HUMMU daKyabTeT —
JIABOPATOPHAS PABOTA Ne 4 Ipynna  —

Kadgenpa
MII MATHUTHOE NMOJIE 3EMJIN ®ILO.

lle./lb pt160mbl. HBy‘{I/ITB XapPaKTCPUCTUKU MATHUTHOI'O IIOJIA 3emiau u OIIPCACIINTD
TOPHU30HTAJIbHYIO COCTABJIAIOIMIYIO BEKTOPA HHAYKIMHK 3CMHOI'O MarHuTHOI'O I10JIA.

1. TEOPETUYECKOE BBEJIEHUE

OZIHOBPEMEHHO C JBMXKYIIUMCS 3apsIOM WM TOKOM JABHXKETCS €ro JICKTPUYECKOE
nose. JABuxyliee 3JIeKTPUYECKOE T0JI€ U3MEHSET CBOMCTBA OKPYKAIOIIEr0 MPOCTPaH-
cTBa, 00pa3ys MarHuTHOE 1oJje. CiaeaoBaTeIbHO, MATHUTHOE TI0JIC SIBJISETCS CIEIACTBHU-
€M M3MEHEHHUS WJIN JIBUKEHHUS AJIEKTPUYECKOTO TOJIS.

MarHutHoe moJie SBJSEeTCS 0COOBIM BHUJIOM MaTE€pUU M OOHApYKUBAET ceOs CHUJIO-
BBIM B3aMMOJICHCTBUEM C JBHXKYIIUMCS AJICKTPUUECKUM 3apsIoM (TOKOM) HIIH JIPYTUM
MarHuTHBIM noJjieM. CHIIOBO# XapaKTEPUCTUKON MAarHUTHOT'O MOJISI SIBJISICTCS MarHUTHAs
UHOYKIUsT B, BEeKTOp KOTOpOW paBeH MaKCUMaJIbHOW cuie, ACHCTBYIOIICH B JTaHHOU
TOYKE MOJISI HA €IMHUYHBIN 3apsijl, ABWKYIIUICA C €AMHUYHOW CKOPOCTHIO, T.€.:

—

B: Fmax
g0’

CBs13b MAarHUTHON MHAYKIIMHU C JIEKTPUUECKHUM TOKOM, 00pa3yIoIIMM MarHUTHOE
noJie, onpenensiercs 3akoHoM buo—CaBapa—Jlamiaca, Mo KOTOpOMYy MOAYJIb BEKTOpa
MarHUTHOW MHAYKIIMHU, CO3/IaHHOU 3JIEMEHTOM TOKAa TOHKOI'O MPOBOIHUKA, PABEH:

dB = Hol I(ﬁsi N,
Ar 2
rae: | — cuna Toka B MpOBOTHUKE;
dl — snement JUTUHBI IPOBOJIHUKA (BEKTOP, HAMPABJICHUE KOTOPOTO
COBITAJIaCT C HAMPABJICHUEM TOKA);
Idl — >nement TOKa;
7 — paauyCc—BEKTOP, HANPABJIEHHBIM OT CEPEAMHBI DJIEMEHTA TOKA
JI0 3aIaHHOM TOYKH;
0. — YOl MEXIY BEKTOPOM T° U BEKTOPOM m;

Mo~ 471077 ['a/M — MarHuTHasI TOCTOSTHHASI.

—

HampaBnenue BekTopa B B 3amaHHON TOYKE MMOJS OMpEEisIeTCs BpalicHHUEM
IPaBOXOJ0BOTO0 BHWHTA, €CIM OH TPH ATOM IEPEMEIIAETCsA 1O HaIPaBICHUIO TOKa
B MIPOBOHUKE (CM. PUCYHOK 1).

1- IMPOBOAHUK C TOKOM; 2 - cuoBas JIMHUS MarHUTHOTO TIOJIS
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Pucynok 1 — HanmpaBnenue BexkTopa B B 3a1aHHOIi TOUKE OIS

Tak Kak MarHUTHOE TI0JIE€ SIBJISICTCS CHUJIOBBIM, TO €r0 MOXKHO M300pa3uTh rpaduye-
CKH C MOMOIIBIO CHJIOBBIX JIMHUM, KaCAaTEIbHBIE K KOTOPHIM HAIIPABJICHBI TAK K€, KaK
BEKTOpP MarHUTHOM WHIYKIIMHM B JAHHOW Touke. Hampumep, cuiioBble JUHUU (JIMHUHU
MarHUTHOW MHAYKIMHU) JJIi MATHUTHOTO TOJISI MPSIMOJIMHEHHOTO MPOBOJHUKA C TOKOM
OyIyT KOHIICHTPUYECKUMH 3aMKHYTBIMU OKPYKHOCTAM (CM. PUCYHOK 2).

3aMKHYTOCTh MarHUTHBIX CHUJIOBBIX JIMHUM, B OTJIMYME OT DJICKTPUUECKUX CUIIOBBIX
JIUHUM, ABIAETCS (PyHIaMEHTAIbHBIM CBOMCTBOM MAarHUTHOTO IOJIS U JIOKa3bIBaeT OT-

CYTCTBHUC B IIPUPOAC MAIHUTHBIX 3apAd0B, KAK HCTOYHUKOB MAaIrHUTHOT'O I10JIA.
2

"

1

1- IIPOBOAHUKH C TOKOM, 2 — CHJIOBBIC JIUHUH.
Pucynok 2 — I'padpuueckoe n3o0paxeHre MarHuTHOTO TOJIS.

[TpuHIMO cynepno3uiny (HaJI0KEeHHS) MAarHUTHBIX TOJICH: MarHUTHAs UHIYKIUS
PE3YJIBTUPYIOLIETO TMOJsl paBHA BEKTOPHOW CyMME MAarHUTHBIX MHIYKIUN CKJIaJbIBac-
MBIX ITOJICH, T. €..

B= Bi :

Kak wm3BecTHO, 3emMisi CO3MaET B OKPYKAIOLIEM IMPOCTPAHCTBE MArHUTHOE IIOJIE,
00yCJIOBIIEGHHOE TOKAMH B >KHJIKOM 3eMHOM siape. CHUIOBBIC JTMHUM MAarHUTHOTO TOJIS
BBIXOJISIT U3 IEHTpa 3eMJIM uepe3 I0KHOE TOJyIIapue U, 000THYB 3eMITI0, BXOJAT B €€
IIEHTpP Yepe3 ceBepHOE Moymapue (cM. pucyHok 3). [Ipoeknuu CuiioBbIX JTMHUHN Ha TI0-
BEPXHOCTh 3€MJIM HAa3bIBAIOTCS MAarHUTHBIMM MEPHUAMAHAMU, HAMPABICHUE KOTOPBIX
ONPENEIIIETCS KOMIIACOM C MATHUTHOW CTpesiKoW. HOKHBI MAarHUTHBIM MOJIFOC PACHo-
JI0’KEH BOJIU3U CEBEPHOTO reorpauyeckoro IMojaroca, a CEeBEPHbIM MAarHUTHBIN TMOJOC
PacIoJIOKeH BOJIM3HU F0XKHOTO Teorpaduueckoro mooca.

MarauTtHoe nojie 3eMJId YMEHbIIAETCA mpuMepHO Ha 1% 3a kaxapie 10 ner.

Pucynok 3 — CuiioBble TMHUHA MarHUTHOTO TOJISI 3€MJIH.
Tak kaKk BEKTOp MarHMTHOW MHAYKIIMM HAIPABJIEH 10 KAaCATEIbHOM K CUJIOBOU JIW-
HUH, TO, KaK BUJHO Ha PUCYHKE 3, HA SKBATOpE OH OyJeT HampaBJICH TOPU30HTAIHHO
MMOBEPXHOCTHU 3EMJIM, @ Y MATHUTHBIX MOJIIOCOB — BEPTUKAJIBHO.
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B cpennnx mmporax 3emMiau BEKTOp MHIAYKIHMH MUMEET TOPU3OHTAIBHYIO M BEPTH-
KaJIbHYIO COCTABIISIONIUE, TAK KAK OH HAKJIOHEH MO/ YIJIOM K OBEPXHOCTH 3€MIIH.

VYros HakIOHA BEKTOpa MHAYKIMUU K MTOBEPXHOCTU 3€MJIM HA3bIBAETCS MarHUTHBIM
HAKJIOHEHUEM, a YTOJl MEXIy MarHUTHBIM U reorpaduuecKuM MepUIMaHaMHi Ha3bIBaCT-
C MarHUTHBIM CKJIOHCHUEM.

l'opuzoHTanbHaAs cOCTaBIsAONIAs BEKTOPAa MHAYKIMA MAarHUTHOTO TOJISI 3eMJIU U3-
MEHSETCS OT HyJI1 Ha MATHUTHEIX mojrocax 10 41-107° Ti. Ha 5KBaToOpe U UCIIOJB3y€eTCs
B HAaBUT AU, T€OJE3UU, BOCHHOM JIEJIE U JIP.

2. JKCIIEPUMEHTAJIBHASL YCTAHOBKA

Ha pucyske 4 nmokasa MaraHuTOMETp JUIsl ONIPEACIICHHUS] TOPU30HTAIIBHON COCTaB-
JAOIIEH MHAYKIUU MarHUTHOIO TOJIA B 33JJaHHOM TOYKe 3eMiIM. MarHUTOMETp COCTO-
UT U3 KaTyIIKH | ¢ IBaJaTbi0 BUTKAMU 3JIEKTPUYECKOIO MPOBOJA U KomIaca 2 ¢ Mar-
HUATHOU cTpenkoi. KaTymka MmarHuTomeTpa pacoiokeHa B BEpTUKAIbHOMN INIOCKOCTH,
a KOMIIaC PACHOJIOKEH B LIEHTPE KATYLIKH B TOPU3OHTAIBHOM IUIOCKOCTH. DJIEKTpHUYE-
CKMM MCTOYHHK MUTAHUS KATYIIKH UMEET PETYJISITOP TOKa 4 I 3aAaHUsI TOCTOSIHHOTO
ToKa B Karymke B npeaenax ot 0,1A go 0,5A u ammepmerp 3 mJisi €ro U3MEPEHHUS C
MPHUBEICHHOM morpenrHocThio 1,0.

PeryJaTop
TOKa

O

MATHHTOMETP

“

1 — xaTymika ¢ BUTKaMH 3JIEKTPHUUECKOr0 MPOBO/IA;
2 — KOMITaC C MarHUTHOW CTPEJIKOW;
3 —amnepmerp; 4 — perysarop Toka.
Pucynok 4 — Marauromerp.

3. PACUETHASA POPMYJIA I OHPEJEJEHUS T'OPU3OHTAJBHONI
COCTABJISIOIIEN BEKTOPA UHAYKIIUU MATHUTHOTI'O ITOJIA 3EMJIN

[Ipu oTCyTCTBHM TOKA B KaTYIIKE MArHUTHAs CTPEJIKA IMOJ JIEUCTBUEM MArHUTHOIO
1oJjIst 3eMJIM yCTaHABIIMBAETCS MO HAIMPABICHUIO MArHUTHOTO MEpPUIUaHa (CM. PUCYHOK
5,a). [Ipu »TOM yron Mexay MIOCKOCTHIO MAarHUTHOTO MEpPUIUaHa U IJIOCKOCThIO Mar-
HHUTHOM CTPEJIKU PABEH HYIIIO.

Ecnu mo BUTKaM KaTymIKd 2 MPOMYCTUTh TOK, TO Ha MAarHUTHYIO CTPEJKYy 3 OyayT
JEUCTBOBATH JIBA MOJIsi: MArHUTHOE T10JI€ 3€MJIM M1 MarHUTHOE MoJie KaTyumku. [1o nmpuH-

LUy CyHNEepHO3KUIMI MATHUTHEIX MOJIEH Pe3yJIbTUPYIOIIMHA BEKTOp UHAYKIMU B >Tux
moJie OyieT paBeH BEKTOPHOI CyMMe (CM. PUCYHOK 5, 0), T.€.:

B=B,+B,,
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rae. B 3 — TOPU30HTAJIbHAS COCTABIIAIOIIAsT BEKTOPA HHIYKIIMHA MArHUTHOTO TIOJIsI 3eMITH;

BK — BCKTOP MHAYKIIMH MAIrHUTHOT'O IT0JII B ICHTPC KATYIIKHU C TOKOM.
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1- HaIIpaBJICHUEC MAIr'HUTHOI'O MCpHU/IHaHa, 2— KaTylIKka MarHuTomMeTpa,
3 — MarHuTHas CTpCJIKa, 4 — mkana KoMIIaca; ¢ — yroJj OTKJIOHCHUA MarHuTHOM CTPCIJIKU.

Pucynok 5 — Cxema MarHuTomMeTpa (BUJ CBEPXY).
MarHuTtHas CTpeJjika YCTaHaBIMBAETCS MO HAMPABICHUIO PE3YJIbTUPYIOIIETO BEKTO-
pa B, npu sTom 1o mkane kommaca 4 MOKHO ONpEEIUTh YIOJl OTKIOHEHHS MarHUT-

HO CTpeNKH ¢ (cM. puCYHOK 5B). Tak Kak M3HA4alIbHO BEKTOpHI B, u B ycraHosme-

B
HBI B3aUMHO NEPIEHIUKYIISIPHO, TO Q@ = B_K’ oTCIO1a:
3

B
= t_K ) (1)
ge
3HayeHue UHAYKIMA MArHUTHOTO TOJISI OT OJHOTO BUTKAa B I[EHTPE KATYIIKU pac-
cuuThiBaeTcs no 3akony bruo-Casapa-Jlamnaca:

27R
By = | M'stma )
0 4mr
Bemuunusl B ypaBHenuu (2) f,; M4, 1;477,1 =R u o = 90° coxpaHsiioTcst mocTostH-

3

HBIMH TIpH dKcriepuMenTe. CiaenoBarensHo, st N BUTKOB KaTYIIKKM MarHUTOMETpa MO-
CJIC UHTETPUPOBAHUS YpaBHEHUS (2) MOTYUYHUM 3HAUYCHUE WHIYKIIMM MAarHUTHOTO TIOJISI B
IIEHTPE KATYIIKH:
B, = HotIN o pIN
2R d

[ToacraBum 3Hauenue By B Gopmyny (1) u mocie npeoGpa3oBaHMil TOIyYUM pac-
4eTHYI0 (OpMYITy ISl OTIPECIICHHS CPETHETO 3HAYCHUSI TOPU30HTAIBHON COCTABIISIIO-
Ie# BeKTOpa MHAYKIMU B, MarHUTHOTO MOJIS 3eMIIH:

B, = kot ©
3 d-tgo

: —71n .
rae. p, =47-10"7" — — MarHuTHas MOCTOSHHAS,
M
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6.

1

S}
M= 1 — maruuTHas IMPOHHULIACMOCTEL BO34yXa,

T — cuna Toka B KaTyIIke MarHUTOMETpa, A;

N = 20 — KoJIMYeCTBO BUTKOB B KaTYIIIKE MarHETOMETPa;

d =(0,2634+0,002) M — qramMeTp BUTKOB KaTYIIIKH;

() — yroJI OTKJIOHCHHSI MAaTHUTHOW CTPEJIKM OT MarHUTHOTO MEpUIMaHa
IIPH MPOTCKAHUH TOKA Yepe3 KaTYIIKY.

4. MOPAAOK NPOBEAEHUSA SKCIIEPUMEHTA

. YCTaHOBUTE MarHUTOMETP HA FTOPU30HTAIBHYIO MOBEPXHOCThH BJAJIU OT UCTOYHHKOB
MAarHUTHBIX TOJIEW U METAJUIMYECKUX KOHCTPYKIIHIA.

. BkitounTe MarHuTOMETp B JIEKTPUUYECKYIO CETb.

. Beikimounte «PET'YJISATOP TOKA» 4 (puc.4), moBopauuBasi €ro nNpoTUB 4acCOBOM
CTPEJIKHU.

. [loBopaunBasi MAarHUTOMETP, COBMECTUTE BEPTUKAIBHYIO IJIOCKOCTh KATYIIIKU C BUT-
KamMu 1 ¢ MarHMUTHOM cTpesikor kommaca 2. [Ipu 3ToM KOHITBI MarHUTHOM CTPENKH
n0JDKHBI yKa3eiBaTh 0° 1 180° Ha mikaie komriaca.

. Bkmtounte «PET'YJIATOP TOKA» 4 u ycTaHOBUTH 1O aMmIlepMeTpy 3 3aJaHHYIO
IperojiaBaTesieM CHUIy TOKa B KaTYIIIKE.

[1o mkanme koMnaca OnpenesIuTb YIroJl OTKIIOHEHHS CTPENIKH ().

5. PACYET CPEJHEI'O 3HAYEHHS U ABCOJIIOTHOM MMOTPEINTHOCTH
OITPEAEJIEHUA UHAYKIINU MAT'THUTHOT O I1OJISA 3EMJIN

. B pacuernyro ¢opmyiy (3) moacTaBbTe 3HAYCHHS L, |,d u @ u paccunraiire

cpezHee 3HAUEHNE MArHUTHOM HHIYKIHH B.,.

. Jlna pacuéra abCoOMOTHON MOTPEIIHOCTH OofpeaesieHns B, npoussenure ciemyronme

MaTEMaTUYECKUE ONEPALINHN:

- mposiorapudmupyite pacuéruyto hopmyny (3);

- npoauddepeHIUpPYIUTE MOIYyYEHHOE JOrapu(MHUUECKOE BBIPAKEHUE U 3aMEHUTE
3Haku auddepentmanos 0 Ha 3HaKK aOCOMIOTHOM MorpemHocTy A;

- 3aMEHUTE B NOJYy4YeHHOU (opMmyiie Uis pacuera MOrPEUIHOCTH OIpeNeeHUs] UH-
JTYKIIMA MarHUTHOTO TOJI 3€MJIM 3HAKU «MUHYC» Ha 3HAKU «IUTFOCY» TaK, YTOOBI MO-
JYYUTh MAaKCUMAJIbHYI0 a0COTIOTHYIO MOTPEIIHOCTD;

- aOCOJIIOTHYIO MOTPEIIHOCTh MU3MEPEHUS CHIIbl TOKA aMIIEPMETPOM C MPUBEACHHOU
norpemHocThio 1.0 paccunTaiite o Gpopmyiie:

N

+ Al =7 100"

rae. Y — IpuBEACHHAA MOIpCIIHOCTh aMIICPMETpPA,

3

In — HOpMUpYIOlLIee 3HAUCHUE IIKAITBl aMIIEpPMETPa.

- mojicTaBbTe uncioBbie 3HaueHus |, Al, d, Ad, ¢, u Ap =1°= 0,0174 pan B dhopmymy
a0COJIIOTHOM TOTPEIIHOCTH OMNpPEACNICHUsS] WHAYKUWA MArHUTHOTO MO 3eMJIU U
BEIUUCIINTE AB,.

. OKOHYATENBbHBIN pe3yNIbTaT ONPEAEICHUS FOPU3OHTAIBLHON COCTABIAIONIEH MHIYK-

WU B; MarHUTHOTO MOJISI 3€MJIU 3allUILIUTE B BUJE:

B,.=(B,£AB,) T,
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rae. B, — cpeaHee 3Haue€HHWE TOPU3OHTAIBHOM COCTABISAIOIIEH MHAYKIMM MarHUTHOTO
TOJIsT 3eMIJIH;
AB; — a0coroTHast NOrPENIHOCTD ONPEIEICHUS MArHUTHOW UHTYKIUU.

KOHTpOJILHbIe BOIIPOCHI 1J1s CaMOCTOSITEJIbHOM HOATOTOBKH

HazoBute n3BecTHRIC BaM NCTOYHHMKN MarHUTHOTO OIS ?
MarsuTHbIC NOJISI KAKMX HCTOYHUKOB 6y,HYT HCﬁCTBOBaTB Ha MaroiuTHYIO CTpGJIKY?

Kak GytyT pacrosoxeHsl 10 OTHOLICHHIO PYT K JAPYTY BekTopa B, u B, ?

> w e

KaxoBo OyzieT HanpaBiIeHHE BeKTOpa B, NpH NPOTEKaHHHU TOKA 10 YaCOBOH CTpe-

KC II0 KaTYHIKC IIPHU JaHHOM PaCIIOJIOKCHNHA Ha60paT0pHOﬁ YCTaHOBKI/I?

PeryJATOp
TOKA

QO

MATHHTOMETP

5. 3anummuTe pacu€THyr0 GOpMYITy IS ONpeeSIeHUs] TOPU30HTAIBHON COCTaBIIS-
IOIIEN UHAYKIHUHU B; MArHUTHOTO TOJI 3€MJIH.

6. Kakne BeTMUMHBI HEOOXOIMMBI ISl OTIPEIEIICHHS CPEHETo 3HAYCHHS B, TOpH-
30HTAJIBHOM COCTABJISIIOIIECH MHAYKIIMM MarHUTHOTO MOJIs 3eMJTu?

7. Ucnonw3ys merona morapupmuyueckoro nudepeHimnpoBanus, BeIBeIuTe Hopmy-
Ty 1St pacuéra abCOMOTHOM MOTPEITHOCTH U3MepeHus AB; TOPU30HTAIBHOM CO-
CTaBJISIONIEH MHAYKIIMM MarHUTHOTO TMOJI 3eMTu?



