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DNEeKTPNYECKUn TOK B
Pa3AMNYHbIX Cpeaax

DNEeKTPUYECKNI TOK, MOMUMO
MEeTa/IIoB, MOXET BO3HMKaTb Takxe
B pacTBOpax 3/1eKTPOINTOB, ra3ax

M nonynposoaHukax. OaHako
MeXaHW3Mbl, BO3HWKHOBEHMS
3NEKTPNYECKOrO TOKa B Pa3NNUHbIX
cpesax pasNnyHbl.

SNEKTPONPOBOAHOCTb
1eKTPOANTOB

NIEKTPOMPOBOAHOCTL MOYNPOBOAHNKOB

e Kakne ycnosua ao
o OAMHAKOBbLI N HO
e Kakume T1nbl NPOBOAH
3N1EKTPOHHBIX YCTPOWCTB

& 3/1€/1a Bbl Y3HAETE

* XOTA YyC/10B119 BO3HUKHOBEHMA 31EKTPUYECKOrO TOKa B Pa3INYHbIX CPeAaxX OAMHAKOBbI, TUM
CBODOAHbIX UTe e 3apada 3aBUCUT OT Cpesbl.

* MexaHW3Mbl 5/1€KTPOMPOBOAHOCTM B METAINAX, ra3ax U NOYNPOBOAHMKAX PA3NNYHbI.

+ CBOMCTBA Cpesibi OKa3blBaOT CyLLECTBEHHOE BANAHME Ha SNEKTPUYECKMNIA TOK.
CyLLecTBYHOT cpeabl (HanpuMep, NOAYNPOBOAHWKN), 31EKTPONPOBOAHOCTb KOTOPbIX PE3KO
3aBUCUT OT BHELLHWX BO3AENCTBUN.

« XoTa du3myeckas NpUpoAa Toka B Pa3HblX Cpefax pa3auyHa, AeUCTBUA SNeKTPUYECKOro TOKa

OAVHAKOBbI: TEMJIOBOE, MAarHUTHOE N XMMUYECKOE.

* Hapsay ¢ monoxuTensHbIM BO3AENCTBMEM 31EKTPUUYECKOrO TOKA Ha XMBble OpraHn3mbl, OH
TaK>XXe MOXET NpeACTaBAATb A8 HMX OMACHOCTb.

HOBEHWSA 31eKTPUYECKOro Toka?
[atoLLMe TOK B Pa3NINUHbIX cpesax?
NekTponpubopax N COBPEMEHHbIX
MOOUNbHbIE TeNEPOHBI, KOMMbHOTEPLI U T. 4.7
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3.1. 2n1ekTponpoBOAHOCTL MEeTaloB

CornacHo K1accuyeckom 31eKTPOHHOM TeopMU NPOBOAVUMOCTU METa/l/IoB:

+ cBOOOZHbIE 3/IEKTPOHbI B MeTaIe BeAyT ceba Kak «31eKTPOHHbIN ras»;

* B OTCYTCTBME BHELLUHErO 3/1eKTPUYECKOrO NMO/A 31eKTPOHbI COBEPLLAIOT XaoTU4eCcKoe TernioBoe
ABVKEHWE;

* MOA AEVCTBMEM BHELLHErO 31eKTPUYECKOrO NOA «371eKTPOHHbIN ra3» ABUKETCA YNOPAJ0UYEHHO B
HanpaBaeHWW, MPOTUBOMONOXHOM HarnpaB/IEHNIO 3/IEKTPUYECKOrO MOAs;

* 3/IeKTPUYeCcKoe COMpPOTMBAEHME B MeTaNax BO3HMKAeT B pe3yibTaTe CTONKHOBEHUA CBOBOAHbIX
3/1EKTPOHOB C MONOXKUTENbHBIMU MOHAMW HaXOAALLMMUCA B y3/1aX KPUCTaNINHECKOVPELLIETKA MeTana;

* B METa//IMYECKOM MPOBOAHWKE C 31eKTPUYECKMM TOKOM TENIO BbiaenaeTca Blpesyibtate
CTO/IKHOBEHWI 3IEKTPOHOB C MOHaMU B Y3/1aX KPUETANINYECKOW PeLleTKu.

3.1.1. T1p@BOAHUKMN N JUBNIEKTPUKN
B /1eKTpUYeCcKOM roe

YT06bI HE NPOMOKHYTL B AOXKA/MBYKO AOroAy, HeKOTopble 13 Bac,
BEPOSATHO, NPSAYYTCA NoJ AEPEBOM C HOABIIVMU INCTBAMM, HO 3TO
OYeHb OMacHO AN XKU3HW.

+ Mouemy Bo BpeMs FPO3bl ONacHO NpATaTbCA MO AePEeBOM UK
CTOATh PAAOM,C 60/1bWKUM BOAOEMOM, @ HAXOAUTLCA B MaLUUHE —
OTHOCUTENbHO 6€30RacHOo?

[ KnroueBble cioBa: NPOBOAHUK, AUSNEKTPUK, CBO6OAHbIe SNEKTPOHbI, ANMOJb, I'IOJ'IFIprII\/’I AVNSNEKTPUK, ]

HemoNAPHbIA ANINEKTPUK

Tena, npoBogALLMe U HEMPOBOAALLNE I/IEKTPUUECKNIA TOK

a
g MpuHagneXXHOCTU: MeTAINYECKME WapUKX Ha MAaCTMaCCOBbIX a) it ﬁf 9,
I LWTaTMBaX (2 WT.), TOHKas ByMaxHas JHTa, MPUKPENIEHHas K BEpXHEN : ; {
E YacTW NJ1AaCTMACCOBOIO LUTATABA, allOMVHMEBaAs (MK MeaHast) NPOBO-
% JIOKa, NOMITUAEHOBas (UM PE3VHOBAS) HUTb, CTEK/ISIHHAS Manouka, by by pedy
= WiepcTaHas (MW WENKOBaA) TKaHb. b) T q, s
Xopa pabortbt: ; i ;
1. Pacnonoxwure nAaciMactoBble ITaTUBbl Ha CTOJIE BAOIb OAHOW NMNHUW. ' ' |
HasnekTpusyinTte CTEKASHHYO NasouKy U NMPUKOCHUTECH €0 K NpPaBoMy e

wapy (puc. 3.1, a). Mpn 3ToM 06paTUTE BHUMaHWE Ha NoBejeHMe A % s, S’
6yMa>KHOW NeHTbI. : T

2. CoeapHuTe LWapbl aAtOMUHMEBOW (MM MELHOW) MPOBOJIOKOWN 1 NMOBTOPUTE [ | I
3KCNepuMEHT. Habitogante 3a M3MEHEHUAMM, MPOUCXOAALLUMU C vy g gy
6ymaxkHol neHTon (puc. 3.1, b). PucyHok 3.1

3. 3aMeHunTe NPOBOOKY, COEAMHAOLLYHO LWAPbl, MOAUITUNEHOBOW HUTBIO N MOBTOPUTE SKCMIEPUMEHT eLe
pas, n NoHabatoAanTe 3a M3MEHEHUAMM MPOUCXOAALLMMU C ByMaKHOW neHTow (puc. 3.1, ).




DNEKTPUNYECKMI TOK B pa3anyHbix cpegax ¢ 3.1 SJIEKTPOMPOBOAHOCTb METAJ1J1IOB

O6cyauTe

» Kak n1ameHunocb noso)keHme 6ymarkHoi Nosiocku B6,1M3un 1eBOro wapuka, Koraa npasbli
LWapuK Ha3/1IeKTPU30Ba/IN C MOMOLLbLIO CTEK/IAIHHOW Nasoukn?

 Mouemy 6ymarkHasa Nos0CKa NPUTAHYACb K IeBOMY MeTa/UIMUueCcKoMy LapuKy, Koraa npa-
Bblii LUAPUK, COEAUHEHHbIW C HUM NPOBOAOM, Had/1IeKTpu3oBaan?

« Korga wapukm 66111 coeanHeHbl NOIM3TUIEHOBOW (M1 PE3MHOBOW) HUTBIO, U NMPaBbIi LWAPUK
6b1n1 HadNeKTpM30oBaH, NoueMy 6ymarkHasA NoI0CcKa OKOJIO JIEBOTO LLAapUKa OCTa/lack HEeMOABWKHON?
 Kakoii BbIBOg, MOYXHO caenaTtb U3 uccnegoBaHuaA?

MpoBoagHUKN

B xo4e nccnepoBaHms Bbl 06HaPY>XMAN HOBOE CBOMCTBO TEN: OHW MOTYT NMPOBOAUTL WA HE MPOBOAUTD
anekTpuyecknii 3apag. Korga Bbl COEANHUAN MeTaNINYECKUE LLAPUKUIIPOBOIOKO W] SNEKTPUYECKIN
3apsg, OT NPaBOro Wapyvka nepeLuen K 1eBoMy, 1 bymaxkHas nosocka nputanynack. Takiumobpazowm,
MeTaMyeckas NpPoBOJIOKa XOPOLLO MPOBOAMUT INEKTPUYUECKINE 3apPAabl.

« Bewjecmea, npoeodsaujue 3siekmpuyeckuil 3apsao, Ha3blearwmMcs npoeooHUKamu.

K npoBoAHWKaM OTHOCATCA MeTalbl, PaCTBOPbI IAEKTPOANTOB U T .

« Moyemy npoeodHuUKU, HaANpUMep, MemaJsjobl, 1e2Ko npoeodam 3/1ekmpu4veckuii mok?

70 06YyCNOBNEHO BHYTPEHHUM CTPOEHNEM MeTannoB. OHWU COCTOAT N3 AOAOXKMUTENbHbBIX MOHOB,
YNopsAQUYEHHO PACMEI0XKEHHBIX B y3/1aX KPUCTaNINUYECKO

f MeTasnbl 06naaatoT 60bLWNM ) peLLeTKW, U CBOOOAHBIX 3/1eKTPOHOB. VIoHbI 0bpa3yroTca B
ERERIEN  «0n1uecTBOM CBOBOAHBIX pe3ysibTaTe TOro, Yto 3AEKTPOHbI NOKMAAOT CBOU aTOMbI.
UZR-TIER  5ectpoHos. Hanpumep, FlOKMHYB aTOMBbI, 31€KTPOHbI CTAHOBATCA CBOOOAHBIMM

KOHL|eHTPaLMa CBOBOAHbIX W pacnpeaensrTca no BceMy obbemy metanna. Takme
3N1EKTPOHOB B MeJHOM 3N1EeKTPOHBI Ha3blBarOTCA CBOOOAHLIMM 31eKTPOHaMU. Ha NOHBI

NpPoBOAHVKe paBHa 10°%—10%° M, 1 cBOBOAHbIE 3NEKTPOHbI METAIIMYECKOTO MPOBOAHMKA,
b . MOMELLEHHOrO BQ BHELLHee 3/1eKTpYecKoe nose, AencreyeT
anekTpuyeckas cuna F = Eq. Cuna, AeACTBYOLWAs HaMON0XNTEIbHbIE MOHBI, HanpaBieHa B Ty Xe
CTOPOHY, UTO W HaNPAXKEHHOCTb MOJIf, @ C1na, AEUCTBYOLLLaA Ha CBOOOAHbIE 3N1eKTPOHbI, HanpaBaeHa
NPOTMBOMO/IOXHO BEKTOPY HanpsKeHHOCTU. OAHAKO NONOXMTENbHbIE MOHbI B KPUCTANIMUYECKOM peLLeTKe
He MOorymnepemeLLaTbcs Moz AeUCTBUEM 31EKTPUYECKOM CUJIbI, B TO BPeEMS Kak CBOHOAHbIE 3N1eKTPOHbI
noA AEUCTBUEM SN1EKTPUYECKON CIbI HAYUHAIOT HanpaBAEHHO ABUraTbCs B CTOPOHY, MPOTUBOMOJIOXHYHO
BEKTOPY HaMPAXXEHHOCTV BHELLHEro noAs, obecneurBas 31eKTponpoBOAHOCTL (puc. 3.2). Takum obpazom,

3a HanpasaeHUE 3J1EKTPNYECKOrO TO0Ka yC/IOBHO NPUHATO!

J

VoHbl CB0O60AHbIE 31EKTPOHbI
Hal'lpaEﬂEHI/IE ABUXKeHnA CBOGOAHI:IX 3N1eKTPOHOB
Z >

- - i a1 il ' .
< |
<« —

HanpaBneuwe 3/1IEKTPNYECKOro Toka E

PucyHok 3.2. 3a HanpaB/ieHne 3N1eKTPUUYECKOro ToKa YCNOBHO MPUHUMAKOT HanpaBieHWe HanpaXXeHHOCTW NoA.
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a) HanpaB/JieHWe HanPSAXXeHHOCTN Nos;

b) HanpaBneHWe ABUXKEHWNS NMOJOXKMUTENbHbIX 3aPAJ0B;

C) HanpaBAeHWe, NPOTMBOMOIOXKHOE ABUXKEHNIO CBOOOAHbLIX 3NEKTPOHOB.

OAHaKo, NOCKOJIbKY MONOXNTENbHbIE NOHbI, PACMONOXEHHbIE B y3/1aX KPUCTANINUYECKOW PeLleTKn
METaNNI0B, He MOTYT ABUraTbCs, 3@ HanpaBAeHMe TOKa YCJIOBHO NPUHUMAKOT Hanpas/ieHne
AENCTBYIOLLEN HA HUX CUAbI.

<MOZLYMAW

OBCYAN |-|O‘-IeMy 3a HanpaBaeHUE 3JIEKTPNYECKOTro TOKa NPUHATO HanpaBerne ABUXKeEHNA
?
«NOAENNCH NONOXXNTENBbHbIX 3aPAA0B ¢

AvdnekTpukn

B npoBeséHHOM BaMu paHee nccnefoBaHUY, NPU COEAUHEHNN METANNNYECKUX LLIapUKOB
MNONNITUAEHOBOW (MNN PE3NHOBOW) HUTBID, 31eKTPUYECKIUIA 3apss HE NEPEeaaBancs OT
NpaBoro wapwka K 1eBoMmy. NoatomMy byMaxkHas JieHTa ocTaBanacb HenoAuxHon. Cne-
AOBaTeNIbHO, MONNITUNEHOBAA HATBIHE NMPOBOAWUT d/1eKTpuYeckmue 3apsaib.

« Beuyecmea, He npoeodsiujue 371eKmpuyeckue 3apsadbl, Ha3bI8AKMCcA OU3/IeKMpPUKaMu.
K avanekTprkam OTHOCATCA MAACTMK, Pe3uHa, CTeKNO, 3060HNT, Cyxas ApeBecrHa, BO3AyX,
Kepamuka, CnupT u T. 4.

Tena, uszomos/ieHHble U3 Ou31eKMpPUKos, Ha36lB8aroMCcA U30AMopamu. PyKOATKN NHCTPY-
MEHTOB, NCMOJ/Ib3yeMbIX AN PaboTbl € 31eKTPUYEECTBOM, U3rOTaBANBAOT U3 M30ATOPOB.
[AV3anekTpuKn TakKe MOXHO Ha3NeKTPU3oBaTh, HO AAEKTPUYECKMNe 3apasbl B HUX He
nepemMeLLaroTca: 3eKTpuYeckme 3apsibl, BO3HMKaOLWMe B AUINEKTPUKE NPU TPEHUN UK
NPUKOCHOBEHWM, OCTarOTCA TaM, FAe OHW NOSABUJIUCS.

Hanpumep, ecv netepetb 04MH KOHEL)ETEKISHHOW MaNouYKM O KyCOK LIEPCTH, €€ MOXHO
Ha3NeKTpn30BaTh OTPULATE/IbHBIM 3apSAA0M, @ eCIM MOTEPETh APYron KOHeL, O KyCOK Lue-
Ka — MOJIOXUTE/IbHbIM.

Moyemy AnaneTpuKy Jluanekmpuk — 3mo 8eujecmeo, 8 KOMopoM o4eHb Maso c8o0b600-
He NPOBOASAT HbIX HOCUmesiel 3@psa0a, N03MoMy OHO NPAKMu4ecku He Npoeo-
oum s1ekmpuyeckuli mox.

Ero rnaBHas 0COHEHHOCTb: 31eKTPOHbI M MOHbI HE MOTYT CBO6OA-
HO NMepemMeLLaTbCa B AN3NEKTPUKE. ITW YacTULLbl MOTYT COBEPLLATb NINLLb OFPaHUYEHHbIE
mepemeLleHVsa B apeAenax aToma uam Moaekynbl. InanekTpukn 6biBaroT ABYX TUMOB: MO-
NAPHble N HenoAsPHbIe.

1. TIoAspHbBIA ANINEKTPUK. ITO ANINEKTPUK, COCTOALLNIN N3 NOASAPHbLIX MOJEKY/, TO eCTb
«LLeHTPBI»¥ MONIOXNTENbHBIX U OTPULATENbHbBIX 3aPSAA0B B MOJIEKye 3TOrO BeLLecTBa He
coBnagatoT. [10 CBOMM 31€KTPUYECKMM CBOWNCTBAM MOAEKYbl MOAAPHbIX ANINEKTPUKOB
BeAYT cebs Kak ANMNOoAW.

« Aunose — smo cucmema, cocmosawas us 08yx pasHsIx No MOOy/II0 U NPOMUEONOJIOXKHbIX
no 3HaKy 3aps0086, pacnoJ/Io)keHHbIX Ha ohpede/IeHHOM paccmosaHuU dpye om dpyea.

B oTCyTCTBME BHELLHETO 31EKTPUYECKOrO MO AUMOJbHbIE MONEKY bl MONAPHOIO AM3NEKTP1KA
MOTIYT OPUEHTUPOBATLCA B Pa3HbIX HAaMPaBAEHWNAX, COBEPLLAsA XaoTU4YecKoe TEMI0BOE ABMXKe-
Hve. [TOCKONbKY SNeKTprYeckme Nons 3Tx AUNoier NOAHOCTBEO KOMMEHCUPYHOT APYT Apyra,

3N1eKTPUYECKMIA TOK




DNEKTPUNYECKMI TOK B pa3anyHbix cpegax ¢ 3.1 SJIEKTPOMPOBOAHOCTb METAJ1J1IOB

3NeKTprYeckoe Nosae B KOHEUYHOM UTOre PaBHO HY/IHO B KOO0 YacTu AnanekTpurka (puc. 3.3, a).
OgaHako, Koraa Takou AN3NEKTPUK MOMELLAIOT BO BHELLIHEE 3EKTPUYECKOE NMOJe Hanps-
XKEHHOCTbIO E, 3TO Nosie «noBopaumBaeT» AVNOAV U OPUEHTVPYET UX NapaiesibHO IMHUAM
Hanps>XEHHOCTM nons. OTpuuaTesbHble NOAKOCa AUMNONEN NMPU 3TOM ByAyT HanpaB/ieHbl B1EBO
— K MONOXUTENbHbBIM 3apajaM, co3gatowmm nose (puc. 3.3, b). Taknm obpasom, B AnsanekTpu-
Ke CO3/aeTca BHyTPEeHHee 3/1eKTpuyeckoe nose, HarnpasieHne KOTOPOro NpoOTUBOMOJIOXHO
HanpaB/IEHWIO BHELLHErO NOAs, 1 B pe3yibTate CyMMapHoe nose ociabesaer.

a) _ b) =

E,=0 0

e

|
Y

e e gy i

Avnon

PucyHok 3.3. MonsipHbIA 413N1eKTPUK

2. HenonapHbie ananekTpuku. B atome
AN3NEKTPMKA 3TOro TMna opobuTbl 1ek- e —
TPOHOB OObIYHO PACMNONOXEHbI CUMMe- R . .- ~s 0
TPUYHO, TO €CTb LLeHTPbI MONOXNTENbHBIX pa % R4 ~
3apsAoB M OpbuT OoTpULaTeNbHBIX 3apA- h \ N \
] 1 e @ + !
A0B coBnagatoTt (puc. 3.4. a). 1 I \ I
\ 1 \
Korga ansnekTpmnk nomeLlaeTea BO BHELL- \ ’ . J e
Hee 3/1eKTpuyecKoe rnose, 31a CUMMeTPUS N . S — >
HapyLUAeTCs: 3NeKTPOHHble OpbUTLIAE- ¢ °°7 ~~ 77777
CKOJIbKO CMeLLIatoTCA B CTOPO- r E
HY MONOXUTENbHOIO MOHOCA, ) 0 o)
cozzaroLLero none. B pesysib-
TaTe LeHTPbI NOI0XKUTEIbHbIX
1 OTpuLIaTENBHBIX 3apAA0B BHY-

TP aTOMa Cnerka CMeLaroTcA 9

ApYyr OTHOCUTE/IbLHO Apyra, 1
aTOM «BeJIET cebs» KaK AWMOoNb.
Takvm 06pa3om, HeMOIAPHbLIN
ANINEKTPUK TakxKe YaCTUUHO
NONAPM3YETCH BO BHELLHEM

noJe, N BHYTPEHHee MnoJe,
CO3/1aBaeMoe 3TUMU ANMNONAMMU,
ocnabnset obuee none (puc. 3.4,b). K
HeMNoAAPHbIM AM3NEKTPUKAM OTHOCATCA MHEPTHbIE rasbl, KUCN0OPOA, BOAOPOA, MOANITUAEH U Ap.

®©
f
(1}

PucyHok 3.4. HenonspHbIiA AN31eKTPUK




Yactb Il

NMpumeHnTe NonyyeHHble 3HaHUA
Mouemy meTannnueckui ctepXkeHb He HadieKTpusoBanca?

MpuHaane>XXHOCTU: MeTaNNNYECKMI LLAPWK, 3aKPEMNIEHHbIN Ha MAaCcTMAacCOBOM LUTATVBE, TOHKaS
ByMa>kHasa Monocka, MpUKPenIeHHas K KOHLLY Mi1acTMacCOBOrO LUTATVBA, METAINMYECKNIA CTEPXKEHD,
CTEK/NIAHHAA NanoyKa, LWepCcTaHas (MAn WenkoBas) TkaHb, PE3MHOBbIE MepyaTkn, MeAHas NPOBOOKA.
Xop, pabortbl

1. Pa3mecTuTe wratmebl 6AM3KO APYr K ApYry Ha cTosie. HasanekTpuaynTe cTe
notepes €€ O TKaHb, N MPUKOCHUTECH eto K WapuKy (puc. 3.5, a). ObcyanTe
NPUUYNHY NPUTAXKEHNA BYMa>KHOM MONOCKM K Lwapy.

2. MNpVKOCHUTECH PYKOW K Wwapy, 4Tobbl pa3paanTb ero. 3atem notpute
O LUEPCTAHYIO TKaHb Y MPUKOCHUTECh UM K METalIM4eCcKoMy LapurKy, Hab
H6ymMaxkHon nonocku (pwmc. 3.5, b).

a)

O6cyaure:
« Mouemy 6ymarkHaa Noso¢

b aZantep cBOero MobuabHOro TenedoHa K 3N1eKTPUYECKON po3eTke.
MNockonbky Npo epa NOKPbIT MaTepManoM, MOXOXMM Ha NnaacTuk, 6pat rosopuT ein: «He
BOJIHYWCSA, 3TOT Np He NpUUNHUT Tebe Bpesa».

Bonpoc 1. KakoBa dyHKLMA NAaCTMKOBOrO NOKPLITUA B JaHHOM cydae? Kakue 13 cnesyrowmx
OTBETOB BEPHbI?

a) NAacTUK UCNONb3YEeTCA ANA YKpaLleHNs NPOBOAA

b) mnacTk NPOBOAUT 31EKTPUYECKMIA TOK, M 3TO MOMOraeT YCTPOMCTBY paboTaTh

C) NNacTVK ABNAETCA ANINEKTPUKOM U 3aLLMLLLaeT MOAb30BaTENA OT SNEKTPUYECKOro TOKa

d) nnactvk 3almLiaeT NpoBOA OT HarpeBa, 3TO He MMeET OTHOLLEHWSA K TOKY
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DNeKTPUYeCKNn TOK B pa3nnyHbix cpegax ¢ 3.1 3/IEKTPONMPOBOAHOCTb METAJINIOB

Bonpoc 2. Ecim nnactrkoBas 060104Ka NPOBOAa MOBPEXAEHA U BUAHA €ro MeTaimyeckas YacTb,
Kakoe zenctaue byaeT Hanbonee NpaBUIbHbIM?

* Ero MOXHO 1MCnoab30BaTh, MOCKO/IbKY OH HE MPOBOAMUT TOK.

 [loctatouHO 06epHyTb ero Gymarow.

* MNpoBoA HeEOOXOAMMO 3aMEHUTb UV MOKPbITb U30AALMOHHBIM MaTepranom.

* OronéHHyto yactb Heo6xoaMMO 06epHYTb BOKPYT MEAHOM MPOBOJIOKOM.

2. Ha puncyHke noka3aHo nonepeyHoe ceveHne MesHOM NPOBONOKM, MOMe
INeKTpUYeckoe nose HanpaXXeHHOCTbHO E.
Bonpoc 1. B kakoi Touke MeAHOM NPOBOOKN KOHLIEHTpaL s cBOOO,
O60cCHyWTe CBOW OTBET.
Bonpoc 2. B kakoV Touke NpOBONAOKN TOKa HET?

E

Y

3. B cyxom nomeLyeHmmn naactu a wm Tenesmsopa bbICTPO
NMOKpPbIBAETCA MbUIbHO.

Bonpoc. [ouemy naactuk
AN3NEKTPUKOB B 31EKTPU

TaK CUJIbHO NUTArMBatoT Nblab? Kak nondapusayna



Yactb I

3.1.2. ConpoTtmBaeHne MeTaNioB

3MOM HeKOTOpble CMaPTGOHbI BHE3AMHO BbIKHOYAOTCS UM YPOBEHb
3apsaja batapeun nokasbiBaet 1%.

| « Kak no- Bawemy, nouemy HekoTopble
CcMapT¢POHbI OTK/IIOUAKOTCA CamMu MO
cebe Ha xonope?

W3BecTHO, uto Google, Amazon, NVID-
IA Ncnonb3yroT CreuymanbHble CUCTEMDI
BOAAHOIO OXJIAXAEHWNA B CBOUX CEpBEpax
NCKYCCTBEHHOIO WHTE/IEKTA.

COnpoTMBNEHNE,
YAEeNbHOE ° noqemy cepBepbl € NCKYCCTBEHHDbIM

COMpOTVBEHME MHTEJ/I/IEKTOM, OXJ1a)KAaI0T BOAOM, a He
06bIUHbIM KOHAULVMOHEPOM?

Knroue-

Bbl€ CJ/IOBa

CornacHo 3akoHy OMa A4 ydacTka 3N1eKTpUYeckon Uenwr, ConpoTuBaeHNe AaHHOTO MeTalIMYeckoro
NPOBOAHMKA ABASAETCA MOCTOSHHOW BENMYMHOW U He 3aBUCUT OT HAMPAXKEHMA Ha KOHLLAX MPOBOAHMKA
n cunbl Toka (cm.: dusmka 7, Yacb I, ctp. 51):

R= IH = const. (1)

OT yero 3aBUCUT CONPOTMB/IEHVNE METalJIn4yeCKoro nposoaHuKa?
MpuyHapgNeXXHOCTU: NCTOYHKK NOCTOAHHOTO HarpsXeHua (Boinpamutens ¢ U = 4B), amnepmeTp, coegm-
HUTEeNbHble NPOBOAA/AEPEBAHHAs A0CKa C MPUKPENAEHHbBIMWN K HEW UCCAesyeMbIMU MPOBOAHNKAMMU.

YcTpoicTBO naHenn

Wccnedyemele npo8OOHUKU hpedcmaeisom coboll mpu HUXpOMO-
gble U OOHy >e/le3Hyr) chupais QOuHakosol OAUHbI u naowadu
nonepeyHozo ceveHus. OOHa u3 HUXpoMo8bix cnupaneli 3akpense-
Ha Ha 3axumax 1-3, npoxodsa-Hepe3 yeHmpaaeHeil 3axum 2. [lee
oCcmaswiuecs HUXpOMO8ble CAUPAsIU pacnosioxeHsl Opy2 Had Opy20M
U Coe0uHeHsb! € 3aXuMamu 4-5 (naowyade nonepeyHo2o ceveHus yo-
gauedemcs). XenesHaa cnupass 3akpensieHa Ha 3axumax 6-7.

AEATENBHOCTb

Xop, paboTbi

1. CobepuTe 31eKTPUYECKYIO LieMb, COCTOALLYHO 13 BbINPAMUTENS, aMNepMeTpa 1 npeacTaBaeHHoM jocku. CHavana
n3mMepbTe CUy TOKa B HUXPOMOBOW CrivMpany, NPUKPENnIeHHON K 3axmnmam 1-3 Ha gocke. 3aTeM, NOAKIHOUMB
3aXMMbl 1-2 cnvpanu K Lenwu, n3mepbTe CUy ToKa B NMOJNOBUHE HUXPOMOBOW CVPaan U CPaBHUTE pe3y/ibTaTbl.
2. CHauana n3mepbTe CUy TOKa B OAHOW CNMPanu, NPUKPENIeHHON K 3axknmam 1-3, a 3aTem B ABYX CMpPansx,
NOAKAFOUEHHbIX K 3aXKMMaM 4-5, n cpaBHUTe pe3yabTaTthl.

3. NoouepeaHO NOAKAOUMB 3axkUMbl 1-3 1 6-7 K Lenn, n3mepbTe CUAYy TOKa B HUXPOMOBOM U >KENE3HOW
CNUpansax OANHaKOBOW ANVHbBI U NIOLWAAMN NONEPEYHOTO CEUEHUS U CPAaBHUTE Pe3yNbTaThl.

4. HapucynTte cxeMy 31eKTpMYECKOM Lienn Ha paboyem ncTe 1 3anumnTe pesynbratbl.
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DNEKTPUNYECKMI TOK B pa3anyHbix cpegax ¢ 3.1 SJIEKTPOMPOBOAHOCTb METAJ1J1IOB

O6cyaute

» Bo ckonbKo pa3 cuna ToKa, NPOTeKaloLLero Yepe3 NPoOBOAHMUK ONpeaeéHHON A/IMHbI,
OT/IMUAETCA OT CUJ/Ibl TOKa B NPOBOAHMKE, AJIMHA KOTOPOrO B ABa pa3a MeHblue? Kak
COMpoTUB/IEHUE NPOBOAHUKA 3aBUCUT OT €ro AJIMHbI?

» Kak nsmeHutca cuna Toka, eciv Npy TOM >Ke Hanps>KeHUN NOAK/IHOUNTb NPOBOAHUK,
naowazb NonepeyHoro ceyeHUs KoToporo B ABa pa3a 6onblie? Kak conpotuBneHue
NPOBOAHMKA 3aBUCUT OT MNJIOLLAAMN €ro NnonepevyHoro ceueHuns?

« OaMHaKOBa /1N CUJ/1a TOKa, MPOTeKaloLwero nNo NPoBoAHUKAM OAVMHAKOBOW ANHbI U NIOLWAAU
nonepeyHoro ceYeHus, Ho U3roToBJIEHHbIM U3 pa3HbIX BewecTs? OT uero €lie 3aBUCUT
CONpOTUB/IEHNE NPOBOAHMKA?

WTak, B pe3ysbTaTte, NPOBEAEHHOMO MCCNeA0BaHNS, Bbl MPULLIM K CIeAYHOLWMM BbIBOZAM:
1. Cnna TOK B NPOBOAHMKE ONpeAeNeHHON A/VHbBI, NOAKNHOYEHHOMK UCTOUHMIKY,
NOCTOAHHOrO Hanps>eHusa (U = const), B 2 pa3a MeHbLde cuibl TOKa HYEPE3 NONOBUHY

3TOro npoeoja. DTO O3Ha4aeT, UTo COoriacHo 3aKOHY Oma(l 2%), conpoTuBiiEHNE

BCEro NpoBoOAHMKa B 2 pa3a 60Jblue COMPOTMB/IEHMS NOJIOBUHBI 3TOro NPOBOAA.
« ConpomuesieHue npo8odHUKA NPsAMO NPONOPYUOHA/TLHO €20 d/IUHe.

2. Cvna Toka, B NPOBOAHMKE, MOAKNFOUEHHOM K UCTOUHUKY FROCTOSHHOTO, HanpsxxkeHus (U =
const), B 2 pa3a MeHblLE CU/bl TOKA B NMPOBOAHNKETOM Xe AIUHbI, HO C TUIOLLLAAbHO NonepeYHo-

ro ceyeHus BABOe H60/bLIEN. DTO O3HAYAET, UTO COMAacHO 3aKOHY Oma (| :%), COMpPOTMBAEHME

NPOBOAHMKA, NJOLWazb MONEPEYHOro CeUYeHNs KOTOPOFo BABOe BOJbLLe, B 2 pa3a MeHbLLE.

« ConpomuesieHue npoeodHuUKa obpaimHo nponopYUOHA/IbHO e2o noujadu nonepeyHoz0

ceyeHus.

3. Cnna TOKa B XXeNe3HOM MPOoBOAHMKE, MOAKNOYEHHOM K MCTOYHWUKY MOCTOAHHOrO Hanps-

xeHunsa (U = const) , B 10 pa3 60ofibLie Cujibl TOKa, B HUXPOMOBOM MPOBOAHMKE, MOAKJOUEHHOM K

TOMY € NUCTOYHMKY MOCTOAHHOrO HanpaXeknus, 1 ero conpotmmaneHme B 10 pa3 MeHbLue.

« ConpomuesieHue npoeodHuUKa 3aéucum om Mmamepuasid, U3 Komopozo oH U320Mo06J/IeH.

Taknm obpaszom, popmyna CONpoTUBNeHVA MPOBOAHMKA 3aMMNCbIBAaeTCs CesyoLmM 0bpasom:
l

5 @)

3aecb R = conpoTtnBaeHre npoBogHUKa, | — AnvHa npoBoaHKMKa, S — NioWwasb NoNepeyHoro
ceyeHVA MPOBOAHWKA, p — YAebHOE CONPOTMBAEHME NPOBOAHWKA. Y0eseHoe conpomusieHue

— 2Mmo ¢pusuveckas 8esu4UHa, 3a8UCAWAs oM Mamepuasnd, u3 Komopozo U320mos/ieH NPo8o-
OHuk. B Tabavue 3.1noka3zaHsl 3KCneprMeHTaIbHO MOJAYyYEHHbIe 3HaYeHNA YAebHOro Conpo-
TUBJIEHNA HEKOTOPBIX BELLLECTB.

Ecan annHa npoBoAHMKa paBHa | = 1 M, a naowaab NnonepeyHoro cevenns S = 1 m?,

TO YNCNNIEHHOE 3HavYeHne yae/ibHOro ConpoTmneJieHNA PaBHO p = R, TO ecThb:

N3 bopmynbl p = $ BUAHO, YTO:

* YaenbHoe ConpoTmB/iIeHME — 3TO CONPOTUBAEHNE NPOBOAHMNKA, N3rOTOBJIEHHOIO U3 onpe-
AENeHHOro MaTepuana, ¢ AANHON 1M 1 NaowWaabio nonepeyHoro ceveHns B 1 M2 EQuHuya
usmepeHus yodenbHo2o conpomuseneHus 8 CU — Om - memp (1 Om - m):
_[RI-IS] _ 10m- 1M
1= m =~ 1m

R=p

=10m - m.
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MockoabKy noLLaAb NOMEPEYHOrO CEUEHNS MPOBOAHMNKA
06bIYHO Masia, OHa YacTo n3mepsaeTcs B MM?. Mo3ToMy
eANHVLEN U3MEPEHNA YAEIbHOMO COMPOTUBAEHWS ABAAET-

\ \\\\\ e

PucyHok 3.6

Ta6aunua 3.1. YienbHoe ConpoTUBAEHNE HEKOTOPSI

Cepebpo
M HUKens)
Meab 0,5
CMaaB Mean U HUKenNs)
3010710 PTyTb 0,96
ANOMUHWIA Huxpom 1,1
B HMKeNA 1 Xpoma)
Bonbdpam dexpanb 13
naB Fe+Cr+Al)
Xenezo Mpadut 13
CeuHel, Kepamuika 107
Hukenb S60HUT 1020

.ﬂsgtty 1 CONPOTUBAEHME CEePEBPAHON MPOBONOKM OT CONPOTUBAEHUS MELHOM
/

MpumeHUTe NoNyuyeHHble 3HaHUA

3agaua. Otel, Mypaga nnaHMpyeT 3aMeHUTb 31EKTPOMNPOBOAKY B CBOEM NeTHEM gomuke. Mypag,
XOYEeT MOMOUb OTLY B 3TOM. /13 MHTepHEeTa OH y3HaeT, YTo Npu BbIOOPE 31eKTPONPOBOAKM
cnepyeT yuntbiBaTb 3 OCHOBHbIE XapakTePUCTUKM: AJIVHY, TOALWMUHY U MaTepuan nposoaa. Mypaz
paccMaTpmBaET 3 pasHbIX TUMa NPOBOAHMKOB B MarasuHe 3/1eKTPOTOBapOB.
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MpoBoaHWK Lm S, M2 _OM xoe
M
A — meab 10 1,0 0,017
B — anroMvHMI 20 1,5 0,028
C — aIFlOMUHUWM 10 1,0 0,028

Bonpoc 1. Kako npoBoaHMK cneayeT Bbibpate Mypagy — ¢ 661buMM cOnpoInBAEHVEM UW C
MEHbLIMM? Nouemy?

Bonpoc 2. [Nouemy npwu Beibope npoBoaHnka Mypagay cneayet o6patntb BHUMaHME MHE TONBKO Ha
ero A/IMHY, HO 1 Ha MaTepuas, U3 KOTOPOro OH NU3roTOBJIEH, M NAOLLAAbL NONEPEYHOro ceyeHua?
Bonpoc 3. BoiuncimTe n cpaBHUTE CONPOTUBAEHUA NPOBOAHNKOBA, B WiC, ncnodibdys tabaudy.

I'IpOBepre nony4yeHHbleé 3HaHNA

1. NoyemMy conpoTnBAEHME NPOBOAHMKA HE 3aBUCUT QT Hanpsa>XXeHUAHa ero KOHLUAx 1 CUJibl TOKa B
Hem?

2. Apunb n Jlana npoBenn 3KCNepuMeEHT MO U3YUYEHUIO SN1EKTPUYECKOro CONPOTMBEHMA
MeTaNIMYECKNX NMPOBOAHUKOB, MCMOJIb3Ys NMPOBOOKKU 13 HUKEASW dexpans pa3iNYHON ANVNHBI U
TO/IWMHbI. Pe3ynbTaThl 3KCMeprMeHTa NPeACTaBAeHbl BiTabanLe HUXKe.

N2 MeTtannnyeckmi 2 L, m R, Om
NPOBOAHIKIN.

1 Hukenb 0,2 1 20+0,2

2 Hukenp 0,2 2 40+ 0,2

3 Hukenb 0,4 2 2,0+02

4 ®expanb 0,2 0,5 3,0+£0,2

Bonpoc\1. Kakne yTBepXXAeHMA COOTBETCTBYIOT pe3yabTaTaM 3kcnepumMeHTa? Boibepute aBa
NpaBUABHBIX YTBEPXKAEHNSA 13 NPVBEAEHHOIO CMNCKA U YKaXnte nx Lumdpamu.

1 — SneKkTpUYECcKOoe CONPOTUBEHME MPOBOAHMKA 3aBUCUT OT MaTepuana, 13 KOTOporo OH
N3roTOBJ/IEH.

2 — DneKkTpnyecKoe conpoTMBAEHE NPOBOAHMKA YBEANYMBAETCA C YBEIMYEHNEM €r0 AJIVHBI.
3 — C yBesmyeHveM AJiuHdbl MPOBOAHMKA €ro 3/1eKTpuYecKkoe ConpoTMBIEHNE OCTaeTca
HEN3MeHHbIM.

4 — SnekTpuyeckoe COMpoTUBAEHNE MPOBOAHMKA NPSMO NPONOPLNOHaNbLHO NAOLWAAMN ero
MoMnepeYHOro ceyeHus.

5 — C yBe/IMYeHneM TOALLMHbI MPOBOAHNKA €ro 3/1eKTpUYeCcKoe CONpPOTMBIEHNE YMEHbLLAETCS.
Bonpoc 2. Cuntaete au Bbl Lies1eCOOOBPasHbIM MCMOAb30BaTh MPOBOAOKM U3 HUKeNdA 1 dexpansd npwm
NPOKNaAKe INEKTPUYECKMX IMHWIA B Aome? OBOCHyITe CBOWM OTBET.




Yactb Il

3. Ha pucyHke 3.7 nsobpakeH peocTtaT 1 ero OCHOBHbIE YacTy.

7 4

2
PucyHok 3.7

Bonpoc 1. Vicnonb3ys pucyHOK, 06bACHNTE NPUH
peocrtarta?

Bonpoc 2. Ha pucyHke 3.8 nokasaHa cxema 3
Kak onpegensetca oblee conpotusBaeHme 3

KTpUY
uenn?
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3.1.3. Llenb pacnpeaeneHns Hanpsa>xXeHus

HAMNOMWHAHME: ®u3suka 7. Y4ebHuk. lMocnedosamenvHoe u hapasiesibHoe coeQuHeHuUe JiamMn.
B TabamLe nokasaHbl cxeMbl MOCAeA0BaTENIbHOIO U NMapanaebHOro COeANHEHNA ABYX PE3UCTOPOB U
XapakKTepUCTMKN COOTBETCTBYHOLLMX COEAMHEHWA.

CoepauHeHue MocnepoBatenbHoe NapannensbHoe
! il
'l 'l
Cxema R
Cuna Toka I=1L=1, =4+ 1
Hanps>xeHune U=u+U, U=U=U,
ConpoTuBneHue R=R, +R, L—L.,.L
R R R

OanH 13 AaTUMKOB KOCMUYECKOTO annapata MOXeT paboTath TONbKO
npw HanpsxeHun 3 B. OgHako Hanps>keHWe Ha BXxOAe OT NCTOYHMKA
nuTaHWsA coctaBnset 9 B. Ecn HanpsxXeHve B 31eKTPUYECKON e He
ByzeT NpaBUIbHO pacrnpeseneHo, AaT4mK MOXeT MTHOBEHHO BbIATH
n3 ctpos. NnxxeHnepbl HACA nerko peluvan aty npobsieMy, Mcnonb3ya

AENNTEND HalMPAXEHNA.

U3 Kaknx 3nemeHTOB COCTOUTMPOCTENILNI AeINTeNlb HanpsXKeHNa?
« Kakoii npnHUMN ncnonb3yerca ANA noayyeHus Tpebyemoro 3HaueHUs Hanps>KeHUs B TaKOW

uenun?

[envtenb HanpsxxeHUs — 3TO NpocTas anekTpuyeckasn Lemb,
noseoAstoLLas Npeobpa3oBbiBaTh BbICOKOE HanpsxeHue B bonee
Hu13koe4B 31O LLenn ncnonb3yeTes CBOVETBO pacrnpeseneHuns
HanpsA>XeHUs MexAay AByMsA Nocie0BaTeNbHO COeANHEHHbIMM
pe3nctopamu A nepegadn onpeaeneHHON YacT NOCTOAHHOTO
BXOAHOro HampakeHwa (U, ) Ha Bbixoa uenu (U, ). Mpocteniunii
AenuTenb HanpsKEHKs COCTONT N3 MCTOYHMKA BXOLHOTO
Hanps>XXeHns 1 ABYX PEsncTopos (puc. 3.9).
[ns onpeseneHns TpeByemMoro BbIXOAHOTO HanpsXXeHUs AennTens
MCNosb3yroTcs 3akoH OMa 1 XapakTepUCTUKIM NOCAeA0BaTebHOMO
coegunHeHus. Takum obpasom, popmyna, ans pacyéta U
BbIBOAMWTCA CNeAyoLmMM 06pa3om:

=1-R. 3)

Boixod 2

Boixoo'

CornacHo 3akoHy OMa, BblpaXkeHue ANA CUIbl TOKa UMeeT BUA;

Bxoo

s

Beixoo

R OEEEEEEEEEEEE
C

PuncyHok 3.9 Cxema genvtens

HanpaxeHua
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Uonz) UBble()
'SR TR+, “)

[Npv nocnegoBatenbHOM coeanHeHMn R=R, + R..
MoactaBndAa BblpaxkeHue (4) B (3), noayyaem A8 HaNpsXKEHUA Ha BbIXOAe:
U
UBblxo(): ﬁ ' Rz' (5)
Taknm obpasom, ns ¢opmysbl (5) BUAHO, UTO, NCNOb3YA PE3NCTOPBI MOAXOAALLErO
COMPOTMBAEHUSA, MOXHO YMEHbLUNTb BbICOKOE BXOAHOE /HanpsxXeHue A0
TpebyemMoro Manoro BbIXOAHOIO HanNpPAXeHMA C MOMOLLBIO AeNNTENS HANPAKEHWS.

SN Axkymynatop MobunbHOro TeneoHa AaeT Hanpskewue 4,2 B. OfHaKo skpaH; AaTumky,
*OBCYN MUKPOGDOH 1 KaMepa paboTatoT NpuPa3nyHbIXx HaNnPAXKEHMAX.
QOAZIICY  Bonpoc. Kak B 04HOM yCTPOICTBE NONYYAKOT pasAvuHble HAaNPAXEHUA C AOMOLLLIO AenTens
Hanps>xeHua?

an/IMEHI/ITe nosnyyeHHbleé 3HaHuA

3apaua 1. [I>xaBug, 3aHMMaOLWMICA B pOOOTOTEXHMUECKOM KPY>KKE, XO4eT MpoTecTMpoBaTh
cBoero poborta. a5 3Toro oH NOAKAOYaeT NaHeNb yrnpaBaenns pobora K MCTOYHMKY nuTaHus 12 B.
OaHako «M0o3r» poboTa, MUKPOKOHTPOINEP, MOXKET He30MacHO,paboTaTbh TOABKO MPU HaNpPAXKEHNM
5 B. [I>kaBng, 3HaeT, UTO eCc/Iv HanpsaXKeHne, NojaBaemoe Ha MUKPOKOHTPONEP, MPEBbLICUT
MaKCUMabHbIV Mpeses, OH CropuT 1 BbIRAET 13 CTPOA.

Y [OxaBunaa ectb gBa pe3nctopa: Ry = 7 KOM U Ry,= 5 KOM. OH peluaeT, 4To Ans 3alnThbl
MWKPOKOHTPOJIIEpa eMy CeAyeT cobpaTb Ae/Te/lb HANPAXXeHNA U MOHN3UTb HanpsXeHve ¢ 12 B
Ao 5 B.

Bonpoc 1. o kako cxeMe [I>XaBua AOKEH CObpaTh AGAUTENb HANPAXKEHWSA, NCMOb3YA AaHHbIE
pPe3ncTopbI?

Bonpoc 2. O6ecneunT nn cOCTaBNEHHbIN AENNTENb HANPAXKEHWA Tpebyemoe ans paboTol
MUKPOKOHTpOJI/Iepa HanpsaxeHwe 5 B?

MpoBepbTe nonyyeHHble 3HAHUSA

1. Apnd XOYET moAKNHOUMTE HEDO/bLLYIO CBETOANOAHYHO Namny K 6atapee 9 B. CeBeTtognoaHas
namna 6e3onacHo,paboraer ToNbKO Npu HanpsxeHun 3 B. Apud HaxoanT B CBOeM
3/1eKTPo0bOopPYA0BaHAN iBa pe3ncTtopa conpotmeaeHnammn 2 KOm n 1 kOm.

Bonpoc 1. Ecam Apud cobepeT genvtenb HanpaxXeHUsa U3 3TUX Pe3NCTOPOB, Kakne 3HauyeHns
Hanps>XeHNA OH CMOXEeT MNOAYyUNTb Ha Bbixoae?

Bonpoc 2. CmoxeT nn cBeToamoaHas namna 6e3onacHo paboTatb Npu NOAKJAHOUYEHUN K STOMY
AennTento?

2. Llenb aenntens Hanps>keHUst MOCTPOEHa C UCMO/b30BaHNEM ABYX PE3UCTOPOB: R, = 2 kOm N R, = 3 kOwm.
Ha Bbixoze Lienn, To eCTb Ha KOHLLax pe3unctopa R, noayvyaerca HanpsxeHve U, = 3 B.

0
Bonpoc. Yemy paBHO Hanps>eHue Ha Bxoge U, 7

18




DNEKTPUNYECKMI TOK B pa3anyHbix cpegax ¢ 3.1 SJIEKTPOMPOBOAHOCTb METAJ1J1IOB

3.1.4. 3aBMCMMOCTb COMPOTUBJIEHUA
MEeTaNN0B OT TeMrepaTypbl

AzepbarigykaHcKne KOCMUYECKne NHXXeHepbl pa3pabaTbiBatoT HOBbIN
CNYTHUK cBA3W. [pn ABMXKEHUM CNyTHMKa NO opbuTe TemnepaTtypa ero
NMOBEPXHOCTW, OCBELLEHHOMW COTHEYHbIMU yYamu, gocturaet +200 °C, B TO
BpeMsA Kak TeMnepaTtypa HeoCBeLLEHHOW NOBEPXHOCTU MHOTAA OMnyckaeTcs
A0 —270 °C. Cuctema 31eKTponmTaHns CnyTHUKA OObIYHO BbIMOJIHEHA U3
MeZHbIX MPOBOAOB, CONPOTUBNEHNE KOTOPbIX N3MEHAETCA B 3aBMCMMOCTH
OT TeMnepaTypbl. 3HaHWe 3aBUCMMOCTN CONPOTUBAEHMA OT TeMnepaTypbl
ype3BblYaMHO BaXKHO A5 6€30MacHOCTUM KOCMUNYECKUXaMUCCHA.

» Kak m1smeHeHue TemnepaTtypbl Ha MOBEPXHOCTU cnyTHUKA oT —270°C' o +200°C Bamnser

Ha U3MeHeHMe 3/1IeKTPUUYECKOro ConpoTuBJieHNa MeaHbIX npoBoaoB? Kak usmeHeHue
TemMnepatypbl BANAET Ha U3MEeHeHMNe CONpPOTUB/IEHUA MeTaIoB?
» Kak nsmeHeHus conpoTuB/IeHNA NPOBOAOB MOTYT MOBAUATbL Ha PaboTy ycTpoUCTB cnyTHUKa?

3aBUCMMOCTb COMPOTVBAEHUNS OT TEMMNEPATYPbI, TEMAEPATYPHbIV KO3DDULNEHT
Knrouesble cnosa P < Ratyp patyp bPnu
COMPOTUB/IEHWS, PE3UCTOPHbIN TEPMOMETP

MCCIIeAOBaHVIe 3aBUCUMOCTU CONMPOTUBJIEHUA MPOBOAHUKA OT TeMnepaTypbl

0
'_
o MpuHagNeXXHOCTN: NCTOYHMK MOCTOAHHONO TOKA (BbINPAMMUTEND), CTalbHAsA CVPab, aMNepPMETP, CMMPTOBKA
= (WM cBeva), 3aXuranka, LUTaTUB, COeAVHUTENbHBIE, @)
=
u npoBoZa.
[°N
(WH]
=
Xop, paboTbi
1. Cobepute nocnegoBatelbHO COBANHEHHYHO

3NEKTPUYECKYIO Liernb, Kak MoKa3aHo Ha pucyHke 3.10.
2. Bknrouute BbinpamMutens, onpeenure 1 sanvwmnte
3HayeHme cuabl Toka B uenu (pucyHok 3.10, a). 3axruTe b)
CNUPTOBKY M HArpeBanTe cnupansc MpoTeKkaoLwmm

Mo Hel TOKOM B'TedeHve 1-2 MUHYT, Habatogan 3a
M3MeHeHVEeM 3HauYeHUs cnabl Toka (pucyHok 3.10, b).

3. Moracute cNMPTOBKY. U HabatosalriTe 3a NOKa3aHUAMM
amnepmMeTpa no Mepe OXNaxkAeHWs CTalbHON Cnnpanu.

O6cyaute
+ Kak nameHunocb 3HaueHue cuibl TOKa B LEenu npwu PucyHok 3.10
HarpeBaHMU U OXJIaXKAEHUN CTaZIbHOW cnupanu

C 3/1IeKTPUUYECKMM TOKOM?
» Kako# BbIBOA Bbl caenann u3s npoBeAEHHOroO nccaeaoBaHnA?
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VccnepoBaHve NokasbiBaeT, UTO CONMPOTUBIEHNE
MeTaIMYECKOro MPOBOAHMNKA MEHAETCA C M3MEHEHVEM
Temnepatypebl. Tak, npu nossiweHuU memnepamypsi
NOKA3aHus aMmnepmempa yMeHsWaromcs, 4mo
cgudemesibcmeyem 06 ygeau4eHUU Conpomue/IeHuUs
nposo0HuKa. [pu NOHUXXeHUU memnepamypsl NOKA3aHUs
amnepmempa yse/iu4usaromcs — c1e0o8amesbHo,
conpomusJ/ieHue npo8oOHUKA yMeHbuiaemes. CornacHo
K1aCCUYECKOWN 3NeKTPOHHOW TeOpuM, PV HarpeBaHnn
MeTaIMYeCKOro MPOBOAHMKA BO3PacTaeT MHTEHCUBHOCTb
konebaHW MONOXKUTENBbHBIX MOHOB B Y3/1aX KPUCTAIMHYECKOM
peLwéTku. B pesysbtate yBeIMUMBAETCA MUCTO CTOIKHOBEHMIA
YNopAAOYEHHO ABVKYLNXER, CBOOOAHBIX 31eKTPOHOB
C MOHaMU — CuJia ToKa B MeTainyeCckKOM NPOBOAHVIKE
yMeHbLuaeTes. CnefoBatenibHO, MPW HarpeBaHN
MeTaaM4eckOro NPOBOAHMKA ero, COMPOTVBAEHVE
BO3pacTaeT. B Hebo/bLIOM Anana3oHe usMeHeHN
TemnepaTypbl CONPOTUBAEHVE METATINYECKNX MPOBOAHMKOB
PucyHok 3.11. Tpaduk 3aBUcMMOCTH <
COMpOTMBACHIA METARANHECKOI JIHEWHO 3aBUCUT OT TEMMEPAaTYpbl, 1 3Ta 3aBUCMMOCTb

MPOBOAHMKA OT TEMMEpaTypb. BbIpaXkaeTca ciedytouert @opmynoi (puc. 3.11):
R=R, (1 + at). (6)

KakoBa 3aKOHOMEPHOCTb
N3MEeHeHNA CONpPOoTUBAEHNA
METaNTINYECKOTro

MPOBOAHMKA NPW N3MEHEHMM
ero TemMnepatypbl?

RA

0 > t

3peck R, — conpotveieHne NpoBoaHWKa npw Temneparype 0°C,

R — conpoTtuBaeHne NpoBOAHMKa NPA ORpeaeneHHOW Temnepatype t,

a — TeMnepaTypHbI KO3GOULMEHT CONPOTUBAEHVIA.

* TemnepaTypHbIn KO3IGDULMNEHT CONPOTUBNEHNA YUCAEHHO PaBEH OTHOCUTENBHOMY M3MEHEHWIO COMPOTUB-
NeHns NPOBOAHMKA NPW ero HarpesaHum Ha 1°C

AR 7
Rt T 7
TemnepaTypHblil KOIODULIMEHT CONPOTUBICHUA A/SUNCTLIX METAIIOB BCersa nonoxumteneH (o >0) n, cornacHo
TEOPETUYECKMM pacyeTaM, €ro 3HayeHvie paBHo: 1 1
“F 3737 )

3Ha4eHKs TeMnepaTypHOro Koap@uieHTa ConpoTMBAEHNA HEKOTOPbIX BELLECTB NpuBeAeHbl B Tabavue 3.2.
Tabnmua 3.2. TemnepaTypHbIN KOIPPULMEHT CONPOTUBAEHNA HekoTopbIX Belects (Mpw 20 °C)

‘BO A a,1/°C BeLlectBo a,1/°C

MaHFaHUH 0,00003 LinHk 0,004
HukennH 0,0001 CBuHel, 0,004
Huxpom 0,0001 Cepebpo 0,004
®expanb 0,0002 Meab 0,0043

PTyTb 0,0009 Bosbdppam 0,005
JlaTyHb 0,001 Cranb 0,006
ANFOMUHUI 0,004 XKeneso 0,0066

®dopmyny 3aBMCMMOCTU YAeNbHOTO COMPOTUBIEHUA METaNANYECKOro NPOBOAHMKA OT TeMnepaTypbl
MOXHO 3anuvcaTb aHa/JIOTM4YHO BblpaXkeHuto (6) cheayrowum obpasom:

p=p,(1+at). 9)




DNEKTPUNYECKMI TOK B pa3anyHbix cpegax ¢ 3.1 SJIEKTPOMPOBOAHOCTb METAJ1J1IOB

-NOAYMAI ACTPOHaBT XOAMT NO NOBEPXHOCTMN JIyHbl B 06yBM C METANINYECKMMU NMOAOLLIBAMU 1 CNELM-
+OBCYAN aZlbHOW cncTemoin nogorpesa. TemnepaTypa Ha NoBepxHOCTH JIyHbl B TeHn paBHa —150°C, a
*MOLE/INCh Ha yyacTke, ocewwéHHom ConHuem, pasHo +120°C.
Bonpoc. Kak, no-Bawemy, U3MeHUTCA NN COMPOTMB/IEHNE MOAOLB OOYBWM acTPOHaBTa
(YBEIMUMTCA MAN YMEHBLUUTCA) NMPU Nepexose U3 TeHW Ha yyacToK, ocBeLéHHbIA CoNH-
uem? Kak 3To nameHeHre MOXeT NOoBANATb Ha paboTy cucTeMbl Nojorpesa?

3aBNCMMOCTb COMPOTMBAEHMA METANNOB OT TeMnepaTypbl NCMONb3YeTCA B crieLaibHbIX
YCTPOMCTBaX, HarnpuMep B 3J1eKTPOHHbIX AaTUMKax, Ha3biBaeMbIX PE3NCTOPHbIMIU TEpMOMETPaMW.
OTW TEPMOMETPbI, N3rOTOBJIEHHBIE N3 YNCTbIX METaNN0B, NO3BOAAOT M3MepPATb OYeHb BbICOKUE Un
OYeHb HM3KMe TemnepaTtypbl. Hanprmep, N1aTMHOBbIN PE3NCTOPHbIA TEPMOMETP MOXET N3MEPATH
TemnepaTypy B Anana3oHe ot -264°C go 1064°C, a MefHbI pe3nNCTOPHbIN TEPMOMETP — B
AnanasoHe ot -50°C ao 180°C.

an/IMEHVITe nony4yeHHblieé 3HaHUA

3apaua 1. ConpoTmBaeHne MefHOro NnpoeoaHuKa rnpu temrepatype 0°C pasHO 4 Owm.

Bonpoc 1. Yemy paBHo conpoTuaeHune nposogHuka Apun 60°C, 120°C n 180°C cOOTBETCTBEHHO (C
y4YeToOM MOrpeLHocT namepeHns conpotmseaeHna AR= £,0,2 Om)?

Bonpoc 2. Ha ocHOBe noJsiy4eHHbIX pe3ynbTaToB Kaki MOXHO U306pa3nTh Fpaduk 3aBUCMMOCTY
COMPOTUBAEHNA MEAHOrO MPOBOAHMKA OT TeMnepartypb!?

I'Ipoaepre nony4yeHHbl€ 3HaHNA

1. Ha pucyHke nokasaH rpaduk3aBuUcMOCTM CONPOTUBAEHNA MeTanna OT TeMnepaTypbl.

Bonpoc 1. Kakoin popmynoinBblpakaeTtes 3aBMCMMOCTb COMPOTUBAEHNS MeTaana OT TeMnepaTypbl?
Bonpoc 2. Yemy paBeH TeMAEpaTypHbIA KOIOOMLNEHT CONPOTMBAEHMA MeTanna’?

2. ConpoTuBaeHMe HarpeBaTe/IbHOrFO 3/1EMEHTa, M3roTOBAEHHOro 13 dexpana, Npu Temnepartype
20°C paBHo 16 Owm.

R, OM A

160

140
120

100

Y

ot
o
(@)

0 100 200 300
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o 5.4
Bonpoc. [py kakoli Temnepatype conpoTuB/ieHe MeTaa cTaHeT pasHbiM 16,4 OMm (= 210 T)?
PelieHue.

t,= 20°C, ‘R =R,(1+at) R, _R(+ar) (1+at)

R, =16 On, ! 2 - =
R12= 16,4%% Rz = Ro (1+ atz) R1 Ro(‘I + at1) (1+ at1)

o =2-1041 .
e

Dexpany

(1+ at) :—IF;L-(1+at1)—’at2:—|§2—-(1+at1)—'l

1 1
,=7
YMHOXMB 06€e CTOPOHbI NOCNEAHErO YPaBHEHWS

2

t,= o L1+ 2104 =
210 —= 16 Om

- 20°C) -

1
°C Orser: t,= 145,5°C.

3. ConpoTMBieHNEe HUXPOMOBOIO HarpeBaTe
Bonpoc. [Mpn kakoi TeMnepaTtype conpoTmee

C paBHO 14,2 Owm.
biM 14,8 Om?
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3.1.5. PaboTa an1ekTpruUeckoro ToKa

BCMOMHWTE: ®u3uka 7, YyebHuk. nekmpuyeckuli mok. HanpskeHue.
Cuna Toka. dneKTpryecKknin TOK xapaktepusyerca Gr3nYeckor BENNUMHOW, Ha3bIBAEMOW «CUION TOKa».
» Cuna moka — 8elu4UHA, pasHas 3aekmpu4eckomy 3apsady, npoxodsawemMy Yyepe3 nonepeyHoe ce4eHue

NpoBo0HUKA 3a eQUHUYY 8peMeHU:
1= L. (10)

! K1
Cwvna ToKa — ckanfpHasa BeNnunHa, eé€ eamHuua namepenuns B CU — amnep (1A): [|]=%= 17 =1A

Z-)neKpr-leCKoe Hanpsa>XeHue. Konnuectso 3HEPIrnKn, KOTOPOE NCTOYHMK TOKa nepesaer
3JIEKTPUNYUECKMM 3apAadaM, XapakKTepunsyeTca (bl/l3l/|l-|eCKOl\/J1 BeﬂMHMHOVI, Ha3blBAEMON HamnpAa>XeHuneMm:
w
Uu=—.
q

3aecb U — HanpsixkeHure,  — anekTpuyecknii 3apsg, a W= Kesim4ecTBo sHepriv.
BHumanwue! dSHeprus W paBHa paboTe, coBepLuaemon NOAEMIPY NepeMellleHin eaANHNYHOTO
3apsga q Mexay AByMS TOUKaMU B 31eKTPUYECKOM Moe, TO eCThb:
A=qU. (11)
W3 nocnedHel goopmynbl cnedyem, ymo:
* J1ekmpuyeckoe HanpskeHue YuUC/eHHO pasHo pabome, cogepuiaeMolinosieM npu nepemewjeHUU
e0UHUYHO020 3apsada Mexdy 08yMs MOYKamMu 8 3/1eKmpu4eckoM,noJie.
Snekmpuyeckoe HanpsxeHuUe — 3Mo CKANAPHAA uluyeckas 8eAuHUHa, eé eOuHUyel U3MepeHUs 8

CU aensemcs sosiem (1 B): [W]

U=t =1 -1

Ha cTone nexat yeTbipe NpoeTbIX YCTPOMCTBA: CBETOANOAHaS laMna, MUHU-BeHTUAATOpP USB,
aKKyMynsTop v neyb. B 3TUX YCTPONCTBAX RPOMCXOANT OAHO M TO Xe: Yepes HUX NMPOXOAUT
anekTpuyeckmii Tok. OA4HaKO B KaXXAoOM N3 HUX 31eKTpuyecKas sHeprus npeobpasyercs B
pasnyHble BUAbl 3Heprun. Flpouecc npeobpasoBaHs SHEPTUN ABASETCA PE3y1bTaTOM COBEPLLEHWS
paboTbl. TakuM 06pa3oMm, 31eKTPUHECKNIA TOK, MPOXOASALLNI MO MPOBOAHMKY, COBEPLUAET paborTy.

« Mo>xHO in usmeputb paboTy, coBepLIaeMyto 3/1eEKTPUUECKUM TOKOM?
« OT KaKnx puU3NUYeCcKMX BeJIMUNH OHA 3aBUCUT?

[ KntoueBble csi0Ba paboTa Toka, AXX0Yy/b, 3aKOH [xxoynsa-JleHua.

—
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Bbl 3HaeTe, UTO 31EKTPUYECKNA TOK — 3TO HamnpaBieHHOE ABUXEHME CBOBOAHbIX
HocuTenen 3apasa, HanpumMep, CBOBOAHbIX 3N1EKTPOHOB B MeTalIMYEeCKNX
NPOBOAHMKAX, MOA BO34ENCTBUEM 31eKTpuyeckoro noss. CnegoBatenbHo, pabora,
coBepLuaemas TOKOM B MPOBOAHMKE, 3aBUCUT OT BENMYMHbI SNEKTPUYECKOro 3apaja,
npoLllesLlero Yyepes ero nornepeyHoe ceveHme, N HanpsaXXeHns Ha KOHLax 3Toro
NPOBOAHMKA, cornacHo dopmyne (11):

A=qU.

Boipasue q uz gpopmysibi (10) u nodcmasue 8 nociedHroro hopMyaty, NoyHuM obLyee
gblpaxeHue 019 pabomel, cogepuiaemMoll 31eKmpu4eckum MoKOM:
A=1ut. (12

« PaboTa, coBepluaemMas TOKOM Ha yyacTke Lienu, paBHa NPon3BeAeHUI0 CUilbl TOKa,
HanpsA>KeHUA Ha KOHLLAX 3TOro yyacTka u BpeMeHM ero nporeKaHusA.
EavHunuen nameperusa pabotel B CU asnsetcsa gxxkoyab(1xx): [A] =11] < [U]  [t]=1A- B - = 1.
Ecan B dopmyne (12) yuects BoipaxkeHna U=IR nan I=U/Rpncnonb3ya 3akoHOma, To Ana paboTsl,
COBEpPLUAEMOM INEKTPNYECKMM TOKOM, MOXHO FI0NyUUTh CAeAYoLLIMe /1Ba BbIPaXKeHNS:

A= Rt (13)
_ U
A= &t (14)

CornacHo 3aKOHy COXpaHeHUs 3HepPruv, Npu OTCYTCTBUU Kakux-11Mbo Apyrvx npeBpaLLeHunm
3Heprun paboTta, coBepluaemMas TOKOM B MPOBOAHMKE, PACXOAyeTCA TONbKO Ha yBenYeHne
€ro BHyTPEHHEeWN 3Heprun, To ecTb Ha HarpeBaHne MPoBOAHMKA. B pe3ynbTaTe B NpOBOAHMKE
Bblgensaerca konmyectso TennoTsl Qi A =Q. OTcroga cnesyerT, uTo:

Q= IUt. (15)
B pe3ynbTate MHOrOUMCNEHHBIX IKCAEPVMEHTOB ObIIK YCTAaHOBNEHbI ZIBE 3aKOHOMEPHOCTY.
1. Kosuuecmeo mensioniel, 8bi0e/1groU4eecs npu NpoxoXxoeHuu moka Yepes noc1e0o8amesibHo
coeduHéHHble NPOBOOHUKL, NPAMO NPONOPYLIOHA/ILHO 0BWeMy conpomuesIeHUr0 3Mux NPO8OOHUKO8
(nockosbKy cuna moka 00UHAKoea npu nocaedosamessHoOM coeOuHeHUU):

Q=1I?Rt (16)
[1OCKObKY 3Ty 3aBUCUMOCTb BREPBBIE IKCNEPUMEHTANBHO YCTAHOBUAW aHINMACKMIA dramnk . xoynb
N PYCCKIA Y4EHBINA 3. JleHu, oHa Ha3biBaeTca 3akoHOM [xoynda — JleHua.
» Konuyecmeo mensomel, 8bidensroujeecss 8 npo8oodHUKe C MOKOM, pasgHo npou3eedeHUro
Keadpama cuJ/ibl moka, conpomue/sieHus1 Npo80OHUKA U 8peMeHU e20 NPoMmeKaHUus.
2. Konuyecmeo mensiombl, 8bi0esisiroueecsi Npu Npoxoxxo0eHUU moka Yepe3 napasiiesbHo COeOUHEHHbIe
NpoBoOHUKU, 06pamHo NPoNOPYUOHAIbHO Ux 0bLyeMy conpomue/ieHuUro 3mMux NPoBOOHUKO8 (NOCKO/TbKY
HanpsikeHue npu NAPanaesbHOM coeOuHeHUU 00UHAKOB0):

0 :%Zt. (17)

TNV  Ann 3apsakv akkymynstopa TenedoHa 1 Harpeea MeTasInyeckom Cnmpani pacxoayercs

*OBCYAN OZMIHaKOBOE KOJINYECTBO 3JIEKTPO3IHEPTUN.
*[MOAE/NCH

Bonpoc. MNoueMy pe3ynbTaThl 4EUCTBUSA TOKa B 3TUX CyYasX COBEPLUIEHHO Pa3INYHbI?




DNeKTPUYECKMI TOK B pa3nnyHbIx cpegax « 3.1 IJIEKTPONMPOBOAHOCTb META/INIOB

Doxeiimc Mxoynb (1818-1889)
AHIANIACKNA GUBNK.

3yyan TennoBoe fencreme
3N1eKTPUYEeCcKoro Toka. EanHunua
n3mepeHns sHeprum 8 CU —
AXKOY/b — Ha3BaHa B €ro YecTb.

JleHy Imunb Xpucrtnanosuu (1804-1865)
Pycckuit Gur3mk HeMeLKoro
npoucxoxaeHna. OH onpesenu
HamnpaB/ieHWe TOKa, CO34aBaemMoro
[LEVICTBMEM MarHuTa, 1 13y4yan TenIoBOe
JEVCTBME 21EKTPUNYECKOrO TOKa.

anIMeHVITe nony4yeHHblié 3HaHUA

3apaua. HanpsaxkeHne Ha yyacTke 3neKTPUYEeCcKomn Lenw, COCTOALLEM 13 ABYX MapanieibHo
COoefMHEHHbIX pe3nctopos conpoTtusaeHnem Ri= 30 Om 1 R,= 10 Om paBHO'4 B,

Bonpoc 1. Kakyro paboTy coBepLuaeT 31eKTpUYeckmii TOK B KaXKa0M pesuctope 3a | MuHyay?
Bonpoc 2. Kakoe KosmyecTBo TenioTbl BblAeNAETCA Ha STOMyYacTke Liernvi3a 10 MyHyT npoTekaHuA
TOKa?

I'Iposepb're nonay4yeHHbleé 3HaHUA

1. Hannwwte Tpn popmynbl ana pacyéta paboTbl NEKTPUYECKOro TOKa U 06BACHUTE, B KaKMNX
cnyyasnx ux yaobHo ncrnonb3oBaThb.

2. IHTennekTyanbHbI HarpeBaTenbHbI Kabesb. [POBOANTCA SKCAEPUMEHT C «YMHbIM»
HarpesaTeNbHbIM Kabenem (MCNonb3yeMBIM, HanpUMep, A1 NpeAOoTBpaLLeHNa 3amep3aHna Tpyo).
Mpwn nogave Ha kabenb HanpsxeHua 110°B B Hém, BbigenseTca 260 k/[xx TennoTbl.

Bonpoc 1. B TeueHne kakoro BpemeHu Yepes kabenb AOMKEH NpoTekaTb TOK CUAOK 5 A, UTobbl
BbIAENNIOCh YKa3aHHOE KONUYEeCcTBO TEMAOTbI?

Bonpoc 2. [5e elle MOXHO UCNOAb30BATENTY TEXHONOT M 3UMOW?

3. Ha pucyHke 3.12 nokasaHa cxema RapafiIefibHOro NOAKAKYEHMA ABYX 1aMMN K UCTOYHMKY TOKa
(BbINpAMUTENtO). [pK 3ambIKaHWUM BbikarodaTtena ofHa U3 lamn apKo CBETUTCA, a Apyraa TyCKO.
Bonpoc. B kakon namne paborta anektpmuyeckoro toka 60osbwe? O60CHyWTe CBOW OTBET.

"N

PuncyHok 3.12
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3.1.6. MOLLHOCTb 3N1eKTPUYECKOro Toka

MobwnbHbI TenedoH pabotaeT npu HanpsaxeHun 5 B. Ho npu cmeHe
aZanTtepa CKOPOCTb HAKOMNEHNA SHEPTUM MOXET PE3KO YBENNUNTLCA NN
YMEHbLUNTBCA.

 Mouemy nNpu HeM3MeHHbIX NapameTpax TenedpoHa U NUCTOUHUKA
NUTaHMA UCNOJIb30BaHWe pa3HbIX afanTepoB NPUBOAUT K pa3HOMU
CKOPOCTM 3apAAKMN aKKymynsaTopa?

« B uém npuumnHa 3TOM pasHnLbI?

[ KntoueBble cioBa ObICTPOTa BbIMNONHEHNSA PabOTbl, MOLLHOCTb JAEKTPMUYUECKOrofoka, BaTT, 1 kBT

Mouemy >xe NpoLeccbl NPOUCXOAAT C pa3HOW CKOPOCTbIO, NPpU HEU3MeHHOoW baTapee?

0
'8 MpuHagneXHOCTN: NCTOUHVIK TOKa (baTapes ¢ HanpaxXeHuem 4,5 B nav BoinpamiuTens Ha 4 B), Hebonblive
T Namnbl (4BYX pa3HbIx TUMOB: APKMiA LED, namnaC TOHKOW HUTBIO HakannBaHWA), HEBOABLLOW 31eKTpoABUraTe b
E (ABYX pa3HbIX MOLLHOCTEN), aMNepMETp, BONLTMETP, CEKYHAOMER, BbIKNHOUaTEb, CORAMHUTEbHbIE MPOBOAA.
o Ny
=t Xoa pabotbi m
1. Cobepute anekTpuUeckyro Lenb no N
cxeme (puc. 3.13), COCTOALLYHO M3 NCTOYHMKA TOKa, ! 7 I +
kntova, LED namnbl, amnepmetpa, BonbIimMeTpa v A I \
COeANHUTENbHbIX MPOBOAOB. —
2. Ha 3ToM 3Tane BbINOAHUTE ABa AeACTBUSA: /A\ ®
a) 3aMKHUTe KoY 1 NoHabtoAanTe, kak ObicTpo O/
MeHAETCA APKOCTb JlaMMbl; PucyHok 3.13
b) 3anuLwuTe 3HaueHNa HaMpPAKeHWs Ha Namie © Tabauua 1.
CUAIbI TOKa, MPOXOAALLErO Yepes HEE, B TeueHue 20 N‘-’l' Npu6opel tc LA UV AC
CeKpr,. 1 LED namna
3. MoBTOpPWTE IKCMEPUMEHT, BKAKOUVIB B 2 Nlamna 20
HakKaaMBaHWA

Lens €Hayana namny HakavBaHWUSA, @ 3a7E€M
anekTpoasuratesnb BMecto LED nammbl. Kaxabiv pa3
BbINOJIHAWTE, CNesytolne ABa AeNCTBUA:

a) 3aMKHUTE KAOY 1 NoHabtoganTe 3a M3MeHeHneM APKOCTU NaMnbl HakaanBaHus. B onbite ¢
3N1eKTpOABMIraTeNAMN CPaBHUTE CKOPOCTb NX BPaLLLEHWs, MOoYepesHO NOAKAOYAs X K Leny;

b) B TeueHne 20'CeKyHA M3MEPbLTE M 3anNULLNTE HaNpPsXXeHWe Ha namne (WA 31eKTpoABUraTesie) n Cuiy Toka,
NPOXOAALLEro Yepes HUX.

3anvwuTe pe3ynbraTsl B Tabamuy 1.

3 DnekTpozBuratenb

O6cyaute

» Kakue otanumsa Bbl 3amMeTUIN B NPOBEAEHHbIX dKCNepuMeHTax?

 Mouemy npu ncnosb3oBaHUM OAHOW M TOM Xe 6aTapen npoLeccbl NPOTEKaloT C Pa3HOW CKOPOCTbIO?
Hanpumep, LED namna cBetutca ApKo, JaMna Haka/ZiMBaHUA 3aropaeTc OTHOCUTE/IbHO MeAJIeHHO, a
ABuUratesib Bpauwjaercsa 6bicTtpo?

« B uém 3aknrouaerca pasnmume B paborte, coBepLIaeMoii TOKOM B 3TUX YCTPOMUCTBaXx?

26




DNEKTPUNYECKMI TOK B pa3anyHbix cpegax ¢ 3.1 SJIEKTPOMPOBOAHOCTb METAJ1J1IOB

B npoBeaéHHOM Bamu MCCNeA0BaHNM MPUUMHE, MO KOTOPOW M3MEHEHME SHEPTN

B Pa3HbIX YCTPOWCTBAX C OAHWUM M TEM Xe UCTOYHMKOM TOKa MPOUCXOAUT C Pa3HOM
CKOPOCTbIO, 3aK/H04aeTcs B BbICTPOTE, C KOTOPOW 3NEKTPUYUECKMIA TOK COBepLUaeT pabory.
BbicTpoTa nepesaun anekTpnUYeckor sHeprm nam HeiCTpoTa eé NnpeobpasoBaHWA

B PYrve BUAbI IHEPTUM XapakTepunsyeTca GU3nyeckor BETMUYNHOW, Ha3blBaEMOW
MOWHOCMbIO 3/71eKMpUYeCcKo20 MOKa.

» MowHOCMb 3/1eKMpPUYECcK020 MOKA YUC/IEHHO pagHa omHouwieHuro pabomel,
cosepuwiaeMoli MOKOM, KO 8peMeHU, 3ampayeHHOMY Ha e€ 8blnoJIHeHue:

_ A
p=A- (18)

3aecb P — MOWHOCTb TOKa.
lModcmasue gpopmyny (12) 8 seipaxeHue (18), nonyyum

P= % =|U. 19)
* MowjHocme s/1ekmputecko2o moka pasHa BRIV VINZR  AKKYMYASITOP 31EKTPOMOBUAS MOXHO
npou3seedeHUHo CUJIbl MOKAa U HaNPsKeHUs. QO CTIVAR . 55054k 33 20 MUHYT Ha CTaHLUM

[ |OJENINCb

EQuHuya usmepeHuss MowHocmu BbICTpO 3apsaaKkK, a foma — 3a 10 yacos.
3j7eKmpuquKoeo mokKa 8 CM samm (7 Bm)- BOHpOC. noquy CTaHL'.Mﬂ 6b|CTpO|7| 3apﬂ,ﬂ,K|/| I'Iepep,aeT
[P]= [A] _ 1 Jic —1Bm 371eKTPOMOOWIIIO ropa3ao H6obLue SHEPTUN B CEKYHAY, YEM
e :

[t] JOMALLHASA CETb?
Kak BuaHo n3 BbipaxkeHus (19): _

1Bm = 1A - B.
MOLLHOCTb 31eKTPUYECKOrQ Toka MOXHO paccunTaTh, UCMOAB3YA CaeayroLme
dopmynbl, Hapsagy ¢ popmynamn (18) n (19):

_u?
P (20)
P=1%R. (21)

3Hasa MOLLHOCTBYIOTPEOUTENSA SNEKTPOIHEPTUN, Mbl MOXEM BbIYMCIUTL PaboTy,
coBepLLaeMyHO 3NEKTpUYeCKMMTOKOM 3a 3aZlaHHOE BpeMS:

A= Pt. (22)

JTa pabota paBHa 3nekTpuyeckomn sHeprium W, nonyuyaemon notpebutenem ot
MCTOYHMKa Toka. Hanpumep, eciv anektpuyeckmii oborpesatesib MOLLHOCTbIO

P = 1800 Bt pabotaeT HenpepbIBHO B TeueHMe ogHOro mecaua (30 cyTok), To 3Heprus,
KOTOPYHO OH MOJly4aeT OT UCTOYHMKA TOKa, MOXET ObITb BblUMCAEHA CAEAYHOLLNM
obpaszom:

W = Pt = 1800 Bm - 3600 c - 24 - 30 = 46,656 - 103/ = 4665600 k/x
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OueHb YacTo Npu BbIYUCAEHNN NOTPEOIEHHOW S1EKTPOIHEPIUM ee 3HaYeHme
BbIpaXaeTcs B KMOBATT-Hacax, a He B JKOYNAX:
« 1 Kunoeamm-yuac — paseH pabome, cosepuiaemoli 3/1eKmpu4ecKumM MmoKom
mouyHocmeoro 1 kBm 3a 1 4ac:

1 kBm - wac = 1000 Bm - 3600 ¢ = 3600 k/{orc

nan HaobopoT: Iilre= 1Bm - uac

3600

TakM 06pa3om, 3NEKTPOIHEPT IO NMOTPEBIEHHYHO 31EKTPUYECKUM OborpeBaTeiem
3a MecsLl, MOXHO JIETKO BblUUCIUTB:

W = 46656003'610153"1 —H4E = 1296 kBm - uac

an/IMeHI/ITe nony4yeHHbleé 3HaHNA

3apaua

B Hawew cTpaHe LeHa 31eKTPO3HePrnn AN HaCeAeHNS PACCUMTLIBAETCA MO pasHbiM Tapudam 3a
KaxkAbln

1 kBm - u 9N€KTPO3HEPIMM, B 3aBMCUMOCTM OT 06bEMa noTpebaeHns:

* 3a nepsble 200 kBm-yac kaxabl 1 kBm - 4ac,2NeKTPO3Heprnn ctont 8,4 ranvka;

» Ot 200 kBm - u 5o 300 kBm - uKkaxXAbln 1 kBm - 4 3a€KTpo3HEeprmm ctont 10 ranmkos;

* Ot 300 xBm - u v Bblle KAXABWA 1 kBm - u SNeKTPO3HEPrM cToUT 15 ranmnkos.

Bonpoc 1. Ckonbko HegbxoaMo AAaTUTL 3a SHepPruto, NoTpebasemyto anekTpooborpesatenem
moLyHocTbto 1800 Bm rnpu HenpépbIBHOW paboTe B TeueHe MecaLa?

Bonpoc 2. Ecan 310T 060rpeBatens paboTaer HenpepblBHO BCO 3UMY (4 MecAua), CKObKO
HeobxoAMMO NAaTUTL 3a NOTPEbAseMYHO UM SHepruo?

MpoBepbTenonyyeHHble 3HAHUA ﬁ
Ha pncyHke nokasaHa 3/1eKTpuuyecKas Lenb. |—| <) (A)
Bonpoc. Hemy paBHaMOLLHOCTb TOKa, MPOXOAALLEro —ly —

yepes samny?

Ell il |:|3| Ii ‘
1\\."-\.& '/ """-'_,.-5

& -
#

e

i

=

o F"_.l___

v




DNIEKTPUYECKUA TOK B pas3nnyHbIx cpegax ¢ 3.1 JIEKTPOMPOBOAHOCTb META/INIOB

2. Ha pucyHke nokasaHbl CXeMbl y4acTKOB Lienu ¢ nocieAoBatenbHbIM (a) U napannensHbiM (b)
COeANHEHNEM ABYX PE3UCTOPOB, NOAKIOUEHHbIX K OAHOMY 1 TOMY XK€ UCTOUYHWKY HanpsaXXeHWs.
Bonpoc. Ha kakom y4acTke Lenu Bbigensetca 601blias MOLWHOCTb?

a) b)
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3.1.7. BAvsiHne 3n1ekTpmyeckoro Toka Ha
>KVBble OpraHn3mMbl

Torpyn BbIHY>AEH MbITbCS B TO BPEMS, KOrAa No TeNeBM30py MNOKa3blBaKOT ero NH0OUMbIN GUabM
«BoAwebHbIN xanat», MO3TOMY OH 0ByCTpaMBaeT CBOKD BaHHYH KOMHATY Tak, Kak M300paxeHo Ha
pucyHke. OH AyMaeT, YTo 3TUM OH A0OUACA CBOETO.

peit 6ezonacHoCcTn?
Poautenn Torpyna obcy , [IOCTaBUTb HEAABHO KYMEHHYH CTUPasbHYo MawnHy. OTel
NPeANOXMA YCTAaHOBUTE 1aTb — B BAHHOW. Torpysn BMeLlasncs B ANCKYCCUIO 1 BCTa
Ha 3aLUTy NpesoXeH
» Ube npegnoxxeHue 6onee Bpa3Ho C ToY
NPUYMHBI.

,ﬂ,el‘/JICTBMe TOKa Ha XWBble OpFaHI/I3MbI, npanma TEXHUKWN 6e3OI'IaCHOCTVl,
KnroyeBble cnoBa
anMeHeHme 3ne|<pr-|eCKoro TOKa.

- HerasvBHoe AEWCTBYE 31eKTPNYECKOro TOKa Ha XKUBble OPraHU3Mbl

YenoBeUEeCcKuUin OpraHn3mM XOpOLLIO NPOBOAMNT dNeKTpUYeckuii Tok. [MpoBoanmocTb
OTZEe/IbHBIX TKaHel opraHM3ama pasinyHa. KocTHas TkaHb, KOXa 1 coefnHUTeNbHas TKaHb
NPOBOAAT TOK MI0XO. YAe/bHOe COMPOTUBAEHNE 3TNX YacTen OYeHb BENNKO U HAaXOAUTCS

B Avana3soHe 10’—10° Om-M. CNIMHHOMO3roBas XWUAKOCTb, CbIBOPOTKA KPOBU, CaMa KPOBb

N HEPBHO-MbILLEYHas TKaHb — 3TO CPeZbl, KOTOPble XOPOLLO MPOBOAAT TOK. YaenbHoe
COMPOTUB/EHNE ITUX XXNAKOCTEN 1 TKaHeW BapbupyeTcsa oT 0,6 go 0,7 OM-M. nekTprnyeckmn
TOK B Y€/IOBEYECKOM OpraHu3me co3gaetca noHaMu. K HUM OTHOCATCA MOHbI XKenesa,
KanbLuma, docdopa, Kanvs, HaTPUA 1 APYrMX XMMUYECKMX d1eMeHTOB. [TpoxoxaeHre Toka
Yepes YesloBeYECKMI OPraHN3M COMPOBOXAAETCA PAAOM PU3NONOTUYECKMX ABNEHUN.

3peHnnA 6e3onacHocTN? YKaXkute ABe




DNEKTPUNYECKMI TOK B pa3anyHbix cpegax ¢ 3.1 SJIEKTPOMPOBOAHOCTb METAJ1J1IOB

[NpoxoxaeHne 3n1eKTPUYECKOro ToKa Yepes Tes10 YesI0BEKa MOXKET Bbi3BaTb pasfpaxkeHue,
MbILLEYHbIEe Cra3Mbl, HApYLUEHWe AbIXxaHuA, napanmy u cMepTb. [ocneacTBna nopaxeHns
3N1EKTPUYECKNUM TOKOM 3aBUCAT OT CWUJIbl TOKA, MPOXOAALLEro yepes Tes1o, OT XapakTepa ToKa
(NOCTOAHHbIV MW NEePEMEHHbIN), @ Tak>Ke OT MPOAOIKUTENBHOCTM U NMYTH €ro MPOXOXAEHUS.
MNpoxoxaeHne Toka Yepes cepaLe 1 MO3r KpariHe OmnacHo.

B Tabavue 3.4 nokasaHa 3aBUCMMOCTb AENCTBMA TOKA, MPOXOAALLErO MO NyTW «pyKa — pyKa» U
«pyKa — Hora» B3pOC/IOro YesioBeka, OT CUJIbl TOKa.

Tabauua 3.4. BavsHue Toka, NpoXoAdLLEro Mo NyTW «pyka — pyka» 1 «pyka — Hora» B3ROCIOFO YeloBeka

L (WA [JelicTBus TokKa ' ‘
M ~ ~
' [MocToAHHbIN TOK I'Iepelvle.m TOK "

2-3 He owyuwiaetcs. CvnbHaa ApO>XKb NasbLEB PYK.

5-10 OuwyulaeTca HarpeBaHue. OwyLaetcs 60b, MblitlLbl PyK CBOAUT CyA0POr oK.

BosHukaeT cuibHas 60b B asibLax U KOCTAX KucTen PYK.

12-15 HarpeBaHune Bo3pacraer. MOSEBRie e 5—10 coRyHER

Pykv napaausyrorcs, nx HEBO3MOXHO OTAENNTb OT
nNpoBoAHMKa. [bixaHne CTaHOBUTCA 3aTPYAHEHHbIM.
Mo>xxHO TepreTb 5 cekyHA,.

MNoBbIwaeTca HarpeBaHue.

20-25
MbILWLbI PyK Cerka coKpalLatoTcs.

50-80 Mblwupbl pyk cokpalarotcs. JbixaHve 3atpyaHaetca. [Mapaiuy gbixaHusa. HapyweHune dyHKkUMN cepaua.

Mapanuy gbixaHvs. OCTaHOBKA CepALa, eC/iv BO3AENCTBUE
ANNTCA 3 CeKyHAbl 1 6osieer CMepTb.

B Tabanue nokasaHo, UTo CMepPTb MOXET HacTynuTb NPK cune Toka 100,mA.

ConpotuBieHve Tena HenoCToAHHO. OHO 3aBUCUT OT COCTOAHMA YeI0BEKa, Er0 KOXM W Hanums nora.
ConpoTmBaeHne Cyxom u rpyboi KOxXm O4EHBIBLICOKOE, BTO\BPeEMSA Kak COMPOTUBAEHME TOHKOW,
HEXHOW M BAAXHOW KOXMW — H3Koe. CONPOTUBAEHIE,CyXOM KOXM Ha y4acTKe OT MajibLIEB OAHOWN PyKM
10 MasbLIEB APYrov NpuMepHO pasrHesl0” OmM. Koraa pyKUMOTEHOT, COMPOTUB/IEHME CHUXAETCS A0
3HauveHn nopsaaka 1500 Om. BeiGueiM 3HaueH s HanpsXXeHKs, KOTopble MOTYT CTaTb CMePTEIbHbIMY,
B 3aBMCMMOCTM OT 3TUX COMPQTUBNEHWIA:

90-110 TMMapanuy AbixaHuA.

U, 4=100 102 A¥10° Ox =/10000 B;
U L =100 {107 A 1500 Om = 150 B.

GI1AICHBIT

 MongikurennbHbie geicTBne SNEKIpUMECKoro Toka

Tak>xe CYLWEETBYOT MNONOXMUTENbHbIE SPPEKTbI OT BO3AENCTBUA SNEKTPUUYECKOrO TOKa, LUMPOKO
MCNOJb3yeMble B AMarHOCTUKE 1 MPOGMNAKTIKE 3a001eBaHNIA XXMBbLIX OPraHM3MOB, B KOCMETONOMMM
 NpoMbILLNeHHOCTY. KpaTkas uAGopmauuma ob 3Tom npeacTtaBaeHa B Tabauvue 3.5.

Tabauua 3.5. O61aCTU,)BKOTOPbLIX MPUMEHSAETCA INEKTPUYECKNIA TOK

h dNEKTpoTEpanms — 3TO METOJ, IeYEHUs U peabuamnTaLm, OCHOBaHHbIN Ha
MCNOb30BaHMW 31IEKTPUYECKUX TOKOB 1 nosei. K ee 061acTaM NpUMeHeHWs OTHOCATCS:
* DNEeKTPOMBbILLIEYHAs CTUMYAALMSA — TOK MOMOraeT BOCCTAaHOBUTb GYHKLIMIO MbILLILY
nocse TpaBM, ornepaLin Uan Takux COCTOSHWI, KaK napaauy.

MEAVULMHA » Ob6e3b601MBaHVe — HanpUMep, YPEeCKOoXHasa anekTpocTumMynaumns Hepsos (Y3HC)
MCnosb3yeT cnabble INeKTPUYECKNE MMNY/bChI AN CHATUSA XPOHUYECKOW 6011 Npu
apTpuTe 1 Apyrux 3aboneBaHmsX.
 Jlednbpunnaums — B cydasx OCTaHOBKM CepAL,a 31eKTPUYECKNA pa3psas MOXKeT
BOCCTaHOBWTb HOPMabHbIN CEPAEYUHbIN PUTM U T. [,
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TennoBoe ,D,ei/lICTBI/Ie SNIEKTPMNYHECKOTO TOKa NCMOJIb3yeTCA B Pa3/IMYHbIX MpoLueccax,
TakKnX Kak:
C 3neKTpocsapKa — TOK BblA€NAET TEMNJIO B MeCTE KOHTaKTa ABYX MeTal/INYeCKnXx

NPOMBbILUAEHHOCTb I
Aetanen, O6eC|'|e"W|Baﬂ nx I'IpOl-IHoe coeanHeHwme.
L3 rlflaBKa cneynanbHbIX MapOK CTaanm mn ,U,perlX MeTaN/lI0OB — B 3J'|EKTpOAy|'OBb|X neyax
Ana nx paCl'lJ'lanleHVlﬂ |/|C|'|Of|b3YETCﬂ TOK CVU'lOl\/'l A0 HECKONbKUX ThiCAY aMI'Iep.
MMKpOTOKOBaﬂ TepanMﬂ — MeTOo/, ¢M3V|OTepa|'|MM, B KOTOpOM MCI'lOfleyI'OTCﬂ Cfla6b|e
3}'|eKTpV|L|eCKV|e TOKW ANA ynyuu.leHMﬂ COCTOAHUA KOXU. K rlpe \V/ eCTBaM OTHOCATCA.
* YiyylleHne KpOBOOBpaLLEHNS — MUKPOTOKM CTUMYNPYE OBV K MbILLLLAM
da N KoXKe, 4YTo C|'|OCO6CTByeT yBeﬂVlLleHVH'O nOCTyI'IfI
* YBennyeHue Bbl a6OTKV| KONnnareHa m anaCtHa — M T KNETKU

KOCMETONOrMA P

KOXM (GnbpobaacTbl) K BbipaboTke HEOHXOANMbIX He HbLUNTb
BUAMMbIE MPU3HAKM CTapeHMUS.
* Yly4lleHNe MbILLIEYHOTO TOHYCa — MUKPOTOKOBAas Tepa

MbILWLUbl LA, NOATAHYTb KOiy nT.A.

MNMepBas nomMoLb NOCTPaAABLIMM OT NOPaXKeHNA TOKOM

Mpu paboTe C 31eKTPUYECKUMU LienaMn Heob FO OCTOPOXKHOCTb U
cobntogatb onpesesieHHble NpaBuia TEXHUKM 6
B kaxzaoMm kabuHeTe GU3MKM eCTb CTEHABI C 3STUMIA ApaBuiIam

Ha pucyHke Hu>Xe nokasaHo, Kak OT [OCTPajaBLUEro OT AeNCTBUA INEKTPUYECKOTO TOKa U
oKazaTb eMy nepByHo NoMoLLb. [TpokoMMe ATE 3TV AeNCTBUA.

MpumeHnTe NonyuyeHHble 3HaHUSA




DNeKTPUYECKNA TOK B pas3nnyHbix cpedax ¢ 3.1 JIEKTPOMNPOBOAHOCTb METAJIJIOB

I'IpOBepre nosny4yeHHbleé 3HaHUA

1. Kakme yactu Tena XopoLLo NPOBOAAT dNEKTPUUYECKNI TOK?
2. [pOKOMMEHTUpPYWTE CefytoLme PUCYHKN.

3. dneKTpnYecKoe ConpoTUBAEHME YeNOBEYECKOro Tefla onpesensercs, B OCHOBHOM,
COMPOTMBNEHNEM BEPXHErO CNOA KOXU(nnaepmuca). ToHkas, HeXXHas, BcriotesLas (Mam
BJIaXKHas), @ Tak>Ke MOBPEeXAeHHan KoXKa XOPOLO NPOBOANT 3NEeKTPUYeckmii Tok. HanpoTtus, cyxas

1 orpybeBLuas Koxa NpPoBOAMT TOK OYEHb MJOX0. B'3aBUCUMOCTN OT COCTOSIHNA KOXM (BNaXKHas,
niowasb CONPUKOCHOBEHUA U.A.) U HarnpasaeHa TOKa CORNPOTMBEHME YeI0BEYECKOro Tena MoOXeT
npuHMMaTb 3HaveHns ot 9,510 Om a0 100 KOm. YctaHOBAEGHO, UTO Npwn HanpaxeHun 220 B mexay
BJAXXHbIMW pyKamu YyenoBeKa conpotuBAeHue ero Tena paBHo 1,5 kOm.

Bonpoc 1. Ha ocHOBaHWM'3TNX AaHHbIX ONPeAEnuTe cnay ToKa, MPOXoAALLEro Yyepes Teno
yenoseka.

Bonpoc 2. [pn kakmnx 3HaueHnAX CONPOTUBNEHNA Tesla YenoBeka npu HanpaxeHun 220 B
SNEKTRUYECKMIA TOK MOXET CTaTb AN HEFO CMepTesbHbIM?
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3.2. DnekTpuyeckas npoBOAMMOCTb ra3oBs

B 0BbIUHBIX YCI0BUAX BO3AYX ABASETCA AMINEKTPUKOM, TO €CTb OKPY>KatoLLIMe HaC ra3bl He MPOBOAAT
aNeKTprYecknin Tok. Ecam 6bl rasel obnaganv anekTponpoBOAHOCTLIO, UCMOb30BaHNE 31eKTpUYecTBa
B NMOBCEAHEBHOW XWN3HW 6b110 6bl HEBO3MOXHO. OTKpPbITbIE MPOBOAA NNHWUI 31E€KTpOoNepeAaun 1
dNeKTpUYEeCKMe PO3ETKN B JOMax NPeAcTaBasnmn bbl 60bLLYHO ONAaCHOCTb ANA XXU3HW YenoBeka.
OgfHako nNpw onpeaeneHHbIX YCIOBUAX rasbl MOTYT MPOBOAUTL NEKTPUYECKNIATOK.

3.2.1. DneKTpnyecknmn ToK B rasax:
HEeCaMOCTOATENbHbIV ra30BblM Pa3PAL

B cBOEM ecTecTBEHHOM COCTOSIHWM ra3bl ABASIOTCA AUSAGKTPUKAMM, MOCKOALKY NX aTOMbI U
MOJIEKY bl HEMTPasbHbI. B HMX HET cBOHOAHbIX MacTWL, CAOCOOHbIX NepeHOCUTb 3apsa. OfHako B
HEeKOTOpPbIX YCTPOWCTBAX, HAaNPUMeEpP B ra30BON NaUTe WU 3aXKuUrasike, SNeKTPUYeCcKUi TOK (McKpa)
NIerko MPOXOAUT Yepes niams.

» Kak, no-Bawemy, nouemy njiamsa NnpoBOAUT 2/IeKTPUUHECKMW TOK?
» Kakue cBo6oaHble HOCMTENM 3apAAa NO3BOJAIOT 3/IEKTPMUECKOMY TOKY NPOXOAUTb
yepes naamsa?

[ KntoueBble cioBa ra3oBblV pa3pag, MOHU3awKMa, PEKOMOMHALMA, HECaMOCTOATENbHbIN ra30BbIN pa3pAas J

3a CUéT KaKux HocuTésiei 3apsaaa Bo3AyX, ABAAIOWMUACA ANIIEKTPUKOM, NPOBOAUT
3/1eKTPUUYECKNN TOK?

MpuHaaneXxHoCcTU: 560HNTOBAS (AN, CTEKNSIHHANA) MNAN0YKa, WeakoBas (MK LepCcTaHas) TKaHb,
napannenbHble NJA0CKME ANACTUHbI (2 WT.), 9NeKTPOMETP, cBeya (Man CnnyKa), CoeAnHUTENbHbIE
npoBoa.

n
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Xopa pab6otbi
1. NoacoeaHmTe OAHY M3 NIACTUH K METaNNMYeCKOMY LLapuKy 1eKTPOMETPa, a APYryHo — K 3aXXUMY Ha
Kopnyce aNeKTpomeTpa.
2. CoobuTe 3apss OAHOWN U3 MAACTUH, MPUKOCHYBLUNCH K HEM 360HUTOBOW MaNouykoK, NpesBapuUTeNbHO
Ha3/N1eKTPV30BaAHHOW TPEHMUEM O LLEPCTAHYIO TKaHb. [1py NOBTOpPEHUN Npouecca HeCKOAbKO pa3 Ha
NAacTMHax HaKOMATCA PA3HONMEHHbIE 31eKTpuYeckme 3apsasbl. B 310 Bpems cTpenka anekTpomeTpa
OTKNOHUTCS, yKa3blBag Ha BO3HUKHOBEHME 31EKTPUYECKOro Nosia MexXxay naactuHamu (puc. 3.14, a).

PucyHok 3.14
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3. CABWHbTE NNACTUHbLI BAMXKE APYr K APYrY, Y NOHabA0AaNTe 3a MPOUCXOAALLMM.

4. CHOBa pa3ABWHbTE MIACTUHbBI, OCTaBMB MEXAY HUMW CNOW BO3Ayxa. HasnekTpuayiTte nnactviHbl 360HUTOBOW
MaaouyKoM. DNeKTPOMETP CHOBa MOKAaXeT, YTO MeXJy MaacTMHamu 06pa3oBanoCh 3NeKTpuyeckoe mnose.
HabnrosalTe 3a NONOXKEHMEM CTPEKM SNEKTPOMETPA B TEUYEHME HECKONbKMX MUHYT, HE MpUKacaach kK npubopam.
5.TomectuTe nnama ceeun (Mam CNMYKKM) B CI0M BO3Ayxa MEXAyY NaacTuHamMm 1 6bicTpo ybepuTe ero. Habtogaite,
NPOBOANT NN CNOW BO3Ayxa 31eKTpuuecTBo (cm.: PucyHok 3.14, 6).

O6cyaute

« Mouemy cTpenka 3neKTpomMeTpa ONyCcTUIach A0 HYN€BOrO AeJ/ieHNsA, KOrAa Ha3NeKTp1u3oBaHHbIe
nAacTUHbI 661N NpUMXKaThl APYT K Apyry?

 Mouemy, HeCMOTpA Ha TO, UTO NJIACTUHbI A0JIFO0 OCTaBa/INCb 3apAXKEHHbIMU, OHU/HE pa3pAaaUUCH,
TO ecTb Nouemy CTpesika 3/1IeKTpoMeTpa He onycTunacb Ao HyNeBOro Aenexns?

» Y10 Bbl HabAtOAANM, KOTAA NOMECTUAM MJIaMA CBeUM UAU CAMYKN B BO34YLIHbIA NPOMEXYTOK

MeXXAY Had/1eKTPU30BaHHbIMU NJ1acTUHaMU U 6bicTpo y6panu ero? Chopmynnpyite cBoko runortesy o

npuyYnHe npousoLiesluero?

O6bIUHO rasbl ABAAIOTCA ANINEKTPUKAMM, HO NPU BAarONPUATHBIX YCAOBKAX OHM
MOTYT Tak>Xe CTaHOBUTbCS NPOBOAHMKaMW. [poLeCC npoTeKaHKs 31eKTPUYECKOro
TOKa Yepes ra3 Ha3bIBaeTCA ra3oBbliM pPa3psAoM.

« [a3o8bIl pa3psad — amo ynopsadoyeHHoe dguxxeHue 3eKMpOoHO8, NOAOXKUMEbHbIX U
ompuyame/ibHbIx UOHO8 8 2a3e nod sozdelicmeuem 3/1eKIMpuUYecko2o NoJs.

Hocutenn anekTpmyeckoro 3apsga B raze MOFYT BbiTb CO34aHbl AByMA cnocobamm:

1. NoHu3aLmnen HeMTpaZibHbIX aTOMOB 1 MOJIEKYJ] Fa3a BHELLHMM BO3/ieUCTBUEM.
BHelwHWe dakTopbl, MOHM3NPYIOLME HEWTPanbHble aTOMbI U MOEKY/bl ra3a, Ha3blBatOTCA
MOHM3aTOpaMML.

MoHunsauuma 6biBaeT Tpex TURNOB:

1) Tepmunyeckas noHM3aLMA — 3TQ HarpeBaHUeE ra3a 40 OYEHb BbICOKOW TeMnepaTypbl.

2) ObnyyeHne — 3TO BO3LENCTBNE Ha ra3 peHTreHOBCKMM, Paan0oaKTUBHBIM, YIbTPadNONETOBbIM
M APYFAMI.BUAAMU U3TyYEHUS.

3) YaapHas MoHV3aLmMA NPOUCXOAUT B Pe3ynbTaTe CTONKHOBEHWUSA 3apsXXeHHbIX YacTuL,
YCKOPEHHbIX CUABHBIM 31eKTPUYECKMM NONEM B rase, C aToMaMu Y MOJIEKyNaMMU.

MONOXUTENbHbIN NOH

1 1
a) ' b) o)
MONOXUTENbHBIA MOH | oTpULIATENbHBINA !
' 3NeKTPOH '
: NOH !
a3/1e|<T OH ! = e |
1 1
PucyHok 3.15. = - v ] . 3N1EKTPOH
MoHuzaunsa \ . !
1 1
aTomo%rasa n = . i HenTpanbHbIN i HenTpanbHbIN
eKoMbuHauus HeNTpanbHbIN [ i
p U : aTom ! aToMm
1 1

yactuy, aToM
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2. BBepeHmem 3apsXKeHHbIX YacTuyL, (3/1eKTPOHOB, NOJIOXKUTE/IbHbIX U
oTpuLaTe/ibHbIX MOHOB) B ra3oBYIO CpeAy U3BHe.

Hanpumep, nockoaeKy niamsa ceeyu, cnupma uiu cnu4ku cocmoum u3
3/1EKMPOHO8 U UOHOB, OHO CHabxaem 8030yx SMuMU 4acmuyamu.

Kak nponcxoaut noHmsauma rasa noa Bo3gencTBUeM BHELWHUX
¢akTopoB? TensioBOe ABMXEHME aTOMOB (MM MOJIEKY/) ra3a, HarpeToro
[0 BbICOKOW TeMnepaTypbl, CTAaHOBUTCA HAaCTONbKO MHTEHCUBHbIM, UTO

NPV CTONKHOBEHUW APYr C APYrOM OHW pacrnajaroTcsdHa 37eKTPOHBI 1
NOAOXUTENbHbIe MOHbI (puc. 3.15, a). Takas MOHM3aLUA NPOUCXOAUT AVLLb f0
Tex Nop, Noka AJANTCA BHELIHee BO3eNCTBME, 1 HOCUT HECaMOCTOATE/BHbIN
xapakTep.

B xoae 3Toro npouecca atoMbl HEUTPaLHONO fa3a NPUCOEANHSOT
ocBoboAMBLUNECA INEKTPOHBI U MpeBpPALLarOTCA B OTpULIaTeNbHbIE VOHbI,

1 B rase obpasyroTcs oTpuLatenbHbie MoHbI (puc.3.15; b). Takum obpasowm,
NPOMCXOAUT NOHM3aLMA Fa3a. [Mpy NOMELLEHVN NOHU3UPOBAHHOTO

rasa BO BHeLUHee 3/1eKTpuyeckoe rnoJsie, 0cBOOOANBLLMNECH 3NEKTPOHBI,
NONOXNTENbHbIE U OTPULLATEAbHbIE MOHBI HAYMHAIOT ABMIaTbCA
ynopazo4eHHo, obpa3ya ra3oBblv pa3psajg — 3AEKTPUYECKUn TOK B rase.

‘NOAYMAIA Korga BBl TpeTe CrMUKY,O KOPOOKY, XMMUYecKMe BeLiecTBa Ha
JOIEIGTIVA  KOHUMKE CAKYKM BOCM/IAMEHSHOTCS, Bbi3biBas ObICTPYHO MOHM3aLMIO
*[OAENVICH M Harpes.
Bonpoc: Kakoii s3tan 31oro npouecca cooTBeTcTByeT
HecamocToATeIbHOMY pa3pagy? Ob6oCHylTe CBOW OTBeET.

Mpwn npekpalleHny AeiCTBUS NOHU3ATOPa 3EKTPOHbI M MONOXKMUTENbHbIE
MNOHbI COAMXKALOTCA MCHOBa MpeBpPaLLatoTCA B HeMTpanbHble aToMbl (puc. 3.15,
C). OTOT ApoLiecc Ha3biBaeTca pekoMburHaumen. B pesynstate pekoMbrHaumnm
YyacTul, fra3 CHOBA CTAaHOBMUTCA ANINEKTPUKOM, U, HECMOTPS Ha Haanumne
BHELLHEFO 3AeKTPVYEeCcKoro noss, ra3oBbli pa3pss nNpekpaLlaeTcs.

« [azos8bil paspso, cywecmsyrouulti moJbko npu 8o30elicmsuu UOHU3amopa,
HA3b618@@MCA HECaAMOCMOAMe/IbHbIM 2a308bIM Pa3psA0OM.

anIMEHVITe noay4vedHbre sHaHUA

3apgaua (o6pasen) 1. B kaxaom 1 cm® BO3Ayxa cogepKallerocs B ABYX3NEKTPOAHON CTEKSAHHOM
Tpy6ke o6bemom V = 600 cM® Nos BO34eiCTBMEM MOHM3UPYIOLLETO M3/IyUeHUs eXeCceKyHAHO
BO3HMKaeT N = 5 - 10"° NOHHO-3/1EKTPOHHbBIX Nap C eAVHUYHBIM 3aPALOM.

Bonpoc. KakoBa Makc1manbHas chia Toka HECAaMOCTOSTE/IbHOMO Fa30BOro pPa3psaaa,
obpa3sytoLierocs B Tpybke (T.e. MpW YCIOBUK, UTO BCE YACTULLbl ZOCTUFAKOT 31eKTposa)?
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Pewenne
JdaHo PeweHune
V=600 cm’=6-10 W, Cwna Toka, CornacHo onpegeneHunto: I= %
t=1e, 1 1 Konnuectso 3apaaa npu 3tom: q = N - e.
— C . 1021 —C.102
NS0 WA =21l o Yrcno N MOHHO-31EeKTPOHHbIX Nap, 06pa3yroLLMXCa BO BceM obbeme 3a
e=16-10" Kn. BpemattN=n-V.

Maxc

Kaxaaﬂ NOHHO-3JIEKTPOHHAaA Mapa nepegaetT BO BHEWIHHOHO LiENb
3N1eMEHTaPHbIN 3apsj €, No3TomMy: g =n -V -e.
Nrak: | = q _ nW
Maxe t t
Bbluncnenuns

. 21 A . -4 .3, . -19
Ve _ 51076 10“x> 16107 K1 _ 4o 100y _ 4o60

Tc- M

Maxc = t

3agaua 2. B kaxaom 1 cm® Bo3ayxa, cogep>Kallerocs B ABYX3NEKTPOAHOMN CTEKNAHKON TpybKe
o6bemMoM V = 450 cMm?, nog BO3A4eiCTBMEM MOHM3NPYIOWErO M3YHeHUs eXeCeKyHAHO BO3HUKAET
n = 2,5 10" MOHHO-31eKTPOHHbIX Nap.

Bonpoc 1. KakoBa MakcManbHas Cua Toka HEGaMOCTOSTEIBHOMO ras0BOro paspasaa,
BO3HMKAOLLLEro B TPy6Ke (T.e. NPV YCN0BMK, UTO BCE HaCTULLbL AOCTUrAIOT 31eKTPoAa)?

Bonpoc 2. MoyeMy TOK, BO3HUKAIOLWMI B TPyOKe, Ha3biBaeTCs HECAMOCTOSATE/IbHBIM a30BbiM
pa3psagom?

MpoBepbTe NonyuyeHHbleSAHaHUSA

1. B ecTecTBeHHbIX YCNOBUAX Fa3biABNAOTCA AUSNEKTPUKAMMN.

Bonpoc 1. lMpwu kaknx ycnoBusx Fasbl MOryT ObiTb NPOBOAHNKAMMW?

Bonpoc 2. Kak Ha3biBaeTca aneKTpryeckas NpoBOAMMOCTb ra30B U YEM OHa OTnYaeTca oT
NPOBOAUMOCTN MeTannoB?

2. Yyalumecs Nog pyKoBOACTBOM YHUTEN NMPOBOAAT SKCMEPUMEHT MO U3YYEHUIO ra30BOro paspsja.
OHn HabntoaakT BO3HNMKHOBEHME ra3oBOro paspssa npu OCBELLEHMM C10A BO3AyXa MeXAy ABYMS
3apSKEHHBIMW MARAMRENBHBIMN NAACTUHAMM YAbTPadUONETOBBIMW NyYaMu.

Bonpoc 1. [Touemy BO3HWK ra3oBbIi pa3psj, Koraa BO3AyX MeXAY 3apsixkeHHbIMU napanieibHbIMM
nAacTMHaMM OCBETUAN YNbTPAahUONETOBLIMM lydamMm?

Bonpoc 2. YTto nponsonseT, ecan npekpatntb encteme nanyveHmna? OH6oCHyTe CBOW OTBET.

3. Nouemy 3apa>KeHHbIN 3N1eKTPOCKOMN BbICTPO paspaxkaeTca, ecan nobansoctn pabortaer
anekTpocBapka?

4. Y10 Takoe npoueccbl MOHU3aLMN N pekoMbuHaummn?
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3.2.2. DNeKTpNUYeCcKnn ToK B rasax:
CaMOCTOATEIbHbIW Fa30BbIV pa3paj

Kaxapl 13 Bac HEOAHOKPATHO HabatoAan paspsas MOHUK B aTMocdepe.
OT0 aTMOChepHOe ABNEHME, MPeACTaBaAArOLLee CODOWM rMraHTCKne UCKPbI,
BO3HMKaeT Mexay obnakamu nam mexay obaakamu 1 NOBEPXHOCTbIO 3eMMN.
OTMETUM, YTO MOJTHMA — 3TO MOLLHbIN ra30BbIN Pa3paAs, MPOUCXOAALLMI B
BO3/yXe, KOTOPbIV B OObIUHbIX YCIOBUAX ABNAETCA ANINEKTPUKOM.

« Mopa pelictBuem Kakux ¢paKTopoB NPOUCXOAUT NepBUYHaA
MOHMU3aLMA aTOMOB M MOJIEKY/ BO3AyXa?
Kak npouecc noHu3aLum MoXKeT NPoAo/KaTbEA CaMOCTOATeNIbHO?

Plasma globe (MnasmeHHbIV Wap)
MpuHaaneXXHOCTU: NAa3MeHHbIN Wap, cyxme KYCouky b6yMaru, HOMUHECL,eHTHasA namna.
Yecmpoticmeo nnasmeHHoz20 wiapa (Kkpamko)

[nasmerHell wap 0bbldHO npedcmassisem €060l nPE3PaYHsIU CIMEKASHHbIU

wiap, 3anoJIHeHHbIl CMecbro UHepMHbIX 20308 (8 OCHOBHOM HEOHOM, HO UH020a

u Opy2uMu, Makumu Kak apaoH, KCeHOH U KpURIMoH) npu HU3KoM dasseHuu
(npubausumensHo ammocgepHOM). B yeHmpe wiapa pacnosioxkeH NONoXUMebHbIl
3/1eKmp0o0, NOOKAOUYEHHBIU K UCMOYHUKY NOCMOAHHO20 HANPAXEHUS, G Ha 8HYMPEHHIOH
nosepxHocme €€ cmek/aHHoU 060/104KU HaHECEeH MOHKUU Nposodsawuli ciod,
8bINOHAROWUL posib OMpUYamMensHo2o,31ekmpoda. [pu 8KArYeHUU Wapuka cMecs 2a308
nod delicmsuem 8bICOKO20 HANpsXXeHUs UOHU3Upyemcs, 06pa3ys ceemsaujuecs naamMmeHHole
HUMU XapakmepHslix ysemoe: HeoH da@em KpacHoe caeyeHue, apeoH — cupeHego-20/1yboe,
co3dasas sHympu ko166l 3ghgbekm’Kpacuabix MOAHULI.

CmeknsiHHas koa6a c1yxum xopoiumM U30/5MmOopom, a cunafpoxodsawye2o Yepes Hee moka
HUYMOXHO Masja, nosmomy ycmpotcmeo 6e3onacHo npu cobiro0eHuU npasu s3KCN1yamayuul.

JEATENBHOCTb

Xop pa6oTtbi

1. BktouuTe Wwap 1 onuwnte HabaogaeMyro KapTuHy.

2. [MoAHECUTEIFOMMHECLLEHTHYIO Aammy 6mxe K Naa3MeHHOMY LapuKy, He Kacasch eé
MeTaIMYeCKNX KOHTaKTOB, U MoHabatoAanTe 3a MPONCXOAALLMM.

3. lMpukocHUTECh NaabLieM K LapuKy 1 NoHabatoganTte, Kak naasMeHHble HUTK cobupatoTca
BOKPYr Ballero nanba.

4. MNMonoxmTe Kycoukn Bymarn Ha MOBEPXHOCTb MJIa3MEHHOrO LWapuka 1 NoHabanTe 3a NPOVCXOAALLMM.

O6cyaute

 Mouemy nroMUHeCLLEHTHaA laMNa HaAUMHaeT CBETUTbCA PAAOM C MJ1Ia3MEHHbIM LIAPOoM, AaXke eciun
OHa He NojK/oueHa K cetn?

 Mouemy Nna3meHHbIe HUTU CTATMBAIOTCA K BalleMy NajbLy, KOrga Bbl Kacaetecb creksa?

 Mouemy Kycoukn 6ymaru ABMKYTCA K MOTOKY niasmbi?

« Kakoit BbIBOA, MOXXHO cAenaTb O NpUpoAe ra3oBoro paspsja Ha OCHOBe BCeX 3TUX IKCNePUMEHTOB?
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Mpw onpeaeneHHbIX yCAOBUAX ra3bl MOTYT MPOBOAUTbL 31EKTPUYECKUA TOK Aaxe 6e3
BO3/€eNCTBMSA BHELLHEro MoHM3aTopa

« lMpoxo>kdeHue 31ekmpu4ecko20 moka e 2azax 6e3 eHeuwlHez2o0 eo30elicmaus
Hasblieaemcs camocmosimesibHbIM 2a308bIM paspss0om.
XOTs ra3 B HOpMasibHbIX YC/IOBUSX ABASETCA AMINEKTPUKOM, OH Kak npouncxoaunt
COLEPXMUT HebOIbLLOE KONNYECTBO CBOBOAHbIX 3/IEKTPOHOB. CaMOCTOATE/IbHbIN
Moz BO3AENCTBMEM CUIBHOTO 31IEKTPUUECKOTO MOS KaXKAbIN ra208bIA pa3pag?
CBOOOAHbIV 31€KTPOH NPUOBpEeTaeT OUeHb BbICOKYH) CKOPOCTb U
NPV CTONIKHOBEHWUW C HENTPaJIbHbIMWU aTOMaMU UAN MOJIEKYNaMM

A

NOHM3NpYeT nx. HoBOe NokoaeHme 3N1eKTPOHOB, 0bpa3oBaBLLeecs .._.j:‘_tn"

B pe3y/ibTaTe MOHMN3aLMWK, TaKXKe YCKOPAETCA U MOHU3UPYET Apyrue -‘!_ :']i ,:""
aToMbl U Monekynbl. Takum 0bpa3om, B raze obpasyercs SNeKTPOHHO= -® ) -f%\
MOHHaA NaBMHa: 3NEKTPOHbI YCKOPAROTCA K aHOAY (MONQXKUTENbHO =t % 1;,1f +
3apAXKEHHOMY 371eKTPOAY), @ MONOXMUTE/bHbIE NOHbI — K KaTOAY - I\iﬂf' ™ ly
(oTpuuaTenbHO 3apaxxeHHOMY anekTpoay) (puc. 3:16). OgHako Ha L.ﬂﬂ

3TOM pa3psj rasa He 3aKaHUMBaeTCA. DNeKTPOHbI, MOYUMBLIME N
AOCTAaTOYHO BOJbLLYIO 3HEPrU0 Ha ANMHe cBoboaHOrQ npobera (T.e. PucyHoK 3.16

PaCCTOAHUN MeXAY ABYMS NOC/NeA0BaTeNbHbIMU CTONKHOBEHNSMU) B

3NIEKTPUYECKOM MOJE, MOHM3NPYHOT HENTPabHbIE @TOMbI MPU CTONKHOBEHWUN C HAMU. ITO
SIBfIeHNe Ha3blBaeTCs yAaPHOW MoHM3aLmen. Takne HenpepbiBHbIEW NOC/ief0BaTe/IbHble
CTO/IKHOBEHMSA 31eKTPOHOB CO3/at0T NEKTPOHHYHO slaBUHY. OBbpasyroLLmecs NoaoXuTeNbHble
MOHBbI, ABATAsCb K KaToAdy, NprobpeTatoTfocTatouHyo SHepruo, bombapampytoT ero u
BbI3bIBAOT IMUCCUHO 3/IEKTPOHOB C €r0 MOBEPXHOCTM:

Taknm 06pa3om, CaMOCTOATENbHbIA Ta30BbIV pa3psAs, MPOUCXOANT 3a cUeT
YAAPHOM MOHM3aLIMN U SMUCCUN SN1IEKTPOHOB C NOBEPXHOCTU KaToza.
CyLLecTByeT YeTblpe TUMNa CaMOCTOATE/IBHOTO Fa30BOro paspsija: TeoLni
pa3pss, NCKPOBOW pa3psj, AYFOBOW paspss U KOPOHHbIV pa3psa.
 Tnerowjuti paspsd — HabntojaeTcsa B BUAE CBETALLENCA AOAOChI
MeXAy aHOZOM W KaTOAOM BHYTPU CTEKNAHHON TPYOKM NPU HU3KOM
AaBAEHUUL ITOT pa3psj LWNMPOKO UCMONB3YETCA B pekaaMHbIX TpyoKkax
B KayecTBE UETOYHMKA cBeTa. B 3aBUCMMOCTM OT BUZAA MHEPTHOrO rasa
B TPyOKe MOXHO,MoAy4unTh CBeYeHue pa3inyHbIX LBeToB (puc. 3.17). PricyHok 3.17
* Mckpoeoli pa3psae. — BO3HNKAET NPW BbICOKOM HamnpsXkeHnK
MeXAy SNeKTPoLaMU B BO3AyXe N HabatosaeTcs B BUAE TOHKUNX
31r3aroobpasHbix CBETALLMUXCS KaHanoB. NpuMepoM Takoro paspsja
SIBNSIETCA BCMbILIKA MOJHUM UAN UCKPa, BO3HUKAIOLLAA MPU CHATUN
CUHTETUYECKOM OAEXbl.

Kak Bo3HuKaeT

MOJIHVA?

MosiHus — 3mo kpamkospemeHHoe ceedeHue 8 sude IOMaHHOU JIUHUU, 803HUKArOWee npu
anekmpu4veckom paspsade Mexady 0baakom u 3emsaed, Mexady 08ymsa obaakamu uau eHympu
obs1aka. CBET MOIHUM APKUIWA U OCNENUTENbHbIW, PacMpOCTPaHAETCSA MO U30THYTbIM
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NOAYMA

-0BCY/,
MOAENNCH

JIMHWAM Ha HECKOIbKO KMJIOMETPOB, Pa3BETBAAACH
Ha MHOXEeCTBO BETBEW, KOTOPbIE M Ha3bIBaOTCH
MOJIHMEN. B pe3ynbTaTe MHTEHCMBHBIX BOCXOAALLMX
MOTOKOB BO3AyXa BHYTpu obnaka NponcxoamT
3N1EeKTPU3aL s Kanesb BOAbl MPU UX CTOJIKHOBEHUM
N paspyLueHnn. NMonoxnTenbHble MOHbI COBMpatoTCA .
B BepxHen yactu obnaka, a oTpuuaTeNbHble — B PucyHok 3.18

H>KHEeW. MNpy BO3HMKHOBEHWN AOCTaTOUYHO BONbLLIOW

Pa3HOCTM HaMPAXKEHUA MeXAY Ha3NeKTPU30BaHHbIMWN 06NaCTAMM CO34aETCA CUIbHOE
anekTpuyeckoe nose. Korga HanpsxkeHne Mexay NoNoXMTENBHO 3apsXKeHHOW YacTbto
ozHoro obnaka 1 oTpuMLIaTeIbHO 3apPAXKEHHOW YacTbio Apyroro obnakaduam mexxay
061aKOM W 3apAXKEHHBIMY TelaMM Ha MOBEPXHOCTN 3eMIN) AOCTUTAET ONpese/IEHHOro
YPOBHS, MPOVCXOANT d1eKTpUYecKnin Nnpobon Bosgyxa (MFHOBEHHOE NpPOXOXKAeH e
3/IEKTPUNYECKOrO TOKa). B 310 Bpemsa otpuuatensHble 3apabl U3 ob1aka YCTREMAAOTCA K
3emne, a NoNOXUTE/IbHBIE 3apsAAbl C 3eMIU — B 0B1aKO; NPOUCXOAUT ra3oBbiii paspsas. Mpu
3TOM CTPEMUTENIbHOM JABUXKEHMU 3apAL0B HABAKAaeTCA CUbHOE CBEYEHME U CbILLIEH
MOLLIHbIV packaT rpomMa. [pOM BO3HMKaET B pe3yAbTaTe B3pbIBOOOPA3HOro paclumpeHns
MrHOBEHHO HarpeToro Bo3ayxa (pvc. 3.18). B kaHane paspasga temnepatypa MoxeT
pocturath 20 000 °C, cuna Toka — 46 500°000,A, a HanpskeHune — 10° B.

. CornacHo COBpeMeHHbIM Hay4HbIM NpeACTaBAEHUAM, HadalbHaa MOHM3aLmA aTMochepbl

A8 TakXe MPOVCXOANT MOA BO3AENCTBUEM BbICOKOSHEPFETMYECKOTO KOCMUYECKOrO U3YYeHWs.
Bonpoc. Kakyto poasmrparotr KocMUYeckie YacTubl B BO3HUKHOBEHUM CaMOCTOATENbHOIO
paspsasa B atMochepe? Kak Bbi.Bbl 0BBACHWAN 3TOT NpoLiecc?

» Jly2oeoli pa3ps@=8o3Hukaem k020a 08a )/e0/1bHbIX
3/1ekmpo0a, NOOK/IIOYEHHBIX K UCMOYHUKY mMOoKd, hpugoosmcs
8 KOHMakm' Gpye ¢ Opy2OM, @3amem pazbeOUHSHMCS, Mex0oy
HUMU Hab1ldaemcs O4YeHo fpKoeyHenpepbigHOe dy2000pasHoe
ceeueHue (puc. 3.19). B smom paspsde cuna moka docmuzaem
oueHb bo/bwux 3HaYeHuU. flpuyuHol noddepxaHus 0y208020
paspsoa se159emca UHIMEeHCU8HAas UoHU3ayus 8030yxa

Mexdy KamoOoM U AGHOOOM, 8bI38AHHbIX UX Ha2pesoM 00
gbicokoli memnep@mypsi. [y2080l pa3pso ucnose3yemcs npu
2/1IEKMPOCBAapKe U 8 MOLHbIX KUHONPOEKIMOpPAX. Pucyok 3.19
« KopoHHsili pa3psod — 3mo uoHU3ayus, 8bI38GHHAS
YOapOM 3/€KMPOHO8, YCKOPEHHbIX CU/TbHbIM
3/leKmpuYecKkUM nosiem, co30a8aembiM 80KpYy2
3apsAxxeHHbIX NPoeo0o0o8 ¢ OCMPbLIMU KOHYaMU. VIoHW3aLms
BO3/yxa HabNHOAAETCA B BUAE CBETALLENCS KOPOHBbI Ha
KOHLLaX 3TWX NpoBOA0B. KOPOHHbIN pa3ps 4acTo MOXHO
HabNtoAaTb HA METAIMUYECKMX HAKOHEYHMKAX BONM3N
BbICOKOBOJILTHBIX MHWI (purc. 3.20).

Puncynok 3.20
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Mnasma. YacmuyHo unu NoIHOCMbH UOHU3UPOBAHHSbIU

2a3 Haselieaemcsa naasmou. B Lenom nnasma asnserca
3/IEKTPUNYECKM HEWTPA/IbHBIM Fa30M, MOCKO/IbKY KONNYECTBO
MONOXUTENbHBIX N OTPULLATENbHBIX 3apPAA0B B HEW NpaKTU4ecKu
oAnHakoBo. 1a3ma bbiBaeT HM3KOTEeMMepaTypHOM

1 BbicokoTeMnepaTypHoi. OHa obiasaeT BbICOKOW
3N1EeKTPOMNPOBOAHOCTBLIO U MO 3TOMY CBOWCTBY 6aM3Ka K
CBEPXNPOBOAHMKaM. [1na3ma LWMpPOKO pacnpocTpaHeHa BO
BcenenHoun: atmocdepa ConHua n Apyrmx 3Be34 Tak>ke CoCcTouT
13 BbICOKOTEMMEpPATypPHOM naa3msbl (puc. 3.21).

PucyHok 3.21

NMpumeHnTe NonyuyeHHble 3HAHUSA

3apaua. Kak nepeBecT HECaMOCTOSATE/NbHbIV rA30BbIN Pa3psas B.CaMOCTOATENBHBIA?

NMpoBepbTe cBOM 3HaHUA

1. B razax cyLLecTByeT ABa TUMNa Pa3psoB: CAMOCTOATE/IbHbIA 1 HECaMOCTONTE/IbHbI ra30BbIN
pa3pas.

Bonpoc 1. B uem pasHuLa Mexay MexaHM3MaMu BO3HUKHOBEHNS CAMOCTOSTENbHOTO U
HECaMOCTOATENIbHOTO ra30BOrodPaspsaa’?

Bonpoc 2. Kakune yactuLibl BAAIOTCS HOCUTENAMM 3apsa MPY CaMOCTOATENbHOM U
HECAMOCTOSTE/IbHOM ra30BOM pa3psiAe COOTBETCTBEHHO?

2. CyLLeCTBYHOT pa3/inyHble BUABI CAMOCTOATEIbHOTO ra30BOro paspsaja.

Bonpoc 1. Kakue 310 B1Ab!I?

Bonpoc 2. Kakon BMj, CaMOCTOATEIBHOIO ra30BOro paspsja MOXeT BO3HMKaTb NPU aTMOCHEPHOM
AaBNeHn?

Bonpoc 3. Kakow Bu1z camoCTOATEMLHOrO ra3oBoro pas3psaja BO3HUKAET B Pa3PEXEHHbIX ra3ax?
Bonpoc 4. Kakue Yactuibl G8AFF0TCA HOCUTENAMW 3apaja B niasme?

HanuwuTte acce Ha Temy" [n1a3MeHHbIN Wapuk 1 GU3NYECKUI MeXaHU3M ero
npuvHuuna pabortbl”
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3.3. [NonynpoBoaHMNKM

Bce ncnonbsyemble Hamu LMdpPOBbIE YCTPONCTBA — MOBUAbHBIE TenedOHbI, KOMMbIOTEPbI, AATUMKW,
CO/IHeYHble HaTapeun 1 «yMHble» BbITOBble NPUHOPbI — OCHOBaHbI HAa OCODbLIX NEKTPUUYECKNX
CBOMCTBaX MONYNPOBOAHMKOBbIX MaTePMasoB.
[naBHas 0COBEHHOCTb MOMYNPOBOAHMKOB 3aK/IHOUAETCA B TOM, YTO OHW XOPOLUQOAPOBOAAT
3NIEKTPUYECKMI TOK MPW OMpPesesieHHbIX YCI0BUAX U MPAKTUYECKN He NMPOBOAAT €ro MPUEpPYyrX.
Bnarosaps 3TOMy yHWKa/bHOMY CBOWCTBY CO3AatOTCA TPaH3UCTOPbI, Anoapl, €Betoanogpl (LED) v
ApYyrve 31eKTpOHHble KOMMOHEHTbI. KOMMaKTHOCTb, BbICTPOAENCTBME 1 HU3KOE SHepronotTpebaeHve
COBPEMEHHOW 3/IeKTPOHMKM CTann BO3MOXHbIMW Baarogaps NpUMeHeHWH NoyfpPoBOAHUKOB.
Mo3Tomy cerofHA MOAYNPOBOAHNKMN — 3TO He TOJ/IbKO, MpeAMeT udyHeHna G13nKK, HO N OCHOBa
NHPOPMALIMOHHbIX TEXHOIOTUM, MeANLMHCKOrOo 060PYAOBaHMSA, SHEPFETUYECKNX CUCTEM, CUCTEM
MNCKYCCTBEHHOTO UHTE//IEKTA U KOCMMWNYECKOW TEXHUKMN,

Mnata cMapTdoHa KomnbrotepHbIid ApoLeccop BbluncanTeNbHBINA MOZYb CUCTEM
MCKYCCTBEHHOTO MHTENNEKTa

3.3.1. CobcTBEHHAA APOBOANMOCTD
NoNyNpPOBOAHNKOB

HANMOMWHAHWE: Xumus 8.Y4yebHuk. Xumuyeckas ces3b

B XNMNYECKNX cCoeaANHEHUAX
NPOCTbiX BEWECTB aTOMbI, NOHbI U :
=+ =
MOﬂeKy.flbl CBA3aHbl APYT C APYyroM 2
a3/IMYHbIMA C|-|OC06aM|/|. OTU CBA3MU
P Na a Na* Na:

MeXAy YacTuLiamy obycnoBAEHbI

o 157 267 2pR 35" 17267 2p°373pF 157 257 2pf 1s* 257 2p*3s? 3p°
AEeNCTBUEM 31EKTPOCTAaTUYECKMX CUA.

NoHHas cBA3b Mexxay noHamu Na* n Cl-

F F F,
. . i
25 2p° .25 2pt Lo i .28 2pf

KoBaneHTHas cBA3b MeXay AByMA atOMaMun CI)TOpa
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« Cusbl 31eKMpoCcMamuyecko2o 83aumodelicmeus, cesssigaroujue
amomel U UOHsbI, 06pasyrom xumuyeckue cesasu. Cyujecmsyrom UOHHbIe,
Kosa/ieHMHele U Memasau4eckue cgs3u.

* lIoHHas cesa3b — 3Mo XUMUYecKas C8s3b, 803HUKArOW|As

Mex0y pa3HOUMEHHO 3apAXXeHHbIMU UOHAMU 8 pe3ysiemame ux
3/1eKmpocmamuyecko20 NPUMSKeHUs.

 KosaseHmHas ces3b — 3mo cesa3b, 06pasyrowjascs mexoy amomamu
HeMemaso8 3a cdem obpa3zosaHus 0bWUX 3/1eKMpPOHHbIX nap.

« Memasnuyeckas cea3b — 3mMo C853b, B03HUKAOWAS MeXOy
NoJI0XXUMeIbHbIMU UOHAMU Memansaa u 0es0kaau308aHH6IMU (C80600HbIMU) 3eKMpPOHAaMU.

MeTannnueckas cBa3b

Bbl y>ke 3HaeTe, UTO 3/1eKTpUYECcKas NPOBOAVMMOCTb KaKaMPOBOAHUKOB (Hanpvvep, MeTas/ioB),

TaK U AN3NEKTPUKOB (HanpuMep, ra3oB) MOXET U3MEHATBES NOA AeCTBUEMIBHELLHWX GaKTOPOB.
Hanpumep, npu HarpeBaHWM yaebHOE CONPOTUBIEHNE METANNIOB YBENYMUBARICS, @ UX
NPOBOAMMOCTb YMeHbLUaeTcs. [a3bl, ABAAIOWMNECS AM31eKTPUKAMY, CTAHOBATCA MPOBOAHMKAMMW MO
AENCTBMEM BbICOKOW TeMMepaTypbl U CUIbHOTO U3JYHEHMS.

OfHaKo CyLLeCcTBYHOT BELLECTBA, YAe/lbHOEe CONPOTMBAEHUE KOTOPBIX Ype3BblUYaiHO YyBCTBUTENBHO
K BHELUHUM BO34eNCTBUAM. [pn HarpeBaHWy, MHTEHCMBHOMIOCBELLEHUI MW BBEAEHMM B UX COCTAB
HebOoNbLLIOro KOANYECTBa aTOMOB NMPUMeCcet MOXXHO, 40O6UTECA PE3KOTO YMEHbLLEHWS YAebHOrO
COMPOTMBAEHWS 3TUX BELLECTB W, C/Ief0BaTe/IbHO, PE3KOro YBEANYEHWS VX MPOBOAMMOCTU. ITO
CBOWMCTBO MO3BOSET YNPaBAATb CONPOIUBAEHMEM KPUCTANNIOB, YTO SBASETCA OCHOBOW paboThbl
COBPEMEHHbIX 3EKTPOHHbIX YCTPOMCTB.

» Uto npouncxoaut Bo BHYTpeHHEeW cTpyKType
3TUX BELLEeCTB, NoYeMy B pe3ynbTaTe BHELIHUX

- . MOJYNPOBOAHVK, KOBA/EHTHas CBA3b,
BO3AeUCTBUI UX yAe/NbHOE ConpoTuBAeHue MIEKTPOHHAA NPOBOAVMOCTb, AbIPOYHAR

pe3ko ymeHbluaeTcs, a NPOBOAUMOCTb Pe3ko APOBOAMMOCTb, COBCTBEHHAs NMPOBOAVMOCTb
yBennumBaeTca?

KnroueBble C/10Ba

Onpepennrte xMMmuuyeckue 3/1eMEHTbI, KOTOPble MOXXHO OTHECTU K NMONYNpPOBOAHUKaM.
MpuHaanexxHocTn: Tabnnua «Meprnoanueckan cucteMa XMMNUECKUX 3/1IEMEHTOB>.
Xop paborbi
1. OnpegenuTe XMMNYeGKNUe dN1eMEHTbI, KOTOPblE MOXHO OTHECTU K MONYNPOBOAHMKAM,
ncnonb3ya tabanuy «fleprognyeckas cMctemMa XMMUYECKMX 31IEMEHTOB», U BbIMULLNUTE UX
CUMBO/bI Ha paboyni nuncr.
2. Ha ocHOBe 3HaHW, MOAYYEHHbIX U3 Kypca «XUMUS», 3annLInTe PAAOM C KaXAbIM U3 3TUX 31EMEHTOB MX
OCHOBHblEe XMMMYECKMe CBOCTBA.
3. Niccnepywite, Kakne Xmmmyeckme CBA3N CyLLECTBYHOT MeXAY aTOMaMu 3TUX 3/1eMEHTOB
(cm.: Xumus 8. YyebHuk. Xumudeckue cesa3u. KosaseHmHbie ceq3u).
O6cyaure:
» Kakne xummnueckme 3nneMeHTbl MOXKHO OTHECTU K NosiynpoBoagHuKam? BbigBuHbTE runoresy.
« Kakoii TMn XxMmMmuueckoii cBA3M onpeaensieT CBOMCTBA BbiSIBJIEHHbIX BaMU XMMUYECKUX 3/IEMEHTOB?
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K nonynpoBoAHWKaM OTHOCATCA: rPYMMbI

« 12 31eMeHTOB CpeaHuX rpynn (B OCHOBHOM  1€PMOA IV Vv Vi Vi
rpynn 1V, V n VI) neproanyeckon cmcremsl 1

XMMWNYECKNX 31eMEHTOB (0603HaueHb! p) B C N 0 F
duronetoBbIM LIBETOM B Tabauue) (cm.: 3 Al Si P S Cl
PucyHok 3.22); 4 Ga Ge As Se Br

* PaznnyHblie cOefMHEHNA 31eMeHTOB rpynn 5 In ShgmmsSb.  Te |
Hu IV, 1wV, Vi 6 Tl “B P A
* MHOXXECTBO OpraHn4yecKknx u PucyHok 3.22. [loaynpoBOAHUKOBBIE 3/1€MEHTI

HeopraHNYeCckNX XMMNYECKNX COeAMHEHNN.

Kak n'y anemeHTOB CcpegHen rpynnbl (3nemMenThbl IV rpynnbl), Tak v yA0ayrnpOBOAHWKOB,
CBf3b BaJIEHTHbIX 3/IEKTPOHOB C A4POM CUbHEE, YeMYIMETaNN0B] HO cnabee; YEM Y
AnanektTprkos. CBOMCTBa MOAYNPOBOAHUKOB OMPeAENAOTCA HaIYMEN KOBaNEHTHbIX
(MM NAapPHO3NEKTPOHHbBIX) XMMUYECKNX CBA3EN.

PaccmoTpuMm B KadecTBe nprMmepa’KprcTani KPeMHMA.

KpeMHuii — 3nemeHT IV Fpynnbl. Ero aToM uMeeT 4 BaNeHTHbIX

31EKTPOHA Ha BHELLUHEN 3/1eKTPOHHOM 0bo10uke. HYeTbipe
BaJIEHTHbIX ANIEKTPOHA KaXA0ro atoma kpeMHus (Si) obpasyrot
KOBaJIEHTHYHO €BSI3b C BaJIEHTHLIMM 3/IEKTPOHAMM YETbIPEX
COCeAHMX,aTOMOB, LOCTpanBas opbuTty A0 8 31eKTPOHOB U
06pa3ys KPUCTAAANYECKYHO peLleTKy. B 3Tom ciyyae BaneHTHbIe
3N1EKTPOHbI KaXKAOFO aTOMa KPUCTaZINYECKOM peLLeTku
06pazytoT 06LLYH OpbUTY (C ABYMSA 3NEKTPOHAMM Ha KaXKAOM

: - opbuTe) ¢ BaneHTHBIMUN 31€KTPOHAMMN COCEAHMX aTOMOB.
PucyHok 3.23. KosaneHTHas CBA3b B « O6LUe 371eKMPOHbI (3/1eKMPOHLI, pacnpedesieHHole

Kpuctanne kpemHms (S MEx 0y HeCKOIbKUMU amoMamu) CoedUHSIFoM amombi 8
pe Kpucmasnudeckol pewiemke opyz ¢ Opy2oM, 06pasys mexoy

MeTtann
HUMU KOBAJIEHMHYO UJIU NAPHO3/1EKMPOHHYHO €836 (puc. 3.23).

Mpupoaa co6¢cTBEHHO 3/1€KTPONPOBOAHOCTU
nosyrnpoBOAHNKOB

* [MonynpogodHUK — 3mMo 8ewjecmao, kou4ecmao c80600HbIX
Hocumerel 3apsa0ad, 8 KOMOPOM 3a8UCUM OM 8HeWHUX

[NonynpoBOAHK

0 > t go3delicmsuli (memnepamypel, ocgewjeHuUs, dobasieHus
PucyHok 3.24. Tpaguk npumeceli u m.o.).
3aBNCMOCTI yAC/IbHOTO Ecnu noaynpogodHuUK Yucmeili (He codepxum nocmopoHHUX
COMPOTUBAEHUSA OT TEMMepaTypbl 8
gewjecms), e2o Npo8ooUMOCMb Halvisaemcs cobcmeeHHoU
Nnpo8oouUMOCMbHO.

B nosynposodHukax cyujecmayem 0ea muna nposoouMocmu:
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3/1eKMPOHHAsA NPo8oOUMOCMb U OblpOYHAA NPOBOOUMOCMEb. ”epwezﬁij \ Mepemeuierie Bigg:gsggg
* D/IeKMpOHHAs NPOBOOUMOCMb — 3MO 3/1eKmpuYeckas REE = Vs YW _"!/—“_
nposodumocme, 0bycn06n1eHHasA dsuxeHuem c80600HbIX + 12 __rﬂ:a-?s,;- ONON
3/1eKMPOHO8 8 NOJTYNPOBOOHUKE. _14_1_;,51- Vaw T {1-4‘,___

B HOpMasibHbIX YCIOBKAX (HanpuMep, NPY KOMHATHOW _F:-nyr_'l}yﬁh:::;ﬁi_
Temneparype) 3NeKTpuyeckoe ConpoTUBIEHNE = :T—J-HJ-—--LH b
NONYNPOBOAHVKA BbILLE, YEM Y MeTaI0B, MOCKONbKY — T (1
KONMYECTBO CBOOOAHbIX 3/IEKTPOHOB B HEM MEHbLLIE, YeM —

B MeTasnax. Koraa Takol nonynpoBOAHMK MNOAKIHOUAETCs +I[I||;

K 31eKTpUYeCcKo Lienn, CBODOAHbIE INEKTPOHbI B HEM
yNopAA0YEHHO ABWMXKYTCA B KPUCTANIMUECKOWN peLLETKe,
co3zaBad cn1abyto 3NeKTPOHHYH MPOBOAMMOCTb. Hannyyluan 3nekTpoHHas, MpOBOAUMOCTbL NPUCYLLa
MeTanam.

* JlbipouHas npo8oduMOCMb — 3TO d1eKTpuYeckas NPOBOAUMOLTb, OOYCNOBAEHHaA ABMXKEHMEM
AbIPOK B MONynpoBogHuKe. Korga nonynpoBoAHMK MOABEPFAETCSA BHELLHEMY BO3AENCTBUIO,
HanpvMep, HarpeBaHWIO, HEKOTOPbIE N3 ero BaleHTHbIX 31eKTPOHOB NprobpeTardT 6oibLuyto
KWHETNYEeCKYr 3Hepruto. B pesynbtate B MonynpoBOAHUKOBOM KPUCTa e OA4HOBPEMEHHO
NPOMCXOAAT ABa Npouecca:

1. BaneHmHsle 31eKmpoHbI paspeiearom koeasieHmHbie cesa3u 3a.cHem NOAyYeHHOU sHepauu

u nokudarom amomel. B pe3ynbtaTte KOMUYECTBO CBOBOAHBIX 3NEKTRPOHOB B KPUCTaNle Pe3KO
BO3pacTaeT, a CoNpoTMBAEHNE NONYNPOBOAHMKA Pe3Ko yMeHbLuaeTes. Ha pucyHke 3.24 nokasaHa
3aBUCUMOCTb YAEeNbHOrO COMPOTMBASHAA NOAYNPOBOAHUKA 1 MeTanna OT TeMnepaTypbl.

2. Koeda eaneHmHelIl 31ekmpoH nokudaem amom, 8,ko8aiaeHmHol cesa3u obpasyemcs caobodHoe
mecmo, Haseleaemoe "Obipkoli". APYrov BaNeHTHbI 3EKTPOH, pa30pPBaBLUMIA KOBAJEHTHYHO CBA3b
CcoceiHero aToMa, MOXeT 3aHATk 3TO CBOBOAHOEe MeCTO — MePBMYHasA CBA3b BOCCTaHAB/IMBAETCS.
OpHako Ha nNpeXXHeM MecTe 3TN 31eKTPOHbI CO34ar0T HOBOE BakaHTHOE MeCTO, Ha3biBaeMoe
«Ablpkou». Ecnm ocBoboanBLIeecH MECTO 3aHUMAET BaNeHTHBIA 31eKTPOH O4HOIO N3 COCeAHUX
aTOMOB, TO B TOM e MecTe 0bpasdyeTca HoBas «Ablpka». Takmm obpa3om, Takme nociesoBaTeslbHble
CKaYKM BaNE€HTHbIX 3/1eKTPOHOB, 3aMeLLarollnxX Apyr Apyra, Tak>ke nepemMeLLaroT Co3aaHHble MU
"Ablpki® Ao Bcemy Kpuctanny. Korga moflympoBOAHUKOBBIA KPUCTAAA NOAKAKOYAETCS K UCTOYHUKY
NOCTOSAHHOFO\HAMPAXKEHNS, OCBOOOAMBILMECA BaJIeHTHbIE 31€KTPOHbI ABUXYTCSA B HanpaBaeHUY,
NPOTVMBOMNOAOXKOM BEKTOPY HaMPAXKEHHOCTU MOJIA, @ MONOXUTENBHO 3apAXKEHHbIE AblPKN — B
HamnpaB/aeHMM BEKTE@Pa HanpsXKEHHOCTN NOAS, CO34aBas 31eKTpuyeckmin Tok (puc. 3.25). Takmum
obpa3om, B NoNlyAPOBOAHMKE BO3HMKaeT COBCTBEHHAA 3/1eKTpuyeckas NpoBOANUMOCTb.

« CobcmeeHHas 31eKmpuYeckas npoeoduMoCmb YUCMbIX N0JlynpoeodHUKo8 0bycsioesieHa
Hazau4yueM 8 HUX paeH020 Ko/lu4ecmeda ceo600HbIX 3/1eKMpoH0E U ObIPOoK.

PucyHok 3.25. CobctBeHHas NpoBOAUMOCTb

‘NOAYMAIA HMCTbIN NONYNPOBOAHNKOBBIV KpEMHUI oxnaxaaroT ot +25°C go —5°C.

*OBCYAN Bonpoc. Kak U3MEHMTCA KONMYECTBO HOCUTENEN INEKTPUYECKOTO 3apsia B
MOJENUNCH

NONYNPOBOAHVIKE: YBENNUNTCSA, YMEHBLUUTCA AN OCTAHETCH HEU3MEHHbIM?
O60ocHy1Te CBOWN OTBeET.
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an/IMEHI/ITe nony4yeHHblieé 3HaHUA

YKa)xute COOTBETCTBUE cTpenkamMmu.

N2 MpeanonoxxeHne 3akstoueHne BbipaXkeHns

1 Hocutenn 3apaaa B NonynpoBOAHMKAX... YBE/IMUMBAETCA C YMEHbLUEHWEM TeMMNepaTypbl

2 YpenbHoe cOnpoTVBAEHWE METANIOB... YBENNYMBAETCA C NOBbILLEHWEM TeMNePaTypbl

3 YaenbHOoe cOnpoTMBAEHWE MNONYNPOBOAHMKOB... YBEMUMBAETCA NOJ, AENCTBAEM CUNBHOFOM3/TyYEHNA
4 [1poBOANMOCTb ra3os... TONBKO CBODO/HbIE 31EKTPOHBI

5 Hocutenn 3apsaga B MeTaniax... 371IEKTPOHbI U AbIPKK

6 Hocutenn 3apasa B rasax... 3N1EKTPOHbI U UOHBI

MpoBepbTe NonyuyeHHble 3HaHUSA

1. HEBO3MOXHO NpeACTaBUTb Hallly COBPEMEHHYHO XM3Hb Be3 MoNynpOBOAHNKOB!

Bonpoc 1. [puBeauTe ABa NprMepa B NOATBEPXAEHUE STOrO YTBEPXKAEHNS.

Bonpoc 2. SneMeHTbl Kakux rpymnmn nepuoamnyeckon CUCTeMbl ABAFKOTES YNCTbIMK
NoyNPOBOAHNKAMU?

Bonpoc 3. B yem ocHOBHOE pasnnumne mexay noaynpoBOAHUKaMY, METASNAMU U AU3NEKTPUKAMMN?
Bonpoc 4. ATombl NONyNPOBOAHMKa 0OPa3yroT KOBaJIEHTHbIE XMMKUUeCKmne CBA3N. KakoB MexaHu3m
06pa3oBaHVA KOBaNEHTHbIX CBA3EW?

Bonpoc 5. Kakune yactmubl 06ecneurBarar 3€KIpONPOBOAHOCTb B MONYNpPOoBOAHMKax? O6bACHUTE
MexaHM3M Ux 0bpas3oBaHuA.

Bonpoc 6. [Touemy conpoiuUBiIEeHUE YMCTOrO NOYNPOBOAHMKA YMEHBLIAETCA C MOBbILIEHWEM TOTAa
Kak y MeTasNioB OHO yBefIMUnBaeTCA?

2. ToHKas repMaHmneBas NaacTUHa, 3aKpefeHHan Ha AE€PeBAHHON NOACTaBKe, MOAKIOYEHA K Lienu
MOCTOAHHOrO Toka (puc. 3.26). [laacTHa 3akpbiTa CBETOHEMPOHWLIAEMOWN KPbILLKOW.

Bonpoc 1. Ecv kntoy 3amMkHYT, Byaet AV npoTekaTb TOK B Lenn?

Bonpoc 2. Ecin cHATb KPbILLKY, KaK M3MEHUTCA Cuna ToKa B Lienn?

O6bACHUTE RPUYUVHY STOTO ABAGHWIN.

PucyHok 3.26
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3.3.2. [lpnmecHaa npoBOANMOCTb
NoJIyNnpOBOAHNKOB

OZHO 13 HEeOBbIYHbIX CBOUCTB NMOYNPOBOAHNKOB 3aKNHOYaeTCs

B TOM, UTO eC/in faxke HebobLIOEe KOIMYECTBO aTOMOB A pYyron

rpynnbl NONYMPOBOAHMKOBBIX 31EMEHTOB A00aBUTb B YMCTbIN a3 + 158
NONYNPOBOAHUKOBLIN KPUCTaAl B KaYecTBe NpUMecH, ero

NPOBOAMMOCTb MOXET YBEIMUYNUTLCA B COTHU pa3. Hanpumep, 4ynctbin 2 84 3 2
KpucTann kpemHusa (Si), KOTopbl aBAseTCsa 3neMeHTom IV rpynnbi, PitcyHok 3.27

OYeHb MNOXO MPOBOAMNT INEKTPUYUECKMI TOK MPU HU3KUX TEMMEPaTyPax.

OpaHako, ecnv 06aBUTh B HETO B KaYecTBe Npumeck Aake,Heboiblioe KOAMUYeCcTBO aTOMOB 6opa (B),
oTHocAwerocs K Il rpynne, NpoBOAMMOCTb MOJAYYEHHOTO MPUMECHOTO MONYAPOBOAHNKA YBENNYNTCS B
COTHW pa3 Npu TOM Xe TemnepaType.

npunMecHad npoBoANMOCTb,
AOHOPHaA NnpnMecs,
aKuenTopHaa npmmMmechb

KnroyeBble

 Mouemy NpoBOAUMOCTL CMECU YBe/IMUnBaeTca
BO MHOrO pas3, €C/Iu B KpUctana KpemHua (Si)
Ao06aBuTb aTombl 3nemeHTa Il rpynnbl 6opa (B)?
Kakue Hocutenu 3apaga Bbi3biBalOT Takoe yBe/InYeHne 3/1eKTPornpoBOAHOCTU
noaynposoaHuKa?

C/10Ba

OT uero 3aBUCUT COOTHOLLIEHNE KO/IMYeCTBa HOCUTeJIel 3apsAa B NPUMeCHbIX NOJyNpoBOAHUKaX?
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2. InemeHT Il rpynnbl, 60p (B), obaBnseTcs B KayecTBe NpumMecn K
YMCTOMY NONYNPOBOAHNKOBOMY KpUCTanny KpemHus (Si).

Nccnepyiite usmeHeHWe CTROEHNS KpUCTaila Ha OCHOBE CXEeMbI, NPVBEAEHHON Ha pucyHke 3.29.

PucyHok 3.28 PucyHok 3.29

O6cyaute

» CKONIbKO BaJIEHTHbIX 3/1IeKTPOHOB MMeeT 3n1emMmeHT V rpynnbl pocdop (P)?

« Echm dpocdop (P) pobaButhb B KauecTBe NpMMecH B KpUcTaaa KpemHusa (Si), yBeaMuuTca am Konmye-

cTBO cBO60AHbIX HOCUTeNel 3apaaa B Kpuctanne? Mouemy?

« CKO/IbKO BaJIEHTHbIX 3/1eKTPOHOB nmeeTt 3nemeHT lll rpynnbi 6op (B)?

« Kak nm3ameHuTCA KONIMUeCTBO CBO60AHDBIX HOCUTE ! 3apAaa B KpUCTaa/e, €C/iu B KPUCTaNl KpeMHUA
(Si) po6aBuTb B KauecTBe npumecu 6op (B)?
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Mpn gobaBneHVN HEOONBLLOTO KONNYECTBA MPUMECK K UMCTOMY MONYNPOBOAHMKY €ro
MPOBOAMMOCTb Pe3KO BO3pacTaeT. TO MPOMCXOAMT MOTOMY, UTO, KPOMEe COBCTBEHHOM
NPOBOAMMOCTY, B MONYNPOBOAHMKAX Takxke BO3HMKAET NpuMecHas NpPoOBOAMMOCTb.

« Ecnu yucio saneHMHebIx 31eKkmpoHo8 amoma npumecu 6osiblie, YemM YUC/I0 8A1eHMHbIX
3/1eKMpPOHO8 AMOMa NOJyNPOBOOHUKA, MAKas npumMecb Hasbieaemcs OOHOPHOU
(«O0HOP» — IAMUHCKOe C/1080, 03Ha4Yarowjee «0aro»).

« Ecau yucio 8aneHMHbIX 371eKMpoHO08 amomMa npuMecu MeHblUe, Yem HYUC/I0 8a/1eHMHbIX
3/1eKMpPOHO8 AMOMa NoJynpoB8OOHUKA, MAkasi NpuMect Ha3bl8aeaca aKkyenmMopHoU
(«akyenmop» — IaMUuHCKoe C/1080, 03Ha4Yarouwjee «NPUHUMAro»);

MonynpoBogHUK ¢ ALOHOPHOW NPUMECHIO

JloHOopHbIe NpuMecn obecneunBatoT NONYNPOBOAHNKOBbIN KPUCTaNIAONONHUTEIbHBIM
3NeKTPOHOM, KOTOPbIV IErKO 0CBOBOXAAETCH, yBeNNYMBas KONMYeCTBO CBOOOAHbIX
31EKTPOHOB B MOAYNPOBOAHUKE.

Hanpwumep, koraa ¢ocdop (P), nATVBANEHTHbIN ANeMeNT, AobaBnAeTca BIKpUcTain
KpeMHMA B KauecTBe NpUMecH, ero YeTblpe BaflEHTHbIX INEKTPOHa 0bpasytoT
KOBa/leHTHble CBA3WN C cOCeAHVMM,aTOMaMU KpeMHWUA. [ATbIn 3eKTpoH docdhopa He
y4yacTByeT B KOBaJIEHTHOW CBA3W M cnabo CBA3aH CO CBOMM COOCTBEHHbIM aTOMOM.
OgzHaKo, NOCKOAbKY OH CNabo cBA3aH €,aTOMOM, OH,JIErKO MOKMAAET ero 1 CTaHOBUTCA
cBObOAHbBIM (CM. puc. 3.27). B 3ToM caydae "abipka® He o6pasyeTcs, MOCKOAbKY, CTaBLUWIA
CBOOOAHBIM, 3/EKTPOH HE MOKUHY/ KOBANIEHTHYHO CBS3b:

Ecan HekoTOpble aTOMbl B KpUCTa/lle KpeMHUSA3aMeHUTE aToMOM Gocdopa, KaxKabIM
13 aTOMOB NPUMeCK OTAACT OAMH 3IEKTPOH N3-3a,TeMNI0BOrO ABMXKEHWSA B peLLeTKe.
MNpw BHeLLHEM BO3AENCTBMM K 3TUM 3eKTPOHaM, AOOaBNAIOTCA ApYrne 31eKTPOHbI,
OTPbIBAKOLLMECH OT KOBAJIEHTHOW CBA3W, 1 NPW 3TOM 06Pa3yroTCA MONOXKMUTENBHO
3apskeHHble Abipkuy. Korga B NOnynpOBOAHMKOBOM KpUCTanae C Tako NpUMeChro
CO3/aeTCA dNeKTPUMECKOEe NOE, B HEM BO3HWMKAET 31eKTpuyeckmii Tok. OgHako
OCHOBHbIMU/HOCHTEAAMY 3apAja B BO3HUKLLEM TOKE ABAAFOTCA 3IEKTPOHbI, KOTOPbIX
MHOTO, @ HEOCHOBHbIMW HOCUTENAMW 3apafa ABAAKOTCA NOJOXKNTENBHO 3apsAXKeHHbIe
AbIPKK, KOTOPbIX OTHOCKTEIBHO Masio.

Taknm 06Pa3oM MONYNPOBOAHMK C AOHOPHOV MPUMECHIO — 3TO MONYMPOBOAHWMK, B
KOTOPOM OCHOBHBIMW HOCUTENAMM 3apAAa ABNAOTCA MPENMYLLECTBEHHO CBOBOAHbIE
3N1eKTpOHbI. CnefoBaTebHO, B MOYNPOBOAHMKAX C JOHOPHOM NPUMECHHO OCHOBHbLIMM
HOCUTENAMY 3apAAa ABNAFOTCA SNEKTPOHbI, @ HEOCHOBHBIMW HOCUTENAMM 3apAAa — AbIPKU.
[MocKoNbKy MPOBOAUMOCTL B MONYMNPOBOAHMKAX C JOHOPHOW MPUMECHIO OCYLLECTBAETCA
B OCHOBHOM 3a,CHET 3/1eKTPOHOB, MX Ha3bIBAOT MOAYNPOBOAHMKAMM N-TUMa (N — nepsas
ByKBa 1ATMHEKOIO CI0Ba «OTPULIATEbHbIN»).

{ohynpoBOAHMK C aKLLeNTOPHOW NPUMEChIO

AKUEenTopHble NprMeck obecneurnBatoT NOAYNPOBOAHUKOBLIA KPUCTaI
AOMNONHNTENBHBIMW AblPKaMW, TO €CTb, MPUCOEAMHSAS K cebe BaNeHTHbIN 31eKTPOH,

OHU YBENNUMBAIOT YNCNO AbIPOK B MONYNPOBOAHMKE. Hanpumep, Korga B KpUcTan
KpeMHMA B KauecTBe npumecy gobaBnsetcs TpexsaneHTHbIn 60p (B), ero Tpu BaneHTHbIX
3/1eKTPOHa 06pa3yroT TONbKO TPW Napbl 3NEKTPOHHBIX CBA3EM C COCEAHVNMMN aTOMaMM
KpeMHua. MNockonbky ansa obpa3oBaHMA YETBEPTOM Mapbl CBA3eW He XBaTaeT O4HOTO
3/71EKTPOHA, Ha 3TOM MeCTe OCTaeTca AblpKa, TO eCTb He3aBepLUeHHas KOBaleHTHas

CBA3b. EE MOXET 3aHATb BaNIEHTHbIN 3NEKTPOH OT COCEAHErO aToMa KPeMHuUS. B aTom
C/lydae CBA3b BOCCTaHaB/IMBAETCA 3a CUET 3/IeKTPOHA, OTAaHHOIO COCeAHNM aTOMOM.
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B cocepHeM aTtome, OTAaBLUEM CBOW 31EKTPOH, 0bpasyeTcs Ablpka (cMm.: puc. 3.28).
TpexBaneHTHas NpUMechb CO34aeT AONONHUTENLbHYHO AbIPKY B KPUCTae, 3aXBaTbiBas
3NEKTPOH y aTOMa KpeMHuA. B pesynbrate KOAMYECTBO AblPOK MPEBbILIAET KONNYECTBO
3NeKkTpoHOB. CnesoBaTteNbHO, B NMOAYNPOBOAHMKAX C aKLLENTOPHOW NPUMECbH0 OCHOBHbIMM
HOCUTENAMMW 3apAja ABNAFOTCA AblPKW, @ HEOCHOBHBIMW HOCUTEIAMM 3apAsa — SNEKTPOHbI.
Takum 06pasom, noslynpo8oOHUK € aKyenmopHOU NPUMECHIO — MO NOJIyNPOBOOHUK,

8 KOMOPOM OCHOBHbIMU HOCUMENAMU 3apA0a A8/A0MCA npeumMyujecmeeHHo "delpku". [MockoneKy
npogoduMOCMeb 8 NOJIYNPOBOOHUKAX C AKYENMOPHOU NPUMECHIO OCYyUWecme/iIfiemcsi-8710CHO8HOM 3a
cyem "ObIpoK", Ux HA3el8arOM NOJYNPOBOOHUKAMU p-muna (p — nepsas bykea dMUHCKO20 c108a
«NOJIOXXUME/IbHbIU»).

NTOLYMAW Koraa B uncTbin KpucTann KpemHua Aobasasetca odeHb HeboNbLIOEe KOMYECTBO
Je)5@/i  AOHOPHOW MPUMECH, KOJIMYECTBO CBOBOAHbIX 31IEKTPOHOB YBEMUYMBAETESA, @ 3HAUMT, pacTeT
Jpeni=gliesy v npooanMOCTb. OAHaKO NpY 3HAUUTENBHOM YBENTNYESHUMIKOHLLEHTRALIMW NprMech, moce
onpeAeNeHHOro MOMeHTa, MPOBOAMMOCTE EHOBa HadUHAET YMeHbLLIATbCA.
-Mouemy 310 NponcxoanT? MNpu AanbHenwem pocTe cofepPXaHUSIPUMECH KONNYECTBO 31eKTPOHOB
NpoAo/MKaeT pacTu. Tak MoyeMy e NPOBOAMMOCTb CHaYana yBeAUYKBAETCH, a 3aTEM YMeHbLUaeTCA?

I'Ipumeere noJsilyyeHHble 3HaHUA.

3apaua 1 (o6paseun). KoHueHTpaymsa atomoB docdopa, A06aBNEHHBIX B KaUecTBe NpuUMecH
(AOHOPHOW NpUMECK) K YNCTOMY KPEMHNEBOMY #0/1YNPOBOAHMKY, PpaBHa n/Jonop =5 - 10" cm=.
Temnepartypa TakoBa, uto Bce AoHOpPbI (100%) MOHU3MPOBaHBL:

Bonpoc. Hackonbko yBennumTcsa KOHLUEeHTpaunsa CBOBOAHbIX 3AEKTPOHOB B MONYNPOBOAHUKE C
AOHOPHOW NPUMECHH?

PeweHune. MockoabKy aTOMbl JOHOPHOW APUMECK NOAHOCTHHO NOHN3UPOBAHbI, KOHLEHTPaLMs
3/1EKTPOHOB (N.) YBEANYMNTCA HA KOHLLEeHTPaUMOaToOMOB npumecy (n/lonop), 1.e.. An = n/[onop.
CnegosatenbHo: An_ = 5 - 10" cv:

OtBer. KoHLUeHTpaLuma cBOOOAHBIX 3NEKTPOHOB YBEANUYWAACh HA BEINUYNHY KOHLEHTPALMN aTOMOB
AOHOpPHOW NpumMecy, T.e.. Al = 5 - 10 cm.

3apaua 2. KoHueHTpauus atomoB 60pa, A06aBaeHHbIX B KauecTBe NpuMecy (akLenTopHOW
NPUMECK) K YUNCTOMY KPeMHMEBOMY NONYNPOBOAHNKY, paBHa ndxyenmop = 5 - 10'® cm3.
Temnepartypa TakoBa, uto 90% (0,9) akuenTopOB NOHM3NPOBaAHDI.

Bonpoc. Hackoabko yBennumnTea KoHLeHTpaLuma obpasyrowmxcs Ablpok?

MpoBepbte NonyyeHHble 3HaHUA

1. ATOMbI KaKOW, rpynnbl 31eMeHTOB HEOHXOAMMO A06aBUTb B Ka4eCTBe NPUMECEN B UNCTbIN
NoaynpoOBOAHUKOBbIN KpUCTalia, UTOObl er0 OCHOBHbIMUW HOCUTENAMM 3apsAja CTaan SNEKTPOHbI?
Ob6ocHyW1Te CBOW OTBET.

2. ATOMbI KakoW rpymnei‘3IEMeHTOB HeObXxoAMMO A06aBUTb B KaYecTBe NpUMecein B YNCTbIN
NOyNPOBOAHMKOBbIA KPUCTaN, YTOBbl €ro OCHOBHbIMWU HOCUTENAMMN 3apsaja CTaau AblpKu?
O6ocCHyW1Te CBOM OTBET.

3. KoHueHTpauus atomoB rannmvs (Ga) 4obaBaeHHbIX B Ka4ecTBe NpuMeck (akL,enTopHOM npumMech)
B UMCTbIN NOAYNPOBOAHMK Ge, paBHa N = 5-10"%cwm 3. Temnepatypa TakoBa, uto 70% (0,7)
aKLEenToOpOB NOHM3MPOBAHDI.

Bonpoc 1. Kakune 3apasbl ABAAIOTCA OCHOBHbIMU HOCUTENAMW 3apasa B STOM MPUMECHOM
NoNYyNPOBOAHMNKE?

Bonpoc 2. Yemy paBHa KOHLIEHTpaLMs AbIPOK, 06PpasyoWwmMxcsa B MPUMECHOM MONYNPOBOAHMKE?

Axyenmop

49
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3.3.3. p—n nepexoa B NOAYNPOBOAHNKOBOM
Kpuctanne. [1oaynpoBOAHNKOBLIV ANOA

Mpn CONPUKOCHOBEHMM KOHLLOB iBYX MEZHbIX MPOBOZAOB B MecTe

KOHTaKTa NpaKTUYeCKM HUYero He npouncxoaut. OfHaKo, Koraa Mexay Fﬂ
NONYyNPOBOAHVKOBBIMWU KPUCTAaANAMU p-muna W n-muna CO34aéTca

KOHTaKT 0cobbIM 06pa3oM, Ha rpaHunLEe UX CONMPUKOCHOBEHWSA CMOHTaHHO a_

BO3HMKaOT HeobbluHble aBaeHuA. K Hum otHocaTca anddysma um ':
pekomMbuHauma HocuTenen 3apsaga, obpasoBaHne 0coboro nepexogHoOro % "ﬂ’
CN0S, OAHOCTOPOHHSASA MPOBOANUMOCTb U T. 4. MpuHUMN paboTbl

COBPEMEHHbIX «YMHbIX» NE€KTPOHHbIX YCTPOWCTB OCHOBAH Ha 3TMX ABAEHVAX, APOUCXOAALLMX NpU
KOHTaKTe MoynpOBOAHUKOBbIX KPUCTANNOB p-munalA i=mund.

p-mum KPUCTaNN, n-mun KPUCTaNn,
p-n Nepexoa, NonynpoBos-
HMKOBbIN ANO/,

» B TeueHmne Kakoro npomexxyTka BpeMmeH# KaroueBble
MPOUCXOAAT 3TN ABJIEHUA NPU KOHTaKTe CNnoBa
KpUcTannoB p-muna v n-muna?

» KakoBa ¢pu3smueckana ocHoBa YHMKaJIbHbIX/CBONCTB KOHTaKTa KPUCTa/NI0B p-muna v n-muna?

p-n-nepexoa (3/1eKFPOHHO-ABIPOYHbIV Nepexoa) B

: nonynpoBOoAHUKOBOM KpucTa/ing:

Qeg' &| B obnacTyt KOoHTakTa NOAYNIPOBOAHUKOBBIX KPUCTANNOB p-muna W n-muna
& .82 obpasyercs p-n-nepexo. Flpy 5TOM 31eKTPOHbI U3 n-muna N AbIPKN 13
P-muna,KPUCTannoB AUGOYHANPYHOT Yepes rpaHunLYy KOHTaKTa HaBCTpeuy
@ @| Apyrapyry. B pe3synbrate B m-uacmu BOAU3M rpaHunLbl 0bpa3yeTcs
M30bITOK MONOXKMTENbHBIX 3aPSA0B (HEMOABMXKHBIX MOHOB C HEAOCTAaTKOM
51eKTPOHOB), @ Bp-uacmu — OTPULIaTE/IbHbIX 3aPAA0B (HEMOABWXKHbIX
MOHOB, 3aXBaTMBLLNX 31eKTPOHbI). Taknm 0bpa3om, B 061acT KOHTaKTa
KpUCTannoB p-muna v n-muna 06pasyetcs ABOVHOM CNOW Pa3HOMMEHHbIX
p 3apsagesTonLnHon [ — p-n-nepexoaa (puc. 3.30). BHyTpeHHee
SNeKTpUYeckoe noae Mexay 3apasammn 3Toro Cios (E'n_p) npesoTspalLaeT
NOCNeAyrOLIMI Nepexos 3NeKTPOHOB U3 n-uacmu B p-uacms W AblIPOK U3
= p-tacmu B n-uacms Ha rpaHunLe ab KoHTakTa kpuctannos. CresoBaTenbHO,
NpW NOAKAKUYEHNIN KpUCTanaa C p-N-nepexosoM K Lienmn NOCTOAHHOrO ToKa
OH ByZeT NponyckaTb TOK MPeNMYLLLECTBEHHO B OAHOM HampaBaeHNN.

p

$
+

Pucyhok 3.31. Mpsmoii nepexos  [1PAMOM nepexop
MpeanonoXMNM, UTO n-kpucmann NOAKNOUEH K OTPULIATEIbHOMY NONHOCY

MCTOYHMKA TOKQ, a p-kpucmaii — K NONOXUTENbHOMY MOAtOCY. B 3ToM ciyyae nog
AEVCTBUEM BHELLUHEro 31eKTPUYeCcKoro nos, Co34aBaemMoro UCTOYHMKOM TOKa,
3NEKTPOHbI U3 n-kpucmaiia OyAyT nepemMeLaTbCs B CTOPOHY p-kpucmania, @ AblPKy
U3 p-kpucmaina — B CTOPOHY n-kpucmaiida. SNEKTPOHbI, NepecekatoLLme rpaHumLy
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KOHTaKTa, «3amno/HAT» AblPKW, yMeHbLUas TOALWMHY rpaHuubl a-b 1, cnegoBaTtensHo, obuyee
3NIEKTPUYECKOE COMPOTMBIEHNE KPUCTaNaa. INeKTPUYECKUA TOK B LieMNn OCyLLeCTBASETCA
OCHOBHbIMW HOCUTENAMMW 3apAJa, TO €CTb SNEeKTPOHaMU B n-uacmu Vi AblpKaMn B p-uacmu. 3TO
obecneunBaeT cBOOOAHOE NPOXOXKAEHNE INEKTPUYECKOTO TOKa vepes uenb (puc. 3.31). Taknm
o6pa3om, B n-mun nepexofe BO3HMKHET NPSMOW Mnepexos Toka.

O6paTHbIN nepexop,

MpesnoNoXMUM, YTO n-mun KPUCTaNA NOAKAHOUEH K MONOXUTENBHOMY
MONHOCY UCTOUHMKA TOKA, @ p-mun KPUCTann —

K OTpuULaTeNbHOMY NOAtOCY. B 3ToM ciyyae BEKTOP HaNPSXKEHHOCTU
BHELLHEro 31eKTPUYECKOro noJisi, CO34aBaeMoOro MCTOYHNKOM TOKa,
6yzeT coBnasaTb C BEKTOPOM HaMPSXXEHHOCTU 3N1EKTPUYECKOro noas
ABOVHOrO C/1os. Nog BO34eNCTBMEM BHELLHETO 31EKTPUYECKOTO
MO INEKTPOHbI U3 n-mun KPUCTAAN U AbIPKU U3 p-mun KPUCTaNNa
OyayT ABUraTbCA B MPOTMBOMOIOXHbIX HAaMPaBAEHMSX, OT rPaHiLbl PucyroK 332. Obparuii
COMPUKOCHOBEHMA ab K MPOTUBOMONOXHBIM KOHL,@M KpUcTana. nepexoa

B pe3ysibTate TONLMHA ABOVHOrO cnos | v, cnegoBaTensHo,

obLLee 3neKTpUYecKkoe CoONpPOTMBAEHNE KpUCTania BO3PACTatoT.

DNEeKTPUYECKMIA TOK B LLENN CO34aETCH HEOCHOBHbIMI HOCUTEASMMN u

3apsaa, TO eCTb AblpKaMW B n-uacmu Vi S1€KTPOHAMU B p-uacniu. 10

NPUBOAMUT K PE3KOMY YMEHBLLIEHUIO 3/1EKTPUYECKOrO TOKa B Lierni. B

HeWn cuna Toka npakTuyeckm pasHa Hyao (I = 0) (puc. 3.32), To ecTb 0 (pomun) (n-mun)
p-n-nepexoa byaeT 3anepT 414 NpOTeKaHUA ToKa. \I\I/

— |

NMonynpoBoaHMKOBbLIN AnoA

MonynpoBOAHMKOBBIN ANOZ — STAYCTPOKCTBO, COCTOALLEE U3
OZHOTO p-N-nepexoAa, 06pa3eBaHHOIO Ha KOHTaKTe P W n-mun
KPWUCTaNNoB, 1 ABYX BbIBOAOB ANS MOAKKOYEHNA K 3NEKTPUYECKON
uenu (puc. 3.33, a). MNonynpOBOAHVKOBbIN JUOA U3FOTaBANBAETCA 13 YMCTOrO KpUctaina
repMaHus Uan Kkpuctasna KpeMHua. Kanao MHAWA NnpunanBaroT K NOBEPXHOCTU KpucTania.
Bnarozaps anddy3mm aTOMOB MHANUS B OCHOBHOM KPUCTaJ, B 3TOM YacTh obpasyetcs obaacTb

C NPOBOAUMOCTbLIO p-muna. p-N-NEPEXOA00pasyetca Ha rpaHunLe N U p-oGracmeti KPUCTaNNa.
KoHTakT, NpuRasHHbIA KpUCTanny MHAWS, UTpaeT posib aHOZAA, @ KOHTaKT, COEANHEHHbIV C
OCHOBHbIM KPUETaN/IOM KPEMHUA (MW repMaHus), UrpaeT posib Katoaa. [MonynpoBoAHNKOBIN
ANOZA NPONyCKaeT 3NeKTPUYECKIUI TOK TOIbKO B O4HOM HanpaBaeHUn. Ha cxeMax 31eKTpruyeckmx
uenen ero ob6o3HavakeT creynansHbiM CMMBOIOM (puyc. 3.33, b). MNonynpoBOAHMKOBbIE ANOAI
HaXoAAT LUMPOKOe NPUMEHEHVE B TEXHUKE. B kauecTBe NprMepoB MOXHO NpuUBECTU: 610KM
nuTaHus (aganTepsbl, 3aRAAHbLIE YCTPOWCTBA), Cy>Kalume A BbiNnpsMAeHUs (Npeobpa3oBaHms)
NepeMeHHOro Toka B MOCTOAHHbIN; CBETOM3/yYaroLLmne Anoabl (cBeToamoabl uam LED-

Namnbl); a Tak>ke CTabuanTpoHbl (41MoAabl 3eHepa), NCMOAb3yeMble B SNEKTPOHHbIX CXeMax AN
CTabuamsaunm HanpsKeHs.

PuncyHok 3.33.
MonynpoBOAHNKOBBIN ANOA

<MOAYMAW

OBCYAN Ecnv 3apasbl HaxoaaT Apyr Apyra M pekOMOUHUPYHOT Ha P-N-nepexoze, novemy 3ToT
aleilZal/les  nepexog 0CTaeTcA CTabunbHbIM B TeUEHe A/IMTE/IbHOMO BpeMeHN?
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anIMEHVITe nony4yeHHblié 3HaHUA

JKCNepUMEHT C NoJyNnpoOBOAHUKOBLIM AVNOA0M

MpuHaaNeXXHOCTU: CTOYHMK MOCTOSHHOTO ToKa (4 B), amnepmeTp, NosynpoBOAHWNKOBbIN AVOA
(13 Habopa NPUBOPOB «INEKTPUUECKUIA TOK B NMONYNPOBOAHMNKAX»), KNHOY, COEAMHUTENbHbIE
npoBsoza.

Xogp, pabortbl

1. MNopgkntounTe BbIBOAbLI NOAYNPOBOAHNKOBOIO e e
ANOAA K SNEKTPUYECKON Lienn, 3aMKHUTE K1Y U —p—
npoBepbTe, NPOTEeKaeT A TOK Mo uenu (Habaroaasn
3a NokasaHuaMu amnepmetpa) (puc. 3.34).

2. NMomeHANTe MecTaMmu NPOBOAA, MOAKJAHOUYEHHbIE
K 3aXXnMaM Anoga, n noHabatogante 3a
NPONCXOAALLMMU U3MEHEHUAMMN.

O6cypuTe:

« B kakom cnyuyae NnonynpoBoAHMNKOBbIA AVNOA
NPOBOAUT 3/IEKTPUUECKNIA TOK? PucyHok 3.34

» Kakoit BbIBOA, Bbl cAenanu us ucciefoBaHnA?

« MpoBoaMMOCTbIO KaKoro Tuna = cobcrBeHHO NAK NpuMecHOU — obecneunBaetca pabora

avopaa?

I'IpOBepre nojsiyyeHHbl€ 3HaHUA

1. p-n-nepexog obpa3syeTca Ha KOHTaKTe MOJYNMPOBOAHMUKOB p-muna W n-mund.

Bonpoc 1. Kakyto ponb nrpaer ABONHOM 3N1eKTPUYECKMIA CN0W, 0BPa3yroLLMACA Ha rpaHuLLEe pa3aena
NOAYRPOBOAHWNKOBBIX KPUCTaNIOB?

Bonpoc 2. [1py Kaknx yCA0BUAX B P-N NMEPEXOAE BO3HUKAROT — +
NpsMON 1 0BpaTHbIV TOKK? B I<]|
Bonpoc 3. Kak Ha3biBaeTea YCTPOUCTBO, B KOTOPOM
ncrnosib3yetca P=N-Nepexos?

2. Ha pucyHke nsobpaxeHa cxema, coctosLas ns
NOAYNPOBOAHMKOBOIO AMOAA W ABYX JaMH. ® @
Bonpoc. Kakaa namna 6yaet cBeTUTbCA Apye (ManM COBCEM He A

bynet ceetntbCA)? OBOCHYNTE CBOM OTBET.




Hay|<a, TEXHONOIMA, )XKN3Hb

CeKkpeT ceHCOpHbIX 3KpaHOB

JKpaHbl COBPEMEHHbIX CMAapPTPOHOB, HOYTOYKOB 1 HaHKOMATOB — 3TO KanacUTaTUBHbIE (EMKOCTHbIE)
CEHCOpPHbIe 3KpaHbl. ITOT TUN ANCMJIEesA Pacrno3HaeT NPUKOCHOBEHMSA, NCMOb3YyA deKTpUYeckme
CBOMCTBa YenoBeyeckoro Tesna. OH pearnpyeT Ha U3MEHEHWS 3IEKTPUYECKOrO NoJA, CO34aBaeMble
nanbLem Uan NPOBOAALLUM NMPesMeTOM.

KoHcTpykumsa

OcHOBOW 3KkpaHa ABAAETCA CTeKNAHHAA NOANOXKA. Ha 3Ty NOANOXKY HAHOCUTCA NPO3padHbii
NpoBoAALLMIA cnoil. Hanbonee 4yacto ncnonb3lyembli MaTepran — 3T0 NONYNPOBOAHUK OKCUA UHANS -
onoBa (Ha aHanutickom sA3eike: Indium Tin Oxide - ITO, nosynpo8oOHUKe8bIU Mamepuasn, cocmoauwul
8 ocHosHoMm u3 okcuda uHous (I) (In;O3) u okcuda onogax(lV)). OH MPOBOANT SNEKTPUYEEKIAN

TOK M MPaKTUYeCKN NOJHOCTbIO NPO3paYeH ANs BUAMMORO CBeTa. Ha 3TOM [POBOASALLEM Coe
HaxOAWTCA MaTpuLLa U3 OUYEHb MaNIEHbKUX MUKPOIAEKTPO0B. MaTtpuLa n3MepPSET, kanacuTaTMBHbIE
(EMKOCTHbIE) M3MEHEHMNA B Pa3HbIX TOUYKaX 3KpaHa 1 pernctprpyenHebobLIvie U3MEHEHMA EMKOCTM
KaXAoro 3nekTpoga. IameHeHns nepesarotca B KOHTPOJIEP B BUAE 3/1EKTPUYECKMX CUTHANOB.
KoHTponnep aHanu3npyeT 3Tn U3MEHEHUS N BbIYUCASET TOYHbIE KOORAMUHATLI KacaHus. Pe3ynbTathl
nepeAaroTca B MUKPOCXEMY YNpaBaeHUs 3KpaHOM, KOTopas OnpesensieT MeCTONoN0OXKeHME KacaH s
1 COOTBETCTBYHOLLYIO KOMaHAy (HanpvmMep, BbIbop 3Ha4YKa, ero nepemeLleHve n T. 4.). Becb atoT
NPOLLeCC NPOUCXOAUT CO CKOPOCTbIO PacNpPOCTPaHeHUs 31eKTPOMAFHUTHbIX BOJH, T.e. = 3 - 108%.

KoHTponnep obpabotku

HenpepbiBHOE ©6HOBAEHVE
JaHHbIX CEeHcopa

OTobpaxeHne 3MeHeHWN
npodunsa ceHcopa.

3IEKTPOCTAaTNYHECKOTIO MOJid, Bbl3BaHHbIX
NMPUKOCHOBEHWEM.

HenpepbiBHOE
obHoBNEHNE NpodUNA
ceHcopa.

/

KoHTtponnep
npeobpasyet npodub
KacaHuWa B peabHyHo
TOUKY KacaHua

KoopavHatel nepeaatorcs
B OMepaLMOHHY
cncTemy.
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. noJlynpoBOAHUKOB
CamocToaTesibHbIN
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v Bua CeoiicTBa
HecamocrosaTenbHblii
rasoBblli Pa3psj Onpege BewlectBo, yaenbHoe
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KOTOPOro CUNbHO
3aBWCUT OT BHELLIHWNX
BO34ENCTBUN.

CobcTBEHHas
NpPOBOAUMOCTb

5 |lNpwumecHas

NPOBOANMOCTb
Bua ———>| B nonynpogodHuke ¢
¢ akyenmopHol npumecsro
npeobnadaem delpoyHas
lMonynpo8odHUK ¢ OOHOPHOU NpUMecbro — 3mo, No cymu, npogodumocme.
noJslynpos8odHUK, 8 KOmopom npeobsadaem 3/1eKMpOoHHAsA MosynpogodHuk ¢
nposodumocme. [1os1ynposodHUK ¢ AOHOPHOU NpUMeckHo akyenmopHoli npumecsto
makoke Hasvl8arLM n-mun NOJYNPOBOOHUKOM. makxe Haseiearom
nos1ynpo8oOHUKOM
p-muna.




O6o06waromme 3apaHuna

1. Ha pucyHke nokasaHbl ABa nocaepoBaTe/ibHO COeANHEHHbIX 7 68|
pe3ncropa 1 Hanpsa)KeHWe Ha BXope. 1]

Bonpoc 1. Yemy paBHO BbIXOZHOE HanpsaXeHue?

Bonpoc 2. Eciv pe3uctop R, 3aMeHUTb ApyrMm pe3ncTopom C R,=20 Om fy{ R,=10 Om
conpotusaeHnemM 5 Om, Kak U3MEHUTCA HanpsaXXeHMe Ha Bbixoze?

66100

2. K koHUam A/IMHHOro OAHOPOAHOrO NPOBOAHWKA NPUIOXKEHO
HanpsbkeHue U. NMpoBoaHUK 3amMmeHseTcs TaKUM XKe NPOBOAHUKOM, HO BABo€ 60/bllen ANVHbI,
M K ero KOHL,aM BHOBb NPU/IOXKUAN Hanps)keHue U.

Bonpoc. Kak B pe3ynbTaTe 3TOro n3aMeHATCa cnegyrowmne dbmsmyeckmne BennyYnHsl:
* CWJla TOKa B NPOBOAHMKE;

* CONPOTMBAEHME NPOBOAHNKA;

* MOLLHOCTb, BblAensemas B NPOBOAHNKE?

OnpegennTte xapaktep N3MeHEHMA KaXXA0W BEANYMHbI 1 3aRMLLATE e€ B TabauLy.
1 - yBenanunsaercs,

2 — YMeHbLuaeTcs,

3 — He n3meHseTcA.

Cha TOKa B NpoBOAHKKE conpotmBiieHue npoBOAHKKaA MOLLHOCTb, BblAeNAEMan B NPOBOAHNKE

3. B Cabupabape temnepartypa Bo3ayxa ieTOM UHOrga nogHumaertca ao 42°C, a sumow
onyckaetca ao -5°C. J/IuHum anekTponepeaaum B Céslax 3Toro paoHa nposioXkeHbl B OCHOBHOM
aNfOMUHUEBbIMU NpoBogamMu. TemnépaTypHbl/i KOIPDULIMEHT CONPOTUBAEHNS aNtOMUHUEBOTO
nposoja paseH o, = 0,004 K, a conpotusienue fipu temnepatype 20°C pasHo R = 5 Owm.

Bonpoc 1. Yemy paBHo conpoTtveaeHue npososa B Omaxietom (npu Temnepatype 42°C)7?

Bonpoc 2. Kak nameHunTca CONpoTvBAEHWE NpoBoaa 3umoi (mpu Temnepatype -5°C)?

Bonpoc 3. Kak nameHeHne \CORPOTMBeHNA BAUAET Ha NOTEPW dNEKTPOIHEPrnm?

Bonpoc 4. Onvpascb Ha NoayyYeHHble pe3yabTaThl, MOCTPOUTE rpadrk 3aBUCMMOCTU COMPOTUBNEHNSA
aNtOMUHNEBOro NPoBOAa OT TeMAepaTypbl.

4. DnekTpUUECKas Lenb COCTOMT U3 ABYX Pe3UCTOPOB € conpotusieHnamMmm R, = 40 Om n

Rz = 15 Om, coeamnHeHHbIX NnapasnenbHo. Hanpsa)keHne Ha KOHLLaX 3TOro yyacrka uenu pasHo 9 B.
Bonpoc 1. Kakyto paboTty coBepLUaeT 31eKTpUUYeckmii TOK B KaXXA0M pe3nctope 3a 1 MUHyTYy?
Bonpoc 2. Kakoe KoAn4ecTBo TenN0Tbl BbIAEANTCA NPU NPOXOXAEHUM TOKa Yepes 3Ty Lenb 3a 45 MUHYT?
Bonpoc 3. Ecv pe3ucTopbl CoeAnHNTL NOCNef0BaTENBHO, YeMY CTaHET paBHa paboTa, coBepluaemas
TOKOM Ha KaXAoM pe3nucrope 3a 1 MuHyTy?

5. B Hawein cTpaHe LieHa 3/1eKTPO3HEPTrUM ANA Hace/IEHUA PacCUUTbIBAETCA NO Pas3/INYHbIM
Tapudam 3a KaXkabli KBT-u B 3aBUCMMOCTUN OT o6bema noTpebaeHus:

* 8,4 ranuka 3a kaxapin 1 kBT-y anekTposaHeprum 3a nepsble 200 kBT-y;

10 rannkoB 3a KaxAabln kKBT-u B AnanaszoHe ot 200 ao 300 kBT-y;

* Npu obbeme notpebaeHns cebiwe 300 kBT-y kaxabin KBT-4 ctonT 15 ranvkos.




Bonpoc 1. Kakyto cymmy ciesyeT 3annatutb 3a 31eKTPO3HEPTNIO, MOTPEBNEHHYH 3N1EKTPUYECKUM
oborpeBatenem MowHocTbo 2500 BT npm ero HenpepbiBHOW paboTte B TeUeHMe O4HOro MecsAua?
Bonpoc 2. Ecan 310T 06orpeBatens pabotaet HENPEPbLIBHO B TeUeHMe BCeWN 3UMbI (4 MecsaLa), Kakyro
CyMMy cnefyet 3anaaTuTb 3a NOTPeBEHHY0 UM 31eKTPO3HEPTUIO?

6. Mpouecc npoTrekaHMA 31IeKTPUUECKOTO TOKa Yepes ras HasbliBaeTcs ra3oBbiM paspAaaoM.
CyuwiecTByeT ABa BUAa ra3oBbiX pa3pAA0B — CAMOCTOATE/IbHbIA U HECAMOCTOATE/IbHbIN Fa30BbIA
pa3paga.

Bonpoc 1. B yuem 3ak/04aeTca ommuyme caMOCTOATE/IbHOMO ra30BOro pa3psada 0T HeCaMOCTOSATE/IbHOMO?
Bonpoc 2. Kakne yactuubl ABASKOTCA OCHOBHbIMW HOCUTENAMU 3apaja NpU CamMoCToATeNbHOM 1
HecamMOCTOATe/IbHOM ra3oBOM pa3spajge?

Bonpoc 3. K kakomy TRy ra3oBoro pa3spsasga OTHOCUTCA MOAHUA?

Bonpoc 4. Kakow ra3oBbll pa3psj NCNoab3yeTcs B KaYecTBe UETOYHMKA OUYeHb CUNbHOLO Ternaa 1
cseTa’

Bonpoc 5. Kakow ra3oBbi pa3psj NCnosb3yeTess B HEOHOBBIX BbiBECKAX !

Bonpoc 6. B kaknx MCTOUHMKAX CBETA NCMO/Ib3YETCSA ra30BbIv Paspas?

7. MonynpoBoAHMK — 3TO BELLECTBO, YAe/IbHOE CONPOTMBJ/IEHNE KOTOPOro CU/IbHO 3aBUCUT

OT BHEWIHMX Bo3aencTBuii. MonynposoaHNKM o6n1agalor co6cTBEHHOW M NPUMeECHOMN
3/1eKTPNYECKO NPOBOANMOCTbIO.

Bonpoc 1. Kakor npoBoaMMOCTbiO 061agaeT YMCTbi KpUcTalAakpeMHna? Kakne yactuubl ABAAKOTCS
OCHOBHbIMW HOCUTENAMW 3apsAja B 3TOM KpuUcTanie?

Bonpoc 2. Kakve yactuubl CTaHyT OCHOBHBIMU HOCUTENIAMM 3apaza B 3TOM KpUCTaane KpeMHuA nocne
Ao0baBAeHMA LJOHOPHOM Npumecn?

Bonpoc 3. Kakve yactuubl CTaHYT OCHOBHbLIMWU HOCUTENAMM 3apaza B 3TOM KpUCTanne KpeMHuA nocne
AobaBaeHNa akLenTopHOU ApMech?

Bonpoc 4. Kaknm B1ngom APoBOAVMOCTI CTaHeT 0baaaath KpVCTana KpeMHUA, ecav J06aBuTb B KavecTse
NpUMecH MHAMI, 1 Kakne HacTULBI CTaHyT OCHOBHBIMW HOCUTENAMM 3apsAAa B 3TOM KpuUctanne?

8. B coBpeMeHHOW 3/1eKTPOHUKE KpUcTana apceHuga ranausa nonynpoBoaHuk llI-V rpynnbi
LUMPOKO NCMO/Ib3yeTcs B KauecTBeno/1ynpoBoAHMKOBOro Matepuana.

Bonpoc 1., Eciv konnyectBo aTOMOB MblLLbAKa W rafana B KpUCTaae OAMHaKOBO, KaKoW TuM
NpPOBOANMOCTY 6yaeT nmeTb Takown KpucTana?

Bonpoc 2. Kak eaeayeT M3MEHWUTL COOTHOLLEHWE YMCaAa aTOMOB 3TUX IIEMEHTOB B KpUCTaae, YToOb
NONYYnUTb NONYRAPOBOAHUK p-muna?

Bonpoc 3. Kak cregyet u3mMeHUTb COOTHOLLEHME YMCa aTOMOB 3TUX 3IEMEHTOB B KpUCTaaie, Ytobel
NoNy4nTb NONYNPOBOAHWK n-muna?
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4 MardmuTtHoe nosne

Jlrobon marHuT umeet fBa MoJsitoca — CeBep-
Hbli N FOXHbIA. OAHOMMEHHbIE MOoJtoCa OT-
TaNKMBAKOTCA APYr OT ApYra, a PasHOMMEHHbIe
nostoca NPUTATMBAKOTCA ApYr K Apyry. Bsanm-
HOe MPUTSXKEHWe W OTTaNkMBaHME MONHOCOB
MarHUTHOro noas NoAo6HO B3aMMOAENCTBUIO
NEKTPUYECKMX 3apasoB. B genctBuTenbHOCTH
cywectByet obliee CXOACTBO MeXAy MaTe-
MaTUYeckKuMn GopmynamK, OMNUChIBAROLLUMM
MarHWTHOe, 31eKTPUYECKOe 1 rpaB1TaLMOHHOE
B3anmogencTemna. OAHAKO CXOACTBO MarHuT-
HbIX U 31eKTPUYECKUX NOoNen He orpaHm*-
eTCs NNLLb CXOACTBOM UX GOPMYJ; CBA3b MEX
Ay HUMU ropasfo TecHee WM HOCUT B3auMHbI
xapaktep. [aHHblN pa3gen noceAweH 6oaee
rnyb6oKOMyY M3yUYeHWUO 3TOro B3aMMOAENC
e Kakas B3anMMOCBA3b CyLLECTBYET MeXAY
3N1EKTPNYECKMM TOKOM WU MarHUTHbIM NoJie
e KakoBa cnnoBas xapaktepucr
nona?
e Kak MOXHO onpeaennTb
MarHWTHOro Nons To
e Kak Ha npakTuke n
® MO>XHO cKasaTb, Y
2N MarHUTHOeE Mo

13 passena Bbl y3HaeTe

» CBOVCTBA MArHNUTHOTO MOAA IEFKO OMNCAaTb HA OCHOBE 3HAHWM O IMHUAX MAarHUTHON MHAYKLMN.

* 3HaA MexXaHM3M BO3HUKHOBEHWA MarHUTHOTO NOAA 3eMAN, MOXHO OOBbACHUTL, Kakon 13 ero
MarHWUTHLIX MOAKCOB PacrionoxeH B6an3n CeBepHoro 1 KOXHOro reorpadrueckmnx noarcoB 3emu.

* CumBOIbI X" 11 VICNONBb3YHOTCA ANS YCIOBHOITO 0603HaYEHMS HanpaBaeHWA 31eKTPUYECKOro
TOKa W BEKTOPa MarHUTHOW MHAYKLUMW, NepneHAVKYAAPHbIX MAOCKOCTM YepTexa.

* [1ns onpeseneHnsa HanpaeaeHVs MHUM MarHUTHOTO MO MPAMOTO M KPYrOBOro TOKOB yAOHOHO
MCNONBb30BaTh «MPaBWAO NPABOWN PYKN» UM «MPaBUIO BypaBUmKa».

3MEHSOLLEeCs MarHUTHOE MoJie CO34aEeT B 3aMKHYTOM
OBOAHMKE (KaTyLLIKE) UHAYKLINOHHBIV TOK

HWTHOrO NO/IA N 3NEKTPUYECKOro ToKa?
TOYHWMKOM MArHUTHOTO MOJIS», @ MOXET
TOK?

* DKCNEePUMEHTaIbHO MOKa3aHa NpakTMyeckas 3Ha4YMMOCTb INEKTPOMArHu1Ta (Ha npuMepe NpUHLMNa
PabOoTbl INEKTPUYECKOTO KPaHa, 31EKTPOABUIATENS U SNEKTPON3IMEPUTENBHBIX MPUOOPOB).

* [pY N3MEHEHWW MArHWUTHOTO MOAS, MPOHW3bIBAKOLLErO 3aMKHYTbIA KOHTYP, BO3HWUKaeT
MHAYKLMOHHBIN TOK, KOTOPbIN LWMPOKO MCMOAb3YeTCA Ha MPaKTUKe.




Yactb

4.1. MarHuTHoe nosne.
MarHmuTHoe noJsie 3/IeKTpMYecKoro Toka

INeKTPUYECKUN TOK, MPOTEKAOLLMI MO INEKTPUUYECKMM LIENSM, He TOIbKO NPUBOAUT B AeCTBME
Nnamnbl U Apyrve anekTponpmnbopsl, HO 1 M3MeHseT dr3nyeckoe COCTOAHNE OKPY>KatoLLLero
NpocTpaHcTBa. TakMm 0H6pa3om, 3NeKTpUYeCcKmm TOK Co3aaeT BOKPYr cebsa HeBUAKUMOE, HO
06BEKTUBHO CylLlecTBYtOLLee GU3NYEeCKOe Noe — MarHUTHOe noJie. 3T0 NoJjie BO3AeUCTByeT Ha
Apyrve TOKu, MarHuTbl 1 Jaxke Ha camy 3emto.

4.1.1. Npupoaa MarHUTHOIo NOAA.
MarHutHoe nose 3emau

= BCMOMHMWMTE: ®usuka /. YuebHuk. Yacme |l.
173 f MocmofHHbILU MazHUM U MA2HUMHOE noJie.
‘g,, -.T . ’ MarnuTbl, M3TOTQBJIEHHbIE U3 MaTepanos, COXpaHAIOMX CBON Mar-
- HWUTHbIE CBOIACTBA B T@YEHME JAUTEALHOIrO BPEMEHM, Ha3bIBaKOTCA
‘___ﬁ* NOCTOAHHbIMUMarHUTaMu. B NpOCTpaHCTBe BOKPYr MarHUTOB BCeraa

CyLLecTByeT MarH1THOE fNoJie, Te y4acTkm MarHuTa, rae MarHUTHoe
AencTBre NposBAseTca Hanbonee CUAbHO, Ha3bIBAtOTCA MarHUTHbIMM
= .__’ noatocamuy. HesaBucmo ot cBoert GopMbl, BCe MarHWTbl UMEROT ABa
’.‘- noAkoca: ceBepHbIn (N — nepBas byksa aHramickoro cnosa «North»)
W FOXKHBIM(S — NepBas bykBa aHrmMckoro cnosa «South»). OaHo-
WUMEHHbIe Mosioca B3aUMOZAENCTBYHOLLMX MarHUToB (S 1 S, v N n
S N) OtTankmBatoTCa APYF OT APYra, B TO BPEMSA Kak Pa3HOMMEHHbIe
! nonroca, (N 1 S) NpuTAMBarOTCA APYr K APYry. 3eMH0 Takxke MOXKHO
paccMaTpmBaTh Kak MOCTOAHHbIV MarHUT. KOXKHbIV NOAKOC eé mar-
HWUTHOIO NMOAA pacrnofoXeH B6aM3m reorpaduyeckoro CeBepHOro
MOJIKOCa, @ CEBEPHbIV MarHUTHbIN MNOOC — B6M3M reorpaduryeckoro
FO>kHoro nontoca. Kak M3BECTHO, OAHVM M3 KJIaCCUYECKMX KCTepu-
MEHTOB, CbIrPaBLLNX BaXXHYHO POJib B Pa3BUTUM GU3UKM, ABNAETCS
Ll e 4 obHapy>keHve CBOMCTBA 3/1EKTPUYECKOrO TOKa CO3AaBaTb MarHUTHOe
nomoc Sewmu none (cMm.: duanka 9. YuebHuk, Yacrb |, crp. 59).
Takunm obpazom, B 1820 roay Aatckunin yuéHbiv X. SpcTes onpe-
ANV, YTO TOK, MPOXOAALLMYM Yepe3 INeKTPUYECKYHO Lienb, AENCTBYET Ha MarHUTHYHO CTPEJIKY, BbIBOASA
eé 13 paBHoBecua. Koraa uenb pa3mblKaeTcs, CTpesika BO3BPALLAETCA B UCXOAHOE NooXeHWe. Takum
obpazom, X. dpcTes 0OHapY>XuJ, UTO MPOBOAHWNK C TOKOM CO3ZaET BOKPYT cebs MarHMTHOe nosne.

FOXHbIU MazHUMHbIL
nosroc 3emau

FOxHeIli 2e02paghudeckut
nosroc 3emau

* MoxxeT nn 3I'IeKTpVI‘-IeCKVII7I TOK 6bITb UICTOUHUKOM MarHUTHoro nons?
° Cyu.l.ECTBYET JiIn B npupoae «MarHUTHbIU 3apag>», SIBJ'IHI‘OU.I‘VIFICSI MCTOUHUKOM MarHMTHoro nonsa?

[ KntoueBble cnoBa MarHuTocdepa, MoNeKynfpHble TOKKW, KOMMac, nosca BaH-Annera

)
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MarHuTtHoe none * 4.1 MATHWTHOE MOJIE. MATHUTHOE MOJIE 9NIEKTPNYECKOTO TOKA

I'IpMpop,a MarHUTHOro nonasa

Ha ocHoBe pe3ynbTaTtoB akcrepuMeHTa X. pcTesa OO TN T
bpaHuy3ckmn duzmnk AHape AMnep BbIABUHYA TMNOTE3Y é') = = = ==
O «KPYroBbIX MONEKYASAPHbIX ToKax». CornacHo 3Tom O O P EEeES
rmnotese, B NpUpoae He CyLLecTByeT «MarHMTHOro O O Sl =N =i =i =1
3apaga», co3jatoLero MarHUTHoe nose, a CyLecTByroT QO =N T = B =

3/N1eMeHTapHble KPYroBble TOKN BHYTPY aTOMOB U
mMonekyn. [o3xe 6biN0 yCTaHOBAEHO, YTO 3N1eMeHTapHble

TOKM BO3HUKAKOT B pe3y/ibTate ABUNXEHWA 3JIEKTPOHOB

B aTOMaX Nno nx Op6VITaM. Kor,u,a NAOCKOCTW, B KOTOPbIX

LUPKYANPYHOT MUINIMOHbI 3IEMEHTAPHbIX TOKOB, '
pacnono>keHbl ynopago4eHHO OTHOCUTE/IbHO APYT Apyra, Q

CO34aBaeMbl€ UMW dN1E€MEHTAPHbIE MarHUTHbIE NMOAA

CKNafbIBAOTCA (yCUAMBAKOT APYr Apyra). B pe3ynstate
BELLLEeCTBa NPUOBPETAOT MarHUTHbIE CBOVCTBA (PUC, PrcyHok 4.1, SnemeHTapHble TokM

4.1, a), K HIM OTHOCATCA MOCTOAHHbIE MarHUTbI M MPEAMETbI 13 XKenesa, ctann 1 T. 4. Korga nanockoctu
3/1leMEeHTapPHbIX TOKOB Pacrno0XeHbl HeynopagoUYeHHO, c03aBaeMble UMM d/1eMeHTapHble MarHUTHble
NonsA B3aMMHO KOMMNEHCUPYHOT Apyr apyra (puc. 4.1, b). [e3tomy Takue Bewiectsa He obaagaroT
MarHUTHbIMW CBOVICTBaMMW, HarNpumep, CTek0, pe3uHa, AepeBo, MNacTUK U T. 4,

CnepyeT OTMETUTb, UTO OTHOCUTENbHO BbIOPaHHOW CUCTEMbI OTCHETa dN1eKTPUYECKme 3apsAsbl B COCTORHUM
MOKOSA CO3Aat0T BOKPYT cebsl TONbKO aneKkTpocTaTnyeckoe none. OAHAKO, ecav 3TV 3apaabl
NPUXOAAT B HaNpaBAeHHOE ABUXKEHWNE, OHI. CO3Aat0T BOKPYT cebs KaK dNeKTpuyeckoe, Tak
1 MarHUTHoE none.

MazHumHoe nosie — 3mo eud mamepuu, co30a8aeMbltix08UXYUUMUCS
3/1eKmpu4eckuMu 3apaoamu.

Mpupoaa marHuTHOro NofiAl3emny
3emMna Ha cCaMOM Jefie ABAAETCA TUMFaHTCKMM RAaHeTapHbIM «ANHAMO», TO eCTb €€ MarHUTHoe none
CO34aETCA He MOCTOAHHBbIM MarHUTOM, @ KOHBEKTUBHbIMW MOTOKaMU 31eKTPUYEeCKUX 3apsL0B BO
BHELLUHeM fjpe niaHeTbl. MexaHW3m 3Toro/aBneHma cneayrowmnin. BHewHee agpo 3eman coctount um3
XUAKOFO pacnnaBa xenesa v HUKeNs. ABUXKeHne 3TOM XMAKOCTN 06yCI0BAEHO TEMIOBLIMU MOTOKaMM
13 BHYTPEHHErO f4pa U MaHTKK, a TakXe BpaleHneM 3emau. Mpu 3TOM ropsumm XuUaKum MmeTann
NOAHNMAETCS, @ @THOCUTE/IbHO XONOAHbIA — OMyCKaeTcs; TakK
0bpasyroTcs 3aMKHYTble KOHBEKTMBHbIE NOTOKW. B pe3synbraTte
BpaLLeHns 3eMV BOKPYr CBOEW OCU 3TU KOHBEKTMBHbIE MOTOKM Commecranu o
npuobpeTtaroT cnupaneBuaHyo dopmy. Takme KOHBEKTUBHbIE B0 BewHeM Ape " Fermy
LMKl XXMAKOrO MeTanna Co34ar0T B HUX HanpaBAeHHOoe
ABUXeHNe CBOBOAHbIX HOCUTENEN 3apaja, TO eCTb INEKTPUYECKUIA

BHewHee
Aapo

TOK. DTV TOKW, B CBOKO OUepesb, CO34at0T MarHUTHOE NnoJjie BOKPYr / \-\_
3emau (puc. 4.2). ITOT NPOLLECC HA3bIBAETCA «F€O4MHAMO>. Conostie nmnng ~ B 1 \ B
IMeHHO Bnarosaps 3ToMy MexaHM3My naaHeTa 3emas cnocobHa vermmore men

NoALEP>XXMNBATb CBOE MarHWTHOE MoJie Ha NPOTAXEHUM PrcyHok 4.2. KoHBEKTVBHbIE MOTOKM

BO BHeELWHEM dape 3emaun COo34aoT

MWNTNOHOB NET. MarHuTHoe noJie NaaHeThbl.
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Maruutocdepa
MarHuTHOe none 3eMan Ha3sbiBaeTca MmarHutochepon (puc. 4.3, a). MarHutocdepa bbina
BMepBble OnMncaHa aMepurkaHckMmM actpodursnkom yxenmcom Anbdpeaom BaH AnneHom

1 MO3TOMY Ha3blBaeTca «noscamu BaH AnneHa». OH obpasyeTca BcieAcTBMe 3axBaTa
3apsAXKEHHbIX YacTUL, MarHUTHbIM noneM 3emau. «[Moaca BaH AnneHa», npoctmparomeca Ha
AECATKMN ThbICAY KMOMETPOB OT MOBEPXHOCTU 3eM/V, AENCTBYHOT KaK «LLMT», 3aLLMLLAIOLWMNA
XWBbIe OPraHN3Mbl Ha 3emMe OT Pa3pyLUNTENIbHOW SHEPTUN N BPEAHBIX KOCMUYECKUX yYent 13
kocmoca n CosHua (puc. 4.3, b).

a) " b) Fe
F itk |
_'.;"1 |
Marhutocdepa 70 000 kn L F Il
@ k30chepa 1000 km T + _:___1
'§' Tepmocdepa 150-600 ki o | B %

: i & (i
= : : Plh.
Mesocdepa 80 km !

Crpatocdepa 30 km l't L
Tponocgepa 15 kv «[Moac Ban AnneHa» I
WK
PucyHok 4.3~ Marnutocdpepa 3eman

2 Kakow npnbop Bbl cmogenvpoBann?

8 MpuHaane>XXHOCTU: MOCTOAHHbIV MAFHWUT, WENA, CTEKNAHHbIA COCys C BOAOW, Npobka, MarHUTHas

= CTpesiKa, LBeTHas n3oaeHTa.

=

u Xop, paboTtbi

EJ 1. HamarHuTbTe Uiy, nposessa er B 04HOM HarnpasieHnn 20-25 pa3 no MarHuTy, n 3akpenute eé Ha

npobke. NomecTute NpebKy ¢ NMON Ha'NMOBEPXHOCT BOAbI.

2. PackpyTinTe npobKy ¢ Mo Ha'MOBepXHOCTW BOAbI 1 OTNYCTUTe eé. MNocne Toro kak Nnpobka oCTaHOBUTCS,
OTMeTbTE HarnpaB/eHWe, Ha KOTOPOeE YKa3bIBaOT KOHUMKM UMb, === ~—
APUKAEVB KYCOUKN U30/1EHTbI K Kparoseocyaa (puc. 4.4).
CpaBHUTe HanpaB/ieHWe, B KOTOPOM YETaHOBMAACh UMNa, C .
HanpaBAEHUEM MarHUTHOW CTPEAKM KOMMaca, iexallero
pAAOM Ha CTOJIE. PucyHok 4.4.

3. [oBTOpPUTE 3KCNEPVMEHT HECKOBbKO Pa3, 3aKpy4mBas NpobKy, 1 KaXapbl pa3 nocne eé OCTaHOBKM

CpaBHMBaVITe HanpaBJieHWe, KOTOPOeE YKa3biBakOT KOHUYKMKK UTJibl, C HafpaBaeHNeM MarHUTHOW CTpenKu.

O6cyaute

« Mocne Toro kak NpPo6Ky NPOKPYTUIN U OTNYCTUIN, B KAKOM HanpaB/ieHUU YCTaHOBU/IUCD
(YypaBHOBECU/INCb) KOHLLbI UIJ/Ibl Ha €e NOBEPXHOCTU?

 Yto Bbl 3aMeTU/IN NPU CPaBHEHUU 3TOTO HanpaB/IeHUA C HanpaB/JIeHUeM MarHUTHOMN cTpenkn?

 Yto BbI HabAtOA4aIN NPU NOBTOPEHUU 3KCNEepUMeHTa?

« Kakoin BbIBOZ, Bbl CA€/1a/1M U3 3KCNEepUMeHTa: Kako npubop Bbl cmoaennpoBann?
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MarHuTHble nontoca 3eman

MarHuTHble KoMnachkl Ha 3emJie Bcerga ykasbiBatoT Ha CeBepHbI 1 KOXHbIN reorpapuyeckmne
NnoJsiroca NaaHeThl (3a UCKAtoueHnem obiacten B6AM3M caMux NOAOCOB 3eMAM U MECT 3anera-
HWA XKeNe3HbIX pyA). ITO yKa3blBaEeT Ha TO, YTO MarHUTHbIE NOKOCA 3eMAM TakXKe HaXOAATCA
B6mn3n eé CeBepHoro un KO>xHOro reorpaduueckmx NoAKOCOB.

<MOAYMAW

OBCYAN 3emns 061a4aet Kak rpaBUTaLOHHbIM, Tak 1 MarHUTHLIM MOJIEM.
: / n?
MOAENNCH Bonpoc: KakoBbl 06Lyme cBONCTBa 3TUX GU3NUYECKMX NONEN? )

B VII-VIII Bekax kuTanckme XpeLibl 3aMeTUAN, UTO HAMarHUYeHHbIV XXeNe3HbIli CTePSKEHb,

3HaeTe NOABELLEHHbIN Ha LIENKOBOW HUTW, BCErAa yKa3biBaeT B HanpaBaeHUy [oAspHON 3Be34bl, T0

v Bbl? €CTb Ha ceBepO-3anag 3emaun. 3T0 CBOMCTBO HaMarHMyeHHoreMetTasna NprBEeNo K N306peTeHnto
kopabenbHoro komnaca B XI Beke, cHavana B KuTae, a 3atem B ApasBuun.
Ha kapTuHke n3obpaxkeH Takon koMnac, W3rotoBAeHHeIn B CpeaHne
Beka B baraaackon akagemunn. OH COCTOUT N3 HaMarHUYMEHHOW METaNANYECKON
JOXKM, KOTOpas CBOHOAHO BpaLLLAeTCs Ha MeAHOM (MAW AepeBSAHHOWN)

nnacTmHe. He3aBMCMMO OT HanpaB/ieHNA BPALLEHNA IOXKKW,£e pyyKa BCerda

| MOBOPAYMBAETCA U yKa3blBaeT B HanpaseHum FO>kHOro noatoca 3emau.

MpymeHnTe NonyyeHHble 3HaHUA.

3apaua. MarHuTHasa 6yps

Korga B conHeuHour aTMocdhepe NpoUCXOAATIMOLLHbIE B3PbIBbl, MarHUTOCepa Haller niaHeTbl —
«nosca BaH AnneHa» — 3almiLaeT oT CMEPTOHOCHORO BO3eNCTBMA MOTOKA BbICTPO ABMKYLLNXCA
3apsAXXEHHbIX YacTuUL, BbIOpOLEHHBIX'B, KOCMOC, Ha >KMBbIE OpraHn3Mbl Ha 3eme, BKIOYas NtoaeN.
OaHaKko, HeCMOTPSA Ha 3TO, MarHUTHbIE Bypu Takke BO3HUKAOT Ha 3emJie NOC/e MOLLHbIX B3PbIBOB
B COJIHEUHOM aTMOCdepe.

Bonpoc 1. Yto, no Bawemy MHeHUIO, NnpeacTaBnfeT coboil MarHnTHaa 6ypa 1 Kak OHa BO3HMKaeT?
Bonpoc 2. MOXHO /11 3aLLUTUTBCA OT MarHUTHOWN H6ypun?

Bonpoc 3. Ha uto ele Ha 3eMg, MTOMVMO >KMBbIX OPraHM3MOB, MarHuTHas byps okasbiBaeT
HerawiBHOEe BO34eNCTBNE?

MpoBepbTe MOAYYEHHbIE 3HAHUA

1. 3eMAs — rMraHTCKUiA NPUPOAHbBIA MarHuT. Kak 1y obbl4HOro MarHuTa, eé MarHMTHoe noje nvmeet
3aMKHyTble CM0BbI@ IMHWK, a cama naaHeTa nmeeT CeBepHbI U KOXHbIV MarHWTHblE MOOCA.
Bonpoc 1. Ha marHuTHOe nose yero, No cBoen Gpopme, MOXOXe MarHUTHoe nosae 3emam?

1- noaKkoBOOGpPA3HbIN MarHmT 2— NMONOCOBOW MarHUT ~ 3— NPSAMOW NPOBOAHUK C TOKOM
4— MarHuT NpounssoabHOM GopMbl  5— KpyroBou Tok
A) ToNbKO 1 B) Tonbko 3 C) Ttonbko 2 1 5 D) Tonbko 2 n 3 E) Tonbko 4

Bonpoc 2. 13 kakoro matepuana ciesyet CTPOUTb UCCAeAoBaTeNbCkue Cysa, U3ydaroLume
MarHuTHoe noJsie 3emMan: n3 ctaan uam gepesa? OH60CHyTe CBOW OTBET.
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Bonpoc 3. Kakoe HanpaB/iieHUn Bceraa ykasblBaeT FOXKHbIN MOJKOC CTPeKM KoMmnaca?

1- Ha KO>HbI reorpaduyeckmii nontoc 3eman 2— Ha HO>HbI MarHUTHbIV NOOC 3emu

3—- Ha skBaTtop 3eman 4— Ha CeBepHblin reorpapuyeckunin Noatoc 3emam
5- Ha CeBepHbIN MarHUTHbIA NOAKOC 3emMan

A) Tonbko 1 un 2 B) Tonbko 2 C) Tonbko 1m 5 D) Tonbko 3 E) Tonbko 2 n 4

Bonpoc 4. B kaknx obnactax 3emMan ncnoab3oBaHne kommnaca 6ecrnonesHe

2. B nepBou nonosuHe XIX Beka ppaHLy3ckmi yuéHbii PpaHcya Aparo o
Ha3BaHWeM «[POM 1 MONHMA» K OMMCaN MHTEPECHBIV CyYait: «8
«KBuk» yaapuna monHusa. C HacTynaeHnem Houu B
M3 TPEX KOMMacoB Ha kKopabne yka3blBaa Ha tor, a

N ABYX
TpeTbero

KOMMaca ykasbiBaj Ha 3anag,...»
Bonpoc. Kak 6bl Bbl 06BACHUAN NPUYNHY 3T’ﬂBﬂeHM
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4.1.2. NHaykuma MmarHUTHOrO noJis

Ecan nnocknin MarHUT MOMECTUTb Ha MOACTaBKY, a BOKPYT HErO PacrnonOXMThb
MarHWTHblE CTPEKW, TO OHWM MOBEPHYTCA N BLICTPOATCA ONpeseNeHHbIM
obpasom (puc. 4.5).

Ecnn BOKpyr NONIOCOBOroO MarH1Ta paccbinatb Xene3Hble Onuaku,

TO OHW 06PA3yHOT Y30p, Ha3blBaEMbIV «MAarHUTHBIM CMIEKTPOM», Kak
NMoKa3aHo Ha pucyHke 4.6.

- KakoBa 0611258 3aKOHOMEpPHOCTb B y30paX, 06pa3oBaHHbIX
MarHMTHbIMM CTPE/IKaMU U KeNle3HbIMM ONWJIKaMih, B 3TUX
3KCMepUMeHTax € N10CKUM MarHuTom?

 Kakue BbiBOgblI 0 popme U xapaKTepucTMKaX:MmarHMTHOFO nons
MOXXHO cAenaTb U3 3TUX HabaroaeHnin?

PucyHok 4.6.

[ KntouyeBble C0OBa CMNoBblE NMHUN MAarHMTHOTO NOAA, MHAYKUUA MarHUTHOTO MO, «MarHUTHbIN CI'IeKTp»]

NccnepoBaHne B3aumMoaencTBUA MarHMTHbIX NoJiev

MpuHaaNeXXHOCTU: UCTOYUHUK TOKa (BEINPAMUTE L), PEOCTAT, Namna, aMNepMeTp, MarHUTHas CTPeska,
CoeanHUTENbHbIE MPOBOAA.

AEATENIBHOCTb

Xop, paboTbi

1. CobepuTe anekTpuUeckyro Lenb A0 Cxeme, U300PasKEHHOM
Ha pucyHke 4.7.

2. 3aMKHUTE KNHOY, MOAHECUTE MarHUTHYHO CTREJIKY K MPOBOAHVKY U
noHabAroganTe 3a N3MeHeHneM eé NePBOHAYaNbHOIO NMOJIOXKEHWA.

3. YBenn4ymBanTte 1 ymeHblualiTe TOK B LieMNn C MOMOLLbIO peocTaTa,
yAanante MarHUTHyrO CTpenky of Lenv, a 3aTem CHoBa Npubanxante
eé. Kaxzabln pa3 obpallariTe BHUMaHVE Ha U3MEHEHWE HanpaB/ieHNs

MarHUTHOW CTPesKu. (E\\
4. HakoHeL, pa3oMKHWTE Lenb 1 noHabatogante 3a noBegeHnemM IL\___/"

MarHUTHOW CTPEeNKU.

Ob6cyaute

+ Yto Habntoganock Npy NpUBANKEHUN MarHUTHOM CTPENKu K ""/T
NPOBOAHUKY C TOKOM?

« Kak pearvpoBana MarHMTHas cTpesika Ha U3MeHeHue HarnpaB/ieHus Prcyrok 4.7.

TOKa B uenun?
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« Kakve nsmeHeHuns Habnoganncb co CTPeNKOW Npu YBEIMUEHUN U YMEHbLUEHUWN TOKa B LiENU, a Takxke
npu yaaneHnm MarHMTHOW CTPeNKX OT MPOBOAHMKA U NPUBANKEHMN K HeMy?

* Yto npounsoLuno ¢ HanpaB/JieHNEM MarHUTHOW CTPEIKU NpU pasMbiKaHUM Lenu?

« Kakoi BbIBOg MOXHO caenatb u3 akcnepumeHTa? ChopmynmpyiTte CBOKO FMMNOTE3Yy.

NHAyKuuA MarHMTHOro nons
Cunosasa xapakmepucmuka MAazHUMHO20 NOJIs YCI08HO HA3bIedemcsa UuHOyKyueu
M@2HUMHO20 NOJISi (UIU COKPAUjeHHO «MazHUMHas uHOykyus»). OHa obosHauaercs
bykBon B n nmeet eannnuy nameperusa B CU tecna (1Tn).
JKCNEePMEHTaNbHO YCTaHOB/IEHO, UTO UHAYKLIMA MarHMTHOro noag‘Ha Npon3BoJIbHOM
PacCTOSHUN I OT NPOBOZAA, MO KOTOPOMY. TeyeT Tokdl, 3aBUCUT OT €AY OLLNX BENNYNH:

N

r

WHayKLma MarHUTHOro Nosisl = 3T, BEKTOPHast
dur3nyeckas BeAUYMHa.
HanpaeseHue sekmopa mazHumHou uHOykyuu
cosnadaem c HanpaeJ/ieHuem ceaepHO20 NOJICa
M@e2HUMHOU cmpe/iku, pAcno10XeHHOU 8 OGHHOU mouyke
3moe2e nosiA (puc. 4.8, a).

JNINHUMMHAYKUUIA MarHUTHOro Nons

MarHutHoe noae HEBUAMMO, HO €ro MOXHO
1306pa3nTb C MOMOLLbHO CUI08bIX IUHULU MA2HUMHO20
nosda (Uau AUHUU MazHUMHoOU UHOyKyuUU).

* JluHUU M@2HUMHOU UHOYKYUU — 3o makue JUHUU
M@2HUMHO20 NOJIsl, KacamesibHas K KomopbiM 8 /1robol
mouke coeggaaem C HanpaesieHuem 8ekmopa MazHUMmMHou
uHOykyuu B 8 smoul mouke (puc. 4.8, 6).

PrcyHoK 4.8. BekTop MHAYKLUN MarHUTHOLO A0AA «LLel_lOLlKVI», O6pa3OBaHHb|e MarHUTHbIMU CTPENKAMU B
MarHUTHOM MoJie, MOBTOPAOT GOPMY IMHUAM MarHUTHOW
WHAYKUMW. BHE MarHuTa IMHWN MarHUTHOM MHAYKLIMW
BbIXOAAT U3 ero ceBepHoro nostoca (N) n BXxoaaT B ero
FOXKHbIV NMOJHOC (S). BHYTpW MarHuTa AMHUM MarHUTHOM
NMHAYKUMK npogokarotca oT S K N v 3ambikatotcs. B Tex
MecTax, r4e IMHUM MarHUTHOW MHAYKLMM PacroNoXeHb!
ryie, MarHUTHOe Nnose CUbHee.

» MazHumHoe nosie sg/19emca suxpesoiM: JUHUU
UHOYKYUU noJisi 8ce20a 3aMKHyMbl, Mo eCmb y HUX Hem
HU Ha@4yasaa, HU KoHUa.

OueBMAHO, UTO Yepe3 NPOU3BOJIbHYH TOUKY
MarHWUTHOTO MOAA MOXET HbITb MPOBeAEHa TONbKO OfHa
NVHUA MHAYKLMW MAarHUTHOTO MOASA, NOCKOJIbKY BEKTOP

PucyHok 4.9. JIHUM MarHUTHOro nons
MOCTOAHHOrO MNOAKOBOOBOPAa3HOro MarHuTa.

64




MarHutHoe nose « 4.1 MATHUTHOE MOJIE. MATHUTHOE MOJIE TIEKTPNYECKOTO TOKA

MarHUTHOW MHAYKLUUKN B Nt06ON Touke .
OAVIAZN  Yem marHuTHOe mone oTauYaeTcs ot

NPOCTPaHCTBa MMEET TOJIbKO O4HO

P P . A -OBCYAN anekTpocTaTnyeckoro nona? MNepeunc-
onpeAenéHHoe HanpasaeHune. 10 *NOAENNCH VT Ba OTANUNS,
O3HayvaerT, UTo JIMHUUN MarHUTHOWM

NHAYKLUMW HUKOTAA He nepeceKkaroTcsa.
KapTvHy AMHWIA MarHUTHOW MHAYKLMM MOXHO «yBUAETb» 6onee HarnsagHO C MOMOLLIbHO KeNe3HOro
nopoLLKa (>KenesHblx onuaok). [NMpm 3TomM Kaxaasa YacTnyKa Xele3HOro NopoLLIKa, PacCbiNaHHOro B
NMOCTOAHHOM MarHUTHOM MoJ1e, HaMarHM4YMBaeTCs, NpespaLLascb B MaleHbKyH0 MarHUTHYO CTPeNKY

1 Nog, AeVCTBMEM MOAA HaNPaBAAETCA BAOb JIVHUA NHAYKLUWW. OTa KapTVHa, CO34aHHasn Xene3HbIM
MOPOLLUKOM, AaeT BMU3yasibHOE NpeAcTaB/IeHNEe O JIMHUAX UHAYKLUUW MarHUTHOTO A0S (CM.: PAC.

4.6). Takas KapTWHa Ha3blBaETCA «MA2HUMHbLIM CNEKMpPOM». B HEKOTOPBbIX C/lyyasX MOXHO' CO3aTb
MarHuTHoe nose, B KOTOPOM JIMHUN MarHUTHOM MHAYKLMW NapannenbHbLAPYr ApYry U pacrnpeseieHb
C OAMHAKOBOW MJIOTHOCTbIO. Takoe Mose Ha3blBaeTCa OAHOPOAHBIM MArHUTHBIM noaem. Mpuvepom
OZlHOPOAHOrO MarHUTHOTO MOAA ABAAETCA NOoJe MeXAy NOAcaMu yroobpasHoro marHuTa (puc. 4.9).

anIMEHI/ITe nony4yeHHbleé 3HaHUNA

Mpumep. Ha pucyHke 4.10 nokaszaHbl «poTtorpadpum» AMHUM MarHATHEro Nons, NOAyYeHHbIE B XOA4e
3KCNEepPUMEHTa C UCMONb30BaHMEM XeNe3HOoro NOPOLLKa OT HeMapKNPOBaHHbIX MJIOCKNX MarHUTOB.
MarHuTHasa cTpenka Hanpas/eHa K MarHuty 1 CBOUM, Fo>XHbIM AesitocoM. Ha 06omx pncyHkax oamnH
M TOT >Ke MOJIFOC OAHOTO N TOTO Xe MarHuTa obo3HaueH unbpom «2».

Bonpoc. Kakne 13 cnesyroLmnx yTBepXAEHNA BEPHbI?

a — MarHuTHoe AencTBne MarHvTa 3aBUCUT OTyMaTepuana, 13 KOTOPOro OH U3rOTOB/EH.

b — Ha pucyHke A marHuT 1 HanpaBaeH K MAarHUTY 2,CBOUM CEBEPHbIM MOJFOCOM.

¢ — Ha pucyHke A marHuTbl 1 U2 NOBERHYTHI APYr K APYFY OAVHAKOBbLIMW NOAKOCAMM.

d — Ha pucyHke B marHut 3HanpasieH KiMarHTy 2 CBOUM HOXKHbIM MOJHOCOM.

e — Ha pucyHke B MmarHuTbl 2 1 3 NOBEPHYTBLAPYT K APYrY OAHOMMEHHbBIMW MOAOCaMMU.

f — Cuna B3anmogencTema Mexay/MarHnTamMm 3aBUCUT OT PACCTOAHNUA MEXAY HUMM.

PucyHok A PucyHok B

PucyHok 4.10. JINHWUM MarHUTHOTO MoaA MPAMOTO MOCTOAHHOTO MarHUTa.
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MpoBepbTe NoNyyeHHble 3HaHUA

1. NMouemy Takve MaTepuanbl, Kak AepPeBo, CTEKNO U MAACTUNMH,
He HamMarHM4YMBakTCS B MarHUTHOM MoJie \ /

2. Ha pucyHke 4.11 nokasaH NAOCKUA MarHUT 1 IMHUM
NHAYKLMM ero MarHUTHOro noss. OnbIT MOKa3bIBaeT, YTO B
Nto6b0oVi TOUKE MarHMTHOrO MOAA HanpaBieHUe IMHUA UHAYKLMM
COBMajaeT C HanpaBAeHEM CUJIbl, JEACTBYIOLLEN Ha CEBEPHbBIN
MOJILOC MIOCKOrO MarHnTa, MOMELLEHHOrO B 3Ty TOuKy. l'ycToTa
JMHWUW MarHWTHOTO MO/A XapaKTePU3yeT BENNUYNHY (MOAY/b)
MarHMTHOro AercTBUA B AaHHOW 0baacTn NpocTpa
Bonpoc 1. B kakon 13 Touek X 1Y ceBepHbI NOA
MarHuTa 6yaeT noaBepeH 60ablUeMy BO3AEUCTBUIO?
Bonpoc 2. Kyaa 6yaet HanpaBaeHa cuna, ae yroLas

CeBepHbIV MNOAKOC APYrOro MarH1Ta, MOMeLLLeHHOr vcyHok 4.11.
Y — BBEPX WM BHU3 B NMJIOCKOCTU PUCYHKA?

3. Cuna TOKa B ANMHHOM NPSAMOM NMPOBOAHUK
Bonpoc 1. Kak n3MeHNTCA MOAYNb MarHUTHOW m
Bonpoc 2. Ha KkakoM 13 pacCTOAHWIA QT AaHHOTO
WHAYKLUMA MarHMTHOro noas 60.b

a TOKa YBE/IMUNTCA B ZBa pa3a’
oM — 12 MM, 8 MM U 2 MM —
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4.1.3. MarHutHasa nHAyKUMA NPSAaMoro
NPOBOAHMKA C TOKOM

Ha pucyHke n3obpaxkeH npsMor NPOBOAHWK C TOKOM.

- Kak HanpaBneHa MarHUTHasA UHAYKLUUA B «<BEPXHEN» U «HUXKHeW» YacTax RPOBOAHMKa C
TOKOM, PacrnoJIOXXeHHOro B MJIOCKOCTU M306parkeHus, a Tak)Ke B Bo3ayxe'MeXay nNpoBoaoM
1 Habawpgatenem?

[ (GICEERERle:EN  npsMOii NPOBOAHWVK C TOKOM, BUXPEBOE NOJie, MPaBwao BypaBukika, pPaBMio NpaBon pyKM]

JINHUM MarHMTHOW MHAYKL MM NPAMOro NPOBOAHUKA C TOKOM.

N
= >
= MpuHagne>xHocTK: nabopaTopHbIN KOMMNIEKT «MarHUTHOEe Ro1e», NCTOYHUKNOCTOSIHHOTO
I TOKa, ra/ibBaHOMETP, PeOCTaT, K/, XeNe3HbIA MOopPOLLOK, MAaFHUTHbIE CTPENKNU (4-5 wTyK),
E coeAnHUTENbHbIE MPOBOAA.
[°N
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Xop pabotbi
1. CobepuTte cxemy, NokasaHHYyo Ha pucyHke (puc. 4.12, a).

I@—a#—
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PucyHok 4.12

2. MogxntounTe K pasoMKHYTBIM KOHLIaM Lieni KNeMMbl yCTPOMCTBA M3 1abopaToOpHOro KOMMIEKTa,
npegacraBasatoLwero cobor NAOCKyH NAACTUHY, € 3aKPEnIeHHbIM NEPNEHAMKYAAPHO el NPAMbIM Y4acTKOM
nposoga (puc. 4.12, b).

3. HacblbTe Ha NOBEPXHOCTb NAACTUHKM >XeNE3HbI MOPOLLIOK, 3aMKHUTE Lenb 1 obpaTnte BHMMaHWeE Ha
bopMy AMHNI MarHUTHOTO Noas NPAMOFO MPOBOAHMKA C TOKOM.

4. Pa30MKHUTE LieMb, YAanuTe XXeNe3Hbli MOPOLLOK M pacnosoXmTe BOKPYr MPOBOAHMKA MarHUTHbIE CTPENKU
(puc. 4.12, €). 3amKHUTe Lenb 1 ORpeaenvTe HanpaBAeHNsA BEKTOPOB NHAYKLIMW B Pa3HbIX TOYKaX
MarHMTHOrO MOJS, TOKa.

5. MoBTOpWTE 3KCAEPUMEHT, USMEHNB HanpaBaeHWe TOKa B MPOBOAHMKE (415 3TOro MOMeHANTe MecTaMu
NPOBOAA, MOAKNHOYEHHBIE K KNeMMaM YCTPOMCTBA), U NoHabatoganTe 3a MPONCXOAALLUM.

O6cyaute

» Kakyto ¢popmMy npuHMMalOT CM/I0BbIE IMHMN MarHUTHOTO MOJIA, CO3,aBaeMOro BOKpYr NpAMoOro
NpoBOAHMKA C TOKOM?

» Kakoe nsmeHeHue Habioan10Ch B NOJIOXKEHUM MarHUTHBIX CTPEJIOK KOMIaca, Korga ToK Npoxoan/
BepTUKa/JIbHO BBEPX U BHU3 MO NPAMOMY npoBoay?

» Kakow BbIBOA MOXKHO cAenaTb O HanpaB/ieHUN BEKTOPa MHAYKLIMM MarHUTHOTO No/s NPsAAMOro
NPoOBOAHMKA C TOKOM?
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Taknm 06pa3om, pesy/bTatbl NCCNE[0BAHNSA, CIeAyOLME:

1. DKCNEePUMEHT C Xele3HbIM MOPOLLKOM NMPOAEMOHCTPUPOBA,
YTO MarHUTHOE MoJie, CO34aBaeMoe BOKPYr MPAMOro ] ,
NPOBOAHMKA C TOKOM, UMeET BUXPeBYHO GOpPMY M NpesCcTaBaseT
coboW 3aMKHYTbIe KOHLEHTpUYeCcKne Kpyru (puc. 4.13). " '

2. [pn n3meHeHnn HanpaBaeHNsA TOKa B MPOBOAHMKE CTPENKM
Komnaca nosopaymatotca Ha 180°. ChepoBaTenbHO, HanpasaeHne
BEKTOpPa MHAYKLIMN MarHUTHOrO Mo/, CO34aBaeMoro TOKOM, 3aBUCIAT
OT HanpaBsJieHUda ToKa B NPOBOAHMKE.,

H P Up A 6 6 PucyHok 4.13.
anpaB/iieHe MarHUTHOM |:|Hp,y|<u,vw| yaobHee onpeaenatb 6e3 MarHATHO® Mose
NCNONb30BAHNA MAarHUTHOW CTPEKK, C MOMOLLbIO ABYX NMPaKTNYECKUX APAMOro NPOBOAHMKA

npaswa. 3TO NpaBuaa bypasyuka n Npasusio NPasou pyKus C/TOKOM.

./

MpaBuno 6ypaBumka AnA NPAMOro NpoBOANVKAE' TOKOM

Eciu nocmynamesibHoe d8uxkeHUe NpasoeimopoHHe20 bypasyuka cosnadaem ¢ Hanpas/ieHuem
moKa 8 NPo8oOHUKe, Mo Hanpas/ieHuUe 8pateHuUs pykosimku bypasyuka bydem ykaseieame
Hanpae/ieHue 8ekmopa MazHUMHoU UHOyKYyuUgco30asaemoae. smum mokoM (PucyHok 4.14).

‘{embtpe nanbyd NOKA3LIBAIONL Hanpaeflcﬂue
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PucyHok 4.14. MNpasuno PucyHok 4.15. MpaBunao npaBon pyku PucyHok 4.16. Cxema ANHWIA
bypaBumKa MarHWTHOro NOASA NPAMOro

npoBOAHMKa C TOKOM.
flpaBvaio npaBoii pyKy A4S NPAMOro NpoBOAHMKA C TOKOM
Ecnu meicneHHo obxg@mume npsmMol Npo8oOHUK C MokoM npasoli pykol mak, 4mobel
omozHymeIU 6016WOU nasey ykasel8aa HaNpasieHUe moka, mo 4emeolpe CoO2Hymebix naasya
YKaxXym HahpaéaeHue AUHUU Ma2HUmMHoU UHOYKyuu MazHUmMHozo noss (pwc. 4.15).
Ecav npsiMOM APOBOAHMK C TOKOM PacroioXeH NepreHANKYASPHO NAOCKOCTA PUCYHKA,
HanpaB/eHWE ToKa B HEM Ha CXemax yKa3blBaeTCs CiesyoLmmM obpazom:
* €C/IN TOK HaMnpaB/ieH OT HacC B MAOCKOCTb PUCYHKA, OH 0603HAYaeTCs 3HAKOM «X» BHYTPWU
OKPY>XHOCTW. B 3TOM cnyyae MHAYKLMA MarHUTHOTO MO/ HanpaB/ieHa No YacoBOW CTpesike
(puc. 4.16, a);
* eC/IM TOK HanpaBJ/eH U3 MAOCKOCTU PUCYHKa K HaM, OH 0603HavaeTcs 3HakOM «*» (TOUKa)
BHYTPW OKPY>XHOCTW. B 3TOM ciyyae MHAYKLUMSA MAarHUTHOMO MOAs HanpaB/ieHa NpoTuB
yacoBown cTpenku (puc. 4.16, b).
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w JluHUU MazHUMHOU UHOYKYUU, nepneHOUKYIapHble NJI0CKOCMU pucyHKa, 0603Ha-
4armMCcsa Ha cxemMax mo4Yykamu u kpecmukamu. Ecnu eekmop MmazHUMHoU UHOyKyuU
npedcmasume cebe 8 sude cmpesiku (puc. 4.17), mo AUHUU MazHUMHoOU UHOYKYUU, HanpasieHHsele
nepneHOUKY/IIPHO NJIOCKOCMU PUCYHKA K Ham, obo3Hayaromcs moykol (kak ecau bel Mol sudenu
ocmpue cmpesiku).
JluHUU UHOYKYUU MA2HUMHO20 NOJISl, HaNpasieHHele NepneHOUKY/IAPHO OM HAC 3d.AAOEKOCMb
pucyHka, obo3Ha4yaromcs kpecmukom (kak ecu 6el Mel sudesu onepeHue yoassrouletica cmpesiku)
(puc. 4.17). Hanpumep, 1uHUU UHOYKYUU MA2HUMHO20 NoJis, c030asaemMo20o npsamMsiM npo8OOHUKOM
C MOKOM, pacno/ioxeHHbIM 8 NJIOCKOCMU pUCYHKA, Chpasa u c/1eea om nposodHuUka o6o3Hayaromcs
MOYKAMU U Kpecmukamu 8 3asucuMocmu om HanpasJ/ieHus 3mo2o moka (pue. 4. 18)f dmu 3Haku
onpedesiaromcs no npasusy bypas4uka uiu npasuiy npasou pyKus

— o o { I
B Bektop vHaykumm — e x X =
Be e X X x x e o
= e 0 X X X X o o
@ B Hanpasien nepnexavkynspHo < X - xx |y oo
MIOCKOCTM PUCYHKA K HaM o o X X X X { I
o0 “I X, x X X )
e o x X Bx x o0
X _B' HanpasneH nepneHamkynapHoO o 0 X X X X PP
MIOCKOCTW PUCYHKA OT Hac ) 3 o ° o
i i
PucyHok 4.17. YcnoBHbI 3Hak HanpaBaeHUs PrcyHok 4.18. HanpaeneHve BekTopa MarHUTHOW MHAYKLIMN
BEKTOPa MHAYKLMMN B NIOCKOLTU PUCYHKA. B\MIOCKOCTW PUCYHKa CripaBa 1 cieBa OT NPAMOro
MPOBOAHMKA, MO KOTOPOMY MpOTeKaeT TOK.
MOAYMAW Tok B NpsAMOM APOBOAHMKE HarpasJ/ieH U3 ANOCKOCTU PUCYHKA K HaM.
*ObCYAN Bonpoc: Eciv pagom ¢ npoBOAHNKOM MOMECTUTb KOMMAac, Kak yCTaHOBUTCA ero
JUSSAICEY  MarHuTHas cTpenka?
MpumeHuTeQOAYYEHHDbIE 3HARNA
Mpumep. Ha pricyHke nokasaHb! ABa NPOBOAHMKA C TOKOM. _ +

Bonpoc 1. Kyaa HanpaesieH BEKTOP MarHUTHOW MHAYKLUUN Hag v

PucyHok 4.19
nog, NPOBOAHVKOM C TOKOM, N306paxkeHHbIM Ha pucyHke 4.19?

o 02
Mepepwucyiite nsobpaxkeHne B TeETPaAb N YKaXX1Te HanpabieHNUs
BEKTOPOB VMHAYKLMUW.

o1 |® o3
Bonpoc 2. Ha pucyHke 4.20 n3obpaxeHo nonepeyHoe ceyeHme
NPAMOro NPOBOAHMKA C TOKOM. TOK Hanpas/ieH 13 NaoCKOCTH PucyHok 4.20

pUCcyHKka K HabarogaTento. Kyaa HanpaB/ieH BEKTOP MarHUTHOWM
NHAYKUMKM B Toukax 1, 2 n 37




Bonpoc 3. B kakori 13 Touek 1, 2 1 3 MarHUTHOTO NOAS TOKa YMCAEHHOE 3HaYeHMe UHAYKLIUK
MarHUTHoOro nons 6yaet HanbonbwM? MNouemy?

MpoBepbTe NnonyueHHble 3HaHNA

1. Ha pucyHke 4.21 n3obpaxkeH NpsiMOM MPOBOAHMK C TOKOM.
Bonpoc 1. Kak HanpaBneHO MarHnUTHoe nose B Touke M?
Bonpoc 2. Kak HanpaBieH BEKTOP MarHUTHOW MHAYKLIUW B MPOCT
NPOBOAHNKOM W1 Habtogatenem?

NO

Bonpoc. Ha kakmx cxemax npaBu/ibHO n3obpaxe Pucyrok 4.21

MarHMTHOro nonsa?
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4.1.4. MarHuTHOe nosne Kpyrosoro
NPOBOAHMVKA M KaTyLIKN C TOKOM

o o a)
Bbl Hay4nJINCb NETKO ONpeaeaATb HarnpaBieHne JTMHNN MarHNMTHOW

MHAYKUMM NPAMOTO MPOBOAHMKA C TOKOM, MCMOb3yA MNPaBUIO
BypaBuvika UaM NPaBUIO NPaBOMN PyKMN.

- Kak onpegenuTtb HanpaB/seHWe IMHUA MarHUTHOW MHAYKL NN
KpYyroBoro npoBoAHMKa ¢ TOKOM (puc. 4.22, a) N KaTyLlKu ¢
ToKOM (punc. 4.22, b)?
« Ecav marHuTHasa cTpesnka nomewieHa B TouKy M Ha naiockow b)
NOBEPXHOCTU, Uepe3 KOTOPYIO NPOXOAUT KPYI/ibl MPOBOAHUK C
TOKOM, TO KaK 6yaeTr HanpaBaeHa cTpesnka?
« Ecnam marHnTHas cTtpenka nomelleHa B Touky N paagom ¢
KaTyLWKOMN, TO Kak 6yaeT HanpaB/ieH ee CeBepHbIii noroC?

Onpepenetiie MarHMTHOro NonA Kpyro- C (TN [o):El  kp)roBOii MPOBOAHMK, KaTyLIJKa>

PrcyHok 4.22

0
g BOro NPOBOAHMKA M1 KaTyLLKN C TOKOM.
T MpuHapgneXXHOCTU: NA0CKasA NAacTMHa C KPYroBblM NPOBOAHUKOM (puc. 4.23, a) 1 KaTyLLKa,
= NponyLLeHHas Yyepes MAOCKYH NaacTuHy (puc. 4.23, b) 13 naboparopHoro komnaekta «MarHuTHoe
E nofe», NCTOYHUK NMOCTOAHHOIO TOKa, FafibBBaHOMETP, RPEOCTAT, KAHOY, Xene3Hble ONUAKK, ABe
57 HeBonbluve MarHuTHble CTpenku, CoeanHUTENIbHbIE TPOBOAA.
Xoa pabotbli )

1. CobepuTe anekTpuyeckyr Lenb no cXxeme, M3y4eHHon Ha |
npeaplayLiem ypoke (cM. puc: 4.12; a). ¢
2. MNogcoeanHWTe 3aXXKMMbl YCTPONETBA C KPYroBbIM MPOBOAHUKOM K
OTKPbITbIM KOHL,AM Lienu.
3. MNocbInNbTe NOBEPXHOCTb MNAACTUHbI XKENE3HBIM MOPOLLKOM (ONnaKamm),
3aMKHUTE KU 1, C1erka NocTykMBas Mo naacTMHe KapaHAalloMm, NoayymTe
4YETKO BAUMBIV «CMEKTP>» MarHUTHOrO MoJisi KPYroBOrO NPOBOAHMKA C TOKOM. )
4. Pa3oMKHUNTE LieMb 11 MOMECTUTE MarHUTHYH CTPEsIKY B LLEHTP KPYroBoro
NPOBOAHMKA HA AAOCKOCTU: 3aMKHUTE KoY 1 obpaTnuTe BHUMaHWe Ha
OpPVIEHTALMIO MarHUTHOM CTPEesKM.
5. lameHunTe HanpaBAeHWE ToKa 1 NOHabAtoaanTe 3a U3MEHEHNEM
NONIOXEHNS MarHUTHOWN CTPeKM.
6. NoBTOPUTE 3KCNEPMMEHT C KaTyLLIKOW C TOKOM 1 obpaTTe BHMMaHWe Ha
dopmy co3aaBaemMoro ero «cnekTpa» MarHMTHOro noAs.
7. NomecTuTe MarHUTHbIE CTPENKN PAAOM C KOHLAMM KaTyLIKWU C TOKOM U
noHabarozanTe 3a UX HanpaBAEHUEM.
8. VIameHuTe HanpaBaeHne Toka B KaTyLUKe 1 NOHabatoganTe 3a MPOUCXOAALLUM.

PuncyHok 4.23
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O6cyauTe

* YeM IMHMN MarHUTHOM MHAYKLIMWN KPYroBOTro NPOBOAHMKA C TOKOM OT/IMHYAIOTCA OT JIMHUMN
MarHMTHOM MHAYKLMWN NPAMOro NPOBOAHUKA C TOKOM?

- Kakoe HanpaBneHue yka3sbiBa/sla MarHMTHas CTpesika, pacno/ioXXeHHas B LLeHTpe MJI0CKOCTH,
KOTOPYIO NPOHU3bIBaeT KPYroBo NPOBOAHUK C TOKOM?

« Mpy noBTOpPEHMM ONbiTa C KaTYLLIKOW C TOKOM, Ha MarHUTHOE MNoJie KaKoro Tesia 6yayT noxoxxm
no ¢popme cospiaHHble €0 IMHUN MarHUTHOM MHAYKLN?

MarHuTtHOe nosie Kpyrosoro TokKa

HanpaBneHve MarHMTHOW MHAYKLMN KPYroBOro Toka 3aBUCUT OT HanpaBaeHus
TOKa W NIerko onpeaenseTca ¢ MOMOLbIO MarHUTHOW cTpenkusdEcnn marHntTHom
CTPeNKn HeT, ANA 3TOW uenn yao6Ho ncnoab3oBarb NPaBuIO MPaBoOn PYKN nam
npasuao 6ypaBuuka.

lpasuno npasoli pyku 019 Kpy208020 MOKA: ec/u MbICAeHHO 0bx8amume

npaesoli pykoli Npou380/1bHsili, y4acmok Kpy208020 npo80OHUKA mak, 4Ymobbi
omcmaesieHHobIU 6016WOU NAJley, yKassi8aa HanpasseHue mMoKa 8 3moM y4acimke,
mo Yemsipe CO2HyMbIX NAbya ykaxym HanpassieHue AUHUU Maz2HUmMHou UHOyKyuu
8 amom y4yacmeke (puc. 4.24).
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PucyHok 4.24. Mpaswnno PucyHok 4.25. MNpasunno bypaBunka C NpaBow PncyHok 4.26. MNontoca
npaBoW Pyku /151 KPYroBOro HaceuKow A4 KPYroBoro Toka MarH1MTHOro NoAs
TOKa KpyroBoro Toka.

Mpasuno 6ypas4yuka c npaeoli Hace4Kkol 01 Kpy208020 moka: ko20a

pyKoAamKa 8UHMA spawaemcsa 8 HanpasJ/eHuuU Kpy208020 mMoKd, HanpasJseHue

€20 hotmynamesieHo20 dsuxeHus bydem ykassleame HanpasaeHue UHOyKyuu
MA2HUMHO20 hoJig 8HymMpu Kpy208020 moka (puc. 4.25).

Yacme, 20e auHUU MazHUMHoU UHOYKYUU 8bIX00SiIM U3 NJIOCKOCMU Kpy208020 MOKA,
A8/19emcs cegepHbIM NOJIOCOM €20 MA2HUMHO20 NOJIs, d 4acme, e0e IUHUU UHOyKyuU
8x00Am, A8/19eMCs FOXKHbIM NOJIOCOM 3Mo20 nosAa (puc. 4.26).

MarHuTHoe nose KaTywKn ¢ TOKOM
13 npoBeAeHHOro BamMu OnbITa BbIACHWIOCh, UTO KapTUHA JIMHUA MarHUTHOW MHAYKLN
KaTyLUKM C TOKOM HanoMWHAET KapTUHY TNHUIA MHAYKLIMM NAOCKOrO MarHuTa (puc. 4.27).
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Kak 1 B NI0CKOM MarHuTe, MarHUTHOE MoJie KaTyLUKW C TOKOM MMEET /iBa MNOHOCA: CEBEPHbIV N FOXKHbIN.

Montoca KaTyLKM PacnosioXeHbl Ha eé KpasX.

Montoca MarHMTHOrO NOAA KaTyLIKW C TOKOM Tak>Ke MOXHO ONpeaennTb ¢ MOMOLLbHO NMpaBuia NpaBoi

PYKV Uav npasmna bypasuuka.

lMpaesusio npaeoli pyku 015 kKamyuwiKu ¢ MOKOM: ec/iu 06x8amume KamywKy 1a00HbH Npasoli pyku

mak, 4mobsl Yemsipe NAsbya ykasel8dau HanpasaeHUe moka 8 eé sumkax, mo omozHymsili 60/16uiol

nasey ykaxem HanpasjaeHue JUHUU MazHUMHoU UHOyKyUuU 8Hympu Kamywku (puc.
I

li ! {p :

PucyHok 4.27. CXOACTBO JIMHUA MarHUTHOW 1 Lummn N C TOKO

OCKOro MarHuta.

PucyHo w 0 NpaBoOW PyKWN A/1A KaTyLLKN C TOKOM.
Jp(eyis

OBC Kak MOXHO chopmynmpoBaTb NpaBuio BypaBumka AN KaTyLWKK C TOKOM,
L] ‘)I N
MMOAENUCLE NMPOUNNHOCTP WY aB ero cxemomu?

MpumeHuTte nonyue

Mpumep. Ha pucyHke 4.29 nokasaH KpyroBou NPOBOAHMK C TOKOM.
Bonpoc 1. Kak HanpaBaeH BEKTOP MarHUTHOW MHAYKUMK B Toukax Y n Z?
Bonpoc 2. Kakoy Nostoc MarHUTHOro NoAs, Co34aBaemMoro Kpyrosbim
TOKOM, obpalleH K HabatogaTento (HaxogMTCsa nepes NNOCKOCTbHO PUCYHKA):
CEeBEPHbIN NN HOXKHBINA? PucyHok 4.29
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MpoBepbTe NonyyeHHble 3HaHNA

1. MarHuTHas cTpeska, pacnosoXeHHas Ha MAOCKOCTH, Yepes
KOTOpPYO MponyLleH KPYyroBon NPOBOAHMK C TOKOM, yCTaHOBMAACh
TaK, Kak NnokasaHo Ha pucyHke 4.30.

Bonpoc 1. Kak HanpaeaeH TOK B NPOBOAHMNKE?

Bonpoc 2. Kak HanpaBaeHbl AMHUM MHAYKLNN MarHUTHOrO NOAS,
co3zaBaeMble KPyroBbiM TOKOM?

2. Ha pucyHke 4.31 nokasaHbl KaTyLlKa C TOKOM W MarH1THas
CTpesika, HaxoAALAACA B PaBHOBECUMN PALOM C €€ NeBbIM KOHLIOM
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4.1.5. DneKTpoMarHuT n ero
NPUMEHEHUS

MpepacTaBbTe, UTO Ha TEPPUTOPUM KPYMHOTO METAITYPrUYeCcKoro
3aBOZa CKOMUAMCb TOHHbI METaINYECKNX OTXOA0B. COpTMPOBaThH MX
BPYUYHYH HEBO3MOXHO. 34eCb MOABEMHBIV KPaH MOAHOCUT K KyYe
OTXOZ,0B OrPOMHOE YCTPOMCTBO, KOTOPOE MIHOBEHHO MPUTATBaEeT
60/1bLLIOE KOIMYECTBO METaNINYECKMX KYCKOB. 3aTeM, MO HaxaTuHo
MaJIeHbKOW KHOMKM, KyCKW TYT K€ MajatoT Ha 3eMJIH0.

« Mo>keT M 3TO YCTPOUCTBO 6bITb 06bIUHBIM NOCTOAHHbIM
MarHMTom?

« Ecin HeT, TO UTO co3paeT MarHUTHOe AeNcTBUe B TaKUX
YCTPOMCTBaX U KaK €ro MO)>XKHO MFHOBEHHO pasMarHUTUTb?

I/Iccnep,osal-me MarHUTHoro AeﬁCTBVIﬂ KaTyllKM C TOKOM
anIHaAJ'IE)KHOCTVI: MCTOYHUNK MOCTOAHHOIO TOKa (Bbll'lpﬂMVITGJ'Ib), rB034b, raJiBaHOMETP, peocTar,

BbIK/IKOYaTENb, XENE3HbIE CKPENKW; COEANHUTEIbHBIE NMPOBOAA.
a)
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Xop, paboTbi

1. CobepuTe anekTpuyeckyro Lemnb Mo U3BEETHOW Bam cxeMe (CM.: puc. 4.12, a).

2. N3rotoBbTe KaTyLwKy. [lna 3TOro HamoTauTe MeHYH MPOBO/IOKY Ha rBO3/b, 3aTeM

BbIHbTE rBO34b KaTyLwkW (pnc. 4.32. a).

3. CoeanHuTe cBOBOAHBIE KOHLIbI KATYLLIKM C Pa3OMKHYTOM YacTbio Lieny 1 3aMKHUTe
uenb. [ogHecUTe OAMH KOHeL, KaTYLLIKM C TOKOM B6av>Ke K XXENe3HbIM CKpenkam ¢
OnNpeaeneHHOWN BbICOTbI 1 MOHabAganTe:

4. Pa30MKHWTe Lienb, BCTaBbTe rBO3/b B KaTYLUKY, 3aMKHUWTE BbIKAHOYaTeb U MOBTOPUTE
aKkcnepuMeHT (puc. 4.32. b). Ha 31oT pa3 obpaTnte BHUMaHWeE, N3MEHNIOCh
MarHUTHOE AEWETBME KaTYLLKN COKeNe3HbIM CepAeUYHMKOM Ha CKPerKu.

5. [ToBTOpWTE SKCNEPMMEHT, YBEANUMBAA KOMYECTBO BUTKOB, HAMOTaHHbIX Ha
reo3zb. [NoHabsiroAaNTe, USMEHNNOCH IV NPY 3TOM MarHUTHOE AeNCTBME KaTyLUKW.

6. MNoBTOPUTE 3KCNEPUMEHT, YBEANYMB CUY TOKa B KaTyLUKe C MOMOLLbIO peocTaTa,
n NpoHabatoganTe 3a TeM, Kak MU3MEHUTCA MarHUTHOe BO3AeNCTBNeE KaTyLIKM C 4
Xene3HbIM CEPAEUYHNKOM Ha CKpernkMu. =

PucyHok 4.32
O6cyaute

» K kakomy BbiBOAY Bbl NpULLN Noc/ie 3KcnepumeHTa? Kak, no Baluemy MHeHUIO, MarHUTHoe AencTemne
KaTyLWKWN C TOKOM 3aBMCUT OT Ha/INUUA JKe/Ie3HOTO CepAeUHMNKA, KOIMYeCcTBa BUTKOB B KaTyLuKe U
CUNbl TOKa?




Yactb Il

‘-—_'.':-i'_:ﬁ-__j'--_pﬁ--_-*m__*m_pl%

NTaK, B xo4e 3KCnepmMeHTa Bbl 3aMeTUAM, YTO MarHUTHOE AeNCTBME KaTyLLUKK
N3MeHAETCA B 3aBUCMMOCTM OT CUAbI TOKa. [10 Mepe yBennyeHns cuibl

TOKa MarHUTHOE AEeUCTBME KaTyLIKM MHOTOKPaTHO YCUANBAETCA, HO Npu
BbIKJFOYEHNWN TOKa SNEKTPOMArHUT HeMeA/1eHHO pa3MarHMymBaeTcs.

JTa 3aBUCUMOCTb 6bina Bnepsble ycTaHoBAeHa B 1820 rogy ¢dpaHLy3ckumM
dumsnkom A. AMnepom.

Elie oanH BaXKHbI MOMEHT, KacaroLMNCa 3N1eKTPOMarHMTOB, — 3TO
pa3MeLleHne MeTaaIn4eckoro (0bbIYHO Xene3Horo) cepaeUHnKa BHyTPU
kaTywku. B 1825 rogy aHrmnckmi nsobpetatens Yniabam CTépaskeH
onpeaenun, 4YTo ecaun B KaTyLLKy C TOKOM NMOMECTUTh XKee3Hblid CePAEUHNK,
TO €€ MarHuTHOe JleCTBME YBEeNNUMBAETCA B HeCKOAbKO pas. MprunHa

3TOrO B TOM, YTO XeJIe3HbI CepAeYHMK Tak>Ke HaMarHMYmBaeTcs, eLue
6onblue ycnamBaa MarHMTHoeMoe, co3daBaeMoe KaTylukon. B 1828 roay
amepukaHckm oumsunk Jx. [eHpW yCTaHOBWA, UTO ANPY YBEINYEHUN Yncna
BWTKOB 3/1eKTPOMarH1Ta€ro MarHuTHOE JencTBre Takdke MHOrOKpaTHO
ycunmaetca. OH MCnoab30Ban 3T0 CBOMCTBO 3NeKTPOMarkMTa AN co3faHuma
MepBOro 31eKTpOMarHMTHorodkpaHa, CHOCOOHOro NoAHMMaThb TAXENbIe
XenesHble rpysbl.

Takum obpasom, snekmpomazHUM npedcmassgem cobol Kamyuwky ¢ XXe/e3HbIM
cepOeyHukoM sHympu. Keada no sumkanm kamywiku npoxodum mok, co3oaemcsi
Maz2HUMHoe NnoJie, U xene3HbiU cepOedHUK\npuobpemaem mazHUMHole
ceolicmaa; npushpepsisaHuU Moka MazHUMHoe noJje uc4ye3aem, u cep0eqyHuUK
pasmazHuU4Uu8aemcs:

YcrponctBa 1 npmcnocobaeHuns, OCHOBaHHbIE Ha 3TOM CBOWCTBE
3/1eKTRPOMArHmUTa, LUMPOKO MCMOAB3YHOTCA B ObITY, TEXHWKE, MPOMbILLUNEHHOCTH,
MeguuvHe v apyrux obnactax. Hamprmep, 31eKTpOMarH1THbIe KpaHbl
NCRAONb3YHOTCA ANSA Pa3rpy3KM UAN AOrPY3KM TAXENbIX XXeNe3HbIX N3aennn (puc.
4.33). SnekmpomdazHUmHele cenapamopei (8pawaroujuecs 31eKmpomMmazHUMmMHsle
OJucku) MIPVNMEHAOTCA ANA OTAENEHNA YacTUL, XXeie3a OT APYrnx NpeamMeToB
(TPyHTa, KAMHEN U T. 4.) B MECTOPOXAEHWNAX pyAbl (puc. 4.34).

PyaoHOCHER
nopoga

INEETPOMArHATHEIA

MK
nl
HenezHwe -
il YACTHYKM as
_—
PrcyHok 4.33. Sn1eKTpOMarH1THbIM KpaH PrcyHok 4.34. n1eKTpOMarHUTHbIN cenapaTop

<MOAYMAW
«OBCYIN
-NOAENNCH

YKaxute O4HO MPEVMYLLECTBO M OAMH HEAOCTATOK 3NEKTPOMAarHUTHbIX YCTPOWCTB, UCMOAb3Y-
eMbIX B MPOMbILLNEHHOCTW (HanpuMep, NOABEMHBIA KpaH ANA MEeTaN0B, SNeKTPOMArHUTHOE
pene, 31eKTPOMarHUTHbIM cenapaTtop U T. 4.).



MarHuTtHoe none * 4.1 MATHWTHOE MOJIE. MATHUTHOE MOJIE 9NIEKTPNYECKOTO TOKA

OCHOBHOW YacTbtO 3/1EKTPUYECKOrO 3BOHKa B +
3HaeTte BalLlel LUKOe ABNAETCA 31eKTpomarHuT. [laBante e 1.
2 BbI? NO3HAaKOMWMCA C €ro CTPOeHMEM 1 NPUHLMNOM

HAms-eHn=a

paboThbl.
T el - JaHMM
CrpoeHue 1 NnpuHUUN paboTbl 3/1IeKTPUUECKOro 3BOHKa.

OCHOBHble YacTN 3NEKTPUYECKOTO 3BOHKA MOKa3aHbl Ha [ Mhaman nirstcuni Axoph
435 -
pucyHke 4.35. . : :

Mpw HaxkaTUW KHOMKM 3/1eKTPUYECKOrO 3BOHKA Lierb npysahE
3aMbIKaeTCs, B 3N1eKTPOMarHuTe NosBAAETCS TOK, U OH BAERTRASTIT .

MONOTOMER

HamarHuumBaetcs. MonoTouek fKops, NPUTAHYTOrO K
3/1eKTPOMArHuTy, yAapseT no yalle 3BOHKa, N3AaBas 3BYK.
OpHako, Korga SKopb NPUTArMBAETCA K 31EKTPOMArHUTy, OH
OTCOEAMHAETCA OT KOHTAKTa, U Lenb pa3Mbikaetcs B Touke C. TOK
NpeKpaLLaeTcs, 1 31EKTPOMarH1T pa3marHnynBaeTcs.B 310 Bpemsi SKOpb Noj AeVCTBYEM YRPYron Npy>KMHbI
BO3BPALLAETCA B UCXOAHOE MOJIOXKEHME, BOCCTAHABAMNBAA SN1EKTPUYECKYIO Werb, 1 NPoLLece NOBTOPAETCA. ITOT

METARNWIBOEA Y2

PrcyHOK 4.35."Cxema 31eKTPUYECKOro 3BOHKa.

LMK MHOTOKPATHO NMOBTOPSETCSA BCE BPEMs, NMOKa HaxXaTa KHOMKa.
.

an/IMeHVITe nony4yeHHbleé 3HaHUA

3apaua. Pabota C MOAENbIO NEKTPOMArHMTHOrO KpaHa a) :

MpuHapNeX>XHOCTU: MOZEeNb INEeKTPOMarHUTHOro KpaHa T } A

(3NeKTPOMarHuT — 2 LUT., XeNe3Hbli AKOPb C KPHOKOM), ; l‘ .

KOMMJIEKT Pa3HOBECOB, NCTOUYHUKITOKay(BbINpAMUTEND) (PUC. § & i

4.36, a), coegmHnTENbHbIE NPOBOAA, LUTATUB. '
x

Xogpa, pabortbl

1. NMopBecbTe MOAeNb 3NEeKTPOMATHWUTHOIO KpaHa Ha LWTaTWB
N coefuHNTE e€ BepXHMe 3aXKNMbl ApYr CAPYroM, a HUXHME
3aXKnUMbl = ¢ BbinpamuTenem (puc. 4.36, b).

2. Bkitounte BbinpamMuTENb U NojanTe Hanps>xeHne 4 B Ha

KOHLbI Lenu. FlogHecuTe >kene3ublid SKOPb K 31eKTPOMarHuTy ;
M NOABELLBANTE K\Ero KPHOUKY FPY3bl (pa3HOBECHI) A0 Tex )
Mop, NOKa OH He OTOPBETEA OT 3/NeKTPpOMarHuTa.
3. Mopavite Hanps>xeHue 8 B Ha KOHLbI Lienn, NoOBTOPUTE
| 7
Vi

9KCMEPUMEHT 1 ONpeAenvTe, B KaKOM Cyyae KpaH
yaep>XunBaeTt 60NbLUYHO Harpysky.

O6cyaute
« OT yero 3aBUCUT IrPy30MOA4bEMHOCTb 3/IEKTPOMArHMTHOro

KpaHa?
P PuncyHok 4.36.




Yactb Il

n poBepbTe NoJiyyeHHble 3HaHUA

1. Ha pucyHke 4.37 nokasaHa KaTyLuka ¢

Xene3HbIM CepAeYHNKOM, PacrnoNoXKeHHas Ha m
cTo/ie, 1 NNOCKMe MarHuTbl A n By eé nesoro u A

npaBoro TOpLIOB.

Bonpoc 1. Kak n3meHATCA NONOXEHNA MarH1ToB
npw NPOMyCcKaHNM TOKa Yepes KaTyLuKy?
Bonpoc 2. Kak cnegyet pacnonoXuTb MarHuTbl, YTobbl OHM 06a NpUTArMB L DKOM?
Bonpoc 3. Kak n3mMeHnTCA ABUXKEHWE MArHUTOB, eCV YAANNTb XKeNe3Hbl

O60CHyWTe CBOW OTBET.

2. Ha pucyHke 4.38 nokasaHa anekTpuyeckasn uenb
C NOAKNHOYEHHBIM 31E€KTPOMAarHUTHbIM Kpchs
Bonpoc. Ecin nonsyHok peocrtaTta nepeMectutb
BMpPaBoO, KakK M3MEHUTCA MOAbEMHAsA CMa
3N1eKTpoOMarHunTa?

3. HanpaBneHue Toka B KaTyLUKax 31eKTPOMarHm
MOXHO MeHSTb. 3BeCTHO, YTo cuna TAXEHWNS
3NIEKTPOMarHuTa K TenaMm Makcvman Ha b)
KOHL,ax cepaeyHnka obpasyro
MarHWTHble MoJtoca.

Bonpoc. Kakoe n3obpa
AAHHOMY C/lyyato (puc.

Pucyrok 4.38.

PucyHok 4.39.
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4.1.6. MarH1nTHOe B3aMMOAENCTBME MPOBOAHMKOB
C TOKOM

,£I,a>|<e 6e3 NpoBeAEHNA PeasIbHOIO OrbiTa Bbl MOXXETE JIETKO

npescKasatb XapakTep B3aMMOAENCTBUA ABYX NapasiesbHO A
NOZABELLEHHbIX Ha HATAX MIOCKUX MarHUTOB M TOYHO
onpesenunTb pesyabTaT C MOMOLLbH BOOBpaXkaemMoro - - g

aKkcnepuMeHTa (cMm. puc. 4.40).

* Mo>xete nm Bbl NpepckasaTh xapakTep MarHUTHOrO PucyHok 4.40. Bsavmogenciene  PucyHok 4.41.
B3auMopAencTBnA MeXXay napasisie/ibHbiMu napaafenbHbIX MaogKmx MapainensHble
NPoBoAHMKaMM ¢ Tokom (puc. 4.41)? . g By < "0

» Echm TOoK Teuer no napasisesibHbiM NMPOBOAHUKaM B OANHaKOBOM U B MPOTUBOMNOJIOXKHbIX
HanpaB/IeHUAX, KakoB byaeT xapaKTep MarHUTHOro B3aMMogencTena mexxay Huvn? To ectb, B
KaKoM cny4yae 3TU NpoBOAHUKA GyAyT NPUTArNBaTbCA APYr K APYry, @ B KAKOM — OTTa/JIKNBaTbCA?

UsyueHne mariutHoro ( (GITCEENERIEN rapanie/ibHble TOKW, MarH1THOE B3aVIMO,D,el7ICTBVIe)

B3aMMOAeNnCcTBUA

napasn/ie/ibHbIX KPyroBbIX TOKOB

MpuHagneXXHoCTU: MasieHbKas KaTyLwka (2 WT.);, MCTOYHNK MNOCTOAHHOrO ToKa (2 LWT.), amnepmeTp
(2 wr.), peoctart (2 WTt.), "amna (2 WT.)BbiKAtoYaTeNb (2 WT.), WTAaTUB C ANINEKTPUYECKUM CTEPXKHEM,
COEAVHNTENbHbIE MPOBOAA.
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PucyHok 4.42.

1. CobepuTe ABe LIENM MO CXEME, NMOKA3aHHOM Ha pucyHke 4.42, a. KoHupbl 1 1 2 yacTel Lienm octaBbTe PasoMKHYTbIMM.
2. NoaBeckTe aBe HeBONbLUME KaTYLLKW NapannesbHO APYr APYry K AU3NEKTPUUYECKOMY CTEPXKHIO LITAaTMBa.
MoaKAUNTE KaXKAYH U3 KaTyLeK OTAeNbHO K KOHLaM 1 1 2 COOTBETCTBYHOLLEN Lienu.

3. 3aMKHWUTE BbIKAKOYATENN U YOeanTeCh, UTO Uepes KaTyLUKW MPOTeKaeT MOCTOSAHHbIV TOK B OAMHAaKOBOM
HanpaBaeHWUW, N NoHabatoAaNTe 3@ XapaKTEPOM MarHUTHOTO B3aUMOAENCTBUA KaTyLLek.

4. oBTOpUTE 3KCMEPUMEHT, U3MEHUB HaMNpPaB/JeHMe TOKa B OAHOM 13 KaTyLlek, n NoHabatozanTe 3a
M3MEeHEeHVeM MarHUTHOrO B3aUMOAENCTBUA MEXAY HUMMU.




Yactb Il

O6cyaute
« B Kakom cnyyae napansesibHble KaTyLWKU € TOKOM OTTa/IKUBa/ICb APYr OT ApPYyra, a B KaKOMm —
nputarnBanucb? (PucyHok 4.42, b n c)
» Kakow BbIBOA, Bbl caenanu s skcnepumMmeHTa?

B 1820 roay A. AMnep Ha OCHOBE MHOTOYMUCAEHHbIX 3KCMEPUMEHTOB C
napanienbHbIMW NPOBOAHNKAMW C TOKOM MpULLEN K BbIBOAY, YTO MEXAY HUMU, KaK

N MeXAy NOCTOAHHbIMM MarHMTamu, CyLLLeCTBYeT MarHuTHoe B3aumogencrsme. OHu
TaK>Ke B3aVMOAENCTBYHOT APYr C APYTOM MNOCPEACTBOM MarHUTHbIX MONEN.

B 3aBMCMMOCTM OT HanpaB/ieHWs TOKa B MPOBOAHMKaX MarHUTHOe B3aMOAENCTBIE
MOXET HOCUTb XapakTep OTTa/skMBaHus, nMbo nputaxeHns. CnomoLbto npaBuaa

o) BypaBuviKa (MAK Npaswia NpaBow
PYKM) Nerko OnpeaeanTb, YTO

eC/M TOKM B NapannesbHbIX
NPOBOAHUKAX HarpasaeHbI

B OZHY CTOPOHY, TO MeXAy

HUMW (B MJIOCKOCTU PUCYHKA)
pacrnonaratotca pasHOMMEHHbIe
MarHuTHbIe noaroca. B atom cayyae
NPOBOAHWKN NPUTATMBALOTCA APYrT
K APYrY, Kak NOCTOAHHbIE MarHuTbl,
nojgeLleHHble Ha HUTAX (puc. 4.43,
a). Ecim xe Tokm B napanienbHbix

1 1 r T [ NPOBOAHMKAX HanpasieHbl B
NPOTMBOMOJIOXHbIE CTOPOHbI,
TO MeXJy HMMUW BO3HMKAKOT
OAHOMMEHHbIE MarHUTHbIE
nostoca (B NIOCKOCTU PUCYHKA), U

NPOBOAHWKMN OTTa/IKMBAKOTCA APYT
ot apyra (pwvc. 4.43, b).
B3anmogencTBue Mexay napanienbHbiMy NPOBOAHMKAMM C TOKOM KOJNYECTBEHHO
XapaKTepusyeTcs CUAOM MarHUTHOTO B3aUMOAENCTBUS.

* Cuna, deticmsyrouyas co CMopoHbl 0OHO20 U3 08yX 6eCKOHeYHO O/IUHHbBIX NAPAIeIbHbIX
NpOBOOHUKOB C MOKOM, Ha y4acmok | Opy2020 npo8oOHUKA, NPSMO NPONOPYUOHAIbHA
Npou38€0eHUI CUJT MOKO8 8 NPOBOOHUKAX U 06pamHo NPponopyUOHAI6HA pacCmOosiHUK
Mexoy HUMU:

PucyHok 4.43. DneKTpoMarHuTHbIM KpaH

L
= . -7 . _1 2
F =2-10 .
3aecb F_— MOAYNb Cbl MarHUTHOTO B3aUMOZENCTBMA MeXy napannenbHbiMu
MPOBOAHMKAMM C TOKOM, |, 1 |, — Cabl TOKOB B NapasiesibHbIX NPOBOAHMKAX, a I —
paccToAHNE MeXAY HUMMU.
Ha ocHoBe cu/ibl MarHUTHOTO B3aMOZAENCTBUA MeXAY napaniesibHbIMU

NPOBOAHMKaMW yCTaHOB/IEHA eAuHNLA n3mMepeHns cunbl Toka B CU — amnep (A):




MarHutHoe nose « 4.1 MATHUTHOE MOJIE. MATHUTHOE MOJIE TIEKTPNYECKOTO TOKA

1 A —53mo makas cuaa NnoCMoSHHO20 MOKd, KOMOopbIU Npu NPOXoXx0eHUU No 08yM
napasnneneHeIM NPAMOUHeliHbIM NPOBOOHUKAM 6eckoHeYHOU O/IUHb! U HUYMOXHO MAso020
Kpy208020 CeYeHUs, pacno/IoKeHHbIM 8 8aKyyMe Ha paccmosHuu 1 M Opy2 om Opyeaa, 8bi3sbieaem
Ha Kaxoom y4yacmke npoeodHuUKka oauHol 1 M cuay e3aumodelicmaus, pasHyro 2 - 107 H.

<NOAYMAW

OBCYV BO3HWKHET I MarHUTHOe B3aMMOAENCTBIME, €CAN MOAHECTU OAMH MPOBOAHWUK C TOKOM K
MOAENNCH ApYyromy, napannenbHoO pacroaoXeHHOMY NPOoBOAHMKY 6e3 Toka? O6 O OTBeT.

anIMeHI/ITe noJjiyyeHHble 3HaHUA

Mpumep. Ha pucyHke 4.44 nokasaHbl ABa NapaniesbH
OZMIHAaKOBOW A/NINHBI, MO KOTOPbIM NPOTeKaroT TokK. Pa
paBHO . Tok B npoBoaHuKe 1 paBeH 21, a TOK B NPOBOAH
Bonpoc. Kak Hamnpas/ieHa cuia MarH1THOro B3a& n
NPOBOAHMKaMM C TOKOM B KaXAOM Cyyae?

C) MpoBOAHNKN He AENCTBYHOT APYT Ha Apyra C K
D) MpoBOAHVKN AeNCTBYHOT APYT Ha ApYra C paBH
E) NMpoBogHuK 1 fencTByeT Ha NPOBO
pasa.

PucyHok 4.44
MpoBepbTe NosyYeHHbIE
Ha pucyHke 4.45 noka3aHbl No 2) o) 9
1 @1 1 X1 1(® (@I
PuncyHok 4.45

napasnesibHble KaTyLLKN C TOKOM.
Bonpoc 1. Ha kako € KaTyLleK HaXxoAMTCA CEBEPHbIN
MOMKOC MarHNUTHOrO NosA?
Bonpoc 2. KakoBa npupoja MarHMTHOro B3anMoAencTema
MeXay KaTyLikammn?

Bonpoc 3. Kak n3MeHNTCA MarH1THOE B3aMMOZENCTBUE MEXAY

HUMW, €C/IN USMEHWUTb HalMpaB/IEHNE TOKa B KaTyLlKe cnea?

PucyHok 4.46.




Yactb

4.2. lenctBne MarHMTHOro NoJia Ha NPOBOAHMK C
TOKOM U ABWVXKYLLYHOCA 3aPAXKEHHYHO YacTULLy

N3BecTHO, uTO 3ﬂ€KTpVI‘-IGCKI/IVI TOK — 3TO ynopAa04Y€HHOE HarnpaB/€HHOE ABV>KEHNE 3aPAXEHHbIX
YacTuu,. Tak>xe n3BeCTHO, UTo 3J'IeKTpI/ILIeCKI/II\/’I TOK B3aMMOAeIZCTByeT HE TOJIbKO _C3/EKTPNYECKNM

nonem, HO 1 ¢ MarHMTHbIM MOJIEM.

[leiicTBMS Ha NPOBOAHWUK C TOKOM, MOMELLLEHHOIO B MarHUTHOE MoJle, a Tak>Ke U3MeHeH Ve HampaBaeH s
ABVKEHWNS 3aPSKEHHbIX YacTWLL, ABUXKYLLIXCS B MarHUTHOM MoJie, AeMOHCTPUPYHOT BaXKHble CBOVICTBA
510r0 Noss. Cubl, BO3HMKAKOLLME B pe3ybTaTe 3TOro B3aMMOAENCTBUSA, COCTaBASOTDU3MYECKyO
OCHOBY KaK TEXHUYECKMNX YCTPOWUCTB (3NeKTpOoABUraTeNner, u3ameputeibHbix NprboPoB v T. 4.) JaK 1
NPUPOAHBIX ABNEHMI (HaNpPUMep, pacrpoCcTpaHeHne KOCMMYecKnX Ayyen):, Takm 0bpasom, AencTere
MarHWTHOrO MO Ha 1EKTPUYECKUIA TOK U ABMXKYLLMECH 3apsKeHHble YaCTULibl NOAUYNHAETCA
onpeAeneHHbIM 3aKOHaM, U3yYeHne KOTOPbIX UMeeT 601bLIOE HayYHOe 1 MPaKTUYeCcKoe 3HaYeHwe.

4.2.1. lencrBmne MarHUTHOFONIO/IA Ha MPAMOWU
NPOBOAHVK C TOKOM-CcIa:AMMNEpa

Bbl y>ke y3Hanw, 4To eCciv OAMH NPOBOAHMK C TOKOM,MPUGM3UTE K ApYyromy

PueyHok 4.47

napannefibHoMy NPOBOAHMKY C TOKOM, MeXAY HUMW
BO3HUKHET MarHUTHOE B3anmogzencTeume. B pesynbrate
3TV MPOBOAHUKN NPUTATUBAKOTCSA APYT K ApYry, 1Mbo
OTTaNKMBAKITCA APYr OT Apyra.

» OT uero 3aBUCUT Xapakrtep MmarHUTHoOro BBaVIMOAeVICTBVIﬂ
MeXXAy Napasuie/ibHbiMU NPOBOAHUKaMM C TOKOM, TO
€CTb OHM GYAYT NpUTArMBaTbCA UIN OTTaZIKMBaTbCA?

MpepacTaBbTe, UTO MNPSMO NMPOBOAHWUK C TOKOM MOMELLEH
BO BHELLIHEe MarHUTHOE MoJie, HanNpuUMep, B NMOCTOSHHOE
MarHuTHoe nose. MoxHoO HabtoAaTh, Kak MPOBOAHMK
OTKJIOHAETCS, KaK ec/iv Obl BHELLIHee noJjie AerNCTBOBalO Ha
Hero C onpeaeneHHON MexaHNYeckon cnnomn. Ha camom

Aene Mexzy COBCTBEHHBIM MarHUTHbIM MOJIEM NMPOBOAHMKA C TOKOM W BHELUHMM MarHWUTHbIM MOJIEM
BO3HWKAET C1/1a MAaTHUTHOTO B3aVMOAEWCTBISA. ITa CUNa U NPUBOAUT NMPOBOAHUK B ABUXeEHWMeE (puc. 4.47).

» Kak mo)xHoO 3apaHee onpeae/sintb HanmpaBJ/ieHUe ABM)KEeHUA NPoBOAHMKaAa C TOKOM BO

BHELWHeM MarHUTHOM none?

» Kak namenurcsa ABM)KeHne NpoBoAHUKa, €C/in Mbl USME€HUM HamnpaBJ/ieHue BHEeLWHero

MarHUTHoro nons?

[ (GICEENERIeEW C1iia AMnepa, NpaBuaO N€BOW PyKK, TeCna

82




MarnutHoe none « 4.2 AENCTBUE MATHUTHOIO MOJA HA MPOBOAHWK C TOKOM M
ABVOKYLLYHOCA 3APAXEHHYHO YACTULLY

AeicTBMe MarHMTHOrO No/IA Ha MPOBOAHMNK C TOKOM

MpuHagneXxxHocTn: HebobLLNE NOAKOBOOOPa3Hble MarHuUTbI (2 WT.), 6oabLIne NOAKOBOOOPa3Hble
MarHuTbl (2 LUT.), ICTOYHWK MOCTOSHHOTO TOKA, PeOoCTaT, aMNepMeTp, 1amna, BbIKNHOYaTeNb, TONCTbIM
npsiMor NpoBog, (ab) (anmHoM 6-8 cM), CoeAMHUTEIbHbIE MPOBOAA, LUTATUB C AU3NEKTPUYECKUM MIEYOM.
MpaBuno TexHukn 6e30NacHOCTU: 3/1eKTpUYecKas Lenb J0MKHA ObiTb Pa30MKHYTa NPy NOArOTOBKE
KakZoro 3tana pabortbl.
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Xop, paboTbi

1. CobepuTe anekTpnUeckyto Lienb No N3BECTHOW BaM CXeMe, OCTaBUB KOHLbI 1 1 2 dacTu Lenu
Pa3oMKHYTbIMW (CM. puc. 4.42, a).

2. 3aKkpenuTe NoAKOBOOOPa3HbIA MarHWUT Ha LUTaTUBE BEPTUKANbHOW MIOCKOCTM TaK, YTOObIAINHIY
NHAYKLUMW MarHUTHOTO NMOAA MeXAyY ero KoHuamu 6bian HanpasaeHbl BepiukanbHo. [10aBecsTe NPAMOW
NPOBOJ, K COeAVHUTENbHBIM NMPOBOAAM M MOMeCTUTE erodMexxay nositocaMm MarHvTa Tak, 4robsi OH Obin
nepneHaNKyIapeH MHUAM MarHUTHOW MHAYKLIAN.

3. CoeauHuWTe KOHLbI a 1 b NpoBoAa, NOABELLEHHOTO HaduTaTVBE, € KABMMamn 1 1 2 LEnn, 3aMKHUTE BbIK/IOYaTelb
1 HabaroganTe 3a B3aMMOZAENCTBMEM NPAMOTrO NMPOBOAHMKA C BHELLIHUM MarHUTHbIM Noaem (em. puc. 4.47).

4. ViccnepoBaHue, onpeaenstolLee, OT Yero 3aBUCUT HanpaBieHe CUbl MarHUTHOTO B3aVMOAENCTBUS:

a) NOBTOPUTE 3KCMEPMMEHT, MOBOPaYMBas MarHUT W, U3MEHSSA, MOJIOXKEHUEEro NorCOB;

b) noBTOpPWTE 3KCNEPUMEHT, N3MEHNB HanNpaBAeHWE Toka B IPAMOM NPOBOAHKKE (M3MEHMB MONOXKEHWE
NPOBOAOB, MOAKNOUYEHHbIX K KOHLAM 1 1 2 31eKTpUYECcKON Lienn), M obpaTiTe BHUMaHWe Ha pe3yabTaTt
3KCneprMeHTa B 060omx cayyasx.

5. NccnepoBaHune, npoBepsatoLee, OT KaKUXsBEANYMH 3aBUCUT CUAa MarHUTHOTO B3aMMOZAENCTBUSA:

a) OT TOKa B NPSAMOM NPOBOAHMKE NyTEM YBEAUYEHMA NAW YMEHbLUEHNSA CUIbl TOKA Yepe3 NPOBOAHUK C
NMOMOLLbIO peocTarTa;

b) OT MHAYKUNN MarHUTHOro NOAS MYTEM 3aMeHbl MarHuTa Ha 6os1ee CUNbHBIA MarHuT;

C) OT A/INHbI MPOBOAHMKA MYTEM pa3MeELLLEHUsA NPAMOro NPOBOAHVKA C TOKOM MeXAy ABYMS MarHutamu, 1o
€CTb NyTeMm yBeNnyeHus AAUHbI NPOBOAH KA, HaxoAsLLLerocs NoA AenCcTBMEM MarHUTHOTO MNoAs, B ABa pasa.

O6cyaute

e OT yero 3aBUCUT HanpaBJ/ieHNe MarHUTHOM CWJIbl, AeUCTBYIOLLLEN CO CTOPOHbI MarHUTHOTO NOAA Ha
NPOBOAHMUK C TOKOM?

e OT yero n Kkak 3aBUCUT UMC/IEHHOE 3HaueHne (MoAy/ib) 3TOW CUbI?

Brnepsbie A. AMNEp 3KCrnepuMeHTalIbHO YCTaHOBWJ, YTO KOTAa NPOBOAHNK
C TOKOM PacroNOXeH, NepneHAUKYNISPHO AN NOA OnpeaeneHHbIM YoM
K IMHWAM MHAYKLWA OAHOPOAHOIO MarHUTHOTO MOJS, MarHUTHOE nose
LEeNCTBYET Ha HEro ¢ ONPeAeNneHHon cuaou. B xose akcnepumeHTa Bbl
HabAtogany, UTo 3Ta MarHWTHasA CMaa BO3PacTaeT C yBeIMYEHNEM CUJIbI
TOKa, @ MPW NMpeKpaLLeH ToKa MarHUTHas cuia ncyesaet. HanpasaeHve
3TOW CWJIbl, Ha3bIBaeMOW cusioli AMnepa, 3aB1CUT OT HarnpaBAeHNsA JIMHWUIA
NHAYKLMW NOCTOAHHOTO MarH1Ta 1 31eKTPUYeckoro Toka B MPOBOAHMKE.
YnobHo onpeaenaTb HanpaBaeHne cuibl AMMepa, NCrnosib3ys NPaBuIo
NeBOW PyKW.

Mpasusio nesoli pyxu Ona cumei AMnepa: siegyro pyKky ciedyem nomecmume PucyHok 4.48
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PucyHok 4.49.

8 MazHUMHoe nosie mak, 4Ymobbl IUHUU MA2HUMHOU UHOYKYUU 8xo0u/u 8 1a00Hb
nepneHOUKY/ISIPHO, @ Yemsipe 8bIMsHYMbIX NA/bLYA COOMBEMCMB08aaU HanpasIeHUr
moka. B amom ciyyae 6osbwiol nasney, omkpsimelti nod yaiom 90°, ykaseieaem
HanpaesneHue cussl AMnepa, delicmsyroujeli Ha NPOBOOHUK ¢ MokoM (puc. 4.48).

Yemy paBeH moaynb cunbl AMnepa?

Ecnv npoBOAHMK C TOKOM MOMeELLEH B OAHOPOAHOE MarHUTHOE MOJE, TO MOAY/b
AENCTBYIOLLEN Ha Hero cuibl AMMnepa paBeH Npov3BeAeHWIO GBI TOKa, MOAynA
BEKTOPa MarHWUTHOW MHAYKLIMW, AJIVHBI y4acTKa NPOBOAHNKA B MarHUTHOM MoJ1€e v
CUHyCa yra MexXAy HanpasaeHneM TOKa 1 BEKTOPOM MarHUTHOW WHAYKLMA;

F.= IBlsina. @

3pecs F, — mogyne cvbl AMnepa, b= cnna Toka, MpoxoasaLiero
Yyepes APOBOAHUK, B = MOAy/b NHAYKLNM MAarHUTHOrO NOAS,
| — aAnnHa yyacTka APOBOAHMKA B MAaFHUTHOM noe, o —
yron mexay HanpaB/ieHUemM Toka 1 BEKTOPOM MarHUTHOM
NHAYKL MW,
Kak BugiHO 13 Gopmysibl, eCau:
* NPOBOAHWK C TOKOM apa//iefieH BEKTOPY UHAYKLMM
MarHWTHOrO\Mos
(echm o = 0° mam o =,180°), cuna ’AMnepa Ha NPOBOAHUK HE AeNCTBYeT
(nockonbky sin 0° =0 n sin,180° ="0).F = 0;
* C/IM NPOBOAHMK C TOKOM PACA0A0XKEH NeprneHANKYAAPHO TMHUAM MarHUTHOM
NHAYKUMW, 7O ecTb eciv o = 90°, 70 cuna AMnepa NpMHMMaeT MakCMMaabHoe
3HayeHne, MOCKoIbKY sin 90° = 1 (cm. pucyHok 1.49):

F,..=IBL ()
Moaynb HAYKLM MAFHUTHOTO NonsA

Modyne uHOyKYUUMGZHUMHO20 NoJIA pageH omHoulieHuro Modyas custel Amnepa (F )
K npoussedeHuro cusel moka (1) 8 npogoOHuKe u e2o O1uHe |:

B o FMaK'C . (3)
-1
Bbl 3HaeTe, UTo eAnHNLIEN N3MEPEHMA NHAYKLMM MarHuTHoro nons B CU asnsetcs
Tecsa. OHa 6bina HasBaHa Tecna (171) B yecTb cepbckoro yuéHoro Hukonbl Tecasbl
(1856-1943):

IR o
[B] = NI~ A x =1Tn.

o 1 Tecna (1 Tn) — 3mo uHOykyuss mako2o 00HOPOOHO20 MA2HUMHO20 NOJISl, KOMopoe
delicmayem c cuaol 1 H Ha npsamol npo8oOHUK OauHoU 1 M npu cusne moka 8 Hem 1
A, pacnosioxeHHbIl nepneHOUKYISPHO 8eKMOopy MAazHUMHOU UHOYKUYUU.
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NEEVYINZA  3amaua 1. Ha pucyHke 4.49 nokasaH NPOBOAHMK C TOKOM B OAHOPOAHOM % X | X X

+ObCYN MarHMTHOM Mose. * xT X X
-I'IO,CI,EJ'II/ICb BOI1 K A A 2

poc. Kak HanpaeneHa cvna Amnepa, 4eNCTBYHOLas Ha NMPOBOAHNK? % x -

x xUx xBx

PucyHok 4.49

B yuém npnunHa BO3HMKHOBEHNA cnabl AMnepa?

[MPUUYMHON BO3HVMKHOBEHWSA MAarHUTHOTO B3aMMOAENCTBMA ABNSETCA NepeceyeHne CUAOBBIX HIN
COBCTBEHHOrO MarHUTHOTO MO/ MPOBOAHMKA C TOKOM W BHELLHErO MarH1MTHOroO noJif. B stom
Clyyae MarHUTHblE NOAA ABYX Pa3HbIX MCTOYHMKOB B MECTE NepeceyeHms noaer HemTpan3yoT
APYr Apyra, KOrAa Hanpas/eHbl B MPOTUBOMONOXHbIE CTOPOHbI, 1 YCUAMBAKOT APYr Apyra, Koraa
HanpaB/eHbl B OAHY CTOPOHY. TaknuM 06pa30oM, KOrAa MPAMON MPOBOAHVIKICTOKOM MOMELLEH B
CUIbHOE OHOPOAHOE BHELLHEee MarHUTHOE MoAe, BOKPYT HEFO,CyLLEeCTBYFOT ABa MarHUTHbIX MOAS:
1) cobcmeeHHoe MazHUMHoe noJjie NpoBOOHUKA — 8 8UOE KOHYEHMPUYeCKUX OKpY>KHOCmMeU,
2) sHewHee 00HOPOOHOe MazHUMHoe noJe — 8 aude,npAMbIX AUHUU.

Korga MHAYKUMOHHbIE IMHWUW 3TUX ABYX NOJEN COBMNaaroT, MafHUTHOe B3anMoencreme
MeXAY HUMU Tak>Ke N3MEHAETCA B 3aBUCUMOCTM OT HaflpaB/eHNA BEKTOPOB MHAYKLNW.

Ha pucyHke 4.50, a noka3aHO nonepeyHoe ce4eHNenpAMOro,npoBOAHMKa C TOKOM,
PaCnoNOXeHHbIM NePREeHANKYNAPHO MNAOCKOCTU PUCYHKa B OAHOPOAHOM MarHVTHOM

none. Kak BUAHO 13 PUCYHKa, IMHUM NHAYKLUAW MarHUTHOrO NOAS MPOBOAHMKA C TOKOM
HanpaB/ieHbl Tak Xe, YTO W IMHUW UHAYKLMW MarHUTHOFO NONA MafHWUTa B ero BepXHel
4acCTu, U B MPOTMBOMOIOXHOM Hamnpas/igHl, B ero HYXKHEN Yactu. B'uactu, rae ivHum
VHAYKLUMW HanpaBaeHbl B OAHOM Hanpas/eHun, feAa CKAaAbIBarOTCA 1 YCUAMBAIOT ApYr
Apyra, B pe3ynbTaTe Yero JMHUK VHAYKLIMM CTaHOBATCA bosiee nnoTHbiIMK. OAHaKO B TOW
4acCTW, rAe AVHUU VHAYKUMW HafPaBAEHBIPOTMBOMNONOXHO, NONA OCAabAAoT APYr APYyra, U
B pe3yabTate MHUM NHAYKLIUK CTaHOBATCA Bonee paspexxeHHbiMK (cM. puc. 4.50, b).

OAHOPOAHGE MardMTHOE nane ' s
P YacTe,FA8 NHHMK MarHMTHOR MHAYKUMK CryLWEeHbI
—p === o o D T A
— -._‘.,:'._ PN O EEEEE090Z0Z2 [ e
_"."If"_ .-.,,—-\—“"..- - :._.'.'.'_'_
_.H__ +L o ., W
- -*-rr --{:‘%T “,‘1..
— = l‘l\.- ——————— a
/ -
N R =T

HanpaeneHwe cinel Amnepa
MarHuTHOoR none NPOBOOHMEKEA C TOKOM YacTb, rae NHHWK Ma FTHUTHOW
MHAYHLUMK PAIpAMEHBI
PucyHok 4.50. MexaHn3M BO3HUKHOBEHUSA cuabl Amnepa.
Taknm o6pa30|v|, MarHMTHOE noje pacnpeaeseHo HepPaBHOMEPHO Had 1 NoA NpAMbIM
NPOBOAHUKOM C TOKOM OTHOCUTENIbBHO MJIOCKOCTH |/|3o6pa>|<eH|/|ﬂ. CFyUJ,GHHbIe JINHNN
NHAYKLUN AEACTBYHOT KaK «pacTsiHyTas NpYy>KMHa» U CO34aroT cuay Amnepa, KoTopas ToNKaeTt
NPOBOA, BEPTUKAZIbHO BHN3 OTHOCUTENBHO MIOCKOCTU n3obpaxkeHns (cm. puc. 4.50, b).
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MpumeHnTe NoNyyeHHble 3HaHUSA

3apaua 2. [psAMON NPOBOAHMK C TOKOM,
NPVKPENIEHHbIN K LUTATUBY, MPOXOANT MEXAY
HemnoABWXHbIMW MarHUTaMu, PacnoioXeHHbIMU
Ha YyBCTBUTE/IbHbIX SNEKTPOHHbIX Becax (puc.
4.51). Cuna, fencTBytOLLaa Ha MPOBOAHMIK,
HanpaB/ieHa BePTMKalbHO BBEPX OTHOCUTENbHO
MOBEPXHOCTM BECOB, MO3TOMY OHa yBe/JIMuMBaeT
noka3zaHus BecoB. [1py M3MeHeHUN HanpaBaeHNs
TOKa BeCbl MOKa3bIBakOT Ty XXe BEANYMHY, HO Ha
3TOT pa3 OHa MMeeT OTpMLaTe/IbHOE 3HaUEHNeE.
Bonpoc 1. [ToyeMy MeHAOTCA NOKa3aHWA BECOB
NPV NPOXOXAEHNN TOKa Yepe3 NPOBOAHWNK?
Bonpoc 2. Kak MOXHO 06BACHUTbL cUAy, Aen tOLLLYHO
M3MEHEHMIO MOKa3aHWN BECOB, C MOMOLLbHO 3aKOHOB Hbto

MpoBepbTe NnosnyueHHble 3HaHUA

. ® . . . -
1. Ha pucyHke 4.52 n3obpaxkeH nps
L] Ll L I L] L] L .
(— — |
] [ ] L] ] [ ] L] L ]
B
L L L L L ] L
PucyHok 4.52
|
Bonpoc. Kakown arHuTa ABNAEeTCA CeBePHbIM, a |
KaKOW — FOXKHbIM? PrcyHok 4.53
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4.2.2. lenctBre MarHMTHOro Noas
Ha pamMKy C TOKOM

TpyaHO NpeacTaByTb Hallly MOBCEAHEBHYHO XM3Hb 6e3 3n1eKkTponpubopoB 1 obopyroBaHus. Hanpumep,
BEHTUIATOPbI, COKOBBIXMMAKK, MACOPYOKM, SNEKTPUUYECKME BOAAHbBIE HACOChI, MUKCEPbI, APENV U T.4. —
3T0 Hanbosee YacTo UCMOob3yeMble 31EKTPONPUOOPSI.

« Kakoe npeBpaLyeHne s3Heprum NPoucxoauT B OCHOBHOM B 3TUX yCTpoiicTBax?
« Ha kakom ¢pusmnueckom ABNE€HUM OCHOBaHO TaKoe npeBpalleHue sHeprum?

[ (G NEENERIEN  paMKa C TOKOM, KONNEKTOP, KOHTaKTHas LLeTKa, I1eKTPOABUIaTe b, POTOP, CTaToOP ]

Pamka ¢ Tokom B OAHOPOAHOM MarHUTHOM noJjie

0
~ <
S MpuHaaneXXHOCTU: UCTOUHMK TOKa (BbINPAMUTENb), YCTPOWCTBO A4 AEMOHCTPALUM BpaLleHuma
= NPOBOAALLEN PpaMKX B MarHUTHOM MOAE, MAOCK/Ee MarHUThl (2 LT.), AepeBAHHANA UAN NAaCTUKOBas
E noacTaBka (2 WT.), CoeANHUTENbHbIE MPOBOAA
[N
(WH]
=1
Xop pabotbi

1. MomecTVTe BpaLLatoLLyoca pamKyaMexxay CEBEPHbIM U
FOXKHbBIM MOACAMUNINOCKMX MAFfHUTOB (puc. 4.54).

2. NMoacoeanHmnTe 3aXnMbl PAMKN K NCTOUHMUKY TOKa U
3aMKHUWTe Lenb 1 NPOHabAAaniTe 3a NPONCXOAALLNM.

3. MpoBeanTe 3KCNEPUMEHT B CeAytoLL el
nocnesoBaTeNbHOCTY, obpallyas BHMMaHWe Ha pe3ynbTat
B3aMMOAENCTBUSA PaMKM C TOKOM U OJHOPOAHOIO MarHMTHOro
nons:

a) NPV YBEANYEHUN UIN YMEHbBLLIEHUWN CUNbI TOKA B PAMKE;
b) npn cMeHe NOAKOCOB MAOCKOTO MarHuTa;

C) NPY N3MEHEHUN HanpaBAEHMA TOKa B paMKe.

PucyHok 4.54
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O6cyauTe

» Yto Bbl Hablopanwm, Korga B pamMmke, cnocobHo BpawaTbCA, Pacnos10)keHHOM B MarHUTHOM
nose, He 6bl1s10 TOKa?

» Yto npoucxoauno, Kkoraa uepes pamKy Npoxoausa Tok?

» Yro Habaropanocb Npu yBeIMUEHUN UM YMEHbLUEHUU CUJ/Ibl TOKa B paMKe, a TaK)ke npwm
M3MeHeHWUU HamnpaBJ/ieHUsa ToKa?

« Kak 13meHeHMe No/10)keHNA NOJIFDCOB HEMNOABUXKHOIO MarHUTa B/IMAN0 Ha_PamMKy.C TOKOM?

» Kakoe 0606ueHne MOXXHO caenaTb Ha OCHOBE pe3y/IbTaTOB 3KCrepumeHTa?

B xoze nccnegoBaHma Bbl 0BHapy>XmAK, YTO NPoBOAALLLas paMKka, cnocobHas
BpaLLaTbCA BOKPYr BEPTUKAAbHOW OCU M MOMeELLLeHHasA B QAHOPOAHOE MarHUTHOe
noJsie, NPy OTCYTCTBUMN B HEW TOKA OCTAETCA B COCTOAHUM MOKOA B IFOO6OM MONOXKEHNN.
Ecav nnockocTb pamkm € TOKOM pacronoxeHa mapannesibHo AUHUAM MaFHUTHOTO
noss, To oHa ByaeT BpaLLaTbCs BOKPYF BEPTMKANbHOW OCU. OTO MPOUCXOANT NOTOMY,
4TO Ha 6okoBble cTOpoHbl AB 1 CD pamkin, AeMCTBYHOT ABE CU/bl, HarnpaB/ieHHble
nepneHAnKYAAPHO TMHUAM MarlMTHOMO MOAA. STa Napa CUi NpuaaeT pamke
BpalLaTenbHOe ABUXEHME BOKPYT BEPTUKaAbHOM ocu (puc. 4.55).

PucyHok 4.55. Pamka ¢ TOKOM pacnosioxeHa napaiiefibHo PrcyHok 4.56. Pamka ¢ TOKOM pacrnonoxeHa neprneHankynaspHo
JINHWAM UHAYKLUUW OAHOPOAHOFO MarHUTHOMO NOAS. JNNHVAM UHAYKLUUM OL4HOPOAHOTO MarHUTHOrO MOAs.

Koraa HanpaeaeHne TOKa B paMke U3MeHAeTcs, 4Be CUJbl
AMnNepa BpaLLLaroT eé B NPOTUBOMOIOXHbIX HarpaBaeHUSAX.
Koraa naockocTb pamky nepneHAnKynsipHa IMHUAM MarHUTHOW
MHAYKUMY, cunbl AMMepa, AeNCTBYHOLWME Ha €€ CTOPOHDI,
HanpaB/eHbl B MPOTUBOMOIOXHbIX HanpaBJeHUsax BAO/b
NPAMOW NVHMK, NO3TOMY pamKa He BpaLlaeTca (puc. 4.56).
[lna Toro uTo6bLI PaMKa BpaLLlanacb B O4HOM HamnpaBAeHNUM,
HeobHX0AMMO NEPUOANYECKN M3MEHATb HanpaB/eHNe TOKa B
PucyHok 4.57. ObecreueHne uenu. na 3Toro Mcnosb3yroTca MeTaImyeckme noyKobLa,
HenpepbIBHOro BpalleHna Ha3blBaeMble KONEKTOPaMu, MPUKPENIeHHbIE K paMke (puc.
4.57). o NnoBepXHOCTU NOAYKONEL, CKOJIb3AT KOHTaKTHbIE NIAaCTMHbI, Ha3biBaeMble weTkamu. LLetkn
COeAMHEeHbI C pa3HbIMM NMOAKOCaMM NCTOYHMKA TOKa 1 0becneyurBatoT NPOXOXAeHMe Toka vepes pamky. MNpu
nosopoTe pamMkn Ha 180° NoAyKObLLA MEHAROT CBOE NOAOXKeHWe. B pe3ynsTate HanpaBaeHWe Toka B paMke
N3MEHSAETCA, N OHa MPOAO/KAET BPALLATLCA B TOM Xe HanpaB/ieHUN 40 TeX Mop, NMoka TOK He byaeT npepsaH.

HoGadRTHEN NASCTHEG
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NOAYMAW

-OBCYM Mosenncb YTO onpepenseT AencTBue cunbl AMnepa, KoTopas nNpuaaeT BpallatesbHOe
?
«[TOAENNCH ABUXXEHWNE paMKe C TOKOM?

MpumeHeHue cunbl AMnepa: dnekTpoasuratenb

dnexkTpoaBuratenb. OCHOBHOM 4aCTblO MHOIMX 4+ -
aneKTpnYeckmnx npnbopos n obopyAoBaHMS, LUIMPOKO a)

MCNONb3YEeMbIX B ObITY, TEXHVMKE N MPOMBbILLUNEHHOCTH,
ABNAETCA INEKTPOABUraTeb.

« dnekmpodsueamesib — 3mMo ycmpoulicmeo, npeobpasyroujee
3/1eKMpUYeCcKyro 3HepaUro 8 MeXaHUYecKy!Ho.

MpuHLUMN ero paboTbl OCHOBaH Ha BPaLLEHUN PaMKU C
TOKOM B MarHMTHOM MoJie Noj AencTBueM cuabl AMnepa.
DNeKTpoABUraTen H6bIBakOT PasHbIX KOHCTPYKLINNA,

HO Hanbonee pacnNPOCTPAHEHHbIM N3 HUX ABAAETCA
KONINEKTOPHbIN ABUraTe/b. ITOT ABUraTe/lb COCTOUT M3 TPEX
OCHOBHbIX YacTen: cmamopa, pomopa u Kos1eKkmopa.
Cmamop (om n1amuHcko20 «sto» — A CmMoro) — 3TO
HenoABWXHaA YacCTb dNeKTPOABMUraTens, CocToaLlas Konaertop
N3 HEMOABMXKHOIO MarHMTa UAM KaTyLKWN C XXene3HbIM
CEPAEUHNKOM (3NEKTPOMArH1Ta), MPUKPENNEHHON K
kopnycy. CTatop MHOrAa Ha3blBatoOT MHAYKTOPOM. B
cTaTope CO34aeTcsa CUIbHOe MarHuTHoedmose (puc. 4.58,
a). Pomop (nam. «roto» — A epawjaro) — 370 BpalyaoLLIaAcs
YyacTb ABUraTenis, pacnosoXeHHas BHYTpu ctatopa. Potop
npeacTaBaseT cobour 31eKTPOMAarHUT, COCTOALLMI 13
OBMOTOK W LIUINHAPNYECKOFO XKENE3HOIO cepAeHHMKa.

OBMOTKM poTopa

Ero nHorga Ha3sbiBaloT gkopem. KonnekTop v etk <) m
NCMONBb3YHOTCA AN1A NOoAaYn INEKTPUYECKOTO TOKa B \M/

06MOTKM poTOpa n obecneueHuns ero HernpepbIBHOIo

BPaLleHuA. PucyHok 4.58. Cxema ycTpoiicTsa
Kak KOZI/ZIEKTOPbI U LWETKA obecneuuBaror 3/eKTpoaBuraTens

HernpepbIBHOE BpalieHne potopa?

TakvM 06pa3oM, mpy NPonyckaHWK Toka Yepes poTop OH BpaLLiaeTcs
BHYTpW cTaTopa nogaencrameM cunol Amnepa (puc. 4.58, b).

Kak ckopocTb BpalleHus poTopa 3aBUCUT OT CUAbI TOKA,
NPOXOAALLEero Yepe3 Hero, a Tak>xxe OT KOJIMYeCTBa BUTKOB B
poTope 1 ctatope?

JneKTpoABuraTelb Ha cxemax 0b03HavaeTca Kpy>XKom ¢ bykson M
BHYTpw (puc. 4.58, ¢).

dnekTpoasuratenn 6oaee 3KONOTMYHbI, YEM TEMNOBbIE ABUTaTENN.
OHW He 3arpsa3HAIOT OKPY>KatoLLyto cpeay, paboTaroT npakTMyecku
6ecwymHO 1 s3koHOMMYHbI. KM/, anektpogsurateneit Boiwe 90%.
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MpumeHUTe NoNyuyeHHble 3HaHUA

3apaua. Mexay noarocamm NOCTOAHHOrO MarHUTa HaXoANTCA NPAMOYro/ibHasA NPOBOAALLAA paMKa.
PamMka noak/iroueHa K MCTOYHUKY MOCTOAHHOrO TOKa Yepes karou (puc. 4.59).
Bonpoc. B kakom HanpaBieHUn ByaeT BpalaTbCa paMka nocae 3amblkaHus karoya? ObocHymnTe

CBOW OTBeT.

p

MpoBepbTe NonyyeHHble 3HaHU

1. Ha pucyHke 4.60 nokasaHo

pamkn? HasoBuTe aBa ¢
Bonpoc 2. Kak MOXHO y

MeTaaanyeckme ua u wetkn? Kakosa nx GyHKuma?
Bonpoc 3. Kak yBeanuyeHne cuibl TOKa B pamMke U3MeHUT
JleCTBNE Ha HEE MArHUTHOW CUAbI?

PucyHok 4.61
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Mpoexr 1. U320moeneHue modesu dguzamensi
MpuHagneXxHocTn: 6atapes (2 LWT.), MeaHas NPOBOOKa (41MHa
1 ™M, TonwmHa 1,2-1,5 MM), KpyroBon MNOCTOSIHHBIN MarHuT, BbiKJroUaTeNb, ANINEKTPMYECKAs OCHOBA (2 LUT.),
NPUKpPenIeHHas K alloMUHMNEBOM ONOpPe Ha CBOEM OCHOBAHWM, COeAVHUTENbHbIE MPOBOAA.
Xop, paboTbi
1. Caenawite KaTyLIKy U3 MeAHON NPOBOJ/IOKU 1 3aKpenuTe eé
KOHLLbl B CTOMKax Ha ornopax. [ToMecTuTe MarHUT B HUXKHIOH
4acTb KaTyLwku (puc. 4.62).
2. CoepmnHute nontoca Hatapen C aNFOMUHNEBBLIMU
AepxkaTenamu. B 3TOT MOMEHT KaTyLlKa HayHeT BpaLlaTbCa.
Bbl caenann asuratens!
MoaymanTe Haz CaesyroWwmMmn BONPOCaMu:
Bonpoc 1. Kak Hag0 pa3amMecTuTb KaTyLLKY Haj MOBEPXHOCTbHO

MarHmTa, uto 6bl OHa Hauana Bpalatbca? MNouemy? PO, 462

Bonpoc 2. KakoBa ponb MOCTOAHHOrO MarHuTa B ABV>KEHUN KaTyLIKN?

Mpoexr 2. [lodzomoska Mmodesu «pamka ¢ mokoMm 8MazHUMHOM nosie»
MpuHapnexxHocTn: 6atapesn, MeAHasa NPOBONOKA, KPYFOBOW MATHWT:

Xoa pabotbi

1. MomecTnTe nontoc «—» HaTapen Ha HEMOABUNKHBIA MarHUT.
2. /13rotoBbTE paMKy 13 MeAHOM NPOBOJIOKM, TaK Kak MOKa3aHO Ha pucyHKe 4.63, 1 pacnosioxuTe eé Tak, Ytobbl
CNOXEHHaa nocepeAnHe YacTb Kacanacbynostoca «+» barapen, a cBob6oAHble KOHLIblI Kacaancb KPyroBoro
MarHuTa y OCHOBaHus baTapeiki. B 3TOT MOMEHT paMKa C TOKOM HayHeT BpalLaTbCA BOKPYr batapeu.
MoayMaWiTe Hag creayroLLMI BonpocaMu:

Bonpoc 1. MNMouemy mesgHasa pamka Bpallaercs, Korga Kacaercs
nontocos H6aTtapen?

Bonpoc2. MoxeTe an Bbl Ha cxeMe ORucaTh GUbl U IMHUN BHELLHETO
MarH/UTHOFO, NoAA, Bbi3blBatoOLLMeE BPALLEHUEe pPaMKn?

Bonpoc 3. Kak,HanpassieH TOK Yepe3 pamky?

MpoekT 3. 3cce Ha memy «31€KmpousmepumesibHbie npubopol»
CyLLecTBYHOT pa3NnyHBIE CUETEMbI 31EKTPOV3MEPUTEbHBIX MPUOOPOB.
STO Ma2HUMoO31eKMpuUYecKue, 31eKmpoMazHUMHele U 31eKkmpodu-
Hamu4eckue cucmemsi. [pyHLMN PaboTbl BCEX 3TUX YCTPOWCTB OCHO-

PucyHok 4.63
BaH Ha AE€NCTBUM MArHUTHOIO MO Ha MPOBOAHMK C TOKOM. Hanbonee

4aCTO MCMObL3YHOTCA YCTPOMCTBA C MarHUTO31EKTPUYECKOW CMCTEMON. ICNOAb3ys MHTEPHET-pecypChbl, HaNMLLIN-
Te 3CCe O CTPOEHUM U MPUHLMME PaboTbl 3TOTO YCTPOMCTBA.
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4.2.3. lenctBme MarHUTHOroO NOAA Ha ABUXKYLLMECS
3apsA>XKeHHble YacTuubl — cuaa JlopeHua

YacTuupl C BbICOKOW 3HEprven, npuaetaroLme ns
KOCMOCa, He MajatoT HEMOCPeACTBEHHO Ha 3eMto.
TpaekTopunsa HEKOTOPbIX U3 3TUX YacCTUL, U3MEHAETCS
noJ, BO34eNCTBMEM MarHUTHOTO NoJA 3eMan, 1

OHW ornbaroT MOBEPXHOCTb 3eMan. [lpyras yactb
NpoAoKaeT CBOW MyTb MPAMOJINHENHO, KaK eC/u
6bl MarHUTHOrO NOAA 3eMAN He CyLLeCTBOBasO, U
AOCTUTaeT MOBEPXHOCTU 3eMAN.

» Ha Kakue CBOMCTBA YacTUL, MOXXET B/IUATb
MarHUTHOE NoJie, U OT Yero 3aBUCUT 3TO BAUAHUE?

[ (GITCELENENI1:EW  Cvi1a JlopeHLa, MpaBwio N1eBOI PYKX A5 CUABbIYIOpeHLa ]

MpuHaaNeXXHOCTU: NCTOYHWUK MNOCTOSHHOTQ TOKa, HEMYBOKasn ABYX3NEKTPOAHAs SNeKTPOANTUYECKas
BaHHa (Mpo3payvHan BaHHA), ANCTUAINPOBAHHAA BOAA, COAb Cyibdat meam (I1), namna, karoy,
COeAVNHUTENbHbIE MPOBOAA, MOCTOAHHbIE MarHUTHbIE ANCKM (2-3 IUT.), APEBECHbIE OMUJKM, KNeriKas

JIeHTa, WTaTUB C NarKon.
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Xop, paboTbi
1. 3akpenuTe a3NeKTPOANTUYECKYIO BaHHY Ha LITaTMBE Ha BbICOTe 6-8 cM. [lomecTuTe OAMH 13 31eKTPOAOB B

LLleHTP BaHHbI, @ APYrov npukpenuTeK CTeHke eMkocTu (puc. 4.64, a).
a)

Bua cboky Bua cBepxy

PucyHok 4.64




MarnutHoe none « 4.2 AENCTBUE MATHUTHOIO MOJA HA MPOBOAHWK C TOKOM M
ABVOKYLLYHOCA 3APAXEHHYHO YACTULLY

2. NoacoeanHNTe 31eKTPOAbI K COOTBETCTBYHOLLMM MOJIFOCaM UCTOYHMKA MOCTOSHHOIO TOKa W HanenTe
AVCTUANIMPOBAHHYHO BOAY B BaHHY. 3aMKHMTE KKOY 1 MOHabtofanTe, BO3HMKAET N TOK B LIEMW.
3. flob6asbTe B BOgy cynbdat meam (CuSO_4 — conb) n ecTb cepHasa kucnota (H_2SO_4 — kucnora). (Puc.
4.64, b).
4. TTomecTnTe MarHUTHbIN ANCK MOA BaHHY, NOCbINbTE MOBEPXHOCTb PACTBOPA KUCAOTbI APEBECHOWN CTPYXXKOW
M BHUMAaTeIbHO MOHabtoAanTe 3a NPOUCXOAALLNM siBAeHUEM (cM.: Puc. 4.64, ¢).
5. lMoBTOpUTE 3KCMNEPUMEHT, MOMEHSAB MeCTaMy NOJI0OCa MarHUTHOTO AMCKa M MOFKOCa TOKay FoA4aBaeMoro Ha
3NeKTPOAbI, U 0bpaTUTE BHUMaHME Ha NPOUCXOAALLME ABNEHNS.

O6cyaute

» BcnomMmHuUTe AABI@HUE 31eKTPOIMTUUECKOWN ANCCOLMALLMMY, YTO Ha3biBalOT 3/1IEKTPO/INTUYECKOMN
Auccouuauuen?

» Yto Bbl HablOAaNM, KOraa NOMECTU/IN MarHUTHbIA AUCK Noj BaHHY U MOCbiNasin NOBepXxHOCTb
pacTBOpa KUC/I0Tbl A PEeBeCHON CTPYXKKOMN?

» Yto 3acTaBAsAeT yacTuLbl 3/1eKTPOJIMTHOTO pacTBopa BpallaTbCA BMeCTe CO CTPYIKKOM?

» Yto Bbl Hab1tOAANM, NPU MNOBTOPHOM 3KCMEPUMEHTE, U3MEHUB MOJ1I0)KEHUEe NOJMIKCOB MarHUTHOrO
avcka?

* Yro Bbl HabatoAaNM, KOraa NOBTOPWIM SKCNEPUMEHT, U3MEHUB HanpaB/JieHVe TOKa, NoAaBaeMoro Ha
anekTpoabI?

¢ Kakue BbIBOAbI MOXXHO cAenaTh U3 dKCNepuMeHTa?

HOCKoany 3ﬂeKTpI/ILIeCKI/II7I TOK nMpeacTaBaseT
. ) v oM ynopsaoUueHHOe ABUXKEHME

fonnaHackmi dursmk. BHéc 60NBLIONK BkAaL R ynop#a A

B pa3BUTME INEKTPOAUHAMUKN 1 OMTUKNAL 3dPAXKEHHbIX 4acTyiL, MarH1THOE none

AenseTca ocHoBaTéNeM 3EKTPOHHOI AEGUCTBYET Ha KaXAyto 13 3TUX ABMXYLLIMXCA
teopun crpoeyfifiarepn il 3aPAXKEHHbIX YaCTuILL, OKa3blBas BAVAHME Ha

TOK. Taknm o6pazom, cuny AMnepa MOXHO
paccMaTpuBaTbh Kak CyMMY CWJ, AeMCTBYOLUMX Ha'ka>kayo ABM>KYLLYHOCS YacTuLLy.

« Cuna, delicmsyrouyasi co CMopoHbl MA2HUMHO20 NoJiA HA 0BUXKYWYIOCA 3apsKeHHYH Yyacmuuyy,
Ha3bieaemcs cusoli /lopeHya. OHa Ha3BaHa B YeCTb rosiaHACkoro ¢dursmka XeHapuka AHTOHa JlopeHua.
Cuna flopeHua

Modyne cuner/lopeHuya E

XeHapuk AHTOH JlopeHu,(1853-1928)

MOXeT 6bITb onpeaeneH no popmyne. 3aeck F, — cuna Amnepa, N — obuiee uncno ceoboaHo
3apsA>KEHHbIX YacTUL, HadacTke ANnHOW | npamoro 2 g

s A #
MPOBO/AHMKA, PaCrOJIOXEHHOro B MarHUTHOM MoJie. B

Ecnm moaynb 3apssa YacTvLbl paBeH qo, @ OBLLMIA 3apss, BCeX S sl &+ (o ols S
— i i
yactmy, paBeH q =N - g, TO Cuia TOKa B NPOBOAHMKE OMpesesifeTcs . et ._:—E*' o 5
cieayroLmMM 06pasoM: | = étql gl . JEW WO W
' = I -
34ecb t - Bpems, 3a KOTOpOe 3apaXeHHasa 4actmua npoxoanT PucyHOK 4.65

pacctosiHme | No NPOBOAHMKY (PUCYHOK 4.65).
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B aTom cayyae Mbl nonyvaem:
F = F, _ IBisina _ N Blsina _ qyBlsina
T N N Nt t
34eCb, MOCKOAbKY + = v, Noay4Yaetcsa obuasa popmyna ANs onpeseneHma Moayna
cvibl JlopeHua:

F,= q,Busina. ()
[A€ L — CPeAHsIA CKOPOCTb 3aPSXKEHHOV YaCTULbI, ABMKYLLENCA YNOPAAOYEHHO

B MarHWTHOM T10J1€, 0L — YTO/l MEXAY BEKTOPOM VHAYKLN MATHMTHOTO Nosisi B v
BEKTOPOM CKOPOCTU 3apA>KEHHOW YacTuLbl L. Ecam 3apskeHHas YacTuila BXOANT B
MarHUTHoOe noJie NepreHAMKYIAPHO JMHUAM UHAYKUMK, TOolecTb o ='90° To sin90° = 1,
1 cuna JlopeHua AocTUraeT MakCMManbHOTO 3HaYERUA:

Fﬂ maxc = qoBu' (5)
Cwvna JlopeHua nepneHauKy/ifapHa BeKTOpam Buvuee HampaB/ieHVe onpeaenseTcs
NpaBWIOM JIEBOU PYKMU.
lMpasuno neeoli pyku 05 cunei /lopenya
Jlesytro pyKy cnedyem pacnon@xume 8 MAeHUMHOM NoAae mak, 4mobbl 8eKmMop
MazHUmMHouU UHOykyuu 8xo0us1 8 AadoHb (nepneHOUKYAspHO ell), a Yemeoipe
nasneya bsliu 8bIMAHYMbl NO HANPABIeHUH 08UXKeHUS N0JI0XXUMebHOo20 3apAda
(npomuBonoI0XXHO HaNpaseHUro 08UXeHUs ompuyamesbHo20 3apsada). B smom
cyyae omoeHymeit-Ha 90%.6o16wi0U nasey 6ydem ykaszeleame HanpasieHuUe cusisl
JlopeHya, delicmsyrowjet Ha 3apac. (puc. 4.66).
Koraa 3aps»KeHHas MacTvLa BXOAUT B O4HOPOAHOE MarHUTHOe none, cuia JlopeHua
AevcTByeT mepneHAUKYASPHO BEKTOPY CKOPOCTM YacTuULbl, MO3TOMY MOZY/b
CKOPOCTU YacTULBI HE U3MEHAETCS, HO MEHAETCA HanpaB/ieHNe €€ ABUXKEHUS.
CnepoBatenbHO, 3aps>XKeHHas YacTmLa ABNXKeTC B OAHOPOAHOM MarHUTHOM none
nog AencTBneM cubl JIopeHLa no crimpanu.

G,

—

= S
-._lU x
PucyHok 4.66
NOAYMAW Ecan 3apaxeHHasa yactmua BXOAMT B MarHUTHOE noJie napannenbHo JMHUAM UHAYKLNK,

+OBCYAN 10 ectb, o = 0° mam a = 180° Mo Kakou TpaekTopun OHa byaeT auratbcsa? Mouemy?
*[NOAENINCh Ob6ocCHyWTe CBOW OTBET.




MarnutHoe none « 4.2 AENCTBUE MATHUTHOIO MOJA HA MPOBOAHWK C TOKOM M
ABVOKYLLYHOCA 3APAXEHHYHO YACTULLY

MpyvmeHnTe NoNnyyeHHble 3HaHUA I =

Mpumep. Ha pucyHke 4.67 nsobpakeHa cxema ABMKEHUS
MONIOXKMTENBHO 3aPAXKEHHOW, OTPMLLATENIbHO 3apPA>KEHHOM L

N HEe3apAXKEHHOW YacTuL, BXOAALMX B OA4HOPOAHOE @_.
MarHUTHOe noJe C OANHAKOBOW CKOPOCTbHO.

Bonpoc 1. 1o kakon TpaekTopumn YacTuLbl MPOAOAXKaT

CBOE JBU>XXEeHWe B rnoJsie?

Bonpoc 2. Ecan 3apaxxeHHasa Yactmua HenoABu>KHa B

MarHWTHOM MOJIe, YTO MOXHO CKa3aTb O HanpaBAeHUU U

YNCIEHHOM 3HayeHun cunbl JlopeHua? R
Bonpoc 3. Kak n3ameHATca nx Tpaektopus, ecim 3tu

YacTULbl BNETArOT B MarHUTHOE noJie napaaiensHo Apyr

Apyry? PucyHok 4.67

cl

MpoBepbTe NosyyeHHble 3HaHUA

cl

1. Ha puncyHke 4.68 nsobpaxkeHbl YacTuubl, BXOAALLNE B MarHATHOE
nose NPAMOro NPOBOAHMKA C TOKOM.

Bonpoc 1. Kak HanpaBneHa cvna JIopeHuUa, Ae1CTBYOWan Ha 3Ty
yacTuybl? I
Bonpoc 2. Kak n3ameHuTca HampaeaeHue cuibl JlopeHua, ecam

N3MEHUTCA HanpaBaeHVe TOKa B MPOBOAHUKE? {:)_" L
PuncyHok 4.68

2. Hezaps>keHHas yactmua 1'v otpuLiatensHO 3apa>keHHag Yactmua 2

ABWXXYTCA B O4HOPOAHOM MarHUTHOM none (pucyHok 4.69).

Bonpoc. Mo kakol TpaekTopum APeAO/KAT ABUXKEHME YaCTULLbI? . =
B 1

3. DN1IeKTPOH BAETaeT B MarHUTHOLO NOAA C MHAyKumen B = 1,6 mTxn i

nog yrnom 30° KMMHMAM MHAYKUWN CO CKOpOCTbio L = 5,6 - 103 m/c.

Bonpoc. Yemy paBeH Moayb cviabl JIopeHua, AeNCTBYOLWEN Ha v ( )2 -

v

anekTpoH? (e = 1,6 107 %Kx)
PucyHok 4.69
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4.3. DneKTpoMarHuTHasa MHAYKL A

[10 c1x NOp Mbl U3yYanu, YTO INEKTPUUECKMIA TOK CO34aeT MarHUTHoe nose. Ho oaHO 13 caMbIx
WNHTEPECHbIX OTKPbITUI B GM3MKE NOKa3ano, YTo 3TO B3aUMOAENCTBME ABASETCA BYCTOPOHHUM.
N3meHeHne MarHUTHOrO MO MOXET Bbl3BaTb BO3HUKHOBEHME 31IEKTPUUYECKOrO TOKA B
3aMKHYTOM MPOBOAHMKE. ITO ABNEHME Ha3bIBAETCA 3/1eKMpoMazHUMHoU UHOykyuel, N OHO
coctaBasieT PU3nYecKyro OCHOBY H60JbLLEN YACTV COBPEMEHHbIX TEXHOIOTMIAOT MPOU3BOACTBA
3/IEKTPO3HEPIUM A0 Pa3NNYUYHbIX YCTPONCTB, paboTatoLmx Ha eé OCHOBe.

4.3.1. ABneHne 31eKTPOMarHUTHOM UHAYKL N

JKcnepuMeHTa/JibHas 3ajava

Mouemy B KaTyLuKe BO3HUKAaET TOK?

MegHas KaTyLuKa NoAK/OYEHa K ralbBaHOMETPY: PAA0OM € KaTyLLKON HaXOAUTCH HEMOABUKHbBIN
NAOCKUA MarHuT. lanbBaHOMETP He nokasbiBaeT Tok. OgHaKQ, Koraa MarHuT MpUBnn>KaroT K KaTyLuke
A OTAANAIOT QT Hee, CTpesika ralbBaHOMeTpa
BHE3aMHO OTK/IOHABTCA BMpPaBO U BJIEBO, yKa3biBas
Ha BO3HMKHOBEHWE TOKa B KaTyLuke (PucyHok
4.70). Korga marHut ocTaHaBAMBaETCs, CTpesika
BO3BpPaLLAETCA K HY/IeBOMY AleNIeHNIO.

Y10 BbI3Ba/1I0 BO3HNKHOBEHME TOKa B
KaTyluke, He NOAKJ/IIDYEHHOW K UCTOUHUKY
TOKa?

- Kakoi BbiBOA, MOXXHO caenartb U3 3Toi
3KCnepyMMeHTaIbHOW 3agaun?

PncyHok 4.70

[ KntoueBble CoBa INEKTPOMaArHVTHaA NHAYKLNA, I/IHAyKLLI/IOHHbIVI TOK, NepeMeHHOoe MarHnTHoe noae J

flB/ieHVe 3/1eKTPONMarHUTHOM MHAYKLUN

SKCnepvMeHTbl, MPOBeseHHble [ Ipctegom (B 1820 roay), AoKazanm, UTO INEKTPUYECKMM
TOK CO3/aeT BOKPYr cebs MarHUTHOe none. MoXeT M NpouCXoAnTb 0bpaTHOe SiIBNEHNE, TO
€CTb MOXETAIMN MarHMTHOE NoJie Tak>Ke NOPOXKAATb INEKTPUYECKMIA TOK?

AHIIMUCKNIA yyeHbln Mankn ®apasel BnepBble Hallen pelleHne 3Toro Bornpoca B 1831
rogy. C MOMOLLbF MHOTOUYMNCAEHHbIX 3KCMEPUMEHTOB OH OMNMpPeaAenn, YTO NU3MeHeHne
MarHMTHOrO NMOAS CO3ZaeT SNEKTPUYECKNI TOK B BUTKAX KaTyLIKM (B 3aMKHYTOW Lienw).

Bbl y>ke 03HaKOMMANCL C OAHUM M3 3KCnepuMeHToB Papases B IKCNepUMEHTabHOW
3agaue. Oka3anoch, YTO NPU NPUBAMKEHUM NN YAaNEHUM MOCTOSHHOTO MarHuTa K KaTyLuKe,
B HEW BO3HMKAET 31eKTpnYeckmnin Tok. OTKNIOHEHME CTPENKN rafibBaHOMETPA B Pa3HbIX
HanpaBAEHMAX NP ABUXXEHUN MarHmTa B Ty WM MHYH CTOPOHY YKa3bIiBaeT Ha U3MEHeHne
HanpaBAeHMA BO3HMKLLErO B KaTyLLKe 31eKTPUYECKOro Toka.




MarHuTtHOoe none ¢ 4.3 SJIEKTPOMATHUTHAA NHAYKU WA

Ecam MarHnT HaxoAMTCs B COCTOSIHUM MOKOSA PAAOM C KaTyLLIKOW UKW BHYTPY HEE, TOK B KaTyLLKe

He BO3HMKAET. VI3 3TOro MOXHO cAienaThb BbIBOZ, YTO MPOMU3BO/ILHOE ABUXEHWE MarH1Ta

BNepés BLOb KaTYLLIKM CO3AaET INEKTPUUECKUI TOK B €8 3aMKHYTbIX KaTyLLKaX. ITO iBNeHue
Ha3bIBAETCA 3/1eKmpomMazHUMHoU UHOykyuel, a TOK, CO3/jaHHbIV B 3aMKHYTOW Lieniu, Ha3biBaeTCs
UHOYKUYUOHHbIM MOKOM.

+ feneHue 803HUKHOBEHUS 3/1IeKMpUYeCcK020 MOKa 8 3aMKHYmoM npoeodaujemM KOHmype e
pe3yibmame usMeHeHUs MAazHUMHO20 NoJiA Ha3bledemcs sie/ieHUeM 3/71eKmpomMazHuUmHoul
uHOyKYuU, a 603HUKWUU MOK Ha3vieaemcs UHOYKYUOHHbIM MOKOM.

UYTo 03HauaeT U3SMeHeHne MarHMTHoro nona?

V3meHeHue kou4yecmea UHOYKYUOHHbIX IUHUU, NPOHU3bI8AROUUX 3AMKHYMbIU
KOHMYyp NOCMOAHHO20 MazHUmMa (ysesau4yeHue uiu yMeHbWeHuUe), 03Ha4aem
u3MeHeHue MazHUmMHo2o noss (puc. 4.71).
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Pl/lcyHOK 4.71. \3aMeHeHMe MarHUTHOro Mos O3HayaeT M3MEHEHMe uncia MHAYKUMNOHHbBIX JIIHUIA.

3meHeHne MarHMTHOrO Mo MOXeT ObiTb 4OCTUTHYTO He TOIbKO fepeMeLLeHneM
MOCTOAHHOIO MarHWuTa K KaTyLuke nav, HaobopoT, OT HEE, HO 1 ApyrrMK cnocobamw.
Hanpumep, eciv NoCTOAHHbIV MarH1T 3aMeHUTb 3NeKTPOMarHMTOM, M3MEeHEeHNe MarHUTHOro
MO B KaTyLLUKe Tak>Ke MOXET OblTsOCTUIHYTO M3MEHEHMEM CU/Ibl TOKA B 31€KTPOMarHuTe
(cm.: puc. 4.73). OpgHako, ecn KaTyLika ABUXXETCA NOCTyNaTelbHO B O4HOPOAHOM
MarHMTHOM MoJe, MHAYKLMOHHbIA TOK HE BO3HMKAET, MOCKOJBKY KONNYECTBO NNHUN
NHAYKLMW, Nepecekarowmx MAOCKOCT KaTyWKMWB OAHOPOAHOM MoJie, He U3MEHSAETCA.

TOLYMAW 3aMKHyYTbIV KOHTYP ABUXETCH MPAMONNHENHO Y PaBHOMEPHO B OAHOPOAHOM MarHUTHOM
<0OBCYAN none.
[0 /1E MACh . o y o
Bonpoc. BO3HNKHET I B KOHTYpe B 3TOM C/1yYae NHAYKLMOHHbIV TOK? OBOCHYIMTE CBOW OTBET.

anIMEHVITe foJZly"eHHble 3HaRvA

MpuHaaNe>XHOCTN: NJOCKUIA MarHuT, ralbBaHOMETP, NCTOYHMK MOCTOSHHOMO TOKa, PeocTar,
KaTywka (2 WT.), ANVHHBIA >KeNe3HbI CEPAEYHMK, K/THOY, COeAMHUTENbHbIE MPOBOAA.

Xopa, pabotbi

ran 1

1. MopacoeanHUTE 3aXKMMbI KaTyLLIKW K FrafibBaHOMETPY.

2. NoaHecnTe NAOCKNIA MarHnT 6am>e K KaTyLlKe, a 3aTeM OTOABMHbTE ero. B 310 Bpema cneaute 3a
CTpenkow ranbBaHomeTpa (puc. 4.72, a n b).
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3. NomecTnTe NAOCKUA MarHUT BHYTPb KaTYLLKN U yAep>KMBaUTe ero HeMoABUXHO, 3aTeM
BpaLLlainTe MarHUT BOKPYr CBOEW OCK, He OTPbIBas €ro OT MOBEPXHOCTW CTONa, U HabatoganTe 3a
CTpenkown ranbBaHometpa (puc. 4.72, c).

a) - ' b) o)

PucyHok 4.72

O6cyaute

+ Kakoii BbIBoA MOXKHO cAenaTtb U3 Toro ¢akra, YTO CTpesika rajibBaHOMETpPa OTKJ/IOHAETCA TO
BMpaBo, TO BJIeBO, KOrAa MarHuT npnbanikaercs K Katyike v yaansercs ot Hee?

+ YTo 03HauaeT HeNoABMXKHOCTb CTPE/IKU rajlbBaHOMETPa Ha HY/1IeBOM Ae/leHUN, KOrAa
MarHut eHympu kamyuwku su6o nokoumcs, 1ubo epaujaemcs eokpye ceoeii ocu?

dtan 2

1. MoAroToBbTE 3N1EKTPOMArHuT,BCTaBMB
Xene3Hbl cepAeyHNK B KaTyliky 1.
CoeanHnTe KNEMMbI 31eKTpoMarHuTa
nocsefoBaTeNbHO C PeoCTaTom,

KJAHOUYOM M MOAKAHOUNTE K NCTOUHUKY
NMOCTOSHHOTO TOKa.

2. Negkntounte BTOPYHO KaTyWKY. (2)

K ralbBaHOMETpPY M HajleHbTe €€ Ha
BbICTYAAFOLLLYHO YaCTb Xene3Horo
cepfeyHuKka anektpomMarHuta (puc. 4.73).
3. CHayana 3aMKkHMTe 1 PAZOMKHUTE KJIKOY, a 3aTeM, NMPU 3aMKHYTOM KJHUe, N3MEHANTE CUY TOKa B
anekTpoMarHuTe 1, nepémellas Nnon3yHoK peocTata BAEBO W BNpaBo. Bo Bcex ciyyasx Habatogante
3a NOKasaHWAMK FaJlbBaHOMETPA, MOAKJIFOYEHHOTO K KaTyLuke 2.

PucyHok 4.73

O6cyaute

 Mouemy Nnpoun3Bo/IbHOE U3MEHEHUe CUJ/Ibl TOKA, NPOXOASALLEro Yepes 31eKTpomMarHur 1,
npuBeNo K BO3HUKHOBEHUIO UHAYKLIMOHHOIO TOKa B KaTyluke 2?

« Kak yBennueHue uam ymeHblUeHME CUJIbl TOKa Yepes 3/1eKTpoMarHuT 1 noBausaio Ha
HanpaB/JieHMe MHAYKLMOHHOIO TOKa B KaTyluke 2?

 Kakoi1 BbIBOg, MOXXHO cAenatb U3 NPOBeAEeHHOro NccaesoBaHunAa?




MarHuTtHOoe none ¢ 4.3 SJIEKTPOMATHUTHAA NHAYKU WA

I'IpOBepre nony4yeHHblieé 3HaHUA

1. MarHuT HaxoamTCca B COCTOAHUN NOKOSA BHYTPW KaTyLUKK, a KaTyLuKa
CoBepLUaeT NocTynaTeNbHOe JBUXEHNE.

Bonpoc. BO3HVKHET 1 B 3TOM Ciyyae B KaTyLuKe MHAYKLUWOHHbI TOK?
O60CHyTEe CBOW OTBET. Pucyrok 4.74

2. 3aMKHYTbIA MPAMOYTOJ/IbHbIN KOHTYP NepeMeLLaeTca Mexay nojtocamun snekTpomMarHuta, kak
NnoKasaHo Ha pucyHke 4.74.
Bonpoc. BO3HVKHET 11 B 3TOM KOHTYpPe MHAYKLIMOHHbIN TOK? OBOCHYITE CBOWM OTBET.

3. JnvHHag KaTyLKa, 3aKpenjeHHas Ha LWTaTuee, NoAKAOYeHa K
raibBaHoMmeTpy. MNA0CKMI MarHUT, NOABELLIEHHbIA Ha HUTK, BBOAMUTCA B
KaTyLLUKY, KaK rnokasaHo Ha pucyHke 4.75. Ha pucyHke rnokasaH MOMeHT
NpoxoZa MarHUTa TPeX pPa3/IMYHbIX COCTOSHUA OTHOCUTENTBHONKATYLLIKA —
coctoaHunn A, B n C.

Bonpoc 1. Bo3HWKHET N B KaTyLIKe MHAYKLMOHHbIV TOKHECAN
ABVXKYLLIMICA MAarHUT HaXOAMTCA B NONOXeHUM A nLC?

Bonpoc 2. Korga marHmt npoxoaut Touky B, nokasaHws raibBaHomMeTpRa
PaBHbI HYNO, HECMOTPSA Ha ero ABMXKeHune. B uem TipuunHa 3Toro?
Bonpoc 3. Ha ocHoBe 3T0ro akcnepuMeHTa, Kak MOXHO ChOpMyN1POBaTb
OCHOBHOE HeObXOAMMOE YCI0BME AN BOSHUKHOBEHNA UHAYKLMOHHOFO TOKa?

m MPOEKT."B kakom cnyyae B KaTyLlke
BO3HWKaeT NHAYKLVOHHbIV TOK?

Xoa pabotbi

1. OtckaHupymTte QR-KoZ € NOMOLLLHO0 Kamepbl Ballero TenedoHa 1 nepenamTe Ha cant
cumynaumin PhET.

2. KnvksnTe Ha NIOCKNIA MarHWUT, KOTORbIV
NOABWTCA Ha dKpaHe, 1 nepemMeLlanTe

€ro BrnpaBO W BJIEBO BHYTPU KaTyLLKK

(PvcyHok 4.76, a):

3. B npuBeAeHHON HIKe cMyNALIAM

Heob6x0AMMO BbIOpaTh faJbBOHOMETP,

BCTaBWTb B KaTyLUKy MarHUT W OCTaBUTb ero
HeMnoABMXXHbBIM Ha HEKOTOPOE BpeMs, Nocae

Yyero HauyHuTe 3a HUM HabatogeHwme (PucyHok 4.76, b).

PucyHok 4.76

PaccmotpuTte cnepylowme Bonpochbl:

 Yto npousowno, Kkorga MarHuT nepemellany BHyTPM KaTywkm?

« Mouemy 3aropenacb namnouka?

* B uem NprMurHa BO3HMKHOBEHUA 3/1IEKTPUHECKOrO TOKa B KaTyluke?
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4.3.2. HanpaBaeHvne NHAYKLUMOHHOIO TOKa.
[lpaBuno JleHua

3KCI1€pVIMEHTaIIbHaﬂ 3aja4a
I'quemy BaMKHyTbIFI I'IpOBOAiII.I.I,VII‘;I KOHTYP MHOr4a OTTAJIKUBAETCA, a MHOIrAa nputArmBaeTcAa

MarHuTom?

3aMKHYTbIN MPOBOAALLMNIA KOHTYP, COCTOALLMIN U3 HECKONbKNX BUTKOB, MOAKAKOMEH K rafbBaHOMETPY.
Koraa nnockui MarHmt npnbanxkaroT K KOHTYpY, OAHOBPEMEHHO HabtoAakoTcA ABa ABAEHUA:

— B KOHTYpe BO3HWKAET MHAYKLIMOHHBIN TOK;

— KOHTYp OTTanKmMBaeTca MarHutom (puc. 4.77, a).

Korga marHuT yaanatoT OT KOHTypa, NPOUCXOAAT obpaTHble NpoLieccsl:

— U3MeHAETCA HanpasaeHne NHAYKLMOHHOIO TOKa;

— KOHTYp NPUTArMBaETCA K yAansatowemMyca MarHuty (puc.4.77, b).

3 npeabiAyLLEero ypoka 1 3Toro akcnepumMeHTa Bbl elle pas ybeannmnce, YTO BO3HMKHOBEHME U
HanpasaeHWe NHAYKLMOHHOIO TOKa TakXe 3aBUCATOT N3MEHEHUA MarHUTHOIQ MoAs.

a)

PucyHok 4.77

« NMoueMy 3aMKHYTbIN NPOBOAALLUNIA KOHTYP OTTa/JIKUBaeTCA NOCTOSAHHbIM MarHMTOM, KOrAa ero
nNpuban>KatoT, U NPUTATMBAETCA K HEMY, KOTAa MarHuUT oTAaanatoT?

 KakoBa cBA3b MeXay N3MeHeHeM HanpaBieHUA NHAYKLMOHHOIO TOKa B KOHTYpe U ero
OTTa/IKMBaHMEM WU NPUTAXKEHNEM NOCTOAHHBIM MarHUTOM?
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OnbIT J/leHua
MpuHaanexxHocTH: yCTPonCcTBO JleHLa, MOCTOAHHBIN MarHUT (MAOCKUA UAWM MOAKOBOODOPAa3HbIN).
OnucaHue ycTpoicTBa JleHua: OCHOBHas YacTb 3TOrO YCTPONCTBA

COCTOMT U3 CTEPXKHA C ABYMS alFOMUHNEBBIMWN KONbLLAMMU, ‘!"“7*
NPUKPENIEHHbIMUN K €r0 KOHLLaM: OHO KOJIbLIO CM/IOLWHOE, a APYroe — o ' R/

n
'_
()
@)
T
n
=
Ll
'_
=<
(NN)
S

¢ pa3pe3om. CTep>keHb NoMeLleH Ha octpue (puc. 4.78, a).

Xop pa6otbi s y

1. Mpnban3bre OAMH M3 NONOCOB MarHUTa K CNJIOLLIHOMY KOJbLy W W -
NnoHabtofanTe 3a NPOUCXOAALLNM siBAeHWeM (puc. 4.78, b). -
2. YpepXXuBante MarHUT HEMOABMXHO BHYTPUW KO/bLLA, @ 3aTeM yaanunte ero b) -« N
n3 Konbua. Habarogante 3a NPONCXOAALLUM SBAEHUEM.

3. MoBTOPUTE 3KCMEPUMEHT C APYTMM NMONKOCOM MarHuTa.
4. MNoBTOpWTE 3KCNEPUMEHT C pa3pe3aHHbIM KOJbLIOM: NoC/ieA0BaTe/lbHO
npubavanTe 1 ysanante NOAKOCa MarH1Ta OT Herox

O6cyaunTe pesynbrar:

« Uto BbI HabAlOgaNK, Korga Nnpubankann nosaroca MarHUTa K CNIOLHOMY KOJbLy?
 Yto npoucxoaunno, Koraa Bbl yaep>KUBaAN MarHuT B COCTOSAHAMN NOKOS B CIIJIOLLIHOM KOJIbLY
» Y10 BbI HAGNOAANM, KOTAA YAANANAN MArHUT OT CMJIOLWIHOIO Ko/bua?

» Y10 npoucxoaunno, Koraa Bbl NOBTOPAIN 3KCMEPUMEHT C pa3pe3aHHbIM KOJbLLOM?

» Kakoe 0606weHne MOXHO caenatb U3 3TMX 3KCNepuMeHToB?

MpuuvHa BO3HUKHOBEHNA UHAYKUVOHHOIO TOKa

NHAYKLMOHHBIV TOK, KaK 1 OBBIUHBIA 3AEKTPNYECKNIN TOK, CO3AAETCA 31EKTPUYECKMM MONEM.
Ho otkyaa 6epétca anekTpmnyeckoe noJsie, cosgarolee NHAYKLMOHHbBIV TOK? ITO NoJie ABAAETCSH
NHAYKLMOHHBIM 31eKTpUYeCkUM NoJieM, CO3AaHHOE N3MEHARLMMCA MarHUTHbIM MOJIEM.
[MockoNbKy ero MCTOYHNKOM ABAAETCA N3MEHAOLWEeca MarHUTHOe NoJie, OHO UMeeT
3aMKHYTble CUI0BbIE IMHWW, KaK /W MarHUTHOE MoJe, 1 Mo 3TON NPUYMHE ero Tak>ke Ha3blBatoT
BMXPEBbIM 31eKTPUYECKMM NoNeM. BuxpeBOe anekTpuyeckoe nose CywecTBEHHO OTANYaETCA OT
3N1eKTPOCTATNYECKOrO NOAS, MOCKONBKY:

a) 3nekmpocmamudyeckoe noJe co30aemcs NOKOAWUMCS 31eKmpu4eckum 3apsaoom, a
UHOYKYUOHHOE 3iekmpuydeckoe noJe co30aémca nepemMeHHbIM MA2HUMHbLIM NOJeM;

b) nuHuu HanpsKeHHoCMuU 31eKMmpocmamuyYecko20 NoJA HAYUHAMCA HA NOJ0XKUMEIbHbIX
3apadax u 3akaH4UBaroMcCca’ Ha ompuyamesbHsix;

JluHUU HanpAXEHHOCMU UHOYKUUOHHO20 3/1eKmMpUYecko20 NOJI He UMerom HU Ha4asad, Hu
KOHYA, OHU 3aMKHYyMbl, KGK U IUHUU MA2HUMHOU UHOYKYUU.

Kak onpeaenutb HanpaB/ieHNe MHAYKLWOHHOrIO ToKa?

B xoge nccnepoBaHuna Bbl 06HaPY>XWAW, UTO KOrAa Bbl NpUbANIKaeTe MarHWUT K CrJIOLLIHOMY
KOJIbLly, OHO OTTa/NIKMBAETCA OT MarHWTa, HO KOTAa Bbl OTAANAETE MarHuT, KO/IbLIO NPUTATMBAETCA
K Hemy. To >xe caMoe MOBTOPAETCA M NPW UCMONb30BaHUN APYroro nostoca Mariuta. OgHako,
KOrZ,a MarHWUT HaXOAWTCA B COCTOAHMWN MOKOA BHYTPU KOJIbLIA, B3aMMOAEWCTBUSA MeXAY
MarHMTOM 1 KOJ/IbLIOM HET.
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Korga marH1T npnbam>atoT K KO/bLy C pa3pe3oM, a 3aTeM OTBOAAT OT HEro, HAYEro He
HabaroaaeTcs.
70 O6BACHAETCA TEM, UTO NHOOOE N3IMEHEHWME MAarHUTHOMO MOS, MPOHM3bIBAOLLETO
3aMKHYTbIV KOHTYP, NPUBOAMT K BO3HUKHOBEHMIO MHAYKLIMOHHOIO TOKa B 3TOM KOHTYpPE,
TOrAa Kak B KOJ/bLIE C pa3pe30M (KOrZAa KOHTYP Pa3OMKHYT) MHAYKLUMOHHbIV TOK HE BO3HMKAET.
CnepoBatenbHO, MHAYKUMOHHOE 3NeKTpUYeckoe nose, Co3jaBaeMoe B pesy/braTe
M3MEHEHUA YNCIA MHAYKLMOHHBIX IVHNIA, MPOXOAALLMX Yepes LieMb, BbI3blBAET NOABNEHME
MHAYKLMOHHOTO TOKa B 3aMKHYTOW NPOBOAALLEN Lenu.
Koada mazHum npubsauxarom k Koneyy, UHOYKYUOHHbIU MOK HaApasieH makumMobpasom,
4ymo cozdasaemoe UM MazHUMHoe noJjie npomusodelicmayem ycusaeHuro gHeuIHe2o0
Maz2HUMHO20 NoJ1I9 NOCMOSIHHO20 MazHumMa. Kozda mazHum omeoosm om Ko/1byd,
UHOYKYUOHHbIU MoK HanpasieH makum obpasom, Ymo.cozdasaemoe UM MazHUMmHoe nose
npomusodeticmayem ocnabieHur0 8HewWHe20 MazHUMHO20 o/l NOCMOAHHO20 MazHUMG.
Pycckunin dusmk dmunb JleHu, nydaslumii 3t asaermns, B 1833 rogy chopmyanposan oblee
npaBwno, onpeaensaroLlee HarnpasaeHe NHAYKLUKMOHHOIO ToKa = Npasnao JleHua:
» UHOyKyuoHHbIlU Mok ece20a uMeem makoe HanpassieHue, 4mo cozdasaemoe um
MazHuUmHoe noJsie npomueodeiicmeyei momy UsMeHeHUr 8HellHe20 MazHUMHo20
noJisi, Komopoe 8bI364J/10 5MOM MOK.
DTO O3HAYaeT, YTO eC/Iv BHELUHee MarHUTHOR MoJie YCUIMBARTCA, TO MarHUTHOE noJse
WHAYKLMOHHOrO ToKa byAeT NnpenaTcTBOBaTh €FO YeuneHnto, B aTom cnyyae marHutHas
NHAYKLMA NONS MHAYKLMNOHHOMO TOKa Hampas/ieHa APOTUBOMOAOXHO MHAYKLMN BHELLIHErO
MarHuTHoro nons (puc. 4.79, a). Ecan BHeWHee MarHUTHOe noae ocnabesaet, TO MarHUTHOe
noJsie MHAYKLMOHHOIO TOKa ByAeT.npensaTCTBOBaThL ero ocnabaeHunto. B atom cayuae
MarHuTHaa MHAYKUMA MarHUTHOFO NOAS, MHAYKLMOHHOIO TOKa Harnpae/ieHa B CTOPOHY
BEKTOpa WHAYKLIMA BHELLIHEro MarHUTHOrO noas (pwc. 4.79, b)
a) b)

L

PuncyHok 4.79. BO3HMKHOBEHME MHAYKLMOHHOIO TOKa. Bind
RNV Tnogkuia marHuT yaansetca ot katywlku (puc. 4.80). H
«OBCYAN Bonpoc 1. Kak HanpaBaeH NHAYKLMOHHbIV TOK, BO3HUKLUWI B T
*[NOAENNCh KaTyLike?
Bonpoc 2. Kak HanpaB/ieHbl AIMHUWN NHAYKLMWM MAarHUTHOIO Mo, CO34aBaemMoro f—
WHAYKLMOHHBIM TOKOM? C MOMOLLIbHO Kakoro npasuaa yaobHee Bcero onpeaenvTsb d
3TO Hanpas/eHne? E
=]

PucyHok 4.80
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an/IMEHI/ITe nony4yeHHblieé 3HaHUA

NpeacTaBbTe, UTO FOXHbIV MOAKOC MAOCKOrO MarHUTa yAanaeTcs ot KaTyLku (cMm. puc. 4.80).
Bonpoc 1. Kak n3meHuTCA none NOCTOAHHOrO MarHuTa BOKPYr KaTyLKW: YCUAUTCA
nan ocnabHet?

Bonpoc 2. B kakyto cTOpoHy byzeT Hanpas/ieHO 3To nose?

Bonpoc 3. Kak 6ygeTt HanpaBaeHO MarHUTHOE MoJjie MHAYKLMOHHOIO TOKa B KaTyLlke, YTObb!
KOMMeHCnpoBaTb oc/abieHne BHELLIHEro MarHUTHOroO Nons?

Bonpoc 4. Kak npu 3Tom byaeT HanpaBaeH MHAYKLMOHHbIA TOK B KaTyLuke?

I'IpOBepre nony4yeHHblé 3HaHUA

1. Ha pucyHke 4.81 nokasaHbl HanpasaeHune
WHAYKLUMNOHHOIO TOKa B KaTyLUKe W MAOCKMIA MarHuT,

YAANAOLWMNCA OT KaTyLUKM. T
Bonpoc. Kakoi nontoc MarHnTa pacrnonoxeH 61u4xke K f;f“\. '
KaTyLuke? N

2. [1Be HenoABWXXHble KaTyLIKN pacnoAOXKEHbI, TakK

Kak nokKasaHoO Ha pucyHke 4.82. l[abBaHOMETP;
NOAKNHOYEHHBIN K O4HOW 13 KaTyudek, Pukcnpyer
BO3HWKHOBEHWNE NHAYKLNOHHOFO TOKa.

Bonpoc 1. B kakom cnyyae 370 BO3MAXHO?

Bonpoc 2. Kak MOXHO onpeaennts HanpaeaeHue
NHAYKLMOHHOrO TOKa B KaTtyLuke?

Bonpoc 3. Kakoe npaBmao ya06HO ncnoas3oBaTh AN
onpeaesieHVa HanpasaeHUA AMHUN MaEHUTHON MHAYKLMY,
nons, CO34aBAEMOro MHAYKLUMOHHBIM TOKOM? OBOCHYyITE CBOWN OTBET.

PrcyHok 4.82




HayKa, TEXHONOIMA, )KN3Hb

BecnpoBoaHOW apanTep

HekoTopble coBpeMeHHble CMapTPOHbI, «YMHbIe» Yacbl

N HayLWHWKN paboTaroT C NCMOAb30BaHMEM TEXHOAOT U
6ecnpoBogHoOM nepesaun sHeprum (puc. 4.83). ITa TeXHONOTUS
OCHOBaHa Ha ABJEHNMN NEKTPOMArHUTHON NHAYKLINN.

MpuHuMn pa6oTbl

MoxxHo s1u 3apsadume 060U mesiegoH UaU 3/1eKMpPOHHbIe Ydcsl C
nomouwjbro 3mozo adanmepa?

Korga nepemeHHbIN TOK MPOXOAUT Yepe3 KaTyLLKY, PaCnoNOXEHHYIO
BHYTpY 6ecnpoBogHOro ajantepa, BOKPYr Hee CO34aeTCs
nepemMeHHoe marHutHoe noJe. Korga BTopas KaTyLuKa,
pacrnofoXeHHas BHYTpWU TenedoHa, MOMeLLLAaeTCA B 3TO MarHUTHOE MoJie, COracHO 3akoHy ®apajesn, B
Heln Co34aeTcA MHAYKLMOHHbBIA TOK.

DTOT TOK 3apsi>kaeT 6aTapero — MPOUCXOAUT HaKOMIEHUERNEKTPUYECKON SHepPrnn (puc. 4.84).

PucyHok 4.83. becnpoBoaHol asantep.

TexHONIOrMUecKoe 3HaUeHue
ITOT METOA MO3BOJAET OCYLLECTBAATL HECNPOBOAHYIO Nepesayy aHepruu, CHUXKaET N3HOC
3NEeKTPUYECKMX KOHTAKTOB U MO3BOAAET CO34aBaTb BOAOHENPOHMLIAEMble YCTPOMNCTBA.

MezHble KOHTYpbI

ATSTENR!

I'Ipou,ecc BO3HUKHOBEHWA
MHAYKUMOHHOIO TOKa

BHyTpeHHee ycTponcTBo
6ecnpoBogHOro aganTepa

BHyTpeHHee ycTponcTBo TenedoHa,
3apsAXatoLLLerocs C NOMOLLbH
6ecnpoBogHOro aganTepa.

PucyHok 4.84

104



0606w eHMe

n HAYKUMA MarHUTHOro noasa

TMnotesa Amnepa o «MONeKyNAPHbIX TOKax»
| r ObocHoBaHO — > =

onbITOM JpcTesa

MaruuTHOe none npsamoro
npoBog TOKOM

Bbino 0bHapyxeHo eNATCA NNH

A

‘ DNEeKTPUUECKHUA TOK

CunoBas T
XapakTepucTrka

McTtouHmk

Cwna Amnepa, geicTytoLas Ha
MPAMOW MPOBOAHMK C TOKOM:
F, = IBlsina.
HanpasneHwve onpegensercs
NpaBw/OM JIEBOV PyKU:

[elictyet

Co3paér

A

MarHnTHoe nose Kpyrosoro
NPOBOAHMKA M KaTYLLIKN C TOKOM.

OnpeaenstoTcs IMHUM UHAYKLN

Mo npaBuay NPaBoi PyKW WK MO Npasuay
bypaBuvika

Cwna JlopeHua, AelicTBytoLLas
Ha ABVXYLLYHOCS 3aPSXKEHHYHO

# b

. | N

MpumeHseTcs

DN1EeKTPOMArHUTHBIN KpaH, cenapatop, TenerpadHbIi annapar,
3N1EKTPUYECKUIA 3BOHOK, 3/IEKTPUYECKOE pene U T. A.

s

i




O6o6waromime 3apaHnn

1. T. dpcTen 3KCNepUMeEHTa/IbHO 06HapY>KWJ1, UTO /IEKTPUYECKNWA TOK A B
co3paeTt BOKpyr cebsa marHutHoe none. Ha ocHoBaHuu 31oro ¢pakra A. a
AmMnep BblgBUHYN rMNoTesy «MoJIeKy/IipHbIX TOKOB» MarHUTHOroO Noss. 5 l N
Bonpoc 1. B yeM 3aktouaeTca GU3MUeCcKmnin CMbICA TMIOTE3bl «MOAEKYAAPHBIX PucyHok 4.85
TOKOB»? S
Bonpoc 2. Ecan anekTpryeckmii TOK B NPAMOM MPOBOAHMKE HarnpasaeH oT A K ’V\\
B, TO KaKoW MOIFOC MArHUTHOM CTpenkn byaeT HanpasaeH K Ham (PucyHok 4.85)? .: Or |
Bonpoc 3. Ha pucyHke 4.86 n3o6paxkeHO nornepeyHoe ceveHme npsMoro oo/
NPOBOAHMKa C TOKOM W1 CUIOBbIE IMHUWN MarHUTHOTO MO/SA, KOTOPOE OH CO3AaET \—
BOKpPYr cebs. Kak HanpaBaeH TOK B MPOBOAHNKE OTHOCUTE/IbHO MAOCKOCTU PUCYHKa: PucyHOK 4.86
nepneHAMKYASPHO K MIOCKOCTU PUCYHKA OT Hac WK K Ham?
Bonpoc 4. [isa nonoxuTenbHbIX MOHa ABUXKYTCA MeprieHAUKYISPHO nioCKOCTU 1
pVCyHKa NapannenbHo apyr apyry. Kakon umdpor,obo3HayeHa cuna, ¢ KOTOPOW
MarHWTHOE MoJie IEBOrO MOHA AENCTBYET Ha NpaBbin MoH (PucyHok 4.87)7? ® 4 >
2. Ha pucyHke 4.88 noka3saHo nonepeyHoe ceyeHue NPoBOAHUKA C TOKOM. 3
Tok HanpaB/ieH NeprneHAUKY/IAPHO MNJIOCKOCTU PUCYHKa K Habarpaartento. PucyHoK 4.87
Bonpoc. Kakon undpomn obosHaueHa cTpenka, COBRajarolias € HanpaBieHnem 1
BEKTOpPa MHAYKLMN MarHUTHOro nossa Toka touke N? >
) 3

3. Ha pucyHke 4.89 noka3saH npsamMoil NPOBOAHNK € TOKOM, MOMELLLEeHHbIN B o 4
OoAHOpPOAHOE MarHUTHOE noJie: @

PucyHok 4.88

Bonpoc 1. Kak HanpasneHa cvia Amnepa?

Bonpoc 2. Onpegennte cuiy Amrepa. eCan cuja Toka B/ MPOBOAHMKE,
NOMeLLeHHOM B MarHUTHOM N@Jie, paBHa 3 A, AnHa NPOBOAHMKa paBHa 1 M, a X x| X x
MOAY/Ib MHAYKLNU MarHUTHOrO nons pageH B = 0,6 Tn? T T
Bonpoc 3. Kak n3ameHnTCA HanpaBaeHne 1 BeanymHa cuabl AMnepa, ecam
N3MeHUTb Hanpas/ieHe ToKa B NPOBOAHMKE?

Bonpoc 4. Kak nsmeHnTcs BesiunHa cuabl AMMepa, eCim NpoBOAHUK PucyHok 4.89
pacnonoxeH Nog yrnom 30%K BEKTOPY MarHUTHON UHAYKLMN?

4. Ha pucyHke 4.90 nokazaHa pamMkKa ¢ TOKOM, NoMeLlLeHHasA B

MarHuTHoe nose. Pamka BpallaeTcs NpoTMB 4acoOBOMW CTPENIKM. o ‘ﬁ"# £
Bonpoc 1. Kak 6yseT HanpaBaeH 31eKTpUYeCKnii TOK B paMke? :’Wr:
Bonpoc 2. MoxeT an napa cun, 4elCTBYOLLas Ha paMKy, Bbl3BaTb ee T
nepuoanyeckoe BpatieHne? OBOCHyITe CBOWN OTBET. PucyHoK 4.90

5. Ha pucyHke 4.91 noka3saHbl NPAMOW NPOBOAHMUK C TOKOM, cuna JlopeHua, AeACTBYIOLLAA Ha




MOJIOXKUTE/IbHO 3apPAXKEHHYIO YacTULLy B BEPXHEUW YacTy NJIOCKOCTU +)
PUCYHKa, U HanpaB/ieHNe BeKTopa CKOPOCTH, OTpULLaTe/IbHO
3aps)KeHHOMN YacTULbl B H)KHEWN Yactu. BeamumHa 3apsapa B

yacTMuax oamMHakoBa v paBHa q = 8 - 10°'° Kn. F,
I
o [ —
Bonpoc 1. Kak HanpaBaeHa cuna JlopeHua, AeiicTBYHOLLas Ha — =
. U e =)
NONOXMUTE/IbHbIV 3apAa? -
Bonpoc 2. Kak HanpasaeHa cuna JlopeHua, AeicTeytoLlas Ha PricyHok 4.91

oTpuLaTeNbHbIV 3apas?

Bonpoc 3. Onpegenvte Moaynb MHAYKLMN MarHUTHOIO MOJiA NPOBOAHMKA C TOKOM, e c1na
JlopeHua, AeiCTBYIOLLAA Ha NMONOXKNUTENBHO 3apPAXKEHHYHO YacTuuy, pasHal,6 107 H, @ ckopocTb
YacTULbl paBHa 400%?

)
6. BHyTpu KOHTYpa 3/1eKTPUYECKOM Lienu, cocToaLLen U3 UCTOUHMKA
TOKa U peocrtaTa (puc. 4.92), HaxoANUTCA 3aMKHYTbIV NPOBOAALLNNA =
KOHTYp A. Mon3yHOK peocTtaTa HaXOAUTCA B CpeAHEeM NOJIOKEHUW.

—
Bonpoc 1. BO3HWKHET A MHAYKLIMOHHBIN TOK B KOHTYpe Nocie —
rnepemMeLleHmnsa Noa3yHka peocrara? PucyHok 4.92

Bonpoc 2. Ha uTo BANSAIOT CKOPOCTb M HamnpaBAeHVEe ABUXKEHNS MOAYHKA?

7. Ha pucyHke 4.93, a, nokasaH MJIOCKUA MarHuT M 3aMKHYTbI KOHTYP, PaBHOMEpPHO
ABMKYLLMECA C O4UHAKOBOMN CKOPOCTbIO B O4HOM Hamnpas/ieHUn

Bonpoc 1. BO3HUKHET 1 MAAYKLNOHHBIN TOK B KOHTYpe?
Bonpoc 2. Ecv 3aMKHYTbIA KOHTYP(ABVKETCA B.MAarHVTHOM MOJie MOCTOAHHOIO MarHuTa Tak, Kak
nokasaHo Ha puc. 4.93, b, BO3SHUKHET 1 MHAYKUMOHHbIN T0K? OH6OCHYITE CBOM OTBET.

a) b)

PucyHok 4.93




AxuenTtopHasa npumecs (“acceptor" — samuHckoe
€/1080, O3HaYarouwjee «NPUHUMAr0») — 310 NPUMECH,
YMCNO BaNEHTHbIX 3NEKTPOHOB KOTOPOM MEHbLLE,
4eM YMCI0 BaNEHTHbIX 3N1EKTPOHOB aToMa
MONyNpPOBOAHMKA.

MonynpoBOAHMUK C aKLLeNTOPHO NPUMECHIO —
NPOBOAMMOCTb OCYLLECTBASETCA NPEUMYLLECTBEHHO
3a CYeT AblpoK.

MpaBuno neBown pyku ana cunbl AMnepa — 1eByro
PYKy CnesyeT pacrnosoXunTb B MarHUTHOM MnoJie

TaK, YTo6bl IMHUN MarHUTHOW MHAYKLUN BXOANAN

B 1aZlOHb NePreHANKYAPHO, a YeTblpe BbITAHYThIX
nanbLa yKasbiBaav HanpasaeHne Toka. [1pu 3Tom
6onbLUOW Nanew, OTKPbITbIM Nog yriom 90°, ykasbiBaeT
Hanpa./ieHWe cuabl AMMepa, AeVCTBYOLLEN Ha
NMPOBOAHMK C TOKOM.

Mopaynb cnnbl AMnepa — e NPOBOAHNK C TOKOM
NoMeLLeH B O4HOPOAHOE MarHUTHOE MoJie, To
MOZY/b AEeACTBYIOLLEN HA HEro cuabl AMnepa paBeH
NPOWU3BEAEHUNIO CUNbI TOKA, MOAYAS MarHUTHOM
NHAYKLUMW, AJVHBI NPOBOAHMKA U CUHYCA Yraa
MeXAy HarnpaB/iieHNeM TOKa N BEKTOPOMMarHNUTHOW
NHAYKLUMW:

F, = IBlsino.
BuxpeBoe nosne — nose, IMHUN MarHUTHON VHAYKLUN
KOTOPOro BCerga 3aMKHYTbl, OHX He VIMEIOT\HW Havana,
HW KOHLIa.

MpaBuno 6ypaBunka AN NPAMOro NpoBoAHMUKA
C TOKOM — eC/IM NOCTynaTe/IbHoe ABVXeHMe
Boobpaxkaemoro bypaBuvka NPOUCXOANT B
HanpaBAeHWNV ToKa B MPOBOAHWKE, TO HarfpaBaeHmne
BpaLLeHus ee pykoATKM ByaeT yKka3blBaTh Ha
HanpaB/eHUe BekTopa MHAYKLMN MarHUTHOTO NoAs,
CO3/,aBaeMOW 3TUM TOKOM:

B
—

MpaBwno bypaBunka

MpaBwao NpaBow pyku
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MpaBuao npaBoii pyku AnA NPAMOro NpPoBoAHUKa
C TOKOM — eC/iv BOObpakaeMblii MPAMOW MPOBOAHNK
C TOKOM 06XBaTUTb MPaBOM PyKOM TaK, YTOObI
60/1bLION Nanew, ykasbiBaa HarnpaBaeHWe ToKa, TO
HamnpaB/ieHWe OCTaNbHbIX YEeTbIpex NasbLeB, COrHyTbIX
BOKPYr MPOBOAHMKA, byAeT yka3biBaTb HanpaBaeHne
JMHWIA MarHUTHOTO MOAS.

MpaBuno npaBoi pykun gAA KaTYLWKWN €, TOKOM —
€C/IN MbIC/IEHHO 06XBATUTb KaTyLLKY MPaBOM PyKOM
TaK, YTobbl YeTbipe COrHYThIX Nasbua yKa3biBaiu
HanpaBieHWe Toka B & BUTKax, 7O OTOrHyThIA
60/1bLLION NanewyKaxxeT HanpaBAeHe NNHNUIA
MarHUTHOr @ MOAS BHYTPW KaTyLUKu,

MpaBuno bypaBunka Aas KpyroBoro Toka — eC/iu
pyKosTKa bypaBuvka BPAWAETCs B HanpaBAeHUN
BOOGPa>kaéMOro KpyroBoro ToKa, TO HarnpaB/eHne
€ro, NocTyrnaTeibHoro ABUXeHNs HyaeT ykasbiBaTb
HanpaB/ieHne UHAYKLVM MarHUTHOTO NMos BHYTPU
KPYFOBOFO TOKa.

[ bipouHasa NPoOBOANMOCTb — 3/1EKTpUYecKas
NPOBOANMOCTb, Bbi3BaHHas ABUXEHUEM AblPOK B
MOJ1yNPOBOAHMKE.

AvanekTpukm — BelLEecTBa, He cogepKallue
CBOBOAHBIX HOCKTENEN 3apsa.

Av3neKkTpukn BbIBatOT ABYX TUMOB: NOASPHbIE U
HenoAsipHble:

* [lonapHbIl OuseKMpPUK — 3TO JNINEKTPUK,
MOJIEKY/Ibl KOTOPOTO MONAPU30BaHbI, TO eCTb
«LEHTPbI» MOJNOXUTENbHbIX U OTPULLATENbHbIX
3apsAj0B B MOJIEKY/E BELLLECTBA HE COBMAZatoT.
Monekynbl NONAPHBIX ANINEKTPUKOB BeAyT cebs Kak
Annonn 6narogaps CBOMM 3/1€KTPUYECKUM CBOMCTBAM.
« lvnonb — cucTema, COCToALLAs U3 ABYX 3apsAA0B
OZMHaKOBOW BEe/IMUMHbI N MPOTUBOMONOXHbIX 3HAKOB,
PacroIoXeHHbIX Ha OnpeseneHHOM PacCTOAHUN APyrT

oT Apyra.

HenonapHbIV ANINEKTPUK — AVINEKTPUK, B KOTOPOM
3/1eKTPOHHbIE OPOUTbI 06bIYHO CUMMETPUYUHBI,

T.e. LLleHTPbl MONOXUNTE/NbHbIX N OTPULATENbHbIX
3apagoB cosnagatot (a). MNpwu BBeAEHUN Takoro
AV3NEKTPUKa BO BHELLHEE 31eKTpUYecKoe noJse aTa
CUMMETpPUA HapyLLaeTca: B pe3y/ibTate HebonbLIOoro



CMELLEHMA SNEKTPOHOB K MONOXUTENIbHOMY MOJHOCY,
co3zaroLLeMy Nnose, LLeHTPbl MONOXUTENbHbIX U
OoTpuvLaTENbHbIX 3apPSA0B BHYTPY aToMa C/ierka
pa3HeceHbl, 1 aTOM «BeAeT cebs» KakK Annonb. Taknm
06pa3om, HEMONSAPHBIN ANINEKTPUK TakXKe YacTUUHO
NONAPU3YETCA BO BHELLHEM MOJE, N BHYTPEHHEE MNOJie,
co3jaBaeMoe 3TUMUN AUNONAMMU, OcNabnseT BHeLHee
none (b).
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HenonspHbI AnanekTpurk

JoHopHaa npyMmech — eCAN YMNCAO BaNeHTHbIX
3/1eKTPOHOB A06aBASEMOro aToma npuMecHu
6osbLUEe YMCa BaNeHTHbIX 31eKTPOHOB aToMa
MONyNPOBOAHMKA, OH Ha3bIBaETCA JOHOPHOM
NPUMECHIO («AOHOP» — NATUHCKOE C/I0BO,
O3Hauaroulee «aaro»).

[loHOpHbIe NONYNPOBOAHUKWN — NOAYHPOBOAHMKM,
B KOTOPbIX MPOBOAMMOCTb OCYLLeCTBAAETCS
NpevMyLLLeCTBEHHO 3a cyeT 31eKTPOoHOB. [JOHOpHbIe
MONYNPOBOAHMKM Tak>Ke Ha3blBarOT N-TUMOBLIMU
MOoNYyNPOBOAHVKAMMU.

MOI.I.I‘HOCTb 3/1IeKTpuUeckKoro Toka — paBHa
NPOn3BEAEHUNHO CMbl TOKA N HanpAa>XXeHnA.

P=1U.

dneKTpopBUraTesib - 370 YCTPOMCTBO,
npeobpasytoLLee SAEKTPUUECKYHO SHEPIMIO B
MexaHuyeckyto. MNprHLMA €ro paboTbl OCHOBaH Ha
SIBIEHWM BpaLLeHNA PaMKI € TOKOM, MOMELLEHHOW B
MarHUTHOe MnoJe, NoA AenCTBMeM cuabl AMnepa.
DNeKTPOMarHuT — 370 KaTyLUKa C XXeNe3HbIM
cepgeyHnkoM BHyTpu. Korga yepes BUTKM KaTyLLKK
MPOXOAUT TOK, CO3AAETCA MarHUTHOe none,
Xese3HbIV cepAeYHVK NprnobpeTaeT MarHUTHble
CBOWCTBAa; KOTAa TOK NMpepbIBaeTCs, MarHUTHOe none
ncyesaeT, U CepAeYHVK pasmarHMumnBaeTcs.

fiBneHne 31eKTPOMarHUTHOM MHAYKLMN —

fIBNeHNEe BO3HUKHOBEHMS 31IEKTPUYECKOro ToKa B
3aMKHYTOM MPOBOAALLEM KOHTYpe Mpu U3MEHEHNU
NMPOHWN3bIBAKOLLLETO ero MarHUTHOrO Noas. Bo3HuKWwniA
NPV 3TOM TOK Ha3bIBAETCA UHAYKLIMOHHbBIM.

3]IeKTp0HHaﬂ NpPoBOAUMOCTb — 3/1EKTPpUYECKan
npoBoOANMOCTb, O6yCJ'IOBﬂeHHaFI ABu>KeHnem
CBO6OAHbIX 31IEKTPOHOB B NOAYNPOBOAHUKE.

dnemMeHTapHble TOKM — TOKW, BO3HMKafOLWMe B
pesy/bTaTe ABMXEHWUA 31eKTPOHOB B/atome Mo
opbutam.

Cxema pacnpepenvrens HanpsbpkeHusa (Mam
AeNNTeNs) — NPOoCTan CXeMap MOo3BONAOLAA NONYUNTb
MeHbLUee HampsXXeHne 13 BosbLero. Ta cxema
ncrnonb3yeT addekT pacrnpeseieHns HanpsaKeHus
MeXay ABYMSA PesncTtopamm, COEAMHEHHbIMU
nocnefosatenbHo, Aus
nepesayun\nocTosHHON
YacTu HaNPsXKeHWs Ha BXxoje
ucrouHvka (U, ) Ha BbIXOA

L"enl/l (UBblx()()): i

U — Bxoo ) R ) Uond R ?
Bbixo0 R1+R2 2 2 5
: U
[MpocTeiLuas cxema P
pacrnpeaenntens HanpseHus v
COCTOMT U3 UCTOYHMKA -
HampsKeHUs Ha BXOge U AByX -

Cxema pacnpegenuntens

pe3neToposB.
HanpaXXeHna

I/Ioumsau,vm — BHeLWHne BOBAGIZCTBI/IH,
NOoHU3MpyroLiee Hel;lTpafIbeIe aTOMbl U MOJIEKY/IbI
rasa, Ha3blBakOTCA NOHN3aTOPaAMMWN.

npOBOAHVIKVI — BewecTtBa, npoBojdalimne
3.l'|eKTpI/Il-IeCKI/II7I 3apAaj, Ha3blBarOTCA NMPOBOAHUKAMMWN.

Komnac — ycTpoiicTBO, OpUeHTHpYtOLLEecs Mo
MarHUTHOMY Mot0 3eM/IN 1 yKa3blBatoLLee
HamnpaB/IeHNe CeBep-tor.

Fa30BbI pa3spag — 3T0 yNopaA0oYeHHOEe ABUXeHNe
3/1IEKTPOHOB, MONOXMTENbHbIX N OTPULIATENbHbIX
MOHOB B rase nog AencTBMEM 31eKTPUYECKOro Nos.
CyuiecTByeT ABa BUZa ra3oBblX Pa3psjoB:




CaMOCTOATE/IbHBIN N HECAMOCTOATE/IbHbIV Fa30BbIN
pa3psas. CaMoCTOATENbHbIV ra30BbIN pa3pss — 3TO
SIBNIEHWNE, MPU KOTOPOM ra3 NpPOBOAUT 31eKTPUYECKUI
TOK 6€e3 BHellHero Bo3jencTensa. HecamoctoaTenbHbIN
ra3oBbll pa3psg — 3TO ra3oBbl pa3psag,
BO3HMKAIOLLMI NOA BO3LENCTBMEM MOHM3aTOPa.

MpaBuno JleHua — MHAYKLUNOHHBIN TOK HanpaBaeH
TakuM 06pa3om, YTo co3gaBaeMoe UM MarHUTHoe
noJsie NPOTUBOAENCTBYET NHOOOMY M3MEHEHMIO
BHELUHEero MarHUTHOro MOAS, CO3AaroLLero 3ToT TOK.

MpaBuno neBow pyku ana cunbl JlopeHua —

NEeBYIO PyKy cnepyet AepXaTb B MarHUTHOM none

Tak, YTOObl BEKTOP MarHUTHOW MHAYKLNN BXOAWA

B J1aZlOHb MNePNEHAVKYNAPHO, @ YeTblpe BbITAHYTbIX
nasnbua 6biAn HanpaBAeHbl B HaMpaBAeHUN ABUXXeANUs
NONOXMTENbHOrO 3apasa (MPOTUBOMOAOXHO
ABV>XKEHWIO OTpuLIaTeIbHOro 3apaja). B ato Bpems
60/1bLWON NaneL, OTKPbITbIA Nog yraom 90°,

ByneT ykasbiBaTb HanpasieHne cuabl JlopeHLa,
AEeVCTBYHOLLEN Ha 3apAas.

MpaBwno NeEBOW pyKku

Moaynb cunbi JlopeHua paseH= F = g Bos
sino.38ecCb L — CKOPOCTb 3apPAKEHHOM,YaCTULLbI,
ABVKYLLENACA B MarHUTHOM MOJe, @ L. = YLON MeXay
BEKTOPOM_MRAYKLIMN MarHuTHoro noss B n Bektopom
CKOPOCTM V. 3aPA>KEHHOW YacTUMbl.

CunoBble JIMHU MAarHUTHOFO NMoas — 370
Boo6pa>|<ae|v|b|e JINHUW, YKa3blBakolW e HanpaBsieHne
MarHMTHOro noJjaA.

MarHuTHOe none — 370 BN MaTepunn, CO3AaBaeMbIl\/‘1
ABVOKYLLMMNCA SNEKTPUYHECKUMU 3apAajamMn.

MHAYKLI.VIH MarHUTHOro nosaa — CMaoBad
XapakTepnuctnka MarHMTHOro noas, 06bIYHO
Ha3bIBa€TCA |/|H,qy|<u,|/|e17| MarHMUTHOro nonsa (Man
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COKpPALLEHHO «MarHUTHOW MHAYKLMEN»).

WHaykuma marHmutHoro nons (B) — ato dumsnueckasn
BE/IMYMHA, XapakTepu3ytoLLas Cuay 1 HanpasaeHne
MarHuTHoro noss. B cucteme CY eé egnHunuen
n3mepeHua asaaetca Tecna (Tn).

Moaynb NHAYKLUM MarHUTHOTO NOJIA PaBeH
OTHOLLEHWNIO MOoAyNa Cuabl AMnepa (FWC) K
npowvssegeHnto cunbl Toka(l) B ApoOBOAe M ero ANVHbI:

F
BE—i

MarHutocdepa — MarHuTHoe noJie 3emnu
Ha3blBaeTCA MarHMTOCHePon.

MarHuTHaa 6yps — cusibHoe 1 BpeMEeHHOe
M3MEHeHWe MarHUTHOIO MO/ 3eMAH, Bbl3BaHHOE
B3aV/IMOAENCTBVEM MOTOKOB 3aPAXKEHHbIX YaCTuLL,
obnasatownx 60bLLION SHEPFKEN, C MarHmTochepon
3emav B pesyabTaTe B3pbiBOB Ha CosHLE.

MarHuTHbI CNEKTP. — BUAVMOE NpeAcTaBieHne
CTPYKTYPBIL MarHUTHOTO MOJS C MOMOLLbHO XKeNe3HbIX
OMNWIOK WAKM'@HaNOrMUYHbIX METOZOB.

; ?*E )
AR GIR &
MarHuTHbIN cnekTp

ConpoTtuBsieHne NPOBOAHMKA — 3aBUCUT OT
MaTepuana NPoBOAHWK (YAEeNbHOrO CONPOTUBAEHNA P),
AnHbl (I) n naowaam nonepeyHoro cevenus (S):
[

R = p _S .
3pecb R — conpoTtuBaeHune npoBogHuKa, | — annHa
NPOBOAHMKA, S — NJOLWajb NOMNEpPeyYHOro ceyeHums
NPOBOAHMKA, @ p — YA bHOe CONPOTUBAEHME
NPOBOAHMKA. YAeNbHOe CONPOTMBEHNE — 3TO
dm3myeckan BeIMYMHA, 3aBMCALLAA OT MaTepunana, u3
KOTOPOrO U3roTOB/AEH MPOBOAHVK.



YaenbHoe conpoTtuBieHune — 310 pu3nyeckas
BE/NINUYNHA, YNCIEHHO paBHaA CONPOTUBAEHMIO
NPOBOAHMKA ANMHON T M 1 NAOLWAAbH NONEPEYHOro
ceueHus 1 M2 EAUHMLA N3MEPEHNS YAENbHOTO
conpotusnenuns B CN — ommetp (1 Om - m):

CIRI-IS] _ 10w - 1w
L T I

MocKobKy NOLWaAb MOMNepeyYHoOro ceueHus
NPOBOAHVIKA Masia, OHa YacTo BblpaXkaeTcs B MM,
Mo3TOMy eAVHMLEN N3MEPEHUs YAENbHOTO
Om - mm?
M

=10m - m.

CONPOTUBAEHNA ABNAETCA TaKXKe [p] =1

3aBMCMMOCTb CONPOTUBJIEHUSA NPOBOAHMKA

OT TemnepaTtypbl — B He6ObLLIOM Anana3oHe
TemnepaTyp COnpoTUB/EHNE METaNNNYECKMX
NPOBOAHMKOB IMHENHO 3aBUCKT OT TemnepaTypbl, v
3Ta 3aBMCUMOCTb BblpaxkaeTcs GOopMy/IOoN:

R=R, (1+af).

3pecb R — conpotvBaeHve NPOBOAHMKA Npu
Temnepartype 0°C,
R — conpoTtuBieHne NpoBOAgHMKa NpW onpeaeneHHOM
TemnepaTtype t,
o — TeMnepaTypHbIN KOIPPULMEHT CONPOTUBNEHUS.
TemnepaTypHbIN KOIPPULMEHT CONPOTUBIEHMS
YNCNIEHHO PaBeH OTHOCUTE/IbHOMY U3MEHERM IO
COMPOTUBIEHMA NPOBOAHMKA NPW ero HarpeBaHnn Ha

o(
1°C: o= éFi .

0

Mnasma — YaCTUYHO NN NONHOCTbLHY
MOHM3MPOBaHHOE COCTOAHME rasa.

Pe3ncrop — 31eMeHT 31eKTpUYecKon Lenwu,
obnazatoLLN SREKTPNYECKMM COMPOTUBIEHNEM
(aHen.: resistor).

Portop (1am. «pomo» — epaujdro) — BpaLatoLanca
4yacTb ABUraTens, pacnoNOXeHHas BHYyTpW cTtaTopa.
PoTop coctounT 13 anekTpOMarH1Ta B BUAe pamKku
C UMANHAPUYECKUM cepaeyHmKoM. NHoraa ero
Ha3bIBaOT AKOPEM.

KaTtywika — ycTponcTBo, NonyyeHHOe nyTeM
MHOTOKPaTHOW HaMOTKM M30/IMPOBaHHOIO
NPOBOAHMKA Ha LIMANHAPUNYECKUI (KAPTOHHbIN UK
NAacTUKOBbIN) KapKac.

CB060AHbIE 3/1eKTPOHbI — 3/IEKTPOHbI, KOTOPbIE
MOKMAAOT aTOMbI Y CNOCOBHbI CBOBOAHO
nepemeLaTbCs.

CraTtop (om 1aMuUHCK020 «Sto» —CmMoro) —
HenoABWXHaA 4YacTb INEKTPOABUraTeENS, COCTOALLAA
13 HEMOABWMXXHOTO MarHNTa WA KaTyiKi C >KeNne3HbIM
CEPAEYHNKOM (3N1eKTpOMarHuTa), MPUKPENNEHHOM K
kopnycy. CTatop nHorga Ha3blBatoT MHAYKTOPOM. B
cTaTope co3jaeTca CMAbHOE MarHUTHoe none.

MonHusa — kpaTKOBpeMeHHas BCHbILWKa CBeTa B BUAe
JIOMaHOW NNHWUK; BO3HIMKAOLLAs MPW, S1eKTPUYECKOM
pa3spase Mexy OCHOBaHMeM obaka 1 3eMAEV, MexXay
AByMS 06a1akamu nan BHYTpM.ObNaKa.

Mosca Ban AnneHa — 310 pajuaLlMOHHbIE 30Hb,
paCnonoXeHHbIE B MarHutochepe 3eman, rae
HaKamnAWBarOTCA 3apPAXKeHHbIe YacTULbl, obnajaroLimne
H60/1bLUIOW aHePrne.

MonynpoBOAHUK — BeLLLECTBO, KOIMUYECTBO
CBOOOAHbIX HOCUTeNEW 3apsja, KOTOPOro 3aBUCUT OT
BHELUHWNX BO3AENCTBUIA (TEMMepaTypa, OCBELLEHME,
nobBaBneHne NPUMECK B €ro CoCTaB U T. A.).

MonynpoBoaHUKOBLIN ANOA — YCTPONCTBO,
cocTosee 13 p-n-nepexoda, 06pa3oBaHHOrO NMyTem
0b6besMHEHMA p-TUNa U N-TUNa KPUCTaANOoB, N ABYX
KOHTaKTOB A/ MOAKAHOUEHMA K SNEKTPUUECKON Lenu.

b)

(p-mun) (n-mun)

—_—
MonynpoBOAHNKOBBIA ANOA
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