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NMepegmoBa

Huctunnina «EnexkTpuka Ta MarHeTu3M» Kypcy «3araibHa (i3uka», SKui BU-
BUYa€ThCH cTyfieHTaMu P13uko-TexHI9HOoro iHcTuTyTy KIII imeni Irops Cikopcbkoro
Ha IpyroMy Kypci, BXOJIUTb JI0 HUKJIY 6a30BOT NIAITOTOBKH CTYJAEHTIB, IO HaBYalO-
ThbCs 3a cnenianbHicTio 105 «IIpuknanna ¢izuka Ta HaHoMaTepianu». Ha BuBuYeH-
HSI IUCUUILIIHUA BiJIBEICHO OJJMH CEMECTP, MPAKTUYHI 3aHSTTS! IPOBOMASTLCS OJUH
pa3 Ha TWKJIeHb. Belrka yacTiHa NpOrpaMHOro MaTtepiaity, OB’ s3aHa 3 YMIHHSIM
PO3B’sI3yBaHHSI KOHKPETHUX 3aia4. BupoOyieHHs yMiHb, HABUYOK 1 METOJIIB PO3B’SI3KY
BEJIMUE3HOr0 YucJa 3aa4, 3BU4aliHo, He MoXKe OyTU peajli3oBaHa TUTbKU 32 PaXyHOK
TOJIVH, BiIBEJICHUX HA MPAKTUYHI 3aHATTS, i Ma€ Ha YBa3i BEJIMKY CaMOCTIHY poOOTY
CTYJEHTA.

HazBu po3fiiiB Ta miipo3/iiiB mociOHMKa BifiMOBiIat0Th poOOUill Mporpami
Kypcy. 1o KOKHOTO 3 HUX MOJaHO KOPOTKHI1 TEOPETUYHUIN MaTepia, SIKUi MiCTUTD
OCHOBHI (popMyIiH, HEOOXIiJH1 [ pO3B’ sI3yBaHHs 3ajiau. B KiHI[i 30ipHUKA MICTUThCS
TIOBIIKOBUY MaTepiaj Ta nepesik BAKOPUCTAHOT JTiTepaTypHu.

3agayi 30ipHMKA MalOTh B OCHOBHOMY MiABUIIEHUI PiIBEHb CKJIA[IHOCTI 1 pO3-
TalIOBaHO Yy TaKill MOCJIiIOBHOCTI, IO JiJIsi PO3B’si3aHHSI HACTYITHUX 3a7a4 MO>KHA
BUKOPUCTOBYBATH PO3B’ 130K nomnepeaHix. [[pakTHUHO 10 KOKHOT 3a/1adl B KiHII
30ipHMKA HaBeJleHa BIAMOBI/b, IesKi 3ajjaui MiCTSTh AeTaJIbHUX PO3B’SI30K.

Bci hopMynii B OCHOBHOMY TEKCTI 1 BiIOBIASIX HaBEJICHI B rayCoBil CUCTEeMi
opuuullb (CI'C). Cuctema opunuiib CI'C Oysa BuOpaHa 3 orisijly Ha Tpaguilii BUKJIa-
NIaHHS (PI3MYHUX JUCUUILTIH B (P13MKO-TEXHIYHOMY 1HCTUTYTI, KPIM TOTO, IPY BUBYEHI
caMe Teopii eJIEeKTPOMAarHiTHOrO MoJjisi BOHA Ma€ Oe3NepeyHi nepesaru (JuB. HaNpu-
kian [15, §85]). 3a HEOOX1AHOCTI, CTYIEHTY Oyje HE CKJIQJHO MEPEBECTH (POPMYIIH 13
cuctemu CI'C B CI i HaBnaku, KpiM Toro, B Jlogatky b HaBeieHO ajropuT™ Takux
iK. 3po3yMijio, 110 3a/ladi Ha OCBOEHHS 3aKOHIB MOCTIMHOIO Ta 3MIHHOT'O CTPYMIB,
BCE K TaKW 3pyyHille po3B’sisyBatu B cuctemi Cl, ToMy y BIIOBIIHUX pO3LIax
BUKOPUCTOBYEThCS came 1 CUCTEMa OIMHUIIb. X04 OLILIIICTD 3a/1ay nependavyaroTh
OTPUMAaHHS PO3B’ 3Ky Y BUTJIsIAI (POPMYIIH, OHAK € U TaKi 3ajayi, sIKi BUMararoTh
YUCJIOBOT BIAMOBI, @ TOMY BUXIiJIHI IaH1 1 YUCJIOB1 BIAMOBII Ha/IaH1 3 ypaxXyBaHHSIM
TOYHOCTI 3Ha4Y€Hb BiJIMOBITHUX BEJWYUH 1 TPABWJI 1ill HaJl HAOIM>KEHUMH YUCIIaMHU.
B kiH1i 36ipHuKa gaHa TabyuIsl OCHOBHUX (Pi3MYHMX KOHCTAHT Ta iHIII IOBIAKOBI
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[IepenmoBa

TaOJINII]L.

3agayul 1aHOro 301pHUKA HIOPIYHO MPONOHYIOTHCS CTYJAEHTaM MPU CKJIaIaHH1
NUCbMOBOTO €K3aMeHy, sIKUi rnependadyeHo HaBYaIbHUM IJIAHOM. 3pO3yMiJio, 10
Oararto 3agay OyJi0 B3STO 3 IXKEpeJ, siKl epesiueHl B CIIUCKY JIiTepaTypH, OCKUIbKA
METO/IMKA BUKJIaJaHHs AUCUMILIIHN «EJekTpuka Ta MarueTusmM» Ha MpoTs3i CTOMITh
BKe € 37e01IbIIIOro 3aBepIIeHO0 1 6araTo BkKe BUHANICHUX 1HIIMMU BUSHUMU 3a/1a4
€ KJIIOYOBUMM JJIs1 pO3yMiHHS npeameTra. OnHak B 30ipHUKY € 1 BeJIMKa YacTHUHA
aBTOPCHKMX 3aj1ady, ifiel SKux c(hopMyBaIUCh Y aBTOpa Ha OCHOBI BJIACHOTO JIOCBiTY
BUKJIa[IaHHSI TIPEIMETY .

Jlana Bepcist MOCIOHMKA € eIEKTPOHHUM BUIAHHSIM, TOMY J1JIsl 3pYYHOCTI KOpH-
CTyBaHHSI HUM Iepei0aueHa cucTeMa HaBirayii y BUMJISIIL FiNepnoCcuiialb Ta O14HOT
NaHeJ 3MICTY.



PekomeHpgauii wo000 po3s’sa3ky 3aaad

Sk Bimomo, (i3MyHa Teopist ONKUCYE NMEeBHE KOJIO SIBUILl MPUPOAU 1 MAa€E CBOT
Me3X1 3acToCcyBaHHS. [[J1s1 4ITKOro YCBIJOMIJIEHHSI OCHOBHMX aCMEKTIB TEOPii, MeX il
3aCTOCYBaHHSI Ta MOSICHEHHSI Ha i1 OCHOBI 3a/IaHUX SIBUILI, HEOOXITHO TPEHYBaTUCh B
PO3B’sI3yBaHHI 3aj1a4.

B ocHOBY KOXHOT 3aj1aui MOKJIAeHO Jiesike (hi3uvHe SIBUILEC, SIKE ONUCYIOThCS
OJJHUM a00 KilbKoMa (hyHJaMeHTaJIbHUMU 3aKOHaMU. ToMy, IEPIIIOI0 PEKOMEHAIIEIO
IUIsl pO3B’ 13Ky 3aj1a4 Oyjie HACTYyIHA:

® pETeNIbHO OMpAIIOUTE TEOPIIO.

Opnak, caMe mo co01 3HaHHSI TEOpil L€ HE rapaHTy€ yCIHiXy B JOCSTHEHHI
PO3B’sI3KYy. SIK paBWUIO, SIBUIIIE, IO OMUCYETHCS B 3a/lavi, HAa MEPIINA MOTJISI]] MOXKe
3ATUCh CKJIAHUM, TaKKUM, 1110 3aJIeKUTh BiJl 6araThbox (hakToOpiB, TOMY KpPiM 3HAHHSI
OCHOB T€OpIi CJIiJ] € BUSHAYNTH, SIK1 3 HUX (PAKTOPIB MAIOTh CYTTEBE 3HAYECHHS, a
iK1 gpyropsigHi. Came BU3HAYEHHSI TaKUX (PaKTOPiB € mpouecoM NodynoBU (Pi3udHOT
Mojieni. ToMy HacTylmHOI pekoMeHaalieo oyne:

e noOynyuTe (pizuuHy MOJIeb SIBUILIA.

EHuMkonenis nae HacTyrnHe O3HAaY€HHS MOHSTTIO (P13UYHOT MOJieNi: hi3uuHa
MO0enb — e QDi3UUHe YABAEHHA NPO ABUULE 3 MEMOIO U020 OOCAIONCEHHSA, AKE NPeo-
CMABAAEMbCA 34 OONOMO2010 ITHUL020 IZUUHO20 ABUWA, ULO MAE 6 MOMY YU IHULOMY
acnekmi aHano2iuty OUHAMIKY NOBEOIHKU.

KpiM Toro, HaBiTh SIKIIO (Pi3MYHA CUTYALlisl € 3PO3YMUIOI0, BOHA MOXe OyTH
CKJIAJHOIO B MaTeMaTUYHOMY BIJHOILIEHHI, TOMY BJIaJIOo NOOyoBaHa (pi3uyHa MOJIEIIb
MO>K€ 3HaYHO CIPOCTUTH MaTeMaTUUYHI PO3PaxyHKH.

HacTynHuMm BaXIMBUM €TanoM po3B’sI3Ky 3ajaul €:

® CXeMaTH4YHE KPECJIeHHs, IKe pOOUTh YMOBY 3ajiaul OUTbII HAOUHOIO 1 MOJIETIIYE
i1 pO3B’SI3aHHS.

CxeMaTuyHe KpEeCJIeHHS € BaXKIMBUM €BPUCTUYHUM METOJIOM, 1110 MOJIETIIYE
noOyaoBy Ta aHasi3 (i3nyHoi Mopieni. [ToOyayBaBiM Taky MOJieb 1 yCBIZOMUBILA
MeK1 11 3aCTOCOBHOCTI



Pexomenparii oo po3B’ 93Ky 3a1au

e CJIiJ] 3aIMCaTu MaTeMaTU4Hi CITIBBITHOIIEHHSI, MK LIIYKaHUMU Ta BiIOMAMU
BEJIMYMHAMU Y BUTJISIAI CUCTEMHU PiBHSIHb.

Taki piBHSIHHS CKJ1aJlal0Th OCHOBY MaTeMaTUYHOT Mojiesi (DI3UYHOro SIBUIIIA.
ITepi Hixk po3B’S3yBaTH CKJIaJIEHY CUCTEMY,

L] HepeKOHaﬁTeCH B TOMY, IO 9UCJIO HeBiHOMI/IX J]OpiBHIOG quciay piBHS[Hb.

[Ticast Toro, ik OTpUMaHUK Pe3ybTaT y BULJISI MAaTEMATUYHOTO CIiBBiHOIIIE-
HH# (popMmyin), NEepI 3a BCe,

® [iepeBipTe PO3MIPHICTh pe3yibTarTy.

[IpoTe npaBUWjibHA PO3MIPHICTD 1I€ HE FapaHTy€ MPABUIBLHOIO PE3yJIbTaTy,
OKpPIM I[bOTO

® pO3IJISIHbTE IPAaHUYHI BUNIAJIKU B OTPUMAHUX (POpMyJiax, MepeKOHAUTECH, 10
BOHU J1al0Th (DI3UYHO aJIEKBATHI PE3YJIbTATH.

JIuie micist BChbOro BUIIE CKa3aHOro, NPOBEHITh apu(hMETUUHI PO3PAXYHKH,
SIK1 CJIIJ] POBOJUTH 32 NMPaBWJIaMU HaOMM>KeHUX o0unciieHb. OTpUMaBILY BiIIOBI/b,

3a MO>KJIMBOCT1, HEOOX1THO
® OI[IHUTH, HACKIIBKH YNCJIOBUI Pe3yJIbTaT BIAMOBIIa€ MNCHOCTI.

[HOA1 Taka OLIHKA 103BOJISIE BCTAHOBUTU MMOMUJIKOBICTH OTPUMAHOTO Pe3yJibTa-
Ty.



PO34IN1

Cucrema piBHsiHb MakcBenna

m%a{,em@/mx mmanmeﬁw, e
oHL aygpee Lac, WWW%@MWM@WW%M%
nuz devsue, WWWMWWM

I'. Tepu

B Pisnsinus Makcsenna

Cucrema piBHsiHb MakcBesuia chopmynboBaHna k. K. MakcsesioMm B 60-x
pokax XIX cTONITTS Ha OCHOBI y3arajibHeHHsI eMITIPUYHUX 3aKOHIB 1 PO3BUTKY ifiel
PO €JIEKTPOMArHiTHI siBUIla. BOHU € OCHOBOIO TEOpii €JIEKTPOMArHiTHOIO MOJIS,
51 CUCTEMa PiBHSHb JI03BOJISIE PO3B’ I3yBaTH 3ajjaul, OB’ 13aH1 3 BIILLIYKaHHSIM €Jie-
KTPUYHMX 1 MAarHITHUX MOJIIB, IO CTBOPIOIOTHCS 3aJaHUM PO3MOLIIOM €JIEKTPUUHUX
3apsifiiB 1 CTPYMIiB.

InTerpanbHa popma:

# D-dS=4n /// pdV Teopema 'ayca f/1s €1eKTPUUHOTO MOJIst

S v

(Int I)
# B-dS=0 Teopema "ayca 11 MarHiTHOrO NoJs
S

(Int II)

1 0B . . :
E-dr= —z T ds Bakon enekrpomarnitnoi ingykuii  (Int I1T)

L S
%H-dl‘z 4%//j-ds+%//%—]t)-ds 3akon Amnepa (Int IV)
L S S



§ 0.2. 3akoHu 30epexeHHs

HudepenmianbHa gopma:

V-D =4rnp (Diff I)
V-B=0 (Dift 1)
VXE = —%aa—]: (Diff III)
V><H=4?7Tj+%%—]t) (Dift IV)

E — BEKTOp HANpPyKEHOCT1 €JIEKTPUYHOTO OIS,
H — BexTOp Hanpy»KeHOCT1 MarHiTHOTO MoJis,
D — BekTOp 1HAYKLIT €JIEKTPUYHOTO MOJIS, BABHAYAETHCS (POPMYIIOL0:

D =E + 47P (D
B = H + 47M (2)

P — BekTop nossipusariii (UMOJ5HIN MOMEHT OIMHUIIL 06’ eMY),
M — BEeKTOp HaMarHiue€HOCTi (IUMOJLHUN MAarHiTHUM MOMEHT OIMHUIII 00’ eMY),
© — 00’eMHa r'yCTUHA BUIBHUX €JIEKTPUYHUX 3apsiIiB,
Jj — BEKTOp TYCTUHU €JIEKTPUYHOTO CTPYMY MPOBiAHOCTI.
VY BuUNajKy JiHIMHUX 130TPOMHUX CEPEIOBHUILL;:

D = ¢E, 3)
B = uH. 4)

€ — JIieJIEKTPUYHA MPOHUKHICTh CEPENOBUIIA,
4 — MarHiTHa MPOHUKHICTh CEPEeIOBUIIIA.

3akoHun 30epexeHHs

3 piBHSIHb MaKcBeJU1a BUILIMBAIOTh 3aKOHU 30€PEKEHHS:

® CIIEKTPUYHOIO 3apsIay

op .
E+V-_]—0 (5)
e cHeprii
ow .
E+V°S——J°E (6)

W — FyCTHHA €HEPTIl eJIEKTPOMArHiTHOIO I0JIsl, BU3HAYAETHCS (POPMYJIOHO:
wzi(E-D+H-B) (7)
81
S — BekTop IlotiHTiHTra (BEKTOp TYCTHHU NOTOKY €HEPrii), BU3HAYAETHCS (POPMYJIOHO:
s= "ExH, 8)
4r
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Poznin 0. Cucrema piBHsiHb MakcBesuia

BEJIMYMHA
p=j-E, 9

€ MOTY>KHICTIO, 1110 BUILISIETHCS B OIMHUII 00’ eMy pedyoBUHU (3akoH [Ixoysi-Jlenna).

'paHnyHi ymoBu ans nonis

Ei; = By, (10)
D,, — Dy, = 4nc (11)
Bin = Bo, (12)
47
Hyr —Hyr = Tl (13)

O — NOBEepXHeBa I'yCTUHA BUILHUX 3apsiiiB HAa FPaHULll PO3LTY,
[ — MOBEPXHEBUI CTPYM MPOBITHOCTI, SIKUM Tede MO rPaHUIli pO3/ily.

3B'AA30K MiXK NONASIMU Ta NoTeHLuianammn

10A
E=—--7-Vo (14)
B=VxA (15)

@ — CKaJIIpHUU MOTEHIial,
A — BeKTOp-NOTEHIIiaNl.

[ToTeH1ianu eJeKTPOMarHiTHOrO MoJisl BA3HAYEH1 HE OJJHO3HAYHO, SIKIIIO 3a-
MICTh MOTeHIiamiB A Ta @ BuOpaTH inmi A’ Ta ¢, sKi OB’ sI3aHi 3 BUXiTHUMU TIepe-

TBOPEHHSIMI:
A =A+Vf (16)

, 10f
P=0-30 (17)

ne f(x,y,z,t) — noBiIbHA (DYHKIIis, TO XapakTepucTuku nojisi E Ta B 3aiuimarotbes
HE3MIHHUMMU.
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PO3AI

Enekrpocratuka

HTapae Ortocren Kyson

3akoH Kynona. HanpyxeHictb nons. Nouarra notoky. Teopema layca

TeopeTuyHi BigoMocTi

3akoH KysioHa — 3aKk0H B3a€MO[Ii1 TOUKOBHX €JIEKTPUYHMX 3apsiB y BaKyyMi:

Fj, = qlgzl'lz- (1.1)
Fi2
Hamnpy>enictp noJsi:
E = E, (1.2)
q
e q — npoOHMI 3apsifl.
HanpyskeHicTh mosist ToukoBoro 3apsiny Q:
_Q
E= Fr, (1.3)

ie ¥ — pajiiyc-BEeKTOP TOUKH CIOCTEPEKEHHSI.
HanpyskeHicTb e1eKTpUYHOro MoJist 3apsi»KeHoro Tijia JOBUIbHOT (popMu (IPUHLIUIT CyTIep-

MO3MUIIIT): v
E:// L (x-v), (1.4)
i |r — 1’|

ne ¥’ — pajniyc-Bextop enementis 3apsiny o(r')dV’, a ¥ — pajiiyc-BeKTOp TOUKH CHIOCTEPEIKE-
HHs (puc. 1.1).

12



Poznin 1. EnexrtpocraTtuka

Puc. 1.1. Tino i3 3ajganum posnoginom sapsity p(x')

[Motik BekTOpa HANPYXEHOCTI EJIEKTPUIYHOTO TIOJISl Yepe3 AOBLIbHY MOBEPXHIO S:

Oy = //E-dS (1.5)
S

Teopema ["ayca st BeKTOpa HAMPY>KEHOCTI €JIEKTPUUHOTO MOJIS: TIOTIK BEKTOpa HANPY>KEHO-
CTi €JIEKTPUYHOTO TOJISI Yepe3 AOBUIbHY 3aMKHEHY MOBEPXHIO S HE 3aJIeKUTh JIMIIE Bifl 3apsiLy,
110 3HAXOUTHCS BCEPEIMHI LI€T MOBEPXHI

#E-dS:M{// pdV (1.6)
S |4

1.1. VY 1BOX TOUKax Ha OJIHIM JIiHiT 3 TOYKOBUM 3apsIOM HAMPY>KEHICTh eJEKTPH-
yHOro noJis ckiangae E; i E,, BiinoBigHo. YoMy BOHA IOPIBHIOE NMOCEPEANHI MiX
IMMU TOYKaMu?

1.2. Hanpy>keHicTb €JIeKTPUYHOrO NOJISl B IEHTP1 KPUBU3HU PIBHOMIPHO 3apsi-
JI>KEHOTO MiBKUIbI ckiafae E. YoMy BoHa OPIBHIOE B IEHTP1 KiJIbLS TAKOIO
CaMoro pajiyca i 3 TaAKUM CaMHUM 3apsiom?

1.3. Sk BruMHE Ha cuily B3a€MOJIT 3apsiPKEHUX KYJIbOK Y IBOX BEpIIMHAX Npa-
BUJILHOTO TPUKYTHHKA TaKa cama 3apsiji>keHa KyJibKa, BMillleHa B TPETIO BepIlu-
HY?

13




§ 1.1. 3akon Kynona. Hanpysxenicts noss. Ilonstra notoky. Teopema 'ayca

3anavi Ha BUKOPUCTAHHSI IPUHIMILY CYIIePHO3ULIil

1.4. 3a gonoMorow NpuHUUNY CYNeprno3uiiii 0O0YUCIITh HAMPY>KEHICThb €JEKTPU-
YHOTO TOJIS B TOYIIl, SIKa pO3TallloBaHa Ha BIICTaHI ¥ BijJj TOHKOI PIBHOMIPHO
3apsIPKEHOT HUTKU 3 TYCTUHOIO 3apsay A.

1.5. 3a monoMoror NpuHIUMY Cyneprno3uilii 00UUCIiTh HANPY>KEHICTh eNeKTPU-
YHOTIO MOJISl B TOULI, SIKa pO3TalllOBaHa HA OC1 TOHKOT'O, PIBHOMIPHO 3apSI/I>KEHOT0
IIMCKa 3 TYCTUHOIO 3apsiy O pajiiycoM R, Ha BificTaHi Z BijJf HOrO LIEHTPY.

1.6. 3apsig piBHOMiIpHO pO3MOJIiJIEHUI MO MOBEPXHi HECKIHYEHHOT TOHKOT TI1a-
CTHHH 3 IOBEPXHEBOIO T'YCTUHOIO 3apsiAy 0. BU3HAUWTH Hanpy>XeHICThb eJIeKTpu-
YHOTO MOJIsl HaJ] MOBEPXHEIO MJIACTUHMU.

1.7. 3apsn piBHOMIpHO pO3NOALJIEHU O MOBEpXHi HaniBcdepu pajaiyca R 3
NOBEPXHEBOIO I'YCTUHOIO 3apsily 0. BU3HauuTH HaNpy>KeHiCTh €JIeKTPUUHOIO
noJisl B HEHTP1 HamiBC(epHu.

1.8. JIBi omHOPIHO i pi3HOMMEHHO 3apsj>)KeHi MOBEPXHEBOIO I'YCTUHOIO O He-
CKiHYEHHI IUIOLIMHU NEPETUHAIOTHCS Mifl MPSIMUM KYTOM. 3HAUTH BEJIMYUHY
Ta HAMPSIMOK HANPY>KEHOCTI €JIeKTPOCTATUYHOTO TOJIsl B IOBUIbHIN TOYIIi Ta
noOyyBaTy CUJIOBI JIHII.

1.9. Tonke kinbiie pagiycoM R 3apsjKeHe 3 JiHIHHOIO I'YCTUHOIO, sIKa 3MiHIO-
€TBHCS 32 3aKOHOM A = A cos @, ie Ay — NOCTilHA, ¢ — NONSIPHUN KYT. 3HAUTU
MOJYJIb HANPY>KEHOCTI €JIEKTPUYHOTO MOJIS: a) B LIEHTP1 KUIbLIS; 0) Ha OC1 KUTbLS
B 3aJI€KHOCTI Bifl BiICTaHi Z 0 MOro neHtpy. JocniguTu oTpuMaHuil BUpa3 npu
z> R.

1.10. PiBHOMIpPHO 3apsiKeHa 3 MOBEPXHEBOIO I'YCTUHOIO O HECKIHUEHHA TOHKA
MJIACTHHA PO3JIiJIeHA Ha JIBl MOJIOBUHY IIUIMHOIO MMPUHU d. 3HAUTHU HANpyKe-
HICTb €JIEKTPUYHOTO MOJISt Ha BEJIMKUX BIACTaHSIX ¥ >> d Bifl IIIJTMHU.

1.11. Cdepa paniyca R , sika 3apsijkeHa 3 MOBEPXHEBOIO T'YCTUHOIO 3apsijly
0 =a-r,Jie a— OCTIMHUN BEKTOP, I — pajiiyC-BEKTOp TOUKHU c(hepu BiTHOCHO
il uentpy (puc. 1.2). 3Haiitu Hanpy>keHicTh E eJekTpru4HOro nossi B LEHTPi
cepu.

14




Poznin 1. EnexrtpocraTtuka

Puc. 1.2. o 3amaui 1.11

1.12. Ha HeckiHYeHHi} MJIOIMHI, III0 PIBHOMIPHO 3apsikeHa 3 TOBEPXHEBOIO
TYCTUHOIO O, JIEXXUTb 000JIOHKA HAMBC(EPH, SIKa TOPKAETHCS TIOUIMHUA TUIbKU
cBOTIM noJitocoM (puc. 1.3). 3HalTH Hanpy>KEHICTh eJIEKTPUYHOIO MOJIsl Y IIEHTPi
OCHOBHM 000JIOHKH, TouIi O, sSIKII0 NiBcepa 3aps’KeHa 3 TyCTUHOK —O.

1.13. V HeckiHYeHHIN TOHKIN MIOIIMHI, SKa 3apsiji>KeHa PiBHOMIPHO 3 MOBEPXHE-
BOIO T'YCTHHOIO 3apsifly O, BUPi3aHO KpyTrjuid OTBip pajiiycoM R (puc. 1.4). 3nantu
Hanpy>KEHICTh €JIEKTPUYHOIO MOJISl HA OC1 [OTO OTBOPY.

Puc. 1.3. o 3agaui 1.12 Puc. 1.4. 1o 3apaui 1.13

1.14. 'V cepi, sika 3apsiipKeHa pIBHOMIPHO 3 TOBEPXHEBOIO I'YCTUHOIO 3apsily
O, BUPi3aHO KPYIJIMK OTBip, MaJluil B IOPIBHSIHHI 3 pajiiycoM cepu. 3HauTH
HANpPY>KEeHICTh MOJIS B UEHTP1 L[bOTO OTBOPY.

1.15. Y cepi pagiycom R, sika 3apsiikeHa piBHOMIPHO 3 TOBEPXHEBOIO T'yCTH-
HOIO 3apsjly O, BUPi3aHO KPYIJIUMU OTBIp PajiiyCoOM ¥, Majilil B MOPIBHSIHHI 3
paaiycom cepu (r < R). 3HailTu Hanpy>KeHiCTh NOJIsI B LIEHTPi cdepu.

Bu3znauenns MOTORY CJICKTPOCTATHYHOI'O ITIOJISA Y€EPE3 ,[[OBiJ'lei IIOBerHi

7

1.16. Tlone cTBOPIOETHCS B BaKyyMi PiBHOMIPHO 3apsifI>KEHOI0 TPSIMOJTiHINHOIO
HEeCKiHYeHHOIO HUTKOIO. JliHiliHa rycTuHa 3apsigy qopiBHIOE A. OOUUCIUTH MOTIK
BEKTOpA HAMPY>KEHOCTI 1IbOTO MOJIS Yepe3 MOBEPXHIO KBajipaTa 31 CTOPOHOIO
[, nnomuHa skoro mapasesibHa 3apsyKeHid HUTIl 1 po3TalloBaHa Bifl Hel Ha
Bincrani 1/2.
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§ 1.1. 3akon Kynona. Hanpysxenicts noss. Ilonstra notoky. Teopema 'ayca

1.17. HaniBHeckiHueHHa piBHOMIPHO 3apsiji>KeHa HUTKA Ma€ JIIHINHY T'YCTUHY
3apsiay A. 3HAWTH MOTIK €JIEKTPUYHOrO MOJIS Yepe3 Kifblle pafaiycoM R, LIEHTp
SIKOTO CIIBNAJacE 3 KiHeM HUTKU. HuTka nepneHaukynsipHa o MIOIUHA KUIbLSL.

1.18. ToukoBuii 3apsij po3TalllOBaHUI B OJIHIN 3 BEPIIVH KyOa. 3HAUTH MOTIK
€JIEKTPUYHOrO MoJis yepe3 Ky0. BusHauuTH noTik yepes KoxHY 3 rpaHeil Kyoa.

1.19. 3apsin g 3HaxoaUTHC Ha OcCi Kinblg paaiycoMm R. Bincranb Bif 3apsay
J10 LIEHTpa KUIbIS TOPiBHIOE [. 3HANTH MOTIK €JIEKTPUYHOIO MOJIsl Yepes3 yepes
MOBEPXHIO, 110 OXOILTIOETHCS KiJIbLIEM.

Bu3HaueHHs1 HAPY>KEHOCTI €JIEKTPOCTATHYHOIO MOJISI 32 IONOMOI'0K0 TeOpeMHU
I'ayca

r

1.20. 3a gonomoroto TeopeMu ["ayca 00UUCTITh HAMIPY>KEHICTb €JIEKTPUYHOTO
noJisl B TOUIII, sIKa pO3TalllOBaHa Ha BIJICTaHI ¥ Bifl a) TOHKOI PIBHOMIPHO 3apsi-
JPKEHOT HUTKHU 3 TYCTUHOIO 3apsity A, 6) HeCKiHUYEHHOT PiIBHOMIPHO 3apsKeHOT
IUIOUIVHHU 3 TYCTUHOIO 3apsifly O.

1.21. 3HaiifiTh HaNPYXEHICTh €JIEKTPUYHOIO MOJISI B CEpefIMHi Ta 30BHI HECKiH-
YEHHOTr'0 PIBHOMIPHO 3aps>KEHOr0 LUAJIHPA IYCTUHOIO 3apsiay © Ta pajiycom R.
Hakpecnith rpadik E(r).

1.22. 3HaiiiTh HANPY>KEHICTh EJEKTPUYHOIO MOJisl B CepefuHi Ta 30BHi PiB-
HOMIPHO 3apsiPKeHOo1 cpepu TYCTUHOIO 3apsiny p Ta paaiycom R. HakpecniTh
rpadik E(7).

1.23. VYcepennHi HECKIHUEHHOTO LUIIHAPA, OJHOPITHO 3apsI>KEHOro 3 00’ €M-
HOIO T'YCTUHOIO P, € IWIIHAPUYHA MOPOXKHUHA. BiicTaHb Mi>K nmapajielbHUMU
OCSIMU LIWJIIH/IPA 1 MOPO>KHUHU OIOPiBHIOE [. 3HAUTH HANPY>KEHICTh €JIEKTPU-
YHOTI'O MOJISl BCEPEMHI MOPOKHUHH.

1.24. CpepuuHa nopo>kHUHA PO3TAIIOBAHA €KCIIEHTPUYHO B CEPENIMHI KYJIi, SIKa
OJTHOPIHO 3apSKEHOr0 Mo 00’ €My 3 TYyCTHHOIO p. BiicTaHb M>K LIEHTPaMU KYJIi
1 TOpO>KHUHU JIopiBHIOE [. BusHauuTn HanpyxeHicTh E eJeKTpuuHOro nois B
TOYKaX MOPO>KHUHHU.

1.25. Cucrema ckiiagaeTbes 3 Kyl pajgiycoM R, sika 3apsikeHa piBHOMIPHO, 1
HABKOJIMIIIHLOTO CEPEIOBUIIIA, 1110 3aTIOBHEHE 3apsIOM 3 00’ €EMHOIO T'yCTHHOIO
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Poznin 1. Enexrpocratuika

p = —, e G~ KOHCTaHTa, I — BifICTaHb JI0 LIEHTPY KyJii. 3HAUTH 3apsifi KyJIi, Mpu

HKOMy MOJIyJ1b BEKTOPA HAIMPY>KEHOCTI €JIEKTPUYHOr0 MOJIs 032 11 MesKaMu He
Oyqe 3ayiexxatu BiJi 1.

1.26. Cepenns rycTuHa 3apsily €JIEKTPOHHOI XMapu B aTOMi BOJIHIO JJOP1BHIOE

e 2r . o .

p = ——ex (——), Jie —e — 3apsij] eJeKTPOHAa, a — OOPIBChbKUM pajiiyc, a r —
wa a

BiJICTaHb 10 MPOTOHA. BU3HAaunTH HanpyxeHicTh E eleKTpUuuHOro noJis noJis B

aroMi BogHI0. [Hocaigutu E Ha Manux (r < a) Ta BeIMKUX (7 >> a) BiICTaHSIX

B1J] IPOTOHA.

OunonbHuin moment. Mone gunona. Cunu, wo giloTe HA gunonb 3
O6oky nons.

TeopeTn4Hi BiGOMOCTI

EnexTpuyHuil IUNOILHUN MOMEHT CUCTEMHU TOUKOBUX 3apSijliB:
e = Z qir; (1.7)
i

EnexTpuuHuil AUNONIBHUN MOMEHT 3apsPKEHOro Tijla:

p:// ordVl. (1.8)
14

Hanpy>keHicTb 1noJist eIeKTPUYHOrO JUMOJIS:

E:M_E

= - (1.9)

Puc. 1.5. Enexrpuune nose qunoJst
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§ 1.2. Munonbuuit MoMeHT. [Tone qunosns. Cuiy, o Ai0Th Ha JUMOJb 3 OOKY MOJIS.

Cuna, 1o f1i€ Ha eJeKTPUYHUI AUNOJIb 3 OOKY eJIEKTPUUHOrO MOJIS:
F = (pV)E. (1.10)
MoMeHT cuiu, IO i€ Ha AUIMOJIb B €JIEKTPUYHOMY TOJTi:

M = [p X E]. (1.11)

1.27. BuszHaure eNeKTpUYHUI TUTIOJLHUI MOMEHT CUCTEMHU, 1110 CKJIAIAEThCS 3
JIBOX PI3HOMMEHHUX OJIHAKOBUX 32 MOJyJIeM 3apsiiiB. Ak HampsimiieHa sl BeJu-
yrHa? Yu 3a51exuTh 1151 BeJIMUMHa Bij BUOOPY MOYaTKy KOOpAUHAT?

1.28. V ueHTpi miBKijiblg pajiilycoM R 3HaXOAUTLCS TOUKOBUI 3aps —q. [1iB-
KiJbIle Ma€ TIOBHUM 3apsij] +(q, PO3NOJJIEHUN 32 3aKOHOM A ~ cos @, fie 4 —
JiHIMHA IYCTUHA 3apsfy, ¢ — KyT MiX pajiiyCOM-BEKTOPOM JaHOI TOUKH 1 BiCCIO
cumeTpii cuctemu Oz (puc. 1.6). B nunonasHOMY HaO/IMKEHHI 3HAUTH HaIpYysKe-
HICTb €JIEKTPUYHOTO M0Jis1 Ha oci Oz Ha BificTaHi z Biji cuctemu (z > R).

1.29. Ha BifcraHi [ Bifi NJI0CKOro KOHJIEHCATOPA HAMPYKEHICTh €JIEKTPUYHOTO
noJst gopiBHioe E; (puc. 1.7). [Tone B cepenuni koHaeHcaropa E,. 3HauiTh 06’ eM
KOHjIeHcaTopa. Bimomo, 1o [ HaGaraTo Oiiblie 3a BifICTaHb MiX MJIaCTUHAMMU.

r
(2 E,
—q Z l
Puc. 1.6. 1o 3agaui 1.28 Puc. 1.7. o 3apmaui 1.29

1.30. BusHauutu cuily B3a€MOJil JBOX JUIOJIEN 3 MOMEHTAMU Ta P,, K1
1 2
po3MillieHi Ha BificTaHi d OlMH Bifl OTHOTO i OPIEHTOBaHI OJWH BiTHOCHO OIHOTO

AP Mp)lr,o)(p ITp) le,e)p MM pTr,D)p It py 1T, mer—

pajiiyc-BEKTOp HanpsiMeHUN Bijl aunosist 1 jo aumosst 2.

1.31. YacTtuHka 3 IUIIOIBHUM MOMEHTOM P PO3MillIeHa Ha BiJICTaHI 7 Bijl JOBIOr'O
3apsIPKEHOT0 APOTY, TYCTHHA MOBEPXHEBOTO 3apsjly Ha IKOMY A. 3HATH CUITY Ta
MOMEHT CHJI B3a€MOJIil YaCTUHKH Ta IPOTY, SIKIIO: a) P HAMPSIMJICHUH MapaiebHO
NpoTy, 6) P HANpPSIMJICHUHN MEPNEeHAUKYISIPHO 10 APOTY, B) P HANpPSIMJICHUN
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Poznin 1. EnexrtpocraTtuka

NepHeHIUKYISIPHO IPOTY 1 JIEKUTDb B MapasiesibHild 10 HbOTO IJIOIIMHI.

1.32. 3nainith cuily i 06epTOBUI MOMEHT, 1110 JIIFOTh Ha IUIOJIb P B TOJi TO-
YKOBOTO 3apsija .

1.33. ]IBa ogHakOBi TOYKOBI AUMOJ 3 MOMEHTOM P, PO3TAIlIOBAHO B3aEMHO
neprneHguKyasipHO Ha BificTadi r (puc. 1.8). Aki 06epTOBI MOMEHTH JIiIIOTh HA
KO>XEH 3 JIUIIOJIIB Ta HA BCIO CUCTEMY B LILIOMY ?

P:

Puc. 1.8. 1o 3apmaui 1.33

1.34. HesapsipxeHa MeTaneBa KyJisi pajiyca R BHOCUTBCS B €JIEKTPUYHE T10JIE,
sIKe 3a BiICYTHOCTI KyJIi OyJ10 ofHOpigHMM 1 fopiBHIOBaNO E. 3HaWTH TUITONbHUN
MOMEHT KYyJli. BU3HaUuTH rycTUHY NOBEPXHEBUX 3apsijliB HA KYJIi. 3HAUTH MOBHUI
3apsifl, IHIYKOBaHWI Ha OJIHIN MOJIOBHMHI MOBEPXHi KYJIi.

\

1.35. 3 gkor0 CcUJIOK B3aEMOMIIOThH JB1 He3apsKeH1 Kyl pagiycamu R, 1o
BMIIIIEH] B OTHOPiJIHE €JIEKTPUYHE MoJjie HanpykeHicTio Ey, sike HanpsimiieHe
a) B3JJOBX MPSIMOT, 1110 3’ €HY€E LIEHTPU KYJib, 0) NEPNEeHAUKYJISIPHO 10 MPSIMOT,
110 3’ €AHYE MEeHTPH KyJb. Bigctanb Mixk Kynsimu [ > R?

MoHsaTTa noteHuiany. 38’930k NoTeHwiany i HaNpPy>eHoCTi

TeopeTuyHi BigoMocTi

Po6ora cuit enekTpocTaTUYHOro MoJist MO NepeMillleHHIO 3apsily g 3 TOUKH 1 B TOuky 2
IIOP1BHIOE:

2
1

PoGota cui enekTpocTaTUYHOro MOJIs 10 NEPEMIIIEHHIO 3apsily B3OBX 3aMKHEHOT'O KOHTYPY
IOPiBHIOE HYJIIO, a OTXKE, eJIEKTPOCTATUYHE M0JIe € MOTeHIiaIbHUM nosieM. ToMy po6oTy MOXKHa
3anucaTv poboTy yepe3 pi3HUIIIO MOTeHIialliB:

A =q(er — 92), (1.13)
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§ 1.3. [lonsiTTs noTeHuiany. 3B’ 30K NOTEHLIATy 1 HAIPY>KEHOCTI

Y BUNaKy TOYKOBOTO 3apsay (Q, MOTeHIial TOPiBHIOE:

P = > (1.14)

Jie ¥ — BifcTanb Bif 3apsny Q 10 MOBiIBHOT TOUKH MOJISI.
[ToreHuian nosist CyuijbHOrO Tijia (MPUHILIUI CYTEPIIO3UIIIT):

p(r) = // pur)av’ (1.15)
o

r—r| "

ne ¥’ — paniyc-Bextop enemenTis 3apsy o(r')dV’, a ¥ — pajiiyc-BEKTOp TOUKH CHIOCTEPEIKE-
HHSI.
IToreHmian qUIOIA:

o= % (1.16)

3B’S130K HANpPY>XEHOCTI Ta MOTEHLIAIY:

E=-Vop. (1.17)

1.36. Yomy opiBHIOE pi3HUIS MOTEHIIAIIB MiX TOUKaMu 1 Ta 2 OL1sl JIaCTUH
imeanbHOrO KOHAeHcaTopa (puc. 1.9), 1o 3apsypkeHui 10 Hanpyru V?

Puc. 1.9. [Io 3apaui 1.36

1.37. PoGota cui nosist npu nepemMilieHH1 3apsiay B310BK €KBIMOTEHIIaIbHOT
noBepxHi A = 0. Sk 11e MOSICHUTH, a)Ke B KOXKHIM TOYIli TPAEKTOPIT HA 3apsif
nie cuna F # 07

1.38. V aBOX TOukKax MoJjsi TOYKOBOTO 3apsiAy BiTHOIIEHHS HANpy>KEHOCTeu

E—l = 7). YoMy JIOpPIBHIOE BIIHOLIEHHS 21 IOTEHIIAIIB OIS B X TOYKax?
2 %)

1.39. V nBox Toukax Ha OJHiH JIiHiT 3 TOUKOBUM 3apsiiOM MOTEHI[iall eJIeKTPH-
YHOTO MOJISl JOPIBHIOE @) 1 ¢y, BIANMOBIAHO. SIKy BeJIMUMHY BiH Ma€ nocepeauHi
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Poznin 1. EnexrtpocraTtuka

MK [MUMU TOUKaMU?

1.40. TloreHuian eJIeKTPUYHOTO MOJIS B LIEHTPI 3apS/I>KEHOr0 KUIbIS CKIIala€e
®o- YoMy BiH JOPIBHIOBATUME, JIJIsI IBKUIbIIS TAKOTO K pagiycy?

1.41. [loBepiTh B3a€MHY OPTOrOHANIbHICTh CUJIOBUX JIiHIN Ta €KBIMOTEeHIIaTbHUX
NOBEPXOHb €JIEKTPUYHOTO MOJIS.

1.42. Busenitb (hopMmyJii 3B’ 13Ky Hanpy>KeHOCTi Ta norenuiany (1.17).

1.43. 3HainiTh BUpa3 j1s OTEHIliaNy, SKUI CTBOPIOETHCS OHOPITHUM eJIeKTpU-
yHuM noJieM E.

1.44. 3HaiiTi MOTEHIIa]I TOHKOTO KiJIbIIsS PafiiycoM R, sike piBHOMIPHO 3apsiiKe-
He 3apsiioM g 9K (DYHKIIIO BICTaHi ¥ Bifi HEHTpa KUIbLS pu ¥ > R.

1.45. JIBa KoakciaJlbHUX TOHKUX OJTHOPITHO 3apsiI>KEHUX KUIbLSI OMHAKOBUMU
pajiiycaMu R po3sTainoBaHi Ha BiICTaHi @, OIUH BiJ OHOrO. 3apsiau Kiielp +q 1
—( BifIMOBiAHO. 3HAWTH Pi3HUIIO MOTEHIIIAIIB MK IIEHTPaMH KiJiellb.

1.46. OGuucniTh NOTEHIia/l eJIEKTPUYHOrO MOJIs B TOUII, SIKa po3TalioBaHa Ha
OC1 TOHKOT'O PiBHOMIPHO 3apsII>KEHOT0 IUCKA 3 TYCTUHOIO 3apsiy O 1 pajlycoM
R, Ha BifiCTaHi z BiJl HIOr0 LEHTPY. 3HAUAITh HAPYKEHICTh €JIeKTPUUHOTO MOJIS
B I[ill TOYIIi, BUKOPUCTOBYIOUM (hOPMYITy 3B’ SI3KY HAMPY>KEHOCTI Ta MOTEHIIiay.

1.47. 3uauaiTe noTeHIiamy st ymoB 3aiad 1.4 ta 1.6.

1.48. 3HaiiiiTh MoTeHIIaN B cepeuHi cdepu (B JOBIIBHIN TOYIII), SKIIO PO3MO-
JILT 3apsiy 1O NOBEPXHI SIKOT 3a1aHO BUPA30M O = a - ¥ (auB. 3agauy 1.11).

1.49. 3a gonomoroto (1.17) BukopuctoBytoun (1.16) orpumaiite popmyiy s
HANPY>KEHOCTI €JIEKTPUYHOrO moJist aumnosist (1.9).
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§ 1.4. PiBHsiHHg Makcsesuia y BUunajiky ejaexkrpocratuku. PiHsHHs Ilyaccona Ta Jlaniaca

PisHanHa MakceBenna y Bunagky enektpoctatuku. PiBHaHua lNyaccona
Ta Jlannaca

TeopeTuyHi BigoMocTi

Jlst BUMaJIKy eIeKTPOCTAaTUKK Yy BaKyyMi, piBHSIHHS MakcBesu1a NpUiiMaloTh BUTISIL

# E.-dS =4mq Teopema 'ayca jjisi eIeKTPUIHOTO MOJISI (1.18)
S
% Edr=0 Teopema npo HUPKYJISILIIO s eleKTpocTaTuyHoro noisi,  (1.19)
L

a6o y nudepeHuianbHii Gopmi:

V.E =4mrp, (1.20)
VXE =0. (1.21)

3 ypaxyBaHHSIM 3B’ 13Ky Halpy>KeHOCTi Ta noteHuiany 1.17, 3 piBusinus 1.20 otpumyemo

piBusinHs [lyaccona:
Ap = —4rmp. (1.22)

B o6nacTtsix, e 3apsiiu BificyTHi, piBHSHHS (1.22) npuilMae BUTIISIA:
Ap =0, (1.23)

sIke Ha3UBa€EThCsl PiBHSHHAM Jlanuaca.

SIK1110 pO3MOfiN 3apsifiiB B MPOCTOPi BiAOMUIL, TO PO3B’SI3KOM IIUX PiBHSIHB Oyje Bupas (3.8).
VY Bunajkax, sIKILO B IPOCTOpPi HasiBHI MOBEPXHi, Ha SIKUX MOTeHUianu (a60 HOro HopMalibHi
MOXiJIH1) BiIOMi, TO PO3B’sI30K Bxke He Oyjae npoctuM. Taki 3ajjaui HA3UBAIOTHCS 3ala4aMu 3
rPaHUYHUMU YMOBaMHU. Y BUMNAJKY 3aJaHOTO PO3MOALIY 3apsijiiB Ta 3aJaHUX TPAHUYHUX YMOB,
po3B’si3ok piBHsiHHS [lyaccona (a6o Jlannaca) 6yne Matu He Oiblle OJJHOTO PO3B’SI3KY, IO
perIaMeHTy€eThCSl TEOpPeMOIo €MHOCTI. OHUM 13 croco6iB PO3B’ 3Ky TaKKX 3aay, SIKHid TPyH-
TYETHCS Ha 1Ml TeopeMi Oyie po3IJITHYTO B METOfli 300pakeHb.

1.50. ITokaxiTh, 1110 3B’ 30K HAMPY>KEHOCTI Ta noTeHmiany 1.17 cymicHuu 3
piBHsHHSIM 1.21.

1.51. Pospaxyure V - r Ta V X 1, Ie ¥ — pajiiyc-BEKTOP JOBIIbHOI TOUKHU.

© r r . . .
1.52. Pozpaxyute V - S Ta V X —» A€ ¥ — pajilyc-BeKTOP JOBUILHOT TOUKH.

© 1 . . .o
1.53. Pospaxyute A-, fie ¥ — MOJYJIb pajlyC-BEKTOP NOBLILHOI TOUKHU.
r
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Poznin 1. EnexrtpocraTtuka

1.54. T'yctrHa OfHOPIAHO 3apsIXKeHOT KyJli pajiiycoM R IOpiBHIOE p. 3HAUIITD
V - E B cepeauni (r < R) Ta 30BHi (r > R) cdepu, Je ¥ BiACTaHb Bij] LIEHTpa Kyi
110 OBLJIbHOT TOYKU. 3HAUJIITh HANIPY>KEHICTh MOJISl B CEPEUHI Ta 30BHI KYJIi.

1.55. Yu MO’KHA CTBOPUTH B MPOCTOPI €JIEKTPOCTAaTHUHE TIOJIe, HAMIPY>KEHICTh
SIKOTO BHUpaxkaeTbed popmyiioro E = [a X r|? 306pa3iTh CUIIOBI JIiHITl TAKOTO
noJist. Binmosigs apryMeHTy#re.

1.56. EnextpuuHe nosie ogHOpiHE BCepeuHi Aesikoi obsacTi npocropy. Yu
MICTSITh BHYTPIIIIHI TOUKH IIET 00JIACTI SIKICh 3apsifik, sIKi OepyTh y4acTh y CTBO-
PEHHI IaHOTO €JIEKTPUYHOTO MOoJIsi?

1.57. HoBeniTh, 110 KO0 NOTEHI1a1 HA TOBEPXHI IESIKOTO MOPOXKHBOrO TLIIA
TIOPIBHIOE ¢, TO B CEPE/IMHI MPOBITHUKA BiH MaTUMe TaKe K caMe 3HAUYEeHHSI.

1.58. [oBeniTh Ha OCHOBI piBHSIHHS Jlamiaca, 1110 MOTeHI1aJl B TyCTOMY HE MOKe
MaTu €KCTPEMYMIB.

1.59. [HoseniTh Ha OCHOBI piBHsIHHS Jlamiaca, 1110 cepeiHe 3HaUeHHSI MOTEHI1aTy
[0 MOBEPXHI NOBUILHOI c(pepu NOPIBHIOE 3HAYEHHIO MOTEHIIANy B CEpPEequHI

chepu.

3HaxoIKeHHsI 3HAUeHHsI HANPY2KeHOCTi YU MOTEHIiany, 10 CTBOPIOIOCS 3aJaHUM
PO3MOLIOM 3apsifiB

1.60. 3HaiiTy noTeHuian B JOBIbHIN TOULI NIPOCTOPY a) chepu pajaiycoM R,
PIBHOMIpPHO 3aps>KEHOT 0 MOBEPXHI T'YCTUHOIO 3apsiny o; 0) KyJii pajilycoM R,
PIBHOMIPHO 3apsiI>KEHOT M0 00’ €My F'YCTHHOIO 3apsijly 0; B) HWIIHAPA pajilyCoM
R, piBHOMIpHO 3apsi>KEHOT0 JIiHIMHOIO T'YCTUHOIO A; T') IJIOCKOTO IIapy TOBIIU-
HOIO 2@, PIBHOMIPHO 3apsiI»KeHOro 00’ €MHOIO TYCTUHOIO p. JT) IJIOCKOr0 1apy
TOBILIMHOIO 2a, 3apsI>KEHOr0 00’ EMHOIO T'YCTUHOIO L.

1.61. 3HanTi MOTEHIIiaNl Ta MoJie B IOBUIbHIN TOYI[I TPOCTOPY MJIOCKOTO IIapy
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§ 1.4. PiBHsiHHg Makcsesuia y BUunajiky ejaexkrpocratuku. PiHsHHs Ilyaccona Ta Jlaniaca

TOBILIMHOIO 2a, 3apsII>KEHOr0 00’ EMHOIO I'YCTUHOIO

.
0, —oco<x<-a

_;OO, —a S X S O,

o)
I

Lo, 0=<x<a,

0, a<x<oco.

1.62. KynboBui map mixk cpepamu pafiyciB Ry i R, (R; < R,) 3apsikeHui 3
a

ryCTHHOIO p = —. 3HalTU MOTEHIIa] [T0JIS B JOBLJILHIN TOYIII.
r

1.63. Ycepenuni niBcepu pagiyca R po3nofineHuut 3apsj 3 00’ €MHOIO TyCTH-
HOWO p = ppe?, e py i @ — JofaTHI MOCTilHI, a ¥ — BifICTaHb JI0 IICHTPY
KpUBM3HU MiBcepu. 3HaTH HANIPY>KEHICTh €JIEKTPUYHOTO TOJISl B IIEHTP1 KpH-
BU3HU MIBCPepHu.

3Haxo/IKeHHsI PO3MOiTy 3aps/iB, 110 CTBOPIOIOTDH 3a/1aHi 3HAYEHHSI HANIpYyJKe-
HOCTI Y4 MOTEeHIiaTy

1.64. TloreHiian noJsi BCEpPEIrHI 3apsI>)KeHOT KYJIi 3aJI€3KUTh TUTbKY Bif] BIACTaH1
0 #oro HEeHTpy gk @ = ar? + b, ne a i b — KoHcTaHTH. 3HANWTH PO3NOALT
00’ €MHOTO0 3apsily BCEpEINHI KYIJI.

.
1.65. 3HaiTy pO3MOMALN 3apsfiB, IKi CTBOPIOIOTH MOTEHIAN" ¢ = 1o a, e @ —
r

. . 1
nesKa nojJaTHa KOHCTaHTa. Brkasiska: 3rapanre, mo A (—) = —476(r), ne 6(r) —
r
nenbTa-pynkuis Hipaka [7, ['nasa I].

“TToTeHuian TaKOro BUAY Ha3MBAEThCSI €KPAHOBAHUM KYJIOHIBCbKUM NoTeHuiaaoM [2, §1.8, crop.26].

1.66. Hanpy>keHiCTb eJIEeKTPUUYHOIO MOJISl B TPOCTOPi IA€ThCsl (hOPMYIIOH0:
er _
E=—(1+br)e?
r
1ie e 1 b — moyaTHi KOHCTaHTH, a ' — BIICTaHb JI0 MOYaTKy KoopauHaT. BuzHauntu

po3noin 06’€MHOI T'YCTUHM 3apsjly, IO CTBOPIOE 1ie noJie. YoMy nOpiBHIOE
noBHUM 3apsig Q7
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Poznin 1. EnexrtpocraTtuka

1.67. Bapﬂ;u)KeHa KyJisl pajgiyca R CTBOpPIOE B HpOCTOpl noJjie, siKke NOPiBHIOE
3r R3

E = —7Tp01" <1 — E) BcepenuHi Ky (r < R)1E = g— 30BHI (r > R). 3a sxum

3aKOHOM PO3MOJLIECHO 3apsifi BCEpeauHi Kyi?

1.68. B enexTpoHHiN JaMMi eIeKTPOHU BUJIITAIOTh i3 OJIHIET pO3’KapeHOoT MeTa-
JeBoi MaacTuHU (KaTtofa) i 36MparloThCs Ha IHIIIN TIOCKIA MeTalleBii TIacTHHI
(a”ofi), sika po3TalloBaHa MapaliesibHO Ha BificTaHi d (d HaGaraTo MeHila 3a
JHIAHI PO3MIpHU TJIACTHH). HOTei-IHiaH €JIEKTPUYHOIO MOJISI MK IJIACTUHAMU

3MIHIOETLCS 3a 3aKOHOM @ = kX3, e X — BifcTaHb Bijg Karoga. Yomy mopis-
HIOE T'YCTHHA MOBEPXHEBUX 3aps/IiB Ha TMacTUHaX? SIK 3MiHIOETHCS T'yCTUHA
006’ eMHOTO 3apsiay o(X) B IpOCTOPi MiK MiacTUHAMME?

MpoBigHnku B enektpocratnyHomy noni. Merog enekTtpunyHux 300pa-
XeHb

TeopeTuyHi BigoMocTi

OCHOBHI BJIaCTUBOCTI NPOBIIHUKIB, BMIILIEHUX B €JIEKTPOCTATUYHE MOJIE!

e CuIoBI JiHIT €JIEKTPUYHOTO M0JIs ePHNEHANKYJISIPHI 10 MOBEPXHI MPOBIAHUKA, OTXKE
NOBEPXHSI IPOBIIHUKA B €JIEKTPOCTATUYHOMY M0JIi € €KBIMOTEHL1aJIbHOIO MTOBEPXHEIO
(1.10).

e [lone B cepenuni npoinHuka BincytHe E;, = 0.

e B 00’eMi npoBigHMKa 3apsiid BiICYTHI, 3apsiiy PO3TALIOBYIOTHCS JIMLIE HA TOBEPXHI
NPOBIIHUKA.

o [losne Ha moBepxHi npoBifgHuKa gopiBHIOE E = 4770.

Puc. 1.10. MeTaneBa cpepa BMillleHa B OTHOPITHE €IEKTPUIHE TOJIE.
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§ 1.5. IIpoBigHMKY B €JIEKTPOCTATUUHOMY 1OJI1. MeToj elleKTpUuYHKUX 300pakeHb

IIpUHIMIOBI MMTAHHSI €JIEKTPOCTATUKU METAJIIB

1.69. [loBeniTh, 1110 MOBEPXHS METALY B 30BHILIHbOMY €JIEKTPOCTATUYHOMY MOJI1
€ €KBINOTEHI1aIbHOIO MIOBEPXHEIO.

1.70. oBeniTh, 1110 B IPUCYTHOCTI 30BHIIIHIX €JIEKTPOCTATUYHUX MOJIIB, eJle-
KTPUYHE I0JIe B TOBIII METally JOPIBHIOBATUME HYJIIO. K 3MIHIOBATUMETHCSI
NOTEeHII1a]l B MPOCTOpi B cepeuHi metaiy? Ha ocHoB1 Teopemu "ayca mokaxirs,
110 3apsij] y TOBII NPOBIHUKA JOPIBHIOBATUME HYJIIO.

1.71. loBeniTh, 1110 €JEKTPUYHE NOJIE Ha MOBEPXHI MPOBIIHUKA BUSHAYAETHCS
(opmyiioro:
E = 4no,

Jie 0 — TIYyCTHHA [MOBEPXHEBUX 3apsijiiB HAa MPOBITHUKY.

1.72. 3amkHeHi MeTaneBi 000JOHKU MalOTh JIBi MOBEPXHi, 30BHIILIHIO Ta BHYTpI-
H0. JloBeN1iTh, 10 B MPUCYTHOCTI 30BHIIIIHIX €JIEKTPOCTATUYHMX MOJIiB, 3apsau
MO>KYTb HaKOIMUYYBATUCh JIUIIIE HA 30BHIIIIHIX MOBEPXHIX MeTany. (Bka3ziexa:
Cxopucraitech TeopeMoro ['ayca Ta TeopeMoro Mpo MUPKYIISIiI0 AT BEKTOpa
E.) Slxum Oyjie noTeHuian B TOPOXKHUH1?

1.73. loBeniTh, 1110 NPU BMILIIEHH] €JIEKTPUYHOTO 3apsily ¢ B TOPOKHUHY HE3apsi-
J>KeHOT MeTaneBol 000JIOHKH, 3apsifi Ha 11 BHYTPIIlIHIM MOBEPXHi JOPiBHIOBATHME
BeJIMYMHI —(@, a Ha 30BHIlIHIN ¢. Y 3a5ie’kaTiMe 30BHIITHE €JIEKTPOCTaTUIHE
1oJIe BiJ] MOJIOKEHHS 3apsily B cepefinHl NOpokHUHK? SIkuM Oyjie 3apsij BHYTpi-
IIHBOT Ta 30BHIIIHBOT IOBEPXOHb MOPOKHUHMU, SIKIO MeTaneBa 000JIOHKA Mae

3apsig Q?

O0uuc/IeHHsI MOTEHIialy TA HANPY’KEHOCTI MPOBIJHUKA B MPUCYTHOCTI iHIIIAX
3apsiasKeHuX Tijl

1.74. Tlokasatu, 1110 He3apsKeHa cepa pajiiycoM R BMillleHa B M0Jie TOUKO-
BOI'O 3apsily g, IKMU 3HaxoauThcs Ha BifcTaHi [ (I > R) Bif 11 UeHTpY MaTUMe
MMOTEHIIaI

_4

Sk 3MIHUTBCSI MOTEHIIAN, IKIO cepa MaTume 3apsia Q?

26



Poznin 1. EnexrtpocraTtuka

1.75. Tloka3zartu, 1o noreHuian cepu pajaiycom R, B cepefiluHy SIKOi BMIILIEHO
TOYKOBUH 3apsifi ¢, 110 3HAXOAUThCs Ha BificTadi [ (I < R) Bif Ti HeHTPY He
3aniesxatume Bif [ i jopiBHIOBaTUME

$=%

SIK 3MIHUTBCSI TOTEHIIAN, KO chepa Matume 3apsa Q7

1.76. IBi BigpaneHi ogHa Bijl OHOT MPOBiAHI Ky, pafiiycu 9kux Ry i R,, HECYTb
3apsau Qg 1 Q, BiNoOBiIHO. YoMy TIOPIBHIOBATUMYTb MOTEHIIIANH 1 3aPSIIA KYJIb
micJisl TOro, SIK iX 3’ €IHAIOTh APOTOM?

1.77. MetaneBa KyJis paglycoM R; OTOYEHA TOHKOK METAJIEBOIO KOHLIEHTPH-
YHOIO0 000JIOHKOIO pajilycoM R,, a B IPOCTIp Mi>K HUMHU Ha BijicTaHi R Bijl UEHTPY
3HAXOAUTHCS TOUukoBHM 3apsa Q (R; < R < R,). 3HailTu 3apsiau Kyi Ta 000-
JIOHKH, SIKIIO OOUIBa MPOBITHUKY 3a3eMJIeH1?

1.78. IBi koHueHTpuuHi chepu 3 pagiycamu R; 1 R, (R; < R,) oTpuManu 3apsijiu
q; 1 q, BITNOBIAHO, SIKi PO3MOALIMINCS PIBHOMIPHO MO X TOBEPXHSIX. 3HAUTH
MOTEHI[ias MoJisl B JOBUIbHINA TOYIli Ha BIICTaHi ¥ Bifl IEHTPY cdep.

1.79. ToukoBwuii 3apsiy  3HAXOAUTHCS HA BIICTaHi ¥ Bijl LIEHTPa HE3apSII»KEHOTO
chepuyHOro 1mapy NpoBiTHUKA, BHYTPIIIHIN 1 30BHIIIHIN PaliyCH SIKOTO TOPiB-
HIOIOTh BiIMOBiIHO R; 1 R,. 3HalTK NMOTEeHIlian B UEHTPi c(pepuyHoOro iapy,
AKIWo 7 < R;.

1.80. Tpu koHueHTpUYHI cpepu MatTh pajiycu R, R, Ta R3 (R; < R, < R3).
Cdepu 1 Ta 3 HecyTsb 3apsiau BignoBigHo +Q 1 —Q. Cepenns cepa 2 3a3eMieHa
npoBigHuKoM (puc. 1.11). 3naiiTu 3apsiy q 3a3emMieHo1 cepu 2 Ta 3ae’KHOCTI
E(r) ta ¢(r) i moGyayBatu ix rpaiku.

1.81. Tpu koHuEeHTpUYHI chepu MaroTh pajalycu R;, R, ta Ry (R; < R, < R3).
Cdepi 2 HapatoTh 3apsin +Q, a cepu 1 Ta 3 3’€AHyIOTh NPOBiTHUKOM (puc. 1.12).
Buaiitu 3apsau cdep 1 ta 3. 3HaiiTu 3anexxnocti E(r) Ta ¢(r) i noGymyBaTh ix
rpadiku.

1.82. Po3p’g3atu 3agauy 1.81 3a yMoBH, 1m0 chepy 3 3a3eMIIOI0Th. 3HAUTH
3anexxHocTi E(r) ta ¢(r) i moGymyBaTH ix rpadiku.
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§ 1.5. IIpoBigHMKY B €JIEKTPOCTATUUHOMY 1OJI1. MeToj elleKTpUuYHKUX 300pakeHb

1.83. ¥V npocTopi Mi>k 00KJIaikaMy He3aMillleHUi JIOCKUI KOHJEHCATOP BHO-
CSITh METAJIEBY IJIACTUHY, 1110 Ma€ 3apsijl Q, Tak 110 MIXK IJIACTUHOIO 1 OOKJIaIkaMu
KOHJIEHCATOpa 3a/IMIlaloThes 3a30pu dq Ta d, (puc. 1.13). [Tnowni niactuny i
0OKJIaJIOK KOHJIeHCAaTOpa OJHAKOBI 1 AOPIBHIOIOTH S. BU3HAUUTH Pi3HULIIO MOTEH-
ianiB MiXk OOKJIaIMHKaMU KoHJieHcaTopa. KpailoBuMu epekramMmu HEXTyBaTu.

1.84. OO6knagku MJIOCKOTro KOHIEHCATOpa, SIKi 3HaXOsThes BificTani d = 1 cM.
(MI>XK HUMHU MOBITPS1) 3apsipKatoThes 10 Hanpyru v = 200 B. ITicnst Big’ eqHaHHS
BiJ] JDKEpeJia Hanpyru B KOHIEHCATOP BMILYIOTh IUIACTUHY 3 I1€JEKTPUKA TOB-
HIMHOIO 5 MM 1 JIIeJIEKTPUUHOIO MPOHUKHICTIO € = 2. BU3BHAUUTH HANPY>KEHICTh
€JIEKTPUYHOTO MOJIsl B TOBITPSIHOMY 3a30Pi Ta y BMIILIEHOMY JI€JIEKTPUKY. SKa
HaIpyra Ha KOHJEHCATOP1 MICJsl BMILIEHHS NJIACTUHA?

1.85. V¥V nnockomMy KOHieHCATOpi Ha JIIBY OOKJIaJIKy MOMIIIAOTh 3apsa +Qq, a
Ha npaBy +Q,. BcepenuHy KoHieHcaTopa napaiesibHO OOKJIaikaM MOMILAI0Th
He3apsKeHy MeTalieBy miactuny (puc. 1.13). ki 3apsiiu OyyTh 1HTyKOBaHi1
Ha JIiBiM 1 MpaBiil NOBEPXHSIX MJIACTUHU, KO Q, > Q7

1.86. Tpu oHaKOB1 HEPYXOMI METAJIEB1 MJIACTUHU PO3TallOBaH1 B OBITP1 HA
BifcTani d; i d, (d, > d;) oanHa Bin ogHO1. [10111a KOKHOT 3 MJIACTUH AOPIBHIOE
S (puc. 1.15). Ha cepenHio miacTuHy nomimaoTb No3uTuBHUM 3apsa Q. [1na-
CcTUHM 1 1 3 He 3apaPKeH] 1 NIKIIYEH] Yepe3 K04 10 PE3UCTOPY 3 HEBITOMUM
OMOPOM, BIAMIHHUM Bifl HYJIs. SIK1 3apsiqu BCTAaHOBJISATHCS Ha MJlacTUHax 11 3
MicCJisl 3aMUKaHHS KJII04a, Yepes3 JOBrull mpoMixok vacy? Kpainoumu edexramu
HEXTYBaTH.

1.87. Tpu opHakoBI MeTaseB1 MIACTUHU PO3TAILIOBAHI B MOBITP1 HA OJJTHAKOBUX
BificTaHsix d ogHa Bif omHol. [1o1ma kokHOT niacTuHu gopiBHIOE S (puc. 1.16).
Ha nnactuni 1 3HaxoguThest no3utuBHui 3apsia +Q. [lnactunu 2 i 3 He 3apsi-

-Q
R3 +Q R3
+Q
R, R\
|
R, R,
/ -
Puc. 1.11. Io 3agaui 1.80 Puc. 1.12. 1o 3agaqi 1.81
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Poznin 1. Enexrpocratuika

+Q +Q; +Q;
d, d, d, d,
Puc. 1.13. ITo 3agaui 1.83 Puc. 1.14. o 3agaui 1.85

JIPKEHI 1 MKII0YEH] yepe3 KoY JI0 pe3UCTOPY 3 HEBIIOMUM BiIMIHHUM BiJT HYJIS
onopoM. SIki 3apsiiv BCTaHOBJISITBCS HA MJIACTAHAX 2 1 3 MICJISl BEJIMKOrO Yacy
micysl 3aMUKaHHS KJto4ya?

1 2 3 1 2 3
+Q
d, d, +Q d d
Puc. 1.15. o 3apaui 1.86 Puc. 1.16. o 3apgaui 1.87

1.88. Tpwu TOHKI He3apsAKEH1 MEeTAJIeB] IUIACTUHM IUIOMIEIO S KO>KHA pO3Talllo-
BaHi Ha BificTaHsiX d OHA Bijy OAHOT, puyoMy d 6araTo MEHIIIe pO3MipiB MJIACTHH.
o mnactun 2 1 3 mip’ ennanu 6atapeto 3 EPC & (puc. 1.17). [Inactuni 1 Hapanm
NO3UTUBHUI 3apsifl (. BuzHauuTu 3apsij, sKuil BCTAHOBMBCS HA MlacTuHax 2 1 3.

1.89. Tpu ogHakOBiI HEPYXOMi MeTaJIeBi MIACTUHU PO3TalllOBaH1 B MOBITP1 HA
pi3HuX BincTaHsx d; i d, (d, > d;) ogun Big ogHoro (puc. 1.18). Ha cepennii
TUIACTHHI 2 3HAXOAUTHCS O3UTHBHMM 3apsi Q. CriovyaTky He 3apsipKeHi MIacTu-
HU 1 1 3 migkioyaTh yepes kiatod o 6atapei 3 EPC €. Busznauutu, ski 3apsiiu
BCTAaHOBMJIMCS Ha IUIaCTUHAX 1 Ta 3 MmicJIs 3aMUKaHHS KITI0Ya.

™
™

Puc. 1.17. o 3apmaui 1.88 Puc. 1.18. 1o 3apmaui 1.89
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§ 1.5. IIpoBigHMKY B €I€KTPOCTATUUHOMY MOJIi. MeTop elneKTpuyHuX 300pakeHb

MeTtop 300pazxkenb. Po3nois 3apsiaiB Ha NPOBiTHUKAX, SIKi 3HAXOAATHCS B eJie-
KTPUYHOMY MOJIi.

TeopeTuyHi BigOMOCTI

Teopema €AMHOCTI B €JIEKTPOCTATHIIL OOTPYHTOBYE «METO/] 300paKeHb», SIKUW ONIOMAarae
PO3B’s13yBaTH 3aj1aul 32 y4acTiO TOYKOBOTO 3apsijly 1 MIOLKUHI (200 AeKUJIbKOX MIIOIIMH), TOYKO-
BOI'O 3apsjy i cepu (3a3eMJICHOIO 1 He3a3eMJICHOT) 1 B psijii 1HIIKMX BUMAIKIB.

Po3B’g30k 3aau «MeTO10M 300pa>keHb» noJisirae B nigoopi (PiKTUBHUX 3apsifiiB 032 pO3-
[ISTHYTOIO 00JIaCTIO, TaKuX, IO iX CIiIbHE 3 pealbHUMU 3apsiiaMu MoJjie 3ade3neuye 3ajani
rpaHU4Hi YMOBHU (MOTeHLiaN Ha NpoBigHUKY). OcKilbKU BcepeiuHi 00J1acTi 3apsiiu He 3MIHUIIUCS,
3HaljeHe ToJIe 3aJ0BOJIbHSE piBHSIHHSAM [TyaccoHa (€ oro po3B’si3koM). BUKOHYIOTBCST TaKOX
rpannyHi ymMoBH. [1o Teopemi €AMHOCTI iHIIUX PillleHb HEMAE.

OcHoBHI (hopMyJI METOly €JIEeKTPUUHUX 300paKeHb 1JIsl COEPUUHUX MTPOBITHUKIB:

e ISl 3apsiy, 110 3HAXOAUTHCS 032 MEXKaMU 3a3eMJIEHOT He3apsPKeHOT chepH, BEIMUnHA
3apsiAy-300paskeHHsI IOPIBHIOE:

R
= —= 1.24
q=-7 (1.24)
e BiJCTaHb 3apsiay 300pa’keHHs 10 LUEeHTpY chepu:
RZ
a=—-— 1.25
b (1.25)
q
Puc. 1.19. 3o0paxeHHs 3apsiay Puc. 1.20. 306paxeHHs 3apsy
PO3MIILIEHOr 0 11032 He3apsiXKeHO0 PO3MIIIEHOTO B CepefiiHi He3apsiKeHOoT
3a3eMJICHOIO c(heporo chepu

1.90. Sxwii 3apsin HABOAWTHLCS HA METAJIEBiM KYJIi [IJIs BUTIQIKiB, 300pa’keHUX
Ha a) puc. 1.19 6) puc. 1.20?

1.91. ToukoBuii 3apsi] q MiTHOCUTHLCS Ha BificTaHb [ 10 LIEHTPY He3a3eMIIeHOT
HEeUTpaJibHOT MeTasieBol KyJi pafiycoM R (I > R). YoMy nopiBHIOBaTUME MOTEH-
mian Kyii? Po3B’spkiTh 3a1ady MeTOIOM 300pakeHb. Pe3ynbTar nopiBHsuTe 3
3agaveto 1.74. 3HaUITh IUNOJILHUN MOMEHT KYJIi.
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Poznin 1. Enexrpocratuika

1.92. B meranesin i301b0BaHii KyJi pagiycoM R € chepuyHa mopokHUHA, B
IEHTP1 SKOT 3HAXOUTHCS 3apsifl qq. [103a Kysew Ha BifcTaHi b Bif ii eHTPY
pO3TalIoBaHo Jipyruii 3apsi q (puc. 1.21). 3HaiTu cuiy, siKa fii€ Ha 3apsf q.

1.93. B meraneBiii KyJi pagiycoM R € ABi cpepudHi MOPOKHUHU, pajiiycamMu a
Ta b. B 1IeHTpi KO>KHOT MOPOKHUHU PO3TAllIOBaHI €JIEKTPUYHI 3apsiu g, Ta qp,
BignoBifgHO (puc. 1.22). 3HauiTh r'yCTUHU IOBEPXHEBOTO 3apsiy O, Op Ta Og
Ha MOBEPXHIX cdep.

;) ;

e

Puc. 1.21. 1o 3agaui 1.92 Puc. 1.22. 1o 3agaui 1.93

1.94. ToukoBuil 3apsiy q 3HAXOAUTHCS HA BifCTaHi b Bifi IEHTPY MeTalleBOi Kyi
pagiycoM R (b > R). BuzHauutu cuiy B3aeMOJil Mix 3apsiioM i Kysneto. Po3ris-
HYTU BUIAJKU KOJIM a) KYJIsl He3apsi>KeHa 1 3a3emMiieHa, 0) KyJisl He3apsiipkeHa 1
He3a3eMIieHa, B) KyJist Hece 3apsi Q 1 He3azemyieHa. {7151 BCiX BUNaJIKiB MpOaHa-
Ji3yBaTH OTPUMAaHWI BUpa3 Jijisl cuim nipu b 2> R.

1.95. ToukoBuii 3apsii q 3HAXOAUTHLCH HA BIICTaHi @ BiJl IEHTPY 3a3eMIJICHOT
HE3apsSIHKEHOT MeTaneBol Ky paaiycoM R (a < R). BuzHauuTtu cuiy B3aemonil
MIX 3apsIIOM 1 KyJier0. Sk 3MIHUTBCS pe3ybTarT SKILIO KyJIsl Oyjie He3a3eMIIEHOI0?
SIK 3MIHUTBCS pe3yJIbTaT SIKIO KYyJIst Oyjie 3apsKeHO?

1.96. ToukoBwuil 3apsy] q MOMIlIIEHU] Ha BificTaHi R/2 Bij IEHTPY TOHKOCTIHHOT
MeTaJieBO1 He3azeMJieHOT cepu pafiycoM R, sika mae 3apsig —2q. Buznauutu
NOBEPXHEBY I'yCTUHY 3apsijly Ha BHYTPIIIHIN 1 30BHIIIIHIN NOBEPXHSIX cepu B
TOYKaX, HAUOLJIBII BiiTaJIeHUX Bifl IIbOTO 3apsimy. SIK 3MiHUThLCS pe3yJIbTaT, SKIIO
cepy 3azemautu?

1.97. 3naiitu po3nofin 3apsijiiB Ha MOBEPXHi MPOBITHUKA, TPAHUIIS SIKOTO SIBJISIE
c0o0010 HECKIHUEHHY IUIOIIMHY 3 BUCTYIIOM Y BUTJIsII HamiBcepu pajiycom R.
[ToBepxHeBa rycTHHA 3apsiiy Ha BEJUKIil BifICTaHi Bijl BUCTYIY O.
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§ 1.6. I'pannuni ymoBu. [lose y peuoBuHi

1.98. [MoBra ToOHKa JpOTHHA PO3TalIOBAaHA MapajesibHO OCi JOBrOro METajieBoro
UTIH/PA pajiilycoM ¥ Ha BifcTaHi R > r Bif iioro oci. JliniilHa rycTuHa 3apsiay
HUTKU A, a muniHapa —A. 3HaluTu CUly B3aeMOIil Ha OIMHUITIO JOBXKUHU MixK
OPOBITHUKAMMU.

1.99. Ha Bincrani b = 10R Bij 3a3eMJIeHOT HE3aps>)KeHOT MeTalieBoi cepu
pamiycoM R po3TalioBaHUil TOYKOBUUN €JIEKTPUYHUN JHUIOJIb 3 MOMEHTOM P,
NpUYOMY BiCh UIOJIS IEPIESHANKYISIPHA MPSIMil, 10 CHoJIyYae HeHTp chepu
3 cepeauHoIo oci qunouns (puc. 1.23). 3HalT CUTy B3aEMOJIIT MK IUTIOJIEM i
cepoto.

Puc. 1.23. Jlo 3apmaui 1.99

1.100. 3a3zemiiena MeTanieBa KyJist pajitlycoM R JIEKATb Ha TOHKOMY PIBHOMIPHO
3apSIPKEHOMY JIieJIEKTPUUHOMY JIUCKY TaKOIo K pajiyca. 3HAUTH 3apsiji Kyi,
SIKILIO 3apsifi JUCKa TIOPIBHIOE (.

\

1.101. Cucrema 1BOX TOHKMX KOHILIEHTPUYHUX MiBKUIEeNb 3 3apsigamu Q 1 g, Ta
pajiiycamu 1 1 15, IOMIIIEH] B CepefiuHy 3a3eMIJIeHOT MeTajleBol chepu pajiilycom
R, Tak, 110 LEeHTpH KiJielb 1 KyJii CHiBMNagaloTh. 3HAUTH MOTEHIiaN y [EHTpi
cepu, KO TIOMIMHM KiJIel[b NepIeHAUKYISPHI.

paHnyHi ymosn. Mone y pevosuHi

TeopeTuyHi BigoMocTi

PiBHsiHHS MakcBemna U1 €JICKTPOCTATUYHOTO IIOJIS B perBI/IHiI

V-D = 47p, (1.26)
VXE=0. (1.21)

Jie 0 — TyCTUHA BUJIbHUX €JIEKTPUYHUX 3apSIiB.
Teopema ["ayca st Bextopa E B peuoBuHi:

#EdS:Mr // pdV+// odv ), (1.27)
S |4 |4
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Poznin 1. Enexrpocratuika

Jie 0 — I'yCTUHA BUILHUX €JIEKTPUYHUX 3apsijiB, 0’ — IyCTHHA 3B’ I3aHUX €JIEKTPUYHKX 3apSIIiB.
[MonsipuzoBanicTh (BeKTOp NoJisipu3saniii) P — Bennmunna, 110 JOPiBHIOE AUMOJLHOMY MOMEHTY
OfHUII 00’ €My PEUYOBUHMU:

_b
=5 (1.28)

Teopema ["ayca st nonsipuzoBanocTi P (3B’ si3aHwuil 3apsi, IO 3’ IBJISIETHCS HA TIOBEPXHI S
NPOTHJICXKHUH 32 3HAKOM JI0 3apsijy, [0 BUHUKAE B 06’ emi V):

#Pds =— ///p’dV. (1.29)
Vv

S

HugepenuianbHa opma:
V.P=-p, (1.30)

ne 0’ — 06’eMHa TyCTUHA 3B’ SI3aHUX €JIEKTPUYHUX 3apSiIiB.
[ToBepxHeBa rycTrHa 3B’ sI3aHUX €JEKTPUYHKX 3apsiB HA MEX1 PO3/IUTY IBOX 1€JIEKTPUKIB:

o' = Py, — Py, (1.31)
Jie N — BEeKTOp HOpMaJIi 10 MOBEPXHi PO3MILTY BOX CEPEOBHUII, 1110 HATIPSIMIICHUH 3 CEpeIoBUILA
1 B cepenosuie 2.

O3HaueHHS BEKTOpa eJeKTPUYHOT THTYKITIT:

D =E + 47P (1.32)

#Dds = ///pdV. (1.33)
S 14

3B 130K Mi>K BEKTOPOM NoJIsipu3allii (MOJISIpu30BaHICTIO) Ta €JIEKTPUYHUM TI0JIEM, AKe 3YMO-
sun0 noaapuzayiio (y BUNAAKY 130TPOIHUX J[1€JIEKTPUKIB):

Teopema I'ayca nis BekTopa D:

P = E, (1.34)

e X — NOJNSIPU30BHICTD JIieJIEKTPHUKA.

e=1+4ny, (1.35)

lieJIeKTPUYHA IPOHUKHICTD JlieJIEKTPUKA.
I'pannyni ymoBu i1t BexktopiB E ta D:

E\; = E,, (1.36)
D,, — Dy, = 4no, (1.37)

Jie 0 — IOBEpXHEBa I'yCTUHA BUIBHUX €JIEKTPUYHUX 3apsifiiB HAa TPaHULl PO3JLLY A1EIEKTPUKIB.
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§ 1.6. I'pannuni ymoBu. [lose y peuoBuHi

IIpUHIMIIOBI MMTAHHSI €JIEKTPOCTATHKU [JieJIEKTPUKIB

1.102. Orpumaiite rpanuyHi ymoBu 1.36 ta 1.37.

1.103. loBruii quiiHAp BUTOTOBJEHUM 3 TieJIEKTPUKA 3 3aMOPOKEHOIO MOJISIPH-
30BaHicTIO P = const, 1110 HanpsiMiieHa B3[J0B HOT0 0ci. 300pa3uTu CXeMaTUIHY
KapTuHy noJiiB Bektopa D Ta Bexktopa E B cepefivHi Ta 30BH1 HUIIHJpA.

1.104. [lomruii muiiHap moxuHoO 21 i pagiycom ¥ (I > r) BUTOTOBJICHHH 3
IieJIeKTPUKa 3 3aMOPOKEHOI0 MOoJisipu30BaHicTio P = const, 1110 HanpsimiieHa
B3[I0BX MOro oci. OUiHUTH a) BEJIMUMHY 1 HANPSIMOK MOJIsl HA OCHOBAX 30BHI
UUJIiHApa, 0) BEJMYMHY 1 HANPSIMOK MOJISl B UEHTP1 LUUWIIHApPA, B) BEJIUUYUHY 1
HaNpsIMOK TMOJIsl Ha 30BHIIIHIN MOBEPXHI LIUWJIIHAPA HAa CepeiuHI MOT0 JOBXKUHMU.

1.105. Kopotkuii nuiinap (AMCK) TOBIIUHOIO d i pajiiycoM R BUTOTOBJICHUH 3
IieJIeKTPUKA 3 3aMOPOKEHOI0 MoJIsipu30BaHicTiO P = const, 1110 HanpsiMieHa
B3JI0BK 1oro oci. OiHUTH ToJie 30BHI Ta B CEpPe/iMHI MOOIM3Y IEeHTpa Noro
OCHOBU. Bu3HaunTH BEKTOp IHAYKIIIT B IUX TOYKAX.

1.106. IToka3zaru, 1110 Ha Me>Xi PO3JLTY 3apsIP>KEHOTO MPOBITHUKA, TYCTUHA T10-
BEPXHEBUX 3apsi/IiB Ha IKOMY O 1 OJHOPIIHOIO J1eJIEKTPUKA 3 J1€JIEKTPUUHOIO
NPOHUKHICTIO €, O NOJSIPU3YETHCS MiJ] IIEI0 €JIEKTPUYHOTO MOJISl TPOBIJHUKA,
I'yCTHHA 3B’ SI3aHUX 3apsjliB 0’ BU3BHAYAETHCS (POPMYIIOIO:

, e—1

0O =—0 .
3

1.107. TTo6nu3y MaoCcKoi MOBEPXHI OJHOPIAHOrO AiEJEKTPUKA 3 I1eJIEKTPUYHOIO
NPOHUKHICTIO € HANIPY>KEHICTh €JIEKTPUYHOrO MOJIs1 B BakyyMi fopiBHIOE E 1
CKJIaia€ KyT 6 3 HOpMaJUTiO 1o moBepxHi (1.24). BBaxkaroun moJie 30BHi Ta B
CepeNivHi JlieJIeKTpUKa OJHOPITHUM, 3HANTH a) oTik BekTopa E uepes chepy
pajiyca R, IEHTp SIKOT JIEXKUTh Ha NOBEPXHI JIeJIEKTpUKa, 0) HUPKYJISILIIO Be-
kTopa D B310BX KOHTYpa ' HOBXHMHOIO [, TIITOIIMHA SIKOTO NMEPIEeHUKYISpHA 10
NOBEPXHI JieJIEKTPUKA.

1.108. 3HaiTu 3aKOH 3aJIOMJIEHHSI CUJIOBUX JIiHIM HAa MOBEPXHi PO3/iLY ABOX
NieJIEKTPUKIB 3 MPOHUKHOCTSIMU €] Ta €,. 300pa3iTh CXeMAaTUUYHO KAPTUHY 3a-
JIOMJICHHSI OJHOPITHOTO MOJIsSl Ha rpaHuLl po3ainy mjst Bektopis E Ta D.
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Poznin 1. Enexrpocratuika

Puc. 1.24. [To 3apaui 1.107

3HaX0/I7KeHHsI HANIPY7KEHOCTI eJIEKTPOCTATUYHOIO I0JIS1 B IieJIEKTPUKAX, SAKi
MAalOTh 3aMOPO’KeHY MOJISIPU30BAHICTH

1.109. 3HaiiT HANPY>KEHICTh Ta IHAYKIIIO €JIEKTPUUHOIO MOJIS B IEHTP1 MaTe-
piany, sikuii Mae (popMy NPSIMOTO KPYIJIOro LUIiHIpa TOBXKUHOMW | i pafiycom R,
NOJISIPU30BAHICTh SIKOTO OHOPIJIHA, HAMPSIMIIEHA B3I0BX OC1 1 JopiBHIOE P.

1.110. Posp’si3atu 3agauy 1.109, y Bunajky, skuio noyisipu3oBaHictb P HanpsiM-
JIeHA MEePHEHNKYJISIPHO 10 OC1 LWITIH/pA.

1.111. HienekTpuyHa KyJis pagiycoM R Mojisipu30BaHa OJHOPIJHO 3 MOJISIpU-
30BaHicTIO P. 3HaliTH HANPY>KEeHICTh €JIEKTPUYHOTrO MOJISl BCepeuHi Ta 30BHi
KYJIi.

1.112. HeckinyeHHO JOBrui AieICKTPUIHUN UAJIHAP pafiiycoM R pamiaabHO
NOJIIPU30BAHUN TAaKUM YMHOM, 1110 MOJIIPU30BaHICTh BUBHAYAETHCS 3aKOHOM
P = ar, ac a — no3uTMBHA KOHCTaHTa. 3HAWTH 3apsijl, IKUK MPUIaTac Ha OUHU-
IO JTOBXXUHM LWIIHAPA. BU3HAUNTH HANPYKEHICTh TA IHAYKIIIO €JIEKTPUYHOTO
noJisl B 3aJI€3KHOCTI Bijl BifICTaHi 10 OC1 B cCepeuHi Ta 30BHI LIWJIIH/pA.

1.113. B cepeauni niockoro KOHAeHcaTOpa, OOKIAKHU SIKOTo 3’ €JHaHI M CO-
6010, BMillleHa lieJIEKTPUYHA TIaCTHHA TOBIIMHOIO A 3 3aMOPOKEHOI0 MOJISIPU30-
BaHICTIO P, 1110 HanpsmiieHa NeprneHuKyJISpHO FPaHsIM IJIACTUHU 1 OOKJIaIKam
KOHjIeHcaTopa. Bu3zHaunTi MOyl HAMPY>KEHOCTI €JIEKTPUYHOTIO TMOJIs Ta 1H/Y-
KI[i1 30BHI Ta B CEpeiuHI MJIaCTUHU. BigcTaHb MK MIaCTUHAMU KOHJIEHCATOpa
nopisHIoeE d.
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§ 1.6. I'pannuni ymoBu. [lose y peuoBuHi

3Haxo0/12KeHHsI HANPY>KEHOCTi eJIEKTPOCTATHYHOIO MOJIS B /lie/IeKTPUKAX IO 3a-

JaHOMY PO3MO/IiTY 3apsiay

r

1.114. TloposkHs MeTasieBa KyJis, 3apsiji IKO1 g, a pajiiyc R naBae ieIeKTpuyHin
PiivHi 3 IPOHUKHICTIO € TaK, IO T1 IEHTP 3HAXOAUTHCS HA PiBHI PifuHU. 3HAUTU
IYCTUHY BIJIbHMX 3aps/iiB Ha MOBEPXHI KyJii. 300pa3iTh CXeMAaTUYHO KAPTUHY
nouist gy BektopiB E ta D.

1.115. ToukoBu# 3apsii q po3TallIOBAaHUY Ha IUIOCKIW TPAHUIll PO3JLTY ABOX
OJTHOPITHUX HECKIHYEHHUX JIieJIEKTPUKIB 3 MPOHUKHOCTSIMU €; 1 €. 3HAUTHU
HaIpy>KEHICThb, IHYKIIIO 1 MOTEHIIa] €JIEKTPUYHOTO MOJIS Y BCbOMY MPOCTOPI.

1.116. IlIpocTip Mik OOKIagKaMu MIOCKOI0 KOHIEHCATOpa 3alI0OBHEHO MOBITPSIM,
a Harnpy>kKeHiCchb MoJIsl B 3a30pi JopiBHIOE Ej. [ToTiM nonoBuHY 3a30py 3alOBHIO-
IOTh JIieJIEKTPUKOM 3 IPOHUKHICTIO € TaK, 1[0 HOTO MOBEPXHS B OHOMY BHUMAKY
napasnesbHa 0 0OKJIaoK, a B iHIIIOMY MepIeHANKYJIsIpHa 10 0OKIaJoK. 3HAUTH
mopyi BektopiB E Ta D 1151 HUX BUMAJKIB, SIKILO a) HAMPYyra Mi>k OOKJIaiKaMu
3a/IMIagach He3MiHHOIO, 0) 3apsil Ha OOKJIaIKax 3aJuIIaBCs MOCTIMHUM.

3HaxoaKeHHs PO3Mo/Ii1y 3apsay 1o 3aJaHiid HANMPY>KEeHOCTI eJIEKTPOCTATUIHOIO
oJIst

r

1.117. OpHopigHa KyJist pajiycoM R 3 1ieIeKTpUYHO0 NPOHUKHICTIO € BMIIILY-
€THCS B OJIHOPiJIHE eJIeKTpUUHE MoJjie HanpykeHicTio Ey. 3HailTu IunoasHun
MOMEHT KYJI1 Ta HallPY>KEHICTh €JIEKTPUYHOTO MOJISl B yChbOMY IPOCTOPI, & TAKOXK
PO3MOLT 3B’ I3aHUX 3apsiB HA KYJIi.

1.118. B HeckiHUYEHHOMY JII€JIEKTPUKY 3 MPOHUKHICTIO € CTBOPEHE OTHOPIHE
noJie HanpyxkeHicTio Eq. B fnienekTpuky BUpi3aeThesl chepuyHa NopoKHUHA pa-
niycoM R. 3HalTU AUNOJIbHUN MOMEHT MOPOXKHUHU, MOISPU30BaHICTh Ta HATIPY-
JKEHICTb €JIEKTPUYHOIO MOJISI B YChbOMY MPOCTOPI MIC/ISl YTBOPEHHSI OPO>KHUHH,
a TAKOXX PO3MOJILI 3B’ I3aHUX 3aps/liB Ha MOBEPXHI MOPOKHUHMU.

1.119. (VY3aranbHenui Bunagok 3agad 1.117 ta 1.118) OgHopinHa Kyjis pagiycom
R 3 fieIeKTpUYHOIO MPOHUKHICTIO €; 3aHYpeHa B OTHOPIIHUNA HEOOMEKEeHUN
ieJIeKTPUK 3 1ieJIeKTPUUHOIO MPOHUKHICTIO €,. Ha Benukiii BiicTani Bifg KyJi
B JIieJIEKTPUKY € OHOpifgHe enekTpuyHe nojie Ej. 3HalTH AUNoNbHUN MOMEHT
KYyJIi, TOTEHI[iaJl 1 HAaPY>XEHICTh €JIEKTPUYHOTrO MOJISl B yCbOMY MPOCTOPi, a
TaKO> PO3MOJLI 3B’ I3aHUX 3aps/IiB Ha MOBEPXHI KYJII.
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BusHaveHHsI ryCTHHM NOJISIPU3ALIIHAX 3aps/IiB B JieJIEKTPUKY Ta BEKTOPA MO-

asapu3amii

r

1.120. BuzHauuTu rycTUHY 3B’ I3aHUX 3apsifiiB HA OBEPXHSIX CIIOASHOT IACTUH-
KH (¢ = 4.4) ToBHOO 0.2 MM, IO € 130JIITOPOM Y INIOCKOMY KOHJIEHCATOPI,
pI3HUIS MOTEHIIaJIIB Ha MJIaCTUHAX siKoro gopiBHIOe 400 B.

1.121. MeraneBa cdepa pagiycoMm R, 110 Hece 3apsij ¢, po3TalioBaHa B He-
CKIHUEHHOMY OJHOPIIHOMY HI€JIEKTPUUYHOMY CEPENOBUILI 3 MPOHUKHICTIO E.
BusHauuTi nosisipu3oBaHicTh B JOBiIbHINM TOYII CEPEOBUIIA, & TAKOXK I'YCTUHU
NOBEPXHEBUX 1 00’ €MHUX 3B’ SI3aHUX 3apPS/IiB B JIiI€IE€KTPUKY.

1.122. Mertan noBiIbHOT (hOPMH, IO MAE 3apsii ¢, OTOYSHUU IIAPOM OTHOPITHOTO
JieJIeKTpUKa 3 MPOHUKHICTIO €. 3HAUTH CyMapHi MOBEPXHEBI 3B’ s13aHi 3apsijiu HA
BHYTPIIIHIN 1 30BHIIlIHIA NOBEPXHSIX JiE€JEKTPUKA.

1.123. B peskiit Toulli B CEpEIMHI OMHOPITHOTO AieJIEKTPUKA 3 MPOHUKHICTIO €
IyCTHHA CTOPOHHIX 3apsijliB 0. 3HAUTH B 11iid TOUL[i TYCTUHY 3B’ SI3aHHUX 3apsiJliB.

1.124. ToukoBu# 3apsii g 3HAXOIAUTHLCS B IEHTPI KYJIi pajiiycoM R 3 fieieKTpuKa
3 MPOHUKHICTIO €;. Kyist oToueHa 6e3MeKHUM J1ieJIEKTPUKOM 3 MPOHUKHICTIO
€,. 3HAWTU IOBEPXHEBY I'YCTHHY 3B’ SI3aHUX 3apsifiiB Ha MEX1 PO3/LTY LUX flielie-
KTPUKIB.

MeToq eJIeKTPUYHUX 300PaskeHb JI [TieJIEKTPHUKIB

r

1.125. ToukoBuii 3apsifi q 3HAXOAUTHCS B CEPEIOBUIII 3 JIICIEKTPUIHOIO MPO-
HUKHICTIO €; Ha BijicTaHi d Bij TpaHulli po3fily miejaekTpukiB. [lienekTpuuna
NPOHUKHICTb IPYTOro JieJIeKTpUKa JOPIBHIOE €,. YoMy IOPiBHIOE Cuiia, IO A€
Ha 3apsj? Bij 4oro 3aiexuTh HapsSIMOK L€l cun?

1.126. ]IBa TOUKOBUX 3apsifiu q; Ta , 3HAXOUTHLCS HA OJJHAKOBUX BifcTaHsIX d
BiJ] TPAHUIIl PO3JLITY JBOX JIIEJIEKTPUKIB 3 MPOHUKHOCTSIMU €1 Ta €,, BIAMOBITHO.
BHaumiTh CUJIK, 11O MiIOTh Ha KOKeH 3 3apsiiB. [Ipoanamnizyite 3HaK CUJI, 110
IIIOTh Ha 3apsiau.

1.127. OpHopinHUi i30TPOMHUN AieJEKTPUK 3 TPOHUKHICTIO € 3alTOBHIOE BEChH
HWKHIU MiBIpOCTip. ¥ BakyyMi Ha BificTaHi d Bil MOr0 MOBEPXHi 3HAXOAUTHCSI
TOUKOBUI 3apsiy] q. BusHaunT noBepXHeBY I'yCTHHY MOJIsIpU3alliliHUX (3B’ s13a-
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§ 1.7. EnextpuuHa eMHiCTb. EMHICTh B3a€EMHA, EMHOCT1 KOE(il[iEHTH

HUX) 3apsifiB B IOBUIbHIN TOYIlI HA MEX1 PO3/LTY, a TAKOXK MOBHUM 3B’ I3aHUU
3apsij] Ha TOBEPXHi Jlie/IeKTpuKa. AAKui pe3ynbTar BUije, pu € — 00, IKUH 1Ie
Mae (Hi3uyHum 3MicT?

EnekTtpuyHa emMHicTb. EMHICTb B3aEMHA, EMHOCTI KoediLiEHTN

TeopeTuyHi BigoMocTi

O3HaveHHS eIeKTPUYHOL EMHOCTI:

c=—9 (1.38)
P1— P2

EnextpuuHa eMHicTh MeTanieBoi cepu paniycy R:

C =R. (1.39)
EnekTpudHa eMHICTh MJIOCKOrO KOHAeHcaTopa (S — mioina miacTuH, d — BifICTaHb Mix
IUTACTUHAMMU):
eS
C=——. 1.40
47td (1.40)

VY BUNajKy cUCTEMU MPOBIAHUKIB, MOTEHI[1a]l KOXKHOTO 3 HUX 3aJIeKUTh HE TUIbKYU Bifl 3apsi-
1y IPOBIJHUKA, 2 BU3HAYAETHCS HAMPY>KEHOCTSIMU, 1110 CTBOPIOIOTHCS IHIIMMHU MPOBITHUKAMU,
TOOTO BiJl 3apsi/liB IHIIMX NPOBIIHUKIB, IPUYOMY 3a IPUHLMIIOM CYNEPNO3ULii BiH NPSIMO NPO-
HOpPLiAHKUIA 1M 3apsiiaM. Hanpukiag, moTeHmian i-ro npoBilHUKa BU3HAYAETHCS SIK:

N
@i =D Vi (1.41)
i=1

nie Vij — Ha3sMBaIOTHCS MOTEHUIALHUMHU KOE(IliEHTaMK i YTBOPIOKOTH MOTEHIIIATLHY MATPUIO
V. EmHicHI KoeillieHTH BU3HAYAIOTHCS (POPMOIO, PO3MipaMy Ta B3AEMHUM PO3TaIlyBaHHSIM TPO-
BiHKKiB. Matpuus, o6eprena 1o notennianbioi C = V™! Hasupaetbes eMHicHO0O MaTpuiero,
a 11 enemMenTu C; ji— €MHICHUMU KOe(IiLIEHTaMU:

N
Jj=1

It noTeHuianbHUX (Ta EMHICHUX) KOE(ILIEHTIB BUKOHYETHCSl TEOpEMa B3a€MHOCTI, sIKa FOBO-
pUTh TIPO Te, 1110 NOTEeHIlialbHa (EMHICHA) MaTPUIIS € CUMETPUYHOIO:

Vii=Vji, Cij=Cj

IIpu yomy:
Vii> iji >0, C;>0, Cij < 0. (1.43)

1.128. Yomy eMHICTb OKPEMOTO MPOBITHUKA 3aJIEKUTh BiJl IPUCYTHOCTI MOOIN3Y
IHIIMX MPOBIHUKIB Ta IXHHOTO PO3TallyBAHHS?
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Poznin 1. EnexrtpocraTtuka

1.129. Ak 3MIHUTBCSI EMHICTD BITOKPEMIIEHOTO MMPOBIIHUKA MPU NOSIB1 MOOJIN3Y
1HIIOrO MpPOBiIHUKA?

1.130. YoMy eMHICTb KOHIEHCATOPA HE 3aJI€KUTh BiJl HASIBHOCTI OTOYYKOUUX
TUI YU €JIEKTPUYHUX NOJIB?

1.131. VY niockuii NOBITPSIHUI KOHJEHCATOP NMapajiebHO A0 OOKIIAT0K BCTaBIISI-
I0Th JIieJIEKTPUYHY MJIACTUHY, TOHIIY 32 3a30p MK OOKJIaikaMu. SK 11e BIUIMHE
Ha EMHICTb KOHjJeHcaTopa? Uu 3anekaTuMe BOHA Bif] MMOJIOXKEHHS MJIACTUHU
BIJHOCHO OOKJIaJOK?

1.132. VY nnockuii NOBITPSIHUN KOHIEHCATOP NMapajieibHO A0 OOKIATOK BCTaBIISI-
I0Thb IUIACTUHY JI1€JIEKTPUKA 3 MPOHUKHICTIO € 1 TOBIIMHOIO B MTOJIOBUHY 3a30py
MK oOKJanKkaMu. Sk 1 B CKUJIbKU pa3iB 3MiHUTLCSI EMHICTb KOHJIeHcaTopa?

1.133. KonpeHcaTop npreaHaHo 10 JKepesia NocTiMHoT Hanpyru. Yu 3MiHUTbCS
HAMPY>KEHICTh €JIEKTPUYHOTO TMOJIsl B KOHJIEHCATOPi, SKIIO WOTr0 3alOBHUTHU
niesIeKTpUKOoM? SIK 3MIHUTBCS MPU [IbOMY MTOBEPXHEBA I'YCTUHA BUIbHUX 3apsiiB
Ha OOKJIaKax KoHeHcaTopa? YoMy JOpIBHIOBATUME I'yCTHHA 3B’ I3aHUX 3aPS/IiB
Ha MOBEPXHI JleJIeKTpHUKa?

1.134. 4k 3MIHUTBCS HANPY>KEHICTh MOJISI Mi>K OOKJIaAKaMK IJIOCKOTO KOHJIEH-
caTopa, SIKIIIO Ha OJHIN 3 MOro 0OKJIaIoK 3apsiy Oyjie 301inbIIeHo BABiYi?

1.135. ]IBa oHakoBI MeTaJIeB1 IUCKU JIIaMeTPOM 12 cM po3TalllOBaHi Mapasesib-
HO OJIMH J10 OTHOTrO Ha BificTaHi 0.2 cM. JIucku 3CyHyT1 OJMH BiTHOCHO OJIHOTO TaK,
110 UEHTP OJHOrO 3 HUX MepelyBae MpOTH Kparo iHWoro (puc. 1.25). Busnauntu
€MHICTb TaKO1 CUCTEMH.

[S—— —

Puc. 1.25. Io 3agaui 1.135

1.136. [IBi KoHUEHTpUYHI MeTalleBi cepu MalOTh pajilycu Ry ta R, (R, > R;).
BHuyTpiuHio cepy 3a3emMio0Th. 3HAUITh EMHICTH 30BHIIIHBOT CepH.

1.137. BusnauuTu HaOIMKEHO B3aEMHY EMHICTb CUCTEMHU, SIKA CKJIAIAETHCS 3
IBOX MeTaJIeBUX KYJIb pajiycaMu R, Ta R,, 1110 3HaXOASIThCS Ha y>Ke BEJIUKIN

39




§ 1.7. EnextpuuHa eMHiCTb. EMHICTh B3a€EMHA, EMHOCT1 KOE(il[iEHTH

B MOPIBHSIHHI 3 iX pajilycamu BiJCTaHl OfiHa Bij ofHOi. CucreMa 3aHypeHa B
OJHOPIIHUY J{ieJIEKTPUK MPOHUKHICTIO €.

1.138. IIpocTip mixk oOkaguHkaMu chepuyHOro KOHIEHCATOpa YacTKOBO 3a-
MOBHEHO JIieJIEKTPUKOM, SIKUM PO3TAIlIOBAHUM B CEpPeNHi TiJeCHOro kyra
3 BEPIIMHOIO B IIEHTP1 00kIanok. Pagiycu oOknagok R; ta R,, MPOHUKHICTD
nieekTpuKa €. 3HaAUTH EMHICTh KOHIEHCATOpA.

1.139. Cdepuunuii KoHieHcaTOp 3 pajiycaMu oOKIagoK Ry Ta R, 3a0BHEHUMI
NieIeKTPUKOM, IPOHUKHICTB SIKOTO 3aJIeKUTh Bifl BifICTaHi 0 LIEHTpa I 3a 3aK0-
HOM € = aR?/r, e a — jiesika MO3UTUBHA KOHCTAHTA. 3HATU €MHICTh TAKOTO
KOHjIeHCcaTopa.

1.140. B cepenuHi c(pepruHOro KOHIEHCATOpa 3 pajiycamu oOKJIaok Ry ta R,
IieJIEKTPUYHA TPOHUKHICTD 3MIHIOETHCS 32 3aKOHOM:

€1, R, £r <R,
E(l"): 1 1

€, RS]"<R2,

ne R — nesika Bigictanb R; < R < R,.
3HalTH EMHICTh KOHJIEHCATOpa, PO3MO/iI 3B’ I3aHUX 3apsiIiB Ta MOBHUM 3apsifl B
TIEJIEKTPUKY.

1.141. TInockuil KOHAEHCATOP 3aMOBHEHUH J1ieIEKTPUKOM, TPOHUKHICTh SIKOTO
. z+d .
SMIHIOETBCS 32 3AKOHOM € = a—-=, JIe a, iesiKa [103UTUBHA KOHCTaHTa, d — BizI-

CTaHb MK OOKJIaJiKaMU, BICh Z — HaNIpsSIMJIEHA NEPIEeHANKYJISIPHO OOKIaiKaM,
mioia sikux S. Hextyouu kpailoBumMu epektaMu, 3HalUTH EMHICTh KOHJIEHCa-
TOpa Ta pO3MOJLJ1 B HbOMY 3B’ SI3aHUX 3aPS/IiB, SIKIIO PI3HUIS MOTEHIIATIB MiXK
oOknaguHkamu V.

1.142. Bu3HauuTU B3aEMHY EMHICTb CUCTEMH, SIKa CKJIAJJAa€ThCS 13 METaIeBOT
KYJIi pajilycoM R 1 HECKIHYEHHOI METaJIeBO1 IJIOLIUHHU, SIKa pO3TallloBaHa Ha
BificTaHi [ Bijg Kymi. BBakaTu [ > R.

1.143. BuzHauuTH €MHICHI KOe(DILIEHTH AJIS BOX METANEBUX KYJIb 3 pajlycaMu
R, i R,. llenTpu Kynb 3HAXOASThCS Ha BificTaHi [ > R;, R, OfWH Bijl OIHOTO.
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Poznin 1. EnexrtpocraTtuka

1.144. BuszHauTe eMHICHI KOE(IIEHTH )il YOTUPLOX MapayieIbHUX METaleBUX
MJIACTUH IUIOLIEO S, pO3TalllOBaHUX 1 3’ €JHAHUX TaK, SIK MOKa3HO Ha puc. 1.26,

3a yMOBH d;, d, < \/._S

Puc. 1.26. o 3anaui 1.144

1.145. ]IBa poBrux ipoTu pajiycoM R KOX€H, po3TalllOBaHi MapaiejbHO OUH
ogHoMy. BifgcTanb Mixk 1x ocsimu iopiBHIOE [ (I >> R). 3HaliTH B3aEMHY EMHICTb
OJIMHUII1 IOBXKUHU JIUISTHKK APOTIB.

1.146. BimimkHeHa Bif JPKepesia IBOIPOTOBA JIiHI eJIeKTporepenadi 3Haxou-
ThCsI B OIHOPITHOMY I10J1i FPO30BOT XMapH 3 HanpykeHicTio Ey = 2 kB/Mm, sike
HanpsiMJIeHe MePHeHUKYISPHO NMOBepXHi 3emili. OfuH 3 IPOTiB 3a3eMIIEHUH,
IHIINI — i30JIbOBaHU. BrcoTa IpoTiB Hajy MOBEpXHEIO 1 = 5 M, BiICTaHb MixK
HUMH d = 1 M, a iX pafiiyct R = 1 cM. 3HaifIiTh MOTEHIial i30J1bOBAHOTO IPOTY.

1.147. JIBa poBrux ApoTU pajiiycoM R KOXeH, po3TallloBaHi NapajiejbHO OJuH
OJTHOMY Ha BUCOTi h Haj moBepxHer 3emii (h > R). Binctanb Mix iX ocsiMu
nopiBHIOE [. 3HANTH B3a€EMHY €EMHICTb OIMHUII JOBXKUHHM TJITHKU APOTIB.

1.148. B cepenuHy NOpOKHLOIO TOHKOCTIHHOTO 1 3a3€MJIEHOT'O METaJIeBOro -
JIHIpa pajitlycoM R BMillleHi ABa JOBIUX napajiejbHux apoTu. CeperHa BiicTaHi
MI IpOTaMu CHiBMajae 3 Biccro muiiHapa. Paaiyc apotiB r, BiicTaHb Mi>k HUMU
[. BHaiiTn B3a€EMHY €MHICTh OJUHUIII IOBXKWHM JIiHiT.

€MHICTD cHCTEeM KOHIEHCATOPIB

1.149. € xinbka KOHJIEHCATOPiB Pi3HOT EMHOCTI. K 1 1110 Tpebda 3poouTH, 11100
OTPUMATH EMHICTb: a) MEHIIIY 32 HAlMEHIIY 3 HasiBHUX; 0) HAaIMEHIIY 3 YCiX
MO>KJIMBMX; B) OUTBIITY 32 HAaNOLIbINY 3 HASIBHUX; T') HANOUIBIIY 3 YCiX MOXKJIUBUX.
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§ 1.7. EnextpuuHa eMHiCTb. EMHICTh B3a€EMHA, EMHOCT1 KOE(il[iEHTH

1.150. Ckinbku Ta SIKOT BEJIMYMHU PI3HUX EMHOCTEW MO>KHA BBIMKHYTHU MIX
JIBOMa TOUKaMU KOJia, MalOud TPU KOHJIEHCATOPU OJIHAKOBOT eMHOCTI C?

1.151. Konpgencarop, eMHicTio C; = 1 MK® BUTpUMYE Hanpyry He Ouiblie
W = 6 kB, a xoHgeHcarop, eMHicTio C; = 2 Mk® — He Oubile 15, = 4 kB.
SIky Hanpyry Mo>ke BUTPUMATH CUCTEMA IBOX TaKUX KOHJIEHCATOPIB, 3’ €IHAHUX
IMOC/I1IJIOBHO?

1.152. Minguka xona AB (puc. 1.27) mictutb mxepeno EPC & ta nBa koHieHca-
Topa eMHocTsiMu C; Ta C,. Pi3HMIIS MOTEHIIiaJliB HA IUISHI Q4 — @g. 3HAUITh
HaIpyry Ha KOHJIeHCaTopax.

1.153. 3HaiifiTh HaNpyry Ha KOXKHOMY 3 KOHAeHcaTopiB (puc. 1.28).

Il
C
A B !
A o+ Te
G & C, C
|
Puc. 1.27. o 3amaui 1.155 Puc. 1.28. 1o 3amaui 1.153

1.154. B cxewi, sika HaBeJieHa Ha puc. 1.29 3HAUTH Pi3HUINIO TOTEHIIAIB MiXK
ToukamMu A Ta B, gkmo EPC mxepena gopiBHioe &, a BiTHOIIEHHSI EMHOCTEN
CZ/CI = 77

1.155. 3HailTh EMHICTh HECKIHUEHHOTO KOJIa, SIKe YTBOPEHE MOBTOPEHHSIM OJJHI€T
1 TIET 5K JIAHKU 3 JJBOX OJJHAKOBUX KOHJEHCATOPIB, KOXKEH 3 SIKUX Ma€ EMHICTb C

(puc. 1.30).

() 00

SR R .

Puc. 1.29. o 3angaui 1.154 Puc. 1.30. o 3apmaui 1.155

TR CFTE:

1.156. 3HauTH pi3HULIO NOTEHLIaNIB ¢4 — P MK Toukamu A Ta B cucremu,
sika MokazaHa: a) Ha puc 1.31, 6) Ha puc 1.32.
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Poznin 1. EnexrtpocraTtuka

a o, G
| | ]
C

L — :
Cs c,
| H#B -
& & &

Puc. 1.31. o 3agaui 1.156 Puc. 1.32. o 3agaui 1.156

1.157. o pxepena EPC € nocniioBHO NpUeTHAIM 1BA MOBITPSIHI KOHAEHCATOPH,
ko>keH eMHicTiO C. IToTiM OfiMH 3 KOHJIEHCATOPiB 3aMOBHUIIM JI1€JIEKTPUKOM
NPOHUKHICTIO 3. Y CKUIbKM pa3iB 3MEHIIWIACh HAMPY>KEHICTb €JIEKTPUYHOIO
NoJisl y IbOMY KOHJieHcaTopi? SIkuil 3apsj npouje yepes kepeso?

1.158. Konpencarop emuictio C; Mk®, 3apsimkeHui 0 Hanpyru V, npuenHanu
JIO KIHIIIB CUCTEMHU 3 IBOX MOCIIJOBHO 3’ €MHAHUX HE3aPSIPKEHUX KOHJIEHCATOPIB,
eMHOCTI skux C, 1 C;. dkuit 3apsig mpoujie npy 1bOMY MO MiABITHUX MPOBiTHU-
Kax?

1.159. ki 3apsiqu npouayTh Micisl 3aMUKaHHS KJII04Ya y cXxeMax MojlaHuX Ha
a) puc. 1.33 Ta 6) puc. 1.34 yepe3 HanpsiMKH, Ka3aHi cTpiikamu. Ha cxemax
EPC xoxHoro 3 mxepes € = 60 B, eMHocTi kKoHfieHcaTOpiB C; = 2 MKD Ta
C, = 3 MkD.

4 O G, G
81 _ C2 _— 82 81 _— 2 _ 82
1 T 2 1
B B
Puc. 1.33. o 3agaui 1.159 Puc. 1.34. 1o 3agaui 1.159

1.160. Barapero mapasnesibHO 3’€IHAHUX KOHJEHCATOpPIB 3 eMHOCTIMU C; =
1 Mk® i C, = 2 Mx® criouaTky mif’ egHanu ao mkepena 3 EPC, ska nopiBHIOE
€ = 6 B (xmou B nosioxkeHHi 1 Ha puc. 1.35). IloTiM kiro4 nepeBojsTh B
NOJIOKEHHS 2, TOENHYI0UM OaTapelo 3 KOHAeHCaTOpoM eMHICTIO C3 = 3 MKD.
SHaWfITh 3apsf, SIKUI OTpUMaE KOHAeHcaTop eMHicTiO Cs.
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§ 1.8. EHeprisl e1eKTpu4HOro nosst

1.161. HezapsipkeHul NIOCKUN KOHJEHCATOP €MHICTIO C; pO3TalllOBaHUU B
30BHIIITHBOMY OTHOPiIHOMY €JIEKTPpUYHOMY Mol Ey, NepneHauKyIsspHOMY [0
IJIONIMH 1oro ookJiagok (quB. 1.36). Bigcrans Mixk ookitaguakamu d. KonjeHca-
TOp eMHIcTIO C,, 1110 Hece Ha CBOIX IJIACTUHAX 3apsiiu £(, (IUII0C HA OOKJIaaHH1
JIBOPYY), MIIKJIIOYAETHCS 10 NEPIIOro KOHAeHcaTopy. BuzHaute 3apsau q; 1 q;
Ha JIIBUX [JIACTUHAX KOHJIEHCATOPIB MiCJISl MIIKIIOYEHHS. BIIMBOM 30BHIIIHBOTO
€JIEKTPUYHOTO MOJIsl B MICII1 3HAXO[PKEHHSI APYroro KOHieHCcaTopa 3HEXTYBATH.

Puc. 1.35. o 3agaui 1.160 Puc. 1.36. 1o 3apmaui 1.161

Enepris enekTpu4uHoro nons

TeopeTuyHi BigoMocTi

EHepI‘iSI CUCTEMHU 3apANKEHUX YaCTUHOK:
1
W = EZqigoi, (1.44)
i

e ; — MOTEeHLial, B IKOMY Nepe0yBa€ YaCTUHKA 3apsiioM (.
BiiacHa enexkTpocTtaTuyHa eHepris 3apsij>KeHoro Tija:

W = %// pgodV+%//aqodS, (1.45)
4 S

lie 0 Ta 0 — 00’ €MHa Ta MOBEPXHEBa I'YCTUHU BUIbHUX €JIEKTPUYHMX 3apsifiiB, BiIMOBIAHO.
EHeprist 5kopcTKOro JUmoJisi B eJIeKTPUYHOMY TMOJi:

W=-p-E. (1.46)
EHeprist kBa3inpy>KHOTO IUMOJISI B €JI€KTPUUHOMY MOJi:
W= —%(p-E). (1.47)
EHepris 3apskeHOro KOHaeHcaTopa:
CV? q2
W = > =50 (1.48)
I'ycTuHa eHeprii eeKTpUYHOro MOoJIs:
D-E
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Poznin 1. Enexrpocratuika

EHCpFiH CJIICKTPOCTATUYIHOTI'O ITOJIA:

D-E
W = // WdV (1.50)
|4

BusHaueHHs1 eHeprii cucTeMH 3apsi/I?>KeHUX YACTUHOK Ta TUIOJIIB

1.162. OGuuCAUTU eHeprilo HECKIHYEHHOTO JIIHIMHOTO JIAHIIOKKY TOYKOBUX
3aps/iiB, BeJIMYKMHA SIKUX JJOPIBHIOE (, a 3HAKK YepryloThcs. BijicTaHb MIXK CyCi-
JIHIMU pi3HOMMEHHUMU 3apsiiaMu opiBHIOE a (puc. 1.37).

([ ] ([ ]
—-q +q -q +q -q +q

Puc. 1.37. o 3agaui 1.162

1.163. 3nauTu enexrpoctaTuuHy eHeprito ionHoro kpucranyNaCl. Kpucraini-
yHa rpaTka NaCl ky6iuHa 3 BiICTAaHHIO M)XK CYCITHIMHU OTHO3apSITHUMH HOHAMU
Na ta Cl nopiBHioe a = 2.81.

1.164. [Ia nunoJsisi 3 MOMEHTaMH Py 1 P,, SKi JexaTh B OfIHIM MJIOLIUHI Ha
BifIcTaHi d OJIVH BiJl OJHOTO, YTBOPIOIOTH 3 MPSIMOIO, sIKa 3’ €IHYE U0, KYTH
6, 1 6, BignosigHo (puc. 1.38). OGUKCIUTH SHEPril0 B3aEMOJIIT AUIONIB. 3HAUTH
KYTH, IPU SIKUX eHeprist Oye a) MaKCUMaJbHOIO, 0) IOPIBHIOBATUME HYJIIO Ta
B) MIHIMAJIbHOIO.

1.165. Ha BincraHi d Bifi miBIpoCTOPY, 3alIOBHEHOTO OTHOPITHUM JieJIeKTpU-
KOM 3 MPOHUKHICTIO €, 3aKPIiMVIEHUN LIEHTP TOYKOBOr'O AUMOJIS 3 IUMOJbHUM
MOMEHTOM P. [Iunosb Moxe BiJIbHO oOepTaTucs, 3MiHIOI0YN HanpsiMok. Ila-
paJieIbHO MeXi MIBIPOCTOPY MPUKJIIAJIEHE OJIHOPIIHE 30BHIIIHE €JIEKTPUUHE
nosie E (puc. 1.39). 3HanTu BcTaHOBJIEHE PIBHOBA)KHE 3HAYEHHSI KyTa O MiX
HanpsiMkoM BekTopiB E 1 p.

Bu3nadeHHs eJIEKTPOCTATUYHOL €HePTil 3aps/I’KeHUX Tijl Ta KOHJEHCATOPIB

{ 1.166. ITokaxiThb, 110 €HEPrisd NPOBiIHUKA TOBLILHOT (DOPMHU, MOTEHIIIAN SIKOTO l
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§ 1.8. EHeprisl e1eKTpu4HOro nosst

p (04
P: E }
P2 d
,,,,,,,, el/ﬁez |
. d N .
Puc. 1.38. o 3amaui 1.164 Puc. 1.39. 1o 3apaui 1.165

@, 1o Hece 3apsia Q JOPIBHIOE:

1
W—§Q§0

1.167. Hexai cucrema ckinanaetbes 3 N NPOBITHUKIB, 3apsau IKuX Q; a MOTEH-
[iaau Ha HUX @;. YoMy TOpIBHIOE €HEprisi CUCTEMH LIUX MPOBITHUKIB?

1.168. Cucrema ckjafgaroThCs i3 ABOX MPOBIAHUKIB JOBUILHOT (DOPMHU, SIKi pO3-
TalllOBaHi Ha BiJICTaHi, 10 IEPEBUIIYE CyMY TX XapaKTEPHUX JIHINHUX PO3MIpIB.
OnuH 3 MPOBITHKKIB € 3apsS>KeHUH, THIINI He3apsKeHnid. Tina MoYnHaTh
KBa31CTaTUYHO (HECKIHYEHHO NOBLIbHO) 30JMKYyBaTH, SIK IPU [[bOMY 3MiHIOBATH-
METhCS a) MOTEHIIA 3apSAKEHOr0 MPOBIJHUKA, 0) MOTEHIIal HE3apSI>KEHOTO
NPOBIJIHMKA, B) Pi3HULS MOTEHI1AJIIB MK IPOBITHUKAMU ?

1.169. 3HaupiTh eHEeprito CUCTEMHU, SKa PO3IJIsIHyTa B 3ajavi 1.76 go i micns
3’emHaHHs ApoToM. [losICHITH pe3ynbTaT 3 TOUKU 30py 3aKOHY 30epe’KeHHS
eHeprii.

1.170. Cucrema ckiaila€TbCsl 3 BOX KOHLIEHTPUUYHUX TOHKUX METaJIeBUX 000-
JIOHOK 3 pajiycaMu R; i R, 1 BITHOBIAHUMM 3apsiiaMu q; 1 q,. 3HAUTU BJIACHY
€HEePrito0 KOXXHOI 000JIOHKH, EHEPTit0 B3aEMOJII1 OOOJIOHOK 1 MOBHY €JIEKTPUYHY
EHEeprilo CUCTEMU.

1.171. MeraneBa cepa pajiiycoM R, 1110 Ma€ 3apsifi ¢, 3aHypeHa Ha MOJOBUHY
B HECKIHYEHHU 130TPOMHUN JieJIeKTPUK 3 MPOHUKHICTIO €. 3HAWTU €HEPrito
€JIEKTPOCTATUYHOT'O MOJISI.

1.172. lleHTp He3apsmKeHOT MeTaneBoil cepu pasiycoM R po3TaiioBaHui Ha
IUIOCKiM TpaHulll ABOX 130TPOMHUX Ai€JEKTPUKIB 3 MPOHUKHOCTSIMHU € 1 &,. B
cepenuHi cpepu Ha BificTaHi Bif ii LIEHTPY 3HAXOAUTHCSI TOYKOBUU 3apsif (.
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Poznin 1. Enexrpocratuika

BusHaunTi eHeprito noJis nosa cgeporo.

1.173. Ha ckiibku 3MiHUTBCSl TOBHA €HEPrisi METaJIIuyHOT KyJIi pafiycoM R; 3 3a-
PSIOM @, SIKUIO i1 OTOYMTH KOHIIEHTPUYHUMU C(DEPUYHUMU IIapaMU TieJIeKTPUKa
3 A1EJIEKTPUYHOIO MPOHUKHICTIO € 1 paiycamu R, 1 R3 (R] < R, < R3).

1.174. 1o myiacTuH MJIOCKOro KOHIeHcaTopa npukiaaeHo Hanpyry V' = 0.1 kB.
[Inoma nnactun gopiBHioe S = 0.01 M2, CnoyaTky IJIaCTMHU KOHJIEHCATO-
pa 3HaXONWJINCh Ha BificTaHi d; = 1 MM, a 3rofIoM iX PO3CYHYJIU [0 BificTaHi
d, = 25 MM. Ha ckinbKu 3MiHUTBCS €HEPrisl KOHIeHCcAaTopa Miclisi pO3COBYBaHHS
MJIACTHUH, SIKIIO Mepef pO3COBYBAHHSIM IXKEPEJIO HANIPYTW a) HE BIIMUKAIOTh;
0) BIIMUKAIOTh.

1.175. TInockuii KOHEHCATOP 3alTOBHEHMH JIICJIEKTPUKOM 1 IMiJI’ ETHAHO JI0 IKe-
pena noctiHoi Hanpyru. EHepris koHpeHcaTopa ctaHoButh W = 200 epr.
[Ticast Toro, sk KOHAEHCATOP BiJ €HAIU BiJl JI)Kepesia Hanpyru, AieJIEeKTPUK
BUIHSITN, BUKOHABIIY MIPU [IbOMY pOOOTY, 1110 AopiBHIOE A = 700 epr. 3HaWIITh
IieJIEKTPUYHY MPOHUKHICTb JIIeIEKTPUKA.

.

MonpepomoTopHi cunun

TeopeTuyHi BigoMocTi

[MoupepomoTopHi (y3araiabHeHi) cuau Q;, 1O MiIOTh HA TieJEKTPUKH 3 GOKY €JIeKTPHUHOTO

Tonst: S S
(I __ , 1.51
Qs <aCIi >¢, (aCIi >q (1.51)

ne W — eHeprisi eeKTpOCTaTHYHOTO MOJIS, ; — y3aranbHeHi koopauHatu. [ToxigHi 6epyThes 3a
YMOBH MOCTIHHOTO MOTeHmiamy (iHeKC ¢), abo MOCTIHHOTO 3apsiny (IHIeKC q).
006’emHi cum. O6’eMHa TyCTHHA MOHIEPOMOTOPHUX CHUJI:

E_

— _ 1 2
f=pE - ——VE?, (1.52)

Jie 0 — TyCTUHA BIJIbHUX €JIEKTPUYHUX 3apPSIiB.

[Tepmuit noganok — 06’ €MHI CHJIH, IIO JIIOTh Ha BUIbHI 3apsiy, IPYTUil OB’ I3aHUM 3
CUJIaMH, IO JiIOTh Ha JTieIeKTpuKH. Bupas apyroro nomganky CrpaBeijIuBUN y BUMAIKY
JKOPCTKUX JTieJIEKTPUKIB, a TAKOX JIISI TAKUX, IO CJIAOKO MOJISIPU3YIOTHCS B €JIEKTPUIHOMY
ot [17, §32].

IToBepxnesi cmumm cumm. Cuiia, 1110 i€ Ha OJMHUIIO NTOBEPXHI MPOBiAHKKA 3 OOKY €JIeKTpu-
YHOTO MOJIS:

1
fa = Q(E%n - E%n)9 (1.53)

lie N — HopMaJb JI0 MOBEPXHi MPOBITHUKA, IO HANpsIMJIeHa i3 miBmpocTopy 1 B miBnpocTip 2.
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§ 1.9. IlongepoMOTOpHI cuiiu

Cuna, 1110 i€ Ha OUHULIO MOBEPXHI PO3/LTY IBOX CepeloBUIL 3 OOKY €JIEKTPUYHOrO MOJIs:

D R S I O S PP
f, = 87'[(52 sl)D”n+87r(El €,)E*n, (1.54)

ie N — HopMaJlb 10 MOBEPXHi PO3JILTy CepeloBHILl, 1110 HanpsIMJIeHa i3 cepefoBuina 1 B cepejio-
BUIIE 2.

1.176. JIBa omHaKOBUX TOUKOBHUX 3apsiau (BEJIMYMHA 3apsily () 3HAXOMSIThCS HA
BificTaHi [ OIUH Bifl OTHOTO B TBEP/IOMY JlieJIEKTPHIIli 3 MPOHUKHICTIO €. 3apsau
PO3TalIOBaHi B IEHTPaX MAJNX CPepUYHUX TOPOKHUH. 3HAWAITH CIITY B3a€EMOJIIT
3apsifiB.

BusnaueHHs1 ciJ1, 110 JilOTHh HA MPOBITHUKHY B €JIEKTPOCTATUYHOMY IIOJIi

1.177. MertaneBy cdepy 13 3arajlbHUM 3apsioM (¢ po3pi3ajv HaBNuUIL. Ky cu-
JIy HEOOX1JJTHO MPUKJIACTH, 00 yTpuMaTu nojioBuHu pazom? Chepy BBakaTu
HECKIHYEHHO TOHKOIO.

1.178. Sk 3MiHuTBHCS BiqnoBib B 3aia4i 1.177, K110 B eHTp1 cpepur NOMICTUTH
JIOIATKOBO TOYKOBUM 3apsift (g ?

1.179. HeckiHueHHO JIOBra TOHKa NPOBiIHA [UJIIHAPUYHA O00JIOHKA PajilyCcoM
R po3spizaHa y310BK OCcl. BU3HauuTH cuily BilIITOBXYBAHHS, IO JII€ HA OJUHUIIIO
TIOBKMHU KOXKHOT MOJIOBUHM, SIKIIIO HA OIMHUIIIO IOBXKUHU OOOJIOHKU MPUIIAIA€E
3apsif A.

1.180. Heszapspkena meTaneBa cpepa Macu m MjiaBa€ B AieJACKTPUIHIN PiTUHA
3 MPOHUMKHICTIO €, 3aHYPUBLINCH B HET HA OJIHY YBEPTh CBOro 00’ emy. [lo sikoro
NOTEeHIaly Ciifi 3apsiauTu cdepy, 11100 BOHA IJlaBaja 3aHYpPEHOI0 B HEl Ha
NOJIOBUHY ?
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Poznin 1. EnexrtpocraTtuka

1.181. 3HaiiTu cuily B3a€MOJIIT IBOX OTHAKOBUX HE3apsI>)KEHUX MeTajleBUX cdep
pajiycamu R, BMIillIEHUX B OIHOPiJHE €JIEKTPUYHE M0JIe 3 HANPY>KEeHICTIO E), sike
HaMpsIMHE MapaJiesibHO JIiHi1, 110 3’ €qHYy€ HeHTpu cdep. BiicTanb MiK LIEHTpam
cdep nopisHioe [, npuyomy [ > R.

1.182. 3 5K010 CUJIOI0 MPUTSTYIOTHCS MJIACTUHU IJIOCKOIO KOHJEHCATopa y
BAaKyyMi, 3apsijl SIKOTO ¢, a IIola IIacTUH S?

1.183. Mix oOkJiaikaMu MJIOCKOrO MOBITPSIHOIO KOHJeHCAaTOpa po3TalloBa-
Ha JieJIeKTpUYHA TJIaCTUHA TOBIIUHOIO d, 3 [IieIEeKTPUYHOIO MPOHUKHICTIO €,
CyMapHa TOBIIIMHA MOBITPSHUX 3a30PiB MiXK MJIACTMHOIO Ta OOKJIaIKaMK JOPiB-
HIo€ d;. Pi3Hulg noteHiiaaiB Mixk oOKJaikaMu fopiBHioe V. Buznauutu cuimy
OpuUTIraHHs Mixk oOkyanikamu. [1oia BCix miacTuH nOpiBHIOE S.

BusHaueHHs1 ciJ1, IO JiIOTHh HA JieIeKTPUKH B €JIEKTPOCTATUYHOMY HOJTi

1.184. Binomo, 110 Jierki aieJeKTpUYHi Tijla IPUTSITYIOThCS 0 HaeJleKTPU30Ba-
HuX TuUl. YoMy e BigOyBaeTbcs? Un Moske OyTH cuTyalist, KO JleJeKTPUYHI
TUIa BIIIITOBXYBATUMYThCS BiJl HAEJIEKTPU30BAHOTO T1JIA?

1.185. Hexau ogHOpiiHUY [ieIeKTPUK Y BUTJISI/II BUTSITHYTOTO €JIiNcoifa 3 mpo-
HUKHICTIO €, 3HAXOJUTHCS B CEPENOBUIII 3 MPOHUKHICTIO €. [TokaxiTh, 110 IpH
BMIIIIEHHI TaKOIO Tijla B HEOJHOPIJIHE €JIEKTPUYHE I0Jie, BOHO OPIEHTYBaTUME-
ThCS B3[IOBX CUJIOBUX JIiHIM SIKIIIO HOTO €5 > €1, 1 NEPIEHAUKYISIPHO CUIIOBUM
JHISIM Y BUNIAJIKY, SIKIIO &, < €7.

1.186. ns 3agayi 1.116 3HanaiTh cuily, 10 /i€ HA OIMHUILIIO TTIOBEPXHI Jliee-
KTpHUKa B 000X BUMAaJIKaXx.

1.187. 3 siko10 CUJIOIO BTSITYETHCS JlieJIEKTPUYHA MJIACTHHA B MJIOCKUU KOH-
JIEHCATOP, SIKIIIO BOHA BXOJUTh B MPOCTIP MiK OOKJIafIUHKaAMU Ha JOBXUHY X
(puc. 1.40)? Po3rnsiHyTy BUNajIKK a) 3apsiji HA MIIACTUHKAX € NOCTIMHUM 1 pIBHUM
Q; 6) MOTeHIia/l Ha MJIACTUHKAX MiATPUMYETHCS MOCTIMHUM i piBHUM V. Bij-
CTaHb MK OOKagkamMu d, moBkruHa OOKJanokK [, a mupuHa a. [lienekrpuuna
NPOHMUKHICTD MIacTUHM €. BBaxkaru, mo x > d il — x > d. [loscHITh ceHC nux
yMmoB. [lopiBHsiTe 3HAUEHHS CUJT B 000X BUMAKaX, skiio Q = CV.
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§ 1.9. IlongepoMOTOpHI cuiiu

a :

| [

Puc. 1.40. o 3agaui 1.187

1.188. Ilnockuil KOHAEHCATOP 3aHYPEHO B ifiea/IbHY PiIUHY 3 MiCJISKTPUIHOIO
MNPOHUKHICTIO € 1 T'YCTHHOIO P TaK, 0 MO0 0OKJIAJIKK PO3TAIllOBaHI BEPTUKAIIBLHO.
Bigranb Mik HUME opiBHIOE d, pi3HMIS MOTeHianiB V. BusHauutu BUCOTY
HiIHATTS PIAUHU B KOHJIEHCATOPI.

1.189. JloBruii TOHKMIA HATIHAPUIHUI CTPUKEHD 3 OHOPIAHOTO 130TPOIHOTO
NieJIeKTpUKA 3 JIIEeJIeKTPUYHOIO MPOHUKHICTIO € 3HAXOAUTLCS B OTHOPITHOMY
€JICKTPUYHOMY TOJI1 3 HAMPY>XKEHICTIO Ey, 110 YTBOPIOE KYT & 3 HANPSIMKOM
oci ctpukHs. O6’eM cTpuKHS 1OpiBHIOE V. SIK1i 30BHIIIHII MOMEHT CHJT CJIiJT
NPUKJIACTH, 100 YTPUMATU CTPUKEHD B TAHOMY MOJIOKEHHI1?

1.190. Ha oci cumeTpii TOHKOrO KiJIbLISl pajilycoM R, 3apsI»KEHOro 3apsiioM ¢,
Ha Bi[ICTaHi Z BiJl HOTO IIEHTPY PO3TalllOBaHa JieJIeKTPUYHA KYJIbKa PajiilyCoM r
(r < R) 3 [I1€JIEKTPUYHOIO TPOHUKHICTIO JiienekTpuka € (puc. 1.41). dka cuia
JIi€ Ha KYJIbKY 3 OOKY €JIEKTPUYHOIO MOoJIsi?

Puc. 1.41. o 3agaui 1.190

1.191. JIng ymoB 3amayi 1.190 BU3HAYUTH, Y SIKUX TOUKAX Z HA OC1 KUIbLS CUIIA,
110 M€ Ha KYJIbKY Oyje a) MIHIMAJIbHO, 0) MAaKCUMAJIbHOIO, B) IOPIBHIOBATUME
HYJI0?

1.192. ]IBa TOUYKOBI 3apsiiy 1 TA q, 3HAXOMSTHCS HA BIJICTAHI ¥ OJIMH BiJl OIHOTO B
[EHTpaxX MajuX c(hepUUHUX MOPOKHUH B TBEPIOMY AiEJIEKTPUKY 3 MPOHUKHICTIO
€. 3HAUJITh CUJIH, 1110 JIIFOTh Ha 3apsIay.
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PO34IN

MocTiAHuiA cTpym

Crpymu B cepeposuuiax. 3akod Oma B gudepenuiancHivi chopmi

TeopeTuyHi BigoMocTi

Cuna ctpyMy (MOTIK 3apsiy):

_ dq
I=—.

Cuna cTpyMy sIK MOTIK BEKTOpa T'yCTUHU CTPYMY 4epe3 IOBiIbHY MOBEPXHIO S:

I= // j-ds. 2.2)
S

3akon Oma B audepeHianbHii hopmi:

2.1)

j=A(E+E") 2.3)

e A — eJleKTpUYHA MPOBIHICT NUISIHKY Koia, E* — Hanpy>KeHicTh MOJisi CTOPOHHIX CHJL.
EnexrpopyiiiHa cuna:

€= 95 E*dr, 2.4)
L
171 BUTIAJIKy MOCTIHOTO CTPYMY, 3aKOH 30epeKeHHSI €lIEKTPUIHOTO 3apsiny TPUIAMAE BUTIISII

vV-j=o0. (2.5)

( )

2.1. Ins ctpymiB 10 30 A 3aCTOCOBYIOThCS Kabei, MiHI APOTH SIKMX MalOTh
niameTp 2.6 Mm. [Turomuii omip mifi p = 1.7 - 1078 Om-m. a) BusHauuru omip
Takoro kadesnto noxuHoro 100 M. 0) Aka HaNPy>KEHICTh €JIEKTPUYHOIO IMOJIS B
JIPOTI, SIKIIO 110 HbOMY Teue cTpyM 30 A? B) 3a 1IUX yMOB, CKIJIbKM Yacy MOTpiOHO,
11100 eJIeKTPOH MpouioB BifncTanb B 100 M B310BX 1poTy? KoskeH aToM Mifii jae
OJIMH €JIEKTPOH B €JIEKTPUUYHY MPOBiJIHICTb.

51



§ 2.1. Ctpymu B cepenioBuiax. 3akoH Oma B iudepeHuiaibHii ¢opmi

2.2, Ilnockuii KOHIGHCATOP YBIMKHEHUN MOCIiIOBHO B KOJIO, IO CKJIAMAETHCS
3 pe3uctopa onopoM R i pxkepena 3 EPC €. Y npocTip Mik njlacTUHaMM KOH-
JieHcaTopa nmapaiesibHO JI0 HUX BCOBYIOTD 3 MOCTIMHOIO MIBUMIKICTIO U METAJIEBY
macTuHKY ToBIMHOI d. [Tonepeuni po3Mipu BCyBatOTh MacTUHKY | X [ 36ira-
I0ThCS 3 po3MipaMu OOKJIaOK KOHJIEHCATOPa, a BiICTaHb MK OOKJIaJIMHKaMU
nopiBHIOE d. HexTytoun BHYTPIIIHIM OMOPOM JiXKepesia, 3HAUfITh CUITy CTPYMY
KOJIi.

2.3. Posp’g3atu nonepeHto 3aady 2.2 3a yMOBH, 110 Y MPOCTIP MiX MJIaCTH-
HaMU KOHJIEHCATOpa napajiesibHO 10 HUX BCOBYIOTh JIieJIEKTPUYHY IJIACTUHKY
TOBILMHOIO d 3 MPOHUKHICTIO €.

2.4. OtpumaiiTe rpaHUYHI YMOBH [IJIsl TYCTUHU CTPyMY Ha MOBEPXHi pO3/iny
JIBOX MPOBITHUKIB, III0 MAIOTh Pi3HY €NEKTPONPOBITHICTD 4; 1 A,. 3HANTITH 3aKOH
3aJIOMJICHHSI JIiHIM CTPyMY Ha MOBEPXHi PO3/ily BOX MPOBiIHUKIB.

2.5. JloBepiTh, 1110 MPU MPOXOJI>KEHHI OCTIMHOTO CTPYMY Yepe3 HeOIHOPiTHUI
npoBigHuK (4 = A(r)), B 1oro 06’ eMi MOKe BUHUKATH BiJIbHUI 00’ €EMHUH 3apsif.
Bip yoro 3anexuTh 3HaK i BeJIMUMHA HOTO 3apsay? Uu BuHukatume o0’ eMHUN
3apsifl, SKIIO MPOBITHUK OTHOPITHUN?

2.6. [loBeniTh, 110 MPU MPOXOIKEHHI MOCTIMHOTO CTPYMY MO MPOBITHUKY, HA
MI0ro MOBEepXHi BUHUKAIOTH MOBEPXHEBI 3apsifu.
Bxkasiska: [1ns noBefieHHS] CKOPUCTANTEeCh TPAHUYHUMHI YMOBAMH JIJIsl BEKTOPiB T'YCTUHU CTPYMY

Ta eJEeKTPUYHOT IHTYKITIT.

2.7. TlokaxiTb, 1110 PU MPOXOAXKEHHI CTPYMY T'YCTUHOIO j Uepe3 HEOTHOPIAHUI
nienekTpuk (€ = £(r)), KM Mae c1abKy HEOTHOPIIHY MpoBigHicTh (1 = A(T)),
B 1OT0 00’ €M1 YTBOPIOETHCS 3apsifl, TYCTHHA SIKOTO JOPiBHIOE:

1e2(, _A
P=-3z 0 Ve)

2.8. Ha nnockuit konpieHcaTop eMHicTio C oiaHo NocTidHy Hanpyry V. 3Haitu
CTPYM BTpaT 4yepe3 KOHJEHCATOP, SIKIIO NTUTOMUU OIip OJHOPITHOT peYOBUHH,
SIKOIO 3aIMIOBHEHHH 3a30p Mik OOKJIagKaMK KOHieHCcaTopa, AOPIBHIOE P, a fiiese-
KTPUYHA IPOHUKHICTS €.
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Poznin 2. TlocriitHuil cTpym

2.9. IlpocTip MK IIACTMHAMM MJIOCKOTO KOHJIEHCATOPa 3alI0BHEHO JIBOMA OJJHO-
PIIHUMU IApaMHU JieJIEKTPUKA, 1O c1aOKO NpoBOsATh. TOBIIMHY 1IapiB Jiielie-
KTpHUKa JIOPiBHIOIOTH d; 1 d,, AieeKTprUYHa NPOHUKHICTh 1 MUTOMA MPOBIJIHICTh
IIOPIBHIOIOTH €; 1 4; Ta €, i A,, BignoBinHo. Jlo KOHEHCcaTOpa MPUKIIAEHO MO-
criiny Hanpyru V. [1noma niactil KoHaeHcaropa S. 3HalTu a) TyCTUHY CTPyMy
B JIIEJIEKTPUKY; O) MOBEPXHEBY I'YCTUHY BUIBHUX 3apsijiiB HA MJIACTUHAX KOHJICH-
caTpa; B) MOBEPXHEBY I'yCTUHY BUIbHUX 3apsijliB HA MEXI1 P03/l JieJEeKTPUKIB;
I') IOBEPXHEBY I'YCTUHY 3B’ SI3aHUX 3aPSJIiB HA MEK1 PO3/ILTY JIIeJIEKTPUKIB; JT) ONIp
KOHJIeHCcaTopa.

2.10. IIpocTip Mk IJIaCTUHAMU 1IAPyBaTOro MJIOCKOr0 KOHJAEHCATOpa 3aroB-
HEHO OaraTolapoBUM JIi€JIEKTPUKOM, IO Ma€ clIabKy eJeKTPONpPOBIHICTb.
JlieslekTpru4Ha MPOHUKHICTh 1 MATOMA MPOBIJHICTh 3MIHIOIOTBHCS Bl € = 4
Tal = 1072 Oml.cM™! Ha oguiil moBepxHi jienexTpuka 10 € = 3 Ta
A = 10712 Om~1.cM™! na inmwmii iioro nosepxui. Kongencarop BKIodyeHuii B
koo 6arapei nocriiiHoi EPC. BusHauntu BeIMUuHy 1 3HaK CyMapHOTO BUJIbHOTO
3apsiny q, SKUU BUHUKAE B J1i€JIEKTPUKY, KOJIM B KOJIi BCTAHOBUTHLCS MOCTINHUI
enektpuunmii ctpyM I = 1077 A, o Teue yepes AieeKTpHK Bif cToponu 1 1o
CTOPOHH 2.

2.11. TInockuu KOHAEHCATOP, 3alIOBHEHU PEUYOBUHOIO, [lieJIEeKTPUYHA TPOHU-
KHICTb SIKO1 OPIBHIOE €, 3a Yac T BTpavya€e TPETUHY HAJAHOTO MOMY 3apsidy.
Bakarouwu, 1m0 BTpara 3apsigy BiiOyBa€TbCsl TUIbKU Yepe3 J1eJIEKTPUYHY MPO-
KJIaJIKy, 3HATU TMTOMUN OIip 11 MaTepiany.

2.12. O6GuucauTH omnip Mi>k OOKJIaAKaMU HUJTHAPUYHOTO KOHIEHCATOpa, pajiiyc
BHYTPILIHbOT OOKJIAJIKU SIKOTO R, a 30BHIIHBOT — R,. KOHEHCAaTOp Ma€ MOBXU-
Hy [ > R, i 3a10BHEHMI JIieJIEKTPUKOM 3 IPOHUKHICTIO € 1 €JIEKTPONPOBIIHICTIO
A. BHaWJITh EMHICTb TAKOTO KOHJEHCATOPA

2.13. Mix gBOoMa KOHLIEHTPUYHUMU chepaMH 3 ifieaIbHOrO MPOBIHUKA, 3HA-
XOJUTHCSI PEYOBHUHA 3 MUTOMHUM OIOPOM 0 1 IIE€JEKTPUYHOIO TPOHUKHICTIO €.
BusHaunTH omip Takoro mapy, SKIo HOoro BHYTPIIIHIN pajiiyc TOPIiBHIOE 1, a
30BHIIIHIN — F,. Po3rnisiHbTe BUnagok R, — 0.

2.14. Tloka3zaru, 110 OMip OJHOPITHOTO MPOBIHOIO CEPENOBHUIIA, 110 3aIOBHIOE

BECH MPOCTIP MK JBOMa METaJIeBUMK OOOJIOHKAMU JIOBIJIbHOT (DOPMU HE 3a-

JISKUTh Bifl BIACTAaH1 MK HUMU® 1 IOPIBHIOE ﬁ,, e A — muToMa MPOBIHICTh
7.

cepenoBulla, a C — B3a€EMHa EMHICTb III€T CUCTEMU B BaKyyMi. 3alUIIITh TaHy
BEJIMYMHY B OJUHULSX cucTeMu Sl.
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§ 2.1. Ctpymu B cepenioBuiax. 3akoH Oma B iudepeHuiaibHii ¢opmi

“Ileit pe3ynbTaT OYB eMITipUYHO 3HANCHNUN TeerpadicTamu, sSIKi BUSBIIIH IO OIip 3eMJIi MiX TeJerpadHUMA
CTAHIISIMHU HE 3aJIEKUTH Bif BiICTaHl Mi>K HUMH.

2.15. ]IBi MeTaseBi KyJii pajilycaMu 1; Ta ¥, 3aHypeH1 B OJJHOPIIHE CEPEIOBUIIE 3
NUTOMKM ONOPOM ©. YoMy TIOPiBHIOE OMip CEpeloBUIIA MK KyJsiMu ? BusHaunTu
B3aEMHY EMHICTb IIUX KYJIb. BBa’kaTu, 1110 BificTaHb MK KyJIsIMU Habararto OijibIia
3a iX pajiycu.

2.16. KoJio mocTitHOTO CTpyMY CKJIAIa€ThCS 3 IOBTO1 OHOMPOBIAHOT JIiHIT, B
Ky yBIMKHeHO pkepenio 3 EPC €. JIinis 3aMuKaeThbCs yepe3 3eMITto, B SIKY 3apUTI
IBi MeTajieBi KyJIi po3TallioBaHi Ha BeJIMKIK BificTaHi ofHa Bif ogHol (puc. 2.1).
Bigowmi paniiycu Kyib 1 Ta F,, a TAKOX MPOBIIHICTb IPYHTY 4; 1 4, B MiclsX, Jie
BOHU 3akonaHi. HexTyouu ycima onopamu, KpiM oropy 3a3eMJICHHS, BA3HAYUTH
3apsij KO>KHOT KYJIi.

2.17. ®yHpaMeHT MeTajleBOl ONOpHU BUKOHAHO i3 MaTrepiaiy, sikuid 1o0pe mpo-
BOJIUThL CTPYM i Ma€ BUIIIsAA miBcdepu aiamerpoM D = 2 M (puc. 2.2). [pynr
HABKOJIO (DyHJAMEHTY Mae MpoBigHicTh A = 2 - 10™* CM/cM i € 3a3eMJIEHHSIM.
3HalTH Omip 3a3eMJIEHHS 1 KPOKOBY HANpyry Ha BifICTaHi ¥ = 5 M BiJ] LICHTPY
OIMOpH MPHU 3aMUKaHHI Ha ONOpY APOTY Hanmpyrow ¢, = 10 kB. [loBkuHa KpoKy
monuHu € = 0.7 M.

th —

( )1 A A

Puc. 2.1. 1o 3apmaui 2.16 Puc. 2.2. lo 3apaui 2.17

2.18. B HeckiHueHHOMY cepefoBHILi 3 TPOBIIHICTIO A,, 3HAXOIUThCS chepruuHa
KparuiMHa pafiycoM R, npoBigHicTh sgKkoi A;. Ha manekiit BifictaHi Biji KparjinHu
Te4e CTPYM I'yCTUHOIO jo. 3HAUTH IUTIOJIbHUNA MOMEHT KPAIUTUHU, PE3YJIbTYIOUn
PO3MOJLI CTPYMY B CEPENOBUILI Ta PO3MOLT 3aps/iB HA MOBEPXHI KPAIJIMHU.
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Poznin 2. TlocriitHuil cTpym

2.19. B HeckiHUeHHOMY cepelOBUIL 3 TPOBIHICTIO A, 110 IKOMY WUIIOB CTPYM jj,
BUHUKJIA c(pepryuHa NOPOKHUHA pajiilycoM R. 3HalTH pe3ybTYIOUN PO3MOJILT
CTPYMY B CEpEIOBUIII].

Enektpuuni kona. MNpasuna Kipxroda

TeopeTuyHi BigoMocTi

3akon OMa Jij1sl OTHOPITHOT JUTSTHKY KOJIa B IHTETpabHii hopmi “:

I=% (2.6)

3akon Oma jis IUISIHKY KoJla B iHTerpajibHii ¢opmi:
$1—¢,—E=-IR (2.7)

Benuuuna, V' = ¢, — ¢, — Ha3UBa€TLCS Pi3HUIICIO MOTEHIiaNiB (200 MaiHHSIM HAMpPyru) Ha
ninsHIi Kona, BemnunHa U = ¢, — ¢, — € Ha3uBaeThCs HANpyroo (po6oTa SIK CTOPOHHIX CHJI,
TaK 1 CHJI eJIEKTPUYHOTO MOJIS [0 NEPEMILIEHHIO OUHIUYHOIO JI0IaTHOTO 3apsiy).

Hanpsam 06xo0y

&
P1 R I %
-—{ —T <
Puc. 2.3. ImocTpatiist fo 3akony OMa Jij1s1 HEOTHOPIAHOT AUISIHKU KOJia

[TpaBuna Kipxroga 3acTocoByIOThCS ISl pO3paxyHKY apaMeTpiB PO3TYKEHUX eJIEKTPH-
YHMX KU1. Po3raimyskeHi KoJja, e Taki KoJia, o MICTSTh 3’ €AHaHHS TPhOX a00 OLIbIIOT KIJIbKOCTI
NPOBIIHUKIB B OJHIN TOYII, SIKi HA3UBAIOTHCS 8y3.1aMU. 3AMKHEHA YaCTHUHA €JeKTPUYHOTO KoJla
HA3UBAETHCSI KOHNYPOM, & IPOBITHUK 1[0 CIIOJIyYa€ JIBa BY3/u — 2iikoio. [1o BciM eneMeHTam
TUIKM Te4e OMH 1 TOM e CTPYM.

Iepwe npasuno Kipxeogha: anrebpaiuna cyma CTpyMiB y By3Jli IOPiBHIOE HYJIIO:

>I=0 (2.8)

1

SIk mpaBuUIIO, CTPYM, SIKUU BXOJIUTH Y BY30J1 OEpYTh 3 3a IOAATHIM 3HAKOM, a SIKUI BUXOIUTH 1 3
By3Jla — 3 Bil’eMHUM. SKi10 Koso MicTuTh N BYy3:1iB, TO nepiue npasusio Kipxroga noctatHbo
3anucaty 1t N — 1 By3na.

pyze npasuno Kipxeogha: cyma cniaiiB Hanpyr y KOHTYPi JOPIBHIOE CYMi eJIeKTPOPYIIHHUX

CHJI, SIKi A1I0Th Y LIbOMY KOHTYPI:
i J

Slkmio koo mictuth M riniok i N By31iB, TO KUTbKICTb PiBHSIHD, sIKi TpeOa 3anucaTH 3a Ipyrum
npasuioM Kipxroga nopisaioe M — (N — 1).

“TIpu BUKOpHCTaHHI (hopmy Ha 3akoHM OMa B iHTErpabHiil (hOpMi, 3pyYHO KOPHCTYBATHCH CUCTEMOIO OfIMHUIb
SI
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§ 2.2. EnextpuuHni kona. I[Ipasuna Kipxroga

2.20. Tpwu raneBaniuHi enementu 3 EPC &, £,, &5 1 BHYTpILIHIMYA ONOpaMH
I, I, 1 13 3’€IHaHI 3a CXeMOl10, MoKa3aHoto Ha puc. 2.4. OnopoM 3’€IHyBaJIb-
HUX MMPOBITHMKIB MO>XXHA 3HEXTyBaTu. Ky Hanpyry U Oyjie noka3yBaTH BOJIbT-
METp, YBIMKHEHHH TaK, SIK BKa3aHO Ha I[bOMY PUCYHKY? YoMy 1IOpiBHIOBATUMYTh

IMIoOKa3u BOJIbTMeTpa, JKIIO BEJIIMUYNHU gi Ta "i HOB’H3aHi CHiBBiHHO]_HeHHHMI/I
&1 & &3

ry r r3

2.21. V cxeMmi, 300paxkeHiil Ha 2.5, 3aiani onopu R; i R,. BusHauutu omnip R,
NpU SIKOMY TOTY>KHICTb, 1110 PO3CIIOETHCS HA HbOMY OyJie MakcUMalibHOMO. Aka
YMOBA TOTO, 1110 CTPYM, SIKUI MPOXOAUTH Yyepe3 omip R, mopiBHIOBaTUME HYJIIO?

2.22. 3HalTH PI3HUIIIO TIOTEHIATIB ¢4 — Qg MiXK TouKkaMu A Ta B cxemu, 1110
300pakeHa Ha puc. 2.6, skmo R; = 10 0OM, R, =200mM,E; =5B1 &, =2 B.
BHyTpilHiMU onopaMu ixKepest )KUBJIEHHS! MO>KHA 3HEXTYBATH.

82’ r2 R] R2 Rl (91
|
& <V> R A B
/] |
"
&3, 13 & & & Ry
Puc. 2.4. 1o 3apaui 2.20 Puc. 2.5. 1o 3apgaui 2.21 Puc. 2.6. 1o 3apmaui 2.22

2.23. TouHiCTh BUMIPIOBaHHS OTMOPIB MICTKOM YiTCTOHA HAMOLIbINA, KOJIH OIO-
PM CYCIIHIX TIeuel OfHaKOBi, TOOTO, Ko R; = R, (puc. 2.7). [loBectu 1ie ajs
BUNAJKY, KOJIU OIip raJlbBAHOMETPA JIy>Ke BEJIMKUIA, B [IbOMY BUIAJIKy CTPYMOM
yepes rajibBAHOMETP MO>KHA 3HEXTYBATH.

2.24. Ha renerpadHiil OTHONPOBIAHIN JIiHIT € MOIIKO>KEHHS 3 IEBHUM OIIOPOM
3a3zemiieHHs ¥ (puc. 2.8) [Tokasatu, 1o ctpym I Ha npuiMarvYoMy KiHIIi JIiHiT
Oyjie HaUMEHIIUM B TOMY BUIAJKY, KOJIM MOLIKOJXKEHHS CTAJIOCs B CepeuHi
ninii. Onip npuiiMaabHOTO anapaTy Majiuil B MOPiBHSIHHI 3 ONIOpaMu BCi€l JTiHil.

2.25. 3HaiTu omip Mixk ToukaMu A Ta B HeckiHueHHOro koJja (puc. 2.9).
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o °

////////////////////////////////////////////////////////

/////////////////////////////////////////////////////////

Puc. 2.7. 1o 3amaui 2.23 Puc. 2.8. 1o 3apmaui 2.24

R R R

A —

3R

B o—

Puc. 2.9. 1o 3apaui 2.25

2.26. Mix Toukamu A ta B koja (puc. 2.10) nigrpumyrots Hanpyry V = 20 B.
3HaWTH CTPYM Ta KOro HanmpsiIMOK Ha miysgHIi 1 — 2, sikmo R; = 50M iR, =
10 Om.

2.27. B cxemi (puc. 2.11) 3HaiTH omip Mi>k TOUKaMH MiX TOUKaMu A Ta B, 9ki1o
R; =1000mu R, = 50 Om.

Ry 1 R Ry 1 R
A ~B A R, - B
+ +
R2 2 121 R2 2 R1
Puc. 2.10. o 3apaui 2.26 Puc. 2.11. 1o 3agaui 2.27

3akon [xoynsa-Jlenua

TeopeTuyHi BigoMocTi

IIpu npoxopkeHHi CTpyMy IO AUISHII KoJsa, po00Ta eJIeKTPUYHOrO MOJIsl Ta CTOPOHHIX CUJT
(y BUNaIKy HEOHOPIIHOT IJISIHKH) EPETBOPIOETHCS B TEIUIOTY:

A =Q. (2.10)
[ToTy>XHiCTb, 10 BUALISIETHCS TOPIBHIOE:
P=Ul, .11

ne U — Hanpyra JiIsiHKY Koua, I — cujia CTpyMmy.
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§ 2.3. 3akon xoyns-Jlenna

KinbKicTh TEmIoTH, Mo BUALISETLCS 3a yac di Ha JiISHIN TpoBiTHUKA (3aKOH J[KOyJIsi-
Jlenna):
dQ = I’Rdt. (2.12)

3akon [Ixoynsi-Jlenna B qudepeHuianbHin opmi:

p=j-E, (2.13)

dp . . . .
fie p = — — TeNJI0BA NOTYKHICTb, IO BUIISETLCS B OJMHHIL 00’eMy NPOBiJHUKA MPU MPOXO-
JPKEHH1 CTpyMy.

2.28. 4k 3MIHUTBHCS KiJIbKICTh TEIJIOTH, 1O BUAUISETLCS B MPOBIIHUKY, IO
YBIMKHEHUH Y MEPe3KY 3 MOCTIMHOIO HAMPYTOl0, MPY 3MEHIIIeHH] JOBXUHU TPO-
BIJHUKA BIB1Y1?

2.29. 3ano6ikHUK po3paxoBaHuil Ha cuity ctpymy 10 A. Yu MokHA BMUKATH B
Mepesxy Hanpyroto 220 B cnokuau notysxHicTio 10 kBT?

2.30. VY gBOJITPOBOMY €JIEKTPUYHOMY YalHUKY MOTY>KHicTio 1 kBT Boya 3aku-
nae 3a 20 XB, TOJi SIK B YaWHUKY NOTY>XHicTIO 3 KBT 11e 3aitHsuio 6 5 xB. Yomy
HEBUT1JIHI MAJIONOTY>HI 1pu 60pu?

2.31. € n izeaJibHO NPOBITHUX TL Y BaKyyMi 3 3apsiiamMu qy, qa, ..., ;, 1 TOTEH-
lajiaMu @, @, ..., Pyp. SIKa KUIBKICTb TETUIOTH Oyjie BUALISTUCS IIIOCEKYH/THO,
SIKIO MPOCTIP MK LIMMU T1JIaMU 3alIOBHUTU OTHOPITHOIO PIIMHOIO 3 TUTOMOIO
NPOBIAHICTIO A 1 AieNeKTPUYHOIO MPOHUKHICTIO €, a MOTEHIiaIM T MATPUMYBa-
TU CTAJIAMHU?

2.32. IIpocTip Mixk OOKJIaIKaMH ITIHAPUIHOTO KOHJEHCATOPa JOBXKUHOIO [
3aII0BHEHO PEYOBUHOIO 3 MIUTOMUM OMOPOM 0 111€JIEKTPUYHOIO MPOHUKHICTIO € =
1. BuU3HauuTH TENI0BY MOTY>KHICTh CTPYMY, 110 BUALISIETHCS B KOHIEHCATOPI,
SIKIIIO Hanpyra Mix ioro ookinagkamu U, paniycu oOknaniok Ry i R,. KpaiioBumu
edeKTamMu 3HEXTyBaTH.

2.33. TlpocTip Mixx oOkJlaikaMu c(hepuyHOro KoHjeHcaTropa pajaiycamu Ry i R,
3alMOBHEHO MPOBITHUM CEPeOBUILIEM 3 MPOBIIHICTIO A 1 IieIeKTPUYHOT MPOHHU-
KHICTIO €. Y MOYaTKOBUI MOMEHT 4acy BHYTPIIIHIN OOKIaIi Ha/lauu 3apsiy q.
3HaWTH KiJTbKICTh, TEMJIOTH, 10 TPU IbOMY BUILIAIOCS.

2.34. 3a3op Mik 0OKIaTUHKAMK TJTIOCKOTO KOHJIEHCATOpa TOBUIMHOIO d 3allOBHE-
HUU MOCTIIOBHO ABOMA JieJICKTPUIHUMH IIapaMu OfHaKoBo1 ToBIIMHM. [TuToMmi
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ONopy MapiB BIANOBIIHO JOPIBHIOKOTH P; 1 Py, NIEJIEKTPUYHA IPOHUKHICTD € = 1.
[Tnoma obknanok S. Ha konpencarop nogano Hanpyry U. 3HalTU NOTYXHICTb,
110 BUIUISIETHCSI B KOKHOMY IIApI.

2.35. IlposigHa KyJisi 3HAXOAUTHCS B CEPEIOBUIII 3 3a/1aHOI0 MPOBIIHICTIO A,.
I'yctuHa ctpymy naneko Bij KyJii ogHopijiHa. [Ipu sikoMy 3HaY€HHI NPOBIJHOCTI
KyJi A; B Hill BUTIISIETbCS HAUOLTbINA TTOTY>KHICTD?

2.36. CtpyM npoTikae Bif MiIHOT TpyOKH pajitycom Ry = 1 MM 10 MiTHOT TpyOKH
pagiycoM R, = 1 cM depe3 amoMiHieBy ¢obry (puc. 2.12). 3HalIiTh TOBIIUHY
(boJibru, SIKIO NpU PIBHOMIPHOMY 3MEHIIEHH1 CTpyMy 3 Iy = 2 A 10 HyJId 3a
7 = 1 xB B (posb3i Bufiack Terora Q = 2 Mk ? [IutomMuit onip aatoMiHiO
p = 25 HOM M.

2.37. JIxepeno EPC & 3i 3’enHyBalbHUMU MPOBITHUKAMU AiaMeTpoM d i1’ efi-
HAHO 10 TOHKOCTIHHOT OJisIIaHku JOBXUHOIO b (puc. 2.13). ToBumHa cTiHOK
OJsIIanky d, a TUTOMME OITip MaTepiaiy, 3 IKOTO BOHa BUTOTOBJIeHa ©. BHy-
TPILIHIM OMOPOM JI>Kepesia Ta 3’ €IHyBaJIbHUX MPOBIIHUKIB MO>KHA 3HEXTYBATH.
IIpu pesikomy papiyci OJISIIAaHKKA B KOJII BUAUISIETbCS. MaKCUMaJlbHA TETI0BA
NOTY>XXHICTh. BU3HaUTE BEJIMUMHY LIET MOTYHOCTI.

h —

Puc. 2.12. 1o 3agaui 2.36 Puc. 2.13. 1o 3agaui 2.37

2.38. YV noyaTkoBHMiI MOMEHT Yacy Ha JIiBOMY KOHJIEHCATOpi Hampyra TOPiBHIOE
Vp, paBuil KOHIEHCATOP HE 3apskKeHul 1 00uiBa KItoui po3iMKHYTI (puc. 2.14).
CnoyaTky 3aMUKalOTh KJIt04 1, MOTIM, I0OUYE€KaBIIMCh BCTAHOBJICHHSI PIBHOBArH,
3aMHMKAIOTh KJTI0Y 2. 3HAUJITh KiIbKiCTh TETUIOTH, 1110 BUMIAJIACS Ha KOXKHOMY
3 OMOPIB.

2.39. SIxa KUIBbKICTb TEMJIOTU BUALIUTHCS HA PE3UCTOPaXx MIC/sl 3aMUKaHHSI KJTIO-

ya B cXeMi, 1110 300paskeHa Ha puc. 2.15? BHyTpiliHiM onopom Oatapei 3HeXTY-
BaTH.

59




§ 2.3. 3akon xoyns-Jlenna

2.40. V cxewmi, noka3aHii Ha puc. 2.16, o6usiBa gxepena ofgHakoBi. Jlamna €
HEJIIHINHUM eJIEMEHTOM, i1 BOJIbT-aMIIepHa XapaKTepuCTrKa (3B’ 130K CTPyMYy 3

2 [&V e
HAMpPYrolo) ONUCY€EThCsl BUpa3oM I = =, / ~ > i T — BHYTpILIHI} o1ip, E—
r

BesnunHa EPC koskHOro JoKEpeIia. IToxu kmou pOBiMKHeHI/Iﬁ, JJaMIla CIIOKHBac€

NOTY>XHICTb B = 6 BT. K010 cTaHe cro>kuBaHa JIaMIIOI0 MOTY>KHICTb B, micis
3aMUKaHHS KJtoya ?

2C
- .
- & 3C R H - & E X
Puc. 2.14. o 3amaui 2.38 Puc. 2.15. o 3agaui 2.39 Puc. 2.16. o 3agaui 2.40
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PO3AI

MaruniTocraTuka

MW&Z&W/&MW@JZ

X.-K. Opcren

3akoH bio-Casapa-Jlannaca. Teopema npo uupkynsito

TeopeTuyHi BigoMocTi

J1Jisl BUITaIKy MarHiTOCTaTUKH Y BaKyyMi, piBHssHHST MakcBeJljia mpuiMaroTh BUurisi: [HTe-
rpajgbHa popma:

# B-dS=0 Teopema ["ayca 7151 MarHiTHOTO TOJISI 3.1
s
yﬁ B.-dr=— // -dS TeopeMa npo HMPKYJISLIO BEKTOPaA IHIYKLIT 3.2)
L

a6o y nuepeHmiaibHii Gopmi:

V-B=0 (3.3)

va_ﬁﬁ (3.4)

Po3B’g3k0M 1ux piBHsIHB € 3akoH bio-Casapa-Jlamnaca:

1 jxrdV
== , 3.5
_ // e (3.5)
vV

fie ¥ — pajiiyC-BEKTOPOM MPOBEJICHHUH Bijf eneMenTa cTpymy jd V' 10 TOUKH CIOCTEpEsKEHHSI.
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§ 3.1. 3akon bio-CaBapa-Jlamnaca. Teopema npo HUPKYJISIIi0

Bu3HayeHHsI XapaKTepUCTUK MATHITHOT'O MOJIsSI PO3MOAUIIB CTPYMIB, SIKi MAKIOTh
MEBHY CUMETPII0

r

3.1. BusHauuTu MarHiTHe oJjie Ha BifICTaHi 7 BiJl HECKIHUEHHO JJOBIOr0 MPOBIiJI-
HUKa 31 cTpyMoM (puc. 3.1) 3a nonomororo 3akoHy bio-Capapa-Jlamaca Ta 3a
JIOTIOMOTOI0 TEOPEMH PO MUPKYIILito. [TopiBHSITE pe3ynbTaTH.

3.2. BuzHauTe MarHiTHe noJje B TOYIli P Ha BiiCTaH1 ¥ BiJl KOPOTKOTO MPOBITHUKA
31 ctpymMoM. [loJio>keHHs Touku P BU3HAYa€eThCsl KyTamMu o Ta o, (puc. 3.2).
[TosicHITH, YOMY B IIbOMY BHUIIQJIKy HE MOXHAa CKOPUCTATUCh TEOPEMOIO MPO
HUPKYJISILIIIO.

Puc. 3.1. 1o 3apmaui 3.1 Puc. 3.2. o 3agaui 3.2

3.3. 3HaiimiTh iHAYKIi0 MarHiTHOTO MOJIs B TOULi O KOHTYPY 31 CTpyMOM I, SIKui
nokaszaHo a) Ha 3.3, npu YoMy pajiiycu a Ta b i Kyt ¢ Bigomi; 0) Ha 3.4, ipu YoMy
pajiiycu a Ta cTopoHa b Biiomi.

Puc. 3.3. 1o 3apmaui 3.3 Puc. 3.4. Io 3amaui 3.3
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3.4. B310BX HECKIHYEHHOI METAJIEBO1 IUNIACTUHY TE€YE CTPYM PIBHOMIPHO pO3IO-
JIJIEHWH 1O 11 IMUPUHI 3 TYCTUHOIO [. 3HAUTH MarHiTHE MoJie B POCTOPi HABKOJIO
TaKOI MJIaCTUHU.

3.5. BHaufiTh Mar”iTHe MoJjie B cepefinHi HECKIHUeHHO JOBroro CoJIeHo1aa, mo
MOBEPXHi SIKOTO 10 KOJIy Teue CTPYyM, PIBHOMIPHO PO3NOJiJICHUN 32 IIUPUHOIO 3
I'YCTUHOIO I.

3.6. 3HaiiTu Mar”iTHe 1MoJie, O CTBOPIOETHCS TOHKUM MiBKiJIbIIEM pajiycoM R
B 1IOTO IIEHTPI.

3.7. BuzHauuTH IHAYKI1O MAarHITHOTO MOJISI B JUIIOJIbHOMY HAOJIM>KEHHI eJle-
KTPUYHOTO JIUIOJISI 3 MOMEHTOM P, 1110 PYXA€EThCS 31 HIBUKICTIO V.

3.8. Ilo npoBinHuKy, sikuil Ma€e popMmy eiinca, Teue ctpym I. Benuka i mana
miBoici eJjtirnca JopiBHIOTH a Ta b BiAnoBinHO. BU3HAUMTH iHTYKIIIFO MAarHiTHOTO
noJist B (hOKyci eJinca.

3.9. 3naiiTu nose Ha OcCi 1 B IEHTPi KOJIOBOTO BUTKA PailycoM R, MO SIKOMY Teue
cTpymMoM I. BUKOpUCTOBYIOUM OTpUMaHUN pe3yibTaT, 3HAWTH: a) MoJie Ha OCi
KPYIJIOro CoJIeHo1a B TOUIl], 3 IKOT MOr0 Kpai BUTHO MiJl KyTaMu & Ta &5, 0) 1ose
Ha KiHI[i HaMMiBHECKIHYEHHOT'O COJICHO1/1a, B) MOJie B Cepe/IuHI HECKIHUEHHOIO
cosieHoTna. Yncio BUTKIB HAa OIMHULIIO JOBXKUHU COJIEHOINIAa TOPIBHIOE .

3.10. 3HaiiTy MarHiTHe MoJie Ha OCi PIBHOMIPHO 3apsI>KEHOr0 IUCKa paailycoM
R (moBHMI 3apsifi AKCKa JOPIBHIOE @, 110 00EPTAETHCS HABKOJIO OCi 3 KyTOBOIO
IIBUAKICTIO (0 Ha BICTaHI Z Bij IUCKa.

3.11. HeckinyeHHO MOBrUM MWITIHAPUYHUN APIT CKIAAETHCS 3 IBOX KOAKCiaslb-
HMX OWTHAPIB. BHYTpIIHIN CYIIIbHUN HWTIHAP, BUTOTOBJICHUI 3 HEMArHiTHOTO
Marepiaiy 1 Mae pajaiyc R;. Pajiyc 30BHIIIHBOrO MyCTOTUIONO LUIIHApPA HO-
piBHIOE R,. Y300BXK HUIIHAPIB TEUYTh MOCTINHI CTPYMU OJHAKOBOT BEJTUYMHU
I, ane cnpsiMOBaHi NMPOTUIEKHO. BU3HAUWTH 3aJI€KHICTh BEJIMUMHU THAYKIIIT
MarHiTHOIO MOJIsl Bifl BIICTaH1 10 OC1 JpOTY.

3.12. HeckiH4eHHO JOBrUM MWTIHAPUIHUN WTIHAPUIHUN JIPIT CKIANAETHCS 3
IBOX KOAKCialbHUX IUIIHAPIB. BHYTPIIIHIN CYIITbHUN HUATIHIP, BUTOTOBJIEHUN
3 HEMarHiTHOTO MaTepiany i Mae pajaiyc R; Ta nuromuid omip p;. Paniyc 30B-
HIITHBOTO IWIiHApPA TOPiBHIOE R, Ta MUTOMUM OMip O,. 30BHIIIHS NOBEPXHS
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§ 3.1. 3akoHn bio-Casapa-Jlannaca. TeopeMa npo HUpKyJIsLiio

BHYTPILIHBOTO LMJIIHAPA 3HAXOUTHCS B TICHOMY KOHTAKTI 13 BHYTPILIHbOIO MO-
BEPXHEIO 30BHIIIHHOTO. Y3[0BX HUIIHAPIB Te4ye NOCTiiHuM cTpyM I. Busnauntu
3aJIE’KHICTh BEJIMYMHU 1HAYKIII MArHITHOTO MOJIS Bij] BIICTaH1 JO OCI IPOTY.

3.13. B cepenuHi JOBroro npsiMoro ApoTy Kpyrjoro nepepisy € 1oBra KpyrJia
UUJIIHIPAYHA MOPOKHKUHA, BICh SIKOT MapaliejibHa OCl MPOBOMAY 1 3MilIEHa 100
Hel Ha BifcTaHb d (puc. 3.5). [lo gpoTy Tedye MOCTINHUN CTPYM T'YCTUHOIO j,
PiBHOMIpPHO pO3NOJIeHuH 3a nepepizoM. HexTyiouu BIUIMBOM PEYOBUHU JPOTY,
BU3HAYUTH BEJIMYMHY iHTYKIIiT MArHITHOTO MOJISl BCEPEIUHI MOPOKHUHM.

3.14. Y310BK NOBroi TOHKOCTIHHOT HMIIHAPUYHOT TpYOKHU pajiyca R Teye no-
CTiltHMIA cTpyM I. Y cTiHIli TpyOKM € TOHKA IIiIMHA IMPUHU d, apaesibHa oCi
TpyOku (puc. 3.6). Bu3HauuTH BEIMYMHY 1HAYKIIT MardiTHOro MoJjisi B TOYII1, 1110
JIEKUTh BCepequHl TPyOKH Ha i1 pajilyci, SIKIIO BiICTaHb BijJ CEPEIUHU II1IMHU
JI0 TaHO1 TOYKM AOpiBHIOE ¥ (R > d).

R
| \
l / d
Puc. 3.5. o 3amaui 3.13 Puc. 3.6. 1o 3apmaui 3.14

3.15. HeckiHyeHHO JIOBruil AieJeKTPUYHUNA HWIIHAP pagiycoM R pajiaibHO
NOJISIPU30BAHUM TAaKUM YMHOM, IO MOJISIPU30BAHICTh BU3HAYAETHCS 3aKOHOM
P = ar, ge a — no3utnBHa KoHcTaHTa. L{umiHap o6epTaeThes 3 MOCTIMHOIO KYTO-
BOIO IIBUKICTIO w HABKOJIO CBOET ocl. BU3HaunTH MardiTHe mojJjie B 3aJI€KHOCTI
BiJ] BiJICTaHi 1O OCi B CEpe/IMHi Ta 30BHI HUJIIHApA.
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BektopHuii notenuian. MarHitHuii momeHT

TeopeTunyHi BigoMocTi

3B 30K BEKTOpa 1HAYKIIT MarHiTHOrO MOJIS 3 BEKTOP-MOTEHILI1AJIOM:
B=VXA. (3.6)
PiBusinus [lyaccoHna aj1st BEKTOp-MOTEHLIaNy:

V2A = _47”1'. (3.7)

Po03B’13k0M 1IbOTO PiBHSIHHS € BEKTOP-IOTEHIiAT:

'IdVI
A:// Ii‘——r’l (3.8)
V/

ne ¥’ — paniyc-Bextop enemenTis 3apsiny o(r')dV”’, a ¥ — pajiiyc-BEKTOp TOUKH CHIOCTEPEIKE-
HHSL.

[upkynsiis BeKTOp-MOTEHIIaTy B3[0BX JIOBLIBHOTO KOHTYPY L TOpiBHIOE TOTOKY BEKTOpa
IHAYKIIii MarHiTHOTO MOJISt KPi3b MOBEPXHIO S, HA SIKY HATSITHYTO JAHUN KOHTYP:

// BdS = 315 Adr. (3.9)
S L

OsHaueHHs BEKTOpa MarHiTHOIO MOMCHTY:

1 .
Pm = Z_C///rx‘] av, (3.10)
14

BexTop-noTeHitian moJsisi MarHiTHOrO JUIOJIS:

_ Pm Xr
A= —5 (3.11)
MarsitHe nose JUIOJIS:
o 3@n D Py

e 5 (3.12)

IHonsaTTs pOTOpA

3.16. 3Huaiinite V X r, r — pajiiyc-BEKTOp JOBLILHOT TOUKH.

3.17. 3uaiigits V X 13, I — pajilyC-BEKTOP IOBUIBHOT TOUKH.
r
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§ 3.2. BekTopHuii moTeHmiaa. MarHiTHuil MOMEHT

o . r . o .o o .
3.18. 3Bmnanmite V X [a X —3], Jie @ — NOBUIbHUU MOCTIMHUK BEKTOP, ¥ — pajiiyc-
r
BEKTOP JOBLIbHOI TOUKH.

Po3paxyHOK MarHiTHOro MOMEHTY CTPYMiB

3.19. Tloka3zaTu, 1110 3 O3HAYEHHS BEKTOpa MarHiTHOro MmomeHry 3.10 st Bu-
najiky KOJIOBOro BUTKA 31 cTpyMoM I 1ioiiero S BUIIMBae popmyia:

1
Pm = EISn,

Jie I — BEKTOP HOpMaJIi 10 MOBEPXHI S.

3.20. 3rigHo Teopii bopa, enexkTpoH B OCHOBHOMY CTaHi aToMa BOJHIO o0epTae-
ThCSl HABKOJIO SIApa MO KOJIOBiK OpOiTi Ha BiICTaHi, 1110 IOPiBHIOE OOPIBCHKOMY
pajiycy a. 3HalTh MarHiTHUA MOMEHT €JIEKTPOHA, IO MOB’SI3aHUI 3 TaKUM
OpOITAJIbLHUM PYXOM.

3.21. 3HaiiTh MarHiTHUI MOMEHT KOPOTKOT'O COJIEHOTa IOBXKUHOIO b 1 pajiy-
COM R 1o MoBepxHi SIKOTO Teue MOBEPXHEBHUI KOJIOBUI CTPYM TI'YCTHUHOIO i.

3.22. 3HalTH MarHiTHUUA MOMEHT KOTYIIIKH, sIKa MpecTaBysie coO00 BUTKH,
IiIbHO HAMOTAaH1 HAMOTaH1 Ha MOJIOBUHY Topa. Cuiia cCTpyMy sika Tede 1o BUTKaM
I, niameTp nepepizy Topa D, kuibkicTb BUTKIB N = 500.

3.23. JIns ymoB 3ajayi 3.10 3HaiiTH MarHiTHe MoJie 3a yMOBH Z >> R Ta BUpa3uTu
MOro Yepe3 MarHiTHUN MOMEHT JucCKa.

3.24. 3HaiTh MarHiTHUI MOMEHT OTHOPITHO 3apsiyikeHoT chepH (KyJIi) pajiiycoM
R, sika Mae IOBHUU 3apsif] q i 00epTaETHCSI HABKOJIO OHOTO 31 CBOIX JIiaMETpiB 3
KYTOBOIO IIBUKICTIO . BU3HAYUTH ripOMarHiTHe BiIHOWIEHHS 111 000X BUIA[-
KiB, SIKIIO Maca cepu (KyJii) TOPiBHIOE M.

3.25. T'ipoMarHiTHUM CMiBBiIHOLIEHHSM (MarHiTOMeXaHiYHUM CIiBBiIHOIIICH-
HSIM) Ha3WBAETHCS BIJHOIIIEHHS IUIOJLHOTO MarHiTHOrO MOMEHTY TiJia IO oro
MOMEHTY IMITyJIbCy. 3HAUAITh FipOMarHiTHe CHiBBIAHOUIEHHS Jist cepu (KyIi).
CxopucraiTecs BilMoBisiMu 10 3afayi 3.24.
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3.26. KopucTtyrouuch MOHSATTSM FPOMArHiTHOIO CIIBBIJHOIIEHHSI TA MOMEHTY
iHepI1ii, 3anpoNnoHyHTe COCiO 3HAXOKEHHSI MATHITHUX MOMEHTIB IOBLIbHUX
TiJI, TOBHUU 3apsif] IKUX JOPIBHIOE , 110 00ePTAIOTHCS 3 KYTOBOIO IIBUIKICTIO
w.

3anavi Ha 3HAXO0/I2KEHHSI TA BUKOPUCTAHHS MOHSITTS BEKTOPHOI0 MOTEHIIATY

r

3.27. Hosenith popmyny 3.9. Brasziska: ckopuctautech popmynamu (3.6) Ta
TeopeMoro Ctokca (A.39).

3.28. BukopucroBytoun Bupas ijisi BeKTop-noTeHimiany (3.8) Tta 38’30k (3.6)
BUBENITh 3aKOH bio-Casapa-Jlamaca.

3.29. 3HalTH BEKTOP-MOTEHI[ia]l HECKIHUEHHOTO MPOBIHUKA MO SIKOMY Tede
cTpyM L.

3.30. 3HauTi BeKTOp-MOTEHIIia/l BCEPEIMHI 1 103a MeXKaMu HECKIHUEHHO JIOBrO-
IO COJIEHOTa pajiilycoM R, MO SIKOMY MPOTIKa€ CTPYM, SIKUI CTBOPIOE OTHOPITHE
MarHiTHe noJie 3 iHaykuieo B. TToknactu A = 0 Ha oci cosieHoina.

3.31. 3HaiTH BEKTOP MOTEHIIiaJl KOJIOBOro NPOBIIHUKA pajiycoM R 31 cTpymMoM
I B TOBUIBHIN TOUI[I TPOCTOPY B AUMOJILHOMY HAOJIMKEHHI.

3.32. BuxkopucTOBYIOUM BUPA3 [IJIsl BEKTOp-noTeHuiany (3.11), mo cTBOproeThes
MarHiTHUM JUIIOJIEM Py, IOKA3aTH, 110 MArHITHE MOJI€ JUIOJIS BUPAXKAETHCS
dopmyoro (3.12). Brkaszieka: cKkopucTauTech (OpMYJIOI0 BEKTOPHOTO aHaTi-
3y (A.34).

3.33. ¥Y300B3K OCi JOBrOro KpyroBoro UujiHapa paglycoM R Tede cTpyM 3 Mo-
CTIHOIO TYCTHHOIO j. 3HAWTH BEKTOP-TMOTEHIIial MArHITHOTO MOJIS B 3aJIEXKHOCTI
BiJ] BiICTaHi ¥ 10 OC1 IUJIiH/Ipa.

3.34. CepepnHs rycTiHa 3apsiiy €J€KTPOHHOI XMapy B aTOM1 BOJHIO JOPIBHIOE
2r

p= #e_g, e a — 60PIBCbKUM pafiiyc, ¥ — BifIcTaHb JI0 MPOTOHA, a € — 3apsij
€JIEKTPOHA. SKIIO MOMICTUTU aTOM Y 30BHIIIHE OJHOPIJIHE MArHiTHE MOJIEe 3
iHaykuieo By, TO ejlekTpoHHEe XMapa MmoyHe oO0epTaTucs, 110 B CBOIO 4epry
YTBOPUTH B MPOCTOPi CTPYM 3 00’ €MHOIO I'YCTHHOIO j = %r X Bg, ne m —maca

enekTpoHa. Ha siky Bennunny AB 3MIHUTBCS IHIYKI[1S1 MATHITHOTO TOJISE B LIEHTP1
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aToMa BHACJIIOK OOEpTaHHS €JIEKTPOHHOT XMapu?

3.35. Cdepa pagiycom R, 1110 3apsiiz>KeHa pIBHOMIPHO 3 MIOBEPXHEBOIO I'y CTUHOIO
0 00epTaEThCS 3 KYTOBOK IIBUKICTIO (W HABKOJIO OTHOTO 31 CBOIX JI1aMETPIB.
3HaliTh BEKTOP-MOTEHI[iaJl Ta MarHiTHE 1oJie B CEpeIvHi Ta 30BHi chepu sIK
(GyHKILIO ¥. 3anuuIiTh OTPUMaHi BUPa3H yepe3 MarHiTHUA MOMEHT.

.

3.36. B31oBx oci MpoBigHMKA TOBIIMHOK d, BATHYTOTO B (DOpPMi HamiBIMUJTiHApa
paniycoM R (R > d), Tede CTpyM 3 MOCTIMHOIO I'YCTUHOIO j. 3HAUTH BEKTOP-
HUU TOTEHIliall Ha TUIOLIMHI, 1[0 pPO3TalllOoBaHa Y3[0OBX OCi HamiBUWJIiHApA i
CIHMPAETHCS HA MOTO Kpai.

MarnitHe none y pe4yosuHi. paHnyHi ymosu

TeopeTunyHi BigoMocTi

Teopema npo nupKyJIsmito 11 Bektopa B B peuoBuHi:

§£B.d1=4?” //j-dS+//j’-dS , (3.13)
S S

L

1ie j — ryCTHHA CTPYMiB MPOBIAHOCTI, j' — rycTHHA MOJIEKYJISIPHEX CTPYMIB.
Hamarniyenicte M — BenmumnHa, 110 IOPIBHIOE JUNIOJIBHOMY MOMEHTY OJMHMII 00’ eMy
pEUYOBUHMU:

_ Pm
M= (3.14)

[upkynsiis 115 BeKTopa HamarniyeHocti M:
c§£M.d1://j'-ds. (3.15)
L S

cVxM=j. (3.16)

HugepenuianbHa popma:

OsHauyeHHs! BEKTOpa HANPY>KEHOCTi MAarHITHOTO TIOJIS:
H=B-47M (3.17)

Teopema npo nupkysmito mist Bekropa H:

%Hdl = 47”//1' . dS, (3.18)
L S

1ie j — TyCTHHA CTPYMiB MPOBIHOCTI.
HudepenuianbHa gpopma:

VxH= 47”j, (3.19)
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[ToBepxHeBa I'yCTHHA MOJIEKYJISIPHUX CTPYMIiB:
i’ =c[nx(M,—-M,)], (3.20)

ne M; Ta M, — HamMardiueHOCTi MarHETHKIB Ha MOBEPXHI 1X PO3MiTy, N — HOPMaJb 10 PO3MILTY
MarHeTHKiB, sika MpOBeJieHa Bijy MarHeTuka 1 qo maruetuka 2.

3B’S30K MI’)K BEKTOPOM HaMarHidyBaHHSI Ta BEKTOPOM HAIPY>KEHOCTI MarHiTHOrO MOJIs, AKe
3yMO08UN0 HamazHivysanHs (Y BUMAAKY 130TPONHUX JIHIMHUX MAarHEeTUKIB):

M = y,,H, (3.21)

e Xy, — MarHiTHa CIPUNHSTIMBICTh MarHeTHKA.

M=1+47xn, (3.22)

MarHiTHa MPOHUKHICTh JIIHIHHOTO MarHeTHKA.

JIiHIITHUMU MarHeTUKaMK € PEYOBHHHU, JIs IKUX U g 1, 1 siki Ha3UBAIOTHCS MapaMarHiTHUMU,
Ta [UIst SIKUX M S 1, siki HasuBaroThes AiaMarHiTHUMU. [TapaMarHiTHi peduoBHHI HAMarHidyCs
B3[I0BK MarHiTHOIO MOJIsl, @ AiaMarHiTHI — MPOTH.

3B’s130k Mixk BekTopamu B Ta H y Bunanky niHiiiHUX MarHeTHKiB:

B = uH. (3.23)

38’5130k 3.23 y BUNaJKy c1a0MX MOJIiB TAKOXK BUKOPUCTOBYETHCSI 1 17151 HEJTIHITHUX MarHeTUKIB
(Hanpukiaj, pepoMarHeTuKiB).
I'pannyni ymoBu nist Bexkropis B ra Hi:

Bll’l = BZI’Z’ (324)
ar,
[nx H,] - [nx H,] = 7”1 (3.25)

1 — noBepxHEBa I'yCTUHA CTPYMY MPOBIHOCTI, SIKMI TeUe MO MPAHMII PO3MIiTY CEPEIOBHIII.

3.37. Orpumaiite rpanuyHi ymoBu 3.24 ta 3.25.

IIpuHIMIIOBI NUTAaHHA MAarHITOCTATUKU MAarHeTHUKIB

3.38. IoBruii NUIiHAP BUTOTOBJICHWH 3 MarHETUKA 3 3aMOPOKEHOI0 HaMarHive-
HicTio M = const, 1110 HanpsiMjieHa B3A0BX MOro oci. 3HAaUTH MarHiTHY iHTYKIIi1O
1 HAaMpy>KEHICTh MAarHiTHOTO NOJISl BCEPENIMHI 1 30BHI HWIIHAPA. YoMy HOpIBHIOE
00’eMHa Ta MOBEPXHEBA FYCTHHA CTPYMIB HaMarHiuyBaHHsl. 300pa3uTH cxema-
TUYHY KapTUHY MoJiiB BekTopa B Ta BekTopa H B cepeuni Ta 30BHI HUAJIIHAPA.

3.39. 3BnHauiTh HAMarHiYeHiCTh IOBIOro MUJIHPA, BMIIIIEHOTO B 30BHIIIIHE OJTHO-
pijIHEe MarHiTHe noJie iHayKiie By. MarHiTHa MpOHUKHICTb MaTepiany HUAJIHIpa
TIOPIBHIOE U.
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3.40. 3HaiifiTh HAMAarHiYeHICTh KOPOTKOTO UJIIH/IPA, BMIIIIEHOTO B 30BHIIIIHE
OJIHOpIIHE MarHiTHe noJje iHaykuieio By. MarniTHa NpoOHUKHICTh MaTepiany
HUITIHpPA JOPIBHIOE .

3.41. TloO6au3y MI0CKOT MOBEPXHI OJHOPIIHOIO MarHeTUKa 3 MarHiTHOO MPOHU-
KHICTIO U IHIYKI[isSl MATHITHOTO TIOJISt B BaKyyMi flopiBHIOE B i ckiagae kyT 6 3
HOPMAJLTIO 10 oBepxHi (3.7). BBaxkarouu iHAYKI110 30BHI Ta B CEPEUHI MarHeTH-
Ka OJJHOPIHOIO, 3HAWTH a) MOTiK BekTopa H uepes cdepy paaiyca R, UeHTp SKOT
JIEKUTh Ha MOBEPXHI MarHeTuka, 0) NUpKyJisilio Bekropa B B3noBxk koHTypa I'
JIOBXKUHOIO [, MITOIIMHA SIKOTO MEepreHIUKYJIipHa 10 MOBEPXHi AieeKTpUKa.

Puc. 3.7. o 3apgaui 3.41

Bu3HaueHHs1 XapaKTepUCTHK MArHITHOIO MOJISI B IPMCYTHOCTI MArHETUKIB
3aJJaHOI0 HAMArHiYeHiCTIO

3.42. HeckiHueHHO JOBIMI HEMPOBITHUI WITIHP pajiycoM R HaMarHiyeHun
TaKUM YMHOM, 1110 HAMAarHi4eHiCTh BUBHAYAETHCS 3aKOHOM M = ar2e¢, ner—
BIJICTaHb Bijl OC1 HWIIHApa. BU3HAUNTH 1IHAYKIIIIO Ta HAMPY>KEHICTh MAarHiTHOIO
NoJIsl B 3aJIE5KHOCTI Bijl BifICTaH1 10 OC1 B C€peuH1 Ta 30BHI LIWJIIH/pA.

3.43. Kyna pagiyca R Mae ogHOpigHy HamarHidyeHictb M. 3HalTH MarHiTHY
IH/IYKIIIIO 1 HAMTPY>KEHICTh MAarHiTHOTO MOJISI BCEPEAUHI 1 30BHI KYJII.

3.44. Touke TopoinanbHe ocepfis paaiycoMm R 3 HamardiyeHictio M mae 3a30p
po3mipom d (d < R) (puc. 3.8). HexTyroun po3citoBaHHSIM MarHiTHOTO TOJIsSl HA
Kpasix 3a30py, BU3HAUYUTH HANPY>KEHICTh Ta IHAYKIIIIO MOJISl B OCEP/l Ta 3a30pl.
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Puc. 3.8. o 3apaui 3.44

Bu3HaueHHs1 XapaKTePUCTUK MArHITHOT'O 1MOJISI B PUCYTHOCTI i30TPONMHMX JTiHiH-
HHUX MArHeTHUKIB

3.45. Tlocriitnuil ctpym I Tede B3[0BXK JOBrOro MUJIIHAPUIHOTO APOTY KPYIIoro
nepepisy. JIpiT BUTOTOBJIEHUH 3 MapaMarHeTHKa CIPUUHSITIUBICTIO Y. 3HAWUTH:
a) MOBEPXHEBUN MOJICKYJISIPHUI CTPYM; 6) 06’ €MHUI MOJIEKYJISIPHUI CTpyM. K
[l CTPYMHU HanpsIMJIEH1 OIUH BITHOCHO OJHOrO?

3.46. [loBrui coJIeHOI]l 3alI0BHEHUI HEOTHOPITHUM MapaMarHeTUKOM, CIIPUIHSI-
TJMBICTb SIKOTO 3aJIEKUTh TLUILKM Bifl BiICTaHi 10 OC1 COJIGHOTA SIK Y = ar?, ne
a —pofaTHa noctiiHa. Ha oci coneHoina iHayKIiiisi MarHiTHOTo moJist fopiBHIoE By.
Papiyc conenoina R. 3HalTH 3a/I€KHICTh Bif 7': a) HAMarHiueHOCTi MarHETHKa,;
0) rycTUHYy 06’ €MHOTO CTPYMY B MarHeTUKY. 3HAU/ITh I'YCTUHY [TIOBEPXHEBOTO
CTpyMy. SKuil MOBHUN MOJIEKYJISIPHUIA CTPYM Ha OJIMHUIIIO IOBXKUHU ?

3.47. HeckiHueHHO JOBIUM COJICHOIN, 1[I0 MA€ N BUTKIB Ha OJUHUILIO TOBXXU-
HM 1 MO SIKOMY Tede CTpyM I 3aIOBHEHUI MarHeTUKOM 3 CIPUUHSITIUBICTIO Y.
3HalfIiTh HAMPY>KEeHICTb Ta IHAYKI[iI0 MArHITHOTO MOJIsl Y BCbOMY NpocTopi. Bu-
3HAYTEe BEJMYMHY 1 HAPSIMOK MOBEPXHEBOrO CTPYMY HAMarHiuyeHoCTi, SIKUU
Teue Mo MOBEpPXHi MarHeTuka. B skoMmy BUMajgKy MOBEpXHEBUU CTpyM Oyje
NPOTUIIEKHUI HAMTPSIMOK 110 1?

3.48. HeckinueHHUI NPSIMOTIHIMHUYT OTHOPIAHUM JIPIT pajiiycoM R, BUTOTOBJIE-
HUU 3 MaTepiaiy, SKka Ma€ MarHiTHy MPOHUKHICTb U1, 3HAXOUTHCSI B HEMPOBiJ-
HOMY HECKIHUEHHOMY OJIHOPITHOMY CEPEIOBHILII 3 MAarHITHOK MPOHUKHICTIO ;.
[To gpoty Teue noctiHUi cTpyM I. 3HAUTHU HATIPY>KEHICThb MOJISl, MATHITHY 1HJTY-
KI[i10, HAMarHi4eHiCTh, 00’ €MHY 1 IOBEPXHEBY I'YCTUHU MOJIEKYJISIPHUX CTPYMIB
BCEpPEMHI IPOTY 1 30BHI SIK (DYHKIIT pajilajibHOT KOOPAUHATH T

3.49. Ilpsmuil TOHKUN HECKIHYEHHO TOBIHMH IWIIH/P MaJIoro pajiycy R, 1o siko-
My Teue CTpyM I, JIeXKUTh Ha MOBEPXHI MJIOCKOTO HETMPOBITHOTO OTHOPITHOTO
MarHeTHKa 3 MarHiTHOIO MPOHUKHICTIO U, 110 3alIMa€ MOJIOBUHY NPOCTOpY. 3Ha-
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UTH HaMarHiueHicTh, MarHiTHY iHAYKI[if0, HAPY>KEHICTb 1 MOJIEKYJISIPHI CTPYMU
B YCbOMY MPOCTOPI.

3.50. KoakcianbHuil kabellb CKIAAAETHCS 3 IBOX LUJIIHAPUYHUX TPYOOK pajiiy-
camu R; Tta R,, sIKi po3/iiieHi HeMPOBITHUM MarHETHKOM 3 MarHiTHOIO CIIPUIHS-
TauBICTIO ). [To TpyOKkam Tede cTpyM I B IpOTUJIEKHUX HanpsiMKax. Busnaure
MarHiTHe ToJjie B MarHeTUKy. 3HalJliTh CTPYMHU HaMarHidyBaHHSI, SIKi TeUyTh Ha
ioro noBepxHsx. [lepexoHaiTecs, 1110 BUJIbHI CTPYMU Ta CTPYMU HAMarHiuyyBaHHSI
CTBOPIOIOTH IPABUJIbHE 3HAYEHHSI MATHITHOT'O IOJISI.

3.51. CtpyM I Tede B3I0BXK MPSIMOTO MITHOTO MPOBIIHUKA pajilycoM R. MarHiTHa
CIOPUUHSITIUBICTD Mifli JOpiBHIOE —9.7 - 10~%. Busnaure MardiTHe moJie B Mifi.
3HaiiTh MOBHUI CTPYM HaMarHiuyBaHHS SIKUU Teue B3JI0BXK MPOBiTHUKA.

3.52. Ilo kpyroBoMy KOHTYpY paaiycom 40 M, 110 3aHYPEHUN B PIIKUN KUCEHb,
Tedye cTpyMm 1 A. BusHauTe HaMarHiueHicTh B IEHTPi [OTO KOHTYPY. MarHiTHa
CHPUAHSTIMBICTD PiIKOro KMCHIO 3.4 - 1073,

3.53. HuniHapuyHuil NPOBIHUK pajiilycoM R mepreHauKyaspHO uyepes3 MI0CKy
ME>XY PO3JLTYy JBOX MAarHETUKIB 3 MPOHUKHOCTSIMU [ Ta U,. [1o mpoBigHUKY
Teue NocTiiHui cTpyM I. 3naiitu posnopin nojiis H i B y BcboMy npoctopi, Ta
HAKPECIUTH KapTUHY X JIiHIN.

3.54. B ogHopigHe MarHiTHe nojie By BHOCUTHCS KyJisl pajiiyca R 3 MarHiTHOO
NPOHUKHICTIO W;. 3HAWUMIITh MAarHiITHUIA MOMEHT KYJIi, MarHitHe noJjie B B ycbomy
IPOCTOP1 Ta PO3MOJILIT CTPYMY B KyJii. MarHiTHa NpOHUKHICTh HABKOJUIIHBOTO
cepeoBuLIa M.

3.55. 3HaiTi MarditHe noJie B c(hepuyuHii NOPOKHUHU PajiiycoM R, 1110 3HAXO/IU-
ThCS B 30BHILIHbOMY MarHiTHOMY 1ot By. MarHiTHa NpOHUKHICTh CEPENOBUILIA,
[0 OTOYYE MOPOKHUHY, IOPIBHIOE .

Bu3HaueHHsI XapaKTepPUCTHK MATHITHOT'O MOJIsI B IPUCYTHOCTI i30TPOITHUX HeJTi-

HIMHUX MArHeTHUKIB

r

3.56. TlocTiiiHMI MarHiT Ma€ BUTJISIL KiJIbIlS 3 By3bKUM MOMEPEYHUM 3a30pOM
mupuHoto d. Cepenninl paaiyc kinbiis R (R > d) (puc. 3.9a). 3anumkoBa Ha-
MarHiyeHicTh MaTepiany Mardiry M,., noro koepuutuBHOI cuna H,.. BBaxkatoun,
110 3anexxnicte M(H) Ha ninsuui Big H,, go Hyns (puc. 3.96) € niHiliHO0 1 po3ci-
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IOBaHHSI MAarHiTHOTO TOJIsl HA Kpasix 3a30py HEMae, 3HAUTH THAYKI[iI0 MarHiTHOTO
noJjisl B 3a30pi.

(a) (6)
Puc. 3.9. o 3agaui 3.56.

3.57. ®epomarHiTHU MaTepiaja Ma€ 3aJIMIIKOBY HaMarHiueHictb My = 500 I'c
Ta koepuutuBHy cuiny Hy = 500 E. KpuBa HaMarHiueHoCTi € YBEPTIO KoOJja
(puc. 3.100). I3 uporo maTepialy BUrOTOBJICHO MOCTIMHUI MarHiT, 1110 Ma€ BU-
TJIST TOPY KBaJpaTHOTO Mepepizy 3 NomnepeuHuM po3pizoM. BHyTpilHin pafiyc
Topa R; = 1.5 cM, 30BHilHIA — R, = 2.5 cM, mupuHa po3pizy d = 0.5 cm
(puc. 3.10a). HexTytoun po3citoBaHHSIM MarHiTHOro MoJisl Ha Kpasix 3a30py, BU-
3HAYWUTH BEJIMYMHY MArHiTHOIO IOJISI B 3a30Pi.

M, Tc

H, H.E

(a) (6)

Puc. 3.10. o 3apmaui 3.57.

3.58. Ha Tonke ocepps JOBXUHOIO [ 3 3a30poM d HaMOTaHa KOTYIIIKA 3 YUCIIOM
BUTKiB N, 10 sikiii Tede cTpyM (puc. 3.11a). 3anexxnictb M(H) niis Aesikoro
nojaHa Ha puc. 3.116. HexTytoun po3citoBaHHSIM MarHiTHOTO IOJISI Ha KpasiX
3a30pYy, 3HAUTU 3HAYEHHS CUJI CTPYMY, NIPU SIKOMY HacTaHe HACUUEHHS OCepisl.
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Sk Oypme 3MIHIOBATUCS MarHiTHa iHAyKuUiss B B wiuHi ocepast npu I > 1,?
Benuuuan M ta H, BBaXxaTu 3aJaHUMU.

H, H
(a) (6)
Puc. 3.11. 1o 3amaui 3.58.

3.59. Ha tonke 3amizHe ocepjs AoBxuHOIO [ = 1 M 3 3a30poMm d = 1 MM
HaMOTaHa KOTYIIKa 3 4icjiaoM BUTKIB N = 1600, no sikiii Teue cTpym I =
1 A (puc. 3.12a). Banexnicts B(H) 3amiza nogana Ha puc. 3.126. Hextyoun
PO3CIIOBaHHSIM MAarHiTHOTO MOJISI HA Kpasix 3a30py, BUBHAUYUTH POOOYY TOUKY
3aJ1i3HOTO Ocepfsl. 3HAUTU KOT0 MarHiTHy MPOHUKHICTD JIJIS IIiET TOUKH.

25

20

15

B, xI'c

10

0 5 10 15 20 25
H.E

(@) (6)
Puc. 3.12. 1o 3apmaui 3.59.

\

3.60. EnexkTpoMarHiT 3 TOHKUM OCEPJSIM KBaJpaTHOrO nepepi3y 31 CTOPOHOIO a,
BUTOTOBJICHUI 3 MaTepiajly 3 BEJMKOIO MarHiTHOIO MPOHUKHICTIO W, Ma€ TOHKUI
MJIOCKUY TIONIEPEYHUH 3a30p UPUHU d, B IKOMY CTBOPIOETbCSI MAarHiTHE TOJIE 3
Hpykuiero B (puc. 3.13). OuiHuTy B AMNOJIBHOMY HAOJM>KEHHI MarHiTHY 1HIY-
KIIif0 B TOYIIi P, 110 JIEKUTH B IJIOIIMHI 3a30py Ha BEJIMKil BificTaHi I Bif HOTO
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L ueHTpy (r > a, R > a > d, ne R — cepefHiu pajiyc Topa).

Puc. 3.13. lo 3agaui 3.60

MonpepomoTopHi cunu B marHitTHomy noni. EHepris Ta Tuck nons

TeopeTuyHi BigoMocTi

Cuina, 3 IKOIO MarHiTHe MoJie Jii€ Ha MPOBIAHUK 31 CTPYMOM B MarHiTHOMY 1oJi (cuiia Amnepa):
1 .
F= P jdVv x B. (3.26)
14

Xoya Mar”iTHe MoJie He SIBJISIETbCSl NOTEeHLIATbHUM, OfIHAK, (hOpMaIbHO MOXHa (32
siocymuocmi ghepomacHemukis) OOUUCTUTHA POOOTY, SIKY BUKOHYE cuiia Amnepa, 1o nepe-
MIIIEHHIO KOHTYpPY B MarHiTHOMY IOJIi SIK:

A=—1(@,- ), (3.27)

ne ®@; ta ®, — MOTOKM MarHiTHOTO MOJIsI, 11O MPOHU3YIOTh KOHTYP B MOYaTKOBOMY Ta
KiHLEBOMY MOJIOXKEHHSIX.

Ockinbk1 po60Ta TOPIBHIOE 3MEHIIEHHIO NOTEHI[1aIbHOT €HePrii, (POpMaTbHO MOKHA
BBECTH MOHSITTSI «IOTEHLialbHOI €Hepril», sika B JaHOMY BUNAJKY MOLiIbHO HAa3UBATU
NOTEHLIAJIBHOIO (DYHKIIIE€I0 KOHTYpPY B MarHiTHOMY IOJIi:

U, = —%an. (3.28)

[TonpepomoTopHi cuiu (y3arajibHeHi), 1110 JIiF0Th Ha MarHeTUKU, ab0 cTpymu 3 OOKY TOJIS:

Qi =- (aalc;?)q, = (% ) 329

e q; — y3aranbHeHi koopauHatu. [ToxinHi 6epyThCs 32 yMOBH MOCTIHHOTO MOTOKY (iHnekc P),
a6o mocriitHoro cTpymy (iHaexc I).
MarHiTHa eHeprisi CUCTeMH eJIeKTPUYHUX CTPYMiB BUPAXKAETHCS SIK:

1 [,
W = 2—C/J -AdV. (3.30)
|4

['ycTuHa eHeprii MarHiTHOTO MOJIS:
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H-B
Wiy = o= (3.31)

Cuia, 110 /i€ Ha OIMHUINIO TUIOII IPOBITHUKA, MO IKOMY Te4e CTPYM:
f; = (w; —w,)n, (3.32)

ie W1 Ta W,TyCTUHYU €Heprii MarHiTHOrO MOJIst O Pi3Hi OOKM MOBEPXHI NPOBITHUKA, 11 — BEKTOP
HOpMaJIi 0 MOBEPXHi PO3MILTY cepefloBulll, HANpsIMJICHUN Bij] cepefoBuia 1 1o cepenosuiia 2.
Cuia, 10 f1i€ Ha IUMOJb B MAarHITHOMY MOJIi:

F = (p,, - V)B. (3.33)

EHeprist ’)KOpCTKOro AumnoJsi B MarHiTHOMY MOJIL:

Wy =—DPm* B. (3.34)
EHeprist KBa3inpy>KHOTO AUMOJISI B MArHITHOMY MOJIi:
1
W, = —zpm - B. (3.35)
006’ eMHa rycTuHa MOHAEPOMOTOPHUX CHJI, IO AIFOTh HA JTiHIIHI MAarHETUKU:
M= 1 2
f==——VB?, (3.36)
8Tu

Jie 4 — MarHiTHa NPOHUKHICTh MarHeTHKA.
Cuia, 110 Jli€ Ha OIMHUIIIO TUIOLII TOBEPXHI PO3LTY IBOX CEPEIOBMILL:

_ 1 (L I\ M — M
£= o (#2 Ml)Bnn+ 2, (3.37)

Jie N — BEeKTOp HOpMaJIi IO MIOBEPXHi PO3JiTY cepelOBHII, HaNpsIMJIEHUH Bij cepenoBuiia 1 o
cepenoBUIla 2.

Cuna B3aeMogil Misk IPOBITHUKAMH 3i CTPyMOM

3.61. 3HanTu cuiay (Ha ONVHMIO JTOBXXWHU) B3aEMOJIIl MiXK IBOMa JIOBTUMU
napanejbHUMHU MPOBITHUKAMM, IO SIKMM TE€YYTh OJIHAKOBI 3a BEJIMYMHOIO CTPYMU
I B ogHOMY (pi3HMX) HanpsiMKax. BigcTaHb MiK MPOBITHUKAMU JIOPIBHIOE 7.
Busnaute eHeprito B3aeMOiil MPOBITHUKIB.

3.62. 3HauTu cuily (Ha OMHUIIO JOBXWHU) B3a€MOJil Mi>K JBOMAa JIOBIUMHU
napajne/bHUMU MPOBITHUKAMHU, 110 SIKUM TEUyTh OJHAKOBI 32 BEJIMUNHOIO CTPYMU
I B ogHOMY HanpsMKky. [Ipuaomy, ofiuH 3 MPOBITHUKIB € TiHIMHUM, a IHIITUH SIBJISIE
co0010 TOHKY CMYKY, IIMpUHOIO b. BifcTanb Bij JIIHIMHOTO MPOBITHUKA JI0
HANOMKIOro Kpar CMYTH TOPIBHIOE Q.
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3.63. B3noB>k JOBroro CynuibHOrO HUJIIHAPUYHOTO NPOBITHUKA PajilycoM R Teue
cTpyM I. 3HalTH THCK Ha MOBEPXHi MPOBiTHUKA.

3.64. B310BX OBroro piikoro HUJIiHAPUYHOrO MPOBIIHUKA pajiilycoM R Teye
CTpyM 1. SIK 3MIHIOETBCSI TUCK B CEPEIMHI PIIMHU 3JIEKHO Bijl BIICTaH1 1O OCi
NPOBIJIHUKA.

3.65. Ilnocka pamka AoBibHOT (hopmu TUIOIIEHO S, TI0 SIKii Teue cTpyMm I BMille-
Ha B OJIHOPIJIHE MarHiTHe noJje B Tak, 1o Moe BiIbHO 00epTaTUCh HABKOJIO OCl,
sIKa TIepIeHANKYJISIPHA JO MarHiTHOTO MoJjisl. B mOYaTKOBUII MOMEHT Yacy KyT
Mi>K HOPMAJLTIO JIO PAMKH 1 HAMPSIMKOM MarHiTHOTO MOJIsl IOPiBHIOE 6. 3HANJTITh
y3arajibHeHy CHIIY, 1110 JIi€ Ha paMKYy.

3.66. KBajparHa paMka 3i CTOPOHOIO @, iIKa BUTOTOBJIEHA 3 TOHKOT'O IMPOBITHUKA,
pO3TalllOBaHa B OfIHIM MJIOIIMHI 3 TOBTUM MPSIMUM MPOBITHUKOM, TIO SIKOMY Teue
ctpyM I,. [1o pamui, B cBOIO yepry, Teue cTpyM I, a BiICTaHb Mi>K MPOBITHUKOM
Ta HaOJIMKYOIO 10 HHOTO CTOPOHOIO PaMKU JIOPiBHIOE 2a. BuzHauuTu a) cuiy,
siKa Jlie Ha paMKy 3 OOKYy IpOBijIHMKA, 0) poOOTY CHUJI NOJISI IPU NePEMIIIIEHH]
PaMKU Ha HECKIHYEHHICTb.

3.67. IIo 1BOM HECKIHYEHHUM MApPAJIEJIbHUM IUIOIIMHAM T€YYTh CTPYMHM 3 JIi-
HIMHOIO TYCTUHOIO i. 3HAWMITh CUJY, IO /i€ Ha OJWHUIII0 TOBEPXHi KOXKHOT
IUIOLVHM.

3.68. [lporsauit kouTyp ABCD B (hopMi kBajparta (puc. 3.14) 3HaXOauThCS B
Mar”iTHOMY IOJIi IOBrOr0 TOHKOTO CTPU>KHS 3 MarHiTHUM MOMEHTOM OJIMHUIIL
00’emy M, i nepepizom S, npuuomy miBHiYHUY nom0c N MarHiTy 3HaXOIUTbCS
B LIEHTPi KBajipaTa, a caM MarHiT NepreHAuKYJISPHUN J0 IJIOIIMHUA APOTSIHOTO
KOHTYPY. [lo nmpoTuiiexxHux KiHuis giaronan AC migkimodaroTs jkepeno EPC,
BHACJIIIOK YOTO MO CTOPOHAM KOHTYPY Hje CTpyM cuiu 1. 3HallTH MOMEHT napu
cun N, 110 o6epTaloTh KOHTYP, 1 HOTO HAMPSIMOK.

3.69. VY MarHitTHoMy 1oJii MarHiTy 3ajgayi 3.68 noMilleHnid KpyroBun NpoBiTHUK
pajiycoM R, 1o sikomy Teue cTpyM I 3a TOAMHHUKOBOIO CTPLJIKOIO, SIKIIO IMBUTHCS
3 OOKY MiBHIYHOrO MOJIFOCa MarHiTy. Marit po3ramoBaHuil o OCi KpPyroBOro
CTPYMY, 1 MOTO MiBHIYHUI TOJIOC PO3TAllIOBAHMI HA BiICTaHi d BiJl LIEHTPY
npoBigHUKA. BU3HAuUUTH CUIK, IO JIIIOTh HA MPOBITHUK 3 OOKY MarHiTy.
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I B

Y

Y

D

Puc. 3.14. 1o 3apmaui 3.68.

3.70. Koryiky 31 cTpyMOM I IOMICTHAIM B OAHOPIIHE MarHiTHE IMoJe Tak, WO it
BiCh criBnajia 3 HanpsIMKOM 1oJist. OOMOTKa KOTYIIKM Ma€ OJIUH 1Iap 3 MiJHOTO
npoty giameTpoM d, pafiyc BuTKiB R. [Ipu skomMy 3HaueHHi iHIyKIlii 30BHIIIHbOTO
MAarHiTHOTO noJjisi OOMOTKa KOTYIIKA MOe OyTH po3ipBaHa? Mexy MIIIHOCTI
MiJli Ha PO3PUB O, BBAXKATHU BIIOMOIO.

JTii MargiTHOIrO 10JIsI HA MarHiTHI qunoji. Bzaemoais gunmostis

3.71. Conenoin paniycoM R i nopxkuHoo ! (I > R) Mmae 0OMOTKY, IO CKJIafae-
Thest 3 N ButkiB. [1o conenoiny Teue ctpym I. Y 1eHTpi cojieHoiia Ha oro oci
po3MillleHa HeBeIMKa KOTYIIKa, sIka Ma€ MarHiTHU MOMEHT P,;,, 1 pO3TallloBaHa
NEePIEeHUKYISIPHO OC1 COJIeHO011a. BU3HAUNTH BEJIMUMHY MOMEHTY CUJIH, 1O i€
Ha KOTYIIKY.

3.72. HeBenukuil BUTOK 31 CTpPYMOM 3HAXOAUTHCS Ha BiICTaHi ¥ BiJl IOBroro
OpsIMOTO MPOBiHUKA 31 CTpyMOM I. MarHiTHU MOMEHT BUTKA JIOPiBHIOE Py,
3HalTH CUJTy 1 MOMEHT CUJIH, IO JIi€ Ha BUTOK, SIKILO: a) Py, NapanebHul mpsi-
MOMY NPOBIJIHUKY, 0) P;,, HANPSIMJIEHUH 110 PaJiyCy-BEKTOPY ¥, B) P, 30iraeThcs
3a HAITPSIMKOM 3 MarHiTHUM NoJieM CTpyMmy I B MICIIi po3TallyBaHHS BUTKA.

3.73. IIBi KOTYILIKM 3 MarHITHUMU MOMEHTaMU P; 1 P, pO3TallIOBaHI IOBUIbHUM
YMHOM OjHA BITHOCHO OHOI. BificTanb [ MiXk KOTYyIIIKaMu BeJIMKA B MOPiBHIHHI
3 iX po3Mmipamu. BusHauuTu cuiny B3aemMofiii Mixk HUMU. Po3riisitHbTe MOXKIIUBI
YJaCTKOBI1 BUIIAIKHU

3.74. Ha oci kpyroBoro BUTKa pajiiycoM R, o sskomy Teue CTpyM I, 3HaXOAUTbCS
HEeBeJIMKa KOTYIIKA 31 CTPyMOM, IIJ0 Ma€ MarHiTHUN MOMEHT P,;,, OPIEHTOBAHUN
B3JJOBX OCi BUTKA. 3HAUTU MOJYJIb CUJIH, IO i€ Ha KOTYIIKY, SIKIIO ii BiACTaHb
BiJ] IEHTPY BUTKA IOPIBHIOE Z.
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IToHaepoMoOTOpPHI CHIIH, IO JiFOTh HA MAarHEeTUKHA B MArHITHOMY IOJTi

r

3.75. Ha oci cuMeTpii TOHKOro Kbl pajilycoM R, O SIKOMY Tede CTpyM I,
Ha BiJICTaHi Z Bijl MOTO IEHTPY PO3TalllOBaHa KyJibKa 3 MarHeTUKa pajiycoMm r
(r < R) 1 MarHiTHOIO MPOHMKHICTIO U (puc. 3.15). Ska cuna fie Ha KyJIbKYy 3
OOKY MarHiTHOIo moJisi?

3.76. Toukwuii fiaMarHiTHHiA cTpuxeHb Macu m = 0.1 rirycrunu p = 9.8 r/em?,
II0 MA€ MarHiTHy CIPUIHATIUBICTD Xy, = —14.5 - 107, nigpimeno 3a uenrp
Mac, SIKUW PO3TalllOBaHMI Ha OCi KPyroBOro CTpyMmy Ha BijicTaHi d (3Ha4HO
OiIbIIY 32 IOBKMHY CTPUKHSI) Bifl TUIOIMHU BUTKA (puc. 3.16). Pagiyc BuTka
R = d = 10 cm; cuna ctpymy I = 100 A. Sk 30pi€eHTYETbCSI CTPUKEHD 1 SIKa
pe3yJibTyl04a CUJla HbOro JIi€?

I R
R ,,,,,,
d
Puc. 3.15. 1o 3agaui 3.75 Puc. 3.16. 1o 3agaui 3.76

3.77. Po3B’sxith 3agauy 3.76, SIKIIIO 3aMiCTh JiaMarHeTHKa MiBiCUIN TOBTUI
TOHKHUU aJlfOMiHi€EBUU CTprkeHb Macu m = 0.1 r. 'ycTuHa amoMmiHio p =

2.7 r/cM?, MarniTHa COpPUIAHATIMBICTS MATHITHY COPUIHATIMBICTD Xy, = 2.1 -
107°.

3.78. Ha Bigcrani [ Bi HECKIHUEHHOTO MPSIMOTO MPOBOJLY, TIO SIKOMY Hjie MOCTiil-
HUIA CTPYM I, po3TailioBaHa KyJbKa pajiyca r (r << [), 3 MarHiTHOIO IPOHUKHICTIO
W. 3HAUTH CUITYy, IO JIi€ HA KYJIbKY.

3.79. [loBruii cojeHOil, HAaMOTAaHUU HA TOHKOCTIHHUU Kamijisp, 3aHypeHUun
OJIHMM KIHIIEM B MapaMarHiTHy PiguHYy Ha IJMOWHY, IO 3HAYHO MEPEBUIILYE
noro giametp. ['ycTuHa pinuHU o, MarHiTHa MPOHUKHICTh K. Ha ckiibku mifHi-
METbCS PIBEHb PIJUHU B KANJIsIpi, SIKIIO MO COJICHOIAY NPOMYCTUTH CTPyM 17
Yucno BUTKIB Ha OJVMHUIIIO IOBXKUHU COJICHOIa JOPIBHIOE M.
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3.80. B conenoin, mioia KoJOBOTo nepepi3y SKoro S, I0OBXKKHA | 1 rycTUHA Ha-
MOTKH 1 BHECEHO MarHeTUK 3 IPOHUKHICTIO (4. 3HAWTH CUJTY, IO Jli€ HA MarHETHK,
SKIIO IO COJIEHOIAY Teye CTpyM 1.

3.81. 3HaumiTh cuiy, IO i€ Ha MPOBITHUK MAJIOTO pajiiycy R, SKui JeKUTh Ha
MOBEPXHi MarHeTHKa 3 MPOHUKHICTIO . Bkaziéka: CKOPUCTAUTECH BiIMOBIISIMU
o 3agaui 3.49.

3.82. OuiHuTH MOPSIAOK BEIMYNHN «BHUINTOBXYBAJbHOI» CUJIH, IO Ji€ Ha He-
npoBigHe Tio 06’emMoM V, momillieHe B MPOBiIHY HEMArHiTHY PiiuHY, B SKil
Te4ye CTPyM I'yCTUHOIO j TIOTepeK MarHiTHOro moJs 3 inaykuieto B. Ski epextu
MOXYTb IPUBECTH JO BIAMIHHOCTI PeajibHOI BUIITOBXYBaJIbHOT CUJIN Bifl CUJIH,
OTPUMAHOT 32 TAKOIO OLIHKOO?

3.83. Mix noJirocamMu MarHiTy CTBOPEHO I0Jie, HAYKIIiSl SKOTO 3MIHIOEThCH 3
3

r

BiJICTAHHIO Bij] OCi 32 3aKOHOM B = Bye 3 , e By Ta 1, — JmofaTHi MOCTIlHI.
Manenbkuil liaMardHiTHAN 3pa30K y BUTJIS/I TOHKOTO JiucKa 3 00’eMoM Vi 3
Mar"iTHOIO CIIPUIHSITIUBICTIO ), BMIIIYIOTh IO CEPEIMHI MiXK TOJIIOCaMU Ha
TaKill BificTaHi Bif oci, {06 Ha HBOTO Jlisl/Ia MAKCUMaNbHA CHJIA, 110 BUIITOBXYE
3pa3oK 3 MiXKIOJIIOCHOTO MPOCTOPY. 3HANTH BEJIMUMHY 1I€T CUITH.

3.84. Koryuika, mo ckiagaerbesi 3 N BUTKIB, HAMOTaHa Ha 3aJli3He TOPOialibHe
ocepjis 3 MarHiTHOIO MPOHUKHICTIO Y. Pajiiyc Topa R, pajiiyc nepepi3zy ocepps
r, npudoMy r < R. Top po3pizaHuil Ha iBi MOJIOBUHHU, 1110 PO3CYHYTI Tak, 100
Mi>XK HUMH YTBOPUBCSI MOBITPSIHUY 3a30p IIUPUHU d, SIK MOKa3aHO Ha puc. 3.17.
Bu3HaunT BeIMUMHY CUJIM B3AEMOJIiT MiXK MOJIOBUHAMU TOPA, SIKIIO B OOMOTII
npotikae ctpym I, a pu > 1.

Puc. 3.17. 1o 3apaui 3.84
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3.85. TopoiganbHe oceppsi BUTOTOBJIEH] 13 3ITHYTOrO B KUIbLE CTPUKHS Jlia-
MeTpoM 1 cM 1 goBxuHOK 1 M. Ha HbOro piBHOMIpHO HamMOTaHa OOMOTKA 3
uiibHICTIO 100 BUTKIB/CM. MarHiTHa MPOHUKHICTb CTPYXKHS U =~ 1.

a) Slke mMarHiTHe mMoJie B OCep/li, SKIIO Yepe3 OOMOTKY Tede CTPYM CHUJIOIO
100 A?

6) 3HaimiTh iIHAYKTUBHICTh OOMOTKHU (B FeHpi), MPUITYCKAIOUH, 1110 HAMOTY-
BaHHS € Ty>Ke LIUIBHOIO 1 TI TOBLIIMHOKO MOKHA 3HEXTYBATH;

B) PospaxyiiTe eleKTpuyHy €Heprilo, sika BUTPAYa€TbCS Ha CTBOPEHHS Ma-
THITHOTO MOJIsI B ocepAl npu ctpymi cuioro 100 A;

r) BusHaute eHepriio MarHiTHOrO MoJisl, 30CePE’)KEHOr0 B OCEP/ii.

BHEeXTyBaTH pajliajibHOIO 3aJIeKHICTIO MOJIsl, BBAYKATH MOTO OHOPITHUM 1 PIBHUM
32 BEJIMYMHOIO MOJII0 B LEHTP1 OCepysl.
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PO3AI

EnekTtpogunHamika

3akon ®apapesn

Inaykuis cTpyMiB B IPOBiTHUKAX, 110 PYXal0ThCSl B MATHITHOMY MOJTi

TeopeTuyHi BigoMocTi

Pexomennyetbcs npountaru [19, I'nasa 16, 17].
[TprunHOI0O BUHUKHEHHS iHAYKIIMHUX CTPYMiB B PyXOMUX MPOBITHUKAX 3 TOYKHU 30py J1a60-

PaTOpPHOI CUCTEMH BIMIJIIKY € CUJIa, 11O JIi€ HA 3apsiIi B PyXOMUX MPOBITHUKAX 3 O0KY MarHiTHOro
OJISl.

Jnst 3HaxomkeHHs ctpyMiB Ta EPC, 1110 BUHMKAIOTh B TAKUX YMOBaXx, 3py4YHO KOPUCTYBATUCh
npasuiioM notoky: EPC, 1o iHyKy€eTbcsl B KOHTYpP1 MO>KHA BU3SHAYUTH 3a (POPMYJIOIO:

1_ dS
g€=-_B-—, 4.1)

ne dS — mioina, o 3aMiTaeThCsl MPOBIIHUKOM 3a Jac dt.

Cni 3ayBaXkuTH, 110 y 3aadyax 3 pyXOMUMU MPOBITHUKAMHU, SIK MPABUJIO, MarHiTHE
noJsie He 3MiHIETbCA B yaci B(t) = const, TOMy IpaBuiio MOTOKY MOYHA 3aliCaTh y
BUIJISI]IL, 110 hOpPMaIbHO Harajye 3aKoH eJieKTpoMarHitHol iHaykiii @apanes. [Ipuunau
[[bOTO PO3KPUBAIOTHLCS B PENISITUBICTCHKIN €JIeKTPOIMHAMIIII.

4.1. JIBi moBri nmapanenbHi MiHI peKH, pO3TalllOBaHi BEpTUKAIbHO Ha BificTaHi [
OJIHA BiJ] OJIHOT, 3AMKHYTI BrOpi Ha omip R 1 MOMIllIeH1 B OJJHOPIIHE MarHiTHE MOJie
B, neprieHIUKYJIsSIpHE 10 TUIOIIMHY IIMH. Y3I0BX IIWH Mafa€ MigHUHA MPOBITHUK

Macoro m. Tepts BiicyTHe. HOMY TOPIBHIOE BCTAHOBJIEHE 3HAYEHHST IIBUIKOCTI
nagiHas ?

4.2. Tlo nBOM BepTUKaIbHUM periKam, sIKi 3’ €[JHaHi BHU3Y OonopoM R i Bropi
Oarapeeto 3 EPC &€ Ta BHyTpillIHIM ONIOPOM F, O€3 TepTs KOB3a€ MPOBITHUK JIOB-
>knHOMO [ Ta Macoto m (puc. 4.1). Best cucrema 3HaXOAUTHCS B OHOPITHOMY
MarHiTHOMy MOJ1, IHAYKIis 9Koro B nepneHgukyisipHa 00 MIOIUHUA PUCYH-
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Ka. 3HAlTU MaKCUMAaJIbHY IBUKICTh NPOBIHUKA B MOJIi TSXKIHHS, HEXTYIOUU
OTIOPOM PEMOK.

4.3. Ilo nBOM BepTHKAJILHUM perKaM, sIKi 3’ €HaHi Bropi Ta BHU3Y onopamu R,
6e3 TepTs KOB3a€ MPOBITHUK TOBKUHOIO [, Macoio m Ta onopoM R (puc. 4.2).
Bces cucrema 3HaxoaUTLCSl B OTHOPITHOMY MArHiTHOMY IOJIi, THAYKIIISI SIKOTO
B neprnieHuKyIsipHa /10 TUIONIMHA PUCYHKA. 3HAUTH MaKCUMaJIbHY IIBUKICTh
NPOBiJHKUKA B MOJIi TSKiHHSI, HEXTYIOUU OMIOPOM PENOK.

™
=

|

©
o
©
w

<
<

Puc. 4.1. 1o 3agaui 4.2 Puc. 4.2. 1o 3agaui 4.3

4.4. MetaneBuil AUCK PafiycoM ¥ 00epTaEThCS 3 KYTOBOIO IIBUIKICTIO (W HABKO-
JI0 BEPTUKAJIBHOI OC1 Y OTHOPITHOMY MarHiTHOMY 1oJi B, sike nepneHaukyisipHe
TUIOIIMHI ncka. CXxeMa 3IiMCHIOEThCS MIJISIXOM MIKITIOUEHHS! OHOTO KiHIIS pe-
3MCTOPA, OMIOPOM R 10 0Ci, a IHIIIOTO — 0 PYXOMOT'O KOHTAKTY, IKHi TOPKAEThCS
30BHILIHBOTO Kparo aucka (puc. 4.4). 3HalIiTh CTPYM y KOJIi.

4.5. (Huckosuii renepatop ®Papanest) [IBa mucka pagiycamu R; Ta R, obepra-
IOTbCS 3 KyTOBOIO IIBUJIKICTIO @ B OTHOPiIHOMY MarHiTHOMY MOJIi 3 iHAYKITI€IO
B, nepneHaukyasipHin iX mommHi (puc. 4.3). LleHTpu nUCKiB NpUeqHaHI 10
00kJ1aiok koHjieHcaTopa Cy, 00011 — 4Yepe3 KOB3aloul KOHTAKTHU 10 OOKIaJoK
KoHzieHcaTtopa C,. 3HallTH HaNpyry Ha KOHJIeHcaTopax, SKIIO IUCKU oOepTalo-
TbCSl B OJJHOMY HAIPSIMKY 1 SIKILIO B PI13HUX.

4.6. MeTaneBuil HWIiHAP pajiycoM R BMillleHU B OTHOPiHE MOCTINHE MarHi-
THe noJjie B, cnpsiMoBaHe y300B3K 1oro oci. [{uiinap o6epTaioTh 3 MOCTIMHOIO
KYTOBOIO HIBUJIKICTIO @ HABKOJIO CBOET OCi. 3HAWTHU: a) PI3HUILIIO MTOTEHIliasiB
M TIOBEPXHEIO HUIIHAPA 1 BicClo; 0) MOBEPXHEBY 1 00’ €MHY I'YCTUHU 3apsijiiB B
mutiHapi. [lepekoHaiiTecs, 1110 MOBHUM 3apsij Ha OJUHUINIO TOBXKUHU TOPIBHIOE
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B, & .B

G,

|

Z R

O)

B
C ELT

Hl R

Il

Puc. 4.3. 1o 3apaui 4.5 Puc. 4.4. o 3anaui 4.4

HYJIIO.

4.7. ienexTpuyHU HUIIHIP pajiiycoM R Ta NPOHUKHICTIO € BMILIIEHWIA B OIHOPI-
JIHE TIOCTiliHe MarHiTHe noJyie B, cipsiMoBaHe y310B:k 1oro oci. Huminap obepra-
IOTh 3 MOCTIMHOIO KYTOBOIO MIBUJIKICTIO @ HaBKOJIO CBOET oci. 3HaTH 006’ €MHY i
MOBEPXHEBY I'YCTHHU 3B’ SI3aHUX 3apsfiB B 1uiHApi. [lepekonanTecs, 1110 MOBHUT
3apsij] Ha OJUHUIIIO IOBXKUHU JOPIBHIOE HYIIIO.

4.8. Ha HenpoBigHOMY UCKY pajiiyca R 3akpinyieHui no Xopai APiT JOBXKUHOIO
[ (puc. 4.5). [lnuck o6epTaeThCs 3 MOCTIMHOIO KYTOBOIO MBUAKICTIO . [lepnenau-
KYJISIPHO /10 IMCKA HanpsIMJIeHe MarHiTHe mnoJjie 3 iHgyKiieo B. 3Haitu Hanpyry
MDK CEPEUHOIO 1 KIHIIEM JIPOTY.

4.9. oruii npssMOJIiHIMHUIA MPOBITHUK, N0 IKOMY Teue CTpyM I, i II-nopioHuin
npoBigHUK ABCD 3 pyXOMOI0 iepeMuyiKkor0 AB foBxuHY | po3TaliioBaHi B OJTHIN
mionuHi. CtopoHa CD KOHTYpY po3TallloBaHa Ha BifICTaH1 a Bifi mpoBifHuKa. Ile-
PEMUUKY MEPEMIILYIOTh i3 3a[JaHOI0 MOCTIMHOIO MBUJKICTIO U (puc. 4.6). 3HauTu:
a) EPC iaayKuii B KOHTYp1 SIK (PyHKIIIO BIICTaH1 BiJl IEPEMUYKH [0 NMPOBIIHUKA,
0) cumy CTpyMy B KOHTYPI, SIKIIIO OIip OJWHUII JOBXKUHU BCiX CKJIAOBUX HOTO
NPOBITHUKIB MOPIBHIOE 7. [HIYKTUBHICTIO KOHTYpa MOKHA 3HEXTYBATH.

4.10. KsagpaTHa pamKa 31 CTOPOHOIO @ PYyXa€ThCS 31 MOCTIMHOI MIBUIKICTIO
B HANpPSIMKY BijJ] NPOBIJHUKA, N0 IKOMY Teue cTpyM I (puc. 4.8). Bigcranb Bij
MPOBIHKKA J10 JIiBOT cTopoHu pamku S(t). 3uaiaite EPC iHmyKIii, ska BUHUKAE
B pamili. B sikomy HanpsiMky Teue cTpym? BusHauuTu B3a€MHY iHIYKTUBHICTh
CUCTEMH.
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B, ({0 B
- 1 p B
R ] a | v
c A
Puc. 4.5. 1o 3apaui 4.8 Puc. 4.6. 1o 3apaui 4.9

4.11. Ilo nBOM MiJHUM LIMHAM, CIIOJIyYEHUM KOTYUIKOI IHIYKTUBHOCTI L, 6€3
TEPTS KOB3a€ MPOBITHUK JIOBXKUHOMW [ i Macoro m (puc. 4.7). Cucrema 3HaX0/1-
ThCS B OJHOPIAHOMY MarHiTHOMY MOJIi 3 iHAYKII€0 B, 300pa’keHOMY Ha pUCYHKY.
VY noyaTkoBUII MOMEHT 4acy MPOBITHUKY MOIITOBXOM HaJalu MIBUAKICTb V.
HexTtyioun onopom KOHTYpY, 3HATH 3aKOH PyXy MPOBIIHMKA Ta 3aKOH 3MiHU
CUJIU CTPYMY B KOHTYPI.

L O,
B

7

Puc. 4.7. 1o 3agaui 4.11 Puc. 4.8. 1o 3agaui 4.10

ABuIe eIeKTPOMATrHITHOI iHTYKIIIT

TeopeTuyHi BigoMocTi

3akoH enekrpomarneTHol iHaykiii @apanesi: EPC, o BuH1MKae B KOHTYpi, MPSIMO TIPOTIOP-
IillHA IIBUKOCTI 3MiHU MarHiTHOTO TIOTOKY, IO MMPOHM3YE TJIOMLY S, SIKa OXOTUTIOETHCS ITUM

KOHTYPOM:
10
&= _Ea//B - ds. 4.2)
s

[Tpuunnoro BuHukHeHHs EPC B 11boMy Bumnajaky B 1a00paTOpHii cUCTeMi BifIJTIKY € BUXpOBe
eJIeKTPUYHE T0JIe, SIKe BUHUKAE 32 paXyHOK 3MiHM B 4aci MarHiTHOro moJisi.

4.12. EnexTpuuHuii 3apsii ¢ piBHOMIpHO PO3NOJJIEHUN MO TOBXUHI TBEPOTO
HEIMPOBIIHOIO TOHKOI'O KPYroBOro Kiiblisi Macoro mi. Kinblie MOke BIJIbHO 00ep-
TaTUCs HaBKOJIO CBOET oci. Croyarky Kijiblie 3HaXOAuI0Ch B crokoi. [Totim 6yJio
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§ 4.1. 3akon Papanies

YBIMKHEHO OJIHOpijiHe MarHiTHe nosie B = B(t), nepneHauKyasipHe TIOUUHI
KUTBIIS, SIK€ JJOBLIbHO 3MIiHIOEThCS Y Yaci. 3HANTHU KyTOBY IIBUKICTb 00EpTaHHS
KUIBIIS.

4.13. KoHTyp € KOJIOM, 3’ €JHAHUM I10 iiaMeTPy KOHAEHCATOPAMH EMHOCTSIMU
C;, C, ta Cs, sK1 YBIMKHEHI B pO3pUBU MPOBIAHKKIB (pUC. 4.9), 1 3HAXOUTHCS B
OJJHOPITHOMY 3MiHHOMY MarHiTHOMY noJii. IIIBUIKICTh 3MiHM MarHiTHOrO MOTOKY
Yyepes IJIONTY KiIbIls MOCTIMHUY 1 IOPIBHIOE ®. Buaiitn 3apsii KOHJIEHCATOPiB,
SIKILIO CIIOYATKY KOHJEHCATOPH OYJIU HE 3apsiI>KeHi.

4.14. TloTik MarHiTHOTO MOJSl CTBOPEHUI JOBIUM COJICHOIOM, MPOHU3YE elle-
KTPUYHE KOJIO, 110 CKJIAa€ThCsl 3 ABOX PE3UCTOPIB onopamu R; Ta R, 30UIbIy-
€TbCS 3 4acoM 32 3akoHOM @ = at (puc. 4.10). Illo mokaxxyTh BOJILTMETPH?

C _ N
C3
v & e i ®
65}
Puc. 4.9. 1o 3agaui 4.13 Puc. 4.10. o 3apaui 4.14

InpyxTuBHICTI Ta KoeginieHT B3aemHol inaykuii. Teopema B3aemMHOCTI

TeopeTuyHi BigoMocTi

MarHiTHU# NOTIK, IO POHU3YE MArHiTHE MOJIe i-ro KOHTYpA, IO MPOHU3YE K-ii KOHTYP:
1
®; = =Lyl (4.3)
i C
i,k
ne L;; — HasuBaeThCst KoedimieHTOM caMoiHyKIlii (a60 iHIyKTUBHICTIO), SIKIIO [ = K, i Koedi-
[[IEHTOM B3a€MOIHIYKIIii, IKIIo [ # K.

Ilns BUunajiky ABOX BUTKIB, MarHiTHi MOTOKH, O B3aEMHO NMPOHU3YIOTH JiBa BUTKa (200 JiB1
KOTYIIIKK), IO SIKKX Te4yTh cTpyMu I, Ta I,:

1 1

P, = ELHII + EleIZ
1 1

P, = ELZlIl + ELzzlz,

ne Ly; Ta Ly, — iIHAYKTUBHOCTI BUTKIB (200 KOTYIIOK), L1, Ta Ly; — Koe(illieHTH B3aEMHOT
1HIyK1IiT BUTKIB (200 KOTYIIOK).
Teopema B3a€EMHOCTI CTBEPIKYE, LIO

Ly, = Ly;. “4.4)

86



Pozpnin 4. EnextpoauHamika

3rigHo 3akoHy ejekTpoMartitHoi iHaykuii, EPC, o BUHMKAIOTh B KOHTYpax (a00 KOTYIIIKaXx):

1. dI;, 1. dI,
=—-L;— —-L,—= 4.
81 C 11 dt C 12 dt ( 5)
1. d, 1, dI,
& =—lagr —lag) (4.6)
KoedinieHT 3B’ 13Ky KOHTYpIB:
Lt
= <1 .
k LL, = 1 4.7)
MarsiTHa eHeprisi CHCTeMH eJIEKTPUYHUX CTPYMIiB:
1
Wm = @ ZLiinIk' (48)
i,k
VY BUMNajKy OIMHAPHOTO KOHTYpPY (200 KOTYIIKH), €HEePrisi MAarHiTHOIO MOJIS:
1 LI?
W = =3 4.9

4.15. O6GUuCHITH IHAYKTUBHICTH JOBrOro COJIEHOINIAa MTOBXKUHOW [, sikuii Mae N
BUTKiB. BUTKM HaMOTaH1 Ha MarHeTUK, 3 MPOHUKHICTIO (U, IJIOIIA epepi3y SIKOro
S.

4.16. OGUKCHITh IHIYKTUBHICTh TOPOINAJILHOT KOTYIIIKH, 1110 HAMOTaHa Ha Ma-
THETHK MPOHUKHICTIO U, SIKUI Ma€ (hopMy IUITIHPA BUCOTOIO b 3 BHYTpIlTHIM
paziycoM R 1 30BHilIHIM pajiiycoM R + a. Yucio BUTKiB nopiBHIOE N.

4.17. 3HangiTh B3a€EMHY IHAYKIIIO TOPOINalbHOI KOTYIIKH, apaMeTpH SIKOT
nofiaHo B 3ajadi 4.16 Ta NpsIMOJIiHIMHOTO HECKIHUEHHO IOBrOro MpOBiTHUKA,
SIKAW TTPOXOJIUTH B3[IOBXK OC1 IWIIHApA.

4.18. KoakcianbHuii kaGesb CKIIaIaeThes 3 CYUUILHOTO BHYTPIIIHHOTO MPOBIJI-
HUKa pajlycoM R; 1 TOHKOTO 30BHIIIHHOTO HUITHAPUYHOIO MPOBIJHUKA PAJlyCOM
R,. BHalTH iHAYKTUBHICTh OJUHUII IOBXXWHK Kabeso. BBaxkaTu, 1110 MarHiTHa
NPOHUKHICTh MaTepiaiy NPOBIIHUKIB 1 3a30py MI’)K HUMU JOPIBHIOE U, CTPYM
PO3IOJIICHHUH IO POBITHUKAM PiIBHOMIPHO.

4.19. 3HalTH iIHAYKTUBHICTh OJMHUIII IOBXXUHU ABOX IIUPOKUX HECKIHUCHHO
TIOBI'MX MPOBIIHUKIB, SIK1 3HAXOASTHCS Ha BiCTaH1 @ ofguH Bij omHoro. [lupuHa
npoBigHuKiB b (b > a). [1n0o1MHN NPOBIIHUKIB NapaesbHi.
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§ 4.1. 3akon Papanies

4.20. 3HauTH IHTYKTUBHICTb OIMHUII JOBXUHU IBOX IWJIIHIPUYHUX HECKIHYECH-
HO JIOBTUX MPOBITHUKIB, K1 3HAXOIITHCS HA BifICTaHi @ OfIMH Bijl ofHOrO. Pasiyc
npoBigHUKIB R (R K a).

4.21. 3HaifiTh KoedillieHT B3aEMOIHYKIIIT IOBrOTO IPOTY Ta KBaIpaTHOT paMKHU
cTopoHoIo a. Pamka i ipit nexkats B ogHil miiouuHi. CTOpOHU paMKHu i IpoTy
napasesbHi, Hanbau»ya 0 ApOTy CTOPOHA paMKH 3HaXOJUThLCS Ha BifcTaHi [
Bij] HLOTO.

4.22. 3HauiTh KoedilieHT B3aEMOIHAYKIIIT IBOX TOHKUX BUTKIB OJJTHAKOBOI'O
paniyca R, siki ieskaTh Ha Bifctadi [ > R. Oci BUTKIB cniBnagaroTh. Ilmomri
BUTKIB NapaJsiesibHi.

4.23. Mix 1BOM napajie/ibHUM MPOBiTHUKAM HECKIHYEHHOT JOBXKUHHU, SIKi 3HA-
XOJISITbCSI Ha BIJICTaHl 2a OJWH BiJl OJHOTO JIEXKUTh KPYrJjie NPOBiJHE KiblIE
pamiycoMm a, sike TOTUKAEThCS 10 MPOBITHUKIB 1 130J1bOBaHE BijJf HUX. 3HAWIITh
KOe(ILUIEHT B3a€EMHOT IHAYKIIT MK KPYIJIMM IMPOBIJHUKOM 1 IBOMA MPSIMUMU
NPOBITHUKAMMU.

3anauyi, IKi po3B’SI3yI0THCS 32 IONIOMOI'0K0 T€OPeMH B3a€EMHOCTI

r

4.24. JIBa TOHKi KOJOBi MPOBITHUKM, OCi SIKUX CITIBMAJal0Th, JIeKaTh B OJHIN
niomuHi. Pajiyc 30BHIIIHBOrO NpoBifHUKa Ry BHyTpiHbOro R, (R, < R;).
BHauiTh a) KoeillieHT B3aEMOIHAYKIIIT MPOBITHUKIB Ta 6) MarHiTHUM MOTIK,
[0 NPOHU3YE MJIOULY 30BHIIIHBOTO MPOBIJHUKA, SIKIIIO [0 BHYTPIILIHBOMY IIPO-
BIJTHUKY Teye CTpyM 1.

4.25. 3HalTH NOTIK BEKTOpa IHAYKLil MarHiTHOTO MOJISl, SIKU CTBOPIOETHCS
KBaJIpaTHOIO PAMKOIO 31 CTOPOHOIO @, 10 SIKil Te4ye CTPYyM [, uepe3 HamiBILIONUHY,
rpaHulLis SIKOT po3TallloBaHa Ha BificTaHi b Bij ofiHi€l 3 cTopiH pamku (puc. 4.11).

\

Puc. 4.11. 1o 3agaui 4.25
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Pozpnin 4. EnextpoauHamika

4.26. JIBa KoakclaJbHUX KpPYrOBUX BUTKa pajlycamu R ir (r < R) po3milieHi
Ha BijicTaHi R onuH Bifi ogqHoro. [lo MmajgomMy BUTKY NPOMYCKAETLCS CTPYM | =
Ip cos wt. 3HaTU CTPyM I B BEJIMKOMY BUTKY, IPOBIHICTh SIKOro NOpiBHIOE G.

4.27. MarsiTHU# TUTIOJNb 3 MOMEHTOM Dy, 00€PTAETHCS 3 YaCTOTOIO (W HABKOJIO
0Ci, sIKa IPOXOIUTh Yepe3 MOoro LEHTP i MeprneHuKyIspHa MarHiTHOMY MOMEH-
Ty (puc. 4.12). 3HailTu CTPyM B IJIOCKOMY HEPYXOMOMY KiJIbIli pajiiyCcoM a 3
OMopoM R, sike 3HAXOAUThCS Ha BifcTaHi | > a Bifg aunons. Hopmains n o
IJIOLIMHU KUJIbLIS MEPHEeHIUKYISIpHA 0C1 00epTaHHs aumnoJisd. CaMOiHAYKIIE
PaMKH 3HEXTYBaTH.

Puc. 4.12. 1o 3agaui 4.27

4.28. HamarHiueHa KyJisl IPOJIITA€ B3IOBX OC1 TOHKOI KOTYIIKH, 3’ €[IHAHOI 3
6aJTiCTHYHUM TaJIbBAHOMETPOM Uepe3 ifieabHUuI BUNIPSIMIISIIOUnil enemMeHT. Ky-
JIsl HAMarHiyeHa y3/10BX CBO€ET OCl, 11 po3MipHu MaJll B MOPIBHSIHHI 3 JIaMETPOM
KOTyliku D. BU3HauUnTH MardiTHUM MOMEHT KYJIi Py, SKIIO BiIOMO, IO rajibBa-
HOMETP BIIXMJIMBCS MiCJIsl TPOJILOTY KYJIi Ha KyT ¢. Bigowmi GanictuyHa nocTinHa
ranbBaHoMeTpa b [pap/Kii], uncio BUTKIB KOTYIIKM 1 1 omip kona R.

\

HapnposiaHnkn y marditHomy noni

TeopeTuyHi BigoMocTi

Pexomennyerbcs BuBuutH [15, § 80].

4.29. HapnposinHa KyJnis pajiycoM R BMillleHa B OIHOPiJJHE MarHiTHe MoJie 3
iHmykiieo By. 3HalgiTh MarHiTHUM MOMEHT KYJIi, MarHiTHe nosie B B ychomy
IPOCTOP1 Ta PO3MOJILI CTPYMY B KYJIi.

4.30. HapnposinHa KyJisg pajitlycoM R, sika CKJIaJla€ThCs 3 OJHAKOBUX MiBcdep,
BMIILIEHA B OJHOPIJIHE MArHiTHE MOJie 3 IHAYKIIE By, NEpHeHIUKYJISIpHE TIOUIU-
Hi po3pi3y. 3HAUMITh CUITY, HEOOXIHY JIJIsl BiIpUBY OfIHi€T miBcepu Bifl iHIIOT.
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§ 4.2. HannpoBiIHUKY Y MarHiTHOMY MOJIi

3aKoH 30epekeHHsI MAarHiTHOTO MOTOKY /ISl HAANPOBiTHUKIB

r

4.31. B ueHTp HaAOpOBIAHOTO KUIbIIS IHAYKTUBHICTIO L 1 pajiiycoM R BHECEHO
MAarHiTHUH JUTOJb 3 TUMOJBHUM MOMEHTOM D, SIKMI HANPSIMJIEHUH B3JIOBXK OCi
KiJbLis. SIKUI CTPYM YCTAaHOBUTHCS B KiNbIli?

4.32. ITlposigHe Kiible 3 IHIYKTUBHICTIO L 3HaXOOUTHCS B HOPMAJIbHOMY CTaHi
B 30BHIIIIHLOMY MarHiTHOMY TOJTi (MarHiTHUM MOTIK Yyepe3 KOHTYP KiJbIS JOPiB-
Hi0€ D). [ToTim TemnepaTypa 3HUKYETHCS 1 KUTblie NEPEXOAUTh B HAMPOBITHUIA
CTaH. Slkuii cTpyM Oyjie TEKTH MO KiJIbIIO, SIKIIIO BUMKHYTH 30BHIIIIHE MarHiTHE
nosie?

4.33. VY nocTiilHOMY OTHOPITHOMY MarHiTHOMY TOJIi 3 iIHAYKITi€I0 B 3HaXOMUTHCS
KpYyIJle KOPCTKE HAAMPOBIIHUKOBE KiblLEe pajglycoM R Maioro nepepisy. Y
MOYaTKOBUI MOMEHT IUJIOIIMHA KiJIbIls apasieibHa HanpsIMKy MarHiTHOTO TOJIs,
a CTPyM B KiJIbLli BiICyTHii. BusHauuTu cuiy cTpymy B Kijibli Bijpasy miciis TOro,
sIK BOHO OYJIO MOBEPHYTO TakK, 110 IJIOIIMHA Kbl CTalla NePHEeHUKYISpPHA 10
JIiHIA Mar"HiTHOTO MoJis. 3HAUTH BUTpavYeHy poOoTy.

MeTop 300paskeHb B MarHiTOCTATHIII

r

4.34. Ha sxiii BUCOTI NOCTIMHUIA MArHiT 3 MarHiTHUIM MOMEHTOM P,,, 1 Macolo m
Oyjie IEBITYBATH B TOPU30HTAJILHOMY MOJIOXKEHH1 HaJl II0CKOI0 TOPU30HTATILHOIO
NOoBepXHEIo HaanpoBigHKa [ pony? MarHit BBaKaTu TOYKOBUM JIUIOJIEM.

4.35. Hap miockoro noBepxHeo HAANpoBiiHUKa | poly Ha 130J1101040MY 11api
TOBIIMHU K = 5 MM JIe’)KUTh TOHKE HAMPOBITHUM KiJiblie pagiycoM R = 10 cm,
10 SIKOMY Teue MocTinHui cTpyM. [Ipu ikoMy CTpyMi KiNblle MOYHE JIeBITyBaTH
HaJl MOBEPXHEI HAMIMPOBIIHUKA, SIKILO Maca Kiiblsg m = 1 r?

Cun, 1o Jil0Th Ha HAAMPOBITHUKU B MATHITHOMY TOJT

r

4.36. MetaneBa HaiPOBiJIHA KYyJIbKa JIETUTb y HAMIPSIMKY JIO COJIEHOTa Y310BX
roro oci. [lone conenoina By = 103 I'c. dxoro Mae OyTU MOYaTKOBA IBUAKICTh
KYJIbKH, [0O BOHA 3MOTJIA BJIETITU B coyieHoin? Paniyc kyjbku 2 cM, Maca 1 T.

4.37. Hepenuka HagnpoBifiHA KyJIbKa pajiilyCoOM r 3HAXOIUTHCS Ha OC1 Ha BiJICTaHi
Z BiJl TUIOLIMHU KiJIbLIS pafiycoM R, Mo sikoMy Tede cTpyM I. 3HaUfiTh CUTY
B3aEMOJIIT MDK KYJIbKOIO Ta K1JIBLIEM.
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Pozpnin 4. EnextpoauHamika

4.38. 3HalTH po3MO/iJl MAarHITHOTO TUCKY IO MOBEPXHI HAIMPOBITHOTO Kyl
pajiycoMm R, 1110 BHECEHa B OJJHOPifIHE 30BHIIIIHE MardiTHe noJje By.

PiBHanHa Makcsenna. Bektop lNMoiiHTiHra

3aKoOH eJIeKTPOMAarHiTHOI iHAYKIII B iHTerpaabHii ¢gopmi

TeopeTuyHi BigoMocTi

3aKOoH eJleKTpoMarHeTHo1 iHaykuil @apajes: LUPKYJISLisl BEKTOpa HaNpy>KEHOCTI eJIeKTPH-
YHOTO MOJIS B3I0BX JIOBUIbHOTO 3aMKHYTOI0 KOHTYpY L, IpsiMO MponopLiiiHa IBUAKOCTI 3MiHK
MarHiTHOTO MOTOKY, IO MPOHKU3YE IUIOMLY S, sIKa OXOILUTIOETHCS [IUM KOHTYPOM:

1 0B

L

4.39. Yu MoskHa 3a TONOMOI'OIO0 3MIHHOTO B 4aci MarHiTHOIO MOJisi CTBOPUTH
OJTHOPIJIHE €JIEKTPUYHE MoJie?

4.40. HenpoigHe KiJiblie MacoI0 M1, siKe Mae 3apsifi ¢, MOXKe BUIbHO 00epTaTucCh
HaBKOJIO CBO€ET Oci. Y MOYaTKOBUI MOMEHT K1UJIbLIE 3HAXOOUTLCS B CTaHl CIIOKOIO
1 MarHiTHe noJse BificyTHe. [10TiM yBIMKHYJIM OTHOPIJHE MarHiTHE MOJe, NEPIeH-
UKYJISIPHE JIO TUTONMHY KiJTbIIs, SIKe TI0YaJI0 3pOCTaTH 3a AesIKiM 3akoHOM B(t).
3HalTU KyTOBY IIBUJKICTh KUTBIIS B 3aJIESKHOCTI Bijl BEJIMUNHU TOJISI.

4.41. Ha noBepxHi JOBroro CyliJibHOro HEMPOBIJHOIO LUIIHPA pagiycoM R
PIBHOMIpPHO pO3NOJiJICHUH 3apsij] 3 TOBEPXHEBOO IyCTHHOW o. LuiiHap Mosxke
oGepraTucs 6e3 TepTs HaBKOJIO CBOET OCi. 30BHIIIIHE OIHOPiIHE MAarHiTHE MO-
Jie 3 BEKTOPOM iHAYKIiT B HanpaBieHo B3A0BXK OCI HUJIiHpa. 3HAUTH KYTOBY
HMIBUKICTb 0OEpTaHHs, SIKY HaOyjie UMTIHAP MiCis BAMUKAHHSI MArHITHOTO MOJISI.
['ycTuHa Macu peqyoBUHM LUJIHAPA O, CIOYATKY LUATIHIP HEPYXOMMUHL.

4.42. Ha noBruil CoJeHOI/] 3 TyCTUHOIO HAMOTKH 1 Ta pajiycoM R, 10O BUTKaX
SIKOTO Te4de 3MiHHHMI CTPYM BEJIMUMHOIO, IO 3MIiHIOEThCS 3a 3aKOHOM I(t) =
I, cos wt, NIiIBHO HATITHI TOP 3 JlieJIeKTPUKa MPOHUKHICTIO € (puc. 4.13). Y Topi
€ My>ke TOHKUI ToNepevHuil po3pi3. 3HAWTH HAMPY>KEeHICTh eIEKTPUYHOTO MO
B 3a30p1 3aJI€3KHO BiJI BIJICTaH1 10 OC1 COJICHOIIA.

4.43. Y noBromy coseHoifl pagilycoM R 3 T'yCTUHOK HaMOTYBAHHSI 11 3MIHIOIOTb
CTPYM 3 MOCTINHO MIBUAKICTIO 1. 3HAWTH MOJIYJIb HANIPY>KEHOCTi BUXPOBOTO

91




§ 4.3. PiBusinast MakcBesuia. Bexrop IloitHTiHra

3

Puc. 4.13. 1o 3agaui 4.42

enekTpuuHoro nojst E(r) sk ¢yHKIIO BificTaHi 7 Bifl oci cojieHoina.

4.44. OpHopigHO 3apsKEeHU 3 06’ EMHOIO TYCTUHOIO 3apsily 0 HECKiHUEHHUN
HUITIHAP pajiycoM R 06epTaeThbcsl HAaBKOJIO CBOET OC1 KYTOBOIO IIBUJKICTIO, SIKa
3aJIeKUTh BiJl Yacy 3a 3aKOHOM @ = kt. 3HalTH eJIeKTpUYHE Ta MarHiTHE MoJie y
BCbOMY MPOCTOPI B 3AJIEKHOCTI BiJI 4acy.

Crpym 3MmileHHsT

TeopeTunyHi BigoMocTi

3akoH Amnepa 3 nob6aBkoro Makcsesia:

A ([ . 1 (3D
L S S

®i3uyHa CyTHICTH LIOTO 3aKOHY MOJISITAE B TOMY, 1[0 MPUYMHOK BUHUKHEHHS] MATHITHOTO MOJIS
€ SIK CTPYMH TPOBIJHOCTI, IyCTHHA SIKUX XapaKTepU3yEThCsI BEJMYMHOIO j, Tak i 3MiHHE B Yaci
eJieKTpu4He noJie. [cropuyHo, 3MiHHE B Yaci eJIeKTpUYHE NoJie XapaKTePU3yIoTh TaK 3BaHOIO
TYCTUHOIO CTPYMY 3MillIEHHSI, SIKY BU3SHAYAIOTh SIK:

. 16D

Jon = iz ot 4.12)

4.45. B HeoOMexxeHe OJHOpPIAHE MPOBIJHE CEPENOBUIIE BMIIlIEHA MeTajleBa
KYyJIs1, SIKill HaJaHWi eJIeKTpUIHUN 3apsii. OCKITbKY cepeoBullle MPOBiTHE, TO
3a paxXyHOK CTIKaHHS 3apsiay 3 KyJIl, 3’ SIBJISITbCS €NIeKTpruuHi cTpyMu. [lokasaru,
110 B [IbOMY BUIAJIKy MAarHiTHOIO MOJISl HE BAHUKATUME.

4.46. Ilnockuii KOHIEHCATOP CKIIATAETHCS 3 IBOX OTHAKOBUX METAJICBUX JIUCKIB,
MPOCTIP MDK SIKMMU 3alIOBHEHO OJIHOPIIHUM JIIEJIEKTPUKOM IO Mae CladKy
npoBifHicTh. CriouaTky KoHaeHcaTop Oyo Mmif’ egHAHO JI0 JKepena MoCTinHOT
Hanpypu. HexTytouun kpailoBumu eeKkTamu, MOKaxiTh, 1110 MarHiTHe MoJie B
IpOCTOPi MK OOKJIaIkaMK KOHfIeHcaTopa Oyjie BiICYTHE.
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Pozpnin 4. EnextpoauHamika

4.47. Tlo npoty pajiiycoMm R, Tede MOCTIMHUN CTPYyM I, IKMid PiIBHOMIPHO PO3IIO-
MIEHUH TI0 KOro monepevyHoMy Tniepepidy. By3bkuil po3puB B IPOTi HIUPUHOIO
d (d < R), yTBOPIOE KOHJIEHCATOP 3 MapajieIbHUMHU TJIaCTUHAMU. 3HAUIITh
MarHiTHe IoJjie B pO3puBi, Ha BificTaHl § < R Biji OCi.

4.48. Tlnockuil KOHIEHCATOP CKIIAAE€ThCS 3 IBOX OTHAKOBHUX METAJIEBUX JIUCKIB,
MPOCTIP MK SIKUMU 3alIOBHEHO OJHOPITHUM H1€JEKTPUKOM 3 JIi€JIEKTPUYHOIO
NPOHUKHICTIO €. BificTaHb Mi>k BHYTPIIIIHIMU MOBEPXHSIMU TUCKiB JOPIBHIOE d.
Mix oOkJjajikaMu KOHJieHCcaTopa MiATPUMYEThCS 3MiHHA Hanpyra V' = 1} sin wt.
HexTytouu kpainoBumu eeKTaMu, 3HaUTU MardiTHe MoJie B MPOCTOPi Mixk 00-
KJIaJIkaMU KOHJIeHCcaTopa.

4.49. ]lns ymoB 3agaui 4.48, BU3HAUTE, YOMY JIOPIBHIOE MarHiTHE MOJIe B MPO-
CTOpi Mixk OOKJIaIkaMu KOHJIEHCATOpa, SKIIO JIieIeKTPUK Ma€ MPOBITHICTD A.

3akonu 30epe:xkenHsi. Bektop IloiHTiHra

TeopeTuyHi BigoMocTi

PiBHSIHHSI HENEPEPBHOCTI CTPYMY (3aKOH 30€PE>KEHHS! JIEKTPUUHOIO 3apsiay).

Liv.j=o0 (4.13)

Bekrop [loiiHTiHra (BEKTOpP TYCTUHH MOTOKY €HEPTil eeKTPOMAarHiTHOTO TMOJIs):

_C

S47T

E x H. (4.14)

I'ycTuna iMnynbCy e1eKTpOMarHiTHOroO MoJist:

P=> (4.15)

S
c2’

PiBHSIHHSI HeNlepepBHOCTI JIJ1sl €HEpPril eIeKTPOMarHiTHOro MoJist:

ow .
W-FV'S__‘]'E’ (4.16)

W — IryCTHHA eHeprii eJIeKTPOMAarHiTHOro MoJisl, BU3HAYAETHCS (DOPMYJIOIO:

1
w=—(E-D+H-B), 4.17)

BEJINYHHA

p=j-E, (4.18)

€ TIOTYKHICTIO, III0 BUUISETHCS B OUHUI 06’ €My peuoBuHU (3akoH [[xoyns-JleHna).
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§ 4.3. PiBusinast MakcBesuia. Bexrop IloitHTiHra

4.50. osectn, 110 3 piBHSIHb MakcBelIa BUILIABAE 3aKOH 30€PEKEHHS elie-
KTpU4HOro 3apsny 4.13.

4.51. 3a gKux yMOB eJIeKTPUYHUU CTPYyM, 00’ €MHA I'yCTHHA SIKOTO 3MiHIOETbCS
B MpoCTOpi 3a 3akoHOM j(r) = j, cos(k - 1), fie jo, k — mocTiiini BekTopu, 3a6e3-
NeYUTH CTalliOHAPHUI PO3MOJLI 3apsifiiB Yy NpOCTOpi?

4.52. EnextpuuHuil 3apsij 3HaXOUTHCS B IEHTP1 KPYrOBOr'O BUTKA, MO IKOMY
Tede cTpyM. [TokaxiTh cxemMaTnyHo HanpsiMok Bektopa [loiHTiHra B TOBLIbHUX
TOYKaX IMPOCTOPY HABKOJIO CUCTEMHU.

4.53. YacTtuHka, 110 Ma€ 3apsifi ¢ pyXa€ThCsl y BaKyyMi i3 OCTIMHUM BEKTO-
POM LIBUAIKOCTI V K ¢. 3HaufiTh BekTop [IoMHTIHra eeKTpOMarHiTHOro noJist
YACTUHKHU.

4.54. ToukoBUY UMOJIb, IO MAE AUMOJLHUI MOMEHT P PYXa€TbCs Y BaKyyMi i3
NOCTIMHUM BEKTOPOM MIBUAKOCTI V K ¢. 3HaufiTh BekTop [loiiHTiHra enekTpo-
MarHiTHOIO MoJist AUNoJst (B AMNOJIbHOMY HaOIMKeHH1). Po3risinbre Bunagku
KoJim a) P, || vra o) p, L v.

BxkaziBka: Ckopucmaiimecwv 6i0nogioow 0o 3adaui 3.7.

4.55. Tlo npsiMOoMYy MPOBITHUKY KPYIJIOTO Mepepi3dy Teue NOCTInHUN cTpyM 1.
3HaiTu noTik BekTopa [loiHTiHra yepe3 6iUHy MOBEPXHIO JAHOTO MPOBIIHUKA,
1o mae onip R.

4.56. IloBruii COJICHOIN PaiiyCoM ¥, KIJTbKICTh BUTKIB IKOTO N Mifl’ €AHYEThCS
no mxepena nocrinHol EPC & yepes omnip R (omopoM caMoro cojieHoina MoKHa
3HEXTYBaTH). 3HAUTU eJIEKTPOMArHiTHY €HEeprito, sika 3ailiia 0 COJICHOIny B
NpolLeci BCTAHOBJIEHHSI CTPYMY, 1 IOPIBHSTH i1 3 MAarHITHOIO EHEPTiEI0 COJIEHOINA.

4.57. Tlnockuy KOHAEHCATOP CKIAAAEThCS 3 ABOX KPYIUIMX MJIACTUHOK, SIKi 3Ha-
XOJSThCS Ha BificTaHi d ojjHa Bijl OTHOT, KO>kKHa pajiiyc R. Yepes koHieHCaTOp
Teue MOCTIMHUN CTPYM I, IK BKa3aHO Ha puc. 4.14, 1m0 3apskae KOHeHCcaTop.
SIK BUIJISIIat0Th CUJIOB1 JITHIT €JIEKTPUYHOrO Ta MAarHiTHOTO MOJIS B KOHJIeHcaTOp1?
BHannite BekTop [loiHTIHra Ha BificTaHi ¥ Bij eHTpa KoHaeHcaropa. [TokazaTw,
o notik BekTopa [loiiHTiHra yepe3 6iuHy MOBEPXHIO KOHIEHCATOPA AOPIBHIOE
361IbIIEHHIO UOTO eHEepril 32 OMHUINIO Yacy. Po3citoBaHHSIM OISl HA Kpasix Mpu
PO3paxXyHKY 3HEXTYBATH.
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Pozpnin 4. EnextpoauHamika

4.58. Mix miacTiHamMu MJIOCKOTrO KOHJIEHCATOpa i€ OTHOPIIHE MAarHITHE MOJie
Hanpy>KeHOCTi iHAyKIieo B, mapanenbHe ioro nmiuactuHam (puc. 4.15). Ilnactuau
KOHJIEHCATOpa 3apsI>KatoTh JI0 3apsily ¢, a MOTIM iX 3’ €AHYIOTb POBITHUKOM,
10 Ma€ 3HayHuK omip. [loBefiTh, 1110 IMIYJILC CUCTEMU Ma€ 30epiraTuch.

B
I ! s R —
Puc. 4.14. 1o 3apaui 4.57 Puc. 4.15. 1o 3apaui 4.58

4.59. HuningpuyHuil HEPEJISITUBICTCHKUN €JIEKTPOHHUN MyYOK pajiiyca R mno-
HIUPIOETHCS Y BiIbHOMY NpocTopi. EnexTponu myyka jeTsiTh napajenbHo, IXHs
eHeprist nopiBHIOe W, a KOHUEHTpallisl #1. 3HaUTH BEJIMUYMHY 1 HANPSIMOK BEKTOPA
[ToitHTiHra B Oy/b-sIKiil TOUILI IPOCTOPY (30BHI Ta BCEPEIMHI MyUKa).

4.60. Ilo pBompoBifHIl JIiHIT 3 pajiiyCc MPOBITHUKIB R, sKi 3HaXOSITHCS HA Bifl-
cTaHi d OJIUH BiJl OTHOTO, NMEePeJaEThCS MOTY>KHICTh P P MOCTINHIN HAMpPY3i.
HexTtytour onopom MpoBigHUKIB, BA3HAYUTH SIK 3MiHIOETbCSI BeKTOp [loiiHTiHra
B IUIOIIMHI MI>K TPOBIIHUKaMHU.

4.61. 3BapskeHul MIOCKUN MOBITPSIHUN KOHJEHCATOP 3 HANPY>KEHICTIO eJie-
KTPUYHOTO TOJISI MixK TTacTiHamu 282 B/cM momiinenuin BcepenHi CoJieHoina,
nornepeyHun nepepis sikoro mae ¢Gopmy NpsIMOKYTHUKA 31 CTOPOHAMMU, Mapa-
JISJIbHUMHU 1 IEPIIEHIUKYJISIPHAMM TUIACTUHAM KOHJEHcaTopa. Y KoJii OOMOTKH
cojieHoia € 6arapest MOCTIMHOTO CTPyMy i1 Kimro4. Best cucrema (pasom 3 6a-
Tapee€lo) NMoMillleHa Ha TOPU3OHTAIbHUX peuKax, siKi MnapajienbHi mjacTUHaM
KoHjieHcaTopa. Cucrema Moke mepeMimiarucs no pernkam 6e3 Teprts. Crioyarky
KOJIO COJIEHOIa po3IMKHYTe. [IOTIM KIItOU 3aMUKA€ETHCS 1 B COJIEHOIA1 CTBOPIOE-
ThCSl MIOCTiNTHE MarHitTHe mosie 3 iHaykiieo 2000 I'c. 3HaiTh 3MiHy MEXaHiYHOTO
IMIYJIbCY CUCTEMH MICIIS 3aMUKaHHS Kitoda. 00’ €M NOBITPSIHOTO MPOCTOPY MK
nacTHMHAMK KOHJIeHcaTopa fopiBHIoe 200 cM>.

4.62. (Ananor napanokcy aucka ®eitamana [19]) Uu nopyiyerhbcst 3akoH 36e-
PEKEHHSI MOMEHTY IMITYJIbCy B 3a1aui 4.40.
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§ 4.3. PiBusinast MakcBesuia. Bexrop IloitHTiHra

4.63. BapspKkeHuid TUTHAPUYHUN KOHIGHCATOP BMIIIEHUH B 30BHIIITHE OTHOPI-
JIHe MarHiTHe moJie 3 iHayKIie B, ke HanpsiMieHe B310BXK loro oci. KoHjeH-
caTop Mae€ 3MOr'y BUIbHO OO€pTAaTUCh HABKOJIO CBOET OC1. 3apsiji KOHJIeHCaTopa
q, pajiyc 30BHIIIHBbOT OOKJIAIKU R, pajilycoM BHYTPIlIHbOT MO>KHa 3HEXTYBATH.
Maca xoHaeHcaropa m. 3HaliTh BEKTOP MOMEHTY iMITyJIbCy €IeKTPOMArHiTHO-
To TOJIsl KOHIeHcaTopa. 3HAWITh KyTOBY IIBUAKICTb, 3 SIKOIO Oyie 00epTaTuch
KOHJIEHCATOP, PYU BUMUKAHHS MArHITHOTO MOJISI.
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PO34IN

Pyx 3apsay B enektpoMarHitTHomMmy nosni

Pyx 3apsay enektpnyHomy noni

TeopeTuyHi BigoMocTi

Cunia, 110 J1i€ Ha 3apsKeHy YaCTUHKY B eJIeKTpoMarHiTHoMy noti (cuia Jlopenna):

F=qE+q[%xB]. (5.1)

5.1. OpHopifHo 3apsKeHe Kinble pajiyca R mae 3apsi Q. I[TokaxiTh, 1110 TO-
YKOBHM 3apsijl —q Macu m, SIKUi 3HaXOUThCS Ha OCI KibIg Oyjie 3[iiCHIOBATH
rapMOHIYHI KOJIMBAHHS MIPU HEBEJIMKOMY 3MIIIEHHI B3JIOBX OC1 BITHOCHO LIEHTpa
Ta 3HAWJITh YACTOTY LIUX KOJMBAHb.

5.2. Ilpu onpomiHIOBaHHi 30J10TOT (hOJIBIU A-4YaCTUHKaMU (SiipaMHu aTOMIB re-
nit0) 3 eHeprieto 10 MeB y nocninax Pesepdopnal cnocrepiranucst nOOgUHOKI
B1JOMBAaHHS YaCTUHOK BiJl aTOMIB (DOJIBI'M Yy 3BOPOTHBOMY HANPSIMKY. 3apsij o-
YaCTUHKU q = 2e, 3apsj siipa aToma 30J10Ta ¢ = 79e. OuiHUTH 3a IMMU TaHUMU
NOPSIIOK BEJIMYMHU pajiiyca aTOMHOTO siipa.

5.3. IligBillleHy Ha HUTI Ta BIAXWJIEHY Bijl BEPTUKaJi Ha KyT 45° KYJIbKY 13
macoro 10 r i 3apsimom 1 MKi BignmycTusiu 1' y MOMEHT NPOXOJI>)KEHHST HAaHU K-
YOro MOJIOKEHHSI YBIMKHYJIM TOPU3OHTAJIbHE TrajibMiBHE €JIEKTpUYHE MoJie 3
Hanpy>xeHicTio 100 B/M. Ha sikuii KyT BiIXUIUTbCS HUTKA MiCJsl IOro?

5.4. TlinBimeHy Ha HUTI U yMillleHY B OAHOPiHE HAMPsIMJICHE IOHU3Y €JIeKTPH-
YHe noJjie KyJbKy 13 Macoro 10 r i 3apsgom 1 MK yTpuMyIOTh y BiIXUJIEHOMY
Ha KyT 60° Biji BepTUKaJIl MOJOKEHH]. [T0TIM KyJIbKYy BiJIIyCKalOTh 1 B MOMEHT
NPOXOKEHHS HAMHMXYO01 TOUKM BUMUKAIOTh MoJie. BigTak KyjbKa BiIXuise€ThCs
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§ 5.2. Pyx 3apsiny B Mar"iTHOMy MoJIi

Ha KyT 90°. 3HalTU HANPY>KEHICTb €JIEKTPUYHOTO MOJISI.

5.5. Ha nyiockuil KOHeHCATOP 13 BiICTaHHIO Mk myactuHamu [ = 5.0 cMm mopia-
I0Th HAMpPYTYy, IO 3MIHIOETHCS 3 YacoM 3a 3akoHoM U = kt, e k = 100 B/c. ¥
MOMEHT 4acy ¢ = 0 Bifl Of[HI€T 3 TUIACTUH MTOYNHAE PyXaTUCh EJIEKTPOH. 3 SIKOIO
IIBUIKICTIO BIH JOCSATHE 1HIIIOT IUIACTUHU?

5.6. BuzHauTe KyT pO3CIIOBaHHS JIJIs YACTUHKHA MACOIO M1 3 €JIEKTPUYHUM 3a-
PSIIOM (, 1110 PYXAETHCSI B €JIEKTPUYHOMY I0OJI1 HEPYXOMOI'O LEHTPY, 1110 Ma€
3apsig Q. HIBUAKICTD YaCTMHKM 10 PO3CIIOBaHHS U 1 3HAYEHHS MPULLIBHOTO
napaMeTtpa b BBaxxaTu BiloMUMH.

5.7. YacTuHKa 3 MATOMUM 3apsiIOM q/M PYXa€TbCS MPSIMOJIIHINHO Mif] Ji€l0
enexkrpuudoro nons E = E, — kx, ne k — pofaTHa nocriiiHa, X — BiCTaHb BiJl
TOUKH, B YACTMHKA 3HAXOJIUJIACh B CTaHi CIIOKOIO B TOYATKOBUI MOMEHT. 3HANTH
BiJICTaHb, SIKY MPOIiie YaCTUHKA [0 3YMUHKH.

5.8. 3HalTH TPAa€KTOPilO PeNSITUBICTCHKOT YACTHHU 0 MA€ 3apsIOM (, TOYATKO-
BY KIHETUYHY eHeprito & 1 NOYaTKOBUM IMIYJIbCOM P, HANPSIMJIIEHUNA B3[JOBXK
oci OX B MOCTIHHOMY OIHOPITHOMY €JIEKTPUYHOMY T0J1i E, 1110 MPOTUIIEKHO OCi
Oy. 3HalTH TPAEKTOPiIO YACTUHKHU.

Pyx 3apsiay B marditTHomy noi

5.9. EnekTpoH, npucKopeHun pizHulleio noTeHmiaiaiB V' = 511 kB, Biitae B
CMYTY NONEPEYHOro OIHOPIIHOrO MarHiTHOro noud 3 iHgykuiero = 500 'c. [Tpu
SIKiil HAMMEHIIIN UPUHI d CMYTH MOJIS €JIEKTPOH He 3MOKe MPOUTH KpPi3b Hel?

5.10. PengTuBicTchbKa YaCTUHKA 3apsIIOM ¢ PYXa€ThCs B MOCTIMHOMY OJIHOPI-
JTHOMY MarHiTHOMY ToJ1i B. 3HallTH 3aKOHU i1 pyXy, a TAKOX PajiiyC i 4aCcTOTy
oOepTaHHsI.

5.11. 3HailT TUTOMUI 3apsif PEISITUBICTCHKOI YACTUHKH, SIKa TIPU MIBUIKOCTI
v = 0.8¢ B nonepeyHoMy OJHOPITHOMY MarHiTHOMY MOJI1 3 1HAyKUie 250 I'c
onucye Koo papiyca 9.1 cm.

5.12. BusnauuTu nepioj oOepTaHHsSl €JEeKTPOHA B MONEPEYHOMY MarHiTHOMY
noJii 3 iHaykiero = 200 I'c, gkio voro kinetnyHa eHeprisdt K = nEy, ne n = 3,
a Ey — eHepris Cnokoro.
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Poznin 5. Pyx 3apsy B €J€KTPOMarHiTHOMY MOJIi

5.13. KoHiuHMI MasSTHUK CKJIQa€ThCs 3 KYJIbKA MUTOMUM 3apsyioM q/m, sika
nifiBillIeHa Ha JOBIiM HUTLI. YK 3MIHUTLCS KyTOBa IMIBUKICTh OOEpTaHHS Masi-
THUKA MiCJIsl YBIMKHEHHSI BEpTUKAIbHOrO MarHiTHOro noJjisi B? B sikomy Bunanky
KYTOBa HIBUAKICTb 301IBIIUTLCS 1 B IKOMY 3MEHIIUTHCS?

5.14. 3 noBepxHi UUITHAPUYHOrO MPOBIIHUKA PajilycoM R, 1O SIKOMY Teue Mo-
CTIMHMIA CTPYM I, BUJTITA€E €JIEKTPOH 3 MOYATKOBOIO MIBUJIKICTIO Uy, NEPICHINKY-
JIIPHO J10 MOBEPXHi MpoBigHuKa. Ha siky MakcuMalibHy BiICTaHb BiIJaTUTHCS
€JIEKTPOH BiJ] OC1 POBiHUKA, NEePII Hi’)K MOBEPHYTH Ha3aJl Mifl i€ MAarHITHOrO
noJist CTpymy?

5.15. (I'pagienTHuMii nperd YaCTUHKU B HEOHOPITHOMY MarHitHomy nosii) Ya-
CTWHKA, TUTOMUM 3apsiIoM ¢/m 3ajitae B 06J1acTb CUJILHOTO MarHiTHOTO MOJIs,
NepreHuKYISPHO 0 CUIOBUX JIiHIN 3 HIBUAKICTIO V. MarHiTHe noJie Hanpsimie-
He B310BX oci Oz 1 cj1ab0 3MIHIOETHCS B3[I0BK 0cl OX 3a 3akOHOM B, = B+ AX,
e A — MO3UTHBHA KOHCTaHTa. B 11boMy BUNAfiKy BUHUKAE Ipend B3AOBXK OCi .
3HaiiTh WBUAKICTb rpafgieHTHOrO pendy. Hamaonte cxeMaTU4uHO TPAEKTO-
Pil0 pPyXy YaCTHHKHU.

.

Pyx 3apsgy B enekTpnyHomMy Ta MarHiTHOMY Nosnsix

5.16. Buznaute KyT O po3citoBaHHS Il YaCTUHKU MacCO0 M 3 eJICKTPUIHUM
3apsIIOM (, O PYXA€EThCS B €JIEKTPUYHOMY T0JIi HEPYXOMOT'O PO3CII0OBAILHOTO
HEHTPY, 110 Mae 3aps Q. [IBuaKICTh YACTUHKY O PO3CIIOBAHHS Uy 1 3HAUEHHS
NPUILTLHOTO MapaMeTpa b BBakaTH BiJOMUMHU.

5.17. Po3riasiHeMO YacCTUHKY TUTOMUM 3apsiioM q/m, 1110 PyXa€eTbCsl B MPUCY-
THOCTI MOCTIMHUX 1 OMTHOPITHUX €JIEKTPOMArHiTHUX MOJIiB, 3aIaHUX Yy BUTJISIII
E = Eye, Ta B = Bye,. B nouarkoBMil MOMEHT YaCTMHKA 3HAXOJUTLCS B CTa-
Hi CIIOKOIO Y MOYATKy KOOPAMHAT. 3HAUTH 3aKOHU PyXy YaCTUHKU. 300pa3iTh
TPAEKTOPIIO YACTUHKYU B IiomuHl xOY nis sunajgkis q < 0 ta g > 0.

5.18. Ilpu gkiil MOYATKOBIN MIBUAKOCTI 3apsiI>KE€HOT YACTUHKU 11 TPAEKTOPis
NpsIMOJTIHINHA MPU PYCi B OPTOrOHAIbHUX €JIEKTPUYHUX 1 MArHITHUX TOJISIX?

5.19. Posp’s3atu 3aa4y 5.17 A1l BUNaiKy, K0 €JIEKTPUUHE MoJie 3MIHIOEThCS

B
3a 3ak0OHOM E = E; cos Qf ey, Jic Q=210__ UMKJIOTPOHHA YacToTa.
mc
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§ 5.3. Pyx 3apsiny B €JIEKTpPUYHOMY Ta MarHiTHOMY IOJISIX

5.20. Po3risiHeMO My4oK i0HiB MUTOMUM 3apsifloM q/m, O PyXa€ThCs BIIITAIOThH
B 00J1aCTh MOCTIMHUX 1 OMHOPIAHUX MapajejbHUX €JEKTPOMArHiTHUX MOJiB,
samanux y urysiii E = Epey, Ta B = Bjey,. 3 IIBUJKICTIO V = Uge€y. Ha Bincrani
[ Big TOuKM MOYATKy KOOPAMHAT 3HAXOAUTHCS MJIOCKUN €KpaH, OPIEHTOBAHUM
neprneHauKyasipHo oci Ox. 3HalTu piBHSIHHS CJIily 10HIB Ha ekpaHi. [Toka3aTu,
o npu z < [ ciijg MmaTume BUTJISIT Tapaboiu.

5.21. YacTtuHKa 3 MATOMUM 3apsioM q/m 3HaXOAUThCs BCepeuHi CoieHoina
KpYIJIOro nepepily Ha BificTaHi r Bij horo oci. B oOMOTIII YBIMKHYJIU CTPyM,
1 iIHIYKI[isl MAarHiTHOrO MOJISI cTasa piBHOWO By. 3HalTH MIBUKICTh YACTUHKY 1
pajilyc KpUBU3HM 11 TPAEKTOPIT, SIKIIO 32 Yac HAPOCTaHHSI CTPYMY B COJIEHOTN] it
3MIILIEHHSIM MOYHa 3HEXTYBATH.

5.22. (Pyx 3apsiy B moJti MOHOIOJIS Ta iioHa) YacTrHKa, sika CTBOPIOE pajiiaibHe
. Gr .
MarHiTHe noje BUNsily B = — HasuBaeTbCst MacHimHum mononosem, a G —
r

MarHiTHUM 3apsif] [IbOr0 MOHOIIOJIS, SKIIO KPIM MarHiTHOTO 3apsiiy, YaCTUHKA
Mage 11e 1 eJeKTPUIHMA 3apsi Q, TO BOHA HA3UBAETHCS OIOHOM.

Bing’emuui 3apsj g Macoro m 3amyCTUIM TaKUM YMHOM, 1110 BiH PyXa€TbCsi
B I0JI€ IIOHA MO KOJIOBiN OpOiTi 3 MOCTIMHO 32 MOTYJIEM MIBUAKICTIO U <K C.
SHalfiITh pajiiyc 1€l opOiTH, Ta BiACTaHb MJIOMIUHNA OpOITH IO MiOHA.

BkaxiTh BEJIMUMHY, IO 30€pIiraroThCs NP PyCl 3apsiay ¢, 3aNUIIITh 1X 111

.. . o d (r A4
PO3NEIAYBAHO1 CUTYAIIll. BxaziBka: Clcopucmaumer sUpaA3OMm E (—) = - -
r r
r(v-r)

3

IIpuckopeHHs1 YACTMHOK B yCTAHOBKAaX

TeopeTuyHi BigoMocTi

BeraTtpoH — HMKIIIYHUI TPUCKOPIOBAY €JIEKTPOHIB 3 (DIKCOBAHOIO PIBHOBAXKHOIO KOJIOBOIO
op6iTO10, NPUCKOPEHHS B IKOMY BiIOYBa€THCS 3a IOMOMOIOK0 BUXPOBOIO €JI€KTPUYHOTO MOJISI.
MarHsiTHe noJie npy LbOMY NEPIEeHANKYISIPHE 10 OpOITH €JIEKTPOHIB 1 3MIHIOETHCS 3 HACOM.

Jnst Toro, o6 eneKTpoHH B 6eTaTpOHi pyXalluCh 10 piBHOBaXKHiN KOJIOBIN OpOiTi pajiiyca
R, HeoO6xinHO, 11106 BUKOHYBANACh HemMampoHHa YMO8A.:

(B(t)) = 2B(R, 1), (5.2)

ne (B (t)) — cepeHE 3HAYEeHHS! 1HIY K11 MarHiTHOTrO MoJisl O IJIO], [0 oOMeeHa opOiTolo,
B(R, t) — 3Ha4yeHHs iHAYKIIii MATHITHOIO MOJISt B TOUKAX HAa PIBHOBaXHiil OpOITi €lEKTPOHIB.

[{uk10TpOH — 11€ MPUCKOPIOBAY 3aPS/IPKEHUX YaCTUHOK (MPOTOHIB, 10HIB), B IKOMY YaCTHH-
KU YTPUMYIOTBCS Ha CIipalIbHINl TPAEKTOPIi B MOCTIMHOMY OTHOPITHOMY MarHiTHOMY IO i
MPUCKOPIOIOTHCS IIBUKO3MIHHUM (PaiouacTOTHUM) €JIEKTPUYHHUM TOJIEM.
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Poznin 5. Pyx 3apsy B €J€KTPOMarHiTHOMY MOJIi

5.23. Bugenith 6eTaTpoHHy YMOBY 5.2. [TokaxxiTh 3a 10MOMOrox O0eTaTpOHHOL
YMOBH, 1[0 HANpPY>KE€HICTb BUXPOBOI'O €JEKTPUYHOrO MOJisi B OETaTpOHI Ma€
EKCTpEeMyM Ha PiBHOBa>KHiil OpOITi.

5.24. 3a gonomororo 6eTaTpOHHOT YMOBHM 5.2 3HAW/IITh pajiyc R KOJIOBOT Tpae-
KTOpIi €JIEKTPOHA, SKIIO 1HAYKIIiSl MArHITHOTO MOJIsl 3MIHIOEThHCS 3 BIICTAHHIO ¥
BiJ] IeHTpa OeTaTpoHa 32 YMOBOIO:

B = B, — kr?,

ne By Ta k — popaTHi MOCTilHI.

5.25. Hapuc. 5.1 300paxkkeHa cxema Mac-crniektpoMeTtpa. Y ioHizaTopi I yTBOpIo-
I0ThCS 10HH, SIKI IPUCKOPIOIOTHCS Hanpyrot V' = 10 kB 1 BXoaaTh yepe3 WIMHy
B MarHiTHe noJje 3 iHgykiieo B = 0.1 T. ITicnst mnoBopoTy 10HU MOTPAIJISIIOTh
Ha hoTorpadivuHy MIacTUHKY P 1 BUKJIMKAIOTH i movyopHiHHs. Ha sikii Bifcrasi,
OIMH Bif oxHOro Gy1yTh mepeGyBati Ha miaTiBii cMyru ionis HT, “H*,°H™,
He™? Skoro nmoBuHHA GyTH IIMPHHA IUTHHY, o6 cMyrd ioHiB '°O" ta PN*
MO>Ha OYJIO pO3LIUTH?

Puc. 5.1. 1o 3apaui 5.25

5.26. Mar"eTpoH CKJIaJa€ThCsl 3 JOBrOro MUJIIHAPUYHOIO aHOJa PajiilyCoM a
1 KOaKCiaJIbHOTO 3 HUM HWJIIHAPUYIHOTO Katofa paaiycoM b (b < a). Ha oci
CUCTEMU € HUTKA 3 CTPYMOM pO3KapeHHsl I,sika CTBOPIOE B HABKOJIUILIHHLOMY
NPOCTOPi MarHiTHe MmoJie. 3HaTH HAMMEHIIy Pi3HUIIIO TOTEHIIIaJliB MiJK KaTOIoM
1 aHOJIOM, TIPH SIKiMl TEPMOEJIEKTPOHH, 1110 3aJIUIIAKTh KaToj 6e3 Mo4aTKoBOT
IBUAKOCTI, TOYHYTh JJOCITaTH aHO/Ia.
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§ 5.3. Pyx 3apsiny B €JIEKTpPUYHOMY Ta MarHiTHOMY IOJISIX

5.27. MarseTpoH 1O CKJIAa€eTbCs 3 HUTKU PO3>KapEHHS PalyCoM d 1 KOAKCI-
aJIbHOTO LUJIIHAPUYHOTO aHOMA PajiiycoM b, siKi 3HAXOASITHCS B OTHOPITHOMY
MarHiTHOMY NOJI1, MapaJieJIbHOMY HUTI. M1>X HUTKOIO 1 aHOJIOM MPUKJIaJIeHa MPU-
CKOpIOtoUa pi3HUIM NoTeHIianiB V. 3HalTu 3HaYeHHS iHTYKI[iT MarHiTHOTO MO,

pU SIKOMY €JIEKTPOHH, 1110 BUJIITAIOTh 3 HYJIbOBOIO MOYATKOBOIO HIBUJIKICTIO 3
HUTKU, OYIyTb JOCSITaTH aHOMA.
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PO34IN1

PensituBicTBbKka enektpoanHamika

MepeTBOpeHHA eNnekKTpUYHUX Ta MarHiTHUX NONiB

TeopeTuyHi BigoMocTi

3aKkoHH JIOPEeHIIBChKI epeTBopeHHst BekTopiB E Ta B:

E.=E, B.,=B,
14 LV
E (E—?BZ)I‘ B;:( +ZE, )r
14 Ve
' — v I — v
EZ_<EZ+CBy)I‘, B ( . )r,

6.1. 3apgmkeHa yaCTUHKA  PyXa€eThCs 31 MIBUKICTIO U & ¢ B JIaOOpaTOPHi
cUCTeMi BillJTiKy. 3HaW/IiTh BEJIMUMHY €JIeKTPUYHOTO i MArHITHOT'O TOJISl YaCTUHKHU
B I[iil CUCTeMi BilJIiKy B IOBUIbHIM TOYI[i IPOCTOPY.

6.2. dAx nosicuoeThcst BuHUKHeHHs1 EPC iHyKIIii B IPOBITHUKY, 1110 PYXa€ThCS
B MarHiTHOMY MOJI1, B CUCTEMI BIJIIKY, 11O MOB’ 13aHa 3 MPOBITHUKOM ?

6.3. SIxuii kpuTepiit TOTO, 110 MOXKE ICHYBaTH Taka CUCTEMa BiJJIiKy, B SKil
eJIeKTpOMarHiTHe mnoJie Oyze abo sIKk CyTO MarHiTHe, abo SIK CYyTO eJIeKTpuyHe?

6.4. SIxio B esikiil cucTeMi BiIJTIKY MOJIe JIMIIE CYyTO eieKTpuuHe abo Juiie
CYTO MarHiTHe, TO SIKy 3arajbHy BJIACTUBICTb Oyji€ MaTu B IbOMY BUNAJIKY eJie-
KTPOMAarHiTHE MoJjie y BCIiX IHIIUX CUCTEMAX BIJIIKY?
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§ 6.1. IlepeTBOpEeHHS €IEKTPUUHUX Ta MArHITHUX MOJIiB

6.5. 3apsp, 1m0 mpoJiiTac NOB3 MarHiTHY CTPLIKY Oy/ie BIUIMBATH HAa HET, OCKUIbKH
HABKOJIO PyXOMOTI'0 3apsjly iCHy€ MarHiTHe 1noJje. Sk MosSiCHUTH SIBUIIIE BIUIUBY
3apsily Ha CTPiJKY BiTHOCHO CHUCTEMU BifJIIKy, B SKid 3apsi/i 3HAXOAUTHCS B
CIOKO1?

6.6. [loBeniTh, 110 PYXOMUI KOJIOBHM CTPYM Ma€ JUIMOJIbHUN €JIeKTPUIHUN
MOMEHT. SIKuil 3B’ 130K MiXX MarHiTHUM MOMEHTOM CTPyMY i MOTO JUMOJbHUM
€JIEKTPUYHUM MOMEHTOM ?

6.7. ]IBa eneKTpoHa 3 OJHAKOBUMHU HIBUIKOCTSIMU U X € PyXalOThCs apaieJIbHO
OJIMH OJTHOMY Ha BIJICTaHl @ OJIVH BiJi OqHOro. B CKUJIbKMU pa3iB BiJIPi3HIETHCS
cuJjia B3aeMOJIiT M’k HUMHU B CUCTEMI BiJIJTiKy, 1110 OB’ si3aHa 3 HUMU Bij] CUJIU B
Ja60paTOPHiN CUCTEMI BIfITTIKY.

6.8. IIBa enekTpoHa 3 OJIHAKOBUMM LIBUKOCTIMU U X C PyXarOThCs Mapasielib-
HO OJIUH OJHOMY MO 00ujiBa OOKMU BiJl HECKIHUEHHOT MO3UTUBHO 3aPSI>KEHOL
IJIOLIMHM HA BIJICTaHi a Bijl Hel. 3apsiau po3MOUIeH] M0 MOBEPXHI MJIOLIAHA
PIBHOMIPHO 3 JiesikOt0 rycTuHO0. [Ipu sIKiil rycTUHI BificTaHb MK €JIeKTPOHAMHU
3aJIUIIATUMEThCSl TOCTIMHOIO 1 piBHOIO 2a?

6.9. HeckinueHHO 3apsiPkeHa HUTKA Ma€ TyCTUHY 3apsiy 0. 3HAUTU I'YCTUHY
3apsiiB Ta TYCTUHY CTPYMY HUTKH BIJHOCHO CUCTEMHM BIJIJIIKY, IO PYXAEThCS
B3JJOBX HUTKU 3 MBUAKICTIO V.

6.10. ITo HeckiHYEHHO TOBroMy MPOBIIHUKY T€Ue CTPYM I'YCTUHOIO j. 3HAUTHU
TYCTHHY 3apsiB Ta I'YyCTUHY CTPyMY HUTKHM BIJTHOCHO CUCTEMU BIJIIKY, IO
PYXa€EThCS B3JOBXK HUTKU 3 WBUAKICTIO V (j 11 V).

6.11. 3HaiTV CKAISIPHUN Ta BEKTOPHUN MOTEHIIiaJl 3apsPKeHOT YaCTUHKH, 110
pYXa€eThCsl B 1aOOpaTOPHiN CUCTEMI BiIJIIKY 3 HIBUJKICTIO U & C.
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PO34IN

KBa3icTauioHapHi cTpy-
MW B €/1IeKTPUYHUX KoJiax

MepexigHi npouecn B eneKTpMYHNX Konax

r

7.1. 3HalTH 3aKOH 3MiHM B Yaci CTpyMy, SIKU Teue yepe3 iHIyKTUBHICTb L B
cxeMoto (puc. 7.1) micist 3aMUKaHHS Kiitoya B MOMEHT ¢ = 0.

7.2. Y cxemi (puc. 7.2) Binomi EPC &€ mxepena, omip R 1 1HIyKTUBHOCT1 KOTYILIOK
L; 1 L,. BHyTpiluHIM OMOPOM JIPKEPEJIA 1 OMIOPOM KOTYIIIOK MOKHA 3HEXTYBATH.
3HalTU CTPYMHU, SIKi BCTAHOBJISITHCS B KOTYIIKAX MIiCJIsl 3aMUKaHHS KJIIOYa.

L,
[ Lz
& I L e 1
R %‘9 R
e W
Puc. 7.1. o 3apmaui 7.1 Puc. 7.2. 1o 3apaui 7.2

7.3. Y xoui, 300paxkeHomy Ha puc. 7.3, EPC 6arapei € = 100 B, onopu pe3i-
ctopiB R; = 10 OM i R 2 = 6 Owm, a emHOCTI1 KOHAeHcaTopiB C; = 60 MK®D i
C; = 100 Mx®. Y noyaTKOBOMY CTaHi KJII04 PO3IMKHEHHH, a KOHIEHCATOPH HE
3apsikeHi. Uepes iesikuil yac micysl 3aMUKaHHS KJTI04Ya B CUCTEMI BCTAHOBUTbHCS
piBHOBara. lka KiIbKICTh TEIJIOTH BUJUIATHCS B KOJII 32 YaC BCTAHOBJICHHS
piBHOBaru?

7.4. Y cxemi Ha puc. 7.4 micisi BCTAHOBJIEHHS] CTPYMIB MUTTEBO MEPEKUIAIOTH
KJTIOY 3 TIOJIOXKEeHHS 1 B moyioxkeHHs1 2. BBaxkaroun KoTyuiku Ly i L, iieaibHUMH,
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§ 7.2. BuIbHI KOJIMBaHHS B €JIEKTPUYHUX KOJIaxX

BU3HAUTE KIJIbKICTh TEIUIOTH, IO BUALIUTHCS Ha pe3uctopi R. EPC mxkepena
cTpymy &, a BHYTpIlIHIN oMip 7.

R, 2
C, 1 L,
& —( R, C, T E—r R L,
Puc. 7.3. o 3apgaui 7.3 Puc. 7.4. 1o 3apaui 7.4

BinbHi konuBanHsa B enekTpnyHux Konax

7.5. 3HaiTu MakcUMalbHUI CTPYM B KOJi (puc 7.5) i MakcuMasbHy Hampyra
Ha KOHJICHCATOPI MICJsl 3aMUKAHHS KJI0Ya. AKTUBHUM OIOPOM KOJIa MO>KHA
3HEXTYBATH.

L

1
LT

Puc. 7.5. lo 3apmaui 7.5

& c

7.6. KonuBajibHUII KOHTYP MIiCTUTh iHIYKTHBHICTb 1 €MHICTh. B feskuii Mo-
MEHT 4acy 3 KOHJIEHCATOpa WBHUKO BUTSTYIOTh IJIACTUHY 3 M1EJEKTPUUHOIO
MPOHUKHICTIO €. YIK 3MIHUTBCS YaCTOTa KOJIMBaHb KOHTYPY? Y CKUIbKM pa3iB
3MIHSITbCSl MAKCUMAJIbHI BEJIMUMHU 3apsily Ha KOHIEHCATOP1 1 CTpyMYy B KOTYIIII],
SIKIIIO TJTACTUHY BUTSTYIOTH B MOMEHT, KOJIH 3apsij] Ha KOHJIEHCATOpi a) BiCYTHIl
0) MaKCHUMaJILHHN?

7.7. 3HaiT 4aCTOTH 3racalouux KOJUBaHb KOHTYPY, SIKUW MOKa3aHUU MOKa-
3aHoOro Ha puc 7.6. €EmHicTh C, iIHIyKTUBHICTb L 1 akTUBHUU onip R BBa)katu
BiJOMHUMH.

7.8. BucokonoOpoTHUI KOJMMBAIbHUN KOHTYP (puc. 7.7) BKIIIOYAE IBi MOCIiIOB-
HO 3’ €[JHaH1 KOTYIIKH 3 IHAYKTUBHOCTSIMU Lq 1 L,. ITicng Toro, sik KoTymky L,
3aMUKaIOTh HAKOPOTKO, YaCTOTA BJIACHUX KOJIMBAaHb KOHTYPY HE 3MIHIOEThCS.
BusHaunTi KoeilieHT B3a€EMHOT THAYKIIIT .
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Posznin 7. KBasicTalioHapHi CTpyMH B €JIEKTPUYHUX KOJIaX

7.9. Bu3HauuTH 4aCTOTU BUIbLHUX KOJIUBaHb y ABOX IHIYKTUBHO 3B’ SI3aHUX KOH-
Typax, CXeMa SIKux nojgana Ha puc. 7.8. Koe@iuieHT B3aeMHOT IHIYKIIiT KOHTY-

piB le.
L,
L - C T = —=C L L, C,—F/
L,
Puc. 7.6. o 3apmaui 7.7 Puc. 7.7. Jo 3amaui 7.8 Puc. 7.8. o 3apmaui 7.9
BumylwieHni konueBaHHa B enekTpnyHux konax. Pe3soHnaHc
Enement R % C L
Imnenanc, Z R L icwL
iwC

PesynbraTi, oTpuMaHi popMabHIM 3acTOCyBaHHSIM npaBul Kipxroda st mocTidiHuX CTpy-
MiB, B KOMIUIEKCHIN opMi 36epicaiomb 6u2aso i 0458 6CIMAHOBAEHUX K8AZICMAYIOHAPHUX 2APMO-
HiuHux cmpymis. [lepwe npasuno Kipxeogha: anreObpaiyHa cyma KOMIJIEKCHUX CTPYMIB y BY3J11
JOPIBHIOE HYJIIO:

> I;=0 (7.1)

Hpyze npasuno Kipxeogha: cyma cniafiiB Hanpyr I;Z;y KOHTYpi JOPIBHIOE CyMi €JIeKTPOpPYIIIiii-
HUX CWJI, SIK1 IIIOTh y IIbOMY KOHTYPI:

i J

CepenHsi NOTYXHICTb, IO BUALISIETHCSI Y BUTTISAIL TEIUIOTH (MOTYHICTh BTPAT) 3a Mepioj] BU3HA-
YaETHCH SIK:

(P) = %VOIO cos @, (7.3)

ne Vi ta Iy — aMIutiTyHi 3HaYeHHS! CUJIM HAINIPYTU Ta CTPyMY B KOJi, ¢ — 3CyB (ha3 Mixk
HAIpyrorw Ta CTPYMOM.
[Tory>xHicTb BTpaT 3a Nepiof] BUpaXXeHa yepe3 aMIUITYy CTPyMY:

(P) = 3I3ReZ, (7.4)

ne Iy — ammuityga cTpyMy B eJIeKTPUYHOMY KoJji, ReZ —jiiicHa yacTiHa KOMITJIEKCHOTO
iMnegancy kojia Z.
Bennunnun

Ve = (7.5)

Sl
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§ 7.3. BuMy1iieH1 KOJIMBaHHS B €JIEKTPUYHUX KoJlax. PesoHanc

V2

HasuBarotbcst 1ifounMy 3HaUYE€HHSIMUA HAMPYTH Ta CUJTU CTPYyMY.

Pe3onanc. IIpaBuna Kipxroga ajist 3MiHHOTO cTPpyMy

r

7.10. Tloka3aTw, 110 MPU PE30HAHCI B KOHTYpa 3 MaJIUM 3aracaHHsIM aMIUTITy1a
HANpyry Ha KOHJIEHCATOPi BU3HAYAETHCS (DOPMYIIOIO:

Vo = Qb

ne Q — noOpOTHICTb KOHTYpa 1 1) — aMIuIiTyja Hanpyru reHeparopa mijgKJo-
YEHOro JJO KOHTYpa.

7.11. TlocninoBHe RL-K0J0 Mif’ €HAHO IO TeHepaTopa CUHYCOTNalIbHOT HAMPYTH,
YacTOTY SIKOT MO>KHA 3MiHIOBATU NPU HE3MIHHIN aMIUTITY/li. 3HAWTH 4acTOTY @,
NpU SIKiM aMIUTITy/la CUJIM CTPYMY B KOHTYPi OyjJie MaKCUMaJIbHOIO.

7.12. IloBeniTh, 0 B nociifoBHoMy RLC-koi Hanpyra Ha LC-guIsiHI TIpU
pe30HaHC1 JOPiBHIOE HYIIO. KOTYIIIKY Ta KOHIEHCATOP BBaXKaTH 11eJIbHUMU.

7.13. Konpencatop 100 Mx® Ta pe3uctop 30 Om 3’€lHaHi MOCIiJOBHO 1 YBi-
MKHEHi B OCBITVIIOBaJIbHY MepesKy. 3HalTu iMIiefaHc KoJyia Z Ta 3CcyB (a3 ¢
MDK CTPYMOM Y KOJIi Ta Hanpyroto Mepexi. Bunepemkae uu Bijicrae 3a (a3oro
CTPYM Bij] Hanpyru B Mepesxi? 300pa3uTu npulIM3Hy BEKTOPHY Alarpamy KoJja i
nokKaszaTu Ha Hill (pa30BUM KYT.

7.14. B ocBIT/IIOBaJIbHY MEpEXy 3 Jiifouoto Hanpyroto 220 B i yacroroto 50 '
napajieJibHO YBIMKHYJIM KOTYUIKY 3 1HAYKTUBHICTIO 95.5 MI'H 1 pe3uctop 40 Om.
[ToOGynyBaTu BEKTOpHY fiarpamy Ta 3HAUTH IMIIEaHC KOJIa.

7.15. YacroTa 3MIHHOT HaNIpyTr y KOHTYp1 pjOpa>keHOMY Ha puc. 7.9 NOpiBHIOE
W = —. SIK 3aJIeXXUTh CTPYM, IO TE€UYE Yepe3 aMIIePMETP, BijJ] ONOPY peocTara
R?

ﬁH
Q

7.16. 3HaupiTh CTPYM B KOJIi, sike 300paxkeHe Ha puc. 7.10, sikio EPC mxepena
3MIHIOETHCS 32 3aKOHOM &€ = & cos wt. YoMy Oyjie TOpiBHIOBATU CTPYM, SIKILIO
KOTYUIKA MaTUMYThb B3aEMHY 1HIYKTUBHICTb M?
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Posznin 7. KBasicTalioHapHi CTpyMH B €JIEKTPUYHUX KOJIaX

L
e(™) )
||
RH

Puc. 7.9. o 3apgaui 7.15

7.17. B ko, 300paxxeHomy Ha puc. 7.11, mie mxepeno 3miHHOT EPC & =
&y cos wt. [lpu IKuX yMOBax CTPyM B KOJIi He 3aJIeKUTh Bijf 4acToTh? 3HAUITH
pizanLio a3 mixk EPC ta Hanpyroto Ha kiHisx RC-napu 3a 1ux yMoB.

7.18. 3HanTh yMOBY, NpH SIKiil B cXxeMi puc. 7.12 cTpym, 110 NpOTiKae yepe3
niesike HaBaHTaXXEHHS Z, He Oyjie 3a/ie’KaTy Bijl HbOTO.

Puc. 7.10. 1o 3agau4i 7.16 Puc. 7.11. 1o 3agaui 7.17 Puc. 7.12. 1o 3agau4i 7.18

7.19. B xoui, 306paxeHoMy Ha puc. 7.14, ie 3minna EPC € = & cos? wt. BusHa-

YUTHU CTpyMU I; Ta I, SIKIIO MapaMeTpu KoJia 3a/I0BOJIbHSIIOTh CIiBBiJHOIICHHIO
1

w? = —.

4LC

7.20. Tlapametpu R i C cxemu (puc. 7.13) 3amani. [Ipu sikiit 4acTOTi w BUXigHA
Hanpyra V,, 6yae 3HaxoauTbcs B (asi i3 BXigHoro Hanpyroto Vi, ? dxum npu
oMy Oyjie BITHOIIEHHSI aMILTITyau Hanpyr V, ta Vi,?

Eneprisi Ta OTyKHiCTh B KOJIaX 3MIHHOT'0 CTPyMY

r

7.21. Crnosay4eHi NOC/IiJOBHO KOTYyIIKa 3 IHAYKTUBHICTIO 100 MI'H 1 pe3uctop
Ry = 20 Om nigkmoveHi 1o redeparopa 3 Hanpyroto 100 B 1 gactororo 400 paj/c.
3HalTH aKTUBHUU OMIip KOTYIIKH, SIKIIO Jif04a CUjia CTPyMYy B KOJIi JOPiBHIOE
2 A
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§ 7.3. BuMy1iieH1 KOJIMBaHHS B €JIEKTPUYHUX KoJlax. PesoHanc

——3
R
R, L
e
L, R
Puc. 7.13. 1o 3apaui 7.20 Puc. 7.14. 1o 3apmaui 7.19

7.22. Ha nocniioBHE KOJIO, 110 CKJIAAa€Thes 3 KoHaeHcaTtopa 40 Mk®, KoTyliku
1IHayKTUBHOCTI 1.0 MI'H Ta pe3ucropa 25 OM, NOJaHo Biji reHepaTopa 3MIHHY
HANpyTY i3 Aitounm 3HaueHHsM 2.0 B i kososoro yactororo 5-103 ¢, 3uaiitu am-
IUTITYAY CTPyMY, CIIOKMBAHY KOJIOM MOTY>KHICTb, 1 3CYB (pa3 Mi>K KOJIMBAHHSIMU
CTPyMYy Ta Halpyru reHepaTopa.

7.23. Ha 3’epnani nociigoBHO KoHfaeHcaTtop 200 MK® Ta pesuctop 15.2 Om
nopaHo Aitody Hanpyry 220 B nmpomucnoBoi yactotu 50 I'i. 3HaiTu mitoue
3HAYEHHS CTPYMY B KOJI1 Ta CIIOKUBAaHY HUM MOTY>KHICTb.

7.24. AKTUBHUI OMip KOJUBAJIBLHOTrO KOHTYpa R = 0.33 Om. SKy NOTY>XKHICTh
CIIOKMBAE KOHTYP, SIKILIO B HhOMY BiJOYBaIOTbCSl HE3racaroyi KOJMBAHHS 3 aM-
IUTITYI0K0 CUJIA CTPyMY o = 30 MA.

7.25. B konauBaibHUI KOHTYp MOCi0BHO BKJItoYeHa 3MiHHa EPC. O6uucnutu
NOOPOTHICTh KOHTYpPA, SIKIIO MPU PE30HAHCI HANpyra Ha KOHJEHCATOP1 B 7) pa3iB
OinbIla, HI’K Ha IHKepelli.

7.26. KonuBaabHUN KOHTYP CKIIAJAEThCS 3 KOHAeHcaTopa eMHOCTI 100 nd i
KOTYWIKH 3 1HAYKTUBHICTIO 80 MKI'H Ta akTuBHMM onopom 0,5 OM. Busnauutu
MNOTY>KHICTb, SIKY CHOXHWBA€ KOHTYP, SIKIIO B HbOMY MIiITPUMYIOTHCS BJIACHI
He3racaroyi KOJMBaHHS 3 aMIUTITYJOI0 HAapyru Ha KoHjieHcaTopi Vy = 4 B.

7.27. KoauBajibHUI KOHTYP 3 MaJIUM 3aracaHHsIM Ma€ iHAyKTUBHICTb L 1 EMHICTb
C. [lns nigTpMaHHSI B HbOMY He3aracaloumx KOJIMBaHb 3 aMILTITYI0I0 CTPyMY
I, BUTpayvaeTbcs NOTYXKHICTh P. 3HalTH TOOGPOTHICTH KOHTYpA.

7.28. KonuBaibHUI KOHTYP 3 MQJIUM OTIOPOM CKJIQIA€ThCS 3 KOTYIIKU iHAYKTUB-
HocTi L 1 koHpeHcaropa C. I{ns niiTpiMaHHsl B HbOMY HE3aracalounux KOJUBaHb 3
aMILTITY/IOI0 HAlIPYT¥ Ha KOHJIeHcaTopi 1 BUTpavyaeThCsl NOTY>KHICTh P. 3HanTu
NOOPOTHICTh KOHTYpA.
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Posznin 7. KBasicTalioHapHi CTpyMH B €JIEKTPUYHUX KOJIaX

7.29. Ha 3’egnan1 nociiioBHO pe3uctop R = 0.5 OM, KOTYLIKY 1HIYKTUBHOCTI
L = 4.0 mI'a 1 kongencarop C = 200 Mk® nojaHo 3MiHHY HANpyry 3 AiI0YUM
3HayeHHsM 11.2 B i yactororo 1000 paj/c. 3HalTu JIi0Uy HANPYTy HA KOXKHOMY
€JIEMEHTI KoJ1a.

MocToBi cxeMu

r

7.30. Ilpu sskoMy CHIBBITHOLLIEHHI M) ITapaMeTpaMH MOCTa, 300pa>KEHOT0 Ha
puc. 7.15, Hanpyra Ha MOTO BUXOJIi 3HAXOAUTHCS B (Da3i 3 BXiIHOIO HAMPYTOO
V =V, cos wt. BU3HauuTH Npy bOMY aMIUIITYly HAapPyry Ha BUXOJI].

7.31. 3HaiTH yMOBH, NPU SIKMX MiCT 300pa>keHui Ha puc. 7.16, Oyne 36anaH-
coBanmii (To6To V,, = 0 npu nojadi Ha Horo BXij nepioguynoi Hanpyru Vi, (t)
Oy/b-sIKO1 (pOpMH.

o 7S o .

R, G
L C /\
AV o NU © AV /\ o o
R, R, C
L R
Puc. 7.15. o 3apaui 7.30 Puc. 7.16. o 3agaui 7.31

7.32. Jlo mxepena i3 nitounM 3HaueHHsIM Hanpyru U = 100 B npuennanu pe-
aJbHY KOTYIIKY, iMriegaHc sikoi Z = 50 Owm, a ingykTuBHU# omip X; = 30 Owm.
Slka MOTY>KHICTh BUIUISTUMETBLCS B KOJIi. 3HAWIITh 3CyB (Pa3 Mi>k CTPyMOM Ta
HaIpyroko.

7.33. 3HaifiTh iMIelaHC HEeCKIHYEHHOTO KOoJa, oKa3aHoro Ha puc. 7.17. Pos-
. 1
[JISSHbTE BUMNAJOK KoM Z; = iwL, Z, = — 3a SIKKUX YacTOT KOJIO He Oyje
L
CIO>KUBATHU MOTYKHICTh Bif xKepesa?

7.34. 3HaidTu CUIly B3aEMOJIiT HA OJMHULIIO JOBXKUHU MiX MapajeIbHUMH Mpo-
BiJIHUKAMM, MO SIKUM T€UyTh FaPMOHIYHI CTpyMH aMIutiTyamu I; Ta I, 31 3cyBoMm
(a3 ¢, 110 3HAXOIATLC Ha BiJICTaHI1 ¥ OIUH Bif] OJJHOTO.
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§ 7.3. BuMy1iieH1 KOJIMBaHHS B €JIEKTPUYHUX KoJlax. PesoHanc

Z,/2 Z Z

Puc. 7.17. o 3apmaui 7.33

Enextpuuni ginbTpu

7.35. 3HaiTH 4acTOTHU NMponyckaHHs (IbTPiB, 300paxkeHnX Ha puc. 7.18a, 7.180
Ta 7.18B.

L L C C L ¢ C©
— MTW
2L
c L
| T*

(6) (B)
Puc. 7.18. 1o 3agaui 7.35

(a)
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Bignosiayi

Enektpocratuka
4E.E
1.1. E=——2—.
(WE1+VER)?
14. E= 2
r

1.5. EZ=27TO’<1— = )

VR2422
1.6. E, = 27o.
1.7. E, = no.
1.8. E = 2\/571’0’
_ 7T_/10_ _ 7T/10R2
19. a) E = = 0) E = —(22+R2)3/2.

r r . o . .
1.10. E = 270~ — 2do—, fie ¥ — pajiiyC-BEKTOp MPOBECHMUI Bifl OCI
r r
CUMETpIl U[iIJIMHUA B TOYKY CIIOCTEPEKEHHSI.

1.11. E= gnRa
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Bignosini no po3ainy 1. Enexrpocraruka

1.12. E, = 7o.
2oz
113. E, = Toons
1.14. E, = 27o.
rr’c ) i .
1.15. E = — s T € T — pajllyCc-BEKTOP 3 M0YATKOM Yy LIEHTPI BUPI3aHOTrO

OTBOPY 1 KIHIIEM y LIEHTp1 cepu.

1.16. ® = 7lA

1.17. ® = 27AR.

. T . .
1.18. ITotik uyepe3 kyO @ = S4- [ToTik yepes rpati, O CXOASATHCS Y BEpILIU-
Hi, B sIKiil po3TamoBanuil 3apsjg ®; = &, = &; = 0, noTik yepe3 iHiIi rpaHi

cI’4=CI’5=CI)6=§CI-

l
1.19. & = 27q (1 _ m)

27pr
2mPR?

1.21. E =

7

47rp

—r
P 3

47pR3

L 3r2

1.22. E = ;

1.23. E = 2mpl, ne 1 — BekTop, MpoBefeHUN Bij LIEHTPY IWITIHIPA A0
IECHTPY MOPOKHUHH.

1.24. E = 4?ﬂpl, ne 1 — BekTop, MpoBeieHNH Bijl EHTPY KYJIi 10 LEHTPY
MOPO>KHUHMU.
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Bignosigi

1.25. q = 2maR?

1.26. E—r—r[21+ (1+ )]exp(—%) Ilpn r < a, E—r— npu r > a,
p(-3)

1.28. E, =28
2z3

1.29. vV = Zoqp3,
E;

Plpz

1.30. a) F = le 2, mMnoJli BiIUTOBXYIOThCS, 0) F =
P1P2

, TUTIOJ npu-
Plpz

TITYIOThCS, B) F = , QUIOJI1 MPUTSTYIOThCS, T) F = , ITUTIOJI1

BiIH_HTOBX}’I-OTbCSI.

1.31. BkaziBka: Cuna, 110 Jli€ HA AUMOJb B HEOAHOPIITHOMY MarHiTHOMY
noJii Bu3HavaeTbes 3a opmysoro F = (p - V)E, a MomernT cumu M =
[p X E] + [r X F].

a)F=0,M=i—j[pxr], 6)F=2:1—ZP,M=0,B)F=2;1—ZP,M=O.

2 2p? o .
1.33. M; = —%, M, = —%. OO0epTOBUU MOMEHT, IO JIi€ HA CUCTEMY

JIOPIBHIOE HYJIIO.

_ 3 __ 3 (Eor) _3 2
1.34. P = EoR , 0= 47_[_, Q = 4E0R
1.35 F= 6E3RS : 6) F = 3EZRS .

35. a) F = 4> KYJI NPATSATYIOThCS, ) F = , KyJli BIIIUTOBXYIO-
ThCSI.
1.38. 2 =
P2

1.43. ¢ = —E -r, ie r — pajiilyC BEKTOp JIOBUIBHOI TOYKH MOJISI.

2
1.44. ¢ = % + % <§> (1 —3cos?0)
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2

145. Ap =211 .

1+(5)

1.46. ¢ =270 (\/ R?2 + z2 — z).

1.48. ¢ = —gnR(a - T).

1.56. Tak. BinnoBinb oOOIpyHTOBYETBHCS 32 JONOMOrow Teopemu ['ayca ta
TEOpeMH MPO LUPKYIISIIIO.

1.60.

( 2

) cmR’ I’<R,

a) @ = A9 2 s
an’R’ >R
L r
z7T,0(3R2—r2), r <R,

6)¢=<2R3 )
T B, r >R
(. 3 r

1(1-2), rer
B) ¢ = R/ ’
L—2/11n£, r>R

b

—2mpz?, 1z| < a,
]") go = A

Lzﬂpa(a_zlzl)a |Z| >a

1.61.

§
0, —oco<x<-—-a

2mpo(x + a)?, —a<x<0,

—27po(x — a)® + 4mppa®, 0<x <a,

47mppa?, a < x < oo,
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i

0, —oc0o<x<-—-a
E—. —4mpg(x+a), —a<x<0,
4pg(x —a), 0<x<a,
0, a<x<oo,
r47ta In &, r <R,

R,

1.62. §0(")=*47ra[(1—&)+1n%], R, <r<R,

r

R,—R
47l'a#,

r >R,
\ r

1.63. E = %(eaR —~1).

1.64. p=2.

T or

1.65. Posnopin 3apspiB 3Haugemo 3 piBHsHHS [lyaccoHa:
Ap = —4rmp.

Posnumemo

A§0=V'V§0=V-V(%e_§):
=V. (gVe_g + e‘§v9> =
r r
=V (g) Ve + gAe_£ + Ve av (g) +eTaA (g) _
q q q

= ¢ aA (;) + 2V<;> Vea + ;Ae‘ﬁ -

r

_ ae“
= —47rqd(r) + 27

CrniBcTaBnsi0uM OCTaHHIN BUpa3 3 piBHIHHSIM [lyaccoHa, 3HAlEMO pO3MOLT
3apsy:

r

q € ¢
4ra? r
3BIKM BUJIHO, 110 €KPAHOBAHUU KYJIOHIBCHKHMU MOTEHIIial CTBOPIOETHCS

TOYKOBUM 3apdaaOoM, HABKOJIO AKOI'O pO3HOJ1iJIeHa «XMapa» CJICKTPUYIHOI'O 3a-

p=qé(r)—

b
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psny. Takuid XapakTep po3Mojily 3yCTpiyaeTbCsl, HANPUKIIAJ, B €JIEKTPOJIiTaX,
abo mia3mi.

2

1.66. p = 4ie—br npu r # 0. Q = 0.

e
r

1.67. p;, = po (1 - é), npu r < R, p,, =0, ipu r > R.

1 1 kK -2
1.68. o|,._,=0,0,_,= —3—nkd3 =X 3
174 p=34+ 2.
175 p= 14 %.
_ _ 1+Q2 _ Ry _ R,
L76. 1 =0y =22 01 = Qi+ Q)0 2 = (Q + Q).
_ _oRRR . _ _gRREK
1.77- ql - QRZ—RI R ) q2 Rz—Rl R
(
R, R,
178, p(r)=1L24+4 R <r<R,
Rz r
q1+q>2
LT’ r 2 R2
1 1 1
1.79. ¢=q(;—R—1+R—2)

1.80. q= Q(— _ 1)
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0, r <R
Ol. g1 = —Q-——" —, @ = —q1, £(F) = {
R3—R1 Rz Q+2q1 R2 <r< R3
r
Q
kﬁ’ r > R3
)
@y 2 . R,
R, R, Rs
@, @ R o<r<R,
go(l’) = JFr R> R .
%, R, <r<R;
Q
L?’ r > R3
R1(R3—R;) R3(Ry—Ry)
1.82. g, = —QRB=RD) o _ (RsRo-Ry)
N =~ ®ry 2~ mry)
1.83. Ap = %(d2 —d)).
1.85. Qp=“C2, Qp=—Q.
_ _Qdy—d; _
1.86. Q; = 2 drds” Q, = —0Q.
__Q _Q
187. Q=-2,0:=2.
_ % _ £S5 9 , &S
1.88. Q, = 2 4nd’ Qs 2 4nd
2ES+47Q(dy—d;)
1.89. Q, = — Sﬂ(’;ﬁdzz) =, Q= —Q.
1.90. a) q', 6) —q.
R3
191. p= =4
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2R ’Rb
192, F=Ho 12 99
b2 + b3 (b2—R2)2
1.93. = — da . = — 9a R — qa_‘im)'
%a 47a? % 47b2 IR 47TR2
’Rb b 1 2R3(2b%—R?
1.94. a) F = TR G)F:qu(___>, p) F = 49 _ LR -RY
(b2—R2)2 (b2—-R2)2 b3 b2 b3(b2—R2)2
gqRa

1.95. F = TR Ao kyJo Oyjae He3a3eMIIEHOI0, pe3yJIbTaT He

3MiHUTHCS. Cua B3aEMOJIIT HE 3aJIeKUTDh Bifl 3apsiny KYJIi.

1.96. 0., = -1 o . =——2 Tlicng 3asemnenns ¢, = ——, 5., = 0.
M ygmp2’ OUL 4rrr2 M ygmp2’ O

2
198. F=—2
R(1-r%/R?)
3p’R3 i
1.99. F = , B3aEMOJIisl — TPUTSTYBaHHS.
b7

1.100. 3rigHo merony 300pakeHb, METaJeBa KyJisl CTBOPIOE 3apsifl-

300pakeHHs1 dq’' elleMeHTa MOBEepXHi JIMCKA, Ha SIKOMY MIiCTHTBLCS 3apsijl

dq =o0dS, ne g = %. Bennuuny 3apsiiy-300pakeHHs (3apsjl KyJii) MOXKHa
TT.

, R
q = /rcrdS.

It iHTerpyBaHHsl, 3py4YHO CKOPUCTATUCHh €JIEMEHTOM TiJIECHOTO KyTa, Iif
SIKUM BUJIHO €JIEMEHT JIUCKa 3 LeHTpy chepu:

3HAUTHU SK:

_dScosf

d0 = =5

Otxe
7/4

q = —27R? / Csm@ do = —2(\/5 —1)q.

0s2 6

0

1101 =24+ 2 42
r ry R
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2
1.104. a) E = £27P, 6) E = —27P (%) , B) BEJIMUMHY 1 HAMPSIMOK MOJISI Ha

MNOBEpPXHi LUIiHApa NOOIKU3Y MOro IeHTpa NpUuOIU3HO AOPIBHIOE MOJI0 B MOr0O
uentpi. E4 = 47P, P

1.105. Ilose 30BHI E = ZﬂP%, nosue B cepeauHi E = —27P (2 - %). Inny-
KIlisl 30BHI Ta B cepefuHi D = ZﬂP%.

1.107. a) $ EdS = E;ElﬂRzEO cos 6, 6) ¢ Ddr = — (¢ — 1) IE, sin 6.
S T

1.108. e,tg6; =¢;tgb,, ne 6, Ta 6, — KyTU Mi’k HOPMAJLITIO 10 MOBEPXHI Ta
CUJIOBUMH JIIHISIMUA B J1€JIEKTPUKY 1 Ta 2, BINOBIJHO.

l
1.109. E = —47P (1 _ m)

1.110. E = —27P—"

VaRz412”
1.111.
~Zp, r<R
E = 3
ar 3 (P 3(Pr)r
3R <r3+ v ), r > R.

—4rar, <R
1.112. A =0, D =0 y Bcromy npocropi, E = rd d

0, r >R

1.113. E, = 47ZP§, E, = 47TP<1 _ g) D, =D, = E,.

1.114. 3apsau Ha MOBEPXHI KYJIl, KA 3HAXOOUTHCS YV BaKyyMl 07 = ,
pAn p y H y Yy 1= iRG+D)

Ha TTOBEPXHI 0 3aHypeHa B JIeJEeKTPUK — 0, = € .
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1 )
Puc. 19. Kaptuna niniii Bexktopa E Puc. 20. Kaptuna niniii Bektopa D
2g1 qr .
2 g 2 qr —> B JiesnexTpuky 1
1.115. ¢ = = E= L p=Jatar
g1+ey ¥ g1+ey 13 2e, qr .
—, B JIICJICKTPUKY 2
g1+ey 13

1.116. V Bunajaky mapaelbHOro 3allOBHEHHS 10 OOKJIAIOK: a) 3a MOCTIMHOL
2e

2 2¢ .o
"Hanpyrun £, = —E,, E, = —E,, D = D, = —E,; 0) 3a NOCTIMHOI'O
pyru By = —kEo, By = —Fo, Dy 2 = —Eo; 0)
sapsigy E; = Ey, E, = —, D; = D, = E,. VY Bunajxy nepreHgyuKyJIsipHO

€
3aMoOBHEHHS 10 OOKJIAoK: a) 3a nocrinHoi Hanpyru E; = E, = E,, D; = E,

o 2 2
D, = €Dy; 0) 3a nocriunoro 3apsiny E; = E, = :EO, D, = :EO, D, = ¢D;.
€ €

—E r <R
e-1 0> = 3 e=1Egr
LI7. p=—RE B=1 92 0 o 0=
EO + + s r >R
- 1o —Eq, r<R
1.118. p=<—R%E,, P = B0 E= c+2 :
<2 4T ot2 3
EO + + s r >R
¥ (E,-r), r<R

1119, p= ST R3E, o= cet2e

2

€j+2e T

fite —(Eo-r)+lr)—3, r>R
3¢,

E,, r<R
E = €i+ZEe 0 - g = 3 &i—& E.
E + + 3(pr)r r> R’ AT €j42€, T
0 ’
5

1.120. ¢’ = 1.06 - 10~8 K/cm?.
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1 e-1¢gr 1 -1
1.121. P()= —F o/ =0, 0/ = ——224
47T ¢ 7'3 47T € RZ
/ _ 8_1 12 _ 8—1
1.122. puyrp = _qT’ Q3080 = qT
-1
1.123. p' = —p—
&
1 1
1.124. o’ = 2 (_ _ _)
1125, F=-2"% 4
) ) (Ez+$1)81 4d2 )
1126 F=_59"%2 @ . 2 &% p_ &6 @ 2 ¢
. C (e1+e2)e14d?  ertep 4d2’ 2 (e14€2)e2 4d2  g1+ey 4d2
1.127. ¢ = —Eq—d, ie X — KOOpJIMHATA B3IOBX MEXXi po3/iny,
e+1 (x2+h2)3/2
y &1
= £+1q'

1.134. 306inbmmThed B 1.5 pasm.

1.135. C ~ 70 cwm.
2
1.136. C = 2
R,—R;
1.137. C ~ Rk
) ) R1+R2.
1.138. ¢ = ke (1 + 5;19)_
R—R; 47
2
1.139. Cc = 2R
Ry—Ry
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-1
1/1 1 1 (1 1 , )
1.140. C = [— (— — —) + — (— — —)] , 3B’s13aH1 3apsiid 3HAXOMASThCS Ha
€1 Rl R & R R2
. ' q &-1 _, q &—-1 _, q &1—¢&
TpaHULIX PO3AUTY: Op, = — —, Op. = =, Op = .
PAHUIEAX PO3ALLY: O, 47R? ¢ Ry 47R: ¢ R ™ 47R2 ¢,
1.141. C = —% 3apsy o6KIaIKN KOHAEHCATOpa 0 = ——— g/, =
B 1_ azdinz’ oPA . a nd P 4rndin2’ 2=0
(of
(1) oy = (1= L) = — T
( a z=d 2a P a(z+d)?2
1.142. C ~ R.
R, 12 IR{R R,12
1.143. Cll = ;, C22 = —;2, sz = 2 .
I2-R,R, I2-R;R, 2—RyR,

S S S 1 1 S
1JM.Ql_aamh_—;E7QT_EQZ+£>CB_QCB_—EE,
C S

33— 47Td2-
1.145. C= —
B a1 =R
o
1.146. ¢ = Egh[1— ——24 | = 6.6 kB.
ln?
1

1147. C= — 1

41n RV d2+2h2

1.148. C=1m

1.151. 9 kB.

1.152. U; = wcz, _ PAZPBHE ~
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_ (&-&)C _ (&-&)C

1.153. ¥ V= .
Ci1+Cy Ci1+C,

1.154. V =&/(1 + 3n+n?).

1155, Crn = C(V5-1) /2.

C,C3—C,C,4
(C1+C2)(C3+Cy)’

£,C,—&,Cy
(C1+C2+C3)

1.156. a) o4 —pp = & 0) pa — B =

: 1 .
1.157. Hanpy>keHICTb 3MEHIIUTHCS Yy ; pa3u. 3apsj, 1o Npoujae yepes

1 -1
xepeso ~-CE—.
a p 2 e+1
c,CC
1158, q=v—%C
C1C+C,C53+C1C5

Ci-G _ _
Cl+C281, Aq, = E(C1—Cy).

1.159. a) Ag, = £C,, Aq, = —%e, 6) Ag, =

1.160. q; = EC;—22 = 9 vk,
C1+Cr+C3
1.161. g =c(@—E d) q =c(@—E d) e C = <
1 Cz 0 > 12 Cl 0 ’ C1+C2

2q2
1.162. W=-2L

a

2

1.163. W = —1.747% = —8.94 eB.
L164. W = —(p - By = -—ROED ., i)

_% [3cos 6, cos B, —cos(6; — 6,)], a) 6, =6, =7m/2,6) 6, =0, 6, = 7/2,
B) e1 = 92 = 0.
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1.165. B pieneKTpUKy BHHUKAE 300pa’KeHHSI IO, 3 MOMEHTOM P’ =
e—1 . . .

P Kyt Mixx nosiem E i nunonem p’ mopiBHIOE 7T — .
e+

CyMapHUM MOMEHT CWJI, IO JI€ HA IUMOJIb

wor_p)| g

r> r3

[p><E]+[p><<

3BiIKM, MOKJIMBI HACTYMHI Bunagku a = 0, Ta a = *+ arccos( _—31,)
e+18d3

q a3 919
1.170. W1=2T§1’W2=2T§1’W12=;—22’W=W1+W2+le-

1.171. W = 2

1.172. W = 4

1173, AW = L1 (i _ i).
R:s R,

2
1.174. a) AW = Sl (— — i) ~ 0.18 epr;
87 d2 d1
dy di) _
0) AW = - (d% d%) ~ 0.11 epr.

1.175. e=2 +1=45.
w

1.176. F = L2
2 3¢

1.177. F= L
8R2

1 178 F — CI(q+ZCIO)
. . —8R2 .
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1179, F= 2.
TR
1180, @ = , [ 2m804e°
JTE
1181, F=%
° . —_— l_4 0.
1182, F=22C
S
2
1.183. F=i( 4 )
87 \edy+d;

1.186. V Bunanky mapalieIbHOrO 3allOBHEHHS 10 OOKJIAOK: a) 3a MOCTIMHOL

Hanpyru f = - (1 + 1) %Egn; 6) 3a nocriHoro 3apsay f = ét (1 + i)ESn.

8 €
Y BUIIAJKY NEPHEHIUKYJISIPHO 3alIOBHEHHS OO O0OKJIQIOK: a) 3a MOCTIMHOI

1 2 o
——FEgn. [le n —
. . . 8metl 0 n
HapsAMIICHUU NEPIICHIUKYIISAPHO OO0 IMOBEPXH1 PO3OULY Y BAKYyyM.

1 .
nanpyru f = 8—£E§n; 6) 3a nocriiinoro 3apsigy £ =
T

_ 2
1.188. h =" (K) .
8mgo \d
_1)2
1.189. M = Slﬂ(:l) EZ sin 2a.
1.190. F = 2&1 328229
o T (R2+z2)4
3 3
1.191. a) F ~ 0;1;: (e — 1)Q2 npu z = 0.286R; 6) F ~ —0'31;_: (e — 1)Q2,

npu z = 1.104R; B) IIpu z = 0, NoJOKEHHs] HECTINKOT piBHOBAru, Ta Mpu
z = R/\/2, MONOKEHHsI CTIMKO1 piBHOBAry.

1.192. F=F = — 2%

2e+1 12
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Binnosifi no posainy 2. [locriitnuii ctpym

. . j j tg Xy A
2.40 = ’JEZ‘IE’_:_.
Jin Jan N L tgoy A
2.5. [Ins nOCTiMHUX CTPYMIiB:
V-j=0, (7)
BUKOPHUCTOBYIOUM 3aKkOoH OMa B indepeHianbHii GhopmMi:
(8)

V.j=V-(AE)=AV-E+E-V1=0.

3 teopemu ["ayca B qudepenuianbhiii popmi V - E = 47p, 6aunmo, 1o
rycTMHa 00’ €MHUX 3apsiiiB B MPOBITHUKY JIOPIBHIOE:

j-va
p=—"—. 9
47T A:
SIk10 mpoBigHUK ogHOpimHUM (A = const), TO 06’€MHOTO 3apsly He BUHHMKAE
4V C
28. [==Z
I3
ﬁ+%)_1. 6) o = Ki(ﬁJ,é)_l o Gl
’ L= 477.'11 /11 /12 ’ N 8112 I

29. a)j = V(/l :
1 i _ V(e-Dh—(a-Di;,

V g41—e14
B) g = L2aTak. o o :
47 diAy+dA4 47 diAx+dr A4

210, q= L (5—2 _ i)
47 /12 /11
211. p= 41’”3
gln —
2
In &
2.12. R= <R1>, C=-=.
27IA AR
213, R =20
471'}"1}"2
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2.14. 3rigHo teopemu ["ayca, 3apsii OfiHIET 13 000JOHOK JOPIBHIOE:

1
Q—E#Eds.

S

3 iHmoro 00Ky, 13 O3HAYEHHSI EMHOCTI CUCTEMU JIBOX MPOBIJHUKIB:
Q=CV,

ne V — pi3Huls noTeHuialiB MK npoBifHukamMu, C — 1X B3a€MHa €MHICTb.
3BijgcH,

1

V= 4rC
S

CtpyM MiXX IIUMH MPOBITHUKAMU MO>KHA 3HAUTH SIK:

1=#jds:/1#13ds.
S S

OTtxe, omip cepeloBHINa 3HAXOAUMO 3 3akoHy OMa:

EdS.

%4 1
=1~ tmc
B cucremi SI octanHs hopMysia MaTUMe BUTJISIL:
€0
R=—.
AC

81’2 _ 81"1
r2/r1+/11//12 ’ q2 rl/r2+/12//11 )

2.16. a1 =

2.17.
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Ulcpom)sa =@ ~P2

: 1
Omip 3a3emieHHs R = — =~ 8 Owm.
AD

[ToreHmian 3a3eMieHol KyJli crnajgae o6epHEHO MPOMOPIIMHO BifCTaHi:

a KpOKOBa Harpyra BU3HA4YaeTbCs 3a (hOPMYJIOi0 (IUB. pHUC.) UKpOKOBa =
®1 — @5, TOOTO

@oD €
UKpOKOBa = Tﬁ ~ 246 B,
r+(r+¢)
ne OyJio BpaxoBaHoO, IO ¥ = ———.
=2
2.18. p= 7€ R3E,,
| Y 127, 0
e .
. .]0’ r S R
j = At , A¢ I — BificTaHb Bijl LEHTPY
o+ 20 (2 Go- - Sio), >R
0" L2, 0 ’
NOPOKHUHH, 0 = .
47'[/1 +2/1e R

2.19. 3apmaua ananoriuna fo 2.18, ge Tpe6a noknactu 4; = 0.

E1+E,+E
2.20. U == 1—23”1 - 81.
ri+ry+r3
R4R R
221. R=—"2% 1= 0npn—=—1.
R1+R 82 R2
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&1-&
Ri+R,

2.22. gDA - qOB == R2 - 81 == —4 B

2.23. BigHocHa noxmoOka

AR,  (Ry+R3)(R; +Ry)AV
R, R,R,, 1%

ne V — Hanpyra Ha MICTKY 1 AV — pi3Hulsg NOTEHL1aliB HA KJieMax rajbBaHO-

MeTpa npu 3MmiHi R, Ha R, + AR,. Y craHi piBHoBaru R, /R; = R;/R, = b,
AV : . ..

TOMY MHOXHHK NPU —~ JOPiBHIOBATHME (1 + b)?/b, Bin Mae MiHiMyM npu

b=1.

2.25. R,z =2R(1 +1/3).

2.26. I=YER _ 10 A Ctpy™m Teue Bix 1 o 2.
2 RyR,
_ Ry+3R;

4l
2.31. Q=23 qipr

232. P=

233. 0=2 (i - i).

Ri R,

2 2
234. p=L_P gp=2_Fr g
d (p1+p2)? d (p1+p2)?

2.35. Hanpy>keHicTb NoJisl B CEPEiMHI KYJi BU3HAYAETHCS (HOPMYIIOIO

3

BRI

e jo — TyCTUHA CTpyMYy jlalieko Bif Kyii. [ToTyXHiCTb, 110 BUALISIETHCS B
oauHuLi o0’eMy 3rigHo 3akoHy Ixoyns-Jlenua w = j; - E;, oT>Ke, BUKOPUCTO-
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Bytour 3akoH Oma j; = 4;E;:

L 2
(A 4221,

3BiIKM BUILIMBAE, 1110 MAKCUMYM MOTY>KHOCTI Oyfie npu 4; = 24,.

2
2.36. d =Pl
67Z'Q Rl
T&2d

2.37. P, =

. . Ccve
2.38. Ha xoxHOMY 3 ONOpiB BUAiMUTBC Q = —2.

2.39. Q= gcez.

(\/_ 13-1)3

240. B =Y"1p ~13.3Br.

MarHiToctaTuka

33. a) E(Z”T‘g" + f); 6) f (3—” + ﬁ).

b a b

34. B = [‘L' X n], e T — TaHTeHIialbHUI BEKTOP, HANpSIMJICHUI B OiK
Cc
MPOTIKaHHS CTPYMY, N — BEKTOP HOPMaJli IO MIOBEPXHi.

47 : o .
35. B = — [z' X n|, e T — TaHTeHIialbHUI BEKTOP, HANPSIMIICHUIA
C

B OIK MPOTIKaHHS CTPYMY, N — BEKTOP 30BHIIIHBOI HOpMaJIl JO MOBEPXHI
COJIEHO1A.

3.6. B=—L

cR’

3.7. B= [‘—’ X E], ne E — Hanpy>KeHICTh €JIEKTPUYHOIO IMOJISI THUIOJIS.
C
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27l b2 o .
3.8. B=—, ne p = — — ¢oKalbHUHI NapaMeTp eJlirnca.
cp a

2 IR? 2T o
T(R2+Z2)3/2’ a) BZ = ?I”(COS al — COS c(2)9 6) Bz(o) = 7[”,

B) Bz(o) = 47”[7’1

39. B, =

2 2 2 RZ
3.10. B,(z) = %( : 2++ L 2z).

(21
_29 r < Rl
CRY
— J2I
3L B =12 p <r<g,
cr
L0, r>R,
( 2Ip1}"
2 2 282 r < Rl
c(p1(R3—R7)+p2R7)
2_p2 2
cr(p1(R3—R2)+02R3)
21
> r Z Rz.
\cr

3.13. B= ZT” jd.

3.14. B(r) = %2
crR
4_7Tawr2er, r <R
3.15. B=4 ¢ .
O’ r >R

3.21. p= %lbﬂRz

__ IND?

3.22. p —
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323, B= LK p_%m

2¢ 23’ oz

R? . R?
3.24. [lnga cepu p,, = q3—co, ISt KyJl Py, = qs—co. B o0ox Bumagkax
C C

Pm _ 9

L 2me’

329. A=-Zmn rk, k — opr, HanpsiMyieHn#1 B3IOBXX MPOBITHUKA 31 CTPY-
MOM. ¢

&m.A=§mxﬂ.

XT ITR? o
3.31. A= Pm3 , 1€ P = N — JUIIOJBHUM MOMEHT KOJIOBOI'O BUTKA, N —
r C

BEKTOP HOpMaJi 0 MOBEPXHI BUTKA.

3.32. 3 piBHsiHHS (A.34) BummBae, o VX A =V X (mer> = —pm - V)%.

r3 r
Po3nucyioun ocraHHiid BUpa3 B AEKApTOBiM CUCTEMi KOOPAUHAT, OTPUMYEMO
yKaHy (opmyiy.

3.33. Ilpu xami6posui A(0) =0

_lﬂrzj, r < R
A(r) = i . :
—227R? (— +In L)j, r>R
2 R

C

2
3.34. AB =220
3amc?
—Rcocrr sin Ge;o pm—xr, r <R
3.35. A= 3 R3
R4 sm@ __ PmXr ’

2 P r3

8 2
TRow==2Lm r<R
3c R3

3 .
(Pmr)r _ P_m. r Z R
rs r3
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27 jRd
c

3.36. A = —
CTPYMOM.

InR, k — oprt, HanpsiIM/IeHU B3[OBX MPOBITHUKA 3i

338. B=47M,H=0,j =0,i’ =M x n.

339. M = !B,

ar

3.40. M = g,
AU

3.41. a) ¢ HdS = #T_lﬂRzBO cos 6, 6) $ Bdr = — (u — 1) B, sin 6.
S T

47M, <R ,
342. B= d d , H= 0 B ychoMy NpoCTOpi.

0, r >R

343. Mlpur <R, B = %”M, H = —%’TM.

d

)a BOCGpJISI = B3a30p =

d
3.44. Hepps ~ —47TME, H,pop ® 47M (1 by

H

3a30p

3.45. a) I}, = 4nyl, 6) I s = 47 yI. CTpymu HanpsiMjieHi MPOTHIEKHO OJUH
BiJTHOCHO OJTHOTO.

3.46. a) M = ar’By; 6) j = 2a[r X By]. losepxuesuii crpym i’ =
—caR [R X By], ne R — pajiiyc-BekTOp TOUOK Ha MoBepxHi. [loBepXHeBUii
Ta 00’€MHUI CTPYMH T€UyTbhb B pi3HUX HampsiMkax. [loBHUI MoOJIeKyIsipHUM
CTPYM Ha OJUHMILIIO AOBXUHU JOPIBHIOE HYJIIO.

347. H= 4TﬂnIez, B = 4Tﬂ(l + x)nle,, i’ = ynle,,.
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348. Hy=lew” S8 gy Mt TS
A48. H(r) = ¢k B =4 % ’
;, I’ZR ,uz;, rZR
2 4]
M= ¥ T e TR g Je g r<k
21 ’ B ’
(Mz—l);, r>R 0, rzR
., 2
i'=—(up — 1), mpu r = R.
=B gy B gy = L gy = L
3.49. Ml(r)_ e B = o () = S () =
A
I'=r=.

21 L g
3.50. B.=(1+ 471')();, I' = 47 yI, Ha 30BHIIIHII Ta BHYTPIIIHINA MOBEPXHSIX
MarHeTMKa HanpsIMOK CTPYMIB HaMarHiuyyBaHHsI CITIBIIAJA€ 3 HAMPSIMKOM
BUIbHUX CTPYMIB.

3.51. I'=0.
2Ir
—e,, F<R
3.53. H={ ¥ ,
2I R
c—ReCP, r >
(2Ir
Ee(p, r<R
B _ 21/,(1 .
=1 <8 > R (B cepepoBuIIi 3 U;)-
C
21 .
L%eqo, r > R (B cepenoBuiii 3 U,)
C
3 .
Hi—M i BO, r S R’
3.54. Pm = l_zeR3B0’ B = Mi+2Me ( )
Mi+2U 3 r)r
e B, — 22 + =P >R,
r r
'yctrHa 00’ €MHHMX CTPYMiB HamarHiuyBaHHsl j’ = 0, moBepXHeBa rycTUHa
. . . 3c Ui—Me Bor . .
CTPYMIB HaMarHiuyBaHHs | = —-————, JIe I' — paJilyC-BEKTOP MOBEPXHI
Py- y a7 2 R A paily P P
NPOBIJIHUKA.

3.55. B= £ B,
14+2u

136




Bignosigi

47TM,
2dMy *
1+ RHe

3.56. B =

358. Ip= ——(Ho +47Mp7), B= 2%

I+47M, (1 - %)
47N l

3.59. Ha pucynky nokazaHa po6oya Touka 3ajizHoro ocepas (H =~ 5 E,
B =~ 15 kI'c). u = 3000.

25 5
20

15 ¢

B, xI'c

10 +

3.60. p,, = ’“‘7‘13a2d, B="Pm

r

F 2xI*? W  2nI? r } : o
3.61. - = , — = —1In(—), ne r, — 3Ha4YeHHs BIICTaHi, NPUUHITE 3a
l czr 1 c2 o

HYJIbOBUU piBeHb €HEPrii.

2
3.62. L= £1n<“—+”).
1 c2p a
IZ
363 p=——0.
2(p2_ 2
3.64. p=L1&")
R47mc2

3.65. VY3araJibHEHOIO CUJIOIO € MOMEHT CWJI, IO Jii€ 3 OOKY MarHiTHOro moJist
1 )

N = —=ISBsin 6.
C

2
3.67. p=2Z-

c2
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3.68. N = 2IM,S.

3.69. F/l=1-B; =1-Bcosg.

crrd?o
3-70- B —_ T.
371, M = Tem
[ ] . cl .
21 21
372. a)F = O0M = ——Zr(p -k),0) F = ——2[k><p],M = 0,
Cr Ccr

B) F = 2—12 [k X p], M =0, ne k — opr, HanpsiMJIeHUT B3[IOBXK CTPYMY.
Cr

2
374 F= -2 X2 4,

¢ (R2+42z22)5/2

2 IR? )2 3z
(z24+R2)4

375. F= —(

C

3.76. [liamarHeTWK OpIEHTYETHCS MEPHEHAUKYJSIPHO Oci BuTKa. F = 1.1 -
10~7 num.

3.77. AnoMiHi€EBUU CTPUXKEHb OPIEHTYETHCSI B3AOBX OCi BUTKA.

2,3
3.78. F=-_rpl
23 u+2
379, p = DRl

gpc?

3.80. F= 27”(# — 1n2I2S.

382. F= g[ij].
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2
3.84. F= l(”"””) .
c2 \mR+ud

3.85.
a) B=1.257 Tn.
6) L =10"2 I'n;
B) W, =~ 50 JIx;

r) W, =~ 50 JIx.

EnektpoguHamika

2(C1+C3)

OJTHOMY HAaITPSIMKY.

3 mgRc?
43. v=:28
2 B2]2
wBr?
4.4. I : .
2cR
BwC,|R}+R3 BwC|R3£R3
45. V = M, 1 = BeCURERY ook« CTOCYETbCS BUIAIKY

2(C1+Cy)

oOepTaHHS JUCKIB B PI3HUX HaMpsIMKax, «—» — 0 0OepTaHHs JUCKIB B

BwR? wBR

4.6. a) V = 2_c; 6) O'?, P

_a)B

Y

’ e-1 ’ e-1
4.7. p' = —z—ﬂc(co X B), o’ = z—m(co X B)R.

2
48. v =B

8c
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_ ZIOZ _ I()lv
4.9. a) &= c(a+ut)’ 0) I'= cr(a+vt)(l+vt)’
2Ia?v a
4.10. &= c(b+vt)(a+b+ut)’ L1z =2aln <1 + E)‘
4.11. x = ZLsinewt, I = —v 1/msincot eco—li
A1, = ® , = 0 I s 1 = m
4.12. w = B9
2mc
4.13. q = _ld)cl(C2+C3/2), g = ld)cz(C1+C3/2)’ g5 = 1¢C3/2(02—C1).
c Ci1+Cyr+C5 c Ci1+Cr+C5 c Ci1+Cr+C5
414. V=a—2 Y = —q—2_
R1+R2 R1+R2
__ 47mvN2S

415. L=

4.16. L = 2bMu 1n(1 + %)

4.17. Ly, = 2bNu 1n(1 + %)

4.18. L/l=* (1 +41n &)
2 R;
4.19. L = 47r%.
420. L=——12.
472 R

4.21. Ly, = 2aln (1 + %)

27m2R4
3

4.22. L, ~

140




Bignosigi

4.23. M = 8ra.

4.24. a) L12 ~

4.25. @ = ZI—aln<1 + ;).

2.2
4.26. 1= 7:/_;—2:)1'0 sin ot.
C
_ 2pmmatw
4.27. I = R nwt.
__ $RD
428. B SI py = 22

4.29 I3, B =" r=R
ede Pm = —3 0> D= R3 3R3(Bg- )

: (1488, - ox o

] 2r3 2r5
['yctuHa 06’ €eMHUX CTpyMiB HaMarHiuyBaHHs j' = 0.
. : . 3c B :
IToBepxHeBa rycTMHa CTPYyMiB HaMarHidyBaHHS | = —S—CT?r, e T — pajiyc-
T

BEKTOP MMOBEPXHI MPOBITHUKA.

4.30. F = ~B2R2.
64

4.31. MarHiTHU TIOTIK, 110 MPOHU3YE HANMPOBiHE KijbIle 30epiracTbcs
® = const. OckiJIbKH, B CIIOYATKY JUIOJb HE Oyno BHeceHo, To ¢ = 0, i
3JIMIIATUMEThCS TaKuM >ke. KoM MarHiTHUM Jumnosib ONMUHUTHCS B LEHTPI
KiJbIISl, TO MarHiTHUHM TOTIK, 10 MPOHU3YE KiJIbIle, MOKHA MOpPaxyBaTH SK:

1 1
d=-LI+-L,1, =0,
c +C21m

ne L — iHIyKTUBHICTb KUIbld, I — CTpyM, 110 Tede MO KilbIio, Ly; — Koedi-
I[IEHT B3a€EMOIHAYKIIIT, [, — YMOBHUW CTPYM, III0 LUPKYJIOE B JUTONI D,y

C
(I, = —=, S — yMOBHa IUIOIIa BUTKA JUIOJIS).

S
. Ly c
3 3aKOHY 30€pe’KeHHSI MAarHiTHOrO MOTOKY BUILUIMBAE, 1O [ = —f%. st
. 2rS
3HAXOKE€HHS L1, CKOPUCTAEMOCHh TEOPEMOIO B3aEMHOCTI, Ly = L1y = =
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Otxe,
2mepm

RL

3Hak MiHyC BKa3ye€ Ha Te, 10 iHAYKI[IMHUN 1[0 MAarHiTHUA MOMEHT CTPyMY
NPOTUJIEKHUI MAarHiTHOrO MOMEHTY JUMOJIS.

I =

432, =20
L
2 2 2-2p4
433, [= B 4T _BTR
2L 2L
434, =14 /%m
34. A o
435. 1> cy/ 8" — 8.4 .10 dp/c = 25 A.
27TR
R3
4.36. vy = B, pn 20 Mm/c.

27IR\2  3r3z
4.37. F = ( c ) 2(R2422)4"
4.38. p= iBO - I, Ie ¥ — pajiilyC-BEKTOp NMOBepxHi chepu.

32

4.40. @ = -8B

2mce

441, w=22
CPR
2

4.42. E(r) = ZEMOR Gin ot

c? r

_2Zni reg, r <R,

443. E={ ¢

27T .1
——nazl—eqo, r > R.
c2 r
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2”ﬂ(Rz —r?e,, r<R,
C

444. B =
0, r >R,
. ﬂ’;‘: Zm (2R? —r*)e, + 27mpre,, r <R,
| nkprr* 27 pR?
ooy €, + » € r > R.
447. B=Ls.
cR2

Ewr . . .
4.48. B = ﬁ% cos wt, ie r — BiJICTaHb BiJl OCl KOHJEHcaTopa.
C

4.49. B = T4 ( not + — cos cot)
d 4TTA

C 47T

4.51. Ile moxnuBo 3a ymoBH j, - k = 0.

4.53.

).

471'7‘5

4.54. Bektop IloiiHTiHra B AUMOILHOMY HaOJIMXEHHI S =
— (E?v—-E(E-V)).

4.55. ® =I°R
22 N2&2 1
4.56. W == = —LI2.
c2 IR? 2¢2
P d? ) ) .
4.60. S = = >, 1€ X — BIICTaHb Bijl TOUKHU 10 OCi OJHOTO 3
am m(ﬁ) x2(x—d)
NPOBITHUKIB.

4.61. Ap = %V =107° r-cm/c.

4.63. L= —q—RZB w=—18

2cm
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Bianosini no po3ainy 5. Pyx 3apsiay B €1€KTpPOMarHiTHOMYy MoJIi

Pyx 3apsapy B enekTpomMarHiTHoMy noJii

51. w =,/ ﬂ.
mR3

5.3. 15°.

5.4. 100 B/wm.

55. v=23/2%_16.10° cwmlc.

2m

5.6. tg02 = 49

m v3b
57 x =22
k
— Po¢ cqbt o _ 1 [e2 2 _ % i
58. x = = arcsh——, y = e &g + (qcEt) 5 TpaexkTopist YaCTHHKHU
0

& ( eEx )

= —|ch——1).
Y qE\  cpo
5.9. d =59 mm.
5.12. T =7 Hc.

5.13. Aw = iﬂ. Yacrora Aw > 0, gxkmo B 1] w,i Aw > 0, gakmo B 11 w.

2mece

mug

5.14. I = Red

m cv2A
q 2B2°

5.15. Ug =

5.16. tgg =19
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Boo(r— Ly _ Boc g _ _ B0 __
517. x(t) = B c(t 5 sin Qt), y(t) = 5.0 (1 —cosQt), ne Q = —
LUKJIOTPOHHA YACTOTA.

Eg
5.18. vy = cB—0

5.19. x(¢t) = o (sm Qt — Qt cos Qt), y(t) =

2

5.20. z=Itg q—B"y.

2mc2E0

B

521. v="20 p=1

2mec 2
5.22. Panlyc op6itTn R = 9% Gin 6, BificTaHb MJIOIIMHU OpOITH IO JiOHA

mu?2
Qc
d= cos 0, ne tgb = =—
e te Gv’ 5
G
366plFa€TbC$I eHeprist E = % — @, Tta Bektop J = L — =z Inst ymoB
r cr
2 G

Hamo1 3afavi E = —% aJ= (muR - —q cos O)n, ie N — BEKTOp HOpMaJTi

JI0 TPAEKTOPII.

2B,

5.24. R = .
3a

5.25. Al = 2V(\/_ ).

2
526. V=22Cn2
m c2 b

527. B <+ /va b
p2—q2’
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Bignosiji 1o po3ainy 6. PensituBicTBbKa eJleKTpOAMHAMIKA

PensatusicTBbka enekrpoguHamika

2
2 1= _ o
6.1. E = —31’ N 350 ae 6 — KyT MK BEKTOPOM IIBUIKOC1 V 1 paalycC-
r
<l—c—2 sin
1 [vxr]

BEKTOpPOM T, B = 3
cC r

6.7. Cwuna B nabopatopHiil cuctemi meHma B [ =
-2
C

6.10. p'= —L | —

6.11. VY BnacHiil cucTeMi BiflJTiKy YaCTMHKU @' = #, A’ =0, e x',
Vx2+y"24272

y', z' — mekapToBi KOOpIMHATU BJIACHOT CHCTeMHM Bijtiky. B maGopartopHiii
q A=oY
9 - go_'

c

CUCTEMI BIJIIKY ¢ =
V=V 024(1-V2/c2)(y2+22)

KBa3sicTtauioHapHi CTpyMu B €NeKTPUYHUX KOJ1aX

R
71. I = ¢ (1 — e_it).
R

72. [ =12 =t I
RL,+L, RL,+L,
2
73. Q= 2% — 0.3 Ik
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L,&2
2r2

74. Q =

7.5. I = EVOL, Uppy = 26.

i 1 1

7.7. CO = - - = _,

2RC LC  4R2C?
KOJIUBaHHSI B KOHTYPI.

-+

KOMILUIEKCHOMY @ BIJIMOBIAAIOTh 3racaroyi

7.8. M == —L2.

LiC1+LyC i\/(Ll Ci—-L, C2)2+4C1 CzL%z
2C1Co (1 Ly—L3,) .

7.9. CU%’Z =

7.13. Z =43.71 Owm, @ = 46.7°.

7.14. 24 Owm.
715. I = %, TOOTO CTPYM 4Yepe3 aMIepMeTp He 3aJIeXKUTh BiJl OMopy
peocrara. <
1-w?CL . 1-w?CL .
7.16. I = Som sin wt, I = Eom sin wt.
wL

7.17. RC =L/R, tgp = =
7.18. «’LC =1.
7.19. I, = €0 cos 20t I = fo__

R 2(R+R1)

7.21. R =10 Om.

7.22. I, =13 MA, P = 160 MBT, d¢p = 0.

7.23. Ieff =10 A, P =1.52 kBT.
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Bignosini no po3ainy 7. KBazicranioHapHi CTpyMH B €I€KTPUYHHUX KOJIaX

7.24. 0.15 mBT.

7.25. Q=+/n2 — i

7.26. 5 MkBT.
_§ /L
727. Q=2,/2
7.28. Q=20 /€
T TPV L

7.29. Vg =5B, ¥ =40 B, V> = 50 B.

1 R
7.30. wL =R, V, = Vi, (5 _ R1+1R2).

7.31. R1C = RC1

7.32. P =160 BT, ¢ =~ 37°.

2 212
7.33. ImnenaHc kojia Z = \/(%> +7,Z,. Z = %— w4L NAlpn w >
2NLC.
7.34. F = 21L& cos @
2cr
2 [ L 2 — 1
7.35. a) w < o 0) w > T B) O, < w < Qq, ge Q7 /LC,

0} = - (0} +40Q?), Q = Varc.
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NOENOYNY OcHosHi (hOPMYNIN BEKTOPHOrO aHani3y
A.1 IndepeHmiaabHi onepaTopu

Onepartop «Ha6na» V

0
V = = —
grad it
Oneparop Jlamnaca (namiaciad) A
A=V-V=V?
Iusepreniisi BekTopa A
divA=V-A
Potop BekTopa A
rotA =V XA

A.2 [ludepeHuianbHi onepamii B pi3HUX CUCTEMAaX KOOPIMHAT

HeKapTOBa CUCTEMA KOOpaAuHaAT

0% 9% 6%
A =5zt 52 T oz
0A, OAy, 0A,

VA= 1vS Ta
_(0A, O0A)\. [(3A, 0A,\. (%A, A,
VXA‘(@ ~ 3z ! (az_ax) ox 9y
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(A.10)

(A.11)

(A.12)

(A.13)

(A.14)

(A.15)

(A.16)

(A.17)



Jonarok A. OCHOBHI (hOpMYJIM BEKTOPHOTO aHAi3y

IHuniaapuyHa cucTeMa KOOPIUHAT

vy = ? p+%g_z ¢+af (A.18)
AP = ror (r?;f) + r_lzgiqoz)g 3271,20 (A19)
VA= %a(gj:p) ;6;; aiz (A.20)
N =
)
Cdepuuna cucrema KOOPpIHHAT
Vz,b— Y r+lg_g 9+r511n6222 (A22)
Ap = ﬁar( ?f)-i_ rzsl1n96§60< - 6l£>+ ,,zsilnzegigoz)g (A.23)
VA= ;’126(61’ 2 + rs11n969 (Agsin0) + silnea;% (A-24)
VXA= rsilne (% (A, sin6) — a%) e, + % (ﬁa;;” — %(rA¢)>e@+
AEen )
A.3 [Ipyri noxigHi
rotgradp = VX (Vp) =0 (A.26)
divrotA =V - (VXA) = (A.27)
rotrotA =V X (VXA)=V(V:-A)—-AA (A.28)
A.4 TloxigHi Big mo0yTKIiB
grad (py) = P grad ¢ + ¢ grad P (A.29)
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HopmaTku

div(pA) = pdivA + Agrad ¢

rot (pA) = prot A + gradp X A
grad(A-B) =B XrotA+AXxrotB+ (BV)A + (AV)B
div(AXB)=B-rotA—A-rotB
rot(A x B) = (BV)A — (AV)B + A divB — BdivA

1
igradA2 = (AV)A + A X rotA

A.5 IHTerpajgbHi XapakTePUCTUKH Ta TEOPEeMU

CI>A=//A-dS
S

IToTtik BekTOpa A

Hupkynsnis BekTopa A

L

Teopema OcTtporpaacbkoro-I'aycca

?ﬁA.dszéf/v.Adv
fA.cn:[/vXA.ds

Teopema Ctokca

Teopewma I'pina:

[[[evs-svprav = [[ Gvo-uve).-as.
|4 S
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(A.30)
(A.31)
(A.32)
(A.33)
(A.34)

(A.35)

(A.36)

(A.37)

(A.38)

(A.39)

(A.40)



Honatok b. CucrteMu oguHUIb B €J1EKTPOAUHAMILT

Cucremn oanHMLb B enekTpoauHamiLi

Ta6muus b.1. Tabaung nepeBomy Bupasis i popMyi i3 OHIET CUCTEMU OMHUIIb B 1HIITY

Bennunna Cucrema SI Cucrema CI'C
IBuaKicTs cBiTIA (eoMo) ™ c
Hanpy>eHicTb enekrpuanoro nons (noreu- 1/ 4mwe, E (@) E(p)
mian)
Enextpuuna iHgyKmis “p D
€o
1 . .
['yctuna 3apsiny (3apsii, CTpyM, TyCTUHA CTPY- @ L),P) p@, L] P)
My, MOJISIpU3ailisi) V47eg
MaruitHa iggyKiis (BEeKTOp-IOTEHIia) A/ Z—ﬂ B(A) B(A)
0
Hanpy>keHicTh MarHiTHOTO OIS Varu, H H
Hamarniuenicto Ho M M
47
ITpoBigHiCTE 9 o]
P 47e,
Onip 47egR R
€MHICTD ¢ C
47e,
. 4
[HAyKTHBHICTD —L L
Mo

Ta6n. B.1 nae cxemy nepeBopy BupasiB i piBHsiHb 3 cuctremu CI'C B cuctemy SI,
1 HaBMaKW, MPU HE3MIHHOCTI BCiX MeXaHiuHux BenuuuH. [o6 3a nonomoroto Tab. b.1
nepeTBOpUTH Oy/ib-sIKE PIBHSIHHS, 3anucade B cucreMi oguHulb CI'C, B piBHSIHHS
B cuctemi S, cai0 6 060x uacmunax piBHAHHA 3AMIHUMU CUMBOAU, Neperiueti 8
cmosnuuxy « Cucmema CI'C», Ha 8i0no8ioHi cumsoau cucmemu Sl.

Hanpuknap, SIKIo MA MaeEMO BUPa3 JIJIsl MarHiTHOL 1HAYKI[IT HECKIHUEHHOTO

cosieHoina B cuctemi CI'C:

B = 4—7TIn.
C

Inst nepeBeneHHs Hiel popMynu B cuctemy Sl, 3aMIHUMO J1iBy YacTUHY B —

[ 41 .o ) X
— B, B npaBiil YaCTHHI 3aMiHUMO Ve — \/egig, a I —
Mo

1 :
———1. Toni oTpruMaeMo:
4reg

3BIIKU
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HopmaTku

Tabmuus b.2. YucenpHi koedinienTn nepesony Mixx cucremamu SI ta Mayca

Benuuunna Cucrema SI  Cucrema CI'C Binnowentst
I1SI=XCIC
ToBxuHa METp, M CaHTHMETP, CM 102
Maca KiJorpam, Kr - rpam, T 103
Yac CEKYHJIa, C CEKYH[Ia, C 1
Cuna Heioton, H AUHa, TMHA 10°
PoGora, enepris Jxoynb, IIx  epr 107
Tuck [Mackaip, [Ta  guHA/CM? 10
EnextpuuHuii 3apsij Kynon, Kn Opai 3.10°
(cratKynon), ®p
['ycTuHa eneKTpuYHOro 3apsgy Kn/m3 ®p/em3 3.103
Cuna ctpymy Awmriep, A ®p/c (cratrAmnep) 3 -10°
I'yctuHa cTpymy A/m? ®p/(c-cm?) 3-10°
Enexrpuunuii funonbHuil MoMeHT — Kiem ®p-cm 3.101!
Enexktpuyna Hanpyra Bosbt, B crarBoneT, cratrB /3 - 1072
Hanpy»xenictb enextpuyHoro nosus  B/m cratB/cm 1/3.1074
[HayKLis enexTpuyHOro noss Kn/m? ®p/cm? 3-10°
EjleKTpu4Humii omip Om, Om c/em /9 . 10711
EJleKTpUYHA EMHICTb ®apaj, ® cM 9.10
Hanpy>eHicTb MarHiTHOro noJist A/m Epcren, E 47 - 1073
MarniTtHa iHTYyKIis Tecna, Tn l'ayc, I'c 104
MarHiTHU# TUTOJIBHUI MOMEHT A-m? epr/T'c 103
MarsitHui oTik BeGep, B6 Makcsen, Mkc 108
[H1yKTUBHICTB Tenpi, [n cM 10°

VY BU3HAuUEHHI pO3MIPHOCTI IHTYKTUBHOCTI B ['aycoBill cucTtemi icHye fesika
iyTaHuHa. BoHa noB’si3aHa 3 TUM, 1110 Psifi aBTOPIB BUKOPUCTOBYE €JIEKTPOMArHiTHY
CUCTEMY OJIMHUIIb JIJIs BBEJICHHS TOHSTTS 1HIYKTUBHOCTI. B 11ili cucTeMi eHeprist
MAarHiTHOTO MOJISt BA3HAYAETHCS sIK L'I%/2, B rayCoBiil sxe cUCTeMI s BE/IMYMHA JAEThCS
o3HaueHHsM LI%/2¢2. 3pinku BujHo, o L = L/c2, a otxke posmipicTio L € [c?/cM].
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Honarok B. Cdepu B e1€TpUYHOMY Ta MarHiTHOMY MOJISIX

NOENOS NP Cdepy B eneTpuiHOMy Ta MarHiTHOMY NONsiX

[Ho3nauenusa

1. E, ta By — mons Ha manexiii BiACTaHi Bifl KyJb.

2. R - papiyc kyomi.

3. IHjeKc e BiTHOCHUTBCS IO OTOUYIOUOro CepefloBHIla, i — 0 MaTepiany KyJIi.

4. ®opmynu A8 ieJeKTPUKIB MOXKHA 3aMIHUTU Ha (POPMYJIM JIJIsi METaJIiB, SIKIIO MOKIaCTU

1
-—=0.
&

5. ®opmyau i MarHEeTUKIB MOXKHA 3aMiHUTH Ha (POPMYJIH JJIsl HAIPOBIIHUKIB, SIKIIO MOKIACTH

u=0.

EnexkTpocraTinuHe nosie oJHOPiTHO NOJISIPH30BaHoI KyJIi. 3agaya

Bexrop nosnsipuszauii B cepeuHi Kyi:
[Tone BexTopa E

P = const.

JIMnOTbHUI MOMEHT KYJIi:

p= 4T7TR3P.

Hanpy»eHicTb eneKTpuyHOro mnois:

—%ﬂP, r<R

ZR (= + X)), r>Rr

3 r3 rs

3B’s3aHi 3apsAM Ha MIOBEPXHi:

o =P-r.
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HopmaTku

HieJeKTPU4YHA KYJISI B OTHOPiJHOMY eJIeKTPMYHOMY MOJii. 3agada

JIMIOIbHUTT MOMEHT KYJIi:

ITone Bextopa E (g; > ¢,) €i— & p3

R3E,,

HaHpHMOK JUIOJIbHOIO MOMEHTY BU3HAYA€ThCA pi3HI/I—
1Eo £, — E,.
[Torenmian kymi:

3¢,

goz gi+2¢,
—(Eo-r)+%, r>R

(Eo-r), <R

[Tone xymni:
¢ g, r<R
E = gi+2¢,
p , 3@nr
EO - ; + T, r > R,

3B’s13aH1 3apsiiy Ha MOBEPXHI:

, 3 g—¢, Eor

9 =ameg+2e, R
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Honarok B. Cdepu B e1€TpUYHOMY Ta MarHiTHOMY MOJISIX

MertaneBa cepa B OGHOPiITHOMY €JIEKTPUIHOMY MOJTi

JIMnoBHUI MOMEHT KYJIi:

[Tone BexTopa E p = R3E,,
\.\// [Torenuian kymi:
& 0, r<R
¥ = pr )
S u —(Eo-r)+;, r>R
[Tose kym

- T 0, r<R
E=

E,— 2 +30 SR,

r3 rS
BinbHi 3apsiiu Ha MOBEPXHi:
3 Eor
o=-——.
47 R

IIpoBigHa KyJisi B cepeoBUILI N0 SIKOMY Tede cTPpyM. 3ajjayda

JIMnoabHUI MOMEHT KYyJIi:

[Tone Bekropa j (4; > A.) _ Ai—4e

= R3E,,
P=7 22,0
S —
\»\/f,/d [Tose:
~<_E,, r<R
__* A E — )l.i+2/1€
g E, - % + %, r >R,
_/f/\.\ I'yctuna crpymy:
/_’/y—/_/_\\
[omne Bekropa j (4; < A,) e 50, r<R
j — ] 4i+24,
. 3
- jo+ A EE 2,2, r>R,
__/M
/—’»—/\ .
/’_ﬂ@x\ 3apsiiu Ha MOBEPXHi:
o o= 3 M= Eot
" 4mA;+21, R
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Hopatku

Kyns 3 MmarHeTnka B OJHOPiIHOMY MardiTHomMy nosii. 3agaua

IMosne Bekropa H (U, > MU;)

[Tone Bextopa B (1, > ;)

JIMnoBHUI MOMEHT KYJIi:

P = Hi— He 53 .
T+ 2
[Tone xymni:
3ui
B, r<R
B = Mit2Hue
B, — Bz 4 XBaDX 55 R,
r3 rS

I'yctuHa 06’ €eMHUX CTpyMiB HaMarHiuyBaHHSI
i'=
IToBepxHeBa rycTuHa CTpyMiB HaMarHidyBaH-
HS1
;= 3¢ Hi— He Bor
A u; +2u, R’

Jie ¥ — pajilyC-BEKTOp MOBEPXHI MPOBITHUKA.

HannposigHa KyJist B oJHOpiqHOMY MarHiTHOMY noJjii B. 3agaua

[Tone Bexkropa B
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JIMNOabHUI MOMEHT KYJIi:

_1

pm = 2R3B0’
[Tone kymni:
o, r<R
B= 3 r)r
B, — Pz 4 J@aDI e R,
r3 rS

I'yctuHa 06’ €MHUX CTpyMiB HaMarHiayBaHHS
j=0o0.
[ToBepxHeBa rycTUHA CTPYMiB HAMArHiUyBaH-

Hs
3c Bor

-~ 8T R’
Jie ¥ — pajilyC-BEKTOp MOBEPXHI MPOBITHUKA.



Hopmatok I'. ®i3u4HiI KOHCTaHTHU

Honatok I'. Mi3nYHI KOHCTAHTN

Ta6muus I'.1. desiki ¢i3uuni koHcTanTu B cuctemi CI'C

Koncranra CumBou 3Ha4YeHHs
IIIBUAKICTH CBiT/IA y BaKyyMi c 2.99792458 - 101 cm/c
I'pasiTaniiiHa crana G 6.67428 - 1078 cM3/(r-c?)
Crana Inanka n 1.0545716 - 1027 epr-c
EneMenTapHuii 3apsij e 4.80320427 - 1071° @p
Maca enekTpoHa me 9.10938215-1072%
EHeprisi CIOKOIO elekTpoHa ~ Mc®>  0.511 - 10° eB
Maca npoToHa my, 1.6726219 - 10730 r
EHeprisi CIOKOIO MPOTOHA mpc®  938.26 - 10° eB
Enextpon-BosbT eB 1.602 - 10712 epr
Bopichkuit pagiyc ao 5.2917720859 - 10~° cm
Marneron Bopa Up 9.27400915 - 102! epr/T'c
Crana Bosnbimana k 1.3806504 - 10716 epr/K
VYHiBepcasbHa ra3oBa craja R 8.314 - 107 epr/(K-mounb)
Yucno Asoragpo Ny 6.022 - 1023 monp~!
ATOMHA OJJMHUILIS Mach u 1.6604210~%* r
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