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1. TeopeTnueckas 4acThb

1.1. Toxyn 1 HANIPSAKEHUA B JTHHHBIX JUHHAX

B nunusax snekrponepenaun npu yactote 50 I'm u HanpsbkeHusx 1o 35
kB HeOobIIoN AJIMHBI MOKHO NMpeHeOperaTb TOKkaMu, 00YCIOBIEHHBIMU €MKO-
CTBIO MEXAY MPOBOJAAMH (TOKAMHU CMEILEHHUS) U MPOBOJUMOCTBIO H30JSLUU
(TOKaMH yTeUKH Yepe3 THPISHIBI U30ISTOPOB U TOKaMH, 00YCIOBIEHHBIMU KO-
POHHBIM AJEKTPUUECKUM Pa3psiioM BOJIU3U MOBEPXHOCTU MTPOBOJIOB).

[Ipu OonbIIMX HANPSDKEHUSX, BCTPEUAIONIUXCS B DJIEKTPOIHEPreTUKE, U
py OOJBIIMX YACTOTAX, C KOTOPHIMH MMEET JEJO 3JIEKTPOCBS3b, a TaAKKE MPH
3HAYUTEIBHOU JIJIMHE JIMHUM MpeHeOperaTh TOKaMy CMELIEHUSI U YTEUKH HeJllo-
nyctuMo. CinenoBaTenbHO, TOK B IIPOBOJAX HE OJMHAKOB B Pa3HbIX CEUYEHHUSX
JIMHUM.

Tok B IIpOBOJAX JIMHUM BBI3BIBACT NAJCHUE HAIPSIKEHUS B AKTUBHOM CO-
IIPOTUBJICHUU TPOBOJOB U CO3JAECT MEPEMEHHOE MAarHUTHOE II0JIe, KOTOPOE B
CBOIO O4Ye€peab HABOAUT BJOJIb BCEH JIMHUMU 3.1.C. caMOMHAyKuuu. [loatomy
HaIpPsDKEHUE MEXy IPOBOJAMU TAKKE HE OCTACTCS MIOCTOSIHHBIM BJOJIb JIMHUH.

YtoOb! yuecTb U3MEHEHHE TOKA U HAMPSKEHUS BAOJIb JIMHUM, HYKHO CUH-
TaTh, YTO KaXJbIA CKOJIb YTOJHO MAaJIbIM AJIEMEHT JIMHUM 00JaJaeT CONpPOTHUB-
JICHWEM U UHAYKTUBHOCTBIO, & MEXKAY IIPOBOJAMU - IIPOBOAUMOCTBIO U €MKO-
CTbIO, T. €. PacCMAaTPUBATh JIMHUIO KaK Yensb ¢ pacnpedenénHbiMu napamempa-
mu. Takyro JIMHUIO Ha3bIBAOT OUHHOU.

bynem cuurath CONpPOTHBIECHHE, UHAYKTUBHOCTH, IIPOBOAUMOCTb U €M-
KOCTb PAaBHOMEPHO PAaCIPENCIICHHBIMUA BIOJb JIMHUM, YTO SIBJISAETCS HEKOTOPOU
ueaIn3aluen JeUCTBUTEIIBHBIX YCI0BUM. TaKyro JUHUIO YCIOBUMCS Ha3bIBaTh
OJHOPOJHOMU.

O06 uaeanu3anuy HaJ0 TOBOPUTH TOTOMY, YTO B pEaIbHON JIMHUU YTEUKY

TOKa 49CPC3 TUPIIAHABI U30JIATOPOB HYXHO paCCMATpUBATH KAK COBOKYIIHOCTH



piaaa COCPCAOTOUYCHHBIX IMPOIECCOB. KpOMe TOro, IMpoBEC MMPOBOIOB HA MJIMHC
IpoJICTa JIMHUU U3MCHSACT PABHOMCPHOCTBH PACHPCACICHUA MX CMKOCTH U HUH-

JTYKTUBHOCTH.
1.2. YpaBHeHHs OTHOPOJAHOM JUHUHA

CocrtaBuM nuddepeHnnanbHble ypaBHEHUs, KOTOPBIM YIOBJIETBOPSIOT
TOKU M HANpsDKEHUS B JII0OOM CEYEHUU JABYXIPOBOJHOM nuHuu. [lycTh n3Bect-
Hbl MEPBUYHBIE MapaMeTPbl OAHOPOJHOM JIMHUM, OTHECEHHBIE K EIHUHHIIE €€
IJIUHBL: 7, - COINIPOTUBIIEHUE NPSIMOrO U OOPAaTHOTO NMPOBOAOB; L, - UHIYKTHUB-
HOCTbh NETJIM, 00pa3zyeMoil IMpsIMbIM M OOpPaTHBIM MPOBOJAMU (MJIU C YYETOM
BJIMSHUSA 3€MJIM - pabo4asi HHAYKTUBHOCTb NIETIIN); g, - IPOBOAUMOCTD (yTEUKa)

MCKAY IMPOBOAAMH, CO - CMKOCTh MCKAY IMpPOXOodaMHU (I/IJ'II/I C YUCTOM CMKOCTH

IMPpOBOAOB 11O OTHOICHUIO K 3CMIJIC - pa60qa51 CMKOCTb MCIKOY HpOBOIIaMI/I).

7ds Lpdz ‘o Tl lydz 0%
—C}M—-—_D-—fm

§olr _1' gplz -j"
._I u ’ ,_:r du

azr (+ gi dr
ar

Puc. 1. Cxema 3amerienust O THOPOTHOM NTUHHOM JIMHUH

I[JII/IHHYIO JIMHUIO MOKHO IIPCACTABUTb B BUAC MHOXCCTBA COCAMHCHHBIX
B ILCIIOYKY OECKOHEUHO MAaJIBIX DJIEMEHTOB I[J'IHHOﬁ dx, K&)KI[BIIZ N3 KOTOPBIX

UMEET COIPOTUBIEHUE FydX W WHAYKTUBHOCTb L,dx, MPOBOAMMOCTb g,dX U
emkocTh Cydx (puc. 1). Conporusnenue 7,dx U UHIYKTUBHOCTb L dx Oynem

CUNUTATH BKIIFOYCHHBIMHA B OWH IIPOBO/.



O0603Ha4YMM Yepe3 X PacCTOSTHUE OT Hadalia JIMHUHU J0 TEKYIIEro dJIeMEHTa
e JUIMHBI. MTHOBECHHBIC 3HAYCHHS HANpPsDKCHHSI M TOKA B Hayaje BHIOPAHHOTO
2JIEMCHTA JIMHUM dx 0003HAYUM Yepe3 u | [, a B Havajie CISAYIOIIEro - 4epes
u+a—udx u i+gdx.
ox ox
YcnoBuMcs Ha3bpIBaTh BEPXHHUH MPOBOJ (pUC. 1) ABYXIIPOBOIHON JTUHUHU
NpSMBIM, a HIKHHH - OOpaTHbIM. IloJOKHTENbHBIC HANpaBICHUS TOKa W

HanpspKeHHs BbiOepeM, Kak MoKa3aHo Ha puc. 1.

Jl71s1 aemMeHTa JTMHUY JUIMHOM dx Ha OCHOBaHUU 3aKOHOB Kupxroda

u— u+a—udx :rodx-i+L0dx-Q;
ox ot
i— i+@dx = u+a—udx -godx+C0dx-g u+a—udx
ox ox ot ox

[IpuBoast mogoOHbIe YeHBl, TpeHeOperas BeIMUUHAMHI BTOPOTO MOPSIKaA
MaJIOCTH U cOoKpalas Ha dx, moyiydaeMm audQepeHiranbHble ypaBHEHHUS:

ou ol Ol ou
—— =i+l —; —=gu+C,—. 1
ox VTR T T EM T e, M

Pemenue HOJIY"ICHHOIZ CHUCTCMBI ypaBHCHI/Iﬁ B YAaCTHBIX ITPOHU3BOIAHBIX
npu OHNPCACIICHHBIX HAYAJIbHBIX W TPAHUYHBIX YCIOBHUAX HACT BO3MOXHOCTDH
OIIPCACINUTD TOK WU HAIIPSKCHUC KaK (1)YHKI_II/II/I pacCToAHUA OT HaddJld JIMHUH U

BPEMEHH.

1.3. YcTaHOBUBIIMICH PesKUM B OJHOPOJAHOM JIUHHUHU

PaCCMOTpI/IM YCTaHOBHBmHﬁCH PEKUM B IUIHHHOﬁ JIMHUU TIPHU CUHYCOHU-
AAaJIbHOM HAIIPSKCHUMU UCTOYHUKA IMHTAHHA. HepeHI/ICBIBaSI YPaBHCHHA (1) JJIA
YCTAaHOBUBHICTOCA PCKHMA U BBOAA KOMIIJICKCHBIC HAIIPAXKCHUA, TOKH, COIIPO-

TUBJICHUA U IIPOBOAUMOCTH, ITIOJTYyHACM!



dU : . dl : :
———=(ry+ joL) =21 ; —=(g, + joC,)U=YU, ()
dx dx
rae Z, =1, + joL,- KOMIUIEKCHOE CONpOoTuBIeHue; ¥, = g, + joC, - KOMIUIEKC-
Y,

Hag IPOBOAUMOCTL CAVWHUIBLI JJIMHBI JIUWHUN (ZO u HC ABJIAIOTCA BCJIMYHMHA-

MU, OOpPaTHBIMH APYT IAPYTY).

Pemenue ypaBaenuit (2) nns nHanpspkeHus: U uMmeeT BU:

U= Ale—zx + At = Ale_“xe_jB" + Azewejﬁ" 1= (/‘lle—zx - Azezx)’ 3)
Zy/y

rae

z:a"‘jB:\/ZoXo:\/(r0+j(DLo)(go+j(DC0); 4)
Al ) AZ - KOMIIJICKCHBIC ITIOCTOSHHBIC I/IHTerI/IPOBaHI/IH.

KommnnekcHast BeIudnHa Y Ha3bIBACTCA KO3d)d)I/II_II/ICHTOM PacIpoCcTpade-

HUd, o - KodbduimenTom 3aryxanus, 3 - kodgduimenTom dhassl.

Jlist mojcyera oo ¥ 3 MOXKHO 00paTUTHCA K opMysiam

1
o= \/E(zoyo T 7080 ~ 602Loco);

' )

1
B= \/E(zoyo +o’L,C, - rogo),

2 21 2 2 2 2
THe z, =4/, + L, , y,=4/g, + 0 C,” .
3HamMeHartellb BO BTOpoul dopmyie (3), UMEIOMUA pa3MepHOCTh COIPO-
TUBJICHU, HA3bIBAIOT 60IHOEbIM CONPOMUGIEHUEM AuHUY Ly . JJisi OJHOPOJHON

JIMHUH, paCCManHBaCMOﬁ KaK YCTBIPCXIIOJIIOCHUK, 60JIHOB0€ CONpomuesilerue

cosnaoaem ¢ xapakmepucmuieckum, T.c.

rae



OO(goLo _roco)
58, + 0)2L0C0

1
0 =—arct 7
S arctg (7

Bmpamaﬁ KOMIIJICKCHI Al u A29 HUMCIOIIUC PAa3MCPHOCTh HAIIPAKCHUA, B

nokaszaresnbpHOi Gpopme 4, = Ae’"'; A, = A,e’"?, 3anmumeM MrHOBEHHBIE 3HadYe-
HHS HAaIPsDKEHHS M TOKA!

u=-24e" sin(wf —Bx+y, ) + J24,6” sin(f +Bx+v, ), (8)

24,

e sin(wr —Bx+y, —0)

c c

e”sin(ot+px+y,—0).  (9)

Kaxxnoe u3 cnaraempIX NpaBoil YaCcTU ABYX MOCJIEIHUX BBIPAXKECHUN MOXK-
HO paccMaTpHBaTh Kak OETyIlyl0 BOJHY, JABMXKYUIYIOCS B HalpaBJIEHUH BO3pac-
TaHUs WM YObIBAaHUS KOOPJIMHATHI X U 3aTYXalOU[yI0 B HAIIPABJICHUH JIBHXKCHHUS.

OCHOBHBIMHM XapaKTEpUCTUKaMU Oeryiieil BOJIHBI SBISIIOTCA (a3oBas
CKOPOCTb U JJIMHA BOJIHBI.

Da30601l cKOPOCMbIO 60.JIHBI V HA3BIBAETCS CKOPOCTh NEpeMeElLeHus (pa3bl
KoJe0aHusl, KOTOpasi B T€YeHUE BPEMEHH { U TI0 Mepe YBEJIMUYEHUSI PACCTOSIHUS X,
IIPOMJICHHOI'0 BOJIHOW, OCTAETCS IIOCTOSIHHOM, T.€.

ot —Bx +y, =const.

Tornma

y=—=—. (10)

AHaloruyHOE WCCIe0BaHNE BTOPOTO ClIaraeMoro MpaBoil 4acTH paBeH-
ctBa (8) mano Obl 115 (Ha30BOM CKOPOCTH TaKoe€ K€ 3HAUYCHHE, HO C 0OpaTHBHIM
3HakoM. OTCIO/Ia 3aKJIF0YaeM, 4TO 3TH CJIaraeMble MOTYT pacCMaTpPUBATHCS Kak
BOJIHBI, IBMKYIITUECS B MMPOTHBOTIOJIOKHBIX HAPaBIICHUSX.

Jnunou 607HbI A Ha3BIBACTCS PACCTOSTHHE MEXAY ONVDKaWIIUMHU JTBYMS
TOYKaMH, B3ITOC B HAIIPABJICHUU PACIIPOCTPAHCHMS BOJIHBI, ()a3bl KOJeOaHUS B
KOTOPBIX pasznuvaroTcss Ha 271, CremoBaTeNbHO, IS MEPBOTO CIAraéMoro pa-

BEHCTBA (&) Moaydnm;



of —B(x+1)+y, =of —Px+y, — 2,

OTKyJa
o 27 A
K:2n/B,v=E=Tf=7uf=?, (11)
T.C. 3a BPCM:A, PaBHOC ICPHUOAY, BOJIHA Hp06eraeT PacCTOAHUC, PABHOC OJIMHC
BOJIHBI.
YcnoBumcs BOJIHY, ABHJKYIIYIOCS OT Ha4daJla JIMHUH, HA3bIBATDH HpHMOﬁ, a

ABWJXYIIYIOCA OT KOHIA JIMHHUU - O6paTHOﬁ. IlonoxuTenbHbIC HaIlpaBJICHUA

HaIpPsDKCHUN MPSIMOM U 0OpaTHOM BOJH BBIOEPEM COBIAJIAIOIIUMU C TIOJIOKU-
TeJTbHBIM HampaBieHueM HanpspbkeHus U (puc. 1); mosiouTenbpHOe Hamlpasiie-
HUE TOKa MPSIMON BOJIHBI BHIOEPEM COBIAJAIONIMM C TOJIOKUTEIBHBIM HampaB-

neHueM Toka / (puc. 1), a MOJOKUTEIBHOE HAPaBIEHUE TOKa 0OpAaTHON BOJIHBI

- IIPOTUBOITIOJOXHBIM ITOJIOKUTCIBbHOMY HAIIPABJICHUIO TOKA I.

B cooTBeTCcTBUM C 3TUM MOKHO 3aIIMCaTh:

U=U,+Ug; =1, +1;; (12)
e
. A
P -y
Up=4e " 1, —Z—le ;
_ > (13)
VY

N3 dopmyn (13) BbITEKAaET, 4YTO TOKM U HAMPSHKEHHUS KaK MPSIMOU, Tak U

0oOpaTHOM BOJH CBSI3aHBI MEXKIy coO0i 3akoHOM Oma:

i,=U,1Z;14=Ug/Z,. (14)

p
BB@IICHHBIC MOHATHUA O MPSAMBIX U 06paTHBIX BOJIHAX B JIMHUAX IIPpU yCTa-
HOBHUBHICMCA CHHYCOHIAAJIBHOM PCIKHUMC 00JIeryaroT MNpCACTABJICHUC WU aHAJIN3

IMpoLEcCCOB. OI[HaKO HY>XHO UMCTb B BUAY, YTO (I)I/IBI/ILICCKI/I CYICCTBYIOT B JIN-

HHH TOJIBKO PE3YIbTHUPYIOIIUC TOK I n HaIIPAKCHUC U u 4dto Pa3JI0KCHUC HX

Ha IIPAMBIC U 06paTHBIe BOJIHBI CJICAYCT CUNTATD JIMIIb YI[O6HBIM IMPUCMOM.



1.4. YpaBHeHHsl OTHOPOAHO JMHHMHU C TUNEPOOTNUYecCKUMHU QYHKIUSAMH

B dopmynax (3) mocTrosHHBIC AI u /lz MOKHO OIPEICIIUTh, €CIIN U3BECT-
HbI TPAaHUYHBIC YCIIOBUSI.

IlycTh 3amaHbl HANPSHKEHHUE U | U TOK jl B Havase JuauM (x=0). U3 (3)
npu x =0 nmoxyunm:

U=A4+4,; [ Z =4 —A4,,

IToncraBuB AI u /lz B (3), s HanpsokeHus U ¥ TOKa [ B m06GO# TOUKe
JUHUY (Ha PACCTOSTHUU X OT €€ HayaJia) MOJIyqIHM:
U :%(Ul +j1ZC)e_Xx +%(Ul _I.IZC)eZX; 1 :% %_'_I.] et = __j1 e’

= =
['pynnupys 4wieHsl B MpaBoil 4acTU W BBOJIA runepOonnueckue GpyHKIUU

chxx u shxx, OyJIeM UMETh:

. el »_eo . .
0 =0, "=z, == —=Uchyr - Zsh;
. U el —e®™ .eM4e¥™ U - (1)
I=——L +1, =——Lshyx + [ ,chyx.
Z 2 2 Z, — -

2 2

OtH GopMYITBI TIO3BOJISIFOT OMPEACIUTh TOK M HANIPSHKCHHUE B JTFOOOM TOY-
K€ JIMHKMM 110 X 3HAYCHHUSAM B Havalie JIUHHH.

[TycTh Temeps 3a7aHbl 3HAUCHUS HATIPSHKCHUS U2 ¥ ToKa | , B KOHIIE JIU-
HUH, T.€. 3a/1aH PEKUM IIPHCMHHKA.

B aToMm ciydae menecooOpa3HO OTCUHMTHIBATh PACCTOSHUE TEKYIIEH TOYKH
oT koHia jguaun. O6o03Havas ero yepe3 x' moiydaeM x =/—x', rae [ - nauHa
BCEU JIMHUU.

Torma u3 (3) Haiigem:

U=dele™ + Aele™; IZ = Ae Ve™ — Aeve ™.

O003HaUYUM



o
A=Ae™; 4, = Ae
N yCJIIOBUMCA, OTCUUTBIBAA PACCTOAHUA OT KOHIA JIMHHH, 0003HayaTh UX HE Ye-

pe3 x', a cHoBa uepe3 x. Torma

U= A}ezx + At ]ZC = /.1361)6 — A" (16)

rje A}ezx - TIpsiMasi BOJTHA HAIPSDKECHHUS, a /Leﬂx - oOparHas BostHa. U3 hopmyn
(16) mpu x =0 nomyuum:
Uz :A3 +A49 jzzc :“.13 _A49
OTKy/a
o1, )
A =E(U2 +1,2,);
1 (17)
4,=-(U,-1,2,).
2
[MoactaBnsas (17) B (16), rpynnupysi 4ieHbl U BBOJS TUIEPOOTHUYECCKUC

¢ynkiuu chyx u shyx, momyyaem:

U= Uzchzx + jZchhxx;

. . (18)
I = %shzx + I,chyx.

—c
1.5. BxogHoe conpoTuBjieHHE JTUHUN

HpI/I HUCCIICAOBAHNH TTPOUCCCOB B JIMHHUU YaCTO BAXXKHO 3HATb BXOIHOC CO-

npotusnenue nuHuu. Ilox éxoodnvim conpomuenenuem MMHAN Z, TOHMMAIOT

COCPEIOTOYCHHOE COMTPOTHURIICHHE, KOTOPBIM MOKHO 3aMCHHUTH JIMHHIO BMECTE C
MIPUEMHUKOM Ha ¢ KOHIIC TIPH pacueTe pekuMa B Havaie JuHud. [lo onpenene-
HUIO U C y4eToM paBeHCTB (18) momyunm:

P ﬂ _ U%chzl +1,Z shyl _ Z, + Z thyl
I U - < Zthyl+Z
! ?zshyl + I,chyl/ LT £,

—C

(19)

10



BxonHoe compoTuBieHHe IpU JOOOM CONPOTUBIEHUM HAarpy3ku Z,

MOJKXHO BBIPA3UTb YCPC3 BXOIAHBIC COIIPOTHUBIICHUA JIMHUU IIPU XOJIOCTOM XOIC

Z_ 1 KOpoTKOM B 3amblkanuu Z . W3 (19) Haxoaum mOpu XOJOCTOM XOE

(Z, =oo,1.2 =0):
j U chyl
Zx — l]{lx — U2 z — chthxl :% (20)
v Paghys Y
Z —_

—C

U TIIpU KOPOTKOM 3aMblkaHuu (£, =0, U ,=0)

7 I.Zshyl
;:%u:%‘zzgmw. (21)
I I,chyl -

1x

PasjiennB yMCauTENb ¥ 3HAMEHATENb NpaBoid yactu (19) na thyl ¢ yyerom
(20) u (21) monmyuum:

Z,+7Z -
ZBX — ZX =2 “=x _ ZBer‘PBX . (22)
Zz + Zx

Otoii popmysol yaoOHO MOJIb30BaThCS, €CIM U3BECTHBI Z, U Z,_, KOTO-

pBIC MOTYT OBITH OIIPCACICHBI, HAIIPUMCEP, U3 OIIBITOB XOJIOCTOT'O X0Aa U KOPOT-
KOI'0 3aMbIKaHMs JIMHUH.
IIepe3 BXOOHBIC COIMPOTUBJICHUSA JIMHUU ITPHU XOJIOCTOM XOIAC U KOPOTKOM

3dMbIKaHHUH JICTKO BBIPA3UTDH ZC n . HepeMHO)KI/IB, a 3aTCM pPa3CiINB IMMOYJICH-

HO (20) u (21) u u3BIEKasA KOPEHD, MOIYUHM:

Z.=\LZ,; (23)

thyl=\/Z,/ Z, . (24)

1.6. KoaxppuumeHT orpazkeHusi BOJHbI

ITpy npon3BOIBLHOM CONPOTHUBIECHUH HAarpy3ku Z, B KOHIIE JUHUM KO3(-

¢unuent A, B (17) He paBeH HyJIIO, T.€. B JIMHUU BO3HUKAeT oOpaTHasl BOJIHA.

11



OTO MOXHO y4ecTb, BBE/sl TaK Ha3bIBA€MbIil KOMIUIEKCHBIA KOA(hUIIMEHT OT-
pa’keHUsl BOJIHBI WIH, KOpoue, Koagduyuenm ompadicenus 1, ONPEAEIUB €T0 B
oO11eM ciiydae Kak OTHOILLIEHHWE KOMIUIEKCOB HANPSXKEHUH WM TOKOB OOpaTHOU
Y TIPSIMOM BOJIH B JIFOOOW TOYKE JIMHUU:

_ A4e—zx _ Uz _jzzc o2
A}ezx Uz + jZZc Z,+Z,

Ll o (25)

[

B Gosnee y3kom cMpbicie ciioBa KOADPUIIUESHT OTPAXKEHUS ONpeesieTcs B
TOYKaX, IJIe €CTh KaKas-Tu00 HEOJHOPOTHOCTh (KOHEI] MJIM HA4aJlo JIMHKH).

[Tpy HanmMumm OOpaTHOW BOJIHBI YacTh MOIIHOCTH TMPSMOW BOJHBI BO3-
BpaIacTcsl HCTOYHUKY 00paTHOH BOTHOM. [103TOMY MOIITHOCTb, BBICISIOMIASICS
B CONPOTHUBJICHUN HArpy3KH, OyJeT MEHbIIIE, €CJIU CUUTATh, YTO MOIIHOCTh HC-

TOYHHKA P] OCTaeTCs HEM3MCHHOM.

1.7. CornacoBaHHasi HArpy3Ka JUHUHN

Eciu B KOHIIC JIMHHUUW BKIIOYCHO COIIPOTHUBICHUC HAI'PY3KH, pAaBHOC BOJI-

HOBOMY:
Z,=2.=U,/1,
TO, oOpamiasick K popmynam (17), HaX0aUM, 4TO
4,=U,; 4,=0, (26)
T.€. OTPaKEHHAs BOJIHA HE BO3HMKaeT. Takyro Harpy3Ky Ha3bIBalOT CO2NACOBAH-
HOU HA2PY3KOU UL HA2PY3KOU 6e3 OmpadceHusl.
[Ipu aTOM, Kak cienyet u3 (25), koappuiuent orpaxenus n7=0.

W3 HanKMcaHHBIX BBILIE COOTHOMIEHUH ¢ yueToM (26) moaydum:

U = Unp = UZezx; UOG = 07 (27)
.. U ' . .
I=1, =7"p=%eyx =Le"; I5=0. (28)
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OTCIOIIa CICOYCT:

]2

U
I /A

(29)
T.€. IS II0OOM TOYKM JIMHUM OTHOLIEHUE KOMIUIEKCOB U U [ paBHO BOJIHOBO-

My comnportusieHuto Z, Iloatomy peowcum pabomer eenepamopa, numarouje2o

maxkyro JUHUIO, He USMeHUmMCH, eCllu 6 N0O0OM cevyenuu TUHUU ee paspezams u
emecmo Ompeé’aHHOﬁ vacmu JUHUU 6KTIOUYUNb B60JIHOB0E CONpomueienue. Pe-
KUM pa6OTBI OCTAaBIICTOCA yYAaCTKa JIMHUHN TAKKC HC U3MCHUTC.

W3 cootHomenus (19) cnenyer, 4yTo Ui cornacoBaHHOM nuHuu (£, =Z)

BXOJIHOE COIPOTUBIIEHUE PABHO BOJIHOBOMY Z = Z .

ITonaras U, =U,, 3anuiieM Ha ocHOBaHUU (27) u (28) MTHOBEHHBIE 3Ha-

YCHHA HAIIPAXKCHUA U TOKA B JIFOOOM TOYKE JIMHHUU:

u=U,,e" sin(of+px); i= o o sin(? +Px—0). (30)
V4

4

MOH_IHOCTB, mpoxosuiast 4epe3 KaKOC-HI/I6YIIB CCUCHUC JIMHUMH,

2

P=Ulcos0="2 ¢ cos0. (31)
V4

.
MorHocTh, iepeaaBaeMasi o COrJIaCOBaHHOM JIMHUU, HA3BIBACTCS ecme-
CMBEHHOU UIU HAMYPATIbHOU MOUHOCIBIO.
MorHoCTh, ojly4aeMast JIMHHUEH,
P =U,I cosH.
MOoIIHOCTh B KOHIIE JTUHHI
P,=U,I,cos9.
Ha ocnoBanuu paBeHctB (27) u (28)

P =U]l cos0=U,e** cosd=Pe*, (32)

K. II. A. JIMHHUHU

Pz —2al
=P (33)



Bce ckazanHoe 30€CHh O COTJIACOBAHHOM JIMHUU IMPUMCHUMO U K Oecko-
HCYHO IIJIPIHHOﬁ JIMHUH, ITOCKOJIbKY B HOCJICI[HCﬁ HC MOXCT BO3SHHKHYTb OTpa-

JKEHHAas BOJIHA.
1.8. JIunug 0e3 uCKaAXKeHHU

W3 cooTHomienuii (5) BUIHO, YTO KO3(PIUIHUEHT 3aTyXaHusd o U K03 hu-
nueHT (as3bl B 3aBUCAT OT 4yacToThl. [loaToMy rapMoHuku Oosiee BBICOKHX Ya-
CTOT 3aTyXalOT CHJIbHEE, YTO MPHUBOJIUT K MCKAKEHUIO PEYH, MY3bIKH U TeJe-
rpaHBIX CUTHAJIOB, T.€. K TaK HA3bIBAEMbIM aMIUTUTYIHBIM HCKaKEeHUsIM. Da3o-
Bas CKOPOCTh TaK)K€ 3aBUCUT OT YaCTOThL. 3aBUCUMOCTbH (Pa30BOM CKOPOCTU OT
YacTOThI MPUBOAUT K UBMEHEHUIO (POPMBI KPUBBIX TOKOB M HAMPSKEHUN B KOH-
1€ IMHUY 110 CPAaBHEHHUIO C UX (POpPMOil B Havasie IMHUU. DTH UCKAKEHHS HA3bI-
BalOTCs (pa30BbIMU. AMIUIMTYJHBIE UCKaKEHUSI TakKe MU3MEHSIOT GopMy Kpu-
BBIX.

JIuHuI0, yIOBIETBOPSIONIYIO YCIOBUIO

; (34)

HA3BIBAIOT JIUHUEU Oe3 UCKANCEHUIL.
3nayenue o U koddduiueHt gaspl f HaligeM U3 oommx Gpopmyn (5) as
o U B yueroMm ycioBus (34)

=0, =78, B=0yL,.C,. (35)

HpI/I TCX K€ YCIOBHAX BOJTHOBOC COIIPOTUBIICHHUC

Z.=\L,/Cy=\r,/ g, 8=0. (36)
da3oBast CKOPOCTh
v=o/B=1/{L,C,. (37)
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Koaddunment 3aryxanus u pa3zoBasi CKOpOCTh JIMHUU 0€3 UCKaKCHHUM He
3aBUCAT OT YaCTOTHI, T.€. B TAKOW JIMHUU OyAyT OTCYTCTBOBATh KaK aMILIUTY/I-

HbI€, TaK U (a30Bble HCKAXKEHUSI CUTHAJIOB.
1.9. /Ilunuu 0e3 nmorepb

Ecimn nonoxuth PaBHBIMH HYJIIO COIIPOTHBJICHUC IIPOBOJOB JINMHUH 7, = 0
" IIPOBOAHUMOCTD YTCUKHU MCXKAY HIPOBOAAMHU &, = 0 , TO IIOJIYYHUM TaK Ha3bIBAC-

MYIO TUHUIO Oe3 nomepb.

JI1 KOPOTKHUX BBICOKOYACTOTHBIX JIMHUM, MPUMEHSAEMBIX B PaJUOTEXHU-
K€, 4aCTO C JIOCTaTOYHO OOJIBLIION TOYHOCTBIO MOXHO MpeHeOpedb CONpPOTUBIIE-
HUEM 7, ¥ YT€YKOW g, 1o cpaBHEHMIO ¢ WL, u wC, . [Io3TOMy B paguOTeXHUKE
OYEHb YACTO PACCMATPUBAIOT JBYXIIPOBOJHBIE BO3IYLIHBIC JIMHUM U KOAKCH-
anbHbIE Ka0eIu KaK JIMHUU 0e3 MOTEPb.

N3 cootHomenuti (5), (6), (7), (10) u (11) ansa Takoit TMHUU TOJTYUUM
oc=0;B=03\/m; (38)
Zc=\/m=zc;9=0; (39)
v=0)/B=1/\/m; (40)
21t

B f\/L G, “

T.C. Y JIUHUHN oe3 MMOTCPb 34aTYXAaHUC PABHO HYJIHO, 4 BOJIHOBOC COIIPOTHUBJICHUC
aKTHBHOE U HE 3aBHUCHUT OT 4aCTOThI. TOYHO TaK K€ U (1)8.30B8,$I CKOpPOCTH B JIMHU-

Ax 0e3 moTepb HE 3aBUCUT OT YacTOThL. 3aMeTuMm, uTo 3, Z , v, A AJs JIMHUH

0e3 oTeph TaKKe e, KaK M JIJI1 HEHCKaKAFOIICH JIMHUU C TIOTCPSMH.
[Ipeobpazyem dopmynsr  (38)-(41) TPUMEHHUTENBHO K BO3AYIIHOU

(e=p=1) nByxnposogHoi nuHUU. C y4eTOM CKMH-3(Q)()eKTa CONPOTUBIIECHUE 7,
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CAVMHHUIBI JJIWHBbI MUJIWHAPUYICCKOI'O IMPOBOAAa paAnyCOM » Ha 4aCTOTC f OLOCHH-

- /M (42)
r o

rac ¢ - IpoBOAMMOCTDb MAaTCpHaJla IIpoBOaAA.

BaeTcs 1o Gpopmyrie

EMKOCTb M MHIIYKTUBHOCTb €IMHUILIBI IJIMHBI BO3YIIHOW ABYXITPOBOJHOM
JIUHUU MOXKHO PaccUUTaTh 1o hopmyiam

e vl
C=—"2_ L ="CIn(d/r); 43
0 ln(d/r)’ * x n( r), (43)

3ACCh 7 - paanycC MmpoBoaa, a d- PacCCTOAHUC MCKIY OCAMHU IIPOBOIOB.
BOSIIYH_IHYIO JIMHUIO TPAKTHYCCKU MOKHO CUHUTATHh JuHHueH 0e3 IMOTECPh,

€CJIA CONPOTUBIIEHUE 7y K WL, .

IMoncrapnss 3nauenusa L, u C, (43) B popmynst (38)-(41) u yuurtsiBas

(bopMyILy CKOPOCTH CBETa B BaKyyMe ¢ =1/,/g 1, , MOIydaeM:

B=2nf/c; (44)

z =2 Mogn(a /i), (45)
n\ g,

v=c/\Jeu=c; A=c/ f. (46)

AprymMeHT BOJTHOBOTO COTPOTHUBJICHUS JUHUU O0e3 moteps 0 =0, T.e. TOKH
MPSIMOM ¥ OOPATHOM BOJIH COBMAAAIOT 10 (ha3e ¢ HAMPSHKCHUSIMU.

VYpaBHEHHS NJIWHHOW JIMHUU C TUMEPOOIUUECKUMU (DYHKITUSMH OT KOM-
miekcHoro aprymenTa (15) u (18) mis nuHuM 6€3 moTeph MepexoasT B ypaBHe-

HUSL C KPYTOBBIMU (PYHKIUSIMH OT BEUIECTBEHHOIo aprymeHTa. Eciu 3amaHbl
HanpspkeHue U, v Tok [, B Ha4aJle JMHUH, TO NOJIYYHUM;

U= U1 cosfx —ijZC sin Bx;

: : 47)
]=—j%sian+lzcosBx. (

—C
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Ecmu 3aJIaHbl HAIIPAKCHUC U2 H TOK ]2 B KOHIIC TMHUH, TO UMCCM.

U =U2 cosBx+jfZZC sin 3x;

: : 48)
]=j%sin[3x+12cos[3x. (
Bxonnoe conportuienue quHuu coriacHo (19) u (38) - (41)
Z, +jzctg(27jtlj
Z =z . (49)

—BX C 27_[
Ztgl —1 |+ z.
]_2 g( 7\‘ j c

Ilepexons B ypaBHEHUsX (48) K MIHOBEHHBIM 3HaueHusM npu U, =U, un
[ ] 0 .
I, =1,e’™ , nomydaem:

u=U,, cosPxsinws + 1,z sinfxcos(ot—@,);

50
izﬁsiancosoot+12m cosPxsin(oz —@,). (50)
V4

¢

Boipaskenust (50) mokasblBarOT, YTO pacrpeiesieHne HanpsKeHUs UM TOKa
BJIOJIb JIMHUU B KK/l TAHHBIA MOMEHT SIBJISICTCSI CHHYCOMIAJIbHBIM.

OcTaHoBUMCH €1lle Ha CBOMCTBAX JMHUI 0€3 MOTeph IJIUHON B YETBEPTh U
B MMOJIOBUHY JUIMHBI BOJHEL [Ipu [ =A /4 u Bl =m/2 u3 ypaBHeHui (48) mory-
YUM:

Ulzjj2zc;j1:jU2/Zc‘ (51)

B stom ciyuae HampspkeHue (TOK) B Hayase JIMHUU MPOMOPIHMOHAIBHO
TOKY (HanpspKeHHUI0) B KOHIIE U orepekaet ero no ¢gaze Ha 90°. [{ns moanepxa-
HUS MOCTOSIHHOT'O HANPSKEHUS B KOHIE JIMHUU U , » KOTOPOE MOKET U3MEHATHCSA
BCJICJICTBUE M3MEHEHHS Harpy3Kd Ha KOHIE JIMHUM, HEOOXOAUMO B Hayale Ju-
HUUN MOJEPKUBATh MMOCTOSIHHBIM HE HANPsHKEHUE U | @ TOK I -

JIJist TUHUW JJTMHOW B TONBOJIHEI [ =A/2 u /=7 u3 ypaBHeHus (48)
uMeeM

U=-U,;1I=-1, (52)
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T.C. HAIIPSAKCHUEC U TOK B HAYAJIC IMHWUU PABHLI 110 BCJIIMINWHC U IIPOTUBOIIOJIOXK-
HBI 110 (1)2136 HaIllPSKCHUIO U TOKY B KOHIIC JIMHUU. Eciu ne cuurath ITOBOPOTa
BCKTOPOB Ha 1800, MUTAHUC TIPUCMHHKA OT HCTOYHHKA SHCPIrHHU IIPOUCXOOUT

TakuM 00pa3oM, Kak OyJITO ObI caMOil JIMHUY TIepeavu HeT.
1.10. CTossune BOJTHBI

PaCCMOTpI/IM cnyqaﬁ, KOoraga aKTHBHas MOIIHOCTDB, IMOTJIomIiacMasaA IIPHUCM-
HHMKOM B KOHIC JIMHHUHU oe3 IMOTCPb, paBHA HYJIIO. DTO MOXKET OBITH mpu XO0JI0-

CTOM XO0I€, KOPOTKOM 3daMBbIKAaHUH U YUCTO peaKTI/IBHOﬁ Harpyske.

ITpu xonocrom xone (£, = w0, ] , =0) n3 ypaBHenuii (48) cnenyer:

U =U, cosPx;
: ' 53)
I=j ﬂsin Bx. (
ZC
MrHOBEHHBIC 3HAYCHHS HANPSKEHHS ¥ ToKa pi U, = U, PaBHBL:
u=U,, cosPxsinwt;
(54)

.U, .
[ =—228inBx cos wt
V4

¢
U TPEJICTABISAIOT COOOW ypaBHEHUS cmoAyux 6oaH. MaTeMaTH4ecKu ypaBHEHHE
CTOSIYEH BOJIHBI MPEICTABIISICTCS MPOU3BEICHUEM JIBYX (DYHKIIMM, TpUYEM apry-
MEHT OJTHOM 3aBUCHUT TOJIbKO OT BPEMEHH, a IPYroil - TOJBKO OT KOOPJAUHATHI.
Cmosueil 601HOU HA3BIBACTCS MPOLECC, MOJYYAIOMIMNACSI OT HaJIOXKEHUS
MpSIMOM ¥ 0OPATHOM BOJIH C OJMHAKOBBIMHU aMIUTUTYIaMHU.
Bripaxenue nis HanpsikeHus (54) MOXHO MPEICTaBUTh B BUJIE CYMMBI (a

JJIs1 TOKa B BHJC paSHOCTI/I) HpHMOﬁ u 06paTHOﬁ BOJIH C OAMHAKOBBIMHU aMIIJIN-

TyAaMU:
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=" sin (ot +px) + Yo sin(of —Bx);
2 2

U U (55)

i= 2—Zsin(mt +Px) - ﬁsin(mt —Px).

[& c

HpI/I XO0JIOCTOM XOA€ Ha KOHILC JIMHUH (X = 0) 1 B TOYKAX, OTCTOAIIHUX OT

KOHIIA Ha pACCTOAHUAX

T A
x=k—=k—,
B 2
r7e k - 1ej0e Yuciio, IMEEM B JII000M MOMEHT BPEMEHH MaKCHMYMBbI HaIpsKe-

HHA, HA3bIBACMBIC ITYYHOCTAMHU, U HYJIN TOKA, HA3bIBACMBIC y3JIaMHU (pI/IC 2, Cl).

=2 $=Z?-E $=_2% x=—'}-_— r=0
I | [ I |
Nzz | | 1 I
| g i | Zz | ]
o
I
Z | ! i ! 1
! |
| | |
N\
| |
| I |

oo
!
o-fsro-

0)

Puc. 2. Crostune BOJIHBI B pEKHME XOJIOCTOTO X0/1a JIMHUK 0€3 TIoTeph

Ha PACCTOAHUAX KE OT KOHIA JIMHHUH

(2k+1)n A

=(2k +1)Z

X =

BCerJa HaOJII0Iat0TCs y3/Ibl HANPSKEHUSI U MYYHOCTH TOKA. Y3Jbl U MMYYHOCTH
TOKa W HaIpsSKEHUS HEMOABMHBI. Y3JIbl TOKa COBIMAJAIOT C IMYYHOCTAMHU
HanpspKeHus, 1 HaobopoT. Tok onepekaer o ¢aze HanpspkeHue Ha 90°, koraa

3Haku sinPx u cosPx ogmHakoBB (0<x<A/4;A/2<x<3\A/4 u T.1.) U OT-
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ctaeT 1o (aze oT HanpspkeHust Ha 90°, korja 3Haku SinfBx U cosPx MPOTUBOIO-
J0KHBI (A /4<x<A/2;30/4<x<AuT.n).

BxomHOE COMpOTUBIICHUE PA30OMKHYTOM JTUHUN O€3 MOTEPh
) ) 27
Z,=-jZ.cigpl=—jzctg| 51 | (56)

T.C. YUCMO peaKkmugHoe, U XapaKTep ero ONpeaAeseTcs AIWHOW TUHUU [ U 4Ya-
CTOTOM f (MU IJTMHON BOJIHBI A ). MI3MeHeHue abCONMIOTHOTO 3HAUEHUS U Xapak-
Tepa BXOJHOTO COMPOTHUBIICHHUS B 3aBUCUMOCTH OT JIJIMHBI JIMHUH TTOKa3aHO Ha
puc. 2, 6. Or x=0 10 x=A/4,0r x=A/2 no x=3\A/4 u T.0. IUHUS TIpE]I-
CTaBIIsIET CO0OW €MKOCTHOE COMPOTHBIEHHE, a OT Xx=A/4 g0 x=A/2, oT
x=3A/4 10 x=A ¥ T.A. - HHAYKTUBHOE conpoTusicHue. [lpu x=0, A/2, A u
T.J1. TUHHSI MOXKET OBITh TIPEICTABICHA MapaJIeIbHBIM PE30HAHCHBIM KOHTYPOM,
anpu x=A/4,3L/4, 5A/4u 1.1. - TOCIAENOBATEILHBIM PE30HAHCHBIM KOHTY-
pOM.
ITpu kopoTkoM 3aMbikanHuu (Z, =0 U , =0) n3 ypaBHeHui (48) nonyunm:
U =jjzzc sin Bx;
. (57)
I =1, cosPx.
MrHoBeHHBIC 3HAYCHUSI
u=1, z sinPxcoswt;
i=1,, cosBxsinwt,
T.€. HANPSHKCHUE W TOK MPEJCTABISIOT COOOM TakKe CTOSYUE BOJHBL J[st mro-
060ro MoMeHTa BpeMeHHU Ha KoHIe JJuHuU (X = () 1 B TOUKax, OTCTOSAIIUX OT He-
rO Ha IIeJI0€ YUCIIO MOTYBOIH kA /2, UMeeM y3IIbl HANPSOKEHUS U MyIHOCTH TO-

Ka, @ B TOYKaX, OTCTOSIIIUX OT KOHIA JJMHUM HA PACCTOSHUS, PABHbIE HEYETHOMY
YUCITy YETBEPTEN JIJIMH BOJIH (Zk + l)k /4, momy4aroTcsl My4HOCTH HANPSKEHUS
U y31bl Toka (puc. 3, a). Ilpu 3TOM My4HOCTH HANPSKEHUS U MyYHOCTH TOKa, a

TAKIKC Y3JIbl HAIIPAKCHUA W y3JIbl TOKA CABUHYTBI Ha YCTBCPTH IAJIMHBI BOJIHBI

Ipyr OTHOCUTENBHO Apyra. Hanpspkenue onepexaet mo ¢asze Tok Ha 90°, korna
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3Haku sinBx u cosPx ommHakoBBI (0<x<A/4; A/2<x<3\A/4 uT.1.), ¥ OT-
ctaetr Ha 90° oT TOKa, KOrjJa 3HaKU SInPx U CcoSPX IPOTUBOMOJIOKHBI

(A/4<x<A/2;30/4<x<A uT.0).

=4 o=%i p_A =2 .-
i (40 T Te me

I il I I i

1 | Z,( | ] ZK I

I | | | !

S A NG S AN

z 1 ] ' f

] | ! I

| | ! |

| DA IR | DS

-V [t |

i i_"_ | |

o]
Ao

T
a) 0)

Puc. 3. Crosiurie BOJIHBI B peKUME KOPOTKOTO 3aMbIKaHUS JTUHUM 0€3 OTEePh

BXOIIHOC COHpOTI/IBHCHI/IC KOpOTKOSaMKHYTOﬁ JINHUN 663 HOTCpB
2
Z =jZ.tgBl= jzctg({lj (58)

TAKXKE YUCMO pPeakmueHoe W B 3aBUCUMOCTH OT JJIMHBI JIMHUK [ ¥ 4acTOTHI |
MOJKET OBbITh HHAYKTHBHBIM WJIM €MKOCTHBIM. MI3MEHEHHME BXOHOTO COIPOTHB-
JICHHSI B 3aBHCHMOCTH OT JITMHBI KOPOTKO3aMKHYTOM JIMHUHU MOKa3aHO Ha PHC.
puc. 3, 6. I3 Hero BuaHO, 4T0 OT X =0 10 x=A/4,0T x=A/2 no x=3\A/4n
T.J1. JTUHHS MPEACTABIACT COOOH HHAYKTHBHOE CONPOTUBJICHHE, a OT X =A /4 10
x=A/2,0T x=3A/4 10 x=A U T.A. - EMKOCTHOE conpotuBiicHue. [Ipu x=0,
A/2, A HT.J. JIHHAS MOKET OBITH 3aMEHEHA IOCJIeI0BATCIbHBIM PE30HAHCHBIM
KOHTYpoM, a ipu x=A /4, 3A/4, 5A/4u T.A. - napaJuIeTbHBIM PE30HAHCHBIM
KOHTYPOM.

[Tpu cornacoBaHMM JHMHMM C HArpy3KOH HPHUXOIUTCS BKIIOYATh MHIYK-

TUBHOC HWJIX C€MKOCTHOC COIIPOTHUBJICHUC IIAPAJUICIBHO WM ITOCJICAOBATCIIBHO
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MIPUEMHHKY. B KauecTBe TaKOro CONPOTHUBIIEHUS MPHU BBICOKHX YaCTOTAX MOKET
CIIY’)KUTh KOPOTKO3aMKHYTas WJIM pa3oOMKHyTas JuHuA O0e3 morepb. Ho, Boc-
MOJIb30BABIINCH JIMHUEH ISl COTJIaCOBaHMs, pPa3yMHO B3ATh €€ HAMMEHBIIEH
JUTMHBI, T.€. KaK MOKa3bIBAIOT pUC. 2 U 3, BMECTO €EMKOCTHOTO CONPOTUBIICHHUS
BBIOMpATh PA30MKHYTYIO JTUHUIO JITUHOW MeHee A /4, a BMECTO HHAYKTHBHOTO -
KOPOTKO3aMKHYTYIO, JUTMHON MeHee A /4. JInmuHy pa3oMKHyTOW MHHHUU Oe3 To-

TCPb [ MOKHO ONpCACINTD IIPHU 3aJaHHOM X U3 (I)OpMy.HBI

1

27
—=x,.=zctge—/. 59
(DC xC c g 7\/ ( )

BennunHy / MO’)XKHO HallTM M U3 KpUBOW Zz , NPUBEAECHHOHN U3 puc. 2, 0,

€CJIM MOCTPOCHUE BBINOJIHEHO JTOCTATOYHO TOYHO. /[IMHY KOpPOTKO3aMKHYTOW

JIMHUN 663 HOTepL l MO>XKHO OHpeI[eJII/ITB HpI/I 3a1aHHOM XL n3 (I)OpMy.HBI
27
(DLZXL :thgTZ. (60)

Bennunny / MOKHO Take HalTH NMPSMO U3 KPUBOM z,_, IPUBEJECHHON Ha

puc. 3, o.

IIpy 4MCTO PEaKTMBHOM CONIPOTUBICHUU HArpy3KH Z, =1t jXx, B JIMHUU

TaK¥XKeC 6YIIYT CTOAYUC BOJIHBI. I[eﬁCTBHTCJIBHO, KaK OBbLIO TOJILKO 4UTO ITOKa3aHoO,
CMKOCTHOC U MHAYKTHBHOC COIIPOTHUBJIICHUA MOI'YT OBITh 3aMEHCHBI OTpC3KaMH
paBOMKHYTOﬁ N KOpOTKOSaMKHYTOﬁ JIMHHMU. CHCIIOBaTeJIBHO, JIMHUA C pCaK-
THUBHBIM COIIPOTHUBJICHUCM HAIrpy3KW HHYCM HC OTINYACTCSA OT paSOMKHYTOﬁ
nim KOpOTKOSaMKHYTOﬁ JIMHAM OOJIbIIEH JJIUHBI. Tonsko B KOHIIC JIMHUU C PC-
AKTHUBHBIM COIIPOTHUBJICHUCM HAI'PY3KHW HC 6YIICT HHU IIYYHOCTH, HU Yy3JIa TOKa
NI HAIIPAKCHU .

Hpe)IHOJIO)KI/IM TCIICPb, YTO Y JIMHUU oe3 IMOTCPb aKTUBHOC COIIPOTHUBJIC-

HUE Harpy3ku Z, =r,. O603Hauas
z /=K

1 TIOZICTaBJIsIA B BhIpakeHUs (48), ocie NpoCThIX MpeoOpa3oBaHUi MOJTydaeM:
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U=U2[Ke-’Bx +(1—K)cos[3x}; jz%[KejBx +j(1—K)sian}

U 1IpU U2 =U,

u=U,, Ksin(ot+px)+U,, (1- K)cosPxsinws;

i= %K sin (of + px) +Msinﬂxsin ot +g
z z

¢ ¢

B 5Tux ypaBHEHUSX Halps>)KEHUE W TOK IMPEACTABIECHBI CYMMaMH IBYX
ciaraembIxX. [lepBoe U3 HUX - be2ywas 601HA, a BTOPOE - CmMosyas 6oaHa. Takum
o0Opa3oM, eciiM JIMHUSL HE corjacoBaHa ¢ Harpy3koi (K #1), To HanpspKeHHE U
TOK B JIMHUM MOXHO MPEJACTaBUTh CYMMOW O€TymHX U CTOSAYMX BOJH. Yem
cwibHee K OTIMYaeTCsl OT €NUHHUIBI B Ty WU JAPYTYI0 CTOPOHY, TEM pE34€ BBI-
aBsiTcst crosiune BodHbL [Ipu K =0 (xomnocroit xoa) u K =00 (KOPOTKOE 3aMbl-
KaHKE) B JIMHUM HAOIIOAAIOTCS TOIBKO cTOsiuue BOIHBL Yem Omke K K equHu-

e, TeM pe3ue MPOSBISIOTCS Oerymue BoJHbIL. CTOsiUMe BOJHBI OTCYTCTBYIOT
npu K =1 wmm r, = z_, T.e. KOrJa Harpy3Ka coriaacoBaHHas.

Jlunusa 6e3 moteph JIMHOM B YETBEPTh BOJIHBI MPUMEHSETCS B KaueCTBE
COTJIaCYIOIIETo 3JIEMEHTa MEXAYy Kakoh-nu0bo nuHuer 0e3 moTeph U aKTUBHBIM
COIIPOTUBJIEHUEM HArpy3KH Ha €€ KOHLe Z, =7,, HE paBHbIM BOJIHOBOMY COIIPO-
TUBJICHUIO JUHUU. Hampumep, mpu MOMOIIM JIUHUM JJIMHOW B YETBEPTh BOJHBI
MO>XHO COTJIacoBaTh JIMHUIO (0€3 MOTeph), MUTAIOIIYI0 aHTEHHY, C CaMOW aH-

TeHHOﬁ, BXOOHOC COIIPOTUBJICHUC KOTOpOﬁ Zz =7,, T.c. HUCTO aKTUBHOC.

Halinem BXOJHOE CONPOTUBJICHUE YETBEPTHBOIHOBOW JIMHMM [=A/4,

Harpy>KeHHOW Ha aHTeHHy. llpu Z, =z, = r,Ha ocHOBaHuu (49):

z,+ jz tg 2m A
2 c N .
7 =2 A4
- e 21 A

Ztgl - |+ 2z,
]2g 7\‘ 4 c

Tax kak tg(n/2) =00, TO
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_ 52 _
ZBX _Zc /ZZ _ZBX‘
I[Hﬂ corjiaCoBaHHus HI/ITaIOH_Ieﬁ JIMHUM C aHTECHHOU HCO6XOI[I/IMO, '-ITO6BI
zZ =z

BX cl»?

race z. - BOJJHOBOC COIIPOTHUBIICHHUC MUTAONICH JTUHUH. OTCIOI[a

Z. =22, .

B stom ClIydac 4CTBCPTHBOJHOBAA JIMHUA oe3 IMOTCPb HA3BIBACTCA HYCT-

BCPTHBOJIHOBBIM TDaHCd)ODMaTODOM, TaK KaK OHa KaK OBl MMpUBOAUT (TpaHC(i)Op-

MI/IpyeT) BOJIHOBOC COIIPOTHBJICHHUC HI/ITaIOH_Ieﬁ JIJUHUU K COIIPOTHUBJICHUIO
Harpys3ku.

B CAHTUMCTPOBOM M JCHUMCTPOBOM OHAIIA30HAX IJIMH BOJH IJIA U3MCEPC-
HHA KOMIUICKCHOT'O BXOJHOT'O COIIPOTHUBIICHUA KaKOFO-HI/I6YIIB MMpUCMHUKA IIPpH-
MCHAIOT TaK HA3BIBACMYIO0 U3MCPHUTCIIBHYIO JIMHUIO B BUJC OTPC3KAa KOAKCHUAJIb-
HOM JIMHUHU 0e3 IMOTCPb. IIo pacinpcaciCHuro HaHpH)KeHI/Iﬁ BOOJIb U3BMCPHUTCIIb-

HOM JIMHUU MOHO OTPENICIIUTh COMPOTUBIICHUE HATpy3Ku (puc. 4).

MAKE

lewgpamap ouemiux

L a=lT Ty
l i

\ -

Puc. 4. K MCTOAUKE OIPEACTICHUSA KOMIIJICKCHOI'O BXOJJHOT'O COIMPOTUBJICHUA IMIPUEMHUKA

Pacnpenenenne HanpsKeHUsI U TOKA BJIOJb JIMHUU ONPEAEISETCS ypaBHe-
HusiMu (3). [Ipu orcueTe KOOpAUHATHI OT Havasa JUHUH

U = Ale*JBX +A2€JBX; b :—(Ale_JBx —Aze-’B").
Z

c

KoMmmnekcHbiit kK03 HUIMEHT OTpaskeHUs]
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1 iPx Jv, jBx
A,e™  Ae’e _nej~(2Bx+w2—wl)

1 —iBx vy - jBx >
Ae Ae’'e

n=

rae n=A,/ 4 - ero Moayib.

MOJIYJIB KOC—)(I)(i)I/II_II/ICHTa OTPaXCHHUA 71 MOKHO BBIYHUCIIUTD, OIIPCACIIUB KO-

aghuyuenm becyueii 80HbI HATIPSIHKCHUS

U
o= 61
U (61)

Makc

snece U 1 U,

Makc

- MUHUMAJIBHOC U MAKCHUMAJIbHOC HAIIPSKCHUA B JIMHUU, U3-
MCPACMBIC HCTIOCPCACTBCHHO HMHIUKATOPOM. B Touke x =l—x0, rac npsamass nu

06paTHa51 BOJIHBI HAXOAATCS B HpOTI/IBO(i)aSC, HMCEM UMHH , TaAK 4TO

UMI/IH = Al - AZ N
B touke, rae onu coBnanarT no ¢gaze HanpsHKEHUE MaKCUMAIIBHO:
UMaKc = A] + AZ N
CrnenoBaTeabHO,
= U,. _ A -4, _ 1-n
5
U,o A+4, 1+n
OTKYyJa
1-k
n=——. (62)
1+k
Mo>kHO oKa3aTh, YTO
U 1+ ne’(m+2h) 1 — ne/*P
2

/ =/ =—=4=z =Z - .
Lpx T &2 ]2 c 1— nej~(n+2[3x0) “1+ nej’zﬁxo

" BbIpaxasd n 4epe3 k, IIO0CJIC HpCO6p330BaHI/Iﬁ HaxXoJuM, 4TO

Z =z m (63)
1 jktgpx,

Takum oOpazom, 1 BelUMCICHMA Z, HeoOXoauMo usMmeputb U = U
U, .- T-6. K03hduuueHt Oeryuieil BOJIHbI HAIPSKEHUs K, U PaCCTOSIHUE X, OT

IMpUCMHUKA 010 OVKaMIIEro MUHUMYMa HAIIPSKCHUA.
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2. DKCIIEPUMEHTAJIbHAS YCTAHOBKA

1. Uccnenyemas ogHopoaHast iuHus (puc. 5).

d Tenepamop

SNONNNNNNNNNN

2r

Puc. 5. Ogaoponnas nuHus

2. BBICOKOYACTOTHBIN F'€HEPATOP.
3. BecKOHTaKTHBIE U3MEPUTENBHBIE TPUOOPHI (BOJIBTMETP U aMIIEPMET)).
4. JIazepHblil 1aTbHOMED.

4. HaGop Harpy304HbIX CONPOTUBIECHUH.
3. Ilopsia0K BHINOJTHEHUSI PA0OTHI

1. BKIIOYHTE B CETh BEICOKOYACTOTHBIM reHeparop.

2. CHATb pacnpeaciicHuc aMIUINTyd TOKa ]()C) N HaIIPAKCHUA U()C) B

Pa3oMKHYTOM MHUM. I 3TOTO:

- IPOBEPUTH PA30MKHYTOCTb JIMHUH HA KOHIIE;

- IOABECTH KapETKy K T€HEPATOPHOMY KOHIY JINHUH, BBICTABUTH PETYJIS-
TOpBI Ha MPUOOpax B CpelIHEE MOJ0KEHHUE, TAK YTOOBI CTPEJIKU U3MEPUTEIbHBIX
pruOOPOB HAXOAUIIUCH B CEPEANHE IIKAJIbI;

-CJIETKa U3MEHSISI €MKOCTh BO3AYLIHOIO MOJCTPOEYHOIO KOHJIEHCATOPA

Ha BBICOKOYAaCTOTHOM I'CHCpPATOPC, I[06I/ITBCSI Hanujydmero CorjiaCoBaHus I'cHe-
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paTopa ¢ pa30MKHYTON JTMHUEH: KPUTEPUEM ITOro OyAeT MaKCUMalIbHOE OTKJIO-
HEHUE CTPEJIKK aMIIepMEeTpa;

- mepeMelnas KapeTky BAOJb JIMHUHM, OCTAHOBUThH €€ B MYYHOCTH TOKa, a
3aTeM PEryJsITOpOM Ha aMIIepMETpPEe YCTAaHOBUTH CTPENKYy ammnepmerpa Ha 90-
95% ot MakcuMyMa, OCJIE 3TOTO PETYIATOP YK€ HE TPOTaTh;

- IepeMeliasi KapeTKy BJOJIb JUHUU B JIIOOOM HamlpaBJICHUH, CHSTH 3aBH-
cumoctu [ (x) n U (x); 3aBUcUMoOCTH [ (x) n U (x) caumarorca yepes 10-20
CM, OCOOEHHO YTOYHSIIOTCS MOJIOKEHUS Y3J10B (C TOUHOCTHIO 10 1 cMm). [laHHbIe
3aBUCHUMOCTEH CBECTHU B Tabnuiy 1.

3. YcTaHoBUTH B KOHIIC JIMHUU KOPOTKO3aMKHYTYIO IICPCMBIYUKY H, ITOJI-

HOCTBIO ITOBTOPAA BCC OIICpAllUMU II. 2, CHATH 3aBHCHUMOCTH I(X) u U(X) JIIA

KOpOTKOBaMKHYTOﬁ JJMHHUMU.

4. YcTaHOBUTH B KOHIC JIMHUU CMKOCTHYIO HATI'PY3KY H, IIOJHOCTBIO I10-

BTOpAA BCC OIICpALIUU II. 2, CHATH 3aBUCHUMOCTH I()C) u U()C) JJIA €MKOCTHOM

Harpys3ku.
5. YcraHoBUThH B KOHIC JIMHUWU WHAYKTHUBHYIO HAI'PY3KYy U, IOJHOCTBLIO

IOBTOPsAA BCC OIICpAIHU II. 2, CHATH 3aBUCUMOCTHU I(X) u U(X) I THAYKTUB-

HOU Harpy3KHu.
6. YCTaHOBUTh B KOHIE JMHUU 3aBEIOMO HECOIVIACOBAHHYIO AKTHUBHYIO

Harpys3ky Zz =7, * Z, U, IIOJIHOCTBIO IIOBTOP:As BCC OIICpaluu II. 2, CHATH 3aBU-
CUMOCTHU ]()C) u U()C) IJIA pCKUMa CMCIIAHHBIX BOJIH.

7. YCTaHOBUTDH B KOHIIE JIMHUM aKTUBHYIO Harpy3Ky, OJU3KYyIO K COTJIaco-

BaHHOU Zz =r, =z, U, IOJIHOCTBIO IIOBTOP:As BCC OIICPALIUH II. 2, CHATH 3aBUCHU-
MOCTHU ]()C) u U()C) IJIA pCKUMa «KIMOYTH 6CFYH_II/IX BOJIH».

8. 3akoHUYMB HU3MCPCHUA, CHATH C JIMHUMU HAI'PY3KYy, OTBCCTHU KAPCTKY K

ICHCPATOPHOMY KOHIY JIMHWUU U BBIKJIIOYUTH T'CHEPATOP.
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Pacnpeoenenue nanpsscenuii u mokoe 6 1unuu 05 pa3IudHbIX HA2PY30K

Tab6mmna 1
AxTuBHas He- | AKTHUBHAS CO-
Xonocron KopoTtkoe EmkoctHas | MHaykTHBHAsS
COTJIaCOBaH- | TJIaCOBaHHAs
X010 3aMbIKaHUE Harpyska Harpyska
Has Harpyska Harpyska
x,m| I | Uj|x,m I | Ujlx,m| I | U x,m I | Ulx,m I |U|x,m I | U

4. O0padoTKa pe3yabTATOB IKCIIEPUMEHTA

1. OHpCI[CJII/ITB MCPBUYHBIC U BTOPHUYHBIC MAPAMCETPLI JIMHUH, CUUTAS €C

nuHueln 6e3 uckaxkeHui. JlaHHble pacueToB 3aHECTH B Ta0IUIy 2.

Ce00Hble OanHble IKCNEPUMEHMANbHOU YCIMAHOBKU

Tabnuna 2
[lepBruHbIE TapamMeTpbl Bropnunslie mapamerpsl
7o Ly g0 Co Z Y a B k ¢ !
Om/™m | I'a/m | Cv/m | /M Om M Ho/m | pay/m M pan/c | MI'ng

2. Cnenatp 3aKJIIOUYE€HUE O BO3MOXKHOCTH CUHTAThH JAHHYIO JIMHUIO JTUHH-
eit 6e3 morepsk.

3. Hanwmcarp muis mccienyeMol JIMHUW ypaBHEHUS, CBS3BIBAIOIINE KOM-
TUTEKCHI JICWCTBYIOMIMX 3HAYCHUN HAMPSDKEHUS W TOKAa B JIOOOH TOYKE JTUHUH
Yyepe3 COOTBETCTBYIONIME KOMIUIEKCHI B KOHIIE JIMHUH. 3alucaTh COOTBETCTBY-
IOIe MaTeMaTUYEeCKHE YpaBHEHUs JJI1 MTHOBEHHBIX 3HAYCHHUH HANPSDKCHUS U

TOKa.
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4. Tlo nanHbIM TabauLbl 1 TOCTPOUTH TpaUKU pacrpeesieHus TOKOB U

HaIpsKEHU B TUHUN | (x) nlU (x) IUTSL K&KJIOM Harpy3KHu.
3. Tlo rpaduxam [ (x) nU (x), COOTBETCTBYIOIIUM HArpyskam 7, # z, U

¥, ® z,, ONpeAeIuTb K03(P(GUIUEHTHI Oeryie BOJIHbI k 1 KO3 (GUIMEHTH] O0Tpa-

KCHHUA 7.
4, OHpCI[CJII/ITB BCIIMYUHBI CMKOCTH U MHAYKTUBHOCTHU, IMOAKIIIOYACMBIC K

JIMHUH B KaYCCTBC HAI'PY30K.
KOHTpOJIbeIe BOIIPOCHI M 3aJaHUA

1. Yro Takoe ANMHHASI OMHOPOIHAS JIIUHHAS JTUHUS?

2. N3006pa3uTh SKBUBAJICHTHYIO CXEMY JUTMHHOMN JIMHUU.

3. BeiBeuTe ypaBHEHUS OJTHOPOAHOM JIMHHOW JIMHUMU.

4. 3anucath peUICHHE YpPAaBHEHUW OJHOPOAHOM JJIWHHOW JIMHUM JIS
YCTAHOBUBILIETOCS PEKUMA IIPU TAPMOHUYECKOM BO3/ICMCTBUMU.

5. Uro Takoe kodpdunmeHT pacnpocTpaHeHus, Ko3hPUIUEHT 3aTyXaHUs
u koxddunreHt daszpi?

6. UTo Takoe BOJTHOBOE CONMPOTHUBIICHHE JUHUM? 3aBUCUT JIM OHO OT KO-
OpJIMHATHI CEYEHUS JTUHUMU? OT €€ TeOMETPUMN? OT HAarpy3Ku?

7. BeiBecTH (hOpMYIIbI JII TIOTOHHBIX €MKOCTH M MHIYKTUBHOCTHU JIBYX-
MIPOBOJHOM JIMHUMU.

8. UTo Takoe BXOJHOE COMPOTUBIICHUE TUHUMU? OT 4e€ro OHO 3aBUCUT?

9. B kakux ciydasix BXOJHOE COMPOTHUBIICHUE JUHUU PaBHO HYJIO? Oec-
KOHEYHOCTHU? MOCTOSIHHO IO BCEW JTUHUM ?

10. Yto takoe ko3 duimeHT otpakeHusi? OT 4ero oH 3aBUCHUT?

11. 3anucate MaTeMaTUYECKUE YPABHEHHUS JJisi MTHOBEHHBIX 3HAYEHUM

HaIpsHDKEHUS M TOKA JUJIS CiTydasi: a) CTOSYUX BOJIH; 0) OEryIux BOJIH.
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12. Yto Takoe: a) paza Oerymieit BoHBI? 0) dha3zoBas CKOPOCTh? B) JJIMHA
BOJTHBI? Kak cBsS3aHBI MEXKy COOOI0 3TH BEJIUYNHBI?

13. Tloka3aTh, 4To (azoBas CKOPOCTh Oeryuieil BoJHbI B JBYXIIPOBOJAHON
JIMHUU paBHA CKOPOCTHU CBETA B BaKyyMe.

14. Yto Ttakoe TuHMS 0€3 UCKAKEHUNU? TUHUS 0€3 MoTeph?

15. Yem xapakrepu3yeTcsi pexkuM Oerymux BoJiH B duHUHU? UTo Takoe co-
rJlacoBaHHas Harpy3ka?

16. Uto Takoe pexuM CTOSYUX BOJH B IMHUHU? B Kakux ciydasx oH pea-
nu3yeTcs’?

17. Tloka3atb, 4YTO B PEXKUME CTOSAYUX BOJIH SHEPTHUS IO JUHUM HE Iepe-
JaeTcsl.

18. M300pa3uth pacnpenesieHuss TOKOB U HAMPSDKEHUM: a) B pa30OMKHYTOM
JTUHSAN; 0) B KOPOTKO3aAMKHYTOW JIMHUU.

19. Yto Takoe pexuM CMEIIaHHBIX BOJIH U KaK €r0 peaiu30BaTh?

20. Yto Takoe pe30HAHCHBIE OTPE3KU JUHUU? 3anucaTth BXOJHBIE COMPO-
TUBJICHUSI YETBEPTh- U MOJIYBOJHOBBIX OTPE3KOB JIMHUM MPHU Pa3HbIX BapUaHTaX
Harpy3KH.

21. CornacoBaHHYIO Harpy3Ky BKJIIOYHJIM HAa PAaCCTOSHHHM A /4 OT KOHIIQ
pazoMkHyTO# nuHuU. Kak uamenurcs pexum B auHumn? Ilokaszats pacnpenene-
HUS TOKOB U HAIPSDKEHUM B 3TOM Clilydae.

22. BBINONHUTE 33aJlaHue TPEABIIYIIETO MyHKTa AT cayqast A/ 2.

23. OpHa corjlacoBaHHasi Harpy3ka BKJIIOUE€HA B KOHUE JIMHUM, a Apyras
rjae-To B cepenuue. Kakoil pexum OyneT B KaXKI0i YacTH JIMHUU?

24. Yto takoe koduuentsl 6erymeit BonHbl? Kak oH cBs3aH ¢ K03 (-
(buULKEeHTOM OTpaxeHus ?

25. Boipa3uth k03P duimeHTsl Oeryiieil BOJHbI B JUHUU Yepe3 COMpo-
TUBJIEHWE YUCTO aKTUBHOM HArpy3KH.

26. Kakolt Thn Harpy3ku MpeacTaBisieT coOOM ucciaeayemast JIMHUS IS

reHepaTopa B peXXHMe X0JI0CTOro Xo/1a (KOpoTKoro 3ambikanus)? [Touemy?
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27. HailTu MHIYKTUBHOCTH KAaTYIIKH (€EMKOCTh KOHJEHCATOpa), YKBUBA-
JIEHTHOHM MO CONPOTHUBIIEHUIO UCCIEAYEMOM JIMHUM B PEXXUME XOJIOCTOrO X0Aa

(KOpPOTKOTO 3aMBIKAHHS ).
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