I'nasa 4

IJIEKTPOMAI'HUTHAA UHAYKIUA

4.1. SiBJjieHMe JIEKTPOMATHUTHON MHIYKIUU

Henenue 603HUKHOGEHUS INEKMPULECKO20 MOKA 8 3AMKHYMOM HPOBOOAUEM KOH-
mype npu usMeHeHuu MAacHUmMHO20 NOMOKA, 0X8AMbleaeMo20 FMUM KOHMYPOM, Ha-
3v18a€mcsl INEKMPOMASHUMHOU UHOYKYUE.

Ono 6b10 OTKpHITO [[K03edom I'enpu (Habmronenust BoinosiHeHsl B 1830r., pe-
3yJibTaThl onmyOsukoBaHbl B 1832r.) u Maiikiom Dapaneem (HaOJIIOEHUS BBIMOIHE-
HBI U pe3yJbTaThl OMyOIrMKoBaHbl B 1831r.).

Paccmotpum skcnepumenTsl Maiikina ®apazest ¢ IByMsl BCTaBJIEHHBIMHU JIPYT B
apyra katymkamu (puc. 4.1). B 3Tux skcrepyuMeHTax HapyKHas KaTyllKa IOCTOSH-
HO MOJCOEMHEHA K aMIIEpMETpPY, @ BHYTPEHHS, Yepe3 Koy, - K Oarapee. Huoykyu-
OHHbILl TOK B HAPY>KHOM KaTyIlIKe HAOJI01aeTCs:

Puc. 4.1

® [IpY 3aMbIKAHUH U PA3MbIKAHUH LEMHA BHYTPEHHEN KaTyIIKUA, HEMOJABUKHON OTHO-
CUTENILHO Hapy>XHOM (puc. 4.1a);
® [IpY NEPEMEIIEHUH BHYTPEHHEW KaTyUIKH C MOCTOSSHHBIM TOKOM OTHOCHUTEJIBHO
Hapy»XHOH (puc. 4.10);
® IpU TEPEMEIICHUH OTHOCUTEIBHO HAPYKHOM KaTYyIIKH TMMOCTOSHHOTO MAarHuTa
(puc. 4.18).
®dapazeit mokaszaia, 4TO BO BCEX CIIydyasX BO3HUKHOBEHHUSI MHIAYKIIMOHHOTO TOKa
BO BHEIIIHEW KaTyIIKe MEHSETCS] MarHUTHBIN MoTok uepe3 Hee. Ha (puc. 4.2) BHe-
HSIs KaTylIKka M300pakeHa OAHUM BUTKOM. B mepBom cityuae (puc. 4.2a) npu 3aMbl-
KaHUM 1[ENU 10 BHYTPEHHEH KaTyIIKe UIET TOK, BO3HUKAET (MEHSETCS) MarHUTHOE
II0JIE U COOTBETCTBEHHO MAarHUTHBIA MOTOK 4Y€pe3 BHEIIHIOK KaTylkKy. Bo BTopom
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(puc. 4.26) u TpetbeM (puc. 4.2B) ciaydasx MarHUTHBIA MOTOK 4Yepe3 BHEIIHIOK Ka-
TYIIKY MEHSETCS 3a CUET U3MEHEHHUs B MPOLECCe ABMKECHUSI PACCTOSHUSI OT HEe J10
BHYTPEHHEH KaTyIIKUA ¢ TOKOM, UJIK JIO OCTOSSHHOTO MarHuTa.
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Puc. 4.2

B 1834 r. Omunuit XpuctuanoBud JleH 3KCIEPUMEHTaNbHO YCTaHOBUI MPABUIIO,
MO3BOJISIIOLIEE OMPEACIIUTh HAIPABICHUE WHIYKIMOHHOTO TOKA: UHOYKYUOHHDIL MOK
8ce20a HANpaesien makx, umoodvl NPOMUBOOEUCMB08AMb NPUUUHE, €20 Bbl3blBAIOWEll,
UHOYKYUOHHBILL MOK 8ce20d umeem maxoe Hanpasienue, 4mo npupaujeHue co30aH-
HO20 UM MAZHUMHO20 NOMOKA U NpupaujeHue MAa2HUmHo20 NOMOKd, 6bl3easuiee
9MOM UHOVKYUOHHBIU MOK, NPOMUBONONONHCHI NO 3HAKY. ITO MPaBUIO HOCHUT Ha-
3BaHUE npasuno Jlenya.

Cam @apazeil, OTKPBIB U UCCIIEN0BAB SIBJICHUE dJIEKTPOMATHUTHOW MHAYKLIUH, HE
chopMmynpoBai ero 3akoH. @OpMyIUPOBKY 3aKOHA, OJIM3KYIO0 K COBPEMEHHOM, Jall
Jlxenime Knapk Makcsesn B 1873r.

IIpu u3ydyeHun nporuecca NpOTEKaHUs MOCTOSSHHOTO TOKA B KOHTYpE, YCTaHOBJIE-
HO, 4YTO KPOME KYJIOHOBCKHMX CHJI Ha 3apsDKEHHbBIE YACTUIbI BHYTPH UCTOYHHMKA TOKA
NEHUCTBYIOT CTOPOHHHE (T.€. HE KYJIOHOBCKHE) CHJIbI, ONPEAEIsIEMbIE YEpe3 COBEp-
maemMyto uMu padoty. B aTom citydae 30c (anekmpoodsudicywas cuia) Koumypa - 8e-
JIUYUHA, YUCTIEHHO PABHASL pabome CMOPOHHUX CUTL NO NepeMeujeHUur0 eOUHUYHO20 No-
JIOHCUMENILHO20 3apa0d 6HYmMpU UCmouyHuka moka (2.4), Ipyu 3TOM 3HaK 3/IC 3aBUCUT
OT BbIOOpa HampaBieHHUs MepeMenieHus 3apsiaa. Eciim cTOpoHHHME CUIbl IEUCTBYIOT
Ha 3JIEKTPUYECKHUE 3apsibl IO BCEMY KOHTYPY, TO 3JC KOHTYypa ONpENesieTcsl BeIu-
YUHOM, YMCJIEHO PaBHOW paboTe MO MEPEMEUICHUI0 €IMHUYHOTO IMOJIOXKUTEIHHOTO
3apsiia no 8cemy 3aMKHYMOMY KOHMYPY.

[Ipy BO3HMKHOBEHWH MHAYKLIMOHHOTO TOKAa Ha 3aps/bl MPOBOAHUKA HE ACHCTBY-
I0T KYJIOHOBCKHME CHWJIbI, T.K. K BHEIIHEH KaTyIIKE HE NOJAKIIOYEH MCTOYHUK JJIEK-
Tpudeckoro nois (puc.4.1). CnegoBaTenbHO, IPUYMHA CYLIECTBOBAHUS TOKa B HEW —
JeMCTBHE CTOPOHHUX CHJI, U 3aKOH 3JIEKTPOMAarHUTHOM MHIYKIMH MOXHO chopMy-
JUPOBATH B CIEAYIOLIEM BHUJIE: 20C IAEKMPOMASHUMHOU UHOYKYUU 8 KOHMYpe & pas-
Ha 831MOU CO 3HAKOM MUHYC CKOPOCMU UBSMEHEHUS CO 8PeMEeHeM MACHUMHO20 NOMO-

Ka 4yepes3 no6epxXHocntb, OCPAHUYECHHYIO I9MUM KOHNYPOM
do

— 4.1
Bi= - (4.1)
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3mech d® = BdS - CKalxgpHOE NMPOU3BEINCHHE BEKTOPA MATHUTHOM MHAYKIUHM B M
BEKTOpa y4acTKa NOBEPXHOCTH dS. Bekrop dS=1dS, rme i — €IMHUYHBIA BEKTOD
(n =1) HOpMaym K OECKOHEYHO MajOMY YYacTKy MOBEPXHOCTH TIUIOMIAAbIO dS.
DJic MHAYKIUU B BbIpaxkeHUU (4.1) Oepercs 60016 nON0HCUMENLHOSO HANPABIEHUS.
00x00a no KoHmypy, KOTOpPOE CBA3aHO C BbIOOPOM HANpPaBIICHUS HOPMAJIH K IMOBEPX-
HOCTH, OTPAHMYEHHON KOHTYpOM. B cOOTBETCTBMU ¢ ompenaeneHueM, (cM. riasa 3,
paznen 3.14) MarHUTHBIA MOTOK @ Yepe3 MOBEPXHOCTb, IIIOIIAJIBIO S

qazjfadﬁ:jfsﬁds
S S

3aBUCHUT OT BPEMEHH, €CIIM CO BPEMEHEM MEHSETCS:
® n10Wadb NOBEPXHOCMU S;
® MO00YIb BEKMOPA MASHUMHOU UHOYKYUU B;
® Y201 MedcOy eeKkmopamu B u Hopmanwio 1.
Ecnu 3aMKHYTBIN KOHTYp (KaTylllka) COCTOUT U3 N BHUTKOB, TO CyMMAapHBIH MOTOK
yepes MOBEPXHOCTh, OTPAHUYEHHYIO TAKUM CJIOKHBIM KOHTYPOM, HA3bIBACTCS NOMO-
Kocyenienuem 1 ONPENEAeTCs Kak

N
lP:zq)i .
i=l

rjie ®; — MarHUTHBIN MMOTOK Ye€pe3 1 BUTOK U

d¥
gi=— 4.2
=< (4.2)
Ecnu Bce BUTKH OJMHAKOBBIE, TO ¥Y=N® n
gi:_d_I:_M:_NdE (4.3)

dt dt dt

CLAVNT T AIANT N
1 BUTOK 2 BUTKA
Puc. 4.3

Bynem cunrath, yTo 3aKkoH OMa JUisi 3aMKHYTOW 1€MW, ONPEACICHHBIN ISl TIOCTOSH-
HOTO TOKa, MPUMEHUM U JUIsl IepeMeHHoro Toka. ([lanee Oyner yTouHeHO, Mpu Ka-
KHX YCJIOBUSIX 3TO CHpaBEUINBO). Torga MHAYKIUOHHBIA TOK B KOHTYPE, HMEIOIIEM
COIIPOTHUBJICHHUE R, paBcH
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[=to 140 (4.4)

R R dt
CootHoiuenue (4.4) No3BOMISET ONPEAEIUTh HE TOJBKO BEJIMUMHY, HO U HAIIPABJICHHE
MHAYKLIMOHHOIO TOKA. Eciu 3HaueHus 57C U, ClIel0BaTeIbHO, HHAYKIIMOHHOTO TOKA,
IIOJIO’KUTEJIbHBIE BEJIMYMHBI, TO TOK HAIPaBJIEH BJOJIb MOJOKUTEIBHOIO HalpasJe-
HUS 00X0/1a TI0 KOHTYPY, €CJI OTPULATENbHbIE — B IPOTUBOIOJIOKHYIO cTOpoHy. Ha-
IIOMHUM, 4YTO HAIlpaBJEHHE IOJIOKUTEIBHOTO 00X0/a ONpeAeseTcss Npu BblIOOpe

HOPMAaJIU K ITIOBEPXHOCTH, OTPAHUYEHHOW KOHTYPOM.

Bonpocwer u 3adanus 0ona camonpoeepkKu

1. MOXKeT I MEHATHCS CO BPEMEHEM MarHHTHbIH [OTOK, ecli B,1i M S He 3aBHCAT OT Bpe-
MeHU?

2. CodopmynupyiiTe 3aKOH JIEKTPOMarHUTHON MHAYKLUH, JaiiTe onpeneneHue 31C U MOTo-
KOCLICIUICHUS.

3.  Cdopmynupyiite npasuiio Jlenua.

4, Ecnu koHTYp HENPOBOASIIINIA, TO MOXKET JIM BOSHUKHYTb B HEM 3¢ MHAYKuuu? UHIyKim-
OHHBINA TOK?

Hpumepor, pewmwenusa 3a0au

3agaua 4.1
Haiitu 3aBUCMMOCTh MarHUTHOTO TIOTOKAa @ OT BPEMEHU Yepe3 IUIOCKYIO MOBEPXHOCTh, TUIOIIA-

2 .
IpI0 S = a“, ecnu MmoJsie OHOPOJAHO M MOJYJIb BEKTOpa MarHUTHOM MHAYKIMU B = bt, yron mexmay
B 1 HOpManbio K MOBEPXHOCTH N MEHSETCS MO0 3aKOHY o = t.

Jlano: B = bt; B
S= az; 'y
o= ot. 0 = ot
. a
Haiitu: ©. ! 3

Ha pucyHKe IPEICTaBICHO B3aMMHOE PACIIONOKEHHE BEKTOPA MATHHTHOM MHIYKIMHA B U Bek-
Topa HOpManu K moBepxHocTH 1. CornacHo (riaBa 3, pasaen 3.14) MarHUTHBIA TIOTOK 4Yepe3 Mo-
BEPXHOCTh

) =J]§d§ :J BiidS :JBcosadS.
S S S

Monynb BeKTOpa MarHUTHON MHAYKIMU B = bt 1 cosa = cos®t HE 3aBUCAT OT MPOCTPAHCTBEHHBIX
KOOPJIMHAT, U UX MO’KHO BBIHECTH M3-T10]] 3HaKa WHTerpaia. Torma
o= Bcosmtde = BcosotS = Ba’coswt.
S
Otset: @ = ba’tcosot.

3amaua 4.2

Conenoun ( kKaTylka WHAYKTUBHOCTH) nuameTpoMm d = 4 cMm, umetonuii N = 500 BUTKOB, mO-
MEIIIeH B OJJHOPOAHOE MarHUTHOE MOJIe, MHIYKIMS KOTOPOro U3MeHseTcs co ckopoctbio dB/dt = 1
MT/c. Yron MexXay OChblO0 COJEHOUJA M BEKTOPOM MAarHUTHOW MHAYKIMH «a = 45°. Onpenenutb
MOJYJb 3/C | € | MHIYKUIWHU, BOSHUKAIOUICH B CONCHOUIE.
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Jlano: d=4cm=4107wm;
N =500;
dB/dt=1mTn/c =

1-10° Tn/c;
a =45°.
Haiitu: | g |.

EI[I/IHI/I‘-IHEUI HOpMaJib n K IIJIOCKOCTH, OI‘pElHPI‘-IGHHOfI OIHHUM BUTKOM, MapaljiICjibHa OCHU COJIC-

HOMJIa U COCTaBJISIET ¢ BEKTOpoM B yron o = 135° unu o = 45°. Tak kak IOBEpXHOCTH IIJIOCKasl, a
10JIe, B KOTOPOE MOMEILEH COJICHOU OJHOPOAHOE, TO MArHUTHBIN MOTOK Y€pe3 OJUH BUTOK OIpe-
JeNAeTcsl Kak

(0)) =IBcosadS = BcosaIdS =BScosa .
S S

Hcnons3ys popmyny (4.3), umeem

do d(BScosa dB 7zd? \/5

i =N S =N A0 B V2

dt dt dt 4 2
3n1ech yuTeHO, 4TO S = nd2/4, a cos45° = -cos135° Z\/E /2 . IlogcTaBiisiss YUCIIEHHBIE 3HAYEHUS, T10-
JTy4aem

| &i | = 0,44 mB.

Otser: | & | = 0,44 mMB.

3amaua 4.3

B oHOpOHOM MarHUTHOM TOJI€, MOYJIb BEKTOpa MATHUTHOW MHIYKIIUU MEHSETCS 10 3aKOHY
B = By(cosot)’ (By = 0,1Tu, ® = 4 pax/c), moMelieHa KBagpaTHas paMKa cO CTOPOHOIT a = 50cM,
MpUYeM HOpMalb K Heil 00pa3yeT ¢ HampaBlIeHHEeM Mouig yroi o = 45°. Onpenenute 3¢ WHAYKIHHA
€ B MOMEHT BpeMeHu t =5 c.

Jlano: B=B(cosot)*;

Bo=0,1 Tm; B
o =4 paz/c; o= ot
a=50cm=0,5M; A ~
a =45° a n
t=35c.

Haiitu: s;. A 4

Tak kak pamka IUIOCKas ¥ MarHUTHOE T10JIE€ OJHOPOJIHO, TO BeKTOop B B 1m000i MOMEHT Bpeme-
HU OJIMHAKOB JIJISl OO0 TOYKU TUIOCKOCTH PaMKH U COCTAaBJISIET ¢ HEW OJMH M TOT ke yrodi. [lo-
3TOMY BbIpakeHHe Bcos @ HE 3aBUCUT OT KOOPAMHAT, U €r0 MOYKHO BBIHECTH 32 3HAK UHTErpaa, T.€.

o ZIBcosadS = BcosaIdS =BScosa = By (cosmt)® a’cosa.
S S

CormnacHo 3aKOHY 3JIEKTPOMarHuTHOM MHIYKIMHU (4.1)
g = -d®/dt = - d (Bpa’cosa (cosmt)® )/dt = - Boa’cosa(d(coswmt)® /dt) = Byma’cosa sin2at.
[ToxcraBnsis yrcIeHHBIC 3HAYCHHUSI, TOTydIUM (cos45° = ﬁ /2) & =53 MB.

OrtBer: ¢ =53 MB.
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4.2. Ilpupoaa fiBJIEHUA 3JTEKTPOMATHUTHON HHAYKIIUA

PaCCMOTpI/IM BO3HUKHOBCHHUC 3C MHAYKIHNH B IBMKYIIHUXCA B IIOCTOAHHOM OOHO-
POAHOM MAI'HHUTHOM IIOJIC IIPOBOJHHKC M KOHTYPC, B IIOKOAICMCA B IICPCMCHHOM
OIHOPOJHOM MArHUTHOM II0JIC, KOHTYpC.

I[BH)Kyu[HﬁCﬂ NMPOBOJAHMK B NIOCTOAHHOM H OJHOPOAHOM MArHUTHOM I10JI¢

[TycTh NpOBOAHMK NIMHOM L ABHUXKETCS C IMTOCTOSIHHOM CKOPOCTBEO U B MOCTOSIH-
HOM OJHOPOIHOM MArHUTHOM IIOJI€ C UHAYKIMEH B Tak, 4T0 OCh NPOBOJHUKA, BEK-
TOP MAarHUTHOM WMHAYKUWHM W HAIPABJICHUE JIBUKCHUS B3aUMHO MEPIECHIUKYJISIPHBI
(puc. 4.4). Bmecte ¢ MPOBOJHUKOM B MarHUTHOM IOJIE€ JABUXKYTCS HaXOASIIUECS B
HEM TIOJIOKUTENbHBIC M OTpHIATEIbHBIC 3apsiibl (TOK mepeHoca). Toraa Ha Kax bl
3apsia q aerctByet cwiia Jlopenna (3.21)

I:}L:q[DB]’ (45)

rae [OB]- BEKTOpPHOE MPOU3BEICHUE BEKTOPOB CKOPOCTH MPOBOHUKA U MATHUTHOM
UHAYKIUU. B COOTBETCTBUU € MPABUIIOM JIEBOU PYKH (U1 TIOJIOKUTEIIBHBIX 3aPsI0B)
WM OIIPEIEICHUEM BEKTOPHOTO IIPOU3BEJIE-
Bt HUs (C ydyeToMm 3Haka nepea Hum) cuia Jlo-
F @2 pEHIIa HalpasjeHa BJOJIb IPOBOJHMKA U 3a-
_ / CTaBJIIET NEPEMElIAaTbCd  3apsAbl Pa3sHOTO
. /ﬂ @/v 3HaKa B IPOTHBONOJIOKHBIE CTOPOHBL. Tak
A4 L KAaK OTPULATENIbHBIE 3apsiibl — JJIEKTPOHBI —
ABJISIIOTCS. CBOOOJIHBIMH, TO B TPOBOJHHKE
BO3HUKHET KPAaTKOBPEMEHHBIM TOK IPOBOJIH-
Puc. 4.4 MOCTH DJIEKTPOHOB, HAIIPABIEHUE KOTOPOTO,
10 ONPEIEICHNIO, COBIIAAET C HAIIPABICHUEM
«JIBUKEHUS» TOJOKUTENbHBIX 3apsioB. (Ha kpaTkoBpeMEeHHBIN TOK, TEKYILIMH IO
IPOBOJHUKY, OyJEeT OMOJIHUTEIBHO JeHcTBOBaTh cuia Amnepa (3.24), HanpaBieH-
Hasi B CTOPOHY, OOpaTHYIO HAIpaBJIEHUIO CKOPOCTU MpoBOAHUKA. [y Hamero pac-
CMOTPEHUSI OHA HECYLICCTBEHHA, TaK KaK IEPIICHAMKYJISIPHA TOKY MPOBOIMMOCTH U
03TOMY Ha puc. 4.4 He n300paxeHa).

B pesynbrate npoTekaHMs TOKAa BO3HUKAET IIPOCTPAHCTBEHHOE Pa3/IEIICHUE 3apsi-
OB — Ha OJHOM KOHIE IPOBOJHMKA HAKAaIUJIMBAETCS ITOJOKUTEIBHBIM 3apsAl, a Ha
IPYroM — OTpULaTeNbHbIN (puc. 4.4). 3T0, B CBOIO OYEpEb, IPUBOAMT K MOSBIECHUIO
ANEKTPUYECKOrO MOJs MEXKIy KOHI[AMU IPOBOJHMKA, HAIPABJIEHHOIO OT + K —.
Torma Ha nByXKylMecs 3apsabl KpoMe Cuiibl JIopeHia aencTByeT IPOTUBOIOJIOKHO
HaIlpaBJICHHAs dJIeKTpuueckas cuina. O4YeBHIHO, YTO MPOLECC PaA3JIEIICHUs 3apsiioB
(TOK) 3aKOHYMTCS TOTJa, KOrja CymMma Cui, JACHCTBYIOUIMX Ha AJIEKTPOH, CTAHET
PaBHOM HYJIIO T.€.

FL_+]_‘:}Q :0
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uwm F =Fq (F. TV Fy). U3 onpeienieHns HANPSKEHHOCTH 3IEKTPHUESCKOTO 101 E

u cunbl Jlopenua F, cienyer, 9to

F, =—¢E, (4.6)

Q
I_jJt =—-¢ [DB ],
I7€ e — MOAYJb 3apsjaa djeKTpoHa. IIpupaBHUBasg MOIyIH DJIEKTPUYECKOW CHUIIBI
Fo=¢E u cunsl Jlopenna F;, = evBsina, IIe o — yrojl MEXAy BEKTOpaMU U U B,
[10JIy4aeM
eE = evBsina

Hnin
E = vBsina.

Tak kak BEKTOP MAarHMTHOW WHIYKIHH 110 YCJIOBHUIO MEPIECHIAUKYISPEH BEKTOPY
CKOpoCTH, TO a =x/2. Torna
E = vB. (47)

PaccuntaeM pa3sHOCTh MOTEHITMAIIOB MEXIY IMOJIOKHUTEIHHBIM (TOUka 1) u oTpuia-
TeJIbHBIM (T. 2) KOHIIaMU TIpoBOAHUKA (puc. 4.4). YuutsiBas, uto(riasal, pazuen 1.6)

de =-Edl ,

uMeeM

1 2 2 L L L

01— @2 =[do=—[dp=[Edl = [Edl = [E,d! = [Ecospdl,

2 1 1 0 0 0
rae S — yroi Mexmy Bektopamu Eu d/ . BexTop d/ HampaBlleH BIOJIb HANPABJICHUS
uHTerpupoBanus ot T.1 k 1.2. Bextop E Hamnpaeien ot ot + K - ,T.e. OT ToukH | K
touke 2. CnenoBarenbHo, = 0. [loncrasnss (4.7) B BeIpaxkeHUE ISl Pa3HOCTHU T0-
TEHLIMAJIOB, ITOJy4aeM

L L
¢1— @2 = .[Edl = uBIdl = UBZ‘(% =uBL. (4.8)
0 0

[IpencraBum nerictBue cuibl JIopeHia Kak JeHCTBHUE CTOPOHHEH CHIIbI, 00yCIaBIIu-
BaOIlle BOBHUKHOBEHUE HEKOTOPOM 7JIC, W 3amuiieM 3akoH OMa 1Jisi HeOHOPOI-
HOTO yuacTka 1emnu (2.37-2.39)

¢1- 02 + €12 =IR. (4.9)

Tak kak pa3zaesieHue 3apsa/10B 3aKOHUYMUIIOCh, TO TOKA B IPOBOJHUKE yxke HET (1=0) u

Ep = — ((Pl - ([)2) =—vBL. (410)

3HAaK MHHYC O3HA4aeT, YTO CTOPOHH:A cwia (JIopeHia) 3acTaBisieT «epeMeraTbes»
IIOJIOYKUTEIIBHBIE 3apsAbl OT TOUYKU 2 K TOUKE |, T.€. MPOTUBOIIONIOKHO HAIIPABIECHUIO
uHTerpupoBaHus. TakuM 00pa3oM, BOSHUKHOBEHHUE 37C MHAYKIMHU MPHU JIBHKEHUU
NPOBOJHUKA B IOCTOSTHHOM MarHUTHOM TI0JI€ OOBsICHSIETCS IeicTBUEM cuitbl JIopeHna.
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HHpumepo pewmienusn 3a0au

3amaua 4.4

B opnoponnom marautHoM mnosie (B = 0,02 Ti) BokpyT ocH, napasuienbHON TUHUSIM MHIYKIINH,
BpalaeTcs TOHKHM OAHOPOAHBINA cTepxeHb JMHON /[ =40 cMm. Och BpaleHus NepHneHIuKyIsIpHa
CTEP>KHIO U IIPOXOJUT Yepe3 OJMH U3 €ro KOHIIOB. YTJIOBasi CKOpocTh BpaieHus o =10 pax/c. Haii-
TH Pa3HOCTb NOTEHLMAIOB MEXKIY KOHIIOM CTEP)KHSI, Yepe3 KOTOPBIN MPOXOJIUT OCh, U €T0 Cepeiu-
HOM, MEXIy CepeInHON U CBOOOAHBIM KOHIIOM CTEPIKHS.

Hano: B=10,02 Tx; e o o (®_- o
=40 cm=0,4 m; v B
o = 10 pan/c. e o To [ o o 7
Haitu: Qo- Qa, PA- Pc. 1 ; ; 2 > ()
00 ° A. ° C‘

&
<

T [ ] l [ ] [ ] [

[Ipu BpalieHuu CTEp’KHS BOKPYT OCH, Mpoxojsuie dyepe3 Touky O, BMECTE ¢ HUM JIBUXKYTCS
IIOJIOKUTENIBHBIE U OTPULIATENIbHBIE 3apsiabl. HanpaBneHue ux BUKEHMs COBIIAJACT C HAPABICHU-
€M JIMHEHHBIX CKOPOCTEH TOUYEK CTEp>KHS U . B MarHUTHOM mosie Ha ABWXKYLIMECS 3apsiibl JeHCT-
ByeT cuia JlopeHua, HarpaBiieHHas JUIsl OTPULATENbHBIX 3aps/I0B 10 IPABHITY JIEBOU PyKH (C yue-
TOM 3Haka ) oT T.2 K T.1. B pe3ynbTare BO3HUKAET 3JIEKTPUYECKHI TOK MPOBOJUMOCTH, TEKYIIIUN
COOTBETCTBEHHO OT TOUYKH | k Touke 2. Tok npuBoaUT K pa3zaeneHuto 3apsaaos. [Ipu 3Tom B nepBoit
TOYKE HAKAaIUIMBAETCS OTPHULATEIbHBIN 3apsijl, a BO BTOPOH — MOJOKUTENbHBIN. ClIeCTBUEM pa3-

ACJICHUA 3apAA0B ABJISACTCA MOABJICHUC SJICKTPUUYCCKOI'O IMOJIAA ¢ HAIPAKCHHOCTBIO E, HaITpaBJICH-
HOW OT + K —, T.€. OT T.2 K T.1. B pe3ynpTare Ha IBWXKYIIHMECS 3apsAabl JEHCTBYIOT CHIIbI AJIEKTPH-
YECKOI'o I0JI B HAIIPABJIICHUH, IIPOTUBOIIOIOKHOM HAIPABICHUIO NeWCTBUs cuil JIopenua. JBuxke-
HUE 3aps/I0B B CTEPXKHE MPEKpaIlaeTcs, Korjaa MoayJu AeUCTBYIONINX CUJI CTaHYT PaBHBIMU, T.€.

FL_ == FQ .

Tax kax Jy1sl BpallaTeabHOIO IBUKEHUS U= O U YTOJl@ MEXIY BEKTOPOM CKOPOCTH KaXKIOW TOU-
KU CTEp>KHS, HalpaBIEHHOW NMEPNEeHIUKYJSIPHO CTEP)KHIO, U BEKTOpoM B paBeH m/2, To Moy

—

BekTopa E ompenensiercst cootHomienueM (4.7)
E=vB=o0rB (1)

Pa3HoCTh MOTEHIIMAIOB MEXAY ABYMs TOUKAaMU CTEPKHs 110 OIPEIEICHUIO PaBHA

| 2 2
@1—@2=Id@=—Jd@=IEdf, (2)
2 1 1
rac BeKTOp f HanpaBneH OT TOYKH 1 K TOYKEC 2 TaK KakK BeKTOp HaprI)KeHHOCTI/I BHGKTpI/I‘{CCKOI‘O

nonss E HampaBiieH OT TOYKM 2 K TOYKE 1, TO TOTEHUHAT SJEKTPUYECKOrO MOJISl ¢ BO3pacTaet

BIIOJIh HampasieHus: 1t (rmaBa 1, pazmen 1.6). CnemnoBaTenbHO, (g - Pa U Pa - Oc - OTPHUIIATEIIHHBIL.
[Toacrasnss (1) B (2), umeem

A A /2 (,OB (,OB
o — Pa :IEcosndr:—ImBrdr:—J (oBrdr:——rz"O/2 :—?12 = - 4 MB,
(@) (@) 0

[*=—12 MB.

112 —

C C i B B
Pa — Qc =IEcosndr=—IwBrdr=—Ic)Brdr=—0)— 2" _ 39"
A A

/2
(B mporecce cymiecTBoBaHUSI KPATKOBPEMEHHOT'O TOKA MTPOBOAMMOCTH BOJIb CTEPXKHS Ha HETO B
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MarHuTHOM Iosie OyJeT AecTBOBaTh cuila AMIiepa, HalpaBJIeHHas! B CTOPOHY, OOpaTHYIO HalpaB-
JICHHIO BEKTOpA CKOPOCTH U . Tak Kak M0 YCIOBHUIO 331a4H ® TIOCTOSTHHA, TO HUKAKOTO BIUSHUS Ha
pacnpenesneHue 3apsa0B BJI0JIb IPOBOJAHMKA OHA HE OKA3bIBAET).

OtBeT: @9 — Ao = — 4 MB, o4 — 9c = — 12 MB.
I[BI/I)KeHI/Ie YaCTH KOHTYpPA B IOCTOAHHOM X OJHOPOAHOM MAarHUTHOM I10JI€

IlycTh NpsIMOYTOIBHBIN KOHTYP, HAXOALUNCA B OJJHOPOJHOM MAarHUTHOM I10-
e, MEPHEHINKYISIPHOM €T0 IUIOCKOCTH,
MMEET MOABIIKHYIO IPOBOIALIYIO IIEpe-
MBIYKY UIMHOW L, KOTOpas IBWXETCH
BIIPaBO BJO0Jb OCH X CO CKOPOCTBIO U,
NEPIIEHIUKYIIAPHO cBoel ocu. Bribepem
HOpMaJIb fi K OIPAaHMYEHHOU KOHTYPOM
IJIOCKOM ITOBEPXHOCTH IUIOIIAABIO S
BJIOJIb HANpaBjIeHUs BekTopa B (pwc.
4.5). B cooTBeTCTBUM C BRIOOPOM HOMa-
JIA K IIOBEPXHOCTH OIPEAEIINM II0JIOXKHU-
TeIbHOE HampaBlieHHe 00XoJa KOHTypa — MO 4acoBOM cTpenke. beckoHeuHO Mablii
MarHUTHBIA MOTOK d® yepe3 OECKOHEYHO Malbli y4acTOK MOBEPXHOCTH ILJIOLIAJBIO
dS =Ldx B 3TOM ciIy4yae paBeH

dd = BdS = BiidS = Bcos0dS = BdS

Bwmecre ¢ nepeMbIYKOM B MarHMTHOM IIOJIE€  JBHIKYTCS IIOJIOKUTEIBHBIE U OTPULIA-
TEJIbHBIE 3apsijibl (TOK mepeHoca). Tak Kak MOJIOKUTEIbHBIE 3apsiibl HEMOIBUKHBI
OTHOCHUTEJIBHO NEPEMBIYKH, TO PACCMOTPHUM BO3JEUCTBHE MAarHUTHOTO IOJIA TOJIBKO
Ha OTpULATEIbHbIE 3apAabl. Ha KaxKapli 3JIEKTPOH AeHCTBYeET cwiia JIopeHna

F =-c[oB]. (4.11)

Ee HampaBiieHrE MOKHO ONPENEIUTH IO IPAaBUITY JIEBOM PYKH C YUETOM 3HAKa 3apsaa
WIH OIpEeNIeHNs] BEKTOPHOTO MPOU3BEACHHS C YU€TOM MUHYca nepel HuM. B o0oux
CIydasx MojydaeM HarpasieHue cwibl Jlopenua F, — or 1.2 k T.1. Ilox melictBuem

9TOW CHJIBI AJIEKTPOHBI HAYHYT MEPEMENIAThCS TI0 MEPEMBIUKE «BHU3» U, MO OTMpe/e-
JICHUIO, «BBEpPX» MOTEUET WHIYKIMOHHBIM TOK MpoBoauMocTH. Ilepepacmpenenvs-
mMecs 3apsabl Ha TTOBEPXHOCTH MPOBOAHHUKA CO3AAMYT DJIEKTPUUECKOE IMOJe, KOTO-
poe BO30YIUT TOK M B OCTAIBHBIX HETIOABMKHBIX JacTsaX KoHTypa. (Kpome cumbr Jlo-
peHua, JEHUCTBYIOLIEH Ha 3apsbl MEPEMbIYKM U HAIPABJICHHOW BJOJIb HEE, Ha TOK
IPOBOJUMOCTH, TEKYIIMI IO BCEMY KOHTYpY, JE€HCTBYET cuila AMIiepa, CxKUMAIoIas
HEMOJIBIXKHYIO YacTh KOHTYpa U TOPMO3AIlasi ABUKEHHUE MepeMbluku. (s Hamero
PacCMOTpPEHHUS OHA HECYIIECTBEHHA, TaK KaK MEepPHNEeHANKYJISIPHA TOKY TPOBOJUMOCTH
u Ha puc. 4.5 "He uzoOpaxena.) Takum oOpa3om, pojib CTOPOHHEW CHJIIBI, 3aCTaB-
JSAOLIEN MEPEMEIIAThCA JIEKTPOHBI, urpaer cuia Jlopenua. Torma mMoXHO BBECTH
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HaIIPSHKEHHOCTH IT0JISL 9TOM CTOPOHHEN cuiibl. 110 onpenenenunio HanpsyKEeHHOCTh I10-
JS1 CWJIBL, NEWCTBYIOLIEN HA JIEKTPUUYECKUU 3apsil, paBHA

=k F F F
E :EL:_ ;— ;+— [0B].

W3 cpaBHeHus 3Toro Beipakenus ¢ (4.11) ciaemyer, 4Tto BeKTOp E’MPOTHBOIOIOKECH
BEKTOpY F, , T.e. HampaBieH oT T.1 k T.2. Pabota cunsl JlopeHna 1o nepeMenieHuto

ITPONU3BOJIBHOI'O ITOJIOKUTCIBHOTO 3apsaa q' BAOJIb 3aMKHYTOI'O KOHTYpa y MW J9JC
PaBHBI, COOTBCTCTBCHHO

.:§ PEdr. (4.12)

IIpaBas 4acTh MoCIEQHEr0 MHTETpana Ha3bIBACTCS YUPKYIAYUAL 6€KMOPA HATIPSKEH-
HOCTHU CTOPOHHEHN CHJIBI TI0 3aMKHYTOMY KOHTYpYy. Tak Kak CylmIeCTBYIOWIAS TOJBKO

Ha yuacTke | —> 2 HanpsykeHHOCTh ', IIOCTOSIHHA M aHTMHapajielbHa dl , TO
—% - % %
E d/ =E dlcosz =-E d/

u
B 2
&i=§E'd/ =—E"[dI=—E"L.
¥ 1
Tak kax J1B, To E'= | [0B] | =uBsin(z/2) = vB ¥ 3]IC HHIYKIIMA UMEET BUJI
gi=—E'L=-uBL. (4.13)
Y4areM, 9To  py = ‘éx uT.K. 511X, 10 v, =0. CIEgOBATENBHO,
t
_wBL—_pL9X__pgldx __BdS__do. (4.14)
dt dt dt dt

CpaBnuBas BeipakeHus (4.13) u (4.14), nonydaem

do
dt

Ei=—

MOo>XHO MOKa3aTh, YTO ATO YpPABHEHHE CIIPABEUIMBO IS 1106020 KOHMYpA, 08U-
AHCYUE20Cs. NPOU3BOTILHBIM 00PA30M 8 NOCMOSHHOM U HEOOHOPOOHOM MASHUMHOM
nosne. Takum o0Opa3oM, BO3HUKHOBEHHE 3JIC MHAYKIMH MPU MPOU3BOJBHOM JBHXKE-
HUW HE3aMKHYTOI'O MPOBOJAHUKA U 3aMKHYTOT'O KOHTYpa B IMMOCTOSSHHOM OJHOPOJHOM
¥ HEOJIHOPOJIHOM MarHUTHBIX MOJISIX OOBsCHSETCS neicTBueM cuiibl JlopeHna. 3ame-
THUM, YTO TaKas CXEMa MOJy4YEHUs JIEKTPUUYECKOrO0 TOKa JISKUT B OCHOBE BCEX HH-
TYKIIMOHHBIX T€HEPATOPOB, B KOTOPHIX POTOP ¢ OOMOTKOM JBUKETCS (BpallaeTcs) B
MarHuTHOM IIOJIE.
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HHpumepo pewmienusn 3a0au

3amaua 4.5

JIBe 3aMKHYTbIE METAJUIMYECKUE ILIMHBI, PACCTOSIHUE MEXAy KOTOpbIMU a = 30 cM, CO CKOJIb35-
el NpOBOASAILIECH MEPEMBbIYKON, KOTOPas MOXKET JBUTaThCs 0€3 TPEHUs, HAXOAATCS B OJTHOPOIHOM
MarHMTHOM nose ¢ uaaykuueid B = 0,1 Tu, neprnenauKkyIsspHOM IUIOCKOCTH KOHTypa. Ilepempluka
Maccoi m = 5 T' CKOJB3UT MO IIMHAM BHHU3 C IMOCTOSHHOM cKopocThio U =0,5 M/c. Onpenenuts co-
npoTuBieHne R nepeMpluky, npeHedperas CONpOTUBIEHUEM OCTAJIbHON YaCTH KOHTYpA.

Hano: a=30cm=0,3 m; 3
B=0,1Tm; . B “«— =
m=5r=5107kr; ® 14 - ®
v=0,5 m/c. I FA

v

Haf/'[TI/I:R. dlI Ill‘lllllllll

[Ipu ABM>KEHUU MEPEMBIYKA BHU3 BMECTE C HE B MAarHUTHOM I10JIE€ IBUJKYTCSI M HaXOsIIHECs
B IIEpEMBbIYKE MOJIOKUTENIbHBIE U OTPULIATENIbHBIC 3apsi/ibl, T.€. UMEET MECTO TOK IepeHoca. B pe-
3yJbTaTe 3TOTO HA 3apsiibl BAOJb NIEPEMBIUKU JIeHCTBYET cuiia JlopeHia 1 BOZHUKAeT MHIYyKLIUOH-
HBI TOK NMPOBOAMMOCTH, HAIPABJICHHBIN MO JBMKEHUIO MOJIOKUTENIBHBIX 3apsI0B, T.€. ClipaBa Ha-
7eBo. B MarHuTHOM mosie Ha IPOBOJAHUK C TOKOM, JJIMHOM a, AelcTByeT cuia Ammepa (3.24)

F, =I[aB],

r7ie |a| = a, ¥ HampaBJICHHE BEKTOpPAa a COBIAJAeT C HampaBieHHEeM Toka. [lo ycioBuio 3amaum
B 1 a.CnenoBarenbHo, cuiia AMIiepa HalpaBjieHa BBEPX U €€ MOIYJIb

Fx = laBsin(z/2) = IaB.
Otcrona
Fu
aB’
Tak Kak Mo ycloBHUsIM 3aJaud IMEpPEMbIUKa ABUKETCS C MOCTOSHHOM CKOPOCTHIO, TO CyMMa CHJI,
MPUJIOKEHHBIX K EPEMbIUKE, paBHA HYJIIO, T.€.

F,+mg=0 u Fy=mg.

Tornma
m
I = _g .
aB
BriGepeM 3a monokureabHOE HalpaBieHne 00Xo[a KOHTypa HallpaBJIeHHE TOKa, TeKYIIero Mo Ie-

PEMBIYKE CIIpaBa HAJICBO. IIo IIpaBUIy IIpaBOIro BUHTA OMNPCACIIACM, YTO HOpPpMAJb K IINIOCKOCTH

KOHTYpA HAIpPABIICHA OT HAC 3a TIOCKOCTh KOHTYpa M YroJl MeXIy BeKTopamu i u B pasen . ITo
3aKOHY AJIEKTPOMArHUTHON MHAYKIMH (4.1)
d® _ d(BScosz) _ B§ _B d(al) _ Baﬂ —Bav,

dt dt dt dt dt

rae d/ - myTh, MpOHICHHBIN TIepeMbIuKoii 3a Bpems dt, v = d//dt. Beipaxkas u3 (4.2) R, momyuaem (I1=1;)

i

2.2
Bav B3V 45 0m.

R=5-
I mg mg

OtBer: R =9,2 OMm.
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HenoaBukKHbIA KOHTYP B EPeMEHHOM MATHUTHOM IOJe

Ha nokostiuecs anexkTpuyeckue 3apsiibl JeHCTBYIOT TOJIBKO JIEKTPUUECKUE CUITBI,
CO3/IJaHHBIC JAPYTUMHU 3apsiiaMHu, a Ha JBIDKYIIUECS — JJIEKTPUUYECKHUE, CO3JIaHHBIC
3apsiiaMu, 1 MAaTHUTHBIC, CO3/IAHHBIC ABUKYIIIUMUCSA 3apsaMy WK ToKaMu (T71aBa 3,
pazmen 3.1). Tak Kak KOHTYp HE HAaXOAMUTCS B DJIEKTPUUYECKOM I0J€ 3apsiioB U
MOKOUTCS, TO HU DJIGKTPUYECKUE HU MArHUTHBIE CHUJIBI Ha 3apsijbl, HAXOMSIIHUECS B
KOHTYype, N1eicTBOBAaTh HE MOryT. HOo MO 3aKOHy 3JE€KTPOMarHMTHOW HHAYKIIMH B
KOHTYpE, HaXOIAIEMCs B IEPEMEHHOM MAarHUTHOM T10JIe, BOSHUKAET WHIYKIIMOHHBIN
TOK. MakcBeI NpeArnoiokKuil, 4TO MEPEMEHHOE, T.€. MU3MEHSIOLIEECs BO BpPEMEHU
MarHuTHOE T10Jie, TMPUBOJUT K TOSIBJICHUIO B MPOCTPAHCTBE HEKOTOPOTO
ANEKTPUYECKOrO TOJISL, [Jsi KOTOPOrO BBIMNOJIHIETCS 3aKOH 3JIEKTPOMArHUTHOMN
WHIYKINH, T.C.

005t
$Ed =——, 4.15)

rie E - HanmpskeHHOCTh HE KyJIOHOBCKOTO (T.e. He
B, CO3JaHHOTO 3apsaMu) JIeKTpuueckoro noiis. Jlepas
N r yacTh BbIpaxeHus (4.15) ectb yupkynayus eéekmopa
HANpSHKEHHOCTH E° HEKOTOPOTO  AJIEKTPUYECKOTO
noJisi, BO30Y>KJaeMOro B NMPOCTPAHCTBE MEPEMEHHBIM
MarHuTHBIM TIOJEM, U OHAa OTJIWYHA OT HyJisl. Panee
/ \ MOKAa3aHO, YTO YUPKVIAYUS 6eKMOpa HANPSKEHHOCTH
E DJICKTPUYECKOTO TOJS 3apsijioB MO MPOU3BOJILHOMY

3aMKHYTOMY KOHTYpy ¥ (rnaBsa 1, pa3gen 1.4)

\VJ

T

Puc. 4.6 §Edl =0,
y
T.c. Tojie Bektopa E - nomenyuanvro. CienoBareibHO, BBEIeHHOE MaKCBEIOM
ANEKTPUUECKOE TOJI€, B OTIUYUE OT BJICKTPUUYECKOTO MOJIA 3apsiioB, HE SBISETCS
noTeHraibHbIM. OHO, KaK U MarHUTHOE TI0JIe, SIBJIIETCA guxpesuim. (Ti1aBa 3, pa3zen
3.7). CuioBble JIMHUM TaKOTO BHUXPEBOTO »3JeKTpuueckoro mnois (puc. 4.6) -
3aMKHYTbI€ KPUBBIE BOKPYI JIMHUM BEKTOpa MAarHUTHOM WHIYKIIMU MEPEMEHHOTO
MAarHUTHOIO MOJIsA. Y YUThIBAs, YTO NOTOK MAarHUTHOM MHYKIINU

CD = J.Bd_s 5
S
MOJICTaBUM 3TO BeIpaxeHue B (4.15). Torna

Y = d r= =
<_!'>E dl =—a(!BdS)
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Tak Kak KOHTYp HEMOJABMXEH, TO S HE MEHSETCS CO BpEMEHEM ( MEPEMEHHBIM SBJISI-
€TCSl TOJbKO BEKTOP MArHUTHON MHIYKLIHMH) U MOXKHO IOMEHATH MOCIIEI0BATEb-
HOCTbh MHTETPUPOBAHMS U TU(PPEepeHIIpOBaHUS T.€.

gSE*dT:—Ii—]?dﬁ. (4.16)
J S

B o0miem ciyyae siBieHHE 3JIEKTPOMArHUTHOW WHAYKIIUU OOBICHSICTCS 08yMs He3a-
BUCUMBIMU OpY2 Om Opy2a NpUYUHAMU. oeticmeuem cuvl Jlopenya mazHumHno20 nois
U 2JIEKMPUYECKOU CUIbL BUXPEBO20 INEKMPUUECKO20 NOJIA.

Bonpocwot u 3a0anus 0nsa camonpoeepKu

—

Ha xakue nBrmxynyecs Win NOKOSIIUECS IEKTPUUECKUE 3apsAabl AeicTBYeT cuna Jlopenua?

2. Uemy paBHa u Kak HampapiieHa cuia JIoOpeHIa Mo OTHONIEHUIO K HAlpPaBJICHUIO CKOPOCTH
JBUKEHUS 3apsiia U BEKTOPa MAarHUTHON MHAYKIUU?

3.  HanpasieHue TOKa CBSI3aHO C HAIPaBJICHUEM YIOPSI0UYEHHOTO ABHKEHHSI KAKUX 3apsI0B?

4.  Tlouemy mone BekTopa E Ha3pIBaroT MOTEHIMAIBHBIM?

5. Cdopmynupyiite 3akoH Oma it 3aMKHYTOH TICTIH.

6.  Kak cBsizana pa3HOCTh NOTEHIUAJIOB U HATPSIKEHHOCTD SJIEKTPUUYECKOTO MOJIs?

7.  TloueMy »neKTpuUYECcKOE MOJIe, TOPOXKICHHOE IEPEMEHHBIM MAarHUTHBIM TOJIEM, HE SIBIISI-
€TCs MOTEHI[UAIbHBIM?

8. Kak cBs3aHBI MOJlyJIM YIJI0BOM U JIMHEHHON CKOPOCTH?

9.  Moxer 1M MOCTOSHHOE MAarHUTHOE MOJIe TIOPOXKAATh AJIEKTPUUYECKOE, HAIIpUMep, MpU U3-
MEHEHUH pa3MepoB KOHTypa?

IHHpumepovs pewenua 3adau
3anaua 4.6

Koub110 13 amoMUHHEBOTO TPOBOJA € YICJIbHBIM CONMPOTUBICHUEM p = 26 HOM'M MOMEIEHO B
HepeMeHHOG OILHOpOI[HOQ MArduTHOC II0JIC HepHeHZ[I/IKy.HSIpHO JIMHUAM MaFHI/ITHOfI I/IHI[yKI_[I/II/I.
Juametp komabiia D = 30cm, auametp npoBoaa d = 2 mm. Onpeaenuts ckopocts dB/dt mamenenms
Mar"guTHOIO 110JIsA, €CJIN CHJIa I/IH,Z[yKI_[I/IOHHOFO TOKa B KOJIBIIC I= IA

Jlano: p =26 HOM'M =2,6:10" Omrm; .

D=30cm=0,3m; s B

d=2mMmMm=2-10"m;

I=1=1A. D
Haititu: dB/dt. d \

3anumeM 3aK0oH SHGKTPOMaFHHTHOﬁ HHAYKOWUN 0e3 yuc€Ta 3HaKa B BUIC

do

dt

&

Tak kak D>>d, To momaapr IIOCKOCTH, OTPAaHUYCHHON KOJIBIIOM, S = 7D*/4. Tlo YCJIOBHUSIM 3a7a4u
3Ta IJIOCKOCTh OPTOTOHAJbHA BEKTOPY MAarHUTHON WHIYKIIMHU, T.€. BEKTOP HOPMAIIM K IJIOCKOCTH
WY TlapajuiesieH BeKTOpy MarHuTHOW uHaykumu (o = 0) uinu antunapawieneH (o = x). B mro6om
cllydae, Tak Kak IMoJie OJHOPOJIHO, IOTOK paBeH
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o ZIBcosadS = BcosaIdS =BScosa

dod d(BScosa) dB dB 7D’ dB
= - 02 = ABSC0SH) g LB g BT OB
dt dt dt dt 4 dt

(1)

3neck (—) coorBercTBYeT yrty oo = 0, (+) — o = 7 . J[11s1 MHAYKIIMOHHOTO TOKa 10 3aKoHy Oma (4.4)
nMeeM

g =LR. (2)

Conpotusienne R ompenenum depes JuMHY, IJIOMAAL CEUYSHUS U YACIBHOE COMPOTUBICHUE KOJIbIIA
/ 7D D

R e i 4 - = 4 _ 3
PP T =P 3)
[Moacrasnss (3) B (2), umeeM
D
&= (4Pd—2 , “4)
[IpupaBusem (4) u (1), moayyaem
_DPdB_ D
T4 d?
Torna
B 162 — 70,11 Tak.
dt *D

Ortser: dB/dt = £ 0,11 Ti/c.

4.3. MuaykTuBHOCTH. CaMOMHIAYKIUSA

Ecnu B mpocTpaHcTBe, I/1€ HAXOIUTCS MPOBOAAILINN KOHTYP C TOKOM I, HET dep-
POMarHeTHKOB, TO BEKTOP MarHUTHOW MHAYKIMU B (cM. 3akoH buo-Casapa - Jlara-
ca (3.4), a 3HaUUT U NOTOK BEKTOpPAa MarHUTHON MHAYKIMU @ Yepe3 KOHTYp MpoIop-
LIMOHAJIEH CUJIE TOKA O~I ¥ MOKHO BBECTH KOI(D(PUIMEHT IPONOPLMOHAIEHOCTH

- ® =LIL (4.17)
T / N :
N BUTKOB «— N 3neck L — unoykmueHocms KOHTYDA.
> - Bnepseie ee BBenm  B. Towmmcon
— e s
n- N 5 / (KenpBun) B 1853r. MoxHO moOKa-
\‘ y — — l"“' 4"
- ] 1513 (A N 3aTh, 4YTO MHAYKTHMBHOCTb BCErAa
e = - % \\ MOJIOKHUTENIbHA M 3aBHCHUT TOJBKO OT
R N dbopMbl U pa3MEpPOB KOHTYpa, a TaK-
S S T " € OT MAarHUTHBIX CBOWCTB OKpY-
S ' xaromel cpenpl. Exununa usmepe-
= - : HUS UHAYKTUBHOCTH- 2eHpu (I'H).
I Puc. 4.7 Y p

[['H] = [BO6]/[A].
Jns mpumepa Hailnem, npeHeOperas
KpaeBbIMU 3 (pekTaMu, THAYKTUBHOCTb JJIMHHOTO COJIEHOUAAa 00beMOM V=S/,
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N o
YUCJIIOM BUTKOB Ha CAVMHULY TJIMHBI n, 27, MAarouTHOH IIPOHUITACMOCTBIO BCUICCTBA

BHYTPH COJICHOWJA - . 37€Ch S - IJIOMIAIh TOBEPXHOCTH OJHOTO BUTKA, [ - JJIMHA
coJieHoMu1a U N- oO1ee unciio BUTKOB (puc. 4.7). B npeHeOpexxeHnn KpaeBbIMH d(-
(dekTaMu MarHUTHOE MOJI€ B JNIMHHOM COJICHOUJIE OAHOPOJHO U MOJYJIb €TI0 BEKTOpa
MarHUTHOW MHAyKuuu (TiaBa 3, paznaen 3.6)

B=WOI;II=WOHII- (4.18)

Bri0upas BeKTOp HOpMalu K IUIOCKOCTH BUTKA B COOTBETCTBUU C HAIIPABICHUEM TO-
Ka MOJIy4yaeM, YTO OH COHanpaeen BEKTOPY MarHUTHOW MHIYKLIMU, U ISl MATHUTHO-
ro MOTOKA Yepe3 Kax /bl BUTOK COJIEHOUA, UMEEM

® =BScos0= zu,n,IS. (4.19)

MaruutHbslid TOTOK ¥, MPOHU3BIBAIOIINK N OJIMHAKOBBIX BUTKOB, (nOMOKOCYenIeHue)
ONPEAEIAETCS COOTHOICHUEM

¥ = N® =Nypyn, IS = pugtn, S = gy, "V

Tornga, UHIYKTUBHOCTB COoJieHOUa paBHa (4.17)

2
L=T=Wonf\7=uuoljs- (4.20)
HpI/I N3MECHCHHUU CUJIBI TOKA B HpOI/I3BOHBHOM KOHType MCHIACTCHA BeKTOp MarHurT-
HOM WHIYKIIMH, & 3HAYUT U MATHUTHBIN TIOTOK Yepe3 3TOT KOHTYp. Clie0BaTeNbHO, B
HEM CaMOM AOJI’KHA HaBOAUTCA 3/C, KOTOpaH HaA3bIBACTCAA 306' CaMOZ/lHayKuuu &s.
H@ﬂeHlxle B03HUKHOBEHUA uHOyKL;UOHHOZO JJIEeKnmpuiecKkoeco mokxKa 6 3AMKHYmMOM
npO@OdﬂW@M KOHmype npu U3MeHeHuu mokKa 6 HeM HA3bleaemcsl CaMOuHOyKL;ueﬁ.

Tak xkak ® = LI, TO
dd  d(LI)
gg=——=———=,
dt dt
Ecnu npu u3MeHeHuu Toka B KOHTYpE €ro UHIYKTUBHOCTh HE MEHsieTcs ( T.€. HE Me-

HseTCS KOH(UTypalysi KOHTYpa U HET eppOMarHUTHOM CpeJibl), TO

- deh _, dr 4.21)
dt dt
HCHOJ’IB3Y§I 3aKOH OMa, IMOJIYYHUM BBIPAKCHHUC OJISI TOKA CAMOUHAYKIINA
g __1d0_ Ld (4.22)

R Rdt Rdt
3nak MunHycC B (4.21) u (4.22) noka3bIBaeT, YTO 3JIC «BBI3BIBAET» WHIYKIIMOHHBIN TOK,
HaIlpaBJICHHBIA MPOTUB U3MEHEHMsI TTIEPBOHAYATILHOT'O TOKA B COOTBETCTBHUH C MPABU-
jom JleHna. D¢ caMOMHAYKITMU TTPOTUBOCHCTBYET NMEPBOHAYAIIBHOMY TOKY, KOTJa
OH YBEJIMUMBACTCA W TMOJJEPKUBAET €ro, Korja oH yMeHbInaercs. OnpenenuMm Ha

IpUMepe OJHOTO BUTKA C TOKOM HAMPABJICHUE UHIYKIIMOHHOTO TOKa UCXOJS U3 BHI-
pakKeHUs I TOKa CaMOUHAYKIUH (4.22).
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Br16epem 3a mostoKUTEIbHOE HAIIpaBIeHNEe 00X0/1a KOHTYpa HaIllpaBJIeHUE TIPOTe-
KaHUs MEpPBOHAYAILHOTO TOKA I B HeM (Oenasi ctpeinika BHM3) T.e. [ > 0. Toraa BekTop
HOpPMAIIM §i HAIpABIICH CleBa - HarmpaBo (puc. 4.8). BexTop MarHUTHOM HHAyKuHK B
TaKOro BUTKA C TOKOM TakK)Ke HalpaBJeH B ATy

s:_£§<0 :_£§>O
R dt * Rt .
B, ) ] B
I1>0 ﬂ ._"ﬁ I>0 -
§> §<0
dt q dt .

Puc. 4.8

cropony ( 0enas cTpeska BIPaBO) H, CIIENOBATENBHO, TaK KAK B ¥ i COHAINpPaBJIEHbI,
MAarHUTHBIM ITOTOK NEPBOHAYAIBHOTO TOKA YEPE3 IIIOCKOCTh, OTPAHUYECHHYIO KOHTY-
POM, TIOJIOKHUTETIEH.

o dl
Ilycth nepBoHavYaIbHbIM TOK BO3PACTaET, T.€. « >0 (puc. 4.8a). Torga Tox camo-

UHIYKIHMK I = —%%< 0 (uepHas cTpeika BBepx). TakuM 00pa3oM, B COOTBETCTBUU

¢ nmpaBwioM JIeHIIa MHAYKIIMOHHBIA TOK OTPULATEIEH. DTO 3HAYUT, YTO OH HAlpaB-
JIeH B CTOPOHY, OOpAaTHYIO HalpaBJIEHUIO NEPBOHAYAIBHOIO TOKA, U MEIIAET MEPBO-
Ha4yaJIbHOMY TOKY BO3pactarb. IIpm TakoMm HampaBie€HHMM TOKa CAMOMHAYKLMHU €TI0

BCKTOD MarHUTHOM WHAYKIHNH E COCTABJIACT YIoJl 7 C BCKTOPOM HOPMaAJIM K KOHTY-

S

Py, @ MarHUTHBIM MOTOK Yepe3 MIOCKOCTh OTPAHUYECHHYIO KOHTYPOM - OTPUIATEIICH.
. dl
IIycts nepBOHavYaabHBIM TOK YMEHBIIAETCS, T.€. a< 0 (puc. 4.86). Torna Tok ca-

L dI
MOMHIYKIMH [ = _Ed_> 0 (uepHas ctpenka BHU3). TakuM 00pa3oM, B COOTBETCT-
t
BUU C NpaBwiIoM JIeHIla MHIAYKIIMOHHBI TOK IOJIO)KUTEJIEH. JTO 03HAYAET, YTO OH
HaIpaBJIEH 10 HAIPABJICHUIO NEPBOHAYAIBHOIO TOKAa M MEIIAET NEPBOHAYAIBHOMY
TOKY yMEHbIIAThCS, T.€. MOJAEpKUBaeT ero. [Ipm TakoM HampaBlIEeHMH TOKa CaMo-
MHIYKI[MA €0 BEKTOP MATHUTHOM MHAYKIMUA B, COHANpaBJe€H BEKTOPY HOPMAJHU K

KOHTYPY, @ MarHUTHBIM MOTOK Y€pPe3 IIOCKOCTh OrPAaHUYEHHYIO KOHTYPOM - IOJIO-

KHUTCIICH.
Bonpocwei u 3a0danus 0na camonpoeepkKu

f—

OT KaKuX XapaKTepUCTUK KOHTYpa U OKPYKaIOLIEH Cpe/ibl 3aBUCUT €r0 MHAYKTUBHOCTH?
2. B kakux enununax B cucreme CU uzmepsiercs:s MHAYKTUBHOCTh?

Ecnu 3aBUCUMOCTB OT BpeMEHHM 3/IC 6aTapen KOHTypa JHMHEHHas!, TO SBJSAETCS JIU JIMHEH-
HOH 3aBHCHMOCTb OT BPEMEHU MHIYKIIMOHHOTO TOKAa B ’TOM KOHType?

Bo3HukHeT 11 54C CAMOUHIYKIIMHA U UHTYKIIMOHHBIN TOK B pa30MKHYTOM KOHTYpeE ?
Jaiite onpeneneHne sIBICHUS] CAMOMHTYKIIUH.

3anuiuuTe BhIpaKEHUE AJI MOTOKOCLEIUIEHUS COJIEHOU 1A, COCTOAIETO U3 N BUTKOB.
3aBUCHUT JIM MHAYKTUBHOCTh KOHTYpa OT CHJIbI TOKA B HEM?

(98]

Nowk
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4.4. Ilepexoanble npouecchbl NPH Pa3sMbIKAHUYN U 3AMbIKAHUH 1[€NH

XapaKTepHBIG IMPOABJIICHUA SIBJICHUSA CAMOWHIAYKIITHUN Ha6J'IIOI[aIOTC$I IIpH1 pa3MbIKa-
HUHU N 3aMBbIKaAHHWH TOKA B SHCKTpI/I‘IeCKOﬁ OCIIN.

Hcue3HoBeHHE TOKA IIPpH pasMbIKAHHUM HECIIH

~r 1
e Iy
R
®
I I()/e
Pe———
- 0
K
T
& §)
a Puc. 4.9

[TycTh Henb COCTOUT M3 UCTOYHMKA TOKA C 3JIC € W HYJEBBIM BHYTPEHHUM COMPO-
TUBJIEHUEM, PE3UCTOpPA C COMPOTUBJICHUEM R, KaTYIIKH UHIYKTUBHOCTU C MOCTOSH-
HOM MHIYKTUBHOCTHIO L u kitoya K. [lepBoHauanbHO KJIHOY HAXOAMTCS B HUXKHEM
noJioxkeHuu (puc. 4.9a), ¥ B LIETIH TEYET TOK

B MOMEHT t = 0 mOBEpHEM KIIFOY I10 HAIIPABJICHUIO JBUXEHHS YaCOBOM CTPEIIKU U3
HIKHETO TIOJIOKEHUS B BEpPXHEE U OTKIIFOYMM LEMb OT UCTOYHUKA. TOK uepe3 UHAYK-
TUBHOCTh HAYHET YOBIBaTh. ITO MPUBEET K BOSHUKHOBEHUIO 3JIC CAMOUHIYKITUU

dl
Es= _L— ’
dt
KOTOpas MPOTUBOICUCTBYET, IO npaBuity JIeHia, yopiBaHuio Toka. Tak Kak 3T0O eI1H-
CTBEHHOE 3JIC, KOTOPOE ACHUCTBYET B LEMH, TO B KAXIbII MOMEHT BPEMEHHU TOK B
KOHTYPE - 3TO TOK CAMOUHYKIIUU

=1 ==
R
NN
RI= g4 = —Lﬂ .
dt
[TpeoOpa3yeM 3TO BEIPAKCHHE K BUIY
d_ R
St
1L

3a BpeMs OT 0 10 t TOK H3MeHuTcs oT Iy 1o 1. IIpouHTErpupyemM npaByro U JIEBYIO
4acTh B YKA3aHHBIX IIPEJEIIaX.
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B34B unTErpaisl, noryyum

500041

InI - Inl, :—lz(t -0) :—lzt-

Tak kak pazHOCTb JIorapu(MoB paBHaA JIOTapu(My OTHOLIEHUS, TO

In(I/1,) = —lit .

[loTeHIMpysl 3TO ypaBHEHUE, ITOIYy4aeM

HNJIN

)=l 7, (4.23)
L
rac r= E — epem: pejakcayuu, T.C. BpCMH, B TCUCHUC KOTOpOFO, cyuTaid OT MOMCHTA

pa3MbIKaHMs 1IeTH, CUJIa TOKA YMEHBIIAETCA B e pa3. 3aBUCUMOCTSH (4.23) npeacras-

neHa Ha puc. 4.96.
IHpumepovt peurenusn 3a0au

3agaua 4.7

Conenony ( KaTyIika MHIYKTUBHOCTH) guaMeTpoM d =3 ¢cM MMeeT OJTHOCIONHYI0 0OMOTKY U3
IUIOTHO MPUJIETAIONIUX APYT K APYTYy BUTKOB ATIOMHUHHEBOTO MPOBOJIA C YAECIbHBIM COMTPOTUBIICHH-
em p = 26 HOMmM u auametpom d; = 0,3 mm. Ilo conenonay teuet Tok Ip= 0,5 A. Onpeaenuts Ko-
JMYECTBO 3JIEKTPUUECTBA (, MPOTEKIIIEE MO COJICHOUIY, €CIIU €r0 3aKOPOTHUTD.

Jlano: d=3cm=3-10"m; I
p=260MM=2.610%0mn; =000 ke
d; =03 Mm=3-10"u; Iy
I() :0,5 A.
Haitru: q.
0 ~—,

[Tpu KOPOTKOM 3aMBIKAHHH COJICHOUAA OH OYJET OTKIIOYEH OT UCTOYHUKA MUTAHUSI. DTO BBI3O-
BET YMCHBIIICHHE TOKAa Yepe3 COJICHOU] U, KaK CJICJACTBUE, BOSHUKHOBEHUE SIBJICHHUS CaMOWHIYK-
1 B HeMm. CornacHo ypaBHeHHIO (4.23)

t R
't

I(t)=1pe T=Ie L
ITo onpenenenuro
[ da
dt
CrnenoBaTeibHO,
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dq = Idt.
ITpouHTErpUpyeM MpaByro 4acTh paBeHcTBa OT O 10 00, a JIEBYIO COOTBETCTBEHHO OT 0 J10 q

qu’ :T Idt
0 0

NI
TN LT S R L & L L
— L — 1 = L _ ——J = L |®°__T1 —_ _ — —
q .([Ioe dt = IOR!:e d(-T =1, e = o O=D =1y

Cornacho (4.20)
2

N
L:IU/JO TS

2
3neck [ = Nd; — anunHa conenounna, S = 7d”/4 — TUIOMIA[b €TO TMOMEPEYHOrO CeueHUs (HE BUTKA).
JlyinHa MPOBOJIOKH, W3 KOTOpou caenaH coneHous; /; = zdN. [Tnomane monepeyHoro ce4eHus mpo-
BOJIOKH — S| = 7l'd12/4 u ee conpoTtuBienue R=p/;/S;=4 pdN/dlz. CnenmoBartensHO,

L _ Iy u,Nrd’d; _ BT dd,

= =42,7 mxKi1.
R 4d,p4dN 16p

q=1I

OtBet: q = 2,7 MxKu1.

IlosiB1eHUe TOKA npu 3aMbIKAaHHUH L ECTIN

IlycTh B TOI k€ cxeMe NMepBOHAYAIBHO KJIIOU HAXOJMUTCS B BEPXHEM MOJIOKEHUU,
U B IleNH ToKa HeT. B MoMeHT t =0  (puc.4.10a) moBepHEeM KJIt04 IPOTHUB HampaBJie-
HUS JBUKECHHS YaCOBOU CTPEIKU U3 BEPXHETO MOJOKEHUS B HUKHEE U MOJKIIOUUM
IeNb K MCTOYHUKY TOKA. B pe3ynbTare TOK B 1€MW HAYMHAET HapacTaTh U BOSHUKHET
37IC CAMOMHIYKIIMH, TPOTUBOICUCTBYIOIAs 3TOMY HapaCcTaHMUIO.

1A

I Lin 1 e

Puc. 4.10

CornacHo 3akoHy OMa 1Ji 3aMKHYTON HEOJIHOPOJHOU IEMU C HECKOJIbKUMH UCTOY-
HUKaMH 3]IC

IR=g+sS=s—Lg.
dt
[IpeobpazyeM 3TO BbIpaKEHUE K BUAY
RI-Z) = 14
R dt

NN
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dl R
o= ——dt.
I — L
R
J106aBUM MOCTOSTHHOE CllaraeMoe 1moj1 3Hak fuddepeHimana B JIEBYIO 4YacTh YPaBHEHUS

da-2y dcE-n
R___R :—%dt. (4.24)

- fg
R R

3a Bpems OT 0 70 t TOK U3MeHsieTcst OT 0 110 1, a BeIpaxkeHue, crosiiee moa audde-

€ €
PEHILMAIIOM, — OT — 110 E_l' [IpounTerpupyeM npaByr0 u JeByr 4YacTh (4.24) B
yKa3aHHBIX TIpeienax.
O Gt W
R _
= for 0
R R
B pesynbraTe nmeem

. |

ln(§ - 1n(§) = In( RS Ry= -2t

L

[ToreHumpys, momydaem

€ L
IIycth [ =—Hu7r=—. Torma BbIpa)keHHUE 3aBUCUMOCTH TOKA OT BPEMEHU TPUHUMA-
R R

eT (puc. 4.100) Bun

HNJIN

I(t)=1_(1-e 7). (4.25)
S v o
O‘{CBI/I,ZIHO, YTO Im :E — MAKCHUMAaJIbHBIU TOK, ycmarosusuiuucs B LCIIU IIPH t — oo, A

T — @pems YCMAaHOBIeHUsl MOKA, T.€. BPEMs, CUMTasi OT MOMEHTa 3aMbIKaHUs, B TEYE-
HHUE KOTOPOTO CUjla TOKA JOCTUTaeT 3HaueHus B (e-1)/e pa3 MeHbIlIe MAaKCUMAJIHHO.

Bonpocwei u 3a0danusa 0na camonpoeepkKu

1. Ilouemy mpu pa3MbIKaHUU U 3aMBIKaHUH AJIEKTPUYECKOTO KOHTYpa TOK CIIAJAeT U Hapac-
TaeT HE MTHOBEHHO?

2. Yepes Kakoe BpeMs TOK IPH 3aMbIKAaHHUHU KOHTYpPa C MHIYKTHUBHOCTBIO JTOCTUTHET MAaKCH-
Myma?

3. UeMy paBHO BpeMs pesakcanuu?
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4.  UYepes kakoe BpeMs TOK IPU pa3MbIKAHUU LIENU C UHIYKTUBHOCTBIO YMEHBIIUTCS A0 HYJIsA?

C kakoil MEXaHMUYECKON XapaKTEPUCTUKOH TeJla MOYKHO CPaBHUTh MHIYKTUBHOCTB?

6.  C 0IMHAKOBBIM JM YCKOPEHUEM MaJaeT MaJeHbKUI MOJIOCOBOM MarHuT Yepe3 BEpTUKAIIb-
HO CTOSIIYIO KaTyLIKy IPU 3aMKHYTOM U pa30MKHYTOM 0OMOTKe KaTyIIku?

e

Hpumepor pewmwenusn 3a0au

3anava 4.8
Karymiky nanykruBaoct L = 0,6 ['H monkimroyaroT K UICTOYHUKY ToKa. OnpenenuTe ConpoTUBICHNE
KaTYIIKH, €CJIH 32 BpeMsl t; = 3 ¢ cuiia Toka 4epe3 KaTymkv mocturaet 4 = 0,8 mpenesHoro 3Ha4eHusl.

Hano: L=0,6 I'n; 1
t; = 3c; Im - -
n= 0,8 Il _______ ;
Hariti:R |
: >
0 t; t

B pe3ynbrare noakiroueHMs KaTyIIKH MHAYKTUBHOCTH K UCTOUYHUKY TOKA IO HEW MOWJET nepe-
MEHHBII TOK, KOTOPBI Oy/IeT HAaBOJUTh B KaTYIIKE TOK CAMOMHIYKIIMH. Pe3yIbTUPYIOIINIT TOK paBeH

t R
— ——t

()=Inl-e T)=Inl-e L.

Tak kak I =I(ty) = nln,
R

70 Ma=In(1— e L.

Coxpatum JIeBYIO U PaBYIO 4acTh Ha I, W mpeoOpasyem BBIpaKEHHE K BUIY

Jlorapudgmupys ero, noyydaem

R
In(l1-n)=Ine L =-Th

Torna
L In(l-) _ 0,61n0,2
t

R= =322 MmOwm.

OtBeT: R =322 MOmMm.

4.5. B3aumHasi HHAYKIUA

Aenenue 803HUKHOBEHUS UHOVKYUOHHO2O MOKA 8 0OHOM 3AMKHYIMOM NPOBOOSUieM
KOHmMype npu usMeHeHUuu moKa 6 Opy2oM HA3bl8Aemcs 63aUMOUHOVKYUELL.

PaccmoTprm 1Ba HENMOJABHUKHBIX KOHTYpa C CONPOTUBIICHUSAMU R; U R,, pacnoiio-
YKEHHBIE IOCTATOYHO OJIM3KO APYT OT Apyra. Ecau B mepBoM KOHTYpe Te€UeT TOK Ij, TO
MarHuTHOE I0JI€ B, 3TOT0 TOKA CO3/Ja€T MAarHUTHBIN MOTOK @,; Yepe3 MOBEPXHOCTh

195



BTOPOTO KOHTYypa, MPOMOPIMOHAIBHBINA, Kak ciemyeT u3 3akoHa buo-Casapa-
Jlannaca (3.4), Toky I, T.€.
©2= Loy, (4.26)

Ecim MarHiTHbIH IOTOK 3aBHCHT OT BPEMEHH, TO BO BTOPOM KOHTYPE BO3HUKAET 3JIC MHIYKLIMH &
_ dDy, d(Ly L)

&2~ =
S dt
U TSUCT HH,HYKHHOHHBIﬁ TOK
L _Es 4Lyl
R, R,dt

Ecan BO BTOPOM KOHTYPC TCUCT TOK I,, TO MarHuTHOE I0JIE P’z 9TOTI'0 TOKa CO31acT

MAarHUTHBIA MOTOK ®;, Y€PE3 IMOBEPXHOCTh MEPBOr0 KOHTYpPA, NPOMOPIIMOHATIBHBIN
TOKY I, , T.C.
@y, =Lk (4.27)

Ecnu MarsuTHBIN NOTOK 3aBUCUT OT BPEMEHU, TO B IIEPBOM KOHTYPE BO3HHMKAET JJIC
VHIYKLUH €y

= d®;,  d(Lpl,)
2=- =—

dt dt
Y T€YET UHAYKIIMOHHBIA TOK
I =8;2=_d(L1212).
2R, R dt
Ecmu L, wm L, HE 3aBUCAT OT BpPEMEHU, TO
& == L EPVRE) =T
21 20740 2 R, dt
(4.28)
€n=-Ljp,—, =———=
BT g 0 TR, dt

BBenennbie Bblle K03()PUIMEHTH MPONOPIHUOHATBHOCTH Ly M L1,  Ha3bIBarOTCS
83AUMHBIMU UHOYKIMUBHOCMAMY KOHmMYpo8. B3anMHass MHIYKTUBHOCTb YHMCIEHHO
paBHa MarHUTHOMY IOTOKY CKBO3b OJIMH M3 KOHTYPOB, CO3/1aBA€MOMY €IWHHYHBIM
TOKOM B JIpyroM KOHType. B3anMHbIe HHIYKTUBHOCTH 3aBUCAT TOJBKO OT B3aUMHOM
KOHQUTYpallui KOHTYpPOB M MAarHUTHOW MPOHHUIIAEMOCTH cpenabl. PasmepHOCTh KO-
¢ punenToB - eenpu (I'n). B otnnune ot uHAYKTUBHOCTH L K03 puumeHTs B3au-
MOMHAYKIIMM MOTYT ObITh KaK IMOJIOKUTEIbHBIMU, TaK U OTpHULIaTeIbHBIMU. Hecmoxk-
HO II0KAa3aTh, YTO CIPABEUINBA Meopema 63auMHOCMU. 8 OMCYymcmeuu geppomac-
HUMHOUL Cpeobl 83AUMHbBIE UHOYKIMUBHOCMU KOHMYPOE 0OUHAKOBYL T.€.

Lix=Loj.

CMBICH 3TOM TEOPEMBI COCTOUT B TOM, YTO MPH MPOIMYCKAHUU OJTHOTO U TOTO KE IO
BEJIMYMHE TOKA =1 =1, Yepe3 1000l U3 AByX KOHTYpOB MAarHUTHBIN IOTOK 4Y€pPE3

JIPYrol KOHTYp Bcerda OyJeT OIHUM M TeM ke, T.e ®y= Lyl = Ll = @ 5. OT™me-
THM,UYTO Ha SBJICHMM B3aUMHON WHIYKIIMH OCHOBAHO JCHCTBHE TpaHC(HOPMATOPOB.
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HHpumepo pewmienusn 3a0au

3agaua 4.9

JIBe KaTylIKU MMEIOT B3aUMHYI0 MHIYKTUBHOCTBb Lo = L) = 5 MI'H. B nepBoii karymike Tok
nu3Mensiercs 1o 3akony I; = Ipsinwt, rae [p = 10 A, o =2#/T, T = 0,02 c. Haiitu &,;, uHgynupyemyio
BO BTOPOM KaTyIlIKe, U HauOOJbllIee 3HAUCHUE 3TOH 3AC €3 max.

Hano: Ly =L, =5 MIH; Iosinmt NS _3\
I, = Ipsinot, ®» = 27/T; —X ﬁ
Ip=10 A; L
T=0,02c. 21

Haiitu: €1, €21max-

&1

Cornacho (4.28) (I, =1)

&1 = _L21 a

IIo YCJIOBHIO 3a1a4n
I] = IoSil’lO)t.

Torna

£21= —L, % — _ Lyolocosot = —15,7c0s(100zt) B.

OtBet: €1 = —15,7cos(100xt)B, €1max = 15,7 B.

I/IHI[yKTHBHOCTb COCIMHCHHUSA KATYIICK

B oOmiem cnydae kaTylku MOTYT ObITh COEMHEHBI nocredosamenvHo (4epe3 ooe
KaTyIIK{ TEYET OJUH M TOT )K€ TOK) U napaiieibHo (OJHO U TO Ke HANPSHKCHUE TIPH-
JIO’KEHO K 00eMM KaTylikam). Eciim MarHUTHBIN MOTOK, KOTOPBIA CO3/1a€T TOK OJTHOM
KaTYIIKH B MECTE PACIIOJIOKEHUSI APYTOM TOJIOKHUTEJIEH, T.€. HAIIPABJICHUS BEKTOPOB
MarHMTHOM MHAYKIIUU OT Pa3HbIX KaTYIIEK B MECTE PACIOJIOKEHUsS KaKJIOH M3 HUX
COBIIAJIAlOT, TO TOBOPSAT, YTO KATYIIKW COEIUHEHBbI coenacosanno. ECI MarHUTHBIN
IIOTOK, KOTOPBIA CO3/1A€T TOK OJIHOW KaTyIIKU B MECTE PACIIOJIOXKEHHUS IPYrol OTpHU-
I[ATEJICH, T.€. HANPAaBJICHUS BEKTOPOB MArHUTHOW MHIYKIIUU OT Pa3HBIX KaTyIIEK B
MECTE PACIIOIOKEHUS KaKJI0M U3 HUX O0OpaTHBIE, TO TOBOPST, YTO KATYIIKA COEIH-
HEHBI 6cmpeyno. Paccumraem i mpuMepa WHIYKTUBHOCTh CUCTEMBI KaTYIIEK, CO-
€IMHEHHBIX nociedosamenvHo coanacosanno (puc. 4.11a) u nocredosamenvho
scmpeyro (puc. 4.110).

ITycTh cucTemMa COCTOUT M3 IBYX KaTyIIEK ¢ COOCTBEHHON MHIYKTUBHOCTBIO L U

L,, 0 KOTOpeIM TeueT TOK I. O003HaunM depes @, — cobcmeenHblii MAaTHUTHBINA 110-

TOK (TTOTOKOCIICTICHHWE TEPBOM KaTYIIKH), ®; — cOOCMBeHHblll MAaTHUTHBINA TTOTOK
(TTOTOKOCIIETUICHHE BTOPOW KATyIIKh), ®;p— HecoOCMEeHHblli MArHUTHBIA TIOTOK,
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CO37IaHHBI BTOPOW KATYIIKOW 4Yepe3 BUTKH TMEPBOH, U @y — HECOOCMBEHHblU Mar-
HUTHBIM MOTOK, CO3JaHHBI MEPBOM KaTyIIKON 4yepe3 BUTKU BTOpou. [lo mpuHnmiy
CyNEPHO3ULINA UHAYKTUBHOCTh CUCTEMBI ONPENEIAETCS MOJHBIM IMOTOKOCLETUIEHU-
€M, T.€. CYMMapHbIM MarHUTHBIM ITOTOKOM, ITPOHU3BIBAIOIIUM BCE BUTKU CUCTEMBI.

B' A A I B‘
I A

- nl d Ill
a 5

- o

S==F s=—HE

| . v
By puc. 411 B,

BribepemM B COOTBETCTBHM € IIPABUJIOM MPABOT0 BUHTA HAIPaBJIEHUE BEKTOPOB HOP-
Majy K IOBEPXHOCTSAM, OrPAHUYEHHBIM BUTKAMM KaTyIIKHA 0 KOTOPBIM HMJAET TOK:
BpallaTelbHOE JIBHKEHNE MPABOr0 BUHTA COBMA/JAET C HAIIPABJIECHUEM TOKA (HAmpaB-
JI€HHE TOJIOKUTEIBFHOTO 00X0/a), a MOCTYIMaTelbHOE JAeT HAMpaBlIEHHE BEKTOpA
HOpMajii. B COOTBETCTBMU C 3TUM K€ MPABWIOM OIPEAEIIUM HalpaBieHUE coOCm-
6€HHbIX BEKTOPOB MArHUTHOW MHAYKIMHU B KATyIIKaX: BpallaTeIbHOE JBUKECHUE TIpa-
BOI'0 BUHTA COBIIAJIa€T C HANPABJICHUEM TOKA, a MOCTYNATEIbHOE AT HAIIPABIICHHUE
BEKTOpAa MarHMTHOM MHAYKUMH. B pe3ynbTaTe mosyyaeM MapajjienbHOCTh BEKTOPOB
HOpMaJIi U MarHUTHOM MHIYKIUU U, KaK CJIEACTBHUE, MOJOKUTEIbHOCTh COOCMBEH-
HbIX MAarHUTHBIX MOTOKOB @ U @, , T.K. Elﬁl >0 u ]§2ﬁ2 > 0.MlHAYKTUBHOCTH 3TUX

KaTylleK L, u L,, onpenenseMsble U3 BEIPAXKECHUN
CDl: Lll (D2:L2I,

U TaKXe MOJIOKUTENbHbI. Hecobcmeennvble MarHUTHBIE TOTOKU MOTYT OBITh IOJIOXKH-
TEJIBHBIMU U OTPUIATENIbHBIMU B 3aBUCIMOCTH OT YTJIa MKy BEKTOPOM MarHUTHOM
UHAYKIUMA OJHOM KaTYIIKH B MECTE PaMIIOJIOKEHUSI BUTKOB APYTroil U BEKTOpa HOp-
MaJli K BUTKaM ApYrod KaTymku. Eciim KaTylmku coeauHeHsl coenacosano (puc.4.11 a),

TO HecoOcmeenHble TOTOKU MOJIOKUTENbHBL, T.K. Bn, >0 u B,n, >0.Torxa
(-Dzl = (-Dlz = lel = LIZI = ML

Ecmu xatymiku coenuuensl écmpeuro (puc.4.11 6), To Hecobcmeennble TIOTOKU OTPH-
narensHsl, T.K. Bn, <0 u B,n, <0. Torna

CD21 = CD12: lel = lel = - MI,
rae M =|L12‘ = |L21‘ . B o01ieM ciiyuae MHIYKTHBHOCTD BCEH CHCTEMbI paBHA

L=CI)Z =CI>I+CI)2-|rCI)12+CI)21 =L1+L2i2MI:L1+L2i2M- (4.30)
I I I
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Bonpocwot u 3a0anus 0nsa camonpoeepKu

[aiite onpeneneHue sIBICHUS B3aUMHOW UHIYKIUH.

B yem cMbICT TeopeMbl B3aUMHOCTH?

Ot vero 3aBHUCAT KOAPPHUITASHTHI B3aUMHOW MHTYKIIMU U B KAKUX TUHUAIIAX OHU U3MEPSIFOTCS?
N300pa3ute Ha pUCyHKE TapauieIbHOE U TIOCTIEI0BATEIbHOE COSIMHEHHIE KATYIICK.

Kak nampaBieHbl BEKTOpPbl MarHUTHOM MHIYKIUHM OT JABYX Pa3HbIX KaTyIIeK B MECTe
PaCTIONIOKEHUS KaXI0M U3 HUX, €CIIM KaTyIIKH BKIFOYEHBI BCTPEYHO; COTIIACOBAHHO?
Kakmne marHuTHbBIE MOTOKM BHOCST BKJaJ B MarHUTHBIA MOTOK BCEH CUCTEMBI, COCTOS-
e U3 JBYX MOCIEA0BATEIbHO COCTUHEHHBIX KATYIIeK?

ARl S

o

4.6. DHeprus MArHUTHOIO TOJISI

PaCCMOTpI/IM IMponecC 3aMbIKaHUA ICIIM B KOHTYPC C KICTOYHHUKOM TOKa C 3AC €,
PE3UCTOPOM C COIMPOTUBICHUCM Ru KaTYHIKOﬁ WHAYKTUBHOCTH C MHAYKTUBHOCTBIO
L nHa ocHOBaHMH 3aKOHa COXPaHCHUA SHCPTHH. HpI/I 3dMbIKaHWH B KOHTYpPC HadYuHa-
€T BO3pacTaTb TOK U BO3HUKACT DJAC CAMOMHIAYKIUU & . CornacHo 3dKOHY Owma JJIs1

HCOI[HOpO,Z[HOﬁ [EIIU C HECKOJBbKNMH UCTOYHHUKAMU DJIC
IR=¢ + ¢4

YN
e=IR —&s. (4.31)

Tak kak 3/Ic YMCIEHHO paBHAa pabOTe CTOPOHHUX CUJI MO NEPEHECEHUIO €AMHUYHOIO
MOJIOKUTENILHOTO 3aps/ia TI0 3aMKHYTOMY KOHTYpY, TO pa0oTa MCTOYHHMKA TOKa IO
nepeHeceHuto 3apsaa dq mo 3ToMy KOHTYpYy paBHa

dA=¢dq. (4.32)
I1o onpenenenuto
dq
[=—1. 4.33
. (4.33)

Torna, noacrasnsis (4.33) u (4.31) B (4.32), nonyunm
dA = eldt = (IR — g5)Idt = I’'Rdt — &ldt. (4.33)
Cornacno 3akony [[xoynsa-Jlenna (2.60-2.61)
dQ=1°Rdt, (4.34)

rae dQ — KOJIMYECTBO TEIUIa, BBIACIMBIIEECS B IPOBOJHUKE C CONPOTUBIIEHUEM R ITpU
IPOXOXKICHNHU IO HeMY ToKa I 3a Bpems dt. O003HaYNM

dz«ﬂorl = —8sldt. (435)
Torna, noacrasmusis (4.34) u (4.35) B (4.33), nonyunm

dA =dQ+ dA™",
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Y4yutsiBas, 4To

dt ’
nepenuiemM BoipaxkeHue s dA B Buae

dA=dQ+‘f1dt=dQ+1ch-

B npouecce 3ampikanus 1enu Tok I pacter co BpemeHeM. ClenoBaTenbHO, PacTeT
CO BPEMEHEM €ro MAarHUTHBIM IMOTOK 4Yepe3 COOCTBEHHBbIM KOHTyp ® = LI, T.e.
d® > 0.3HauuT U dA™"=1d® > 0. Torma dA > dQ. Takum oOpa3om, UCTOYHUK TOKA 3a
Bpemst dt coBepiaeT padoTy dA, MPEBBIIAIOUIYIO KOJIMYECTBO BBIIEISIEMOrO B KOH-
Type JUKOyIeBa T€Ia dQ, T.K. MCTOYHHUK JOJDKEH «IPOTAJIKUBATH» TOK IO LIEIH, HE
TOJIBKO MPE0J0JIeBasi CONIPOTUBJICHUE MPOBOJHNUKA, HO M COIPOTUBIICHUE CTOPOHHUX
CWJI, MELIAIOIINUX TOKY BO3PACTaTh, U3-32 BOSHUKHOBEHUS JJC CAMOMHIYKIUU. Y4u-
TBIBas, YTO

do = LdI,

nepenuiiem (4.35) B Buae

dA™" =LIdI . (4.36)
JIto6as paboTa ecTh Mepa U3MEHEHHUS KaKON-IM00 SHEPTUH, TIOITOMY

dW = dA™™",
rae dW-— OecKOHEYHO Majioe U3MEHEHUE YHEPTUHU, CBI3aHHOE C COBEPIICHUEM Oec-
KOHEUHO Majoil pabotel dA™". [IpouHTerpUpyem JIEBYIO 4acTh ypaBHeHuUs (4.36) oT

0 10 A*", a mpaByt0 OT 0 710 I

e I
j dA™" = j LIdr’.
0 0

2
X
Tak kak I xdx = - + const, TO

2

aron= L (4.37)

2

B HavyanbHBII MOMEHT 3aMbIKaHMs LeNH [ = 0 1 MarHUTHOIO IOJISI B KOHTYPE HET
(B =0). B 11000i#1 mocieayomnii MOMEHT BpEMEHH B KOHTYpE €cTh TOK (I #0) 1 Mar-
HUTHOE To1e (B #0), co3maHHOe TOKOM. [Ipy 3TOM UCTOYHHK TOKa COBEPIIACT HEKO-
TOPYIO JOMOJIHUTENIBbHYIO paboTy, KOTOpasi U UAET Ha CO3JaHME MAarHUTHOTO MOJS.
Bennuuna 3101 pabOThI paBHAa U3MEHEHUIO MAarHUTHOW sHepruu. Takum oOpaszom,
SHEPrys MarHUTHOIO MOJsI KOHTYpa C MHAYKTHBHOCTBIO L, IO KOTOPOMY TE€YET TOK

I ¢ yuerom Beipakenus (4.17) , paBHa

W= = b= (4.38)



BrelpakxeHne i1 SHEPrMM KOHTypa C TOKOM BIEpPBBIE IMOIy4eHO B.TomiicoHom
(KenbBunom) B 1853r.

BhIpasuM SHEPrUI0 MarHUTHOTO IOJIA Yepe3 BEKTOP MArHUTHOM MHIYKIMH B.
JI71s1 3TOro pacCMOTPUM OJHOPOJIHOE MOJIE JNIMHHOTO coneHouza. [loacrasiss Beipa-
keausa i1 u L u3 (4.20) u (4.18)

B/ . N’V
[=—— 9 L = _
N Ky /2
B BbIpakeHue (4.38), moydum
, L
w=_B y_BH (4.39)
2, 2

- B
rae H=—— - Hanps>KeHHOCTh MarHuTHoro mnods (3.44). Tak kak MarHUTHOE MOJIe
Hiy
JUIMHHOT'O COJIEHOM/Ia OJHOPOAHO, TO INIOTHOCTh MArHUTHOM SHEPTUU
W B’ BH

Voo2up, 2
O06001MM BhIpaXKeHUE ISl TNIOTHOCTU MarHUTHOM sHepruu (4.40) Ha cimydail Heoa-
HOPOJHOTO TIOJI M 3alHIlleM B OOIIEM BHJIE BBIPAXKEHHUE ISl SHEPTUU MArHUTHOTO
110Jig W, 3aKJIIOYEHHOT0 B 00beMe V

W= lw delzi; deiﬁzﬁ dv. (4.41)

(4.40)

Hpumepol pewenus 3adau

3agaua 4.10

UnaykrusHoCTh coenonaa L = 0,4 M[H npu mmpe /=1 M 1 IIIOIaa1 MONEPEYHOro CEYEHHUS
S =20 M’ Onpenenuth cwity Toka | B cosieHOUE, TP KOTOPOH 0OBbEMHAas IUIOTHOCTh DHEPTUHU
MarHMTHOTI'O 10JIsl BHYTpH Hero paBHa @ = 0,1 Jox/n,

Hano: [==1w; «l
S=20cm*=2-10" Mm% Yy
L=04Ma=410"Tg;

w=0,1 Jix/™m’. S
Haiitu:1. /HQ.\.

Cornacno Beipakenuio (4.38) u (4.40)
w =W/V = W/SI = LI’/2SL.

CrnenmoBaTenabHO,

Ortser: [ =1A.
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Ecmu KaTylmiKyu HC COCAMHCHBLI, TO MO>XHO I'OBOPUTb TOJIBKO O C0O2/1aCOBAHHOM WU

3Heprml ABYX MAIrHUTO-CBA3AHHLIX KATYIICK HHIYKTHUBHOCTH

ecmpedrHom BKIIOYCHHUHN KAaTYHICK.

COI'JIaCOBAHHOC BCTPCUHOC
.{] /-—-‘-‘ /7 —
h«%g_ﬁf h&_y, {z
o & mB ]z & Y M B
f ' \:-E; N"“‘D
N ——U =
TS ==
gg 2 83 2

Puc. 4.12

PaccMoTpuM 11BE€ psiIoM pacronoOKEHHBIX KaTymku (KoHTypa) (puc. 4.12) ¢ uH-
JAYKTUBHOCTSAMHU L; M L, COIPOTHUBICHUIMHU R; U Ry, K KOTOPBIM IIOJKJIFOYCHBI HC-
TOYHUKU TWATAHUA € U & C HYJIEBbIMH BHYTPEHHHMH COIPOTUBJICHHUSAMHU. 3aMKHEM
OJIHOBPEMEHHO 00€ KaTylIKU. B Kak1I0M U3 HUX HaYHET YCTaHaBIIUBAThCS CBOM TOK
Y, CIIEJOBATEIBHO, MOABUTCA 3JIC CAMOMHAYKIUU &5 U €5 U B3AUMOUHIYKLWU €, U
€. Takum o0pa3oM, B KaTyIIKax J€UCTBYIOT:

| karymika
€1— 9JIC ICTOYHHMKA TOKA aTylIKU

2 KaTyIika
€ — 9JIC UCTOYHHKA TOKA KaTYyIIKH

dr, d,
gsi=—L, e DJIC CAMOMHIYKIUHU €x=—L, o 5AC CaMOWHAYKIHNH

dl
—2% _ 51C B3aMMOUHIYKIIHU

dI
” €21=— L, —- — 3/C B3aMMOUHIYKIIHH

812:—L
12 dt

JanumeMm 3akoH Oma JJI51 3aMKHYTOﬁ Ji(20041 K&)KL[OI‘/’I N3 IBYX MAIrHUTHO-CBSA3dHHBIX
KaTylIcCK

LRi=¢g + &5t €

LRy= &+ &5+ €.

JlononHuTenbHas paboTa, coBeplaeMas UCTOYHMKAMH TOCTOSIHHOW 37C € U &
IPOTHUB 3/]C UHAYKIMU U CAMOMHIYKIIMH, UJIET HA «CO3/1aHue» MarHuTHoro nois. Ilo
AHAJIOTUU C PACYETOM JOMOJHUTEIBHOM PabOThl MPOTUB HAC CAMOMHAYKIIMH ISl OA-
HOT'O KOHTYpa 3allyIlIeM BbIpaKeHHUE sl OECKOHEYHO MaJION JOMOJHUTENBHOU pado-
ThI IBYX KaTylIeK Kak CyMMYy O€CKOHEYHO MaJIbIX pa0dO0T KaXI0M M3 KaTylIeK MPOTUB
9/1C CAMOMHIYKIIUU U B3aUMOMHYKLUU:
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dA™" = — elidt — €151dt — eqlodt — €5¢14dt.
[TozcTaBiiss SBHBIE BHIPAKCHUS JUIS €51, €10, €2 A €51 M COKpamas dt, momydum

dAHOH — LllldIl + L1211d12 + Lzlzdlz + L2112d11-

O603HayuM OJMHAKOBLIE (MO0 TeOpeMe B3aMMHOCTH) KO3(PPUIIMEHTH B3aUMOUHIYK-
IIUH KaK
Lo=Ly=% M,

I'JIC UCIIOJIb30BAHUE 3HAKA + WK — 3aBUCHUT OT TOI'O, BKJIKOYEHBI KaTyIIKU cocziaco-
604HO UJIN 6CMPEHHO. Toma OECKOHEUHO Majoe U3MEHEHNE MarHUTHOM OHCPTIUHU
dW = dAHOH = L]I]dI] *+M (I]dIQ + IQdI]) + Lzlzdlz =

2 2
-4t ==} (4.42)

——)=dML]I,) +d(

WNuterpupys neByro U MpaByro 4acTh BbIpaxkeHus (4.42) (_[dx =X ), IOJy4aeM 3HAUECHUE
0

CYMMapHON MarHUTHOM SHEPTUH CUCTEMbI MarHUTO-CBSI3aHHBIX KaTYIIEK (KOHTYPOB)

Lllf L,I3

W=l M. (4.43)

ITepBbie ABa ciiaraeMbIX Ha3bIBAKOTCS COOCMBEHHbIMU MACHUMHIMU IHEPSUIMU MO-
ko8 I, U I, a OCNeHee — 83AUMHOU MACHUMHOU dHepeuell 000X mokos. B otnuuue
OT COOCTBEHHOM AHEPIruM, B3aUMHas HEPrusi TOKOB, KaK U KOI(PIUIIMEHTHI B3aUM-
HOM MHIYKIUH, MOKET ObITh U OTPUIIATEIILHOMN U TOJIOKUTETHLHOM.

Bonpocwei u 3a0danusn 0na camonpoeepkKu

Cdopmynupyiite 3akon Jxoyms-Jlena.

JlaiTe onpeneneHyue CUIIbl TOKa.

Ha uro uner pabota nCTOYHMKA CHIIBI TOKA B IIPOLIECCE YCTAHOBIICHUS TOKA?

Mosxet i1 paboTa HCTOUYHUKA TOKA MPOTHB 3/IC CAMOUHIYKIIMH OBITh OTPUIIATEIILHOMN?
UeMy paBHaA 3HEPrusi U MIOTHOCTh MAarHUTHOTO MOJISA?

UTto Takoe COrlacoBaHHOE M BCTPEUHOE BKIIIOUEHHUE KATYIIECK?

3anumurte 3akoH OMa 11 KaKI0W U3 ABYX B3aUMOJECHCTBYIOIIMX KATYIIEK.

Urto Takoe cOOCTBEHHAs YHEPTHS M B3aUMHAas SHEPTUS TOKOB?

MoseT a1 cymMMapHasi MarHUTHasl SHEPrus JIByX KaTylIeK ObITb MEHbIE CyMMbl MarHUT-
HBIX SHEPIUM 3TUX KaTyIIEK MO OTAEIbHOCTH?

WX kW=
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HHpumepo pewmienusn 3a0au

3anaua 4.11
Onpenenuth 3HaKU KOA(POUIIUEHTOB B3aUMHOW MHIYKIUHU HEHTPAITbHOTO (0) U OKPYXAIOMIUX €ro
(1,2,3,4) BUTKOB C TOKOM, €CIIM OHH PACIIOJIOKEHBI B IPOCTPAHCTBE CIISAYIOIMIUM 00pa3oMm:

1

1
L ] ' -
A N o N
./ R \
:t ; :O: ;YZ
4!\ / | \ /7
N / I, S\ /s
S -~ N S e "
I

by 3

’KupHbIMU TUHUSMU Ha pUCYHKE M300pakeH BUTOK ¢ TOKOM (0) U ero cuioBbie TUHHUH (IIYHKTHD),
TOHKUMH JIMHUSIMU - BUTKH C TOKOM (1,2.3.4) 1 uX CHJIOBbIE TUHUU (IIYHKTHP), IPOXOISIINE Yepe3
LEHTPHI 3THX BUTKOB. CuinoBsie muHUM BuTKa (0) B 06sactu BUTKOB (1,2) cOBmagaroT 1o HampasJe-
HUIO C COOCTBEHHBIMH CHJIOBBIMHU JIMHUSIMH IMOCJICTHUX. Tak Kak B JFOOOW TOYKE MPOCTPAHCTBA,
yepe3 KOTOPYIO MPOXOAUT CHIIOBAsi TMHUS, €€ HAaIpaBlIEeHUE COBMAJAeT C HANPaBICHUEM COOCTBEH-
HOT'0 BEKTOpa MarHUTHOM MHAYKIMH, TO BEKTOpa MarHUTHOM mHAyKuuu BUTKOB (0) u (1), (0) u (2)
TaK)Ke COBMAJAIOT MO HampasieHuto. CienobarensHo, Loy > 0 u Loy > 0. CunoBsie nunuu Butka (0)
B 00J1acTH BUTKOB (3,4) MPOTHBOITOJIOKHBI TIO HAMPABJICHHUIO C COOCTBEHHBIMU CHUJIOBBIMU JIHHHSIMH
3THX BUTKOB. CnemoBarenbHo, Loz <0 1 Los < 0.

OtBet: Loi> 0, Loz >0, Lo3< 0, Lgs<O0.

4.7. UcnoJsib30BaHHe SIBJICHUS 3JIEKTPOMATHUTHON UHAYKIUH
Tpauncpopmarop

Tpancghopmamop - ycmpoucmeo 0nsi npeobpaz08anus 00HO20 NePEeMEeHHO20 Ha-
npsiceHUst 8 Opy2oe.

N23L2

Puc. 4.13
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Tpanchopmarop npeacrabisieT coOO0N CTalbHOU CEpACYHUK, COOpaHHBIM U3 TOH-
KHMX TUTACTUH, U3TOTOBJICHHBIX U3 CMIEHUAIBHOM CTaju, KOJIbIICOOpa3HON WK TPSMO-
YTOJIbHOM (POPMBI, HA KOTOPBIM HAMOTAHO HE MEHEE IBYX OOMOTOK U3 3JEKTPONpO-
Boja (puc.4.13). K 3axxumam 1,2 nepBoit (mepBUYHON) OOMOTKU COMPOTUBIICHHEM R,
cocrosiield M3 N; BUTKOB, MPUKIAJIBIBAETCS MEpEeMEHHOEe (KOCMHYCOUJIaIbHOE) Ha-
npspkeHue U (t) = g(t), ICTOYHUKOM KOTOPOTO SIBJISIETCS HEKOTOpasi 3¢ (CeTh, reHepa-
TOp mepeMeHHOoro Toka). Co BTOpoi (BTOPUYHOI) OOMOTKH CONPOTHUBICHUEM R,, CO-
cTosinie U3 N, BUTKOB, C 3AKMUMOB 3,4, MEXAYy KOTOPBIMU MOJIKJIFOYEHA HArpy3Ka co-
IPOTUBIIEHHEM R, CHUMaeTcs nepeMeHnHoe HarpsikeHue Us(t). Cepaedunuk Tpancdop-
Maropa UrpaeT poJib KOHLEHTPATOpa MArHUTHOTO MOJS, T.K. B HEM COCPEIOTOYEHBI
MpPaKTUYECKU BCE CHIIOBbIC JIMHUM 1onsl. Ha puc.4.13 onu n3o0pakeHbl 3aMKHY THIMHU
HAIPaBJICHHBIMU KPUBBIMH, UIYUIUMHU MO CTAJIbHOMY CepACYHUKY. OUYEBHAHO, YTO
KaxcOblil 8UMOK NEPBUYHOU U 8MOPUYHOU O0OMOMKU NPOHUZLIBAEN OOUH U MOM JHCe
MACHUMHBLU NOMOK T.e. @ = @,, rie ®; U ®, — MarHUTHBIC TOTOKHU yepen eauHuY-
HBII BUTOK COOTBETCTBYIOIIUX OOMOTOK.

Ecnu B nepBUYHOM OOMOTKE MPOTEKAET MEPEMEHHBIN TOK I;(t), TO B IEPBUYHON U
BTOPUYHON 0OOMOTKaxX BO3HUKAIOT 3JIC CAMOMHIYKIIMHU U 3/IC B3aUMOUHAYKIIUU

dl dl
E1s= _L1 d_tl E1= _led_tz
(4.44)
dI dl
Ers= _de_tz &= —L21 d_tl .
Torma
d¥
gstep=—->=,
1sT €12 &t
(4.45)
d¥
Est & =— dt2 ,
rae

Yi=LiL1+ Lk n¥=L,+ Lyl

— CYMMApHBIC ITOTOKHU (HOTOKOCHGHHCHI/IC) qepe3 COOTBCTCTBCHHO IICPBHYHYHO U
BTOPHUYHYIO 0OMOTKH. 3amuieM st 00enx oOMOTOK 3akoH Oma Jist HEOJTHOPOJHOM
LEeny:.
LRi=e+gst+é€p (446)
I)(Ry+ R) = €55 + &) (4.47)

Uccnenyem sHepreTudeckuii 6aanc tpanchopmaropa. Y MHoxuM (4.46) Ha 1, (4.47)
Ha I, ¥ CIIOKUM TIOJTyYCHHBIC YPaBHEHUS

121R1 + 122(R2 +R) =gl + 81511 + 81211+ 82512 + 82112
nin
el = Ilel + IZZ(RZ +R) — (81511 + e+ ex5lh + 82112).

Vurewm, 90 U, = LR 1 P,= Uyl =I%R — HaIpsOPKEHUE U MOIHOCTD Ha HArpyske,P = el —
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MOIIHOCTh TeHepaTopa (cetun). [loacTaBmsis siBHbIE BbIpaxeHus u3 (4.44), nomyunum

dI dI dI dI
P=P, +IR;+ Ry + (L, d_tlll +L, d_tz Li+ L, d_tz L+ L, d_tllz)
WIIH
P=P, + R+ %R, + i—\iv (4.48)
LI L,
rme W= + L Lt 5~ — OHEPrHA MArHHTHOIO IOJI TpaHchopmaropa (4.43).

Taxkum 00pazom, snepeusi nompebsiemas mpanc@hopmamopom om ceHepamopa (ce-
mu) BvlOeNsIencs Ha Hagpy3Ke, pacceusaemcs 8 NepeutHol U 6MopudHoO 0OMOMKAX
8 8uOde 0Jicoynesa menia U nepexooum 8 SHepeurd MazsHumuoz2o noas. Tak Kak amns
J11000r0 MOMEHTA BPEMEHHU

CDz = CD1, (449)
TO
P, _d9, (4.50)
dt dt

[Ipou3BogHBIE IO BpEMEHU OT MOTOKOCIETICHUS IEPBUYHON U BTOPUYHONU 0OMOTOK
COOTBETCTBEHHO PAaBHBI

ae; _\ 49,
dt dt
(4.51)
N
dt dt
N3 (4.50) u (4.51) cnenyer, uto
1 d¥, 1 d¥ (4.52)
N, dt N, dt

[Toacrasisist B (4.52) sBHBIE BBIPAXKEHUS JIJIs1 POU3BOIHBIX 110 BPEMEHH OT MOTOKOC-
neruieHnit u3 (4.45), nomydaem

—(&,, &, )N, =—(g, +¢&,)N, (453)

[Tepenuiiem (4.46),(4.47) B BUzE
- (&istep)=¢ - LRy
— (&5 T €21) = L(R2+ R)

¥ 3aMEHHUM COOTBETCTBEHHO 3JIC MHIYKIIUUA U CAMOUHAYKITUH 00enX OOMOTOK B BbI-
paxenuu (4.53). Torna
Iz(R2+R)N1 = (8 — I1R1)N2.

Ecnu COIMIPOTUBJICHUC HepBI/I‘{HOP'I OOMOTKH Majio
R1 ~ 0,
TO
IL(R2+ R)N; = &eNo. (454)
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[Toganum Ha EpBUYHYIO OOMOTKY KOCHHYCOMAAIbHOE HampspkeHue. Toraa usz (4.54)
CJIEIYET, UTO TOK BO BTOPUYHOU 00MOTKE I»(t) U3MEHSCTCS CI/IH(1)33H0 C DJIC TeHepaTo-
pa B IEpBUYHOM OOMOTKE &(t), T.K. OHU CBSI3aHbI Yepe3 KOHCTaHTy. [loaToMy cooTHOIIIE-
Hue (4.54) cnpaBeyIMBO U U1 aMIUIUTYAHBIX 3HAYE€HUH Iy U &y, C yU4ETOM TOTO, UTO

U,=LRunu;,=¢
I[MOJIy4YUM

hnR2+Upy Ny

, (4.55)
U N,

Im

Ecnu nonenuTh aMIuTyAHbIE 3HAUEHUSI B YMCIUTENE U 3HAMEHAaTele Apoou Ha V2,
TO IpoOb OT 3TOr0 He M3MeHuTcsa. CrnenoBarenbHO, CoOOTHOIIEHKE (4.55) cripaBensiu-
BO U MPU 3aMEHE aMIUTUTYAHBIX 3HAYCHUN Ha NEUCTBYIOMIHUE 114, Uyy, Irg, Usg (T71aBa 5),

KOTOPBIC B 2 pa3 MCHbBIIC aMINIMTY AHBIX, T.C.

LaRo+ Uy N
Uy N;

(4.56)

Ecnu compoTuBiicHHE HArpy3Kd R MHOTO OOJIBIINE COIMPOTHBICHUS BTOPUYHOM 00-
MOTKH R,, T.€.
R>>R, (U2d = IzdR >> I2d Rz),

TO
Yo Ny (4.57)
U, N
Takum 00pa3oM, 60 CKOIbKO pa3 4UCIO BUMKO8 80 8MOPUYHOU 0OMOMKe MeHblle
(bonvbuie) uucna 8UMKO8 6 NEPBUUHOU, B0 CHIONLKO Jice pa3 Oelicmeyioujee Hanpsice-
HUe 60 BMOPUYHOU 00MOmKe MeHble (00bLLe) OelCIBYIouec0 HaNPSXICEHUsL 8 NEPEUYHOLL.
B Texnuke xoagppuyuenmom mpancopmayuu k  Ha3bIBAETCS  OTHOLICHUE
OOJBIIIETO YKclia BUTKOB K MEHbIIeMY 4yuciy. B dusuke koagduyuenm mparncgop-
Mayuu k OTMpeneNnsieTcsl KaK OTHOIICHHWE YUCIa BUTKOB N; MEPBUYHOM OOMOTKHU K
YHCITy BUTKOB N, BTOPUYHOM, T.€.

N
k=—. 4.58
. (4.58)

Ecnu Tpancdopmatop nonuscarowuii, To epBUUHasE 0OMOTKA COCTOUT U3 OOJIBIIIETO
yucia BUTKOB (N;>N,), a €clii nogviuarouuti — u3 MeHbIIero (N;<N,).

[lepemMeHHBIN TOK, TEKYIIUH B MEPBUYHOW OOMOTKE M3-3a MPUIOKEHHOTO K HEH
NEPEMEHHOTO HAIpPsDKEHUS, BhI3bIBAET MHIIYKIIMOHHBIE TOKH HE TOJIKO B 00eHx 00-
MOTKax TpaHc(hopmaropa, HO U B CTAIBHOM cepieuHuke (Toku Dyko). [yisg ymeHb-
IICHUS TOTePb SHEPTUH, BBI3BAHHBIX 3TUMHU TOKAMH, CEpPJCYHUK JIAMUHUPYIOT, T.C.
M3rOTaBIMBAIOT U3 TOHKUX, U30JMPOBAHHBIX APYT OT Jpyra miactud. M3onupyrormiee
MOKPBITHE OTPaHUYMBACT MHIYKIIMOHHBIM TOK B MpefesaX OJHOTO CIOSl W MOTepU
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MOIITHOCTH B TpaHC(HOPMATOPE COCTABISIOT Mopsiaka 2-3% MOIIHOCTH UCTOYHUKA B
NEPBUYHONA OOMOTKE.

MO>KHO MOKa3aTh, YTO CpeoHuUe 3HAUEHUS 3a NePUoo0 KOJIeOaHUll MOWHOCIU Pa36U-
saemotl 2eHepamopom <P > u nompeonaemoti Hazpyskou < P,> npaxmuyecku pasHbl, TIe

< PH > — IZmUZm .
2
Takum oOpazom
I1mU1m _ IZmU2m

2 2
WJIH, €CJIA BCC IIEPEMCHHBIC IIOJCTIUTDh Ha \/5 ,

LiaUia _12q4Usg

2 2
C yuerom (4.57) nonydaem
SERELL LY (4.59)
Ly U N

Hpumepor, pewmwenusa 3a0au

3anava 4.12

Tpanchopmarop ¢ koabdunrentom tpanchopmarmu k = Ni/N, = 5 moHmkKaeT ASHCTByIOIee Ha-
npstkenue cetu Ujq = 220 B go peiictByronero Hanpsbkenus Upg = 8 B. Ilpu sTom cuia Toka BO
BTOpUYHOM 00MOTKE Ig = 6 A. IIpenebperas moTepsiMu SHEPrUH B MEPBUYHON 0OMOTKE, OIpese-
JIUTH COTMPOTUBJIEHNE BTOPUYHON 0OMOTKH TpaHchopmaTopa.

Hano: k=N;/N, =5;

U;4=220 B;
Uy = 8B; U; |Ni U,
Izd =6 A.

Haiitn: Rz_ Rz

N3 (4.57) u (4.59) cnenyer, uto
k =Ni/Ny=U;¢/( Upgt+ 1h4R2).

OmnpenenuM CONPOTUBICHUE BTOPUIHONH OOMOTKHU

Rz = (U]d/k — Uzd)/ Izd = (220/5 — 8)/6 =6 OM.
OtBeT: Ry=6 OM.

I'enepaTop nmepeMeHHOro TOKA

Paccmotpum yerpoiictBo (puc. 4.14) mpocreiiiiero reHepatopa NepeMeHHOro To-
ka. OH COCTOWT W3 NBUTATEIs, MIPUKPEIUIEHHOW K ero Bany pamku AKCD wm Toxo-
CheMHBIX KoJiell M u L, ¢ KOTOpbIMH HaXOJATCS B MOCTOSIHHOM 3JIEKTPUYECKOM KOH-
TakTe meTku P u Q, dyepe3 KoTophle TOK NepenacTcs Mo MpoBOJAaM Ha Harpys3ky R

—

(naMnqua). Pamka HaxoauTCsa B IIOCTOSIHHOM MAarHuTHOM IIOJIC B nee IMPOHU3BIBACT
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MarduTHBIM MOTOK
o= chosadS = Bcosa de = BScosa,
S S

I7€ « — YroJ MEXJy BEKTOPOM HOpPMalM K IuiockocTu pamku it 1 B. Ilycts pamka
BpAILIACTCSA C MOCTOSTHHOW YTJIOBOM CKOPOCTHIO ®. Toraa

do
O=— HIH do = ndt.
dt
HNuTterpupys 3To paBeHCTBO, MOJIYyYUM

oa=ot+a,,
I€ «, — 3HA4€HUE yrja, ONpeesioliee MoJ0KEHUE paMKi B Ha4aJdbHbI MOMEHT
BpeMeHH. BbiOepeM 3TOT MOMEHT Tak, uToObl ¢, =0. [loacTtaBum o=ot B @

® = BScosa =BScosmt.

CornacHo 3aKOHY 2JIEKTPOMArHUTHOW UHAYKIUN

i = BSwsinwt = g,sinmt,

@ __d(BScosa) _ _BS d(cosmt)
dt dt dt

rae €,= BSw. Toraa no 3akony OMa Ju1si 3aMKHYTOM LENU UHAYKIIMOHHBIN TOK B paM-
K€ OIPENENsAeTCs COOTHOLIEHUEM

Puc. 4.14

€. € ;
I=j=——=—"— sinwt,
R+r R+r

rae R U r — CONPOTUBIICHNE HATPY3KU U BCEX MOJABOJALINX DJIEKTPUUYECKUNA TOK IIPO-
BOJHUKOB, PAMKH, KOHTAKTOB MEK/1y KOJIBLIAMU U IIETKAMM.

Ha npaxTuke pamka COCTOUT HE M3 OJHOIO, & U3 MHOXECTBA BUTKOB, COCAUHEH-
HBIX MOCeA0BaTelbHO. MarHuTHoe moje, HeoOXoAuMoe Ui pabdoThl TeHepaTopa,
IOJIyYarOT C IIOMOIIBIO AJIEKTPOMArHuTa, MATAEMOTO BBIIIPSMIIEHHBIM TOKOM OT TOTO
ke reHeparopa. Ha 3To 3arpaumBaeTcs 4acTh BbIpa0aTbIBAEMOI T€HEPATOPOM IJIEK-
TPUYECKOW DHEPTUU.
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DJIeKTPOABUIaTEb

N3BecTHO, UTO HA MPOBOJIHUK C TOKOM B MAarHUTHOM MOJI€ IEUCTBYET cujla AmIie-
pa. CiienoBaTeNnbHO, €CIIM OTCOEAMHUTh PaMKy OT JBUraTeNs U MOJaTh Ha Hee 4Yepes
metku P u Q TOk OT Kakoro- 1u00 BHEIIHET0 UCTOYHUKA, TO B MAarHUTHOM TOJIe K
pamMKe OyJeT MPUIOKEH MOMEHT Cuil AMIepa, U OHa HA4YHET BpalaThcs (puc.
4.15a). B pe3ynbrare Takoro BpallleHUs B ONPEICICHHBIA MOMEHT pamMKa MPOXOIUT
noJsioxxenue (puc. 4.15 6) ycToOHYMBOTrO paBHOBECHSI, KOT/Ia HOPMaJlb i K €€ IMJIOCKO-
CTH, CBSI3aHHAsI TIPABWJIOM IIPABOTO BUHTA C HAIPaBJICHUEM TOKA B HEW, yCTaHABIIH-

BaeTCs MAPALIENFHO BEKTOPY MAarHUTHOH MHAYKIMK B. B 5TOM HONOXKEHHN MeXa-
HUYECKUI MOMEHT CWJI AMIIepa, IPUIOKEHHBIX K PaMKe, paBeH HyJ0. Tak Kak pam-
Ka o0JazaeT MEXaHUYECKOW MHEPIIMEH, TO €€ YIJIoBas CKOPOCTh B 3TOT MOMEHT HE
paBHa HYJIIO, U OHA IIPOCKAKUBAET JTO NOJIOKEHHE. HO BO3HMKarOmuMi B pe3yapTare
OTKJIOHEHUS OT YCTOMYMBOIO ITOJIOKEHHSI PABHOBECUS MOMEHT CUJI IOJDKEH BO3Bpa-
TUTh €€ 00paTHO U BpalleHUe paMKu IpekpaTtutcs. CylecTBYIOT pa3Hble CIOCOObI

Puc. 4.15

cleNlaTh JBUKEHHWE paMKH HenpepblBHbIM. Hampumep, ucnonb3ys pa3pe3aHHbIE Ha
JIB€ YACTH LIETKH, IO KOTOPBIM CKOJB3IT TOKOChEMHBIE KoJbla. Korma Hopmasb K
paMKe CTAaHOBHUTCS MapajIeIbHOW BEKTOPY MAarHUTHOM WHAYKLIHMH, M paMKa IO
MHEPLUU IPOCKAKUBAET ITO IOJIOKEHHE PABHOBECHSA, TO U3 — 3a pa3pesa KoJsell B
3TOT MOMEHT MEHSIETCSI HalpaBlieHue Toka B pamke (puc. 4.15 6, B) W BO3HHUKAeET
MOMEHT CWJI AMIiepa, IpOJOJKAIOIIMK BpallaTh pPaMKy B MPEKHEM HaIpaBJICHUH.
Hpyroit cnoco® 3acTaBUTh PAMKY JBUIAThCS HENPEPHIBHO — U3MEHEHUE CKAauKOM B
MOMEHTBI PaBHOBECHS HE HAIIPABJICHUS TOKAa B paMKe, a HaIlPaBJICHUs BEKTOpa Mar-
HUTHON MHAYKUUHU. DTO JOCTUTAETCS PACIOIOKEHUEM IO OKPYKHOCTU BOKPYI pam-
KM  Habopa 37eKTpoMarHUTOB. OuepeHOW MarHUT BKIOYaeTcs (a MpeablayIiui
BBIKJIIOYAETCSI) B TOT MOMEHT, KOI/la HOPMaJIb K paMKE CTAHOBUTCS MapasulesibHA
HAIPaBJICHUI0 MATHATHOM MHIYKUWH HPEIbIAYLIEr0 MarHuta. Mexay HOpMalblo K
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paMKe M HOBBIM HAIPaBJICHUEM MAarHUTHOM MHAYKIMW BO3HUKAECT HEHYJIEBOU yIoJl U,
CJIEI0BATENBHO, HA PAMKY JEUCTBYET HEHYJIEBOM MOMEHT cwil Amrniepa. B pesynbrare
BO3HHMKAET HENPEPHIBHOE JABMKEHHE PAMKM C 4YacTOTOM “BpalleHUs MAarHUTHOTO
IIOJISI DJIEKTPOMAarHuTOB.

Pasznuuue medxncoy snexmpoogueamenem u 2eHepamopom coCmoum 6 mom, 4mo 8
aekmpoogueamene npu NPONyCKAHUU 6 MASHUMHOM Nnoje No pamKe 3JeK-
MpU4YecKo20 mMoKka GO3HUKAem ee epawjeHue, a 6 2enepamope Haobopom - npu épa-
WeHUU PAMKU 8 MACHUMHOM NOJe 6 Hell 603HUKAEem 3JIeKMPULECKUU MOK.

@aKTUYECKHA 3TO OJJHO M TO K€ YCTPOMCTBO. JTO CBOMCTBO HCIHOJIb3YETCS, Ha-
IIPUMEP, B IEKTPOBO3axX: IPU NOABEMAX U IPU YCKOPEHHOM [BW)KCHUU JIBUIATEIIb
AJIEKTPOBO3a MOTPEOISIET SHEPTUIO U3 IJIEKTPUUECKOM CEeTH, Ha CIIyCKax M MpHU TOp-
MOXKEHUH, KOT/Ia JIEKTPOBO3 ABMKETCSA IO MHEPLHH, ABUTATEb IPEBPAILAECTCS B Ie-
HEepaTop, KOTOPHIN BbIpaOdaThHIBAET YHEPTUIO U BO3BpAIIAET €€ OOPATHO B CETh.

Bonpocwei u 3a0danus 0na camonpoeepkKu

OObsicHuTe pU3MUECKHEe NPUHIMIIBI pab0ThI TpaHCchopMaTOpA.

[Touemy TpaHCOpPMATOp MU3TOTABIUBAIOT U3 TOHKHX M30JMPOBAHHBIX TIACTHH?

Kakyto posib urpaer cepaeyHuk Tpachopmartopa?

[Touemy TpaHCPOPMATOP MU3TOTABIUBAIOT C MAJIBIM COTPOTUBICHUEM OOMOTOK?

JlaiiTe onpesiesieHre MOBBIIIAIOLIET0 U TOHMKAIOLIETo TpaHchopMaTopa.

OOBsICHUTE IPUHIIUTT PA0OTHI TeHEPATOPA MEPEMEHHOTO TOKA.

[Touemy BO BpalaroIeics paMKe BOSHUKAET 3JEKTPUUECKUN TOK?

OOBsicHATE TPUHIHI PAOOTHI AIEKTPOABUTATEIS.

[Touemy paMka ¢ TOKOM IOBOPaYMBAETCS B MATHUTHOM I10JI€?

0. Kax HampaBiieHbl BEKTOPHl MATHUTHOM WHAYKUIMU M HOPMAJM K IJIOCKOCTH PaMKH B TIOJIO-
KE€HUU yCTOWYMBOIO PAaBHOBECHS?

11. B 9em cocTouT pa3nuyune MEXAy dJIEKTPOJBUTATEIEM U TeHEPaTOPOM TOKa?

2O XNk~

4.8. Ilepenaua 3J1eKTPOIHEPIrUH HA PACCTOSTHUE

DnexkTpuvecKkas YHEprus Yaiie BCero MPOU3BOIUTCS BOJIM3U UCTOYHUKOB KaKOTO-
au0o BuAa tormBa. [loaToMy BO3HMKaeT HEOOXOAMMOCTh B MEperade 3HEPTruu Io-
Tpebutento Ha OOJbIIME PACCTOSHUS OT MecTta mpousBojactBa (puc. 4.16). Ilpu
00JIBILION JJIMHE JTUHUM TIepeayd ee 3JeKTPUUECKOe CONPOTUBICHNE CTAHOBUTCS 3HA-
YUTENIHHBIM. DTO MPUBOAUT K OOJIBIINM MOTEPSM MOIIHOCTH B OABOSIINX MPOBOAAX.

Ecnu m3BecTHa MOIIHOCTh MCTOYHMKA TOKA B LENU P, HAIPsDKEHUE Ha IMOJIHCAX
uctounrka U (P = Ul, rae [ — TOK B IIENH), TO MOTEPS] MOIIHOCTH Ha CONPOTHUBIICHUH
NOJIBOJSILIMX MPOBOJIOB I' ONPENEISAETCS COOTHOUIEHUEM

2 P?
PQ =Ir= —r.
U
OueBHIHO, YTO MPU OJHOM M TOM K€ MOIIHOCTH MCTOYHUKA (TeHeparopa) P moTepu
MOIIIHOCTH TE€M MEHbIIIE, YeM OOJIbIIIE NepeiaBaeMoe HanpskeHne U (HanpshKkeHUe Ha
MOJIF0CaX UCTOYHHUKA).
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Cxema nepegaum JHepPruu NOTpPeOUTEIIO

) Q _,
Q Q Q
S g S
o] ] )
X 2 %
5-4 ) Q.
=) Q )
3 3 3
: S 6oxB 8
H 60 K
8 | N

Puc. 4.16

OObIuHBIC TEeHEPATOPHl MEPEMEHHOTO TOKA Ha AJIEKTPOCTAHIUSX BbIPAOATHIBAIOT
Hanpsbkenue, He mnpesbimaroniee 20 kB. Tlpu Oonee BBICOKHMX HAMPSKEHUSIX PE3KO
BO3PACTACT BO3MOXKHOCTh JIEKTPUUYECKOTO MPOOO0sT U30JISIIIUU B OOMOTKE (KaTYIIKE)
U JIPYrUX 4acTsAx TeHepatopa. Jlasiee Ha KPYIHBIX 3JEKTPOCTAHIUAX CTABSAT MOBHI-
matoiue Tpanchopmatopsl 10 500 kB 1 nmepenaroT 31EKTpUUECKYHO SHEPTHIO TI0 JIH-
HuaAM. OJIHaKO HANpPsKEHUE B JIMHUU Tepefad OrpaHu4YeHO: MPU CIUIIKOM BBICOKOM
HaIPSOKEHUW MEXAY MNPOBOJAMHM BO3HHMKAIOT pPa3pslbl, NPUBOASIIME K MOTEPSIM
sHepruu. JlJisi UICNIOJIB30BAHUS AJIEKTPOIHEPTHHN HA MPOMBINLICHHBIX MPEAIPUATUAX
HEOOXOIMMO C TIOMOIIBI0 MOHUKAIOMIEro TpaHchOopMaTopa MOHU3UTH HAMPSKEHUE
no 60 xB. JlanpHelmnee cHIKeHUE HanpsokeHUs 10 4 kB HEoOX0oauMo ISl SHEPTO-

pacmpeneneHuss 0 MECTHBIM ceTsiM. MeHee MOIIHbIE TpaHCHOPMATOPhI CHUKAIOT
HarnpspkeHue 10 220 B 11t ucnonp30BaHus HHAUBUIYTbHBIMHU TIOTPEOUTEIISIMH.

Bonpocwel u 3a0danusa oana camonpoeepkKu

1. Hoquy IMOBBIIICHUC HAIIPSZKCHUS, ICPCAABACMOI'0 B JIMHUHA 3JICKTPOIICpCAaYr, YMCHBIIACT
IMOTEPIO MOIIHOCTH B IMOABOJAIINX HpOBOIIaX?

2. I[JIH YCTo B JIMHUAX IEpeaad UCTIOJIb3YIOT IMOBBIIIAIOMINE W ITOHWKAIOIINC TpaHC(I)OpMaTOpr?

3. C 4gem CBs3aHO OrpaHUYCHUC TOBLIMICHUA HAIIPSXKCHUA B JIMHUAX 3neKTponepez[aq?

Hpumepor, pewmwenusa 3a0au

3angaua 4.13

MaruuTtHas MHIYKIUS [0JI MEXKIY MOJIFocaMU AByXIoJtocHoro reneparopa B =1 Tu. Porop ume-
et N = 140 BuTkoB ( Iuiomaapr Kaxmaoro sutka S = 500 CMZ). OnpenenuTs 4acTOTy V BpAaILEHUSA
SIKOPSI, €CJIM OH BPAIIAeTCs C MOCTOSTHHOM yTJIOBOM CKOPOCTHIO O, U MaKCHUMaJIbHOE 3HAYEHHUE 3]IC

€m =220 B.
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Hano: B=1 Tm;

N = 140: OJITH BUTOK B, « ,

S =500 eM” = 5107 M’; ~"

€n =220 B. n
Haititu: v.

Yron Memy BeKTOpOM B nu HOpMa.HBIO K IINTIOCKOCTHU BUTKA fl o= ot. C‘-II/ITaeM MAardmuTHOC I10JIC B
TeHEepaTOpe OJHOPOTHBIM (B = const). Toraa MarHUTHBIN MOTOK Yepe3 IUIOMIAAb OJHOTO BUTKA, PaBEH
d= JBcosadS = BcosaJ. dS = BScosmt.

S S
MarsuTHbIi TOTOK Yepe3 N BUTKOB (ITOTOKOCIICTUICHHE )
Y = N® = NBScosmt.
3aHI/IIH€M BI)Ipa)KeHI/IC JUJIA MO[[y.Hﬂ 31C I/IHZIYKIII/II/I
| & |= |- d®/dt|= | dNBScosay/dt| = NBSo | sinot | =&, | sinot | .

3nech €, = NBSw. Tak xak ® = 21tv, TO
V=0/27 = &y /2zNBS =5 I'l1.
OtBer: v=>5T1T.

OcHOBHbBIE MOJIOKEHUS

e DjIeKTPOMATHUTHAsI WHAYKIHUS  — .

SIBJICHUC BO3HHKHOBCHUS BHCKTpI/I‘ICC-
KOIro TOKa B 3aMKHYTOM HpOBOI[f[I_HeM
KOHTYp€ IIpU U3MEHEHUH MAarHUTHOIO
IIOTOKA, OXBAThIBACMOI'0 5TUM KOHTypOM.

e 3aKOH JJIEKTPOMATHUTHOW MHAYK-
HUM- 3JIC DJIEKTPOMArHUTHOW HHAYK-
MU B KOHType YUCICHHO paBHa B35ITOI>'I
CO 3HAKOM MI/IHyc CKOpOCTI/I N3MCHCHUA
MArdmTHOI'O IIOTOKa qepe3 HOBer-
HOCTB, OFpaHI/ILIGHHYIO 3TUM KOHTypOM
dd
dt’

rae © — MarHUTHBIA HOTOK.

&

o &g
® UHayKkuMoHHBIN TOK — [; = E‘, rae

R — COIIPOTHBJICHHUEC KOHTYpa.

e [IpaBusio JleHua — WHAYKUIMOHHBIN
TOK BCEr/la HaIlpaBJICH TaK, YTOOBI MPO-
TI/IBOIIef/'ICTBOBaTI) HpI/ILII/IHe, €TI0 BBI3bI-
BalOIleH; MHIYyKIMOHHBII TOK BCEraa
MMEET TaKO€ HallpaBJeHUE, YTO NpH-
palieHue CO3JaHHOTO UM MarHUTHOTO
IIOTOKAa H HpI/IpaHIGHI/Ie MAardmTHOT O
MOTOKA, BBI3BABIIEE ITOT HMHIYKIIMOH-
HBIA TOK, HpOTI/IBOHOHO)KHI)I 110 3HaKy.
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Teopema B3auMHoOcTH — L= L5,

rae Loy u L — B3anMHBIE MHAYKTHB-
HOCTHU JIByX KOHTYPOB.
CorjiacopaHHOoe BKJIYeHHE KaTy-
IIeK — BKJIIOYEHHE, MPU KOTOPOM Ha-
MpaBJ€HUE BEKTOPOB MAarHUTHON WH-
JYKIMU OT Pa3HbIX KaTylIeK B MECTE
PACHONOKEHNS KKIOW U3 HUX OJIMHAKOBO.

BerpeuHoe BKIIOYeHHME KATYIIEK —
BKJIIOUEHHUE, MpPU KOTOPOM HarpasJe-
HUC BCKTOPOB MarHuTHOM HUHAYKIOUU OT
pPa3HBIX KaTylIeK B MECTE PacCIOJIOKe-
HUA Ka)I(ILOﬁ M3 HUX TPOTHUBOIIOJJIOKHO.
Tpancdopmarop — ycTpoHCTBO, A
npeoOpa3oBaHUsl OJTHOTO IMEPEMEHHOTO
HaNpsDKEHUs B APYyTOe.
Koy¢ppuument tpanchpopmanmu k —
OTHOIICHHE YK CJIa BUTKOB IEPBUYHOM
OOMOTKH K YHUCITy BUTKOB BTOPUUHOM
OOMOTKH.
I'enepaTop nepemMeHHOro TOKa —
YCTPOMCTBO, Mpeodpasyroiiee MexaHu-
YECKYI0 SHEPTUIO B 3JIEKTPUUECKYIO.
DJIeKTpUYeCKH JBHratrelb — YCT-
poiicTBO, mpeoOpasyrolee AIIEKTPU-
YECKYI0 SJHEPTHUIO B MEXaHUYECKYIO.



B 8 S o o om w

—~ o =

e UnayKkTuBHOCTL KOHTYpa L —
OTHOILICHHE MAarHUTHOTO IOTOKA 4epe3
IIOBEPXHOCTh, OIPAHUYEHHYIO KOHTY-
POM IIPOBOJHMKA, K CHJIE TOKA B HEM.

L=2.
I

Eaunuiia namMepeHuss MHIyKTUBHOCTH
[[H] = [BO]/[A].
e UHaAYKTUBHOCTH cosieHonaa L —
L= ,u,uonzV,
IJI€ N - YUCIIO BUTKOB HA €IMHUILY
JUIMHBI coJieHouaa, V - 00beM cole-
HOMJIA.

e CaMOMHAYKIHA - SIBICHUE BOZHUKHO-
BEHUSI HHAYKIIMIOHHOTO TOKa B 3aMK-
HYTOM IPOBOJAIIEM KOHTYPE MPH U3-
MEHEHHUH TOKA B HEM.

1
® JIC CAMOMHAYKIMH — £ = —L% ,

rae L- MHIyKTUBHOCTh KOHTYpa,l -TOK,
CO3/1aBaEMbIii HICTOUHUKOM TOKa KOHTYPA.

e Tox camouHayknum — [ = — Ldl
y S R dt 9

rae R — conporusieHne KOHTypa.

e B3anMOMHAYKIUSI — SIBICHHUE BO3-
HUKHOBEHUS MHJyKLUMOHHOIO TOKa B
OIHOM 3aMKHYTOM IIPOBOJSIIEM KOH-
Type IpU U3MEHEHUHU TOKa B JIPYyroM

e DHeprusi MArHUTHOIO TOJSI KOHTY-
Pa ¢ TOKOM —
2 2
LI 1 )
W=—=—10=—-.

2 2 2L

® [110THOCTH, JHEPrUM MATHHUTHOIO
MOJIsl — DHEPTUS €AUHULIBI 00beMa

B* BH
2y 2
rae B u H — BekTopa MarHuTHOW UH-
JTYKUWW U HAMPSKEHHOCTH MarHUTHOTO
MOJISL.

e DHeprusi HEOJHOPOJHOT0 MATHUTHO-
ro moJjs B o0beMe V —

) .
w=| B v = (Bl
Vzﬂﬂo v 2

e MarHuTHasi JHeprusi AByX KaTylleK

€ TOKOM —

2 2

ﬁ + @ +MI,1,,

2
rae ) u I, - Toku B mepBoil U BTOpOH
KaTyI_HKaX,Ll, Lz uM= |L12| = | L21| -
WHAYKTUBHOCTH JBYX KaTylIeK U MO-
Oyab  Kod(pQHUIMEHTa  B3aMMOMH-
TyKIWW; 3HaK (+) B GopMyse COOTBET-
CTBYET COTJIACOBAHHOMY BKIIFOUEHHUIO,
3HaK (—) BCTPEUYHOMY.

W =

Oo6o3HaueHus, ucnoJb3yeMbie B riase 4

= BCKTOp MHAYKOHWH MAarHuTHOI'O ITOJIS TOKOB.

= BCKTOp HAIPSAKCHHOCTHU MArHUTHOI'O IIOJI TOKOB.

= BCKTOpP HAIIPsKCHHOCTH IO CTOPOHHUX CHJIL.

= BCKTOpP HAPSAKCHHOCTH SJICKTPUICCKOT'O IOJII CUCTCMBI 3apA10B.

= HNOTCHHOHAJI 3JICKTPHUYCCKOT'O IMOJISA CUCTEMBI 3apsa0B.

- IIOTOK BCKTOpPa MarHuTHOM WHAYKIWH.

= IIOTOKOCLCIIIICHUC.

- BEKTOp HOPMAJIM K ITIOBEPXHOCTH, OTPAHUYEHHON KOHTYPOM.

- 00o03HaueHue 3aMKHYTOr0 KOHTYpa.

- HalIps’KCHUC.

- CHJa TOKa.
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- DIEKTPUUYECKOE CONPOTHBICHNUE MPOBOTHUKA,
- yIenbHOE CONPOTHBIICHUE MTPOBOIHUKA,
pabora,

- KOJIHUYCCTBO TCILIA,

RO P R

- MOIIHOCTb,

€ - DJIEKTPOABWKYIIAst cuiia ( 31C),

& - DJIC UHIYKIHH,

&s - 37C CaMOMHIYKIUH,

€12 - 37IC B3aUMOMHIYKIIUH,

W - DHeprus MarHUTHOTO TIOJIA,

w - IUIOTHOCTb HEPIMHM MarHUTHOT'O MOJIs,

® - LUKJIMYECKas 4acTOTa BpallleHUs,

Fr - cuia Jlopenua,

q - DJEKTPUYECKHUU 3aps,

Fo - cuna Kyiona,

e - MOJyJIb 3aps/ia 3JIEKTPOHA.

e - OCHOBaHHE HATypaJbHOTO Jiorapudma,

L - HHAYKTUBHOCTH KaTyIIKH (KOHTYpa),

Lz - KO3 PHUIMEHT B3aUMOUHIYKIIMH KaTylIeK ( KOHTYPOB),
M - MoxyJb K03 durmenTa B3auMHON UHTYKIIHH,
T - BpeMsl pellaKkCaliy; BpeMsl yCTaHOBIJICHUS TOKa,
k - ko3¢ duumeHt Tpanchopmanuu.

TecThl aJs JICKTPOHHOI'0 JK3aME€HA

T4.1 MarauTHelil oTok @ yepe3 MOBEPXHOCTH S MO ONPEIEICHHUIO PABEH:

1) deg 2) j Bds 3) j Bds 4) j (B)2ds 5) j Bds
S S S S S
T4.2 CransipHOE TIPOU3BEICHUE JBYX BEKTOPOB d U b o OTIPEETICHUIO PAaBHO (& - YTOJl MEXY
BEKTOPAMH):
1) ab 2) absina 3) —absina 4) abcosa 5) abcos2a

T4.3 PazmepHOCTb BhIpaXKEHUS B®'"?, rie B - MaruuTHast UHAYKIMA, @ —MarHUTHBIN TOTOK, paBHA
D [B6*2 | 2) [1n*2] ] 3) [B6™2 M1 4y [ta'2] ] 5) [B6'2|
T4.4 Eciu MHAYKIHS MarHuTHOro mosst B = 100 T, miomans KoHTypa S = 20 M, yroa Mexy

HOPMAJIBIO K KOHTYPY U BEKTOPOM MAarHUTHOW MHIAYKLUHH & = 60 , TO MarHuTHbIA TOTOK P yepes
KOHTYp paBeH?
1)1000 B6 2)2000 B6 3)1730 B6 4)2730 B6 5)3000 B6

215



T4.5 MaruuTtHbli IOTOK Yepe3 KOHTYP HE MEHSIETCS, €CIIM MEHSETCS:
1) niomaap KOHTypa
2) MOJyJIb BEKTOpa MarHUTHON MHIYKITUH
3) HampaBlieHHE BEKTOpAa MarHUTHOM HHAYKLUU
4) conpoTHUBIIEHNE KOHTYpa
5) yron Mexay HOpMaJlblo K KOHTYpY U BEKTOPOM MarHUTHON MHIYKLIHUN
T4.6 3aK0H A1EKTPOMarHUTHOM MarHUTHON MHIYKLUHU ONPEAEISETCS COOTHOLIEHUEM?
do 420 do dod
_ - 51, =

dd
e =— = 3) e = HI1 =—— =
)& =g De="4z )&= )L = Ra Rdt

T4.7 Ecnu @ — MarHuTHBIM MOTOK Yepe3 KaxKIblii BUTOK, TO MOTOKOCLEIJieHne Koutypa ¥, co-
cTosiero u3 N oJMHAKOBBIX BUTKOB, PaBHO?

1) N® 2) ®/N 3) N/® 4) No'”? 5) (ND)"?

T4.8 B koHType He BOZHHKAET 3JC UHIYKIMH, €CITH MEHSETCS:

1) UHITYKIMSI MATHUTHOTO TIOJIST

2) miouiaan KOHTypa

3) yros Mexy HOpMaJlblo K KOHTYpY ¥ BEKTOPOM MarHUTHON MHIyKLUUU

4) MarHUTHBIN MMOTOK Yepe3 KOHTYP

5) TemnepaTypa KOHTypa

T4.9 B koHType, HaXxosAIIeMcs B MOCTOSHHOM MarHUTHOM TIOJIE, HE BO3HUKAET 3/IC MHAYKIIHH, €C-
JIM KOHTYD:

1) ABMkeTCs mocTynaTensHO — 2) Bpamaercs  3) pacmupsiercss  4) konednercss  S)He ABMKETCS
T4.10 B HenoABUYKHOM KOHTYpE, HaXOSAIIEMCS B MarHUTHOM I10JI€, HE BO3SHHMKAET 3/C MHAYKIINH,
€CJIM MarHUTHOE T0JIe CO BpeMeHeM?

1) He MeHsIeTCst 2) Bo3pactaer 3) yObIBaeT 4) ucueszaet 5) BO3HUKaET
T4.11 Ot kaxoii pu3n4ecKoil BETUUNHBI 3aBUCUT 3HAK MarHUTHOT'O MOTOKa?

1) oT myom@aau KOHTYypa, 10 KOTOPOMY TE€UYET TOK

2) OT CUJIBI TOKA, CO3JAI0IIET0 MATHUTHOE TI0JIe

3) OoT MOTyJIsl BEKTOpa MAarHUTHOM WHIYKIIUN

4) oT 3HaKa 3apsiIOB, CO3/IAOIINX ANEKTPUIECKOE TIONIe

5) oT yryia MeXry BEKTOpaMi MarHUTHOM MHIyKIIMU U HOPMaJIM K TTOBEPXHOCTU KOHTYpa

T4.12 3Hak 51C MHAYKIMU KOHTYpa B CBSI3aH C:

1) compoTuBIEHHEM KOHTYpa

2) cuioi ToKa B KOHTYype

3) BbIOOPOM TOJIOKUTENBHOTO HapaBiIeHUs 00X0/a 110 KOHTYpPY

4) BeIMYMHON MarHUTHOTO TIOTOKA Yepe3 KOHTYP

5) MofyJieM MarHUTHOW MJIM 3J1EKTPUUECKOM CHUJIbL, IEMCTBYIOIIEH Ha 3apsi/ibl KOHTYpa

T4.13 Eciu 3aBHCHMOCTh MArHHTHOTO [IOTOKA Yepe3 KOHTYp OT BpeMeH: P = st*,T0 9/1¢ HHAyKIUHA
€, paBHa?

1) —2st 2) 2st 3) —2st? 4) —st? 5) 2st?

T4.14 Eciu conpoTuBiieHne 3aMKHYTOr0 KOHTypa R =2 OM, 3aBUCUMOCTh MAarHUTHOTO TIOTOKA OT
BpemeHn @ = 4sinmt T1, TO CHTa MHIYKIIMOHHOTO TOKa |, B MOMEHT BpeMeHH t = 2¢ paBHa:

1) -4z , A 2) 27 LA 3) 47 , A 4) 27°, A 5) 27 , A

T4.15 HanpaBneHue Toka B3aMMOMHAYKIIMA BO BTOPOM KOHTYpe 1o npaBuiy JIeHIa 3aBUCUT OT?
1) U3MeHeHrs MAarHUTHOTO TTOTOKA B TIEPBOM KOHTYpE

2) BETUYMHBI MATHUTHOTO MOTOKA B IEPBOM KOHTYypE

3) BeIMYMHBI CHJIBI TOKa B TIEPBOM KOHTYpE

4) BeTUYHHBI COMTPOTUBJICHHUS B LIETIM IEPBOTO KOHTYpa

5) BeNMWYMHBI COMTPOTUBJICHHUSI B IIEMTU BTOPOT'O KOHTYpa
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T4.16 Moysib BEKTOPHOTO TIPOM3BE/ICHHUSI BEKTOPOB [ & B] paBeH (& - yroj Mexay BeKTOpaMu):
1) ab 2) absina 3) abcosa 4) aba 5) abtga

T4.17 Cuna JlopeHnua, 1eicTBYIOIIAasi B MArHUTHOM I0JIE€ C UHIYKIIMEH B Ha JIBIKYIIYIOCSI CO CKO-
POCTBIO U YACTHILY C 3apsiioM (, paBHA

) F =1[oB] 2)F =q(oB) 3)F =q[Bo] 4 F =-q[oB] 5)F =q[0B]
T4.18 Cuna Jlopenna FL , JIEUCTBYIOIAsi B MATHUTHOM T0JIE ¢ UHIAYKLIHEN B na JBHKYILYIOCSL CO
CKOPOCTBIO U 3apsKEHHYIO YacTHILy, HallpaBJIcHA

HE NB 2)F, ™Mo 3)F, Lo 4)F, T'B 5 F No
T4.19 Ecom u3BectHo, uto F, 11 F, paBHBI, TO Kakoe COOTHOIIIEHHE, W3 PUBE/ICHHBIX HUKE, HEBEPHO ?
1) F, =E 2)2F =2F, 3)F ™ F, 4 F NE S)F=F

T4.20 Ecnu >nexTpudeckoe noje, CO34aH0 CUCTEMOM 3aps10B, TO Pa3HOCTb IOTEHLIHUAIOB @, - @,

JBYX TOYEK 3TOrO B OOLIEM Cilyyae HEOJHOPOIHOro moiisi paBHa (E — Bekrop HampsmkeHHOCTH
aneKTpudeckoro noisi, d/ —OecKOHEUHO MaJlblif BEKTOP MepeMEIICHUS )

1) iﬁdi 2) —jEdi 3) j’EdZ 4) JZ'Edz 5) j’Edz
1 1 2 1 2

T4.21 Hanparienue Toka B MPOBOJHUKE COBIAIACT C HAMPABJICHUEM YIOPSIOUYCHHOTO JIBUKCHUS
KaKUX 4acTuIl?
1) HONMOXKUTENBHBIX  2) OTPULIATENBHBIX  3) HEeHTpadbHBIX  4) 6€3MacCOBBIX 5) MarHUTHBIX

T4.22 PaGota A nro6oii cuibl F 1o mepemereHuio Tena Mo HeKOTOPO 3aMKHYTON TPaeKTOpUU
¥ paBHa (d/ — GECKOHEUHO MaJblil BEKTOpP NEPEMEILEHUS):

1)A=gSFdz 2)A=—<]SFdi 3)A=g§frcosadi 4)A=<]5Fdi 5)A=<]Sidf:
Y Y Y Y Y

T4.23 B3zanMocBsa3b MeXay BEKTOpoM cuiibl F, neiicTByromeil Ha 3aps/ ¢, IOMEUICHHBI B JJIEK-

TPUYECKOE TI0JIE, BEIMUYMHOM 3apsa M BEKTOPOM HalpsbKeHHOCTH E | ompenensieTcss COOTHOLLIEHUEM :
1) E=F/q 2) F=E/q 3) F=—qE 4) E=qF 5) q=EF

T4.24 B3aumMocCBsI3b MEXIY dJIC €, padOTONH CTOPOHHHUX CHJI A IO MEPEHOCY MOJIO0KUTEIHLHOTO 3a-
pslia q U BEJIMYMHOM 3TOTO 3apsiia ONPEAeseTCs COOTHOILECHUEM :

A A
1)8=—g 2) e= A 3) e=—— 4) e=— 5)8=i
A q q q A
T4.25 [Ipoekuus CKOPOCTH TeJla Ha OCh X paBHa:
dx dt d2 d , dx
1) v, =— 2) vy =— _ax _ | 5) v°x =—
) X dt ) X dx 3) L, = dt2 4) Uy dt ) dt

T4.26 Ecnu nonBuxkHAas 4yacTh KOHTYpa, epeMbIuka, JJIMHON / 3a OeckoHeYHO Masioe BpeMs dt me-
peMeniaeTcs NepIeHAMKYIISIPHO caMoi ce0e cO CKOPOCTBIO U, TO U3MEHEHHE TUIOIIA/IM KOHTypa ds paBHO:
1) Idt 2) luvdt 3)tdo 4) dod!/ 5) uvdidt

T4.27 Ecan B OAHOPOJHOM MarHUTHOM TOJI€ ¢ MHAyKIMEW B aBMkeTCs MpOBOAHUK ITHMHOM / cO
CKOPOCTBIO U, HANPABJICHHON NEPHEHANKYJISIPHO MAarHUTHOMY MOJIIO U OCH NMPOBOJAHHUKA, TO MO-
IyJIb 37C UHAYKIHUHU € ONPEIEIAETCS COOTHOIIEHUEM:

)BoulP 2) - Bul 3) Bul 4) Bu 5) Bu?1

T4.28 Ecnu npoBoAsIINI KOHTYDP ABUKETCS B MArHUTHOM T10JI€, TO CTOPOHHUMH CHUJIaMU JIJIsl HETO
SIBJISIFOTCS CUJIBI:

I)tarorenus 2)Kynona 3)JlopeHua 4) BUXpEBOIo 3JE€KTPUUECKOro moist  S)Apxumena

T4.29 Ecnu KOHTYp HENOJIBUKEH, @ MATHUTHOE TI0JIE MEHSIETCS1, TO CTOPOHHUMU CHJIAMU SIBJISIFOTCSI CUJIBL:
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)ynpyroctu 2)Kynona 3)Jlopenna 4) BUXpeBOro 3IEKTPUUYECKOro Mo  S)Apxumena

T4.30 Ecnu snextpuueckoe nojie E sBiseTcs moTeHIMAIBHBIM, TO:

1) §Edi =0 2) [Eds #0 3) [Eds =0 4) fEd1 0 5)EB #0
v S S 4

T4.31 Kakoe nosyie 3 HUKENEPEUUCICHHBIX SBIISIETCS TOTEHIIMAIBHBIM?
1) anexTpudecKoe MoJie HEMOABMKHBIX 3apsI0B

2) MarHUTHOE T0JIE TOKOB

3) ayeKTpUYECKOE 10JIe, IOPOKIAEMOE IEPEMEHHBIM MarHUTHBIM T0JIEM

4) MarHUTHOE TIOJIC 3apPSIOB

5) moJie MOCTOSIHHOTO MarHuTa

T4.32 KakoBa pa3MepHOCTh UHAYKTUBHOCTH KOHTYpa L B cucteme CHU?

1)B6 2)A-Mm 3)I'H 4)B6-A 5)I'a-B6
T4.33 3aBUCHUMOCTh MarHUTHOTO TTOTOKAa @ OT CuJIbl TOKA | onpenenseTcss COOTHOIICHUEM :
Hd=(L1)" 2) H)®=LI 3y =L 4) ©=LI 5D =L"1

T4.34 3aBUCHMOCTB 5/1C CAMOMHIYKIIMK KOHTypa €, OT WHIYKTMBHOCTH KOHTypa L ¥ cuibl ToKa

I, Teky1iero 1o KOHTypy, OIPEAEIAETCS COOTHOIIEHUEM:

dI dI dI dL dI
1) g =-1— 2) g =L— 3)e, = -L—  4)g =L— 5) g =— 2
) g =1 ) & =L ) & " ) &=L ) & ==

T4.35 3aBUCUMOCTb CHIIBI TOKA CAMOMHIYKIMHU I OT cuibl Toka KOHTypa I, MHAyKTMBHOCTH KOH-

Typa L u ero conporusnenus R onpenensieTcss COOTHOLIEHUEM

L dI L dI R dI Lt dI LI dI
D5 R dt 2 1; R dt D 1s L dt DL R dt AL R dt
T4.36 Eciu cuiia Toka [ B mpoBOAIIEM KOHTYPE YBEIIMUUBAETCS, TO TOK CAMOMHAYKIIUHA HAaIlpaB-
JIEH TI0 OTHOIIICHMIO K HAINPaBJIEHUIO TOKA B KOHTYpE:
1) mo Toxy  2) moxm yrimom 90°  3) mox yriiom 30°  4) mox yriiom 45°  5) mpoTHB TOKa
T4.37 Ecin cuna toka I B mpoBOAsIEM KOHTYpPE YMEHBIIAETCS, TO TOK CAMOUHIYKIIMM Hampas-
JIEH TI0 OTHOILIEHHIO K HAIPaBJICHUIO TOKA B KOHTYpE:
1) mo toky  2) mox yrmom 90°  3) mox yriom 30°  4) mox yriom 45°  5) mpoTHB TOKa
T4.38 Ecnu nnaykTuBHOCTH KOHTYpa L = 2 I'H, a cuja TOKa B KOHType MEHsieTcs 1o 3akoHy [ = at
(a =5 MA/c), To 5AC caMOMHAYKIIUU PaBHA:
1)0,1B 2) -0,1B 3)0,001B 4)0,01B 5) -0,01B
T4.39 Ecinu yncino BuTKkoB miMHHOro conenonga N =100, miuHa coineHouaa [ = 10 ¢cM, a momanab
ceyenusa S = 100 MMZ, TO OTHOIICHUE WHIYKTUBHOCTH COJICHOMJA K MarHUTHOW MOCTOSTHHOM L/

paBHO:
1)10° m 2) 10 M 3)10° m 4)0.1m 5)10° m

b
T4.40 Yemy paBeH onpeneneHHbII HHTerpaan—X?
X

1) In(a/b) 2) Ina — Inb 3) In(b/a) 4) — In(b/a) 5) Inb+ Ina
T4.41 Yemy paBHO BpeMs pellakcallMii 7 KOHTYypa IPH €ro pa3MbIKaHUM W 3amblkanuu ? (R —
CONPOTHBJIEHHE ¥ L — WHIYKTHBHOCTH KOHTYDA) .

1) % 2) % 3) —% 4) \/% 5) ln%

T4.42 Bpems penakcauuu Npu pa3MbIKaHUU LIENH KOHTYpa ¢ PEe3UCTOPOM U KaTYLIKOW MHIYKTHB-
HOCTH — 3TO BpeMs B TE€YEHHE KOTOPOT'O CHUJIa TOKA:

1) Bo3pacTaer B 2 pa3a 2) yMeHblaeTcs B 2 paza 3) yMeHbIIaeTcs B e pa3 4) Bo3pactaeT B e pa3s
5) yMeHbIIaeTCst 10 HYJI.
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T4.43 Yepes xakoe Bpemsl OT Hadajla pa3MbIKaHMsI LIEMH KOHTypa ¢ PE3UCTOPOM U KaTyIIKOW WH-
JOYKTHBHOCTH CHJIa TOKA B HEM YMEHBILIUTCS 0 HYJIs.?
o 2)7,c 3) © 4)e,c 5) Ine, ¢
T4.44 BpeMmeHHasi 3aBUCHUMOCTh CHJIbI TOKA MPU Pa3MBbIKAHUS LIEMH KOHTypa C PE3UCTOPOM M Ka-
TYIIKON MHAYKTUBHOCTH ONPEIENSIETCS COOTHOILIEHUEM

t t t t T
D Iy=I(l-e ?) 2)It)=le* 3) It)y=ILe 4) IH=I(1-e?) 5 It)=Ie '
T4.45 Ecnu yepe3 0,02 ¢ nociie Hayana pa3MbIKaHUs CUjla TOKa B enu | MA U BpeMs penakcanuu
7=10,01 ¢, TO cuia HaYaJIbHOIO TOKa paBHA
1) 0,73mMA 2) 0,37mMA 3)7,4 MA 4) 3,7TmMA 5) 73mMA
T4.46 JIns xatymwku nHxykTuBHOCTHIO L = 0,1 I'H 1 conporusnennem R = 0,8 Om onpenenuts ot1-
HOILIEHUE CUJIbl TOKa dYepe3 t = 30 Mc mocse OTKIIOUEHUsT KaTyIIKH OT UCTOYHHMKA U 3aMbIKaHUS
HaKOPOTKO K HAYaJIbHOM CHJIe TOKA.
1) 0,79 2) 1,27 3)2,27 4) 3,27 5)4,27
T4.47 BpemenHas 3aBUCUMOCTb CHJIbI TOKa IPU 3aMbIKaHMs IIETIH KOHTYpa C PE3UCTOPOM U Ka-

TYIIKON MHAYKTUBHOCTH OIPEAEIISIETCS] COOTHOIICHUEM:
t t t t T

DIt)=1 (I1-e ) 2)I[(t)=1 e " 3It)=Le" HI)=I[_(1-e7) 35 It)=1e'"
T4.48 Kakyo yacTb OT MaKCUMaJlbHOM CUJIBI TOKA COCTaBIIAET CUJla TOKa B MOMEHT t=7, rae t—
BpeMSsi, OTCUMTHIBAEMOE OT MOMEHTA 3aMbIKaHUS LENH?

1)elle—1) 2) 1/e 3)e—1 4)e 5)(e—1)e

T4.49 Yepe3 kakoil TpOMEKYTOK BPEMEHU OT MOMEHTA 3aMbIKaHUS LIETTH KOHTYpa C pE3UCTOPOM U
KaTyILIKOW MHIYKTUBHOCTHU CUJIa TOKA B HEM JOCTUTaeT MaKCUMyMa?

Ho 2)r,c 3) o 4)e c S)lne, ¢
T4.50 Yemy paBen Tox uyepes 0,01 ¢ mocie 3aMbIKaHUs LETH, €CIU T = 107%¢c, aly =2 MA?
1) - 1,26MA 2) — 0,126MA 3)0,126 MA 4) 12,6MA 5) 1,26MA

T4.51 Onpenenuts, yepe3 Kakol MPOMEXYTOK BPEMEHHM CHJIa TOKa 3aMbIKaHMs JTOCTUTHET 95%
IIPENEIbHOTO 3HAYEHHUs, €CJIM UCTOYHUK TOKA 3aMBIKAlOT Ha KaTylIKy conporuBieHrueM R = 12 Om
Y UHOyKTUBHOCTHIO L = 0,5 T'H.

1) 135 mc 2) 225 mc 3) 125 mc 4) 180 mc 5) 135 mc

T4.52 PazmepHOCTh KO3 PHIIMEHTa B3aUMHOW WHIYKTUBHOCTH KOHTYPOB:

1)B6 2)A'Mm 3)lrn 4)B6-A S5)I'a-B6

T4.53 Teopema B3aMMHOCTH 151 KO3(D(DUIIMSHTOB B3aUMHOM WHTYKITH ONPEJISIISICTCS] COOTHOILICHUEM ?
dl, dI,

1) ®y=L, 1, 2)g,= _LIE 3)Lin=La 4) &, =-L, Ot 5) @=Ll

T4.54 Ecnu ABe KaTyIIKU COEAUHEHBI COTJIACOBAHHO, TO MATHUTHBIN MOTOK, KOTOPBIM CO3/1a€T TOK
OJIHOM KaTylIKU B MECTE PACIIOJIOKEHHS APYTOM,:
1) oTpurarenen 2) MOJIOKUTENEH 3) HyneBoi 4) OTCYyTCTBYET 5) MHUMBIH

T4.55 Ecnu nBe KaTyIIKU COEUHEHBI COTJIaCOBAHHO, TO BEKTOPA MArHUTHOW MHIYKIUHU OT Pa3HbIX
KaTyIlIeK B MECTE PAaCIOI0KEHUS KaXI0W U3 HUX:

1) conamnpaBieHbl

2) NpOTUBONOJIOXKHBI 110 HAIIPABICHUIO

3) HanpasineHsl ox yriaom 90°

4) HanpaByieHbl ToJ yriiom 30°

5) HanpaBieHs! O yriioMm 45°

T4.56 Ecnu nBe KaTyLIKU COEIUHEHBI BCTPEYHO, TO MAarHUTHBIM MOTOK, KOTOPBIN CO3/1a€T TOK OJI-
HOM KaTyIIKU B MECTE PACIOJIOKEHUS APYTOil:
1) orpunarenex 2) NOJIOKUTENIEH 3) HyneBoii 4) OTCYTCTBYET 5) MHUMBII
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T4.57 Ecnu Be KaTylKU COEIMHEHBI BCTPEYHO, TO BEKTOpAa MarHUTHON MHAYKIIMH OT pa3HbIX Ka-
TYILIEK B MECTE PACIOJIOKEHUS KaKION U3 HUX?

1) conamnpaBieHBbI

2) NpOTUBOMOJIOXKHBI 110 HAITPABJICHHIO

3) HanpaBieHsl noj yriaom 90°

4) HampaBiieHbl oA yriom 30°

5) HampaBieHsl oA yriiom 45°

T4.58 Ecnu kaTymiku ¢ MHIyKTUBHOCTSIME L 1 L 1 Mogynem ko3 duirenta B3auMHON HHAYKIAN
M coenuHeHbI OCIEA0BATENbHO COTIACOBAHHO, TO UHAYKTUBHOCTh CUCTEMBI KaTyIlIEK paBHa!
HDL+L,-2M 2)L;-L,-M J)Li+L,+2M 4)Li+L,+M S5 )Li+ L,-M
T4.59 Ecnu karymku ¢ HHIYKTHBHOCTAMU L; u L,  Momynem xosdduirienTa B3auMHON HHIYK-
uu M coeMHEHBI OCIEI0BATENbHO BCTPEYHO, TO MHAYKTUBHOCTh CUCTEMBI KaTylIEK paBHA:
HDL+L,-2M 2)L;-L,- M )L+ L,+2M 4)L;+ L,+M S Li+L,-M
T4.60 3aBucumMocTh CUJIBI TOKA OT 3apsaa dq, Mpouieaero yepe3 cedeHrne NpoBOAHMUKA 332 BpeMs
dt, ompenensercs COOTHOLIEHUEM

1) —dq/t 2) dq/dt 3) dt/dq 4) q/dt 5) dqdt

T4.61 3akon J[xoynsa-Jlenna B nuddepennuansaoit popme onpenesieTcss COOTHOIICHUEM:

1) dQ=I’Rdt  2)dQ=IRdt 3) dQ=I’R’dt  4)dQ=U’Rdt 5)dQ=+IRdt
T4.62 DHeprus NCTOYHMKA TOKA B IPOLIECCE YCTAHOBJIEHUS TOKA B HEIMOJBHKHOM KOHTYpPE C MH-
OYKTUBHOCTBIO HJET Ha IPEOAOJICHHUE CONMPOTUBIICHUS IPOBOAHUKA H:

1) nputsxenus koHTypa k CosHity

2) MpUTSDKEHUS KOHTYpa K 3emiie

3) atMmocdepHOro aBiIeHUs

4) cOnpOTHBIIEHUS 3/IC UHAYKLUU

5) cuiibl TpeHUS IPOBOJIHUKA O IIOBEPXHOCTH OIIOPHI

T4.63 Uemy paBeH HeONpEIEIEHHbIN HHTErpaj dex ?

1) x> + const 2) 2x + const 3) x*/2 + const 4) — x*+const  5)x°/3 + const
T4.64 DHeprust MarHUTHOTO 1oJisi W KOHTYpa ¢ TOKOM HE OIPE/ICNISETCS] COOTHOIICHUEM:

LI’ L'’ 3 Lo 4 a2 sy Lo
1) - 2) S 2 2L 2

T4.65 I110THOCTH SHEPTUU MAarHUTHOT'O TOJISL W, OIPEIENSITCS COOTHOILIEHUEM:

2 2 1 2 BHsina
1) i 2) B 3) —1d 4) B” 5) ———=
2 2ty 2 2 2

T4.66 Eciiu Mmoynbs BEKTOpa MarHUTHOM MHTYKIIMM BO3pOC B /IBa pa3a, 00bEeMHas MIIOTHOCTh SHEP-
MM MarHUTHOTO TOJISl yBEJIUYUIIACH:

1) B 2 paza 2) B 0,5 paza 3) B4 paza 4) B 0,25 paza 5)B 1 pa3
T4.67 Ecnu tox [ =1 MA u unayktuBHocts L =2 ['H, To sHeprum marauTHoro nosigs W paBHa:
1) 100 mx/Ix 2) 0,01 mx/JIx 3) 10 mxJIx 4) 0,1 mx]x 5) 1 mxJIx

T4.68 Ecnu kaTymku ¢ nHAyKTUBHOCTSMU L 1 L, ,Momynem koaddumpenTa B3anMHON WH Ty KIIUHA
M wu tokamu I; u I, coennHEHBI COMIACOBAHHO, TO 3HEPTHSI CUCTEMBI KaTyIIEK OIMPENEIsAETCs COo-
OTHOIIICHUEM:

LI* L. LI> L. LI>? LI> MII
) L+ 224 MI 1, 2) LL+—22_MII, 3)—LLl4—224 12

2 2 2 2 2 2
MLﬁ+Q@_MMZ$Lﬁ+Qﬁ+MM2

2 2 2 2 2 2
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T4.69 Ecnu karymku ¢ mHIYKTHBHOCTAMU L) u Ly ,Monynem xosdduiimenTa B3anMHON HHIY KA
M u tokamu I u I, coeuHEHBI BCTPEYHO, TO SHEPTUSA CUCTEMBI KaTyILIEK paBHA:

2 2 2 2 2 2
1)LI Ll + ML, 2)LI i—Mlllz 3)LI LIZ+MII
2 2 2 2
4 LI’ +L21§ M, 5) LI +Lzlj L MI
2 2 2 2 2 2

T4.70 TpancdopmaTop — 3TO yCTPOMCTBO AJIS:
1) mpeoOpa3oBaHus MOCTOSHHOTO TOKA B IEPEMEHHBIN TOK
2) npeoOpa3oBaHus IEPEMEHHOTO HAMPSKEHUS B IIOCTOSHHOE HAIPSDKEHUE
3) npeoOpa3oBaHus OTHOTO EPEMEHHOTO HAIIPSHKEHUS B IPYyroe
4) npeoOpa30BaHUs OAHOTO MMOCTOSHHOI'O HANIPSDKEHUS B IPyroe
5) mpeoOpa3oBaHus TOKA B HANPSKEHHE
T4.71 YUemy pasen kodddunment tpanchopmanuu k, ecniu N; — 4uciao BUTKOB B MEPBUYHON 00-
MOTKE, a N, — YHUCJIO BUTKOB BO BTOPUYHOI 0OMOTKE?
)N, /N, 2) NiN, 3) (N2 / Ny)? 4) (N / N,)? 5) NI/ N,
T4.72 Kak cBsi3aHO OTHOILIEHHE YHCJIA BUTKOB B MEPBUYHOM K YMCIy BUTKOB BO BTOPUYHOM 00-
MoTKax (Ni/N,) ¢ otHomeHueM Ujq (IeiicTByIOIIEE 3HaUYECHNE BXOAHOTO HanpshkeHus ) kK Uag (1eit-
CTBYIOIIIEE 3HAYEHUE BBIXOIHOTO Hanp;DKeHHﬁ), eciu COHpOTI/IBJ'IeHl/IeM 00MOTOK MOHO TIpeHeOpedb?
B D 3 (G4 Y 5) o

2d 1d 2d ld 2d
T4.73 Kak cBsi3aHO OTHOIIICHHE YHCJIa BUTKOB B MEPBUYHON K YHMCIy BUTKOB BO BTOPHUYHOU 00-
MoTKkax (Ni/Ny) ¢ oTHomenueM |4 (IeHcTByrOIIEE 3HAUCHNE CUJIBI BXOJIHOTA TOKA) K Ipg (IeHcT-
Bymmee 3HAYEHUE CHUJIbl BBIXOJHOI'Aa TOKA), €CIM CONPOTUBIEHUEM 0OMOTOK MOYKHO IIpeHeOpeun?

s 2) 1 3 (27 4) (2 y 9 [l
ld IZd ld 2d

T4.74 I'enepaTop nepeMeHHOT0 TOKa — 3TO YCTPOMCTBO JIS:

1) npeoOpa3oBaHus MOCTOSHHOI'O TOKA B IIEPEMEHHBIN

2) moJIy4eHHUs IEPEeMEHHOT0 TOKa

3) mpeoOpazoBaHus IEPEMEHHOTO TOKA B MTOCTOSHHBIH

4) mpeoOpa3oBaHUs OJTHOTO MOCTOSIHHOTO HANPSDKEHHS B APYTOe

5) npeobpazoBaHMs TOKA B HANPSKEHUE

T4.75 B reneparope npoUCXO/IUT:

1) BpalmieHrue paMKi B MAarHUTHOM TI0JI€, TIPY TIPOITYCKAaHUH 110 HEH IEKTPUIECKOTO TOKa

2) BpalleHHEe paMKHU B IOTEHIIHAIBHOM 3JIEKTPUYECKOM T0JIe TIPU MPOIYCKaHUH 110 Hell 3IeKTpuye-

CKOT'O TOKa

3) BpallleHHe paMKH B MATHUTHOM TI0JI€ 3a CUET €€ HarpeBaHUs

4) BpalieHue paMK{ B MAarHUTHOM TI0JIE 33 CYET CHJIBI TSHKECTH

5) npoTekaHue IEKTPUUECKOTo TOKA [0 paMKe, IIPU €€ BpallleHUU B MarHUTHOM I10JIe

T4.76 DnexTpoaBUraTesnb — 3T0 YCTPONUCTBO JUIS:

1) mpeobpazoBaHus MEXaHUIECKON YHEPTUHU B MJICKTPHUIECCKYIO

2) npeoOpa30BaHus JICKTPUIECKOIN SHEPIHUH B MEXaHUUECKYIO

3) co3aaHust MarHUTHOTO TOJISt

4) co3gaHust IEKTPUUECKOTO MO

5) mpeoOpa3oBaHUsI MATHUTHON YHEPTUHU B DJICKTPUUICCKYIO

T4.77 B anexktpoaBuraresie mNpoOUCXOUT:

1) BpalieHre paMK{ B MarHUTHOM I10JI€, TIPY IPOMYCKAaHUH 110 HEH IEKTPUYECKOro TOKa

2) BpalieHHe paMKHU B TIOTEHIIUAIBHOM 3JIEKTPUYECKOM T0JIE TIPU MIPOIMYCKAHUH 110 HEeH dJIeKTpuye-

CKOT'O TOKa
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3) BpallieHue paMKU B MATHUTHOM TI0JIE 32 CUET €€ HarpeBaHUs

4) BpallleHHe PaMKHU B MarHUTHOM I10JI€ 32 CUET CUJIbI TSXKECTU

5) npoTekaHue IEKTPUUECKOT0 TOKA [0 paMKe, IIPU BPAIlIEHUU €€ B MAarHUTHOM I10JI€

T4.78 Ecnn  U- HanpspkeHue Ha JIMHUM niepenad, P - nepenaBaemast o JIMHUM MOLIHOCTB,I — COIIPO-
TUBJICHHUE JIMHUU TI€peAad, TO MOIMHOCTb NOTeph P pu nepenave SHEPrUM ONPEACIAETCS 3aBUCH-

MOCTBHO:
U p? P’ , p? P
- - - - 5)Po=—r1
1)PQ_P2r 2)PQ_U2r 3)PQ_U2r 4) Pq ot ) Pq T

T4.79 Ecniu umciio BUTKOB B IEPBUYHOM M BTOpUYHOM 0OMoTKax paBHO N = 100, N, = 200, a neii-
CTBYIOIIIEE HANPsDKEHHE B MepBUYHONM 00MOTKe paBHO Uy =127 B, To meicTByromee HanpsoKeHUE
U,y Ha BTOPUYHOM 0OMOTKE PaBHO:

1)127B 2)63,5B 3)254B 4)31,75B 5)508 B

T4.80 Ecniu yuciio BUTKOB B IEPBUYHOM U BTOpHUHOU 00MoTKax paBHO N; = 100, N, = 200, a cuna
JIEHCTBYIOIIETO TOKA B MIEPBUYHON 00MOTKe paBHO [14 =127 MA,T0 cuia AeiCTBYIOIEro Toka lrq BO

BTOPUYHOM 0OMOTKE paBHa:
1) 127 MA 2) 63,5 MA 3) 254 MA 4) 31,75 MA 5) 508 MA

3ajaum AJ1 KOHTPOJIbHBIX padoT

4.1
B oxHOpOIHOM MOCTOSIHHOM MarHUTHOM ToJie ¢ uHaykuuend B = 0,1 Ta aBmkeTcst IpOBOIHUK JIJTH-
Hoit / = 10 cm. CkopocTh ABMXKEHUS MPOBOJHUKA V = 15 M/C M HampaBieHa MEePHeHAUKYISPHO K

MAaroMTHOMY IIOJIIO U OCH IIPOBOJHMKA. Haiitu MOAYJb |8| HHI[yIIHpOB&HHOfI B ITIPOBOAHHUKE 3/IC.
4.2

Karymka nuamerpom D = 10 cm, coctosimas u3 N = 500 BUTKOB IPOBOJIOKU, HAXOAUTCSI B MarHUT-
HOM TI0JIe, BEKTOP MAarHUTHOW WHAYKIIMHU KOTOPOTO MEPIECHAMKYJSIPEH IUIOCKOCTH BHTKA. HailTh

MOJYJNb |E45| CPEIHEN 3/1C MHAYKIUH, BO3HUKAIOILEH B 9TOH KaTyIIKe, €CJIM HHAYKIUS MAarHUTHOTO
nonst B yBennuuBaercs 3a Bpemsa At=0,1 ¢ naAB= 2 Tx.
4.3

CkopocThb camosieTa ¢ peakTUBHBIM JBurateneM v = 720 km/4. Haiitu momayne |8| 3AC WHAYKIIUH,

BO3HUKAKOIYIO B KPbUIbAX, C€CJIIM MOAYJIb BepTHKaHLHOﬁ COCTaBHHIOIHeﬁ UHAYKIIUMA MAarHuTHOIO
nosist 3emiu B = 50 mxTn u pa3max kpbuibeB camoneta [ = 12,5 m.

4.4

B nocTrosHHOM OAHOPOJHOM MarHUTHOM moJie ¢ uHAykuuer B = 0,05 Tn, Bpamaercs cTepKeHb
uHOM [ = 1 M ¢ yrioBo# ckopocThio ® = 20 pan/c. Ock BpallleHUs MPOXOIUT Yepe3 KOHEIl CTepPxK-

HS ¥ TIapajuiejibHa MarHuTHoMY Tiojtto. Haiiti Moy s |8| 97C WHAYKIIMH, BO3ZHUKAOIICH B CTEPIKHE.
4.5

. . 2
KpyroBoii npoBosouHslil BUTOK miomaasio S= 0,01M” HaxoauTcs B OJJHOPOIHOM MOCTOSIHHOM Mar-
HUTHOM nojie ¢ uaaykuuenn B = 1 Tu. IlnockocTs BUTKa NEPNEHAUKYIIApHA K HAIIPaBJICHUIO Mar-

HUTHOTO Tojs. Haiitu Mmoaynb CpelHel »/1c MHIYyKIMY, BO3HUKAIOIIEH B BUTKE MPH BBIKIIOUE-

&
HUU T0Js B TeueHue BpeMenu t = 10 mc.

4.6

B o1HOpOIHOM NTOCTOSIHHOM MarHMTHOM Iosie ¢ uHaykuuen B = 0,8 Ti, paBHOMEpHO Bpaiaercs
paMKa C yrioBoi ckopocThio ® = 15 pan/c. [Tnomans pamku S = 150 cm?. Ochb BpAILICHUSI HAXOUT-
sl B IUIOCKOCTH paMKH U cocTaBiisieT yroi f = 90° ¢ HanpaBiIeHHeM MarHuTHOro nosst. Haiitu mak-
CUMAJIbHYIO 3/IC UHAYKIMH € max BO BpaLaIOLIEHCs paMKe.
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4.7

I'opu3oHTanbHBIN CTEpKEHb JUIMHOM / = 1M BpamaeTcss BOKPYI BEpPTUKAIbHOM OCH, MpOXoJsiien
yepe3 OJUH U3 ero KoHIoB. Och BpallleHHsl napajieIbHa MarHUTHOMY TOJIf0, ¢ uHAyKuuen B = 50
MKTu. IIpu kakoif yacToTe BpalleHHs CTEPKHS (® Pa3HOCTb MOTEHIIMAIOB HAa KOHLIAX 3TOI'0 CTEP)KHS
U=1wmB?

4.8

BHYTpb coTeHOMaa THHON [ = 20 CM ¥ IIIOIIAABIO MOMEPEYHOro cedenns S = 30 cM” MOMeIIeH
MIPOBOJIOYHBI BUTOK TaKOM kK€ IUIOLIA/H, IJIOCKOCTh KOTOPOTO MEPHEHIUKYJIIpHA BEKTOPY Mar-
HUBTHOM MHIyKUUHU cosieHonna. O6moTka coneHouga umeeT N = 320 BUTKOB, U 110 HEMY UJET TOK

[ =3 A. Yemy paBeH MOIyJib CpeIHEN 3IC UHAYUUMPYEMON B MOMENIEHHOM B COJIEHOM/| BUT-

Eiio
Ke, KOrJja TOK B COJICHOUJIE CIaJIaeT 10 HyJIs B TeUeHue BpeMeHu t = 1 mc?

4.9

JmuuebIi conieHona MHAYKTUBHOCTBIO L = 4 MI'H comepxut N = 600 ButkoB. [Lnomans nonepey-
HOTO CeueHns conmeHonma S =20 cm’. OnpenenuTb MarHUTHYIO MHAYKLHUIO MOJIS BHYTPU COJIEHOU-
Jla, €CJIM cujia Toka [ , mpoTekaroiero mo ero oOMoTke paBHa 6 A.

4.10

JIBe niuHHBIE KaTymKkd ¢ HHAYKTHBHOCTSIMU L) = 0.64 I'n u L, = 0.04 I'n HamoTaHbl Ha OOt
cepaeuHuk. Cunrtas uxX JJIMHBI U TONEPEYHbIE CEYCHHS] OJUHAKOBBIMU, HAUTH OTHOILECHUS YHUCIA
BUTKOB N IEPBON U3 HUX K YUCITY BUTKOB N, BTOPOIL.

4.11

Karymka nmusoit [ = 20 cM U TUIOmaapio MONEPEYHOro ceueHus S = 9 cMm® coctouT u3 N = 400
BUTKOB. HailT MHAYKTUBHOCTH KaTylmIku 0Oe3 cepaeuynuka L; u ¢ cepaeunukom L, ecnu MarHuT-
Hasi IPOHUIIAEMOCTh MaTepuaia cepaeunuka p = 400.

4.12

O6MoTKa coneHon1a COCTOUT 3 N BUTKOB MEIHOM MPOBOJIOKH, IMONIEPEYHOE CEUCHUE KOTOPOH S =
Imv’. {nuna conmenomaa [ =25 ¢M; ero akTHBHOE conpotusieHue R = 0,2 Om, yaensHOE compo-
TUBJICHHE pcy = 17 HOM/M. Haiiti nHAYKTHBHOCTE colieHona L.

4.13

Karymka gmunoit / = 20 cm u nuametpom D = 3 cm coctout u3 N = 400 Butkos. [lo katymike uaer
Tok | = 2 A. Halitn uHnyktuBHOCTh L KaTymku U MarHUTHbIA MOTOK P, MPOHU3BIBAIOIINN ILJIO-
1a/1b OJIHOTO BUTKA.

4.14

CKOJIbKO BUTKOB NMPOBOJIOKH nuamerpoMm d = 0,6 MM MMeeT ofHOCIOHAs 0OMOTKa KaTyIIKH, UH-
OyKTUBHOCTBHIO L = 1 MI'H u nuametrpom D = 4 cM, eciiu BUTKH MJIOTHO MPUJIETAIOT APYT K APYyTY?
4.15

Nmeetcst mpoBoAsImMii MpsSMOYTOJIBHBIA KOHTYpP C ABWXKYIIeHcs mepeMblukon mumuHou [ = 10 cMm.
BexTop HOpManu K MJIOCKOCTH KOHTYpa COCTaBJISIET C HAIIPABJIEHUEM BEKTOPA MHIYKLUU OJHOPOA-
HOT'0 MOCTOSIHHOrO MarHutHoro noiyist ¢ B = 50 mTn yron a = 120° . [lepembluka JBUKETCS C IO-
CTOSIHHOM cKopocThio Vv = 10 M/c, ocTaBasich mapaiesnbHoi camoii cede. ConpoTHBICHHE KOHTY-
pa cuuTaTh HEM3MEHHBIM M paBHBIM R =2 OM. HaiiT 31¢ MHAYKIHUH U TOK B KOHTYpE.

4.16

Conenonn nmuHo# / = 50 ¢M ¥ TUIONIA/IBIO TTOMEPEYHOTO CEUCHHS S = 2 cM° MMeeT WHJIYKTUBHOCTb
L= 0,2 mxI'n. IIpu kakom TOoke I 0OBEMHAs IJIOTHOCTh SHEPIMM MArHUTHOTO IOJI BHYTPH CO-
smeouma w = 1 MI[)K/M3 ?

4.17

CKOJIBKO BUTKOB MUMEET KaTyIllKa, MHAYKTUBHOCThIO L= 1 MI'H, eciu mpu TOoke yepe3 KaTyllKy B
[ =1 A ee notok uepe3 n060i BUTok D =2 MxB6?

4.18

T1701a/1b MOMEPEUHOr0 CEYEHNs! COICHOM/IA, HAMOTAHHOTO HA META/UTIMUECKHH CepaeuHuK, S = 1 cM’,
ero ymHa [ = 10 cM, nuametp npoBoikH — d = 3mm. HaiiT MarHuTHY0 IPOHUIIAEMOCTS |l MaTepralia
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CEpICUHUKA, €CIIM MHIYKTUBHOCTB cojieHonna L= 0,44 T'n.

4.19

Karymka ungyktuBaoctu ¢ L = 0,6 I'H moakitoueHa K UCTOYHUKY TOKa. OnpenenuTe ConpoTUBIe-
HUE KaTyIIKH, €CJIM 3a BpeMsa t = 3 ¢ cuiia TOKa 4epe3 KaTylKy AOCTUrHeT M = 0,8 mpenenbHoro
3HAYEHUS.

4.20

[IpoBonoyHOE KOJBIO paguycoM r = 10 cM JIeXKUT Ha TOPU30OHTAIbHON MoBepXHOCTH. Kakoe komu-
YECTBO AEKTpruecTBa (Q MPOTEUET MO KOJIbLY, €CIU €ro MOBEPHYTh C OJHOM CTOPOHBI HA APYTYIO?
Conpotusnenue R konbia pasao 1 OM. BepTukanbHasi coctapisiomas HHAYKIMH MarHUTHOTO TI0-
a5 3emun B = 50 mxT.

4.21

B marnutHOM mosnie ¢ uaykuueit B = 0,017 Tn, nmomeniena kBagpaTHas paMka U3 MEIHON MPOBO-
JIOKHU C TJIONIAAbI0 OTIEPEYHOTO CEUEHUS MPOBOJIOKH S = Imm”. Thnomans pamku S = 25 cM”. Hop-
Mallb K TIUIOCKOCTM pPaMKW MapajulelibHa MarHUTHOMY TIOJII0, YJEIbHOE COIPOTHUBIICHHE
pcu = 17 HOM/M. Kakoe KOTM4ecTBO 3JEKTPUIECTBa  MPOKAET MO KOHTYPY PaMKH IPH UCYE3HOBE-
HUWA MarHUTHOTO NOJIA?

4.22

B maruutHoMm none ¢ unaykuued B = 0,05 Tn, nomemniena karymka, coctosimas u3 N = 200 BUTKOB
nipoBosioku. ConpoTtusienne kaTymku R= 40 Om; miomaas monepeyHoro CEUeHus S = 12em”. Ka-
TYILIKa [TOMEILEHA TaK, YTO €€ OCh COCTAaBJsEeT yroia « = 60° ¢ HanmpaBIE€HUEM MAarHUTHOTO IOJIS.
Kakoe kon1uecTBO 37€KTpUUECTBA q IPOMUIET 110 KAaTYIIKE IPU NCYE3HOBEHUMHM MarHUTHOTO 10JIs1?
4.23

KpyroBoii koHTyp pamuycoM r = 2cM IOMEUIEH B OJHOPOJHOE MAarHUTHOE MOJ€ C MHAYKIHMEH
B = 0,2 Tn. IlnockocTh KOHTypa MNEpPHNEHAMKYJISpPHA HampaBjieHUtO MarHutHoro mnoisd. Co-
nporusieHue KoHTypa R= 1 OM. Kakoe konuuecTBo 3€KTpUUYECTBA q IPOUJET Yepe3 KaTyIIKy IIpH
MOBOPOTE €€ Ha yroJi o = 90°?

4.24

DIIeKTpuYecKas Jamiodka ¢ comnpotupieHueM R=10 Om noakiarouaeTcs yepe3 Apocceiib K aKKy-
MyJsaTopy ¢ € = 12 B. MaayktuBHOCTh ipoccens L = 2 I'n, conporusnenue r = 1 Om. Yepes kakoe
BpeMs t MOocie BKJIIOYEHHUS JaMIIOYKa 3arOpUTCs, €CJIU OHA HAUMHAET 3aMETHO CBETUTHCS NMPU Ha-
npsbkeHnn Ha Hel U= 6 B?

4.25

OrnpenennuTtb, CKOJIbKO BUTKOB IPOBOJKH, BILUIOTHYHO NPUJIETAIOMIMX APYr K IPYry, JUaMETPOM
d=0,5 MM c u30ISILMEN HUYTOKHOM TOJIIMHBI HAJI0 HAMOTATh Ha HEMPOBOJALIUI HWIMHIpP AUA-
mMeTpoMm D = 1,5 cM, 4T0OBI MOTYYUTH OAHOCIOWHYIO KaTyIIKy HHAYKTUBHOCTBIO L = 100 Mx['H?
4.26

Bo ckonbko pa3 yMEHbIIUTCS TOK B Karymke ¢ MUHAyKTUBHOCTH L = 0,2 ['H u compotuBieHrem
R = 1,64 Om uepe3 Bpems t = 0,05 ¢ mocie Toro, Kak OTKIIIOUEHA Oarapes U Karyllka 3aMKHyTa Ha-
KOpPOTKO?

4.27

Uepes kakoe Bpems t 1ociie NOAKIIOYEHHUS K KaTylKe ¢ MHAYKTUBHOCTBIO L = 0,144 ' u conpo-
tuBineHueM R = 10 Om Oatapem mnoteyer Tok I, paBHbIil I/n (n = 2), rae I, — ycraHOBUBIIHIACS
TOK?

4.28

[octpouts rpaduk 3aBucumoctu otHoueHus I/l B kouType ¢ compotuBienneM R=2 OM u uHmyK-
TuBHOCTHh L= 0,2 I'H OT BpeMeHH t MpOILEANIET0 ¢ MOMEHTA BKIIIOYEHUS B LIENb 3/C, Ul MHTEpBaia
0 <t < 0,5 cuepes kaxayto 0,1 c.

4.29

KBazpaTHasi paMKa IUTOMAAbI0 S =25 cM” 13 MEIHOI POBOIOKH CEUCHHEM § =1 MM’ IOMeIIeHa B Mar-
HUTHOE TI0JIe, MHIYKIIMS KOTOPOTO MEHseTcs 1o 3akoHy B = Bysinot, rme By = 0,01 Tn, T = 0,02 c,
yIIEIbHOE CONMPOTUBIIEHHE pcy = 17 HOM/M. [110CKOCTh paMKu IEpHEHIUKYIIAPHA K HAPABICHUIO Mar-
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HUTHOTO moJisl. HalTi 3aBUCHMOCTH OT BpeMEHM t M HauOOJblIee 3HaYEHHE: a) MarHUTHOIO MOTOKa
@(t), MpOHU3BIBAIOIIETO paMKy; 0) 3¢ MHAYKIMH £(t); B) TOKa I(t), TEKyIIero mo pamke.

4.30

Uepe3 KaTylIKy ¢ MHAYKTHMBHOCTBIO L, T€4eT TOK, M3MEHSIOIIMICS CO BPEMEHEM IO 3aKOHY
I = I sinowt. Haifti 3aBUCIMOCTB OT BpEMEHH t: ) 3/IC CAMOMHIYKITUY €; 0) sHeprun W MarHUTHOTO
OJISI KATYIIKH.

4.31

JIBe KaTylIKu UMEIT B3aUMHYI0 UHAYKTUBHOCTB Li; = 5 MI'H. B mepBoil KaTyIKe TOK U3MEHSETCSA
o 3akony I = Iy sinwt, rae Ip = 10 A, T = 0,02c. HaiiTi 3aBUCHMOCTB 311C €;(t), MHAYIHPYEMOI BO
BTOpPOH KaTyIlIKe, U €€ HauOOoJIblllee 3HAYCHUE Emax -

4.32

Conenonp quamerpoM d =4 oM, umeromuii N = 500 BUTKOB, TOMEIIEH B MATHUTHOE TTOJIE, HHTY KIS
KOTOpOro u3MeHsiercsi co ckopocthio dB/dt = 1 mTi/c. Mexy ocbio coleHOMIa U BEKTOPOM MarHMT-
HOW MHAYKUMU yron o =45°. Onpenenurs |a| MOAYJIb 3JIC MHIYKLIMHU , BOSHUKAIOUIEH B COJICHOUIE.

4.33
B marnuTtHOE TOIIE, M3MeHsIomIEeecs 1o 3akoHy B =B cosawt (B, =0,1Tx, o = 4pan/c), nmomerue-

Ha KBaJpaTHas paMka co ctopoHoit a = 50 cm. Hopmans k paMke oOpa3yeT ¢ HalpaBJIeHUEM I0JIs
yroin o =45°. OnpenenuTs 3C UHAYKIUU B MOMEHT BpeMeHu t =5 c.
4.34

Komnb1o u3 amomunueBoro nposoja (o, = 26HOm M, auamerp nposoga d = 2 MM, TUaMeTp KOJIb-

na D =30 cm) nomeneHo B MarHUTHOE 110JI€ NEPIEHANKYJIIPHO JIMHUAM MarHUTHON MHIYKIMH.
Onpenenutb CKOPOCTh U3MEHEHHSI MarHUuTHOTO 1oJist dB/dt, eciu Tok B konbiie [ = 1 A.

4.35

[I11ockocTh MPOBOIOYHOrO BUTKA IIOMaa60 S =100 oM’ U conporuBieHueMm R =5 Owm, Haxomse-
rocs B OAHOPOJHOM MarHUTHOM nojie ¢ uHaykuuein B = 10 Tu, nepneHaukyispHa JIMHUASM Mar-
HUTHOW MHAYKUMH. [Ipy moBOpoTe BUTKA B MArHUTHOM TT0Ji€ 4yepe3 BUTOK mpouuio Q =12,6 mKi.
Omnpeznenuts yroia noBopoTa BUTKA ().

4.36

B oanoponnoe marauTtHOE niosie ¢ uaaykuue B = 0,3 T nomeniena npsiMoyroiabHas pamka ¢ moj-

BIDKHOU CTOpOHOH, amuuoit [ =15 cm. Onpenenutsb MOI[yHL|8| 3JC UHAYKLUUU, €CIU MOABHKHASL

CTOPOHA paMKH NepeMenaeTcsi NEPIeHIUKYISIPHO JIUHUSAM MarHUTHOM MHAYKIMU BAOJIb OCH X I10
3akoHy X(t) = xo + vt, rme v =10 m/c.

4.37

B xarymke mmnoit / = 0,5 m, auamerpom d = 5 cM 1 uuciom BUTKOB N = 1500 Tok paBHOMEpPHO
yBenuuuBaeTcs co ckopocthio dI/dt = 0,2 A/c. Ha karymiky HageTo mpOBOJIOYHOE KOJIBIIO COTPO-
tuBieHueM R = 5 OM Takoro ke auamerpa. Onpenenuts MOAYIb CUIIbI TOKA MHAYKIKU i B KOJIbLIE.
4.38

Karymka auametrpom d = 2 cm, comepxaias OAMH CIOW MJIOTHO MPUJIETAIONIUX APYT K IPYTY
N = 500 BUTKOB aTFOMUHHMEBOTO MPOBOJIa CEUCHUEM S =1 MM’, IOMEIIIEHA B MAarHuTHOE moje. OCh
KaTyIIKU TapajuielbHa JIMHUSAM WHAYKIUA. MarHuTHas UHAYKIUS TOJS  U3MEHSAETCS CO CKOpO-
crero dB/dt = 1 mTan/c. OnpenenuTs TEIUIOBYIO MOUTHOCTH P, BBIIENSAIONIYIOCS B KAaTyIIKE, €CIIN €€
KOHIIbI 3aMKHYTb HAKOPOTKO. Y IEIbHOE CONPOTUBIICHUE altoMUHUA P ,,= 26 HOM'M.

4.39
B onnoponnom MarautHOM mose ¢ uaaykuuend B = 0,1 T BpamaeTcst ¢ moCTOSTHHOM yTiI0BOM CKO-
pocThio ® = 50 paa/c BOKPYT BEpTHKAIBHON OCH CTepxeHb AnuHoM [/ = 0,4 M. OnpeaenuTs MOIyJIb

|8| 9AC MHAYKIOHWH, €CJIW OChb BPALICHHA IMPOXOAUT YCPC3 KOHCH CTCPKHA MHapalJICJIbHO JIMHUAM

MarHUTHON MHIYKIIUU.
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4.40

B ognopognoMm marauTHOM mone ¢ uaaykuueid B = 0,02 Tn paBHOMepHO BpamiaeTcs BOKPYT BEpTH-
KaJIbHOW OCH TOPU3OHTAIIbHBIN cTepikeHb JunHOU [ = 0,5M. Ochb BpallieHust IPOXOIUT Yepe3 KOHEI]
CTEpKHS MapalljieIbHO JTUHHUSIM MarHUTHON MHAYKIUH. ONpeaenuTh YUCIO 000POTOB B CEKYHIY V,
IIpY KOTOPOM Ha KOHIIaX CTEP>KHS BO3HMKAeT pa3HocTh noteHuuanos U = 0,1 B.

4.41

B onHoponHoM MarHUTHOM nose ¢ uaayknueit B = 0,2 Tan paBHomepHO ¢ yacToToil v = 600 MuH"
BpamaeTcsl paMmka, miomanaeo S = 100 CMZ,CO,Hep)KaHla}I N=1200 nmioTHO mpuneraroumx Apyr K
Ipyry BUTKOB. OCh BpalIeHUs JCKHUT B TIOCKOCTH PAMKH Y MEPIEHIUKYIISIPHA JIMHUSIM MarHUTHOMN
uHAYKIH. OnpenenuTb MaKCUMATBHYIO 3JIC Emax, HTHAYIUPYEMYIO B paMKe.

4.42

MarauTtHas MHIYKIUS TOJI MEeXKIY MOTI0CaMH ABYXMOItocHOro reneparopa B = 1 Ta. Potop ume-
er N = 140 ButkoB ¢ miomagsio S = 500 cm”. Ocb BpALICHHUS JIEKHUT B ILIOCKOCTH POTOPA U Iep-
MEHANKYJIIpHA JUHUSIM MarHUTHONM MHAYKIUHU. ONpenenuTh 4acTOTY BpallleHUs SIKOpSA V, €CIH
MaKCUMaJIbHOE 3HAYEHUE 3/IC UHIYKIHMH Emax = 220 B.

4.43

B ogHOpOAHOM MarHUTHOM I0JI€ PABHOMEPHO Bpalaercs ¢ yactotoi v = 300 MuH MPSMOYTOJIb-
Has pamka miomanso S = 100 M, conzepkamast N = 200 mIoTHO Nmpuieraromyx Ipyr K Apyry
BUTKOB. OCh BpAIllEHUS JISKUT B TUIOCKOCTH PAaMKH U TEPIEHAUKYIISIPHA JIMHUSIM MarHUTHOW WH-
nykiuu. OnpeaenuTh MOIYyJIb BEKTOpa MarHUTHOM MHAYKIMU B, ecnu MakcuMmanbHas UHIYIHPYe-
Mas 3IC Emax= 12,6 B.

4.44

B onHOpOIHOM MAarHMTHOM IOJI€ PAaBHOMEPHO BpAIIACTCA MPSIMOYTOJibHAs paMKa C YacTOTOM
v =600 mur"". Ocb BpAIlICHHUs JIS)KUT B IJIOCKOCTU PAMKH U TIEPIICHIUKYISIPHA JTUHUSIM MarHUTHOU
WHIYKIUA AMIUTUTY/Ia UHIYIIUPYEMON B PAMKE 3/IC €max = 3 B. Omnpeaenutb MakCUMaIbHBIN Mar-
HUTHBIN NOTOK P, YEPES PAMKY.

4.45

Karymka gnunoit / = 50 cm u quametpom d = 5 cm coaepxut N = 200 Butkos. [1o karymike Teder
Tok I =1 A. Onpenenuts: 1) ”HAYKTUBHOCTH KaTywku L; 2) motokocuerienue V.

4.46

JUTHHHBIH COTCHOM MHAYKTHBHOCTBIO L = 4 MIH, IUIOWMABIO0 MOMepedHoro cederns S = 20 e’
conepkuT N = 600 BuTkoB. OnpeaenuTh HHAYKIHIO B MarHuTHOTO MOJIst BHYTPH COJICHOUA, €CIU
CHWJIa TOKa, MPOTEKAIOIIETO 0 ero oomMoTke, [ = 6 A.

4.47

JIBe miuHHBIE KaTymKu ¢ UHAYKTUBHOCTAMU L= 0,64 I'n u L,= 0,04 I'n umMeromue oauHAKOBYIO
JUIMHY HAaMOTaHbI Ha oOmuii cepaeunuk. Onpeaenuts, otHomeHne Ni/N, yrcna BUTKOB N MepBoi
KaTYIIKH K YUCITy BUTKOB N BTOPOH.

4.48

Onpeaenuts YHUCIO TUIOTHO MPWICTAOIMIMX JPYr K JPYry BHUTKOB TIPOBOJIOKH, JHAMETPOM
d = 0,5 MM ¢ u3onAIMel HUYTOKHOM TONIIMHBI, KOTOPbIE HAJ0 HAMOTATh HA KAPTOHHBINA LIUIUHAP
nuamerpom D = 1,5 cm, uToOBl OHOCIOMHAS KaTyIlIKa uMena MHIYKTUBHOCTh L=100MKkI 'H?

4.49

Uepes karymky ¢ MHIyKTUBHOCTBIO L = 200 MI'H, mpoTekaeT TOK, U3MEHSIOMUNCS 10 3akoHy | =
acos3t, rae a =2 A. Onpenenutb: 1) 3ac camouHayKIuH £(t); 2) MaKCUMaIbHOE 3HAYCHHE JJIC Emax -
4.50

B conenounne 6e3 cepaeunnka, comepxamieM N = 1000 BUTKOB, IpH YBEJIWYEHUN CHUJIBI TOKA Mar-
HUTHBIM MOTOK Yepe3 Kakablil BUTOK yBenuumics Ha AD =1 MB06. Onpenenuts cpeaHion 3¢ ca-
MOMHIYKIIHH €cp, BOSHUKIIYIO B COJCHOUE, €CIIM U3MEHEHHE CHIIBI TOKa npou3sonio 3a At = 0,1 c.
4.51

Tpanchopmarop monmxkaer neicTByromee Hanpsbkenue cetu Ujg= 220 B go nelicTByromiero Ha-

1

npsoxenust Uxg = 13 B. Ilpu aToM aeiicTBytomas cuiia Toka BO BTOPUYHONW 0OMOTKE C COTIPOTHUBJIE-
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HueM Ry =7 Om Ihq = 6A. [IpeneOperas nmorepsiMu SHEPrUM B MEPBUYHON OOMOTKE, ONPENEIUTh
koa¢dunment tpanchopmaruu k = Nj/N,.

4.52

Tpanchopmarop moHMKAeT nelcTByromee HanpsokeHne cetn Ujg = 220 B umes xodddunment
tpanchopmanuu k = 10. ITpu 3ToM aelcTByIOmas cuila TOKa BO BTOpUYHOI oOMoTKe Irg = 0,6A, a
COTIPOTUBIIEHNE BTOPpUYHON 00MOTKH R; = 10 OM. IIpeneOperast moTepsiMu SHEPTHH B TIEPBUIHOM
00MOTKe, OIpeenuTh aeiicTBytomee HanpsbkeHue Uy BO BTOPUYHOI 0OMOTKe.
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