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1. OCHOBHBIE 3AJAYH TUITIOBOI'O PACYETA

N TPEBOBAHUS K ET'O BBITIOJIHEHUIO

Jucuurvna «Hanpapisironye cucTeMbl 3JIEKTPOCBSI3U SBISIETCS OAHUM U3
0a30BBIX B MpOrpamMme MOJTOTOBKU CTYyACHTOB Mo HampabieHuto 210406 «Cetu
CBSI3M M CHUCTEMbl KoMMyTaiuu». Kypc MOCBsIEH H3y4yeHHI0 OCHOBHBIX
MPUHIIMIIOB MOCTPOEHHUS PA3NIMYHBIX JIMHUM CBSI3U (MarucTpaibHOM, 30HOBOU U
MECTHOU CeTel CBS3M); KOHCTPYKIMH HANpPaBISIOUINX CHCTEM (CUMMETPHYHBIX,
KOAKCHUAJIbHBIX, ONITUYECKUX M CBEPXITPOBOISIINX, BOJIHOBOJHBIX M BO3IYILHBIX
JIMHUM U T. [1.); TEOPUH TIEpeiaun SHEPIUM M0 HAMPABJISIIOIIMM CUCTEMaM, TEOpPUU
B3aMMHBIX ¥ BHEUTHUX BJIMSHAW M MEpaM 3allUuThl OT HUX; MPOCKTHUPOBAHMUS,
CTPOMUTENHCTBA U AKCIUTyaTalluU JTUHEUHBIX COOPYKEHHUA CBSI3H.

OcHOBHOM 3aaueilt KypcoBOM paOOThI SBISIETCS 3aKpPEIUICHHE Y CTYJICHTOB
3HAHWH, TMOJNyYEHHBIX B Y4E€OHOM Tpolecce, MPHUOOpPETeHHE MPAKTUYECKUX
HABBIKOB pacyeTa MapaMeTpoOB M IMEKTPUUECKUX XAPAKTEPUCTUK HAIIPABIISIOIINX
CUCTEM CBSI3U JIJISl PA3JIMYHBIX JIMHUH CBSI3H.

KypcoBas  pabora mno  mucuuruimHe — «Hampapmistomue — cuctembl
AIIEKTPOCBS3U» UMEET XapaKTep 3CKU3HOIO IMPOEKTUPOBAaHUS, T. €. B JTAHHOM
ciydae He TpeOyeTcs pa3paboTKu U AETATBHOTO pacyeTa 3JIEMEHTOB U YCTPOMCTB.
[Ipu BBINOSHEHUHM KYpPCOBOM pabOThI MO JMHUSIM CBSI3U CIIEYET UCIOJb30BaTh
YIPOIIEHHYI0O METOJUKY pacueToB, OMpEAeTUTh Haubosee oOIIMe MapaMeTpsl
MPOEKTUPYEMOM JTMHUU CBS3U.

B pesynbrare BbIOSHEHUS KYpCOBOM Pa0OThI CTYJIEHTHI TOJIKHBI:

- 3HaTh NPUHIMIIEI U MOPSAAOK SCKU3HOTO MPOEKTUPOBAHUS HATPABIISIONINX
CHCTEM CBSI3H;

- yMETh  ONPEIENATh OCHOBHBIE  XapaKTePUCTUKA W  MapaMeTphl
HAMpaBJSIIOIIMX CHUCTEM CBSI3W 1O 33JaHHBIM TEXHUUYECKUM IapaMmeTpam,
OMpEENIATh CTPYKTYPY M pa3padarbiBaTh (DYHKIIMOHAIBHYIO CXEMY IMPOKIAIKU

JIMHUAU CBA3H, IIPOU3BOAHUTL OLCHKY BJICKTPOMaFHHTHOﬁ COBMCCTUMOCTH,



BBIOpATH 3alUTY OT BHEIIHUX BIUSHUN U KOPPO3UHU;
- UMETh MPEJICTABICHUE O CYIIECTBYIOIINX TUIAX JIUHUHN CBSI3U, O MPUHIIUIIAX
UX MOCTPOCHMS, B3aMMHBIX U BHEUIHMX BIMSHUM U CrIOCOOax 3alIUThbl OT HUX, O

IMPUHOUIIAX MOHTAXa JINHUM CBSI3H.

1.1. Conep:xanue KypcoBoii padoThl

B nporiecce BbImoMHEHNH KYypCOBOM pabOTHI CTYJEHTHI HA OCHOBE aHAHM3a
UCXOJHBIX JIAHHBIX M  O3HAaKOMJICHMsS C  CYLIECTBYIOIUMMHM  aHAJIOTaMH
HPOEKTUPYEMBIX CUCTEM OO/IHCHYI

IIPOM3BECTU PACUYET OCHOBHBIX TEXHUYECKMX XAPAKTEPUCTHK U MapaMETPOB
HalpapJISIOIIEH CHUCTEMbI CBA3U. XapaKTEPUCTHKH (IIOTOHHBIE): €MKOCTb U
UHIyKTUBHOCTb, COMPOTUBJICHNE M 3aTyxaHue. [lapamerpbl: pabouunii nuamna3oH
4acTOT, XapaKTEPUCTUYECKOE COMPOTUBIIEHHUE JINHUU NEPEAAYN B UCIIOJIB3YEMOM
JMana3oHe 4acToT, IIpeleNbHas NepeaaBaeMas MOIIHOCTb IO KaHaly, CKOPOCThb
pacmpocTpaHeHusi curHana, ¢a3oBblii KO3()PUIMEHT pacHpOCTpaHEHHUs, AJIUHA
BOJIHBI B JINHUM [I€PEA4U U T. I1.;

ONPEJEIIATh CTPYKTYpPY HAIPaBICHHON JIMHHMM CBSI3H, OIIPENEIUTh TPAcCy
IPOXOXKIAEHUS, ONPENENIUTh, KAaKUM BPEIHBIM M MEIIAIOIIUM BO3AEHCTBHIM
HOJIBEPraeTcs JIMHUM CBS3U, U pa3paboTaTh KOMIUIEKC MEp IO MPEIOTBPAILEHUIO
WJIM YMEHBIIEHUIO 3TUX BO3JAECHUCTBUN;

cOpMyIMpPOBaTh TEXHUYECKUE TPEOOBAHMS JIi BO3MOYKHOW INPAKTHUYECKOM
peanu3anuu.

[Tpu oopmiIeHnN NOSCHUTENHFHOM 3alIMCKU U YEPTEXKEN CIeqyeT BBITOIHATh

tpedoBanusi ECKJI B coorBercTBUmM ¢ 'OCT 2.105-95, TOCT 2.106-96.

1.2. 3aganue Ha KypcoBYIO pa0oTy U ee 3a1IMTa
B 3apanun npegycmatpuBaroTCs:

TeMa KypCOBOM paboThI;



MCXOJIHBIC JaHHBIC JJIS1 paciyeTa, B KOTOPBIX YKa3bIBACTCS MPOCKTHPYyeMast
CETh, TUM KabeJsl, KOJIMYECTBO KaHAJIOB, BO3MOKHBIC BUIBI BO3JCUCTBUSA U T. 11.;

00BeM paboThI;

CPOKH C/Ia4¥ THIIOBOTO pacyera.

TunoBas (opma 3amanust mpuBeneHa B mpuiiokeHun A. CTyIeHT Ha OCHOBE
aHalM3a TEXHUYECKMX JAaHHBIX CAMOCTOSTEIBHO MPUHUMAET peIIeHHe TI0
peanu3aluy MpoOBOTHOMN HANIPABIISIOLIEH CHCTEME CBSI3H.

K 3amure nomyckawTtcsi paGoTbl, BBHINOJTHEHHbIE B COOTBETCTBUH C
YKa3aHHbIMH B HACTOSIIIIEeM MOCOOMH TPeOOBAHUSIMH, TOCJIe TPOBEPKH
npemnoaaBaTeJieM.

Bo Bpems 3amuThl CTYACHTY HEOOXOAMMO IOKa3aTh 3HAHUSA, KaCAIOIIUECS
OCHOBHBIX TIPUHITAIIOB U TIOJIOKEHUMN, UCTIOJIb3YEMBIX B KypCOBOM paboTe, a TaKkKe
yMeHHe 00OCHOBAHHO BBIOMPATh HYKHBIE CIIOCOOBI 3aIIUTHI CUCTEM CBSI3U OT
BHEIITHUX BO3JICHCTBUI, TO3BOJSIONIME HanOonee APQPEKTUBHO BHITOIHATH

TpeOOBaHMS TEXHUYECKOT0 33JJaHus 0 KypCcOBOM paboTe.

1.3. TemaTuka KypcoBbIX padoT

Hwxe npuBoautcs nprMepHas TeMaTvKa TUIOBBIX 3afaHuil. 1IpuBeneHHbIn
NepedYeHb TeM KYPCOBBIX pabOT SABISETCS HEMOJHBIM U MOXKET OBITh JOTOJHEH
IIPEIIOIaBaTEIIEM, BBIIAIOIIUM 3a/1aHUE.

1. KoakcunasbHasi MarucTpajibHasi CETb.

2. OnThueckast MarucTpaibHas CeTb.

3. MaructpanbHast ceTb Ha CHMMETPUYHOM Kalere.

4. MaructpasnpHasi CeTh Ha MaJorabapuTHOM KOAKCHAJIbHOM Kabere.

5. MarucrpanbHas CETh Ha CBEPXIPOBOSILIEM Kalee.

6. KoakcuanbHast 30HOBas CETb.

7. OnTHyeckas 30HOBas CETb.

8. 30HOBas CeTh HA CUMMETPUYHOM Kabere.

9. 30H0Bas ceTh HA OTHOKOAKCUAJIBHOM Ka0eJe.
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10. 3oHOBas ceTh Ha CBEPXIIPOBOAIIEM Kabee.

11. T'opoackas TenedoHHast CETh Ha ONTUYECKOM Kabere.

12. T'oponckas teneoHHast ceTh Ha KOAKCUAJIBHOM Kaldere.
13. T'opoackas tenedoHHas ceTh Ha IBYXITPOBOJIHOM Kabere.
14. Cennckas TenedoHHas CETh HA IBYXITPOBOTHOM Kadere.
15. Cenbckas TeneoHHasi CeTh Ha ONITUYECKOM Kabere.

16. Cenbckas TeneoHHas CETh HA KOAKCHaIbHOM Kalere.

17. IlogBoaHas kaOeapHAas CETh.

1.4. CocraBJjieHHMe MOSICHUTEJILHOM 3aTIMCKH

KypcoBasi pabora coctoutr u3 rpaduueckoil yactu (CTpyKTypHas cxema
HAIIPABJBIIOIIECH CHCTEMBI CBSI3W M JUarpaMMbl WIM JPYTOM WILTIOCTPALMOHHBIN
MaTepuall) U MOSCHUTEIILHON 3aITMCKH 00beMoM 0koJo 20—-30 cTpaHwuir.
[TosicHuTENbHAS 3aMKCKa COCTABISIETCS CIIEAYIOLIMM 00pa3oM:

TUTYJIbHBIN JIUCT;

OJlaHK 3a7aHus (TEXHUYECKHE YCIIOBUS) Ha paboTy;

COJZIEP>KAHHE C YKA3aHUEM CTPAHUIL] Pa3EIIOB;

TEKCTOBAs 4acTh;

CIIMCOK HCIIOJIb3yEMBIX JIUTEPATYPHBIX UCTOUYHUKOB.

Marepuan nosiCHUTENbHON 3alMCKU (TEKCTOBasi YacTh) OOBIYHO pa3duBaeTcs
Ha pazzenbl. B kaxoMm pasjene H0HKeH COAEepKaThCa BHIOOP WM PacyeT TOro
WM MHOTO TIapamMeTpa JMHUU CBSI3U, (PaKTOpa BO3ACUCTBUS U 3alllUTa OT HETO.

B kypcoBoil pabore mnpuBOAMTCS OOOOIIEHHBIA pacyeT OCHOBHBIX
TEXHUYECKUX M DKCIUIyaTallMOHHBIX  XapaKTEpPUCTUK U IApaMeTpoB
MNPOEKTUPYEMON JIMHUM CBSA3M M BBIOPAHHOTO THIA M MapKu Kabens Ha OCHOBE
TEXHUYECKOI'O 33/1aHUs, €r0 TEXHUYECKUE XapAKTEPUCTUKU U ITapaMeTpBbI.

Oco0oe BHHUMaHue cleAyeT YACIUTh BOIPOCAM  3JIEKTPOMArHUTHOM

COBMCCTUMOCTH M 3alllUThbI HpOCKTpreMOﬁ CUCTCMbI CBA3M OT BHCIIHHUX



BO3/EHCTBUIT M Koppo3uu. O3HAKOMUBIIKCH C CYIIECTBYIOIIUMH CIIOCOOaMH,
000CHOBAaHHO BBIOpaTh TOT WJIM WHON BapuaHT 3amuThl. [IpuBecTu KpaTkue
CBEJICHUSI O TPUHIIMIIAX JEHCTBUS 3THX YCTPOWCTB, OLEHKY 3(PPEKTUBHOCTH WX
PUMEHEHUSL.

B 3akmoueHne TOSICHUTENBHOM 3alMCKU  CIEIyeT TMOJBECTH HUTOT
NpOJIeIaHHON PaboTe, OTMETUTh TJABHBIE PE3YJbTaThl MPOCKTHPOBAHUS, NATh
OIEHKY 3(P(PEKTUBHOCTH TPUHATHIX TEXHUUECKUX PEIICHUN M0 00ECIICYCHUIO
TpeOOBaHU 3a1aHMUsI.

CrucoKk  HCIONB30BAHHBIX  JIMTEPATYPHBIX  HMCTOYHUKOB  HEOOXOAWMO
coctaBisATh B cooTBercTBUM ¢ ['OCT 7.1-2003 «bubnuorpaduyeckas 3anmuch.
bubnuorpaduyeckoe omucanue aokyMeHrta. OOmme TpeOOBaHUS W TMpaBuUiia
COCTaBJICHUSI».

Odopmnenne rpaduueckoil 4YacTd KypcoBOM pabOThl JODKHO OBITh

BBITIOJIHEHO B COOTBETCTBUH C TPEOOBAHUAMMU, U3JI0KEHHBIMHU B [13].

2. METO/IMKA BbIGOPA 1 PACYETA

2.1. CucreMbl nepexayu, TUI JIUHUH CBSI3U, MapKa KaldeJis

BeiGop cuctembl miepenaud, Tuma JIMHAM CBA3M M Mapku KabOes
OCYILECTBJISIETCS. HA OCHOBAaHMHY aHaI3a TpeOyeMOoro ymucia KaHajaoB U MOIIHOCTH
MarucTpany. Yuciao KaHajoB OIpeneNsieTcs NOTPEOHOCThIO MEXKIyTrOpOTHOM
CBSI3M OKOHEYHBIX U IIPOMEXKYTOYHBIX HACEICHHBIX ITYHKTOB, PACIIOJIOKECHHBIX I10
Tpacce MarucTpaji, CO3/aHUEM PE3EPBHBIX KAHAJIOB JUIs MOBBIIIEHUS THOKOCTH,
YCTOMUYMBOCTH U HAJCKHOCTH paOOThl MarCTPaIbHON M 30HOBOM CETEH B LIEJIOM.

BeiObop emxoctm u Tuma kaOenss M CHUCTEMBI MEpelauyd JIMHUU CBSI3U

IIPOU3BOJUTCS C Y4ETOM IPOEKTUPYEMON MOILHOCTH JIMHAU CBSI3H, ONPEACIIIEMON
YHCJIOM KaHAJIOB B MEPBUYHON M BTOpUYHOM ceTh. 1o BeIOpaHHOMY THIy Kalens
ONpEAEIUTh  €ro  INapaMmeTpbl:  IOTOHHBIE  €MKOCTb,  MHIYKTUBHOCTb,

COIPOTHBIIEHHE; KO3(PPUITMEHTHI 3aTyXaHusl, (a3bl, CKOPOCTh PACIPOCTPAHEHUSI.



Bropuunsle mnapamerpsl kaOenbHbIX JUHUK: O —  KO3QPUIHEHT

3aTyXaHHUS; B - xoo(bduiment daser; £, — BomHOBoe compotuBieHne; U —

CKOPOCTb PAaCHpPOCTPpaHCHUA SHCPIUM I10 LCIIAM CBA3HM MOXKHO pPacCYHUTATh IIO

COKpaIlleHHBIM (pOpMyIam.

1) npu nocmosinnom moxe:
R+ joL [
RIG, VG+]wC

~ JLC(JLG/RC +\/RC/LG)/2 :

2) & ouanaszone nusiux vacmom ( T < 800I'm)

IIPH COOTHOIICHHH TIaPaMETPOB R/ wl >5

a= ,/%(wl_) \/—(R+a)L) ;
B /R+a)L_. R-wlL
20C J 20C

IIPY COOTHOLIEHUH IIapaMETPOB R/ ol >50

oRC R :
= e —, Z — _'e_J45'
*=F=\ 57\ 20C '

3) 6 oonacmu evicokux uacmom( f > 40x/ uy.

IIPY COOTHOLIEHUH IIAPAMETPOB Cf)l—/ R>5y COC/ G=>5

TETE e
Z= v=w/f=1/JLC
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2.1.1. IlepBuyHbIe M BTOPUYHbIE MapaMeTPhl KOAKCHATBHBIX KaleJiei
CornpoTuBieHHE KOAKCUATHHOU MTaphl U UHIYKTUBHOCTH L

PacCYUTHIBAIOTCS MO (pOpMyJIaMm:

R N2k(1 1

= +
4ro\ d/2 D/2) (2.8)

R= \/Eﬂa L + 1 +2In210‘4
4k \d/2 D/2 d ’ 2.9)

rne d u D — mnamerp BHyTpEeHHETO MPOBOIHUKA M BHYTPEHHHIA JHAMETD

BHEITHETO MPOBOIHUKA. 3HaYeHUs K OepyTcs u3 Tabmuipl 2.1.

Tabmuna 2.1 3Havenus ko3¢ huimeHToB K

Marepuain npoBOJHUKA k

Meze 0,021/
AnmoMuHUN 0.0164 \/T
Crar 0,075,/f

Emkoctes C, ®/Mm, u mpoBoaumocts G, Cm/M, KoakcHalabHOrO Kabess

PaCCYUTBIBAOTCA 110 gr 51 tg5

C =2re,¢, /In(D/d) = ¢,107° /18In(D/d) . (2.10)
G =270/In(D/d) = wCtgs (2.11)

rac gr u tg5 — JUIBJICKTPUYCCKAA IMPOHUIACMOCTb M TAHI'CHC YIJId

JTURJIEKTPUYECKUX TOTEph M30JAUUU. J(P(HEKTUBHBIE 3HAUCHHUS € u t95

NpUBECHBI B Ta0uIe 2.2.
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Tabmuia 2.2 DPPexkTuBHbIC 3HAUCHUS € ulg o

OTtHo1eHMe 4
Tumn u3onsuu < tg 0-10 npu yacrore, MI'ig
tovy v
1 5 10 60
ITonusTniieHoBas 1aiida 1,13 8,8 0,5 0,5 0,7 0,8
[onuaTHEeHOBAs CIIUpPAb 1,1 6 04 | 04 | 05 0,6
BAJIOHHO — TONMATHIICHOBAs | +122 9 12 | 13 | 15 —
[TopHCTO — TIONMATHICHOBAS 15 50 2 3 3 —
Kapnensso — crupoguexcras | 119 12 0,7 1 08 1 1,2

Kooduuuent 3aryxanus & | nb/xM; kodpduiment dasbl, ,B , pan/km;

BOJIHOBOE COTIPOTHUBIICHUE Z 5, OM ckopocts pacipoctpanerns V| kw/c,

PACCUMTBIBAOTCS CIIEAYIOLIMM 00pa3oM.

RI|C G |L e~
a =28,69 E\/E—I_E\/g ’ ,Bza) LC, (2.12)
Z, =4L/C v=4L/C (213)

2.1.2. IlepBruHbIe ¥ BTOPHYHBbIC IApaMeTPbl CHMMETPUYHBIX Kaleseil

Bomuosoe conporusienre Zj;, OM, CAMMETPUYHBIX KaOeei

, (2.14)

rae a _ pacCTOsHUE MEXAY NPOBOJHUKAMU; I — paauyc NpOBOJHUKA.
AKTHBHOE COITPOTUBJICHHUE R, Owm/M, MTHIYKTUBHOCTD L , ['H/kM™,

MIPOBOJIIMOCTh G , CM/M, 11 eMKOCTB C , ©/M, IMEIOT CIIeAYIOIINE BHIPAXKCHHUS:
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oy a-r

R=0 L= — |n—r , (2.15)
G o c- 7e,

In[(a-r)r] In[(a-r)r] (2.16)

Koaddunuent 3atyxanus a, KO3 GUIUEHT (a3bl ﬂ, CKOPOCTb

pacpoCTpaHCHUA V PaCCUYUTBIBAIOTCA 110 Q)opMynaM JJIs1 KOAKCHAJIBHOI'O

koOers, aenas noactaHoBky R, G, C, L nig cuMMeTpuyHOM JIMHUY.

2.1.3. IlapameTpsl oniTHYeCKUX KaldeJei

KpI/ITI/IquKaﬂ JJIMHA BOJIHBI BOJIOKOHHOI'O CBETOBO/A4A.
ﬂ _ d / 2 2
0~ . r]1 o n2 (2.17)
n, ’

rac nl )41 n2 — IMOKa3aTCJib IIPCIIOMIICHUA CCPALICBUHBI O6OJ'IO‘IKI/I; d -

JTUAMETP CEP/IIIEBUHBI.

PesxuM cBeTOBO/IA XapaKTEepU3yeTCsi 000OIEHHBIM HapaMeTpOMV , ATOT
rapameTp Ha3bIBACTCS HOPMUPOBAHHOU YACIOMOLU W OTIPEACIIACTCS 10
bopmysie (2.18):

2ra [

=——Mh N (2.18)

riae — a pagnyc CepLCBUHBI, ﬂ* — JUTMHA BOJIHEL.

Yucao MoJ1 B CBETOBOJE OIpCACIIACTCA:

2
274
N=V°*= (7 n, —n, j — uist crynenyaroro npoduis;  (2.19)
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V: o 1(2za 7
N = - = E(T nS —n j — 1151 pagueHTHoro npodus. (2.20)

Pacuer noteps B cBeTOBOIE Ha moromienue &7, nb/km

zn
o, = 8,697tg5’ (2.21)

rie N =+/HE —nokazarens peIoMIICHUS; ﬂ« — JJINHA BOJIHEI, tg5 -

TAHI'CHC yTIJia JUIJICKTPUUICCKUX ITOTEPb B CBETOBO/C.

[Torepu Ha paccTosHUS Up 1Blxm
a,=K,[ A", (2.22)
rne K, — koaddurment paccesHus, paBHLIit (1- .1 15) OB | km - mrcm®
i kBapra. O0mwe norepu & = Oy +Qp .
I'maBHOM XapakTEpUCTUKOW OINTHYECKUX KaOesael SBIsSETCS TUCTIEPCHsL.

Lucnepcua X — 3TO paccesHUe BO BPEMEHM CIIEKTPAJIBHBIX WJIM MOJOBBIX

COCTABJIOMINX OIITHUYCCKOI'0 CUrHajia, IIpuBOAAIICTO K YINMPECHUIO UMITYJIbCAa Ha

npueMe, U paCCUUTHIBACTCS 110 PopMyJIaMm:

_Anl  (NA)’I
r= c  2pnc MV CTYNECHYATOro CBETOBOMA; (2.23)
1
_A’nl (NA)I
= 2c - g3 ¢ VI TPajieHTHOrO CBeTOBO/A; (2.24)
L]

2 2
rae — NA=/N. —N; upcnosas aneprypa;
2 2 2 2 2
A=ynf —n7 (nf —n3)/2n7 ~(n, —n,)/n,

nl — IIOKa3aTCJib MMPCIOMIICHUA CCPALICBUHDI; n2 — [IOKa3aTCJIb MMPCJIIOMIICHUSA

06OJIO‘IKI/I; I — AJIMHAa CBECTOBOAA, C- CKOPOCTE CBCTA.
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2.2. Bb10op Mapku kabeJis

Brei6op Mapok kabemneil CBS3M TPOHW3BOIUTCS MO pe3yjbTaTaM aHAIM3a
TEXHUYECKOTO 3a7aHus (IPOIyCKHAasi CHOCOOHOCTH, IepenaBaeMas MOIIHOCTD,
BUJI CETH CBSI3M U T. JI.), TPOKIaaKka kadens (penbed MECTHOCTH, reoiorudecKkas
CTPYKTypa TPYHTOB M UX KOPpPO3UMHAs aKTUBHOCTb, MHTEHCUBHOCTH TI'PO30BBIX
pa3psI0B, HATMYKE U TTapameTphl commxerus ¢ JIDII, ¢ anekTpruyeckoit xene3Hoi
JIOPOTOM) U T. [I., @ TAKXKE 00ECIICUECHUS AIEKTPHUECKIX XapPAKTEPUCTUK JIMHEHHBIX
TPAKTOB M 3alIUTHl X OT BHEIIHUX M B3aMMHBIX BIMSHUNA U MOMEX, a TaKXKe C

3aIUTON OT BO3JEHUCTBUS BHEIIIHEN CPEBI.

2.3. Bb16op Tpacchl CTPOMTEILCTBA

Bbi0op Tpaccel CTpOWUTENbCTBA KAOENBHBIX JIMHUA M IUIOMIAJO0K 0]
YCUJIMTEIbHBIE  IyHKTBl  ONpEAESIeTCs  CIAEAYIOIIMMU  MHUHUMAJIbHBIMU
3HAYEHUSMHU: MPOTSHKEHHOCTh TPACChl, YHMCIO HA3eMHBIX M  IOJI3EMHBIX
NPEISITCTBUM HA TPacce CTPOUTENBCTBA, 3aTPAaThl HA 3aIMUTY JIMHUM CBS3U OT
OIMACHBIX ¥ MEMIAIOIIMX BIUSHHIA, OT KOPPO3HH.

MuHUMaJIBHO JOIYCTHMBIE PAcCTOSHMS Tpacchl KaOene CBs3M OT Apyrux
COOPY>KEeHUI TTpUBEACHBI B TabuIie 2.3.

Tabmuna 2.3 MUHUMANIBHO JTOMYyCTUMBIE PACCTOSHUS TPacchl Kabemnei CBS3n

OT APYTUX COOPY>KEHUI

1. I[Tpu mpoBeneHnM paboT METPBI
OT Kpast HachIi aBTOMOOWIIBHBIX H JKEJIE3HBIX JIOPOT 5
Ot He(TEenmpoOBOAOB 3a TOPOJIOM 10
OT ropoJICKUX Ta30MpOBOJIOB U TEIJIOMPOBOJIOB 1
OT Kpas TUHUYU JOMOB B rOpojax 15

2. Ilpu 3amure oT KOppO3uu U yaapoB MoaHuM ot omnop JIDII u cereit
ANEKTPUPUIIMPOBAHHOM HKEIIC3HOM TIOPOTH M MX 3a3eMJICHUHN TIPH YIAETHHOM
COIIPOTUBIICHUU TPYHTA, P

Ot 100 Om/m 0,83

Ot 500 Om/m 0,83\/;
Ot 1000 Om/m 0’35\/;
Or 3a3eMJIeHHI MOJIHHEOTBOJIOB BO3IYIIHBIX JIMHUI CBSI3H 25

Ot cunoBbIx Kabeneit 0,5

14



[lpy TOCTPOCHWUHM JMHUKM CBS3M HEOOXOIMMO YYMTHIBATH CO3JAHUEC
pPE3EpBHBIX KaHAJOB CBs3W [Uid oOecrneyeHus OecriepeOoitHOM paboThl U

BO3MOKHOCTb B 6y,Z[y1HCM IMPOU3BOANTEL YBCIMYCHHEC YK CJIa KaHAJIOB.

2.4. Tlpoknagka u nojaBecka kadeJiei cBA3U

[lpu mpoknanke kaOeneil CBA3M HEOOXOAWMO YYHMTHIBATH MaKCHMAaJIbHBIC
TSTOBBIE YCHJIMSA, JOIYCTUMBIE PaIlyChl M3TMOOB M MPOTHOOB JJIsI BEIOPAHHOTO
THUMa Kabessi, BEIOOp JUIMHBI MPOJIETOB, TOMYCTUMBIX MPH MPOKIAAKE BO3IYIIHBIX
KaOenbHBIX JIMHUK CBsi3M. HeoOXomumo 3amaTh reoMeTpUdecKue MapaMeTphbl
cOmpKeHnsa kabens CBs3M C APYrUMU coopykeHusimu. Omucath TpeOOBaHUS K
KaOEeJbHBIM TUIOIIA/IKaM U MalllHaM I TPAaHCTIOPTUPOBKHU KaOessl U €ro yKIIaIKu.
Ormucats, Kakie HeoOXOIMMO MTPOBECTH MCTIBITAHUS Kabenei nepen yKiIaaKoi u ux
JOKyMEHTalbHOE MoaTBepxkaeHue. [IpeaycMoTpeTs Mepbl U BUIIBI 3alUTHI IS
NpPOKJIAIKM TOI3EMHBIX Kaleneil u kaleneil dyepe3 BOJXHBIE TIPErpajibl.
PaccmoTpeTh BO3MOXKHOCTB BBOJIA KaOenei B 3/1aHHsL, MPOKJIaIKa €ro 1o CTeHaMm, B
KaHaJlaX CKPBITOW MPOBOAKH, MOJBECKAa Kalenell Mo omopaM MU MO CTOCYHBIM

moJaBECaM Ha KpbIax SHaHHﬁ.

2.5. MoHTax kabesieii cBI3H

[IpuBecTr ommcaHue METOIOB CPAIMBAHUS KU BRIOPAHHOTO THIIA KaOels ¢
MOCTICYIOIM OTIFCAHWEM TPUMEHSEMOTO OOOpYAOBaHUS I JITHX IIENeH.
[lpuBecTn MeTOmbI © CHOCOOBI 3alIUTBI  CPOCTKOB W (UKCAIUU HUX
MECTOTIOJIOKEHUST  JJIsi  TPaKTHUeCKoW peanmm3anuu. [IpuBectn mepedeHb
MIPOBECHUS HEOOXOIUMBIX MEPOTPHUSTHI IO BOCCTAHOBJICHUIO SKPAHUPYIOIINX
TIOKPOBOB M M30JUPYOIIUX o0oouek. [IpuBecTr onvcanue BRIOpaHHOTO criocoba
noaBoga Kkabenss B YCHIMTENbHBIE (OOCITY)KMBaeMble M HEOOCITYy>KHBAaEMbIC)

ITYHKTBI.
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2.6. Dy1eKTpUYEeCKHEe U3MEPEHUS M U3MepPUTe/IbHbIEe PUOOPbI

[TpuBectn TpeGoOBaHUs, MPEABSIBISIEMbIE K YJICKTPUIECKUM H3MEPEHUSIM U K
U3MEPUTENILHON ammaparype Juis TpOBEISHHs W3MEPEeHU Ha IOCTOSHHOM W
nepeMeHHOM Toke. [Ipom3BecTn aHamM3 CYIIECTBYIOIIMX METOJOB M CIOCOOOB
U3MEPEHNUI U armaparypbl A1 MPOBEPKU IJIEKTPUIECKUX MapaMeTpoB Kadess u
00OpyZOBaHMsI 10 MPUMEHEHHUS WX B TMPOIECCE CTPOUTENBCTBA; MPOBEICHUS
KOHTPOJISI COCTOSIHHMSI  DJICKTPUYECKUX TIapaMeTpoB Kabems B Ipolecce
CTPOMTEJBCTBA; COCTABJICHUSI SJICKTPHUECKHX MACIOPTOB KaOENMbHBIX JMHUHN TIO
YCUJIUTENILHBIM y4YacTKaM; OTPEeNICHHs XapakTepa M MecTa moBpexaeHus. [lo
pe3ynbTaTaM aHalu3a CTYACHT COCTAaBIISIET TIEepeueHb IapaMeTpoB Kabers,
HEOOXOAMMBIX JJIi TPOBEPKHM ¥ KOHTPOJIS; CHHCOK  U3MEPUTEIILHOTO
000Opy/IOBaHUs; CIMCOK METOMOB W CHOCOOOB TIPOBEIACHHS W3MEPEHUN U

KOHTPOJIS.

2.7. 3amura coopy:KeHHuii CBSI3U 0T BHEIIIHUX BO3eHCTBUIA

B mpouecce mpoeKTHpPOBaHWS JIMHUU CBS3U CTYIACHT IPOU3BOAUT AHAIIN3
BO3MOXXHBIX BHEIIHHMX BO3/ICHCTBUII Ha pa3padaThlBaEMyl0 CHCTEMY CBS3U.
[Tpou3BoauT WX KiIacCUPHUKAIMIO M TIEpeuYeHb Mep MO0 uX YycTpaHeHuio. B
HOSICHUTEIBHON 3aIllMCKe IPOU3BOAUT OOOCHOBAHME BBIOPAHHBIX METOJOB U
CPEICTB 3alIUTHl OT BHEIIHMX BO3AeHMCTBUU. [Ipow3BoauT pacuer omacHOro
JIEKTPUYECKOIO0 M MArHWUTHOTO M MEMIAIOIIEr0 BIMSAHUM, 10 pe3yJbTaTaM
pacueTa nienaeT BbIBOAbL. JlemaeT BHIOOP 3KpaHUPYIOIIMX YCTPOMCTB; BBIOMpAeT
BUJI SKpaHa ¥ 0OOCHOBBIBAET ClIENAaHHbBIN BHIOOP C MOMOIIIBIO pacyeTa. Y UnThIBAeT
3alIUTy KaOENbHBIX COOPYXEHMH OT TpPO30BBIX paspsioB U  MOJHMH,

000pyIOBaHHUE 3a3EMIICHUH.
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2.7.1. D1eKTPOMATrHUTHAS COBMECTUMOCTh

M cTOYHUKM CTOPOHHUX MOJIEH YCIOBHO JENST Ha ABE TPYIIIbIL:
BHEIIHHE — SHEPreTUYEeCKU U KOHCTPYKTHBHO HE CBSI3aHHBIE C JIMHUEW CBSI3W;
BHYTPEHHUE — COCETHIE (PU3MUECKU U UCKYCCTBEHHbIE LIENU IAHHOW JIMHUU CBSI3H.
MeponpusiTusi, TPOBOJMUMBIE [0 YCTPAHEHUIO BHEIIHUX BIUSHUMN, MPUBEJICHHI B
Tabuie 2.4.

Tabmuia 2.4 Meponpusitusi, IpOBOJUMEBIE MO YCTPAHEHUIO BHEITHUX BIUSTHUNA

Herouni Xapakrep MeporpusTusi, IpOBOAUMBIC HA TUHHUSIX
BHEITHUX ’
BIIASIHAN BIATIA BIIASIONIAX CBsI3U
JIDII Onacubie n | 1. ABTOMaTHKa 1. OTHOCUTENEHO TPACCHI
mematoume | 2. Crioaxusaromue 2. KaymOpoBanue
nonst Ew H GbUIBTPHI 3. CkpemyBanue u
3. DKpaHHUpYIOIIHE TPOCKl | CHMMETPHPOBAHUE
4. PazpsiiHuKA U
NpeIOXPAHUTEIH
5. 3azemiieHue
6. Helitpanusytomue u
PeIyKINOHHBIE
TpaHc(hOpMaTOpbI
OnexTpudu- Onacnoen | 1. Crinaxxusarorue 1. OTHOCHUTENEHO TPACCHI
LIMpOBaHHAs Memarouiee | pUIbTPBI 2. KaymOpoBanue
JKeJe3Has noite H 2. OrcaceliBaro1e 3. CkpemyBanue u
Jopora TpaHcOpMaTOpPbI CUMMETPUPOBAHUE
3. YBenuueHne 4. PazpsiiHUKA U
MPOBOAMMOCTH NpeIOXPAHUTEIH
1 U30JISHSL PETbCOB 5. 3azemiieHue
6. Helitpanusytomue u
PeIyKIINOHHBIE
TpaHc(hOpMaTOpbI
['poza Omnacnoe 1. KammbpoBanue
noie £ 2. MoJIHHEOTBOALI HA
BO31yIHBIX JIC
3. Tpocel Ha kabenpHBIX JIC
__________ 4, Kackaanas 3amumra
5. Pazpsiiauku u
NpeI0XPaHUTEIH
6. 3azemienue
Pagnocrannmu | Memaromue | 1. Beroop Hecyrei 1. OTHOCHUTENIEHO TPACCHI
nonst Ew H | 9acToThl 2. KanmnbpoBanue
2. OTHOCHTEBHO 3. CkpemuBanue u
paTuOCTAHITUH. CUMMETPUPOBAHUE
4. OunbTpPHI U 3aMKCHIBAIOLIHE
KaTYIIKH
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BHewnue NCTOYHUKY TIOMEX JICTIATCS CIAESTYIOLUM 00pa3oM:

€CTECTBEHHBIE — TPO30BBIE PA3psAAbl, COJHEUHAs paJualusl, KOCMUYECKOE
U3JIy4eHUe, MarHUTHbIE OYypH;

CO3/IaHHbIE YEJIOBEKOM — BBICOKOBOJIBTHBIE JIMHUM IE€pead, paguoCTaHLIuU
Pas3IMYHOrO Ha3HAUYEHUS, JMHUU AJIEKTPUPULIMPOBAHHBIX KEJIE3HBIX IOPOT, METPO
U TpaMBasi, JIEKTPUYECKHE CETU IMPOMBIIUICHHBIX MPEANPUITUNA U OTIENbHBIX

HHEPrOEMKHX YCTPOUCTB.

2.7.2. lIpyHIMII IKPAHUPOBAHHUA

JIsi yMEHBIIEHUS] SJIEKTPUYECKOr0 M MArHMTHOTO BJIMSHUS HA BHEIIHEE
POCTPAHCTBO aKTUBHO MPUMEHSIOTCS SKpaHbl. B TeXHUKE CBS3M U paluOTEXHUKE
SKpaHbl OLICHUBAIOTCS Yepe3 OSKpPaHHOe 3aTyxaHue A, XapakTepusyrollee
BEJIMYMHY 3aTyXaHHs, BHOCHMOTO SKpaHOM. /[ MarHUTHOro mOJsl 3aTyXaHHe

SKpaHUPOBaHMs ompezesercs mo Gopmyie (2.25) (mpu n=1):
12Z, .
A =201gchk,, Al +201g[L+ S5 ik, (Kt ) Hy Kyt )tk Al g 5)
M
Jlst anexkrpuyeckoro moitst (2.26) (mpu N =1):

12, .
AS =201gchk,, Al +201g 1+§z_0 ik 31 (Kt JH (kg )tk Al o 06)
M

e Ky =+ JOUO - KOO PUIIMEHT pachpoCTpaHEHUs] B MeTajlie
(kodppuuUEeHT  BUXPEBBIX  TOKOB);, K, = W\ UE - ko3 duimeHt
pacupoCTpaHeHHs] B AMDIIEKTPUKE; A tonmuHa dkpana; Iy — pamuyc

skpana; J; — H; mununnpuueckue pynxumu nepsoro (Beccens) u TpeThero
(XeHkess1) po/ioB; Jll - Hll — npou3BoaHbIE dTHX (GyHKIMHA; Z, = \/,u/ E -

BOJTHOBOE CONPOTHUBJICHUE JUAJICKTPUKA TIJIOCKOW BOJIHBI; Zy =+ JCO,U/ O -

BOJIHOBOC COIIPOTHUBJICHUC MCTAJLJIA.

18



B Tabnuue 2.5 npuBeneHsl pe3ysbTaThbl SKPaHUPYIOLIETO JEUCTBUSI 000I04EK
U3 MU, CTaJIU, AIFOMUHUS W CBUHLIA JJIS1 PA3IMYHBIX TUIIOB BOJIH.

Tabmnuiia 2.5 DkpaHupyrolee JeicTBIe 000JI0YEK I Pa3IMYHbIX TUIIOB BOJIH

Menn
f, T H E EH H H H
A, A A A A A A
10° [0 1,56 255,4 119,9 1,56 255,4 119,9
10 |0 79 234,6 119,9 79 234,6 119,9
10° |07 26,7 2136 119,9 26,9 2138 120,1
10° |65 41,2 187,6 114,7 47,7 194,1 121,2
10" |35,2 50,4 156,4 104,2 85,6 191,6 139,4
10" | 125 59,9 127,7 93,8 184,9 252,7 218,8
10* | 404 71,2 106 83,4 475,2 510 4874
Crans( 2 =100)
f, 'y H E EH H H H
4, A A A A A A
10° |0 0 236,4 111,8 0 236,4 111,8
10" 0,26 0 215,4 111,8 0,26 215,7 112,1
10° |86 6,7 189,4 95,6 15,3 198 104,2
10° | 405 13,2 178 85,1 53,7 2185 125,6
10" | 141,6 22 128,6 74,7 163,6 270,2 216,3
10* | 469 31,7 98,1 65,1 500,7 567,1 534,1
10* | 1459 42,6 68,6 54,7 1501,6 | 15275 | 15137
AJTFTOMUHUI
T H E H
A A A AT A A A
10° |0 0,9 249,2 1155 0,9 249,2 1155
10 |0 4,4 229,4 115,5 4,4 229,4 115,5
10° |0 24 208,4 115,5 24 208,4 115,5
10° |35 41,8 189,4 114,7 45,3 192,8 118,0
10" |26 47,2 153,8 100,8 73,1 179,8 126,8
10* | 94,7 58,2 175,1 91,2 152,9 219,8 185,9
10" | 312 68,6 95,6 81,6 380,6 407,6 393,6
CBuHel
f,T H E EH H H H
YA A A AT A Ay A
10° [0 1 232,8 99 0 232,8 99
10 |0 1,7 212 98,1 1,7 212 98,1
10° |0 6,1 192 98,1 6,1 192 98,1
10° |0 25 172 98,1 25 172 98,1
10° |50 40,5 147,7 93,8 455 152,7 98,8
10" |30,9 50,4 116,4 83,4 147,3 114,3 114,3
10* | 109,8 59,9 86,5 73,0 169,7 196,3 182,8
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3nech An — 9KpaHHOE 3aTyXaHHE MOIJIOIIECHNUS; AO — DKpPAHHOE 3aTyXaHue

OTpaXeHUS. 3HAYCHHS] BOJHOBBIX CONPOTUBICHUW PA3IMYHBIX METAJJIOB
MpUBEICHBI B Tabmuile 2.6 , a TUAJIeKTpUKa onpenensercs no dopmynam (2.27) u
(2.28).

Tabnura 2.6 BomHOBbIE CONPOTHBIEHUS METAJLIOB

f T BonnoBoe corporusienue (o Moayso), Om
Mens Cranb ATroMUHAN CBuHerng
10° 0,0118x10°° 0,3303x10°° 0,0153x107° 0,0418x10°°
10* 0,0372x10°° 1,044x107° 0,0453x10°° 013221073
10° 0118x107° 3,303x10°° 0153x10°° 0,418x10°°
10° 0,372x10°° 10,44 %107 0,483x107° 1,322x10°°
10’ 118x10°° 33,03x10°° 1,53x10°° 418x107
10° 372x10°° 104,43x10 4826x107° 13,22x107
10° 11,8x10°° 330,3x10°* 15,3x1073 418x10°°
10% 37,2x10°° 1044,3x10°° 48,26 %1073 132,2x10°
10 118x10°° 3303x10°° 153x10°3 418x10°°
10% 372x107° 10443x10° 482,6x10° 1322x10°
Pacuernas -6 -6 -6 -6
oo | 0:372x10 JF 10,44x107°,/1{0,483x10°./f [132x10°°/f
ZY =Z,jx 1y =/ 1t] e jo] usr, = jour
a oJ™ "o 2 . (2.27)
Je_5 1 \/Z 1 _ 1
a1 o . : . (2.28)
j}'cﬂl/‘9 g Jow HET, Joour,

D¢ (pekTUBHOCTH SKPAHOB, TPEAYCMOTPEHHBIX YIS 3aIIUTHl OT BHEIIHUX
HCTOYHHUKOB MTOMEX M OT B3aUMHBIX BIUSHUN MEXY LIENSMU, PACHOI0KEHHBIMU B
oOrmem kabese, UMeeT CylIecTBeHHbIE pa3nuyus. [Ipu 3ammTe OT BHEITHUX TTOMEX
OonplIOe 3HAUEHHE WrparoT Ienu 000J04YKa—3eMysl. 3JecCh BEJMKa pOJib
COCTaBJISIFOLIUX MPOAOJIBHBIX TOKOB, MU HEOOXOIMMO YYMTHIBaTh JEHCTBHE KaK
BUXPEBBIX (As) , TaK U MPOJOIBHBIX (App) TOKOB. JIJIs 1iemel, pacioIoKeHHBIX B

npeoOnagaer AOPEKT BHUXPEBBIX TOKOB,

obmieM kabere, U B TIEPBOM

NpUOIIKEHUN OH OMNpENessieT 3allMTHOE JCHCTBHE dKpaHa. PesymbTupytornee
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SKpaHHOE 3aTyXaHHe An pp3 ONPEIEIISETCS SKPAaHUPOBAHHEM OT BHXPEBBIX (As)
U TPOJOJBHBIX (App) TOKOB, MPOTEKAIOIIHUX B 000JI0uKe Kabemns. Dopmylsl
st pacyeta (As) — (2.25) u (2.26). BenmmumHa (App) paccuuTHIBAETCS TI0

dbopmyie (2.29), ab:

JoL,,,

App = 201911+ , (2.29)

OF

rac LB[[[ — BHCHIHAA MHAYKTUBHOCTD LICIIN 000JI0YKa — 3CMIJIA,

pasnas 2x10° I/ m .
Z, 1

Ob 271 thk A ~ CONPOTHBIEHHE o6onouku, Om/M,

rne Z,, =+ Jop ! o | r - pamuyc oGonouxu; K = \ JOUO

A — TOJIMUHA 000JIOUKH. J[JIsT HU3KHMX YacTOT CONMPOTHUBIICHHE 000JIOUKH PaBHO

CONPOTUBIIEHUIO TIOCTOSHHOIO TOKa ZOE = Ro = ]7/ 27TrOA D bopmyia

CIpaBeIMBa /i1 HEMarHUTHBIX 3KpaHoB 70 10 kI, st MarHuTHBIX — 10 1 K[

2.8. 3ammTa coopyxeHHil CBSI3M OT KOPPO3UH

[IpousBectn aHamu3 (aKTOPOB, BBIZBIBAIOLIMX KOPPO3UIO MPOECKTHPYEMOMH
cucrtembl cBs3u. Caenarb 0OOCHOBAaHHBIN BBHIOOP METONOB U CPEACTB 3ALUTHI
CUCTEM CBSI3U OT KOPPO3UH, TPUBENS COOTBETCTBYIOLIUE PACUETHI HIIM PUMEPHI.
OcHOBHBIE BUIbI KOPPO3UHU NOIPA3ACIIFOTCA IO TUTIAM U BUJIAM.

ITo Tunam xKoppo3ust Moapa3zaeNAeTCs CIASTYIOUM 00pPa3oM.

Anexmpuyeckas Koppo3us — B3aAUMOJICUCTBUE METaIa C KOPPO3UMHOU
Cpelod, Mpu KOTOPOM HMOHM3alMs AaTOMOB METalyla U BOCCTAHOBJICHHE
OKHUCJIUTEIbHONW KOMIIOHEHThI KOPPO3HOHHOM CpeJlbl IPOTEKAET HE B OJTHOM aKTe,

N UX CKOPOCTH 3aBHUCAT OT SJICKTPOAHOI'O IMTOTCHIAJIA.
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Xumuyeckas Koppo3sus — B3aUMOJIEMCTBUE METAJJIA ¢ KOPPO3UMHOU CPEIOH,
Opu KOTOPOM OKUCJIEHHWE MeTajyla U BOCCTAHOBJICHHE OKHUCIMTEILHOTO
KOMIIOHEHTA KOPPO3HUOHHOM Cpebl POTEKAET B OTHOM aKTe.

Bujasl koppo3um.

B 3aBUCHMOCTH OT CTENEHU pa3pylICHUs PANTUYAIOT CIEAYIOIIUE BUIbL:
CIUIOIIHAs — OXBAaTHIBAIOIIASl BCIO MOBEPXHOCTh U MPOTEKAIOMIAs C OJUHAKOBOU
CKOPOCTBIO IO BCEH MOBEPXHOCTU METAILIA;

HEpaBHOMEpHasi — CIUIOIIHAS KOpPPO3us, NPOTEKarolas ¢ HEOAUHAKOBOM
CKOPOCTBIO Ha Pa3IMYHBIX YYaCTKaX MOBEPXHOCTH METAIIA;

MECTHAsl KOPpO3HUs, OXBaTbIBAIOLIasi OTAEIbHBIE YYAaCTKH IMOBEPXHOCTH
MeTaslIa.

l'azo6as koppo3usi MO THUITy OTHOCUTCS K XUMHUYECKOM KOPpO3UU H
MNPOUCXOAUT MPU OTCYTCTBUM KOHJEHCALMU BJIard Ha TMOBEPXHOCTU. DTOT BUJ
BCTpEYAaeTCs HAa KaOENbHBIX JIMHUSX TIPH TIOBBIIICHHBIX TEMIEpaTypax B
OKPYKaroIIeH cpeae.

Ammocghepnas xopposusi — MPOUCXOTUT B METATMUECKUX KOHCTPYKIIMSIX,
IKCIUTyaTUpyeMbIX B aTmocdepe. OTOT BHJ KOPPO3MH OTHOCHUTCS K
IIEKTPOXUMHUYECKOM.

lloozemnas xoppo3usi BBI3bIBAETCA XUMUYECKUM WM 3JIEKTPOXUMHUYECKUM
NEHUCTBUEM OKpYXalollled cpeapl B MOYBAX M TPYHTaX. IOTa KOPPO3Us
onacHemmasi /s kabesei, UMEIOIMX CBUHIIOBYIO WM ATFOMUHHUEBYIO 000JI0UYKY
U CTaJIbHYIO OPOHIO, a TaKke I (yHJaMEHTOB OIOp JIMHUHN 3JIeKTpoIepeiady.

lloosoonas koppo3usi B MOPCKOW BOJE ONPENENSETCS 3HAYUTEIbHBIM
coJiepskaHueM B Hell MuHepanbHbIx cojiei (0,2 — 3,5 %).

buokoppozusi  TIpOMCXOAUT  TOJA  BIMSHUEM  KU3HEIEATEIIbHOCTH
MUKPOOPTraHU3MOB, BBIICISIOIINX BEUIECTBA, KOTOPBIE YCKOPSIOT IPOLECC
Koppo3uu. OHa BCTpedaeTcsi Ha TIOBEPXHOCTH Kabeme, a Takke Ha (yHIaMEeHTax
ornop BJI, Tpaccel KOTOpBIX MPOXOAAT MO OOJOTaM M TPyHTam, rie 3aTpyIHEH

JOCTYII BO3/1yXa.
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Koumaxmmuas xoppo3uss — pa3HOBHIHOCTh 3JICKTPOXUMHUYECKON KOPPO3UH.
DTOT BUA KOPPO3UHM BBI3BIBAETCS KOHTAKTOM METAJIOB, HWMEIOIIUX Pa3HBIC
CTallMOHAPHBIC TIOTCHITUAIBI B TAHHOM JJIEKTPOJIUTE.

Mesickpucmannuueckass Koppo3usi — PaclpOCTPAHSIONIASICSI IO TPaHULIAM
KPHCTAJUIOB METaLIA.

Hzbupamenvhass  xkopposus ——  paspyliaiomas OfHy  CTPYKTYPHYIO
COCTABJISTIOIITYIO WJIA OJJUH KOMIIOHEHT CTLIaBa.

Toueunas kopposus — MeCTHasi KOPpO3Usl B BUAE OTAEIBHBIX TOYECYHBIX
NOpayKeHHIA, HHOT/Ia €J1e 3aMEeTHA Ha TJIa3, Ha IPOHUKAET ITyOOKO B METaJLI.

Kopposus bayscoarowum mokom — 3IEKTPOXUMUYECKAs KOPPO3Us MeTaia,
BbI3bIBACMasi BO3JCHCTBHEM Ha Kalelb OMy)KJaroIUX TOKOB OT HEKOTOPBIX
BHEITHUX JJICKTPUYECKUX YCTAHOBOK. VICTOUHWKOM ONy)XIaromuxX TOKOB H
KOPPO3UH SIBJIIETCS PEIbCOBAs CETh JEKTPU(PUIIMPOBAHHOTO TPAHCTIOPTA WM
pacrpenienuTeNbHasl CeTh IMOCTOSTHHOTO TOKa C YacTHYHBIM WJIM  TOJHBIM
BO3BPAaTOM pabOYero TOKa Yepe3 3eMIIIO.

Omnpenenenne CKOPOCTH KOPPO3HU METAUIOB (IPOHUKHOBEHHE KOPPO3HHU 32
roJi B INIyOMHY MeTajuia) paccuuthiBaeTcst o ¢gopmyiie (2.30) ¢ yueToM JaHHBIX

IIOTEPU MACCHI I10CJIE YAAJIIEHUS IIPOIYKTOB KOPPO3UHU:
-3
I1=(K/5)107, (2.30)

rne K - notepsi Macchl, T/ (MZ'FOI[); O - IUIOTHOCTBH METAaa, riem®; T1 -
CKOpPOCTh KOPPO3HUHU METAIIOB, MM/TO/.
K 00os104KkaM 3JIeKTpUYECKUX KaOelel NpeabsBIsSiOTCS TPEOOBaHHUS — MX
TePMETUYHOCTD IS 3aIUTHI KaOeyst OT BO3JICHCTBUS BHEIIHEH Cpellbl. 3alluTHAS
000j104Ka Kabels camMa MOJABEpPracTCs BHEIIIHUM BO3JACHCTBHUIM, IIOITOMY METaLI

3aIUTHON 000JIOUKH JJOJDKEH OBITh TACCHBEH B arpeCCUBHOM CpPEJIe.
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2.8.1. Koppo3nuoHHasi XapaKTepUCTUKA TPYHTOB

JInHaun nepeaad, HaxoIAMMECsa B PA3JIMYHBIX TPYHTAX, IM[MOABCPIarOTCA

pa3IMuHBIM BUAaM Koppo3uu. CTeneHb arpecCMBHOCTH TPYHTOB XapaKTepU3yeTcs

uaekcom pH. B Tabmumax 2.7 m 2.9 mnpuBencHbl JaHHBIE KOPPO3UOHHOM

AKTUBHOCTH TPYHTOB, I'PYHTOBBIX M IPYI'MIX BOJ II0 OTHOLIEHUIO K CBHUHLIOBOU

000s10uKe KaOeia, B Ta0a. 2.8 u 1abn. 2.10 — Mo OTHOIIECHUIO K AIFIOMHHUEBOM

obomnouke kademst ('OCT 9.602 — 2005 Exaunas cuctema 3amuThl OT KOPPO3UHU U

CTapCHMHAL.

KOPPO3HH).

CoopyxeHusi TOJI3eMHBbIE.

O6mme TpeOoBaHUS K 3alIUTE€ OT

Tabmuma 2.7 Koppo3uoHHass akTHMBHOCTh TPYHTOB IO OTHOLIEHHIO K
CBHMHIIOBOM 000JI0UKe Kabers

Conaepxkanre KOMIOHEHTa .
. |Kopposuiinas
OT Macchl BO3IyIIHOCYXOH
0 AKTUBHOCTh
I'pynThI pH npo0Os1, %
Opranunueckue
Hurtpar-non
BelIeCTBa
Ilecuanrle, mecyaHO-TTIMHUCTHIE 6,5-7,5 1o 0,01 o 0,0001 Huzkas
[ MHKUCTBIE,COIOHYaKOBbIE 5,0-6,4
’ ’ 76-90 0,01-0,02 0,0001-0,001 | Cpenusis

M3BECTKOBBIE, CI1a00UEPHO3EMHBIE 6-9,
CunpHOUYEpHO3EMHBIE, TOP(DSHBIE, Ho 5
TPYHTEL, 3aCOPECHHBIE Cebimie 9| Cppume 0,02 | Cabinte 0,001 Bricokas
MTOCTOPOHHUMHU BEIIECTBAMU

Tabmuua 2.8 Koppo3uoHHass AaKTUBHOCTh TPYHTOB IO OTHOIICHHUIO
ATFOMUHHUEBOM 000J10uKe KabesIst

ConepxaHre KOMIIOHEHTa OT MacChl Kopposuitnas
1 0
TpyHTH! pH BO3IyITHOCYXOU TTPOOBI, %0 aKTHBHOCTD
Opranuueckue
Hutpar-non

BEIIECTBA
Bce, Bxirouas | 6,5-7,5 1o 0,001 o 0,002 Huskas
3aCOpEHHBIC 45-59 0,001-0,005 0,002-0,010 Cpennsist
MOCTOPOH- Ho 4,5 Caoprae 0,005 Carime 0,010 Bricokas
HUMH Csple 9
BEIIICCTBAMH
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Tabnuua 2.9 Koppo3noHHast akTHBHOCTh TPYHTOBBIX U IPYTUX BOJ 110
OTHOILIEHUIO K CBUHIIOBOI 000JI04Ke Kadess

Obmas ConepxaHre KOMIIOHEHTA, Kopposuitnas
/it AKTHBHOCTh
Bonpl pH KECTKOCTh
Oprannueckue | Hurpat-
MIT—3KB/ T
BEICCTBA HOH
Peunrre, 6,5-7,5 | Ceemme 53 | Jlo 20 Tlo 10 Huskas
03CpHBIC
I'pynroBeie, | 5,0-6,4 g . .
o3epHBIe 7.6-9.0 5,3-3 20-40 10-20 Cpennsis
Peunsie, so 5 Ho 3 Cspiie 40 Cspiie 20 Bricokas
OOJIOTHBIC Cspimie 9

Ta6numa 2.10 Koppo3noHHas akTHBHOCTh TPYHTOBBIX M JIPYTHX BOJI 110
OTHOIIIEHHUIO K AJTFIOMUHUEBOHN 000J109Ke Kabems

ConepxaHe KOMIIOHEHTA, Kopposuiinas
MJT/71 AKTUBHOCTH
Bongl pH
Opranunueckue
Hutpar-non
BEIIECTBA
I'pyHTOBBIX, pEUHBIX, 6,0-7,5 Ho 5 Jo 1 Huzkas
03EpHBIX U APYTHX 4,5-5,9 5-50 1-10 Cpennsis
BOIOEMOB 7,6-8,5
Ho 4,5 Capime 50 Cspimre 10 Bricokas
Csriie 8,5

2.8.2. JnekTpuueckas 3ammrTa kadesjgel 0T KOPPO3UHU

DneKkTpudeckas KOppo3usi — 3TO AIEKTPOXUMHUUYECKOE pa3pylIeHUE METAIUIOB,
YJIO’)KEHHBIX B 3€MJIE, BBI3BAHHOE OJJHOBPEMEHHBIM BO3/ICUCTBUEM OITYKIAIOIIUX
TOKOB M OKpY>Karolero rpyHra. IIpu siaexkTpuueckoi KOppO3UH IMOBPEXKICHUS
KOHIICHTPUPYIOTCS Ha HEOOJBIIIONW YacTH TOBEPXHOCTH MeETallla, HOCAT SPKO
BBIPQKEHHBIN XapakTep U HUMEIOT KPYIIyI0 WM MpPOJOJITOBaTyr0 (GopMmy c
KPYTHIMH CTEHKAMH. 3HA4YCHHE JJIEKTPOKOPPO3WH 3aBUCUT OT KodduimeHTta

HECCUMMCTPHYIHOCTHU 6J1y>1<11a}01u1/1x TOKOB:

__Q
SRR (2.31)

rac Q+— KOJIMYCCTBO JJICKTPHUYCCTBA B AHOJHBIX HMMIIYJIbCAaX 3a BpPEMs
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U3MEpCHUS, Q_ — KOJIMYECTBO DJJICKTPUYECTBA B KATOJHBIX HMITYJIbCax 3a
BpEMS U3MECPEHHSL.

OrieHKa CTETeHN OTIACHOCTH B 3HAKOTIEPEMEHHBIX 30HaX B 3aBUCHMOCTH OT
kor¢dUIMeHTa HECUMMETPUYHOCTH OJTY>KIar0IMX TOKOB B Tadnuie 2.11.

Tabmuua 2.11 Ouenka cTerneHu KOPPO3UOHHOM OMAaCHOCTH

Koaddunmenra
CrerieHb OMaCHOCTH AJIEKTPOKOPPO3UHU U

HECUMMETPUYHOCTH
PEKOMEHIAINY TIO 3aIIUTE

OITY)KIAIONIUX TOKOB

Ho 0,3 bezomacnas 30Ha

0,3-0,6 CpaBHuTenbHO  omacHas  3oHa.  Karomnas
MOJIAPU3aIlsl  OCYIIECTBIIIETCS BO  BTOPYIO
ouepesib TOCIIE 3alUTHl B YCTOMUMBBIX 3alUTHBIX
30HaxX

Cspirre 0,6 OrmacHas 30HA. Kartongnas MOJISIpU3aLUs
OCYIIIECTBIIICTCS ~ HapaBHE C  3allUTOd B
YCTOMYMBBIX AaHO/IHBIX 30HAX

Bce BuABI DIEKTPOXMMHUYECKOM KOPPO3UM HMMEIOT MECTO IIpHU
MOJIOKUTENBHOM (aHOJTHOM) TMOTEHIMANIE Ha COOpYy:KeHuHU. [loaTomMy mpuHIMI
AIIEKTPUYECKON 3aIUTHI 3aKJIFOYAETCS B TOM, YTOOBI 3alIUTHOE COOPYKEHHE Ha
BCEM €ro MpOTSHKEHHH MMENO IO OTHOLIEHUIO K 3emiie (K OKpY’Karolleh 1o
AIIEKTPUYECKOW Cpelle) OTPULIATENbHBI KaTOAHBIA mnoTeHuuan. Karoanas
MOJISIpU3ALIMSI OCYIIIEeCTBIIsAeTC ¢ HopMupyronumu 3HadeHussMu (I'OCT 9.602—
2005) MUHMMANBHBIX U MAaKCHUMAJIbHBIX 3aIIUTHBIX ITOTEHITMAIOB (Tadi. 2.12 u
Tabn. 2.13).

Tadmmna 2.12 MuHNMaIbHbIE 3HAYEHUS 3AIIUTHBIX [IOTEHIINATIOB

3HadYeHUs] MUHUMAJIBHBIX 3aI[UTHBIX
Meramn IMOTEHLHMAIOB 10 OTHOLIEHUIO K C
COOPYKCHHSI HEMOJIIPU3YIOIINUM JIeKTpoaaM, B pena
BOJIOPOJTHOMY MEIHOCYIb(aTHOMY
Crainb -0,55 -0,85 JIro6as
CsuHen -0,20 -0,50 Kucnoruas
CauHerg -0,42 -0,72 [lenounas
AroMuHUN -0,55 -0,85 JIro0as
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Ha mpakTuke METOBI DJICKTPUYECKOW 3aIUThI (IJIEKTPHUSCKHUIA ApEHAK,
BHEIIIHAE HMCTOYHMKH TOKA WJIM KaTOIHAs 3allliTa, aHOAHBIC I'aJlbBAHUYECCKHE
SJIEKTPOABI WM TPOTEKTOpHAs 3allMTa) IMO3BOJSIOT MNPEAOXPAHATh OT
OJy»KIalOlMX TOKOB W OJHOBPEMEHHO OT IOYBCHHOH 3JIEKTPOXHMHYECKOM
Koppo3uu (opooHee cM. [6]).

Ta0mima 2.13 MakcuMabHbIe 3HAYEHHS 3alUTHBIX TOTEHIINAIOB

3HavYeHUS
MUHUMAaJIbHBIX
3aIIUTHBIX TTOTEHIIUAIOB
Merann [IpoTuBOKOpPpO3UITHOE 10 OTHOIIIEHUIO K Cpena
COOPY>KEHHS | TIOKPBITHE HETOJISIPU3YIOIIUM
37IeKTposiam, B
BOJOPOJHOMY MEAHO"
cynbhaTHOMY
Cranp C npotuBokopposuitapiM | —0,8 -1,10 Jlrobas
MTOKPBITHEM
CsuHerng be3 npotuBokopposuitHoro | He He
MOKPBITHUS OTpaHHYMBA- OTpaHNYMBA-
Amomunanii | C IpOTUBOKOPPO3UMHBIM | €TCA ercs
MOKPBITHEM -0,8 -1,10 Kucnornas
-1,0 -1,30 [lemounas
-1,08 -1,38 Jlrobas
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ITPUJIOXEHUE A

VIJIbSSHOBCKUU 'OCYJAPCTBEHHBIN TEXHUYECKU
VHUBEPCUTET
Kadenpa PAJJUOTEXHHKA

3ajanne HA KYpPCOBYIO padoTy
no aucuuiuinie «Hanmpapiasiiomme cUCTEMbI 3JIEKTPOCBI3H»

Crynenry TPYIIIIBI
Tema 01 (OnTuueckas maructpabhas ceTh — BBIOPATh COTIACHO TEMATUKH K.p. C€.D).
[MporsxenHocTs cett Rmax = (1250 kw, ...)

[TapameTps! ceTu:

— Trn kabens — (ONTHYeCKui, ...)

— gucio kanaios — (200, ...).

— COCTOSTHHME IpyHTa Tpacchl — (KUCIOTHBIH, ...)

— IyTh Tpaccel — (paBHUHA, JIEC, PeKa, .....)

— Koppo3us — (OyKaaroIime TOKH, ...).

[Tomexo3amuieHHOCTh 0T JIDII, BenaTenbHbIX paiuOCTaHIINM,
AIEKTPU(PHUIIMPOBAHHOTO KEIEIHOJOPOIKHOTO TPAHCIIOPTA

OCHOBHA{ PEKOMEHAYEMAS JINTEPATYPA:

1. Kcenodonrton C.H., [ToptHOB D.JI. Hanpapinstoniyue cuCTeMbI SJIEKTPOCBSI3H.
— M. : T'opstuas nuaus — Tenexom., 2004. — 268 c.

2. I'ponues U.U., Bepuuk C.M. Jlunuu cBsizu. — M. : Paano u cBsi3b, 1988. —
544 c.

3. Monos A.Jl., [TortoB b.B. Jlunuu cBszu. — M. : Pagno u cBs3p, 1990. — 167 c.

O06bem paboThI:

1. O630p ITUHMIA CBS3U JAHHOTO THUIIA.

2. BpiObop u pacdyer TEXHUYECKUX TMapaMeTpoB Kalejsi: TOTOHHBIC
MPOBOAUMOCTh, CONPOTUBIICHUE, WHAYKTUBHOCTb, €MKOCTh, 3aTyXaHWHE,
KO3 (PUIIMEHT paclipoCTpaHEHHUS.

3. Pacduer m yd4erT B3aWMMHBIX BIHUSHHUA B JIMHUMA CBA3U M MEpPHI IO HX
YCTpaHEHUIO.

4. Mepsl 3a1IIUTHI U KX PAacyeT OT BHEIIHUX BO3IEVCTBUNA U KOPPO3HH.

5. I'padpraeckas wacte: Cxema Tpaccel — 1 1., popmar A4.

JlmarpaMMbl WIH IpYTOil MILTIOCTPAIIMOHHBIN MaTtepuai — 1 1., popmar A4.

JlaTa BbIIAYM 33/1aHUS CpoOK BBINOJHEHUS
PykoBoauTens paboTsl ®amuius 1.0.
3aB. kadenpoit ®amunusa 1.0.
[IpoekT 3amuIneH ¢ OEeHKOM aTa
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