JABOPATOPHAS PABOTA Ne Mox3-03
1O U3YYEHUTIO MOIEJIEA ®PUZNYECKUX
MPOLIECCOB U AABJEHUN HA KOMIIBIOTEPE

3J1el<mp0cmamulte(:l<oe noJie

Ileny pabomor: u3ydyeHHe XapaKTEPUCTHK AIEKTPOCTATUYECKOIO OIS
IIPU Pa3IUYHOM pPACIPEEICHUH 3apal0B B mpocTtpaHcTBe. [locTpoenue k-
BUIIOTEHLMAJIBHBIX TOBEPXHOCTEH, JINHUNA HAIPSKEHHOCTH 3JIEKTPOCTaTHYE-
CKOI'O MOJISl U MPOCTPAHCTBEHHBIX 3aBUCHUMOCTEN MOTEHUMAIA U HANPSKEH-
HOCTH.

1. TeopeTH4eckoe coiep:RaHNE

Anekmpocmamukoil Ha3bIBAETCs pasnen (pU3UKU, U3ydaroluil B3au-
MOJICHCTBHS U CBOMCTBA CUCTEM HIEKTPUUYECKUX 3apsAI0B, HENIOJABUKHBIX OT-
HOCUTEJIBHO BEIOpaHHON MHEPLIUAIbHONU CUCTEMBI OTCUETA.

CymecTtByeT 1Ba poa 3JIEKTPUUECKUX 3apsAI0B — IOJIOKHUTEIBHBIE U
orpunarenpHbple. Cuibl B3aMMOJECHCTBHS HEMOJBHKHBIX TEJI WM YacTHL,
0OyCJIOBJIEHHBIE JIEKTPUUECKUMHU 3apsaMHu 3TUX TeJl WIM YacTHIl, Ha3blBa-
I0TCSL OJIEKTPOCTATUYECKUMU CHIIaMU. Toueunblm I1eKmpuiecKum 3apaoom
Ha3bIBAETCS 3apsHKEHHOE Teo, (OPMOM U pazMepaMu KOTOPOro MOKHO Ipe-
HeOpedb B YCIIOBUAX TAaHHOM 3a1a4u.

CuItbl 3JIEKTPOCTATHYECKOTO B3aUMOAECHCTBHS JBYX TOYEYHBIX 3aps-
J0B OBUTM dKCHEPUMEHTAIBHO OTKPBITHI Kyinonom B 1785 r. Iloaromy ux uva-
CTO Ha3bIBAIOT KYJIOHOBCKUMHU.

3akon Kynona: cuna F B3auMOJeHCTBUS MEXAy JBYMsI HEMOJIBUKHBI-
MU TOYEYHBIMU 3apsaMu B BAKyyM€E HallpaBJIeHa BIOJb IPSAMOU, COCIUHS-
IOIeH ATH 3apsi/ibl, IPONOPILMOHATIbHA BETMYMHAM 3THX 3apsAA0B (, J, U 00-
PATHO IPONOPLHOHAIIBHA KBAIPATy PACCTOSHUSA I MEXIYy HUMU

F:k% wn F =k 22

r r3

KynonoBckas cuia HampapiieHa BIOJIb OPSIMOM, COCIUHSIONICH B3au-
MOJICUCTBYIOIIME TOUEUHBbIC 3apsibl. OHA SBISAETCS CUJION MPUTSIKECHUS IS
Pa3HOMMEHHBIX 3apsA0B (OAUH 3apsl MOJOKUTEIBHBIN, APYTOM OTPHUIIATEIb-
HBII), ¥ CHUJIOW OTTAJIKUBAHUS JJIsl OJHOMMEHHBIX 3aps/ioB (1100 oba moJo-
KUTEJbHbBIC, TM00 00a OTpUIIaTEIbHBIC).

1
B CHU xo3dpduiueHT nponopuuoHaATBbHOCTH paBeH K = , TIe

Are

_ 12 . .
g = 8,854188-10 " d/m Ha3bIBACTCS 21EKMPUUECKOI HOCH OSAHHOMU.



1.1. Hanpss,KeHHOCTH 3JIeKTPOCTATHYECKOT 0 MOJIsI

B3anMopeiicTBue MeXIy 3JIEKTPUUECKH 3apsSKEHHBIMU HEIOJABUKHBI-
MH YaCTHULIAMHM WIHA TEJaMU OCYIIECTBIISETCSA MMOCPEACTBOM AIEKTPOCTATUYE-
ckoro mnoJisi. He cymecTtByer 31eKTpOCTaTHYECKUX IOJIEHW, HE CBSA3aHHBIX C
3apsiiamMu, Kak HE CYIIECTBYET HE OKPYKEHHBIX IIOJIEM JJIEKTPUYECKUX 3apsi-
noB. OnHAKO, HECTATUYECKHUE, IIEPEMEHHBIC JIEKTPUYECKUE IOJII MOTYT CY-
IIECTBOBATh COBMECTHO C MEPEMEHHBIMA MAarHUTHBIMH IIOJISIMU B OTPBIBE OT
AJIEKTPUYECKUX 3apsA10B. B naHHOM paboTe paccMaTpuBarOTCsl HENOIBUYKHBIE
3apsAlbl U, COOTBETCTBEHHO, HE MEHSIOIIUECS B IPOCTPAHCTBE U BO BPEMEHU
CTaTHUYECKUE IIIEKTPUUECKUE MO (21ekmpocmamuueckue noas). Korna
peub UAET TOJIBKO 00 3MEKTPUUYECKUX MOJISAX OJHOTO TUNA (B TaHHOM Cllydae
ANEKTPOCTATUYECKHX), ISl KPATKOCTH MX MPUHATO HA3bIBaTh MPOCTO 3JEK-
TPUYECKUMU.

OCHOBHOI XapaKTEPUCTUKON 3JIEKTPUUYECKOIO MOJIA SBJISECTCS HAIps-

*KEHHOCTb. Hanpaxcennocmo nekmpuueckozo noaa E — >1o duzmdeckas
BEJIMUMHA, paBHAsi OTHOIICHUIO CUJIbI F , melcTByroIel Ha eIMHUYHBIN T10-
JIOKUTEIIBHBIN 3apsij], TOMEIICHHBIN B pACCMAaTPUBAEMYIO TOUYKY IOJIS, K BE-
JIMYMHE 3TOTO 3apsiaa (

-

E=—.

o)

HanpsikeHHOCTh — 3TO CHIJIOBasi XapaKTEPUCTUKA JIEKTPUUECKOTO TMO-
7s1. EqMHUIEI n3MepeHus HarpsbkeHHOCTH: B/m.

HampskeHHOCTB 3JIEKTPUIECKOTO TOJIT ToUeyHOTo 3apsiaa Q B Bakyy-
M€ MO>KHO HaWTH U3 3akoHa KyioHa:

E:kg2 WIIN Ezk%?.
r

Hanpasnenne Bexkropa Hamps- —
KEHHOCTU B KaXKJIOW TOYKE IPOCTpPaH- E
CTBa COBMNAJACT C HAIPABJICHUEM KYJIO-
HOBCKOW cuibl. ['paduyecku 3ieKTpo-
CTaTUYECKOE II0JIE M300pakaroT ¢ TOo-
MOIIBIO  CWIOBBIX JUHUNA  (JIUHUU
HarpsHKeHHOCTH). Cuioevlmu aunuAMU CUJIOBBIE JIUHUU
Ha3bIBAIOT JIMHUHW, KacaTeJIbHbIE K KO- /\>
TOPBIM B Ka)XIO0M TOYKE COBHAJAIOT C
HaMpaBJICHUEM BEKTOpA HaIMPSHKEHHO- Puc. 1

CTH DJICKTPHUYCCKOI'O I10JIA. CunoBble IMHUM CUUTAIOTCS HarpaBJICHHBIMHA TakK
JKC, KaK BCKTOP HAIIPSXKCHHOCTHU. Onn HUTAC HC INEPECCKAIOTCA, IIOCKOJIBKY B

—-_

KaXI0W TOYKe Mojsi BeKTop E umMeer nuiib onHO HampasieHue (puc. 1).
[IpuHSTO cUUTATh, YTO KOJMYECTBO CHIJIOBBIX JIMHUMW, MPOBEICHHBIX B HEKO-
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TOpPOM 00JIACTH MPOCTPAHCTBA, JOHKHO OBITh MPOMOPIHOHATBHO HAMPSKEH-
HOCTH 3JIEKTPUYECKOTI'0 MOJIS B 3TOM 00JIaCTH.
Hcxons u3 3akona Kyiiona, cunogvle nunuu noas, cozoaéaemozo mo-
YEYHBIM 3aPAOOM, PAOUAIbHO HANPAEIeHbl TH00 K 3apsiny, TM00 OT HETo.
OCHOBHOI 3amauell 3JEKTPOCTATHKU SIBISETCS HAXOXKICHHE Hamps-

—

KEHHOCTH E 3JI€eKTpHYecKoro mosis 1o M3BECTHOMY PACIpPEEICHUIO B IIPO-
CTPAHCTBE AJECKTPUUYECKUX 3apsiIoB. JTa 3a7a4a MOXKET OBbITh pellleHa Ha OC-
HOBE MPUHUUNA CYNEPROZUYUN IleKmpuuecKux nojen (IpUHIUIA HE3aBU-
CUMOCTH JIEUCTBHSI dJIEKTpUUYECKUX MoJjeil). CoracHo MPUHIMITY CYTEepIio-

—

SUIHUH HAIPAKCHHOCTD E QJICKTPHUYCCKOTO IIOJISA, CO3JaBaCMOI'0 CHUCTEMOU

—

3aps70B, paBHA T€OMETPUYECKON CyMMe HanpsbKeHHocTen E;

oJei, co3ma-
BA€MbIX B IAHHOM TOYKE MPOCTPAHCTBA KAXK]IBIM U3 3apsI0B B OTJEIBLHOCTH.

[IpyHIMO Cynepno3ulU SJIEKTPUUECKUX TMOJEH IJs IUCKPETHOTO
pacrpeneneHus 3apsa0B B IPOCTPAHCTBE: E= Z E.;

|
JUISl HETIPEPBIBHOTO pacipeeieHus 3apsiioB: E = J.dE :

Jns 3apsinoB, HENPEPBIBHO
pacnpenesieHHbIX B IIPOCTPAHCTBE, dl
BBOJSAT IOHATUE IUIOTHOCTH 3apsi-
na. Ecnu 3apsan Q HempepblBHO U dl
PaBHOMEPHO pacHpenesieH BJOJIb
JUHUKM JuHOW |, To pacmpenene- N —
HHUE 3aps0B XApAKTEPU3YETCS J1U- r dE
HeUHOU NIOMHOCMbIO T, KOTOpas
paBHa 3apsiay, NPUXOIALIEMYCS Ha Puc. 2

Q

€IVHUIY [UIMHBl T = I— Torna

aneMeHTapHOM anuHe dl cooTBeTCTBYeT 3neMeHTapHbIi 3apsn dq = t-dl, xo-
TOPBIA CYUTAETCS TOUYEUHBIM U PACIOJIOKEH B HEKOTOPOM TOYKE MPOCTpPAH-
CTBa, OMKCHIBAEMOHN paanycC-BEeKTOPOM I (pHC. 2). DTOT 3IeMEHTapHBIN 3a-
psn dg co3maeT AMEKTPOCTATHYECKOE TI0JIe ¢ HAMPSHKEHHOCTHIO
dE=kMr_kTal.
r r r
UtoObl HaWTH HAMpPSKEHHOCTH TMOJIS, CO3/aBaeMyI0 BCEMU JMHEWHO

pacrpeeIeHHbIMU JIEMEHTAPHBIMU 3apsiiaMi, HEOOXOIUMO BBITMIOJIHUTEH UH-
TerpupoBanne E = I dE Bmons nmuuuu | pacnpeneneHus 3apsaoB, yUUTHIBas
HarnpasjeHne BekTopoB OE .

Ecnu 3apsan Q HempepbhIBHO M PaBHOMEPHO PACIPEACIICH 0 TOBEPX-
HOCTH TIJIOMIAJBI0 S, TO pacmlpeie]ieHUE 3aps/ioB XapaKTepU3yeTCs nosepx-
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HOCHMHOIL RIIOMHOCMbIO G, KOTOpasi paBHA 3apsiy, MPUXOASIIEMYCS Ha e1H-

HHULYy TUIONAIU G = % Torma snemeHTapHOW MmIomaan dS COOTBETCTBYET

aneMeHTapHbId 3apsa dq = 6-0S, KOTOPBI CYMTACTCS TOUYCYHBIM M PACIIONO-
KEH B HEKOTOPOM TOYKE IIPOCTPAHCTBA, OMUCHIBAEMON PaguyC-BEKTOPOM I .
DTOT 3NeMeHTapHbIA 3apsaa d( co3maeT AIeKTPOCTaTHIECKOe IMoJie C Hamps-
KEHHOCTBIO

UYtoObl HAWTH HANPSHKEHHOCTh TOJIS, CO3/1aBa€MYI0 BCEMH IOBEPX-
HOCTHO pacHpeesIeHHBIMU 3JIEMEHTapHBIM 3apsiaMu, He0OXOIUMO BBIMOJ-

HUThH UHTErpUpoBaHue E = JdE M0 TTIOBEPXHOCTH S, BIOJIb KOTOPOU pacripe-

JIeTIeHBI 3apsIIbl, YIHTHIBAS HAMpaBiIeHue BekTopos dE .

Ananoruuno, ecnu 3apsia Q HempepbIBHO M PaBHOMEPHO paciipeiesieH
B HEKOTOpOM oOBeMe V, TO pacmlpe/ielieHUe 3apsIoB XapaKTEepU3yeTcs: 00b-
eMHOIl NJIOMHOCMbIO P, KOTOPAsl paBHA 3apsay, MPUXOASIIEMYCS HA €IUHU-

Q

Iy oobema p = v Tornma snementapHoMy o0bemy 0V COOTBETCTBYET 3Jie-

MeHTapHbIH 3apsn dq = p-dV, KOTOpBIA CYMTACTCA TOYCUHBIM U PACIIONIOKCH
B HEKOTOPOW TOYKE MPOCTPAHCTBA, OMUCHIBAEMOMN PagnyCc-BEKTOPOM [ . DTOT
aJIeMEHTapHbIN 3apsaa d( co3maeT 3MEeKTPOCTATUIECKOE MOJIC ¢ HAMPSKCHHO-
CTBIO
dE =k -k Pav .
r r r
UtoObl HAWTH HAMPSHKEHHOCTH TOJS, CO3/IaBaEMYI0 BCEMH OOBEMHO

pacnpeieIeHHbIMU 3JIEMEHTapHBIMU 3apsiiaMi, HEOOXOUMO BBITIOJHUThH UH-
TerpupoBanue E = jdE no BceMy 00beMy V, 1Mo KOTOPOMY pacrlpeiesieHbl

3apsi/Ibl, yUNTHIBAs HAIPaBIeHHEe BeKTOpos OE .

Takum 00pazoM, HAMPSIKEHHOCTh 3JEKTPOCTATUYECKOTO MOJISI 3aBUCUT
HE TOJILKO OT BEJIMYMHBI 3apsIOB, CO3MAKOIIMX €T0, HO U OT UX pacIpenesie-
HUS B IPOCTPAHCTBE (HEMPEPHIBHOTO UJIU TUCKPETHOTO).

1.2. lTorenmuan
DIIEKTPOCTATUYECKOE MOJIE SABIIAECTCS NMOTEHIMAIBHBIM, I03TOMY JYHEP-
TETUYECKOW XapaKTEPUCTHKOM AIEKTPOCTATUYECKOTO MOJIA CIY>)KUT €r0 IOo-
TCHIOHXAJI. Homeuuuaﬂom djiekmpocmamuiecKozo noJjia Ha3blBaCTCsA (bHBH-
YCcCKajd BCINMYHMHA ([), paBHafI OTHOHLICHHUIO HOTeHHI/IaJIBHOﬁ 3HepFI/II/I Wp TO-



YCYHOI'0 3apsaa, IMOMEIICHHOI0 B 3TO IMOJE, K BCJIMYMHE ( DTOro 3apsaa

Wo

o=

q

N3BecTHO, 4TO MOTEHIIMATIBLHAS YHEPrUs Teia (3apsga) MOXKET H3Me-
HATHCS 3a CYET PabOTHI MO MEPEMEIIECHUIO Tela, COBEpIIIaeMOi KOHCEPBATHUB-
HOM CHJIOH, IEHCTBYIOIICH CO CTOPOHBI ImoyisiM: dA = —de .

B anexktpocTatyeckom moJie Ha 3apsj  CO CTOPOHBI MOJIS ICHCTBYET
cuna Kynona F = qE. Torna pabora dA, coBeprmaemast 3JeKTPUIECKHM T10-

aem E, paBna pabore cwibl Kynona mpu manom mepemenieanu dl B mpo-
cTpaHcTBe 3apsiaa g (puc. 3)

dA=(F-dl)=q(E-dl) =q(E,dx+ E,dy + E,dz).

Pa6ota dA, coBCpmacMasd IOTCHIUHAJIbHBIM IIOJICM, IIPUBOJUT K MU3MC-
HCHHIO HOTCHHH&HBHOﬁ OHCPIUH de 34PAKCHHOI'O TCJIa

o o o
dA = —dW . = —qdo = —q| =2 dx + <P dy + <P dz
p = AT A T Y T &

W3 conocTaBieHUs 3TUX BhIpaXCHHH 17151 padoThl dA BHIHO, YTO CBSI3b
MEXK1Y HANPSHKEHHOCTHIO U TOTEHIIMAIOM 3JIEKTPOCTATUUECKOIO OIS UMEET
BHU/I

E, :—a—(P, Ey :—a—(p, E, :—8—([) Wi E = — grad ¢.

OX oy 0z

I'pamuent  (grad)  ckamspHO#
(GYHKIIUM — 3TO BEKTOp, HAIPABIICHHBIN B
CTOpOHY HauOoiyiee OBICTPOTO BO3pacTa-
HUS (YHKIIMH, PABHBIN 110 MOIYJIIO IIPO-
U3BOJHOM OT (QYHKOMH TI0 OITOMY
HarnpaBiieHuio. CrenoBaTenbHO, HaAnps-
HCEHHOCMb  IJIEKMPUUECKO20  NOJIA
HanpaeieHa 6 CHOpPOHY Haubdonee
Obicmpo2o yovleanus nomeHyuald. Puc. 3

Enunuiel usmepenus noreHimana: B (BosbT).

U3 Boipaxernst dA = q(E - dl') cienyer, 4to paboTa 1o mepeMeleHno
3apsia BIOJb JIMHUM HAIPSKCHHOCTH diekTprdeckoro most E || dl makcu-
manbia 0A=qEdl. A paGota mo nmepemereHuIo 3apsiia neprueHIUKyIIPHO
HaATPSHKEHHOCTHU DJIEKTPUIECKOTO TOJIS E L dl mumnvansaa dA=0.

Wnrerpupyst Boipaxerne dA = q(E -dl) = —qde, M0oxHO 01HO3HAYHO

BBIUMCIIUTHh PA3HOCTh MOTEHIHAIOB (1 — Py B ABYX PA3JIUYHBIX TOYKAX MPO-
ctpanctBa 1 u 2 (puc. 3)



P2 2 ~ 2 _
~ [do=[(E-dI) wm ¢, -, = [ (E-dI).
o, 1 1

[ToTenuan — gusnyeckas BeaIuYnMHa, KOTOpasi HE MOKET ObITh 3aj7aHa
o/IHO3HAauHO. [loaTOMYy ISl OMpeNeneHHOCTU MPUHATO CUYUTATh, YTO HpU
0eCKOHEeYHOM yOaeHuu Om CUucmemsl 3apsA008 NOMEHUUAN INeKmpuye-
CK020 noaa oopawgaemcsn 6 Hob ¢, = 0 (1mose He AeicTByeT). Torma moTeH-
uaia (¢ MOKHO MHTEPIPETHUPOBATH KaK pabOTy MOJIs M0 MEePEMEIICHUIO €/11-
HUYHOTO TIOJIOKUTENILHOTO 3apsijia U3 JTaHHOM TOYKH MPOCTPAHCTBA Ha Oec-
KOHEYHOCTb.

< —
¢, = j (E-d).
1
Pacnipenenenne moTeHIMana B MPOCTPAHCTBE TAK)KE HCIIONB3YIOT IS
rpaduyecKkoro n300pakeHus 3IeKTpudeckoro mnojs. [loBepXxHOCTH — MHOXKE-
CTBO TOYEK MPOCTPAHCTBA, B KOTOPBIX I (PUKCUPOBAHHOTO PaCTIpeICTICHUS
3apsA/I0B OTEHIIMAJI UMEET OJTHO M TO K€ 3HaU€HHUE, HA3bIBAIOT IKGUNONEH-
YUATLHHIMU.
JIunuu nanpaxcennocmu (CUIOBBIC JIMHUW) BCETIA NEPHEHOUKYAAD-
Hbl IKGUNOMEHUUATLHBIM NOGEPXHOCMAM. J|eCTBUTENBHO, BCE TOUKH JK-
BUIIOTEHI[MATBHOM MOBEPXHOCTU UMEIOT OJIMHAKOBBIN MOTeHIMAN. Toraa npu
MepeMEeIIeHUH 3apsaaa ( BIOJIb 3KBUIIOTCHIMAIbHOW moBepxHOCTH O = 0.
[ToaTomy paboTa 1Mo mepeMeneHru0 HEKOTOPOTO 3apsiaa BOJIb STOW MOBEPX-

Hocty pasHa Hymo dA = q(E -dl) = —qde = 0. Ciegosarensto, (E-dl) =0,

a yroJ MeXIy HampssKeHHOCThIo E u mepememennem dl  (Bmomb 9KBHIIO-
TEHIIMAIbHOM MOBEepXHOCTH) paBeH 90°.

OKBUIIOTEHIMAIBHBIX MTOBEPXHOCTEH BOKPYT KaXKIOW CHUCTEMBI 3apsi-
JIOB MOHO IIPOBECTH OECKOHEYHOE MHOKECTBO. OTHAKO UX OOBIYHO MIPOBO-
JST TakK, YTOObI Pa3HOCTHU MOTEHIUATIOB MEXY JIOOBIMU IBYMSI COCEHUMU
AKBUIIOTEHIIMAIBHBIMU MTOBEPXHOCTAMHU OBUIM OJIMHAKOBBL. TOT1a M3MEHEHUE
I'YCTOTBI SKBUIIOTEHIMAIbHBIX MOBEPXHOCTEH HArJSIHO XapaKTEPU3YeT H3-
MEHEHHE NOTEHIMAJIa T0JIs B pa3HbIX 00JIACTSIX MpOCTpaHCTBa. TaM, rae 3Tu
MOBEPXHOCTHU PACTOJIOKEHBI T'YIIE, MOTEHIMA MOJIsl U3BMEHSIETCs ObICTpeE.

Jlis ToueyHoro 3apsaa Q v HaNpsHKEHHOCTb, U CUJIOBBIE JIMHUU TIOJIS
(xak u cuina Kynona) HanpaBieHbl palajbHO OTHOCUTENBHO 3apsiaa. YToOsl
paccuuTaTh MOTEHIMAJ TOYEYHOIO 3apsifia B TOYKE C pPaJnyC-BEKTOPOM I,
yI0OHO HCIOIb30BaTh C(HEPUUYECKYIO CUCTEMY KOOPAMHAT, B HAayaje KOOpP-
JMHAT KOTOPOM pacrofioKeH TOUeUuHbIN 3apsiia. B cdepudeckoit cucreme Ko-
OpJMHAT MOJIOKEHUE JIF0OOW TOUKH 3a1aeTcs koopauHaTamu (I, a, 0), orcuu-

ThIBACMbBIX B TPCX B3dMMHO IICPIICHAWKYJIAPHBIX HAIIPABJICHUAX ér, ea, ea.

8



HanpspkeHHOCTB IOJIS TOYEYHOTO 3apsiia HamlpaBieHa paxuansHo: E || €,
ELlL€E,, ELE. B chepuueckoii cucrteme koopaunHaTr mnepemeruexue dl

MOXkHO 3anmcarb: dl =dr-€, +do-€, +d0-€,. Torma cormacHo ompenene-
HHIO TIOTEHIIMAN B TOYKE [; MOYKHO BBIYMCIIUTH CIICAYIOLIMM 00pa3oM:

(p(rl):j(E.dF):j(E-(dr.ér)):jE.dr:jk%dr=k9 wm o=k 2.
1 N N e T g1 r

TO C€CTh IIOTCHIIMAJI TOYCYHOI'O
3apsia B HEKOTOPOM TOYKE IpPO-

CTpaHCTBa OOpaTHO MPOTOPIIHO-

rd

o Toueunslit
HAJIEH PACCTOSTHUIO OT 3TOW TOY- 3apsi
ku 10 3apsga. CregoBaTenbHO, Q>0

IK6UNOMEHYUAIbHBIE  NOBepPX-
Hocmu 0714 MOYe4HOo20 3apaoa

IPEACTABISAIOT COO0OM KOHUeH-
3KBI/IHOT€HHH3J’[LHLIB

mpuuecKkue cgepvl paziuiuHozo ) HOBEpXHOCTH

ouamempa (puc. 4). CutoBbie —
CormacHo mnpuHIUIY Cy- ITHHAN

MEPIO3ULUN MTOTCHIUAN ¢ JJIEK- Puc.4

TPHUUICCKOTI'O II0JIAA CUCTCMBI 34PAI0B PaBCH aJII"€6paPI‘I€CKOI>JI CYMMC IIOTCHLIH-
aJIOB oJICH KaXXa01ro U3 3apAa0B B OTACIbHOCTH. I[JIH AUCKPCTHOI'O pac-
MMpCACIICHUA 3apsaaA0B B ITPOCTPAHCTBE IMPHUHIUIT CYIICPIIOSUITUN MOXKHO 3aIlnu-

caTh: @ = Z‘Pi . Jls HenmpephIBHOTO paclpeiesieHus 3apsAa0B, aHAIOTMYHO
i

BBIYKCIICHUIO HANPSHKEHHOCTH, HEOOXOAMMO 3apsiKEHHOE TeJlo pa30uTh Ha

aJIEMEHTapHbIE 3apsiiibl A, KK U3 KOTOPBIX B TOUYKE C PAIUyC-BEKTOPOM

I cozmaer mnoreHnwan 0@, paBHBIM MOTCHIMATY TOYEYHOrO 3apsjaa
dg

dep =k —, a 3aTeM BBINOJIHUTH UHTETPUPOBAHUE @ = Id(p 1100 BIOJb JIH-
r

HUU pacrpeeieHus 3aps0B, JIN00 BI0Ib MOBEPXHOCTH, TUOO MO 00BEMY .

2. Pab6ouue ¢popmyJibl

2.1. PacyeT HANPSAKEHHOCTHU FJIEKTPOCTATUYECKOTO OIS

DOKCNepUMEHTAIBHOE HM3YyYE€HHE MPOCTPAHCTBEHHOI'O PACIPEICIICHHUS
NOTEHIMAJIa ¥ HAINpPSKEHHOCTH MPOU3BOJIBHOM CUCTEMBI 3apsi0B BechbMa
Tpyanoemkas 3afada. [ljis ee pemeHus HeoOX0AMMO ONPEACIUTh MOTEHIUAT B
Pa3IMYHBIX TOYKAX MPOCTPAHCTBA, OKPYXKAIOIIETO CUCTEMY 3apsiiOB, a 3aTeM
paccYuTaTh HAMPSXKEHHOCTH MOJIA B KAX/I0M TOUKE.



B nanHoil paboTe orpaHUYMMCS U3YYEHHEM DJIEKTPOCTATUYECKOTO TI0-
a1 B tutockoctu XOY (nipu Z = 0).

PaccMoTpuM, kak MeHsieTCsl MOTeHIMal B HampasieHun ocu OX (mpu
y =0). [y 3TOr0 mpH 3alaHHOM PACIOJIOKCHHH 3apsDKEHHBIX TEJT U3MEPHUM
3HaueHHue MoTeHIHana Baoab ocu OX uepes paBHble pacctosHUS AX. [Tomy-
YMM 3aBUCUMOCTD @ = @(X).

Mexay KaXabIMUA JBYMSI TOUKAMHU Xj U Xi+1 MOKHO BBIYMCIHTH H3MeE-
HeHue noreHuuana Ag. Torga npoekuus HanpsLKEHHOCTH mojs Ha ocb OX
MEXAY JBYyMs TOUKaMH paBHa

0 A

E,=-2 = E, ~——".
OX AX

Tak kak IMOJIYYCHHOC 3HAYCHHC IIPOCKIHUH HAIIPAKCHHOCTU ABJIACTCA

CpCI[HI/IM I BBI6paHHOF0 OTpC3Ka, 6yz[eM CUHuTaTh, 4YTO IIOJIC UMCCT TaKyIO

IMPOCKINIO HAIIPAKCHHOCTHU B CCPCAUHC OTPC3Ka

1
rae AX = X1 — X, AQ =@, 1 — ¢, X:E(Xi+l+xi)'

[lpu mMajaoM HM3MEHEHUU MOTEHIMada AQ Ha MalloM OTpe3Ke [Xi, Xj+1]
BBIYHCIICHHOE TI0 TIPUBEICHHON (hopMyIie 3HaAUYEHUE MPOECKIINS HaIPSHKEHHO-
cTH OyZIeT COOTBETCTBOBATh UCTUHHOMY 3HAYEHHIO MPOCKIUU HANpPSKEHHO-
CTH 3JIeKTpocTaTuieckoro noist Ha ocb OX B cepenune oTpeska. Ecinu uzme-
HEHHE MOTEHIMalla Ha JaHHOM OTpPEe3Ke BEJIHMKO, TO PACCYMTAHHOE IO JaHHOU
NpUOIMKEHHOW (popMyJsie 3HAYCHHE MPOCKIMs HaNpsHKeHHOCTH Ha och OX
OyZeT CUIIbHO OTJINYAThCS OT UCTUHHOTO.

[IpoBens u3MepeHus B pa3aMuHbIX TOYKaX BJ0Jb ocu OX, MOXKHO TO-
CTPOUTH 2pAPUUECcKyI0 3A8UCUMOCHb RPOEKUUU HANPANCEHHOCHU IJ1eK-
mpuueckozo noaa Ha oce OX om koopounamut E, = E, (X) Broms ocu OX
(mpuy =1z=0).

AHAJOTMYHO pacCyXJas MOXKHO SKCIIEPUMEHTAILHO TOIYYUTh Ipadu-
YEeCKUE 3aBUCHMOCTH TMPOEKIUHN HANPSKEHHOCTU 3JIEKTPUUYECKOTO IOl Ha
m000€ HarpaBIICHUE.

2.2. TlocTpoeHue CUJIOBBIX JIUHUI MOJIA

Haxons Toukn ¢ 0AMHAKOBBIM MOTEHIIMATIOM U COEIMHSAA MX IJIABHOU
JIMHUEH, I 3aJaHHOTO IPOCTPAHCTBEHHOTO PACIIPEACIICHUS 3apsI0B MOXKHO
NOCTPOUTH SKBUIIOTEHIMAIbHBIE TOBEPXHOCTH (TTOBEPXHOCTH C OAMHAKOBBIM
noteHuuanioM). I[lo M3BECTHOMY pacHoOJIOKEHUIO SKBUIIOTEHIIMAIBHBIX IO-
BEPXHOCTEH MOXKHO HOCHIPOUMb CULO8blE TUHUU NOJIA.
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C oaHOM CTOPOHBI, KaKk ObUIO MOKAa3aHO paHee, CUJIOBBIC JTMHUU TOJIS
BCET/1a MEPIECHIUKYISAPHBI SKBUIIOTEHIIUAIBHBIM ITOBEPXHOCTSIM.

C npyroiif CTOpOHBI, HAPSHXKEHHOCTD JIEKTPHUUECKOTO OIS HalpaBJie-
Ha B CTOPOHY MaKCHMAJIBHOTO U3MEHEHUS oTeHIMana (rpaueHTa moTeHIH-
ana)

E=-grad ¢.
[Ipr om1HOM ¥ TOM k€ M3MEHEHHUU MOTEHIMAaNa AQ = @, — (1 TPOU3BOAHAS 11O
A
HaIlPaBJICHUIO A_(p OyJeT MakcMMalbHa, €CIIM paccTosiHue Ar, Ha KOTOPOM
r
NOTEHIIMAJl MEHAETCS Ha BEJIMUYMHY AQ, Oy/1IeT MUHUMAIbHBIM.
CrnenoBaTenbHO, culogble TUHUU nepeceKarom IK6UNnOmeHyuaIbHble
NOGEPXHOCMU NOO NPAMBIM Y2IIOM U NO Kpamyuaiuiemy paccmoaHuio.

YT0oOBl MPOBECTU CUIIOBYIO JIH-
HUIO, BHIOEPUTE HA KBUIOTCHIUATb-
HOW TIOBEPXHOCTH TO4YKYy (puc. 5).
[IpoBenure B HEW NEPIECHAUKYISP K
IIOBEpXHOCTH. Halnure Ha cocenHen
SKBUIIOTEHIUAIBHON IIOBEPXHOCTH
IPYI'yl0 TOYKY, PAacCTOSAHHE OT KOTO-
poil 10 mepBoil TOYKKM OyneT MHUHHU-
MaJibHBIM. [IpoBeguTe mnepneHauKy-
JAp U B 3TOM Touke. llnaBHO coenu-
HUTE 00€ TOYKH TaK, YTOOBI MOJTyUYEH-
Has JUHUS MEPEeceKaia SKBUNIOTEHIU-
aJbHBIE TOBEPXHOCTH MO MPSIMbBIM
YIJIOM. YKaXXWUTE HAINPABICHUE IONY-
YEHHOW CUJIOBOM JIMHHM.

[Ipu mocTpoeHnr JTUHUM HAMPSKEHHOCTH HEOOXOAUMO MOMHHUThH, UYTO
CUJIOBBIC JIMHUU HAYMHAIOTCS (BBIXOAST) HA TMOJIOKUTEIHLHOM 3apsie U 3a-
KaHYMBAIOTCS (BXOJIST) HA OTPUIATEIIHBHOM.

Yem Onmke Apyr K JIPYry pacroioKeHbl 3KBUIOTEHIMATIBHBIE TO-
BepxHOCTH (A@ ¥ Ar MaJibl), TEM TOYHEE C UX TOMOIIBI0 MOXKHO MPOBECTH
CUJIOBBIE JUHUHU. VICrIONBb30BaHUE SKBUIOTEHIMAIBHBIX MOBEPXHOCTEM, 3HA-
YUTEJIBHO YJIaJICHHBIX APYT OT Apyra (Ar BEIUKO), MOXKET MPUBECTU K HUCKa-
YKEHUIO MIOCTPOECHHBIX IO HUM CUJIOBBIX JINHUMU.

CHJIOBasAa
JIMHHUA

Puc. 5
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2.3. HanpsizkeHHOCTh U MOTEHIIMAJ CUCTEMbI 3aPSAKEHHbBIX TeJl
pa3Ju4HON (popMbI

HanpspkeHHOCTS 1011 — BEKTOpHas BeanuyuHa. Ilosromy ananurthye-
CKHE BBIPAKEHUS JJI HAIPSHDKEHHOCTH OOBIYHO NMPUBOJAT B MPOEKIMY Ha He-
KOTOPOE€ XapaKTEpHOE HAINpAaBJIEHUE, KOTOPOE BBIOMPAETCS UCXOHS U3 CHUM-
METPHUH pacCIpeeIeHUs 3aps 0B B IPOCTPAHCTBE.

B Tabmuue mnpuBeneHbl aHATUTHUYECKUE BBIPAKEHUS U TpaQuKu
HaIpsKEHHOCTU M NTOTEHLMAJIA [l HEKOTOPBIX 3apshKEeHHBIX Tell. Pacmouto-
’KEHHE Tell B BHIOPAHHOM CHCTEME KOOPIMHAT TakXe MPUBEIECHO Ha rpadu-
kax. (B tabmure: r — KoopIUHATHI B TIOJSIPHOW CUCTEME KOOPAMHAT; X — KO-
OpAuHaTa B JIEKapTOBOM CHUCTEME KOOpAMHAT. E, — paamanpHas npoeknus

HaNpPsHKEHHOCTU 3JIEKTpUUYecKoro moisist; E, — X-KOMIOHEHTa (IIpOEeKIMsl)

HaIPSHKEHHOCTH AJICKTPpUUYECKOro ToJis. B 3amucu moteHmana kouncranta C
BbIOMpAeTCs TakK, YTOOBI HA OECKOHEYHOCTH MOTEHIMAN ObLI paBEeH HYJIIO.)
Tadannma

Toueunbrii 3apsin Q

BKBHHOTGHHI/I&HLHHG IMOBCPXHOCTHU U CUJIOBBIC JIMHNHA
N

Teno pacnonokeHo B Hayayie KOOpJAMHAT. B painalibHOM HanpaBJIEHUU:

¢
[Torennuman: ¢ = g +C
e, r
+Q r
Er
HanpsokenHocts: E,| :—8—([), E, = 1 Q
or Ame , r?
+Q r
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Junoab (1Ba Toueunsbix 3apsaa Q u — Q, pacmonoKeHHbBIX Ha
paccrostauu 2d)

BKBI/IHOTCHHI/IEU'IBHBIC IMOBCPXHOCTH U CUJIOBBIC JIMHUU

Tena pacnoiioxkensl BA0JIb 0cM OX CUMMETPUYHO OTHOCUTEJILHO Havasa
koopauHat. Bnonb ocu OX:

IloTenuuain:
? 4
: Q
Qﬁ 27[80x2—d2+CHpHX>d
| Q0. |
Q= Y dz+ npu | X |<
0 _
272 Xz(_déz +C mpu x < —d
0 _

O

Hamnpsoxennocts: E, = Ve
X

[
Ji Q xd

%Q = (¢ _d2)? npu X >d
oo —x% —d?)

NP g g, =13 X X< d
_QT\?*Q " om, (e —an ™
Q 2(_Xd22 npu X < —d

ey (X°—d°)




JIBa 0IMHAKOBBIX TOYEYHBIX 3apsina Q, pacroyioskeHHbIX Ha paccTosHun 2d

BKBI/IHOTCHHI/IEUIBHBIC IMOBCPXHOCTHU U CUJIOBBIC JIMHUU

\

Tena pacnoiioxkensl BA0JIb 0cM OX CUMMETPUYHO OTHOCUTEJIBHO Havasa
koopauHat. Broas ocu OX:

N
7

Ilotenmuan:

[(Q  2]x|
dre, x2 —d
. Q (-2d)
O ! > e, x% —d

+Qi2d| +Q X

¢

- +C mpu | x[>d

- +C mpu | x|<d

dp

-2,

Q (x*+d?)

21 (X2 —d?)?

£ =12 O Xk d
e, (X°—d*)

Q (-x*-d?%

2ne , (X2 —d?)?

Hanpsbxennocts: E, =

npu X > d

npu X < —d
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beckoHeyHO JyMHHAS OECKOHEYHO TOHKAs HUTD (CTep:KeHb) C JTMHCHHON

INIOTHOCTBIO 3apsaa T

3KBI/IHOTCHHHEUII)HLI€ IMOBCPXHOCTHU U CHUIJIOBBIC JIMHUU

) ‘>dh&< ]
AHRY
4+ T
ACWN h\ i '71 24
.7 \\\$ ” >, >
%%« ¢ = const

Teno PaCIIOJIOKCHO B HAYAJIC KOOPAHWHAT. B paaruajJIbHOM HAIIpaBJICHHUHN

MIEPIICHIUKYJISIPHO HUTH:

¢ IloTenmmain:
+1 Q=- ' Inr+C
r 2mE
M\ E
' HanpsixkeHHOCTS:
+7T Er — _a_(p, Er — T
r or 2me o r

BeckoHeuHO TOHKHI cTep:KeHb (HUTH) JUTMHOM 2| ¢ TMHEHHO! TIIOTHOCTHIO

3apsija T

3KBI/IHOTCHHI/I3JIBHBIC IMMOBCPXHOCTH U CUJIOBLIC JIMHUHU

Ocpk OX HampaBiieHa BIOJIb OCU CUMMETPHH, IEPIICHAUKYIISIPHON CTEPIKHIO.
Hauano xoopJIMHAT cOBNagaeT ¢ cepeAnHoi ctepxkHs. Brons ocu OX:
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j K IloTenuuain:
T | +/x% +1?
In +C

— 1+ X2 +1?

(P =
+1 | X 4me

i 0
Ex Hamnpsoxennocts: E, = — —(P,
41 OX

T I
X E, =
\ | 2T o -/ X% +1?

beckoHeuHO TOHKOE KOJIBIO paauyca R ¢ IMHEHOM IIOTHOCTHIO 3apsiia T

BKBHHOTGHHHEUIBHBIG IIOBCPXHOCTHU U CHUIJIOBBIC JIMHUU

Hauayio koopanHaT coBnagaer ¢ HEeHTPOM KoJiblia. B pagnansHOM
HaIPABJICHUH B INIOCKOCTH KOJIBIIA!

IloTrenmnuan:

AT 2n
: TR do
® ¢ = +C
| 4me o 5 +/r? + R? — 2rR cosa
i Tounas 3aBucumocTh @(I) BhIpaskaeTcs
@ ' uepes crmeumuansHele (3mmMnTHueckue) (QyHK-
' R

nuu. [locne paznoxeHus B psa MOXKHO TOJY-
YUTh CJICYIONIUE MPUOIMKEHHBIE 3aBUCHUMO-
CTH:

2 4
npu I < R (BHYTpH KOJbIIA) @ = 1+ O,23r—2 + O,31r—4... +C
2¢g, R R
npu I > 2R (cHapy»u OT KOJIbLIa)

3p3 5p5
o~ — ZrR 066 R2 10481 T R2 _..|+C
2e,\ r° =R (r'=R%) (re=R%)
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YacTHbIH ciydai, moTeHIual B IieHTpe koubna (I = 0):

R T do v T
Q= +C = dao+C =—+C
Ao 5 /r? + R% — 2rR cosa 4 5 28
e 5
' HanpspkenHocTs: E, = ——(P.
or
T Tounast 3aBucumocth E(I) Takke BBI-
X V' paxaercst depes crenuanbHble (SJUIMIITHYC-

> ckue) QyHkuuu. Ilocie pasnoXeHus B D
MO>KHO TOJIYYHUTh CJIETYIONTUE TPUOTUKEHHBIC
3aBUCUMOCTH:

—t(r r re
npu I < R (BHyTpH KoJp1a) E, = 4o R R + RE + 2,915...

npu I > 2R (cHapy»u OT KOJIbIIa)

2p2 44 6p6
rr rr rR
Er ~ ¢ 2 212 _0’95ﬁ+0’612—26
2eqR\ (r° —R") (r-=R%) (r-=R%)
YacTHbIN Cityyal, HAlIPSHKEHHOCTh JJIEKTPUYECKOTO TOJISI B LIEHTPE KOJIbIA
(r=0): E =0.

beckoHeuHO TOHKOE MOJIYKOJBIO pagnyca R ¢ TUHEHHON MIIOTHOCTHIO
3apsna t

BKBHHOTGHHHEUIBHBIG IIOBCPXHOCTHU U CHUIJIOBBIC JIMHUU

Ocp OX HampaBiieHa BJIOJb OCH CUMMETPUH MOIyKojbla. Hauano
KOOPAMHAT COBIAJIAET C LIEHTPOM MOJayKobla. Bronas ocu OX:
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IloTrenmmar:

3n/2
R do

4me 5,\x2 + R2 — 2xRcosa

A
\(»
K\ Tounas 3aBUCHMOCTH ((X) BBIpaXKaeTCsl
A\ X

[0} +C

4yepe3 CrhenuaibHble (dJUMNTHYeCKue) (yHK-
uuu. [locne pas3noxeHust B psl MOXKHO MOJY-
+1 YUTh CJICIYIONTNE TPUOIMKEHHBIC 3aBUCHUMO-
CTH:

R

_ 2 3
mpuX<—2R @~ YN +o,39R—2+o,1o R S~ |+C
4e, | X+ R (x+R) (x+R)

2 2p3
mpu X > —R (pzi( R 039 R 035 %R .j+c

4ey | x+R (x+R)* (x+R)® "
YacTHbIN ciydai, moTeHIa B IieHTpe koubna (I = 0):
R 3n/2 do. - 3n/2 -
Q= +C = Jda+C=—+C
4rme Tc/2\/X2 +R? - 2xRcosa 4ne, 5, 4eg

A\

dp
ox
Tounas 3aBucHMOCTh Ey(X) Takxke BBI-
R N _ baxaercst depe3 cCreHuanbHbIC (JUTHITHYC-
k ~ ckue) ¢ynkuuu. [locne pasnoxeHuss B pan
j +r X MOXHO TMOJYYHUTh CJIEAYIOIINE TPUOIUKEH-

HBIC 3aBUCHUMOCTH.

Ex HanpspkerHocts: E, = —

_ 2 3 4

mprx< 2R E x| 4077 41029
4e,R{ (X+ R) (x+R) (x+R)
R® xR? x°R?

mpux>-R E,~—— S +12 S +096 ...
2me R (Xx+R) (x+R) (x+R)
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Juck (Kpyrias njacTuHa) paanycom R ¢ MOBEpXHOCTHOM TIIOTHOCTHIO
3apsga o

3KBI/IHOTCHHHEUII)HLI€ IMOBCPXHOCTHU U CHUIIOBBIC JIMHUU

Ocp OX HampapieHa NepIeHIUKYJISIPHO IIOCKOCTH Aucka. Havamo
KOOpJIMHAT COBNAAAET C EHTPOM aucka. Baomis ocu OX:

0 IloTenmmain:
2i(_)(-pxlxz+R2)+(:1'IpI/IX>O
€0
> (p:
R to X 2£(x+\/X2+R2)+C mpu X < 0
€
o¢
Hamnpsokennocts: E, = T
X
E \
" o (—X+\/X2+R2) i X > 0
To > £ _ 280 1/X2+R2
L=
N\ R X G (—x—\/x2+R2) i X < 0
28, \x? +R?

beckoHeuHas MJIOCKOCTD C HOBerHOCTHOI\(JI INIOTHOCTBIO 3apsgalad O

DKBUNOTEHIIHAIb

HBI€ IOBEPXHOCTHU U CUJIOBBIC JTMHUU
W N N
RV N (Y
(RN N [ —
T T T S
I A
— T LI
I T N
o
L R
: Clo : i |o = const
\ \\i i \ E

N\ . N

P M PN A

[InmockocTth pacnionoxeHa B Havane koopauHaT. Oce OX nepnesauKyaspHa
3apspKeHHOM T10cKoCcTH. Boas ocu OX:
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/(P..\ [loTenuman:
c
=——X+C
® 280‘ ‘
+o X
o9
Hanpspkennocts: E, = ——,
E OX
X
o npu X > 0
2¢,
+G X Ex = -
——— npu X <0
2¢g

I[Be OCCKOHCYHEIC IJIOCKOCTH, pacroyiokeHHbIe Ha paccTostHUN 20
C MOBEPXHOCTHBIMH INIOTHOCTSIMH 3apsiia C U — O

BKBHHOTGHHHEUIBHBIG IIOBCPXHOCTHU U CHUIJIOBBIC JIMHUU

oy IS —- N
a1 E 1!
L I ’
R L i
P - =
i |@=consty | ;
P 1! |
S B |
i1 ez =const !
EENE —1 |
A - ]
\::\;\ \: \"‘E

[N [N
~ LN ]

IInockoctu PacCImoJ0KCHbI CUMMCTPHUYHO OTHOCHUTCIIBHO Hadajla KOOpAHWHAT.

Ocpk OX nepneHauKyJsipHa 3apsHKEHHbIN TocKoCcTsIM. Brosb ocu OX:

® ITorenmmain:
' X +C npu | X > d
_GE to ?= —£X+Cnp1/1|x|<d
2d B €0
E, Hanpsbxennocts: E, = —Z—()[:,
0 mpu|x|>d
—O | +o c
| i = (e)
| 2d X " — npu| x|<d
L 3 80

Ecnu mone co3gaeTcsi HECKOJIBKUMM 3apsDKEHHBIMH TeJlaMU pPa3HOM
(opMbI, HANPSHKEHHOCTh ¥ MOTEHLIMA HAXOAAT UCXOAsl U3 MPUHIIUIA CyIep-
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no3unuu. B pabore pacdeTsl HANMPSHKEHHOCTH W MOTEHIMAA BBITIOTHSIIOTCS
JUTSI CPAaBHEHUST TEOPETHUECKUX M DKCIEPUMEHTAIBHBIX 3HaueHUU. B akcrre-
pUMEHTE HM3MEpEHHE TMOTCHIMAjJa W pacdeT HANpPsHKCHHOCTH IPOBOJIUTCS
B1oab ocu OX (mpu Yy =0, z=0). [Toaromy paccMOTpuM, KaK paccuuTaTh
TEOPETHUECKOE 3HAUCHNE HAMPSHKEHHOCTH U TIOTEHIIMAJIA TIOJIS, CO3/1aBacMO-
ro IBYMsI Pa3HbIMH 10 (hopMe 3apsHKEHHBIMU TeJlaMU B TOYKE ¢ KOOPJIWHATA-
miu (X, 0, 0) Ha ocu OX Ha cieayroleM npuMmepe.

IlycThe mone co3maeTcss TOUYEUHBIM 3apsiioM Q, pacroloKeHHBIM Ha
ocu OX B Touke ¢ koopauHatamu (Xi, 0, 0), U OECKOHEYHO JUIMHHOM 3apsi-
’KCHHOM HUTBIO C JIMHEWHOM IIJIOTHO-

CTBIO T, PACIIOJIOKEHHOM B IUIOCKOCTH T -

XOY neprenmukynspao ocu OX Q Ei E»

(puc. 6), mepecekaromieir oce OX B o | T

TOYKE ¢ KoopAuHaTaMu (X, 0, 0). X X
Kak BugHO W3 mOpuUBEACHHOU X1 X2

BBIIIC TaOIMIIBI, HANPSHKCHHOCTh H

MOTCHIIMAT KaXI0ro UX dTHX Tel (ec-
JU OHU W30JIMPOBAHBI) 3aBHUCHUT OT Prc. 6
PacCTOSIHUS I OT TOYKH, TJI¢ PACIIONIOKEHO TEJI0, A0 HEKOTOPOH JIpyroi Tod-
KH, B KOTOPOH U3y4aroT HAIPsHKEHHOCTh M MOTCHIMAN. Toraa pacCTosHHUE OT
TOYCYHOTO 3apsjia J0 MHTEpecyromeil Hac Touku ¢ koopauHaramu (X, 0, 0)
paBHO:
2 _ 2 2 2 _ 2 _
E=X—X)"+Y1-Y) ' +(@-2) "= —x)"=r =[x — X
PaccrosiHre OT 3apsHKEHHON HUTH J0 MHTEPECYIONIEeH HAaC TOYKHU C KO-
opaunatamiu (X, 0, 0) paBHO:
= (=X + (Yo=Y + (22— 2)° = (X — X)* = 1 = X — X|.
Torma moreHnuai, co3aaBacMblii TOYCUHBIM 3apsJIOM B TOYKE C KOOP-

nuHaTamu (X, 0, 0), paBen @, = 10 +C = 1 Q +C.

[ToTeHmuman, co3maBaemMblii HUTHIO B TOW K€ TOYKE PABEH
T T
21E 21 o

Tak kak MOTEHUMANI CKAJIIPHAs BEJIMYMHA, TO 10 NMPUHLUILY CYIIEPHO-
3ULAM TOTEHIMAJ I0JIs, CO3JaHHOIO JIBYMS 3apsKEHHBIMU TEIAaMH, PABEH
anredpandeckoil cyMMe MOTEHITUAIOB OTACIIbHBIX TEIl:

1 Q T
= — Injx, — x|+ C,

rne C — cymMmapHas KOHCTAaHTa, KOTOpas IO-TIPEKHEMY BBIOMpAETCs Tak,
9TOOBI HA 0ECKOHEYHOCTH MOTEHITMA 00paIaics B HOJMb.
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HampsxkeHHOCTh — BeTMYMHA BEKTOPHAS, TIOITOMY MPU HAXOXKICHUU
CYNEPHO3UIMHA HAMpPsDKEHHOCTEH HEOOXOIMMO YYMUTHIBATh HAINpaBICHHUE
HaANPsDKEHHOCTEN, CO3aHHBIX KaXKIbIM 3apsKEHHBIM TEJIOM B OTACIBHOCTH B
MHTEPECYIOIIECH HAC TOYKE MPOCTPAHCTBA.

HanpsikeHHOCTD 1MOJIsl, CO3JaHHOTO W30JIMPOBAHHBIM TOUCUYHBIM 3apsi-
JIOM HamlpaBJIeHA paauaibHO, a B TOUKE, Jiexkamed Ha ocu OX oHa Hampasiie-
Ha mapamiensHo stoit ocu (E; || OX). HampskeHHOCTb MO, CO3AaHHOIO
M30JIMPOBAaHHON HUTHIO, HAMpPaBICHA PaJualIbHO 110 OTHOLICHHUIO K MOmepey-
HOMY CEUEHHMIO HHUTH, TO €CTh B JIt000# Touke miockoctu XOY ona Oyxaer
napayenbHa ocu OX ( Ez || OX). Takum 006pa3om, B TOUKE ¢ KOOPHMHATAMH
(X, 0, 0) HanPsHKEHHOCTH, CO3/1aBaeMbIe KaXJIbIM 3apsSHKCHHBIM TEIIOM, JHO0
HampaBJieHbl B OJHY M Ty XK€ CTOPOHY, TOTJIa WX TPOCKIUU OYIyT CKJIaJbl-
BaThCs (€Ciu X & [Xq, X2]), TMOO HampaBJIeHbI B IPOTUBOIOJIOKHBIC CTOPOHBI,
TOTJIa X MPOCKIIUU OYIyT BBIYUTATHCS (€CIH X € [X1, X2]):

E=E +E, >E=E +E,.
N3 npuBeneHHOM BbIlIE TAOIUIBI BUHO, UTO
1 Q 1 Q T T
B = — 5= 20 F2 7 - '
e, re Ameg (X — X) 2me, r 2meo|X, — X|

Torna mpoekiys HaMPsHKEHHOCTH TIOJISA, CO3/aBacMOTO JIBYMS 3apsi-
KCHHBIMU TeslaMu B Touke (X, 0, 0), Ha ock OX paBHa

1 Q 4 T
dre, (X, — X)° 2meo|X, — X

(3HaK * CTaBUTCS B 3aBUCHUMOCTH OT OTHOCHUTEIHLHOI'O PACIOJIOKEHHUSI TOUYEK
X, X1, X2 Ha ocnu OX ¢ y4yeTOM HamnpaBJCHHUS HANPSKEHHOCTH, CO3/1aBA€MOM
KaXXJIbIM TEJIOM).

AHaJIOTMYHO, PacCyX Jas MOXXHO PacCUUTaTh HAINPSKEHHOCTh U TO-
TEHIIMAJ ITOJIs, CO3/IaBaeMOTO JIBYMsI, TPEMsI, YETBIPbMsI M O0JIee TeIaMHU.

3. Moaeanb dJKCnepuMeHTAJILHO YCTAHOBKH

B nanno# pabote ¢ MOMOIIBIO CPEACTB KOMITBIOTEPHOUN TpaduKku MO-
JEUPYETCST AJIEKTPOCTATUYECKOE T0JIE OT CHUCTEMBI 3apsifioB Pa3IHMYHON
dopmbl. CucTemMa MOXKET BKJIIOYATh MOYEeUHbll 3apad, OECKOHEUHO TOHKUMN
cmepitcenb KOHEYHOM JTMHBI, OECKOHEYHO TOHKOE KOAbUO U NOAYKOIbUYO,
PaCIoJIOKEHHBIC B TJIOCKOCTH DKCIIEPUMEHTA, a TakKe OCCKOHEUYHO TOHKUU
OUCK (Kpy2niylo RaacmuHty), pacioyioKEHHBIA TEPICHIUKYIIPHO U CUMMET-
PUYHO OTHOCHTENBHO IMJIOCKOCTH dKcrepuMeHTa. KomnuecTBo U pacmosioxe-
HUE TEJ B TUIOCKOCTH IKCIIEPUMEHTA MOXET OBITh pa3auvHbIM. KaxaoMy Te-
Jy MOKHO 3aJaTh 3apsij B uHTepBasie oT —2,5 10 2,5 nKn. Jnuny crepxHs,
JTUaMeETpP KOJIbIla, TOJYKOJIbIla, JUCKAa MOYKHO U3MEHSATH B JIMAMTa30HE OT 2 J10
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36 cM. M3mepeHne moTeHIMaNa OCymecTBiIseTcss ¢ TouyHocThio 10 0,01 MB
(moTeHMa mojsl Ha OECKOHEYHOM yIalIeHUH OT CHUCTEMBI 3aps0B CUMTACT-
Csl paBHBIM HYJIIO) C TIOMOIIBIO BUPTYAJILHOTO TajdbBaHoMeTpa. [lomoxenune
IIyIa rajbBaHOMeTpa B 00JIACTH IKCIIEPUMEHTA OIPEACIIICTCS aBTOMAaTHYEC-
cku ¢ TogHocTh 0,05 cM. KpoMe Toro mrym ragpBaHOMeTpa MMEET CBOHCTBO
Mapkepa. JTO MO3BOJSIET OTMEYATh TOUKH, HMEIONE OJMHAKOBBIN TTOTCHITH-
aJI, I TIOCTPOCHUS KapTUHBI SKBUIOTEHITMAIBHBIX MTOBEPXHOCTEH, a TaKkKe
U3MEPATh 3aBUCUMOCTh IMOTEHITHANIA CHCTEMBI 3apsI0B Pa3InIHON (POPMBI OT
KOOPAMHAT OKPYKAIOIIETO €€ MTPOCTPAHCTBA B TUIOCKOCTH 3KCIICPUMEHTA.

Pa6ora BeinonHsercs Ha |BM-coBMecTHMOM TepcoHaIbHOM KOMITBIO-
Tepe B BUje camocrosteiabHoro Windows-npunoxenus. s ymoOcTBa BbI-
MOJTHEHUS pabOTHI B IpOrpaMMe MPeTyCMOTPEHBI TPU pa3fieia; KpaTKoe OIH-
caHue pabOoThI; MMOPSIAOK BBIMTOTHEHUS PaOOTHI U AKCIepUMeEHT. [lepexmode-
HUE MEXKIy pa3eiaMH OCYIIECTBISETCS C TIOMOIILI0 KHOTIOK «X01 paboThD»
u «DKcIepuMeHT». HakaTe 3THX KHOTIOK B 3aBUCHMOCTH OT KOHTEKCTa pa-
00ThI MPOrpaMMbl IPUBOJUT JUOO K BBI30OBY COOTBETCTBYIOIIMX Pa3JEioB,
7100 K BO3BPAIICHHUIO B Pa3/Iei OMMCAHUA.

Paznen mporpamMmbl « IKCTIEPUMEHTY» COJICPKHUT CIIMCOK BCEX BHIOpAH-
HBIX JIJIS1 OKCTICPUMEHTA TeJl, KHOIIKH IS T0OaBJICHUS U YAAICHUS TEJ, CUST-
YUKU 1711 U3MEHEHHUS BEJIMUUHBI 3apsJia, pa3Mepa U KOOPJUHAT KaKIOTO BbI-
OpaHHOTO TeJa, a TaKXKe TaJIbBAHOMETP, OJJHOBPEMEHHO (DUKCUPYIOIIUMA T10-
JIO’KEHUE IIyIa U U3MEePseMbl UM TIOTEHIIMAJ B JJAHHOW TOYKe 00JIACTH JKC-
nepumenTa. [lepememars Tena B 001aCTH KCIEPUMEHTA MOXKHO TaKXKE ITy-
TE€M MEepPEeTaCKUBAaHUS C MOMOIIBIO MBIIH. [lolydeHHYI0 KapTUHY SKBHIIO-
TEHIIMAJIBHBIX TOBEPXHOCTEH MOXKHO COXPAHHUTH B BUJE rpapuiecKoro ¢aii-
na.

BapuaHThbI BbINOJTHEHHS PadOThI

Bapuanr | Yopaxsenue 1 | Ynpaxkuenue 2 | YnpaxkHeHnue 3
1 15 16 T7 T2 T3 D5
2 N2 N3 N3 N4 N5 T3
3 S3 S2 T4 S5 T4 T4
4 D2 D3 D3 D4 T6 T6
S K5 K3 N1 K4 T1 T6
6 16 T7 T8 15 T5 N4
7 N3 N1 N2 N6 N4 T1
8 S4 S1 N1 S6 T4 N3
9 D3 D1 D2 D6 S5 T3
10 K4 K2 T1 K6 N2 T4
11 15 16 T8 T3 T5 N6
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Bapuantr | Yopaxkhenue 1 | YnpaxxdHenue 2 | YnpaxHeHue 3
12 N3 N2 N4 N1 K3 T4
13 S5 S1 D4 S4 T1 T6
14 D4 D1 D3 D6 T1 T6
15 K5 K2 T4 K4 T4 T6
16 T6 T5 T7 T4 T4 S5
17 N1 N2 N2 N4 S3 T3
18 S4 S1 N3 S6 T1 D6
19 D1 D3 D4 D4 D6 T1
20 K6 K1 D3 K3 D1 T3
21 T5 T7 T8 T3 N1 K3
22 N4 N1 N2 N3 N5 K6
23 S5 S2 D6 S6 N2 T1
24 D4 D2 D5 D5 K4 T4
25 K3 K1 N3 K4 N3 T3
26 T6 T7 N5 T3 T4 T5
27 N1 N2 N3 N4 N6 S2
28 S6 S3 T2 S4 T4 D4
29 D1 D2 D3 D5 D5 S$4
30 K4 K3 D1 K5 D4 T1
O06o3HaueHH:
Teno 3apsn Pasmep
T1 | Toueunslii 3apsin 0,7+ 1,1 uKn —_—
T2 | Toueunslit 3apsiy -1,1 +-0,7 nKn —
T3 | Toueunslit 3apsia 0,4 + 0,7 uKn —
T4 | ToueunsIii 3apsn 0,7 + 0,4 nKn —
T5 | Toueunslit 3apsia 0,2 + 0,4 uKn —
T6 | Toueunsrii 3apsn —0,4 + 0,2 nKun —
T7 | Toueunsrii 3apsn 0,05 + 0,2 nKn —
T8 | Toueunslit 3apsin -0,2 + 0,05 nKn —
Teno 3apsn JlnrHa
N1 | CrepxeHn 0,8 +1,1 uKn 25 +32 cMm
N2 | CrepxeHb -1,1 +-0,8 nKn 25 +32cm
N3 | CtepxeHb 0,55+ 0,8 nKn 16 =+ 24 cMm
N4 | CtepxeHb -0,8 + -0,55 nKn 16 = 24 c™m
N5 | CrepxeHb 0,3 =+ 0,55 nKn 8+15cmMm
N6 | CtepxeHb —0,5 +-0,3 nKn 8+15cm
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Teno 3apsan Hunametp
S1 | Ilonykomblio 0,8+ 1,1 0Kn 21 +25¢cmMm
S2 | [TonmykombIto -1,1 +-0,8 nKu 21 +25cm
S3 | [lonykomblio 0,55 + 0,8 nKn 16 + 20 c™m
S4 | [TonykombIlo —0,8 + -0,55 nKn 16 + 20 c™m
S5 | Ilonykombliio 0,4 + 0,55 nKn 10+ 15cmMm
S6 | [TomykombIto —0,55 +-0,4 nKn 10 -+ 15 cm

Teno 3apsin Jlnametp
K1 | Koiusno 0,75+ 1,25 nKn 16 =20 cMm
K2 | Konsmo -1,25 + 0,75 nKun 16 + 20 c™m
K3 | Koiubno 0,5+ 0,8 nKn 11+15cmMm
K4 | Konbmo —0,8 + -0,5 nKn 11 +15cMm
K5 | Konbno 0,35 + 0,65 nKn 6+10cMm
K6 | Koabmo -0,65 + -0,35 nKn 6 +10 cm

Teno 3apsn Jnametp
D1 | Juck 1,6 +2,1 nKxn 27 +~32 cMm
D2 | Jluck -2,1+-1,6 nKun 27 + 32 cm
D3 | Huck 1,1+ 1,7 uKn 20 + 26 cm
D4 | duck -1,7 +-1,1 nKn 20 =26 c™m
D5 | Huck 0,7+ 1,2 nKn 12 +19 cm
D6 | Jluck -1,2 + 0,7 nKn 12 - 19 cMm

1nKn=10"Kn k= y - 089875516 -10" cu-B/Kx
T&E o

4. IlopsiioK BHINOJIHEHNSI Pa0OThI

4.1. KpaTtkoe onucanue xoaa padorsbl

Ynpaxkuenue 1. U3yuenne siekrpocratudeckoro nojass OJHOTI'O
3apsKEHHOT0 TeJIa.

1. BriGepute oHO Temo (10 yKa3aHUIO MPEnogaBaTes).

2. 3apaiTe emy 3aps] U, €CJIU HAJl0, pa3Mep.

3. BriOepute 1BeT Mapkepa Iymna raibBaHOMETpaA.

4. VI3amepbTe MOTEHIHAN JIEKTPUUECKOro moisi Baoias ocu OX uepe3
0,5 cm.

5. Beruuciure HaIpsyKEHHOCTD 3JIEKTPUYECKOTO TOJIS.

6. Iloctpoiite rpadukyu M3MEHEHHUS HAMNPSHKEHHOCTH W TMOTEHIMAaia
AJIEKTPUUYECKOTO T0JIsI BJ10JIb ocu OX.
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7. BeluncnuTe TeopeTHUecKre 3HaYeHHs HAPSHYKEHHOCTH TOJIS B IBYX
TOYKaX.

8. CpaBHHUTE TCOPETHUUECKHUE U IKCIIEPUMEHTAIbHbIC 3HAUCHUs Hampsi-
KEHHOCTH JIEKTPUYECKOTO TOJIS.

9. IoctpoiiTe 5—7 SKBUMOTEHIIMAIBHBIX TOBEPXHOCTEH.

10. CoxpanuTe NMOIy4YEHHBIN PUCYHOK B BHJIE Tpadudeckoro Qaiina.

11. Tloctpoiite 6—8 CUIOBBIX JIMHUMA 3JEKTPOCTATUYECKOTO MOJIS.

12. Cnenaiite BBIBOJIBI.

Ynpaxuenue 2. U3yuenue sjiekrpocratudeckoro nojs /ABYX 3a-
PSIZKEHHBIX TeJl.

13. BeiGepuTe aBa Tena (Mo yKazaHHIO MpernogaBaTesis).

14. 3anaiiTe Kaxa0My Tely 3apsij U, €CIIM HAJ0, pa3Mep.

15. Pacnionoxxute Tena B 00JaCTU IKCIIEPUMEHTA CUMMETPUYHO.

16. BeImoHUTE U3MEPEHHUS, KaK B TIEPBOM YIIPaXHEHUH (ITyHKT 3—12).

Yupaxknenue 3. U3yueHue 31eKTPOCTATHYECKOTO MOJSI HECKOJIb-
KHX 3apsiZKeHHBbIX TeJl Pa3iu4Hoii (popMBI.

17. BeiGepute HECKOJIbKO Tel (10 yKa3aHUIO MpernoiaBaTers).

18. 3amaiiTe KaXxxaOMy TEIy 3apsij U, €CIIM HAJ0, pa3Mep.

19. PacnionoxuTe Tena B 00J1aCTH S3KCIIEPUMEHTA CHMMETPUYHO.

20. BoImnoHATE M3MEpEHHs], Kak B IEPBOM YIpaXHEHUH (MTyHKT 3—12).

4.2. IlonpodHoe onucaHue X0/1a padoThI

[Ipu BeIMOSHEHHH PAOOTHI PEKOMEHAYETCS CICAYIoIIas Iociea0Ba-
TEIBbHOCTh JCHCTBHUM:

Ynpaxnenue 1. U3yuenue siexkrpocraruydeckoro nojss OJHOTI'O 3apsixen-
HOIO TeJia.

B sTtom ympakHeHHMM HEOOXOIUMO HM3YyYUTh MPOCTPAHCTBEHHOE PACIpECIICHHE
MOTEHIMajla OJTHOTO 3apsKEHHOrO Tella U BOCCTAHOBUTH MO HEMY HAIIPSKEHHOCTh AJIEK-
TPHUYECKOTO TOJIsI, CO3/]aBAEMOT0 3THM TEJIOM B IUIOCKOCTH dKcrepumenTa. J{is storo: 1)
MPOBOAT U3MEPECHHUS TIOTEHIIHANA B BBIICIICHHOM HANPABJICHHH; 2) CTPOSAT KApTHHY JK-
BUIOTEHIMAJIBHBIX MMOBEPXHOCTEW B IUIOCKOCTU JKCIEpUMEHTa. VMcronb3ys MmojaydeHHOe
n3 BKCHepI/IMeHTa MHOKCCTBO 3KBHUITOTCHIITUAJIBHBIX HOBCpXHOCTeﬁ, BBIITOJIHSAKOT HOCTpOG-
HUE€ CUJIOBBIX JIMHUI U3y4aeMOro 3J€KTPOCTATHUYECKOTO MOJIA.

1. MoaroroBka 06sacTu IKcepuMeHTa. B pabote npeaycMOTpeHbI MATh BHIOB
3apSDKCHHBIX Te (TOYEUHBINA 3apsijl, CTEP)KEHb, MOTYKOJbIIO, KOJBIIO U JHCK), KOTOpPbIC
MOTYT CO3/1aBaTh AJIEKTPOCTATUYECKOE IMOJIE€ B 00JaCTH dKCIEepUMeHTa. s Toro 4roosl
N00aBUTH TEJNO B 00JACTh DKCIEPUMEHTA, HA MaHeIH HUHCTPYMEHTOB «Tena» HaxMHTE
KHOTIKY «/[o6asumsb). B pacKkpbIBIIEMCsI CIIHCKE BHIOEPUTE OJHO W3 Te (MO yKa3aHHIO
npenojaBatens). BeiOpanHoe Teno OyaeT aBTOMAaTHYECKH MOMEIICHO B IIEHTP 00JacTH
AKCTIEPUMEHTA, a €ro Ha3BaHWE MOSBUTCS B CIIUCKE Ha MaHETTH WHCTPYMEHTOB «Temay.

2. Ilocne mobGaBneHUs Tena CYETUMKH «3apsiny», «Pazmep», «X» u «Y)» Ha maHenu
I/IHCTp}IMeHTOB «Tena» CTaHYT AKTUBHBIMUA. OHI/I 0Tpa>1<a}0T 3HAYCHUA HapaMeTPOB, COOT-
BETCTBYIOIIUX JAaHHOMY TENYy.
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[To ymonm4anutio npu 100aBIECHUH Tella B 00JIaCTh SKCIIEPUMEHTA €ro KOOPAUHATHI
paBbl Hymo (X = 0, y = 0). B nepsom ynpaxuennn HE USMEHSIUTE ux.

C nomouipio cueTYNKa «3apady 3aJaiTe BBIOpaHHOMY Telly CyMMapHbIi 3apsij (110
yKa3aHHIO TPENoJaBaTels).

Jlist Ten pa3iInyHOro BuAa c4eT4uK «Paszmepy umeer pasHelidl cMbICI. [1d cTepK-
HS OTOT CUETYMK 3a7acT JUIMHY, U MOIYKOJIbIA, KOJIbLA U JUCKA — JUaMeTp, a Ui TO-
YEeYHOTO0 3apsiia BOOOIe HE UMEET CMbICHa (IM03TOMY OH HepocTyreH). Eciu Bel pabotae-
T€ CO CTEP)KHEM, IOJIYKOJbIIOM, KOJBIIOM MM JUCKOM (KpYIJIOW IUIaCTUHON), 3ajaiite
COOTBETCTBYIOLIMHI pa3Mep (110 YKa3aHUIO MPENojaBaTelis) ¢ HOMOUIbIO TaHHOTO CYETUH-
Ka.

3. lllyn ranpBaHoMeTpa cHAOXKEH IIBETHBIM MapkepoM. Ha manenu ragpBaHOMeTpa
pacriosiokeHa nanutpa «Ifeem mapxepa wiyna». BeiObepure mo000i LBET U3 3TONW MaIUT-
pbl. i1 3TOro BBINOJHUTE OJHOKPATHBIM ILIEIYOK MBIIIBIO HAa MOHPABUBIIEMCS IIBETE.
KBagpar cieBa OT majauTpbl OKPACUTCS BBIOPAHHBIM IIBETOM.

4. Tlory4yeHue IKCIIePUMEHTANIBHBIX JaHHBIX. B 00nactu skciepumenTa Kypcop
MBI [TPUHUMAET BUJ Lyna. Ha nepBoM 3Tare BBINONHEHUS YHIPAaKHEHUS HEOOXOIUMO
M3MEPHUTH MOTEHIIAI 3JEKTPUIECKOro nois Baoiabs ocu OX ¢ marom 0,5 cM B uHTEpBae
ot —10 no 10 cm. IIpu nepemernieHuu myna B 00J1aCTH SKCIIEPUMEHTA Ha TTAHEIH rajibBa-
HOMETpa OTPaXKarOTCs KOOPAMHATHI Iyla W IMOTEHIHUal B JaHHOW Touke. Ilepemermas
MBIIIb, J00€HTEeCh, YTOOBI KOOPAWHATHI Iyna cTamu paBHbl X =—10 cMm, Yy =0 cm. Ot-
METhTE HAWJCHHYIO TOUKY (OJJHOKpPATHBII LIETUOK JIEBOW KJIABMUIIEH MBIIIM) U 3alUIINTE
3HAa4YCeHUE MOTEHIMAalIa. BBIMOTHUTE aHATOrHYHBIE U3MEPEHUs Ui BceX Touek Ha ocu OX
B uHTepBaie ot —10 mo 10 cm (¢ marom 0,5 cm). Crnequte, 4ToOBI Y-KOOpAMHATA IIIyTIa
MIPY 3TOM OCTaBAJIACh PABHOW HYIIIO.

OOparuTe BHUMaHKE, YTO U3MEPEHMS OTEHIIMATa MOXKHO BBIIOIHATH TOJIBKO KO-
raa Kypcop Mbii umeer Gopmy myna. [Ipy HaBeneHMU Kypcopa MBIIIM Ha TEJIO OH Iie-
PEXOIUT B PEeKUM IepeMelteHus Tena (npu 31oM B none «lloteHuuan» raapBaHoMeTpa
Hanucano «Teno», a Kypcop MbIIIM U3MeHseT BHemHuN Bua). Ll{em4ok Mpim mo temy
O3Hay4aeT Hayvajo ero nepememeHus. [Ipu nepememennn tena u3ydaemMmoe moJjie N3MeHseT-
csl, IO3TOMY OTMEUEHHBIE paHee TOYKH aBTOMAaTH4eCKH cThpatorcs. CliejoBaTeIbHO, TOU-
Ky, rae pacnonoxeHo tesno, HE CTOUT nertatbes ormedars mapkepoMm. BmecTto 3toro
HaBEJUTE KypCcop MBIIIM Ha 3Ty TOYKY M 3allMIIMTE «IIOKa3aHUs» TajbBaHOMETpa (He
Ha)KMMasi Ha KHOTIKH MBIIIIH).

[TOJIYUEHHBIE 3HAUEHUA 3AIINIINUTE B TABJIULLY.

5. O6paboTka pe3yJbTATOB IKcHepuMeHTAa. [0 MOTy4YeHHBIM NpU BBIOIHEHUU
MyHKTa 4 pe3yibTaTaM BBIIIOJHUTE CIEAYIOLINE PACUETHI.

JUIa KaXIbIX IBYX COCEOHMX TOYEK Xj M Xj+1 BBIUUCINTE Pa3HOCTb MOTEHIUAJIOB

_ 1
AQ = @j+1 — Qi ¥ CPETHIOI TOUKY X = 5 (X, + X,,y)-

Ha kaxmom otpeske [Xi, Xj+1] BBIYHCINTE 3HAYCHHE MPOCKIMH HANPSHKEHHOCTH
_ A
aneKTprdeckoro moist Ha ock OX: E, (X) = —A—(P ,Tme AX =Xj+1—Xi = 0,5 cm.
X
6. I[Moctpoiite nBa rpaduka: SKCIEPUMEHTATHHO TOJIYYCHHYIO 3aBHCHMOCTBH I1O-
TEHIIMAaJa OT KOOPAUHATHI @ = ((X), a TaK)Ke 3aBUCUMOCTh HAMPSKEHHOCTH OT KOOPIUHA-
o1 E, = E, (X). Ha 01HOM 13 HUX BJOJIb BEPTHKAJIBHON OCH OTKIIA/IbIBAiiTe H3MEPECHHbIC

B DKCIIEPUMEHTE 3HaYCHMs MOoTeHIMana ¢ (B MB), Ha IpyromM — pacCUUTaHHbIE 3HAUECHUS
HaMpsKEHHOCTH 3JieKTpuueckoro nois Ey (B MB/cm). Tlo ropusonTanbHOM ocu ISl 3aBU-
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CUMOCTH ¢ = ((X) OTKJIaabIBaiiTe KOOPAUHATEI, B KOTOPBIX M3MEPSUICS MOTEHIMAN, a AT
3aBucumoctu E, = E, (X) —3Hauenus X .

[T1aBHO coenuHUTE SKCIIEpUMEHTaIbHBIE TOUKH. OOpaTHTEe BHUMaHKE, 4TO 00€ 3a-
BHUCHMOCTH HOCSIT KYCOUHO-HETIPEPHIBHBIN XapakTep (MMEIOT pa3pbIB HA 3apsSKEHHOM Te-
ne). Ha moctpoeHHbIX rpadukax OTMEThTE TOUKY, B KOTOPOH Pacmojaraioch 3apspKeHHOE
TeJo.

[Ipoananu3upyiiTe MOCTPOCHHBIE 3aBUCHUMOCTH: OOJAJarOT JH OHHM KaKOH-IHOO
CUMMeTpHeH, nouemy?

7. g Tena, UCIOJIb30BAHHOTO B AKCIIEPUMEHTE, TTOJI0EpUTE B TEOPUHU MOI0OHOE
TeJo, AJi1 KOTOPOro u3BecTHa (opMylia pacueTa HaIpsHKEHHOCTH AJIEKTPUYECKOTO MOJIs.
Hampumep, cTepHIO MOKHO COIOCTaBUTh OCCKOHEUHYIO WM KOHEYHYIO HHTb, TUCKY —
OECKOHEUYHYIO TUIOCKOCTb WJIM KPYIUIYIO IJIACTHHY U T.J. BhluMcinTe TeopeTuuecKkue 3Ha-
YeHHs HAPSsHKEHHOCTH TOJISL ISl 3TOTO TeJa 1O COOTBETCTBYHOMIEH (hopMmyre B IBYX U3
paccuMTaHHBIX B IMYHKTE 5 cpeqHuX Toukax. YToObl JanbHellee cpaBHEHUE TeOpeTHye-
CKUX M DKCIEPUMCHTAIBHBIX 3HAYCHUN HANPSDKEHHOCTH OBUTO 00Jiee KOPPEKTHBIM, PEKO-
MEH/YyeTCsl BBIOMpATh TOYKHU YAaJeHHbIE OT Teja Ha TaKoe PAcCTOsSHHUE, HA KOTOPOM He
MIPOUCXOUT PE3KOTO M3MEHEHHUS ToTeHInana (A@ Mano). Hade morpemHoCcTh BEIUMCIIC-
HUS SKCIEPUMEHTAIbHBIX 3HAYCHHUHM HAMpPSDKEHHOCTU TOJS OKAXKETCS CIUIIKOM BEJHKA.
XKenatenpsHOo Takke BHIOPATh TOYKH, PACTION0KEHHBIE HECUMMETPHYHO OTHOCUTEIBHO 3a-
PSKEHHOTO Tea.

8. [Ipoananu3upyiTe, OTANYAIOTCS JIU TEOPETUUECKHUE U IKCIIEPUMEHTAIIbHBIEC 3Ha-
YCHMS TIPOSKIIMU HAIPSDKEHHOCTH 3JISKTPUYECKOro ot Ha ock OX B BBIOpaHHBIX TOY-
kax? [louemy?

9. MosyyeHne IKCMEPUMEHTATbHBIX TAHHBIX.

/Jlna nocmpoenus nepeoii IK6UNOMEHUUAIbHOI HO8EPXHOCMU BHIOEPUTE HOBBIM
LIBET MapKepa IIymna rajibBaHomeTpa (myHKT 3). BeiOpaB HOBBINM 1IBET Mapkepa, oOpaTute
BHUMaHHE Ha PACHOJIOKEHHYIO HIDKE MAIUTPhI [BETOB KHOMKY «VYnanuTh BCE Touku,
[[BET KOTOPBIX COBIAJAET C IBETOM MapKepa». JTa KHOIKA CTaHET HEAOCTYITHOM, eCiii B
o0JacTu SKCIEPUMEHTa HET HU OJHOW TOYKH, I[BET KOTOPOW COBMAJaeT C BHIOPAHHBIM
1BeTOM Mapkepa. He cTpoiiTe 3KBUIIOTCHIIMATBHBIC MOBEPXHOCTH IIBETAMH, HCIIOH30-
BaHHBIMH paHee BO BpeMsi M3MEepeHHsl moTeHuana Baois ocu OX. MeicnieHHO BbIOepHUTE
moboe, yaamenHoe He MeHee yeM Ha 9—10 cm oT Tena, 3HaYeHHWE TOTEHIIMaNa (He3aBUCH-
MO OT M3MEPEHUM, CAEeTaHHBIX MPHU BBINONHEHUU MyHKTa 4). [lepememnraiite mryn raabBa-
HOMETpa B 00JIACTH IKCIIEPUMEHTA, ITOKA HE HAWIeTe TOUKY C BRIOPAHHBIM MTOTCHIIHATIOM.
OtmeTbTe ee MapKepoM (OJHOKPATHBIN IIETYOK JIEBOM KHOMKHU MbIH). [lepemeras mymn
raJbBaHOMETPA, MMPOJIOIKANTE MOMCKH JPYTUX TOYEK C TaKUM K€ TMOTEHIIMAJIoOM B 00a-
CTH JKCHEPHUMEHTa, OTMeYas KaXAYI0 M3 HUX, MOKa MCKOMasl SKBUIIOTEHIIMAJbHAs TO-
BEPXHOCTh HE CTaHET 3PUTEIHLHO 3aMKHYTOW. TOYKH ClIeyeT UCKaTh M OTMeYaTh (110 BO3-
MOXKHOCTH) He pexe, yem depes 0,7-1 cm. Omub0oYHO mocTaBIeHHbIE TOYKH MOYKHO CTe-
peTh (OHOKPATHBIN MIETYOK MPaBOH KHOIKHM MBIIH). Bce TOYKM OJHOTO IBETa MOXHO
CTepeTh C MOMOIIbI0 KHOMKH «Y AanuTh BCE ToukH, IBET KOTOPHIX COBMAAAET C TEKYIIUM
I[BETOM MapKepay.

C nmomortrpio packpsiBaromierocsi cnucka « Toukuy, pacmoiokeHHOro Hike oba-
CTH DKCTIIEPUMEHTA, KOHTPOJIUPYHUTE CTENICHb COBITAJICHHUS MOTEHIIMAIa, OTMEUYEHHOTO O/l
HUM U TE€M XK€ IIBETOM.

[Ipexxne ueM NpUCTYNUTh K ROCMPOEHUIO clledylouieil IKeUNOMEeHUUAIbHOU No-
6éepxHocmu, PaCCMOTPHUTE, B KaKUX Mpeleiax MEHSUICS M3MEPEHHBIN MpU BHITOTHEHUH
myHKTa 4 moTeHnuan. Beck auamna3oH W3MEHEHUs IOTEHIMAIa MBICIIEHHO pa3iAeiTe MpH-

28



Onm3uTeNnbHO Ha 6-8 wacreil (OKpYIJIMB /0 LENBIX B MEHBUIYIO CTOPOHY), 3TO MO3BOJIUT
BbIOpATh BEIMUUHY A, Ha KOTOPYIO OyIyT OTJIMYATHCS APYT OT Ipyra MOTEHLUAIIbl COCE/I-
HUX SKBUIIOTEHIMAJIbHBIX MOBEPXHOCTEH. MBICICHHO BBIOEpUTE 3HAYEHUE MOTEHLIMAIA,
OTJIMYAOIEECs OT MOTEHIMAIa IEPBOM AKBUIIOTEHIIMAIBLHOW MOBEPXHOCTU HA BEIUYHUHY
OMu3Kyr0 K A B OOJBIIYIO MM MEHbIIYIO CTOpoHY. CMeHuTe 1BeT Mapkepa miyna. Jlis
MOBBILLIEHUS HArJISAHOCTH TMOJYYEHHbIX BaMu pe3ynbTaToB IOCHE pacleyaTKu PeKOMEH-
IyeTcsl yeperoBaTh TEMHbIE U cBeTible 1BeTa. OCOOEHHO ecili MpearnoaraeTcs pacie-
YyaTKa Ha 4epHO-0enom npuHTepe. [IoBTOpHTE MONCK TOYEK C HOBBIM 3HAYCHHE MOTECHIUA-
Ja, 00pa3yolX BTOPYI 3KBUIIOTEHIMAIbHYIO NOBEPXHOCTb. OTMEThTE MX MapKepoM
BBIOPAHHOTO LIBETA.

JlelicTBYs aHAJIOTMYHO, HEOOXOIUMO IOCTPOUTHh S—/ IKGUNOMEHUUATIbHBIX NO-
6epxHocmeit, UCTIOB3ys pa3HbIC I[BETa MapKepa Tak, 9YTOOBI KaKAO0H MOBEPXHOCTH C OH-
HAKOBBIM 3HAQ4YE€HHEM IOTEHLMAJa COOTBETCTBOBAI TOJIBKO OAMH LBeET. Ui mosydeHus
MaKCHMAaJIbHO IIOJHOT'O IPEACTABJICHUS O PaCIpeleIeHMH NOTEHIMANa U CUIIOBBIX JTMHUM
nostst (4711 JaHHOTO PACIIOIOKEHUsSI 3apsi/I0B) PEKOMEHIYeTCsl CTPOUTH SKBUIIOTCHIINAIb-
HbI€ TIOBEPXHOCTH TaK, YTOOBI MOTYUYEHHAs] KApTHHA MO3BOJIsIA CYIUTh 00 3JEKTPOCTaTH-
YEeCKOM I10JIe BO Bceil 00siacTH 3KcrepuMeHTa (Kak BOJIW3M Tena, Tak U BJAIU OT HETo).
st aToro cHauana mocrtpoiite 3—4 nosepxHoctu. [Ipoananuzupyiite mosrydeHHOE pac-
IIpeIeJICHNE DKBUIIOTEHIIMAIBHBIX MOBEPXHOCTEN. Ilocae 3Toro mpogomKkuTe NocTpoecHue
OCTaJIbHBIX MOBEPXHOCTEH, yJelsisi BHUMAHUE IYCThIM (HE 3allOJHEHHBIM 3KBHUIIOTEHIU-
QJIbHBIMU TIOBEPXHOCTSIMH) y4acTKaM 00JIaCTH SKCIIEPHMEHTA.

He ncnonp3yiiTe OIMH U TOT K€ LBET MapKepa AJis IOCTPOCHUS DKBUIIOTCHIINAIIb-
HBIX IOBEPXHOCTEN C pa3HbIMH IMOTEHIHATIAMHU.

Ecnu u1st BBIOpaHHOTO 3HaUeHUs A He yJajlloch NOCTPOUTh 5—7 3KBUIOTEHIIMAb-
HBIX IIOBEPXHOCTEH, MBICIIEGHHO YMEHBIINTE A B HECKOJBKO Pa3 U MPOJODKUTE MOCTPOE-
HUE SKBUIOTEHIIMAJIBHBIX [MOBEPXHOCTEH. [[1s1 moayyeHus: MakCUMaabHO IMOJHOIO Mpea-
CTaBJICHUS O pacHpeieseHUH MOTeHIHana B 00JaCTH 3KCIIEPUMEHTa KOJIUYECTBO MOCTPO-
€HHBIX SKBUIIOTEHIIMATIBHBIX MOBEPXHOCTEH MOXKET OBIThH (IIpH HEOOXOAUMOCTH) yBEIHYE-
HO.

10. Hdnst Toro uroOsl O0jiee TOYHO BOCCTAHOBUTH KApTHUHY CHJIOBBIX JIMHUN PEKO-
MEHJYETCSl HE IEPEPUCOBBIBATH IOIYYEHHYIO COBOKYIHOCTb JKBUIIOTEHIIMAJIBHBIX IIO-
BEPXHOCTEH, a COXpaHUTh e¢ B BuAc Tpaduueckoro bmp- wmm jpg-¢aiima. s sroro
HaXMuTe KHOMKY «Coxpanums pucynoky». Ilpu stom B (aiine coxpaHseTcs HE TOJIBKO
n300paxeHue 00JacTH HIKCIEPUMEHTa, HO U MHPOpMAIUs O TOM, KaKie 3Ha4eHHs TOTEeH-
1uasia ObUTH OTMEUYEHB! KaXK/IbIM U3 UCIIOJIb30BAaHHBIX MTPU BHINOJIHEHUH TyHKTA 9 1[BETOB.

Ouncrure 007aCTh SKCIEPUMEHTA C MOMOUIbI0 KHOMKU «OYUCTUTH PUCYHOK».
IIpu aTOM cTHparOTCs BCE OTMEUYEHHBIE MAPKEPOM TOUKH, & TEJIA OCTAIOTCS.

11. O6pabGoTka pe3yabTaTOB 3KCcHepuMeHTa. [locie pacnedyaTky MOJy4YEHHOTO
PUCYHKA COEIUHUTE IIJIaBHBIMU JIMHUSMM TOUKHM KAKIOW M3 DKBUIIOTEHLHMAJIBHBIX IIO-
BEPXHOCTEHN MEXIy COOOM.

Ha camoii OmkHel K 3apspkeHHOMY Telly SKBUIIOTEHIMATBbHON MOBEPXHOCTH BbI-
Oepute NMpoU3BOJIbHYIO TOUKY. C MOMOIIBIO LUPKYJIS HAllAUTE TOUKY HA JPYro SKBUIIO-
TEHIMAJIbHOIN MOBEPXHOCTH, PACCTOSHUE IO KOTOPOI OT BBIOpaHHOM Bamu Toukn MHHU-
MaJIbHO. AHAJIOTMYHO MOCTPOWTE TOYKY Ha CIEAYIOIIEH 3KBHUIOTEHINAIBHON MOBEPXHO-
CTH M IIOCJIEN0BATEIIbHO HA BCEX OCTaJbHBIX DKBUIIOTEHLIMAIBHBIX NMOBEPXHOCTSX. Bce
MOJIyYE€HHbIE TOUKHM COEJMHMUTE IUIAaBHOM JMHUEN (cuiioBas JuHUA). [IpogomkuTe TMHUIO
710 3apsKEHHOIO Tesa. YKaXXUTE HallpaBJICHUE CHIIOBOM JIMHUM, YYUTHIBAs, YTO CUJIOBBIE
JIMHUY HAYMHAIOTCS Ha MOJIOKUTENbHBIX 3apsi/iax, a 3aKaHUYMBAIOTCSI Ha OTPULATENIbHBIX.
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[To ToMy e MPUHIHITY MTOCTPOITE emie 6—8 CHIIOBBIX JTHUHHIA JIEKTPOCTATUIECKO-
0 MOJIS.

12. CnenaiiTe BEIBOJBI.
MOo3KHO J11 Ha TJ1a3 [0 AKCIEPUMEHTAIbHO MOJy4YeHHBIM IpaduKkaM HAMpPsHKEHHOCTH U TT0-
TEHI[MAJIa TIPEIIOJIOKUTh, KaK (10 KakuM (GopMysiaM) 3aBUCAT HAMPSHKEHHOCTh U IMOTESH-
1Mai OT pacCTOSHUS 110 Tena?
CoBnaialT 1M TEOPETUYECKUE U IKCIIEPUMEHTAIbHBIC 3HAUCHUS MTPOCKIIMU HANPS)KEHHO-
ctu noJst Ha ocb OX? [Touemy?
PaBHOMEpHO 1M paconokeHbl B MPOCTPAHCTBE AKBUIOTEHIMANIbHBIE TTOBepXHOCTU? [l0-
yemy?
MOXHO 7M1 CUUTaTh, YTO KapTUHA CHJIOBBIX JIMHUHA 00JIaaeT Kakoi-1nbo cuMMmeTpuen?
Kak Be1 nymaere, ¢ yem 310 cBA3aHO?

Ynpaxuenue 2. U3ydenue sekrpocratudeckoro nojs ABYX 3apsukeHHBIX
TeJl.

13. IloaroroBka odJacTu IKcIepuMenTa. B nanHoi padorte Tena B 001aCTh KC-
MEPUMEHTa MOKHO HE TOJBKO M00aBIATH (KHOIKA «/[0fasums)» Ha AHETH MHCTPYMEH-
toB «Tenayr), Ho U ynansaTh (KHOMKA «Yoanumsy), eciv 370 HeoOXoaumo. [Tomecture B
o0JacTh PKCIEpUMEHTa JBa Tena (M0 yKa3aHWIO MperojaBarens), IpeaBapUTeIbHO yaa-
JIUB TEJI0, KOTOPOE UCII0JIb30BAJIOCH B IEPBOM YIIPAKHEHUU.

Kaxxnoe nobaBrneHHOe TEJIO aBTOMATHUECKU MOMENIaeTcs B LIEHTP 00JacTH dKCIIe-
pPUMEHTA, a €r0 Ha3BaHUE MOSABISAETCS B CIMCKE Ha MMaHEIN UHCTPYMEHTOB «Tenay.

Ecnu B o6nactu sKkcriepuMeHTa MOMEIIEHO 00jiee OJTHOrO Tena, TO CUYETYUKH «3a-
paoy, «Pazmepy, xoopauHatsel Tenna «X» U «Y» oTpaxkaroT COOTBETCTBYIOIME ITAPAMETPBI
TOTO Tella, Ha3BaHUE KOTOPOTO BBIJICTICHO B CIIMCKE Ha MaHeI HHCTPYMEHTOB « Tena.

14. Beigenute B ciiucke «Tena» moouepenHo Kaxa0€ TeJIO U C TTIOMOIIBIO CUETYH-
KOB «3apao» u «Pa3zmep» 3anaiite COOTBETCTBYIOIINE TApaMETPhl KaXJA0My U3 Tell.

15. Tena B 00nacTu SKCHEPUMEHTa MOXKHO INE€pPEeMeEIIaTh, MePEeTacKuBas UX C I0-
MOIIbIO MBIIIN, WJIA U3MEHSISI KOOPAMHATHI T C MOMOUIbIO CUETYUKOB «X» U «¥» Ha
MaHEeJIN UHCTPYMEHTOB « Tenay.

JIroObIM M3 3THX CHOCOOOB PacIlOJIOKUTE Tejla yKa3aHHOU mpernojaBareneM (op-
MbI B10J1b 0ck OX (Y-KOOPAHMHATHI KakKI0T0 U3 TeJ PABHbI HYJII0); X-KOOPIUHATHI KaX-
JIOTO U3 Tell BbIOEpUTE TaK, YTOObI ObLIO YIOOHO CTPOUTH 3KBUIOTEHLIUAIBHBIE MTOBEPX-
HOCTH, KaK MEXIy TelaMH, TaK W BOKpYI Ipynmel Tea B 1enoMm. Pacmosoxkure Tena
B10Jb ocu OX Tak, 4TO0BI MeKAY KaKIbIM M3 TeJ W IpaHuueil 00J1acTu IKcnepu-
MEHTAa ObLIO NMPUMEPHO TAaKOe e PACCTOSTHHEe KaK MeK1y TeJaMH, MJIH HEMHOIo
O0osbme ¢ ydyeroM ¢GopMbl M pa3MepoB HMCHOJIb3yeMbIX Tea. Hampumep, eciam X-
KOOp/MHATa B 00JacTH dKCIIEpUMEHTa M3MeHsieTcsi B uHTepBaie or —21 cm 1o 21 cm, a
TEJIAMH, UCIIOJIb3YEMBIMU B OKCIIEPUMEHTE, SIBJISIOTCSA TOUEUHBIM 3apsij U CTEP>KEHb, pac-
MOJIOKUTE TeJa TaK, YTOObI OJHO TEJIO MMEJI0 KOOpAMHATHL: X =—7 cM, Y =0, a apyroe:
X=7cM, y=0. B aToM ciryyae paccTOsHUS OT KaXAOT0 U3 Tel JI0 Kparo 00JacTu dKcIie-
PUMEHTA U PaCCTOSTHUE MEX]y TeJIaMH (110 TOPU30HTAIH) OyyT paBHBIMH (110 14 cMm).

OOpaTtuTe BHUMaHue, 4TO JIs KOJIbIa (MOTYKONIbIIa) X- U Y-KOOPAUHATHI HA MaHe-
71 MHCTpyMeHTOB «Tenay» 3a7at0T MoJI0KeHUe [EHTpa KoJibla (MOoIyKoIblla), a He KaKoi-
00 TOYKHU Tena.

He nomyckaiiTe, 4ToOBl Tena mepeceKkaluch WM compukacaiuch. Ha peanpHoi
yCTaHOBKE 3TO MPHBEJIO OBl K MepeTeKkaHuto 3apsioB. He momeraiite aApyrue Tena BHYTpb
KOJIbIIa U MOJYKOJIBIIA.
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16. BeimonmHuTe M3MEpEHHsI, KaK B IEPBOM yIpaXHeHUH (IIyHKT 3—12).

Ecnu ni1st cpaBHEHHS ¢ TEOPETHYECKHM 3HAUCHUEM HAIPsHKEHHOCTH (IyHKT 7—8)
HE YAAJOCh MOJ00paTh MOAXOJSIIYI0 TOTOBYIO (hOpMyITy, BOCIOJB3YHTECHh MPUHIUIIOM
cynepno3unuu. Tak Kak ©3MepeHusl BHIIOIHIIOTCS BOJIb TOM e NPsIMOM, BI0JIb KOTOPOii
pacnojoXeHsl Tena, TO B 000i Touke ocu OX HampsHKeHHOCTh HOJS, CO37aBaeMOro
KaX/IbIM TE€JIOM B OTJEJIbHOCTH, HalpapjeHa napaienbHo ocu OX, mo3ToMy HamnpsiKeH-
HOCTH MO>KHO CKJIaJbIBaTh (BBIYMTATh) ajlreOpandecku C y4yeTOM HallpaBJIEHHUsS U TOTO,
YTO TeJa HaXOAATCS HE B Hauajle KOOpAUHAT.

Ynpaxnenue 3. U3ydeHue 3JIEKTPOCTATHYECKOIO MOJISI HECKOJbKHX 3apsi-
JKEHHBIX TeJl Pa3JIM4YHOi (popMBbI.

17. JleiicTBys Kak B MyHKTe 13, B 3aBHCHMOCTH OT yKa3aHHWW MperojaBaTeis Io-
MECTUTE B 00JIaCTh SKCIIEPUMEHTA TPH TeTa.

18. 3amaiite mapameTpsl (3apsa U pa3Mep) Kaxaoro Tejaa Kak B MyHKTe 14 (B co-
OTBETCTBUU C YKA3aHUSIMU MIPETIO1aBaATEIA).

19. O4eBuaHO, YeM OOJbIIE TNl B 0OJACTH SKCIIEPUMEHTA, TEM CJIOXKHEE KapTUHA
SKBUIMIOTCHIIMAIBHBIX MOBEPXHOCTEH. UTOOBI YyIIPOCTUTH BBIIOJIHEHHUE 3aJIaHUs, MPU pac-
MOJIOKEHUHU TeJl TIOCTapanTech NOOUTHCSA Kakoi-mnbo cummerpuu. Hampumep, npu pac-
nosiokeHuu ten Ha ocu OX (Y-KOOpAUHATHI BeeX TeJl PAaBHBI HYJII0) CIEIyeT OXKUAATh,
9TO 10JIe OyIeT CHMMETPUYHBIM B BEPXHEH M HIDKHEH IMOIYIIIOCKOCTH 00JIaCTH KCIIEpH-
MenTa. Kpome Toro, cienyer oOpaTuth BHUMaHUE, YTO pacnoiiokeHue ten Ha ocu OX
MO3BOJISIET YNPOCTUTH PACUEThl TEOPETHUUECKUX 3HAUYCHUM HAIPSHKEHHOCTH SJIEKTpUYe-
CKOTI'O IOJIS.

Pacrnionoxxenue ten A0KHO 0OecriedrBaTh BO3MOKHOCTh TOCTPOEHHUS 3KBUIIOTEH-
LUAJBHBIX TOBEPXHOCTEN, KaK MEX]y T€JIaMH, TaK U BOKPYT BCEH CUCTEMBI 3apyKEHHbBIX
T€J, UCIOJB3YEMBIX B dKCIIEpUMeHTe. i 3TOro He I0IycKaiTe nepecedyeHus el (mepe-
TEKaHUS 3aps/I0B), a TAKXKE HE MOMEIIaiTe Kakue-mu0o 3apsiKeHHbIE Tella BHYTPh KOJbIIa
Y TIOJTYKOJIbLIA.

YuuThiBas 3TH PEKOMEHIAIMH, PACHOJIOKHTE Teja BA0ab ocu OX Tak, 4To0bI
MEKAY KaKAbIM M3 TeJl M IPaHuueil 00J1acTH 3KcNepruMeHTa ObLI0 IPMMEPHO TaKoe
’Ke PacCTOsIHUEe KAaK MeXK1y TeJIaMM, WJIM HEMHOro 0oJiblie ¢ y4eToM (pOopMbI U pa3-
MEPOB MCIMOJIb3YeMBIX TeJl (CM. TYHKT 15).

20. BbIMoNHUTE U3MEpPEHHs, KaK B TIEPBOM yMpaKHeHUH (MyHKT 3—12) ¢ yueTom
MyHKTa 16.

Ha ocHoBaHMM NpOBEIEHHBIX UCCIEIOBAHUNA U PACUETOB ONMUIIUTE, KAaK U3MEHAET-
Csl KapTHUHA HKBUIMOTECHIIMAJBHBIX MOBEPXHOCTEM M CUJIOBBIX JIMHUM C U3MEHEHUEM KOJIHU-
4yecTBa U (hOPMBI 3apSKEHHBIX TEJ, CO3AAIIINX IEKTPOCTATHIECKOE TIoTIE.

Taoauna
N3meHneHue HN3Menenue Cpemusis
Koopaunara | [loTeHnman | KoopAHHATEI MOTEHITHAaNa TouKa HanpspoxkenHocTtb
Xi, CM ¢i, MB AX = Xjr1 — Xi, | AQ = Qir1 — @i, X oM Ex, MB/cm
cM MB ’
0,5
0,5
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5. KoHTpoJIbHBIE BONIPOCHI

1. Yto Takoe 35eKTpocTaTuka’?

2. YTto Takoe TOUECUHBbIN 3apsi?

3. Chopmymnupyiite 3akon Kymona.

4. YTo Takoe HaIpsHKEHHOCTh 3JEKTPOCTATUYECKOTO MOJIs?

5. B dem 3akntoyaercs ONPHUHIUI CYNEPHO3ULHUH SJIEKTPUYECKUX ITO-
neun?

6. B kakux ciyyasx roBopsT O JUHEWHOW, MOBEPXHOCTHONW M 00BEM-
HOM IJIOTHOCTH 3apsi0B?

7. YTo Takoe MOTEeHIIHUAI JIEKTPUUECKOTO MOJIs?

8. Kak moTeHIman cBsizaH ¢ HaPsHKEHHOCTBIO AJIEKTPUUYECKOTO MO ?

9. MoHO 511, 3Has HANPSHKEHHOCTh, OJJHO3HAYHO BBIYUCIIUTH MOTEH-
IIMAJ TTOJI B HEKOTOPOM TOUKE MPOCTPAHCTBA?

10. MosxHO 11, 3Hasi TOTEHIIMAN, OJHO3HAYHO BBIYUCIUTH HAIPSKECH-
HOCTb AJIEKTPUYECKOTO OISl B HEKOTOPOI TOUYKE MPOCTPAHCTBA?

11. Kak 1o W3BECTHOMY paclpeiesICHHI0 SKBUIOTEHIHMAIBHBIX IO-
BEPXHOCTEW MOCTPOUTH CUIIOBBIE TUHUU AIIEKTPUUECKOTO MO ?

12. OnummuTe MOpsI0K BHITIOJIHEHUS PaOOTHI.
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