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METO/JIUKA OBI'PYHTYBAHHA OJJHO3HAYHOCTI PO3B’A3KIB
PIBHAHb MATHITHOI'O ITOJIA B KYPCI EJIEKTPOJINHAMIKHA

Methodology of ground of nicety of decisions of equalizations of Maxwell is
examined for magnetic-field in a course an electrodynamics at preparation of
teachers of physics.
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IlocranoBka mnpobaemu. CuioBYy XapaKTEPUCTUKY MArHITHOTO MOJs

CICKTPUYHUX CTPYMIB (BEKTOp 1HAYKIII B), 30cepemkeHnx B 0OMeKeHi o0acTi
IPOCTOPY, MOKHA JOCITIAUTH PI3HUMH CIOCOOAaMHU: HANpHUKIad, 3a 3aKoHOM bio-

Casapa-Jlamiaca, 3a TEOPEeMOIO MPO IMPKYIAII0 I[LOTO BEKTOpa, abo — uepes

—

BEKTOPHUHM INOTEHIIANL. Y CBOK 4epry, BUPasH IS BEKTOPHOTrO moTeHmiamy A
MarHiTHOTO TMOJisl, MPU 3aJaHOMY PO3MOALI CTPyMiB, MOXKHA pO3paxyBaTH 3a
nomomororo piBHsAHb [lyaccona i1 Jlammaca abo Oe3mocepenHiM iHTerpyBaHHIM [1-
4]. TlpuyoMy ocTaHHIN BHpa3, OUEBUIHO, CIIIJl PO3MIISIATH, SK PO3B’SI30K PiBHSIHbL
[Tyaccona i Jlarutaca [4, 7].

Sx Bimomo, piBHaHHs Ilyaccona i Jlammaca € piBHSHHAMH B YaCTUHHUX
MOXITHUX APYTOTO MOPSAKY, SIKi JOMYCKalOTh y 3araJbHOMY BUNAAKY HE3NIYCHHY
KUTBKICTb JITHIHHO HE3aJIeKHUX PO3B’SA3K1B JJIsl HOTEHIIay, a 3HAUUTH 1 JIJIsl BEKTOpa
IHAYKIIi MarHiTHOro nojis. ToMmy HeoOXiIHO OOTPYHTYBATH MUTAHHS MPO TE, 5K 13

BEJIMYE3HOI KIJIBKOCTI JIIHIMHO HE3aJIeKHUX PIIIeHb, SIKI 330BOJIbHSIOTH PIBHSAHHSAM



[Tyaccona 1 Jlannaca, BuOpatu oJHe €auHe, sSIKEe BIAMOBIAA€ 3a7aHiil KoHDIryparii
CTPYMIB.

AHani3 HaByanbHMX mociOHukiB juis BH3 [1-3, 6-9]) 1 akryampHUHX
JOCTIKeHb, BAKOHAHWI HAMH, a TAKOXK B [5], IMokasye 1o 1e muTaHHs 3aTUIIHAI0CS
103a YBaror METOJWYHOI HayKH, HE BHUCBITIICHE y HaBUaJIbHIM JiTepaTypi 1 He
3aBXKIU PO3TIIAIAE€THCS B JICKIIAHIN MPaKTHUIIL, III0 € aOCOIIOTHO HEOOTPYHTOBAHUM.

Tomy B naHiii cTaTTi NPOMOHYETHCA 1O PO3MIAAY OAMH 13 MOMKJIMBHX
BapiaHTIB OOIPYHTYBaHHS BHOOpPY €IMHOTO pO3B’SI3Ky  piBHAHBL Ilyaccona i1
Jlanmaca, 1m0 BIANOBIJA€ KOHKPETHIM KOH(QIrypauii CTpyMiB, SIK€ BHKJIaaad
MOBUHEH BUKOHATH I11]1 YaC YUTAHHS JICKIIH 3 TeMU «CTallloHapHEe MarHiTHE MOJIe»,
OCKIJIbKA BIJICYTHICTh TaKOro OOIPYHTYBaHHS NPHU3BOAUTH JO JOTMaTU3MYy B
CIPUUHATTI MaTepiaty.

Buknan ocHoBHOro marepiany. s BUpIlIEHHS NMHUTAaHHS NMPO BKa3aHe
OOTpYHTYBaHHSI OJIHO3HAYHOCTI pO3B’S3KIB PIBHAHb MakcBesia HEOO0XiIHO
CKOPHCTATHCS HACTYITHUMH, BIZIOMAMH CTYJACHTaM, TCOPCTUIHUMH BiJJOMOCTSIMHU.

1. MarniTHe TOJie 3a HASBHOCTI CTPYMIB IMPOBIAHOCTI, MPOBIJHUKIB 1

JIEJIEKTPUKIB OMUCYETHCS CUCTEMOIO PIBHSHD:
rotB = g, j (aGo rotH =j)i divB=0,

e f - MarHiTHa NPOHUKHICTh PEYOBUHHU, SIKa (POpPMaIbHUM YHHOM BpPaXOBYE

-

HasBHICTh Yy HbOMY MOJIEKYJIIDHUX CTpPyMiB, | - OO0'€eMHa TyCTHHAa CTpyMIiB

MPOBIAHOCTI, f{, - MarHiTHa ctaja, H - Hampy>XeHICTh MArHiTHOTO MOJs, SKa

MOB’s13aHA 3 IHAYKIIEIO T0JI1 MaTepiadbHUM PIBHSHHAM B = gy,H .

2. Jlns Bextopis B i H , o XapakTepu3yOTh €IEKTPUYHE TIOJIE, CIIPABE/JINBI,
TaK 3BaHl, IPaHMYHI YMOBH, $IKI BHU3HAYAIOTh TMOBEIIHKY IX HOPMaJbHUX 1
TaHTeHI1AJIbHUX CKJIQJIOBUX HA MEXI CEpPEIOBUIN 3 PI3HOK MAarHiTHOO
MTPOHUKHICTIO.

3. IHOyKUisT MarHiTHOTO MOJsSI BUPAXAEThCS 4YEpe3 BEKTOPHUM MOTEHIiAN

HacTynHHM uynHOM: B = FOtA .



4. BzaeMopmisi ENEKTPUYHHX 3apsAiB BUPAKAETHCS dYepe3 BEKTOPHU, IO

XapaKTEepU3yIOTh MOJIE:

W =

N

[ BHav . (1

OcranHili BHpa3 Ja€ MOXJIUBICTh CTBEP/DKYBATH, IO B KOXHINA OXWHUII

\ : . . dw 1 .- :
00 €MY MAr"diTHOTO IIOJIA JIOKAJI130BaHa CHCPILA. U= d_V = E BH ,TO6TO CHCPI'LA

B3a€MO/II1 CTPYMIB 30Ce€peKeHa y MarHiTHOMY TIOJ.

5. JIJist MarHiTHOTO MOJISI CIPAaBEITUBUANA TPUHIUI CYTIEPITO3ULIIT.

OTtxe, Hexal 3ajjaHa CUCTEMa TuI, Cepel] SIKUX € SK MPOBIIHUKU 3 BIIOMUM
PO3MOITIOM CTPYMIB, TaK 1 1HII PEUYOBUHM 3 BIJIOMOIO MArHITHOK TMPOHUKHICTIO,
3a JIONOMOTI'O0 SIKOi BPaXxOBYETBHCSI MOJEKYJSPHI CTPYMH, sIKI 3aBXIU ICHYIOTH B
aToMax Ta MoJjekyinax. Takum 4uHOM, OyJIeMO BBaXKATH, 110 B KOXHIA TOYII
IIPOCTOPY B1AOMA I'YCTUHA CTPYMIB IMPOBIJHOCTI 1 MArHITHA IPOHUKHICTh PEUOBHHHU.

JloBeaemo, 110 MarHiTHE MoJie, 3a/1aH0i CUCTEMHU MOJIEKYJIIPHUX CTPYMIB 1 CTPYyMiB

— —

IPOBITHOCTI, ONMCYETHCA €IMHUM HabopoM xapakrepuctk nons A, B i H, sxi
3aJI0BOJIBHSIIOTH PIBHSHHSAM MakcBesa 1 rpaHuuHuM yMoBaM. [loBenenHs OyaemMo
BECTHU BIJl MPOTHJIEKHOTO, TOOTO MPUIYCTUMO, 1110 ICHYE JIEKUIbKa PI3HUX BHpa3iB
JUISL BEKTOPHOTO TMOTEHIIay, HANpPYXEHOCTI Ta I1HAYKII MarHiTHOTO TOJs,
CTBOPEHOT'O CYKYITHICTIO BKA3aHOI CUCTEMH CTPYMIiB.

VYci BeMYMHY, K1 BITHOCATHCA JI0 JESIKOTO OAHOr0 HaOOpy XapaKTEPUCTHK
10JIs, TO3HAYMMO OJHHUM ILTPUXOM, a JI0 JESKOI0 1HIIOrO - ABOMA WTpuxamu. s

TIEPIIOTo HabOPy XapaKTEPUCTHK MAECMO:
B'=rotA: rotH'=j: divB'=0. (1)

AHanoTIYHUM PIBHSHHSM 33J0BOJILHAE APYTHI HAOIp XapaKTEPUCTUK TIOJIS:

=

= ~ Y7 =
B" =rotA": rotH" =): divB"=0. (1)
BHKOPUCTOBYIOUM TPHHIIMIT CYIEPIIO3HUIlii, MOKHA BBaXkKaTH, IO TOJE, SKE
OIKMCYETHCS, HAPUKIIA, BEIMUMHaMu A', B' i H’ € cymeprosuuiero mojis A, B” i

H", 1 aeskoro TpeThoro moyist A, B 1 H, iK€ yMOBHO Ha3BEMO PI3HHUIIEBUM TMOJIEM:



B-8-B"; H=H A", A=A_A"
1 3aMUIIEMO PIBHSIHHS, SKHM 33/I0BOJIbHSE PI3HUIIEBE MOJIE:
B=rotA; rotH =0 divB=0. (1V)
Skiio Haire TPHUITYIIEHHS MPO MOMJIMBICTH 1CHYBaHHSI PI3HHUX PO3B’SI3KiB
piBHsSHb MakcBeia BipHE, TOOTO MOXJIMBE ICHYBaHHS PI3HUX IIOJIB, SKi
BIJINOBIAIOTH 33/1aHii KOH(Irypalii CTpyMiB, TO 3 KOXKHHUM 13 IIUX TOJIB Ma€ OyTu
MOB'sI3aHa €HEprid, ska BHU3Ha4yaeThes BUpa3oM (I) 1, oTke, eHepris Pi3HUIIEBOTO

I10JIA ITIOBHMHHA I[OpiBHIOBaTI/I:

- 52

j BHdV == J’ : V)

BuxoHaeMo nepeTBOpeHHsI TpaBoi YaCTUHHU, BUKOPUCTOBYIOUH BiAOMY (hOpPMYITY
BEKTOPHOTO aHali3y, sika st Bekropis H i A martume Burms:

divfAH] = HrotA— ArotH .
Tomy Bupas (V) 3anuiieMo TakuM YUHOM:
w-1l [ ArotHdv 1 [divIAH AV
2 \ 2 \

[lepmmii iHTErpan y npasiil 4acTUHI 1OPiBHIOE HYIO (quB. (IV)), TOMy Maemo:
W == [divAHdV.

2 \

Jlo iHTerpany y mnpaBidi yacTuHi 3actocyeMo (opmyny OcTporpajachbkoro-

l"aycca:

:%jdiv[,&ﬁ]dv =%§[Aﬁ]d§, (V1)

Jie S — 3aMKHYTa MOBEPXHsI, SIKa OXOTUTIOE 00'eM V.

Y dopmym Octporpaacekoro-I'aycca (V1) y mpaBiii 4yacTuHI TOBEPXHS
IHTErpyBaHHA — JOBUIbHA, ajJieé BOHA IOBMHHA OXOIUTIOBaTH O00’€M, 3a SIKUM
BUKOHY€ThCS 1IHTErpyBaHHs. Lle Moxe OyTu sk BllacHa MOBEPXHs BUALIEHOTO 00'eMy
V, Tak 1 MOBEPXHsI HE3PIBHSAHHO O1JIbIIIA 32 HOTO BJIACHY MOBEPXHIO (aJie 000B’I3KOBO

il OXOILIIOBATH ).



PozmmpuBmu mexi interpyBanHs B (V1) Ha Bech mpoctip, sIKui 3alHATHI
MarHiTHUM TIOJIEM, MH MOXEMO 3HAaWTH BCIO €HEPTil0 PI3HUIIEBOTO MOJIA, TOOTO
inTerpyBanus B (V1) BUKOHYyeEMO MO BChOMY 00'€éMy, BKJIIOYAIOYH 1 HECKIHUCHHO
BigganeHi Touku. CucteMy Tl 13 CTpyMaMmH MPOBIAHOCTI 1 MOJEKYJISIPHUMHU
CTpyMaMmH, 5IKi ICHYIOTh B 0OMEKEeH1i YaCTUHI IPOCTOPY, IO BIAHOIICHHIO JI0 TyXKe
BiJJAJICHUX TOYOK, MO’KHA PO3IIIAJIATH K MarHITHHM MOMEHT, 1[0 3HAXOJIUTHCS Y

HeHTpi chepu HECKIHUEHHO BeJMKOro paniycy. IloreHmian A4 IOJIS MarHiTHOTO

MOMEHTY 3MEHIIY€ThCS HE TMOBUIBHIIIE HIXK }/ 5> A€ R — BiAcTaHb BiJ TOYKH, JI€

30CEPEIKEHUI MarHiTHUM MOMEHT, 10 TOYKH CHOCTEpeXeHHsS (OBEpXHI cepH).
— . . . . 3
Mozyi1b BekTopa H MarHiTHOro MOMEHTY 3MEHIIYETHCS He MoBiIbHIme, Hix 1/ R

. Omxe, iX MOOYTOK 3MEHIIYETHCS HE MOBUIBHINIE, HK 1/R®, TOII SIK MOBEPXHS
. 2 . A S .
pocte He mBumme Hix ~ R Tomy inrerpan ECJS[AH]C'S 0 HECKIHYEHHO
S

BIJIJAJICHIN TMOBEpPXHI JOPIBHIOE HYNIO. PiBHICTH HYyJNIO I[bOTO I1HTErpajy Ha
MOBEPXHI, 10 00MEXKYe MoJie, 03HAYa€E, 110 CHEPTisl PI3HUIICBOIO TOJIS JOPIBHIOE
HYJTIO:

1 -
:E HBdV = jWOde 0

Ockinbky KBagpaTuuHa QyHKIisS B2 He Moxxe OyTH Bill’€MHOIO, TO B OyIb-sKiii
TOYI PI3HULIEBOTO TIOJIs BeJIMUKMHA B2, a, oTke, 1 B 1opiBHIOE Hyr0. TAKMM YHHOM,
PI3HHIIEBOTO MOJISl HE ICHYE, a TOMY:

B-B", H'-A", A-A"

TakuM YMHOM, Halle NOPUIYLIEHHS MPO MOXKIUBE ICHYBaHHS Oe3iiui
po3B’si3KiB piBHAHB [lyaccona i Jlamnaca, siki 3a10BOJIBHSIOTH PIBHSHE MakcBeia
1 TPAaHUYHUM YMOBaM, JIJIs 33J1aH01 KOHGITYpaIlii CTpyMiB BUSBJISETHCS HEBIPHUM,
10 1 BU3HAYAE TBEP/KCHHS: PO3B’S30K, IKUH 3210BOJILHSIE PIBHIHHAM MOJIA i
rPAHUYHUM YMOBaM, € €AUHUM.

BucnoBku: 1. PosrnsiHyra wmeToauka OOIPYHTYBaHHS OJIHO3HAYHOCTI

pPO3B’A3KIB piBHSIHb MaKCBeJUIa CTaBUTh OCTATOYHY TOUKY Y (POpMyBaHHI YSBIICHb
5



CTYACHTIB MPO BJIACTUBOCTI MArHiTHOTO MOJI Ta METOAM MOro pO3paxyHKy 1 B
3aMpONOHOBAHOMY (un 1HITIOMY) BapiaHTi 000B'S3KOBO MMOBUHHA
BUKOPUCTOBYBATHCA BHKJIaJadaMd B JIEKLIHHOMY Kypci, OCKiIbKH 0€3 Takoro
OOIPYHTYBAaHHS CTYJCHTH TMOBUHHI NMPHUHHITH «HA BIpY» PO3B’SA30K 3ajadi Mpo
OOYHCIICHHS XapaKTEPUCTHUK IOJIS.

2. OCKIIbKM BEKTOp HAIMpPYXEHOCTI E EJIEeKTPUYHOTO TOJS BHPAKAETHCA
yepe3 ckalspHuii morenmian (), a ocraHHil, K i BEKTOpHHI NOTEHI{an A
MarHiTHOTO TIOJIsI, BU3HAYAETHCS PO3B’s3kaMu piBHsAHB [lyaccona i Jlarmumaca, To,
OYEBUIHO, 3AJUIIAETHCS HEBUPIIIICHUM MUTAHHA 1 TPO METOAUYHE OOTPYHTYBAHHS
y HaBYaJIBHOMY MPOIIEC MIATOTOBKH BUUTENIB (DI3UKH OJTHO3HAYHOCTI PO3B’SI3KIB

piBHAHb MakcBeia 1 11l eIEKTPUYHOTrO TOJIs, a B 3arajibHIIIOMY BUIIAJKY - 1 JJIs

€JICKTPOMArHITHOTO MOJISI.
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