YcioBue

aganue 1. Kak YuabsaMm Tomcon cran jgopaom KeirbBuHOM

3adarue cocmoum u3 4 N02UYHO CBA3AHHBIT MedHcdy coboti 3adam.

Munvam Tomcon (1824 — 1907) — Gpuranckuil (bU3MK U MHIKEHED, M3BECTEH CBOUMU DPabOTAMU
B 00JIaCTU MEXaHUKHU, TEPMOJIMHAMUKHU, JIEKTPOJMHAMUKN. 3& HEOOBLIKHOBEHHbBIE 3acayru Tomco-
Ha B Hayke 1866 rogay Tomcon ObLT HOCBAIIEH B phIllapcKoe jtocTonncTBo. B 1892 romy koposiesa
Bukropus noxkaJsiosasa ToMcoHy Hac/IeICTBEHHOE IIPCTBO. BeieIcTBIE 3TOTO N3BECTHBIN yKe KaK
«jtopa, KetbBuH» cTas1 mepBbIM OPUTAHCKUM YIEHBIM, ITOJTYIUBIITIM IIPABO 3aCeIaTh B MAJaTe JIOP-
J10B. OJIHON M3 caMbIX CYNIECTBEHHBIX 3aC/yT Y mibsiMa TOMCOHA SABJIAIOCH PA3pabOTKa TEOPUU U
YCOBEPIIEHCTBOBAHUE TPAHCATIAHTHIECKOro Kabess. ™

annoe 3ajiaHne KacaeTcs U3y4eHUI0 HEKOTOPBIX TEOPETHIECKUX MPOOJIEM, CBI3AHHDBIX C PacCIpO-
CTpaHEeHUEeM 3JIEKTPUIECKOTO TOKA TI0 JIJITMHHOMY ITPOBOJIAIIEMY Kabe/TIo ¢ HerIea IbHOM N30 I1nel.

MokeT u BaM yIacTcsd MOJMYIUTh JIBOPAHCKUN THTYIT!

Samada 1.

Ha PUCYHKE IIOKa3aHa  JJICKTpUYECKad

IEMb, COCTOSAIAA N3 UCTOYHNKA TOCTOSTHHO- ] ] ] bi

ro Hanpskenus Uy U ceMu Pe3rcToOpoB, CO- . - : =
IPOTHUBJICHNST KOTOPBIX YKAa3aHbl Ha PUCYH- F I ! I 7 ! I 7 ! I 7

ke. ConpoTuB/IeHne aMIepMeTpa Ipenedpe- U, 7 u I,U I

JKUMO MaJIo. | ! 2R “2ylLlr u 2R |

1.1 PaccuuraiiTe 3HaUeHUs CUJI TOKOB Ye-
pe3 Bce PEe3UCTOPbhI, CINTasd CUJIy TOKa I3
qepes3 aMIlepMeTp U3BECTHOM.
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Wcnonp3yitTe 0b03HaYeHUST CUJI TOKOB, IIPUBEJIEHHBIE HA PUCYHKE.

*Toackaska. Pacuer Takux meneii y1o0HO HAaUMHATD ¢ KpallHUX 371eMeHTOB. UToObI 0bserunth Ba-
mu pacdersl, B JIucte orBeToB mpuBeseHa Tabsiuna 1. 3amo/HaTh 3Ty TaOJUILY CJIELyeT CieBa
HAIIPaBO 1 CBepxy BHU3. [[yHKTHPOM BBIJEIEHBI YIACTKHU IEIN, COITPOTUBIEHUS KOTOPBIX 0003Ha~
deHbl R.3, Ryo, Ry1, Reo (Ryo - KOHEUHO, COMPOTUBJICHUE BCeli Tiemn). YJI00HO KaxKioe caedyrouee
U3 IMUT CONPOMUBAEHUT BBIPAHCAMD Yepe3 npedvidyuiee.

[Tpuseure B Tabaure 1 dbopMysibl 11 pacdera STUX CONPOTUBJIECHUN, paccuuTaiiTe X 3HAUCHUS,
BbIpaxkeHnuble uepes pestmanHy K. Bee koaddurimeHTs! 10/2KHBI OBITH 3allUCAHBI B BUJIE OOBIKHO-
BEHHBIX Jpobeil. 3alnimnTe B COOTBETCTBYIOMNX sideiikax Tabmumpl 1 pacdeTHble (hOPMYJIBI 1T
CUJI TOKOB M UX 3HAYEHUsA, BhIPAXKEHHBIX depe3 [3.

1.2 Bripasute 3nadenud cuit TOKOB [y u I3 yepe3 Hamnpsizkenue ucrounuka Uy u conporusienne R.

L, L

1.3 PaccuunraiiTe yncjaeHHble OTHOIICHUN CUJI TOKOB

o uf
Sagada 2.
[0
R, R, R, R, R R, R,
1 I 1 I 1 I 1 I 1 I
U
— R, R, R, R, R, R, R, u
Il

B nenu, nokazamnmnoit na pucynke conporusjienus R; = 1,0 Owm, a conporusienns Ry = 1,0 kOwm.
Hamnpsixkenue ncrounuka Uy = 7,0 B. Ammepmerpsl wjeaibHbIe.

2.1 Paccuuraiite suadenust cust TokoB Ig u I1. 2.2 Paccunraiite pasuocts cuit TokoB Al = (Ip— Ih)

Iodckasxa. Hem neobxodumocmu pewams amy 3adawy abcorrommuo movwno. Ilocmompume enuma-
MEALHO HA 3G0GHHBLE 3HAYEHUA CONPOMUBAEHUT U NPOedUME PACHEM € HEODTOOUMDBIM YUCAOM

SHAMAULUT UUPP.

Samgada 3.

R2 Rz . R2 RZ e e @

Beckoneunasg 1emnodka, cocTosdas U3 OJIMHAKOBBIX 3BEHBEB, MOJIKJIIOYEHA K UCTOYHUKY ITOCTOSH-
Horo Hanpskenus U.
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[Iycth B 6eCKOHETHOI HEIOYKe COIPOTUBJICHUsT PE3UCTOPOB paBHbl 1 = Ry, Ry = 2R,.

3.1 Haitiure rosinoe conporussenue renu. 3.2 [lokaxkure, uto cuiibl TOKOB Iy, I1, I, ... obpasyior
reoMeTpruvecKylo porpeccuio. Haiiure oTHOIIEHNE CUJT TOKOB % 3.3 Ionmyuure dpopmyiy, m03-
BOJISIIOILYIO PACCYMTATH 3HAYEHUsT BceX cul TOKOB I (k= 0,1,2,...) yepe3 3a/laHHbIC 3HAYECHUS
U() u Ro.

Iodckasxa. Ecau om beckoneunocmu ommuamo e@u%uuy, mo nNoAYtuUmcCA ma oHce beckoHeuHoCmMb.

IIycTts B OeCKOHEYHOI IEMOYKe, MOKa3aHHON Ha PUCYHKE, COIIPOTHUBJICHIS R2 B HECKOJIBKO TBICAY
) )
pa3 OOJIbIIIe COHpOTI/IBJIeHI/Iﬁ Rl, Y9TO IIO3BOJIAET J€JIaTh pa3syMHbIE HpI/I6J'H/I}KeHI/IH Ipu pacdeTax.

3.4 Ilonyuute bopmysty it 0OIIIEro CONPOTUBIIEHUs BCEHl MENOYKH, IPU ycjaoBuu Ry > Ry. 3.5
[Mosyuure dbopmysy jijis pacdera CHJIbI TOKa B Ipou3BoJbHOM 3Bene I (k= 0,1,2,...) uepe3
3ajiannble 3nadenud Uy, Ry, Rs

Samaua 4

Tenerpacdubiit Kabeib, KOTOPBI wu3ydasa V.
Tomcon, uMes JT0CTATOIHO CJIOKHYIO CTPYKTY-
py (CM. DHCYHOK): MejHAasl JKUJIa, PE3MHOBAsI
n30JIs11sl, OpOHeBast 3allUTA.

J11g pacueToB CyIIECTBEHHO: - JIHAMETP MeJTHO THE DEEP SEA CABLE

Kbl dy = 20 MM (yJeJIbHOE COMPOTUBIIEHUE

Meau py = 1,7-1078 Owm-M); - ToJmuHa ¢J10st pe3uHoBoit usossituu h = 10 mm (yzeabHOe compo-
THUBJIEHHE PE3UHBI CUUTaiiTe paBHBIM po = 1,7 - 100 Om-m). - mymna kabens L = 5000 kM.

Kabes mpostoxker 1mo gHy AT/IAaHTHYIECKOIO OKeaHa, IOITOMY MOXKHO CUNTATh, 9YTO BHEITHUI CJIOM
U30JIAIIUN KOHTAKTUPYET C XOPOIIO MPOBOJAIIEH 3JIEKTPUIECKU TOK MOPCKoit Bojoit. He emotpst,
Ha BBICOKOE yJeJbHOE CONPOTUBJECHUE UIOJIANNU SJEKTPUIECKAN TOK YACTUUHO ITPOXOJUT 4Yepe3
U30JIAIIMOHHBINA CJION U YyXOJUT B OKCAHCKYIO BOJLY.

4.1 Paccunraiite s1eKTpudeckoe conportupienne Ry gecstu KmiomerpoB (Al = 10 kM) MeHON
KuUabl Kabessi. PaccunTaiime 1mmoiHOe CONpOTHUB/IEHNE MeIHON »Kuibl Kabens. 4.2 PaccuwntaiiTe
(mpubIMZKEHHO, HO ¢ XOPOIIeil TOUHOCTBIO) JIEKTPUIECKOe COPOTUBJIEHHE Ry JIECSITH KUTIOMET-
poB m3oJAIMKM Kabess. PaccuuraiiTe 1moJIHOE CONPOTUBJIECHUE HW3OJISIANA. Y UTUTE HAIPABJICHUE
Toka B m3oJianun. 4.3 Ilpemioxure npubInKeHHY0 S9KBUBAJIEHTHYIO 3JIEKTPUIECKYIO CXEMY TIO/I-
BOJHOTO TejierpadHOro Kabesist, OIMUCHIBAIOILYIO IIPOTEKAHNE 9IEKTPUIECKIX TOKOB B Kabese. 4.4
PaccunraiiTe oTHomenne cniabl TOKa Ha BLIXOJE M3 Kabessd | K cuiie ToKa Ha ero sxojue Ig.
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Pemenune

Baganue 1. Kak Yuabsam Tomcon cran jgopgaom KeabBuunom (Perrenue)

Sagaya 1.

1.1 Pacuer xapakKTepuUCTHUK MIPUBEJICHHOM 1IN TPAJIMITMOHEH U OCHOBAH Ha 3aKOHAX MapaJLieTbHO-

'O 1 II0CJIeJOBATEJILHOI'O COCIMHCHNA ITPOBOJAHUKOB. PeByJH)TaTbI pacdeToB IIpuBE/ICHLI B Ta6jmue
1.

Tabsauna 1.

ConporusieHue Cwiibl TOKOB
R.\'S = ‘R

1.2 Cma toka I onpezessiercs mo 3akony Oma (conpoTuBieHre Beeil e ecTh Ryo):
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Uy 43U

I, = — 220 1
" Ro, 8 R (1)

B Tabsuiie moJrydena cBg3b MeXKJIy TOKAMU, U3 KOTOPOIl CJIe/lyeT

43 8 8 Uy
In= —T Jo = —], = ——. 2
0= T BT TSR (2)

1.3 Tpebyembie OTHOIICHUST CUJT TOKOB PABHbI

I 118 22 I, 314 6
—_——=—_— = — ) 1 —_——= e, — = — )
Iy 4 43 43 05 L 211 11 0,55 )
Samgada 2.
I
— R R, R R, . R R, R,

2.1 B ycsioBun mcxomHbIE JaHHBIE 33JIaHBI C JIBYMsS 3HAYAIUMUA IIMPaMU, TO3TOMY C TaKOW Ke
TOYHOCTBIO CJIeJIyeT MPOBOAUTHL pacdeT rernu. ConporuBienus Ry B ThICAYy pa3 MeHbIIE COIPO-
tusieHuii Ry. [losTomy cuibl TOKOB yepes pesuctopbl Ry 6osiee veM B 100 pa3 MeHbIle, YeM CHJIbI
TOKOB 4epe3 pe3uctops! [71. Ciie/oBaTe/bHO, € IPUEMJIEMOI IIOTPENTHOCTHIO IIPH PACYeTe CUT TOKOB
Iy m I; Tokamu depe3 pe3ucTopbl Ry MoxkHO npeHebpedb. [109ToMy 3TH CUJIBI TOKOB paBHBI

Uy
Iy~ =—=10A. 4
o h= 0
2.2 Pasnocrs cuin torkoB Al = (Iy — [;) paBHa CyMMe CHJI TOKOB <«yT€UKH» HU€PE3 PE3UCTOPHI

R,. Boibepem mponsBoJibHBII pe3ncTop, HoMep Koroporo obosnaunm k (k = 1,2,...7). B pamkax
HCII0JIb30BAHHOIO TPUOJIMZKEHNsI, HAIIPSI2KEHNEe Ha 3TOM PE3UCTOPE PABHO

[TosToMy cuia ToKa depe3 3TOT PEe3UCTOP paBHA

U, Uy
I =2k = —(T—k).
“= R, 7R,V M ©)

OcraJjioch IIPOCYMMHUPOBATL 3THU CHJIbI TOKOB!:
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DJIeMeHTapHBIN pacyeT MPUBOINAT K PE3YIbTATY

Uo
Al =2 = A
3q, — 033 (8)

3agada 3.

3.1 Pacuer comnporuBiieHns: O€CKOHEYHON IIEIMIOYKHU JOCTATOYHO U3Be-
cred. ObozHaunM 3TO conporuBienne R,. Ecim or GeckoHedHO 1ie-
MMOYKHU MBICJIEHHO OTKJIIOYATDH IIEPBOE 3BEHO, TO COIPOTHUBJIEHUE OCTAB-
iefics MErnoYKM TakxKe OyJeT paBHO R,. DTO MO3BOJISET IOCTPOUTH R
9KBHBaJICHTHYIO

CXeMY TIETIOYKH. JSaIlUIIeM Telepb BbIpasKeHue It COMPOTUBJICHUS
BCEl HEIIOYKH

R, Ry

Ry =R+ ——. 9
"Rt Ry )

DTO BbIpaXKeHue CJieJlyeT pacCMaTPUBAThH KAK KBaJIPATHOE YPABHEHUE JIJIsi HAXOXKJICHUS] HEM3BECT-
HOT'O CONpOTHUBJIeHudA R,:

R> -~ R,R; — RiR, = 0. (10)

[Tos107KuTeIbHBIN KOPEHb 3TOr0 ypaBHEHHUsT Onpe/ie/isiercs 1o (hopmysie (OTpuraTebHOe COMPOTHB-
JieHne (DU3UIECKOrO CMBIC/IA HE MMEeT):

R+ R? + 4R R,

R, (11)

I[Ipn Ry = Ry, Ry = 2Ry conpoTuB/IeHNE TIEMTOYKNA OKA3bIBAETCS PABHBIM:

R, = 2R, (12)

3.2 PaCCMOTpI/IM IIPOU3BOJIbHOE 3BECHO OECKOHEYHO OeII049KH, CXeMa KOTO-
POro u HallpaBJICHUA CHUJI TOKOB IIOKa3aHbl Ha PUCYHKE. Z[.HH ITUX CHUJI TOKOB Ik Vi

-1 k
MO2KHO 3alliCaThb JBa PaBEHCTBa

Ly = I+ 1}

13
LR, = IR, (13)

Wz stux BbIpazKeHuu cjaeayer, 9To
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(13)

DTO peKyppeHTHOe COOTHOIIEHHE OMpeesseT TeOMEeTPUIECKYI0 TPOTPECCHIO JIJIs TOCIeI0BATE b
HOCTHU 3HAYCHUIl CHJI TOKOB. B sIBHOM BHJIe MOXKHO 3alucaTb (GOPMYJIy /I NeOMETPUIECKOM po-
rpeccun

I = 7" 1. (14)
rie
(14 B =2 (15)
U TR TR

_ 1 _ U
3.3 Ioxcranoska mapameTpos nenu B 5t Gopmyisr gaer y = 3, Iy = 572 Torna snauenns seex
CUJI TOKOB OIUCBIBAIOTCSA (DOPMYJIOit

UO —k}
L, = — 277, 16
TR, (16)

Wnpivn CJIOBaMH, IIOCJIE KazKJ/IOI'O 3B€Ha CHJIa TOKa YMEHbIIaeTCd B JABa pa3a.

3.4 Ilpu ycimosun Ry > Ry B dopmyse (11) Hamo ocTaBuUTh TOJIBKO caMoe GOJIBINOE caraeMoe,
KOTOpOE ONpEJIE/IsieT COMPOTUBICHUE BCEH Ienn

R R? + 4R, R
R, — 1 ;+ 12 ~ V/RiR.. (17)

3.5 B sTom cirydae 3HaUYEHUS CHJI TOKOB TaKKe 00Pa3yIOT MeOMETPUUECKYIO ITPOrPECCHI0 3HaMe-
HaTeJb 9TOM MPOIPeccun U Cujia TOKa B IENN PaBHbI

1 -1
S L N ) R P

R2 R2 RQ (18)
Uo
Iy = ——
VERiR,
TOF,[L& SIBHBI BU L (bOpMy.HbI JJIA 3HAUYEHU CUJI TOKOB 3allIChIBA€TCd B BUJIe
U R *
Li=—2_[1-4/2] . (19)

Samaua 4
4.1 ComporuBjieHrne MeIHON Kbl JuHoi Al paccunThIBaeTCs 10 (hopMyIIe
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R . 20
! Wd% (20)
[ToscraBuB YnCIeHHbIE 3HAYEHNUS, TOTYIUM (Bce BemdauHbl B cucteMe CU):
4-10%
R =17-10"°*——F— =0,54 Om. (21)
m-(2-1072)
CornporuBiienne Bcero Kabeist
L 5000
Riy =Ri— =054——=270 O 22
12 1 Al ) 10 M. ( )

4.2 Tok 4Yepe3 U30JIAIUI0 TPOTEKAET MEPIEHINKYIIPHO OCH KabeJis, IIO9TOMY €€ CONPOTHUBJICHUE
paBHO

h 501073
— = 17-10"—
m(d+%) Al 7-25-1073 - 10

Ry = po =1,1-10° Om. (23)

TOJ'IIHI/IHa HU30JIA1N CpaBHUMa C JUAMETPOM 2KUJIbI, IIO3TOMY IIJIOIIa/Ab IIOIIEPEIHOI0 CEYCHUA YBEC-
JIMIUBaCTCA 11O Mepe y/AaJieHUsd OT 2KUJIbI. HOSTOMy B Ka49eCTBE Pa3yMHOI'O HpI/I6JH/DK€HI/ISI B34TO
CEeYCHMNH Ha IIOJIOBUMHE CJIOA U30JIAIINHN.

4.3 Hecmorpst Ha TO, 9TO Kabesb IPEJICTaB/sSeT HEIPEPBIBHYIO CHCTEMY, MOXKHO pas3sOUTh ee Ha
OTJICJIbHBIE KYCKH HEKOTOPOM JIJINHBI

Al (manpumep 10 km). B sroM cirydae S5KBUBATIEHTHON CXeMOii sBJIsETCsS OECKOHETHAsI TEMOYKA,
paccMOTpeHHad B 3ajade 3.

4.4 JIns pacuera OTHOIIEHUS CHJI TOKOB Ha BBIXO/IE U BXOJE CJIeJIyeT BOCIIOJIb30BaThCs (pOPMYJIOit

(19)
Ry "

3nece N = A%. Bripaszum oTHOIIIEHNE CONPOTUBIIEHU, BXOJAAIINX B 3Ty (DOPMYJTy

AN 7 (do+ ) Al
,/ \/p;rd — DA A (25)
0

9 knacc. Teoperundeckuii Typ. 8




BBejiennas 3j1ech 1oCTOsiHHAS BEJIMYUHA, PaBHA

(26)

Lo 14/ ) =1 —aAlE, (27)

D‘h

Moxkuo yoeauThes B ToMm, 9to npu oAl < 1 pe3ybraThl pacieToB MPAKTHIECKU HE 3aBUCAT OT
HCKYCCTBEHHO BbIOpaHHOro 3HavdeHust Al.

Tax mpu Al = 10 kM mosryaaem

I
— = (1—-aAl
=10

D

= (1-50-107"-10%)""

= 0,082 (28)

T.€. CIJIa TOKa YMeHbIuIach npumMepHo B 20 pas. [lonaTHo, 4To He yTeuKa TOKa SIBJIAIaCh OCHOBHOIM
HPUYMHON HEpabOTOCIIOCOOHOCTH TPAHCAT/IAHTHIECKOro Kabeis!

Jlonoanenue (om yuacmuukos osumnuado. ne mpebyemes). Cmpozo 2060ps, 6 gopmyae (27) neob-
zodumo yempemums Al — 0. B srom cayuae™

I
L (1-aAl
7, = (1= adl)

D‘h

I = exp(—alL) = 0,082,

Ymo coenadaem ¢ paree nNoAYHYEHHHM PESYABINATTIOM.

Taxotce MOAHCHO YKAZAMB CMBICA NOCMOAHHOT (v: 00paMMHAA €l BEAUNUHA i ~ 2000 kM ecTb pac-
CTOSTHHE Ha KOTOPOM CHJIa TOKa B Kabese yObIBaeT B € ~ 2,7 pa3.*
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