MAI'HITHE NMOJIE
[MNMOCTIMHOI'O
CTPYMY

NEKLIA 8
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1. MarHiTHe none. MarHitHa IHAYKUIA Ta
Hanpy»eHiCTb MarHiTHOro noJs.

2. 3aKoH bio-CaBapa-/lannaca 1a Moro
3aCTOCYBaHHA (MarHiTHe nosie NpsMoJIiHiMHOroO
NpoBigHMKA 3i CTPYMOM, KOJIOBOrO CTPYMY,
TOLO).

3. 3aKOH MOBHOro CTpyMy. BUxpoBmM xapaKkTtep
MarHiTHOro rnoJss.

4. MarHiTHMM notik. Teopema Naycca ans
MarHiTHoro nons.



Ha camocTinHe

onpaurBaHHA:

1. OnpautoBaTH 3MICT J1IeKUiT Ta BIiANOBiAHI po34ian y
NApyYHMKax.

2. 3actocyBaHHA 3akoHy bio-CaBapa-/lansaca
(b-C-/1) pnAa 3HaxoAXEHHA MarHiTHOl 1THAYKUIT Y
LEeHTPpi Ta Ha OCi BUTKA 3i CTPYMOM.



MarHiTHe nojse

Y npocTopi , WO OTOYYE CTPYMM Ta MOCTiMHI MarHiTH,
BMHMKAE CMIOBE MNoJE, AKE HAa3MBAETbCA MAarHiTHMM.

Ha3By “MarHiTHe none” noB’A3yl0Tb 3 OpiEHTALIE
MarHiTHO1 CTpIZIKM nNig Al€l0 MoJsd, CTBOPHOBAHOro
CTPYMOM, AKY BrepLue BuasmB agat.@i3. X. Epcrea.




MarHiTHe nojse

MazHimHe nosie - ye cusiose nosie 8 hpocmopi, Wo
OMOYYyE€E eJIeKmpUYyHi CMpyMu i NoCMiuHI MazHimu.
BoHO cmsopreEmMbCca uwe pyxoMumMu 3apsaoamu i
di€ Mi/ZIbKU HA pyXOoMi eJleKmpu4Hi 3apadu, wo 8
HbOMY pyXarwmbCA.

BnanMB MarHiTHoro nons Ha CTpyM pisHUMM - BiH

3aJ1eXXMTb BiJ (OOPMU MNPOBiAHMKA, MO AKOMY MPOTiKaE
CTPYM, MOro po3TallyBaHHS, HAMNPAMKY CTPYMY.



3aMKHEHUMU NJIOCKMU KOHTYP
31 CTPYMOM

Ana pocnigXXeHHA MarHiTHOro nosaA BMKOPMCTOBYETHCA
3aMKHEHMW TMJIOCKMM KOHTYp 3i CTpyMOM (pamka 3i
CMpyMoOM), PO3MIpHU AKOro Masi NopiBHAHO 3 BIACTAHHIO
A0 CTPYMiB, WO YTBOpATb MarHitTHe none. OpieHTauUiA
KOHTYPY B TMPOCTOpPi XapaKTepM3YETbCA HaNMpAMKOM
HOpMaJZli A0 HbOro, MpUMYOMY 3a [JOAATHMM HaAMNpPAM

HOpMani MPUMMAETbCA HamnpsAM, MOB'A3aHUM 3i CTPYMOM
NpaBWJIOM NMpPaBOro

BUHTA. -




B1bip HanpAMKY MarHiTHOro nosas

3a HanpAM MarHitTHoro nons B  AaHiM  Touui
MPUMUMAETbCS HanpsMm, B3 0B AKOro
PO3TalLUOBYETbCA AOoJAaTHA HOpMaJlb A0 BiJIbHO
NiABilLEHOT paMKKM 3i CTPYMOM abo0 Hanpsm, Lo
cniBnaZac 3 HanNpsAMOM CUM, KA Ai€ Ha MiBHIYHMMU
MNOJ1IOC MArHiTHO1 CTPIJIKU, NOMiLLEHOT B JaHY TOYKY.
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KinbKicHMM onuc MarHiTHoro nosas
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CUnn MarHiTHoro noss OpPIEHTYHOTb
PaMKy 3 CTPYMOM, Ha Hel Ai€e napa
cMn i ix ob6epTaibHMM MOMEHT
3a/1eXXMTb BiJ B/JIaCTMBOCTEU MONA B
laHiM TOYUWi Ta BiA BIACTUBOCTEM
TaKOl paMKu

—

M=p,%xB

e B - BEeKTOp MarHiTHo1 iHAYKUil,

M - BEKTOp MarHiTHOro MOMEHTY
PAMKM 13 CTPYMOM.



MarHiTHUM MOMEHT paMKM 3i CTPYMOM

7lna  NNocKoro KOHTYpy 3 CTPYMOM
MarHiTHUM MOMEHT - L€ BEKTOpPHa

BEJ/IMYMHA, fAKA [AOPiBHIOE AOBYTKY CHMAM

i CTPYMY , LIO NPOTiKAE B KOHTYPi, HA MOro
\ NJIOWY Ta HOpMasib A0 KOHTYpY
aip 5. = ISH
de S - nsowa noBepxXHi KOHTYpy
1 (PAMKM), 1 - OAMHUYHUMU BEKTOP HOPMAJIi

0 NOBEPXHi  pamMKM(MOro  Hanpsam
cniBnaga€e 3 HanpaMoM  A0A4aTHbOl
HopManni).



BeKTop MarHiTHOT iHAYKLUI1
Ha paMKM 3 pi3HMMM MArHiTHUIMM MOMEHTaMM B JAaHiM
ToYlui MarHiTHoro nond AiATMMYTb pi3HI ob6epTasibHi
MOMEHTMH, npote BiIHOLEHHSA MaKCUMaJIbHOIro
006epTasibHOro MOMEHTY [0 MArHiTHOro MOMEHTY pPaMOK
BMSB/ISETbCA CTaJIMM, TOMY CaMeé MOro BUKOPMCTOBYIOTb
AN XapaKTEPUCTUKM MArHiTHOro roJis.

MazHimHa IHOYKUia - LUe BEeKTOpHa Be/n4YMHa, Lo
JOPIBHIOE BiIHOLWIEHHID MaKCMMaJIbHOro o0b6epTasibHOro
MOMEHTY, SIKMMU Ai€ HA PAMKY i3 CTPYMOM B MAarHiTHOMy
noni, A0 B€/IMYUHM MArHiTHOrO MOMEHTY PaMKM

Mmax
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OanHmua Bumipy B cuctemie CI - |B] = 1; = 18

B =




I | JIIH1T MarHiTHOT THAYKUIT -
7 fe niHiT , AOTMYHI A0 AKMX B KOXKHiM
B Trodui  cniBnagawTb 3 HanNpAMOM

BEKTOpA B . Hanpsm  NiHin
" BU3HAYAETbCA 3a MpaBMJIOM MPaBoOro
rBUHTA : SAKWO MOCTYyNaJbHUMU PyX
BICTPA IBMHTaA CniBrnaga€ 3 HarnpsaMoMm
CTPYMY, TO HanpsM OOepTaHHA PYYKMH
BMHTA BKA3Y€E HamnpsAm NiHiM MArHiTHOI
iHAYKUIT.

Ha BigMiHYy Big AniHiM HanpykeHocTi
eIeKTPOCTaTUYHOrro nons, NiHIT
MarHiTHO1 1HAYKUIiT 3aBXAM 3aMKHEHi 1

LI MATHTHOLHAYKEIL] 0XONJTIOI0Tb MPOBiAHMKM i3 CTPYMOM.
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HanpykeHicTb MarHiTHOro Nosas

AKWoO nobamsy Oyab-AKOro Tina  po3TallyBaTu
NPOBIAHMK i3 CTPYMOM (MaKpoOCTpyM), TO nia Al€l0
MOrO0 MAarHiTHOro nossi MiKpoCTPyMM Yy BCiX aTomax
NEeBHMM YMHOM OPIEHTYIOTbCA, CTBOPHOKYM Yy Tijl

-

AoJaTKoBe MarHiTHe none. BeKTtop B XapaKTepu3ye
pe3y/ibTylode MarHiTHe noJsie, CTBOpeHe BCiMa MaKpo-
1 MIKpoCTpyMaMH, TOOTO B PpIi3HUX cepeaoBuLlax
MaTUMe pi3He 3HAYEeHHS.

MarHiTHe nosne MakKpoCTPYMiB OMUCYETbLCA BEKTOPOM

Hanpy»eHocti H . /[na oaHopigHOro 1i30TPOMHOro
cepeoBMLLa cnpasea/siMBe CNiBBiAHOLWIEHHA:

—

B = Hﬂoﬁ (ans ECN D = EEOE'))



3akoH bio-CaBapa-/lannaca

MarHiTHe none nocCTiMHMX CTpyMiB  BMBYAI0Ch
dpaHuy3bkumm BYeHMMM K.bio 1 @®.CaBapom, a
pe3y/bTaTu npoBefeHnXx A0oCNifiB 6y/sin y3arajibHeHi
[1./lannacom Ta copMy1boBaHi HACTYNMHUM YMHOM:

e/1eMeHT MarHiTHo1 iHAYKUil dB, AKa CTBOPIETbCA

e/leMeHTOM npoBigHuKa dl i3 ctpyMmoM I B AesfKiun
TOYLi, BUSHAYAETbCH

dB =
A 13
~ ppe ldlsina

dB
4T 1




_ ppoldlsina 3akoH bio-CaBapa-

dB AT 12 Jlannaca

[i - MarHiTHa MPOHUKHICTb cepeaoBMLLa( MOKA3YyE Yy
CKIZIbKM  pa3iB  MarHiTHe nose  MaKpOCTpPyMIB
301/IbLUYETBCA 3@ pPaxYHOK NonAa  MIKpOCTPYMiB
cepezoBuLLa);

o = 4m-1077T4/, = 1,26 -107° T4/, - marHiTHa
cTana;

I - cMna CTpyMy Yy NMpoBiAHUKY;

r - BiACTaHb Big enemMeHTta cTpymy dl [0 TOYKMH,
MarHiTHy iHAYKLilO Y AKiM BU3HAYAEMO;

@ - KYT MiXX BeKTopamu dl i .
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HanpAM BeKToOpa
MAarHiTHoO1 iHAYKUi1

BeKToQ MarHiTHO1 1HAYKUIT
dB_| dl ] dB |7 i

HanpsAMJ/1IEHMU B3/10BX
NOTUYHOT A0 NiHiT MArHiTHOI1
iHAYKUii.  Hanpam  Moro

BM3HA4YalOTb 3a Nhpasu/ioMm
npaso2o0 28UHMA: HANpPAM
obepmaHHs 20J108KU

28uHMa 3adae Hanpsm dB ,
SKWO  MOCTynaJIbHUA  pyX
rBUHTA BIiAMOBIAAE HaMpAMY
CTPYMY B €/1EMEHTI.



E — P;ﬂo ge=—na MazHimHe nose
* " npamosniHiliHo20 nposiOHUKa

31 CMpyMoMm

FakmMm cTpymM CTBOPHETLCA HECKIHYEHHO
AOBr'MM TOHKMM MPOBIAHMKOM.

OCKiﬂbKVl ANA TaKOI'O npoBigHMKa
r = ,dl =
sina sina

TO NiACTaBMBLUM LI 3a/1I€XXHOCTI B 3aKOH
b-C-/1, oTpMMaemo:

I dl

ppo I
dB = sinada
41t R
BpaxyBaBliM, WO KYT ONa  BCIX

e/IeMEHTIB NPAMOro nNpoBoAy 3MIHIOETHCA
Big4 0 4O m, IHTEerpyeMo AaHUU BUpPa3




ppo I
— sinada T
4 R ppg 1 f . Uiy 21
sinada =

B =
4 R 4 R
0

dB

MazHimHe nosie
KOPOMKO020 NpOBiOHUKA 31 CMPYMOM

AKLO NpAMMU NPOBiIAHMK i3 CTPYMOM MAE
CKiHYEHH PO3MipK (KOPOTKUM
NpoBiAHMK), TO NOTPiIGHO BBECTM iHLWI
MeX1 IHTEerpyBaHHA - a4 Ta dy:

)

f sinada

a1

_Puo I

B =
4t R

_pug I

B =
4t R

(cosa; — cosa,)



LUupKynauia BeKTopa
MAarHiTHoO1 iHAYKL i1

Hupkynayieto sekmopa B no 3aMKHEHOMY KOHMYpY
HAa3uBaemMbCA iHMe2pan

§(B.dl)=§Bdr
L L

ae dl - BEKTOp e€e/ieMeHTa [JOBXWHM KOHTYpa,
HaI'IpFIMneHVIM B3/10BX 00Xx0A4y KOHTypa, B; = Bcosa-

npoekLuis B Ha JOTUYHY A0 KOHTYpa, a - KYT MIX B
Rl .



3aKOH NMOBHOIr0 CTPyMY
(TeopeMa Npo UMPKYAALIIO
BEeKTOpa MarHiTHO1 iHAYKL 1)

UMPKYNAUIA BEKTOpa MarHiTHol  iHAYKUiT no
J10Bi/IbHOMY 3aMKHEHOMY KOHTYpY JOPiBHIOE [0OYTKY
MarHiTHO1 CTasiol Ha anrebpaiyHy CcymMy CTpyMiB, AKi
OXOMJIITLCA UMM KOHTYPOM

(Y
§ Bdll = § B,dil = HOZI
L L
Ae N KINbKICTb NpOBIAHUKIB 13 CprMaMIA, aKi

OXOMNJIOE AOBi/IbHMMN 3aMKHEHMM KOHTYD .
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[ 1o 3aKOH MOBHOro CTPyMy

':\ : (TeopeMa Npo UMPKYAALiIO

T N BEKTOpa MarHiTHo1 iHAYKLUiT)

KoXXeH CTpyM BpPaxXOBYETbCA CTi/IbKM pasiB, CKiJIbKU
BiH OXOMMETbCA KOHTYpPOM. /loaTHUM MPUUMAETbCS
CTPYM, HanpsmM $SKOro 3B’Si3aHMM 3 BMOpPaHUM
HarNnpAMOM 06Xx0Zly KOHTYpy nMpaBMJIOM [pPaBoOro
BMHTA, CTPYM MPOTMU/IEKHOIO HanpsaAmy - Bia’€MHMM.
Hanpuknaa, ANnA MaJIlOHKY Yy
HUXHbOMY KYTi cnamaa, us cyma "

HabyBa€ BMrnaay:

N
> I, =1+21,-0-1,-1,
k=1




MarHiTHa iHAYKUiA
NPAMOro CTpyMy Ha
BiACTaHi r Bi4 NpoBiAHMKa

BMOMPAEMO KOHTYp Y BMIrAs4i Kona paaiycom r . B KOXKHiM

TOYLli LbOro KOHTYpY BEKTOP B 04HAaKOBMM 3a MOAYNEM i
HanpAMNEHMU MO AOTMYHIM A0 Kona . Toai uMpKynAuis

sektopy B £(B.dl)=§Bdl =B} di=B-27~
; : ;

3a 3aKOHOM MOBHOro CTpyMy B - 2itr = ugl, TOAI

ol
B=-—"—.
27T

TakmMu camMuu BUpa3 OTPUMMYETbLCA i 3a 3aKoHOM b-C-J1!



MarHiTHe noJie HecKiH4YeHHO
AOBroro coJsjieHoiga i Topoiaa

3a JONOMOro 3aKoHY NMOBHOIO
CTPYMY TaKOX MOHa OTpUMATH

s ] >y (DOpMY/IM A1A MarHiTHOro noJsiA
D™ coseHoina:
e o ﬂoNI
B =
[
Ta Topoija:
ﬂoNI
B =

2TTr




[MloTiK BEKTOpa
MAarHiTHoO1 iHAYKLi1
(MarHiTHMKU NOTIK)

O3Ha4yeHA NOTOKY BEKTOpA MAarHiTHO1 iHAYKLUIT JaETbCA
aHa/IOryHO A0 O3HAaYeHHA BeKTopa Hanpy*eHoCTi
MarHiTHoro nons:

[lomik BeKmopa Maz2HimHo1 IHOYKUil (Maz2HimHuu
nomikK) Kpi3b nsowaokKy dS - ue ¢iznyHa BeMYUHA,
piBHA CKaNApHOMY [JOOYTKY BEKTOpPiB MarHiTHol

iHAYKUiT B Ta eneMeHTapHoi niowaaku dS = dS - n
ddgp = B -dS = BdScosa = B,dS



d®p = B-dS = BdScosa  MarHiTHMM MOTIK

3HaK MOTOKY 3aNeXuTb Biag cosa . [OTIK BeKTopa
MOB'A3YIOTb 3 KOHTYPOM, MO AKOMY MNPOTIiKAE CTPYM.
/lofaTHMMHMA HAanNpsSIM HOpMaAi MoB'A3aHO 3i CTPYMOM
npasu’sioM npaso2o0 28UHMA. MarHiTHUM nNOTiK,
CTBOPIOBAaHMMU KOHTYPOM YEPE3 MOBEPXHIO, OOMEKEHY
HUM CaMUM, 3aB8>k0u dodamHud.

MarHiTHMK NOTiK Yepe3 A0Bi/ibHY NOBEPXHIO
BM3HAYAETLCA IHTErpasiom

| | BdS cosc.= | B,dS
A 'y BUNaaKy oaHopigHOro nons
®p = BScosa



MarHiTHMHM NOTiK coneHoiga

BcepeanHi coneHoiga MarHiTHe nose ofgHopigHe, a
MarHiTHa iHAYyKLUiAa coneHoia
[,loNI

l

MarHiTHMUM nNOTiK 4Yepe3 OAMH BMTOK COJIEHOTJA
BM3HAYAETbCA (DOPMYJI0L0

B =

NI
(Dl = BS = ﬂoTS

MarHiTHMM NOTiK, YTBOPEHMU YyCiMa BMTKAMMU COJIEHOTJA
Ha3MBalTb NOTOKO34YenneHHAM V¥ 1 3HaxoaATb:
N2I
LP=CI>1-N=NBS=;10TS



Teopema Naycca ons
MA2HIMHO20 NoJIA:

NOTIK BEKTOpa MarHiTHol iHAYKUil 4epe3 Oyab-aKYy
3aMKHEHY NOBEPXHIO0 AOPIBHIOE HYJIHO.

{ BdS={ B,dS =0.

LIA Teopema BlJobpa*Ka€ TOM @aKT, WO MArHITHUX
3apAaaiB, MoAiGHMX A0 eNneKTpUYHMX, He ICHYE!
BHacnigoK uboro NiHil MarHiTHOT 1HAYKLIT HE MaloTb Hi
noyaTtky , Hi KiHUA. BOHM € 3aMKHeHuMH, a MIl -
BUXPOBE.

XapaKTep eNIeKTpoCTaTUYHOro i MarHiTHOro nosiB -
Pi3HMM!



BuxpoB1Kn xapaKTep
MAarHiTHOro nonA

o

AKLLO NOPiBHATU BUpasu ANA LUMPKYAALil BekTopiB E
Ta B , TO BMAHO, WO MiX HUMM € NpUHLMMNOBA
Pi3HMUA. UMpKynAauia BekTopa E JOPIBHIOE HYJIO, a
UMPKYALIA BEKTOpa B BiaMiHHa Big HyNnA. PiIBHICTb
HY/I0  UMPKYAAUiT  BeKTopa E O3Hayae, WO
e/IeKTpoCcTaTUu4yHe noJsie - noTeHuiasibHe, a
MarHiTHe none € BMUXPOBUM. Teopema npo

—

UMPKYALII0 BEKTOpa B Y BYEHHI NMPO MarHiTHe nonae
Ma€E TaKe X 3HayeHHA, AK Teopema OcTporpaacbKoro
- [aycca B enekTpoctatuvui, OCKI/IbKM [J03BOJISAE
BU3HA4YaTM MarHiTHy IiHAYKUilO ©6e3 3aCcToCyBaHHA
3aKoHy b-C-/1.



