


Ona gucumnnuH ¢ popMon KOHTPONSA — IK3aMeH

OueHOYHble MeponpuUAaTUA Kon-Bo Bannbl

TeKyLMN KOHTPOnb: 80

BbinonHeHne nabopaTtopHbIX paboT ) )
3awuTa nabopaTopHoOm padboThl 5 5
3awwmTta N3 2 10
Konnokesuym 2 14
KoHTpornbHasa pabota 2 10
HesaBucumbii KoHTposb LLOKO 2 30
OnEeKTPOHHLIN obpasoBaTenbHbIN pecypc (AOT) 6
[MpomexyToyHas aTtTecTauuns: 20
JK3ameH 20
NTOIro 100
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*ripe3eHTauns Ha TeMy «Pusnka B SHEpreTmke»: 3NeKTpoMarHeTmsm
*3aa4un rno n3y4yaembiM Te€éMaM NMPpUMEHNTENbHO K BaLLEN CneumanbHOCTH
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beHa)XaMUH ®paHK/IMH
Benjamn Franklin
1706 - 1790

NMepBbiMU U3BECTHbIMMU 4EJSIOBEKY MNPOSIBJIEHUSMU
"YXMBOTHOIO0 3NeKTpuuecrtBa" 6biin  pa3psabl
3NIEKTPUUYECKUX Ppblb. DnekTpuyeckoro coma
n3obparkanu ewe Ha ApeBHeernneTcKmx
rpobHMuax, a "snekrporepanuMio” C MNOMOLYbIO
3TUX pbl6 pekomenposan laneH (130-200 ropabl
Hallen 3pbl), NPOXOAUBLLUMA BpauyebHYI0 NPaKTUKY
Ha rnaguaTopckux 6osix B [ljpeeHeM Pume.

B 1746-54 rr. ®paHK/IMH 06DbAACHMN AencTBue
nenaeHckon 6aHku, NOCTpoun nepBbid NJIOCKUN
KOHAEeHCcaTop, COCTOSILLMMN n3 ABYX
napanasenbHbIX MeTaJIJIMYeCKNX NACTUH,
pa3AenieHHbIX CTEeKJISHHOW NMPOC/IOUKON, nsobpen
B 1750 r. monHueoTBoA, AoOka3an B 1753 r.
3JIEKTPUYECKYI0 npupoagy MosiHMM (onbIT C
BO3AYLUHbIM 3MeeM) U TOXXAECTBEHHOCTb 3€MHOro
n atMmocdepHoro anekrtpuuecrsa. B 1750 r. oH
pa3paboTan Teopuio NIEKTPUUYECKUX SABJIEHUN —
TakK Ha3biBaeMyrl0  "YHUTApHYHO Teopuio”,
COrJIaCHO KOTOPOM 3/IEKTPUUYECTBO npeacrasnser
0CO6YI0 TOHKYH) )>XWUAKOCTb, NPOHU3bIBAIOLLYIO
BCe Tena.



R st R ) ]

£ Sy '3 . :
o~ R . S .. -
i LS swmf e zﬁ;{_
. ‘. AN P .' .l
A (T 7$ Py o3

|
18

B LR
¥ e

1

Lo , el _wwuw.initeh.ru
Ba)kHOe MeCTO B WUCTOpMM HAayKu 06 »3nekrTpuyecrse
NMPUHAANEXNUT HeMeLKOMYy 6yproMmucrpy epuke.
OH u306pen 3neKTpUYecKyr0 MaLUMHY: KpPYr U3 cCepbl,
BpalLaloOLMMNCA HA OCU. DKCNEPUMEHTATOP NOAHOCUN PYKY
K BpallaloleMyCcsi Kpyry, M TakuMm oO6pa3soM MalUMHa

noJsiydasna 3/1eKTpMuecKkmum 3apsaa.




MNepBble ONbITbl N0 Nepeaaye 3J/1eKTpuYecTBa Ha pacCTosiHUe

bnaropaps pabéoram Npes (AHrnus,
1701-1770 rr.), onbiTbl N0 Nepefgave
3/IeKTpUYecTBa Ha pacCTosiHME BbILUJIN 3a
npeaenbl noMelweHua. Ansa
3/1IeKTpU3aLm UCnosib30BaJINCb
CTeKkNnsiHHble Tpybkun. [lna nepepaumn
3J/IEKTPUUYECKUX 3apsaaoB — beueBKy, a
rnosaHee - WeJsiKoBblie LUHYPbI.
CooblieHune Tenam "anekTrpuyeckKkoun
cunbl” 'pen npoBepsis C NOMOLLbIO
NyLWMHKN, KOTOpas MOrJia NpUTArMBaTbCs
K Teny.



Ona obHapyxeHuss Manoro 3apsipa Npeun
NnoJib30BaJICA MAJIMHHbIM KYCKOM TOHKOM
HUTU, NOoABELUEHHbIM K KOHLY MNMaJiKM.

31 mMmaa 1729 r. N'pen, ctod Ha 6asikoHe,
nepenan 3/IeKTpMYeCTBO BBEpX MO LIeCTy
AsiMHom 5,5 M. B ycnewHo npoBeaeHHbIX
B 1729 r. onbitTaXx [AJIMHA JIVHUM
(BepeBku) poxoauna oo 233 M, a B 1730
r. - oo 270 M. Jivuummn pepxanaucb Ha 15
oTpe3Kax LLEeJIKOBbIX LLHYPKOB,
HaTSAHYTbIX B FTOPM30OHTAJ/IbHOU MNJIOCKOCTM
MeXay AepeBSAHHbIMU CTOMKaMM.



«MyweHb6pokoBa MalWlMHA>», UK NenaeHcKan 6aHka

JlenaeHckass 6aHka 6bis1a nsobpereHa B 1745 r.
He3aBMCUMO roJi/1aHACKUM npodgeccopom
NMutepom BaH MyweH6pokoM (1692-1761 rr.) m
HeMeLlKkuM npenatomMm dBasbaoM eopromMm oH

Knencrom. AV3NeKTpuKoMm B 3TOM
KOHAEeHcaTope CAYyXWJ0O CTeK/10 cocyaa, a
obknagkaMn - BOAa B cocyAe WM J1aAOHb

9KCNepuMMEeHTaTopa, KOTopas Aep)kana cocya.
BbiBOAOM BHYTpeHHeU obkiaaku cayxun
MEeTaJ/I/IMYeCKMM MNPOBOQHMUK, NpoONyLWeHHbIn B
cocyA W norpyxeHHbin B Boay. B 1746 .

NnosgBWINCD _ a3J/IMuHbIEe Moandpukaumm
NIeNnaAeHCKOM AHKM. JlenpeHckas 6aHKka
no3BoJsiana HaKanuBaThb " XPaHUTDb

CpaBHUTENIbHO 6o0nbLuMe 3apsabl, nopsaka
MUKPOKYJIOHA.



«3Hasl, 4YTO CTEeKJI0 He npoBOAMUT DISJIEKTPUYECTBA,
MyweH6poKk B3I CTeKNAHHYIO 6aHky (konb6y),
HanoJIHEHHYKI0O BOAOWM, ONyYyCTWI1 B Hee MefHYyHo
NPOBOJIOKY, BUCEBLUYID Ha KOHAYKTOpE 3J/1eKTPUYeCcKoun
MalWuHbI U, B39B 6aHKy B npaByr0 PYKY, NOnNpocun
CBOero rnoMoLwHMKa BpaljaTbh wWap MawuHbl. MNMpyu 3aTOM
OH NnpaBuUJ1IbHO npeanosioXun, 4yTo 3apsaabl,
rnoctynaswiMe C KOHAYKTOpa, 6yayT HakansuMBaTbCAa B
CTeKJISHHOM 6aHke. lNMocne TOoro, KakK, No ero MHeHuto, B
6aHKe HaKOMWUIOCb AOCTAaTOYHOE KOJZIMYeCTBO 3apsaos,
OH pewun JNeBOM PYKOU OTCOeAUHUTb MefHYyHo
npoBoJioKy. Npn 3TOM OH OWLYTU/ CW/IbHbIW yaap, eMy
rnokKasasocCb, UTO npuwen koHeu. B nucbMe k PeomMiopy
B Mapmx (1746r.) OH nucan, 4Yto 3TOT “HOBbLIN M
CTPaLUHbIA ONbIT COBETYH0O CAMMM HUKaK He NOBTOPATb”
M 4YTo “"paau KOpoHbl ®dPpaHUuMnM” OH He cornacurcs
noABEpPrHyTbCH "CTOJIb Y)KAaCHOMY COTPSICEHUIO" »



N306peTeHue NnenaeHCcKou 6aHKku
O3HAMEHOBaJ/IOCb €e pa3psaoM uyepe3 Teno
3KCnepMMeHTaTopa. Bckope cranau npoBoAMTDL
ONnbiTbl C pa3psiAoOM JienaeHCKoOn 6aHku uyepes
LLeNouKY J1IoAeN, B3ABLUMXCSH 3a PYKM.

UHorpa cocegHve noauM CoeAuMHSIZINCh 4yepes
MeTaJi/iuyeckme crtepxHu. B Bepcane nopa
NMapmxem B npucyTcTrBuMmn Koponsi abbar Honne
AEeMOHCTpUupoBan 3N1IEKTPUUYECKUUN vaap
oaHoBpeMeHHO 240 y4yenoBeK, B3fIBLUUXCA 3a
pyku. O cBoux onbitax Honne ponoxun
MapvXCKoON akaaeMnmn HayKk BeCHOM 1746 r.






= l JleiineHckan 6aHka
n3 KoposieBCKoOro
LLOT/TIAHACKOro
My3es B 9AuMHb6Yypre




dotorpadus ycranoskn P. Munnukena (1916r.)

CaMble KpacuBblie ¢u3uquKue AKCNnepnMeHTbl B UCTOPUM HeJioBeYecTBa.

N29. DkcnepMMeHT aMepuKaHCKOro pmsmka, naypeara
Hob6enesckon npemun Pobepra MunnukeHa, 6narogaps Koropomy
6b11 U3MepeH 3apaAa 3/IeKTPOHaA.



AHrNMMUCKnn busnkK YWJICOH NonbITasnCs onpeaesiutb
BeJINUMHY 3apsila D3JIeKTPOHa, wuccneaysa BJUsSIHUE
3/IEKTPUUYECKOro noJsis Ha 3apshkeHHoe 06,1ako napos
3¢pupa. HOo ero BblUMCNEHUA ObIZIM  HETOYHDbIMM,
NOCKOJIbKY YW/ICOHY He yaanocb npuayMatb MeToa,
KOTOpPbIA NO3BOJZINN 6bl NpoBecTU BCE U3MEpPEeHUs Ha
OoTAe/IbHOU KanesbKe.

MWIJZIMKEeH YCOBepLUEeHCTBOBaJ1 SKCNepuMeHTaJ1bHYIO
YCTAHOBKY YwuJsicoHa. [lpy BKJIIOMEHHOM MoJie MexAay
naacTMHaMM Kanesibka MeaJZieHHO ABurajsacb BBepX
noa AEeUCTBUEM DJJIeKTpuueckoro npursbkeHus. lMpwm
BbIKJIOUEHHOM MNOJIe OHAa oOrnyckasacb noa AeUCTBUEM
rpaBuTauuMu. Binoyasa M BbikKO4Yasa none, M. Mor
M3yyaThb KaXAyl0 U3 B3BeLUeHHbIX MeXAay njaCcTUHaMM
Kanesiek B TeyeHue 45 cekyHA, nocsie 4Yero OHM
MCNapAJIUCh.



K 1909 r. M. ynanocb onpeaenuTtb, YTo 3apsia noboun
KaneJibKu Bceraa 6bin LenbiM KPaTHbIM
¢dyHAaMeHTaIbHOM BeJINUMHeE. Cays) 6b1N10
y6eanTenbHbIM AOKa3aTe/IbCTBOM TOr0, UTO 3J/1EKTPOHDI
npeacraBnsaam cobom dyHaaMeHTaNbHble 4YacTulbl C
OAMHAKOBbIMMU 3apsAAOM U MAaCCOM.

3aMeHMB KaneJsibKM BoAbl KanesibKaMU NpaKTU4YeCcKu
HeJleTyyero mMacsa, OH noJsiyuyus1 BO3MOXHOCTb
yBe/IMUUTb NPOAO/HKUTENIbHOCTL HabnoaeHmn go 4,5
yaca.

B 1913 r., UCKNIlOMMB OAMH 3a APYrMM BO3MOXKHbIE
MCTOYHMKM norpewHocren, M. onyébnukoBan cBoe
rnepBoe OKOH4YaTeJIbHOEe 3HAauYeHMe 3apsifa 3JIeKTPOHa.
NonyyeHHoe 3HaYeHue npoaepxxanocb 6onee 70 ner.






YacTHBIM CliydaeM 3JIEKTPOJUHAMUKH
ABJIAETCA IJIEKTPOCTATHKA,
IPEACTABIISAIONIAS COOOM YUeHue 0

B3aMMOACUCTBHUH ICKTPUICCKHUX
3apPAI0B.

OCHOBY DJIEKTPOCTAaTUKH COCTABJISIIOT:
- 3AKOH COXPaHEHMUs 3aps/ia;
- 3aK0H Kyona;

- IPUHIUAI CYNIEePMO3UIIAU I10JIEH.



1.1. DjaekTpUuyecKH 3apsi/

DN1eKTpocTaTvika — pa3jevi,
U3yyaloLLMN cTaTU4decKmne
(HeroaBwxKHbIE) 3apsiabl U CBSI3aHHbIE C
HUMM SJIEKTPUYECKUE OJTS.

[lepemMellieHmne 3apsaoB MMbo OTCYTCTBYET, NMbOo
NPONCXOANT TaK MeAJsIeHHO, YTO BO3HUKAOLLME MpU
OBWXEHUN 3apsi0B MarHUTHbIE MO1S1 HUYTOXHb



Curna e3aumModeucmeusi Mexoy
3apsidamu ornpedodesissemcs
MOJIbKO UX 83aUMHbBLIM
pacroJsioxXeHuem.

CnenoBaTenbHO,
3Hepausi

3JIeKmpocmamu4ecKo20
g3aumodelucmaeus -
noTeHuuarnbHast IHeprus.



* HecmoTps Ha obunune pasnnyHbIX BELWECTB

B NPUPOAE, CYLLIECTBYIOT TONbKO

ABa Buga anekTpuvyeckux 3apsaagos:

3apsaabl N0O0OHbIE TEM, KOTOPbIE BO3HUKAIOT

Ha cmekKJsie, MomepmMoM O WeJsiK —
rnoJsioxumesibHble

3apsabl, N0O0OHbIE TEM, KOTOPbIE MOABNAITCS Ha
sSHmMape, nomepmom O MeXx -
ompuuamersibHbIe

 HasBan mnx tak



PpaHKnNH beHaXXamMuH
(1706 — 1790)

aMepuKaHCKUn (pm13unK, NONUTUYECKUN U
. obLecTBeHHbIN AeATenNb.

- CHOBHbIe pabGoTbI B 0611aCTH aNeKTpUYecTBa.
O0bsAcHUN gencreue JlenaeHcKom 6aHKKU, noCcTpoun
nepBbIN NJSIOCKUN KOHAeHcaTop. U3obpen
MOJIHMEOTBOA, AOKa3an 3NeKTPUYEeCKyro npmpoay
MOJIHUU U TOXAECTBEHHOCTb 3€MHOro n atmocdepHoro
aneKkTpuyecTBa. Pa3paboTan Teopuio aNeKTPU4eCcKnx
ABJIEHUN — TaK Ha3blIBaeMy0 «KYHUTAPHYIO TEOPUIOY.
PaboTbl OTHOCATCA TaKXe K TensonpoBOAHOCTU Ten, K
pacrnpocTpaHeHuIo 3ByKa B BoAe 1 Bo3ayxe U T.M.
flBnseTcsa aBTOpoM psaga TeXHUYECKUX n3oopeteHun.




N3BECTHO, YTO OJHOMMEHHbIE 3apsabl
OTTa/IKMBAIOTCH,
pa3HOUMEHHbIE — MPUTSIMMBAaIOTCS.
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* Ecnn nogHecTn 3apsaXeHHoe Teno (C
N0ObIM 3apsAa0M) K NTETKOMY —
He3apsKeHHOMY, TO MexXxay HUMu oyaet
NPUTSXKEHUE — sI8JI€HUe 3siekKmpu3ayuu
NIErKOro Tena yepes eriusiHue.

* Ha bnuxauilem K 3apaxXeHHoMY Teny
KOHLIe NoABNAKTCA 3apaabl
NPOTUBOIMOSIOXXHOIO 3HaKa

(MHOYUMpPOBaHHbIE 3apsaabl) 3TO ABNEHUE
Ha3blBaeTCH

asilekmpocmamuYyeckKou uHoykyueu.



» Takum obpasom, BCAKUN r1poLiecc
3apsXKeHUs eCTb Mpouecc
pa3soerieHus 3aps008.

» CyMMa 3apsiJoB HE UBMEHSAETCH,
3apsabl TONbKO
nepepacnpenenstoTcs.



* OTcloga cnepyert
— OAWH U3 PyHOAMEHTanNbHbIX
3aKOHOB Npupoabl, copMYynMPOBaHHLIN B
1747 r. B. ®paHKNMHOM U
noaTBepXaeHHsIN B 1843 r. M. ®apaneem:

e asicebpauyvyeckasi cyMma 3apsioos,
803HUKarowux rnpu sirobom
3J/IeKmMpUYEeCKOM ripouyecce Ha ecex
meJsiax, ydacmeyrouw,ux e rnpouyecce
gcea0a pasHa HyJio.



3aKOH coxpaHeHus 3apsana

*CYMMapPHbIU
3siekKmpuyecKuu 3apsio
3aMKHymou cucmemabl He
U3MeHsiemcsi.



» JrieKmpuyecKkue 3aps0bl He
cyuwjecmeayrom camu ro cebe, a a6/somcs

8HYMpeHHUMU ceolicmeamu
aremMeHmapHbIX Yacmuu — 3/1eKMPOHOS,

rPOMOoHO8 U op.

* ONbITHbIM NyTEM B 1914 . aMePUKaHCKUA
dounsuk P. MunnukeH nokasan 4to

asiekKmpuYyeckul 3apsio OUCKPEMmeH.



» 3apsa g nboro Tena coctaBnseT

Lienoe KpaTHOe OT aJ/1TeMeHmapHoz20
3JIeKmpu4ecKo20 3apsioa :

g =xIne
e=1,6-10"" K

rge n — uesioe 4Yncsio.



e JJIeKMpPOH W MPOMOH SABAAIOTCH
COOTBETCTBEHHO HOCUTENSAMMU
SfIeMEHTapPHbIX OTPULIATENBHOIO I
NONOXNTENbHOIO 3apsiaoB.



* Hanpumep, Halwla 3emMns UMeeT
oTpuuaTtenbHbIU 3apaa
-6 * 10°Kn
9TO YCTaHOBMNEHO NO U3MEPEHUIO
HanNpPAXXeHHOCTU

9NIEKTPOCTaTUYECKOro rnons B
aTMocdepe 3eMnu.



 bonbLluOW BKNaa B uccrieaoBaHue
ABNEHUN ANEKTPOCTATUKN BHEC
3HAMEHUTbLIN PPaHLY3CKNN YY4EHbIN

LL. KynoH.

* B 1785 . OH 3KcnepuMeHTarnbHOo
yCTaHOBMWI 3aKOH B3anMoaeNnCTBUA
HernoOB8UXXHbIX MOYEYHbIX
ANEKTPUNYECKUX 3apaaoB.



KynoH LlUapnb OrtocTeH

(1736 — 1806) — ppaHUy3CKUN PU3UK U
BOEHHbIN NHXEHEP.

PaboTbl OTHOCATCS K 9NEKTPUYECTBY,
MarHeTu3my, nNPUKIagHon MexaHukKe.
CdoopmynupoBarn 3akoHbl TPEHUSA, KAYEHUSA U
CKOJSbXXEHUS. YCTaHOBUST 3aKOHbI YNPYroro
KpydeHusa. icxooa us atoro B 1784 1. KynoH
nocTpoun Nnpndop ansa n3MepeHnst CUsbl —
KPYTUSTbHbIE BECHI U C MOMOLLbIO UX OTKPbIST
OCHOBHOW 3aKOH 3MEKTPOCTaTUKN — 3aKOH
B3aUMOOENCTBUSA ANEKTPUYECKMX 3apaaoB
Ha pacCTOSAHUW, Ha3BaHHbIW B MNOCIIEACTBUA
ero UMeHeM.



1.2. Bzanmoaeuncreue
3rIeKTPU4YeCKuX 3apsaaoB B
BaKyyme.

e ToyeYHbIM 3apsidom (q)
Ha3blBaeMCs 3apsi>KeHHOEe Mesio, pasMepbl

KOmopo2o rnpeHebpexumeribHO Marsib! no
cpasHeHUK ¢ paccmosiHuem 0o opyaux
3apPSXKEHHbIX MeJi, ¢ KOmopbIM OHO
g83aumooelcmeayem.



3akoH KynoHa

* cusia e3auModelucmaeusi mo4Ye4yHbIX 3aps1008
8 8aKyyMe rnpornopyuoHasibHa eesiuq4uHe
3apsidoe u obpamHoO npornopyuoHasibHa
Keadpamy pacCcmosiHUSI MeXX0y HUMU.
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* 30eCb k — KOO(PPULNEHT
nponopuMoHanbHOCTU, 3aBUCALLMA OT
CUCTEMbI eauHuL,



* B cucteme CU1 egmnHunua 3apsiga
1Kn=1A* 1c

2
e bEpra
dre, K

e roe 80 — ANIEKTPUNHECKAA NOCTOAHHAA,

* 47 30€Cb BblpaXkaloT cdreprnyecKyto
CUMMETPUIO 3aKOoHa KynoHa.




o JrieKTpuYyeckas NoCTossHHaA OTHOCUTCA K
ynucny goyHoameHmarbHbIX u3u4ecKuX
KOHCMaHIm v paBHa 3

K O
M

£, =885 107" =8.85 - 107"
H-m°

» OnemeHTapHbI 3apsaB CU: e=1,6-107" K.

» Otciopa crieayet, uto | Kn=6.25-10"e¢

[TOoCKONbKY anemMeHTapHbIU 3apan Mar, Mbl Kak
Obl HE 3aMeYyaeM ero ANCKPETHOCTHU (3apsay 1
MKKn cooTtBeTcTByeT ~ 10 anekTpoHoB).



B BekTOpHOU popMe 3aKoH KynoHa BeIrmmagnT
Tak:

1

i 44, T
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rae F, — cuna, AeiCTByloLLast Ha 3apsig q,

F, —cuna, OEeVNCTBYOLLAsA Ha 3apaa q,

r - eQUHUYHbIVN BEKTOP, HanpaBfeHHbIN OT
NONMOXNTENBLHOIO 3apaaa K oTpuuaTtenbHoOMY.



* B anekTpocTtaTtuke B3anMogencTeme
3apsa0B NOAYNHAETCA mpembemMy
3aKoHy HoromoHa: curiel
g83aumooeucmeusi Mexxoy 3apsoamMu PasHb!
10 8esiuY4UHe U HarlpaerieHbl
MPOMUBOIOoIIOXXHO Opya Opyay 80071k
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* Ecnu 3apaabl He ToYeYHble, TO B TakOo oopMe
3aKoH KyrioHa He rognTcs — Hy>KHO pa3buTb
3apsKEHHOE TES0 Ha AfIEMEHTapPHbIE YacTu U
NPOUHTErPUPOBaThL NO OOBLEMY.

e BCcA COBOKYNHOCTb (paKTOB rOBOPUT,
yTo 3aKoH KynoHa cnpaBeAanus npu
10’ -10" m

* BHYyTpU aapa AENCTBYIOT yKe ApYyrne 3akoHbl, He
KYJTOHOBCKWE CUIbI.



3akoH KyoHa B OCHOBHBIX YE€pTax
NOJ00CH 3aKOHY BCEMHUPHOI'O TATOTCHUS
HbroTOHA, B COOTBETCTBHUM C KOTOPHIM BCE
TEJa IIPUTATUBAIOTCS IAPYT K APYTY C
CUJIOM, IIPOIIOPIIMOHATILHOM
IIPOU3BEJICHUIO UX MAacC, 0OpPaTHO
IIPONOPLUOHAILHON KBAaAPaTy PaCCTOSAHUS
MEXKIy HUMH 1 HAIIPaBJICHHON BIIOJIb
IPAMOU, COCIUHSAIOIIECH 3TH Tena.



IIpn BCer BHENIHEN CXOXKECTH
(GOPMYIHUPOBOK ITUX 3aKOHOB MEKIY
HUMU UMEIOTCS CEPHE3HBIEC PA3TIUYMSL.

KadyeCcTBEHHOE pa3nnuue
3aKJIFOYAKOTCA B TOM, YTO 3aPSKECHHBIC
T€J1a IPUTATUBAIOTCS WIM OTTAJIKHUBAXOTCS
— B 3aBUCHMOCTH OT 3HAKOB UX 3apsA0B,
TOTJIAa KaK MEXy MaCCaMM CYIIECTBYET
TOJIBKO TPABUTAIIMOHHOE MPUTIIKEHHUE.



OxHako 00y€e€ CyIIeCTBEHHBIM
00CTOATENHLCTBOM SIBJISIETCS
KOJINYECTBEHHBIN aCIICKT, 3 UMCHHO:
CHJIA DJICKTPOCTATHYECKOTO
OTTAJIKUBAHUS JIBYX DJICKTPOHOB
[IPEBBIIIACT CHUITY MX
rPaBUTALMIOHHOTO MPUTSKCHUS B
MUWJIJIMOHBI OMJUIMOHOB OMJJIMOHOB
OMJIJIMOHOB Pa3.



*Cmna KynoHOBCKOIO
NPUTSXKEHUA MEXOY
SN1EKTPOHOM U NPOTOHOM B
aTome Boagopoaa B 10°° pas
Oonblle UX rpaBUTaLMOHHOIO
B3aMMOOEUNCTBUS.



1.3. 9neKTpocTaTnyeckoe rnone B
BaKyyMme.
HanpaXeHHOCTb
3NIeKTpOoCTaTU4YeCKoro nons

 [loyemy 3apsaabl B3aMMOOEUCTBYHOT?
* iImeneTt mecTto bopbba ABYyX TEOPUI:
* meopus oarnbHoOeucmeus — HbloToH, AMnep

* meopus briuskooeucmeus — Papageu,
MakcBenn u T.A4.

o [1Nna anekTpocTaTtu4ecKkoro nonsi cripaBeavBbl
o0e 3Tn Teopun.



» Bokpye 3apsi0Oa ecez20a ecmhb
asieKmpu4yeckoe nosie 0CHO8HoE
Cc80UCMB0O KOMOPO20 3aK/1toHaemcs 8
MOoM, 4YmOo Ha 8csKuuU Opyaou 3apso,
rnoMeuwieHHbIU 8 3o fnorsie, deucmeayem
curna.

o JslekKmpuYyeckKkue N Ma2HUMHbIe NOns —
YaCTHbIN criydan bonee obLero —
asieKmpomMa2HuUmHoe20 rnoJsisi (OMI1).

* OHKM MOryT nopoXaaTb ApPYr Apyra,
npeBpaLlaTbCcs Apyr B gpyra.

« Ecnun 3apsgbl He OBMXKYTCS, TO MAarHUTHOE
rnore He BO3HUKaerT.



e IMIN - ecmb He abcmpakyus, a
ob6bekmueHasi peasibHocmb — (hopma
cyuwjecmeoeaHust Mamepuu, obsiadarowast
oripedesieHHbIMU hu3u4yecKumu
ceoucmeamu, Komopbie Mbl MOXXeM
usMmepums.

« He cyLlecTByeT CTaTUYECKMNX ANEKTPUYECKUX
Nosien, He CBA3aHHbIX C 3apsigaMu, Kak He
CYLLECTBYET «TOfbIX», HE OKPY>XEHHbIX NOfIeM
3apsad0B.



 CusioeoU xapakmepucmuKoU roJis,
c030aeaemMo_20 3apss00M q S8/1I9emCcs
OomHouwleHue cussl, deucmesyrouweu Ha
NpPoOHbLIN 3apsAa q’, MOMEeWEHHbIU 8
daHHYK MOYKY roJsif, K 8e/lUHUHE 3mMOo20o
3apsi0a, Ha3blBaemMoe

HaripsaXeHHOCMmMbrO
NIeKmMpocmamu4ecKoeoO r1oJis, 1.e.

- 2
q 4neyr .



CurnoBasi XapaKTep1UCTUKOM M0J1s1 —

HAalNpaA>XXeHHOCTb
NEKTPOCTATUYHECKOIO noJisi.

E:E,: 9

q A4ng,r

- npo6HbIN 3apsaa

2

/

q



* Hanps>keHHOCTb B BEKTOPHOWU dhopme

Ay, S
dre r” r

* 3[1ECb r — PACCTOSAHME OT 3apsaa 4o
TOYKM, rae Mbl U3y4aem 3To nore.

VA

. Tornaf} — g B



e Bekmop Hanpsi>xeHHOcmMu
asiekmpocmamu4eCcKo20 MnoJsisi paseH
cure, deucmsyrow,el 8 0aHHOU MOYKe Ha
rnoMeuwleHHbIU 8 Hee MpPobHbIU
eOUHUYHbIU MosioKumersibHbIU 3apsio.

* /13 0aHHO20 orpeoderieHuUs caedyem, 4mo
Harnps)xeHHocmb Moxem bbimb

8blpa)xKeHa Kak — HbIOIMOH Ha KyJ10H
(H/Kn).

* 1 H/Kn — Hanpsi>keHHOCMb MaKo20
MoJisl, KOMopoe Ha Mo4YeYHbIU 3apsio 1
Kn delicmeyem c cusnou e 1 H.




- BCU

E=-1
e, r

2

e pa3MepHOCTb HANPSA)KEHHOCTMU:

[E] p— HJIH L
K M



1.4. CnoxeHue
INIeKTPOCTaTUYECKUX MOJSIENn.

[TpuHUMN cynepno3nuun

» Ecriu none co30aemcs HECKOIbKUMU
moYyeyYHbIMU 3apsoamu, mo Ha rnpobHbsIU
3aps0 g’ deucmayem co CMOPOHbI 3apsida
q, makas curna, Kak ecrniu bb1 Opyaux
3aps1008 He bblrio.



« Pe3ynbTupytoLasa cuna onpeaennTcs
BbIPpa)KEHUNEM:

* —3MO NPUHYUN cynepno3uyuu unu
He3asucumocmu delucmaeusi cus

F Z qqk rk Z F

471:80 v 18




A\ A\ A
- Tk F = q'E T0 F -
Nnonsi B TOYKe, rae
PACMOIOXeH NMPOOHbLIN 3apsia, TakK XKe

A A ¢ A
E=E, +E,+..=) E,.
» OTO COOTHOLLIEHME BblpaxkaeT npfHLM
HaNOXeHUsa UNu cyneprnosuyuu

asleKmpu4ecKux rnosieu n NpeacTaBnsaeT
Ba)XHOE CBOWUCTBO 3NEKTPMUYECKOro nons.



 HanpsixxeHHOCMb pe3ysibmupyrouw,e20
rMoJisi, cucmeMbl MOYeYHbIX 3apsio0e
paeHa eKMopHoOU cymme
HanpshxeHHocmeu rnoJsiell, CO30aHHbIX 8
daHHOU MOYKe Ka)>KObIM U3 HUX 8
omoesibHocmu.

I B 0
E=E, +E,+..=) E,.
k



[Mpumep 1

3ajiadya cMMMeTpUYHa
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I
I
I
I
I
I
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* B naHHOM cnyyae:

APl 9

v P
dre [
% o
4
CnepoBaTesibHO,
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* PaccmoTpum gpyrou npumep. Hangem
HaNPsA>XeHHOCTb ANIEKTPOCTaTU4YECKOro
nonsa E, cosagaBaemMyro ABYMS
NONOXMTENbHLIMW 3apsaamMn g, 1 q, B
TOYKe A, HaxoasiLenca Ha PacCToOAHUN r,
OT NEPBOrO W r, OT BTOPOTrO 3apsA0B




T4,

l;:1 = ql D qZ

2 2

dme,n dme,r;
Bocnonb3yemca TeopeMon KOCUHYCOB:

1 g §
E:\/El2 +E; +2E,E, coso = qz - qi = 4216122 cosa,
angy (B hh
e 1
ro—r —r,

COSO =
rae o,



« Ecnn none cosgaetca He moYeyHbIMU 3apsidamu,
TO MCNOJSb3YIOT OObIYHBIW B TAKMUX Cry4vasax
npmnem. Teno pasbuearoT Ha 6ECKOHEYHO Marble
9JIEMEHTbLI U ONPEeaeEnsaT HANPAXXEHHOCTb MO,
CO3[0aBaEMOro KaablM 3fIEMEHTOM, 3aTEM
MHTErPUPYIOT NO BCEMY TENY:

A I\
E = j dE,
L\
 rae dE —HanpskeHHOCTb nons,
O6yCJ'IOBJ'IeHHaFI 3apFI)KeHHbIM oJ1IeMeHTOM.

MHTerpan MoXeT ObITb IMHEWHBIM, MO MNoLaau
Nnun rno oobLEMY B 3aBUCUMOCTM OT (DOPMbI TENa.



[1ns pelueHnsa nogobHbIX 3a4a4 Nonb3yTCA
COOTBETCTBYOLMMM 3HAYEHUAMMU

A =dg/dl -nvHeltHas NNOTHOCTbL 3apsiaa,
namepsietca B Kn/wm;

o =dg/dS - NOBEPXHOCTHasA NAIOTHOCTb
3apsaa namepsetcs B Kn/m?;

p =dg/dV —obbemHas NNOTHOCTL 3apsiAa,
namepserca B Kn/m>.



YA

—

* Onpegennm Hanps>KeHHOCTb 3NEKTPUYECKOro
Nnosng B TO4Ke A Ha pacCTOAHUN X OT OBECKOHEYHO
ONMMMHHOro, NMMHENHOIo, paBHOMEPHO
pacnpeneneHHoro 3apsaa.

* A\ —3apaa, npuxogAawnnca Ha eaquHuUUYy anuvHbl.



VA

« CyuTaeMm, YTo X — Mario rNno cpaBHEHWUIO C
ONTMHON NPOBOAHUKA. ONEMEHT ONNHbI dy,
HeceT 3apsa dg =dy A. Cos3naBaemas
9TUM SIIEMEHTOM HaNPSXXEHHOCTb
ANEKTPUYECKOro nong B Touke A:

grual oL
drre, (x"+y°)




YA

P~

» BektopdE umeet npoekunu dE n dE, npuyem

dE =dEcos0; dE =dE'sin 0.

e T.K I'IpOBO,EI,HI/IK BECKOHEYHO ,EI,J'II/IHHbII/I a 3afjava
CUMMETPUYHAS, TO ¥ — KOMMOHEHTA BeKTonE
obpartuTcs B HOMb (CKOMMNEHCUPYETCS), T.€. .

E, =|dEsin=0



cTorma L — L, = jdEcosO = i j cgsidy

4me, Y x° + y°

* Teneps Beipasum y wepes 0. T.K. y = xtg0),

* Tody=xd0/cos’0 (x> +y*)=x"/cos* 6




A
L= .
2me,x
» HanpsxeHHoCMb
a/IeKmpu4yecKo_20 rorsid IUHeUHOo
pacripeoesrieHHbIX 3aps1008
u3mMeHsemecs obpamHo

rIpornopyuUoHasibHoO paccmosiHUKo
00 3apsoa.



e Pa3zobpaTb caMoCTOATENbHO! :
Mo TOHKOMY KOSbLly pagnyca R paBHOMEPHO

pacnpeaeneH 3apsa g. Onpepenutb E
B TOuke A
VA
dg
[
R —
5 y dE_ =dE cosO
= = =
X

|
U dE, =dEsin0 dE



1.5. dneKkTpocTaTn4yecKoe norme
annons

* ArrieKmpu4YyecKum ourosieM Ha3bleaemcs
cucmema 0syx 0OUHaKoO8bIX o eesiu4UHe, HO
pa3HOUMEHHbIX MOo4Ye4YHbIX 3apsioos,
paccmosiHue Mexx0y KomopbIMU
3Ha4YyumeJsibHO MeHblWe paccmosiHUsi 00 mex
mo4eK, 8 KOmopbIX oripedersisiemcsi roJsie
cucmemsbl

e [1r1e4yo dunorsisi — eeKMop, HarpaesieHHbIU om
ompuuameJsibHO20 3aps0a K
MoJsiIoXKumeJsibHOMY U YUCJIeHHO paeHbIU
paccmosiHUr Mexxoy 3apsidamul.



| —
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* [lpumep 1. Hampem E | B ToUke A Ha npsiMou,
npoxoasLien Yepes LIeHTp AUnons u
nepneHOuKynapHou K ocu.

1 q q
E+:E_:4ne / 2z47t€ =
orz+(j o TK [ <<y




* 13 nogobus 3aluTpmxoBaHHbIX
TPEYrosisHMKOB MOXXHO 3anncarb:

Ei: / 1z£ otciofa p _ ¢ [ ql

E ] JANE R

’ 72 \2 r o due
- ’
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/A N
» O603Haunm BektopP = ql .
aJilekKmpudecKkull MoMeHm ournoJsisi (Mnu
OurosibHbIU MOMEeHM) — rpou3eeoeHue
M10710XKUMmersibHQR20 3apso0a ourorsis Ha

re4yo . 1 2

» HanpasneHne P coBnapgaetc
HanpaBreHNeEM , T.e. 0T
oTpuLaTenbHOro 3apj|l:@ Kp
NONOXNTENBLHOMY.

e Torga, qu}g)lBaﬂ YyTO , NOJy4nMm:

" 3 hal il
471:807' NN 1L 3



 Mpumep 2. Ha ocu annons, B Touke B :

2q1 I 2p

BT, o ot — Laed TE AT
dre v dmte,r



A\

i s
T
dre r

[Ione B Toukax A u B ormim4yaercs B ABa paza (110
Moayr0). HampaBieHo B IpOTHUBOIOJIOKHBIE CTOPOHBI.

HanpsikeHHOCTh TOJI JMIIONS YOBIBAET OOPATHO
IPONOPLHMOHAIBHO KyOy pacCTOSIHUST OT HUMOMISA 10
TOYKH HAOIIOJCHHUS, T.€. OBICTPEE, YEM I10JIE TOUYCHYHOIO
3apsja.



e Mpumep 3. B npowusBonbHon Touke C

E = s 3\/30052@
dme,r

rae 0=0; =0,
[1pn .







* /I3 npuBeaeHHbIX NpUMepoB BUAHO,
YTO Harpsa>XeHHOCMb
3/IeKmpUYeCKo_20 0719 cucmemsl
3aps008 pasHa 2ceomempuyeckou
cyMMe HanpsixxeHHocmedu rnosieu
Ka)K0o20 U3 3aps1008 8 omoesibHocmu
(MpuHUMN cynepnosnuunn).






