-3 IloaBommblii TeserpadHbIii Kabeab

VYciioBue

Sananue 10-3 IloaBosubrii TeserpadHbiii Kabeb.

B nacrositiiee BpeMsi MOMABJISIONINN TOTOK WH(MOPMAIIUN MPEJIAETCS IO CIIyTHUKOBBIM U OITHYE-
cKUM KanaJjiaMm cBasu. Onako riobaibHas nHMOPMATH3AINS HAYNHAIACH C TPAHCATIIAHTUIECKIX
testerpadubix Kabeseit. Vcropuio 3a0bIBATH He CJIEyeT, TOITOMY JaHHOE 3a/[aHNe TOCBSIIEHO 3Y-
YEHUIO0 HEKOTOPBIX (DUBUUECKUX SIBJICHUN, CBI3AHHBIX C Hepegadeil 3/IeKTPUIeCKUX CUTHAJIOB 110
Kabes M Ha OOJIBITNE PACCTOTHUS.

B zamade paccmaTpuBaeTcs OHOKUIBHBIN MEHBII Kabehb, JuaMeTp MUINHIPUIeCKON KTl KO-
Toporo pasen d = 5,0 mm. MejiHast »Kujia MOKPbITAa PE3UHOBBIM U30JIAITHOHHBIM CJIOEM TOJIITHHOM
h = 1,0 mMm.

VienbHoe 3/1eKTpudecKoe CopoTuBIeHne Mean po = 1,7 - 1078 Omem;

VienbHOe 3JIeKTPIIecKoe COIPOTHBRIeHne pesunsl p; = 2,1 - 101 Om-m

1. BBeaenue.

’ 1.1 PaccuuraiiTe sekTpudeckKoe conpoTuBsenne R Memauon kuibl Juymabl L = 1,0 kM.

1.2 PaccunraiiTe 31eKTpUYecKoe COIPOTUBIIEHIE " PE3UHOBOIO H30JIAMOHHOTO CJIOS TOH 2Ke JITHHBI,
Yepe3 KOTOPBI BOBMOYKHA yTEUKa TOKa B OKPYZKAIOILYIO cpeiy (HampuMep, BOAY JJIsi OIBOIHOTO
KabesIst).

2. YMeHbIlleHHe CUJIbl TOKa B KabeJjie 1 ero yTredka.

He cMmoTpst Ha BBICOKOE CONPOTHUBJIEHNE U30JIAIMOHHOIO CJI0sI, YaCTh TOKA MPOTEKAeT depes U30JIsI-
IINOHHBIN CJIOH, YTO MPUBOJUT K YMEHBIEHUIO CUJIBI TOKa B Kabese. CTporoe perneHne 3aadu o
pacrpejesieHul TOKa B Kabejie ¢ yTedKoil TpeOyeT BhIBO/IA U peleHns JiuddepeHImaIbHbIX yPaB-
HEHUM.

[TosToMy B maHHO# 3aa1de Mbl Oy/IeM HCIIOJIB30BATh AUCKPETHYIO MOJIE/b, IIPEICTaBIAIONIYIO Oec-
KOHETHYIO TIETTOYKY PE3UCTOPOB, COEJIMHEHHBIX IT0 CXeMe, TTOKa3aHHON Ha PUCYHKE.

]0 ]l ]2
Y — e T T —
R R
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B sT0ii cxeme pe3ucTtopbl R MOJEIUPYIOT COIPOTUBJIEHUE TIEHTPAJILHOM KIUJIbI KabeJisl, & Pe3UCTOPbI
r - conporusjienne uzojisnuu. Canraiite, YTO UX UUC/IEHHbIE 3HAYCHUS TaKNe, KAK HAWJIEHBI B II.
1.1-1.2.

[Iponymepyem Bce 3Benbs nernu unjiekcom k = 0, 1, 2.... Cujibl TOKOB Yepe3 pe3ucTopbl £ 0bo3Hadnm
Iy, I1, I>..., a Hanpsizkenusi Ha pesucropax r - Uy, Uy, Us.... Hanpsizkenue Ha BXoje 1enu 0003HaInM

Up.

2.1 Beipazute custy Toka B k - ToM 3BeHe [, depe3 nanpsizkenus Uy u Uy 1 1 TapaMeTpbl 3JIEMEHTOB
TEeTN.

2.2 [lomyaure cooTHOIIEHNE, CBA3bIBAIOINIEe MexK Ty coboit nanpsikenus Uy_1, Uy, U1 1 mapamer-
PBI JIEMEHTOB TIETIH.

[Ipearostoxkum, 91O 1ocjeoBaTe/ IbHOCTL Hamnpsizkenuit Uy, Uy, Us... 1ipejicTaBiisieT coboii reomer-
pudeckyio mporpeccuio. Torja, HaAIpPs2KeHUs Ha PE3UCTOPax YTEYKU MOXKHO 3allicaTh B SBHOM
BHJIE

U, = U\ (1)

2.3 [okazkure. 9TO ClIeTaHHOE MIPEIIOJIOKEeHNEe O Buje 3aBucuMOocTH (1) BBINOJIHSAETCS, HANMUTE
3HaveHNe 3HaMeHaTe g mporpeccun . Paccauraiite ero unciieHHOe 3HaYEHME.

2.4 OrnernTe BO CKOJTBKO pa3 yObIBaeT HAIIPsizKEHHe U CUJIa TOKa B Kabesie Ha paccrogann [ = 2000

KM.

13

Pemnenne

Baganue 10-3. [logBoanblit Tenerpadublii Kabesib.
1. Beenenue.

1.1 Comporusiienne MeHTPAJIBHON METHON KUJIbI PACCINTHIBAETCS 110 U3BECTHOM hopMyJre

L 4L
R=pog

1.2 /Ing pacuera COMPOTUBJICHUS U30JIAIIMI HEOOXOUMO YIECTh, YTO TOK UJIET IOMEPEK U30JIAIH-
OHHOI'O CJIOH, II03TOMY 3TO COIIPOTHUBJICHUE PaBHO

h
r=piy_ =67-10°0m (2)

2. YMeHbIIIeHIEe CUIbI TOKA B KabeJse U ero yTedka.
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2.1 Tlo ompejie/ieHUIO 3JIEKTPUUECKOTO HAIPSKEHUS, JIJId KayKJIONH sd9elKH, COCTOAIIEN W3 JIBYX
PE3UCTOPOB T U

X kuacc. Teopernyeckuit Typ. Bapuant 1.

OJTHOTO pe3ucTopa R HalpsizKeHne MoxKeT OBbITh IIPEJICTaBICHO B BU/IE

U = kR + Uy (3)
N3 s1oit popMyIbl ciiegayer, 9To
U — U
[k _ k e k+1 (4)

2.2 PaCCManI/IBaﬂ CHJIBI TOKOB, BXOIAININX B Ka}K,ZLI)II'/JI BerHI/Iﬁ y3eJ1 e, MO2KHO 3alliCaTb

U,
Ly = I + Tk (5)

3/1eCh % - cHJIa TOKA yTeYKH B JIAHHOM 3BeHe. e/ mojicTaBuTh BbIpasKeHusl JJist CUJI TOKOB (4) B
dbopmysty (5), TO TOSYUNM HUCKOMOE COOTHOIIEHNE MEYK/TY HAIPSIZKEHSIME

Uer = U %—f— Uk — Uk

R r R (6)

Ero ynobmno npejctaBuTh B BHJIE
R
Uk-l - 2 + ? Uk + Uk+1 - 0 (7)

2.3 /151 IpOBEPKH MPEAIIOJIONKEHUS O TEOMETPUIECKOI IPOIPECCUH, IIOJACTABAM SBHBIC BLIPAZKEHI
nis nanpskennit Uy, = Ug\X B bopmyay (7):

R
UpgAkt — (2 + —> U\ + U\t = 0. (8)
r
[Tocnie cokparmenus, TOIyIUM KBaJIpaTHOE YpaBHEHUE I 3HAMeHaTe s TPOrPecCun

R

)\2—<2+7))\+1:0. (9)
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Taxum 0Opazom, IPEJIIIOI0KEHIEe O TeOMETPUIYECKOI TPOTPECCUU BBIIOJIHAETCS, €C/IN ee 3HAMEHA-
Tesib A yioBJieTBopsieT ypasHenuio (9). Permenuem sToro ypaBHeHUS SBASIOTCS GIHCIA

R R
Mo=1+—=+ 1+— 1 —1 1
12 +27" +2r <O)

W3 nByx KOpHelT 9TOTO ypaBHEHUs CJIe/lyeT BBIOpATh KOPEHb CO 3HAKOM <«MHHYC», TaK KaK BTO-
poit KOpeHb OKa3biBaeTcs Oosibiie 1. B sToM cityuae HanpsizkeHus U, CJIeJIOBATEIBLHO, CHJIBI TOKOB
JIOJIZKHBI BO3PACTATh 70 OECKOHEIHOCTH, 9TO (PU3UIECKU HE BO3MOXKHO. AKKYpaTHOE BBIYHC/ICHUE
mapaMeTpa A IPUBOAUT K 3HaUeHmIo A = 1 — ¢, e € = 3,6 - 1074,

ObparnTe BHIMaHUEe HA MHTEPECHYIO «UTPY» MAJIBIX BEJIMIHH: OTHOIIEHIE COITPOTHBIEHUI, BXOIsI-
nmx B Gopmysty (10) sesmuuna nopsaaka 1078, HaifieHHbI 110 3TOl DOPMYJIe KOPeHb OTIHYAeTCH
OT eJIMHUITELI Ha Bemauny nopsaka 1078, IIpn yMennu npaBuiIbHo paboTaTh ¢ MAJILIME BeJMYTHAMHI
9TOT PE3Y/ILTAT MOXKHO IOJIYIUTH CJIEYIONIIM 00pa30M:

R R\? R
A=14——/(14+2) —1=1+——
+2T +27" +2T

Ha moceiaem 1mare orOpoliieH MaJible BeJIMINHbI

X knacc. Teoperndeckuit Typ. BapuanT 1.

3amanne 10-3. IlogBoauwlii TesierpadHbIii Kabeb.

1. Beenenue.

1.1 CompoTusiienne MeHTPAIBLHON METHON YKUJIbI PACCUUTHIBACTCH 110 U3BECTHOM (hopMmyJie

L 4L
R = P05

1.2 ,ZLHH pacdeTa COIIPOTUBJICHUA M30JIAIINN H€O6XO,ILI/IMO y4€eCTb, 9TO TOK HJAET IIOIIECPEK U30JIdIU-
OHHOI'O CJIOf, ITIO9TOMY 9TO COIIPOTUBJIEHHE PaBHO

h

=p—— =6,7-10°Owm. 2
r=pg s 6,7 - 10° Om (2)

2. YMeHbllleHue CUJIbl TOKa B Kabeje u ero yTedka.

]0 1] ].-."
F: e e e
U R R R
0 )rl r U.Lr .

ta
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2.1 Ilo ompejeneHUIO JIEKTPUIECKOTO HANPSXKEHUA, JIJIT KaXKJIOH SUYEfKH, COCTOSINEl U3 JIBYX
PE3UCTOPOB " U OJTHOTO pe3ucTopa R HaIpsiKeHne MOKeT ObITh IIPeJICTaBIECHO B BHUJIE

Uy = IR+ Uy (3)
W3 5100t GOpMYJIBI CIIELYET, YTO
U.—-U
I, = % (4)

2.2 PaCCManI/IBaﬂ CHJIBI TOKOB, BXOIAIIINX B Ka}K,ZLbII'/JI BerHI/Iﬂ y3eJ1 1€, MO2KHO 3alliCaTb

U
Loy = I, + 7’“ (5)

31eCh % - ClJla TOKa YT€4YKHU B JJAaHHOM 3BEHE.

Ecan nojacraButh BbipazkeHust J7ist ¢t TOKOB (4) B dopmyity (5), TO HOIYyIHM HCKOMOE COOTHOIIIE-
HUE MEXK/Iy HAIPSZKeHUsIMU

Ui —Ue Uy Uy —Upis
kel TR TR TR kD 6
R r + R (6)

Ero ynobmHo mnpegctaBuTh B BHJIE

R
Uk—1 — <2 + ?) U + Ugs1 = 0. (7)

2.3 1151 IpOBEPKY NPEIIOJIOKEHUs O TeOMETPUIECKOIl IPOIPECCUH, TI0ICTABUM SBHBIC BLIPAZKEHU
na Hanpskennit Uy, = UgA\* B bopmyity (7):

UpAF—1 — (2 + ;) UoA* + Ug\FHt = 0. (8)

ITocae COKpall€HHdd, IIOJIYIUM KBaJApPaTHOC YpaBHEHUE JIJIfd SHaMeHaTeJ/Id ITPpOTrpeCCuu
R
M—(2+=)A+1=0. (9)
T
Takum obpazom, IpeIoI0KeHe 0 TeOMeTPUIECKO IIPOIPECCHH BBITIOJIHSIETCS, €CJIN ee 3SHaMeHa~

TeJIb A yioBJeTBopsieT ypasHenuio (9). Pemenrem 3Toro ypaBHeHUs ABIAIOTCS TUCIA

X kutacc. Teopernmueckuit Typ. Bapuant 1.

R R\?
=14+ —4 14+ — —1 1
/\1’2 +27’ < +2T> (O)
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N3 nByx KopHeit 9TOr0 ypaBHEHHUs CJie/lyeT BbIOPATh KOPEHb CO 3HAKOM <«MHHYC», TAK KaK BTO-
poil KopeHb oKa3bIBaeTcd OoJibiie 1. B 3ToM citydae HANPS2KEHUS U, CJAEI0BATEIBHO, CUJIBI TOKOB
JIOJIZKHBI BO3PACTATD JI0 OECKOHEYHOCTH, 9TO (DU3UIECKU HE BO3MOZKHO.

AKKypaTHOe BBIMHC/ICHIE ITapaMeTpa A IPUBOIUT K 3HadeHnio A = 1 — ¢, rae € = 3,6 - 1074,

ObparuTe BHUMaHUE HA UHTEPECHYIO «UT'DY» MAJIBIX BEJIMYMH: OTHOIIEHIE COITPOTUB/IEHU, BXO/ s~
umx B popmysty (10) Benmmuuna nopsyka 1078, Haiiiennblii o 31oit hopMysie KOpeHb OTIHIAeTCS
OT eIMHUIILI Ha, Betmauiy nopaaka 108, Tlpu yMeHnn npaBuaIbHO paboTaTh ¢ MATBIMI BEJTHTHHAMIE
9TOT PE3YIBTAT MOXKHO TOJYIUTH CJIETYIONIM 00pa30oM:

2
)\ZI—I-E— (1—}—5) —1:14_5_
2r

Ha mocieinem 1mrare oTopoIieH MaJible BeJIMIUHBI, UMeIOIe OOJIbITIiI MopstaoK, deM 0,5. Dr1a 37e-
MeHTapHas IeNoYKa IPUOJIMKEHUI JTaeT TOT 2Ke Pe3yJIbTaT, YTO U 'POMO3/IKHI pacueT 110 (popmyJie

(10)

2.4 Tax Kak BCe HaIllM pacdeThl IPUBEIEHBI /715 OJTHOTO 3BeHa, ITNHON B 1 KM, 1o paccToguuio B 2000
kM coorBercTByeT N = 2000 3BeHbeB. C moMoIbio (GOPMYJIbI I Fe€OMETPUIECKON ITPOrpeccuu,
HaXOIUM, UTO yObIBaHIE HAIIPS2KEHHSI B Kabesie paBHO

U2000

=(1-e)V =05 11
Us (1—-¢) ; (11)

T.e IPUMEPHO B 2 pa3a. Bo cToibKo ke pa3 yObIBaeT U criia TOKa B Kabelre.

He cmoTps Ha TO, 4TO conpoTruBjeHne yTedku modT B 10 MUIJIMOHOB pa3 MpeBbLITaeT COMNPOTUB-
JIEHIW OCHOBHOM »KWJIbI, Ha OOJIBINNX PACCTOSTHUSA YTEUKH TOKA OKA3BIBAIOTCS CYIIECTBEHHBIMU.

, IMeoIye OB MOpsaoK, deM 0,5.9T a J1eMeHT apHas IelovYKa IPUOINK eHIil JaeT T OT XK
e Pe3yJIbT aT , 9T O U I'POMO3JIKuil pacder mo dhopmyse (10)

2.5 Tak Kak Bce HaIll pacueThl IPUBEJIEHDI I OJJHOTO 3BeHa JJINHOM B 1 KM, 110 pacctosuuio B 2000
kM coorBercTByeT N = 2000 3BeHbeB. C mOMOIIBIO (DOPMYJIBI JIJIs T€OMETPUIECKON ITPOrpeccuu,
HaXOJUM, UTO yObIBaHUE HAIIPS2KEHHSI B Kabesie paBHO

U2000

=(1-eV =05 11
Us (1—-¢) ; (11)

T.e IPUMEePHO B 2 pa3a. Bo cToibKo ke pa3 yObIBaeT U cmiia TOKa B Kabelre.

He cMorps Ha TO, 9TO cOmpoTUBICHUE YTEUKN MOYTH B 10 MUJIIMOHOB Pa3 MPEBBIIIAET COMPOTUB-
JIEHUM OCHOBHO YKHJIbI, YT€UKN TOKA OKa3bIBAIOTCs CYIIECTBEHHBIMU JIJIsl JJIUHHOIO KabeJIs.

X kutacc. Teopermueckuit Typ. Bapuant 1.

Permenna 3amga4a. 11 kmacc
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