETHOro
KOJa — CXeMaMH IIPOBePKH Ha HeYeTHOCTb.

s

§ 5. I3BBITOYHOCTDh KOJIOB

Ilpu yBesnueHHH KOLOBOTO PAaCCTOSIHHS IOME-
XOYCTOHUMBOCTL KOAOB Bo3pactaeT. OJHAKO COOTBETCTBEHHO
VBEJHUYUBAGTCS M HX H3OHITOYHOCTb, KOTOpas OIpejessercs
cJeAyomuM 06pasom:

re=1+gon (5-31)

rie M — KoJuyeCTBO KOMOWHALIMH JAHHOTO KOja;
M max— MAKCHMAJIbHO BO3MOKHOE YHCJIO KOMOMHAIME KOJa,
110 OTHOMIEHUIO K KOTOPOMY ONpefnessieTcss u36LToY-
HOCTb.

B rta6n. 12 nmpuBeseHH pacyeTHEe GOPMYJIHL AJIs1 ONpeeie-
HHS H30CBITOYHOCTH M H3GHLITOYHOCTL KOJOB HpH n = b, Mak-
CHMaJIbHO BO3MOXKHOE YHCJIO KOMOHHAUME M pax ONpenessioch
U3 Boipaxenuii (5-14) u (5-15) Aas JBOUYHOTO HEKOMILIEKTHOTO
KOA Ha BCE COYETAHHMS.

Kak BuIiHO M3 Ta6/. 12 M36LITOYHOCTH KOJOB HA OJHO COYe-
TaHue BHILIE COOTBETCTBYIOMIMX (IPU PaBHOM dy) JABOMYHEIX
konoB. ONHAKO B TexHHKe TeJieyNpaB/EHHS IIHPOKO IpuMe-
HAIOTCS. KOIBI HA OJHO covYeTaHue, TaK KaK OHH OTJIHYAIOTCS
Gosiee BBHICOKOH IOMEXOYCTOHYHBOCTBIO IIPH PAaBHOM KOZOBOM
paccrosiuuu. Hanpumep, B kone Ha ofHO COUETaHHE C IOCHLI-
KOH HENOJHOA CEePHM MMMYJILCOB OOHAPYMKMBAIOTCA BCe
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Tabruya 12

H36eITOYHOCTE KOLOB

N36mn1- Kopgo-
o - B
= CopT BRI | 2 | paseee
npu siHHe
n=2>5 dg
. o : n—1 1
JIBonuHHf  HeueTHBIH He | — =" ~ 2 0,20 9
KOMIIEKTHHEIR (K = 1) log(2"—1) " n
JIBORUHBIH KOMIIJIEK THHIH _ n . 1 017 9
(K=2) 1 fog2(2"—1) “n41|
Ha opHo coueranue ¢ mo- 2
CEUIKOH HemosiHO# cepuH log Cp, 033 9
HUMIOYJbCOB TOpH m =2 “Tog (27 — 1) i .
JIBOUUHLIH HEUeTHBI KOMII- 1— n—1 - 2 0.33 ’ 4
JekTHbl (K =2) fog2(@"—1) “nii1|
Ha opHo coueranune ¢ mo- log C*
CBUIKOH  [OJNHOH  CepuH N 0g Cp 0,44 4
HUMIYJbCOB mpH m=2 ~log2(2"—1)
(K=2)

eJMHHYHBIE HCKAXKEHHS H HCKaxeHHs 60Jiee BRICOKOTO nopsapka,
B pe3yJbTaTe KOTOPHIX BEJAHYHUHA M OTJHYAETCs OT 3a4aHHOIo
'3HAY€HHUs, 4 B JBOMYHOM KOMILJIEKTHOM Koze 06Hapy}KHBa}OTCH
TOJIbKO €JIHHHYHBIE HCKaXKEHHS.

§ 6. YACTOTHBIE 1 BPEMEHHBIE KOJbI

B 3aBHCHMOCTH OT METOAA pPasJesieHUs] UMIYJbCOB, IIOCH-
JlaeMBIX 10 OJIHOMY: KaHa/ly CBf3H, Pas3jW4aloT YacTOTHBIE
U BPEMEHHEIE KOJBL.

Yacmomnote KoObt 00PA3yIOTCS KOMOMHMPOBAHHEM HMITYJib-
COB, BO3HHMKAIOMIMX HA PA3JUYHEIX YACTOTHLIX I103HIHMIX,
a epementvle KoOpl — NMyTeM KOMOMHHPOBAHHSI MMIIYJIBbCOB,
BO3HHKAIOMUX HA Pas/MUHBIX BPEMEHHHIX ITO3UIHAX.

st o6pasoBanus 4acTOTHLIX M BpPEeMEHHHIX KOJOB HpHUMe-
HAIOTCS. OHHAKOBLIE METOIBL. DTH KOLEl MOTYT GhITb IpeJCTaB-
JIeHBl B ofHOH Tabsuue (Tads. 13).
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Tabauya 13
YacToTHEe ¥ BpeMeHHbIE KOJbI

Koan- Konuueereo KomGunanat
9eCTBO
Kon HCI0JIb- YacTOTHOTO BPEMEHHOTO
3y EMBIX Koja KOzia
KauecTB
Ny ng
KomnekTuufi Ha Bce K K K
COoueTaHus .
KomnyiekTHHE JaBOHY- n n
P q B
HBIH 2 2 2
HexkoMmeKTHHIH JiBO- n n
p— B —
s 1 9% 1 2 1
’ m
Ha opmo coueranue 1 C™a C,®
C NOCBUIKOH HemoJi- ny B
HOll cepuM HMmYJib- m. My m. My
cos K K™ Cp, K™®Cp_
m. m.
q B
Ha ogHo coueranue 9 Cny Cn,
C TIOCBUIKOH MOJIHOU K ’ m m
) m, q m B
CEepHH UMITYJBbCOB \ (K—1)"a qu (K—1) nan

Mpumeuanus 1. ng ¥ n,— KONUYeCTBO YacCTOTHHIX M BPEMEH-

HbIX TNO3UIHM.
2. m — KOJIHUeCTBO HUMNYJIbCOB B OJHON KOMOHHAIHH.
!

KoMm6unamuu 4acTOTHOrO ¥ BPEMEHHOIO JBOMYHHLIX HEKOM-
IJIEKTHLIX KOJOB Ipu n = 3 ¥ K = | npuBeseHwl B Taba. 14,
rie UuQpPH YKasplBAlOT HOMEDP YaCTOTHOH HJIH BPEMEHHOMH
HO3HIMH.

HekoMIieKTHEI JBOMYHBIA 4acTOTHHHA Kox (mpu K = 1)
HOPUMEHSIETCS] TIPH NOCTPOEHHH CHCTEM JHUCKDPETHOTO TeJIeH3-
MepeHHsI. .

B rtabn. 15 npuBeneHs KOMGHHALMH YAaCTOTHONG M BpPeMeH-
HOrO JBOHYHBIX KOMILJIEKTHHIX KOOB Ipu n =3 u K = 2
(BpeMeHHBIE KauecTBeHHble Npu3HaKH). Kak BHIHO U3 Tabi1. 15,
IJIUTeIbHOCTb KOJIOBBIX KOMOMHAILMH BPEMEHHOrO KOja pas-
Juuna. Takue Koipl HasbIBAIOTCS HEPABHOMEPHHIMH H B TeJe-
YOPAaBJCHHH He NPHMeHsIOTCs. [Ipu KpaTKOBPEMEHHBIX «OGPHI-
Bax» KaHaJa CBS3M KOMOWHALKMM BPEMEHHOTO KOAA MOTYT GOhITh
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Tabauya 14

Kom6unauyuu BpeMEeHHOro W 4YacTOTHOTO JBOMYHBIX
HEKOMMJIEKTHBIX KORoB npu =3 u K =1

J\ﬁor;‘!c.) Cﬁﬁﬁﬁﬁfqﬁgﬁgﬂ Bpewnennofi xopg YacToTHEIH KOX

1 a; —— J—‘__._.___, L3

' ! 2 3 7ro3

2 —a— [ ] i

? I

3 e M =

3 33—

4 85— R g —

/ 2 [S—

3

5 41— 4 STl ] —

- 1 3

6 — axa l | I | .2 —

3 —_, 3 =

7 a,as03 I | l | I l 2@
‘ 2 3 3

JIErKo NpeoGpasoBaHEl, HAIpuMep, NP YKOPOUEHHH TPEThero
uMIyJbca KoMGMHAIMA 3 npeobpasyercs B KomCuHamuio 8,
a KomMOuHauus 5 — B KoMOuHamyo 1 u T. I

KoMm6HHAIMH YaCTOTHOTO KOAA IPH YKOPOUEHHH MOTYT
npeo6pasoBLIBAaTLCA B KOMOMHALMIO -8, MO3TOMY OHA JOJIKHA
UCKJIIouaThesl. [Ipeo6pasoBanus APYrHX KOMOMHAUMA MeHee
BEPOSITHEI YeM Jijisi BpeMeHHoro Koia. CrefoBaTesbHO, NOMEXO-
YCTORYMBOCTH YACTOTHOTO JBOMYHOTO KOMILJIEKTHOTO KOja IpH
HCIIOJIb30BAHMH BPEeMEHHBIX KauecTB GoJjee BBHICOKAs, YeM
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KoMm6uHauua BpeMeHHOTro ¥ YacTOTHOrO JBOWYHBIX
KOMIOJIEKTHBIX KoloB npu =3 u K =2

Tabauya 15

Jffog? ng::gf L:{%c;: 7 Bpemenno# Ko YacToTHbIA KOR
1 abb [ 11 . 'ZF
! 273 3

2 bab T B:

3 bba I &‘

. | B

5 aba | | I | I | @

6 baa I | l | I l é

7 aaa I | I | I |

8 bbb ) L @

COOTBETCTBYIOIETO BpeMeHHOro Koja. OpHakKo paccMarpHBae-
MBI YAaCTOTHBIH KOj B ° TeJeyHpPaBJeHHH He TNPHMEHSETCH,
BCJIE[ICTBHE HEONPABNAHHOIO YCJOXKHEHHS annapaTypel (4js
(duKcalun BPeMEHHBIX KayeCTB), a TaKXKe IOHIKEHHS [OMEeXO-
YCTOHYHMBOCTH IO CPaBHEHHIO C YACTOTHLIM KOAOM Ha OJHO

COYcTaHHe.
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IoBhiIeHHe MOMEXOYCTOMYHBOCTH BPEMEHHOTO JBOMYHOI'O
KOMILJIEKTHOTO KOJa MOXKeT ObIThb JOCTHTHYTO 34 CYEeT HpHMe-
HEHHs YaCTOTHHEIX KauecTB BMECTO BpeMEHHHIX, Torpa, Hampu-
Mmep, KomOuHanusa 1 (tabsn. 15) GymerT uMeTb CJELYIOMMH BUA:
HMIIyJIbC C YACTOTO! 3alOJIHEHUA fi, Iay3a, UMIYJbC C YacTo-
TO¥ 3amoJiHeHus f, May3a, UMITYJALC C YACTOTOH 3aMO/HEHHS [ .

B Ta6x. 16 u 17 npuBefeHr KOMOGMHAIMH YAaCTOTHOTO U Bpe-
MEHHOTO KOJOB Ha OJHO COYyeTaHHe C IOCHLIKOH HeNOoJIHOH
U TOJIHOH CepUHM HMIYJbCOB. BpeMeHHOfi Koj C MOCHUIKOM
HEMOJIHOH CEepHH HMIYJBCOB (Tabs. 16) MOXKET NpPUMEHAThCS
TOJIbKO IIPH HE3aBHUCHMOM MepeK/IYeHUM pachpejesuTese,
a BpeMeHHOH KO C IOCBIIKOH IIOJHOH CEepHH HUMIYJILCOB

Tabauya 16
Kom6HHaI MM 4acTOTHOTO M BPEMEHHOr0 KOJOB Ha OINHO
coyeTaHue C MOCBHIIKONH HenoJHO#l cepu¥ MMIYJbCOB
mpu K=1,n=4unm=2
Ne CuMBoOJIHUECKAs
no nop. samuChb Koja BpemenHOH KoX YacToTHEIA KOR
I
1 a0y — — I | | l : 3ZE,|
- [
T2 3 A L
2 nr| =
a — a3 — 3
! 3 e
l | l—‘| L m—
3 ay——04 -
f 4 4=
B T o
4 B —‘—l LI I—-—-— PQE
2 . 3 ———
rE—-—
5 —a;—ay I | I | 12
2 é 4
e
-—
S T =
3 3 4
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Tabruya 17

KomGuHal M 4acTOTHOTO M BPEMeHHOr0 KOJOB Ha OAHO
coyeTaHHe C MOCBHIJKOM NOJHOM CepuH UMIYJbCOB
mpu K=2, n=4um=2

Ne no CumBoJsHyecKas i
nop. sanHch KOZa BpemeHHO® KOZR YacToTHBIH KOR
1 aabb

2 abab ’ ”H |||

(trabn. 17)— Tak:Ke NpH IOLIArOBOM IEPEKJIOUEHHH pacrpe-
JleJIHTeNIeH.

ITockombKy A1 BPEMEHHOTO KOZA KOJHYECTBO HMITYJIbCOB
B KOMOWHAIMH /1, HE, OTPAHUUUBAETCS, TO JJs MOJNyYEHHS
MaKCHMAaJbHOTO KOJIHYECTBA KOMOMHALUMA TNPUMEHSIOT AJid
YETHOTO 1l

= 07 W | | T

ny
my = 9
a JIJid He4YeTHOTO ng
n, +1
mg = 2 9 .
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M3 yacToTHBIX KOJOB HauGoJee MOMEXOYCTONYHBEIM U y106-
HBIM JJ1s1 NPUMEHEHHs B YCTPOHCTBAX TeJieyNpaBJCHUA SBJA-
€TCA YaCTOTHHIH KOJ HA OfHO COYETAHHe C MOCHIKOH HEMOJIHOH
CepHH HUMIYJabCOB. IIOCKOMBKY YacTOTHBlE HMIYJBCH, 06pa-
ylolye KOMGHHAIMY 3TOTO KO, MMEIOT OJMHAKOBYIO AMILIH-
TYAY H JLIUTeJIBHOCTb (OXHOPOA- 4.
HEI), TO 3TH MNapaMeTpel TPH 5,
nepenaye IO KaHaJgy CBA3H 3000 1

MOT'YT H3MEHATLCS B IIHPOKUX 2000

npefenax. Ilpu 3ToM HEOOXO- 5 / y.
ZMMO TOJILKO, YTOOB! aMIJINTYAA 800 o
HUMITYJILCOB OCTaBajiach GOJbIIE 600

TOKa cpabatbiBanus InpueM- 00 1A
HHKOB, a JJIHTebHOCTb — 60JIb- 79 4 —
I1e BpeMeHH CpaGaThBaHUS. // 3 //‘
YacToTHble KOAH Ha OfHO coye- 2000 7 ;

TaHHe HAa3bIBAIOTCSA TaKKe MHO- 60 s
FOYaCTOTHBIMH, TaK Kak JJjsi 40 /17

oépasmaanna 3HAYHUTEJBHOI'O

YHC/Ia KOMGMHAIHH HEOGXOMHMO 2 20 | LA
CPaBHUTEJBLHO G6OJibllIoe KOJIH- ) y

YeCTBO 4aCTOTHBIX NO3HIHH. D10 ‘g [

BHIHO W3 puc. 46, rge npuse- 4|

AeHbl  KpHBble 3aBHCHMOCTH ,

4uC/ia KOMOHHALHUH 9acTOTHOTO
KOZla Ha O HO COUeTaHue C Iepe-
Jayell HenoJIHOH CepUH HMIIYJIb- ™2 46 61012 &i@n,
cos M ot KOJIM4ECTBA HACTOT-  Pyc. 46. Kpusbe 3aBucuMocTH
HBIX IO3UIUH 4. yAcna KOMOGMHANMA 9aCTOTHOTO
Lo g o e
HBIX KOAOB Ha OILHO CodeTaHHEe ?VI oT KOJIH'-IECTBaeI:IalgTOTHZIX l'l:
KOJINYECTBO YACTOTHHIX UMY JIb- summh n,:
COB My, BXOAAMMX B OAHY , 5 3 4 yonugecrBo UACTOTHHX HM-
KOJOBYIO KOM6PIH81U/IIO, BBIOM- . MyJbcoB B KOJAOBHIX KOMGHHAIHAX my.
paeTcs MHHUMAaJbHEIM (OGBIYHO
Mq=2). D10 HEOOGXOAUMO NJIfi YMEHBIIEHHs KOJHYECTBA KOM-
GMHANMOHHBEIX YaCTOT, BO3HHKAIOIIMX MPH IPOXOXKAEHHH MHO-
TOYaCTOTHEIX IIOCHIJIOK Yepe3 HeJIHHEHHbIE 3JeMeHThH KaHaJa
CBSI3H, a TaK¥Ke JJis1 YIPOIEeH s H(PPATOPOB U AeIH(PATOPOB.
VBejimuenne KoJuuecTBa KOMOHHALME YacTOTHOrO Koja
NyTeM NPUMEHEHHs KayeCTBEHHBIX NMPHU3HAKOB (aMIUIUTYJLHOTO
WM BPEMEHHOro) HE palHOHA/NbHO, TaK KakK IIPH 3TOM CHH-
3KaeTCs1 ero IOMeXOyCTOHYHBOCTb.
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§ 7. CMEHHOIIOCBIJIOYHBIE YACTOTHO-
BPEMEHHBIE HOJIbI

K XOMIJIEKTHHIM YaCTOTHO-BDEMEHHBIM KO-

JaM OTHOCATCA KOJBI, COCTOSIIIME H3 IOCTOSIHHOTO YHCJA g
MHOTOYACTOTHHEIX TNOCBHLIOK, CJIEAYIOMIMX IIOCJIELOBATEIbHO BO
BpeMeHH. EC/IH MHOTOYACTOTHBIE NOCHIIKH Pa3fessioTCsl MEXKILY
co60i MHTepBaNaMH, TO Ha KOMOMHHPOBaHHE HHUKaKue JIOMNOJ-
HUTe/bHbIE OFPAHHMYEHMs He HakjajbBaioTcs. [as o6pasosa-
HHUS Kaxkjo# IOCELIKH HCIOJb3Y-

= I0OTCS1 Bce KOMOHHAIMM 4acToT-
|| L - i HbIX uMIyascoB. CrenoBaTesbHo,
L 5 J2 ofmiee KOJIHYECTBO 3JIEMEHTOB KO
7 = 7 # Cs,a uMCJI0 KOJOBBIX KOMGHHALHH
7| 1 1
7 Z ff LJISl  HQCMOMHO-8PEMEHH020  KOOQ
2 L2 2 J HQ 6Ce COHemanus
Y] Y ] Ty
-] M = C nB, 5'32
3 ]3 Jf? ]:2 ( ﬂq) ( )
7 7 7 Ha puc. 47 npuBeieHO HeCKOJib-
e -4 KO KOMOMHALM{l YaCTOTHO-BPEMeH-
4 L5 J2 S

HOTO KOJIa Ha BCE COUETAHHUS, NPH
Puc. 47. KoM6HHamUH 4acToT- na= 4, m“6: 2 H Jte = 3. Obmee
MO-BpeMeHHOTO Koja Ha Bce JHCJIO KOMOMHAIMH

COueTaHHss 0pH m, =2 H

ﬂB==3. 4.3

3

M= (Clp = (T) — 6% — 216,

Kaxk Bugno u3 puc. 47 B KOMOMHALIUAX 3TOr0 KOia JAOIYyC-
KaIOTCSl CMEXKHbLIE MOCBIIKH, COCTOSIIME H3 OJMHAKOBLIX YaCTOT.
ITosToMy oOTAenbHBIE NOCHLIKH 00s3aTeJNbHO JOJIKHEI pasfe-
JIATbCS NMay3aMu, YTO CHUKAET GBICTPOfecTBYe, a JJIs1 mpueMa
M llepefayd KOMOWHAUWH Koja HeoOXOJAMMO NPUMEHSATb CHH-
XPOHHM3UDPOBAHHEIE U CHH(A3HPOBAHHBIE pacCHpeesUTeNH, UTO
YC/IOXKHSAET CXEMbl MNEepefaloUX U IPHEMHBIX YCTPOHCTB.
Onnako npu HalOKeHHH HAa KOMOHHHMPOBAHHE JONOJHHTE/b-
HBIX OTPAaHUYEHHH MOMKHO MNOJYUUThL Ge3nHTepBAJbHBIE CMEH-
HONOCHIJIOYHEIE YACTOTHO-BPEeMeHHBIe KOJBI, AJs AEKOLHPOBa-
HHA KOTOPHIX pacipefesiuTes]d HE HY:KHbI, TaK KaK OHH 06.a-
AA10T CBOHCTBOM CaMOpaclpefeseHusl.

HecmoTpst Ha HeKoTopoe yMeHbIIEHHE KOJIMYECTBA HCIOJIb-
3yeMbIX KOMOWHALMH 10 CPABHEHHIO C YaCTOTHO-BPEMEHHBIM
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KOJIOM Ha BCE COYETaHHs, CMEHHOINOCHIIOUHEIE KONBl o6ecreun-
BAIOT GOMBIIYIO €MKOCTh' YCTPOACTBA NIPH CPABHUTEBHO MAJIOM
KOJIHYeCTBE HCIOJIb3yeMbIX YACTOTHBEX MO3HIMH. Cxemsl mind-
paropoB M JemudpaTopoB CMEHHONOCHIIOYHBIX KONOB IMOJY-
YaIOTCS CPABHHUTENBLHO NPOCTHE (0CO- -

OEHHO NpPH YHCJE IOCBUIOK Afgz= 2) /] b b
H JIETKO BLINOJIHSIOTCH HA GeCKOH- L | % L
TaKTHBIX 3JIEMEHTaX. 7 7 ; f
CMeHHONOCEIIOYHEIE KOAB! pasjie- > 3 Z
JSIIOTCSI HA OCHOBHblE, HenpueooumbLe
H  Koppexmupyrowue. JansHeAmum 1 1 1
Da3BUTHEM SBJISIIOTCS MHO20CMYMeH- J 2 4
HQmble CMEHHONOCHLAOYHbLE KOObL. a
OcHOBHble  CMEHHOTOCBIJIOYHBIE y y 7
Kozbl. MMmeercs: 1Ba OCHOBHBIX CMeH- 2 3 Z
HOIOCHUIOYHEIX KOAA: MOJIHBIH (10JI-
HBI Ha pasMelleHHs, HOJHEI Ha-CO- 7 / 1
YeTaHHUs)) U HENOJIHBIH (HEMOJHBIN Ha J 2 4
pa3MelleHysi, HeNoJHBIH Ha coue- 7 ; 7
TaHHSA). 4 5 3
ITpu oGpasoBaHuH 1n0aHO20 CMeH- A
HONOCOLAO4HO020 K00Q HCNOJB3YIOTCS
KOMOHMHAIMH, B KOTOPBIX CMEXKHBIE 7 2 2
IOCBUIKH OTJHYAIOTCS He MeHee ueM 2 3 4
Y4acTOTOH OZHOTO UMITyJbCca (puC. 48). , ; B
IIpu  o6pa3oBaHMH  HENO0AHOZO 3 Z =
CMEHHONOCLIA0UH020 K00@ HCIIOJb3Y-
IOTCSl TOJIbKO KOMGUHAILIMH, B KOTOPBLX 7 3 3
CMeXHBEIE IIOCBLJIKH OT/IMYAIOTCS BCe- P 2 4
MH O0OpasylomUMH HX YaCTOTAMH 8
(puc. 49). Puc. 48. Kom6uHanuu noi-

Bmmkafimyue KofoBble KOMOMHA- HHX — CMeHHOMOCHLIOWHBIX
IMH TOJHOTO H HEeMOJHOIO CMEHHO-  KOKOB IpH My= 2 Hng= 3:
ITOCBIJIOYHBIX: KOJIOB OT/IMYAIOTCSA TOJIb- @ — NOJHBIA  CMEHHOIOCHNIOY-
KO OfHOH uacToToit. CiefoBaTennHo, % oA 0 — Ha paswene-
y 9THX KONOB dx= 2, TakKXke KakK
U y YaCTOTHOro KOja Ha OJHO COYeTAHME C MOCHLIKOH HemoJ-
HOH CepHM HMITYJIbCOB.

[Npu HajOXKEHHH JIOMNOJHMTEJLHEIX OrDAHHYeHHH Ha KOM-
GHHHPOBaHHE IOJYYAIOTCS PA3JHYHbIE BapMAaHTHI OCHOBHEIX
CMEHHOINOCHIIOUHBIX KOM0B. IIpy 3TOM KO/NHYeCTBO KOJOBHIX
KOMOHHan il COKpalllaeTcs, OHAKO MOBBIIIAETCS I0MeX0YCTOMH-
YHBOCTb KOJA HJH YIpPOILAeTCHA ero [eKOjMpOBaHHE.
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KosyuecTBO KOJOBBIX KOMOUMHALMIL 1J1s OCHOBHBEIX CMEHHO-
HOCBIIOUHBIX KOJOB OIIPEfesisieTcsl HHXKe.

Illonuw#éi cMeHHONOCHJAOYHB U KoJA Ilpu
OHOH MHOT'OYaCTOTHOH IOCHLIKE (,= 1) KOJHYECTBO KOLOBBIX

/i 5 S
2] J4 Js
. t
2 3 7
5 4
1/ 2 1
Z 3 %
a
7 2 4
5 3 5
2 7 4
3 5 5
4 2 1
5 3 5
o
7 3 1
2 4 5
7 4 7
2 5 3
7 3 1
2 5 4
4]

Puc. 49. KomGuHamuu He-
HOMHBIX  CMEHHOIOCHIIOY-
HEIX KONOB MpH m,= 2
i ny=3

a — HeIoJIHbIH CMEHHOIIOCHI-

JIOYHBI# Koj4; 6 — Ha pasMe-
LIEHHS; 6 — HAa COYeTaHHs.

M =

KOMOHHAIHU
My
Ml - qu.
Tak Kak B CMEHHOIIOCHIJIOUHOM
KOJie CMeXHbIe IOCBIJIKM He MOTyT
ObITb OJMHAKOBLIMH, TO MNpPU JABYX

TIOCBHLIKAX (= 2) KOJHYECTBO KOJO-
BBIX KOMOMHALMH OyJeT PaBHO YUHCIY

o m,
pasmemenuit u3 C,’ 5/€MeHTOB MO
IBa :
Mg , ~Myg
My = A2, =Ch2 (Crt —1).

Cry

Eciu yuuTHBaTh BCe KOMOHHALNH,
TO [pPH YBEJWYEHUH Ny HA eIHHHILY
KOJIMUECTBO  KOJOBHIX KOMOHMHAIUH

My
ysennuuBaercs B C,, * pas. Ho rak kak
Heo6X0oMMO HCKJIIO4UMTh Mo Kogfo-

BEIX KOMOMHAIMH C OJHHAKOBBIMH
COCeIHHMH YJIEHAMH, TO HPHU ny = 3

M3 = AMzC:: - Mg = M2 (C:Z: -
— 1) =Cr(Crr— 1y

AHaJIOrHYHO HAXOAHUTCS KOJIMYeCT-
BO KOIOBHLIX KOMOHMHAaLUH u IpH
[OC/IEAVIOMUX 3HAYECHHUAX flg.

B ofmem ciaydae IIpH 7, INOCBHLI-
Kax B IIOJIHOM CMEHHOIOCHIJIOUHOM
KOIe YHCJO KOMOMHAIMi

Cos(Cr — )™, (5-33)

Ha pwuc. 48, a npusesensl TpH KOMOHHAIMH 3TOrO KOAa
npu ng =4, mq= 2 u n, = 3. O6l1ee KOJUIECTBO KOMOHHAIMH

M = Ci(Ci — 1)1 =6 - 52 = 150.
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Kax BusHo u3 puc. 48, ¢ B KOMOHHAIMAX IOJHOTO CMEHHO-
MOCBHIJIOYHOTO KOJA NMPUMEHSIIOTCS] TaKKe OfHHAKOBBIE MOCHIIKH,
OJHAKO OHY He MOT'YT OHITh CMeXHBIMH (TlepBasi KOMOHHALIHS).
Kpome Toro, jomyckarorcsi NepecTaHOBKH (BTOpast H TPEeTbs
KOMOHHAIHH).

I[Tlonuslfi CMEHHONOCHJJOYHBHE KOJ HAa
pa3amemeHu s KoauuecTBo KONOBEHIX KOMOHHALHME MOJ-
HOTO CMEHHOIIOCHIJIOYHOTO KO/ HA pa3MelleHHs] PABHO UUCTY

pasvemenuit w3 C, Mo 1,

M= A"}’nq = C,'::" (C':: -1 ... [CZ’: —(ns —1)]. (5-34)
Cn,
[pu ny = 2 Bripaxenus (5-33) u (5-34) coBmagaior.
Ha puc. 48, 6 npuBefeHbl Tpu KOMOHMHAIHK STOTO KOJAA
TaKXe IpU Mg =4, my =2 u 1, =3. Obmwee uHCIO KOMGH-

Hamui
M=AZ,=A§=6-5-4=120.

Kaxk BugHO u3 puc. 48, 6 B KOMGHHANUSX MMOJHOTO CMEHHO-
TIOCBUIOYHOr'O KOJa Ha pasMelleHHs ONHHAKOBBIE ITOCBIJIKH
OTCYTCTBYIOT U IONYCKAIOTCSl IepecTaHOBKH.

MakcumasibHoe KOJHYeCTBO KOMOMHANIMH CMEHHOIOCHIJIOU-

m,
HOTO KOJia Ha pasMellleHHs IOJy4aeTcsl HpH My = C,,: — 1.
ITonuB#i CMEHHONOCEHJOYHBH Kojg HAa
coueTaHud KouanuecTBO KOJOBHIX KOMOMHAIMH 3TOrO

KOJA paBHO YHC/JY COYETAHHH H3 C:: 10 ng

M=C“an=

Cn

nl_l C;”: (quq -1 ... [C:: — (ns — 1)]. (5-35)
q B

Ha puc. 48, ¢ npusefieHsl TpM KOMOMHAIMM 3TOr0 KOAa
TakXKe NPU Ny =4, mMq =2 U ny = 3. Obuee uucI0 KOMOHU-
Haui 5.4

6

CrenoBaTeIbHO, KOJMUECTBO HCIOJIb3YEMBIX KOMGHHAIMi 3HA-
YUTEJNHHO COKPAIAETCsl IO CPABHEHHIO C KOZOM Ha Pa3MellleHHs.
OnHako mpu nz= 2 KOJHYECTBO KOMOHMHALMI COKpamiaeTcs
TOJBKO B JBa pasa. i
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3a OCHOBY IOCTPOEHHMS CMEHHONOCHUIOYHEIX KOJOB NMPHUHH-
MaloTCsl KOJOBHle KOMOMHALIMM HPHU fiz= 2.

Hanpumep, npu ny=4, mq=2 " fn; = 2 1aa [OOJHOTrO
CMEHHOIOCEIOYHOTO KOAA M KOJa Ha pa3MeiieHHst

M=Cj(Ci—1)=6-5=30,
a JJA KOJAa Ha COUeTaHHs

M=c,=c=5"2
Cs

—2— = 15.
COOT«BeTCTBYIOHJ,I/Ie KOZOBEIE KOM6PIHaI.II/IH NpHUBEIEHbB B

Ttabn. 18. -

Tabauya 18

KonoBble KOMOMHALAM MOJHOTO CMEHHONOCHIJIOYHOIO KOXA
npu n, =4, ny,=2 u m, =2

ITochlnku

I 11 I II I | I

TlpuMeuanus

KozmoBrle KoMGuHanuu

1—2 | 1—4 | 13 | 2—4 | 1—4 | 2—4 | (O

1—2 | 2—3|1-3|3—-4|1—4|3—4
1—212—4 | 1-3|1—-2| 1—4 | 12
1—2 {3—4|1-3|1—-4|1—4|2-3

-2 {1—-3|1—-3|2—3|1—4 |13 }

2—3|1—4|2—4|1—2 | 3—4 | 1—2 | KonoBrle kKoMGHHALHH
2—3 | 3—4|2—4|2—-3|3—4|2—4 }Ha coueTaHHs

2—3|1—-2|2—4|1-3|3—-4|1-3
2—3|1—-3|2—4|1—4|[3—4|1—4
2—3 | 2—4|2—4|3—4|3—4 |23

IIpumeuanue. B Tabnume ykasaHE! HOMepa 4acTOT IO MOPSJKY.

Henosusfi CMEHHOHNOCHJAOYHHHE KOJ
(puc. 49). B xaxnoil nocsenyomel NOCHLIKe HENOJHOTO CMeH-
HOTIOCHITIOYHOTO KOfa, HAuHHAs CO BTOPOMH, HCHOJb3YIOTCA
TOJIBKO Te YaCTOTH, KOTOPHIX HeT B HpeiuAyliell, a NOo3TOMy
KOJINYeCTBO KOZOBLIX KOMOMHALM{ B Hell PaBHO

My
Crt e
CregoBaTe/IbHO, NPH f; = 2 KOJMYECTBO KOJOBBIX KOMGHHANHU
Mg~y
Mz = Cﬂ‘ qu_mq,
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a IIpH Ny IOCBIJIKAX
M= Cr (Crr_ )™, (5-36)

B HemosiHOM CMEHHOIIOCHIIOUHOM KOJle YHCJIO HCIIOJIb3yeMbIX
4acToOT JOJKHO OBITh O6OJbllle, YeM YABOEHHOE KOJHYECTBO
YacToT B OJHOH IOCBHUIKE, TaK KaK NMPH Mg > Mg — My COUe-
TaHHsl M3 Ny — My 1O My He MOryT ObiTh oOGpasoBannl. Ha
puc. 49, ¢ npuBefieHbl TPH KOMOHHALMH HENOJHOI'O CMEHHOIIO-
CHIJIOUHOrO KOAA IIPH ng= 5, my= 2 U ny= 3.

HenonHbli CMEHHONOCH IOYHHH KOJ Ha pas-
Memie Hu . B Kaxnol nocjefymomell moceliKe 3TOro Kojia,
HauHHAs C TpeThbel, YHUCJIO KOLOBHIX KOMOMHAUMH Ha OfHY
MeHblIe TpefblAyIIero, TaK Kak B Hell He MOTYT ObITb HCIOJIb-
30BaHbl YaCTOTHEIE KOMOMHANMU INPefbIAyIHUX Nockliok, Cie-
JOBAaTeNIbHO, IIPU KOJIMYECTBe HOCHIIOK, PABHOM 1y, KOJHUYECTBO

© m
KOJOBBEIX KOMOWHANMH paBHO NPOH3BeIeHHIO C,,: Ha YHUCJO

Iy m.
pasmemenuit us C,*_, 1O 1, — 1

M=cpAmt =Che, Chl,, =D . (Ch,
qu—Iﬂq ’ ' ) \
— (ns — 2)]. (5'37)

[lpu ny= 2 Buipaxenus (5-36) u (5-37) coenmagaior. Ha
puc. 49, 6 mpuBeneHbl TPH KOMOHHAIMH HEMOJHOrO CMEHHOIO-
CBIJIOYHOTO KOAA HA PasMelLleHHs.

HenoJnHBH CMEeHHONOCHJOUYHHHE KOX Ha co-
YeTaHUs. AHAJIOTHUHO NPenpIyIieMy KOJHYeCTBO KOJOBBIX
KOMOMHAIH# 3TOTO KOja.IIPH Nz = 2 PaBHO NPOU3BENEHHIO

g o g

Cn, Ha 9HCJIO COYETAHMH M3 Cny—my TO ny—1, pomosHu-
TeJbHO JIeJIEHHOMY Ha fl;, TaK KaK IIePeCTAHOBKH MeXLY
JBYMsl STHMH uieHaMu Hckiouaiorcs. Ilpu n, =3 Kosuue-
CTBO KOJNOBLIX KOMOHHANHMi yBeJHuMBaeTcs eme B [; pa3s
BCJIEZICTBHE MEPeCcTaHOBOK 3J€MEHTOB BTOPOH M mOCJeayio-
MUX TOCBIJIOK

ln my ~ng—I1
M =n—quC =

B

- _“! Cracya,, (Crn, —1) ... [CTn, —(ns—2)]. (6-39)
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Ha puc. 49, ¢ npuBefeHs! Tpu KOMOHHAIMH HEIOJHOTO CMEH-
HONOCBUIOYHOrO KOJa HA CoueTaHHWs. IDTH KOMOWHALUMM IIOJY-
ueHpl 3a CYeT IIePeCTaHOBOK 3JIEMEHTOB BTOPOH M TpeThell
NIOCBUIOK, TAK KaK B JaHHOM cjaydae [,= 3.

Ilpu ny=>5, mq=2 ¥ ny =3 [J9 HENOJHOro CMEHHOIIO-
CBIJIOYHOTO KOpna

M = C2(C3-2)? = 10 - 3¢ = 90;
IJIsl KOJa Ha pasMelleHHd ,
M=CiA2: =C3A;=10-3 2=60;
b—

2

IS KOJa HAa COYeTaHud

M=2CCls =CiCi=10-3 =30,
Cp—

2
TaK KaK NPH Mg =3 U Mq=2 [y = 3.
Ilpu ny=2>5, my=2 U nz;=2 A/ HEMOJHOr0 CMeHHOIIO-
CBIJIOYHOTO KOJa M KOJa Ha pasMelleHHs!
M = CiCi_a = 10 - 3 = 30,
a IJs KOja Ha COueTaHHS
1 2 1 A2 1
M=4CiC'2 =-=CiCs=~-10-3=15,
2 Cp—2 2
TaK KaK IpH s =2 [y = 1.
CooTtBeTcTBylOIHEe KOMOHHANUN HpHBeHeHH B Ta6m. 19.

Tabauya 19

Konosbie kOMOMHALUM HEMONHOro CMEHHOIOCHLIOYHOr0 Koja
opu R, =5, Ry =2um, =2

Tlocbinku

ITpumeuanne
I 11 1 11 1 11 1 11 I 11

HamyMHy Ha Covera-

1—2|3—4|1—3|2—4|1—4|2—3|1—5[2—4|2—3| 1—5 } Konosrie xoM6u-
Huf

1—2(3—5|1—3]4—5|1—4[2—5[1—5|3—4/2—3| 4—5
1—2{4—5|1—3|2—5(1—4|3—5/1—5|2—3|2—3| 1—4

2—4)3—5(2—5|1—3|3—4|2—5|3—5(1—4[4—5| 1—2 | KogoBsle koM6una-

MY Ha COYeTAHHS
2—4{1—3|2—5(1—4[3—4{1—2[3—5|1—2{4—5| 1 : ° !
2—4|1—5|2—5(3—4|3—4|1—5{3—5[2—4|4—5| 2—3
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HenpuBojauMble CMEHHOMOCHIIOYHBIE KOIbl. B HempuBonu-
MOM KOJie KOHell Jiio6o# U3 KOJOBHIX KOMOWHAIHMH He fBJIsIeTCA
HavyasoM Apyrofi. ITostoMy OTZesnbHBlE KOJOBBIE KOMGHHAIUH
3TOro Koja IIpH IOCTefOBaTeJbHOH Iepefade mnay3aMH He
pasfessiiotrcs. DTO CBOMCTBO HENPHUBOAMMOrO KOja SIBJISIETCS
OUEHb LEHHBIM IPH IOCJEOBATEJbHOH Ilepefade HeCKOJbKHX
curtanoB 7TC (nampumep, IPH ONPOCe COCTOSIHUS BCeX OGBEK-
toB TC) wnu npukasos TY (HampuMep, IpH yIpaBJeHHH
KpaHaMH), a TaKxke IpH Iepefade HUDPOBOH HHPOPMALHUH,
TaK Kak MOBBIIIAeTcs] GLICTPOJeHCTBHE YCTPOHCTB U 3(deKTHB-
HOCTb HCIIOJIb30BAHUS KAaHAJIOB CBSI3H.

HenpHBOAHMEIME SIBJSIIOTCS CMEHHONOCHIIOUHBIE KOABI C
rpynnoBuiM BhIGOpOM. KomOMHAImMM 3THX KOLOB COCTOST U3
MHOTOUYACTOTHBIX IIQCHLJIOK, M3 KOTOPBIX nz= 1 HOCHIOK HC-
NOJMB3YIOTCSl JJ1s1 BBIOOPA TPYINBL, & O4HA IOCELIKA CJYIKUT
L7151 BEIGOpa COOTBETCTBYIOMIEr0 OOheKTa B TPYIIE MOCjaenHed
CTYIIeHH.

[Tonubs# CMEHHONOCHJOUYHBH KOJ C
rpynnoBHM BHEG6GOpoM KonuuectBo KoMGuUHALHM
HOJIHCTO CMEHHOIIOCHLJIOUHOIO KOJa C TPYINOBBIM BHIGOPOM
l?‘l‘:l nB

Cﬂ
M=|22] . (5-39)

Ny

Tpu n,= 2 KOJ COCTOHUT U3 JBYX MHOTOYACTOTHBIX IOCBIIOK,
mepBasi U3 KOTOPBIX CJAYXKHT AJil BbIGOpA TPyMIbl, a BTOpas —
o6bekToB B rpymnmne. ITocKonbKy A/l BEIOOpa TPYIIE H OOBEK-
TOB HCIOJIb3YIOTCS PasJHYHble KOMOHHALMH, TO MAKCHMAJbHOE
YHCJIO NPUKA30B MPH JBYXCTYNEHYATOM TPYINOBOM BbIGOpE A5l
TIOJIHOTO CMEHHOIIOCHUIOUHOTO KOJA OIlpejesisieTcsi H3 BhIpa-

2KEeHUsd
Cm,_l 2
(%),

Ecnu C,,mq"— HeueTHOe YHCJIO, TO B IIePBOH CTYIEHHW OJHY
KOMGHHAIIMIO MCKJIOUAIOT, 4 BO BTOPOH — mobaBJjsdoT, TOrha

‘e 1) (Cr 41
M= g L
- 2 2 ¢
IIpu ucnosb3oBaHuu TPYINOBOrO BEIGOpA KOJMYECTBO KOM-

GuHanuil coxpamaercsd. B Ta6a. 20 mpuBegeHs! KOMOMHAIMH
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TNOJIHOTO CMEHHOTIOCBIOYHOTO, KOAA NIPH ABYXCTYHEeHYaTOM Bbi-
Gope (n,= 2) B cnydae ng= 6 U my= 2. Bcero KoMOMHALHi
c§_1) (c§ +1
2 2

M= ( ) =7.8=056,
B TO BpeMsl KaK J[JId TOJHOTO CMEHHOINOCHIJIOYHOTO KOja Ha
COYeTaHus )

15. 14

M = Cs = Cls = =5 = 105.

Henonuboi CMEHHONDOCHJOYHBEH KOJ
CrpynnoBBHM BHOGODOM B KomM6uHanusx HemoJ-
HOTO CMEHHOIIOCBUIOYHOTO KOJa CMEKHEIE MOCHUIKH OT/IHYa-
IOTCSl BCEMHM YacTOTamH. JTO CBOHCTBO COXpaHsieTcs H IpH
rpynnosoM BouiGope. KosnuecTBO KOMOMHAIMiT HENOJHOTO
CMEHHOIOCBIJIOYHOTO KOAA C TPYNINOBLIM BHIGOPOM NPH iy = 2
H Mmg= 2 . -

mq
M=@{n,—1) qu-mq . (5-40)
Hanpuwmep, npu ne==6 u mq =2
M=(6—1)C;_,=5C; =522 = 30.
Ot xoMOMHAUMHM IIpHBefeHBl B Tabm. 21.
Tabauya 21
Konoebie koMGUHAUMM HENOJHOTO CMEHHOMOCHIJIOYHOrO Kojxa
C [pynnoBbIM BHIGOPOM mpH N, =2, N, =6 U m =2
1
no Jf}’op. KomGuuauun o J\{;"op' Kom6uuanuu o J\f;"op. Kom6unauuu

1 1—2, 3—4 11 1—3, 4—6 21 1—5, 2—6
2 1—2, 3—5 12 1—3, 5—6 22 | 1-5, 3—4
3 1—2, 3—6 13 1—4, 2—3 23 1—5, 3—6
4 1—2, 4—5 14 1—4, 2—5 24 1—5, 4—6
5 1—2, 4—6 15 1—4, 2—6 25 1—6, 2—3
6 1—2, 5—6 16 1—4, 3—5 26 1-—6, 2—4
7 1—3, 2—4 17 1—4, 3—6 27 1—6, 2—5
8 1-3, 2—5 18 1—4, 5—6 28 1—6, 3—4
9 1—3, 2—6 19 1—5, 2—3 29 1—6, 3—5
10 1=3, 4—5 20 1—5, 2—4 30 1—6, 4—5
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KoppekTupyromue cmeHHomocbuiouHele Koawl. Ilpu o6pa-
B0BaHHM TIONHBIX M HENOJHBEIX CMEHHONOCHIJIOYHBIX KOJOB
HCHOJIL3YIOTCA TaKXKe KOJOBLIE KOMOMHAIMH, OTJIMYAIOMIHECS
MexAy Co0oit TOMBKO OAHOH UYacTOTOH (KOZOBOE paccTosiHue
dy= 2) I'Io:-nomy Jo6aByieHue B IMHAMHYECKOM PEXHMe pa6oTel
yCTPOfCTBA TeJeyNIpaB/ieHns] OJHOH YacTOThl 3a CYeT IIOMeX
MOKeT o6pasoBaThCsi JoXHass KomOuHamus. Ecaum B cxeme
Jemudparopa InpuMeHeHa YUCIOBAs 3alHTa, TO JIOXKHAA KOM-

OuHalus NPHHATA He GyAeT.

7 1 4 7 17 | 4 OnHaKo MpH 10CTaTOYHO IIpo-
B | Ja 5 | 5 | 5 JOJDKUTEJILHOH IIOMexe B pe-
t ¢ 3yJjbpTare JeHCTBHS UYMCJIO-
. g b ! 1 Bok 3awurh OAHOBpeMeHHO
Oyner IOTepsH H IOJe3HbIH
7 7 717 12 curHaj. BeposiTHOCTb NofaB-
2 | 8 3 [ 2 |3 JIeHHs] CHTHA/Ja BO3pacTaer
IIpU  yBeJHYEeHHH OTHOCH-
f’ z L ; ; TeJILHOTO YDPOBHS IIOMEX.
B Tom ciyuae, Koraa ypo-
31 7 2 [ 7 [ 7] BeHb INOMeX MOXeT 3HauH-
% | 8 3 | 2 [ 3 | TeNbHO HPEBOCXOAHTbL YpoO-
BeHb IOJIE3HOTO CHTHana,
S 17 2 |7 117 MOT'yT IPHMEHSITHCS KOppeK-
6 18 J 1312 THPYIOLUIHE CMEHHOIOCHIOY-
a 0 Hble KOIB, Yy  KOTOPBIX
Puc. 50. Komgunamun koppextupyio- dx > 4. OTH KOAbl OTJIH-
IIUX CMEHHOINOCHIIOYHEIX KOJOB: yaroTcs 6oJiee BLICOKOH JHUHA-

a — COKpAalleHHOr0  CMEHHOIIOCHIIOYHOro i BUy-
KORA NDH My = 8, My =2 H Ny = 2 MHUUYECKOH NIOMEXOYyCTOHUH

6 — KOMGHHAUMH cMennonoctuounoro ~ BOCTBIO, TaK Kak, Hampu-
Koja Ha IepecTaHOBKH NPH Ay = 3 H Mep, Ipu dK= 4 1_106aB.11e-
Mg = 2. HHe 32 CueT IOMex K J06oi

MOCHIIKE, BXOASIIEH B KOJLO-
BYyI0 KOMOWHALMIO, ONHOH YacTOTHI, COBMHajalomied ¢ JoGok
U3 TIPHUHATBIX PaboOuYMX YaCTOT, He HCKaKaeT KOMOWHAIMH.
CrnefoBaTesbHO, YHC/IOBAsi 3alMTa B 3TOM Ciayyae Gyler cpa-
GatblBaTh IPH J0GABJIEHUH 32 CUET NMOMEX HE MeHee JBYX pado-
YUX YacToT, YTO MaJIOBEPOSITHO.

K KOppeKTHPYIONHM CMEHHOINOCHIJIOYHBIM KOLAM OTHOCSATCS
COKpAIIeHHBIH CMEHHONOCHIIOUHEH KOI M CMEHHOIOCHUIOYHBIH
KOJ, Ha IIepecTaHOBKH.

CokpameHHH# CMEHHONOCH JOUYHB U KOJI.
B KoMOMHAIMAX COKpAmeHHOrO CMEeHHONOCHLLIOYHOTO KOZa
CMeXHbIE  IIOCBUIKH  OTJIMYAIOTCA  BCEMH  OGDasyIOMIUMH
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HX YacToTamu, a GamKapiige KOJOBble KOMOHWHAIMH — 1, Hac-
toramu (puc. 50). CnegoBaTesnbHO, y 3TOr0 Koaad dyx = 2m..

KosnuecTBO KOMOHMHALMH COKPAIIEHHOTO CMEHHOIOCHIIOY-
HOTO KOJa TOJIy4aeTcss W3 COOTBETCTBYIOMIHX BEHIPAXKEHMH AJst
HOJIHOTO CMEHHOIIOCHIOYHOTO KOAA IIPH 3aMeHe BeJIHYHHBI

n
C™ ma —%, KoTopas ONpelessieT KOJHYECTBO PAasJIHYHBIX

ny m ’

q
noceok. CJiefoBaTesqbHO, KOJMUECTBO KoMOWHALMA COKpa-
IIEHHOTO0 CMEHHOMNOCHIJIOYHOTO K042

ng—l
M=ﬁ‘-‘<ﬁ— )" . (5-41)
m'{ m'{

CooTBeTCTBEHHO [Jis1 KOJOB Ha [;aSMeuLeHHH H coyeTaHud:
M=A;2; (5-42)

my
M=C.2. (5-43)

my

Inst KojoB Ha COYeTAaHHsT MAaKCHMAaJbHOE KOJHYECTBO KOM-
GUHANMH NOJy4yaeTcs IPH

1 74

n3=—2- mq.

s coKpaleHHOr0 CMEHHONOCHIOUHOTO KOAA mpH ABYX-
CTyIeHYaToOM TPYINOBOM BhIGOpe (15 = 2)

=) (5-44)

2mq

n

-

TJe Ny U m, BEIGHPAIOTCS TaKUM 06pa3oM, 4ToOkl YacTHOE GBLIO

YETHBIM YHCJIOM.
CriefiyeT yYuTHIBATh, YTO KOJHUECTBO KOMOWHALMH COKpa-

IEHHBIX CMEHHOTIOCHLIOUHBIX KOZOB 3HAYMTEJIbHO yMEeHbIIAeTCsl
110 CPABHEHHMIO C IIONHLIMM M HETOJIHHIMH CMEHHOMOCHIIOUHBIMH
Kozamu. Hampumep, npu ny= 8, my= 2 U nz= 2 KOJHYECTBO
KOMOHHALME COKPAIIEHHOTO CMEHHOIOCHIIOYHOTO Koja Ha

COyeTaHHus

M=ci=Ci=""L—s.
2

Otu KOMOMHanuM TpuBeAeHB Ha puc. 50, a. Bmmxafmne
KOMOHHAIMH OTJHYAOTCA ABYMSA vactotTamu, T. e. dx = 4.
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JlJis aHaJIOTMUYHBLIX IOJIHOTO M HEeNOJHOr0 CMEHHOIOCHLIO0Y-
HBIX KOJOB, COOTBETCTBEHHO

M=cC ,_028_2_8—27—378

1
M= c§c1 =+ 28 - 15 =210.
8——2
CMeHHONOCHJOYHHH KOJ Ha mepecrTa-
HoB K H. KoJsnuecTBO KOMOMHAINi CMEHHONOCHIIOYHOTO KOofa
Ha IEpeCTaHOBKH

M=P mg=c™!, (5-45
qu qu . )
IpHYeM

My
ny=Cp,".

DTOT KOJ MMeeT KoioBoe paccrosinme dy= 4. Ha puc. 50, 6
IIpUBEAEHEl KOMOMHALMH 3TOTO KOAA NPH Ay= 3 H My = 2,
TaK Kak

-2
nB=C§=3_2_=35

ToM=3.2=6.

CrnegoBaresibHO, cmennonocmnoqnbm KOL HA IMePeCTaHOBKH
Gonee 3ddexTHBEH, YeM COKpAIeHHbIH CMEHHOMOCHIIOUHBIN
KOZ.

MHorocTyneH4aThie CMEHHONOCHIJIOYHBIE KOABI. Y BeJIHUeHHe
MaKCHMaJIbHOTO KOJIHYeCTBa KOMOHHALHUH OAHOCTYNEHYATHIX
CMEHHOIIOCHIJIOUHEIX KOJOB *MOXKHO IIOJIVUHTBL TOJILKO 324 CYeT
COOTBETCTBYIONMIEI'0 YBEJHYEHHsT YHCJA HCIOJb3yeMBIX YacToT-
HBEIX MO3HUH# n,. Hanpumep, npu ny= 4 MakcuMajbHOe KOJIH-
yecTBO KOMOUHALME CMEHHOIIOCHIJIOUHOT'O KOJA Ha COYeTaHus

n 3
M=C5%_ =C%=C =20,
c 1 C, 6
ng
rge
ny 1 g
Mg =5 U Ng=-5Cpny.

Bosibimee KosuyecTBO KoMOHHALuii He MOkKeT OHITb MOJy-
YeHO 32 CYeT YBEJMYEHUs /My WJIH Ny H, CJELOBaTeNbHO, HEOO-
XOOHMMO YBeJNHYHMTb n,. OpHako Hpu 3ToM mHoTpelyeTcs yse-
JIMYEHHE TMOJIOCH YaCTOT, 3aHMMaeMBIX B KaHaje CBfI3H, YTO
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MOXKET SIBJIATHCS HexesaTeNbHbHIM. BMmecre ¢ TeM HekoTopoe
CHUKeHHMe OBICTPOJEHCTBUSI YAacTO SBJSETCS JAONYCTHMEIM.
B aToM ciyyae MOryT HalTH IPHMEHEHHe CJIOXKHbIE MHOIOCTY-
NeHyaTbie KOJBI, KOTOpbie 06pPasyroTCsi M3 HECKONbKHX KOMOH-
HalM# COOTBETCTBYIOMIETO CMEHHONOCHIJIOYHOTO KOAd, MOCH-
JIaeMBIX TOCJIEOBATEJbHO M KOMOHHHDYEMBIX IIO OIpeJeseH-
HoMmy 3akoHy. [Ipu 2TOM 3aKOH KOMOWHHPOBAHHSI OCHOBHBIX
KOMOMHAIMH MOMKeT OBbIThb JII0GOii.

st Komnaekmublx OBYXCIYNEHUQAMBLY CMEHHONOCOLAOUHBLE
K0008 Ha 8ce couemanuA KOJHUYECTBO BO3MOMKHBIX KOMOHHAIMH
ONpefessieTcsT U3 BEIPAXKEHHUS

M = (Men)™, (5-46)

rae M., — KOJIMUeCTBO HCMOJIb3YEMBIX KOMOMHANIHMH COOTBET-
CTBYIOIICIO INIOJTHOPO HJIM HEIIOJHOTO CMEHHOIIOCHI-
JIOUHOTO KOJAa;
Ny — KOJINUECTBO KOM6I/IHaIII/Iﬁ CMEHHOIIOCHIJIOYHOTI'0O KOJ4a,
TIOCHIJIaEMEBIX MNOCJIEAOBATEJNBHO.
C.Heﬂ.OBaTeJ'IbHO, JJd TIOJTHOI'O CMEHHOIIOCBIJIOYHOI'O Koja
Ha COYEeTaHUf
"p

M= (ccmq)"“ (5-47)

Hanpumep, npu nq =4, mq =2, 1y =3 U nx = 2 uMeeM
= (ch = 6 = (5555 o0 = a0

Kak BHUIHO W3 NpUBELEHHOIO IMPUMepa KOJIHYECTBO KOMOU-
Hauui yBeJMUMBAeTCs BecbMa 3HauuTesbHO. OXHAKO JJ/IMHA
KOIOBBIX KOMOWHALMH yBeJMUMBAeTCsl B JBA pasa M COOTBET-
CTBEHHO CHMKaeTcsl OBICTPOAEHCTBHE YCTPOKCTB TeJieyIpaBJie-
Husi. KonoBele KOMOMHAIMU TIPH M= Nx = 2 HMEIT CJaeLylo-
wnit BUL: fifa, fofs— Fufes Fifs B fifes fsfa — fafss Fofae

Ilpu HCrOJB30BAaHMH CMEHHOMNOCHIJIOUHLIX KOJOB Ha cove-
TaHHsI OCHOBHBIE KOMOMHAILMH MOTYT HE Pas3jessaThCs May3aMd,
TaK KakK [yTeM COOTBETCTBYIOIIEH NePECTaHOBKH MOXKHO HCKJIO-
YUTh COBNAZEHHE YacTOT B KOHIE M Hauaje OCHOBHHIX KOMGH-
Hanuil. Eciau ke HCHOJb3YIOTCS CMEHHOIOCHIIOYHEIE KOJABI
JIPYTHX THIOB, TO OCHOBHblE KOMOHHALMK JBYXCTyNEeHYaTBHIX
KOJIOB DasfensioTcsl Iay3aMH.

IlpaxTiyeckuii HMHTepec IPEJCTABJSIIOT MHOTOCTyIEHYaThle
CMEHHONOCHIIOYHbIE KOIbl, KOMOMHALMH KOTOPHIX (PHKCHPYIOTCS
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Ge3 TpHMEHEHUs] pacmpefenuTesiefl. JTH KONl Dasjeslorcs
Ha d4eThlpe OCHOBHBIX BapHaHTA:

1. Ha couetaunusa KogoBele KOMGHHAIMH 35TOrO
KoZa o6pasyiotcss MyTeM KOMOWHHPOBAHHS OCHOBHBIX KOMGH-
HalMi CMEHHONOCHLIIOYHOTO KOfd HA COYETAHHS MO IPaBHJY
couetaHuii. KosnuecTBO KOJOBHIX KOMOHHAIMH 3TOTO Kopa
ONpeesIsSeTCs U3 CJIeLYIOMEro BHIPAXKEHHS:

n
M= C/‘f’(cn (1a cou.)’ (5-48)
re Mcn (na cos.)—KOJHUIECTBO KOMOHHAIM CMEHHOMIOCHIJIOYHOT'O
KOZa Ha COYeTaHMs.

2.Ha couetaHus, a 3ateM Ha pasMelrre-
H U (Ha couetaHust — pasMeuteHusl). KonoBble KoMOHHAINH
3TOro Koja ofpasyioTcsi ITyTeM KOMOHHHPOBAHHS OCHOBHBIX
KOMOHHAIWMH CMEHHONOCHIJIOYHOTO KOZA Ha COYETaHHs MO Ipa-
BUJIYy DPasMelleHHUH.

KosnyecTBo KOQOBBIX KOMOGMHALMH

M = AnK

Men (ma cou.) *

(5-49)

3. Ha pasmemeHnwus, a sateM Ha coOdYe-
TaHHU A (HAa pasMemeHUs — covetaHusi). Konosbie KomOu-
HallMK 5TOTO KOZa 06pas3yioTcsl MyTeM KOMOHHMPOBAHHSI OCHOB-
HBIX KOMOMHAIU# CMEHHOIOCHJIOUHOTO KOJa Ha pasMeleHHus
Mo MPaBHJIy COYETAHHUH.

KonnyecTBO KOJOBBIX KOMOHHAIMMH

,
M= CA’x[{cn (ua pasm.) ’ (5'50)
rae Mcn (na pasy.) — KOJHUECTBO KOMOGHHALHMH CMEHHOIOCHLIOU-
HOro KOJa Ha pasMeIleHHsI.

4. Ha pasmemenus Korosre KoMGHHAIUYE 3TOTO
Koja 06pa3yioTcs MyTeM KOMOHHHPOBAHMsI OCHOBHBIX KOMOH-
Hauu# CMEHHOIIOCHIJIOYHOTO KOJA HA pasMelieHus MO IPaBHJY
pasMereHu.

KosnnuecTBo KOmoBHIX KOMGMHANMi

ng
M= AMcn (na paam.) * (5.51)

HaunGonbilee KomuyecTBO KOMGHHALME NPU PABHBIX 1lg,
My, N U Mg 3T CJIOKHLIN CMEHHOIOCHIJIOUHEIA KO Ha pasme-
IeHusd, 8 HauMeHbllee — Ko Ha covetaHus. OfHAKO Koi Ha
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coueraHus HauGoJee npocto puxcupyerca. Hemudpartop sToro
KOfa TNpeicTaBsisieT coGofl Psif AHORHBIX Martpuy Ttuma C,,
BKJIIOUEHHBIX IIOC/IE0BATEIbHO TAKUM 00pa3oM, YTO BBIXOABI
NPeABIYIMX MATPHL, Uepe3 Y3Jbl 3aNOMHHAHUS BKJIOYAIOTCS
Ha BXOJB! NOCJIeAYIOMUX MaTpHLL. KosMuecTBO JHOLHEIX MATpHIL
He 3aBHCHT OT BeJIMYHH My U fx U PAaBHO TPEM.

IIpn BHICOKOM ypOBHEe IOMeX B KaHaje CBSI3H OCOOEHHO
MePCIIEKTUBHO MpPUMEHEHHe ABYXCTYIEHUYaThiX KOJOB C HCIOJb-
30BaHHEM B KauyecTBE OCHOBHBIX KOMOHHALMH COKpAIeHHBIX
CMEHHOIIOCHIOYHBIX KOJOB, TaK KaK M B JAHHOM cJjydyae TpH
CPaBHUTEJNBHO HEGOJBIIOM KOJIHYeCTBE YAaCTOTHBIX MO3HLUE
YHC/I0 KOMOWHAIMH INOJTyYaeTcsl 3HAUHTE/bHBLIM.

HaanMep, IJs IBYXCTYII€HYaToro Koia Ha CoueTaHus, npun, = 10,
my=ng=2unpun, =2

n 2 2 __10-9
M=cC 7 =CC,“=CIO=_2_=45,
" mq z

npu n, =3 u n, =4, coorsercteento M =120 u M = 210.

[Ipy wuCMONB30BAHHM YACTOTHEIX H CMEHHONOCHUJIOYHBIX
KOJIOB €MKOCTh YCTPOMCTBA TeJsieyIpaBJIeHHs] MOXKET MEHAThCS
6e3 U3MEeHeHHH KOJIHYecTBA YACTOTHHIX NMOSHIMH ng H, CJeLOo-
BaTeJIbHO, 3aHMMaeMOH IOJIOCHI YacTOT.

Ecan 3amathcss MUHHMAJBHBIM 3HAue€HHEM JAJS1 Mg = 4,
TO TPH HCIOJb30BAHHH YACTOTHOIO KOAA HAa OJHO COYeTaHHe
MaKCHMaJibHasi eMKOCTh YCTpPOHCTBa

M=Cpr=ci=t2—s.

Insa duxcamun 3Toro xopa tpebyercst OfHA AMOZHAS Ma-
TPHLA.

[pu mepexone K CMEHHONOCHLIOYHOMY KOJy HA COUETAHUS
eMKOCTb yBeJuuuBaercss 10 20, a YHCJO AHOAHBIX MaTpHI[ —
1o 2. IIpu mepexofie K ABYXCTYNEHYATOMY CMEHHONOCHIJIOUHOMY
KOLy Ha COYETaHHS! eMKOCTb MOXeT OHITb yBeJMYeHa IpH
ng= 2 Jio .

20 .19

M=c%2,, = Cp = —5— = 190,

a npu ne= 4 1o 4845.
Ina dukcamuu 5T0r0 Koja HeoGX0AMMO NOGaBHTbH B ZeLy-
¢parope eme ofHy ZuHOAHyI0 Marpuiuy. CieLoBaTesNbHO, TPH
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MHHUMAJIbHOM WYHCJI€ YACTOTHBIX IIO3HLHMH 6e3 H3MeHeHHd
YACTOTHEIX Y3JI0B CHCTEMBl MOMKHO IIOJIYUHTDH JIOGYIO €MKOCTb
YCTPOHCTBA TeJeyIpaBJeHHsl, YTO 3HAYHTEJBHO YIPOIIAeT
cepuiiHOE MX H3T'OTOBJIEHHE.

Bo3MOKHO JanbHeiilllee pasBHTHe KOJOB JaHHOIO THIIA,
y KOTOPHIX POJIb OCHOBHBIX KOMOWHANMIl BHIIOJTHSIIOT KOMOUHA-
IMH CJIOXKHEIX CMEHHONOCHUIOWHHIX KojoB. Ilpu stom Kousu-
4ecTBO KOMOMHALMi 3HAUUTEIbHO Bo3pacTaeT. Hampumep, fuas
TPEXCTYNEHYaToro CMEHHOIOCHIJIOYHOTO KOZAa Ha COYeTaHHs

M=C"® , (5-52)
c™x
Men (a cou.)

TAE 7 () — KOJHYECTBO KOMOMHAIHMH ABYXCTYNEHYATOro CMeH-
HOIIOCHIJIOYHOTO KOJAa, BXOAAUMX B KOMOMHALMIO
U TIOCHIJIAaEMBIX II0CJIE[0BATEIBHO.

Jns ¢uxcamuu 310r0 Koja HEoOXOAMMO YeThipe JHOLHBIX
MaTpuLH B Aemiudparope.

PaccmoTpeHHEIE  MHOTOCTYNEHYATHE  CMEHHOIOCHLIOUHEIE
KOJBl MOTYT NIPUMEHAThCS, MPEXK/E BCEro, B TOM CJIyuae, KOrja
I10J10C2 YacTOT B KaHaJie CBSI3M OrpaHHUEHA.

KosinuecTBO IOCHUIOK, BXOJASIIHX B KOMOHHAIMIO MHOTO-
CTYNEHYaTOT0 CMEHHOIIOCHIIOYHOTO KOAA PABHO NPOU3BEAEHHUIO
ns Ha ng, CIELOBATENbHO, NPH Hepexofie K MHOTOCTYIeHYaThM
CMEHHOIIOCHIIOUHBIM KOJaM 3aHMMaeMasi [0JI0Ca YacTOT COKpa-
IaeTcsl 3a cyeT yBeJMUEHHS BpeMeHH mepenaun. Kpome Toro,
IIOCKOJIbKY YMEHBIIIAETCS KOJIHUECTBO MCIIOJb3YEMBIX YacToOT,
TO IPH 5TOM IOHMIKAIOTCS TPeGOBaHUS K AOOPOTHOCTH M CTa-
GUJILHOCTH TNPHEMHHKOB YacCTOTHBIX CHTHAJIOB.

§ 8. CMEHHOKAYECTBEHHBIE BPEMEHHBIE
KOJIbI

B nocniesHee BpeMs B yCTpOHCTBAxX Te/eyNpags-
JIEHUS IIMPOKO NPUMEHSIIOTCS EMEHHOKAUeCTBEHHEIE BPeMeHHbIE
koAbl OTJIMYHTENBHON OCOGEHHOCTBIO 3THX KOMOB SIBJSETCS
TO, 4TO INepeJaBaeMble MOCJEIOBATEbHO HMITYJILCH KOAOBOH
KOMOMHALMH He pasfesioTcsi naysamu. JIjisi 3Toro Heo6xo-
JEMO, 4TOCBl CMEXKHbIE HMITYJIbCHl KOLOBOH KOMOHMHALHH HMeJH
pasyuyHble KauecTBeHHble npusHaku. CefoBaTesqbHO, Heabxo-
JAuMa CMeHa KauecTB COCeAHMX HMIYJbCOB, OTKyZa H HasBa-
HHE — CMEHHOKAYeCTBEHHHIH KO/,
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Ipu uCnonb30BaHHM CMEHHOKAYECTBEHHHIX KOJOB 32 CYET
UCKJIIOUEHHs] 1ay3 MeXJy HMIyJbCaMU IIOBHIIAETCS OBICTpO-
JefCTBHE H IIOMEXOYCTOHUMBOCTHL YCTpoHcTB. MMeercs smauu-
TeJIbHOE KOJIMUeCTBO BAPHAHTOB IIOCTPOEHHS CMEHHOKAueCTBeH-
HBIX KOJIOB, KOTOPhIE, B OCHOBHOM, IIPHMEHSIIOTCS DU HCIOJb-
30BaHMH YacCTOTHBIX KauecTB, TaK KaK JJif 3THX KojgoB K > 3.

CMeHHOKauecTBEHHbIH ABOMYHBIA Kox. CMEHHOKAueCTBEHHBIH
JBOMYHBIH KOJ MOXKHO mnojyduth npu K = 3. [nsa storo
HCIOJIb3yeTCsl TPH YACTOTHBIX KauecTBa fi, f, U fs. Ilpuuem
e[MHHULEl HepefaloTcs Ha yactore f;, HYJIH — Ha 4acToOTe f,,
a yacToTa f, nepegaercsi, eCJM eAHHUIBI I HYJH OBTOPSIOTCA
(cnenyrot apyr 3a ppyrom). Hampumep, KofoBasi koMGHHALHUS
0001 mepenaercst caepywomuM o6pasom: fs, fs, f2, f1, @ KOMOH-
Hauus 1110 — f4, fs, f1, f2- CaenoBarennHo, yacrora f, o6o-
3HAyaeT — MOBTOPHTh NpeAbAymuilt 3Hak. KojuuecTBO KOM-
OUHANUA CMEHHOKAYeCTBEHHOI'O IBOMYHOTO Koja

— (K — 1" (5-53)

uto npu K = 3 paBHO KOJHUYECTBY KOMOWHALHUHA JBOHYHOTO
KOMILIEKTHOTO KOJa.

CveHHOKaYecTBeHHBI KOJX Ha OJ KO codyeTaHue mpu K =3
H ny > K. IloctpoeHue 3Toro Kozia nojo6HO CMEHHOKaueCTBeH-
HOMYy JBOoMYHOMY Kopxy. Hampumep, xom6unamus aabb (cm.
tabn. 17) Gyner nepenasatscs fi, fa, f2, fa- Konuqecnao KOM-
OUHAIMI IpPH 9TOM HE M3MEHMTCS.

Heckosbko BapuaHTOB CMEHHOKAueCTBEHHLIX KOZOB o6pa-
3yeTcsl U3 CMEHHONOCBUIOYHEIX NIPH my= 1 U 3aMmeHe n, Ha K.
st HoCTpOeHUs 3THX KOJOB TaKKe He06XOAUMO, YToOsl K > 3.

Moaubiii cvMenHOKaYecTBeHHBI Kox. KomuuecTBo KoMOH-
HaNuil NOJHOTO CMEHHOKAWeCTBEHHOTO KOAA OIpejesiseTcs U3
BhIp&XKeHus (5-33)

M=KK-—1""", (5-54)

JI7s TIONIHOTO CMEHHOKAYeCTBEHHOTO KOJa OGLIYHO IIpH-
HuMaercs ns > K.

Hanpumep, npr K =23 u n; =4 uMeeM
M=3@B—1)"1=3.28=24,

MunuManbHoe 3HaueHHe 7y, MPH KOTOPOM KOZ eme MoxeT OWTh MO
cTpoeH, n, = 3. [Ipn atom

M=3@B—183"1=3.22=12,
12 036 177



HeckonbKo KoMGUHAIMH 3TOr0 KOAa NpuBeJeHH Ha puc. 51, a.
XapaxkTepHBIM fBJISIETCS HCIOJb30BAHHE TAKXKe KOMOHHALMI,
B KOTOPHIX OJMHAKOBEIE YaCTOTHHIE HUMIYJbCHl HOBTODSIOTCS.

S

[ HEE
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Puc. 51. Kom6unauun
CMEHHOKAaueCTBEHHBIX
KOJ[OB:

a — TONHBIH CMeHHOKaue-
CTBeHHBbIH; 6 — Ha pasMe-

LleHHsl; 6 — Ha mepecTa-
HOBKH; & — Ha COYeTaHHs.

CMeHHOKaYeCTBEHHBIH KON Ha pas-
Mewenus. KosvyecTBo KoMOMHAIH
CMEeHHOKAYeCTBEHHOTO KOfa Ha pasMe-
meHus u3 ypaBHeHus (5-34)

n
M=A Jolp (5-55)
Koz Moxet 6uITh 06pasoBaH mpu K > .
MaxcumManbpHOe KOJIHYECTBO KOMOHHAIMH
CMEHHOKAUYeCTBEHHOI'0 Koia Ha pa3Me-
IeHNs noJiyyaeTcs Hpu ny,= K — 1.

Hanpumep, mpuy K =4 u n,=

=4—1=3

M=A5"=43=4.3.2=24,

Heckosbko KoMOuHamu#i 3Toro Koja
npuBefieHsl Ha puc. b1, 6. HauGosee
IIMPOKO TIPUMEHSIeTCsT CMeHHOKauecT-
BEHHEIH KOJ Ha pasMelIeHus IPH ny= 2
BCJIEICTBUE CPABHHUTEJbHOH HPOCTOTHI
o6pasoBaHus u feKofupoBanusl. Crenyer
OTMETHUTb, YTO IIPH Ny= 2 NOJHLIA CMeH-
HOKAUeCTBEHHBIH KOJ M CMEHHOKAauecr-
BEHHBIH KOJ Ha pasMelleHHs] COBIIAAAIOT.

CMeHHOKaYeCTBEHHBI KOJ Ha mepe-
craHoBKM. KosmuecTBo KOMGHHAIHMEH
CMEHHOKAYeCTBEHHOTO KOJa Ha Iepe-
CTaHOBKH

M=A4k=Px=Kl (556)

KosnuecTBo KoMOUMHAIMEH CMEHHOKAYECT-
BCHHOI'O KOAa Ha II€PpECTAaHOBKH HE
MPEBBIIACT MAKCHMMAJIBHOTO KOJIHYECT-

Ba CMEHHOKAyeCTBEHHOTO KOJa Ha pasMemeHus, TaK Kak

AR A%,

Hanpumep, npu K =4 as1s Koja Ha NepecTaHOBKH
M=Px=Kl=41=4.3-2=24
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TO Ke, UTO M AJs Koja Ha pasMeilieHus npu K = 4 u n,= 3.
Heckonbko KOMOWHANMH CMEHHOKAYeCTBEHHOTO KOJA Ha mepe-
CTaHOBKH IIpUBELEHO Ha puc. 5l, 6.

CMeHHOKAueCTBEHHBIl KOZ HA NepecTaHOBKM HMeeT GoJiee
BBLICOKYIO [IOMEXOYCTOMYHBOCTb, TaK KaK CMEHHOKAYeCTBEHHHIH
KOJl Ha pPasMelleHHsT HMeeT KOJOBOe PACCTOsIHHE paBHoe dy= 2,
a4 y CMeHHOKAaueCTBEHHOIO KOJd Ha INepecTaHoBKH dy= 4.
EjnHuUHbIe HCKaXKeHWsT KOMOWHALMH CMEHHOKAueCTBEHHOIO
K0/la Ha MePEeCTAHOBKH MOT'YT OBITh HCIPABJIEHH!, a JBOHHbLIE —
obuapyxensl. CjiefoBaTeslbHO, CMEHHOKAUeCTBEHHBIH Ko Ha
IIePECTAHOBKH OTHOCHTCSI K KOPPEKTHPYIOMIUM KOJaM.

CveHHOKayeCTBEHHBIH KoJ Ha couyeTanus mpu K > ng.
KosuuecTBo KoMOUHAIMA CMEHHOKAUeCTBEHHOI'0 KojZa Ha coye-
TaHus npu K > n, u3 ypasHeHus (5-35)

M= Ce. (5-57)
MaxcuMabHOe KOMMYECTBO KOMOMHAUMI IOJydaeTcs NpH
1
Ny =§ ans K uetHoro u ng = K :2t Ang K HeuetHoToO.

Heckospko KOMOMHAIME CMEHHOKAUeCTBEHHOTO Koja Ha
coueTanuss npu n,= 3 U K = 5 npuseneHo Ha puc. 51, e.

CMeHHOKAYeCTBEHHBIA KOJ ¢ rpynmoBniM BbiGopom. Koosu-
YyecTBO KOMOGHHAIMH CMEHHOKAUEeCTBEHHOTO KOJa C IPYMIOBBLIM
BEIGOpOM

m=(%J, (5-58)
npu K — ueTHOM u
w-EREE) e

npu K — HeueTHOM.

Hanpumep, npu K-=6

2
(i -

5T0 KOMOGHHAUHHU

1—4 2—4 3—4
1—5 2—5 3—5
1—6 2—6 3—6,
rae nubpw 1, 2,..., 6 COOTBETCTBYIOT 4acToTaM fi, fa, ... fq

CMeHHOKAueCTBeHHBIH KOJ C TPYMIOBLIM BHIGOPOM, TAKXKe KakK
U COOTBETCTBYMOLIMH CMEHHONOCHUIOUHEIH, 06/1afaeT CBOACTBOM
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HenpusBofumoctu. CrefoBaTenbHO, KOAOBEIE KOMOUHALUHU CMEH-
HOKAYeCTBEHHOT'O KOAAa C TPYHNOBEIM BEIGOPOM MOTYT IIOCHI-
JIaThCsl TOC/IE0BATENIbHO Ge3 pasJe/uTe bHBIX 1ay3 (Hanpumep,
1—4, 1—5 wm 1—6, 3—4).

CMeHHOKaueCTBEHHEIE KOJbI, TAK XK€ KaK U CMEHHOIOCHIIOU-
Hble, 06Jafal0T CBOMCTBOM caMopachpelesieHus H I03TOMY
Jexojupytores Ge3 pacnpenesnutesefl, npuueM Hau6oJee IPOCTO
[eKOOUPYIOTCSl CMEHHOKAueCTBEHHBIH KOJ Ha COYeTaHHs H C
rpynnoBuiM BbiGopoMm. OfHAKO 3T KONBl AAIOT 3HAYUTEJBHO
MeHbIllee KOJIMYECTBO KoMOMHAaIMH, YeM TOJHBIH CMeHHOKa-
YeCTBEHHEI!l KOJ M CMEHHOKAUeCTBEHHHIH KOJ Ha pasMelleHHs.

Hanpuwmep, npu K = 6 u n, = 3 KoJuuecTBO KOMOHHAUMM
NOJNHOr0 CMeHHOKauecTBEHHOro Koga u3 (5-54) paBHO

M=6(6=1)"1=6.52 =150,
Ha pasMemeHHs u3 (5-55)
M'_—.A:=6~5-4=120,

a Ha coyeTaHus us (5-57)
6.-5-4
M=C= 55— = 20.

HauGoJabluee npuMeHeHHe INOJYYHJT CMeHHOKAueCTBEHHELA
KOJ Ha pasMelieHus Npu n,= 2.

JAByxcTyneHuaTble cMeHHOKaYecTBeHHble Koiabl. IIpu mc-
II0Ib30BAHHH CMEHHOKAueCTBEHHOIO KOAA HA COUETAHMS YBe-
JH4YeHHe KOJHYeCTBA KOMOUHAIUN CBepX OmpelesieHHOR BeJiu-
YUHEI, TIPH KOTOPOH

ns="§"

MOXeT OHTb NMOJNYYEHO TOJMBKO 32 CUET YBEJHUEHHsl KOJHYeCTBa
HMIYJIbCHEIX TPH3HAKOB K. '

MaxcumanbHOe KOJHYecTBO KOMOMHAIMH CMeHHOKAueCTBEH-
HOTO KOJa Ha pasMeleHHsl NOJydaeTcsi NpH

nB = K -— 1-
Opuako, npu
ns>2

cxema mudpaTopa u feurnpparopa 3HAYUTENLHO YCIOKHAETCS,
2 TaKXe yBeJHYMBAeTCs YyAeNbHBIH pacxol AuofoB. [lostomy
CMEHHOKAYeCTBEHHBIH KoJ Ha pasMeuieHHss NPaKTHYeCKH HpH-
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MeHsieTCsl TOJbKO IpH ny= 2. CjefoBaresbHO, YBeJHUEHHE
KOJIMUeCTBAa KOMOHMHAIMH B3TOro KOa TaKXkKe IpPaKTHYECKH
BO3MOXKHO TOJIBKO 32 CueT yBejuueHus K.

Ilpu nepexoie K IBYXCTYIEHUATHIM CMEHHOKAUYECTBEHHBIM
KoJlaM KOJIHYeCTBO KOMOHMHAIMH MOXeT OBITh- 3HAUUTEJbHO
yBesquueHo Ge3 BospacTaHus K.

B cooTBeTcTBHM € MNpPEABIAYLIMM MOXKHO 06pasoBaTh CJie-
Lyiollye OCHOBHEIE BApPHAHTH JBYXCTYNEHYATHIX CMEHHOKa-
YeCTBEHHBIX KOIOB.

1. Ha coueranns.

2. Ha coueranus, a 3ateM Ha pasMellleHus.

3. Ha pasmemenus, a 3ateM Ha COYeTaHHS.

4. Ha pasmemienus.

KomuuectBo KoMOWHAUMA 3THX KOJOB COOTBETCTBEHHO:

M=C&; (5-60)
M= AZ;‘,,(B; (5-61)
M=C%; (5-62)
M=A§y (5-63)

HauGonbiiee KoJauyecTBO KoMOUHAIMiT 06GpasyeTcsi B IO-
c/iefiHeM BapHaHTe, OLHAKO HanboJsee NPOCTO (PUKCHPYETCS KOf,
na coueranus (1 Bapumant). KosmuecTBo KoMOMHAIMH Koja Ha
CouYeTaHust IpH MajoM yuciae K Takke MOXeT ObITb 3HAYHUTE/b-
vbiM. Hampuwmep, mpu K =05, ns=2 u nx=3 M = 120,
a mpu ng =4 M = 210.

JIByxCTyneHua Tl CMEHHOKAYeCTBEHHBIH KO Ha pasmelie-
HHUSL HMMEeT CMEBICJ NPUMEHATb IPH Nz= Nx=2, TaK KakK (ux-
canus Kofia B 3TOM CJydyae 3HAuHTe/JbHO YIPOLIAeTcs, 8 KOJH-
YecTBO KOMGMHAIMI NOJMYYaeTcs BIOJHe focTaToyHbiM. Hampu-

mep, mpu K =5
M= A%, = A% =20 19 =380,

npuYeM JAJMHA KOZOBOH KOMOHHALMH TNosyuaeTcss B JBa pasa
MEHBLUe, yeM LA KOLA HA COueTaHus (NpH n,= 4).
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B HeKoTOpBHIX ciyyasix MOXKeT NPHMEHSTbCH 08Yxcmyne-
4amolll CMEHHOKAHECMBEeHHbIL KOO C 2pPYNnossiM Bol00POM, KOJIH-
yecTBO KOMGUHALMH KOTOpPOro

ng\ 2
M= (%i) (5-64)

n
npu C,® ueTHOM H

_ =D €+
M=K I (5-65)
npu Ci® HeyeTHOM.

Hanpumep, npy K=4 u ny=2 u3 (5-64)

Ci\2
M=(?) =
3To KOMBHHALUH
1—2,3—2 1i—32—3 1—42—-3
1—24—2 1—34—2 1—42—4
1—23—4 1—34—3 1 —43—4,

i

rae uubpu 1, 2, 3 ¥ 4 coorBercTBYIOT yactoTaM fy, fa, f3 ¥ fa

JIByXCTyneHYaTblli CMEHHOKAUeCTBEHHBIH KOJ C I'PYINOBLIM
BBIOOPOM, KaK M COOTBETCTBYIOUIMH CMEHHOIOCBHIJIOUHBIH KOJ,
o6/1afaeT CBOWCTBOM HENPHBOAMMOCTH, TAK KAK BCe KOJOBBIE
KOMOHHALMYM HAYMHAIOTCS C YaCTOTHL fi, KOTOPOH HET B KOHIIE
koMOuHanuu. CienoBaTesbHO, KOMOHHAIUH ABYXCTYIEHYATOrO
CMEHHOKAYeCTBEHHOr0 KOfa C TPYNNOBBIM BEIGOPOM MOTYT
NOCBLIATLCS APYT 3a ApyroM Ge3 pasfesuTe/bHBIX Iay3.

§ 9. 90OEKTIBHOCTDh METOJIOB H3BHPAHIMA
U KOJOOBPA30BAHHA

Merop, u3bupanust ¥ KOHOOOGPA30BAHHS TeM
6onee a(peKTHBEH, YeM GoJIbliiee KOJHYECTBO ABOMYHBIX €IUHHUIL
HHQOPMANMU MOXKET OhiThb 06Pa30BAHO B 3aJAHHOH moOJOCe
4acTOT M BPEMEHM HCIO/b30BaHMs KaHasna cBssu. CienoBa-
TeJIbHO, 5((eKTHBHOCTL MeTOZOB H3GHPAHHA H KOZ00oGpaso-
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BaHHS MOXKeT GbITh OLEHEHA MO KO3(HUIHEHTY HUCIO/Ib3QBaHHS
YACTOTHBIX M BPEMEHHBIX NO3ULHUH

o= XM (5-66)

(log B Boipaxkenuu (5-66) M Janee — IBOUYHBIH Jorapugm).

®opmyna (5-66) cooTBeTcTByeT BhIpaKeHHIo (2-19) Ans
OTHOCHUTEJIbHOH CKOpPOCTH Iepefaud HH(POpMALMHU.

3¢ dekTHBHOCTh HYACTOTHOrO M pacnpejeuTeJbHOrO Me-
TONOB M36upaHus. DPHeKTUBHOCTb YACTOTHOrO METOAA OIpe-
JiesisieTcst U3 BhipaxeHus (5-66) npu n, = 1,.a pacnpenenutenb-
HOTO METOfia — NPH Mg = K, TaK KaK CPaBHEHHE UMEET CMBIC/
NPOM3BOAHTL INIPH HCIIONb30OBAHHM YACTOTHBIX KauecTB, NpU
JKOTOphIX 06GecmeyuBaeTcsl NPUMEPHO PABHAs IMOMEXOYCTOHUH-
BocTb. Kpome Toro, nmpu pacnpefieluTeIbHOM MeTOLE H3GHpa-
HHS YYUTHIBAIOTCS TaKkKe Nay3bl MeXAY UMIYJbCAMH, JJHTENb-
HOCTb KOTODBHIX INPHHATA PABHOH JIJHTEJbHOCTH HMITYJIbCOB.
CooTBeTcTByIOmME pacyeTHbE (GOPMYJIB! IPUBEEHE! B Ta6u. 22.
B sToit ke Ta6iuie npuBeneHbl 3HAYEHHA AJs Koa(duIueHToB
HCIIO/Ib30BAHUS YACTOTHBIX H BPEMEHHEBIX [O3HLHH PH 33 aHHBIX
ny uwin K u ny’ Vs 1a6a1. 22 BugHO, 4T 30eKTHBHOCTL 4aCTOT-

Tabauya 22

AdheK TUBHOCTh YACTOTHOrO M PaCNpeieiUTeILHOr0 METONO0B
uabupanus

Merton u3bupanus Pop M}::.mBn'm K ;x:n ng Ry g M

log n 4 — 0,50 4

YacTtoTHBIA 7 10 — 0,33 10
1 16 — 0,25 | 16

YaCTOTHHIH (C OTAeb- log 2 (n,—2) 4 — 0,50 4
HEIM BbIGOPOM IO3H- Y 10 — 0,40 | 16
1K) 4 18 — | 0,28 | 32
log n, 4 10,14 4

Pacnpepenutebbli Troo 1 2 10 0,09 | 10
K(@ny —1) 16 | 006 | 16

PacnpepenuTeasHHi log 2 (n, — 2) 4 | 014]| 4
(c oTAeabHBIM BEIGO- m 2 10 0,10 | 16
POM TMO3HIHH) B8 18 0,07 | 32

183



HOTO U PACIPeIeIUTENILHOTO METONOB %30HpPaHHUsSI YMeHbIIaeTCs
IO Mepe yBeJMYEHHs YHCIA CHTHaJ0B M, mpuHueM addeKTHB-
HOCTb 4acTHOI'O MeTOAa H3GUPAHUS 3HAUNTEJbHO BBIIIE pacrpe-
JequtenbHoro. CliefyeT TaKKe YYHTHIBATb, YTO HpPH He3a-
BHCHMOM NepeKJIIoUeHUH pacnpezenuteieil sgdheKTHBHOCTL pac-
IpeNequTeNbHOrO MeToa enle Gojlee CHMIKAETCS 3a CUET Hajlu-
4Hs CHHDA3UPYIOLWUX MMILYJbCOB.

ApdhekTHBHOCTL KOMOMHALMOHHBIX METOJAOB H3GMPaHus.
DddeKTHBHOCTD KOMOHHALMOHHBIX METOLOB H30HMpaHHA IIpH
GoJsiblioM M 3HAUUTEJILHO BBINIE YACTOTHOrO H, OCOGEHHO,
pacnpefeauTeIbHOr0 MeTOf0B H36upanusa. Onnako s(deKTHs-
HOCTb KOMGMHAIIMOHHBIX METOJOB HM30HpaHHS B CHJILHOH CTe-
IIeHH 3aBHCHT OT NPHHSATOIO MeTola Koj006pa3oBaHus.

O6mee Bbipaxkenne (5-66) mas Ry ; IPUMEHHMO HENOCpPes-
CTBEHHO K CMEHHOIOCBUIOUHBIM YaCTOTHO-BPEMEHHBIM KO AM.

Jns wacrotubix KofoB npu K =1l uny=1

Ry, =24, (5-67)
n‘!

J1s1 4acTOTHO-BPEMEHHOI'O KOJa Ha BCe COYETaHHA C yye-

TOM Nay3 MeXAy MNOChIIKaMH
log M

Rq. B = m . (5-68)

Ilns BpeMeHHBIX KofioB mpu K > 2 M Takxe C yyeToM Ilay3
MeXJLy HMIyJbCaMH

log M
R’-I. B — K(zna_ l) ’ (5'69)
rue K — xoJ/inuecTBO HUCIIOJIb3YEMbIX YaCTOTHBIX KauyecTB,
COOTBETCTBYIOIIEE BEJHYHHE 71y [AJisA YaCTOTHBIX
M 4YaCTOTHO-BPEMEHHBIX KOJ0B.
Jnsa Ge3blHTepBAJIbHBIX CMEHHOKAUYeCTBEHHBIX BPEeMeHHBIX
KOJI0B

log M

Rq. B — KgllB . (5'70)
CooTBeTCTBYyIOIHE pacyeTHble (GOpMYJBl NIPH Iepefaye OLH-
HOUHBIX KOJOBBIX KOMGHHALMH NpuBefeHsl B Tabn. 23. B aroit
Tabaule TAKXKEe JaHbl 3HAYeHUs] AJs Rq 5 NMPH PA3JIHYHBIX g
nnu K u ny. VI3 1a6a. 23 BugHO, yto HaumGosblred sddexTHs-
HOCTBIO OTVIMYAIOTCS YACTOTHBIH KOJA HA COYETAHHS M CMEHHO-
NOCBIJOYHBIA Ha pasmerienus. 3 BpeMeHHBIX KOZOB Han60Jb- -
nrefl 3(heKTUBHOCTLIO OTJIMUAETCS CMEHHOKAYeCTBEHHRIH KOZ,
Ha pasmemenus. HauGosee nepcmeKTHBHBI Ge3biHTEpPBAJLHBIE
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A deKTHBHOCT KOMOB

Tabruya 23

npy nepepaye OJMHOUYHBIX KOAOBBIX KoMOHHA LU

Kox d)opmyfn).xna Knl:m ng Rq s M
log K™®
Bpemennofi Ha BCe co- -ﬂggn—li—-_l)= 3 3 032 | 27
YeTaHHs (KOMIVIEKT- B 4 3 0,30 | 64
HH) n,logK
T K@n,—1)
]og 2"®
BpeMenHoll JBOMYHBIA K(@2n,—1) % g 8’32 33
(KOMMNIEK THEIH) n, 9 6 0:27 64
T K(2n,—1)
., Bpemenno#t Ha oxHO
coueTaHHe € IOCHLI- 4
KOH TOJMIHOM CepHH log C"B 2 ? 8%8 gg
EMIYJIbCOB TIPH M = K (2n,—1) 2 ’
=3
CMeHHOKaueCTBeHHBI log 98 3 — | o33| —
JBOMYHBIA KOJ Kno K !
B
CMeHHOKAYeCTBEHHIH log C'® 3 6 | 024 20
Ha COYeTaHHs MpH B 3 7 0924 | 35
n,>Kum;=3 Kn, !
CMeHHOKayeCTBeHHBLH log cte 8 9 0,30 | 28
Ha COYETAaHHS IpH K 8 3 | 024 56
K>ng Kny
) n
CMeHHOKAUeCTBEHHELH log Ag® ‘2 g 8’3% ?,’8
Ha pa3MelleHHs Kn, 6 3 0238 120
CMEHHOKAYeCTBEH HEI log Py 4 4 020 | 2
Ha MepecTaHOBKH K2
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ITpodonscenue maba. 23
Kox CDopM);J'mB nns Knli:m ng Ry M

CMeHHOKaueCTBEHHBIR g
JIBYXCTYNIEHYATHIH HA log CC"B 4 2 024 | 15
COYETAHHA NPH N = K 5 2 0,27 | 45
=2 Kngn,

YacToTHBII Ha OJHO
cOueTaHUe C TMOCHLI- logC 5 1 066! 10
KOl HEIOJIHOH CepHH "a 6 1 072 | 20
HMITYJIbCOB NpH M = ng ?
=3

UacTOTHO-BPEMEHHOH logCT9
Ha BCE COYETaHHA s 198 n 4 2 0,43 | 36
npe my =2 ng(2ny—1)

ng

CMeHHONOCHIIOUHEIE Ha log A My 4 9 061 | 30
pasMelieHust npu qu 5 2 066 | 90
my=2 oty

U3}

CMEHHOIOCHIOUHBIH Ha logC . 4 o | 049! 15
COYETAaHUA MNPH M = qu 5 9 0’55 45
=2 nghy

CMeHHOIIOCHIOYHBL log C”',‘lB
JBYXCTYNeHYaTHH Ha c .

COYETaHHS NPH N, = c,'l"q‘l 4 2 | 042|105
=2umg=2 Aoty

KOJibl, TaK Kak GoJee BLICOKas MX 3((EKTHBHOCTb, OHH IpOLIe
06pasyloTcsl U (PUKCHPYIOTCS M HMEIOT GoJiee BBLICOKYIO IIOMe-
XOYCTOHYHMBOCTb. FI3BecTHO, YTO mHpHeEM JIOKHBIX HMIYJIbCOB
GoJiee BEpOATEH B TeueHue may3bl, KOrJa HA BXOJ IPHEMHHKA
NOCTYNAOT TOJBKO NMOMEXH M3 KaHaja CBS3H.

Crieyer oTMETHTb, YTO CpaBHHUTEJbHO HEBEICOKAsH (heKTUB-
HOCTb CMEHHOKAUeCTBEHHOI'O KOAa HA MepecTaHOBKH ONpPaBAbl-
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BaeTCsl TeM, YTO 3TOT KOJ HMeeT KOHOBOe PACCTOSIHUE paBHOe
UeTHIpeM M, CJIe0BaTeNbHO, OTHOCHTCH K KODPEKTHPYIOILHM
KoznaM. K 3TuM KozfaMm oOTHOCSTCA Takke BpEMEHHOH KOJi Ha
OLHO COYeTaHHe C MOCHIIKOH NMOJHOH cepuu UMIyJ/1bcoB. OnHAKO
CMEHHOKAUeCTBEHHBIH KOJ HA IepecTaHOBKH o6JazaeT Gosee
BBICOKOH 3((eKTHBHOCTbIO, 4 NOMEXOYCTOHNUHBOCTb €ro BHILIE,
BCJIEJICTBHE OTCYTCTBHS Nay3 MEXKAY HMIYJIbCAMH.

B HeKoTOpBIX Ciyyasix Heo6XOAUMO NepefaBaTh KOLOBhIe KOM-
GUHAaNMK ITI0C/Ie0BaTeNbHO BO BpeMeHH, HAIpUMeD, IpH Nepeja-
ue CUTHAJIOB NOJIOKEHU S HECKOJIBKUX OOBEKTOB, IIPH TeJeyIIpaB-
JIEHUH KpaHaMH, a TaK:Ke NIPU Nepejaue riudpoBoil HHPOpMAIHH.

KoznoBble KOMGHHAIHHE HENPHUBOLHUMEIX KOJOB MOXHO II€pe-
JaBaTb MOCJELOBATEJbHO O3 pas3jesuTe/bHBIX [ay3, a M
OCTa/IbHEIX KOZOB HEOGXOAHMBI naysnl. COOTBETCTBYIOIIHE pac-
ueTHBlE (opMyJbl IpuBereHsl B Tabn. 24. B stoft Tabmune
TaKXKe JAHBl 3HAYeHHsI AJs1 Ry s IPU PA3JHYHHIX Ny WIH K
U Ny, KOTOpble BEIGPAHBI C TAKUM PacueToM, YTOGH MaJjo OTJIH-
YaJI0ch YHCJIO CHTHAJMOB M.

U3 tabn. 24 BunHO, uTo HauGosblelt 3HeKTHBHOCTLIO MPH
HOCJIeOBATENbHOM Nlepefaye KOLOBLIX KOMOWHALUHA OT/IHYAETCS
HEIPHBOAUMBIH CMEHHOIOCBLIOUHBIl KOJ, ¢ TPYIIOBBIM BHIGO-
poM. DPpeKTHBHOCTbL 5TOro Koja B 1,4 pasa Bbime BpeMEHHOIoO

Tabauya 24
AdbdeKTHBHOCTL KOXOB MpU MOCJENOBATENbHON Nepexade
KOJOBBIX KOMGHHALHIi
Kox ‘bopm;:-n;nna Kﬂm ng Ry g M
i ‘Jog2™ 1 ,
BpeMenHOR ABOMUHBIA g _ 2 5 0,25 | 32
K-2n, 2
CMeHHOKaueCTBeHHBIA LY
JIBOHYHBIH KOJI K, + D 3 5 0,28 | 32
BpeMeHHOR JBOHUHBIH Ny 9 5 033 | 32
CTapT-CTONMHBIH K (ng +2,5) 4
CMeHHOKaueCTBeHHBIH log A,'éB
6 2 0,27 | 30
Ha pasMelleHus K, +1)
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ITpodosrscerue maba. 24

Kox <I>opM3":: nas K nﬂ:n ng Ry g M
CMeHHOKaueCTBeHHHH |log(K—1) (K4-1)—2
C rpYNNOBBIM BHIGO- & ])(fz +1) 11 2 0,22 [ 30
pom B
JIByXcTyneHuaThit ng
CMeHHOKa9eCTBEHHbIH log Cx — 1 5 9 093 | 25
C IpynmnoBHM BhIGO- ~—Kn ’
poM B
My
YacTOTHHI Ha OJHO log qu 8 1 030 | 28
coueTaHue m ’
q B
log Ae
CMeHHONOCKHJIOYHH Ha My
pasMelleHHus Cﬂq 4 2 0,41 30
(g + 1)
CMeHHONOCHIIOYHHL /i 2(log CT — 1
C IPYNNOBHM BEIGO- (og &, ) 5 2 0,46 | 25
pom nghy

Npumeuanne. Ilpu pacuetax npuUHATO m, = 2.

JBOMYHOIO CTAapT-CTONHOrO KOAa, NMPHMEHSeMOro B TeJserpad-
Ho#i ammapatype. D¢QdeKTHBHOCTb CMEHHONOCHLUIOYHOTO Koja
Ha pa3MeleHHs TaK¥Ke Bbllle CTapT-CTOMHOro Koja. OpgHako
KOMOWHALMH CMEHHONOCHIIOUHOrO KOAA HAa pasMeleHHs [oJ-
KHBI pasfensithesl nay3amu. CrefoBaTesbHO, 3TOT KOI INIPH
ToCJIeJOBATE/IbHON Ilepefiaye KOZOBBIX KOMOHMHAUME o6sagaer
6o/lee HH3KOH NOMEXOYCTOHUHBOCTBIO, YeM CMEHHONOCHIIOYHEIH
Cc rpymnnoBeiM Bei6opom. Kpome Toro, o6pasoBanue u QHKCALUs
KoJa Ha pa3MelleHHs CJOoXKHee.

Db(heKTHBHOCTL HEMPHUBOAUMBIX CMEHHOKAUECTBEHHBIX KOJ0B
C IPYNIOBLIM BBIGOPOM 3HAYHTEJNLHO HHXKe (B 1,4 pasa Huxe
CTapT-CTONTHOI'O H B 2 pa3a HiKe CMEHHOIIOCLIJIOYHOIO C Ipym-
NOBEIM BHIGOPOM).




Fnasa wecran

IMOMEXOYCTOIYNBOCTDH
TEJEYIIPABJIEHIA

§ 1. OCHOBHBIE MOHATHUA U ONPEJEJEHHNA

CucreMbl nHepenaud  uHGOpPMALMM  COCTOSIT
U3 Iepejaromel .U NpHEeMHOH amnmaparypbl H.KaHa/ja CBH3H,
10 KOTOpOMY IiepefaeTcs HOJe3HBIl curHasl. B kananme cBsisu
BCETJa MMEIOTCSl IIOMEXH, KOTOpble MOTYT IOAaBaThb HJIM HCKa-
3UTb CHTHAJ HJIH 00pa3oBaTh JIOKHBIA curHaj. Ilostomy mpu
paspaboTke cucTeM nepefaus WHGOPMALMH MPHHHUMAIOTCS CIie-
[HaJbHblE Mepbl JJS TNOBBILIEHHS HX IOMEXOYCTOHYHBOCTH.
Oco6eHHO 3TO Ba)KHO AJISI CHCTEM TeJsleyNpaBJeHHs.

ITomexoycmoiuusocmoro meaeynpagiesis HasHBAeTCA CBOM-
cTBo ycrpoiictB 7Y —TC coXpaHATb CBOIO PaBOTOCIOCOGHOCTD
IpY HAJMYHM TOMEX B KaHazme cBs3u. Dosee momexoycroituu-
Bhie ycrpoiictBa T¥—TC o6ecneundBaloT HOpPMAaJbHOE IPOXO-
JKIEHHe KOMAaHJ YIpaBJeHHsl M CHTHANH3anud I1pu Gosee
BBICOKOM OTHOCHTE/IbHOM YPOBHE NOMEX, KOTOPBIH paBeH OTHO-
LIEHHIO MOLIHOCTH CHI'HAJA K CpefHeHd MOIIHOCTH IOMeX.

ITomexoycroityuBocTh ycTpoiicts 7Y —TC B 3HAYUTEbHOM
CTEeHM 3aBHCHT OT NPHHATOrO METOAA NMOCTPOEHHS CHTHAaJja.
Kpome TOro, oHa 3aBHCHT OT NOMEXOYCTOHYMBOCTH TNPHEMHH-
KOB M 3h(EeKTHBHOCTH NIPHMEHSEMBIX 3aluT.

Ilpu amajuse NOMEXOyCTOHYHBOCTH YCTpofictB TY—TC
Pas/IMYaloT NOMEXOYCTOHUMBOCTb -yCTPOHCTBA B peKHME OXKH-
JaHHS KOMaHjibl (CTaruyecKas) H B MOMEHT IpHeMa KOMaH/bI
(mumamuueckas). CraTHyecKas IIOMEXOYCTOHYMBOCTb YCTPOH-
ctBa TY—TC oueHuBaeTcs CPeAHUM YHCJOM JIOKHEIX KOMAaHI,
o6pasyeMbix U3 MOMEX 32 €JUHHUILY BPEMeHH, a AUHAMHYeCKasy —
CPERHHMM YHCJIOM JIOXKHBIX KOMaHj, o0pasyeMblx H3 INepejaH-
HEIX 32 e[MHHIy BPeMEHH, a TaKkKe CPeJHUM KOJHYECTBOM
KOMaHJi, NOJAaBJCHHLIX NOMEXaMH.
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ITpn mnoctpoennn cucrem T'YV—TC mnepBocTeneHHON 3aja-
ueil sBJseTCA OGECHeUeHHe HX BBICOKOH CTATHUECKOH IIOMEeXO-
YCTONYMBOCTH, TaK KaK NPAKTHUECKH He CYIIECTBYeT 3allluT,
OTJIMYAIOMIUX JeHCTBUTEJbHBIH CHIHAN OT CHTHajga, o6paso-
BAHHOTO U3 IIOMEX.

OCHOBHBIM METOLOM IOBBLILIEHHS] CTATHYECKOH IOMEXOYCTOH-
YHBOCTH CH['HAJIOB SIBJISIETCS MX yCJIOXKHeHHe, 06yC/I0B/IUBAIOIIee
IIepexof, OT INPOCTHIX OLHOUMIYJbCHBIX CHFHAJIOB K CJIOXK-
HBIM MHOTOMMIYJbCHBIM KojaMm. Ilo Mepe yC/IOXHEHHS KOLOB
BO3PACTAIOT ¥ UX KOMOUHAIMOHHBIE BO3SMOXKHOCTH, YTO SIBJISETCS
TaKKe BeCbMa CYIIEeCTBEHHBIM NPH NocTpoenuu cucteM TV —TC.

JuHampyeckast NOMEXOYCTOHYMBOCTb IIOBBHIIACTCS  IpPH
yMeHbIIEHHH KOJHMYeCTBA HMIYJbCOB B CHFHAJE, TaK KakK IpH
9TOM YBEJHYUBAETCS MOIIHOCTb OT/EJbHBIX HMIYJ/bCOB H, CJe-
JOBaTe/IbHO, YMEHbIAeTCs BEPOSTHOCTb HMX HcKaxeHus. Of-
HAKO, YMeHbIIeHHe KOJHYECTBA HMIYJ/IbCOB B CHTHA/E CHHXKAET
eMKocTb ycrpoiictB TY—TC. ITosTomy TpeGyeMelil ypOBeHb LH-
HaMHYecKo# nomexoycroiuuBoctu ycrpoiicts 7Y —TC obecre-
YMBAeTCs 32 CYeT HCIOJb30BAHHS KOJOB C OGHApyXeHHeM
U HCIPABJIEHMEM HCKAaXKeHHH M NpUMeHeHHeM 3aiuT, NOoBTOpe-
HHSl CHTHA/Na WJH HCIOJb30BAHHA KAaHAJIOB OODATHOH CBS3H.

Ilpu amanuse momexoycroiuuBocTd amnnaparypel 7Y—TC
U annaparypbl CBsI3M MOAXOJ JOJXKeH ObITb PasHblfl, TaK Kak
annaparypa cBa3d 1 TY—TC npefHasHayeHbl 415 Pas3JHYHbIX
mejed W WX pexuM paGoThl He ONMHAKOBHIA. Ammaparypa
CBSI3M HOPMaJIbHO HAXOLHUTCS B HENpPepbIBHOH paboTe (IHHAMH-
YeCKHil pexuM), BHIIOJHSA Nepefayy HHpopManuH, a B repephl-
Bax MeXAY paGoToil MOXKeT ObIThb BhIK/oueHa. CieoBaTeNbHO,
B JJaHHOM cJyuae 06pa3oBaHue JIOXKHOK MHGOPMALIUH U3 NOMEX,
npH CBOGOZHOM OT Mepefaud KaHaje CBS3H, NPAKTHYECKH
uckmouaercs. ITosTomy craTuyeckass MOMeXOyCTOHYHBOCTD JJISI
9THX CHCTeM He HMeeT NPaKTHYeCKOro 3HaueHHs.

CoBepuleHHO B JpYroM pexuMe paGoTalOT YCTPOHCTBA
TY—TC, xkoropble, Kak IpaBU/O, AJHUTEJbHOe BpeMsl Haxo-
JATCS B PEXHME OXMIAHHS KOMAHIBl MJIM CHTHana (CTaTHyec-
KHii peXuM pPaGoTH) M TOJBKO KPAaTKOBPEMEHHO NEepPeXOisiT
B JHHAMHYECKHH pexXuM paGoThl INIPH Ilepefaye CHrHana
win Komaunel. CrefoBaresbHO, CTaTHYecKas MOMEXOYCTOHYH-
BOCTb TAKHX YCTPOHCTB Jo/KHA ObITh TpefesbHO BHICOKOH.
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§ 2. IOMEXH B KAHAJIAX CBA3U

Ilomexoli Ha3BIBaeTCs CTOPOHHEE BO3MYIIEHME,
JeACTByIOlee B CHCTeMe Mepefaul COOOMEeHnH U NpensiTCTBYIO-
llee NpaBHIbHOMY InpueMy curaasioB [50]. Mcrounuku momex
MOTYT HAXOJAHUTbCS KAaK BHE, TAK U BHYTPH CHCTEMBI HEpejauH.
HauGosbiyio onmacHOCTh IIPEICTaBASIOT BHEIIHME TOMEXH,
BO3HHKAIOLIME B KaHAIaX CBS3M: MMIYJIbCHBIE, (JIYKTYalHOH-
HBIE M IIOMEXH CHHYCOMAANLHOTO THIA:

K umnyaecuoim nomexam oTHOCAT MOMeXH, PU BO3IEHCTBUH
KOTOPBIX HA BLIXOJe NPHEMHOI0 yCTPOHCTBA OTCYTCTBYET HAJIO-
XKEHHE NePexoHBIX NpolleccoB. B ofmeM ciyyae UMITYJIbCHEIE
TIOMEXH IPEJCTABJIAT MOCJAEL0BATELHOCTD HMITYJILCOB MPO-
H3BOJILHOH (DOPMBI CO C/TyYalHBIMM aMIJIUTYJOH,, JJIUTE/bHOCTBIO
H MOMEHTOM IOSIBJICHHS.

K ¢aykmyayuornoin nomexam OTHOCAT IOMEXH, NPH BO3-
JeACTBUH KOTOPBIX TNePexXofHble NPOLECCH Ha BHIXOLE NpHeEM-
HOTO YCTPOHCTBA HAKJAALIBAIOTCS B OGOJIBIIOM KOJHYECTBE.
XapakTepHoil O0COGEHHOCTHIO (WIYKTYAlMOHHBIX IIOMEX SIBJS-
€TCs TOYTH IIOJHOE OTCYTCTBHE BBIOPOCOB, NPEBBIIIAMOMHX
cpefHuil ypoBeHb Gosiee yeM B 3—4 pasa.

ITockobKy AJIMTENBHOCTb NEPEXOAHOrO Mpolecca o6paTHO
NPONOPLUHOHANLHA ITHPHHE TOJIOCH NIPONyCKaHUs NPHEeMHHKA,
OIHH M Te Xe IIOMEXH MOTYT ObITb MMIYJIbCHBIMH B IIHPOKOIO-
JIOCHEIX CHCTeMaX H (UIYKTYyanHOHHBIMM — B Y3KOMNOJIOCHEIX.
CrefoBaresqbHO, HPU HCNOMb30OBAHMH Y3KONOJOCHBIX IIPHEM-
HHKOB, HallpUMep B YaCTOTHBIX YCTPOHCTBAX TeJieynpaBJEHHUS,
NIOMEXH B OCHOBHOM HOCAT (DIYKTyalHOHHBIH XapakxTep.

Mouyrocme arykmyayuonHsix nomex U3MeHSIeTCs IIPOIOp-
LHOHAJIBLHO TOJIOCE, A UMNYAbLCHbLX — KBALpaTy IOJIOCH IIPO-

nyckanus (nis Hampskenuit ) Af u Af). BenemctBue 3TOrO
YPOBEHb MOMeX BCErfa OTHOCHTCS K OIpeleseHHOH IoJioce
4acToT (B TeXHHKe CBSI3H IIOMEXH OTHOCAT K IOJIOCE 4YacToT
5 Key).

Eciu usBecTHa yAenbHAS MOLIHOCTBD  (WIYKTYAIMOHHBIX
momex W, (Ha 1 ey mnosochl NPONyCKaHUS HPHEMHHKA), TO
MOIIHOCTh IIOMEX Ha BBIXOAe NpueMHuKa paBHa WpAfn, (rne
Afyp — 1mOJI0CA TPONMYCKAHUA NpPHEMHHKA). MOLIHOCTH NOMex
B 3ananHoil nosioce Afy, MOXKHO H3MEPHTb NPHGOPOM C AETeK-
TOPOM, MMEIOIMM KBaJPATHYHYIO XaPAaKTepPUCTHKY, @ 3aTeM
paccunTath Ha | 2y NOJIOCH.

IMomexu B KaHajax CBSI3H 1O HX NPOHCXOKIEHHIO pasie-
JISIOT Ha WHAyCTpHAJIbHBlE H atMocdepHwle. HuOycmpuaivroe
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nomexu CO3JAIOTCA NpPH BKJIOUEHHSX 3JMEKTPOABHTaTteneil,
Y4acTKOB 3JIEKTPOCETH, 3/IeKTPOCBAPOYHLIX aNlaparoB, a TaKKe
OT 3JIEKTPO- M aBTOTpaHcnopra. Ammocgheproie nomexu obyc-
JIOBJIEHEl B OCHOBHOM T'DO30OBLIMH pa3pffAaMH.

B mpoBopHBIX KaHajax BO3AYLIHBIX JIHHUH CBSI3H IOMEXH
TIOABJISIIOTCS OT HABOAOK JIMHHH BHICOKOTO HaNpsiXKeHHs, MOII-
HBIX PaJMOCTAHIMI H 3JIEKTPHYECKUX YCTAHOBOK.

MuHuManbHEI ypOBeHb NoMeX B KaGesJbHHIX JIHHHAX, He
COeIMHEHHEIX C BO3AYLIHON CeTblo, —/—38 Hen B IoJIOCe Yac-
TOT b Key. 3HaUUTeJbHO GoJiee BEICOKHIA YPOBEHD NIOMEX B KaHa-
JIax TeJeMEeXaHUKH II0 BHICOKOBOJIBTHBIM JIHHHSM 3JIEKTpoIle-
peraun. Ha sunuax wanpsokenweM 35 110 x8 cpexumit
yPOBeHb IOMeX B TII0JOCE IIMPHHOH O Key COCTaBJsAeT —
4,5 nen, a Ha JuHHAX HanpsukendeM 220 k8 — OKoJIO —
2,5 Hen. B JOXAIMBYIO NOTOAY YpOBEHb IOMEX IOBHIIIAETCH
Ha 1,5—2 nen.

TTomexn B BO3/YIIHBIX PACIIPEIETUTENbHEIX CeTAX Hamps-
:xxenueM 10/0,2 k@ HUMEIOT IPeHMyINECTBEHHO HHAYCTPHAJIBLHEIN
XapakTep. BBICOKmil ypoBeHb IOMeX CO3JaeTcs HpPH BKJIOYe-
HHH MOIIHHIX 3seKTpojBuraTteneii, B 20—50 pa3 mnpeprbiuaio-
IUA ypOBeHb [IOMeX IIPHM YCTaHOBHUBIIEMCs pexume. Bo Bpems
pasroHa jBuratesis Co3[aeTcs MOC/Ie0BaTeNbHOCTD HMIYJILCOB
¢ gacroroit 100 ey.

YpoeeHb nomex B ceTH HampsikeHueMm 380 8 pe3Ko BO3pa-
craer (B 20—30 pas) nmpu paGoTe CBapOYHEIX aNIAparoB. AMIJIH-
TyA2 OTAEeJNBHBIX BBHIOPOCOB HHAYCTPHAJBHEIX IOMEX B 3THX
nensx (B auanasone 30—50 xey) pocturaer HoJiefl BOJIBTA
(—1—2 nen). YpoBeHb nomex B Auanasone 10—30 xey moxer
JIOCTUraThb ele GoJbINel BeJHYHHBI, TaK KaK C POCTOM YaCTOTHI
HHTEHCHBHOCTb IoMeX cHixaercsl. Jlo wactoTsl 10 2y BBICOKMH
YpOBeHb TIIOMeX OOYCJIOBJIEH HEUETHHIMH [apMOHHYECKUMH
COCTABJISIIOIMMH TIPOMBILIIEHHOA YyacToThl 50 ey.

VpoBenb moMex B CHJIOBHIX KaGeqbHBIX JUHHAX 3HAYH-
TeJILHO HHXKE, YeM B BO3AYIIHBIX DACIPEJeJUTENbHBIX CeTSX.

YpoBeHr BHENIHMX IIOMEX B pajMoKaHalaX B CHJILHOH
CTENIeHH 32BHCHT OT MHCIOJAB3yeMOH JJuHH BoJHbL. IIpuuem
C yMEHBINEHHEM [JIMHB BOJIHBl YPOBEHDb BHEIIHHX TOMeX TaKKe
ymeHblnaercsi. B nmanasone YKB ypoBeHb momex Ha BEIXOfE
onpefe/sieTcss He BHEIIHMMH IIOMEXaMH, a COOCTBEHHBIMH Iy-
MaMH IPHEMHHKA, KOTOpPble HMEIOT QIyKTYyaUHOHHBIA Xa-
pakTep.
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§3. ®IYKTYAITHOHHAAI IOMEXA H EE
OCHOBHBIE XAPAKTEPUCTHKH

QuyKTyauHoOHHAs INOMeXa INpefCTaBJsfeT COo-
6ofi cayuafinblii Tmpoliecc, KOTOPHIH TNOZUMHSETCS 3aKOHAM
Teopuu BeposTHocTeit *. OTHenbHO B3gTas peanu3auus Quyk-
TYalHOHHOTO Ipoliecca INpefCcTaBJseT coGoii HEKOTOpyI0 KOH-
KpeTHylo GyHKIMIO BpeMeHH. OnHAKO Cay4yalfHB GuIyKTyalu-
OHHHII TIpolecc onpefensercs Bcefi COBOKYNHOCTBIO (aHCamG-
JieM) BO3MOXKHBEIX peanusauuil (puc. 52).

Puc. 52. Aucam6nb peannsanuil aIyKTyanuoHHOTO poiecca.

COBOKYNHOCTh BO3MOMKHBIX CJHYYaHHBIX 3HAUYEHHH, B3ATHIX
B OJMH KaKOH-THG0 MOMEHT BpeMeHH f, o0pasyeT HelpepHB-
Hylo cayuaiinyio BeamuuHy. OCHOBHEIMM XapaKTepHCTHKaMH
CIyYaifHON BEJMUHHEL ABJSIOTCS CpejiHee B3BEllleHHOe 3HAUEHHEe
(MaTemMaruyecKoe OXKMJAHHE) H JUCIEPCHS.
MaremaTHyecKoe OXHAaHUE HEIpepHIBHOH CIy4YaiHOH BeJlu-
YUHBl X
400
= [ xp(n)dx, 6-1)
L]

rze p(x) — MIOTHOCTb BEpPOATHOCTH C/IYYadHOH BEJMYHHBI X.

Iucrnepcusi mpencTa/iseT co0oil cpeHuil KBaJPaT BO3MOXK-

HBIX OTKJIOHEHMH CJydyaifHOH BEJIMYMHHI OT CPEJHEro 3HaYeHHUs

H, CJefoBaTeJbHO, XapaKTepusyeT COOOH CTeNeHb PaccesHHs

OT/IeNbHBIX 3HaueHH# CJaydadHOH BEJIMYHHB! OTHOCHTEJBHO
CpelHero 3HauYeHHUA

+ o0
= =R = | (£—%Pp(x)dr. 6-2)

* CnoBo «payKTyupoBaTh» O3Hauaer GecmopsifoyHo KoneGaTbed,
OTKJIOHATBCS OT HEKOTOPOIO CPEJHEro 3HaueHHs.
** ¥ _, B TeOpMH BepoSTHOCTeH 0GO3HAuaeT cpefiHee 3HaueHHe.
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Iucniepcust ¥ cpefiHee 3HAUeHUe B OOMIEM CJIydae NpPeNCTaB-
JIAI0T coGoH (PYHKIMH BPeMeHH H C TeYeHHeM Ipoliecca MOTryT
u3MeHATbed. OFHAKO JJIsl CTAIHOHAPHOTO CJyYaifHOro IIpo-
Hecca 32aKOHH pacIpefesieHHss BeposiTHOCTel (J1I060ro MopsijiKa)
1 COOTBETCTBEHHO BCE JIPYTHe BePOSTHOCTHBIE XaPaKTePHCTHKH
He 3aBHCAT OT Hayaja OTCUETa BPeMeHH (JUCIePCHSI U CpefHee
3HaUYeHHe CTALHOHAPHOTO Mpolecca O HHAKOBEI AJI BCEX MOMEH-
TOB BpeMeHHu).*

Ycpennenue MIHOBEHHBIX 3HAueHHH CJIyYaiHOro Ipolecca
MOXeT IpPOM3BOLHUThCA IO BpemeHH. Ecsm paccMaTpuBaloTcs
BO3MOKHBLIE MTHOBEHHBIE 3Haye-
HUS HanpsKeHHd QIyKTyanu-
OHHOf ITIOMEXH U, TO HPHU yCpex-
HEHUH II0 BpeMeHH IOJTyYaeM ee
NOCTOSTHHYIO COCTaBJISIONLYIO

T
i =lim 1 j wdt, (6-3)
T+oT
) 0
u IpPH 5TOM 3JeKTPUUeCKas MOII-
HOCTBb IIpollecca XapakTepusye-

/‘l /\ / } N TCA BeJHYHHOH
VAV, V v \V " 1 i
u? =11mT-S tdt.  (6-4)

0 §

' Eekizcc" 53. QIyKTyalnMOHHBHIA mpo- [Ipumepsl peanusamuu  IyK-
a — c TIOCTOAHHOH  cocraBilalomed; TyaI_[I/EOHHOI‘O npouecfa ¢ Tocro-
6 — Ge3 NOCTOAHHOH cocraBJsIomel. STHHOU COCTAaBJISAIOIIEH U 6e3 Hee

OpuBeleHsl Ha puc. 53 a, 6.

Meratomee JeficTBHe TOMeXH OOBIYHO OIpefiesisieTCsl MOIIl-

HOCThIO MepeMeHHOH cocTaBJstomell npouecca. CpegHuil KBaj-
paT TOJbLKO IepeMeHHOH COCTABJIAOMEH HaNpsKeHHs

S

T
= lim § (u — ) dt. (6-5)

Ora BeNMYMHA paBHA KBanpary a(deKTHBHOTO 3HAYEHHs Tepe-
MeHHO#H COCTaBJIsomeH (QIyKTyalMOHHOIO HANIPSKEHHUS], Xapak-
TepH3yeT MOLIHOCTH MepeMeHHOH COCTAaBJAIMEd H YHCIEHHO

* B panpHefimeM paccMaTpuBalTCsl TONBKO CTAalMOHapHhle (uyKrya-
HMOHHBEIE [POLECCH.
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MOKeT ObITh NPUHSATA PABHOM ANCNEPCHH CIYYaHHOrO mpolecca
(moniarasi, yTo THomexa JeHCTByeT Ha CONpPOTHBJeHHH 1 on)

U2 = 2. (6-6)

" Cnegyer oTMeTHTb, 4To BhIpakeHus (6-3), (6-4) u (6-5) He
MOT'YT HCHOJIb30BATbCA KAK pacyeTHHE, TaK KaK 4 HE MOMKET
ObITh 3aJaHO KaK (YHKIUA BpEMeHH, IIOCKOJBbKY IIPOIecC
CITyYaHHBIH. '

dayKTyauuoHHas oMeXxa C HOPMaJbHbIM 3aKOHOM pacrpe-
nejenusi. Ilpn aHanuTHYECKHX HCC/IEJOBAHUSAX OOBLIYHO CUU-
TalOT, 4TO (UIYKTyalHOHHAs [IOMeXa B KaHAjaX CBS3H HMeeT
HOpMaJILHOE pacrpefieieHue aMIVIHTYJ, TAK KaK NpeACTaBJiser
coboii HasioKeHHe GOJBIIONO YHCIA XA0THYECKUX HEe3aBUCHMBIX
HUMITYJILCOB. .

IlnoTHOCTE BEPOSTHOCTH /IS CJIYyYaiHOH BEJHYHHBI, IOJ-
YHHAIOIWEACS HODMalLHOMY 3aKOHY paclpejesieHusi, OIpe-
JleISeTCA  BhIp AYKEHHEM

R o .
px) = Ve e ¥, (6-7)
a npH cpejHeM 3HAYeHHH X =0
1 -
p(x) = Vom ¢ 2 (6-8)

Hns mpomecca B BHJAE 3JEKTPHUECKOrO HANpsAXKeHHA Ge3
HOCTOSIHHOM COCTaBJsIOmEeH
u

1 o
p (u) = 7—'2_7.:[/—3(1, e W, (6'9)

Cpadux ¢yuruuu (6-9) mpu aAByx 3HaUeHHAX Uspi, Uspo
nokasan Ha puc. 54, a. Besmunna U,y CKa3bIBA€TCS HA IIHPHHE
KPHBOK, a IUIOmAfAb, 3AKJIOYEHHAs MeXJAy KDHBOH U OCBIO
afcumce, octaeTcs HemaMenuod *. Ha puc. 54, 6 npusenena
ofiHa peau3anys GIyKTyalHOHHOIO HANPsXkKeHusi 6e3 MOCTOsIH-
HOIl cocTaBJ/somed U rpaduk GYHKIHH p(u), PACIONOKEHHBIH

* B Teopuu BepOSITHOCTell OKA3bIBAETCS, YTO IVIOMAAR, 3aK/IIOUeHHAs
MeX[Ty KPHBOH ILIOTHOCTH BEPOSTHOCTH H OChbIO abCUHCC, He 3aBHCHT OT
3aKOHa pacnpefeleHHsi H BCerja paBHa

oo

Sp(x)dx:l.

- 00
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TakuM 06pasoM, 4TO 3HAUYCHHS NepeMeHHOro u y o6oux rpadu-
KOB OTKJIAJBIBAIOTCS IO OJIHOH KOOPAMHATHOH OCH.

Eciu NpUHATb YPOBEHb OTCYETA 43, TO IVIOTHOCTH BEpPOSIT-
HOCTH JJISl 9TOTO YPOBHS ONPEeAE/IUTCS 3HaueHHeM p (i), Gouib-
MM, YeM A YPOBHA Ug, T/l IVIOTHOCTb BEPOSITHOCTH paBHA
p(uz). DTO 03HAUAET, YTO BEPOATHOCTD TOrO, 4TO HIYKTyaIHOH-

A
ap1
1
V27 Uy
Usp2> Usgy
7 u
, u
[~
o L e

i VAR AR

)

Puc. 54. KpuBble HOPMaJbHOrO 3aKOHa pacrlpefeleHHs
BEPOSITHOCTeH:
a — ans AByX 3sHaueHHH Usq,; 6 — cOBMellleHHAas1 ¢ (UIYKTyalHOH-
HBIM IpOLECCOM.

HOe HamnpsiKeHHe B HEKOTODHI MOMEHT { NpPHUMET 3HaueHHe,
Jiexaiee B OKDEeCTHOCTH Ug, MeHble, YeM A YPOBHA U.
oz okpecTHOCTLIO MOHUMAETCS] HEKOTOPasd HeGosbluast 06/1acThb
BO3MOXXHBIX 3HAueHM# u, NpPUJEralmas K JaHHOMY YPOBHIO
M OJMHAKOBas [ BCeX ypOBHeH orcyera. EcCIM NpuHATH
YPOBEHb OTCUETA emle Ha GoJiblIeM YAAJeHHH OT HyJs (Hanpu-
Mep, u3), TO BEPOATHOCTb TOTO, YTO HANpPSKEHHe IIOMeXH
B KaKOH-/M00 MOMEHT BpeMeHH f OKaKeTCs B OKPECTHOCTH 9TOH
TOUKH, OyleT 3HAYuTe/bHO HHKE, YeM AJst ypoBHs uy. Cuefo-
BaTeNbHO, YeM OGoJjiblue IVIOTHOCTb BEPOSTHOCTH H COOTBET-
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CTBEHHO BepPOSITHOCTDb NOMAJAHHS HAMPSKEHUS [IOMEXU B OKpe-
CTHOCTH TOYKH, PAacCIOJIOKEHHOH Ha OIpefesIeHHOM YpPOBHe,
TeM yalie HampsKeHHe NOMeXH B mpoliecce (uIyKTyaluil Nmpu-
HHMaeT COOTBETCTBYIOIlEe 3HAUYEHHe M TeM, CJIefOBaTe/bHO,
GoJibliiee BpeMsi B CpefHeM OHO OYJeT HaXOAUTHCS B OKPECTHOCTH
3TOr0 YPOBHA.

BeposiTHOCTb MpeBbllleHUS] HanpsixkeHHeM GuyKTyalHOH-
HOli moMexH 3ajaHHOro ypoBHs. [lis ompefmesneHus HOMeXO-
YCTOAYHBOCTH NPHEMHUKOB 110 OTHOLIEHHIO K (JIYKTYalHOHHEIM
[oMeXaM HeOGXOJAMMO OIpEJEeNUTb BEpOSTHOCTH TOTO, YTO
noMexa B KaKOH-JHG0 MOMEHT BpeMeHH NPEBLICHT Onpe/eJieH-
Hblfi TIOpPOroBelil ypoBeHb Upep. 13 TeopHH BepoOATHOCTH H3-
BECTHO, YTO JAJI 3TOH WeJH HeoGXONHMO IIPOHHTErPHPOBATH
oyuxumio p(u) B npefenax or Ugep 40 GeCKOHEYHOCTH

ud

R e~ |
== —_— 2U; . -
p (&> Unop) vnSo,, Vo ¢ Yo du (6-10)

UpcienHoe 3HaueHHe BepoATHOCTH p(u > Ugop) paBHO
TJIOMAAM, 3aK/IOUEHHOH MeXJ1y KPHBOH IIJIOTHOCTH BEPOSATHO-
CcTH H ocblo abcuuce Ha ydyacTke OT Upep 10 GECKOHEUHOCTH.
SIcHO, 4TO yeM GoJiblie TMOPOroBbli ypoBeHb Uyep, TEM 3Ta IJIO-
mafb MeHbIe, H, CJEL0BaTeJbHO, MeHBIIe BePOSTHOCTb €ro
TPeBEIIIEHUs], YTO COOTBETCTBYET HAIMM (PU3UUECKHM Npej-
CTaBJIEHHSIM. ’

s onpepenenusi 3aBUCHMOCTH p(& > Unpop) 0T Upep HEOGXO-
JHMO TPOMHTErpUpoBaTh (yHKIMIO p(u). OpHaKo HHTepBaN
B NpaBoH uyacTH BelpaxeHHs (6-10) He BhIpaxaeTcs yepes aJe-
MeHTapHBe, GYHKIMH H TI09TOMY BBIYHCIAETCA C IOMOLIbIO
ta6aui. A storo HeoGXOZHMO ero mpeo6pas3oBaTh C BBefe-
HHEM HOBOH MepeMeHHOH

2 =2
U
TMoxctaBuB 3HaueHue z B ypasHeHHe (6-10) u cooTBeTCTBEHHO
U3MEHHB MNpeLeJibl, NOJIy4YUM BBIpaxKeHHne

o0 22
P> Znop) = = S ¢ 2 dz, (6-11)
V " Zrnop
Urxop
rie Zoop = .
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Bripaskenne (6-11) MOXHO TakkKe NpeJCTaBUTh B CJeAYIO-
meM BHE:

1 oo _2_2 Znop —z_’
P> Zug) =5 e de———ng e *dz. (6-12)
0

0
WnTterpan .eupa

22

d (x) = %fe‘z‘dz (6-13)
0 -

HasblBaeTCS HHTErPAJIOM BEPOSTHOCTH M €T0 3HAUeHHS MOXKHO
B3ATh M3 Tabsauu [6]. M3 Bripaxenu#t (6-12) u (6-13) no-
Jyuaem

P (2> Zoo) = 5 [0 (0) = © (Zuop)]

YunteiBasg, uto @ (o0) = 1, mosyuaeM OKOHUATEJILHOE BEI-
paxkeHHe /15 BEPOSTHOCTH NPEBBILIEHHs HANpsXKeHHEM (uyK-
TYalHOHHOH IOMeXu 3afaHHOrO YPOBHS Uy

P> Zuo) = 5 11— @ (Zuop)]. (6-14)

3afaBasich pa3/IMYHEIME 3HAYEHUSIMH Zyop U3 BRIpaKeHus (6-14)
-TIPH TIOMOLILM TaGJHUI[ MOKHO OIIPEeJeJHTb BEePOSTHOCTH IPEBBI-
mwenusA. Ha puc. 55 npuBeseHHl COOTBETCTBYIOLIHE KPUBEHIE.
N3 xpusoit (puc. 55, a) BuAHO, UTO NPU Znop>> 1 BEPOATHOCTD
npeBbIeHus GbICTpo nafaer. Eciu BeposSiTHOCTD MpEBHIIIEHHS
[IOMEXOil YPOBHS, YHCJIEHHO PABHOTO 3(h(HEKTHBHOMY 3HAYEHHIO
HanpsukeHUs NoMexH Upop= Us,g, coctaBasier 0,16 (16%), To
BEpOSITHOCTb JBYXKDATHOI'O IPEBHINIEHHs 9TOTO YPOBHS paBHA
0,025 (2,5%), TpexxpaTHoro mnpesbiurenust — 0,0013 (0,13%),
a BepOATHOCTb YETHIPEXKPATHOTO MPEBHIIIEHHS — TOJBKO 3 X
X 1078 (3 - 1073%). C nocsienueii BeJMYUHOH MOXKHO B G0JIb-
IIMHCTBE CJIy4yaeB He CUHTAThCs. Ha 3TOM OCHOBaHHMHU CUMTAIOT,
YTO KoJIeGaHHs (UIyKTyallHOHHOH HOMEXH He IPeBOCXOAST IO
BeJIMUMHE TPEXKPaTHOro 3(h(eKTHBHOTO 3HAYEHHS HAIpSIKEHHS
nomexu. IlosTomy duykryaiuoHHyro momexy 4acTo HasbBAIOT
TJIa[IKO¥ NIOMEXOH B OTJIMYHE OT HMITYJIbCHBIX IIOMEX, TJie COOT-
HoIIEHHE MEXKIY HalpsKeHHeM B HMITyJIbCe H CpeJHEKBajipa-
THYHBIM YDOBHEM HAMNpsKeHUs OOBIYHO 3HAUYHTEBHO BHIIIE.

Ilpy HaqMuuu cpaBHUTENBHO HHM3KOH QUIYKTyalMOHHOM
TIOMEXH MOXKHO, OYEBHJHO, BhIOPaTb NMOPOTOBLIH ypOBeHL NpH-
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€MHBEIX YCTPOHACTB TaKMM 00pa3oM, 4ToGbl BHIGPOCH NOMEXH
JIMIIb C TIPeHeGPeKHMO MAaJOH BePOSITHOCTBIO TOSBHJMCH HAf,

ypoBHeM cpabaThIBAHUS INPHEMHHKA.
LIEro, JJIs 3TOTO HeOOGXOAHMMO, YTOGHI

Unop > 4U3rb. (6‘15)

Xapaxrep 3aBHCHMOCTH p (2> Znop)
OT Zyop HA YyYACTKe, TAE Zpep < |
3HAYUTEbHO OTJIHYAETCS OT y4acTKa,
rie Zop>> 1. Kak BugHo u3 puc. 55, 6
IPH M3MEHEHUH Zpop OT Zpop= 1 10
Zsop= 0,5 (B IBa pasa) BepOATHOCTD
NIPEBHILICHUS] YBEJHUHBACTCS TaKXKe
IpUMEPHO B JBA pasa, a IPH H3Me-
HeHUH Zpop oT 0,5 1o 0,25 Bepost-
HOCTb IpEBLILIEHHS YBEJIUYHBACTCS
Bcero B 1,3 pasa. dra ob6aactb cooT-
BETCTBYET CHJIbHBIM (JIYKTY ALHOHHAIM
nomexaM. [TocKoJbKy B 3TOM Cayuae
BEPOSITHOCTD NPEBbILIEHIWI 3HAYUTEb-
HO BO3pACTaeT, TO IJs YMeHbIUeHHUs
BEPOATHOCTH JIOXKHBIX CpaGaThIBAHUI
IPHEMHBIX YCTPOHCTB Ha HX BBIXO-
[ax BBOLHUTCS 3aMejJieHHe. DTO CBsi-
3aHO C TeM, UTO BBIGPOCHI IIOMEXH,
TPEeBHIIAOINHE TOPOTOBBIH YPOBEHD,
KPAaTKOBPEMEHHBIE M IIPH COOTBETCT-
BYIOIIEM 3aMeJJIeHMH He IIPHUBOASAT

Kak scHo u3 mpepwiny-

’0 ! 2 3 4Znyp

i
SN

0 N

0 02 04 06 0.8 Znyp

SN

sz?énap) 5

Puc. 55. KpuBbie 3aBHCH-
MOCTH BepOSITHOCTH IPEBHI-
IIeHHU S TOMeXOH IOPOTrOBOro

YPOBHS:

a — rnoJiHaa KpHuBas; 6 — KpH-
Basg ImpH Zpop< 1.

K cpabaThiBaHHUIO BBIXOJHEIX YCTPOHCTB NpHEMHHKOB. $ICHO,
YTO YeM HU2Ke BLIOpaHa BeJIMYMHA Zp,p, TEM HEOGXOLUMO G0JIbilee

3amesienne. I1pu atom GrIcTpo-
JedCTBUE CHCTEMBl Iepefayu
uHpOpPMALHH  COOTBETCTBEHHO
CHUXKAeTCs.

Y3KonogocHblil ayKTyanu-
OHHBIH Tpouecc. Y3KOIOJIOCHBIH
(GayKTyallMOHHBIH MpoLecC Xa-

pakrepusyercda TeM, 4YTO IIHUPH-  Puc.

Ha ero cIekTpa OTHOCHUTEJIbHO
MaJjia o CpaBHEHMIO CO CPEHEH

56. YskomonmocHeIH aIyK-
TYallHOHHBIH Mpowecc.

yacroroi crekrpa ¢uykryanuit. Taxkoro poga mpouecc umeercs

Ha BBHIXOJle Y3KOIIOJIOCHBIX IPHEMHBIX

ycTpoiicTB. B atom cay-

yae QuyKTyanuoHHble KOJeGaHHs HMEIOT BHJ CHHYCOHLAMbHOM
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BOJHE! ¢ yacToroil, Giu3KoH K CpejHeH 4YacToTe NOJOCH Ipo-
IyCKaHHsl IPHEMHHKA, AMIVIUTYA2 KOTOPOH NDHHHMaeT CJy-
yajinple 3HaueHus. IIpUMepHBIH BHJ, y3KONOJOCHOTO (IyKTya-
IIMOHHOTO IpoLecca npuBefieH Ha puc. 56. CKopocTh H3MeHeHHs
AMIUIATYIBl ero KoJeGaHMi onpefesiAeTcsl LUIHPHHOH II0JIOCHI
IponycKaHus HPHeMHHKA. DTO OOBACHAETCA TeM, YTO Y3Ko-
roJiocHas cucreMa 06JafiaeT 3HAYUTENbHOH HMHEPIIMOHHOCTBIO.
Jns M3MeHEHHsI ee COCTOSIHHA HeoOXOZMMO 3aTpaTHTb ompe-
IeJIeHHYI0 SHEprHi0 M NPH OTPAHMYEHHOH MOIIHOCTH BO3MY-
IIEHU#, BHISBIBAOMUX GJIYKTYyalyH, 5TO H3MEHEHHEe IPOMCXOLHUT
MeJIJIeHHO.

§ 4. METOIbI NOBBIMEHNA
CTATAYECKONI
IIOMEXO0Y CTOMYNBOCTH
TEJEYIOPABJIEHAA

Craruyeckas NOMeX0yCTORYHBOCTD TeJeyIIpaB-
JIEHHSI 3aBHCHT OT IIOMEXOYCTOHYMBOCTH NPHEMHHKOB 3JIeMeH-
TAPHHIX CHUTHAJOB H MPUHSATOTO MeTofa KoJ00Gpa30oBaHHUS.
IToMexoyCTORUHBOCTE NPHEMHHKOB 3JIEMEHTAPHBIX CHUTHAJIOB
NOBBIIIAETCS NPH CYXEHUH HX IOJIOCH NPONyCKaHud, a TaK-
JKe NpU YBEJHYEHHM OTHOCHUTENLHOIO Iopora cpabaThlBaHUSA
W BeJMYHHBl 3aMelJieHHs Ha Beixofe. lamenss stm mapa-
METPEH!, MOXKHO IPaKTHUeCKH o6ecreynTb TpeCyeMylo CTeneHb
MOMEXOYCTOHYHBOCTH NPHUEMHUKOB NPH CYIIECTBYIOMIUX IOMe-
Xax B KaHanax CBSI3W NPOMBIIIEHHBEIX YCTPOHCTB Teseynpas-
Jenua. OfHAKO NPU 3HAYUTENBLHOM YPOBHE IOMeX HEH3GeXHO
CHIKeHHe OBbICTPONEHCTBUS.

Ilpu 3ajaHHON NOMEXOYCTOHYHBOCTH NPHEMHHKOB CTaTH-
yecKasi INOMEXOYCTOHYHBOCTb TeJIeyIPAaBJEHHUS OINpelessiercs
NPHHATHIM MeTOAOM KofooOpasoBaHusa. Craruyeckas NOMexo-
yCTOHUMBOCTb KOJOB OLIEHMBAETCS B 3aBHCUMOCTH OT BEPOSITHO-
CTH 06pa30BaHUsA KONOBBEIX KOMOMHAIMA 13 nomeXx. UeM MeHbIIe
BeJIMYHHA BEPOSTHOCTH OOpa30BaHMA KOJOBBIX KOMOHHAIMH
U3 NOMeX, NPY 33JaHHOM HX OTHOCHTEJHHOM YPOBHE, TEM BBIILle
CTaTHYECKasi NOMEXOYCTOMYMBOCTb KOAA.

OCHOBHBIM METOJIOM NOBHILIEHHS CTATHYECKOH IOMEXOYCTOH-
YUBOCTH KOLOB IIPH 3HAYUTEJbHOM ypOBHe IIOMEX SIBJIAETCS
UX YCJIOXKHEHHE C yBeJIMYeHHeM KOJIM4eCTBa UMIYJIbCOB B KOJO-
BbIX KOoMOMHAuHusAX. PaccmoTpum 3To Ha mIpHMepe CpPaBHEHHS
CTaTHYECKOH MNOMEXOYCTOHYHBOCTH YACTOTHHIX H YaCTOTHO-
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BPEMEHHEIX KOJOB C CTATHYECKOH NOMEXOYCTOAYHBOCTHIO OJHO-
YaCTOTHOrO curuana (puc. 57).

Ilpu Hew3aMeHHOH MOIIHOCTH CHTHaja Nepexoi OT OJHO-
YACTOTHBIX HMITYJIbCOB K MHOIOYACTOTHBEIM CONpSIKEH C POCTOM
BEPOSITHOCTH JIOXKHBIX CPAGaTHIBAHHH NPHEMHHMKOB YaCTOTHBIX
CHTHAJIOB, TaK KaK MOIIHOCTb OTHENbHBIX YACTOTHBEIX COCTAaB-
JISIOIMX TIOHHIKAETCSI COOTBETCTBEHHO YBEJHUYEHHI0 MX KOJH-
gectBa. OnHAKO TNpPH JOCTAaTOYHO BBLICOKOH INEepBOHAYAJNBHON
NIOMEXOyCTOHYNBOCTH NPHEMHHKOB BepPOSITHOCTb OOpa30BaHHS
JIOXKHOH KOMOHHALMH TIpH

MHOIro4aCTOTHOM CHUTHaJIe f 7 7 17
1 1 | /s
YMEHbIIACTCS, TAK KAK OHO-  [——=—
BDEMEHHO HJH B OTpeieseH- a 5 5 13»
HOH ocJie10BaTeIbHOCTH j; fz st i
JOJKHO cpaboTaTh HECKOJIb- —— 8 2
KO TpPHEMHHKOB.
YBennyeHHe BepOSATHOCTH
JIOXKHBIX cpa6aTblBaHUH OT- Puc. 57. OgHouacToTHHIH H MHO-
JeNbHBIX TPHEMHHRKOB MpH c:::“:;o?ﬂe CHIHAJIBL
a — OoJiHOYa H. H — IABYXYacToT-
MHOIO4acTOTHOM CHrHaje HBIR (meua H3 Komﬁunaunﬁy CMEHHO-
- Kona); 6 — qacToT-
MOKHO yHeCTb BBe/CHHEM KO Rorh (omta 55 KoWBNnanE ascroaORe
Sq)qJI/IIlI/IEHTa Koja Ha CcoYeTaHHsi); & — 4deThlpeX-
. 9acTOTHBIE (ofjHA U3 KOMOHHALHE m)a-
2 MOJHOI'O CMEHHOIOCBIJIOYHOI'O KOA2).
km = Om ’ (6-16)

Te p U p,— BEPOATHOCTH JIOXKHBIX CPaGaTbiBAHMI YaCTOTHBIX
NPUEMHHKOB TPH OLHOYACTOTHOM H /711-UaCTOTHOM
CHTHAJE.

Tak xak p; < p,,, 10 k& > 1.

OnpenenuM 33aBHCHMOCTb BeJHYMHBL %, OT KOJIHYECTBA
YACTOTHBIX HMITYJIbCOB, MOCHIIAEMBIX MApaJJeJbHO HIH TOCJe-
JOBaTeNbHO, TpPH (IYKTYalHOHHBIX mnoMexax. [las aroro
BBEJIeM CJeAylomne 0o603HAYEHHs:

W, — yhenbHAs MOIHOCT TOMeX (HA 1 2y MOJMOCHI),

Ip 1 Afcp — TOK M mojioca CpaGaThIBAHHS HCIOJHHTEJBHBIX
YCTPOHCTB HA BBIXOJ€ TNPHEMHHKOB YacTOTHBIX CHTHAJIOB,
fo — yacTora HACTPOHKM NPHEMHHUKOB 4YAaCTOTHBIX CHIHAJIOB.
Torza oxunaemoe YHCJIO NpoxoxkaeHHH (B 1 cex) Toka momex
Ha BBIXOJE CPABHHTENBHO Y3KOMOJOCHBIX NPHEMHHKOB uYepes
3HaveHne [, C MOJIOXKHTeNbHOH KpyTusHo#t [25]

Igp
Fy = foe Tl (6-17)
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Ecny Ha BRIXOZE NMPHEMHUKOB YAacTOTHBIX CHIHAJIOB 3aMefl-
JeHHEe He TPHMEHSIeTCsl, TO NPH KaXAOM NPOXOXKIEHHH TOKa
rioMex uepes 3HaueHHe [, C MOJIOKUTENHLHOH KPYTU3HOH HCMOJ-
HHTEJIbHBIE YCTPOHCTBA NPHEMHHKOB OYAYyT JIOXKHO cpabaThl-
Batb. CreloBaresbHO, H3 BeipaxeHus (6-17) MOXHO onpefenuThb
OKH/IAeMO€ UHCJIO JIOXKHBIX Cpa6aThbiBAHUI NPHEMHHUKOB B 1 cex
TpH JAHHOH YIeJbHOH MOIIHOCTH NMOMeX. OTa BeJHUHHA P acTeT
[pH yBEJHYEHHH YaCTOTHl HACTPOHKH NPHEMHHKOB H YMEHb-

HI1aeTcs NMpPH CYXEeHHH HX IOo-
\ JIOCHI CpaGaTLIBAHUS.

OXHgaemMoe 4HCJIO JOXKHBIX

l

x
' cpabateiBaHH# B 1 cex MOXKHO
\ \ 3HAYUTENbHO CHH3UTHL BBeJe-
07 HHEM 3aMejJleHHs Ha BHIXOJe
\/ \?\3’ G NPUEMHHKOB YaCTOTHBLIX CHTHA-
JIOB, YTO NPAKTHYECKH Bceraa
BhInosHsIeTcs.  DPPeKTUBHOCTH
3aMeJJIeHHsT BO3PACTaeT MpHU
AN YBEeJHUEHHH YacTOTH HACTPOH-
\\ L KH NPHEMHHKOB. XOpOLIeH HJI-
005 Of 0/5 02 fygeev JUOCTPALMEH 3TOTO SIBJISIOTCS
5KCIePHMEHTA/IbHBIE  KDHBHIE,
Puc. 58. Kpusbie saBucuMocTH IPHBEJEHHBbIE HA pHC. 58. Mcnbl-
YHCJIa JIOXKHBIX cpa6a'rbIBai{uﬁ Yac-  THBAJNMCh YACTOTHBIE NPHEMHH-
o mpreonnos %09 g, o notocoli mpomyerarm
1, 2, 3, 4 — npu HacTpolike NpHEeMHH- 80—100 214 KaxJpli B OT-
Ka COOTBETCTBEHHO Ha 9gacToThl 2340, JI&JIbHOCTH H B KOM6HH3]J,PIHX
140,780 u 540 4. " mo mpa [24]. Ha Bxox mpuem-
HUKOB IOABATHCH MOMEXH B
BUlie PAasroBOPHBIX TOKOB IpH ypoeHe 0,5 Hen wu pe-
THCTPHPOBAJIOCh KOJIHUECTBO CpaGaTbIBAHUHA KaXIOro MNpH-
eMHHKA B OTHEJbHOCTH H B KOMOMHALMsSX IO ABa 32 Ompe-
JeJeHHBIH MpoMexXyToK BpeMeHH. 3 KpuBbix (pHc. 58) xoporo
BHJHO, YTO C YBe/JHYEHHEM YACTOTHl HACTPOHKH IPHEMHHKOB
5(hdeKTHBHOCTb 3aMe[JIeHHs] Ha BBLIXOJle 3HAUUTEJBHO IIOBHI-
waercsa. CrefoBaTesnbHO, JAJs TNOBBILEHHs] GbICTPOAEHCTBHS
4acTOTHBIX ycTpoiictB TY—TC Heo6X0oUMO YBeJHYUBATDH

4acTOTy CHTHAJIOB.

Ilpn mapannesbHOH TNOCHIIKE HECKONBKHX YACTOTHBIX
HMIYJbCOB OXKHAAeMOEe YHCJO JIOKHBIX CPaGaThIBAHME INPH-
€MHHKOB MOXKHO OINpeJe/uTh - U3 BhlpaxeHua (6-17) mny-
TEM COOTBETCTBYIOIIETO YBEJHUYEHHS YACNbHOH MOLIHOCTH
noMex, a8 TNPHU IOCJeJOBATENbHOH MOCHLIKE — COOTBETCT-
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BYIOIIUM  yBeJH4YeHHeM IOJiockl cpabaTeiBanus. CiregoBa-
TeJIbHO,
]2
—_——c .
Fp=foe mWntlep, (6-18)

TAe m — KOJHUYECTBO YACTOTHBIX UMMNYJbCOB, MOCHIJIA€MBIX
napanne/jibHO HJIH IOCJIENOBAaTEJIBLHO.

U3 artoro YyPaBHEHHSsI MOXXKHO 3aKJIIOYHTD, UTO NapaJijiesbHas

UJIH NOC/IeI0BATEIbHAS TIOChIJIKA YACTOTHBIX HMIYJIBCOB C TOUKH

3pE€HHA CTAaTHYECKOH IIOMEXOyCTOﬁ'-II/I- K

BOCTH 9KBHBAJIEHTHA. DTO OOBsCHAETCS
TeM, YTO MOUIHOCTb HMIYJbCOB OAMHA- m-6
KOBa.
Bennuuny Koshouuuenta k,, MoxuHo 0
OlpeNesiuTh M3 BhlpaxkeHuit  (6-17)
H (6'18) I<2:p
by — T2 = PTblep (1= ) 2 24
m = F; . (6-19)
"Ha puc. 59 npuBeseHs! KpPIZBBIe 3a- 0 y
BHCHMOCTH K, OT BEJHYHHBI Tep HOpH / ///’7=2
n-/c
PasJMYHBEIX 3HAueHusx m. K3 STH)? KpH- 04/
BbIX MOXHO 33K/IIOYHTb, 4TO NPH 3HAYH- 5 5 1%
TEJIbHOM OTHOCHTEJIEHOM YPOBHE IIOMEX Wit
ky < m. Puc. 59. Kpusble 3aBu-
CHMOCTH BeJIHUHHBI &,
Jlanee onpenenum yc/0Bud, IpH KOTO- OT OTHOCHTENILHOIO
PBIX CTaTuyeckas rIOMEXOYCTOﬁ'-IPIBOCTb YPOBHS MOMeX.

MHOTOYaCcTOTHOTO CMTHaJa IOJy4aercs
BbILITE OQHOYACTOTHOTO. Ipyu He3aBHCHMEIX HCTOUHHKAX MCKaXKe-
HHUH BEPOSITHOCTD JIOXKHOTO CPaGaThIBAHHS OLHOrO U3 N, 4acToT-
HBIX IPUEMHHKOB INIPH OJHOUYACTOTHOM CHT'HAJIE

Pa (l) = Nups (1 - pl)N"_l ’ (6'20)
a mpu
p1 K1 pa(l) = Nup;.

BeposiTHocTh 0GPa30BaHMA ONHOH JIOJKHOH KOMOHHAILMH
NIPH M-4aCTOTHOM CHTHaJe

pa (m) = C7' (kyp)™ (1 — kppy)™=",
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a npu :
P11 pa(m)=Cy (kp)™, (6-21)
TIe n — YUCJIO YACTOTHBIX MNO3MLUMH NpH NapanienbHOH Io-
ChblIKe (YacCTOTHOM pasJe/ieHHH) HJAH KOJHYeCTBO
YACTOTHBIX KAauecTB IPH IOC/]ENOBATeJbHOH MOCHLIKE
(BpeMeHHOM pa3sfiesieHun);
m— KOJINYeCTBO UMNYJbCOB B OJHOH KOMOGHHAIMH.
W3 Bripaxennit (6-20) u (6-21) nosnyuaem
p,}[ (1) _ N npl
Pa(m) = CF (kmpy)™
Tak KaK CpaBHeHHe HeoGXO/JMMO TNPOU3BOJAUTbL NMPH PaB-
HOM KOJIMYecTBe NPHKA30B, TO
Ney=Cl'n
pa(l) 1
pa(m) — gmpm—1’
IMpy 3HAUMTESBHOM OTHOGUTEJHHOM YpOBHE MOMeX, KakK
caenyer u3 puc. 59, k; MOXKHO NPHHATH PaBHBIM m. Toraa us

ypaBHeHus - (6-23) HeTpyAHO ompepe-
Tabauya 25 JAUTh, YTO Tpu m =2 u p; > 0,25
IoBbilieHHe  CTAaTHYECKOH

(6-22)

(6-23)

NOMEXOYCTOHYHBOCTH MHO- pa (1) < pn(m).

ro4acToTHOro CHrHaja mno

CPaBHEHHIO C OJHOYacCTOT- CnenoBatesbHO, €CJAH  IOMeXo-
2

yCTOAYMBOCTb TPHEMHHKOB HH3Kaf,

HEIM TIpH W:Apf =3 ® 10 GoJee BBICOKYIO CTATHUECKYIHO NO-
p, = 0,01 P MeXOYCTORUHBOCTb ~ TeJeyTpaBJeHus
MOXKHO TOJIYYHTDb HPH OZHOYACTOTHOM

m Em Path) CHTHAJE.
P (m) Ecnn noMexoyCTOHYMBOCTb NpH-
, €MHHKOB JIOCTATOYHO BBICOKasi, TO He-
2 2,1 23 ,  CMOTDsl Ha 3HAYHTJIbHbIH OTHOCHTE/ID-
3 21 o 1‘84 Hbif  yPOBEHb TOMEX, BEPOATHOCTS
6 35 | 75.100 JIONHBIX CDaGaTLIBAHMI OTHEJbHBIX
npuemunkoB p; < 1.-B atoM cayuae

NpHMEHEeHHe MHOTOYaCTOTHOTO CHTHa-
Jia MOXKET 3HAUUTE/IbHO MOBLICHTh CTATHUECKYIO IOMEXOYCTOH-
YHUBOCTb TeJeYNpPaBJIEeHHUS. pA1)
B Tta6n. 25 npuBejeHbl 3HAYEHHS OTHOIMIEHHS] —-—, TOJY-
YeHHOTO H3 BhIpakeHus (6-23) mpu a(m)
Iz,
Wair, 3u p =0,0I
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Kaxk BunHo u3 Tabs. 24 0co6eHHO 3HAYMTENBHOE MOBLILIEHHE
.CTATHYeCKOH HOMEeXOYyCTOHUHMBOCTH IHoOJyYaeTcss Npu m > 4.
OTH 3HaueHHs AJS M MOXKHO CPABHHTEJHHO NPOCTO NOJNYUHTh,
NPUMEHSIsT CMEHHONOCHLJIOYHbIE KOLBL

HampuMep, p/is HeNosHOro CMeHHOMNOCHVIOYHOrO KOJAa MNpH Ny = 2
Hom=2
m=mmn,=2.2=4

Jlnsl aHaJIOrHYHOrO IIOJTHOrO CMEHHOIOCHIJIOYHOTO KOAA
m= mq+ 1= 3,

TaK KaK B COCCAHHX KOMOHHALUSX 3TOrO KOja AONMycCKaeTcs NMpPHMeHeHHe
BCceX ONMHAKOBHIX 4acTOT, KpoMe oxHofi. ClefoBaTeNbHO, 3TOT KOJ HMeeT
Goslee HH3KYI0 CTAaTHYECKYIO NOMEXOYCTOHYHBOCTb.

[loBhilleHHE CTATHYECKOH NOMEXOYCTOHYMBOCTH IIPH MHOTO-
HMIYJBCHBIX KOJAX IO CPABHEHHMIO C OJHOUMIYJLCHBIMH CUTHA-
JlaMH OCOGEHHO 3HAYHTEJbHO NPH MaJblX pi, HampuMmep, NpH
p1= 0,001 u m = 2,

- 1y
PaD) _ 950, a mpu m =3 Pa (D = 5,1 - 104

Pn(m) py (m)
[MoBbllleHHE CTATHYECKOH MOMEXOYCTOMYMBOCTH TeJeynpaB-
JeHHUs] MPUMeHeHHEM YMCI0BOH 3amuThL. B ycTpoiicTBax TeJe-
YIpaBJeHHs HCNIOJB3YIOTCS TONBKO KOMIUIEKTHBIE KOIBI, KOJIH-
YeCTBO 3JIEMEHTOB B JI0G0H KOMOMHAIMH KOTOPBIX IOCTOSTHHO.
TlosToMy OGBIYHO NPHMEHSETCS YHMCJOBasi 3amuTa, KOTopas
cpaGateiBaeT NMPH KOJHYECTBE 3JIEMEHTOB B KOJOBOH KOMGHHA-
MM, OTJIMYalomeMcss OT 3ajannoro. IIpu aToM mnpuKas He
BBINONMHSAETCS (MPOMCXOLHUT 3AIUTHBEIA OTKa3).

Ipu HCTIO/Ib30BAHMH YHCJIOBO# 3AIIUTHI CTATHYECKAST TIOMEXO-
YCTOMUHBOCTh TeJIEYNPABJIEHHS 3HAYUTEJBHO NOBBIIAETCS, TaK
KaK B 3TOM CJlyyae JIOXKHBIH NPHeM B CTaTHYECKOM pexHMe
paGoTHl YCTPOMHCTBA TeJIeyPABJIEHUS MOKET IPOH3OHTH TOJBKO,
ecJay Tomexa GyeT TOYHO COOTBETCTBOBATH ONHOM U3 KONOBBHIX
KOMOGUHALKE, YTO INpPH CJOXKHOM 3aKOHe KOL0oGpa3oBaHHs
MaJIOBepOsiTHO.

OnpegenumM 5((HeKTHBHOCTb YHCJOBOH 3aIIMTHI, HANpHMED,
NPH HCTNONb30BAHHH CMEHHONOCHIIOYHBIX KofoB. B Konax
5TOTO THIA YHCJIOBAsl 3aIUTA MOCTPOEHA HA KOHTPOJE YHC/IA
MMIyJIbCOB B Kasioil OTAEJBHOH TockuiKe Koga. ITpu  Kosm-
YecTBE OJHOBPEMEHHO NPHHATBHIX YACTOT, GosibIUeM Mg, Cpa-
GaTbiBaeT 3amuTHOE YCTPOHCTBO H BhLINOJIHEHHE IPHKAa3a HE
IPOHCXOJHT.
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~ Onpegenum BepOSITHOCTL JIeHCTBHSI 3AIIUTHI, XapaKTepH-
3yiolell MOBLILIEHHEe NOMEXOYCTOHUYMBOCTH YCTPOHCTBA TeJe-
ynpasJieHus. BeposiTHOCTb OLHOBPEMEHHOTO cpaGaThiBaHuUs
(ms + 1) KOHKpeTHBIX YACTOTHBIX NPHEMHHKOB

Pimat1) = (Rppy)™ 1.

OnHOBpeMeHHO MOTYT ObITh MNPUHATHL JIOGble U3 (g 1)
yactoT. Ko/iHyecTBO TaKux KOMOMHALMH PaBHO YHCJY COUeTa-
HUH U3 1y N0 (Mq-+ 1). [TosTOMy BepOSTHOCTD AeHCTBUS YHCJIO-
BOH 3alIUTHI MpH TpHeMe (mq-+ 1) yactor

Y ps = Ct ()™

Heo6xonumo Takike yuecTb, YTO OJHOBPEMEHHO MOXKET
cpabotath Gosblue 4YeM Mg+ 1 TNpuUeMHHKOB. BeposiTHOCTDL
JeHCTBHS 3amUTEl NPH [ OLHOBPEMEHHO NPHHHMAEMBIX YacTOTaX

i
Pps = Cny (kmpy)’.
B pesysbraTe nmoMexH MOXKHO NpPHHATH JHO60e KOJHYECTBO
4acToT, He TNPEBLILIAIONIEE f14. CJIEILOB&TEJIBHO, B OGHLEM cJay-
Yyae BepOATHOCTDb ,LLEI';ICTBI/IH 3aMIUThI
. Ny

ps = (kmp.) Che (6-24)
+1

i=my
Ecan (k,,p)!C, < 1, To uneHaMu, B KOTOPHIX [ > (m, + 1),
MOXKHO INpeHe6peyb BCJEJCTBHE UX MaJjoH BeJHUYHMHEL.
Torga Beipakenue (6-24) ympomaercs
ps = (kup)™HCoit,
[Ipn n, nocelIKax
ps = g (kyp)™HC T (6-25)

AHaNOTHYHO MOXKHO OIPEJe/UTh BEePOATHOCTH JIOXKHOTO
npreMa He MeHee OJHOH KOZOBOH KOMOMHAIMH CMEHHONOCKHI/IOU-
HOTO Kofia. BeposiTHOCTD JIOXKHOTO NpHeMa ONHOH KOJNOBOH KOM-
CHHAIMM B CTATHUECKOM peXXHUMe paGoThl YCTPOHCTBA TeJe-
YyNPaBJEHUA JJi CMEHHOIIOCHIIOYHBIX KOJAOB, KOTAa INomexa
TOYHO COOTBETCTBYeT 3Toii KomGunaumu, mpu p; K 1

Pa (m) = M (k,,p)"™", (6-26)

rae M — KOJIMYECTBO HCMOJb3yeMbIX KOMOMHALMH Koja.
[TockoabKy moMexa BKmiouaeT B ce6e KOJOBbE KOMOHHAIHU
C KOJHYeCTBOM YacCTOT B IIOCBLIKAX OT My JHO Ny, TO IIPHU
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OTCYTCTBHMH YHCJIOBOH 3alUTHl NOJHAS BEPOSITHOCTH JIOXKHOTO
TpHeMa. -

pa(m) = (k,,py)™ " i_Zm M, (6-27)

ny

rge Y, M, — cyMMapHOe YHC/JO KOZOBHIX KOMGHHALMI, MO-
=My
JlydaeMoe NPH KOJHYECTBE YACTOTHBIX HMITYJIb-
COB B IIOCBIIKAax OT My A0 g,
Hanpumep, [s15 1OJTHOrO CMEHHONOCHIJIOYHOTO KOJA HA coue-

TAHUSA
ny—1

p;l (m) = (kmpl)mqna 2 CZ?(. (6-28)

I=my Ny
B cymMe BepxHu#l mnpujes NPHHAT PaBHbIM Ny — 1, TaK Kak
MOJIHBIE CMEHHOIIOCHIIOYHBIH KOZ MpH [ > g — | He MoxKer
6bITh oCpasoBaH. COOTBETCTBEHHO JJisI HENOJHOTO CMeHHO-
NOCHLIJIOYHOTO KOJiJa Ha COYETAHHS BepDXHUH MNpeles A0/KeH

n
OBITH —2—“ . ns sToro Koja npu 1, = 2 BbipakeHue (6-27) uMeet

BH]J
ngf2

' 1 ~i i
Pa(m) = (o)™ ¥ & ChiChocs (6-29)
i=my
ObdeKTHBHOCTS YHC/IOBOH 3aIIUTHl HJIIOCTPUPYETCH CJEAYIOLULHM
npumepom. Ilpumem, uro m, =2, n, =2, n, =6, kpy=mn, =2 .2=
=4 u p; =0,0025. BeposaTHOCTb JIOXKHOI'O NpHeMa AJI NOJHOI'O CMeH-

HOMOCLIIOYHOI'0 KOJA HAa COUeTAHHS NPH OTCYTCTBUH UHCJIOBOM 3al[HTHI
U3 BHpaxeHud (6-28)

5
py(m) = (4 - 0,0025)¢ ¥ c§é=(0,01)4 415 =4,15. 1078,
=2

BeposiTHOCTL AJisi HENMOJNHOrO Koja, M3 BHpaxeHHd (6-29)
3

1 .
p, (m) = (4 - 0,0025)* 2 & CiCh_=(0,01)¢ - 55=55. 1077,

i=2

BeposiTHOCTh J10KHOrO mpHeMa NPH HAIHYHH YHCIOBOM 3aliHTH LIS
TIOJIHOTO CMEHHOIIOCHIIOYUHOT0 KOJAa, H3 BHIpaxeHus (6-26)

Py (m) = (4 - 0,0025)4 c%zé = (0,01)* - 105 = 1,05 - 1078,
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Toxe NS HENONHOrO KOoxa
p, (m) = (4 - 0,0025)* % C%Cﬁ__2 = (0,01)*.45=45". 1077,

BeposTHOCT AefiCTBHS 3aIHTH, M3 BEIpaxKeHHs (6-25)
ps =2 - (4-0,0025)3 - Cg =2(0,01)3.20=4.1075,

M3 nmpuBenenHoro mpuMepa BHAHO, YTO INPUMEHEHHE YHCJIOBOM
34IIUTHl 3HAYNTENIBHO MOBBHIIAET CTATHYECKYIO IOMEXOYCTOMH-
YHBOCTb TeJIeyNpaBJieHusi, TaK KaK BepOSITHOCTb JeHCTBHS
3aMIUTEl HAMHOTO IIPEBBINIAET BEPOSTHOCTH JIOXKHOTO MpHEMA.
Oco6eHHO AJ1s1 HEMOJHOTO CMEHHOMOCHIIOYHOTO KOJa.

IoBbiienne cTaTHYECKO MOMEXOYCTOHYHBOCTH TeJeynpaB-
JeHHs] TPHMeHeHHeM BpeMeHHOM «OTcedYKH». [/ TOBBIIEHHS
CTaTHYeCKOH IOMEXOYCTOHYMBOCTH TeJIey P aBJIeHHU s IPH HCIIOJIb-
30BaHHM MHOTOMMITYJIbCHBIX CHTHAJIOB (KOXOB), MepejaBaeMbIX
NOC/IeOBATe/IbHO BO BpeMeHH, OueHb 3(QeKTHBHA BpeMeHHas
OTCeYKa, HCKJIOYalomasi HaKOoMJeHHe OMHGOK B CTATHYECKOM
pexume paGoTl YCTPOHCTBA TesieynpaBieHusl.

Haxonsenne omuGoK 3aKao4aeTcst B TOM, YTO OT/IEJbHEIE
MMITYJIbCH KOJA JIOXKHO (PHKCHPYIOTCSl YCTPOHACTBOM TeJsieynpas-
nenusi. CHavyana — mepBHIA HMIYJbC, 3aTeM Yepe3 3HAYHTE/b-
HBIl IPOMEXXYTOK BPEMEHH — BTOPOH HMMYJBC H TaK jajee —
JI0 TIOCJIEJHEr0 MMIyJbca KomMOGuHAuuu. Takum o6pasoMm B pe-
3yJIbTaTe HAKOIUIEHHsSI MOXKeT o6pasoBaThbCsl JIOKHAsI KOJOBAasl
KOoMOHHAIMs. BeposiTHOCTb 06pasoBaHMsl TakKoi KOMGHHALMH
IPH JAHHOM OTHOCHTEJBHOM YpOBHE IOMEX TeM Bblllle, 4yeM
HIXKE IIOMEXOYCTOHYHBOCTb INPHEMHHKOB (MJIM . IPHEMHHKA)
OTZENbHBIX HMIYJBCOB KOJa (CIe0BaTeJbHO, BBILIE BEPOST-
HOCTb JIOXKHOTO CPa0aThbIBAHMSA NPHUEMHHKOB ppp) H GoJsblue
NPOMEKYTOK BPEMEHH MeXIy Tnepefaueil OTIe/NbHBIX KOMAHJ.
[IpuHIMD OCYIIECTBNIEHHS] BPEMEHHOH OTCEYKH MOSICHSIETCS
BpeMeHHOH amarpammoii (puc. 60), mpuMeHHTeNBbHO K (uKCa-
IIMH CMEHHOKAYeCTBEHHOIO Koja. YCTPOHCTBO BpeMEeHHOH OT-
ceukn ¥BO po/mkHO cpaGaThBaTh NpPH CPaGaTbIBAHHH JIIOGOTO
U3 NPHEMHUKOB YacTOTHBIX curHanoB [I4C, mpuueMm f.p=z 2f;.
Bpems Boigepkkn YBO [o/KHO OblTh fys< fy, TOCTE Yero
YCTPOJCTBA 3aNIOMMHAHUSI HA BBIXOLE BcexX npueMHHKoB [19C
cOpachIBAIOTCS M BBHINOJHEHHE NPHKA3a 3ampeliaercs.

Ilpn nocTyn/eHHH NOJHOYJEHHOH KOJOBOH KOMOGHMHAIMH
f1, fa» fs BBIXOHHOE ycTpoiictBo BY cpaGatbiBaeT. OpHako,
€CcJM 32 CYET NOMeXH cpaGaThiBAaeT TOJBKO OIMH NPHEMHHK,
nanpumep, IT9C (puc. 60), To yepes BpeMs fp-+ #, OH cOpack-
BaeTCsl W 3THM HCKJIIOYaeTCsi HaKOIIeHHe OLIHGOK.
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OpheKTHBHOCTL BPEMEHHOH OTCEYKH MOXKHO ONpENe/HTh
Ha OCHOBAaHHM CJEAYIOIHUX coobpaxeHuil. Ecau BpemeHHas
OTCeuKa He NPHMEHSETCS, TO BepPOSTHOCTb OOPA30BAHMS JIOXK-

e
~— ty— llomexa
5 5 B |5
AC 7 2 3 i t
|
|
| ].\ |
e, —
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Y 4 \
e | L !
|
1 VTN |
4Gy | ' T [ I
3 | ! | I
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980 ~— l‘[rlg —rt Z‘y —= i’cp *ty
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B8Y

Puc. 60. BpeMennast guarpamma, noscHsiomas pa6oTy ycTpoiicTsa
BPEMEHHOH OTCEuKH.

HOH KOMOGMHAIMM MOXKHO IPHHATb PAaBHOH BEPOSITHOCTH JIOX-
HOrO cpaGaThiBaHus OHOTO NpPHeMHHKA M3 Npp. Ilpu pnp, < 1

Pa = Nﬂppnp» (6-30)
a NPHU HCHOJb30BAHUH BpeMeHHOﬁ OTCEeYKH
Pa = M (pp)"™, (6-31)

rie M — KOJMYeCTBO MCIOJb3yeMBIX KOMOHHAUHi Koga.

Hanpuwmep, npu pnp=0,01, n,=3, Npp =06, nJs CMeHHOKaueCTBeH-
HOTrO KoJa Ha coueTaHHsl ypaBHeHHH u3 (6-30) u (6-31)

p,=6-001=6-1072,

, n n 3 -

Pi=C(Pyp) ®=Cs (0,01 =2 . 1075,
Kak BuaHO u3 npumepa, spdeKTHBHOCTb BpeMEHHOH OTCeYKH
OYeHb BBHICOKAA (OCOOEHHO IIPH 3HAYMTENBLHOM KOJIHMYECTBE
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UMNYJbCOB B KomOuHauuu). CrefoBaTessHO, B MOMEXOYCTO M-
YMBBIX CHCTEMaXx TesieyNpaBJeHUs NPH BPEMEHHOM pasjesieH uu
HMITyJ/IbCOB NMPHUMEHEHNE BPEMEHHOH OTCeUKH 00s13aTelbHO.

§ 5. METO/IbI IOBBIMEHN 51 JIHAMIYECKOR
IOMEXOYCTONYUBOCTA TEJIE-
YIOPABJIEHA A

Jrnnamuyeckasi NOMeXOYCTONYHMBOCTD TeJe-
ynpaBJeHusi, KaK M CTaTHYeCKas, 3aBHCHT OT NOMEXOYCTOMH-
YHBOCTH TNIPHEMHHKOB M MeTOAa KomooOpasoBamusi. OHako,
€C/qM AHHAMHYECKass W CTAaTHUYECKasi MOMEXOYCTOHYHBOCTH 3a-
BHCHUT B PaBHOMH CTeNeHH OT NOMEXOYCTOHYHBOCTH P HEMHHKOB,
TO B OTHOIIEHUH BJIMSHHS METO/a KOZOOGDA30BAHUS HMEITCS
3HauuTesbHble OTHuMsl. Kak yxke oTMeuajoch, CTaTHYecKast
MIOMEXOyCTOHYHBOCTE MHOTOMMITYJIbCHBIX KOZOB MpH Ompeje-
JIEHHBIX YCJOBHSIX MOXeT OBbITb 3HAUHTEJHHO BBIIIE OXHOHM-
NyJAbCHBLIX CHTHAJNOB. B OTHOWEHHM JUHAMHYECKOH MOMeXxo-
YCTOHYMBOCTH OOBIYHBIX KOJOB MOJIOXKEHHE MNPSIMO MPOTHBO-
nosoxHoe. TTocKoMbKy JAJisT HCKaXKeHHs1 KOJOBOH KOMOHHAIHH
JOCTaTOYHO OOpa30BaHMS MM JOOABJEHHS TONBKO OJHOTO
*HMIYJbCa, TO JUHAMHYECKAss NOMEXOYCTOHUMBOCTb OOGBIYHBIX
MHOTOMMIIYJIbCHBIX KOIOB CHIXKAETCSI COOTBETCTBEHHO YBeJH-
YeHHIO KOJMYECTBA MMITYJIbCOB B KOMOHHAIMH, TaK KaK 5Hep-
THSl OTHEJbHBIX HMIYJbCOB yMeHbIIAeTcs.

JuHamuueckast NOMeXOyCTOHUHBOCTD TesleyNpaBJIeHUs OIl-
peresisieTci B 3aBHCHMOCTH OT BepOSTHOCTH 06pasoBaHHs
JIOXKHOH KOMOHHAIUH U3 NMEepPeNaHHON p, W BEPOATHOCTH IOLAB-
JICHHS] KOMaHAH! pp. OnHAKO NPH TeseynpaBjieHH o6pasoBanue
JIOXXKHOH KoMaHJpl Gosiee ONacHO 4eMm ee mojaBJjenue. Iloatomy,
KaK IPaBuJIO, NPH MOCTPOEHHU YCTPOMACTB TeseynpaBjeHus,
CTPEMSATCS MpexjJe BCero yMeHBUINTb BepPOSITHOCTb 06GpasoBa-
HHs JIOKHOH KOMOMHAIMH Jake 32 CUeT yBeJUYEHHs BEpOsiT-
HOCTH MOJABJIEHHS] KOMAaHIHI.

YMEHBIINTh BEpPOSTHOCTb OOPA30BAHHS JIOXKHOM KOMOHHA-
LU{H 33 CUeT YBEJHYEHHS] BEPOSITHOCTH ee MNOJABJIEHUS MOXKHO
332 CYeT COOTBETCTBYIOIIETO BhIGOpA mopora cpabaThIBaHUS
NPUEMHBIX YCTPOHCTB. [Ipn mpuGmuxeHun nopora cpabaTeiBa-
HHUs OPHEMHHKOB K YPOBHIO CHTHAja BepOSTHOCTb 06pPasoBa-
HHSl JIOXKHBIX KOMAaHJ yMEHbIIAeTCsl, a BEPOSTHOCTb MOJaBJe-
HusA KOMaHJ yBeanyuBaercs. OfHAaKO ypoOBeHb CHIHaJa IOA-
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BepraeTcsi H3MEHEHHSM, II03TOMY CHHXXeHHMe KosdduiueHTa
3amaca 1o cpaGaThIBAHHIO IPUEMHUKOB HEJOMYCTHMO.

[MpakTuyeckn B YCTPOHCTBAX TENEYNpPABJEHHS AJS STUX
uesiefl MPUMEHSIOTCS PasJIMYHOIO POJA 3AIIHTHI, KOTOPLIE OCHO-
BLIBAIOTCSI HA OGHAPYXEHHH MCKAKEHHUs! OTAEJbHBIX HMITYJib-
COB WJIM CHTHana B IejoM. HauGonee HaJexHBIMH SBJISIOTCS
yCTPOHCTBA 3aIUTLI, OCHOBAHHBIE HA KOHTPOJIE CHTHANA B Ie-
jgoM. [Idockoneky B ycrpoiictBax TV —TC npuMeHsIOTCS
TOJBLKO KOMILIEKTHBIE CHTHAJBL (COCTOSIIHE H3 TNOCTOSHHOIO
YhC/a MMIYJBCOB), TO IPH HCKAXKEHHH WM J0GaBJIEHHMH 32
CueT NOMeX OJHOrO MJIM HEeCKOJbKHX HMILYJILCOB B CHIHAJE HX
oflee KOJHYECTBO M3MEHsSETCS, YTO OGHAPYIKMBAETCS YCTPOM-
CTBOM YHCJIOBOTO KOHTPOJIA, KOTOPOE 3alpellaeT BHIMIOJHEHHE
HcKaxkeHHoH KoMaHabl TV unum curnana TC. Taxum oGpasom,
IpH OIpeZeeHHbIX MCKaXKEeHHUAX OCYIIECTBISAETCS MCKJIOUEHHE
JIOKHBIX KOMaHJ, 3a CUeT HX IOAaBJIEeHHs.

B ToM ciyuae, Koria nojaBjieHHe KOMaHJ TaK K€ Heo-
NyCTUMO, KaK M INOSIBJEHME JIOXKHBIX KOMaHJ, NpUMEHSIOTCS
pas/juMyHble METOAbl NOBBHIIIEHMS JHHAMHYECKOH IIOMEXOYCTOMH-
YHBOCTH TeJIEYNPaBICHUsT — IPEX/E BCErO NOBTOPEHHE KOMAH]L
IpH NPUMEHeHUH Pas3J/IMYHBIX 3AIUTHBIX YCTPOMCTB. 3alUTHEE
CXeMbl He JONYyCKalOT BBHINIOJHEHHsI HMCKaXKEHHBIX KOMGHHALMI,
H COOTBETCTBYIOIIAsi KOMAH/A JO/IKHA ObITh NOBTOPeHA. B mpo-
CTeHIIeM c/yyae NMOBTOPEHHE KOMAHAB! BLINOJNHSETCS LUCIIET-

_ YepoM.

OznHako Hpu mepexofe K IOJHOH aBTOMAaTH3aLMU JAHUCIIET-
YepCKOro ympaBJjieHHsi NOBTOPEHHE KOMaHJI TakKiKe aBTOMATH-
aupyercd. IlocKonbKy cHuKeHHe OLICTPONENCTBUSI He KeJsa-
TeJIbHO, TO aBTOMAaTHYeCKOe INOBTOPEHHE KOMAaH[, BBINOJIHSAETCS
10 3anpocy npu cpabaThIBAHMHU 3AMUTHBIX cxeM. [list 3ampoca
HeoOX0MMO Hanuyue 06paTHOIo KaHaJia CBsA3H, KOTOpHIi BCeria
umeetcst B yerpoiictBax TY—TC.

Hapsiny co cxeMHBIME METOAAMH MOBBILIEHHS AHHAMHUECKO#
[I0MEXOYCTOHUHBOCTH T€/IEYNPaBJIeHHs GOJbIIOe 3HAUYeHNe UMeeT
BEIGOp cmocoGa mepenaus KOMaHJ (CTPYKTYpHI CHTHAana W Me-
Tona KomooGpazoBaHus). JlOMONHUTENbHEIE BO3MOXKHOCTH OT-
KPBIBAIOTCS NPU HCNONB30BAHMH M30BLITOYHEIX KOLOB — C OGHa-
PYXKEHHEM M HCIPABICHHEM HCKAKEHHI.

CpaBHeHHe crnoc0GOB Nepeliayl CHIHAJOB MeTOJAMH TeOpHH
NOTeHUHANbHO TNoMexoycToiuuBocTH. Paccmarpusas ofmue
3aKOHOMEPHOCTY HAd OCHOBAHHMM TEODHM MOTEHIHMAJBHOH INOMe-
XOycToiiuuBocTH, paspaboTanHoli akai. B. A. KorenbHHKO-
BbIM [30], MOXXHO CpaBHHTb CIIOCOGHI Iepefayd CHCHAJIOB, He
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B2BasCh B JETAJH CHCTEMHl Iepefaud. Teopusi NOTEHIMAJb-
HOJi MOMeXOyCTOHYMBOCTH pa3paboTaHa NMPHMEHHTEJbHO K OI-
THMaJIbHOMY NIPHEMY CHTHAJIOB, H3BECTHHIX TOYHO, NpH HAJH-
YUK CTalMOHAPHOA (IYKTyalMOHHOH INOMEXH C HOPMaJbHbIM
3aKOHOM PacCIpe/ie/IeHUs] U OrPAHMYEHHBIM creKTpoM. Ilockosb-
Ky B YCTpPOHCTBax TeJeylpaBJeHHs] BO3MOXKHBIE CUTHAJIbL
M3BECTHBl 3apaHee, TO BLIBOJLI TEOPHH NOTEHIHAJbHOH NIOMEXO-
YCTOMYMBOCTH MOMKHO HCIIOJIb30BAaTh IJis CPaBHEHUS CIOCOOOB
nepenays KOMaH[ Te/eynpaBeHus.

B Teopum mNOTEHUHANBHOH IOMEXOYCTOHYMBOCTH JOKa3HI-
BAeTCsl, 4TO NpH HPUHSATHIX OIPAHMUEHHAX CYLIECTBYET MpUEM-
HUK, KOTOprI'r'I ofecneynBaeT MAKCHMAJbHYIO IIOMEXOYCTOM-
YHBOCTD AJis JAHHOTO croco6a nepefaun. Takoil NpUeMHHK Ha3-
BaH WJEA/IBHEIM, 3 COOTBETCTBYIOIIEE 3HAUCHHE HIOMeX0yCTOl-
YMBOCTM — TOTEHIMANbHOA TOMEXOyCTOMUHBOCTBIO Croco6a
nepenaun. IlosToMy napameTpy MOMXKHO OOBEKTHBHO CPaBHUTD
crnioco6bl Nepefayu CUrHAJOB.

Ilpurnun pa6oThl udearbHO20 NPUEMHUKA 3aK/I04aeTCs
B CPaBHEHHM IIPHHSTOIO CHUTHAJA, HCKAXKEHHOTO MOMEXaMH,
CO BCEMH BO3MOXKHBIMH 3HAUEHUSIMH HEe MCKaXKEHHOI'O CHTHAJa,
T. e. ¢ o6pasnaMu CurHajna, KOTOophle M3BECTHHL MieasnbHEIf
HNPHEMHUK BBIYUC/ISET HEPTHIO PA3HOCTH INPHHSATOTO CHUTHAJA
U o6pasna Jjis1 BceX BO3MOMKHBIX 3HAUEHHMH CUTHAJIA M OTHOCHT
NPUHATBHIA CHTHA K TOMy 06pasiy, AJs1 KOTOPOTO 3Ta 3HEpTHUst
MMHUManbHa. Hanpumep, eciau 1m0 KaHany CBSI3H B TEUEHHH
Bpemenu T mepejaercst OAHH M3 ABYX BO3MOXKHBIX CHI'HAJIOB
Ui(t) umn Uy(f) u ecnu B pe3ynbTaTe AEHCTBHS MOMEX OblJ
NPHUHAT curHan f(f), TO WAeaJbHBI NPHEMHHK BbIYHMC/ISAET

T

AE,= [ [U, () —F ()P dt
0

u
T
AE, = [ (U0 —F Ot
0
Ecan
AE; < AE,,
TO CYMTAETCS NPUHATHIM curHan U, (f).
Ecan
A E, > AE,,

TO CUUTACTCS NPHHATHIM curHan Ug(f).
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BJok-cxema uAeanbHOTO MPUEMHHKA NIl JBYX AUCKPETHHIX
CUrHa/IoB mpuBefeHa Ha puc. 61. O6pasuwl curnanoB U,(?)
u Uy(f) cosnatorcss B 6aokax 51 u 5 WIM CUHTHIBAIOTCS CO
cxem namatu. DJaoku omepatopoB 50; u 50, mpousBogsT
BolyncjaeHue BeauuuH AE; u AE;, a JOTHYeCKHH 5JIeMEHT
/15 OTHOCUT NpPUHATHIA CHTHAJ K TOMY U3 CUTHAJIOB, [Js KOTO-
poro 3Hauenwe AE MeHBbILe.

Kaxk ormeuaercs B pa6ore [7], HasBanue «uueanbHblil npuem-
HUK» HE COBCEM YAAuHO, TaK KaK CO3JaeT BIEUaT/JeHHE, UYTO
TaKo{ NPUEMHHK He MOXeT OHIThb peaju30BaH HA IHPAKTHKE.
B neficTBUTENBHOCTH HIEAb-

HBIfl IPHEMHUK BCETrJd MOXKHO
peasuzoBath. Hampumep, mnpu
nepefaue mpsIMOYroJbHBEIMU HM-

IyJbCaMU IIOCTOSIHHOI'O TOKa, 60, I
uieaNbHbE NpUeMHUK coctout KL PR
U3 MHTErpaTopa H NOporosoro /(%] [ I
ycrpoiictBa. Ilpu mepenave Ha 50 U]

Hecymel yacTore 0OBIYHBIH NP HU-
€MHHUK, COCTOSIIMH M3 II0JI0CO-
Boro GuibTpa C ONTUMAJBLHOH
TMOJIOCOH, yCHIIMTENST M GE3BI-  pyc. 61. Biok-cXeMa HieanbHOro
HEPIUOHHOI'O IOPOroBOT0 YCT-  mnpHeMHHKA A ABYX HUCKPETHHIX
pOJiCTBa, HMEET IOMEX0YCTOHYH- CHT'HAJIOB.
BOCTb, O/M3Kyl0 K IOTEHIH-
ajbHoOf. IlpuueM onTumanbHas mojoca ¢uiabTpa o6paTHo npo-
MOPIMOHANBHA AJUTENBHOCTH HMIYJbCa.

Ilpu npueme ABOMYHOrO KOAA TOCHIKM cHrHanoB U(f)
U Uq(f) paBHOBepOATHEL. B 3TOM C/yyae BEpOSITHOCTL OIIHGKH
npH [npiaeme NepeJaHHOrO0 CHI'HA1a HAeaJbHbIM [pPHEMHH-
kom [30

p=05[1—(@)], (6-32)

rie @ (z) — unrerpan BeposiTHOCTH (6-13);

T
1
*= 30 I/X W2 () = Uy (OF de,

rae U, — stdekTrBHOE HanpsKeHHe moMexu B mosoce 1 2y.
Ecau curHajibsl oT/iM4aioTcs TOJBKO 3HAKOM

U1 (f) = Uz (®),
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TO BeJIHYHMHA HMeeT MAKCHMAaJIbHOE 3HAYEHHe

2WT

(6-33)

rge E — sHeprusi curuana;
W. — cpeHAS MOIIHOCTh CHTHAJA;
T — AnuTesbHOCTL CHTHAJA.

Ecay oaun u3 curHasoB Nepejaercss naysoi, Hampumep,
U, (1)=0, 1o

2’ =0,52. (6-34)

Ecau curHanml mepegaioTcs IOCHIIKAMH pPas3HBIX YacToT, TO
1

2" =—=2. 6-35

s (6-35)

BepoaTHoCTh HeNpaBUJBHOTO IpHeMa Pe3KO MajaeT NPH yBe-
JauyeHHH 2. M3 Buipamenus (6-33) MOXKHO 3aKJIOUHTb, 4YTO
NIOMEXOYCTOHYMBOCTb HAEANBbHOTO IIPHEMHHKA OIpenesieTcs
OTHOLIEHHEM 3HEPTHM CHTHAJAa K KBajApary yIe/NbHOro Hamps-
JKEHHs TOMEXM M He 3aBUCHT OT IloJslochl Kanaja. Ilpu 3anau-
HOM OTHOIIIEHHH CPefHeH MOIHOCTH CHTHANIA K KBAPATy yIe/b-
HOTO HAIPSIKEHUST NOMEXU IIOMEXOYCTOHUMBOCTb HAEANBHOTO
IIpUEeMHHKA ONpeJeIsieTcst LJIUTENbHOCTbIO CUI'HAMA KoMauasl T
BCJIEACTBHE TOTO, YTO B NpPHEMHHUKE HPOU3BOAMTCS HHTEI'PUPO-
BaHue 32 BpeMs 7. Dra 3aBHCHMOCTb 3KBHUBAJIEHTHA 33BUCH-
MOCTH TIOMEXOYCTOHYHBOCTH OOLIYHOIO IIOPOTOBOTrO IIpHEM-
HHKa OT ero IHOJIOCHL

Ha ocHOBaHHM NpHUBEJEHHBIX BBIPAXKEHHH AJiT 2 MOXKHO
CPaBHUTh CHOCOOH Ilepefaud ABYX CHIHAIOB. BripaxkeHnue
(6-33) cooTBeTCTBYeT mepefaue ABYX CHTHAJNOB IO BBLICOKOYAC-
TOTHBIM KaHaJjaM IIpH ToMoliu ¢a3oBoi _MaHHTJIAIKY, BbIPa-
xkeHue (6-35) COOTBETCTBYET — YaCTOTHON MAHHIYJISIIHH, & BhI-
paxenue (6-34)— nepefave ¢ maccuBHof naysoii. CpaBHuBas
3HAYEHHsl 2, MOXKHO CHEe/IaTh BBIBOJ, YTO HAMGOJbIIEH AMHAMM-
4ECKOH [IOMEXOYCTONYHBOCTLIO OT/IHYAETCS Mepefaya ¢ Q)asoBoﬁ
MAHUIyJAUKMeH, a HauMeHblueli — mepeiayd C MACCHBHOM
nay3oi. OnHako Heo6XoAUMO yuyecTb, YTo NPH Mepefaue ¢ mac-
CHBHOH I12y30# 3Heprus B maysax He pacxoiyercsi, a IpH dac-
TOTHOM MAHMIYJSLUK 3HEpPTHsl PacXofyeTcst IPU Iepenade
moGoro u3 curHanos. CiiefoBaTe/NbHO, SHEPrUsi CHTHANA IIPH
MacCHBHOH Nayse MOxer OhiTh moBbimiena. Ilostomy mpwu onw-
HAKOBOH CpelHeH 5HepPruu KOMAaHjbl U PABHOBEPOSITHEIX CHTHA-
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J1ax Tepefaga ¢ MAacCUBHOM Iay30H M 4aCTOTHOH MaHUIYJsIIHeR
9KBHBAJIEHTHBL! 110 NOMEXOYCTOHYHBOCTH.

Kpusrie BepoATHOCTH HCKaXKeH i IIPH OrpAaHMYEHHOH aMIlIH-
Tyle CHrHaja npuBefeHbl Ha puc. 62 [7]. das cpaBueHus
TpUBefieHa TaKKe KpUBAasi BEPOSTHOCTH UCKaKEHHH TpH mepe-
Jlaue KOMaHj, OfHOMMITYJIbCHBIMH YaCTOTHBIMH curHasnamu. Kax
BHJHO M3 KpUBHIX Haubojee BLICOKOH JHHAMHUECKOH IMOMEXO-
YCTOHUMBOCTBIO OTJIMYAIOTCSI OAHOMMITYJIbCHBIE YACTOTHBLIE CHTI-
HaJibl, @ 3aTeM KOJ C YaCTOTHBIMH HMITYJIbCHBIMH TPH3HAKAMH,

a HauMeHblUeH — mpoc- U

Toli ABoMuHEIH Koi. OnHa- 10 20 U2
. KO CJelyeT Y4YHUTHIBATh, P

YTO B peasbHBIX CHCTeMax

IIOMEXOYyCTOHYMBOCTL KO-

Jia ¢ YaCTOTHBIMHU IIpH3Ha- \ \

KaMM, U OCOGEHHO OZHO- o°

MMIYJILCHEIX ~ CHTHAJIOB, 3 2 \/\

VBEJUYUBAETCA 33 CUeT

paciiupeHust 3aHUMaeMol N\

noJiockl yactoT. OpHOMM; y

MyJbCHBIE YaCTOTHBIE CHUT- 0" b er

Halbl B yCTPOUCTBAX TE- Puc. 62. KpuBhe 3aBHCHMOCTH Bepo-

JIEyIpaBJeHust NPHMEHs- ATHOCTH HCKAXKEeHHsSI OT OTHOCHTe/b-

I0TCA OrNaHuye€HHO (TO.}Ib- HOrO YpPOBHSI IOMeX:

KO IIpH MaJioM 4ucJje KO- 1 — mpocTofft ABOMYHBIA Kop; 2 — Kop, ¢

MaH) TaKke BCJIEJICTBHE T ke SatroTHe Commonm,

IPOMO3IKOCTH YCTPOHCTB,
TaK KaK KOJHMYECTBO HEOGXOIMMBIX YACTOTHBIX 3JIEMEHTOB IIpU
OJHOUMITYJIbCHBIX YaCTOTHBIX CHTHaJaX OIpPEAENAeTCs YHC-
JoM Komaua. Kpome Toro, kax Obl10 NOKa3aHO, CTaTHyecKas
[IOMEXOYCTOHUHBOCTh OJHOYACTOTHBIX CHTHAJIOB MPH 3HAYH-
TEJIbHOM ypOBHE TOMeX H p1< | HHXKE UeM MHOT'OMMITYJIbC-
HpIx curHanoB. Ilostomy B cucremax TV —TC HauGojee -
POKO NPUMEHSIIOTCS MHOTOMMITYJ/IbCHEIE CHTHAJIEI, 8 TpeGyemblil
ypOBEHb JUHAMHUECKOH MOMEXOyCTOHYNBOCTH JOCTUIAETCS NPH-
MEHEHHeM 3allUT, IOBTOPEHHEM CHTHAJOB, HUCIOJb30BAHHEM
KaHajoB OGpaTHON CBsI3H, HApsAy C NpHMEHEHHeM H36bITOY-
HBIX KOZOB C OGHApy:KeHHeM H HCIPaBJeHHEM HCKaxKeHHH.
VYMeHblIeHHEe BEPOSATHOCTH JIOXKHBIX KOMaHJ 3a cuet IpH-
MeHeHHs1 yHcaoBod 3amuThl. Ilpocrefimeli samuroli B TeJe-
yUpABNEHHH sBJSETCS UYMCJIOBAs. 3alMTHOH CXeMOH ompeje-
JISIETC  YUCJIO HMMITYJIbCOB B CHTHAJe M INIPU HECOBMNAJeHHH
C 3ajaHHBIM — 3arnpellaeTcs BbIoJHeHHe KoMmaHgel. Cienosa-
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TEJIbHO, BO3MOXKHOE JIOXKHOE CpabaThiBaHHe NEpPEeBOAUTCS B 3a-
IIUTHBIA 0TKa3 (nojaBsieHue Komananl). Ilpu uuciosoll samure
JIOXKHBIH [IpHeM BO3MOMKEH TOJIBKO B TOM CJIyuae, eC/IM Ha OAHOU
U3 BPEMEHHBIX MJIM YaCTOTHBIX MO3HMUUH UMIYJBLC IOAABJIEH,
a Ha ofHO# u3 CBOGOAHEIX NO3UIMHA 06pa3yerTcs JIOKHBIA
HMIYJIbC (ZBOHHOE MCKaxeHue). Ecau yuecTb, 4YTO BEPOSITHOCTH
TPOHHBHIX U OGoJjiee HCKaXeHWH B KOMOMHAIMH 3HAYUTEJIHHO
MeHbIIIe BEpPOSITHOCTH [ABOUHBIX HCKaXXeHMIl, TO BEpPOSTHOCThb
JIOXKHOTO IIpueMa

Pan= Crlz,pl(n)c:xcpl(o) = NaNePi(m Pi(o) (6-36)

re pPi(n — BEPOATHOCThL NMOJABJEHHS QLHOTO HMIYJbCA;
Pi(o) — BePOSITHOCTh O6PA30BAHUSA JIOXKHOTO HMITYJIbCa;
N3 — KOJIMYECTBO 3aHATHIX MO3HLIHI (KOJHUECTBO HM-
IyJbCOB B KOMOHHALHMH);
flc — KOJIHYECTBO CBOOOJHBIX MO3MIMH.
Ilpu Tex e YC/IOBMSAX BePOSATHOCTb IOJABJEHHS KOMaHIpI
3HAyMTesNbHO GoJibllle, TAK KaK OHA PaBHa CyMMapHOH Bepo-
ATHOCTH TOJABJEHUS HJIH OOpa30BaHHS OJHOTO HMITYJ/bCA

Pn = N3P1(m) + AePi(o). (6-37)
BeposATHOCTb MpaBUJIBHOTO MpHeMa
Grp=1— pa — pn, (6-38)

TaK KaK (np, Pa ¥ Py 00Pas3yloT MOJHYIO TPyNny COOBLITHI.
Jns 4acToTHOro KoAa Ha OJHO COYETAHHE (C MOCHUIKOH
HEMOJTHOW CEepUU UMITYJIbCOB)

1 1
Pa = CrmyP1()Cng—myq) P1i0)= Ma (g — Ma) P1(m)P1 (o) (6-39)

Pu = MuP1m) + (fla — M) P1(o)- (6-40)

Eciu npuHsaTth, uto mnojaBieHue MMIyJanca H 06pa3oBaHHe
JIOXXHOTO NMPOUCXOAUT C PABHOH BEPOSTHOCTBIO P;, TO BhIpa-
KeHue (6-36) ympomaerca

Pn = nsncpi. (6-41)

OT0 BHIPAKEHHE MOMKHO HCIIOJNB30BATH TOMHKO NPH BPEMeH-
HOM pasl€JI€HHH HMITY/IbCOB MOCTOSIHHOI'O TOKA, TaK KaK B 3TOM
ciyyae TOAABJEHHME HMIYJbCa M €ro o6pasoBaHHE BO3MOKHO
3a CHET CHJIPHBIX HMIYJbCHHIX momeX. IIpu BpemeHHOM pasfe-
JIEHUH YaCTOTHBIX UMIYJIBCOB Py(m) > Pi(o), TAK KAK NOJABJIEHHE
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MOMKET MPOM3OATH 34 CUET KPATKOBPEMEHHONO CHJIBLHOTO BhI-
6poca oMexH U «3aNUPAHUs» el BXOJHOTO YCHJINTE/IS B TeUe HUH
BpeMEHH IPOXOXKJEHHS HMIyJbca CHTHAIA. B 3Tom ciyuae
CIEKTPaJbHEIl COCTAB TOMEXH He HMeeT 3HaueHus. B To ke
BpeMst /11 06pa3oBaHUsI JIOMKHOTO YACTOTHOTO UMIIyJ/ibCa HEOO-
X0AuMO, uTOObl IOMeXa COBIAJa C HMIYJIbCOM CHTHAJMA IO
YacToTe M AJHMTEJIBHOCTH, d TaKXKe MMeJa JOCTATOUHYIO aMILIH-
TYLy, UTO MEHee BEPOSITHO, ueM IOJaBJEeHUE OLHOTO MMITYJbCa
B CHUTHAJE.

I1pu 4acTOTHOM pasfesieHUH TOJIOKEHHE HHOE Di(o) 3> Pim)-
B stoM Ciyyae «3amnupaHue» BXOJHOIO YCHUJIUTEJIS NMOAaBJSAET
BCIO KOMOMHAIMIO, @ He OTAEJbHLIH YacTOTHHIH uMnyJasc. s
NO/IaBJIEHHsT TOJHKO OJHOTO YaCTOTHOI'O HMITYJIbCA H3 /My HM-
NYJbCOB B KOMOWHALUHK HEOOXOAMMO, YTOOH UMIYJLC TOMEXH
MMeJT He TOJIbKO YacToTy, COBNAAAIOMLYIO C YACTOTOH OXHOTO H3
HMITYJIbCOB CHT'HAJIa, HO M IIPOTHBONOJIOKHYIO a3y 3Tux KoJe-
6aHuil, a AMIIATYAY U AJUTENbHOCTb — OJIU3KYI0 K aMILIUTYAE
U JJIUTeJNbHOCTH pabouero UMIyJabca. SICHO, uTO TaKoe coBma-
JieHVEe UMEeT OueHb MaJylo BepOsSTHOCTb. Tak Kak BepOSITHOCTb
06pa30BaHKs JIOXKHOTO YAaCTOTHOTO HMIyJbCa IPH BPEMEHHOM
M YaCTOTHOM pasjeJeHusiX MOXKeT ObIThb HPHHATA OZUHAKOBOH,
TO

r ”
Pim > Pi) > Pim-
CrefioBaTeibHO, HPH HCIOJB30BAHMH YHCJIOBOH 3alIUTHI, Be-
POSITHOCTD JIOXKHOTO TPHeMa KOMOHHAIUH 3HAYMTENHHO GOJIbIIe

Tpd BPEMEHHOM pasAeJIeHUH YACTOTHBLIX UMITyJbCOB IO CpaB-
HEHHIO C YaCTOTHBIM pasAe/ICHHUEM.

Hanpumep, ecnan npuHATE, YTO p1’(n) = 0,01, Pio) = 0,001 u
Pl'(n) =0,0001, To mas yactoTHoro koga ¢ ny,=10 u m, =2 Beposar-
HOCTDb JIOXKHOrO NpHeMa u3 BHIpaeHHs (6-39)

p,=2-8-0,001 .0,0001 =1,6 - 10-°,
a BepoOATHOCThL mnojaBneHus (6-40)
py=2-0,0001 + 80,001 =82 10-2,

IIn9 aHAJOrMYHOrO BPEMEHHOrOo KOJa (CMeHHOKAYeCTBEHHOro Ha

coyeTaHHs)
p,=2-8-001.0,001=1,6.10—1

py=2-0,01+8.0001 =28 10-2
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Mosbienne MoMexoycCTOAYHBOCTH TeJeyNpaBJjieHHs TNpH-
MeHeHHeM KaHaJoB o6paTHoil cs3H. IlpumeneHue oGparHO#
CBA3H fBJIsSIETCsl OAHMM H3 Haubosee 3(MPEKTHBHEIX METOLOB
TOBLIIEHHsT TIOMEXOYCTOHYMBOCTH TeseyIpaBJieHusi NMpU 3Ha-
4UTEJHHOM YPOBHE NOMEX.

CucreMbl ¢ OGpaTHOH CBSI3BIO JENATCS HA JBA OCHOBHBIX
THIA: CUCTEMBI ¢ HHPOPMAIUMOHHON 06PATHOH CBSA3bIO H CHCTEMBI
¢ pemwawomeli o6paTHOH CBA3BIO.

Cucmemsl ¢ UHMOPMAYUOHHOL €8A3b10 TIPUMEHAIOTCS 1J14
3HAUMTEILHOTO YMEHBIIEHHS] BEPOSTHOCTH OOpA30BAHHUS JIOK-

HBIX KOMaHJ H3 NepejaHHBIX.

gL o] B aTux cucremax C IpHEMHOTO
' ? ycTpoiicTBa Ha nepejarouiee Io

BY I | - kanany o6parHoil CBsi3H moCTy-
] naer uH(opManug o BUAE NPHU-

L HSITOTO cooflieHus. B Tee-
Wips [ . ynpasnenumm TaKue CHCTEMbI
[~ HasBAIOTCA ycrpofictBamu TY

052 C KBUTHDPOBAaHMEM CHTHAJA.

Cursasn jgenuTcss Ha MOATOTOBH-

Puc. 63. Bpemennas jpuarpamma
TE€JNbHYI0 H HCIOJHUTEJBHYIO

ycTpoiicTBa  TefleynpaBleHHS C

KBUTHPDOBAaHHUEM CHrHaJa:

2BY — yCTPOHCTBO IpPeABapHUTENbHOTO
BHIGOpa  BTOpOoro o6beKTa OB,
HI[ g — ucNONHHUTeNbHAS Lelb yIpas-

JieHHs1 0OBeKTaMH.

KoMmauzbl. BHauane, Kak mnoxa-
3aHO Ha pHC. 63, Mo NpaMoMy
kanany cesasu KC ¢ [I1 nepe-
JIAeTCs1 TOATOTOBHTENBHAST KO-

Mmanza [1K, KOTopoi OCYIIecTB-
JfeTcst U3GUpaHue BBIXOLHOTO YCTPOHCTBA NpeABAPUTE/IBLHOTO
BeiGopa Tpebyemoro o0BEeKTa yIpaBJeHHs, (HAaIpHMep, BTO-
poro o6wekTa — 2BY;, 5). 3aTeM 1o KaHaly oOpaTHOH CBA3H
KCo.. ¢ HII mnepefaercsi KBUTHPYIOIHE CHTHAJN, KOTOPHIH
yKas3biBaeT HoMep BhiOpaHHoro o6mekra. Eciu mnpoBepka Ha
COBI@JicHNe 3amaceHHoll B maMmaTu ycrpoitictBa JIII moproro-
BUTEJbHOH KOMAHJAB M KBUTHPYIOUIETO CHTHANA JaeT IOJIOXKH-
TEeJIBHBEIA pe3yJbTaT, TO IO IPSMOMY KaHaly CBSI3U Nepefaercs
HCIIOIHHTeIbHAS KOMaHAa MK Ha BK/IOYEHHEe WJIM OTKJIOUEHHe

BLIOPAHHOTO OGBEKTa yIIpAaBJIEHHSL.
BeposATHOCTL 06pa3oBaHMs JIOXKHBIX KOMAaHJ
P =2 P(up) Patobp)» (6-42)
TO€ Pamp) ¥ Pa(obp) — BEPOSTHOCTH JIOKHOIO MNpHeMa B Ipf-
MOM KaHaJe M B KaHajle oOpaTHOH

CBA3H.
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Ecnu NpUHSITB, YTO Paqnp) == Pa(obp) H BOCIOJIB3OBATHECS
LaHHEIMH TPeJBIAYIIEro NpHMepa, TO IS YACTOTHOTO KO

pn= (1,6 -107%2 =25 10713,
a JJs1 BPEMeHHOro Koja
pa=(1,6-107%2=25.10"8,

B ofoux cayuyagx MOJy4yaeM O4yeHb MaJjble BEPOATHOCTH
JoxkHoro mpuema. OZHAKO BEPOSITHOCTb IIOJABJIEHUS] KOMaHABL
MOKeT GBITh 3HAUUTEJIbHOH, TAK KaK OHA OINpefiesisieTCs] BEPOsIT-
HOCTBIO TIOJIaBJIEHHSI UCIOJHUTENBHOH 4acTu Komanasl. Kpome
Toro MHGopManuoHHasa obpaTHas CBS3b CHUXKAET OLICTPOAEH-
CTBHE CHCTEMBI NPUMEPHO B TPH pasa.

Cucmemet ¢ pewaiowjell 06pamHotl 8s3bl0 TPUMEHSIOTCS
Ipyd MaJjoil BEpOSTHOCTH 0Opa3oBAHMSA JIOXKHBIX KOMAHA JJisi
YMEeHbIIEHUs] BEPOSATHOCTH HX TMOAAaBJeHUH. IDTH CHCTEMB
BBINOJIHAIOTCS B IBYX BAPHAHTAX: C 3aIIPOCOM U C IIOBTOPEHHEM.

B Bapuanre cucmemot ¢ pewarouiell obpamuoll ces3v0 U 3a-
npocom B cayuae oOHAPYKEHUS UCKAKEHUs NPHKA3 HE BHINOJ-
HseTcd W o KaHajgy oOpaTHoH CBs3M NepefaeTcst CUTHANT Ha
ero noBTopenue. Tak Kak B TeseynpaB/IeHUN IPEUMYIIECTBEHHO
HPUMEHSIOTCA KOMILIEKTHBIE KOAbl C OOHapy:KeHHeM MCKaxe-
HHH, TO 3TH HCKa)eHHs MOTYT OOHApYKUBATHCS B IPUEMHOM
yCTpoOHCTBE, HANpHMep, NpPH MOMOILM YHCJIOBOH 3aIUTHL

ITockosnbKy B cucTeMax € 3alpOCOM CHI'HAJ HA IOBTOpPEHHUE
IIpHKasa Iiepefaercss TOJNbKO IPH HCKAXKEHHSIX, TO CHHMKEHUE
GHICTpOAEACTBYST CHCTeMBbl He3HauuTesabHo. OmnpenesuM yBesu-
ueHHe cpejHeii JJIMTeNbHOCTH KOJO0BO# KomOmHamuu. Ecau
BEPOSITHOCTb IOAABJEHUSI KOMOMHALMU BCJIEACTBHE 3aIUTHOTO
OTK2a3a paBHa p,, TO Ha Kaxjple N, KomMOuHaLui norpeGyeTcs
PnlNx TOBTOPHEIX IOCBIJIOK. INockonbKy, pnk 1, To ucKaxe-
HMsl TOBTOPHBIX IIOCBLIOK MOXHO He yuuThiBath. CiejoBa-
T2JbHO, €CJIH YYECTh TaKxkKe JJHUTeNLHOCTh CHTHAJOB 3ampoca,
TO CPeJHss [JHUTEJNbHOCTh KOJOBLIX KOMOMHANMH yBEJMYUTCS
npumepto B 1 4+ 2 p, pas. Hanpumep, npu p, = 0,01 cpen-
HAS JJIMTeNBHOCTh KOLOBBHIX KOMOMHANMil yBenuuutcs Ha 2%,
UTO HE CYIIECTBEHHO.

HepocratkoM paccMOTPEHHOTO BAPHAHTA CHCTEMBI C pella-
fomei o6paTHO CBS3BIO M 3aIPOCOM sBJIAETCS TO, UTO Nepeaaya
CHT'HAJIOB 3ampoca JOJIKHA OCYHIECTBJSATHCS C BBICOKOH JA0CTO-
BEPHOCTBIO, TaK KaK NPH ero NOAdB/eHHH NpuKas He OyIeT
TIPHHAT.
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B Bapuanre cucmemor meaeynpasienus ¢ pewiarotell o6pam-
HOLL €853b10 U nOBMOpeHuem Kax[asg U3 KOJOBBIX KOMOGMHAIMH
HIOBTOPSIETCS A0 TeX Nop, MoKa He OyAeT NPHUHSATA, IIOCJE Yero
N0 Kanany o6paTHOH CBf3M MepefaeTcs CHIHA Ha NpeKpamie-
Hye nepefaun. Ecau Heo6XoaHMO MOC/EN0BATENbHO BO BPEMEHH
nepeaBaTh HECKOJbKO NPHKA30B HJIM CHTHAJIOB O COCTOSIHHM
OOBEKTOB, TO CHTHAJ, NepejaBaeMblii Mo KaHajay oGpaTHok
CBSI3H, HCIOJBL3YeTCsl AJs INepeKJIIoueHMs Nepejaomeil amma-
parypel Ha mepejavy ciaeayiomed KojoBoll KomGuHamuu. ITpu
5TOM OCYIIECTBJ/IAECTCA ONTUMHU3AIMS 10 AJHTEJbHOCTH Nepefayun
B 3aBHCHMOCTH OT YPOBHsI IIOM€X B KaHaJie CBSI3H, UYTO KOMIIEH-
CHpyeT YyBeJu4yeHHe OOLIeH [JJUTeNBHOCTH Iepefaud OJHOH
KO0BOH KOMOMHALMH 32 CYET BpeMeHH, 3aTPauuBaeMoOro Ha
nepefavy CUrHajna mo KaHajay oOpaTHOH CBA3M.

Hau6onee s(h@dexTHBHO NpPHMEHEHHE BAPHAHTA CHCTEMEI
TeJIeyNpaB/eHdst C pellaiomell o6paTHoll CBSI3bI0 U IOBTOpE-
HMEM IIPH UCIIOJb30BAHUM YACTOTHOTO KOJa Ha OJIHO COYETAHHE,
TaK KaK [OBTOpPEHHEe KOJOBBIX KOMOMHALMI B JAHHOM Cayyae
OCYIUECTBJISIETCS NMPOCTO 3a CYET UX YAJMHEHUS.

lNoBblieHHE BEPOSITHOCTM NPAaBUJIBHOTO NpHEMa 3a CYer
NpHMeHeHHsl KOppeKTHpylomux KoZoB. Kak wusBecTHO, BO3-
MOJXHOCTb HCIIPABJIEHHS] €AMHWYHBIX HCKAXKEHUH BO3HHKAET
IPU HCHOJL30BAHMH KOMOMHAHUI JBOHYHOI'O HEKOMILJIEKTHOI'O
KOJd, OTJMYAIOMUXCsS He MeHee 4eM Ha TPH eJUHHYHBIX pac-
crosiHus (dy= 3). OpHaKo, TaKoil Koj B TeJEyIpAaBJEHHH He
IPUMEHsIeTCs], TaK KAK IIPH €r0 UCIOJb30BAHUH HAPSIAY C HOBHI-
IIEHHEM BEPOSTHOCTH MPaBHUJbLHOIO IpHEMa (3a CYeT KOoppek-
IMH eIMHHYHBIX HCKa)KeHHH) yBEJIHYUBAETCSI BEPOSTHOCThb
HENPaBHJILHOTO IIPHEMAa 3a CYeT BO3MOXKHBIX HBOHHBIX HCKa-
KEHHUH, YTO HELOMyCTUMO.

BeposTHOCTb NpaBU/IBLHOTO NpHEMA AJIsT KOPPEKTHP YIOMEro
Kofia npu dy= 3 (C HCIpPABJEHHUEM EIHHMYHBIX HCKAXKEHHH)
paBHa CyMMapHOIl BEPOSITHOCTH OTCYTCTBUSl HCKAXKEHHH W Be-
POATHOCTH TOTO, YTO OWMGOYHO NPHUHAT He GoJee YeM OfMH
HUMIYJIbC

grp = (1 — p)* + pin (1 — p)* 2. (6-43)

BeposiTHOCTE NofiaB/ieHust paBHA HYJIO, TaK KaK IIPH KOJIH-
UeCTBE MCKaXeHHii Gojee OXHOrO IPOMCXONHUT HeEIpPaBHJIbHbI
npuem. CrefioBatensHo, u3 ypaBHenua (6-38) BepOSTHOCTE
HEMNPaBHJIBLHOIO ITIpHeMa

Pa=1—Gup. (6-44)
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CpaBHUM 3TOT KOji C aHAJIOTMUHBEIM JBOMYHBEIM HEUETHEIM KOJIOM
(dx =2), ofiHapy:KUBAIOUINM eJ1HUYHEIe HCKaxKeHus. [ 3T0ro

koma mpu p; K 1

qup=(1—p)*=1—np, (6-45)
H

pa = Cpaps. (6-46)

Paccmotpum caenyiomuilt npumep. IlpeanonoxuM, uto Heo6-
XoguMoe uucao npukasoB M =24 =16 u p, = 0,01,

W3 Boipaxkenus (5-30) HaXxoAuM, yTO AJsS KOPPEKTHUPYIOMErO Koza
n=17

CunefioBaTesIbHO, BEPOSTHOCTD n}iaBnJIbHoro npuema us (6-43)
Gpp = (1 —0,01)" +7 - 0,01 (1 — O,QI)6 = 0,9958,
a BEepOATHOCTb HEMpPaBMJBHOrO npuema (6-44)
pp=1—0,9958 = 4,2 . 1073,
Jlasi ABOMYHOrO HeueTHOro Kojga n=4+1=5,
Gup = (1 —0,01)* = 0,95,
py=Ci-1074=1.1073
BepositHocTh mogaBnenus (6-38)
Pp=1—gg—pPy=1— 0,95 — 0,001 =4,9 - 1072,

W3 npuBenenHoro npuMepa cjaeiyeT, UTO IPH HCIOJb30Ba-
HUM KOPPEKTHPYIOUIEIO KOJA BEPOATHOCTh HENPABHUJILHOIO
IpueMa MpUMepHO B YeThlpe pasa GoJiblie, YeM JJIsl JBOMYHOTO
HEUeTHOTO Koja. B JeficTBUTEeNBHOCTH 3Ta BepPOSITHOCTb BO3-
pacraet eme B GoJiblliefi cTeleHH, TaK KaK NPM OrpaHHYEHHON
cpenHeli MOITHOCTH CHTHAsa C yBeJIMYEHHEM YHCJA HMITYJLCOB
B KOMOMHAIIMH YMEHBIIAETCS MOIHOCTL OTAENbHLIX MMIIYJIbCOB
H, CJIE[IOBATEJIbHO, YBEJUYNBACTCSI BEPOSTHOCTh HX HCKAXKEHHS.

OueHb NepCIeKTUBHBIMU SIBJISIOTCSI MHOTOCTYTIEHYaThle Yac-
TOTHBIE ¥ CMEHHOIIOCKLIOUHEIE KOP PEKTHPYIOMIHE KOJIbI C HCITOJIb-
30BaHUEM YHCJIOBOH 3amUTHl, TAK KAK BEPOSITHOCTH JIOMKHOTO
npueMa KOMOMHAIIMH YAacTOTHOTO HJIM OTHEJbHBIX IOCHLIOK
CMEHHOIIOCHLIJIOYHOTO KOJa IIpU HCIOJb30BAHMM YHCJOBOH 3a-
IIMTH HUYTOXKHO Manas (CM. npuMep Ha crp. 208).

MunumanpHoe paccTOHHME, Ha KOTOpOe OTCTOSIT OAHA OT
JLpyroit KofioBple KOMOMHALMU (KOLOBOE PACCTOSIHHE) JJIs yac-
TOTHOTO KOZa Ha OJHO COYETAHHE PABHO ABYM, TaK KaK HCIIOJb-
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aylorcss KoMOuHauuu tHOA fifs M fifs, oTiMualommuecs Mexay
co6oii TOJIbKO YaCTOTOH OHOTO HMITYJIECA. DTO TAKXKE OTHOCHUTCS
K CMEHHOIIOCHLJIOUHBIM YAaCTOTHOBpeMeHHbIM KomaM. CiefoBa-
TEJIbHO, 3TH KOJBl OTHOCSITCS. K TPyIIe KOJOB C OOHApYIKEHHEM
eMHMYHBIX NCKAKEHHH, YTeps UM L00aB/eHHe OLHOTO 4acToT-
HOTO HMIyJbca B KOJOBBIX KOMOMHAIMSAX KOTOPBIX MOTYT
ObITh OGHAPY:KEHBl. YTeps HMIYJbCOB OOHAPYMKHBAETCS aBTO-
MaTHYeCKH, TaK KaK MOCBUIKM C YHCJOM HMIYJIbCOB MEHBIIHM
Hanepes 3aJaHHOTO YMCJA /1y B KaueCTBE KOOBBIX HE HCIIOJb-
3ytoresi. Jlnsi o6HapyKeHHUs J0GABIEHHS YACTOTHLIX HMITYJIbCOB
B KOJ0BOH KOMOHHALMM NPHMEHSIOTCS CXEMbl YHCJIOBOH 3alu-
THI, UCKJIIOUAIOIKe HAa60p KOMOMHAIMK IIPH KOJHUYECTBE YacTOT-
HBIX MMITYJIbCOB B IIOCBHIIKE GoJblleM rmy. B 3TOM ciyyae mpo-
HCXOQUT HOZaBJeHue NpuKasza. [Ipu 3HAUMTENBHOM YpOBHe
noMex B KaHale CBSI3M BEPOSTHOCTb IONABJEHHMS KOAOBOMH
KOMOHHAIMK MOXKeT ObIThb 3HauMTesJbHOH. Ecau mopaBjeHue
IPHKa3a He SBJISIETCS JKEeJaTeJIbHBbIM, TO MOMKHO NPHUMEHSThb
MHOTOCTYIEHUaThle UACTOTHBIE H CMEHHOIOCHUIOYHEIE KOppeK-
THPYIOMHe KOZBI, Takoro poxa KOppeKTHPYIOmIMe KOJBI Iep-
BOTI'O INOPSAJKA UCIPABJSIOT €JMHHYHbIE HCKaXKEHHS M OGHapy-
JKUBAIOT JBofHble. [lng ocymecTBJaeHHs 3THX (QYHKIMH, Kak
H3BECTHO, KOJOBOE PAacCTOSIHME JOJIKHO OBbITh PABHO YETHIPEM.
ITocko/bKY 9acTOTHBIA KOZ HA OHO COUYETAHHE UMEET KOLOBOe
paccTosinke, PaBHOE [BYM, TO COOTBETCTBYIOMIMH KOPPEKTH-
PVIOMUI KOJ JOJIKEH COCTOSITh U3 JIBYX IOCBLIOK, AJist 06paso-
BaHHS KOTOPBIX HCIOJB3YIOTCA HENOBTOpSIOmyecs KOMOWHA-
MM YaCTOTHOro Kojga. DTO JBYXCTYNEHYATHIH YACTOTHBIA KOp-
PEKTHPVIOMHKI KoJ IepBOro IOpsiiKa, KOJMUECTBO KOMGHHA-
IUH KOTOpPOTo

cr®
My=—*, (6-47)
npu C," YeTHOM u
i1
My=—%—, (6-48)

m, .
npu C,” HeueTHOM,

Hanpumep, npu n, =6 u m, = 2
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CooTBeTcTBYIOHE KOJOBEHE KOMGHHAILMH

1) fifay fsfa _2) fafs, fofa  3) fifw fafs  4) Fifss fofe  5) Fafes fofs
6) fsfer fafe 7) fsfer fafs

Ilepas u BTOpas NOCHLIKM 3TOTO KOAA OTJHMYAIOTCH BCEMH
4acToTaMu, u4eM JOCTHraeTcs O6oJsiee BBICOKAsi HALEKHOCTb
06pa3oBaHus M (DUKCALMH KOAA NP HEHCIPABHOCTAX OTHEb-
HbIX HeoOmuX y3/0B anmapartypel. Kpome Toro, pasgenenune
MOCBUIOK T1ay3aMH He TpebyeTcs.
Tabauya 26
Meroauka nocTpoeHUs: KOMOGUHAUMIA YacTOTHOTO
KOPDPEKTHPYIOLIEr0O Koja

fa fs fa fs fs fz fs

ful 1 2 3 4 5 8 9
Bl — 1] 3| 2 5 4 9 8
fs | — | — 1 6 7 ' 10 11
fo| — | — — 7 6 11 10
Rl = = — — 14, | 12 13
Wl — | — — — — 13 12
fa - - - - - - 4

IIpuMeyanune KoM6HHAUUM 4YacTOT, OGO3HAYEHHLIE
OJIMHAKOBBIMH HH(}PaMH, BXOAAT B OJAHY KOJOBYIO
KOMOHHAnHIo.

MuHUMa/IbHOE KOJIMYECTBO YAaCTOTHBIX MO3HLMM, MPH KOTO-
PBIX YAaCTOTHBIH KOPPEKTHPYIOUIMH KO elle MOXKeT ObITh
TIOCTPOEH, PABHO Nq= 4. MeToqHKa NOCTPOEHHsT KONOBEIX KOM-
OGUHANME 1IPH Mg= 2 U Ny 40 8 NosAcHseTcs Taba. 26, @ NPHUH-
oun  gemudpanuu ABYXCTYIEHYATOTO YacTOTHOIO KOPPEKTH-
pywomero koga — puc. 64. KomoBas xomGuHANMS HOCTYNAeT
Ha Bxon pemudparopa noceiok I, Ilanee BosgeificTBue
no gsyM uensiv uepe3 cxemy «HJIM» nepegaercs Ha BBIXOZ.
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EnuHUYHEIE HCKAXKeHHS OJHOA M3 COCTAaBJISIONUX KOMOWHALMH
(onHOU TOCHIIKH), IIPH HAJMYUH UHCJOBOH 3aIHTHI, IPUBOIAT
K ee MOLABJIEHHIO. B aTOM c/iydyae BEHIGOpP NPOU3BOLHUTCS BTOPOH
napHoit KombuHanue#l. Takum 06pa3oMm OCYIIeCTBIISIETCS] HCIIPAB-
JeHUe elMHHYHEIX ucKaxeHuil. KomoBas xomOunamus OyneT

51

Y73 Allpge A Boix,

Puc. 64. ¥YnpomeHnHas GIOK-CXeMa NpHEMHHKA JBYX-
CTYNeHYaTor0 4acTOTHOrO KOPPEKTHPYIOMIEro Koxa.

nojaasJieHa TOJIbKO B TOM CJjayuae, eCJH HpOIfISOI';IleT €IMHHUYHLIE
HCKaXeHHs B o6oux mocelikax. CliefoBaTesbHo, BEPOATHOCTDb
NMOAABJICHHUSI MPHKA3a 3HAUMTEJbHO YMEHBbINAETCd, TaK Kak

Pa (apu) = (Pn)?s

rie Pn— BEPOSITHOCTb MOJABJIEHHS OJHOH IIOCHUIKH.

Ecau Tpebyercsi 3HAUMTENBHOE KOJHUECTBO KOMOHHALHH
KOJa, a M, YBEJMUUBATh He KEJaTeJbHO, MOXKHO NPHMEHSTh
TpeXCTyTeHYaTHIH YACTOTHBIA KOPPEKTHPYIOWHA KO THNA fifs,
fsfs — [afs> fofs, KONMMUECTBO KOMOMHALMI KOTOPOro

My =C"¢ - (6-49)
%C”q
npH C:: YEeTHOM H
Mg = C';“ g (6-50)
4 Cai=1

I
npu Cz* HeueTHOM.

q
3necp 1, — KOJHYECTBO KOMOHHAIMI JBYXCTYNEHYATOro yac-
TOTHOTO KODPEKTHPYIOLIEro Koja,

Hanpumep, npu n, =6, my =2 u n; =2

7.6
My=C" , =C=-—5=2I,
5 (C—1D
a npu ng=3=8
1413
M3=Czl 2=Cf4=—2—=91
— C3
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Crnenyer OTMETHTB, UTO ABOWHBEIE MCKAXKeHHS B KOMOHHa-
IMSX TPEXCTYIEHYATOrO0 KOPPEKTHUPYIOMIEr0 YacTOTHOrO KOAA
O6HApYKHBAIOTCA MPOILE, YeM B JBYXCTYIEHYATOM.

3HauuTeIbHOE KOJMYECTBO KOMOHMHALMM TaKKe MOXKHO IO-
JIYUHTb TPH HCIOJbH30BAHUH JABYXCTYNEHUYATOTO CMEHHONOCH-
JIOYHOTO KOPPEKTHPYIOLUIEro KOAa MepBOro MopsijiKa.

KonnyecTBo koMGHHALME AJST KOja HA COUeTAHMS

My =+C" (6-51)
. Cn:
npu C™®  ueTHOM H
cn:
1,
My = - (C gng — 1) (6-52)

npu C"  HeyeTHOM.
q
qu

Hanpuwmep, npu n, = 6, Ma=2 1 flg =2
1 1
M, =3(C§§— ) =5 (Cs—1) =52,

B atom Kojie HMOJIB3YIOTCST BCe BO3SMOXKHEIE KOMGHHALIMH YaCTOT
B TOM yuc/e # THHA f1f2, f1fs— fife, fsfs. Besencrsue Toro, uro
B IepBoii H BTOPOH KOMOHHALHMSX HMEIOTCS OLUHAKOBHIE gac-
TOTHI, TaKoi Ko 06/lajiaeT CPaBHHTEJHLHO HEBHICOKOH , HAEK-
HOCTBIO 06pa3oBaHusi W (GUKCALUH NPU BOSMOXKHBIX HEHCIIPaB-
HOCTSIX OTHEJbHBIX HEOOMHX Y3J0B annapatypel. [ljisi NOBHI-
IIEHHs] HAJEXKHOCTH CIeAYeT NPHMEHATh TOJNbKO KOMGHHAIMU
vactoT THNA fife, fifs— fafs, fafe. o Taroro kKoma ng > 6.
Ilpu ny =6 Kon MOXKeT ObITb OGPA30BAH TONBKO MPH M= 2
H n,= 2. B sToM csiyuae KosuuecTBO KoMOMHAUMi Tuna fifs,
f1fs— faf5.fsfs OTMpenensiercs u3 BhHIpaKeHHs

My =4 (crn, —Lememt ), (6-53)
Cflq B - qu — My

HIIH
o= ol =300 )~ (e~ 2cl) -

- %(105 — 45) = 30.
CooTBeTcTByIOII ME KOMOUHAIMY TIPUBEJeHk B Ta6m. 27.

15 036 225



*AiYBdon ol YHIHEON XIHLOLOBh BJOWOH MHBERNA SMHLQBL g 9HHBRAWH A

y—¢‘e=2 | 96 ‘91 08 9—¢ ‘9—¢ | 9—¥ 1 0% 9—C ‘v—¢ | g1 ‘e—1 01
g—e'‘e—3% | 9—% ‘91 65 9—3% ‘6—¢ | ¥—¢ v—1 61 9—¢ ‘95 | ¥—1 ‘c—1 6
¢—z v—3¢ | 9—¢ ‘9—1 8% 9—G ‘'o—¢ | ¥—3¢ ‘I 81 S—¥ v—¢ | 936 I 8
¢—¥v ‘e—¢ | 95 ‘9—I 13 63 ‘e—5 | 9—1 ‘v—I Ll 9—¥ ‘9—¢ | —3 ‘¢—1 L
y—¢ ¢ | 9—9 ‘61 93 9—¢ ‘e—¢ | 91 ‘v—1 9l 9—¢ ‘S—¢ | ¥—¢ G—1 9
9—¢ ‘e—3 | §—¥ ‘eI fo1d ¢—¥ ‘e—¢ | 9—¢ ‘s—I gl 9—¢ ‘6—¥ | e—¢ ‘G—1 g
9—¥ ‘9—¢ | §—¢ ‘I 74 9—¥ ‘v—¢ | 9—¢ ‘e—I il S—¢ ‘v—¢ | 9—1 ‘T—1 i
9% 9—¢ | 93 ‘51 54 9—¢ ‘e—3% | ¥—¢ eI g1 9—¢ J,hm S—I1 6—1 €
3 ‘e—% | 9—I ‘¢—1I 44 9—¢ ‘9—¥ | G ‘e—1 gl 9—¢ ‘6—¢ | ¥—1 G—1I 4
g—¢ ‘S—¢ | 9—¥ I |44 S—% 93¢ | 9—1I ‘e—1 11 9% ‘S—¥% | e—1 G—1I I
B-g B-1 B-g B-T ‘ B-g B-1
*don S_H N ‘don on &\ *don om gy
HHNEHUQWOY] HHETTEHHQNO)] MHTTRHHQWOY]
exrsdou oJoadou erod 0JOMOIAdHLNOAdON OJOHROLITIOUOHHIWD OJOLBRHOUALIXASY HHIBHHOWON 1930X0)
g vhnroo ]

226



Cienyer OTMETHTb, YTO NPH HCIOJB30BAHHU IBYXCTyTEeH-
YaToro CMEHHOIOCHUIOYHOTO KOPPEKTHPYIOUIETO KOXA NepBOro
nopsiika oOHApyXKeHHe [BOHHBIX HCKAKEHMH [O0JDKHO ocy-
IIECTBIATLCA Ha BRIXOAE Jelnudparopa, 4To HeKeJaTesabHO.
[TosToMy B HEOGXOAMMBIX CJIYUAsiX CHELYET NEPEXONUTD K Tpex-
CTyIIeHIaTOMy KOAY, YTO [aeT TaK:Ke 3HAYMTe/bHOE yBesauye-
HUE KOJIHYecTBA KOMOMHAIUH

M, = Cx. {6-54)

Ilpu nq=06, my=2, n,=2 u ngy =2

C M=C =22y,

HacToTHO-BPEMEHHOH KOPPEKTHPYIOMHMH KOJA BTOPOrO II0-
psnka oOpasoBLIBAETCS MPH HCNONb30BAHHM COKPAIIEHHOIO
CMEHHOIIOCBIJJOYHOTO KOJA C HENOBTOPSIOMMMHCS YacTOTAMH
B KOMOMHAUMAX THNA fife, fsfs ¥ fifs, fsfe, OOmee KoamgecTBO
KOTODBIX :

[TockosbKY KOZ0BOE paccTOsTHHE JAJISt TAKOTO KOJA PABHO YeTHl-
peM, To o6pasyeMblii HA ero OCHOBE JABYXCTYIeHYATEIl KOppeK-
THDYIOIME KOJ HMeeT KOJOBOE DPAacCTOSIHHE, DABHOE BOCHMH
1 T03TOMY CIOCOOEH HCIPABJATh ABOHHBIE MCKAXKEHUS U OGHa-
PYKHBATh YeTBEpPHBIE HCKaXKeHUSI.

KonnuectBo ero kKomMGuHauui

My=5Cp2 (6-55)
npu C’rll.l: YEeTHOM H
1 g
My =5 Coi =D (6-56)

npu C'® HeueTHOM.
q
my
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Hanpumep, eciu n, =10, my=2 u ny;=2, 10

1 o
M2=_2—Cl_0 =5.
2

9Sro xombumanuu 1) fifs, fofa— fofes fofro 2) fifes Fofe — fafsy fof1o
8) fifes faofs — Fafar Fsfs 4) Fafas fafro— fofer fafe B) Fifes fofro—TFsfa, Fafs.

Bosee ymoGeH 17151 IeKOJAUPOBAHHUS TPEXCTYIEHUATHH KO,
KOJINYECTBO KOMGHHAIME KOTOPOro

Ms = Cx. (6-57)
[lpu ne=10, ma=n,=nxy =2

My = CE_C?O =C?=10.

2

Biok-cxema gemudpartopa TpeXCTyNeHYaToOro CMEHHONOCHLIOU-
HOTO KOPPEKTHPYIOLIEro KOfa BTOPOro MOPSAKA He OTJIHYAETCS
OT Jemu(ppaTopa TPEXCTYNEHYATOro Koja MepBoro mopsijaxa.




Fnasa ceppman

OCHOBHBIE 3JIEMEHTBI

1 THUIIOBBIE Y3JIbI
BECKOHTAKTHBIX CUCTEM
TV —-TC

§ 1. OBIMIAA XAPAKTEPICTHKA
BECKOHTAKTHBIX 3JIEMEHTOB
n CHCTEM TYV—TC

ITepexon Ha GeCKOHTAKTHBIE 3JIEMEHTH B Ha-
cTosiinee BpeMs fBJsieTCs HauboJjiee IPOTPECCHBHBIM HAIPAaB-
JIEHWEeM DPa3BUTHS TeXHHKH TeJeyNpaBjeHusd. DeckoHTakTHble
3J1IeMeHTH OTJIMYAIOTCSl IOBBINEHHOH HANEXKHOCTHIO paGoTHl,
HMEIOT BBICOKOE OBICTPOAEHCTBHE, 3HAUHTEbHBIN CPOK SKCIIL-
aTaly W CPABHUTENBLHO HeGosbllne rafapuThl H MaJLfl Bec.
BeckonrtakrHas ammapartypa HOPMAJbHO PaGOTaeT B arpeccHs-
HBIX Cpeflax, B TNOMEUIEHHUSIX C TOBHIIEHHO! BJIAXKHOCTBIO HJIH
3aNbUIEHHOCTBIO, He TpeOyeT NOCTOSIHHOIO HAJ30pa M YACTBIX
peBusHil. B oT/imuMe OT KOHTAaKTHOH amnaparypsl GeCKOHTAKT-
HblEe CHCTEMBI MOT'YT HAXOAHTBHCS AJIHTEJNbHO B PEXHME HEIlpe-
PHIBHOM paboThl NpaKTHYeCKH 06e3 CHIKeHMS HX paboTocio-
COGHOCTH.

W3 GecKOHTAKTHREIX 3J1IeMEHTOB HauboJiee IIHPOKO NpHUMEHS-
foress B ycrpofictBax TY—TC mnomynpoBOAHHKOBEIE JHOABI,
TPAH3HCTOPHl U MArHATHEIE 3JIEMEHTH! C NIPSIMOYTOIBHOH IeTJie
rucrepesuca ([171I'). B BBIXOAHBIX LENAX HEKOTOPBIX YCTPOMCTB
HCIOJIB3YIOTCS] MArHHTHBIE YCHJHTENH B PEJEHHOM DPexHMe.

[MlonynpoBOAHHKOBHE JHOLB M TpaH-
3HCTOPH HMEIOT Majble PasMephbl B BeC, BLICOKYIO BHOpO-
M YAAPOCTOMKOCTb. M 3HAYHTENbHBIH CPOK CIyXOH. Tpan-
3HMCTOpPBI, KpOMe TOro, MOTyT pafoTaTh HA HU3KHX HampsiKe-
HUSX [HTAHHS TPH BHICOKOM K. I [.

B ycrpoiictBax 7Y —TC nosynpoBORHUKOBEIE JHOLBI NPH-
MEHSIIOTCSl TIPH TOCTPOEHMH JIOTHYECKHX CXeM, LIH(PaTOPOB
¥ JemudparopoB, 4 TAKKE KaK BCIOMOTATe/bHBE 3J1EMEHTHI
BEHTHJILHOTO JeHCTBHS.

TpanaucTopsl HCNOMB3YIOTCA B YCHJINTENbHBIX, KJ/IOYEBBIX,
JIOTHYECKHX, TPUITEPHBIX CXeMaX, B pacrpejiesiuTe/]siX 4 B Ka-
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yecTBe TeHepPaToOpPOB HMIYJIbCOB H CHHYCOMJAJBHBEIX KoJeba-
Hufi. B nepeksouanomux ycTpoHCTBaX TPAH3UCTOPBl HCIOJb-
3yIOTCSL B cXeMax ¢ o6mum smuTTepoM. [Ipu TaKOM BKJIIOYEHHH
TPAH3HCTOP HMeeT HauboJblllee yCUJEHHE IO TOKY M ORHO-
BpeMeHHO ofecleuMBaeT HHBEPTHPOBaHHe (Da3bl HANpSKEHHUs
6e3 nmpumeHeHUs TpancdopmaTopa. ,
MarnutHee sgaemednTH c IIIII' Benonusitores
Ha TOPOMAAJBHBIX CEPJEYHHKAX W3 MATHUTHHIX MAaTepHAaJOB,
neTyiss THCTepe3uca KOTOPHIX HMeeT BBICOKYIO CTelleHb IIpsi-
MOYTOJBLHOCTH. [IpsSIMOYrONIBHOCTH TeTJIM THCTepe3uca Mar-
HUTHBIX MAaTepHAaJIOB OIEHMBAETCS OTHONIEHHEM OCTaTOYHOMN
MAarsuTHOH MOAYJALMH B, K MakCUMaJbHOH HHAVKIuM B,
IPH KOTOPOH IPOMCXOAHT MAarHUTHOE HACLILEHHE MaTepuaja

Pn = Bm *

Beswuuna p, gasa I kone6aercs or 0,85 no 0,95. Cep-
NeYHUKH MarsHuTHeIX 3jemeHToB ¢ I npumensiores aByx
BHUJIOB: JIEHTOYHBE M3 (DepPOMArHUTHBLIX CIIIABOB U IIPECCOBAH-
Hble (eppHTOBHE. JIEHTOUHKE CepPIEYHHKH COCTOSIT M3 HEKO-
TOPOrO KOJIHYECTBA BHTKOB I€PMAJIJIOEBOM HJIM NIEPMHHBApHON
JIEHTH! TOJIIIMHOHN OT €LMHHUIL JO BeCATKOB MHKPOH. BUTKY JleHThHI
CBApHBAIOTCH MEXKAy co00ii, a 3aTeM MOJBepraloTcsl TepMuyec-
KOl 00paGoTKe C OfHOBPEMEHHBHIM BO3JefCTBHEM BHEIIHEro
MAarHUTHOrO IOJIsI. 3aTeM CPefeYHHK HOMeIAercss B IJIaCTMac-
COBHI KOpIyC, IpefoXpaHsiomuil OT JedOpPMANUH JIEeHTHL

@eppuTOBLIE TOPOHAANBHEIE CEPAEUHHKH H3TOTOBJISIOTCS Me-
TOJ,aMH [TOPOIIKOBO MeTaLTypruu. B KavecTBe matepuana npu-
MeHSIOTCSl Maruuii-mapranuesble gepputsl (MgO, MnO-Fe0s).

. JIeHTOUHBIE CeplEYHHKH MMEIOT JIyYIlIHe MarHHTHHE Xapak-
TepucTuku (B, = 15000 ec uw H, =22 3), uem ¢eppuToBne
(B,=2400 ec, H,, =4 s u H, = 0,35 3). Kpome Toro, crenenn
IPSIMOYTOJIBHOCTH p; (DEPPHUTOBBIX CEPAEYHHKOB B CHJIBHBIX
MAarHUTHEIX TOJISIX Pe3KO NafaeT M 3aBHCHT OT TeMIeparyphl
BHewHeH cpepwl. [as ¢deppHTOBBIX cepieyHHKOB (K = 28)
NpH TNOBBHILEHHH TemnepaTypsl Ha 50°C p, ywmeHblmaercs
npuMepHO Ha 5%, OJHOBPEMEHHO OCTAaTOYHAsh MHAyKuus B,
ymeHbinaercst Ha 10%, a kospuutuBHasg cuiaa H,—Ha 20%.

Onnaro GeppuToBEIe CepieuHHKH 06/1aa10T GOJBIIMM Gbic-
TPOLEHCTBHEM, TaK KAK B HHX IOYTH OTCYTCTBYIOT HOTEPH Ha
BUXpeBble TOKH. Bpemsi nepeksoueHusi ¢eppHTOBHIX Cepiey-
HukoB OT 0,5 10 1 mkcex, a JeHTOUHBIX CEpHEYHHKOB 6—
20 mxcex. HanGonee mMpoKo npuMeHAOTCS (eppHUTOBLIE
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TopouAasbHEle cepaeuHuky. OHM HM3TOTOBJSIOTCS PAa3IHUYHBIX
pasMepoB ¢ BHemHuM guameTrpoM ot 10 mo 1,4 mm u BHyTpeH-
HHUM COOTBETCTBEHHO OT 5 1o 1 mm.

§ 2. OCOBEHHOCTH HCIIOJIb30BAHI A
MATHHTHBIX 3JIEMEHTOB C OII

Ha cepreunuke maruutHoro sjemenra c I

TIOMEIIAIOTCS /1B OCHOBHBIE OGMOTKH — BXOJHAs! (yIpaBJeHMst)
Wgx u Brixonuas (uarpysousas) Wi,x (puc. 65, a).

[lepBoHauasbHOE  MArHUTHOE  COCTOSIHHE — CEpAEUHHKA

(puc. 65, a) xapakrepusyercss Toukoll I wau 0, B 3aBUCHMOCTH

Wex

Wﬁux
a
1 7
( ! m ‘[ T 1 |
o 0 gm0 oo 0
ts  t
, t, t t t

661 j | :
LAk
a 6 If ?’ t

Puc. 65. CxeMa BKJ/IOYeHHS MarHHTHLIX cepfesHukoB c [T (o)
H guMarpaMmMa HX pa6otel (0).

<

OT HampasjieHusi INpPEeJBAPUTENbHOrO HamarHmyuBanus. Jlo-
TMyCTHM, YTO MATHUTHOE COCTOSIHME CEepJIedHHKA COOTBETCTBYET
Touke I (cepieuHHK TepeMarHuyeH BBepx). Ecim B MOMEHT
BpemMeHH f; (puc. 65, 6) B oO6MOTKy Wiy mopaercs HMITyTHC
[IOCTOSIHHOT'O TOKA IIOJIOKHUTEJbHOH IIOJISIPHOCTH JOCTaTOYHOH
BEJIMYHHE], TO CepAEYHHMK NEePEMarHHUTHTCS BHH3 H COCTOsIHHE
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ero Gyner xapaxrepusoBaTtbcs Toukoft 0. Ilpu atoM, Benen-
CTBHE 3HAYMTEILHOrO H3MEHEHMs MAarHuTHOTO IIOTOKAa B cep-
JeYHMKe, B BBIXOAHOH 0OMOTKe Wyyx HABOAUTCA 3. 1. C. H Uepes
CONPOTHBJIEHHS HAarpy3kH R; NPOXOAUT pPaGOYHil HMMITYJIbC
ToKa 1. B MOMEHT OKOHYaHH S HMITYJIbCA TOKA B OGMOTKe yIpaB-
JIeHUsl TOYKAa, XapaKTepH3YIOmAss MArHUTHOE COCTOSIHHE Cep-
JleuyHNKa, nepeiifer B noJsoxkeHue 0, a B BHIXOAHOM LENH TaKkKe
BO3HHKAET HMIIyJIbC TOKA HPOTHBONOJIOKHOM TNOJSAPHOCTH 2.
Ananoruunble MMIyJbChl HA BBIXOAE 3 U 4 BO3HHMKAIOT B MO-
MEHT BpDeMeHH f3 U f, NIPHU IOCTYIIEHHH B OGMOTKY yIpaB-
JIEHHsI TIOBTOPHOTO UMIYJbCA IOJIOXKUTEJIbHOH MOJISPHOCTH.
Ecnin B o6MOTKY ynpaBjenuss Wy NOCTynaeT 3aTeM HMIYJbC
OTPHILIATE/bHOM NOJISIPHOCTH, TO CEPAEYHHK CHOBA IEPEMATHH-
TUTCSl BBEPX M HA BBIXOle B MOMEHTHl BPeMeHHM f, H fg GyayT
TIOJIyYeHbl MMIYJbCHl & U 6.

Hmvnynecel 2, 3 u 4, 6 MeHblIe#l aMIULIMTYABL H AJIUTEILHO-
cTH, ueM pabouue UMmysbchl / H § mnoayyaiorcsi Ge3 mnepemar-
HUYMBAHUS CEpAEYHHKA 32 CYET HE BIOJHE MPSIMOYTOJLHOH
THCTEPE3NCHON NEeTJM €ero MaTepuana. ITH HMIYJLCHL TNPH
IIOCTPOEHUH CXeM Ha MaruuTHeIx sjemenrtax c I we siBag-
IOTCA JKEJATeNbHBIMM M I03TOMY HAa3BaHEl HapPA3UTHHIMH.
CooTHoleHue, aMIUIMTYA MEXAY PaGOYMMH U NAPA3HUTHHIMH
HMITyIbCAMH OTIpe/Ie/IACTCS! CTENEeHbIO TIPAMOYTONLHOCTH THCTe-
PE3UCHOIl MeTyI MaTepHana CepIeYHHKa.

LuTe/lbHOCTh MApA3UTHBIX UMIIYJBCOB IOJYYaeTCs 3Ha-
YUTEJHHO MEHbIIe, 4eM PaGouHuX MMITYJIbCOB. DTO 06YC/IOBIEHO
MaJIOH MAarHUTHOH IIPOHUIAEMOCTBIO MaTepuasna Ha IOJOTHX
y4acTKax XapaKTEPUCTUKU CepleYHHKa, BCJIEACTBHE YEro HH-
IYKTUBHOCTb OOMOTKH Wiy M INOCTOSIHHAs BPEMEHM ee LeNH
He3HAYHTeNbHA. TaK KaK KOJIMYeCTBO 3IeKTPHUYECTBA B UMITYJIbCE
TNPOTIOPIMOHANBEHO €ro IUIOM[AfH, TO NApPasHTHbIE HMITYJIbCHI
HECYyT 3HAUYHTENbHO MEHbIIee KOJHYECTBO JJEKTPHUECTBA, YEM
paGouyue HMITYJIbCEL

Marnutaele snementl ¢ I B cxemax, Kak mpaBuJo,
NPHUMEHSIOTCS C YIPaBJEeHHEM OT OJHOMOJSAPHBIX UMITYJ/IbCOB,
[03TOMY T1apa3UTHBlE HMIYJIbCl IPOTHBOIOJIOXKHOM TOJISAP-
HOCTH IO OTHOIIEHWI0O K PaGouuM JIerKO. YCTPAHSIIOTCS BKJIKO-
YeHHEM JHOMNOB. [lyisi yBe/iMueHust COOTHOMIEHUS] MEXAY aMILJIH-
TYyZOH PaGoYero MMIy/bCa M TMAPa3UTHOrO MMILyJbCA TOH ke
TIOJISIPHOCTH NPUMEHSIoTCs KoHJeHcaTopel (puc. 66, a). Ilpex-
NOJIOXHM, UTO B HCXOJHOM COCTOSIHHM TNepBHIH cepledHuK [
TepeKioyeH BBEpX, a Bropofi [/ — Buus. Cipuraomui um-
IyJIbC, NOJABAEMBIH B Henb o6MoToK Wy u Wy (kaemb [—2),
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nepeMarHuuuBaeT cepfieuHuK [ B mosoxkenuwe BHu3. [IpH 3TOM
B 06MOTKE W ypx CO3/1A€TCST TOMIOKUTENBHER PaGOUHil HMIYJIBC,
KoTophld uepe3 jgumon JI; 3apsikaeT KoHfieHcatop C. 3ateM
KoHzieHCcaTop C paspsKaeTcs yepe3 CONpPOTHBJeHNe R U BXOJ-
Hy10 o6MOTKYy Wy, BCJENCTBHe uero cepieunuk // nepemarsu-
YUBAeTCsS BBEPX.

[Mocnenyromuit CABUTAONME HMMIYJbC IepeMarHHIMBAET
BHH3 BTOPOH CEpAEYHMK, HA BBIXOAE KOTOPOTO MOJyYaeTCs
TaKXKe I0JIOXKUTEJbHBIH HMIYJbC, NMOCTYMAIOMMUN HA BXOJ CJje-
nyromedt siuefiky, OZHOBPEMEHHO IIOJ, BO3JEHCTBHEM CJBHIalo-

Puc. 66. CXeMbl ycTpaHeHHS NapasUTHBIX HM-

Iy JILCOB: Wax
a — ¢ HCNOJb30BaHHeM JHOLOB H KOHJeHCATOpa;
6 —C npHMeHeHHEM NPOTHBONApPa3HTHHIX CepAeYHH- 17

KOB.

LIEro MMIyJbCA B BBIXOAHON 06MOTKe Wi,y BO3HHKAeT mapa-
3UTHBIA MMITYJIbC IOJIOXKUTENBHOH MOJAPHOCTH, KOTOPHIH IPO-
xoauT yepes puox /{1 u Koupaencarop C. ITocKosbKy 3TOT HMM-
IyJBC HeCeT 3HAUUTEJHHO MEHbIee KOJHYECTBO 3JIEKTPHUEeCTBA
TI0 CpaBHEHHIO ¢ paGounM, To KoHAeHcaTop C 3apsixKaercs He3Ha-
untensHo. Ilocnenyromuii paspsy Kongencatopa C Ha o6MOTKY
s TPOUCXOZHT TpPH MajoM TOKe, 3HAUHTENbHO MEHBILEM
Heo6XOJIUMOr0o [Jisl TepeMarHu4uBaHus ceplednuxka [I.

Iuopn I, ¥ CcompoTuBJeHHe R NpefOTBpAIAlOT o6paTHoe
BosjefictBue cepieunuka I/ Ha ceppeuHuk I mnpu mepemarsu-
UMBAHMM BHU3 OT CABHTAIOIUX HMIyJ/bCOB. I1pHu aTOM mMmmyssc,
KOTOPHIi Co3/iaeTcsi B 00MOTKe Wyx IIPOXOIMT Yepe3 CONPOTHB-
jenve R u nuon s momMuMo o6MOTKH Wpy.

B cxeme (puc. 66, a) o6MoTkH W u W, BK/oueHH B 06-
myio Uenb. [103TOMY JJIMTENBHOCTb CIBHTAIOMIErO HMILYJIbCa
HOJIKHA OBITH OFPAHMYEHA, TAK KAK STOT UMITYJIbC NPENATCTBYET
NIepeMarHUYUBaHMI0 cepleuHnka [/ TokoM paspsia KOHAEH-
caropa C. flocie mepeMariHYMBaHus cepieyHuka / Jo OKoHYa-
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HHsI CABHTAIONIETO UMITYJIbCcA paspsif KoHAeHcaTopa C MPOHCXo-
JUT BXOJIOCTYIO M €CJIM OH 3aKOHYUTCH PAHbBLIE, YEM CABHUTAI0-
mui umMIyJsc, To cepieunuk /I He nepemarnututcs. Ilostomy
CONIPOTHBJIEHHE R CHIYKHUT TAKKe JJIs1 YBEJHUEeHHs MOCTOSTHHOH
BpeMeHH pa3psga KowjeHcatopa C.

[TpakTHYeCKH NOJHYIO0 KOMIIEHCAIMIO TTaP A3UTHBIX UMILYJILCOB
HOJIYYAIOT TIPU MCIIOJMb30BAHUH NIPOTHBOIIAPA3UTHBIX CEp/EUHMU-
KoB (puc. 66, 6). BoixonHble OGMOTKH JIBYX OJMHAKOBBIX cep-
neynukoB [ u Il ¢ o6meil capurampmeil o6MOTKOH BKJIIOYAIOTCS
HaBcTpeuy. OcHoBHO#M cepiieuHuK /, KpoMe TOro, UMeeT BXOJ-
HY1I0 06MOTKY Wy, IlpoTuBOMapasurHelii cepieunux /I Bcerna
nepeMar{uyeH BHH3.

CIBUraiomue WMIYJIbCHl CTPEMATCS INEepPeMarHUTHTL Cep-
IEUHVKY BHHU3, 2 UMIYJILCHI, TIOflaBaEMble BO BXOAHYIO OGMOTKY
Wix cepmeununka /, mepeMarHuYuBAaIOT €ro BBEpX.

Korna ocHoBHO# cepieunuK | mepemMarHuueH BHH3, TO BO3-
HUKAIOIME TOJ JAeHCTBHEM CABMTAIOMIEr0 HMIIYJIbCA Iapas3uT-
HBIE 3. Jl. C. B BHIXOZHBIX OOMOTKAX Wy B Waex B32HMHO
KOMIIEHCHPYIOTCSI, @ €CJIM NepeMarHinu4eH BBepX, TO HAa BBIXOJ-
HOl 06MOTKe Wax BO3HHKAET 3. J. C. 3HAUHTENBHO GOJbIEH
BEJIMYMHEI, YEM TapasuTHas 3. jA. C. HA o6MoTKe Wi, Bcaen-
CTBME 3TOTO uepe3 CONPOTUBJIEHHE HArPy3KH Ry TPOXORHT
UMIIYJIbC TOKA.

Ilpu mepek/moueHnu MmarautHoro snementa ¢ IIIII B ero .
0o6MOTKE BO3HHUKAET 5. A. C. 0OpaTHOH IMOJSPHOCTH, B Pe3yJib-
TaTe Yero BXOJHOE COIPOTHBJIEHHE IEPEK/IOUdeMOro 3JEeMEeHTa
yBeJIMUUBAETCS B AECATKH pa3. [/l yMeHbIeHHs MOHIHOCTH
YIPAaBJISIIOMAX MMITY/IbCOB MarHuTHbIe 3jemeHTsl ¢ IMIIN wacto
HCIOJIb3YIOTCST B CXEMax COBMECTHO C TpaHaucropamu. [lpu
9TOM CXEMb! 3HAUUTENBHO YIIPOIIAIOTCS BCJENCTBHE YMEHBIIle-
HHESl KOJIMYECTBA JMOJOB, KOHJEHCATOPOB H CONPOTHBJEHUH.

HauGosiee mpoctasi cxema (peppuUT-TPAH3UCTOPHOH siueiiku
npuBefeHa Ha puc. 67, a. Ilpu nepemarsnuuBaHuu CepAeYHHKA
Ha 6a3y TpaH3HCTOpa MOAAETCS OTPHLATENbHOE HAMpSKEHHe
MO OTHOIIEHHIO K SMHUTTEPY. BeJeacTsue 3TOro TpaH3uCTOp OT-
KpPBIBaeTCSI M B KOJIIEKTOPHOH LEMH uepe3 CONpPOTHBJIEHHUS
Harpysku Ry, ¥ Ry, NPOXOAUT 3HAYHTEJbHHEIL HMIYJBC TOKA,
YCHJIEHHBIH TPaH3HCTOPOM.

IMapasuTHEId MMIyJBC OGPATHON MOJISIPHOCTH 3amMpaeT
TPaH3UCTOP, U TOK yepe3 HAarpy3Ky He mpoxoput. C compoTus-
JieHus: Ry, CHUMAeTCs MOJIOKHUTENbHBIH UMITYJIBC, @ C CONIPOTUB-
JeHHd Ry, — OTpHIaTe/bHbl. JIJUTENBHOCT UIYJBCOB IIPO-
MOPLYOHA/IbHA YHCJIY BHTKOB BHIXOZHOH OOMOTKH Wiy, uTO
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HCIIOJIb3YeTCs JJis o0pa3soBaHuUsl UMIYJbCOB 3a3JaHHOH MJIH-
TEeJIbHOCTH.

Cxema (puc. 67, 6) o6nagaer GoJsbliel YyBCTBUTEIbHOCTBIO
BCJIE[CTBHE BBEJEHUS IOJIOXKUTEJbHOH oOpaTHO# cBA3U Woc.
Ecnu cepreuHuK HaxOfUTCA B OJHOM H3 JBYX HACHIIEHHBIX
COCTOSIHH#, TPOHUIIAEMOCTb MATHHUTHOTO MATEpHasa HH3Kas
U yCUJIEHHe IenHu o0paTHOl CBs3M MeHbIe enuHuinl. OpHako
Ha u3rube KpHBOH NETJH THCTePe3NCa MArHUTHAs IPOHHIlAe-
MOCTb BBICOKAsi M yCHJIEHHe LeNu 0OpaTHOH CBSI3YM 3HAYMTEJBHO
GoJibllle eMHHULBL. BciefcTBHe 3TOTO HACHUNEHME CEpPAEYHHKA

Puc. 67. CxeMmbl (eppHT-TPAH3HCTODHBIX SUEEK:

a — mpocrasi cxema; 6 — CXeMa ¢ HCIIOJIb30BaHHEM I10JIOXKHTEJNbHON 06paTHOH
CBfA3H,

OCYIIECTBJISIETCS II0 IeNH OOPaTHOM CBSI3H KOJIJIEKTODHBIM
TOKOM TpaH3ucropa. B pesysabTarte M - NepeMarHUYHBAHUSA
CepJeuHHKa HeoOXOAHMA HAINPSKEHHOCTb TOJISI HECKOJBKO
GosbIasi, ueM BeJUYMHA KOIPUHTHBHOH cusiel H., Torga Kax
B cxeme (puc. 67, a) AJsl NMOJHOrO INepeMarHUYMBAHUS Cepled-
HMKa HeoOxofumo Tosie BesnuwuuHo H,,. CrefoBaresibHO,
B cxeme (puc. 67, 6) YyBCTBUTEJLHOCTb [0 aMIlepBUTKaM yBe-
nnuuBaeTcss Gojee uem B 10 pas, Tak Kak Ans (eppHTOBHIX
CepAeUHHUKOB

Hm

H

4
03 11,

IR

c

[lns mopgasnenusi MapasuTHBIX HMIYJIbCOB TO e NOJSAP-
HOCTH, 4TO M paGouue, HA OCHOBAHHE TPAH3UCTOPA MOLAETCS
noJioxuTesbHOoe cMenienne Ugy.
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§ 3. JIOTHYECKUE CXEMELI HA
BECHOHTAKTHBIX 3JIEMEHTAX

Jlornueckne cxeMbl BHIIOJHSIIOT JIOTHYECKHE
omepauuu ciaoxenus (cxema HJIH), ymHOXeHus (cxema H),
a TakxKe WHBEPCHU WM oTpuuaHus (cxema HE)* . B cTpyk-
TypHBIX cxemax ycrpoiictB TY—TC noruveckKue 3BeHbsS H30-
6paxaloTcsl B BHAE NPSIMOYTOJBHHKOB B CepefiHe KOTOPHIX
MOMEI[AeTCS  COOTBETCTBYIOMIAST HANMHCh. BXOXBI ¥ BBEIXOJBI
0603HaYAIOTCS B BHAE CTPEJOK, HANpPABJEHHBIX B CTOPOHY
IPSMOYTOJILHUKA MJIM OT HETO.

Ey R £, £
AL e W — — a S —
+ % % Bbix
€p
s
En g
YE, 46 +£p . M7
Bx Bx P Bbly
a
Ry P
L1

Ma H c UMIMYJbCHBIM BBIXOAOM.

Ry
Ry Puc. 68. Jloruueckue cxembt 4 u HJ/IH
B I ; I 8x, Ha J[H0jax:
92 a — cxema H; 6— cxema HJIH; 6 — cxe-
+

6

DBeCKOHTaKTHbIE JIOTHYECKHE CXEMBl, HCIOJb3yeMble B YCT-
poiictBax TY—TC, BbIIOJHSAIOTCS HA BEeHTUJIBHBIX 3JIEMEHTAX,
TpaHauctopax M MaruutHeix assemerrax ¢ IIIII. HauGonee
npocThie Jioruyeckue cxemel M, HJIH , Ha BeHTH/IBHBIX 3Jie-
MEHTaX C WCHOJb30BAHUEM IOJYIPOBOAHHKOBBIX  JIHOJIOB
(puc. 68 a, 6). B cxeme H (puc. 68, a) BeixonHO# curnan E,
TIOSIBJISIETCSA TOJILKO TOT/A, KOILa BXOAHBIE CHIHANB Eq, Es,...,
E, uMeloTcs Ha Bcex Ge3 HCKJIOUEHHS BXOJAaX, TaK KaK IpH
3TOM BCe AuoAbl GyayT 3amepTel. I[losTomy 3Ta cxema Hasbl-
BaeTcsl Takxke cxemoit conagenus (1.1 - 1= 1). Ilpu orcyr-
CTBHH HANpPsKeHMs XoTs Obl HA OJHOM M3 BXOHOB LENb TOKA
3aMBIK2ETCsl YEPE3 COOTBETCTBYIOMIME AMOL H HANpsIKeHHe Ha

* CM. npuioxenne I,
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BEIXOIE NPAKTHUYECKH OTCYTCTBYET. DTO COOTBETCTBYET JIOTH-
veckoll ¢opmyse 1 - 1 -0 =0.

B 3Bene HJIH (puc. 68, 6) BHIXOZHOH CHTHAJ TOSIBJSETCS
IPU HAJUYUH CUTHAJA XOTS OBl HA OZHOM BXOJE, YTO COOTBET-
CTByeT Jioruyeckoit gopmyJse 1 + 0 = 1. B 3ol cxeme Zuomm!
CIyXKAaT JJis pasjiesieHus] BXOJHBIX Lemnes.

Crenyer oTMETHTB, uTO Kaxknas u3 cxem H u HJIH moxer
BHINONMHATE onepauuu HMJIH unu H B 3aBUCHMOCTH OT TOIO

Puc. 69. Jloruueckue cxemel HE, H,
HJIH na TpaH3HCTOpax:

a — cxeMa HE; 6 — cxema H Ha ABa BXOja;
8 — cxema M c uHBepcuel; 2 — cxema HJIH
C uHBepcHeH,

KaKoe COCTOSTHHE CHTHAJIA Ha BhIxoge NpuHATO 3a 1. Hanpuwmep,
cxema H (puc. 68, a) Gynet BeINOJHATL onepatwio HJ/IH, ecnu
3a | mpuMeM CHTHAJ, KOTOpPBIE paHee mpuHHMaJcs 3a 0, Tak
Kak mosijenue 0 Ha Jso6oM XOTs Obl OJHOM BXOLe TPUBOLMT
K TIOSIBJIEHUIO HYJIS1 HA BBIXOJE. :

IpaxTuueckas cxema /4 Ha JHONAX C UMIYJbCHEIM BBIXOJOM
npuBefieHa Ha puc. 68, 6. B HCXOIHOM COCTOSHHMH TOK B IEMH
Harpysku GIu30K K HyJO, TaK KakK Rs & Ry. Ilpu ognoBpe-
MEHHOH Tofaye Ha BXoJbl Bxy u Bx, UMIy/bCOB COOTBETCTBYIO-
me#l nossipHocT 06a JHOAA 3aNHPAIOTCS M HA BBIXOLE CXEMBI
BO3HHKAeT HMITYJIbC TOKA.

Jlornueckne cxembl Ha AMOAAX OGNAfAIOT TEM HENOCTATKOM,
4TO CHTHAJBI, MPOXOLAIIHE UYepe3 HHX 3HAYHTEJBLHO ocjal-
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JSI0TCS. DTOro HENOCTATKA HE MMEIOT CXeMBl Ha TPaH3HCTOpax
(puc. 69).Cxema unsepcuu (HE) cCpaBHUTENBHO NIPOCTO BHIIOJ-
HSIETCSI: HA OJJHOM TPaH3uCTOpe ¢ obmuM sMuTTepoM (puc. 69, a).
Korza Ha BXofe HampsKeHHE INOJIOXKUTENBHO, TO TPAH3UCTOD
3amepT H BHIXONHOE HAaNPSIKEHHEe PABHO OTPHIATENLHOMY
HaNpsKeHWIo KoJuiekTopa. Ilpu oTpHuAaTe/IbHOM HAMPAXKEHHH
Ha BXOJie TPAH3UCTOP OTKPBIT ¥ HANpsKeHUe Ha BhIX0O[e GIH3KO
K TIOJIOXKHUTEJbHOMY HANpPSIKEHUIO SMUTTEpA.

Puc. 70. Jlordyeckue cxeMbl Ha MarHUTHBIX ajeMeHTax [IIII:
a — cxema H; 6 — cxema HJIH,

Cxema H ua 1Ba‘BX0/ia TaK:Ke BHIIIOHSETCS HA OJHOM TPaH-
suctope (puc. 69, 6). OTpuuarenbHOE HANPSAXKEHHE HA BBIXOJlE
E, BO3HHKaeT mpu ogHOBpPEMEHHO} ofaue Ha 06a BXo[a OTpH-
naTenbHbIX HampskeHuit Eq u E..

[lpu 1OC/Ie0BATE/ILHOM BKJIOYEHHH HECKOJbKHX TPaH3u-
CTOPOB, HOPMAJIbHO HAXOASIUIUXCS B 3aKPHITOM COCTOSIHHH,
o6pasyerca cxema M ¢ uHBepcuef, a NpH napasyiejbHOM —
cxema HJIH c uwuBepcueit (puc. 69, 6, ¢). B cxeme H curnan
Ha BBIXOJI€ IIOSABJSETCS TOJBKO IIPH HNOCTYIUIEHUH CHI'HAJIOB Ha
o6a Bxoja, a B cxeme MJIH — mpu NOCTYIIEHHH CUTHA/IA HA
OlMH U3 BXONOB. B cxemax c Tpamsucropamu (puc. 69, 8, 2)
O/HOBPEMEHHO ¢ omnepaunusmu X u HJIH BHINOJHSIETCS TaKKe
omepanus HHBEPCHM BXOJHBIX TEPEMEHHBIX, TaK KaK BXOJIHBIE
CHTHAJIBl JO/KHEI ObITh OTPHIATEJbHBIMH, 4 BBIXOAHBIE CHI-
HaJbl TOJYYATCS MosoKuTesnbHbIMH. CilefloBaTe/bHO, CXeMma
(puc. 69, 6) BEIOMNHSET JIOTHYECKYIO ONEPALIHIO

E,= E. E,, (7-1)
a cxema (puc. 69, 2)
E,= E.+ Eo.. - (7-2)
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Jloruueckue cxeMbl Ha MAarHMTHBIX 3jemenTtax c [T mpr-

MEHSIIOTCS B HMITYJIbCHBIX CXeMax, TaK KaK BBIIAIOT HA BRIXOJE
TOJIKO KpaTKOBpeMeHHble HMOYJbChl. (OCO6EHHOCTBIO 3THX
CXeM SIBJISIETCS] TAKiKe BO3MOXKHOCTb JJIMTEJILHOI'O 3arlaceHus
unbopmanuu ¢ mocjenyioomed ee Bupaueit. Ha puc. 70 a, 6
npuBefeHsl cxempl M uw HJIH Ha jnBa BXO#A, BHINOJHEHHBIE
Ha Tpex MarauTHBIX sjemeHtax c IMI. B cxeme puc. 70, a
BBIXOJHO# UMIyJIbC CepfiledHuKa A mnepe-
MarHuuMBaeT cepjieyHHuK b B cocTosiHue Ry
0, a BHIXOAHOH HMIYJIC CEPAEUYHHKA =
B —B cocrosiune 1. Mwmmysasc, nocry-
namomuid Ha Bx, nepeMarHuuuBaeT B CO-
crosiune 1 o6a cepueunnka A u B,
a UMIyJIbC, TOCTyTAOmUN Ha Bx, nepe-
MarHy4HBaeT cepieYHHK A B COCTOSIHUE
0. CnenoBatesbHO, NP OLHOBPEMEHHOM
MOCTYIJIEHMH HMIIyJIbCOB Ha 006a BXoja
HepeMarHHYMBaeTCs B COCTOSTHHE 1 TOJMB-
KO cepZieyHuK B. B ucxogHoM COCTOSTHUU
BCE CepIeYHHKU TAKTOBBIMH HMITY/IbCAMHU
TH mnepeximouensl B cocrosinue 0. Eciu
HMIyJbC TOCTYMHT TOJBKO HA Bxj, TO
cepfeuHukd A u B mepexJioyarcst B Co-
crosaue 1. Ilocne oOKoHuaHus cie-
LVIOIIEr0 TAKTOBOI'O HMIYJ/IbCA HA BXOJRI
cepleyHHKa b5 MOCTYIST OLHOBPEMEHHO
JBa UMIyJbCA C cepAeuHukoB A u B, |7 W
JeHCTBHe KOTODHIX B3AHMHO KOMIIEHCH- 7y oM
pyerca. CurHam Ha BbIXOAE CEPHEYHUKA puc. 71,  Jlormueckas
b He nosiBUTCS TaKxKe MPY NOCTYIJIEHHH cxeva M Ha depput-
HMIyJIbCA TOJIBKO HA Bx,. ToNbKO TPaHSHCTOPHBIX AyeliKaX.
B TOM CJIy4ae, €CJH HMIYJbCH OIHO-
BPEMEHHO TOCTYNSAT Ha Bx; U BXx, ceplieuHuk B NepeK/IOYHTCS
B coctosHue 1. Ilpy TOCTyIJIEHMH TaKTOBOTO HMIIyJbCa Cep-
JeuHHK B mepekJioyaercs B cocTosiHue 0, @ 10 OKOHYAHUH TAK-
TOBOrO MMIYJbCA [EPEKJIOUHT CepledHuK b B cocrosnue I,
KOTOPHIl B CJEAYIOMUi TaKT BBUIACT HMITyJbCHl HA BBIXOA
cxemel. B cxeme HJTH (puc. 70, 6) KaxzAbiil BXOAHON MMITYJbC
TNepeMarHyyuBaeT CBOH CEePJeYHHK B COCTOstHME 1, @ BHIXOJLHBIE
MMITYJIBCH STHX CepJEUYHHKOB KAXIBIA B OTHeJbHOCTH M/ 062
BMECTE TepeMAaTHHYMBAIOT CEpACYHHK B B cocrosHue 1 mpu
nomomu ofmero Kompencaropa C. ‘

CpasnurennHo mpocrast cxemMa M (puc. 71) BhIOTHEHHAs
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Ha GbeppUT-TPAH3UCTOPHLIX SAYEHKax, BKJIOUCHHBIX IIOCJIef0Ba-
TesqbHO. Eciii HMIy/IbCE TOKA MOCTYNAIOT BO BXOAHBIE OGMOTKH
Wex Bcex siyeek, TO NPU CYHUTHIBAHMH BCE TPAH3HUCTOPH! OTKPHI-
BalOTCS ¥ UMIIYJIbC TOKA IPOXOJUT yepe3 Harpy3ky Rq. B mpo-
THBHOM CJIy4yae HMITYJIbC HA BBIXOJIE CX€MBI OTCYTCTBYET.

§ 4. BECKOHTAKTHBIE PEJIE
n ©®OPMHUPOBATEJIN IMITYJIHCOB

BeckonTakTHBIE peJsie HCMOMB3YIOTCS B YCTPOi-
crBax TY—TC B KauecTBe BbIXO}IHI:IX M IIPOMEXKYTOUHBIX
3aTIOMUHAIOMMX y3JI0B.

BeckoHTaKTHOe MarHuTHOe pejie. DeCKOHTaKTHoe MarHur-
HOE peJie TpeJCTaBJisieT cO00 MAarHUTHBIA yCUJIUTENb B peJieii-
HOM DeXHMe, TOJYYaIOIHICSs NPH IMOJOKHUTEILHOH O6paTHON
cBsA3u Gonbined efuHunEL. Ha puc. 72 npuBenena cxema ¥ xapak-
TEPHUCTHKA OGeCKOHTAaKTHOTO MACHMTHOTO pesie ¢ BHyTpeHHeH
H BHELIHEH MOJIOXKHTeNbHOH o6paTHOl cBsidpio. Korma Tok Iy,
(puc. 72, a) B o6MoTKe ynpaBmenus Wy, craer Gojbiue [p,
TO TOK B Harpy3ke BO3pacTaeT Ji0 BeJUUHHE [40y (pHUC. 72, 6).
ITpu sTom BeIXORHOE pese P cpaGoTaeT (Tak, Kak lepp) < Juom)
H OCTaHeTCsl B TAKOM COCTOSTHUM U IOCJIe IIPeKpaleHus TOKa
ynpaB.neHm{. Ecnn mMIyJsbC, COOTBETCTBYIOMIEH aMIJIMTYAHL,

Y Wy, WL‘M Woo W Wy
' £
= B
Tyom
i ],
I | '1!/2 [ M,w 1,},,{ rp{p/
. —+—Llix
)

Puc. 72. BecKOHTaKTHOe MarHHTHOe pesie C BHYTPeHHeH M BHeIIHei
NOJIOXKUTENBHOR 06pPaTHOH CBS3BIO:
@ — cxXeMa; 6 — XapaKTepPHCTHKa.

Oyner noiaH B o6MOTKy Wy,, TO BequmuuHA TOKA Ha BBHIXOAE
MarHuTHOI'O peJie YMEeHbIIUTCS 10 [y x ¥ BBIXOJHOE peje P
OTIYCTHT (TaK KaK Jornp) > 1y ). BMecTo pesie B cxeMme (puc. 72, a)
MOXKeT ObITb BKJ/IOUEHA CHTHANbHAS JIAMIA.
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deppoTpaH3uCTOPHBIE reHepaTopHble pene. Pepporpan-
BMCTOPHLIE TEHEePATOPHLIE DPesie NpPeACTaBJsoT COOOH yIpas-
JIleMble peJiaKCalMOHHBle TeHepaTophl C UHAYKTHBHOM CBA3LIO.

¢ o

B

X

R
B.

Puc. 73. CxeMa reHepaTopHOro pejie Ha KOJb-
1eBoM (epPHTOBOM CepAeUHHKe.

INMpuHuunuanbHas cxemMa IeHepaTOPHOTO peJie Ha KOJblie-
BOM (eppuTOBOM cepjedyHHKe MNpHBefeHa Ha puc. 73. Ecau
Tpansuctop Ty 3aKPHIT, TO BCJEICTBHE HAJMYHS [OpPOra OTIH-
paHud, NOMeXHM MaJiofl AaMIVIMTyLbl He MOTYT €ro OTKPBITh
M BEIBECTH CXeMy M3 COCTOSIHHS XoJjoctoro xopa. Ilpm stom
TOK B OOMOTKE BHIXOLHOI'O pesie P NpaKTHYeCKH paBeH HY.JIO.
Eciu B o6MoTKy 3amycka W, mnomaercsi KpaTKOBpEMEHHHIH
HMITyJIbC, COOTBETCTBYIOLIEH MOJSPHOCTH, TO TpaH3ucTOp T'q
OTKpPBLIBA€TCSI, B CXeME BO3HHKAIOT He3aTyxalolmue KojeGaHus,
IpH 3TOM TOK B OOMOTKEe peJjie P 3HAYUTEeJbHO BO3pacraer
1 OHO cpabatniBaeT. [y BEHIKJIIOYEHHSI pesie B Lellb 6Gaskl TpaH-
sucropa T'; HeoO6XOAMMO NOAATb MMIyJabc ToKa. Korza tpas-
suctop T2 OTKpEIBaeTCA, TO 06MOTKA cOopoca W s IIyHTHpPYeTCH,
Kosie6aHUsI B CXeMe CPBHIBAIOTCST H pese P oTmycKaer.

Kongencarop C. u conporusjeHue R. B Lenu 06a3wl TpaH-
sucropa T'p CIyXKAT AJis YBEJHUEHHUS AJIUTENBHOCTH OTKPHITOTO
COCTOSIHMSI TPaH3HCTOpa 12 NPH YNPABJEHHH KPaTKOBpEMEH-
HBIMH HMITyJIbCaMH, TaK KakK [JIs1 HaJIeXKHOTO CphiBa KosieGaHuil
Heo6XonuMO, 4TOObl BpeMsl BO3JEHCTBUSI OBLIO HE MeHee JJIH-
TeJIbHOCTH HEeCKOJIbKHX KoJieGanuil B cxeme. ConpoTusiieHus R
1 R, B uenu smurtepa TpaHsucropa T'; mpeaHasHaueHH! AJIS
TeMIepaTypHoil cTabuH3aluH cxXeMbl pesie. Ilpu ucrnosp3oBa-
Huu cepieqauka ©1000 18X 10X 4 u Tpansucropos T1— I1201,
T;—TI14 Ha BbIXOJE MOXET BKJIOYAaTbCSI IPOMEKYTOUHOE
penre MKVY-48.
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Tpurrep: Ha TpaHsucTopax. B Kauvectse GeCKOHTaKTHOI'O
BLIXOZHOrO pesie B ycrpoiictBax TY—TC npuMeHsieTcss TPHT-
rep Ha TPaH3HCTOpPaxX C JMOLHLIMH CBSA3SIMM, CXEMa KOTOPOTO
npusefieHa Ha puc. 74. B sroi
cxeMe BCJIEJICTBHE TpUMEHEHHUS
nuonoB [l TOK 6a3kl OTKPLITOTO
TpPaH3HCTOpPa HE 3aMEIKaeTCs
uepe3 Harpysky Ry Apyroro 3a-
KPBLITOTO TPAH3HCTOPa, a IpOoTe-
KaeT TI0 COIpOTHBJIEHUSIM R,
u R,. OtuM obecrneyyBaercs
NOJIHBIA TIepemnaj, HalpsKeHHs
Ha BEIXOJax, OJM3KU#l K Hanps-
JKEHUI0O HMCTOYHHKA , IUTAHHUS.
IIpu uCnOJIL30BAHUH TPAH3UCTO-
pos tuna [1201—203 B xavecTBe
Harpy3KH B KOJIIEKTOPHEIE LIeTTH
BKJIIOYAIOTCST  [IPOMEKYTOYHBIE
Puc. 74. Tpurrep Ha TpaHsuc- DE€JI€ HJIH CHTHAJIbHbIE KOMMY-
Topax. TaTopHHIE JIAMIIBL

Tpurrep Ha TpaHsmcTopax
C OJHMUM YCTOHYMBBIM COCTOSIHMeM. TpUITep C ONHUM YCTOH-
uuBEIM cocTosiHueM (tpurrep IlImurra) mpepcraBsseT coGoit
TPHUITEP, Yy KOTOPOT'O OfHA H3 CBSA3ell MEXAY TpaH3UCTOPaMH

Puc. 75. Tpurrep IlImutra:

@ — cXeMa C aBTOMaTHYeCKHM CMellleHHeM; 6_— XapaKTepHCTHKa cpabaThlBaHHA.

orcyrctByeT. Tpurrep IlImurra Hcnosb3yercst AJsi (HKCALHH
AMILTUTYABI HMITYJIbCA, a TaKxKe IJis (bOpMI/IPOBaHIrIH HCKaxKeH-
HBIX HMITYJIbCOB.

Cxema Tpurrepa IlIMuTTa ¢ aBTOMATHYECKHM CMEIIEHHEM
npuBeJieHa Ha puc. 75. a. B mnepBoHAYasbHOM COCTOSIHHH
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cxeMbl TpausucTop T’y 3aKpHT, a Ts— OTKPHIT, TAK KaK Ha
ero 6a3y TNONAeTCs OTPHLATEJHHOE CMEHICHHe, BCJEACTBHE
NaJeHUs] HANDPSIKEHHs Ha CONPOTHBJNEHMH R, JeJHTeNs
(R2R¢) R;. Toxk Tpansucropa T CO3aeT HA CONPOTHBJIEHHH R
nosioxkuresbHOe cmemenue Uy, samuparomee Tpansucrop Ti.

Tok BxOAHOM NNy CO3J2eT Ha CONPOTHBJICHUH R, nanenue
HaNpsKEHHsl, OTPHULATEJbHOE OTHOCHTENbHO 6a3hkl TpPaH3H-
cropa T;. Eciiu 970 HanpsiKeHHe CTaHeT GOMbIIE MOJOKUTENb-
HOTO CMEILIEHHs] HA CONPOTHBJEHHH R, To Tpausuctop T,
otkpoercsi, a T 3akpoercsi (MoMeHT fq, puc. 75, 6). Ilpm
VMeHBIUICHUH BXOAHOro HampsukeHuss Uy Huxke Uy cxema
CHOBA NPUXOAUT B HCXOLHOE
cocTosiHue (¢, pHC. 75, 6).

deppopezoHaHCHbliT opmu-
poBaTteap umnyancoB. Peppo-
pe3oHaHCHBIH  (OpMHpPOBATEJDb
HUMITyJIbCOB TpENHA3HAYeH JJIs1
1peo6pa3soBaHUSl CHHYCOWAAJb-
HOTO TOKa B KPDATKOBPEMEHHEBIE Pyc. 76. CxeMa heppopesoHaHCHOTO
IBYXTOJISIPHBIE HUMIYJBCH C opmHpOBaHHS HMIYJIbCOB.
KPYTHIM (GpPOHTOM H GOJBIIOH
ammyiutygoi. ©opmupoBaTtesn HUMIYJLCOB NPUMEHSIOTCS AJIs
NMTaHUS Uenedl [ABHIIKEHHs paclpefiennTesiel B GECKOHTAKT-
HBIX ycTpoiictBax T¥—TC ¢ BpeMeHHBIM pasfeJieHHeM HM-
NYJIECOB.

®opmupoBaTeIb COCTOUT U3 NOCJEL0BATENLHO CONHHEHHBIX
HeJIMHelHoro apoccens [p u KonpeHcaropa C (puc. 76). Jpoc-
ceJib BBINOJIHACTCSI C CEPACYHHKOM H3 JIGHTOYHOI'O INepMasljiost
¢ npsMoyroibHOH mnerseit rucrepesuca (BOHIT). B cxeme
(puc. 76) cepneunuk pa6oraer ¢ HackileHHeM. [IpH H3MEHEHHH
NOJIIPHOCTY CHHYCOHJAJBHOTO HanpsikeHus: U~, muraromero
cXeMy, CepleuHHK NepeMarHuuuBaercs. [0 HACHImEHHUS cep-
JIEYHAKA TOYTH BCe Hamnpsikenue U~ npuiaraercs K oGMOTKe
npoccednst [p, U TOK B IeNM HeaHauuTeseH. B MOMEHT Hachiue-
HHUS CepieyHHKa NajeHHe HaNpsKEHHS Ha OOMOTKe Jpoccesis
PE3KO yMeHbIUaeTcs, H TOK B LENHM HAarpy3Ku 2z, CKaukoM
yBeJHUUBAETCs. 3aTeM IO Mepe 3apsija KoHpeHcatopa C TOK
yMeHbIIaeTcst O HyJs NPUOJIM3HTENBHO N0 SKCNOHEHIHAb-
HOMY 3aKOHYy C MaJjoil NOCTOSIHHOH BpemeHH. Ha ciepyiomem
NOJTyTIepHOJe KOHAEHCATOp 3apsiKaeTcst B 06paTHoM HAIpaB-
JEHUH ¥ HMITYJIbC TOKAa 3aMBIKA€TCs [0 ILeNH Harpy3kd Z.

1
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§ 5. MATPUYHBIE CXEMbBI

MaTtpuuHble cXeMbl OTIHYAIOTCA OT OOBIYHBIX
CXeM CIrIocoO0M CoeIUHEH S JIeMEHTOB, KOTOPBIH HCIIOIb3YeTCs
npu rpaduueckom Hsobpaxenuun. B ycrpoiictBax TY—TC
IIPUMEHSIIOTCS] IPSIMOYTOJbHBlE MaTpHIbl, 00pasyeMble BepTH-
KaJbHBIME (BXOAHBIMH) W TOpPH3OHTAJbHBLIMH (BBIXOJHBEIMH)
muHaMu. HasBauue MaTpul onpefensieTcsl TEMH 3JeMEHTaMH,
KOTOpBIE HCIIOMIB3YIOTCS JJI51 COeJHHEHU ST BXOAHBIX W BEIXOJHBIX
IIHH, a IPAaBHJIO, 0 KOTOPOMY OCYLIECTBJISIOTCS 3TH COeJHHe-
HHS, onpejensieT THI MaTpHuubl. Ilo BeimesHsieMOH QYHKIHH
MaTpullpl, NIpHMeHsieMble B KOMOMHAIIMOHHBIX YCTPOHCTBax
TY—TC, pensartcst Ha MmMHpaTOPHble U JAelIM(ppaTOPHEIE.

IMudparopusie matpunsl. IudpaTopHrie MaTpHIB IpHUMe-
HsloTcsA B Ludparopax ycrpoiicte TY—TC Jis npeocbpaso-
BaHHUSl €JUHUYHLIX BXOJHEIX BO3JeHCTBHE B OIpeJieieHHYIO
KOMOMHAIMIO BO3AeHCTBUA HA BEIXOJIE, ONpelessieMylo IIPHHSI-
TEIM MeTOJOM Koj006pa3oBaHHUs.

KosnuyecTBO BXOAHBIX LIMH MIH(PaTOPHON MATPHULLL PABHO
4pcly KOMOMHAIMH Kofa, a KOJHYECTBO BHIXOJHBEIX ILIMH —
YHCJIy MMITYJbCOB B KOJOBOM KOMOMHAUMH (NJS JBOHYHOTO
KOJla M KoJila Ha OJHO COueTaHHE C IOCHIIKOH IOJHOH cepuu
uMnyJbcoB npu K = 2), umcay KauecTBeHHBIX IIPH3HAKOB
(o1 CMeHHOKAYeCTBEHHBIX KOJIOB) HJHM 4YHCJIY YacCTOTHBIX
NO3ULHH (JIJI YAaCTOTHBIX W CMEHHOIIOCBHIJIOUHBIX KOJOB).

DneMeHTHl, HCNONb3yeMble B LIM(pPATOPHOH MaTpHIE AJs
COeJIMHEHH S BePTHKaJIbHBIX M TOPH3OHTANBHEIX ITHH, JOJIKHEL
HUMeTh 3HauMTe/bHOe CONPOTHBJIEHHE B O0OHX HAIPABEHUSX.
IlosTOMy B KauecTBe COeMHHTEJNBLHBIX 3JIEMEHTOB YacTO HC-
HOJMb3YIOTCS TMOCTOSIHHLIE CONPOTUBJIEHHST U TAaKHE MATPHUILBL
Ha3bIBAIOT MATPHIBI CONPOTHBJIEHHI.

Ha puc. 77 npuBejieHbl cXeMBl MATPHIE CONPOTHBAEHNH M,
tuna C; (upu m = 2).

KonuyecTBo BXOAHEIX (BePTHKANBHEIX) LIHH MATPHILEL PABHO
YHCJITY COYETaHHUH U3 72 11O M, & BBIXOJHEIX (TOPH30HTAJbHBIX) —
UMCTy 7. BXopHEle M BBIXOAHBIE IIHHBI MAaTpHIE (pHC. 77, Q)
COEJMHEHEL MeXAy Cco0o# COmpoTHBJIEHHSIMH R mo mpasuiy
coueTaHUI.

Ilpy nofaue HampsikeHHS HA OfMH M3 BXOJOB BX Matpuus
paGouuii TOK NPOXONHT Yepes 7 BLIXOAHLIX LEINEH, B COOTBET-
CTBHH C 33/laHHOH KomGuHanuell Kofia. Hanpumep, IpH nofaue
HampspkeHHsl Ha Bx, paGounmit ToK I, MPOXOZUT yepe3 compo-
THBNEHHs Ry ¥ Ry (puc. 77, 6). Tak Kak TOK OJHOBpEMeHHO
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IPOXOLHUT ¥ O JIOXKHEIM LensM (TOK [, uepe3 CONPOTHUBJ/EHHE
" -
Ry ), TO 4151 HOPMaJIbHOM pa6oTHl MATPUILE HEOOXOLMMO, YTOGH

R > Ry.

MakcumagnbHOe 3HaueHHe

R
In=1I,55m. (7-3)
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(my=2) B;b/@ Ry !

- 2
Prc. 77. Cxembl MaTpuupl comporusieHuit tuna C :
4 — NPHHUHUNHANbHAsA; 6 — 3aMellleHUs A/ OAHOH BXOZHOH uenH.
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3nauenne Toka I, He go/mKHO npeprimath (0,02 — 0,05) /.
[pu stoM R = (10 — 25) mRy.

Ecom m=2, o
R = (20 — 50) Ry. (7-4)

Ec/H CONpOTHBJEHHE HArpy3ok Ry 3HaumTeJabHOH BesH-
UHHBEI, a BXOJHOE HAaIpsIKeHHe OrPaHHuYeHO, TO IOCJELOBa-
TeJIbHO C CONPOTHBJEHUSMH R MaTpuisl M. BKJIOYAIOT JHOLHL.
Torga BesMuMHA CONPOTHBJEHHH R MoXeT GHITb yMeHblIeHa,
TaK Kak B 3TOM ciyuae

Rym

In=1v op g, o

rae Rogp — 0OpaTHoe CONPOTHBJIEHHE AHOLA. -
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OGLIYHO B BHIXOMHEIX LEISIX MaTPHLLI CONPOTHBJ/IEHHHE BMECTO
COMPOTHBJEHHH Ry BKJIOYAIOTCA TPAH3UCTOPHEE KJIIOUH HJIH
SMUTTEpPHEIE ITOBTOPHUTEJH.

KonuuecTBO COeNHHHUTENLHBIX 3JIEMEHTOB (CONpPOTHBJIEHHH
HJIH CONpPOTHBJIEHUH, BKJIOYCHHEHIX MOCNEIOBATENLHO C JHO-
Zamu) B MaTpuue Tuna C, paBHO mCy'.

CTpyKTypHasi cxemMa 'MaTtpHIbl CONDOTHBJEHHH THma 2"
npu n = 3 npuBefeHa Ha puc. 78. Ko/snyecTBO COEIHHHTE/D-

- HBEIX 3JIEMEHTOB paBHO n2—1,

Jemudpatopubie MaTpHLbL.
JemudpartopHbie MaTpHIEI NP H-
MEHSIIOTCS JJ1s1 Tpeo6pa3oBaHuUs
3alaHHOT0 KOJIHYeCcTBA BXO[-
HBIX BO3JIeHCTBUI B €JHHHYHOE
BO3JieHCTBHe HA BEIXOZE. ITH
MaTpHIEl UCTOJB3YIOTCA B Je-
mHbpaTOPHHIX y3J1aX YCTPOACTB
Puc. 78. CtpyktypHas cxema maT- 1 &/—7TC ¥ B cXeMax pacnpepe-
pHIBL CONPOTHBNEHUH THIIA 27 IPH  JIUTEJIEH.
n=3. KoJIH4ecTBO BXOIHBIX IIHH
Jervthp atopHoi Mannum PaBHO YHCJY HUMIIYJbCOB B KOLOBOH
KOMOHHAIMH (IJ1sT [IBOMYHOI'O KOLa M KOJa HA OJHO Coue-
TaHHe C TIOCHIIKOH NOJHOH CEePHH HMIYJBCOB), HJH YHUCHY
YACTOTHRIX TNO3UIMH (§JI YAaCTOTHBHIX H CMEHHONOCHLIOYHBIX
KogoB). KosmyecTBO BBIXOZHBIX ILIMH PAaBHO YHCIY UCIIOJb-
3yeMEIX KOJOBHIX KOMOHHALHMH.

B pemudparopHbIX MAaTpHLIAX BXOAHLIE W BEIXOLHHE IIMHEL
COENMHSIOTCS NPH IOMOIIM IHOLOB, KOTOphle 00pasyloT HJIH
pasfessioT cxeMmbl coBIafieHusi. ITosToMy 3TH MaTpHInI Takxke
HAa3bIBAIOT AMOAHBIMH MAaTpHIIAMH.

CxeMbl COBIIafieHH S HA [Ba BXO[a, NPHUMEHSIEMEIE B JHOIHEIX
MaTpHIAX, NPHBEJEHBE! HA pPHUC. 79. BXONHBHIMH BO3JeHCTBHSIMH
SIBJISIIOTCSL M3MEHEHHS! BEJIHMUYUHEI NePEeMEHHBIX COIPOTHBJICHHH
R, ¥ R,, a BLIXOAHHIM BO3JCACTBHEM — BEJMUYMHA TOKa Ha
BRIXQJe (B LNl HAarpysku Ry).

+ B cxeme puc. 79, a BeluuMHA TOKA Ha BHIXOIE 3aBHCHT OT
COOTHOLICHHST CONPOTHBJEHHH R;, R;’ u Ry Koraa

R, KRy u Ry; &Ry,

TO uepe3 CONPOTHBIeHHe Ry NMPOXOAUT HeGOJMBLIOH TOK XOJO-
croro xoga Ix. x. Ecam®

Rz >Ry R;’>>Rua
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TO CXeMa COBIAfleHHsi cpaGaThiBaeT M TOK B IleH HArpysKH
3HAUMTENbHO BopacTaer A0 [p. Ilpu  yBenuyennu TOMBKO
ofHOTO W3 compoTuBjieHuil R, unun R, cxema He cpa6aTbI-

+
-
o

Puc. 79. CxeMBbl coBnajeHHs Ha [Ba BXOAA:
a — 6e3 JHOZOB; 6 — C AHOJAMH.

BaeT W TOK B HarpysKe NPAaKTHYECKH HE M3MEHSIETCs, TaK KaK
Harpyska Ry LIYHTHPYETCSI MaJbIM CONPOTHBJIEHHEM R2 uin Ry.

Ecanu

R2 (min) K Ry;

R3 (min) K Ry;

Ry (max) >> Ru,
TO KaK IoKas3aHo B pabore [25] KpaTHOCTb TOKAa XOJOCTOTO
xoza

]‘ R R]_

R2 (min) (Rt + R W

U3 storo ypaBHeHHs BHAHO, YTO JJsi yBeJuueHHs Ky, compo-
THBJEHNE R; crepyeT BHIOUPAaThb II0 BO3MOXKHOCTH GoOJblued
BeJMYHHB, YeM R,. Ilpn sToM Heo6XomuMO y4YHTHIBATH, YTO
c Bo3pacTanHeM R; HeoOXOLHMMO TaKkKe yBeJUYHBATH Hamps-
JKEHHe INUTAHUS CXEMBL

Cxema coBnajenus c guonamu (puc. 79, 6) 6osee adpdeKTHB-
Ha, YeM Cxema Ha puc. 79, a. IIpn ManbpIX 3HAYEHHSIX CONpO-
TuBJeHHH R, u R, TajeHWe HaNpspKeHUsI HA HHUX, BO3HH-
Kafolee 32 CYeT TOKOB, NPOXOASIIMX IO CONPOTHBJIEHHSIM R
W Rj HELOCTaTOYHO IJIA 3amHpaHust AHOZoB. Kak Tombko
BeJIMUMHA OOOUX CONPOTHBJICHHH YBEJIHYHMTCSI, COOTBETCTBEHHO
BO3pacTeT IMaJieHHe HaNpSIKEHHsl, KOTOPOE 3amupaeTr LUOABI,
H TOK yepe3 COIpPOTHUBJICHHEe Ry yBenwuusaercs. s cpabarsl-
BaHHs CXeMBbl He06xo,umvxo, yTOObl NaJeHHe HAPSKEHHS Ha
conpoTusienusix R, u R, Crajo GoJbllle MafeHHs Hampsixke-
HHSI HAa Harpyske RH.

(7-6)
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Heo6x0guM0 OTMETHTH, YTO IIPH HCHOJB30BAHUH CXEMBI
comnagenus (puc. 79, a) B AemndpaTopHOH Marpuue JJs pas-
. JeJIEHUsT LleTedl TaKxkKe IIpH-
- - -~ - —— MeHsiioTes  Auonsl. Ilostomy
cxeMa JHOAHOHM MaTpPHIE! He
3aBHCHT OT TPHMEHSEMOIO
BapHaHTa CXeMHl COBIaje-
HHUSL.

CoueraHue cxeMm coBrage-
HHs1 06pasyer JHOLHYIO MaT-
puiy Tana C, , KaK MOKa3aHo
Ha puc. 80, npu m = 2.
Yucso Bxomueix nenei (R2)
MaTpullel paBHO 7, KOJH-
YeCTBO  BBIXOIHBIX llenel
M =C;, a KonMyecTso
: nuonos pasHo mC,. Tlpu

Puc. 80. Cxema puojgHOH MaTpHIBI HCTIOJIP30BAHHY CXEMBI (pHC.
Tuna G npu m = 2. 79, 6) IOTIONHHUTEILHO BKJIIO-
YaloTCsl CONPOTHBJEHHUS Rj.

Korna R € Ry, TO BeqmuuHA TOKA, IPOXOJSIIETO YEPes3 Co-

IpOTHBJEHHS Ry, HesHaunTe 1bHA. Ec/iu BeIHYHHA COOTBETCTBYIO-

a
P S s0 [0]0]0] 5= A "2
1 2/ |0]0|1 ':’ [~ :3
- g 22 (o|l/10 {:" :4
g — > 23 |{o|/]/ 1 t
1 e—es |/|0l0| [— 5
H— 1 D 25 /10| R "z
H— 14 —6 (/|10 — :
14 < o7 717171 ™= “
AN AR 50
@ L[:@ 3127 ol 3253 tL/ 2 53
S—_—— S—
0 0 0 I I
‘. 3
8x 0

Puc. 81. CxeMmbl pguopmHbx MaTpHIL:
a — tuna 2% 6 — Tuma nyfg,

HIUX CONPOTHUBJIEHHH Ry yBEJIHUUTCS, TO TOK B OLHOH H3 BEIXOJ-
HBIX IIeNed 3HAYMTeJNBHO Bo3pacTaeT. Hampumep, npu yBesu-
YEHHH CONPOTHBJEHHH R W R; TOK BO3pacTaeT B lelNH Ry,
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B cxemax JHOAHBIX MATPHIL BMECTO COIPOTUBJEHHA R,
U R, B KauecTBe BXOIHBEIX H BBIXOZHBIX 3JIEMEHTOB NpPHMEHs-
I0TCSL TPAH3UCTOPBHIL.

Ha puc. 81, a npuBejieHa cxema JHOLHOH MaTpHUB THIA 2"
(mpu n = 3), C UCIOJIbL3OBAHHEM CXEM COBHAJeHHA (pHC. 79, 6).
Ha Bxoze BKJioueHsl Tpurrepuvle cxemsl T3, T2 u T3, Konu-
YeCTBO KOTOPHIX paBHO n. CoOCTOSHME TPUITEPOB ONpENEJSAETCS
BXONHbIMH BO3JEHCTBHSIMH, IOCTYHAIOMUMH Ha BXOAH 1, 2
H 3. B 3aBUCHUMOCTH OT 3TOTO HAIpsKeHHe BO3HUKAET HA OLHOM
U3 BochMH BoixofoB 0,1, ..., 7. CoOTBeTCTBYyIOUIHUE COCTOSHUS
TPUITepOB NOKasaHel B Tabiuue Ha puc. 81, a. Kosuyecrso
JMONOB B cXeMe paBHO n2". .

Ha puc. 81, 6 npusejeHa cxema AMOLHOH MATPHIEL! THIA
NNz TIPH ny= ne= 3, NPUMEHAEMOH B CXeMax JemHGppaTopos
KOIOB C TpYMNIOBLIM BHIOOPOM M CXeMax pacnpeiesuTened.
KoJinyecTBo [HONOB B CXeMe PaBHO 2nifs.

§ 6. PACIPEJEJUTEIR

Pacnpenenuresin sIBJSIIOTCS OCHOBHBIMH y3J1a-
MH, OCYIIECTBJISIOINMMH BDEMEHHOE pa3Je/ieHHe HMIYJIbCOB.
Ipu ucnosb3oBanuu MarHUTHEIX 3jemenTos I npumens-
I0TCsl PACIIPEIEJIUTENH C OJHOM IENbIO IBIXEHUS (OLHOXONOBLIE)
¥ C JBYMsl LENsMH JBHXKEHHS (IBYXXOJOBBIE).

OnHoxoposoii pacnpeneautenb Ha IMNI. Cxema opHOXOmO-
Boro GeckoHTakTHoro pacmpenenuresss Ha ITIIIN npusenena ua
puc. 82, a. Kaxaplii cepledHHK KpoMe OOMOTOK JBHKEHHS
W, u narpysouHoii Wy umeeT 1o iBe OGMOTKH CBS3H, M3 KOTO-
puix Wi— BeixofiHAas1 0OMOTKA CBSI3U C TIOCTEAYIOUIMM CepAey-
HuKoM B Wo— BxogHass oOMOTKa CBSI3H C NPEABIAYIIUM Cep-
JIeUHHKOM.

MIMIy/ibChl TOKA B OGMOTKE JIBHIKEHHUS] CTPEMSITCS NepeBecTH
Bce CepIEUYHHKH B HIDKHee roJsioxkeHne. IIoCKONbKY B Kamnapit
NAHHBIE MOMEHT TOJBbKO OLUH CepleYHHK HAXOLHUTCS B BEPXHEM
TNIOJIOKEHHH, TO PaGouUH HMITYJbC BO3HHKAET TOJLKO B OLHOH
BBIXOHOH Lend Ry.

Tpenrosoxum, 4TO B HCXOLHOM COCTOsIHMH (puc. 82, 6)
TOJILKO CeplieyHuK | HaXOAHTCsl B BEDPXHeM moJioxkeHuu. Torzaa
[PH TOCTYIVIEHHH CHABHTAIONIEr0 MMIYJIbCA OH IepPeMarHuTHTCS
Buu3. [Ipu 3ToM B BBEIXOZHOH LEMM 3TOr0 CepiedHHKa BO3HHU-
KaeT paGoumii umrysabc. ONHOBpeMeHHO moj BO3JEHCTBHEM
3. I. c. o6MoTKu W, Konzencarop C 3apsgurcs. Kongencarop C
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paspsigutest Ha 06MOTKY W5 noc/IeyIomero cepjeqHiKa ToJIbKO
HocJie OKOHYAHMsI HMIyJibCa [BIDKEHHs, TaK Kak, IIOKa IIpo-
XOIMT UMIYJBC ABHKEHHS, HA CONPOTHUBJIEHHH R; cospaeTcs
NaJilcHHe HAaNpSKEHHs [POTHUBOIOJOXKHOR NOJSPHOCTH BeJIN-
YHHOH, JOCTATOUHOH ZJA 3anupaHus guoga . Ilpu mpoxo-

TAKTHBIH pachpefesinTe]b Ha Mar-
HHTHEIX ceppeuHukax c IIIII:
a — cxeMa; 0 — gHarpaMma paGoThI,

a
D— Puc. 82.  OpHOXOmOBOH GeCKOH-

=
R s

KIEHHH TOKa paspsiia KOH-
U ngerncatopa C no oomotke W,
MOCJIEAYIOMET0  CepleyHHKa

OH nepeMar HI4uBaeTCst

3H H H H BBEDX M 3THM IIOTOTABJIH-
BaeTcss IJsi cpabaThIBaHUS

6 OT HMIYJbCA JBIKEHHUSL.

Kak BuaHO M3 BpeMeHHOH puarpammul (puc. 82, 6), cep-
JIEYHHKH I1I0CJIeOBATE/NLHO BO BPEMEHM IepeMarHUYHBaOTCS,
BhiJaBasi Ha BLIXOZE MMIYJbCH TOKa.

Ecnu cBsi3aTh Mexqy co60oii BBIXOAHYI0 O6MOTKY cBsizd Wy
TIOCJIEJHETO CepleyHuka n ¢ BXogHoil o6MoTKoil W cepreu-
Huka I, T0 pafora pacmpegesuTesisi GyLeT NPOTEKaTh Hempe-
pblBHo), MOKA INOCTYMAOT HMIYJBCHl ABMXKEHHS (KOJbLeBast
cxema
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CJIe)lye'r OTMETHTb, UTO HaJHuue CBA3H 06MoTOK W, u W, ¢
BXOJHOH LIENbI0 MCKJIOYAET TaKXKe BO3LeHCTBHE IOCJELYIONIEro
3JIeMEeHTA Ha MpeibigyInui.

AByxxom0Boii pacmpefienTens Ha ¢eppPUT-TPAH3ACTOPHBIX
siyefikax. Cxema pacmpejie/iuTeNs ABOAHOTO Xofa Ha depput-
TPaH3UCTOPHBIX siuefiKax NpuBefleHa HA puc. 83. B atoM pac-

bix § 1 -

8 5,
N
Om nacnebres 3
quelxu unu £
om -
nyekotozo Wy s
1EMeHma 2
. Q'
gl (W S
noner 1 I 1 <

T U

Puc. 83. Cxema pacmpenenuTensi ABOHHOIO Xoia Ha (beppHT-TPAH3HCTOD-
HBIX sAyeHKax.

npefesuTesie CBA3b MexAy obmMotkamH Wi, um W cocemnux
3JIEMEHTOB OCyIIecTBJseTcss 4epe3 TpaHauctopsl 7. ITomumo
YCHJIEHHS] HMMIIYJbCOB, 5TH TPAH3HCTODPEI TAKKE 3aKPHIBAIOT
nyTb Aas obpatHoit mHpopMauuu. IlosoxurencHas obparsas
CB$13b OCYILIECTBJISETCS IPH HOMOIIH 06MOTOK W, @ BRIXOIHEIE
HMIYJbCHl CHHUMAIOTCS C CONPOTHBJEHHH KOJIJIEKTOPHOH Ha-
TPY3KH Ry.

. Ha ocHoBaHHH TpaH3HCTOPOB IIOLAETCSl 3AMHpPAIONIEe CMe-
menne + Uq, .OT OTZEJBbHOrO HCTOYHHKA, YTO YCTpPAHSET
IIOMEXH Ha BBIXOAAX paclpefenuTessi. B HCXOZHOM COCTOAHHH
TOJIbKO CepAeuHHK / HaxoAuTcsi B BepxHeM cocTosiHuu. Ilpu
NOCTYIJIEHHH CEBHUTAIOUIEr0 HMIysbca Ha Bxof [ sToT cep-
JEUHHUK TlepeMarHUTHTCS BHH3. D. J. C., HaBOZHMas B 06GMOTKe
W1, npeogosieBaeT HaNpsKeHHe CMEIIEHHs H B KOJJIEKTOPHOH
LeNH TPAaH3HCTOPA BO3HHMKAET YCHJEHHBIH HMIYJbC TOKA.
IMponcxoput BbAaua CHrHajsa / M OJHOBPEMEHHO HepeMarHH-
YHBAHHE BBEpX BTOPOTO CepAEYHHKA.

CrBHraomuii HMIYJIbC YETHOH FPYMIEl, NMOCTyMAomuil Ha
Bxof /I, nmepeMarHMuyHBaeT CePACYHMK 2 B HIDKHee IOJIOXKe-
HHe, a CepJeyHHK J — B BepxHee. Hpn 5ToM Ha Beixoge I a
TaKXe BOSHHKaeT MOJOXKHTENbHEIH HMIy/bC HanpsKeHHs
H T A
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Pacnpeaennrenp Ha TpaH3ucTopax. Pacmpegenutesb Ha
TPAH3HCTOPAX COCTOUT M3 71-TO KOJIMUECTBA TPUITEPHEIX sueek,
CBSI3aHHBIX MeXZy Co6od KoHzeHcaTopamu CBs3H C;, KakK

P I ) -

D N

E/(I’J"?— —_———— .ﬂ? ______ ] 2 et
EL ' - " . o

| | |

: [] Cedy

|

|

|

L_
”Ucw -—
;Ua Cr 4
— I 2] - - /

2

T Al (B @Al°

7R 0 /

a 0

Puc. 84. Cxema pacnpegenutens Ha Tpéﬂsncropax.

N

NI0Ka3aHO HA cXeMe puc. 84, a. B nmepBoHayaJbHOM COCTOSIHHH
npaBbie TPaH3HCTOpPHl T, Ty BCceXx TPUITEPHBIX s4eeK, 3a
HCKJIIOUEHHEM NePBOH, 3aKpHITHI, a JeBble T3, T'5 — OTKPBITHL
[osioxkenne mepBoii siyeiiku oOGpaTHOE — IPaBBIH TPaH3UCTOP
T oTKpHIT, a JIeBbIH T'1— 3aKphIT (puc. 84, 6). CnefoBarespHO,
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Ha BeIXOJe 3To# suefikin 0 B HCXOZHOM COCTOSIHHH HanpsKeHHe
npuMepHo paBHO — Ey, a Ha BBIXOJaX OCTAIbHHIX fueeK
1, 2, ... — paBHO HyJIIO.

INonoxuTebHBlE HMIYJBCH JBHMKEHHS IOCTYIAIOT Yepes
KouzieHcatop Ci 4 JHonn!l /I u []; Ha OCHOBAHUS BCEX MPABBIX
tpan3ucropoB T's, T4, Tg. Ilon Bo3AeficTBHEM IIEPBOrO HMITYJIbCA
TpaH3uCTOp NepBoil syeliku T'; 3akpeBaercs, a T3 OTKPHIBA-
ercsi. Torma KonpgeHcatop cBfisu Ccs, HAuHeT paspsKaThCs
yepe3 OTKPHITHIH TpaH3ucTop 7'; U BXOZHYIO Leldb TPaH3HC-
tTopa T, mepeBoAsl ero B 3aKphIToe cocTosiHue, a 14— B OT-
Kpuitoe. ITocsie OKOHYWAHHMsS 3TOrO HpOIlecca HampsiKeHue Ha
BbIX0Ze / BO3pAcTaeT O MAaKCHMAJILHOTO 3HAUEHHS, B TO BpeMs
KaK Ha OCTa/JbHBIX BHIXOZAX OHO OyIeT IPAaKTHUeCKH PAaBHO
HYJIIO.

Cnepyer OTMETHTh, UTO KOrja TpaH3ucTop 1 3aKpoercH,
TO KoHfleHcaTop CBA3H Ces, 3apPAKAETCS Uepe3 BXOLHYIO ILENb
OTKPHITOrO TpaH3HCTOpa 1’5, YTO NPHBOZUT TOJHKO K HEKOTO-
pPOMY YBEJIMUEHHIO er0 KOJJIEKTOPHOTO TOKA.

Tlpu nocTymyieHMH BTOPOTO HMIyJbCA XBHKEHHS TPaH3H-
cropel Ty u T5-3aKpotores, a T's 0 Ty otkpotores. [Ipu Hanmnuuu
HoCJeAYIOIUX sdeek pabora pacnpeienurens GyIeT INpoTe-

" KaTb aHAaJIOTHYHO.

Il1s BosBpara cxeMbl B HCXOLHOE NOJIOXKEHHe Yepes3 KOH-
JeHcatop C, TOJAeTCs IOJOKHTEJbHBIH HMITYJbC, KOTOPBIH
TIepPeBOAMT TpaH3UCTOp 7'y M Npasble TpPaH3UCTOPHL T4, T
BCEX OCTAJBHEIX s1YeeK B 3aKPHITOE COCTOSIHHE.

Ecun xossiekTop JieBoro Tpansucropa 1 nociegHeil suefiku
CBsI3aTh uepe3 KoHAeHCaTop CBA3H (s, C 62306l TpaH3HUCTOpPA
T'1, TO HONYy4UM KOJIBIIEBYIO CXeMy CUeTuHKa, paGoTa KOTOpoi
OyleT NpoTeKaTb HeNmpephlBHO, IOKAa IIOCTYNAT HMNYJbCH
IOBHKEHHS.

Crnenyer OTMETHTH, UTO paclpefesuTelb, BHIIOJHEHHBIH IO
cxeMe, TIpUBEJEeHHOH Ha pUC. 84, He 3aWMUIEH OT HENpPaBHJb-
HOH paGoThbl, KOTAA HA BBEIXOAE MOT'YT OBITh OJHOBPEMEHHO JBe
eAVHUIBl (32 CUET HEIPAaBHJBHOIO INeEpeK/IOYeHHsl ONHOrO H3
Tpurrepo). ITpuuem BepOSTHOCTL TAKOro pekuMma paGoThl BO3-
pacraeT C yBeJHUYEHHEM KOJHYeCTBA TpurrepoB. Ecsm pacmpe-
JesquTeib He 3aMKHYT B KOJBLO, TO HelNpaBujbHas padoTa
6yIeT mpofo/DKaThCS TOJBKO [0 KOHIA IIMKJIA, 4 eCJIH 3aMKHYT
B KOJIBIO — TO HeONpeJeJeHHO JoJroe BpeMs. Kpome TOroO,
pabora pacmpefesuTesNsi MOXET COBCEM IIPeKpaTHTbC IIPH
ciyyaiiHoM HecpaGaThIBAHHH OFHOrO W3 TPUIrepoB, (TOTAA Bce
TPHITEpb! 6yAyT B OAMHAKOBOM cocTosiHuu). [ToaToMy OGHIYHO

253



cxeMa pacnpegesnuTesss YC/JI0XKHAETCS H AOHOJMHAETCA Y3JOoM

samycka [3].

Pacnpene.nme.rm Ha TPaH3HCTOPaX C AMOJAHBIMHA MATpPHIIAMH.
Pacnpenenm‘enn Ha TpaH3ucCropax C AUOAHBIMH MATpPHIAMH

IM; (muna 27)
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Puc. 85. CxeMmrl pacnpesienutesiefi Ha TpaH3HCTOpaX C JHOA-

HBIMH MaTpHUAMH:

a — c ojHOoCTylNeHYaToH JHOZHOH MaTpHLelH; 6—c JAByXCTyIleH4aTOH

[HMOfHOH MaTpHuefi,

ABJIsIOTCS 6oslee 6e30TKAa3HBIMH M SKOHOMHYHBIMH (TI0 HCIIOJIB-
30BAaHHIO TPAaH3HCTOPOB), YeM paHee PacCMOTPEHHHIA pacmpe-
JeJHTeJh HA TPaH3HCTOPAaX C HENOCPeJCTBEHHBIM BBIXOLOM.
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Ha Bxox auopHoi MmaTpuipl tuma 2" (puc. 85, a) BKio-
4aeTCs JBOMYHBIH CYETUMK HA TPAH3UCTOPaX, KOTOPHIH BHIIOJ-
HfIeTCs1 Ha TPUITEPHBIX siUefKax CO CUETHBIM BXOLoM. B mcxon-
HOM COCTOSIHHM CYeTYHKa JeBble TPaH3HCTOpPEI Tpurrepos 7'y,
T3, T 3aKkpbIThl, a npasble T, T4, T OTKPHITH (cocTosiHME 0).
Ilpu sTOM BBHICOKOE Hampsi:KeHHe OyIeT Ha HYJIEBOM BBIXOJE
marpuupl. [locie nopaun HMIyJbCa HAa BXOJL CUETUHKA TPHI-
rep | nmepexonuT B COCTOsIHHe / M Ha €ro IPaBOM BBIXOJE IIO-
SIBJISIETCS] OTPHLATEJbHEIH NOTEHIHAN, paBHBIH npmepHo Uy/s
(mpu Ryx= R.). Mo 3Toro HampsuKeHHs] OyLeT 3apsiKaThCs
KoHpencarop C, Tpurrepa I/ uepes oTKpuITHI TpaHsucTop 7.
Bropoit BxogHOl HMIyJbC epeBofuT Tpurrep / B cocrosinue 0.
ITpu sTom Kompencarop C, paspsKaercs Ha 6asy HPaBoro
TpausucTropa 7, M OH, 3aKpbIBasich, mnepeBogut Tpurrep I/
B cocrosinme ]. [Tocisie aTOro BBICOKOE HANpSKEHHE IOSBJISETCS
Ha Bmixofge / marpuupl. [asnee cxema paGoTaeT aHAJIOTHYHO.
Hns Bo3BpameHHs: paclpefesufessi B HCXOLHOE COCTOSIHUE
TIOJIOXKUTEJIbHEIH HMITyJIbC IIOfAeTCst Ha BXOZL ofmero c6poca.

[lng yMeHbIeHHsI KOJIMYeCTBA JHONOB B CXeMe pachpene-
JIATEJIST IpPH GOJIBLIOM YHCJEe BBIXOLOB IPHMEHSIOTCS IBYX-
CTyNeHYaThle NUOAHBIE MATpHuB! (pHC. 85, 6) MepBOil CTyNEeHH
THna 2", BTOpOH — THNA Nifle.

Hanpumep, gpnas nojsyueHust 64 BBHIXOZOB IJIsST OXHOCTYNEHYAaTOH
MaTpHULl HEOOXOLHMO
n2n =6 . 26 = 384 nuoxa,
a Ansl AByXCTyneHd4aToH
2n2n +2n4np =2-3-2342-8.8=48-| 128 =176,
T. €. HOYTH B ABa pasa MeHbIIe.

Pacnpenesurenb-reHepaTop HMIYJbCOB Ha OXHOBHOPATO-
pax. Pacnpegenuresb-reHepaTop HMIYJbCOB, Ha3bIBaeMbIi
TaKke MHOrodasHblM IFe€HepaTOpPOM HMIIYJbCOB, B OTJIHYHE OT
OOBIUHBEIX pacmpenenuTeseil He TpeGyeT s CBOeH paboThI
HAJMuUMs HMCTOYHMKA TAKTOBBIX HMIYJbCOB. Pacmpepemuresb
BBINIOJIHSIETCS] HA OJNHOBHOGpATOpax, BKJIOYEHHBIX IIOC/IEN0Ba-
TeJbHO, KaK MoKasaHo Ha pHuc. 86. OnHoBuGpaTtophl CBsi3a-
"Hbl MeXJLy coGoli uepes nuGpdepeHuupyoomue nenodkn RC
(puc. 86, a). Ilpu HoCTymJIeHHH KPaTKOBPEMEHHOIO 3alycKaio-
IEero MMIyJbca Ha BXOJ 'HepBOro onHosubparopa OBi, Ha
€ro BbIXOfie 06pasyeTcsi UMIyJbe Hanpsokerus U, (puc. 86, 6),
IJIATEJBHOCTh KOTOPOTO OINpefesseTcss IapameTpamMH ORHO-
Bubpatopa. B pesysbrare guddepenuuposanus RC — LeNbio
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saguero ¢ponra BhHXOAHOrOo HMIysabca Uy BO3HHKaeT KpaTKo-
BpeMEHHBIH HMIYJbC HaNpsKEHHs, 3alyCKaromuii ofHOBHOpa-
Top OB, [lanee cxema paboTaer aHanoru4Ho. KoJinuecTBO
OIHOBHOPATOPOB OIpefessieTcss HeOOXOAMMBIM UYHCJIOM BBIXOJ-
HBIX Henefi. IIpu HeOGXOAMMOCTH paclpefe/uTeNb MOXKeT GbITh
3aMKHYT B KOJIBIIO, AJIS1 Yero HeoGXOAHMO BBHIXOJ IIOCJIEeJHEero
ofiHoBHOpAaTOpa CBsi3aTh C NepBbIM yepes nenouky RC.

Botx

Lol

—

U&y’v 03/ U/ Uﬂ){z 032 Ug 03/7

LAY LAY [N
[I. s

Uy,

4
“ T

Puc. 86. PacnpegnennTesib-re-
HepaTop MMIYJIbCOB Ha ORHO-
Bu6paTopax:

a — cXeMa; 0 — AuarpaMMa Ha-
npsXKeHu, .

:V7
) 1
7

Pacnpepenurenb-reHepaTop  MMOyJbCOB HA  MOCTOBBIX
aneMeHTaxX 3ajepxku. Cxema pacnpelesuTensi IpHBeleHa
Ha puc. 87. flueiikamu 3TOro pacrpenesuTess ABISIOTCS MOCTO-
BhIE 3JIEMEHTHl 3aJepiKKH, COCTosinue H3 KoHaeHcatopoB Cjy,
C: compotuBjieHuli Ri, R,. B AHaroHajgb MOCTa BKJIOYAeTCs
avon /[, a nocnefoBaresibHO ¢ KOHpeHcatopoM C;— TpaH3wuc-
T0p T'1 C BXOJHBIM CONpPOTHBJIEHHEM Rj..

O6puao R;=R,=R; C;,=C;=C; R &R, Ryn<&
K RL Ry 0 THE Ry 7 U Ry o — TpsiMOe M 0GPaTHOE COMpPO-
THBJIEHHE Juona [I. B mepBoHAayaJbHOM COCTOSIHHH BCE TPaH-
SHCTOPBEI B CXeMe (puc. 87) 3aKphITH, a KOHAeHcaTopnl Cy H
C, sapsukenbl. [Ipn mocrynsienun 3amyckaromero OTpPHIATelb-
HOrO MMIYJIbCA HA BXOJ CXeMbl TPAH3HCTOP Tsx OTKDEHIBAETCS
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u KoHjeHcatopel C; u C, mepBoil suefiKu paspsaKaOTCA uepes
NOCJIel0BATe/bHYIO 1enb U3 Auoxpa /[, conporuBjeHuss Rg —
H CONpPOTHBJEHHE SMHUTTEP-KOJJIEKTOP R, ¢ TpaHaucTopa 7 'sx.
[TocTosiHHAsi BpeMeHH paspsifia KOHAEHCATOPOB BLIGHpPAETCS
3HAYHTEJbHO MeHbLIEH BEeJUYHHbI YeM LJHTEJbHOCTH BXOLHOIO
HUMIyJbCa £yt

Tpasp = 'g— (Rn n+ Rs+ Rs, K) K ta.

CrnefoBaresbHO, 32 BpeMsi ¢y KoHpeHcatopel C; u Cs IpaKTy-
YeCKH paspsparcs nosHocThio. Ilocsie OKOHUaHHS 3amyCKaio-

Bbix, Bbix, biX,
7" ¢ 2 Bbikp
i} L -t:'
T Tn
02 /?2
s - £

Puc. 87. CxeMa pacmpefie/uTesi-TeHePaTopa HMIYJIBCOB HA MOCTOBBIX
S/IEMEHTAX 3afePKKH.

1ero UMMyJbca TpaH3ucTop Tpx 3aKpHIBAETCA M KOHAEHCA-
topsl C; u C» HaunHaoT 3apsaxkarecs. Konpencarop Co 3aps-
skaeTcs mo 1end — Ry, Ra, a KouaeHncatop C; mo uenu Ry,
R: u Rs. Tlpu stoM Tpanauctop T3 OTKPHIBAeTCsi, 8 KOHJEH-
catopsl crefyloulell suefiKH HAuMHAIOT paspsikarbcs. Korxa
HampsuKeHHe Ha KoHAeHcarope Cp JOCTHraeT BeJHYHHBI TNajie-
HHS HANpSIKEeHHsl HA CONMPOTHBJIEHWH Rj, Auop [ oTKpoercs
M 3apsj KOHJEHCATOPOB MPEKPATHTCS, a TPAH3HCTOP T, s3a-
Kpoercs.
Tak kKaK Rx<& R1, TO NIOCTOSIHHAs BPeMeHM 3apfAAa KOHAEH-
caTopoB
Taap = CR, ' -7

ueM H 6yfeT ONpeleasiTbCsl BPeMSI OTKPBITOrO COCTOSHHSA TpaH-
sucropa T';. Jas Toro, 4ToObl 32 5TO BpeMsl KOHAEHCATOPDI CJIe-
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Ayiomell qyedKH CMOTJIM TIOJTHOCTBIO Pa3pSLUTHCS, HEOOXOAUMO
4TGB!

Tsap > Tpasp:

Korna tpansucrop 7T'; 3akphIBaeTcsi, HAYUHHAIOT 3apsikKaThbCs
KOHJIEHCATOPHl IOCTeAyIomeH sYefiKH M OTKpPBIBAeTCss TpaH-
sucrop 7T [anee pacmpefesuTesb INepeKJIOYaeTcs aHamo-
THUHO JO mnocnepHeii suefiku. Ilocse wero mepBoHavasbHOE
COCTOSIHME CXeMbl BOCCTaHaBJuBaeTcsi. EciH pacnpenesurenb
3aMKHYTb B KOJIbLIO, TO IIPOIECC IepeKJIIoueHHs GyAeT NMpOROJI-
)Karbest HanpepbiBHO. CriefyeT OTMETHTb, UTO paclpeieJuTelb,
BBLINOJIHEHHBI IO cxeMe Ha puc. 87, OTVIHYaeTcsl BBICOKOM
CTaGHJIbHOCTBIO BpEMEHHBIX WHTEPBAJIOB IMepeK/IoueHHs, Tak
KaK BpeMsl NepeKJIIOYEeHHsT ONpesesseTcs] TOJAbKO NapamMeTpaMH
MOCTa M MaJO 3aBHCHT OT BeJHYHHBI HaNpfXKeHHs NHTAHHUS
CXeMBl H XapaKTEPUCTHK TPAH3HUCTOPOB, KOTOPble B OTKPHITOM
COCTOSIHUH [OJ/IKHEI HAXOAHTHCS B PeXHUMe HAaChIIEHHS.

§ 7. TEHEPATOPBI 9ACTOT (CHHYCOH-
JAJTBHBIX KOJEBAHUI)

I'enepaTops! 4acToT cayKar IJis 06pasoBaHHs
YACTOTHBIX HMIIYJbCOB B YaCTOTHBHIX H BPEMEHHBIX YCTPOM-
crBax TY—TC. TlepectpauBaemble reHepaTophl B TeJseyIpaB-
JEHHH He MPUMEHSIOTCS MO3TOMY KOJHMYECTBO TeHEepaTopoB
B Iepejaollell ammaparype pPaBHO YUCJY YACTOTHBIX MO3HUHUH
IIPH YACTOTHOM DAasfie/eHHUH HMMIIYJbLCOB HJIH YHCIY HIPHHATHIX
YACTOTHBIX KauyecTB IIPH BPEMEHHOM pasJieJIeHHH.
Tpe6oBanusi K CTAaOGUIbHOCTH TE€HEPATOPOB YACTOTHHIX
CHTHAJIOB 3aBHCAT OT IIHMPHHBI IIOJIOCH CPaGaTHIBAHUS peJie
YaCTOTEl C YYeTOM BO3MOXKHBIX ee cMemeHuil. [onycTumyio
HecTabU/IbHOCTb [eHepaTOpPOB YaCTOTHl MOMKHO OIpPEEJHTb H3
BBIpAXKEHHS
R CEEL)
2K,

rae Afc, — mosoca cpaGaThBaHHS pesie YaCTOTHI;
8fp — CABHT mOJIOCHI. cpaGaThHIBAHUA peJie YacTOThl NpH
H3MEHEHHH BHelLIHell TeMmepaTyphl, OT CTapeHHs
H Ip.;
Ks— kos(pdunment sanaca, paBHblf 3—4, YUHTHIBAIOM U
TaK¥e HETOUHOCTh B3aMMHOH HACTPOHKH DeJie YacTOThI
H TeHepaTopoB.

(7-8)

258



B ycrpoiicTBe TeneynpaneHus LEeNeCOO6PA3HO NPHMEHSATh
OZHOPOIHEIE 3JIeMEHTHl, MO3TOMY MOXKHO MPHHHMATb, YTO

8fp = Ofr.
Ilpu stom ycnosnu asa Kosbdunventa 3anaca K =3
Af
b, = £ -2, 79
l =
1
]
- fb/x 2 Ry * ! Bbix
a98
a

T

Pyc. 88. CxeMbl TeHepaToOpOB:

a— 3JIeKTPOMEXaHHYECKOro reHepaTopa ¢ ABYXb-
A3blYKOBbIM BHOpaTtopoM; 6, 6 — reHepaTophl
tuna LC; e — redeparop THna RC.

apia Ki=4
B

¥r =+

Dro 3HaumT, uTO, Hampumep, npH Af, = 10%
Bf r = i 1 % .
Ecn cooTBeTcTByIOMAsi CTAGH/IBHOCTD HE MOXKeT GbITh INOJY-

YyeHd, TO HEOOXOLHUMO YBE€JUYHBATD LIHPHHY I10JIOCH! cpa6aTb1-
BaHHA peJie 4yacToThl. B cxemax regepaTopoB 4acToT HUCIOJIb-
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3YIOTCSl 3JIEKTPOMEXAHHYeCKHe M 3JIeKTpHUYecKHe KoJsebaTe/ib-
Hble CHCTEMBI H YCHJIMTEJNH Ha TpaHsucropax (puc. 88).

Hawu6osee BbICOKYIO CTA0HJIBHOCTE MOMKHO TIOJYYUTh DU
HCIOJb30BAHHH 3JIEKTPOMEXAHHYECKHX eHepaToOpOB, OCHOBOM
KOTOPBIX fIBJIAIOTCA MeXaHHYecKHe Kosie6aTesibHblE CHCTEMEI,
HasbiBaeMble BuGparopamu [24]. B KauecTBe BHGPaTopoB HC-
NI0JIb3YIOTCA SI3HIUKOBBIE M KaMepToHHbIe cucTeMbl. Ha puc. 88, a
IpHBeJeHA CXeMa 3J1eKTPOMEeXaHHYeCKOTro PeHepaTopa ¢ JBYXb-
SI3bIYKOBBEIM BHGparopom (/[4B). Cmemenue Ha 6a3y TpaH-
3UcTOpa Iojaercsi ¢ Aeautens R,R,. Ciepyer OoTMETHTb, YTO
3JIeKTPOMeXaHHYeCKHe reHepaTopH B NPOMBIIIEHHOH TeJieMe-
XaHHKe J0 HACTOSIIIEr0 BPeMEHH He MOJYYHJIH INHPOKOro IIpH-
MeHeHHs, BCJIEACTBHE CJIOKHOCTH M3TOTOBJIEHHS M BBICOKOMH
CTOUMOCTH BHOpaTopoB. OfHaKo, mofoOHBIE TeHepaTopbl MpH-
MEHSIIOTCS B PAa3J/IHYHBIX CHEIHATbHBIX CHCTEMAX.

Ha puc. 88, 6 u ¢ npuBeneHsl cxeMbl reHepaTopos tuna LC
¢ ofmuM 5MHTTepOM H o6mieit 6asoil. [lys moBbIIEHHS CTa-
OGHJIBHOCTH 3J1€EMEHTHI KOHTYpa KOHAeHcaropel C BBIGHPAOTCS
HOBBLIIEHHOH CTAaGHJIBHOCTH, a CEpJeUHHKH C MaJbIMH IOTe-
psMH, HanpuMep, OpOHeBhIe cepfleYHHKH H3 oKchdepa ObB-20
uwin OB-30 ¢ BoszyuHeM 3a3opoM. IIpuMeHsieTcs1 Takxke Tem-
neparypHas KOMIIeHcalus, HampuMep, mnosoxurenbHoe TKH
HHIYKTHBHOCTH Ha KapOOHHJBLHOM 3Keje3e KOMIeHCHpYyeTcs
orpunaresbHeiM TKE Korpencaropa tuma IICO.

Ha puc. 88, 2 mpusenena cxema redeparopa *, B KOTOpO#
posib 37eMeHTa, O6eCneYHBAIOUIEro HEOOXOAHUMBIA CHBHI (asbl
B Lenyu oO6paTHOH CBs3H, BHIMOJHSIOT RC-uemy.

§ 8. IPHEMHUKHN YACTOTHBIX HMIIYJbCOB

IIpneMHHKH YaCTOTHHIX UMIyJbcoB /14 H npu-
MEHSIoTCSL Ay (DUKCAalMH YacTOThl MMIYJBbCOB, 0Opa3yIOMHX
curfanel TY—TC npu 4acTOTHOM W BpeMEHHOM pasfesieHHH.
ITY 1 BLIMOMHSIOTCS 1O NIPOCTHIM U CJIOKHBEIM cXeMaM. B mepBoM
cayyae [I9H 3to peJe yacToThl, IPeACTaBIsitomEe Co6oil 00b-
€IHHeHHE 3JIEKTPOMEXaHUUECKOrO HJIH 3JIeKTPHUeCKOro GUIbTPa
H BBIXOJHOTO NOPOrOBOro YCTPOHCTBA, HAPHMED, 3J€KTPOMAr-
HHTHOTrO pesie (puc. 89). Ha puc. 89, a npuseseHa cxema pese
4acTOThl C ABYXbSI3BIYKOBBIM BHOPAaTOPOM, M0JIOCA CPalGaThBa-
HUsT KOTOPOro He mpesbimiaeT 1%, OT 4acTOTBl HACTPOHKH,

* «DnextpocBa3by Ne 9 1962.
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Hanpumep, npu fy,= 100 ey; Afi,= 1 2y. D10 06ycnasnuBaer
UX NPHUMEHEHHME B Y3KONOJOCHHIX ycTpoBictBax TY—TC.
HauGonee mpoctoe pesie 4acTOThI MOMYYaeTCs NMPH HCIOJIb-
30BAHUMH PE30HAHCHOrO KOHTypa LC, KaK NoKa3aHo Ha puc. 89,6.
HnnyktuBHOCT: L KOHTYpa BHIIOJHEHA B BHAE aBTOTpaHCHOp-
maropa. Ilpu ucmosbsoBanun anbcudepoBoro topa TU-60
noJioca cpabaTeIBaHuA HA yacToTe nopsaaxa 100 2y pasua 10 2y,

Puc. 89. Cxembl pese yacToThi:

@ — C ABYX'bSA3HIYKOBBIM BHOGpaTOpOM; 0O — C De30HAaHCHBIM KOHTypoM LC;
6 — cXeMa JBYXKOHTYpHOro ¢unbrpa LC.

a Ha yacrote okosio 400 ey — 20 ey. YactoTHas xapakrepu-
CTHKA ofuHOYHOro LC KOHTypa HMeeT MAaJylo KPYTH3HY BHe
HOJIOCH TPONYCKAaHHS. 3HAYMTENBHO JIYUIIyI0 YACTOTHYIO Xa-
PAKTePHCTHKY MMEIOT JBYXKOHTYpHEIE (QUILTPHl, OLHA M3 CXEM
KoTopbix mpuBeneHa Ha puc. 89, 8 [19]. Kosdduiment cesazu
MeXIy KOHTypamHu TIpH

Ci=C=C Li=L=L Ka=%

[Tpu xosdduiuenre cBA3M

1
Koy >—7—>
Ve
(Q1 1 Q; — MOGPOTHOCTD KOHTYPOB) 4AaCTOTHAS XaPAKTEPHCTHKA
(QuiIbTpa HMeeT ABYXTOpObIA XapakTep M ¢ yBeauueHHeM Kp
nosoca nponyckaHus (uIbTpa Bo3pacTaer. MakcHMasbHas
MOIIJHOCTDb IIepefiaeTcsl BO BTOPOil KOHTYp mpH

1
KB=‘:'
TV
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ITpu Q; = Q, =Q 1,151 NOBHIIIEHUST H3GHPATENBHOCTH QUIBT-
pa npu GOJBIIMX PACCTPOHKAX PeKOMeHayeTcs BEHOHpaTh

QK< 1.

IIpyn wucnonb30BaHMH JABYXKOHTYPHEIX (HABTPOB (QK.p=
= 0,5) uHTepBa/J MeXZLy COCEIHMMH YacTOTAMH MOXKHO yMeHb-
[IATh TPUMEPHO B TP Pas3a MO CPABHEHHIO C IOCJELOBATEJNb-
HBIMH KOHTypamu LC (mpH TOM 2Ke 3aTyXaHHMH Ha CcocefHeH
yacTore), 4T0 obecmeunBaer Gosiee 3(PeKTHBHOE HCIIOJNL30BA-
HUe JHana3oHa YacToT.

Ilpu ucnosB30BaHHH PE30HAHCHBIX CHCTEM IoJoca cpaa-
THIBAHHSI H BpeMs cpalaTBIBAHHsA pejie YacTOTH 3aBHCAT OT
Ko3¢dunMenTa 3anaca 0o cpaGaThIBAHHIO -BEIXOLHOIO HOpPOro-
Boro ycrpotictea. Eciim cuuTaTh, 4TO HANpsKEHHE HA BBIXOJE
PEe30HAHCHON CHCTeMBl HApOCTaeT MO SKCIOHEHTE, TO IOJOoca
cpabaThbIBaHUsl peJie YacTOTHl

Mo=1VKI—T (7-10)
rjae fo — 4acrtora HACTPOHKHM DPE3OHAHCHON CHCTEMEI;

Q — 106pOTHOCT;
K; — xosddunuenT 3amaca 1no cpaGaTHBAHHIO BBEIXOJHOTO

yCTpPOHCTBA.
ITpu ToM Ke yCJIOBHU BpeMs CpaGaThIBAHUS, PeJie YaCTOThI
K
tep = ;% In 72 + £ (7-11)
3

rie fs— BpeMmsl CcpaGaTHIBAHHA BBLIXOJHOTO YCTDOHCTBA.

CrenoBatesibHO, NPH YBeIMYEHHUM Ko3(duiueHTa -3amnaca
o cpabaThIBAHMIO BBIXOAHOTO YCTpPOHCTBA IoJioca cpabathl-
BAHHUSI peJie acTOTH YBeJMUHBAETCs, a BpeMsl cpaGaThiBaHUs —
yMeHbIIaeTcsl. Bpemsa OTNycKaHHs peJie YacTOTHl MOMKHO OIpe-
JeJIUTb U3 BBIpAXKEHUS

fom = ? ln 41, (7-12)
rae Ky u ty — Koacp(pnunem BO3BpaTa M BPeMsl OTIyCKaHHs
BLIXOJHOT'O YCTpOHCTBa (Ip¥ MCOJIb30BAHHH GECKOHTAKTHBIX
BHIXOJHBIX YCTPOHCTB MOXKHO NPHHHMAaTh, uTo Kpz= 1).

CnenoBarenbHO, npu yBeauueHHH K; BpeMsl OTIyCKaHHs
TaKKe YBEJHYHBAETCS.

XapakTepHCTHKH YaCTOTHBLIX MPHEMHHKOB MOXHO 3HayH-
TeJBHO YJYYIIHTb 33 CYET NPUMEHEHHs CIELHAJbHBIX CXeM.
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CunxpoHubiii  ¢uabtp-reHeparop. CHHXPOHHBIA (UABLTP-
reHepaTop NpHMEHsIETCS AJst puKcaluy ¥ o6pa3oBaHHUS YaCTOT-
HEIX curHajoB. OgHAa M3 CXeM CHHXPOHHOrO (HJBTp-reHepa-
Topa npuBefiena Ha puc. 90. Ilpu pa6orte ycTpoiicTBa B pexuMe
NPHEMHHKA YAaCTOTHBIX HMIYJbCOB HCIOJb3YeTCs SIBJIEHHE
3axXBaTHIBAHHS YaCTOTH TPAH3HCTOPHOTO reHeparopa tuna LC
YaCTOTOH NPHUXOMSIIEr0 CHTHATA, KOTOPHIH BBOAHTCS B LEIb
6a3bl TpaHsuctopa 71 uepe3 CONpPOTHBJIEHHE R;.

Ecnun mepBoHauasbHAst pasHOCTb YACTOT CHTHAJA M TeHe-
paTtopa He MpEeBBIIIAET TOJOBHHEI IOJOCH 2aXBATHIBAHUSA, TO
4acToTa TreHepaTopa CTAHOBHTCS pAaBHOH YAcTOTe CHrHAJA.

o5
=

Puc. 90. Cxema CHHXDOHHOTO (PHJIBTD-TeHepatopa.

OnHako HampsiKeHHe MECTHOrO TeHepatopa OTJHYaeTcs IO
(asze OT HamMpsKEHHs] CHTHA/NA Ha yToJ, BeJIHYHHA KOTOPOTO
OTIpeneJssieTcsl NepBOHAYa/J bHOH PA3HOCTBIO YACTOT. TOJBKO
IIPH PAaBeHCTBE WYACTOTHl T'eHepatopa M YacTOThl CHTHAla HX
(a3rl coBnazaoT.

da3oyyBCTBUTEBHAST CXeMa, BBLIIOJHEHHAss Ha JHOAAX,
cpaBHHBaeT ()asy CurHajia ¥ HampspKeHuHs resepartopa. Ecau
yacToTa CHTHAja TOYHO COBIAfaeT C YacTOTOH TreHeparopa,
TO TIOCTOSIHHOE HaNpsiKeHHe Ha BhIXOfe (ha30uyBCTBUTEIBHOM
CXeMbl HMeeT MAaKCHMajbHOe 3HaueHHe, MPONOPLHOHAILHOE
HaTpsIAKEeHuIo curHasa. IlepemMenHas cocraBusiomas Toka 6710~
Kupyercs: KonaeHcatopoMm Ca.

Ha rpanuiax mOJOCH 3aXBaThiBAHHSI yroJ caBHra ¢as
MEXKIY HANpSKEHHeM TeHepatopa M HampsiKeHHeM CHrHaja
paBen 90°. Ilpu 3TOM MOCTOSIHHOE HANpsiKEHHE HA BHIXOLE
($a304yBCTBUTEILHOH CXeMBI PABHO HYJIO,
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B KauecTBe BBLIXOZHOI'O YCTPOHCTBA NPHMEHEH TPHUITEP
[ImurTa, KOTOpHIA cpaGaThiBaeT NMPH MPEBBLIIEHHH HA KOHJAEH-
catope C, mnafeHHs HANPsIKEHHs HAa CONPOTHBJIEHHH R .

HenoctaTkoM CHHXPOHHOTO (PU/IBTpA-TeHepaTopa SIBJISETCS
TO, YTO OH pearupyeT Ha YacTOThl C HEYETHOH KpPAaTHOCTBIO.
Kpome Toro, Ha6mofaercst yxof 4acTOTHl I'eHepaTtopa M B TOM
c1ydae, KOrja 4acToTa CHIHAlIA HAXOAWTCS BHe IOJIOCH 3a-
XBaThIBAHHUSI.

IIpeMHHK YacCTOTHBIX CHFHAJOB C MOJOCOBBLIM (DHJIBLTPOM
THna K ¥ crneusanbHOM NpHeMHO-IPeoO0pa3oBaTeNbHOI cXeMoii
Ha Bbixoge. Ha puc. 91 npuBeneHa cxema IpHeMHHKA M €ro

o+

Uy

L Up =4 Uyys
!
i Puc. 91, Cxema M XapaKTepHCTHK3
L+ Up=Usys NpHEMHHKAa YaCTOTHBIX CHI'HAJIOB C MO-
JIOCOBEIM (uJIBTPOM THma K H cre-
LHaJbHOH NPHEeMHO-TPeoGpasoBaTeh-
! HOH CcXeMOH Ha BHIXOfE:
%(qud a — cxema; 6 — XapaKTepHCTHKaA,
—|
a8 09 10 i 2

0

— = == —

J—

——

yacTOTHAA xapaxkrtepuctuka. Puaptp Tuna K wumeer 7T-o6pas-
Hyio cxemy (puc. 91, a), cocTosAnlylo M3 HHIYKTHBHOCTEH L i,
L., Ly u emxocreit Cy, C;, C,, npuueM L= Ly u C;= C,.
O6moTKa HHAYKTHBHOCTH L, BBINOJHSIETCS C OTBOAOM AJISI
YMEHbUIEHHA eMKOCTH KoHJeHcaTtopa Cs.
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[Mpuemno-npeo6pasoBarenbHasl cxema co6paHa Ha TPaH-
sucropax T3 u T Ota cxema HMeeT HUKCHPOBAHHKLIH MOPOro-
BBl ypOBeHb, IPH KOTOpOM OHA cpaGatbiBaer. Tpausucrop 7T
BBINOJIHSIET (DYHKIMHM YCHJIUTEJsi C aBTOMATHYECKH PEeryJupye-

. +U
. U,

L7>, B/ =17 //

.. Ry /
[ +>U /// ’I\ \\
B | & 8= T®
A R S i v g &
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de 1
Puc. 92. [uddepenunaipHas cXemMa BKIIOUEHHS YaCTOTHBIX (PHJIBTPOB:

a — cxeMa; 6 — XapaKTepHCTHKa; P, Py, Py — HacTOTHble GUALTPH; By, By, Bs —
BBITPSIMHTEJIH.

MBIM KO3(bunuenToMm ycuienus. Tpansuctrop T2 paboTaer
B peXHMe KJIoYa, NPH OTKPHLIBAHMH KOTOPOrO HAMPSIKEHHE
Ha Harpyske R, M KOJIeKTOpe TpaH3ucTopa 7'y IOBBIIIAETCS.
B 3aBucuMOCTH OT HANpSDKEHMs NHTAHHS KO3(GODUIMEHT yCH-
JieHHus1 TpaHaucTopa T'; De3KO H3MEHSeTCs, BCJEACTBHE UEro
YCHJINTENb ABTOMATHUECKH BKJIOYAeTCS IPH IOCTYNJIEHHH HA
€ro BXOJ, YaCTOTHOTO CHTHAJa C ypOBHEM BHIIle mopora cpata-
toiBaHuA. Ilpu atom TpaHsucTop T2 CKAauKOM HOJHOCTHIO
OTKpBIBaeTCS W HANpsIKEHHE HA HArpy3Ke IOBHIIAETCS [0
MaKCHMaJIbHOTO 3HAuYeHHs.

BcesencTBHe mpuMeHeHHS CHENHANbHOHR INIpHEMO-Ipeo6paso-
BaTeqbHOM CXeMBl YACTOTHAsi XapaKkTepHCTHKA INpHEMHHKA
(puc. 91, 6) momyuaetcss GIH3KOH K HAEAJNBHOH C MaloOH 3aBH-
CHMOCTBIO II0JIOCHI IPOMYCKAHHUSI OT YPOBHS BXOJHOTO CHTHAJA,

YacToTHble NPUeMHUKH ¢ JuddepeHIHaNbHOM CXeMO# BKJII0-
uenusi guabtpoB. IIpuHIHMN AubOEPEHIHATLHOTO BKJIIOUEHHS
3aK/II04aeTcs B TOM, YTO BHIIPSIMJICHHBIE HAIPSXKEHHsT COCel-
HHX (UJIBTPOB BKJIOYAIOTCS BCTPEUYHO, KaK NOKA3aHO HA CXeEME,
npusefeHHoR Ha puc. 92, a. Ilpu 3ToM Ha BhIXOZie CXeMbl BO3-
HHUKAeT PasHOCTb 3THX HANPSKEHHH, KaK oKa3aHo Ha pHc. 92,6,
NPUMEHHUTENBHO K OJHODE30HAHCHBIM (HILTPAM.

BaxHbIM npeuMymiecTBoM AubdepeHnnasbHOM cXeMbl BKJIIO-
ueHHs] (QUABTPOB SIBJISETCS HE3aBHCHMOCTb MOJHOH UIHPHHBL
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YaCcTOTHO!M XapaKTePHUCTHKH Ha BhIXOfe Af, OF ypoBHs Hamps-
Kenus Ha Bxofge ¢uabTpoB. Kak BuEHO M3 puc. 92, 6, moJiHas
HIHpHHA YACTOTHOH XapaKTepUCTHKM OIPENEJISeTCa TOJBKO
pacctpoiikoii KoutypoB Afp = Af,. B mosoce mponyckanus
: HanpsKeHHe Ha  BBIXOJE
x7k, OTPHUATENLHO, 2 BHE IIOJIO-
CHI IPONYCKAHUS — NOJIOXKH-
TENIbHO, UYTO HCINOJb3yeTcs
JJIsl  yOpaBJIeHHsl TpaH3HC-
TOpHBIM KjiouoM 7K Ha BHI-
xozie. B atom cayuae manps-

KTk, XeHue HaA Harpyske Ry
H3MEHSETCSI B COOTBETCTBUH
C HHMXHeH YacTelo KpH-
Bo#t Uy. Ecnu Ha ocHOBa-
HHMe TpaH3UCTOpa NOAAThH 1O0-
TIOJIHHTE/IbHOE  HAIDSKEHHe
CMemeHusl, TO YacTOTHas
XapaKTepuCTHKa emie GoJsee
cysurcsi. Bmepeele  aud-
(epeHUHANBHOE BKJIOUEHHE
YACTOTHBIX (PUJBTPOB OBLIO
NpUMEHEHO B CHCTeMe JHC-
: © MeTYyepcKoil LEeHTPaJU3aNUU
' MY Oil-55. B atom ycrpoil-
K7, cTBe Ha Bbixone LC-KoH-
TypOB BKJ/IOYAJHCh ABYX00-
MOTOUHBIE II0JISPH30OBAHHEIE

KTHy

—
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TCn 1 peue.

i Bosiee coBeprennas co-
2
Up~ | - BMellleHHAs JuddepeHInasb-

Hasg cxema BKJoueHus LC-
Puc. 93. CoBmemennas gudpepen- QPHIBTPOB, C BKJIIOUCHHEM
UdajbpHasl cXema BKiloueHHsi LC- Ha BHXOJAE TPAH3UCTOPHBIX
$uabTpoB. kmouei TK mnpuBejeHa Ha

puc. 93. [assTolf CcXeMmsl
NOJIyYeHO CJeLylomiee BHIpAaXKEHHe JJs MaKCHMMaabHOTO Ha-
OpsXKEeHUsl Ha Beixoge [32]:

0

max=T 1 —

1

VG

(7-13)
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rae k — xo3hUIHEHT NPONOPIHOHANBHOCTH;
U. — HanpsXKeHHe CHTHAJIA;

d — 3atyxanue KoHTypa (d = lQ);‘

Af, — paccTpoiika cocefHUX KOHTYpOB;

fo — pe3oHaHCHasi yacToTa KOHTypa.

B coBmemiennofi cxeme (puc. 93) posib KOMIEHCHPVIOMIHX
(UIIBTPOB BEIIONHSIOT cOcefiHEe padoune KOHTYpH LC, mosTomy
IIHPHHA TI0JIOCH! CPAGATHIBAHMS BBIXOZHOTO YCTPOMCTBA IOJIY-
yaercst GIM3KOH K YacTOTe HX pasHoca (0COGEHHO IPH 3HAUUTEb-
HHIX YPOBHfAIX CHTHaJAa, TaK KaK C VBeJHUeHHEM YPOBHS
CHUTHAJa KPyTH3HA GOKOBBHIX CKATOB XapaKTEPUCTHKH YBEJIHUH-
BaeTcs). ITO ABJSETCS RONYCTHUMBIM AJISI Y3KOIOJIOCHBIX (PHJIb-
TpoB. OgHako npu gactote pasnoca 150—200 ey momexoycToit-
YHBOCTh MPHUEMHHKOB IOJYYaeTCs] CPABHHUTEJNLHO HEBHLICOKOM.
Ecmu xe 1na Kaxaoro NpHeMHMKAa IPHMEHHTb OTZAEJbHbIE
KOMITEHCHPYVIONIHe KOHTYPHl, TO PA3HOC YaCTOT MEXKIYy HHUMH
U pabouuM KOHTYpPOM MOXKeT GbITb NPUHAT MeHbIuM. [Ipu sTOM
10JI0ca CpaGaThIBAHHMS NPHEMHHKA YMEHBIAETCST, YTO MOBBIIAET
€ro IOMeXOyCTOHUYMBOCTh. B 3TOM ciyyae KOJHYECTBO KOHTY-
pOB yBeJHUMBAaeTCs B TPH pasa. :

Heo6xomuMo OTMETHTB, 4TO NPH INapasjesbHON IMOCHUIKE
YACTOTHBIX HMMITYJIbCOB IIPHEMHHMKH, BHIIIOJHEHHEE IO COBME-
eHHOH cxeme (puc. 93), He pearHpyroT Ha YacCTOTHBIE KOMOH-
HAIlMH, COCTOSNIME W3 COCEJHHX 4YacToT paboueil mkasawl. Ilo-
5TOMY 3TH KOMOHHAIMHM HCKJ/IOYAIOTCS M o6iiee YHCI0 KOMOH-
HALMHA TPH JBYXYacTOTHHIX MOCBUIKAX COKpAmiaeTcs Ha fq — 1.
Jls1 KoMIeHcallMH STOTO COKpAWeHHsl 4Yucjaa KOMOMHALui
JOCTaTOYHO YBEJIMYHTh KOJHYECTBO pafoyux YacToT BCero Ha
eIUHHUILy, TaK KaK

Chrgtt — Na == Cny. (7-14)

YacToTHbIE NMPUEMHHKH C JOMOJHHTEJNbHBIM CMeLlCHHeM.
IMpy wacToTHOM pa3JeNeHHH HMIYJbCOB HE PEKOMEHIyeTcs
NIPUMEHSITh OTPAHMYHTE/IH AMIUIMTY/Bl HA BXOJe NPHEMHHKOB
YACTOTHBIX CHTHAJIOB, TaK KaK 9TO 3HAYHTEJNBHO YBEJHUHBAET
aMIIMTyLy KOMOHHAUMOHHEIX YacToT. OnHako B JaHHOM ciy-
yae 3HAYNTEJNLHOE IOBBIIIEHHE TOMEXOYCTOHUHMBOCTH YacTOT-
HBIX TPHEMHHKOB MOXKHO IOJYYHMTh BBeJEHHEM JOMOJHHTE/b-
HOTO CMelIeHHs Ha BHIXOHe. DTO CMelleHHEe II0JaeTcs B 3allH-
paioomem HanpaBjJeHHM Ha 6asy TPaH3HCTOpa, OCBLIYHO BKJIO-
yaeMOTo Ha BBHIXOfE YaCTOTHBIX (HJILTPOB.
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B HauGosiee mpocTOM Ciydae HCIHOMB3YeTCSl JOMOJHUTE/Nb-
HOE CMelleHNe, NPOMOPILHOHANBHOE HANPSKEHHIO MHUTAHHS
cxeMbl TpueMHHKa. HanpsokeHMeM CMeIeHHsT «CpPe3aeTcsi»
BCS1 HHDKHSISI YacTh PE30HAHCHOH XapaKTepUCTHKH YACTOTHOTO
¢unbTpa, UTO MOBHIIIAET €r0 H36HPATENBLHOCTh U NOMEXOYCTOH-
YHUBOCTb.

Ilpu 3HauNTE/NLHEIX U3MEHEHHUSIX 3aTyXaHUs B KaHaJe CBSI3H
JY4IIMH pe3yJbTaT MOMKHO IOJYYHTh IIPH MCIIOJb30BAHHU
CMEIeHHsI, 3HAUeHHe KOTOPOTO OIpefesIsieTCs] BeJHUMHON CH-

b4y

1 = 7
2 683 [ 2 Boux
Y [ /7(/

Ko —=t y = PC [ U

i

Puc. 94. BJIOK-cXeMa NpueMHHKa YacCTOTHBIX HMITYJBCOB € JOMOJ-
HHTENbHLIM CMEIIeHHeM, 3aBHCHMBIM OT YPOBHSI BXOJHOIO CHTHaJja.

[

cM

rHaJIa Ha BXOZe TpueMHHKOB. [1pu onpeneneHHo# GyHKIHOHA/Ib-
HOIl 3aBHCHMOCTH MEX/y BeJMYHHOH CHTHAJA HA BXOJE M Ha-
npsiKeHVeM CMeIIeHHs BXOJHbIE yCTpoHcTBa GyAyT paboTraTh
C TIOCTOSTHHBIM KO3(puilMeHTOM 3amaca 1o cpabaTbiBaHHIO He3a-
BHCHMO OT H3MEHEHHs B 3HAYUTeNbHEIX IpeJiejiax YpOBHS
CHTHA/Ma B KaHaje CBS3H.

Kpome Toro, mpu COOTBETCTBYIOIIEM BHIGOpE HANpSIKEHHS
CMEIEHHsT YCTPaHseTCsl BO3JeHCTBHE COCENHHX YACTOT M KOM-
OGHHALIMOHHBIX YacTOT, MNOMNAJAIOMMX B IIOJOCY NPOIyCKaHHS
(UJIBTPOB, TaK KaK YacTOTHBlE INPHEMHUKH, HE BXOJSIIHE
B IepeflaBaeMyio KOAOBYIO KOMOHHALMIO, 3AMIHPAIOTCS CHTHAJIOM
1O UENMH CMEIIEeHHS.

b/ok-cxema NpHeMHHKA YaCTOTHBIX HMIYJbCOB C KomoJ-
HUTEJBHBIM CMELIEHHeM, 3aBHCHMBIM OT YPOBHSI BXOJHOTO
CHTHaJA, MpuBefieHa Ha puc. 94. Dok yacToTHEIX H3OUpaTesei
BYH wn obuuit y3en cmemenuss YC BK/IIOUAIOTCS HA BBIXOL,
pasBsi3biBaomedl cxempl PC, KOTOpasi yCTpaHseT BJIHSTHHE
H3MEHEHHMsI CONPOTHBJIEHHS YACTOTHEIX H30upaTesiell Ha OOMIMH
BXOJHOH YCHJIHTENL V.

Buok wacToTHBIX m36uparenelt 5YH COCTOMT M3 OTAEJIb-
HBIX 7y YAaCTOTHBIX H30Mpatesiell, HACTPOGHHLIX HA Pa3JIMYHBIE
YacToThl, MPUHATHE IPU NMOCTPOEHHH INKAJbl PAGOYHX YacTOT.
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Y3en cumemienus Ss#c o6pasyeT Ha BLIXOJe NOCTOSIHHOE Hamps-
xenue Uy, 3aBHCHMOE IO BeJHMYHHE OT YPOBHS BXOLHOTO
curana. Bxomnoe HampsukeHue Ugy TNOCTyHaeT Kaxk Ha BXOJ,
y3na cmetieHus1 YC, TaK U Ha GJIOK YacTOTHBIX H3GHparese
BYH. Hanpskenusi U, ¢ BbixofoB BYHM W HanpsuKeHHsT cMe-
menus Uy NomaioTcss Ha BXOAH 6JI0KA BBEIXOIHBIX 3JIEMEHTOB
BB3, KonMyeCcTBO KOTOPHIX PAaBHO flg.

’
b /| | Vite
/) } I
Ugy ﬁ}—-——} Ugy
s /
=— Usx
Upmi) ’/ - /Ucl,l'/ﬂ
= Yan— A Usx
7- —] 4
Ué,/t’ - % -y
Uym
Uy
Puc. 95. ¥3en cmewmeHwus:
a — cxema; 6 — rpaduk paGoOTHI. v Uy

&

Ha puc. 95, a npuBefeHa ofHA U3 HauGOJee NMPOCTHIX CXEM
yana cmemenust YC. IlonynpoBogHUKOBEE AMOA /] 3amupaeTcs
HanpsixeHueM U,; OT HUCTOUHMKA HampsiokeHus, nuranus U,
CnefoBatenbHo, Hanpsikenuwe Ugy Ha BBIXOLEe PAaBHO HYJIO
Jo Tex IOp, NOKa .
Ul < U3n-

[pu U, >U,, puon [ ornupaercs u Hampsixkenue U, BO3-
pacTaer mpOMOPIHOHA/ILHO BXOAHOMY HampsikeHHi0 Ugy, Kak
noxasaHo Ha puc. 95,6. Hanpsikenne Ha BHIXOe YaCTOTHHIX
usbupatesieil TakmKe BO3PACTaeT NPONOPUHOHATLHO Usx. Ha
puc. 95,6 npuseseHo Hampsienne Uq Ha BbIXOJe YacTOTHOTrO
H36Hparesi, HACTPOCHHOTO HA 9acTOTY BXOJHOTO CHTHasa, H
Hanpsokenne Uy Ha BHIXOJIE COCEJIHETO YACTOTHOrO H3GHpaTelIst
no mKaje paGouHX YacTOT, a TaKxkKe CyMMapHBIE HANPsKEHHUS
Uiyn HUcyM Ha Bxoge 5B3I. B cayuae, Korga a; = a,, HanpsKe-
nue Ulyy crabuiusupyercsi, a Haupsikenne U.yy BO3PAcTaer.
[Ipu
UBx > UBX
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5TH HANPSAKEHHUS HMEIOT INPOTHUBONOJOMKHLIE. MOMSPHOCTH.
ITockosbKy BXOIHBIMH 3JeMeHTamMH 5B SIBJASIOTCS SMHTTED-
Hble TIOBTOPHTEJNH Ha TPaH3HCTOpaX, TO OLUH M3 HHX OyHeT
OTKPHIBATHCS, A BTOPOH — 3aKphiBathes. CienoBartesbHO, Cpa-
6aTbIBaTh GYAYT TOMBKO BEIXOJHBIE 3JIEMEHTHI, CBSI3AHHbIE C 4ac-
TOTHBIMH H3GHpaTeasiMH, HACTPOEHHBIMH HA 4acCTOTy CHTHAaJa.
Bce e ocrasbHbIE BEIXOJHBIE 3JEMEHTH HANEKHO 3aIUPAIOTC.
Uamenenue nanpsikeHus Usg
yny (puc. 95, a) ocymecTBisieTcs IpH
nomomy Jenurens Rq, a yroa
HaKJoOHA xapakTepucTuku Uqy —
JesuteseM Rs.

YTo6H yCTPAaHUTb BO3JEHCTBHUE
COCeJJHUX YaCTOT, HANpsIKEHHE CMe-
meHHsT Ueymy (IPH HOMHHAJIBHOM
HaNpsKeHUU /1-4aCTOTHOTO CHI'HA-
aa Ha BXofe Upy(w)) JOMKHO OTBe-
Baikp THUTb YCJIOBHIO

UcM(H) > QUQ(C), (7-15)

J- rae Ug) — HauGonbuiee Hanps-
JKeHHe Ha BHIXOJIE YaCTOTHOI'O H36H-
Uon patesis IpU BO3NEHCTBHH HA BXOJE
HOMHHA/JbHOTO HANpSKEHUS CH-
rHajia Ha OJHOM M3 COCETHHX Yac-
T Tot. Kpome Toro, iasl ycTpaHeHus
BO3AEHCTBHS KOMOHHAIMOHHEIX

Puc. Y6. Cxema uacrotHoro YaCTOT IPH 3HAUUTEJbHBIX HCKa-
TPHEMHHKA C JOMONHHTENbHEIM  JKEHHSIX B KaHajie CBSI3H HAmps-
CMEIIEHHEM, ~ SaBHCHMEIM = OT  sweypye CMEMIEHHS [OJIKHO OBITh

YPOBHA BXOAHOro CHrHaszaa.
Uewiy > 0,3Us ny, (7-16)

rae U;(H,— HanpseKeHHe Ha BBIXOJE YacTOTHOrO u3buparens
TIPH BO3JIEACTBHM HAa BXOJe HOMMHAJIBLHOTO HAIPSKEHHS CHT-
Haja HA YacTOTe HAaCTPOHKH. o

Taxk Kak Ha OCHOBAHHMH T€OPETHUECKHX H | SKCTIep HMEHTAb-
HBIX MccienoBanuit [27] ycraHOB/eHO, Y4TO BeqMuMHA HATpsi-
HEeHHUsT KOMOMHALMOHHEIX YacToT He mpeBbuuaer 30% OT Ha-
NpsXKEHNsT OCHOBHEIX YaCcTOT, TO HANpSIKEHHE CMeleHHs, BHI-
GpaHHOoe B COOTBETCTBHH C BblpaxeHuem (7-16), MOJHOCTBIO
yCTpaHsieT HX BO3/lelCTBHe.

[Mosocy cpaGatbiBanusi, Bpemsi CpaGaTHIBaHUSI M Bpems
OTNyCKaHHsi YaCTOTHBIX H30HpaTesiel NMpPHEMHHKA C JOIOJHH-
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TeJIbHLIM CMeILIeHHeM, 3aBHCHMBIM OT YPOBHS BXOLHOr'O CHI'HANA,
MOXKHO ONpEeNeUTb U3 COOTBETCTBYIOIIMX BhIpaxkeHuit (7-10),
(7-11) u (7-12), ecaun BMecTo KoaduuueHTa 3amaca mno cpaba-
TBIBAHHIO BBEIXOZHOTO ycTpofictBa K, NOACTaBJATH

[ Ur;(u)
Ka - Uemn) + Uep’

rie U.,— HanpsukeHue cpaGaThIBaHHsI BBIXOJHOTO YCTPOHCTBA.
Ilpu »Tom JpelicTBHTENbHBIN Koa(hGhUIMEeHT 3anaca mo cpabarhi-
BAHHIO BBIXOJHOI'O YCTPOHCTBA

Ué(H) —_ UCM(H)
K, = — e (7-17)
Ha puc. 96 nmpusefieHa cxema yacTOTHOTO IpHEMHHKA C JO-
MOJTHUTE/IbHEIM CMEIleHieM, 3aBHCHMBIM OT YDOBHSI BXOZHOTO
curHaja. B KauectBe yacToTHbIX u3buparesneii Y4 B npueM-
HHKe npuMeHeHbl npocthie LC-kouTypel. Cxema ysja cwmerne-
Hus YC HecKOoJbKO H3MeHeHa JJIsi TOro, YToOHl IpH

Usx < Uﬁn

HapsiKeHHe CMEIEHHs] He PaBHSJIOCh HYJIO, a8 ObLIO PaBHO He-
KOTOPOH TOCTOSIHHO# HauasbHOH BesnuunHe Ucynaw), UTO TOBBHI-
1IaeT NOMeXOYCTOHYHBOCTb NPHEMHHKA. B KauecTBe BBIXOLHEIX
ycTpoiictB BY npuMeHeHbl SMUTTepHble nNoBTOpUTENH III1—
3ll,.

§ 9. Y3JIbl OBPA30OBAHHNA I ®OURCAITAN
BPEMEHHBIX KAYECTBEHHBIX
INPN3HAKOB

BpeMeHHBIe KauecTBeHHBIE NIPH3HAKH HMIYJIb-
COB U TAy3 HCIHOJNB3VIOTCS AJs Lieseld M3GHPaHUsl MpeuMylle-
CTBEHHO B pacmpelesuTenbHbIX ycrpoiictBax TY—TC.

Ecusu IuTenbHOCTD MMITYJIbCAa He3HauuTesbHa (fo 10 mcex),
TO sl ero 06pa3oBaHusl PUMeHsIeTCs (PepPUTO-TPAH3UCTOPHAS
suefika (puc. 67, a), AJUTEJbHOCTb UMITYJbCA HA BHIXOAE KOTO-
po¥i JiMHEHHO 3aBHCHT OT YHC/IA BHTKOB BBIXOJHOH OGMOTKH,
BKJIIouaeMol B 6a3y TpaH3uCTOpa.

Vmnysibenl mmoGoit 3a1aHHOR IJIHTEIbHOCTH 06pa3yloTCst IPH
TIOMOIIM OJHOBHOPATOPOB Ha TpaH3ucropax. Ecsu B KauecTBe
reHepaTopa UMIYJIbCOB HCIONb3YETCsl MyJbTHBHOPATOP, TO NPH
TIOMOIIIY OJHOBH6PATOpPa €ro MOXXHO OCTAHOBHTb HA 33JaHHOM
Takre nepekmouennit (puc. 97). MyubTuBuGpaTop MB CBsi3aH
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¢ oxuoBuGpatopoM OB uyepe3 TpaH3uctop T, KOTOpHIN HOpP-
MaJIbHO 3aKpBIT U He BJusieT Ha pa6oty M B. Ilpu noctynienuu
3amyCKAaioIero OTPHIATe/IbHOT0 HMITY/IbCA HA BXOJ OJHOBHO-
patopa OB oH nepek/ioyaeTcsi B nosoxenue 2, tpanaucrop T
OTKpHIBaeTCsl ¥ MyJsbTHBUGpaTop MB (uKcHpyercs B NOJOXKe-
Huu I 1o Tex mop, NoKa HopmasbHoe cocrosinne OB He BoC-
CTaHOBHUTCSI.
¥Y3abl puKcanuu AJIUTEND-
HOCTH UMIyJIbCA NPHBeJEHbl Ha
MB puc. 98. JLuTe/IbHOCTD UMY Ib-
coB (ukcupyercs NpH NOMOLLH
12 0JHOBHOpATOpa B COOTBETCTBUH
Puc. 97. Cxema ynpasisemoro C OJoK-cxemoit (puc. 98, a).
TeHepaTopa HMIYJBCOB. B HCXOZHOM COCTOSIHMH HA BHI-
xome I oxHoBuGpartopa OB uwme-
eTCsi HanpsDKeHUe, a Ha BBIXOJE 2 HMITYJIbCHOTO ycuauTens MY
HanpsixkeHue otcytcTByet. ClefoBareJbHO, HA BHIXOAE Y3Ja
coBnagennsi Y C HanpsikeHue Takxe oTcyTcTtByeT. [Ipu noctyn-

i Box

Puc. 98. ¥Yauul ¢ukcanuu RJIUTENbHOCTH HMIIYJbLCOB:

@ — npH NOMOUH OAfHOBHGpaTopa; 0 — C HCIoJb3oBaHHeM llenH RC M TpHrrepa
{IIMHTTa.

JIeHHM HMIyJbca OAHOBHOpATOp H3MeHsieT CBOe COCTOsIHHe
U HanpspkeHHe -Cc ero BeIxofa I cHumaercs. OfHOBpeMeHHO
HOSIBJISIETCs] HANpsKeHUe Ha Bbixofe 2 ycuuurens. Ecau nep-
BOHAayaJIbHOE MOJIOXKEHHe OJHOBHOpaTOpa BOCCTAHOBUTCS PaHb-
LI€ OKOHYAHHUSI BXOJHOTO HMITyJbCa, TO Ha Beixofe ¥C obpa-
3yeTcss HMIyJbC, OJUTEJBHOCTE KOTOPOTO paBHA Pa3HOCTH
MeXIy NPOAOIKMTENbHOCTbI0 BXOJHOTO MMIYJ/ILCA M BPEMEeHeM
BOCCTAHOBJIEHHA OZHOBHGpATOpa.

JIMTeIbHOCTD UMITYJ/IbCa TAKXKe MOXKHO (HKCHPOBATb NpH
nomomy 1end RC wu tpurrepa IlIvurra (puc. 98, 6). B Hop-
MaJIbHOM COCTOSIHHH TpaH3uctop 7 OTKPHIT OTPHIATEIbHBIM
HanpsiKeHHeM cMellenust Ugy,, NO4AHHEIM 4epe3 CONPOTUBJIEHHE
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R, u na Bxop tpurrepa IlImurra T1] nonaercs HesHAUHTENbHOE
HanpspkeHHe, IIpy MOCTyIUIeHHH HA BXOJ, CXEMBI ITOJIOXKHTE/b-
HOTO MMIyJsbca TpaHsuctop T 3akpuiBaeTcsi, ¥ Kougencatop C
HAYHMHAeT 3apsKaThCs uepe3 CoNpoTuBseHne R, Ilo mcreue-
HUH OIIpeJleJIeHHOr0 NPOMEXYTKAa BpPeMEHH HANpsKeHHe Ha
KOHJIeHCaTope NpeBBICUT Nopor cpabaTwiBanus TIII, va Bhixoae
KOTOporo o6pasyercsi UMITyJIbC u3bupanus. Eciu LauTeIbHOCTD
BXOJHOT'O uMIyJibca GyaeT Hefoctatouna, To T ne cpaGoraer.
B Teuenwe mays MexAy HMOyJbcamH Tpausuctop T OTKPH-
BaeTcsi, 1 KoHjaeHcatop C paspskaeTcs.

ITpumeHsiioTcsi- TakxKe cxeMbl 00pa3oBaHust M (UKCAIMH
JJIUTEIbHOCTH UMIYJbCA C UCMOJB30BAaHHEM pacIpefesuTeNe,
Hepek/oIaeMbIX OT UCTOYHHKOB HMIYJIbCOB, CJIEAYIOUMHUX C I10-
CTOSIHHOH yacToToil. B 5TOM carydae ¢ MoMeHTa 3amycKa pacrpe-
JleJTUTe IS IO MOMEHTA NepekJIIoUeHHsI ero Ha 3aJJaHHYI0 CTYIEHb
NPOXOLHUT BIOJIHE ONpeReJIeHHBIl IPOMEKYTOK BpPEMEHH.

————
—————
e———
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[nasa BoCbMas

YACTOTHBIE I YACTOTHO-
BPEMEHHBIE YCTPOIICTBA
TV —T1C

§ 1. OBIMASI XAPAKTEPUCTHKA YCTPOIICTB

OcHoBHO# npo6JsieMOll TeXHHUKU TeJieynpasJe-
HHUSl SIBJISIETCS IIOBBIIIEHHE IIOMEXOYCTOHYHBOCTH YCTPOHCTB
TY—TC. Tpebyemas cTeneHb IOMEXOYCTOHYHBOCTH HAXOJUTCS B
3aBHCHMOCTH OT YPOBHsI IOMeX B KaHase cBsi3u. CiiefloBaTesIbHoO,
IIPU HCIOJb30BAHHU MPOBOAHBIX KaGesbHBIX KaHAJIOB CBSI3H
TpeGoBaHUs K NoMmexoycrtoifiuuBocTu ycrpoiicts TY—TC cpas-
HHUTeJIbHO HeBbicoKue. [Ipu HCnosb30BaHUM BBICOKOYACTOTHBIX
1 0COGEHHO paIMOKaHAaJOB CBSI3H TPeGOBAHUS K IOMEXOYCTOH-
UHBOCTH 3HAUHTEJbHO BOSPACTAlOT. B 5TOM C/yyae He3aMeHH-
MBIMH SIBJISIOTCSI YACTOTHBIE M YACTOTHO-BDEMEHHBIE CHCTEMBI
TY—TC, o6najawouye Haubosee BBICOKOH NOMeXOYCTOHYH-
BOCTbIO. DTH YCTPOHCTBA TaKke HauboJsee MPUTOAHEI U TeJe-
MeXaHU3aIlUH pPacCPeSOTOUEHHBIX OGLEKTOB YIpaBJeHHs, TaK
KaK OTJZeJIbHble YaCTH YacTOTHBIX ycTpoiicts T¥—TC, pacno-
JIOKEHHble Ha pasyiuuHbiX HMII, QYHKIMOHAJLHO MEHbIIE CBSI-
3aHBl MexAy co6oii. Kpome TOro, wacToTHble ¥ YacTOTHO-
BpeMeHHbIe ycTpoiictBa TYV—TC uMeIOT ImpocTyio CTPYKTYp-
HYI0 CX€My C MHHHMAJBHBIM UHCJIOM 3JIEMEHTOB, BKJ/IOYaeMbIX
nocnenosatesbo. ClleloBaTeIbHO, CTPYKTYpHAsi HaJeXHOCTb
5THX CHCTeM HauGosiee BBLICOKasl.

YaCcTOTHBIE M 4YaCTOTHO-BpPEMeHHEIE yCTpOI/ICTBa TY—TC
K/IaCCH(UIMPYIOTCST B 3aBUCUMOCTH OT TIPMHATOTO METOAA
u30upanus. K yacToTHBIM CJ/lefyeT OTHOCHTb NPOCTBIE YacToT-
HBle U YaCTOTHO-KOMOMHAUHOHHble cHcteMbl 1Y —TC, a K
YaCTOTHO-BPEMEHHEIM — COOTBETCTBEHHO YaCTOTHO-DACIpenet-
TeJIbHbIE UM YaCTOTHO-KOMGHHAIMOHHO-paCHpeaesUTe/bHbIe,

ITpu MOCTPOEHUH HPOCTHIX YACTOTHBIX M YACTOTHO-KOMGH-
HAuMOHHBIX cucTeM TY—TC, KakK MNpaBUJIO, NpHUMEHseTCs
3HAYUTEJIbHOE KOJIMYECTBO YAaCTOTHBIX mO3ului (pabouux
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4acToT), NO3TOMY 3TH CHCTEMbl TaKXKe Has3hIBAIOTCS MHOroYa-
CTOTHBLIMH.

Hau6onee npocTyio CTpyKTypHYIO CXEMy MMEIOT YacTOTHBIE
cuctembl 7Y —TC. OnHaKO HX TNpUMEHEHHE MOXKeT OGBITh
ONPaBJAHHBIM TOJbKO IPH CPaBHHTEJILHO HEGOJIBIIOM KOJIH-
yecTBe 06beKTOB TY—TC (no 5—10) u, ecau ecTh HeOGXOAH-
MOCTb, B IMPKYJISIPHOM BhIGOpE.

YacroTHo-KOMOHHALMOHHBIe cucTeMbl TYV—TC mnpumensio-
TCSI IPH KoJiuuecTBe 06beKToB fo 20—30.

YactoTHo-BpeMeHHble cucteMbl TV —TC saBJsiioTCs Hau-
6o/see YHHBEPCAJNIbHBIMH M MOTYT NPHMEHSTBCS TPH JHo6GoM
KOJINUeCTBE OGBEKTOB YIPABJEHUS H KOHTPOJIS.

B Hacrosiiee BpeMsi YacTOTHbIE H YacCTOTHO-BPEMEHHEIE CH-
cteMbl TY—TC BHINOJHSAIOTCA IIOJHOCTBIO GECKOHTAKTHLIMH
C HCNOJb30BaHHEM B KaueCTBe OCHOBHBIX 3JIEMEHTOB MOJIYIIPO-
- BOZHHKOBBIX JHOAOB M TPaH3UCTOPOB. JIJisi COCPENOTOYEHHBIX
0OBEKTOB YCTPOHCTBA TeJIeyNPAaBJEHUS] H TeJIeCHTHAIU3 AN
IPeACTABJISAIOT cOO0H He3aBHCHMEBIE GJIOKH.

I'lpu mocTpoeHHM YACTOTHBIX U YACTOTHO-BPEMEHHBIX CHCTEM
TY—TC pabouast nosioca 4acToT BEIGHPAETCsI B. [IOATOHAILHOM,
TOHAJILHOM M HAJTOHAJBHOM JAHANA30HAX.

C Touku 3peHHust HauGosiee 3(hHEKTUBHOTO HCHOJIb30OBAHHS
KaHaJIOB CBSI3U LIIMPUHA IIOJIOCH IPONYCKAHUS YaCTOTHBIX (PHIIb-
TPOB JIO/DKHA GHITh MHHHMaJbHOH. [IpHM yMeHBbIIEHHU INOJIOCH!
[PONYCKAHHS YACTOTHBIX (PUJIBTPOB COOTBETCTBEHHO TMOBHI-
LIAEeTCs TIOMEXOYCTOHYHBOCTD PHUEMHUKOB YaCTOTHBIX CUI'HAJIOB.
OnHAaKo H3rOTOBJIEHHE Y3KONOJIOCHBIX (PHIIBTPOB GoJiee CJIOXKHO,
a 6blctpofeiictBue ycrpofictB TY—TC npH uX TpUMEHEHUH
CHMXKAeTcsl, TaK KaK BpeMs HApaCTAHUS HaNpsDKeHHsT Ha
BEIXOZE (UIbTPa 0GPATHO MPONOPIHMOHAIBHO II0JIOCE TIPOIyCKa-
nusi. Kpome Toro, ajist HamexxHo#i paGoOTEl YaCTOTHOTO YCTpPOM-
ctBa TY—TC neo6xonumo, u4To6H! LIHPHHA TOJOCH NPONyCKa-
HHsI YAaCTOTHHIX GHIBTPOB 3HAUHTEBHO IIPEBBIIIANa CyMMapHYIO
BeJIMUMHY MX HECTAGUJIBHOCTH M HECTAOHJIbHOCTH I'eHepaTopoB
YACTOTHBIX CHTHAJIOB.

PasHoc cocegnux pabouux YacTOT ONPENEessieTCsl MOJIOCOH
TIPOIyCKAHHsI YACTOTHBIX GuIbTPOB Afy, a Taxke KpyTU3HOM
CKATOB HX YACTOTHOM XapakKTepHCTHKU. OGHIUHO

AFy% = (25) A%, &-1)
IpuyeM 6oJibIIas BeJHUYHHA paauoca IIpUHHUMAETCS JJas1 OLHO-

PEe30HAHCHBIX (PUJBTPOB C XapaKTepHCTHKamu ¢ Gojee I0JIo-
THMH CKaTaMH.
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Ilpu napasnyenbHO#l Mepefaue HECKOJBKUX YACTOTHBIX CHI-
HaJsIoB ImKany paGoynx 4acTOT BBIGHPAIOT C yIETOM BO3MOXKHOI'O
BO3JeHfCTBUSI KOMOMHALMOHHBIX YacTOT, BO3HUKAIOIUX MpH
NPOXOXKIEHUH MHOTOYAaCTOTHOTO CHTHasla uepe3 HeJIMHeHHEIe
3JIEMEHTH  KaHaja CBs3u (Hanpumep, ycuiutenun). Kak us-
BecTHO [27], mpu AByX4YacCTOTHOM CHTHaJIe HAuGOJBIIYIO AMIIH-
TYAYy HMMeloT KOMOMHALMOHHBIE YacTOThl BHZA

2 & fr (8-2)

s ycTpaneHus ux BJIMSIHUSA IIKaJy paboyuX 4acToT BhIGH-
paloT TakuM 06pasoM, yToOBl pabouue YacTOThl He COBNAJATH
C KoMOMHANMOHHBIMH. IIpM 3TOM MIKajsa yacToT NOJy4aeTcs
HepaBHOMEpHOH, CXKaTofi B Hauaje M pacTIHYTOH B KOHIE,
TaK Kak IoJIoca NPONMYCKAaHHs NPHEMHHUKOB YACTOTHBIX CHUTHA-_
JIOB YBeJIMYHBAEICsi C NOBBINIEHHEM 4acTOThl HACTPOHKU. Koad-
(UIEeHT pas3Hoca YacToT

f
K, = ’}:‘ (8-3)
CnegoaaTeano, JIEOﬁaH yacToTa onpenensieTca us Bblpa}KeHHﬂ
fo= 1K _ 1(8-4)

Ilpu aToM IIKasa 4acToT MOJNy4YaeTCss HEpPaBHOMEPHOH, uTo
HeCKOJIbKO paclIupsieT 3aHHMaeMylo noJiocy dactor. [loatomy
NPEANOYTHTENBHO INPHUMEHEHNEe CIeNHAJbHBIX NPHEMHUKOB CO
CMeIleHHeM, 3aBHCHMBIM OT YPOBHSI BXOZHOTO CHTHAJIA, UCKJIO-
YalomKUM BJIMSIHHE KOMOHMHAIMOHHBIX YacToT. B sToM cuyuae
IIKa/Ja YacTOT MOXeT ObITb PaBHOMEpHOH.

§ 2. IPOCTBIE YACTOTHBIE YCTPONMCTBA
TV —TC

Brok-cxema mpocTOro YacToTHOro yCTpOH-
CTBa TeJeympaejeHus npusBefeHa Ha puc. 99. Kuroun wumu
KHONKH ynpaBjeHHss KY HemocpeiCTBEHHO BO3ZeHACTBYIOT HA
MHAMBUAya/bHble redepatopsl bH I Tlocne ycunenus Ha mepe-
Aafolie# CTopone ycusuteseM ¥, a HA IPHEMHOH — yCHIIUTe-
JeM 2, YACTOTHBE CHTHANBI BO3NEHCTBYIOT HA IPHUEMHHKH
YACTOTHBIX CHTHaJIOB [IYC, Ha BHIXOZE KOTOPHIX BKJIIOUAIOTCS
UCIIOJTHUTEJ/IbHBIE 3/1eMeHThl 06heKTOB ynpaBsenus 3. Kosu-
YeCTBO HCNOJIb3YEMbIX YACTOTHBIX NO3HUIMIA PABHO YABOEHHOMY
YHCTY LBYXIO3ULMOHHBIX 06BEKTOB ympasJeHus QY.
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B ycrpoficTeax Tesecurnanuszanuu annapatypa JIT u HIT
MEHsIeTCs1 MECTAaMH, BMECTO KJlloueji yIpaBJIeHHs! HCIOMb3YIOTCS
GJIOK-KOHTAKTH OGBEKTOB, A BMECTO OGBEKTOB YINPaBJIEHHS
Ha BBIXOZIe HCIIOJHUTEJbHBIX 3JEeMEHTOB M3 BKIIOUAIOTCS CHT-
HaJbHBle JamIBl. B ycrpofictBax TC 3TOro THma MoxkeT OBITh
ofecrieyeH HeNpepLIBHBIH KOHTPOJIb HCIPABHOCTH KAHAJA CBSI3H
u Bceii ammaparypel TC, a Takxke notepu nurtamus Ha HII.
B sTOM coryyae st Kaxkporo o6berta TC BLIIESETCS IO OLHON
YaCTOTHOH MMO3HIMU H TIPH BKJIOUEHHOM COCTOSIHHH OGBeKTa
Ha JII1 HenpepbIBHO NepefaeTcsi COOTBETCTBYIOMME YaCTOTHBIH
curnaj. Ilpu aBapuiiHOM OTKJ/IO4EHHH OGBEKTA €ro 4acTOTHEBIH
CHTHaJ HCye3aeT, YTo (UK- _
cupyetcs Ha [[J]. YacToTHbIH An "

CHTHAJI TAKXKe HCYe3aeT NMpH I /(cl n
HEHCTPABHOCTSAX B HH/IUBHU- R 2 e iw
JVaJbHBIX LensiXx oObek- i

ToB TC. Puc. 99. Buok-cxema mnpoctoro wac-

TIpM HeMCIIPAaBHOCTH Ka- TOTHOro ycrpoiictea 7.
Hajma CBsA3M WM OOmuX
y3JI0B annaparypel, a Takxke NpHU notepe nutaHus Ha HIT Bce
YaCTOTHBIE CUTHAJBl HCYe3aloT, u4To (uKcupyerca Ha JII.

¥Ycrpoiicteo TC tunma BUYCC-1/19. Ycrpoiicteo TC Ttuna
BYCC-1/19 Brinyckaercsi OpJIOBCKHM 32BOLOM IIPHGOPOB U Mpef-
HAa3HayeHo MJIsi TeJIeMeXaHM3AlHH pPacCPeJOTOYeHHBIX MABYX-
TIO3HIIHOHHLIX OOBEKTOB NPHU J0G0H KOHGUTYpaUMH KaHAJIOB
cBsi3u. B ycrpoficTBe oGecneuHBaeTCsl IIOCTOSIHHBIE KOHTPOJIb
HCIIPAaBHOCTH KaHaJja CBsi3u U Bcell anmapatypsl TC.

Komniekr ycTpoficTBa COCTOMT M3 anmapaTypel JUCHeET-
4epcKoro nyHkra U 19 G6JIOKOB KOHTPOJNHPYEMBIX NYHKTOB,
KaXIbl Ha OfuH 00BEKT KOHTPOJsi. OCHOBHOMY MOJIOXKEHHIO
'KaxKI0ro KOHTPOJMPYeMOro 0GBbeKTa COOTBETCTBYET HenpephiB-
Has Iepeiaua HHAUBHAYAJBHOTO YacTOTHOTO curxana. Ilpu
H3MEHEHUH IIOJIOXKEHHS] OOBEKTa COOTBETCTBYIOILAs] HMHIUBH-
JlyaJbHasi yacToTa ucuesaet, uto dukcupyercss Ha JI1. llkana
YACTOT BHITIOJHEHA HEPaBHOMEDHOH, YTO CHHKAET BJIUSIHUE KOM-
GuHanuOHHBIX 4acToT. Kos(huuueHT pasHoca 9acToT MPUHAT
K, =1,136, a f;= 390 ey: Hcnoassyrotcs caepyromue paboune
vactoter: 390, 443, 503, 570, 648, 735, 835, 948, 1077, 1220,
1380, 1565, 1775, 2020, 2300, 2610, 2980, 3380, 3830 ay.

Buaok-cxema anmaparypel [II u ogHoro KII; ycrpoiicTBa
tuna BYCC-1/19 npusefena Ha puc. 100. Ha KIT, nampsixe-
Hue OT 6/0Ka nuranust 511, uepe3 6/10K-KOHTaKTE 06bekTa b K
TNojlaeTCss Ha reHepaTtop HHAUBHAYaJbHON uactothl ['Y; M ycu-
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aurenb ¥;. Ha Beixoze ycuiuTessi BKJOUYAETCS IOJIOCOBOH
¢unpTp IIP;, yBeIMUHMBAIOMIUA BXOLHOE COIPOTHBJEHHE IJIf
cocegHux yactoT. Ha /[J] gacToTHble CUTHaJIBl NOCTYIAIOT HA
BXOJ TPyNIOBOro ycuautenas /'Y u Jajee Ha HHAUBHIYaJbHEIE
NPHEMHHUKH YACTOTHBIX curnanoB [I4C; u pesie CUTHaJH3ANHH
PC,, xoTopble CBOMMH H. 3. KOHTAKTaMH 3aMBIKAIOT IIENH
curHanbHeix Jgamn J/C;. OXHOBpeMeHHO € BO3feACTBHEM HA
pene PC; c Buixofa [T9C; UMIYJBbCHBIA CHTHAJ 4epe3 CXeMy
HJIH Bo3peficTByeT Ha Bbi3biBaeMbiil Tpurrep BT, BKioua-
IOmMMA OGIIME 3BYKOBOH CHTHAJ, KOTOPHIH CHUMaercsi oluef
kHonko#l keutupoBanust KKC. Ilpu pasmbikanuu 6/I0K-KOHTaK-

38yrobod cueran
8
— KKC
H an Ky
e, )
(2 S ) e A o LA e I
46, GKy
l o
Y6 g=~—
ol e

Puc. 100. Baok-cxemMa annaparypel JIT u ogHoro KII ycrpoiicTBa
tuna BUCC-1/19.

TOB OGBEKTOB COOTBETCTBYIOLIHE peJie CHIHANU3ALUH 06ecTo-
YHBAIOTC M BKJIOYAIOT CHTHAJbHBIE JaMmnbl. OXHOBpeMeHHO
nofaercst 3ByKoBoH curHas. CurHanusamus Takxke cpaGaThl-
BaeT NpM oOpbiBe KaHaja CBsA3M, NOTepu NuTtaHus Ha K1
U HEHCIIPABHOCTSIX aNnapatyphl.

Yerpoficto tuna BUYCC-1/19 npennasnaueno Ajiss pa6oThi
no JIIOGBIM KaHa/laM CBsI3U C AHana3oHoM 3¢gdeKTUBHO Nepexa-
BaeMbiX yacroT 350—4000 ey.

YcrpoiicTBo pagmoreneynpasiennss tuna TIIM-61P. Ver-
poficto tvna TIIM-61P npegnasnaueno A/s TeaeyIpaBJeHHS
CTPOUTEJIbHBIMH ¥ NOTPY30YHBIMH KpaHAMH H APYTHMH TMO[-
BIXKHBIMH OOBbeKTamu. EMKocTs ycrpoiictBa — 18  Komanj
TY tuna «Bxmountb», «OTK/IOYATEY U MHOTOMNO3HIHOHHBIX
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KOMaHJ, Tepek/iodeHHss CKopocTell jBurarejefl. Beictpopei-
crBue pasHo 0,06—0,3 cex, B 3aBUCHMOCTH OT YPOBHS IOMEX.

KoHuTposib 3a BEIIOJHEHHEM KOMAaHJ, OCYINECTBJISIETCS! BH-
3yajbHO. AnmapaTypa COCTOHT H3 NEePEeHOCHOTO Nepeiarollero
YCTPOHCTBA M HCIOJHUTENBHOTO NPUEMHOTO YCTPOMCTBA, CBA3b
MEXIy KOTOPHIMH OCylecTBisercs nmo Y KB panuoxkaHany.
Hanbuocts gedictBua 100—150 x. Kaxmo#h us 18 Komasp
NPHUCBAKBAETCS] MHAMBUAYANbHAsT HH3KAsl 4acTOTa B [ManasoHe
ot 140 mo 950 ey, KoTopast MoAyaupyeT o yactote &/ KB mepe-
JaT4uK, ['eHepaTop HU3KOH YacCTOTH PAGOTaeT HENpEepLIBHO Ha
gactore 1000 ey. Drta yactora BBIAE/SETCS NPUEMHBIM YCTPOH-
CTBOM H CJIYXKHUT JJIsl KOHTDPOJISI HCIIPABHOCTH BCel anmaparypel
Ilepenaua KOMaHI OCYIIECTBJISETCSI HAXKAaTHEM Ha ORHY H3
18 KHOMNOK, pacrosioKeHHbIX B mepejarwmeM ycrpoiictee. Kon-
TaKTaMH KHOIOK K KoJie6aTeJbHOMY KOHTYDPY reHepaTopa Imoj-
KJII04aeTcst  JOTOJIHATEIbHAST €MKOCTb, UYTO COOTBETCTBEHHO
H3MeHsieT ero yacTotry. Ha npueMHoOH CTOpOHe CHUTHAJIEL C Bbl-
XOJa YCHJIUTEJsI HU3KOM YaCTOTH MOAAIOTCS HA YACTOTHERIE H36H-
paresiu, BBIIIOJHEHHBIE HA NOC/IeNOBATeNbHBIX LC-KOHTypax, Ha
BBIXOZle KOTOPBIX BKJIIOUAIOTCST HCIIOJHHTEJbHEIE pesie. Y CTPOli-
crBo tana TIIM-61P umeeT ABa BHAA 3al[UT: MTHOBEHHYIO
H HHEepIUOHHYIO, KOTOpble OOECTOUHBAIOT BHIXOLHEIE MLEIH
HCIIOJHUTEJIbHBIX peJie. MrHOBeHHAast 3amurta cpaGaThiBaeT B
TOM CJyuae, eCJH Ha BBIXOE YCHJMTeIs] HH3KOH YacTOTHI
HanpsKEeHHe YMeHBINAeTCss HIKe BBIOPAHHOIO Iopora. 310
TIPOMCXOIUT TPH IMOBPEXAEHUSAX B TPAKTe NepelaTyHK-IpHeM-
nuK. MuepunonHas 3amuTa cpabaThiBaeT, KOTZA KOHTPOJIbHAS
yacrora 1000 ey otcyTcTByeT GoJiee 2,5—3 cex, UTO CBUAETEJD-
CTByeT O BhICOKOM ypoBHe nomex. Ilpu HopmanbHOH# paGote
KOHTpOJIbHAsi yacToTa nponagaer Ha 0,5—0,6 cex (npu fepe-
Jaue KOMaHj).

§ 3. YACTOTHO-KOMBHHAIITOHHBIE
YCTPOWICTBA T¥Y — TC

Buok-cxema 4acTOTHO-KOMGMHAIMOHHONO YCT-
polictBa Tesieynpassenus (puc. 101) orindaercs ot G10K-CXeMbl
IPOCTOTO YACTOTHOTO YCTPOHCTBA TeseympaBJsenuss (puc. 99)
najguuvem mudparopa LI, Ha KOTOpHIHl BO3MEHCTBYIOT KJIOUM
ynpasnenust KY, u nemmbparopa [JII. Tlpu mnomomu MLIH-
dpartopa u 6j0Ka o6mHX redeparopos 51 o6pasyercss MHOTO-
YaCTOTHEI/l CHTHAJ, KOTOPBIA JeKogupyeTcst AeWIM(PaTOPOM.
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B o6mem cayuae na Bxofie u BhIxofe KaHnana cBsidu KC Bkio-
YAIOTCS YCHAUTENH V1 U V.

udpaTtopr yacToTHLIX KOXoB. B HauGosee mpoctom CJy-
uae mudpaTtop YACTOTHOTO KOJA HA OAHO COUETAHHE BHINOJ-
HsIeTCs HA KOHTaKTax Kiroueil ynpassenus. Ilpunuun nocrpoe-
HUSI TaKOoro mudpartopa 3aK/OUaeTcss B TOM, YTO KOHTAKTAMH
KJIIOYell YIpaB/eHUs NOAAeTCs] NHTAHHE HA COOTBETCTBYIOIIUE
yacToTHble reHeparophl. CiieloBaTeJbHO, KaXKABIH KJIOY JLOJ-
EeH HMeTb Mg H. 0. KOHTAKTOB.

BoJsiee yHuBepcasbHEI M HaJeXHbl GeCKOHTAKTHBHIE mudpa-
TOPLI, OCHOBHBIM Y3JIOM KOTOPBIX SIBJISIETCSI MaTPHUIA COPOTUB-
: JneHudl M, OCyIIeCTBSIO-
mas Habop KOZOBEIX KOM-
Ky N Gunauuit (puc. 77). Ilpu
1047800 HCIOJIb30BAHHU U KauecT-
o , Be  BXOAHBIX  3JeMeH-

TOB CaMOBO3BP aTHEIX KHO-
Puc. 101. BJOK-cXeMa 4aCTOTHO-KOMGH- III<O§ yni}?;‘neg;eﬂ]waﬁf(f)z
HalMoHHOro ycrpofictea T¥. 27 200y M
paTtopa 4acToTHOro Kopa
Ha OJHO COYEeTaHHE IOJY-
yaerca Haubosiee mpocroit (puc. 102, a). Hanpspkenue nuta-
Husi reseparopoB [y, I's,..., [, BKjIouaeTcs uepe3 TpaH3HUC-
TopHbie Kmoun TKi, TKa, ..., TK,, KoTOphle HOPMAJBLHO
3aKphITE. [IpH HaxaTHH KHONKM YNpaBJeHHs] 4epe3 COOTBeT-
CTBYIOIIYE BXOAHbIE LENH TPAH3HCTOPHBIX KJIOYEH NPOXOAHUT
TOK, KOTOpHIi HX OTKpbiBaeT. [Ipu aToM camoBO3GyKIAIOTCS
COOTBETCTBYIOIHE TeHepaTopel, obpasymoinyue Ha Bhixoje 06-
IEr0 YCUJIUTENs] MHOTOYACTOTHBIA CHTHAI.

CompotuByieHust Ry, IIYHTHPYIOUMIHE BXOAHBIE LENH TPaH-
3UCTOPHBIX KJIouel, HeOGXOAUMBI JJIs YMEHBIIEeHUs OCTaToy-
HOrO TOKAa KoJssieKTopa. Ilpu mnomomu 5THX CONpPOTUBJIEHHH
BEIDABHHBAGTCS TAKKE YYBCTBUTEJIbHOCTb TPAH3UCTOPHEIX KJIIO-
uefl. BesuuuHA CcONpPOTHBJIEHUH BHIGUpaeTCs:i B 3aBUCHMOCTH
OT K03((hUIIMEHTOB YCHJIEHUS TPaH3UCTOPOB

/Rn = (4—:- 8) R,

rie Ry —BXOIHOE CONPOTHBJIEHHE TPAH3HCTOPHOIO KJIOYa.
st Tpansucropos tuna [114 comportuBsenne Rj BbIGHpa-
ercss B npexenax 1,5—3 kom. Pacuer mmucparopa npuseieH
B pacdore [26].
Ha puc. 102, 6 nmpusemena cxema mugparopa 4acTOTHOTO
KOLAa Ha OJHO COYETAHHE IIPU MCIOJb30BAHMH HECAMOBO3BpAT-
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Puc. 102. Cxembl wmu$paTopoB YAaCTOTHOIO KOJA Ha OJHO COue-
TaHHe:

@ — OpH CaMOBO3BPATHbIX KHONKAaxX YNpaBlleHHs; 6 — TIPH HeCaMOBO3-
BPaTHBIX KJI0YaX ympasJIeHHsA.
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HeIX Kmouell ynpasneruss KYi, K¥Ys, ..., K¥,/s». B 3ol
CXeMe TpPaH3HCTOpHBIE Kjoud 7K OTKPHIBAIOTCS TOKOM 3apsia
UM paspsana konpencaropoB C. Iuonwr [I cayxkar gas obpa-
30BaHHA LIeNM pas3psifa KOHAEHCATOPOB.

- JIns Bo3Oy:KIEHHS TeHepaTopoB TpelGyeTcsi HEKOTOpoe
Bpems. [TosToMy B 1e/isix NOBBILIEHHs] OLICTPOACHCTBHS B CXeMe
(puc. 102, 6) npuUMeHSIOTCS LOTMOJHUTENbHBIE HHIHBHIYAIbHbIE
yeuaurend ¥y, ..., ¥,. B 3Toll cxeme HampsKeHHe Ha TeHe-
paTopsl TOJAETCs C MOMEHTa BKJIOUeHus mudpatopa. Crexo-
BaTeNbHO, T'eHepaTopbl paGoTalOT B peKHUMe HelpephIBHBIX
KoseGanuit. [Ipy nomomu TPaH3HUCTOPHBIX KJIOUEH HAampsKe-
HUe TIHTAHHA NOJAeTCsI Ha CCOTBETCTBYIOMHE HHAMBHAYAJbHBIE
YCHUNIUTONH.

Bxonnoit Tpancdopmatop oOLIErO YCHJIUTENsST HMEeT OT-
JeNbHEIe OOMOTKH JJist K&KIOT0 HHIHBHIYAJBHOTO YCHJHTENS.
ITH OOMOTKH BKJIIOYAIOTCH TAKUM O0pa3oM, UTO aMIIePBUTKH
NOAMAarHMYUBAHUS B3aMMHO KOMICHCHDYIOTCS.

JINIUTeILHOCTD OTKPHITOTO COCTOSIHHSI TPaH3HCTOpOB Ge3
yueTa JIOKHBIX IeTefl OnpefensieTcss U3 ypaBHEHHUS

U

tOT = RC ln mqlpR ) (8'5)
rge R — conporusjenusi mMatpunbl M;-
I, — TOK B BBIXOJHOH IeMH MATPHIIH,
Ecnu o6GosHauuThL
U
myl =Ry (8-6)

TO U3 ypaBHeHHs (8-5) MOXKHO ONpeNEeJNHThH BEJMUHHY CONPO-
TUBJIEHHS R, NIpPH KOTOPOH for MMEET MAaKCHMAJbHOE 3Haye-
HHe. B pesysibTare HEC/I0XKHBIX BbIUHCJIEHHH

R= &el = 2—17 .
Ilpu 3TOM AJMHTENBHOCTb OTKPLITOrO COCTOSTHHS TPAaH3HC-
TOPOB
ter = RC. 8-7)
HAewndpaTops YacToTHBIX KoNOB. JlemubpaTopsl 4acToT-
HBEIX KONOB HA OJHO COYETAHHE Cnm: MOT'YT BBHINOJHATHCA Ha

KOHTAKTaX BHIXOAHBIX peje BP NpueMHHKOB YAaCTOTHBIX CHTHa-
JIOB, KaK TOKasano Ha puc. 103. IIpu manoM KOJMYECTBE HCTIOJIb-
8YeMbIX YACTOTHBIX MO3UIME n, NPHUMEHAETCH Cxema Jemugpa-
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topa (puc. 103, a). Beixonnble nemu I—I10 Bo3gefcTBYIOT HA
HCTIOJIHUTE/IbHBIE pejie OOBeKTOB yrpaejeHHs. Ecau uucio
YACTOTHBIX MO3UIME OOJbIIOE, TO INpPEANOYTHTEJbHEE CXema
nemudparopa, npuBeieHHas Ha puc. 103, 6, rie KoauuecTBo
KOHTAKTOB HA peJie BP He 3aBHCHT OT YHCJa BEIXOAHBIX Lienefl
U pPaBHO JBYM.

Bosee nagexuul 6ecKOHTaKTHEIE femndparopsl. Ha puc. 104
NPHBEIEHb CXeMbl GECKOHTAKTHBIX MaTPUYHLIX JAelIu(paTopoB.
OcHOBHBIM y3Ji0M Aetundparopa (puc. 104, a) sBnsercs AHORHAsS

6h
Bh =7 +&——q
+2—1— BBy BF,
£ 2 Jum
B, i3 5% -+—
2 1
1 b5, Bfy-1 ] '] @ 1
——4
BE, ! 2 3 M
B% —5 T ¢ ] [
o Bp5 1
—6 1
BFs 8p,
S 4
PR e} -
B Bp.’———? " 5
! E—=10

Puc. 103. CXeMbl KOHTaKTHBIX JelIA(PATOPOB YaCTOTHOIO KOJa Ha
OJHO COUeTaHHE:
a — KOHTaKTHas NHpaMHAa A8 ny = 5; 6 — ynponlenHass cXema.

matpuna M, tuna C7. Ha Bxome u Ha BbIXOfe AHMOLHOH Ma-

TPHILI BKJIOYAOTCS TpaH3ucTopel Ts u T Jls yBenuueHus
BXOJIHOTO COTPOTHBJIEHHS TPAH3HUCTOPOB T3 B LIENIH SMUTTEPOB
BKJIIOUEHBI COTIPOTHBJIEHHST OODAaTHOH CBSSH R,.

Tpansucropsl T';, BKJIOUCHHbIE HA BBIXOJE HPHUEMHHKOB
gacToTHeIX curuajsoB I[TUC (c BbIXOAOM Ha IOCTOSTHHOM TOKe),
IpH OTCYTCTBHH CHMHAJA YNpaBjeHHa 3akpuiTel. Ilpu atom
TpausucTopbl T's, BKJIOUEHHbIE BO BXOAHBIE MENH JHOLHOM
MaTpuubl My, TOJHOCTBIO OTKPBITHI TOKaMH, IPOXOASIIHMH
no nensim Rz, R, CiefoBaTesbHO, BHIXOJHBIE LENH AHOMHOMN
MaTpHII HOPMAJbHO IIYHTHPYIOTCS IHOJAMH H TPaH3HCTOPHI
T3 3aKpBITHL

Ilpu mocTymieHUH ABYXYACTOTHOTO CHT'HAJA COOTBETCTBYIO-
mue TpamsucTophl 7T'; OTKPHIBAIOTCS, a CB3aHHBIE C HHMH
TpausucTopsl 7T'; 3akpeBaooTca. Ilpy sTOoM HAa OFHOM H3
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Puc. 104. CxeMB GeCKOHTAaKTHBIX ManH‘-IHbIX JZemupaTopoB ¥ACTOTHOrO
KOJla Ha OJHO COYeTaHHe NPH n, = 4 u m, = 2:

a — ¢ oTAeNbHOM SalIUTHOH maTpuuel; 6 — COEMelleHHas cXeMa (B Toukax, OTMe-
YeHHBIX KPyKKaMH, BKJIOYAIOTCS AUOMDI),
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BHIXOJIOB AHOJHOH MATPHIEI BO3HHKAeT HMMYJbC, OTKPBIBAIO-
muil Tpansucrop T's. B pesysbTaTe COOTBETCTBYIOLEE HCIOJ-
HUTeJIbHOE pesie P cpabaThiBaeT.

Ilns ToBBIIIEHHS TIOMEXOYCTOHYMBOCTH YycrpoiictBa TV
B cxeMe jgemudparopa (puc. 104, a) npumeHsiercst 3amuTHAsS
AuonHast MaTpuLd M gsany THIA C7TL DTa MaTpuna BEIIOJIHSET
UHCIOBYIO 3amuTy. EcaH BeiaencTBue AEHCTBHS NOMEX, KOM-
OMHALMOHHPIX YACTOT HJ/IM OIINOOYHOH Nepefauyd JBYX KOMaHJ
OJHOBpeMeHHO cpaboTaeT Gosee M, NPUEMHHKOB YACTOTHBIX
CHTHAJIOB, TO Ha BBIXOZE MaT-
putpl Mpieamy BOSHHKAEET OT- %
pUIaTeJIbHOE  HANpsIKeHHe,
KoTopoe uepes cxemy HJIH M
Ha JH0Jax BO3JACHCTBYET HA
tpurrep [Imurra T'J. Cpaba-
ThiBasi, tpurrep TII oTKpBI-
Baetr Kmou T, WIYHTHPYIO-
[IHMH THTaHHE OCHOBHOH JH-
omxHof MaTpuuel M. Thy THy Ty

B ycrpoiersax TC wa = i .@
BBIXOZBI MATPUIBI My BKmMO- 52 E3NH A S

n
YaloTCs 3aNOMMHAIOIIHE 3je- -
MEHTbI (HAanpHMep, TPUITEPHl  pyc, 105. BeckonTakTHBI JemHppa-
Ha Tpaﬁsncropax), OT KOTO- TOp, BBHIMOJHEHHBIH N0 YHpOIIeHHOH
pBIX nojaeTcss MNUTAHHE HA cxeMme Ge3 YHCJIOBOH 3allUTHI.
JIAMITbl CHTHAJIH32IHH.

Ha puc. 104, 6 npusefeHa Gosiee SKOHOMHYHAS CXeMa Ma-
TpHYHOTO Jeiudparopa, B KOTOPOH OCHOBHAs M 3aUIUTHAs
MaTpHIBl COBMemeHbl. Bxogpl [—4 OTHOCATCA K OCHOBHOH
JHMOJHOH Matpuue, a Bxoap! /'— 4" — K 3amuTHoil. Obmee Kouu-
YeCTBO JUOJOB B KaKIOH U3 Nap BXOLHBIX Iemneh -1, ...,
4—4' paBHO KOJIHUECTBY BBLIXOJOB.

B cxeme (puc. 104, 6) B omianune oT cxemul (puc. 104, a)
yTpaBJ/ieHHe AHOAAMH MATPHIB! NOTEHIHANbHOE, YTO YBEJTHYH-
BaeT HANPSAKEHHE UMIYJIBCOB YIIPABJIEHHs HA BBIXOAE MATPHILBL.
[pu OTCYTCTBHH CHTHANA YNPABJIEHUS TPaH3UCTOpPHl T 3a-
KpPBITE, a T 2— OTKPHITEL C/€10BaTeIbHO, QOB BO BXOLHBIX
nensix /—4 OTKpPHITH, a B IeNsaxX I'— 4’ 3aKkpbITHl NafeHHeM
HanpsKeHus Ha TpaHsucropax 7. -

[Ipy mocTymeHHH ABYyXYacTOTHONO CHIHAJA COOTBETCTBYIO-
mue TpaH3ucTopsl T3 OTKpBIBaKOTCSA, @ T'p 3aKpBIBAIOTCA, UTO
IPUBOJMT K 3aNMPAHUI0 CBSA34HHBIX C HHUMH JMOJOB OCHOBHOH
MATPHUE! ¥ OTIHPaHUIO AHOLOB 3AIIMTHOH MAaTpPHIBL
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CxemMa GeCKOHTAKTHOrO Jemudparopa, BHIIOJHEHHAs TI0-
ocHoBe cxeMmul (puc. 103, 6), B KOTOpOH KOHTAaKThl 3aMEHEHbI
TPAH3UCTOPHEIMH Kiiouamu T K, npuBeneHa Ha puc. 105. dra
cxema GoJiee SKOHOMHYHA 110 PACXOAY 3JIEMEHTOB, YeM MaTpuy-
Hbli gemudparop. OgHako, OHA He MMEET YHCJOBOH 3alIUTHI
H MeHee YHHUBEPCA/IbHA, TaK KAaK BHIXOJHBIE LENH HE HMEIOT
ofmel TOYKH, BCJIENCTBHE Yero IpPUMEHEHHEe YCHJUTeell Ha
BLIXOZle HcKitouaercs. ITo 3Toit XKe mnpuunHEe NpPHMEHEHHe
ycuauTesell Ha BXOJe 3aTpyAHuTenbHo. Kpome Toro [79C
JOJKHBEI HMETb TO Ba BBIXOJA HA MOCTOSIHHOM TOKE 33 HCKJIIO-
venneMm [19C, u I19C,.

YctpoiicTso T.V—TC THNA B'{CT 1/16. D10 ycTpoicTBO
BeINycKaeTcss OpJIOBCKUM 3aBOJOM NPHOOPOB M IpeNHA3HAYEHO
U1 TejeMexXaHU3aluHd pPacCpeloTOYEHHBIX OOBEKTOB KOMMY-
HAJIBHOI'O XO35HCTBA M NPOMBIILIEHHBIX NPeANpusTHil. B Kom-
MJIEKT yCTpOHCTBa BXoxut amnaparypa JIT u no 16 HII.
Cxema ycrpoiictea [JIT paccunTana Ha MOLKJIIOYEHHE 4—5
pajuanbHBIX HanpaB/eHHi (PU3MYeCKHX Memnefl), K KaxkIAOMy
U3 KOTOPBIX MOMKET MOAKJ/IoUaThcsi A0 ueTelpex M1 npu Ape-
BOBHIHOH CTPYKType KaHajoB CBs3H. EMKOCTb yCTPOHCTBA
B KaxKJ10M Hamnpasjenuu cocrasysier 28 TY u 10 TC (ans AByX-
HO3UIIMOHHBIX 00BeKTOB). J[JIHTENBbHOCTh MOCHIIaeMOl KOMAaH/IbI
olpefiesisieTcsl BpeMeHeM HaxKaTHs NYyCKOBOH KHOINKH, MO3TOMY
KaOXKIYI0 KOMaHLy MOXHO HCIOJb30BaTh AJIsl BO3JEHCTBHS HA
HACTPOHKY peryJisiTopos.

B ycrtpoiicTBe Bcero mpumensiercss 18 wacTtoT, H3 KOTOPBIX
TepBble BOCEMb BbIEJIEHEI ng 06pa3oBaHusi KOZOBBIX KOMOH-
Hamuit TY mpu mq =2

2 -7
M=cC =%4T—28

OTH KOMOUHAIUH HCHOJB3YIOTCS AJIST BKJIIOUEHHS M OTKJIIO-
yeHHs] 0GBEKTOB, PACIOJIOKEHHBIX HA Pa3auyHeiX MI] jaHHOrO
nanpasJyenus. CnenoBarejbHo, Ha KaxaoM us HMII1 AnA BHIGODA
OGBEKTOB M HX MOZHMIME HCHOJb3YIOTCS DPasJHUHbIE *KOJIOBbIE
KOMOHHAIHH. -

OcTanbHBIE JECATH YACTOT HUCNONb3YIOTCA AJsl Tepefadyu
10 TC npoCTBIM 9aCTOTHBIM METOJOM. DTH CHTHAJIbHBIE YACTOTBI
pacmpefiensirotes MexAy HII1 Kaxaoro HanpapJeHHUs.

Cnenosarenbro, yerpoiicrBo Tuna BUCT-1/16 ssasercs

npu 7Y YaCTOTHO-KOMOMHAIMOHHBIM H TIPOCTHIM YaCTOTHBIM
npu TC.
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Ha puc. 106 npuBezena 6/10K-cxema yerpoiictea BUCT-1/16.
Ilpu TY umdparopom LI, noCTPOSHHLIM HA KOHTAKTax KJjouei
ynpaeJjenus KY, BoibHpaeTcs ABa reHeparopa yactor us ['d;—
I'd,. 3arem naxkarmeM NycKoBoii KHONKH [IK ofHOro us Ha-
NpaBJIeHHH BHIXOL TeHEPATOPOB INOAKJ/MOYAeTCsT K COOTBETCT-
BywomemMy JauHeliHOMy Oj10Ky JI5. Curnman TV npunumaercs
JIMHEHHBIMH ycunutensmu J1Y Bcex HII, NOAKIIOUEHHBIX K AaH-
HOMY HalpaBJIEHHIO, U TIOC/IE YCHIEHHS BO3AEHCTBYET Ha IpUeM-
HHUKH yacToTHeIX curaanoB [I4C. Ilpu sTom Ha oxHoMm u3 HII
COOTBETCTBYIOIIHE JBa BLIXOAHLIX pejie BP cpa6arbiBaloT

05
T$
e
”' ' Puc. 106. Buiok-cxema ycTpolicTBa
”“'/ kY BUCT-1/16.

H CBOUMH KOHTaKTamu, o0pasymomumy gemudparop JII, 3amer-
KaloT IeNH ynpasjeHus. [lna mepegaun Teje(OHHOrO BhI30BA
BBIEJISIETCS II0 OLHOH KOJOBOH KOMOHMHALMU JJis Kaxpaoro HII.

Curnanel TC mepenaloTcs CNOPagHYecKH NPH J000M H3Me-
HeHHH TNOJOXKeHHs1 o0bekToB TC M mpueme Komaminl «Tese-
¢ouHblil Bb3oB». Ilpu 3Tom cpabatbiBaer 6ok 3amycka b3
(omHOBHGpaTOp C BpeMeHeM 3aJePKKH 3—4 Cex), KOTOpBIil,
Bo3lelcTBys Ha cxemy 3amnpera C3, o0pasyer uens or 6JoKa
renepatopoB 5I'd uepes OnoK-KOHTakTel 5K o6bektoB TC
K JIY, a 3atem B nunmo cesizu JIC. Ha JJIT curuan TC c¢ moGoro
HAaNpaBJIeHUsl Yepe3 OUH M3 JIHHEHHBIX GJIOKOB JI5 mocTynaer
Ha OOmuil 6JOK NPHUEMHHKOB YacToTHbix curaajnos BII19C.
OnnoBpeMeHHO oT JI5 BO3eHCTBHe mNepejgaercss HAa COOTBET-
crBylomue cxembl coBnagenusi CC;— CCy. Bropoe Bosgeii-
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cTBME Ha 3TH cxemul nepenaercs ot 5/1YC. CrenoBaTenbHO,
cpaboTaloT TOJNBbKO CHTHAJbHEE pesne CP JaHHOro Hampas-
JIEH UL :

Cropaguueckuii xapakrep feiictBusi ycrpoiicts TY—TC
TI03BOJISIET UCIIOJb30BATh JIHHHIO- CBSI3H JJ1s BeIEHHS TesedoH-
HBIX HeperoBopoB. TesedoHHbIe ammaparbl C BHICOKOOMHBIM
BBIXOZOM MOAK/IOUAOTCH ¢ JI/C yepe3 aMIVIMTYAHBIE OTPAHUYH-
TesH, NpefoTBpamanmue noaasieHne curuanos TC.

B xauecTBe NPHEMHHKOB YaCTOTHBIX CHTHAJOB B yCTPOH-
CTBe NpHUMEHsOTC (GUABTPE THUNa K, BKJ/OYaeMble Ha BXO[
CHeNMA/bHON NpPHEMHO-TIpeoGpasoBaTesbHON cxeMsl (puc. 91).

§ 4. YACTOTHO-PACHPEJEJINTE/IBHBIE
YCTPOICTBA TEJIECUTHAJIN3AI®U

YacToTHO-pacnpeenuTeNbHbll MeTo u3bupa-
HUS IIPUMEHSIeTCS] IPEUMYIIECTBEHHO B YCTPOHCTBAX TEIECUTHA-
JIM3ALMK, KOTAA HEOGXOLMMO BBHINOJHUTL LHPKYJSAPHYIO mepe-
Jayy CUTHAJIOB NIPH 3HAYUTEJBLHOM KoJsudecTBe o6beKToB TC.

Biok-cxemMa  4acTOTHO-pacnpene/uTe/bHOTO  yCTPOICTBA
CHTHAJIM3ANUM TPH IIOMIATOBOM MeEpeKJIOUEHHH paclpeesu-
Tesiell npuBeseHa ua puc. 107, a. [ns o6pasoBaHusl 3a5aHHOTO
Hopsiika CJeJOBaHUS MHOIOUACTOTHBIX IIOCHIIOK HA Mepeja-
fomeil ctopore M1 W 1A TNEPeK/IOUEHUS COOTBETCTBYIOLIHX
nemneil Ha npueMHo#t croporne [JI1 npuMeHsIoTCs GECKOHTAKTHBI®
pacnpezenuTesin Ha Tpausucropax Py u P,. Pacnpenenurens P,y
3a1ycKaeTcsl y3JOM 3amycka Y3 NpH H3MEHEHHH COCTOSHHSA
ofHOTO H3 00beKkToB TC WJH TOCJEe BOCCTAHOBJIEHHUS paHee
HapyumieHHOro Kanajna csisu KC, a pacnpefienuress P mepe-
KJIIOYAeTCs OT UMIYJIbCOB B KaHajie CBSI3W IPH TIOMOLIM BbI-
SIBUTEJIS1 YACTOTHBIX UMITYJIbCOB BH (HOIMIAroBOe NepeK/IYeHHUE).
Ha Bbixopuble menu pacnpefesuTessi Py BKMouawTcs 6J0K-
KOHTAaKThl 06beKTOB TC, uepe3 KOTOphle HANPSKEeHNe NOAAeTC
Ha COOTBETCTBYIOIIHE YacTOTHHE reneparopnl '3 —1I,, o6pa-
3YIOLIHE MHOTOUYACTOTHBIE MOCHUIKH. )

C BbLIXOAHBIX memefi pacnpegenutensi P, HanpsiKeHHE IO-
JaeTCs HAa COOTBETCTBYIOI[HE LENM IHOAHOH Matpuusl My, Ha
BXOJBl KOTOPOH OZHOBPEMEHHO BO3JEHCTBYIOT INPHEMHUKH
4acTOTHBIX CHrHanoB [IYC. Takum o6pa3oM, OCYIIECTBJAETCS
BO3JCHCTBHE HA COOTBETCTBYIOLIME HCIIOJHHTEJNbHBIE 3J€MeH-
Tl 19, — H3,, Ha BEIXOL KOTODPHIX BKJIOYAIOTCS CHIHAJb-
wpie  jamnel  JIC,—JIC,. WcnonuutesnpHbe 3ieMeHTHl M3
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NpeACcTaBadgl0T co60il TPUIrepsl Ha TPAH3UCTOPAX, KOTOpLIE
H3MEHSIIOT CBOE COCTOSIHHE B 3aBHCHMOCTH OT TOTO, Ha KakKOW
H3 €ro BXOAOB NOCTYNaeT MMIYJbC C MaTPHLBl M.

Hanpsi:keHne nuTaHUs CUTHAJbHBIX J1aMI IOCTYTIAET C HYyJIe-
BOrO TOJIOXKEHUS - pacmpefesnurenss Pp, uyeM ofecreuuBaeTcs
KOHTPOJIb CHH(A3HOCTH NepeK/oueHus pacnpefenureneil. Ilpu
PacXOXKIEHHU pacnpefesuteseil cpabGaThbiBaeT y3esa BOCCTAHOB-
JeHHs1 Y B, KOTOphIil BO3Bpamiaer pacrpejesiutess P, B HyJIe-
BOE IMOJIOKEHHEe H OLHOBPEMEHHO ocyuiecTjser 3amnpoc 1C
(npu momomu ycrpoiictea TV HiH TOCPEACTBOM KpaTKOBpe-
MeHHOro pasmeikanus uenu KC).

KonTponb uncnpaBHOCTH KaHajia CBSI3H OCYIIECTBJISIETCS
IOCTOSIHHBEIM TOKOM HJM IO HECyIlell yacroTe.

Ha puc. 107, a npuBenena cxema BKJIIOUeHHSI GJIOK-KOH-
TAKTOB OOBEKTOB IIPH JABYXIO3UIHOHHOH TEJECHTHAIU3ALHH.
Ecan npumensiercst ofHonodunuonHass TC, T0 B CXeMy BKJIIO-
4aeTcss TOJNBKO OfMH OJIOK-KOHTAKT HAa 3aMblkaHHe, a YHCJIO
YaCTOTHBIX T'eHepaTOpOB COKpAIlaeTcsi BABOE. B stoMm ciyuae
OPH TNOCTYIIJIEHUH NE€PBOTO UMITYJIbCA AO/KEH OCYLIECTBJSTHCS
NpeBApUTENbHEIH cOPOC BCEX HCIOJHUTENBHBIX 3JeMeHToB M.

~ Konnuecteo o6nertos 7C

Nie = myns,

rje my— YHUCJIO YACTOT B OJHOH IOCHLIKE;
Ny — YUCJIO MHOIOYACTOTHBIX IIOCHLJIOK, paBHOE KOJIH-
4eCTBY CTyNeHeH pacnpejesnuteseil.
Ilpy pBYXNO3MUHOHHON TEJECUTHAJM3AIKHE KOJUYECTBO
YacTOTHLIX TeHepaTOpPOB ¥ (HJILTPOB

N = 2my,
a NpH OJHOIO3UIMOHHOH -
N = mq.
Ecnu nmpunsAth my =25, a n, = 10, 10
Ny =5-10=50.

CriepoBaresibHO, NECATBIO HMIYJIbCAMH MOXKET ObITh TEPesaHo
nonoxenne 50 o6bexktoB TC. B HEKOTOPBIX CJTyyasix AJjisl NOBHI-
IIeHHs] TOMEXOYCTOHUHBOCTH ycrpoiicTBa TC HMEET CMBIC
BBIJEJIUTD OJHY 4YacTOTy * [T HePeKJIQUEHHS paclpenesu-
Teas P, Torma B kauectBe BH HCHOB3YETCSl YaCTOTHBIH
GuIBTD, HACTPOEHHBIH HA 3Ty 4YacTOTY.
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Ecnun gucio o6bekToB TC CPaBHHTEJIBHO HEBEJIHKO ([0
15—20), To npumeHsieTcss YacTOTHO-paCHpeNeNUTeIbHAS CHCTe-
Ma TeJeCUTHAJM3alUM C IPYIHOBLIM BhiopoM (puc. 107, 6).
B sToMm ycTpoiicTBe pacmpepesuTesb NPHMEHSIETCS TOJBKO Ha
nepejammiei CTopoHe, TaK Kak B KaXKHOH MHOrOYacTOTHOM
HOCEIIKE OfHA YacToTa BhIAeJseTCs AJs BHOOpa I'pyNHBL
PacmmdpoBka Takoro Curiajga Ha IPHEMHOH CTOpOHE OCY-
IIECTBJIETCS. TMOCPEACTBOM AHOAHON MaTpuusl My, NIpHEMHHU-
KoB rpynnoBuix [/9C, U uHAMBUAYanbHHIX [IYCy YacTOTHBIX
CUTHAJIOB. B 3TOM ciiyd4ae KOJIMYECTBO F€HEPATOPOB YBEJHUUH-
BaeTcsi, TaK KaK KpOMe FeHepaTopOB HHAMBHAYaJbHBIX UaCTOT
I'1—T',, neo6xoAUMEL TeHepaTopbl FPYNIOBLIX 4aCTOT ['rp,—1rp;,
YHCJO KOTOPBIX JOJKHO OBITh PAaBHBIM KOJIMYECTBY MHOTO-
YacTOTHHIX ITOCBUIOK Mg,

Heo6xogumo OTMETHTb, 4YTO, HECMOTPSI HA IpUMEHEeHHe
TPYNINOBOTO BbIOOpPA, LMPKYJNSPHOCTb IIepefauyn CHIHAJIOB
coxpaHsieTcs 4,151 Bcex 06beKToB TC.

§ 5. YACTOTHO-KOMBHHAIINOHHO-
PACIIPE/IEJUTEJBHBIE YCTPOICTBA
TEJIEYIIPABJIEHIA

BJiok-cxema  4acTOTHO-KOMOMHAIMOHHO-pac-
TPeNeUTE]bHOTO YCTPOHCTBA TeJeyNpaB/eHHsT He OT/JIMYaeTcs
OT 4aCTOTHO-KOMOHHANHOHHOrO (cM. puc. 101). OTanuue 3axio-
YaeTCsl TOJIbKO B CX€Max BBINOJIHEHHSI LIMGPATOPOB M JELlIH-
¢paTopos.

[udparopsl CMEHHONOCHLIOYHBIX KOXOB. BJrok-cxema miud-
paTopa CMEHHOTOCEUIOUHOTO KOAA Ha COYeTaHUd H C TpYIIIo-
BLIM BBIOODOM TpH Az =2, Ny =4 U my= 2 TIPHBEJEHA Ha
puc. 108, a. I'eneparopbl 4acTOTHBIX HUMIYJbCOB I3, [o—I,
yepe3 WHAMBHAYa/JbHLIE SMHUTTEpHble NoBTOpHTENH III BKJIO-
yajoTcsl Ha BXof ofmero ycuautens Y. HabGop Kopaoso# KoM-
OHHAIMHE OCYIIECTBJSETCS CAMOBO3BDATHBIMU KJ/IOYaMH YIDPaB-
nenusi KY depe3 marpuipl conpotussenuit IM., IIM. u Tpan-
suctopuble kmodn 7K. Marpuna conporusnenuit [M. mnpen-
HasHayeHa AJs Habopa KOMOMHALMH, BXOAMAIIMX B TEPBYIO
nocbliKy, a matpuna //M.— pns Ha6opa KomGHHAuHi, BXO-
AslMX BO BTOpyIO THoceuIKy. IlocsenoBaresbHOCTL Iepenady
MHOTOYACTOTHBIX IOCHUIOK OCYIIECTBJSIETCS MyJbTHBHODATO-
pom MB.
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Puc. 108. BioK-CxeMBl ndpaTOpoB CMEHHONOCBIOYHOTO KOZa:

@ — Ha COYeTaHHs M C IPYNINOBLHIM BLIGOPOM NpH ng= 2 H Mg = 2 ‘(B MeCTax, OTMe-
YeHHBIX KPYXXKaMH, BKJIIOYAIOTCS1 CONPOTHBIIEHHs); 6 — Ha PasMellleHHs] PH. g = 2
(B MecCTax, OTMeYE€HHHX KDPYXKaMH, BKJIIOYalOTCs CONPOTHBJICHHsI HJIK CONPOTHBEJIE~
HHSI NOC/Ie/IOBaTe/IbHO € AHOJAMH); 6 — cXeMa OfHOH IieMnH.



[Ipn 3aMblKaHMH KOHTaKTOB OJHOTO M3 KJloueil ympasJe-
HHUS B KaHaJ cBsi3n KC BBIAAIOTCSI MHOT'OYACTOTHBIE TOCHLIKH,
BXOJsIHEe B KOMOHHALHIO.

Buiok-cxema GoJjiee yHHBepcaJsibHOTO IMMIHGpPaTopa CMEHHO-
HOCBIJIOYHOTO KOJa Ha pasMeleHus NpU A, = 2 NpPHBEAEHA Ha
puc. 108, 6. B artoit cxeme, B OT/IHUME OT CXEMBI, TP HBEAEHHON
Ha puc. 108, @, K/iouu yIpaBJEHHS HUMEIOT BCEro MO OZHOMY
koutakty. Ha Bmixon wmarpun IM. u IIM; (puc. 108, 6)
BKJIIOUEHB! Jiorwueckue cxemol M, HJIH w TpaH3uCTOpHbBIE
Kmoun TK, ¢ KOTOpBIX HaNpsKeHWe IUTaHUs TMOAAeTCs Ha
COOTBETCTBYIOMKI SMHTTEPHbI TOBTOpHTENs JII renepatopos
I'+—T". TlpunnunuanbHas cxeMa OZHOH BBIXOZHOM Leny Ip-
BefleHa Ha puc. 108, 6.

Ha opun u3 BxofoB cxeM H HampsiKeHHe NOCTYNaer C
BHIXOZ@ MATpHI, & Ha BTOPOH BXOJ — OT pacmpenesuTe-
JisT — reHeparopa uMIyabcoB PI'H, KOJUYeCTBO BLIXOLOB
KOTOpPOT'O PaBHO 1y + 1. Sanycx pr H OCYLIECTBJISIETCS IOC/IE
MOBOpPOTA OHOTO M3 KJjiouell ymparjienuss KY KHONKOH
nycka KII.

Cxema, npusenenHas Ha puc. 108, 6, MOXKeT GBITb HCIOJIE-
30BaHa TaKxe AJs 06pa30BaHHUs KOMGHHaI.lI/II/I CMeHHOMOCHLIOU-
HOTO KOJAa Ha COYETAHHWs HJIH C TPynnoBbiM BeibopoM. Ecan
KOJIMYECTBO TIOCBUIOK 1z > 2, TO YUHCJIO MATPUI[ COOTBETCTBEHHO
yBEJHYHBACTCS.

[ockosbKy BXOAHOE compoTHBJeRue cxemsl M (puc. 108, 6)
CPaBHHTENIbHO GOJISIIOE, TO, AJISI YMEHBIIEHHS OCTaTOYHOTO
TOKa, TOCJAENOBATEJbHO C CONPOTHBJEHUAMH Matpui [M.
i [IM. BKMOYAIOTCS AHOAHL

HewndpaTopbl cMEHHONMOCHIIOYHBIX KopoB. Hanbosee mnpo-
crag cxema jemubpaTopa TNOJNydaeTCs HPH HCIOJb30BAHUH
CMEHHOTIOCHIJIOUHOTO KOZa C TPYNIOBLIM BLIGOPOM IIPH 1y = 2.
B/iok-cxema Jemmgparopa 3TOro KOia NPHUMEHHTEIbHO K
taba. 20 npuseneHa Ha puc. 109, a. IlepBas auoaHas Matpuua
IM, tana C7 peKopupyeT MHOIOYACTOTHbIE MOCHLIKH, a BTO-
pas [IMy Tuna n, - ny — KOMOMHAUMH TNoCEUIOK. Ha Berxo-
nax I—7 IM; BKJIOUEHB! 3JIEMEHTH KPAaTKOBPEMEHHOIG 3aIo-
MHHaHHs, HanpuMmep, B Bule ofHoBuGpaTtopoB OB,—OB,,
a nHa Bbixogax [/My; — HCNIOJHHTENbHBIE OXHOBHGpPATOPHI
HOB,— HOB,,. Ha Bpemennoit auarpamme (puc. 109, 6)
noKazaHa pabora jemndparopa NpH IOCJAENOBATeJbHOH BO
BPEMEHH Mepejaye ABYX pAa3JIMYHBIX KONOBBIX KOMOMHALWMI,
‘IpHYeM BpeMsi cpabaThiBaHUSI TPAH3UCTOPHBEIX KJioyeid M OJHO-
BHOPATOPOB HE YUHTHIBAETCS.
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Puc. 109. Buok-cxema u BpeMeHHas puarpamMma paGoThl

newudparopa CMEHHOMOCHIJIOUHOIO KOJA crpynnosbIM BBI6O-
poM npHu gy =06, my=n, =2

a — 67noK-cxema; 0 — BpeMeHHasi AHarpamma.
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Ha Bpewmennoit pnarpamme
fep M forn — BpeMA cpabaTblBaHus M oTHycKanus IT4C.
s HopMmaJibHO! paboTe! Aerndbpatopa HEOGXOLHMO, UTOBE!

tcp > to-pn.
JmuTepHOCTE MMIYJILCOB Ha BHIXOZE MaTpuuel /M,

t]_ = tg = tn + Z(O‘l'l - tcp.
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Puc. 110. Brok-cxeMmsl JemudpaTopoB CMEHHONOCBUIOUHBIX KOJOB:
a -- Ha cOYeTaHHsA; 6 — Ha pa3MellleHHsI.
Bpemsi BoccTaHoBJIeHHsI ofHoBHGpaTopos OB
fos < ty — tcp-
J/IUTeJbHOCTh BBIXOHOTO HMIyJbca MaTpuipl [IMy

ts = foa— tm
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Bpems BOCCTaHOBJIEHUSI HCIIOJHHTENLHBIX OLHOBUOPATOPOB
HOB

tuoa < tx - tcp-

[pu wcnosb30BaHHHM CMEHHOIOCHIIOYHBIX KOJOB Ha COde-
TaHUSl WM Pa3MeLleHHs MOC/IeJOBATEeJbHAS NOCHLIKA Pas3J/iuy-
HBIX KOJOBHIX KOMOWHaLuil Ge3 may3 He JONYyCKaeTcs.

Ha puc. 110 npuseneHs! 6J10K-CXeMbl IemuppaTopoB CMEH-
HOIIOCBIIOYHBIX KOJOB Ha COUETAHUS U HA pas3MelneHusi. B 6JioK-
cxeme femudparopa Ha covetanus (puc. 110, @) Ha Bcex BHIXO-
Jax JuofgHOi Martpuubl /M, BKJIOYAIOTCS 3JIEMEHTH Kpar-
KOBDEMEHHOI'O 3anoMuHaHus 53. B O/0K-cxeMe Ha pasmelne-
Husa (puc. 110, 6) xaxnawit Boixon Matpuusl /M, pa3BeTBJs-
eTcsl Ha JiBe IeNM, TOJIbKO B OZHY M3 KOTOPBIX BKJIIOUAIOTCS
3jieMeHTl J3. 3areM 3TH LNy NOAKJIOYAIOTCA HA BXOJ Mart-
punsl [/My, uem jgocTuraercss paciIuppoBKa INOC/IEI0BATEJb-
HOCTH MOCTYIJIEHUS] MHOT'OYACTOTHBIX mHocelioK. Ilpu moctyn-
JeHHN KoMOuHamuu [/—2, /—3 curHan BO3HHKaeT Ha IepPBOM
BbIXOZle MaTpuubl /My, a npu o6paTHO# NOC/IEAOBATEIbHOCTH
nepejayy Nocel1oK [—3, /—2 curHas BO3HUKAaeT HA BTOPOM
BhIxoZe (puc. 110, 6).

JlewupaTopsl MHOTOCTYNEHYATbIX KOPPEKTHPYIOUX KO-
IoB. DBJok-cxemsl AemudpaTopoB MHOTOCTYIEHYATHIX KOppeK-
THPYIOLUIUX KOAOB NpuBeaeHsl Ha puc. 111. [emudparop uactor-
HOTO KOPPEKTHPYIOLIEro KOJa NepBoro nopsjika (pnc. 111, a)

COCTOMT H3 OCHOBHO# JHOJHON MaTpulpl M, Tuma C 7 Y 3aIUT-

HOH MaTpHubl My gawy THIA (;n:"' . @®uKcauys 4YacTOTHBIX

HUMITyJIbCOB OCYLIECTBJISIETCS] NPHEMHUKOM YacTOTHBIX CHTHa-
aoB [14C.

B nemudparope (puc. 111, @) xom6uHauus nepeoit U BTO-
po#l moceLIOK uepe3 cxemy HJIH BEIGMpaOT OAHY OOLIYIO
BBIXOAHYIO Ienb. Eciau npousoiiieT eAHHHYHOE .HCKAKEHHe
nepBoil KOMOMHALMM, TO BBHIOOP IPOM3BOAMTCS BTOPOH KOMOH-
Hanpell. Takum o0pa3oM OCYILECTBJISIETCS] KOPPEKILHsT eqHHHY-
HBIX HCKaXKeHHH.

3amuTHAs MATPUIA M (3amy HCKJIIOUAET BLIGOP IETIeH IPH JI0-
6aB/IEHHE 33 CUET NIOMEX OJHOTO HJH GoJsiee YACTOTHBIX MMIYJIb-
COB, COBNAJAIOMKX C PAGOYUMH YACTOTHBIMM No3uuusamH. [Ipu
cpaOaTblBaHHK 3aIMMTHOI MaTpuik uepe3 cxemy HJIH oTKpEHL-
BaeTCsl TPAHBHUCTOPHHI Kitou TK, KOTOpbIH HIYHTHPYeT HMuTa-
HHE OCHOBHOH JHOLHOH MmaTpuisl M.
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JBoiinbie MCKaxeHHss 0OHAPYKUBAIOTCS 3alIMTHOH CXeMOH
Ha Buixofe gemupparopa. OpHaKo, CaeAyeT OTMETHTb, YTO
9Ta CXeMa CPABHHTEJBHO CJIOKHAS U TpeOyeT 3alepKKH BhINOJI-
HEHHsl MpHKa3a 10 OKOHYAHHS KOJOBOH KOMOMHALMH. 3HAuH-
TeJIbHO TIpolIe OGHAPYXKUBATh JBOHHEIE HCKAXKEHHs B KOMOH-
HaLHsIX TPEXCTYIEHYATOro YaCTOTHOTO KOPPEKTHPYIOMEro KoAa,
6J10K-cxeMa JelnrppaTopa KoTOporo npusefieHa Ha puc. 111, 6.
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Puc. 111. Baok-cxeMbl AemugppaTopoB MHOIOCTYNEHYATHIX KOPpPEKTHDYIO-
IMHX KOJOB:

@ — JBYXCTYINeH4aToro 9acTOTHOro KOJa; 6 — TPexXCTyIeHYaTOro 4YacTOTHOTIO KOAa;
8 — TPeXCTYyIeHYaTOro CMEHHOIIOCBUIOYHOIO KOJAa.

HemmudpaTtop COCTOUT H3 ABYX OCHOBHEIX JHOJHEIX MATPHIL
IMy u IIM,. Kpowme TOro, HMeercsi AB€ 3alUTHHIX MATPHI(bI

IMy (samy 1 [IMy gany THTIA C’,’}:“ v CZ‘:‘L’, KOTOpble OGHapy-

®uBaoT efuHHuHble (/Mj(sam)) M JABOHHBIE HCKaKeHUS
(I My aw) )- '

ITpu npueme KoAO0BOH KOMGHHAIMH HA BbIXOAE MaTpuIpl [ My
cpabaTLIBAIOT Nk Y3JIOB 3aNOMHHAHHS 3, BBHIIOJHEHHBIX,
HanpuMep, B Bue ofHoBHOpaTopoB. BosjefictBue ot 3V mepe-
IaeTcsi Ha COOTBETCTBYIOLIME BXOAB MaTpuunl [/M,, Bcaex-
CTBME Yero IPOUCXOAUT BBHIOOD OJHOH M3 BBIXOAHBIX ILeNel
3Toii martpuubl. IIpM JBOMHBIX HCKaXeHHMsX CpabaTeiBaeT
fx -+ 1 y3JI0B 3a[IOMHHAHMS U TIPHU NOMOIIH 3AIMTHOH MaTPALbL
IIMp (sawy CHEMAeTCsi TIMTaHHe C Matpuupl /My, uem ycTpa-
HsAETCA BBLIIOJIHEHHE JIOKHOTO TMpHKasa.
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Biok-cxema pemuppaTopa TPeXCTYNEHYATOro CMEHHOIO-
CHIJIOWHOTO KOPPEeKTHPYIOIEr0 KOLa NpHBejeHa Ha puc. 111, 6.
JemucppaTop COCTOMT H3 TPeX OCHOBHBIX JHOJHBIX MaTpHUL
IMy, My u [1IMg u gByX 3amuTHBX IMpamy B 1IMam).
JLaisi KOpPeKTHPYIOLIEro Koia NepBoro mnopsaka matpuna /M,

tuna Cr?, marpuna /M, nmetor 2M, BbIX0JI0B, a IIIMA—C;’;:.

Bamurnas Matpuna [ Mpeamy tana Chst', a IIMyeany TuNA
CHK+1
Mz .

—————————
—————
———



[nasa pesATas

BPEMEHHBIE YCTPOIICTBA
TV —-TC

§ +. OBIMASI XAPAKTEPHCTHKA YCTPOIICTB

K BpemennniM yctpoifictBam TY —TC otHo-
cATCS pacHpefesHTe/IbHEIE H paclpeesHTe bHO-KOMOHHALH-
ounele. O1u ycrpoiictBa TY —T'C BHIOMHAIOTCS KOHTAKTHBIMU
U OeCKOHTaKTHBIMH.

OmblT 3KCIJyaTalMM KOHTAKTHEIX  PaclpefesuTesIbHEIX
ycrpoiterB TY —TC nokaseiBaeT, YTO OHH yJOBJIETBOPHTEJBHO
paboTaloT TOJMLKO IPH XOPOLIO HAaJaXKeHHO! 3KCIyaTaluH
(mepropuueckue OCMOTPBl M PEBH3HM, BKJIOYAIONIME YHCTKY
M 3aMeHy KOHTAKTOB, 4 TaKXKe HACTPOHKY OCHOBHHIX Y3JIOB).
TTostoMy KouTakTHEIE ycTpodicTBa 1Y —TC TNOCTENEHHO CHU-
" MaloTCA C TIPOM3BOJACTBA M 3aMEHSIOTCS GECKOHTAKTHBIMH.

BeckonrakTHble ycrpoiictea TY—TC wMoryT paGoraTh
B YCJOBUSX TOBBILIEHHOH BJIaXXHOCTH, YAapoB H BHOpALuUH,
3arps3HeHuil W arpeccuBHOi cpexpbl. [IpH moctpoenun . Gec-
KOHTaKTHBIX cucteM 7Y —TC NpUMEHSIOTCS PeXHMbI paGOTHI,
KOTOpble He MOTYT HCIIOJIb30BaTbCA B peJefiHO-KOHTAKTHBIX
ycTpoiicTBaX, HaNpUMep, HenpepLIBHAs Nepefada curuajnos 7C.

B Hacrosimee BpeMs HaHGOJee HIMPOKO NPUMeHSIOTCS Gec-
KOHTaKTHble paclpejie/uTenbHble ycTpoidctBa Ty —TC Hempe-
pHIBHOTO feficTBHSI. B 3THX yCTpOHCTBAaX ¢ MOMEHTa MOJKJIIO-
UeHHs annapaTypbl K HaNPsKeHHIO B KaHaJl CBSI3U HEIPEPhIBHO
noctynawot cepun umnyJocos T¥ —TC, pasgenennsle cuuopa-
3UPYIOMUMH HMIYJIbCAMH. B 3THX YCTPOHCTBAX DpHMEHSETCs
He3aBHCHMOe TepeKJIIOUeHHe pacnpejesuTelieii ot oOued mH-
Talollell ceTH W aMIUIMTYJHBle, IIOJSIPHEIE HJM BpPEMEHHLIE
KaueCTBEHHble NPU3HAKHM HMIYJbCOB ToKa. K36uparesbHBINA
BBIGOD TIPOM3BONUTCSA IO HAJMYMIO MJH OTCYTCTBHIO COOTBET-
CTBYIOIETO HMIyJIbCa B CEPHH.
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B pacnpenenutesbHBIX GeCKOHTAKTHHIX yCTpolicTBax TV —
TC HempepblBHOTO [EHCTBHS NPUMEHSIIOTCS MATHHTHBIE 3JIe-
MEHTBI, NOJIYIPOBOAHUKOBEIE IUOABI M TPAH3HCTOPHI, a TaKiKe
MAarHUTHbI® YCHJIHTEJH. ‘

Pacnpenenutenbuple 6eCKOHTaKTHBIE ycTpofictBa TV —TC
C HEe3aBHCHMBIM II€PEKJIIOUEHHEM pacipejesnurtesel oT obmek
CepuM ¥ BLICOPOM MO HAJMYHMIO HMJIH OTCYTCTBHIO HMIIyJbCa
B cepuH 00Jajal0T CPAaBHUTE/JbHO HEBLICOKOIl IOMEXOYCTOH-
YHBOCTBIO (TAaK KaK [J/HTENBLHOCTb HMITYJIbCOB HE3HAUHMTEJbHA)
M pacCuUTaHbl JJ1s1 PaGOTHl IO BLIAEJEHHHIM IPOBOAHLIM KaHa-
JIaM CBSI3H IIPH CPaBHHUTEJILHO HeGOJIbIIKX paccTOAHUSAX (15—
20 xm). ITpu nocTpoeHUM GECKOHTAKTHBIX PaCIpeNeJHTeNbHBIX
yerpoiicts TV —TC, npesHasHaueHHbIX AJs paboThl MO BHICO-
KOYaCTOTHLIM KaHaJjlaM CBSI3H, IPHMeHseTcsl IOLIaroBoe mepe-
KJIIOYEHHE paclpefesuTesieil i BpeMeHHbIH KaueCTBEHHEIH Tpu3-
HaK C YAJUHEHHEM IIay3bl MeXAY HMITYJbCaMH.

PacnpegenurenbHO-KOMOHHALMOHHEIE GeCKOHTAKTHEIE YCT-
poiicta TY—TC TpHUMeHSIOTCS NPH TeJleMEXaHM3alUKM pac-
CPeJOTOYEHHBIX OOBEKTOB YNPABJEHHs M KOHTPOJIS IO ONpOCy.
B 3Tux cHcTeMax NPUMEHSIOTCS CMEHHOKAYECTBEHHHIE KOZMBI
Ha PAa3MeLIeHUs WJIM COYeTaHUs IPH fny = 2 U UACTOTHHIE Kaye-
CTBEHHBIE NPH3HAKHM HMIYJbCOB TOKA, YTO YIPOLIAET CTPYK-
TYPHYIO CXeMy M 3HAUHTeJbHO IOBHIIAET HX IOMEXOYCTOHYH-
BOCTb. :

Huxe paccmMatpuBalTCsl TOJBKO THHOBBIE NPOMBIIUIEHHBIE
yerpoiictBa TY—TC, KoTopble NOJYYHJIH HauGoJibiiee HpH-
MeHEeHHe.

§ 2. PACOPENEJJIATEJIBHBIE KOHTAKTHBIE
YCTPOIUCTBA T¥V—TC

B pacnpenesuTe/IbHBIX YCTPONCTBAX HpHMe-
HSIIOTCS TIOIATOBBIM METOZ MepeKJIOUeHHs paclpefesuTesieH.
TeneynpassieHue u TeJieCUrHanu3anus B yerpoiicrsax 7Y —TC
OCYIIECTBJISIETCS] TIOCJIEJOBATEJbHO BO BPEMEHH IO OJHOMY
KaHalny CBsi3M. DTO yCTpPOHCTBA CIapaguyeckKoro MAeHCTBHs,
B KOTOpBIX mnepefada curHatoB TV u TC ocyuiectBisercs
OJLHOKPAaTHO, TOJbKO B MOMEHT HX BO3HUKHOBEHUs IIPH Iepe-
Aade KoMaux 7Y MM CHrHANOB O U3MEHEHHH COCTOSIHHS OGBEK-
TOB W IIpH OIIpOCe.
Hns nepenaun u npuema curHanoB 7Y —TC HeoGXopuMo
BBINOJIHUTL CJEAYIOIIHE OlepaIyH:
1. CunxpoHHO-CHH(bA3HOe NepexJIoYeHHe PacIpee/uTeed. -
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2. Ilepenauy B KaHAJ CBSI3M UMITYJIBCOB C 33[aHHLIMH Kaye-
CTBEHHBIMM IIpH3HAKaMH.

3. PuKkcanuio KayecTBa UMINYJLCOB B IyHKTE IPHEMA H OCY-
IIeCTBJIEHHE U30UpaHUd.

4. ABToMarmuecKu#l NyCK YCTpOHCTBA TIPH TeJIeCHTHAJH-
3alHuH.

an Ty un
KA
Kﬂg 9 i~ v LA(l o P 3y
i3
; P 72
1KY 3
2KY WAy L~ y3 Yapi—{LUF, A _os
Y — | 2 upy
Aan
3y n
G
A6, -1
/ch, . WA, YK
Y/ aa==

Puc. 112. Biok-cxeMbl BpeMfA-pacnpeAeldTeNbHOr0 KOHTaKTHOTO
yCTpoHcTBa:
a—mnpu TY; 6 — npu TC.

5. 3anacanue u nocjefyomyo nepefauy cepun 7C (Hampu-
Mep, Hpu oOphIBaX M IOCJENYIONIEM BOCCTAHOBJIEHMH KaHaJa
CBSI3H). ‘

6. Ilepenauy cepuu TC npu onpoce ¢ JI1.

Han6osiee mupoko NPUMEHSIIOTCSl paclpejesuTebHble KOH-
TakTHele ycrpofictBa TYV—TC ¢ HCNOJb30BAHMEM BPEMEHHOIO
KaueCTBEHHOro NMpHKasa. BJoK-CXeMbl BpeMs-pacnpejesuTe b
HOTO KOHTakTHoro yctpofictBa npu 7Y u TC npuBeneHsl
Ha puc. 112.

ITocKo/IBbKY TeJeyIpaB/IeHHe U TeJIeCHIHANH3AlHUsT OCYIIeCT-
BJISIIOTCA TI0 OJHOMY KaHaly CBSI3U IOC/IEIOBATeJbHO BO Bpe-
MeHH, T0 B ycTpoiictBe 7Y —TC npenycMarpuBaercs: Ipeumy-
ecTBo B npoxokaeHuu cepud 7Y umu TC, B 3aBHCHMOCTH OT
TeXHoJlornyeckux TpeGoBanui. Ilpn opHOBpemMeHHOM BO3HHK-
HoBeHMM T¥ wu TC TNPOXOAHUT TOJBKO IPEMMYLIECPBEHHAS
oleparus.
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B HCXOZHOM COCTOsiHHH Bce y3Jbl cucteMsl TV —TC naxo-
ISITCS B HAYAJbLHOM IIOJIOKEHHH, 4 IIaroBHE PaChpefesuTe/
[P, w LIP, B HyneBO# NO3MIHMH (CTATHYECKHHl pEKHUM
paboTsl).

INpu TesneynpaBjeHHH AMCIETYEp BHAYaje MPH IOMOLLH
HHIMBHAYAJbHOTO Kjioua ympapjenus KY BoiGupaer tpeGye-
Mblit 06BekT (puc. 112, @), a 3aTeM — TO3HIMIO OOBEKTA U 3aly-
ckaeT ycrpoiictBo KHonkamu KI1B nnu KIIO. Ilpu stom cpa-
GartpiBaet yses nycka YII u 3anmyckaercs FeHeparop HMITyJ/bCoB
TH, Kotophlii TmepenaeT CePUI0 MMHYJBCOB B KaHal CBA3H
1 BoajeiicTByer Ha pacmnpenenurtenb [IIP;j. Vs6upaioune Ka-
yecTBa 3aJalOTCS ONpENeNeHHBIM HMIyJbcoM (WM Tay3am)
B CepHH IPH IOMOIY y3Ja 3aJlaHusl KayeCTBEHHOro NpHKasa
Y3K u dukcupyiorcss Ha NPHEMHOll CTOPOHE y3JIOM (HKCALHH
KaueCTBEHHOro InpusHaka YPK.

Ha HII cepusi MMIy/bCOB NPHUHHUMAETCS JIHHEHHBIM Y3J/IOM
JIY, BosjeficTBylomuM Ha pacnpenenutenb LIP2, a Takxke Ha
Y@K u samutHeE y3en 3Y. BHauane cpaateiBaer yses Je-
670KupoBKE Y /5, KoTopelfi AeGlOKHpYeT paHee BblOpaHHbIe
pesie ynpasJenus B yane YPY. 3arem cpaGaTeiBaioT 1 GIOKH-
pyIOTCSi OfHO H3 pejie BhiGopa mosuiuu B ysae YBII u peine
yIpaBjieHus, OCYIIECTBJSIOMEro INpeiBapHTeNbHEL BBIGOD
3afaHHOr0 oObeKTa ympaBseHus. Ilocie OKOHYaHHS CepuH
HMITYJLCOB M YCTAHOBKH INpHEMHoOro pacmpesenutenss I[P,
Ha HyJeBOH NMO3MIMH CPabaTbiBaeT 3AMHUTHEI y3en 3Y, KoTo-
Il 3aMBIKaeT HCIOJHHTE/NbHYIO Uemb paHee BbIGPaHHOTO
o6heKTa yIPaB/IeHHs. ‘

B pacnpenenurenbHbix yerpoficrsax 7Y —7C npumeHsieTcs
ONHOIO3HIMOHHAS TeJIECHTHANH3ALHS T0JIOXKEHHsT OOBEKTOB
¢ mepefauell TOJbKO BKJIIOYEHHOTO HJIH TOJHKO OTKIIOYEHHOTO
coctostHus. Ilpu Tenecurnanusamuu cucrema TY—TC samnyc-
KaeTcsl MycKo-HauuHaomuM ysioM [THY (puc. 112, 6), nocie
TOro KakK ofuH M3 OGBEKTOB TeJleCHUIHA/M3aLMH H3MEHHT CBOE
COCTOstHME (BKJIIOUMTCS HJIM OTKJIOYHTCS) M IepeK/Ioyarcs
ero 6sok-KoHTakThl (BK;—bB5K,). CurHajbHble pese B ysJje
Y PC BLIGHpAIOTCS aHANOTHYHO BEIGOPY HCTIONHUTE/IBHBIX LeleH
ynpasnenus. Hanpsokenne Ha Jamisl curnanusamuu JIC1—
JIC, Tojaercs 3auuTHLEIM y3J0M 3Y Toc/ie NPoBepKH CHHGbas-
HOCTH Tepek/oueHus pacnpenennreneii [IIPy u LIP.

[Tycko-HaunHaomui y3en [THY cpaGarbiBaeT Takke INpu
o6peiBe Kanana cBsisu KC unn notepu nutanus Ha HII. Itum
obecrieyrBaeTcsl TOCkLIKA cepuu 7C TOC/IE BOCCTAHOBJICHHS
KaHana cBsi3H WiM nutadus HMI1. TlosTomy OmpoC COCTOSIHHSA
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06bekToB TC NPOU3BORUTCS KPATKOBPEMEHHLIM DPasMblKaHHEM
KaHaJjia CBs3HM KHOMKo# ompoca KO ua JI1.

Jas Gosnee moApoGHOTO O3HAKOMJIEHMSI € IPUHIUIIOM pa-
GOTHI pacmpenesuTebHOr0 KOHTakTHoro ycrpoficta 7Y —TC
pPaccMOTPHM CXeMy H BpeMeHHyio auarpammy (puc. 113) ympo-
IIEHHOTO pAaCMpeNeNUTENBHOI0 YCTPOHCTBA TeJeyIpaBieHus
C aMIUIMTYLHBIM BBIGOPOM.

Ha puc. 113, a npusenena cepusi UMIyJbCOB NIPH BKJIOYe-
HUH BToporo obOmekra *. IlepBElfi HMIyJbC B CEpHH BCerga
HMeeT yBeJIHYEHHYIO aMIVIATYAY H CHAYHKHT JJIs1 JeOJIOKHPOBKH
panee BuiGpannbix pejie PY, PB unu PO (puc. 113, d). Bropoi
M TPeTH#l HMIYJIbCHL CYKAT AJist BBIGOpA MO3UIIMHU, a BCE MOC/e-
LyIOIIMe MMIYJbCE — JJis1 Beifopa o0beKToB. Bcero B cepum
TY MoxkeT GbITb TOJBKO TPH KOLHPOBAHHBIX HMITYJIbCA.

[laroBeiit pacnpenenuresns 1P u y3en 3a1aHusi KauecTBeH-
Horo npusHaka Y3K ua [II (puc. 113, 6) COCTOUT H3 KOHTAKT-
Horo noJist maroBoro uckaresas HIP, (), xmoueit 1KY, 2KY,
KHomok ymnpassenusi KIIB, KIIO u conporuBjienus R, BKo-
yeHHoro B KaHas cBsa3u KC. Ilpy mepek/ioyeHHH NOABIKHOM
IEeTKHU 1maroBoro uckarens LIP; (I) Ha nepBeifl H moc/eLyIOIYe
KOHT2KThl 2 — 5 HENOABUIKHOI0 KOHTAKTHOI'O N0J1s1, B LIENH KOTO-
PBEIX KOHTAKThl KHONKH HJIHM KJ/I0Ya YOpaBJeHHs 3aMKHYTHI,
CONPOTHBJIEHNE R UIYHTHPyeTCss ¥ B KaHAJ CBSI3M IIOCLLIIAETCS
KOJMPOBAHHEIH MMITYJIbC YBEJHYEHHON aMIUIUTYABL.

Jns mochlIKM KoMavAwel 1Y [ucherdep BBINOJHSIET JBe
omepanuu: BHIGHpaeT BHayaje OOBEKT YIPABJEHHS IYTEM
3aMbIKAHMs] KOHTAKTOB HHAMBHAYAJLHOIO KJIOYA YIIPaBJEHHS
KY, a sarem Tpebyemyio NO3MIMIO AaHHOro o6bekra. OnHo-
BPEMEHHO OCYIIECTBJISIETCSl 3alyCK YCTPOHCTBA HaXKATHEM HA
kHonky KBII u KIIO.

¥Y3en nycka YII (puc. 113, 2) ofpasyercs BTOPLIM KOH-
TaKTHLIM II0JIEM IIaroBoro uckarens [P, (II) m BTOpHIMH
KOHTaKTaMH KHONOK nycka u Bei6opa mosuuuit K/10 n KIIB.
Tenepartop ummysbcoB /M cocrout u3 pene IIT u 211, samen-
JIEHHBEIX Ha OTIyCKaHWe IPH NMOMOIIM IYHTHPYIOmHX Heneit RC.

ITpu KpaTKOBpeMEeHHOM HaXKaTHM HA OJHY M3 KHOIOK IIyCKa
KIIB nnu KII0 renepatop umnysancoB "M BKIoyaercs B pa-
6oty (puc. 113, ). Knonka mycka moxeT GbITh OTIyIIEHA, KakK
TOJbKO MOABMIKHASA IIeTKa imaroBoro wuckarens IIP; (I1)
MEPEK/IIOUNTCSA HA UETBEPTHIH KOHTAKT HEeNMOJBHMMKHOIO KOHTAKT-

* OGosHaueHud yanoB Ha pHC. 113 coorBerTcTBylOT G/IOK-CXeMe Ha
puc. 112, a.
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BTOpPOro o6beKTa (HOPaMH NOKasaHO MOJIOXeHHe MOABHMKHON IETKH LIaro-
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Horo mousis. 3areM pese 2] reHepaTtopa MMIYJBCOB IOJy4aeT
NUTAaHHe yepe3 3aMKHYTHIH KPYr [0 OCTAHOBKH IOABMKHOIM
IIEeTKH Ha HYyJeBOM KOHTAKTe.

Ha nynkre npuema HII (puc. 113, 6) dyHKIMH JMHEHHOTO
y3aa JIY BrimoJiHsieT pesie JI, KoTopoe cpabaThIBaeT OT BCeX
HMITyJILCOB CEepHH, ueM ofecneyHBaeTCsl CHH(A3HOe NepeKJIo-
yeHue maroBoro pacmpesenurens IIP, (puc. 113, 6). ®ukca-
M0 H3GHPAIOMIEro KauecTBeHHoro mnpusHaxka (Y@K) Bbimos-
HeT peje B, uMelollee IOHHKEHHYIO YYBCTBHTEJBHOCTS,
BCJIE[ICTBHe uero peje B cpabaTbiBaeT TOJBKO OT HMILYJIbCOB
YBEJIHUEHHOH AaMILTHTYJAEL

Ilpu mepexsioyeHHH IOABHMMKHON INETKHM HIArOBOTO HCKa-
tenst LIP, (I) (puc. 113, 0) u cpabarsiBanuu pese B cosfarorcst
Lend Ha BK/aoyeHHe BHauyane pesne PJIB5, KoTopoe pas-
MBIKAeT 1lenb OJOKMPOBKH, a 3areM pene PB uau PO
H OfHOrO u3 pese PY, KoTopele OJOKHPYIOTCS. DTHM OCY-
IIECTBJISIETCS] MPENBAPUTENBHBIH BHIOOP HMCIOJHUTENBHOH IEH
(puc. 113, ac). .

HcnosnuuTesbHasi Lenb 3aMblKaeTcss KOHTaKTamu pese PH
(puc. 113, 6) mocse NpPoBEPKH CHH(AZHOCTH INEPEK/IOYEHHS
maroBbix pacnpenenureneft [IIP, u IIIP; no KoHeYHOMY MOJIO-
MKEHHIO TOJBMXKHON INETKH I[uaroBoro uckareas LIP. (I1).
Ecin mocjie OKOHUAaHMS UMKAAa paboThl NOABHMKHAS IIETKA
maroBoro uckaress IIP, (II) ocTaHOBUTCS Ha HYJIEBOM KOH-
TakTe, TO uepe3 Hekoropoe Bpems (puc. 113, e) cpabatmiBaer
pese PH u BK/O4aeTcs: HCTIIOJHATENIbHAS IeNIb BTOPOro 00heKTa
OB ; (puc. 113, e u x).

3ameqeHHble HA OTHycKaHue pese /B u 2B (puc. 113, 6)
o6ecreynBaoT BHAEPKKY BpeMeHH Ha cpabaTeiBanue pene PH
Hocje OKOHYAHHSI LHMKJA M YCTAaHOBKH IIETKM Ha HYJIEBOM
KOHTaKTe, a TaKikKe MJisg TOJbKO KpaTKOBPEMEHHOro BKJIOYe-
Hus uenu PH, NoCTaTOYHOrO AJsl BKJIOYEHHS] HJH OTKJIOYE-
HHUS BHIOPAHHOTO O0LeKTa YIPaBJIEHUS.

B mpouecce mepenayd CEpPUHM HMITYJIbCOB BO3MOXKHO Hapy-
menue CuH(A3HOCTH paGOTH paClpejesuTeNell BCIIECTBHE
NOTEpH OJHOTO HJIH HECKONBKHX HMITYJIbCOB B KaHaje CBS3H
(kpaTkoBpemeHHBIH 06peIB KC), 00pasoBaHusi JIMIIHHX HM-
My/JbcOB M3 IOMeX HJIH BCJEACTBHE [POOCNEHHs HMILyJIbCOB.
Bo Bcex 3THX Cayuasx NPHKa3 He BHINOJHSETCA (YCTPOHCTBO
JlaeT 3amUTHLI O0TKAa3), a NOABIKHAS IETKA IIAroBoro HcKa-
Te/Isl TEePEeKJIoYaeTcss B HyJIEBOe MOJIOXKEHHe aBTOMAaTHYeCKH.

B pacnpenesnTe/bHBIX KOHTAKTHBEIX yCTPOHCTBAX TY—TC
CepHIHBIX BHIMYCKOB NPHMEHSIOTCS BpPeMEHHble KaueCTBEHHEBIE
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NpU3HAKH KakK Gojiee NOMEXOYCTOMUMBLIE, NMPHUYEM MpeHMyle-
CTBEHHO KOQMPYIOTCS I1ay3bl MEXKAY HMITyJIbCAMH.

Cxema KejupOBaHMs Nay3 M BpeMEHHas [uarpamma MnpH
nepenaue cepun 7C mpuseneHsl Ha puc. 114, rae Takike JaHbl
yKe u3BecTHble cxeMmbl y3joB ¥I/I u I'H (puc. 113, 2).
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Puc. 114. CxeMa KORHpOBaHHA TNay3 H BpeMeHHas aHarpaMma mpu
nepenaue cepun TC:
a — cxema; 6 — BpeMeHHas JuarpaMma.

Teneparop ummnyJbcoB [ M, coCTOAmMA M3 3aMe[JIeHHBIX
Ha oTHyckaHue peje [[1 u 2[I, 3amyckaercss NpPH H3MEHEHUH
HOJIOKEHUSI OJHOIO M3 OOBEKTOB TeJECHTHANM3AIUM M 3aMBl-
KaHHH KOHTaKTOB pese HH (puc. 114, a). Ilpu sTOM 1aroBbId
pacnpenenutesb /P nepek/oyaeT CBOM NOABMXKHBIE MIETKH 110
KOHTAKTHEIM Tossim LITP(I) w LIP(II).

KonupoBanue mnays Y3K ocyuiecT/sieTcss BBELEHHEM B
cxemy I'M Ha cooTBercTByromeM miare pacnpepesnurens [IP
(/1) pononHHUTENBHOTO pejie ], 3aMe[JIeHHOTO HAa OTIyCKaHHe.

306



D10 peje BKJIIOYaeTCs M3 MepBOH CTyNeHM H Ha [oCI]e-
AYIOUIMX CTYTEHSX, B IENH KOTOPHIX O6J/IOK-KOHTAKThl OGBEK-
ToB 5K1-5K; 3aMKHYTHl (NIPH OTKJIIOYEHHOM IOJIOXKEHHH
9THX OOGBEKTOB). :

Pa6ora cxemsl (puc. 114, a) nosicHsiercsi BpeMeHHOH aua-
rpamMMoii (puc. 114, 6), mocTpoeHHOM IPH OTKJIIOUEHHOM COCTOSI-
Huu BToporo o6wvekTa OB, JlJuTeNbHOCTL HOPMAaJIBHOM
naysel

tn.H = tom2H + tcpln-

JlnuTeNbHOCTL y[JIMHEHHOH mNays3bl

| tn. y = tom2n + l‘cplj7 + tomﬂ-

Cxema ¢ukcauuu yAJMHEHHBIX NIay3 H BPeMeHHAs Auarpam-
Ma mnpuBefieHel Ha puc. 115. OGo3HaueHusT y3/0B Ha cxeMe
(puc. 115, a) cootBercTByeT GioKk-cxeme (puc. 112, 6).

Ilpu noctymJjieHuH cepuu MMIYyJabCOB B KaHan cBssu KC
JMHeliHoe pesie JI cpabaTbiBaeT M OTIYCKaeT, BO3AEHCTBYs
CBOMMH H. 3. KOHTAKTaMH Ha OOMOTKY INArOBOTO pacIpefeJ-
teqsi [IP, a H. o. KoHTakKramu — Ha pese [[/I, KoTopoe oCy-
IecTs/seT GUKCalMio YAJHHEeHHoH mnayswl. Peje [IJI 3amen-
JIEHHO HA OTIYCKaHWe IIPHM MOMOLIM IIYHTHPYIOUEH IeNOoYKH
RC. Bpems ornyckaHusi 3Toro peje GoJiblie IJHTEIbHOCTH
HOpPMaJIbHOH Iay3bl ¥ MeHbIIe AJUTeNbHOCTH YAJHHEHHOH May3hl

tn. <l tOTl‘IﬂJI < tn. vy

INostomy pese [IJ1 oTyCKaeT TOJNBKO Ha YAJHHEHHBEIX may-
3ax, ocymecTBsst Bui6op pene PJ5 u pene PC (puc. 115, a).
Ha Bpemennoit nuarpamme (puc. 115, 6) nmokasan BeiGop peJie
curHanusanun 2PC BTOoporo o6BbeKTa, HaxoAsimerocs B OT-
KJIIOUEHHOM II0JIOKEHHUH.

Ilpu cpabatviBanuu pese 2PC 3aMBIKaeT CBOM H. O. H pas-
MBIKA6T H. 3. KOHTaKThl B €Ml CHUTHaMbHOH Jjamnbl 2J1C
(puc. 115, ¢). Jlamma 2JIC CcuMrHaJIH3HpyeT COCTOSIHHE HeCo-
OTBETCTBHSI MEXKLY TMOJOXKeHHeM OOBeKTa M ero CHMBOJA Ha
IUTe yIpaB/jeHusl (KOHTakKTH cuMBoja 2KK).

Ilenk NUTaHUSI CUCHAMBHBEIX JIAMIT BKJIIOYAeTCs’ H. 0. KOH-
Takramu pesie [1/]] mocse mpuemMa CepuH HMIYJIbCOB U IPOBEPKH
cuHdasHoCTH NepeksoueHHsi pacnpenenuteneit (113, 6). Ilpn
9TOM yepe3 H. 0. KOHTAKTHI pesie 2PC ¥ H. 3. KOHTAKTHl CUMBOJIA
2KK mnonaercss MMTaHWEe HAa CHrHajibHyio Jamny 2/JC. ChrHan
KBATHPYETCs NHCIETYEPOM IEPEBOLOM CHMBOJIA BTOPOTO OGBEK-

20* 307



Ta B TIOJIO2KEHHE COOTBETCTBHS. HpPI 3TOM KOHTAaKThl CHMBOJIA

2KK mepek/siouaioTcsi, W uenb NutaHus Jamnel 2//C pasmbl-
Kaercs.
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Puc. 115. Cxema ¢ukcanun ynidHeHHBIX Nays:
a — cxema; 6 — BpeMeHHasl puarpaMMa; 6 — cXeMa BKJIIOUeHHMSA CHTHaJbHBIX JIaMII,

Ecin cepust nMIy/bCOB Te/IECHTHANM3ALMH HCKAXKAETCS
B KaHajle CBs3H, BCJeACTBHE yero peje [[IIl ne cpaGoraeT, TO
YCTPOHCTBO 3amnpaimuBaeT moBTOpHylo cepuio TC myTtem Anu-
TeJIbHOro OOPHIBA KaHaja CBsI3M KOHTAKTaMH CXEMBI 3aIpoca.
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Bpemsi-pacnpeaenutenbHoe KOHTakTHOe ycTpoiicteo TY—
TC v BTH tuna PCT (OKuTtoMupCKuH 3aBOJ 2JIEKTPHUECKHX
npubopoB). D10 yCTPOHUCTBO pPa3paGoOTaHO C YUYETOM OIIBITA
SKCIIyaTallH{ paHee BHIIYCKABIIETOCS BpeMsi-Pacripenesn-
TesibHOrO yerpoiictBa BPT-53 u oT/iMuaeTcst oT HEro MeHbIUM
KOJIMUECTBOM OOMIUX pese u OGosbluedl YHUBEPCAJbHOCTHIO.

Yerpoiicteo PCT moxker paborarTh [0 NMPOBOLHOH JHHHH
(onHa mapa kua) U AYIUIEKCHBIM BLICOKOYACTOTHBIM KaHajam
cesisu. Ilpu paboTe mo NpOBOLHOH JIMHHUM BO3MOXKHA TaKKe
TesieOHHAS CBS3b C OTKJ/IOYEHHEM B MOMEHT Ilepefaud CHIHAa-
JgoB TY unu TC. Onun o6muil AUCIIETYEPCKUE NOJTYKOMILIEKT
yerpoiicta PCT moxeT ofecrieyuBaTh INOCTENOBATENBHYIO BO
BpeMeHH paboTy C AecAThbio NosyKoMmIiekTaMu M1 1o otnenb-
HBIM pajuaNbHBIM KaHajaM CBSi3W (C PYYHBIM MOJKIIOYEHHEM
JICIETYEPCKOro MOJMYKOMILIEKTA K OJHOMY H3 KaHAJOB CBSI3H).
Ilpu wuameHeHuu nosioxkeHus oOwvekToB 1C moGoro us HIl
Ha J[IT Bo3HWKaeT BEI3LIBHOH CHTHAJ, [I0 KOTOPOMY AMCIIETUED
nofx/oyaerT amnaparypy /I K COOTBETCTBYIOIEMY KaHAJy
cBs3u. MuauBHAyanbHas TeJeCHTHANH3ALMST BOCIPOM3BOLHTCS
Ha ofmem TabJIo.

YerpoiterBo PCT MmoxkeT Tak:ke o6Cay:xuBaTh fo Tpex M1
1O OfiHOH oOmelt MpoBOAHOH JuHUM CBSI3H. EMKoCTh Mofeseit [
u II ycrpoticTa cocrasasier 16 u 42 TY—BTH, 20 u 46 TC.
BpeMms mepenaun cooTBETCTBEHHO 2,5 u 4,5 cex.

B ycrpoiictee TY—TC tuna PCT npuMeHeHa yaydiieHHas
cxema 3anycka npu TC, a u3bupanue ocylecTBsieTCss HehuK-
CHPOBAHHBIMH IO AJHTEJbHOCTH naysamu. Ha puc. 116, a
NpHBefeHa yhpomeHHas 4acTh cxeMbl anmaparypel HII, ocy-
mectBastiomas nepenauy cepun TC. Cepusi uMnysnbcoB oGpa-
3yercs nepefaiomuM pesie I, nuHeliHbIM pese J/ M 11aroBeIM
pacmpenenureseM [IIP;, KoTopble 3ame[JeHbl IIPH IOMOIIH
IIYHTHPVIOIMX COIPOTHBJEHHHA M KOHJeHcaTtopeB. B mucxon-
HOM COCTOsiHMH pese [I mosnydaeT NHTaHHe Yyepe3 KOHTAKTHI
HayuHaomero pese HP, KoTopoe HaxOAMTCS IOJ TOKOM, U
HyJeBylo JaMenb pacmpenenutens [IP; (I). Konrakramu
pesne I1 mopk/OYeHO NHTaHWe K JMHMM cBA3u JIC, KoTopas
ofTekaeTcst TOKOM U peJsie JI, HaXOAUTCS B IPUTSHYTOM IOJIO-
JKEHHH.

ITepenaetcst TOJMLKO OTKJIOYEHHOE COCTosiHHe 06bekToB TC,
TpH KOTOPOM HX GJOK-KOHTakThl BK;—BKj, 3aMKHYTHL
IpennonoxuMm, 4TO OTKMoOYHJCs o6beKT Ne 1 u ero GJOK-
KoHTakTH 5K, 3amkuysauck. Torma nayunawomee pene HP
o6ecTounBaeTCa M ero H. 0. KOHTAaKThl B Iemu pese II pasmbl-
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Katorest (puc. 116, 6). Ilocne storo pene I ormyckaer u pas-
MbIKaeT nenb J/C. B nuHMIO CBA3M NOCHIIAETCS NepBast yAJIH-
HeHHas maysa, pejie /I OTIYCKaeT U €ro H. 3. KOHTAKTH B LEIH
0o6MOTKH ILIAroBoro pacnpefesuressi obparHoro xopa I[P,
3amblkaiorcsl. Ilpu sToM MexaHu3M pacrpenesuTessi B3BOAUTCS,
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Puc. 116. YnpomeHHas dacTh cXeMBbl ammapartypsl 411 ycTpoii-
ctBa PCT, ocymectsnsiomas nepegauy cepun I'C, U BpeMeHHast
nuarpamma:

a — cxema; 6 — BpeMeHHasi JuarpaMma NPH OTKJ/IOYeHHH oGbekta Ne 1.

a o6MoTKa pejie /] IIYHTHPYETCs LeNbio, COCTosIeR U3 MocJe-
JIOBaTeJIbHO BKJIIOYEHHBIX H. 3. KOHTAKTOB peJie JI, NOABHKHOH
metku IP, (II) u puopa /1.

[MTaysa B JIC oKoHuuTCsl TOJIBKO mocje mnojyuenus: ¢ JII7
KBUTHpPYIOIIEro umnysnnca KH, (puc. 116, 6), oT KoToporo
cpabarniBaetr peje JI. Ilpuy sToM 0O6MOTKa paclpefesutesis
LIP, o6ecToyuTICA H €ro MOABHXKHASA IIETKA IEPEK/IOUNTCS
Ha jaMenp I. Ilocne oxonuanus mmnysaeca KH, pene JI or-
nyctut, a.llIP, cpaboraerT ¥ 3aMKHET CBOM H. O. KOHTAKTHI
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B Lenu pese [1. Korna IT cpaGoraet, To B JIC BO3HUKAeT HM-
nyasc HM;, or Koroporo cpaGateiBaer pese JI. 3aTem mocseno-
BaTesibHO oTmyckawT /P, u pene 1, mocne yero B JIC cHoBa
BO3HMKaeT yajuHeHHass naysa. Korma pene KJI ormyerur,
To cxema 3amycka (cM. puc. 118) BoccranoButcst u pene HP
cpaGoTaeT W OCTAHETCsS IOA TOKOM. .

9 N { 2 Kriz 3 -
7 Q —
7 ; V222
Py
7 AT 7
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-6 N

Puc. 117. Ynpomennas cxema anmaparypst /{1 ycrpoiicrea PCT
H BpeMeHHas auarpamma:

@ — cxeMa; 6 — BpeMeHHasi juUarpaMMa OpH OTKJIOYeHHH oGbexta Ne .

Korna mieTku pacnpenesutens flepekaouaTcs Ha JaMesb 3,
o6MoTKa pesie [I OKaxkeTCsd 3alIyHTHDPOBAHHOH 3aKPHITBIMU
6aok-KoHTaKTaMd 5K u 3To pesie cpaboTaTh yiKe He MOXKET.
Ipu atom B JIC BO3HHKAeT NPOAO/IKHTENbHAS Nay3a, KOTopas
npekpamaeTcsl npu nopade nuranud B JIC co cropoum 1.

Ha puc. 117, a npuBeseHa ympomeHHas cxeMa ammapa-
Typul JII1, oCymeCTBAAIOMEN IPHEM CEPUH UMITYJILCOB M BHIGOP
pene curnanusanuu (/C—20C). Hopmanbao nuausa cssizu JIC
obTekaercss TOKOM co cTopoHel M1 u pene JI, IT u KJI Haxo-
IATCST B HPHUTSHYTOM cocTosHuu. [lpum stoM JIC 3aMKHyTa
H. 0. KoHTakramu pese [I.
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Korza B JIC Bo3HUKaeT nay3a NoC/ae0BaTebHO BO BpeMeH!
otnyckaioT pese JI u pene 1, a LIIP, cpabateBaer. Ha ypiu-
HeHHO# mnayse peje KJI oTmyckaer, mocje 4ero cpaGaTeiBaeT
pese OC, KOTOpOe CBOMMH H. O. KOHTaKTaMH IIOAKJIOYaeT
nutanue K JIC co croponsl [/1. Ilpu atom Ha HII mocrynaior
KBUTUpYIOmMe HUMIyJdabcl KHq, KHs.

K 6nok-koHmakmanm 5K, -bKyg
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Puc. 118. Cxema TpaHcdopmaTopHoro sanycka B ycrpoiictee PCT.

Ha rtpetbeit gnunHOM mays3e otnyckaer pesne KJI u uepes
ero H. 3. KOHTaKThl U IeTKy pacnpenenutens LIIP, (I) cpaGo-
TaeT ¥ 3a6MIOKHpPyeTCst peJsie CUIHAIU3AINH IepBoro o6bekra /C.
3ateM uyepe3 KOHTAKTHL peje IC W IIETKY paclpenesuTes
P, (II) cpaGoraer pene OC, KOHTAKTaMH KOTOPOTrO BKJIIO-
yaercst nuranue B JIC co croponsr JI1. Penie I1 B 370 Bpems
06ecToueHo, TaK Kak oOMOTKa LIYHTHPYETCS H. 3. KOHTAKTaMH
pese KJI. CJIeILOBaTeJIbHO, JUITeNbHOCTE u3bHparomiei nayasl
OrpaHMYMBAETCS MOMEHTOM (PHKCALMM CHUTHAJA.

Ilns TOBBILIEHHST HAJEKHOCTH W YBeJHYeHHs1 GHICTpOmeH-
CTBHSl OCYyIIECTBJAETCS KOppeKTHpYyloee Bo3leficTBHE Ha
CepHI0 HMIYJbCOB 3a CYeT JIONOJHHTEJNbHOro paspeiBa JIC
KOHTaKTaMH pesie /1 Bo Bpems naysbl. Kak BupHo u3 puc. 117, 6
nens pese /I BOCCTAaHAB/IMBAETCA TOJLKO IOCTE cpaGaTbIBaHnﬂ
pacnpezenurens P, CnegoBaresibHo, ecin mnaysa B JIC
OKaXKeTCs HEOCTATOYHON /151 cpaGaThiBaHUs paclpelesuTess,
TO OHA COOTBETCTBEHHO YBeJMYHBACTCH.
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Ha puc. 118 mnpusenena cxema TpaHchopmaTopHoro 3a-
nycka, npumeHnsemoro B ycrpoiicte tTuna PCT. B nepBuunbie
O06MOTKH HMMITyJIBbCHBIX TpaHchopmatopoB TPy u TP, BKJIoO-
qaoTest GJIOK-KOHTAKThl 00beKToB 5K;— LK, (puc. 116,q)
yepe3 OrpaHHYUTe/bHEE CONPOTHBICHUS R — Ry, Ilpu uame-
HEHHH HOJIOKeHHs! 00beKToB TC MEHSIeTCS YHC/IO MOAKJIOUeH-
HBIX OOBEKTHBIX CONPOTHBJIEHHH H, CJI€0BATENbHO, BEJHUMHA
TOKa B IepBHYHBIX OOMOTKax TpaHcdopmaropoB. lameneHue
TOKa B IePBUYHOH OOMOTKE BEI3BIBAeT IOSIBJIEHHE HMIYJbCA
TOKa BO BTOPHYHOI 06MOTKe, KOTOPHIil OTKPBIBaeT Tpansuctop 7.
Ilpux 3TOM NOMOXKUTENbHBIH HMIYJbC uepe3 KoHpaeHcaTop C,
nocTymnaer Ha BXof ofHoBuOpaTtopa OB u OH ONpPOKHABIBAETCH,
YTO NPHBOAUT K 06ECTOUKBAHMIO HaumHawimero peme HP. dto
pejie CBOHMH H. O. KOHTAKTaMH pas3MbIKaeT [eNb NHTAHHS
ofHoBuGpatopa OB u nemb obmotku pene I (puc. 116, a),
sanyckas cxemy 7TC. Korma pacmpefesnutesib yCTaHOBHTCSI Ha
BTOpo#l smamesnu (/7 Kpyr), Ha OB mnonaercs NMUTaHHE NOMHMO
KOHTakToB HP, TnoJioXKeHHe OfHOBHOpAaTopa BOCCTAHABJHMBA-
®TCSA U peJe HP cpabaTbiBaer.

Konpencarope! C; HeOGXOLUMEL AJisl YCTPAHEHHS caMoaanyc-
Ka cxemsl (puc. 118) npy ToJyKax HanpsKeHHs MUTAMOMER CeTH.

Bpemsi-pacnpenenuresbHOe KOHTaKTHOe ycTpoicTBo TY—
TC v BTH tana YTM (3aBop «DyieKTponyJabT» I'. JIeHHHTpan).
YcerpofictBo ¥YTM mnpefHasHayeHo [Jisl TeJeMEXaHU3aIMH JHC-
IIeTYEPCKOro yIPaBJIEHHS B IHEPIeTHUECKUX CHCTEMAX, a TAK¥Ke
yIpaBJieHus1 5HeprocHaGkeHUeM H TeXHOJIOTHYECKHMHU IIpolec-
CcaMH Ha TNPOMBILLIEHHBIX KoMmOuHATax, ¢abpukax u 3aBojax
U B KOMMYHa/JbHOM XO35HCTBE TopojoB. YcTpoiicTBo ¥ TM
BeinosiHser ¢yukuun TY, TC, BTH u peTpaHCAsLUM CHTHA-
JIOB ¥ KoMmaHjJ Ha Buuuectosmui /I[1. Haubosbliasg eMKOCTb
yerpoiierBa — 16 TV, 23TC u 10 BTH. B ycrpoiictee YTM
TIpUMEHEeH pacIipe/iesIuTe/bHbIl MeTol H3OHpPaHHs M KOLHPOBa-
HHE IMay3bl MEXJY HMMIYJIbCAMH. ‘

§ 3. PACIIPE[JEJINTEJ/IbHBIE
BECKOHTAKTHBIE YCTPOHCTBA 'yV—1C
HENPEPBIBHOI'O JTEVICTBH I
C INTAHHUEM OT OBUIEH CETH

B GeckonrakTHhIX yerpojicreax TY—TC
5TOTO THIA HCIOJB3YETCsl PaCIpeesuTe b bl MeTol, H36Hpa-
HUSL M He3aBHCHMOe IlepeK/IIoueHre pacnpegenureseil OT obuwei
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ceTH mepeMeHHOTO Toka. CHrHA/BEl B KaHAJ CBS3H IEPENaAIOTCS
HEIpepHIBHO, UTO MOBBIIIAET HANEKHOCTh Nepefauyd u yIpo-
IAeT CTPYKTYPHYIO CXeMy YCTPOHCTBA BCJEACTBHE HCKJIIOUE-
HHUSI CXeM aBTOMAaTHYeCKOro 3amycka u sampoca. Msbupanue
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Puc. 119. B/ok-cxeMbl GeCKOHTAaKTHOTO paclpeleNHTeNbHOrO YCTPOHCTBa
TY—TC HenpephBHOro IeHCTBHS C HEe3aBHCHMBIM MepeK/IIOYeHHeM pac-
npefenuTenelil OoT o6UIeHl CeTH NepeMEHHOro TOKa:

a — ycrpoiicteo TC; 6 — ycrpo#ictreo TY—TC npu TV.

OCYIIECTBJISIETCA 1O MNPUCYTCTBUIO HJIH OTCYTCTBHIO OOBEKT-
HOro MMINyJabca B cepun. Ha puc. 119, a npuseseHa O6Jiok-
cxema GECKOHTAKTHOIO paclpefesnuTesbHOro ycrpoicrsa TC
HENpPeprIBHOrO JEHCTBUS € HE3aBHCHMBIM  IEPEK/IOYeHHEM
pacnpefesnutesiell OT OOMel ceTu mepeMEHHOTO TOKa.
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ITuranuwe ueneft nBUXKEHHs pacnpenenutesiei P; u P,
OCYIIECTBJIsSIeTCS. 4epe3  (QOpMHPOBATENIH HUMIYJbCOB PH
n ©H,. Iepenaomuii pacnpegenutens Py 3amyckaercs: y3JoM
aBTOMaTHYeCKOro 3anycka A3 TIpu mojaue HAaNpsKEHHS
nutanus. [locne cpabaThiBaHUS IOCJELHEr0 3JIEMEHTA 3TOrO
pacnpenenutesis A3 BHOBb €ro 3amnyckaeT, HOATrOTaBJ/IMBAs
HepBHIH ero 3/1eMeHT, yeM obeclieunBaeTCs HellpepriBHas paGora
pacnpenenuresii Po. Ilpu sTomM uepe3 G6iok-kKoHTakTel BK
BKJIIOYEHHHIX 06beKTOB TC 1 THHeHHbIH y3eJ1 Iepeadyn CHI'HAJIOB
JIIIC B KaHaJ/ CBsI3H NOCTYINAIOT NOCJENOBATENHHO BO BPEMEHH
CepHH HMIYJbCOB, COCTOSIIIME H3 ONHOro CHH(MA3UPYIOLIEro
uMmnyJbca, CH U HMIYJIbCOB BKJIOYEHHBIX 00beKToB 1C (uM-
IyJIbCHl OTKJIFOUEHHBIX 06bhekToB TC He mochuiaiotest). Cunda-
3UPVIOMIMH HMIIYJbC, OTJIHYAOMUACA OT OGBEKTHBIX CBOUM
KayeCTBOM (AMILIMTYHOH, MOJSIPHOCTBIO HJIH JJIMTENBHOCTBIO),
dopmupyercsi yanom 3CH.

Ilpuemubiii pacnpepenurtesnb Py 3amyckaercsi oT CHHGA3H-
PYIOIIMX HMIIYJbCOB, KOTOPLIE BO3BPAIAIOT PACIPENEeIHTEND
B HcxofHoe cocrosinge. CuHGA3HpYyIOUHe HMIYJbCH (DHKCH-
pytotes y3naom @CH. Ilpu paboTe NpHEMHOro pacipeiesuTess
P; uMIyJIBCHL C €ro BBIXOAHBIX Lienefl ooYepeHO HOCTYNaioT
Ha OMH M3 BXONOB y3J0B coBnagenus ¥C. Ha BToprie BXojsl
5THX Y3JI0B MMITYJIbCH HOCTyNaOT u3 KaHana csasu KC. Ilpu
COBIAJEHHH MMIYJIbCOB (A1 BKJIOUEHHBIX 00beKkToB TC)
cooTBeTcTByIOIIHe Y C cpabGaThiBAIOT U BKJIIOYAIOT pesie CHTHa-
ausanui PC BKJIOYEHHOTO COCTOSIHHSI OOBEKTa.

Hopmanerasi paGota ycTpo#iCTBa BO3MOXKHA TOJBKO IPH
MUTAaHUHU 1IeNeH IBHKEeHUs Nepejalonero 1 IpHeMHOro pacmlpe-
pgenuteneii Py u P, or onHoft dasel ofuiei ceTu nepeMeHHOro
Toka. B aToM cmyuyae cuHbasHas pabora pacnpenenureseit
MOKET HapymiaTbCsi HpPH HEOLHOBPEMEHHOM  BLIK/IIOUEHHH,
a 3aTeM BKJIOYEHHH MEPEaloNniero ¥ IPHEMHOTO MOJyKOMIJIEK-
ToB ycrpoiictBa. Ecnn npuemHbifi pacnpenenutesib Py KpaTko-
BpEMEHHO TepsieT NHTaHue, a, nepefaoomuii P. mpopo/mxaer
pa6otaTh, TO HpH nocne/:Lylom{aM BKJIIOYEHUH INPHEMHOr'0 pac--
TnpefenuTessi CHHGA3HOCTb HAPYLIAeTCs 0 OKOHYAHHS NepBOro
MK/ Tepefayi.

CuHpasHOCTb pabOTHl  pAaCHpejie/uTeNIell TaKKe MOXKET
HapylIaTbCs H3-32 NOMEX B KaHajle CBsI3H, HCKAKAOMHUX
cundasupyomuit  umnyabc. OpHako Bo Bcex Cayyasx
cuH}pa3HoCTL paGoThl paclpejenuTe/efl HapyuaeTcs TOJNBKO
B TeueHWe OJHOro WHK/Aa, 4to npu TC He gBJSETCA Cylle-
CTBEHHEBIM.
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Yerpotficta TC BBIIONHAIOTCS B BHAE CAMOCTOSITEBLHOTO
KOMIIIEKTa HJIM B KOMIUIEKTE C aNlaparypoil Tejeyipasiie-
Hud, B Bujge ycrpoiictBa TY—TC.

BJiok-cxema GeCKOHTAaKTHOIO pacipelesuTebHOI0 YCTpOil-
crBa TY—TC npu TY npusesena Ha puc. 119, 6.

Ilpu TeneynpaBieHun NPUKA3 BLINOJHSETCSI B KOHIIE UK/
nepefauyu IpH yCTaHOBKe ofoux pacnpenenureneii P;, P, Ha
HOCJIeAHEH CTyNeHH. B NpoTHBHOM C/y4ae IIPHKA3 HA JAHHOM
IIMKJe Nepefaud He BBINOJHUTCS.

Komannnas cepusi TY cocTout U3 Tpex HMILYJIbCOB: BEIGOpa
nosunun BK unu OT, HoMepa obwvekta Ob; M paspelneHus
ucnosHenua PH. [lnsa nepepaun KomanaHoit cepuu TV Heo6xo-
JUMO Ha)KaTb HA OfHY M3 KHONOK Bhl6opa moaunuu KBII.

Komannuas cepus TY nepepaercss B Kanan cBsisu KC
uepe3 3aMKHYTHIE KOHTAKTHl, KHONKH BeiGopa mosumuu KBII
H OLHOrO M3 KJoueit ynpasjaeHus KY u JuHeHHBIH y3en
nepefaun KomaHp JIITK. IlepBolft ummysbc BeiGOpa MO3UIUH
(Bx mnu Om) nocrynaet Ha y3es cosnagenus ¥YC, unn YC,.
ITocKoMbKY Ha 3TH Y3J1bl OHOBPEMEHHO NMOCTYNAIOT UMIIYJ/IbCHL
OT pacnpesieiuTenst Py, TO ONMH H3 HUX CPabaThIBAET U MepefaeT
Bo3/leficTBHe Ha OJioK 3anucaHus KoMmaHinl 53K, rae BriGop
COOTBETCTBYIOWIEll IO3MIMK 3amacaercs.

Bropoit umnysbce BeiGopa o6bekta O5 coBNafaeT ¢ COOTBET-
CTBYIOIIMM HMIIyJbCOM Ha BhIXofie pacmpefenutens P, Ilpu
3TOM OfMH M3 Yy3J0B coBnagenuss YC;—YC, cpabarriBaer
H Iepezaer BosjeficTBHe HA GJIOK BEIXOAHBIX 3JeMeHToB 5BJ,
YTO BBHI3BIBAET BKJIIOUEHHEe OOBEKTHOI'O TPHITEpa.

Tperuii umnysbc pasperierus HcnonHeHuss PH jo/mken
COBNAfaTh C MMIYJbCOM HAa BEIXOAE IOCJHENHEH CTYNEHH #,
pacnpegnenutens Ps. ToJsbKO Ipu 3TOM YCJIOBHH cpabaThiBaeT
y3eq coBnajfeHus ¥Cy, KOTOPHIH CUUTHIBACT KOMaHLY, 3anaceH-
Hylo B B3K. Tlpu stom omepamusi yIpaB/eHHsS BBINOJ-
HSIeTCsl. :

B GeckonTakTHBIX yeTpoiictBax 7Y —TC HenpepelBHOIO BO3-
pefictus uMmnyabscel 7Y u TC nepepatotcs 3a OfMH LIUKJ pa-
GOTBl C COOTBETCTBYIOMIHM C/BUroM Bo BpemeHH. Iloatomy
KaXIBH M3 pacrnpefejurtesiefi sBjseTCS NPHEMOIEPEeNaIOLUM.

Bpemsa nepepaun cepun TY—TC c yd4eTOM HUMITYJbCOB,
BoiOOpa MO3MIMI, paspelleHHs] HCIOJNHEHHS H CHH(pasupyo-
IIETO, ONPENENSETCS] U3 CJELYIOMETr0 BhIPAXKEHHUS:

Ty = ;f;(NTyJr 4),
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rie fy — yacToTa cjeOBaHHSI HMNYJbCOB JBHXKEHHUS pacrpe-
JenuTesel;
Ny — KonuuectBo o6bekToB TV, .

KonuuectBo 06bekToB TC Ha 2 Goublue, 4eM Nqy.

IloBeiieHne GBICTpOAEHCTBHST GECKOHTAKTHEIX cucteM TV —
TC storo Tuna JOCTHTAeTCs] YBeJIHYEHHEM YACTOTHI CJIEJOBAHHUS
HMITy/IbCOB. KOpOTKHe HUMITYJIbChl, 3aHUMAIOIHE CPABHUTENHHO
MIHPOKYIO TOJIOCY YaCTOT B KaHaJjie CBsA3H, B GOJIBIIEH CTENEHU
HOJBEPKEHEl HCKaXKEeHHSIM, I03TOMY GEICTPoneHcTBYIomHe Gec-
KOHTaKTHble uMIyJbCHBIE ycTpoficTBa TY—TC uMeoT HeBHI-
COKYIO IOMEXOYCTOXYMBOCTb M IPUMEHSIIOTCS NIPH CPaBHUTENBHO
HeGoJIbIINX paccTostHUsIX Mexny /I/1 u HII npu Haquuuu Bbife-
JIEHHBIX NPOBOJHBIX KAaHAJIOB CBSA3H.

Ycrpoiicteo TY — TC tuna BTI. Yérpoiictea TY—TC
tuna BTI] Brmmyckaworcs OpJoBcKuMm 3aBofoM IPHGOPOB
U TpefHA3HA4aloTCHd JJsl TeJeMeXaHW3aluH 3Hepro-, raso-,
BOJIOXO3SIHCTB M APYTHX OOBEKTOB NPOMBIILIEHHEBIX IpeANpHs-
THil. OGBEKTHl TeJieyIpaB/eHHsI MOTYT ObITb COCPELOTOUEHHEIE
_H paccpeoToYeHHkIE.

YcTpoiicTBo paccuuTaHo s paGoTEl MO (PUIMIECKOMY
(mpoBOfHOMY) KaHany CBSI3W IpH JaJbHOCTH A0 20 K.

[Turanue anmaparyphl LUCIETYEPCKOTO H HCHOJHHTEJIBHOIO
MYHKTOB JO/DKHO OCYILECTBJISATHCH OT O6mieil CHHXPOHHOH CeTH
yactoroi 50 ey. BelmyckaoTcsi craeayoouye MoLHbHKAINH
yerpoiicts BTII:

1. YerpoitierBo TY—TC u BTH tuna BTIL-1/1, cocrosimee
U3 OJHOrO JAHCIETYEPCKOrO IOJYKOMILIEKTA H OFHOTO INOJy-
KOMILJIEKTA HCIOJHUTEIbHOTO NyHKTa. Ko/anyecTBO 0GBEKTOB
TY—BTH 4—13 u TC 6—15. OGecneunBaercsi TaKxe TeJe-
¢onnas cetb- mexxny A w HII.

2. Verpoiicrea T¥—TC, TP u BTH tuna BTILL-1/10
u BTILY-1/10, cocrosimee u3 OAHOIO OGIIETO NUCIETYEPCKOTO
yCTpOHCTBA M HECKOAbKHX (10 10) OQHOPOAHEIX YCTPOKCTB
IJS HCIHOJHHTENbHBIX NyHKTOB ¢ paguansHoit (BTLL-1/10)
u apesoBupHoit (BTI[Y-1/10) cTpyXTypo#l KaHajOB CBSI3H.
Konuuectso o6wnektoB amnapatrypwel JII TY—TP—BTH co-
otserctBenHo 270, TC 290, a amnaparypwt HMII TY—TP—
BTH — 7—27 u TC 9—29.

3. VerposictrBo TY—TC, TP n BTH tuna BTLII-1/1,
cocTosimee M3 OJHOTO JHCIETYEPCKOrO H ONHOro MOJYKOM-
IJIEKTa HCIIOMHUTe/bHOrO MyHKTa. Kosnyectso o6wekToB T8 —
TP — BTH 858, TC 10—59. Buok-cxemn yerpoiict BTIL
B OCHOBHOM COOTBETCTBYIOT NpHBeleHHEM Ha puc. 119, 3a
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HCKJIIOUEHHEM Toro, uto B anmaparype [II1 u HII npumens-
1oTcst o6mue AJs1 BCceX OOBEKTOB Y3Jbl COBIANEHHS.

Cxema nepenaun umnysancoB 1Y m TC ycrpoiictBa Tuna
BTLL mpusemena ua puc. 120. Ilepemaiomumun sjemeHTaMH
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Puc. 120. Cxema nepepaun uMmmyabcoB TV u TC ycrpoiictBa Tana BTL]

H cepus uMmnynascoB TY—TC:
a — cxeMa; 6 — cepHsi uMnyJabcos TY—TC,

y3aos JIIC u JIIIK (puc. 119) sBasiorcs: deppuHTOBBIE cep-
JeyHukH [ u /], Ha BBIXOJIE KOTOPHIX BKJIIOYEHBI TPAH3UCTOPHL T
u T;. Cepaeunuxu I u I/ HopManbHO NepeMarHuyeHbl BBEPX
32 CYeT NMOCTOSIHHOIO NOAMArHHYMBAHMS, CO3[,aBAEMOI0 TOKAMH,
npoxoasmumMa 1o oomorkam Wi u Wi.

Hmnyabest TV nepepatorest ¢ {71, a umnynbsest TC—c HIT
€o ciBHUTOM BO Bpemend. Mmmyabcel T pacnpenenutens P,
NOCTYNAIOT HA BXOJ TpaH3ucTopa T's yepe3 KOHTAKTH KHOIOK
KB unu KO, 1 KOHTaKTbl OLHOTO U3 KJoyelt ynpassieHus KY -
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KY,. Tlpu stom Tpansucrop T OTKpHIBaeTCs, CepieyHHK /[
NepeMarHuYyMBaeTCsl BHU3 M BBILAeT HMIYJbC HA BXOJ TPaH-
3uctopa T';, KOTOpHIl TaKKe OTKDBEIBAETCS M MMNYJbChl 1Y
NPOXORAT N0 KaHany cBsa3u KC u conportussienne R’ (na HII),
C KOTOPOTO TNOCTYTAIOT Ha y3Jibl u36HpaHus OGBEKTOB.

HUmnyascet TC mnoctynaior B KC ¢ pacnpegenutenss P,
yepe3 3aMKHyTble O/IOK-KOHTAKThHl 06bekToB 5Ki-BK,. DtH
HMIIyJIbCEl NIPOXOAST yepe3 conporusjeHue R (ua [IT), ¢ Ko-
TOPOTrO TIOCTYNAIOT HA Y3Jibl H3OUpaHUs pejie CHTHAJIH3AIMH.

Mmnynbcel ¢ HyJieBoro ajemeHTta pacnpefenuress Pa ¢op-
MHDYIOTCSI y3JIOM 33[aHHs CHHbasupymwomero uMmnyasca 3CH,
TaKxe INOCTynawT Ha /] u ciyxar JJjisi YyCTaHOBKH pacmpeje-
aurens P, Ha HyJb.

Cepuss umnyabcoB TY—TC mnpu nepejaue mpuxKasa Ha
BKJIIOUEHHE TpeThero OGBbeKTa M CHTHAJIOB O BKJIIOUEHHOM
COCTOSIHHH OOBEKTOB BTOPOTO H UETBEPTOro IpHBEJeHa Ha
puc. 120, 6. Cuntasupyromuit umnynsc CH umeer ysennueH-
HYIO JUIMTEeJbHOCTh (BPEMEHHOe KayecTBO), ero (ukcaius ocy-
IIECTBJISIETCSI CXEMOH C HCIOJb30BAaHHEM KOHJEHCATOPA M TPHT-
repa Illmurra (puc. 98, 6). :

Ycrpoitcteo TY—TC tuna TM3. ¥Ycrpoiicteo TY—TC
tuna TMD BeimyckaeT 3aBof «DneKTponyJbT» (r. JleHHHrpan)
U TpefHa3HauyaeTcs JJIs TeJeMeXaHU3alHH KPYIHLIX MPOMBIII-
JICHHBIX M 5HEPreTHYeCKUX IpefnpHsTHil.

Kanan cBsisu — AByxnpoBopHasi nauHus. Ilpu KaGesnbHoit
JIHHUH MaKCHMaJbHAsl JAJbLHOCTh nepenaun curuanos TV —TC
15—20 kM, a npu paboTe NO BO3AYIIHON JHHHH MaKCHMAJBHO
JOIyCTHMOe 3HaueHHe CONPOTHBJIEHHS NpoBofoB 1o 10 xom.

YCTpo#CTBG BHINMOJHSAET ciefyoomue GyHKnuu: TY 1OByX-
HNO3HIHOHHBIME 00BbeKTaMH, HenpephBHYI0 1C HX NOJOXKEHHS,
BTH u TP c omHOBpemeHHBIM Bbi3oBoM T H.

YerpoiictBo THna TM3 mocTpoeHO Ha MarHUTHO-IHOLHBIX
suefikax IIIII°, marepuan cepaeuHukoB — nepmanmnoit 656HII,
pasmeprt 35 X 25 X 10 mm. MBauBuayanbHbe pese ynpasJe-
HMS ¥ CHI'HA/M3AIIMY BBINOJNHEHBl B BHJe GECKOHTAKTHEIX Mar-
HHUTHBIX pesie. YcrpoitictBo TMD BhilycKaeTcsi B Tpex Mopudu-
gauuax A, B u B, Kaxnas u3 KOTOPBIX MMeeT 3HAYUTE/bHOE
KOJINYECTBO Mojlesiefl, Cpefld KOTOPEIX ecTb YCTPOHCTBA TOJBKO
TC ua 14—42 o6bekra, yerpoiictea TC—TP—BTH ua 13 TC
u ATP—BTH u ua 41TC n 39TP—BTH, ycrpoirctBa TY—
TC ua14TC u 5TY u ua 42TC u 40TV, yerpoiictBa TY —TC—
BTH na 13TC, 5TY u 6BTH u ua 41TC, 33TY u 6BTH.
Hau6onee mosuere yerpoiictsa umeror 27TC, 5TY, 14BTH,
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5TP—-BTH wu 41TC, 26TY, TBTH, ATP—BTH. Tlpu max-
CHMa/NbHOH €MKOCTH BpeMs Mepenauu curiana TC npuMepHO
paBHo 1 cex, a TY — 2 cex. BpemeHHas auarpamma cepui
umnysnbcoB npu TC u TY ycrpoiictBa TMD npuBefeHa Ha
puc. 121. Cepus TC nepepaercsi Ha HEUETHBIX IIOJIYBOJIHAX
1, 3, 5,7, 9, ... nurapomero HanpsikeHusi, a cepus 7Y — Ha

YyeTHHIX 2, 4, 6, 8, 10, ... . DTHM 00ecleyuBaeTcss BO3MOXKHOCTh
HX COBMEIEHHUS MPH nepe-

I Jaue.
W Cepuss TC cocrout

U3 CHH(A3HPYIOMETO HM-
nynsca CH ¥ uMIyJbCOB
3| 151717] 9 ¢ OTKJIIOUEHHBIX ~ OOBEKTOB
] 2TC, 4TC. Cundasupyro-
! ,’ ¥ \”l MM HMITYJbC OTJHYAETCS

! i y OT HMIYJbCOB CHUIHAJIH-
[l 216 31 47T mre sanuM OoOpaTHOH MOJsIp-
Wy Yony Yy ory By | | ory HOCTBIO.

f\ I /\ Cepusa TY wumeer TpH
| N / uMmnymasca:  IHY  wnn
2HY, wumnyabc BwiGopa
ob6berta 2TY wuummysbe
BhiGopa mno3unuu PHB
/A'/B ! una  PHO. Wwmmnysscel
B ‘J IHY (2HY) duxcupyior
Havajo cepun T¥ u uc-

Puc. 121. Bpemennas guarpamma cepuii ~HO/IB3YIOTCA  IUIA . KOH-
umnyascoB npy TC u T¥ ycrpoiictea TPOJIS CHHXPOHHOrO Xoja
TM=. ' pacrmpefesutesnis BO Bpe-
Msi mepegaun TY. Hm-

IyJIbCH BBHIOOPA MO3HLMK HMEIOT 06PaTHYIO HOJNSIPHOCTD H OJLHO-
BPEeMEHHO BBINOJNHSIOT (YHKLUHMIO paspelleHHsl UCIOJHEeHHS.
Ha puc. 122 npuBenena Giok-cxema o6pa3soBaHMsl KayecT-
BeHHHIX NPH3HAKOB M JMHeHHBle y3/bl ycrpoiictBa TMD. Jlu-
HeflHble y3JIbI HMEOT IO JBa Mepefarouux sJjemeHra I[1/1;
u ITAH ua JIT u [1]], u IT[]C ua HII, tak kax B cepun TV
u TC BXOAAT HMIYJbCH Pa3qMYHON MHOJSIPHOCTH.. COOTBET-
CTBEHHO HMEeTCsl M 1O JBa NpPHEMHBIX ajementa I[Py, [IPC
u I[IP,, IIPH, xoropsle npuHumaior umnyiaeckl TC u TY.
ITepepatuux I1J]; wa /I NoOATOTaBJMBAETCS HUMIYJIbCAMU
pacnpefesuresii Py yepe3 KOHTAaKThl KJ/O4eH yIMpaBJieHus
KY-KY, un ofpasyer, npu c6poce OT TAKTOBBIX HMIIYJIbCOB,
umnysbecel HY u TY (puc. 121), KoTopsie MOCHIIAIOTCS B THHUIO
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cssa3u JIC B cropony HIl. Ilepenaruuk [T[JH ynpasasercs
KJmouoM xapakrepa onepauuy OT uiau BK u o6pasyer uMmyJib-
¢t PHO nmu PHUB (puc. 121). Umnyascet HY u TV npunu-
maoress Ha HIT npuemHukoM [IPs, a umnynabcel PHB uiu
PHO — npuemnnkom ITPH, ¢ BHIXOZA KOTOPOro BO3JEHCTBHE
nepefaeTcss Ha y3eJs paspelleHHsl HCTIOJHEHHS.

Iepenaruux I1/], na HII NOATOTAaB/IMBAETCS HMITYJbCAMH
pacnpefenurens P, yepes 6/10K-KOHTaKTh 06beKTOB b K -5 K,

WUsbupanue TC Wsbuparue TY

[

K y3ny paspewenus ucnonHenua

Puc. 122. Binok-cxema o06pasoBaHHsl KaueCTBEHHBIX IPH3HAKOB
U JHHefiHBle y3nbl ycrpoiictBa TMD.

U obpasyer npu c6poce umnynaschl TC, KOTOpHE IOCHIIAIOTCS
B JIMHHIO CBSI3H B CTOPOHY /1 ¥ NPHHHUMAIOTCH IPHEMHHKOM
ITP,. Tlepeparuux [1[C ynpaBiasercss HYJNeEBLHIM 3JEMEHTOM
pacnpegenurens P, u nepenaer cuagasupyomui umnyiasc CH,
Bo3jieficTBytomuit Ha npueMHuK [TPC, c BHXOAa KOTOPOTrO
BbIAeTcsl UMIYJbC YCTAHOBKH pacnpefenutenss Py B HYyJeBoe
nosioxkenue. [IOCKONIBKY TaKTOBhle umilysbchl Ha [T u HIT
caBuayTH Ha 180°, To uMnyascHl TV u TC npoxomsT Co CABH-
rOM BO BpPEMEHH.

HMnysbcrl nepenaTyuKkoB He AEHCTBYIOT HA CBOU IIpHEM-
HHUKM BCJIEJCTBHE TOTO, 4TO OOMOTKM NMuTaHus (cOpoca) 5THX
5/JIEMEHTOB BKJIIOYEHH TocjefoBaTensHo. Kpome Toro, Giaro-
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Jlaps ToMy, 4TO Ha KaXKJOH CTOPOHE BHIXOXHblE OOMOTKH mepe-
JATYHKOB BKJIIOYEHBl BCTPEUHO, IAPA3UTHBIE HMIYJIBCH 3Ji€-
MeHTOB [1]1I" B3anMHO KOMIEHCHPYIOTCS. ' :

Biok-cxema yasna us6GupaHusi ycrpofictea Ttuna TM3I
U BpeMeHHas juarpamma npuBefeHsl Ha puc. 123. Mabupanue
OCYIHIeCTBJISIETCSL NpU moMomnu AByX 3JjeMmenToB 30T u 3BK
(puc. 123, a). dnement 30T 3anperiaeT OTK/IOUEHHE BEIXOIHBIX
GeCKOHTAKTHEIX pesie 5P;-BP,, eci Ha JaHHOM TaKTe JBH-

T

bb, Llem]-
om " Bk i
T
A, 7 Hem \/
T - 7; * 7; - Boix FIE
30m 38k N \/ /\

L Al Ll /
/

&7 ani

Z ’ oL AL TA

. Bbix {19 0 tp Oom Bk
¢ . 6P, 5P
0
Puc. 123. Buok-cxema ysia usGupanus ycrpoiicrea TMO H BpemeHHas
Jparpamma:

a — 6J0K-cxeMa; 6 — BpeMeHHasi guarpamma (6ykBamu /I u C o6o3HauyeHbl Halpas-
JleHHs] TIOATOTOBKH M c6poca MarHUTHBIX sJemeHToB IIIIT).

JKeHUs pacrnpefenuTesii P nocrynaeTr HMOyJbC € BRIXOJA
npuemuuka [IP (puc. 122), a sanemenT 3BK 3ampemaer BKJIO-
uenye pese HP;-BP,, eciu MMIYyJbC — OTCYTCTBYET. JJe-~
MeHT 3BK mnoprorasjuBaercs no nenu I/ Ha Kaxnoi orpura-
TeJbHOH TIOJIYBOJIHE TIEPEMEHHOTO TOKA4, MHTAIOMEro Ienb
JBMXKeHHs pacnpejesuress P u o6MOTKu c6poca H36Hpalomux
3JIEMEHTOB. Ha Kaxpnoll NOJIOXKUTEJbHOH TNOJNyBOJHE 3TOrO
ToKa 1o nenu I sjement 3BK cOpaceiBaercsi, BBIAaBas Ha
BHIXOJIE MMITYJIbC TOKA {2, KOTOPHIH NPOXOJIs 1O COTPOTUBJIE-
HUI0O R CO3JaeT majeHue HANDSIKEHHs, 3aNUPAIOIIEe LEINb
IJ1s1 TIPOXOXKJAEHUA HMIyJbCa TOKA [, C BHIXOAA paclpefesiu-
TeJd ng 06MOTKE BKJIIOUeHHsI BKX COOTBETCTBYIOLIETO BHIXOLHOTO
pene BP.
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Bnemert 30T Ha OTPHUATEJBLHHIX MONYBOJIHAX He TMOATO-
taBnuBaercs. [lostoMy i1;= 0 u uenb orkiroueHus: Om BBHIXOJ-
HBIX peJie IPU OTCYTCTBHH MMITYJILCOB C BhIxofa /1P He 3anepTta
(rak Kak R;i;=0), 1 OHU OTK/IOUAIOTCA HMIYJIHCAMH TOKa
C COOTBETCTBYIOIUIUX * BEIXOJOB PAaCIpefeuTe s.

Ecnu Ha oTpuumaresbHOI NMOJyBOJIHE NUTAIOUIETO TOKA cpa-
6oraer npueMHUK [TP, To oH noxproroBut anemeHT 30T u 3amnpe-
THT TOATOTOBKY 3J/IeMEHTa 3BK. Torza nHa Crefyomel 1oJio-
KHTE/IbHO TIOJYBOJIHE OK2XETCA 3anepToi [ienb OTKJIIOYEHHUS]
pese 5P u OTKPHITOH L€Nb BKJIOYEHHs, ¥ OT MMIyJbca pac-
TNIPEENIUTEST  BKJIIOUHTCS  COOTBETCTBYIOIee GeCKOHTAKTHOE
pere FP u wucnosnutenbHoe pesne u3 PHq-PH,. PaGora
ysaa n36upaﬂna MOSICHSIETCSI BPEMEHHOH JuarpamMMmoH, NpuBe-
JeHHo#l Ha puc. 123, 6 Ans caydas oTKiioueHUs peje 5P,
U BKJIOYeHHs pejie BPo.

Ha puc. 124 npuseseHsl 5JIOK -CXEMBIl y3JI0B aBTOMAaTHYeC-
KOro 3anycka pacnpefesutesist A1 u 3auUThl OT HENPABUIBHOMN
curnanu3amuu Ha J[I1. Cxema 3anycka (puc. 124, @) cpabath-
BaeT NpH TOAKJIOUSHHH HANpsKeHHsS NUTaHUS. 3anycx npo-
U3BOJUTCSl NyCKOBHIM 3JieMeHTOM [19, obmoTKa c6poca W,
KOTOpPOrO BKJIIOYeHa MOC/IeJ0BATEILHO B LENb JBH:KeHHs [
OZlHOTAKTHOTO pacnpenenutesnss P 1 06TeKaeTCsl MOJOKHTENb-
HBIMHM TIOJIyBOJIHAMH TOKa NHTaHMs. DneMeHT [19 NoArorasJu-
BaeTCsl OTPHIATEJbHBIMH IOJYBOJHAMH TOKAa TNHTaHHs IO
uenu /I u 3areM mpu cOpoce BEILAET UMIYJbC HA NOATOTOBKY
snementa 1 pacnpepesurens. Ilpu paGortaomem pacnpeiesu-
Tesie JEHCTBHE aMmepBUTKOB OOMOTKM W, TOArOTOBKH 3Jie-
MenTa [19 KoMneHcHpyeTcsl BTopoii 06MOTKOH ynpasJaenust Wy,
10 KOTOPOH MPOXOAAT HMIYJLCH paspsifa KOHAEHCATOPOB
cesizu C.

3amura OT HempaBWJIbHOR  curHajamsaumu Ha  JIT
(puc. 124, 6) ocHOBaHA HA KOHTpOJIE CHH(AZHOTO Xoia pacipe-
neaureneit JIIT u HIT. KoHTPOJb OCYIIECTBJISIETCS N0 HAJIMUHIO
HJIM OTCYTCTBHIO COBIaJeHHsl UMIyJbca ¢ Beixoga [1PC u ¢ no-
ciaennero n -+ 1 ssemenra pacnpemenutenst P. IlpueMmHuK
cundasupyomero umnyssca I1PC (puc. 122) noAroTaBiuBaeTcs
5THM HMIYJIECOM CH, mocTynamomuM Hu3 JHHHH CBSI3M, U Ha
cJelyromei MOoJyBOJIHE THTAMOMEr0 TOKA COPACHIBAETCS, BbIA-
Basg MMIyYJbCH HA TOATOTOBKY 3jemeHTa H, u Ha cGpoc aJe-
menTa H,. OnHOBpEMEHHO _IPOHCXORHT cépoc n + 1 snemeHTa
pacnpesieiuTesis, KOTOPBIl BBIIAET HMmyJabc Ha co6poc Hi
u moarotoBKy H,. CnejoBaresibHO, B Ciydyae Takoro coBlaje-
HHSA, BO3LEHCTBUS HA 3JeMeHTHl Hy u H, B3auMHO KOMIIEHCH-
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pyroTcst. JTo XapaKkTepu3yeT CHH(A3HLIH X0 pacrpenesuTenel
JIT u HIl. Ecau cundasHocTb GyjeT HApylleHa, TO COBIaje-
HHS HMIyJbCOB C Bhixoga [TPC u ¢ BhXona n + 1 ajeMeHra
pacnpejesuTesis He mnpousofaer. Ilpu sTomM ofuH H3 3aJne-
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Puc. 124. Baok-cxeMbl y3/10B aBTOMaTHYeCKOro 3amycka pac-
npeneantenss Ml u 3alUTH OT HEMPABHJIBLHON CHI'HAJAHSAIMH
Ha [II ycrpoiictBa TM3:

a — aBTOMaTHYecKOro 3samycka; 0 — samuthl (GykBamd [T u C

0603HaueHbl "HaNpaBJieRUs1 MOATOTOBKH U c6poca MarHHUTHBIX 3JleMEH-
ToB ¢ IIIII).

MEHTOB H; unu H, OKaxercss MoJroTOBJIEHHBIM, YTO NPUBOAMT
K BBIJlaUe C 3TOTO 5JIEMEHTA MMIyJibCa HA OTKJIOYeHHe GECKOH-
TAaKTHOTO MaruuTHoro pese 5Py, .,KOTOpOe OTKJOYaeT MUTAHHE
nenefi CMrHANM3ALMH INUTA M MyJbTa, NOLAET CHTHAJ O HEHC-
NPABHOCTH YCTPOHCTBA M 3ampeinaeT Iepefady HMIIYJbCOB
Teseynpasyenus. Pene 5Py . BocCcTaHaBJIHBAETCS KAXKIBIA MK
0T n-ro 3jIEMEHTA pacHpee/HTeNs.
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§ 4. BPEMA-PACIPEEJUTEJ/IbHBIE
BECKOHTAKTHBIE
YCTPOUCTBA Ty — TC

Bpewms-pacnpegesure/ibHEle  GECKOHTAKTHEIE
ycrpoiictea TY—TC npeanassauess! s paGoTHl 10 y3KOIO-
JIOCHBIM BBICOKOYACTOTHHIM AYIVIEKCHBIM KaHaJjam cBssu. Cko-
pocThb Hepefayd MMNYJbCOB coctaBaser 40—b0 6od, uto obec-
NeYuBaeT paboTy YCTPOHCTB NPH II0JI0CE NPONMyCKAHHS KaHana
cesizu 120—140 ey. .

B ycrpoiicTBax HCTOJIB3yeTCs NMOMIATOBHIH METOJ TEPEKJIo-
YEHHUs pacnpesesiuTesieli H BpeMEHHEIe KaueCTBeHHbIE IPU3HAKH.

12 nen1
U

/1’”?"”‘9 Bbixo0e! Patoqe Bbuxods:
0173 %

Bxod Bxod
Fbumenus Pbumerus HOOKU Ha HY/b

Puc. 125. bBrok-cxeMa mnomaroBoro mnepek/IOYeHHsI pac-

npefenuTeNell, npuMeHsieMass B GECKOHTAKTHHIX YCTpOHCTBax
TY-TC.

[Tpu 3TOM OTHafaeT HEOOXOAMMOCTh B CHHXDOHHBIX HCTOYHH-
kax nuranus. Ha puc. 125 npuBesena 6/0K-cxema IOIIaroBoro
NepeKJIoYeHUsT pacnpeiesuTeeli, NpuMensieMas B GeCKOHTAKT-
Heix yerpoiictBax TY—TC. MIMnyabchl OT MyJIbTHBHOpaTopa
MB uepe3 ysen 3ajanus cunpasupylomero uMmnyiasca 3CH
MOCTYMAlT HAa BXOJA INepejaoliero JuHefHoro yana [1J1Y.
YcuneHsepe TAKTOBblE HMIYJIbCHI , 2,..., n) c Bexoga I1J1Y
nocTymnaiT B Kanan cBas¥ KC 4 OXHOBPEMEHHO HA BXOJ JBH-
xeHus pacmnpefenutens P,. M3 kanana cesasu TAKTOBEIE M-
MyJbCH INOCTYNAlOT HA BXOJ NPHEMHOTO JIMHEHHOrO Yy3Ja
MpJlY, a 3areM Ha BXOA [BHWXKEHHs pacnperenutens Ps.
D1uM 06ecreyuBaeTCsl CHHXPOHHOE MepeKJIoyeHne pacmpeje-
aureneil. UTo6bl JIBMXKEHHE paclpejesuTesiel OBJIO TaKiKe
curasHbM, npuMeHsiotest yannl 3CH u PCH. Ysen 3CH
3amyckaeTcs B MOMEHT NepeKJIIoueHHsl pacmpefesnutens Pi Ha
HyJsieByio nosuuuio. IIpu 3ToM B Ciyyae ucnosib30BaHHS Bpe-
MEHHOrO MMIyJIbCHOTO ITPH3HAKa B KaHaj CBs3H TOCTymaer
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yauHeHHBH wumnysasc CH, OT KOTOpOro cpaaTeiBaeT y3el
¢ukcamuy CHHGASHPYIOWETO HMITYJbCa ®CH. Bceaeactsue
3T0r0 Ha BhIxoge PCH obpasyeTcss UMIYJbC, KOTOPHIM pacrpe-
Jefutenb P, B ciayyae HapymeHHs CHHGDASHOCTH TPHUHYIH-
TEJLHO YCTAHABJIMBAETCS B HyJseBoe moJoxkenue. Ilpu stoM
dukcupyercs cGofi nepejaun ¥ CPaGaTHIBAIOT SAIIUTHEIE Y3JIb,
3ampelaiomye BHIOJHEHHE KOMaHiel TV win  QuKcaluu
curana TC. .

Bpemsi-pacnpefenutesHoe  GECKOHTAKTHOE  YCTPOHCTEO
Tuma BPT-® (3aBoj «DJEKTPONYJbT»). YCTPORCTBO THNA
BPT-® npennasuaueno jist TY—TC, BTH.c noakmoyeHueMm

06bexmbl TC
614123456789707/ n-1n on

Ny

a . :

' Ty

06vekmbl TY .
cn HY Bk Om 1 23 4 &5 n-1n GH

_‘—'—L__I'U'I__I'L;'IJ'LH_I'LI'L([U"I_{ L
G 'Y 06vexmol TP(BTH)
oM MM P6EPM 1 23 45 6 78nIn _CH

6

Puc. 126. Cepun TC, T¥ u npukasa Tteneperyaupopanus TP
(BTH) ycrpotictea BPT-®:

a — cepust TC; 6 — cepus TY; ¢ — cepus TP (BTH).

TeJIeH3MePSIEMEIX TapaMeTPOB K OTHEJbHOMY KaHAJIy CBSI3H,
a TaKke mepejaud CHrHajoB TP («6osbley ¥ «MEHBILEY),
CucreMa COCTOMT M3 JBYX He3aBHCHMBIX ycrpoiictB T7C u TV,
TP—BTH, Kotopble MOT'yT IPUMEHSTECSA OTALIbHO. 151 pabo-
TBl Kak0ro G6J10Ka HCNOJB3YIOTCH OTAENbHbIE KAHAJB CBSI3H,
HO KOTOPHIM HENPEPHIBHO MEPEeAloTCsl TAKTOBBIE HMITYJIBCHI,
cayxamue JAJsl TepeKJiioueHusl NPHEMHEIX paclpefesuTese.
Jluist- cuuga3upoBanusl ¥ M3GHPAHHS MCIIONB3YIOTCSI UMITYJIBChL
U TNay3bl yBEJHYEHHOH AJNUTEJILHOCTH.

Cepuu umnyJipcoB yerpoiictBa tuna BPT-® npusefeHbl Ha
puc. 126. Hukapl TC ciefywoT APYr 3a APYroM HENPEepHIBHO
pasfensitoTcst cundasupyomumu umnyascamu CH (puc. 126, a).
TaxToBhlE MMIYJNbCBI W Tay3bl MMEIOT E€AMHHYHYIO JJIHTE/b-
HOCTb. Vis6uparomue mnayssl HMeOT TPOHHYIO AJHTENLHOCTD,
a uMIyJibeel cuHdasupoBanust CH HMEIOT JTUTeIbHOETD, B IIECTb -
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pa3 NpPEBHINIAONLYIO AJIHTEIBHOCTh TAKTOBOrO MMIyJbca. [Ipu-
Kasdpl TY mepeparoTcsl TOMBKO B TEUEHHe OFHOTO LHKJA, TOCI]E
BO31eHCTBUsI HA KJwo4 ynpasjaenusd. B cepuio TV (puc. 126, 6)
BXOASIT TAKTOBBle MMNYJbCH M NAaysbl: u3bupaiwomas mnaysa
Hayana ynpasJjenusst HY, m3bupaiomas naysa BrGopa MO3H-
nuu Bk unu Om, w3buparomas naysa Bel6opa o6beKTa H HM-
nynasc cuHbasupoBanusi CH. '

Ilepenaua BhI3oBa TesemsMmepeHuss BTH u npuxasa Tese-
peryaupoBanus TP mepefaiorcs ycTpoicTBoM TV HempephBHO
B TEYEHHe BpEMEHH HAXKATUsS COOTBETCTBYIONIHX  KJIOUEH
(TP coememaercss ¢ BTH). Cepuss TP (BTH) coctout wu3
Crlefyromux H3bupamolux IMIyJabcoB (puc. 126, 6): yTpoeHHO#
JJIMTENBHOCTH Hayaja Bbl6opa Tesemsmépenuit HH, perynupo-
BaHus «6oJsnires PS5 unu «venbiies PM u Homepa o6rvekta TP
(BTH). Ycrpoitcteo BPT-® BroimosHsieTcss Ha AWOAAX, TPaH-
sucropax u ¢eppuroBuix cepieunukax c ITI. Bemmyckatorcs
e moaubpukanmu: A Ha 8TC, 16TY, 7TP u b na 167TC,
32Ty, 7TBTH u 7TP. MakcumanbHasi NPOJOJRKUTEIHHOCTh
nepepauu cepun 1V—2,2 cex, a cepuu TC — 4 cex. dra puau-
TEJIBHOCTh NPHMEPHO COOTBETCTBYET BPEMEHH Iiepefaudl KOH-
TaKTHBIX YCTPOHCTB 3TOrO THIIA.

§ 5. PACIIPE[EJIOTEJIbHO-
KOMBHHAI[HOHHBIE YCTPOMICTBA
TEJIEYIPABJIEHHS
CO CMEHHOKAYECTBEHHBIM KOJOM

CMeHHOKa4ecTBeHHBIE KOABl HMHTEPBAJIOB Me-
KNy UMIYJIbCAMH HE UMEIOT U 06/1aa10T CBOHCTBOM CaMOpacipe-
Jenenusi. . [TostoMy NpH HX HCHOJb30BAHHMH YBEJIHYHBACTCS
GBICTPONEHCTBHE K TOBBIIIACTCS HAAEKHOCTb TeJseyNpaBJIeHHs
BCJIEJICTBHE HCKJIIOUEHHS PacIpelesuTesIbHOTO y3J/ia Ha MpHEM-
HOH CTOpOHe.
i *; TTocKOJIbKY CMEHHOKaueCTBEHHbIE KOJBI MOXHO 00pasoBaThb
TosIbKO Tpu K > 3, TO OHH NPHUMEHSIOTCS NPH HCIOJb30BAHUY
YacTOTHHIX MPU3HAKOB HMIYJLCOB ToKa. B ycTpoiicTBax Teie-
ynpaBjeHHsi, KaK MPaBUJIO, NPUMEHSIETCS CMEHHOKAYeCTBEH-
HBIH KoJ HA PasMelleHHs TIPU M, = 2 M KOJHMYECTBE YACTOTHBIX
kaygecTs o 10—12. TpumeHsieTcs TaKke CMEHHOKAueCTBEHHbIH
KOJ| Ha TepeCcTaHOBKH MpH 7y > 4. = '
MudgpaTopbl CMEHHOKAYECTBEHHOIO KOJa Ha pasMEIICHUS.
ludpaTtopsl CMEHHOKAYeCTBEHHOTO KOAA HA PAa3MEIICHUs BhI-
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HOJIHSAIOTCS. C TEepecTPAuBaeMbIMH MJIH C OTACIBHBIMH TeHepa-
TopaMu (puc. 127). B 6ok-cxeMe ¢ nepecTpanBaeMEIMH 'eHe-
patopamu (puc. 127, a) nepekmouenue KoHTypoB KI'y u KI'g
reiepatopoB I’y W I’y TNpoH3BOAUTCA KOHTAKTAMH Kiiouei
ynpasienuss KY. DtuM 3ajaercs yactora NepBoro H BTOPOTO
HMITYJILCOB, OLIPEEJIEHHAS [I0C/IeN0BATENbHOCTD NIOCKHIKH KOTO-
PHIX OGECIIEUHBAETCS DPACIPELE/UTENEM-TEHEPATOPOM HMITYJIb-
coB PI'H, nyTeM Hojauu HANpsiKEHHS HA SMMHUTEDHEIE MOBTO-
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' D
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Puc. 127. Baok-cxembl mugpato- i)
pPOB CMEHHOKAauyeCTBeHHOro KOJa Wy g
Ha pasMelleHHs NpH A, = 2: K
a — ¢ IepecTpaHBaeMbIMH TIeHepaTo- | | f
paMH; 6 — ¢ OT/Ae/JbHBEIMH TFeHepaTo- | | TI 7
pamu. } € e |
e -4

purenu II1; u 311, YCHIMBAIOTCS: YaCTOTHBIE HMITYJIbCHL YCH-
Jutesiem V. 3anyck PI'H ocymecTBisieTcst yCKOBOH KHONKOM
KII. ’

B 6s0k-cxeme mudparopa ¢ OTAENBHEIMH TeHEPaTOPaMH
(puc. 127, 6) kmouu ynpasienuss KY,;—KY, BospeiicTByioT
Ha BXOJA Martpuikl M, Ha BBIXOZE KOTOPO# BKJIIOUEHBI Y3JIBI
conanenuss M, Hi-H,, H,. Ha BTopoi BXOX 3THX Y3JI0B
CHFHAJ TOCTYyNaeT OT paclpe/esuTess-reHepaTopa UMIyJib-
coB PI'H, xoTopmlii 3amyckaercs NyckoBol Kromkoii KIT.
C BHIXOJIOB Y3JIOB COBNAJEHHs HMIYJbChI TOCTYNAIOT HA 6JIOK
reHeparopos.

Aeutndpatopsi cMeHHOKaueCTBEHHOTO KOJA Ha pPa3MeleHHSL.
Hemmndpatop CMEHHOKayeCcTBEHHOro Koja Ha PasMelmeHHs
(puc. 128, a) orTanyaercs or emmudpaTopa YacTOTHOTO KoAa
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Ha coyeranus (puc. 104) HamMUHEM y3JI0B KPaTKOBPEMEHHOIO
34IIOMHHAHHSl HA BBIXOJE TPHUEMHHMKOB UACTOTHBIX CHIHAJIOB
II49C,-IT9Cy, OT KAKIOTO U3 KOTOPHIX BO3JAEHCTBHE MEPENAETCS
Ha 1Ba Bxofia JAuojHOR Marpuubl My Ilpu nocrymienuu
HMIlyJIbCa C YacTOTOi 3alojiHeHHusl f; cpabartwiBaeT y3en I3;.
3aTeM IpH NOCTYIVIEHHH HMITYJIbCA fx BBIXOLHOE HAMPSIKEHHE
nosiByisieTcsl Ha BhIxofe I mMarpuusl M. Ilpu o6patHom mopsiake
C/IeJI0OBaHM I HMITYJIbCOB HAIp SXKeHue BO3HUKAET Ha BrIxone—AM.

*TC:H-?-++‘?‘*‘;/7,?K
'H:::H__? -?-—1— ++—ff—f2 Boix

B
l' I
- ' M
(T ¥ ++ + + Ay . U;

Puc. 128. Buok-cxemsl pemngpatopa M OAMHOUHOTO IIpHEMHHKA
CMEHHOKAueCTBEHHOr0 KOJAa Ha pasMelleHHs Npu n, = 2:

a — gemudparop; 6 — IPHEMEHK.

IIpu BEIGOpPE OJHHOYHEIX OGBEKTOB YIIPaBJEHHS, PAacloJio-
JKEHHBIX BJOJIb OOIIEr0 KaHasa CBsi3H, NPUMEHSETCS YIIPOIIEeH-
Hasi CXeMa MpHeMHHMKAa CMEHHOKAueCTBEHHOTO KOJA Ha pa3me-
meHus (puc. 128, 6). B KauectBe [I9C Hcnosb3yiooTCs JABA
nocaegosarenbabix LC kKoutypa [19]. Koutyp L.C; HacTpoen
Ha yactoty fi1, Le2Ce HA fa.

IIpu moctymJienuy Ha BXoj TpaHcdopmaTtopa Tp HMIyJbCa
C yacToTo# f, uepes Auox /] 3apspKaeTcs HAKONUTENLHBIH KOH-
nencarop Cy. 3aTeM IpH NOCTYIVIEHHH MMITyJIbCa C YACTOTOH [
Tpansuctop 7 OTKpHIBaeTcss M KomjeHcatop Cy paspsikaercs
Ha OOGMOTKY MCIIOJIHHTENIBHOI'O pesie P, KoTopoe CpaGaThiBaeT.
[pu mepenaye YacTOTHHIX CHMTHAJIOB C OOpaTHOH mMocJef0Ba-
TEeJbHOCTBbIO, 4 TaKkKe MpPH MNOBPEXKACHHH JIIOOOTO 3JIEMEHTA
CXEMBI JIOXKHOE cpabaThiBaHue pejie MCKJIo4aeTcs.

Ycrpoitecteo tHma TUP-61. VYcrpodicreo Tnna TUP-61
peJHA3HAYEHO JJIs TeJeMEXaHU3AlUH NPOMBILIIEHHEX 06bekK-
TOB C paccpefOTOYEHHBIM PACIOJIOKEHHEM KOHTPOJIHPYEMBIX
TMYHKTOB N0 (pU3MUIECKHM KaHA/IaM CBSI3H C IPOU3BOJIBHOI CTPYK-
Typo#i. YCTpOHCTBO SIBJISETCS KOMIJIEKCHBIM, TaK KakK IOMHMO
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onepauuit TY—TC (nn15 ABYXNO3UIHOHHLIX 00beKTOB) U BTH
OCYIUIECTBJISIETC TaKXKe TeJeH3MeperHue (IpH HAJAUYHM CTie-
NMAJbHOA TPUCTABKH) M YIpaBJEHHE MHOrONO3ULHOHHBIMH
obowvekramu (TP). Ha KaxkzaoM u3 BO3MOXKHBIX 56 HCTIOJIHHTENb-
HBIX NYHKTOB OCYIIECTBJISIETCS] YIpaBJeHHe OXHUM JBYXTIO3H-
IIMOHHBIM OOBEKTOM, CUTHA/IH3ALHS €r0 [OJIOXKEHUS U Nepejaya
OJHOTO TeJen3MepsIEMOro napaMmerpa.

BriGop HII mpousBoguTCsl CMEHHOKAYeCTBEHHHIM KOJOM Ha
pasmemerus mpu n, = 2. Bcero HCNoJb3yercs: BoceMb 4acToT,

-

Id
A

Puc. 129. Cxema usbupanus annapartypsl HMI1 yctpoficTBa THna
TUP-61. ‘

X

jd 1d

MUHUR

e

TaK Kak A§ =8 . 7 = b6. Xapakrep onepauuy (<BKJIOUUTH»

HJIH OTKJIIOUHTBY) ONpEIeJISETCsT INOJSIPHOCTBIO IIOCTOSIHHOTO
TOKA B JIHHHM CBSI3H. :
OtnuunTesbHOI OcoGeHHOCThIO ycrpoiictBa Tuma TUP-61
sBJISIETCS TO, 4YTO BCsl annaparypa Ml muTaercss 1Mo JHHUH
cBsi3u. [loaToMy OZHOBpEMEHHO C YAaCTOTHHIMH HMIYJLCAMH IO
JIMHUY CBSI3H TMEPELAETCS MOCTOSHHBIH TOK, TMOJISPHOCTE KOTO-
poOro omnpejessieT NO3ULHMI0 0GBEKTA YIIPABJEHHS. B
Cxema wusbupanusi anmaparypwl -HIl ycrpolictBa THna
TUP-61 npusesena nHa puc. 129. Konnencarop C. 3apskaercs
NOCTOSIHHEIM TOKOM B JIMHMH 10 HaNpsiKeHHs, OrpaHUuUBae-
MOTO CTaOHUIMTPOHAMH. BcJieICTBHE NPHUMEHEHMSI BBITIDAMH-
TeJIbHOTO MOCTHMKA, MOJSPHOCTh HAIpPSDKEHHS HA KOHJeHca-
Tope C; He 3aBHCHT OT NOJSIPHOCTH TOKA B JIMHHH. DTO HATIPS-
JKEHHE CNYKUT JUISl TIMTAHHS YCHJIMTessT Ha TpaHsucrope T,.
- Ilpu noCTyNJIEHHH NEepBOTrO YaCTOTHOrO HMITYJbEa; C YacTo-
TOH HacTpoiiku KoHTypa C4, L,, Ha BBEIXOZE 3TOr0 KOHTypa
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BO3HMKAET MepeMeHHOe HANpsKeHHe, KOTOpPOe YCHJIHMBAeTCs
TpausucTopoM T'1, BHIIPAMJSIETCS H 3apsiKaeT KoHaeHcaTop C,
J0 HanpsiKeHHs, TaKxKe OIDAHMYHBAEMOro CTAGHJIUTPOHAMH.
Ecim 3areM Ba BXOJ CXeMBbl MOCTYNHT YACTOTHHIH HMITYJIbC
¢ uyactoToll HacTpofiku KoHTypa Cj;, Ls, To Tpamsuctop T2
OyneT NepHOIHYeCKH OTKDHIBATbCA M pesie M3bupanus P cpa-
6oTaeT oT ToKa paspsga Kosuencatopa C,. Ilpm o6GpatHom
NOpsiiKe CJIeIOBAHUSl YACTOTHBIX MMITYJIbCOB KoHIeHcaTop C,
3apsikeH He OyJieT H CxeMa He cpaboTaer.

Ilocne cpaGatsiBanus pese P K JIMHHM NOAKJ/IOUAETCS TeHe-
patop KOHTPOJIbHOH YacTOTH, KOTOpas NepefaeTcs, eCjd Ha
HII ver aBapuu. B 3aBUCHMOCTH OT NOJISIPHOCTH MOCTOSTHHOTO
TOKa B JIMHHU cpabatwiBaeT pejse IPII («BK/IOUHTLY) Hau 2PIT
(«OTKJIIOYNTB»), KOTOpble 3aMBIKAIOT COOTBETCTBYIOIME LENH
00BeKTa yIpaBJeHHus.

CxemMa HCHNONHHUTEJBHOTO IYHKTa IOCTPOGHA  TaKHM
o6pasoM, UTO OTKa3 JoOOro M3 3/eMEHTOB IPHBOILUT K
HecpabaTbIBAHHIO pese P, 4To mHoBjedeT 3a co6Oi OTCYTCT-
BHe KOHTPOJIBHOH YaeTOTHl B JIHHHH, T. €. CHIHAJIH3ALHIO
HeHCIpaBHOCTH Ha JaHHoM H[I. IIpi HeBHIMOJHEHHH KOMAHbI
TeJIeyNpaBJ/ieHHst KOHTPOJIbHASL 4acToTa Takke OyJeT OTCYTCT-
BOBATb. o

Yerpoiterso tuna TUP-61 paspaborano B HMuctutyTe aBro-
matukd u Tenemexanuku AH CCCP coBMecTHO ¢ MHCTHTYTOM
«['umpoBogxo3» MEX CCCP.



Mnasa pecaran

YCTPONCTBA TY — TC

C IMPON3BOJHBIMN METOOAMU
N3BNPAHUA N YCTPOICTBA
MUPRYJIAPHOIO
TEJEYIIPABJIEHUA

§ 1. MHOI'OIIPOBOTHBIE YCTPOMCTBA
Ty — TC C PA3QEJIUTEJIbHBIM
(IIPOCTBIM KAYECTBEHHBIM)
HN3BNPAHUEM

[Tpu ynmpaBieHHH CPABHHTENBLHO HEGOJBUINM
KOJIMUECTBOM OGBEKTOB, PAaCHOJIOKEHHBIX BOJH3M JUCIETUEp-
CKOro NyHKTa (Lexa IPOMBIIJIEHHBIX HPeANPHATHH, JIEKTPO-
CTaHUMi), OpuMeHsioTcs yerpoiictsa TY—TC ¢ paspenurenb-
HBIM M pPasjesUTes]bHO-KOMOHHAIIMOHHBIM MeTOAaMH H36upa-
Hus. D1H yerpoiictBa TY—TC oTHOCATCS K MHOTONPOBOJHEIM,
TaK KaK KOJIHYeCTBO MCIIOJIb3yeMbIX IIPOBONOB onpeﬂenaeTca
YHC/JIOM OGBEKTOB.

Ilpy ynpaBjieHHH 3HAYUTEJNBHBIM KOJHUECTBOM 06’beKTOB
NPHMEHSIOTCSI YCTPOHCTBA C YACTOTHO-KOMOHHAIMOHHO-Pasge-
JIUTEJIbHBIM METOAOM M30HpaHHS.

Ha puc. 130 npeacraBneHa NpHHLIMNHANLHAS CXemMa MHO-
ronpoBogHoro ‘ycrpoiictea TY—TC ¢ pasfenuTesbHbBIM H3-
6upanveM Hu noJspHeiM BhiGopom. Ilepenaua curuanos TV —
TC nna Kaxnoro o6beKTa yIOpaBjeHHss OCYIIECTBJISETCS
no AByM nposoxam /1, JIs. Ha nmyHKTax ynpaBjieHust ¥ HCNOJI-
HUTEJLHOM HMMEIOTCS OT/e/IbHble MCTOYHHKH NMUTAHHS, CpPeLHHe
TOUKK KOTOPBIX COeJMHeHHl MexAy cobofi ofmum NpoBoLoM JI,.

CrefoBare/ibHO, ofmiee YHCJIO TPOBOJLOB

Nup = 2Nog -+ 1.
332



Teneynpassienne o6beKTaMH OCYIECTBJISIETCS NyTeM Iepe-
BOAA HHAMBHAYAJBHOTO TPEXIO3HMIHOHHOIO KJI04a YIpaBJe-
Hus - KY B coorBercTByiomyio nozunuio. Ilpu aTom B 3aBUCH-
MOCTH OT MOJIIPHOCTH TOKAa B JIMHHM cpabaTbiBaer peje Y B
win Y0, BK/IOYAOIMKE WM OTKJIOUAIOmHe OOBEKT YIpaBjie-
HUsl, TIyTeM BO3JEHCTBHS HA NpoMexyTouHble pese (puc. 130, 6).
Tesiecurnanusanysi NMoJIOXKeHHsT OOBEKTOB OCYIIECTBJISETCS HX
6JI0K-KOHTAKTaMH bK,

NpU NepeK/IoueHHH KOTo- o—__ o,
pHIX H3MeHseTcs monsAp- | _ e
HOCTb TOKa B JiuHuu. IIpu 711 795
cpa6aTbiBaHMM pejie  CH-
rHanu3anun CO wiau CB ' #J--'W A

BKJIIOUAOTCS Jiamnbl JJ0 Om

unu JIB.

Dta cxema paer co-
KpallleHHe YHCJa IpOBO-
JIOB B IBa pasa Ilo CpaBHe-

HUIO C JUCTAHIHMOHHBIM 7 o

ynpabsenueM. JlanpHei-

Lee COKpAleHHe YHCIA 8t Lo l48|vo

MPOBOJOB MOXHO TOJY- ﬂﬂ%ﬂ r r

YUTb 3a CUeT yBeJMYeHHs B 0

KOJIM4eCTBA  HCIOJIb3Yye- 0 4

MBIX KAUECTBEHHBIX IIPH-  p,. 130. Mpumunuanshas cxeMa wio-

3HAKOB. ronpoBogHoro ycrpoiicrea TY¥Y—TC ¢
HauGonee NIPOCTAA  paspenHTeNbHEIM H3GHpaHHEM H IOJSP-

CXeMa I0JTy4aeTcst PH Of- HEIM BbIGOpOM:

HOBDEMEHHOM HCTIO/Ib30Ba- & oxote TYCTC: 0 o caows mxnorens
HHUH IIOJIAPHBIX H aMILIH- HBIX leneH ynpaBieHHs.
TyJHHIX KauecTB (pHC.

131). TeneynpaBsieHHe OCYHIECTBJsIETCS GOJBLIMME AMILIHTYLA-
MM TOKA B JIHHHY, & TEJIECATHAJIU3AINSA — MaJbIMH. BEI6op nosu-
wuu TY- u TC- nonspuwiii. Pese ynpasneruss ¥B u YO
3alIYHTHPOBAHbl CONPOTUBJIEHUSIMH R U NM03TOMYy CpabaTbiBAOT
TOJIBKO OT HMITYJIbCOB TOKA B JINHHM 3HAUUTEJIbHOH aMILJIUTY.IbI
(puc. 131, a, 6). Oas cpabaTeiBanusi pese curHanusamuu CB
u CO pocratoyHa Manas ammiautyna (puc. 131, 6).

Kaou ynpasnenus KB —KO aByxno3unuoHHslll. B noJo-
JKEHHH, ToKasamHoM Ha puc. 131, a xowrakthl Kiwoua KB
3aMKHyTH, a KO — pasoMkHyTHl. OOGBEKT BKJIOUEH H €ro
6s10K-KoHTakTel 5K Haxofsitest B BepxseM moJioxenud. Ilpu
5TOM IO JIHHHH JI; TPOXOAAT HMITYJIbCH TOKA IOJIONKHTEJIbHOM
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NOJITPHOCTH U MaJlofi aMIUIMTYAHl, YACPKHUBAIOUINE TKOPb pefe .
CB B DpUTSIHYTOM COCTOSIHHH, @ €r0 H. 0. KOHTaKThl — 33MK-
HyTbiMH. CHTHa/NbHas Jiamna JJ/B CHTHANTH3HPYeT BKJIOUEHHOE
COCTOSIHHE OOBEKTA.

Jns oTK/oueHHss o0beKTa HeoOXOAHMMO KJII0Y yNpaBJICHUS
nepeBecTH B IPOTHBONOJIOKHYIO No3uuuio. I1pu sTOM ero KoH-
takTel KB pasomkuytcsa, a KO — 3amxnyTcs. O6MOTKa pede

Ty

o

*

Ol
=5

| Y8 | Yo
78 o r r
8 0

Puc. 131. Cxema mHoromposopsoro ycrpoiicta TY—TC c paspe-
JIUTeNLHBIM M30HpaHHEM H IOJSPHO-aMIUIMTYJHEIM BEIGOPOM:

a — cxema TY—TC; 6 — umnyabchl TC u T¥; 6 — cXeMa BKJIOYeHHS CHI-
HaJIbHbIX JIaMIl; & — HCIIOJIHHTeJIbHble LEeNH yNpaBJIEeHHHA.

CB 6yner samynTupoBana u Jamna JIB mnoracuer. Tax Kak
CONMpOTHBJIEHHE LENy YMEHbIIAeTCS, TO AMIUIMTYAA IOJIOXKH-
TeJIbHBIX MMITYJIGCOB B JINHHH YBEJHUHTCS W peJe yNpaBJeHHs
YO cpa6oraer. Korjga oGbeKT OTKJIIOUHTCS, TO €ro GJIK-KOH-
TaKThl INE€peKIcUYaTcs B HHKHEE MHOJIOXKEHHE U B JIVHHH YyCTa-
HOBHTCSI TOK 0TpnuaTeanoﬁ NOJIAPHOCTH H Ma.HOﬁ AMIIATY B,
OT KOToporo cpa6oraer pejie curranusanuu CO. CBouMH H. O.
KoHTaktamu peje CO BKJIIOUMT CHTHAJbHylo Jamay JI0
(puc. 131, e).
Juas cxembl puc. 131, a obmiee- yucjo npoBOJOB

NHP =N06+ L.
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§ 2. MHOTOIPOBOJTHBIE YCTPOIICTBA
TY — TC C PA3[IEJNTEJIBHO-
KOMBHHAIIMIOHHBIM (KAYECTBEHHO-
KOMBUHAIIIOHHBIM) METOIOM
N3BAPAHASA

B MHOrompoBOAHBIX YCTDOHCTBAX C pa3fesii-
TeJIbHO-KOMOMHAIIMOHHBIM MeTOoM H30HpaHus HA6op KOMOH-
HalMfl Koma Ha BCe COYETAHHS OCYIIECTBJIAETCS KOHTAKTaMH
HabopHEIX pese HII, ob6pasywoomux mudpartop (puc. 132, a).
O1n pene cpabaThiBalOT NMPH MOBOPOTE HHIUBHAYAJBHEIX CaMo-
BO3BPATHBIX KJouell yipasjeHus KY B COOTBETCTBYIOMLYIO
nosuiuio (puc. 132, 6). IloenenoBartenbHas nemouka H. 3.
KOoHTakToB peje HIIO — HIIB HCKJOYaeT BO3MOXKHOCTD
KOPOTKHX 3aMbIKaHHH HCTOUHHKA IHUTAaHUA IIpH CJIyYaHHOM
OJHOBPEMEHHOM Ha)KATHH Ha JBa MM Gosee KJIOYa YIpaB-
JeHusi. B sToM ciyuae obGpazyercs KOMOHHAIMS C GOJIBLIAM
HOMEpOM.

®ukcanusa KoMmMOMHALHMH BHIIOJNHAETCH HAOOPHBIMH peJie
npemudparopa H/[. KoHTaKTH 3THX pesie 06pa3yloT BHIXOLHbIE
nenu gemugparopa (puc. 132, ). Hasa nosnyuenus GoJsiee pas-
HOMEPHOH KOHTAKTHOH Harpysku Ha pese H/[ B ofHOH H3 BeT-
Belt Jemmdparopa KoHTakThl pese 2H/] w 3HJ[ MeHsIOTCS
MeCTamH.

Kaxk sicio u3 puc. 132, cxema pasjesure/bHO- KOMOHHALHOH-
HOTO YCTPOHCTBA TeseyNpaB/eHus 3HAYUTeILHO CJIOXKHee, deM:
C TPOCTHIM pasfiesuTesqbHbIM H3bupanuem. OfHAKO HCIOJB30-
BaHUE JIHHUH CBSI3W MoJyuaetcsi GoJsiee sipeKTHBHbBIM. MHOrO-
npoBozHble yctpoiictBa TV —TC npuMeHAIOTCS NPH CpPaBHH-
TeJIbHO HeGOJBIINX DPAacCTOAHUSX A0 OOBEKTOB YIpaBJieHMS..
IIpruem mpeumyIecTBEHHO HCINOJB3YIOTCS YCTPOHCTBA C NpoOC-
TbIM KaueCTBeHHbIM H30HpaHHeM Kax HauboJjee MPOCTHIE.

§ 3. YCTPOIICTBA TEJIEYIIPABJIEHHSA C YAC-
TOTHO-KOMBHHAIHOHHO-PA3/[EJIH-
TEJIbHBIM METOIOM H3BHPAHUSA

Ilprx 4acTOTHO-KOMOHHALMOHHO-Pa3/e/THTENb-)
HOM MeTolle u36MpaHHMS KaKAbl NpUKa3 nepenaercss Onpefe-
JICHHOH KOMOMHAUHeH# MHOIOYAaCTOTHBHIX ITOCHLIOK, IlepenaBae-
MBIX [ApajJiesIbHO IO OTAesbHBIM I[POBOAHBIM JHHHAM HJIH
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_Kanalam CBsi3H M OOpa3yIOIMX PasfesHTe/bHO-4aCTOTHIE
KOJIbI, Ha3plBaeMble — I1apa/lIe/IbHONIOChIIOYHBEIMH.
Ilpu K = 1 Ko/sn4ecTBO MPHKA30B

M = (C;’:!l)NK. c,

rie Ny, . — KOJHYeCTBO IapaJjiebHBHIX KaHAJOB CBSI3H HJIH
NPOBOJHBIX JIHHHM.

IIpenmymecTBo yacTOTHO- KOMOHHAIHOHHO- PA3E/IUTENBHOTO
MeTofa H30MpaHMs Nepe]l YaCTOTHO- KOMOHHAIMOHHO-pacIpene-
JINTeJIBHBIM 3aKJiouaeTcs B GoJiee BBICOKOM OBICTPOAEHCTBHH
npu GoJiee MPOCTBIX CXeMax LIH(PPATOPOB H JeiHdpaTopos.

PasjiesuTe IbHO-4aCTOTHBIA KoJ, MOJOGEH 4YacTOTHO-BpPeMeH-
HOMY KOAy C mNepefadeil NOCHLIIOK 10 OTAEJNbHBIM KaHajiam
cas3u. OnHaKo faxe NPU HCIOJb30BAHWH KOLA HA BCE COUETa-
HUA JJg ero oOpasoBaHHMs H (MKCALMH pacnpefesiHTe/u He
HyxHH. Kpome Toro, Bpemsi nepefaun KOAOBOH KoMGHWHALUH
pasfesuTeIbHO-4aCTOTHOTO KOJA B My Pa3 MeHbLIe, YeM 4acToT-
HO-BPEeMEHHOI'0 KoZa.

Tak KakK OQHOTHIIHbIE NOMEXH MOTYT BO3HHKAaTh OLHOBpe-
MEHHO Ha BCeX KaHalax CBSI3H, TO AJIA MOBBILEHHS IOMeXo-
YCTOHYHBOCTH B Pasie/IiTeIbHO-4aCTOTHO- KOMOHHAIIMOHHBIX CH-
cremax TY WMoOryr INpHMEHATBCS pa3JeJHTeIbHO-YaCTOTHbBIE
Kozbl, NMOZOGHEIE CMEHHONOCHLIOYHBIM. IIpu 3TOM moJydaem
CJIeflyIole BEIpXKEHUS [/ KOJHYeCTBA KOMOHHAIMM:

1) nas pasjgenuTe/IbHO-YAaCTOTHOTO KOJ@ HA BCE COYETAHHUA

M = (C”mq‘l)NK. <,

2) Aas pasfeNuTe/IbHO-YaCTOTHOTO KOJA THIA TOJIHOTO
CMEHHOIOCHIJIOUHOTO

M = Cra (Cra — 1Yo o7

3) 1n/1a pasjieJIMTEbHO-4aCTOTHOrO KOJA THMNA MOJHOTO
CMEHHOIIOCHIIOYHOTO Ha Pa3MellleHHus

4) nas pasgeHTeNHHO-YACTOTHOrO KOAA THMA HEMOJHOTO
CMEHHOMOCHIJIOUHOT0

M = Cs (Crapm)V e e,
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5) mss pase/HTENbHO-YaCTOTHOrO KOJA THIA HEIOJHOTO
CMEHHOIIOCHIIOUHOTO Ha pa3MelleHust

m, N -1
M= qu" . Acr‘,‘z'qc

ny—mgq

HpHMeHeHHe pasaequTe/IbHO-4aCTOTHBIX KOJMOB THIIA MOJHOTO

HUJHU HEIOJHOI'O CMEHHOIIOCBIJIOYHBLIX Ha CQUeTaHUusd He HUMeEeT

CMBICJ/1A, TAK KaK HOMeXOYCTOﬁ‘-IHBOCTb HX NPHUMEPHO TakKad ke

KaK U KOJIOB HA Pa3MeIleHHst, 4 CXeMbl Aelnu(paTopos He yIpo-
I AI0TCSI.

Ky
—

Mg U]

- - KC, -
Iw e p—a—1 Inye b= Iz

- - Ke. — —
Tw —3«»—111/7!/0 Mg

Puc. 133. DBuok-cxema pasjeiuTelbHO-4YaCTOTHO-KOMGHHALHOHHOTO
ycTpoficTBa TeleynpaBieHuss npu N, , = 2.

K. C

Cxema pasje/inTe/bHO-4aCTOTHO-KOMOGHHAIIMOHHON CHCTEeMBb
TesleyNnpaBJeHds He 3aBUCHT OT THINA NPUMEHSAEMOro pasjeJiu-
TeJIbHO-4aCTOTHOTO KOZa.

Bnok-cxema  paspesuTesbHO-4ACTOTHO-KOMOGHHAIIMOHHOTO
YCTPOHCTBA TesieypaBJeHU s IPH UCTIOJb30BAHUU ABYX KAaHAJIOB
cBs13u npusefieHa Ha puc. 133. Kurouu ynpasnenus KV Bos-
JIEHCTBYIOT OflHOBpeMeHHO Ha mudparopsl [ w I1111, a ¢ BeIxOAA
muppaTOpoB BO3IEHCTBHE NEepeaeTcsl HAa TeHeparopbl 4acToT-
HbIX curHasnos [7'4C u [II'YC. Ha npuemHO¥M CTOpPOHE YacTOT-
Hble CHTHAJbl BOCIPHHHMAIOTCS TNpHEMHHKAMHM YacTOTHBIX
cursanoB [ITYC w IIITYC, KoTOpbiE BO3EHCTBYIOT HA BXOMBI
Auopubix matpuil IMy u IIMy tana C™. BbIXofbl ZHOLHBIX
MaTpHI CBA3aHbl ¢ BXoJaMmu ofmieit AuogHO# MaTpHUE M, Ha
BBIXOJBI KOTOPOH BKJIIOYAIOTCSI HCIOJHUTEJ/bHEIC 3J€MEeHTEl M3
o6bvexToB ynpasjenus: OB.

[lpn OnHOBpeMEHHOM NOCTYNJEHHH CHIHAJOB C BHIXOLOB
marpunt IMy u IIM, wa Bxon marpuubl M, COOTBETCTBYIOUIHH
HCTIOJIHUTEJIbHBIH 3J1eMeHT cpabaThiBaeT W 3aMblKaeT WJIH pas-
MBIKaeT nenu ynpasjenus OB.
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ClieflyeT OTMETUTD, YTO JUHAMUYECKYIO TOMEXOYCTONYHMBOCTD
Pa3[e/IUTEIbHO-4aCTOTHO-KOMOMHAIIMOHHONH ~ CHCTEMBl  TeJie-
yIpaBJieHHsI MOXKHO TAKXKe IIPOCTO NMOBBICHTH KAK U B 4aCTOTHO-
KOMOMHAIHOHHOR CHCTeMe, NPHMEHHB UYHCJOBYIO 3aLIUTy HA
BXOlle «KAHAJbHBIX» MATPHUIl M IIOBTOPUB CHUTHAJ INyTeM e€ro
COOTBETCTBYIOIIETO VIJIHHEHHS.

IIpumenenue  pasjeJUTeNbHO-4aCTOTHO- KOMOHHAIMOHHBIX
YCTPOHCTB TMEPCIeKTUBHO NP 3HAUUTEBHOM KOJIHuecTRe 00BeK-
TOB YIpaBJeHUs M NPH BHICOKHX TPeGOBAHHSX K ObICTpoZei-
CTBHIO.

IlpumeHenue pasjesUTeNbHO-PACHpefeUTeIbHEIX METOLOB
u36MpaHus yCJIOKHSIET CXeMy, TaKk KaK paclpelesuTesd LO0J-
Hbl yCTaHAB/JIMBATbCA MO BceM KaHajam cBsi3H. Kpome Toro,
Heo6xoguMo ofecrneunTbh CHHXPOHH3AIUI0 U CHH(pA3HPOBaHHE
BCeX pacmpeesuTese.

Hckmouennem sBJIsieTCST NPHUMEHEHHe pasfeJIuTesIbHO-pac-
npese/uTe/bHO-KOMOHHAIIMOHHOTO MeTOa H36UPaHU S C HCHIOMb-
30BaHMEM CMEHHOKAUeCTBEHHBIX KOZOB M UACTOTHHIX KauecTs.
[pu uCrosb30BAHHM HA OTHAEJBHBIX KaHAlaX CBSI3H JBYXHM-
IyJIbCHBIX CMEHHOKAUeCTBEHHBIX KOJIOB HA Da3MelleHHS HJIH
COUYeTaHHsl CXeMbl YCTPOHCTB TesleynpaBJieH’sl 0 CBoell CTpyK-
Type TOROGHBI  Pa3flesIUuTe/IbHO-9aCTOTHO-KOMOHHAIMOHHBIM
YCTPOHCTBAM.

Uucsio MpHKasoB 151 COOTBETCTBYIOMUX PasfesHTeNbHO-
BPeMeHHBIX KOJOB NPH Ny = 2

M = (Ci)N K. C
"
M = ( Ai)N K.c,

YTO 3HAYUTEJIbHO MEHBIIEe, 4eM AJS1 pasfesuTeIbHO-4YaCTOTHHIX
KOZOB. '

§ 4. YCTPOIICTBA IHUPRYJIAPHOI'O TEJIE-
YIIPABJIEHHA

Kax wu3BecTHO, KaHa/lbl CBSI3M SBJISIOTCS
camofi Ioporo#l W HEZOCTATOYHO HAJEXKHOH YacTbio YCTPOMCTB
Tesieynpasyienusi. [loatomy yxke cpaBHHTesbHO AaBHO (1927—
1930 rr.) mayanu NpPUMEHSTb YCTPOHCTBA LUPKYJSAPHOrO Teje-
ynpassenus (LLT) ¢ mepejaueit CHIHAJIOB IO paclpeje/HTel b
HOH ceTH HHM3KOFO M BBICOKOTO HampspKeHHsi. B psjge cTpad
3ananuoit Espombl (®panuus, lsefinapusi, PI, ABcTpHA
u Anrius), a takxe B CIHA yerpoifictBa [T TPHUMEHSIOTCH
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IJsl TeJileynpaBJieHHs] IHEPreTHUECKUMH OOBEKTAMH KOMMY-
HAJBHOI'O XO035{CTBA, NPOMBILIIEHHOCTH H ObITa.

B ycrpotictBax [T ocyiecTBisieTcsl OZHOCTOPOHHEE YIIpaB-
JieHHe GOJIBLIMM KOJIMUecTBOM OOBEKTOB YIpaBJeHHs, paccpe-
JOTOUEHHBIX HA 3HAYUTEJbHOH TEPPUTOPHH M MOAKJ/IIOUEHHBIX
K ofme#l ceTH, mo KoTopo#i Nepenarotcs yNpasJjsiomue Ko-
Mmanpl. OObeKTaMH YIpAaBJeHHs SBJSIOTCS: CBETHJIbHUKH
VJIMYHOTO OCBEHIEHHUs, JOPOXKHbEIE CHTHAJIBI, OCBEIIeHHe BHTPHH
H DeKjaM, AByX- M TpexTapu(Hble CUETYMKH 3JEKTPHYECKOH
SHepruu (B 4acel MUK CTOMMOCTh 3JIEKTPHYECKOH SHEPTHH NOBHI-
IIAeTCsi), CeTeBble BLIK/IOUATEJIH, KOHAEHCATODHI, BbI3BIBHBIE
YCTPOHCTBA NpH aBApPHAX H YCTPOHCTBA TPEBOXHOH CHTHAJIH-
sanuu. Kpome Toro, npu momomu ycrpoicts [T B uacel nmuK
OTKJIIOUAIOTCS KPYMHBIE KOMMYHasbHBlE INOTPeOHTENH 3JlekK-
TPHYECKOH 5Hepruu (HarpeBaTesd BOAbI, KPYNHBIE CTHPaNbHBIE
MAIIHHB], OTOIHTe/bHEIE U HACOCHRE YCTAHOBKH).

Curnanel yerpoiicts [[T mnepefaiTcsi IO pacnpejesuTellb-
HOM CeTH NPH NOMOIIY YaCTOTHBIX UMIIYJILCOB € UaCTOTOH 3ano.-
HeHus ot 175 1o 3000 ey. [Ipy NOBEHIIEHHH YACTOTH 3aNI0JTHEHHS
HMITyJIbCOB yBeJMYMBAeTCS 3aTyXaHHe B JIMHUH H TpaHncdop-
Maropax, a IpH HU3KHUX YacToTax NoTpeGHas MOIMHOCTb YIpaB-
JIeHUS 3HAUYHTEIbHO YBEJHUMBAETCS, TAK KaK YMeHbBIIAeTCs
OTHOIIEHHE YacTOThl CHUrHajsa K gactore cetd. OnHako mpu
HHU3KHX 9aCTOTAX 3aTyXaHHe He3HAYUTEJbHO H, CJIeILOBaTeJIbHO
paguyc JefictBusi GoJiblie.

Pa6oune 4acToThl BEIGHPAIOTCS € Y4€TOM BO3MOXKHBIX BJIHf-
HH# TapMOHHK HANpsKEeHHs TNpoMblilieHHOH uactotel (150,
250, 350, 450,..., 1350 ey u BbILe) U PACHOJNATAIOTCS B NPOMe-
KYTKaX MEXIY HHMH. '

HcrouHHKaMy YacTOTHBIX HMMITYJIbCOB YNpaBJeHHsl, Kak
NPaBUJIO, SBJAIOTCS MALIMHHBIE FeHepPaToOphl, MOMIHOCTH KOTO-
peix cocrasiaser oT 0,1 po 0,8% u Gosee OT MOIIHOCTH CETH.
Ha Goslee BRICOKHX uaCTOTaxX IPHMEHSIIOTCS JAMIIOBHIE FeHepa-
Topbl GosiblIoi MougHocTH. Tak Kak Ko3((UIMEHT HCIOJb30-
BaHHA MOLIHOCTH WMMITYJIbCOB YIPaBJIEHHs UpPe3BLIUANHO Mal,
TO B ycranoBkax [T NpHMeHSIOTCS YyBCTBHTEJbHbIC IpPHEM-
HHUKH. IIOCKOJbKY OIHOBpeMEHHO NPHEMHHKH JOJIKHBI HMeTh
U BBICOKYIO NMOMEXOYCTOHYHMBOCTb, TO HauboJjee IIHPOKO IpH-
MEHSIIOTCSL TNPHEMHHKH C 3JIeKTPOMEXAHHUYECKHMH pe30HaHC-
HBIMH CHCTeMamu (BuOparopamu). ITomexoycToHuHBOCTh CHCTe-
Mbl MOMKHO TaKKe NOBBLICHTb 3aMe/lIleHHeM IPHeMHBIX YCTPOHCTB,
BCJIEJICTBHE YEro BpeMsl Inepefayd CHTHAJIOB  YIPAaBJeHHS
HaxofuTcs B Ipefenax ot 10 cex 40 HeCKOJBKMX MHHYT.
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3a pyGexoM Haubosee MHUPOKO IMPHMEHAIOTCS ABYXNpPH-
KasHele ycrpofictBa [T, KoTopele NepefarT NPHKAasbl THIA
«BKJIIOYMTBY M «OTK/IIOUUTHY OOJIBIIOMY KOJHYECTBY ORHOPOJ-
HBIX OGBEKTOB, HANpHMeD ABYXTAapPH(HBIM CYUETUYHKAM 3JIEKTPH-
uecKoit sHepruu. limeercss Ba OCHOBHBIX BAPHAHTA BBINOJIHe-
HHS1 TaKHX YCTPOHCTB C HCNOJIL30BAHHEM YACTOTHOIO H pacmpe-
JeJIUTeIbHOTO METOJOB H30upaHus. B mepBoM ciyuae npuKassl
nepefaloTcsl Ha JBYX PAa3JHYHBIX YACTOTAX B BHAE OJHOrO
HMIyJIbca, @ BO BTOPOM — Ha OAHOH 9acToTe ABYMsl HMIYJb-
CaMH C pas/IMYHOfl BEJHYHHON Nayabl MEXAYy HHMH (BpeMeHHOH
KaueCTBEHHBIH NPH3HAK).

JByXuacTOTHBIi NPHEMHHK C SI3bIMKOBBLIMH BHOpaTOpaMH
n Tepmopene. [IpuHnunuanbHas cxema NpHEMHHKA M BHJ CHI-
HaJIOB yIIpaBJIeHHs IPHBEAEHH HA pHC. 134. B ncxognom cocros-
HUH TpueMHHKa (pHC. 134, @) KOHTaKTHl S3BIYKOBBHIX BHOpa-
topoB B, u fIB, wyHTHPYIOT TepMoasieMeHTsl 191 u T3, -
H KOHTaKThl TepMopese TP B Lenu o6beKTa yNpaBJeHHS
Pa3sOMKHYTHL.

,BX v : Bb;”
4p
73,
p 98y

———
Bxp 982 7p Boi%
& ' /7

aQ : )

Puc. 134. [IByXuaCTOTHRIH NPHEMHHK C A3BIYKOBEIMH BHGpaTO-
pamMH U TepMopeJe:
a — MNpHHUHIIHAJNbHAasA CXeMa; 6 — CHTHaJH ynpasJieHHA .

Curnan ynpasseHust (puc. 134, 6) OfHO¥H YacTOTHI, HANPH-
Mep fi TpOXOAUT MO o6MOTKe Bo3GyxjeHHs OB u Bb3biBaeT
BuGpauuio 7B, BCIEACTBHE YEro €ro KOHTaKThl GYAYT MEpHO-
JIMYECKH Da3MbIKaTbCsi, MPH 3TOM TepMosJeMeHT 1.3; HauHeT
HarpeBaThCsi H 4epe3 onpenesieHHoe Bpems (A0 1 muwn) Tepmo-
pesie cpaGoTaeT M 3aMKHeT CBOii KOHTakT TP B uenu 00beKTa
ylpaBjerus. JTOT KOHTAKT DA3OMKHETCS] NpH TNepefaye HM-
mysbca Toif YacTOThl, HA KOTOpYI0 HactpoeH BHOparop S B,
Hanpumep f» ¥ Harpese Tepmoajementa 1Js.
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Jlssi orpaHndyeHusi ToKa yepe3 TEPMO3IJIEMEHT BKJIOUAETCS
JApoccens p.

Konpencarop C BHOHpAIOT TAKOH BeJHYHHBI, 4TOOHI MOCIIeE-
JIOBaTeJIbHBIAl Pe30HAHCHEIA KOHTYp, 00pasyeMblii ¢ MHAYKTHB-
HOCTBIO OOMOTKH TpaHchopmartopa Tp, GbI HACTPOEH Ha cpef-
HIOI0 YacTOTY YNpPAaBJSIOMHX HMIYJIbCOB. DTHM 3HAYHTENHLHO
yMeHbIIIaeTCs] BEJIMYHHA TOKA NPOMBIIIEHHOH YacTOTHl, INpo-
XOASAIEro Mo o6MOTKe TPaHCHOPMATOPA, H HECKOJNBKO YBEJH-
YHBAETCS NOMEXO3AIHIIEHHOCTb NPHEMHHKA.

TpHEMHHK JBYXHMIYJIbCHBIX CHTHAJOB C SI3HIMKOBHIM BHO-
paTtopom, TepMopese M CHHXPOHHBIM JBuratenem. IIpuHum-
NHAJbHAs CXeMa IPHeMHHKa H BHJ, CHTHAJOB YIpaBJieHUs
npuBefieHsl Ha puc. 135.

B npuemHuke (puc. 135, @) 4yBCTBHTEJLHBIM 3JIEMEHTOM,
HACTPOEHHBIM HA YacTOTy CHCHAMA, SIBJSIETCS SI3BIYKOBHIN
BuOparop B, KOTOpHI C NOMOMIBbIO TepMopese 3amycKaeT
HeOOJIBIION CHHXPOHHBIHA JBuraresns C/[, BKOYaomui HaGop
KOHTAKTOB. B 3aBHCHMOCTH OT JJIHTeNBHOCTH HHTepBaja
MEXKIY HMIYJbCAMH YIPABJEHHS] 3aMBIKAETCS IENb TepMO3Jie-
MeHTa T3, Ham TO;z, 4TO NPUBOJHUT K 3aMBIKAHHIO HJIH pas-
MBIK4HHIO KOHTAKTOB Tepmopese TP B Lenu o6bekTa ynpas-
senus. [Ipu MajoM HHTepBase MEXAY HMIYJ/LCAMH YNPABJEHHS
HarpeBaetcs tepMmoajieMeHT 1.9, u KoHTakTH TP 3aMblKaiores,
a npu GOJIBIIOM — HarpeBaeTcss TepMoasieMeHT T3J; M KOH-
TakTel TP pasMbIKamorcs.

ITpu nocrynsennn nepBoro uMmnyJbca (puc 135, 6) s3bUOK
SIB nauunaer BHODHPOBATb H uepe3 TepMoajeMeHT 713
6yLyT NMPOXOAUTb HMNYJbCH TOKa. Ilo mcTeweHuu HeKoTOpOro
BpeMeHH KOHTaKTHas IJIaCTHHKA TepMmopejsie [1T mepemecTHTCs
BBEPX H KOHTAKT 8 3aMKHETCSl C KOHTAKTOM 4 LeNH CHHXDOH-
Horo jsuratens C/[. Bpamasce, ABUraTe/ib NOBEPHET npoqomlb-
Hyto mai6y [l npoTHB 4acoBOH CTpeJKH, KOHTaKTH 3 H 4’
pasomkHyTCs M ABurarenb CJ] ocraHoButcs. Uepes Bpems fy
CHTHAJ YNpaBJeHus NpPEKpaTHTCss M nuactuHka [IT BO3Bpa-
THTICS B HOPMa/bHOe noJsoxkeHue. IIpH 5ToM KOHTaKT 3 3aMK-
HETCsl KOHTaKTOM 4", KOTOpBIH BCJEACTBHe NOBOPOTA Iafi6hbi
ITII 3aiimer BepxHee mnoJioXKeHue. JIBHraTe/b CHOBA HAuyHET
Bpamarbes u waiba /1] Gynet panbire NOBOYAYHBATHLCS npo-
THB YacOBOH CTpEJIKH.

Yepea Bpemst {; mocje IIOBTOPHOTO NycKa /JBUTATejis
mwait6a I111, noBopaunuBasch, 3aMKHET NaJbLIEM 5 KOHTAaKTH 6,
H €CJH B 3TOT MOMEHT GyAeT MOLAH MMITYJbC YIPaBJeHHs, TO
ABHTaTeJb OCTAHOBHTCS, TAaK KaK KOHTaKTHAas IIaCTHHKA J
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TepemMecTHTCs: CHOBA BBEpX J0 yrmopa 2 H PasOMKHeTCs! C KOH-
takToM 4”. [Ipu 3TOM TepMoaseMeHT 73> MOAK/IIOUHTCS K LENH
H OCTaHeTCS B TAKOM MOJIOKEHHH, TOKa JJHTCSA CHTHaN yNpas-

2— -2
Bx l Boix;
c

27N
73,
98 7 ‘h
6 7
L] [ L] [
T3, T3,
5 70 Boix,
- — —2
a
4]
tM —
tz
om
6

Puc. 135. [TpueMHHK IBYXHMITYJILCHBIX CHTHAJIOB C A3BIYKOBEIM
BHGPATOPOM, TePMOpeNie M CHHXDOHHBIM [BHIaTelleM:
a — NpUHIHIIHANbHAsA cxXeMa; 6 — cHrHajbl ynopasJieHHs.

jeHusi. Uepe3 HECKOJBKO CEKyHJ 3aMKHYTCs KOHTAaKThl Tep-
mopesie TP B uenu o0heKTa yNpaB/eHHs.

Kora cHrHaj yrnpaBJeHHs NPEKPATHTCS, KOHTAKT 3 3aMK-
HeTcss ¢ KoHTakToM 4”7 u ABuraresb OyfeT BpamiaTbCs, NOKa HE
BEPHETCS CHOBA B CBOE HOPMA/IbHOE MOJIOKEHHE.

343



OGBeKT OTKJ/IouaeTCss NPH MNOCTYIUIEHHH YIPaBJISIOMIHX
HMITYJIbCOB C GOJIBIIIUM HHTEPBAJIOM £3, YTO NPHBOAHUT K 3aMbl-
KaHHI0O KOHTAKTOB 7, HarpeBy TepmoaseMeHTa T3; W pasMul-
KaHHIO KOHTakToB TP.

Jnsi o6pasoBaHHs 3HAUMTEJbHOTO KOJIHUECTBA MPUKA30B
HCTIOJIb3YIOTCS MHOrOYACTOTHEIE YCTPOHCTBA € nepejadell Kax- -
JOro TpuKasa Ha cBoell yacrore. [IIupoKo pacmpocTpaHeHE!
pacrpeenuTeNbHbIE YCTPOHCTBA C BBIOOPOM IO HAJIHYHIO HJIH
OTCYTCTBHIO UMIYJ/IbCA B CEDHH HJIH TO JJIHTENbHOCTH HMIYJIb-
coB [24]. ‘

B CCCP ycrpoiicta [[T paspaGartnBatorcsi B MHcruryre
anektpoiuHaMuky AH YCCP, rae npeijioxkeH W peaju30BaH
OpPHTHHANBHBIA crnoco® 00pa3oBaHHA YaCTOTHBIX HMIYJIbCOB
ynpaBJieHusi B cuiioBoit cetu [53]. 'eHepamus TOHAJBbHBIX HM-
IyJIbCOB OCYIIECTBJISIETCS] NEPHOAHYECKOH MOAYJIsAIueH Hanps-
JKEHHS] CeTH YynpasJjsemoil Harpyskoil. Ilpum mnoakmoueHuu
HArpy3KH HamnpspkeHHe B CeTH CHHXKAeTcs, a NpH OTKJode-
HHU — TOBBILIAeTCsl. EC/AH NPOH3BOAMTCS MNOAKMIIOYEHHe Ha-
TPY3KH C OIpelesIeHHOH 4acToTolf f, TO, KpOMe "HampsKeHHS
NPOMBIIIJIEHHOH YaCTOTHl H BBLICIIMX TAPMOHHK, B CETH BO3HH-
KaeT HanpsiKeHHe ¢ 9acToroii f, KOTopoe MOXKHO HCIOJIb30BATH
JJ1s1 o6pasoBaHus CHUTHAJIOB ynpaBJieHusl. I3meHeHue 4acTOThI
cHrHajIa OCYIIECTBJISI€TCS BapHalyeil 4acToThl NOAKJIOUEHHS
HarpysKH.

B BhINOMHEHHO! ONBITHOl yCTAaHOBKE B KauecTBe yIpaBJise-
MO#i Harpy3KH HCHOJb30BAHBI MOIIHBIE THPATPOHH!, COOpAHHLIE
Mo cxeMe HOHHOrO Tpurrepa. OCHOBHBIM H30HpATEJNbHBIM
9JIEMEHTOM INPHEMHHKa $BJsieTcsi OeCKOHTAaKTHBIH BuGparop.

————
————
—



ITIPHJIO)KEHHE 1

9JIEMEHTBI TEOPUH PEJIEWHBIX CXEM

1. OcHOBHEIE IOHATHA U ONpEReNeHHsA

- Ilpu mnpoexkTHpOBaHHM H HCCJIEJOBAHMH peJefHHIX CXeM pelIaloTcs
IBe OCHOBHBIE 3aflauu:

1) cuHTe3 cXeM — HaxOXJeHHe CTPYKTYPH CXeM MO 3aJaHHBIM YCJO-
BHSIM ee paGOTHI;

2) aHanu3 cXeM — ONpefieJieHHe YCJOBHE PaGOTH CXEMBl MM OTHENb-
HBHIX ee eJleMeHTOB [0 HMelolelics CTPYKType cXeMH. B pesynbrate aHanusa
cXeMa MOXeT GHTbL YNpOILIeHa.

Jlnst aHanu3a u CHHTe3a pesiefHBIX CXeM HCIIOJb3yeTcs MaTeMaTHUeCKHH
annapar GyJsieBoi ajare6pel Hiau aare6psl joruku [10]. B anre6pe peneftHbX
LeMnel HCMOMb3yeTcst TPH ©CHOBHBIX ONMepalyy ajreGphl JIOTHKH.

1. Jlornueckoe cJjlokeHHe (IH3BIOHKLHS, OOBbeJUHEHHE), COOTBETCTBYET
Joruueckoil cesaske MJIH (B HepaslesuTeJbHOM cMbiche). PyHKIuA a + b
(o6o3Hayaercst Takke a\/ b) HCTHHHA TOrJa, KOrja HCTHHHO XOTSI GBI ORHO
H3 cJlaraeMbiX.

2. Jloruueckoe yMHOMeHHe (KOHBIOHKIMS, NepeceueHHe), COOTBETCT-
BYeT JIOruecKoii cBsizke M. OyHKuus a - b (o6o3Hayaercss TaKkxe aAb)
HCTHHHA TOJBKO TOrZA, KOTJa HCTHHHBI 062 COMHOXHTeJS.

3. UuBepcusi, COOTBETCTBYET JIOTHUeCKOMy oTpuuanuio HE. Oynkuus a
HCTHHHA, KOTZa @ JIOXHO, H JIOXHA, KOTJa @ HCTHHHO. .

¢ BaxXHO OTMETHTb, 4TO ajreGpa pesefiHbIX Lemell sBAseTCs He ajre6-
po#l umces, a anreGpoil CoCcTosHMH, omepHpyolleH TOJAbKO C IABOHYHBEIMH
nepeMeHHLIMH, KOTOPEIE MOTYT MPHHHMATh BCErO JBa 3HaueHHs, JBa KOHeu-
HbIX coctosiHus. CrieoBaTesbHO, MepeXofHble COCTOSIHUSL CXE€Mbl, BO3HH-
Kalwilye B ITpolecce MepeK/IIOYeHHs] KOHTAKTOB, He YYHTHIBAIOTCS.

Penefinble Leny MOryT 06pa3oBLIBATLCH KOHTAKTaMH pejie HJIH GeCKOH-
TAKTHBIME 3/71eMEeHTaMH. JIOTHUECKOMY CJIOKEHHIO COOTBETCTBYET MapaJjielb-
HOe BKJIIOYeHHe peJieHHEIX 3JIEMEHTOB, @ JIOTHYECKOMY YMHOMXEHHIO — HX
[OCJ/IeIOBATe/IbHOE BKJIIOUEHHE.

2. AHajaTHYECKas 3aNHCh CTPYKTYpbl
OIHOTAKTHHIX peleiiH0-KROHTAKTHEIX CXeM

CTpYKTypa peJlelHO-KOHTAaKTHOR CXeMBl H300paxaercs TrpapHuecKu
B BHIE BepPTHKA/JbHBIX MJH TFOPH30HTANLHBIX JHHHH, B pasphiBe KOTOPHIX
NOCTaB/eHb GYKBHI, 0603HAUAIOLHe pearHpylolye opraHsl (OGMOTKH pedne)
H HX BbiXxojHble menu (KOHTakThl). IIpHueM oOMOTKH pere 0603HayaioTCsA
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GonpluMHE GyKBaMH, a HX KOHTaKTH — MaibiMi. HopMasnbHO 3aKpbIThle
KOHTAKTB H. 3. B OTJIHUME OT HOPMAJbHO OTKPBITHIX H. 0. 0GO3HaualTCs
yepTolt Haj GyKBOH @ (3HaK WHBEPCHH), YTO YKashlBaeT HA HX NPOTHBOIIO-
JIOXKHOE COCTOSIHHE [0 OTHOLIEHHIO K HOPMAaJbHO OTKPBITBIM KOHTaKTaM.
> TTocsenoBaTenbHOE COefHHEHHE 3JIEMEHTOB
0603HAYAETCS 3HAKOM YMHOXEHHs, 4TO COOT- L L
a Ee

BETCTBYET JIOTHUeCKOH cBs3Ke M, a mapajiefb-
HOE COeJIMHEHHe 3JIEMEHTOB — 3HAKOM CJIOXe-
HHSI, 4TO COOTBETCTBYeT JIOTHYeCKOH CBf3Ke
HJIIH.

Ha puc. 11 npuBeneHo uzo6parkeHue pelei-
HO-KOHTAaKTHO# cxeMbl corniacHo TOCT 7624—62
(puc. IIl, @) u cormacHO TeOpHH pe/eHHbIX
yerpoiicte (puc. IIl, 6).

Cxema (puc. [T1), sanmceiBaercst B Buje
CTPYKTYPHOH (hOpMyJibl

F(yy = acd + eb, (T-1)  Puc. T11. Tpaduueckne

HASHIBAEMON CTPYKTYpHOl (OpMyJIOH peneiino. ~ H30OPAXEHHS perefo-
KOHTAKTHOH cXeMbl. 1lpaBas wacTb oToit cTpyk-  (CHTAKTHOH CXEMEL
TypHO# (OPMyJIBI BEIpAXaeT KOHTAaKTHyIo cxe- g5~ Sornacro FOCT 7624—
o 3 —_ PHHU
My (KOHTAKTHHIH ABYXIOJIOCHHK), KOTOPAst 06-  peleHfHEIX ycTpoOiCTB.
pasyercsi KoHTaktamu pene A, B, C, I u E.
Uupnekc x npu GyHKUMH F yKasklBaeT, yTO PacCMaTpPHBAaeMblli KOHTAKTHBLIH
IBYXIIOJIOCHHK BO3JeHCTBYeT Ha OJMH pearupyiomuii opraH (OOMOTKY
pene X).
_— Tlo crpykrypHo# dopmyse (II-1) MOXHO BHIPASHTL CJIOBECHO YCJIOBHS
pa6oTel pearupylomero opraHa. Pene X cpaGaThiBaer, ecau cpaGoTaror
pene E u pene B, unn cpaGorator pene A u pene /[ u He

— )
e (D g

il

o ¥ H

_gf-_ cpa6otaer pejie C. Hanuuue cBsi3ku A B C/IOBeCHOM BbIpa-

JKEeHHH YCJIOBHH cpaGaThiBAHHS yKas3blBaeT Ha IOCJeJloBa-
[—]_] TeJlbHOE COelMHEHHe KOHTAKTOB, a HajHuhe CBSA3KH
b b HJIH — na napannenpHoe. Ecim B cxeMe HMeeTcss He-
| | CKOJIbKO OGMOTOK peJie, KOTOPble BKJIIOYAIOTCS OGMIUMH

? 7 KoHTakTaMu (puc. I12), To B obmel cTpykTypHO# (hop-
MyJe 06Go3HaueHHsT OCMOTOK YMHOXAIOTCA HAa COOTBeT-
CTBYIOLIHE CHMBOJBI KOHTAaKTOB

Puc. I12. Pe- F = a(beX, + bdXy). (I1-2)

JiefiHasi cxeMa Pene Xy u X, cpa6oTaioT TONbKO NPy cpabaTEIBAHHH
c gByms pene.  pene A. Kpome Ttoro, nas cpabatbiBaHHst pele X1 HeoG-

XonuMo, yTo6bl cpa6otano pene B u He cpa6oTajo peie
C, a nnsa cpabaTeiBaHust pene X, HeoGXOAUMO, UTOGH He cpaGoTajo peje
B u cpabortano pene 1.

3. IoHATHE O HYJE M eJUHHANE

Anre6pa peslefiHbIX Henelt sBAsieTcs He aare6pol uucesd, a anreGpoi
COCTOSIHUH, NPHYEM STHX COCTOSHHMH MOXeT GbiTh BCero JBa. JTO IOJIOXKe-
HHEe 3aNHChIBAaeTCAd CJEeAYIOMHM 0Gpa3oM:

x=0,eH x#+ 11
x=1, ecns x 0.
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Mudper 0 u 1 He BEIpaXKaIOT KOJHUECTBEHHBIX COOTHOIIEHHH, a NIpeACTaB-
JISIIOT oGOl [iBa PAasNHYHEIX COCTOSTHHS peneffHOH cxeMbl. OGBHIYHO 3aMKHY-
TOEe COCTOsIHHE OGO3Hauyaercsi efHHHIEH, a PAa3OMKHYTOE — HyJIeM. )

B coorBeTcTBUH C OmpeleNleHHSAMH aJjre6pel Joruku nudpa 1 ectb
uHBepcusa wubper 0, a 0 — uHBepcus 1:

T=0u0=1.

Jloruueckune omepanuu Haj nubpaMH 0 ¥ 1 BLIMOMHSIOTCS B COOTBETCTBHH
CO C/eNYIOMHUMH MOCTY/NAaTaMH:

1)0-0=0;
9 14 1=1;
H1.1=1 (I1-3)
4) 0+ 0=0;
5 1-0=0;
6) 14 0=1.

IpuBeeHHLIE COOTHOLIEHHS! COBMAJAIOT C COOTBETCTBYIOMMMHU IOCTY-
naTaMu apudMeTHKH, 32 HCKJIIOUEHHEM TMocTyJara 2. DTo HCKJ/IOueHHe
oObsACHSIeTC TeM, 4TO B aire6pe pesefiHRIX Lemeil 3HaK + o603Hayaer
napanjenbHOe COefMHEeHHWe pesleHHBIX 37eMeHTOB. CilefloBaTeNbHO, €C/H
IBa peJiefHBIX dJIeMeHTa HaXOJATCS B 3aMKHYTOM COCTOSIHHH, TO HX mapai-
JlebHOe BKJIIOYeHHe GYfeT COOTBETCTBOBATb 3aMKHYTOMY COCTOSTHHIO LEIH.
[lpu yBeJqHueHHH KOJNHYeCTBA DeJIEHHBIX 3JIEMEHTOB Pe3y/nbTaT He H3Me-
HUTCS. B COOTBETCTBHHM C NpaBHJIAMH OGLIYHOH ajreGphl, COBHAJAOMIHMH
B 3TOH uaCTH C NpaBHJAMH aareGpnl pejleHHBIX IeneH, MOJyyaloTcs cle-

NyIOLHe BBIPAKEHUS: ,
x4+ 0=ux
x - 1l=ux (T1-4)
x-0=0.

OIHAKO B COOTBETCTBHH C NMpPABWJAMH aareGphl pesleHHBIX Ienel
x+1=1, (I1-5)

TaK KaK MapajjiesibHOe COefMHEHHe JIOG0ro 3jeMeHTa € 3aMKHYTOH Iemblo
He M3MEHSIET ee COCTOSTHHSA.

OueBH/IHEL TAKXKe CJelylomue BHPaXEHHS NJSI OKOHYATeNbHBIX COCTOA-
HHH pelledHBIX 3JIeMEHTOB:

xx = 0;
x+x=1 (T1-6)

4. OcHoBHEIE 3aKOHBI aJreOpsl pelefiHBIX memeit

3akoHEl anreGpbl peseffHbIX Ienelfl YCTAHABIHBAOT PaBHOCHJIBLHOCTb
pas/IUYHBIX BEIPAXKEHHH, T. €. PACCMATPHBAIOT BHIPAXKEHHS!, KOTOPEIE MOXKHO
B3aHMHO 3aMEHsITb INOJOGHO 3aMeHe HJs TOXAECTB B OGBIYHOH asreGpe.
B KauyecTBe CHMBOJIA PABHOCHJIBHOCTH OGHIYHO INPHHHMAETcsl CHMBOJ, OIH-
HAKOBBIH C CHMBOJIOM PaBEHCTBA B OGBIUHOMH ajireGpe (=).

OtMeruM, 4TO B anreGpe peJedHBIX YCTPOMCTB HeT HM CTemeHel, HH
KO3pULUEHTOB. DTO MOJOXKEHHE 3aMHCHBAaeTCs CJeLylomuM o6pasom:

X Xy, X=X (I'I-7;
s+ x+.Fx=ux (-8
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CilefioBaTe/IbHO, MOC/ENOBAaTebHOE HJAH MapajljefbHOe COeHHeHHE OjH-
HAKOBBIX 3/IEMEHTOB 3KBHBAJIEHTHO ONHOMY TaKOMY 3/IeMEHTY.
Jlast anreGpel pelleHHHIX Iemnedl CIpaBelJIMBL [€PEMeCTHTEJbHbIE,
coueraTeNbHEle M pacrpefle/HTeIbHEE 3aKOHBI, KaK H B OOBIUHOH ausre6pe.
l.IMepeMecTHTeNbHHE 3aKOHBH
OTHOCHTEJIBHO CJOXEHHS

xt+y=y+x (I1-9)
OTHOCHTEJIBHO YMHO)KEHHR
Xy == Yx. (T1-10)

2.CoueTaTeNbHbB E 3aKOHH
OTHOCHTEJILHO CJIOKEHHS

c+ptz=x+@y+ 2; I1-11)
OTHOCHTEJIBHO yNiHO)KeHHﬂ
(xy)z = x(y2) (I1-12)

3.PacnpelenunTenbHBHA 3aKOH
YMHOXEHHsI OTHOCHTEJILHO CJIOMKEHHS

x+ y)z = xz+4 yz. (I1-13)

Ha ocHOBaHHM 3THX 3aKOHOB, COBMAjAIOMHUX C 3aKOHAMH OOLIYHOH
anre6pel, NP NPeo6pa3oBaHUK CTPYKTYPHBIX BBIDAXKEHHH DPesledHBIX ue-
neft IOMyCKAIOTCS BCe MPABHJIA BHIHECEHHS 33 CKOOKH M PACKPHITHS CKOGOK,
NpUMEHsIeMbIX B OGBIYHOM anreGpe.

Kpome mepeunc/ieHHbIX 3aKOHOB, ajre6pa peJieliHnX Lereil UMeeT CBOH
cnenudHyecKre SaKOHEI, HEeCOBMAjalomue C 3aKOHaMH OGBIYHOH anreGpH.
210 OT/IHUHE O6BACHSETCS TEM, UTO B ajreGpe pesleHHBIX Ierel OnepHPyOT
C BeJHYMHAMH, KOTOpble MOI'YT HMeTb BCero 1Ba 3HauyeHHs, B TO BpeMsd,
Kak ofblyHas aare6pa onmepupyeT C BeJHUMHAMH, HMEIOUMIMMH Jl0GOe 3HA-
ueHHe. ‘

CnenupuueCKUME 3aKOHAMH ajreGpbl peJeHHBIX Lened ABISIOTCA
pacnpedeaumenbiolil 3aKOH CAONCEHUS OMHOCUMENbHO YMHQICEHUS U 3AKOHbL
unsepcuu. PacmpefieUTeNbHBIH 3aKOH CJIOXKEHHS OTHOCHTEJBHO yMHO-
JKEHHS SIBJISIeTCSl O6PATHHIM MO OTHOIIEGHHIO K pacrpefe/uTeJbHOMY 3aKOHY
YMHOXKeHHsSI OTHocHTelbHO cJoxenus ([1-13) u nonyuaercs u3 Hero
3aMeHOll BceX 3HAaKOB Ha oOpaTHble (3HAK YMHOXKEHHS Ha 3HAK CYMMH-

poBaHHs H Ha060pPOT)
xw+z=(@x+ 2+ 2. (T1-14)

CxeMa B KOHTAKTHOM HCIOJIHEHHH, COOTBETCTBYomas -Bhipaxenuwo (I1-14),
npusefieHa Ha puc. [13, a. B o6enx cxeMax 3aMKHyTas Lenb o6pasyeTcs
NPy 3aMbIKAHHH 2 HIH X H Y. - .

3aKOH MHBEPCHH OTHOCHTEIBHO CJOXKEHHS HMeeT CJelylomu#d BHL:

xF y==xy, (I1-15)

OTHOCHTeILHO YMHOXKeHHs
Xy =x-+y. (T1-16)

COOTBeTCTBYIOUIHE CTPYKTYPHBIE CXEMBI B KOHTAaKTHOM HCIOJHEHHH NpHBe-
IeHH Ha puc. [13 6, 6. Cxema (puc. I13, 6) cOOTBETCTBYET BLIPAXKEHHIO X + Y,
a npaBast x - y. OTH CXEMBl IPOTHBOMOJNOXHLI OfHA XPYro#f 1o JIeHCTBHIO.
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[Mpy OTKMIOUEHHOM COCTOSTHHH 3J1eMeHTOB X u Y nenb B JieBoft cxeme Gyner
pa3oMKHyTa, B TO BPeMsi, Kak B mpaBoii 3aMkHyTa. [Ipu cpaGaTbiBaHHH JIIO-
60ro M3 3JEeMEHTOB Lielb B JIeBOH CXeMe 3aMBIKAeTCsl, a B PaBOil — pa3Mbl-
Kaercsi. AHaMOTMUHO MONyyaeTcs M IS CXeM, NPHBefeHHBIX Ha pHuc. [13, 6.
Llenb JieBofi cxeMbl NpH cpaGaTelBaHHM 3ieMeHToB X H Y 3ambikaercs,
a Uenb NpaBoifl CXeMBl [PH 3TOM Da3MbIKAETCH.

?;z P‘: . z T ’ _Fq
z yﬂpomu&ononMWn{, | pomubonanowpno Y T
i o 4 el

y 6 6

‘_-xi

Puc. I13. CTpyKTypHEe CXeMHL:
a, 6, 6 — cooTBeTcTBylOmHUe BHIpaxkenusm (I1-14), (I1-15), (IT1-16).

PaccMoTpeHHEIE 3aKOHBI JefCTBHTEJbHBl He TOJNLKO I/ OAHHOYHBIX
3JIEMEHTOB, HO TaK:Ke KOTZa IIOf CHMBOJaMu X, Y H Z NOAPasyMeBaloTCs
rpynmnel KOHTAKTOB HJIM YaCTH CTPYKTYDHBIX CXeM, COefHHEHHBIE MO OTHO-
LWeHHIO YT K APYry napajielbHo HJH MOC/eJoBaTelbHO.

Heo6GXoHMO OTMETHTD, YTO JBOHHOE OTPHIAHHE KAKOH-THGO (yHKIHH
JaeT BCerja MOAHHBEPCHOE BbIpaXKeHHe

*=x ([-17)
5. YemoBusn cpaGarsiBaHus I HecpaOaTHIBaRHA

Ilon ycnoBuem cpaéamsanm WM HecpaGaTBIBAHHSI TOHHMAIOTCA
YCJIOBHS, TIPH KOTOPHIX BO3NEHCTBYIOUWME HA HCIONHHTENbHbIE YCTPOHCTBA
KOHTaKTHHle LEend NOMKHBI ObITb COOTBETCTBEHHO 3aMKHYTHI WJIH Pa30oMK-
HyTH. Ecin pia Kakoro-H60 3/eMeHTa CXeMEI He-
06XO/[MMO HAMKUCATh B BUAE CTPYKTYPHOH (opMyJis!
ycnioBHs HecpaGaThIBaHHs, TO CJelyeT HAmHCATh I
B BHle CTPYKTypHO# (opMmyanl ycioBus cpaba- a b 'C
THIBAHHUS, & 3aT€M B3STh HHBEPCHIO 3TOrO BHIpa- l
JKeHHs.

Mpumep 1. CocraBUTb YCIOBHSI Hecpa-
GaTbiBaHWst SJeMeHTa X, eCIH OH cpaba- b
TBIBAGT NPH CpaGaThHIBaHUH 3jeMeHta A 1
una B, uiaa C.

.
\

(=} F}e—ﬂ—&l—hﬁ-‘ ]

CocraplisieM CTPYKTYPHYIO (opMy.sy a
yenoBuli cpaGaTLIBAHHA Pc. T14. CrpyKryp-
foy=a+b+ec HEIe CXeMBbl, COOTBeT-

CTBYIOLIHE YCJIOBHAM

3areM BO3bMEM HHBEPCHIO 3TOrO BHIpaxe- CpabaTHBAHKA I He-

i cpabaThbiBaHUsA  3Jie-
foo=a+b+c=a+ @ +)=a+p, MeHTa X!
a— cpabaThieaHus, 6 —

rae p=>b-+4c HecpabaThiBaHHs.
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Ha ocHoBaHuHM 3aKOHa HHBEPCHH OTHOCHTeJbHO cioxeHus: (I1-15)

feo=a+p=1ap="Ta(®+c)=abe.

CXeMbl, COOTBETCTBYIOHmME YCJIOBHAM CpaGaThIBAHHS M HecpaGaThIBaHHS
aneMeHTa X, mpuBelieHH Ha puc. [14.

6. IaBepcHbie cXeMbl

Ecnu npousBofuTh HHBePCHPOBAHHE CTPYKTYD peslefiHBIX CXeM BMecTe

C UCIIOJTHUTEJIbHBIMH 3JIEMEHTAaMH, TO obmee JleHiCTBHE CXeMbl He H3MeHHUTCH.

3to

SIBJIIeTCH CJIeICTBHEM TOrO, 4TO OJITHOBPEMEHHO C H3ME€HEHHEM Ha Ipo-

THBOTIOJNIOXKHOE lleﬁCTBI/le KOHTAKTHBIX LieMeH MeHseTCsl TaKke Ha TpoTH-
BOMIOJIOZKHOE M HX BOS}IeﬁCTBI/le Ha HCIOJHUTEJbHbIE 3JIEMEHTHI.

T 17
J.X c X
b
|

R
&

~ O~ —

X
i
1 2
a 7]

Puc. I15. MuBepcHBle cXeMbl:

a — K npuMmepy 1; 6 — K npumepy 2 (1 — c mocslefoBaTesbHEIM
BKJIIOYeHHEM KOHTaKTOB; 2 — ¢ Mapa/lieIbHhM BKJIIOYeHHEeM
KOHTAKTOB).

3HaK HHBEPCHH HAJ CHMBOJIOM pPearHpYIOUIEro 3jeMeHTa He HMeeT

CXeMHOI'O 3HaueHHusI H OGBIYHO OITyCKaeTcCd.
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Mpumep 2. Jlana ctpykrypHas ¢opMmyJia CXeMbl
Fy=(a+ b X.

HaliT cXeMy HHBEPCHYIO II0 OTHOLIEHHIO K JAHHOH cXeMe,
BoseMem HHBepcHIO 3afaHHOH (OPMYJIEL

F2=Fl=(a+b)x=a ‘B+X.

Cxembl, cooTBeTcTBYWOIHe 3aganHoll (F) u monyueHHofl (Fy) op-
MyJaM, npusefensl Ha puc. I15, a. Kak sicHo H3 cXeM, YCIOBH
paborsl aneMenta X He H3MEHHJIHCE.

Mpumep 3. Haiitn cXeMy HHBEpCHYIO K cXeMe, IpHBeJleHHOH
Ha pHc. I15,6 ¢ mocneoBaTe/bHBLIM BKJIOYEHHEM KOHTAaKTOB.

Hammmenm CTPYKTYPHYIO (GOPMYJY CXeMBI H BO3bMeM €€ HH-
BEPCHIO

F, = abcX,
Fy=TF, —ach~a+b+c+X—a+b+c+X

CooTBeTcTBYIOmAsA CXeMa C NapasJelbHbIM BKJIOUEHHEM KOHTAKTOB

npuBeseHa Ha puc. [15, 6. JlelicTBHe 3TOH CXeMbl SKBHBaJIEHTHO
CXeMe C MOCJIe0BATEJIbHLIM BKJIIOYEHHEM KOHTAKTOB.



7. HexoTopble [OHOJHHUTEIbHLIE PABHOCUILHOCTH
npeo0pa3oBaHuA pejeiiHbIX cXem

Ha ocnOBaHHE OCHOBHBIX NpejCTABIEHHH aareGphl peseifHHIX Hemedt
MOXHO NONyuHTh HOBble PaBHOCHJBHOCTH MPeOGPa3OBAaHHA peleiiHbIX
emnei.

PaccmoTpuM 3TH PaBHOCHJIBHOCTH NPUMEHHTENBHO K PesefHO-KOHTAKT-
HBIM ILIemsIM:

1

r+xy=x(1+y=rx (11-18)

TaK é()ax 1+ y=1 (II-5);
x(x 4+ y)=x, (I1-19)

TaK KaK X (¥ +y) = xx +xf=x + xy=x (1 + y) = x.
CrnepoBatenbHO, B JAHHOM CJy4ae KOHTAKT X BHYTPH CKOGOK MOIKHO
NPHHATH PABHEIM €JMHHIE;
3

X (X + y) = xy, (11-20)

TaK KaK X (X + y) = XX -+ xy = xy.
KOHTaKT X BHYTPHM CKOGOK B JAHHOM Clyyae MOMHO NDHHSTb PaB-
HBIM HYJTIO;
4)
x+xy=x+y. (I1-21)

D10 BHIpaXKeHHE NMOJIYYAeTCs B COOTBETCTBHH C PACHPENeNHTENbHEIM 3a-
KOHOM CJIoXeHHus! OoTHOcHTeabHO yMHoxenust ([1-14). CregosarennHo,

ftxYy=@+N(x+y)=x+y

TaK KaK x 4+ x =1 ([1-6). _
TakuM 06pa3oM, B 3TOM ciyyae KOHTAKT X BO BTOPOM WIEHe CTPYK-
TypHO# (HOPMYJIE PaBeH eqMHHIlE, TAK KaK

xtxy=x+1-y=x+y

5) B ofweM ciyyae, eClH 3aMBIKAIOMMi HJIM Pa3MBIKAIOMUI KOHTAKT
KaKoro-iu6o 3jieMeHTa COeJMHEH I10CJeI0BaTeIbHO C HEKOTOpPOH KOHTaKT-
HOH cxeMoii, TO B JaHHOH cxeMe BCe OAHOMMEHHBle KOHTAaKTHl 3TOro 3je-
MeHTa MOTyT GbiTh 3aKODOUeHH (IpPHpaBHEHHl eIHHHIE), & BCe er0 HHBepC-
Hble KOHTAKThl—YJaJeHbl (IPHPaBHEHBI HYJIO). STO NPABHJIO 3alHCHIBaeT-
ci CJeRylomuM o6pasoM:

X f( X5y .., 0)=x-f(1,0,y, 2, ..., w)

;‘f(x,;’y1z7 '-"w)=;'f(0’ 1$y721 R )K (H'22)

6) ecim 3aMBIKAIOMUA WIK PasMBIKAIOMUH KOHTAKT KaKOro-lTHGO 3ne-
?i€HTa BKJIOYEH NApa/lIeNbHO HEKOTGPOH KOHTAKTHOH cxeMe, TO B JaHHOH
CXeMe BCe OZIHOMMeHHble KOHTAKTbI 3TOrO 3JeMeHTa MOTYT ObiTh YJAJIeHH!
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(npupaBHeHbl HYJIO), 8 BCE €r0 HHBEPCHBIE KOHTAKThl — 3aKOPOUEHH! (TIPH-
paBHeHH efHHHIE). DTO MpPABHJIO 3alHCHIBAETCA CJAENYIOMHMM o6pasoM:

XA gz, @) =x4+10, 1,42 ... 0)
Hu

X F Y2, w)=x+F(1,0,9 2, ...w). ([-23)

IpuBeneHHEIe PAaBHOCHJIBHOCTH H OCHOBHBIE IpaBHJia aireGphl penefi-

HBIX Lenelf HCMOMB3YIOTCA A/ NPeoGpas’oBaHus DeleHHBIX CXeM, a TaKke
HX aHalu3a H CHHTesa.

8. IIpeoGpasoBaHne peleiiHBIX cXeM

[TpeoGpasoBaHne pesieffHBIX CXeM OCYIIeCTBJISeTCA ISl MX YMpolme-
HHSl H MHHHMH3alHH YHCJIA 3JeMEeHTOB. PaccMOTPHM HECKONBKO NPHMEPOB
npeo6Gpa3oBaHus peslefiHBIX CXeM IPHMEHHTebHO K KOHTAKTHBIM 3JIeMEeHTaM.

Mpumep 4. TpeGyerca npeo6pasoBarh A/l YNPOILEHHA CXeMYy,
npuBejeHnyo Ha puc. I16, a.

CtpykrypHas ¢opmyna cxembl (puc. I16,a) Hmeer cuepyio-
WHA BHI:

= (a + b + ¢) (ab + ac).
PackpoeM cKoGKH

F = aab + abb + abc + aac + abe + acc.
Tak Kak aab = ab; abb = 0; agc = 0; acc =0, T0

F = ab + abc + abc = ab (1 + ¢) + abe.
IMockoneky 1 + ¢ =1, ToO

F=ab + abe.
CooTBeTcTBYIOIAs YOPOIEeHHass ¢XeMa mpuBefeHa Ha puc. 16, 6.
IR
a b T

a

4

Nli& —
3

a

r—.ﬁ —_—_——R—e

|
a
|
[

c I Iz 2
o [
y ¢
b g 4 ya ¢ ] J
1 ] L1l ] ¢
a ]
Puc. II6. ITpeoGpasoBanue Puc. I17. IlpeoGpa3opanue pe-
pesefiHBIX CXeM: JIeHiHBIX CXeM:
a — K0 npeoGpa3oBaHHUS; 6 — a — go mpeo6Gpa3oBaHud; 6 — moc-
nocJie MpeoGpa3oBanus, Jle npeoGpa3oBaHHs.

TMpumep 5. ITpeoGpasosars cxeMy, uzoGpaxenuyio 5a puc. 17, a.
CrpykrypHaa QopMysa cxeMsl

F=(a+b)[x@+y) +x(a+c) +(y+7) 2l
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HIH
F=alx(@+y)+3@+0+@+2zal+
+b[x(a+y) +x(a+tc)+ ¥+ 2) zal.

Ha ocnosanuu pasHocHabHOCTell (I1-22)
F=alx(+9)+7(0+0+ @+ 2+
+bolr@+y+rx(@+c)+ Y+ 2)2a].

Tak kak |+ y=1ul+4c=1, 10

F=alx+x+yz+42z]+b[x(a+ ) +x@+0)+{F+2)za).

[ockombky x +x=1, 2z=0, yz+ 1 =1, 10
F=a+b[x(a+y)+ x(a+c)+ G+ 2)zal
Ha ocnoBanuu paBuocuabHocTH (I1-23)
F=a+b[x(0+y+x0+0)+F+2)z- 0]
Tak kak 0+ y=y; O+c=cu (y+2)2-0=0, 10
F=a+ b(xy + xc).

CooTBeTCTByOI A YIPOIUEHHAsS CXe-
Ma npuBejeHa Ha puc. I17,6. Komu-
YeCTBO KOHTAKTOB B 3TOH CXeMe
B JBa Dasa MeHblle, YeM B cxeme
puc. I17, a.

ﬂp}mep 6. I'IpeoépasoBaTb cxe-
My, mnpHuBefeHHyi0 Ha puc. I8, a.
CTpykrypHas ¢opMysa CXeMbl

4

e

S
ot
b O f——Q

TS —p—

e () et Ty v £ el
p—1

——o

— o f——-Q——— ]
e O e

1

F = abc + adc + aec + age. a

KoJ14ecTBO 3/1eMEHTOB CXeMbl MOX-
HO COKPaTHTb BLIHECEHHEM 3a CKOG-

KH 51 'MEHTOB g H g WIH C HC. Bol-
HeceM 3a CKOGKH a H aq

17 = a (bc + ¢d) + a (ec + o),

Torjza cxema Gyner uUMeTb BUJ, NPH-
BeJeHHBI Ha puc. I18,6
Ecnu BeIHeceM 3a CKOGKH 3Jle-

MEHTHl ¢ H ¢, TO

TFed
Q.

>
Fer

—
R
U
Q3
I D
) @
~Q

3

e

F=c(ab + ae) + ¢ (ad + aq) Puc. I'IS Hpeoﬁg:;g;axnnfxg;

S p——

= 4 A
POl

H cXema 6y;1eT HMeTb BH]J, IOKa3aH- a — no npeoGpasoBaHusi; 6 — npH
HBi Ha puc. 118, 6. BLIHECEHHH 3a CKOOKH 4 H &; 6 —
CiieoBaTtesibHO, BblHECEHHE 3a CKOG- TIPH BbIHECEHHH 3a CKUGKH C M ¢;

= 2 — NpH  BBEefEHHH BEHTHJIbHEIX

KH 3/IeMEHTOB @ H @ COOTBETCTBYyeT P a 3JIeMEeHTOB,

/5 23 036 353



O6beJUHEHHIO 5JIeMeHTOB CXeMbl B HanpaBJeHHH OT HayaJbHOH TOYKH,

a BbiHEeCeHHe 3JEMEHTOB ¢ H ¢ — OT KOHeyHOH. AHaNMTHYeCKH GoJblue
HUKaKuX ympoumeHuii cxemul (pac. I18, a) Bmmonnute Hefb3d. OpHako,
€CIH B CXeMy BBeCTH JONOJHHTENbHEIE JHOAB!, TO JIEMEHTh CXeMBl MOXHO
rpagmyecku o6beHHHTp C ABYX CTOpOH (puc.-I18, 2). IIpu 5ToM KonHyecTBO
KOHTAKTOB CXEeMBI IOJy4yaeTcd MHHHMAaJbHBIM.

9. HonaTne o peleilHBIX QYHKOUAX DPOBOAHMOCTH

B ofuem cnyuae penefiHasg GyHKUHSA 06pa3yercd IPH IIOMOIIH onepa-
LIUH CAOKEeHHs, YMHOXEHHS M HHBEDCHH HaJ IBOHYHBIMH Il€pPeMeHHLIMH.

Ilpy aHajnM3e W CcHHTede pelefHBIX CXeM Ha GeCKOHTAaKTHHIX
3J7IeMeHTaX NpUMEHAeTCS TNOHATHe O pefeffHBIX GYHKUUAX MPOBOIXUMOCTH.
Paccmorpum penefiHeifi gByXnomocHUK PJJ, npuBefeHHBIH Ha puc. I19.
Ilpennonoxum, 4YTO MeXIy MOJNIOCOM @ H 3eMJeldl MNPHJIOXKEeH MNOTEeHIHA
E o ¥ HEoGXONUMO onpefelnTh noTeHuuan E» Mexay nomocoM b u semiefi.

Ecnu penefinsli JABYXMOMIOCHHK 0oGpasyeT

Pa3oMKHYTYIO LieNb, TO
as— PA —ah Ep=0.
E : E b  Ecau penefinblii ABYXNo/MOCHHK oO6pasyer
' I 3aMKHYTYIO L€Nb, TO
Ey, = E,.
Puc. I19. Penefiuniit aByx- OTHOweHHE
MOJIIOCHHK. Ep
5= (I1-24)
a

NPHUHATO HA3BIBATH MPOBOAMMOCTBIO. DTa BeJHUYHHA B IIEPBOM Cilyuae (KOTrZa
IieNnb Pa3oMKHyTa) GyLeT paBHA HyJIIO, a BO BTOPOM (KOTAa Llellb 3aMKHyTa)—
€[MHHIIE, YTO B TOYHOCTH COOTBETCTBYeT NPHHATOMY 3HAYeHHIO HYJIS H
equaunel. CrefloBaTesIbHO, BCe ONepalMM Haj BeAHYMHAMH, BXOAALIMMH
B pesefinble (QyHKIMH NPOBOAHMOCTH, BBLINOJHSIOTCA Ha OCHOBE 3aKOHOB
anre6pel pellefiHbIX LerneH.

B peneifiHbix cxemMax Ha GeCKOHTAKTHBIX 3/1eMeHTaX B KaXIoH pac-
CMaTpHBaeMO# TOuKe NIPH YCTAHOBHBIIEMCS peXXMMe HanpskeHHe (TIOTeH-
1MaJ) MOXKET MMeTh JIMIUb JBA PAsJH4HbIX 3HaueHHsS — BBICOKOE H HH3KOe.
ITostoMy B GeCKOHTAKTHBIX CXeMaX BXOJHHIE M BHIXOIHbIE [epeMeHHble
BbIPAXKAIOTCSA 3JEKTPHUECKHMH IIOTEHIHAJaMH OTHOCHTENBLHO HEKOTOPOro
YypoBHA U o6o3Havatores cumBoaamu Ei, Es,..., E, wiu Eq, Ey, E.,..., Ep.
", Bricokoe 3HaueHHe HanpsKeHUs IpeACTABIAETCH eNMHHIEH, a HH3-
Koe — HyJleM. B jgpyroii TepMHHOJOrHU CHrHasl JHGO MPHCYTCTBYeT, JHGO
He MPHCYTCTBYeT (OTCYTCTBYeT). B 3TOM esyuae HalMyue CHrHajza 0GO3Ha-
yaeTcs eAMHHIEH, a OTCYyTCTBHe — HyJeM. IlocienHas TepMHHOJIOTHS
60J1eg ynoGHa B TeleMeXaHHKe M [03TOMY NPEUMYLIECTBEHHO MDHUMEHSETCS
IPH PacCMOTPEHHH JIOTHYECKHX CXeM.

Jl1s KOHTaKTHOH CXeMbl CTPYKTYPHasi (opMysa BhIpaxaeT Kak ycJo-
BHe PaCOTH CXeMHI, TaK U ee CTPYKTypy. Kammomy GyKBeHHOMY CHMBOJY
COOTBETCTBYET ONpedeJeHHBIl CTPYKTYDHBIH 3/eMEHT B CXeMe, & 3HaKd
MaTeMaTHYeCKHX ONEPanuii, CoeqHHSAIOUINe CHMBOMLI B (hOpMydle, YKA3bIBAIOT
B3aUMHOe COeJMHEHHE 3THX 3/1eMeHTOB B cxeme. [105TOMy IO CTPYKTYpHOH
¢opMysle  MOXHO  HENOCPeACTBEHHO  HAuyepTHTb  COOTBETCTBYIOULYIO
cxeMy.
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Peneiinyto (yHKIHIO NPOBOJHMOCTH MOXHO PeajH30B&Tb Da3THUHBIMU
JIOTHYeCKMMH 3BEHbSIMH C HCIOJNb30BaHUEM BCEBOSMOXHBIX 6eCKOHTAKT-
HEIX JIEMEHTOB. ;

ITpH uCIONB30OBAHHM KOHTAKTHBIX 3/71€MEHTOB INepeMeHHble BeJHYHHBI
pesefiHoil GyHKUMH NPOBOJMMOCTH DPaccMaTpHBAIOTCA KaK BXOJLHBIE BeJH-
YHHEL, BO3JeHcTBYIOHIMe Ha 06MOTKH peste A, B, C, ..., CTPYKTypHas ¢op-
MyJia BKJIOUEHHs KOHTAKTOB KOTODHIX TOJNydaeTcs M3 pelefHOf (yHKIMH
[IPOBOJAUMOCTH, 3aMEHOI COOTBETCTBYIOMMX cuMBosoB E1, Eg2, Es..., cum-
Boaamu a, b, ¢, o603HayalOMUMKH KOHTaKTH pene A, B, C, ...
Hanpumep, cTpykTypHast ¢opmyJaa penefiHoli (GyHKIMH NOPOBOAHMOCTH

T=E,+E,
GymeT HMeTh CIeLYIOUIMHd BHA:
F=a+b,

rae a 1 b xourakth pere A u B, Ha 0OMOTKH KOTODHIX BO3ZEHCTBYNOT
COOTBeTCTBEHHO Hampsikenus E; u E,.

10. Amann3 peneiiHBIX cxem

AHanua peleHHBIX CXeM IIPOM3BOAMTCS JJIsSL ONpeNe/NeHHs yCJIOBHH
paGOTH yCTPOHCTBA U COOTBETCTBUS NPeXbABISEMEIM TpeGoBaHHAM. Kpome
TOro, NPH HEOGXOZMMOCTH BHISICHSIOTCS H3MeHeHHs B paGoTe CXeMbl NIpH He-
HCIIPABHOCTH €€ OTAENBHBIX 371eMeHTOB. IIpH aHaniu3e OHOTAKTHON pesefiHo-
KOHTAKTHOH CXeMbl ONpeNeNsioTCs YCI0BHs paGoThl KaKA0ro HCHOJHHTENb-
HOroO 3JieMeHTa. DrTa 3ajjaua pellaeTcsd aHaJUTHUYECKH NyTeM HaXOXKAeHHs
CTPYKTYPHBIX (pOPMy/T KOHTAKTHBIX Iemel, BO3NEHCTBYIOMMX Ha KaxAblH
OT/Je/bHBII HCHOJIHHTEJABHEIE 3/71eMeHT cXeMbl. IIpH aHanuse cXeMm BHauase
sanuchiBaeTcs ofas CTPyKTypHast dopMy/aa BCeH CXeMmbl, a 3aTeM MyTeM
pacKpeITHsT CKOGOK H TNeperpynnupoOBKH YJIEHOB
HaxomsTcsA IenH, BOBAECHCTBYIOMHE HA Kax[Ibli

HCIIONHUTENbHEI 57eMeHT (OGMOTKH pele). L
Mpumep 7. TpeGyerca omnpejemuts g
yciaoBusi paGorel pene X H Y B cxeMe,
npusefenHoil Ha puc. IT10. CTpykTypHy!o
¢opMysy cXeMBl MOXKHO IIPeACTaBHTL B ¢
ClenyomeM BHIE: -—1—I
F=(a+b)c(d+e) X + (a+b)dY. g e d
CnesoBaTenbHo, gas pene X CTPYKTypHas 3 |
dopmMysa HMeeT BHI }l( -}/
fx)=(a+b)yc(d+e)=
= acd + bed + ace + bee, Puc. I110. Cxema x
a pag pere Y npumepy 7.

f(y) =@+ b)d =ad + bd.

Yenosus paGotht peie X # Y 3aNHCLIBAIOTCS B COOTBETCTBYIO-]
mHX Tabaunax CoCTOSTHMH

A B C D E X A B DY
— 1 1 1 —= 1 — 1 11
0 — 1 1 — 1 0 — 11
0 — 1 — 1 1
— 1 1 — 11
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e m

3aece 1 u 0 coorBeTcTBYIOT CpaGOTAHHOMY H HECpaGOTAHHOMY
COCTOSIHHIO peJle, a €CJH COCTOSHMe He HMeeT 3HayeHHsd, TO Cra-
BHTCH 3HaK —.-

YenoBus cpabarsBanEA pelle X n Y noayuamorcs u3 cooT-
BETCTBYIOIIMX BHIDAXKEHWH MYTeM DAacKPBITHA CKOGOK M NPHPaB-
HHBad K eJMHHLE KaXJOr0 WieHa B OTAENLHOCTH.

QueBKHO, 4TO YCJIOBHI cpabaThiBaHUA GYIET CTONBKO, CKOJILKO
WIEHOB B CTPYKTYPHOH (opMmyile, CBA3aHHBIX MeXZAY COGOi 3HaKOM
CJIOXKEHHS.

Has pere X

acd =1 wig 9ce= 1 - bed =1
1-1-1=1 l1-1-1=1 1-1-1=1
bee =1
B 1=1.
OueBupHo, yTo @ = |, Korja pene A HaXofHTCA B HeCPaGOTAHHOM
cocrosgruu (0).
Jna pene
bd =1 - ad=1
=1 l-1=1.

YcnoBusa cpabaThiBanus pele X n Y MOXHO TaKKe 3anucaTh
cnoBecHo. Pese X cpaGoraer, eciin He cpaGotaer pene A u cpaGo-
Tator pesie C u /] unu cpaboraer pene E u 1. 1. Pene Y cpaGoraer,
ecan cpaGorarot pene /] u B uau He cpabotaeT peie A u cpaoTaer

pene /.
AHamu3 GecKOHTaKTHHIX CXeM,

[Bb/x COCTABIEHHBIX M3 JIOTHUECKHX Sie-
" MeHTOB, BHINOJNHSETCS AJ1s1 Ompefene-
HUSL yCJIOBHH, NMPH KOTOPBLIX Ha BhI-
Xolle cxembl noayuaerca [ miam 0
(BBICOKOE HJIM HH3KOe HampsixeHHe).
JIJ 3TOro HCNOJB3YIOTCH penelHble

Puc. IT11. Cxema k mpumepy 8. (yHKUMH NPOBOXUMOCTH.
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Mpumep 8. Omnpepenuts

ycnoBus noayuyenust 1 u 0 Ha

BhIXOJe GeCKOHTAKTHOH cXeMbl, INpuBejeHHOil Ha puc. 111,
Penefinad ¢(YHKUMA NPOBOJMMOCTH JJIi CXeMbl HMeeT BHJ

T = E, (EoEy + Ey4) = ELEyE, + ELE,.
YcnoBust nosyueHus Ha BBIXOfe-1
E\E;Eg=1 wm EE4=1.

CootsercTBylomas TaGIHLa COCTOSHHI

E, Eo E E4 T

1 1 0 — 1

1l — — 0 1.
Ycnosusi nmonyueHuss Ha BhIXoje-0

Ey=0 wm E,E;+Eq=0



CootserctByiomas Ta6auna CocTOSHHM

Ey Ey E Es T
0 — = — 0
— 0 — 1 0
— — 1 10

11. CuaTeE3 peneliHBIX cXeMm

IIpoekTHpoBaHUe peseHHBLIX CXeM BHINOJHAETCH HA OCHOBE HX CHH-
3a, IpH KOTOPOM IO 3aJaHHBIM YCJOBHAM paGOTH COCTaBJfAeTCSH
pykTypHas ¢bopMmyJa CxeMul.

Mpumep 9. HeoGxoxnumo cocTaBHTb cXeMy JAemwudpartopa Koxa
Ha OZHO coyeTaHHe TaKuM 06pa3oM, yToGH BBIXORHOe pese X1i,...,X,
cpabaThiBaid npH cpaGaThIBaHHH COOTBETCTBYIOIIMX JIBYX IpHEM-
ubix pene A, B, C u [l u HecpaGaTeIBaHUM OCTalbHBIX pese. [Tocien-
Hee yCJOBHEe HeOGXONMMO /1Sl OCYIIECTBJIEHHS YMCJOBOH 3allUTHI.

b b b b
t! c!_‘_[% [ C lI:
R
% L X5 X X% s
I S S I |

Puc. IT12. Cxema x npumepy 9.

KonMuec¢TBO BHIXONHEIX pejie PaBHO UHCJHY COUETAHMEA M3 4eTHl-
pex mpHeMHBIX pejle MO JABa

4.3

Ci=—5-=6.
YcioBHs cpabaThiBaHHs NPHEMHBIX pese
f (x1) = abed;
f(xg) = abed;
f (x5) = abed;
f (x4) = abed;
f (x5) = abed;

f (xg) = abed.
O6mas cTpyKkTypHas Gopmyia ;(emmiopaTo;')a
F = abcdX, + abcdX, + abedXs + abedX, + dbcdXs + abedXs,
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a mocJjie YmpouleHHus
F = a[bcdX, + b (cdXs + cdXy)] + G[b (cdXs + cdX5) + bedX).

CooTBeTcTByWOIlLasi CXeMa npuBejeHa Ha puc. IT12.
Mpumep 10. HeoGxopumo COCTaBUTb CXeMy GeCKOHTaKTHOTO
JemndpaTopa Koja Ha OfHO

2 COYeTaHHE M3 YeTbIpeX BXOJ-
E ——— HbIX mnepeMenHwix E1, E2, Es,
2 Bbix p
" Es4 mo gBa ¢ uyuCJIOBOH 3a-
Ea o
MTO. -
E, E CrleoBaTe/bHO, eJHHHNA

Ha COOTBETCTBYIOLLEM BBIXOAE

—— e

Bbix, .

____

Puc. II13. Cxema K mnpume-
py 10.

JOJI2KHA IMOSIBAATBCA TOJBKO INPH paBeHCTBe €JHHHIlE He 6osee
ABYX BXOJHBIX IepeMeHHbIX

E 1E2—E 3-E4 =1

E E.E.Eq = 1;

EiE.FsEy = 1;

E1E2ESF4 =1

ELEsEsE, = 1:

E\E,E;E, = 1.
Ha puc. I113 npuBeneHa Joruyeckas cxema Ajs ABYX BeIXOZOB. ITpak-
THYECKH CXEMBI TaKOro poja B yCTpOﬁCTBax TeJIepraBJTeHHH BBIIIOJTHAKTCA

B BHJE AMOAHLIX MaTPHI, NpPEACTABAAIOMUX COGOH cOyeTaHME CXeM COB-
najeHus.




ITIPHJIO)KEHHE 11

HAJEJKHOCTH YCTPOICTB B BBIEOP
AIIITAPATYPBI TYV—TC

1. OcHOBHBIE NOHATHA W OIPe[eIeHAA

B Hacrosimee BpeMmsi OGLIENPH3HAHO, uTO HAJEXKHOCTh BaxKHeHmas
XapaKTepucTuka annapatypsl. [IpoGrema o6ecrmeueHHs HaJeXHOCTH
OXBaThIBaeT BCe CTaJUH 3apOXKJeHHs, CO3NAHHA M IKCINIyaTallHH , ammapa-
TYpHL.

Ha HageXHOCTb BJMSET He TOJIBKO KaueCTBO NMDHUMEHSIEMBIX 3JIEMEHTOB
U feranel, HO U TeXHHYecKas OGOCHOBAHHOCTb HX CXEMHO-DEXKHMHOIO NpH~
MeHeHHsA. B CBASH C 3TUM OueHb BaXKHOH fBJsAeTCAd BHIPAaGOTKAa KOJHYecT-
BEHHOTO KPHTEPHs HA/leXXHOCTH, METOJIMKH ee nmxenepnoro pacyera H 3K-
CriepUMeHTalbHON NPOBEPKH.

B oreyectBeHHOM nuTepaType [45] npuHSATO HAaHGOJIee MIMROKOE Ompe-
JleNleHHe HaJeXHOCTH KaK CBOHCTBA CHCTeMBbl (YCTPOMCTBA HJIH 3J1eMeHTa),
06GyCJIOBlIEHHOe IVIaBHBIM 06pa3oM ee 6e30TKa3HOCTbIO, DEeMOHTONPHIOA-
HOCTBIO M JIOJIOBEYHOCTHIO. BaXKHBIM SBJISIeTCS TaKKe TMOHSTHE TOTOBHO-
cru. CllenoBaTenbHO, HaJleKHOCTb JOJKHA RACCMATPHBATHCS KaK COYETAHHE
CBOHCTB 6e30TKa3HOCTH, JOJT'OBEYHOCTH, PEMOHTOIPHIOXHOCTH (BOCCTAHaB-
JIHBAEMOCTH) M TOTOBHOCTH.

Besomkasnocmes XapaKTepH3yeTCd BepOSTHOCTBIO BLINOJHEHHS CHCTe-
Mofi (YCTPOMCTBOM HJH 3JIEMEHTOM) CBOEr® HasHaueHHs B COOTBETCTBHH
¢ npelbsABIseMbIMH TPeGOBaHHAMH B TeueHHe 3aJaHHOrO BpeMeHH B Ompe-
JieTeHHBIX YCJIOBHSX padom CrepyeT OTMeTHTb, 4YTO IOCKOJBLKY 6e30T-
Ka3HOCTb SBJISAETCS OCHOBHOH XapaKTepHCTHKOH HalleXKHOCTH YCTPOHCTB,
TO JJISi MHOTHX aBTOPOB XapaKTepHO ymoTpebJeHHe TePMHHA «HAaAEXHOCTb»
TOJILKO B cMbIcje -GesoTkasHoctu [2].

Tlon doscoseurocmoro MOHUMaETCS o6wias AJAHTENbHOCTb SKCIUIyaTallu{
CHCTeMBl (YCTpOACTBA HJH snemema) [0 M3HAIIMBAHUA (IO HACTYIJIEHHS
TeXHHueCKOH MJIH 9SKOHOMHUECKOH Helenecoo6pasHOCTH jajbHefinero
HCIIO/Ib30BaHHUS) 3a BBIUETOM BpeMeHH PeMOHTa.

PemoHmonpuzodHocms — 3T0  TIPUCNOCOGIEHHOCTs CHCTeMBI (YCTpOH-
cTBa HJH 3J€MeHTa) K NpeAynpexieHHIo, OGHADYXKEHHI0O H YyCTPaHeHHIO
0TKa30B. JTO CBOMCTBO MMeeT NpaKTHYeCKOoe 3HAaueHHe TOJNBKO HJIl CHCTeM
MHOTOKDATHOrO AeHCTBHSI, KOTODHe NOAJIEXKAT PEMOHTY C 3aMeHod OTKa-
3aBIIMX 3/71eMEHTOB HJH GJIOKOB.

[ox 2omosrociriolo IOHUMAETCS COCTOSIHHE CHCTEMBI (ycTpo#cTBa HIH
9/1eMeHTa), MPH KOTOPOM OHa roToBa K Heme;weﬂﬂomy HCMOJIb30BaHHUIO 110
Ha3HaYeHWIO, He3aBHCHMO OT TOTrO, SIBJISIETCS OHA CHCTeMOH MHOTOKDPAaTHOIO
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MM OfHOPa30Boro jefictBus. [lna oGecrneyeHHst TOTOBHOCTH OGBIYHO IIpe-
JlycMaTpHBaloTcsl npoduIaKTHYeCKHe paGoTel IO ONpefie/leHHOH mporpamMe.

Heo6xoauMo OT/HyaTh HAJEXKHOCTb OT INOHSATHS MCIPAaBHOCTh, IOJK
KOTOpO#l MOHMUMAercs COOTBETCTBHE anmapaTyphl BceM TeXHHUECKHM TpeGo-
BaHHAM KaK OCHOBHEIM, TaK M BTOpPOCTeNeHHHIM. HeuncnpasHas anmapaTtypa
He 06s3aTelbHO HEHAJeXHa, TaK KaK HeKOTopkle AedeKThl (Hampumep,
BHEWIHHH BHA WJIHM yAOGCTBO 3KCIVIyaTalliH), M3-3a KOTOPHIX anmapaTypa
cyyTaeTcs HEHCIpPaBHOH, He BJHMSIOT HAa HAJeXXHOCTb. ODJeMeHTHl ammapa-
TYpBl, KOTOPBIE ONpPEAENSIOT ee HCIPaBHOCTb, HO He BIHAIOT HA ee Hajex- '
HOCTb, HA3bIBAIOT HeCYIeCTBeHHBIMH.

Omxa3 — 3T0 OCHOBHAsi HEMCIPABHOCTb, IIOCKOJBKY IIPH 3TOM CHCTeMa
(YCTPOHCTBO HJIM 3JIeMeHT), TepsieT MOJHOCTBIO (MM 4aCTHYHO) CBOe pago-
yee cBoiicTBo. KoanuecTBO ¢TKa30B 3a | « paGoTel yCTpPOiicTBA Ha3blBaeTcs
HHTEHCHBHOCTBIO OTKa30B (0603Hauaercst GykBod A). Ilox oTkasamu mOHH-
MalT  OOGBIYHO  HEUCIIPABHOCTDb
TOJILKO CYIIeCTBEHHBIX 3/1eMEHTOB.
HencnpaBHOCTH HeCyIeCTBEHHBIX
9J71eMEHTOB Ha3bIBAlOT Je(heKTaMH.

Pa6ota sneMeHTOB, CHCTeM
HJIH YCTPOACTB IOCJe H3rOTOBJIe-
HUA XapaKTepH3yeTcsl TpeMs -3Ta-
namu (puc. IT14).

Wy 7 t IepBriii 3Tan — HavaabHBIA
(meprop «aercTBay). Ha atom arane
BEIXOJUT U3 CTPOSI OTHOCHTEJIBLHO
GoMbIIOe  KOJHYECTBO HaHMeHee
HaJeXKHBIX 21eMEHTOB M COOTBeET-
CTBEHHO HHTEHCHBHOCTb OTKa30B
BBICOKAsl  («IpHPaGOTOUHBIE» OT-
kas3bl). [To Mepe BHIXOZA M3 CTPOSd HEHAafeXHBIX 3JEMEHTOB M HX
3aMeHbl, 8 IpH HeOGXOXUMMOCTH, TaKXKe H3MEeHeHHS PeXHMOB PaGOThl, HHTEH-
CHBHOCTb OTKAa30B yMeHEbIIaercs.
Havanpbubifl stan T, AJHTCH OTHOCHTENBHO HENIOJTO: OT HECKOMbLKHX

JIHEil 70 HEeCKOJBbKHX MeCSAleB, B 3aBUCHMOCTH OT CJIOKHOCTH YCTPOHCTBA.
YMeHbllleHHe HauaJbHOTO 3Tana JOCTHIAeTcs NpeJBapHTeJbHON TpPEeHUPOB-
KOH 3/1eMeHTOB Nepel NOCTYyMJeHHeM Ha CGOPKY HJIM MOHTaxX.

Heo6xonuMo, uToOGbl HAudJNbHBIL 3TAan 3aKAHUMBAJICS HA 3aBOJE-H3rO-
TOBHMTe/Jle MPH 3aBOJCKHX HCHBITAHHSX amlapaTyphl.

Bropeit aran — HopMmaJbhas pafora. Ha stom srtane nmpouecc npupa-
60TKM 3aKOHYEH, a H3HOC M CTapeHHe ellle He HACTYNHJH, NO3TOMY OTKa3bl
3/1eMEHTOB (BHe3amHEle OTKAsbl) IPOHCXOAAT CPAaBHHTENbHO penko. MHTeH-
CHBHOCTb OTKa30B MPAKTHYeCKH OCTAETCs MOCTOSIHHOH (A = const).

OcHoBHasl 3agauya, KoTopas pelraercsl IPH NMPOeKTHPOBAHUH, M3rOTOB-
JIEHHH U 3KCIUIyaTalluH amnmaparypbl, 3TO — [pOAJeHHe NepHoja HOpMaJb-
Hoit pa6otel (T,— T).

Tperuit s7an ‘- mepuoj M3HOca M cTapehusa. DTOT 3Tan XapaKTepH-
3yeTcsl NOCTeNeHHbIM yBelHYeHHeM HHTeHCHBHOCTH OTKA30B, BCJIEJCTBHE
MPOLECCOB H3HOCA M CTAapeHHs 3JeMeHTOB (BHe3alHble H «M3HOCOBBIE» OT-
kasbl). Ha sTOM 3Tane Bo3HMKaeT HEOGXOAMMOCTh B CPEJHEM HJIH KamH-
TalLHOM PeMOHTe anmapaTypbl. Bpemst T sIBAsieTCAd CPeiHHM 3HAueHHeM

JIOJITOBEYHOCTH 3JIEMEHTOB HJIH yCTpOﬁCTB.

Puc. I114. I'paduk HHTEHCUBHOCTH
OTKa30B A KakK (QYHKIUS BpPEMEHH
SKCIUIyaTalyH.
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2. HATeAcUBHOCTh BHE3AMHBIX OTKA30B DIIEMEHTOB
annaparypst TV—TC

Umerompuecs B JuTepaType JHaHHBE II0 HHTEHCUBHOCTH BHE3ANHBIX
OTKAa30B 3JIEMEHTOB B II€DPHOJ] HOPMAJIbHOH SKCIIyaTallid HMEIOT ype3MepHO
0600l eH b XapaKTep W He YUYMTHIBAIOT crienupuku ycrpoiicts TY—TC.
Kpome TOro, HHTEHCHBHOCTb BHe3aNHHBIX OTKa30B B CUJbHOH CTENEHH 3aBH-
CHT OT KO3((HIMEHTOB 3arpy3KH 3/EMEHTOB, M0J KOTOPLIMH IIOHHMAIOTCH
OTHOIIEHHSI PaGoyuxX TOKOB, - ’
HalpsKeHH# WM pacceuBae-
MOH MOLLHOCTH K COOTBETCT- Tabauya 111
ByIOLIEMy JJsi 3ieMeHTa faH-  WHTEHCMBHOCTL BHE3amHBIX OTKA30B sl
HOTO THIIa HOMHHAQJbHOMY 3Ha-  aJeMeHToB anmnapatrypsl 7Y—TC
yeHuio. Hampumep, ans TpaH-

3UCTOPOB IIPH  yMeHbIIEeHHH A ’nlo:’ omxazot [4
KoshpuIMeHTa 3arpysKu k, no SremenT _AJA_annapaTypbl
momuoctH ¢ 0,8 mo 0,2 A i amn
yMeHblIaeTcsa Gojee ueM B
5 pas. - .
3HaueHuss A SjeMeHTOB  1PAHBHCTOPE . . . .| — 0,42
TaKXKe B3aBHCAT OT Temmepa- JHHOMBI. . . . . . .| — 0,06
TypH OKpy2kalomeii cpejisl, ipu- 1 pansuctopst I113-14
ueM JUIsi TepMaHHEBBIX JHOJOB B Jloruueckoii 4actu | 2,86 —
M TPaHHCTOpOB A *ocobemno 1paHsuctope T1201 B
CHIIBHO  YBENHYMBAeTCs NpH JIOrHIECKOl 4acTH 2,1 -
Temmepatypax cebime 50°C. Tpansuctopst I1201 B
JInsi  cOmpoTHBIEHHH  THIA HCIIOMHUTENBHBIX o
MJIT npy H3MeHEHHW TeMe- gemsgx . . .. . .| 62 -
paTyphl BHelHe# cpenpl, oT 20 Huonsr B JlorH4ecKol
no 60°C A yBennuuBaercs wacth . . . . . .| 0} —
CpaBHHMTEJBHO He3HauUTeNlbHQ JIHOA Bl B HCTIONHHTEb- 16
npuMepHo B 1,5 pasa mnpu HBIX HendAx . . . . , —
53:—)_— 0,131) [33]. P P ConporuBnenuss . . .| 0,1 0,06
Brlta npoeefeHa cratH- Snlg{gpeol‘{ncygggifme 39 25
cTuYeckas 06pafoTKa pesylb- HI‘H TpanchopNa- ) :
TaTOB SKCIUIyaTauuu psaa jefi- Tpopm p 0.5 095
lomux ycrpoiicts TV — MRS B ’
%:rgy Bl’u Hraﬁny lPll TpUBEJIEHBI KOHTaKTEL pasheMoB . 8’82 8’83
COOTBeTCTBYIONHE NAHHBIE I g:;‘:" R B
yerpoiicts TY—TC, paspa6o- M0 —
ranupix [THAW MIIC [37, 4],  TMpaTporet MTX-90 . 17

MeHbIke 3HAUEHHS IJS A IIO-
JIydeHBl IS 3JeMeHTOB amma-
paTyphl JIUCTIETUEPCKOrO MYHKTA, TaK KaK KOS((HIMEHTH 3arpysKH STHX
3/1IeMeHTOB B [IPABHJLHO CIPOGKTHPOBAHHEIX YCTPOHCTBAX HE IPEBBILIAIOT
0,1—0,3. Kpome Toro, anmaparypa [/l HaXomuTcd B JyYIIKX YCJOBHSX
sKChyaTanuy, deM ammaparypa HMII. TpaH3uCTOpPH B HCHOJHHTEJbHBIX
nensx ammapatypsl MII 3arpyxeHbl 3HaUMTeJIbHO GOJIbIIE, YTO MPUBOXHMT
K COOTBETCTBYIOIMEMy YBEJHYeHHIO A. ODIeKTPONHTHYECKHe KOHIEHCATODHI
HMEIOT TaKXKe 3HAUHTeNbHYI0 BeJHUHHY A, COM3MEpPHMyI0 C A IJs TpaH-
3ucTOpOB (ns1s1 annapartypsl M1I), Ha MOPANOK Bhile A AN pene, 4To ofyc-
JIOBJIMBAET MepeXof K MOJHOCTbI0 GeCKOHTAKTHOH ammapaTtype.
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3. BepoarHocTh Ge30TKa3HOl paboTHI BIEMEHTOB,
GIOKOB U yCTpOiicTB

Ins stana HopMaubHOH PaGoThl 3JeMeHTOB, OJIOKOB H YCTPOHCTB

(puc. I114), crpaBepiuB 5KCIOHEHNUAJNbHEI 3aKOH BHE3alHHIX OTKa3oB

R(py=e7", (I1-25)

rae R (f) — BeposrHocts Ge3doTkasHofl paGOTH B TeUeHHe BPEMEHH f, ;
e — OCHOBaH@e HaTypajbHHIX Jorapupmos (e =<2,7);

\ — HHTEHCHBHOCTb BHE3amHEIX OTKa30B 7 .

Boipaxenne I[1-25 MOXHO mpencTaBUTh TakikKe B BHE
t
-T_cp
R(t)=e , (T1-26)
rue Tcp—cpenﬂag JUIHTEJLHOCTh PAaGOTHL MEXKJAY MOBPeXKIAEHHSIMH HIIH
cpepHAs HapaGoTKa Ha OTKas

Tep=7- » (11-27)

Cpepussa HapaGoTKa Ha otkas T, 06BLIYHO 3HAUHTENBHO GOJIblle,
yeM cpesnsas poaroseurocts T, (puc. I114). Hanpumgp, npun Ty =105«
cpejHss HapaGoTKa Ha OTKa3 MoxkeT 6wth T, =10% 4, a cymmapHoe
BpeMs mpUPabOTKH U HopMambHO# paGothl T, = 6. 10* 4. Cuegosa-

TeJIbHO, HU3KAsl UHTEHCHBHOCTb BHE3AIHBIX

RR !

08 \\ 0TKa3oB A = 10 ~ CYWeCTBYeT TONbKO

gg N 1151 mepBuIX 6 - 10¢ 4 (32 BEIUETOM BPEMeHH

] npupaboTKH)  3SKCIVIyaTalMy  3JeMeHTa.
n Ecau anemeHT He oTKaxer 3a 6 - 10% g4,

0Tcp//0 Top 2Ip t O HeOGXOXHMO 3aMEHHTb €ro HOBBIM H
1 PaBHOLEHHEIM 3JIEMEHTOM, €CJH XeJja-
09997, a TeJIbHO INPOJOMXKaTh PaBoTy C BHICOKHM
YpOBHEM 6€30TKa3HOCTH, COOTBETCTBYIOIUM

NIpeXXHEMY 3HAYEHHIO A.
B Beipaxenusx (I1-25) u (I1-26) Bpems
0951 HCIILITAHHSA ! BCerja MeHbIle NepHojaa Hop-
madpHOl paborel T, — T, (puc. I114), B Te-

|
| YyeHHe KOTOPOrO BepOSTHOCTb 6e30TKa3HOM
I paGoTEl OfMHAaKOBa A/ PaBHHIX IO AJIH-
0905 ! Teabﬂo}sm OB}())%%eIH ucnerraHus. Hanpuwep,
ecty A=0, B uac, a IePHOJ HOp-
TMDODTCP/OU Tcp/20 727,0/70 MmanbHO# paGothl paBen 1000 %, To BepofAT-
HOCTb 6e30TKa3Hoii PaGOThI 11 JIIOOLIX lOtt

B mpezenaax 1000 «

Puc. .I115. I'paduku Bepo- —0,0001 - 10 —0,001

SITHOCTH Ge30TKA3HOH pa- R=e = =0,999.
6oTel KaK (YHKIHA Bpe- BeposaTtHocTs Ge3oTka3HOH paboThl A1
MeHH & Bcero mepuofa 1000 « 3HaUNTENBHO MeHbIIE
a — nonHass  KpHBas; 6 — _ . —

KpalHAs JeBasi 4acTb KPHBOH, R —¢ —0,0001 + 1000 _ ~0,1 0,9048.
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Ha puc. I115 npexcrasien rpajuk BepOSITHOCTH 6e30TKasHOH pa-
60Tl R Kak ¢yHKuuu Bpemenu f. M3 xpuoki (puc. I115, a) BugHo, 4TO
npu ¢ = Tch=0,37. DTo o3HayaeT, UTO €CJH BKJIOYEHO M paboTaeTr
N OXHOTHIIHHIX 3JIeMEHTOB, TO CIYCTS t=Tcpu npuGIH3UTEIBHO BCEro

0,37N u3 Hux ocTaHyTCs PaGOTOCNMOCOGHLIMH, TOra KaK NPHGIH3HTENbHO
0,63N sneMeHTa OTKaXyT.

O6bluno mpu pacuerax f & Tcp, 4TO COOTBETCTBYET KpaiiHel JieBoi
YacTH KpuBoH. DTa yacTh KPHBOH IpuBeJieHa OTHenbHO Ha puc. I115, 6.
Ias sToro yyactka KpHBOH

RiH=1— 7—,t— . (T1-28)
cp

310 BHIpaxeHue moayuaerca us (I1-26) myTem pasnoxeHust B psjg u mpe-
HeGpeXXeHHs1 yleHaMH BO BTOPOH CTeleHH H BBIIeE.
CilefoBaTesIbHO, NPH 7.t—- =0,1 R=0,9; npu L 0,01 R=0,99,
; cp Tcp
a mpH — =0,001 R = 0,999.
cp - .
Takum o6pasoM, ecau tpebyercs, uto6bl R = 0,999 pas 1 4 pa6oter
sJeMenta M 6ioka, To T, Ao/KHO 6uith 1000. Ecan Ta ke Hajex-
HocTb TpeGyercs jgas 10 4 paGoTs, To Tcp JO/KHO GBITh COOTBETCTBEHHO

yBeaudeHo jgo 10000 «.
OTMeTHM, 4TO BeJHYHHA Tcp YHCJIEHHO PaBHa ILIOWAJH 0] KPHBOH

(puc. I115,a) B npenenax ot ¢ =0 xo ¢{ = . CiegoBaTennHo,

Tcp=SR(t)dt=Se‘Mdt==[%e‘MJ0 =%.
0 0

Ecnu ycTpoHCTBO COCTOMT M3 HECKOJNbKHX 5/1eMEHTOB, BKJIOYEHHBIX
NOCJIefOBATENbHO, TO IPH OTCYTCTBHH De3epBHPOBaHUA MOBPeXJeHHE JIO-
6oro u3 3JeMeHTOB HapymaeT HCIpaBHYIO paGoty yctpoiictBa. Caepopa-
TeJbHO, JJIs1 HCIpaBHOK pPaGOTHl TAaKOro YCTpPOHCTBA HEOGXOAMMO, YTOGHI
6bIH MCIIPaBHBI Bce €ro 3leMeHTHl. Ec/H BHe3amHBle OTKashl 3J1eMeHTOB
ABJIFIOTCST HE3aBHCHMBIMU COOBITHAMH, TO BePOSITHOCTb Ge30TKa3HOH paGoTht
ycTpolicTBa (yaia uin 6J10Ka) ompefiessiercs, Ha OCHOBaHHH TeOPEMBI O CO-
BMEIIEHHY He3aBHCHMBIX COGBITHII, KaK IPOH3BefeHHE BepOATHOCTeH 06e30T-
KasHOH PaGoTHL BCeX €ro 3/eMeHTOB

, RO =R ()Ry(f) --- Ry (1) (11-29)
WM yuuThiBas Boipaxkenue (I1-25)
n
—t Nt‘)‘l
—(N\, Az oo+ Nidn) ¢ ,
R(f) = WM FNdk bWt T )
rae Ny, -+, N, — KOJIMYECTBO KaXKJOrO H3 OJHOTHIHLIX 3JEMEHTOB;

1y *** 5 Ay — HHTEHCHBHOCTb BHE3aNHBLIX OTKa30B JIJA KaXjolf
- rpy bl OAHOTHIHEIX 3JIEMEHTOB.
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Bripaxkenune (I1-30) MoXXHO Takxe NpeJcTaBUTb B BHIE
—\yt

Ry=e ", (1-31)
rape )\y — HHTEHCHBHOCTb BHE3alHHIX OTKAa30B YCTPOICTBa.
n
Ay = 213 N, (11-32)
€CHH Ay = hg=.-- =12, 10
Ay =Nk, (1-33)

rge N — ofliee KOJHYECTBO OXHOTHITHBIX 3JEMEHTOB.
3Has )»y, u3 BelpaxeHus [1-27 MOXHO ompenesuTb CPERHIOI JJHTE/b-
HOCTb PaGOTHl MeXJy NOBPeXAeHUSIMH YCTpPOHCTBa Tcp. OpHako HeNb3st
CUUTATh, UTO €CJH CPeNHSAs JJIMTeJbHOCTb PaGOThl MeXJY NOBPEXIeHHAMH
ycTpolicTBa paBHa Tcp, To ammapaTtypa GyZerT Ge30TKa3Ho paGoTaTh Bce
3TH Tcp uac. Kak u3BecTHO, P SKCIOHEHIHANTLHOM paclpefielleHHH OKOJIO
63% o0TKa30B BO3HHKHeT PaHblle MOMEHTa BPeMeHH, COOTBETCTBYIOIIErO Tcp
Hac, H TOJAbKO IpHMepHO 37% 0TKa30B BO3HHKaeT moadxe. Ilo3ToMy Hamex-
Hyl0 paGOTy MOXHO MOJYUHTb JJs HHTepBajla BpeMeHH, 3HauHTENbHO
MEHBIIIEro Tcp yac.
TMpumep 11. OmpenenuTs BeposATHOCTb Ge30TKA3HOH PaGOTHI Of-
Horo 6/0ka ycrpoiictBa T¥—TC B Teuenne # = 1000 4 u cpegHee
BpeMsl MeXJy NOBPeXIeHHSAMH, cocrosimero u3 10 TpaH3HCTOPOB
tuna I1-14, 50 conpoTtuBieHuil, 5 3IEKTPOJHTHUECKHX KOHJEHCATO-
poB, 2 tpaHcdopmaTopoB, 2 pazsemoB u 100 maek.
CuuTas, uto anmapartypa Haxoxutcs Ha [J[1, u3 ta6a. I11 Haxo-
IUM HHTEHCUBHOCTH BHe3allHbIX OTKa30B 3JIEMEHTOB H OIpefensieM
A, u3 Brupaxenus (I1-32)
)\y=(10- 0,42 4+50.0,064+-5-25+-2.0,25+4+2.0,04 +

100 - 0,02) 105 = (4,2 + 3 + 12,5 4 0,5 + 0,08 + 2) 10~6 —
—9223. 10— -1,
)

U3 pacuera 7\y BHJHO, 4YTO JXJA paccMaTpuBaeMoro O6JioKa

HanGosiee CJaGbM MeCTOM SABJISIOTCS KOHIEHCATOPHL.
Janee ompefessieM BepPOSTHOCTh Ge30TKa3HOH paGoThl GJIOKa
B TeueHne 1000 4 u3 BHIpaxkenus (I1-31)

R (1000) — e—22,3 + 10—6- 1000 __ 6—0’0223 = 0,978.

Cpensee BpeMs paGoThl MeXAY NOBPeXJCHHAMU H3 BhIpaXe-
Husa (I1-27) onpenensem

1 1
TCD=}\—=W=44SOO 4.

Tax Kak T ,>> ¢, To paGota Gnoka B Teyenue 1000 4 Gyner
LOoCTaTOYHO HajeX Hoil.
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4, MeTons! MOBHIMICHHA HANEKHOLTH AaINNapaTypbl

TMoBuilIeHHe HAJEXKHOCTH almaparypbl HOCTHTaeTcs He TOJNBKO BLIGO-
POM HaJeXKHBIX OCHOBHEIX 3JIeMEHTOB, HO M BEIGOPOM CTPYKTYPHI H 0GOCHO-
BaHHLIM NpPUMeHeHHeM pe3epBHpoBaHHA. CTPYKTypHas HajeXHOCTb anna-
paTyphl 3aBUCHT OT OTHOCHTENBLHOTO KOJHUYECTBAa 3/eMeHTOB, BKJIOYaeMbIX
I0CJIeJOBATE/bHO, [OITOMY HX KOJHYECTBO CJIELyeT YMeHBIIATh.

B HEKOTOpHIX CJyuasX JJIs1 MOBBIIEHHS HaJeXXHOCTH CHCTEMBI NpH-
MeHsieTcsl pe3epBHpPOBaHHe HanGoJee caabblX 3/71eMeHTOB MK GaoKoB. Ilpu
5TOM OTKa3 B paboTe CHCTEMBl MOXKET NPOM30HTH JIMIIb IIPU BBIXOAE H3
CTPOsi BCeX MapajilellbHO BKJIOUEHHBIX 3J1eMEeHTOB MM GlokoB. st ompe-
JleIeHHsT BEPOSATHOCTH Ge30TKasHOH paGoThl IPH IMOCTOSTHHOM pe3epBHpO-
BaHHM yJIOGHO ONEepPUPOBATH BePOSITHOCTSIMH OTKAa30B 3JeMEHTOB HJH 6JI0-
KOB Q(f), BKJIIOUEHHHIX NapaJjeJbHO. Tak Kak

RH+Q®) =1, (T1-34)

TO BHAuaje MOXKHO BBIYHCIAUTHL Q (f), a 3aTeM BHIUHTAs ee M3 eNHHHUILBI,
nonyuuts R (f).
BepoaTHocTh oTKasza N napaJsJeJbHO paﬁoTaloumx 3/1eMEeHTOB

N
QW) = l:! Q, (), (I1-35)

a BepOSTHOCTh HX (e30TKa3HOH PaGoThl

N
Rty=1— E Q, (h) (11-36)

Ecau Bce 3/1eMeHTEI OJJUHAKOBBI, TO
Rity=1—[Q®"
BepoHTHOCTb OTKa30B 3JEMEHTOB ONpeAeJaAeTCA H3 BBIPaxKeHus
Q) =1—eM (T1-37)

Npumep 12. Onpezenuts BePoATHOCTh Ge30TKa3HOH paboTsl Tpex
ONHOTHIHEIX 3/€MEHTOB, BKJIOUEHHBLIX INapajjleNbHO, B TeueHHe
£ =100 4, ec/li WHTEHCUBHOCTb BHe3aNlHBIX OTKa30B JJif KaXJAOro
H3 3JIEMEHTOB

= 0,001 L.
y

BeposTHOCTb OTKA30B JJsi OJHOrO ajeMeHTa B Teuenue 100 4
u3 Beipaxenusa (I1-37)
Q=1—e"0%1—=0,095,
a /A Tpex 5JeMeHTOB, BKJIOYEHHBIX NapajliesbHo,
Q3 = (0,095)3 = 0,0008.
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BeposiTHOoCTh Ge3oTKasHOl paGoTHl Tpex mapaJiesnbHo pato-
Talomux jJeMeHtoB u3 Beipaxenus (I1-36) mpu £ = 100 «

R=1—Q3%=1-—0,0008 = 0,9992,

B TO BpPeMsl KaK BepOATHOCTb 6e30TKasHOH paboTHl AJIs1 OXHOTO 3Je-
MenTa paBHa Bcero 0,905. CrnenoBaTenbHO, NONy4YaeM 3HaunTelbLHOE
HoBHIeHHe HajexkHOCTH. OpHaKO clleflyeT OTMEeTHTb, YTO JJisl MOJY-
yeHHSI CTONb K€ BBICOKOH HaJexXHOCTH M Ha mociexyiomue 100 «
paGoThl 371eMeHTOB, HEeOOXOAMMO IIpeIBapUTEIbHO IIPOBEPHTH HX
H 3aMeHHTb BHILEJIINE U3 CTPOs. DTa ONepalHus JO/MKHA NOBTOP ATLCS
yepe3 Kaxiwele nocaepyiomue 100 « paGoThl.

Eciy HUCKJIOUMTh OGCJAYXKHUBaHHe C 3aMeHOH BBHINENIHX H3
CTPOsSI 3JIeMEHTOB, TO TOBHIIIEHHE HAJEXKHOCTH Gy[eT He3HAUHTeNb-
HBIM. JIJIs1 5TOro OmpejenuM CpPeXHIO HapaGoTKy Ha OTKa3 FPYIIE
M3 TPeX dJeMeHTOB. TaK Kak

R)=1—Q(P=1—(1—eMB=23"M_3.—2M | o=\

'3 3 1 3 1 1 1 1
Tcp—(SR“) d=x—mntm~atm-—Ttats
Ilpu \ = 0,001
1 1 1

a BeposiTHOCTh Ge3oTKa3HOH paGoTel B TeueHHe 100 4
R — ¢—100/1833 __ ,—0,054 _ () g4
= = = 0,946.

OTa BeJHMYHHA 3HAUUTENLHO MeHBIIE, ueM IIPH OGCTYKHBAHHH.

g ynpomeHus NPOeKTHPOBaHHS H OGCJYXKHBAaHHS YCTPOHCTB pPeKo-
MeHJyeTcsl IeJMTh anmnapaTypy Ha oTAelbHble GJIOKH, YTO JaeT clefylouue
TIPEeNMyIIecTBa:

. 1. IlpuMeHeHne paHee pa3paGoTaHHBIX H NPOBEPEHHHIX Y3J0B YIpo-
WaeT NMPOEKTHPOBAHHE CHCTEMBL.

2. CylecTBylomas anmnaparypa MoxeT GbITb MOAepPHH3HPOBaHA MyTeM
3aMeHbl OTHEJBHEIX GJIOKOB GoJlee COBepIIEHHBIMH.

3. CrangaptHsle 6710KH 60Jée TEXHONOTHUHBI B H3TOTOBJEHHH.

4. YwmeHblIaeTcsi KOJHMUECTBO OOGCJyKHBAIOIEro IepcoHana BCJel-
CTBHE IEHTPANH3ALUN OGCHyKHBaHHS. .

5. OGHapyxeHue M JHKBHAAUMS HeheKTOB ympoiaercs (IOBBIIIAETCS
PEMOHTONIPUTOHOCT). .

6. B 610Kax MoxkHO ofecneudTb Gosiee HafeXHBIA PexHM paGoOTH
JIeTanef.

AnnapaTypa fenuTcs Ha GJOKH MO~ BHIOMHseMOl (yHKUHM (HaIpH-
Mep, nepefalomui 610K, NpueMHbIH GIOK, GIOKH ycuiutesei, 670K nuTa-
HHS W T. 1), NPHYEM HEOOXOAHMMO CTPeMHThbCS, YTOGhl KOJHYECTBO CBsidell
Mex]ly 6J0KaMH GbLIO MHHHMAJbHO.

Tosblnenne HafexHocTH ycTpoiictBa TY—TC, MOMHMO IpHMeHeHHS
HaJleXKHBIX GeCKOHTAKTHBIX 3JIEMEHTOB H YIDOIEHHs CTPYKTYp, KOCTH-
raercsl Takxke BBeJeHHeM HelPePHIBHOTO KOHTPOJS HCIPABHOCTH KaHala
cBA3u M anmapatyphl T¥—TC, Kak 5T0 NPHUHATO B YCTPOHCTBAaX Hempe-
PBIBHOIO  (UMKJIHYeCKOro) gefictBHsA. [lpu T¥ B HEKOTOPHIX cJayvasfx
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NpPHMeHsleTCS pasfelleHHe KOMaHIH Ha IPeJBapHTENIbHYI0 H HCIIONHH-
TeJIbHYI0, KOTOpasl NOCHLIeTcs Nocie NOATBEPXKAEHHS MO KaHany oGpar-
HOH CBfI3H NPaBHJIBHOCTH BhIGOpA.

B 0co60 OTBETCTBEHHBIX YCTPOHCTBaxX TeJleyNpPaBJeHHS B LeJsX OBHI-
WeHHs HAJQKHOCTH MOXHO NPHMEHHTD Nepejady AyGauPYIOMMX MPHKA30B
10 Pa3HYHEIM LensM cXeMbl. [IpH oTKase s/1eMeHTOB OLHOH U3 Hemel, mpH-
Kaa mepefaeTcs o BTopoii uenu. TaKkast BO3MOKHOCTb BO3HHKAET PH HCIIONb-
30BaHMHM, HANpHMEP, MHOMOCTYIEHYaThiX UYACTOTHO-BPEMEHHBIX KOJOB.

5. CpaBEOTENbHAA OmEHKA HANEKHOCTH
yerpoiicrs TY — TC

Tlo HaneXHOCTH paGOTHl YCTPOHCTBA TeJleMEXaHHKH B COOTBETCTBHH
¢ T'OCT 11323—65 oTHOCAT K OZHOH M3 TPyNI yKasaHHBIX B Ta6ua. I12.

Bompochl .CpaBHHTEJBHOR OLEHKH HaleXHoCTH ycrpoiicts TY—TC
ellle HEJOCTATOYHO H3yUYeHEI
M HaXoJsATCs B CTagHu paspa-
6otku. HapmexxHOCTh yCTpOHCTB Ta6auya 112
TY—TC B mupokoM cMmeicie Pasjenenue ycTpolcTB TesieMeXaHHKH Ha
BKJIIOYaeT TaKXe M [I0MeX0- TpYiNbl M0 HAJEXHOCTH B COOTBETCTBUM
ycroituuBocts. Hanpumep, Ha- ¢ I'OCT 11323—65

BexHocTb yetpoders TY—TC  — : Coomos s
4acTo OUEHUBAETCH OTHOLIE- E DKenuTy aTauHoHHbIE Meg,xgy nosgelr!g
HUEeM KoJInyeCcTBa HeBBIIIOJIHEH- a YCJIOBHS ACHHUSIMH, 4
HBIX TPHKAa30B HJIH MOTepPAH- = He MeHee
HBIX CHTHAJIOB K 06IeMy KOJH-
YeCTBY BBIIIOJIHEHHBIX IIpHKa- 1 TlocTofiHHOE HA-
30B HJIH IEepelaHHBIX CHI'HAJIOB 6JII0 IEHHE CTIeIHAJIH -
3a OHpeJIE.HeHHHﬁ TIIPOMEXKYTOK 3HPOBaHHBIM IIepCo-
BpPeMeHH B J1aG0PaTOPHLIX HIIH HaJIOM; IO TeXHOJIo-
SKCIVIyaTalHOHHLIX YCJIOBHAX. FHH  KOHTDOJHDYe-
Ilpn 3TOM OTAENBHO YUMTHI- MOr'o IIPOH3BOJCTBA
BAaeTCsAd KOJUYECTBO JIOXKHBIX LOIyCKaloTCs Kpat-
CUTHaJOB HJIH HeNpaBHJIbHO KOBpeMeHHEIe Iiepe-
BBIIIOJIHEHHBIX IIPHKA30B C yKa- puiBHL B paGore . . | 1500—2500 -
3aHHEM IPHYHH HenpaBHJbHOHI 2 To e, HO 1pH
pa6oThl (BCJIECTBHE HEHCIIPaB- OTCYTCTBHH TIIOCTO-
HOCTH KaHaJla CBSI3H HJIH BO3- sSHHOro  HabJoxe-
pacTaHHs YpOBHs IOMeX, JTHGO HHA . . . . . . 3000—5000
oTKa3oB ammaparypel). Ha 3 IlepepbiBEl B pa-
OCHOBaHUHM 3THX JIaHHBIX MOX- 6oTe cHCTEMHI TeJle-
HO OTZEJbHO OLEHUBATh IOMe- MeXaHHKH HeJomyc-
XOYCTOHUMBOCTE  yCTpoHcTBa TUMBl. Amnmapatypa
U ero ammnapatypHylo HaxexX- yCTaHaB/UBAETCS B
HOCTb. TPY JHOROCTYIHBIX

IToKasareneM HaNeXHOCTH MecTax . . . . . . |Cseme 5000

TeJleMeXaHHYeCKOH amnmnapary-
PBI TaKXK€e KaK HKaHaJIOB CBs3H,
sBJIsieTC OTHOIleHHEe 4YHCJa 4yacoB Hepa6oqero COCTOsIHUA, BCJIEINCTBHE ee
HEHCNPaBHOCTH, K 4YHUCJIY YacoB HOpMaJIbHOPI paﬁOTbI. ﬂCHO YyTO 3TOT IIO-
KasaTe/lb 3aBHCHUT TaKKe OT peMOHTOl‘IpHI‘O}.{HOCTH anmapatypal H KayecTBa
00CTyKUBaHUSA,
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Tlpu cpaBHHTeNbHOH OLEeHKe amnapaTypHOH HaJeXHOCTH YCTPOICTB
TY—TC uMeloTcss OCHOBaHUS YTBePXKJaTh, UTO IIPU OXNMHAKOBOH Hajlex-
HOCTH OCHOBHBIX 3jieMeHTOB ycrpoiictBo T'V-—TC 6ymer Tem Gosee Ha-
JIeXKHO, YeM MeHbIIIe OHO COINEPKUT OOIMHUX y3/IO0B, BEIXOJ U3 CTPOS KOTOPHIX
NPHUBOIHUT K OTKa3y B pafore Bcell cuctemel. C 3Tol TOUKH 3peHHs] HauGomee
BBICOKYIO almapaTypHyIO HaleHOCThb PaGOTHl MOTYT OGeCmeyuTh 4acToT-
HEIC M YaCTOTHO-BPeMeHHEIe (Ipu MaJoM n.) ycrpoiicrea T¥Y—TC, y Koto-

pBIX KOJHUECTBO OGIIHX y3J10B MHHMMalbHOo. KpoMme Toro, B 3tux cucremax
HMeeTcsl BO3MOXKHOCTb IIOBBICHTb HAJeXHOCTb DaGOTHI IyTeM CO3LaHHS
He3aBHCHMBIX MHOTOKPATHBIX Ilellell ympapleHHs, IIOJ KOTOPHIMH IIOHH-
Mmaercs Ilepefiaua OJHOMY OGBeKTy AYGIHDPYIOMMX NPHKA30B IIPHU HOMOLIM
Pa3/HuUHbIX 3JeMEHTOB cXeMbl. TaKoe pe3epBHPOBaHHEe MOXET JaTh 3HAUM-
TenbHBIH 3(QeKT BCJIeACTBHE BBICOKOH JKHBYUYECTH *4aCTOTHBIX YCTPOHCTB
TY—TC, nox KoTopoii MOHHMAaeTCsl CIOCOGHOCTb annapaTypsl B Gosbliel
HJIM MeHbIIel CTeleHH COXPaHSTh CBOIO PaGOTOCIOCOGHOCTh MIPH MOSBIEHHH
OJIMHOYHOH HEHCIIPaBHOCTH.

Hccnenosanus mokasbisator [31], uro wacrornnie ycrpoiicrsa TY—TC
o6nafator HanGoJbliell KUBYYeCThIO, a paclpefieuTelbHEle yCTpoiicTBA —
MUHUMaJbHOHA. [lefCTBUTENbHO, NIPU HEHCIIPABHOCTH OJZHOI'O YaCTOTHOIO
3JIeMeHTa YacTOTHAs CHCTEMa TOJNBKO YaCTHYHO TepsieT CBOIO pa6oTocmoco6-
HOCTb, B To BpeMsl KaK BBIXOJ| H3 CTDOSi, HAalPHMepP, OXHOI CTYNeHH pacnpe-
JeNUTeNsl TONHOCTBIO HapymiaeT paGOTy BpeMeHHOH CHCTeMBI. JTOT ke
BEIBOJI [IOJTyUaeTcst IPHU Onpefe]leHHH KPUTEPHSs CPeRHUX 10 BpeMeHH NOTeph,
BO3HHKaOmUX B ycrpoiictBe TV —TC BcielcTBHe HeHaleXKHOCTH ammapa-
Typut [51].

Ilpu cpaBEHTeNBHOH OlEHKe HAfeKHOCTH HOBOH ammaparypst TY—TC
CleflyeT TaKXKe YUHTHIBATh KOJHYECTBO IPHHATEIX OCHOBHEIX 3/eMEHTGB
M KayeCTBO M3TOTOBJEHHS ONBITHHIX 06GPasloB, TakK KakK NPHHLHKIHAJIbHbIE
NpenUMylnecTsa MOryT ObIThb 3HAUMTENbHO CHHXKEHBl BCJIEICTBHE IUIOXOrO
BLITIOJTHEHHU .

6. Kpurepnm cpaBHHTEXbHOI OMEHKH YCTPOHCTR
TY — TC u BpiGOop annapatypsi

Ilpu BBIGope ammapatypwl T¥—TC u IPOEKTHPOBAHHH HOBHIX YCT-
pOHiCTB HEOGXOAMMO YYHTEIBATh ONpejieleHHEe KPHTEPHH cpaBHmeJIbHofi
OLIEHKH, KOTOPble ABJSIOTCS KOJIMYEeCTBEHHOH XapaKTePHCTHKOH KauecTBa
annapatypbl ¥ ee 5KOHOMHUECKHX MoKasaTeseldl. K TaKHM KpHTepUsIM MOXKHO
OTHECTH:

ITomexoycroiiyusocTh ycrpoiicts TY—TC, Kotopas OlLeHHBaeTcs
OTHOCHTeJIbHEIM CPeHHM YPOBHEM IIOMeX B KaHalle CBSI3H, IIPH KOTOPHIX
yCTpOHCTBO ele paGoraeT HOpMaJjbHO.

2. Brictpogelicteue ycrpoiicts T¥—TC, KoTopoe ompenensieTcsi Bpe-
MeHeM Ilepeflaud KOMaHIbl HJIH CHI'Hala IpH JaHHOH o6llefl eMKOCTH
CHCTEMBI.

3. AnnaparypHasi HagexHocts ycrpoiictB TV —TC, ompenensemas
AHANUTAYECKH, B COOTBETCTBHH C NPABHIAMH TEOPHH HAJEKHOCTH, M Ha
OCHOBAaHHH OIbITA 3KCIIyaTallMH MOLOGHBIX YCTPOHCTB.

4. YpenbHBIH Pacxoy 51eMEeHTOB (Ha OfHH OOBEKT yrxpaBJleHm{) s
KOHTAaKTHBIX ycTpofictB T¥—TC yuursBaercs y;[enbﬂbm pacxox peie
H KOHTAaKTOB, a JUIf GeCKOHTAaKTHHIX — YHeNbHBIH pacXof AHONOB,.TpaH-
3HCTOPOB, KOHJIEHCAaTOPOB, conpomBJleHHﬁ, TOPOB H TpaHC(bopM.a-
TOPOB.
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5. CrpykrypHas caoxHocts ycrpoiicts TY—TC, xoTopast oOueHHBa-
eTcsl OTHOIIEHHEeM KOJMYEeCTBAa 3J1eMeHTOB B OOIMX Y3laX CXeMbl K MOJ-
HoMy HX KoauuecTBy. C yBeqHueHHeM 3TOro KoaduuuenTta, Kak IPaBHIO,
CJIOXKHOCTh CXeMbl BO3pacTaer, a ammapaTypHasi HaJieXXHOCTb IOHHXKaeTcs.

6. CroumocTh ammapaTtypbl, KOTOPYIO MOXHO TaKike paccuuTaTh Ha
OfliH 0GBEKT yIpaBleHHS (CTOHMOCTb ammnapaTyphl JOJXKHA ONMPeReNsAThCS
NpH OJHHAKOBEHIX YCJOBHSAX H3TOTOBJIEHHS).

7. CroumocTh OGCJYXKHBaHHS IPH PABHHIX YCJOBHSAX 3KCIIyaTalHH.

BriGop anmapaTypel Ipexje Bcero HeOGXOAHMO NPOH3BOXUTL MO HeoG-
XOIMMOMY GBICTPOIEHCTBHIO, IOMEXOYyCTOHYHBOCTH H amnmapaTypHoOi Ha-
JeXHOCTH, a IIPH OlLieHKe BapDHAHTOB IIPHHHMAaTb BO BHHMaHHe BCE OCTalb-
HBle KPHTEPHH.

Ilpu pacyeTe 5KOHOMHUeCKHX NOKa3arteself oueHb Ba){eH yueT CTOMMO-
CTH He TOJIbKO amlnapaTyphbl, HO M ee 3KCIIyaTalHH.
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