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T'JIABA 4. ”THAYKTUBHO CBSIBAHHBIE SJIEKTPUYECKUE LHEIIA
4.1. UHAYKTUBHO CBSI3aHHbIE 3JIEMEHTHI LeNu

JIBe KaTyllKu HHIYKTMBHOCTU SBJISIOTCS HHIYKTHBHO CBSI3aHHBIMH, €CIIHM IIPH
M3MEHEHUH TOKa B OAHOM Karymke uHayktupyerca OJIC B apyroi karymke. Taxoe
SIBIICHUE Ha3bIBaeTcd sIBJeHHeM B3auMHOi mHayknuu. Ha puc. 4.1 mnokasansl aBe
WHAYKTUBHO CBSI3aHHbIE KaTyIIKH, AT KOTOPBIX pa3iMyaroT CIEAYIOIINE MarHUTHBIE
noroku: &g, P2 — MarHUTHBIE IOTOKH
paccesHus, COOTBETCTBEHHO, NIEPBOM U BTOPOM
KaTyleK; OHM  CLEIJIEHbl C  BHUTKaMHU
COOCTBEHHBIX KaTymek Wi u Wp; P\l  —
MArHUTHBIH TMOTOK B3aMMHOW HWHIYKIMH 1-7
KaTyIIKM: OH CO3/aH TOKOM l-H KaTymku i

U CLEIUIH C BHUTKAMHU 2-H KaTymku W,

@D\ 2 “MarHUTHBIN TOTOK B3aMMHOH MHIYKIUH
2-11 KaTyIIKK: OH CO3JaH TOKOM 2-H KaTyIIKH
ip M CLEIUIeH C BUTKaMH 1-H KaTylmku W .

MarauTHele MOTOKM CaMOMHAYKIMHU 1-it @1 u 2- P 2 KaTylleK ONpeleNnstoTcs
CYMMHPOBaHHEM IOTOKA PACCESTHUS U MIOTOKA B3aUMHOM MHIYKLIUH:

PL1=DS1+ P15 (4.1)
PL2=Ps2+Pp2-

Hanpasnenue MarHuTHOIO MOTOKA CAMOMHJTYKIIMU KaTYIIKU 3aBUCUT OT HAIIPaBJIEHUs
HAMOTKHM M OT HAIlPaBJIEHWs TOKA B HEH, M ONpeeNnseTcs IO MpaBUIy NPaBOXOI0BOIO
BuHTa (puc. 4.2).

ITapamerpoM [BYyX MHAYKTMBHO CBA3aHHBIX KaTyLIEK SBISETCA  63aUMHAA
unoykmusnocms M12=M21=M , m3mepsiemas B renpu [I'H]:
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rIe W12 — TOTOKOCHUEIUICHWE B3aUMHOM HMHAYKIMH 1-M KaTymkw, W1 —
MOTOKOCHEIUIEHNE B3aUMHON MHIYKIUH 2-1 KaTYIIKH.

WHIyKTUBHOCTH KaTymlIEK: lemzm )
i 0
Ly=YL2_ WPz 4.3
in in

B pe3ynpTate U3MEHEHUS MOTOKOCICIUICHUS B3aUMHOM WHAYKIMH 1-W KaTyIIKd, Ha
OCHOBAaHUHU 3aKOHA 39JeKMpoMacHumHou unoykyuu, B Hell HaBomutcs I/[C e3aumnou

dy do )
12__,, 9Pm2 .

UHOYKYUU: epm1=
VKY M1 dt dt
y4IuTBIBas, uT0 @) 9 U3 BeIpakeHus (4.2): (DMZ:M ,
d( Mqp2-io dip dio
HOJIyYHM: erf1=—w|—| —=%-% |=—=M1o—4=—M—%, 4.4
yd M1 Mdt( W 1274 pm (4.4)
Amnanoruuno onpenenuM D/1C B3auMHON HHAYKITNH 2-1 KaTyIIKH:
dyo1 doprg di
ey =——"="=—wy —==—M — 4.5
M2™q T dt (43)
Hanpsokenue B3auMHOM MHAyKUMM 1-H kaTymku Upj1 ypaBHoBemmuBaeT JJIC
di
B3aMMHO HHIYKIIMH 3TOH KaTyIku: Upnj1=—eps1=M d—tz . (4.6)
AHanoru4Ho onpezensercs HanpsHKeHHe B3aUMHOW MHAYKIUN 2-H KaTyIIKHU:
di
um 2:—eM2:Md—E{L. 4.7
CreneHb MarHUTHOW CBS3M JABYX KaTYIIEK XapaKTepH3yeTcs Kod@guyuenmom
M

4.8)

MASHUMHOTL CEA3M. Ky =——,
«/L]_LZ
KOTOpBI MokeT m3MeHATbess oT 0 mo 1: Kpy =0 mnpum OTCyTCTBMM MarHUTHOW CBS3H
Mexay karymkamu; K3, =18 ToMm ciydae, korna @ 1=Ppyq u P 2=Dys2.
U3 Bripaxenus (4.8) cienyer, 4To B3aUMHAS WHIYKTUBHOCTD KaTYIIIEK:

M=Kys1L;

T. €. 3aBUCHUT OT K03(p()UIIMEHTa MATHUTHOM CBA3M M MHAYKTUBHOCTEH 00EHX KaTyIlIeK.

W3meHeHnss WHOYKTHBHOW (MAarHUTHOW) CBSI3M MEXKIy KaTyIIKaMH MOXKHO
JOCTHTHYTh TIIEPEMEIICHHEM ONHOW KAaTYIIKH OTHOCHUTENHEHO Apyrodl. [Ipubopsr,
COCTOSIIIE M3 JIByX B3aWMHO MEPEMEIIAIOMMNXCS KaTyIIeK, MpeJHa3HAYCHHBIC IS
IUTABHOTO PETYJINPOBAHMUS B3aMMHOW MHIYKTHBHOCTH, Ha3BIBAIOTCS 8APUOMEMPAMU.

IIpn paccMOTpeHMH WHIYKTHBHO CBS3aHHBIX LeTed BBOIAT MOHATHE 00
OOHOUMEHHBIX 3axcumax KOHTYpPOB (KaTyIIeK). 3aXKMMBI BYX KOHTYPOB Ha3BIBAIOTCS
OOHOUMEHHbIMU, €CITH TIPH OJUHAKOBBIX HAIIPABJICHHAX TOKOB OTHOCHTEIBHO OSTHX
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3aKMMOB, MAarouTHBIC TOTOKU CaAMOWHAYKIIUN (DL 1 B3aUMOWHAYKIHH (DM B KaXIOM

KOHTYpE COBIIJAIOT MO HampanieHuo. OZHONMEHHOCTh 32)KHMOB KOHTYPOB (KaTyIIeK)
3aBHCHT OT HAIIPaBJIEHHS X HAMOTKU M OT B3aUMHOTO pacronoxkenus. B xarymke 1 u 2
(puc. 4.1) OXHOMMEHHBIMH SIBJIAIOTCS 32XHMBI @ W ¢ (0OO3HAYeHHI @), TaKk Kak IpH
YKa3aHHOM HalpaBJIEHUH TOKOB OTHOCHTEIBHO AITHUX 3aKMMOB, ITOTOK CAMOWHIIYKIINH

Wi W @ 11-it xaTymKkM HMEEeT OJMHAKOBOE HarpaBlie-
O\ ay Vo Fal a¥ O\ o
L F—A HHE C TIOTOKOM B3aWMHOH HHIYKIUH D)9 OT

v v A4

° P BTOPOM KaTyHIKH, a TOTOK CaMOMHAYKIUU @] 2

COBIIAJIAET C IIOTOKOM B3aMMHON MHAYKIMH D1 .

B«

X) OnHoVMMEHHbIE 3a)KHUMbl WHAYKTUBHO CBS3aHHBIX
KaTyIlIeK OIpPEAETSIOTCA IKCnepumMeHmanvio. Jis
__I '_1 3TOr0 UCTOYHHUK MOCTOSHHOTO ToKa (OaTapes) b u
+ — * e ranpbBaHoMeTp [ BKIIOYAIOT K 3aKUMaM JBYX

Puc. 4.3 WHAYKTUBHO CBS3aHHBIX KaTylleK C BHUTKAMHU
W 1 Wy no cxeme (puc.4.3), cobmrogas ykaszaH-

Hyl0 Ha CXeMe IOJApPHOCTh OaTapeM M raiabBaHoMmeTpa. Ecnim mpu  BKIIOUEHUH
BBIKJIIOYATENs B, CTpenKa rajJbBaHOMETpa OTKIOHSETCS BIPABO, TO 3aXHMMBI KaTyllek,
HOKITIOYEHHBIE K «IUTIOCY» OaTapeu U TajlbBAHOMETpa, OyAyT OAHOMMEHHBIMH.

4.2. IlocsienoBaTesIbHOE COCTHHEHHE IBYX HHIYKTHBHO
CBSI3AHHBIX KATYIIeK

[lpu mocnenoBaTeNbHOM —COCAMHEHUN
KaTyLIeK ¢ compoTuBieHusMH Ry u Ry
UHAYKTUBHOCTSIMH L m Ly u B3aumuOH
WHJyKTHBHOCTbIO M BO3MOXHBI JiBa BHA
X COCJMHEHHWS: COTJIACHOE M BCTPEYHOE
BKJIFOUCHHE.

Ipu coenacnom exmouenuu Katyuexk
(puc. 4.4) MarHuUTHBIE TIOTOKHM CAaMOHH-
IyKin @ ¥ B3auMOMHAYKIMH Py B 00enx

KaTylKax HampaBJeHbl ogmHakoBo U DJIC
CaAMOMHAYKLUH e| | B3aHMOHH-AYKLUH e\
UMEIOT OfMHaKoBbIe 3Haku. [Ipu ecmpeurom
exmouenuu Katymek (puc. 4.5) MarHuTHBIC
Puc. 4.5 noToku @| u @)y HampaBlICHBl B NPOTUBO-

nonoxubie cropoHsl U DJIC B3aMMOMHIYK-

LMK e)\] UMEET 3HaK, 00paTHbIi 3HaKy D/IC caMonHAyKINH €|_ .
CxeMbl 3JeKTpHUeCcKHX mereil mpu cormacHoM (puc. 4.4) m BctpeuHoMm (puc. 4.5)
BKJTFOYEHHUH KATYIIEK OTIMNYAIOTCS TONBKO PACIONOKEHHEM OJHOWMEHHBIX 3aKHMOB (o)
OTHOCHUTEIIFHO HAIPaBIICHWS TOKA B KAXKIOH KATyIIKe, a WMEHHO: IPH COTJIACHOM
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BKJIFOUCHHH KaTYIIEK TOK | HampaBJeH B 00€HX KaTYIIKaX OT Hayasa (®) K KOHIY Kax o
KaTYIIKH; TIPH BCTPEYHOM BKJIFOYCHHH KATYIIEK TOK | B MEPBOM KAaTyNIKe HANPaBICH OT
Havaja (®) K KOHIy, a BO BTOPOH KaTyIlIKe — OT KOHIIA K Havay (e).

3anumieM 1o BTOpoMYy 3akoHy Kupxroda ypaBHEHHs Ui HaNpsDKSHUH KaXIoit
KaTylky B quddepennnansHoil (knmaccnieckoit) hopme:

. di di
W =UR1+up1zupm =R+ —=M —,
1=UR1+UL1+UM =K1 1dt dt
Up=UR2+U[ 2 UM :R2i+L2%iM %, (4.9)

rae UR], URy — aKTMBHOE HanpsukeHue 1-# u 2-1 KaTyliex;
Up 1, U p — MHAYKTUBHbIC HANPSOHKEHUS KaTYIIEK;
Uy, — HampsDKEHUE B3aUMHOM MHAYKIMH KaTyIIeK.
B ypaBHeHwsix (4.9) 3HaK «+» COOTBETCTBYET COTJIACHOMY BKJIIOYECHHIO KaTyIIeK, a

3HaK «—» — BCTPEYHOMY BKIIIOUEHHIO.
OmnpenenuM BXOIHOE HANIPSHKCHUE HA 3aKuUMax 1ierneit (puc. 4.4 u 4.5):

u=up+up=(Ry+Rp )i+(Lg+Lp+2M )% (4.10)
B ypasnenun (4.10): Le=L+Lp+2M ; (4.11)
Le=L+Lp—-2M; (4.12)

Lc, Lg — mpexcraBisioT coboii SKBHBANCHTHbIE MHIYKTHBHOCTH JIEKTPHUECKHUX Iemeit
mipu corsacHoM (4.11) u Bcrpeunom (4.12) BKITIOUEHHH KaTyIIEK.
Brruntas u3 ypasaenus (4.11) ypasuenue (4.12), nonyunm: Lo —L,=4M , otkyna
M= LC — L6
4
T. €. 3Has 9KBUBAJICHTHBIE HHIYKTHBHOCTH Lieny npu cornacHoM ( L¢ ) u Betpeunom (Lg )

: (4.13)

BKITIOUEHUH KATYIICK, MOXXHO OIPENIENIUTh B3aUMHYIO UHIYKTHBHOCTh KaTYIIIEK.
3anumem ypaBhenus (4.9) u (4.10) B koMIuIeKCHOM popme:

Uy=Ril+jolyl+joM1=Z11+Z\ 1 ; (4.14)
Up=Rol+jolpl+joM1=Z51+Z )1 ; (4.15)
U=U1+Up=(Z1+Zp%2Z )1, (4.16)

rae Z1=Rj+]joly, Zo=Rp+jwly — xomiuiekcHble conpoTupienus 1-i u 2-i katymiek;
Z)s=Jj®M — KOMIUIEKCHOE CONPOTUBIIEHHE B3aUMHON HH/YKIIH;
Z=71+Z9*2Z)\4 — KOMIUIEKCHOE CONPOTUBJICHUE BCEH LIETH.

Ha ocnoBanmm ypaBHeHuii (4.14) — (4.16) cTpoMM BEKTOpHBIE AWATPAMMBI B
KOOpAWHATaX KOMIUIEKCHOH IUTIOCKOCTH Ui corjacHoro (puc. 4.6) W BCTPEYHOTO
(puc. 4.7) BKIIIOYCHHUS KaTYIIEK, UCTIONB3YS CICTYOIe 0003HAYCHHS:

URr1=R1l, Uro>=R2| — kommieKcHbIe aKTUBHbBIE HANPSKEHUS 1-i 1 2-1 KaTyiek;



Puc. 4.6

Upi=jolql, U o=jolol -
KOMIIJICKCHBIC HWHAYKTUBHBIC HAIIPSIXKCHUA
KaTYLICK;

Upm =joMI - KOMIUIEKCHOE
HaIlps’)KECHUEC B3aUMHOM UHAYKOUH.

ITocTpoenne BeKTOPHOW IHATPAMMBI
IJISl  COTJIACHOTO BKJIIOYEHHSI KaTylIeK

(puc. 4.4).
OOmMM 7151 BCEX 3JEMEHTOB CXEMBI
sBisieTcs TOK |, mO3TOMYy B KadyecTBe

WCXOZHOIO0 BEKTOpa Ha JHMarpamMme IpH-
HUMaeM KOMIUIEKCHBIH TOK, KOTOpPBIH Ha-
NpaBiisieM M0 OCH BelleCTBEHHBIX (puc.4.6).
Bekrop Upq 1-ii kaTymku coBnajaer mo

HarpasieHnto ¢ |, Bekrop U |1 omepe-

kaer | ma yrom 90° Bektop U, n=U,,

IpH COINIACHOM BKIIOYCHMH KaTymiek comagaer ¢ U 1. Cymma TpéX BeKTopoB B

coorBeTcTBUM ¢ ypaBHenueM (4.14): Upq+U | 1+Up1=Uq -

W3 xonua Bektopa Up crpoum Bekropel Upo, U o, Upo=Up\ s 2-ii

KaTyIIKd aHAJIOTHYHO ITOCTPOCHUIO COOTBETCTBYIOIIMX BEKTOPOB sl 1-M KaTymIKu.

Coennuus Hayano Bekropa Upy ¢ KoHtom Bekropa U)p,o, nomydnm Bektop U, , a

i\

Puc. 4.7

4HO BeKTOpy U | 5.

COe/IMHMB Havano Bekropa Ujq ¢ KOHIOM
BekTopa Uo, MONY4nM BEKTOP BXOIHOrO

Hanpspkenust U .

ITocTpoenne BeKTOpPHOI AMArpaMMBbI
ISl BCTPEYHOr0 BKJIIOYEHHs] KaTylIeK
(puc. 4.5).

Ilopsiiok mOCTpOEHUSI BEKTOPHOU JMar-
pammsbr (puc. 4.7) Ui BCTPEYHOrO BKITIO-
YEeHUsI KaTyIeK TOT jK€, 4TO W IIPU corja-
CHOM BKJIIOYeHHH. OTIHYNTETBHOR 0COOEH-
HOCTBIO 3TOH JAWarpaMMsbl SIBJISETCS BCTPEd-
HOE HaIlpaBJCHHE BEKTOPOB HAINPSDKEHUS
CAMOMHAYKIMM ¥ B3aUMHOW HWHIYKIWH:
Bektop Upg1=UM HampasieHn BCTPEUHO

BekTopy U | 1, a Takke U\ 0=Up\, BCTpe-

W3 BekTOpHO# AuarpamMMbl TIPH BCTPEYHOM BKJITFOUEHHH KaTymiek (puc. 4.7) BUIHO,
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4To, eciu Hamnpumep, Ly< M, to U| ¢ Oyner menbme Upgq u Ugp Oyzer orcraath OT

Toka |, T. e. B menu 1-if Karymku Oyner HaOMIOOAaTHCSI CBOSOOpa3HBIN «EMKOCTHBIIDY

s¢dexr. MHaue 3T0 ABICHUE B LIENM C UHIYKTUBHO CBSI3aHHBIMU KaTYIIKAMHU Ha3bIBAIOT
agpgexmonm nodxcroti émxocmu. OTHAKO B IIEIOM pacCMaTpUBaeMast LiEMb NPU BCTPEYHOM
BKJIIOUEHHMH KaTyIIEK BCEr/lda UMEET UHOYKMUBHbIL XapaKTep, Tak Kak Lg=l1+Lo—2M >0

n HanpspbkeHne U  omepesxaer Tok | .

4.3. [1apannenbHoe coelMHEHUE IBYX HHAYKTUBHO
CBAI3AHHBIX KATYIICK

Ilpy mapayuleNIbHOM COIVIACHOM BKJIFOYEHMH Karyiiek (puc. 4.8, a) Toku i u i9

HanpaBJieHbl B 00eHMX KaTylIKax OT Hadana (e) K KOoHIy. IIpu BCTpeuHOM BKIIIOYEHUH
karymek (puc.4.8,0) TOK B NepBOH KaTyIIKe HAalpaBJIeH OT Havyasa (®) K KOHIy, & BO

a a
O g
° i ‘Lil ” liz T ° \Lil \1/12
La) Mg I L2ds M L2
u u .
Ri R2 R1 R2
(o, g O é
by 6)
Puc. 4.8

BTOpOIi KaTyIlKe — OT KOHIA K Hadaiy (e). [Io3TOMy B IIepBOM CiIydae MarHUTHbIC TOTOKH
CaMOMHIYKINHA W B3aMMOHMHIYKLHH COBMANAIOT [0 HAMPABICHUIO, a BO BTOPOM Cllydae
9TH HOTOKH HAIIPABICHBI BCTPEYHO.

CocraBum amst 006enx cxeM 1o 3akoHam Kupxroda ypaBHeHus B tuddepeHiaibHoml

dbopme: i=i+ip; (4.17)
u:uR1+uLliuM1:R1i1+Ll%iM%; (4.18)

U=UuR2+up 2tum 2=R2i2+L2%iM%. (4.19)

B ypaBuenuu (4.18) mis HampspkeHHS U TEPBOW KaTYIIKH HaNpsDKEHHE B3aUMHOM
UHAYKIUA Upj1=M ddl—tz OMpEEISIETC MPOU3BOJHON OT TOKa i) BTOPOH KATYIIKH; B
ypaBHeHHH (4.19) 1 HanpspKeHUsT U BTOPON KaTYIIKH HAIPSDKEHUE B3AMMHON MHTYKITHH
up 2=M dn OMpe/esIeTCs MPOU3BOAHON OT TOKA if MEpBOM KATymIKH. 3HAK «+» y

dt

HAIIPSKCHUSL B3aUMHOM HHAYKIIUHU COOTBETCTBYCT COIIACHOMY BKIIFOUCHUIO KATYHICK, a
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3HAK «—» — BCTPEYHOMY BKIIIOUECHHIO.
3anmmem ypaBHerus (4.17) — (4.19) B KOMITIEKCHOM BHJIE:

1=lp+15; (4.20)
U=Rlj+jolgljtjoMly=Z1112Z\ 15; (4.21)
U=Rolsr+jolplotjoMli=ZolotZ\p 17 . (4.22)

Pewast Tpu ypasnenust (4.20) — (4.22) ¢ tpems HeussecTHbiME |, 11, 15, monyqaem
CJICYIOIIHNE BBIPAKCHUS TSI KOMIUIEKCHBIX TOKOB:
U(Zr¥Z
11:7_(_2 =M ). (4.23)
212,-7%,
U(Z4¥Z
1,-2E12u) =M ). (4.24)
212,23,
U(Z1+Z5F2Z
l:—(—l £274EM ) : (4.25)

212,-22
W3 BoipakeHus: (4.25) ompenennM BXOAHOE KOMIUIEKCHOE COMPOTHBIEHUE UENH
2
U Z1Z,-2%

= =22 EM (4.26)

c. 4.8): == .
(prc. 45 ST ez 2zy

B Breipaxenusx (4.23) — (4.26) 3HaK «—» COOTBETCTBYET COIVIACHOMY BKJIIOUCHHIO
KaTyIIEK, a 3HaK «1» — BCTPEYHOMY BKJIIOUCHHIO.
Eciu B Belpakenun (4.26) npupaBHATH HYIIO Z)| (IPH OTCYTCTBUM HMHIYKTHMBHON

CBSI3U MEXIY KaTylIKaMM), TO MOJNYydMM H3BECTHOE BBIPaKEHHE ANl MapauleIbHOTO

COE/IMHEHUSI IBYX BETBEH: Z=

Ha ocnoBanum ypaBHenuit (4.20) — (4.22) mocTponM BEKTOpHBIE IUATPaMMBI IS
Hernel ¢ napajuiebHBIM COSANHEHHEM IBYX HHIYKTUBHO CBSI3aHHBIX KaTyIIEK.
[locTpoeHrne BEKTOpHOM auarpaMMmbl Uit menu (puc. 4.8, a) mpH COrJIacHOM
BKJIIOYEHHH KATyLIeK.
B KkadecTBe HCXOZHOrO BEKTOpa INPHHMMaeM BeKTop HampskeHus U , Tak Kak

HanpsDKEHWEe Ha IapajUIeNbHBIX BETBAX OAMHAKOBOE. JTOT BEKTOP HAIIPABIJIEM II0 OCH
BELIECTBEHHBIX BEMUYHH (puC. 4.9, a). Toku katymek |1 u |9 OTCTAIOT OT HANPSIKEHHS

Ha yrasl @] U @2 . Tok B Hepa3BETBIEHHOM yacT 1enu | B COOTBETCTBUU C ypaBHEHHEM
(4.20) paBeH reomerpuueckoid cymme TokoB 1 u 1o

Cocrasnsronie HanpspkeHUs U Ui mepBoil KaTYIIKH ONpeeNseM 10 YPaBHEHHUIO
(4.21), a umenHo: BekTop akTMBHOrO Hampspkenus Upi=Rjlq coBmagaer no wmampa-

BJICHHIO C TOKOM |1 ; BEKTOp MHIYKTHBHOrO Hampsikenuss U | q=jwlglq onepexaer 11
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Puc. 4.9

na 90°; BekTop Hanpskenus B3auMHOH uHAykiuu Upp1=joMlo, obycnosseHHblit
TOKOM BTOPO#H KaTyIIKH | 5 MpH COrIaCHOM BKIIIOYEHHHU KaTylIek omepekaer |, ua 90°.
Cymma T1péx BektopoB Upq, U 1 m Upq para Bexropy U , mostomy KoHen
BekTopa U1 coBmazaer ¢ koHnom Bekropa U .

CocraBnsronive HampspkeHuss U 11 BTOPOil  KaTYIIKH  OIpeaeNseM 110
ypaBHeHuio (4.22), a UIMEHHO: BEKTOp akTMBHOrO Hampspkenus Upo=Rol, cosmamaer
N0 HANpABJICHUIO C TOKOM |9 ; BEKTOp HMHAYKTHBHOTO Hampsikenus U| o=jolplo
onepexaeT lop Ha 90° BekTop HampsikeHus B3aumHoi uHaykiuu Upjo=joMlq,

OOYCIIOBIICHHBII TOKOM MEPBOH KAaTylIKM |{ NpU COrIacHOM BKIIKOYEHMH KaTyIIEK
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onepexaer | Ha 90°. Cymma Bekropos Upy, U o u Up,o pasua Bekropy U .

Bekropras mmarpamma juis nenu (puc. 4.8, 6) mpM BCTPEYHOM BKJIIOYeHUH
KaTylIeK CTPOUTCS aHAJOIMYHO BEKTOPHOM JauarpamMme IpH COIJIACHOM BKIIIOYEHHH
Karymek. OTanyarbcst oHa OyZleT TOJBKO TeM, 4To Ha auarpamme (puc. 4.9, 0) BekTop
HANPSIKEHUs B3aMMHOH MHIyKImK nepBoii karymku Upgq=—JoM |l orcraér ma 90° ot

TOKa BTOPO# KaTymKH |o; BEKTOp HANpPSDKCHUs B3aWMHOW MHJYKIHMHM BTOPOH KaTyIIKH

Upm2=—J®M 14 orctaér na 90° ot Toka neppoii KaTymku |1 .

4.4. MeTtoabl pacuéTa pa3BeTBJIEHHBIX 1eneil
TP HAJTWYUHA B3AUMHOI HHAYKTHBHOCTH

Jna pacuéra Takux Lenedl OCHOBHBIMHM METOAAMM SIBIISIIOTCA METOJ JIBYX 3aKOHOB
Kupxrota 1 MeToq KOHTYpPHBIX TOKOB B KOMILJIEKCHOH (opme.

MeTton aByx 3akoHoB Kupxrodga.

CocraBneHue ypaBHEHHMH B KOMIUIEKCHOH ¢opme mo 3akoHaMm Kupxroga
paccMotpeHo B riaBe 3. [Ipu Hanuyuy B MM KaTylleK ¢ B3aMMHOW MHIYKTUBHOCTBIO B
YpaBHEHHSIX, COCTABJICHHBIX 0 BTOPOMY 3akoHy Kupxroda, Hamo yuecTb HampsmKeHUs
B3aUMHOM WHAYKIMU. [l ompeneseHus 3HaKa HalpsDKEHWs B3aMMHOM WHIYKIUU
HEO00XOIUMO MTPUMEHHUTH CIIIyIOLIee PaBHJIO:

ecnu Hanpasnenue 006xo0a no OAHHOU KamywiKe U HANpasieHue moxa 6 Opy2ou
Kamywike, €o30ai0uWec0 HANpAXceHue 63auMHOU UHOYKYUU 6 OAHMOU Kamyuike,
00UHAKOBOE OMHOCUMENbHO OOHOUMEHHBIX —3aJHCUMOG IMUX Kamywex, mo
Hanpaxcenue 63auMHOU UHOYKYUuu OaHHOU Kamyuiku 6yoem umems 3HAK «nuocy. B
IIPOTUBHOM Cllyyae HaNpsHKEHUE B3aUMHOM HMHIYKIUM OepéTcs co 3HAKOM
«MHHYC».

CocraBuM ypaBHEHHA MO 3akoHaM Kupxroda s S7MeKTpUYECKOHW Liemu, cxema
KoTOpoi mu3o0paxkeHa Ha puc. 4.10. B menu uMeEOTCS TPU HHAYKTUBHO CBSI3aHHBIE
KaTYLIKH, WHIYKTUBHOCTU KOTOPBIX paBHBI L1, Ly, L3 W B3auMHBIE WHOYKTUBHOCTH

M12, M23. K nenu noakmroués ucrouHuk curycounansaoit OJ1C E.

U [

I
I

Puc. 4.10
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Tak kak cxeMa UMeeT JBa y3Jia, MO MepBOMY 3akoHy Kupxroda cocraBisieM OgHO
ypaBHEHHE: 11-15-13=0; (4.27)

ITo Bropomy 3akony Kupxroga cocTaisieM aBa ypaBHEHHUs (HallpaBJIeHHE 00X0/1a 10
KOHTYpaM Ha cxeMe 0003HAUCHO TYHKTHPHBIMH JINHUSIMH).

151 1eBOro KOHTYpa:

EZ(—J'1jlﬁRz'_2+J'wl-zlz+jw'\/|12|_1—J'a>'\/|23l_3+
@Cp — =
Um2t  Ymzs
+jolgl1+R1 11+ joMyo1s ; (4.28)
[ ——

Umi2
J1st mpaBoro KOHTYypa:
R3lz+jolglz—joMazlo—jolylo+joMazl3— —joM1211-Rolo=0;  (4.29)
R — —

Uma2 Um23 Uma1

B ypaBHenuu (4.28):

® HANpsUKEHUE B3aUMHOW MHIYKUMU BTOPOH KaTymiku U pg leja)Mlzll, BEI3BAHHOE
TOKOM TIEPBOH KaTymIKH |1 B3STO CO 3HAKOM «ILIIOCH IOTOMY, YTO HAnpasieHue
06x00a no emopotii kamywike (0T HayaJa K KOHILY) U HanpasieHue moKa 6 nepeoi
kamywke (OT KOHLA K HAYaly) O0OUHAKOBOE NO OMHOWEHUIO K OOHOUMEHHBIM
3axcuman;

® HanpsKeHUe B3aMMHOHM MHAYKLIMK BTOpoi katymku Upgo03=—jwM23l3, BboizBanHoe

TOKOM TPETbEH KaTymKu |3 B3ATO CO 3HAKOM «MHHYC» MOTOMY, YTO HANpasienue
00x00a no émopoii kamywxe (OT Ha4aia K KOHILY) U Hanpaeienue mokda 6 mpemvel

Kamyuike (OT KOHIIA K HaYaJly) pasHoe no OMHOUWEHUIO K OOHOUMEHHBIM 3AXNCUMAM.
AHAJIOTUYHO OTIpeNeNnéH 3HAK HAIMpPsDKEHWH B3aUMHON HHAYKITHH L_JM 12 L_JM 32,

Uma3: Ymar:

MeTox KOHTYPHBIX TOKOB.

Ilpn cocraBneHNMHM ypaBHEHHWI OTUM METOAOM COOCTBEHHBIE CONPOTHBICHUSA
KOHTYPOB M B3aWMHBIE COIPOTHBICHHS CMEXKHBIX KOHTYPOB JOJDKHBI YYUTHIBATH
CONPOTHBIICHUS B3aUMHOH HHIYKLHUH.

Hnsa cxemsl (puc. 4.10) ypaBHEHHS KOHTYPHBIX TOKOB B OOIIEM BHIE 3aIMUIIyTCS

CIEYIOIMM 00pa3oM: Z11111+Z12 122 :Ell )

Z21111+222122=E2),
rae CO6CTBCHHBIC COHpOTI/IBHeHI/Iﬂ KOHTypOBZ

(4.30)

;]_]_=Rz+ja)L2+j2a)M12+R:|_+jcoLl—jL :
oC

ZZZ=R3+ja)L3+j2(0M23+R2+ja)L2 ;

B3aUMHbIE CONIPOTUBIIEHUS CMEKHBIX KOHTYPOB: Z19=Z91=—Rp—jwly—joM23;

12



koHTypHBIE D]IC: Eq1=E; Ep»=0.

MeToa y3J10BbIX MOTEHIMAJIOB HEMOCPEACTBEHHO K pacuéTy Ienedl ¢ B3auMHOM
HUHIYKTUBHOCTBIO HENpUrofaeH. OObICHIETCS 3TO TEM, YTO TOK B JIFOOOW BETBU 3aBHCHUT HE
toipko ot DJIC, Haxomsiierocs B Hell HMCTOYHHKA W OT TOTEHIMANIOB TEX Y3JI0B, K
KOTOPBIM BETBb MPHCOEANHEHA, HO U OT TOKOB JAPYIuX BeTBell, koTopbie HaBoaaT DJIC
B3aMMHOM MHIYKIMH. [103TOMY HeNb3sl MPOCTBIM MYTEM BBIPA3UTh TOKM BETBEU depes
nmoTeHuansl y3moB . DJIC HMCTOYHHMKOB, Kak B IEMSX 0e3 HMHIYKTHBHO CBS3aHHBIX
JJIEMEHTOB.

MeToa 3KBHBAJEHTHOr0 reHeparopa NPHMEHHM TOIBKO B TOM Cilydae, KOTr/a
OTCYTCTBYET WMHAYKTHBHAsI CBSI3b MEXKIY BETBHIO, B KOTOPOH PAaCCUMUTHIBAETCS TOK, W
BETBSIMU aKTUBHOTO JABYXIIOIIOCHHKA.

Dopmynvl, evleedeHHvle 6 2nage 3 O NPeoOpaz08aHus  Mpey2oNbHUKA
CONpOMUGIEHUL 8 IKEUBAICHMHYIO 36€30Y U 0Opamuo, TIPA HATHYUH B TIENIH HHYKTHBHBIX
CBSI3€H HEMTPUTOIHBL.

4.5. TpancdopmaTop 6e3 CTAJIBHOIO cepleYHUKA
(Bo3aymIHBIN TpaHchopMaTop)

B anekTpoTexHUKe IIUPOKOe TNPHUMEHEHHWE HMeeT TpaHchopMaTop — amnmapar,
npenHa3HaYeHHbIH ISl MpeoOpa3oBaHUsl MEPEMEHHOro HampspbkeHus. B mpocreifiem
cilydae OH He UMeeT ()eppOMarHUTHOTO Cep/ICYHUKA U MPECTaBIsIET COOO JBE KaTyIIKH
¢ MHAYKTUBHOH cBs3bto (puc. 4.11). Takue TpaHchOpMAaTOPbl MNPUMEHSIOTCS MpPHU
BBICOKMX YaCTOTaX, @ B HEKOTOPBIX CIELMAIbHBIX M3MEPUTEIBHBIX YCTPOMCTBAX M IPU
HU3KHX 4aCTOTaX CUHYCOUAAIBHOIO TOKA.

2 OO6motka TpaHcdopmaTopa ¢ mapamerpamu Ry,
i, M b

o L4, K KOTOpPOH MOAKIIOYAaeTCsd WCTOYHUK IHTAHMS,
y 7 HAa3bIBACTCs nepsuyHoll; 0OMOTKa ¢ mapamerpamu Ro ,

L1 L2 Ry Ly, k KOTOpOil mpucoenuHsAeTCsS NPUEMHHK SHEPTUH

Bl L (marpyska) c¢ mapamerpamu R, , L, , Ha3pBaeTcs
R R» Lu 6mopuunou.  HampsxeHus — MexXIy — 3aXKUMaMM

OOMOTOK U TOKH B 9THX 0OMOTKaX Ha3bIBaIOTCS
COOTBETCTBCHHO nepguuHbimu Uy, i1 1 gmoputnsimu Uy,
i, HAMPSDKCHUSIMU U TOKaMu TpaHcopmaropa. Llemu,
Puc. 4.11 B COCTaB KOTOPBIX BXOIST HepsuuHbie U GMOpPUYHDbLE
00MOTKH TpaHCc(opMaTOpa HA3BIBAIOTCS COOTBETCT-
BEHHO NepeUdHbIMU U 8mopuyHbiMu yenamu Tpancdopmaropa. CocTaBUM ypaBHEHUS AT
MTHOBEHHBIX 3HAYCHHU TOKOB W HANPSHKCHWH IO BTOPOMY 3akoHYy Kwupxroda mus
TIEPBUYHON W BTOpHYHON Iemell TpaHcopmaropa (mpw yka3aHHBIX Ha puc. 4.11
OJHOMMEHHBIX 3a)KMMaxX M HalpaBICHUSX TOKOB MarHWTHBIC MOTOKHM CAMOMHIYKIUH H
B3aMMHOW MHAYKIMH UMEIOT OJMHAKOBBIEC HAIIPABICHHUS U CyMMHUPYIOTCA):
U1=R1i1+L1(jTlg'+M dstz; (4.31)

O
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. dip dig
0=Roip+Lo —=+M —=+u9; 4.32
2lp+Ly— =M= U2 (4.32)
rje Up — BTOPUYHOE HANPsDKEHHE TpaHC(HOpMaTopa (HApsDKEHNE HA IPUEMHUKE).
[epefiném ot ypaBHEeHHUH B Kiaccuueckoil ¢popme tpanchopmartopa (4.31), (4.32)
YpaBHEHHSM B KOMIUIEKCHOH (opme:

Up=Ril1+ Xl +iXm Lo, (4.33)
0=Rpl+jX2lp+ XM 11 +U 5, (4.34)
rre X1=wly, Xo2=wly — UHAYKTUBHBIE CONpPOTUBIEHHUS NEPBUYHOH M BTOPUUHOH

obmoTok; X\ =@M — compoTuBieHHe B3aUMHOW HHAYKIMU OOMOTOK;
L_J2:;H12:(RH+jXH)I_2 ; Xy =oly, .
Bzanmnas ungyktuBHOoCcTh M, BXOmsmas B ypasHenus (4.31) — (4.34), onpenensiercst
U3 peXUMa XoJocToro xoxa TtpaHchopmartopa (mpu l2=0). [dnsg xomocToro xona
BTOpUYHOE HanpspkeHue u3 ypaBHeHus (4.34): Uy =X\ l1=oMlq,
U
oTKyMA M=—2X (4.35)
owlq
O603Haunm yepe3 Rop=Ro+R, u Xoo=Xo+X,,.
Pewas ypanenns (4.33) u (4.34) oTHOCHTENBHO TOKA 11, monydaem:
| g1
= : ;
(Re+Rg )+ (X1 +X g )

2
Roo X
e Ry, _ 227M

RZ +X2

227X

2

_ X22Xy
2 o2
Ro2+X22
COHpOTI/IBHeHI/IH RSH nu X(?H HA3bIBAKOT BHOCUMbBIMU AKMUBHbIM U peaKmueHblM

(4.36)

; (4.37)

6H —

, (4.38)

conpomugienusmy  (OHM BHOCATCS. MAarHUTHBIM IIOJIEM W3 BTOPHYHOH  IIeNH
TpaHchopMaTopa B IEPBHYHYIO LETIB).

U3 crpykTypsl BelpakeHHs (4.36) ciemyer, 4TO CO CTOPOHBI TIEPBHYHON IIETIH
BO3IYIIHOIO TpaHcopMaTopa Bes cXeMa MOXKET PaccMaTpUBaThCs KaK JBYXIIOIIOCHHK C
conporuBieHusiMH Ry =Ri+Rg, u  X,=X1+Xg,. Takum oOpasom, Hamuumne
BTOPUYHOW IENTM SKBUBAJICHTHO M3MEHCHUIO aKTHBHOTO M PEAKTUBHOI'O CONPOTHBIICHUH
JBYXIIONIOCHUKA Ha Ry, m Xy, . Brocumoe axmugnoe conpomuenenue ecezoa 6oavuie

nyns. B HEM mormomaercss sHeEprusi, KoTopas mepeaaércs M3 NEpBUYHOM LENU BO
BTOPUYHYIO IIOCPEACTBOM MAarHUTHOTO NONA. BHOcumoe peakmugHoe COnpomueienue
umeem 3Hax, NPOMUBONONIONCHBIU 3HAKY X2).
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*]
I

jXMLl _]X:IZ

Ral2

U Rl
1
— 90° Uz | iXHl2
L (O o 12 +1
jXml2 JXal 0 Sl o
Puc. 4.12

Ha ocnoBanuu ypaBHeHuit (4.33) u (4.34) mocTpouM BEKTOPHYIO AHarpamMmy
BO3JIYIIHOTO TpaHCOpMaTOpa Il UHAYKTUBHOTO XapakTepa Harpy3ku (puc. 4.11).
3a UCXO/HBIH BEKTOP NPUHAMAEM |5 , KOTOPBIi HANPABIISEM MO OCH BELIECTBEHHBIX

BennuuH (puc. 4.12). 3areM CTpOMM TPEYroJbHUK aKTMBHOTO Ry 15, MHIYKTUBHOTrO
Xylo n nonnoro U, wanpsikenuit Harpysku. U3 xonua Bektopa Uo OTKIajibIBaeM
BEKTOPbI aKTMBHOTO Rp u mHaykTHBHOTO jX21o HampsbkeHuit BTOpHYHOH OOMOTKH

Tpancdopmaropa. B coorBerctBum ¢ ypaBHeHueMm (4.34) cymMma BCeX KOMILIEKCHBIX
HaIIpSDKEHUM BTOPUYHOM Lienu paBHa Hymto. [10o3TOMy BEKTOp HanpsyKeHUs B3aUMHOM

MHIYKLIIMK BTOpHIHON 0OMoTKH U p\q2=]X\ 11 Oyner nanpasieH B HaYano KOOP/MHAT,

T. €. 00pa3yercsi 3aMKHYThIi MHOTOYTOJIbHHK HampspDKeHH BTopudHO# nenu. Jlaiee, u3
Hayana kKoopauHat nox yriaom 90° k Bekropy Upnpo (Bexktop Upgo TpH cornacHom

BKJIOYCHNN KATYLIEK ONepexaer BEKTop Toka |1 Ha yrom 90°) mpoBomum Bektop 1.
BekTop akTMBHOrO HanpsDKeHUs MepBUYHON 0OMoTkH Ry 11 comazmaer ¢ Bektopom I, a
MH/IYKTUBHOTO HampskeHust jXqlq — onmepexaer lq na 90°. Bekrop HampskeHus
B3aUMHOH MHIyKIMK TiepBuuHOd obmotku U pq1=JXM 1o omepexaer BekTop
BTOpUYHOro TOKa |9 Ha yrom 90°. B coorserctBum ¢ ypaBHenuem (4.33) BekTop
BXOJIHOTO HANPSDKEHNs NIEPBUYHOM 1emn U paBeH CyMMe TPEX BEKTOPOB COCTABIAIONIMX

HaIpsHKEHUH.

Cxema Bo3aymHOTO TpaHcopmaropa (puc. 4.11), T. e. cxema ¢ HHAYKTHBHOH CBSI3BIO
KaTyIIeK MOXKET OBITh 3aMEHEHa IKBUBAJICHTHOH cxeMoil (puc. 4.13) 6e3 WHAYKTUBHOM
CBSI3H.
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Puc. 4.13

DKBUBAJICHTHBIC HHIYKTHBHOCTU cXeMBI (puc. 4.13):
Ly=4-M; Lyo=Lo-M; Lg=M . (4.39)
J1st 5TOM CXEMBI, YYUTHIBAsI, UTO lO :ll+12, MMEEM CIIEAYIOIIUE yYpaBHEHUS IS

JIBYX KOHTYPOB I10 BTOpOMY 3akoHy Kupxroda.
Jli1s1 1eBOro KOHTYypa:

Us=Ril1+jo(l1-M)lj+joMlg= =Rl +jolil1 - joM 11+ joM 1 +joM I 5 ;
U mocnie cokparenus, nonyuum: Uq=Ry 11+ jX111+jX\p 1o .
Jlnst mpaBoro koutypa: Rplo+jo(Lp—M)ly+joM Ig+U 5 =0;
packpoem ckoOKy u 3amennm lg: Rplo+jolplyo—joMIs+joM 1 +joMIo+U5=0;
nocse cokpamienus, nonyduM: Rolo+jXo2 1o+ X\ 11+U»=0.

[lony4uennsie ypaBHeHUs A cxeMbl (puc. 4.13) coBnanaioT ¢ ypaBHeHusIMH (4.33) u
(4.34), cnienoBaTenbHO, 3Ta CXeMa 3KBHBAJICHTHA BO3/IyIIIHOMY TpaHCc(hOpMAaTopy.

BoznymHelid TpaHchopMaTop Ha3bIBACTCS 4O0ealbHbiM, €CIH NPU JIOOBIX YCIOBHSIX
orHoulenne nepBuuHOro Uq n BropuuHoro U, KOMIUICKCHBIX HANPSDKCHHH U

OTHOLICHHE BTOPUYHOIO |9 ¥ MEPBUYHOrO || KOMIUIEKCHBIX TOKOB PAaBHbI APYT APYTYy

c
[H

Ir
==£=n, (4.40)
2 11
OTO KOMIUIEKCHOE YHCIO N Ha3bIBaeTCs Koa(uyuenmom mpancghopmayuu

PaBHBI IOCTOSIHHOMY KOMIUIEKCHOMY YHCITy N :

|C

upeasbHoro Tpanchopmaropa. UtoOsl BHITONHUTE cooTHOImeHUs (4.40) HEeoOX0mMMO
—LL M I2 BBINIOJTHEHHE CIISAYIOLINX YCIOBHIH:
o L—— 1) AKXTHBHBIC CONPOTHBICHUS TEPBUYHOU U
o o BTOPUYHOW OOMOTOK TpaHC(OpMaTopa HOIKHEI OBITH
I Lz Ry  DaBHEBI HYIIO;
2) KooddummeHT MarHUTHOH CBS3H MEXKIY
Ui Uz Cs oOMoTKamu noJoKeH ObiTh paBeH equanie ( Ky =1).

R R> Ipumep 4.1, PaccunTath BO3YIIHBINA
tparcopmarop (puc.4.14) mpu wuacrore f=50 T,

o eCIM  3aJaHbl ITApaMeTpbl KaTyIIeK M Harpyskd, a
Puc. 4.14 TaKKe TOK BTopu4HOH mermu: Ry=8 Owm; L1=0135 I'n;
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Ro=14,5Om; Lp=0,418 T'n; M=0,178 I'n; R, =25 Om; C,; =60 MxD;15=05 A.

Onpenenurs:

1) KosdduumeHT MarHUTHOW CBSI3M KaTYIIEK;

2) Hanpsoxenue Uq u Tok | mepBu4HOH Leny, Hanpspkenue U ) BTOpUYHOM Lieny;

3) BHOocuMBble aKTHBHOE M PEaKTHBHOE COTPOTHBIICHUS;

4) AKTUBHBIE MOIIHOCTHY NIEPBUYHON P| ¥ BTOpUYHOM Pp OOMOTOK U Harpy3ku Py .
AxTHBHYI0 P ¥ peakTHBHYI0 Q MOIIHOCTH UCTOYHHKA SHEPTHUH.

[locTpouts 1O pe3ynbraTaM pacuyéTa BEKTOPHYIO JAHArpaMMy BO3JYLIHOTO
TpaHchopmaTopa.

P e e H 1 e: YIIoBas 4acToTa nepeMeHHoro Toka: w=27 f =2.314-50=314 c¢™.

PeakTuBHBIE CONPOTHBIIEHHUSI OOMOTOK U HAarpy3KH:

X1=wl1=314-0135=42,39 Owm; X2=wlp=314-0,418=131,25 OmMm;

Xy =oM =314-0178=55,89 Om; X, :i:¥:53,08 Om.

oC 314601070
KoadduiieHT MarHUTHOH CBSI3M KaTyIIEK:
K M 0178 0178 _

M~ /G, 01350418 02375

Hanpskenue BTOpUYHOM LIETIH:

0,75.

U, =(Ry+ X, )1 o =(25- j53,08)-0,5=12,5- j26 54= =29,34¢ 16478
U3 ypaBHeHus (4.34) onpenenseM TOK MEPBHYHOHN IIETIH:
— XM 11=15(Ro+ jX2+Ry, + jX;, )= 5 (14,5+ j131,25+25- j53,08)=

—1,(39,5+7817)=1,-87,58¢16319";

1,8758018319" 587 5g,16319"

1= : —0,7835¢119319" 5
—-1XMm

5589/~ 190
Takum oOpa3om, Tok mnepsuunod nenu 11=0,7835 A, a ero HawanbHas ¢aza

wi1=15319°.
HanpspkeHnune mepBuYHON Ieny oripezenseM u3 ypaBHeHws (4.33):
Uq=(Ry+jX1)l1+ XM 1o=(8+j42,39)11+ 55891 o=

—4314¢17931 07835/ 119319 | 157 95—
—338¢12325" | j57 95- 2058 26,82+ j27,95=

— 2058+ j113=20,61¢117686" g
CrienoBaTellbHO, HANpPsHKEHWE TEPBHYHOM IIeMM BO3AYIIHOTO TpaHchopMaTopa
17



U1=20,61 B, a ero HauanbHas (a3a l//u1:l76,86° .
BHOCHMOE akTHBHOE COMPOTHBIICHUE OmpeersieM 1o Gopmyite (4.37):
Roo=Ro+R,,=14,5+25=395 Om; X99=Xo+X,,=131,25-53,08=7817 Om,
3meck X, B3MTO CO 3HAKOM «MHHYC», TaK KaK OHO SBISIETCS EMKOCTHBIM
COIPOTHUBIICHUEM:

2

n _ RoaXy _ 3055589° 123386

602 2 4952 2 7671
RS, +X5, 3952+7817

BHOCHMOE peakTHBHOE COIPOTHBIICHHUE OIpeessieM 1o Gpopmye (4.38):

=16,08 Owm.

2
XXy | 781755892 244179

MR2 2 7671 7671
Ra2 %22
J1J1s1 IpOBEPKH OINpeAerM EpBUYHBINA TOK 110 hopmyrie (4.36):

=-3183 Owm.

LT (Ry+Rgy )+ J( X1+ X g )~ (8+16,08)+ j(42,39-3183)

_ _ 078390 115318"
24,08+ j1056

26,29¢12368°

CpaBHuBas MOJNYYEHHOE BBIPAXKEHHE KOMIUIEKCA TOKa |1 C paHee BBIYMCIEHHBIM
3HAYEHHEM, BHIUM, YTO MOZYJIb ¥ apIYMEHT KOMILIEKCa IIPaKTHYECKU COBIIAJIN.

INToTepu akTHBHOM MOITHOCTH B IIEPBUYHOM 0OMOTKE: P = I12R1:O,78352 -8=4911Br;

[ToTepy akTHBHOW MOLTHOCTH BO BTOPUYHOI 00MOTKE: P = I§R2 :0,52 -14,5=3,625 Br;

AKTHBHas MOIIHOCTG Harpy3ku: P, =I %RH :0,52 -25=6,25 Br.

KommekcHass MOITHOCTh UCTOYHHKA SHECPIruu.

* . o - o H o
$1=Uq1,=20610117686 .0 7835, ~115319" 1615,12367" _ 1479 j6 48;
TakuM 00pa3oM, aKTUBHAs MOIIHOCTh MCTOYHHWKA dHepruu P = 14,79 B, a peaktuBHas

Q = 6,48 Bap.
Bamanc akTHBHBIX MOITHOCTEH ISl BO3AYIITHOTO TpaHChopMaTopa:
P=R +P+P,=4911+3,625+6,25=14,786 Br.

Hanmune Ganmanca akTHBHBIX MOIIHOCTEH MOATBEP)KIAET MPABMIBHOCTh PEIICHHS 3a-
nagn. [l ocTpoeHust BEKTOPHON AUarpaMMbl BO3AYLIHOTO TpaHC(HOpMATOpa BEIUHUCINM
COCTABIISIONINE HAMPSDKEHUH BTOPUYHON M TEPBUYHON IIerell B KOMIUIEKCHOW (opme:

Ug,,=Ru1=2505=125 B; U y, =—jX,,1 9= 53,080 5=—26,54=26 54/ 190 B;
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URpy=Rol,=14505-7,25 B; U| =X l,=131,2505= 6563656310  B;

Upo=iXm 11=558901%0 078350115319 _4379/124319" g,

U gy =R111=80,7835¢115319" _g 268/ /15319" p;

U q=iX11,=42397190" 07835/ 115319" _33 7/124319" ;

Upg=iXm 1,=558901%0 .05-2795/1%0" B,

Bekrop ToKa |- HampasisieM 10 OCH BELIECTBEHHBIX BENMYUH (puc. 4.15). AKTHBHOE

HaIps’)KCHUE HAIpY3KH QRH COBIIAJACT C 12 , 4 EMKOCTHOC HAIPAKCHUE HATPY3KU L—JXH

orcra€r or | Ha yrom 90°.

Bekrop BTOpHYHOr0 HanpsiKeHust TpaHchopMaTopa coeauHseT Havano sekropa U p,

u kKoHer BexktopalU . W3 xomma BextopalU, mnpoBoanMm mnapauienbHo |9  BEKTO
Y Xu Y2 2

AKTHBHOTO HANPSUKEHHS BTOPHYHON 0OMOTKM U po ; MHAYKTHBHOE Hampsbkenue U | o

onepexaer | Ha 90°. MHOroyronbHUK HANPSHKCHUH BTOPUYHOM LICTIU 3aMbIKACT BEKTOP

j 10B
—
02A
ULz
Un
Ii
Ui
— Ur1
(PI ~ URH .I_Z +]
— ———
0 Qu
Uwmi
- QXH
ULi 1
Ur2
Puc. 4.15
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Hallps>KCHUA B3auMHOM HHAY-
Kupu 31od tenu U 5o . Tlox

yroiom  90° Kk BekTopy
U)so B CTOpOHY oOTCTaBa-
HHA OT HEro IpPOBOAUM

BEKTOp TOKa IEPBUYHOMN LN
11. AkTHBHOE HampspkeHHe
nepBuyHO  0OMOTKH U pq
conanaer mo ¢ase ¢ 11, a
WHIYKTUBHOE  HAIpSDKCHUE
U| 1 omepexaer I na 90°.

Hampspkenne B3auMHOM HH-
OYKIMM — TEPBUYHOM  Lemn
U 1 omepesxaer BekTop 1o

Ha 90°. Bekrop HampsokeHUs
MEPBUYHON LIeTH

Up=UptY 1+Ym1
OMepeKaeT TOK |1 Ha yromn ¢ .



I'TTABA 5. YHETBIPEXITIOJIJFOCHUKHU
5.1. OcHOBHBIC IOHSITHSA O YeTHIPEXIIOTIOCHHKAX

QHGK’I‘pI/I"IeCKaH OCIb, MMCHOIIAs ABAa BXOJAHBIX W ABa BBIXOJHBIX 3aKMMa, Ha3bIBACTCA

yemvipexnoniochukom. K UeTHIPEXTOTIOCHUKAM MOXHO OTHECTH JABYXIPOBOIHYIO
JIMHUIO 3NeKTporiepenaun (puc. 5.1, a), onHodaszHbIi TpanchopmaTop (puc. 5.1, 6), cxemy

1 2
1 2 o ) ;
O . —— —C) D
D e e () ], 2'

o— o

a) 0) B)
Puc. 5.1

OIMHAPHOTO MOCTa TMepeMeHHoro Toka (puc. 5.1, B). YcioBHOe 0003HAYCHHE
MACCUBHOI'O YETBIPEXIONOCHUKA, T. €. YETHIPEXMOMIOCHHKA, HECOACPIKAIIEr0 HCTOYHH-
koB D/[C, mokazano Ha pwuc. 5.2. [laccCUBHBIN YETHIPEXMONIOCHHUK SBJISETCSA TepenaToy-

HbIM 3BCHOM MC)Klly HCTOYHUKOM IIMTAHUSA U HanySKOﬁ.

1 2 3akuMmbl 1-1' SBIAIOTCS BXOAHBIMH; K HHM, KaK IPaBUIIO,
lo} T} MPUCOCAMHSACTCS HCTOYHHK MUTaHKS. 3aKUMbI 2-2' — BBIXO-
I I JHbIE; K HUIM OOBIYHO ITPUCOEANHSIETCS HarpysKa.
I > IIpu  pabGore  4YETBIPEXMOMIOCHHKA B  KadecTBE
o S  CBA3YIOLICrO 3BCHA MEXKIY WCTOYHHKOM U HArpy3Kou
Ipeanonaraercs, 4YTo0 MOTYT HM3MEHATbCA  Harpyska
YETBIPEXIIOIIOCHUKA W HANpsDKEHHE Ha BXOZAE, HO CXeMa
Puc. 5.2 BHYTPEHHUX COCIMHEHUIN YETBIPEXIIONIOCHUKA WU 3HAYEHUS
COIPOTHBJIEHUH B HEM IPU NIOCTOSIHHOM YaCTOTE OCTAIOTCSA
HEU3MEHHBIMHU.

BxongHble KOMIDIEKCHBIE TOK W HaNpsHKEHHE YETBIPEXIOJIIOCHUKA 0003HA4aloTCs
depe3 |1 n Ujp, a KOMIUICKCHBIC TOK M HANpsDKCHHE HA BbIxone — depes 1o u Us.

KomruiekcHoe conpoTusiienre Harpy3ku oboznagaercs uepes Zo (puc. 5.3).

5.2. YPaBHeHPlfl MNaCCUBHOI'0 Y€THIPEXMOJIOCHUKA

1 L L 2 Js mr000ro macCHBHOTO JIMHEHHOTO YeThIpeX-
—— e
O=—==1 TTONFOCHAKA (pHC. 5.3) KOMIUIEKCHBIC HAMPSDKSHUS 1
Ui I I 7,  TOk Ha Bxoxme Uq u |1 CBs3aHBI C KOMIUIEKCHBIMU
HaTPsDKEHWEM U TOKOM Ha Bbixome U, mlo mByms
o——| =27212
1 2' YpaBHEHHUSIMH, KOTOPBIC HA3BIBAIOTCS OCHOGHbIMU

VPABHEHUSIMU  HeMbIPEXNOIIOCHUKA:
Puc. 5.3
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Uy=AU2+B-15; 5.1)
13=C-U 2+D-15. '

B »TuX ypaBHeHmsx komiuiekcHble koapduuuentst A, B, C, D, Ha3biBacMble

NOCMOSIKHbIMU  YemblpexnolroCcHuKa, 3aBUCAT OT CXEMbl BHYTPECHHHUX COG)II/IHGHI/Iﬁ
YCTBIPECXIIOJIOCHUKA, OT 3HAYECHUI napaMeTpoB CXEMblI M OT YacCTOThI. ,HJ'ISI KaXxXaoro
YETHLIDEXITOIOCHUKA OHU MOT'VT OBLITh OIIPEACICHBI pACUCTHBIM HUJIN OIBITHBIM ITYTAMMH.

[locTosiHHBIE ~ YETHIPEXIONIOCHUKA  CBSI3aHBI
1 ' o

1 I2 Ii'2 MeX]ly cO00H COOTHOIIEHHEM:

A-D-B-C=1 (5.2
' ' 1
U2 12 I I Ui YpaBHeHus 5.D CTpaBeAIUBHI Ui
YETBIPEXIIOJIIOCHUKA, B  KOTOPOM  HCTO-YHHUK
’
1 2 MUTaHKS BKIIOYEH K 3axkumam 1-1',  a Harpy3ka — K
3axkumam 2-2' (puc. 5.3).

Puc. 5.4 Ecnu uctouHuK NpHCOEANHNUTD K 3aKkuMam 2-2',

a Harpy3ky k 3axumam 1-1' (puc. 5.4), ypaBHeHuUs

MOJTY4aTCsl aHAJIOTMYHBIMU ypaBHeHusM (5.1):
U=A"U"2+B"12;
I'=C"U’ 2+D"1"3.

B pe3ynbTare pacyera MoCTOSHHBIX YeThIpexmnontocHuka (puc. 5.4) 4', B', C', D',

(5.3)

HOJTyYaeM:

4'=D,B'=B,C'=C,D'=4. (5.4)

CrenoBaTenbHO, YPaBHEHUS YETHIPEXIIOIIOCHHUKA, INTAEMOI'0 CO CTOPOHBI BBIXOIHBIX
3aKUMOB 2-2', UMEIOT CIICAYIOIIUI BHUI;

U'1=DU"2+B:1"2,

IM=CU"2+Al,

T. €. UX TOCTOSIHHBIE OTIMYaroTcad OT ypaBHeHHiH (5.1) Tem, uro moctosHHBIE 4 U D

MIOMEHSJTHCh MECTaMH.

LIe’I‘BIpeXHOJ'IIOCHI/IK Ha3bIBACTCA CUMMEMPUUHbIM, €CIIN IIpU IIEPEMEHE MECTaMU
HUCTOYHUKA MUTAHUA U HAIrPY3KHU, TOKM B UCTOUYHUKE U HATrpy3KE€ HE UBMEHAIOTCS, T. €. IJId

(5.5)

CHMMETPHYHOT0 YeThIpexnomocHnka 4 =D u 42 -B-C=1.

CHUMMETPUYHBINA YETBIPEXTOIIOCHUK CO CTOPOHBI BEIXOIHBIX 3a)KHMOB MPECTABISIET
Ty K€ Lellb, YTO U CO CTOPOHBI BXOJHBIX.
C noMouipio ypaBHeHuii yeTbIpexnontocHuka (5.1) u (5.5) moxHo onpenenuts Uq u

11, ecim 3amanet Uo u |9 04EBHAHO, YPAaBHEHHS YETBHIPEXIIONIOCHUKA MOIYT ObITh

HCIIOJIB30BaHbI TAKXKE IJIA OIPEACIICHNUA IBYX JIFOOBIX BEJINYWH, €CJIN 3aJIaHbl IBC IPYTHUE.
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5.3. OnpenesieHue NOCTOSHHBIX Y€THIPEXIOTIOCHUKA

IlocTostHHEIE YCTBIPECXITOJIHOCHUKA 4, 5, 9, D MOXHO OHNpEeACIUTL paCYCTHBIM

IIyTeM, €CIM HW3BECTHA CXE€Ma BHYTPEHHHMX COCAMHEHHUI YETBIPEXIIONIOCHUKA W ee
rapameTpsl, JTMOO ITyTeM HCIIONIb30BaHUsI BXOIHBIX COMPOTHBIICHUH YETHIPEXITOIIOCHUKA,
TIOTYYEHHBIX ONBITHBIM HJIM PACUETHBIM IYTSIMH.

Jns  onpeneneHus — KOMIUICKCOB
BXOJIHBIX COTIPOTHBIIEHUI YETHIPEXII0-
JIFOCHUKA OTBITHBIM IIYTEM IPUMEHSETCS
cxema, n300paXkeHHas Ha puc. 5.5.

Ha o310l cxeme co CTOpPOHBI
WCTOYHMKA IIUTAHUSI YETHIPEXIONIOCHH-
Ka BKJIIOYAIOTCS U3MEPHUTENbHbIE TPHO0-

Puc. 5.5 PBI: BOJIBTMETP, aMIepMeTp U (pa3oMeTp

(wmu BatT™eTp). [To mokazanusM npuoo-

poBU , |, BBIYMCISETCH KOMIUIEKC BXOIHOTO CONPOTUBIEHHS Z .. HETBHIPEXNOIIOC-
i U

HHKa: Zex:Z€J¢, e Z:T . (5.6)

,ZIJ'IH ONpeCACICHUA MMOCTOAHHBIX YETBIPEXITOTOCHUKA ITPOBOAAT TPU OIIbITA.

Ilepgviii onvim. IluTanue Y4ETHIPEXIONIOCHUKA OCYLIECTBIIAIOT CO CTOPOHBI 6XOOHbIX
3akuMoOB 1-1' pu pasoMkHyTOi BeTBU 2-2' (peKUM XONOCTOro xona). Ilo mokazaHusm
npubopoB  onpenensioT 1no ¢opmyne (5.6) KOMIUIEKC BXOIHOTO COMPOTHUBJICHUS MPH
XOJIOCTOM XOJIE YETBIPEXTIONIOCHUKA: Z1,. =2 ( 191y | (5.7)

Bmopoti onvim. IlnTaHue 4eTHIPEXIOIIOCHUKA OCYILECTBIIOT CO CTOPOHBI 8X0OHbIX
3akuMOB  1-1' mpu KOpOTKOM 3aMbIKaHUHM (K. 3.) BeTBH  2-2' (peXHM KOPOTKOTrO
3ambIkanug). [lo  mokazaHumsAM  OpPHOOPOB  ONPENEISIOT  KOMIUIEKC — BXOTHOTO
COMPOTHBJICHUS MIPH K. 3. YETBIPEXMOMIOCHUKA: Z1, =2 ( 1P (5.8)

Tpemuii onvim. ITuTaHNe YETHIPEXIIONIOCHUKA OCYLIECTBIIIOT CO CTOPOHBI 8bIX0OOHbIX
32)KUMOB 2-2' TIpH KOPOTKOM 3aMblkaHMU 3axuMmoB 1-1'. Tlo mokazanusiMm mpuOOpoOB
OIPEeNeISIIOT KOMIUIEKC BXOAHOTO CONPOTHBIECHHMSA IMPU K. 3. YETHIPEXIIONIOCHUKA CO

: —70 0]
CTOPOHBI BXO/IHBIX 3a)KHMOB! Lo, =22l P2k (5.9

BblpasuM ~ KOMIUIGKCHI ~ BXONHBIX  COIPOTHBJICHHII  dYepe3  MOCTOSHHBIC
yerbipexmnontocuuka 4, B, C, D.

B nepsom onvime mnpu onpenenenun Zp, (5.7), BerBb 2-2' Oblia pa3sOMKHyTa,

nostomy |2=0. CrnenoarensHo, u3 ypaBHeHHH (5.1) nomydaem:

Uy =4-Up,.,
11,=CU2.
Uix _A

Ortcronia BXOHOE COMPOTUBNEHNE: 21, = (5.10)

1O

I1y
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Bo emopom onvime BerBp 2-2' Oblna 3aMKHyTa HakopoTko, moatomy Uo=0; u3

ypaBHeHui (5.1) nmeem: Ug=B1os s 19,,=D-lo, .
Yy _B
W3 >Tux paBeHcTB nomydaem:  Zq, =T D (5.11)
Ak

B mpemvem onvime mpu MUTAaHHUHM CO CTOPOHBI 3AKUMOB 2-2' U K. 3. 3aXHMOB 1-1'
U'>=0, u3 ypasrenuii (5.5) noxyuaem: U ', =B-1"0;, 1'1;c=4-1'2; .

Ortcrozia BXOIHOE CONPOTUBIIEHHE: Z o, :T.lK :% . (5.12)

Ik A
Takum o0Opa3om, s onpeneneHust 4eTelpex HewsBectHeix A, B, C, D
pacmonaraeM 4etbIpbMs ypaBHeHusMH: (5.2), (5.10), (5.11), (5.12), pemas KOTOpbIe,

MOJTyYaeMm: (5.13)

(5.14)

(5.15)
(5.16)

5.4. CxeMbl 3aMellleHHsI TACCUBHOI'O YEThIPEXNMOJIOCHUKA

OYHKIIMM TACCHUBHOTO YETHIPEXIONIOCHHKA KaK MEepeaTOYyHOro 3BEHA MEXIY
HWCTOYHMKOM NHMTAaHUS M HAarpy3KOM MOTYT BBIIOJHSTH NPOCTEHUIINE 3JIEKTPUUECKUE
CXEMBbI, Ha3bIBa€MbIe cxemamu 3amewjeHus. TaKUMHU CXeMaMU SIBIAIOTCS TpeXiIydeBas
3Be3na (T-cxema) wimu SKBUBaJeHTHHIN eif TpeyrompHHUK (II-cxema). Ipyrumu crmoBamm,
000N JIMHEHHBIA YeTHIPEXIIONIOCHUK TMpPU 3aJaHHOM YacTOTE MOXET OBbITh 3aMeHEH
skBuBaneHTHoil T- umu I1- cxemoti (puc. 5.6).

Tpu conporusienus T- mnu [I-cxem MOKHBI OBITH PaCCUUTAHBI UCXONA M3  TOTO,
4TOOBI CXeMa 3aMelleHus 00Jiaiana TakuMH ke mnoctosHHbIME 4, B, C, D, kakumu

00J1a1aeT 3aMeHsIEeMBIN ee YETBIPEXIIOIOCHHUK. 33[{3‘[3 9Ta OJHO3Ha4yYHa, TaK KakK CXEMa

L Z1 Z: I [1 Zo o Iz




3aMEIICHUS. CONEPXKUT TPU MapaMeTpa, M YETBIPEXIONIOCHUK XapaKTEpU3YETCsl TOXkKe
TpeMsi He3aBUCHMBIMHU TapaMeTpaMu (OHa CBs3b Mexay noctosiHaeMH A, B, C, D

3ajaHa ypaBHenueM 4-D—B-C=1).

VcranoBum CBA3b MCKIY napaMeTpammn ITUX CXEM u IIOCTOSAHHBIMH
YCTBIPECXIIOJIFOCHUKA.

I T-o6pasnoii cxemol 3anvIIeM ypaBHEHHS 10 3akoHaM Kupxroda u 3akony Oma:
Li=lo+lg;  1g=YoUp: 12Zo+Uy-Un=0;
oKy Ug=l2Z+Up: lo=Yo(12Z2+Up); 13=lp+Yg(1pZ2+U5);
W 11=U,Yo+(1+YgZ5)l5. (5.17)
Jl5is koHTYpa, 0003HAYCHHOTO Ha cxeMe (pHUC. 5.6, a) MyHKTUPHOM JTUHUCH:
Up=11Z1+12Z7+U5,
TIO/ICTaBHB B 3TO ypaBHeHue (5.17), momydnm:

Uy =UpY0Z1+(Z1+Y0Z1Z3)lp+12Z2+Uy,

M Up=(1+Z1Y ) p+(Z1+Z2+Z1Z5Y )15 (5.18)
CpaBHuBas noiydeHHsle ypaBHeHus (5.17) u (5.18) mns T-cxembl ¢ ypaBHEHHSIMHU

ueTbIpexnomochuka (5.1) umeem:  A=1+Z1Yq;
B=Z1+Z5+21Z5Y; (5.19)

C=Yy; D=1+Z5Yy.
Ecnu 3amaHbl MOCTOSIHHBIE YETHIPEXIOMIOCHUKA, TO U3 (5.19) HeTpynHO ompenenuth
A-l AL, b-1 . (5.20)

napaMmeTpsl T-CXeMsbl: Yo=C; le;— < Lo=
10

m‘

Hunst [T-o6pasnotii cxemsl onpenenum noctosiuueie 4, B, C, D.

CocraBuM ypaBHEHHs1 Ui cxeMbl (pHc. 5, 6,0) mo 3akoHam Kupxroda:
JUIsl KOHTYpa, 0003HaUeHHOr0 Ha CXeMe ITyHKTUPHOW JIMHUEH :

Ug=Up+Up=Up+lpZg: o=l +1p7=12+YpU7; rorma Uy =Up+15Z0+Y 520U,
HITH U1=(1+Y 220U +Zg 1o (5.21)
Io mepomy 3akony Kupxroda: 11=117+19=Y{U1+17+YoU>,
MTOJICTaBHB B 3TO ypaBHeHHeE (5.21), momydanm:

Iy :(11“11!2 <y )Qz +Y1Zglo+12+YoU 5, nim
13=(Yq+Y 2 +Y1Y 2 Zg U o +(1+Y1Z()l 5 . (5.22)

CpaBuuBas moiydeHHble ypaBHeHHS (5.21) m (5.22) mnsa [I-cxembl ¢ ypaBHEHUSIMH
YeTeIpexmomtocHuka  (5.1), wuMeeM ClieAylomupe BBIPAXKEHUS IS ITOCTOSHHBIX
SKBHUBAJICHTHON CXEMBI:

A=l+Y o Zg; B=Zg; C=Y1+Yo+Y Yo Zg; D=1+Y1Z,. (5.23)
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OOpatHblif Tepexo], OT IOCTOSHHBIX dYeTelpexmomocanka 4, B, C, D «x

napamMeTpam I1-cxeMBI BBINOJIHAETCS MO CJICAYIOINM (bOpMy.TIaMZ
D-1 A-1

Z0=B; Y{=="; Yo==".
£o=B 1= Yo=7g

5.5. Ilepenarounas ¢yHKUHSI TACCUBHOTO
YeTBHIPEXIIOII0CHIKA

Tlepeoamounoii gynxyuetl, Kodaphuyuenmom nepedauu WA AMAIAUMYOHO-PA3080U
Xapakmepucmukou — YETHIPEXIONIOCHUKA  HA3bIBACTCA  OTHOIICHHE  KOMIUICKCHBIX
AMIUTMTYl WX KOMIUIEKCHBIX JEUCTBYIOIIUX 3HAYEHHUI SJIEKTPUUECKHX BEIUYHUH Ha
6bIX00e U 6x00e YETHIPEXMONIOCHUKA TPU 3aJaHHOM peXUMe mnepenadd. Heobxomumo
MOMHHUTB, YTO UMEHHO BbIXOOHAs DNEKMPUYECKAs. 6EIUNUHA 0eTUMbCsl HA 6XOOHVI0, A HE
00paTHO.

Kospduument nepenaun no nanpsokennio: Ky = (5.25)

|C‘|C
=N

|
U k03 ULMEHT TIepeiayn Mo TOKY: Ki :‘I—z (5.26)

NPENCTAaBISIIOT co0Ol  Oe3pa3MepHble B OOLIEM Clydae KOMILUICKCHBIC BEITMYHHBI,
3aBUCAIIIUE OT 4YaCTOThI. HpI/IMeHI/ITeHbHO K yCI/IJ'lI/ITeJ'lI)H])IM yCTpOﬁCTBaM OHU HOCAT
Ha3BaHUE KOIPPUYUECHINOE YCUNCHUSI NO HANPIICCHUIO U MOKY.

OTHOLICHUSI ~ Pa3HOMMEHHBIX  DJCKTPUUECKUX  BEIHYMH —  HepedamouyHoe
conpomueienue:. Z:_I—Zzzﬂ J (5.27)
A1
U nepeo 0 : Y—|-72— gjﬁ _
PeOAMOUHASL NPOBOOUMOCIID. Y=g =y (5.28)
=1

KOMIUIEKCHBIE BEIMYMHBI, 3aBUCSIIIUE OT YaCTOTHI.
MoOyau 3THX KOMIUIEKCHBIX OTHOIICHUH Z W Y MPENCTaBISIOT CO00M amnaumyono-

yacmomuvie, a WX apeymewmvl o U L[ — pazo-uacmomubie XapaKTCPHUCTUKH
YEKTBIPEXTIOIIOCHUKA.

OTH XapaKTEPUCTUKHA UMEIOT BaKHOE 3HAUCHHE TSI paOOTHl YCTPOWCTB aBTOMATHKH U
PaTOTEXHUKHU.
Ipumep 5.1. JlaHbl TOCTOSHHBIE YETHIPEXIIOMIOCHUKA (pHC. 5.3):
A=—16+j0,4=164901166" . B__24_j3_2419/71173" o
C=j0,04=004019" Cn:  D=-08+j0,4=0894¢11534"

Onpenennuts mapaMeTpsl BeTBer T-cxeMbl 3aMerieHust (prc.5.6, a) YeThIpexItotoc-
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HUKA TpH YIIIOBOM 4acTOTE BXOJHOrO HalpsDKeHust =314 % .

P e m e H u e: [To popmynam (5.20) onpenensiem mapameTphbl T-CXeMBL:

Yo=C=004r1%0" ;2= =259 O X(=25 Ow, gp=-90°,

Yo
6
BETBb COAEPKHUT eMKocTh C( zi:£:127,4 MKOD.
wXqg 31425
R i A j171,3° . o
7,271 ~16+104-1_2631f —65,78¢18125 — _(10+ j65) Ow;
C j0,04 '90°
= 0,04¢]
o Xl 65
Z21=65,78 Om, R1 =10 Om, X1=65 Om, ¢ =81,25" (unn.); le—:ﬂ:0,207 I'n.
w
1 VA 167,5° . o

0,04¢190

Xo 45

Ry=10 Owm, X2=45 Om, ¢p=77,47° (unn); Lp= @:01433 ['H.

1)
T-cxema 3aMelIeHust YeThIPEXIOIIOCHHKA (pHC. 5.6, a) H300paxkeHa Ha puc. 5.7.

Ii

Iz

Li | L2 -
Ull L O\L s L Uzl

(o2 T O

Puc. 5.7

Ipumep 5.2. damer mapamerpsr II-cxembr 3amermneHust (puc.5.8): X1=10 Om,
Ro =10 Om, Rn=5 Om, Xy =5 Om. Onpemenuts mocTostHHbIe 4X MOMOCcHIUKa (puc.5.3).

I Ro  Xo I Pem e H u e: 3amuuieM CONPOTUBJIEHHUS
[I-cxembI 3aMerIeHns B KOMITIEKCHOH (opme:
| i90°
U‘i X R> iUl Z4=iX1=10=10¢1%0" Om; Z,=Rp=10 Om;
o 0 . . i45°
Zp=Rg+jXg=5+j5=7,071)% Om.
Puc. 5.8 OmnpexenuM MPOBOJUMOCTH BETBEH CXEMBI:
1 1 1 1

~ 101 Cm.
1070t O

——=01 1% —jo1 e Yp=
2
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ITo dpopmymnam (5.23) BEIYUCINM TOCTOSTHHBIE YETHIPEXITOTIOCHUKA:

A=14Y 52 =14017,07101%% 1405+ j05= =15+ j0,5=1581¢ 11843

B=Z=5+j5=7,07101% O
C=Y1+Yp+Y1Y9Zy=-;01+0,1-;0,01(5+,5)=

——j01+01- j0,05+0,05=015— j015=0,212¢~14%" Cu;
D=1+Y;Z=1+01/"190" .7 0710145 140707207145 =

~1405- j05=15- j0,5=1581¢ 118:43"
[TpoBepKy BBHIOIHUM, HCHONB3YsI cOOTHOIIEHHE (5.2):

AD=1581¢11843" 15819711843 5 5. B.c=7,0710)45 021207145 15,
A-D-B-C=25-15=1.
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I'JTABA 6. TPEX®A3HBIE LIEITA
6.1. ITonsiTHs 0 MHOTO()A3HBIX HCTOYHMKAX NIUTAHUS
U 0 MHOTO(a3HBIX LEeNAX

MHnozogasnoii cucmemoil Ha3BIBACTCS COBOKYITHOCTH 3JCKTPHUUYCCKUX IIETICH, B
KOTOpBIX JIEHCTBYIOT CHHYCOWIAJbHBIC HANpPSDKEHHUS OJHON YacCTOTHI, OTJIMYArOIIHecs
Jpyr OT Apyra 1o dase.

OtaenbHBIE AJIEKTPUUECKHE LIENH, 00pa3yiolye MHOro(a3Hyl0 CUCTEMY, Ha3bIBAIOT
¢azamu. Yamie Bcero MpUMEHSIOT CHMMETPUYHBIE MHOTO(a3HbIe CHCTEMBbI, HANPSDKEHUS

21
KOTOPBIX PAaBHBI 0 BEJIMYHMHE U CABMHYTHI 0 (paze Ha yronm —— , rjae M — 9ucio ¢as.
m

Hawubonbiiee pacripoctpaHeHHE B DIIEKTPOTEXHHKE UMEET mpexghasuas cucmema,
pa3paborannas pycckum yuaeHbiM M.O. JJonuBo-JoopoBonbckum (1891 1.); oH n300pen u
pa3paboTai Bce 3BEHbS 3TOM CHCTEMBI — T€HEPaTOPbI, TpaHC()OpPMAaTOpPbI, IMHUK Nepeiadn
U IBUTaTENN Tpex(pa3Horo TOoKa.

[pocreiimmii cuMMeTpuyHbId Tpex(dasHblii reHepaTop (puc. 6.1) cocTouT U3 Tpex
OJIMHAKOBBIX IUIOCKHUX KaTYIIEK, Ha3bIBAEMBIX hazamu ceHepamopd,
Bpalaromuxca B OJHOPOJHOM MArHMTHOM IIOJI€ C paBHOMepHOﬁ
YIJIOBOM CKOPOCTBIO @ BOKPYr OCH, NEPIEeHIUKYISIPHOH K
HANpaBJIeHUIO JIMHUKA MAarHUTHOM WHIyKIWH. B kaxmoit ¢asze
ClielyeT pa3jinyaTh Hayajllo «H» M KOHel «k». Tpu  dasbl
Tpex(dazHoro reHepaTopa pacHoiiokeHsl mox  yriiom 120° mpyr x
Jpyry: nepBod wiu Ga3oii A MOXHO Ha3BaTh JIIOOYIO M3 Tpex
(a3, ee auano Hyu, xoHen Ku; BTOpas ¢asa B, nauano koropoit Hg
CIIBUHYTO B IPOCTPAHCTBE OTHOCHTENIbHO Hauaiya repBor ¢aszsr Hp
Ha yron 120° mpoTuB HampaBlieHWs] BpalICHHsS KaTyLIEK; TPETbs

Puc. 6.1 ¢aza C, Havano koropod Hc cCIOBHHYTO OTHOCHTENBHO Hayana

BTopoit ¢a3el Hp Tawke Ha 120° B TOM jke HampaBieHud. [lpu

BPAIIEHNUH KAaTYLIEK B MAarHUTHOM II0JIe, B pPe3y/IbTaTe U3MEHEHHS UX MOTOKOCIEIUICHUS B
nux Oyner uuaykrupoBatbest DJIC. Ilepwon stux DJIC T COOTBETCTBYET IMOIHOMY
obopoty karymiek. KaTylku oAMHAKOBBI, TIO3TOMY MakcuMaibHble (amruiutyabl) DJC
OTHENBHBIX (ha3 OyAyT Takke OXMHAKOBBI. Tak Kak (a3pl CABUHYTHI APYT OTHOCHTEIBHO
apyra ¢ npocmpancmee Ha yron 120°, 1. e. Ha 1/3 nomnnoro obopora, ux DJC Oyayt
CIBUHYTHI 60 8pemenu Ha 1/3 meproaa, 9To COOTBETCTBYET (ha3sHOMY CABUTY, PABHOMY:

Ia):I'Z—”:Z—” , T. €. 120°.

3 3T 3

Ecnu 3a HayanbHBIM B3STh MOMEHT BPEMEHH, KOI/a IUIOCKOCTh MEPBOW KaTyILKH
NEepIeHNKYIApHa JIMHUAM MarHuTHOW wmHaykiuu, D/IC Karyllek, OTCUHTBIBAEMBIX B
OJIHOM HAIpaBJeHHH (HalpHMep, OT KOHIIAa K Hadally) paBHbL:

ep=EmSinat, eB=EmSin(wt—%” ), eC:EmSin(wt—%”) . 6.1)

Ha ocHoBanmm BwIpakeHuid (6.1) mns MrHoBeHHBIX 3HaueHnid JJ[C mocTponm
BpeMeHHYI0 (BOTHOBYIO) auarpammy DJ1C (puc. 6.2).
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v Ca Cs Cc €a IMoctponm BEKTOPHYIO JMarpamMmy
\ /\\ N neiicteyronux 3Hauenuit DJIC TpexdazHoro
Em p ¢ reHepaTtopa B KOOPAMHATAX KOMIUIEKCHOM
\ { n / \ \ ot mrockocti. DJIC Beex Tpex (a3 1Mo MOTYIIO
of \ '\ n omunakoBs: Epo=Eg=Ec=E. Eciu Bekrop
y\ OAC ¢a3sl A HanpaBUTh 10 OCH
{,T T \_,/ BEUIECTBEHHBIX BeIMuMH (puc. 6.3), TO
= 3 4r 3 | KoMmuieKcl OJIC CHMMETPUYHOW CHCTEMBI
Y 3 OyIyT UMETH CIEIYIONIH BUL:
Puc. 6.2 EA—E4=E;
3 27z
-5
g Ep=El E(Cos—— jSIn—)—
Ec
=E(—*—Jf ;
2n

4n =
o 3 Ea 4

J 1%
Ec=E/¢ 3 =Bl 3 = =F(—=+j22).
J Ec= =E(—5+150)
/2n KoMmieKkcHbIH MHOXKHUTEND.

Es 3 i 27
§:€J 3 :Cosz—”Jerinz—”:
3 3
Pic.6.3 =—%+ j‘/fz— 05+ j087 6.2)

SBIICTCSL OIEPaTOpPOM IIOBOPOTa BEKTOpa Ha

2 .
yroin 3 B TOJIOXKUTEIBHOM HANpaBieHUH (IPOTHB HAMPABICHHS BPAIICHHS YacOBOM

i 47 6z .
crpenku). Torna: &_12:€J 3 :—%— \/25 ; §3=€J 3 =€JZ” =1; (6.3)
a4_a3 -a=a; 1+a+a =1-- £—1—j£=o.
2 2 72
C y4eToM KOMIDIEKCHOTO MHOXUTENS a cuMMmerpudHas cuctema J/[C 3anmmiercs B
BHE: Ep=E; Eg=a’E; Ec=aE. (6.4)

IIpocymmupyem Beipaxenus (6.4), nonyuum: Ep+Eg+Ec =E(1+§2+§1)=0 , T. €.
CYyMMA 6eKMOPO8 MpexasHoll CUMMEMPUYHOU CUCTEMbl PAGHA HYI0. ITO 3HAYUT, YTO
pasna Hy0 B TF000 MOMEHT BPEMEHHU U cyMma MeHoseHHbIx 3Hayenutl I/[C (puc. 6.2).

Ecam B menp kaxmodl (a3el reHepatropa BKIIOYHTH OJMHAKOBBIC 10 BEMYMHE
XapaKTepy CONPOTHBJICHHS, TO TOKU (a3 OyIyT paBHBI 10 BETMYUHE U CIBHHYTEHI 110 (ase
OTHOCHUTENFHO CBOMX HANPSHKEHUH Ha OJIMH M TOT JKE yrol ¢ :
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ipn=ImSin(ot-¢);
iB=|mSin(a)t—%”—go); (6.5)

iC=|mSin(wt—%”—¢).

Toku Takxke 00pa3yoT TpeX(PasHYIO CUMMEMPUUHYIO CUCTEMY BEKTOPOB.

Ilpu HeomuHAaKOBOI Harpyske (a3 MakcHMMajJbHble 3Ha4YeHHs TOKOB lam., IBm.
Icm © dasHble caBurm @aA, @B, @C OyAyT pasiuMYHBL, M CHCTEMa TOKOB Oyner
HeCUMMEMPUUHOLL.

Tocneoosamenvrnocms npoxooicoenuss IAC (puc.6.2) WK TOKOB yepe3 0OUHAKOBbLE
3Hauenus (HaTIpUMeEp, HYJICBOE 3HAUCHHUC) HA3bI8AECMCSL NOCIe008AMENbHOCIbIO (a3,

Cosokynnocms  mpexghaznon  cucmemovr  IJ[C, mpexgasnoi

E1 HA2py3Ku U COCOUHUMENbHbIX NPOB000E HA3bIBACHC MPeX@asHol
yenvio.

B 3j1eKTpOTeXHUKE TPUMEHSETCS Takxke AByxQasHas cHUcTeMa
(puc. 6.4.). Xota OJIC Ef u Ep mno BenmuuuHe paBHBL, OJHAKO
Takas JAByX(asHas cHCTeMa HECHMMETPHYHA, TaK Kak:

Er+Ep #0.

6.2. OcHOBHBIE cXeMbI coelMHeHUs TPpeX(a3HbIX Heneil

OOMOTKM TreHepaTopa JODKHBI OBITh COGOMHEHBl C  Harpy3kod. CambIM
HEYKOHOMMYHBIM CIIOCOOOM SIBISIETCS COCIMHEHHE KaXKIOH OOMOTKM TeHepaTopa C
Harpy3kod AByMs mpoBopamu (puc. 6.5). B aTom ciyuae B cucreme ObLIO OblI LIECTh
COCIMHUTENIBHBIX POBOAOB. [/ SKOHOMUHM YHCNA COSIUHUTENBHBIX IPOBOAOB OOMOTKH
Tpex¢a3HOro reHepaTopa COSIUHSIOT B 3BE3y WIM B TpeyrolbHHK. Ilpm 3TOM 4mcio
COEMHUTEINILHBIX IPOBOJIOB OT I'€HEPaTOpa K Harpy3Ke YMEHBIIAETCs C IIeCTH A0 Tpex

T HITH JI0 YEThIPEX.
' Ilpu coenvHeHUH OOMOTOK TeHe-
TE‘,\ s paropa B 3Be31y OOBEAUHAIOTCS B OIHY

T TOYKY OJHOMMEHHBIC 3aKMMBI (HAIpPHU-

mep, kommpl K, Kp = K¢) Tpex

O3
Ee K(‘IZB 7e obmoTOoK  (pHC. 6L6’ a). Eve MIPUHSATO
/ Ha3bIBaTh H)/1€60l MOYKOl TeHepaTopa
EA: Zb ‘
0 u obo3zHawaror OykBoit N. Hauamo
B
T

He OOMOTOK TeHepaTopa MPHHATO 0003-
HadaTe OykBamu A, B, C. Ha BekTopHOI
Puc. 6.5 muarpamme DJIC reHepaTopa 00pa3yroT

CUMMETPHUHYIO 3Be31y (puc. 6.6, 0).
IIpn coeanHeHMM OOMOTOK TeHEpaTOpa TPEYTOIBHMKOM KOHEI] MEepBOH OOMOTKH
COEIMHAETCS C HavyajlOM BTOPOH, KOHEL BTOPOM C HA4aJloOM TPETbEW, KOHEL TPEThEH ¢
HavanoM nepBoi (puc. 6.7, a). 3[1C 0OMOTOK TeHepaTopa, COSANHEHHBIX TPEYTOIBHUKOM,
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Ea

Ec Es

a) 0)
Puc. 6.6

Ha BEKTOPHOH [auarpamMme o00pasylOT 3aMKHYTbIiI PaBHOCTOPOHHHN TPEYTrOJIbHUK
(puc. 6.7,0) wim cuMMeTpUIHYIO 3Be31y (puc. 6.7, B). B aToMm cyuae DJ]C o603HauaroTcs
c nsyms unaexkcamu: E4p, Epc, Ecy .

Kc_Ha Exs
A ‘\EAB Eca Eag
EBc
Esc
KB EB(
Eca

a) 6) B)

Puc. 6.7

Kax BuzmHO U3 BeKTOpHOM nuarpammsl (puc. 6.7, 6), reomerpuueckas cymma O/IC B
3aMKHYTOM TPEyroJIbHUKE TeHepaTopa paBHa Hymo. [loaTomy, ecnu k 3axkumaMm A, B, C
reHepaTopa He NPUCOeIMHEHA HATPy3Ka, TO [0 ero 0OMOTKaM He OyIeT NpOTeKaTh TOK.

Bo3MOXHBI  paznuuHBIE CIIOCOOBI  COCAMHEHHS Tpex(a3HOro TIeHepaTopa C
TpexdaszHoi Harpy3Kou.

Za

Zb
Zc




HpI/I COCAMHCHUHN T'CHCpAaTopa U MNPHUCMHUKA 3Be3ﬂ0171 BO3MOXHBI [IBa BapUaHTa HX

COEIMHEHNS: é .
Ecy \EAB -~ T b
Cg— 3B C b
Enc Zhe
Puc. 6.9

a) ¢ MOMOIIBI0 TPEX MPOBOJIOB, KOTJa COCIUHEHBI TOJIbKO Havana (a3 reHeparopa u
MPUEMHUKA, TaKas CHUCTEMa HAa3bIBACTCSA MPexnpo8ooHoll; YCIOBHOE 0003HAUYCHHE ITOU
cucreMsl umeer Bua: Y/Y.

0) ¢ MOMOIIBIO YETHIPEX MPOBOJOB: YETBEPTHIN MPOBOJ COCAUHSIET HYJICBYIO TOUKY
reHeparopa N M HyleByl0 TOYKy npuemHuka N (puc. 6.8); 3Ta cucrema Ha3bIBaeTCs
uemwlpexnpo8ooHoll, ee ycioBHoe o0o3Hauenue: Y/Yy.

IIpu coeauHeHMM TIeHEpaTopa M NPUEMHHUKA TPEYIOJbHUKOM BO3MOXKHA TOJIBKO
TpexnpoBojHas cuctema (puc. 6.9); ee ycnoBHoe 0b6o3HaueHue: A/A.

B03MOXHBI TaKke Ipyrie CXeMbl COeIMHEHUsI TeHepaTopa 1 MPUEMHHKA, HallpuMep:

®  TeHepaTop COSTMHEH 3BE3/0H, a MPHEMHHUK TPEYrodbHIKOM: Y/A,;

®  TeHEepaTop COCTMHEH TPEYrONLHUKOM, a TIPUEMHHUK 3Be310i1: A/Y.

6.3. ypaBHOBelHeHHLle N HEYPpAaBHOBELICHHbIE MHOFO(l)aZiHLIe CUCTEMBbI

MHorodasHas cucreMa Ha3bIBAeTCS YPA8HOB8EUIeHHOU, eCIM MTHOBEHHOE 3HAa4YeHHE
€€ MOIIHOCTH HE 3aBUCHUT OT BPEMEHHU.

Ecan MrHoBeHHOe 3HAUY€HHE MOLIHOCTH MHOI'O(A3HOH CHCTEMBI HM3MEHSETCS C
TEUeHHEM BPEMEHH, TO TaKasl CHCTEMa Ha3bIBACTCS HEYPAGHOGEUEHHOU.

Jnst ypaBHOBemIeHHONH MHOro()a3HOM CHUCTEMbl MTHOBEHHOE 3HAUEHHE MOIIHOCTH
PaBHO CyMMe CpeIHHX 3a MEepPHOA 3HAYEHHH MOIIHOCTEH OTHAENbHBIX (a3, T. e. cperHeMy
3a IepHo]] 3HAYEHHUIO MOIHOCTU BCEH CHCTEMBI MM, MHAYE, PABHO aKTUBHOM MOIIHOCTH
BCEH CUCTEMBI.

K ypasnosewennovim cucmemam OTHOCUTCS Tpex(aszHasi CHMMETpHUYHAsA cHcTeMa (IpU

E CIMMETPUYHON CHCTEME HANpsDKEHWH W CHMMETPHYHON Harpyske) u
I nByxdaszHas cuctema, obpasyemas qByMs paBHeIMHA JJIC, cABHHYTHIMH
Ha yron 7 /2 (puc. 6.4) Ipx CHUMMETPHYHON HAarpy3Ke.
K neypasnosewennwvim cucmemam OTHOCSITCS:
1) OmHodazHas cucTemMa, MTHOBEHHOE 3HAUEHHE MOIITHOCTHA KOTOPOH
KOJIEOJIETCSI BO BpEMEHH C YTIIOBOM YacTOTOH 2 @ |

E> 2) Cummerpuunas gaByxdasmas cucrema (puc. 6.10) npm
CUMMETPUYHON Harpyske.
Puc. 6.10 3) Tpexdaznas cucteMa Npu CHMMETPHYHON CHCTEME HANPSHKEHUH |
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HECUMMETPUYHON Harpyske. B 3ToM cilyyae MrHOBEHHOE 3Ha4€HHE MOLIHOCTH 3aBUCUT OT
BPEMEHU U MTyJIbCUPYET C YIJIOBON 4acTOTON 2 @ .

HeypaBHOBEIIEHHOCTh CHCTEMBI OKa3bIBaeT HEOJIATONPHSATHOE BIWSHHE Ha padboTy
TeHEPHPYIOIINX, MEPeNaIoUX U MPeo0pa3yomuX yCTPOICTB, YTO OBIBAaET, B YaCTHOCTH,
IIPU  HETOCPENCTBEHHOM TIPHCOCIWHEHWH MOUIHBIX OJHO(A3HBIX MPUEMHHUKOB K
Tpex(ha3HbIM CETAM.

6.4. CuMMeTpHYHBIH peskuM TpexdazHoii nenu
NPH COeANHEHMH NPHEMHIKA 3Be310M

Tpexc¢a3zHblil MpreMHUK Ha3bIBAETCS

CUMMEMPUYHBIM, €CITH  KOMNJIEKCHble
EAT lU,\ conpomusienus cex gaz oounarxosvi. B
Uag NPOTHBHOM ClIydae OH Ha3bIBaeTcs

N HECUMMETPUYHBIM.
Uy \‘EB Ecnrm  x  TtpexdaszHomy cummer-
’é Uca pUYHOMY  TNPHEMHHMKY  TOAKIIOYHMTH
C ¢ B [BC CUMMETPUYHYIO CUCTEMY HaANPSHKEHUH,
—= TO B 1€ BO3HUKHET CHMMETpHYHAs
VBC Ic | cucreMa TOKOB. Pexum  TpexdasHoi

Hernd, npu  KoTtopoM  TpexdasHsie
CHUCTEMBI HaHpﬂ)KCHI/Iﬁ u TOKOB
CHUMMETPHYHBI, Ha3bIBACTCS CUMMeEn-
Puc. 6.11 DUYHBIM PEHCUMOM.
Ha cxeme TtpexdasHoii uenu npu
COE/IMHEHUH MPUEMHHKA 3Be310H (puc. 6.11) NpuHATHI cheayromye 0003HaAUYSHHUSI:

Uy, Up, Uc (c Gompmmmu uHAEKcamMu) — (a3sHble HampspKEHHs TeHepaTopa
(nanpasiens! BetpedHo ¢a3ubiM IJ]C reHeparopa);
U,, Up, Ug (c mameiMu uHAeKcamMu) — (asHble HAlpsDKEHUs NpHUEMHHKA (MX
HAaIPaBJICHUS COBIAAAIOT C HANIPABICHUSAMH TOKOB);
Ugp, Upc., Ucyg — MexnydasHele (IHHEHHBIC) HaNpsDKEHHS TeHepaTopa
(HampaBJIeHbI, COOTBETCTBEHHO, OT (a3bl A k ¢aze B; or B k C u ot C k A);
| 4. |, |¢ — nuneitnble (pa3HBIC) TOKH reHEpaTOPa U IPHEMHUKA (HAIIPaBICHBI OT
TeHepaTopa K IpHEeMHHUKY);
IN — TOK B Hy/IeBOM IpOBOJE (HalpaBJIeH OT IPHEMHHUKA K TeHepaTopy).
CumMMmerpuuHas cucteMa (pa3HbIX HaNpsDKEHUH TeHepaTopa B KOMILIEKCHOH (opme:
_jrm _ijlrn i 27
J J J
Upa=Ugp; Ug=Ugyt ~ 3 ;Uc=Ugl ~ 3 =Uye" 3 . (6.6)
Ora cucremMa HanpsHDKEHUH Ha BEKTOpHOW muarpamme (puc. 6.12, a) obpasyer
CUMMETPUYHYIO TPEXITYUEBYIO 3Be3/y (Da3HBIX HANPSDKECHUH.
CocraBuM ypaBHEHHE II0 BTOPOMY 3aKkoHy Kupxroda Ins KOHTypa, CO31aBaeMoro
nanpsokeansamn U p, U p, U ap (puc. 6.11): U o-Ug—U pg=0, oTkyna
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Puc. 6.12

Uag=Ua-YUg: UgcUpYc, YUey=UcYy, (6.7)
T. €. Medcdyasuvie (MuneliHble) HAnpsdceHus Ha BEKTOPHOW nuarpamme (puc. 6.12, a)
pasuul  2eomempuieckoli  pasHocmu  @pasuvix  Hanpaxcenuyl. CIeIoBaTENbHO, UL
omnpeneneHus Mexay(a3HbIX HanpsHKeHWH Ha BEKTOPHOM IuarpamMMe Halo COCAMHUTD
KOHIIbI BEKTOPOB (ha3sHbIX HANpPSDKEHMH, IOIYYHUM PABHOCTOPOHHHH TPEYrOJBHUK
nuneinbix Hanpsokennid U ap, Upgc, Uy Jus moarsepxnenns Gpopmyn (6.7) na

BEKTOPHOW [MarpaMMe BBIIIONHEHa TE€OMETPHYECKas Omepalys: u3 KoHua sekropa U a
npoBesieH BEKTOp —U p; COEIMHMB HA4alio W KOHEI 3TUX JBYX BEKTOPOB, MONY4UM
Bektop U ap -

U3 cootHomenmit (6.7) cuemyer, YTO eeomempuyeckds CyMMa IJIHHEWHBIX
HaIpsHKEHUN paBHA HYIIIO.

Onpenennm nuneiiHoe Hanpsbkenne U ; depes pasnoe Hanpsokenne U g . Jins sToro,
u3 touku N omyctuMm nepreHaukynsp Ng Ha Bekrop suHeiiHoro Hampsokenus U pap,

KoTOpbIiA pasmerur U, Ha 2 paBHbele 4acth. M3 mpsmoyrompHOro tpeyroiphuka AN

1 o NG
HMeeM: EUﬂ :UquOS3O :U¢ PR
OTKy/Ia U, Z\/§Ud) . (6.8)
TakuM 00pazoM, npu CUMMEMPULHOL CUCEME HANPANCCHUL TUHETIHOe HANPSICEeHUe

6 3 pas bonvute Gpaznoeo u onepedicaem e2o Ha yeon 30 °.
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Ecmm npeHe6peqf, COITPOTUBJICHUAMU JIMHEHHBIX IIPpOBOAOB U HYJICBOI'O MpoOBOAA, TO
(1)3.3HBIC U JUHEWHBIC HalpsKCHUA T[MPUCEMHUKA 6yHyT PaBHbBI COOTBCTCTBYIOLINM
HAIIPpSOKCHUAM I'€HepaTopa.

Tak xak nuHEHHEIS IpoBoJa COCAUHECHDBI MOCICA0OBATCIBHO C (I)aSaMI/I reHeparopa nu
MMpUEeMHHKA IPU COCIUHCHNHN UX 3B€3)101>i, JIMHCHHEIE TOKH |ﬂ PpaBHBIL (I)aSHL]]VI TOKaM |d) .

l,= I(b . (6.9
Z[J'IH CI/IMMeTpI/I‘IHOFO HpI/IeMHI/IKa, COCIUHCHHOT'O 3BC3HOﬁ, CHpaBeHHI/IBO paBeHCTBO:
2,=2,-2,=20)%. (6.10)
Torna Toku B pazax npueMHuKa (OHM )K€ JIMHEHHBIE TOKH):
l=8al g =D oig =2t (6.11)
Za Zp Ze
re Ya=Ua: Up=Upg:Yclc-

Ha BexropHoii nunarpamme (puc. 6.12, a) nmpu WHIYKTUBHOM XapakTepe Harpy3ku
toku | 5, I g, Ic OTCTAIOT OT COOTBETCTBYIOMMX (ha3HBIX HANPSDKEHUH Ha yron ¢ . Tok

B HYJIEBOM IIPOBOJIE 110 IepBOMY 3akoHy Kupxroda s cxemsl (puc. 6.11):
lN ZlA+lB +lC =0. (6.12)

Ha BexTOpHO#M IuarpamMMe reoMeTpruiecKkasl cyMMa TOKOB paBHa HyJIO (puc. 6.12, 6).

Taxum 00pazoM, npu cummempuuHol cucmeme asHviX HANPAHCEHUI 2eHepamopa u
CUMMEMPUYHOM NPUEMHUKEe CUCTeMA (DA3HbIX TOKO8 OYy0em CUMMEMpPUYHOU U MoK 8
HY1e80M Npo6ode 6yOem pageH HYuo He3a8UCUMO OM 6eTUUUHbL CONPOMUBTEHUS ITNO20
npogooa. I1oaToMy NpU CUMMETPHYHOM PEXHUME HYJIEBOH MIPOBOJ MOXKET OBITh M3BAT W3
CXeMblI 1Ienu 0e3 U3MEHEHHUs peKUMa ee PadoThI.

AKTHBHAs1, peaKTHBHAS M N0JHAsI MOIHOCTL Tpex(a3HoOH Lenu.

Axmuenas mownocms Tpex(dasHOW LENu paBHa CyMMe AaKTHBHBIX MOLIHOCTEH
OTHETBHBIX (Ba3: P=Py+Ry+F. (6.11)

Peaxmuenas mownocms Tpexa3HOW 1enu paBHA anreOpanvyecKkod Ccymme
PEaKTHBHBIX MOIIHOCTeH (a3 (MHIYKTHBHBIE MOLIHOCTH OEpYTCS CO 3HAKOM «ILTIOCH,

€MKOCTHBIE — CO 3HAKOM «MHUHYC»): Q=Q4+Qp+Qc . (6.12)
Honnas ~ mowmocms  Tpexba3HOW LEMd  ONpENeNseTcs Kak — THIIOTEeHy3a
MPSAMOYTOJIEHOTO TPEYTOJIbHUKA MOIIIHOCTEH: S =\[ p2 +Q2 . (6.13)
Komnnexcnas mownocms TpexpazHoil [ENn paBHa CyMME KOMILIEKCHBIX MOIHOCTEH

* * *
OT/IENBHBIX (has: S=S5+Sp+Sc=Ug lg+Up Iy+U 1=P+jQ. (6.14)

Ipu cummempuunom pedicume TpexaszHoM MENH aKTUBHBIE, PEAKTHBHBIE W MTOJHBIE
MOIITHOCTH (a3 MpHeMHHKa OAUHAKOBEL: Py =R, =P :Uqb | d,COSgo ,

Qa=Qp=Qc=UglpSing,

TZIe @ - yroi Mexay (a3HbIM HalpsDKeHNEM MPHUEMHHUKA Ufﬁ 1 (pa3HBIM TOKOM |47 .

(6.15)
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CrnemoBaTeIbHO, aKTUBHAS MOIIHOCTS Iienu: P=3U ¢ IquOS(p , (6.16)

U,

ﬁ y Id) = IJI , TO
stu—g | ,Cosp=/3U ;1 ,Cosp. (6.17)

N

AHaJ0rM4HO OIpeaAcsieM PpCaKTUBHYIO MOIIIHOCTb.:
Q=3U 1 4Sinp=x/3U ;1 ,Sing. (6.18)

Tlonnas MOIIHOCTH LICTIN.

a TaK KaK Ipu COCANHCHUN MMPUCMHUKA 3B€3I[OI>1: Uqb =

S=3Uplp=v3U,1,. (6.19)

6.5. HecummeTpu4HBIi peskuM Tpexda3Hoi uenn
NPH COeJUHEHNHU TPUEMHHUKA 3Be310i

6.5.1. O0mue cBeieHHsI 0 PeKUMAX 1M,

B o0meM ciydae HECUMMETPUYHBIA pEXUM Tpex(]a3HOW Ienu BO3HUKAET NpHU
HECUMMETPUYHON CUCTEME HAIPSDKEHMH IeHepaTopa M HECUMMETPUYHOM IPUEMHHKE.
B yacTHOM ciyyae HECUMMETPUYHBIN PEXKUM BO3MOXKEH:

a) TpPH CHUMMETPUYHOW CHCTEME HAaINpsOKEHWH TeHepaTopa M HECHMMETPUYHOM
NpUEMHHUKE;

0) Ipu CHUMMETPUYHOM IPHUEMHHKE W HECHMMETPHUYHOH CHCTeMe HaIpsDKCHUH
TeHeparopa.

Pexxum paboThl Tpex(daszHoil 1enu Mpu COSTUHEHUN PUEMHHKA 3BE3/I0i 3aBUCUT HE
TOIIBKO OT BHJA HECUMMETPHM, HO M OT HAJIMYMs WM OTCYTCTBUS B LIENIU HYIEBOIO
IIPOBOJIA ¥ BEJMYUHBI €0 CONPOTHUBIICHHUS.

Paccmorpum Hambonee xapakTepHble HECHMMETPHUYHBIE DPEKHMBI PabOTHl TaKol
LETH.

6.5.2. Tpexdasnas uens ¢ HyJ1eBbIM IPOBOAOM, CONPOTHBJIeHHE KoToporo Z\ =0.

Ecmn tpexdasznas uenb (puc. 6.11) ummeer HyieBOW NpPOBOI, COMPOTHBICHUE
KOTOPOT'0 PaBHO HYINIO, TO (ha3HbIC HAIPSDKEHUS NPHEMHUKA PaBHBI COOTBETCTBYIOIIUM
(azubiv Hanpspxenusm reneparopa: U ,=U 4, Upy=Ug, U.=Uc .

JluHeliHbIe HaUpsDKEHUS NPUEMHHKA B 3TOM CIIydae ONpEeNeNsioTcs Mo ¢opMmynam
(6.7), a dasubie (uneitHBI) TOKK — 1O popmyiam (6.11). Tok B HyneBOM HpoBOIE HE
paBeH HyJIO: InN=lLy4+lp+] .

Hanuuue 6 mpexghasnoil yenu Hynre6ozo npogoda ¢ MAIbiM CONPOMUBTIEHUEM
obecneuusaem He3a8UCUMYIO paboONy OMOeTbHbIX (Pa3 NPUeMHUKA, T. €. TIPH Pa3IMIHBIX
3HAUCHHUSX CONPOTHBICHUS B (ha3ax Tpex(a3HOro NMPHEMHHKA, COCIHMHEHHOTO 3BE3JIOH,
HampsbkeHus Ha BceeX (asax OygyT OOWHAKOBBIMH, €CIH TeHEpaTop CO3ZaeT
CUMMETPUYHYIO CHCTEMY (Da3HBIX HANpPKEHHIH. DTOT PEXKHM INHPOKO MPUMEHSETCS Ha
MPAKTHKE TMPH DIIEKTPOCHAOKEHWH OJHO(A3HBIX DIEKTPOIPUEMHHUKOB (HAIIpUMeED,
JIEKTPOOCBETHUTEIBHBIX IPHOOPOB).
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AKTUBHAs W PEaKTHBHAs MOITHOCTH TPeX(a3HOro MPUEMHHUKA OIPEICIISIOTCS II0
(dopmynam:

P=Pa + PD + PC =Ua | aCOS(Da +Ub IbCOS(ﬂD +UC ICCOSgoC , (620)
Q=0Q3+Qp +Qc=U715Singg +Up 1 Singpy +U ¢ Singg | (6.21)

[TomHast MOITHOCTH BRIYHCIISIETCS IO hopmyse (6.13), a KOMIUTEKCHAsI MOITHOCTH — 10
bopmyie (6.14).

BekropHas nuarpamma (ha3HBIX M JIUHEHHBIX HAMPSHKCHUH B YaCTHOM Cy4ae IpHU
CUMMETPUYHON CHUCTEME HaNpsyKEeHUM reHepaTopa M HECUMMMETPUYHOM NPHUEMHHUKE HE
OTJIMYAIOTCS] OT BEKTOPHOM JIMarpaMMbl, TOCTPOEHHOM Ha puC. 6.12, a. BekTopbl TOKOB Ha
JrarpaMme OyJayT UMETh Pa3HyIo JUTMHY U CIBUHYTHI 110 (ha3e Ha PasHbIC YIIIBL.

6.5.3. Tpexdasnas uens ¢ HyJ1eBbIM IPOBOJIOM, CONPOTUBJIeHHE KoTOoporo Z\ #0.

[lpu HecMMMETPUYHOM pekuMme uenu Tpexdasnas cucrema tokoB | 4, lp, 1o
OyzeT HECUMMETPUYHOH M 110 HYJIEBOMY NpoBoiy Oyxer nporekarh Tok | . Tlostomy

MEXAy HYJIEBBIMH TOYKaMu reHepatopa N H TpHeMHHMKAa N TOSBHUTCS HaINpsHKEHUE,
HA3BIBACMOE Yy37106bIM Hanpsviceruem U | .

BriBoj1 (opMyJibI IJIs1 Y3JI0BOr0 HANIPSIKEHUSL.
3anuiieM ypaBHEHHEe 1O BTopoMmy 3akoHy Kupxroda mns konrypa (puc. 6.13),
0003HaYEHHOT0 Ha CXeMe IyHKTUPHOI JTHHHEH:
Ug+tUN-Ua=0, orkyna
Uag=Ua-Un:
AHAJIOTHYIHO Up=Ug-Un: (6.22)
Ue=Uc-UN -

— —— ———

Puc. 6.13

Toxku B (hazax NpueMHHKA H HYJIEBOM IIPOBOJIE:
1,7UaY =1 i 1p=UpYp=lpile=UcYe=lcily=UnYN.  (6.23)
YpasHenue 1o nepsomy 3akony Kupxroda s yzma n: 1 4+l p+1-=1 5. (6.24)
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@aznpie Toku (6.23) mpuemHHKa (JIMHWHM) BBIpAa3UM dYepe3 (a3Hble HAIPSHKEHUS
npueMHuKa (6.22) ¥ IOACTaBUM X B ypaBHeHHE (6.24):

(Ua-UNNYaHUg-UNYp+tUc-UnNc=UNY N wm
UaYa+tUpYp+tUcYc=Upn (Ya+Yp+Yc+YN ), oTkyna

_UaYatUpYptUcYe

U 6.25
TNy Y Y Y 629

IMopsimok pacdera Tpexda3HOH [EMU TPH COCAUHCHUA HECUMMETPUYHOTO
MPUEMHHKA 3BE3/10i C HYJIEBBIM IPOBOJIOM, COMPOTHUBIIEHHE KOTOPOT'0 HE PaBHO HYIIIO.

1. Tlo 3amauHbiM (QasHbiM  HampsbkeHusm rerepatopa U, Ug, Ue 1

CONPOTUBIIEHUSM  (MPOBOAMMOCTSM) OTAENbHbIX (a3 mpuemnuka Yo, Yp, Yo H
HYIEBOTO MpPOBOAA Y N  BBIUHCISACTCA Y31060€¢ Hanpssicenue (HATPSIKEHHE MEKIY
y3110BbIMH Toukamu reHepatopa N v npuemuuka N) Uy o popmyne (6.25).

2. Ilo dQopmynam (6.22) onpenesnsiorcss pasHvle HARPANCEHU MPexPasznozo
NpUEeMHUKA.

3. Mo popmynam (6.23) u (6.24) BEIUUCISIOTCS hasuble (MuHelinble) MOKU NPUEMHUKA
U MOK 8 HYIe60M NPOBOOE.

4. Onpenenstorcss KJIACCHYECKUM METOJIOM aKTHUBHAS W PEaKTHUBHAS MOIIHOCTH IO
¢dopmynam (6.20) u (6.21) u nonHast MOIHOCTB 110 Gopmyre (6.13) WM CUMBOIMYECKUM
MetonoM 1o popmyie (6.14).

[lo pe3ynbTatam pacuera CTPOUTCS BEKTOpHAas [UarpamMma B KOOpAMHATaX
KOMIUIEKCHO# TUIOCKOCTH. BEKTOpHYIO AnarpaMmy MOCTPOMM JJIsl Y4CTHOTO CIydasi, Korja
cHCTeMa HalpsHKEHUH reHepaTopa CHMMETPUYHA, a IPUEMHHK HECUMMETPHYHBIH.

Bekropuas muarpamma ¢asubix U o, Ug, Us u smneiineix U ag, Upgc, Uca

HaIpsDKEHUH reHepaTopa CTPOUTCS Tak XkKe, Kak Ha puc. 6.12,a. BosHUKHOBEHHE y3I10BOrO




HanpspkeHust U | BBI3BIBAET Ha BEKTOPHOM Juarpamme (puc. 6.14, a) cMenienne Touku N

orHocutenbHO Toukn N. HampaBnennme cmemieHuss TOYKM N 3aBHCHT OT Xapakrepa
Harpy3kd Tpex¢asHoH Ienu U B 00IIeM CIydae MOXKET BBIMTH 32 MPEIeIbl TPEYToNbHUKA
JIMHENHBIX HANPSKCHUH.

OmnoxuB u3 Toukd N BEKTOp y3710BOro Hampsbkenus U, Halzem MonoxeHne

Toukd N (koHeu Bekropa U ). CoenuHuB TOUKYy N C BEpIIMHAMU TPEYrOJIbHHUKA

JIMHEHHBIX HaHpHX(eHHﬁ, Haﬁl[eM ITOJIO)KCHUEC BEKTOPOB (1)a3HI)IX HaHpH)KBHI/Iﬁ NpUCMHUKaA

Ug, Up, Ug. Tlo orHomieHu:o K 5TUM HANpsDKCHISIM IOX YIIAMH @3, ¢h, ¢

IpoOBOAUM BEKTOPBLI TOKOB lA’ lB' I—C . HpOCYMMI/IpOBaB OTHU TpHU BEKTOpA, IMOJTYYHUM

BEKTOp TOKa B HyJ1eBOM nposoze | (puc. 6.14, 6).

6.5.4. Tpexdaznas uens 6e3 HYJIEBOro MPOBOAA.
DTO 4YacTHBIA ciy4yail Tpex(a3zHOH Lenu C HYJIEBBIM IPOBOAOM, CONPOTHBIICHHE
KOTOpOro HE paBHO Hym0. [IpM OTCYTCTBMM B IieNM HYJEBOro mpoBoga ZpN =%, a

Y N =0. ¥3710B0€ HanpspkeHre B 9TOM 4aCTHOM Cilydae Oy/IeT ONpeAensThes 1o popmyre:

UAYa+UBYp+UcY,

Un (6.26)

Ya+Yp+Ye
Pacuer menu BBINONHAETCS B TOM >K€ TOpsake, uro u B 1. 6.5.3. IIpoBepka
[IPaBWJIBHOCTH pacdeTa IPOU3BOAUTCS TI0 YPAaBHEHHIO:

l A +l B +lC =0.
BekrtopHas nuarpamMMa CTpouTCS Tak >ke Kak Juarpamma Ha puc. 6.14, a.

6.5.5. Tpexdaznas uenb 6e3 HyJ1eBOro NpoBoAa Npu odpbiBe (pa3bl NpUEMHHUKA.

OTOT peXUM BO3HHMKAeT IIPU MOIHOU
pasrpy3ke omHoii u3 (a3  TpexdazHoro
IIpUEMHHKA. PaccMOTpUM 4YacTHbBIM ciyyaw,
KOrja CHCTEMa HampsDKeHMH TreHepaTopa
CHMMETpHYHA TIpH pasrpyske ¢asel a ¥
OZMHAKOBOW Harpyske JABYX Jpyrux ¢as:
Zg=wo, Y5=0,Yp=Y.=Y. lloncraBus >tH

*+1

3HAYEHHs MPOBOAUMOCTEN B (opmyny (6.26),
Y(Ug+Uc) Up+Uc

& 4 nonyanm: U\ = N 2
(T Uy IIpocymmupoBaB Ha BEKTOpPHOM Auar-
— (Us+US) Uc pamme  (puc. 6.15) BekTOopel  (pa3HBIX
Hanpspkenuii revepatopa Ug u Uc  u B3siB
Puc. 6.15 1/2 cymmapHOTo BEKTOpPA, OIYIHM:
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UN =0,5Uqb. [Ipu 5TOM, HampsbKeHHE Ha pasrpyxeHHOH (asze Bo3pacraer a0 1,5 Ugb, a

Ha JIBYX Apyrux (asax — ymenpmaercs 10 0,5U ;0 Up=U¢ :%U BC -

6.5.6. Tpexdasznaa nenb 6e3 HyJeBOro IPOBOAA NPH KOPOTKOM 3aMbIKaHMHU (a3bl
NMpUEeMHHKA.

PaccMoTpuM yacTHYHBIH CiTydaii, KOraa cuCTeMa HalpsDKEHHH TeHepaTopa CHMMET-
pUYHAa TIpH KOPOTKOM 3aMblKaHUM (K.3.) (a3l ¢ TpPHUEMHHKa W OJUHAKOBBIX
CONIPOTUBJIEHMAX OBYX Ipyrux ¢asz: Zz=0, Yg=0©; Yp=Y;. Onpenenum aias 3Toro

UaYa+tUpgYp+UcYe o

cirydas y3JioBoe Hanpspbkenue. U =
y4as y3 p UN Yo Y +Y -

Jlns1 packpbITHs HeoTpeneneHHocTH U \ pa3lenuM YHCIUTENb U 3HAMEHATEND Ipoou

Yh Ye
UpatUpo—+Uc o
Xa Y a

Y, Y
1+£+i
Ya Ya
CrenoBaTenbHO, Y3JI0BOE HaNPsHKEHHE PaBHO (ha3sHOMY HaNpsHKEHHIO TeHepaTopa K.3.

¢a3el. Torna daszHble HaNpsHKEHMS PUEMHKKA HaxomsITes 1o hopmynam (6.22):

Ha [IPOBOAMMOCTE K.3. hassl, T. €. Ha Y 5 1 U = ===UAp.

Ua=UA-UN=UpA-Up=0:Up=Up-UN=Up-UpUpa="Yng:

Ue=Ue-Un=Yc-Ya=Yca:
Takum o0pa3oM, mpH K.3. ofHOW (a3bl Tpex(ha3zHOro MpUEMHHUKA, HANPSDKEHUE Ha
9ToH (haze paBHO HYIIO, a HA IBYX JPYIHX BO3PACTaeT JI0 JIMHEHHOr0 HapsKEeHHUS.
@Da3HbIC TOKY IPUEMHUKA:

Yp_Yas ., _Yc_ Yca.
BTz "z, " CTz Tz
Zb £b £c £c

Ua

0
1 A=-%=_, HeompeneneHHOCTh!
2, 0
YT106BI PACKPBITH HEONPENETCHHOCTh TOKa

1]
1 A wucmone3yem ypaBHEHHE O MEPBOMY 3aKOHY

Kupxropal 4+1p+1-=0, orxkyna | 4=—lp-I,.
BektopHas JjmarpaMma Uil 3TOTO PEXHMA
Usc nocTpoena Ha puc. 6.16.
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6.6. dnexTpuyeckas Henb NpH COeIUHEHNH TPpex(ha3HOro NpHeMHHUKA
TPeyroJIbHUKOM

6.6.1. CUMMeTPHYHBII PesKHM.
[pu coevHEHUH TeHepaTopa W MPHEMHHUKA TPEYTOIBHUKOM (DA3Hble HANPSHCEHUs
2eHepamopa U NPUEMHUKA OOHOBPEMEHHO SGNSIOMC U JUHEUHbIMU (MeNCOYPasHbIMU)

HanpsiceHusmu, T.e. Uqb=U 7 (puc.6.17). Jluneitnsie xe Toku | 4, lg, | oTnmuHe oT

dasupx lgp, lpe, lca-

A Jdnsi  monydeHHs —CHMMETPHUYHBIX
A COOTHOIICHUH MEXAy JHUHEHHBIMU WU

Ucy \PAB I (ha3HBIMM TOKaMU CleqyeT BHIOpaTh HX

Uas HaTpaBJICHUS eauHooOpasHo. Jlims Bcex

C B Uca ¢ JIMHEHHBIX TOKOB OOBIYHO BBIOMpaETCs

Usc HaTpaBJICHUE OT TeHepaTtopa K IMpHeM-

HUKY, UIS (a3HBIX — MO HANpPaBJICHHIO

Usc 00Xx0/1a KOHTypa, HaIpuMep, 110 YaCOBOH
CTpeJIKe.

Puc. 6.17 Toku B (pa3ax mpHEMHHUKA OINpe/e-

nstroTest pa3HpIMU (JIMHEHHBIMU) HAIpsi-
YKEHUSIMU M CONPOTHUBIICHUSIMH (ha3 PUEMHHKA!
U U
R (6.27)

Uap
l b:_a ;lb = L - 1
a Zab ¢ Zpe « Zca

rae Qasuble Hanpsokenust npuembnka Ugp, Upe, U, paBHBI COOTBETCTBYIOIIMM

nuHelHbM (basnbiM) Hanpsokennsim renepatopa U ag, Upge, Uca-
Torna no nepeomy 3akony Kupxroda st y3ioB a, b, ¢ umeem:

Va=lap=Leas
Ig=lpc—lap; (6.28)

Ic=lca—Ipc-
W3 momy4yeHHBIX COOTHOIIEHWH (6.28) BHAHO, YTO CyMMa JIMHEWHBIX TOKOB paBHA
HYIIIO: lA +lB +lC:O . (629)

Ipusedennvie hopmyavt ons aznvix (6.27) u aunetinvix (6.28) mokos npumenumol
KaK 07151 CUMMEMPUYHO20, MAK U O HECUMMEMPUUHO20 PEHCUMOB.

[lpn coenuHeHHH NpPUEMHHKA TPEYTrOJIFHHKOM CHMMETPHYHBIH pexXuM Oyner npu
CUMMETPUYHON CUCTEME HAIIPSHKEHUM FeHepaTopa.

21 A
. Y Y
Uag=Ug: YUsc=Yp! C Ueapl
Y CHMMETPUYHOM IIPUEMHHKE: Zab=Zpc=Zca -

B otoMm ciydae cuctemsr ¢asubix (6.27) u muHeiHbx (6.28) TokOB OymyT Takke
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CUMMETPUYHBIMH.
Ha BekTopHno#i muarpamme (puc. 6.18) mms cxemsl (puc. 6.17) cUMMeTpuUYHYIO
cucreMy HanpsokeHndt mpuemuuka Uy, Upe, Ugg  amst yroGersa  moctpoeHust

ArarpaMmbl 1/1306pa>i<a10T B BUJIC CPIMMeT‘pI/I‘lHOfI 3BC3bI. HpI/I HWHAYKTHUBHOM XapaKTepe

Harpy3ku asubie Toku g4, lpe, leg
OTCTAlOT OT COOTBETCTBYIOIIUX HaMpsiKe-
HUH Ha yron ¢ .

Jluneiinple Toku 1 4, lp, I~ B

COOTBETCTBMHM C ypaBHeHHsMH (6.28)
00pa3yioT paBHOCTOPOHHUH TPeyrolbHUK.
W3 mpsMOyrombHOro TpeyroibHUKa Mmod

A BEKTOPHOU THarpaMMbl HIMEEeM:
|
R IquOS30O Wi
2
1,=+31g. (6.30)
Takum oOpazoM, TIpH  COEAMHEHHUH
HPUEMHUKA MPEY2ONbHUKOM B CHMMET-
PHMHOM pEXKIME unetinbie moku 6~/3 pas
Puc. 6.18 bonvue pasmvlx.
MouHocT Tpex(a3Holi ey NPH coeMHEHNH NIPUEMHHUKA TPEYToJbHTKOM.
AKTHBHas# MOIIHOCTh paBHA CYMME aKTHUBHBIX MOILIHOCTEH OTAENBHBIX (a3
[pHEMHHKA: P=Pap+Ryc+FPea- (6.31)
PeakTuBHAas MOLIHOCTh paBHA aireOpanyueckoil CyMMe pPEaKTHBHBIX MOIIHOCTEH
OTHETBHBIX (Ba3: Q=0Qaph+Qpc+Qca - (6.32)

IlonHas MOLIHOCTH ONIpenensercss Kak THIOTeHy3a NMPSIMOYTOJIbHOTO TPEYrolbHHUKA

MOIITHOCTEH: S=\/P2+Q2 .

KoMmmekcHast MOIMHOCT IIETIM paBHA CyMME KOMIUICKCHBIX MOIIHOCTeH (a3
[PHEMHHKA: S=S 4 *+Spc+Sca=P+iQ- (6.33)

[lony4uennsie BeIpakeHUst it MomqHocTel (6.31) - (6.33) cnpaBemnmBBI Kak IS
CUMMETPHYHOTO, TAK U HECUMMETPUYHOT'O PEIKUMOB.

OmnpenenuM yka3aHHbIE MOIMHOCTH Yepe3 HAMNPSDKCHHUS M TOKH TMPUEMHUKA JUIs
CUMMEMPUUHO20 PENCUMA.

AKTHBHbIC MOLIHOCTH OTACIBHBIX (a3 npueMHnKa: Pap =Fhe =Feq =Py =Ug g Cosp

TOrJIa, B COOTBETCTBHH C BhIpaxkeHUeM (6.3 1), momyqum: P=3qu =3U ¢ | quOSgo ,

HITH C y9eToM cooTHomeHnit U :Uqb g =\/§Iqb, AMEEM:
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|
P=3U, —”3C0s¢=«/§UﬂIﬂCOS(/) :

PeaxTHBHEIE MOIIHOCTH OTHEIBHBIX ¢a3 MPUEMHHUKA
Qub=Qpe=Qcq :qu :Ud7 Iquin(p , TOTJIa Ha OCHOBaHMU (6.32) uMeeM:

Q=3Qy=3U gl Sinp=+/3U ;1 ,Sing .
ITonHas MOIIHOCT: S:SUd) |d,:\/§uﬂ I, :,’P2+Q2 .

CpaBHUBaHUS TOMYy4EHHBIE BBIPAKEHUsS [UId aKTUBHOH, PEAKTHBHOM M IOMHOU
MOIITHOCTEH IPU COEIMHEHMH NPUEMHHKA TPEYrOIbHUKOM B CHMMETPHUYHOM DPEXHME C
BBIPOKEHUSIMH  COOTBETCTBYIOIIMX MomHocTed (6.17) - (6.19) mpu coeanHeHnn
MIpUEMHHKA 3B€3/10H, BUUM, YTO OHU OJMHAKOBHI.

6.6.2. HecnMMeTpHYHBIN peKnM.
B o0mem ciyyae npu HECUMMETPUYHOM PEXHMME CHCTeMa JIMHEHHBIX HarpsHKEHUH

MOXKET ObITh HECUMMETPHYHON M IPUEMHUK HECUMMETPHYHBIH, T.€. Z 5y #Zpc %L g -

@a3HbIE TOKM B 3TOM pEXUME
onpezensoTes mo gopmynam (6.27), a
JIMHEWHbIe TOKU — 110 (6.28).

BekTopHyr0 auarpamMMy IIOCTPOUM
JUIS YacTHOTO Cllydas, KOTJa CHUcTeMa
HaNpsDKEHUH TeHepaTropa CHMMETpPUYHA,
a PUEMHHK HECHUMMETPUYHBIN,

Hanpumep: Z gp =Rgp 5 Zbczzbcfj%c ,

e >0 Z g =2ca? 1702, 9cq <0,

T.e. (asa «aby umeer akTuBHBII Xapak-

tep (@ap=0), dasa «bc» — mHIYKTHB-

HbI, a a3a «ca»—eMKOCTHBII XapakTep.
Ha BEKTOPHOHI Juarpamme

Puc. 6.19 (puc. 6.19) ¢a3Hple TOKM NPHUEMHHKA
00pa3yroT HECHMMETPUYHYIO CHCTEMY

—  TOKHM OTIMYAIOTCS 1O BeIM4uHe M 10 (ase: TOK |5, coBmajgaer mo dase ¢ U gy

(@ap=0), Tox lp. orcraer or Up. Ha yrom ¢gpc, a log — onepeskaer U, Ha yron

¥ca - Cucrema nmHelnbIX ToKOB | 4, | p, |~ ToXe HeCUMMeETpHYHAS.

AKTHBHAs ¥ peaKTUBHAS MOLIHOCTH NMPH HECUMMETPUYHOM PEKHME ONPEICISIIOTCS B
COOTBETCTBUH C BhIpaxkeHUsMH (6.31) u (6.32) "epe3 TOKM W HANPSDKEHUS CIICTYIOIINM
obpazom:

P =Uab|abC05(pab +UbCIbCCOS¢bC +UCCl IcaCOScha ) (634)
Q=U_ p! 4pSing,p+Up e peSingp U o4l 0 Sing,,, - (6.35)
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6.7. U3mepenne aKTUBHOI MOIIHOCTH B TPeX()a3HBIX LeMsiX

6.7.1. U3sMepeHne AKTUBHOW MOIIHOCTH B TPEXIPOBOHBIX LEIX.

Ipu coenuHennn Tpex@a3HbIX MPUEMHHKOB 3BE3l0i Oe3 HYJIEBOrO MPOBOJAA HITH
TPEYTOJLHUKOM Tpex(aszHas Iemb OyIeT mpexnposodHou. JIns W3MepeHHs aKTUBHOW
MOIIHOCTH B TPEXIIPOBOAHBIX IEIISIX HIMPOKO MPUMEHSIETCS Memoo 08yX npubopos (IByX
OMHO(A3HBIX BAaTTMETPOB).

[lo oromy Merogy TOKOBBIE  OOMOTKH

A Ia /\.W BarTMetpoB W; m Wy Bkmrouarorcs mocrne-
o—"e : X
A ° 3 (1) JIOBaTeNbHO B JIIOOBIC ABe (paswl (puc. 6.20),
gi’_ If W, Harpumep, B dazy A u ¢azy B. OOMmoTkH
¢ I o\ PHEM- HamnpsDKeHUsl BATTMETPOB —  I'€HEpaTOpHbIE
o= HHUK 3aKUMBI (Hayajo 0OMOTOK), 0003HauYeHHbIE Ha
CXeM€ TOYKOH (®), IOJCOETMHEHBI K TEM XKe
Puc. 6.20 3a)KMMaM, YTO U TOKOBBIE OOMOTKH, a MX KOHIIbI

MOJIKITIOUEHBI K TOH (pasze TpexdaszHoii Iienu, B
KOTOPOil HET TOKOBBIX OOMOTOK BAaTTMETpOB (cBoOOmHOW ¢haze «C»). Ilpu Takom
BKITIOYeHnH ogHodasueix BartMerpoB Wi u Wy aneebpauueckas cymma ux noxazanuil
Rv1 u Ry 2 pasua akmuenoii mownocmu mpexghasmoi yenu.
[puBemeM T0KA3aTENBCTBO 3TOTO YTBEPKICHHSL.
N3 xypca MeTponoruu U3BECTHO, YTO IIOKa3aHUE BATTMETPA aKTMBHOM MOIIHOCTH
Ry  mpsMo  mpONOPIMOHAIBHO  TOKY, MNPOTEKAIOMIEMY II0 TOKOBOH OOMOTKE,

HaNpsDKEHUIO, ITOABEICHHOMY K OOMOTKE HANpsHKEHHS U KOCHHYCY yrila MEXIy HUMH.
3anuiieM Moka3aHus BaTTMETPOB, BKIIFOYEHHBIX 10 cxeMme (puc. 6.20):

Rv1=1AUAcCCos(1A™Uac );

Rw2=18UpcCos(15"Upc),
rae y nuHedHbIX HampsokeHnid UAC u Upc mepBhlif HHOEKC COOTBETCTBYET dase, K

(6.36)

KOTOpOI1 MOAKIIIOYEeHO HavaJio (@) 0OMOTKM HampspKEHUS (KaK U3BECTHO, OT YepeI0BaAHMUS

HHIEKCOB y  HampshKeHHH  3aBHCHT
HaIlpaBJICHUE BEKTOpa HAIPSDKEHHS: BEKTOP
U pC HanpasieH IPOTHBOMONOKHO BEKTOPY

Uca)

W3 BekTOopHOM muarpammbl (puc. 6.21),
MOCTPOCHHOU Ul CHMMETPHYHOTO PEXHMA,
onpeneIMM  Yribl  MEXAy TOKaMH U
HaTIPSDKCHUSIME BBIpaxkeHui (6.36):

IA"Uac =30°~¢, 13"°U g =30°+¢ .(6.37)
U 3amumem BeIpakeHHs (6.36) ¢ yderoMm
. \IB (6.37):

Puc. 6.21
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Rv1=1AU AcCos(30°-¢),

Ry 2 =|BUBCCOS(3OO +@).
Hnsa cummerpuunoro pexuma | 4=lg=1,, U 4c=Upgc=U,, Torna

Ry1=1,U,Cos(30°-¢); (6.39)

Ry 2=1,U ;,Cos(30° +¢).
OmnpenenuM CyMMY MTOKa3aHUH BATTMETPOB:

Ry1+Ry 2=1,U ;[Cos(30°—¢)+Cos(30° +¢)] . (6.40)
B kBampaTHbIX ckoOkax BblpaxkeHust (6.40) mocne Pa3IoKEHUs KOCHUHYCOB
PAa3HOCTH YTJIOB U CyMMBI YTJI0B U CYMMHPOBAHUS, MOTYYHM:
[Cos(30° ¢ )+Cos(30° +¢ )] =+/3Cos¢ ,

TOra RN1+FW2=\/§|JZUJ1COS(P=P- (6.41)
Takum 00pazoM, NMpH CUMMETPUYHOM PEKHUME CyMMa MOKa3aHWH JABYX BaTTMETPOB
paBHa aKTUBHOM MOIIHOCTH TpeX(a3zHOH TPEXITPOBOJAHOMN LIETIH.
U3 BeIpaxenuit (6.39) BunHO, 4To noka3anus BartMeTpoB Wi u W9 oanHaKoBHI IpH

(6.38)

CHMMETPUYHOM pexume Tonbko npu ¢=0. [Ipu ¢=60° Ry1>0, Ry2=0; npu ¢ >60°
Ryv1>0, Ry 2 <0, T.e. ctpenka BToporo BarTMeTpa W9 OTKIOHHTCS B JIEBO OT HyJs (TIpu
3TOM HEOOXOIMMO TOMEHATH KOHIIBI 0OOMOTKHU HampspkeHHss W) ¥ ero moKa3aHus B3Thb CO

3HaKOM «MHHYC»). M3 cka3aHHOro cienyeT, 4TO IPH ONpeJeleHHH aKTHUBHON MOIIHOCTH
METOAOM JABYX IPHOOPOB IIOKa3aHHS BATTMETPOB HAZI0 CYMMHPOBATh A1ee0pautecKu.
Meton 1Byx mOpUOOPOB MNPUTOAECH A M3MEPEHUs AaKTHBHOH MOLIHOCTH B
TPEXIPOBOAHBIX LIEIAX KAK IIPU CUMMEMPUUHOLL, TAK U HECUMMEMPUYHOIL HASpY3Ke.
INToka3aHus BaTTMETPOB MOXKHO PACCUHTATh KOMIUIEKCHBIM METOJOM II0 CIEAYIOLINM
¢dbopmynam (IpUMEHHUTENHHO K cxeme puc. 6.20):

*
Rvi=Re[U pc IA],
* (6.42)

Rv2=Re[Upc IB]-

6.7.2. I3mMepenne aKTUBHON MOIIHOCTH B YeTHIPEXMPOBOAHBIX LEMsX.

A " Ecnamn snexkTponpueMHUKH COEAMHEHBI 3BE3I0M
<8 W= % C HYyJEBBIM MpPOBOAOM, TpexdasHas ILemb Oyaer
o W 3 (b YEeTHIPEXIIPOBOJHON. AKTHUBHAs MOIIHOCTH TaKOH
C o\ ® fpuem-| 1eMA TIpH HECUMMETPUYHON HArpy3Ke U3MEPSIETCS
o— .QN% fifiié METOZOM TpeX TpHUOOpPOB (BATTMETPOB), KOTOPHIE
N BKIIFOYAIOTCA TO cxeme (puc. 6.22).

Kaxnprit m3 omHO(MA3HEIX BATTMETPOB H3MEPSET
Puc. 6.22 MOIITHOCTh OMHOW ()a3bl, B KOTOPYIO OH BKJIFOUCH.
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INoka3aHus Bcex TpeX BaTTMETPOB HE3aBUCHMO OT XapaKTepa Harpy3KH U CHMMETPHH
TOKOB H HaIIPsDKEHUH IT0I0XKHUTENbHBL. [109TOMY aKTHBHAs MOIIHOCTH TpeX(ha3Hol LEenH B
3TOM Cllydae paBHA apH(QMETHYEeCKOH CyMMe MOKa3aHHH OTAENbHBIX OJHO(A3HBIX
BaTTMETPOB! P=Ry1+Ry2+Ry3. (6.43)

Jns u3MepeHus aKTUBHOH MOIIHOCTH B UYETHIPEXNPOBOJHBIX LIETIIX HPUMEHSIOTCS
TaKxke Tpex(a3Hble BATTMETPEL.

6.8. Ilyabcupyronye U Bpalaomuecss MArHUTHBIE OIS

6.8.1. [lyascupyloiee MAarHMTHOE TOJI€.

BeisicHUM ~ XapakTep MarHMUTHOTO TIONS  KAaTyIIKH, 110 KOTOPOH TPOXOAUT
cuHycoumanbHbId Tok i=lySinwt (puc. 6.23). MaruutHOe HOJE KaTyIIKH, CO3JaHHOE

%

TOKOM | XapaKTepu3yeTcsl BEKTOPOM MarHUTHOM MHAyKuuu B . HampaBnenue BekTopa
_)
B ompenensercs HanpaBlIeHHEM HAMOTKH KaTYIIKM W HalpaBlIeHHEM TOKa B HEH B
JTaHHBIM MOMeHT BpeMeHH. Ha puc. 6.24 mokas3aHa Iiockas KaTyIlIKa,

s

B

T 2n ot i
0 N
/ \.
4
5 6 B 5
-B Y6
Puc. 6.23 Puc. 6.24

HAYaJI0 KOTOPOU H , KOHeIl XK. ECIIi TOK BXOOWUT B 3a)KMM H M BBIXOIHT M3 3aXnMa K (3TO
HamnpaBJieHHE TOKa OyaeM CYMTAaTh IIOJIOKUTEIBHBIM; €My COOTBETCTBYET HHTEpBAl
BpeMeHH — yron ot ot 0 10 77 ), TO BEKTOp MarHUTHON WHAYKIIMU HampasieH BBepx. [1o
BEJIMYMHE MAarHUTHAS WHIYKIMSA KaTYIIKH B TPsMO TIPOIOPIIMOHATIbHA TOKY | B HEH, UTO
BUJIHO U3 CJICYIOIIUX COOTHOMICHNUI: =Li=@w=BSw , oTkyzna

Li .
B=— =Kpi, 6.44
s KB (6.44)

rae l// — IIOTOKOCHECIICHUC KaTYH.IKI/I;
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L,S,W — MHIYKTHBHOCTb, IUIOMIA/Ib U YUCIIO BUTKOB KaTYIIKH;
KB — ko3¢ duiesT nponopuuoHanbHOCTH, A1 JAHHOU KaTYIIKU SBIISETCS

BEJIMYNHOH MTOCTOSTHHOM.

B coorBerctBuu ¢ (opmynoii (6.44), 3nauenuto Toka 1 (iy) (puc. 6.23) Oymer
COOTBETCTBOBATh MarHUTHAS! MHAYKIHS, o003HaueHHas 1udpoit 1 (B1) Ha puc. 6.24, Toky
i, — COOTBETCTBYET MHAYKIMA B, U T.1. B cienyronwii nonynepuon (0T 7 10 2 77 ), KOraa

ﬁ
TOK | OTpHUIIaTENeH, BEKTOp B HampaBieH BHH3.

Takum o0pazoM, ceomempuyeckum Mecmom KOHYO8 GeKMopa MASHUMHOU UHOYKYUU
%

B sensemcs oco kamywku.

Taxoe macHummoe noze, 6eKmMoOp MASHUMHOU UHOYKYUU KOMOPO2O U3MEHSemcs
(nyabcupyem) 60016  ocu  co3oaroweli e20 Kamywiku ¢ MOKOM, HA3bl8AemCs
nYN6CUPYIOUUM MASHUMHBIM NOJIEM.

6.8.2. Bpamarouieecsi MarHuTHoe 1oJie.

OnmHUM W3 OCHOBHBIX IPEUMYIIECTB Tpex(a3HOro TOKa SIBISETCS BO3MOXKHOCTH
NOJIyYeHUs] ~ BpalalOIIerocss MAarHUTHOTO — TOJs, HCHONB3yeMoro B Haubonee
pacIpocTpaHeHHBIX TUIAaX 3JIEKTPOJBHUraTeNeii epeMeHHOro TOKa.

Bpainatomieecss MarautHoe moje Obuto nonydeHo ¢uznkom dDeppapucom B 1884 1.,
OJHAaKO OH IMNpHUIICT K OH_II/I60‘{HOMy 3aK/IIIOUCHHUIO O HEBBII'OJAHOCTU €TI0 MPUMECHEHUA I
CO3/IaHUA JIEKTPOABUTATENIEH.

B 1887-1888 rr ¢wusuk-umkenep Hukomna Tecna ckoHcTpyupoBan nByx(asHblit
ACHHXPOHHBIN ABHUraTeib, a B 1889 r. M.O. JlonmuBo-/106poBoibckuii H300pen U HOCTPOUIT
Tpexda3Hblli aCHHXPOHHBIH IBUIATENb.

IIpyuHIUN noJy4eHus: BPALIAIOLIEr 0csi MATHUTHOI'O MOJIS.

PacnonoxuM Tpu OAMHAKOBBIE TUIOCKUE KaTYIIKH TaK, YTO OCH UX CMelleHbl Ha 120°
[0 OTHOIICHHIO JIpYr K Apyry (puc. 6.25). IlomkmrodnM KaTyIIKd K CHUMMETPUYHOMY
HCTOYHHKY IUTaHUS TaK, 4TOOBI TOKM BXOIWIM B Hayaya KaTymek [, Ho, H3:

h=ImSinat ; ip=ImSin(wt-120°); iz=lySin(wt+120°).
Kaxip1ii 13 TOKOB OyZIeT cO3/1aBaTh MyJIbCUPYIOIIEe MATHUTHOE MOJIE, BEKTOP MarHUT

. I L 1

Puc. 6.25 Puc. 6.26
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HOM HWHIYKIMM KOTOPOTO HAINpPAaBJIEH BAOIb OCH CBOEH KaTymkd. I[loioxuTenbHOe
HaTIpaBJICHUE OCH MIEPBOM KaTYIIKK 0003HAaUMM +1, BTOpoit +2, Tpereit +3 (puc. 6.25).
UYepes By, Bp, B3 0003HauuM MIHOBEHHbBIE 3HAUEHUS UHIYKIUU, COOTBETCTBEHHO,
nepBod, BTOpOM U Tpered Karymiek. Tak Kak MarHUTHas MHIYKUOUS —TPSIMO
IPOIOPIMOHANIBHA TOKY (6.44), To By, By, B3 OyayT U3MEHATHCS 110 TAKOMY JKE 3aKOHY,

9TO U TOKH i, 12, i3 (puc. 6.26).

W300pa3uM MIHOBEHHbIE 3HaueHUs B, By, B3 U pe3ylbTUPYIOIIYI0 HUHIYKIUIO
B, nuts pa3IuHBIX MOMEHTOB BPEMEHH: a)t=0,77 ,7[,%7[ (puc. 6.27).

Pesynbrupyromas MardHuTHas MHAYKIHS B, ONpenensercs cleaylomum obpazom:

Jlg 3ajaHHOrO0 MOMEHTa BpeMeHH, HarpuMep, ot=0 1o BOIHOBOM JuarpaMMe TOKOB
(puc. 6.26) ompenmensiem Toku: i =0, i2:—‘/%lm, i3:\/%lm; o yriiom 120°
CTPOUM TIOJIOKUTEIbHBIE HarpaBiieHus: ocell (puc. 6.27), M0 KOTOPHIM OTKJIA/JbIBAEM B

macmtabe By =0, By=- ‘/54 By, B3= ‘/54 B, (macmra®d MarHUTHOH HMHAYKIUH
MOKa3aH Ha Auarpamme).
Cymmupyst Tpu BekTOpa By, By, B3 mnomydaem B),. Jlus ApYrux BEKTOPHBIX

JuarpaMm 3Ha4CHUS MI'HOBCHHBIX TOKOB U I/IH}IyKHI/Iﬁ YKa3aHbl Ha AUarpamMme.

+]mt 7
ot=0 B Bl
1 =0, Bi=0; | ii=In, B=Bu:
t=-1n, B2=-ZBn; B3 {0510, B=-0,5Bs;
=2, B:=3B.. is=0,5n, B3=—0,5Bn.

3

t= at=3%
S i1=0, Bi=0; P 2
+1 iz-: ;lm, B.2= EBm, iI:‘lm, BI= _Bm;
BBB\ i3='\ﬁlm B;: '\QBm 1220,5 lm, B2=0,58m;
s : : i}:‘O,Slm, B3=0,5 Bu.

=
+ 1 +3
3/\]32%

Puc. 6.27
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W3 nocTpoeHuil, BEIMOIHEHHBIX Ha pHC. 6.27, ClIeAyeT, YTO C yBENUYEHUEM BPEMEHU
BEKTOp PE3yNbTUPYIOLIEH MAarHUTHON MHAYKIUH, OCTaBasiCh 110 BEIMYNHE MOCTOSHHBIM U
paBHbIM B, =15 By, Bpamaercs ¢ yIIOBOH CKOPOCTBIO j77 IO HANPAaBICHHIO OT

Havaja IepBoil karymku (puc. 6.25) ¢ TokoM i = |, Sinwt k Havamy BTOpO# KaTyLIKH C

TOKOM Iy = |;,Sin( @t —120°) . MoXHO cKa3aTh, 4TO BEKTOP B, Bpamaercsi B CTOpoHy

KaTyIIKK C OTCTAlOIIMM TOKOM. Eciim Hauana qro0BIX JBYX KaTYIIEK MOMEHSTh MECTaMH,
TO HalpaBJIeHUE BpallleHHsI MarHUTHOTO TOJISI U3MEHUTCS] Ha 00paTHOe.

MarsuTHOe 1OJe, BEKTOP PE3YIbTHUPYIOIIEH MarHuTHOM HHIYKIHMHU KOTOPOro IO
BEJIMYMHE HEM3MEHEH U BpalllaeTcs C IOCTOSHHON YIVIOBOM CKOPOCTBbIO HAa3bIBAETCS
KPY208blM 8pAUarouUMCcs MASHUMHBIM NOJEM.

MarsuTHOe 1oJie, KOHEll BEKTOpa pe3yIbTHPYIOIe MarHUTHONH MHAYKIIUM KOTOPOr o
CKOJIb3UT I10 JJUIMICY U BPAIIAETCs C IEPHOIUUECKH U3MEHSIOIIEH s yTT10BON CKOPOCTBIO,
HA3bIBAETCS JUITMITUYECKUM BPAIAOIIMMCS MATHUTHBIM T1OJIEM.

Kpyrosoe Bpamaromeecss MarHUTHOE MOJ€ IEPEXOAUT B IIIMITHYECKOE B
pe3ynbTare HapyluieHUss HOpMaJIbHOTO peXnuMa paboThl, HalpUMep, NpH 00phIBE MPOBOA
B O/IHOM M3 KaTyIIeK, WM eClii Tpex(]a3Has cucteMa TOKOB HECUMMETPHYHAsS, WIH €CIU
HeperyTaHbl Hayajo U KOHEIl OHOM U3 KaTyIlIeK.

6.9. IIpuHMn pa6oTsl TPexda3HOro ACHHXPOHHOI'0 JJIEKTPOABUTATEIS

Bpamaromieecss MarHuTHOe IOJI€ HCIONb3yeTcss B 3iekTpoxBuratensx. Haubonee
pacupocTpaHEHHBIM  TUIIOM  JBHTaTeNs HEPEeMEHHOI0 TOKa SBIACTCS Tpexda3HbIi
ACHHXPOHHBIHN IBUTaTElb.

W3BecTHO, YTO €ciaM MarHuTHas IENb TOJHOCTbIO WJIM YacTUYHO BBINONHEHA W3
(eppOMarHUTHOrO MaTepuana, TO NPH TOM XK€ TOKE MAarHUTHBIM NOTOK B HEH pe3ko
BO3pAacTaeT MO CPAaBHEHHIO C MArHUTHBIM IIOTOKOM B OTCYTCTBHH (DeppOMarHUTHOIO
MaTepuana.

[TosToMy cTOpOHBI Tpex KaTyiiek (puc. 6.25) 3aKiI04aloT B Ta3bl BHELIHETO
(eppOMAarHUTHOTO LWIMHIPA — HENOOBUNCHAA HYACMb ACUHXPOHHO20 O8u2amens —
cmamop, a BHYTPb KaTyIIeK NOMEIAOT MOJIBbIN WK CIUIONIHON (peppoMarHuTHbIH
LWIMHAP — noodgudicHas uacms — pomop (puc. 6.28). B
ra3ax poTopa HaXOAATCS TPU 3aMKHYTBIX Ha ce0s WM Ha
BHEIITHEE CONPOTHUBIIEHUE KATYIIKH.

Tpexda3Has cuMMeTpuUdHaAsi CHCTeMa TOKOB (pHC.
6.26) B  KaTymkax CTaTtopa  CO3[aeT  Kpy2osoe
spawjaioujeecst MacHUmHoe noJe.

Ha puc. 6.28 xaTymku maHel B pa3pe3e, TOPIEBEHIC
YacTH KaTyIICK HE ITOKa3aHbl, a KakKAas U3 HUX 3aHUMAaeT
Wb HEOONBIIYI0 4YacTh OKPYKHOCTH crTaTopa. B
JEHCTBUTETBHOCTH KaXaash W3 KaTymek (TpsMble |
oOpaTHBIE IIPOBOJA €€) 3aHMMAIT 1/3  OKpyKHOCTH

craTop

pacTouKH cTaTopa.
Puc. 6.28 JomyctuM, 4TOo BHaudane poTop HenoaswxkeH. Ilpum
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OTOM BpalIaromeecss MarouTHOEC IO0JIC, CO3JaHHOC TOKaMU 00MOTOK cTraTopa, nepeceKacT
IpoBOJa KaTYHICK HCTIOABUKHOI'O pOTOpa € yl"J'IOB017I CKOPOCTBIO @Wp 77 W HABOOUT B HUX

OJIC. Ota OJIC co3nmaet TOKM B KaTymkax poropa. 1o 3akony JleHna 3Tu TOku cTpemsTcs
CBOMM MAarHUTHBIM TIOJIEM OCJIa0WTh BBI3BABIIEE HX MArHATHOE IIOJE CTaTOpa.
MexaHnueckoe B3aUMOJEHCTBHE TOKOB POTOpa C BPAINAIOIIMMCS MarHUTHBIM TOJEM
MIPUBENET K TOMY, YTO POTOp HAYHET BPAILATHCS B Ty XK€ CTOPOHY, B KaKylO Bpalaercs
MarHUTHOE IoJIe (IT0 MPABIUTY JICBOH PYKH).

B YCTAHOBUBIICEMCA PCKUME CKOPOCTH Bpall€HHUd poTOopa (()p

(0,98 — 0,95) 7. HBuratens Ha3blBaeTCs ACMHXPOHHBIM IIOTOMY, 4TO POTOp €ro

COCTaBJIACT

BpalgacTcsa HE CUHXPOHHO (aCI/IHXpOHHO) C BpallaronumMmcs 1oJieM, T.€. poTop OTCTAC€T OT
CKOpOCTU IIOJIA. CKOpOCTI) Bpali€Husd poTopa MNPHUHOUIIHUAJIBHO HE MOXET PaBHATHCA
CKOpPOCTHU BpallCHUA I0JId, TaK KaK IpU (()p = p 77 BpaAIAIOLICCCA IMOJIC HE MEpEeCCKalo

OBl mpoBoaa 00MOTOK poTopa, B HUX OTCYTCTBOBAJI OBl TOK, U POTOp HE UCHBITHIBAJI OBI
Bpalgaromierocss MOMCHTA.

6.10. IIpumepbI perieHus 3a1a4 M0 Tpexda3zHbIM LeNsIM

Ilpumep 6.1. TpexdazHblii CHUMMETPUYHBIA NPUEMHHK, COCIMHEHHBIH B 3BE3y
Z,=2,=2, :;qb = 2160 =(11-j19,05), Om moaxmroueH K TpexdasHOMY
CHMMETPHYHOMY IeHepaTopy, (asHoe Hamnpspkenue koroporo U, =220 B. Onpenennts

TOKH ¥ MOLIHOCTH IIPUEMHHKA.
P e eHue: 3 KoMIUIEKca CONPOTHBIICHNS NIPHEMHNKA nmeeM: Zgy =22 Ow,

Rp =110m, X, =-1905Om, ¢ =—60".

Tak Kak TeHepaTop U MPUEMHHK CHMMETPUYHBIE, P&XKUM paboThl TpexdasHol nenu
OyAeT CHMMETPHYIHBIM.
Cucrema (a3HbIX HAIIPSHKEHHUI TeHepaTopa B KOMIUIEKCHOH (opMe:

U, =Uy =220B; U, =U,t 129 — 2000120 ~(_110- j105). B:

Ue=U, 0120 = 22001120 = (-110+ j1905), B.

B cummMerpruHOM pexxume padoThI Lenu y3iaoBoe Hanpsbkerne Uy =0, moatomy
(a3HbIe HANPSHKEHMS MPUEMHHKA PaBHBI (pa3HBIM HAIPSDKEHHSIM TeHepaTopa:

. — _ -j120° n. — _ j120°
U,=U,=220B; U, =U , =220/ B;U_ =U_.=2200"" B.

JluHeiHpIe HaNpsDKEHWs] TPHUEMHHUKA TakKe€ pPAaBHBI JIMHEHHBIM HaNpsDKCHUSIM
reHeparopa:

U, =U z=U,~U,=220+110+ j1905= 330+ j1905=381¢ 30" B;

U, =U g =Uz-U,=-110- j1905+110- j1905= - j381=381¢ 1% B;
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U, =Ug=U,.-U,=-110+ j1905-220 = ~330+ j1905 =381/ 150 B,

—ca

da3Hble (JTMHEHHBIE) TOKU TPUEMHHUKA!

22 i60° .
:—_a:_F’O:lonﬁf’ =(5+]866), A;
Z, o160
U —j120° o
1y =22 =20 100180 (5 jge6), A:
Zy,  ppymi60
U j120° .
_c:__c:220f—.°:10£]80 =—10 A,
Lo pppieo

e l,=lp=l =1,=10A; | =1,=10A

CyMMa KOMIUTEKCHBIX TOKOB TIpH cummeTpudnomM pexume: | +1p +1.=0.

AKTUBHAsI MOIIHOCTh npreMHuka: P =3U P | quOSgo =3-220-10-0,5=3300 Br,

rae Cosg =Cos(—60°)=05.

PeakTuBHas MOIIIHOCTb IPUEMHHKA:

Q=3U,1,Sing =3-220-10-(~0,866) = ~5716 sap,

rie Sing = Sin(—60° ) =—0866 .

3HaK «MUHYC» Y PEaKTUBHOW MOIIHOCTH IIOKA3bIBAET, YTO TPeX(a3HbIA NPHEMHHUK

HMMEET €EMKOCTHBIN XapakTep.

INonHast MOLTHOCT IPUEMHHKA: S = \/ P24+Q2 = \/ 33002 +57162 = 6600 BA.

OHpeZlCJ'II/IM MOIITHOCTU MPUEMHHNKA KOMIIJIEKCHBIM METOAOM:

*

*

* - o H © H ©
S=U,I,+Up 1, +U 1 =220-10¢180 1 200771120 100100

+]A

50B +22001120° 10~ 180" _ o000 160°
2A +22000~ 169" 4 2200~ 160" —
= 6600/ 180" =3300- j5716.
I/I3 KOMINJICKCAa MOIITHOCTHU HOJ'IY‘-IaeMI

S =6600 BA, P =3300 Br,
Q =-5716 Bap.

¢
Us

BexTopHas nuarpamMma B KOOpIHHATaX
KOMIUIEKCHOH IUIOCKOCTH HM300pakeHa Ha
B puc. 6.29. W3 BeKTOpHOH AHMarpaMMBEI

I

Puc. 6.29

Usc

BU/IHO, YTO TOKM B (ha3ax MpHUEMHHUKA
OIEPEeKAIOT  COOTBETCTBYIOLIME (ha3HbIC

HaTpsoKeHust Ha yron ¢ = —60°, 4To cooTse
TCTBYET EMKOCTHOMY XapakTepy HarpysKH.
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Ipumep 6.2. TpexdasHblii reHepaTop ¢ CUMMETPUYHOW CHCTEMOH HampsDKEHHH,
U,=380 B mnoxwmouyeH K IPUEMHUKY, COCJUHEHHOMY B 3Be3[ly, KOMILIEKCHOE

CONPOTHUBJICHUE OTIIEIBHBIX ¢a3 KOTOpPOTO 3aJlaHbl: Z,=40 Owm;

2, =40013% —(3464+ j20), Om; Z, =40071% — (34,64 j20), Om.
OHpeI[eJ'II/ITI: (l)a?,HBIe W JIMHEHHbBIE HaIlIpsPKCHUA U TOKH MPHUEMHUKA, €0 aKTUBHYIO,

PCAKTUBHYIO U TIIOJIHYIO MOIIHOCTH, TIOCTPOHUTH Tonorpa(bnt{ecxne JAuarpaMMbl
HaHpH)KeHI/Iﬁ 1 BEKTOPHBIC JUAarpaMMbl TOKOB JJI CICAYIOMIUX PEKHUMOB:

1) MPU HAJTMYHMH HYJIEBOTO MIPOBOJIA, CONPOTHUBIICHHE KOTOPOr'0 PABHO HYJIIO;
2) 0e3 HyJIeBOTO IIPOBO/A;

3) NIpH pas3rpy3Ke oHOH a3kl Oe3 HyJIEBOTrO MPOBO/IA;

4) IIPU KOPOTKOM 3aMBIKaHUU O/IHOH (pa3bl Oe3 HyJIEeBOro IPOBOJIA.

P e me H u e Cyisd Mo UCXOMHBIM JAHHBIM, Tpex(a3HbId MPUEMHHUK HECHM-
METPHUYHBIHA, XOTs MOJHBIC COMPOTHBICHUS OTACNbHBIX (Da3 omuHAKOBBI U paBHBI 40 OMm,
HO XapakTep Harpy3kH (a3 pasnudHbli: B (haze a — akTuBHas Harpyska (¢, =0), B dase b

— HHAYKTHBHBIA xapaktep Harpy3ku (¢, =30"), B ase ¢ — eMKOCTHBINH Xapakrep

Harpy3ku (¢, =-30"). B cBs#3u ¢ stuM pexumbl pabotel TpexdasHoil merm OymyT

HECHUMMETPUYHBIMU.
Peoicum 1. Tlpu necummempuunol HazcpysKe, COCOUHEHHOU 38e300U U HATUYUU

HY€6020 NPOo800a, CONPOTHBIEHHE KOTOPOro Zy PaBHO HY/IO, Y3JI0BOE HANpsKEHHE
Uy =1nyZyN =0, nostomy dasubie HaNpsHKeHNs: IPUEMHHUKA
U,=U,-Uy=U, Yy=Ug-Uy=Ug, U;=Uc-Uy=Uc.

®a3zHoe HanpsikeHue rereparopa: Uy = Y, _ % =220 B.

3
Cucrema (ha3HbIX HAIPSHKEHHN TeHepaTopa B KOMIUIEKCHOW (opMme:
U, =U,1% =220 B;
U, =Ug4t 120 =220/ 1120 = (110~ j1905), B;
U =U, 0112 = 22001120 = (-110+ j1905), B.
CucreMa TMHEHHBIX HANPsDKEHUH TeHepaTopa U IPUEeMHIKA:
U,z =U ,-U, =220+110+ j1905 =330+ j1905=381¢ 30" B;
Upe=U,-U, =-110- j1905+110- j1905=-j381=381 1% B;

U =Up-U , =-110- j1905-220 = -330+ j1905=381¢ /150" B,

®da3Hble (JTUHEHHBIE) TOKA TIPUEMHHKA:
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U, 22
==a -2 55 A; 1,=55 A, yjy =0;
z, 40 “ Via

—a

U —j120° L
=b 220077 5g-jtso = (-4,763- j2,75); 1, =55 A, w;, =—150°;

I =
Pz, gk
u j120° o
|c=——0:220€—_=5,5115° =(-4.763+ j2,75); 1. =55 A, ;e =150°.
T Ze 4o 180

Tox B mynesom mposoge: |\ =1, +1, +1.=55-55]-4,763+ j2,75—

—4,763+ j2,75=—4,026 = 4,026[*1'180" ; In =4026 A, y;n =—180°.

* * *

Komruiexkcnast MomHocTs npuemnuka: S =S, +Sy +S, =U_ I, +U 1, +U I =
=220.55+220¢ 1120 .55¢1150" 4 29091120 .55/~ 150" _ 1210412107+ 130" 4

+1210¢7180" —1210(1+ 130" 4+ 77180" ) = 1210(1+ 0866 + j05+0,866 — j05) =
=1210(1+0866 + j05+0866 — j05)=1210(2,732 + j0) = 3306 BA;
P=5=3306 Br, Q=0.
PeakTiBHasi MOIITHOCTH TpeX(a3Hol 1enu B pexxuMe 1 paBHa HYIIO, TAK KaK HHIYK-

THUBHAs MOIL[HOCTH Q. =1210-0,5=605 Bap 51 €MKOCTHAasI MOIIIHOCTH
Q¢ =1210-(-05) =-605 Bap OJIMHAKOBBI " B3aMMHO KOMIICHCHUPYIOTCSI:
Q=QL -Qc =0.

I pueckas [uarpaMMma HanpsDKeHHMH M BEKTOpHas IMarpamMMa TOKOB B
Tonorpaduuecka arpaMma Hampspke eKTOpHA arpaMma TOKO
KOOpAMHATaX KOMIUIEKCHOW IIOCKOCTH Ui pexuMa | moctpoeHa Ha puc. 6.30.
TOp T B HYyJIEBOM IPOBOA Ha JuarpaMme IIOJy4eH B TbTaT
Bexrop TOKa €BO opoge |, Ha jguarpamme nomyde €3 aTe

CYMMHPOBAHHUS BEKTOPOB (Da3HBIX TOKOB

la'lb 'lc.

Pexxcum 2. B sTOM pexume umeeM
HeCUMMEMPUYHYI0  mpex@asHylo yenv 0Oe3
HY1€8020 NPOBOOA.

i ompeneneHusl  y3JI0BOTO — Hampsi-
keranss 1o dopmyne (6.26), BBIYHUCIUM
NPOBOAMMOCTH OTAENBHBIX (a3 IpHEeMHHUKA
B KOMIUIEKCHOI1 (popme:

=2l 05-25.10"2Cu;
27z, 40
- ) . 1 —=25.1072¢7 130" =
VL = Zp  400i%
Puc. 6.30 =(2165- j1,25)-1072Cwm,
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1 1 2 i30° . _
Yo== =———=25.10"2/130 = (2165+ j1,25)-1072, Cm.
T2, 4o
U,Y. +UpY,+U.Y
V3JI0B0€ HaNpsHKEHHUE! UN:_A—a =B=b _=C-c
- Xa+!b+!c

OHpeJ_'[eJ'H/IM OTACIBHO YUCIUTCIIb U 3BHAMCHATECJIb 3TOI'0 BHIPAKCHUA:

U,Y, +UgY, +U Y, =220-25-1072 + 2200 120 .25.10727 130 4
+22001120° . 25.1072¢180" _55(14 71150 4 150" y_
=55(1-0866— j05—0866+ j05)=55(—0,732) =—4026 A.

Y, +Y, +Y, =(25+2165— j1,25+2165+ j1,25)-10 % = 6,83-10 72 Cwm.

LZGZ =-5895 B.
683-10"
®asnpie Hanpsokenwnst npuemunka: U , =U o —U  =220+58,95=278,95 B;

QN:

U, =Ug-U, =-110- j1905+5895=-5105— j1905= =197,2¢" 1105 p;
U, =U. -U, =-110+ j1905+5895 = 5105+ j1905 =

—197 201105 B,
U, 27895

dazHble TOKK pUeMHUKa: | , = 7 =6974 A;

=a
Y 197 20~ 1105
L
Zy 40070

| Y 107200

O Ze 4o
ITposepka mo nepsomy 3akony Kupxroga: | , + 1, +1.=0;

6,974 —3,486— j3,486 —3,486+ j3,486 ~ 0.

KoMmriekcHast MOITHOCTh TPUEMHHKA:

=493 1135 _ (3486 j3486), A;

= 49301135 —(-3486+ j3486), A.

* * * . ° . o
S=U_l,+Upl, +U I =27895-6974+197,2¢ 1105 .493/113% 4
+197,201105 . 49371135 —19454+ 97220130 1972207130

=19454+842 + j486+842 — j486 =36294 B-A;
P=36294 Br, Q=0.
BekropHas nuarpamMma miis pexxuma 2 moctpoeHa Ha puc. 6.31.

54



Peocum 3. Paszepyska o00wnou  aszei
(nanpumep, ¢azer b npuemnuxa) 6es
Hynesozo  nposoda. B aToM  pexume
COMpOTUBIICHUsT (a3el b Z, = oo, a
MPOBOMMOCTE 3TOH assr Yy = 0.

Y310Boe HanpsKEeHUe:

U. = UpaYa+UcYe .
~N —
YatYe
qI/ICJ'II/ITeJ'II) 158 3HAMCHATCJIb OTOIo

BBIPAKCHUA:

Buy,Y,+U_ Y, =220.25.1072 + 220/ 120" .

25107201830 —55(1+ (11507 ) 5501
Puc. 6.31 ~0866+ j05)=0,737+ j2,75=2847¢17% A;
: -2
Ya+Y.=(25+2]165+j1,25)-107° =
—(4865+ j125)-1072 = 483-102/11%  Cu;
j75° .
Uy _ 2B 5g0api®Y _ (2947 + j5104),B.

483-1072¢115
@Da3Hble HANIPSHKEHUS IPUEMHHUKA:

U, =U, U, =220-2947— j51,04 =19053— j51,04 = 197,25/ 150" B
U, =Ug U, =-110- j1905-29,47 - j51,04 = ~139,47 - j24154 = 27891~ 1120 B;
U, =Uc -U, =-110+ j1905-29,47 - j51,04 = —139,47 + j139,46 = 197 24¢11%5 B,
@Da3HbIE TOKU IPUEMHUKA:
U, 19725/711%
la— Z_ =~

=a

- U
=493 115 = (4763 j1276),A; 1, ==L =

=0;
40 Z,

8 |I<

U ]'1350 3 .
_=c 9724 93100165 _(_4763+ j1276), A,
-° Z: 405_1300

[IpoBepka mo mepBomy 3akony Kupxroda:
1, +1y+1.,=0; 4,763-j1276—-4,763+ j1,276 =0.

KommekcHas MOIIHOCTH IPUEMHHUKA!
*

* * -n o ) H Cl H o
S=U,l,+U 1, +U_ I, =197,25¢ 15 49310115 1 197 2401135 .4 931971185 =

=972,6(101%° +1/713%" ) = 972,6(1866 — j05) = (1815 j486,3)=1879¢ 115 BA;
S=1879 BA, P=1815 Br, Q=-4863 Bap
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BexropHas nuarpamMma ajs pexxrma 3 mocTpoeHa Ha puc. 6.32.

W3 pacueroB u BeKTOpHOH amarpaMmsel (puc.6.32) ciemnyer, 4TO HaNpsDKEHHWE Ha
pasrpyxaemoii ¢aze mpuemHuka Bo3pactaeT (U, =279 B) mo cpaBHeHHIO ¢ (ha3HBIM
HanpspkenneM reHepatopa (Ug =220 B); cucrema (a3HbIX HamnpsHKeHUI TPHEMHHKA
HECHMMETpPUYHA, TaK KaK BO3HUKIIO y3sioBoe Hanpspkenue (Uy=59 B); Tok B pasrpyxae-

Mo# da3ze |, paBeH HyIIO, @ TOKH B ABYX APYTUX
A 50B ¢azax ogunakoBbl 1o BenmunHe (1,=1.=4,9 A)
Us PR W Haxomiarcs B TpoTuBodasze (CABHHYTH Ha
= yron, pasubiii 180°).

+1

Ua Uas Peoicum 4. Kopomxoe 3amvikanue 00HOU
= — < gasvl 6e3 Hyneeoco nposoda. IIpennonoxuM,
+j n/ Un N yro (hasza b npueMHMKA 3aMKHYTa HAKOPOTKO,
toraa Zy,=0, a Yp=00.

Uca /S0 Us V3710BOE HApPsDKEHUE
- = Us UaYa +UpYp+UcY, o
c = — B Uy =="= €=

Xa+ib+1c S

Packpoem HeonpeieneHHOCTb, Pa3/Ie/uB
Puc. 6.32 YHMCIUTENb U 3HAMCHATENb Ha Y )

Uy=—= =b —y g =220012% =(-110- j1905),B.

@da3Hble HAIIPSHKEHUS IPUEMHHUKA:
U, =U,-U, =220+110+ j1905=330+ j1905=381/ 130 = U ,q.
Up=Ug-Uy=Ug-Ug=0;
U, =U.-U, =-110+ j1905+110+ j1905 = j381=381/1% U g =—U g

Taxum 00pa3zoMm, HampsHKEHHE HA KOPOTKO3aMKHYTOH (pase paBHO HYNIO, a Ha JBYX
Ipyrux (azax OHO BO3pAcTaeT JI0 JMHEHHOT0 HANPSKCHUS.

U j30° cane
®asHble TOKH IpHeMHAKa: | , = E—a = % —9525¢130" _ (8,249 + j4,763),A;
£a
I, = L_Jb 0 HEONpEeAETICHHOCTD!
===, !
z, 0
u joo’ o
| ==C= %L_ =952501120 —(_4763+ j8,249), A
2o 400 B0

Packpoem HeonpesienneHHOCTb utst ToKa | 110 mepBomy 3akony Kupxroda:
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1, +1,+1.=0, otkyma 1, =—(1,+1.)=—(8249+ j4,763—-4,763+ j8,249) =
= (3,486 + j13012) = —3486 — j13,012 =13,471¢~ 1105 A

+1 W3 pacuera BUAHO, YTO MPU KOPOTKOM
3aMBbIKAHUM OJHOM (pa3bl TOKM BO BCEX
¢azax CYIIIECTBEHHO BO3PACTAIOT,
0COOEHHO B KOPOTKO3aMKHYTOH (hase.

Kommnexcuas MOIIHOCTb MPUEMHHKA:
* * *

S=Uala+Uplp+Ucl, =

=381¢130" .9 55/~ 130"
= +3817190° .9 525/~ 1120° _ 3699( 010" 4 p=130" y_
=3629(1+0866 - j05)=

)
e
Ic
g\
©
o=

6772 — j1815 = 7011/ 115" BA;
S=7011 BA, P=6772 Bt, Q =—1815 Bap.

L BekTopHast quarpaMma Juis pekuma 4
Puc. 6.33 MocTpoeHa Ha puc. 6.33.

Ilpumep 6.3. Tpexdaszublii CUMMETPUYHBIA DIEKTPONPUEMHHUK, COCAMHEHHBIH B
TPEYroJbHUK, KOMIUIEKCHbIE CONPOTUBICHUS OTAENBHBIX (pa3 KOTOPOro 3aJaHbl:

Zap=Zpe =Zcq =380 160 ,OM, MOJKITIOUYEH K CHMMETPUYHOMY T'€HEepaTopy ¢ JIMHEHHBIM
nanpsoxkenuem U =380 B (puc. 6.34). Onpenenuts (BasHble M JMHEHHBIE TOKH,

AKTUBHYIO, PEAKTHBHYIO M TIOJIHYIO MOIIHOCTh NMPHUEMHHKA, MOKA3aHHS BATTMETPOB U
aKTUBHYIO MOIIHOCTh MpUEeMHIKa 1o
MoKazaHusM  3Tux npubopoB. Iloctpoutsb
BEKTOPHYIO AHarpaMMy HalpsDKEHUH U TOKOB.

P e mm e o uw e Ilpu coenuHeHun
OT/ENbHBIX ()a3 NpPUEMHHKA TPEYrOJbHUKOM
JIMHEHHbIe U (a3HbIe HATIPSDKEHUS PaBHBIL:

L_qu =U, =380 B.

3anuireM (a3HbIC HATIPSLKEHIS B KOMILIEK
cHOI1 popme:

Uy =Y, =380 B;
Uy =U qbe—jm =380/ 1120 —(_190 - j329),B;
U, =U qbfjlzo" =380¢1120° —(-190 + j329), B.
U s Ao
®da3HbIe TOKK IpHEMHHUKA: | o) = =ab _ ﬂ =10¢7160" = (5-j866).A;
Zap 380190
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U, 380771120
The = =

—10/71180 _ 10 A;

Zype 30160
U j120° .
la= —_— :% =10¢1%0 =(5+ j8,66),A.
Zea 38/

CrenoBarenbho, |op =1y =1, =1, =10A.
JIuHelHbIE TOKH:
L=l —lea =5-866-5-j866=—j1732=1732¢71%0 A;
Ig =1yl =—10-5+ j866=—15+ j866=1732¢110 A;

lo =1 —1lp =5+ (866+10=15+ j866=173271%0",
Ilposepxa: Taxk Kak JMHEWHbIE TOKM 0Opa3yloT 3aMKHYTBI TpPEYrolbHUK, TO
reoOMETpUYECKas CyMMa MX BCEra paBHa HYIIO:
l,+1,+1.=0; —j1732-15+ j8,66+15+ j8,66=0
JIuneiHble TOKHU IPY CHMMETPUYHOM PEXUME OJUHAKOBBI:

Ip+lg+lc+1,=1732A,

. | 17,32
a COOTHOIIIEHHUE JIMHEWHOrO 1 (ha3HOT TOKOB cocTaBisgeT —- =——=1732 =+/3.
lp
KomruiekcHast MOIIHOCTD MPUEMHHKA:
* * *

j60° -j120° j180°
S=U_plap+Ypclpe +U cqloq =380-1001°° +380¢07 117 100177 +

+380¢ 1120 .10¢~160" _ 3.3800¢16%" =11400¢16%" = (5700 + j9873), BA
otkyzna S=11400 BA, P=5700 Bt, Q =9873 Bap.

[Toxazanus BaTTMETPOB:
a) Ilo ToxoBoii ooMoTke mepBoro BarTMerpa W; mporekaer Tok la, a kK oOMOTKe

HAMPSDKEHUS! €ro NPUIOKeHO HanpskeHne U pp . [TosTomy juis onpenesnenust nokasaHus

9TOro BaTTMETpPa KOMIIJIEKCHBIM METOAOM HaJO0 IMEPEMHOKUTH KOMITJIEKCHI L—JAB :L_Jab n
% * RN : Mo
1, e S =U,1,=380-1732/19 65816019 = jessLe, BA.

Tak Kak BEIIECTBEHHAS YaCTh KOMIUIEKCA S; PaBHA HYJIO, TO MOKA3aHUE TIEPBOIO

BarT™etpa P, =0.
0) Ilo TokoBoit oOMoTKe BTOporo BarT™Merpa W, mporekaer Tok lo, a k oOMoTKe
HAMPSUKEHKS. 9TOT0 BATTMETPa NpuiiokeHo Hanpsokenne U g =-Upe-.

3 *

. —j120° j180° ,—j120° j60°.
Tootomy S, =Ucgle =—Ugele: —Uge =—380¢ 120" — 380, 11807y~ 1120° _ 380, 160",
s, =3800180".17 32/7130" — 6581,6¢130" = (5700 + j3291) BA;
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Iloxazanme BTOPOIro BAaTTMCTpa PaBHO BeIHeCTBeHHOfI JacThu KOMILICKCA §2, T.C.

P,1=5700 Br. AnreOpandeckas cymMMa MOKa3aHHH OOOMX BAaTTMETPOB paBHa aKTHBHOMN

MOIITHOCTH Ipe)i(liamoﬁ nerm: P =R, +R,, =0+5700=5700 Br.
100B BekTopHass ~ gmarpamMma  JUIS CXEMBI

A LA (puc. 6.34) moctpoeHa Ha puc. 6.35.
Uuh
I IIpumep 6.4. Tpexda3zubrii
I =’ HECHMMMETPHYHBIA TNPUEMHHK, COCJAWHEHHBIA B
ab TpeyronsHUK (puc. 6.34), WMeer cieayromye
(ha3HBIC CONPOTHUBIICHUS:

_12gpi60° _ _ aq)—i60°
Z, =380 v Lo =380m, Z ., =38/ .
CucreMa HampsOKCHUH WCTOYHUKA MUTAHUS
lbc cummerpuyHa, U, =380 B. Omnpenenuts

Uca be Ubc

(azHble W JMHEWHBIE TOKH, aKTHBHYIO,
I PEaKTHBHYIO ¥ TIOJHYIO MOIIHOCTH TPHEMHHKA;
- 0  TIOKAa3aHMIO  BaTTMETPOB  ONPENEIUThH
AKTHBHYIO MOIIHOCTh TpHeMHHKa. [locTpouth

Puc. 6.35 BEKTOPHYIO IMarpaMMy TOKOB U HaNPsHKEHHH.

P e m1 e H 1 e: DazHble (JIMHENHBIE) HANPSHKEHUS Tpex(pa3Hoi Lenu:

Ua=Up=380 B; Uy, =U,¢ 1120 =380/~ 120 = (100 j329),B;

U =Ug0 127 =3800 120 = (100 + j329),B.
@Da3HbIE TOKU IIPUEMHUKA:

Y j60° U —j120°
1y —Zab 380 15,060 _(5_ jgep).a; 1, — 2be 380/ _
Zab 380 Z,, 38

j120°
=10¢71120 _ (5 j866), A; | Y 3BT 0 180 - gg 0
L i 1 s —ca - Ao g .

Zea 3807160

ca
Tuneitnbie Toku: 1 5 = | o —1 ., =5— j866+10=15— j8.66=1732¢71%" A;
Ig=lpe—1,=—5-866-5+j866=—-10,A;

lo =1, —1p. =—10+5+ j866 =5+ j866=10/1120 A,
Mposepka: | +1g+1-=0; 15-j866-10—-5+ j866=0.

KommekcHas MOIIHOCTH IPUEMHHUKA!
* * *

S=U g lap +Upelpe +U cqlca = 380107189 1380071120 .00 1120°

—ca—-Ca

+380¢ 120" 100~ 1180 _ 38000 180" 3800+ 3800/ 160" —
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=1900+ j3291+3800+1900 — j3291=7600 BA,
CrnenmoarensHo, P = S= 7600 Bt, Q = 0.

*

IMoxazanus BatT™eTpos: S =U 1 , =380-17,32¢ 130" _ g5g2s 130" = (5700 + j3291), B;

+1 Iloxazanne  mepBoro  BaTTMeTpa (Wy)
ﬁ Pw = 5700 Br.
Us S, =Ucglc =3800150 10771120 — 3800, 160" —
Lt (1900 - j3291),BA;
Pab Iokasanue Broporo BarT™erpa (W)
+j I Pw2 =1900 Br.
= AKXTHBHas MOIIHOCTb Tpexda3Horo
ne |IB  TMpuemHuMKa 1O MOKa3aHUIO BATTMETPOB!
!Ca e b P= P+ Py,=5700+1900=7600 Br.
BektopHas  agumarpamMMa Uit HECHM-
METPUYHOI'0 peXHUMa MOCTpoeHa Ha puc. 6.36.
I W3 BexkTOpHOW IuarpaMMbl BHJHO, 4TO IIPH
| = HECUMMETPUYHOM  peXuMe paboThl  IIenH
= cucTeMBbI (Da3HBIX U JIMHEHHBIX TOKOB SIBJISIFOTCSI
Puc. 6.36 HECHMMETPUYHBIMH.
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I'TABA 7. METOA CUMMETPUYHbBIX COCTABJIAIOIINX
7.1. O6001meHNEe MOHATHS 0 CHMMETPHYHBIX CHCTEMAax

B obmem cinydae moj cMMMETpHYHOM M-(ha3HOM CHCTEMOH HampspKeHWi (TOKOB)
MIOHMMAIOT CHCTEMY M3 M PaBHBIX IO BEJIIMYMHE HANPSDKEHWH TPH YCIOBUH, YTO BCE
TIOCIIEAYIOIME HAIPSHKEHUSI OTCTAIOT 110 (pase OT MpebLAyIINX Ha OJWH M TOT XK€ Yrod,

. 27 .
PpaBHBIH gt rae g —maoboe 1esnoe yucio or 1 1o m; m —uucio das.
3anmaBas ( 3HayeHWs OT 1 JO M, MBI MONYYHM BCE
BO3MOXKHBIE TUITHEI M-(pa3HOH CHMMETPUIHON CUCTEMBI.
Paccmorpum  TpexdazHyr0 CHUMMETPHUYHYIO CHUCTEMY
HarnpspKeHuid: m = 3.
a) [lepBast cummerpuyHas cucrema npu ( = 1, da3HbIid

Us yromn 2_”q = 2_” = ﬂ =120°.
3 3
B aroii cumMmetpuuHoit cucreme (puc. 7.1) Bexktop Up

A= 120°

Puc. 7.1 orcraer ot Bekropa U, Ha yron 120° (BpaiieHue BEKTOPOB

NPOTUB BpalIeHHUs1 4acoBO# cTpenku), Bekrop Uc orcraer

or Bekropa Ug Ha yron 120°. Cnenosarensto, Bektopsl Uy, Ug, Uc crenyror apyr 3a

JPYyroM B TOM K€ Topsike, uTo W OykBbl naTuHckoro andasura (4, B, C). Taxas

CUMMEMPUYHASL CUCEMA HA3bIBAEHICS. CUCMEMOUL C NPSIMbIM NOPSIOKOM  cled08anust as
UNU CUCMEMOTL NPSIMOLU NOCIEO08AMETLHOCTI.

0) Bropas cummerpuuHas cucrema npu ( = 2, pa3Hbiid

22q 2-180°-2

3

B sto#i cummerpuuHOil cucteme (puc. 7.2) Bektop Up

=240°.

orcraer or Bektopa Uy ma yrom 240°, Bektop Uc orcraer

ot Bekropa Ug Ha 240°. B pesysiprare monmydaeM Tpexdas-
Puc. 7.2 HYIO CHCTEMY BEKTOPOB, B KOTOpOH 3a BektopoM U, cremyer
BekTop Uc, a 3a HuM Bektop U .

Cummempuunas cucmema, 8 KOMopou 8eKmopwl C1edyIom opye 3a 0py2om 8 nopsoxe,
obpamHom nopadky credosanus 0yke angpasuma (A, C, B), naswieaemcsa cucmemoti c
00pamHvIM NOPAOKOM C1e008aHUs (ha3 UnU cUCmMeMOol 00pamuoll Noci1ed08amenbHOCHL.

B) TPEThsI CHMMETPHYHASI CUCTEMA TIpH ( = 3, (a3HbIi yron

UaUs Uc o
279 2-180°-3 o
—— =————=360", uiau paBeH HYIIIO.
m 3
Cummempuunas cucmema (puc.7.3), momydaromasics mpu = m, g
Komopoti 6ce 6ekmopwvl cognadarom oOpye ¢ Opyeom no (ase,
HA3bIBAETCA CUCMEMOU C HYIe8blM NOPAOKOM Cle008aHus ¢Gaz unu
Puc. 7.3 cucmemotl Hyne8oll NoC1e008aMeENbHOCHIU.
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W3 Bekropubsix muarpamm (puc.7.1 m 7.2) BHOHO, YTO CHMMETPHYHBIE CHCTEMBbI
HanpsDKeHW  (TOKOB) MpssMOM W OOpaTHOHW  TOCIIEJOBATENIBHOCTEH  00pasyroT
CUMMETPHYHYIO 3BE€3/1y WIN PaBHOCTOPOHHHH TpeyronpHHK. [ToaTomy reomerpndeckas
CyMMa 3THX BEKTOPOB PaBHA HYIIIO.

B omnmmume ot 3TOroO, AN CUMMETPHUYHON CHCTEMBI HYJEBOH IOCIEIOBATENbHOCTH
TeOMEeTpUUECKass CyMMa BEKTOPOB paBHAa YTPOCHHOMY 3HAUEHUIO BEKTOpA HAIpSHKEHHS
9TOH MOCIIEI0BATEIbHOCTH.

Crenyer uMeTb B BHIY, 4TO JUIS HEKOTOPBHIX YCTAHOBOK IOPSIOK ciiefoBaHus (as
CHCTEMbI HAaINpsHKEHUH HE HMMeeT 3Ha4deHHs (PEe3HCTOpbI, KaTYIIKH WHIYKTHBHOCTH,
KOHJGHCATOpbl), a  Jia  TpexdasHeIX  TpaHchopMaTopoB M TpexdasHbIX
JNIEKTPOJBUTaTENIEH UMEET CYIIECTBEHHOE 3HaUCHUE.

7.2. JKBHBaAJEHTHbIE CONPOTUBJICHNS NMPAMOM, 00paTHOW U HYJIEeBOMH
MocJIeI0BATeIbHOCTEN TPeX(ha3HOI0 TPEeXCTEPKHEBOI0 TpaHcdopMaTopa

IMomxmrounm k 3axkmmam A4, B, C tpanchopmaropa (puc.7.4) TpexdasHyro
CUMMETPHYHYIO CHCTEMY HampsbKeHud mnpsiMoil mocienoBarenbHOCTH Uag, Uy, Ucy
(puc.7.5). B odmoTkax TpaHchopMaTopa Bo3HHKaeT Tpex(asHas CHMMETPHYHASI CUCTEMa
TOKOB IPIMO# TociieoBaTeibHOCTH la1, lgy, lci (puc. 7.5). Dta cucrema TOKOB co3maeT

F———~——— UA]A
o—11L-\ o —d N\ o —q N\ [l
A <H>|B<|I IC {I1P] o
o (#)*%1(#)*@‘&#)* [ci
= JI-L>/| (I)—ONJFL)/' Q30+L>/|q)co - ¢ Us
l— S e S— " Ue
¢ I
Puc. 7.4 Puc. 7.5

MarHUTHBIE TIOTOKH MPSMOH MOCIeN0BaTENbHOCTH Dp1, Py, Dy (puc.7.4).

MarsuTHbIe HOTOKH Oyayr
@ \(Dz Day /(D‘El\ /(1)@\ 3aMBIKATBCA [0 CTEPXKHAM TpaHcdop-
\ D\ 7 Do\ 7/ Ds2\ MaTtopa, He TPENSTCTBYS APYT APYTY

T

= (puc.7.6): HapuMep,
\‘ 2. / 7T I/ . \\ 27[ \\ ot npu @ t=0: 94 =0,— @p1 = Dy
o/ . .

npu o t= %:@Alz@m,

1
\___—/ N_” ___'/ - (@Bl = ®Cl) = E @m U T.O

Ecmn x 3axxumam 4, B, C Tpancdop-
MaTopa IMOJBECTH CHCTEMY HAPSKSHUH
obpatHoii ocnenoBaTeabHOCTH Upp, Upy, Uz, TO BOSHUKHYT CHCTEMBI TOKOB M MarHHT-
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UAO

(0f

JIAI0T JIPYT C APYTOM IO HampasiieHuto (puc.7.8), a mo3aToMy OHU He

UBO U(‘()
IAO IBO I(‘O
Mo
Puc. 7.7

HBIX TIOTOKOB OOpaTHOW TOCIENOBATEINEHOCTH: lap, g2, I 1

Dpo, Dy, Dcy. MaruuTHbIE IOTOKH, KaK U B TIEPBOM Cllydae

OyIyT 3aMBIKaThCS 110 CTEPXKHAM TpaHcopmartopa (puc.7.6).

[Momxmrounmm x 3axkumam 4, B, C TpaHcdopmaTopa

CUCTEMY HaHpH)I(eHI/Iﬁ HyJ'IeBOﬁ IOCJIICA0OBATCIIBHOCTH UAo,

Ugo, Ugo (puc.7.7). B oOMoTkax TpaHchopMaTopa BOHUKHET
cHcTeMa TOKOB HYJICBOU MOCIICAOBATEILHOCTH |ag, Igo, lco-

OTU TOKH CO3AaAyT CUCTEMY MArHUTHBIX ITOTOKOB HYJIC-

BOM TOCIIENOBaTENbHOCTH Dpg, Ppgy, Dy, KOTOpHIE COBIIA-

MOTr'yT 3aMBIKaTbCA

10 CTCPIKHAM TpaHC(bopMaTopa. [ToToku HyneBOi/‘I MMOCJICA0BATCIIBHOCTH 3aMBIKAKOTCA II0

@y

Do
I
2 T 2r ot
o 3n
2
Dso
T
2 T 2n ot
U 3n
2
Dco
I
2 T 2n ot
o 3n
2
Puc. 7.8

MHOCJIEOBATEIBHOCTEN.

BO3AYXY (puc.7.4).
Tak Kak MarHUTHOE COMPOTHUBJIEHHE

BO3llyxa BO MHOro pa3 Oonblie
MarHUTHOTO  COIPOTHUBIIEHUS]  CTEPIKHEM
TpaHchopMaTopa, MAarHUTHBIC TIOTOKU

(DO << (D]_ = (Dz.

[TosToMy WHAYKTUBHOCTH TpaHchop-
MaTopa HyJEBOH IOCIIef0BaTENbHOCTH (a
HUHAYKTHUBHOCTL €CTh OTHOLICHHUE ITOTOKO-
CLEeIJIeHHd K TOKy) Ly MeHbIIe HMHIYyK-
TUBHOCTH TpsMoi (oOpaTHOIl) mocneno-
BATENLHOCTH |y = Ly, T.€. Lo <<y =L,.

CHCI{OBaTeHBHO, aHaJIOTMYHOEC COOT-
HOILICHUC 6y;[eT n C HWHAYKTUBHBIMHU
CONIPOTHUBJICHUAMMU:

XLO << XLl: XLZ'
Takum obOpasom, s Tpex(dazHOro

TPEXCTEP)KHEBOTO TpaHCc(opmaTopa crpa-
BEIUTMBO COOTHOIICHHE!
Z15=25%2g5, (7.1)
e Zy5 L5 oo
9KBHBAJICHTHBIC COIPOTHBIIEHHS TpaHC-
hopmaTopa mpsAMOiA, OOpaTHOH U HYIIEBOH



7.3. JKBUBAJICHTHBIC CONPOTUBJICHUS NPAMOIi, 00PaTHOW M HYJIEeBOMH
NOCJIeJ0BATEIbHOCTEH TPeX()a3HOro aCHHXPOHHOI0 3JIEKTPOABUIaATE I

Ecmn k BXOEHBIM 3aXHMaM TpPeX(a3HOr0 AaCHHXPOHHOI'O 3JICKTPOJBUTATEIS
OMHOBPEMEHHO IMOJBECTH CHCTEMBI HANPSDKCHWH MPSMOW, OOpaTHOH W HYJIEeBOH
MOCJICTOBATEIBHOCTEH, TO B OOMOTKaxX CTaTopa BO3HUKHYT TOKH MPSIMOMH, OOpaTHOH W
HYJICBOM TMOCIeAOBaTeIbHOCTEH. TOKM TpsIMOM W 0OpaTHOHM IOCIeIOBAaTEIBHOCTEH
CO3/IaJyT BPAIIAONINECS B NPOTHUBOIMOJIOKHBIC CTOPOHBI MAarHUTHBIC TIONS C YTJIOBOM
yactotod . Iloxg pdeiicTBueM, HampuMep NPSIMOro BpallAIONIErocsl TMOJsi POTOp
ACHHXPOHHOTO JIBUTATENsl HAYHET BPAIMIAThCsS 10 HAPABJICHUIO MPSIMOTO TOJSI C YTIIOBOM
qacToToit @,. OOpaTHOe Bpallaroleecs mone OyAeT OKa3blBaTh HA BIIEKTPOJBUTATElb
TOPMOKCHHE.

Toku HyNEBOH MOCIEIOBATEIBHOCTH CO3JaAyT IMYIbCUPYIONIHE MArHUTHBIC MOTOKHU
HYJICBOM IOCIEIOBATEIBHOCTH, KOTOPBIE OYAYT 3aMBIKAThCA IO BO3AYIIHOMY 3a30pY
JIBUTATEIS.

OKBUBAJIEHTHBIE  AKTHBHOE R

n HHAYKTUBHOEC X COIIPOTUBJICHUSA

2 2

SNIEKTPOJBUTATENS 3aBUCAT OT COMpOTHBIEHMs cTratopa R.,X. ¥ BHOCHMBIX
conmpotuBieHui poropa Rp,X,. PeakTMBHOE CONPOTHBIEHHE POTOpPA 3aBHCHT OT

YIJIOBOW YacTOThI TOKAa POTOpa, KOTOpas pas3jiidHa I CHCTEM INPsAMONM M OOpaTHOI
MOCJIEA0BATEILHOCTEH.
YrioBas yactoTa TokKa MpsIMOI OCIEA0BATEIIbHOCTH

o =w-wy~(002...005)0. (7.2)
VYri0Bast 4acToTa TOKa 00OPATHOM MOCIIE10BATEILHOCTH

@y =0+ oy ~(198...195)w. (7.3)
Taxk xax Xip =onlp, Xop =nly,

rae Ly — mHRyKTMBHOCTB poTopa, T0 - Xqp # Xpp
U OKBUBAJICHTHbIE KOMIUICKCHBIE CONPOTHUBICHUSI ACHMHXPOHHOTO 3JIEKTPOIBUraTENIs
NPsSIMOM 1 00PaTHOM MOCIIEA0BATENLHOCTEH

Zla # ZZa '

B cBa3sm ¢ TeM, YTO MAarHUTHBIH MOTOK HYJIEBOH IOCIEIOBATEIBHOCTH
aJIeKTpoABUTaTens Py 3aMBIKAETCs 110 BO3AYIIHOMY 3a30DY, 2 MarHUTHBIE TOTOKHU TPSIMO
@; u obpaTHO D, TOCIEAOBATEIFHOCTEH 3aMBIKAIOTCS [0 POTOPY, TO IKBUBAJICHTHEHIE
WHIYKTUBHOCTH IpsIMO Ly, 1 HymeBoil Ly, mocnenoBaTenbHOCTEH OTIMYAIOTCS 110

BermmuuHe Ly, # Lg,. IlosToMy oTinuaroTcs MO BENMYMHE PEAKTHUBHBIC SKBHBAICHTHBIC
conpotuBnenust Xi, # X, W monnele Zg, #Z,,, Tae Zg, —SKBUBAIECHTHOE TOJHOE

COHpOTI/IBHeHI/Ie HyﬂeBOﬁ IIOCIICA0OBATCIIBHOCTHU aCHHXpOHHOrO JABUTATECIIA.
CrenoBatensHo, Ui Tpex(a3HOro aCHHXPOHHOTO 3JIEKTPOJBUTATENSI UMEET MECTO
CIIENYIOIIEE HEPABEHCTBO:
Zla # Z23 # ZOa' (7-4)
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7.4. IJKBHUBAJCHTHbIC CONPOTUBJICHHS MPAMOM, 00paTHOW U HYJIEBOMH
NOCJIeJ0BATEIbHOCTEH Tpex(a3Hoi CHMMETPHYHOMH
LelH ¢ HYJIeBBIM NPOBOOM

PaccmoTpum TpexazHyro CHMMETPHYHYIO TIETTb C HYJIEBEIM MPOoBoIoM (puc.7.9):
;a = ;b = Zc = Z
Ecmu k BXOAHBIM 3aKMMaM TIETIH TPHIIOKCHA
CUMMETpPHYHAs cHucTeMa (a3HBIX HaMpsHKCHUN
B o- OpsMOM  TOCNEA0BATENbHOCTH Uar=Ua,

o Za

Ug =Up; U =U(y,TO crcTemMa TOKOB B LiENU

TaKK€ CHUMMCTpUYHA W HMCCT MPSAMYIO IOCJIC-
J0BaTCIbHOCTh (1)33:

Ia=lplg=lpglc =l
Puc.7.9 Tok mpsiMoii MocIe10BaTEIbHOCTH B HYJIEBOM
nposozte: g =1 +1g+1c1=0.
OmnpenenuM SKBUBAJICHTHOE KOMILIEKCHOE CONPOTHBIICHUE T Ul TOKOB MPSIMOMA

_Yn _Ye Yo

TIOCIIE0BATENBHOCTH: Zy, I I I
—Al -B1 -C1

Ouesuano, uro Z;, =Z.

AHaJIOrMYHO MOXHO JI0Ka3aTh, YTO JKBHBAJIECHTHOE KOMIUICKCHOE CONPOTHUBIICHHE
LM A1 TOKOB 0OpaTHOHN MOCNeI0BaTeIbHOCTH Z 2, = Z.

Ecimu k BXomubeIM 3akumaM 1ienu (puc.7.9) mpuiokeHa CHMMETpHUYHAs CHUCTEMa
(asubix Hanpspkenuii Hynesoi nocnenosatenbHocTn U pg =U gy =Uq=U,, 10 B 1enu

BO3HHUKHET CUMMETPHUYHAS CUCTEMa TOKOB HYJIEBOH IOCIIEI0BATEILHOCTH!
Tao=lgo=lco=lo-
B HyneBoM IpoBOAE TOK HYJIEBOW MOCIEA0BATEILHOCTH:
Ino=1ao*+1go*+1co=3lo:
OKBUBQJIEHTHOE KOMIUICKCHOE CONPOTHUBJIEHHE LENH Ul TOKOB HyJIEBOH

U

MIOCIIEJOBATENILHOCTH: Zo= I——

Onpenenum Z, g wepe3s Z n Zy .

ITo BTopomy 3akony Kupxroda mms kontypa nenu (puc.7.9), mpoxojsiieMy depes
(asy 4 u nynesoit mposox, umeem: U y =Z |, +Zy 1, win 4epes cocrapisiomiye

HANpPsOKEHUH U TOKOB HYJI€BOU nocnenosatenbuoctn: Uy =21 +2Z 3|y, otkyna

Yo
Zw:T;:Z“zN
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Takum obpa3zom, st TpexPazHOi CHMMETPUYHOH LIENH C HYJICBBIM ITPOBOIOM:

Z,.=2,=21;
Sol T &2 T & (7.5)
[lpu orcyrcTBUM B LenH HyneBoro nposoga: 1o =0,Z 4 = oo (7.6)

O6brano Z 4,Z 5,2,y Ha3bIBAIOT COKPAUIEHHO JKBUBAJICHTHBIMU KOMILIEKCHBIMU

COTPOTHUBIICHUSIMH TIPSIMOM, OOpaTHOW M HYJIEBOW T1OCIIEIOBATEILHOCTEH.

VI3 u3110)KEHHOr0 BUIHO, YTO B CHMMETPHYHON IIeTH JTF00asi CHMMETPUYHAS CHCTeMa
TOKOB BBI3bIBACT MAJICHHUSI HATIPSDKCHHS, 00pa3yrolIie CHMMETPHYHBIC CHCTEMBI C TEM JKe
TOPSIKOM CJIeOBaHMs (a3, M MbI MOXKEM HAIHCATh:

Up=11Z2,3Us=1525Ug =102, 7.7

Otu  paBeHctBa (7.7) BBIpAXAIOT CODOK  HE3aBUCUMOCHb  CHUMMETPHUUHBIX
COCTABIISIONIMX B CHMMETPUYHBIX [ETISX.

Bce pacuers! BeayT it omHON (ha3bl, KOTOPYIO HA3bIBAIOT OCHOBHOM (00BIYHO (ha3a
A). 51 pacCMOTPEHHOT0 Cciy4asi OyIeM UMETh CIEAYIOIINE TPH OJHO(MA3HBIX CXEMBbI JIJIs
TOKOB M HaIpsDKEHMH pa3iuyHbIX MocienoBaTenbHocTed (puc.7.10). OTH  cxeMsl
COKpAI[eHHO Ha3bIBAIOT CXeMaMH IPSIMO, 00paTHOM M HYJIEBOIl MOCIIEI0BATENLHOCTEH.

A | Y 2<) L Z» lo
Ui U2 Uo
N& e
Puc. 7.10

B moObIx cummempuunvix mpexgpasnvix cmamuyeckux yenax (UeISAX, He
COZepKAIMX  BpAalAIOIIMXCAd MAIMH) H3MEHEHHEe Iopsiaka  cilemoBaHus (a3
CUMMETPUYHBIX HANpsHKEHUH ¢ NpAMOro Ha OOpaTHBIM He MEHSET BEIUYMHBI TOKOB.
[HosToMy /I TaKuX Lienel IKBUBAIEHTHBIE CONPOTUBIICHUS U CXEMBI IPSMON U 00paTHOH
TI0CJIEI0BATENILHOCTEN OIMHAKOBHI.

B necummempuunou yenu Kaxxnas W3 CHUMMETPUYHBIX COCTABISIOIINX CHCTEMBI
HaNpsDKEHUH B 00IIEM CIydae 3aBUCUT OT BCEX CHMMETPHYHBIX COCTABIIAIOIINX CHCTEMBI
TOKOB U, 00paTHO, KaXJas U3 CHMMETPHUYHBIX COCTABIISIOIINX CHCTEMBI TOKOB 3aBUCHT OT
BCEX CHMMETPUYHBIX COCTABILIOIINX CUCTEMBI HAPSKEHHH.

7.5. Pazyioxenne Tpex(pazHOi HeCUMMETPUYHOI CHCTEeMbl HANIPSAKEHUI Ha
CHMMeTpHYHbIEe COCTABJISIIOIIHE

Jiobyro Tpex(azHyr0o HECHMMETPHUUHYIO CHCTeMy HampspkeHud (TokoB, 2JIC)
U o Ug U MOKHO pasniokuTh Ha Tpu Tpex(hasHble CAMMETPUIHbIE CHCTEMBI (puc.7.11):

npsmoit (U U g Ueq), obparnoit (U, U, U,) u nymesoit (U pgUggUcq)

MOCJIEA0BATEIBHOCTEN.
CucreMy HampspDKeHHH TpSAMOW TocienoBaTenbHOCTH (pus. 7.11, a) 3ammmrem B
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Ua2

Uai Ug2 /
Uao /
Ugo /
Uci Usi Uc Uco
a) 0) B)
Puc. 7.11
KOMILIEKCHOH (opme:
U s
_ jLﬂ 2
Ugp=Upnl "° =a"Uy; (7.8)

Jlyist cucTeMBbl HaNpsDKEHHH 00paTHOM mocieaoBaTeabHOCTH (prc.7.11,0) umeem:

U a2
jLﬂ jLﬂ

Ugy=Uppl "3 =Upl 3 =aU py; (7.9)

_ jLﬂ jﬂ 2
Uca=Unpl "° =Uppl7* =3y,
Jna cucteMsl HaNpsHKEHUH HYJIEBOH mocienoBaTeabHocTH (puc.7.11,B):
U a0 =Yro =Yco: (7.10)
Beipasum 3anannbie Tpu Hecummerpuunbie BeKTopsl U 4 Up U~ depes BekTOpbI
CHMMETPUYHBIX CHCTEM:
Un=Upn+Y o+ o
Ug=Up +Up, +Upgy; (7.11)
Uc =Ueci1tYc2 +Yco-
[epenmmem cuctemy ypaBaeHwui (7.11) ¢ yaerom ypaBHenuii (7.8), (7.9) u (7.10):
Un=Un+Uar+Uao;
2 .
Ug=a"U+aU,+U pp; (7.12)
2
Uc=aU g +a"Up+Upg.
W3 ypasHenwmit (7.12) ciemyer, YTO HECHMMETPHYHYIO CHCTEMY HampsDKEHUI
(U aUg.Uic) MOKHO paccMaTpuBaTh Kak COBOKYMHOCTh TPEX CUMMETPUYHBIX CHCTEM:

npamoii ocaenosaTenbHOCTH — (U 4y, QZL_J a@Y a1 )
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obparHoii nocnenoparenbHOcTH — (U p5,8U 50, QZL_J A2) H
Hynesoii nocnenoarenbHocTd — (U 5o U pg U a9 )-
OTH cummempuyHvle cucmembvl HANPAJICEHUN HA3bIBAIOMCA CUMMEMPUYHLIMU COC-
masasiowumu mpexdasnoi necummempuunoti  cucmemvt (U, Up U ) M oOCHOBHBIMA
BEKTOpaMH B HUX siByisitoTest cocraisiomme U U 55U oo Bekropa U 5, nipussTOroO 3a

OCHOBHOI BEKTOpD I/ICXO)IHOﬁ cucteMbl. Yacto CUMMETPUYHBIMU  COCTABJIAIOIINMHU
Ha3bIBAIOT OCHOBHBLIC BEKTOPbI COOTBECTCTBYIOIINUX CUMMETPUYHBIX CUCTEM.
OHpeI[eJ'II/IM OCHOBHBIC BCKTOPbI CUMMECTPHUYHBIX COCTABJIAIOIINX gAl’gAZ’!AO

uepe3 3a/laHHble BEKTOpbl HecuMMeTpuaHoi cucteMbl U U g U~ . Jlns onpenenenust

U ,; BTopoe ypaBHeHHe cucTeMsl (7.12) yMHOKUM Ha Omeparop @, a TpeTbe ypaBHeHHEe

2

TOM K€ CUCTEMBI YMHOXHM Ha @° M IPOCYMMHUPYEM BCE TPU YPaBHEHHUS:

Ua=YU U +tU o
+ aUg= §3QA1 +§2L_JA2 +aU pgs

2 3 4 2. .
aUg=aUy+a'uy+a’uy;

Uj+aUg+a%Uc =U y(1+2a8%)+U py(1+a +at)+U pp(1+a+a?%);

3 4 2 . 2 —
ydateM, uto a” =1, a" =a, 1+a+a” =0, nonysum:U , +aUp +a°U- =3U ,,

orya Up=5(Up+alg+a2Uc) (7.13)

st onpenenennss U p, yMHOKUM BTOpOe ypaBHeHue cucremsl (7.12) Ha gz, a

TpeThe ypaBHEHHE HA @ ¥ MPOCYMMHPYEM BCE TPH YPaBHEHHS:
Ua=YU U +tU o
2 _ A4 3 2 .
+ alUg=auy+auy+alyg;

2 3 .
aUc=a"Uy+a'Uy,+au ¢,

Up+a’Ug+aUc =U g(1+a% +a%)+U p,(1+2a%)+U yo(1+a° +a),
oTKyza !Af%(!ﬂ@iwé‘!c)- (7.14)

Hust onpenenenns U o npocymmupyem ypasHenust (7.12):

Up+Ug+Uc =U y(1+a% +a)+U pp(1+a+a?)+3U ),

OTKy/Ia U 20 :%(QA +Ug+Uc). (7.15)
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Cosmectum ypasaenws (7.13) - (7.15) B enunyto cucremy:

Un :%(L—JA ralg+a’-Uc);
U= %(L_JA +a?Ug+aUc); (7.16)

1
U no =§(QA +Ug+Uc).

W3 coorHomenuit (7.16) cienyeT, 4TO pa3lIOKCHHE HECHMMETPUYIHOW Tpex(a3Hou
CHCTEMBl Ha CHMMETPHUYHBIC COCTaBIIONIAE TPSIMOH, OOpaTHOH ¥  HYJICBOH
MOCTICIOBATEIEHOCTEH  MOXET OBITh  BBIMOJHEHO BCErIa W IPUTOM  SBISICTCS
€IMHCTBCHHBIM.

Cucrema ypaBHeHH (7.16) wucmonbp3yercss Ui ONPEACICHUS CHMMETPUYHBIX
cocrapistonux U Al*g A2 U A0 1O 3aJlaHHOM HECUMMETPUYHOM CHUCTEeME HaNpsDKEeHUi
UpUpgUe, Te. s aHATUTHYECKOrO pasiOKeHHWs HECUMMETPHYHOH CHCTEMbl Ha

CUMMETPUYHBIC COCTaBJIAIOLINE. B Tom Cnyqae, Koria 3aJaHbl CHMMCTPUYHBIC
COCTAaBJISIFOIIME, HECUMMETPUYHAS CHCTeMa HaNpsHKEHHH ONpeJersieTcsl Mo ypaBHEHUSIM
(7.12).

Ypasuenus (7.12) u (7.16) npurognsl Takxke s TokoB, 3/1C, MArHUTHBIX TOTOKOB U
Jpyrux Tpex($aszHbIX CHHYCOUIATBHBIX CHCTEM.

N3 ypaBHeHuii (7.16) HEMOCPEACTBEHHO BBITEKAET MPOCTOM rpaduyeckuii crocod
onpesieNieHds CUMMETPUYHBIX cocTaBisiiomux U Al,L_J A2 U A0 1O 33/laHHBIM BEKTOpaM

Tpexdasnoii necummerpuyHoi cuctembt U y U g U .

I'paduyeckuii cnocod pasioxeHusi HECHMMETPUYHON CHCTEeMbl HANPSIAKEHUIH Ha
CHMMeTpPHYHbIE COCTABJISIIOLIHE.
[Tycts 3agana Tpexda3zHas HECHMMETPHYHAs CHCTEMa HaIPSDKECHUIA:

U By Ly %
UaUg=Unr 7200 =U 0007,
TpebyeTcs pa3nOKHTb 3Ty CHCTEMY HANpPsDKCHHIl Ha CUMMETPUYHBIC COCTABIIAIOIIHE
U p U pao U pg TPadudecknm ciocobom.

H300pasuM B KOOpAMHATAX KOMIUIEKCHOH INIOCKOCTH 3aJaHHYIO CHCTEMY
nanpsokenuid Uy Upg U (puc.7.12,a). Pasnoxkenne 5TOH CHCTEMbl HANpsOKEHWH Ha

CHUMMETPHYHBIE COCTABIIIONINE MPOM3BOANM B COOTBETCTBHHU ¢ ypaBHeHUsMH (7.16). C

9TOM LENbIo Ha puc.7.12,a mokasbiBaem BeKTOphl AU o ,iL_JB au - ,fL_JC , AIMEIOoIIneCs B

j27
ypaBHenusx (7.16). Ymuoxenne Bekropa Up Ha BeKTOp ngj 7 PaBHOCHIIEHO

TIOBOPOTY €TI0 TIPOTHB YacoBOi cTpenkn Ha yron 120°, a ymHoxenue Bektopa U g Ha

2 j4r _j2n o
a‘=/1 I COOTBETCTBYET [IOBOPOTY UCXOIHOIO BEKTOPA I10 YaCOBOU CTPEJIKE Ha
yron 120°.

69



3Un

' U
aln A~ /22U
+] U \ / Us
i =
Ua
/ I\ =
a2Us / \a Uc
a) 6) B)

_— AO UBU U(O
Ue m
r) ) €) X)
Puc. 7.12

Juns onpenenenus Bexkropa 3U 5, cymmmpyem Tpu Bektopa: U 4,aU 4 ,iL_JC. Ota
orepaiys BBINONHEHA Ha BEKTOpHOW nauarpamme (puc.7.12,0). Jlanee Oepem 1/3 ot
cymmapHOro Bekropa 3U 5, moyqaeM BEeKTOp U o, M CTPOMM BEKTOPHYIO JHArpammy
CUMMETPHYHOHN COCTAaBIAIONIEH MPsAMOI mocienoBarensHoctd (puc.7.12,8). Ha puc.7.12,r

MIPOM3BEACHBI MTOCTPOCHHUS B COOTBETCTBUH CO BTOPHIM ypaBHEHHEM cucTeMbl (7.16) mis
OTIpeNIeNICHUs] CUMMETPUYHON COCTAaBJISIOIICH HANpPsDKEHUS OOpPaTHOM IOCIIEN0BaTEIlb-

HOCTU U 5, , BEKTOpHAs IHarpamMma KOTOpOro mocTpoeHa Ha puc.7.12,1.

AHAJIOTUYHO B COOTBETCTBHH C TPETHHM ypaBHEHHEM cucTeMbl (7.16) ompeneneHa
CUMMETPUYHASL  COCTAaBIISIONIAs —HANPSDKEHUs HylneBOW mocnenoBarenbHoctH U )
(puc.7.12,e u puc.7.12,x)

W3 npuseneHHoro noctpoenus cneayer, 9ro eciu BekTopsl U o ,U .U~ obpasyror
3aMKHYTBI TPEYTONBHHK, T.€. €CIM TI'eOMETPHYeCKas CyMMa HX paBHA HYIIO, TO
CHUMMETPUYHAsS COCTABIISIONIAs HyleBoi nocnenoparensaoctu Uy pasua Hymo. [lostomy

cucmema AUHEUHbIX Hanpﬂofceyuﬁ, a npu omcymcmeuu H)Jjieeoco npoeoc)a u cucmema
JIUHEUHBIX mOKo8, He Mocym codepofcamb cocmasjiArouiue Hyﬂesoﬁ NOCe008aAMeENbHOCHIU.
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7.6. Pacuet Tpex(da3HbIX Heneil MeTOA0M CUMMETPUYHBIX COCTABJISIOLINX

[Ipn pacyere CHMMETPUYHBIX PEKHMOB TpeX(a3HBIX LENel 3JIEKTPOIBUraTEIH
3aMEHSAIOT  DKBHBAJCHTHBIMH  CXEMaMHM, COCTOSIIMMH W3  TpeX  OAWHAKOBBIX
COTIPOTHBIICHUH, COEIMHEHHBIX 3BE3I0H WIN TpeyroabHUKoOM. [lameHnst HampsokeHHsS B
(hazax reHepaTopa YUMTHIBAETCS KaK HANPSHKEHHS Ha TPEX OJMHAKOBBIX COMPOTUBIICHHSX.

Takue mpocTeie SKBUBAJICHTHBIE CXEMBI ISl DJIEKTPOJBHTATENCH M TEeHEepaTopoB
OKa3bIBAIOTCSl HENPUTOJHBIMH JUISl pacueTa HECUMMETPUYHBIX PEKUMOB. B sTOM ciydae
JUISl aHallM3a SJIEKTPOMATHUTHBIX IIPOIECCOB B TpeX(a3HbIX IJIEKTPUUECKHX MAaIluHaX
(IBUraTENAX M TeHepaTopax) NPUMEHSETCS METO]] CHMMETPHYHBIX COCTaBIISIONINX.

Ia I[lycte  3aman  Tpex¢asHblii  CHMMETPHYHBIN

A O] MPUEMHUK C COMPOTUBJICHUAMU MPIMOI le 00paTHOI

Bo ﬁL & Z, W HyneBOH Z, mocnenoBatenbHocTel (puc.7.13).
Ic 72 H3BecTHa TaKxke HeCUMMempUYHAsL cucmema

Co UAU U_L 7 nanpsicenuii U p U g U - Ha 325KMMaX MPUEMHHUKA.

N AV SN ’ Tpebyercs  ompenenuTb CHUMMETPHUYHBIE COCTaB-

astorye  (Ga3sHbIX HANpsHKEHWH M TOKOB NPHEMHHKA,
Puc. 7.13 TOKH U aKTMBHYIO MOIIHOCTb IIPUEMHHKA.
Tak Kak cucreMa HalpsUKEHUM Ha 3aKMMax IpUEM-
HHMKa HECHMMETPHYHAs, PEeXHUM paboThl Tpex(aszHOoi menu OyAeT HEeCHMMETPHUYHBIN.
[TpumeHuM A7t pacdera LEMH METOJl CHUMMETPUYHBIX COCTaBIIIOIIUX. PacueT BhInonHsieM
B CJIEIYIOIIEH 110CIIE0BATENbHOCTH.
1) Paznoxum 3a7aHHyl0 HECUMMETPHUHYIO cucTeMy Hanpsokenuit U ,,Up U~ Ha

cummerprunbie coctapisonme U p U oo U pg 110 Gpopmynam (puc.7.16). 3nas OCHOBHbIE

BEKTOPHl CHMMETPHUYHBIX COCTABJIAIONIUX, ONPENEIMM OCTAIbHBIE BEKTOPBHI OTUX
cocrasisronux o hopmynam (7.8) - (7.10).
2) OnpezensieM CUMMETPUYHBIE COCTABISIOIIME TOKOB MPAMO T10CIIEN0BATENLHOCTH

U U U
Y MOILHOCTH TIPSAMOi nocnenoBaTensHoctu: | oy = =AL g1 = =Bl o= =C1
Z Z Z
IpoBepka 1o Tokam: Iy +1g +1c=0.
AXTHBHasI MOII[HOCTh NPUEMHHUKA TPSIMO TocnenoBaTenaproct: P =3U 1, CoS ¢y ,
peaKkTHBHAsE MOLIHOCTb Q =3Ulysingy
IIOJIHAS. MOIIHOCTh S1 =3U4l4.
3) Omnpenensiem CHMMETPHUIHEBIE COCTAaBIISIOIIHE TOKOB 0o0paTHOM
MIOCIIEZIOBATENIHHOCTH M MOIITHOCTH OOPaTHOMU ITOCIIEIOBATEIEHOCTH:
|A2:L—JA2 .IBZZQBZ .ICZZQCZ
- Z, Z; Z;
IpoBepka o Tokam: Lo +1lgo+1c,=0.

AKTHBHAs MOIIHOCTb MPUEMHHKa 00paTHOH mocnenoBatensHocTd: Py =3Us 1, CoS ¢y,
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peakTHBHAs MOILIHOCTb Qy =3Uslysingy,

TIOJTHAs! MOIITHOCTh Sy, =3Usls.
5) Omnpenensem CUMMETPHYHBIE COCTaBIIIOIIUE TOKOB HyJeBo’
HOCIIE0BATEIbHOCTH M MOIITHOCTH HYJIEBOH I10CI€10BATEIbHOCTH:

Toxk B HyJeBOM IIPOBOJIE Iy =3l,.
AKTHBHAas MOIITHOCTb IIPHEMHNUKA HYIEBOI mocnenoBatensHocTH: Py =3Uglgcos ¢y,
pEaKTHBHAs MOIIHOCTh Qp =3Uplgsingy,

HOJIHAsE MOLHOCTh Sp =3Uplp.
5) OnpesensieM TOKH IPUEMHHUKA TI0 BbIpaxeHusiM (puc.7.11):
Ta=lm+lpp+lagilg =g+ gy +1pgoilc =l tlca+1cor In =3l
AKTUBHAs MOIIHOCTH ipueMuuka P =P; +P, + P,

peaKkTUBHAS MOIIHOCTh Q=00 +Q, +Qq,

[IOJTHAST MOIIIHOCTD S=4 P2 4 Qz.

IIpumep 7.1. CuMMETpUYHBIA NPHEMHUK MHUTAeTCs OT reHeparopa (puc.7.14) ¢
HECHMMETPUYHOM cucteMoil (pa3HbIX Hanpsbkenuit (puc.7.15):

U, =120BU , =120/ 1By . =120¢1% B,
ComnpoTuBieHus MPUEMHUKA TIPSIMON TIOCIEIOBATEIFHOCTH !
Z,=3+j1=316/118%4 oy,

obpatHoit mocnenoparenbHocTH Z, =1+ j3=316/ 17157 Owm,

HYJEBOH II0CIIE0BATENbHOCTH Zy= jlzléjgo Om.

OrmpenenuTh MOKa3aHUs JIUHEHHBIX aMIIEPMETPOB M IOCTPOUTH BEKTOPHBIE HArpam-
MBI HalIpSDKEHUH W TOKOB.
P e me n me: 1 Cucremy (a3HBIX HampsDKeHHA TeHepaTtopa pas3lIoKUM Ha
CUMMETpHYHBIE cocTaBistomiue 1o popmynam (puc.7.16).

Al A ZZ()
ot
(AL

Puc. 7.14 Puc. 7.15
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. 1
Hanpsoxenue npsamoit mocnenoparenbHoct: U o = g(g ataUp+ §2L_JC );

U, =120B, aU , = (1120 .120/71%0" —120/1%9" —(1039+ j60)B,
a?U =129 1200190 —120¢71% —(1039- j60) B,

Upy= %(120 +1039+ j60+103,9— j60) =109 3B.
Hanpsoxenue oOpatHol nocnenosarenbHocTn: U 5p = %(g At QZQB +aUc);

U 5 =120B,a%U , = ¢~ 120 10077190 —120/71210" _(_1039+ j60) B;
aU =120 1200190 —120/1210" (1039~ j60) B;
1 . . _ 180
U p, =(120-1039+ 601039 j60) = —29.3= 29,3/ 180" g
Hamnpskenue HyneBol IOCIEN0BATENILHOCTH:
1 1 . .
U po=Uo=Uco =5(Ua+Ug +Uc)=-(120- j120+ 120) = 40B.

[IpoBepka MNPABMIBHOCTH PA3IOKEHUS HECUMMETPUYHOM CHCTEMbI HAMPSKEHUHA
U A,L_JB ,L_JC Ha CUMMeETpHYHbIE cocTaBisitomue U Al U A2 U 20 (o popmynam 7.12):

U, =2a%U  +aU p, +U, =1093¢~ 1120 | 29 3/~ 11801120" , 4
= —54,65— j94,65+14,65— 2535+ 40 = — j120B;
Uc =aU g +aU 5, +U o =1093¢ 1120 | 29 3~ 1180 )= J120° | 40
— 54,65+ j94,65+14,65+ j2535+40 = j120 B.

BexTopHble nuarpaMMbl CUMMETPUYHBIX COCTABIIIOLIMX HANPSDKEHUM M 3aaHHOM
cucTeMbl (Da3HBIX HANPSDKEHUI reHepaTopa MoCcTpoeHb! Ha puc.7.16:

4 B

!BO
HBZ

Puc. 7.16
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puc.7.16,a — cuMMeTpHUYHas COCTaBIISFOIIAst IPSIMOM TIOCIIeIoBaTeIbHOCTH; puc.7.16,0 —
oOpaTHOI ToCIIe10BaTeIbHOCTH; pHc.7.16,B — HyJeBOH mocnenoBaTeIbHOCTH; puc.7.16,r —
CyMMapHas BEKTOpHas JAuarpaMma, [Jaoliass HECUMMETPUYHYIO CHCTeMy (ha3HbIX
HaIpsDKEHUH reHeparopa.
2. JInst mpsiMoii M 0OpaTHON CHMMETPHYHBIX COCTABISIIOIIMX (pa3HbIE HAINpPSDKEHUS
reHepaTopa U IPUEMHHKA PaBHBI MEKy COOOH, Tak Kak Harpyska (a3 olMHaKoBa.
VY3710BOe HampspKEHHE HYJIEBOW IOCIEAO0BATENbHOCTH PaBHO (Pa3HOMY HANpPSHKEHUIO
HYIIEBOH mocienoBarenbHocTH, T.€. U\ o =U oo =40B. Toku HyneBoii mocnenoBaresb-

HOCTH IIPY OTCYTCTBHH HYIIEBOr'0 IIpoBoAa (puc.7.14) paBHbI HyIIO, Tak Kak Zg = o0,

da3Hble TOKH NPIMOIl MOCIE0BATEILHOCTH OMpPEENsAeM 0 3aKoHy OMa:

U .
|, = AL 109'3 _=3460" 1843 —(3283- j1094)A.
Z, 3,165118’43

g ==BL_Z= =Al_g2) 1120 346711843 _346/=113843 _ (_259_ j2296)A.

U au o : o - .
log==CL===Al_ g = 1120 3467711843 _34 69110057 _ (_594+ j34)A.

ITposepxka:
Ty +1g+1c1=0; 3283-j1094-259-j2296-6,94+ j34 =

=(-0,01+ jOo1)=0.

dazHbie TOKH 00pATHOM ITOCIIEIOBATEIIBHOCTH:
Up, 203071180
316/ j7157°
s, Uga _aUps _
- Z, 4,

=9,272015157" _ (2931 j8796)A;

al ) = (120" .9 272125157 _ g 979137157 _

=9,272¢11157" — (9084 + j186) A;

Ueo a’u A2 .2 —j120° j25157° j13157°
leo====F"=a" =/ 9272077271 =927207°70 =
Z; Z;
=(-6152+ j6,937)A.
IIpoBepka:

Lpp+1pgp+1lcy =0; —2931- j8,796+9,084 + j186 6152+ 6,937 = 0,001+ jO,001~ 0.
3. Pesynbrupyromnme da3Hbie (JIMHEHHbIC) TOKHU:

La=1p+1py+1,0=3283—j1094—2931— j8,796 = 299 j19,74 = 3583/ 13343 A,

Ig=1lg +lgy+1gg=—259—j2296+9,084+ j186=1682— j211= 2698/~ 15144 A;

lo=lop+1co+1g=—694+ j34—6152+ j6937 = —1309+ j40937 = 4298/ 10773
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[Tokazanus amnepMeTpoB:
A —>1,=3583A; Ay > 1g=2698A; Az —>Ic =4298A

Ha puc.7.17 nocTpoeHbl BEKTOpHBIE AUArPaMMBIL:
puc.7.17,a - guarpaMMma  CUMMETPUYHBIX  COCTABIIIOIIMX  TOKOB  IPSAMOMU

TIOCIIE/I0BATENLHOCTH;
puc.7.17,6 — nuarpaMMa TOKOB 00paTHOM! MOCIIEI0BATEILHOCTH;
puc.7.17,B— nuarpamma (azHBIX TOKOB PUEMHHKA.

.]O_B‘ +1 LAl [x
+1 LAl +1 Ia

H T
Ies

T Iy
Isi [5:

ll!l

Puc. 7.17
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I''TABA 8. HECUHYCOMJAJIBHBIE TOKH
B JIMHEMHBIX IEISIX
8.1. Pazno:xkeHue HeCHHYCOHIAIBHBIX TOKOB B psig @ ypbe

Tlepuoouueckumu HeCUHYCOUOANBHBIMU MOKAMU U HANPSIICEHUAMU HA3bIBAIOMCS
MOKU U HANPAJICEHUs, — UBMEHAIOWUEecs 60  BPEMeHU  NO  NepUOOUYEeCKOMY
HeCUHYCOUOATLHOMY 3AKOHY.

SIBreHnsi, TPOUCXOAAIIME B JIMHEHHBIX IEISIX NpU  MEPHOANYECKHX, HO
HECHHYCOMIAIBHBIX TOKaX, MPOLIE BCETO MOAJAIOTCS NCCIIEI0BAHHIO, €CIH KPUBYIO TOKA
Pas3JIoKUTh B TPUTOHOMETpHUecKui psit Dypbe.

W3 xypca MaTeMaTHKH M3BeCTHO, uTo jrobast ¢yukius f(wt), ymnomerBopsiomas

ycnoBusiM Jlupuxie, T.e. MMEWOIAs 3a TMOJIHBIM MepuoJi KOHEUYHOE YHCIO Pa3phbIBOB
MIEPBOr0 PoJia ¥ KOHEYHOE YHCII0 MAKCHMYMOB M MHHUMYMOB, MOJKET OBITh TIPECTaBICHA
B Bue psaaa @ypee F(wt). Craenyer umers B BUIY, U4TO BCE TEPUOIUUECKHE (DYHKIMH, C

KOTOPBIMH MPUXOIUTHCS UMETh JIETI0 STIEKTPUKAM, YIOBIETBOPAIOT yCIoBUsIM Jlupuxiie.
Pan dypre umeer cneayronmii BUa:
F(at)=Ag+ A sin(aot +yq )+ Ay sin( 2at + 5 )+ Ag sin(3at + w3 ) +..+
+ A sin(kat +y )+ ..., (8.1)
rae Ay — MOCTOSTHHASI COCTABIISIONIAs,
Ay sin( @t +yq ) — ocHOBHAsT BONHA WIJIM TEpBas TaApPMOHHUKA, OCTAJbHBIC WICHBI psla —
BBICILIFE TAPMOHHUKH.

T . o
OcHoBHasI 4acToTa a)=?, rae T — mepuoJ HECHHYCOMIANbHOW MEePUOANYECKOM

GbyHKIMN.
ITprMEHHTEIBHO K MEPHOAMYSCKIM HECHHYCOMAAIBHBIM TOKAM W HAMPSDKCHHSM B

BelpaxkeHnH psga Oypee (8.1) mocrosaHble KOdpdumMentsr Ay, A, Ay u T.1. OyayT
O3HayYaTh MOCTOSHHYIO COCTaBISIOLIYIO TOKa |y W aMIUIUTYZBI TOKOB IIE€PBOI TapMOHUKH
l1n, BTOpO# rapMOHUKH |9y, W T.A. (AHAJOTUYHO JUTS HATIPSDKEHUS!).
Psan @ypbe MOXXHO MpEACTaBUTh B MHOM BUJE, €CIHM Pa3BEPHYTh CUHYCHI cyMM. J[ist
00I1Iero WieHa psiia HMEeM:
A sin(kat + 1y ) = A cosyy sinkat + A siny, coskat;
o6o3HaunB Ay, COSyy = By, A sinyy =C,, momyunm:
A sin( kat + 1y ) = By sinkat + Cy cos kat. (8.2)
C yuerowm (8.2) mepBas ¢popma psima Oypre (8.1) 3amumrercs B CIeAyIOMEM BUIE:
F(at)= Ay +B;sinat+B, sin2at +...+ By sinkat +...+ C; cos ot +
+C, cos2mt +...+ Cy coskat +... . (8.3

Tak xax ko3¢ ¢urmenTsr B u C 3aBUCAT OT HAYaIbHBIX (Da3, TO OHU U3MEHSIOTCS TIPH
W3MEHEHWH Havasia orcyera BpeMenu. [lepexom or BTOpoit dopmer psma dypee (8.3) k
niepBoit hopme (8.1) coBepiaeTcs mpu TOMOIIHA COOTHOIIICHHIHA:
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A =+yBZ +CZ; tgz//k:%. (8.4)
k

Kosdpdunuentsr Ay,By,Cy Moryr ObITh BBIYMCIEHBI IIPU IIOMOIIU CIIETYIOIIUX
WHTETPAIOB (M3BECTHBIX U3 Kypca MAaTEMAaTHKH):

1 2
Ay 2ﬁgf(a)t)d(a)t),
1271'
By =— jf(wt)sinkwtd(wt); (8.5)
7o
1272’
Cy=— .[f(wt)coska)td(a)t).
70

Yacto nepuopndeckas QyHKIHA, MOLIEkKaIIas pasnoxkeHuo B psag Dypee, 3amaercs
HE aHAJINTUYECKUM BBIpRXKEHHEM, a B Bujae rpaduka. B sTux cnyuasx OpuMeHSIOT
NpUONIDKEHHbIE METOAb! BBIYUCICHUS Kod(durueHtoB psga. OauH U3 mpocreimmx
METOZI0B 3TOTO POJAa COCTOUT B 3aMEHE MHTETPANoB, OMPEAENSIOMUX KO3(D(OUINEHTHI
Ay,By ,Cx COOTBETCTBYIOLIMMH CyMMaMH.

CylecTByIOT ChenuaibHble W3MEPHUTENbHbIE NPHUOOPBI, C TOMOIIBIO KOTOPBIX
U3MEpAIOT aMIUINTYAbl HampsbkeHuil A,Ay,Ag... psama Dypee (8.1), HazpBaeMble
2aPMOHUYECKUMU aHATUZATNOPAMU.

8.2. Hexoropble CBOHCTBA MEPHOIMYECKHX KPUBBIX TOKOB 1 HATIPSI:KEHUIA,
00JIa/1aI0 X CHMMeTpHUei
1(ot)
PaccmoTpuM Tpu Buia KPUBBIX TOKOB,
o0JTaJaroImuX CUMMETPHEH.
1) Kpugsie TOKOB,
CHUMMETPHYHEIE OTHOCHTEIILHO ocu
/" 2n ot p
h ; — aocrcc. s 9TUX KPUBBIX CHPABEIUIUBO
0 ;/ \ cleayolee PaBEHCTBO:
otm i _i _
y —iW(a+7)=i(a), tne a=uat.
J1Jisl KpUBBIX, CHMMETPUYHBIX OTHOCH-
Puc. 8.1 TenbHO ocH abcmmec (puc.8.1) pan Dypee
HE COIEPKUT MOCTOSIHHOM COCTaBIISIOLIEN

(lg=0) u Bcex uerHpix rapmonuK. IIpu aToM BTOpas ¢opma psaa Pypbe 3ammimercs
crnenyromuM obpazom: ly(wt)=B;sinawt +C;cosawt + B3 sin3wt + C3cos3at +...  (8.6)

2) KpuBble TOKOB, CHMMETPHYHBIE OTHOCHTEIBHO OCH OpauHaT. Jlus HHUX
CIIPaBEUINBO CIIEAYIONIEe PAaBEHCTRO: Ir(—a ) =is( ).

Psan @ypre s KPUBBIX, CHMMETPHYHBIX OTHOCHUTEIHFHO OCH OpAuHAT (puc.8.2) He
COZICPKUT CHHYCHBIX COCTABJIAIOIIMX W HUMEET TOJBKO IOCTOSHHYIO M KOCHHYCHBIC
COCTaBJISFOLIHE:
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|2(C()t)= |0 +C1COSC()t+

(\K\ +C, cos 2at +

+C3 cos3mt +...(8.7)

Puc.8.23

ia(mt) 3) KpuBble TOKOB, CHMMETPUYHBIC
OTHOCHUTENIPHO ~ Hadala  KOOPAUHAT
(puc.8.3).

K HuM OTHOCAT KpHBBHIE, YyIOBIET-
BOPSIIOLINE CIETYIOLIEMY PaBEHCTBY:

—ig(~a) =iz().

Psin dypbe Uil 3TUX KPUBBIX COJle-
J PKUT TOJIBKO CHHYCHBIE COCTABIISIOILHUE:

—Q [0 . .

I3(awt) =By sinwt+ B, sin 2wt +

Puc. 8.3 +Bgsin3at+...  (8.8)

ot

8.3 JleiicTByIo11e 3HA4YeHUSI HECHHYCOMAATBHBIX TOKOB M HANPSIKEHMI

OnpenenuM 3aBUCHUMOCTh MEXAY [IEHCTBYIOIIMM 3HA4YCHHEM IEPHOAMYECCKOTO
HCCI/IHyCOI/I,Z[aJ'ILHOFO TOKa U ,Z[eﬁCTByiOH.[PIMPI 3HAYCHUAMU OTACIIbHBIX FapMOHI/IK, an/Iqu
MOCTOSIHHYIO COCTaBJISIFOLIYIO OyJIeM paccMaTpUBATh KaK FAPMOHUKY HYJIEBOT'O MOPSIJIKA.

[lo ompenenenuro 11 KBaapaTa AEHCTBYIOIIETO 3HAYECHUS TOKA HIMEEM:

2_1 i

0
IMpencrasisis Tok B Buae psiga Dypee: i =ig + iy +ip + ...+ 0 +... (8.10)

i°dt. (8.9)

¥ BO3BEIA OTOT PAX B KBAAPAT, MbI BHIMM, YTO i° MOXKHO NPEICTABHTH KaK CyMMY
KBaJpaToOB OTNENBHBIX TapMOHMK M CYMMY YIBOCHHBIX Npou3BeleHHII ux. B

2
COOTBETCTBUH C 3TuM |° MOXKHO HpCI[CTaBI/ITB B BUJIEC ,Z[ByX CYMM HHTETPAJIOB, 8 UMEHHO!

2-1 2dt_ Z jlkdt+z j2|qlsdt (8.11)
T 0 k=0 k= O 0

npudeM  #S | ik = Iy sin(kat +yy ).

Tax kak Z IZIqISdt—O TO
k= 0 0
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1T, 21t,. 2
1Z="[i%dt=Y = [i2dt=312=1§ + 1 +13+..+1Z+...,
To k=0T o k=0

T.C. KBaapar HCﬁCTByIOHICFO 3HAa4UCHUA HECMHYCONJAJIbHOI'O TOKAa paBCH CyMMC KBaJIpaTOB
ﬂeﬁCTByIOMHX 3HAYCHHMI OTJICJIbHBIX TAPMOHUK UM

=1+ 124124t 1B (8.12)
AHanornuHo  ompenensercss — ACHCIBYIOIIee — 3HAYCHHE  HECHHYCOUIAILHOIO
HaIpsOKEHUS: U :\/U5+U12+U§+...+U|f+... . (8.13)

Jist XapaKTepUCTHKH HECUHYCOHMJIABHBIX KPHBBIX O€3 MOCTOSHHOW COCTaBIISIOIIECH
MIPUMEHSIOT ClIeAyIoUIre KO3 PHUIIMEHTHI:

1) KoadduimeHt nckaxeHns: CHHYCOUAATLHOCTH KPUBOH HAPSIKCHUS: OTHOILICHUE
JEUCTBYIOLIEr0 3HAYEHUS HANpsDKEHUS BBICIIMX TapMOHUMK (1m0 40-H rapMoHHKH
BKIIIOUMTENBHO) K JICWCTBYIOIIEMY 3HAUYEHHUIO HANpsDKEHUS! TE€PBOM TapMOHHMKH B

40 5
22Uk
(mpotienTax): Ky = "G—z -100%. (8.14)
1
2) Koadoumuent k-oit rapMOHHYIECKON COCTABISIONICH HAMPSOKEHHUSI: OTHOIICHHE

JICHCTBYIOMIETO 3HAYCHUS HATPSDKCHHS K-Oif TapMOHHMKH K JICWCTBYIOIIEMY 3HAYCHHIO
HaIpsHKEHUs! IepBON rapMOHHKH (B MPOLIEHTaX):

U
Ky = —K-100%. (8.15)
Uy
3) KoadpdumueHT  aMIUIMTYAbl:  OTHOIICHWE  MAKCHMAJIbHOTO  3HAYCHUS
HECHHYCOUAIBHOr0 HanpspkeHust U, K AeHCTBYIONIEMY 3HaUYeHUO U:
U
Ky =—1a&, (8.16)
U
4) Kosddumment ¢dbopmbr: OTHOILIEHUE JICWCTBYIOILIETO 3HAYCHUS
HECHHYCOUIAJIBHOTO HANPSDKEHHS K CPEAHEMY 3HAUYCHHUIO:
u
Kgp=—. (8.17)
p

HecunyconnanpHple HapsHKEHUSI ¥ TOKA MOTYT U3MEPSAThCSA MPUOOPaMH Pas3IIMIHbIX
cucteM. [IpuOOpBI SIEKTPOMArHUTHOW U DIEKTPONMHAMHYECKONH CHCTEM H3MEPSIOT
JEHCTBYIOLIHE 3HAYEHUS HECHHYCOHUIAIbHBIX HaIpsDKeHUH " TOKOB;
MarHUTOVIEKTPUYECKHE  MPHOOPHI  HM3MEPSIOT  IOCTOSIHHYIO  COCTaBIIAIOIIYIO;
BBINPSIMUTENBHBIE TPHOOPHI M3MEPSAIOT CpEeJHEe IO MOAYII0 3HAdCHHE H3MepseMoil
BEJIMYMHBI; AMIUTUTYIHBIE 3JIEKTPOHHBIE BOIBTMETPHI H3MEPSIOT MAKCHMAaIbHOE 3HAUCHUE
HaNpsDKEHNS.
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8.4. MomHoCTh NEpHOAMYECKHUX HECHHYCOHJAIBHBIX TOKOB

Axmuenas MOU{HOCMb — CPEAHCC 3a IEPUOJ 3HAYCHUEC MOIITHOCTH!

1 T
P == [uidt, (8.18)
T 0
rae U,i - MTHOBCHHBIC 3HA4YCHUA HCCUHYCOUIAJBHBIX HANPAKCHHUA W TOKa —

IpEACTaBJICHBI pAJaMU CDpre:
U=Ug+U+Uy+...+Ug +...
ST . (8.19)
I=lg+th+hh+..+l+....
Ilpoussenenre U-i OyaeT IIpeAcTaBIEHO CYMMOH IIPOU3BEIECHHI OIHOMMEHHBIX
TapMOHMK Uyl M CyMMOIi NPOM3BE/ICHUI PASHONMEHHBIX TAPMOHHK HANPSKEHUs Ug U

TOKa Ig, IpUYeM ( #S.
[ToncraBus Beipaxkenust (8.19) B (bopMyny aKTHBHOﬁ mortHocTH (8.18), momy4unm:

P= Z Iuklkdt+z juqlsdt (8.20)
k= 0 0
T T
Tak kak qulsdt—O TO z juqlsdt—
k= 0 o
Cnenosarensno. P = Z Iuklkdt =P +R+P+..+R +. (8.21)
k= O
Win P=U0|0 +U1|1COS§0_|_+U2|2COS¢)2+...+Uk|k CoSgy +.... (822)

T.€. AKMUGHASI MOWHOCHb NPU HECUHYCOUOATIbHbIX HANPAJICEHUU U MOKEe PAGHA CYyMMe
AKMUBHBIX MOWHOCHE OMOETbHBIX 2APMOHUK.

[o aHanoruu ¢ CHHYCOMIAIBLHBIM TOKOM MOYKHO TaK)K€ BBECTH IOHATHE PeaKmueHou
MOWHOCIY, ONnpedenaemMol CYMMOU DeakmugHblX MOWHOCMEU OMOeNbHbIX 2aPMOHUK
(TIOCTOSTHHBIE COCTABJISIONINE TOKA U HAMPSHKEHHSI PEAKTUBHYIO MOIIHOCTh HE CO3/aI0T):

Q=Ulising +Uslysingy + ...+ Uyl singy +... . (8.23)

Honnas mowHoCms TIO aHANOTHH C CHHYCOWIAJIBHBIM TOKOM PAGHA HPOU3EEOCHUIO

OeliCmBYIouUx 3HAYeHUll HeCUHYCOUOATIbHBIX HANPAXCEHUS U MOKA:

S=Ul. (8.24)
Kospuyuenm mowrocmu nipu HECHHYCOUJANTBHBIX HANPSHKEHUU U TOKE:
P ku
=—=C0Sp — 8.25
X=3 ] K (8.25)

rie COS ¢ - KOOPPHUIHMEHT MOITHOCTH TIEPBOM TAPMOHUKH;

ky K| - Ko3hduIEHTBI HCKAKEHNUS KPUBOM HANPSDKCHUS U KPUBOM TOKA.

R U |
IToncraBus 3Ha4eHHs COS @ = Z—l Ky = Ul Ky = Tl B BeIpakeHwue (8.25), moryanm:
1
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|
=R —, 8.26
V4 10 (8.26)

rae R; — akTHUBHOE COTPOTHUBIICHUE IIEITH ITEPBOI TaPMOHHKH.

MaxkcumainbsHoe 3HaueHue kod(d¢uiueHToB uckaxkenus Ky u K| paBHO enuHune
IIPU OTCYTCTBUH BBICIIMX TapMOHUK; TP HAIWYNH B KPHUBBIX HANPSDKEHUS W TOKA
Belcmx rapMonuk Ky u K| mensiue exunuisl. Ilostomy, ecnu K, > K\ (xpusas Toka

MEHbIIEe HCKa)KeHa, YeM KpHBas HANpsDKEHUs), TO KaK clexyer u3 BbelpakeHus (8.25)
K03((HUIMEHT MOIIHOCTH Y < COS ).

I[J'IH HECUHYCOUJAJIBbHBIX TOKOB B OTJIMYHME OT CHUHYCOWJAJIbHBIX IIOJIHAsA MOIIHOCTH

S >+P2+Q?. Bemmunna T =yS2-(P?2+Q?) (8.27)

HAa3bIBACTCA MOUIHOCMBIO UCKAIICEHUAL.
T
OTHolIeHHE g XapaKTCpU3yeT CTCIICHb pa3jnvus 1o (bOpMe KPHUBLIX HAIIPSXKCHUA U

TOKa.

8.5. BausiHue napaMeTpoB Henu Ha popMy KPpUBOIi TOKa NpU
HECHHYCOUJAJIBHOM HANPSIKeHUH

u

ot

Puc.8.4 Puc. 8.5

B snexrprueckyro nems (puc. 8.4) moodepeaHo BKIIOUAIOTCS HIeallbHbIe pe3ncTop R,
UHAYKTUBHOCTH L 1 emkocts C. K 1enu npuinokeHo HECHHYCOMIAaIbHOE HAINPSHKEHHE U
(puc. 8.5). Onpenenum, Kak BIusieT Kax/Ipli u3 napamerpoB R, L, C Ha dopmy kpuBoit
TOKa iR ,i|_ 'iC .

Daexmpuueckas yens ¢ conpomugienuem R.

IIpu HeOONBIIOM CEUEHWH TMPOBOJHHMKA JJIsI TapMOHMK ¢ mopsiakoM K =10
compotuBieHne R mms Bcex rapmoHmK ¢ dacrotoi 50-500 I'm MOXHO cCuMTaTh
OIMHAKOBEIM, €CIIH TIpeHeOpedh sBICHHEM TOBEpXHOCTHOrO d(dekra. Torma
conporuBiienne st 1-o# u k-oit rapmonnk: Ry = R; R, =R.

Ukm

o N U
AMIIIATYIBI TOKOB 1-0#f 1 k-0#f rapMonuK: |y = %; lm = R
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lim _ Yim
Im Ulm
CrnemoBatennbHO, Kpusas moka 6 conpomugieHuu R 6ydem nodobua kpusou
Hanpsxcerus (puc. 8.5).
Dnexmpuueckas yens C undykmugrnocmoio L.
WHIyKTUBHOE CONPOTUBIIEHHE 3aBUCUT OT HOMEPA TapMOHUK:
JUIst TIepBoi TapMoHukH Xq = @l

OTHomIeHUEe aMIUTUTY TOKOB K-0if U 1-0¥ rapMOHUK:

n1s k-oif rapmonnku X = Kal.

AMnuuTyel TokoB 1-0i u K-oif rapmonuK: |y, = Y = Yim sl = Yk = Yk .
Xy ol X kal
Dan _ 1 Yin

OTHoIIICHHE aMIUTUTYI TOKOB K-0if U 1-0#f rapMOHUK: = .
I1m k lJlm

Takum 00pa3oM, B HHAYKTHBHOCTH, COOTHOIICHHE TOKOB K-0if u 1-0if rapmonuk B K
pa3 MeHbIIIe COOTHOIIEHHS COOTBETCTBYIOIIUX I'APMOHHUK B KPUBOW HANpPSDKEHUSL.

CrenoBarelbHO, Ye€M BBIIIE HOMEpP TapMOHHMKH, TeM OoJjblle OylneT HHAYKTHBHOE
COTPOTHUBIICHHE U TEM MEHbIIIE OYy/ET aMIUIUTY/Ia TOKA, T.€. HHAYKTHBHOE COMPOTHBIICHUE
CriIa)kKMBaeT BBICIIME TAPMOHUKH B KpHBOH ToKa. IloaTOMy KpHBasi Toka B MHAYKTUBHOCTH
(puc. 8.6) MeHblIIIe HCKaKEeHA M0 CPABHEHHUIO C KPUBOM HarpshkeHust (puc. 8.5).

i ic

ot ot

Puc.8.6 Puc.8.7

Onexmpuueckas yens C emxocmoio C.
EMKoCTHOE conpoTHBIIeHHE 00PATHO MPOMOPIMOHANBHO YaCTOTE:

. 1
JUTSA TIEpPBOM TAPMOHUKH X1~ = ——,
e oC
st K-oif rapmonukn X o = 1
ke koC'
AMIUTATYIBI TOKOB 1-0#f U K-0if TapMOHHK:
Ulm . u km
Ilm zx—za)Culm, Ikm :X—:ka)CUkm.
1C kC
. N | ]
OTHOIIEHNE aMIUTHTY/] TOKOB K-0if 1 1-0if rapMOHHK: Ik_m —k—KM re.
im im
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COOTHOIIIEHHE TOKOB K-0if M 1-0#f TapMOHHK B €MKOCTH B K pa3 Ooiblile COOTHOIICHHS
STHX TAPMOHUK B KPUBOH HAIPSDKCHHUS.

CrnemoBaTellbHO, YeM BHIIIC HOMEP TapMOHHKH, TEM MCHBIIE OyIeT EeMKOCTHOE
COTIPOTHUBJICHUE U TeM OOJbIIe OyIeT aMIUIUTyJa TOKa 3TOW TapMOHHUKH, T.C. EMKOCTHOE
COTIPOTHUBJICHHUE YCUJIMBAET BBICITUEC TAPMOHUKH B KPUBOH TOKa. [IoaTOMY KpuBas Toka B
eMKocTH (puc. 8.7) Oonee HCKakeHa, UeM KpuBas HanpsbkeHus (puc. 8.5).

8.6. PacueT JMHEIHBIX HeMnell NPH HECHHYCOUAAIBHBIX TOKAX

Eciu B nuHeliHOM 1nenu JEHCTBYeT OJMH WIM HECKOJIBKO HCTOYHHKOB
HECUHYCOUAAJILHOTO HAIPSHKEHUs, TO pacueT TaKOM LM pacnaJaeTcs Ha TpU dTama:

1) PasjokeHne HANPSHKEHUS UCTOYHHKA HA CHHYCOHMIAIbHbIE COCTABIISIOIINE,

2) Pacuer 3IeKTpUYECKOM I s HyJIEBOM COCTaBIISIONIEN M KaXKI0W TapMOHUKH
B OTJENbHOCTH. [IpyM 5TOM TPUMEHSIOTCS BCE M3BECTHBIE METOJABI pacuera lLiened Mmpu
MOCTOSIHHBIX ¥ CUHYCOUJIAIbHBIX HAMPSDKEHUSX U TOKaX.

3) IlpumeHeHHE NPHHIMIA HAJIOKEHHUS M PACUeT HECHHYCOWJAIbHBIX TOKOB H
HaNpsHKEHUM 10 MaHHBIM, IOJYYEHHBIM MJIS HYJIEBOM COCTaBISIOMIEH M OTHENBHBIX
TapMOHHUK.

[IpenmonoxxuM, YTO HCTOUYHUK HECHUHY-
€ Eo e & conpansHoit DJIC (puc. 8.8,a) comepikuT

b_e—o o—@—-@—@——o MIOCTOSHHYKO COCTABISIIOIIYI0 Ey, MEpBYIO H

BTOPYIO TAPMOHUKY:
a) 6) €=E0 +E1m Sin(a)t+l//1)+E2m Sin( 2(()t+l//2 ),
Puc.8.8 TO AeiicTBUe McTouHMKa Takoi OJIC aHaio-
THYHO JICHCTBUIO TpPEX IIOCIEIOBATEIBHO
coenmHeHHbIx ucrounnkoB D/IC (puc. 8.8,0):
e = Eo, e = E]_m Sin( wt +y ), ey = E2m Sin( 20t ) )
JeiicTByromee 3HaYCHNE HECUHYCOUIATEHOM 9IIC:

E
E=E§ +Ef +Ef ,rne E, = —am
J_ 2

ITon neiicteuem stux DJIC B 1enu Bo3HUKHYT TOKH lg,iq,ip, T.e. TOK mocTosHHOMN
COCTABISIIOLICH ¥ CHHYCOWJQIbHBbIE TOKM 1-0d © 2-0if TapMOHHK, MpUYEM
ik = Ikmsin(ka)t+1//k — @k )

Pe3ynpTpyrommii HeCUHYCOUAIBHBIN TOK PABEH:

i= |0 +i1+i2 = |0 + |1m Sin(a)t+!//1—¢}]_)+ |2mSin(20)t+l//2 —(pz),

| |
a ero AeicTByrouiee 3HaueHueE: | =\II5+ I12 + I22 , e 1y :%,I2 :%.
2 2

Ilpu perreHnH KaXIOH W3 ITUX 3a37a4 HEOOXOAMMO YIHTHIBATH, YTO WHIYKTHBHOC
X | #u eMKocTHOe X COMPOTHBIICHUS IS Pa3HBIX TAPMOHUK pasmuaHbl: X | s K-oit

rapMoHHUKH B K pa3 Gonbiie, a X ¢, Hao6opot, B K pa3 MeHblIIe, 4eM [1sl IEPBOiL:
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XLl =C()L,X|_k =kalL = kXLl; XCl Zi,XCk :L:&_
aC kaC k
JU7ist HyneBoi TapMOHUKH YIJIOBasl 4aCTOTa paBHA HYITIO, TO3TOMY:
XLO ZO’XCO =00,

AKTUBHOE COIPOTUBJICHHUE C POCTOM YAaCTOTBI BO3PACTACT 3a CUCT IMOBCPXHOCTHOI'O
3(b(1)eKTa. OI[HaKO JJIA HEBBICOKHX YaCTOT W OTHOCHUTCIBHO MaJlbIX CEeUeHUM IpoBOJa
SABJICHUCM ITOBCPXHOCTHOI'O 3(1)(1)3KT3 MOXKHO HpCHC6pCLH), cuntas R He 3aBUCAIIIUM OT
YHaCTOTHI.

3Hast mapaMeTpsl enu i K-0if TapMOHKKH, HETPYIHO OMPEEIUTh Yol caBura das:

o = arctg Xl-k;Rka'

npuueM @, >0 [pu MHIAYKTUBHOM Xapakrepe Harpy3ku u ¢y <0 mnpum emKocTHOM
XapakTepe Harpy3KH.

8.7. Pe3onaHc Hanpsi:keHUi NPY HECHHYCOMIATBHBIX TOKAX H HANIPSKEHUSAX

HpI/I HECUMHYCOMJAJIBbHBIX TOKAaX W HANPsHKCHUAX SABJICHUEC PE30HAHCA YCIIOKHACTCA,
TaK KaK BO3MOXKHBI OT/IEJTbHbIE PE30HAHCHI TAPMOHUYECKHX COCTaBIISIOIINX.

PaccMoTpuM IieTib ¢ MOCIeA0BaTeIbHBIM coequHenueM R, L, C
(puc. 8.9), B KOTOpOH HMHAYKTHBHOCTH L M3MEHsieTCs B IIHMPOKOM
nuanazoHe. K 1enu npuiokeHo HECHHYCOMJAlIbHOE HANPSDKEHUE.

JlefictBytoliee  3HAYEHHE HECHHYCOMAAIBLHOTO TOKa K-Oif
TapMOHHUKU!

Uk

I = . (8.28)
2 1 0
Puc. 8.9 \/R +(kol———)
kaC

Ecnu MHAYKTHBHOCTH LIeNM NOCTOSHHO YBENIWYMBATh OT HYJS A0 MaKCHMAaJbHOTO
3HA4YeHHUs, TO ACUCTBYIOIIEe 3HAUCHHE TOKa KaX1oi rapMOHUKH (8.28) OymeT u3MeHsThCs
10 PE30HAHCHON KPUBOM:

npu L =0 Tok K-0if rapMOHHKH MUHUMATBHBIH: || g =

.. 1
Ty pe3oHaHce Hanpsbkennii: KoLy =—-0,
kaC
. 1
Pe30HAHCHas MHIYKTHUBHOCTD K-0if rapmonnku: Ly, = — (8.29)
k“w°C
y Uk
TOK K-0if TapMOHHKH JIOCTHraeT MaKCHMAIBHOTO 3HAYEHUSL: |;<p =R

JanbHelinee yBelIWMYEHUE WHAYKTHUBHOCTH NPUBOAWUT K YMEHBLIEHHIO TOKa 3TOU
TapMOHUKHU.
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W3 Belpakenus (8.29) BHOHO, YTO 3HaYCHHWE WHIYKTUBHOCTH, COOTBETCTBYIOIIEH
pe3oHaHcy K-oif TapMOHHKH 00paTHO MPOMOPIHOHAIBHO KBAIpaTy HOMEpa TapMOHUKH:
TaK, OTHOIICHUE PE30HAHCHBIX UHYKTUBHOCTEH TPEThel U MATON TapMOHUK:

Lps 25
P22 _278.
Lps 9

KpuBas JeHCTBYIOIIEro 3HaUEHHs] HECHHYCOMIAIBHOTO Toka | = I12 + I22 + I% pu
JOCTaTOYHO MalloM R wuMeeT Tpu pe3Ko BBIpaXKEHHBIX Makcumyma (puc. 8.10),
COOTBETCTBYIOLMX PE30HAHCHBIM 3HAYCHMSIM L, Pa3siMuHBIX TapMOHHK.

K] W3JI0KEHHOT'O BUJIHO, 41O
COOTBETCTBYIOIIUM BKJIFOUCHHEM
WHJYKTUBHOCTEH N eMKOCTEH U IOJI00pOM HX
3HaYeHUH MOXHO OT/JENbHbIE TapMOHHUKH
TOKa WIM HalpsHKeHUS OcinalisaTs Win
ycunuBaTh.  OJTy  3aJady  BBINOJHSIOT

Ly Lo Lip De30HAHCHbIe dNIeKmpuyecKue Guibmpbl.
Puc. 8.10 Eciu snektpudeckne KOHTYpHI (puc.8.11)
HACTPOCHBI B PE30HAHC st K-0i TapMOHUKH,
TO TOK 3TOH TAPMOHUKH B CONPOTHBICHUN Harpy3ku R, OyngeT 3HaumTenbHO OcialbieH,

L Tak kKak B cxeme (puc. 8.11,a) BxomHOe
COTPOTHBIICHHE KOHTypa Ui  K-oif

C rapMOHHMKM OyJeT BecbMa  BEIHKO
L Ru (pezoHaHc TOKOB), a B cxeme (puc.

Ru c 8.11,6) — Mano (pe3oHaHC HATPSIKCHUH).

[TosToMy B IIEpPBOM Cily4ae IyTh TOKY K-
Ol TapMOHMKH 3aKpBIT, a BO BTOPOM
a) 0) cllydae pe30HAHCHAs BETBb IIYHTHUPYET
Puc. 8.11 ToK K-oit rapmonunku. CirenoBaTenbHo, B
obenx cxemax Tok K-oif rapMOHHKE B
Harpy3Ky He IIpOXOAUT.

ITpn HEOOXOMMMOCTH YCTPaHUTH B KPUBOH TOKA HAarpy3Kd HECKOJIBKO TapMOHHK, B
Lelb BKIIOYAIOT MOCIEI0BATENBHO Sl KOHTYPOB, KQKABIH M3 KOTOPBIX HACTPOEH Ha OAHY
n3 rapMoHuK (puc. 8.11,a) wnmm TapawienbHO C HATPY3KOH BKIIIOYAIOT AL
COOTBETCTBYIOIIIMM O0pa3oM HACTPOCHHBIX pE30HAaHCHBIX BerBeil (puc. 8.11,0).
INocnenHuii Merox INIHMPOKO HUCIONB3YeTCSs Ha BBIIPAMUTENBHBIX —ITOJCTAHIMAX,
MUTAIOMINX KOHTAKTHYIO CETh JKEJIE3HBIX IOPOT.

8.8. Boicuine rapMOHHUKH B TpeX()a3HBIX HEmsax

8.8.1. Tapmonumxku Tpexda3Hoii cHCTeMbl HaNpPSKEHWH, co3IaK0LIUe
CHUMMeTPHYHBIE CUCTEMBbI MPAMOii, 00PATHO U HYJIEBOIl MOCJI€e10BATEILHOCTEIA.

[Ipn HanmuuMM BBICIIMX TApMOHMK B KPHBBIX HANpPSDKEHUH Tpex(azHOro reHeparopa
WM TpaHC(POpMaTOpa, HEKOTOPBIE COOTHOLIECHUS, YCTAHOBJIICHHBIE PaHee ISl CHMMETPHY-
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HBIX TpexX(a3HBIX IIeneld, MOTYT OKa3aThCsl HAPYLICHHBIMH.
B ciyqae cuMMerpuyHO# Tpex(a3HON CHCTEMBI HECHHYCOWJANBHBIX HAIpsDKEHUH,
Kakoe M3 HampspkeHnid (Up,Ug,Uc ) TIOBTOpsieT 1o ()opMe OCTaIBHBIE CO COBHTOM Ha

1/3 nepuoga U MOXET OBITH Pa3JI0KEHO HAa T'apMOHUKH. IlocTosHHAs COCTaBJIAOIIAsA B

9THX HAIPSDKEHUSIX OOBIYHO OTCYTCTBYET.
Jlost K-o¥i rapMOHHKH pa3H4HbIX (a3 UMeeM:

Uga =Uym sin(kat +yy );

Ukg :Ukm sin[k(a)t—%[)ﬂ//k}:ukm sin( kot —120°k + Wk ); (830)

Ukc =Ukm sin{k(wt+2?ﬂ)+z//k} =Ukm Sin( ka)t+1200k+l//k )

U3 Beipaxenuit (8.30) cnenyet, To Hanpsokenue K-oii rapmonuku ¢aspl B oTcTaeT, a

daser C onepexaer HanpsukeHue (assl A Ha ¢asubiii yromu, pasaeii 120° k. Onpenenim
HOPSIOK ciieoBaHus (a3 cucTeMbl (pasHBIX HANPSDKEHUH IS pa3JIMUHbIX TAPMOHHUK.

Jlnst 1-o#t rapmonviku asubiit yron pasen 120°k =120°, mostomy Upq orcraer ot
U a1 Ha yrox 120°: cucrema npsiMoit IOCIe0BaTENBHOCTH.

Jist 4-oii rapmonuky asusiit yron 120° -4 =480 wm 480° —360° =120°: cucrema
MPSAMO¥ TTOCIIEAOBATEIBHOCTH. AHAIOTHYHO MOYKHO MMOKa3ath, 9to npu K =7, 10, 13 u T.1.
MOTYYAIOTCs CUCTEMbI HAIPSKCHUH NPSAMON MOCIeA0BaTeIbHOCTH. TakuM obpa3oM, eciu
k mpuaumaer 3nauenus 1, 4, 7, 10, 13 u T.4., T0 K-ast rapMoHHKa HampspkeHust Gas3bl B

orcraer Ha 120° ot K-0if rapMOHHKH HanpspKEHUsT Gasbl A.

Cnedosamenvro, 1, 4, 7, 10, 13 u m.0. eapmonuxu obpazyiom cucmemvl HpsIMoU
noCIe008amenbHOCHU.

OrnpeenuM TOPSIIOK CIeA0BaHus (a3 CHCTeMbI (ha3HbIX HanpsukeHuid mpu K=2 uk =5:

Jtst 2-i rapmonuku dasmeiii yrom 120°k =120°-2=240°, t.e. Ug orcraer or U, Ha

yron 240° wm Ug omnepexxaer U, ma yrom 120°. CrenoBarensHo, 2-asi TApMOHHKE
CO3/1aeT CUCTEMY HAIPSHKEHUH 00paTHOH IMOCIEI0BATEIHbHOCTH.

Jlnst 5-4 rapmonunku ¢asueii yron 120°k =120°-5=600°, wmm 600° —360° = 240°.
CrnemoBarenbHO, 5-asg TapMOHHKAa TOXKE CO3[JaeT CHCTEMYy HaNpsHKCHHH OoOpaTHON

HOCIIEI0BATEILHOCTH.
Takum obpaszom, ecii K =2, 5, 8, 11, 14 u T.71., To K-ast rapMOHIKA HATPSOKEHUST (ha3bl

B onepexaer Ha 120° K-yro rapMoHHKY HanpspkeHus (asbl 4.

Cneoosamenvho, 2, 5, 8, 11, 14 u m.0. eapmonuxu obpazyrom cucmemvl 0OpaAmHoLU
nOCIe008amMeNbHOCHIU.

Tapmonuxu, kpamuvie 3 (K = 3, 6, 9, 12 u m.0.) obpasyiom cucmemvi Hy1e60U
nociedogamenbHocmu, T.e. TPETHH TAPMOHUKH BO BCeX Tpex (hazax coBmamaroT mo (ase
(puc. 8.12, a, B); ¢da3HbIi yrom:

86



Ua Us:

0)

UA3 UBS UC3

T

B)

a)

Puc. 8.12

120°k =120° 323600, Upz =Ug3z =Uc3 =U3m Sin(30)t+!//3) .

A

UCA‘y ‘\UAB3

8.2.2 OcobennocTn padoThl Tpex(a3HBIX CHCTeM,
BBI3BAHHbIE TAPMOHUKAMM, KPATHBIMH TPeM.

1. IIpu coeanHeHnn 0OMOTOK Tpex(azHOro reHeparopa Hin
TpexdazHoro TpanchopmMaTopa B TPEYTrOIbHHK, IO HUM OyayT
NPOTEKaTh TOKH TAPMOHUK, KPaTHBIX 3, Naxke IPH OTCYTCTBUH

C A B BHEIIHEH Harpy3ku (puc. 8.13).
Uscs KoMmnekcHple HanpsKEHUs! TPEThEN TAPMOHUKH OTAEIBHBIX
(a3 OMHAKOBHL:
Puc.8.13 QAB3 :L_JBC3ZQCA3 =Ug,;
CyMMa HalpshKeHUH Tpex (as: 2U;=3g;

COIIPOTHUBJICHHSI OOMOTOK TpeX (a3 OANHAKOBBI: Z AB, = Z BC, = Zc A= Zs,

a X CyMMa

ZZ3 =3Z;.
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U, U
Tox TpeTbeli rapMOHMKH | 5 = =3 =3 Amanornumo OIpEeNeNsIOTCs TOKU 6, 9, u
Zy L3
T.A. TapMoHMK. Torma pelcTByromee 3HaYeHHWE TOKa B OOMOTKax reHeparopa

anchopmaropa) IIpAd OTICYICTBHM BHEIIHEH Harpysku: | = 124124128 +....
Tp p p p yT Py 3 tlgtlg

lapMOHUKY HampsDKEHWsT HE KpaTHBIE 3 HE CO3MAIOT TOKOB B OOMOTKaxX, Tak Kak
anreOpamdeckas cyMMa HanpsDKEHHH TpexX (a3 paBHA HYITIO.

A 2. Ecou coemuHUTH, 0OMOTKH Tpex(a3HOro TeHe-
patopa wiu TpexdaszHoro Tpanchopmaropa B OTKPHITHIH
TpeyroabHUK (puc. 8.14), To mpu HAIWYHA B (ha3HBIX
HATPSHKCHUSIX TAPMOHUK, KPAaTHBIM 3, Ha 3aXUMax M-N
OyleT HampsDKEHWE, paBHOEC CYMME HaIpPsOHKCHHN

m
B rapMOHHMK, KpaTHBIX 3:
C R n Umn =3(Uz +Ug +Ug...) .
Puc. 8.14 JeiicTByrolye 3Ha4YeHNs HANPSHKEHUH Ha 3aKUMax

m-n: Upp, =3U3; Upp, =3Ug; Upp, =3UJg u .0

IToka3anue BonpT™MeTpa Oyner paBHo: Up, = 3\/U§ + Ug + Ug ...

3. B 1uHeitHOM HanpspKEHHH BHE 3aBUCUMOCTH OT TOTO, 3BE3/I0M MM TPEYTOJIbHUKOM
COeIMHeHbl OOMOTKM TeHeparopa WM TpaHcopMaTopa, OTCYTCTBYIOT KpaTHbIe 3
TapMOHHKH, TaK Kak:

a) Tok rapmMoHHK, KpaTHBIX 3, co3laeT B OOMOTKax TpEYroJbHUKA MaJCHUS
HaINpsDKEHUs], B TOYHOCTU KoMneHcupytommue D/1C, KoTopble BBI3BAIN 3TOT TOK.

0) Ilpu coenuHeHMM OOMOTOK 3BE3/I0M JIMHEHHbIC HANPSHKEHUS ONPEIeNsIOTCs
reOMETPUYECKOH PAa3HOCThIO (Da3HBIX HANPSDKEHWH (TapMOHMKH, KpaTHbIE 3 PaBHBI 110
BEJIMYMHE ¥ COBIAAIOT MO (pa3ze — UX pa3HOCTh paBHA HYIIIO).

B ¢a3HoM HanpsykeHMH MOTYT IPHCYTCTBOBAThH BCE TAapMOHMKH (IIOCTOSHHAS

cocTapJisioLIas 00b4HO oTcyTeTBYet). [losromy Uy = \/ Ul2 + U22 +U 3? +U f +...

B nuHeitHOM HanpsHKEHUU OTCYTCTBYIOT FAPMOHUKH, KPaTHBIE 3, TOITOMY:

U, =3 U2 +U3 +UZ +....

CrenoBaTeabHO, OTHOIIEHHUE & < \/g
Ug
4. B cxeme coenuHeHns oOMOTOK TeHepatopa wiu Tpanchopmaropa Y/Y, mpu
CUMMETPUYHOW Harpy3Ke W OTCYTCTBMH BBICHIMX TapMOHHK TOK B HYJIEBOM IPOBOIE
orcyrcrByer. OIHAKO, €CIM B KPUBBIX TOKAa HMEIOTCS T'apMOHHKH, KpaTHBIE 3, TO B
HYJICBOM TPOBOJIE BO3HHKHET TOK, KOTOPHI B CHUMMETPUYHOW Lemu Oynmer B 3 pasa

OoJtbliIe TOKA STHX TapPMOHHK B KaxJ0i u3 pa3: Iy =3y |32 + |§ + |92 +...

[Ipn oTcyTrcTBHM HyJIEBOTO MPOBOJA, MEXIY HYJIEBBIMH TOYKamu reneparopa N u
MIPUEMHHKA N BO3HUKAET HANPSDKEHUE, CO3AaHHOE TAPMOHNKAMHU, KPaTHBIMU 3:
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Uy =JUZ +UZ+U& 1 ... .

BeJ'II/I'lI/IHa 3TOro HaHpH)KeHI/IH MOXKET JO0CTUraTh 3HaquI/Iﬁ, OIMIaCHBIX OJIs1 )KU3HU.

I/I3 BCCro N3JIOKCHHOI'O B 3T0ﬁ TJIaBC CHeHyeT, YTO ITOABJICHHUEC BBICIIUX rapMOHI/IK B
3HeKTpI/IquKI/IX CCTAX Hpe)lCTaBJ'ISIeT CO6OI>'I HCXKCJIATCIIbHOC ABJICHHC. OHO HpI/IBOI[I/IT K
CHM)KCHUIO KO3(1)(bI/H_H/IeHTa MOIIHOCTHU W BO3HHUKHOBCHHK OIIOJTHUTCIIBHBIX HOTepL, K
BO3HUKHOBCHHIO pe30Hcha JJIs1 OTACIIBHBIX FapMOHI/IK U ITOABJICHUKO HepeHaHpH)KeHHI?’I Ha
OTACIIBHBIX yIIaCTKaX CCTH, K ITOABJICHHUIO 3HAYUTCIIBPHOI'O TOKa B HyﬂeBOM HpOBO):[e HpI/I
CI/IMMeT‘pI/I'IHoﬁ Hal”py3Ke, K BO3HHUKHOBCHHIO B TpeX(I)a3HLIX BHeKTpOI[BI/IFaTeJ'IHX
MAarHuTHBIX HOJIefI, BpamaIOL[II/IXCSI HpOTI/IB HaHpaBJ‘IeHI/IH BpaHIeHI/IH pOTOpa u,
CJICAOBATCIIBHO, BBI3BIBAIOIINX TOpMO)KeHI/Ie pOTOpa Hu I[06aB0'{HI>Ie HOTepI/I B ABUT'aTCIIAX.

Mpumep 8.1. Onpenenuts MoKa3aHue MPUOOPOB,
yka3zaHHbIX Ha cxeme (puc. 8.15), ecnmu R=6 Owm,

1
wL=20Mm, 5218 OM, mojiBeNeHHOE HECHHYCOWJa-

JIbHOC HAIIPSXKCHUEC 3a/IaHO B BHUJIC OI'PAaHUYCHHOI'O psjia
Dypee:

Puc. 8.15 u=107sin( et —1333" )+ 27 1sin( 3at +56,67° )+
+751sin(5at —131°),B.
P e mi e H u e: 1) Pacuem yenu ons 1-oti 2apmonuxu.

u; =107 sin( @t —13,33°),B; U, =107 g~ 1313 ’

U -j1313 o
U, = =m 107 =7589¢" 1313 p;

V2 V2

Z;=R+ J'(wL—%)z 6+ j(2—18)=171071894 oy,

- j1313° o j56,31° o
| _Ym _ 10707 626015631 A, | _ 6260 _ 444715631 5.

-ml— ; 17,1,€_j69’440 1~ \/E \/E
iy = |y sin( @t + 1wy ) =6,26sin( at +56,317) A;

P, =U;l; cos ¢y = 7589-4,44-cos(—69,44° ) =118 3 Br.
I[J'IH ONpEACICHUS ITOKa3aHUs Vab BBIYUCIIAEM KOMIUIEKCHOE CONPOTHUBJICHUE YyYaCTKa

uenu Z,, uHanpsokenue U 0 Z 0 =R+ jol =6+ j2=6324/ 843 Om;
U o = Zapg 11 = 6324011843 .4,44/15631 _ 58,08/ 17474 B,
2) Pacuem yenu 015 3-1i 2apMOHUKU.

Ug = 271sin(3at +5667°),B; U, ,=2711%6" B, uy, = =19,22¢1%667 g,

L_Jm3
J2
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. 1 .
Z,=R+ j(S3wL————)=6+ j(6-6)=6Owm;
Z3=R+j(30L—~)=6+(6-6)
Ju1st 3-11 rapMOHUKY UMEET MECTO PE3OHAHC HAIPSLKEHUH:

j56,67°
3™ 7,4 6

30l = — 4517015667 A.

I .
= =M3 _3203¢1%587 A; iz =1, ,sin(3et+yiz)=4517sin(3wt +56,67°) A;

|, = =
23 \/E
P; =Usl3 c0s 3 =19,22-3203-C0s0° = 6157 Br; Z .5 = R+ j3cL = 6+ j6 =8485/1%5 Om;
U s = Z apal s =84850145 3203715667 _ 577/ 110167'

3) Pacuem yenu ons 5-1i 2apMOHUKU.

- U o
Us = 751sin(5et —131°),B; U, =751 1181 B; U, ==m5 _ 5306/ 1130 B;

V2

Z5=R+ j(5wL—$):6+ j(10-36)=6+ j6,4 =8,773¢1468% O;

U —ja3r . . | . .
lms _=m5 _ 751/ : = 0,856£_Jl77’85 A 15 _=m5 _ 0'607£—j177,85 A;
Zs 877314685 V2

i5 = | 5 SiN(5at + 5 ) = 0856 sin( 5wt —177 85% ) A;
R, =Us|5 cos s =5326-0,607 - Cos 46,85° = 2,21 Br.
Z 45 = R+ j5ol = 6+ j10 =11665/15904 O,
U s = Zaps) 5 =11,66015904 0,607/~ 117785 _7 g7/~ 11188 B,

4)  Onpedenenue HECUHYCOUOATBHO20 MOKA U ROKA3AHULL RPUGOPOS.
HecunyconnanbpHelii TOK B LETIN:

i =iy +i +i5 = 6,265in( ot +5631° )+ 4517 sin( 3t + 56/67° )+ 0856in( 5t —17785° ), A.
[Toxa3zanue BompT™METpa V:
U =U2+U2+UZ =7589 +19,222 + 5326 = 78 47 B.
[Toxa3zanue BompT™METpa Vjyp!
Ugp = U2 + U203 + U2 =28,082 + 2712 + 70782 = 39,66 B.
[oxazanue ammepmerpa A:
| =12+12 +12 =+/444% 132037 +0,607% =5508 A.

INoka3zanue Bartmerpa W: P =P + P; + B; =1183+ 6157 +2,21=182,08 Br.

U=107sin( t —1333° )+ 27 1sin( 3ct +56,67° ) + 751sin( 5t ~131°).
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Ipumep 8.2. K cxeme (puc. 8.16) moaseneHo Hampsi-

© L ¢
xenue U =200+100sin3wt,B. Ompenenuth moka3aHne
IR & 1
TC L opubopos, eciu: R =50 Om, al = 5 Owm, ey =45 Owm.
A

Pemeunmue: 1) Pacuem yenu Ons nocmosnnoi
Puc. 8.16 cocmaenanuen Hanpsdicenus: Uy =200 B.
Ipu OCTOSHHOM TOKE YIJIOBAst 4acTora ah= 0,[109ToMy
1 . . Uy 200 )
Xeo=—==2X0=epb=0ilco =0ilo=lro=""=7=4AUapo = LoX L0 =0.

2) Pacuem yenu ons 3-eil 2apmoHuxu.

. U
Uz =100sin3at;U,; =100¢1% B; U, _=m 100 _zq0op,

V2 2
1 45

X 2=30L=35=150m; Z,,=15/19" = j150m; X g = —— = —> =15 0m;
L3 £13 J c3 3C 3
Z1gZcy 15019 15070%0 25

B nenu as1st TpeTbeil rapMOHUKH MMEET MECTO pe30HaHC TOKoB. Tak kak koHTyp L, C
UJCaNIbHBIA, BXOJHOE COIIPOTUBIIEHUE €r0 paBHO oo. [[03TOMY BXOIHOE CONIPOTUBIICHUE

Ze3=1501%0 =—[150m; Z 5 =

U 3
et Zz =R+Z 3 =00, I3==>=0.
Z3
Hamnpsbxenune Ha napajuiesbHbIX BETBSIX L_Jabs = g3 -13R= 7092 -0=7092B.
U .
Toxu napannensHeix BeTBeil: || 5= =ab3 _ ﬂ =4728¢719 A;
Zi3  15¢19
U .
log==as - 1092 _4558)j00" 5
Zes 1507090

3) Hoxazanus npubopos.

Bonstverp  Vy —>U =UZ +UZ =4/200% + 70922 = 2122 B;

Bomsmuerp  Vy —Ugp = (U2 +Ugp2 =0+70922 = 7092 B;

Ammepmerp Aot =1 +12 =Ja? +0 =4 A;

Amnepverp A > lg =162 + 12 =+0+4,728% 4728 A;

Avmepmerp A —> 1| =12 +1,2 =4? +4,7287 ~6193 A;
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IIpumep 8.3. @®aszHoe HampsKkeHUE
cuMMeTpu4yHOro resneparopa (puc.8.17),
KOTOPOMY HOJKITFOUCHA Harpy3Ka:

Za=Zyn=2Zy=(6+j8)Om
3ajaeTcsl ypaBHCHUEM:
ug = [120+100sin et + 70in 3] B.

OmnpenenuTs Moka3aHue MpuOOPOB, yKazaH-
Puc. 8.17 HBIX Ha cxeMme. UTo MOKaXyT mpuOopsl Ipu
00pBIBE HYJICBOTO TIPOBOAA?
Pem e nue: 1) Pacuem mpexgasnoil yenu 0nisi NOCMOSHHOU cocmasisiowelt
nanpsicenus. U o =120B;U 10 =0; Zy =6 Om, nanyk-e conpor-e Harpysku X g =0.

[Ipu cuMMeTpUYHBIX TeHepaTope U MpueMHUKe (a3Hble HalpsDKEHHsl TeHepaTopa |
npremMHuka oauHakossl U g0 =120 B. Ilpyu Hanmuuu HyneBoro npoBoja, CONPOTUBICHHE
Ugo 120
koToporo paBHO HYmMO | pg=1gg=1co=1g= Z_ =—

=0
Tox B mynesom mposone | o=1a9+1gg+Ico=3lo=60A.

=20A;

2) Pacuem mpexgasnoii yenu ons 1-oil 2apmonuxu.

U(pl =100sin a)t,Umd,l =100B; U¢1 = @ =7092B.

V2

JIuneiinoe Hanpspkenue: U ;4 = J3u p1=1228B.

JIuHeiiHple TOKH:
Un _Yp 7092 7092

== 30:7,0926_153130:(4,255—j5,674)A;
;al ;l 6+j8 10/] 1

- j120° o
Ug Yu!"T 7092071120

Ig1= =7,002¢7 117313 _ (_7041- j0B48) A;

Iy Z, 10015813
U. U, 120 j120° .
g === _ 109207 409209687 _ 2768+ j6522) A
Za Z, 10015313

la=lg=lcy =1, =7092A.
Tok B Hyl1€BOM MPOBOZE:
3) Pacuem mpexghaznoii yenu Onsk mpemvetl 2apMOHUKU.
U
Upa = 708iN30t;U 5 = T0B; U yg = —22 = 70 _ 49658,

V2o 2

JlunetiHoe HanpspKkeHUE TpeThelt rapmorukn U ;53 =0.
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JInHeiinble TOKH.
Uys 4965 4965
;3 6+ J24 24_]74{]75,96c

Las=lpz=lcz=1ls= = 2007071759~ (0,4868 - [19467) A;
Tox B ynesom nposorte | =315 =3-2007¢ 179 6021071759 — (1461~ j5841) A.

4) Iokazanus npubopos.
BonbT™eTp Vi H3MepseT IMHEHHOE HAPsDKEHNUE:

U,={U%+U% +U% =,/0+1228% + 0 =1228B.

Bonbt™metp V, n3MepseT (a3Hoe HanpshKeHUe:
2 2 2 2 2 2
Uy = U3 +UZ; +U35 =/1202 + 70922 + 49657 =148 B,
AwmrniepMeTpsl Ay, Ay, A3 U3MEPSIOT JUHEHHBIC ((ha3HbIC) TOKH:
Ia=lg=lc=y12+12 +12 =202 + 70022 + 20072 = 2131 A.

AmnepMeTp A, U3MepsieT TOK B HyJI€BOM IIPOBOJIE

Iy =180+ 131 + 133 =/60% + 0+ 6,021% =603 A.
[Ipu oGpbIBE HYJIEBOIO MPOBO/A TIOKA3aHHUsI BOJBTMETPOB HE U3MEHATCS, a TIOKA3aHUsI

amrepMeTpoB Aj, Ay, A3 OyayT paBHBI:
Ipa=1lg=1c =11=7092 A, amnepmerp 4, MOKaxeT HYIb.
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I''TABA 9. MATHUTHBIE INETIN
9.1. OcHOBHbIC IOHAITHA M BEJTHYHHBI, XapaKTepU3yIoIue
MATHHTHOE ToJie. 3aKO0H MOJIHOT0 TOKa

K OCO6OMy BUAY MATEPUN OTHOCUTCA dJeKmpomacHumHoe noJjie, COCTaBJISIOIIMMU
KOTOPOTI'O ABJIAIOTCS dJIeKmpudecKoe U MacHumHoe noJis.

Hanuune mMarsuTHOro Ions B IMPOCTPAHCTBE 06Hapy)KI/IBaeTC$[ 110 BO3HUKHOBCHHUIO
QHC B ABMXKYIIUXCSA B MArHUTHOM I10JI€ ITPOBOJHUKAX WA 110 BO3HUKHOBCHHIO MCXaHH-
YCCKUX CHII, Z[eﬁCTByIOH_IPIX Ha He3apﬂ)KeHHLIﬁ IMPOBOJHUK C JJICKTPHUUCCKUM TOKOM.

- -
MarHuTHOe TONe XapakTepu3yeTcsl WHAyKnWed B, HaMarHW4eHHOCThI0 J U
%
HaNpsKEHHOCThI0 MarHUTHOTO nonst 1 .
-
Maenumnas unoykyuss B — BEKTOpHas BENWYMHA, XapaKTEPHU3YIOLIas CHIOBOE

JICHCTBUE MArHUTHOTO TIOJSI Ha 3JICKTPUYECKUH TOK, a TaKKe CIOCOOHOCTh MarHUTHOTO
TIOJIS TIPH €70 U3MEHEHHUH BO30YKIAaTh MHAYKTHPOBAHOE AIIEKTPHYECKOE TIOJIE.
Enunniia nsmepeHus MarHuTHOM uuaykiun — tecna (Tin). Pasmeprnocts To:
Bo B-c
[T]l]= —2 = —2
M M
N
Hamaenuyennocmos (unmencusnocms HamacHuyusanus) J — BEKTOpHAs BEJIUYMHA,
XapaKTepu3yolas COCTOSHHE BeIIecTBa, INpHoOpeTaeMoe KM B pe3ylbTaTe €ro
HaMarHU4MBaHMUsL.
N
Hanpsswcennocme maenumnozo nons H — BeKTOpHas BeTMUMHA, XapaKTepU3ylomas
MarHUTHBIA 3(PQEKT IJIEKTPUUECKOro TOKa B HE3aBUCHMOCTH OT Cpenibl (BElIecTBa),
HaxOoJAIIEHCsS B MATHUTHOM IIOJIE.

EHI/IHI/ILlef/’I HU3MEPCHNUA HAMAarHM4YC€HHOCTH W HANPSHKECHHOCTH MAarHUuTHOI'O II0JIA

A A
SIBIISIETCS | — | WM | — |.
M oM
- o -
Tpu Bemmumaer B, J mw H cBA3aHBI OpYyr ¢ APYrOM UISI M30TPOIHOM CpPEIBI
- - -
CIIEYIOIMM COOTHOIICHUEM: B=yuy(J+H), (9.1)

rAe fp — Mar"HuTHas NOCTOsIHHAsA (a6COJIIOTHa§I Mar"HuTHas IpOHHUIIa€MOCThH BaKyyMa):

Ho =4r 10" Tu/m=4710° T'w/em. 9.2)
M3oTrpomnHoii cpenoi Ha3bIBAETCS TaKasi CpeAa, sl KOTOPOW MarHUTHBIE CBOMCTBA MO
BCEM HAIPaBJICHUSIM OWHAKOBHI.

HaMaranueHHOCTb MPsIMO MPONOPLUUOHAIbHA HAPSPKEHHOCTH MAarHUTHOTO TOJISL:
-

N
J=ky H , (9.3)
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rac kM — MACHUMHAA 60CNPUUMHUBOCTTL — CIIOCOOHOCTH BCIICCTBA HaMAarHW4iuBaTbCs
o1 I[eflCTBPIeM BHCIIHCI'O MArHUTHOI'O IIOJIA. Z[J'IFI q)eppOMaFHI/ITHI)IX BCHIICCTB kM

siBsiercs pyHkimei ot H.
[oxncrasus (9.3) B (9.1) momyunm:

- - -
B=uoH+ky )=1oH, (9.4)

B
rne Hq = Ho(1+Kyy ):E - (9.5)
— abcomomuas MAa2HUMHAsA nporuyaemocms, XapaKTepusyromass MarHuTHbIC CBOMCTBa

I'n
BEIIECTBA, CKAJISIPHAS BEJIMUMHA, U3MEpseMas B {— .
M

MarHuuTHas NPOHHUIAEMOCTh 3aBHCUT OT CTPOCHHS M MAarHUTHOTO COCTOSIHUS
BEIIECTBA U B OOIIEM Cilydae M3MEHSETCS C U3MEHEHHEM HANpsDKEHHOCTH MarHUTHOTO
TOJIS.

OrtHomeHnne aOCOMIOTHOI MarHUTHOM NPOHULIAEMOCTU 4/, K MarHUTHOU IOCTOSIHHOM

Mo Ha3bIBACTCA OMHOCUMEIILHOL MACHUMHOUL NPOHUYAEMOCMBIO [I .

Hq
u==, (9.6)

Ho
T.C. u IMOKa3bIBAE€T BO CKOJILKO pa3 MarHuTHOEC MMOJIE B BEHICCTBE CUJIIBHEC, YEM B HyCTOTe.

Maenumuwiii nomox @ ecTb MOTOK BEKTOpA MATHUTHON MHAYKIMHU Yepe3 IUIOMAab S:

- >
@=[BdS, (9.7)
S
N
rae d S — 3JeMeHT HOBEPXHOCTH S.
MarsuTHbI# OTOK U3MepseTcs B Bebepax: [B6] = [B : c].
Ecnu B npefenax MoBepXHOCTH S MarHUTHOE IOJIE MOYKHO CUMTaTh OJHOPOIHEIM, &

_)
HalpaBJIeHHe BeKTOpa B HOpMaibHO K S, T0 @ = BS 9.8)

Jlunuu maenumnoti unoykyuy (Ha3bIBAGMbIE YAacTO HEMPAaBWIBHO KaK CHIIOBBIE
MarHUTHBIC JINHUN) 8ce20a 3aMKHymbl, T.€. HE UIMEIOT HM Hayana, HM KoHUa. Iloatomy
MArHUTHBIM IOTOK, BXOISAUIMI BHYTPb NPOHU3BOJIBHOM 3aMKHYTOM IOBEPXHOCTH, PaBEH

- -
MOTOKY, BBIXOISIIEMY U3 TIOBEPXHOCTH, H, CIICIOBATEIBHO: f BdS =0. 9.9
S

ITocienHee  BBIPAKEHHE  SBJIAETCS — AHATMTHYECKUM
BBIDQKEHUEM  NPUHYUNG — HENPEPbLEHOCIU — MAZHUMHOZ20
nomoxa.

B pacuerax  IUMPOKO  HCIONB3YETCA  IIOHATHE
nomoxocyenienus, pABHOE CyMMe NPOU3BENEHUI TOTOKA Ha
YHCII0 BUTKOB KOHTYPA, CLEMUIAIOIUXCS ¢ 9TUM IIOTOKOM:

W= dw . (9.10)
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EnuHuIa n3MepeHuns MOTOKOCICTUICHHS Ta e, YTO U MArHUTHOT'O TIOTOKA.
B kauectBe mpumepa Ha puc. 9.1 mpuBeACHO ONpe/eIeHUE MTOTOKOCIICTUICHHS:
v =0Ow+ D .

3akoH noiHoeo moka.

MarHuTHOE TT0JIe CO3aeTCsI ATCKTPHYCCKUMH TOKAMH.

KonudecTBeHHAst CBA3b MEKITy JIMHCHHBIM HHTETPATIOM OT BEKTOPA HAMIPSHKCHHOCTH

-

MAarHUTHOTO TOJI1 H BIOJB JFOOOT0 MPOU3BOIBLHOTO KOHTYPA U alreOpamdeckoi CyMM O
TOKOB i, OXBaY€HHBIX 3TUM KOHTYPOM, OIPE/EIAETCS 3aKOHOM IIOTHOTO TOKa:

fﬁd?:zi. (9.11)

3akon noanozo moxa GopMynupyeTcs CleAyomuM 00pa3oM:

JIluHe#HpI MHTErpasl OT HAIPSHKEHHOCTH MAarHUTHOIO TIONIS BJIOJIb JIFOOOTO
3aMKHYTOT0 KOHTYpPa PaBeH MOITHOMY TOKY, IPOHU3BIBAIOIIEMY 3aMKHYTHIH KOHTYP.

[lon mMOMHBIM TOKOM NOHMMAIOT BECh TOK (TOK HMPOBOJUMOCTH, TOK CMEIIEHUS U
nepeHoca), NPOHU3BIBAIOIINNA KOHTYpP HHTETPUPOBAHHSL.

Ha puc. 9.2 mokasaHsl Tpu BapHaHTa COCTaBJICHUS YpPaBHEHHUM MO 3aKOHY IMOJIHOTO

- - - -
TOKa. fHdI =Zi=—i1+i2—i3; §Hd| =i1+i2+i3;

- oW

fHd I =Yi=wi

a) B)
Puc. 9.2

a) 3aMKHYTHII KOHTYP MHTETPHPOBAHUS MIPOHNU3BIBACTCS TOKAMH, UMEIOIMHU Pa3HOE
HAIpaBIICHHUE;

0) TO ke, UTO B II. 4, HO TOKH UMEIOT OJNHAKOBOE HATIPABIICHHE;

B) 3aMKHYTbhII KOHTYpP MPOHU3BIBACTCS TOKOM KaTYIIKH C W YHUCIOM BHTKOB.

Crenyer UMeTh B BUJLY, YTO HAPABJICHUE TOKA, MPOHU3BIBAIOIIECT0 KOHTYP U HAMpPaB-
nenue KoHTypa dl cBs3aHBI MEXKIY COOOM MPABUIOM MPABOXOI0BOTO BHHTA.

3aKOH MOJHOTO TOKA MOXET OBbITh 3KCIEPUMEHTANILHO TIPOBEPEH MYTEM U3MEPEHUSI

- >
f Hd | ¢ moMmomnisro MarauTHOro mosica.
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9.2 OCHOBHBIC XapAKTEPUCTHKHU (pePPOMATHUTHBIX MaTepHAJIOB

4] Kypca (1)I/I?>I/IKI/I HU3BCCTHO, UYTO BCC BCUICCTBA B OTHOIICHNWH UX MarHUTHBIX CBOICTB
ACIATCA Ha TpU TIpyINIbl: JUAMArHuTHbIC, MapaMarHUTHBIC U (l)eppOMal“HI/ITHBIG. v
OUAMASHUMHBIX eewecme OTHOCUTCIIbHAS MarHuTHas HOPOHUIAEMOCTb ([  HEMHOI'O

MeHblIe euHAp! (11 BucmyTta 1 = 099983). Y napamaenummusix eewyecms (i HEMHOTO
OonbIne exuHAIE! (U1t w1aTHHel 12 =1,00036 ).

Y geppomaznumnvix éewgecme (Kene3o, HUKENb, KOOAIBT M MX CIUIABBI) 4 MHOTO

OOJIBIIIEe eMUHUIIBI (110 104, a Y HEKOTOPBIX MaTePHAJIOB JaXKe JI0 108 ).
B aekTpoTeXHUKE BCE BEIIECTBA JACIAT Ha (peppOMarHUTHBIE M HE(EPPOMArHUTHBIE.
Y ¢deppoMarHuTHBIX BemiecTB 4 >>1, y BceX He(heppOMATHHTHBIX BEHIECTB U

MPAKTUYCCKU PAaBHO CIMHUIIC. (DeppOMaFHI/ITHLIe MaTepuaibl UMCIOT 00JIbIIIOE 3HAYEHHE B
QJICKTPOTCXHUKE.
B ]IJ'IH He(l)eppOMaFHI/ITHHX MaTepuaioB OTHOCHUTCJIbHas

B m MarHuTHas NPOHUIIAEMOCTh ([ SBJISICTCA BEJIMYMHOM ITOCTOSHHOMN

(puc. 9.3), T.e. u we 3aBucutr or H, a 3aBucumocts B(H)
H IIPSIMOJIMHEHA.

Jnst heppoMarHUTHBIX MaTepualioB MarHWTHAs IPOHUIIAE-
Puc. 9.3 MOCTh HM3MEHsieTcs C H3MeHeHHeM H, T.e. (eppomMarHeTHku

SIBISTIOTCS HENTUHEMHBIMH MaTepuaaMu.
CgoiicTBa (heppOMAarHUTHBIX MaTepUalioB xapakrepmsyer 3aBucumocts B(H). Eciu
MpeIBapUTEIBHO pa3MarHWUCHHBIH (eppomarautHbiii Matepuan (B =0, H =0) nawma-
B THUYMBATh, MOHOTOHHO yBenM4uBas H, TO 3aBHCHMOCTb MEXIY
a B um H, uMeromas mecto mpm 3TOM Mpolecce, Ha3BIBACTCS

HauanbHoU Kpueou Hamaznuyuganus (puc. 9.4).

Kak u3BecTHO M3 Kypca (u3uku, (heppOMarHUTHBIC Teja

b H cocTosAT W3 o0yacteil  caMONpPOM3BOIBHOrO  (CHOHTAHHOTO)

HamarHu4uBaHus. Kaxkngas oOnacTh onpeieneHHbIM 00pa3oM

Puc. 9.4 HAMArHUYEHa, W MAarHUTHOE COCTOSIHAE €€ XapaKTepH3yercs
- -

BEKTOpPOM HaMmarHudeHHocTd Ji. Hampasnenue Jj 3aBHCHT OT BHYTPEHHHMX YHPYIHX

HANPSDKEHUH HW  OT  KPUCTAUIMYECKOW  CTPYKTYpbl  (eppOMAarHUTHOrO  Tela.
-

Ji ompeneneHHbIX 00JaCTel HAIMPABICHBI B Pa3HbIE CTOPOHBI, TIO3TOMY BO BHEIIHEM IO
OTHOILLIEHUIO K (beppoMarHuTHOU cpene MPOCTPAHCTBE HaMarHM4E€HHOCTh
(eppOMarHuTHOrO Tena HU B 4YeM He TposiBisercs. Ecnu ke deppomarHutHOe Teno
MOMECTUTh BO BHEIIHEE MAarHUTHOE IMOJe, TO MOJ JCUCTBHEM JTOTO MOJS BEKTOPI

-

HAMarHUYEHHOCTH OTpPE/eNCHHBIX obmacteil Jj OyayT MOBOPAYMBATHCS MO BHEIIHEMY
nomo. B pe3yapTraTe 3TOr0 MarHUTHAsE MHAYKIHS PEe3yIbTUPYIOLIEr0 MATHUTHOIO MOJISI
OKa3bIBAETCSI BO MHOTO pa3 (COTHH W JJakKe COTHH THICSY pa3) OOIbIEe 4eM MarHUTHAs
MHIYKIUS BO3ACHCTBYIONIEr0 HA (heppOMArHeTHK BHEIITHETO OIS,
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C pocTOM BHEIIHErO TOJIs BCe OOJbIIee YHMCIIO CIIOHTAHHBIX 00JIaCTed CTAaHOBHTCS
OpPUCHTHUPOBAHHEIM IO TIONI0. Koeda ece obracmu 6yoym opueHmuposanvl N0 6HEUtHeMY
nono, Hacmynum HacvlujeHue @heppomacnemuxa. HanpsDKEHHOCTh BHEIIHErO MO,
COOTBETCTBYIOIIAS HACBHINCHUIO (peppOMarHUTHOro Marepuana, odbozHadaercss Hg . Ilpu

N
H > Hg HaMarHM4eHHOCTb Jj CTaHOBUTCS IOCTOSAHHOM. MarHuTHas MHAyKius Bg,

COOTBETCTBYHONIAs HANpsukeHHOCTH Hg ! Bg = t5(Hg +Jg) (9.12)
> > -
Ha3bIBACTCSl MHAYKIHEH HachleHus. B ¢eppomarnetuke Bektopsl B, H u ]
COBIAJIAIOT, IIOITOMY OT BEKTOPOB MOYKHO TIEPEHTH K MOITYIISM.
Mo kpuBO#l TIEpBOHAYAILHOIO HAMATHHYUBAHUS (pUC. 9.4) MOTYT OBITH OIMPEICICHBI,
HaIpUMep, B TOUKE «a» CMAMu4ecKds MaeHUmHas, RPOHUYAeMOCMb.

Hem = E =m,tga (9.13)
U Jupepenyuanvras macHumuas nponuyaemocms (puc. 9.5)
Hy :S—E:mutgﬂ, (9.14)
rae m= Mg _ MaciTab MarHUTHOW MPOHUIIAEMOCTH, PABHBIH OTHOIICHHIO MaciiTaba
My

WUHAYKIUE Mp K MaciTaly HaMpsHKEHHOCTH MATHUTHOTO MO My .
m Ilpu pasMarHWYWBaHWH, T.C. TPH YMEHBIICHUH HAIMPS-
s KEHHOCTH 1oist oT H . 10 HyJIsl, KpHBasi HACT BBIIIE KPHBON

MepBOHAYAIFHOIO HAMarHU4MBaHus (puc.9.4), ¥ Npu OTCYTCTBHU
BHelHero MaruutHoro noist (A =0) MarHuTHas HMHIYKOWS B

H (deppoMarHeTuke paBHa OCTATOMHOW HHAYKIMHU B, (puc. 9.6).

Benuuuna nanpsiicennocmu noist 0opamnozo 3naxa, Heob6xoou-
Puc. 9.5 Masi st NOAHO20 PA3MACHUYUBAHUS (PepPOMACHEMUKA, HA3bLEA-
emcs koapyumuerou cunou Hc (3adepocusaroweti cunoii).

JansHeliee HaMarHUYMBaHUE B 00paTHOM HampasieHun H < 0 Bwiots 10 — H ;4
NPUBOAUT K 3HAYEHHIO UHAYKUMU — B, .. . Ilepexon ot
B

HANPSOKEHHOCTH Tmonst ot — H

waxe ¥ Biaxe» COOTBETCTBYIOIICH H3MEHEHUIO
no H

COBEpIIaeTCs IO HIKHEH BEeTBH KpuBOH (puc. 9.6),
H cummerpudHOil BepxHeil BETBU.

MdAaKc MdaKc

Hoae Omcmaganue usmeHeHUs: MACHUMHOU UHOYKYUU OM

{ UBMEHEeHUsL ~ HANPAJICEHHOCMU — MASHUMHO20 — NOJIA
| HA3bI8ACMCS MACHUMHBIM SUCEPE3UCOM.

| KpuBas (puc. 9.6) HoOcHT Ha3BaHHE HemIu

T lpe eucmepe3suca. J1jig Noay4eHusl yCTOWYMBOM METIN TUCTE

Puc. 9.6 pesuca HeoOX0MMO MHOTOKpAaTHOE NepeMarHNYMBaHUE
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deppomarseruka B npeaenax or H .. 10 — H, ... KpuBas coeaustomas BepIMHbI
meTeNlb  TUCTEPE3Nca, CHATBIX UL PasHBIX [ .., HA3BIBAETCS OCHOGHOU KpPUGOU

Hamaenuyusanus. OHa MNPAaKTUYCCKU COBHAAACT C KpPIBOﬁ TNEPBOHAYAIIBHOI'O HaMmar-
HUuMBaHusI. B CIIpaBOYHHKAX MPUBOAUTCA OCHOBHAA KpHUBass HaMarHu4vBaHUA. 9H€pFI/IH,
3aTpauyrnBacMasd HCTOYHHUKOM Ha MNUKINYCECKOC NEPpEMAarHn4vMBaHUC COAWUHHIBI o0beMa
BCIICCTBA AW[" , OIIPCACIIACTCA MIIOIAAbIO Sn FHCT€p€3I/ICHOﬁ neTiu, T.C.

AWI—' =Mg -My Sn (915)
B B

a) 0)
Puc. 9.7

Bce ¢deppomarnutHeie Marepuansl MOryT OBITH MOJpa3/eNeHbl Ha JABE TPYIIbL:
MarHUTOMSATKHE U MarHUTOTBEP/BIE.

Maenumomsazkue mamepuans: 00MaNalOT KPYTOMOAHUMAIOIICHCS OCHOBHOW KPHBOM
HamarHu4uBaHus (puc. 9.7,a) ¥ OTHOCHUTENBHO MaJbIMM IUIOLUIAJSIMU THCTEPE3HCHBIX
netenb (KOIpuuTHBHAA cuia Mana). OHM MPUMEHSIOTCA BO BCEX YCTpPOICTBaX, KOTOpHIE
paboTaloT IpH NMepHOIUIECKH U3MEHSIOIEM sl MATHUTHOM TIOTOKe (B TpaHcgopmaTopax,
JIEKTPOABUTATEINAX, TEHEPATOPaX, UHAYKTUBHBIX KaTyIIKax W T.I.). K MarHuToMsarkum
MaTepuanaM OTHOCATCSI 3JIEKTPOTEXHHUYECKHE CTajM, XKEJIC30HUKENIEBBbIE CIIaBbI THUIA
TiepMasuIos U JIp.

Maznumomeepovie mamepuanst 00NaJar0T  IOJIOTONOJHUMAIOIIEHCS OCHOBHOM
KpUBOH HaMarHWYMBaHWS W OONBIION IUIOMAABI0 THCTepe3ncHoW mernd. [l Hux
B, =05-125 Tn u H, =5000—-6500 A/M. B rpymmy MarHuTOTBEpIbIX MaTEPHAJIOB

BXOIAT YIJIIEPOAUCTBIE CTalIu, BOJIL(I)paMOBBIC CIIIaBblI, CIIJIaBbl MArHukKoO, IIJIATHUHO-
KOOaJIbTOBLIC CILIABBI U Ap. U3 MarHuTOTBEPABIX MATEPHUAJTIOB BBIITOJIHAIOT ITOCTOAHHBIC
MAarHuThblI.
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9.3. MarnuTHas uenb

Maenumnoti yenvro Ha3BIBACTCS COBOKYMHOCTh MarHuToaBmxkymumx cuin (MIC),
(eppOMArHUTHBIX WM KaKUX-THOO HWHBIX TeN WM Cpeld, 10 KOTOPBIM 3aMBIKAeTCs
MarHUTHBIH MTOTOK.
® ® MarHutHble  IIEIA  MOTYT
— p—— OBITh TMONPA3ACICHBI HAa pPa3BeT-
[ — I L Buennsie u  Hepa3BeTBICHHBIC
—2 (puc. 9.8).

MJIC  80onv  3aMKHYMO20
KOHmMypa KaTyIIKH C TOKOM

Wi D;

<r...->
L}
| ——

EEE

nf A
A A AN

- >
F=f{Hd | pasma npoussene-

Huro lw=F .

a) 0) Enununa namepenus MJIC —
Puc. 9.8 amnep. MJIC BbI3BIBa€T MarHut-
HbIl TIOTOK B MArHUTHOM IHenu
nofo6HO Tomy, kak 3/IC BbI3bIBAaET 2JIEKTPUUECKHI TOK B 3JeKTpuueckoi 1enu. Kak u
SJC, MJIC ectp BenmuunHa HampaBiieHHas. [loMOKHTEIbHOE HalpaBieHHE e¢ 0003Ha-
yaeTcs Ha cxeme crpenkoil. [lonoxutensHoe Hanpaiaernne MJIC coBnanaer ¢ ABI>KEHHUEM

OCTpHSI MPABOXOJ0OBOT0 BUHTA, €CIIM €TI0 BpaIlaTh N0 HAMPABICHHUIO TOKa B 0OMOTKE.
[ladenuem  machumnozo  Hampsoicenusi  (Pa3HOCTh  CKAJSIPHBIX ~ MAarHUTHBIX
MOTEHIIHAIOB) MEK/Y TOUYKaMU d W b MarHWTHOM HeNH Ha3bIBACTCS JIMHCHHBIA MHTErpai

%
OT HaNpPSHKEHHOCTH /{ MarHUTHOTO TOJIA MEXIY STUMHU TOUKAMU:
b —
UMab=_[Hd I . (9.16)

a
N
Ecimu Ha stom y4acTke H mocrosHHa M coBHaaaeT 1o HampaBJICHUIO C 3JIEMEHTOM

- - -
nyru d | , 70 Hd | =Hdlcos0° u H MOKHO BHIHECTH U3 TIOJI 3HAKA MHTETPANA, TOTTIA!

b
Umab = del =Hlg,, (9.17)
a
rae lyp — anuna myte Mexmy Toukamu a u b.

MarauTHOE HanpsDKEHHE U3MEPSIETCS B aMIiepax.
B ToMm citygae, Korja y4acTOK MarHUTHOM TN MEXIy TOYKaMHu a U b Moxer GbITh
MOJpa3AeJIeH Ha N OTHENbHBIX YaCTeW TaK, YTO I Kakaou yactu H = H, NOCTOsHHA, TO

n
Umab = 2 H,l, . (9.18)
xk=1
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9.4. 3aKoHbI MArHUTHOM LENTH

PaccMoTpuM Hepa3BETBICHHYIO MAarHUTHYIO 1enb (puc. 9.9). MaruutHslil noTok @,
3aMBIKAIOIIMICS MO MAarHUTOIPOBOAY, HA3bIBACTCS OCHOBHbIM HOMOKOM. MarHUTHBIN
MoTOK Pg , 3aMBIKAIOMIMICA YACTHYHO IO YYaCTKy MarHUTHOU

°L_¢_Jl;;:\ ______ 1 LEMM, a YacTHYHO — II0 BO3AYXY, HAa3bIBAETCS HOMOKOM
F :___Jf;;W} ds | kb paccesnus.

g ! IpuMmeHsis ~ 3aKOH  MOJHOIO  TOKa K  KOHTYpY,

b A COBIAJAMONIEMY CO CpEeIHEH MAarHUTHOW JHHWEH IuHOH |,
MOITYYHM:

Puc. 9.9 F=Iw={Hdl =HI. (9.19)

HaHpSI)I(eHHOCTB MAr"dvuTHOroO I1oJjis onpeacImm u3

Belpakenust (9.5):H = B , a4 MarHuTHyr0 HHAykuuio — u3 (9.8):B = i , Toe S —
Ha S
ToNepeyHOe ceueHne MarHUTHOW 1IeTTH, OJJMHAKOBOE JJIsl BCEX y4acCTKOB.
IToncraBuB Beipakenust B u H B (9.19), nomy4anm:

Fo B g, (9.20)
Ha HqS

oTKyzIa D= RL , (9.21)
M

rae Ry = o (9.22)
HqS

MarHuTHOE colpoTHuBiIeHHe nemu. ITockonbky abcoiroTHas MarHUTHas NPOHUIIAEMOCTD
M, (eppOMarHUTHBIX MaTEePUAJIOB 3aBUCUT OT MarHUTHON MHIYKIMHU U, CIE€A0BATEIbHO,
OT MarHUTHOrO IIOTOKa @, MAarHUTHOE CONMpOTHBIeHHE R,, sBusgerca ¢yHKumed ot
noroka @, T.e.  HenuMHENHO.  MarHuTHO€  CONPOTHUBIIEHUE  HM3MEPSETCS:
1 1 .
[RM]: — |=|———. Boipaxenue (9.21) sBuserca zaxonom Oma 018 Ma2HUMHOU
I'n Om-c
yenu (aHAJTOTUYHO 3aKOHY OMa /1711 AIEKTPUUIECKOH IIETTH MTOCTOSHHOT O TOKA).
Hcxoms w3 mpUHOMIIA HENPEPHIBHOCTH MarHUTHOro motoka (9.9) mma y3ma
MATHUTHOM LEIHN MOKHO 3aIIMCaTh: >P=0 - (9.23)
— nepsviii 3axon Kupxeoga ona macnummuoti yenu: anreOpandeckas CyMMa MAarHUTHBIX

TIOTOKOB B JIFOOOM Y3JI¢ MAaTHUTHOH LIeTI paBHA HYIIIO.
Jlis 3aMKHYTOrO KOHTYpa MarHHUTHOM Iienmu mMeeM BeipaxeHue (9.19), a ¢ yuerom

(9.20) moxxeM 3amnmcars: F=Hl=®Ry,
st xoutypa ¢ Heckonbkumu MJIC F,, ¥ HECKONBKUMH y4acTKaMH MAarHUTHOM HEemH
|, momyaum: SFE.=>HJl =>®DRy — (9.24)

— emopoti 3axon Kupxeogpa ona maenumuou yenu: anreOpanmdeckas cymma MJIC B
3aMKHYTOM KOHTYpE€ MarHWTHOH LIeTTN paBHA aNreOpanyecKoil CyMMe MarHHTHBIX Hampsi-
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JKEHUH B TOM K€ KOHTYpE.
Ilpasuna cocmaenenus ypasuenuii no 3axkonam Kupxeogpa ons macnummou yenu.
(OHu aHATOTHYHBI TIPABMIIAM IS SJICKTPHUUECKOM TICTIHN).

I
(o,

Puc. 9.10

1) Jlns wmarauTHOM 1emm puc. 9.10,a cocraBisieTcss OSKBUBAJCHTHAs CXema
puc. 9.10,6, Ha kotopoit MJIC ob6o3nayaercs Tak ke kak OJIC, a MarHuTHOE
CONIPOTHUBJICHUEC IJIsI Y4aCTKOB LICIIH, BBIIMOJIHEHHBIX U3 (beppOMaFHI/ITHI)IX MaTepualioB —
TaK K€ KaK HEJIWHEHHOE JIIEKTPUYECKOE COMPOTHBICHHE, a Ui YYacTKOB IEMH U3
HeeppOMArHUTHBIX — KaK JIMHEHHBIC SJIEKTPHYCCKIE COTTPOTHBIICHHS.

2) CocraBnsieM ypaBHEHHE 1O TepBoMy 3akoHy Kupxroda mis cxemsr 9.10,6: Tak
KaK CXeMa COJICPXKHUT J[Ba y3j1a — HEOOXOIMMO COCTABUTH OJIHO YPaBHEHHUE:

D -y —D3 =0 (9.25)

3) Tlo Bropomy 3akoHy Kupxroda mis MarHUTHOH [EeMH HEOOXOOUMO COCTABUTH
JIBa YpaBHEHHWs, TaK KaK BCEro HEW3BECTHO TPHM MArHUTHBIX MOTOKa. Ompenenus
nonoxuresbHble HanpaBieHuss MJIC F; u F, , ucxoas u3 Hanpasiexuid TokoB |y u |, u

HaNpaBJICHUH HaMOTKH KaTymek Wi M Wp, u Bemmuuasl MJIC: F=lhw, F =1w, |

3aJIaBIIUChH HAIIPaBJICHUAMH 00X0/a 10 HE3aBHCHMBIM KOHTYPaM, COCTABIISIEM ypaBHEHUS
(mpaBuna ompenenerus 3HakoB MJIC M MarHMTHBIX HANpsDKEHHE Te XKe, 9TO W IS
AIEKTPUYECKON IIeTIN):

JUTSI JIEBOTO KOHTYpa.: Fi—F, =Ry + DRy 5 (9.26)
JUTS TIPABOT'O KOHTYpA! Fy =—DyRp 0 + P3R53 + P3R5 . (9.27)
B mpakTHdeckux pacyerax ypaBHEHHS B TaKOM BHAE HE NPUMEHSIOTCS, TaK Kak
MarHUTHBIE CONPOTHUBIICHUS HENMHEHHBI W HEU3BECTHBHL. B CIpaBOYHMKAX HPHBOIATCS
OCHOGHbIE KpUgble HAMASHUYUBAHUA JUTA PA3IMYHBIX (eppOMArHUTHBIX MaTepUaloB, IO
KOTOPBIM JIETKO OINpPEASTUTh HANpsDKeHHOCTh MAarHUTHOTO monst M, 1o 3aJaHHON
MarHuTHOM MHAYKUMHU B, . [109TOMy MarHUTHbIC HANPSDKEHHS JUIS OTAENBHBIX Y4aCTKOB
MarHUTHOM IEMU ONpeaeNstoTes Kak mnpousBenennst H,l,.. Torma ypasuenus (9.24) u
(9.25) 3amumryTcs cneayrommuM 00pa3om:
F—F, = H{l  + Hly, (9.28)
F, =—Hyl, + Hsl3 + Hplg . (9.29)
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Uro0Bl ONpEeTUTh MarHUTHOE HANPSHKCHUE I JTMHEHHBIX YJ9aCTKOB MAarHUTHOM
nenu (HampuMep, BO3AYIIHBIN 3a30p), BEIUUCIISAIOT HAMPSHKEHHOCTh MATHUTHOTO TIOJIS 110
3aJIaHHOM MarHUTHON MHAYKITUH 110 GopMyIe:

B -
Hg ==L rtne yy=4x-10 " Tu —
Ho
MaTHUTHAs OCTOSHHAS, PaBHAsl a0COMIOTHOM MarHUTHOM IPOHMIIAEMOCTH BO3/1yXa.

9.5. PacueT Hepa3BeTBJEHHbIX MATHUTHBIX Lieneil

9.5.1. PacyeTHasi aHAJIOTUsA M€Ky MATHUTHBIMHU H YIEKTPHYECKUMHU LENsIMH.

Bce meronpl pacuera 3NIEKTPHYECKHMX LeNel ¢ HEIMHEHHBIMU COMPOTHBIICHUSIMHU
MOJIHOCTHIO TIPUMEHMMBI M K PAacyeTy MarHUTHBIX Lened, Tak KaKk M MarHUTHbIE |
AJIEKTPUUYECKHE LETU TOAYHMHSIOTCS OJHMM M TEM K€ 3aKoHaM — 3akoHam Kwupxroda.
AnanoroM TOKa | B SNeKTpUYecKOW Lenu SBIsETCSs TMOTOK @ B MarHUTHOM Lenu.
Ananorom DJIC E siensiercs MJIC F. Ananorom BAX Henuneitnoro conporusnenus |(U)
— BeOep-aMIiepHas XapaKTepUCTHKA ydacTka MarHuTHOM 1iern @(U,, ).

OllHaKO pacue€THass aHAJOTusl MEXAY JJICKTPUYECKUMU W MAarHuTHBIMU LETISAMHU HE
pacnpocTpansiercs Ha (usuueckue mnporeccel. B otmmune or DJIC, xoropas IBHKET B
MPOBOJIHUKAX dJieMeHTapHble 3apsnasl, MJIC HuKakoro ABWKEHUS HE BbI3bIBaeT. B
COOTBETCTBUM C 3akoHOM JDkoynsg-JIeHnia B SIEKTPUYECKOM IE€MM MPOUCXOAUT
HeTIpephIBHAs 3aTpaTa AJIEKTPUYECKON 3SHEPrHM; IOCTOSHHOE MAarHWTHOE TIone, pas
CO37aHHOEe, He TpeOyeT SHEepruu Uil CBOEro MoijepkaHus. B anmekrpuueckod menu
BO3MOXKHO cymecTBoBanue JJIC 6e3 Toka, Korzma Iemnb pa3oMkHyra U R=o0, B
MarHuTHOM 1enn mpu Hammuuun MJIC Bcernma cymiecTByeT MAarHMTHBIA TOTOK, T.€.
MarHuTHOE CONpOoTUBIIeHHEe R;; B OECKOHEYHOCTh HE OOpaIaeTCs.

IIpn pacuere Hepa3BETBICHHBIX MAarHUTHBIX ILIE€NEH CYIECTBYET JBa BHIA 3ajady:
npamas 3adaya — ompeesieHne MOToKa B MarHUTHOH 1enu 1o 3agannoit MJIC; ob6pamuas
3a0aua — onpeaenerne M/IC 1o 3ajaHHOMY MarHUTHOMY TIOTOKY.

9.5.2. Onpeaesnenue MJIC no 3a1aHHOMY MATHUTHOMY NOTOKY .

3amanbl: KOH(GUTYypanus 1 reoMeTpuiecKie pa3mepbl MarHuTHo 1enu (puc. 9.11, a);
KpPUBBIE HAMAarHWYMBaHUA (EPPOMATHUTHBIX MAaTEpPUANOB; MArHUTHBIH IIOTOK WM
MarHuTHasI HHIYKOUS B KAKOM-HHOYb CEYCHHH.

e ]
ANANDN

l.....
[

Puc. 9.11
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Tpebyercs onpenenuts MJIC, TOK Wi W HaMarHAYUBAIOIICH oOMOTKH (0oOpaTHas
3a/mayva).

Pacuer npoBoniM B ciieyroIeii mocneaoBaTelbHOCTH:

1) Pa30uBaeM MarHWTHYIO IIENb HA yYaCTKH IOCTOSHHOTO cedeHus ( Sq,S,,S3) u

onpenensieM quHEL (li,1,,13) ¥ miomany momepeyHoro cedeHwWst y4acTKOB. JIITHHEI

YYaCTKOB OepeM IT0 CpeaHeH JTHHE MATHUTHOM JIMHUH.

[pu Manoit THHE BO3MYIIHOTO 3a30pa |g MarHUTHOE TMOJe B 3a30pe MOXKHO CUMTATh
OJIHOPOJHBIM, @ €r0 CeYeHHEe Sp — PaBHBIM CEUCHHUIO CeplIeUHMKa S .

2) MaruuTHyO 1erb Tpe/CTaBIsieM SKBHBATICHTHOU cxemoit (puc. 9.11, 6).

3) CocraBnsieM ypaBHEHHE JJIsI MATHUTHOM IeTTH 1O BTOpoMYy 3akoHy Kupxroda:

F =H1|1 +H2|2 +HB2|B .

4) Hcxons W3 MOCTOSHCTBA MArHATHOTO TOTOKa BIOJNh BCeW Memu (TIOTOKaMH

paccesHus peHeOperaem), Mo 3aIaHHOMY MOTOKY U CEUSHHUSIM S, HAXOIUM MAarHHTHbIC

D D @
UHIYKIMH Ha KaXJIOM y4yacTke: By =—; By =—; Bgp =—.
S1 S2 Sp
5) Tlo KpHBBIM HAMATHUYUBAHHS OIPEICTIEM HAMPSHKEHHOCTH MArHUTHOTO MOJISI
st peppoMarHUTHBIX y4dacTkoB /1 u H, wMarHuTHOH nenu. HanpspkeHHOCTH B
Bp
BO3JYILIHOM 3a30pe omnpenernsieM no ¢popmyne: Hp = —= .
Ho
6) IlomcuwmThiBAEM CyMMYy TaJCHHH MArHUTHBIX HANPSDKCHHH BIOJNG  BCEil

maruutaoit nenu Y H, .., paBuyio MJIC F. Onpenenus MJIC F = lw, MOXXHO HaiTH TOK

| mpu u3BeCTHOM W MM W IIPHU U3BECTHOM TOKe |.

OCHOBHBIM JIONYIIEHHEM pacdeTa SBISETCS TO, YTO MArHUTHBIM MOTOK BAOJIb BCEi
MarHUTHOM IeNM IojlaraeTcs HEM3MEHHBIM. B medcTBHTENbHOCTH HeOONbIIas YacTbh
MIOTOKA BCEIJa 3aMbIKAaeTCsl, MHHYS OCHOBHOH ITyTh (TIOTOK PacCesHs).

9.5.3. OnpeaesieHe MATHUTHOTO MOTOKA 1o 3aganHoii M/IC.

PaccMotpuMm Ty ke MarHuTHyIO nemnb (puc. 9.11, a), 4To U npu pelieHnd “odpaTHoit”
3aJaum.

Hcxonueie qanHbBIe TE XK€, KpoMe Toro, uto 3agana MJIC, a Tpebyercs ompenenuts
MarHUTHBIN MOTOK (TpsiMast 3a1a4a). “IIpsmas’ 3amada B oTiindne OT “o0paTHON” 3amadn
CBSI3M MEKIY MAarHUTHBIM ITOTOKOM U HAMarHMYMBAIOIIIM TOKOM
MIC).

st pemieHust 3a1a9u HEOOXOAUMO TOCTPOUTH 3aBUCHMOCTD
noroka @ B GyHKIMM OT MAarHuTHOro Hanpsokenus » H,.l.. C

9TOW LENbIO CIEAYET 3aJaThCsl PSAIOM 3HAYeHMH @ U IS HUX,
aHaJoruyHo “oOparHoi” 3amaue ompenemuts Y H,l.. Tlo

MOJyYeHHBIM TouKaMm ctpouM kpusyio (> H 1, ), puc. 9.12.
Puc. 9.12 3areM OTKJIaapIBaEM Ha OCH a0cuucc BemuanHy 3amanaoit MJIC
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F = Iw (Touxa a) u onpezenseM Mo OTPE3Ky a6 HCKOMOE 3HAYEHHE MarHUTHOTO II0TOKad.

B mpakTHyeckux pacueTax He MMEET CMBbICNIa CTPOMTH BClo kpuByro () H, . ),
HAa4YMHasg C HYJIEBOrO 3HAYEHMs MArHUTHOro nortoka. Hamo 3ajarbes MakCHMMalbHBIM
HNOTOKOM @, ... U ONPENENUTH NPU 3TOM MoToke MakcumanbHyro MJC B, ... Ilpu
HaJMYUM B MarHUTHOM LIEMH y4acTKa U3 BO3IYIIHOTO 3a30pa, Ha HeM Oy/eT Hauboibliee

F .
najieHue MarHuTHoro Hanpspkenus Hpglg =~ F, ... OTkyna Hpg =— . Ilo HalineHHOMY
IB
3HAYEHUIO HANPSHKEHHOCTH ONPEENIeM MaKCMMAalbHOE 3HAYEHUE MArHUTHOM MHIYKIIAU

BO3AYHNIHOIrO  3a3o0pa B, =ptoHp ¥ MakCUMalbHBII MAarHUTHBIH  IIOTOK
D e = BuakeSp- Jpyrue 3HaueHUs MAarHUTHOTO IIOTOKa, HEOOXOAUMBbIE I

noctpoenus kpusoi @() H, |, )cnenyer B3sitb MeHbIIe D, 0. -

9.6. PacueT pa3BeTBJIEHHbIX MATHUTHBIX Lemeil

Pacuer pa3BETBIIEHHBIX MAarHUTHBIX LENEH OCHOBAaH HA IIPUMEHEHUM 3aKOHOB
Kupxroga [uis MarHuTHbBIX 1ened. BenencTBue HeNMHEWHOW CBSI3M MEXKAY MarHUTHOW
UHIYKIMEeH B W HampsHKEHHOCTbIO MarHuTHOro mnois H gt eppoMarHUTHBIX
MaTepualioB pacueThl TaKHX Iereil 00bMHO BeAyTcsl rpadoaHaIuTHYECKUMH METOJaMHU
AQHAJIOTMYHO METO/IaM pacueTa HEIMHEUHBIX JJIEKTPUYECKUX LIeNIeH IOCTOSIHHOIO TOKA.

I[Tpu pacuere marHuTHOM Henu (puc. 9.13, a) npexe Bcero HY)KHO yKa3aTb Ha CXeMe
Hanpasiennss MJIC 1o 3aJaHHBIM HamlpaBJIeHHSAM TOKa B OOMOTKaX M HaNpaBICHHAM
HAMOTKM OOMOTOK. 3aTeM 3aJaloTcs IMOJOXHUTEIbHBIMU HANpaBICHUSMH MAarHUTHBIX

Si Ss Rwmi Rwms

1= €1— o €~

° | P @16, I D;
q |
FTGT‘> i 2 v :
o—-r b, S I
e |5 |

a)
Puc. 9.13

ITOTOKOB U MEPEXOAAT K COCTaBJICHUIO AKBUBAICHTHOHN cxeMbl (puc. 9.13, 6) u ee pacuery.
J11s 5KBUBAJIEHTHOM CXEMBI COCTaBIIsIEM 110 3akoHaM Kupxroda cucremy ypaBHEHUH.
Pacuer MarHMTHOM LENMM BBIIOAHAEM MO METOAaM JBYX Y3JI0B, KOTOpPBIi
WCTIONB30BAJICA ISl pacdeTa pa3BETBICHHON HEMMHEWHON SJIEKTPUIECKOH IIerH B TIaBe 2
(cM. gacte | xoHCTEKTa NeKIwmid). CyTh 3TOr0 METO/Ia COCTOHT B TOM, YTO BCE ypaBHEHUS,
COCTaBISIEMBIE II0 BTOpOMY 3aKOHY Kwupxroda mmsi KOHTYpoOB, comepKaT Yy3JIoBOe
HanpsbkeHWe, B JaHHOM CIlydae Y3JIOBOe MarHHTHoe Hampsbkenue Uy, , KoTopoe

MNPUHHUMACTCS B Ka4YCCTBEC 06HI€FO HE3aBHUCUMOI'0O IEPEMCHHOI'0, OTHOCUTCIIBHO KOTOPOI'O
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CTPOSATCA KPUBBIE BCEX MAarHUTHBIX IIOTOKOB @1, @, , P3.
[eprriit kouTyp Brimouaer MJIC F, marautHoe compotuBieHne Ry, u y3ioBoe
Hanpspkerue U g, ; ypaBHEHUE IS HETO:
F=®Ry1 +Uppp = Hili +U - (9.30)
Btopoii KOHTYp IpPOXOAUT uepe3 BTOPYIO BETBb, coaepxamyo Ry u Ry, u
3amblkaeTcs yepes Uy, -
0=D,Ry0 + DRy, —Upppy wmu 0= Holo + Hyly —U 445 - (9.31)
Tperuii KOHTYp IPOXOAUT Yepe3 TPEThIO BETBb C MAlHUTHBIM COIPOTHUBIIEHUEM R,;3

1 3aMBIKACTCA YCPE3 Y3JI0BOC MArHUTHOC HAINIPSI)KCHUE U Maob .

0=(D3RM3_UMab Ui O=H3I3_UMab . (932)

YpaBHenue o nepBoMy 3akony Kupxroda s y3na a:
@1—@2—@3 =0. (933)
Taxum oOpa3oM, uMeeM 4 ypaBHEHHs C YeTbIpbMs HeM3BeCTHbIMU: P, D,, Ds3,
u Masb -

U3 ypaBHenwuii (9.30) - (9.32) onpezensieM y3J10Boe MarHUTHOE HaNPSDKEHHE:
u3 ypaBHeHus (9.30): Uuue =F —Hili;
u3 ypasHenus (9.31): Unms = Holy +Hglg (9.34)
u3 ypaBHenus (9.32): U e = Hsls.

Jnst onpezeneHuss MarHUTHBIX IIOTOKOB, CTPOMM 3aBHCHMOCTH IIOTOKOB OT Y3JIOBOT'O
MarHUTHOTO HaIIPsDKEHHUS, ONpeesieMoro ypapHeHusMu (9.34):

Dy(Upgap )= P1(F —Hylp);
Do(Upgap ) =Po(Holp —Hplp ) ; (9.35)
D3(U ppapy ) = P3(Hsl3) .
Yrober moctpouth kpuByro @D1(U,., ), 3amaemcs psgom 3HaueHuit @D, mis

KOTOPBIX ITPH U3BECTHOH IUIOMIA M ITONEPEYHOr0 CEUYEHHUs IIePBOro yyacTka Sq, HaXOAUM

COOTBETCTBYIOLINE 3HAYEHUsI MATHUTHOM MHAYKIMKM B = S—' . TTo kpuBOIt HAMarHM4YKBa-
) D+, I

HUSL OTIPEJIENeM HAMPSDKEHHOCTh MATHHUTHOTO ITOJISI
H,, a 3atem Borumcisiem U 4, = F — Hili (puc 9.14).

o IlockonbKy MAarHWTHbBIM MOTOK 3aBUCUT  OT
3
D: MHIYKIMH B| w cedenuss S, TO 3amaBaThCs

3Ha4YeHHeM mnotoka @ crnoxHo. [poiie 3amaBaThCs

Unmap nHAyKipe B, kotopas gms  deppoMarHUTHBIX
(l)l ll MaTepHaioB He npessbiiaet 2 Ti, a o @,
F HHIYKIUH ONPENeTHTh MOTOK D, 1ie = BrianeS -
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Kpusste @, (U z,, ) 1 @3(U 4, ) cTposites B cooTBeTCTBUH C ypaBHeHMsIME  (9.35)
ananormaHo kpuBoi @ (U 4, ) - Janee u3 ypasrenus (9.33) onpenernseM IOTOK
D =Dy + D3,
B COOTBETCTBHH C 3THM YypaBHeHHeM cymmupyeM HOTOKH Po(U ) B @3(Uppp ),
HojlyJyaeM JONONHUTENBbHYI0 KpuByilo (@D +P3)J,,,. IlepecedeHne  KpHBBIX
@D1(Upp ) 1 (D +D3)U,y,, B TOUKE M) ompenenseT MarHuTHoe Hampsbkerue U .,
MEXTy y3JIaMH @ ¥ 6 MATHUTHOM 11enH (0Tpe30K OM) M MarHUTHBIH MOTOK @ (puc. 9.14).
OpIuHATHl TOYEK IepecedeHust My, W M3 BEPTHKAIBHOI

™
Oc¢chb BpaIIleHIrilﬂ A npsMoil MM ¢ kpuBbiME @y U D3 [AIOT COOTBETCTBEHHO

(o]
—

MarHUTHBIE NOTOKU P U P3.

IIpumep 9.1. JlaHo: MarHuTHas I€Nb 3JIEKTPO-
MarHMTHOrO peje KiamanHoro tuma (puc. 9.15),

86

M3TOTOBJICHHAS W3 CTaJlM, UMEET IMOTOK d5:l,2~10_3 B6.
Onpenenuts YHCIO BHUTKOB KaTYIIKA pere,
- HeoOxoauMmoe Jyisi BO30YXJIEHHs 3aJ]aHHOTO MarHHUTHOT'O
noToka npu Toke B karymike 0,2 A. SIpMo u skoph pene
OpsAMOYToipHOrOo  cedeHus 7,5x1,2 CM2, CepACUHUK
KPYIJIOro CEUEHHs TUAMETPOM 3 CM’. OCTAJIbHBIC Pa3MepHI
mokaszaHbl Ha pwuc. 9.15.

Puc. 9.15 P e m1 e H 1 e: MarHuTHas 1enb pene pa3buBaercs Ha
OJIHOPOJIHBIC YYACTKH:

md?  314.32
4 4
6) SIPMO MPAMOYTOIBHOTO ceueHus Sy =7,5-1,2=9 cm?, wmmoit |, =149 cum;

12

a) CepIEYHHK KPYIJIOro CeYeHUs Sy = =71 cv?, mmmHoit | =86 cm;

B) SAKOPb IPAMOYTONBHOrO ceuenust S3 =75-12=9 cm’, mmHoit |3 =61 cm;

T') BO3IYIIUHBIH 3a30p: CEUCHUE BO3AYIIHOTO 3a30pa IPHHUMAEM PaBHBIM CEUCHHUIO
cepaeyHHKa, peHedperas HEeKOTOPHIM YBEIUYCHUEM €ro 3a CUeT BBIMYYHBAHUS JTHHUM
MarHUTHOM HHAYKIMH: Sg =71 CM2, muHa 6 =0,2 eMm.

MarHuTHas HHIYKUHUS B Y9aCTKaxX [EIu:

-3 -3

po 2 1207 o gy oy 2 12007

S 71107 Sz 9:10”

HanpspkeHHOCTh MAarHWTHOTO TIONS B CTAJbHBIX YYacTKaX MArHWTHOW IIEHH
ompenensercss MO KPUBOH HAMarHWYUBaHUS JuTOM cramm (cM. llpumokeHwe
“XapaKTepUCTHKA HAMarHUIUBAHUS CTaIN):

Hy =57 Alem; Hy =18 Alem; H3 =18 Alem;
B 1

B BozgymraOM 3a30pe: Hy = =0 - % =135-10% A/m = 13500 A/cm.

Mo 4r-107
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) Nzo0paxkxaem  SkBHBaleHTHYIO cxemy (puc. 9.16)
MArHUTHOM [EeNHu, IJIsi KOTOPOH COCTABISIEM YpaBHEHHE I10

I Rwo BTOpOMY 3aKkoHy Kupxroda:
F=Ilw= H1|1+ H2|2 + H3|3 + Holé' )
F=57-86+18-149+18-61+13500-0,2 =3568 A.
F 3568

[ /]
T
<

[N ] Ywcno BUTKOB 0OMOTKH: W =—=——=17840.
| 0,2
Puc. 9.16 Mpumep 9.2. Jlano: ne katymkun Wy = 2000 u w, =600
BUTKOB HACa)KeHbl HA CTEPXKHU CEplICYHHKa W3
50, 150 _ 50 .
anekTporexHuyeckor cramu  Oll.  Pasmepsl
= MarHuTHOM 1lemu TMoka3aHel Ha puc. 9.17.
Onpenenuth MarHUTHBIA ~ TIOTOK NIPU  TOKE B
katymkax | = 0,8 Au npu coequHeHHH KOHIIOB
= KaTylleK Mo yka3aHHOM HU puc. 9.17 cxeme.
)
=N
3 P e m e H m e: MaraurHas 1enb
= (puc. 9.17) umMeeT MmIECTh YYaCTKOB, pa3Mephl
75 [ KOTOPBIX HAHJIEHBI U3 YepTexka:

a) BO3JyIIHBIN 3a30p:
301=009¢cm, Sg; =5-45=225 cm’,
6) cTepxeHp A:
l; =20 cm, S =225 eM?,
B) sipmo b:
I, =25¢cm, Sy =225 e,
T) CTepkeHb B:
I3 =20cm, S3=225 cm?,
1) BO3YIIHBIN 3a30p:
302 =009 cM, Sgp =225 M’
e) axopp :
I, =25¢cm, Sy =225 oM’
CocraBmnsieM A1 MarHUTHOM LIETTN 3KBHBAJIe-
HTHYIO cxemy (puc.9.18), npeaBapurenpHO
onpenenus HanpaieHne MJIC kaTymiex.
J1s 5TOH cXeMBI COCTaBIIsIEM TI0 BTOpoMY 3akoHY Kupxroda ypaBHenue:
F= |V\I_|_+ |W2 =ZHKIK!
T'ne ZHKIK:HA|1+HE|2+HBI3+H,HI4+H0(501+502)'
Tak Kak cedeHUs BCEX y9aCTKOB OANHAKOBBI:
S1=52=53=54=S01=502=5,
a sIPMO, CTEPXKHU U SKOPH BBINOTHEHBI 3 OJHOTO M TOTO K€ MaTepHana — 3JIeKTPOTEXHHU-
gyeckoi cranu 1|, To MarHWTHBIE HHAYKIMNA W HANPSHKEHHOCTH MarHUTHOTO TIONST STHX
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YYaCTKOB OJMHAKOBEL: By = By = Bp :Bﬂ =By =8B, HA:HE:HB:HHZHC_
C y4eToM 3TUX PaBEHCTB IMEEM:
2 Hklk =Hc(lp+1 +13+13 )+ Ho(Sg1 + 802 ) = Hele + Hodg =Upne +Umo = F

rae lc =1y +1, + 13 +14 =90cu = 0,9 M — obmras QIMHA YIACTKOB, BEIOIHCHHBIX U3 CTalIH;

—2
89 =901 +9g2 =2-0,09 =0,18cu =018-10" M — 001mas ANMHA BO3AYIIHEIX 3a30POB.
3amaeMcsi HECKOJBKMMY 3HAYCHHMSMHM MArHHTHOTO ITOTOKA, NMPUYEM HAMOONBIIHI
BO3MOJKHBII IIOTOK HaiiJIeM B IIPEIIIONOKEHHH, YTO MAaTHUTHOE COIPOTUBIIEHHE CO3JAI0T

901+ S O
TONBKO BO3TYIIHBIE 3a30pbl: Ry g = Ryo1 + Rmog = —4——02 = —0_

HoS  HoS
(MarHUTHBIMH CONPOTHBJIEHHAMH (PEPPOMATHUTHBIX YYACTKOB peHeOperaem):

F 1w +Wwyp)-4pSg _ 08-(2000+600)-47-107" -225-107

D e = =32,7-107*B6.
M Ryo 5o 2.009-1072
BO - JUis  MOJy4eHHOro 3HaYeHWss Totoka D,
XIO OHpe]leHI/IM nmagaCHueEe MarHuTHOIr o Hal'[pﬂ)KeHI/Iﬂ BIOJIb Bceﬁ
307 maruutHOM wmem  (puc. 9.18). TlocnmemoBaTenbHOCTH
N == A pelieHust Taxe, 4To U B mpuMepe 9.1. Pe3ynbTarsl pacuera
20 s | g noroka @D, W IPYrMX 3HaYeHUM @O<D, ..
10+ A cBeleHb! B Ta0u. 9.1.
1 ZHxCx 3asucumocts (Y Hyklk ) mocrpoena wa puc.9.19.
1000 F 3000 [lo »oTOi KpUBOM ompeensieM HCKOMBIH  TOTOK,
cootBercTBytoumit MIC:
Puc. 9.19 F=F1+F2=|'(\NJ_+W2)=ZHK|K =2080A,
®=244-10"B6.
Tabmuma 9.1
@, Bo 10-10% | 15107 | 20107 | 25.107% | 30-10™* | 31.107*
B, Tn 0,445 0,67 0,89 1,11 1,33 1,45
Ho, Am 354.10% | 53,410 | 7110 | 88,5-10* | 106.10* | 115-10°
He, Am 150 240 390 650 1250 1950
Umo =Hodp, A 637 960 1280 1590 1910 2070
Uyc =Hcdc,A | 135 216 351 585 1124 1756
Hiele =
2 Hilk 772 1176 1631 2175 3034 3826
=Upo +Upc

Mpumep 9.3. [lano: Ha puc. 9.20 m300paXkeH CEpACYHUK, BBHIIOTHEHHBIA U3
ANEKTPOTEXHUYECKOW cramum 42 (MarHWTHas Ierb HecHMMeTpudHa). Onpenenutsb
MArHATHYIO MHIYKIHMIO BO BCEX YYACTKAX IIETH, €CITH CEYeHMs y9acTKoB S; = S; =5 om?,
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S3=10 cM?,  UIMHBI yaactkoB  l; =30cM, 1, =40cMm, I3=10cm, m MJC
F]_ = |1\N]_ =440 A, F2 = |2W2 =280 A.

P e m1 e H u e: Pacuer pa3BeTBIIEHHOW MarHUTHOW LIETIM MPOU3BOJUM IO 3aKOHAM
Kupxroga mist MarHATHEIX Tierield. BenmencTBrue HeMMHEHHON CBSI3M MEXKITy WHAYKIHCH U
HANPSOHKCHHOCTBI0 MATHUTHOI'O TONA Ui (DepPOMAarHUTHBIX MaTepHalOB  pacdeT
MAarHUTHOH IIEITH MPOBOIUM IpadOaHATUTHICCKUM METOIOM (METOIOM JIBYX Y3IIOB).
Omnpenensiem Hanpasnenust MJIC F u Fy, 3ana-

== == =0~

O_I,L< 1P, I d)g(A_;J‘i° eMCSl TIOJIOKHUTENIbHBIM HamnpaBleHHEM MAarHUTHBIX
q 3 q y HOTOKOB @y, @), D3 U COCTABIIIEM SKBUBAJICHTHYIO
<—|—>W1 s <_L> cxeMmy MarHutHo# nenu (puc. 9.21). CocrapiseM Iy

o—o l\ b —L L — 9TOW CXEeMbl ypaBHEHHs: IO TIEPBOMY 3aKOHY

Kupxroga:

(153 = (Dl + CDZ ,
1o BTopomy 3akoHy Kupxroda (manpasneHue odxona
M0 KOHTypaM Ha cxeMme puc. 9.21 ykazaHoO CTpenKkaMu)
Fr=Hih +Uppp

Fo =Halp +U .

0= H3|3 +UMab!
rae UMabi MAarduTHOEC HAIpPsHKEHUE MEXAY Y3J1aMHu
aé MarHUTHOM uenu (TpenmonaraeMoe MOJIOXKHU-
TENbHOE HAIpPaBJIEHHE YKAa3aHO HA CXeME ITyHKTHPHOMN
CTPEIKOI).

Juist rpadmueckoro pelieHus mojy4YeHHOH cucTe-

MBI YpaBHEHMH IIOCTPOMM KpUBBIE MAarHUTHBIX
MIOTOKOB ISl KaXK/IOTO Y4acTKa IIeNH B 3aBUCHMOCTH
Puc. 9.21 OT MarHUTHOTO HANpsDKeHHs Mexny ysnamu U ..p,

OIpeesieMOro U3 MPUBEJEHHBIX BBIIIE YPaBHEHHH:

Dy (U prap )= Pr(FL—Hih )5 @2(Uppap ) =Po(Fp —Holy )i @3(Ujgp ) = P3(Halz)
UYroOBI MOCTPOUTH 3TH KPUBBIE, 3aJacMCS PANOM 3HAUYEHWH MAarHUTHBIX MHIYKIMH
By, By, B3 (MakcUManbHBIC 3HAYEHWS HMHAYKIMU ONPENENAIOTCS W3 KPUBBIX Hamar-

HUYUBAHUI) M HaXOJUM MarHWTHbIE NMOTOKH @, P, @P3. [lo M3BECTHBIM 3HAYEHH-
M By, By, B3 HaX0IUM HAaNpsDKEHHOCTH MAarHUTHOTO TONS AJsL Pa3jIMYHBIX y4acTKOB
MarautHoi wemn Hq, H,,H3 (10 KpUBOM HaMarHMYMBAaHUS AT cTanud D42), BBIYUC-
JsIeM MArHUTHBIC HANPSDKEHWS UL 3THX ke ydactkoB ( Hqly, Hjls, H3lg) u marautHOe
HampsbkeHne Mexnay ysnamuU ;.. . PesynbraTel BelumcneHuit cBoguMm B Ta6:1.9.2. Ilo

nauubM Ta611.9.2 Ha puc.9.22 mocrpoens! kpusbie: @ (U . ), P2 (U anp ) @3(U pan ) -
Tak kax 3HaUYeHUS MarHUTHBIX ITOTOKOB JIOJDKHBI YIOBJIETBOPSATH YPAaBHEHHUIO:
D+ Dy =g,
TO TOCTPOMM Ha ToM ke Tpaduke (puc 9.22) emie onHy BCHOMOTaTEIbHYIO KPHBYIO
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(D1 + Dy W 141 » ciokuB opauHATE KPpUBBIX Dy (U 405 ) B D@2 (U 34, ) TIPH ONHEX U TEX
K€ 3HAUCHWSAX MarHuTHoro HampspkeHuss U,,,. Touka mepecedeHHss M3 KPHBBIX

D3(Uppp) 1 (D +DPp ),y XapakTepusyeT pabouMii pexXUM CPEIHEro CTEPXKHS

MarauTHOHM nenu. OpAuHaTa TOUKM M3 OHpeleNseT BENUYHHY I0TOKa @3 = 13-107* BG.

HpOBeZ[eM Yepe3 TOUKY m3 BEPTUKAJIb U B TOYKaAX IIEPECCUCHUS My UMy C COOTBETCTBY-

B6 . (0] HIuMn KPUBBIMUA HaﬁZ[eM IIOTOKH
X0 @ =7-10%B6, @ =6-10%B6 u
?)23: - | ® BCIIMYHHY MAar"HuTHOI'o HaIps>KCHUA
10+ | Pl Mexnay ysnamu a 6 Uy, =80 A.
81 } i OmnpenenuB  MarHUTHBIE — TOTOKH,
g N I HaxoJyM MAarHuTHYIO HHAYKOHIO BO BCEX
; (2 y4acTKax MarHUTHOM LIeTIH:
T |
o @ 1074
24 Uyw=80A ’ ‘ B, - % _r10 L=14Tn;
e S 1 5-10°
07730 160 130 200230300 330 400 (G .
F:=280A g P2 6107
- 2~ "« =4 5
-4
Puc. 9.2 SN U
S3 10-10°
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ITpunoxenue k rnase 9

XapaKTepI/ICTI/IKI/I HaMaroHm4ymBaHUA CTaJId

Mapku cranu

%I 211,912,921 D241, 942 Jluras cranp [Tepmenirop
H, Alcm H, Alem H, Alem H, Alem

0,1 - 0,40 0,80 0,57
0,2 - 0,50 1,60 0,70
0,3 - 0,60 2,40 0,73
0,4 1,40 0,70 3,20 0,76
0,45 1,52 0,75 3,60 0,79
0,5 1,71 0,85 4,00 0,82
0,55 1,91 0,94 4,43 -
0,6 2,11 1,10 4,88 0,85
0,65 2,36 1,27 5,35 -
0,7 2,61 1,45 5,84 0,88
0,75 2,87 1,65 6,32 -
0,8 3,18 1,85 6,82 0,91
0,85 3,52 2,10 7,45 -
0,9 3,97 2,35 7,98 0,94
0,95 4,47 2,70 8,50 -
1,00 5,02 3,00 9,20 0,97
1,05 5,70 3,40 10,04 1,00
1,10 6,47 3,95 10,90 1,05
1,15 7,39 4,60 11,87 1,10
1,20 8,40 5,40 12,90 1,15
1,25 9,76 6,40 14,30 1,20
1,30 11,40 7,70 15,90 1,25
1,35 13,40 9,70 18,10 1,32
1,40 15,80 13,00 20,90 1,40
1,45 19,50 18,30 24,40 1,50
1,50 25,00 27,50 28,90 1,62
1,55 32,80 38,50 34,30 1,80
1,60 43,70 51,50 41,00 2,00
1,65 58,80 69,50 48,70 2,25
1,70 77,80 89,00 57,50 2,60
2,00 - - - 6,20
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