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|. OBIIME METOANYECKHE YKA3AHUI.

KonTtponbnast padora Ned BkiitouaeT 8 3aaau mo pasaenam “‘ieKkTpo-
muHamuka” u “KomeOanust u BoJHBI”. [[7s caMOCTOSITENIBHOTO HM3Y4YCHUS
ATUX Pa3lie]IoB, KPpoME JAaHHOTO y4eOHOro MmocoOws, PEeKOMEHIYETCS HC-
MOJTb30BaTh OJWH U3 CIEAYIOMMNX YYSOHUKOB:

OcHoOBHas auTepartypa
1. CaBenbeB U.B. Kypc obmeit ¢pusuku.- M.: Hayxka, 1982-1998, 1.2.
2. Tpodpumona T.U. Kypc ¢uzuku.- M.: Beiciias mkona, 1990-1998.

JlonosHUTENbHAS JIUTEPATYpa
3. ABopckuit b.M., Jletnap A.A. CnpaBounuk no ¢usuke.- M.: Hayka,
1985.
4. UponoB UN.E. OcHoBHBIE 3aKOHBI 3yeKTpoMarHerusMa.- M.: Bricias
mikosa, 1983.

Bomnpockl BEIHOCUMBIE HA 3K3aMEH
1. 3akon buo-CaBapa-Jlaruiaca. MarauTHoe 1moJie mpsiMOro U KpyroBoro To-
KOB. MarHuTHoOE 1oJjie ABMKYIIUXCS 3apsa0B.
2. Cuna Jlopenua. Cuna Amnepa. BzanumoseicTBre napamienbHbIX TOKOB.
3. Cuiibl JeHCTBYIOIIKME HA KOHTYP C TOKOM B MarHUTHOM IMosie. MarHUTHbBIN
MOMEHT. MarHuTHbIH MOTOK. PaboTa mo mepeMemieHuIo MpoBOJHMKA (KOH-
Typa) C TOKOM B MarHUTHOM IIOJIC.
4. 3aKoH MOJIHOTO TOKa. YpaBHeHHE MakcBesia Juisl oToka BekTopa B ye-
pe3 3aMKHYTYIO ITOBEPXHOCTb.
5. MaruuTHoe 1noJje cojieHouJa U Topouaa. MHAYKTUBHOCTh COJIEHOUA.
6. MarautHoe moje B BeuiecTBe. Buabl marnetukoB. ['paHuuHble yCIoBUs
1151 BekTopoB B u H Ha rpanune pasaena aAByx cpen.
7. Tok cMeleHus. YpaBHeHue MakcBesuia o nupkyisiuu Bektopa H.
8. SIBnenwue anmekTpoMarauTHON MHAYKIUU. D JC HHIYyKIHH.
9. VpaBuenne MakcBeinia o UPKyJsiuu Bektopa E.
10. SIBneHue B3aMMHON MHAYKIIUUA U CAMOMH TYKITUH.
11. DHepruss MarHUTHOTO MoJsl. [TOTHOCTH PHEPrUM SIEKTPOMATHUTHOTO
TTOJISL.
12. T'apmonmnueckue konebanus. AuddepeHnmansHoe ypaBHEHIE TApPMOHHU-
yeckux kosneodanuii. [Ipumepsr.
13. CrnoxeHre TapMOHMYECKHUX KOJIEOAHWI OJHOTO HAIPABJICHHS C OIMHA-
KOBBIMHM 4acTOTaMU. BEKTOpHBIE [uarpaMmsl.
14. CnoxeHue rapMOHUYECKUX KOJI€OAHUI OJJHOTO HAMpPAaBIICHUS C OJU3KU-
MU 4acTOTamH. buenus.
15. CnoxeHnue nepneHIuKyIspHbIX Konebanuil. @urypsl Jluccaxy.




16. 3aryxanue cB0OOIHBIX KoneOanuii. [{uddepeHnuanprHoe ypaBHEHHE 3a-
Tyxamumx kojnebdanuit. [lapameTpsl, onpenensomnme 3aTyXaHue.

17. BolHyXJeHHbIE KOJEOaHUS. AMIUIMTYJIHO-4aCTOTHAsl XapaKTePHUCTHKA.
Pe3onanc.

18. DHeprus rapMOHUYECKUX U 3aTyXarOINUX KOJIeOaHUM.

19. Bonnbl. YpaBHeHUE TIIOCKON Oeryiiel BOJIHBI.

20. Crostune BouiHbL. [lomydeHue cTosiuux BOJH.

21. ®a3oBas u rpymnmnoBasi CKOPOCTb BOJH.

22. DneKTpOMarHUTHbIE BOJHBI. YPAaBHEHHUE IUIOCKOW 3JIEKTPOMArHUTHOM
BOJIHBI. CBOMCTBA 3JIEKTPOMArHUTHBIX BOJIH.

23. DHeprus 3JMeKTPOMArHUTHBIX BOJIH. BekTop YmoBa-IloitHTHHTA.

HanmomuHaem ocHOBHbIE TpeOoBaHUsI, MpEabsBIsieMble K Odopmiie-
HUIO KOHTPOJIbHBIX PaOOT: yCJIOBHS 3ajad CleQyeT MEepPEenuchiBaTh MOIHO-
CThIO 0€3 COKpalleHH, 3aTeM HYXXHO CelaThb KPaTKylo 3alucCh YCIOBUS,
T.€. BCE MCXOJHbIC BEIUYMHBI 3aMHCcaTh CTOJOMKOM B CHCTEME E€JIMHMII
“CH”; BHayase NOJNy4YUTh pellieHre B 0011IeM BUJE, MPOBEPUTH PA3MEPHOCTD
pe3ynbTaTa U TOJBKO MOCIE ATOrO JiejaTh BbluMcleHHs. Ecnu ucnonb3ye-
MbI€ B PEIICHUH 3a7a4i (OpMYJIbl HE ABISIOTCA PU3NYECKUMU 3aKOHAMU, TO
HEeoOxoauMo ux BbIBecTH. IIpu pacuerax coOmrogaiiTe mpaBuia NpuUOIH-
KEHHBIX BBIUMCICHUN. B NMpUBENEHHBIX HUKE YCIOBUSX 3a/lad YUCIIOBBIC
3HAYEHMUs 3aJaHbl C TOYHOCTBHIO 10 TPeX 3HaYaImx nudp.

B nepuon ceccuu CTyAEHTBI-3a0YHUKH TAKXKE BBITOJIHSIOT ABE J1a00-
paTopHble paboThl Mo pasnenaM “‘Dnexkrpomaretusm’ u “Konebanus u
BOJIHBI .

Il. TEOPETMYECKOE BBEJIHUE 1 OCHOBHBLIE ®OPMYVJIbI

81. MargurocraTHKa.

MarHuTHOE T0Je, TAKKE KaK U IJCKTPUUYSCKOE TI0JIE, SIBISICTCS OJHUM
U3 MPOSIBIICHUN OOINEro MOHATHS IAeKMPOMASHUMHO20 nojs. SI3bIK OInuca-
HUSI KOJIMYECTBEHHBIX U KAYECTBEHHBIX CBOMCTB MAarHUTHOTO IIOJS BO MHO-
rOM aHAJIOTHYCH SI3BIKY OIMCAHUS 3JCKTPUYECKOrO IOJISA, YTO IO3BOJISIET
IPUMEHSTH NPH 3alIOMUHAHMKM METOJ aHajaoruu. I1ogo0HO TOMy, KakK 3JeK-
TPHUYECKOE TI0JI€ B JJAHHOM TOYKE IMPOCTPAHCTBA XapaKTEPHU30BAIOCh BEKTO-
POM HAINpPSKEHHOCTH JJIEKTPUYECKOro IMoJis E, MarHMUTHOE II0JI€ B JaHHOU
TOYKE IPOCTPAHCTBA XapaKTEPHU3YETCS BEKTOPOM MarHUTHON MHAYKIMK B.

B kauectBe (pyHIaMEHTAIBHBIX CBOHCTB MArHMTHOI'O IOJS CICAYET
YIIOMSIHYTh CIICYIOIIHE:



- MarHuTHOE MOJIE B 33JIaHHOW CUCTEME OTCUETa MOPOXKAAETCS IIEKTpUIe-
CKUMH TOKaMH, JU00 3apsijilaMu, JBIXKYUIUMUCS OTHOCUTEIBHO JAaHHOM
CUCTEMBI OTCUETA,;

- B CHCTEME OTCYETa, B KOTOPOU CYILIECTBYET MarHUTHOE I0JI€, HA TOKU U
JIBUKYIIMECS] OTHOCUTEIBLHO 3TOM CHUCTEMBI OTCUETa 3apsiibl IEUCTBYIOT
CHJIBI CO CTOPOHBI MATHUTHOTO TOJIS;

- €CJId UMEETCSl HECKOJIbKO MCTOYHMKOB MAarHUTHOTO MOJIsl, TO Pe3yJbTU-
pylolliee MarHUTHOE T0JI€ B TOUKE HaOJI0IeHUs Oy/IeT paBHO BEKTOPHOM
CyMME MarHUTHBIX MOJI€H, CO3/]aBa€MbIX B TOUKE HAOIIOJCHUS KaXkIbIM
U3 UCTOYHUKOB B OTACIBHOCTH (Npunyun cynepnozuyuu MAaeHUmHsix no-
netl).

YcTaHoBIEHHE ATHUX CBOMCTB SIBWJIOCH PE3YJIHTATOM MHOTOYMCIICH-

HBIX HAOJII0JIEHUN U YKCIIEPUMEHTOB.

1. 3akon buo-Casapa-Jlannaca.
B pesynbraTe 000011€HHS 3KCIEPUMEHTAIbHBIX JTAHHBIX ObUI MONY-

YeH 3aKOH, ONpEIESIONuii moje BTouyedyHnoro sapsijga , ABHXKYIIETOCSH C

MOCTOSIHHOM HEPEISITUBUCTCKON CKOPOCTHIO V!

5 _ Mo [VxTl_ g [VxE] (1.1) B
4.t o 4.7 r2 r
rae Ho= 4-7-107 TH/M - MarHuTHas IOCTOSIHHAsA, T -
paanyc-BeKTOpP, MPOBEACHHBIA OT JBUXKYIIETOCS 3a- g>0 v

psiia ( K Touke HaOmroneHus (€, - eIMHUYHBIA OPT B

ATOM HAIIPABJICHUH).

[TockoNbKy TOJIOKEHHUE 3apsjia OTHOCUTEIHFHO TOYKH HAOIOICHHS U3MEHS-
€TCS BO BPEMEHHM, TO M BEJIIMYMHA MArHUTHOTO TOJISI B TOYKE HAOJIOICHHS
3aBHUCUT HE TOJIBKO OT TOJIOKCHHSI TOYKH HAOJIOJCHUS, HO U OT BPEMEHHU.
Creayer 3aMeTUTh, YTO XapakTep yObIBaHMS BEJIMYMHLI B ¢ paccrosHuem
MOAYMHSETCS] 3aKOHY OOpaTHBIX KBaJApaTOB XapaKTEPHOMY W JUIsl Harps-
YKEHHOCTH 3JIEKTPUUYECKOTO TMOJIs1 TOUYEUHOT O 3apsiia.

CranuoHapHbie (He M3MCHSIOIIUECS CO BPEMEHEM) MarHUTHBIC IMOJIS
CO3/1aI0TCsI MMOCTOSHHBIMH TOKaMH (3J€MEHTaMHU IPOBOJIHHUKOB C TOKOM) U
oJydaroTcs u3 BeipaxkeHui (1.1) mist ABMOKYIIHMXCS 3apsA0B IIYTEM HUCIIOJIb-
30BaHHUS MUKPOCKONMHYECKUX MPEACTABICHUN O XapaKTepe MPOTEKAIOIIETO
10 MTPOBOJIHUKY TOKA U NPUHIIUIA CYNEPIIO3ULINH.

Tax Tok 1Mo y4acTKy IpOBOAHHKA (IJIEMEHT TOKA) MPEJACTABIACTCS KaK
YHOOPSAOYCHHOE IBHKEHHE C OJIMHAKOBON CKOPOCTHIO OOJIBIIIOTO YHCIIa HO-
cuTener 3apsiia, KaXkIblii M3 HOCUTENICH CO37JaeT B TOUYKE HAOJIOICHHS
“cBOo€” MAarHMTHOE I10JI€, DTU MArHUTHBLIE MOJISI HOCHUTEJIEM TOKa, HaXOIsd-
IIMXCSA B JAHHBII MOMEHT BPEMEHM B IpeJiesiaX pacCMaTPUBAEMOr0 3JIEMEH-



Ta TOKa, BEKTOPHO CKJIIaJABIBAIOTCA U CO3Jal0T PC3YJIbTUPYIOIICC MAIrHUTHOC
IoJie, CO3a4aBacMOC DJIICMEHTOM TOKa:

o Mo I[dTxT] py 1-[dTx&] p, [[x7]-dV
dB= ’ 3 - ’ 2 - ’ 3

4.1 r 4.1 r 4.1 r

riae 1=j-dS - moxHeli TOK TeKymui dyepe3 momnepedHoe ceuenue dS mpoBoj-

HKKa, d]- HAIpaBJIEHHBIN 110 TOKY DJIEMEHT JUIMHBI IPOBOAHHUKA C TOKOM, |-

(1.2)

BEKTOp TUIOTHOCTH TOKa B 3jieMeHTe Toka, dV=dl-dS- o6bem aemenTa TOKa,
T - paanyc BEKTOpP, HANPABJICHHBIN OT DJIEMEHTA TOKa K TOYKE HAOIIOACHHUS.
3anucanHas popmyna Beipaxaet 3akon buo-Casapa-Jlannaca.

®opmyiy (1.2) MOKHO HCIIONIB30BATh JJISl pacueTa MAarHUTHOTO TOJIS
CO3/IaBa€MOTO JIF000M KOH(MUTYpaIluel MOCTOSIHHBIX TOKOB. [Ipu 3TOM Mak-
POCKOIIMYECKUH TOK pa30MBaeTCs HA MaJbIe MPSMOJIMHEHHBIC OTPE3KH, Mar-
HUTHBIC TIOJISI KOTOPBIX MOXKHO OINpeAeiuTh HCroiib3ys (1.2) u BEeKTOpHO
CKJIa[bIBasi MOCJEIHUE ISl HaXOXKACHUs pe3ynbTupytomero nois B. Ilo-
CKOJIbKY, KaK TMPaBWJIO, DJIEMEHTHI TOKAa HEMPEPHIBHO MPUMBIKAIOT JIPYT K
ApyTy, TO CYMMHUPOBAaHUE OCYIIECTBISIETCS UHTErpupoBanuemM. Crenyer 3a-
METHUTh, YTO OOBIYHO HHTETPUPOBAHUEM HAXOJISATCS OTJCIIbHBIE KOMIIOHCHTHI
BEKTOpA MAarHUTHOW WHIYKIIMM B BBIOPAHHOW CHCTEME KOOPIWHAT, TIOTOM
10 5THM KOMITOHEHTaM MOKHO PEKOHCTPYHPOBAThH M CaM BEKTOp B.

[Tpumep 1: MaruuTHOe noJie y4acTka IpsiMOTo TOKa.

CornacHo 3akoHy buo-Casapa-Jlamaca B Touke B BekTo-
pel dB OT BCEX DJIIEMEHTOB TOKAa MMEIOT OJMHAKOBOE Ha-
HpaBlieHHe - OT Hac. I1o3TOMy CIIOKEHHE BEKTOPOB dB
MOYXHO 3aMCHHUTH CJIOXEeHHEeM ux Monayied dB, mpuuem

dB = 4“0 A-dl -2c03a . U3 pucynka BuHo, urto r-da=dl-cosa,
‘T r
r=b/cosa. [Tosromy dB = 4“ o] -COS;x-da , ¥ IPOMHTErPUPO-
‘T
I . .
BaB 110 O OT -01 10 Oz B = 4“0 -B(smoa2 +sino,) WK, 4epes
‘T
apyrue yrisl ($, cM. pUCYHOK)
B:ﬁ-l(cosﬁ1 —cosB,) . (1.3)
4.1 b
B wacTHOM city4ae OECKOHEYHO JUTMHHOTO MPSIMOTO TOKA
_ M 21 (1.4)

4.m b
TaKI/IM 06p330M, MArHuTHOC II0JIE CO3aBacMOC 66CKOHG"IHO JUIMHHBIMHA
NPSIMOJIMHEVUHBIMU MPOBOJHUKAMU MUMEET OJMHAKOBYIO BEJIMYUHY JJISI BCEX
TOYCK, YAAJICHHBIX Ha OJUHAKOBOE PACCTOSIHUE OT IPSAMOM, BIIOJIb KOTOPOU



PacIoJIOKEH MPOBOJHUK C TOKOM, a HalpaBJEHUE MOJIA CBA3aHO C HAIpPaB-
JICHHEM TOKa IIPaBUJIOM TpaBoro BuHTa (OypaBuMKa).
[TogoOHBIM 00pa3oM MOKET ObITh paccuMTaHa MarHUTHAas WHIYKLIHS
B LICHTPE OTpe3Ka KPYroBOIro TOKa, ONHUPAOLIEr0Ccs Ha Yroi @:
g-tol. ? (15)
2:-R 2-m
rae R- paguyc KpyroBoro BUTKa.

Pacuer MarHUTHOM MHAYKIUMU HA OCH KPYTOBOTO BUTKa C TOKOM IIpO-
U3BOJUTCS MMOKOMIIOHCHTHO: PacCYMTHIBAETCS KOMITOHEHTa BeKTopa B, Ha-
NpaBJICHHAS BJOJb OCH CUMMETPUHU BUTKA (OOBIYHO ATO KOMIIOHEHTa B,), u
NEePHNEHANKYJISIpHAas K OCH CUMMETpPUHM KoMmmnoHeHTa B,. B ciywyae BuTka ¢
TOKOM U3 COOOpaxkeHui cummeTpun cieayeT, uto B,=0 (B 3ToM MOxHO yOe-
JMTHCS. M HEMOCPEACTBEHHBIM pacdyeToM). ClieoBaTEeNIbHO, BEJIMYMHA OCE-
BOIl KOMIIOHEHTHI 1O B, OyJeT paBHATHCSI BETUYMHE BEKTOpPA MarHUTHOM
WHAYKIMH JUTsI TOYEK, HAXOMSIIUXCS Ha OCH BUTKA. DTa BEIMYMHA 3aBUCUT
OT PacCTOsiHUS N MeXay TOYKOW HAOMIOJCHUS U IUIOCKOCTHIO, B KOTOPOM
PacIoyIokKEeH BUTOK:

My ‘2-7£-R2-I
T 4.n (R2+h2)3/2'

B (1.6)

2. Cuna Jlopenya. Cuna Amnepa.

Korga B mpocTpaHcTBe MMEETCS MarHUTHOE 110j€ B, U B 3TOM IIOJI€E
JBIDKETCS 3apsii  CO CKOPOCTHIO V, TO HA ATOT 3apsii ICHUCTBYET MarHUTHAS
cuia.

T:M =(-[Vx B] . B
DTO CcOCTaBHas 4YacTh MOJHOW CHUJIbI, JEUCTBYIOIIEH 0 v
Ha 3apsj B 3JIEKTPOMArHUTHOM TIOJIE U Ha3bIBAEMOU =
cuiion Jlopenuna:

F,=q-E+q-[VxB]. .7

Ecny B MarHuTHOM 110JI€ B HaXOIUTCS Y4ACTOK MPOBOJHHUKA C TOKOM,
TO KaXJblii HOCUTEIb TOKA UCIBITHIBAET CO CTOPOHBI MAarHUTHOT'O TOJIS JIEH -
ctBue cuibl JlopeHna. MarauTHbIE CHIIBI, IEMCTBYIOIIME HA HOCUTENN TOKA,
HaxXOJsUIMXCSl B JJAHHBI MOMEHT BPEMEHH B IpEJIENax paccMaTpUBAEMOrO
AJIEMEHTA TOKA, BEKTOPHO CKIAJBIBAIOTCS U CO3JAIOT PE3YJIbTHPYIOUIYIO
MAarHuTHYK CUJIY, JECUCTBYIOLIYIO HA 3JEMEHT TOKa, 3Ta CUJa Ha3bIBAECTCS
CuJIoi Amriepa:

dF, =1-[dTxB]=[jxB]-dV. (1.8)



DNeMEeHThI TOKa MPEACTABISAIOT CO00M (DU3NUECKH Mayible OOBEKTHI,
YTO HAJIO MOHUMAThH CJICAYIOMUM 00pa3oM: 3TH AJIEMEHTHI MaJIbl 110 CpaBHE-
HHUIO C XapaKTePHBIMHU PACCTOSHUSMH, Ha KOTOPBIX paccMaTPUBAIOTCS TOJIA,
CO371aBa€MbI€ TUMH JIECMEHTAMH, WUIM MaJlbl 110 CPAaBHEHUIO C PACCTOSHUSA -
MH, Ha KOTOPBIX CYIIECTBEHHO M3MEHSCTCS BEJIWYMHA MAarHUTHOTO ITOJISI, B
KOTOPOM 3TH 3JIEMEHTHI HaXOISATCS; HO MPH 3TOM JIOCTATOYHO BEJIUKH, YTO-
Obl colepkaTh B ce0e OOJbIIoe KOJIUYECTBO JBMKYILUXCS 3aps/ioB, YTOOBI
CYIIECTBEHHO HE CKa3bIBaJaCh AUCKPETHOCTD 3apsiia.

Ecnu ot syeMeHTOB TOKa MEPEHTH K MaKPOCKOTMYECKUM OOBEKTaM:
MIPOBOJHUKAM Pa3IMIHON JUTMHBI U (POPMEI, IT0 KOTOPBIM T€UYET TOK, TO IPO-
1eypa HaXOXKIACHUS CHIIBI, HCITBITHIBAEMOW MMH CO CTOPOHBI CYIIECTBYIO-
IIIET0 MarHUTHOTO ITOJISl OCTACTCs MPEXHEN: HAaXOIUTCS CHJIa, JIEHCTBYIOIIAS
CO CTOPOHBI MAarHUTHOTO ITOJISI HAa KaXbI DJIEMEHT IIPOBOJIHUKA, 3aTEM ATH
CHJIBI BEKTOPHO CKJIAJIBIBAIOTCS. BhIlIe y)ke 0TMedasoch, 4TO CyMMHpOBa-
HUE 0OBIYHO OCYIIECTBIIICTCS HHTETPUPOBAHUEM.

[Mpumep 2: Cuna B3aUMOJICHCTBHS NMapaUICIbHBIX TOKOB (Ha CIUHHILY
JUTAHBI).

Cua Toka B mpoBoguukax l; u |, u paccrosaue mexay Humu b. Kakmprit
AJIEMEHT Toka |, HaxoAWTCs B MarHUTHOM Moje Toka |1, a uMeHHO moiie
B1=(uo/4-m)-2-11/b. Yron mexmy sinemMeHTOM TOKa |, U BekTOpOoM B mIpsMOi,
nosToMy Ha eaunuity JunHbl (1 M B “CU”) mpoBoHUKA ¢ TOKOM |, ACHCTBY-
Mo | 2-1, -1,

4.1 b

3. Cunwvi delicmeyrowjue Ha KOHMYP ¢ MOKOM 6 MAZHUMHOM ROJe.
Maznumnotit momenm. Paboma no nepemewsenuro npooOHUKA ¢ MOKOM
6 MAZHUMHOM noJe.

PaccmoTpuM noBesieHNE IIIOCKOTO 3aMKHYTO-
ro KOHTypa ¢ TOKOM B MarHuTHOM noJie. Jljisg ynpo-
HICHUS PAacCMOTPEHUsI KOHTYpP BbIOEpeM KBaJpaT-
HBIM CO CTOPOHOH @, a MarHUTHOE IOJ€ OJHOPO-
HbIM. ToKk B KOHType | Teuer mpoTHUB wyacoBoii
crpenku. Ha Kaxayro u3 CTOpPOH KOHTypa JIEUCTBYET
cuna amnepa. HanpapieHue u BeJIMYMHA 3TUX CHUII
MOXXET OBbITh HalJeHa, KaK Moka3aHo Beie. Cieayer oOpaTUTh BHUMaHUE
Ha TO, 4TO JABE CHJBI F, CTpeMATCS pacTAHYTh paMKy, a JIBe Apyrue, F,, mo-
BEPHYTh PaMKy TakMM 00pa3oM, 4TOOBI €€ IUIOCKOCTh CTaja MepIeHIUKY-
JsipHA HANpPAaBJIICHUIO BEKTOpAa MarHUTHOM WHAYKUMHU. Takas opueHTauus
paMKku Obula BbIOpaHa HaMEpPEHHO, YTOObI MPOWLIIOCTPUPOBATh TOT (DAKT,
YTO MArHUTHOE MOXET OKa3blBaTh HAa PaMKy C TOKOM OPHEHTHPYIOIIEE U

et cuna Fo,= 1,-B;-1, unu F=




nedopmupyloiiee, B JaHHOM cliydyae pacTsaruparoliee, neictsue. Ecnu ke
HAIMIPaBUTh TOK B PaMKE B MPOTHBOIIOJIOXKHYIO CTOPOHY, TO HAIPaBJICHHS
BCEX CWJI U3MEHSTCSl Ha MPOTHUBOIOJIOKHBIE. Pe3ynpTupytomas cuma, 1eucT-
BYIOIIasi Ha PaMKy, paBHA HYJI, TaK KaK BEJIMYMHA MAarHUTHOTO TOJIS |
B3aMIMHAsI OPUEHTAIIMS MAaTHUTHOTO TOJS U TOKA Y MPOTHBOIIOJIOXKHBIX CTO-
POH paMKU B OJTHOPOJHOM Ioje “‘oauHaKoBbl . 1l03TOMy LIEHTp paMKu He
OyIeT nepemMeniaThCcsi B IpoCcTpaHCTBE. TeM He MeHee, paMKa OyJieT moBopa-
YUBATHCSI O] JIEHCTBUEM MOMEHTA CHIJI, NEHCTBYIONIMX HA BEPXHIOK U
HIDKHIOIO CTOPOHBI (CM. pHUC.). DTOT MOMEHT MOXET OBITh JIETKO COCUYMTaH,
UCXOJIs U3 ONpEAEICHHsI MOMEHTA CHIIBI M = [f x F], 94TO B HAIIIEM CiIy4ae Ja-

eT Juid BenuuuHbl MoMeHTa cwii M=2-[(a/2)-1-B-a-sina]. Jlns BekTopa mo-
MEHTa CWJI, JICUCTBYIOIIUX HA KOHTYP C TOKOM B OJIHOPOJAHOM MarHUTHOM
ToJIe, BBIPAXKECHUE MOXKET OBITh 3aIMCAHO B BUJIC

M =[p,, x B] (1.9)
I7ie Py~ BEKTOP MarHUTHOTO MOMEHTA IUIOCKOTO KOHTYpa ¢ TOKOM. B cBoro
o4Yepe/lb MATHUTHBIA MOMEHT IIJIOCKOTO KOHTYpa MPOU3BOJIBHON (DOPMEI OII-
peaenseTcs Kak

p,=1-S-f, (1.10)
r7e N- BEKTOp HOPMAIH K TUIOCKOCTH KOHTYpA, CBSI3aHHBIN MPABHIIOM TIpa-
BOTO BHHTA C HANpaBJICHUEM TOKa B KOHTYpE, S- IJIOMAAb KOHTypa. Takum
00pa3oM, MarHUTHOE T0JIE CTPEMHUTCSI TAK OPHUEHTUPOBATH KOHTYP C TOKOM,
9TOOBI HANPABIECHNE MArHUTHOTO MOMEHTAa KOHTypa COBIIAJO C HarpasJe-
HUEM BEKTOpa MarHUTHOW MHAYKIIMH B MECTE PACIIOJIOKCHHS KOHTYPA.

JInst Toro 4ToOBI YroJ oL MEXIy BEeKTOpaMu P, 1 B yBennuuth Ha da,
HY>KHO COBEPIINTH NPOTUB CHJI, JCUCTBYIONUX HA KOHTYP B MAarHUTHOM I1O-
ae, padory dA = Mda = pyBsinada . [ToBopaunBasichk B mepBOHAYAILHOE
MOJIO’KEHUE, KOHTYP MOXET BO3BPATUTh 3aTPAdCHHYIO Ha €ro MOBOPOT pa-
00Ty, COBEpIIMB €€ HaJl KaKUMHU-THO0O0 TenaMmH, T.e. A HIeT Ha yBeIUYCHHE
sHepruu W koTopoii o61amaer He COPUEHTUPOBAHHBINA IO MArHUTHOMY T10-
a0 koutyp: AW = ppBsinada. MaTerpupys, Haxoaum, 4to

W, =—(p,,-B) =-p,, - B-cosa . (1.11)
[locTosiHHAs MHTErpUpPOBAHUS BbIOpaHa TakK, YTOOBI SHEPrus ObLjIa MHUHHU-
MaJibHA TIPU COHANPABIECHHOCTH BEKTOPOB MarHUTHOTO ToJisi B 1 MarHuTHO-
ro MOMEHTa Pm. V3MEeHeHHe NMOTEeHIIUANhbHOW DHEPTHH B3SITOE C OOpaTHBIM
3HAKOM J]acT paboTy CHJI TIOJISl IO U3MEHEHHIO TIOJI0KEHUS PAMKH:
A=—-(W,-W,)=p,, -B-cosa, —p, -B-cosa, =1-S-B-cosa, —1-S-B-cosa, .

ITo onpenenennio MOTOK BEKTOpAa MAarHUTHOU MHIYKLUM YEPE3 TOBEPXHOCTH
S paBeH @ = I L (B-dS). B paccMOTpeHHOM ciy4ae MAarHUTHBIA ITOTOK



®=B-S-cosa u paboty MoxHO 3anucath B Buzge A = | (D,-d;). Eciu koHTYyp
(katymika) coctout U3 uncia N BUTKOB, TO TMOJIHBI MarHUTHBIM MOTOK Ye-
pE3 MOBEPXHOCTh, OTPAaHUUYECHHYIO TaKUM KOHTYpoM, Oynetr W=N-®, on Tak-
e Ha3bIBaeTcs nmorokocuersienueM. CrpaBeiInBoe sl BpallleHUs TI0CKO-
ro KOHTypa ¢ TOKOM B MarHUTHOM TIOJIE€ BbIpa)KeHHUE ISl pabOThI Yepe3 u3-
MEHEHHUE MAarHUTHOTO IMOTOKA OKa3bIBAETCS CIPABEUIMBHIM U JJISL MPOU3-

BOJIBHOT'O HepeMeH_IeHI/IH KOHTypa nin HIO6OI>’I €ro 4aCTu B MarHUuTHOM II0JIE.
A=1-AD. (1.12)

[Tpumep 3. Pabora npu nepeMeieHuu MOABUKHON NEPEMBIUKH TN -
HoU | ¢ ToKOM.

ITycte BEKTOp MarHUTHOM MHIYKLHAWU HAIlpaB- | dx
JgeH “or Hac” (3a IUIOCKOCTh PUCYHKA) M TOK Ha- >
MPaBJICH MO 4acoBO# cTpenke. Ha mepembruky neu- ® B
crByeT cwia amiepa Fa=I-B-l. TIpu cmemenun nox n =
JCHCTBMEM 3TOW CHJIBI BIOPaBO Ha OX 3Ta cuia co- g/ 8
Bepmiaet padory dA=Fa-dx= I-B-l-dx= I-B-dS=I-d®, —=
rne dS - npupaienue mwiomaau KoHTypa, dd - us-
MEHEHHE MarHUTHOIO MOTOKA 4Yepe3 IUIOLIa/b, OTPAaHUYEHHYIO KOHTYPOM.
Takum 0Opazom, IpsiMOIl pacyeT MPUBOJUT K Pe3yJIbTaTy COBMAIAIOIIEMY C
(1.12).

[IpoBepum, Bce 1 B 3TOM BBIPAKEHUHM B MOPSIKE CO 3HAKaMH, T.K.
anredpanyeckue 3HaYeHUs BEKTOPHBIX BEJIUYUH MOT'YT ObITh JINOO MON0KH-
TEIbHBIMH, TUOO OTPULATEIbHBIMH, B 3aBUCUMOCTH OT BHIOpaHHBIX HAIpPaB-
neHuit “oceil” cucteMbl KoopauHaT. Beibepem HampaBieHue 00xo/1a KOHTY-
pa (“ock” Ig TOKa) ¢ TOKOM IO HATPABICHUIO TOKA (10 YaCOBOM CTpEJIKE),
TOTJIa COTJIaCOBaHHAs C BHIOPAHHBIM HaIpaBlIeHHEM 00X0/1a HOpMajb K KOH-
Typy OyJeT HampaBiieHa “oT Hac” (3TO Ha PUCYHKE 0003HAYCHO KPECTUKOM).
[Ipn BbIOpaHHOM HampaBli€HUH 00XOJa KOHTYpa TOK OKa3bIBaeTCsA ‘‘TOJIO-
JKUTEJIbHBIM , HaIPaBJIEHHBIM 0 HANpaBJICHUIO 00X0/1a; MarHUTHBIA MTOTOK
TaK)K€ OKa3bIBAETCS IMOJIOKUTENbHBIM, BEKTOpbl B u N -coHampaBieHbl, U
MOJIOKUTENbHBIM SIBIISIETCS MPUPALIEHUE MATHUTHOTO MOTOKA, TaK Kak Mpu
JAHHBIX HAIpaBJIEHUSAX BEKTOPOB B M N miomanb KOHTypa yBEJIWYUBAETCS.
Tak kak cuna Fa 1 dX coHampaBiieHbl, TO paboTa CHIIbI AMIiepa TOXKe MOoJIOo-
xutenbHa. [lomywaercsi, 4TO Bce BBIpaXKEHMsSI, OMMCHIBAIOLIME PAOOTY,
UMEIOT OJIUH U TOT € 3HaK MOJOKUTEIbHBI.
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4. 3akon nonnozo moka. Ypasnenue Makceenna 011 nOmoKa 6eK-
mopa B uepe3 3a MKHYymyIo noeepxnocms.

CunoBble TUHUM BEKTOPAa MarHUTHON MHAYKIUU JJI1 MarHUTHBIX T0-
Jed co3/1aBaeMbIX JIIOOBIMU BCTPEHAIOUIMMUCS B MPUPOJEC HCTOUHHKAMU
BCETJla 3aMKHYTHI (B OTJIMYUE OT JIMHUHM HAMPSIKCHHOCTH 3JICKTPOCTATHYC-
CKOT'O TOJIs, KOTOPblE HAYMHAIOTCS Ha IMOJOKUTEIbHBIX 3apsiiaX U OKaHYU-
BAIOTCSl HAa OTPHIATEIBHBIX). ITO (QYHIAMEHTAIBHOE CBOHCTBO MarHUTHOTO
TMOJISL HAIIUIO CBOE BBIpaXXCHUE B ypasHenuu Makxceenna aisi TIOTOKA BEKTO-
pa B yepe3 3aMKHYTYI0 TOBEPXHOCTh

f].(8-as)=0, (1.13)

T.€. YHCJIO BXOJSIIUX B HEKOTOPHIH 00beM, OrpaHUUYECHHBIA 3aMKHYTOH MO-
BEPXHOCTBIO, JUHUM BeKTOpa B BCceraa paBHO 4uCy BBIXOLAIMX. Takum
00pa3oM, MarHUTHOE TIOJIE He UMeem UCMOYHUKO8 — MACHUMHBIX 3apsa006 (B
TOM CMBICIIC, B KaKOM DJICKTPUYECKHE 3apsiibl SBISIOTCS HWCTOYHUKAMHU
DIIEKTPUYECKOTO TOJIs).
Jlpyroe Ba)xxHO€ CBOMCTBO MAarHUTHOTO MOJII MOXET ObITh MOJYy4YE€HO

U3 PacCMOTPEHMS YupKyaayuu eekmopa B BOKpPYr OECKOHEYHO JJIMHHOTO
NPSIMOTO TPOBOJHUKA C TOKOM 0 OKPY>KHOCTH paauyca D BIOJIb CHIOBBIX
JIMHUM Bektopa B. [{nsa nupkymanun nmeem:

§(B-dl)=§ B, dl=L LR S

L L 4-r b
O0600111as1, MOKHO JIOKa3aTh, YTO IUPKYJAIMS BekTopa B mo mpousBosibHO-
My KOHTYpY L paBHa MpoH3BEACHUIO |y HA aIredpandyeckyro CyMMy TOKOB,
OXBaThIBAEMBIX KOHTYpoM L (3axon nonnozo moxka):

f(B-dl)=§ B -di=p;3] (L.14)

[Ipu BBIYKMCIIEHHU CyMMBI, TOKH, CBA3aHHbIE C HallpaBlieHHEM 00X0J/la KOH-
Typa MPaBUIIOM MPABOTO BUHTA, CYUTAIOTCS MOJOKUTEIbHBIMHU.

3aKOH MOJIHOTO TOKA B HEKOTOPBIX caydasX (MpH HAJUYUU CIICI[AAITh-
HOW CMMMETPHH CHUCTEMbI TOKOB) MO3BOJISICT MIPOCTO PACCUMTATH BEIUYHHY
MarHUTHOTO TOJIS.

[Tpumep 4: Tlone BHyTpu OECKOHEUHO JUIMHHOTO (MIEaTbHOr0) coJie-
HOMJA ¢ TOKOM |.

B I PaccmoTpumM yuacTtok cosneHoupaa jinHOM |, Ha
@@@@@ koTopoii ymeniaercst N BuTkoB npoBoaa. U3 ¢u-
~ 3UYECKUX COOOpaXKeHUH MOXHO MOKa3aTh, UTO
MAarHuTHOE IOJIE CYILECTBYET TOJIBKO BHYTPHU CO-

B
N@@@@@@ —  JIEHOMJA, NPUYEM OHO OJHOPOJHO MU CHUIIOBBIE
| | T JUHUY T0JIA NapajlieabHbl ocu cojeHounzaa. Ilpu-
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MEHUB TEOPEMY O LUPKYJISAUUU B 111 moka3aHHOIO Ha pUC. KOHTypa IOIy-
YUM:

§L(B-dr)=5-|=yo-|\1-|,

OTKYJla HaXOJIUM
B=pp-1-N/I. (1.15)

HecmoTps Ha TO, 4TO JaHHOE BBIPAXKEHUE MOITYUYEHO JJIsl UACAIbHOrO COoJie-
HOMJIa, OHO OKa3bIBAETCS JOCTATOYHO TOYHBIM JUIsl MATHUTHBIX TMOJIEH BHYT-
PH peanbHbIX IOCTATOYHO JJIMHHBIX U TOHKUX COJICHOUJIOB.

Haitnem Tak:ke MarouTHOE 1OJIE€ TOPOU/IA, KOTOPBIMA MPEACTABISET CO-
0ol TOHKHI IPOBOJI, TUIOTHO HABUTHIM Ha KapKac, UMEIOIUNA GopMy Topa.
Bribepem kouTyp unterpupoBanus L B popmyne (1.10) B Buze oKpyKHOCTH
paauyca I, HEHTp KOTOpOM COBMAAaeT C LIEHTPOM Topoua. B cuny cummer-
puu BeKkTop B B ka0l TOUKe AOJXKEH ObITh HAMPABIEH MO KacaTelIbHOU K

KoHTYpY L, a Mmoyie B moctostHen. Tora, fL(Ig .dl)=B-2ar, rne B -

MarHuTHas HHIYKIHS B TEX TOYKaX, IJ€ IPOXOJUT KOHTYP.

Ecau koHTYp pOXOaUT BHYTPH TOPOMIA, TO OH OXBAaTHIBAET TOK pPaB-
uelid 27RNl (R — paguyc Topounaa, N- YUCIIO BUTKOB HA €IMHUILY €0 JUTHHBI,
| — Tox B kaxaoMm BuTke). B stom cmywae B-2ar = yy27Rn- 1, orkyna

R .
B = yonl —. Konryp, npoxonsmuii BHE TOpouJa, TOKOB HE OXBAaThIBAET U
r

CJICAOBATCIIbHO MAaronuTHasA MHAYKIOHA BHC TOPOH A paBHA HYIIIO.

5. Maznummnoe nonie 6 seujecmee.

Ecnu coznaroniye MarHuTHOE 10Jie IPOBOJHUKH C TOKAMU HAXOSTCS
HE B BaKyyMe, KaK IpeArnoiarajioch BhIIIe, a B KaKOU-THOO0 cpejie, MarHuT-
HO€ M0JIe UBMEHUTCS. ITO OOBACHSIETCS TEM, UTO BCSIKOE BELIECTBO SIBISETCS
MazHemuKom, T.e. ClIOCOOHO MO/ IeUCTBUEM MarHUTHOTO TOJIsl IPUOOpEeTaTh
MarHUTHBIH MOMEHT (HaMarHW4MBaThCs). HamMarHuueHHoe BemecTBO co3/a-
eT IONMONHUTEIbHOE MAarHuTHoe moie B, KOTOpPOE CKJIAJBIBACTCSl C IMOJIEM
ToKOB By. PesynbTupyromee nose B = B’ + B,.

JUIsi KOJMYECTBEHHOT'O OMUCAHUSA CBOMCTB MAarHeTHMKOB BBOJUTCS
MarHUTHBIM MOMEHT €IMHULIBI 00beMa, UITU 8eKMOP HAMACHUYEHUS.

2 P,
= AVA—V, (1.16)

I€ Pm — MAarHUTHBIM MOMEHT OTIEIbHOW MoJiekynbl, AV — dusnuecku
“OeCKOHEYHO MaJblii” 00BbeM, B3SIThII B OKPECTHOCTU BHIOPAHHOM TOYKHU.
Cymma GepeTcst 110 BceM MOJIEKYJIaM 3aKJIFOYEHHBIM B 3TOM 00BbEeMe.
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Jliist onucaHus MArHUTHOTO TIOJIST B MAarHETUKAX, KpOME BEKTOpa MarHUTHOM
uHAyKIuu B, BBoguTcs BEKTOp Hanpscennocmu maznumuozo noas H
H=B/po - J. (1.17)
Kak moka3pIBalOT SKCIEPUMEHTATBHBIE HCCICIOBAHUS, B OJHOPOJHBIX U
M30TPOIHBIX MAarHETUKAX BEKTOP HAMArHUYECHUS CBSI3aH C HAINPSKEHHOCTHIO
IIOJIsI B OJJHOM M TOM 7K€ TOUKE COOTHOLICHHEM
J =xH, (1.18)
i€ y — BEIWYMHA, Ha3bIBaEMasi MACHUMHOU 60CNPUUMUUBOCTbIO BEUIECTBA.
[MonctaBuB B popmyiny (1.17) 3nayenue J u3 (1.18) yierko mosyuuTh ypaB-
HEHUE, CBSI3BIBAIOIICE BEKTOPA HANPSIKEHHOCTH U MATHUTHON MHIYKIIUU
B = po(1 + )H = popH, (1.19)
rzie BBeneHa Oe3pasMepHas BenuunHa | = 1 + y , Ha3pIBaeMasi omHoCumeib-
HOU MA2HUMHOU NPOHUYAEMOCMbIO BEIIECTBA; TPOU3BEACHUE Lol HA3BIBAIOT
abCONFOTHON MarHUTHOM MPOHUIIAEMOCTHIO0. B 3aBUCMMOCTH OT 3HaKa W Be-
JUYMHBI MATHUTHON BOCHPHUMMYMBOCTH ) BCE MArHETUKH TOJPA3ACISIOTCS
Ha TPU TPYTIIIHL:
1) ouamaenemuxu , y KOTOPBIX ¥ OTpUIIATEIbHA U Maa, U<~1.
2) napamacnemuxu, y KOTOPBIX ¥ MOJIOXKHUTEIbHA U Maja, U>~1.
3) peppomacnemuxu, y KOTOPBIX  TIOJOXKUTEIbHA U BEIUKa, U>>1.

C 0co001i 0OCTOPOKHOCTBHIO CIAEAYET OTHOCUTHCS K FPaHMIIAM pa3jiena Mex-
Jy MarHeTHMKaMH, T.K. Ha 3TUX IPaHUIaX MOXKET MPOUCXOIUThH MPETOMIICHUE
JIMHUN BEKTOpa MarHUTHON MHAYKIUU (M BEKTOpA HANPSHKCHHOCTH MarHUT-
HOT'O TIOJISI), CBSI3aHHOE C PAa3lIM4MEM TAHTCHIMAIbHBIX (HOPMAJIbHBIX) K
rpaHuiie KOMInoHeHT Bektopa B (1 H) 1mo pa3Hbie CTOPOHBI OT TPaHUIIBI.

Jlnst ynoOcTBa paccCMOTpPEHHUs MOJEH B BEIIECTBAX, BBOAST BCIIOMOTra-
tenpHbIA BekTOp H, 00Manaromuii TeM CBOMCTBOM, YTO €0 IUPKYJISIHS 110
3aMKHYTOMY KOHTYpPY, 3aBHCHUT JIUIIb OT aJre0panyeckoll CyMMbl Makpo-
CKOIUYECKHX TOKOB MPOBOAMMOCTH (HE 3aBHCHUT OT “MOJICKYJISIPHBIX TOKOB
B BEIIIECTBE).

§L(H -dl)=N-1

CBsi3b 3TOr0 BEKTOpA BEKTOPOM MAarHUTHOW MHAYKIHHU B OJIHOPOJHOM H30-
TPOITHOM MAarHC¢TUKEC OAaCTCA BBIpa)KeHI/IGM:
B = ‘Lto . ‘Lt . H
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[TockonbKy 3amuia pedb O JABHKYIIUXCS B MAarHUTHOM IOJI€ MPOBO/I-
HUKax, TO HaOmomaercs erie oauH 3G dekt - BosuukHoBeHre DJIC (u Toka,
€CJIM UMEETCSl 3aMKHYTBI KOHTYpP) B MPOBOJHHMKAX, JABWKYIIMXCS B Mar-
HUTHOM ToJie. PaccMoTpuM mpoBOSIIUi (Ui OTIPEICTICHHOCTH METaJUIN -
YEeCKHI) CTEePXKEHB, IBUXKYIIMICS BIPABO TOJ JICHCT-

BHEM KaKOW-TO BHEIIHEN CHIIBI C IMOCTOSHHON CKOPO- oy :dx -

cTbi0 V B OJHOPOJHOM MarHuUTHOM moie. C Takoi xe ®B i TE

CKOPOCTBIO JIBUTAIOTCSI BMECTE CO CTEPIKHEM U CBO- ni |V

OOnHBbIE 2JEKTPOHBI, Haxoxsdmuecs B HeM. Ha nBuxy- (8;/ lFﬂe
_

[IMecsl B MAarHUTHOM TI0JI€ 3JIEKTPOHBI JIEHCTBYET CUJia
JlopeHnia, HanpaBieHHas: BHU3 (Ha PUCYHKE), U OHA MPUBOJUT K TOMY, YTO
Ha HUKHEM KOHILIE CTEeP>KHs 00pa3zyeTcsi U30bITOUHBIN OTPULIATEIbHBIN 3apsil
AJIEKTPOHOB, a Ha BEPXHEM KOHIIE - MOJIOKUTEIbHBIN HE CKOMIIEHCUPOBAH-
HBIN 3apsii HOHOB MeTailia. Bo3HUKaeT pa3jeneHue 3apsiia, YTo MOXKET UH-
TEPIPETUPOBATHCS, KAK CYIIECTBOBAHUE CTOPOHHEH CHIIBI, a CJIeI0BATEIbHO,
u cropoHHer J/IC. Ponb cTopoHHEN cuibl UrpaeT MarHuTHas cuia JlopeH-
na. [lomyyaercs yto-To HamomoOue OaTapeiiku, y KOTOPOMl IUIIOC CBEpXY,
MUHYC CHHM3Y, OCOOEHHOCTh COCTOUT B TOM, YTO JaHHas Oatapeiika CylIecT-
BYET TOJBKO IMOKa JBMKETCA W HANpsKEHUE Ha HEll, KpOMe BCETO MPOYero,
3aBUCUT OT CKOPOCTH JIBM>KEHHSI, MATHUTHOTO TOJISl U UX B3aMMHOW OpUEH-
taumu. [[ns pacdera BenuumHbl OJIC Ha KOHIAX CTEPXKHS PACCMOTPUM
AIEKTPOH, HAXOIAIIMICS B cTepkHE. Ha 31eKTpoH, ABMKYIIMHCS CO CTEPK-
HEM, JIEUCTBYeT MarHuTHas cuia JlopeHua, HanmpaBieHHas: BHU3, U JIEKTPU-
YecKasi CHJIa CO CTOPOHBI AJEKTPUYECKOIO TOJIsI, CO3/IaHHOIO Iepepacnpeie-
JUBILIMMUCA B CTEpKHE 3apanamu. [lon neiicTBUeM 3TUX IBYX CHJI AJIEKTPOH
B CTAllMOHAPHOM pekuMe (TIPU OCTOSIHHOM CKOPOCTH JBHIKEHUS CTEPIKHS U
BCJIMYMHE W OPUEHTAIMU TIOJIs1) OyIeT TMOKOUTCS OTHOCUTEILHO CTEPIKHS,
T.e. (-q)-E" =(-q)-[V x B], OTKy/Jla Hamps»KEHHOCTh IIOJISI CTOPOHHEH CHIIBI:
E" =[V x B]. CocunTaB paboTy 3TOr0 MOJIS MO MEPEHOCY SAMHUYIHOTO TOJIO-
KUTEJILHOTO 3apsiga BAOJb ydacTka L, rjae 3To mosie CymecTBYeT, MOdyduM
OJ1C MHIyKIMU HA 3TOM y4aCTKE!

E, :ijB]-dT.
L
B HameM KOHKpETHOM ciydae 3To jaacT juis BenuuuHbl DJIC: |E,|=V -B-I,

rae |- mmna crepxxHsa. Ecau Obl HaIl CTEP)KEHb JABHIajics IO METaIHye-
CKHAM HampaBJISIIOIINM, TOIMOJHSOIMINM CTEPKEHb 10 3AMKHYTOIO KOHTYpa ,
TO B KOHTYpPE€ MPOTHUB YaCOBOM CTPEJIKHM MOTEK Obl MHIYKIIMOHHBIA TOK, BE-
JUYMHA KOTOPOTO 3aBHCENa ObI OT MTOJTHOTO CONMPOTUBJICHUS KOHTYPA.
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PaccmoTtpum 3Ty ke 3a/1auy ¢ IPUBJICYEHUEM CPEJICTB BBICIICH Mare-
MaTUKH U YK€ U3BECTHBIX YpaBHEHMI MakcBesia Ajisi JIEKTPUYECKOro mo-
nsi. BeiOepeM corjmacoBaHHBIE HalpaBlIEHHWs HOpMald K paMke W o0xoja
KOHTYpa (eciu OBl pacCMAaTPUBAJICS OTICIbHBIA CTEPIKEHB, TO MOYKHO OBLIO
OBl MBICJIICHHO JOIOJIHHUTH €ro 70 3aMKHYTOro KoHTypa). CorjiacHO ypaBHe-
Huro Makcsesna

E, = (E-dl)=f (E+E")-dI)={ (E"-dI)=f IV xB]-d = [V xB]-dI =

=V .B.l=—(dx/dt)-B-1=-B-dS/dt=-d(B-S)/dt = —d®/dt
[Tpu UHTErpUPOBAHUU MBI yWIH, YTO 3JeMeHT juuHbl d| HampaBiieH mo Ha-
NPaBJICHUIO BBIOPAHHOTO 00X0Ja KOHTypa (T.e. MPOTUB E’, orciona u “mu-
HyC”), 4TO IMPKYJISALHUsS dJCKTpocTaTudeckoro moiisi E paBHa Hyimo. B pe-
3yJbTaTe MOJYYEHO BBIPAKEHHE, CBSI3bIBAIOIIEE BO3HUKAIONIYIO B KOHTYpE
O/1C uHaYKIMH, CO CKOPOCTHIO U3MEHEHHUSI MarHUTHOTO MOTOKa Yepes3 IUio-
113]1b, OTPAHMYCHHYIO KOHTYPOM (OZHO U3 yYpaBHEHUI MakcBeia):

§L(E-dr)= E, :-d@/dt:—gt(ﬂs(é-d@)

[TonyueHHOE U3 pacCMOTPEHHUS YACTHOIO Ciydasl JIBUKEHUS ITPOBOJHUKA B
OJIHOPOJHOM MAarHUTHOM TI0JI€ BBIpAXKCHHE, MOXKET ObITh 0000IIIEHO U pac-
MPOCTPAaHEHHO Ha 0ojiee MMPOKUIM KPYr SBJICHHUM, T.K. MAarHUTHBIA MOTOK
yepe3 IUI0Ia/lb, OTPAHUYCHHYI0 KOHTYPOM, MOXET U3MEHATHCS HE TOJBKO
BCJICZICTBUE M3MEHEHUS IUIOMIA M CaMOT0 KOHTYpa, HO U BCIEACTBUE U3MeE-
HEHHUS BEJIMYMHBI MAarHUTHOTO TOJIS WIM B3aMMHOW OpPUEHTALIMU KOHTYypa U
HaIpaBJIeHUs] MAarHUTHOTO TOJIA.

DneKTpoMarHuTHas MHIYKLUHS BO3HUKAET BO BCEX ClydasX, KoOria
M3MEHSIETCS. MArHUTHBIM MOTOK 4Yepe3 KOHTyp. [Ipu 3TOoM coBepieHHO He
Ba)KHO, YEM BbI3bIBACTCS] 3TO U3MEHEHHUE MOTOKAa. EClii B HEKOTOPOM KOHTY-
pe TeueT M3MEHSIOIIMICS BO BpEMEHU TOK, TO MarHUTHOE IOJ€ 3TOr0 TOKa
Takke OyZeT U3MEHSThCSA. DTO BIEUYET 3a OO0 M3MEHEHHEe MarHUTHOTO TO-
TOKa 4epe3 KOHTYp, a ciaenoBaTenbHo, U noseienue IC unaykuuu. Takum
o0pa3oM, U3MEHEHHE TOKa B KOHTYpe BeAeT K Bo3HUKHOBeHUI0 DJIC unayk-
LMK B 3TOM € CaMOM KOHType. J[aHHOe sIBJI€HHE Ha3bIBAE€TCSI CAMOUHAYK-
nye. MarHuTHOE 1MoJie U MOJIHBIA MarHUTHBIN MOTOK Yepe3 KOHTYp OyJeT
MPONOPLIMOHAIBHBI CUJIE TOKA, TIPU 3TOM

D=L-I
rae Ko3pPUIMeHT nMponopHruoHaIbHOCTH L Ha3pIBaeTCSd WHIYKTUBHOCTHIO.
NHayKTUBHOCTD 3aBUCUT OT (OPMBI U pa3MEpOB KOHTYpa, a TaKKe OT Mar-
HUTHBIX CBOMCTB OKPYXAIOIIEH CPE/Ibl.

Ecnu xxe 3/1C uHAyKIMHU B KOHTYpE BbI3bIBACTCS M3MEHEHHEM TOKa,
MPOTEKAIOIIEro MO JPYroMy KOHTYPY, TO TOBOPST O SBJICHUH B3aUMHOW HH-
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JAYKIUU B KOHTYypax. [Ipy 3TOM B3aUMHYIO HHIYKTHBHOCTH OIPEICIIIOT KaK
KO3(D PUIMEHT MPOMOPIUOHATIHLHOCTH MEXIYy TOKOM B OJHOM KOHTYypE U
MarHUTHBIM TIOTOKOM, CO3/IaBa€MbIM JaHHBIM TOKOM, Yepe3 MOBEPXHOCTb,
OrPaHUYCHHYIO IPYTHM KOHTYPOM.

[Mpumep 5. HaliT MHAYKTUBHOCTH COJieHOMIA ¢ YUCIOM BUTKOB N u
umetonero amuHy | u muamerp D.
B cnyyae mpoTekaHus 4epe3 COJICHOM]T TOKa |, MarHUTHOE TI0JIe BHYTPH CO-
aeHouaa 6w110 061 B=po-1-N/l. D10 moste co3mano Obl MATHUTHBIM MOTOK Ye-
pes kaxablit BUTOK O=B-S= (uo-1-N/I)-(n-D?/4). VaursiBasi, 4To mOIHBI 110-
TOK 4epe3 BCe BUTKH CyMMHpyercs, monyduM Dpom= (to -NZm-D/(1-4))-1.
OTKyIa HHIYKTUBHOCTB Haxomutes B Buae L=po-N7-m-D¥/(1-4)= po-(N/I)*-V,
rae V- 00beM BHYTpPHU COJICHOU/IA.

C HCIOBb30BaHUEM BBIPAKCHUS JIISl MHIYKTUBHOCTH COJICHOHUJIA JIeT -
KO MOJIYYUTh (POPMYITy JUIsl SHEPIMU MarHUTHOTO moJist. Kak u3BecTHO mar-
HUTHOMW PHEpPrueu Toka Ha3bIBaeTcs BeaudrnHa W= L-1%/2. Eciu MIOJICTaBUThH B
9Ty (OpPMYJTYy BhIpOKEHUE JUISl HHIYKTUBHOCTH COJICHOUIA!

S 0 SR\ A - Y
2 2.12 20,

[Tockonbky V- 00BEM COJICHOWIA, & MATHUTHOE IOJIC COJICHOMA COCPEJIO-
TOYEHO BHYTPH HEro (TOYHO TaKKe KaK U AJIEKTPHUECKOE 1MOJIe KOHCHCATO-
pa COCPEeOTOUEHO BHYTPU KOHAEHCATopa), To B%/(2-u0) urpaer pomb 00b-
EMHOH IUIOTHOCTH MAarHUTHOW dHepruu. Takum o0Opa3oM, MarHUTHAs SHEP-
TSl TOKA MOXET HHTEPIPETHPOBATHCS KaK SHEPTUS DJICKTPOMATHUTHOTO T10-
JsI, pacHpeieNieHHOr0 B TPOCTPAHCTBE C OOBEMHOHM IUIOTHOCTHEO W=
B%/(2-), a [uIst pacdeTa IOIHOM MATHHTHOH SHEPrHH HYKHO IIPOHHTEIPH-
pOBaTh 1O BCEMY IPOCTPAHCTBY, IJI€ CYIIECTBYET MAarHUTHOE IOJIC.

Ha 3ToMm 3akanunBaeTcsi 0030p OCHOBHBIX BBIPQKEHUM, 3HAHUE KOTO-
pBIX OyJEeT crocoOCTBOBATH BHIMIOJIHEHUIO 33JlaHUi U3 pasnena “‘DIeKTpo-
MarHeTusMm’ .

OcHOBHBIE (hOpMVIIBI IO pa3zAeay ‘DIeKTPOMATrHETUIM .
CBsi3p MarHUTHOW MHAYKIIMU B ¢ HApsS»KEHHOCTHIO MATHUTHOTO TTOJISI

H:

B=p,-p-H (2.1)
rJie |- OTHOCUTEIbHASA MarHUTHAsl MPOHUIIAEMOCTh U30TPOITHOU CPEJIbI, Lio-
MarHuTHasl OCTOSIHHASI.

3akoH buo-Casapa-Jlannaca:
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dB = *Z’  [oTxt]  wm dB:*Z"“-"S'Z”“-dl (2.2)
T r ‘T r

rne dB MarHuTHaAsS WHIYKIMS MOJIs, CO3/]aBAeMOI0 3JICMEHTOM MPOBOIHUKA
amuHbl dl ¢ TokoMm |, r- pamnyc-BeKTOp, HANpaBJICHHBIA OT MPOBOJHUKA K
TOYKE, B KOTOPOH OMpeeNsieTCss MarHuTHasE MHAYKIUS, O.- YTOJl MEXIy pa-
JINYC-BEKTOPOM I' M HAIlpaBJIEHUEM TOKA B 3JIEMEHTE MTPOBOIHUKA.
MaruuTtHasi UHAYKIUS B LIEHTPE OTpPE3Ka KPYyroBOro TOKA, OINHUpalo-
1Ierocs Ha yroi ¢:
gt o (2.3)
2-R 2-m
rae R- paguyc KpyroBoro BUTKa.
MarauTHast UHIYKIMS Ha OCH KPYTOBOTO TOKA!
gptot 2RI (2.4)
4-m (R*+h?)%
rae h paccTosiHME OT IIEHTpa BUTKA J0 TOYKH, B KOTOPOH OINpeaeseTcs
MarHUTHAsI UHIYKITHS.
MaruuTtHas I/IH,[[yK]_[I/ISI co3zaBaemasi OTpe3KOM HpOBOI[HI/IKa C TOKOM:
dB=""H. " (cosa, - cosar,) (2.5)
4.1 b
O6o03Hauenus sicibl u3 puc.l Hanpasnenue Bexkropa B 0060-
3HAU€HO TOYKOM - 3TO 3HAYMUT, yTo B HampaBiieH nepneHu-
KYJISIPHO IJIOCKOCTH YepTexka K HaM.
Harnpsis>keHHOCTh MarHUTHOTO MOJISI BHYTPU COJICHOM- ] a

na
H=n-I (2-6)
re N- YUCI0 BUTKOB HA €IMHUILY JJIMHBI COJICHOUA.
Cwta, elicTBYIOIIAsl HA TPOBOJAHUK C TOKOM B MAarHUTHOM IIOJIE!
T::I-[ATxB] win  F=1-Al-B-sino (2.7)
rae Al- inHa poBOHMKA, O- YTOJ MEXTy HAlpaBlICHHUEM TOKa B MPOBOJI-
HUKE U BEKTOpOM B.
Cwta B3aUMOJICHCTBHS JIBYX HapajlIeIbHbIX TOKOB (HA €AMHHMILY -

Puc.1

HBI):
ot ily (2.8)
2. I
rie |- paccTossHEE MEXITy TOKaMH.
MarauTHBIE MOMEHT IJIOCKOTO KOHTYPa ¢ TOKOM:

B =1.5-7 (2.9)
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r7e S- miomaab KOHTypa, |- TOK B KOHTYpe, N- €IMHUYHBII BEKTOpP HOpMaJIU
K IUIOCKOCTH KOHTypa (ero HampaBJICHHUE COBIAJACT C HANPABICHUEM JIBH-
’KCHUS TIPABOTO BHHTA, BPAIAEMOT0 10 HAMPABJICHUIO TOKA B KOHTYpE).
MoMeHT cuJl, IEUCTBYIOINI Ha KOHTYP C TOKOM, IOMEUIEHHBIN B OJ1-
HOPOJHOE MArHUTHOE IOJIE!
M =[p, xB| mwmx M=p, -B-sina (2.10)
IZIe O~ YIOJI MEX1y BEKTOpamu Pm U B.
[TorenuumanbHas 3HEPrus KOHTYpa ¢ TOKOM B MAarHUTHOM I10JIE!
W, =—(p, -B)=—p,, - B-cosa (2.12)
Cwita, neiicTByIOIIasl Ha 3apsDKEHHYIO YacTUIY B JIEKTPOMAarHUTHOM
noje (cuia Jlopenna):
IE:q-(E+[\7xI§]) win ipu( E=0) F=q-V-B-sina (2.12)
rae V- CKOpOCTh YacTHUIIbI, Oi- YTOJI MeXly Bektopamu V u B.
MarHuTHbIN IOTOK:

d®=B-dS=B-dS-cosa =B, -dS ®=[B,-ds (2.13)

TJIC O- YTOJl MeXK Iy BekTopoMm B 1 HopMmaibio k moBepxHOCTH dS.
[TonHBI# MarHUTHBIN MOTOK (IOTOKOCIIEIUICHNUE):
Y=N-O (2.14)
rae N- 9rciio BUTKOB KaTyIIKH (COJIeHOU/IA).
PaGoTa 1o nmepeMenieHuio 3aMKHY TOr0 KOHTYpa (MJIH €ro MOJIBUKHOM
YaCcTH) C TOKOM B MAarHUTHOM T10JIC:

A=1-AD (2.15)
OJIC unayKimu:
d¥

=T 2.16
=4 (2.16)

OJIC camoMHAYKIIUH:

dl

— L. 2.17
gL & (2.17)

NHayKTUBHOCTH COJIEHOUAA:
L=p,-p-n*-V (2.18)
rae N- JIOTHOCTh HAMOTKH, V- 00BEM COJICHOUA.
YpaBHeHne Makcsesuia o HupKyissunu Bexropa H:

d . dD,
§LH,-d|:|+dt”SDn-d3:”S[Jn+ P J-ds (2.19)
YpaBHeHune Makcsesuia 0 UUpKysauuu Bexropa E:
_dDg oB,
§LE,-d|_— " _—ﬂs( P J-ds (2.20)

9H€pFI/I${ MAarHuTHOI'O II0JIs COJICHOUIA.
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w=—" (2.21)

[170THOCTH SHEPTUU MATHUTHOTO TOJIS:
_(B-H)  B®  ueuH?
2 2up 2
Y C0BHS HENIPEPBIBHOCTU OTACIBHBIX KOMIIOHEHT BEKTOPOB B 1 H:
B,-B,=0 H,-H,=0 (2.23)
rae uHJaeKcsl “N” u “t” 0003Ha4al0T KOMIIOHEHTHl BEKTOPOB HOPMAJIbHBIE U
napajuieJbHbIe K TPaHHULIE pa3jiesia Cpesl, COOTBETCTBEHHO.

w (2.22)

2.2 KonebGaHusl U BOJHBI.

KonebanusiMmu Ha3bIBalOTCS MPOLECCHI, UMEIOIINE OMPEIEeICHHYIO TO-
BTOPSAEMOCTBb BO BPEMEHHU. B mpupoae U TEXHUKE IIUPOKO PaCIPOCTPAHEHBI
KOJI€OaHUS Pa3TUYHON MPUPOABI: MEXaHUYECKHE, JIEKTPOMArHUTHBIE, 3JIEeK-
TPOMEXaHUYECKUE, XUMHUYECKHEe U T.1.. HezaBucumMo oT mpupoasl Kojieda-
TEJIbHBIE IIPOLIECCHl OIKMCBHIBAIOTCS OJAWHAKOBBIMU XaPAKTEPUCTUKAMU U
OJIMHAKOBBIMU YPABHEHUSMH.

[IpocTeiimiumMu cuUTalOTCS TapMOHUYECKHE KosieOaHus, T.e. Kojeba-
HUA BUJA

X(t)=A-cos(o, -t +¢,) (2.24, a)
KOTOPBIE XapaKTepU3YIOTCS aMILIUTYI0N A, HadanbHOU (a3oil ¢y U 4acTo-
TOM Mo, WK CBSI3aHHBIM C Hel mepuoaoM kojeOanuit T=2-m/w. DyHKIHA
x(t) B hopmyne (2.24, a) sBisercs oOumM pemieHrueM auddepeHImaaIbHOro
YPaBHEHUSI BTOPOTO MOPsIJIKA

d?x(t)

dx®
KOTOpO€ Ha3bIBalOT AuQQepeHInanbHbIM YPaBHEHUEM TapMOHUYECKUX KO-
nebaHui.

PaccmoTpuMm B KauecTBe NpuMmepa JBE HACATU3UPOBAHHBIE MPOCTHIE
CUCTEMBI, B KOTOPBIX MOTYT IPOUCXOUTh TAPMOHUYECKHE KOJICOAHMS.

1. Ilpy>XuHHBI MasTHHUK - TPy3 Macchl M, MOABEUICHHBIM Ha abco-
JFOTHO YIPYro# MpyXkuHe kecTKocTH K. Cumrasi, 4To MpU OTKIOHEHUH OT
noJjioxkeHust paBHoBecusi X=0 Ha rpy3 IeHCTBYEeT TOJBKO ympyras cuia F=-
K-X, 3amumieM ypaBHEHHWE JBUMIKEHHS MasTHUKA (BTOpoil 3akoH HbproTOHA)
m-a=-K-X, wu X+ (k/m)-x =0 (Toukoit Hax OykBOi 0003HAYMIIA MTPOU3BOJI-

L ol-x(t)=0 (2.24, 6)

HYI0 TI0 BpeMeHH 1. x=dx/dt). CpaBHHBasl 3TO YpaBHEHUE C YPaBHCHUSIMHU
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(2.24) nerxo BUIETH, YTO MPYKUHHBIA MasSTHUK COBEPIIACT TAPMOHUYCCKHE
KoJIe0aHus ¢ 9aCTOTOM o, =-/k/m.

2. DNEKTpPOMArHUTHBIM KoJieOaTeNbHBIM KOHTYp - O3JIEKTpUuYecKas
LEeMb M3 TMOCJEA0BATEILHO BKJIIOYEHHBIX KOHAEeHcaTopa emkoctH C u Ka-
TyHmKd UHAYKTUBHOCTH L. Omuueckoe conporusiienue R. CornacHo BTOpo-
my mpaBwiny Kupxroda I-R+U.=E,, rae magenue nanpsokenus U.=Q/C, a
BJIC E, =-L-i=-L-Q. Takum 00pa3oM MbI [OJy4aeM YpaBHCHUE

. R . 1
Q+I.Q+fC.Q_0 (2.25)

kotopoe npu R=0 mepexoauT B ypaBHEHHE TapMOHUYECKHX KOJIeOaHUM 3a-
psina konjaeHcaropa Q ¢ yactoroi o, =1/-/L-C.

CrnoxxeHre rapMOHUYECKUX KOJIeOaHH.

Konebmnromiasicsi BeTMurnHa MOXKET OJHOBPEMEHHO y4acTBOBATh B HeE-
CKOJIbKMX KOJICOATENBHBIX MPOIECCaX, TOTJa HEOOX0AMMO HAWTU PE3yIIbTH-
pyroiee KojiebaHue Win, HHaYe TOBOPS, CIIOXKUTh KolieOanus. Halinem BHa-
qajie CymMMy 2-X KojeOaHWi OJHOTO HAaIpaBJiICHHUS M OJUHAKOBOW YaCTOTHI,
X1=A1-CoS(wt+@r), X=A,-CoS(wt+@;), UCIOIB3YysT METOI BEKTOPHBIX JiHa-
rpamM. [locnenHue marT MPOCTYIO HATVBSIAHYIO MHTEPIPETAIUIO TaPMOHU-
yeckux KoyeOanuit Buaa (2.24, a). U3 npousBoabHOM Touku O ocu X OTIIO-
KUM BEKTOp UIMHBI A, 00pa3yrommii ¢
ocbi0 yroi ¢. IIpoexius BekTopa Ha och X 4V
paBHa A-COS@. byneM cuuTtaTh, YTO BEKTOP
A paBHOMEpPHO Bpamaercs IpOTUB YacoOBOM | =
CTpENKH BOKPYT TOUKH O C yriaoBou o
CKOPOCTBIO (g TaK, YTO YTOJ (P U3MEHSIETCS o1
1o 3akoHy @(t)=wot+@o. Torma X - mpoek- ~
sl BekTopa A OyJzieT coBepiiaTh rapMOHU- A1C0501+A2C05¢;
yeckue KoyiebaHusl 1o 3akony (2.24, a).

I cnoskeHHsl KOJeOaHUU X; U X Puc.2
MOCTPOUM BEKTOPHBIE TUATPAMMBI ITHX KO-
nebanwmii (Puc.2). Tak kak BekTopsl A; U Ay BpalaroTCs ¢ OJJUHAKOBOM YT-
JIOBOM CKOPOCTBIO Mg, TO Pa3HOCTh (a3 ((2-(1) MEXKIYy HUMH OCTACTCs IO-
CTOSIHHOM. OYEeBHUIHO, YTO UCKOMOE Pe3yJbTUPYIOIee KoleOaHne OonuchiBa-
€TCsi U3MEHEHHEM BO BpEeMEHM NIpoekiuu BekTtopa A=A;+A,. YpaBHeHUe
PE3YIBTUPYIONIETO KOJIeOaHUsI €CTh

X=X; +X, =A-cos(m,t+¢,)

Assi A,si
A= [T AT+ 2A A0S0, ~ ) topy= s T AP (2.20)
A,C0sp, + A,C08¢,
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[Tomo6HBIM 00pa30M JIETKO CIOXKHUTH JIF0OOE YMCJI0 TAPMOHUYECKHUX Koseba-
HUHN OJJMHAKOBOM YaCTOTHI.

buenuns - BaXHbIM 4aCTHBIN ClIy4yal, KOI/a JBa CKJIAJAbIBAEMBIX KOJIE-
OaHMsI OJHOTO HANPABJICHHUS MaJIO0 OTIMYAIOTCA IO 4YacTtoTe. B pesynbrare
CJIOKEHUS MOJYyYaloTCsl HETaApMOHMYECKUE KOJIeOaHUsI C MEPUOJIUYECKU U3-
MeHsonieiics ammutynoil. [lepuoanveckue M3MEHEHHS aMIUIUTYIbI pe-
3yJABTUPYIOIIETO KoJieOaHUs Ha3bpIBaloTCsl OueHusaMH. llycTh ammintyzabi
kosieOannii X;(t) u Xo(t) paBHBI A, @ 4aCTOTHI - ® U ®+A®, MpudeM A®O<<®.
Havano orcuera BpemeHu BbiOepeM Tak, 4TOOBI HayasibHbIEe (Da3bl KoieOa-
HUAU PaBHSUIUCH HYIJIIO. s PE3YIBTUPYIOLLETO KOJIeOaHUs
X(t)=x1(t)+x2(t)=Acoswt+Acos(w+Am)t Jerko MoJIy4YuTh CISAYIOIIee BbIpa-
xernne X(t)=[2Acos(Am/2)t]coswt (Bo BTOpOM COMHOXHTENE Mbl IpeHEOper-
7 Majiod BennuuHOM Aw/2 1o cpaBHEHUIO ¢ ®). [lonyuuBimecs xonebanus
OINKCBHIBAIOTCS MPOMU3BEJACHUEM JBYX MEPUOJUYECKUX coMHOxuTenen. [lo-
CKOJIbKY MEpPBbIA COMHOXUTENb U3MEHSETCSI HAMHOTO MEJJIEHHEEe BTOPOro,
kosiebanue X(f) MOKHO paccMaTpuBaTh Kak TapPMOHHUYECKOE C YaCTOTOH (,
aMILUTUTY/1a KOTOPOro A MeEUIEHHO M3MEHSETCS CO BPEMEHEM IIO CIIEAYIO-
ieMy MepuogNIecKoMy 3aKOHY:

A:ZAcosAzmt

[epuon Ouenuii T=21/Aw.

3aTyxarorye KoyieOaHus.

B peanbHbIX KoNeOaTENbHBIX CUCTEMax BCETJa UMEIOTCS CHUJIbI Tpe-
HUS, IEUCTBHE KOTOPBIX MPUBOJUT K YMEHBIIICHUIO YHEPTUU cucTeMbl. Eciu
yObLIb PHEPIrUM HE BOCIIOIHSETCS 3a cueT paboThl BHEUIHUX HCTOYHUKOB,
Kojiebanus OyayT 3aTyxaTh. [[7s OOIBIIOTO Kjacca MEXaHMYECKUX M DJICK-
TPUYECKUX KOJIeOATEIbHBIX CHUCTEM ‘‘CHJIBI TPEHHUS  MPONOPLUOHATbHBI
CKOPOCTU M3MEHEHHUs Kouseomromeiics Benuunnabl. KonebaHus B Takux cuc-
TeMax OMNUChIBaIOTCS AuGdepeHIInaTbHbIM YPABHEHUEM 3aTYXaIOIINUX KOJIe-
Oanuit

X+2B-X+0)-x=0 (2.27)

oOl111ee pelieHrne KOTOporo ecTh
x(t)=A,-e'cos(o-t+¢,) rae o= w)-p (2.28)
[Tepuon 3aryxaronux kKoyiebanud T =2n/o = 27:/ /o2 —B® 3aBHCHT OT YaCTOTHI

CBOOOJIHBIX HE3aTyXaroMIMX KOJIeOaHU wo U OT Kod(hPUIMeHTa 3aTyxaHus
B. Ilocneauuil onpenensier TakX e CKOPOCTb M3MEHEHUs aMIUTUTYAbl 3aTy-
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) Bt ) )
xarommx Konebannii A(t)=Ace™". BaxHoil XapaKTepUCTHKON 3aTyXaroIIX

KoJieOaHui sBasieTcs JorapuMUUECKUN JEKPEMEHT 3aTyXaHus
r=in 2O _go1 (2.29)
Ait+T)
yepe3 KOTOPBIM BBIpaXKaloTCS JIBE JIPYrUe XapaKTEpUCTUKHU: JOOPOTHOCTH
O=n/A u yucio konedanuii N 3a Bpems 3atyxanus =1/, Ne=1/A.
JInst Ka0M KOHKPETHOW KOJeOaTeIbHOW CHCTeMbl OCHOBHBIE Tapa-
METpBI 3aTyXaoUMX KoaeOaHuil Mo U 3 MOXKHO BBIPAa3UTh Uepe3 XapaKkTepu-
ctuku cuctembl. Hanpumep, s sanexkrpomarautHoro L, C, R - kone6arens-

HOT'0 KOHTYpa, CpaBHUBas ypaBHeHwus (2.27) u (2.25), nerko HaiTH, 4To

1 R
®0="7c B:Z (2.30)

BrinyX1eHHBIE KOJICOaHUS.

OnuH U3 cmocoO0B MOMYYUTh HE3ATYXAIONUE KOJICOAHHs B peabHOM
CUCTEME - OKa3aTh Ha HEE BO3JCUCTBUE NMEPUOANUECKU U3MEHAIOIIeHCs “cu-
noit”. PaccMOTpuM 37€ch MpUMEp 3JIEKTPOMArHUTHOIO KOJIEOATEIbHOTO
KOHTYpa IMOCIIEJIOBATEIbHO TOJKIIOYEHHOTO K TEPEMEHHOW 3.1.C. BUIA
U(t)=Uncosmt. Mcnonb3yst Te *e 3aKOHbBI, YTO W MPH BBIBOJC ypPaBHCHHUS
(2.25) HeTpyIHO MOJTYYUTH CIICAYIOIIECE YPAaBHCHHE

Q+2B-Q+w§-Q:Lt”cos(co-t) (2.31)

Perienune 3Toro ypaBHeHHs paBHO cymMme o01ero pemenus (2.28) ogHopo-
HOI'O YpPaBHCHHS 3aTyXarolUX KOJICOAHWH W YaCTHOTO PEIICHHS, OTHCHI-
BAIOIIETO BBIHYXK/ICHHbBIC KOJIEOAHHs C YaCTOTOH, PaBHOM 4YacTOTE BBIHYXK-
narouiei “cuibl” . MOXXHO MPOBEPUTH, UTO YACTHOE PEIICHHE UMEET Clie-
JYFOLTAN BU
Q(t) = Qcos(w-t—9) (2.31)
rIe
_ Un __2Bp

On = L/(0 - 0%)? +4p%0? 97 = W — 0 (2:32)
PaccmoTtpum Gosiee moapoOHO TOBeACHHE aMIUIUTYAbl Qpn BBIHYKICHHBIX
KoJIeOaHUM, Kak GyHKIUU 9acToThl ®. [Ipr ©=0 u3 popmyin (2.33) Haxoaum
Qm(0)=Un/(Lg?)=CUp, T.c. 3HaUCHHE 3apsia KOHICHCATOpA, HA KOTOPBIN
MOJJAHO TMOCTOsIHHOE Hanpsbkenne Uy (ctatmdeckoe oTkioHenue). [lpu
OO0JIBIINX 4acTOTax W>>@o aMIUTATY A OBICTPO yObIBaerT:
Qum(®)=Un/(L®*)—0 . TIpit HEKOTOPOM 3HAYCHUH YACTOTHL ®p (pe3oHaHCHAs
4acTOTa) aMIUIMTYJIAa JOocTUraeT MakcumyMa. Hccnenys Qm Ha MakcUMyM,
JIETKO HAaWTH 3TO 3HAYCHHE YaCTOTHI K CAMOM aMIUTUTY/IbI '
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0= 0320 Quo)=n=Q0) % (2.34)
L2B. /o, — P 2B /1-B%/wg
U3 popmyn (2.34) BeITEKaeT, YTO MPH MAJIOM 3aTyXaHHH PE30HAHCHAS aM-
mwmtyaa Qm(wp)=0-Qn(0). Takum obpa3zom HOOPOTHOCTE ® XapaKTepu3yeT
PE30HAHCHBIC CBOMCTBA KOJIEOATEILHOM CUCTEMBI - MOKa3bIBACT BO CKOJIBKO
pa3 aMIUIUTY1a KoJeOaHuil pu pe3oHaHCce OOJIbIIE CTATHYECKOTO OTKIIOHE-
HUSL.

berymiue u crosiuue BOJIHBI.

[Ipouecc pacnpocTpaHeHus: KojeOaHUN B MPOCTPAHCTBE HA3BIBAIOT
BOJIHOBBIM TpOLIECCOM, WM BodHOM. Eciu xoneGaHus SBISIOTCS TapMOHHU-
YECKMMH, BOJIHA HA3bIBACTCS CUHYCOMJANbHON (win rapMmonuyeckoit). [lo-
Jy4YUM YpaBHEHHE IUIOCKOM Oeryieil BOJHBI - BOJHBI, KOTOpas pacnpocTpa-
HSIETCS BJIOJIb OJHOTO0 (PMKCUPOBAHHOI'O HAIpaBJeHUs, a KojieOaHus, UMEro-
IIMe OJIMHAKOBYIO (ha3y MPOUCXOJAT B IUIOCKOCTAX NEPHEHIUKYISIPHBIX K
HATPABJICHUIO PACIPOCTPAHEHUS BOJIHBI (K HAIIPABIICHHIO CKOPOCTU BOJIHBI).
[IycTh BosHA pacnpocTpaHseTcs BIOJIb OCH X CO CKOPOCThIO V, a HCTOYHUK
pacrnosioxkeH B Touke X=0 U coBeplIaeT rapMOHUYECKHE KOJIeOaHUs IO 3a-
kony &(0,t)=Acoswt. B nponsBobHO# TOuke X Kosnebanus &(X,t) mOBTOpPSIOT
KoyieOaHUsl MCTOYHMKA C 3ama3jbiBaHueM Ha Bpems t=X/V, HeoOxoaumoe
JUISL IPOXO3K/ICHUS BOJHBI 0 3TOM TOYKH. Takum 00pa3oM, ypaBHEHHE ILJIO-
CKOM Oeryuieil CMHyCcOu1albHOM BOJIHBI €CTh

E(x, t) = Acos(wco- x/V]) = Acos(m -t — K- X) (2.35)
B nmocnenHeM BbIpak€HUHM HMCIOJIB30BAHO CTaHAApPTHOE O0O3HAUEHHE BOJI-
HoBoro uncia K=2m/A, rne miuHa Bosiabl A=V-T=21tV/®.

Crosiune BOJHBI, KaK CIEIyeT U3 Ha3BaHHS, OMUCHIBAIOT YCTAHOBUB-
HIMICS B IPOCTPAHCTBE Ipoliecc konebanuii. OOpa3yroTcs CTOSIUME BOJIHBI
MpU HAJIOXKEHUM JABYX OErylIMX HABCTPEUy APYr JPYry CHHYCOUJATbHBIX
BOJIH, WMECIOIIMX OJIMHAKOBBIC YACTOTy W aMmIuutyny: &;=Acos(wt-kx),
E,=Acos(mt+kx).

Pesynbrar cnoxenus

E=E +&,=2Acos(k-X)-cos(w-t) (2.36)
OTHMCBIBACT PACIPEACICHHBIC B IPOCTPAHCTBE KOJIEOAHHS ¢ YaCTOTOU M, aM-
IJTUTYyAa KOTOPBIX MEPUOJAMYECKHA U3MEHSACTCS C M3MEHEHHUEM KOOPIWHATHI
X. B Toukax ¢ koopauHaramu X=tmA/2, m=0, 1, 2, ..., ammiuTyaa Kojieba-
HUU ‘ZACOSkX‘ JOCTUTAeT MakcuMyMma, paBHoro 2A. Takuwe TOYKH Ha3bl-
BAaIOT IIYYHOCTSIMHU CTOSYCH BOJHBI. TOYKH, B KOTOPBIX aMIUIUTyJa paBHA
HYJIIO, Ha3bIBAIOT y3i1aMu. KoopAWHATHI TaKUX TOYEK OMPEACIISIOTCS YypaB-
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HeHreM X=t(m+1/2)A/2, m=0, 1, 2, ... . Crosiune BOJHBI, B OTINYHE OT Oc-
T'YIIUX, HE IIEPEHOCST SHEPTUIO B TIPOCTPAHCTBE.

3. IPUMEPHI PEITEHWA 3AAY.

[Ipumep 1. Ilo koHTYpyY, U300pakeHHOMY Ha puc.3, uaet Tok cuibl 1=10.0
A. Onpenenutb MarHUTHyI HHAYKIHUIO B Touke O, eciau paguyc AyTH
R=10.0 cm, yron ¢=60°.

Jano: A I
1=10.0 A, 3 1
R=10.0 cy= 10-10% w1, cl=2 ¥
¢=60°, po=4-1-10" T'n/m. o PR

>

Onpenenuts Bp.
Pemenue: [lo npuHnmMny cyneprnosuuuy Inosieu Puc.3

MarHuTHasT UHAYKIUs B Touke O paBHA BEKTOPHOM

CyMME MAarHUTHBIX MHIYKIIMH, CO37aBacMbIX OTICIbHBIMU 3JICMCHTAMHU
KOHTYpa C TOKOM. PacCMOTpUM OTHEJIIBHO TPH y4acTKa KOHTypa: ayry 1 u
npsIMOJIMHEHHBIC 0Tpe3ku 2 U 3. [l BBIYMCIICHUS MAarHUTHBIX WHIYKIIHH,
CO3/IaBaCMbIX 3THMH JJIEMEHTAMH, MOXXHO BOCIIOJIb30BaThCs (hopMyniaMu
(2.3), (2.5). Cnauana BeIIUIIEM MOIYJIH BCEX TPEX cllaraeMbix. Tak Kak
¢=m/3, To B1=po:1/(12-R). Janee no ¢popmye (2.5) onpenenum B,. 3ameuas,
uyro yruibl o3=30°, 0,=90° a paccrosaue p=0OC= R-sinoy=R/2, naxomaum
3HaueHue. B, =-/3/(4-7)-p,-l/R. Jlng omnpenencHus B; 3aMeTHM, 4TO B 5TOM

cinydyae ap=0=0, mostomy B3=0. Takum 00pa3om, MarHuTHasi UHIYKLHS B
touke O sABJIIETCS CYMMOM JBYX BEKTOpOB B o=B1+B,. Onpenenum Ha-
MPaBJICHHUSI BEKTOPOB B MPaBoil yacTu paBeHCTBA. [lockonbky koHTYp ABC
u Touka HaOmoaeHust O JiexaT B OJJHON TUIOCKOCTH, BCE JIIEMEHTAPHBIC BEK-
topel dB (cM. popmyiy (2.2)), onpeesstoniye noje KOHTypa, OKa3bIBAIOTCS
pacToI0KEHHBIMHA BJOJIh HOPMAaIM K IUIOCKOCTH uepTexa. [Ipum 3Tom co-
IJIaCHO MPaBHITy MPABOTO BHHTA BEKTOPHI dB, oOpasyromuie cymmy B, Ha-
npasiieHsl “oT Hac”, a oOpasyrome cymMmmy B, - “k Ham”. YUuThIBas 37O,
MOHO 3aIMucaTh CKaJIsIpHOE paBE€HCTBO |Bo =B, -B, |=

=|/3/(4-7)~1/12 |, - /R . TlogcTanOBKA NaHHEIX AaeT: Bo= 6.90 MxTo.

[Ipumep 2. Ilnockuii kBagpaTHBIM KOHTYp co cropoHoit a=10 cMm, mo koTo-
pomy teuer Tok cuioil 1=100 A, cBOOOJHO YCTAaHOBWJICS B OJHOPOJHOM
MaraHuTHOM moJie ¢ uHayknueir B=1.0 Tn. Onpenenuts padoty A, coBep-
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IacMyH0 BHEITHUMHU CHJIAMH IIPU ITOBOPOTE KOHTYpa OTHOCHTEIBHO OCH,
IPOXOIAIICH Yepe3 CepeMHbBI MPOTHBOMOIOXKHBIX CTOPOH, Ha yroia: 1) oy=
90°; 2) ap= 3°. Ilpu moBopoTe KOHTypa CHja TOKA B HEM IOAACPKUBACTCS
HEU3MEHHOM.

JlaHo:
B=1.0 Tu, 1=100 A,
a=10 cm=0.10 M,
o= 900, Q= 3°.

Onpenenuts Az, Ay

Pemienune: KonTyp ¢ TokoM 007a1aeT MarHuTHBIM MoMeHTOM (2.9), u
BO BHEIIIHEM MarHUTHOM IOJIC Ha HEro jedcTByeT MomeHT cuibl (2.10). 1o
YCJIOBHIO 33Jla4ll B HAYaJIbHOM IOJOKEHUH KOHTYP CBOOOJHO YCTaHOBMJIICS
B MarHuTHOM noJie. [Ipu stom Mmoment cun M=0, a 3nauyut, =0, T.e. BeKTO-
pbl P, U B mapamiensHbl. ECM BHEIIHUE CHIIBI BBIBEAYT KOHTYD M3 IOJIO-
’KCHUs paBHOBecHs], TO MOMeHT cui (2.10) Oyner cTpeMUThCs BO3BPATHTH
KOHTYp B MCXOJHOE€ mojoxkeHue. [I[poTuB 3T0ro MoMeHTta u OyJeT coBep-
marbesi paboTa BHEMIHUMH cwiiamu. g mojcdeta A BOCHOJb3yeMCS W3-
BECTHOM U3 Kypca MEXaHMKU (opMysioi paboThl, COBEPIIAEMON MOMEHTOM
cust M nipu moBopote Ha yroi do: dA= M-do. [Toncrasnss 3Hauenue M u3
(2.10) u py u3 (2.9), momyuaem dA= |-B-a®sino-da. MaTerpupys 310 BbIpa-
KEHUe, Haiigzem paboTy TMpuU  NOBOPOTE HA  KOHEYHBIA  yrodi:
A=1. B-azj':sin(a)da. Pabora mpum  moBopore Ha  yrom  90°:

A=1.B-a’-(-cosa)|;'*=1-B-a*. [ToacTaBiss YMCIIOBBIC 3HAYECHUS B 3TO BhbIpa-
xeHue, HaxonuMm A;=1 J[x. IIpu pacuere pabGotsl A, yaoOHO cpa3y BOC-
MOJIb30BAThCs MaJOCThiO yriia o= 3°= 1-3/180= ©/60 pan. J{ns manbix yr-
J70B Sinoxa, 1 padoTta A, =1-B-a*- J.:zada =1-B-a’-a; /2. IlogcTaBuB 3HAYCHUS,
Ay=1.37 M.

3amaqy MOXHO PEIUTh U APYTUM CTIOCOO0M, UCTIONB3Ys AJIS TOCUe-
ta padoTsl popmyiy (2.15): A=I-AD. B HauanipHOM OJ0KEHUN MAarHUTHBIN
norok Py, IPOHM3BIBAIONIHIT KOHTYD, paBeH (cM. (2.13)) = B-S-c0s0°=B-a%.
[Tocne moBopota Ha yroa 90° koneunsiii motok ®,=0. PaboTa BHENTHUX CHII
NPOTHBOIIOJIOXKHA 110 3HAKY padote cui mods, T.e. A;= -1-AD= -|-(D,-D,)=
|-B-a°, 4TO COBIMAACT C HAMICHHBIM paHee BBIPAKEHUEM.

[Ipumep 3. DNEKTPOH, MPOIAS yCKOpAIOLLyt0 pazHocTs noTeHmanos U=400
B, monan B 0IHOpOIHOE MarHUTHOE ToJIe HampsikeHHocThio H=1 kA/Mm. On-
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pEeIeNUTh PainyC KPUBU3HBI R TpaeKTOpHM W 4acTOTy N OOpallleHUs 3JIeK-
TPOHA B MarHUTHOM I0JI€. BEKTOp CKOPOCTU NEPIIEHAUK YIISIPEH JIMHUAAM I10-
JI.

JlaHo:
U=400 B, H=1000 A/m, m=9.11-10" kr,
9:=1.6-10" K, po=4-1-10" T'u/m

Onpenenuts Run

Pemienue: Panuyc kpuBu3Hbl R ompenenum U3 cieAyromux coodpa-
’KCHUU: Ha JBIKYIIUICS B MAarHUTHOM II0JIE€ JICKTPOH JeicTByeT cuia Jlo-
pernia F, (2.12). Cuna JlopeHma neprneH UKy sIpHA BEKTOPY CKOPOCTH H,
CJICZIOBATEIIBHO, COOOIIACT 3JICKTPOHY HOpMaJIbHOE YcKopeHue. [1o Bropomy
3akoHy Hprortona, Fj=m-a,, rie a, - HOpMajIbHOE YCKOPEHHE, KOTOPOE MO-
KET OBITh BBIPAKEHO Uepe3 CKOPOCTh YacTUIbl V M paauyc KpuBH3HBI R
tpaekropun: a,=V*/R. Takum o6pasom, g-V-B-sina= m-V4/R u, yuurssas,
yro yroia 0=90° naxomum paaumyc R=m-V/(g-B). HeusBecTHbIil MMITYIIbC
M-V MOXeT ObITh BBIPAXKCH 4Yepe3 KMHETUYECKYI dHEpPruio T 3JIeKTpOHA:
m-V=-/2-m-T, a KHHETUYECKas dHEprus T, B CBOIO O4YEpElb, ONPEACIIAECTCS
U3MCHCHHEM IMOTCHIIMATBHON YHEPIHH 3JIEKTPOHA, TPOIICIIIEIO YCKOPSIO-
1yt pasHocts noteHuuaioB U: T=Q-U. Belpaxkas Takxke MarHuTHYyIO HH-
aykuuto B wepes  mHampsokenmHocth H o (em. (2.1)), momyvaem
R=(2-U-m/q)*?/(po-H)= 5.37-10? m.

Jlnst ompeneneHus 4acTOThl OOpaIleHHUsT BOCHOJB3yeMcs (popMyioi,
CBSI3BIBAIOINCH YaCTOTY CO CKOpocThio M paauycom: N=V/(2-nt-R). CremoBa-
TenbHO, N=q-po-H/(2-n-m)= 3.5-10" ¢™.

[Ipumep 4. B ogropogHom marautHOM mojie ¢ naayknueir B=0.1 Tn paBHo-
MepHO ¢ yactoToi N=10 ¢t BpaIlaeTcs paMmKa, COCTOSIIAs 13 N=10° Burkos,
IJIOTHO TPWIETAIMUX Apyr K apyry. [Lmomans
pamku S=150 cM. Ornpenenute MrTHOBEHHOE 3Ha-
yenne DJIC nnaykuuu E;, COOTBETCTBYIOIIEE YI-
7y TIOBOpoTa paMku (Po=30°, U cpenHee 3HAUCHUE
O/1C <E>, unnynupyemoe B paMke Ipu U3MEHE-
HUU yTia ¢ ot 3HaYeHus ¢;=0° g0 ¢,=90°.

Jano:
B=0.1 Tn, n=10 ¢*, N=10°,
S=150 cm*=0.015 W, Puc.4
(po=30°, ([)1:00, (p2=90°.
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Onpenenuts Eju <E>

Pemienne: Mruosennoe 3nauenue JDJIC munykunuum E; ompenensercs
OCHOBHBIM YpaBHEHHEM 3JIEKTpOMarHuTHoW mHaykiuu (2.16). Bocmonb3o-
BaBIIKch popmyoit (2.14) s morokocuerwieHus, nonydaem Ei=-N-dd/dt.
[Mpu Bpamenun pamku (puc.4) MarHUTHBIA MOTOK @, MPOHU3BIBAIOIIMN
OlMH BUTOK B MOMEHT BpeMeHu I, ompenensieTcss COOTHOIICHHEM
®(t)=B-S-cos(m-t), KOTOpoe HETPYAHO MOJYYHUTh, HCIIOJIB3Ysl OINPEICICHUE
noroka (2.13); yroa ¢ B paccMaTpuBaeMOM Cllydae U3MEHSETCS CO Bpeme-
HEM W paBeH o-l. BeimomHuB auddepeHIMpoBaHre M0 BPEMEHHU, HaiijieM
BBIPAKCHUE ISt MTHOBEHHOTO sHagenuss  DJIC WHIYKITIH
Ei=N-B-S-®-sin(w-t). KpyroBas yacToTa ® CBsi3aHa C 4aCTOTOH BpalCHUSI
COOTHOIIEHHEM ®=2-7-N. BoIpaxkas ® yepe3 N ¥ MOACTABIISAS B COOTBETCTBUH
C YCJIOBHEM 3aJlayMl 3HaueHHE M-1=(g, molydaeM OKOHYATEIbHYIO GOPMYITy
Ei=N-B-S-2-%-n -sin(¢o). Berurcnenue naer Ei= 47.1 B.

Cpennee 3nauenune <E> DJIC mHAYKUMM, TEHEPUPYEMON B TECUECHUE
HEKOTOPOTo MpoMexyTka BpemeHu At, paBHo <E>= -AW/At= -N-AD/At.
H3meHeHrne MarHuTHOTO oToka AD= ®,-D;= -B-S-(COS(p1-COSP,); Bpems At,
3a KOTOpPOE MPOM30ILIO 3TO M3MEHEHHUE, paBHO At= (@2-¢1)/(2-m-n). Takum
obpazom, HaxoauMm <E;>= 2.1t-n-B-S-(CoS(p1-C0S¢,)/(¢p2-¢1)= 60 B.

[Ipumep 5. ConeHous ¢ CepACYHUKOM M3 HEMAarHUTHOTO MaTepHaia Cojaep-
#uT N=1200 BUTKOB MpoBOAA, MJIOTHO MPHWIETAIOWUX ApYyr K apyry. llpu
cune Toka |1=4 A marauTHbI TOTOK D=6 MKBO. OnpenenuTh UHIYKTHUB-
HOCTb L conenounpa u snepruto W MarHuTHOTO IOJIST COJICHOUIA.

Jlano:
N=1200, 1=4 A, ®=6 MxB0.

Onpenenuts L u W

Pemenue: MUnaayktuBHOCTh L, 1o ompeneneHuto, cBsizaHa ¢ MOTOKOC-
LEeIJIeHueM y cooTHomeHueM y=L:I; y, B cBoo ouepenb, BoIpakaeTcs ye-
pe3 MarHUTHBIN TIOTOK M YKCJIO BUTKOB (opmyrioii (2.14). Otcrona HaxoauM
UHIYKTUBHOCTH cojieHonna L=N-®/l. DHeprus MarHuTHOTO TOJISI COJICHOU-
na pasaa W=L-1%/2 (cm. dopmyny (2.21)), WiIH, ¢ y4ETOM BBIPKCHHS IJIs
uaayktuBHocTH, W=N-®-1/2. TloacTaBuB YMCIIEHHbIC 3HAYCHUS IOJIYUHM:
L=1.8 mI'n, W=14.4 mJIx.

[Ipumep 6. Topoua ¢ XeIe3HBIM HEHaMarHWYEHHBIM CEPACYHUKOM, JJINHA

KOTOpOTo 1o cpeanei auHun |1=1.0 M, ©UMeeT BO3IYIIHBIA 3a30p NMIMPHUHON
d=3.0 mm. ITo oOmoTke TOpouna, comepxarieii N=1300 BUTKOB, MyCTHIIN
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TOK, B pe3y/IbTaTe Yero MHAYKIIMS MarHUTHOIrO IO B 3a30ope ctana B=1.0
Tn. OnpenenuTs cuay TOKa B OOMOTKE, a Tak)Ke IIOTHOCTh SHEPrUU Mar-
HUTHOT'O IT0JIS B 3a30p€ U BHYTPH CEpICUHHKA.

JlaHo:
[=1.0 M, d=3.0 mMm=0.0030 M,
N=1300, B=1.0 Tu.

Onpenenuts |, W,, W,

Pemenue: [1o ycioBuro 3aga4u BO3AYILIHBINA 3a30p B TOPOUJIE Y3KUU, U
paccessHMEeM JIMHUI MarHUTHOM MHIYKIHWUA B HEM MOXHO npeHeOpeub. [lo-
ATOMY uepe3 Jt000e MONepeuHoe CeYEHUE TOPOuIa, B TOM YUCIIE U Yepes3 ce-
YEHUE B BO3AYIIHOM 3a30p€, IMIPOXOIUT OJUH U TOT K€ MAarHUTHBIN MTOTOK .
Tak xak miomanb S 000r0 ceyeHus: OJHa U Ta ke, TO OJIMHAKOBHI U 3Haue-
HUs MarHWTHOW MHIYKUMU B BHYTpH cepieyHMKa W B BO3IYLIHOM 3a30p€:
B,=B.=1 Tn. Hanpsuxkennoctu marautHoro nosist H, u H, pasnuynel, Tak kak
pa3IMYHbl OTHOCUTEIIbHBIE MAarHUTHBIE IPOHUIIAEMOCTH BO3yXa M XKejesa.
Jlns Bo3ayxa u=1 u rorma H,=B,/po= 8.0-10° A/m. HamnpsikeHHOCTh MarHur-
HOTrO Mo B cepaeuHuke H, HaiineM ¢ momolbio rpaduka HaMarHUYeHUs
JKenesa, mpHBeaeHHoro Ha puc.8: H.=4.2-10° A/m. Hcromesys dopmyiy
(2.22), HaxoUM MJIOTHOCTH DHEPTUU MArHUTHOTO MOJISi B 3a30p€ U BHYTPH
cepaeunnka; W,=B,-H,/2= 4-10° Jlxx/m°, W=Bc-Ho/2= 2.10-10° [Tx/m°.

JInst HaxoXKJIeHHsI TOKa B 0OMOTKE BOCIIOJIb3yeMCsl ypaBHeHHEeM Mak-
ceesia (2.19) o nupkynsiuu Bekropa H: §LH, -dl=>"1,. B kauecTBe KOHTY-

pa MHTETPUPOBAHUS BBIOEPEM OKPY>KHOCTH, COBIAJIAIOIIYIO CO CPEIHEH JIH-
HUeW Topoua. Toraa Bo BceX TOUKax KOHTypa L, mexxammx BHyTpH Kejesa,
H=H.,, a B 3azope H=H;, wu ypaBHeHHEe npuUHUMAET BUJI:
H.,-(I-d)+H,-d=N-1. Otcrona Haxoaum 1ok |= 2.0 A.

[Mpumep 7. CxknaapiBatoTCs JBa KOJCOAHHUS OJMHAKOBOTO HANPABICHUS, BbI-
paxxeHHble ypaBHeHHUAMH X1=ACOS([2n/T][t+11]), Xo=Axcos([2n/T][t+72]),
rae Aj= 3cM, A= 2eMm, 1= 1/6 ¢, 1= 1/3 ¢, T= 2¢. [locTpouTh BEKTOPHYIO
AuarpamMMmy CJIOXKEHHUS 3THX KoyieOaHU M 3amucaTh ypaBHEHHE PE3yJIbTH-
pyroIero KojaeOaHus.

Pemienue: CpaBHuBasi 00a ypaBHEHUsI ¢ KAHOHUYECKOH opmoti (2.24,
a) X;=A;C0os(mt+Qg), HAXOAMM YacTOTy 3TUX KoneGanuii 0= 2n/T= 1 ¢’ u
HavanbHbIe (a3bl O1= 21Ty/T, @= 2nt,/T . UncnoBble 3HaUCHUS HavaIbHBIX
¢a3 paBubl (1= 1/6 pax = 30°, @,= ©/3 pax = 60°. {1t mocTpoeHHs BEKTOP-
HOM 1uarpaMMbl HaZ0 PUKCUPOBATH KaKOH-IMO00 MOMEHT BpeMeHU. OObIYHO
auarpamMmy CTpost Juisi MoMeHTa Bpemenu 1=0. OTkiagsiBasi OTPE3KH -
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HOM A1= 3 cM 1 Ay= 2 cM niog yrinamu @1= 30° u @= 60° x ocu OX u cTpos
ux cymMmmy A=A;+A, (aHaJIOTMYHO JWarpamMMe, U300paKeHHOW Ha pHC.2),
MBI MIOJIyYMM HCKOMYIO BEKTOPHYIO AMarpaMMy CIOKeHHs KojeOanuii. Yuc-
JICHHBIE 3HAYCHHUS aMIUTUTYbl U HAaYaJIbHOU (ha3bl pe3yJbTUPYIOLIETO KoJie-
OaHusi HaxXOqUM C MOMOIIbLI0 Gopmyn (2.26). BeiuucieHus aawT Clieayro-
ne 3HaueHusi: A= 4.84 cm, ¢= arctg0.898= 42°. YpaBHeHue pe3yJsbTH-
pytoiero koneodanus umeet Bu X(t)=4.84cos(nt+0.735) cm.

[Ipumep 8. AMmuiutyaa KojaeOaHul 3apsaa KOHJEHCATOpa AIEKTPOMArHUT-
HOT'O K0JIe0AaTeIbHOTO0 KOHTYpa 3a Bpems t= 5.10° ¢ ymenbimiack Ha 40%
OT MEPBOHAYAIILHOT'O 3HAYEHUs. 3a 3TO BpeMs B KOHTYpe npou3zonuio N= 10°
MOJIHBIX KoJieOaHuit. HailTu MHyKTUBHOCTh, EMKOCTh M JIorapupMuiecKkuit
JEKPEMEHT 3aTyXaHUsl KOHTYpa, €Clii akTUBHOE comnpoTuBienue R= 10 Owm.
Yemy Oyner paBHa aMIUIMTY/1a HAMpsKEHUS HAa KOHAEHCATOpE, €CIIM B KOH-
Typ MOCIEA0BaTEeNIbHO BKIIOUUTH nepeMennyto DJ1C ammmutyast Uyp=12 B ¢
gacToTo ®= 0.9w,?

Pemenne: AMminTtyna Konebanuii uaMensercs mo 3akoHy Q(t)= Qge
Pt roe = R/(2L). 3Hast BO CKOJNBKO pa3 aMILIATYa yMEHbIIMIACE 33 BPeMs
t, maxomuM B= (1/0)In(Qu/Q(t))= (10%/5)In(10/6)= 10° ¢™. Teneps serko omn-
penenuth nuykTHBHOCTE L= R/(2B)= 10/(2-10%)= 0.05 I8

Jlns HaxoxxnaeHusi emkoctu C KOHTypa BocosibdyeMcs GopMmyiaMu
(228) wm (2.30), w3 KOTOpPBIX CIEIyeT, YTO TEepUOJ KoyicOaHUit
T= 2-7:/ \J1/ILC—-p? . Ilepuox konebanuii T HAXOIUM M3 YCIOBHM 3amaum. T=

t/N= 5-10° ¢. 3amernm, 4o nepuol T MHOro MeHbIIE BPEMEHH 3aTyXaHUs
1= 1/B= 0.01 c. D10 03Hayaer, 4TO WieHOM B’ MOKHO MpeHeGpedb 10 CpaB-
mermto ¢ 1/LC. Takum o6pasom, T=2n/LC wmwm C= (1/L)T%(4n?)=
(100/5)(5-10%)%/(4-3.14%) = 51 ud.

Jlorapupmuueckuit 1eKpEMEHT 3aTyXaHHs MOKHO paccUuTaTh JHOO
o dopmyie A= BT, 160 o gopmyie A=(1/N)In(Ao/An), toe N= 10°, Ay=
0.6A¢. O6a crioco6a 1arT 0XMHAKOBBIT pesybTar A= 5-10™.

JInst ompenieNieHrs aMIUTUTY/Ibl BBIHYKJIEHHBIX KOJIeOaHUN BOCTIONb-
syemcs popmynamu (2.33), (2.34) u ceszwio U= Q/C:

U, _ u,
LG (0} -0?)* +4p%0’  LC. /(0 +2B - 0?) +4p%0?
[ToacTaBUB B 3TO BhIpAKCHUE c02=(0.90)p)2= 0.810)p2, noJjy4yaem
Un

© LC/(0.1902 +2B%)? +4B?0.810)

c

c
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3ametum, uto (1/(LC))= wo= oap2+2B2. Berre ye oTMeudanoch, 4To B yclo-
BISIX JAHHOM 3aaun ®o->>B. [losToMy, npeHeGperast MalbIMHU MOIPABKa-
i, Haxoamm Ug(0.9m,)= Uy/(0.19%)= 330 B.

[Ipumep 9. Ilnockas BoHa pacnpocTpaHsieTcs BAOIb MPSIMONA CO CKOPOCTHIO
V=20 m/c. JIBe TOUKH, Jie:KallKe HA ITOM MPSAMOIl HA pacCTOSHUAX X1= 12 M
1 Xp= 15 M OT ucrouyHuKa BOJIH, KOJIEONIOTCS ¢ pasHOCTRIO daz Ap= 0.75m.
HaiiTu niuHy BOJIHBI A, HamucaTh YpaBHEHHE BOJIHBI U HAWTH CMeEIIEHUE
YKa3aHHBIX TOYeK B MOMeHT t= 1.2 ¢, ecniu amIuiutya KojaeOaHUi UCTOYHU-
ka A= 0.1 m.

Pemienue: Touku, HaXOAsUMECS HA PACCTOSHUU PABHOM JJIMHE BOJI-
HBbI A JIpYT OT Apyra, KoJeOIIoTcsa ¢ pa3HOCThio ¢a3 AQ= 27; TOYKH, HAXO-
JSIIIMECs: IpYr OT JIpyra Ha Jr000M pacCTOSTHUM AX, KOJeOJIOTCs ¢ pa3Ho-
cThio (a3 AQ= AX-2/A= 2m(X,-X1)/A. Pemmast 3T0 paBEeHCTBO OTHOCHTEIBHO
A, moimydaeM A= 27(X2-X1)/(A@), uu, IpOU3Besl BBIUMCIICHUS, HAXOUM A=
8 M.

Jljig 3anucu ypaBHEHUsI BOJHBI ONPEACIUM TakKe Mepuo] KojaeOaHun
M KpyroByro gactory: T= A/V= 0.4 ¢, ®= 2n/T= 51 ¢, Tloxcrassis Haii-
JCHHBIC BeMWYMHBI B (opmyny (2.35), mony4yaeM YypaBHEHUE BOJIHBI
&(x,1)=0.1cos(5n(t-x/20)) m.

UroOpl HallTH cMelleHue & yKa3aHHBIX TOYEK, JIOCTATOYHO MOJCTa-
BUTh B ypaBHeHHE BoJHBI 3HaueHus X u t. §;= 0.1cos(5n(1.2-12/20))= -0.1
M, &= 0.1cos(57(1.2-15/20))= 0.071 m.

4. TABJINJA BAPUAHTOB JIJI1 YETBEPTOM KOHTPOJILHOM
PABOTBI.
CTyAeHT-3a04YHHK JIOJDKEH PELIUTh BOCEMb 3a/au U3 pasjiena S TOTro
BapuaHTa, HOMEP KOTOPOT0 COBMNAAAET ¢ nocueaHeit uudpoii ero mudpa.

Bapu- Howmepa 3anau

aHT

1 401 411 421 431 441 451 461 471
2 402 412 422 432 442 452 462 472
3 403 413 423 433 443 453 463 473
4 404 414 424 434 444 454 464 474
3) 405 415 425 435 445 455 465 475
6 406 416 426 436 446 456 466 476
7 407 417 427 437 447 457 467 477
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8 408 418 428 438 448 458 468 478
9 409 419 429 439 449 459 469 479
0 410 420 430 440 450 460 470 480

5. 3AJIAUM JUISI KOHTPOJILHOM PABOTBI Ne 4.

401. MarauTHas CTpeiKka moMeleHa B IIEHTPE KPYroBOro BUTKA, TNIOCKOCTh
KOTOPOT'0 PacIojioKeHa BEPTUKAIBHO U cocTaBiisgeT yroi a=30° ¢ MiIocko-
CThI0O MarHutHoro Mepuauana. Paguyc Butka R=20 cMm. Onpenenuts yroiu
¢, Ha KOTOPBII MOBEPHETCA MarHUTHAsl CTPEJIKa, €CIU 1O MPOBOJHUKY O -
net Tok cuior 1=25 A (nath 1Ba oTBeTa). [OpU30HTATIBHYIO COCTABIISIFOIILYIO
MHIYKIUU 36MHOTO MarHUTHOTO MOJIst TpUHATH paBHOM B=20 Mk T

402. Ilo AByM NJIWHHBIM MapajuieIbHbIM MPOBOJIAM, PACCTOSIHUE MEXIY KO-
topeiMu d=5 cM, TexyT oauHakoBbie Toku |= 10 A. Onpenenuts UHIYKIIHIO
B ¥ HampsDKEHHOCTh H  MarHWTHOTO TOJISE B TOYKE, YIAJICHHON OT KaK0T0
NpOBOJIa HA PACCTOSIHUE = 5 CM, €CIIM TOKU TEKYT: a) B OJIMHAKOBOM, 0) B
MIPOTHUBOTIOIOKHBIX HAMPABICHUSX.

403. JIpa OECKOHEYHBIX MPAMBIX MPOBOJHUKA CKPEIICHBI MO MPSIMBIM YT-
aom. Ilo mpoBognukam tekyT Toku cwion 1:=100 A u 1,=50 A. Paccrosinue
mexay npoBognukamu d=20 cm. Ompenenanth WHIYKIHIO B MarHUTHOTO
MoJISL B TOYKE, JIeXKAIEW HAa cepeluHe OOUIEro MepneHIuKyspa K mpoBOA-
HUKaM.

404. Toxk cumoit 1=50 A Teder mo 0€CKOHEYHO JJIMHHOMY MPOBOJIHUKY, CO-
THYTOMY ITOJI MPSIMBIM yriioM. HaliTi HampsupkeHHOCTh H MArHUTHOTO TOJIS
B TOYKE, Jie)Kaleld Ha OMCCEeKTPHUCE ATOro yria U OTCTOSIIEH OT BEpIIMHBI
yria Ha pacctossaun h=20 cwm.

405. Tlo mpoBOHUKY, U30THYTOMY B BUJIE OKPY>KHOCTH, TeueT Tok. Hampsi-
KEHHOCTb MAarHUTHOTO MOJs B IeHTpe okpyxkHocTtu H;=50 A/m. He uzme-
Hsi CHJIBI TOKA, MPOBOJHUKY mpujaiu ¢opmy kBaapara. OnpenenuTh Ha-
NpsKEHHOCTh H); MAarHUTHOrO MOJs B TOYKE MEpPECedeHUsl auaroHanei
KBaJiparta.

406. [lo xOHTYpY B BHJI€ PAaBHOCTOPOHHETO TPEYroOJIbHUKA CO CTOPOHAMU
a=20 cm tever Tok cwioit 1=50 A. Onpeaenuts MarHUTHYIO MHAYKIWIO B B
TOYKE TIEPECEUCHHSI BBICOT TPEYTOJIbHUKA.

407. ITo npoBOAHUKY, U30THYTOMY B BUJI€ MPSMOYTOJIbHUKA CO CTOPOHAMU
a=8 cm u b=12, Teuer ok cuioii 1=50 A. Onpenenuts HaNPsHKEHHOCT H 1
UHIYKIMIO B MarHWTHOTO MOJIS B TOYKE ITEPECCUCHHUS TrHaroHaei.
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408. ITpoBoanuk ¢ TokoMm 1=20 A JIeXHUT B TJIOCKOCTH
U uMmeet Gpopmy, MoKa3aHHYIO Ha puc.>. Paguyc uzo-
rHyToi uvactu mnpoBoaHuka R=40 cm. Omnpenenutsb
HANPSDKEHHOCTh H M MHIYKIHI0 B MarHUTHOTO MOJIS
B Touke O.
409. IlpoBoanuk ¢ TokoMm 1=40 A 5eXHUT B MJIOCKOCTH
U uMmeet Gpopmy, MokazaHHyI0 Ha puc.6. Panuyc uzo-
rHyToM uvactu mnpoBoaHuka R=20 cm. Omnpenenutsb
MHIYKUWIO MarHUTHOTO 10 B Touke O.
410. JIBa kpyroBsix npoBogHuka paguycamu R;=10 cMm u Ry;=15 cM umeror
oOumit neHtp O U COPUEHTUPOBAHBI B MEPIEHIUKYISPHBIX MIIOCKOCTAX. [lo
nposoanukam TekyT Toku ;=20 A u 1,=30 A. Haiitu HanpsbkeHHOCTH H
MarHuTHOTro 1noJisi B Touke O.
411. HampsokeHHOCT, H MarHWTHOrO mojsi B LEHTpE
KkpyroBoro BuTka paBHa 500 A/M. MarHUTHBIM MOMEHT *
BUTKA Pm=6 A-M°. Bbrumcimts cuiny Toka | B BuTke u
€ro pajauyc.
412. KopoTtkasi KaTylika C IUIOMAAbI0 MOIEPEYHOro
ceuenms S=250 cm®, cocrosimas u3 N=500 BHTKOB
MpoBOJIa, IO KOTOPOMY TeueT TOK cwioil 1=5 A, mo- —»
MEIIEHa B OJHOPOJHOE MAarHUTHOE I0JI€ HAMPSKEHHO-

_ o . . Puc.6
crbto H=1000 A/m. Haiitu: 1)MarHUTHBIIE MOMEHT P
KaTyIIKH; 2) Bpalaonmi MoMeHT M, TEHCTBYIONIUI Ha KaTYIIKY, €CIIU OCh
KaTyIIKH cocTaBisieT yron o=30° ¢ TMHUSMU MO
413. Burok pamuycom R=20 cm, mo kotopomy Teder Tok cmioit 1=50 A,
CBOOOJTHO YCTAaHOBWJICS B OJTHOPOJHOM MAarHUTHOM I10JI€ HAIPSDKEHHOCTHIO
H=10° A/M. BHTOK MOBEpHYIIH OTHOCHTEIBHO IuaMerpa Ha yrom o=30°.
OnpenenuTs COBEPIICHHYIO paboTy A.
414. TIpoTOH U O-4acTHIlA, YCKOPEHHBIC OJMHAKOBOM Pa3HOCTHIO MOTEHI[HUA-
JIOB, BJETAIOT B OJHOPOJHOE MarHUTHoe moiie. Bo ckonbko pa3 paguyc R
KPUBHU3HBI TPACKTOPUH MPOTOHA OOJIbIe paguyca KpUuBU3HbI Ry Tpaekropun
Ol-4aCTHLIBI?
415. KBagpaTHblif KOHTYp co cTopoHoit a=10 cMm, B KOTOpOM TE€UYEeT TOK CH-
noit 1=6 A, HaxoauTcs B MarHuTHOM moJje ¢ uaayknueir B=0.8 T mox yr-
oM @=50° k nuHuAM HHIYKIUU. Kakyto paboTy A HY)XKHO COBEPIIUTH, YTO-
Obl pY HEM3MEHHOW CUJIE TOKA B KOHTYPE U3MEHUTH €ro JopMy Ha OKpPYK-
HOCTB?
416. B oHOpPOHOM MarHUTHOM Iojie ¢ mHAyKIuer B=2 Tn aBmxercs o-
yacTuia. TpaekTopus ee ABUKEHUS MPEACTABISIET COOONW BUHTOBYIO JIMHUIO

Puc.5
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¢ paguycoM R=1 cm m marom h=6 cm. Omnpene/iuTh KHHETUYECKYIO dHEP-
TUIO OL-4aCTHIIBI.

417. B oAHOPOJIHOM MAarHUTHOM TOJI€ MEPHNEHAUKYISPHO JTUHUSAM HHIYK-
[IMU PACHOJIOKEH MIOCKUM KOHTYp muiomaaso S=100 e, [TopnepxuBas B
KOHTYp€ MOCTOsiHHYIO0 cuity Toka 1=50 A, ero mepemecTwiu U3 mojisi B 00-
JACTh MPOCTPAHCTBA, TAE Moyie OTCYTCTBYeT. OnpenenuTs UHIYKIUIO Mar-
HUTHOTO ToJist B, ecinu npu nepemMenieHny KOHTypa Obuia coBeplieHa padbora
A=0.4 [Ix.

418. JIBa MoHa ¢ OAMHAKOBBIMU 3apsiJlaMu, MPOMAsl OJHY U Ty K€ Pa3HOCTh
MOTEHIMAJIOB, BJIETEIN B OJHOPOJAHOE MArHUTHOE IOJ€ MEePHEHIUKYISIPHO
TUHUSIM HHAYKud. OJUH HOH, Macca Kotoporo M;=12 a.e.m., onmcan ayry
OKPY)KHOCTH paanycoM R;=2 cM. Omnpenenuts Maccy My (B a.e.M.) Ipyroro
MOHA, KOTOPBII OMHUCA YTy OKPYKHOCTH paanycoMm R,=2.31 cwm.

419. B ogHOpo1HOM MarHMuTHOM Toiie ¢ maaykiued B=0.5 Tin paBHOMepHO
ABHKeTCs TpoBoAHKMK JuIMHON 1=20 cm. ITo mpOBOAHMKY T€YET TOK CHJIOM
1=2 A. CkopocTb nBmwkenus nmpopogarka V=10 cM/c u HalpaBlieHa MepIeH-
JUKYISIPHO K JUHUAM noJig. Haiftu paboty A nepemelieHus IpOBOJHUKA 32
Bpemst t=10 ¢ u MmomHOCTH P, pazBuBaemyto mpu nepeMernieHuq.

420. DiekTpoH, YCKOpeHHBIN pa3HocThi0 oTeHIanoB U=300 B, aBmxercs
napajuieJbHO NPSIMOJIUHENHOMY NJIMHHOMY IIPOBOJIY HAa pacCTOSIHUU 8=4 MM
ot Hero. Kakas cuna F nelicTByeT Ha 37I€KTpOH, €CJIM MO0 MPOBOAHUKY IPO-
mycKaTth TOK cuion 1=5 A?

421. Pamka mromaznsio S=100 cM® paBHOMEPHO BPAIIAETCS C 9aCTOTONH N=5
¢! OTHOCHTENBHO OCH, JIEXKAIIEH B IIIOCKOCTH PaMK{ Y NEPHEHINUKYISIPHON
JUHUSAM HHIYKIAA oaHOpoaHoro marHutHoro mons (B=0.5 Tuxa). Onpene-
muTh cpeanee 3HaueHue DJ[C unnykuun <E;> 3a Bpemsi, B TeueHUE KOTOPO-
rO MarHUTHBIA TOTOK, MPOHU3BIBAIOUIMI PAMKy, U3MEHHUTCS OT HYJS 0
MaKCHUMAaJIbHOT'O 3HAYEHUS.

422. Pamka, conxepxartas N=1000 ButkoB miomniaapio S=1000 CMZ, paBHO-
MEpHO Bpamaercs ¢ yactorod N=10 ¢! B MaruuTHOM mOIE HANPSKEHHO-
croro H=5-10" A/m. Ocb BpAILICHUS JIEXKUT B IUIOCKOCTH PAMKH U IEPIICHIN-
KyJISIpHA JIMHUSM HanpsiKeHHOCTH. Omnpenennts MakcuMalibHyro DJIC uH-
TYKUUH Ejmax, BOSHUKAIOIIYIO B pAMKE.

423. B ogqHOpOAHOM MarHutHoM noje ¢ uaayknueir B=0.5 T Bpammaercs ¢
qacroroit N=10c™ crepxens mmuHOM 1=20 cM. Och BpalleHHs napaiieIbHa
JUHUSAM UHAYKIUU U IPOXOAUT YEPe3 OJIMH U3 KOHIIOB CTEPKHS NEPHEeH M-
KYJISIpHO ero ocu. OnpeaenuTb pa3HoCTh MoTeHIMaioB U Ha KOHIAX CTepxk-
HSl.

424. B npoBOJIOYHOE KOJIBIIO, IPHCOSIUMHEHHOE K Oa/UTMCTHYECKOMY Tallb-
BaHOMETPY, BCTaBWIM IpsiMoil MarHuT. Ilpu 3TOM mo uenu mpoiuen 3apsn
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Q=50 mxKin. Onpenenutrs n3MeHEHHE MarHUTHOTO MoToka AM depe3 KOJb-
110, €CIIM COMPOTHUBIIEHUE LienH raibBaHoMerpa R=10 Owm.

425. IIpoBonouHblil BUTOK quametpom D=5 cMm u conportuBnenuem R=0.02
OwM HaxoauTcs B ogHOpoaHOM MarHuTHOM mosie B=0.3 Ta. IlnockocTts BUT-
ka cocraBisieT yroi @=40° ¢ nuausmu unaykuuu. Kakoit 3apsn Q mporeuer
110 BUTKY TPH BBIKJIFOYEHUW MAarHUTHOTO TIOJISA?

426. Conenoup ceuenrem S=10 cM? coaepxxut N=1000 ButkoB. MHayKIus
B marauuTHOrO MOJIA BHYTpHU coieHouaa npu cuiie Toka 1=5 A pasna 0.1 Tu.
Omnpenenuth: 1) uHAYKTUBHOCTD L coneHouna; 2) cpennioro DJ]C naaykuuu
<E;>, BO3HHUKAIOIIYI0 Ha KOHI[aX OOMOTKHM COJICHOMJIa TPU HU3MEHCHHH 3a
Bpemsi At=0.01 ¢ MarHuTHON MHIYKUMHU BHYTPU COJICHOMJA A0 3HAYEHUS
B,=0.5 Tx.

427. Karymika, HaMOTaHHas Ha HEMarHUTHBIA IHJIMHJIPUYCCKUH Kapkac,
umeeT N=250 BUTKOB U HHIYKTUBHOCTH L1=36 MI'H. UTOOBI yBENMUUHUTH UH-
OYKTUBHOCTH KaTymiku 10 L,=100 mI'H, 0OMOTKY KaTyIIKU CHSUIM U 3aMe-
HUIM OOMOTKOW M3 0oJjiee TOHKOW MPOBOJOKU C TaKUM PacyeToM, YTOOBI
JUIMHA KaTYIIKK ocTanach npekHel. CKOIbKO BUTKOB CTAJlO B KaTyUIKe MO-
CJIe IEPEeMOTKHU?

428. Conenoun conepkut N=600 ButkoB. [Ipu cune toka 1=10 A marHut-
HeIi moTok =80 MxB6. Onpenenuts HHAYKTUBHOCTH L coneHouma.

429. Conenonn coaepxut N=800 ButkoB. CeueHne cepAcYHHKA U3 HEMar-
auTHOro Marepuana S=10 cm”. ITo 06GMOTKE Te4eT TOK, CO3NAIOIIMIA Toe ¢
uaaykiueidr B=8 mTn. Onpenenuts cpennee 3nadenue DJIC <E;> camownn-
OYKIWW, KOTOpasi BO3HUKAET HAa KOHIAX OOMOTKH, €CIIM CHJIa TOKAa YMEHb-
HI1aeTcs MPaKTUIECKH 10 HyJs 3a Bpems At=0.8 mc.

430. CkopocTh TOpPH30HTANBHO JeTsimero camonera V=950 km/4. Haiitu
OJ1C unnykuuu E;, reHepupyemMyro Ha KOHIIAX KpBUIbEB CaMmoJjeTa, ecliu
BEPTUKAJIbHASI COCTABIISAIONIAs HANPSLDKEHHOCTH 36MHOTO MAarHUTHOTO MOJIs
H,=39.8 A/M u pa3max kpbuibeB camosiera 1=12.5 m.

431. Tlo mpOBOJIHHMKY, H30THYTOMY B BHjE KoJiblla paauycoM R=20 cwm, co-
nepxkamemy N=500 ButkoB, Teder Tok cwiod 1=2 A. OnpeaenuTh MIOT-
HOCTb 3HEPruy W MarHuTHOTO TOJISl B LIEHTPE KOJbIIA.

432. ObmoTka coneHonga comepkuT N=20 BUTKOB Ha KaXKJbI CAHTHMET]
quHbl. [Ipu kakoi cuiie Toka | mIoTHOCTh PHEPTrUK MarHUTHOTO MOJISL B CO-
nenonye oynet w=0.1 I[)K/MS? CuuTaTh, YTO MArHUTHOE TOJIE COJICHOUA BO
BCEM 00BbEME OTHOPOHO.

433. Conenona umeet mmny 1=0.6 M u ceuenne S=10 cM’. [Ipu HEKOTOpOI
CHUJIE TOKa, MIPOTEKAIOLIETrO 0 0OMOTKE, B COJICHOM/IE CO3/1a€TCSI MAarHUTHBIN
norok ®@=0.1 mB6. Uemy paBHa SHEprus MarHMUTHOTO IOJS COJICHOUIA?

34



CepaeyHUK BBITIOJHEH U3 HEMAarHUTHOTO MaTepualia, ¥ MarHUTHOE T0JIE BO
BCEM 00BbEME OCTOSHHO.

434. Tlpu kako# cuie Toka | B mpsaMOIMHEMHOM MPOBOJHUKE OECKOHEUHOU
JUITMHBI HA PACCTOSHUU =5 CM OT HEro oObeMHAs TNIOTHOCTh PHEPTHH Mar-
HUTHOTO ToJig OyaeT W=1 MJBK/M>?

435. B comeHouxe cedeHneM S=5 cM® co3gaH MarHUTHbI 10TOK =20
MKBO6. OmnpenenuTs MIOTHOCTh HEPTUM W MArHUTHOTO IIOJISI COJICHOU[A.
CepaeuHuk OTCYTCTBYeT. MarHuTHOE TOJIE CYUTATHh OJHOPOJIHBIM BO BCEM
o0BbEME CONIEHOU 1.

436. MaruutHsiii notok @ B conenounne, coaepxameM N=1000 Butkos, pa-
BeH 0.2 MB06. Onpenenuts sHepruro W MarHMTHOTO TOJISl COJICHOM A, €CJIH
cuna Toka B oOMoTke |=1 A. CepaeuHuk oTCcyTCTByeT. MarHuTHOe moJie
CUHUTATh OJTHOPOJHBIM BO BCEM 00bEME COJICHOUIA.

437. TopounanbHas karymika coaepxut N=500 BUTKOB.

Haiitu sHepruro W MarHuTHOTO TOJIS, €CIIH TPH TOKE L, R
I=2 A MarHuTHBII NOTOK Yepe3 IONEpevyHOe CEYEHHe Ro

topa ®=1.0 MB6.
438. Karymka waaykrusHoctd L=2.0 mx['H u comnpo- _olio_”E_
tuBlieHne R=2.0 OM moakIr0YeHbl K HCTOYHUKY TOCTO-
suHoit DJ/IC E=3.0 B (puc.7). INapaiienbHO KaTyIike
BKIIOUeHO comnpoTuBieHne Ry=2.0 Om. Haiitu xonmue-
CTBO TeIlia, KOTOPOE BBIJEIUTCS Ha conpoTuBiieHussX R u Ry mocie pa3mbl-
kanus kmoda K. BHyTpeHHee cCOMpOTHBICHHE MCTOYHHMKA MPEHEOPEKUMO
MaJio.

439. Tlo npoBOIHUKY, H30THYTOMY B BHJE Kojblla paaumycom R=30 cwm, co-
nepkamemy N=1000 ButkoB, Teuet Tok cmioit 1=5.0 A. Onpenenuts miIoT-
HOCTb SHEPTUU MATHUTHOTO TMOJsi W B TOUKE, JIeKAIEH Ha OCH KOJbIIA U OT-
CTOSIIIEH OT ero neHTpa Ha paccrosHue h=40 cm.

440. Onpenenuth sHepruro W coneronna, coaepkamero N=1500 BuTKOB,
ecJIu MpH cuiie Toka B oomMoTtke 1=2.0 A B coneHoue co3aaeTcss MarHUTHBIN
notok ®=0.2 mxB6. MarautHoe 1moiie cuutaTh OMHOPOIHBIM BO BCEM 00Be-
Me COJICHOU/IA.

Puc.7

Ykazanue: npu pemeHuu 3agaq 441...450 HeoOX0AUMO HCTONB30BATh KpH-
BbIC HAMarHM4YeHUs (PeppOMArHUTHBIX MaTEPUAIOB, IPUBEICHHBIC Ha PUC.8.
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441. B xene3HoM cepaeunuke coieHouaa naaykius B=1.3 Tn. XKene3nsrit
CEp/ICYHUK 3aMEHWIH CTAIbHBIM. BO CKOJIBKO pa3 cleAyeT U3MEHUTh CUIY
TOKa B OOMOTKE COJICHOWJIa, YTOObI MHIYKIIMS B CEpJICYHUKE OCTalach He-
WU3MEHHOMN ?
442. Ha xene3HOM cepAeYHUKE, UMEIomeM (GopMy Topa CO CPEIHHM ua-
metrpom D=500 mm, pasmeniena oOMoTka ¢ oOumm yucioM BuTkoB N=1000.
B cepaeunuke cuenan nonepeyHbli mpopes, B pe3ysbTaTe uero oopa3oBaics
BO3YIIHBIH 3a30p mupuHoi d=1 mm. [Ipu Toke B oOMoTke cuioi 1=0.85 A
HAMPSDKEHHOCTh MarHuTHoro mnoist B 3a3ope H=6.0 A/m. Onpenenuth mar-
HUTHYIO TTPOHUIIAEMOCTh WL JKeJie3a MPHU ITUX yCIIOBUsX. PaccesHueM nuHuit
MarHUTHON MHIYKIIHU MTPeHeOpeYb.
443. ConeHoOMJ HAMOTAH Ha YyIyHHOE KOJIbLO cedeHneM S=5.0 cm’. Ilpu
cuine toka 1=1.0 A marautHbli nmotok ®=225 mxB6. OnpenenuTs 4uCiIoO
BUTKOB N COJCHOWA, MPUXOSAIINXCS HA OJUH CAHTUMETD JUTUHBI CpEIHEH
JMHUH KOJIBIIA.
444, CranbHOU CepICYHUK TOPOUIATBHOTO COJICHOMA UMeeT JUnHY (13Mme-
peHHyr0 Boib cpeaneit muann) 1=1.0 M. B cepneunuke chenan momneped-
HBIN BO3AYyIIHBIN 3a30p mupuHoi d=4.0 MmMm. OOMOTKa COJICHOH A COACPIKHUT
N=8 BuTkoB Ha 1 cM mmuHkl. [1pu xakoit cuie Toka | HHIYKIUS MarHUTHOTO
noJisi B 3a3ope Oyzaet pasHa B=1.0 Tn?
445. OOMOTKa TOpPOUJIa, UMEIOIIEro CTaIbHON CepACUHHUK C Y3KUM BO3ylI-
HbIM 3a30poM, coaepkuT N=1000 utkoB. I[Io 0OMOTKE Te4eT TOK CHIIOW
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1=1.0 A. Tlpu kakoii mupuHe 3a30pa d uHAYKIKSA B MarHUTHOTO 10JISE B HEM
oyner paBHa 0.5 Tn? [ynuna | Topouna Baonb cpenuei muanu pasHa 1.0 m.
446. Jlnuna | wyryHHOTO TOpa MO CpeHel JTuHUK paBHA 1.2 M, €ro ceycHue
S=20 cm’. ITo 06MOTKE TOPOM/A TEYET TOK, CO3MAIOMIMI B y3KOM BO3JYIL-
HOM 3a30pe MaruutHbI motok ®=0.5 MB6. [llupuna 3a3opa d paBHa 8 Mwm.
KaxoBa fnoimkHa ObITh HIMPUHA 3330pa, YTOOBI MArHUTHBIN OTOK B HEM YyBe-
JUYUJIICA BIBOE, €CJIU CUJIa TOKA HE U3MEHUTCA?

447. JlnuHa *Xee3Horo Topa 1o cpeaHeit muauu paBHa 1=0.628 M. Paccuu-
TaiiTe UHAYKIUI0O B MarHuTHOro MoJsisi Ha OCHU TOPOUJA, €CIU MO0 OOMOTKE C
o0mmM ynciom BUTKOB N=1000 TeueT Tok cunoii 1=1.2 A.

448. Xene3Hblil cepACUHUK, UMEIOIINI (HOpMY TOpa ¢ KBaJIpPaTHBIM CEUCHU -
eM, HeceT Ha cebe oOMoTKy u3 N=1000 BuTkOB. BHYTpenuuii panuyc Topa
a=200 mwm, BHemHuit b=250 mm. Onpenenuth 3Hepruto W, 3anaceHHyo B
CepJIeYHHKe, ec 1Mo 0OMOTKe TeueT Tok cuioit 1=1.2 A. Pacuer npousBe-
CTH MPUOJIMKEHHO, Tojarasi HanpsikeHHOcTh H MarHuTHOro moJisi OJJuHaKo-
BOH I10 BCEMY CEYEHUIO TOPOUJA U paBHOU 3HaueHHI0 Hy B IEHTpe ceueHusl.
449. XenesHnoe Kobl0, cpeaauit qrameTp kotoporo D=300 MM, a miommap
ceuennst S=500 Mm%, HeceT Ha ceGe 0GMoTKy H3 N=800 BuTKOB. ITo 06MOTKE
nponyieH Tok cunoit 1=3.0 A. B xoinblie uMeeTcst monepeuHblit pa3pe3 M-
punoit d=2.0 mm. [IpeneOperas paccessHIEM JIMHUH MarHUTHOW MHIYKIMKA B
B 3a30p¢, HAWTHU: a) MAarHUTHYIO MPOHUIIAEMOCTh Ll JKeJie3a MPH THX YCJI0-
BUsIX; 0) IOTOK MarHUTHOW MHAYKIUU @ yepes monepeyHoe CeueHHe KOJIb-
na.

450. Onpenenuts cuny Toka | , mpu KOTOPOW B Y3KOM BO3IYIIHOM 3a30pe
mmpuHOoi d=3.6 MM Topoua C )KeIe3HbIM CEPICYHNKOM MarHUTHAS UHIYK-
st B=1.4 Tn. Jlnunaa topounna mo cpemaHei simauu 1=80 cm, ero oomoTka
conepkut N=1500 Butkos.

451. Haiitu amMiuntyay A W HayalbHyIO (pa3y ¢ rapMOHHUYECKOro koseda-
HUS, TIOJYYEHHOIO OT CJIOKEHUSI OJIMHAKOBO HAIpaBJICHHBIX KOJeOaHUi, 3a-
JlaHHBIX ypaBHEHUAMH X, =0.02-sin(5n-t+n/2) M 1 X, =0.03-sin(5x - t + n/4)
M.

452. ]JlBa OIWMHAKOBO HAIpPABJICHHBIX KOJICOAHHS 3aJlaHbl ypaBHEHUSIMU
X,=4-sin(m-t) u X, =3-sin(n-t+n/2). 3anucaTe ypaBHEHHUE PE3YJIbTUPYIO-
niero konedanus. [locTponTs BEKTOPHYIO [UArpaMmy CI0KEHHS aMILTUTYI.
453. KonebarenpHbIi KOHTYP COCTOUT W3 KOHJEHcaTopa eMKocThio C=25
HO u KaTymku ¢ THAYKTUBHOCTRIO L=1.015 I'n. HauanwsHbIii 3apsi1 KOH/IEH-
caropa (o=2.5 MkKi. Harmucate ypaBHeHUs (C 4UCIOBBIMH KO3 (UIHCHTA-
MH) U3MEHEHUs co BpeMeHeM t aHeprum anexrpudeckoro moyist We, sHeprun
marauTHoro noist Wpg u nonnoit sHeprun W kontypa. Halitu 3HaueHus
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9THUX BeIMYUH B MOMEHT Bpemenu T/8, rne T -mepuoj konebaHuii B KOHTY-
pe.

454. HamnpsiskeHre Ha KOHJIEHCATOPE B KOJIeOATEIbHOM KOHTYPE U3MEHSETCS
1o 3akoHy U =50-co0s(10°n-t) B. EMkocTs xonnencaropa C=0.1 mx®. Haii-

Tn nepuoa konedanuit T, HIYKTUBHOCTh L KOHTYpa, 3aKOH U3MEHEHHUSI TO-
ka | B mernu co BpeMeHeM t W JUTHMHY BOJIHBI A, HA KOTOPYIO HACTPOEH ATOT
KOHTYDP.

455. Tok B 37€KTPOMarHUTHOM KOJIEOATETbHOM KOHTYpE U3MEHSIETCS 0 3a-
KOHY |=-0.02-sin(400x-t) A. UunyktuBHocTh KOHTYpa L=1 I'n. Haiitu ne-
puon xonebanuii T u emxocts C KOHTYpa. 3anucath ypaBHEHUE U3MEHEHHUS
co BpemeHeM 3Hepruu W 2JIeKTpUUecKOro moJisd B KOHTYpE.

456. KonebarenbHblil KOHTYpP paHONPUEMHHUKA COCTOUT U3 KATYIIKU C UH-
nyktuBHOCThIO L=1.00 MI'H 1 mepeMeHHOro KOHJEHCAaTOpa, €eMKOCTh KOTO-
poro C MoxeT u3MeHsAThes B mipeaenax oT 9.7 1o 92 n®d. B kakom auamnaso-
HE JUIMH BOJIH MOXKET MPUHUMATH PAJIUOCTAHIIUU YTOT IPUEMHHUK ?

457. MatepuanbHasi TOUKa COBepIIaeT Kojiebanust Buma X =>5-sin(2-t) cm. B
MOMEHT BPEMEHH, KOTJ1a MPYKUHHBIM MasiTHUK UMEJ NOTEHIIMAIbHYIO YHEP-
ruto W,=0.1 mJ[x, Ha Hee AeiicTBOBaja Bo3Bpamiaromas cwia F=5 mH.
Haiitu 5TOT MOMEHT BpeMeHHU t U COOTBETCTBYIOIIYIO eMy a3y KoJieOaHUH.
458. JIBa OJMHAKOBO HAIPaBJIEHHBIX KOJEOAHMS 3aJaHbl ypaBHEHUSMU
X,=2-sin(r-t+7n/3) cMm 1 X, =5-cos(r-t) cM. 3anucaTh ypaBHEHUE PE3YJIib-
TUpytolero koiedbanus. [1ocTpouTh BEKTOPHYIO AMArpaMMy CIOKEHUSI am-
TUTATYI.

459. Omnpenenuth Bo3Bpamaromyw cuiy F B momeHT Bpemenu 1=0.2 ¢ u
noHyro sHepruto W mnpy>KMHHOTO MasiTHHKA, COBEPIIAOIIETO KoJIeOaHus
1o 3aKkoHy X =15-sin(4n-t) cm. Macca koseomromierocs tena m=20r.

460. Onpenenutb MaKCUMaJIbHOE YCKOPEHHUE Amax MATEPUATLHON TOUKH, CO-
BEpIIAIOIIEH TapMOHMYECKHE KoJjieOaHus ¢ amruuTyaod A= 25 cwm, ecin
HanOOIbIIAsA CKOPOCTh TOYKH Vpa=0.5 M/c. 3ammcaTh Takke ypaBHEHUE
KoJIeOaHu.

461. AMnuTyna 3aTyxaolux Kojaebanuit 3a BpeMst t1=5 MUH YMEHbIIUIIACh
B 2 pa3a. 3a kakoe BpeMms t,, cunTas OT Ha4aJbHOIO MOMEHTA, aMILJIUTY/1a
yMEHbIIUTCSA B 8 pa3?

462. Jlorapudmudeckuii nekpement 3aryxanus mastanka A =0.003. Ompe-
nenuth yucyio N MoNHBIX KoJieOaHUM, KOTOpBIE JOJIKEH cliejaTh MasiTHUK,
4YTOOBI HEPIUs KojeOaHUl yMEHbIINIIACh B/IBOE.

463. I'py3 maccel M= 0.5 kr moJBelIeH K MPYyXHHE jkecTKOCThi0 K= 20 H/m
U COBEpLIAECT ympyrue kojieOaHus B HEKOTOpoH cpene. Jlorapudpmuueckuii
nexkpemeHT 3atyxanus A= 0.004. Onpenenuts uncio N MoIHBIX KoJeOaHUH,
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KOTOpbIC JIOJDKEH COBEPINUTH TIpy3, uTOOBI amIuuTyaa kosneOanwit A(t)
yMeHbIInIachk B 3 pasza. 3a kakoe Bpems t 3To mpousoitaer?

464. DeKTPOMATHUTHBI KoJIeGaTeIbHbINH KOHTYp 3a Bpems t= 5-10° ¢ mo-
tepsin 60% cBoell nepBoHavaNbHOM dHEpruu. OnpenenuTh WHIYKTUBHOCTD
KOHTYpA, eclii akTuBHOE corpotuBieHrne R=10 Owm.

465. KonebarenpHas cucTeMa COBEpPIIAET 3aTyXarollue KojaeOaHusl ¢ 4acTo-
Toii v=10° Iy, OnpenenuTth 4aCTOTY Vo COOCTBEHHBIX HE3aTyXaroIlluX KoJje-
OaHuii, ecnu pe3oHaHCHas (10 HAPSHKEHUIO) 4aCTOTa CUCTEMBI Vp= 998 I'm.
466. AMIUIUTY/bI BBIHY>KJIEHHBIX TAPMOHUYECKHUX KOJIEOAHUM ITPU 4acTOTax
v1= 400 I'u u v,=600 I'u paBHbl Mexay coboii. OnpenenuTs pe30HAHCHYIO
(0 HampsHKEHHIO) 4acToTy Vp. Cumurarh, 4ro KO3(D(GHUIUEHT 3aTyXaHHs
B<<0)0.

467. Bo CKOJBKO pa3 aMIUIMTY]Ia BBIHYXJEHHBIX KojeOaHuil OyAeT MeHbIle
PE30HAHCHOW aMIUIUTY/bI, €CJIM YacTOoTa BBIHYXIAOIIEH “‘cuibl’ OymeT
Oouiblie pe3oHaHCcHOM yacToThl: a) Ha 10 %; 6) B nBa pasza? KoaddummeHnt
3aryxanusi B=0.1-@o, T1e p- YacToTa COOCTBEHHBIX HE3ATYXAIOMIUX KOJIe-
OaHMii.

468. KonebarenpHBIN KOHTYP COCTOUT M3 KOHAEHcaTopa eMKocThio C= 405
HO, kaTymku ¢ uHAYKTUBHOCTRIO L=10 MI'H u conporuBnenuss R=2 Om. Bo
CKOJIbKO pa3 YMEHBIIUTCS Pa3HOCTh MOTEHIIMAIOB Ha OOKJIaJKaX KOHAEHCa-
TOpa M DHEPTHsl, 3alIaCECHHAsT B KOHTYPE, 32 OJIUH NIEPHUO KOJeOaHMit?

469. MHOyKTUBHOCTh KaTyIIKH KoJjeOarenbHOTO KoHTypa L=1 I'm. Uemy
pPaBHO OMUYECKOE COMPOTUBIIEHHE KOHTYpPA, €CIIM U3BECTHO, UTO aMILIUTYyJa
coOcTBeHHBIX KosieOanuit B HeM 3a 0.05 ¢ ymeHbmaercs B 2.7 paza?

470. Onpenenuth J0OPOTHOCTH Q KOIEOATEIBHOTO KOHTYpA 10 CJICTYOIIHM
JaHHBIM. pe30HaHCHas (10 HampsbKeHulo) dactora vp=600 xl'm, emKocTh
C=350 n®, omuueckoe conporupieHue R=15 Ow.

471. 3BykoBbIe KojeOanus, uMermme vyactoty v=500 ['m u ammmutymy
A=0.25 mm, pacnpocTpanstoTcs B Bozayxe. nuna BomHbl A=70 cm. Halitu
CKOPOCTb C paclpOCTpaHEHUs] KoJeOaHUN U MaKCUMAaJIbHYIO CKOPOCTh yac-
TUIl BO3yXa Vmax-

472. YpaBHeHHe He3aTyXawolux KonebGauuii mmeer Bua X =10-sin((n/2)-t)
cMm. HaiitTu ypaBHEeHUE BOJIHBI, €CJIU CKOPOCTh PACHPOCTpaHEHUs KoJieOaHuM
¢=300 m/c. 3anmcath u H300pa3uTh rpaduUyecku ypaBHEHHE KoJieOaHUM
TOYKH, OTCTOsIMIEH Ha paccrosiHuK 1=600 M OT McTOYHKKA KOJIeOaHui. 3aru-
caTh U U300pa3uTh rpapuuecku ypaBHEHUE KOJIEOAHU NI TOUYEK BOJIHBI B
MOMEHT BpeMeHH t=4 ¢ mociie Hadana KojieOaHwmil.

473. VictouHUK BOJH KOJeOieTcs Mo 3akoHy X =4-sin(600x-t) cm. Halitu
cMmelieHrue X OT MOJIOKEHUSI PaBHOBECHUSI TOUKH, HAXOJIAIIEHCS HA paccTos-
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Huu 1=75 cMm ot ucrounuka kKonebanuid, it MmomeHTa BpeMenu t=0.01 ¢ mo-
cie Havana konebanuii. CkopocTs pacrpoctpanenus koiaebdanuit ¢=300 m/c.

474. Haiit cmemenue X OT MOJIOKEHUS paBHOBECHS, CKOPOCTh V U YCKO-
pCHHE A TOYKH, HaXxoJsIeics Ha pacctosHuu 1=20 M oT ncTtoyHmKa KoJeba-
HUM, B MOMEHT BpemeHH 1=1 c. CKOpoCTh pacmnpocTpaHeHHs KoJieOaHUM
¢=100 M/c, ypaBHeHUE KoneOaHui ucTouHnKka X =0.5-sin(2.57-t) cM.

475. Haittu pazHocts (a3 A xonebaHUl ABYX TOYEK, OTCTOSIIUX OT HC-
TouHuka Ha paccTosHugx ;=10 m u 1,=16 m. Ilepuon xonebanuit T=0.04 c,
CKOPOCTB pacripocTpanenus kojedanuit ¢=300 m/c.

476. Haittu pasHocth a3 A xosiebaHUM BYX TOYEK, JEXKAIIMX HA JIy4e U
OTCTOSIMX Ha pacctosuu Al=2.5 M npyr ot apyra, eciu ajavHA BOJIHBI
A=1.0 m.

477. Haittu cmemienre X OT MOJOXKEHUS PAaBHOBECHS TOYKHU, OTCTOSIIEH OT
UCTOYHUKA KoJieOaHuii Ha pacctosuuu |=A/2, s momenTa Bpemenu t=T/6.
Awmmuryna konebanuii A=0.05 m.

478. CMetieHne OT MOJIOKEHUSI PABHOBECHST TOYKH, OTCTOSIIEH OT UCTOYHH-
Ka KoJicOaHui Ha pacctosHuu 1=4 cm, B MomeHT BpeMeHu t=T/6 paBHO mo-
JIOBHHE aMIIIUTYAbl. HaliTi niuny A Oeryriei BOJIHBI.

479. OnpenenuTh CKOPOCTh C paclpoCTpaHEHUs BOJIH B YIIPYrou cpene, ec-
71 pa3HocTh Pa3 AQ KosiebaHU ABYX TOYEK, OTCTOSIIIMX APYr OT Apyra Ha
paccrostauu Al=12 cm, paBna ©t/2. Yactora konebanuii v=24 I'i.

480. Haiitu [ytiHY BOJHBI A, €CJIM PACCTOSTHUE MEXTY IEPBOM U YETBEPTOU
MYYHOCTSIMH CTOsT4eH BOJHBI I=15 cwm.
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