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OBIIUE YKA3AHUA

B konTponpHOI padoTe Ne 4 cTyICHTHI PENIAOT TPH 3a0a9HU:

1. PacyeT »eKTpUUeCcKOro MoJisi MOCTOSHHOTO TOKA B MPOBOISIIICH CPEE;

2 u 3. PacyeT 351eKTpUUECKOil 1NN C paclpeleICHHBIMU TapaMeTpaMH.

Kontponsnsie 3aganus umeror 100 BapuanToB. Bapuantsl 3amad Ne 1, 2 u 3 otnmgaroTcst Jpyr
OT Jjpyra 4MCIOBBIMU 3HAUEHUSMU 3aJJaHHBIX BelnyrH. HomMep BapuaHTa B 3TUX 3a/1a4ax onpezensercs
0 JIByM TIOCJIETHUM [ pam mudpa cTyaeHTa.

TpeOoBaHus K BBHIMOJHEHUIO W O(DOPMIICHHIO KOHTPOJBHBIX pPabOT HW3IOXKEHBI B paboueit
nporpaMMe Kypca «TeopeTuueckne OCHOBBI IEKTPOTEXHUKW». IIpu pacuere ykazaHHBIX 3amad
CTYJEHTaM PEKOMEHAYETCS MOJIb30BaThCSl MHTErpUpoBaHHbIM nnakeToM MathCad.

3AJIAYA Nel
PACYET JIEKTPHUECKOT'O MOJISI HIOCTOSITHHOT'O TOKA B ITPOBOJISIIIEN
CPEJIE

MHorue 371eMeHTHI JJIEKTPOYCTAHOBOK B COOTBETCTBUHM C IPaBHIAMHU YCTPOMCTBA MOJUIEkKAT
3a3€MJICHHI0. OTO 3HAYMUT, YTO OHU JIOJDKHBI OBITh HAIEKHO COEIMHEHBI C 3eMJIeH C IMOMOIIBIO
3a3eMIISIOIINX AJIEKTPOAOB, KOTOPHIE PACIIONAraloTCs B 3€MJI€ U CO3Jal0T HEMOCPEACTBEHHBI KOHTAKT
¢ Heil. Ha puc.l mnokazaH nosymapoBOd 3JEKTPOJA, paguyCc KOTOPOro » = da. OTOT 3IIEKTPOL
MpeHa3HaueH JUIsl 3a3eMJICHUS] METAITMYECKON OMOPHI JIMHUU 3JIEKTPOIepeladd MOCTOSTHHOTO TOKA.
OH BBIMIOJIHSET POJIb 3allIUTHOI'O 3a3€MJICHHUA ITPU KOPOTKUX 3aMBIKAHHAX U yAapaX MOJIHUK B IIPOBOJ
W B OIOpPY. Toxk KOPOTKOI'0 3aMbIKaHUA JIMHHUW WM TOK MOJHHHU CTCKAIOT 4YCpPE3 3a3CMIIMTCIIL B
3eMJII0 M PACTEKAIOTCS MO TONIIE 3eMJIH. B HEKOTOPHIX CIydasx 3eMJIsl BBIIOJHSET POJIb OOpaTHOTO
poBOJa JJisi JIMHUU OJIIEKTporepenaud, BblojdHeHHoW mo cucreme JII3 (nBa mpoBoga-zemiis).
V IieibHast IPOBOAMMOCTD 3EMIIH IIPHHSTA paBHOH ¥ = 10 2 1/OM M.

Ha puc. 1 xpome cxemMaTH4eckoro M300pa’keHHs 3a3eMIISIOIETO MOJYIIApOBOIO AJIEKTPOJIA

nokasaHa kpuBas (1) 3aBUCMMOCTH MOTEHIIHAJa P na MOBEPXHOCTHU 3€MIJIM OT PACCTOSIHUS a OT LIEHTpa
3a3eMIIsIolIero 3ekTpoaa. Ha pucyHke n3o0pakeH Tak)kKe 4YeloBeK, IIararolivii 1Mo HalpaBICHHUIO K
LEHTPY DJIEKTpOJa, M I[IOKAa3aH MEXaHW3M BO3HUKHOBEHHS IIaroBOrO HANPSKEHUS: Pa3HOCTH
MOTEHIIMAJIOB MEXAY ABYMsI TOYKAMH HA TIOBEPXHOCTH 3EMIIHM, PACCTOSIHHUS KOTOPBIX @, OT ILIEHTpa
3a3eMJISIOIIETO AIEKTPOAa OTIMYAIOTCS APYT OT Apyra Ia BEJIMYMHY YeJT0OBEYECKOro mara /y,.
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Puc. 1. CxemaTnueckoe n300paxkeHne 3a3eMJIAIONIET0 MOJYLIAPOBOI0 3JIEKTPOAa U
KPHUBOH pacnpeae/ieHUsi IOTEHIHAIA

B 3anaue TpeOyercs HauepTUTh CXeMaTHYECKOe M300pa’keHHe MOITYIIapOBOro 3a3eMIIMTENS U
OIIPENEIIUTH!

1. IlnoTHOCT ToKa O Ha PacCTOSHUU @) OT LIEHTPA MOJIyIIapOBOI0 AIEKTPOIA.

2. HanpspxennocTs monst £ Ha moBepxHOCTH monycdepsl paguyca aj.

3. 3HaueHus MOTEHINAJIOB (x B TOUKAaX HA MOBEPXHOCTH 3€MJIM I1a PACCTOSIHUSAX d1, A2, A3, A4 OT
LIEHTPA MOJIYILIAPOBOI0 AIEKTPOA.

4. lllaroBoe HanpspbkeHue Uy Ha TEX K€ PACCTOSHUSX d1, A2, A3, d4 OT LIEHTPA IMOJIYIIAPOBOIO
ANEKTPOAA, MPUHUMAsT CPEIHIO JJIUHY yesnoBedyeckoro mara /,=0,8 M. Ilpu 3Tom cumraercs, 4yTo
BOOOpakaeMbIil YEJIOBEK «IIaraery» (ymaiasieTcs OT IEeHTpa, WK MPUOIKAETCS K MEHTPY AJIEKTPOIa)
10 MPSAMOM, COENHAIOIIEN TOUKY €r0 HaXOXKACHUS ¢ IEHTPOM 3a3EMJIAIOLIETO 3JIEKTPOIA.

5. ConpoTuBieHue R 3a3eMIIEHHs OTYIIAPOBOTO AJIEKTPOIA.

6. Paauyc omacHOW 30HBI @), T.€. paguyCc Kpyra Ha IOBEPXHOCTH 3E€MJIM C LIEHTPOM
MOJIYIIApOBOIO AJIEKTpoaa. Paguyc onmacHO! 30HBI ONPEAENUTh M3 YCIOBHS TEXHUKH O€30MacHOCTH,
IIPMHMMAs IIAr0OBOE HAINIPSDKEHKME Ha TPAaHULIE 3TOM 30HBI He npeBplmaroniee 150 B.

[To pe3ynmbraTam pacdyera MNOCTPOUTH TpadUKM 3aBUCUMOCTH TIOTEHIMANa W IIIaroBOTO
HAMPSKEHUS OT PACCTOSHUSA d.

UYucneHHble 3HAUYEHUS BETUYMH, HEOOXOJMMBIX ISl peUIeHHs 3aJauyd MpuBeIeHbl B Tal’d. 1.
Homepa BapmaHTOB BBIOMparoTCs: MO mociaeAHer mudpe mudpa CTyAecHTA HOMEpP BapwaHTa s
3HAYEHHH a, [, a o mpearocineHe nudpe — HoMep BapuaHTa 3HAYCHUH a1, 4y, A3, da4.

Taoauua 1 - Ucxoauble JTaHHBIE



Mocaennsas nudgpa mudpa crysenra | Ipenmociennsas uudpa mudpa cryaeHra
Homepa BapnanTos

a, cM LA a;, M a;, ¢M az, CM a4, CM
1 20 1000 25 120 500 1000
2 25 80 30 120 400 800
3 30 750 35 130 500 1000
4 25 900 30 120 400 800
5 30' 1100 35 130 500 1000
6 35 1200 40 130 400 800
7 30 900 35 200 400 1100
8 25 1000 30 1o 300 800
9 30 800 35 120 400 1000
0 30 1000 40 130 400 800

METOJINYECKHUE YKA3ZAHUS K PEHIEHUIO 3AJTIAYH Nel

B nmanHO# 3amade mpemnaraercs ONPEISIUTh XapaKTEPUCTUKH PACTPECIICHUS MMOTEHITHAIOB
INEKTPUUYECKOTO TIOJISI Tla TOBEPXHOCTH 3€MJIM BOKPYT 3a3eMIISIONIETO ycTpoiicTBa. Takas 3amgada
UMEET TMPAKTUYECKOe 3HAYCHHWE B CXEMax OJJICKTPOCHAOKEHWs, HAmpuMep, B cllydae KOPOTKOTO
3aMBIKaHUS TPOBOJIOB BBICOKOTO HANPSDKEHHUS HA ONMOpPY WM B Cllydae MPSMOTO yAapa MOJHHUHU B
orIopYy.

Tok KOpPOTKOTro 3aMbIKaHUSs, MPOTEKas MO 3eMJie, KaK 10 OOpaTHOMY IMPOBOIY, oOpa3yeT Ha
MTOBEPXHOCTH 3eMJIM U BHYTPH €€ dIIEKTPUIecKoe mosie. B 3aayue mpeyiaraetcst onpenenTb OCHOBHBIC
XapaKTEPUCTHKH ITOTO AIIEKTPUIECKOTO TTOJISL.

[IpuHuMaeTcs, 4To OCHOBaHHE OMOPHI MAYTHI MPEACTABIAET COOOW MONYIIAPOBON 3IIEKTPO/I,
paaunyc KoToporo » = a. [loBepXHOCTh CONMPUKOCHOBEHHUS MOTYIIAPOBOTO AJIEKTPOJIa C 3eMIiei paBHA S
=2na’.

[Tpu BO3MOXKHOM KOPOTKOM 3aMBIKaHHUU TOK KOPOTKOTO 3aMbIKaHUsI [, MPOXOASIIUI Yepe3 omopy,
OyZeT OTBOAMTHCS B 3EMIIIO0 Uepe3 3a3eMIIMTENb (MOYyIIapoBOW 31ekTpox). [ImoTHOCTh TOKa O wa
MOBEPXHOCTH TOJIYIIAPOBOTO 3JIEKTPOJa MPH ITOM OyJeT paBHA OTHOIICHUIO BEIUYMHBI TOKa K
MOBEPXHOCTH TIOJIYIIAPOBOTO AIEKTPO/IA, Yepe3 KOTOPYIO MPOXOIHUT ITOT TOK, T.€

_r_ 1
S 2-n-a2,

rac I—ToK KOPOTKOI'O 3aMbIKaHHUS.

[Ipumensst 3akoH Oma B muddepeHnuanbHol dopme 6 = y-E MOXHO 3alHCAaHHOE BBIIIC
YpaBHCHHUC IMMPCACTABUTL B APYI'OM BHUJC:

Y- E = ;2 (1)
2-m-a
W3 5TOr0o BBIpaKEHUS HAXOIUTCS HAMPSHXKEHHOCTh AJIEKTPUYECKOro Moysi £ Ha MOBEPXHOCTH
3ems (M BoOOpakaeMoi moJrycdepsl B TOJIIE 3€MJIM) Ha PACCTOSHUHM ax OT LIEHTPa MOJIYIIapOBOTO
ANEKTpoa:
1

P
E e
T rmga @




3HavyeHUE TMOTEHIIMAIOB (O B TOYKAX HA MOBEPXHOCTH 3€MJIM HA PACCTOSIHUHU d, OT IIEHTpa
MOJIYILIAPOBOT'0O AJIEKTPOIa HAXOJUTCS U3 YCIOBHUSA:

©__,
¢ =] E-da (3)
ak

[loxcraBnsis B 3TO BbIpaK€HUE 3HAUEHUE HAIPSHKEHHOCTH 3JIEKTPUYECKOro mouss Ey, mocie
COOTBETCTBYIOIIMX MPeoOpa30oBaHUH MOIYYUM pacdyeTHYI0 (opMyly JUIis omnpeaeseHus MOTEHIMala B
paccMaTpuBaeMbIX TOUKAX:

1

(pk:2-n-y-ak

“4)

[[TaroBoe Hanpspkenue Uy, HA pacCTOSTHUU OT IIEHTPA MOJIYIIApPOBOIO AIEKTPoa (abCOIOTHOE
3HAQUYE€HHE Pa3HOCTH MOTEHUIHUAJIOB JBYX TOYEK HA MOBEPXHOCTU 3E€MJIH, PACCTOSTHUE KOTOPBIX OT LIEHTpa
3a3eMJISFOIIIETO AJICKTPO/Ia PA3IMIaeTCs Ha BEJUYHHY 11ara (/;) MOXKET ObITh BBIYHCIICHO 110 popMyJie

U —#.L_; (5)
mk = ..y a, ak+lHI

NN

1 /

1

U, = :
ik 2-m-y ak(ak+lm)

(6)

Panuyc 30HBI ONTACHOCTH @p MOYKHO HAaWTH, UCXOS U3 TOTO, YTO IIaroBoe HampsokeHue —~ W0 Ha
b b
IpaHMIAX ATOW 30HbI HE MPEBBIIIACT JOMYCTUMOrO 3HAYEHMS IIArOBOrO HampsbkeHus AT g

U
BHYTPH 30HBI OMIACHOCTH YK€ Oonpmie — W-A00 't e,
UmO = ULu.}:[on (7)

U
B cootBercTBHH ¢ ycnoBueM 3amaun | WA= 150 B.
[Toncrasnss B BeipaxkeHue (7) 3HaUCHHE IIarOBOTO HAIPSKEHUS, OTYUHM:

SRR T R
2.y la, a,+1 | "

C\0) BBIPAXXCHUC I1OCJIC HpeO6p830BaHI/IH MOJKHO IIEpCrucaTb B ApyromMm BUAC:
2U, o y-a; 20, eyl oca, -1-1, =0 (9)

1. J1011 111011

Pemras nmonmy4yenHoe kBajipaTHOe ypaBHEHHE (9), ONpEACIAIOT panyc OMacHON 30HBI d,,.
ComnpoTuBiIeHUE 3a3eMJICHHS R TIOJYIIAPOBOTO 3JICKTPOIa MOKHO HAWTH 1O opMyIie:

1
R=——— (10
2-m-y-a



[TocTpoenne rpa)koB 3aBHCHMOCTH MOTEHIIMAJIA M IIarOBOTO HAINPSDKEHUSI OT PACCTOSIHHS d B
nHTerpupoBanHoM nakete MathCad nipuBeneHo Ha puc. 2 u puc. 3.

PACYHET 3 TEKTPHYECKOI'O MO TA MOCTOAHHOT O

TOKA B IPOBO,TAINEMH CPEJE
Jdano: Tok kopoTkoro samMbIRaHHS, A I:= 1000
Pagnyc noaymaposoro 3JIerTpoga, M r:= 0.25
¥Yaensnaa nposogaEMOCTD 3eMaH, Cyv/m N = llil_2
Pemenne: ILnoTHOCTE TORa 6 Ha paccTOAHHH a O(a) =
27r-a

3arorn Oma B JHQdepernaanbsaoH popme E(a) = d(a)

IoTernuan (¢ Ha pacCcTOAHHH a

@(a) = [.m E(a) da

!

ITocTtpoenne rpagara U=U(a)

a
a:=1.10 U(a) := w IlepeBox B KHIOBOJIBTHI
1000
16 16
14 14
12 12
10 10
Ua) 8 U(a) 8
—i—b ——b
] 6
4 4
2 2
0 0
109 8 7 6 5 4 3 1 12345678910
a a

Puc. 2. Pacuer 3/1eKTPUY€CKOro MoJisl MOJIYIIapPOBOI0 3JIeKTPOAA B NPOBOsIIIEH cpee, KOTOPOii
siBJIsieTcs 3eMJIsl. 3AaBMCUMOCTb MOTEHIMAJIA OT PACCTOAHUSA



| 0.8

Illarosoe panps:xenne Uch Ha paccTonnun a step -~

Uch(a) I 1 1
ch(a) = —| — — ——
2y | a 3+lstep

IlocTtpoenne rpajdura Uch=Uch(a)

400
Uch(a)

—s
150 300

200

100

f =
h
=P
-1
=0
L=}

10

Puc.3. Pacuyer 3/1eKTpHY€CKOro M0JIs MOJIYHIAPOBOIo 3JIeKTPOia B IPOBOAsLIEH cpee, KOTOPOM
SIBJIsIeTCS 3eMJIsl. 3ABMCUMOCTD IIar0BOI0 HANPSI’KEHUsI OT PACCTOSTHUSA



3AIAYA Ne2
PACYET BTOPUYHBIX TAPAMETPOB JJTMHHOM JUHUHU U
PACHPEJEJEHMS JEVCTBYIOLIETO 3HAUEHUSI HAIIPSIKEHUSI BJIOJIL HEE ITPU
3AJIAHHOI HATPY3KE

[IpomonbHEIE U TOTIEpEYHBIE TIEPBUYHBIC MTAPAMETPhI HA €AMHUILY IJTUHBI OTHOPOIHON JITUHHOM
JIMHUM JaHbI B TA0II. 2.

Tabauua 2
IMapameTtpbi Ipeanocaennsas uudpa mudpa crygeHTa
JIMHUH 0 1 2 3 4 5 6 7 8 9
Ry, OM/kM 2,5 3 3,5 4 4,5 5 5,5 6 6,5 7
Lo, M['H/KM 2 2,5 3 3,5 4 4,5 5 5,5 6 6,5
Gy, MKCM/KM 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
Co, HO/xM 35 40 45 50 55 60 65 70 75 80

IIpumeyanue:
M H — mumtarenpu (107 Tr), MkCM — mukpocumetc (10° Cum), HD — Hanodapax (107 @).

3HayeHUs MUTAIOIIET0 HamnpspkeHus U), ATUHBI JIMHUM [/, 9acTOTbl f M KOMIUIEKCHOTO
COTMPOTUBIICHUS HArpy3Kku Z,=R,+jX, B KOHIIE JIMHUU JaHbl B Ta0m. 3.

Tabauna 3
Hocnenusiss ungpa mudpa cryaeHra
I
apaMeTpbl JUHUU 0 1 2 3 4 5 6 T 3 9
U,B 80 80 90 90 100 100 110 110 120 120
f, x[' 1,0 1,2 1,4 1,6 1,8 2 2,2 2,4 2,6 2,8
[, kM 40 40 45 45 50 50 55 55 60 60
R,,0m 120 130 140 160 180 | 200 180 160 140 120
X5, OMm 100 110 120 140 160 200 -100 -140 -120 -100
TpeOyercs:
1. OmpenenuTs BTOPUYHBIC MapaMeTphl JJIMHHOW JIMHUU — BOJIHOBOE COMPOTUBJICHUE Zp M
k03 du y=a+/jp a p
LIUEHT PacCIpOCTPaHEHUS (ko3¢ durment 3atyxanus % u korpduument dassr ).

2. JITMHY BOJHBI Ay dasoByto ckopocts V.

3. BxogHoe compoTuBieHUE Zigx JUHUU CO CTOPOHBI MEPBHYHBIX BBIBOJIOB W TOK B Hadaje
JIMHYA 1.

4. Hanpsixenue U, 1 TOK [, B KOHIIE JIMHUM.

5. lMoctpouTts rpaduk pacrpeaeeHus IeHCTBYIONIET0 3HAUCHHs HAMPSHKEHUS BIOJIb 3aIaHHON
JIMHUY C paclpeIeICHHbIMU ITapaMeTpaMHu.

6. CpaBHUTb JJIMHY BOJIHBI HANpPsDKEHUS BAOJNb JIMHUM MO TrpapuKy C JUIMHOM BOJIHBI,
paccYnTaHHOM B 11.2.

METOAUYECKHUE YKA3AHUSA K PEIIEHUIO 3AJTAYM Ne2
3anauy Ne 2 pekoMeHayeTcs peliarh B UHTerpupoBaHHoM nakere MathCad. ITpumep pelienus
nmokazan Ha puc.4 [1, 2]. Jna mocrpoeHus rpaduka pacmpeneicHusl JCWCTBYIONIETO 3HAYCHHS
HanpsDKeHHUs BAOJNb JJIMHHOM JHMHUM OepeTcs MOAYNb KOMIUIEKCHOIO HAaNpsDKEHUS Uy IyTeM




3aKJIFOUEHHUS 3TOM BEJTMYMHBI B MPSIMOYTOJIbHbBIE CKOOKH — |Uk|  Ha rpaduke /x U uy— 3TO UHICKCHBIE
MepEMEHHBIE, TO €CTh AJEMEHThl MAacCHBa WM BeKTOpa. Kaxablii 37€MEHT XapaKTepHU3yeTcs CBOMM
HoMmepoM. Homep arieMeHTa (B TaHHOM cllydae k) sIBIISIETCS HUXKHUM UHACKCOM. MHEKC TOKEH OBITh
LEJTBIM YHCIIOM W HAYMHATBCS ¢ Hyas. UToObl BBECTH WHACKC, HY)XHO Ha)XaTh KJIABUIIY C
OTKpBIBAIOLIEH KBaJpaTHOM CKOOKOI1, TOCIIe Yero BBECTH HY>KHBIN HHJIEKC.

PacyeT aneKTpU4ecKOW Uenu ¢ pacnpegeneHHsIM1 NapameTpamMmu

OaHo:

RO := 5.0 L0 = 4.[]-1(]_3 f:= 2000 1:=50 j=+-1

GO:=0.6410 % C0:=60-10° UL:= 100 72 := 200 + 200j
PeweHne: Yrnoeaauactota w:=2-m-f w=1.257 » 1(]4

KomnnekcHoe npogonbHoe conpoTMBReHne
Z0 = RO + wLO0-j Z0 = 5 + 50.265i
KomnnekcHas nonepeyHan NpoBOANMMOCTb

Y0 := GO + w-C0-j Y0=64x10" +7.54ix10
BonHoBoe conpoTUBNEHne Z0
NIMHWUK ZB = Yo ZB = 258.523 — 12.716i
KoachcpmumeHTt _3
pacnpocTpaHeHus = Z0-Y0 y=9.753x10 " + 0.195i

KoachchmumneHT chasbl (3 := Im(~y) AnuHa N = 2_“ N = 32.236
BoNMHBI © T 3 )
3= 0.195

w
QaszoBaf CKOPOCTE V= — V= 6.447 < 1(]4
BxogHoe conpoTUMBNeHWe co CTOPOHbI NePBUYHBIX BbIBOAOB

Z2 + ZB-tanh(~y-1
Z1BX = zp. 22+ 2B tanh(y D

Z2-tanh(7 1) + ZB Z1BX = 319.288 + 63.431i
U1
Tok B Havane Il = I1=0.301-0.06i |11] = 0.307
NNHUK e Z1BX
Hal‘lpH}KEHIﬂE B KOHLe NMHWK
— U1-22
"~ Z2-cosh(~ 1) + ZB-sinh(~y-1) U2=-62.45+1.988i |U2| = 62.482
Lip}
ToK B KOHUe I2:=— I2=-0.151+ 0.161i 12| = 0.221
NUHUK 72

PacnpegeneHne aeicTBYOWEro HaNpAHXeHA BAONb MMHUN
k:=0.500 L =01k  ug:=Ulcosh(yl)— I1-ZB sinh(~I)
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Puc. 4. Pemienne 3axauu Ne 2 B uHTerpupoBannom naxkere MathCad



3AJTAUYA Ne3
PACYET SHEPTETUYECKUX MOKA3ATEJEN JJIMHHOMN JINHUU U
IOCTPOEHUE 'PA®UKA PACIPEJIEJEHUS JENCTBYIOIMNX 3HAUEHUI
HAMPSIKEHUHM NPSIMOM U OBPATHOM BOJIH BJ1OJIb JIUHUU

[Tonp3ysick HCXOAHBIMU U PACUETHBIMU JAHHBIMU 337124l Ne 2 onpenenuTh:

1. [TosTHBIC MOIITHOCTH B HaYaJIe U B KOHIIE IMHUHU ¥ KOI(DPHUIIMECHT TIOJIC3HOTO JICUCTBUS JTMHHH.

2. Iloctpouth rpaduk pacnpeneneHuss NEHCTBYIOMIUX 3HAYECHUN HAMPSDKCHUH MPSMON H
o0OpaTHOM BOJIH BIOJIb 33JaHHOMN JIMHUW C PACIIPEICIICHHBIMU TTapaMeTPaMH.

3. Hoctpouts rpadux pacnpeneneHus (a3 HampsHKEHUH NPsSAMOM U 0OpaTHOW BOJIH BIOJb
3aJJaHHOM JIMHUHU C PaclpeIeICHHbIMU NTapaMeTpaMH.

4. ITosICHUTB B KaKMX TOYKAX BOZHUKAIOT MAKCUMYMbl 1 MUHUMYMbI HaNPSKEHUMN.

5. lMoctpouTts rpaduk pacnpeaesieHus IeHCTBYIONIET0 3HAUCHHs HANPSDHKEHUS BIOJIb 3aIaHHON
JINHUM C pacHpeaesICeHHbIMU ITapaMeTpaMu IPY COINIACOBAaHHOW HArpyskKe.

6. OnpenenuTsh 3a€PKKy [0 BPEMEHU MTPU NPOXOKIECHUN CUTHAIIOM BCEU JITTMHBI IUHUU.

METOANYECKHUE YKA3AHUSA K PEHIEHUIO 3AJJTAYHA Ne3

3amauy Ne 3 Takke peKOMEHIyeTCsl pemaTh B WHTerpupoBaHHoOM makere MathCad. Tlpumep
pereHus mokasaH Ha puc. 5 [1, 2].

Jns pacuera MOIIHOCTH B KOMILIEKCHOM (opMe, HEOOXOIMMO BEIUYMHY HaANpPSKEHUS
YMHOXHUTh Ha COINPSKEHHBIH KOMIUIEKC Toka. UTOOBI BeIMYMHA KOMIUJIEKCA CTajla COMPSKEHHOM,
HEO0OXOUMO MOCJIC BBEICHUS 3TOM BEIUYMHBI, HaXKaTh JABE KiaaBumu [Shift]+[“].

Hauanwsubie (a3sl mpsmoii 1 00paTHON BOJIH paau yao0cTBa OTIIOKEHBI Ha rpaduke B rpagycax.
UToOBI mEpeBECTH B TPalyChl 3HaUCHUE (Da3bl, BHIPAKEHHON B paJitaHax, HY>KHO (DYHKITUIO BBIPAXKECHUS
aprymenTta (arg) pazgenuth Ha deg. 3ameTuM, 4YTO KOMIUIEKCHBIe BenuuuHbl B MathCad ne
MOTYEPKUBAIOTCA.

Kaxk BumHO U3 puc. 5, 3HaueHus ¢a3 npsMoil 1 00paTHON BOJH B OMPECIICHHBIX TOYKAX JTUHUU
cKaukooOpa3Ho m3MeHstoTcs. Ha puc.6 nano mosicHeHHe K 3TOMY CKauyKOOOpa3HOMY M3MEHEHUIo (a3.
Jleno B TOM, 4TO, XOTSI C U3MEHEHUEM pacCcTOSIHUA (ha3bl BOJIH NU3MEHSIOTCS HETIPEPBIBHO ((haza mpsamoit
BOJIHBI MOHOTOHHO yMEHBINAaeTCsl, a (aza 0OpaTHOW BOJHBI - YBETHMYUBACTCA 10 MEPE IBUKECHUS OT
Hayaja K KOHIly JIMHUH), B KauecTBe (hazbl OepyT yroi, MeHbluil mo moxymato 180°. Ilostomy mnpu
Mepexo/ie U3 BTOPOro KBaJipaHTa B TPETUW MIIM HAOOOPOT U MPOUCXOAUT CKAUYOK (ha3bl C MN3MEHEHHUEM
€ro 3HaYeHHs U 3HaKa (puc.6).
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[NonHaa MOWHOCTb B Havane NMHMKN S1 := U1-I_1 51 = 30.13 + 5.986i

MonHaa MOWHOCTE B KOHLE NMUHUKM 52 = UZ-I_Z §2 = 9.76 + 9.76i
AKTUBHbIE MOLLHOCTHU B Ha4Yane U B KOHLE NUHUN
P1:= Re(S1) P1 = 30.13 P2 := Re(S2) P2 =9.76

P2
KoathpmuneHT nonesHoro gencTsua NMMHUN 1) := 1 100 1= 32.392

[eincTylolee 3HaYeHe NPAMON

BONHBbI BOONB NMUHWK Alk = 0.5'(U1 + I].ZB) ,e_ar'lk

7 i 1
DeiicTBytowee sHaYeHne obpaTHOM A2, = 0.5-(UL- I1-ZB) e 1K

BONHbI BAOML NTUHUN X \
®a3sbl NPAMOIi N 0GPaTHOI arg A1) > arg(A2y,)

BOMH BAOMNb NMHUK Pl = deg P = deg
100 . . . ;
|| sof 1
a2 6OF .
|Alic+A2y| 40) ]
o
'} 1 1 1 1
0 10 20 30 40 50
L
200

-200
0

Puc. 5. Pacuer 3HepreruyecKux nokasareJieil JUHUH C pacnpeae]eHHbIMU apaMeTPaMHu
U pacnpeaejieHue HanpsikeHuil 1 (a3 npsaMoii 1 00paTHON BOJIH B0JIb JUHUH

+)

+180° 0

-180°

)

Puc. 6. IlosicHenne k ckauko00pa3HOMY U3MeHeHH IO (a3l NPAMON U 00paTHOI Gerymmx

BOJIH
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