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BBE/IEHHE

KypcoBas pabota siBisieTcsi UTOrOBOM pabOTON B M3yUEHUH TEOPETHUECKOTO
Matepuana. JlJis BBIOJHEHHUS] KYypCOBOM pabOThl HEOOXOAUMO MpEABAPUTEIHHO
W3YUYUTh pa3Aenbl JUCUUILUINHBI «Hampasistomue cpeabl B CETAX 3JIEKTPOCBS3U U
METO/Ibl MX 3AIIUTHI», OTHOCSIIHUECS K ONTOBOJIOKOHHBIM cpeAcTBaM. [loryueHHbIe
B TIiporiecce paboThl HaJ KypCOBOW pabOTO#l 3HAHUSI CIOCOOCTBYIOT YCBOCHHUIO U
3aKPEIUICHUIO MaTepUAIa MMPOrpaMMbl U MTO3BOJISIOT B JAIBHEUIIIEM UCITOJIb30BaTh
ux 1pu BeinosHeHnn BKP.

OO0mue ykazaHus M0 BbINOJHEHUIO KYPCOBO# padoThl

3agaHus Ha KypcoByr pabory cocrtaBieHsl B 100 BapumanTax. Howmep
BapHUaHTa OMPENENACTCS ABYMs IMOCICIHUMH IMdpaMu HOMEpa CTYACHYECKOIO
ounera. KypcoBasi pabota, BBITIOJTHEHHAss HE M0 CBOEMY BapUaHTYy, CTYJICHTY HE
Bo3Bpailaercsa. JKenaromiye BBIMOJHUTH KYpPCOBYIO padboOTy Mo YriayOJIeHHOMY
WHJMBUAYAJTLHOMY 3a/IaHUI0 MOTYT oOpaTuThes Ha kadeapy UTCC.

N3noxxenne Tekcta u opopMIICHUE MOSICHUTEIHHOMN 3aITUCKHU BBIMOJTHSIOT B

COOTBETCTBHUH ¢ TpeOoBaHUsAMU H310xkeHHBIMU B [1], TOCT u ECK/I.

[TosicHuTenpHast 3amMCKa KypCOBOM pabOThI JOHKHA B KPATKOM M YETKOM
dhopme pacKphIBaTh 3aMbICeN PaOOTHI, IOCTAHOBKY 3aJlaui, BEIOOP M 00OCHOBAHHWE
NPUHIIMIHATBHBIX PEIICHUH, COJepKaTh OMHCAaHUE METOJOB MCCIIEIOBAHNUA,
aHaJIN3 Pe3yJIbTaTOB PaObOTHI U BHIBOIBI.

TunoBasi CTpyKkTypa NOSCHUTEIILHON 3alMMCKU KypCOBOM pabOThI BKITIOYAET:

— TUTYJBHBIN JIUCT;

— 3aJjaHre Ha KyPCOBYIO pabOTy U UCXOHBIC TAHHEIC;

— COJIepKaHueE;

— BBEJICHUC;

— OCHOBHOM TEKCT MNOSCHUTEILHOM 3aIMCKH;

— 3aKJIIOYCHHUE;

— CIIHCOK UCIOJIb30BAaHHBIX HCTOYHHUKOB.

—  TPWIOKCHHUS.

BBegenue A0MKHO coiepKaTh KpPAaTKyH OILICHKY COCTOSIHUS TMPOOJIEMBI,
000CHOBaHUE aKTyaJIbHOCTU PaOOTHI.

B 3akitoueHun mnpuUBOIATCS KpaTKUE BBIBOABI MO pe3yibTaTaM padoThl,
oxxkupaemas 3pPeKTUBHOCTD.

[Ipunoxenus coaepaT AOMOJTHUTENbHbIE AOKYMEHTbI (YEpTEXH, AaKThI
UCIIBITAHUM U JIP.).

OO6s13aTenbHBIN rpaguuecKkuii MaTepuai Ajsl KypcoBOil paboThI:

— CHUTYallMOHHAas CXeMa TPacChl KaOEIbHOU JIMHUU TIepeaayn;

— KOHCTPYKIIUSI BHIOPAHHOTO BOJIOKOHHO-ONITHYECKOTO KaOes;

— CXeMma OpTraHH3alluy CBS3H;

- JuarpaMMma ypOBHEW CHUTHaa JIJIsl JIMHUM TIepeauH;



— CXeMa paclpeAesieHus ONTUYECKUX My(PT Ha OTHOM U3 DJIEMEHTAPHBIX
KaOeJIbHBIX YYaCTKOB.

COucok HCIONB30BaHHBIX MCTOYHHUKOB JOJDKEH COAEpKaThb IEPEUYECHB
MCTOYHHUKOB, UCIOJIb30BAHHBIX MPHU BBIOJIHEHUH KYpPCOBOW pabOThI, HA KOTOPHIE
JaHbI CCBUIKU B TEKCTE.

ConepxaHue OCHOBHOM 4YacTH MOSCHUTENBHOM  3allMCKU  JOJDKHO
COOTBETCTBOBATh 33JJaHUIO0 Ha KYPCOBYIO paloOTy.

TekcT NosICHUTENbHOW 3aMUCKHU MOAPAa3IEseTCs Ha pa3/ielibl, OoApa3ieibl U
MyHKTHI, KOTOPbIE HyMEpYIOTCA apaOckumu Iudpamu (He HyMepyeTcsl BBEIICHUE,
3aKIIIOYEHUE, CIUCOK UCTI0JIb30BAHHBIX UCTOYHUKOB).

Hymepaums pasnenoB gemaeTcss CKBO3HOW BHYTPU OCHOBHOM  YacTH.
HaumenoBanue pasnena BBIIOTHICTCS MPOMUCHBIMU OyKBamMHu 0€3 IEepPEHOCOB.
Kaxx b1l paziaen HaunHaeTCsa ¢ HOBOTO JIUCTA.

Hywmepanus nmonpasnaenoB AenaeTcss CKBO3HOW BHYTPH pasiena C JBOWMHBIM
o0o3HaueHueM (HOMEp paszesia M 4epe3 TOUYKY — HOMEp MoApasjesia BHYTpU
pazziena). 3aroJioBOK IMOJpas3jiesia BBIMOJHACTCS CTPOYHBIMM OyKBamMu 3a
VCKJIFOYEHNUEM MEPBOU — IMPONUCHOM.

HyMmepanusi MyHKTOB — CKBO3Hasi BHYTpUM Tojpaszjena ¢ TpPOWHBIM
0003HaYeHHEeM. 3aroJIOBKY MyHKTOB HE TPUMEHSIFOTCS.

Marematudeckue (HOpMyJbl BBIICISIOTCS M3 TEKCTa OTIAEIBbHOM CTPOKOMU
(mpu HEOOXOUMOCTH JOMYCKAETCSI IEPEHOC YacTh (POpMYJIbl Ha JPYTYIO CTPOKY
Ha 3HAKaX pPaBEHCTBA, CJIOKECHMS, BBIUMTAHUS, YMHOXKEHUS M Ha 3HaKax
cootHotieHus ). OObICHEHHE CUMBOJIOB, BXOISIINX B (hOPMYITYy, pacroyiaraercs ¢
HOBOM CTpOKHM mociie (OpMyJbl, OTIAEISASCH OT Hee 3alATON, U HAYMHAETCS CO
cioBa «rae». Ecnu B Tekcte OoJsiee OAHOW (POpMyIbl, TO OHM HYMEPYIOTCS
apaOckumu 1udpamMu B MpeAenax pasznena (HOMep paszeiia W 4epe3 TOUYKY
MOPSIIKOBBIA HOMEP (HOPMYJTBI B TAHHOM pasfiesie) B KPYTIbIX CKOOKaxX ¢ MpaBoOU
CTOPOHBI JINCTA HA YPOBHE (POPMYIIBI.

Bce nmmoctpanuu (pUCyHKH, CXEMBI, YePTEXKH, JUarpaMMebl, (hoTorpaduu u
J.p.) B TEKCTE€ HA3bIBAIOTCS PUCYHKAMH W HYMEPYIOTCA B Mpejenax Kaxaoro
paszena (HoMmep pasjelia, yepe3 TOUKY MOPSAKOBBII HOMEP PUCYHKAa B pas3felne).
Homep paszmemaercss moa pucyHKOM. PHCYHOK MOXKET MMETh HAaUMEHOBAHUE M
MOJIPUCYHOYHBIN TeKCT. HanMeHoBaHue prCyHKa HAYMHAETCS C MPOMHCHON OYKBBI
U TUIIETCd B OJHY CTPOKY C HOMEpPOM pHUCYHKA. [IOApHCYHOUYHBIN TEKCT
pacrosnaraercs MeXAy PUCYHKOM U €ro HOMEpOM. UepTeku, BBIIIOTHEHHBIE B
cootBeTcTBUM ¢ ECK]I, pazmematorcs B [Ipunoxenuu.

BrinonHenHass KypcoBasi paboTa pa3MeNiaeTcsi B 3JIEKTPOHHOM MOPTQOIIUIO
CTyJIEHTa ISl NPOBEPKU HE mo3xe, yeM 3a 30 — 40 nHedl 10 Havanga CECCHM.
KypcoBasi paborta, momylieHHas K 3allldTe, MOCJIE BHECEHHUsS HCIPABICHUN IO
UMEIOIUMCST  3aMeYaHusiIM peren3enTa 3amumiaercss Ha kadpeape HUTCC. Tlo
pe3yJibTaTaM 3alllUThl BEICTABIISIETCS OLICHKA.



3aiaHue HA MPOEKTHPOBAHHUE MEKITYTOPOIHON MATHCTPAJIH C
HCNO0JIb30BAHHEM BOJTOKOHHO-ONITHYECKOr0 KadeJs ¢ pa3padoTkoil
MEPONPUATHH 110 3aIMTE OT BHEIIHUX (aKTOPOB

I[Ipu npoexktupoBanum maructpaibHoi BOJIC ¢ wucnonab3oBaHuEM

BOJIOKOHHO-OIITUYECKOTO Ka0easa HE00XO0IUMO:

1.

2.

~

BBIOpAaTh Tpaccy MarucTpajid MEXIy 3aJaHHbIMU TOpPOJaMU M CIOCO0
IPOKJIQJKU BOJIOKOHHO-OMITHYECKOTO KaleJs;

BbIOpaTh CHUCTEMY NEepeIayu;

BbIOpaTh KJacCc ONTHYECKOrO BOJIOKHA M PacCUUTaThb €ro OCHOBHBIC
napameTpsbl;

BbIOpaTh THUII U paccuduTarth TIEOMETPUYECKHE pa3Mepbl, Maccy U
MEXaHUYECKYIO IPOYHOCTh BOJIOKOHHO-ONTHYECKOrO Kales;

paccuuTaTh JJIMHY 3JIEMEHTAPHOTO KaOeIbHOr0 y4acTKa B 3aBUCHUMOCTU OT
HPHEPreTUYECKUX NOTEPh U AUCIIEPCUH;

COCTaBUTh CXEMYy OpraHu3aly CBsI3M M pacCcUUTaThb paclpeesieHue
HHEPreTUYECKOro MOTeHIMANa;

paccuuTaTh OCHOBHBIE TapAMETPhI HA/I€KHOCTH;

ONPENENUTh HEOOXOJUMOCTh 3aUIUThl KaOETbHONW MarucTpaid OT YyIapoB
MOJTHUI;

c(opMyJIMPOBAaTh OCHOBHBIE TPEOOBaHMS K CTPOUTENBCTBY U IKCILUTyaTalllU
BOJIOKOHHO-ONITHYECKOW JIMHUU CBSI3H.



Ta6nuna 1 — OxoHeYHbIE MYHKTHI JIMHUU TIepeiaun

Hcxoanblie JaHHBIE K NPOEKTHPOBAHUIO MATHCTPAJIHN

q H OxoHeYHbIE MYHKTHI q H OxoHeYHbIE MYHKTHI
99 00. PoctoB-Ha-/lony — Boponex 49 50. Ps3anp — Bmagumup
98 01. PoctoB-Ha-Jlony — KpacHomap 48 51. Open — Tyna
97 02. Pocros-Ha-Jlony — CraBponons | 47 52. Open — Kypck
96 03. PoctoB-Ha-Jlony — Bonrorpazg 46 53. Open — bpsHCK
95 04. KpacHomap — CraBpormonp 45 54, Bpsinck — Kanyra
94 05. Kpacnonap — Maiikon 44 55. Bpsinck — CmoneHnck
93 06. CraBpornosns — Onucra 43 56. Cmonenck — Kamyra
92 07. Crasporoiib — ['po3HbIii 42 57. Cwmonenck — TBepb
91 08. Bourorpan — Actpaxanb 41 58. Teeps — B.Hosropon
90 09. Bonrorpan — Capatos 40 59. SApocnasns — Bonorga
89 10. Bonrorpan — Dnucra 39 60. Bonoraa — Koctpoma
88 11. Onucra — AcTpaxaHb 38 61. Bouorga — ApxaHrensck
87 12. Omucra — byaeHHOBCK 37 62. VYa - Ilepmb
86 13. Bynennosck — BnanukaBkas 36 63. Ya — YenstOnuck
85 14. Bynennosck — Hampunk 35 64. Yda — ExarepunOypr
84 15. BynennoBck — Maxaukana 34 65. Kupos - Ilepmb
83 16. BynennoBck — I'po3HbIi 33 66. ExatepunOypr — Ilepmb
82 17. Boponex — benropon 32 67. ExatepunOypr — UenssOunck
81 18. Boponex — Kypck 31 68. ExarepunGypr — TiomeHb
80 19. Boponex — Jlunenx 30 69. ExarepunOypr — Kypran
79 20. Boponex — Tamb0B 29 70. ExarepunOypr — H.Tarun
78 21. Boponex — [lensa 28 71. Yensabunck — Kyprau
77 22. Boponex — Open 27 72. Tromens — HmkHEBapTOBCK
76 23. Jlunenx — Kypck 26 73. Tromens — OpeHOypr
75 24, Jluneux — Open 25 74. Tiomens — Kypran
74 25. Jluneux — Tyna 24 75. Tromens — OMck
73 26. JIunenk — Psa3ausp 23 76. H.Tarun — I[lepmb
72 217. Jluneuxk — TamboB 22 77. Horocubupck — OMck
71 28. Jlunenx — benropoa 21 78. HoBocubupck — Tomck
70 29. Tamb6oB — [lenza 20 79. HoBocubupck — Kemeporo
69 30. TamboB — CapatoB 19 80. HoBocubupck — bapuayn
68 31. TamboB — Psa3anb 18 81. Bapnayn — Kemeposo
67 32. CaparoB — Camapa 17 82. bapnayn — Abakan
66 33. Caparos — [ensa 16 83. Kpacnosipck — KemepoBo
65 34. CapatoB — YIIbSHOBCK 15 84. KpacHosipck — AGakan
64 35. Camapa — YIbSIHOBCK 14 85. Kpacnosipck — UpkyTtck
63 36. Camapa — OpeHOypr 13 86. Kpacnosipck — HoBoky3HeIK
62 37. Camapa — Ya 12 87. VYnan-Yn3 — Upkyrck
61 38. Kazanp — YnpsHOBCK 11 88. Vnan-Yns — Yura
60 39. Kazanp — H.HoBropon 10 89. Yura — braroserieHck
59 40. Kazaup — Ypa 09 90. Bbnaroserienck — XabapoBCcK
58 41. Kazanp — Camapa 08 91. Xabaposck — BinaguBocTok
57 42. Kazanp — MxeBck 07 92. Mypwmanck — Iletpo3aBoack
56 43. H.Hosropox — Kupor 06 93. MypMaHCK — ApXaHTeIbCK
55 44, H.Hogsropoa — Bragumup 05 94, Bonorna — ApxaHrensck
54 45, H.Hosropon — Capanck 04 95. Kupos — CeIkTBIBKap
53 46. H.Hogropon — BaHoBo 03 96. C.II. — I1etpo3aBock
52 47. H.Hosropox — Camapa 02 97. C.II. - IIckoB
51 48. H.Hosropon — Koctpoma 01 98. MockBa — CMoneHCK
50 49. Tyna — Pszanp 00 99. Mocksa — C.I1.




Homep Tpaccel COOTBETCTBYET ABYM MOCICAHUM MH(PpPaM CTyICHUYECKOTO
ounera. Ctoyidell «4» COOTBETCTBYET YETHOM MocieaHen 1udpe rojia BIOJTHEHUS
MIPOEKTA, «H» — HEUETHOM.

Tabnuua 2 — Micxo/iHbIe TaHHBIE K pacyeTy NapaMeTpOB ONTHYECKOTO BOJIOKHA
IHocaennss nudpa HoMepa CTyIeHYeCKOro Ouiera
Mapaverp =61 T 2 [ 3 | 4 | 5| 6 | 7 | 8 ] 9
V, Mo6ut/c | 100 | 150 | 300 | 400 | 500 | 1500 | 1700 | 2000 | 7000 | 9000
Ap, HM 1300 | 1330 | 1360 | 1400 | 1430 | 1460 | 1500 | 1530 | 1560 | 1600
A\, HM 30 | 25|20 15|10 [ 08 | O6 | 04 | 0,2 | 0,05

Tabmuma 3 — McxomgHbie MaHHBIE K pacyeTy 3allUIEHHOCTH KaOeis OT yIapoB
MOJIHUI

Ipeanocaenuss nudppa HOMEPa CTYAEHYECKOro Oujiera
Mapawmerp =513 7 2 [ 5 | 6 | 7 | 8 | 9

pr,OMm-mM | 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000
lon, KA 15 2,0 2,5 3,0 3,5 4.0 45 5,0 5,6 6,0
g, 1/xM> - 30 40 50 60 65 70 75 80 90 100
X0




3. BBIBOP TPACCBHI 1 CITOCOBA TTPOKJIAIKN BOK
3.1. XAPAKTEPMCTHUKA PAMIOHOB ITPOKJIAIKN KABEJISA

3.1.1. Teorpaduueckas XxapakKTepHUCTUKA BKJIIOUYAET B ce0s OLIEHKY pelibeda
MECTHOCTH, PEK, BOJOEMOB, OOJIOT; XapaKTEPUCTHKY PACTUTEIbHOIO IMOKpPOBa
(JiecoB, JYroB W Jp.) U TUIOB IOYB, MPUPOJHBIX 3alOBETHUKOB M 3aKa3HUKOB;
OLICHKY KJIMMaTUYEeCKUX YCiIOBUU. [IpMBOIMTCS XapakTepuUCTHKAa TPaHCHOPTHOMU
ceTu (aBTO- M KeJe3HBIX Aopor). IIpuBeneHHbIE NaHHBIE JOJDKHBI YYUTBHIBATHCS
P BBIOOPE TPACCHI MPOKIIAJKU KaOessl M TUIa BOJIOKOHHO-OMTHYECKOTO Ka0ersl.

3.1.2. CoumanbHO-D>KOHOMHYECKAas  XapaKTEpUCTHKA  OKOHEYHBIX U
MIPOMEKYTOUHBIX IYHKTOB HE0OXoauma Jjisi OOOCHOBAHUS OPTaHU3AIluU CBS3U
MEXIy OKOHCUYHBIMH M HaXOJSANIUMHUCS Ha TPacce MPOMEKYTOYHBIMH ITyHKTAMHU.
TsaroreHne BBHIOPAHHBIX IYHKTOB JAPYr K JPYry MO PasIddHOMY BHIY YCIyT
ANIEKTPOCBSA3HM 3aBUCUT OT YPOBHS COIHMAIBHO-DKOHOMHYECKOTO M KYJbTYPHOTO
pa3BUTHS TIYHKTOB, OT YHCIEHHOCTH HaceleHus. [103ToMy B XapaKTepHCTHKE
MIPUBOINUTCS KOJMYECTBO HACEICHHS B IMyHKTAaX IO JaHHBIM TMOCIICIHEH MEPETHCH,
CBEJICHUS O  TMPEANPHUATHUSAX  MPOMBIIUICHHOCTH, (DHHAHCOBO-KPEIUTHBIX
YAPEXKACHUAX, KYJIBTYPHBIX IIEHTpaX, HAYYHO-HCCIEIOBATEIBCKUX U yUeOHBIX
3aBeJCHUSX, TPAHCIIOPTE, CBsI3U U Jp. Ha OCHOBE ATHX CBeJEeHUM eIaeTcsi BBIBO
O CTENEHMU TATOTEHUS APYT K JAPYTy HACEIEHHBIX MYyHKTOB, OOECIEYEHHOCTH HX
Pa3IMYHBIMKU BUIAMHU YCIIYT DJIEKTPOCBA3U U OCYIIECTBISETCA pacyeT TpeOyemoit
MPOIYCKHON CITIOCOOHOCTH JIMHUU TIePEAayU.

3.2. BBIBOP TPACCBhI N CIIOCOBA IIPOKJIAJAKM BOJIOKOHHO-
OIITUYECKOI'O KABEJIA

[lpu BBIOOpE Tpacchl MPOKIAIKU KaOeIsl PEKOMEHIYeTCS WCIIOJIb30BaTh
KapTorpaguuecKkue Marepuaibl COOTBETCTBYHOIIUX CyOBekTOB P®D, KapTh
aBTOMOOWJIBHBIX U JKEJIE3HBIX JOPOT.

OcHOBHBIC TpEOOBaHMSI, YIUTHIBAEMBIE TTPH BBIOOPE TPACCHI: MUHUMAJIbHEIC
pacxoJpl Ha CTPOUTEIBCTBO M OIKCIUIyaTallMI0; MaKCUMAJBHBIC JOXOMABI IPH
IKCTLUTyaTalUH.

JI71s1 BBITIOJTHEHHST IEPBOTO TPEOOBaHUST HEOOXOAUMO 00CCIICUUTh:

— HAWKpATYAHIIYIO TPOTSKEHHOCTh TPACCHI;

— HaWMEHBINEE YHUCIIO TPEMSITCTBHHA, YCIOKHSIIOUMX M YIOPOXKAIOIINAX

CTOMMOCTb CTPOUTEIHCTBA;

— BO3MOXXHOCTh MaKCHUMallbHOTO HCIIOJIb30BaHUSI CPEICTB MEXaHU3aIHH
IIPY CTPOUTEIIbCTBE;

— yHOOHBI JOCTYH TEXHHKH K Tpacce B TEPUOJ CTPOUTEIbCTBA W
OKCIUTyaTallill JIMHUU CBSI3H JUISI TPOQPHIAKTUYECKHX W PEMOHTHBIX
pabor;

— MHHUMAJIbHBIC 3aTPATHI MO 3aIIUTE JIMHUH OT CUIILHOTOYHBIX YCTaHOBOK
¥ aTMOC(EpPHOTO AIIEKTPUUYECTBA.



Bropoe TpeboBanue obecrieunBaeTcs:

YMEHBIIEHUEM JKCIUTyaTallMOHHBIX PacX0/10B;

MAaKCHUMaJIbHbIM  HCIIOJIb30BAHUEM  TOTEHIMAIBbHOW  MPOMYCKHOU
criocooHoct BOK, B ToM umciie 3a cuer oOecreueHusi MeXIyropoIHON
CBSI3bI0 KPYITHBIX HACEJICHHBIX MYHKTOB, PACIOJOXKEHHBIX MO Tpacce C
OJHOBPEMEHHBIM pa3MeleHueM B HHUX YCUJIUTEIbHBIX
(pereHepaloHHBIX ) TyHKTOB.

Ha mnpaktuke tpaccel mnpokianku BOK o006blyHO mpHBS3BIBAIOTCA K
aBTOMOOMJIBHBIM WJIM JK€JIe3HBIM aoporam, kK Tpaccam JIDII. C BeiGopom Tpaccel B
3HAUYUTENLHON CTETNIEHU CBs3aH BbIOOp crmocoba mpokiaanku BOK. B nactosimiee
BpEMsI HCIOJIb3YIOTCS CIEAYIOIUE OCHOBHBIE CITOCOOBI Tpokiiaaku BOK:

NOJ3EMHBII — B TPYHT, B JIOTKOBYIO KaHAaJIM3alHUI0, B KOJUIEKTOPHI, B
3allUTHBIE IUIACTUKOBBIE TPYOHI;

MOJIBECHOM — Ha OMopax 3MeKTPUPUIUPOBAHHBIX KEJIE3HBIX JOPOT;
noaBecHou — Ha onopax JIDII, mpu koropom BOK mokeT HaBUBaThbCs Ha
IPO303allUTHBIA TPOC WM (Pa3HBIM MPOBOJ, MPUKPEIUIATHCA K HHUM, a
TaK)K€ MCIOJIb3YIOTCSI CAMOHECYIIME M BCTPOCHHBIE B TI'PO303AILUTHBIN
tpoc BOK;

MOJIBOJIHBIN — Yepe3 pa3IuyHOro TUIA PEKH U BOJOEMBI, Yepe3 MOps U
OKEaHBI.

[Ipu mnpoxnaake BOK Bgonb aBTOMOOWIBHBIX M IKEJIE3HBIX JIOPOT
IIEPECEUYECHUE PEK U BOJOEMOB MOXET OCYLIECTBIATBCA C HCIIOJIb30BAHUEM
COOTBETCTBYIOIINX MOCTOBBIX IIEPEXOJIOB.

[lonBecHolt cmoco0 TPOKIAAKU IO3BOJSIET CYIIECTBEHHO COKPaTUTh
CTOMMOCTb CTPOUTEIBCTBA U CPOKU BBOJIA B OKCIUIYaTALUIO JIMHUU IEPEIAUH.

W3bickanusi o0 BBIOOPY TPACChl OCYIIECTBISIIOTCS MO KapTorpaduyecKum
matepuangam. OOBIUHO paccMaTPUBAECTCA HECKOJIbKO BO3MOXKHBIX BapHAHTOB
npoknanku BOK, npoBoauTcs X cpaBHUTENbHAS XapaKTEPUCTUKA U BbIOMpaAETCs
ONTUMAJIbHBIN BAPUAHT.

OCHOBHBIE XapaKTEPUCTUKU BAPUAHTOB TPACCHI CBOASTCS B TaOIuUIly, B
KOTOPOM YKa3bIBalOTCS:

NPOTSHKEHHOCTh TPAacChl BOJIb IIOCCEMHBIX JIOPOT, BAOJIb JKEIE3HBIX
JIOpOT, BIOJIb TPYHTOBBIX JIOPOT, MO O€30pOXKbI0 U MOJHYIO
MPOTSHKEHHOCTD TPACCHI;

XapaKTep MECTHOCTH — OTKPBITasl, 3aJiecCHEHHasI, 3a00JI0UeHHAS;
KOJIMYECTBO TIEPEXOJOB TPACCHl 4YEpe3 CYAOXOAHBIE PpEKH, 4epe3
HECYJIOXOJIHbIE PEKH, 4Yepe3 JKEJE3HbIE JIOPOrH, 4Yepe3 IIOCCEHHBIE
JOpOTH;

YUCJIO HACEJICHHBIX IyHKTOB, KOTOPHIE MOTYT OBITh MOAKIIOYEHBI K
JMHUY TIepeaadn WM B KOTOPHIX BO3MOYKHO Pa3MEIICHUE YCUITUTEIBHBIX
(pereHepaMoOHHBIX ) TyHKTOB.

Yeprex Tpacchl (CUTyallMOHHAs CXE€Ma TPACChl MArucCTpajiu) BBIIOIHIETCS
Ha BBIKONMPOBKE TPacChl. YKa3bIBAETCA IIOJHAS NPOTSHKEHHOCTh TPAacChl U
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PacCTOSIHUST MEXIYy IIPOMEXYTOUYHBIMHA IYHKTAMH, B KOTOPBIX IPEANOJIAracTCs
pacnojiaratbe MyJbTHUIUIEKCOPBI BBOJA/BBIBOJIA WIIK PETEHEPATOPHI.

3.3. TPEBOBAHU K MEXAHUYECKUM XAPAKTEPUCTUKAM BOK

BonokonHo-onTuueckue kaOeaw HMMEIOT Oojiee HHU3KHE IMpeaeibHbIe
HArpy3Kky, 4eMm D>JeKTpuueckue kabenu cBsizn. OCOOEHHO 3TO OTHOCUTCS K
MUHUMAJIHO JOMYCTUMOMY paauycy u3ru0a U MaKCUMAJIbHO JIOMYyCTUMOMY
HATSDKEHUIO. B CBSI3M € 3TUM B 3aBUCMMOCTH OT BBIOPAHHOTO CIIOCO0A MPOKIAIKU
Kabessl ¥ KIIMMaTHYECKUX YCIOBUM HE0OX0auMo chopMynupoBaTh TpeOOBaHUS K
DIIEKTPUYECKUM, MEXaHHYECKMM ¢ KIMMATHYECKUM TapaMerpaMm  KaOels.
Omnpenenutb TpeOYEMBI THIT KaOelis 0 JOIMMYCTUMOMY PAaCTIATUBAIONIEMY YCHUITHIO
(ITpunoxenue b).
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4. BBIGOP CUCTEMBbI ITEPEJJIAYUA

OCHOBHBIMH  DJIEMEHTAMHM JIMHUM TIEpelladyd CHUHXPOHHON 1udpoBoii
VEpapXuM SIBISIOTCS CUHXPOHHBIE MYJBTUILIEKCOPBI, KOTOPBIE MOAPA3AEIISIOTCA
Ha:

— OKOHEUYHbIE (TepMHUHAJIbHBIC), BBINOJHAIONIME (DYHKIMU HA Tepeaade —
00bEIMHEHUSI HU3KOCKOPOCTHBIX (TpUOyTapHBIX) IOTOKOB B OJMH
BBICOKOCKOPOCTHOM (arperaTHblii), Ha MpuemMe — pa30opKy arperaTHOro
MOTOKa B TPUOYTAPHEIE;

— BBOJA/BBIBOJIA, TIO3BOJISIIOIIME BBIBOAUTH W3 arperaTHOro IMOTOKa
OTJIeNbHbIE TPUOyTapHBIE MOTOKH, BBOJUTH TpUOyTapHbIE IMOTOKH B
arperaTHbld TOTOK, a TaK)X€ OCYLIECTBISATh KpPOCC-KOMMYTALUIO
IIOTOKOB;

— pereHepaTopbl, NPEICTaBIAIONIME COO00Ml  BBIPOXKIACHHBIA BapHaHT
MYJIBTUIUIEKCOpPA BBOJA/BBIBOJA M BBINOJHAIOIMIME JUIIb (YHKIHUIO
pereHepanuy CUrHaia.

TpuOyTtapHble NOTOKM MOTYT OBITh KaK OJJIEKTPUYECKUMHU, TaK M

ONTHUYECKUMU. ATperaTHble, KaK IPaBUiIO, ONITHYECKHE.

B cocTaB MynbTHILIEKCOpPA BXOJSIT:

— ONTHYECKUE  NPUEMONEpEeNalIue  YCTPOWCTBa, B KOTOPBIX
OCYLIECTBISIETCS ~ ONTODJEKTPOHHOE M BJIEKTPOHHOONTHYECKOE
npeoOpa3oBaHuEe CUTHAJIA U PEreHepalys ero;

— KOMMYTallMOHHAs MaTpHIIa;

- wuHTepQehCHBIE YCTPOUCTBA.

CoBpeMEHHBIE  CHHXPOHHBIE  MYJBTHUILNIEKCOPBl  MMEIOT  MOJIYJIBHYIO
KOHCTPYKLHIO, YTO IO3BOJISET M3MEHEHHEM KOMIIOHOBKHM IIOJy4aTh pPa3ju4HbIC
TUIIBI MYJIBTUILIEKCOPOB. B 3aBUCHMOCTH OT CKOPOCTM MEpeAadyd arperaTHoro
MOTOKa BBIMYCKAIOTCA MYJIbTUIUIEKCOPHI ypoBHed STM-1 (155,520 Mo6wut/c),
STM-4 (622,08 Mowut/c), STM-16 (2488,32 Mbwurt/c), STM-64 (9,953 T'6ut/c).
TunoBele mapaMeTpbl CUHXPOHHBIX MYJIbTHUIUIEKCOPOB, KOTOPbIE MOHAT00STCS B
pacdetax mpuBeneHbl B [Ipunoxkennn B. YcinoBable rpadudeckne 0003HAUCHHUS
MYJIBTUILIEKCOPOB — B [Ipnioxenun I

BbIOOp THUIIOB MYJBTUILIEKCOPOB OCYILECTBIIIETCS HA OCHOBE 3aJaHHOM
CKOpOCTH IE€pEayM C YUETOM IMEPCIIEKTUB PA3BUTHS CETH.

Pekomennayercss mpuMEHSATH 0oJiee  BBICOKOCKOPOCTHYIO — afmapaTrypy
JMHEWHOTO TPaKTa MO CPABHEHUIO C UCXOAHBIMU JaHHbIMU. CleNyeT yYUThIBATH,
4YTO TOBBIIIEHUE YypoBHs ammapatypel SDH Ha omHy CTyneHb YBEIWYMBAET
crouMocTb anmnaparypsl Ha 30-40%, a 3aTpat B LIEJIOM Ha COOPYKEHHE BOJIOKOHHO-
ONTHUYECKOW CHUCTEMBI MEPENAYM HA HECKOJBKO NPOLIEHTOB. JlomosHUTENbHAS
IPOMYCKHAsI CIOCOOHOCTh MOXET KPOME TOTO HCIIOJIb30BATHCA ISl YBEIHUCHUS
HaJEXKHOCTH 3a CUET IPUMEHEHUS PE3EPBUPOBAHUS B ITOJCETH.



5. PACUET OCHOBHBLIX ITAPAMETPOB OIITUYECKOI'O BOJIOKHA
5.1. BbIBOP KJIACCA OB

B BOK »1eKkTpoCBsi3u HCHOJIB3YIOTCA B OCHOBHOM OJHOMOJI0BbIe OB,
XapaKTEPUCTUKU KOTOPBIX pErlaMEeHTUPYIOTCS Pexomenpanusmu
Mexnaynaponnoro  Coro3a  DJEKTPOCBSI3M —  CEKTOpa  CTaHJapTU3aIluu
anektpocssizu (MCO-T/ITU-T).

Kosddumment 3aryxanus kBapueBbix OB ¢ yBenuueHueM MJIMHBI BOJHBI
U3ITydeHHs] CHavasia ymeHsblinaetcs: mpumepHo ot 0,3...0,4nb/km Ha nimuHe BOJTHBI
1,31 mxm g0 0,16...0,251b/km Ha nouHe BoaHbI 1,55 MKM, 3aTeM Bo3pacrtaer. Ha
mHe BoHBL 1.38 MKM 3aryxaHue pe3ko Bo3pacTtaeT a0 2 ab/kMm 3a cuer
MOTJIONIEHUS U3JIy4eHus B rujpokcuiibHbix noHax OH. B mocnegnue roasl psmy
bupM yIanoch yIydIuTh TEXHOJIOTHIO 0uucTKH OB 0T 3TO# mpuMecH U MoJIy4YuTh
BOJIOKHO 0€3 TUJPOKCUIILHOTO MHKA.

ITo ocHOBHOM 00JslacTH pabo4MX JJIMH BOJH M BEJIUYMHE JUCIIEPCUU B ITOU
00JIacCT OJHOMOJIOBbIE ONTHUYECKHE BOJIOKHA TMOJPA3JESIOTCS Ha KJIacChl U
noAkJacchl (6a30BbIA MOJKIACC — JJIsl KOTOPOro OblIa MEpBOHAYAIBHO CO3/aHa
pEeKOMEH a1, B OCTAIbHBIX MOAKIACCAX YUYUTHIBAIOTCS MOCIEAHUE JOCTUKEHUS
B 00s1acTu pa3zpadbotku OB).

B nacTosiiee BpeMst CylIECTBYIOT cieayronme kiaccsl OB:

— crangaptHeie (SSF) BomokHa — coorBercTBYIOT Pek. G.652, niouHa

BOJIHBI HYJIEBOM naucnepcuu B paiioHe 1,31 MKkM (Ha [OJIMHE BOJIHBI
1,55 mxm nocturaer 3HadeHus 17... 20 nc/HM-km);

— BOJIOKHA CO CMEIICHHOM HyneBoi aucrnepcueii (DSF) — cooTBeTcTBYIOT
Pex. G.653, myinHa BOHBI HYJIEBOW qucniepcuu B paione 1,55 Mkwm (T.e.
COBMEIIIEHA C MUHUMYMOM 3aTyXaHus);

— BOJIOKHAa C HeHyJIeBoW cmemeHHord paucnepcueit (NZ DSF) —
cooTBeTcTBYIOT Pek. G.655, nnuHa BONHBI HYyJIEBOW JIUCIEPCHU
BEIHECEHA 3a Tpenenbl pabodero yuactka 1530...1565, T.0. 9TOOBI
BelnnurHa Kod(pduimeHTa HA ITOM YYacTKE HWMeNa TMOPSAOK
6...8 TIC/HM" KM.

B nocnennux gokymentax MCO-T ycTaHOBIEHBI JOMOIHUTEIbHBIE KIIACCHI

ONTHUYECKUX BOJIOKOH:

- Pex.G.656 ¢ paGouyuMm auana3oHoM UIMH BOJH oT 1460 mo 1625 HwM,
MOJIOKUTEIbHBIM 3HAYCHHUEM korhpuirienTa XpOMaTUYECKON
nucriepcur He MmeHee 2 nic/(HM*km) u He 6osee 14 nc/(aM*km) B pabouem
JTMaTna3oHe;

- Pex.G.657 ¢ yMEHBIIIEHHBIMU MOTEPSAMH Ha HW3THO, YTO BaXXHO IMpHU
ucnons3oBanuu OB B ceTsix gocTtyna.

Tunossie xapakrepuctuku OB npusenens! B [Ipunoxenun /1.

JlJis cpeTHEeCKOPOCTHBIX cHCTeM (TMpU CKOPOCTIX A0 2,51°0ut/c) mpu ogHOU
HECylel MOXKeT ObITh Hcmoib30BaHo Joboe OB, yaoBieTBopstoiiee
TpeOOBaHUAM 10 3aTyXaHUIO U HAKOTUIEHHOMW TUCTIEPCHUH.



Jl7i1 BBICOKOCKOPOCTHBIX cucTeM (mpu ckopoctu 10 I'6ut/c u BbImIe) npu
OJIHOM Hecyliel MokeT ObITh HcIosb30BaHO J00oe OB, ynosnerBopstoiiee
TpeOOBaHUSAM 10 3aTyXaHWIO, HAKOIUIEHHOW JMCIEPCUU U MOJSIPU3ALUOHHON

MoaoBoi# nucnepcuu (He xyxke 0,1...0,2 nc/ VKM ).

JInst cucteM C IUIOTHBIM BOJIHOBBIM MyJbTUILIEKcHpoBanueM (DWDM)
paspabotanbl OB ¢ HEeHyJIeBO CMEIIEHHOHN TUCTIEPCUEH.

Takum oOpazom, npu BbIOOpe Kiacca OB cieayeT UCXOAUTH W3 3aJlaHHBIX
CKOPOCTH Nepeaayu U padboyel JIMHBI BOJHBI C Y4€TOM BO3MOXKHOTO 3aTyXaHUS U
JUCTIEPCHUH.

Pexomenayercs ucnonb3zoBaTh pezepHoe OB.

Bo-niepBbiX, 3TO oOecrneunBaeT 3amac MO MPOIMYCKHOW CIOCOOHOCTH Ha
NEPCHEKTUBY Pa3BUTUS (IPOCTPAHCTBEHHBIH CHOCOO YIJIOTHEHHS WH(POPMALINUH).
[Toxpcuurtano, uto yBenuuenue uucia OB B kabene B 10 pa3 yBenuuuBaeT 3aTpaThl
Ha coopyxenune BOJIIT na 20%.

Bo-BTOpBIX, IO3BOJIIET HCIOJIB30BaTh pe3epBHOe OB s yBennueHwus
HaziekHOCTU (pyHKIoHupoBanus BOJIII:

- myTeM 3aMeHbl pabounx OB, ecnu UX mapaMmeTpsl B PoLecce MPOKIIATKU

WUIM 3KCIUTyaTallMy BBIIUIN 3a JOIIyCTUMBIE ITPENIEIbI;
— OpraHu3alMel MEepeKIFOUYCHNS Ha PE3EPBHYIO MYJIbTHUIUIEKCHYIO CEKIIHIO;
— TOyTeM  KOHTpOJIA  TapaMeTpoB M BBIABICHHUS  IOCTENEHHO
Pa3BUBAIOIIMXCSA OTKa30B B pe3epBHbIX OB, eciau 3Ty npuyuHbl oOme
st Bcex OB B kaOere.

B pesynbraTe nomkeH ObITh BbIOpaH kiacc OB u HeoOxoaumoe yucio OB B

ka0ere.

5.2. PACYET KOOODOUIIMEHTA 3ATYXAHINSA OB
Koaddunuent 3aryxanus OB onpenensercs nmo ¢popmyie [7,8]:

a=ap+ayg+ ot a,,, (5.1)

re  ap = 0,75//14 (5.2)
— COCTaBJISIONIAs], YIUTHIBAIOIIAS IIOTEPH HA PEIICCBCKOE pacCcesTHUE,
/A — pabodasi IJTMHA BOJIHBI, MKM;

dec(2/4) (5.3)

a,,~————?
= 2154
— COCTaBIIAIONIAs, YYUTHIBAIOIIAs MOTEPU B YIbTpadHOIETOBON 00acTH
paboyero auarna3oHa;

Xk ~ dec[(—21,9//1)+12,4] 5.4)

— COCTaBJISIIONIAS], YUUTHIBAIOIIAs TOTEPU B HH(PaKpacHOH 00acTu;
(Lpp — COCTABIIAIONIAS, YYUTHIBAIOIIAS IOTEPH B IPUMECH.
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NHxeHepHBI  pacyeT BEJIMYMHBI OTOM  COCTABILAIOLICH  3aTPYJIHEH.
OcHOBHOH BKJIaJa B Hee AaeT ruapokcuibHas rpynmna OH. B sTom ciaydae MoxHO
cuMTarth [6]:

0,05/16 | km  npu A =1300mm;
a,, = 0,04/16 | km npu A =1383nwm;
0,036 | kxm npu A =1550mm.

B OB, ouunmieHHbIX OT THJIPOKCHIBHBIX TPYIIN, MOTEPSIMH B HPUMECAX
MOJKHO MpeHeOpeyb.

Hampumep, ninst paboueit AmuHbI BOJIHBI A=1,2 MKM:

Cnengyer y4ecTb, 4YTO peadbHBIM KOd(PPUIMEHT 3aTyxXxaHus OyJeT BBHIIIIEC
pacdeTHOro 3a cueT yBenuueHuss norepb B OB mpum ykmagke ux B Kabene.
KaGenpHbIE MOTEpH BO3HUKAIOT TaKKe MpU Mpokiaake kadens. [Ipu cobmronennn

TEXHUYECKUX YCIOBUM Ha MPOKIAAKY Kabels MX HOMHUHAJIbHBIA BKJIAJ HE
npeBbimaer 20% ot mnonaHoro 3aryxaHus. C  yderoM KaOenbHBIX MOTEpb

a,~0,75/1,2% =0,36 05 / kn,
1 2/1,2
“ygp = 2154
o, =1.25%a. ., =10LPYILRD] 1 4 1078 o5 1 e,
a =0,38205 1k,
a, =1,25-0,382=0,477 05 [ km.

=0,022 05 [ km,

5.3. PACYHET KOOODOUIIMEHTA AUCITEPCUA

B crangaptaeix OB (Pek. G.652) ko3 duimeHT qucrnepcun onpenensercs mo

dbopmyie:
— _i;' —M i_ i )
DCT(/I)—SO(/I /I3j/4_ 4 {/10 [/10) ], (5.5)

r7ie So — HAKJIOH JIUCIIEPCUOHHOM KPUBOU B TOYKE HYJIEBOW JUCTICPCHH,
nc/(HM> KM);
Ao — JUTMHA BOJIHBI HYJICBOH JTHCIICPCUH, HM;
A — pabouas JIyTMHA BOJIHBI, HM.

Jliis OB ¢ nyneBoit cmemenHoi qucnepeueit (Pekx. G.653):

Dy (4) = SpdyIn (ﬂ/ﬂo)’ (5.6)
Hns OB c nvenyneBoit cMemenno nucnepcueit (Pek. G.655), npenmnonaras
3aBucuMocTh D(A) B nnanazone ot 1460 10 1625 HM JTUHEHHOM:
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Dsc (1) = D(ﬂ'on) +Su, (4- lon)’ (5.7)

I€ Aoy — HEKOTOpas OMOpHas JJMHA BOJIHBI, OTJIMYHAs OT JJUHBI BOJHBI
HYJIEBON AUCIIEPCUN;
S o7 — HAKJIOH AMCTIEPCUOHHOM KPUBOW Ha OMOPHOM JITMHE BOJIHBI.
OOBIYHO B KayecTBE OMOPHOM HCIONb3yeTcs Aop=1550 HM (unm mpyras,
yKa3zaHHas B JOKYMEHTalluu Ha kabenb). B KypcoBoit paboTe MOKHO MPUHSTH!

D(1550)=4...6 nc/(um-xm), npu D>0;
D(1550)=-(3...7) nc/(um-xm), npu D<O0;
Sor=0,05...0,06 nc/(nm?-xm).

Hanpumep, va nimne BosHbl A =1520 nu

— g OB kiacca Pek. G.652 (ZO =1310 um, Sg = 0,093 nzc j
HM KM

nc

D,, (1520) _ 0,0934-1310( ;

116 —1,16‘3) —15.84

HM.KM

- 1 OB knacca Pek. G.653 [ﬂo =1550 wm, Sg = 0,085 nzc j
HM KM

nc

2 b
HM KM

D, (1520) = 0,085-1550 In(1520/1550) = -2, 24

— s OB knacca Pek. G.655 (,10,, =1550 r, So =0,058—-- j
HM KM

nc

D,uc (1520) = —4 +0,058(1520 —1550) = 5, 74

1)

HM.KM
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6. PACUET KOHCTPYKTHUBHbBIX ITAPAMETPOB

[Io cBOMM MeXaHUYECKHM, KIUMATHYECKUM M  DIIEKTPOMAarHUTHBIM
xapakrepuctukaM BOK gomxkeH yaoBIeTBOPATh TPEOOBAHUSAM, MPEAbIBISIEMBIM K
BBIOpaHHOMY CIIOCOOY TpOKJanku Kabens. B Hacrosmee Bpems kaOenbHas
npoMbIIIEHHOCTh Poccun BeimyckaeT BOK mmpokoii HOMEHKIATypbl pa3IuyHOIro
HAa3HAUCHUS W JUIS Pa3IMYHBIX YCIOBHHM MPOKIAJKH W OSKciutyatammu [3, 4].
Kaxxplii MpOU3BOAUTEINb UCIIOJIB3YET CBOIO cucTeMY MapkupoBku BOK.

B BOK orTeuecTBEHHOr0o mMpPOW3BOACTBA MPUMEHSIOTCS B OCHOBHOM
ClIeyIolre KOHCTPYKIMU onTHYecKoro cepaeunnka OC:

- OJHOMOAYJBHBIM  (TpyOuateiii) OC, mpencTraBIglOmMiA  COOOi
HEeHTpaIbHBIA onTudeckuid moayib (LIOM) — nByxcrnoiiHas TpyOka u3
NOJINMEPHBIX MaTEPHUAIOB, B KOTOPOU pa3MeELIEHbl ONITHYECKHUE BOJIOKHA,
a CcBOOOJHOE MPOCTPAHCTBO  3AMOJIHEHO THUIAPOPOOHBIM  TEJeM.
OpuentupoBounsie pazmepbl LIOM npusenenst B Tabnuiie 6.1;

Tabmuma 6.1 — I'abaputer [[OM

Komuuecto OB, Ny, 2...8 10...16 | 18...24 | 26 ...48
Hapyxwnsiit nuamerp LIOM, 29+0,2 4+0,3 5+0,35 6+0,4
D 1om» MM

Tonmuua crenku [JOM, 0,4 0,6 0,75 0,9

A on, MM

- MHoromoayiaeHbii OC (puc 6.1), B IIEHTpe KOTOPOTO pPacIoJIOKEH
HeHTpaiabHbIl cuwioBoi anemeHT (IICD), a moBepx HEro OJMH WJIHU
HECKOJIbKO TOBUBOB M3 oONTHYeckux Moayineit ¢ OB wu kopaenei
3anonmHeHusa. [[CO MokeT OBITh BBINOJHEH M3 CTAIBHOTO Tpoca C
MOJUMEPHBIM MOKPBITUEM WA U3 CTEKJIOIUIACTUKOBOIO cTepxkHsi. OM
uMeeT TpyOdaTyr0 KOHCTPYKIIMIO, OPUEHTHPOBOYHBIE pa3MEPhl €ro
npuBefeHsl B Tabnuime 6.2. Kopaenb 3amonHeHUs BBITIOIHICTCS U3
nosmaTuieHa, [IBX wan nycteix OM. OnTtudeckue MOAYJIU U KOPIAEIH
ckpemsitorcst  Jientod. Pasmeper [CD 3aBuciIT OT pasmepoB u
konmuectBa OM u kopaeneit (Tabnuie 6.2);

Tabmuue 6.2 — 'abaputer OM

KomuuectBo OB, Ny, 2 4 6 8..12
Hapyx#nsiit nuamerp OM, 18+02 | 20+0,2 | 22+0,2 | 3,0+0,2
Dy, MM

Tommuba crenku OM, 0,25 0,3 0,4 0,6
Ay, MM




OC ¢ mpodunrpoBaHHBIM IIeHTpabHBIM AnemeHToM [I113, B masax
kotoporo paszmemniatorcss OB mim OM ¢ OB. Ila3bl pacnosaratotest mo
renukousie. B 3aBucuMoctu ot HazHauenusi kabens IO mMoxer ObITH
BBITIOJIHEH U3 MOJMMEPHOrO MaTepuaia Wid MeTasuia (aTlOMUHUS, MEJN).
Baytpennss o6osiouka 3amuimaer OC oT MeXaHUYECKHX BO3JCUCTBUIN

Ha HCTO U OT IIPOHHUKHOBCHUSA BJIard U MOXKCT OBITH:

OJIHOCJIOMHOM — U3 MOJIMATHIICHA ¢ TOMIMHON cTeHKkH oT 0,2 10 2,0 MM.;
MHOTOCIIOMHOW — M3 BOJOOJOKUPYIOIIEH M aJtOMOMOJIMAITUIICHOBBIX
JICHT.

Hapy:xHblif TOKpOB B O0IIEM CIydae COCTOUT M3 CHIIOBBIX 3JIEMEHTOB U

Hapy>XKHOU 000JIOUKH.
Cu0BbI€ 3JIEMEHTBI MOTYT BBITIOJHATHCS U3:

OpOHU, COCTOSIIEH U3 OTHOTO-IBYX IMOBUBOB CTAJLHBIX MMPOBOJIOK;
OpoHU U3 CTATBLHON TOPPUPOBAHHON WIIH TJIOCKOM JICHTHI;

OpOHU U3 CTEKJIOMIJIACTUKOBBIX CTEPIKHEH;

MTOBUBOB U3 BHICOKOTIPOUHBIX CUHTETUYECKUX HUTEH.

IIpu wucnonp3oBaHuK OpoOHM TMOA HEE YKIAAbIBACTCS MOJYyIIKA W3
BBIITPECCOBAHHOTO MOJIMATUIICHA.
HapysxHast 060y104Ka BBIIOJIHAETCA U3 CIEAYIOMIMX MaTePUAIOB:

MOJIMATUJICHOBBIX KOMIO3UIIMKI C 100aBKaMU KOMITOHEHT, YJIy4IIalolux
napameTpbl MaTepHaa;

noJivamMujia — OOBIYHO HCIOJIB3YyEeTCSI B KAadyeCTBE JOMOJHUTEIHHOTO
MOKPBITHUS,

MOJINypEeTaHa — MPUMEHSTCS B OCHOBHOM B TOJIEBBIX KaOEIsX.

Pa3mepsl a1eMeHTOB Hapy»KHOTO MOKPOBa MpuBeeHbl B Tabmure 6.3.

Tabmuma 6.3 — ['abapuThl CUIIOBBIX 3JIEMEHTOB

Tun cunoBoro 3j1eMeHTa HnameTtp Tonmuna
I, Mmm A, MM
Buytpennsis o6oy04ka - 0,2...2,0
[Toaymika oa OpoHto - 0,8...30
CrasibHOM MPOBO/T 0,8...30 -
CranbHas JIeHTa - 0,1...0,2
CTeKJI0MIaCTUKOBBIN MPYTOK 0,25... 35 -

[Ipu BwIGOpe THnma BOK Heob6XxoauMMo HUCHOIB30BaTh CIPABOYHYIO
autepatypy (Hanpumep [4]).

[Tpumepsl MapKUpOBKH HEKOTOPBIX BHJOB KaOenell MpUBEACHBI B
[Tpunoxenuu E.
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6.1. PACYET TEOMETPUYECKUX PASMEPOB BOK
B o6mem ciydae nuamerp BOK omnpegensiercst no dopmyse:
D,=D¢+2A ., +2A,,+2A,5+2A ., +2A,, (6.1)

rae D, — tnameTp onTUYECKOro CepAeUYHUKA, MM;
A, — TONIIMHA CKPEIUISIIOLIEH JIEHTHI, MM;

A 4, — TONIIMHA BHYTPEHHEH 000JI0UKH, MM;

A,» — TOJILMHA TOAYLIKH, MM;

A, — TOJIIIMHA CHJIOBBIX 3JIEMEHTOB, MM

A ,,,— TOJIIUHA HAPY>KHOM 000710YKH (IIIAHTa), MM.

Hnst ognomonysnbHoro OC (LIOM) pa3mepsl BBIOMPAIOTCS B 3aBUCUMOCTH OT
KoJinuecTBa pazmeniaeMbix B HeM OB (Ta6nuna 6.1)
["abaputsl MHOrOMOAYIEHOTO OCM onpenenstorcs o ¢popmysiam [6]
- nuamerp OCM
Docy=Dn,

rae D — nmameTp noBuBa (puc. 6.1);

- nuametp LICO
Dyco=Doum (4-1);

— JIHaMeTp MOBUBA ONTUYECKUX MOJYJIEU
Di=Don(A+1),

rae Doy — HapyKHBIN 1UaMeTp ONTHYECKOTO MOYJIS, MM;

Ao I+ 12 L4, (6.2)
Sin @ Sinzz
n

rae @ — yroiyl CKpyTKH 3J€EMEHTOB MIOBUBA,

N — 9UCJI0 DJIEMEHTOB B TOBUBE.

["abapuThl OCTATBHBIX JIEMEHTOB Ka0eJss ¢ y4eTOM JaHHbIX Talmuis! 6.3.

PesynpTaToM monpasnena SBIASETCS YEPTEXK KOHCTPYKIMU Kalens ¢
yKa3aHUEM PACCUUTaHHBIX Pa3MEPOB.
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Pucynoxk 6.1 — KoHcTpykuus cepAedHHKa C OJJHOIOBUBHOM CTPYKTYpOU

Ecau B CEPACYHHUKE UMECTCsI M IIOBUBOB, TO JUAMETP CEPACYHHUKA

D¢ =D, +2(m-1)D,,,,, (6.3)
Huametrp BOK ¢ npodunmupoBaHHBIM CEpICUYHIUKOM ONPEIEISIETCS 10
BBIPAKEHUIO:
Dk=Dpct2A, + 2A 5+ 2A, + 2A5,+2A (6.4)

rae D, — nnaMerp npouiImpoBaHHOTO CEPACUHUKA;
A, — TOJIMHA CKPEIUISIIOLIEN JICHTBHI.

Pacuer pazmepoB BOK ¢ 0ZHOMOIYNBHBIM CEPACYHUKOM IPOU3BOIUTCS
aHAJIOTUYHBIM 00pa3oM, TOJIBKO BMECTO JuaMeTrpa cepaeuHuka Dc Oepercs
JUaMETP LIEHTPAJIbHOI0 ONTHYECKOTO MOYJIS.

Pesynbrarom pazgena siBnsiercss Bbioop tuna BOK u yeprex KOHCTPYKIUH
BOK c¢ yka3zaHuem pacCuuTaHHBIX Pa3MEpOB.

6.2. PACYET MACCBHI BOJIOKOHHO-OIITUYECKOI'O KABEJIA

Macca BOJIOKOHHO-OITHYECKOI0 KalOeis ciaraercs Hu3 COCTAaBJIAIOIINX €TI0
9JICMCHTOB, KOTOPBLIC MOTIYT OBITH OonpeAcjaCHbl € IIOMOIIBIO CJICAYIOMIUX

bopmya [6].

Macca onTHYeCcKHuX BOJOKOH

2
7r(2r06) o
Mos = (MC—O +Mn06)n06 - TPKK)/ ¥ ”(2r06 * ZAnoe)AnoepnoeKy noe’;'

(6.5)

rne M., — Macca cepaIeBUHbBI U 000JI0UKH, KT/KM;
M., — Macca nepBudHOTO MOKPHITUST OB, KI/KM;
n,, — unciao OB B kabee;
I s — paguyc KkBapieBoit ooonouku OB, MM;
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3.
D> Pros — TNIOTHOCTH KBAPIlA U TIOKPBITHUS, T/CM";
K, — Ko3QQUIUEHT YKPYTKH;
A 0 — TONIMHA TOKPBITHS OB, MM.

Macca HEHTPAJBHOT0 CUJI0BOI0 3JIEMEHTA
W3 cmanvroeco mpoca ¢ noJaUMepPHbIM NOKPbLMUEM.

2
EH NK, ||p,K +7(D, +Am)Anmpan¢, . (6.6)

M oMM, = PO
© " 4
rne M,, — macca Tpoca, KI/KMm;
M, — Macca OJIMMEPHOI0 MOKPBITUS TPOCA, KI/KM;
D,, D, — tnameTpsl NpoBOJIOKH B IEHTPAJILHOM U HAPYKHOM IIOBUBAX, MM,;
N, — 4MCII0 IPOBOJIOK B HAPY>KHOM IIOBUBE;
K, — Ko3QpHUIUEHT YKPYTKHU IPOBOJIOK TPOCA;
Pus Prum — INIOTHOCTH MATEPHAIA POBOJIOK U TMOKPBITHS TPOCA, T/CM’,;
K.=1,07 — xo3pduirent, yuyuThIBaIOIIUNA MpHUpAIIeHHe Macchl Tpoca 3a
CUET €ro CMa3Ku;
Dm — Hapy»KHBII JUaMeTp Tpoca, MM;
Anm — TONIIMHA MTOKPBITUS TPOCA, MM;
K@=1,13 — xo3pPuiMeHT, yyuThIBatOMUNA TEXHOIOTHUECKHE (DaKTOPBHI.

U3 cmexnonnacmuka:
2
7zD K2 6.7
yca 4 ( " )
rac DC — AUaMETP CTCKIIOIITIACTUKOBOT'O CTCPIKHSA, MM;
3.
p. — TUIOTHOCTh CTEKJIOIIACTUKA, T/CM";

M

U3 npogunuposannoco cepoeunuxa:

K2
Mnc = Sncpnc’ ! (68)
KM
rae S,. — IJIOLaAb MOMEPEYHOro CeYeHUs NPO(UIMPOBAHHOTO CEpICYHHKA

2.
OK, Mm%,
3.
Pne — IUNIOTHOCTh MaTepuasa nNpoPUIMPOBAHHOTO CEP/ICYHHUKA, I/CM";

Macca Tpy0OK ONITHYECKUX MOAYJIei
M, =x(D,, +A

rae D, — mmametp Tpyoku OM, mwm;
A, — TOJITUHA CTEHKU TPYOKH, MM;
Dow — INIOTHOCTB MaTepHaia TPyOKH, /MM’
K, — KO3 pUIUEHT YyKPYTKU TPYOOK;
n — konmmuectBo OM B kabere.

)A,. 0. K 1, ke kn, (6.9)

oM

Macca ruapogo0Horo 3anoanuresnasi B OM
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M, =(S,=S,,Km)p K n kelkm, (6.10)

rae S, — BHYTPEHHsAS IUIONMaAb momnepednoro cedenuss OM wimm maza
2.
MOTIEPEYHOTO CEPJICUHNKA, MM
2.
S,¢ — mIonIank monepeunoro ceueHuss OB, MM,
3.
p 3 — IWIOTHOCTH THAPOGHOOHOTO 3aMOIHUATES, T/CM

Macca npoMeKyTOYHOMH 000J109KH
M,; = ”(DBT +A,; )AoﬁpoﬁKTCD’ Ke [ Kk, (6.11)

rae D, — BHyTpeHHHI nuameTp 000JI0UKHU, MM;
A 5 — TOJIMHA 000JIOUKH, MM;
3.
P os — TUNIOTHOCTh MaTepuayia 000JI0YKH, T/CM ",
K,4=1,04 — k03 OULMEHT, yYUTHIBAIOIINI TEXHONOTHYECKHE (PAKTOPBI UL
IJIACTMACCOBOI 000JIOUKH.

Macca OpoHeBbIX IOKPOBOB
JleHTo4YHOM OpoHHU:

M, = (D0 +As, ) A0, K, k2[00, (6.12)
rine D, — AnaMeTp 1o moayIke Wik MPOMEKyTOYHONH 000JI0UKE, MM;
A =2A, — 001mas TonmuHa OpOHHU, MM;
., — INIOTHOCTB MaTepHana OpoHH, r/cM’;
K3=0,75 — xordpunmeHT 3a30pa akCuaabHOTO.

I"'obpupoBanHOIT OPOHU:

M = ”( D,, + Aﬁp )Aﬁppﬁp Kra K KZ/KM! (6.13)

rae D, — BHyTpeHHU 1uaMeTp 000JI04YKH MO BaguHe roppa, Mm;
A, — TONIMHA OPOHU, MM; ,
P6p — INIOTHOCTB MaTepuaa roppupoBaHHON 000I0UKH, I/CM;
K — xoapdunuent rodpprupoBanusi OpoHu;
K,y=1,04 — k03¢ dULKEHT, yYUTIBAOIIUI TEXHOIOTHYECKHE (DAKTOPBI.

KDVFHLIX CTAJILHBIX ITPOBOJIOK:

M, =7d:Np, K /4 refkm, (6.14)

p - ynp

opnp

d,, — AnaMeTp NpOBOJOKH, MM;
N — 4nciio OpOHENPOBOJIOK;
Pnp - IIOTHOCTh MaTepuaa IpPOBOJIOKH, r/em’;
K,,,=1,04 — k03 PUIHEHT YKPYTKH IIPOBOJIOK.
71( D, + dnp)
K. d

ynp = np
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Macca 3aIMTHOT0 HIJIAHTA
Mmﬂ :n-(D(sH +Am7)Am7pumKT(D’K2/K‘M’ (615)

rae D, — anaMeTp moj nutanrom, MM;

A5, — TOJIIMHA IJIAHTA, MM, ,

p6p — INIOTHOCTh MaTepHUaa IIJIaHra, I/cM;

K,p=1,1 — K03 PUIUEHT, y4UTBHIBAIOIIHMIA TEXHOJOIHYECKUE (DAKTOPBI.
3HaueHus MIOTHOCTU OCHOBHBIX MaTepuanoB npuseneHsl B [Ipunoxennn XK.
Macca BOK paBHa cymme Macc COCTaBIISIFOIINX €0 3JIEMEHTOB.

6.3. PACUET AOIIYCTUMOI'O PACTAI'MBAIOIIEI'O YCUJINA

JlomycTUMOE  pacTATHUBAIONICE YCHIHE KOHCTPYKIHHM Kabels MOKHO
onpeaenuTs o hopmyiie [5, 6]:

n
F=6) KES, H, (6.16)
i1
rne 0 — K03(pPUIHEHT TOMYCTUMOTO MPOJAOIBHOTO PACTSIKEHHUS KOHCTPYKIIUU
kabesst (0,01...0,025 B 3aBucumoctu ot Tuma koHcTpykiuu BOK);
Ki — koab¢uiueHT, y4YUTHIBAIOIIMKA PACIOJOKEHHE I-r0  3JIeMeHTa
OTHOCHUTEIILHO OCH KOHCTPYKITUH KaOers;
Ei — Moxysib IpOIOSIBHOM YIIPYTOCTH MaTepuaiia I-ro sneMenTa, [1a;
Si — IIOMepPeYHOe CEUCHHE i-TO HIEMEHTa KOHCTPYKIIMI KaOest, M.
Ki=0 — mys >1meMeHTOB, HE HCHBITHIBAIOIINX MEXaHWYECKOE HaIpsDKeHUE
(06sraHO OB);
Ki=coSyj — g DSJIEMEHTOB, HCHBITHIBAIOIIUX  HAMNpsHKEHHE U

PaCIOJIOKEHHBIX TI0 CHHUPAIN C yriaoM i (OOBIYHO IS ONTHYECKUX MOIYJIeH
y=30...35%);

Ki=1 — s 5SJeMeHTOB, MapajuieNbHBIX OCH KaOels, HWCIBITHIBAIOIINX
MEXaHHYECKOE HaTPSKCHHE.

3nauenus E; U pa3IudHbIX MaTepuasoB puBeaeHs! B [Ipunoxennn XK.

[Tnomans kpyra (Hanpumep ceuenuss OB), paBHa:

__ 2 2
S=nr", m

rae I — pagnyc Kpyra, M.
[Tnomaae Koapla (HapuMep, CEYEHUS ONITHYECKOTO MOTYJIS:

2 2
S - zd? B zd? o
06 ’ y
4 4
o 2.
rae d,,, — BHemHu# ntuametp OM, M*;
o 2
d,, — BHyTpeHHu# nuamerp OM, m”.
PaCCqI/ITaHHOC 3HAYCHHUC paCTﬂrI/IBaIOH_[erO YCI/IJ'II/IH HC OOJIDKHO HpeBBIHIaTB
BCINYUHBI, YCTaHOBHCHHOﬁ AJIs51 BBI6paHHOFO CHOCO6a IMPOKJIaAKH Ka6eﬂﬂ. B

IPOTUBHOM CITydyae HEeOOXOAMMO HUCTIOIb30BaTh Kabelb Jpyroil KOHCTPYKIIUU.
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7. PACUET JJIMHbI DJIEMEHTAPHOI'O KABEJIBHOI'O YHACTKA

7.1. PACYET JUIMHDbI SJIEMEHTAPHOI'O KABEJIbHOI'O
YYACTKA 110 3ATYXAHHIO

B coorBerctBuM ¢ HOpMamu [9] mpu IPOEKTUPOBAHHUU, CTPOUTENBCTBE U
IpUEMKE B OKCIUTyaTalldi0 MAaruCTpPalbHBIX M BHYTPHU30HOBBIX KaOEIbHBIX
BOJIOKOHHO-ONITUYECKUX JIMHUM TepeJaud 3aJaloTcsi 3HAYCHUS HOMMHAJIBHOM,
MUHUMAJIbHON W MaKCHMAaJbHOW JUIMHBI 3JIEMEHTAapHOTO KaOeNbHOIrO ydacTKa
(BKY) BOCII.

HomunanbHas gnmuna OKY — Ttakas npotrspkeHHOCTh DKV, mpu koTopoit
3aJjaHHasT HOpMa Ha BEPOSITHOCTh OIIMOKM MpH Tmepenaye HHPOPMAIMOHHBIX
U poBbIX CUTHAJIOB BhIMonHseTca A Bcex 100% paBuoBenukux DKV, naxe
€ClIi BCE HUX CTPOUTENbHBIE JJIMHBI HMEIOT MaKCHUMAaJbHBIM Ko3(hHULIHMEHT
3aTyXaHus, a BCe cBapHble coenHeHns OB — MakcuManbHO 10IyCTUMBIE TOTEPU:

L _W_Ap+AHmaX_A3

HOM

rae W — snepreruueckuii norennuan BOCII, ab;
A, — oOmye noTepyu Ha BCeX pa3beMHbIX coenHeHnsAX Ha OKY, nb;
A, max — MAKCUMAJIBHOE 3HAYEHHUE MMOTEPh HEPA3hEMHOTO COSTMHEHMS, 1b;
A ,, — DKCILTyaTallMOHHBIN 3armac 3HEPreTUUYECKOT0 MOTEHIINAaa JJIs
anraparypsl u kaoens, ab;
Olmax — MaKCUMaJIbHOE 3HaUeHHEe Kod(h(ULIMeHTa 3aTyXaHusl, 3aIaHHOE B
TEXHUYECKUX YCIOBUSAX (crienudukanusx) , 1b;
|. — cpenHss cTpouTenbHas JUTMHA KaOeIs, KM.
MunumanesHas jHa DKV — Ttakas npotrsskeHHocTh DKV, mpu koTopoit
YpPOBEHb ONTUYECKOIO CUTHAjJa HAa MpUEME He MNpeBbIaeT 3agaHHbd s 50%
paBHOBenukux JKV:

- (7.1)

_W-AA-A 1A,

: 7.2
a,+A 1l (7:2)

min
rae A4 — TMHaMUYECKUI THara30H YPOBHs MPUEMHOIO ONTUYECKOTO CUTHAIIA, Ab;
A, — cpeaHee 3HaueHue MOTEPh HEPA3bEMHOTO COEANHEHNS, 11b;
.y - CPEAHEE pacyeTHOE 3HaUYeHHne Koo dunmenTa 3atyxanus OB, n1b/km.
Makcumanenas jgnuHa IKY — takas npoTsikeHHOCTh DKV, mpu koTopoit
HOpPMa Ha BEpPOSITHOCTh OIMIMOKHM MpH mepeaadye MHGOPMAILMOHHBIX HUMPOBBIX
CUTHAJIOB BbITIOJHAETCA 171 99,86% paBHOBemnkux JKVY:

L :W_AP+AHC_A33_B\/LH0M
e acp+B/\/g+ Al

rjae B — koadunreHT pazdpoca 3aTyxaHus U MOTEPh;

3-0,8
B=——"—+/1+1/I
2212 +]/Cp

(7.3)

A — pabouast 1JIMHA BOJIHBI.



Oneprernueckuil noreHuuan BOCII onpexnensercs no AaHHbBIM pasjena 4,
KaK  Pa3HOCThb  MEXAY  MAaKCHUMaJIbHOM  M3Jly4aeMOMl  MOIIHOCTBIO U
YyBCTBUTEJIBHOCTBIO IPUEMHUKA.

JlvHamMu4ecknii Auana3oH IPUEMHHKA — pa3sHOCTh MEXIY YPOBHAMHU
MEepPErpy3KU U YyBCTBUTEIBLHOCTH.

OKCIUTyaTallHOHHBIN 3aI1ac YHEPTETHYECKOr0 MOTEHUMANA I anmnapaTypbl
1 kabeJst npuHUMaeTcs nopsjaka 6 nb.

[ToTepu B pazbeMHBIX coenuHeHusX — He 6osee 0,5 1b, B Hepa3beMHBIX — HE
6oxee 0,05 ab.

[TpotspxerHocTh poekTupyemoro DKV nomxHa ObITh:

I—min< I—QKV < I—max.

Jiinaa DKV no 3aTyxaHuio MOXKET ObITh yBeJMYeHa 3a CUET MPUMEHEHUS
ONTHYECKUX ycuiuTene. Pabouwmii nuama3oH HOJIWH BOJH BBIMTYCKAEMBIX B
HacTosIlee Bpems HpOMEeBbIX ycuiutened MomHocTd  1530...1565 HM,
npeaycuwmtenet 1530...1560 am. OCHOBHBIE MapaMeTpbl 3POUEBBIX YCUIIUTENEH
¢bupmel Alcatel nmpusenens! B [Tpunokenun 3.

Ecnu mnmna npoektupyemoro OKY MeHbIIE MUHUMAIBHO JIOMYCTUMOIO
3HA4YeHUs, HEOOXOAUMO HCMOJIb30BAaTh ONTHUYECKHE ATTEHI0ATOPhI HA MPUEMHOM
CTOpPOHE.

7.2. PACYUET JUIMHDbI SJIEMEHTAPHOI'O KABEJIBHOI'O
YYACTKA I10 JUCITIEPCHUN

B obmem ciywyae mucnepcus B omHOMOA0BBIX OB 00ycnoBieHa MIUPUHON
IIOJIOCHI UCTOYHMKA U3JIyYEHUs M 4acTOTOM MOAyJupyromero curuana. Ilomaras,
4yTO ucnoas3yercs kox bBH n nonmycrumas 1mmMTenbHOCTh YIIUPEHHOTO UMITYJIbCA
HE JOJDKHA IPEBBIIATH BEJIWYMHBI IBYX TAKTOBBIX MHTEPBAJIOB, NPOTSKEHHOCTH
OKY B 3aBUCUMOCTH OT TUCTIEPCHH MOKHO OTPEAETHUTH 1o hopmyie [8]:

L, = [|D(ﬂ,)|- F,(0,577A%, +1,1552°F, /c)] o (7.4)
rae D(1) — koadbduiment auctepenn, ¢/m;
Inc/(um-rm)=10"c/n?
Fr — takToBas yactoTa, ['1;
Alg — MIMPUHA MTOJIOCHI HCTOYHHMKA U3TYUIEHUS, M;

A — pabouasi 1JIMHA BOJIHBI, M;
8
c=3-10"m/c — CKOpOCTh CBeTA.

JUis  nanbHEMIIMX pacyeToB BBIOMpPAETCS MEHbIIEe U3 IOJIYYEHHBIX
3HaueHni JiH DKV 1o 3aTyXaHHio U JUCIEPCUN.
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8. CXEMA OPI'TAHU3ALUU CBA3U

CxeMa opranusanuu CBsi3u pa3padaThIBAETCsl HA OCHOBE BHIOPAHHOW TPACCHI
npokiaaku BOK, pa3melnieHuss OKOHEYHOM W IMPOMEKYTOYHOW ammaparyphl C
y4eTOM €€ MapamMeTpoB. [[JIMHBI MPOJIETOB JOJKHBI YIOBIETBOPATH PACCUUTAHHBIM
3HaueHUsIM TpoTsbkeHHocTh OKVY. Pexomenayercs COCTaBisATh CXEMY TaKUM
o0Opazom, YTOOBI UCKIIIOUUTD UCII0JIb30BaHUE HEOOCITyKMBAaEMBIX
pereHepanoHHbIX (YCUTTUTETHHBIX ) MyHKTOB, a o0cITy)KMBaeMbIe
pereHepanoHHbIe MyHKTHI pa3MeNiaTh B MPOMEKYTOYHBIX HACEIECHHBIX MyHKTaX
Ha Tpacce. Ha cxeme moka3pIBalOTCSl YCIOBHBIMU TpaduuecKuMU 0003HAYECHUSIMU
TUTIBI  anmaparypbl, BHIbI Ka0enell (SJIEKTPUYECKUE WU  ONTHYECKHE),
MPOTSHKEHHOCTH TIPOJIETOB.

[IpuMep mocTpoeHHsI CXeMbl OpraHU3alMK CBS3M MOKa3aH Ha puc 8.la. B
OKOHEYHBIX MYHKTaX YCTAaHOBJICHBI TEPMUHAIBbHBIE MYyJIbTUILIEKCOPBI TM1 1 TM2,
B TIPOMEXYTOUHBIX TYHKTaX — MYJbTUIUIEKCOp BBoAa/BbiBoja ADM wiu
perenepatop REG. Ecmu paccrosHue MeXay IyHKTaMU  IIPEBBIIIAET
MakcumanbHytlo giuuHy OKVY, 10 B aumamazone 1530 ...1560 HM MOXHO
UCIIOJIb30BaTh ONTHUYECKHE HpOUEBbIC YCUIUTENN (YCHJIMTEIU MOIIHOCTH W/WIN
npeaycuiautenu). Eciu paccTosiHMe MEXIy MyHKTaMH MEHbIIe MHUHUMAaIbHOU
mHbl OKY, To HEo0X0OuMO HCIONb30BaTh ONTUYECKUE AaTTEHI0ATOPhl Ha
MEPEIAOIIECH WU TPUEMHON CTOPOHE.

Pacyer pacnpeneneHusi >HEPreTUYECKOrO MOTEHIMANA MPOU3BOAUTCA TIO
dbopmye:

Pi:Pna-ZAp-nAH-OCLi, (81)

rae P — ypoBeHb MOITHOCTH Ha BBIXOJIE I-TO TPoJIeTa
(Ha BX0J1e COOTBETCTBYIOIIIETO ONTHYECKOTO MPUEMHHUKA);
P,, — ypOBEHb MOIITHOCTH ONTHYECKOTO TIEpeIaTInKa
(0OIMHAKOB HA BCEX MYJIbTHILIEKCOPAX);

A, — IOTepH B pa3bEMHOM COEIUHEHHH;

A, — oTepu B HEPA3HEMHOM COCTUHEHUU;

L; — nimuHa i-ro mposerTa;

n=(Li/l.,)-1 — KonuuecTBO HEPa3bEMHBIX COECIMHEHUIA;

o. — ko3 durment 3aryxanus OB;

L; — mmHa i-ro mpoieta.

3HaueHUsT BXOANIMX B (QOpMYTy MapaMeTpoB OepyTcs U3 MPEABLIYIINX
pa3eNoB MPOeKTa.

PacyeT mpon3BoguTCS IS KaXKIIOTO MPOJIETa W MO pe3ylbTaTaM CTPOUTCA
qUarpaMMa pachpeleiicHUusT YHEPreTHYECKOTO IOTEHIMana, IMpUMEp KOTOPOH
nokaszaH Ha puc 8.10,
rae L1, L2, L3 — nouHBI IpOJIeTOB;

Pn — ypoBeHb MOIIIHOCTH TIEPETPY3KU MPUEMHUKA;

Py — ypoBeHb UyBCTBUTETLHOCTH MPUEMHHKA.
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9. OHEHKA HAJAEXHOCTU CUCTEMBI ITIEPEJAYN

[Ton HAAEKHOCTHIO IOHUMAIOT CBOMCTBO OOBEKTA COXPAHATh BO BPEMCHH B
YCTaHOBJICHHBIX TMpeAeliaX 3HAaueHHE BCEX IMapaMeTPOB, XapaKTePU3YIOUIUX
CIIOCOOHOCTH BBITIONHATH TpeOyeMble (DYHKITUU B 33JJaHHBIX PEKUMAaX U YCIOBHSIX
NPUMEHEHHUs, TEXHUYECKOTO OOCIy)KMBaHHs, XpaHEHHWs W TPAHCTIOPTHPOBKH.
HanexHOCTh — KOMILJIEKCHOE CBOMCTBO, KOTOPOE B 3aBUCHUMOCTH OT YCIIOBHH
CTPOUTETHCTBA M IKCIUTyaTaIlliU MOXET BKJIIOYATh B C€0S pa3InyHbIC MTOKA3aTEIIH.
Ha mpakTuke B KaduecTBe KOMIUIEKCHOTO IMOKa3aTessl HAaJECKHOCTH HCIOIb3YEeTCs
noKasaTelib — KO3(hOUIIMEHT TOTOBHOCTH:

K. o—_To__
N
0 B
rae 1o — HapaboTKa Ha OTKa3 (CpeaHee BpeMst MEXAy OTKa3aMM);
T, — cpenHee BpeMs BOCCTAHOBJICHMs (CpelHee BpeMs 3aTpayeHHOE Ha

oOHapyXeHHe, MOUCK MPUYMH OTKa3a U yCTPAHEHHUE IOCJIEACTBUN OTKa3a), WIH
CBSI3aHHBIN C HUM KOA((ULIUEHT MPOCTOSL:
K[]zl'KF:TB/(T0+TB).
Tpebyemble moka3aTenu HaJEKHOCTU JJIA MEPBUYHON CETH MarucTpaibHON
(MTI'), BuytpuzonoBoii (B3) u mectHoit (MC) st cuctemMbl ¢ MaKCUMAaJIbHOM
IpOTSKEHHOCTHIO L, (0e3 pesepBupoBaHus) npuBeaeHbl B Tabmuie 9.

Tabmma 9
IToxka3areu

Oo0beKT Konr Tow, 4
OLIK ne3aBucumo | MI' L,,=12500 km > (0.920 >12.54
ot npumensiemoit | B3 L,,=1400 km >0.990 >1114
OCII MC L,,=200 km > 0.997 > 400

OLIK Ha MI' L,,=12500 km >(0.982 > 230
nepcnexktuBHor | B3 L,,=71400 xm > 0.998 > 2050
upposoii cetu | MC L,=200 km > 0.9994 > 7000

Kpome nepeunciieHHbIX, YCTaHOBJIEHBI CJICTYIONINE HOPMATHUBBI:

- Bpewms BocctanoBienuss HPII Tgypy <2,5 u (B TOM 4mcie BpeMs

noabe3zia — 2 yaca);

- Bpewms BocctanoBiieHuss OPII u OIl Tzpp <0,5 u;

- Bpemst BocctaHoBiieHUus: BOK Tpox<I0 uy (B TOM uucie Bpems

noabesaa — 3,5 yaca).

Hapa0oTka Ha 0TKa3 OKOHEUYHBIX U MPOMEKYTOUHBIX CTAHIIUA OLIEHUBAETCA
npousBoauTessiMu B 6,7...8 ner. OnHaKO, yUYUTHIBasi, YTO HAMMEHEE HAJICKHBIM
AJIEMEHTOB B NEpPEeAaTUYUKE SIBISETCS JIa3€PHBIM JMOJI MOKHO OPHEHTUPOBOYHO
B35Th HapabOTKy Ha oTKa3 anmapatypsl 1o,~50000 u.

B cootBercTtBum ¢ [7,8] anroputm pacdeTa MoKazaTelIed HaIEKHOCTH
COCTOUT W3 YETHIPEX ATAMOB: pacueT TpeOyeMbIX MoKa3aTelael HaJeKHOCTH IS




IPOCKTUPYEMOM CHCTEMBI; pacyeT OXHUAAEMbIX II0Ka3aTeNIe HaJeKHOCTH
JMHENHO-KA0ENIbHBIX COOPYKEHUI; pacueT 0XKHUAAEMbIX IT0Ka3aTesel anmapaTHOro
KOMIUIEKCA; pacyeT 0’KUJAEMBbIX 0KAa3aTeNIel CUCTEMBI B 1IEJIOM.

9.1. TPEBYEMBIE 3HAUEHUS TTOKA3ATEJIEHM ITPOEKTUPYEMOU
CHUCTEMBI

TpeOyemoe 3HaueHNe HAPAOOTKU HA OTKA3

T, L
ToL = OML i, (9.1)

rae L — npoTsyKeHHOCTh MPOEKTUPYEMOTO KaHaa.

Tpebyemoe 3naueHue k03P puIeHTa TOTOBHOCTU

Ky, ={1+—L(l_ K””)} , (9.2)

M 'KFM

Tpebyemoe 3HaueHre KO3 huireHTa TPOCTOs

« LKy,

V7/7
LM

9.2. OXNAAEMBIE IIOKA3ATEJIM HAJEXHOCTU JIMHEMHO-
KABEJIbHBIX COOPYKEH1UN

NHTEHCUBHOCTH OTKA30B JIsl BCEW NIMHHBI TPACCHI

M.\ ike=M ik +M pux+M s e, (9.3)

rac
mL
M, =
BHIK 8765100

— WHTEHCHUBHOCTH OTKa30B, 00YCJIOBICHHBIX Bo3aelcTBueM Ha BOK BHemmHmx
npuarH (paboTa CTOPOHHUX OpPTaHU3AIUHN, TPUPOTHBIC SIBJICHUS U T.11.);
m=0,15 — cpegnee xommuecTBO 0TKa30B Kabens Ha 100 kM B To1;

nC
BHK — i (9:5)

— UHTEHCUBHOCTb OTKA30B, 00YCIIOBJIEHHBIX BHYTPEHHUMH MPUUYHHAMU;
N¢y — unciio crpoutenbHbIX 1MH BOK;

(9.4)

M

Toxk=3225500 u — cpenHee 3HaueHWE HApaOOTKU HA OTKA3 OJHOU
ctpoutenbHoil ;inHbl BOK;
0.06-n
M = —— P 9.6
BIII HPI1 8765 ( )

— MHTEHCUBHOCTHh OTKa30B, 0OYCJIOBJICHHAsI BHEIIHUM BoszaercTBueM Ha HPII
(0,06 na onun HPII B rox).
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Hapa6oTka Ha 0TKa3 IMHEWHO-Ka0ETbHBIX COOPYKCHHIA:

1
Towe =— (9.7)
e M LJIKC
Koad¢uimenT rotToBHOCTH TUHEHHO-KaOEIbHBIX COOPYKEHUI:
T
K — 0JIKC ' (9.8)
e TOJ]KC + TBJYKC
9.3. OXXNIAEMBIE ITOKA3ATEJIN HAIEX)KHOCTU

AIIITAPATHOI'O KOMIUIEKCA

MHTEHCUBHOCTh OTKA30B aNapaTypbl OKOHEUYHBIX U MPOMEXKYTOUHBIX MTYHKTOB

Mo :Z::Mom :an‘,(]/Toom)’

i=
rne Ty onri — HapaObOTKa HAa 0TKA3 OJHOTO KOMILJICKTA anmnapaTyphl.
— HapabOTKa Ha OTKa3 —

Toon = 1/ Mo s

— KO3(pUIIUEHT TOTOBHOCTH —

K _ Toon

rom — '
TOOH +TBOIY

NHtencuBHOCTH 0TKa30B anmnaparypsl HPII

My = ZMHPHi = Z]/Z)HPHI'
i=1 i=1

— HapaOOTKa Ha OTKa3 —
Tonrn :]/MHPH ’

— K03 PHUIIMEHT TOTOBHOCTHU —
T

0HPIT
KFHPH = T T .

0HPIT B HPII

CYMMapHBIC IMOKAa3aTCJIN HAACKHOCTHU aIlllapaTHOT'O KOMIIJIICKCA
M A :M o1l +M HPIT
T, 04 =1/M A

Kry=Kromn - Krupn

(9.9)

(9.10)

(9.11)

(9.12)

(9.13)

(9.14)
(9.15)
(9.16)
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9.4. OXNIAAEMBIE ITOKA3ATEJIM HAJAEXXKHOCTU CUCTEMBI B LIEJIOM

MHTEHCUBHOCTh OTKA30B CUCTEMbI

Mc=M pct M, (9.17)
— HapaOOTKa HAa OTKA3 CHCTEMBI —

Toc=1/M¢ (9.18)
— KO3(pHUIIMEHT TOTOBHOCTU CUCTEMBI —

Krce=Kraxc " Kra (9.19)

[Ipu orcyrctBum HPII pacueTs ynpomarores.

[lomyyeHHble OXUOaeMble TMOKa3aTeId HAJACKHOCTH CPABHUBAKOTCA C
TpeObyeMbiMu. Ecim oxujaembie mokazaTeinn Xyxe TpeOyeMbIX, TO MPEII0KUThH
IyTH YJIYYIIEHUS 0KUIAEMBIX TTOKa3aTeNEH.

Cnenyer OTMETUTh, YTO HCHOJb3yeMasi METOAMKA pacueTa HE YYUTHIBAECT
BO3MOKHOCTEN PE3CPBUPOBAHUS, 3AI0KEHHBIX B CHHXPOHHBIX MYJBTHILUIEKCOPAX.

[ToaTomy peasibHbIE TOKA3aTENU HAIEKHOCTH OYAYT BBIIIE PACUETHBIX.
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10.PACYET 3AILUIIIEHHOCTHU BOK OT YJIAPOB MOJIHUIA

BepositHoe uuncinio noBpexaennii BOK ynapamu MoOJIHMN XapaKTepu3yeTcs
BEPOSATHOM IJIOTHOCTBIO ITOBPEKICHUM:

n= ilOO,
KL
rae N — ob1iee 9rciio moBpekaAeHUH, paBHOE YHCITy YAApOB MOJHUI HA TUHUH
mHou L 3a K ner.
Jonyctumas mnotHocTs noBpexaeHuss BOK na 100 kM Tpaccel B roa
ykazaHa B Ta0mwure 10 [5].

Tabnuua 10
Jonycrumasi IVIOTHOCTH MOBPEKICHUM
BOK BOK
Xapakrep rpyHra . .
MarucTpaJbHOM BHYTPH30HOBOM
CeTH CBS3HM CeTH CBS3HM
["opHble paiioHbl, pallOHBI CO 0,1 0,3
CKaJIbHBIMU TPYHTAMHU MPH YAEITbHOM
conpotuneHuu 6oaee 500 Om M,
pariOHbl MHOTOJIETHEW MEP3JI0THI
OcranpHble palOHBI 0,2 0,5

[ToBpexaeHne monHOCTBhIO AudnekTpuueckux BOK BO3MOXHO TONBKO Ipu
OpsAMBIX ylapax MOJHMI B KaOenb, NPUBOASIIUX K TEPMHUYECKUM U
MEXaHUYECKUM pa3pylIeHUsIM. BeposATHOCTh Takoro yaapa o4eHb Majia (MEHbIIEe
0,001...0,1 moBpexnaenuit Ha 100 KM B rof), YTO HUKE HOPMHUPYEMBIX 3HAUYCHUU.
[log peilicTBHEM BIEKTPUUYECKOTO TOJISI MOJIHUM BO3MOXEH JIHMIIL IOBOPOT
TJIOCKOCTH TOJISIPU3AIIMN PACTIPOCTPAHSIONIEHCS TT0 KAOEITI0 BOJIHEI.

B BOK ¢ MeTaiuinuecKuMHU 3J€MEHTaMU B KOHCTPYKIHUH MPHU BO3JEHCTBUU
MOJHUM B METAUIMYECKHX DJIEMEHTaX MOTYT HHAYUHPOBATHCA  TOKH,
MPEICTABJISIONINE OMACHOCTD TSI KaOels.

s onpenesieHus: BEpOsITHOM MIIOTHOCTH ToBpexaeHuid BOK Heobxoaumo
3HATh:

— MOJIHUECTOMKOCTh Kalens (JOMyCTUMBIN TOK MOJTHUH, HE BBI3BIBAIOIIUN

noBpexenus BOK ¢ nepepbiBamu cBsi3H); KA;

— HHTEHCUBHOCTb I'PO30BOM JEATEILHOCTU B pallOHE MPOKJIAJIKU Kabes
(YIenpHYyI0 MUIOTHOCTh YAAPOB MOJIHUM B 36MITIO UJIU CPEIHETO0JI0BYIO
MPOIOTKUTEILHOCT I'PO3 B Yacax);

— YJEJIbHOE CONMPOTUBIIEHUE TPyHTa, OM'M, U €r0 CTPOCHHUE;

— Hainnuue BOJIM3HU Kabels BO3BBIMIAIIIMXCS 00BEKTOB (JIeC, OTASIBLHO
crosituue nepesbsi, BJIC u 1.11.).




[To makcumanbHO nonmyctumMoMmy Toky MonHuM BOK moppaszgensrorcs Ha
CJIeyIolMe KAaTeTOpUH MOJTHUECTOMKOCTH

| kareropus — Imax>105 kA;

Il kateropus — Imax=(80...105) KA;

Il xaTeropust — Imax=(55...80) KA,

IV xareropus — Imax<55 KA.

PexomeHnnyemblie kateropun MoiaHuectorkoct BOK:

— B pailoHax C yJEIbHBIM CONPOTUBIEHUEM IpyHTa 10 000 OMm-Mm

I-11l — nna maructpaneHol cetu cBsi3y, |-1V — 11t BHYyTpU30HOBOM;
- B pailoHax C yJeIbHBIM CONPOTHBICHUEM TpyHTa Oosiee 1000 Om-m

I-11 — nyist marucTpanbHOM cetu cBa3u, |-111 — ng BHYTpHU30HOBOIA;
— B paiioHax ¢ MHOT'OJIETHEMEP3IILIM IPYHTOM
| — ni1st MmaructpanbHO# cetu cBa3u, |-l — 11 BHyTpH30HOBOM.

3Ha4YeHUsd OKHMAAEMOM IUIOTHOCTH moBpexaeHuss BOK, mponoxkeHHbIX Ha
OTKpbITOM MecTHOCTH (Ha 100 KM IJIMHBI Kabesst B roj, MPHU YIAEIbHON MIOTHOCTH

yJ1apOB MOJIHHMH B 3eMJIIO (], = 2 ) npuBenensl B [Ipunoxenun 1.

KM? - 200

[Ipy npyrux 3HaYEHUSX YAEJIBbHOW IUIOTHOCTH YAapOB MOJHHMM B 3€MIIIO
BEJIMYMHY MJIOTHOCTU MOBPEXKICHUN ONPENEISAIOT KaK

n, = (10.1)

[Ipu HEOOXOMMMOCTH OmpeseneHrs] a0COMIOTHOTO 3HAYCHHUS BEPOSTHOTO
YHCIa OBPEXKACHUHN Ha ydacTke JymHoH L, Haiinennoe mo ¢opmyse (10.1) HyxHO
YMHOXUTb Ha OTHOIIEHUE JTUH

_nlL

n =—— 10.2
L =100 (10.2)

Ecnim paccunTaHHas IUIOTHOCTh MOBPEXKICHUN HUXKE JOMYyCTUMOMN
(Tabnuma 10), To HEeoOxomuma 3ammta BOK ot ynapoB mMonHuil. 3amura MOXKET
OBITH OCYyIIIeCTBIICHA UCTOIb30BaHneM BOK MOBBINIEHHON MOJTHUECTOMKOCTH WITH
C TOMOLIBIO IMPOJIOKEHHBIX B 3emiie mnapauiesbHo BOK 3ammuTHBIX TpocoB
(IpOBOJIOB).

3alUTHOE JAEWCTBUE MPOJIOKEHHBIX B 3€MJIE MPOBOJOB XapaKTEPU3YETCs
KOA(pGUIIMEHTOM 3auTHOro jAeiictBust Ky, TOKa3bpIBAIOIIMM  OTHOIICHHE
I0THOCTH TNoBpexaeHnid BOK npu HaimMumy 3alIUTHOTO Tpoca K IUIOTHOCTH
MOBPEXKIEHUM MPU €r0 OTCYTCTBHH.

3HadeHust K03PPUIMUEHTOB 3aAIUTHOTO ACUCTBUS OJHOTO U ABYX IPOBOJIOB
tuna [IC-70 nng pa3nyuyHBIX 3HAYEHUN YIEIBHOTO CONPOTHUBIICHHSI TPyHTa MpPHU
MPOKJIAJIKE 3alIMTHBIX MOKPOBOB Ha TinyouHe 0,4 M OT MOBEPXHOCTHU 3E€MIIH,
paccTositHue MeXAy Kabenem M TpocoM (NP 3alUTE OAHUM TPOCOM) U MEXKITY
Ka0eleM M IUIOCKOCTHIO 3alllUTHBIX MPOBOAOB (IIPHU 3alIMTE JIBYMS TPOCAMH)
paBHoM 0,5 m ipuBeneHsl B [Ipunoxenuun U.
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Hcxonnble nanHble 115 pacuera:
loon, KA — MOJIHMECTOMKOCTh KaOensi (IOMyCTUMBIA TOK MOJIHUM, HE
BBI3BIBAIOIIUN TOBPEKICHHM ),
- (| — yJAeibHas IIOTHOCTh YAAPOB MOJIHMU B 3€MIIIO;
- p, OMm'm — yIeIbHOE CONPOTUBIICHUE TPYHTA.

ITopsinok pacuera:

=

[To tabn. B Ilpunoxenun 1 onpeaensiercst BenuurHa N.

2. Ilo ¢popmynam (10.1 u 10.2) paccunThIBaroTCs 3HaUYEHUS N AJI BBIOPAHHOM
Tpacchl MPOKIAAKUA Kabes.

3. IIpu n_ <n,,, 3ammra OT MOJIHUM HE TpedyeTcs, mpu N > N,,, B KAa4eCTBE
3alMTHON Mephl BLIOUPAETCS UCIOIB30BaHUE OJTHOTO 3allIUTHOTO TPOCa.

4. Tlo Ta6n. B [IPUJIOXXEHUWU U onpenensercs Benmmunna K,y ; OAHOTO Tpoca
Y paccuMThIBaeTCs 3HaueHue N1 = N Ky ;.

5. IIpu n_; < ny,, BEIOpAHHOH 3aIUTHI JOCTATOYHO, MPHU N 1>N,,, B Ka4ECTBE
3aIUTHON MEPHI BHIOMPAETCS UCTIOIH30BAHNUE JIBYX 3AIIUTHBIX TPOCOB.

6. Ilo ta6n. B [IPUJIOXKEHWU U onpenensiercs Bennunna K, , 1ByX TPOCOB
Y PACCUMTBIBACTCS 3HAUEHUE N, = N Ky 5.

7. llIpu n_. , < n,, BBIOPAaHHOW 3aIUTHI JAOCTATOYHO, TpPHU N >Ny,
HeoOxoaumo BeIOpaTh BOK ¢ Gonbielt MomHUeCTOMKOCTRI0. B mocineanem
ciIydae OIpeaenTh Tpedyemoe 3HaueHue l,,,.

OxuaeMas TJIOTHOCTh MOBPEXKISHUN Kalesss Mpy MPOKJIAAKe OJTHOTO HIIH
JIBYyX TPOCOB HAXOJUTCA YMHOKEHHUEM OXHJA€MOTO 4YHUCJIa TOBPEKICHUN NIPHU
OTCYTCTBHH MPOBOJa HAa KOA(PDUIIMEHT 3alIUTHOTO JICUCTBHUS.
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11.O0PTAHU3ALIUA CTPOUTEJILCTBA U  TEXHUYECKOWU

BKCIUTY ATAIIMM BOJIOKOHHO-OIITUYECKOM JINHUU CBA3U

HeoOxomumplii 111 pasziena MaTepuall JOCTATOYHO IIOJHO H3JIOKEH

B [2,6,4].

Oco6ennoctamu BOK sIBISIOTCS KPUTUYHOCTD K PACTATHUBAIOIIMM YCUIIUSIM
U u3rubam kabersi, 60JIbIINE CTPOUTEIbHBIC JTTMHBI.
B o6mem ciiyaae crpoutensctBo BOJIC cocTouT U3 caeayomux 3Tamnos:

B

MIOATOTOBUTEIIbHBIC pa0OTHI;
MPOBEJECHNUE BXOJHOTO KOHTPOJISL U TPYIITHUPOBAHUE CTPOUTENBHBIX JITUH
BOK;
npokJiaaka wim nojasecka BOK.
nporiecce crpoutenbctBa BOJIC B 1ensax KOHTPOJISI  KadecTBa

CTPOUTCIIBCTBA UBMCPSATIOT!

KO3 PUIIMEHT 3aTyXaHus;

3aTyXaHUE€ CTPOMUTENbHBIX [IJIMH, ONTHYECKUX CPOCTKOB M YYACTKOB
pereHepanmy;

SHEPreTUYECKHUl MOTEeHINAT;

YyBCTBUTEJIHHOCTh (DOTOMPUEMHOI'O YCTPOMCTBA pereHepaTopa;

YPOBHHM OINTHYECKOW MOIIHOCTH HA BXOAE€ M BBIXOJE JMHEHHOro
pere”eparopa;

PAacCTOSIHUE 10 MECTA TIOBPEKACHUS.

DKCIUTyaTallUOHHO-TEXHUYECKOE OOCTY)KMBAHHE JIMHEUHBIX COOPYKEHUMN
BOJIC nomxHO obecreunBaTh uX Oecriepe0OHYI0 M KayeCTBEHHYIO PaboOTy U
OpraHU3yeTCs M0 TEPPUTOPUATLHO-TIPON3BOICTBEHHOMY TPUHIIUITY.

TexHuueckoe OOCTY)KMBAHHE TMOJAPA3NETSETCS HAa TEKyIllee M IJIaHOBO-
pEeAyNPEANTEIHHOE U BKIIIOYAET B CEOS:

B

TEXHUYECKUN HA30p 32 COCTOSHHUEM TPACChl W BBIMOJTHCHHUE IPaBUI
OXpaHBI CPECTB CBS3H;

TEXHUYECKUN HA30P 32 BCEMHU COOPYKCHHSIMU;

pOBeICHUE MPOPUITAKTUIECKHUX PAOOT;

KOHTPOJIb 33 XapaKTePUCTHUKAMU KaOes;

YCTPAaHECHHE BBISBJICHHBIX HEHCTIPABHOCTEH;

MOJITOTOBKA JIMHEHHBIX COOPYKEHUH K paboTe B 3MMHHX YCJIOBUAX U
NIEPUO/I TTaBOIKA,;

BEJICHHE TEXHUYECKOTO yUeTa U MacrnopTU3allvu.

NpOIECCe OIKCIUTyaTalliy JJIsl ONMpPENCTICHHs] TEXHHYECKOTO COCTOSIHHS

JMHENUHBIX COOpPY)KEHUH U amnmapaTypbl BBINOJIHSIOTCS MNpOdUIaKTUYECKUE,
KOHTPOJIbHBIE U aBapUIHBIE U3MEPEHHUS CIEIYIOIINX MTapaMeTPOB:

YyBCTBUTEIHHOCTH (POTOMIPUEMHOTO YCTPOMCTBA pereHepaTopa;

YPOBEHb ONTHUYECKOW MOIIHOCTA Ha BXOAE M BBIXOJE JHMHEHHOTO
pere”eparopa;

PacCTOSIHUE 10 MECTA TIOBPEKICHUS.

Conmepxanue paszena HEOOXOJUMO YBsI3aTh C BBIOPAaHHBIM CIIOCOOOM
npoknagku BOK.
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HPUJIOKEHUE A

MUHUCTEPCTBO IU®POBOI'O PA3BUTHS, CBA3U
N MACCOBBIX KOMMYHUKAIIUI POCCUMCKOM ®EJEPAIINN
CeBepo-KaBkasckuii puiamad
opaena Tpyaosoro Kpacnoro 3namenu ¢genepajbHOro rocy1apcTBeHHOI0
00/1KETHOT0 00Pa30BATEIHLHOI0 YYpPe:KIeHHUs BbICIIEro 00pa30BaHUus
«MOCKOBCKHI TEXHHYECKUI YHUBEPCUTET CBA3H U HH(POPMATHKI»

Kagenpa MHpokoMMyHNKALIMOHHBIE TEXHOJIOTMH U CHCTEMbI CBA3H

YrBepxnaro
3aB. kadenpoii UTCC CKO® MTYCHU
B.1. IOxHoB
« » 201
3AJJAHHUE
HA KYPCOBYIO PABOTY
Crynenry TPYIIIIbI

Hanpasiaenue — 11.03.02 MHPpOKOMMYHUKAITMOHHBIE TEXHOJIOTHH U CUCTEMBI CBSI3U

Hpoduas « »

Tema xypcoBoii pa6oTsi: IIpoekTHpoBaHue MeKIYTrOPOAHOH MAarUCTPAJIN € MCIOJIb30BAHHEM

BOK c pa3pa06oTkoii MeponpusiTHii 10 3a1MTE OT BHEIIHUX (PAKTOPOB

No Conepxxanue

1 2

1 | UcxonHble TaHHBIC K MPOEKTY (B COOTBETCTBHH ¢ MY 10 3alaHHOMY BapHaHTYy).

2 | Beegenue.

3 | Bobop Tpaccel MarucTpaiu Mexy 3aJJaHHBIMU TOpOAaMu U criocod mpokiaaku BOK.
4 | BeIOOp cHUCTEMBI ITEpeIauH.

5 | Bribop kiacca ONTHYECKOTO BOJIOKHA M PacyeT €ro OCHOBHBIX ITapaMeTPOB.

[op}

Pacder reoMeTpruecKnux pasMepoB, MacChl U MEXAHUYECKON MPOYHOCTH BOJIOKOHHO-
ONTUYECKOT 0 Kabes.

PacueT yMHBI 371eMEHTapHOr0 KaOeIbHOI0 y4acTKa B 3aBUCUMOCTH OT SHEPreTHYECKUX
NIOTEPh U TUCIEPCHH.

Cxema opraHusanyiy CBS3HM U pacueT paclpeieieH s S3HEPreTHYeCKOro MoTeHIuana
OcHoBHBIE TapaMeTPbI HAJIEKHOCTU

3ammTa KabeabHON MarucTpaiu OT YAapOB MOJTHHMA

OcHoBHBIE TpeOOBaHMS K CTPOUTENLCTBY M dKcIuTyatanuu BOJIC.

3aKI04YeHNe

CnHcok UCIoJIb30BaHHBIX HCTOYHUKOB
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[lepeuens rpaduyeckoro MaTepuana:

1. CutyaniMoHHas cxeMa Tpacchl KaOeITbHON JTMHUH TIEpeIavun.
2. KoHCTpyKIIUS BBIOPaHHOT'O BOJIOKOHHO-ONITUYECKOTO Kales.
3. Cxema opraHu3aluu CBs3H.

4. Jluarpamma ypoBHEW CUTHasA JIJIsl TMHUH TIEpe1avun.

5. Cxema pacnpeneneHns ONTHYEeCKUX My(T Ha OJJTHOM U3 3JIEMEHTAPHBIX KaOEIbHbBIX Y4aCTKOB.

Cpok c/1auu CTYJIEHTOM 3aKOHUYEHHOH pabOThI

JlaTa BeIIa4u 3aJaHUs

PykoBoaurenn
Enru6apsu U.A. nouent kadenpst UTCC, k.T.H.

(bamunus u UHMUKMAIIBL, JOJKHOCTD, YUEHAs CTEIEHb) (moamMCh PpyKOBOIUTEISI)

3a,I[aHI/Ie IMPUHAI K UCIIOJTHCHU IO

(mata v TOANHCH CTYICHTA)



Ta6muna I1.1 — TpeboBanus k mapamerpam BOK

INPUJIOKEHUE b

JonmycTumoe JonmycTumoe JAuanazon
IIpoknagka Yci10BusI IPOKJIAKHA pacTaAruBampuiee | pasjaBjiuBaolIee | TeMIeparyp,
yeunue, kKH ycuaue, kH/em °C
[pyHT 2,5...50 04...1 -40...50
[Ton3zemuas | KaGenbHas kananusarms 1,0...2,5 04...1 -40...50
MocTbl 1,0...25 04...1 -60...50
Peunbie mepexoap 20...80 1 -40...50
[TogBoaHast | ['y6oKoBOIHbIE yUaCTKH 100...250 1...3 -40...50
beperossie yuacTku 400...640 1...6 -40...50
Ha onopax 93X/ n JIDII
TMoxsecHas Hamnpspkenue < 110 kB 3...30 1...2 -60...60
Ha onopax JIOIT
Hanpspbkenue > 110 kB 30...65 2 -60...60
Tabmuma I1.2 - Knaccupukammms BOK mo momycTUMOMY pacTATHBAIOIIEMY
YCHUJIHIO
Tun BOK —
AOMyCTHUMOE
Yci0BuUs NPOKJIAAKHA U IKCILIYATALUU
pacTaruBawiiee
ycuiime
B rpyHTax Bce rpymii, BKItO4asi FPyHThI, TOABEPKEHHBIE
Tum 1, > 80 xH MEpP3TOTHBIM JiehOpMaITIM, a TAKKE HA PEUHBIX TIEpexoaax,
4yepe3 CyI0XOHBIE PEKH U Ha TITyOOKOBOJIHBIX YYaCTKax
BOJIOEMOB.
Tum 2, > 20 xH B rpyHTax Bce rpymi, BKIIO4asi CKaJIbHBIE U CI0KHBIE TPYHTBHI,
a TaK)Ke yepe3 HerJyOOKue U HeCYJ0XOHbIE PEKU U 00JI0TA.
Tun 3, > 7 xH B nerkux UrpyHTax, 110 MOCTaM M 3CTaKagaM, a TaKxke K
KaOeIpHOM KaHATM3aIUH.
B crangapTHO# KaGeapHON KaHAIM3alKMK, OJI0OKAX,
Tun 4,> 2,7 kH | komnekTopax, B MOJUATUICHOBBIX 3alIUTHBIX TPyOax (METOAOM
MMHEBMOMNPOKJIAJKHN), @ TAKXKE JIJIsl MPOKJIAJKU BHYTPH 3JJaHUM.
Camonecymue | Ha onopax BJIC, JIOII u ai1. k. 1.
3,0...35,0 kH
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HHPUJIOKEHUE B

Tab6nuua [1.3 — OcHOBHBIE TapaMETPbI TUMIOBBIX CUCTEM NEpEIavn

ITapamertp 3HaueHus
[{udposoit curuan STM-1|STM-4|STM-16 | STM — 64
CkopocTb nepegaun, KOuT/c 155520 | 622080 | 2488320 | 9953280
Cpennsist u3mydaemasi MOIITHOCTb:
— MakcHMaJibHas, 1bm 0 +2 +3 +4
- MMHHMMaabHas, 1bM -5 -3 -2 -1
[TapameTpsl IpHEMHHUKA:
— YyBCTBHUTEJIHHOCTh,1bM -34 -28 -27 -26
— ypOBEHb Ieperpy3ku,1bm -10 -8 -9 -9

MNPUJIOKEHUE I

[Tpumeps! yCIIOBHBIX TpaduyecKux 0003HaYCHUN CUHXPOHHBIX
MYJIbTUILIIEKCOPOB

OKOHEUHBIN MYJIBTUILIEKCOD C —

TPUOYTapHBIMU MOTOKAMH ILJIE3UOXPOHHOTO : ( ::>
ypoBHs E1 u arperatasiM motokom STM — 1 —

El
S1

S16
S16

MynbTHIIEKCOp BBOa/BBIBOA YPOBHS
STM-16 ¢ nmoroxkamu BBoaa/BeiBoaa El

El

Pereneparop yposus STM — 16

S16
S16

OnTuuecKkuii kKadeb 4@7
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HPUJIOKEHUE /1

Tab6nuua [1.4 — OcHOBHBIE TapaMeTPhl ONTUYECKUX BOJIOKOH

MADAMETOLL Kaacc OB no Pexk. MCD
pamerp G. 652 G. 653 G. 654 G. 655
OnTruyeckoe BOJIOKHO
JlnameTp MOI0BOTO TOJISl, MKM
Ha A=1310 HM (8,6...9,5)%0,7 — — -
Ha A=1550 HM - (7,5...8,5)£0,7 | (9,5...10,5)£0,7 | (8,0...11)+0,7
Koaddumment 3aryxanwus, nb/xm

Ha A=1310 uM <0,35 - - -
Ha A=1550 HM <0,22 <0,22 <0,20 <0,22
Ha A=1625 HM - - - <0,25

Koapduuuent nucnepcun, <35 <20 110

IIC/HM KM
Hakion xapaKTepchTHKH 0,093 0,085 0,070 0,058
JUCTIEPCUH, TIC/(HM ™ KM)
JliiHa BOJIHBI OTCEUKH, HM 1260 1270 1530 1480
Onruyeckuii kKabeab
Koaddunment 3aryxanus, nb/xm

Ha A=1310 HM <0,40
Ha A=1550 HM <0,35 <0,35 <0,22 <0,35
Ha A=1625 HMm <0,40 <0,40
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HNPUJIOKEHUE E
[Tpumepsl mapkupoBku BOK

CrtpykTypa Ko/10BoTr0o 0003HaueHus kabeneir CIIOAO
«Mockabenb-DyHKUKYpay
Wudpopmanmonnbie HHAEKCh: 1 —2 -3 -4-5-(6) - 7.
1. Mapka kabens:
- OM3KI'MH: O - ontuueckuii, M — wmaructpaibHbiii, 3 — 30HOBBIN,
K - xanammszanusa, I' — rpynr, M — MHOrOMOIyJIbHBIM,
H — He pacnipocTpaHsomuii ropeHue.

LC3 u3 creknomiacTukoBoro crepxHs, B OM go 12 OB, BHyTpeHHSS U
Hapy>XKHass OO0OJIOYKM W3 TIOJUATHIICHA, OpPOHS W3 CTAIbHBIX OIMHKOBAaHHBIX
POBOJIOK.

- OMB3KI'L: I — omHOMO Y IBHBIH (¢ LIeHTpaIbHBIM OM).
OM coaepxutr g0 24 OB, OpoHS W3 KPYIJIBIX CTaJbHBIX OIIMHKOBaHHBIX
IIPOBOJIOK, HapyXHasi 000J0YKa U3 MOJUITHIICHA.
- OKCTM: OK - onruueckuii kabenb, CT — crambHas rodpupoBaHHas
0001104ka, M — MHOTOMO/TYJIbHBIH.

LHC3 u3 creknomnactukoBoro crepxHs, B OM no 12 OB, Bo3MoOXxeH cioii
U3 apaMHIHBIX HUTEH, OpOHS U3 CTaJbHOU TOQPUPOBAHHON 000IOUYKH, HAPYKHSA
000J104Ka U3 MOJIUITUIICHA.

- OKKTM: K - xanwammzamusi, T —  TpyObl  IUIaCTHUKOBEIE,
M — MHOTOMO1YJIbHBIN.

LICD u3 creknormiacTukoBoro crepxkHsi, B OM no 12 OB, nepudepuiinbiii
CUJIOBOM SJIEMEHT U3 I[OBHBA AapaMHUJHBIX HUTEH, aAIIOMONOJIUAITUICHOBAsS
00oJ10YKa.

— OKKTLL: I — omHOMO Y IBHBIN (€ LIeHTpaIbHBIM OM).

B uentpanrenoMm OM g0 24 OB, cranbHas rodgpupoBaHHas 000J0YKa,
Hapy>KHasg 000JI0YKa U3 MOJUATHIIEHA C JBYMS IMPOJOJBHO PACHONIOKEHHBIMU B
HEW CTaJbHBIMU IIPOBOJIOKAMMU.

- OKCHM: C - camonecymmii, H — HemeTamnuueckuili, M — MHOTOMOYJIbHBIH.

LCD wu3 creknomnactukoBoro crepxHsa, B OM no 12 OB, BHyTpeHHsS u
Hapy>KHas OO0OJIOYKM W3 TOJIMATUIICHA, TEpUPEPUNHBIA CUITOBOM JJIEMEHT W3
MOBHBA apaMUHBIX HUTEM.

2. dIuametp monoBoro noiiga OB.
3. Tun ueHTpaIbHOTO CUIIOBOTO 3JIEMEHTA:

01 — u3 CTEKJIOIIaCTHKA;

02 — u3 cTanbHOTO TPOCA;

03 — u3 cTanbHON MPOBOJIOKH.

4. Koapduuuenr 3aryxanus, 1b/km.

5. KonmnuectBo OB B kaOerne.

6. Jlomyctumoe pactsarusaroiiee ycuiue, kH.
7. TY pupmbl — MpOU3BOAUTEIISI HA KaOEb.
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Hampumep: OM3KI'M - 10-01-0,22 -32 - (7,0) TY 16.K87-001-00
CrpykTypa konoBoro obo3Hayenus kabdeneit 3A0 « TPAHCBOK»
Wudpopmanmonnsie uHaekchl: 1 —2 —3 -4 —5/6(7)8 — 9(10)11

. Mapka ka0erns:

- OKMC - ontrueckuit kabenab camonecymuil. [{CD u3 CTEKIONMIacCTUKOBOTO
CTepXkHs, NepuepUrHBIA CHUJIOBOM DSJIEMEHT W3 apaMUIHBIX
HUTEH, BHYTPEHHSS U Hapy>KHasi 000JIOUYKY U3 MOJUITUIICHA.

- OKMT - onTuueckuii kaGenb JUisi MPOKJIAIKU B 3aIIUTHBIC MIaCTMAaCCOBBIC
TpyObl. [ICO M3 CTEKJIOMIACTUKOBOTO CTEPXKHS, MepudepuiitHbIi
CUJIOBOM 3JIEMEHT U3 apaMHIHbIX HUTEH, BHYTPEHHSA U HapyKHas
000J10YKH U3 TIOTUATUIICHA.

- OK3-C...C, — ontuueckuii kabenb ¢ OpoHEH U3 CTalbHON TO(HPUPOBAHHON
aeHTsl. 1ICD W3 CTEKIOIIACTUKOBOIO CTEPXKHS, BHYTPEHHSS U
Hapy>KHas 000JO0YKH U3 TIOJUATUIICHA.

- OK3-HC...T — onTudeckuii kabenb ¢ OpOHEN M3 CTAIBHOU roQppUpPOBaHHOMN
aentel. ICD - cranpHON Tpoc, BHYTPEHHSAS O000JI0YKAa U3
NOJIUATUJIEHA, Hapy>KHasg oO00JI0YKa — W3 TMOJUAITHIIEHA He
pacrpocTpaHsoIIas ToOpeHue.

2. Hapy»xHnas o0osouka:

B — u3 IIBX nnactukara;

H — ne pacnpocTpansitoiias ropeHue;

OTCYTCTBUE MHJIEKCA — MOJUATUIICHOBAS.
3. Hapy>xHbIit ToKpoB (OpoHs):

A — 00MOTKa 13 apaMUJTHBIX HUTEH;

C — u3 cTanpHOM roppUPOBAHHON JICHTHI.

4. BHyTpeHHss 000J104Ka:

I1 — nommamugHas;
OTCYTCTBUE MHJIEKCA — MOJIUITUIICHOBAS.

5. KonmnuectBo OM B kaberne.

6. KonmuecTBo 3anoaHAOMMX MOTYJIEH.

7. HapyxHbiit HoMuHanbHbINA quameTp OM u 3anonustoniero moayis (2,0; 2,4;

3,0 Mm).
8. LleHTpanbHbIil CUIOBOM 3JIEMEHT:
Cn — CTEeKIOIIACTUKOBBIN MPYTOK;
T — cranbHOM TpOC.
9. KonmmuectBo OB B kabene (6...64).
10. Tum onTUYECKOro BOJIOKHA!
2 — Pex. MCD-T G.652;
3 — Pex. MCO-T G.653;
5 — Pex. MCO-T G.655.
11. TY na xabenb.
Hanpumep: OKMT — A —4/2(2,4)Cn — 8(5) TY 3587 — 002 — 458693 - 98

[—
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HPUJIOKEHHUE XK

3HaueHUs! INIOTHOCTU U MOAYJISl IPOJOJIBHOM YIIPYTOCTH MaTEpPHAIIOB

Marepuan T110THOCTD, I/CM° MoayJsb ynpyrocru, 10° Ia
AnroMUHUN 2,7 70
ApaMHJIHOE BOJIOKHO 1,44...1,45 125
Bono6iokupyronuii KomnayH;I 0,85...0,90
Bonoxkso CBM 1,25 65
KBapiieBoe BOJIOKHO 2,4 86
Menb 8,7...8,9 120
[TonmBUHMIXTIOPUT 1,3...1,7 3
[Tonuctupon 1,04...1,06 1,2...15
[TomrTrnen HIT 0,92 0,26
[Tomrtrnen CIIT 0,93 0,62
[Tomnstrnen BIIT 0,95 1,0
Cranb 78...7,9 200
CTexI0ILUIacTUK 1,85..2,15 50
dTopruiact 2,1...2.3 2,25

MNPUJIOXEHUE 3

Tabnuna I1.5 — ocHOBHBIE TapaMeTpbl ONTHUECKUX YCUITUTENEH

Tun ycunurens

YpoBeHb BXOAHOTO
cursaJia, ibM MuH/Makc

YpoBeHb BBIXOIHOI'0
CHIrHaJa, 1bM MUH/MaKc

Y CcUInUTENIM MOIIHOCTH

LBB/10/IB
LBB/13/IB
LBB/15/1B

IIpenycunurenn
LB OPA

-6/4
-6/4
-6/4

-37/-18

10/12
13/15
15/17

-29/-8,5
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Taomnura I1.6

INPUJIOKEHHUE "

YnejabHOe CONPOTUBJICHHE
rpyara, Om-m

I110THOCTH MOBPEKIACHUN IPU AOMYCTUMOM
TOKE, | ypns KA

30 40 55 80 90 105
100 0,217 | 0,154 | 0,089 | 0,034 | 0,023 | 0,012
200 0,301 | 0,212 | 0,121 | 0,046 | 0,031 | 0,017
300 0,355 | 0,249 | 0,143 | 0,054 | 0,036 | 0,020
400 0,394 | 0,277 | 0,158 | 0,060 | 0,040 | 0,022
500 0,425 | 0,298 | 0,170 | 0,064 | 0,043 | 0,023
600 0,449 | 0,315 | 0,180 | 0,068 | 0,045 | 0,025
700 0,469 | 0,329 | 0,188 | 0,071 | 0,047 | 0,026
800 0,486 | 0,341 | 0,195 | 0,073 | 0,049 | 0,027
900 0,501 | 0,351 | 0,201 | 0,075 | 0,050 | 0,027
1000 0,513 | 0,360 | 0,206 | 0,077 | 0,052 | 0,028
Tab6mua I1.7
Ko3¢ppunueHT 32a1IUTHOTO 1eHCTBUA
YnejabHoe CONPOTUBICHHE JABYyX TPOCOB NP PaCCTOSAHUU
OaHoro
rpyara, Omm rpoca MeXKAY HUMH, M
0,4 1,0 2,0

100 0,03 0,02 0,002 0,001

300 0,18 0,15 0,06 0,03

500 0,25 0,21 0,10 0,06

700 0,34 0,28 0,16 0,09
1000 0,41 0,31 0,22 0,15
3000 0,63 0,54 0,48 0,41
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