11. UEMW C PACMNPEAENEHHBIMU NMAPAMETPAMU
11.1. OuddepeHumnansbHble ypaBHEHUA OQHOPOAHON NUHUN

Knaccuguuupys snexkrpuyeckue LEMH, Mbl OTHECIH K LEMsAM C pac-
Tnpejie/ieHHBIMH TIapaMeTpaMH TaKue, pa3Mep KOTOPBIX BIOJb OJHON OCH
COM3MEpHM C MUHMUMAJIBHOH JIJTMHOHM BOJIHBI MPOTEKAIOUIMX B HUX IpoLec-
COB. XapaKTepHbIM MPHMEPOM TaKHX LeMNel SBIAIOTCA UIMHHBIC JTHHHH,
NOTIepeYHbIH pa3Mep KOTOPHIX MPpeHeOpeXUMOo Mall, a JUIMHA — COU3MEpHMa
C MHHHMMAJbHOMH JJIMHO# BOJIHBI IepeaBaeMoro CUrHaa.

PaccMoTpuM yyacTok JIMHHM ATMHOHN Ax OTCTOAIIMI OT Havyajia JIMHUH
Ha pacCTOSHUM X U OT KOHLIA JIMHUHU Ha paccTosiHuM y (puc. 11.1).
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Puc. 11.1

JnuHy yyactka Ax BeiOepeM MHOTO MeHbLIE JJIHHBI BOJTHBI MOJBOIH-
Moro kosiebanus. B 5ToM ciydae ero MOXHO paccMaTpHBaTh Kak y4acTOK
LEMH € COCPEeJOTOYEHHBIMU NapaMeTpaMu. B TakoM kadyecTBe BbIAEIECHHBIH
YYaCTOK MOJKeT OBITh OXapaKTepH30BaH HEKOTOPOH HHIYKTHBHOCTBIO,
€MKOCTbIO, [TPOAOJIHBIM CONPOTHBIICHHEM H ITONEPEYHOMN NPOBOAUMOCTbIO
(puc. 11.2).

Puc. 11.2

TakuMm 06pa3zoM, cxema 3aMelleHUs BCel JIMHUM NPEeCTaBlseT COOOMH
MHOXKECTBO KaCKaJHO COCIHHEHHBIX TMOAOOHBIX YEeTHIPEXIOMIOCHUKOB,
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TO ecTh napameTpbl L, R, G u C kak OblI pacnpeienieHsl BAONb BCEH JIMHUH,
YTO U OTPaXEHO B Ha3BaHMM Takux ueneil. [lapamerpr L, R, G u C Bbize-
JIEHHOT'O YYacTKa JIMHUH MOYKHO BBIPa3UTh 4Yepe3 HepeuuHble napamempsl
IUIMHHOH JTMHUH, NOJ KOTOPBIMH ITOHUMAlOT UHIYKTUBHOCTH Lo, €MKOCTB
Co, TIPOAONIBHOE COIMpPOTHBIECHHE Ry W TOIEpeyHyl NpoBoauMocTh Gy
JMHUA eIWHWYHOM JUTMHBI (MeTpbl WM KuioMeTpbl). I[lapametpsl,
OTHECEHHBIE K €IMHUILIEC AJMHBI, Ha3bIBAIOT HO20HHbIMU. ECny niepBUYHbIE
napameTpbl JIMHUM HEM3MEHHbl IO BCEH ee JJIMHE, TO TaKyl JIHHHIO
Ha3bIBAlOT OOHOpPOOHOW. B TpOTHBHOM ciy4yae JIHHUIO Ha3bIBAIOT
HeOOHOPOOHOIi.

Hrtak, BeIpa3uM napamMeTpbl CXeMbl 3aMELLEHHs BbIAENIEHHOI0 yyacTKa
Yyepes NepBUYHbIE apaMeTphl IMHUH:

L =Ly Ax, R = Ry Ax, C=0CoAx, G = Go Ax.

[lycte B Hauane BbIAENEHHOTO Y4YacCTKa IEHCTBYIOT HarpshKeHHE u
U Tok i. HanpsbkeHue Ha KOHIe BBIAEIEHHOTO ydacTka OyIeT OTJIMYaThCs
OT HalpsOHKEHUS ¥ Ha HEKOTOPYIO BEJTMUMHY Au, YTO 00YCJIOBJIEHO MaJieHH-
€M HamnpsbkeHHs Ha sneMeHTax L U R. Tok B KOHIIe BBIIEJICHHOTO y4yacTKa
Taroke OyoeT OTIM4aThCcid OT TOKa B Havale Ha HEKOTOPYIO BEIHUYHHY Al
410 00YCJIOB/IEHO OTBETBJICHHEM TOKa B diieMeHThl C U G.

CocTaBUM ypaBHEHHS DJIEKTPHUECKOTO PABHOBECHS IS BBIAEIEHHOrO
yuyacTKa eMnH:

ai

u=Ri+La+u+Au;

) o(u+Au) ]

1:G(u+Au)+CT+L+AL-

IMocne cokpallleHHss U mepexofa K NEePBUYHBIM apaMeTpaM JIMHHH

0Ty YHM:

Au = (R i+ L ai)A

u={Rol + Loz Ax;

d(u+ Auw)
————————— Ax -

Pasnenum o6a ypaBHeHuMss Ha Ax U mnpeHeOpexkeM BelHYHHAMH
BTOPOT'O NMOPsIKa MAJIOCTH:

Au .

v R01+Loat,
Ai

_E Gou+C05—t"
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ITpu Ax — 0 nonyuum

6u_R 4L 61"
ox ot T Rogps

ai G C Jdu
ox Jat

OTH BbIpaXKEHHUS HA3bIBAIOT MEAeZPAPHLIMU YPAGHEHUAMU.

Pemienne mosydeHHONH CHCTEMBI YpaBHEHHH IO3BOJISET OMNpENeUTh
TOK ¥ HamnpsbKeHHe B JIF000H TOYKe JHHHM X B JIIOOOM MOMEHT BpEeMEHH f,
NIPU 3TOM BO3JIeHICTBHE MOXKET OBITh MMPOU3BOJIBHOH (PYHKIIUH BpEMEHH.

11.2. OgHopoaHasA NUHUA NPU rapMOHUYECKOM BO3LENCTBUMN

PaccMoTpuM ycTaHOBHMBIIMICS PeXXMM B JIJTMHHON JIMHUM TIPU rapMo-
HHYECKOM BO3JeHCcTBHH. B 3TOM ciyyae TOkM M HampsbkeHUs B J000i
TOYKE JIMHHM Takke OyIyT TFapMOHHYECKHMMH (QYHKIMIMH BpPEMEHH,
M 3alaya CBOJMTCA K HAXOJXK/IEHHIO 3aKOHA W3MEHEHUS aMIUMTYI U a3
HaINps>KEHUs U TOKa BJIOJIb JIMHHUU.

Ilpy rapMoHMYECKOM BO3ZEHCTBMM MOXKHO MCHONB30BaTh METO.
KOMIUIEKCHBIX aMIUTHTYI, B COOTBETCTBHH C KOTOPHIM AUGGepeHHaNbHbIE
YPaBHEHHS AJTMHHOM JIMHUM NPUMYT BUI!

du , ,
—— = (Ry + jwLy)I; (11.1)
dx
dal ) .
——= (Gy + jwCy)U - (11.2)
dx
ITponuddepenumpyem oba ypaBHEHHUS 1O X:
dZU—(R +j L)d)' 11.3
dx2 - o TJWLo dx' ( . )
dZi—G+'CdU 11.4
dxz_(o J‘*)o)dx (11.4)

IToncraBum ypaenenue (11.2) B (11.3), a ypaBHenue (11.1) B (11.4).
Torna
20

U , o
qxZ (Ro + jwLg)(Go + jwCy)U;
2j ,
qxZ (Ro + jwLg)(Go + jwCo)I -

162



Beenem o0o3HaueHHe

Y =V (Ro + jwL)(Go + jwCy) -

BenuuuHy y Ha3bIBaIOT K03 puyuenmom pacnpocmpaneHua NTAHUN.
C yuerom BBeIeHHOro 0603HaueHus U depeHIranbHbIE ypaBHEHHUSA
NPUMYT BUJ:

v .

m—y U=0; (115)
i

at_ 2f=0- (11.6)

dx?

MbI NONYyYHIIH JBa OJMHAKOBBIX JTMHEHHBIX OQHOPOAHBIX AU depeH-
LHAJIbHBIX YpaBHEHHs BTOpOro nopsiaka. Pemunm ypasHenue (11.5).
XapakTepHUCTHYECKOe ypaBHEHHE

pZ _ y2 =0-
KopHu xapakTepucTHYeCKOro ypaBHEHHs
P12 = 1y"
Torpa pewenue quddepenuuansHoro ypasHenus (11.5) Oyner umers
BUIL
U=Ae Y + Ae¥*, (11.7)
rae A, u A, — IOCTOSIHHBIE HHTET PUPOBAHHUS.

Tok I npome Bcero 6yner HaiitTh He u3 ypasHenus (11.6), a u3 ypas-

Herus (11.1), noacraBue B Hero peleHue ypaBHeHus (11.5):
1 av 1

=— = (A,veY¥ — A, veYX)-

RO +](L)L0 dx RO +](DL0 ( 1Y 2Y )

Brinecem 3a ckoOky Y:

Y
= (A -Yx YXy —
R0+ju)L0( 1€ 42€7)
V(Rg + joLg)(Gy + jwCy)
— -yYx _ X\ —
R + jolg (Ase Aye¥*) =

Gy + jwCy
= |—— (A _YX—A Yxy .
,R0+jcoL0( 1€ 2¢")
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Beenem o0603Hauenue:

RO +](DL0
Zy= [2—2.
Go +](1)C0

BenuuuHy Zy Ha3bIBalOT 60/1HO6BIM CORpOMUGNEHUEM NJIUHHOM
muHuM. C y4yeToM BBeIEHHOTO 0003HAYEHHS MOTYHUM:

, 1
[ = — (ALY — Aye"™) - (11.8)
Zy

Haiinem noctosiHHbIE HHTErPUPOBAHUS A; U A,, BXOAAIIME B YpaBHe-
Hus (11.7) u (11.8). [1ycTh W3BeCTHBI 'PaHUYHBIE YCIIOBUS B HaYalle JIMHUHY,
TO €CTh M3BECTHO, 4TO TpH x=0 HampsbkeHHe B Hauane munuu U(0) = Uy,
atok [(0) = I,. Toraa u3 ypasnenuii (11.7) u (11.8) umeem

Ul =A1 +A2,
A A,
11 =— "
Zg Zp

PemnM 3Ty cucteMy M3 IBYX YpaBHEHHMH C ABYMsI HEU3BECTHBIMH A,
U A,. IlocTosHHas UHTErpUPOBaHUS

U, 1
; 1 U, U, .
A _é_l__ 11 _Z_B__Z_B_Il_Z_B+11_U1+ZB11.
TAT1 1] _1_1" 2 2
1 _1 Zy Zp Zg
Zg  Zg
HOCTOHHHaﬂ PIHTeI‘p[/IpOBaHI/ISI
1 U .
E A G :
o 2Bz 125 7 v Zg Ui —Zgh
N T N R A
1 _1 Zg
Zg  Zp

IToncraBum Haﬁnéﬂﬂsle 3HaueHuss 4, u A, B ypaBHeHus (11.7)
u (11.8). Torma
.Uy + Zgl Jy — Zgl
U=—"2—""Ble-vxry 1 TBlovx (11.9)
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Uy —Zg

. U+ Zgl I
=B evx Levx. (11.10)

275 273

[NonyyeHHble ypaBHEHHMS MO3BOJIAIOT HAWTH HANpsODKEHUE U TOK B JIIO-
60OM cCeueHHH JIMHUH, €CJTH U3BECTHBI TOK M HANpsDKCHHE B HavaJle JINHUM.
Ecnu rpaHuyHbIe yCIOBHS 3a/laHbl Ha KOHIIE JIMHWH, TO HEOOX0AUMO
UMeTb (OPMYJbI, CBA3BIBAIOIME HANpsDKEHHE MW TOK B MPOH3BOJBHOM
CEYEHUHM JIMHUU C HaNpsDKEHHEM U TOKOM B KOHIIe JIMHUM. B sToM ciydae
paccTosiHie ynoOHee OTCUUTHIBATh OT KOHLA JIMHUH.
Ionaras x = /-y, u3 ypasaenuii (11.7) u (11.8) nomyuum
U=A,e7YEY) 4 4,eYEY),
. A A
=L 22 ,v(-y).
Zy Zy
HafineM mnocrosHHble WMHTerpupoBaHHUs A; U A,, €CIH H3BECTHO,
4To npH y = 0 HanpsbkeHue B koHue nuHun U(0) = U,, a Tok 1(0) = I,.
U2 = Ale_yl + Azeyl,
. A A
Zyg Zg

PazpemiuM [OaHHYI0 CHCTEMY YpaBHEHHM OTHOCUTENIBHO A; U A,.
INocTosiHHAs UHTETPUPOBAHUA

U, et
i et Up i oyt . ,
PN i I A U Y
VSR T e e T _1_1 - 2z ¢
e Yl evl Zyg Zp
Zy Zg
IlocrosiHHas HHTETPUPOBAHHUSA
e_yl Uz
e v U
- -yl 22 ,-vl . .
p . 75 I le Zs € U —Zgly _,
2T Tlet v ~ 2 2 ¢
e~Yt eVl Zy
Zp Zg
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IloacraBuB HaliieHHbIE IOCTOSHHBIE HHTEIPUPOBaHU A; U A, B ypaB-
Henus (11.7) n (11.8), nomyuum

Uy +Zgl

I U
2 eyle_yx

+ LZBI_Z_Q_Yzer’
2
_Ut Tl U =Tl
273 27y
Ho /-x =y, Torna

e-Yler .

U, + Zgi U, — Zgl
=2 "B Zovy 4 22 - B2 e-vy; (11.11)
= Yy — -Yy.
A e A e (11.12)

Vpaaenus (11.11) u (11.12) no3BonsrOT HalTH HaMpsOKEHHE U TOK
B MPOM3BOJILHOM CEYEHMM JIMHHH 1O M3BECTHBIM HampskeHuio U, U Toky
I, B xonue nuaun. Ypapuenus (11.9), (11.10) u (11.11), (11.12) Ha3siBatoT
YPAGHEHUAMU OOHOPOOHOI TUHUU 8 NOKA3amMenbHoU hopme.

BbinenuM AeHCTBUTENBHYI0O U MHUMYIO YacTh KOMIUICKCHOM BeTHYH-
HBI ¥:

y=oa+jp.

Toraa ypaBuenus (11.9) u (11.10) MoxxHO mepenucats B CleyrOIEM

BUJIE:

_UnHZohy g Ui Zols kg
2
— gl_i_?_B_I_l_e—axe_jBx _M_I_l_eaxejﬁx .
275 275

IlepefineM OT KOMIUIEKCHBIX 3HAauYeHHH HAmNpsOHKEHUS W TOKa K MX
MIHOBEHHBIM 3HaYeHHAM:

U +ZI
u(x, t) = V2 |——— 1 TR gmax cos(wt + P, — Bx) +
ZI
-1 "Bl pax cos(wt + Y, + Bx); (11.13)
Uy + Zgi
i(x, t)—\/_l L1l o= cos(wt + (g — Px) —
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—\/_ ZBIl e™ cos(wt + @, + Bx) - (11.14)
Zy

Kak BUIHO W3 3THX ypaBHEHHid, MTHOBEHHbIC 3HAY€HUS HaIlpsoKeHHs
M TOKa B MOOOM CEYeHMH THMHUM CKJIAIBIBAIOTCA M3 ABYX COCTaBJIAIOIIMX.
PaccMmoTpum nepBoe cnaraemoe B ypaBHeHuu (11.13).

3adukcupyeM KOOpPIWHATY X M IMOCMOTPHUM, KakMM oOpa3oM mepBoe
cliaraeMoe 3aBUCHT OT BpeMeHH. B 3ToM ciiyuyae nepBoe ciiaraemoe B ypaB-
HeHuM (11.13) mpeacraBnser cobol rapMOHHYECKYIO (YHKLHMIO BPEMEHH.
B KaXIOM ceueHHMHM JIMHMM aMIUIMTyAa KosiebaHMH INOCTOSIHHA, OJIHAKO,
Mo Mepe ylnaJleHHs OT Hayaja JMHUM aMIUTMTYAa KoseOaHUH yMEHbIIAeTCs
(MHOXUTEND e~ %),

3adukcupyeM BpeMs ¢ U IOCMOTPUM, KaKUM 00pa3oM INepBoe cliarae-
MO€e 3aBHCHT OT KOOpPIMHATHI x. B 3TOM ciyuae mepBoe ciaraeMoe B ypas-
HeHuM (11.13) omuceiBaeT 3aTyXaloLlyl0 rapMOHHYECKYIO BOJIHY, aMILIH-
TyIa KOTOpO# yOBIBaeT Mo Mepe yaaneHus oT Havyaja JIMHHuM (puc.11.3).

()

|
-
-

Puc. 11.3

BennunHa o XapakTepu3yeT yMeHbLIEHHWE aMIUIUTY[bl HaMpSKEHHSA
Ha eUHHUYHOU JJTMHE JIMHUU M HA3bIBAETCH KO3 huyuenmom ocradnenus
(paHee ucnonb30BaNCA TEPMUH «KOIPPuyuenm zamyxanusny). Bennunna
B xapakTtepusyer usmeHeHue ¢a3bl koneGaHMs Ha EIUHUYHOH IJIMHE
JIMHUH U Ha3bIBaeTCs KoIhpuyuenmom ghazol.

YMeHbIIeHHe aMIUTUTYAbl BOJHBI BJOJb JIUHUM O0YCIOBIEHO NOTeps-
MH B Heii, a 3ania3piBaHde (a3bl — KOHEYHOH CKOPOCTBIO pacIpOCTPaHEHU
BOJIHBI BJOJIb JTUHHH.

Haiinem nnuHy BOJHBI B JIMHUM KaK PacCTOSHHE A, Ha KOTopoM ¢asa
KonebaHus U3MeHsAeTcs Ha 2.

(ot +¢; —Bx) — [wt + P; —B(x +A)] =27~

Iocne cokpamenns nonyqum BA = 2. Otkyna
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Orta ¢QopMysna ycTaHaBMMBaeT CBA3b Ko3ddowuimeHnta ¢asbl JUHUK
Y JUITMHBI BOJIHBI B JINHHH. '

Urak, neproe cnaraemoe B ¢opmyine (11.13) mpu dukcupoBanHoM ¢
OIKCHIBAET pacmpeleNieHHe HanpsHKeHUs BAONb TUHUM. Ecnu ke paccmar-
pUBaTh 3TO pacrpefesieHue Kak (YHKLHIO BPpEMEHH, TO NIEpBOE CllaraeMoe
B ¢opmyne (11.13) onuceiBaeT 3aTyXaroliy0 rapMOHHYECKYIO BOJIHY, pac-
NPOCTPaHAIOIYIOCS OT Hayala K KOHLY JIMHHHM. Takylo BOJHY Ha3biBalOT
RPAMON UV naoarouwiei.

CKOpOCTh pacHpoOCTpaHEHHs TapMOHHUYECKOro Kone0aHus BAOJb
JIMHUM XapaKTepusyercs (Da3z060il CKOpOCMbI0 BOHBI, IMOI KOTOPOH
MOHUMAIOT CKOPOCTh TepeMeLleHUsl BAOJIb TMHUM MOCTOSHHOTO (pazoBoro
COCTOSIHUSA. DTO yCJIOBUE UMEET BUJL

wt + Y, — Bx = const -

[MpoauddepeHUHpyeM 3TO BHIPaXKEHHE 0 BPEMEHH:
d
a;(wt‘*"bl_ﬁx) =0-
dx _o
@ Bdt B

Otcrona ¢a3oBas CKOPOCTh BOJIHBI
dx w 2nuf

Vy = — = —
®T 4t B B
3a BpeMsl, paBHOe IMEPHOIY, BOJHA MepeMellaeTcs Ha PacCTOSHUE A.
Torna

14
_ __%,
)\—vch—T

PaccmoTpum BTOpoe cnaraemoe B dopmyinie (11.13). OHo onmceiBaeTt
3aTyXaloUIyIO BOJIHY, PaCIpOCTPAHSAIOLIYIOCS OT KOHILA JIMHUY K €€ Havdaiy,
0 YeM TOBOPAT 3HakM «wioc» meped o U . Takyro BOJNHY Ha3bIBalOT
o0pammnoii unu ompadicennont (puc. 11.4).

ITockomneky ypaBHeHue (11.14) mo cTpykType aHaJIOTHYHO YpaBHEHHIO
(11.13), To MOXKHO clieNiaTh BBIBOJ, YTO HamNpsDKEHHE M TOK B JIIOOOM ceue-
HMY JIMHUHM TPEACTAaBIIAIOT cO00M Cyneprno3uMUHIO Majaromeii M oTpakeH-
HOH BOJIH.
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uo(x)

S
-
<

Puc11.4

BosBpamiasce K KOMIUIEKCHOH (opMe 3amucd TOKOB M HaNpsKeHUH
[eMm. (11.9) 1 (11.10)], monyuyum

U = Un + Uo;
.. . Uy U
I=lg-lg=————,
rue
Uy U, + Zgl; v,
2
Uy — Zgh
Ug = vx
0 2
HanpsbkeHue 1 TOK mpsiMoid 1 0OpaTHOH BOJIH CBA3aHbI 3aKOHOM OMa:
Un Uo
In=—; I =—-

W3 3THX COOTHOLIEHHUI CTAHOBUTCS MMOHATHO, [IOYEMY CONPOTHBIIEHHE
Zg Ha3bIBalOT BOJIHOBBIM COIpPOTHBJICHHEM. BONHOBOE CONPOTHBIICHHE
JUHUU — 3TO CONMPOTHBJIEHHE JIMHUM Ui TMaJarollell 1 OTpakeHHOH BOJIH
nopo3Hb. BonHoBoe conpoTuBieHue Zg U k03¢ GULMEHT pacpoCTpaHEeHH
Y Ha3bIBAIOT 6OIHOGHIMU VI 6MOPUYHBIMU NAPAMEMPAMU OIHOPOTHOMN
JIMHHUM.

B TeopuM UIMHHBIX JIMHUH HCHONB3YIOTCS TaKxkKe MOHATUS K03 u-
YUEHM OmPpAdICeHUA NO HANPANCEHUIO

Uo(x)
Un(x)

U K03 puyuenm ompasicenus no moky

u=
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- Io(x)
i =7 )
In(x)
[ockonbky n, = n; = n, TO rOBOPAT NMPOCTO 0 KO3 dHULIMEHTE OTpa-
xeHus. Kpome Ttoro, xo3dduipeHT oTpaxkeHHs OOBIYHO OIpeaessioT

HE B NPOU3BOJIbBHOM CEYCHHH JIMHHUH, a B TOYKAX HEOAHOPOAHOCTH. Ecnu

cama JIMHUSA OJHOPOJHA, TO TOYKAMH HEOJHOPOJHOCTH OyAyT Haydaso
Y KOHell TMHUU.

Kosgppuuyuenm ompasicenun ¢ nauane nunuu
Uo(x =0)
T Un(x=0)
Kospgpuyuenm ompasicernun 8 konue nunuu
n2=l:fo(x=l)=L:’o()’=0)_
Un(x=0 Un(y=0)

3anuieM YpaBHEHHS OJHOPOAHOW JIHHUM uepe3 KOd(pQPUIHEHTHI
orpaxkeHus. YpapHenus (11.9) u (11.10) B 3ToM ciyyae npuMyT BUJ

1

. Uy + Zgl

v=—2-""1 2 81 (e™Y* + nye¥r);

. Uy +Zgly |

I = Z—ZB(e Yx — nley");

aypaBHeHus (11.11) u (11.12), cooTBeTCTBEHHO,

. Uy + Zgl
U=-"2""B2(e¥ 4 n,e~);
. U, + Zgl, _
I = TZB_.(eYy —n,e” YY) -

Haiinem koa¢duuueHT oTpakeHus B KOHIe JUHMM. M3 ypaBHeHHA
(11.11) cnenyer:

Uy =0) _ Up — Zgly
z Un(y = O) Uz + ZBiZ

Paznenus uucnurenb U 3HaMeHarteNb Ha [, MOTy4HM
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2_7z

L P
n2=U

2

=47

AR

Ho U, /I, = Zy. Torna

Zy—1Zp
ny,=_-———-
27 7y + Zg

Otcrona crnepyert, uro npu Zy = Zg k03¢ uupeHT orpaxenus n, = 0
W OTPaKeHHas BOJIHA B JIMHUM OTCYTCTBYeT. B 3TOM ciydae roBopst, uto
NUHUA pabomaem HA CO21ACOBAHHYI0 HAzpy3Ky. Takol pexuM padoThI
JIUHHH Ha3BIBAIOT pexcumom bezyuqux ¢oan. Ecnu corpoTHUBIEHHE UCTOY-
HHMKa BBIOpAaHO paBHBIM BOJIHOBOMY CONPOTHBJICHHIO JIWHUH, TO TOBOPAT,
4TO UCMOYHUK W NUHUA coznacoeansl. Eciyu nvHUA corilacoBaHa Kak
C UCTOYHHUKOM, TaK M C Harpy3KOH, TO TOBOpSAT, UTO JIUHUA pabomaem
6 coznacoeannom pexcume. CornacoBaHHbI pexuM pabOTbl JIMHUK
LIMPOKO MCTIONB3YETCS B paJHOTEXHUKE U CBA3H.

11.3. Jlunna 6e3 notepb

Ion naunueii 6e3 nomeps Gynem nNoHUMATh JIMHHIO, Y KOTOPOH Mpo-
JoNbHOE comnpotuBieHue Ry = 0 u monepeuHas mpoBoauMocTs Gg = 0.
Takas uneanuzauus cripaBelyiMBa NMpU padoTe JIMHMHM Ha BBICOKHX YacToO-
Tax, Korga wlLg > Ry, a wCy > Gy.

Kosddbumment pacripoctpaneHus TMHUH Oe3 MOTEph

Yy =a+jB=+(Rg+joLy)(Gy + joCo) = jwy/LeCo -

Otcroga crnenyet, 4ro Ko3hGdUUMEeHT ocnablieHus JIMHUM 6e3 moTepb

a = 0, a koapduuuent dassl B = w+/LyCy *

Bonnosoe CONPOTHUBJIEHUE INHUH 6e3 MOoTEepPb

TO €CTbh BOJIHOBOC COIIPOTHUBJICHUE JIMHHH 6e3 NOTEPH ABJISAETCA YUCTO
AKTHBHBIM.
®dazoBas CKOpPOCTDb pacripoCTpaHEHHUs BOJIH B IMHHH 0e3 NnoTepb
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_w_u)_l

vq, === = .
B wyLoCo +/LoCo
[TosmyuyuM ypaBHEHHS OOHOPOAHOM JMHUM Oe3 MOTepb MPH M3BECTHBIX
TPaHUYHBIX YCJIOBHUAX HAa KOHLE JIMHHUH, [l 4ero B ypaBHeHusx (11.11)
u (11.12) nonoxum y = jf3. Toraa

o=zt 2l s, U2=Zsla _jg,

2 2 ’

i - U, + Zgl, SiBY _ U, — Zgl,
275 27p

[leperpynmnupyem cnaraeMele B STHX BBIPAKEHUAX:

e_jBy .

. eJBY 4 - JBy . eJBY — o—JiBy
U= UZT"'ZB[ZT;

A UZ e}By —_ e_jBy . e]By + e_jﬂy
= = )i .
Zy 2 T 2

Ho
e]By + e_jﬁy eJBy —_ e_jﬁy
—— = cos By, a 2 = sinBy -

C yu4eToM 3THX COOTHOLICHWH YpaBHEHHS OJHOPOOHOH JMHHH Oe3
NOTepb MPUMYT BUJ:

U = U, cos By + jZgl, sin By;

.0, .

I = j—==sinBy + I, cos By
Zy

PaccMoTpuM pexxuM Geryiux BoiH B JuHUM Oe3 noteps. [Tockonbky
BOJIHOBOE COIMPOTHBJICHHE JIMHUU 0e3 MOTephb SBIAETCS YHUCTO aKTHBHBIM,
T0 Zy = Ry = Ry. B aTom cnyuae

U = U,(cos By + j sin By);
I = I,(cos By + j sinBy) -
3anuiieM ckoOKy B Ioka3arenbHOH ¢opme
U = U,e/Y = Up;
I =6Le® =Iy-
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BxoaHoe conpoTuBiieHHe TUHHM O€3 MOTephb B pexkiMe OeryIuX BOIH

jBy
Zpx = ‘l{ —Uze =
I 12e113y
Hrak, B pexkume Geryiux BojiH
®  CYLIECTBYIOT TOJBKO MAaJalouIde BOJIHBI HAmpsHKeHHs W TOKa, npn
5TOM HX aMIUTUTY/Ibl TIOCTOSIHHBI 110 BCEH UIMHE JINHUH;
e caBur ¢a3 Mexay HampsHKeHHEM M TOKOM paBeH HYIIO B JIIOOOM ceve-
HHH JIHHUH;
®  BXOJHOE€ CONPOTHBJCHHE HE 3aBUCHUT OT [UIMHBI JIAHUHM, UMEET YHUCTO
aKTHBHBIN XapaKTep U PaBHO BOJTHOBOMY COTNPOTHBJICHHUIO TUHHH.
Ecnu Zy # Zg, TO 4acTh 3HEpruM najaroliedl BOJHBI OTpakaeTcs
OT KOHIIA JIMHUM ¥ BO3BpalaeTcs 0OpaTHO K UCTOYHHUKY B BHUJIE OTPaXKeH-
Hoii BonHbl. Ecmu |ny| =1, To B moboM cedeHun NUHHUM Oe3 moTepb
aMIUTMTY Bl Nafaroleld U OTpakeHHO# BOMH OynyT paBHbI. B aToM ciyuae
B JMHUM YCTAaHOBUTCS PEXKHM, KOTOPBHIH HA3bIBAIOT PeHCUMOM CHMOAYUX
60/H.
OnpenenyM ycliOBUS BOSHUKHOBEHHS B JINHUW PEXKUMA CTOSYUX BOJIH,
AUl Yero MpoaHANM3HUpPYeM BBIpaXKEHHE UId KOY(PULHEHTa OTpPakeHHS
Ha KOHLE JIMHUH
Zy—1Zg

=y Y7,

Ortciona cnenyer, 4to [n,| = 1, ecian
e Zy =0, TO ecTh MMPHU KOPOTKOM 3aMBIKAHMK HAa KOHLE JIMHUH. B 3TOM

cioydae n, = —1;
e 7y = 00, TO €CTh MPH XOJIOCTOM XO/i€ Ha KOHLIe NMHUH. B 3TOM Ccityyae
n,=1;

e Zy=jXxy, TO €CTh MNPHU HYHUCTO PEAKTUBHOM XapaKTepe HarpyskKu.
B sTom ciyyae

. XH
’RZ +x% —jarctgRd
] —Rgp BT H e Rp _ e—zjarctg%;—";l

]xH + RB jarctg;—: -

Ri+xj e

Haiinem pacrnpeneneHue HamnpspkeHHs W TOKAa BAOJNB JIMHUH, 3aKOpO-
4eHHOH Ha KoHue. [lonaras B ypaBHEHHAX OJXHOPOIHON JIMHUH 6e3 noTeph
U, = 0, nomyuum

U= jRBiz sin By ;
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I=1I,cosBy-
IlepeiineM k MTHOBEHHBIM 3HAUYEHHAM HANPsHKEHHS U TOKa:
u(y,t) = V2Rgl, sin By cos (wt + E),
i(y,t) = V21, cos By cos wt -

3}1601: MBI 110J1araéM, 41O HadajibHas ¢)&33 TOKa B KOHLI€ JIMHHUHU paBHa
HYJIIO, YTO BCEraa MOXXHO obecreunTh COOTBETCTBYIOUIUM BBI60p0M Ha4a-
Jla OTCYE€Ta BpEMCHHU.

AMHJ'II/ITy}IHI)Ie 3HA4YCHHUs HAIIpsSHKCHUS U TOKa B IMHHUH

Un(y) = V2Rgl;|sin By;
In () = V2l |cos By| -

Kak BHAHO M3 rpadukoB pacrnpenefneHus aMIUTUTY] HanpsDKeHHS
W TOKa BAOJIb JUHUHU (puc. 11.5), aMIuIMTy bl HanpsHKeHHS U TOKa H3Me-
HSIOTCS TI0 TIEPUOAMYECKOMY 3aKOHY, B OJHHMX TOYKax oOpaiasch B HyJb,
a B IPYTHUX — OCTHrasi MaKCUMyMa.

Un(») \ 1Y)
__________ Un max YT

a-

-5

N
=)
=<

I S e
ol N
Bl

-8

N ORI

o >
=)

Imxnax

A ccccncccaaada
B SIS

<
o
=8
w

>

Puc. 11.5

Touku NUHUM, B KOTOPBHIX aMIUIMTYAA HampspkeHHs (TOKa) paBHa
HYJIIO, HA3bIBAIOT Y31AMU HANPAdceHUA (MOKa).

Touku nMUHUM, B KOTOPBIX aMIUIUTYAA HanpsKeHHs (TOKA) JOCTUraeT
MaKCHUMYMa, Ha3bIBaIOT NYYHOCMAMU HANPAXMCEHUA (MOKA).

U3 rpadukoB pacrnpeneneHus aMIUIMTY[ HanpsDKEHHS M TOKa BOJb
JIUHWM CJIeIyeT:
®  IyYHOCTH HANpsDKEHUS COOTBETCTBYIOT y3J1aM TOKa U Ha000OpOT;
B KOHIIE JIMHUH OyZeT y3en HanpsKeHUs U IyYHOCTh TOKa;
Y31bI M ITy4HOCTH MEPEMEXAIOTCS C HHTEPBAIOM A/4;
paccTOSHHE MeXIY COCETHHMH y3JIaMH paBHO A/2;
PacCcTOAHHUE MEXIY COCeTHUMH MMYyYHOCTAMH paBHO A/ 2.
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Ha puc. 11.6 npuBeneHs! rpaduku pacrpeneneHuss MTHOBEHHBIX 3Ha-
YEHHUH HaNpsDKCHHUSA U TOKa A7 pa3jiM4HBIX MOMEHTOB BPEMEHHU, M3 KOTO-
pBIX ciedyeT, 4To ¢a3oBble COCTOSHHUSA HE NMEepeMeINaroTCs BAOJb JIMHHHY,
TO €CTh BOJIHBI HANPSDKEHHs U TOKA Kak Obl cToAT Ha MecTe. Takoii pexxum
paboThI IMHHH HAa3bIBAIOT PEHCUMOM CHIOAYUX GOJIH.

u(y,n i, 1)

. H H H H . . . . . t
AT R A U A A 1 L max
PN SN L
1 [} 1 ‘\ i 'h
e~ AT
RNV IR\
PN N
< | 1 il -
L A U Y L A0 A% . : Y 0
SN ANRRZIN RIS
AN T e T Py T\ by
P \:// P LS PN PN N
s : RN PN : S
T R S Bl e e Sy B AP
50 4 32 2 2 5\ 44 34 24 A
4 4 4 1 3 I

Puc. 11.6

IMockonbky TOK W HampsbkeHHe B JIMHMM CABHHYTHI Ha yroa m/2,
TO SICHO, YTO B PEKUME CTOSUUX BOJIH DHEPTHUs BIOJb JIHHUH HE NepeaaeT-
cs. B kaa0M cedeHHH TMHUM MMeeT MECTO JIMLIb 0OMEH dHepruei Mexxay

3JIEKTPUYECKMMHU U MarHUTHBIMHU TTOJIIMH.
PaccMoTpum nuHHIO Oe3 MoTeph B pexkMMe XOJIOCTOrO XOja Ha ee

koHue. B atom cnyuae I, = 0 u ypaBHeHus 1uHUM Ge3 MOTEph MPUMYT BUA:

U = U, cos By;

jR—;sinBy'

[lepeiineM Kk MrHOBEHHBIM 3Ha4€HHSM HANpsOHKEHHS M TOKa, mojaras
HavaJIbHYIO a3y HalpsDKeHHs B KOHLE JIMHUM PaBHOM HYJIIO:

u(y, t) = V2U, cos By cos wt ;
U T
i(y,t) = VZ—=sin By cos (wt + —) .
Ry 2
Haiinem pacnpeneneHue aMIUTHTY ] HAMPSOKEHUS U TOKA B JIMHHM:

Un(y) = \/§U2|COS Byl;
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U
In() = ﬁR—;Isin Byl -

Ha puc. 11.7 npuBeneHsl rpaduku pacnpeneneHdss aMIUIUTY A Hanps-
JK€HHMs M TOKa BHOJb JIMHUK. BHIHO, YTO B 3TOM cilyyae B JIMHHM TaKxkKe
YCTaHOBHTCSl PEXHMM CTOSYHX BOJIH, HO B KOHIE JIHHUM OyIeT Imy4yHOCTb
HAIpPsOXKEHHS M y3€eJ1 TOKa.

Un(») ()
1 : ) : Um max "': """ ": '''' : """ i’ ---- : """ Im max
ysio4 32 &[0 Ysx 4 32 22 A |0
T 1 4 1 1 4 4 4 1 1

Puc. 11.7

B nunuu 6e3 motepp, paboTaroiuell Ha YUCTO PEAKTUBHYIO HArpysKy
Zy = jxy, TaKKe YCTAaHOBUTCS PEXHUM CTOSYMX BOJIH, HO B KOHIE JIMHUH
He Oymer myd4HOCTedl WIH Y3JIOB HM HampsOkeHWs, HH Toka. [ paduku
pacripeie/ieHusl aMIUTUTY]l HampsDKeHUs W TOKa CMECTATCS BIOJb OCH Y
Ha HEKOTOpOE pacCTOsiHUE, KOTOopoe OyneT 3aBUCETh OT COOTHOLUEHHS Xy
174 RB'

Mgl paccMoTpenu kpaiiHue ciiyyad: B pexkuMe OerylMx BOJH aMILTH-
TyJa OTPaXXCHHOW BOJIHBI BO BCEX CEYEHHAX JIMHHM paBHA HYJIIO, a B pe-
KHMe CTOSYMX BOJIH aMIUTMTYAbI OTPRXKEHHOH M MaJaroleil BOJH BO BCEX
CeYeHHAX JIMHUH OJWHAKOBbl. BO3MOXXHBI M MPOMEXYTOYHbIE CHTYyallUH,
KOraa oTpaXkeHHas BOJIHA CYIIECTBYET, HO €€ aMIUIUTYAa MeHble aMIUIU-
TyIbl Majawoilei BoJaHbl. B 3TOM ciiyyae B JIMHMM YCTAHOBUTCS TaK Ha3bl-
BaeMBbIi pexcum cMeuianHbIX 60H, KOTOPBI MOXHO paccCMaTpUBaTh Kak
HaJIOXKEHHE PEXHUMOB OeryIMX U CTOSYHMX BOJIH.

B pexxuMe cMelIaHHBIX BOJIH HEPrus MaJarolleil BOJIHbI YacCTHYHO
MOTJIOLNAETCs HArpy3koil, a YaCTHYHO BO3BpAllaeTCs UCTOYHUKY B BUE
OTpa>KeHHOI BOJIHBI.

B pexuMe cMelIaHHBIX BOJIH paclpelesieH|s aMIUIUTYl HallpshHKeHUs
Y TOKA BJIOJIb JIMHHH TaloKke OyAyT HMETh MUHUMYMBI 1 MAaKCUMYMBI, OfHA-
KO B MUHMMYMaX aMIUTHTY/1bl HANPsKEHUS W TOKa He OyIyT paBHBI HYJIIO.

Ecnu conporuBneHue Harpy3ku Ry > Rp, TO B KOHIE JUHUM Oyner
MakcuMyM HanpsbkeHus (puc. 11.8), ecnu Ry < Rg, TO B KOHLE JTHHHH
Oyner makcuMyM Toka. YeM Oimke pexkxuM paOOTHI JIMHMM K COTJIaCOBaH-
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HOMY, TeM 6rke OyayT ypoBHH MakCUMaNBHOTO Uy, ;g ¥ MHHUMATBHO-
ro Uy, jnin HampsOKeHUi.

\ Un(»)
Ry>R v
e N e e U max
NNt N
So B om 2 k[
4 4 4 4 4
Puc. 11.8

Crenenp 61u30CcTH pexkuMa paboThl JIMHUK K PeXXUMY OerymuX BOJIH
XapaKTepHU3YIOT Koahuyuenmom dezyuieii 6011bl

Ko = Um min _ I min .
T T
mmax mmax

Koadduuument Oerymieii BoTHB H3MEHAETCA OT HYJIS B PeKUME CTOS-
YUX BOJIH, 10 €AUHHULIBI B pe>KUMe GeryLyx BOJH.

Hcnonp3yercs Taioke BelUuuHa, oOpaTHast Kpg, KOTOPYIO Ha3bIBalOT
K03 uyuenmom cmoaueii 601Hb1

1 _ Ummax — Immax_

Keg =—-—=
KBB Um min Im min

KoadduumeHt crosueil BONHBI U3MEHAETCS OT SOUHHULIBI B PEKHUME
6erymux BoJiH 10 OECKOHEYHOCTH B PEKUME CTOSYHX BOJIH.

OueBMIOHO, YTO B MaKCHMyMaX Majaromas U OTPaKeHHas BOJIHBI
cKI1anbiBaloTes B aze, a B MUHUMYMax — B ipotuBodasze. Toraa

Unmax = Unn + Uno;
Unmin = Unn—Uno-

Koadduuuenr Geryuei BoNHbI ¢ Y4€TOM 3THX COOTHOIIEHHH MOXHO
NpeCTaBUTh CIIEAYIOLIUM 00pa3oM:

1 UmO

Um min _ Unn = Unmo _

U
Ko = o’
mll

Ummax - UmH+UmO B 1+

Ho Uy, 0/Umn = Ny — 370 K03QPULHMEHT OTpaskeHUs B KOHLIE JTMHHH.
Torna
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1—n2
1+n,

Kgp =

11.3. BxogHoe conpoTuBneHne nNuHUM

BxonHoe conpotusienue nuauu Zgy = U, /I;. Hanpsxenue U; u Tok
I; MOXHO HaWTH W3 ypaBHeHWH omgHopomHoM juaud (11.11) u (11.12),
nonoxus B HUX y = L. Torna

_Ua+2sly y Up =2l

e v
1 2 2
L — U2 + ZBIZ eyl _ U2 - ZBIZ e_Yl ]
275 275
Teperpynnupyem cnaraemsie
. .eYlge vl . eYl—e Y
U, =0, 2 + Zgl, T;
. UyeYt—e vt e¥lgpe v
L, =— I .
) t5h 2
BxoziHO€ COMpPOTHBIEHHE TUHHH
.o eVl e ;eY— eV
U, U= —+245Lh—F—
ZBX === 0 *
Iy Upevt—e 4] e¥l + e~
Zy 2 277

Pazgenum yucnutens U 3HaMeHartenb Ha iz(eyl + e‘Vl) /2 1 yutem,
uro U, /I, = Zy. Torna

eyl—e—yl
Z _ZZH+ZBW_ Zy + Zgthyl
BX — B eYl—e—vl ~ "Bz 4 Zuthyl
ZB+ZHm

Orcrona cienyer, YTo BXOAHOE COMPOTHBIICHHE JIMHUM CJIOXKHBIM 00-
Pa3oM 3aBHCHT OT CONPOTHBIICHHUS HArpy3KH Zy, JJIMHBI JIMHUH [/ U BOJHO-
BBIX [TapaMeTPOB JUHMHU Zg U Y. Ecnu nunus paboTaer Ha coryiacOBaHHYIO
Harpysky, To ecTb Zy = Zg, T0 Zgx = Zg. B 3TOM ciiyyae BxoaHoe cornpo-
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THBJIEHHE JIMHAN HE 3aBUCHUT OT €€ JJIUHBI U PAaBHO BOJTHOBOMY COTIPOTHB-
JISHUIO TUHHH.

Haiinem BXogHOe compoTHBIEHHE JHHHM Oe3 mortepb. [lpuHHMMas
BO BHUMaHHe, 4YTO B JIMHUM Oe3 notepb Y = jB u Zg = Rp, nony4um

_ p_ ZutjRetgBl
~ "BRg +jZytg Bl

Ho B = 2n/A (B no6o# JIMHHM, a HE TOJBKO B JHHHH 0€3 MOTEpS).
Torma

Zgx

. 2ml
Zy + jRygtg ——
ZBX = RB * (1115)

. 2ml
Rg +jZytg ——

BxonHoe conpoTHBieHre TMHUU G€3 MOTeph B OOLIEM Cllydyae Takke
C/IOXKHBIM 00pa3oM 3aBHUCHUT OT CONPOTHBIICHUS HArpy3kd Zy, IJIHHBI
JMHUM | ¥ BOJIHOBBIX TapaMeTpoB JUHUH Rg u y. [Ipoanamusupyem
YaCTHbIE CITy4aH.

HalineM BXomHOE cONMpOTHBIEHHE KOPOTKO3aMKHYTOH JMHHM 6e3 mo-
Tepb. Ilpn Zy = 0 u3 cootHowrenus (11.15) cnenyer

. 2l
Zgx k3 = JRptg 5

B sTOoM cnyuae BXomHoe compoTuBiieHHMe JIMHMH 0e3 moTeph Oyner

MMETh YHCTO PEAKTHBHBIN XapaKTep
2ml
xpx k3 = Rptg a5

M3 rpadukoB 3aBUCHMOCTH BXOJHOIO CONpPOTHBJIECHHS KOPOTKO3a-

MKHYTOH THHUM 6€3 moTeph OT ITHHBI JIMHUM (puc. 11.9) cnenyer:

e gnpu | <A/4 KOpPOTKO3aMKHyTas JMHHA Oe3 mNOTepb BemeT cebs
KaK MHAYKTHBHOCTb;

e 1npu | =2A/4 kopoTko3aMKHyTas JIMHUA Oe3 mNOTepb BemeT cebs
KaK MapanieNbHbli KonebaTenbHbli KOHTYP;

e 1mpu A/4 <l < A/2 KOpOTKO3aMKHYTasl JIMHHUs Oe3 MoTephb BeaeT cebs
KaK €eMKOCTb;

e 1npu l=A/2 kopoTkozamkHyTas JMHHA Ge3 mMoTepb BeneT cebs
Kak MocjeoBaTeNbHbii KonebaTenbHbIi KOHTYD;

®  [pH AaNbHEHLIEM YBEIWYEHUM JUIMHBI JIMHUM KapTHHA MOBTOPAETCS
¢ mepuoaom A/ 2.
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of /77 /7 5(1
Aono@oa s
4 4 4 4 4
Puc. 11.9

Haiinem BXogHOEe CONMpPOTUBIIEHHWE PAa3OMKHYTOH JMHHMH 6e3 MoTepb.
Ilpu Zy = oo u3 cootHowenus (11.15) cnenyer:

) 2ml
Zpxxx = Rg———7=—JjRgctg rul
I8 3
B 9TOM CJIy4da€ BXOOHOC COHpOTHBHeHHe JIHHUH TaKX€ 6y}16T HUMCETH

YHCTO PEaKTHUBHBIH XapakTep

2l
Xgxxx = —Rpctg >

H3 rpadukoB 3aBUCMMOCTH BXOJHOTO COINPOTHUBIIEHHS Pa3OMKHYTOM
JMHUM 6e3 noTepsb OT [UIMHBI JTuHUM (puc. 11.10) cnexyer:

e npul < A/4 pazoMkHyTas JIMHUA €3 NOTeph BeleT ceOs KaK eMKOCTb;
e 1pu | = A/4 pa3oMkHyTas auHHA Oe3 MOTepb BeeT cebs Kak mocie-

JOBaTeNbHbIH KonebaTeNbHbIH KOHTYD;

e npu A/4<Il<A/2 pasomkHyTas nuMHHA Oe3 MOTeph BedeT cebs

KaK MHIYKTHBHOCTB;

e npu l = A/2 pasomkHyTas nuHUs Oe3 MOTeps BeleT ce0s Kak mapaj-
nenbHbIA KonebaTenbHbIi KOHTYP;
®  [pHd JanbHEHIIEM YBEIHMYEHUH AJHMHBl JIMHUHM KapTHHA TOBTOpSAETCS

¢ nmepuoaom A/ 2.

PaccMOTpeHHblEe CBOMCTBA KOPOTKO3aMKHYTHIX M Pa3OMKHYTHIX
OTPE3KOB JIMHHBIX JIMHHMH TO3BOJIIOT HCIMONB30BaTh HUX B KayecTBe
PE30HAHCHBIX CHCTEM B JHana3oHe CBEPXBBICOKHMX 4acToT. J[oOpoTHOCTH
TaKHX PE30HAHCHBIX CUCTEM JOCTHIaeT HECKOIBKHX THICSY.
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XBX Xx4

e VY =

Puc. 11.10

KopoTko3aMKHYTBIH 4eTBEPTHBOJIHOBOH OTPE30K JIMHHHM HCIOJb3YIOT
IUT OpraHyu3alliK 3alIMTHOTO 3a3eMJiieHus aHTeHH (puc. 11.11).

KopoTko3aMKHyTbI€ OTpe3KH JIMHHI MO>KHO HCIOJIb30BaTh B Ka4eCTBE
MeTa/UTHUeCKUX H30naTopoB (puc. 11.12).

>

Puc. 11.11 Puc. 11.12

YeTBepTHBOJIHOBBIH OTPE30K JIMHUH MOXKHO MCIOJIB30BaTh B Ka4eCTBE
TpaHcOpMaTOpa CONPOTUBIIEHH, TO €CTh KaK COIJIacyIollee yCTpOoiCTBO.
HaiineM BX0IHO€E CONMPOTHBIIEHHE JIMHUH UTHHOM [ = A /4, Harpy>xeH-
HoH Ha comnpotuBienue Zy. U3 (11.15) nomyuum
ZBX — RB ]Rj = R_é .
JZy  Zy
Orcroa cienyer, YTO YeTBEPTHBOJIHOBBINA OTPE30K JIMHUHM TpaHcdop-
MHpYeT COIpPOTHUBJICHUE Zy B CONpPOTHUBJIEHUE Zpy. Ecnu compoTuBieHne
Harpy3ku Zy He paBHO BOJIHOBOMY CONPOTHBIIEHHIO Zg OCHOBHOH JIMHHH,
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TO MEXIAY HHUMH MOXXHO BKIIOYHUTH ‘-ICTBCpTBBOJ'[HOBOﬁ OTpPE30K JIMHUH
C BOJTHOBBIM CONPOTHBIICHHEM

RB - \’ZBXZH'

B orpeske Oyner pekMM CMEILAHHBIX BOJIH, HO TaK KaK €ro JJIMHa
BCero A/4, To notepu OyayT HEBETHKH.
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