arHUTHoe nosne 3emMnu.

BbinonHunu:

yvyawmecs 10 «A» knacca
Kypbiwes AHapen
YepHoB AHapen

HayuyHble pykoBoauTenu:
LWesuos B.H., kaHgupat dumsuko-
MaTtemMaTuyeckux Hayk, goueHT ClY;

BatypknHa M.K., yuntens punamnku
MOY «I'MMmHa3unsa NeS»



s bBonbwmHcTBO NnaHet ConHeYHOU CUCTEMBI B TOW UITU UHOM CTEMNEHU
obnagatT MarHUTHbIMU nonamu. 1 3emna He ncknodenmne. Camo
CyLLLECTBOBaHME XXU3HN Ha Hallen nraHeTe HEBO3MOXHO ©6e3 MarHMTHOroO
Nosisi, 3alluLLaloLLLEro BCe XMUBOE OT rybuTenbHOro BO3AencTBus
KOCMMUYECKMX U3NYYEHUIN (CONHEYHOro BETpPA).

a  CoOrHeuHbIl 8emep — UCTEYEHNE NMa3Mbl CONTHEYHON KOPOHbI B
MEeXnsiaHeTHOe NPOCTPAaHCTBO.



" S
[ lponcxoxageHne MarHUTHOro Nons
3emMnn

m  IJTO MOXET ObITb YAMBUTESTBHO, HO CErOAHS HET €QMHON TOYKM 3PEHNS HA MEXaHN3M
BO3HMKHOBEHUS MAarHUTHOIO MOMs NfaHeT, XOTs NoYTK 0bLenpn3HaHHOW SIBNSIETCS
rmnoTe3a MarHUTHOro rmapoanHamMo, OCHOBaHHas Ha NMPU3HaHUKM CyLLEeCTBOBaHMA
TOKOMNPOBOAALLErO XUAKOro BHeLIHero sapa. TennoBas KOHBEKLMA crocobeTByeT
0bpa3oBaHMIO KOSbLEBBIX 3MEKTPUYECKMX TOKOB. He nocrnegHo ponb Urpaet u
COJSTHEYHbLIN BETEP - NOTOK 3apPsKEHHbLIX YacTul, B OCHOBHOM MPOTOHOB U
9NEeKTPOHOB, naywmx ot ConHua. [ina 3emnn conHeYHbln BeTEp NpencTasndeTr cooon
NOTOK 3apsKEHHbIX YaCTUL, MOCTOSIHHOIO HanpaBneHs!, a 3TO HE YTO MHOE, KakK
anektTpuyeckumn Tok. Cnegyer OTMETUTb, YTO MarHUTHbLIW MNOTOK, BbI3BaHHbIN TOKOM
COJSTHEYHOrO BETpa, NPOHM3bIBAET N BpaLlaloLWLNNCS BMECTE ¢ 3eMrien NOToK
packasrieHHOM naBbl BHYTPU Hee. B pesynbraTe 3TOro B3anMoaenucTemna B HEU
HaBOAUTCS ANeKTPoaBMXKYLLAs cuna, nog 4eUCTBMEM KOTOPOM TEeYET TOK, KOTOPbIN Tak
Xe co3gaeT MmarHmTHoe norse. BecneactBue aToro MarHMTHoe none 3emMnun aBnseTcs
pe3ynbTUPYHOLLMM NOosieM OT B3aMOAENCTBUA TOKa MOHOCKEPLI 1 TOKa Nasbl.
PeanbHO cyllecTByloLLasa KapTMHa MarHUTHOIO Nnons 3eMsin 3aBUCUT He TONbKO OT
KOHpUrypaumm TOKOBOro Cnosd, HO U OT MarHUTHbIX CBOUCTB 3€MHOW KOPbI, a Tak Xe
OT OTHOCUTESTIbHOIO PacnonoXeHNA MarHUTHbIX aHOManuu.



LleHTp agunons 3emnun cMeweH OTHOCUTENBHO
ee ueHTpa B HanpasneHun Ha 18° c.w. n 147,8°
B. 4. Ero ocb HaknoHeHa K ocu BpalleHus
3emnu Ha 11,5°. Ha Takon e yron
reoMarHMTHbIE NOSCca OTCTONAT OT
COOTBETCTBYHOLLMX reorpadunyeckmx nosiocos.
[1pn 9TOM OXKHbIN rEOMarHUTHbIN MOJSIC
HaxoguTCsl B cEBEPHOM nonywapuun. B
HaCToOsILLLee BPEMSA OH PACrONOXEH Hedaneko
OT CEBEPHOro reorpadnyeckoro nontca 3emri
B CeBepHon 'peHnaHgun. Ero koopauHarthbl j =
78,6 + 0,04° T c.w.,

| =70,1+0,07°T 3.a4., rae T —4yucno
pecatunetun ot 1970. Y ceBepHOro
MarHMTHOro nontoca j = 75° w.w., | =120,4° B,
(B AHTapkTuge).
OcHOBHOE MarHMTHoe nosne 3emMnu
NUCMbITbIBAET MEANEHHbIE UBMEHEHUSA BO
BpeMeHu (BEKOBble Bapuauumn) ¢ nepnogamm ot
10 go 10 000 nert, cocpeaoTO4YEHHbLIMMN B
nHtepsanax 10-20, 60-100, 600-1200 n 8000
ner.

CeBeprlﬁ\i\\ /

k)KHbM MarHUTHbIN

reorpadpuyeckun
nonlwc 3%
—

LleHTp gunonga

NS

LleHTp 3emnn

nonkoc (yCnoBHo
CeBepHblif)

Cb BpalleHuns
3emMnm



- Ha 340Pp0OBbE HEJTI0OBEKA

Hwnako4aCcToTHOE MarHUTHOE nosie 3emMnu
B3auMoOeNCTBYs ¢ buononem 4Yenoseka 6naroTBOPHO
OEWCTBYET Ha ero opraHnam. Ecnn moar He byaget
nonydaTb HeOB6XoANUMbIN 06bEM CEHCOPHOWN
NHOPMaLINMK, KOTOPbIA HEODXOAUM OpraHn3my
YyesioBeka As1a NpoLueccoB agantaumm n ons
camMoperynsuum rofioBHOro Mo3ra, MoXeT HacTynuTb
CHWXeHne paboTocnocobHOCTH B BMAE NPOSIBIIEHUS
anatum, 6e3pasnnuuns nnm nosiBreHns 6ecnpuynHHON
31Upopun 1 K NoTepe KOHTPOmNSA Had CBOEN

NCUXUKOW.

[MaTbOecaT neT Hasag N3BECTHbIN AMNOHCKUN YYEeHbIN,
noktop Hakarasa, onncarn HoByto 60ne3Hb, KOTOPOK
CTpagaeT OrpoMHOE KONMMYECTBO NI0AEN HA 3eMiie, U
HasBan ee "cuHapoMoM geduumta MarHUTHOMo Noss
YyerioBeka", BeayLuyo K 06pas3oBaHunIo OECATKOB
naTonorndeckux npoueccoB. OH npuwien K
cepbesHenLweMy YMO3aKITiOHEHUIO, JaBLUeMy
BO3MO>XHOCTb JiedeHunss 00onbLLIOro Konmuyectaa
3aboneBaHun, BOCNOSHAA AedUUNT MarHUTHOro nong y
yernoseka.



"
-Ha 4YerioBeka HaxogAdaerocd Ha BblCOTEe

s B 20 Beke B 6bonbLIMHCTBE
pas3BUTLIX rocydapcTBax Mupa
Ha4ann BO3BOANTb COBPEMEHHbIE
ropoaa, rae MHOroaTaXHble goma-
KOpPOGKKN pocnu BBEPX CO
cKkasoudHou bbicTpoTon. OAns
rocygapcTtBa B ropoax Takue
Aoma yoobHbl, NpakTU4HbI U
BbIrogHbl. Pagom ¢ 3aBogamum m
drabpukamu Bcerga 661510 yaoOHO
CTPOUTb MHOIO3Ta)XHble AoMa Ans
pabounx n nepcoHana. Ho Ha
camoMm Jerne BMAHa NuLlb Nonb3a
3TUX JOMOB, Bpea HaHOCUMbI UMW
He3aMeTeH N NPOSABNSAETCA He
cpasy. Bosgencreme MarHMTHOro
Nons Ha YenoBeka YMeHbLUAeTCH
No Mepe ero otaaneHus ot
NOBEPXHOCTU 3eMnn.
CnepoBatenbHO HanbonbLemy
PUCKY NoaBEpKEHbI N0AN, Ybs
npodoeccusi cBsi3aHa ¢ paboTon Ha
BbICOTE.




" EE———
-Ha YenoBekKa HaxoasLerocsi Ha BbICOTE NOJSiIeTa CaMOSIETOB

= Hanpumep, paboTta NeT4YMKoB NpPoOxXoanT B
9KCTpPEMAaribHOM U HaNpPsXXeHHOM peXxunme
N MHOIME aBapwuu cneumanucTbl
OOBACHAT UMEHHO YerIoBEeYECKUM
dpakToOpoOM 1 04HOW N3 rMaBHbIX NPUYNH
9TOro YenoBe4veckoro akropa, no
MHEHUIO YYEHBIX, ABMSETCA NOCTOSIHHOE
HaxoXOeHMe NETYMKOB KakK BO BpeEMS
paboTbl B BO3QYLLUHOM NPOCTPAHCTBE B
HebnaronpusaTHON MarHUTHOW 30HE 3eMu,
TaK U NPOXUBaAHUE NETYNKOB Ha 3emne B
MHOIO3TaXHbIX AOMaX Bbiwe 1-ro n 2-ro
ataxeMu. [NoaTomy nogam gosnroe Bpems
HaxoaAWwmMMCcst Ha 60MbLLUOM PacCTOAHUN
oT 3emnun, Heobxoanmo
BOCCTaHaBNMBATbCS, OTAbIXaTb U CnaTb Ha
3emne, a TouHee, Ha paccTosiHuKn 1-3
METPOB OT 3emnu.




MarHuTHble Oypu

JlokanbHbIe XapakKTepnCcTtmkmn marHMTHOro nosrd USMEeHAKTCA U KoneobntoTcs nHOIr4a
B TedeHne MHOIrmx 4acos, a rnoTtoM BOCCTaHaBJINBAKOTCA A0 MNMPeXHEro ypoBHA. 1O
sIBrIeHNe Ha3blBaeTcsl MagHUMmMHou 6ypeL7 MarHuTHble 6ypI/I 4YaCTO HA4YNHaAKTCA
BHE3AlHO U o gHoOBpeMEHHO MO BCEMY 3EMHOMY LLApy.

Kakoe e Bo3oencTBme okasblBatloT MarHuTHble Oypu Ha yenoBeka? Ewe B 30-X IT.
aBaguaroro cronetusi B Huuue (PpaHums) crnyyvamHo 6b1no 3aMmedeHo, 4To YactoTta
NH(APKTOB MUOKapAda N MHCYNLTOB Y MOXUIbIX JTIOAEN PEe3KOo BO3pacTana B OHM,
Korga B pabote mecTHou TenedOoHHON cTaHUMK Habnoganucb CUMbHbIE
HapyLweHnst BAfOTb 4O NOMHOro npekpalleHns cesasn. Bnocneacteum 6610
YCTaHOBJIEHO, YTO HaApYyLUEHUS TerledPOHHOW CBA3U NPONUCXOAAT BO BPEMA
MarHUTHbIX Oypb. Ha 9ToM ocHOBaHMK 1 BbIN caenaH BbIBOA, YTO MHAAPKTbLI U
NHCYNbTbI, KaK 1 caMn CPbIBbl TENIEOHHON CETU, CBSA3aHbl C MarHUTHbBIMWU BypsiMM.

MarHuTHble 6ypn HEpPEeOKO CONPOBOXAAKTCS FONOBHLIMU 60NAMN, MUTPEHAMMN,
yyauleHHbIM cepauebneHmnem, 6eCcCoOHHMLEN, NITOXUM CaMOYYBCTBUEM,
MNOHMKEHHbIM XWU3HEHHbIM TOHYCOM, Nepenagamun gasneHns. bonbLlLUMHCTBO ntogen
HWUKaK HE CBsI3aHbl CO CIOKOMHOW reOMarHMTHOM 06CTaHOBKOW, HO HA MarHUTHbIE
Bypu pearnpytoT cxoaHo n maccoBo oT 50 oo 75% HaceneHusa 3eMHOro wapa.
MoMeHT Havana cTpeccoBOW peakunm MOXET CABUraTbCsl OTHOCUTENBHO Havana
Oypun Ha pasHble CPOKM ANst pa3nnyHbIX Bypb ANS KOHKPETHOro YenoBeka.
ObpalaeTt Ha cebsa BHMMaHME, YTO MHOIMe NIAN HaYNMHAaKT pearnpoBaTth HE Ha
camMmun MarHuTtHble 6ypu, a 3a 1-2 OHA 00 HUX, TO€ eCTb B MOMEHT BCMbILLEK HA
camom CornHue.



JENPEKTYecKada YacTb.
OnbIT Ne1

NamepeHne MarHUTHOU MHAYKLUKX Nong
3emMmnu dannMcTuYeckum MeToaom

[na namepeHns NHAYKUMM MarHUTHOroO nNonsa 3eMim MOXHO NPUMEHNTb
cnegytowmn cnocob. MNpeacrtaBum cede NNOCKUN KOHTYP nnowaabto S,
PacnonoXeHHbIN B NPOCTPaHCTBE TakuM 0bpasom, YTO BEKTOP B nHaykumm
MarHMTHOro nonga 3emMnu NepneHankynapeH nNOCKOCTU KoHTypa. MarHnTHbIN
NoToK @ Yepes KOHTYP B 3TOM Crydae paBeH NPOU3BEAEHUIO MOOYIIA BEKTOPA
NHAOYKUMKM B MarHMTHOro nonga 3emMnu Ha nnowagb S KoHTypa: ® = BS

[Tpy noBOpOTE KOHTYpa B npocTpaHcTBe Ha 180° marHMTHbIN NOTOoK ® Yyepes
KOHTYpP, OCTaBadACb TEM e N0 MOAYI0, UBMEHSIET CBOM 3HaK.

3MeHeHne MarHMTHOro NoToka 4epes KOHTYP Npu ero noBOpPOTE PaBHO:

AP = O-(-0)=2BS.
N3ameHeHne MarHuTHoro r|0T0|<a Yepes KOHTYpP COMPOBOX/AAETCH

BO3HMKHOBeHMeM O[C MHAYKLUWK, paBHOW MO 3aKOHY 3NEKTPOMarHUTHOWM
NHOYKL MM

At At

=ACD=&



B kaTtywke 13 n ButkoB nposoga 34C nHaykumMn B n pas bonbLue:

AD _ 2nBS

=N
& At At

Ecnun BbIBOAbI KaTYLLKM HA paMKe 3aKOpOTUTb, B LieNn OyaeT npoTekaTb
VHAOYKLMOHHbBIN TOK:

P i B 2nBS
R RAt
YMHOXNB 069 YacCTu ypaBHeva Ha At , I'IOJ'IyLlI/IMZ
: _2nBS
IAt = A9~
R
N3 nocnenHero ypaBHeEHNA Crieayer.
AgR
B=-4
2nS

rgoe ., — 3apsag, NpoTeKawLuii B Lenu npu noBopoTe pamMku, R- obliee
é}%KTqueCKoe COMpPOTUBNEHNE LEenu, cknagbiBarolleecs
U3 COMPOTUBMNEHN KaTYLLKN U PaMKW raribBaHOMETpa.



[ Sap;m Aq MOXHO U3MCPHUTH C ITIOMOIIBIO I'aJIbBAHOMCTpPA, IIOAKIIOYCHHOT'O K KOHIIAM
KaTylIKH1 Ha paMKC, CCJIK CIro IPCABAPUTCIbHO OTTIPadAyHPOBATh. FpaIIYI/IpOBKa
IIKAaJIbI TAJIbBAHOMCTPA B CAMHUIIAX 3apsaa OCYIICCTBILACTCA ITYTCM ITOAKIIFOUCHHA A
€Io K 06KJIaJIKaM KOHIACHCATOpa N3BECTHOM CMKOCTH, 3apPsKCHHOT'O 10 U3BCCTHOI'O
HaIIPpsAKCHHUA.

[ HpH IMPAKTUYCCKOM BBIIIOJITHCHUU pa6OTBI, Korjga pacriojIOKCHHUC BCKTOPa B_>
HMHAYKIOUHU MAarHUTHOT'O ITOJISA B IIPOCTPAHCTBEC HCU3BCCTHO, MOKHO B IBYX
OTACJIbHBIX OIIbITaX ONPCACINTDL TOPU30OHTAIIbHYTO F;I/I BCPTHUKAJIbHYTO B_r>
KOMIIOHCHTBI BCKTOpa B_I;I BbIIYUCJINTb MOAYJIb B ux FGOMGTpH‘IGCKOﬁ CYMMBI:

« B=BB, B=\[5; + 5;






3.[MoBTOPMM OMbIT 5 pa3 n Hangem cpegHee 3Ha4YeHne
KOMM4YeCTBa ANeKTpUYecTsa q, , NPOTEKaloLIero Yepes
ranbBaHOMETP MpW NMoBOpPOTE PAMKM Ha 180°.

N3mepum nnowaab pamMmku S.

4.T10 N3MepeHHbIM 3HaYEHUsIM G, U S 1 N3BECTHOMY
3HaUYEeHMWIo YKCna BUTKOB NPOBOHA Ha paMKe N BblYUCIIUM
Moaynb Br rOpU3oHTAaNbLHOW COCTaBNSANOLLEN BEKTOPA
NHOYKUMN MarHUTHOIO Nonst 3eMru.






" SR
OT14yeTHaa Tabnuua

160 0,018 11,3*10* 67,1*10* 1,7*10* 10,07*10* 10,24*10*

[MTorpeluHocTb namepennn — 23%
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OnpeneneHne ropn3oHTanbHOW
COCTaBnsoLEN NHOYKUMNA MAarHUTHOIO MNOns
3eMSI1 NO OTKITOHEHMIO ANEKTPOHHOIo nyya.

MeToa BbINONMHEHUSA paboThl

Ecnu paboTatowyto anekTpoHHO-y4YEeBYO TPYOKY pacnonoXuTb
neprneHanKkynsipHO MarHUTHOMY MepuanaHy 3emMmsnu, To BCreactame

OENCTBUA Ha SNEKTPOHHBLIW Nyd cunbl JopeHua npomcxoauT ero CMeLLeHune

S (puc. 1). CmeweHne No BepTukanm 3aBUCUT OT rOPMU30OHTalTIbHOW
cocTaBnsowen B MHAYKLUM MarHUTHoro nonsi 3emnu.

N3mepus, BepTuKasribHoe CMeLlleHne K A

S 9NeKTPOHHOrO fy4a, MOXHO, B
Kak BUOHO U3 PUCYHKA 2, onpeaennTb
paguyc R oyru, no Kotopow
OBWXYTCH 9NEKTPOHbI:

e
|
|
|
|

\

<

::J———'—_—*

Puc. 2 —-



S_ 1t b
/] 2R-S 2R
roe | — pacctosiHue oT aHoda A0 9kpaHa. CnegoBaTtesibHO,

12
R= 53 (1)

C Opyron CTopoHbl, pagmyc R MOXHO onpeaennTb, NPMMEHMB BTOPOM 3aKOH HbloToHa

F = ma ans anekTpoHa, ABMXKYLLErocsi B MarHUTHOM none.
2 2

3neck F=eUB. a=Y_ CnepoBaTenbHO, eB=mY_ oTkyna
m R

R=/MY (2)
eB,

roe e U m— COOTBETCTBEHHO 3apsa U Macca anekTpoHa. CKOpOCTb aMNeKTpoHa MOXHO

ONPEeaenuTb, UCXOAS U3 3aKOHa COXPaHEHUs! SHEPrun; mv” _ U
2
( U-pa3HoCTb NOTEHUMANoB Mexay KaTtogoM 1 aHOO4OM 3NeKTPOHHO-ITy4eBON TPYyOKN).



Otctopa: p = |2¢Y (3)
m
V3 BbipaxeHun (1), (2) n (3) nonyyaem:B = izS 1/ZUm (4)
e

Taknum obpasom, ans onpegeneHna Moayna ropusoHTarbHOM COCTaBMAOLLEN
BEKTOpa MHOYKUMM MarHUTHOro nonga 3emin rnpu n3BecTHbIX 3HadeHnax U n I-
ONNHBI TPYOKN HYXXHO N3MEPUTL CMeLLEHNE S 3NeKTPOHHOrO fyda rno BepTUKanu
nog gencrenem cunbl JlopeHua.



1./Acnonb3yst MarHUTHYIO CTPESIKY, YCTaHOBUM 3fIEKTPOHHO-ITy4EBYO TPYOKY
ocuunnorpada nepneHanKynapHoO MioCKOCTN 3€eMHOro MepeanaHa.

Bkntounm anekTpoHHbIN ocumnniorpad. C noMoLbo pyyek ynpaBneHnsa SpKkoCcTbo
nyya n ero pokycmpoBkon JobbeMCA NOSyYEHNA HA AKPaHE CBATSALLErocs NATHa
MWHUMASTbHbIX pa3mMepoB. Pydkamn cmelleHns nyya no BepTukanm u no ropu3oHTanu
BbIBEOEM CBATALLMECHA NATHO B LEHTP 3KpaHa TPYOKN. HanoXnum Ha aKkpaH Kanbky u
OTMETMM Ha Hen NonoXeHne CBATALLErocs nNATHa.

2.MoBepHem ocuunnorpad Ha 180° B ropu3oHTarbHOW NSIOCKOCTU. ONTEKTPOHHbIN 1yY
OyoeT cHoBa pacnosfioXXeH NeprneHanKynapHO ropu3oHTanbHOW COCTaBNSAOLLEN
BEKTOpa MHAYKUUM MarHnuTHoro nons 3emnun. OgHako HanpasreHne BeKTopa
CKOPOCTU 3N1EKTPOHOB U3MEHUTCSH Ha NPOTMBOMONOXHOE. B pesynbrate nyy
CMeLLaeTcs No BepTukann Ha 2S oT nepBoHa4anbHOro NOsOXeHUS.

OTMeTUM HOBOE MNOSIOXEeHME fny4va Ha Karibke U U3SMepuM pacCTosHuE 2S Mexay
OBYMSI OTMETKamu



3. 1o U3MePEHHOMY 3HAYEHMIO CMELLEHUS S N U3BECTHbLIM 3HAYEHNAM
OJTNHbI , TPYOKM 1 ycKopsatoLwero HanpsbkeHnsa U Bbldncrinm mogyrb
FOPU3OHTaNIbHOW COCTaBMAOLLEN Br BeKTopa MHAOYKUUM MarHUTHOIO Nons
3emnu

4. Pesynsratbl UI3AMEpPEHNN N pacYeToOB 3aHECEM B OTYETHYO Tabnuuy.
OTyeTHaa Tabnuua

0,28 27000 0,01 1,4*10*

[MTorpewHOCTb n3mepeHnn — 26%



[1o noBopoTa [Tocne noBopoTa



3aknoyeHue

MarHuTHoe none 3emMnn BO3HUKNO MHOIMO MUINnapaoB NeT Hasag,
3aJ0J1r0 40 NOABIEHUS XU3HU Ha nnaHeTe. CobcTBEeHHO, BCA
Bbuonornyeckasi 3BoNOLMA NpoTekana B NPUCYTCTBUN 3TOrO MNOss.

EcTecTtBeHHOE MarHMTHOEe norsie 3eMinu o4eHb crabo n coctaBnyaeT
Bcero 0,5 aycca. OgHako, HECMOTPS Ha 3TO, OHO 3alUMLLAET HacC OT
BO30ENCTBUSA O4EHb MOLLHOIO MarHuTHoro nonga ConHua.
BbikMBaeMoCTb 1 caMOYyBCTBUE NIOAEN, XKUBOTHbLIX U
PacTUTENLHOrO MMpa 3aBUCAT OT 3TOWN CUIbl. MarHUTHbIE CUSbI
BO3OENCTBYIOT Ha KaXXayl0 MefibdanLLyo KIEeTOYKY, COCTaBHY 4YacTb
opraHu3ma 4YyenoBeKa M XXUBOTHOIO.

[ns nyywero noHNMMaHUs BINSAHUA MarHUTHOMO nonsa 3emMnu Ha Bce
XXNBOE, B TOM YMCNE N Ha YeroBeka, Hamu b6bina npon3BegeHa
OLIEHKA MHOYKLMN MarHUTHOro nons 3emMmnu.
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