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| OPI'AHM3AIIMS U TPOBEJEHUE MPAKTUYECKUX 3AHSITUI
1.1 llenu u 3a0auu

I[aHHBIfI IMPAKTUKYM SBJIACTCA OCHOBOIIOJAararomuyM 3B€HOM B H3YUYCHUHW IIPHUHIUIIOB

MOCTPOCHHUS IU(DPOBBIX CHCTEM TIEpEIavH.

»ow

Ocnosnas yésb IPAKTUKyMad — HAYYUTh:

IIpon3BoauTh BCE BHIbI HHXEHEPHBIX pACye€TOB, CBSA3aHHBIX C DPOEKTUPOBAHHEM U
HKCIUTyaTaleil COBPEMEHHBIX IIU(PPOBBIX CUCTEM TepeIadH;

PaboTath ¢ OCHOBHBIMU XapaKTEPUCTUKAMHU H IIapaMETpaMu LII/I(l)pOBBIX CHUI'HAJIOB CBsA3HM H
nepcaayn JaHHbIX.

9KCHJ’IyaTI/Ip0BaTB TCJICKOMMYHHUKAIIUOHHEBIC CPEACTBA.

1.2 Obwue npasuna pabomul 6 1abopamopuu

HOCKOJ’IBKy BCC NPAKTHYCCKUC 3aHATHA pAaCCUUTAHbl HAa NPUMCHCHHEC KOMIIBIOTCPOB HIIN

TEXHUYECKHX YCTPOUCTB CBSI3H, TO MPH paboTe B Ja0OPATOPHH CTYACHTHI JOJKHBI:
1. Ctporo cobio1aTh YCTAaHOBIICHHBIC ITPABUIJIA BHYTPEHHETO PACIIOPSIKA U TEXHUKH 0€30TTaCHOCTH.

2.
3.

1.

HGYKOCHI/ITGHBHO BBIIIOJIHATD Tpe6OBaHI/I$I HHXCHCPHO-TCXHUYCCKOI'O COCTaBa J'Ia60paT0pI/II/I.
Hagano moOBIX BUJ0B pa60T Ha4YWHATL C IMpUCMa HCXOJHOI'0 COCTOAHHA KOMILICKCA
TCXHUYCCKUX CPCIACTB Ha pa6oqu MCCTC M 3aKaHYHMBATb IIPUBCACHUCM KOMIIJICKCA TCXHUYCCKHX
CpCACTB B HICXOJHOC COCTOAHHUE.

1.3 Iloocomosxa k npakmuueckum 3aHAMUAM

[ToBTOPUTH TEOPETUUECKHUIT MaTeprai, OTHOCAIIUNACA K paboTe, MOJIb3YsICh KOHCTIEKTOM JICKIIHA

U YKa3aHHOW JIMTEpaTypoii;
2. XopomIo yACHUTH 1enH paboThl, MporpamMmy paboThl, HOPSAAOK BBIITOJHEHUS pabOThI.

1.4. Ilopsioox npogedenusi NpaKmuuecKux 3aHsamutl

1. YsacHeHue 11e1u 1 TeMbI TPAKTUYECKOTO 3aHSTHS.
2. Kparkoe 03HaKOMIJIEHHE C TEOPETUUYECKUM MaTEPHAIIOM IO TEME 3aHATHS C TOMOILBIO

KOMIIbIOTEpA.

3. IlomyuyeHue oT nmpenogaBaTenss MHAUBUAYAIBHBIX HCXOIHBIX JAHHBIX JJI pacyeTa.
4. BoinosHeHue 33JaHUM, PACYETOB U COCTABIIEHUE OTYETA.
5. Bepuduxarus pe3yiabTaToB.



Il. MIPAKTUYECKUE 3AHATUA

INPAKTUYECKOE 3AHATHUE Ne 1

Tema: Pasmemenue pereHepanuoHHbIX NYHKTOB JJs1 LICII mo sjekrpuyeckum

Ka0eysM.

1. Hean 3aHsATHS:

3aKpenuTh 3HAHUS 1O CTPYKTYpPE M OCOOCHHOCTSIM MOCTPOCHUS JIMHEHHOTO

tpakta LICII.  IlomyuuTh npakTH4YeCKHUE HAaBBIKM PACUYETOB pPEreHepaluOHHBIX
yuactkoB L[CII mo snekrpuueckum kabemnsiM. OBIageTh METOAMKOM MOCTPOCHHS
JarpamMmbl YpOBHEH nepeaaun MarucTpaii.

2. PexomeHaamum:

N3yuuts matepuan B [1]c.280-286, B [2]c.93-94, 97-107.
3. Topsinok BbINMOJHEHHUs PadOThI:

1. Ompoc 1m0 TEOpPEeTHYECKOMY MaTepualy 3aHATHS WU HU3yYeHUE 0JIOKa KpaTKuX
TEOPETHUECKUX CBEACHHH (C MOMOIIBIO KOMITBIOTEPA).

2. YscHeHue 3a1a4i, METOJUKH pacyeTOB U UHAUBUAYAIbHbBIX UCXOJHbBIX IaHHBIX,
MOJYYEHHBIX OT MPENOJaBaTEIIs.

3. Pacuetsl: anunbl PY, konuuectBa PY BuyTpu cexnuu [I1, neobxonumoro uncna HPII,
3aTyXaHUS PEr€HEPAMOHHBIX YYaCTKOB, BEJIMYMHBI YCUJICHUS! KOPPEKTUPYIOUIETO YCUIIUTES.

4. IlocTpoeHue nuarpaMMbl YpOBHEH Nepeiauu AJisd IEPBbIX TPEX YYACTKOB.

4. TeopeTuyeckasi YacTh

HomunansHoe 3aryxanue PV (4...) npu remnepatype 20°C npuBOAUTCS B TEXHUUYECKUX
JAHHBIX annapartypsl (cM. Ta0:. 2). JInuna PY g Temneparypsl rpyHTa, oTinyatomnieiics ot 20°C
(Hampumep, IpU MaKCUMaJIbHOW TeMIEepaType, Korjaa 3aTyxaHue kabess MaKCUMaIbHO),
omnpenensercs 1no Gopmyie

TAC a naxe - KOO PUIIMEHT 3aTyXanus kadenst Ha pacyeTHo yactore LICIT mst
MaKCHMaJIbHOU TEMIEPATyphl TPYHTA B 30HE CTPOUTENILCTBA JIMHUU TIepeadn, 1b/KM.
KoaddummenT 3atyxanust a vaxe Opeaensercs mo Gopmyie

Olvaxe = Cl2p [1"’ Ol (200 - tmaxc)]s

T/I€ a2 - KOO (GULIMEHT 3aTyXaHusl Kabelsl Ha pacueTHOM YyacToTe MpU TeMIEpaType TPyHTa,
paBHoit 20°C, n1b/kMm; (a a - TeMIepaTypHbIi KO3(QGUIIUEHT 3aTyXaHus Kabels Ha pacueTHON
gactoTe, 1/rpax (6epercst n3 MacCOPTHBIX TaHHBIX KaOels, HO ¢ JOCTAaTOYHOU IS MHKEHEPHBIX



PACUETOB CTENEHBIO TOYHOCTH MOKHO B3ATh @ o = 2X10° 1/rpan); tuae - MaKCHMaIbHAS
TEeMIIepaTypa IpyHTa Ha TIyOHHE 3aKOIKH Kabes, ¢ ° (onpenensercs U3 MeTCOHAOIIOCHNH 3a
HECKOJIbKO JIET Ha 3Tale U3bICKaHUN ).

3HaueHns KodPOUIMEHTa 3aTyXaHUs 20 AJI PACYETHOM YaCTOTHI ONPEACTIAIOTCA 10

bopmyre

f

Uy =0y ?T’
rae 1—Ko3(O(GUIMEHT 3aTyXaHus napbl Kaoess Ha yactore 1 MIm; f; — TakToBas yactoTta
muHeitHoro mudpoBoro curnana, MI'n, onpenensemMast TUIIOM JTUHEHHOTO Koa NU(POBOM CHCTEMBI
nepeayn. 3HAYCHUs oy ISl IIAPOKO MPUMEHSEMBIX TUTIOB CHMMETPHUYHBIX BRICOKOYACTOTHBIX Kabemei

MpHUBEICHBI B TaOume 1.

Ta6muma 1 — Xapakrepuctuka kademnei

Mapka MKC MKCA MKCBb MKCBb KCIIII
KaoOest 1x4x1,2 4x4x1,2 4x4x1,2 7x4x1,2 1x4x1,2
a1, 1b/km 5,350 4,954 5,388 5,233 5,430

Pacuer konuuectBa PY BuyTpu cekiuu JI1 Haxoautces mo gpopmyse
L.,
l H

HOM

npy =1

1€ Ly - aimmHa cexiuu LT, km; [](x) - GyHKIUS OKpYTIICHHSI 10 OOJIBIIETO OIMKaUIIero
IEJIOTO YHCIIA.
Heobxonumoe uucno HPII paBHo

Pupn = Hpy — 1.

[Ipn mpoekTupoBaHMM Tpacca pa30MBaeTCsl MEPBOHAYAIBHO HA YYacTKM HOMHHAJIBHOMN
JUIMHBI, a 3aTEM II0 YCIOBUSAM MECTHOCTH mpousBoautcs mnpussska HPII ¢ yderom nomyctumsix
OTKJIOHEHMM JUIMH PY 0T HOMMHaIbHONW. YKOpPOUEHHBIE OTHOCUTENBHO HOMHHaNAa PY B mpenenax
cekuun JIII cnenyer pacmonarate nepen OII, OPIl mnm nmyHKTOM mepenpuema MO TOHAJIBHOM
4acToTe, T. K. OJIOKM JTUHEHHbIX pereHepaTopoB coBpeMeHHbIX L[CII no anekTpuueckum xabensim He
coJiepKaT MUCKYCCTBEHHBIX JUHUHN. ECiu K€ MMEIOTCS MCKYCCTBEHHBIE JIMHUM, TO C UX IIOMOUIBIO
«YKOpPOUYEHHBIE» YYaCTKU JJIEKTPUUYECKH YJUIMHSIOTCS A0 JJIMHBI, HaXOJALIEHCSA B JOIYCTUMBIX
npezenax.

B3anMHOEe pacrnosiokeHue YKOPOYEHHBIX W YJUIMHEHHBIX OTHOCUTENBHO HOMHMHaia PY B
npenenax cexiuu JI1 moxxer ObITh pon3BoNbHBIM. OHAKO, crneayeT pa3meniats HPIT paBHomepHo,
Tak, 4YTOOBI JJIMHBI PEreHepallMOHHBIX ObUIM Obl OJWHAKOBBIMM U HE BBIXOIWIM 3a IMpeleibl
BO3MOKHBIX OTKJIOHeHHH. CnenyeT n3berars yIIMHEHHBIX PY. DTo cBA3aHO C TeM, 4TO C POCTOM
3aryxaHus PY 3HaunTensHO BO3pacTaeT BEPOATHOCTh OIMIMOKH, MPHU 3TOM Ui BCErO JMHEMHOTO
tpakta L[CII oHa ompenensieTcs B OCHOBHOM BEPOSTHOCTBbIO OMIMOKM Ha Xyamem PV, xoTtopeiM
SIBJISIETCS] CaMbIil ITTMHHBI.

[Tomexo3amMIEeHHOCTh  IU(POBOIl  JHHUM Tepefayd  OLEHUBAETCS  BEPOSATHOCTHIO
BO3HHUKHOBEHHUS OMIMOOK MpPH MPOXO0XKJIEHUU IU(PPOBOTO CUTHAJNA Yepe3 BCe dJIEeMEHThl LU(pPOBOro
muHerHoro tpakta (LIJIT). Omubku B pa3HbIX pereHeparopax BOSHUKAIOT MPAKTUYECKH HE3aBUCUMO



JPYT OT JpyTa, MO3TOMY BepOoATHOCTh omroOok B LIJIT MOXHO onpenenuTh Kak CyMMY BEPOSTHOCTEH
OIIIHOOK 11O OTAC/IbHBIM Y4aCTKaM

.
Pomr o = Zpomcmci :
p=1

/1€ Mpy - KOJTMYECTBO PEreHEPAIMOHHBIX ITYHKTOB € yueToM perereparopa Oll npuemnoi
CTAHLUU; pou 0OK1 - BEPOATHOCTH OIIMOKHU i--0 pereHepaTopa.

Ecnu BeposSTHOCTH OMMOOK y BCEX pEreHepaTOPOB OJMHAKOBA, TO OXKHUJAaeMas BEPOSTHOCTh
ommOku Beero LIJIT paBHa

Powox mr = Hpn * Pow oxc

OxunaemMyro BEpOSITHOCTh OITMOOK YI00HEE BCEr0 pacCUUTHIBATEH C YU€TOM I'PYHNITUPOBAHUS
PV ¢ onnHakoBBIMHU JJIMHAMH.

[Tocne pa3menieHrst pereHepalMOHHbIX ITYHKTOB BBITIOJHAECTCS PaCyeT 3aTyXaHUS
pEereHepalMoOHHbIX YYaCTKOB Apy, KOTOPOE PaBHO

Apy = amaxc’tpy + 2An'r(¢n} + Aun

7€ Awm(gpn) - 3aTyxaHue quHeitHOTO Tpancdopmaropa mist LICII mo cummeTpudHbIM Kabemsim
i ¢punbTpoB nutanus Uit LICII o koakcuanbHbIM Kabessim;

Aw= 3aTYXaHHE UCKYCCTBEHHOM JIMHUH, €CJIM OHA MCIIOIB3YETCS ISl YAJINHEHUS
pEreHepalMOHHOrO Yy4acTKa.

B nn¢poBsix cucreMax nepeaayu pacCUMTHIBAIOTCA CIEYIOIINE PAa3HOBUIHOCTH YPOBHEN
nepeavn:

- a0COJIIOTHBIN ypOBEHb MUKOBOM MOIIIHOCTH NP BO3AEUCTBUN €AMHUYHOTO UMITYJIbCa
UG pPoBOro curHana ¢ aMmIuTy 01 Unep

12
Prept =10lg —2 .10 , Ab;
<g

TJi€ Zg - BOJIHOBOE COMPOTHUBIIEHNE JUHUHU, OM.

2

U
Pop =101g 2":"-103 , AB,

- cpeaHuit abCOMOTHBIN YpOBEHb IM(PPOBOT0O CUTHATA

CoOoTBeTCTBYIOIINM 00pa30M ONPEAEIAIOTCS YPOBHH IIPHEMa Ha BXOJI€ TMHEHHOTO
pereHepaTropa pereHepallMOHHOrO IyHKTa



J11st IpOBEPKH COOTBETCTBHS BEJHUNH YCHIIUTECILHON CIIOCOOHOCTH pereHepaTopa Ha
Pupl = Pnept — Apys b,

Prp = Prep — Apya ab.
pabodeii yacToTe onpenemnseTcs BeIMINHA YCHIIeHUs Koppektupyromero ycunutens (KY):

Sy = Pymx ~ Prp » 4B,

I71€ Pyewx - AOCOIIOTHBIN YPOBEHD CpeIHEN MOIIIHOCTH Ha BBIXOJIE€ YCUITUTEIS, PABHbBIN

2
=10lg Y 102 , 1B,
22

pym.[x

e Uy, - HalpsDKEHUE eIMHUYHOr0 UMITyJIbCa Ha BXOJle pelaromero ycrpoiictsa (PY), t.e. Ha
Bbixoge KV, koropoe B LICII npuHSTO paBHBIM MHUHMMAJIbHOMY 3HAYEHUIO HAIPSKEHUSI BBICOKOIO

MOTEHIMajla MUKPOCXEM COOTBETCTBYIOIEH Cepuu; Zpy - BXOJHOE comnportuBieHue PY nuneliHoro
pereneparopa.

Peanuzanus Takux 3aTyxXxaHUl BO3MOXHA TOJBKO IPU IOJHOM IOJABJIEHUU BCEX IIOMEX,
KpOM€ IIOMEX, BBI3BAHHBIX MEPEXOAHbIM BIMSHUEM Ha JanbHUN KoHel. [loaTomy 3aryxaHue
KaOelnbHOW JIMHUM Ha PEreHepallMOHHOM ydacTke BbiOMparoT npumepHo Ha 10.. .15 nb mensiue
MaKCUMaJIbHON YCHIIUTENIbHOM CLIOCOOHOCTH pereHepaTopoB.

Torma moBepka COOTBETCTBUS BEIWYMH HEOOXOIAMMBIX YCHUJICHHH pPEreHepaToOpOB
IIPOU3BOAUTCS 110 (popmylie

Sy = Sy waxe = Auae — (10 15): ab.
Paccunrannnie 3HaueHnsa JJIMHBI U 3aTyXaHUA PY, a TaK¥XKeE ypOBHeI71 Ha BXOJC pErcHCPaATOpa

Y YCUJICHUH KOPPEKTHPYIOIINX YCHIUTENEH pereneparopa 3aHOCSTCS B COOTBETCTBYIOIINE TAOIHUIIBI
(mampumep, Tabnuna 2).

Tabnuma 2
Ne | Howmep pere- HepaunoH- | lpy, kM | Apy, 1B | Pup, AB | Sy, B
n/n HOTO ITyHKTa
1 OIT-A - - - -
2 HPII-1/1 3,0 71 -59,8 | 62,8
# # # # # #
7 HPII-6/1 2,7 641 | -529 | 559
# # # # # #




5. IPAKTUYECKASA YACTb

Hcxonubie naHHbIC
Ne ai tmax da Lan Lmaz | Aur Unep Um Zs Zpy
sapuanma
1 5,35 +15 2-10°° 200 600 0,5 3 5 600 600
2 4,954 +12 2-10°° 180 620 1,0 3 5 590 590
3 5,388 +13 2-10°° 190 590 0.8 3 5 595 595
4 5,233 +16 2-10°° 170 580 0.9 3 5 580 580
5 5,430 +10 2-10°° 175 610 1,2 3 5 585 585
6 4,995 +17 2-10°° 160 570 1,3 3 5 605 605
7 5,122 +16 2-10°° 150 560 15 3 5 610 610
8 5,130 +9 2-10°° 165 585 1.1 3 5 615 615
9 5,287 +11 2-10°° 185 575 1.25 3 5 585 585
10 4,911 +12 2-10°° 195 590 1.3 3 5 580 580

IIpumeuanue: [[ns Bcex BapuantoB -- moTok E3 (MKM 480). Ilo pe3ynbratam pacueToB
IIOCTPOUTH JMArpaMMy YPOBHeH nepeaaqu Juisl NEpBbIX TPeX y4acTKkoB HPII-1/1, HPII-2/1, HPII-3/1,
uMes B BUAY CIeNyIoLIee IPEANo0KEeHNE: MEPBbI Y4aCTOK UMEET HOMUHAJIbHYIO JUIMHY, BTOPOH —
Ha 10% xopoue, a TpeTuii — Ha 5% JIMHHEE HOMUHAJIBHOTO.

IIPUMEP

Hcxoanbie JaHHBIE

.N:o a1 tmax dg L,ZIH L mazc A_]IT Unep Um Zg ZPY
sapuanma
X 5,35 +25 2-10°° 200 600 0,5 3 5 600 600
1. Jns noroka E3 TakroBas yacrora f,=34,368 MI'y.
2. Auom 10 Tabnu1e 2 paBHo 73 1b.

f, 34,368 _
3. Haxomum a20 . Oy = ? , a1 =5,350; a2 =5,350- > =22,178 nb/xwm.

4. HaxomuM @max. Xpmaxr=%20 [1 =X+ (20 — t;0)] = 22,178-(1-2-10 3 -(-5)) =
22,231 nb/xMm.

73
5. HaXO)II/IM IHOM. IHOM = m = 3,284 KM.

200
6. Beruncnssem konuudectso PY BayTpu cexumu JI1 - npy = I (E) =61.
1. Toraa Heodxonumoe guciio HPIT wa yuactke cexnuu JII1 paro 61 — 1 =60.
8. Brraucnsiem oxunaemyto BepoatHocTh omnOku Beero LIJIT -

Poxcom py= 39-10-10 = 0,59-10-8
9. Brrancnsem 3aTyXaHuA pEreHCPainOHHBIX YHaCTKOB Apy IIOKa JJIsd HOMHHAJIbHOM JJIWHBI —
Apy =Xmax" lpy + ZA_)]T +0 = 22,2313,284+20,5 =74 IIE

10.  Brprumncnsiem aGCONIOTHBIN YpOBEHb MEpejaul Ha BBIXO/IE MePEaloIIero yCTpoHCcTBa —

— 101g [%e2 . 103] = 101g——- 10% = 8,75 1B
Prep = g[_ ]— gm =0, a

27y




11.  Beruucnsiem aOCOMIOTHBIN YPOBEHB MEepeavyr Ha BXO/I€ TPUEMHOTO YCTPOMCTBA
pEreHepaMoOHHOTO Y4acTKa - Pup =8,75 -74 = - 65,23 nb.

12. BeuucnseM Py enx - 0COMIOTHBIN YPOBEHB CPEeHEN MOIIHOCTH Ha BBIXOE YCHITUTEIS —
— 52 3)_
Py suux = 1018 (- 10° )= 13,19 1.
13.  Torna ko3¢ UIMEHT YCUIIEHUS! KOPPEKTUPYIOIIEr0 YCHIIUTEINS Ha BXOJIE PEIIAIOIIETO

YCTpOICTBa pereHeparopa paBeH
Sy =13,19 - (- 65,23) =+78,42 nb.
14.  BplumcnseM napaMmeTpbl BTOPOrO U TPETHErO Y4aCTKOB:
l2=3,284-0,9 = 2,956 kwm;
Apy2= 22,231-2,956 +2-0,5 = 66,7 nb;
Pnp = 8,75 - 66,70 = - 58,20 nb;
JJ1 yKOpOUEHHOT0 Y4acTKa He0OXOAMMO BbIUMCIUTh 3HAUEHUE 3aTyXaHHs UCKYCCTBEHHOM JTMHUU:
Aur = |Pup wow — Prpz|=1—65,23 + 58,20[++7,03 1B.
L3=3,284-1,05 = 3,448 km;
Apz = 22,231-3,448 +2-0,5 = 77,661b;
Pnp = 8,75 77,66 =-67,88 n1b.
15. Hus ymmaerHoro yaactka HPIT-3/1 koadduiiueHT ycuneHuss KOppeKTUPYIOIIETo
YCUIIUTENS Ha BXOJIE PEIIAIOIIEro yCTPOWCTBAa pereHepaTopa A0KEH ObITh 00JbIlIe HOMUHATBHOTO

3a CYCT 3araca yCUJICHUA:
S,3 =13,19 - (- 67,88) = +81,07 1B.

3aHOCUM JaHHBIC B Ta6JII/II_[y " CTPpOUM JUarpamMmy ypOBHCfI nepcaauu ajisl nepBbIX TPEX

YYaCTKOB.
No /a1 Howmep perenepannoHHOTO Loy, Apy, Prp, Sy, Aun
- MyHKTa KM nb b ob ob
1 OIl-A - - - - -
2 HPII-1/1 3,284 74 -65,23 78,42 -
3 HPII-2/1 2,956 66,7 -58,20 78,42 7,03
3 HPII-3/1 3,448 77,66 | -67,88 81,07 -
# # # # # #




Hwnarpamma ypoBHeit nepemgauun LIUJIT

6. KoHTpoJbHbIE BONPOCHI:

Jlate onpeneneHne pereHepanuoHHOTO yJacTKa.

Jate onpeneneHre CeKIUN TUCTAHIMOHHOTO TUTAHUS.

OT 4ero 3aBUCHUT BEPOSITHOCTH OIIMOKH pereHeparopa’?

Ha3BaTh OCHOBHBIE CTPYKTYpPHBIE 3JIEMEHTHI IU(POBOTO JTMHEHHOTO TPAKTA.

OcHoBHbI€ QYHKIIMH pereHeparopa.

OT yero 3aBUCHUT 3aTyXaHHUE PEreHEPaMOHHBIX Y4aCTKOB?

OT yero 3aBUCHUT JUTMHA PETeHEPAIIIOHHOTO Y4acTKa?

Yro Takoe «Ia3-guarpamMman?

Ocnosnble napametps! JILC 1 ux ¢pusnyeckas CyuHoCTb.

0. HazoBuTe OCHOBHBIE NMPUYUHBI UCKKEHUS CUTHAJIOB B LUQPOBBIX JMHEHHBIX TpaKTax
(LUJIT).

11. OcHoBHble TpeOOBaHMs, MpeIbsIBIIEMble K CTPYKType JMHEHHOro LU(pPOBOro CHUTHAIA

(JILIC). Nx dpuzmyeckas CymIHOCTb.

BOooNooa~LONE

7. JIuteparypa.

1. B.B. Kpyxmanes, B.H.I'opauenko, A.Jl. MoueHoB. LludpoBsie cuctemsl mnepenayu:
VYyeOnoe nocodue s By30B /Ilox pen. A.Jl. MouenoBa. — M.: Topsiuast nunusa — Tenexom, 2013. —
352 c.: un.

2. E.b. Aunekcee, B.H. lopnuenko, B.B. Kpyxmanes u np. IlpoexktupoBanue u
SKCIUTyaTalus UPPOBBIX TEIEKOMMYHUKAIIMOHHBIX CUCTEM M ceTeil. YueOHoe mocolue Juist By30B/
ITox pen. B.H.I'opaunenko u M.C. Tsepeuxkoro. — M.: I'opsiuas nunus — Tenexom, 2012. — 392 c.: ui.
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INPAKTUYECKOE 3AHSITHE 2.
Tema: Pacuer moka3arteJieii HaIe2KHOCTH Yy4aCTKA BHYTPHU30HOBOW NMEPBUYHOI ceTH

1. Hean 3aHsATHS:
3aKpenuTh 3HAHWS 10 TEOPUU HAIC)KHOCTH IUPPOBBIX CHCTEM MEpeaayu.
[TonyuuTe npakTUYECKHE HABBIKM PAacu€TOB OCHOBHBIX IOKa3arelel HaJeKHOCTU
KaHaJOB M TpakToB nepenadd. OBIafeTb METOAMKOM pacuera IoKazaTesen
Ha/IeKHOCTH BOCCTAHABIMBAEMBIX M HEBOCCTAHABIMBAEMBIX OOBEKTOB JIMHUHI
nepesayy.
2. PexomMenmanum:

W3yuuts marepuan B [1] c.36-48.
3. TlopsiIoK BBINOJHEHHUST PAdOTHI:

1. Ompoc 1o TEOpPETHUYECKOMY MaTepHally 3aHSATUS U U3Y4YeHHE  OJOKa KpaTKUX
TEOPETUUECKHUX CBEIACHHI (C OMOILBbIO KOMITBIOTEPA).

2. Yacuenue 3aa4i, MECTOJUKH PaCUCTOB U MHAWBUAYAJIbHBIX HCXOAHBIX JaHHBIX,
MOJIyYEHHBIX OT MPErnoaaBaTers.

3. PacueTsl: cpeHero BpeMeH! MKy OTKa3aMu, KO3 (UITMEHTOB TOTOBHOCTH U
MPOCTOs1, CPEIHETO BpeMeHU BoccTaHoBeHHs. O1nieHuTh HagexxHocts BOJIII.

Teopernveckasi 4acCTh:

[lon nadexcnocmopro 00bEKTa (37EMEHTA UM CUCTEMbI) IIOHUMAIOT €ro CBOMCTBO COXPaHSTh
BO BPEMEHH W B YCTAaHOBJCHHBIX IMIpeJesiaXx 3HA4YEeHUS BCEX IapaMeTpoOB, XapaKTEPHU3YIOMIHX
Ka4yecTBO Nepeayu.

KomriekcHBIM  TIOKa3aTeneM HaJeKHOCTH BOCCTAHABIMBAEMBIX OOBEKTOB, K KOTOPBIM
OTHOCATCSI YCTPOMCTBA DJIEKTPOCBS3U, SABISACTCA KOIduyuenm zomosnocmu K., onpenensromuit
BEPOSTHOCTH TOTO, UTO OOBEKT OKaXETCsI paOOTOCTIOCOOHBIM B MPOU3BOJIbHBIM MOMEHT BPEMEHHU.

C xod(dduuueHToM TOTOBHOCTU CBsi3aH KoIgpguyuenm npocmosa K,=1-K,, KOTOpBII
OTpesieNsieT BEPOATHOCTb TOrO, YTO OOBEKT OKaXKeTCs B HEpabOTOCIOCOOHOM COCTOSIHHE B
MIPOU3BOJBHBII MOMEHT BpEMEHH.

Be3omxkaznocms — cBOMCTBO 00BEKTA HEMPEPHIBHO COXPAHATH pab0OTOCTIOCOOHOCTh B TEUEHHE
HEKOTOpPOTro BpeMeHHU (HapaOoTku). Ee XxapakTepHu3yloT mokazaresMu:

- HApPAGOmMKOU Ha omKa3, VIIA CPETHUM BpeMEHEM MEeXTy oTkazamu T, 4.

- cpeonum epemenem goccmanosnenusn T, 4,

- UHMEHCUBHOCMbIO OMKA306 - CPEIHUM KOJIMYECTBOM OTKa30B B CIMHHILY BpeMeHHU (OOBIYHO B
TeueHUe oJHOTro Yaca) A(t), 1/4;

CunraeTcs, 9TO B MEPUOJT HOPMAITBHOW dKCILTyaTaliH (Iociie MpupadOTKH U 10 (PU3HIECKOTO
M3HOCA), HHTCHCUBHOCTh OTKA30B MOCTOsIHHA A(t)=const= /.

B stom ciyuae T, =1/4, a BeposATHOCTH Oe30TKa3HOM paboTsr; P(t) = e#
T T

— "0 - e
R ’ n '
T +T, T +T,
Ecin CUUTaTh, 4YTO OTKAa3bl 3JICMCHTOB B CHUCTCMC HC3aBHCHMBI, 4 OTKa3 OJAHOI'O J3JICMCHTAa
IIPUBOJUT K OTKa3y BCE#l CHCTEMEI B IIEJIOM, TO Ipu N dJ1eMEHTax B CUCTEME

O‘ICBI/IIlHLIC COOTHOIICHHA:
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/Ic:iﬂ'l ; Kzzrn[[{zi ; Kn:i[(ni
i=1 i-1 i=1

Cpez[Hee BpCMs BOCCTAHOBJICHUA CHUCTCMbI U3 N s71eMeHTOB:

ST,
Tec = l

c

Tpe6yesze nokaszamenu HaACKHOCTHU KaHalla r€peaadn 3aBUCAT OT €ro NpOTAXKECHHOCTH.

T. L L
To = OML M KHL:(]-_KFM)'L_;

M
rae Toy - HOpMAaTUB CPETHETO0 BPEMEHH MEXK]ly OTKa3aMH,
Kry - x03(pPUIMEeHT TOTOBHOCTH KaHala MAaKCUMAaJIbHOM MPOTSKEHHOCTH.

Jlig kaHana BHYTPU30HOBOM nepBUYHON ceTH AinuHoi L,=1400kM ycTaHOBIEHO:
- xa"an TY ananorosoii cetd Ton>111,4 9.  Krn=0,99.
- OLIK mudposoii ceru: Tox>205049. Kryn=0,998.

[Ipu pacueTe HaJEKHOCTH MAarucCTpaly pacdeT BEIeTCS pa3lesibHO Uil JIMHEWHO-KaOelbHbIX
coopyxkennit (JIKC) anmapatypHoro komriekca.

ITpu pacuere noka3zareneii HagexxHoct JIKC yauTeIBaroT:
- Akl — VHTEHCHUBHOCTbh OTKA30B OJIHOI'O KHJIOMETpA ONTHUYECKOTO KaOeysl B TOJ W3-3a GHEUHUX
npuyun. Ero 3HaueHUs BBIYUCISIOT U3 TOoro, yto Ha 100km kabenst mpuxomutcs B cpeanem G
noBpexaeHui B ro. [Ipeamonoxum, uro G=0,15, Torga:

_015 _17 .10*7y
Ay = 400-8765— o

- Ak2 — MIHTEHCUBHOCTH OTKa30B OJIHOW cTpouTenbHoi umHbl OK u3-3a gHympennux npuiun.

/K2 PacCUMTHIBAIOT, PYKOBOJICTBYSICh TEXHUYECKMMHU ycinoBUssMH Ha OK, coryiiacHoO KOTOpbIM
MUHUMalbHasi HapaboTKa Ha OTKa3 OJHOM cTpouTenbHOM umMHBI coctaBiseT 215000 wyacos.
[Tpubnu3uTeNnbHO CYMTAIOT, YTO CpeaHee 3HadeHHe (HapaOoTka Ha oTka3) B Gi pa3 Oomblie
MuHUManbHOU. Torna, mpeamnomnaras, aro Gi1 = 15 momyanm:

72 = Y915000.15= 31107

- Anpn.x= UHTEHCUBHOCTb 0TKa30B ogHoro HPII 3a cueT BHeMIHUX MOBpeXACHUI.
CornacHo ombita 3kcruryarauun otka3 HPII n3-3a BHEMIHMX MOBPEKIEHUI COCTaBISET B CPEIHEM
G2 Ha onuH TyHKT B roj. [Ipeanonoxum, uro G2=0,006.

OTCIOI[a HOHyLIaeTCﬂ:
_ 0,006 _rQ.10-6
Aupn = 4765‘ 68-10° 17

Cpennee Bpemst BOCCTaHOBIEHUS Tpuc=104.
Muarencusuocts otkazoB JIKC
Ao = Al L+ ﬂKanﬂ +A n

wpnsc Vupn
Hanee paccuntsiBaeTCs Toaxey Koaney Kuaxe.

Pacuer nokasaresneil HaJIe)KHOCTH aNapaTypHOro KOMIUIEKCA IPOU3BOAUTCS UCXOJs U3 YUCIIa
myaptuiniekcopos HPII Ha maructpanu. OCHOBY MyJbTHIUIEKCOPA, B OCHOBHOM OINPEAEIISIOIINM
€ro HaJIe’KHOCTb, COCTABISAIOT ONTUYECKHE MEpelaTuNKU M NPUEMHHMKH (ONTHYECKHH MHTepdeiic).
[To ombITY 3KCIUTyaTaIlA WX HAJACKHOCTH OMPEIEISETCS CPSIHIM BpeMeHeM HapaOoTKu Ha oTka3 Gs
gacoB. [Ipennonaras, uro Gz =45000 yacoB nony4um:

A = ¥45000=2:22-10"* 37
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Jlanee 1mo u3BeCTHBIM (popMysiaM pacCUUTHIBAIOTCS Toa, Kin, ¥ Kpa. [Ipu pacuere monararor, 4to
Bpems BocctaHoBieHus HPII<2,5y..

3nas nokazarenu HajgexHoctu JIKC, anmapaTypHOro KOMITJIEKCA, pACCUUTHIBAIOT
PE3yJIbTUPYIOLIUE TOKA3ATENN:

Ivaxcthoy  Tow=1/2n; Kon=1-Kusxe-Kna.

3Hast pe3yJIbTUPYIOUTYI0 HHTEHCUBHOCTh OTKa30B MarucTpaiu, MPOU3BOJIAT pacueT
BEPOATHOCTH 0€30TKa3HOM paboThI 3a MEPUOIbI: CYTKH, KBapTall, MOJIYroaue, roi.

Ha ocHoBe pacueToB HEOOXOIMMO C/IENIaTh BBIBOJIBI.

Ne Bapuanra 1 2 3 4 5
[Tocnennsis mudpa 0,5 1,6 2,7 3,8 49
CTYJEHYECKOTO
ouera
[Tapamerp G 0,14 0,13 0,12 0,11 0,10
[Tapamerp G1 16 14 17 13 12
[Tapamerp G» 0,005 0,0045 0,0055 0,0059 0,0065
[Tapametp Gs, vac | 40000 42000 43000 41000 46000
JlmuHa MarucTpaau 1200 1100 1000 1050 950
L (xm)
Jmuna 3 4 2 2,5 3,5
CTPOUTEIILHOTO
ydactka lem , (kM)
Homunanshas 95 100 105 90 110
JUTMHA
pereHepaIoHHOTO
y4actka lpe., (kM)
Cpennee Bpems 8 6 7 5 9
BOCCTAHOBJICHHS
JIKC (uac)
Cpennee Bpems 0,5 0,6 0,45 0,7 0,8
BOCCTAHOBJICHHS
MYJIBTUIIICKCOpa
(gac)

Ilpumep. Vicxonusie nanHbie B Tabauie 2.

Tabnuma 2 — McxoaHbie JaHHBIE IS TPUMEpPA

[Tapamerp G 0,15
[Tapametp G1 15
[Tapametp G2 0,006
[Tapamerp Gs, uac 45000
JmmHa Maructpamm L (km) 800
JIiHa CTPOUTENBHOTO YIaCTKA lem , (KM) 4
HomunasnpHas [UMHa pereHepalioHHOTO ydacTka lpe., (kM) 100
Cpennee Bpems BocctanoBieHus JIKC (uac) 10
CpenHee BpeMsi BOCCTaHOBJIEHUS MYJIbTUILIEKCOpa (4ac) 0,5
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Pewienue
1. VHTEeHCHMBHOCTH OTKA30B OJIHOTO KHJIOMETPA ONTUYECKOTO KaOelis B roJl U3-3a GHeUHUX

npultuH.‘
_015 _17 .10*7y
Ay = 400-8765_ -

2. VIHTEeHCHBHOCTH OTKa30B OIHOM cTpouTenbHOi 1mnHbl OK u3-3a uympennux npuuun:

— — . —7
A2 = ¥915000.15= 31107 7 -

3. HurtencuBHOCTH 0TKa30B ogHOro HPII 3a cuet BHENTHUX MOBPEKACHUIA:

R =20 765=68-20°

4, HurencuBHOCTH 0TKa30B JIKC

ﬂ’mcc - ﬂ’[(lL + ﬂ'KZnCﬂ + ﬂ’Hpn'Kann
HpeI[BapI/ITeJIBHO HYXHO HalTU YUCIIO CTPOUTCIIBHBIX IJIMH U YUCIIO PEreHCpanOHHbIX
ITYHKTOB Ha MarucTpaliu.
L 800
Ncg = E = = 200
=L _80_g
Mypn = lper 100 TorzAa
1
A,.=17-10"7.800+31-10"" -200+6,8-:10°°-8=0,2524-10"°% —
vyac

5. HMHTEeHCMBHOCTh OTKA30B MYJIBTUIIICKCOPA:

A = Y45000= 22210 17

6. Hapabotka Ha oTka3 JIKC:

1
T = ———=73692 yacos.
0s1Kc ™ 5 2524.10-3

7. Koaddumment roroBHoct JIKC: Kp HKC:% = 0,9973.

8. Koaddumment npocros JIKC:
10

Kl'[ an:m = 0,0027
9. HapaboTka Ha 0TKa3 MyJIBTHILIEKCOpA:
Town = 2_22.110_4 =4504 ygaca.
10. Koa¢¢pumueHT TOTOBHOCTH MYITBTHILIEKCOPA:
o0 — 0,99989.

IMI™y50440,5

11. Koa¢pumnueHt npoctost MylnbTHILIEKCOpa:

_ 05 N
Mg = 0,0027 = 0,000011.
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4. KoHTpoJIbHBIE BONIPOCHI:

Jlatb onpeneneHue kKo3QPUIEHTa TOTOBHOCTH.

Harte onpeneneHue KOAPPUIMEHTA TPOCTOSL.

JlaTb onpeneneHue CpeHEero BPEMEHU MEXK/1y OTKa3aMHU.

Jlateb ompeneneHue CpeTHero BPEMEHH BOCCTAaHOBIICHUSI.

Jlatb onpeneneHue MHTEHCUBHOCTH OTKa30B.

Jlath ompeneneHue HHTEHCUBHOCTH BOCCTAHOBIICHUSI.

OcHOBHbIE MYHKTHI METOJIMKH pacyeTa Imokaszaresiei HaJeKHOCTH

BOCCTaHaBJIMBaeMbIX 00bekTOoB BOJIII.

8. OcHOBHbIE MYHKTHI METOJMKHU pacyeTa Mmoka3aresneil HaJleKHOCTH
HEBOCCTaHaBIMBaeMbIX 00bekTOB BOJIII.

9. Tosicuuth ocHoBHBIE dTanbl dkciutyatanuu LICII ¢ Touku 3peHust HaieKHOCTH.

10. Hare ompeneneHue MepBUYHON CETH.

11. TTosicHUTH OHSATHE BHYTPU30HOBAS CETh.

12. Jlatb omnpejiesieHue MarucTpaabHON CETH.

NoookowhE

5. JIuteparypa.

1. E.b. Anekcees, B.H. I'opauenxo, B.B. Kpyxmanes u ap. [IpoextupoBanue u sKCILTyaTanus
U(POBBIX TEIEKOMMYHUKAIIMOHHBIX CHCTEM U ceTeil. YueObHoe nmocobue s By30B/ [lon
pen. B.H.I'opauenko u M.C. Tsepenkoro. — M.: Topsiuas nunust — Tenexom, 2012. — 392 c.:
nJ.

INPAKTUYECKOE 3AHATHE 3.

Tema: OneHka AMHAMHYECKOI0 JUANA30HA CUTHAJIA B JnHeiiHoM TpakTe LICII

1. Iesu 3aHATHS:
3aKpenuTh 3HAHHUS 10 TEOPUU JUHEHHBIX CHUTHAIOB IU(PPOBBIX CHCTEM
nepenayu. [lonydnTh TpakTHUECKHE HABBIKM pPACUYe€TOB OCHOBHBIX IOKa3aTesen
JUHENHBIX CUTHaANOB. OBJIaIeTh METOAMKON OIEHKH JUHAMHYECKOIO JUara3oHa
JUHEHHOTO CUTHaa MPH 33aHHOH 3aIIHUIEHHOCTH.
2. PexoMenganum:

N3yuuts matepuan B §3.2.1 [1], §1.3.1 [2], §5,3 [3].

3. Tlopsinok BbINMOJHEHHS PadOThI:

1. Onpoc mo TeopeTHUYecKOMYy MaTepuaily 3aHsATUS M U3y4eHHe  OJoKa KPaTKHUX
TEOPETUYECKHUX CBEJICHHH (C MOMOIIBIO KOMIBIOTEPA).

2. VsacHeHne 3aaa4v, MCTOAWKH PaCUY€TOB W MHAUBHUAYAJIBbHBIX HCXOAHBIX OAaHHBIX,
MIOJIyYEHHBIX OT IIPENOAABATENS.

3. OmpenenuTh MHHHMAQJIBHOE KOJIMYECTBO DPAa3psAIOB M B KOIOBOM CIIOBE, NpH
KOTOpOM oOecreuuBaeTcs 3aJlaHHas 3alllMIIeHHOCTh TapMOHHUYECKOro KojeOaHHs ¢
MUHUMAJIbHOW aMITUTYyI0H Umun OT IMIYMOB KBaHTOBaHUS Asxs. NPU PaBHOMEPHOM
KBAaHTOBAaHUU ABYXIOJSPHBIX OTYETOB. II0CTPONTEH 3aBUCHMOCTH 3AIIMIEHHOCTH OT YPOBHS
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TapMOHMYECKOT0 KOJICOaHWS TPH M3MEHEHHH €ro aMIUTUTYABl OT Umun 10 HampsOHKCHUS
orpanudeHust Uorp.

4. OnpenenuTts IOMYCTHUMBIA JWAa3oH W3MEHEHHS YPOBHS TapMOHHUYECKOTO
KoJIeOaH!s1, B KOTOPOM 3alIUIIEHHOCTh OT IIyMOB KBAHTOBAHMS OCTAETCS HE HUKE 33JaHHOM,
IPU UCTIOJIF30BAHUHM HEPABHOMEPHOTO KBAHTOBAHHSI C CETMEHTHPOBAHHOM XapaKTEPUCTHKOM
A - tuna, pekoMengosanHoit MCO —T.

Hcxonubie nanneie B Tadimue 1.

Tabmuna 1 - VicxoaHble JaHHbIE 110 BAPHAHTAM

MuHuManbHas
[Ipeanocneansis 3amuIeHHoCTh [Mocnennss
aMILIATYJa Hanpsixenune
nudpa OT IIYMOB nudpa
FapMOHHYECKOT0 OTpaHUYECHUS
CTYJCHYECKOTO KBaHTOBaHUs CTYJEHYECKOTO coeBaI U. B
ounera Asxe 1B ounera o
Uth MB
0 27 0 2,5 1
1 25 1 3 2
2 25 2 5 1.5
3 27 3 4,5 1.2
4 26 4 8 3
S) 23 5 7 1.6
6 23,5 6 6,5 0,5
7 22 7 3,5 2,5
8 22,5 8 6 1,8
9 21 9 7,5 2,7
Teopus

Pacuer 3alMUIICHHOCTH OT IIYMOB KBAHTOBAHUA JIA TAPMOHHUYCCKOI0o CUraajia mMpoOru3BOJUTCA
o opmyne
6U *

2
i

MuHMMaJIBHOE YHUCIIO pPa3psaoB M B KOJOBOM CIIOBE IIPU PABHOMEPHOM KBAaHTOBAaHHUH
TrapMOHUYECKOTO CHUTHala, OO0ECleYMBAIOUIYI0 33JaHHYIO 3alllUIIEHHOCTh Asxe. B JAHMANA30HE
3Ha4eHn aMIIUTY OT Uyun 10 Uozp, MOKHO ONIPEEIIUTD U3 (POPMYJIBI

U
A; . = 6m —20lgk + 4,8 — ZOlgU‘ﬂ (1)

MHWH

Am_;{g. = 10|g

I'me K — ik - hakTop, paBHbBIN JIJIsI TApMOHUYECKOTO CHTHAJIA V2.
[Ipu pacyere rpaduka 3aIIMIIEHHOCTH Asxs. OT YPOBHS CUTHaja HAJ0 HCIOJIb30BATh

3aBUCUMOCTH:
2

P. U b 4]
A3.I<B. = 10' < = 20' - = 10' — = c “Mu.xe 2
95 =209 27p - 10lg 5 = pep (2)
a BEJIMYMHY II1ara KBAaHTOBAHUS OIPEICTUTH 110 hopMyJie:
U
8 — oep 3
2048 ®)

B dopmyne  (2) Pe - Punks - PA3HOCTH aOCOMIOTHBIX YPOBHEH Mepenadyn CHTHajla W IIYMOB
KBaHTOBaHMSI.
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['paduk 3aBUCHUMOCTH 3alMLICHHOCTH OT aOCOJIOTHOTO YPOBHSA CHUTHaja CTPOUTH B
koopauHaTax Asxe [1B] - Uc B mpenenax ot Uy 10 U,y B nenmbenax, T.e. Asxe =F( Pe).

C yuyeToM JNHMHEWHOH 3aBUCUMOCTH Ajzxe OT aOCOIIOTHOTO YPOBHSI CHTHajia JOCTATOYHO
BBIYUCIIUTh 3HAUYCHUSI Asx¢ B JBYX TOUkax Pe: A Uywn W 1705 Uop. Tlpum 3TOM ymoOHO
0JIb30BaTbes (HOpMyIioi

pc=201g _Y = 20lg Y [nb] 4)
1,41-0,775 1,09275

B nannoit popmyne yurensl kodddurment 1,41 npuenaerus Kk 3GPeKTUBHOMY 3HAYCHHUIO
HaIpsDKEHNs TapMOHMUYECKOIO0 CHUTHAja [0 €ro aMIUIUTy[HOMY 3HadeHuto, a Ttakke 0,775 -
STAJIOHHOE 3HAYCHHE HANpPSOKEHHs] TPU BBIUMCICHUHM aOCOJIOTHOTO YpPOBHS IMepefadyu 1o
HaNPsDKCHUIO B Jiennoenax.

[Ipu BeIMONHEHUU MyHKTA 2 3aJaHUs] HEOOXOAUMO ONpEAENUTh AUHAMUYECKUN Tuarna3zoH
BXOJIHOTO CHTHaJIa 00ECIIeYMBAEMOro B HEIMHEHHOM Kojepe Tuna A Mpu 33aJaHHON MUHUMAaIbHOU
3alUIIEHHOCTH. /[l 3Toro HeoOXOOuMO OMpeNeldnTh YPOBEHb M AaMIUTUTYINy CHUTHAla,
COOTBETCTBYIOIIHE MUHUMAILHOMY 3HAYECHUIO A.xq-

B 3T0ii hopmyre HET HEOOXOAMMOCTH YUUTHIBATH OMPABOUHbIE KOA(D(OUIIUEHTHI IS
3G GEKTUBHBIX 3HAYCHUN HANIPSDKEHUS] CUTHATIA.

Ilpumep:
Hano: Upp=1,4 B, Usun=2 MB, A;x=271b.
1. MuHEMATBEHOE YHUCIIO pa3psaoB M: mo ¢popmyie (1):
m=1/6-(27+201g1,41- 4,8+20Ig(1,4/2-10%))=ent(13,7)=14
amummeHHocTs st U= Up,y 1 U= U, o popmyiie (2) ¢ yuerom (4):

L4 42
ASQK({ ogp: pc_ogp -pm_Kg = 20"9(1,4/1,09) -10'9% = 2,17'('74,1) = 76,3 ,HB

gy
AS.K({MMH: pC.MuH 'pm.Kg = 20"9(2' 10_3/1,09) '10 Ig% = -54,7'('74,1) :19,4 ,HB

Azxe=16,305

Asx=19,40F

v

Pe sun= -54,705 Pcop="12,1706

Pucynok 1 — 3aBHCHMOCTB 3aIlIMIIEHHOCTH TP PABHOMEPHOM KBAHTOBAHUH

2. I'paduk As.xe =F( pc) ymoOHee CTpOUTh B OTHOCHUTEIILHBIX YPOBHSAX CHTHANIA MTPH YCIIOBHH,
YTO OMOPHOE 3HAaYeHHEe CUTHANA paBHO Uy, m.e.

Uc
p. = 20lg (5)

Uorp
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Torga rpaduk, MOCTPOEHHBIH B aOCOJIOTHBIX YPOBHSIX MeEpenayd, CMECTUTCS Tak, 4TO
HYJIEBOMY 3Ha4deHHI0 P Oyner coorBercTtBOBaTh Us =U,z. B 3TOM dopMynie HET HEOOXOIUMOCTH
YUUTHIBATh MMOMPABOYHBIE KOIPPUIIMEHTHI 1151 3PPEKTUBHBIX 3HAYCHHUI HAIIPSHKEHUS CUTHATIA.

Cuauana onpe/ensieM YpOBHHM CUTHAJIOB /I HAYaJIbHOTO M KOHEYHOTO 3HAYeHUI curHaia B 7
CEerMeHTe, UCTIOb3ys Tadmuiy 3.1 B [1]:

Pc..=2019(0/5)= -6 nb; pc.=201g(1)= 0 nb.

AHaJOTMYHO BBIUUCIISIEM 3HAUCHUS YPOBHEH I OCTAJIbHBIX CEIMEHTOB, UCIOJIb3Ys TaOIHUILY
3.1 u popmymy (3).

3arem 1o ¢opmyie (3) BeIUMCIAEM 3HAUEHUS Asxe A1 ITUX 3HAYEHUH YpOBHEH curHaia u
cTpouM rpapuk As.xe =F( Pe).

Jus 7 cermenTa :

Asxon=101g—22""_ 319 1B Asxsx=10lg—222 2379 15,

(64 2048) (64 2048)

Amnanornuno st 2-6 cermeHToB. s 0-1 cerMeHTOB JIMHMS 3aIIMILEHHOCTH MOWJIET BHU3
napajyieJJbHO OTpe3KaMm JMHUK g cerMeHToB 2-7. Ckaykd BBEpX Ha TIPaHUIAX CETMEHTOB
OOBSICHSIIOTCS M3MCHEHHEM B 2 pa3a Iara KBaHTOBAaHUS B COCEOHHMX CErMeHTax. JlMHaMudecKuit
JMarna3oH CUTHANIa HaXOAUTCS MO0 rpaduKy Kak MoKa3aHO Ha PUCYHKE 2.

Ax.xa ab

37,9 nb

31,9 nb

27 nb

20

10

»
»

54 48 42 -36 30 24 18 12 -6
Pc ab

PI/IcyHOK 2 - 3aBUCHMOCTb 3alMUIICHHOCTH TP HECPABHOMCPHOM KBAHTOBAHUU

Takum 00pa3oM, AMHAMHUYECKWN AMAMA30H ISl 3aJaHHOW 3alIUIICHHOCTH Asxe =27 1b
nonyunsics mo rpaduky: D=46 nb. JlaHHOMY OTHOCHTENHFHOMY YPOBHIO CHTHAaja COOTBETCTBYET
1o(5) aMIUIUTYAHOE 3HaYeHHE CUTHaIa!

Ucyun= Uozp' 10(_46/20) :1,4' 10(_46/20):O,OO7B =7 MB

[TonydeHHOE MUHHMAIbHO JOMYCTUMOE JUISl 3aJaHHOM 3alllMIIEHHOCTH Asx¢ 3HAUYCHHE
00JIbIIIe 33JaHHOTO B UCXOAHBIX NaHHBIX Uun=2 MB, uT0 00BsicHsIeT X0 Tpaduka Ha pucyHke 1.
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4. KoHTpoJIbHbIE BONPOCHI:

1. [TosicHuTe IOHATHE «PAaBHOMEPHBIN KO

2. [losicHuTE OHATHE «HEPABHOMEPHBIN KOI».

3. Kakue HepaBHOMEpHBIE KOJIbI, TPUMEHsieMbIe B TMHEHHBIX TpakTax [[CII, BbI 3HaeTe?

4. [TosicHUTE OHATHE KKOMIIAHIUPOBAHUEY.

5. [TosicHuTE CTPYKTYpPY KOZa ¢ KBa3WIOrapu(pMUIeCcKon XapaKTEpUCTUKON KOMITaHIUPOBAHUS
1o A-3aKoHy.

6. Jaiite onpenenenne AMHAMUYECKOTO JUara3oHa CUrHaja.

1. B uem usmepsitorcst ypoBHHU JMHEWHOT0 curHana B Tpakte LICIT?

8. [TosicHUTE OHATHE «3AIUIIEHHOCTh CUTHAJIA OT IIIYMOB KBAHTOBaHUS.

9. Kak paccunThiBaeTcss MOIIHOCTD IIIyMOB KBaHTOBaHUs?

10. UeM 00BACHSIOTCA CKaUKH HA MPAaHUIIAX CETMEHTOB KO/Ia C KBa3HJIOrapupMUuiecKoit
XapaKTEepUCTUKOM KOMIIaHIMPOBaHUs 10 A-3aKOHY?

11. Jaiite onpenenenue abCOMOTHOTO YPOBHS Nepeaayn.

12. [laiiTe onpeneneHne OTHOCUTENBHOTO YPOBHS NIEPEIAUH.

5. Jluteparypa

1. . Topauenxo B.H., Tepeuxuit M.C. MHoOrokaHanbHble T€JIEKOMMYHUKAIIUOHHBIE CUCTEMBI.
YueOuuk 1y1st By30B. M.: ['opsiuas nuHus - Tenekom, 2012 - 416¢.

2. Kpyxmanes B.B., l'opaunenko B.M., Mouenos A.Jl. Lludpossie cucrems nepeaadu. Y4deOHoe
nocobue ansa By30B / moxa penakuueit A.Jl. MouenoBa. — M.: T'opsuas nunus — Tenekom, 2013 —
352c.

3. LudpoBble U aHATOrOBBIE CUCTEMBI Mepefaud. Y4eOHUK i BY30B / moj penakuuei B.U.

WBanoBa — 2 uznanue — M.: 'opsiuas nmunaust — Tenexom, 2014 — 232c.

MNPAKTUYECKOE 3AHSTHE 4.

Tema: Pacuer nummnbl perenepannonHoro yyactka ICII mo cummerpuynomMy Kkadesnro

1. Hean 3aHsiTHS:
3akpenuTh 3HaHUS MO CTPYKType pereHepaunonHoro ydactka LICII mo
CUMMETPUYHOMY Ka0earo, MOJACNU BIMSHUS, TEPEXOIHBIM 3aTyXaHUsIM,
OCOOCHHOCTSIM HMCIIONIb3YEMBIX JTUHEHHBIX KOAOB. [1oNyunTh MpakTHYeCcKue HABBIKU
pacdueToB OCHOBHBIX TIOKaszaresieil pereHepannonHoro ydactka [ICIT 1o
cuMMeTpuyHOMYy  Kabenro. OBNazeTb METOOUKOW pacyeTa pereHeparioHHOTO
yuactka L{CII mo cummeTpuyHOMy KaOeo.
2. Pexomenpanum:

N3yuuts matepuan B [1] ¢.93-107.
3. Tlopsiiok BbINOJTHEHHS] paGOThHI:
1. Ompoc 1O TEOPETHYECKOMY MaTepHally 3aHATHUS W U3YYeHHE  OJOKa KPaTKUX
TEOPETUYECKHUX CBEJICHHH (C MOMOIIBIO KOMIBIOTEPA).

2. YscHeHue 3aaa4u, MCTOAWKH PaCUYCTOB W MHAUBHUAYAJIBbHBIX HCXOIAHBIX OAHHBIX,
MOJIYYCHHBIX OT MpCTIoaaBaTeIs.
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3. PaccunTarh: 0)knJaeMyr0 MUHUMAJIbHYIO 3aILUIIEHHOCTh OT MEPEXOJHON MOoMeXu
u3-32 BIMSHUA Ha ONIDKHMI KOHEI[ B TOYKE MPHHATUS pemeHus pereHepatopa TPP,
MaKCHUMAaJIbHYIO TPOTSKEHHOCTh KaOeiabHOro yuactka. CocTaBUTh CTPYKTYPHYIO CXEMY
perenepanronHoro yyactka LICIT mo cummeTpuynomy kabesro.

Teopus

JllnHa  pereHepalMoOHHOTO ydYacTKa JIOJDKHA ObITh HaumOonblmeld ¢ TeM, YTOOBI
MUHUMU3HUPOBATh KOJIMYECTBO pereHepaTopoB Ha JUHUHM. C Ipyroi CTOPOHBI, YBEITUYECHUE ITMHBI
pereHepalioHHOT0  ydacTKa WP MPOYMX PABHBIX YCIOBHUSAX NPUBOAUT K  YBEIMYECHHUIO
koa¢dunrenTa omubok B pereHepaTope. Takum o0Opa3om, onpeaeneHue JJIMHbI pereHepanuoHHOro
ydJacTKa JOJDKHO HAYMHATHCS C BBIOOpA JOMYCTHMOTO KO3(QHIMEeHTa OMHMOOK B MPUMEHSIEMBIX
perereparopax. B coBpemennbix [{ITC 00bIYHO MPUHUMAIOT JAOMYCTHUMBIA KO PUIIMEHT ommnboK <
10719 BooOGrue ke momycTuMbIi KO3(pOHUIHMEHT OMMOOK pereHepaTopa MOXKET ObITh HaiiaeH kak 10°
"lpe/L, Tme 1077 — nopMa Ha KO>()PHIUMEHT OMMOOK, OTBOAMMAS HA JAHHBIA yd4acTOK ceTH, L —
HIOJTHAS JITTMHA TAHHOTO y4acTKa CETH, a lper — mpeamonaracMas JJMHA pereHepalMoOHHOTO y4acTKa.
HanomuuMm, 4TO mOJHBIE NJIMHBI MarucTPalibHOTO, BHYTPHU30HOBOTO U MECTHOTO YYacTKOB CETHU
paBHbl coorBeTcTBeHHO 10000, 600 1 100 KM COOTBETCTBEHHO.

Jomyctumbiii k03puuueHT onmmboK B pereHepaTope MO3BOJSET ONPEACTUTh JTOIYCTUMYIO
BEJIMYHMHY TMOMEXO3AIUIIIEHHOCTH pereHepaTopa Aus pe., KOTOpas M HCIOJIB3YeTCS B JAIbHEUIINX
pacuerax.

Pacuem ona maeucmpaneu c¢ koaxcuanvuvim kadenem. OOBIYHO, KaK 3TO CJIEIaHO B
SKBHUBAJIEHTHOU cxeMe (pUCYHOK 1), peasibHble JMHMM M YCUIMTENb 3aMEHSIIOT HICAIbHBIMU (HE
BHOCSIIIMMHU [TOMEX), a Ha BXOJIE YCHJIUTENS BKIIOYAIOT SKBUBAJICHTHBII reHepaTop MOMEXH.

Nepenar- *{j H - Koppexrupyro- Pewawuiee :
GMK — $ LWHA YyCUNuTe s YCTPOACTBO | 74
Kaboenusmen |
yMacrok g e
. 1

4 Nomexa 1 Pereneparop
1

B koakcuanpHOM KaOene, BBUIY BBICOKOW OSKPAaHHPYIOUIEH CIOCOOHOCTH €ro map,
HMCTOYHUKAMU TOMEX SIBIISIOTCS: TEIUIOBas NMOMEXa JIMHUU, KOTOpPasl, C YYETOM COIIACOBAHHOTO
BKJIFOUEHUSI KOPPEKTUPYIOLIEr0 YCUIIUTENS, MOKET ObITh MojicunTana no ¢popmyie Halikucra

P.n = KTAT,

rae k= 1,28-10-23 Jx/rpan — mnocrosiHHas bonbiiMana; 7- abCOMIOTHAs TeMIlepaTypa Io
KeneBuny; Af = (0...0,5f), T. e. Af = 0,5f; - pabouwmii qrana3oH YacToT JIMHEWHOTO TPAKTA.

B »TOoM ciyyae MOIIHOCTH TNOMEX HKBUBAJIEHTHOTO T'€HEpATOpa, KOTOPYIO HAa3bIBAIOT
MOIITHOCTHIO COOCTBEHHBIX TTOMEX KOPPEKTUPYIOIIETO YCHIIUTENSI, MOKHO OTIPENICTTUTh KaK

P«.n = P”.'D.)-.._.,

npuueM 371ech Diye — KOdPPUIMEHT COOCTBEHHBIX MOMEX (IIIYMOB) KOPPEKTHPYIOIIETO
YCHITUTETIS.
MO’KHO MOJICUUTATH, YTO MPU HOPMAIILHOM TeMIlepaType U IMHPUHE TOJI0CH YaCTOT

Af = A MFU, Py =0,404:10™ BT

YTO COOTBETCTBYET YPOBHIO 110 MOIIHOCTH pm = -114abMm. Toraa ypoBeHb TOMEXH Ha BXOAE
KOPPEKTUPYIOIIEr0 yCUIUTENs OyaeT paBeH
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Pen = =114 + 1019(0,54 /1 M) + iy, 2.

(4.6)
3n1ech

e = 10ig Dy

TouHas olleHKa MOIIIHOCTH II0JIE3HOT0 CUTHAJIA Ha BXOJI€ PEreHepaTopa 3aTpyIHUTENIbHA, TaK
Kak CreKkTp curHajioB B koje MUIIN (koTopslit 0OBIYHO UCIIOJIB3YETCS B JAHHBIX JTMHUSX ) IIUPOKUH,
U 3aTyXxaHue JMHUHU 3aBUCUT OT 4acToThl. HO BBUAY TOro, 4To HauOoJie€ MOUIHBIE KOMIIOHEHTHI
CIIEKTPa JAHHBIX CHTHAJIOB PACIOJIOKEHBI B o0iacT yactothl 0,5t ympoleHHO pacuer 3aryxaHus
JUHUY POBOJIUTCS HA ATOM YacToTe. TakuM 00pa3oM, ypoBEeHb IpHeMa CUTHAJIA Oy/IeT paBeH

Pro = Prop = (0,54 ) kar,

rae o (f) — xumoMerpuueckoe 3aryxanue Kaoens, lper — JMHA pereHepalMoHHOrO y4acTka,
a Prep — YPOBEHbD TEpeIaur, KOTOPbI MOXKET ObITh MOJICYMTAH KaK

U2
Prop = 101g(——2—).

Zs 107

B mocnenneit ¢opmyne Up — aMmrumntyna wuMIyiabcoB  Ha - mepenaue, 7, Zwas —
XapaKTepUCTHUECKOE COIIPOTUBIIEHHE Kabens (00bIYHO paBHOE 75 OM). 3alIMILIEHHOCTh CUTHAJIOB OT
COOCTBEHHBIX ITOMEX Ha BXOJI€ pereHeparopa COCTaBUT

Ayen = Pro = Pen= 114 + poog = 1010(0,5%/1 M) = (1(0,5h) by *+ Gy

3amaBasch JOMYCTUMOM BeIMYMHON Kodd(uimeHTa OIMOOK OMpeAensioT TpedyeMyro
MMOMEXO03aIIUIIEHHOCTh pereHepaTopa Amsmes. 1IpupaBHUBASA Ansrpes = Asen, TOIYHAIOT CICTYIOUIYIO
dbopMyny 75 pacyeTa JUIMHBI PereHepAIMOHHOTO YJacTKa:

114+ Py ~101G(0.5F, /1MW) = Gy, = Apy s
per a(05f,) '

Pacuem ona mazucmpaneii cummempuunozo xabens. 31ech MOXXHO BBIICIUTh JIBA CITydasl.
1. KommuectBo Bamsitomux IL[TC N > 6. Torma crmemyer cyuTaTh, YTO TIOMEXa HMEET

HOPMAJIBHOE paCIpENeICcHHe M €€ MOIIHOCTh paBHA P w0 = PMN',
MIEPEXOIHOM MoMexH co3faBacMoin onHo# Biusromen LITC.

Ecmu Bce LITC pabotator mo ogHomMy Kabemto, TO HauOoJiee OMacHOE BIIMSIHUE OKAa3bIBAET
nepegaya ogHo LTC Ha mpuem papyroit (puc.l, @). DToT ciaydail SKBHBAJCHTEH CHUTYallHUH,
PaccMOTPEHHON MPUMEHUTEIBHO K KOAKCHAIbHOMY KaOelo, HO YPOBEHb IOMEXHU AKBHUBAJIEHTHOTO
reLeparopa

rane Pom — MOIIHOCTH

Pran = Prep = AG * 1D|QN.

rae As — 3aTyxaHue Ha ONVDKHHUI KOHEII.

Ecnu xe numeer mecto nByxkabenbHas padota LITC, T.e. Bce menu, mo KOTOPHIM Mepenada
BENIETCS B OJHOM HAIpaBJICHUH, MOMEIICHBI B OJHOM Kaleje, TO XapaKTep B3aWMMHOTO BIUSHUS
Mexay LITC MOXHO ySICHUTH ¢ TOMOIIBIO PUCYHKA 2, 0.
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p

nep

NnHun 1

| Per. 1 P i Per. 1 NMnua 1 Per

AR o —_— '-.—__—‘  —— o ——

A Py LA
/

| Per2 ]|« | Per / _“;_» Per. 2

i Nunus 2 — Nurus 2 <

a) 6)

Pucynox 2. B3aummubie BnusHus mexay LITC mpu omHokaGenbHOW (@) U OBYXKaOeIbHOM

pabore (6)

B stom ciiyuae

P = Prg= Ay + 10IgN,

rae A, — TMepexoaHoe 3aTyXxaHWe Ha JalbHUHd KoHel. Torma [oMexOo3alluIIeHHOCTD
pereHepatopa OyaeT Asm = pup - pan = As.o-0. (0,5f) lhe.. 3mech Asn— nepexoaHoe 3aTyxaHue Ha
OMMOKHUN WM JaJbHUN KOHEIl B 3aBUCHMOCTH OT TOTO, Kakas cucteMa opranusaimu padotsr [[TC

HCIIOJIB3YCTCA — Ol[HOKa6CJII>Ha$I nin I[B}’XKa6€JII>Ha$I. OTCIOLIa o

Ao~ Ay pus 101N
o(05f,) .

por

Tak kak A, > As, AIMHA PEreHepaIiOHHOTO Y4acTKa MpH JByXkabeabHOU pabore OoJblie,

YeM IPU OJJHOKAOETbHOM.
B psne ciyyaes,

HampuMmep mpu ymwioTHeHun kabened ['TC, nns opraHuzanuu

coenuHUTENbHBIX JUHUA Mexay ATC, mis yBenuueHus lper mpu ogHokabenbHON padote L[TC
peKOMeHAyeTCs pa3MelllaTh PereHepaTopsl B aXMaTHOM HOPS/IKE, KaK 3TO MOKAa3aHO HAa PUCYHKE 3.

3I[€CI) MEPEXOAHOC 3aTYyXaHNE€ MOXKHO OIIPCACIINTE KaK

Ay = Ag + 0,50 (0,54 )b

[ -

! ! ! ! : Tt Nlweus 1
L L 1 M 1 ey 4 ] ;
[ HEREE T 1=~ | e ! i
HPM11  [HPN21 1} [HPN3I 1\ | HPN4!

I I ’ | '
I | «’ ./ 1
; 1 " vl 1y s | A
SR o= Lo === fmma2

Pucynok 3. Bzaumnoe Bnusinue mexny LITC npu maxmatHoM pasmerennn HPIT

OnTuMaiabHBIM  SIBIISICTCS pasMeIICHue PEreHepaTropos,

paboTaronmx

B

Pa3HbIX

HANpaBJIEHUAX, CTPOr0 B CEPEIUHE PETCHEPAIMOHHBIX YYAaCTKOB. EcCiM ke pereHepalrOHHbBIA

Y4acCTOK pa36I/IT Ha IBC HCPABHBIC YaCTHU |1 ul 2 TakK, 4TO

I, < l,\, T0 Aw = AG + (1(0.5!3 )J|

2. Konnuecto Biustitomux L{TC otHocuTensHo Mano (N < 4). B aToM ciydae momMexy MOKHO
MPEICTABUThH KaK rapMOHHYECKOE KOJIeOaHue ¢ 4acToToi, 0m3koi k 0,5ft u ammutynoi

U0 = N U,

rae Uy, — ammmutyna momexu, cozaaBaemoii ongnoit LITC.
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Tak kak momexa OrpaHMY€Ha IO HanpspkeHuro auana3oHoM + Upne, MHUHHUMAaJbHas
3alMIICHHOCTh CHUTHAJIOB OT IOMeX cocTaBUT 6 nb (Imomexa He JODKHA IPEBBINIATh IOpora
npuHATHs perienus). [lo anamoruu ¢ npeapiaymm, ¢ y4eToM As mpes = 6 110,

’pe' L Aﬁ.a = Anrpe(; R 2O(gN_
. a(05F,)

Cnengyer 0co00 OCTAaHOBUTHCS HA ONPEICICHUU [JIMHBI PEreHepallMOHHBIX YYaCTKOB,
npumbikaomux kK ATC. Kak uzBectHo, pabota y3moB ATC, 0cOOCHHO IeKaJHO-IIarOBON CHCTEMBI,
CO3/1a€T MHTEHCUBHBIE IIIYMBI B MOJIOCE YacTOT A0 2 MI'i. MouHOCTh 3TUX moMeX OBICTPO 3aTyXaeT
¢ ynaienneM ot ATC, W MOXHO CUMTaTh, YTO HauWOoOJiee TIOABEPKEH JICHCTBHIO TOMEX
npusieraromii Kk ATC pereneparmonnbsiii yyactok. Iloatomy B ciydae aekagHo-maroBsix ATC
JTAETCSl PEKOMEHJIAllUsl O COKPAIEHUHM BJBOE JUIMHBI MPUJIETAIONIETO0 K HEW pereHeparioHHOro
yuactka. Ecnu mpu 3TOM emie HCIONb3yeTcs IaxMaTHOE pa3MELIEHUE pereHepaTropoB, TO
YKOPOYEHHBIM CIIEYET JIeJIaTh y4aCTOK B HANPABJICHUU ITPUEMA.

2. TIPAKTUYECKASA YACTDb

B Ta6JII/III€ 1 IMPUBCACHBI MHAWBUAYAJIbHBIC HCXOAHBIC JAHHBIC AJId PACUCTOB 11O BaApHaHTaM.

Tabnuna 1 — MicxoqHble JaHHbIE 110 BapUaHTaM

Ne eapuanma T rpan fi Diye U N Awsrpes = Asen
(mocnennss nudpa MI'g BoseT ob

CTyq. Ouiera)
1 290 1 2 10 9 6
2 295 1,2 3 12 7 7
3 300 1,4 2 14 8 6
4 302 1,6 3 15 9 7
5 304 1,8 4 12 8 8
6 306 2 3 13 7 8
7 285 2,2 2 14 8 7
8 280 1,8 3 15 9 6
9 308 1,2 5 16 9 7
10 310 1 4 10 8 8

4. KOHTPOJIbHBIE BONPOCHI:

1. Ha3zoBute »neMeHTHI CTPYKTYypHOH cXeMmbl pereHepanoHHoro ydactka L[CIT mo
CUMMETPUYHOMY KalOelto.

2. Ha3zoBuTte ocHOBHBIE (PYHKIIMH pereHeparopa.

3. Ot 4ero 3aBUCHT 3aTyXxaHHe pereHepannoHHbIX ydacTkoB LICII mo cummeTrpuaHOMy
kabeno?

4. HazoBuTe 1 NosicCHUTE KOHCTPYKTUBHBIE 3JIEMEHTHI CAMMETPUYHOTO 3JIEKTPHUECKOTO
Kabes.

5. HazoBuTe 1 mosicHUTE OCHOBHBIE SJIEKTPUUECKHE MTapaMeTpbl CHMMETPHUUHOTO
AIIEKTPUYECKOTO Kabes.

6. JatiTe onpenenenne abCOMIOTHOTO YPOBHS TIEpEIauu.

7. OT yero 3aBUCHUT JUIMHA PEreHEPAMOHHOIO Y4acTKa C CHMMETPHUUHBIM Kabenem?

8. Ha3osute OCHOBHBIE NeCTaOUIN3UPYIOLIHE (bakTopsl, CHIJKAIOIIIHE
IIOMEXOYCTOMUMBOCTb OJMHOYHOI'O PETEHEPATOPA.
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9. [TosicauTe HAa3HAYEHUE JIMHEHHOTO pereneparopa (JIP), ocHoBHBIE ATarbl mportecca
pereHeparmy.

10.  Tlpueaurte hopMyny it KOIPPUITUEHTA 3aTyXaHUS O make PETCHEPAITIOHHOTO
y4acTKa ¢ CHMMETPUYHBIM Kabenem?

5. Jluteparypa

1. E.b. Anekcee, B.H. Topmmenko, B.B. Kpyxmanes u ap. IIpoextupoBanue wu
IKCIUTYaTanus MU(POBBIX TEICKOMMYHUKAIIMOHHBIX CHCTEM U ceTed. YdyeOHoe mocodue
s By3oB/ Ilom pen. B.H.Iopaumenko m M.C. Tsepenkoro. — M.: Topsyas nuHUS —
Tenexom, 2012. — 392 c.: uin.

NPAKTUYECKOE 3AHSATHUE 5.
Tema: Ouenka napamMmerpoB JuHeHOro Tpakta nuudposoii BOJIC

JlaHHOE 3aHsATHE U3-3a OOJIBIIOr0 00hEeMa OCBAUBAEMOI'0 MaTepHaja COCTOUT U3 JABYX
3aHATHH 0 4 yaca.

1. Hean 3aHsiTHS:

3aKpenuTh 3HAHUS 110 CTPYKTYpE JIMHEWHOI'O TPAKTa BOJIOKOHHO-ONTHYECKOM
LICTI, 0COOEHHOCTSM HUCIOIB3yeMbIX JTHHEWHBIX KOJOB. [10MyduTh TpakTH4YecKue
HaBBIKM Pacu€TOB OCHOBHBIX IOKa3aTeliell pereHepalioOHHOrO y4acTKa BOJIOKOHHO-
ontuueckoi [[CII. OBnagerb METOMWMKON pacueTra pPereHEepalMOHHOTO YYacTKa
BoJIOKOHHO-onTuueckoit LICIT

2. Pexomenpanuu:
N3yuuts matepuan B [1] ¢.108-124.
3. INopsigox BHIMOJTHEHHS PadOTHI:

1. Ompoc 1o TeopeTMYecKoMy MaTepually 3aHSATUS U HU3y4yeHHUe 0Jl0Ka KpaTKuX
TEOPETUYECKUX CBEJICHUH (C MOMOILBIO KOMITBIOTEPA).

2. VYsCcHeHWE 3a/Ja4d, METOAMKH pacyeToB ¥ HHIUBUAYAJIbHBIX HCXOAHBIX JTAaHHBIX,
IIOJIYYEHHBIX OT IIpENnoaaBaTels.

3. Paccumrarp. MOMEXO3AIIMIIEHHOCTH CHUTHAJa B TOYKE MPHUHATHS  pEIICHUS
pereHeparopa, MMHUMAJIbHYIO 4yBCTBUTEIBHOCTH (oTornpueMHuka Ha JIDJI, oneHuTh
ObICTpO/ICHICTBHE  BOJIOKOHHO-ONTHYECKOW  cucTteMbl  mepeaaud.  CocTaBUTh
CTPYKTYpPHYIO CXEMY PEreHEpalMOHHOIO ydyacTka BoslokoHHO-ontudeckor LICII u
MOCTPOUTH TUarpaMMy pacripeesieHusl JHEPreTHYecKoro NoTeHIrana.

Teopus

[Tocne BBIOOpa THIA ONTHYECKOTO HWHTEpdelica W COOTBETCTBYIOIIUX €MY ONTHYECKOTO
BOJIOKHA U KaOes, ypOBHA CHHXPOHHOro TpaHcrnopTHoro moayns STM-N u ero oGopynoBanus
BBITIOJTHSIETCSI pAcyem OCHOGHBIX noKazameneil JUHellH020 mpaKkma NPOeKTUPYeMOil yugposoi
BOJIII.

K Takum moka3zaTenemM OTHOCSTCS .

— OnuHa pe2eHepayuonHHo20 yuacmka (WA JIEMEHTAPHOI0 Ka0elbHOr0 y4yacTKa —
JKY);
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— ouazpamma ypoeHell u pacnpedesieHue IHEPeMmuUUecKo20 nOmeHyuana 1o JJINHe
pereHepanMoHHOr0 y4acTKa;

— MOWHOCMb OCHOBHBIX UWIYMOG ORMUYECKO20 JUHENH020 mpaKma: [poOOBbIX,
TEMHOBBIX H COOCTBEHHBIX;

— 8epOAMHOCHb OWUOKU UU KOIPuyuenm ouwiudKu 00UHOUHO20 pezeHepamopa;

— Ovicmpooeiicmeue 6010KOHHO-ONMUYECKOT CUCHEMbL nepeoayu,

— 0071208peMeHHble U ONepamueHvle nokKazamenu OwUOOK UUPPOGHIX KAHANO08 U
mpaxKmoe;

— noKazamenu HaA0EHCHOCMU KAHAI08 U MPAKMOE.

OcHoBOIi g pacuera mokazaTeneil nuHelHoro Tpakta wuudposoit BOCII saBustoTcs
TEXHUYECKHE JaHHbIE 000PYI0BAaHUS U IOMYCTUMbIE HOPMBI Ha TapaMeTphl KAHAJIOB U TPAKTOB.

Pacuer 1UIMHBI pereHepalMOHHOI0 Y4acTKAa

Hcxoonvimu danuvimu s onpenenerus juabl [IBOCII sBasroTCs:

— mapaMeTpbl omTh4yeckoro kabemsa: kodpduumenta 3aryxaHus o, Ob/KM  H
CpeIHEKBaIpaTUYECKOEe 3HAUCHHE AUCIIEPCUN ONITUYECKOTO BOJIOKHA
O, TIC/HM"KM;

— mapameTpbl obopynoBanus STM-N: ckopocTh onTudeckoro curHaina B, MOut/c u Tun
nmuHeiHoro Koaa (00braH0 ko1 NRZ co ckpeMOimpoBanuem);

— THUI UCTOYHHUKA ONTHYECKOTO U3TyYCHUS;

— JUTMHA BOJIHBI HCTOYHUKA U3ITyUCHUS, A, HM;

— IIMpUHA CIIEKTPa UCTOYHUKA U3Ty4YeHHS A4, HM;

— YPOBEHb U3JIy4aeMON MOUIHOCTH Prep, ABM;

— YyBCTBUTEIBHOCTh WJIM MUHUMAJIbHBI YpPOBEHb MPUEMA Pup mun, ABM; MHUHUMAIbHBIN
YpOBEHb MpHEMa TapaHTUPYET BEIHUMHY KOdpuimeHTa omuO0K Koy (MIH BEPOATHOCTH ONTHOKH
Pom) HE OoJiee, yeM ykKa3zaHO B TexHMUYeCKUX AaHHbIX STM-N; ecnu pow ompenensieTcs B mporecce
MIPOEKTHUPOBAHMUS, TO OHA MOJICKUT pacueTy;

— TIOpOT MEeperpy3Ku MPUEMHOT0 YCTPOICTBA WIM MAaKCUMAIIbHBIN YPOBEHb MPUEMA, Drp makc
nbm;

— JIOTIOJIHUTEJIbHBIE TOTEPH WU YHEPTETUYECKUH 3amac onTudeckoro Tpakta AJs, nb.

Hnuna pecenepayuonnoco yuacmka UU(YPOBONH BOJOKOHHO-ONTHUYECKOH CHCTEMBI

nepenaun (LIBOCII) 3aBucut or MHOTUX (aKTOPOB, BAKHEHIIUMH U3 KOTOPBIX SIBIISIOTCS:
1) sueprerudeckuii moreniman (3) HBOCII, paBubIii

2 = Prnep — Pup vun — Awaxe, (l)
TJ€ Prep — aOCONIOTHBIN YPOBEHb MOIIHOCTH ONTHYECKOTO CUTHana (M3ydeHus), 1bM; prp s —
aOCOJIOTHBI YpOBEHb MOIIHOCTH ONTHYECKOTO CHUTHAja Ha BXOJE IMPHUEMHOIO YCTpOICTBa, Hpu
KOTOPOM KO3((ULIMEHT OMmMOOK WM BEPOSTHOCTh OIIMOKH Pom OJUHOYHOIO pETeHepaTropa He
NPEBBIIIAET 33JaHHOTO 3HaueHus, 1bMm. DHepreTuueckuil MOTEHIMAN OINpeNenseT MaKCUMallbHO-
JIOIYCTUMOE 3aTyXaHU€ Amaxc ONTHYECKOTO CHI'Hana B onTuueckoM BosiokHe (OB), pa3beMHBIX H
HEpa3bEMHBIX COECMHEHUSAX Ha pEreHepallMOHHOM y4acTKe, a Takxke B Ipyrux y3nax [IBOCIT;

2) nucnepcust B OB, 0z, nc/HM -kMm; nucrnepcuonHbie sBieHus B OB mpuBomar k
paccestHuI0 BO BPEMEHM CHEKTPAIBHBIX WJIM MOJOBBIX COCTABISIOLIMX CUTHAJIA, T.€. K PA3IMYHOMY
BPEMEHU UX paCIpOCTpaHEHHs, YTO MPUBOAUT K M3MEHEHHI0 (OPMBI U JUIMTEIBHOCTH
ONTHUYECKUX MMITYJIbCHBIX CHTHAJIOB, K HX YILIUPEHUIO;

3) mnomexu, OOYCIOBJECHHBIE TEIUIOBBIMH IIyMaMH  pPE3UCTOPOB, TPAH3HCTOPOB
IIOJIYIIPOBOJHUKOBBIX JTUOJI0B YCHJIMTEIEH, IIIyMaMU UCTOYHUKOB ONITUYECKOIO U3Iy4EHHUs], LIIyMaMHU
M3-3a OTPAXKEHUs ONTUYECKOTO M3JIYyUYEHHUs OT TOPLEBOW noBepxHOocTH OB, MOIOBBIMM IIyMaMH U3-
3a uHTepdepeHIun MoJ, pacrnpocTpasstomuxcsi B OB u ap; 3TOT BUI NMOMEX HHTErPaIbHO
YUUTBIBAETCS KaK COOCTBEHHBIE IIIYMBbI;
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4) KBaHTOBBIA HWJIU (DOTOHHBIA LIYM, HOCHTEJIEM KOTOPOTO SIBISCTCS CaM ONTHYECCKHI
curHaji (B CuJly ero MajoCTH MO CPaBHEHHIO C JIPYTMMHU COCTABJISIONIMMHU IIYMOB ONTHYECKOTO
JMHEWHOr0 TpakTa B KypCOBOH pabOTE €ro He y4MTHIBAEM M BIIMSHHUE YUMUTHIBACTCS KaK BIMSHUE
JeCTaOMIIN3UPYIONINX (PaKTOPOB;

5) koaddunment 3aryxanus OB «a, 1b/xwm;

6) MUHUMaJIbHO-IETeKTHUpyeMas  MomHOcTh  (MJM)  Puysv  COOTBETCTBYIOIIAS
MHUHUMAJILHOMY TIOPOTY YYBCTBUTEJIBHOCTH IpUEMHOro ycrpoiictBa (oronmpuemuuka [[BOCII c
3aJIaHHOM BEPOATHOCTHIO ommOKku; MJIM MokeT OBITh onpezesnieHa mo hopmyse:

Py =— 1,15 £- (19 pow) B /7, (2)
e h=6,626-10% Br-c/I'y — nocrosiHuas [Tnanka; f - yacToTa ONTHYECKOTo u3nydenus, ['u; n —
kBaHTOBas 3P dekTuBHOCTH poTomeTexTopa (cMm. 3.3.2...3.3.4) (mpu pacuerax cieayer Opath 7
=0,75...0,9).B - ckopocTh nepenayu uHGpopManuu, OUT/C, paBHAs TAKTOBOW 4aCTOTE TUHEHHOTO
curnana LIBOCII; 3aganHas BeposATHOCTh OMMOKU. YacToTa ONTHYECKOTr0 U3Iy4eHHs] U3BECTHA
COOTHOILICHUEM:

f=CI/A 3)
rie C - CKOPOCTh PaCHpOCTpaHeHHUs cBeTa, paBHas 3-101 Hm/c; A. — AIMHA BOJHBI ONTHYECKOTO
U3IIy4YECHUs, HM.

Kak mnpaBmiio, mpu HCIONB30BAaHUHM CTAaHAAPTHOTO OOOPYIOBAHUS JIMHEWHBIX TPAaKTOB
I[IBOCII coBMECTHO ¢ pEKOMEHAYEMBIMH JUIl HUX ONTHYECKUMHU KabenasMHM MaKCHUMalbHO-
JOonycTUMas JAJWHA PEreHepallMOHHOTO YydYacTKa, OIpEAeNIeHHas II0 JHEPreTUYECKUM
XapaKTepUCTHKAM CUCTEM (HEPreTUYECKU OTEHIMA, YPOBHU MEPEIAYu U IIpUEMa ONTUYECKOTO
U3JIy4eHUs, 3aTyXaHUe pEreHepallMOHHOTO  Yy4acTKa), MEHbIIe MaKCUMaJbHOW JUIMHBI,
OIpEEsieMO  UCIEPCUOHHBIMU  XapakTtepuctukamMu OB. Ilosromy mnpu mpoeKkTupoBaHUU
PEKOMEHIyeTCsl JUIMHY PEre€HEPALIMOHHOIO Yy4acTKa ONpPEAENATh 0 HEPreTHYECKUM IapaMeTpam
[IBOCII.

Jlia onpeneneHus IUIMHBI PEreHEPAIlMOHHOTO Y4acTKa COCTAaBJISIeTCSl €ro pacueTHas cxema,
pucyHoK 1, Taie mpuHsTHI cienayromue obo3HaueHusi: OC-P —onTtuueckuii CoeIMHUTENb pPa3beMHBIN
(Mx 4MCclIO Ha pereHepalMoHHOM ydacTke paBHO 2); HPII — HeoOcnyxuBaemblii pereHepaliioHHbIN
nyHKT; [IIIOM — npuemonepenaromuii ONTHYECKUI MOyJb, TPEOOPa3yIOMUNA ONTHYECKUN CUTHAII
B DJIGKTPUYECKUH, BOCCTAaHABIMBAIOIIMI IapaMeTpbl TOCJIEAHEr0 U Ipeodpasyrouuii ero B
ontuueckuil); OC-H — onTuuyeckuil COeIMHUTENb HEPa3bEeMHBIN, YHUCIO KOTOPHIX HAa EIUHUILY
MEHBIIE YHClIa CTPOMTENBHBIX JJIMH ONTHYECKOro Kalens, COCTaBJSIOIMIMKA pereHepaluoHHbIN
y4acTokK; lerp — CTpoWTENbHAS JUIMHA ONTUYECKOrO Kabels, KaKk OTMEdanoch BhIIE, paBHas 2...4
kM; OB - ontrdeckoe BOJIOKHO; 1y - ATMHA pereHepaliioOHHOrO y4acTKa.

[II1IOM [I11IOM
0C-P

R DS OO £

OB

(6}

IPV

S R

Pucvaok 1 — PacueTrHas cxema s onpeaeaeH s JJIUHBl DEreHEPAIMOHHOTO
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Kaxk cnenyer u3 pucyHka | 3aTyxaHue pereHepalliOHHOTO y4yacTKa paBHO
Ayaxe = D = 24, +Q-Au + a¢lyy + At + As, 1B, 4)

rne Ap — 3aTyxaHue pazbeMHoOro ontuueckoro coeaunurens (OC-P) pasnoe 0,5 nb; 4x - 3aryxanue
HepazbeMHoro ontudeckoro coenunutens (OC-H);  — unciio Hepa3beMHBIX COSTMHEHUIA; o—
K03((UIMEHT 3aTyXaHUs ONITUYECKOTO BOJIOKHA, 1b/kM; |py — minHa perenepanmonHoro yuactka; At
— JIOIYCKH Ha TemIiepatypHbie u3Menenus napamerpos [{BOCII, B ToM uuciie 1 ONTUYECKOTO
kabens, s TunoBbix [IBOCII paBuebie 0,5...1,5 1b; 4s —nomycku Ha yXyIIIICHHE MTapaMeTPOB
anemenToB LIBOCII co BpemeneMm (cTapenue, Aerpafamnus v T. 11.), Az=2...6 (3aBUCHUT OT THIA
MCTOYHHMKA ONTHYECKOTO U3TYUYEeHHUs U IPUEMHHUKA ONTUYECKOr0 U3ITyYeHHSI U MX KOMOWHAIIHIA).

Cymma A4t + Az =43, — SHEpreTUUeCcKui 3amac.
MakcumanbHOe 3aTyXaHue (WM SHEPreTUYECKU MoTeHMal J) pereHepalluoOHHOTO y4acTKa
paBHO

Ayaxe =3 = Prep — Pnp mun, abM, (5)

1€ Prep Y Prp vun 3HAYEHUS aOCOJIOTHBIX YPOBHEW MOILIHOCTH ONTUYECKOIO CUTHAJIa Ha BBIXOE
nepenaTirKa U BXOJIe MPUEMHHUKA COOTBETCTBEHHO OepyTcs M3 MacropTHHIX AaHHBIX STM-N.
N3 (4) u (5) nonyuum
D-24,-44,-A),

py a

Bce Bennuunel B (6), KpoMe (] — UnCiia HEPa3bEeMHbBIX ONITUYECKUX COEIMHEHUN, U3BECTHBI. Yucio
( Ha €JMHHULY MEHBILE YHCJla CTPOUTENHHBIX JAJIMH ONTHYECKOTO KaOeJIsl, COCTABIISIFOLINX
pereHepaluoHHbIA Y4acToK, T. €.
qCTp = Ipy/ICTp, (7)
[ToncraBuB 3HaueHue ( B (6) ¥ BBHIIIOJIHUB HECIOXKHbBIE TPe0Opa30BaHUs, MOTYIUM
MaKCHMallbHOE 3HaU€HUE JIIMHBI PEreHepallioOHHOI0 yJacTKa
I+-4 - 2Ap - AJ,

I = » KM. 8
py Makc a+AH /Ic_[p KM ( )

[Ipuemnsie ycrpoiicta [IIIOM ocHammaroTcs ycTpoHCcTBaMH aBTOMaTHUECKON PEryIupOBKH
yeunenus (APY) ¢ npenenamu perynupoBaHus Aapy, ONPeIeIIONMX MUHUMAIbHYIO IIPOEKTHYIO
JUIMHY PET€HEPAIMOHHOIO y4acTKa

D44, ~24,-AD, ~ Ay,

I = , KM. 9
py Makc a+AH /IcTp KM ( )

[Tocne onpenenenus MHbI perenepanmonHoro yyactka [{BOC no metoauke, n3noxeHHOU
BhIIIIE, ocyiecTBisiercs pa3menienue HPII u OPII B cooTBeTcTBHM C TOMOJIOTHEN CHHXPOHHOM CETH U
npoektupyemoi BOJIIL.

Ecnu B cOOTBETCTBUH ¢ MECTHBIMH YCTIOBUSIMHU, OCOOCHHOCTSIMH BRIOPAHHOM Tpacchl JUTMHA
pereHepaMoHHOr0 yJacTka JOJbKHA ObITh MEHBIIIE pacueTHOH, To Ha Bxoze [ITIOM Bkmtogator
ONMUYEeCKUli ammeHIoamop.

[Tpu poeKTUPOBAHUH JIOJIKHA TAKXKE PACCUMTHIBATHCS JUTMHA PEreHEPAIIMOHHOTO ydacTKa lpy, ¢
yuemom oucnepcuu. ITa JIIMHA MOXKET OBITh pacCYUTaHa MO JUCIIEPCUU Op, IEPEKPHIBACMOI
TPAHCIIOPTHBIM MOJYJIEM U ONTHYECKOTO BOJIOKHA O3
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lpya = ou/ Ow, KM. (10)

[IpennoxxeHHyI0 METOANKY ONpPEIEICHUs JUTMHBI pereHepaimonnoro yyactka aist [IBOCIIT
PaccMOTPHUM Ha CIEIYIOIIEM IIPUMEDPE.

IIpumep 1. TpebyeTcs onpenenuTs UIMHY perenepanonHoro yaactka 1 LIBOCII na
OCHOBE CHHXPOHHOTO TpaHcmopTHOro moayins tuna SMA-4 | paboratomieii mo kabemnto Turma
OKJI-01 na pgnmuae BoaHbl A = 1550 M. OcHoBHBIE apameTpsl SMA-4 u kabenss OKJI-01
HEe0OXOaUMBIE JIJIsl pacyeToB MpUBEACHBI B Tabmue 1.

3aTyxaHue OJTHOrO pa3b€MHOI'0 ONTUYECKOro coenunurels Ap= 0,5 nb; 3aryxanue oxHOro

HEpazbeMHOro ontudeckoro coenuuutens Ax= 0,1 ab. Jlonyck Ha TeMnepaTypHble U3MEHEHUS
napameTpoB obopymoBanust [IBOCII Ac= 0,75 nb; nonyck Ha yxyamenue napamerpoB [IBOCII
co BpeMeHeM Az= 41b, T. e. sHepreTuueckuit 3anac 493 = 4,75 nb, xBaHTOBas
addextuBHOCTD hoTOnpuemMHoro ycrporcrea [IIIOM 7 =0,9.

Tabnuua 1- BapuanTtsl 3a1anuii 17151 CTY/I€HTOB

Ne SMA-4 Siemens OKJI-01

B | Hapametpsi | Puep, | Pup e Apy vaxer | Om, 42, O, Lerp,
a nbm | n1bm nb IIC/HM HM o, AB/ia [IC/HM ' KM KM
p ITapametpsl

u JJIs1

3 PR —4 -34 32 2500 0,5 0,22 18 2
T

a

1 -5 -33 33 2550 0,5 0,23 17 3
2 -5,5 | -32 34 2450 0,5 0,24 19 2
3 -45 | -34 35 2400 0,5 0,25 16 3
4 w 2 § -5,5 |-35 33 2600 0,5 0,21 19,5 2
5 E & = -3,5 | -31 35 2450 0,5 0,20 15 3
6| 2284 |3 32 2550 | 055 |021 | 165 2
) E 45 | -33 32 2450 | 0,56 | 0,22 16 3
8 | -50 |-34 33 2560 0,52 |0,21 19 3
9 -4 -34 33 2550 0,53 | 0,22 18 3
é -3,5 | -32 34 2450 0,54 |0,20 15,5 3

Pewenue. Iar nepssiii. Bocnonb3oBasimcs popmysoi (5) 1 qaHHbIMU TabauLb! 1
OTpeNIeNIUM MAaKCUMaJIbHOE 3aTyXaHHe PEreHepallMOHHOTO YYaCTKA A yaxe WM SJHEPTETHUECKUI
MOTEeHIMa O CUCTEMBI IIEpeaayu:

Avaxe =3 = Prep — Propvmn = — 4 — (=34) = 30 gb.

Ilar Bropoii. [loncraBus B popmMyiny (8) 3HaUEHUS SHEPTETUUECKOTO MOTeHIMana 3 =
28 nb, noreps B pazbeMHBIX coenuHEHUAX Ap = 0,5 1B, moTrepr B HEpa3bEMHBIX COEAUHEHUAX A
= 0,1 nb, 3Hauenue sHepreruueckoro 3anaca 433 = 4,75 nb; korddunmeHT 3aryxanus kadens a
= 0,22 n1b/xM ¥ 3HaUYE€HUE CTPOUTEIBHON JUIUHBI lerp = 2 KM, HaiileM MaKCHMaIbHO-I0MyCTUMOE
3HaUY€HME IJIMHBI PET€HEePAMOHHOTO YYacTKa;

O+A4,-24,-AD, 30+01-2-05-475

py Mmakc

~100,27. KM.
a+ 4,0, 0,22+01/2 28



Ilar Tperuii. /[n1MHa pereHEpPalMOHHOIO Y4acTKa, OTPAHUYMBAEMast TUCIIEPCUEN
ONTUYECKOr0 BOJOKHA, onpeaensercs no gopmysie (10), ecinu B Hee MOACTABUTL 3HAUCHUS O =
2500 nc/uMm 1 o= 18 IC/HM'KM , T .€.

0, _ 2500 13073 .,
18

pyr —
O

B

[Tonyuennoe 3uaueHue lpy v lpy; OTM3KO K 3HAUCHHIO ONTUYECKOTO HHTEpdelica TUma
V-4,3 nna STM-4. Jlns pa3MmenieHusl pereHepaliOHHbBIX TyYHKTOB BBIOMpAeTCsS MEHbIIIEE
3HAYEHUE IJIMHBI PEreHEPAMOHHOI0 y4acTKa, KOTOpasi ¢ y4eTOM 3alacoB Kabess, MOKHO
B3sTh paBHOU 100 kM.

Ounenka napamerpos JuHeliHoro Tpakra IIBOCII

KayecTBo mpueMa oNTHYECKOrO U3IIy4EHUs OIPEAENIAeTCs pacupe/ieleHUEM 3HEpreTHUECcKOro
MOTEHIMAJIA 110 JUIMHE PEreHEepallMOHHOI0 YJacTKa, IiyMaMy (POTOJETEKTOpa IPUEMHOIO ONTUYECKOrO
monayis (ITPOM), BeposiTHOCTBIO Wi KO3 (UIMEHTa OIMOKY OJMHOYHOIO JIMHEHHOrO pereHepaTopa
(JIP) mopora uyBcTBHUTENbHOCTH U ObICTpOACHicTBUS [IPOM.

Pacuem pacnpedenenua 3nepeemuuecko20 nomenHyuana no OJuUHe pPe2eHePAuUOHHO20
yuacmka.

YpoBeHb ONTUYECKOM MOLIHOCTH, nocTynatomieid Ha Bxoa [IPOM nmueliHOrO pereneparopa,
3aBUCUT OT dHepreruueckoro norteHuuana BOCIIL, morepr MomHoctT B OB, morepb MouiHoctu
ONITHYECKOTO M3IIyYEeHUS B Pa3bEMHBIX M HEPA3bEMHBIX COCIMHEHUH.

[lepen BbINOJIHEHHEM PACUETOB PEKOMEHYETCS COCTaBUTh TAOJIMIYy C MCXOAHBIMU JIaHHBIMU
JUIsL pacdeTa pacrpeesieHHsl SHEPreTHUECKOro MOTEHIMaa 0 JAJIMHE PEreHEPallMOHHOIO y4acTKa (CM.
Tabn.2). Meronuky pacuera pacmupefesieHHs SHEPreTMYeCKOr0 TMOTEHIMala pPacCMOTPUM Ha
CIIEAYIOIIEM pUMepe.

IIpumep 2. Paccuurarh pacnpenesnieHHME€ HHEPreTHUECKOro IOoTeHIuala [0  JUIMHE
perenepaiionHoro yvactka st [IBOCII, Texnuueckue mnapamerpbl koToporo (cm. Ilpumep 1)
MIpUBEJICHBI B Ta0uIe 2.

Pewienua. 1. OnpenensieM ypOBEHb OINTHYECKOIO CUTHANA IOCIE IEPBOrO PazbeMHOTO
coenunenus (PC)

Ppl = Puep — Ape = —4—0,5=—4,5 nbm.

2. HaxomuMm ypoBeHb mepenaud T1ocie mepBoro HepasbemHoro coenuHenus (HC)

CTAHIIMOHHOI'O OIITUYCCKOI'O Kkabes
Pul = Ppl —Auwc=—4,5- 0,1

Tabnumna 2 - BapuanTsl 3ajaHuii 11l CTY/I€HTOB.

E B s 3HaueHus
NeNo z g % § MapaMeTPOB AJIs1 BAPUAHTOB
[MTapameTpbt s =2 E
/n 5 K| & 8
gl 2| FF
3 Bapuantet
1 2 3 4 5 6 7 8 9 10
ypOBeHI) MOIITHOCTH
1 TIepela4d ONTHYECKOTO | Prep | AbM -4 -5 -5 -4 -4 -6 -5 -6 -7 -4 -5

CHUTHaJ1a

o | MuHuMATBHEI YPOBEKE | | g | a4 | 33 | 35 | 33 | 34 | 33 | 33 | 35 | 36 | 35 | -34
MOIITHOCTH npnema




OITHYCCKOI0 U3JIyUCHUS

DHepreTUyecKui
notenian LIIBOCIIT

Jmuna
4 PpEreHepaIIOHHOTO Loy KM 100 90 95 105 85 90 92 87 88 91 96

y4JacTKa

CrpowurenpHas 1jMHA

lerp KM 2 3 2 3 2 3 2 3 2 3 2
OIITHYECKOr0 Kabes

6 Komriectso Qop | - 50 30 33 35 43 30 46 29 44 31 48
CTPOUTEIIbHBIX MJINH

KonuuectBo pazbeMHBIX
COCAVHECHHH

3aTyxaHue ONTUYECKOIO
8 CHUT'HaJIa Ha pa3beMHOM Ape b 0,5 0,6 0.7 0.6 0,8 0,7 0,6 0.7 0.6 0,8 0,7
COCJIMHUTEIIC

Komunuaectro
9 Hepa3beMHBIX Qe - 51 31 34 36 44 31 47 30 45 32 49
COCIUHEHHH

3aTyxaHMe ONTHYECKOTO
10 CHTHAJa Ha A 1B 01 0.2 02 02 0.2 0,2 01 02 01 0,2 01
HEPA3ZHLEMHOM

COCIMHUTEIIC

Koapdmment 5/
11 3aTyXaHHs OIITUYECKOrO a DK 022 0,22 0,2 0,24 0,2 0,23 0,2 024 | 023 0,25 0,2

KabeJst

3. [lanee curHai npoxXouT MO JIMHEHHOMY ONTHYECKOMY KaOeIt0 CTPOUTEIIBHOM JUTUHBI lerp =
2 kM U ¢ kodpduumentom 3aryxanus o = 0,22 nb/xkm. YpoBeHb curaaia Ha Bxojae Broporo HC Oyzner
paBeH

Pu2ex = pul — & dep =— 4,6 — 0,22 -2 =— 5,04 nbm

BeinosnHsis aHanoruuHble pacyeThl Ui BCeX COCTABIISIOLIMX PEreHepallioHHOIO y4acTKa,
IIOJIy4YMM, YTO YpOBEHb cHUrHaia nocie 50-oit crpoutenbHoil uymHbl, 51-ro HC Ha Bxone 2-ro PC
Oyner paBeH: pusi =— 31,6 n1bm.

YpoBeHs Iprema, T.€. ypOBEHb ONITHUECKOTO U3JIydeHUsl Ha Bbixoze BToporo PC paBen

Pup = p2 — Ape = — 31,6 -0,5 = - 32,1 nbm.

CrenoBarenbHoO, o0111ee 3aTyXaHHE pereHepallioHHOro y4acTka paBHO

Apy = Puep —Pmp = — 4 — (_ 32,1) = 28,1 Z[E,
9TO MOYTH cOOTBEeTCTBYeT SMA-4.

Ilo pe3ynpraTtam pacueTa MOKHO CHENAaTh BBIBOJ, YTO 3aTyXaHWE PETEHEPALMOHHOIO y4acTKa
MeHble 3Hepreruyeckoro noreruuana [IBOCII, pasnoro 3 = 30, nb. CnenoBatensHO, IPUHATHIN IpU
pacueTre AIMHBI pEreHEPallMOHHOrO y4acTKa IKCILTyaTallMOHHBIN 3anac 43 MOXKHO IPUHSATS.

Pesynbprarhl pacuera pacnpeeneHus SHEPreTMYecKoro MOTEHLHala MOXKHO IMpeICTaBUTh B
BUjie TaOJUIBI WIM B (popMe auarpamMMbl, pUCYHOK 2, TJe NMpUHATHI Takue obo3HadeHus: [1IIM —
npuemo-niepenatommii Moxayne; PC — pasbemHoe coemauHenue; HC — HepazbemHOe (CBapHOE)
coenuHenne; OB — onrrmdeckoe BOJIOKHO.
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pC  HC1 HC-2 HC-50 HC-51  pC

[Ir1omM

Pus0
DPu51ex_]

Pus1
Prp

Pucynok 2 — Jluarpamma pacnpezeneHus: 3JHepreTHuecKoro nNoTeHuaia

[TockonbKy Bce ypOBHU MeEpeAayd JuarpaMMbl pacrpeieieHus] JHEPreTHYecKoro moTeHImana
paccuuTaHbl, TO €e W300pakeHHEe BO3MOXKHO B YCJIOBHOM MaciiTade, HO 00s3aTelbHO C YKa3aHHUEM
XapaKTepPHBIX OCHOBHBIX TOYEK AUArPaMMBbI.

Juarpamma pacrpelesieHuss SHEPreTHUeCKOro IOTEHIMaNa CIy)KUT OCHOBOM JJIsl pacyera
OCHOBHBIX MapaMEeTPOB ONTHYECKOTO JHMHEHHOrO TPaKTa: Pa3IUYHOrO BHJA IIYMOB, BEPOSTHOCTU
OIIMOKH OJMHOYHOrO pereHeparopa, ovictponeiictust [IBOC u mopora uyBCTBUTENBHOCTH  (Phi)
JIMHENHOr 0 pereHeparopa.

PACYHET IIYMOB PETEHEPALIMOHHOI'O YYACTKA

KauecTBOo mprieMa onTHYecKoro M3NIy4deHus omnpezaenserca urymamu ¢ortoaerekropa [IPOM,
OCHOBHBIMH U3 KOTOPBIX SIBIISIFOTCS: Op0O06ble ULyMbl, ULyMbl MEMHOBbIX MOKO8 N COOCMBEHHbIE ULYMbl.
[Iymbl onpeaesstoTest Uil OJTHOTO pereHepaliMOHHOr0 yJacTKa (KaK MpaBUiIo, CamMo20 OJIUHHO20, €CIA
pereHepaloHHbIe MyHKThI Pa3MELIEHBI [0 TPAKTy HEPAaBHOMEPHO).

JUis  paccuMTaHHOM JJIMHBI PEreHEpalMiOHHOIO YYacTKa pAacCUUTBHIBAIOTCS pPa3IMuHbIC
COCTABJISIIOIIME IIYMOB OINTHYECKOro JIMHEWHOro TpakTta. (OCHOBHBIE JTambl pacyera IIyMOB
paccMOTPUM Ha IIpUMeEpE.

IIpumep3 . Jlna ycnoBuil 3a7aud BBIIIE PACCMOTPEHHBIX IPUMEPOB ONPEAEIHUTH IIyMbI

doronerekropa [TIPOM (ITITIOM) pereHepalilnOHHOTO y4acTKa.
Ilopaook pewenua. 1. OnpenenuM MOIIHOCTh ONTHYECKOTO M3IYYEHUSI HA BBIXOJE
nepenatorero ontuyeckoro Mmoayis — [IOM wiu [IITIOM (Touka S, puc. 1) o popmyne

P, =10"" wmBr, (11)

TJI€ Prep — YPOBEHB MEpEauy ONTHYECKOro M3TydeHus (6epercs u3 rexunyeckux aanHbx [IBOCII).
[ToncraBus B (11) 3HaueHue prep = — 4 1bm (Tab. 2), momyynm:
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P, =10"" =10°** = 0,4 MBr

nep
2. JInst pereHepaoHHOro yJacTka ¢ 3aTyxaHueM Apy = 28,1 nb abCoMOTHBIN YpOBEHB IpHeMa
pup Ha Bxoge [IPOM (ITTIOM), T. e. B Touke R paBen
Prip=Puep— Apy = —4—-281= —32,1 nbm.
3. OnpenenuM MOIIHOCTh ONTHYECKOro wu3nydeHus Ha Bxoje [[POM wm npuemo-
nepenatorero moayist (IITIOM) nuHeliHoTro perenepaTopa (Touka S,) mo Gopmyiie

P =10""" wmBr (12)

nep
[loncraBus B (12) 3HaueHUE prp, MOITYUUM

P, =10""" =10°***Y = 0,6 MKBT mm 0,6-10° MBr.
[TockonbKy 37eKTpUYecKuii curHan Ha Bbixone (otomerektopa [TPOM (IITIOM) sBnsiercs

CIIy4ailHOI BEJIMYMHOM, TO €ro 3HAYCHUE OLICHUBACTCS CpedHeKksaopamuyeckum 3HadeHneM (hoToTokKa,
BEJIMYMHA KOTOPOT'O ONpeeNnseTcs 1o popmyIe:

E=0v5‘(018'77'/1'Pnp)2‘M2, (13)

rae 7= 0,8...0,9 — kBanToBas 3pPekTUBHOCTH POTOANOAA; A — [UIMHA BOJHBI ONITUYECKOTO U3ITyUEHUS,
MKM, KOTOpasi OMpeAesieTCs] TUIIOM ONTHYECKOT0o Kabens; Pup — MOITHOCTh ONTUYECKOTO U3ITYyYECHHUS Ha
Bxozae [IPOM (wm [IIIOM), Br, onpenenennas Bbimie; M — K03(QGHUIMEHT YMHOXEHUS! JTABUHHOTO
doroauona (JIO); nast p-i-n horoguoma M = 1.

4. Tlo dpopmyne (13) mis Hamero mpuMepa ONpPEACTHM CPEIHEKBAIPATHUSCKOS 3HAYCHUE
TI0JIE3HOTO CUTHAJIA, TIOZICTABUB B Hee 3HaueHus Pyp = 0,6- 10° Bt u monosxus B Heit 7= 0,9 (cM. BbIie)
u A= 1,55 mxMm; doronerexktop BbinonHeH Ha ocHoBe JID/] ¢ ko3 duirieHToM yMHOXKEHUS paBHBIM M

=100
12=05-(08-7-1-P,)2-M?=05-(08-0,9-155-0,6-10°)2 -100% = 22,4-10 ° AZ.
OcHoBHbIMU IIyMamu Ha Bbixone Qotoaerexktopa [TPOM (IITIOM) sBnSrOTCS Clieayroliye

BUJIBI IITYMOB.
/lpobosvle uiymot, KOTOpPbIE OLIEHUBAIOTCS CPEIHEKBAIPATUYECKUM 3HAUEHHEM BHU/1a

12 =2.¢-(087-4-P,)°-M?-F(M)-B=4-¢-12-F(M)-B, (14)

7ie, K y)Ke IPUHATBIM 0003HaueHusM, 100aBmmick Hopble: e = 1,602:107° — 3apsn snmexrpona, Kn
(xkynmoH); B — ckopocth mepenaud, out/c; F(M) — xosdduimeHT myma JaBUHHOTO YMHOMKCHUS,
YUUTBHIBAIOIINN YBEIMYCHHE APOOOBBIX IIYMOB JIABUHHOTO (oronuona (JIDJ[) uz-3a HeperyaspHOro
XapakTepa TIpolecca yMHOXeHUs; Uit OonbiimHcrBa JIDJ[ ¢ AOCTAaTOYHONM TOYHOCTBIO JUIA
npakTHyeckux pacuetoB F(M) o dpopmyse.

F(M)=M",0,4<x<1, (15)
3HaueHUs M W X ONpPEIEISIFOTCS MaTepuaioM, U3 KOToporo BbimosHeH JID/I; mis p-i-n — BenuunHa
F(M)=1.

5. Jlna paccMaTpuBaeMOro mpHMepa OIpeAeauM BenuuuHy koddduumenta myma JIDJ,
nojctaBuB B (15) 3navenus M = 100 u x = 0,8, momyanm
F(M) = M =100 %8 = 39,8.
6. Hoxcrasus B (14) sHauenns 12 = 22,4-10"° A2, F(M) = 39,8, Be/mumHy 3apsizia dIeKTPOHA €
1 B = 622,08-10° 6ut/c (ams mpuMepa), ONpeneNnM BeTHdHHY APOOOBIX ITyMOB
lp? = 4-e- 1.2 -F(M)-B=4-1,602-10"° 22,4-10%° - 622,08-10° = 0,89-10"18 A2,
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Temnogvie utymol, BO3HUKAIOUINE HE3aBUCUMO OT BHEIITHETO ONTHYECKOTr0 CUTHAjIa U3-3a
CITy4alfHOM TEIJIOBOW TeHepallii HOCUTENEH IO BO3ICHCTBHEM (DOHO08020 U3ITYyUEHHSI, HECBSI3AHHOTO
C MOJIE3HBIM CUTHAJIOM, CPEJHEKBAAPATUUECKOE 3HAUEHHE KOTOPOTO PaBHO

I = 2-e |, -F(M)- M* B, (16)
rie | — cpenHee 3HaYeHUE TEMHOBOTO TOKA, BEJIMYMHA KOTOPOTO JIJIsi TePMAaHUEBBIX (DOTOMOIOB PaBHA
(1...8)-107A, a mna kpemanensix — (1...8)-108A.

7. Toncrapus B (16) 3HaYeHns 3apsa >1ekTpoHa e = 1,602-10°K, BenmumHy TeMHOBOTO TOKa
I, =510 (repmanmesslii poromuon), M = 100, F(M) =39,8 u ckopocTh II(pPOBOro MoToka B =
622,08-10° Gur/c, MOJTY4IHM

I,> = 2-¢ I, -F(M)- M?- B =2-1,602-10%°. 5. 107-100 622,08-10° = 99,5-10* A2,

Coocmeennvie wymot >neKTpoHHBIX cxeM [TPOM wmu [111M, 00yciioBiIeHHbIE XaOTUYECKIM
TEIUIOBBIM JIBUKEHHUEM DJIEKTPOHOB, aTOMOB U MOJIEKYJI B PE3UCTOPax, MOITYIIPOBOJIHUKAX U JIPYTUX
paarodIeMEHTax, CpEAHEKBAIPAaTHUECKOE 3HAYEHHE KOTOPBIX PABHO

low? = 4K T-Fu BIRux, 7)
roe k =1.38:10% I[)K-K'l — nocrosiHHas bonbimana; T — temneparypa no mikane KensBuna; Fi 11 Rex =
1...5 MOM — koa(puiineHT 1ryma 1 BXOJJHOE COMPOTUBIICHUE MpeaBapuTensHoro yeunuresns [IPOM
nu [TTIOM cooTBeTCTBEHHO.

8. Jlist paccmarpuBaeMoro puMepa BETMYUHY COOCTBEHHBIX IITYMOB ONPEICIIHM, TIOJICTABUB B
(17) 3nauenns T = 300°K, Fy = 8, B = 622,08 M6ut/c 1R = 10° Om:

lew?” = 4K T-Fur - BIRux =4-1,38-10%8-300 -622,08-10%/10° = 15,3-10™° A2,

CpaBHUBasi BETUYMHBI IPOOOBBIX, TEMHOBBIX U COOCTBEHHBIX IIIyMOB, BUJIUM, YTO OCHOBHBIMH
SIBIIIFOTCS. MIEMHOBble ITyMBl.

CpenHekBaipaTUUECKOE 3HAYECHHE TOKOB CYMMAPHBIX IIIYMOB OYJIET PaBHO:

= e + 12+ D2, (18)

9. Jlnst Hatiero mpuMepa CpeIHEKBaIPATHIECKOE 3HAUCHNE TOKOB CYMMapPHBIX ITyMOB

MONTy4YMM, TTOACTaBUB B (18) 3HaUeHHE COOTBETCTBYIOIINUX CIaraeéMbIX
I = lew? + 1%+ Ip? =15,3-10%° + 99,5.10%4 + 0,89-108 ~ 101-107* A2,

Ha sTom pacder 0CHOBHBIX IITyMOB OJJMHOYHOTO JTMHEWHOTO pEreHepaTopa winu
pereHepaiMoOHHOrO YCUJIUTEINS 3aBEPIIAeTCsl, U MEPEXOIAIT K pacyeTy BEPOSTHOCTU WU KOd(pdUIIEHTa
OIIMOKU OJJMHOYHOTO pereHepaTopa.

PACYHET BEPOATHOCTHU WJIN KOYPPUIINEHTA OIINBKHU
OJUHOYHOI'O PETEHEPATOPA

OmnpeneneHue BepoSTHOCTH WM Kod(p(uIMEHTa OMMOKM OJMHOYHOIO pereHeparopa
pacragaercs Ha JIB€ YacTH:

1) pacuer Oonycmumoi 6epoOSMHOCMU OWUOKU Pom non , TPUXOAAIIASCS HA OJIUH
pereHepallMoOHHbI  y4aCcTOK HMCXOJIs U3 HOPM Ha pa3jMYHble Y4YacTKU NEPBUYHOM CETH:
MarvcTpajibHOM, BHYTPU30HOBOM U MECTHOM;

2) pacueT oxcuoaemoul 8epoamHOCmu OUUOKU Pox, 3aBUCSILEH OT BETMYNHBI 3aIUIIIEHHOCTH OT
CYMMapHBIX IIIyMOB PETE€HEPAIIMOHHOTO yJacTKa.

Pacuem oonycmumoii eepoamuocmu oumuoKu

JlonmycTrMas BEpOsITHOCTh OUIMOKY OMHOYHOTO pereHepaTopa ornpesensercs no popmyie

Powr non = Poul ‘Ipy, (19)
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IJI€ Poml — HOPMHMPOBAHHAS BEPOSATHOCTH OLIMOKH, MPUXOAAIIASACT Ha 1 KM KWJIOMETpP JMHEHHOTrO
TpaKTa, 3Ha4YEeHHs KOTOPOH sl pa3lIMuHbIX Y4aCTKOB NEPBUYHOM CETH NPHUBEACHBI B TaOM. 3; lpy —
JUIMHA PETCHEPALIMOHHOIO y4aCTKa, KM.

Ta6ymmma 3 — BepostHOCTH 0mIMOOK

YyacTok nepBu4HOM ceth | MarucrpajibHbIN BHyTpu30HOBBII MecTHbIit
Poul, 1w 10" 1,67-10" 10°

Ecnu yinHa pereHepaiioHHOro y4acTka paBHa lpy, To 001mas gomyctumMast BEpOsSTHOCTh
OLIMOKU OJJMTHOYHOTO pereHeparopa (0JHOro pereHepalloOHHOro y4acTKa) paBHa:
Pron = Poul 'Ipy (20)
IIpumep. 4 PaccuuTarh 10MYCTUMYIO BEPOSTHOCTH OIIMOKHU OJJUHOYHOTO PEreHeparopa Jyis
LIBOCII 6nympuzono6oti nepsuunoti cemu, JjTAHA PEr€HEPAIIMOHHOrO y4acTka KOTopoit paBHa |,y = 99

KM.
Tabnuua 4 - BapuanTsl 3aaHuil 1J1s1 CTYJJEHTOB
Ne 1 2 3 4 5 6 7 8 9 10
Bap.
lpy 90 92 95 85 87 97 80 82 94 98

Pewenue. Toncrasus B (20) 3Ha9eHUs pom 1 = 1,67-107° (cm. Ta611.3) 1 lpy = 99 ¥m, mOMTydHM
00Ny CIMUMYIO 8ePOSIMHOCHb OWUOKY OTMHOYHOTO pEreHeparopa

pom J1011 :pom] 'Ipy = 1,67' 10-10' 99 = 1,65' 10-8.

Z[OHYCTHMOﬁ BepO}ITHOCTI/I OI_HI/I6KI/I OAUHOYHOI'O pereHepaTopa COOTBGTCTByeT ,Z[OHyCTI/IMaH
3allIUIIICHHOCTH A3 10T, KOTOpaH OHpC,Z[eJ'I}IeTC}I 110 (I)OpMYJ'IC
Ay =458 +11,4219(-1g p,,,) 21)
I[J'Ifl OIICHKU COOTBCTCTBUA BCPOHTHOCTI/I OHII/I6KI/I HOpMaM HCO6XOI[I/IMO OHpeI[eJ'H/ITB
024CUOAEMYIO BEPOAMHOCTb OUUOKU — Pox Y CPABHUTH €€ ¢ JonmycTUMOH. [1py npaBuiibHO BEIOpaHHBIX
HpOGKTHBIX pGHICHI/ISIX JOJIDKHO BBITIOJIHATHCS yCJ'IOBI/Ie
Pox< Pron - (22)

Pacuem oscuoaemoii gepoamnocmu ouuOKU 00UHOUHO20 PeceHepamopa

O)I(I/I,[[aeMaH BCPOATHOCTDH OIIMOKH OIpEaCIICTCA oorcudaemotl 3auuleHHoCmbsio OT IIYMOB
OITUYECKOT 0 JIMHEHHOIO TpaKTa, KOTOpas paBHa.

Asox = 101g (12 /1,2), (23)

rae I u 1u? CpeIHEeKBaJpaTHYeCKHe 3HaUeHHsI (DOTOTOKOB MOJIE3HOTO CUTHAJIA M CYMMAapHBIX IITYMOB
Ha Beixojie [IPOM unu TITIOM coOTBETCTBEHHO, OMPE/IEIIEHHBIX paHee.

OskuaeMasi BEpOSTHOCTh OIIMOKH OIMHOYHOTO PETEHEPATOPA Poxl MOXKET OBITH TIOTyYeHa U3
JTAHHBIX TaOIUIIBl 5 COOTBETCTBYIOIIUM UHIMEPNOAUPOBAHUEM.
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Tabmuma 5 - BepoaTHOCTh OIIMOKHU B 3aBUCIMOCTH OT 3aIIUIIICHHOCTH

As non, 1B 18.8 |19.7 205 |21.1 |21.7 |222 |226 |230 |234 |23.7
Pow 10° |10°% |107 |10® |10° |10%° |10™ | 10" |10% |10

Ipumep 5. Onpeaenuts 0KUIAEMYIO BEPOSITHOCTD OITMOKK OJJAHOYHOTO pereHeparopa st
pesynbrato Ipumepa 3, 1 .e. 1> =22.4-101° A2 n 1,2 =99,5-104 A2,
Pewenue. Tlonctasus B hopmyiy (23) 3HaueHNs TOKOB l¢? 1 |y momyanm
Asox =10 1g (I /1,? ) = 101g (22,4-10"°/ 99,6-101%) = 33,5 1b.
OskutaeMoii 3alMIIEHHOCTH, KaK CIIeAyeT u3 Tall. 4, COOTBETCTBYET BEPOSTHOCTh OIIMOKE
meree 1074, 4o 3HAUMTENBEHO HIDKE TOMYCTHMOTO 3HAYCHHS.

PACYET BBICTPOJAEVCTBHUSA BOJTOKOHHO-ONITUYECKOM JUHUH
HNEPEJAYH

breicrponeiicteue LIBOCII onpenensiercss uHeptHocThio 3nemeHToB [IPOM wmm IIIIOM u
JMCIIEPCUOHHBIMU CBOMCTBaMU ONTUYECKOT'O BOJIOKHA.

Pacuer ObICTpOAEHCTBUSL CBOOUTCA K ONPEIEICHUIO JIOIYCTUMOTO OBICTPOJIEHCTBUS U
OXHJITAEMOTO OBICTPOJICUCTBUSL U UX CPABHEHUSL.

Jonycmumoe OvictponerictBue [[BOCII 3aBucuT OT XapakTepa IepenaBaeMoro CHrHaia,
CKOPOCTH TIepeIauu JJMHEHHOTO M(POBOTO CUTHAJIA U PABHO:

twon = S/ B, He, (24)
rre [ — k03 (OUIHMEHT, YIUTHIBAIOUINN XapaKTep JIMHEWHOTrO HU(PPOBOTO CUTHANA (JIMHEHHBINA KOM) U
pasubiii 0,7 g kona NRZ u 0,35 anst Becex apyrux; B — CKOpOCTb Nepeaayn JMHEHHOro nudpoBoro
CUTHAaJA.
Osicuoaemoe OpicTpoaeiictere [IBOCII (kak COBOKYITHOCTH BOJIOKOHHO-OMITUYECKOM

CHCTEMbI TIEpEIadl U ONTHIECKOTO Kabesis) PaBHO

2 2 2
tO)K = \/tnep + tnp + ZLoB » HC, (25)

31ech tnep— ObICTpOnEHicTBHE mepenaromiero onrtuyeckoro monayns (IIOM), 3aBucsiiee OT CKOpOCTH
neperayu JIMHEHHOro IM(POBOro CHUTHAJA M THUIIA UCTOYHHMKA HW3JIydeHus; lp, — ObIcTponeiicTBue
I[TPOM wm IIIIM, ompenensieMoe CKOPOCTBIO Iepeaud JMHEHHOTo LU(pPOBOro CUrHaja U THIIOM
¢doToaeTeKTopa; top — YIIMPEHHUE UMITYJIbCA ONTUYECKOTO U3ITyYSHUsI UMITYJIbCca IPU €0 MPOXOXKIECHUN
10 ONITUYECKOMY BOJIOKHY ONTUYECKOTO Kalelisi pereHepaljiOHHOTO Y4acTKa, KOTOPOE paBHO
tos = tos - Iy, HC, (26)

rie top — yA€TIbHOE YIIMPEHUE UMITYIIbCa MPH €ro Mepeiauu Mo onTuyeckoMy BojokHy (OB),
ompezaensiemas 1mo Gopmyie

tos = 103 A4- 0%, HC (27)
31ech, AA - MMpUHA CTIEKTpa U3ITydeHus , paBHas 24...40 HM 1151 CBETOM3Ty4aronux guoaoB u 0,2...5
HM JUTSI TOJTYIIPOBOTHUKOBBIX JIA3€PHBIX TU0J0B Ha ypoBHE — 20 1nb; o — qucniepcust OB, nc/HM kM

beictpogetictere [IOM u ITPOM (IIIIOM) 115t THOBBIX CKOPOCTEN Tepeiaun PUBEICHBI B
Tadsuie 6.
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Tabmuna 6 - beicrponeiicteue [IOM u [TPOM (ITITOM) 1151 THIOBBIX CKOPOCTEH TTepe1avun

BeicTposeiicTBue CKOpocCTh Tiepeaaun UQPOBOro moToka, Mout/c

[TOM wyu [TPOM 8 34 140 565 155 622 2500
tiep, HC 5 3 0,5 0,15 1 0,1 0,05
top, HC 4 2,5 0,4 0,1 0,8 0,08 0,04

Ecmu tox < tyon, TO BbIOOp TuMa Kalens W JUIMHBI PEreHEpallMOHHOTO y4acTKa BBITIOJIHEHBI
BepHO. BemmumHa tion — lox = At — 3anac no Gvicmpoodeiicmsuro. Tlpu 1OCTaTOUHO OOJBIIIOM €TO0
3HAUYEHUH MOXHO ociadbuth TpeOoBaHus Kk kommnoHeHTam BOJIIL. Ecmm ycnoBue tox > tion HE
BBITIOJIHSIETCS, TO ciieayeT BeiOpats [IOM, [TPOM (IITIOM) u OK ¢ npyrumu napamerpamu.

Ipumep 6. Onpenenuts ObicTpoaeiicteue [IBOCII Ha ocaoBe STM-4 (SMA-4 Siemens), eciu
JUIMHA PEreHepalMoHHOro y4yacTka KOTOpOM paBHA ly = 99 kM. CkopocTh mepenauu
nH(OpPMAIMOHHOTO ToTOKa B = 622,08 MoOwut/c, nuuednbii kox tuna NRZ., mmpwHA IMOJIOCH
ONTUYECKOT0 M3iyueHust A= Ad20/6,07 =1/ 6,07 = 0,165 um, aucnepcus OB paBHa 0z=18 1c/HM KM.

Tabnuua 7- BapuanTsl 3agaHuil AJ1sl CTYJIEHTOB

Ne Bap. 1 2 3 4 5 6 7 8 9 10
lpy KM 90 92 95 85 87 97 80 82 94 98
B, 622 650 670 610 690 645 630 665 680 655
Mour/c

AA20 HM 12 11 1.15 12 1,25 1,3 1,35 14 1,45 15
o 15 16 17 18 18 17 19 15 16 19
IIC/HM"KM.

Pewenue. Jlannvie 6path U3 TaOIUIIHI /.
1. ITo ¢popmyne (27) onpenenum yAaeabHOE YIIUPEHUE UMITYIbCA IPU €T0 MPOXO0MKIECHHIO 10
OB tos
ton = 1034405 = 10% -0,165-18 = 2,97 - 10 He/km.
2. Ilo dpopmyne (24) HaiineM 3HaU€HHE JOIMYCTUMOTO OBICTPOIEHCTBUSA Lron, OTOXKUB B HEW ff =
0,7, Tak kak ucnonbzyercs kox tuna NRZ, u B = 622.08 M6urt/c:
tion = B/B=0,7/622,08 -10° = 1,125 nc.
3. [MoxcrasuB B popmyity (26) 3HauenHus tos = 18- 10 He/km 1 lpy = 99 kM, Haliem BemudHHY
YIIUPEHUS] UMITYJIbCa MPU €T0 MPOXOKACHUH 10 JJTNHE PETeHEPALIMOHHOTO y4acTKa
tos = Ovs - lpy = 2,97- 102 99 = 0,294 nc.
4. ITo popmyne (25) HailieM 0XKHUIAEMYIO BETMUHUHY ObICTPOAEUCTBUS {ox, TOJICTABUB B HEE
3HaueHUs thep = 0,05 HC U typ= 0,04 HC, , 1 tos = 1,728 He, nonydnm

t, = t2, +12 +12 =4/0,052 +0,042 +0,294> = 0,3 xc.

nep

CpaBHEeHME MOJIyYEHHBIX 3HAYEHUH TTOKA3bIBAET, YTO YCIAOBUE tox < lzon BBINOIHSETCA U,
cienoBareabHO, OCHOBHBIE TapameTpbl BOJIII 1 ee KOMIIOHEHTOB C/I€/IaHbl MPABUITLHO.
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Pacuer nopora uyscrBureasHoctn [IPOM

Opnoit U3 ocHOBHBIX xapaktepuctuk [IPOM sBisercsi ero uyscmeumenvHocmv, T. €.
MHUHHAMaJIbHAsL JieTeKTHpyemass MomHocTs (MJIM) onTh4eckoro cCurHajga JUIMTENbHOCThIO 7 = 1/B,
ycToiuMBO oOHapyx)uBaeMast porogerekropom [TIPOM.

C 10oCTaToYHOM CTENEHBIO TOYHOCTH BemuuHA YPOBHI MJIM pyimm MOXKET OBITH OTIpEJIEieHa 110
dhopmynam:

B —55+11lgB,eciu B <50M6wut/c (28)
Puw =7 55, 10IgB,ccmn B > 50 MGur/c
114 p-i-n GoToauonoB U
- 70+10,5lgB,eciu B < 50Mo6ut/c (29)
Pus =920 410IgB,cct B > 50 M6m/c

3nas abcomoTHbIN ypoBeHb M/IM puyuv 11 ypoBenb niepeaaun [IOM (wmu [TTIOM), moxHO
MOYYUTh MPUOTIKEHHYIO OLIEHKY MaKCUMaJIbHOTO 3HepreTuyeckoro noreniuana BOCII:
vare = Pruep — Pvun ab. (30)

Pacuer IMPOU3BOAWTDL IJId JaHHBIX CBOCTO BapyUaHTa U C YHETOM Ta6JII/IIIBI 8.

Tabnuua 8 - Bapuantsl 3a1anuii 11s CTyACHTOB

No 1 2 3 4 5 6 7 8 9 10
Bap.
Prep, -5 -6 -4 -3 -2 -2,5 -3.5 -5,5 -4.5 -4
nb

IIpumep 7. Onpenenuts ypoBeHb M/IM pyy 1 MaKCHMaNIBHBIN 3HEPreTUYECKUIN MTOTEHIAI
st IBOCII co ckopocThio nepenayn IMHEHHOTO [UPPOBOro curHajna paBHoi B = 622,08 Mout/c u
YPOBHEM Iepe/iaul PaBHBIM prep = — 4 1b. @oToaerekrop peanuzonan Ha ocHoBe JID /1.

Pewenue. Iloncrasus B = 622,08 MOuT/C B COOTBETCTBYIOILYIO (hopMy (29) nmomydnm
pum =—70 +10,5lgB =-70 + 10,5 -19(622,08) = — 29,3 nbm.

[TpubmmKkeHHOe 3HaYeHHe MaKCUMAaJIbHOTO SHEPTeTHYECKOT0 TIOTeHIHaa OyeT paBHO
cornacHo (5):

Owaxe = Pnep — Pmym = — 4— (—293) = 33,3 nb.
OTMeTHM, YTO MOJTyYEHHBIE 3HAUEHUS Pyay U Iyake COOTBETCTBYIOT THITY BbIOpaHHOTO STM.

PacdeTsl mONTOBPEMEHHBIX M OMEPATHUBHBIX MOKa3aTenel omuOOK HU(POBBIX KaHAIOB U
TpaKTOB BBIITOJIHAKOTCST COTrJ1IaCHO peKOMeHI[aI_[I/IZM «HOpMaM Ha BHGKTpI/I‘IeCKI/Ie napaMeTpLI
M(POBBIX KaHAJIOB M TPAKTOB MArMCTPAIbHBIX U BHYTPU30HOBBIX NIEPBUYHBIX CETEH, BBEICHHBIM B
nerictBue nprukazoM Muncsszu Poccun ot 10.08.96 1. Ne92y.

Pacuerbl mokaszaTeneil = HAJAEKHOCTH KAHAJIOB M TPAKTOB CBOJATCA K ONPEIEICHUIO
OXKHJIAeMBIX KOd(¢huyuenma 2omosHocmu M Kod¢hpuyuenma 1O TOKA3aTEISIM WHTEHCUBHOCTU H
MOTOKAa OTKAa30B M BOCCTAHOBJICHHsI 00OpYIOBaHUS HU(POBBIX TEICKOMMYHHUKAIIMOHHBIX CHCTEM U
CpaBHeHI/ISI nux c JIOHyCTI/IMI)IMI/I.
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KoHTpoJibHbIE BOPOCHI:

1. HazoBuTe OCHOBHBIE 3JIEMEHThl CTPYKTYPHOU CXEMBI PEr€HEPAlIMOHHOIO y4acTKa
BosiokoHHO-onTuueckon LICII.

2. IlosicHuTe MOHATHE AUCIIEPCUU B OLITOBOJIOKHE.

3. Kak mucniepcroHHBIE SBIEHHS MPOSIBISIFOTCS B BOJIOKOHHOM CBETOBOJIE?

4.  OObsiCHUTE NPUPOY BO3SHUKHOBEHHS MOJIOBOH TUCIIEPCHH.

5. Tlouemy B rpalu€HTHBIX MHOTOMOJIOBBIX CBETOBOJAX MOAOBAs AUCIEPCHUS
IIPAKTUYECKH OTCYTCTBYET?

6. OObscHUTE MPHUPOAY MOSIBICHUS MaTePUATLHON AUCIIEPCUH.

7. Uto Takoe BOJHOBOJHAS TUCTIEpCHs?

8.  Kak 3aBucuT ymmpeHue UMITyJabca OT JJIMHBI CBETOBOAHOM TMHUN?

9.  Kak 3aBHCHT NpOIyCKHAsI CHOCOOHOCTb BOJIOKOHHBIX CBETOBOJIOB OT YIIMPEHUS
HUMITYJIbCOB?

10. OObscHUTE NPUPOLY BOZHUKHOBEHHSI MEKCUMBOJIbHON HHTEP(HEPEHIINH.

11. TlosicHuTe XapakTepHbIe TOUKH AHATPaMMbl PaCIpEACTICHHUS YHEPTETHIECKOTO
MOTEHIIHAJIA.

12. TlosicHuTe, 9YTO TaKO€ CTPOUTEIBbHAS [UIMHA ONTUIECKOTO Kabess.

13. TlosicHuTe, 4TO Tako€ 3aTyxaHUE ONTHYECKOTO CUTHAJIA HA HEPa3beMHOM COCTUHUTENIE U
HA30BUTE TOPSIOK €r0 BETMYUHEI.

14. TlosicuuTte, yTO Takoe KOI(D(MUIMEHT 3aTyXaHUsI ONTUYECKOTO Kabers.

15. TlosicHuTe, 9TO TaKOE 3aTyXaHUE ONTHYECKOTO CUTHAJIA HA PA3hbeMHOM COCIMHUTEINE U
Ha30BUTE MOPATA0K €r0 BETUUUHBI.

16. IIpuenute 1 nosicHute GOPMYITy MOIIIHOCTH ONTUYECKOTO M3JTy4EeHUs Ha BBIXOJIE
nepenaronero onrudeckoro moxyis (IIOM).

17. TlpuBeaute U nosicHUTE (HOPMYITY MOIIHOCTH ONITHYECKOTO M3ITydeHus Ha Bxoze [IPOM.

18. Ilepeuuncnute ¥ NOSCHUTE OCHOBHBIE ITyMbI Ha BbIXoJie oToaerekropa [IPOM.

19. IIpuenute 1 nosicHuTe GOPMYIY AJsI JOIMYCTUMOM BEPOATHOCTH OIIMOKHU OAMHOYHOTO
pereneparopa.

20. TlpuBenute u mosicHUTE GOPMYITY ISl TOMTyCTHMOTO ObIcTpoaericTBust mupposbix BOJIIL.

21. TIlpuBenure u nosicHuTe GopMyiy s oxuaaemoro o6uictponeiictaust BOJIII.

Jlureparypa.

1. E.b. Anekcees, B.H. Topnuenko, B.B. KpyxmaneB u ap. IIpoektupoBanue U sKCIUTyaTanus
U(POBBIX TEIEKOMMYHHMKAIIMOHHBIX CUCTEM M ceTedl. YueGHoe mocoOue s By3oB/ Ilof
pen. B.H.I'opauenko u M.C. Tsepeuxoro. — M.: I'opsuasa nunaust — Tenexkom, 2012. — 392 c.:

nJI.

INPAKTUYECKOE 3AHSATHE 6.

Tema: Onpenenenue 00beM0B HUPPOBBIX MOTOKOB B CETH

1. Hesn 3aHATHS:

3aKkpenuTh 3HAHHUS MO CTPYKType MYJIBTUCEPBUCHOM CETH W JUHEHHOTo
tpakra BOCII Texnonmormm SDH. IlomydnTs NMpakTHYEeCKWE HABBIKH PACUYETOB
00péMOB 1HPpoBeIXx TOTOKOB B cetu SDH. Osnagers meromukoil pacueToB
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00BEMOB 1T (PPOBBIX MMOTOKOB B MyJIbTUCEPBUCHOM ceTn SDH.
2. Pexomenmanum:

W3yuuts matepuan B [1] c. 6-10.

3. Ilopsaok BbINOJTHEHUS PadOThI:

1. Ompoc 1o TeopeTHUeCKOMY MaTeprally 3aHATHS U H3y4eHHe OJ0Ka KPaTKUX TEOPETHYECKUX
CBEICHUH (C MOMOIIBIO KOMITBIOTEPA).

2. YsacHeHME 3aJayd, METOJUKH pPACYeTOB ¥ WHAWBUIYAIbHBIX HCXOIHBIX JaHHBIX,
MOJTyYEHHBIX OT MPEnoaBaTes.

3. PaccunTars: Marpumy paccTOSHHNA, MAaTPUILy TATOTEHUH, 00bEMBI II(POBBIX TOTOKOB
MEXIy y3JaMHu, 4uciia TpUOyTapHBIX IOTOKOB Mexay y3namu cetu. [loctpouth
MaTpUIly PacCTOSHUI U MAaTPHILy TATOTCHUH.

HcxoaHbie JaHHBIE

1. Cmpyxkmypa cemu
[TepBuuHas ceTh ABIAECTCS YAaCThIO KJIACCUYECKOW CTPYKTYPBI CETEN ¢ KOMMYTAallUEN aKEeTOB,
B KOTOPBIX MMEIOTCS YETKO BBIpaKEHHBIE COCTaBisomue: cetu aboHeHTckoro noctyma (CAJD),
nepsuuHas ceTh (I1C) u Bropuunas cers (BC) (pucynok 1).

» VK 1
Abonenr | Kanan BC /Kanan ' Tpam‘(aHan Kanan Aborenr 2
CAJl JoCTyma JoCTyTa CAL

Pucynok 1. O60011eHHast CTPyKTypa MyJIbTUCEPBUCHOM CETH

O0603HaueHNs Ha PUCYHKAX:

- YKI....VKS5 - y3161 KOMMyTanuu;

- MBB — MynbTUIIIIEKCOPHI BBOJIA BBIBOJA.

OcHoBoli 111000 pealbHOIl CEeTH CBSI3U SBJISIETCST YPOBEHb HECHELHaTIU3UPOBAHHOM
(YHMBepcaJIbHOI) MEPBUYHON CETH, MPeACTaBIAIONIEH OO0 COBOKYIMHOCTh Y3JI0B M COEAMHSIONINX
UX TUIMOBBIX (U3NYECKUX LI, TUTTOBBIX KaHAJIOB MEPElaul U CETEBBIX TPAKTOB.

CoBpeMEHHBIE TOPOJACKHE W TEPPUTOPHUAIBHBIE OIOPHBIE CETU CTPOATCA  IOYTH
HCKJTIOYUTENIbHO Ha 0a3e OKOHEUHBIX MYyNbTUILIEKCOpoB (OM) M MyNbTUIIIIEKCOPOB BBOJAa/BBIBOJA
(MBB) u coenuHsIOmUX X BOJOKOHHO-oNTHYecKuX JIMHUH cBsizu (BOJIC).

Hns  nepemaun npumensiercss TexHojoruss SDH ¢ wucnonb3oBaHMEM  CTaHIAPTHBIX
TpaHcnopTHeix Moxayneit  STM-1, STM-4, STM-16, STM-64 u STM-256  (cxopoctu
cooTBeTcTBeHHO 155 Mo6wut/c, 622 Mo6wurt/c, 2,5 I'out/c, 10 I'out/c u 40 I'6ut/c). B ropoackux
CTPYKTypax noBepx TexHoioruu SDH ycnemHo peanusyercs texnonorus Ethernet ma ckopocrsix 1
I'out/c u 10 I'dur/c.

VYnowmsinytast Bbilie yHuBepcanbHOCTh IIC cocTouT B TOM, 4TO JUId Hee Oe3pa3iivyeH THI
nepenaBaeMoro tpaduka. [IC BeimonHseT 3aka3 (Kak MpaBUiIO, B BUJIE apeH/Ibl) Ha MPEI0CTaBICHUE
OIpeJIeIEHHON IOJIOCHI MPOIYCKaHMs JUIs Mporycka IU(pPoBOro moroka. IIpm 3ToM OCHOBHBIMH
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JOTOBOPHBIMU TIapaMeTpaMH SIBJISIIOTCST KaHaJIbHBIE CKOPOCTH Tepefadu JaHHBIX (oT 2 MoOwut/c u
BBIIIIE) U JIONYCTUMAs BEPOATHOCTH ommbok B 6uTax — Bit Error Rate — BER = 109 + 10722,
Hcxoonvle oannvle sl HACTOSAIIETO MPAKTHUYECKOTO 3aHATUS (OPMHPYIOTCS CIIEAYIOIIMM
obpa3zom:
a) B cooTBeTcTBUM C nocieduetl yughpoii wiughpa mo pucyHky 2 Beioupaercs 6-y310Bon
(dbparMeHT, Il KOTOPOTO IPOU3BOIUTCS BECh MOCIICYIOINN PACcUET.
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BapuanT 8 Bapuant 9

© O & © O
@
© @ ®) 0,

Pucynok 2 - Bapuantsl koH(pHUTypaluii MEpBUYHON CETH
0) PaccTostHust MeX 1y y371aMH KOHKPETHOTO BapUaHTa OMPEIEISIFOTCS B COOTBETCTBHH ¢ TabmuIiei 1.
Paccrosinust yka3aHel B KHJIOMeTpax. Tak Kak TOJMHAs MaTpHIla PACCTOSHUNA CUMMETpUYHA
OTHOCHTEIILHO TJIABHOW JMATrOHAJH, TO B Ta0uIe | mpuBeaeHa TOIBKO MpaBasi BEPXHSS 4acTh.

G

/

®
w

Tabauua 1
V3nmr

A b B r i | E K 3 n
A 90 - 100 130 - - - -
b - 80 110 70 120 180 - -
B - - - - 80 170 -
r - - - 65 - 70 110 -
Ji | - - - - 85 - 75 -
E - - - - - - 130 95
K - - - - - - 55 -
3 - - - - - - - 70
I/I — — — — — — — —

Ilpumep: Nns Bapuanta 00 3aneiictBoBanbl y3iel A, b, I', JI, XK, E. OtcyrctBytor y3nel B,I,3.
dopMHUpOBaHUE MATPHIIBI PACCTOSHUM OCYIIECTBIACTCS M3 TaONUIIBI 2 MMyTeM YAaleHUs CTOJOIIOB
U CTPOK, COOTBETCTBYIOIIMX OTCYTCTBYIOIIMM Yy3laM. [loydeHHass B pe3ysibraTe 3TOW Omepanuu
MaTpulia peicTaBiIeHa Tabnuei 2.

Tabmuna 2
V3am1
A b r Ji | E K

A 90 100 130 - -
b - 110 70 120 180
r - - 65 - 70
i | - - - 85 -
E — — _ — —
}K — — — — —

2. Onpeoenenue 06vémo6 yughposvix nomokoe

OO0BEMBI TUPPOBBIX TOTOKOB MEX]Y Y3JIaMH ONPEAEIISIOTCS U3 TaOauLbl 3 MyTeéM yaaleHus
JIUIIHUX CTPOK U CTOJIOIIOB, T.€. T€X CTPOK U CTOJOII0B, KOTOPHIE COOTBETCTBYIOT OTCYTCTBYIOLIUM B
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JTaHHOM BapuaHte y3noB. Hanpumep, ans Bapuanta 0 u3 tabn. 3 10JKHBI OBITH yJaJIeHbl CTPOKH U
cronbusl y3noB B, 3, W. [locne sToro Bce 3HaueHus: MOTOKOB E1 momydyeHHON MaTpUIbl TATOTEHUH
IIECTOTO MOpPsiAKa YMHOXKAIOTCA Ha KOod(hdULIMEHT, BbIOMpaeMblid U3 TaOIuIbl 4 B coomeemcemauu ¢
npeonocieonei yugpor wugpa. Ilomydaembie mpu 3TOM APOOHBIC 3HAUCHUS YHCEN IHPPOBBIX
notokoB El, okpyrisioTcss a0 Onmxaillinux IeabiXx B OOJBIIYIO CTOPOHY. 3aTeM Bce 3HAuYeHUs
notokoB E3 B 1-ii CTpoke IOJIy4eHHOH MaTpulbl TATOTEHUH YBEJIWYMBAIOTCA HA 4YMCIIO,
COOTBETCTBYIOIEE IMOcieqHel nudpe TeKymero roaa (Mo BPEMEHH BBIMOJIHEHHS] MPAKTHYECKOTO
3aHATHSA).

B o0uiem ciyuae, MaTpuia TAroTeHU acummeTpuyHa. OHAKO, TOCKOJIBKY LIEIbI0 TaHHOTO
3aHATHUS SBISIETCS, B MEPBYIO OYepellb, pacy€éT MEPBUYHOM CETH, TO MPEJACTaBIeHHAs B Tabnuue 3
MaTpHulla TATOTEHUH AJIs yIpoUIeHUs] cOpMUpPOBaHA B CAMMETPUYHOM BapHaHTE.

Matpuna TsaroreHuil (tabm. 3) dopmupyercs mocie y4éra Bcex TpeOOBaHHA. 3HAUCHUS
MMOTOKOB B Tabymie 3 o3HavaroT yucia notokoB E1/E3/E4. Hampumep, or y3ma A k y3iny b
HeoOxoauMo oprannzoBaTh 45 norokos El, 10 motokoB E3 u 3 nmoroka E4.

Tabmuna 3
V3nb1

A b B r I E X 3 41
A 45 50 15 60 65 10 50 40
10 20 8 16 14 4 10 20

3 2 1 3 2 1 2 1
b 70 65 10 55 50 40 45
20 18 6 14 12 10 10

2 3 1 2 1 3 2
B 10 55 60 6 70 50
4 12 14 3 15 18

1 2 3 1 2 3

r 60 65 7 50 5
10 12 4 18 2

3 2 1 2 1

pil| 40 25 50 10
15 7 19 4

2 1 1 2

E 5 50 65
2 14 12

1 2 3

XK 45 7
16 5

3 1

3 40
13

2

41

B xadecTBe BXOAALIMX B MYJIBTHUIUIEKCOPBI TPUOYTapHBIX MOTOKOB MOTYT MCIOJIB30BATHCS HE
tonbko motokd PDH (t.e. E1, E3 u E4), Ho 1 moToku SDH.
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Tabmuma 4 - Kosaddurnment ypennueHust Harpy3ku

Bapuanr
(mpenmocnenuss mudpa 0 1 2 3 4 5 6 7 8 9

mn¢pa)
Koaddunuent 1.1 |12 | 13 |14 | 15 | 16 | 1.7 | 1.8 | 19 | 2

Takum 00pa3om, B pe3ysbTare BBHITOJHEHHs pasiaeia 1 JopkHa ObITh ONpeeiicHa MaTpulia
TSATOTEHHUI 6-U y3JI0BOM CETH, 3JIEMEHTAMH KOTOPO# SIBISIFOTCS YKCIIa TPUOYTApHBIX TOTOKOB (N1, N3,
Na)ij MeX Ty y3namu | 1 j, T.e. notokoB E1, E3 u E4 cooTBeTCTBEHHO.

3. IlIpumep onpedenenus mampuybl msazomeHui

Paccmotpum Bapumant 00, T.e. BapuaHT, B KOTOPOM MOCJEIHSS M TpennocienHss mudpsi
mudpa paBHbI HYJIIO.

Kondurypanus ceru, BeiOpanHas mo pucyHky 2 ais Bapuanta 0, BkitouaeT 6 y3ioB: A, b, T,
I, E u K. B coorBercTBUU ¢ 3TUM Tabnuiy 3 npeoOpa3yem B TaONIHUIly 5, UCKIIOYHUB U3 HEE€ CTPOKU U
CTOJIONBI, COOTBETCTBYIOIIME OTCYTCTBYyromuM y3iam B, 3 m WM. YnaneHuwe cTpok u CTONOIOB
BBINOJIHSAETCS] OOBIYHBIMU OIEpaLUsIMU HaJ Tabauuei 3.

Tabauma 5.
Y3761
A b r jil| E XK
A 45 15 60 65 10
10 8 16 14 4
3 1 3 2 1
b 65 10 55 50
18 6 14 12
3 1 2 1
r 60 65 7
10 12 4
3 2 1
I 40 25
15 7
2 1
E 5
2
1
XK

ITo momydenHoi mMarpuue (Tabnuua 5) MOXKHO ONpeAeInTh, HanpuMep, YTo Tpaduk ot y3na I’
K y31y E cocrout n3 65 norokoB El, 12 nmotokoB E3 u 2-x motokoB E4. B cuiny npuHATBEIX HaMu
JOMYUIEHUH 0 CHMMETPHUYHOCTH MOTOKOB, Tpaduk oT y3i1a E k y3ny I' Toxxe Oyner paBeH BenmuurHaM
65/12/2.

Jlis OKOHYATeJbHOTO (HOPMUPOBAHMS MATPULBI TATOTEHUH COOTBETCTBYIOLIETO BapHaHTa
Heo0xoIuMO Bce 3HaueHus 1noTokoB El Tabmuupl 5 yMHOXUTH Ha KoddduumeHTt nu3 tabnuusl 4 (B
HalleM ciry4yae 3ToT ko3 duimeHt paseH 1.1) 1 OKpyrauTh 10 OJIMKaNUIIEero OONIbIIEro.
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B tabnure 6 npeacraBieHa UTOTOBas MaTpUIla TATOTCHUH MMPOSKTUPYEMON 6-U y3JI0BOM CETH.

Tabauia 6

'V 311BI
A b r Jil| E XK
A 50 17 66 72 11

10 8 16 14

3 1 3 2 1
b 72 11 61 55
18 6 14 12
3 1 2 1
r 66 72 8
10 12 4
3 2 1
i 44 28
15 7
2 1
E 6
2
1

XK

4, KOHTpO.]'IbeIe BOIIPOCHI

N

©~N oo

9.

10.
11.
12.
13.

[TosicauTe, 4TO TaKoe MaTpHIla PACCTOSHUM.

IlosicauTe, 9TO TaKOE€ MaTpHIia TATOTEHUH.

B kakux enquHuUIax u3MepstoTcss 00bEMBI UG POBBIX MOTOKOB Mexay y3iaamu B PDH
nuepapxun’?

B kakux enguHuUIax u3MepstoTcs 00bEMBI TpPUOYTapHBIX MMOTOKOB MeXAy y3inamu B SDH
uepapxun’?

Xapakrepuctuku moayist STM 1.

Xapakrepuctuku Mmoayns STM 4.

Xapaxtepuctuku Mmoaynst STM 16.

Xapakrepuctuku Mmoayist STM 64.

Xapaxtepuctuku moayns STM 256.

Xapaxkrepuctuku noroka E 1.

XapaxTepuctuku noroka E 3.

Xapakrepuctuku noroka E 4.

Ha3oBuTe 0OCHOBHBIE JIEMEHTBI ITMHENHOTO TPaKTa Mo TexHosornu SDH.

5. Jlureparypa

1. Hepcecsany A.A., I'epacumoB I.H Meroandeckue yka3zaHus MO BBIMOJTHEHUIO KYPCOBOTO

npoekta no aucuuiiuHe «lIpoextupoBanue u skcruryaTanus cucreM nepepaun». CKO MTYCH:

PocroB-Ha-

Hony, 2015. — 41 c.
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IMPAKTUYECKOE 3AHATHUE Ne 7.
Tema: Pacuer npomyckHoii cli0COOHOCTH YYACTKOB IIEPBUYHOM ceTH
1. Ilenu 3aHATHA.

3aKkpenuTh 3HAHHUS MO CTPYKType MYJIBTHCEPBUCHONW CETH W JMHEHHOTO
tpaktra BOCII Texnonorun SDH. [IlonyuuTs mpakTHYecKHe HABBIKM PacUYETOB
NPOMYCKHOW crocoOHocTH y4yacTkoB cetn SDH. OBmaners MeTomukoil pacyeTos
MIPOITYCKHOW CITOCOOHOCTH MYJIbTHCEpPBHCHOM cetn SDH

2. Pexomenmauum: M3yuwnts marepuan B [1] c. 10-13.
3. Ilopsaok BbINOJTHEHUS PadOThI:

1. Omnpoc 1Mo TeOpEeTHYECKOMY MaTepUaTy 3aHATHS U U3yUeHHE OJI0OKa KPaTKUX TEOPETHUECKUX
CBEICHHUIA (C ITOMOIIBI0 KOMITEIOTEPA).

2. VYsCHEeHWEe 3aJa4d, METOJAMKH pacuyeToB W HHIUBUAYAJIbHBIX HCXOIHBIX JaHHBIX,
MOJIYYEHHBIX OT MPEIOaBaTelIs.

3. Jnis 3a1aHHOM CTPYKTYPBI CETH M Ha OCHOBE JIaHHBIX, PACCUUTAHHBIX Ha MPEIbIIYIIEM
3aHSITHH, PACCUMTATh: BapHAHTHI PACIPEACICHUS CTAaHIAPTHU3UPOBAHHBIX ITOTOKOB
BTOPUYHOW CETH IO YyYacTKaM IEPBUYHOW CETH, BaAPHAHTHI CYMMAapHBIX IOTOKOB IO
KaXJI0MYy y4acTKy cHadaia B duciax notokoB E1/E3/E4, a 3arem u B Buaec OMTOBOWA
CKOPOCTH.

B xauecTBe ucxoonwix 0annbvix HeOOX0MMO HCII0JIB30BaTh PE3YyIbTaThl PACUETOB,
BBIIIOJTHEHHBIX HA Npakmuyeckom 3anusamuu Noo.

Ilepeuunas cets (IIC) B 1aHHOM citydae npencTaBiisieT co0Oi ONTOBOJIOKOHHYIO CETh
paguanbHO-KOJBIIEBOW CTPYKTYphl Ha 0Oaze TtexHomorun SDH. 3to ONOpHasi  CETh,
MIPEOCTABIIAIONIAs YCIYTH B BUJIE OINPEICIEHHON MMOJIOCHI POIYCKaHUsI JIFOOBIM I10JIb30BaTeNsAIM Ha
OCHOBE JIOJITOBPEMEHHOM apeH/1bl (PUHIUI BBIJICIIEHHOTO KaHaJIa).

Bcero 3anmelictBoBaHO 4 BOJOKHA IO 2 B KaXJOM HaIpaBJIEHUH, U3 KOTOPBIX OAVH
OCHOBHOM M OIMH pe3epBHbIN (crcTeMa pe3epBupoBaHus 1:1, Bpems nepexitodeHus Ha peseps 10 50
Mc). OcralibHble BOJIOKHA Kabelsl (Tak Ha3blBaeMble «TEMHbBIE BOJIOKHA») HAXOIATCS B pe3epBe Ha
CITy4ai pacuiipeHus MPOMyCKHOM CTIOCOOHOCTH CETH MU MOBPEKICHUS pab0YMX BOJIOKOH.

Ha onToBOJIOKOHHOM KOJIbLIE PACHONIOXKEHBI 6 MYJIBTHIIEKCOPOB BBOAA/BbiBoga (MBB niu
Add/Drop Multiplexer — ADM), ¢ KOTOPBIMHE COBMEMICHBI 6 y3JI0B KOMMYTAIlMX BTOPUYHOM CETH,
T.e. o ogHoi nape YK — MBB B kaxnom nundopmanronHom mukpopaiione (MMP). Ha camom nene
SDH-komnb10 MoXxeT conepxarb 6onbiie MBB, HO /U1t TPOEKTHPYEMOM MyJIbTUCEPBUCHOMN CETH ITH
MBB npo3paudHbl 1 MOT'YT HE paCCMaTpPUBATHCS.

OcCHOBOH 1711 TAKOTO pacyera CIYKUT MOJy4YeHHAsl HAa NMpeabIAylieM 3aHATHH Mampuya
mA2omeHuil, SJIEMEHTBI KOTOPOU OMPEIEIAI0T BCE MEKY3IIOBBIE IIOTOKH.

@)

Pucynok 3. Cxema npoekTupyemoii cetu
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Jlnst ompeneneHuss CyMMapHOW MPOMYCKHOW CIMOCOOHOCTH It 6-M YYacCTKOB TEPBHUYHOMN
CeTH JOCTATOYHO 3aHECTH 3HAUEHUS MATPHIIHI TATOTCHHUI B TaOJIHIly 7 B MPOIECCEe IPOCMOTPa BCEX
15 mexy3noBbix moTokoB. Hampumep, y3mbl A U b cBsi3aHBI HENMOCPEICTBEHHO, MTOATOMY MOTOKH
50/10/3 ¢uxcupyrorcs Tosibko B ydactke A — b (ctpoka 1). ¥Y3mel A u E cBs3bIBAIOTCS 1O JBYM
y4acTKaM, To3ToMy NoToku 72/14/2 puxcupyrorcs B yuactkax A — b u b—E (cTpoka 4).

Tabnuma 7. Pacnipenenenue crangapTU3UPOBAHHBIX IIOTOKOB BTOPHUYHOM CETH O y4acTKaM
MIEPBUYHOU CETH.

Ne IToToKM BTOPUYHOM cETH
a—0 a-T 0-n1 | 6—e | r—n r—xX
1 A—>b 50
10
3
2 A—>T 17
8
1
3 A1 66 66
16 16
3 3
4 A—>E 72 72
14 14
2 2
5 A —> XK 11 11
4 4
1 1
6 b—>T 72 72
18 18
3 3
7 b— 1 11
6
1
8 b—>E 61
14
2
9 b—> X 55 55 55
12 12 12
1 1 1
10 r-J1 66
10
3
11 I' > E 72 72 72
12 12 12
2 2 2
12 I - X 8
4
1
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13 O—E 44 44
15 15
2 2
14 I — XK 50 28
17 7
3 1
15 E—> X 6 6 6 6
2 2 2 2
1 1 1 1
CyMMapHbI€ TTOTOKH 110 y9acTKaM 250 108
IIEPBUYHOM CETU 52 29
10 5
TpeOyembie cyMMapHbIE IPOITYCKHBIE 3668 1902
CIIOCOOHOCTH YYaCTKOB MEPBUYHOM CETH,
Mobwur/c.
CranpmapTHBIA TPaHCTIOPTHBINA MOayb, | STM-64 STM-16
STM-N
KoaddumnmenT ucmonbp3oBaHust 0.37 0.76
IPOIYCKHOW CIIOCOOHOCTH KaHaja
JITMHBI Y4acTKOB MEPBUYHON CETH, KM 90 100 70 120 65 70

ITocne pacnpeneneHust MEXY3JI0BbIX ITOTOKOB 10 y4acTKaM IEPBUYHOM CETH OIpeNesstoTCs
CyMMapHbI€ TIOTOKH 10 KaKJOMY y4acTKy cHavajna B uuciax norokoB E1/E3/E4, a motom u B Buje
outoBoil ckopoctu. Hampumep, ans ydactka A — b (cymmapssie motoku 250/52/10) GuroBas
CKOPOCTB OIPEIEINeTCs KaK
C =250*2 Mowut/c + 52*34 Mowurt/c + 10*140 Mout/c = 3668 Mout/c.

Takum oOpa3om, Ha ydacTke ceth A — b HeoOxommmo oprammzoBath SDH TpakT ¢
CHUHXPOHHBIM TpPaHCHOPTHBIM MoayieM STM-64, oGecneunBaromum OHTOBYIO cKopocTh 10 10
I'dut/c.

AHaOTMYHBIM 00pa30oM OIpeNeNAoTCss OUTOBBIE CKOPOCTH U TPAHCIOPTHBIE MOIYIM JUIs
OCTAJIbHBIX 5- y4acTKoB. /[ ymoOcTBa gampHEHIUX pacy€ToB B Tabnuie 7 MPUBEACHBI U JUTHHEI
KaX/10T0 U3 6-1 y4acTKOB CETH.

Tor ¢axt, yTo B Hamem npumepe Ko3()(PUIMEHT UCIONb30BaHUS MPOMYCKHOW CHOCOOHOCTH
KaHana Ha ydacTke A-b oxazancs Humxe 50% He siBiseTcst HelocTaTKoMm mpoekta. HaoGoport, B
TEJIEKOMMYHHUKAIIMOHHBIX KOMITOHEHTAX (y3J1bl, KAaHAJIbI, TPAKTHI, CETMEHTHI CETH H T.JI.) CYIIECTBYET
He (opMaibHas TpaHMIIa OMACHOM cTeneHu 3arpy3ku, paBHas 0,7. [Ipu npeBbIlIeHUN STON IpaHUIIbI
KOMIIOHEHTHI CETH WJIHM BCS CETh CUYMTAIOTCS TEPErPYKCHHBIMH M HE TapaHTHPYIOT BBHIMOJHEHUE
TpeOOBaHUH 1O Ka4eCTBY OOCITYy>KUBAHHUSL.

Kpome Toro, ¢ yu€ToM SKCIMOHEHIIMAIFHOTO POCTA TOJIH30BATEIHCKOTO Tpaduka (IPUMEpPHO,
€XKEroJIHOe yJBOEHHUE), JIOTUYHO MPU MPOCKTHUPOBAHUU CETH OPUEHTHPOBATHCA HA KOA(PPHUIIMEHT
WCIIONBb30BaHus, Jexammii B mpeaenax or 0,3 mo 0,5 (B maHHOM TIPOEKTE 3TO HE SBISIETCS
00s13aTeNIbHBIM TPEOOBAaHHEM).

Hamnyme MHOTOBapMaHTHON MapHIpyTH3allid TO3BOJSIET B psjie  CIy4aeB HECKOJIBKO
BbIpaBHUBATh KO3((UIIMEHTH UCIIOIb30BaHUs KaHaioB. Hanpumep, B 1aHHOI ceT cBs3b y310B E u
K MoxkHO BeIMOAHUTE 10 Mapupyty E-b-A-I-)K, wim no anprepnatuBHomy mapupyry E-b-JI-I'-
XK. B nanHoMm ciydae peKOMEHAyeTCsl MPOBOJUTh apryMEHTHUPOBAHHBIN MOIXO0J K aJbTePHATUBHON
Mapuipytuzanuu. Hampumep, Tpaduk, JOMyCKAIONMN MPUMEPHO PaBHOICHHBIC AlbTEPHATHBHBIC
MapuIpyThl, HATPABJIATh Yepe3 MEHEe 3arpyKeHHbIE yYaCTKH CETH.
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KoHTpoJibHBIE BONIPOCHI

[TosicHuTe 0OCOOCHHOCTH CETH PaIuaIbHO-KOIBIIEBON CTPYKTYpPHI Ha Oa3ze TexHosoruu SDH.
[Tosicuute cuctemy pesepupoBanus 1:1 B cetu Ha 6aze TexHonoruu SDH.

[TosicHuTe TEpMHUH «TEMHBIE BOJIOKHA» B CceTH Ha 6a3e TexHosoruu SDH.

[TosicHuTe TEPMUH «BTOPUYHAS CEThY.

[TosicHuTe TEpMHUH «IIEpBUYHAS CEThHY.

Bupl MynbTUIUIEKCOPOB B ceTH Ha 6a3e Texnomorun SDH.

[Tosicuute QpyHKIIMK MYyIBTUILIEKCOPA BBOJA-BBIBOJIA.

[TosicanTe QYHKIIMU TEPMUHAITBHOTO MYJIbTHILICKCOPA.

[Tosicuute TepMHUH «KO3(PPUIIMEHT UCIIOIB30BAHUS TPOMYCKHONW CIOCOOHOCTH KaHalay.
[Tosicuute TepmuH «SDH TpakT.

Jlureparypa

1. Hepcecsany A.A., I'epacumoB I.H Meroandeckue yka3zaHus MO BBINOJTHEHUIO KYpPCOBOTO

npoekTa no auciuiuinHe «lIpoextupoBanue u skcrutyatanus cucteM nepenaun». CKO® MTYCU:

PoctoB-na-/lony, 2015. — 41 c.

ITPAKTUYECKOE 3AHATHUE Ne 8.

Tema: Onpenesnenue napamMeTpoB ontTudeckoi cekunu SDH

1. Iesw 3aHATHS:

3akpenuTh 3HaHUA MO CTPYKTYpE JIMHEHHOTO TPakTa BOJIOKOHHO-ONTHYECKOM
IICII Texnonmorun CILIA CP. IlomyunTs npakTH4eCKUE HABBIKM PACU€TOB OCHOBHBIX
MoKaszarejlell  pereHepalMoOHHOTO  ydacTKa  BoJloKoHHO-omTuueckor  [[CIT
texHonorun CHHU CP. OBnazners METONMKON pacdeTa pEreHepallMoOHHOIO y4acTKa
BosiokoHHO-onTuyeckor LICIT texnonoruu CIIU CP.

2. Pexomenmanum:

N3yuuts matepuan B [1] c. 13 - 26.

3. Tlopsinok BbINOJHEHUS PadOThI:

1.

2.

Onpoc 1o TeopeTHYeCKOMY MaTepually 3aHATUS U U3y4YeHHE OJI0Ka KPaTKUX TEOPETUUYECKUX
CBEJIEHUH (C MOMOIIbIO KOMIIBIOTEPA).

VsacHenue 3amauyd, METOJMKM pacuyeToB U HWHAMBHUIYaJIbHBIX HCXOJHBIX JaHHBIX,
MIOJIYYEHHBIX OT IIpenoaaBaTes.

Paccunrtarh: [UIMHBI pereHepalioHHBIX YYAacTKOB I10 3aTyXaHUIO M IO AMCIIEPCHH,
JUIMHBl YCUJIMTEIbHBIX YYacTKOB, BBIOpaTh THUIl ONTHYECKOM CEKIIMH, CHHXPOHHOTO
MyibTUIiekcopa. CoCTaBUTh  pacyeTHYIO CXeMy JUIsl  ONpeAeNieHUs  JUIMHBI
YCUJIUTEJIBHOTO Y4acTKa BOCII-CP, moctpouts auarpamMMmy pacrpeneiacHus
HHEPreTHYECKOro MOTeHIIHaa.

Br10op THIa ONTHYECKON CEKIUH
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Heo6xoanmMo ompenenuts TUI ONTUYECKUX CEKIUI Ha CeTH M MX MHTep(deicoB, MPOU3BECTH
BBHIOOp THIA ONTUYECKOTO BOJIOKHA M JKENaTeJbHO MapKy ONTHYECKOro Kkaless, OompeaenuTh
napamMeTpbl ONTUYECKUX HHTEP(EHCOB CUHXPOHHBIX TPAHCIIOPTHBIX MOAYJIEH COOTBETCTBYIOIIETO
ypoBHs SDH.

OnTuueckast CeKIUs WIM IUPPOBOKH CTHIK BKIIOYaeT B ce0sl ammapaTypy OKOHYAHHS
ontuieckoro jguHerHoro Tpakta (AOJIT), cranunonHbii ontudeckuii kabenb (COK) u nuHEeHHBIM
ontuyeckuit kadbens (JIOK).

AOJIT ob6opynoBanuss SDH mnpencraBiseT coOoi IUIaTy ONTHYECKOTO CTHIKA B COCTaBE
anmaparypsl CMHHXpoOHHOro Myinbtuiuiekcopa STM-N, Ha mudpoBoM cThiKe KOTOPO# hopmupyeTcs
nudposoit curHanm N-oro ypoBHs wuepapxuum STM, mapameTpsl KOTOpPOro OMNpEaAeSeHbl B
pexomenpanusx MCO-T G.707.Y.1332.

Hnsa cucrem mepemaun SDH TpeOyercss oOecniedeHHe IMOMEPEYHOW COBMECTUMOCTH, T.€.
MCIOJIb30BaHME HA KOHILAX ONTHYECKOTO TPAaKTa 0O0OPYAOBAaHMS PA3IHMUHBIX HMPOU3BOIUTENCH. DTO
TpeOoBaHuE MPUBETIO K KJIacCU(UKAIIMHA ONTHYECKUX CTHIKOB MO KOy TPUMEHEHHUS.

O06o03HaueHue KoJla IPUMEHEHHUSI COCTOUT U3 0003HAUYEHUS THIIA TPUMEHEHHS, Jjajiee, YpOBHS
STM-N, oTaeleHHOro TOYKOW OT NPUBOJUMOTO (MM HEMPUBOJUMOTO) HHU(PPOBOrO CHUMBOIIA,
0003HAYAIOIIEr0 JJIMHY BOJIHBI UCTOYHHUKA M3ITyYCHHS W THUI MPHUMEHSEMOTO ONTHYECKOro Kadems.
T.e. «TUIT IPUMEHEHHS — VPOBEHB STM. IIUD®POBOI CUMBOJI».

Paccmotpum 311 0003HaYeHMS TOAPOOHEE:

THUIT ITPUMEHEHNA:
VSR — ouens kopotkue (Very short reach);
| — 11 BHYTpHOOBEKTOBOI CBsI3M (INtra);
S — I KOPOTKOM MEKCTaHIIMOHHOM CBsi3u (Short);
L — s UTMHHOM MeKcTaHIIMOHHOH cBsi3u (long);
V — i OYEeHb JTMHHON MEXKCTaHIIMOHHOM cBsi3u (Very);
U — Ut CBEpXITMHHOM MEKCTaHIIMOHHOM cBsi3u (ultra).

YPOBEHb STM: onpenensieT THI KCIOIB3yeMOro (hparMeHTa JaHHBIX ¥ COOTBETCTBYIOITUE
KaHanbpHBIE cCKOpocTH — STM-1, STM-4, STM-16 u T.x1.

[MUOPOBOM CUMBOJI:
1 - HomuHanbHas niauHa BOJHBI HCTOYHMKA M3nydeHus 1310 um u tun xabens co cranaaptHeiM OB
(pexomenmammu G.652 MCO-T).
2 - HoMuHanbHas AMUHA BOJIHBI UCTOYHHKA U3NydeHus 1550 am u Tun kabens co ctanaapTHsiM OB
(pexomenmammu G.652 MCO-T).
3 - HoMuHanbHasi AmuHA BOJIHBI UCTOYHHKA M3NydeHus 1550 am u Tun kadens co ctanaapTHsiM OB
C HyJIeBOU cMelIeHHOH nuctiepcueit (pekomenarmu G.653 MCD-T).
4 - HomuHanbpHas JJIMHA BOJHBI MCTOYHUKA n3nydeHus 1550 um u tun kabens co crangaptHeiv OB
C HeHYJICBOW CMENIeHHOH nucniepcueit (pekomenammu G.655
M3BC-T).

OtcyTcTBHE NH(PPOBOTO CHMBOJA O3HAYaeT HOMHHAJIBHYIO JUIMHY BOJHBI HCTOYHHUKA
m3nyuenuss 1310 um u tunm kabens ¢ OB, coorBercTBylOmEro pekoMeHmamusM G.652 MCO-T
(ucnonb3yercs i1 BHYTPUOOBEKTOBOM CBSI3N)

Kogs! npumenenus ans obopynoBanuss SDH npusenens! B Tabnumax 1, 2, 3.
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Tabmuma 1. KJIACCUDHUKALIUS OINTUYECKUX WHTEPO®ENCOB STM-1 STM-4 STM-16, konsl
npwioxenut I, S, L.

Hcnons3zoBanue Merony ctaHIUsAMHA
Buytpu
TlapameTpb! CTaHIUK Kopotkas ceknus JlnuHHas cexuus
HoMUHATBHAS 1310 1310 1550 1310 1550
JUINHA BOJIHBI
UCTOYHHKA, HM
Tun BojokHa G.652 G.652 G.652 | G.652 | G.652. G.653
G.654
Paccrosinue, kM 2 15 40 80
VposHu STM-1 I-1 S-1.16- S-1.2 L-11L- | L-1.2L- | L-1.3L-
SDH STM-4 I-4 4.16S- S-4.2 41 L- 4.2 L- 43 L-
STM-16 1-16 16.1 | S-16.2 16.1 16.2 16.3
Tabmuna 2 KIIACCU®UKALMA ONITUYECKUX UHTEP®ENCOB
(kojbl S, L 11 STM-64, 256)
[Tapamerp 3HaueHue
HomunanbHas 1310 1550 1550 1550 1310 1550 1550
JUTMHA BOJIHBI
WCTOYHHKA, HM
Tun BojokHa G.652 G.652 G.653 G.655| G.652 G.652 G.653
3amanHoe pac- 20 40 40 40 40 80 80
CTOSTHHE, KM
STM-64 S-64,1 S-64,2 S-64.3 S-645| L-64.1 L-64.2 L-64.3
3aga"HHoe 40 40 80 80
paccTosiHue,
KM
STM-256 S-256.2 S-256.3 L-256.2 L-256.3

Tabauna 13 KIIACCUOUKALINS ONITUYECKUX UHTEPOENCOB (Koasl V u U)

[Tapamertp

Ouenb JJIMHHasA CCKIIUA

CBCpXI[JII/IHHaH CCKIIMA

Homunansaas JJINHA BOJIHBI
HCTOYHHUKA, HM

Tun OB (pekoMeHAanus
MCO3-T)

1310

G.652

1550 1550

G.652 G.653

1550

G.652

1550

G.653
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[TpoTsKEeHHOCTD, KM 60

STM-1, - 120_ 120_ 15) 160_
STM-4 V-4l va2 | vaas U-4.2 U-4.3
STM-16 — V-16.2 V-16.3 U-16.2 U-16.2
IIpoTsKEHHOCTD, KM 60 120 120 — —
STM-64 - V642 | V-64.3 — -
STM-256 . _ _ . —

s pacemarpuBaemoro BapuanTa (Bapuant 00) HeoOX01uMO ONpeaeuTh Koibl cekinid bE,
AB, AT, B/, IT" u I')K B cooTBeTcTBHHM ¢ Tabnuiamu 8, 9 u 10.

Hanpumep, nisa cexumii «A-b» u «I'-2K» noaydum cieayronme TUIbl ONTHYECKON CEeKIUHU:
- cekus A-b — V. 64.3 (o4eHb MIMHHAS MEKCTAHIIMOHHAS CBS3b, STM — 64, 1iiMHA BOJIHBI
HMCTOYHMKA H3ydeHus 1550 Hm);
- cexkmmst [-K - L. 16.3  (mmuHHas MeKCTaHITMOHHAS CBsi3b, STM — 16, qyimHA BOJHBI HCTOYHUKA
nsnydenus 1550 am).

Br160p CMHXPOHHOTO MYJIBTHUILIEKCOPA

Brei6op mynpTHIUIEKCOpa, OCOOGHHO B pealbHOM NPOEKTUPOBAHUU, SIBISETCS Ba)KHEUIIUM
3TanoM paloThl. 37€Ch HYKHO B KOMIUIEKCE Y4YeCTh SHEPreTHYECKHE, CKOPOCTHBHIE, IICHOBBIE U
JIpYyrue napaMmeTpbl pa3IMuHbIX U3,

[Ipu BBIOOpEe O0OOpYmOBaHUS HEOOXOAUMO aHAIM3UPOBATHL CIPABOYHBIC JIAHHBIC 10
MocTaBisieMoMy (upMaMu HW3rOTOBUTENNSIMH 00OpyJnoBaHui0. Haubonee mOMHYIO M CBEXYIO
nHpopmanuo MoxkHO HaiiTm B Internet. Kpome Toro, HEKOTOphIE CBEACHHS IO OOOPYIOBAHUIO
MIPUBE/ICHBI B MPUJIOKEHUH K HACTOSIIEMY METOANYECKOMY ITOCOOHIO.

g nanbHedmero pacuéra HEOOXOAMMO BBbINHMCATh CIEAYIOLIME IapaMeTpbl Iepeaadu
MyJIbTUIUIEKCOpa (0€3 OMTUYECKUX YCUIUTENEH):

YpoBens nepeaauu, 1bm...

JImiHa BOJIHBI, HM. ..

UyBcTBUTENHHOCTH MTpUeMHHKA Ky , 1BM. ..

3aTyxaHue pereHepaluoHHOro yyacTka, ab...

YpoBeHb neperpy3ku NPUEMHHKA, AbM. ..

Hucnepcusi, 1C/HM

Tur UCTOYHMKA U3ITYUYEHHUS. . .

Tun onTryeckoro AeTeKTopa. ..

Hcxonst U3 KOIOB y4acTKOB, OMpenen€HHBIX B M. 3.1, HA HHUX HUCIOJB3YETCS ONTUYECKHI
kabenp ¢ OB, pabortaromuii Ha guuHe BOJHBI 1550 HM u oOnajmaromuii HynIeBOW CMENIeHHOU
nucnepcueit (pekomenaaiu G.653)

VYcpeanennsie nannbie Takux OB:
Kunmomerpuaeckoe 3aryxanue - 0,19-0,25 nb/xm
Xpomaruyeckasi aucrepcus — 3,3 TIC/HM.KM
B xauectBe mnpoumsBomutens kabemst Beiompaercs OK 3A0  «Camapckas kaOenpHas
komnanusy. Tun kadens - OKJIK-01 ¢ a=0,22 nb/kxm u 6 = 1,8 nC/HM.KM .
[TapameTpsl TUIIOBBIX pa3bEMHBIX COCTMHEHUN MPUBEICHBI B TaOHIIE 4.
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Tabnuua 4 ITOTEPU B PASBEMHBIX COEAMHEHUAX (Pex. G.957 MCD-T)

[TapameTp HekanmmbOpoBaHHbIC KanuGpoBaHHbie
[ToTtepu npu coemuHEHUH ¢ 0OPA3IIOBHIM Cpennee 0,20 Cpennee 0,14
pasbeMoM, 1k 94% <0,30 95% <0,30
97% <0,40 99% <0,40
Cpennee 0,30 Cpennee 0,15
[Torepu npu coeTMHEHNH «ITI000I ¢ 60% <0,30 94% <0,30
r00bM». 1B 85% <0,50 98% <0,40

Pacuer nuimHbI pereHepannoHHoro yuacrka (PY)

Il p u m e p. Paccuurars nuHy ycmmrenbHoro ydyactka BOCII-CP ¢ ucnonb3oBanuem
STM-16, monoxus cneayroue 3Ha4eHNs BEJTMYKH, B HE€ BXOISIINX:

ps = 25 nbMm — aOCONIOTHBIM YpOBEHb BBIXOJHOW CYMMapHOH MOLIHOCTH ONTHYECKOIO
CUTHAJIa C YUYETOM 3araca 1o yCUJICHHIO;

m = 16 — uucno ontuveckux kaxaimos; 10lg m = 10lgl6 = 12 nb, cnenoBarenbHO, YPOBEHb
neperavyd Mo ONTHYECKOMY KaHaly punep = Ps — 10lg m = 25 — 12 = 13 abwm. IlpenenbHas
MPOTSHKEHHOCTh PY orpanuumBaercss Kak 3aTyXaHHUEM, TaK M IIMPUHOM IOJIOCHI IPOITYCKaHUs
ONTHUYECKOr0 TPAKTA.

Jlns onpeneneHus JJIMHBI pEreHEPAlMOHHOIO y4acTKa COCTABIIAETCS €ro pacyeTHasi CXeMa, B
KOTOpOM HpUHATHI cienyroume odo3HadeHuss: OC-P —ontuyeckuil coemuHUTENb pPa3beMHBIA (MX
YHCJI0O Ha pereHepanuoHHOM ydacTke paBHO 2 ); HPII — HeoOcnyxuBaemblii pereHepaloHHbIN
nyHkT; [IIIOM —npuemonepenaromuii ONTUYECKUNA MOIYIIb, TPEOOPa3yIOMIMK ONTUYECKUN CUTHAT B
ANEKTPUYECKUH, BOCCTAHABIMBAIOIIMI MapaMeTphbl MOCIEIHEr0 U CHOBAa IMpeoOpa3yroluil ero B
ontudeckuit); OC-H — onTuueckuil coeIuHHUTENb HEPa3bEMHBIM, YUCIO KOTOPHIX Ha EIUHMILY
MEHBIIIE 4YMCIa CTPOUTENbHBIX JUIMH ONTHYECKOro Kalelss, COCTaBISIOIIMX pereHepalruoHHbIN
y4acToK; | ¢p — cTpouTenbHas JMHA ONTHYECKOro Kabens, paBHas 2...4 kM (3TO AnuHa Kabens,
HaMaThIBAEMOT'0 Ha KaOelbHYI0 KaTyIIKy Ha 3aBoje u3rotopuresne kabdens); OB — onrtuyeckoe
BOJIOKHO; | py — JAIMHA pereHepalMoHHOTO yUacTKa.

I[IT1IOM OocC-p OC-P
Ja OC-H OC-H
A <) i<t | &7
TIHOM
3 OB OB OB OB ‘
S’ Iny R

Pucynok 1. Pacuetnas cxema aiisi onpeieNieHus JITMHBI PEreHePallMOHHOTO y4acTKa
Kak crnenyet u3 pucynka 1 3aTyxanue pereHepaliioHHOTO y4acTKa paBHO
A vae =D =2Ap+q Ay +a- lpy + At+ As, b,
rae:  Ap—3aryxaHue pazbemMHoro ontuueckoro coeaunenus (OC-P) pasnoe 0,5 ab;

Ay — 3aTyxaHue Hepa3beMHOro ontuyeckoro coeaunenus (OC-H);
g — YMCIIO HEPA3bEMHBIX COSMHEHNUH; a — KOA((PUIIMEHT 3aTyXaHUsS]
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ONTUYECKOTO BOJIOKHA, 1b/KM;

lpy — JUTMHA pereHepannoHHOTO y4acTKa;

At — nonycku Ha TeMiieparypHbie u3menenus napamerpos LIBOCII, B Tom 4yucie u
ornrtuueckoro kabdens, s turnoB [IBOCII pasueie 0,5....1,5 ab;

As— nonycku Ha yxyameHnue rnapamerpon 3nemenToB [IBOCII co Bpemenem  (crapenue,
Jerpajanus U T. . ), Ag = 2...6 (3aBUCUT OT TUIIa UCTOYHHUKA ONTUYECKOTO U3JIYYEHHUS U
MIPUEMHHKA ONTHYECKOTO U3ITyYEHUS U UX KOMOMHALIUN).

Cymma At + A = AD; — dHEpreTUYecKHii 3amac, ero o0s4Ho OepyT paBHbIM 6 1b.

MaxkcuManbHO JOMYCTUMOE 3aTyXaHue (MM SHEPreTUUEeCKH MoTeHIHan J)
pEereHepaloHHOr0 y4acTKa paBHO
Apaxe =9 = Puep = Pup mun, I[BM,
[Tpu pacuere naunbl PY no 3aryxanuio He00X0AUMO UCTIOIB30BATH CIEAYIOIINE OCHOBHBIC
rapaMeTphl annapaTypbl U ONTHYECKOTO Kabes:

-3HEPreTUYECKUI ITOTEHIMAJ, PaBHBIM PAa3HOCTH YPOBHEU MEPENATUMKA - Prep U
YyBCTBUTEILHOCTHIO (POTONPUEMHUKA - Prp, T.€. D = Puep = Prp ;

-nororHoe 3aryxanue OK — o;

-3aTyXaHHsI B HEPA3bEMHBIX COSIMHEHUSIX Ol U UX KOJTMYECTBO Nyc;

-3aTyXaHUs B Pa3bEMHBIX COCTUHEHUSIX Olpc M UX KOJIMUYECTBO — Nye (MX Ha PY-2);

-9KCILTyaTallMOHHBIN 3amac cucTeMbl 439;, ero 00byHO OepyT paBHBIM 6 1b;

-KOJIMYECTBO Ny PABHO: Nue=LpylLemp — 1
MakcumanbHas anuHa PY 1o 3aTyxaHuio paccuuThIBaeTCs Mo popmylie:
O-AJ,—a,n

= [xn]

L3am .Makc a
a+ %
cmm

MunumanbsHas JuinHa PY onpenensiercst iuHamudeckum nuanazoHoM APY (aBTomatuueckas
PEryaupoBKa YCUJIEHUS) IPUEMHOTO ONITUYECKOTO MOAYJISL OLAPY, €70 BEJIMUMHA JISKUT B Mpeenax
12-15 nb.

B -0, —a,. N, —Upy

L3am.MuH - [j :'”]
o
Cmm

Ha AJIMHY PEreHCpalluOHHOI0 Yy4YacCTKa BJIMACT HIMPOKOIIOJIOCHOCTH, KOTOpasd 3aBUCUT OT

HOpMHpOBaHHOﬁ CpeHHeKBaﬂpaTHHeCKOﬁ AUCIICPCHUU BOJIOKHA GB[n%M K.M}H HIWPUHBI TTOJIOCHI

ONTUYECKOT0 M3JIYYeHUs MCTOYHHKA AA[HM]. Pacuernas dopmyna ana mmael PY no nucnepcun
HMMEET BUJI:
0,25-10°*
L()ucn = [K‘M]
o,-Al-B

rae B — ckopocTh nepenaun nudpoBoro curHaia B JIMHWHU, YACIEHHO paBHas TaKTOBOM yacToTe.

Paccunras 3Ha4eHUS Lsaraaxe, Lsaraum U Lnen OTIpEENsoTCS NpeiesibHble 3HaYeHUS JUIUHBI PY,
YIOBJIETBOPSIOLINE BCEM TPEOOBAHUEM.

B 3axnroyeHue paccuMTBIBACTCS AUArpaMMa pPacIpeNeeHUs dHEPreTUYECKOro IOTEHIMANIA.
JuarpamMmy paccuuTaTh ISl ydacTKa, HE COJIEP)KAIlEro HeOoOCIy)KMBAaeMbIX pereHeparoHHbIX
nyHkToB. [Ipm pacuere npuHATH BenuuMHY cTpouTenbHOM anuHbl OK paBHOM 4 kM. YpoBeHb
ONTHUYECKON MOIIHOCTH, MOCTYMAIONIEH Ha BXOJ NPUEMHHKA, 3aBUCUT OT YpPOBHEH mMepeaadyu
ONTUYECKOT0 IMeperaTyka, MoTrepp MomHocTH B OB, moTepp MOLIHOCTM B pa3beEMHBIX U
HEpa3beMHBIX cOoeIMHEHUsX. [Ipu pacuerax npuHATH 0pe = 0,5 16, owe= 0,1 ab.

I'paduuecku npumepHas TuarpaMMa pacipeaeaeHust SJHepreTHYecKoro MoTeHuaia MMeeT BUL
(Pucynok 2).
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AHaauTHYECKH JuarpaMma pactupeaciaCHus SHCPICTUYCCKOTO IOTCHIIKMAJIa IPEACTABIIACTCA KaK:
-1 n-2
Pnp = Pnep - apcl - ancl - ax : Ii - Zak : Ii - Zanc ' I - ancn—l - ak ) In - aHCM - ach
i=2 i=3

I[I/IarpaMMa pacupCaCJICHUA SHEPIrETUICCKOro NMOTCHIMAalla CIIYKUT OCHOBOM JIJIsI pacucTa OCHOBHBIX
mapaMETpPOB OIITUYECKOI'O JIMHEHHOTO TpaKTa.

20424

0424

PC1 HC-1 OB HC-5C OB HC-51 PC2

v

I, kxm

3
3
g
?,

Pus0_| ~
Duslax—

Pusi1
Pup

PI/ICYHOK 2. ﬂHal"paMMa pacipeacieHus SHEPreTUuICeCKOro nNoTeHIuaIa

Pacuer aJnHBI YCHIIHUTECJIBHOI0 YIYaCTKa.

Pemute npoGiemy xomnencanuu norepb OB MOXHO BKIIOUEHHEM Ha CEKLUSAX ONTHYECKUX
ycunutenei. Beloop BapuaHTa KOMIEHCALUU [TOTEPh ONPEENSIETCS HECIOKHBIMA 3KOHOMHUYECKUMHU
pacueramu. ONTHYECKNE YCUIIUTENN HAXOAAT caMoe mupokoe npumenenue 8 BOCII-CP.

HcxoaHble JaHHBIE K BBIMOJIHEHUIO 3aJ]aHus IpUBE/IeHb! B Tabnuie 2. Bapuant BeiOupaercs
10 IByM TOCJIETHUM LU paM HOMEpa CTYAEHYECKOro OueTa.
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Tabmuma 2 - [Tapamerpsr BOCII-CP

KonudecTBo crieKTpabHBIX 4 8 | 16 | 32 | 48 | 48 | 32 | 16 | 8 4
kaHaioB BOCII-CP, m
YpoBeHb CHHXPOHHOTO 4 16 | 64 | 64 | 16 | 4 4 |16 | 64 | 16
tpancnoptaoro moayisi, N (STM-N)
Jlorapudpmuueckuii koappunuent | 4 5 6 7 8 8 7 6 5 4
myma, 1b
MuHUMAaIIbHO AOMTYCTUMAs 18 20 1 28 | 31| 21|19 | 21| 23 | 30 | 27
3aIUIIEHHOCTh ONITHYECKOr0 CHTHAJIa OT
ONTHYECKUX IYMOB, A, JUIS
BepoATHOCTH ommubky He Xyxe 1072, ne
MeHee, 1b
Komngecto DKV Ha yuacTke 2 3 4 5 6 5 4 3 2 4
perenepaiun BOCII-CP, Kk
Cuctemnsrii 3anac BOCII-CP, 10 12 | 14 | 15 | 16 | 17 | 16 | 16 | 15 | 14
AD;, nb.
3aryxaHue pa3beMHOT0 0,35 0,40 0,45 0,50 0,47
coenuHenus, Ap, He 6onee, 1b
3aTyxaHue HEPa3bEMHOI'O 0,1
coenunenus, Ay, He oonee, n1b
[TapameTpsl ONTHYECKOTO Kades Homep BapmanTa
a, Ich, OoB,
nb/Mm KM IIC/HM' KM
0,22 2 3,5 00 | 01| 02 | 03|04 |05 06 | O7 | 08 | 09
0,21 4 18 10 | 11 | 12 | 13 | 14 |15| 16 | 17 | 18 | 19
0,18 2 15 20 | 21 | 22 | 23 | 24 |25| 26 | 27 | 28 | 29
0,30 4 17 30 | 31| 32 | 33|34 |35] 36 | 37 | 38 | 39
0,20 2 5,0 40 | 41 | 42 | 43 | 44 |45 46 | 47 | 48 | 49
0,23 4 3,5 50 | 51| 52 | 53 | 54 |55| 56 | 57 | 58 | 59
0,33 2 16 60 | 61 | 62 | 63 | 64 |[65| 66 | 67 | 68 | 69
0,36 4 17 70 | 71| 72 | 73 | 74 |75| 76 | 77 | 78 | 79
0,25 2 18 80 | 81| 82 | 83|84 (85| 86 | 8 | 88 | 89
0,35 4 3,5 90 | 91| 92 | 93 | 94 |95| 96 | 97 | 98 | 99

JlnuHa yCHMIMTENBHOrO ydYacTka
ONPEACIISIETCS 110 ABYM KPUTEPHUSIM:

BOJIOKOHHO-oNTHUeckol mnuHuM mnepeaaun (BOJIII)

1) MakcuManbHO NEPEKPHIBAEMOTO 3aTyXaHHMsT — MaKCUMaJbHOW JJIMHBI YCHJIUTEIBHOIO

y4acCTKa,

2) MakCUMaJIbHO JOTTYCTUMON BEIMUYMHBI IEPEKPHIBAEMOM XpOMaTHUECKON JUCTIEPCUH.
Jlns onpenieneHus IMHBl YCWIIMTEIBHOIO YY4aCTKa COCTABIIAETCS PaCUEeTHAs CXeMa, PUCYHOK
7, Tne mpuHATH ciemytomue obozHaueHus: OY,; — nuHEHHBbIN onTudyeckuid ycunurtenb, OC-P —
ONTUYECKUH coennHuTENb padbeMHbl; OC-H — ontuyeckuil coenmHuTens Hepa3beMHbI; OB —
ONTHYECKOE BOJIOKHO, S - Touka mepemadn ¥ R — Touka mpuema; |, — amuHa ycHIMTENEHOTO

ydacTKa.
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oV,
OC-H 0C-P,
[: : oc-Pf: OC-H : : : : [:
OB OB OB OB OB OB
S i Iy >R

Pucynok 3. Pacuetnas cxema Juis onpeeneHus JIUHbI yeuuTensHoro yyactka ~ BOCIT-CP

Pacuer no nepBoMy KpUTEPUIO IPOU3BOIUTCA 1O (hopMyJie Ui MaKCUMaIbHOU
JUIMHBI dJIeMeHTapHoro kabempHoro ydactka (OKVY) BOJIII ¢ npuMeHEHHEM ONTHYECKHX
YCUJIUTENIEN pa3IM4YHOIO THUIA: MOIUHBIM YCHUJIMTENb WM Oycmep W JMHEHHBIA YCHINTENb.
Hamomuum, uto mox OKY noHumaeTcst macCUBHBIN KaOeIbHBIN yuacToK (Mexay ToukaMu S u R), He
coJiepKallfil ONTUYECKUX YCUIIUTeNel u pereHeparopoB. Pexomennanua MCO-T onpenenser TOUKy
S, kak Touky Ha OB cpasy 3a ontuyeckum pazbemoM OC-P1, a Touky R, kak onopHyto Touky Ha OB
cpa3dy nepen ontudeckuM pazbeMom OC-Po. [TapameTpsl 3TUX ycunuTene oquHakoBsl (Tabnumna 3).

Tabmuna 3 - [TapameTpbl ONTHYECKUX YCUITUTENCH

Haumenosanue napamerpos OY 3HaueHue mapaMeTpoB

1 YpoBeHb BXO/IHOI CyMMapHOI MOITHOCTH:

MMHHMAaJIbHBIA, 1bM —36,0

MaKCHUMaJIbHBIN, 1bM +1,0
2 YpoBeHb BBIXOJHON CyMMapHOW MOIIHOCTH. Ps!

MHUHHUMaIbHEIN, 1bM —10,0

MaKCHUMAaJIbHBIN, 1bM +17,0
3. Koapdumuent ycunenus:

MHUHHUMAaIbHBIA, 1bM 10,0

MaKCHUMaJIbHBIN, 1bM 33,0

4. HepaBHOMEpHOCTH KOA(DPUIIMEHTA YCUIICHUS B 3aJaHHOM
nuana3oHe pabo4ux JJIWH BOIH, He Oonee, b

3,0
5. llym-daxtop Fyc B 3ajaHHOM Iuana3oHe JUIMH BOJH (IIpU
MUHUMAaJIbHOM YPOBHE CyMMAapHOU BXOJHON MOIIHOCTH), HE
oonee, 1b 6,0
6. Koaddurment orpakeHus Ha BX0Ji€ U BbIxoe, He Ooinee, b -30,0

Jnuna DKV Moxer ObITh onpezeneHa no ¢popmye

_ P,-10lgm—P, — Fy. — 4, -10lgk —AD; - 24,

OKY

a+ A,

rne Loxy — nmuaa DKV, kM; Ps — ypoBeHb aOCOTIOTHON MOIIHOCTH ONTHYECKOTO CUTHAJa Ha BBIXOJIE
YCHIIUTENS TIepeiaun B ToUKe S, 1b; m — KoIM4ecTBO ONTHYECKUX KaHaJoB mpoektupyemoit BOJIIT;
PasF — ycuieHHOe CHOHTaHHOE YCHWIIEHHE, MNpPUBEJIEHHOE KO BXoay ycwiurens, ab;, Fyc —
norapumudeckuii KO3 GUIMEHT IIymMa ONTHUYECKOro ycwiurtens, aAb; 43 — MHUHUMaJIbHO
JOMyCTUMasl  3allMIIEHHOCTh ONTHYECKOTO0 CHUTHala OT ONTHYECKHX IIyMOB (OTHOIIEHUE
curHain/mym), 1b; K — kommdyectBo DKY Ha yuactke perenepanuu BOCII-CP, yuuthiBaroriee
IIPOLIECC HAKOIUIEHHWSI LIyMOB, BHOCHUMBIX ONTHYECKUMHU YCWIMTENSAMHU; 433 — CUCTEMHBIN 3amac

cmp
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BOJITI, nb, yuwThBaromuidi JOTOJHUTEIBHBIC IOTEPH IO KaOelro, 3a CYET AUCIePCUU U
HenMnHEeWHbIX mporeccoB B OB, morepu B OM/OJl u ontuueckux ¢uibTpax, Ap — 3aTyXaHHE
pazbemuoro coeaunerus — OC-P, 1b; Ay — 3aryxanue Hepazbemuoro coenunenus — OC-H, ab; lemy
— CTpOUTENbHAs [UIMHA ONTHYECKOTO Kabens, kM; o — Koagduuuent 3aryxanus OK, nb/km.

Fyvc =7 nb - norapupmuuecknit K03HHUIUEHT IIyMa ONTUYECKOTO YCHIUTEIIS;

A3 = 23 n1b — MUHHUMaJBHO JOMYCTUMAas 3alIUIICHHOCTh ONTHUYECKOTO CHUTHajga OT
ONTUYECKHUX IITyMOB, TIPH KOTOPO# koddduiment omubok He Gyner 6omee 10712 mpu perenepanun
1M (POBOro CUTHATIA;

k = 3 — xomuuectBo DKV Ha yuactke perenepariuun BOCII-CP, ¢ yueTroM sMmupuyeckoi
JUTMHBI YCWJIMTEIBHOTO yyacTka B nipeaenax 100 km

10lg k =10 1g 3 = 4,77 nb;

A33 =15 nb — cucremusbri 3anac BOJIIT;

Ap=0,5 n1b — 3aryxanue pazremuoro coenunenus — OC-P;

An =0,1 nb — 3aryxanue HepazbemHoro coeauHenus — OC-H;

lemp = 2 KM — cTpouTeNbHAS JJTMHA ONTHYECKOro Kadess, Harpumep, tuna OKJI-2;
a = 0,22 nb/km — k0oaddULIUEHT 3aTyXaHHUs.
Y CUIICHHOE CIIOHTAaHHOE M3TYUCHUE PACcCUUTBIBACTCA MO (popmyrie

P :10Ig(% Af .1o3j |

rae h = 6,626-10**— nocrosiunast [Lnanka, (Bt-c); ¢ =2,998-10%" — ckopocTs cBeTa B BaKyyMme, HM/C;
A — nnuHa BosiHbl B C-muamaszone (1529...1560); Af = f; — mosnoca gacToT 1dpoBOro CUrHaia,
neperaBaeMoro Mo ONTHYEeCKOMY KaHaly (mpu pacuerax Oepercs paBHOM CKOpPOCTH TMepeaadu
mudpoBoro mnoroka BbiOpanHOro STM-N ¢ yderom koja nmHeHHOTO HH(POBOrO CHrHalA WIN
CUHXPOHHOT'O TPAHCIOPTHOTO MOAYJISI COOTBETCTBYIOIIETO YPOBHS).

[ToncTaBUB 3HAUCHHS BEIMYMH, B Hee BXomsammx: h = 6,626:102* Br-c; ¢ = 2,998-10%7
HM/c: A= 1550,12 um; AF=2,5-10° ', MOJIYYHM

P,.. =10lg| —
ASE g( A. 1550,12

IMoacraBuB 3HaueHus Bcex BenmuuH (Ps = 27 abm, 10lg m = 10lgl6 = 12 ab; pass = — 65
nbm; Fyc=7 nb; A3 =23 nb; 10lg k =10 1g 3 = 4,77 nb; 423 =15 nb; Ap = 0,5 n1b; Ax = 0,1 nb;
lemp =2 ¥M; o0 = 0,22 ab/kM), mOTy4YHM:

—-34 17
he .103j =1OIg(6’626 107-2,998-10" o _103j 65, 1B,

2512 —(—65)—7—23—4,77—15—2-05

L = = 120,9 xm
DKY .
0,22+0,1/2 ’
C yyeroMm 5-TH HPOLIEHTHOrO 3amaca ONTHYECKOro Kabelns AJMHA YCHJIMTENBbHOTO ydacTKa
OTHOCHUTENIbHO pacueTHOM JoJbkHa ObITh yMeHblIeHa Ha BenuuuHy 120,9:0,05 = 6 kM.

CJ'ICI[OB&TCJ'IBHO, AJIMHA YCUIJIUTCIIBHOI'O YUaCTKa paBHa 115 xm.

Pacuer nmoka3areJieil HaIe’KHOCTH Y4aCTKA BHYTPHU30HOBOM
NMEePBUYHOM CETH.

B nannoMm pasnene HeoOxomumo paccuuTarh HagexkHocTh OLIK Ha ywacTke 3amanHHOM
MPOTSDKEHHOCTH  BHYTPU30HOBOM IEpBUYHOM ceTu, oOpa3zoBaHHoil ammapatypoir BOLICIT u
yuyactkamu OK. Pacuer mpousBomutTcsa st cetn B coorBercTBue ¢ 1.1 3amanust Ha KII u ganHbBIX
Tabaui 6 U 7, a Takxke pe3yabTaTaMH pacyeToB 3a7aHus 4.

57



[Tox HameKHOCTHIO 0OBEKTA (JIEMEHTA WM CHCTEMBI) TIOHUMAIOT €r0 CBOMCTBO COXPAHSATh BO
BPEMEHHU U B YCTAaHOBJICHHBIX IpeJesiaX 3HaYCHUs BCEX MapaMeTpOB, XapaKTEPH3YIOUINX KayeCTBO
nepenayr. KOMIIEKCHBIM TOKa3zaTejaeM HaJeKHOCTH BOCCTAHABIMBAEMBIX OOBEKTOB, K KOTOPBIM
OTHOCATCSl YCTPOMCTBA 3JEKTPOCBS3MU, SABIIETCS KOdpduuueHT rotoBHOCcTH K, ompenensiommii
BEPOATHOCTb TOTO, YTO OOBEKT OKaxeTcs paboTOCMOCOOHBIM B MPOU3BOJIbHBIM MOMEHT BpemeHu. C
KO PHUIUEHTOM TOTOBHOCTH cCBsizaH Kod3(duument mpoctos Kn=1-K:, xoropsii ompexnenser
BEPOATHOCTh TOT0, YTO OOBEKT OKa)XeTcs B HEpabOTOCIOCOOHOM COCTOSHHUE B IMPOU3BOJIBHBIN
MOMEHT BPEMEHH.

be3oTka3zHOCTh — CBOWMCTBO 00BEKTAa HEMPEPHIBHO COXPAHITh PAOOTOCHOCOOHOCTH B TEUCHUE
HEKOTOpOTro BpeMeHHu (HapaboTku). Ee XapakTepu3yroT moKa3aTessiMu:

- HapaOOTKOI Ha OTKa3, WJIK CPETHUM BPEMEHEM MeX Iy oTkazamu T, 4.

- CpeTHIM BPEMEHEM BOCCTaHOBJIEHUS T, U;

- WHTEHCUBHOCTBIO OTKa30B - CPEAHHM KOJUYECTBOM OTKAa30B B €IUHUILY BpeMEHH (OOBIYHO B
Te4eHHne 0THOTO Yaca) A(1), 1/q;

CuuTaercs, 4TO B MEPUOJI HOPMAIIBHOM AKCIUTyaTaluu (Tociae mpupaboTKU U A0 PU3NYECKOTO
M3HOCA), THTCHCUBHOCTH OTKa30B MOCTOsiHHA A(t)=Cconst= A.

B s1oM ciygae To =1/A, a BEpoATHOCTH 6e30TKa3HOM paboTsr; P(t) = e™

T T
OueBUIHBIE COOTHOLIEHHU K =—22—: K =——¢—:

2 = 1 n = 1
T +T, T +T,
Ecim CUUTaTh, 4TO OTKa3bl 3JICMCHTOB B CHUCTCMC HC3aBHCHMBI, 4 OTKa3 OJHOI'O J2JICMCHTAa
IIPUBOJUT K OTKA3y BCEU CUCTEMEI B IEJIOM, TO IPH N DJIEMEHTAX B CUCTEMEC

/’i’czzn:ﬂ"l ; Kz:rn[Kzi ; Kn:i[{ni
i=1 i-1 i=1

Cpez[Hee BpCM: BOCCTAHOBJICHUA CHUCTCMbI U3 N s71eMeHTOB:

AT,
Tsc == A,

c

Tp€6yeMI)I€ IMMOKAa3aTCJ/IM HAAC)KHOCTH KaHalla nepeaavyun 3aBUCAT OT €TI0 MPOTKCHHOCTH.

T. L L
To = OML M KnL:(l_KrM)'L_;

M
rae Toy - HOPMAaTHB CPETHETO BPEMEHH MEXK]ly OTKa3aMH,
Kry - k09 PuimeHT roroBHOCTH KaHada MaKCUMAalbHOM MPOTSHXKEHHOCTH.

Jli1g kaHana BHYTPU30HOBOM nepBUYHON ceTH IIMHON Ly=1400kxM. ycTaHOBIIEHO:
- kanan TY cymectByromeit cetu Ton>111,4 4. Krm=>0,99.
- OLK nepcnektuBHO# cetn:  Ton>20504.  Krm>0,998.

[Ipu pacueTe HaJEKHOCTH MArvCTPald pacueT BEIETCS pa3[eNbHO IS JTMHEHHO-KaOeIbHBIX
coopyxkennit (JIKC) anmapatypHoro komruiekca.

[Ipu pacuere nokasareneit HagexHocTH JIKC yunteiBaroT:
- Akl — WHTEHCHBHOCTH OTKA30B OJHOTO KHJIOMETpa ONTHYECKOTO Kaless B roj M3-3a BHEITHUX
npuurH. Ero 3HaueHUs BBIYHCIAIOT U3 Toro, 4ro Ha 100xkm kabenst mpuxoautcs B cpensem 0,15
MOBPEKJICHUH B TOJ:

_ 015 17 -10*7y
Ak = 400-8765— -

- Ak2 — UHTEHCUBHOCTbH OTKa30B OJIHOM cTpoutenbHOM iHBI OK M3-3a BHYTpEHHUX NPUYHH. Ak2
pacCUnTBIBAIOT, PYKOBOJCTBYSCh TEeXHHYEeCKMMM ycioBusMu Ha OK, corimacHo KOTOpBIM
MUHUMalbHasi HapaboTKa Ha OTKa3 OJHOM cTpouTenbHOM umHBI coctaBiseT 215000 wyacos.
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[IpubnMM3uTEILHO CUMTAIOT, YTO CpeaHee 3HaueHuWe (HapaboTka Ha OTKa3) B 15 pa3 Oombiie
MHHUMAJIBHOM, OTKY/1a:

22 = Yo15000.15= 31107 ¥,

- Auwpnx= UHTEHCUBHOCTH 0TKa30B ojiHOoro HPII 3a cueT BHEMIHUX MOBPEKICHUI.
CornacHo onblta sKcIuTyaTanuu otkas N1 HPII u3-3a BHEMIHNUX NOBpPEXAEHUN COCTABIISAET B CPEHEM
0,6 Ha OJIMH MYHKT B TOJI.

Orcrona noyvaercsi:
_ 0,006 _ra.10-6
B = 0% 7656810 1/

Cpennee BpeMs BOCCTaHOBICHUS Tpue=104.
NurencuBnocts otkazoB JIKC

/l/mc = /’LKlL + /’z’KZnCﬂ + /’LHpnﬂanp

[Tpu pacuere nmpunsaTo Lep=4xm. [anee paccuuthiBacTcs Tomxe, Krce, Kime

Pacuer noka3zareseit HaeKHOCTH anmapaTypHOro KOMILIEKCa TPOU3BOAUTCS MCXO U3 YKCia
mynbsTuiuiekcopos HPIT Ha maructpanu. OCHOBY MyJIBTHILIEKCOPA, B OCHOBHOM OMPEACIISIOIINM
€ro HaJe)KHOCTh, COCTABIIIOT ONTUYECKUE MEPEAATIYNKHA W MPHUEMHUKH (ONTHYCCKUI HHTEpdEiic).
[To ombITy 3KCIIIyaTalluu MX HAJEKHOCTh OMPENENIeTCS CPEAHUM BpeMEeHeM HapaOOTKH Ha OTKa3
45000 ygacos. Otcroza

n

. o . —4
A = Ya5000= 222107 17
Jlasee 110 U3BECTHLIM (hOPMYJIaM PaCCUUTHIBAOTCS Toa, Kry, 1 Kna. Ipu pacyeTe momararot, 9ro

Bpems BoccrtanoBnenus HPII<2,54., a mynbsTuIiexcopa — 0,5 gaca.
3Has nokazarenu HagexxHoctu JIKC anmaparypHOro KoMIuiekca, pacCuuThIBAlOT
Pe3YIBTUPYIOIINE TTOKA3ATENH:
XM:}VJIKC"_}\«[[, Tow= 1/ }\fM, Kerl'KHan'Kna.
3Has pe3yJIbTUPYIONTYI0 HHTEHCUBHOCTh OTKAa30B MarucTpajiy, MPOU3BOIAT pacueT
BEPOSATHOCTH 0€30TKa3HON pabOoThI 3a MEPUOIbI: CYTKH, KBapTall, MOJIYroaue, rol.
Ha ocHoBe pacueToB HE0OOXOAMMO CIEIaTh BBIBOIBI.

Pacuer napamerpoB kauecTBa yuyactka npoexkrupyemoii B3IIC.

B nanHOM pa3nene KadecTBO JIMHUM aHANU3UPYETCs Ha MpuMmepe (QYHKIMOHHPOBAHUS
ocHOBHOTO 1udpoBoro kanana (OLK).

Jna 3apanHoro ywactka B3IIC  mmmHHOIO L KM HEoOXoIuMMO paccuuTaTh JOMYCTHMbIE
3Ha4YeHus napameTpoB kadectBa mnepepaun u OLIK (mapamerpsr A, b, u B) B coorBercTBHE C
Pexomennamuu MCDOD-T G-821. ITo momydeHHBIM pe3yJIbTaTaM PAcCYUTATH JIOMYCTUMOE YUCIIO
CEKYHJl U MUHYT C IIOHMKEHHBIM Ka4e€CTBOM, I10J1aras, 4YTo BpeMs KOHTPOJISl pABHO OJHOMY MECSILY.

B cootBercTBuu ¢ pexomenmanusamMu  G-821 mns OLIK BBOmSTCS TpH Tpajarviil rmapamerpa
KauyecTBa:

A — mpu OlleHKE B OJHOMHUHYTHBIX MHTepBajax, He MeHee ueM B 90% wu3zMepeHuil JOIKHO
OBITH HE OoJiee YeThIpeX OINOOK;

b — npu oneHke B 0JIHOCEKYHIHBIX MHTEpBajiax, HE MeHee 4eM B 99,8% usmepeHuil JOMmKHO
ObITH He Ooee 62 OMHUOOK.

B — npu oueHke B 0OJIHOCEKYHJIHBIX MHTEpBajiax, He MeHee yeM B 92% wuszMepeHuii ommoku
JOJKHBI OTCYTCTBOBATh.

JInst BHYTpHU30HOBOW MEPBUYHOM CETH NEperadu MpOTsHKEHHOCThI0 600KM HOpPMBI IapaMerpa
kauectBa OLIK uMeroT ciieqyronme BEIUYUHBL:
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o mapametrpy A — Ka=98,5%;
o mapametrpy b — Ky=99,7%);
o napametpy B — Kg=98,8%.
K!

HJ’IH pacduc€Tra napaMEeTpoB KadcCTBa I I y4aCTKa ,Z[JIHHOI;'I L MOXHO ITOJB30BaThCs
BBIPAXKCHUCM!

(100-K) |
600

Ha mpakTuke B KauecTBE OCHOBHOI'O KPHUTEPHS OILCHKH KadyecTBa IMepeaadd Mo Iu¢pPOBEIM
KaHaJIaM ¥ TPaKTaM 4Yalie UCIob3yeTcs KoddGuueHT omuook Kou.

OdeBHIHO, IPOIIEHT BPEMEHH B rpajaiusix A U b MOKHO OTHECTH K OJMHOYHBIM OMIHOKaM, a
B rpamaummud b — Kk makeram omuOok. [lomaras paBHOMEPHOCTb paclpelesieHUus HOPM,
COOTBETCTBYIOIIMX Tpaganuu B MexIy ydJacTKaMd HOMHHAJIBHOW IIEMM MOXKHO YCTAaHOBHTH
KHJIOMETPUYECKOE HOPMBI Ha OTHOCHTEIBHOE YUCIIO OJHOCEKYHIHBIX HHTEPBAJIOB, B KOTOPBIX OyIeT
cozepxkaThest XoTs Obl oHa ommuodka. s B3IIC:

1-0,988
K, =—""-2.10"°
" 600 Voo

K/ =100

Jlnia yuacTtka anuHoit L
, — 3
K' =K, -L
[Tocne pacuera Ki' u K o'm MPOU3BOAUTHCS PACUET YMCIIA MUHYTHBIX M CEKYHIHBIX MHTEPBAJIOB B
MecsI, COOTBETCTBYIOIIUX BBIOpaHHOMY MapaMeTpy. Pacuer mpousBoauTcs mno gpopmyie:
_ ’

C =Q1-K/)-N,,
rmue
Ki' - IapameTp KauecTBa;

Nz- YUCIO0O MHUHYT HWIM CCKYHO B MECALC. HpI/I pacucTe T1moJararb, 4TO B OAHOM MCCALC
N =26-10°, N =432-10°.

Pacuer nmo mapamerpy A OTHOCAT K MUHYTHBIM MHTEpBajiaM, a M0 MapaMeTpam buB-«x
CCKYHAHBIM.

MUH

4, KOHTpOJ’IbHLIe BOIIPOCHI

1. TlosicHuTe TepMHH U CyTh TexHOJI0orukM WDM.

2. Jlaiite xapaktepucTuky BuioB WDM.

3. TlosicHUTE TePMHH «UEThIPEX BOJIHOBOE CMEIICHHE» U €T0 (PU3UYECKYIO CYTh B
TexHosnoruu WDM.

4. TlosicHuTe TEpPMUH «BBIHYXJICHHOE€ KOMOWHAIIMOHHOE (PaMaHOBCKOE) PacCessHUE» U €Tr0
¢busnyueckyro cyTh B TexHonoruu WDM.

5. TlosicauTe TepmuH «(}azoBas KpOCC-MOAYISAIUSI» U €T0 GU3HUIECKYIO CYTh B TEXHOJIOTHUH
WDM.

6. Mosicaute dynxmmm WDM-tpancnionnepa B TexHoiaorun WDM.

7. TlosicHuTe (hyHKIMM BOJHOBOTO KOHBEpTOpa B TexHOnmoruu WDM.

8. Tlosicaure (QyHKIIMH KOMIIEHCATOPOB XPOMAaTHYECKOH qUCTIepcHy B TEXHOIOTHH WDM.

9. Tlosicuure (QYHKIMHM ONTUYECKHUX MEepeKIouaTeNeil ClieKTpaabHbIX KaHAIOB B
TexHosnoruu WDM.

10. IlepeuncinTe KOMIOHEHTHBIE CUTHAJIBI B TeXHOIOTHH WDM.
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11. Tlosicaute (QuU3MUYECKYIO CYTh pacueTa JUIMHBI PETCHEPAIIMOHHOIO yJacTKa 10 3aTyXaHHUI0
B TexHojorun WDM.

12. Tlosicuute (hU3HUECKYIO CYTh pacyeTa JUIMHBI PereHepallMOHHOI0 yYacTKa M0 JUCTIEPCUU
B TexHojorun WDM.

Jlureparypa

1. Hepcecsann A.A., I'epacumo 1.H Mertoaunueckue ykazaHus 110 BBIIIOJIHEHUIO KypCOBOTO
npoekTta no gucuuiuinHe «lIpoextupoBanue u skcrutyatanus cucteM nepenaun». CKO® MTYCU:

Pocros-na-Jlony, 2015. — 41 c.
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