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9. UCCJIEJOBAHHUE JJIEKTPOCTATUYECKOI'O ITIOJISA
(JIaGopaTopnas pabora 46)

Iesanb padoThI: MCCIIEIOBATH JIEKTPOCTATUYECKOE MOJIE.
[punHamgexxHOCTH: HAOOP TEKTPOIOB, YCTAHOBKA [Tl U3YUCHUS IEKTPOCTATUYECKOTO TIOJIS.

Besiknii HENMOABMIKHBIN 3apsii CO34AET B OKPYXKAIOLIEM IPOCTPAHCTBE JIEKTPUUECKOE
1oJie, KOTOPOe OOHAPY)KUBAETCS TIPU BHECEHUU MPOOHBIX JIEKTPUUYECKUX 3aPSI0B B JTIOOYIO
TOUKY 110J1s1. CHUII0BOM XapaKTEPUCTUKOM MO SBJISIETCA €r0 HAPSUKEHHOCTh, KOTOpasi paBHA:

£ = g ,
e E — BEKTOP HAMPSKEHHOCTH AJIEKTPOCTATUYECKOTO TMOJIS B JaHHOU Touke, B/M; F -
BekTop cuibl, H; Q — mpoOHsIii 3apsia, K.
HanpsxeHHOCTD 10l UMCIIEHHO paBHA CUJIE, JEUCTBYIOIIEH HA €MHULLY MOJIOKUTEIb-
HOT0 3apsia, TOMEIEHHOTO B JAHHYIO TOUKY IOJIA.
[To 3akony Kynona B3aumMoieiiCTBUE MEXKAY TOYCUHBIMH 3apsiaMU OMUCKIBaeTCs (op-
MYJIOM:

Fo_ 109

Aree, r°
L€ & — OUDJIEKTPUYECKAs MPOHUIIAEMOCTh CPENbl, &, = 8,85-10™2 ®/m — TUDIIEKTpUYECKas

nocrosiHHas Bakyyma; Qo u Q — B3aumoneiicTBytomme 3apsinel, Ki; r — paccrosiHue Mexmay
3apsnamu Qo u Q, M.
HanpsixkeHHOCTB 1OJIsL, CO3/1aHHOTO TOYEUHBIM 3apsiioM Q, ompenensiercs mo gopmyie:

=S
dmee,r’

JIunus, kacaTenbHas K KOTOPOM B KaKJA0M TOYKE COBIAIAET MO HAMPABJICHUIO C HAIPS-
KEHHOCTBIO AJIEKTPOCTATHYECKOTO TIOJIs, Ha3bIBACTCS CUJIOBOI JUHUEIH, TPHYeM T'YCTOTa CH-
JIOBBIX JIMHUI XapaKTepu3yeT YNCICHHOE 3HaUeHHE HAIPSHKEHHOCTH.

I'paduaeckoe n3o0pakeHre MOJIEH ¢ TTOMOIIBIO CHIIOBBIX JIMHHIN TIPE/ICTaBlIeHO Ha puc. 9.1:
a) - MOJIE MOJIOKUTEIILHOTO TOYEUHOTO 3aps/a; 0) - Mojie OTPUIATEIFHOTO TOUYEYHOTO 3apsia ;

B) - [10JIE IBYX Pa3HOMMEHHBIX TOUEUHBIX 3apSAI0B).

a) 0) B)

Puc. 9.1

DHEPreTU4eCcKOr XapaKTEPUCTUKOM MOJIS SIBJSETCS MOTECHIIAAI:
Aco
Q= _Q ,

I7ie @ — MOTeHIMal JaHHOM Touku nois, B; A — pabora, JIx.
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[ToTeHIMan mois YMCICHHO paBeH paboTe, COBEpIIAeMOW CHUIaMHU TIOJIA TIPH IepeMe-
[ICHUH SIMHIUYHOTO MOJIOXKHUTEILHOTO 3apsi/ia U3 JAHHON TOYKHU TOJIsl B OECKOHEYHOCTb.
PaGoTa mo mepemMernieHnto eAMHUYHOTO TTOJIOKUTEIHHOTO 3apsi/ia U3 OJTHOM TOYKH ITOJIS

B JIPYTYIO PaBHA Pa3HOCTH MOTEHIMATIOB OTHX TOYEK: @, — @, = —=-.

Q

Pabora mo mepemeriennio 3apsaa Q MexIy TOYKaMH, IMOTCHIUATIBI KOTOPBIX @, U
@, , BbIUUCIAETCA 0 hopmyIe:

A, = Q(¢1 — P )
IMorenunan nons ToueuHoro 3apsaa Qo Ha pacCTOSTHUU I' BbIpaXkaeTcst pOpMyIIOi:
Aree,r

DNeKTpOoCTaTUUECKOE T0JIe SIBISETCS KOHCepBAaTUBHBIM. PaboTa mo mepemernieHuio 3a-
pAlla B SJIEKTPUYECKOM I0JI€ HE 3aBUCUT OT TPACKTOPUH, a OMPEEISAETCS UMb MOJIOKEHUEM
HayaJbHOW U KOHEYHOHN TOYEK MEePEMEILICHUSI.

Kaxxmoii Touke mojsi COOTBETCTBYET CBOW MOTEHIMAN, KOTOPBIA SBISETCS (YHKIUEH
paccrosiua. OIHaKO MOXHO BBIJEIUTH TaKyl0 COBOKYITHOCTb TOYEK, /ISl KOTOPHIX MOTEHIH-
aJl OJTUHAKOB.

['eomeTpryeckoe MECTO TOYEK PaBHOIO MOTEHIIMAA HAa3bIBACTCS IKBUIIOTEHIMAJIBHOM
MOBEPXHOCTHIO.

CuIioBble IMHUY Be3/1e MEPIEeHANKY/ISIPHBI K TIOBEPXHOCTH PaBHOTO MOTeHIHana (puc. 9.2).

Mexay HanpspKEHHOCTBIO MMOJS M MOTEHLMAIOM CYILECTBYET 3aBUCHUMOCTb, KOTOpas
OIHMCHIBAETCS] COOTHOIIICHUEM:

do

dr
Hanpsi>keHHOCTD 10JIsl YMCIIEHHO paBHA U3MEHEHUIO MOTEHIIUANA HA €IMHUILY JJIMHBI, OTCUU-
TaHHOM B MEpPHEHAUKYISIPHOM K MMOBEPXHOCTH MOTEHIMaNa HaNpaBleHUH. 3HAK «MUHYC» IO-
BOPHUT O TOM, YTO HANPsDKEHHOCTH HAIIPABJICHA B CTOPOHY YOBIBAHUSI MTOTCHITHATIA.

['padpraeckoe n3006pakeHne MoK ¢ TOMOIILI0 CEUCHHI YKBUIIOTCHIIMAIBHBIX MTOBEPX-
HOCTEH M CHJIOBBIX JIMHUU MOKa3aHO HA puc. 9.2., Moje MoJ0XKUTEIbHOIO0 TOYEYHOTO 3apsijia
(puc. 9.2, a); moJyie OTPULIATEITLHOTO TOYEYHOTO 3apsaa (puc. 9.2. 0); moie IByX pa3HOMMEH-

HBIX 3apsaaoB (puc. 9.2, B);  @,,@,,Q,,@, — IOTCHIUAIIbI IOBEPXHOCTEH.

a) 0) B)

P2\ t@@ ?3
X/

_I_
2] Py
%) P3
Puc. 9.2
do
Bennunna ar MOKa3bIBaCT OBICTPOTY M3MEHEHHMsI MOTEHIIMAJa B HANpaBJICHUH, Tep-
r

NEHIUKYIAPHOM K BKBHHOTCHHHaHBHOﬁ IMOBEPXHOCTHU, U HA3BIBACTCA I'PaAMCHTOM IIOTCHI A~
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J1a; E= —qrad @, rne grade — rpagweHT noreHmana, B/M. ['pagreHT nmoreHImana Hampas-
JICH TIPOTHBOIIOJIOKHO BEKTOPY HAMPSKEHHOCTH TTOJIS.

OpTOroHanbHOCTh CHJIOBBIX JIMHUM M NTOBEPXHOCTEH PABHOI'O NOTEHLMANA CYILIECTBEH-
HO 00JIer4aeT Kak SKCIEPUMEHTAIBHOE, TaK U TEOPETHUECKOE HMCCIIEI0BAHUE DICKTPOCTATH-
YCCKOIro I10Ji. HO Haﬁl[eHHbIM 3HAUYCHUSAM BeKTOpa HaHpH)KeHHOCTI/I MOXKHO HOCTpOI/ITB I10-
BEPXHOCTH PaBHOTO MOTCHIIMAIA M, HA000pOT, HalJICHHOE MOJIOKEHHE TTOBEPXHOCTEH paBHO-
T'O IIOTCHIIHNAJIa ITO3BOJISACT HOCTpOI/ITB CHUJIOBBIC JIMHHUU I10J14d.

DKCIIEpUMEHTAILHO HM3MEPHUTh IMOTCHIMATIBI OKa3bIBACTCS TMPOINE, YEeM H3MEPHUThH
HaINpsHKEHHOCTD T0JIs, TaK KaK OOJIBIIMHCTBO MPUOOPOB, MPUTOAHBIX IS U3YUYEHUs MOJEH,
U3MEPSIOT Pa3HOCTh MOTEHIIHANIOB. [103TOMY B JaHHO# paboTe SKCIIEPUMEHTAIBHO U3ydaeTCs
pacrpeeneHne MOTCHIMAIOB B MOJIC.

CuJI0BbIE JIMHUU CTPOATCS KaK OPTOTOHAJIBHBIC KPUBBIE K IKCIIEPUMEHTAILHO HaiiieH-
HBIM HOBerHOCTHM paBHOFO IIoTCHIIHaJa.

OU3NYECKHUE OCHOBBI SKCIIEPUMEHTA

B namewm skcnepuMeHTe MOCTOSIHHBIE 3JIEKTPOCTATHUECKUE OIS MOJICIHUPYIOTCS € TO-
MOIIBIO TIOCTOSTHHOTO TOKa, KOTOPBIN MPOITYCKAIOT Yepe3 C1ad0 MPOBOISIIYIO CPENY.

Oxa3zbIBaeTcsi, 4TO MPH HEKOTOPBIX YCIOBHSIX paclpe/esieHie MOTEHIUAIOB B Cpesie, 1o
KOTOPOH TEYeT TOK MEXIy YCTAaHOBJICHHBIMH B HEH AJIEKTPOJAMH, MOXKHO C/IEIaTh TOXIE-
CTBEHHBIM PaCIPEICICHHIO MOTCHIIMAIOB MEXIy TEMH K€ dJICKTPOJaMH, KOT/Ia MEKAY HUMHU
HUMEETCS DJICKTPOCTATUIECKOE ITOJIE B BAKYYME WIIH B OJTHOPOTHOM JIUAJICKTPHKE.

W3ydenue moist mpou3BOIUTCS C TOMO- Vi

IIBIO 30HJIOB: B UCCIIEIYEMYIO TOUKY IOJISl BBO- l E - = > - _B_I
BBOJIMTCSL JONOJIHUTENBHBIN 3JIEKTPOJ — 30HI, | ] ™ I I
COCTMHEHHBIA TTPOBOJHUKOM C MPUOOPOM, W3- —

MEPSIFOIIMM TMPUOOPETEHHBIN 30HIOM IOTCH-
1IMaj OTHOCUTEILHO KaKOW-Tn00 n30paHHOM 3a |
Hayayo orcuéra Touku momt. | e e — —

YToObl BKIIOYEHHE 30HJA HE MCKa)Kajo
pacripezielieHie MOTEHIMAJIOB B HCCIIETyEMOM
1oJie, JJEKTpUYECKas IeNb 30HJIa JOJDKHA N
UMETh OOJbIllee COMPOTUBICHUE, MO CPaBHE- E f \E}

HUIO C CONPOTUBIIEHHEM MPOBOISALINX CIIOEB
BEILIECTBA MEXJY TOYKOM, B KOTOPYIO IOMeE-
1IEH 30H[, U OJIMKANIIUM AJIEKTPOIOM. HII

B BanHy, caenaHHylO W3 AURIIEKTpUYE- Puc. 9.3

CKOro MaTepuajia U 3aIUTYI0 KUAKUM DJIEK-
TposutoM (puc. 9.3), momematot 31ekTpoasl A u B (cm. puc. 9.3). Ha anextpoasl nogaércs
HarpsbkeHue oT uctouHuka nurtanus (220 B) gepes Bempsmutens UIL. B u3meputenbayto
4acTh CXEMBI, KpoMe 30HAa Z, BXOAUT Takxke HyleBod rampBaHomerp G. Bombrmerp V u
py4Ka peryisTopa HanpspKeHUsT HaXOIATCS HA ITaHEIW BBIIPSIMUTENS.

VYcraHoBKa OCHaIllEHa KOMUPOBAIBHBIM YCTPOUCTBOM, KOTOPOE MO3BOJISIET NEPEHOCUTD
noJjilyyaeMble TOUKM Ha Oymary. Bpaimas pyuky perynsitopa HampsbKEeHHUsl, MOKHO CO37aBaTh
pa3linuHbIe 3HAUYEHUS MOTEHIIMAJIAa 30H/1a OTHOCUTENIBHO 3JIEKTPOAOB, MOTPYKAEMbIX B BaHHY.
Ecnu 30H1 HaXoauTCs B TaKOW TOYKE MOJIS, MOTEHIMAI KOTOPOH paBeH MOTEHUHUAy, yCTa-
HOBJICHHOMY Ha JIBIKKE JISIUTENS, TO TOKA B IIEMU 30H/1a U TaJlbBAHOMETpA HE Oy/IeT.

['eomeTpryeckoe MECTO BCEX TOUEK MOJIs, AJIsi KOTOPhIX TOK B IIENH 30HAa OyJIeT paBeH
Hy0 (IPU JAHHOM IOJIOKCHHUH JIBFDKKA Ha JeNuTene), o0pa3yeT 3KBUIMOTCHIHUATIBHYIO TI0-
BEPXHOCTh B MCCIIEyeMOM Ioje. [[ns u3MepeHus MmoTeHuuansa 3TOM MOBEPXHOCTH CIYKHUT
BOJIBTMETP, BKIIOUEHHBIN MEX1y IBHKKOM U OJTHUM U3 JJIEKTPOIOB.
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HOPAJOK BBIITOJIHEHUSA PABOTHI

3aganue: nocmpoums KauecCmeeHHyl0 KApmuHy 31eKmpocmamuiecko20 nois npu no-
MOWU KPUBLIX pABHO20 NOMEHYUANA U CUL08bIX Tunul. Kapmuny, nonyyennyio 6 pezyiomame
uccne008anull, nepeHecmu 6 macuimaboe 8 npomMoKo. U3MePeHUl.

[Tpu BbIMOTHEHUU PabOTHI HAXOKEHHE 30HI0M SKBUIIOTEHIIUAIBHBIX TOBEPXHOCTEN HE
JIOJDKHO TIPOBOJUTHCA OeccructeMHo. HeoOxommmo uist kaxaoro Habopa YCTaHOBIIEHHBIX B
BaHHE JJIEKTPOJOB PYKOBOJICTBOBATHCS PA3yMHBIMU COOOPaKEHUSIMU O BO3MOXKHOM KOH(DU-
TypaluH MoJisi, B YaCTHOCTH, UCII0JIb30BATh CBOMCTBA CHUMMETPHH I1OJISL.

1) VYcraHOBUTE B BaHHE CUCTEMY JIBYX HUIMHAPUUYECKHUX 3JIEKTPOIOB.

2) Ha nucre 6ymaru, 3aKperuIiEHHOM Ha KOIMPOBAIBHOM CTOJIHMKE, OTMETHTE MOJIOXKE-
HUE AJICKTPOJIOB TyTEM OOBOJKU UX 30HIOM (OTMEThTE HAa OyMare KapaHIaIioM).

3) Pyuky perynstopa HalpspDKEHHs MEPEBEIUTE B HYJIEBOE MOJIOXKEHUE, IS 4Yero Io-
BEPHUTE €€ IPOTUB YaCOBOM CTPEJIKH 10 yIopa.

4) BKJIIOUNTE IEKTPONMUTAHNE YCTAHOBKH M C TIOMOILBIO PYYKH PETYJIATOpa HaIpsHKe-
HUS MTOAaiTe Ha 30H1 HanpspKkeHue 2 ... 3 B (onpeaensiercst mo BOJITMETPY).

5) IlepemenienuemM 30HAa 1O OCsiM X U p (cM. puc. 9.3) nmobeliTech HyJIEeBOrO MOJIOKe-
HUS CTpENKH ranbBaHoMeTpa. [loaydeHHyto Touky oTMeThTe Ha Oymare. He u3MeHss moreH-
1yasna 30H/a, noyuure eme 5 — 6 ToueK U, COEAMHUB TOUYKHU IJIABHOM KPUBOM, MOKAXKHUTE K-
BUIIOTEHIIMAIILHYIO IOBEPXHOCTh, COOTBETCTBYIOIIYIO HaYaJIbHOMY 3HAUEHUIO IOTEHLIHAA.

6) YBenumuuBas MOKa3aHUs BOJIBTMETPA B LIEJO€ YUCIIO Pa3 OTHOCUTEIBHO HAaYaIbHOIO
3HAYeHUS HANpsDKeHUs (CM. 1. 5), IPOBEeIUTE MOCTPOSCHUE IPYTUX SKBHUIIOTCHIUAIBHBIX T10-
BEPXHOCTEH (HE MEHEEe YEThIPEX ).

7) YcTaHOBUTE B BAHHE CIUIOLIHOM U KOJBLEBON LMJIMHAPUYECKUE AIIEKTPOIbI, COBME-
CTUB UX ocu. Mccnenyiite 3aBUCMMOCTD HAIPSYKEHHOCTH MOJIS HUIMHAPUYECKOTO JIEKTPOaa
OT PACCTOSIHUS E(r) U TIOCTPOHTE rpauK STON 3aBUCHMOCTH.

8) IIpoBens nmuHMM, OPTOrOHAIBHBIE K ITOJYYEHHBIM, IOKQKUTE CUJIOBBIC JINHUU UCCIIELY-
€MOT0 3JIEKTPOCTATHUECKOTO MOJISI TOCTOSIHHOTO TOKA (YYTUTE MOJISIPHOCTD JIEKTPOIOB).
9) CpaenaiiTe BBIBOABI O XapaKTePE JIEKTPOCTATUIECKOTO MTOJIS.

MPOTOKOJI U3MEPEHUI

I'paduueckoe nM300pakeHUE SIEKTPOCTATUUECKOTO TOJSL C MOMOIIBI0 YKBHUITOTEHITH-
AJIbHBIX TOBEPXHOCTEN U CUJIOBBIX JIMHUM:
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BriBoabl

BOITPOCHI JIA JOIMYCKA
1) Yto Ha3bIBaETCS MOJIEM CHII?

2) Kak 3anucats 3akon Kynona? J[jist kakux 3apsiioB OH IPUMEHUM?

3) Uro Ha3piBaeTCA HANMPSHKEHHOCTHIO DJIEKTPpUUYECKOro mojia? YUTo Ha3bIBaeTCs I0-
TCHOHUAJIOM S3JICKTPUUYCCKOTI'O nong? KakoBa cBs3b MCKAY HANPSAKCHHOCTHIO U MMOTCHIHUAJIOM
NAHHOU TOYKH IT0JIA?

4) B uém 3akimrogaercst pU3UUECKUil CMBIC IPaHeHTa IIOTCHIIHAA?

5) Uto Ha3pIBaeTCS SKBUIIOTEHIINATBLHON TTOBEPXHOCTHIO?

6) Kak rpaduuecku n300pa3uth mose 3apsa0B Pa3IUYHON KOHPUTYpaluy ¢ TOMOIIBIO
SKBUMOTEHIIMAJIBbHBIX TOBEPXHOCTENU U CHIJIOBBIX JTUHUN?

[Tpumeuanue: [1pu 3aTpyAHEHNIX C OTBETAMH Ha BONPOCHI Hcnoib3yiire /1, § 1.1/
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TECT
1. Kakast u3 ¢popMyn npaBUIBHO BRIPAXKAET 3aBUCUMOCTh CHIIbI KyloHa OT paccTosHUs

MEXK]1y B3aUMOJICHCTBYIOIIUMHU 3apsiaamMu’?

a) F~r; 6)F~%; B)F~i2; r) F~r?.
r

2. BriGepuTe mpaBuibHOE rpaduyeckoe U300pakeHue MoJiei TOUCUHBIX 3aps0B C I0-
MOIIIBIO CHJIOBBIX JIMHUH:

a) 6)

+q +q

| )
2 7

3. [MoTeHnuanm MEKTPOCTATUUECKOTO TMOJIST TOYEUHOTO 3apsia BeIpakaeTcs: (OpMYJIOi:

= % . BeibepuTe 13 nepeuncieHHbIX Jlanee yTBep K ICHUIH, COOTBETCTBYIOIIHE 3TOH (hopMyIie:
mEeE,r

a) DIIEKTPUUYECKOE T10JIe KOHCEPBATHBHO;
0) DIIEKTPUYECKOE TOJIe AUCKPETHO;
B) paboTa AJIEKTPHUECKOTO TOJIS TI0 3aMKHYTOMY KOHTYPY PaBHa HYJIIO;
r) paboTa 3JeKTPOCTATHUECKOTO MOJIS 110 3aMKHYTOMY KOHTYPY MEHbIIIE HYJIS.
do,
dr
a) [TokaspiBaeT OBICTPOTY U3MEHEHHS MOTCHIIMANIA B HAINPABICHUH, KaCATEIIbHOM K
3KBI/IHOT€HHI/IaJIBHOI>’I IMOBCPXHOCTH.
0) Iloka3piBaeT OBICTPOTY M3MEHEHHUS TOTCHIMAJIa B HANpPABJICHHUH, MEPHEHIUKY-
JIIPHOM K 3KBI/IHOT€HHI/IaﬂbHOI>'I TMMOBCPXHOCTH.
B) [TokasbiBaeT M3MEHEHNE TIOTEHIIMATA BO BPEMCHH.
5. Ha xakoMm W3 pUCYHKOB MPaBUJIHLHO MOKA3aHO HAIPABJICHHE BEKTOPOB HATPSKEHHO-

CTH W TpaJueHTa NoTeHIHaa?
b

a)Q ﬁdq’ E’ ﬁd[p
+ - *
@ A +Q @

godgs |

"'Q . - — +Q @

4. KakoB (u3nuecKkuii CMBICI TpaueHTa MOTCHITHAIA

My




6. Kakoe u3 yTBepKIeHHI1 BepHO?
CH10BBIE TUHUHT SJICKTPOCTATUYCCKOT'O ITOJIA:

a) OpTOroHaJIbHBI K SKBUITIOTCHIIMAJIBHBIM ITOBEPXHOCTAM,
6) KaCaTCJIbHbI K SKBUITOTCHIIUAJIbHBIM ITOBECPXHOCTAM;
B) COBIIAAAIOT C SKBUIIOTCHIMAJIbHBIMHU ITIOBCPXHOCTSAMMU.

o1

10. A3BMEPEHHME COITPOTHUBJIEHUI C TOMOIIBIO

MOCTHUKA YUTCTOHA
(JTaboparopnas padota 37)

Heap padoThl: N3yYUTh NPUHIUN ASHCTBUS MOCTHKA Y UTCTOHA.

[TpuHanIeXHOCTH: TPU Mara3uHa CONPOTUBIICHHUM, HA0Op HEU3BECTHBIX CONPOTHBIIE-

HHI>'I, HCTOYHHK ITOCTOAHHOI'O TOKA.

MocTtuk YUTCTOHa MpeAcTaBiseT co00il Ba MapasieIbHO COSAWHEHHBIX MOTEHIUO-
MeTpa. B oqHy nuaroHais MOCTHKA BKJIFOYAETCS TaabBaHOMETP, B JPYI'YIO — HCTOYHUK TOKa

(puc. 10.1).

W3MeHsst COMpOTUBIICHHUE IUIEY MOCTA, MOXKHO
MOJIYYUTh PAaBHOBECHOE COCTOSTHUE MOCTa, TO €CTh pa-
BEHCTBO MOTEHIMaNIOB Toyek D u B.

Moctuk VYurcroHa MOXHO HCIIOIb30BaThb IS
orpezieNieHus] HEU3BECTHOTO COMPOTHUBIICHUS, BKIIIO-
YEHHOTO B OJIHO W3 Iuled Mocta. B ocHoBe pacuera
nexat npasmia Kupxroda.

Ilepoe mpaBmino Kupxroda copmynupoBaHo
JUISL TOKOB, CXOJISIIIIUXCS B y3JI€ Pa3BETBIEHHON LENH:
anreOpandeckas cyMMa TOKOB, CXOJSIIMXCSA B Y3IIE,

paBHa HYIIIO:
n
>1,=0.
i=1

Bropoe mpaBuio dopmynupyercs i 3aMKHY-
TOTO KOHTYpPa, COCTOSIIIETO M3 IOCJIEI0BATEIBLHO CO-
€MHEHHBIX 3JI€MEHTOB. B 11000M 3aMKHYTOM KOHTY-

A

Puc. 10.1

pe, IPOU3BOJILHO BEIOPAHHOM B Pa3BETBJICHHOM AJIEKTPHUCCKON IETH, alreOpanveckas cyM-
Ma npou3BesneHui cui TokoB (|, )Ha comporuBneHus (R, ) cooTBeTCTBYIOIIMX Yy4acTKOB

3TOTO KOHTYpa PaBHA aIreOpandeckoii cymme aneKTpoaBIKymx cun (&€, ), BCTpedarommmx-

Cs B OTOM KOHTYpP€:

IR =YE.
i=1 k=1

OU3NYECKHUE OCHOBBI SKCIIEPUMEHTA

MeTtox MOCTOBOH cXeMmbl (MOCTHK YWTCTOHA) IJisi OMPENETCHUS CONMPOTHUBIICHUN

O4YEHb TOYHBIN. PaccMOTpUM IIPUHIUIT JEUCTBUS MOCTUKA Y UTCTOHA.

H3mepseMoe CONPOTUBIIEHUE U TPU APYTHX NEPEMEHHBIX COIPOTHBIICHUS COETUHSIIOTCS
TaK, 4YTO OOpa3yloT 3aMKHYTHIH ueThipexyroibHUK ABCD. B oaHy numaronanb ueTbpex-
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YroJIbHMKA BKJIIOYEH rajbBaHoMeTp I', B Apyryro — HCTOYHUK MOCTOSIHHOIO TOKAa £ C BHYT-
PEHHHUM COIIPOTHBIIEHHEM I' U Koy K.
ITo mepBomy npasuiy Kupxroda s y3nos A, B, u D:
I-1,-1,=0,
I,-1,-1,=0, (10.1)
I,+1, -1,=0.
VYpaBuenue a4 yzna C He 7a€T HUYEro HOBOTO, B HETO BOWIYT T€ K€ BEJIMUHUHBI.
[To Bropomy mpasmity Kupxroda s kourypos ABCMNA ,ABDA u BCDB npu 06-
X0JIe KOHTYPOB 110 4aCOBOM CTPEJIKE, MOIY4YUM YPaBHEHUS:
LR, +I,R, +Ir=¢&,
IR, +I,R, —-1,R, =0, (10.2)
I,R,-1,R, —-1,R, =0,

rre I,R, )Ry, I,R,, I,R, —magenus HanpsokeHns Ha COOTBETCTBYIOIMX y4acTKax LICIH.

X

Bcerna moxxHO nonoOpaTh nepeMenHsle conpotuBienus R, R, # R, Takumu, yToObI

noteHnuainsl Touek B u D Obiin paBHbl: @, = @, . Takoe nojoxeHne Ha3pIBaIOT PABHOBECHEM
Mocta. ToK yepe3 raabBaHOMETD IIPU 3TOM HE MJIET.

Torna:
I.R,-1,R, =0,
1'% 272 (10'3)
I,R,-I,R, =0.
N3 Beipaxkenuii (10.1) u 10.3) nomyuum:
=1, 1L,=1; LR =LR,; I,R,=1,R,. (10.4)
Otcrozna: R, =R, &
Rl
(10.5)
Ts1 Ro Moctuk YHUTCTOHAa CO-

Opan Ha crteHzae (puc.10.2) u

R1
O OO O OO0
O OO T O OO0 comepxur: R,,R,,R, — ma-

rasuHbl CONpOTUBIEHUN; Ry,
u Ry, - HeusBecTHBIE CO-

T ~
60 I i IPOTHUBJICHHS], KOTOpPBIE HYXK-

BKJI \ / Rx 4 HO U3MEpHUTh;, UA — MHUKpO-
IT

ammepmerp; [, — IOJIOXe-

O O
OO D‘ZIQ HHUE TMEPEKII0YaTelsl TOKa s
| /

TOYHON HACTPOMKH MHUKPOAM-
nepMeTpa Ha Hyib; [;, — IO-

JOXeHue TymoOnepa s Tpy-
6oit Hactpouku; Il — mepe-
KJIFOYaTeJIb HEU3BECTHEIX CO-
npotusiennii; |, 1l — momoxenus mepexsroyaTensi, COOTBETCTBYIONINE BKIIOYCHHUIO B IIETh

Ry, 1 Ry, ; Il — monosxxenune nepexiaroyaresis, COOTBETCTBYIOIINE BKJIIOUCHHIO B LIeNb Ry,

Puc. 10.2

u Ry, mocnenoBarenbHo; 1Y — nonoxeHue NepekIodaTes, COOTBETCTBYIONIHNE BKIIOYEHHIO
BUenb Ry, u Ry, mapamnensHo, Td, — TymOnep BKIIOYECHHS B CETh.
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HOPAJOK BBIITOJIHEHUSA PABOTHI

3anaHue: usmepums ¢ NOMOWBIO MOCHOBOU CXeMbl HEU3BECIHOE CONPOMUBTEHUE.

Bce BenmuuuHBL, MOJydeHHBIE B pe3yabTaTe U3MEPEHU M BEIYUCIICHU, BHECUTE B MPO-
TOKOJI U3MEPEHUI B COOTBETCTBUH C TIOPSKOM BBIIOTHEHHS PaOOTHI M (POPMOI IPOTOKOIA.

1) Tym6nepom T6, Britounte yctaHoBKy (puc. 10.2).

2) C nomompto Té, BKIOYMUTE B LieNb MUKpoamnepmerp uA (rpybas HacTtpoiika). Ile-

pexmouatens /1 noctaBbTe B ojoxenue |.

3) Usmenss R, ,R,,R,, npu nonoxennn Té, no0eiTech, 4TOOBI CTPEIKa HA MUKPOaM-
nepmerpe crana Ha «0». 3aTteM nepeBeaure TymOiep B mojoxeHue 76,, COOTBETCTBYIOIIEE
BKJIIOYEHUIO B II€TIb MUKpoaMmIepMeTpa uA ajisi TOYHOW HACTPOMKH, U ONSATh, M3MEHSA
R,.R,,R,, ycranosute crpenky ud4 Ha «0». [lomydennsie npu stom 3HaueHus R, ,R,,R;
3aHecuTe B Tabnuily usmepeHuil. JlaHHble U3MEpEeHUs MOBTOPUTE €€ JBa pas3a AJs APYTUX
sHavennii R, ,R,,R,.

4) Ilo usmepenHsim 3HaueHusM R, ,R,,R, omnpenenure tpu 3nadenus R,, no ¢opmy-
1 n=3
ne (10.5) n BerumcnuTe cpennee 3HaueHue no gopmyne: R, = EZ Ry, -
i=1

5) IlepeBenute nepexntouarens I B nmonoxxeHue |l i u3mepeHus conpoTUBIEHUS
R,, u moBropuTe M3MepeHus ¥ BBIYUCICHNUS (CM. TIIL 3, 4).

6) IlepeBenure nepexmrovarens I1 B monoxenue |1 s usmepenus: o61ero conpoTus-
JIEHUs MOCIE0BaTeNbHO coequHEeHHbIX Ry, u R, . [loBTOpuTe M3MepeHus u BHIUUCICHUS
o (cm. mi. 3, 4).

7) IlepeBenute nepekmtouarens I1 B monoxxenne 1Y miis u3mepeHus: 001Iero ConpoTHB-
JeHus mapajulenabHo coenuHeHHbIX Ry, m Ry, . [IpoBeaure usmepeHust U BBIUUCIEHUS IO
. 3,4. JlanHBIC BCeX U3MEPEHUN U PACUETOB 3aHECUTE B TAOJIUITY U3MEPECHHUIA.

8) CpaBHuTe 3KcnepuMeHTalbHble naHHble u3mepenuit 11,1V ¢ Teopernuecknmu, BbI-
YHUCIEHHBIMHU 10 (hopMyIIam:

Rnom = ch.l + ch.ll !
_ ch.l ) I:ch.ll

nap — .
ch.l + Rcp.II

rae ch., u R_, —cpenHue 3HaAYCHUS! COMPOTUBIICHUN.

cp.l
9) Cz[enai/'lTe BBIBOJIbI O COOTBCTCTBUU SKCIICPUMCHTAIILHBIX 3HAYEHUHU TCOPCTUYCCKUM.
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MPOTOKOJI U3MEPEHUI
Pesynbrarel uzmMepeHuit

Howmep nono- Howmep u3- R,, R,, R, . Ry, ch ,

xenuns 11 MepEeHUs OMm OMm OM OMm Om
1
| 2
3
1
I 2
3
1
I 2
3
1
v 2
3

3KCH€pI/IMeHTaJIBHBI€ pPacuCThL

ITonoxxenne nepexitrouarens |
Ry, =
RXZ =
Rys =
CpenHee 3HaUEHHE COIIPOTUBIICHHUS
R =

cpl

ITonoxxenne nepeximrouarens |1
Ry, =
RXZ =
Rys =

CpenHee 3HaUEHUE COIIPOTUBIICHHUS
R

cp. il

[Tonoxenne nepexmrouarens |1
Ry, =
Ry, =
RX 3 =

CpenHee 3HaUEHUE CONTPOTUBIICHUS
R

[Tonoxenne nepexmoyarens 1V
Ry, =
Ry, =
Rys =

Cpennee 3HaUEHUE CONTPOTUBIICHUS

R

cpl T

cp.IV_

Teopernueckue pacyeTsl

mocn

R —

napan

BriBoabl
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BOIIPOCHI JJIA1 JOITYCKA
1) UYro Ha3bIBaeTCs 3NEKTpHYECKUM TOKOM? UTO Ha3bIBaeTCsl CHIIOH ToKa?

2) Kakoii Tok Ha3bIBAE€TCSI MOCTOSIHHBIM?

3) Kaxk 3anucatp 3akon Oma juist yaactka nenu? Kak 3amucars 3akoH OMa 7151 3aMKHY-
TOM 1enu?

4) Yto Ha3bIBaecTCs IMaJeHUEM HANpPsDKCHHUS Ha ydacTke renu? UTo Ha3bIBaeTCs dJIeK-
TPOJABUKYIIEH CUIION NCTOYHUKA?

5) Kak 3ammcars npaswmina Kupxroda?

6) Uto npencraBisieT co00it MOCTUK YHUTCTOHA? HapucyiTe sJIeKTpUUYeCcKyIo cXeMy.

7) Kakoe cocTosiHuE MOCTUKA Y UTCTOHA Ha3bIBAETCSI PABHOBECHBIM?

8) IMo xakoi hopmysie onpenenseTcss HeU3BECTHOE COMPOTUBIICHUE?

ITpumedanue: [Tpu 3aTpyAHEHUAX ¢ OTBETAMH Ha BOTIPOCHI UCTIONB3yHTe /1, § 1.4/

TECT

1. Kakas u3 ¢hopmyaupoBoK BepHa?
DNEKTPUUECKUM TOKOM Ha3bIBACTCS:
a) XaOTHUYECKOE JABIDKEHHE 3apPsHKEHHBIX YACTHIL:
0) yImopsiIOYeHHOE IBIKEHUE 3aPSKEHHBIX YaCTHIL:
B) YIOPSIOYEHHOE JIBIKEHHE MOJICKYJ M aTOMOB.
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2. Kaxkast u3 hopmyn Beipakaet 3akoH Oma 1715 MOTHOM 1eru?

U & &g+U
; 0) I = ; B) | = .

R+r R+r R+r

3. Kakoe u3 ypaBHeHMil BepHO HanmcaHo s y3na C snexrpuueckoil nenm, n3zoopa-

*KeHHOM Ha puc. 10.3?

a) |l =

a)l-1,-1,=0;
E e o) I+1,+1,=0;
B) I,-1-1,=0.
4. Kakoe W3 ypaBHEHUN BEpPHO HAMUCAHO JUIsI KOHTYpa
ABCD (cm. puc. 10.3)?
a) Ir-1,R, =¢&;
6) Ir+1,R =&;
B) LR, —Ir=-¢.

Puc. 2.3

5. Kakoe ypaBHeHue npaBmiIbHO HammcaHo i koHtypa DCFE
(cm. puc. 10.3)?
a) LR, -I,R, =¢;
6) LR, +1,R, =0;
B) I,R,—1,R, =0.

11. ONPEJAEJEHUE YAEJBHOI'O 3APSJIA DJIEKTPOHA
(JIaGopaTopnas pabora 41)

. €
Heanb padoThl: onpenenuTh yaeabHbIN 3apsj 3JIeKTpOHa (—] METOJIOM MarHeTpoHa.
m

[TpuGops! 1 nmpuHamIEKHOCTU: padouee ycTpoiicTBo (kaccera) PIID — 3, UCTOYHUK H-
tanus U1, BonbTMETp JaMITOBBIN.

K B kauecTBe MarHeTpoHa CIIYXKHUT JIBYXJIEKTPOA-

B [ Hasg BaKyyMHas JIaMIla — JIMOJ, TOMEILECHHAs: B MarHUT-
—————— Hoe mone. Ha puc. 11.1 cxemarmuecku mnoka3aHo

* YCTPOMCTBO MarHETpoHa. JJEKTPOHBI, JIETSIIUE OT Ka-

s TOJAa K aHOIY, MCIIBITHIBAIOT OJHOBPEMEHHO AEHCTBHE

IBYX mOJeil: amextprdeckoro ot (E) u marsuTHOTO
_ (B).

DNEKTPUUECKOE T0JIe (E) HAIIPaBJICHO I10 PaJu-

yCy aHoza, a MarauTHoe mojie (B ) - mapaiiensHo ero

OCH, TO €CTb DJIEKTPOHBI JIBHXKYTCSl BO B3aMMHO IEp-

NEHUKYJISPHBIX NOJIIX. B OTCYTCTBHE MarHUTHOTO I0JIS1 AJIEKTPOHBI Jie-

TAT T0J], BO3JEHCTBUEM IEKTPUUYECKOTO MOJIS OT KaTOAA K aHOLY MPSIMO-

JAUHENHO no paguycam 1 (puc. 11.2). B aHonHON ey BO3HUKAET TOK,

3aBUCSIIUIA OT aHOHOTO HANpPsDKEHHUS U ToKa Hakana. Eciou npu guxcu-

POBAaHHOM aHOJHOM HAaNpsDKEHWHM M TOKE HakKajla co3JaTh HEeOOJbILIOE

maruuTHoe moine (B ), HampaBJieHHOE 3a yepTex (puc. 11.2), To Ha 3mek-
TpOHBI OyzAeT AelicTBoBaTh cuiia JlopeHla, HCKPUBIIAIOLIAsl UX TPAeKTO-
puto 2. [1o mepe yBenMUeHNsE MATHUTHOTO MO TPAEKTOPHUS SJIEKTPOHOB
BCe 0o0Jiee MCKPUBIISIETCA M IPU HEKOTOpPOM 3HaueHuu B, (kpuruue-

Puc. 11.2

CKOM) SJICKTPOHBI BO3BPAIIAIOTCA Ha KAaTO/, HC KaCasAChb aHOIa 3, TO €CTb aHOI[HBIﬁ TOK CTaHO-
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BUTCSI paBHBIM HYJI0. Ha mpakTuke HyleBoe 3HaYeHHE aHOJJHOTO TOKA HE JIOCTUraeTcsl, TaK Kak
4acTh 3JIEKTPOHOB BCE K€ IOCTUTAET aHO/1a, HO OTMEUAETCS PE3KOE MalEHUE aHOJHOTO TOKA.
3aBUCHUMOCThH aHOJITHOTO TOKAa OT MarHUTHOM MHIYKIIMH MPU MOCTOSHHOM TOKE Hakaljla u
aHogHOM HampsbkeHuu (puc. 11.3) HaspiBaeTcs cOpOCOBOW XapaKTEPUCTHKOW MarHeTpoHa.
Pacuet ynensHOTO 3apsiia B 3TO paboTe MPOU3BOIUTCS U3 CICIYIONINX COOOpaKEHUH.
Cuna JlopeHua, nelicTByOIIast Ha JJIEKTPOH CO CTOPOHBI MAarHUTHOI'O T10JI51, paBHA!
F=elv,B]
rze e — 3apsn anekTpoHa, Ki; V- ckopocTs 31ekTpoHa, M/c; B — MaruuTHas unaykuus, To.
OTa cuia 1o XapakTepy SIBIAETCS HEHTPOCTPEMUTEIBHOM:

2
eVB = m;/ , (11.1)

rze M — Macca JEeKTPOoHa, KI; R — paguyc KpUBU3HBI TPAEKTOPHUH, M.
Ecnu npeanonoxuts, uto B = B,,, Torna paanyc TpaeKTOPHM 2JIEKTPOHA OyJeT paBeH
IIOJIOBHHE paanyca aHoza (cM. puc. 11.2, tpaekropus 3): R=R, /2, rne R, - pagnyc aHona.

Lig

U3 dpopmynst (11.1) nomydaem
I .

L LN (11.2)

M m B,(R,/2)
P\.‘_ CkopocTh 37eKkTpoHa (V) oIlpeaenseM U3 yclo-
— e, BUS, YTO KHHETUYECKAasi SHEPrus IEKTPOHA paBHA pabo-

—a=p  TE IEKTPUUIECKOrO IOJIS:
prt B mv 2

Puc. 11.3 eU.=— (11.3)

rae U, — anonuoe Hanpspxenwue.
N3 popmysl (11.3) ckOpoCTh 2JIEKTpOHA paBHA:

v =,/2(e/m)U,. (11.4)

Kputnueckoe 3HaueHNe MarHUTHON MHIYKIMH (B,,) onpexnenseM 1o dpopmyie:

N
w (11.5)
rae o = 4 m 107 TH/M — MarHuTHAs TOCTOSHHAS; l.,p — TOK B cojeHOHMJE, NP KOTOPOM
AQHOJHBIN TOK OJM30K K HyJ10; N — 4nCIIo BUTKOB COjIeHOMa; L — ainuHa coneHounaa, M.
[Toacrasmsis Beipakenue (11.4) B popmyny (11.2), monyqaem:

e 8U

— ="t (11.6)
2 p2

m  B,R;

ka =/"OI

OU3NYECKUE OCHOBBI DKCITEPUMEHTA
®opmyna (11.6) MO3BONSIET BBIYUCIUTD YISTbHBIA 3a-
pAL DIEKTPOHA U3 YCIOBHS, YTO IIPU aHOAHOM HAIPSHKEHUHU
. (Us) 1 MarHuTHOM TOJIC B COJICHOMJIE C MHAyKuueH B, Bce

AJIEKTPOHBI MIEPECTAIOT MoNaaTh Ha anoA. Eciu Okl ckopocTH

BCEX JJICKTPOHOB OBUTH OJIMHAKOBHI, TO C YBEJIMYCHUEM TOKA B
P\‘- conenonze (l¢), a, cinemoBarenbHO, HHAYKIUU (B) MarHUTHO-
., ro moiisi, aHoaHbIH TOK (l,) B mamme u3MeHsICs Obl Tak, Kak

w1 9TO H300pakeHo Ha puc. 11.4 mTpuxoBoii muHuen. Ha camom
Jiefie BEPTUKAIBHOTO Claa aHOJIHOTO TOKa He HaOIIomaeTcs,
Puc. 11.4 TaK KakK DJIEKTPOHBI, BBUIETAIONIME C MOBEPXHOCTH KaTOJa,
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00NaafoT pa3IMYHBIME CKOpocTsMH, U 3aBucumocth |, = f(1,)) umeer Bua crutonrHoi

KpuBOi. Takyro 3aBUCHMOCTb MOHO IOJYyYUTh C TTIOMOIIbIO MarHeTpoHa. MarHeTpoH codpaH
BHYTpH KacceTsl PIID — 3, koTopas npencrapiseT coO0H MPSIMOYTOJIbHYIO KOPOOKY € KpBIII-
KOM M3 OPTaHUYECKOTO CTEKJIA.

B snektpuueckyio cxemy ycTaHOBKU (Ha puc. 11.5). BXOZAT ciemyroniue 3JIeMEHTHI:
coiieHoun S; peoctar R ; ammepmerp st u3MepeHUs TOKAa B LIENH cojeHouaa As; 3JeK-
TPOHHAs JaMma ¢ aHoJAoM AU KatogoM K ; MusuMamMrepMmerp, U3MEPSIOIINI aHOIHBIA TOK
A, ; BOIBTMETp, M3MEPSIOIINN aHOAHOE HAIpsbKeHHE V,; MOTEHLIHMOMETP I M3MEHEHUS

aHOAHOrO HanpspokeHus I1 .

—®

=
s = +
(23] @9 120
. K
24
R 2,54 4.3
Puc. 11.5

brok-cxema ycranoBku (puc. 11.6) Bkiirouaer B ce0si: kaccety PI1D; maMnoBsIii BOJIBT-
metp B-7-40/4; ucrounuk nuranus WUII; Mumumammnepmerp Ui U3MEpPEHHsI aHOAHOTO TOKa

m ]
DIT3 " 3.1.4% CeTh

g ") mA,

W=~ W—— -
X % 23438, SRE 1 Bl

Moz o

k3

Puc. 11.6

mA, aMIICpMETp JIA USMCPCHHA TOKA B COJICHOU/IC A, BOJIbTMETP IJId U3MCPCHUSA aHOAHOTO
HanpsbkeHuss B. Ha nmanenmun UIT umeroTcst pyKoOsSITKH: JUIsl peryJupOBKHA TOKa Hakana |; s
U3MCHCHHS TOKA B COJICHOUAC 2, AJI1 UBMCHCHH S aHOAHOT'O HAIIPSIZKCHUSA 3

HOPAJOK BBIITOJIHEHUSA PABOTHI

. e
3aganue: onpedenums yoenbHblll 3apsao0 21eKmMpoHa | —
m

Bce BenuuuHbl, NOIy4YEeHHBIE B PE3YAbTATE U3MEPEHUN U BBIUMCIEHUN, BHECUTE B IIPO-
TOKOJI U3MEPEHUN B COOTBETCTBHH C MOPSIIKOM BBIIIOJIHEHUS PAOOTHI U OPMOI MPOTOKOIIA.
1) O3HaKOMBTECH C JIEKTPUUECKON CXEMOH ycTaHOBKH (puc. 11.5).

2) OsHakoMbTeCh ¢ OJ0K-cxemoi (puc. 11.6) 1 camoii SKcrIepUMEHTATBHON YCTaHOBKOIA.
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3) Bxmrouute ycraHoBky (puc. 11.6, tymonep «CeTby).

4) C noMoluiplo pyKoSTKH 3 mojaiite Ha aHoAa HampsbkeHue U, (IO ykaszaHHIO Ipe-
nogasarens 60 — 100 B).

5) C momomisto pykosTKH 1 oTperynupyiite Tok Hakana (~4 B). CHuMuTe mnokasanue
MUJLTHAMIIEpMeTpa MA MpU OTCYTCTBUU TOKA B COJICHOUJIC.

6) Pyxosarkoil 2 n3mensiite Tok B conenonne | c marom 0,1 — 0,2 A u cHumaiite 3a-
BUCHUMOCTb aHOJIHOTO ToKa ( |,) oT Toka B coneHouze. JlaHHbIE U3MEpEHUI 3aHECUTE B Ta0-

JMILY pe3yJIbTaTOB U3MEPEHUH.

7) Ilosropure mm. 4 — 6 npu Apyrom aHoaHOM HanpsbkeHun U, U 3aHecHTe JaHHBIE B
TaOJIUILY pe3yJIbTaTOB U3MEPEHUIA.

8) Ilo pe3ynbraraM H3MEpPEHHH IOCTPOWTE B MPOTOKOJIE TIpaUKH 3aBUCUMOCTH

I, = f(lc) ans U,, n U,,. Ha puc. 11.3 nokaszan rpaduk 3aBucumocta |, = f(B), HO

B = puynl_; o ectb B ~ |, moatomy noctpoum rpaduk |, = f(lc), KaK M300pakeHO Ha

puc. 11.4. 13 rpadukoB ornpenennTe 3HaUCHUSI KPUTHYECKOTO TOKa B coienouze: |, |

kpl? “kp2

9) Ilo dopmyne (11.5) Beranciute 3Ha4eHus Byy,1 5 Bip2.
10) ITo popmyme (11.6) Berancnure otHomeHus: €/ m,; e/ m,.

11) Haiinute cpenHee 3HaY€HUE YACIbHOTO 3apsiaa (e / m)Kp o ¢opmyse:
e) 1 ﬂz=:2 e
m), 2iza\m) .

12) Onpenenute aOCOTIOTHYIO MOTPEITHOCTH YICTBLHOTO 3aps/a;

A(i]= i] _(ij )
m Km IKCn m meop

MPOTOKOJ N3MEPEHU

MarsuTHas nocTosiHHAs (o =4 T 107 Tu/m.

Teopernueckoe 3HaUYCHHE (ij =1,76 10" Kn/kr
m
meop

Pannyc anona R, = 1 mm; Yncno ButkoB conenonaa N, = 2700 % 2;
Jlnnaa HamMoTKu coneHonaa L. = 168 mm.

Pesynbrarel uzmMepeHui

Howmep us- U.,= B Homep nzme- u,= B
MEPEHHUS I A peHus I

a’ a’

Boo~vouarwnr
Boovouarwnr
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I'padpuku 3aBucumoctu I, = f(l c) IIPY @aHOJXHOM HaIIPSKEHUU:
U al — U a2 =

Kputndeckoe 3HaueHue Toka coneHousa (B3aroe u3 rpapuxa |, = f (I . ))

Ikp1 = A IKP2 = A
Pacuernl

KpuTtnueckoe 3HaueHre MarHUTHOM UHIYKIIUU:

B .= A B . =

kpl

VYV nenbHbIi 3aps;

e
Cpenunee 3Hauenue | — | =
m P

AOGcCo0THAs MOTPEIIHOCTD YASIBHOTO 3apsijia:

BriBoabl

BOITPOCHI JIA JOITYCKA
1) Kakoit Bung umeer dopmyna cunsl Jlopenma?
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2) Kakue TpaekTOpuu BO3MOXKHBI JIJIS1 2JICKTPOHA B MAarHUTHOM T10J1e?

3) H300pa3ute AIEKTPUUYCCKYIO cxeMy MarHerpoHa? KakoB MpHHIWI ACHCTBUS Mar-
HETpoHa?

4) Ilpoananusupyite 3aBucumMocts |, = f(lc). ITouemy |,He nmocturaer HysiaeBOro

3HauYeHUs?

5) 13 kakoro ycioBus ONpEAEsSeTcsl CKOPOCTh V 3JIEKTpoHa?

6) ITo xakoii hopmyse paccUuMThIBaeTCS KPUTUYECKOE 3HAaUeHUEe HHAYKIUHU B mons co-
negonma?

(S
7) Kax BbIBecTH pacueTHyI0 GopMyITy sl yAEIbHOTO 3apsiaa | — |?
m

ITpumedanue: [Tpu 3aTpyAHEHUAX ¢ OTBETAMH Ha BOTIPOCHI UCTIONB3yHTE /1, § 2.2/

TECT

1. DneKTpoH BIETEN B MAarHUTHOE I10JIE CO CKOPOCTBIO V MEPHEHIUKYISIPHO JTUHHUIM
uHayknuu (B). [1o kakoli TpaekTOprH OH OyIEeT ABUTaThCs?
a) MPSMOJIMHEHHO, MapauIeIbHO JTUHUSM B;
0) [IpssMonuHeHO, EPIIEHANKYIISPHO JINHUSAM B,
B) 110 OKPYXHOCTH B IUIOCKOCTH, MEPIEHIUKYISAPHON TMHUAM B;
I') 10 OKPY’KHOCTH B IIJIOCKOCTH, MTapaJJIENbHOMN JIMHUAM B.
2. Kakoe u3 yTBepk/1IeHUH BEpHO?

o e
VY nenbHbl 3apsi 3JIEKTPOHA | —
m

a) 3aBUCHUT OT MHIYKITAX MarHUTHOTO ITOJIS;
0) 3aBHCHUT OT HAIMPSHKCHHOCTH JICKTPUUECKOTO TOJS;
B) OIPEICIACTCS 3apsIOM M MacCOM YacCTHII.
3. Ha pucynke n300pa)keHbI TPACKTOPUU SJEKTPOHA B MArHETPOHE MPH PA3IUYHBIX
3HAYCHUSAX MHJYKIIMU MarHUTHOTO Tojiss B. Kakas W3 HUX COOTBETCTBYET OTCYTCTBHIO Mar-
HUTHOTO 110JIg?

a) 4 6) 34@ B) EA
E
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4. DJIEKTPOH BJETEN B 00JaCTh COBMECTHOTO JIEUCTBHS JEKTPUUECKOTO U MATHUTHOTO
noneif. [Ipu kakoMm ycrmoBuM OoH OyJeT ABUraThbCs MPSIMOJIUHEHHO 0€3 OTKIIOHEHUS OT IepBO-
Ha4yaJbHOTO HAINpaBJICHUS ?

a) F,+F, =0; 0) F,-F.=0; B) F,+F, =0.

5. DNEKTpPOH BIETAET B OAHOPOJHOE 3JIEKTPOMAarHUTHOE I0JIE, IPEACTABIEHHOE CyIEp-
MO3ULIMEN B3aUMHONEPIEHANKYJISIPHBIX 3JEKTPUUECKOTO0 U MarHUTHOro rnoseil. Ha xakom u3
PHCYHKOB BEPHO yKa3aHbl BEKTOPHI dJIeKTpudecko F, u MarnutHoi F  cui, neicrBy-

IOILMX Ha 3JIEKTPOH?

12.UBYUYEHUE MATHUTHOI'O IOJISA COJIEHOUJA
(JTaboparopnas padota 39)

Ieap padoThl: U3y4nTh 3aBUCHUMOCTbh MHIYKIIMM MarHUTHOT'O MOJIS Ha OCH COJIEHOMJA
OT CHJIbI TOKA; UCCIIEZI0BATh paclpeieIeHNe MAarHUTHOT'O 110JIs BJI0JIb OCH COJICHOUA.

[Ipunannexxnoctu: kaccera PI13-04, UCTOYHUK NMUTAaHUSA, BOJIBTMETP YHHUBEPCAJIbHBII
B7-40/4, coenuHATENbHBIE TIPOBO/IA.

ConeHouzioM Ha3bIBaeTCS LMWIMHIPUYECKAsl KaTyIIKa, COCTOAMIasi U3 OOJIbIIOro Yucia
BUTKOB MPOBOJIOKH, 00pa3yIONINX BHHTOBYIO JIMHHIO. MarHUTHOE TOJIe COJICHOU 1A €CTh pe-
3yJIbTaT CIIOKEHUS TOJIEH, CO3/1aBaéMbIX KPYrOBBIMH TOKaMH B BHUTKaX, UMEIOIIUX OOIIYIO
och. HanpsikeHHOCTD 1Mol BeMKa BHYTPHU COJICHOUIA U MaJla BHE €TO0.

['padpraeckoe M300pa’keHNEe MAarHUTHOTO TOJIS COJIEHOWAA JaHo Ha puc. 12.1. BuaHo,
YTO TOJIe JJIMHHOTO cojieHouzaa (puc. 12.1, 0) mpakTHUeCKHd CKOHIIEHTPUPOBAHO BHYTPHU CO-

JICHOW/IA U SIBJIIETCS] OTHOPOJIHBIM, TO ecTh B = const , a mone kopotkoro conenona (puc. 12.1.,
a) U3MCHSCTCS BJIOJIb OCH M PACCEUBAETCS B IPOCTPAHCTBE.
WNHaykius monst IIMHHOTO COJICHOUIA OTIpeIeNsieTCs Mo hopMyIie:
B = y,nl, (12.1)
rae p, = 4n-10 7 Tn/M — MarauTHas MOCTOSIHHAS; N — YHMCJIO BUTKOB Ha €IWHUILY JJIUHBI,

1/M; | — cuia Toka conenounna, A.

a) 6)

sl

=l

b |

Puc. 12.1

JJist KOpOTKOTO CoNieHOH 1a MarHuTHast HHAyKus ( B ) Beipaskaercs popmymnoii:
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B =”°Tn|(cosa:1 —cosa, ), (12.2)

rle &, , &, — yIibl, 101 KOTOPbIMU U3 TOUKU A BUIHBI KOHLBI coleHona (puc. 12.2).

Cy1iecTBYIOT pa3iMuHble METO/bI ONpeAeNieHUsI MHAYKIIMY MarHUTHOTO noJid. B Hameit
paboTe ISt UCCIIEIOBAHMSI MATHUTHOTO TOJIS UCTIONb3yeTcs natynk Xoa. laruuk Xommna —
3TO MAarHUTORJIEKTPUYECKHI To-
JTYIPOBOJHUKOBBIA MpHUOOp, OC-
HOBaHHBIH Ha HCIOJIb30BAHUU
apdexra Xoiga B MOIYNPOBOA-
HUKaX. 01

[IpeumyectBa JaTdyukKa
Xonna Juisi U3MEPEHUs] MarHuT-
HOM WHAYKLUWW: JIMHEWHAas 3aBU-
cumocth IJIC Xomma oT MarauT-
HOM mHaykuuu B B momsix o 1 @@@ ........................ @@@
Tn; orcyTrcTBHE MOABMXKHBIX JI€-

Taneil; Oe3WHEPIMOHHOCTh; Ma- Puc. 12.2
Jble pa3Mepbl JaTdMKa, YTo M03-
BOJISIET TPOM3BOIUTH H3MEPEHNE MAarHUTHOM HHIYKITUH B Y3KUX 3a30pax.

Henocratkamu cxem ¢ patuymkamMu XoJula SIBJISIFOTCS HEBBICOKAsl YyBCTBUTENBHOCTh U
JIOBOJIBHO BBICOKAsS MOTPELIHOCTb.

Paccmorpum s dext Xomna. Ecnm momynpoBogHUKOBBIA oOpa3ell B BUJIE Mapasuiesie-

numneaa MOMECTUTh B MarHutHoe nose (puc. 12.3) tak, yToObl MHAYKIMS monst ( B) Obuia
NEPIICHIUKYIIIPHA HAPABICHUIO JBUKCHHS 3apsiIOB, 00Pa3yIOIMIUX AIEKTPUIECKHUI TOK, TO B

TIOJTYIIPOBOTHUKE BOSHUKHYT MOIMEPEUHOE dyeKTprueckoe moje ( E ) u coorBeTcTBeHHAs pas-
HocTh moteHnuanoB (DC) Xomma (U, ).

Ot10 sBeHue HaszbiBaeTcs dhdexTom Xoi- Z

na. BosuuknoBenue DJIC Xomia cBsizaHO

¢ JercTBueM cuibl JIopeHa co CTOpOHBI

MAarHUTHOTO TIOJIS Ha 3apsHKCHHBIC YacTH-

16l 3apsbl PA3HOTO 3HAKA OTKIIOHSIOTCS K

MIPOTUBOIMOJIOKHBIM CTEHKaM 00pasia, co-

3/1aBasi Pa3HOCTh MOTEHLMAIOB MEXIY HH-

mu (puc. 12.3, kKoHTaKTHI 3 — 4). +
OJIC Xoria onpezensieTcs 1o hopmysie: h

U,=3 .B.d, (12.3)
ng,

IIe j — IUIOTHOCTH TOKa 4epe3 obpaserl, Puc. 12.3

A/Mz; B - uHAYKUMS MarHUTHOTO MOJIS,

T, d — paccTosiHue MeXay KpasMu oOpasiia B HalpaBJICHUH, NEPIICHANKYJIIPHOM HaIpaB-

JIEHUIO TOKA, M; N — KOHIIEHTpaIXs HOCUTENEH TOKa, 1/M3; 0, - 3apsn HocuTenen Toka, K.

3
¥

o
[T10THOCTH TOKA paBHA: | = 3 rne S=d-h — mwiomans cropoHsl 00pasia, yepe3 Ko-

Topyto npotekaet Tok | (puc. 12.3).
[Toacrapisist BeIpakeHUE IIIOTHOCTH TOKa B popmynry (12.3), momyunm:

U, = L Q (12.4)
n-g, h
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Takum o6pa3zom, popmyna (12.4) naer nuHelinyro 3aBucumocts U, ot B.

OU3NYECKHE OCHOBBI OKCIIEPUMEHTA

[Tockonbky MarHuTHas MHAYKIMS (B ) mpormopiimoHaibHa TOKY B COJIGHOHE, TO XOJ-
JIOBCKas pa3HOCTh noreHuuanos (U, ) mponopuuoHanbHa TOKY B cojeHouze. M3MeHss Tok

(1,) conenonna, moxxHo HaiiTh 3aBucuMocTh D/IC Xosuta OT 3HaUCHUS! HHAYKIIUU MarHUTHO-
0 MOJIsl, TO €CTh TAPUPOBATH JATUYMK XOJIa.

1 2 3
P -

S S / -,
‘ n v ~50Tx
PV
o ol = =11 220 B
- o o o &0 — =
— L
Puc. 12.4

Ha ocHoBaHuMM moy4yeHHOW TapupOBKH, MepeMeliast JaTYUK OTHOCUTENIBLHO IIEHTpa Co-
JICHOU/a, MOYKHO I/ICCJ‘ICI[OBaTB M3MEHEHHE BEKTOPa MHAYKIIMH BJIOJIb OCH COJICHOU/IA.
DKcriepuMeHTallbHAs YCTaHOBKa

cocrout (puc. 12.4) U3 UCTOYHUKA MH-
f / TaHus — 1; KacceThl — 2; MUKPOBOJIBT-
MmeTpa - 3.
,.1-16871', - 4 Ha puc. 12.5 uzo0paxena xacce-
/ i T ta ycranosku ®I1D-04. OHa cocTOMT

\ - u3 xkopmyca 1, narunka Xojuia 2, cone-
Jr_H —_— ! Houza 3, BIIBMKHOTO ITOKa 4. Jlat-
W | gk XO0JUTa HaXOJIUTCS B TOPIIEC IITOKA

" nepeMeIIacTCd BMECTC C HUM. VYcra-

0 HOBKA IIPEJHA3HavY€eHa IjIs UCCIIEN0Ba-

HMSL DaclpejeleHds MAarHUTHOM WH-

— | E— AYKIUU BIOJIL OCH COJIEHOMZA C IO-
Puc. 12.5 MOMIBIO JaTYHWKa XO0Jla.

HOPAJOK BBIITOJIHEHUA PABOTBI

Bce BenmuuHbI, MOTy4YeHHbIE B pe3ybTaTe U3MEPEHUN U BBIUYMCICHHM, BHECTH B MPO-
TOKOJI U3MEPEHHI B COOTBETCTBUU C TIOPSAKOM BBITIOTHEHUS pa0OTHI B (POPMOIt IPOTOKOIA.

3aoanue 1. Ilpoussecmu mapuposxy oamuuxa Xoana. /s smoeo:

1) Cobepure 1iens coryacHo puc. 12.4.

2) BxirounTe YCTaHOBKY, YCTAaHOBHUTE C TOMOIIBIO BBIIBI)KHOTO ITOKA 4 (CM. pHC.
12.5) natuuk XoJia B IIEHTPE COJIECHOUAA, ONPEACIUTE IO MUKPOBOJILTMETPY 3HaueHus J/(C
Xomna misg pa3nudHbiXx TOKoB oT 0,1 10 1 A. Tok U3MEHSIETCs ¢ TOMOIIBIO PYYKH, PACIOJIO-
YKEHHOW Ha MaHeNd UCTOYHHUKA TTHTAHUS.

3) Ilo dbopmyne (12.1) BeruMCINTE 3HaYEHWE MAarHUTHOW MHAYKIMA B s xaxxmoro
3HaueHUs TOKa. Bce pe3ynbTaThl 3aHECHUTE B TIEPBYIO TaOIUILy U3MEPEHUH.

4) Ilo pesynapTaTaM HW3MEpPEHUN TOCTOWTE B MpoTokoisie rpaduk 3aBucumoctu DJC
XoJsuta oT UHAYKIMHM MarauTHoro nosst: U, =U | (B)
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3aoanue 2. Hccneoyiime pacnpedenenue MazHUMHO20 NOJISL 8001b OCU CONEHOUOA.

1) YcranoBute TOK B cojieHousie | =1 A.

2) Ilepememas natumk Xosuia Ha paccrosiaus X = 0, 1, 2, ...CM, OTHOCUTENBHO LIEHTpa
karymku, u3mepsre I1C Xomia.

3) Ilo rpaduxy UX(B) o u3MepeHHsIM 3HaueHusiM DJIC Xomia onpeaenure 3Have-
HUSA UHAYKIIMM MarHUTHOTO TMOJS JUIsl KaKJIOTO IMOJOXKEHHUS JaT4yhKa OTHOCUTEIBHO LIEHTpa
coneHoua. Pe3ynpTaThl 3aHecHTE BO BTOPYIO TaOJIUIly U3MEPEHUH.

4) Tlo pe3yabTaraM H3MEPEHUH IOCTPOHTE B MPOTOKOJE TpapuK 3aBUCUMOCTH
B=B(x).

CrenaiiTe BLIBOI.

MPOTOKOJI U3MEPEHUI

MaruuTHas noctosHHas g, = 41-10 7 Tr/m.

Uucino BUTKOB Ha €IMHUILY IIMHBL N = 2500 M 1
Pesynbrarel usmepennii 1

B| B, Tn MarnuTHast UHIYKIHSL:

Homep l,A | U

MU3MEpEeHUs

c? X2

1

[y

[N)

[

~

o

~

<9

O|lo|NoUg|h~lw|N
W Wm0 wmoww
|

©
|

=
o

By =

I'padux 3aBucumoctn U, = f(B)
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uaa?

PesynbTaTel uamepenuii 2

Howmep nsmepenus X, M U, B B, Tn

0,00
0,01
0,02
0,03
0,04
0,05
0,06
0,07
0,08
0,09

[EEN

OO |NO OB WN

=
o

I'pacduk 3aBucumoct B = f( X)

BriBoabl

BOITPOCHI JJIA JOITY CKA

1) B uém 3akmmrouaercst Gu3ndecKuii CMBICI MArHUTHON HHAYKIMH ( B )?

2) Kax n300pa3uth rpadudecku nojie JIMHHOTO cojieHouAa? mojie KOPOTKOrO COJIEHO-



67

3) Ilo kako#t dopmyse onpenensieTcss 3HadeHue MHAYKITMNA Ha OCH JJIMHHOTO COJICHOU-
na? Ha ocu kopoTkoro cosieHoua?

4) B uém 3akmouaercs 3pdexr Xomma?

5) Jlns yero Hy>xHa TapUpOBKa AaTyuKa XoJsuia?

ITpumedanne: [Tpu 3aTpyAHEHUAX ¢ OTBETAMH Ha BOTIPOCHI UCTIONB3yHTE /1, § 2.2/

TECT
1. ®wusnueckuii cMmpIcT MarHUTHOM wWHAYKOUU (B) BeIpaxkaercs (opmymoit:
Msp.max o o o
B=———,11¢ M, ;x - MaKCHUMAIbHBI MOMEHT BPAILIEHHUS, NEHCTBYIONIMA HA BUTOK C
P

TOKOM B MAarHUTHOM II0JI€, [, - MAarHUTHBI MOMEHT BUTKA C TOKOM.
Kaxoe 13 yrBepkaeH1i BEpHO IS 3TOM BEINYMHBI?
MaruuTHas HHAYKIHS ABIIACTCS:

a) SHEPreTU4ECKON XapaKTepUCTUKON MOJIS;
0) CHJTOBO# XapaKTEPUCTUKOM TTOJIS;
B) HE UMeeT (PU3NUYECKOTO CMBICTIA.

2. B KakoM U3 COJICHOMI0B, H300paKEHHBIX HAa PUCYHKE MarHUTHOE TOJIC SIBJIIETCS OJl-
HOPOJHBIM?

a)

3. o xakoit u3 hopmyn onpexaensercss IAC Xomra?

ayU=qd: 6) U = jSR: ) U=—Bd.
nq,
4. B xakoM U3 IPOBOJHUKOB, U300PKEHHBIX HAa PUCYHKE, HE BO3HHUKAET 3PdekT Xo-
na? (B — MarHuTHas MHIYKIHS, ] — IUVIOTHOCTB TOKQ).

—-

a) B 6)

a.‘L

5. 3aBucumocth I/]C Xoia OT MHAYKIIMM MAaTHUTHOTO TTOJIS:
a) KBaJ[paTU4Has;
0) TuHelHas,
B) oOpaTHas
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13. UBYUYEHUE MATHUTHOTI'O TNCTEPE3UCA
(JTaboparopuas pabota 44)

Lleanb padoThl: H3yYUThH SIBICHUE MAarHUTHOTO THCTEpE3HCa.
[TpuGops! ¥ NMPUHAIIEKHOCTH: TEHEPATOP CUTHAIOB HU3KOYACTOTHBIN, YCUIUTENb, OC-
nustorpad, kaccera @I13-07/02, coemuHUTENbHBIE KaOCIH.

MarHnetukamMu Ha3bIBalOTCSI BCE CpEIbl, CIIOCOOHBIE HAMarHWYMBAThCSI B MarHUTHOM
IoJIE, TO €CTh CO34aBaThb CO6CTB€HHO€ MarauTHoe nojie. Ilo MarHuTHBEIM CBOMCTBAM MarHe-
TUKU MOJPA3/ENAI0TCS Ha TP OCHOBHBIE TPYIIIBI: JUAMarHeTUKU, apaMarHeTuku u gpeppo-
MAar"dH€TukKu.

KonnuecTBEeHHONW XapaKTepUCTUKOW HAMArHUYEHHOTO COCTOSIHUS BEIECTBA CIIY>KHUT
BEKTOpHAsl BEJIMYMHA - HaMarHMYeHHOCTH (J ), paBHasg OTHOLIEHUIO MarHUTHOT'O MOMEHTa
Majoro oobema BemiecTBa K BenuunHe ( A4V ) 3Toro oobema:

- 1
J=—> P »
AV &= Pri

rac pmi - MarHUTHBI MOMEHT | -TO aroMma U3 O6H_IGI‘O quciaa N aTroMoB, COJACPKAIIMUXCS B

o6beme AV, A M.

MarHuTHbIE CBOMCTBA BEILLIECTBA ONPEICIAIOTCA B3aWUMOJCUCTBUEM aTOMOB C MarHUT-
HBIM TIOJIEM. DJIEKTPOH, JBMXKYIIUHCS B aTOME BOKPYT siApa, 00pa3yeT JIEKTPUUECKHH TOK.
Cuna Toka onpenensercs o Gpopmye:

l=ev,

rIe e - 3aps anekTpoHa, Ki; v - yactora BpamieHus, ¢

[IpousBeneHne cuiabl TOKa Ha IJIOMIAAb OPOUTHI JIEKTPOHA HA3BIBACTCS MArHUTHBIM
MOMEHTOM 3JIEKTPOHA!

-1

p,=1:S-n,
rae | - snexTpuyeckuii Tok, A; S - TuIonaas OpOUTHI, MZ; N - eAMHWYHBIA BEKTOP HOPMAJH K
IUIOCKOCTH OPOUTHI.
HampaBnenne p,, 3amaeTcsi €AMHUYHBIM BEKTOPOM HOPMAIM K IUIOCKOCTH OpOWTHI.
Hanpapienue HOpMaJId CBS3aHO C HAMPABJICHUEM TOKA IIPABHJIOM IPABOTO BUHTA.
Op6uTanbHBIM MAarHUTHBIM MOMEHTOM ( [, ) aTOMa Ha3bIBaeTCs T'€OMETpUUECKasl CyM-

Ma Op6I/ITaJ'H>HI>IX MAaroiuMTHBIX MOMCHTOB BCCX 3JICKTPOHOB aTOMa:

= Z pmi '
i=1

CBs3b MeX1y MHAYKLIHEH, HAIPSHKEHHOCTbIO MAarHUTHOTO TOJISI U HAMAarHU4€HHOCThIO

OTIHCBIBAETCS] COOTHOLIICHUEM:
B= ,uoj + Ky H,

rae B - BeKTOp MarHUTHO# MHIYKIHH, XapaKTePH3yeT pe3yIbTHPYIONIAEe MATHUTHOE TOJIE B
Bemectre, Tm; J - BEKTOp HAMArHH4eHHOCTH, A/M; H - BeKTop HaIPSHKEHHOCTH MarHUTHO-
ro MOJIs, XapaKTepU3yeT Mose B Bakyyme, A/M; p, = 4710 " TH/M — MArHWTHAs IOCTOSH-
Hasl.

B oHOpOAHBIX M30TPOMHBIX MarHETUKaX HaMarHMYEHHOCTh MPSIMO MPONOPIIMOHATbHA
HaNpsHKEHHOCTU MarHUTHOTO TTOJIS:

J=x.H,

rae yx, - MarHuTHas BOCIIPMUMYHUBOCTD BCIIECTBA.
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Jli1s XapakTepuCTUKY BIUSHUS BELIECTBA HA MATHUTHOE I0JI€ BBOJUTCSI OTHOCUTEIbHAS
MarHuTHas MPOHULIAEMOCTh ( 4 ), TIOKa3bIBaIOIIAsl, BO CKOJBKO pa3 MHIYKIUS MarHUTHOTO

nojs B Beuectse ( B ) ormnyaercs ot marauTHOM nHaykuuu ( B, ) B Bakyyme:
B =uB, = pu,H .
CBs3b MEXK/y BEIMYMHAMH ¥, M 4 ONHCBHIBACTCS COOTHOLIEHUEM: g =1+ y,. .

ﬂI/IaMaFHCTI/IKaMI/I HAa3bIBAKOTCA BCIICCTBA, MArHUTHBIC MOMCHTBI aTOMOB KOTOPEIX B OT-
CYTCTBUC BHCHIHCTO MArHUTHOI'O IIOJIA PAaBHBI HYJIIO, TaK KaK MAarHuTHBIC MOMCHTBI BCCX

JJIEKTPOHOB aTOMOB B3aMMHO CKOMIICHCHPOBaHbl. B nuamarnerukax u < 1, mpuyem, kKak mo-
Ka3bIBAIOT U3MEPEHHUS, OTIINYNE 4 OT €AUHMIGI HEBEIUKO, T.K. y, ~107°

[TapamMarseTKkaMu Ha3bIBaKOTCS BEIIECTBA, aTOMBI KOTOPBIX B OTCYTCTBHE BHELIHETO
MarHUTHOT'O TOJII UMEIOT OTJIMYHBIN OT HyJIsl MArHUTHBINA MOMEHT ( P, ). [lapamarueruxu 00-
JIaJIat0T MarHUTHOM MPOHUIIAEMOCTBIO GOMbIIIEH ¢IMHUIIBI, HO He HaMHOTO: ¥, ~107*

®eppoMarHeTUKaMU Ha3bIBAIOTCS TBEPAbIE BELIECTBA, OONAJAIONINE IPU HE CIUIIKOM
BBICOKUX TCMIICpATypax CaMOHpOHBBOHBHOﬁ HaAMaroHm4€HHOCTbIO, KOTOpass CUJIbHO U3MCHSI-
€TCsl TOJl BIMSHHUEM BHEIIHUX BO3JCMCTBMIA: MarHUTHOTO MOJs, AepopMariiu, U3MEHEHUS
Temneparypbl. @eppoMarHeTHKU 00J1aJat0T OOIBIION MarHUTHON MPOHUIIAEMOCThIO 4 >> 1,
npuaeM g CHUIJIbHO 3aBHUCUT OT HAIPS)KCHHOCTH MArHUTHOTO I1OJIS. I1o »Toit IIPpUYUHC B (bep-
pOMarHeTuKax MarHUTHYIO MPOHUIIAEMOCTh OMPEIENSIOT 110 (hopMyIie:
1 dB
o M, dH .
VY (heppomMarHeTUKOB BCIEACTBHE 3aBUCUMOCTH
M ¥ ), OT HaOpsHKEHHOCTHM MAarHUTHOIO IOJIs

J
Jm

¢ynkunonansHas cBsi3b J u H (puc. 13.1) apnsercs
HEJIMHEWHOM.

ATOMBI (MOJIEKYJBI) (heppOMAarHETUKOB Xapak-
TEpU3YIOTCsI, BO-NIEPBbIX, OOJBIIMM 3HAYEHUEM Mar-
HUTHOTO MOMEHTA!

Pm = Ra,.
rae R - nenoe uncno, 3HaueHUE KOTOPOIO COCTABIIA-
er3-5; u, =9310 4 TIx/Tn - marretoH Bopa. Puc. 13.1

Marnetronom bopa Ha3bpiBaeTcst COOCTBEHHBIH MAarHUTHBIA MOMEHT 3JIEKTPOHA

n
»

H

Ly =—ﬂ, rne €=1.6-10" Kx - 3apsn snexrpona, % =1.05-10" orc-c - mocTosHHAS

Tnanka, m=9.1-10"*"«xe - mMacca sneKTpoHa. B4
By

Bo-BropbIX, ans ¢GeppoMarHeTHKOB XapaKTEpPHO 3HAYU- B,

TENIPHOE B3aUMOJEHCTBHE COCEJIHUX aTOMOB, HAa3bIBAEMOE

oOMeHHBIM. B pe3ynbTaTre OOMEHHOrO B3aUMOJCHCTBUS

MarHUTHBIC MOMEHTBI COCETHUX aTOMOB OPHEHTHPYIOTCS B

OJTHOM HamNpaBJICHUU U OOPa3ylOT OONACTH CIOHTaHHOW -Hy H.f O

(camMoTIpOM3BOJILHON ) HAMAarHUYEHHOCTH - JIOMCHBI.
Cpennuii pazmep J0oMEHa COCTaBISIET 10* cM, uro
3HAYUTEILHO OOJIBIIIE pa3MEPOB aTOMa ~ 10°® em.
HamarunueHHocTh eppoMarHeTvka B II€JIOM OIpe-
JIETSI€TCSl OPUEHTAMEe HAMarHUYEeHHOCTH JTOMEHOB. [Ipu
xaotnyeckoi opuentanuu J =0, npu TOH WIN UHOU CTe-

g

Puc. 13.2
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IICHY YIOPSJOYEHHOCTH UMEETCSI OCTaTOYHAsi HAMAarHUY4EHHOCTH (J, ).

CrocoOHOCTh BEIIECTBAa COXPAHATh HAMAarHWYEHHOCTb B OTCYTCTBHE BHEIIHETO Mar-
HUTHOTO MOJISl MPUBOAUT K HEOJHO3HAYHOM 3aBHCUMOCTHU B(H), Ha3bIBAEMOM MarHUTHBIM
rucrepe3rucoM. Takum o0pa3oM, HaMarHU4EHHOCTh (eppOMarHeTHKa OIpeeNnseTcs eule U
HavyaJgpbHbIMU ycioBusmu. Iletnelt rucrepesuca (puc. 13.2) Ha3biBaeTcs KpuBas U3MEHEHUS
MarHUTHOM MHAYKUUHU (PEeppOMArHUTHOTO TeJla, IOMEUIEHHOTO0 BO BHEIIHEE MAarHUTHOE IOJIE,
IIpY U3MEHEHNH HaIPsHKEHHOCTH 1o oT +H , 1o — H ; H, - HanpsyKeHHOCTh MarHMTHOTO 110-
7151, COOTBETCTBYIOILAS HACBILICHHUIO.

MarnutHas naaykuus £ B, Bo3HMKaromas Npu 3HaY€HUH HANPSKEHHOCTU BHELIHETO

nojus, pasHor * H, , Ha3bBaeTcs MHAYyKUUEH HaceleHua. MarauTtHas uaaykuus + B, | co-
XpaHsouascs B 00pasie nocie YMEHbIIEHHs HalpsbKeHHOCTH noist oT £ H 1o 0, Ha3biBa-

eTcd OCTAaTOYHOM MHAYKUUEW. Ee cylmecTBoBaHUE SIBISETCS OCHOBOM CO3/IaHUS MOCTOSHHBIX
MarduTOB

Hanpsoxennocts (H ), o6paTHOro noss, AOBOSIIETO MArHUTHYIO HHAYKLHUIO 10 HYI,
HAa3bIBACTCSI KOPPUUTUBHOW CUIION (3a7€pKMBAIOIIEH HampsbKeHHOCThIO). [lnmomans meriaun
ructepesrca (MOTEpU HA THCTEPE3WC) MPSMO MPOMOPIMOHATIBHA pab0Te, COBEPIICHHONW NP
nepeMarHi4uBaHUU:

Ph=%-AH-AB.-

OU3NYECKHUE OCHOBBI OQKCHHEPUMEHTA

brok-cxema yCTaHOBKH ISl M3YYEHHSI MarHUTHOTO THcTepesuca (puc. 13.3) comepxur -
3ByKkoBoii reneparop I'3; kaccery (PI13-07/02) ®III; snextponHbIi ocumuiorpad 0.

I3 PIa y@ 30
& ] mﬂ; %Y Kd
P A
5 g £

Puc. 13.3

CunyconganpbHOE HAMpPSOKEHHE, BhIpadaThIBAEMOE TEHEpATOpOM HM3KOW 4acToThl I'3,
nonaercs Ha Bxog PQ kaccerst @I13-07/02 u 3anmuThIBaeT NMEpBUYHYI0 OOMOTKY TpaHChOp-
matopa T (cm. puc. 13.4.). IlepBuunas oOMOTKa siBIsieTCs HaMarHuuuBaronieir. OHa co3gaeT
B HccaenyeMoM (GeppUTOBOM CepIeUYHUKE MarHUTHOE ToJie HanpsikeHHOCThIo H. [Tpomopiu-

T OHajbHOE HampsbkeHHoctu H Hanpsbkenue U, Ha

= {1 e comporuBieHur R, monpaéres ¢ BeIxoma X (puc.

L ¥ 13.3) kaccerst PO Ha Bxox ocmmutorpada X.
[IponopimoHaabHOE MAarHUTHOM HMHAYKIUH

(B) nanpsokenue (U | )c ruesna y PO kacceTsl 1o-

naercst Ha Bxoj ocumniorpada y. Toraa Ha sxkpaHe
ocumsuiorpada nosyyaeTcs MeTis TucTepesuca.

R [IpunnunuanpHast cxema yCTaHOBKH H300pa-
1
keHa Ha puc. 13.4. IlepBuuHass oOMOTKa TpaHC-

Puc. 13.4 dopmaTopa muTaeTcs NepeMeHHbIM TOKoM |, ue-

mom
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pe3 conporusienue R, . MHAYKIMS MarHUTHOTO 1OJIsI BHYTPH OOMOTKH paBHA!
By = son, 1y,
rae N, - 9UCiio BUTKOB Ha CIUHUILY JUTHHBI CEpJICUHHKA.

Hanpsoxenue (U, ), mogaBaemoe Ha BXOA X ¢ conpoTuBieHus R, paBHO:

U 1R =—pg RH
Moy n,
Otcrozna:
H="ty —aU,, (13.1)
Rl
re a= N

1
Bo BTOpHYHON 00MOTKE HCTOYHHKOM TOKa siBisiercst DJ]C UHIYKINH, paBHAs:
d¥
&=——"1.
dt
[ToToxocuerenne (¥') paBHIETCS MPOU3BEACHUIO MarHUTHOTO MoToka (@ = BS) Ha
YHCJIO BUTKOB BTOPUYHON OOMOTKHU:
¥ =BSN,, (13.2)
rae S - momangb MONEPEYHOro CEYEHUs MCCIENyeMOoro (peppuToBOro cepiaednuka, N, -

YHUCJIO BUTKOB BTOpHYHON 00MOTKH. {uddepenmmpys (13.2), momyqaem:

dB
&=-SN,—.
dt
3akoH OMa 1J11 BTOPUYHON LIENIU UMEET BU/L:

g=U_+1,R,. (13.3)

Hamnpsxenne Ha konaeHcarope (U, ) BbIpakaeTcs uepes CHiIy Toka |, :
_y Q_1
UC—Uy—E—EIIZdt, (13.4)

rae C - éMkocTh KOHACHCaTOpa, Q - 3apsa KOHJEHcAaTopa.

[TIpn GonplIOM 3HAa4YEHHUM CONPOTUBIECHUsA R, MEpBBIM ciaraeMblM B NPaBOM 4acTH

. &
(13.3) MoxHO npeHedpeys, U HalWTU CUITy TOKa 1o ¢popmyie: |, = —, To ecTb
2

=N.S dB (13.5)
R, dt
Teneps u3 Beipakenus (13.4) ais Uy MOJTy4aeM:
U = N,S B
’ R,C
Orcrona
B=pU,, (13.6)
rae
R,C
= . . (13.7
B N,S (13.7)

Hox neiicreuem Hanpsbkennii U, u U | 5J1€KTPOHHBIN J1yY OMMCHIBACT HA DKPaHE Oc-

muIorpada MmeTiIro THCTepe3nca.
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HOPAJOK BBIITOJIHEHUA PABOTHI

3anaHue: cHAmMb KpUBYIO HAMAZHUYEHHOCMU, USMEPUMb Napamempysl eppomazHemu-
Ka, OYeHums nomepu Ha nepemacHudUsanue.

Bce BenuuMHbI, NOIy4YEHHBIE B PE3YJIbTAaTe U3MEPEHUN U BBIYHUCIEHUM, BHECTU B IIPO-
TOKOJI U3MEPEHUH B COOTBETCTBHH C MOPSIIKOM BBIIIOJIHEHUS PaOOTHI U OPMOI MPOTOKOIIA.

1) BxurounTte U NpOrperTe YCTAaHOBKY. Y CTAaHOBUTE IO 3aJaHMIO IIPENoAaBaTesl Ya-
croty reneparopa I3 u3 unreppaia 700 - 800 I'n. TlomyuuTe nmeTino Ha 3KpaHe OCHUILIOTpa-
¢a u ¢ momopto nenuteneit V/oea u Bpemsi/aen noxgOepute ee pa3mepsl Tak, 4ToObI OHa 3a-
HUMaJjia OOJIBIIYIO YacTh SKpaHa.

U 2) Ilepenecure n3z00pakeHHE MaKCUMAaTbHON
¥ NeTJIM B IPOTOKOJ B BHE rpaduka Y = y(X) Onpene-
T T . JINTE KOOPLUUTHBHYIO CHUJIy U OCTaTOYHYIO HaMarHu-

YEeHHOCTB. JIJIs 5TOr0 CHUMHMTE C TIETJIM TMCTEpEe3nca
suavenns U - nw U | (puc. 13.5). Hanpsoxenne U |

1], CHMMAeTCA MO mIKane ocruuiorpada ¢ y4eToM IEHbI
*
JeTIeHUs perysTopa Hanpsbkenus V/oeda. Hanpsoke-

U}{ (=]

uune U _ cHEMaeM ¢ BobTMeTpa reHeparopa HU3KOM

YacTOTHL.  BBIUMCANTE  KOIPUUTHBHYIO  CHITY
(H.=aU ) wu  ocrarounyio VHIYKIUIO

(B, =pU,,)

3) Haiimure koopaunarel U, u Uy BEPILHH

_4// ; allx

Puc. 13.5

nerau (puc. 13.5) u mo popmynam (13.1) u (13.6) onpenenure B u H . Pesynsrars 3anecu-
T€ B TaOIHILy U3MEPCHUH.

4) C nomouiblo pyuku «PeryinnpoBka BbIX0Aa» 3ByKOBOro reHeparopa I3, yMeHblIas
METJII0, TOBTOPUTE U3MEPEHHS HECKOJIBKO pa3, onpeesis Kk pa3 B u H mo ¢popmymnam
(13.1) u (13.6).

5) VYcraHoBUTE MakCUMAaJbHYIO METJIIO THUCTEpe3Nca M 3aMEHUTE METII0 Mapaieno-
rpammom. Omnpezienute ero napamerpsl (puc. 13.5): ocHosanue (AU, ) u Boicoty (4U ). Io

dopmynam (13.1) (13.6) Beruncnure 3nauenuss AH u AB . Beiuucnure paboTy mepemartu-

1
YMBaHHUSA, KaK IIOJOBUHY IUIOIIAAN NETJIM TUcTepe3uca: P, = E AH - 4B.

6) OmnpenenuTe 3HAUYCHHs] MAarHUTHOW MPOHHUIIAEMOCTH O (opmyrne: u= JUTS

0
KaXJIOTO U3MepeHus (cM. TI. 4).
7) Tlo pe3ynbraTam M3MEpEeHHI MOCTPOWTE B MPOTOKOJE IpaduK 3aBHCUMOCTU (KpH-
ByI0 HamarHuuuBaHus) wWHAyknuu (B) or nHampsbkenHoct (H ) MarHuTHOrO moss:
B=f(H).
8) Ilo pesynbTaTaM M3MEpEHUIl MOCTPOUTE B MPOTOKOJIE I'padUK 3aBUCUMOCTH Mar-
HUTHOU MPOHHUIIaeMOCTH ( 4 ) oT HanpspkeHHOCTH ( H ) MarauTHOTO monst: u= f(H).

MPOTOKOJ N3MEPEHUI

MaruuTHas noctosHHas g, = 4110 7 Tu/m

a =12,1 A/(mB); B =7,110 2 Tw/B.



1. KospuutusHas cuna:

2. OcrarouyHasi HAMarHU4eHHOCTh: B, =

Pacuertnl
H =

c
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3. MarautHas netist B Macimtade Y = y(X)

AaH

4. Pabota mepeMarHM4UBaHHUS

Pe3ynbTaTel uzmepenuii

Homep U,,B U,B H, AM B, Tn H
U3MEPCHUS !
1
2
3
4
5
6
7
Pacuernl
HanpspbkeHHocTh MaruutHasi UHIyKIS MaruutHas
MTPOHUIIAEMOCTh
H, = B, = M, =
H,- B, = H, =
H,= B, = Hy =
H,= B, = Hy =
H, = Bs = Hs =
He = Bs = He =
H, = B, = M =
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I'padmk 3aBucumoctu B=f(H); I'padmk 3aBucumoctu p = f(H)

BriBoabl

BOITPOCHI JId JOITYCKA
1) Yto Ha3pIBaeTCSI MATHUTHHIM MOMEHTOM?

2) Yto Ha3bIBaeTCsI HAMAarHUYCHHOCTHIO BEIIECTBA?

3) Kak cBsi3aHbI MEXy COOOH BEKTOPHI HAPSHXKEHHOCTH, MHIAYKLIUU U HAMAarHUYEHHO-
CTH MarHUTHOTO IOJISA?

4) Uto Ha3bpIBaeTCsi MAarHUTHOM MpoHUIIaeMocThi0? UTO OHa XapakTtepusyer?
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5) Kakue tumpl marnetnkoB Bam m3BecTHbI? KakoBbI 0COOEHHOCTH HaMarHWUYWBAaHHS
dbeppomarueTuKoB?

6) Hapucyiite rpaduk «metiam rucre-
pesuca». YKaxuTe Ha rpaduke KOIPIUTUB-
HYIO CHITY H OCTaTOYHYIO HAMarHHYEHHOCTb.

7) KakoB (pu3nueckuii CMBICH TLIOIIA-
I TIETJIM rucrepe3uca’?

[pumeuanne: [Ipu 3aTpyIHEHUAX C OTBETAMH Ha BOMPOCHI UCTIONb3yiite /1, § 2.3/

TECT
1. Kakoe u3 yTBep:xJeHMIi BEpHO Il (heppOMarHeTUKOB?
MaruauTtHas MpoHUIIAeMOCTh (heppOMarHeTUKOB
a) u<1i,;
o) u>>1;
B) u=1.
2. Ha pucynke nzo0paxensl Tpu rpaduka. Onpenenure, Kakylo 3aBUCUMOCTh XapaKTe-
pusyet kaxaeid m3 Hux: J(H); u(H); B(H)?

a) 0) B)

3. Kakue u3 nepeyncieHHbIX BETUYUH 3aBUCST OT BeleCTBA?
a) MarHUTHAsI HAMPSDKEHHOCTh H |
0) MarHuTHas UHAYKIUS B ;
B) HAMarHM4YeHHOCTH J .
4. Kakas u3 opMy BeIpaXKaeT 3aKOH 3JEKTPOMArHUTHOM MHAYKIIUH?
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a) €= 1(R+1): 6) £ == 538 =31R .

5. Kak mpoucxoaut HamaranuuBaHue GeppoMarHeTHKOB?
a) B marautHOM 11071€ MNPOUCXOAUT OPUCHTAIIU MArHUTHBIX MOMCHTOB OTACIBbHBIX
aTOMOB TIO TOJIIO.
6) B MarHuTHOM 10JIe MPOUCXOUT OPUEHTAIUS TOMEHOB 1O IOJIIO.
B) B MarHuTHOM moJie IPOUCXOAUT OPUEHTAIUSI MATHUTHBIX MOMEHTOB OTJIEIbHBIX
ATOMOB ITPOTHUB OJIA.

14. U3YUYEHME 3ATYXAIOIINX SJIEKTPOMATHUTHBIX KOJIEBAHUI
[MPU IMTOMOILIHU OCHHAJIJIOT PA®A
(JTaboparopnas padota 50)

Heab padoThl: H3yYUTh OJUH U3 CIIOCOOOB BO30OYKIEHUS U PErHCTPAIUH AJIEKTpOMAr-
HUTHBIX KOJICOAHUH B AJICKTPUUECCKOM TICTIH.

[IpuGopsl n npunaanexxHoctu: ocumiorpag Ci; - 73, Mara3uH CONpPOTHBICHHUM, Ka-
tymka uaayktuBHOCcTH T KU, L = 0,01 I'n.

B snexrpuueckoit nenu (puc. 14.1), comepkamieid em-
KOCTb, MHIYKTHUBHOCTb W AKTUBHOE CONPOTHBIIEHHE, MOTYT
BO3HUKHYTH JJIEKTpUYeckue koneOanus. Ecmu mpu pasoMKHY-
R K TOM Kiroue KoHaeHcarop C 3apsauTh 10 pa3HOCTH MOTEHLUA-
! 10B A@Q =@, —@,, a 3aTeM 3aMKHYTb Kitod K, To koHzaeHca-
+1 TOp HAYHET Pa3psuKaThbCs yepe3 LEMOYKY, COCTOAILYIO U3 WH-
__ C JyKTMBHOCTH M aKTHBHOTO CONpoTHBIeHHs R. B nienu Bo3Huk-
HET U3MEHSIOIINICS CO BPEMEHEM JICKTPUYECKHI TOK .

ITo 3akony OMa 111 yyacTka HEenu UMEEM:

Puc. 14.1 iR=Ap+¢, (14.1)

rie | - MCHOBEHHOE 3HAaYeHUE TOKa B IenH, A; R - akTMBHOE

comnpotuBienue OmM; A@ - MTHOBEHHOE 3HaUCHHE PAa3HOCTU MOTEHIIMAIOB MEXIY OOKIIaaKa-

Mu | u 2 kongeHcaropa, B; & - MmruoBenHoe 3HaueHue J/[C caMOMHAYKIIMY, BOZHUKAIOIIEH
B Karymke (L) mpu mpoTeKkaHUM 10 HEH MePEMEHHOT0 ToKa |, A.

Tax Kak pa3HOCTb MOTEHIIMAIOB MEXTy OOKIIaIKaMK KOHJIeHcaTopa pasHa: (¢ - @) = - ¢/C,

el

ag= —L% , To ypaBHenue (14.1) npumer BUA:

iRo_4_ 4 (14.2)
C dt
PaszenuB 310 ypaBHeHue Ha L 1 3amenus i Ha (, a di / dt 5a §, momyunm:
R 1
G+—q+—0q=0. 14.3
q L q LC q (14.3)

[IpuHsB BO BHMMaHHWE, 4TO BenwunHa, oOpatHas LC , paBHa KBajapaTy COOCTBEHHOM
9aCcTOTHI KOJeOaHull KOHTypa @, , TO €CTh

) 1
o, =—, 14.4
T (14.4)
1 BBeId 0003HAUECHUE
R
ﬂ_zu

rae B - koadduumeHt 3aryxanus, ¢t ypaBHeHU10 (14.3) MOXXHO TIpHUIATh BUI:
4+284+w.q=0. (14.5)
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VpaBuenne (14.5) mo Buay coBmagaer ¢ auddepeHnaIbHbBIM YpaBHEHUEM 3aTyXalo-

[MUX MEXAHUYECKUX KOJIEOaHUN.
2

Ipu ycrosuw, uto B < @ , To ecTh < ——, perrenue ypaBaenus (14.5) umeer Bu:

417 LC
q=0,e? cos(amt+a). (14.6)
Paznenus 3apsan (14.6) Ha emxocTh C, IONy4YnUM HaNpsKEHUE HA KOHJEHCATOPE:
U=U,e* cos(at+a),
Yo

C
Cua Toka IpH 3aTyXarolluX KoJIeOaHHUsIX BBIPAXKaeTCsl ypaBHEHUEM

i = @,0,e " cos(awt +a +y)

e w=+w; - B°, U, =

rae m,0, =i, - ammiutyzaa roka npu t =0, y - caBur a3 MeXay TOKOM U HaIpsKe-
HUEM.

Takum 006pa3oM, IpHU HAIWYHHM B KOHTYpPE aKTHBHOTO CONPOTHUBIICHHS CHJIa TOKA OIe-
pekaet 1o (¢a3e HanpsHKeHUE Ha KoHzaeHcarope Oonee yeM Ha 7/ 2 (mpu R=0 omepexenue
cocraBiisieT 7/ 2).

U - — __ =L, éﬁtcos(mﬂ.:z) &
T . _J’_,U,je B
t
N |
Puc. 14.2

YacroTa 3aTyxamomux KojiebaHuil onpenensieTcs U3 BhIpaKeHus:

2
o=, /%— 4R|_2 . (14.7)

[epuon xonebaHuii onpeaenseTcst U3 BhIPAKECHUS:

Tom__ 2w (14.8)

o 1 R?
LC 417
HpI/I OTCYTCTBUH aKTHUBHOI'O COITPOTUBJICHHUA LICIIH, KOHGGaHH}I B KOHTYPC SABJISIFOTCA HC-
3aTyXarolMMHU, U TIEPUOJ COOCTBEHHBIX KOJICOAHWU B KOHTYpE Ompenessercs mo ¢Gpopmyre
TomcoHa:

T,=2#zLC. (14.9)
Kak BugHO u3 puc. 14.2, ammiuTyaa 3aTyxaromumx KojaeOaHuil yObIBaeT co BpeMEHEM I10
9KCIIOHEHTE:

— -Bt
U =ue™”.
[IpomexxyTok BpeMeHH, B Teu€HHE KOTOPOro aMIUIMTYyJa 3aTyXaloLMX KoJieOaHui
YMCHBILIACTCA B € pa3, Ha3bIBACTCA BPEMCHEM pelakcauuu 7 .
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DHeprus 3JeKTPOMarHUTHBIX KoJieOaHWN B HaualbHBIH MOMEHT BPEMEHHU paBHa dHEp-
TUH 3apsDKEHHOTO KoHAeHcaTopa. C Te4eHHeM BpEeMEHU DHEeprusi KoieOaHuil B KOHType IO-
CTOSITHHO YMEHBIIIAeTCsl, TAaK KakK B MPOIECCE MPOXOXKICHHUS TOKA | B IIETH, COJCPIKAIICH aK-
TUBHOE CONMPOTHUBJICHHE R, BBIIETSAETCS HKOYIEBO TEIUIO. 3aTyXaronue KoJaeOaHus MpUHITO
XapaKTepu30BaTh JIOrapupMUIECKUM IEKPEMEHTOM 3aTyXaHHUS:

A=) _ g
a(t+T)
rae a(t) - aMmmImTyzna KoJeOIIoIIeics BeIMYUHBl B MOMEHT BpeMenu t; a(t+T ) - ammm-
TyJa 4epe3 OJIUH MEPUO/I.
U Kpome norapupmuveckoro JeKpeMeHTa,
KOJIeOaTeNbHbIA KOHTYP YacTO XapaKTepPH3YIOT
27 ero J0OPOTHOCTEIO:

Q= T_ T _ o
1+ A BT 28

[Ipu cmabom 3aryxaHuu JOOPOTHOCTH
paBHa oTHoIIeHUIO dHeprun W | 3amaceHHoOu B

0 1 ' ) t cHCTEeME B JaHHBI MOMEHT BPEMEHH, K YObUIN
stoit sHeprun AW 3a oauMH mepuox Koieda-
_1d HUH:
W
Puc. 14.3 Q=2r———.
AW

Mpu B%>w; wim R?*/4L°>1/LC BMecTo 3aTyXaromux KojieGaHHil MPOUCXOTUT
paspsizika KoHAeHcaTopa Ha conpoTuBieHnn R (puc. 14.3) kak onpeaesnsonmii mporecc.

OUBNYECKHUE OCHOBBI OKCIIEPUMEHTA

CBoOOHBIE  3aTyXawllue KoJeOaHUs
MPOUCXOAAT B KOHType (puc. 14.4), KoTOpBIi
E COJIEP/KUT KaTyLIKy MHIYKTUBHOCTH L cC BBI-
COKOH J1I0OpOTHOCTBIO, KOHAeHcaTopsl C, u

2 g
2 5 o

C,, marasus conporusieHuii R. Mx nHabiro-

_]_Cg Y X Jal0T Ha DSKpaHe ocuuwuiorpada, Ha BEpTH-

/ . & KalbHBIA BX0X Y KOTOPOro IOJAETCSA Pa3sHOCTh

—
4

MOTEHIMAJIOB C O0KJIAI0K KOHJEHCATOPA.

KoneGarenpHbIE KOHTYp MPHCOSITUHSACTCS
K KJIeMMaM 1, 2 BEpTUKaIbHOIO BXOJa OCLIMIUIO-
rpada u 0OJHOBPEMEHHO COETUHSETCS ¢ KJIEMMOH

Puc. 14.4 6 «BHELIHSSI CHHXPOHU3ALIUS.

KapTtuna stux xonebGanuii nzodpaxena Ha puc. 14.5. C u3menenuem émxoct C u ak-
TUBHOT'O CONPOTUBIIEHUSI R KojebaTenbHOro KOHTYpa BHJI 3aTyXaIOIIUX KOJIeOaHUN U3MEHS-
ercs. B mpouecce usmepeHuit BenrMuuHa UHIYKTUBHOCTU (L) KOHTYpa OCTa€Tcsi MOCTOSHHOM.
Wsmepus (cM. puc. 14.5) yeTblpe nocnenoBaTenbHble aMILIMTYAbL S, ,S,,S;, S, , MoxkHO pac-

CUUTATH JIOTAPHU(PMUIECKUIT TEKPEMEHT 3aTyXaHus 1o Gopmyoie:
S, +S
A=/n——%,
S;+S,
W3meHsiss akTuBHOE comnporuBieHre (R ) menw, MOXHO MOJYYUTh 3aBUCHUMOCTb
A = T(R)u u300pa3uts e€ rpadpuuecku (puc. 14.6).

(14.10)
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\ /N

o X
= 3
Puc. 14.5
Ucnons3ys ¢opmynsl kodddunuenTa 3aryxaHus }\
[ﬂ =2—F\;_] U JIOTapu(PMUYIECKOTO JEKpPEeMEHTa 3aTyxa-
HUs (A = BT ), MOXKHO MOJNY4UTh s niepuosa hopmy-
ay:
7224 (14.11)
R
C nmpyroif CTOpPOHBI, IEPUOJ 3aTyXaIOMUX Koyeba-
Hult omnpenensercs no Gopmyne (14.8). 13 BoipakeHuit 0
(14.8) u (14.11) moxHO TTOY4YUTH HOPMYITY JIJISl pacdeTa By E,_
€MKOCTH KO0JIeOaTEIbHOTO KOHTYpa: Puc. 14.6

42°L

=== 14.12
R%(4n* +A%) ( )

rie R=R_ + R, - nomHoe compoTuBieHHe, R, - MHIYKTMBHOE CONMPOTHUBICHHE KaTYLIKH,

ompesernsieMoe TOUKOM IepecedeHns KacaTenbHO K rpaduky ¢ ocero abcimce (puc. 14.6); R, -

AKTUBHOC COIMPOTHUBIICHUC, YCTAHOBJICHHOC ITPH ITIOMOIIIX MarasmHa COHpOTHBHCHHﬁ.

HOPAJOK BBIITOJIHEHUA PABOTBI

3ananme: onpedenums napamempuvl Ko1ebamenbHo20 KOHmypa.
Bce BenuuuHbl, NOIy4eHHBIE B PE3YIbTATE U3MEPEHUN U BBIUYMCIIEHUN, BHECUTE B IIPO-

TOKOJI U3MEPEHHI B COOTBETCTBUU C MOPSAKOM BBIIOJIHEHUS pabOTHI U (POpPMOIt IPOTOKOIA.

1) Ha skpane ocumiuiorpada MmosydyuTe KapTHHY 3aTyXalolux KosebaHui 6e3
MTOAKJTIOUEHHUsI MarasuHa CONMPOTHUBIICHHA. B 3TOM ciydae 3aryxaHue KojeOaHuil 00y-
CIIOBJICHO aKTHBHBIM CONPOTUBJICHHEM KaTYIIKA HHIYKTUBHOCTU. CpUCYHTE HA KAIBKY
rpaduk xoaebaTenbHOro mpolecca B ciaydae HOAKIIOUeHus: oqHoll eMkoctu C, U OBYX
napauienbHo coeuHeHHbIX eMkoctell C, +C,. CpaBHuBas rpaduky, cienaiire BEIBOA
0 POJIM EMKOCTH B KOJIeOaTeTbHOM poIiecce.

2) Ilpu momomm Mara3mHa COMPOTHUBJICHUNA YCTAHOBUTE aKTHBHOE COIMPOTHUBIIC-
Hue 10 - 100 Om ¢ nogxmoueHuem ogHoit emxoctu C,. s pazmuussix R, ,R,, R,

HaliquTe 3Ha4eHUs Jorapu(MUUecKoro JekpeMeHra 3aryxanus A,,A,,4, 1o gopmyie

(14.10).

3) Ilocrpoiite B mportokoise rpaduk 3aBucumoctu A= f(R). [IpoBenure kaca-
TEJNBHYIO K TpaguKy B MecTe HauOoJbIIel KPUBU3HBI, MPOJUIUTE JTUHUU rpaduKa U Ka-
caTelbHOH 710 MmepecedeHns ¢ ocblo adcuuce, Kak 1nokaszaHo Ha puc. 14.6. Orpe3ok R,
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paBeH CONPOTHUBIICHUIO KAaTYyIIKKU KojeOaTenbHOro KouTypa. M3 rpaduxa onpenenute
qHCIEHHOE 3HaueHue R .

4) Beluucaure nosiHOE compoTHBiIeHHe nenu no ¢opmyne: R=R, +R, ans
TpéxX 3HaueHu R, .

5) Omnpenenute EMKOCTb KOHAEHcaTopa 1o (opmyie (14.12) nns 3Hauenunit R u
A (BBIUUCIICHHBIX B II. 4).
3

Ci

i=3
3

7) Tlo m3BectHriMm 3HaueHnsiM R,L u C (cm. 1. 4, 1. 5) paccunraiite COOCTBEH-

HYIO 4acCTOTY KOJIeOaTeJIbHOTO KOHTYypa W YacTOTY 3aTyXalolmuxX KojeOaHwil xoseba-
TEJNBHOTO KOHTYpa 1o ¢popmynam (14.4) u (14.7).

6) Haiinure cpennee 3nayenue Emxocty 1o popmyse: C =

MPOTOKOJI U3MEPEHUI

WNunyktuBHOCcTh Katymiku L = 0,01 I'n
Pe3ynbTaTel uzmepenuii

Homep R,,Om | S,,men. | S,,nmen | S;,men. | S,,men A
U3MEPEHUS
1
2
3
4
5
Pacuersl
Jlorapugmuueckuil 1eKpeMeHT 3aTyXaHUsI:
A= A, = A=

I'paduk 3aBucumoctn 4 = f(R,,)

[Tonnoe conporuBnenue nenu R :
Rl = R2 = R3 =
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EMKocTh KOHIEHCaTOpA:

C L= C2 = C 3 =
Cpennee 3HaU€HHUE EMKOCTH:
C,=
CoOcTBeHHas 4acToTa K0Je0aTeIbHOTO KOHTYpA:
D, =
YacroTa 3aTyxamomux KoiebaHui KOHTypa:
wl = a)z = wS =
BoIBOaBI
BOITPOCHI U1 JOITYCKA

1) Uto Ha3bIBaeTCs KOJIeOATEIbHBIM KOHTYPOM?

2) Hapucyiite xonebaTenbHbI KOHTYP C 3aTyXarOIUMHU AJIEKTPOMAarHUTHBIMU Kojeba-
HUAMUA.

3) Kak 3anucare Bropoe mpaBmiio Kupxroda ans KOHTypa ¢ 3aTyXalOUIMMH 3JIEKTPO-
MarHUTHBIMH KoJeOaHUsIMU?

4) Kakoit Bua UMeIOT (GYHKIMU 3aBUCUMOCTH 3apsja M HaNpsDKEHHUSI OT BPEMEHH MpPHU
3aTyXaroIluX KojeOaHUAX B 3JIEKTPOMAarHUTHOM KOHType?

5) Ot 4ero 3aBUCHUT MEPUOJ] M COOCTBEHHAs 4acTOTa KOJeOaHuii B KOHTYpe?

6) ITo xakoMy 3aKOHY M3MEHSETCS aMILUIUTY/la 3aTyXaroIuX Koiebanuit? SBnstoTcs nu
3aryxaromue KoaebaHus mepruoInuecKumMu?

7) Uto Takoe kodpduuueHT 3aryxaHus? JlekpemeHT 3aryxanus? Jlorapudmudeckuii
JeKpEeMEeHT 3aTyxaHusa? B duem 3akitouaercs GU3NUECKUA CMBICIT 3THX BEJTUYUH?
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8) Uto Ha3bIBaeTCsl JOOPOTHOCTHIO KosebaTenbHOro Koutypa? Kak 1oO6poTHOCT cBs3a-
Ha C MOTEPSIMU SHEPTHUHU B KOJIEOATETLHOM KOHTYpe?

[Tpumeuanue: [Ipu 3aTpyAHEHNIX C OTBETAMH Ha BONIPOCHI HCoib3yiire /1, § 3.2/

TECT
1. B xaKkoif U3 3MEKTPHUUECKUX LeNel TPOUCXOIAT 3aTyXaloue Koueoanus?

a) L ¢ 6) R Lot

R R ¢
0 ] -

2. Kakoe u3 yTBepK/1eHUH BEpHO?
a) KoaddurmenT 3aryxanus mpornopiroHaieH akTHBHOMY COIPOTUBIICHHIO KOHTYPA.
0) Koaddumument 3aryxanusi oOpaTHO MPOMOPIMOHATIEH AKTUBHOMY COIPOTHBIIE-
HUIO KOHTYpa.
B) KoaddurmenT 3aryxanusi He 3aBUCUT OT aKTUBHOTO CONPOTHBJICHUS KOHTYpA.
3. Kakoe U3 yTBepKJIeHUH clipaBeAsIuBO JUIs Jorapudmuueckoro aekpemenrta A ? Jlns
kodd¢umenTa 3aTyxanus f ?

a) IlpomopunonaneH 4yucity KojeOaHHH, 32 KOTOPOE aMIUIUTY/a YMEHBIIACTCS B €
pas;

0) [IpomopuinoHanaeH BpeMeHH, 32 KOTOPOE aMILIUTY/Ia YMEHBIIIAETCS B € pas.

B) 00paTHO MPOMOPLMOHATICH YUCITY KOleOaHMid, 32 KOTOPOE aMIIMTY/a yMEHbIa-
eTcs B e pas.

r) OGpaTHO NPOMOPLMOHATICH BPEMEHH, 32 KOTOPOE aMIUIUTYAa YMEHBIIACTCS B €
pas.

4. Ha pucyHke B 0IMHAaKOBOM MacIiitadbe n300paxensl rpaduku 3asucumoctu U (t)3a-

TyXaIOLMX KoJIeOaHWH ISl JABYX ODJIEKTPOMAarHUTHBIX KOHTYpoB. CpaBHUTE JOOPOTHOCTU
TUX KOHTYPOB.

a)Q1<Q2; 6)Q1=Q2; B)Q1>Q2'

u u
T\Iﬂlﬁ—w 1 1
L)

5. Kak n3menutcst 1o0OpoTHOCTh KOHTYpa Q ¢ yBeIudeHUEM UHIYKTUBHOCTH L ?
a) JIoOpOTHOCTh YMEHBIIIUTCS.
0) 1oOpOTHOCTH HE U3MEHUTCS.
¢) J1oOpoTHOCTh YBETUUUTCHI.
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