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H.A.KopmakoB JJIeKTpoCcTaTUKaA 10 knacc

2AIehies AAEKTPOJIHUHAMHKA OK-10.8.1

- HayKa o ceolicmeax U 3aKOHOMEePHOCMSIX N08eO0eHUSsl SIeKMPOMAZHUMHO20 NOJSL,
ocywecmeaasirouiezo gzaumooeticmaue mMexoy 3apsioamu.
V B. 10 H.3. — dHTapPh — DAEKTPOH — DSAEKTPHUYECTBO

1.9AeKTpHYECKHH 3apan (q) — pusuuecKas 8eUUUHA, ONPeOeNsouUast UHMEHCUS-
HOCMb 3/IeKMPOMAZHUMHBLX 83AUMO0elicmauli.

B3aumopgetrictBue 3apPAXKEHHBIX YaCTHUI] HA3bIBAECTCA IACKTPOMATHHTHBIM.

2. CtpoeHue aToma
1.Amom — HelimpanbHaa yacmuya
2.4ucno npomoHos (P) pagHo vucny 3nekmpoHos ( € )
@— e 3./qel = /qp/= min
4.6 =-1,6 * 10" Kn (cHameo 3apad ¢ anekmpoHa Heeo3moxHo!)
5m,=9,1*10% k2; m,=1,67*10""ke
| / 6.Q = ne - 3apa0 mena
@ 7.BeauyuHa 3apsada He 3a8Ucum om CKOpocmu 08UMXCeHUA Yacmuy
et 8.Hedocmamok € —> nosoxcumerbHbili UOH

&

9.1366Imok € > ompuyamenbHbill UOH

3.9AeKTpH3allHsA — IIPOLIECC IIOAYYEHHA OSACKTPHUYECKH 3apdAKE€HHBIX TEA U3
9AEKTPOHENUTPAABHBIX.

A) anexmpusayust mpeHuem

- yuacmeayiom oba mena

- 06a 3apsukaromest; 00HO NOJIOXKUMENAbHO, OpYao0e OMPUUAMESLHO

- 3apsi0blL 060UX Mesl 00UHAKO8blEe N0 8eJIUUUHE U NPOMUBONOJIOXKHbL NO 3HAKY

B) anexKmpu3auusi COnpurxocHoeeHUem C 3apsiKeHHbIM mejiom

B) snexmpu3sauust uepe3 6nUSIHUE (/leKkmpocmamuueckas UuHOYyKuusl) — 3TO
rnepepacrnpeaeseHe OAEKTPUUYECKUX  3apsioB B 00BEKTE, BBI3BaHHOE
OAM3AEKAIIIUMHA OAEKTPUYECKUMH 3apsaa. Hanpuwmep, ecnu nomecmumo

3apsivkeHHbLl 06beKkm psidom ¢ HelUmpasibHbLM NPOBOOHUKOM, MO HA OOHOM KOHUE
NpoeooHUKA 00pa3yemcsi NOJNOXKUMENbHBLLU dleKkmpuueckuil 3apsid, a Ha OpYyaom —
ompuyamesibHolll.

4.3aK0H COXpaHEeHHA 3apsana — aneebpauuecKas Cymma 3aps008 8 U30AUPO8AHHOU
cucmeme - NOCMOSIHHA.

q:+q,+.... +q, =const
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ITosicnenua k OK -10.8.1
YTOo H3y4YaeT 3AEKTPOAHHAMHKA?

3AeKTpO.ZlHHaMHKa — 9TO HayKa o CBOMCTBax u 3aKOHOMEPHOCTHAX IIOBEACHUA
ocoboro BHUJa MaTEPHHU — OACKTPOMATHHTHOI'O IIOAd, OCYIIECTBAAIOIIIETO
B3aUMOIEVCTBHE MEXKAY SAECKTPHUYIECKU 3aPAXKEHHBIMHU TE€AAMHU NAW JaCTHIIaMH.

V3yueHre IpHUpPOABI 3TOTO B3aUMOAEUCTBUS IIPUBEAO HAYKY K OTHOMY M3 CaMBbIX
dyHIaMEeHTaABHBIX TOHATUH (PU3UKU — I/1eKMPOMAZHUMHOMY NOJIO.

Cpenu  4eThIpEX  THIOB  B3aHMOAEUCTBHUM, OTKPBITBIX  HaAyKOH, —
2PABUMAYUUOHHBLX, 9NEKMPOMAZHUMHBLX, CUNbHbIX (s0epHblx) u caabblx —
HMEHHO OAEKTPOMATHUTHBIE B3aUMOAECHUCTBHUSA 3aHHMAlOT IIEPBOE MECTO IIO
IIUPOTE U PA3HOOOPA3UIO ITPOSIBACHUH.

K co3maHHI0 5A€KTPOAMHAMHUKH IIpHBEAA [OAWMHHAS LIENIb  HCCACOOBAHUH U
OTKPBITUM, Ha4YWHas C OOHapy:KEHUS CIIOCOOHOCTH SHTapsd, MIOTEPTOTO O
LIEPCTh, IIPUTATHBATL AETKHE I[IPEeAMETbl M KOH4Yad THUIIOTE30M BEAHKOIO
aHTAMHCKOTO y4éHoro [IxkeiiMca MaxkcBeasa O IOPOXKAEHUM MAarHUTHOTO IIOAd
IIEPEMEHHBIM 3ACKTPUYECKHUM IIOAEM. AHINBL BO BTOPOH mnmoaoBuHe XIX B., rmocae
CO31aHUSI 3AECKTPOAUHAMUKY, Ha4YaAOCh HINPOKOE IIPpaKTHU4YEeCKOe
HCIIOAB30BaHUE JAEKTPOMArHUTHBIX sgBAeHUU. l3o00peTeHme pagno pPyCcCKUM
y4éHbIM A. C. IlonoBeiM (1859—1906) u uraspgHCKUM y4€éHbIM I'. MapkoHH U
(1874—1937) — ogHO M3 BaXXKHEUIINX IIPUMEHEHUMN ITPUHIIUIIOB HOBOH TE€OPHH.

[Ipu pa3BUTHH OAEKTPOAWHAMHUKH  BIIEPBbIE Hay4YHBIE  HCCAE€IOBAHULA
IpPealIecCTBOBaAN TEXHHYECKUM IIpuMeHeHuaM. Ecam mapoBas MmalimHa Oblaa
IIOCTPOEHA 33[0ATO OO CO30aHUd TEOPHH TEIIAOBBIX IIPOLIECCOB, TO
CKOHCTPYHUPOBATh  SACKTPOABHUIATEAb HAW  PAOUONPHUEMHHK  OKa3aaoCh
BO3MOXKHBIM AHIIB IIOCA€ OTKPBITUA U U3y4EHUd 3aKOHOB SA€KTPOAUHAMUKH.

BecuncaeHHble IIpaKTUYECKHE IIPUMEHEHUS SAEKTPOMArHUTHBIX SBACHUHU
npeobpaszoBasn KH3Hb Afed Ha BcéMm 3eMHoOM Imnape. CospemeHHas
yusunu3ayus Hemoleauma 6e3 snekmpuueckozo moka.

TeAeBU30pPBI, KOMIOBIOTEPHI, SAEKTPOIIAUTHI U MHOTO€ APYroe, YTO KaXKeTCHd OAT
HaC €CTEeCTBEHHBIM M IIPUBBIYHBIM, 00pa3yloT CBOeOOpas3Hylo cpeny obuTaHuUs,
o6 HCTOKax KOTOpPOM MBI He 3agyMblBaeMcd. Ham KakkeTcd, dYTO 3TO
cyliecTBoBaAO BedyHO. OQHAKO 3TO JAA€KO HE TaK, M CTOUT 3aayMaThbCs, 4TO
ATO00H IpUOOP, KOTOPBIM MBI IIOAB3YEMCsI, paboTaeT Ha OCHOBE TOTO MAW HHOTO
U3UYIECKOTO 3aKOHA.

3amaya a3Toro pasnmesa (PHU3UKH COCTOUT B H3Y4YEHHUHM OCHOBHBIX 3aKOHOB
S5A€KTPOMATHUTHBIX B3aWMOJAEHCTBHUM, a TakKXe B 3HAKOMCTBE C OCHOBHBIMH
criocobaMM TIOAYYEHHSI HSAEKTPUYECKOM OJSHEPTHHM U HCIOAB30BaHHsS €€ Ha
IIpaKTHKE.
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OAeKTPHYECKHH 3apan H 3A€MEeHTapHbIe YaCTHIbI

Paznea QACKTPOONHAMMUKH, TIOCBAINEHHBIN HU3Y4YCHHIO YCAOBI/Iﬁ PaBHOBECHUA
QACKTPHUYIECKHU 3aPAXKEHHBIX TEA, HA3BIBAIOT 9AeKTPOCTaTHKOﬁ.

Bce Teaa IIOCTPOEHEBI H3 MEABYAMIIIUX YacCTHL], KOTOpPhIE€E HEAEAHMMBI Ha boaee
IIPOCTHIE U IIOOTOMY HA3BIBAIOTCA 3A€MEHTAPHBIMH.

OAeMeHTapHbIE YACTHUIBI UMEIOT MacCy W Oaaromapsi 3TOMY IIPUTATHBAIOTCH
OPyT K [OPYTy COTAACHO 3aKOHY BCEMHPHOro TsaroreHus. C yBeAWdeHUEM
paccTogHUsS ~ MeEXKAy JacTUIlaMH CHAAa TATOTE€HHs yObIBaeT OOpaTHO
IPOHOPIIMOHAABHO KBaJpaTy 3TOTO PACCTOSHUSA. BOABIIMHCTBO 3A€MEHTapPHBIX
YacTHl], XOTd W He BCe, KpOMe TOro, 00Aa@alOT CIOCOOHOCTBIO
B3aUMOAEUCTBOBATE APYT C APYLOM C CHAOM, KOTopas TakyKe yObIBaeT oO6paTHO
IIPONOPIIMOHAABHO KBaApaTy pPacCTOSHUSA, HO 93Ta CHAA BO MHOIO pas
IIPEBOCXOIUT CUAY TSITOTEHUS.

Tak, B aToMe BOIOPOAa, SAEKTPOH IIPUTSITUBAETCS K SAPY (IPOTOHY) C CHAO#, B
1039 pa3 mpeBbIIIAONIEH CHAY TPABUTAIIMOHHOTO IIPUTIKEHUSI.

Ecan gacTuisl B3auMoaeACTBYIOT APYT C APYIOM C CHAAMH, KOTOPbIe YOBIBAIOT C
YBEAUYEHHUEM pPAaCCTOSHUS TaK K€, KaK U CHAbBl BCEMUPHOTO TSITOTE€HHUH, HO
IIPEBBINIAIOT CHABI TATOTEHHs BO MHOI'O pa3, TO TOBOPHAT, YTO 3TH YaACTHUIIBI
HMEIOT SAEKTpUYecKUH 3apsa. CaMu 4acTUIbl Ha3bIBAIOTCS 3apsiKeHHbIMU.

BriBaroT 4Yactuipl 6e3 3AEKTPUYECKOro 3apsna, HO He  CYIIEeCTBYeT
SAEKTPHUYECKOT0 3apsga 6e3 4acTUIIbI.

BSaI/IMOI[eP'ICTBHC 3apPAXKECHHBIX YaCTHUIl HA3BIBACTCA 9ACKTPOMATHHTHBIM.

Onexkmpuueckuil 3apsi0 onpeodessitem UHMEHCUBHOCMb 3/1eKMPOMAZHUMHBLX
g3aumooeticmauii, no0obHO momy, KaAK Mmacca onpeoensem UHMEHCUBHOCMb
2pasumMayuUoHHbLX 83aumoodeticmaull.

OAEKTPUYECKUI 3apsn dA€eMEHTAPHOH YaCTHIBI — 3TO HE OCOOBbIH MeXaHU3M B
YaCcTHUIE, KOTOPBIM MOXKHO OBIAO ObI CHATH C Heé€, Pa3AOKUTH Ha COCTABHBIE
YacTH U CHOBa cobparh. Haamune 5SAEKTPUYECKOTO 3apsana y JSAEKTPOHaA U
OPYTHUX 4YaCTHUI[ O3HadaeT AWML CYIIECTBOBAHHUE OIIPEOEAEHHBIX CHAOBBIX
B3aUMOZIEUCTBUMN MEXAY HUMU.

[ABa 3HaKa A€KTPHYECKHX 3apaAmoB. Bce Teaa 00AagaroT Maccoil U II03TOMY
IPUTATUBAIOTCA APYT K APYTY. 3apsKE€HHbIE K€ Te€Aa MOTIYT KaK IIPUTATHBATH,
TakK U OTTAAKHUBATh APYT Apyra. OTO O03HAYAET, YTO B IIPUPOAE €CTh YACTHIIBI C
9ACKTPUYECKUMH 3apdiaMH IIPOTUBOIIOAOXKHBIX 3HAKOB; B CAydYae 3apdaia0oB
ONWHAKOBBIX 3HAKOB YaCTHUIBl OTTAAKHBAIOTCd, a B CAy4Yae pPas3HbIX
IPUTATUBAIOTCH.

3apsaa 3A€eMEHTapHBIX YaCTHIL — NPOMOHO8, BXOASIIHX B COCTaB BCeX
aTOMHBIX SAep, HaA3BIBAIOT IIOAOKHTEABHBIM, a 3apaAnA 9/1eKmMpPoHOo8 —
OTPHIATEABHBIM. MeXay OAOKHUTEABHBIMH M OTPHULIATEABHBIMH 3apsaaaMU
BHYTPEHHUX pasanduii HeT. Ecam OBl 3HaAKU 3apsgoB 4YaCTHI[ [TOMEHSIAWUCH
MecTaMH, TO OT JTOI0 XapaKTep JOAEKTPOMAarHUTHBIX B3aUMOIAEHCTBUU
HUCKOABKO ObI HE M3MEHHUACS.
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OAeMeHTapHBIH 3apsaa. Kpome 3A€KTPOHOB U IIPOTOHOB, €CTH €Il HECKOABKO
TUIIOB 3aPSKEHHBIX dAEMEHTAPHBIX YacTUIll. HO TOABKO 3A€KTPOHBI U IPOTOHBI
MOTYyT HEOTPAaHUYEHHO MJOATO CYLIECTBOBATH B CBOOOOHOM COCTOSIHHH.
OcrasbHBIE K€ 3apsKEeHHbIE YaCTHUIBI KHUBYT MEHEE€ MHAAMOHHBIX [IOAeH
cekyHabl. OHU pPOXKIOAIOTCA I[IPU CTOAKHOBEHHSIX OBICTPBIX SA€MEHTAPHBIX
JacTULl H, IIPOCYIIECTBOBAB HHYTOXKHO MAaAO€ BpeMsd, paclagaroTcs,
peBpaIlasach B APyTrHue YaCTHUIIHI.

K gacrtuniaMm, He UMEIOIINM 3ACKTPHUYECKOTO 3apdaa, OTHOCUTCH HeumpoH. Ero
Macca AWIIb HE3HAYUTEABHO IIPEBBIIIAeT Maccy HmpoToHa. HeHTpoHBI BMecCTe C
IpOTOHAMH BXOIOAT B COCTAaB aTOMHOTrO sapa. Ecau saemeHTapHas dacTHlla
UMeeT 3apsf, TO €ero 3HadeHUe CTPOTO OIIPEnEAEHO.

3apsamxeHHbIe TeAa. DACKTPOMATHHUTHBIE CHABI B IIPUPOAE HUIPAIOT OTPOMHYIO
poAab Oaaromaps TOMY, YTO B COCTaB BCEX TEA BXOAAT JSACKTPUYECKH
3apsKeHHble YacTHUIbl. COCTaBHBIE YACTH aTOMOB — dAfApa U SAEKTPOHBI —
00AaJAIOT FIAEKTPUIECKUM 3aPSIIOM.

HemocpeacTBEHHO MOENCTBHUE JAEKTPOMArHUTHBIX CHA MEXAY TEAaMH He
obHapyKHUBaeTCcd, TaK KaK TeAa B OOBIYHOM COCTOSHHUH 3AEKTPHUYECKU
HENUTPAABHEI.

AToM AIOOOrO BemlecTBa HeHTpaseH, TaK KaK YUCAO IAEKTPOHOB B HEM paBHO
YHUCAY IIPOTOHOB B gaape. IIOAOKUTEABHO U OTPHULIATEABHO 3apPAXKEHHBIE YaCTHUIIBI
CBSI3aHBI JAPYT C APYIOM SAEKTPHUYECKHMHU CHAAMU U 00pas3yloT HeHTpasbHbIE
CHUCTEMBI.

MakKpOCKOIIHYECKOE TEAO 3apsKEeHO SAEKTPHUYECKH B TOM CAydae, €CAM OHO
COAEPKUT HU30OBITOYHOE KOAWYECTBO OSAEMEHTAPHBIX YaCTUI[ C KaKUM-AHUOO
OOHHUM 3HaKOM 3apsifa. Tak, OTpHUIIaTEeABHBIH 3aps Teaa 00yCAOBAECH HU30BITKOM
YHUCAQ IACKTPOHOB IO CPABHEHHIO C YHUCAOM IIPOTOHOB, & ITOAOXKUTEABHBIA —
HEIOCTAaTKOM 3AEKTPOHOB.

JAst TOTO YTOOBI MOAYYHUTH SAEKTPHUUYECKHU 3apsSKeHHOE MaKPOCKOITMYECKOE TEAO,
T. €. HAOAEKTPU30BaTh €r0, Hy?KHO OTIAEAUTH YacTh OTPHUIIATEABHOI'O 3apsia OT
CBSI3aHHOTO C HHM IIOAOKHTEABHOTO HWAHM IIEPEHECTH Ha HeUTpPaAbHOE TeAO
OTPULIATEABHBIN 3apsI.

OTO MOXKHO CHAEAaTh C IIOMOIIBIO TPEHHS. EcArm ImpoBeCTH pacdyEéCKOM IO CyXHUM
BOAOCaM, TO HEOOABIIIAd YaCTh CAMBIX IMOABUIKHBIX 3apPIKEHHBIX YaCTHUI[ —
9AEKTPOHOB IIEPEUMET C BOAOC Ha PACYECKY U 3apdauT €€ OTPHULATEABHO, a
BOAOCBHI 3apsSadaTCd IIOAOXKHUTEABHO.

[Ipu  saekTpU3aLIMU  TPEHUEM oba  Teaa = mpuHOOpeTaOT  3apsSabl,
IIPOTHUBOIIOAOXKHBIE I10 3HAKY, HO OUHAKOBBIE I10 MOYAIO.
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INeKMPUIAYUSL~- NPOULCC NONYUEHUS IAEKINPUHECKU
3APSIAHCEHHBLY e U3 INEKINPOHEUMPANLHBLA,

" JnekTpusayuns TpeHuem:
a) yyacTBYIOT ABa Tena,; B,
»3 NL B (2
6) ob6a 3apsKakTCA: O4HO- NOSOXK: \
Apyroe- oTpuuaTtesibHo.
B) 3apsgbl 060UX Tes1 OAUHAKOBbI MO BeIdnHe.

= 2nekTpusauus
COMNPUKOCHOBEHUeM )
C 3apsXXeHHbIM TeJIOM. T

" 2neKTpusauus yepes BaAuUst
( anekTpocTaTUyeckas UHAyk

OAeKTpH3aLlHA TEA H €€ IIPOABACHHA.

3HauuTeAbHAs 3A€KTPH3alUs IPOUCXOIUT IIPU TPEHHUH CUHTETUYECKUX TKaHEH.
CHuMasa c ceba pyballlky M3 CHHTETHYECKOTO MaTepHasa B CYXOM BO3IyXe,
MOKHO CABINIATh XapaKTepHOe IIOTPeCKHBaHHe. Mexay 3apsKeHHBIMU
y4acTKaMU TPYIIMXCS ITOBEPXHOCTEN MIPOCKaKUBAIOT MaA€HBKHE HCKOPKHU.

C gBAe€HHEM 3A€KTpPHU3allUU NPUXOAUTCH CUUTATbCA Ha Mpous3BoAcTBe. Tak,
HUTH IIPSKM Ha TEKCTHABHBIX (PabpHKax IAEKTPHU3YIOTCSI 3a CUE€T TPEHHUd,
IPUTATUBAIOTCS K BeEpeTéHaM U pOAWKaM U pByTcd. [Ipsaska DpUTATUBaET MbIAB
U 3arpsi3HsIeTCd.

B Tunorpadusax MOPOUCXOAUT SAEKTPHU3AIUsS OyMaru IIpH IledaTH, U AWUCTHI
cannaroTcsa. YTobbI 3TO HE IPOUCXOOUAO, IPUMEHSIOT CIIEITHAaAbHBIE YCTPOHCTBA
[AS cTeKaHud 3apdaaa. OOQHAaKO 3A€KTpHU3alud TeA IIPU TECHOM KOHTAKTE MHOTA
HCIIOAB3YETCS, HAIIpUMEDP, B PA3ANYHBIX 3ACKTPOKOIINPOBAABHBIX YCTAaHOBKAaxX U

Ap.

3aKOH COXpaHEHHSI 5JA€KTpPHUYecKoro 3apsza. OILITbI C 3A€KTpHU3anuei
OKa3bIBaIoOT, 4TO Ipu 9AEKTPHU3ALUU TPEHUEM IIPOUCXOAUT
nepepacupeneAeHIe HMEIOMIMXCH  3apdoB MeXKAy TeAaMH, [0 9JTOTO
HeHATpaabHBIMU. HeboAbIllass 9acTh 3A€KTPOHOB IIEPEXOAUT C OOHOIO TeAa Ha
apyroe. IIpu 3ToM HOBbIE YaCTHUIIBI HE BO3HUKAIOT, a CyILIIeCTBOBaBIIINE paHee He
UCYEe3aloT.

[Ipu 5AEKTPH3AIUH TEA BBIIIOAHIETCS 30KOH COXPAHEHUS. 3J1eKMmpuUecKozo
3apsida. OTOT 3aKOH CHPaBEOAUB IOAS CHCTEMBbI, B KOTOPYIO HE BXOIAT U3BHE U
U3 KOTOPOH He BBIXOASAT HAPYXKY 3apsdKeHHble 4YacCTUIbl, T. €. [OAS
U30/IUPOBAHHOU cucmemaot.
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PopMyAHpPOBKaA 3aKOHA
B uzonuposaHHOU cucmeme aneebpauueckass cymma 3apsi0o8 8cex men
COXpaHsemcsi.

Ecau 3apsapl TeaA 0003HAYUTD Yepe3 g1, g2 U T. 1., TO
q: +q2 + q3 + ... + gn = const.

CwMmpblIca 3akoHaA. EcAn 4McCAO 3apssKEHHBIX 3A€MEHTApPHBIX YaCTHIL HE MEHAeTCHd,
TO BBIIIOAHEHHE 3aKOHA COXpPaHEHHUd 3apsna odueBHAHO. Ho saemeHTapHBIE
4yacTUIbl MOTYT IIpeBpallaTbCs APYr B Apyra, pokAaThbCs U HCYe3aTh, AaBad
’KWU3Hb HOBBIM uacTuniam. OOHaAKO BO BCEX CAyYadgX 3apsaKeHHbIE YaCTHIIbI
POXKIAIOTCS TOABKO IIapaMH C OAHMHAKOBBIMHU II0 MOAYAIO U IIPOTHUBOIIOAOKHBIMH
10 3HAKy 3apdiaMH; HCUe3al0T 3apsKeHHbIe YaCTHIIbI TOXKE TOABKO IIapaMu,
IIpeBpalliadchk B HeHTpaabHbIe. M 80 8cex amux cayuasx anzebpauueckast Cymma
3apsi0o8 ocmaémest 00HOU U moul JKe.

CrpaBeIAMBOCTD 3aKOHA COXPAaHEHHs 3apsia MOATBEPKAAIOT HAOAIONEHUS HaL
OFPOMHBIM YHCAOM IIpPEBPAIEHUN 53AEMEHTApHBIX dYacTUIl. OTOT 3aKOH
BbIpaskaeT OHO U3 CaMbIX (PYHIaMEHTAABHBIX CBOUCTB SA€KTPHUYECKOT0 3apsaa.
[IpuymHa coxXpaHeHUs 3apgaaa [0 CUX II0P HEM3BECTHA.

ITpumep 3adauu Ha npumeHeHUe 3AKOHA COXPAHEHUSl 3apsioa.
MeTtaaandyecKul 1M1apuK 1,yKpPEIrA€HHBIN Ha JAMHHOM U30AUPYIOLIEH PYYKE U
HMEIOIIUN 3apd/ +q, IIPUBOALT II00YEPELHO B COIIPUKOCHOBEHHUHU C ABYMS
TaKHMHU XKe MIapUuKaMHU 2 U 3, PaClIOAOKEHHBIMH HA U30AUPYIOIIHXCS
IIOACTaBKaxX U UMEIOIIMMH , COOTBETCTBEHHO, 3apdabl —q U +q. Bo cKoaBKO pa3
YMEHBIIUTCS 3apsj Ha Hm1apuke 37

1 2 3

+q 9 +q
PelweHue. nOCKOﬂbe wapuku OdUHGKOBble, mo rocsie CornpuKoCHOBEHUA C repesbim WAapuKom,
wapukKu oKaxymcsa He3apAar(eHHbIMU. locne COlMPUKOCHOBEHUA C nocneoHUM wapukom, 30,08(3

nepepacnpedeanumcs pagHoMepHo. 3Ha4um, Ha mpemsem Wapuke 3apsA0 ymeHbWUMCcA 8 08a
pasa.
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H.A.KopmakoB JJIeKTpoCcTaTUKaA 10 knacc

B/1OK -8 OK -10.8.2

3AKOH KYAOHA (17852.)
1.9KcnepumeHT (KpymusbHbie eecbl)

1.F~ =
@ R? >F~ 911+|92]

RZ
2.F ~|qq| * g,

191 * 92|
R el
8aKYYyM R

Cuna e3aumodelicmeus 08yX MOYeYHbIX HErNnoOBUMCHbIX 3APAMEHHbIX mesa 8 8aKyyme MnpsamMo
nponopyuoHanbHa npouseedeHuro modyneii 3apa0oe u 0bpamHo NPonopyuUoHaAnbLHO Keadpamy
paccmosaHua mexdy Humu

2.EauHuua 3apaga — KynoH (Kn)
1Kn — smo 3aps0, npoxodawuli 3a 1c yepes nonepevyHoe ce4eHue nposooHUKA
npu cuse moka e 1A
1Kn — smo cymma 3aps0oe 6,25*1 0* 3/1eKMpPOHO8

3.KoadpdpurumneHT NnponopunoHanbHOCTU (3KCepuMeHmasibHo)

. FR? Hm? K=o 109HM2( )
= = ; =9 % —— (Bakyym
gl lqz] K2 KaZ 2

—qg*1n°
F=9*10°H 1

4.[naneKTpuyeckaa NPoHUL,AeMOoCTb cpeabl (&)
— Xapakmepu3syem aniekmpuyecKue ceolicmea cpedbl @

5.9n1eKTpuyeckasn NocTosHHasn (&)

2

1 _gg5.10-12V"
== * —
0T mk” @ e

6.3aKkoH KynoHa gna cpeapbi - 8 CU

F— 1911 * |92|
41reEyR?
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ITosicnerus k OK -10.8.2
3akoH Kyaona

OCHOBHOM 3aKOH 3AE€KTPOCTATHUKU ObIA 9KCIIEpUMEHTAAbHO ycTaHoBAeH [llapaem
KyaornoMm B 1785 r. 1 HOCUT €ro UMs.

Ecau paccrogHme MeXKay TeaaMH BO MHOTO pa3 0oabllle MX pas3MepoB, TO HHU
dopMa, HH pasMepbl 3apsSKEHHBIX TeA CYIIeCTBEHHO HE BAUGIOT Ha
B3aUMOEUCTBUSI MEXKIY HUMH.

KCTaTI/I, 9YTO 3aKOH BCEMHPHOTI'O TATOTCHHA OBIA CCbOpMYAI/IpOBaH JdAdd TEA,
KOTOPBIE€E MOZXKHO CHHUTATh MaT€pPHUAABHBIMH TOYKaMH.

3apsskeHHbIe Teaa, pasMepaMu U (popMoil KOTOPBIX MOXKHO IIpeHebpedb IPU UX
B3aUMOJAENCTBHUM, HA3BIBAIOTCH TOYEYHBIMH 3apAZaMH.

Cuaa B3aUMOJIEHUCTBHUS 3apPAXKEHHBIX TEA 3aBHCHUT OT CBOMCTB Cp€abl MEXIAY
3apAKE€HHBIMHU TEAAMU. By,aeM CHUUTaTh, 4YTO B3aUMOJIEVCTBHE IIPOUCXOOUT B
BaKyyMEeE. OnbIrr IIOKa3pIBa€T, YTO BO3AYyX OYEHB MaAO BAHULET Ha CHAY
B3aUMOJIENCTBHUSI 3apPdKE€HHBIX TE€A, OHA OKAa3bIBA€TCHd IIOYTH Takou K€, KaK 1 B

BaKyyME€E.

OnerTbl Kyaona. nesa oneiToB KyaoHa aHasormyHa upaee omnblTa KaBenguiia
II0 OIPEAEACHHIO TPaBUTAIIMOHHOM  IOCTOSHHOM. OTKpPBITHE  3aKOHA
B3aUMOAEUCTBUS IAEKTPUUECKUX 3apPAoB OBIAO OOAETYEHO TEM, YTO ITU CHABI
OKa3aAUCh BEAMKH U Oaaromapsd S9TOMYy He HYKHO OBIAO HPHUMEHATH 0C000
YyBCTBUTEABHYIO aNmnapaTrypy, KakK IpH IIpPOBEPKE 3aKOHA BCEMHPHOIO
TATOTEHUHd B 3€MHBIX yCAOBHAX. C IIOMOIIBIO KPYTHABHBIX BECOB YyIAaAOCh
YCTaHOBHUTH, KaK B3aUMOLAEUCTBYIOT APYT C APYTOM HEIIOABUXKHBIE 3apPAKECHHBIEC
TeAa.

KpyTHabHBIE BECBHI COCTOAT M3 CTEKASHHOM ITAAOYKH, ITOABEIIEHHON Ha TOHKOH
ynpyrot mnpoBoaouke (cM.puc.B OK). Ha ogHOM KOHIIE TAaAOYKHU 3aKpPENAEH
MaA€HBKUN MeETaAAM4YEeCKUM LIapUK, a Ha APYyroM — IIpoTuBoBec. Emié€ onuxH
METAAAMYECKHH LIAPUK 3aKPEIIAEH HEIIOABHUXKHO Ha CTEPIKHE, KOTOPBIH, B CBOIO
o4Yyepesb, KPENMUTCA Ha KPBIIIIKE BECOB.

[Ipr cooOieHMM IIapuKaM OZHOMMEHHBIX 3apsdfoB OHH HAYUHAIOT
OTTaAKMBATBCSI APYyr OT apyra. Ytobbl yzmepkaTb HX Ha (PUKCHPOBAHHOM
PacCTOSHUH, YHIPYIYIO IIPOBOAOYKY HYKHO 3aKPYyTHTHh Ha HEKOTOPBIA YIroA 10
TE€X IIOP, IIOKA BO3HHUKIIAA CHAA YIIPYTOCTH HE CKOMIIEHCUDPYET KYAOHOBCKYIO
CHAY OTTAAKMBAaHUS IAPUKOB. [1o yray 3akpy4uBaHNsS IPOBOAOYKH OIPEAEASTIOT
CHAY B3aUMOEHUCTBUA IIIapPHUKOB.

KpyTHuABHBIE BeChI MO3BOAMAM H3YYUTH 3aBUCHUMOCTBH CHABI B3aHMOAEHCTBUS
3apsIXKEHHBIX IIAPUKOB OT 3HAYEHUM 3aps0B U OT PACCTOSHUA MEXKIY HUMH.
N3MepdaTh CHAYy U PacCTOdHHE B TO BpPeMs yMeAu. EQMHCTBEHHasd TPYAHOCTH
Oblra CBs3aHa C 3apsAoM, OAS H3MEPEHUsS KOTOPOTO HE CYIIIECTBOBAAO mdazke
equHUIl. KyaoH Haméa mpocTod criocob M3MEeHEHUs 3apsiga OJHOTO M3 IIIapPHUKOB
B 2, 4 u 6oaee pasa, COeJUHSISI €ro C TAKUM K€ He3apssKE€HHBIM IIIapPUKOM.
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3apsa Ipu 3TOM PaCIpPENEAsACS ITOPOBHY MEXKAY IIapUKaMH, YTO U YMEHBIIIAAO
UCCAEAYEMBbIH 3apsa B M3BECTHOM OTHOIIeHUU. HoBoe 3HaueHHE CHABI
B3aHMOAEUCTBUA IIPH HOBOM 3apsi/ie OIPEAEATIAOCE 9KCIIEPUMEHTAABHO.

OmnbBIThI KYAOHa IIPUBEAHU K YCTaHOBACHHUIO 3aKOHa, IIOPa3UTEABHO
HaIIOMHUHAaIOIIIETO 3aKOH BCEMHUPHOI'O TATOTECHUA.

Cuna e3aumodelicmeust 08Yx HENOOBUIKHbLX MOUEUHbLX 3apsi0o8 8 eaKyyme
npsimMo NPoONOPUUOHANILHA npou3zeedeHutro Mmooyseill 3apsidoe U obpamHo
NPONOPUUOHANILHA K8aopamy PAacCmostHUSL MeXKO0Y HUMU.

CuAy B3aUMOZEUCTBUS 3apsiJ0B HA3bIBAIOT KYAOHOBCKOH CHAOH.

Ecan 0603HaYUTH MOAYAH 3apAnoB depe3 | qi| u | qz|, a paccTosHuE MeXIy
HUMU 4Yepe3 R, To 3akoH KyroHa MOKHO 3amiucaThk B CAEAYIOLIEH popMe:

lq1| * 193]
F=k ——"~
RZ
rne k — KO03(PUIHMEHT IIPOIIOPIIMOHAABHOCTH, YHCAEHHO paBHBIA cHAe

B3aUMOJAEHUCTBUS €OUHUYHBIX 3apd10B Ha pPacCTOdAHHM, pPaBHOM C€IWHHUIIE
IOAWHBI. ETO 3HaYeHHe 3aBHCHUT OT BBI60pa CHCTEMBI €AHHHII.

Takyto ke popMy HMeeT 3aKOH BCEMHPHOI'O TATOTEHHS, TOABKO BMECTO 3apsia
B 3aKOH THATOTEHHsS BXOOAT MacChl, a poAb Ko3addunueHra k uUrpaer
rpaBUTAIlMOHHAs I[IOCTOSTHHAS.

Kpome 53TOro, MOXHO OOHAPYXKHTb, 4YTO [Ba 3apdKEHHBIX IIIAPHKAa,
HOABEIIIEHHbIE Ha HUTAX, AWOO NOPUTATHBAIOTCA MOPYyr K OPYyry, AHOO
OTTaAKHBAaIOTCH.

O—>—0
1 Fiy Fy, 2

Cunsl  83aumoleticmgust  08Yx  HENOOBUIXKHbLIX  MOUEUHbLX  3apsioos8
HanpasieHbl 800/lb NPSIMOU, COeOUHAOWE 3mu 3apsobL.

EanHHna 3A€eKTPHYECKOro 3apsiza. BriOop equHUIBI 3apsga, Kak U APYTHUX
PHU3UIECKUX BEAUYUH, IIPOU3BOAEH. ECTeCTBEHHO OBIAO OBI 32 €MHUHHUILY ITPUHSTH
3apgd 9A€KTPOHA, UTO, U CAEAaHO B aTOMHOM (PpU3UKe, HO 3TOT 3apPs CAUIIKOM
MaaA, W IIO9TOMY IIOAB30BATBCS MM B KadeCcTBE €OWHHUIIBI 3apdla HEe BCeraa
ya00HO.

B MexnayHaponHo¥t cucreMe eauHull (CH) emuHHIla 3apgna gBAIETCS HE
OCHOBHOM, a IIPOW3BOAHON U 3TAAOH OAd Heé He BBoauTcd. Hapsamy ¢ merpow,
ceKyHOoii u kuaorpamMmoM B CHM BBemeHa OCHOBHasg €OUWHUIIA [OAd
5AEKTPUYECKUX BEAUYHH — €IWHUIA CUABI TOKA — amnep.
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OTaAnOHHOE 3HA4YE€HHE aMmIlepa yCTAaHaBAUBAETCS C IIOMOIIBIO0 MAaTHUTHBIX
B3auMOJAECHUCTBUN TOKOB.

Ennanny 3apgana B CU — KysnoH ycTaHaABAMBAIOT C IIOMOIIBIO €IUHUIIBI CHABI
TOKAa.
OauH kyaoH (1 Ka) — 51O 3apan, npoxondinuii 3a 1 ¢ 4depe3 MoOIepedHoe

Ce4YeHUE ITPOBOAHUKA IpHU criae ToKa 1 A: I Kn=1A-°*1c

Enunuiia koagppuitnenta k B 3akoHe KyaoHa mmpu 3amnucu ero B ennHunax CU
— H » m2/Ka2, 510 caenyeT u3 popMyabl 3akoHa KyaoHa.

HucaoBoe 3Ha4YE€HUE 3TOTO Ko3(ppureHTa MOZKHO OIIpENEAUTDH
9KCIIEpUMEHTAABHO. [IAS 3TOTO HAZI0 U3MEPUTH CHAY B3auMmonelictBus F mexmay
OBYyMSI HU3BECTHBIMU 3apsggaMu |qi| U |qz|, HaxogdmuMucd Ha 3aJaHHOM
PACCTOSHUU r, U 9TH 3HAYEHUS IIOCTABUTEL B (DOPMYAY.

[ToayuenHoe 3Hauenue k 6yaeTr paBHO: k = 9 ¢ 102 H « m2/KaZ2,

BMmecTo koadpdunenTa k yacTo NpUMeHsIETCd APYror KoapPUIIUEHT, KOTOPbIHU
Ha3bIBAETCH 9/1eKmpuueckoil NocmosiHHolt €o. OHa cBs3aHa ¢ K03PHUIIHEHTOM
k caeyronIuM COOTHOIIIEHUEM:

1 _gg5.10-2
= — = * -
€0 41tk ’ H * m2

Torma 3akoH KyaoHa OyzmeT uMeTh BUM:
F= 1911 * | q2|
41rE)T?
Ecan 3apgaapl B3aWMOIAEHCTBYIOT B Cpele, TO CHAA B3aUMOAEHCTBUS
YMEHBIIIAETC:

P 191 * | q2]
Ameyer?
roe & — oOussieKkmpuueckas NpPoHUUAeMOCMb CPenbl, IIOKasblBalollas, BO

CKOABKO pa3s Chuaa B3aHUMOJAEUCTBUS 3ap440B B Cp€AE€ MEHBIIIE, 9Y€EM B BaKyyMe.

MuHUMaABHBIN 3apsm, CYLIECTBYIOIIUY B IPUPOJE, — 3TO 3apdl IAEMEHTAPHBIX
yactull. B enuaunax CU moayab 3Toro 3apdna paBeH:

e=1,6°101° Kn.

Bapsamn, KoTopblii MOKHO COOOIIUTE TEAY, BCETZIa KpaTe€H MUHUMAABHOMY
3apany:

q=1N]|e|,

rae N — 11eA0€ YHCAO.
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2lehi=s 3AEKTPHYECKOE ITOAE OK-10.8.3

- 8ud mamepuu, nocpedcmseom Komopol npoucxodum e3aumoodelicmaue 3nekmpu4yecKkux 3apsaooa8
1.Teopusa danvHoOelicmaua — M2HOBeHHOoe delicmaue Ha paccCmoAHUU

2.Teopus 6ausKkodelicmeusa - ®apadeli, Makceenn
Kak?

1.CBOMCTBA 3/1IEKTPUHECKOrO MONA — IOPOHOaemca 3/eKmpuyecKkum 3apsa0om,
- 0bHapy»cusaemcs rno delicmauro Ha 3apAo0,
- Oelicmsyem Ha 3apso0 ¢ cunod.
2.HanpAKeHHOCTb — CUs10804 XAPAKMePUCMUKQA MosA

OnbIT:
Q qnpo&. <<Q qg—— F T
———————————— nd — F H
E = k Qq — 2 - HANPAXeHHOCMb 10715 CO30GHHO20 MOYEeYHbIM 3aPS00M
R%q R? Q - 3apAd, cozdaroujuli nosne
o \\
3.MpuHUMN cynepno3numm noneun Ei/f
'E
[ B<F,+E.+F,... | e
SL,+E,+L3... /
1tEz*E3 y 4 E,
@ )
+q -q
4.I'paduueckoe nsobpakeHme nona
E, .-~ Cunosaaaunua— s3mo AuHus, KacamesnbHas K KOMopoi
o~ 8 Kaxcdol mouyKe nosa coenadaem c
8€KMOPOM HAMPAXEHHOCMU
E / Ceoiicmea: - Huz20e He nepecekaromcs,
, - He 3aMKHymMbl,
- HayuHaromcsa Ha ( + ) 3apade, a koHyaromca Ha( - )
- yepe3 Ka# Oyt MOYKY NosA MOXHO NPo8ecmu 00HY
CU08BYIO /IUHUIO.
yeAWHEHHbIW 3apaj, HeoAHOPOAHOeE noJsie ofHOpoAHOE none
A
+ > -
+ > -
+ -
\/
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IlosacHernus Kk OK -10.8.3

3aKoH B3aUMOAEUCTBUSA  HEIIOABUIKHBIX OACKTPHUYECKHUX  3apsaoB  ObIA
YCTaHOBAEH 3KCIIepUMEHTaAbHO. Ho ocTaBaacsa HepeléHHBIM BOIIPOC O TOM, KaK
OCYIIECTBASETCS ITO B3aUMOIAEHCTBUE.

HanvHnoodelicmeue. [locae OTKPBITUS 3aKOHA BCEMUPHOrO TAroTeHust U.
HeloToHOM, a 3areM 3akoHa KyAoHa, OMMCHIBAIOIIETO B3aHMOIEUCTBHE
DAEKTPUYECKUX 3aPSAXKEHHBIX TEA, BO3HHK BOMNPOC, modeMy (DHUSUYECKHUE TEAQ,
obAafarolye Maccoi, MEeUCTBYIOT APYT Ha APyra Ha OOABIIHUX PACCTOSHUSX
yepes3 IIyCTOe IIPOCTPAHCTBO U IIOYEMY 3apSXKEHHBLIE TeAa B3aUMOIEHUCTBYIOT
MeXKIy COOOM Aaike Yepe3 DAEKTPUIECKU HEUTPAABHYIO CPELY?

[1o BBeneHUS IIOHATHS «IIOA€» Ha 3TOT BOIPOC HE OBIAO YIOBAETBOPUTEABHOTO
orBeTa. [loaroe BpeMd CYHUTAAOCH, YTO B3aUMOIAEHCTBHE MEXKIY TE€AAMHU MOIKET
HEIIOCPEACTBEHHO OCYILECTBAATBCA 4YE€pe3 IIyCTOE€ IIPOCTPAHCTBO, KOTOpPOE HE
IIpUHUMAaET yd4YacTud B  Ilepegadye  B3aUMOAEHUCTBHUM, a 1nepenada
B3aUMOIEUCTBUA OT TeAa K TEAy IlepefaeTcss MTHOBEHHO, T.e. C O€CKOHEYHOH
CKOpPOCTbIO. Takoe IIPEAIIOAOKEHHE COCTaBASE€T CYLIHOCTh KOHIIENIIUH
JaABHONEHCTBUSI, KOTOpylo obocHoBaa P. [lekapt. BOABIIMHCTBO YY€HBIX
IPUAEPKHUBAAOCH STOM KOHIIENIIUU BIIAOTH 40 KOHIlA XIX B.

[IpuHIUIT [JaABHOAEHUCTBUS YTBEPAUACH B (PU3HUKE elle U II0TOMY, 4YTO
rpaBUTAIlIOHHOE B3aHMMOIAEHCTBHE MHKPOCKOIINYECKHUX TEA B COOTBETCTBUU C
3aKOHOM BceMHpHOro tdroreHusa M. HpioToHa Maso3aMeTHO, — IIPUTSIKEHUE
CAHUIIIKOM CAa00, 4TOOBI €ro OLIyTUTH. [103TOMYy 3KCIEPHUMEHTAABHO 3TO OBIAO
TPYOHO TMOATBEPOUTH HWAU OIIPOBEPTHYTH. TOABKO HW3BECTHBIE ONBITHI [.
KaeeHOuwia ObIAM TIEPBBIMU AA0OPATOPHBIMU HAOAIOAEHUSIMH I'DABUTAIITIOHHOTO
IPUTIKEHUS.

Bnuskoodeilicmeue. HampoTuB, 3aKOHbI B3aUMOJENUCTBUS OAEKTPUYECKHU
3apAKE€HHBIX TE€A [OOIIyCKaAUu BO3MO>XHOCTB Hux OTHOCHUTEABHO HpOCTOfI
npoBepKU. Bckope OBIAO yCTAHOBAEHO, YTO B3aUMOAEHCTBHE BAEKTPHUYIECKHUX
3apsaA0B IIPOUCXOOUT HE MTHOBEHHO. Kaxknad SAeKTPHUYEeCKU 3apsiKeHHad
JacTHUIA CO3a€T SAEKTPHUYECKOE IIOA€, AEHCTBYIOIIEE HAa APYTHe YacTHULBI HE B
TOT K€ MOMEHT, a CIIyCTs HEKOTOPOE BPEMSI.

WHBIMH cAOBaMH, B3auUMOAEHCTBHE IIEpelaeTcs dYepe3 MOoCpeaHUKa —
SAEKTPOMATHUTHOE IIOA€, & CKOPOCTb PACIPOCTPAHEHUS SAECKTPOMATHHUTHOTIO
IIOASI paBHA CKOPOCTH CBeTa. DTO COCTaBASET CyTh KOHUenyuu bauskooelicmausi.

BAu3KOZEeHCTBHE H MOAaABHOAEHCTBHE—3TO B3aWUMHO IIPOTHBOIIOAOXKHBIE
B3TASIABI A OOBSICHEHHUS B3aMMOAEHCTBHUS MaTepPHUAABHBIX CTPYKTYyp. I[lo
KOHIIETII[UH OAM3KOAEHCTBHA AIO0OE B3aWUMOIENCTBHE HA MaTepUAABHBIE
OOBEKTHI MOKET OBITh IepefaHO TOABKO MEXKAYy COCEAHHUMHU TOYKaMH
IIPOCTPAHCTBA 3a KOHEYHBIH IIPOMEXKYTOK BPEMEHHU.

HdaanbHOZEHCTBHE [OIyCKAeT [eHCTBHE Ha pPaCCTOSHUU MTHOBEHHO C
OEeCKOHEYHOH CKOPOCTBIO, T. €. (PAKTHYECKH BHE BPEMEHH U IIPOCTPAHCTBA.
[Tocae HproTOHa 3Ta KOHLENIINSG II0Ay4aeT IIHPOKOE pPaCIpPOCTPaHEHUE B
¢du3uKe, XOTd OH caM IIOHHMAaaA, YTO BBEAEHHBIE MM CHABI OaABHOOEHCTBULA
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(HaTIpuMep, CHUABI TSITOTEHUS) SIBASIOTCS AHIIbL (POPMAABHBIM HPUOAUKEHHBIM
IIPHUEMOM, II03BOALIOIIIMM [JAaThb BEPHOE B HEKOTOPBIX IIpeAeAax OIIMCaHUE
HaOAIOTaeMBIX SBACHUMH. OKoHYAaTeABHOE yTBEpPXKIAECHHE IIPUHIIHIIA
OAM3KOMEHCTBUSA IIPUIIAO C BBIPAOOTKOH KOHIEIIIUMU (PU3UIECKOTO II0Ad KaK
MaTEPUAABHON cCpenbl. YPaBHEHHS II0AS OIIMCBIBAIOT COCTOSIHUE CUCTEMBI B
JAHHOM TO4YKE B [AaHHBIM MOMEHT BPEMEHH KaK 3aBHCHIIEE OT COCTOAHHUSA B
OAMZKAUIIUH HPEeAIIecTBYIOIINH MOMEHT B OamzKaimieil cocemHeil Touke. Ecam
5A€KTPOMATHUTHOE IIOA€ MOXKET CYILIECTBOBATH HE3aBUCHMO OT MaTE€pPHAABHOTO
HOCHUTEASI, TO IACKTPUYECKOE B3aUMOAEHCTBUE HEAB3S OOBSICHUTH MTHOBEHHBIM
OEeHCcTBHEM Ha paccrTogHuU. lloaTomy maavHOzedcTBHMe HpoTOHaA yCTynmmao
MECTO OAUBKOMEHCTBHIO, IIOAIM, PACHPOCTPAHLAIONIMMCSI B IIPOCTPAHCTBE C
KOHEYHOMN CKOPOCTBHIO.

TakKHM 0O0pa30oM, COTAACHO COBPEMEHHOH HayKe, B3aHMOAEHCTBHSI MEXAY
CTPYKTYpaMH IIepenaroTcss INOCPEACTBOM COOTBETCTBYIOLIEI'O0 IIOASI C
KOHEYHOH CKOPOCTHIO, pABHOH CKOPOCTH CBeTa B BaKyyMe.

[Tocae manTeabHOU GOPHOBI TeopUsl OAM3KOAEHCTBUS OfepKara OKOHYATEABHYIO
nobeny. PemmTeAbHBIH MTOBOPOT K IIPEACTABAEHHUIO O OAM3KONEHCTBHUU ObIA
COEAaH BEAUKHM aHTAUMCKUM y4éHbIM MaiikaoM PapaneeM, a OKOHYATEABHO
3aBEPIIEH aHTAUMCKUM Y4€HBIM [I3KeiMcoM MakcBeAAOM.

CornaacHo unee Papanesa 3A€eKTPUYIECKUE 3apdabl HE AEUCTBYIOT APYT Ha Apyra
HEIIOCPeACTBEHHO. KaskapIii M3 HUX CO34a€éT B OKPYXKaloIeM I[IPOCTPaHCTBE
anekTpudeckoe I1oae. Iloae omHoro 3sapsga AeUCTBYET Ha ApPyrow 3apgan, U
HaobopoT. [To Mepe ymaseHUs OT 3apsiaa IoAe ocaabeBaeT.

OcHoBrIBasgiceb Ha unaeax dPapaneda, MakcBean CyMeA TEOPETHYECKH O0Ka3aTh,
4YTO OAEKTPOMArHUTHBIE B3aUMOLAEHWCTBUA [OOAXKHBI PaCIPOCTPAHATHECA B
IIPOCTPAHCTBE C KOHEYHOU CKOPOCTBIO.

HTak, 9A€KTPUUECKOE IIOAE CYIIECTBYET PEAABHO: €I'0 CBOMCTBA MOXKHO
HCCAE€IOBATH ONBITHBIM ITyTéM. HOo MBI HE MOKeM cKa3aTh, U3 YETO 3TO IIOAE
COCTOWUT.

DAEKTpHYECKOE II0A€ — 3TO 0C000€e COCTOSTHHE MATEPHH, KOTOPOE HEAb3S
OOHApPYKUTH HAIIIMUMH OpraHaMH dYyBCTB. Ero MOXKHO OOHApYKUTBH, AUIID
IIOMeIlasd B HETO SAEKTPHUYECKHUE 3aPAIbI.

[Ipr H3y4YeHUU OSAEKTPHUYECKOTO IIOAS MBI CTAAKHMBAaeMCS C OCOOBIM BHIOM
MaTepUuH, ABUKEHHE KOTOPOH He MOAYHUHSIETCS 3aKOHaM MexaHUKH HbioToHa
I'nasHoe ceolicmeo sseKkmpuueckozo nosisi — OEeHCTBHE €ro Ha SAEKTPUYECKHE
3apsapl C HEKOTOPOM cmaoii. [lo melicTBUIO Ha 3apsi yCTaHABAUBAIOT (PAKT
CYLIIECTBOBAHHUS II0Ad, PACIpeNeA€HHE €ro B IIPOCTPAHCTBE, M3y4alOT BCE €To
XapaKTePHUCTUKH.

OAEKTPUYECKOE II0A€, CO3aHHOE HEIOABUIKHBIMHU 3apdaaMi, Ha3bIBAIOT
JA€KTPOCTATHUYECKHM.

OHO He MEHdeTCd CO BPEMEHEM. JAEKTPOCTATUYECKOE IIOA€ CO34aéTCs TOABKO
9AEKTPUYEeCKUMHU 3apsaaamMiu. OHO CyIIEeCTBYyeT B IIPOCTPAHCTBE, OKPYIKaIoIIeM
9TH 3apsbl, U HEPA3PHIBHO C HUMU CBA3aHO.

Ecau oae u3MeHsIeTCs CO BpeMEHEM, TO TaKO€ II0A€ Ha3bIBAIOT MEPEMEHHBIM.
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HanpamxeHHOCTDH 3A€KTPHYECKOI'O IIOAM.

A9 KOAMYECTBEHHOM XapaKTEPUCTHUKU OAEKTPUYECKOT'O IIOAS CAYXKUT
crieriasbHaa pU3NYecKasd BEAHYHNHA — HANPSIKEHHOCMb 2/1eKMpPUUecKozo noJisl.

PaccMoTpuM TOYEYHBIH A€KTPHUUYECKUH 3apsi BEAUYHUHBI Q U OyZmeM BHOCHUTH
B OAEKTPHUYECKOE IIOA€ OJTOro 3apsja Apyrod TodedyHbIH HOPOOHBIN 3apsan
BeAMYUHBb! q. Ha mpoOHEBIN 3apsan q Oyzaetr aeticrBoBaTh cuaa F, pasanyHad B
pPa3HBIX TOYKax IIOAd, KOTopasl, coraacHo 3akoHy KyaoHa, Oyzmer
IIPOIIOPIIMOHAaABHA BEAWYHNHE IIpOOHOrO 3apsna q. IloaToMy oTHOIlleHHWE 3TOH
CHABI K BeAWYHHe NIpoOHOro 3apana F/q yke He 3aBUCHUT OT BbIOOpa IIPOOHOTO
3apdfa U XapaKTepHUu3yeT SAEKTPHUECKOe II0OA€ B TOH TO4YKe, I/e HaXOOUTCS
IPOOHBIH 3apan. OTa BeAWYNHA U II0AYYHAA Ha3BaHUE HANPSIIKEHHOCMU NOJSL.
Ecan 3AeKTpUYECKOe II0A€ BbI3BAHO OOHUM TOYEYHBIM 3apsaoM (Q, BeAMdYHHA
HAIIPSKEHHOCTH II0AY IIOAyYaeTCsl HEIIOCPENCTBEHHO M3 3aKoHa KyaoHa IryTem
aeaeHUs obenx dyacTell paBeHCTBa Ha BEAWYHHY BTOporo 3apsaa. Ob0o3Hadad
HaNPSKEHHOCTH II0Ad 4Yepe3 E, Mbl uMeeM

_kQq . Q
E—RTq—kﬁ

HarpssKeHHOCTDb ITOAS TOYEYHOTO 3apdna yObIBaeT OOpaTHO HPOIIOPIIHOHAABHO
KBapaTy PacCTOdHHUS OT 3apdia.

Tax Kak OSAEKTPUUYECKHH 3apsi €ecTh CKaadp, a Ccuaa — BEKTOp, TO
HaIIPAXXE€HHOCTb IIOAd, IIoAy4YaeMad OT [JEACHUd BEKTOpa Ha CKaadp, €CThb
geexmop. HaripaBaeHHE 3TOT0 BEKTOPa OIpPENEAdeT HallpaBACHUE CHABI,
JENUCTBYIOILIEN Ha IIOAOXKHUTEABHBIM 3apdl, INOMEIIEHHBIM B paccCMaTpUBAEMYIO
TOYKY IoAd. Tak, HAIpUMep, €CAU II0OAE€ BBIZBAHO ITOAOXKUTEABHBIM 3apAI0M, TO
BEKTOP HAIIPAXKEHHOCTU HaIIPaBAE€H BIOAb paJuyca-BEKTOpa OT 3apgnaa BO
BHEIITHEEe ITPOCTPAHCTBO (OTTAAKMBaHHE IIOAOKHUTEABHOTO HPOOHOTO 3apsina);
€CAU II0A€ BBI3BAHO OTPULATEABHBIM 3apgaa0M, TO BEKTOP HAIIPAXKEHHOCTH
HaIIpaBAEH K 3apgany.

M3 cka3aHHOTO CA€yeT, YTO €CAU U3BECTHA HAIIPSKEHHOCTD I10AS B KaKOH-AN00
TOYKE, TO TEM CaMbIM OIIpeaeAeHa U CHAQ, AEUCTBYIOIIAd Ha SAEKTPHUIECKUH
3apsi, IIOMENIEHHBIN B 3Ty TOYKY. A UMEHHO:

F = qE.
OTMeTHM B B3aKAIOYEHHE, 4YTO [AS CAydad II0AS, BBI3BAHHOIO TOYEYHBIM
3apsiI0M, BEIOOP BEAMYUHBI IIPOOHOTO 3apsaa 0e3pa3andeH.

I[IpHHIUI CYyNIEePNMO3HIHH IOA€H. (WU crioKeHUe nosetl).

PaccMoTpuM 5AEKTPHUYECKOE II0AE ABYX TOYEYHBIX 3apdaoB +q U -q. [lycts E; —
HaIIpSAKEHHOCTD II0ASI B TOYKE, co3aBaeMasl 3apsaloM +q (Koraa 3apdaa gz HeT
BOBCe), a E>— HanpsaKeHHOCTBb IoAS 3apdaa gz (Koraa HeT 3apgana qi). OmbIT
IIOKa3bIBAaET, YTO HAIPSIKEHHOCTh E pPE3yABTHUPYIOIIETO IOAS (IIPU HAAUYUU
oboux 3apsaoB) MOXKeT OBITH HaMAeHa II0 IIPaBHUAY CAOXKEHHS BEKTOPOB (IO
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npaBHAy IHapasasesorpamma) (puc.B OK). Hau, wnHade, HaIpaKeHHOCTH
PE3YABTHPYIOLIIETO S5AEKTPHUYIECKOTrO IOASI €CTb BEKTOPHAsI cymMma
HaIps>KEHHOCTEH IoA€H, co3MaBaeMbIX OTAEABHBIMU 3apsIaMHU.

[IpaBHUAO BEKTOPHOIO CAOKEHHH SAEKTPHYECKUX ITOAEH CIIpaBEIAMBO HE TOABKO
[ASI ABYX, HO U OASI KAKOT'0 yrOAHO KoandecTBa 3apanoB. Ecau E;, E2, E3, ... —
HaMPSKEHHOCTU II0AE€H, Cco3laBaeMbIX OTAEABHBIMH 3apsgaMH B KaKOU-AHNO0

i
TOYKE, TO HAIPSKEHHOCThE E pe3yAbTUpPYIOIIEro B TOM K€ TO4YKE paBHA
reOMEeTPHUIECKOH CyMMe HalpssKeHHOCTeH.

I'padpuuecKoe H300OpaKEeHHE IOAS.

JAs ormcaHUS 9AEKTPUUECKOTO IT0AS HYXKHO 3a/1aTh BEKTOP HAIIPSIKEHHOCTHU B
KaXK/Io TOYKe IIoAsd. OTO MOXKHO CHAeAaTh aHaAUTHYECKH, BbIpaxkad
3aBUCHUMOCTb HAIIPAXKEHHOCTHU IIOAd OT KoopAMHAT B Buue dopmya. OmHaKo
TaKyl0 3aBUCHMOCTH MOXKHO MNPEACTAaBUTH U I'padUUeCKH, HCIIOAB3Yys CHAOBBIE
AVHHH.

Cunoegoll snuHuell, unu JAuHUel 8eKmopa HANPSIKEHHOCMU noJisl, Ha3bIBaIOT
AUHUIO, IIPOBEJIEHHYIO B 9AEKTPHUUYECKOM IIOAE, 1A KOTOPOM HallpaBA€HUE Kaca-
TEABHOW B AIOOO¥ TOYKE COBMIAAAET C HaAITpaBA€HHEM BEKTOpPa HAMPSIKEHHOCTH
noas (cMm.puc.OK ). TlockoABKYy KacaTeabHad, KakK U BCSIKad IIpsgMas, OIIpeaeAdeT
ABa B3aMMHO IIPOTUBOIIOAOXKHBIX HAaIlpPpaBA€HUsI, TO CHAOBOM AWHUU
IPUIIHCHIBAIOT OIIPEAEACHHOE HaIlpaBA€HHE, OTMedad €ero Ha dYepTexke
CTPEAKOH.

YTOOBI IIPU ITOMOIIN CHAOBBIX AMHHH HU300pa3uTh HE TOABKO HAIlpaBAE€HHE, HO U
BEAWYUHY HAMPSKEHHOCTH IIOASI, YCAOBHUAUCH Ha rpaduKax II0AS ITPOBOOUTH
CHAOBBIE AWHHU C OIIPENEA€HHOM TyCTOTOH, a HMEHHO TaK, YTOObI YHCAO
CHUAOBBIX AVIHUH, IIPOXOASAIINX qepes €IUHUILY IIOBEPXHOCTH,
HNEePHIEeHAUKYASIPHON K CHAOBBIM AWHHAM, OBIAO PAaBHO (HAU ITPOIIOPIIMOHAABHO)
BEAWYHHE HAIIPAXKEHHOCTH II0AS B JAaHHOM MECTE.

N300pazkass CUAOBBIE AMHUHU II0AS, MBI TIOAyYaeM CBoeoOpasHble rpadpuKU UAU
KapTbl TIIOASI, KOTOpPbIe Cpaldy HAarAsSgHO IIOKa3bIBAIOT, YeMy paBHAa
HaOpPS>KEHHOCTh B pPa3HbIX dYacCTIX IIOAd MW KaK OHa U3MEHSeTcd B
npocTpaHcTBe. BecaemcTBue 60ABIIION HATASIIHOCTU 3TOT CIIOCOO MTPEACTaBACHUS
IOA€H HIMPOKO ITPUMEHSIOT B SAEKTPOTEXHUKE.

Ha puc. B OK wuzobpaxkeHo omgHOpomHOe moae. Ha Kpasax IaocKocTed a3Ta
IapasA€AbBHOCTB 3aMETHO HApPYILAeTCH.

ITone, HanpsskeHHOCMb KOMOPO20 60 6CEX MOUKAX UMeem OOHY U MYy e
6eIUYUHY U HanpaeneHue, HaA3bl8eAemcst 0OHOPOOHbBIM.

CuAOBBIE AWHUMU OOHOPOMHOTO IIOAA TIPEACTABAAIOT COOOH IIapasAeAbHBIE
IpdMble, IyCTOTa KOTOPBIX BCIOAY OHA U Ta KE€.

pacdrueckre n300pazkeHUsT OAHOPOMHBIX IIOAEH OTAWYAIOTCSA APYr OT Apyra
TOABKO IIO TYCTOTE PACIIPENEACHHUS CHAOBBIX AMHHH, KOTOpad OIPEAEAdeT Be-
AVYVHY HAIPAXKEHHOCTHU I10AL.

OmHOpPOAHOE TIOAE IIPEACTaBASIET COOOH ITPOCTEUINUM, HO O4YE€Hb BaXKHBIM BH/
5AEKTPHUUIECKOIO ITOAS, YACTO BCTPEYAIOIINNCA B IIPAKTHUKE.
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B/1OK -8 IIPOBOIHHUKH OK-10.8.4
B SAEKTPOCTATHYECKOM IIOAE

1.«MNona HeT»

-+- +- -+ - -+- Ce80600HbIe 3apadbl cogepwarom mersnoeoe 08UMEHUE
-+ - - +- -+- -+-
- -+ - - - - +- «371eKMmpPOHHbIl 2a3»

2.«MNone ectb»

3nekmpocmamuyeckas UHOYKYuUs -

I pasoeneHue pa3HOUMEHHbIX 3apA008
v g + 8 NNPOBOOHUKE, MOMeWeHHOM 8 3/1.10o71e.
+ (3nekmpu3sayus yepe3s enusaHue)

Ha e delicmeyem cuna, 803HUKAGEM KpamkKospeMeHHbIU MoK, 00 mex rop, noKa
Eenymp. = Eenew.

3apaabl MOXHO 3aKpenuTb

+
+
+

3.3apaakKa aneKkrpomertpa

75 77+ X

4.9neKTpUyYecKnii ToK NPOBOAHUKOB.

- BHympu rnpo8oO0HUKa npu pasHosecuu 3apados E=0 u q=0,
- 8ecb cmamuyeckuli 3apAao cocpedomoyeH Ha e20 MosepxHocmu

«Knetka dapagea»

«3awuma npubopos om eHewHUX noaeii»
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IlosicHernusa Kk OK -10.8.4
ITpoeooHuKku e anexkmpuueckom none.

B MeTasrax HOCHUTEASIMH CBOOOMHBIX 3apsalOB SIBASIOTCS SAEKTPOHBI. [lpu
o0pa3oBaHUU KPUCTAAAHYECKOM PEHIETKH MeTaAAd OAEKTPOHBI BHEIIHHUX
000AO0YEK AaTOMOB IIOAHOCTBIO YTPA4YUBAIOT CBA3U CO CBOHMMH aTOMaMH H
CTAHOBSITCSI «COOCTBEHHOCTBIO» BCEro IIPOBOAHUKA B IleAOM. B pesyabrarte
obpazoBaBIIHECs IIOAOKUTEABHO 3apsIKEHHbBIE HOHBI OKa3bIBAIOTCS
OKPYKEHHBIMH OTPHUIIATEABHO 3aPSI3KEHHBIM «ra30M» T.H. «9IeKMPOHHBLIM 2A30M»

CBoOOmHBIE JAEKTPOHBI YYaCTBYIOT B TEIIAOBOM [OBUXKEHHHU H  MOIYT
mepeMenIaThCd 110 METAAAY B AFOOOM HaIllpaBAEHUU.

3apsaiKeHHbIE YaCTHIBI, CIIOCOOHBIE CBOOOMHO IIEPEMEIAThCS B ITPOBOIHHKE
10l BAUSTHUEM DAEKTPHUYECKOTO ITOASI, HA3bIBAIOTCSI CBOOOMAHBIMH 3apsidaMH.

CBOOOIHBIE SAEKTPOHBI B METAAAMYECKOM IIPOBOJAHUKE, IIOMEIIEHHOM B
SAEKTPUYECKOE IIOA€, IIoA MOefiCTBHEM CHA IIoAs OyayT IlepeMeniaTbCs B
HaIllpaBA€HUH, [IPOTHBOIIOAOXKHOM HAIIPSI?KEHHOCTHU IIOASI.

Ha pucynke (cMm.OK) n3o0pazk€H IIpOBOAHUK, I[IOMELIEHHBIM B IIOA€, KOTOpPOE
Co37aeT 3apdKEHHOE TEAO, HAaIIPsSKEHHOCTb KOTOPOTO HaIlpaBA€HA CAEBa

HaIlpaso.
Ha mnoBepxHOCTH IIPOBOAHHKA CAEBa MIOSIBASIETCSI H30BITOYHBIH OTpHIIA-
TEeABHBIN 3apsdan, a Ha APYroid, — H30BITOYHBIN ITOAOKUTEABHBIH 3apan. Takum

obpa3oM, IPOBOMAHHK, IIOMEINEHHBIH B 3IAEKTPHYECKOE IIOAE, IAEKTPU3YETCH.
3apanpl, HOABAMIOIIMECHd Ha IIOBEPXHOCTH IIPOBOAHUKA, CO34AaAyT BHYTPHU
IIPOBOAHUKA A00aBOYHOE 3A€KTpHUUYecKoe Itone. CHAOBBIE AHMHHUU O3TOTO IIOAS
KOTOPOT'0 HaIIPABAEHBI IPOTHUBOIIOAOXKHO CHAOBBIM AHWHHSM OCHOBHOIO IIOAS.
Hamps:k€HHOCTb PE3yABTHPYIOLIEr0 IIOA B IIPOBOOHHKE ocaaburcs, T. e.
YMEHBIIIUTCH CHAA, AeHCTBYIOIlasd Ha CBOOOAHbBIE 3AEKTPOHBI U BBbI3bIBAIOIIAs UX
ABUKE€HHE. [IBUXKEHHE 3apsa0oB B IIPOBOAHHKE IIPEKPATUTCH, KOTAa
HaIIPsA>KEHHOCTDL PE3YABTUPYIOILIETO IIOAd BHYTPU IIPOBOAHHKA OKaXKETCH
PaBHOM HYAIO.

slBAeHUE pa3meAeHus 3apsag0oB W HUX pacOpeleAeHHe II0 IIOBEPXHOCTH
IIPOBOJHUKA BO BHEIITHEM SAEKTPUIECKOM roAe Ha3BbIBAIOT
anexmpocmamuueckoi uHOYyKyuell unu snexmpusayuei yepes enustHue.
ITpuuura smozo si8neHuUsl ecmb Oelicmeue 8HeUWlHe20 31eKmpuueckozo0 Noast HA
Cc80600HbBLE 9/1eKMPOHBL 8 NPOBOOHUKE. 3apsiobl, NOSBASIOULUECS HA NPOBOOHUKAX
npu 6HeceHUU UX 8 dJeKmpuueckoe noje, HAa3bleAMes: UHOYKMUPOBAHHBLIMU
3apsioamu.

Onexkmpusayueil uepes 6aUSIHUE MOXKHO OOBACHUMbL S8/eHUEe NPUMSIKEHUs
MeXKO0Y HAINEKMPU30BAHHBIM U HEHAINEKMPUI08AHHbIM Menamu, U nepeoavy
ANIeKMPUUECK020 3apsioa NPU CONPUKOCHOBEHUU SMUX MeJL.

Kak ocTaBHTB Ha TeA€ 3apsl NMOCA€ YAAACHHSI BAHSIOIILEro TeAa? (CM.pHC)
K saekTpoMeTpy IIOOHECAU OTPHUIIATEABHO 3apPAKEHHYI0 900HUTOBYIO ITAAOYKY.
Ha crepzkHe saeKTpoMeTpa Ipou3oiaeT pasneseHue 3apsaaoB. Ha miapuke 6yget
IIOAOKUTEABHBIM 3apdi, a Ha MAPYyroM KOHIIE CTEPXKHA 3JAEKTPOMETpa —
OTPULIATEABHBIN 3apsm.

3areMm, He ymaadd 3apsazKE€HHOE TEAO, AaTh CT€Yb OTPHUIATEABPHOMY 3apdany C
IIPOBOAHUKA, A 3TOIO HANO KOCHYTBCH PYKOH ILIapHKa JAEKTPOMETpa, H
OTPHUILIATEABHBIN 3apsf CTe4YeT «B 3eMAIo». llocae 3TOro yOupaeM IIAAOYKY.
OAEKTPOMETP 3apPsIKEH.
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To obcmosmenbcmeo, umo 39leKmpuueckoe hnose SHYMpuU NPO8OOHUKA
omcymcmeyem, Mmoxem Oblmb UCNONABL308AHO O 30WUMbBL mMes om
gozdelicmeust 8HeuwHez20 3eKmpuueckozo noss. [Jad 3TOH LeAHn MOOCTATOYHO
OKPYKHUTb OAHHOE TEAO XOTs Obl TOHKHM IIPOBOASIIUM CAOE€M, HaIpUMeEp,
IIOMECTUTH ET0 B METAAAUYECKUH AIMK. BHYTPU TAaKOTO SIIHUKA IT0AS He OyIeT.

[aq mokazaTeAbCTBa TOTO (paKTa, YTO BHYTPH 3aPAKEHHOI'0 IIPOBOIHUKA
9AEKTPHUYECKOE II0OAE OTCYTCTBYeT, Papasieit IToCTPOUA OOABIIIYIO IIPOBOAOYHYIO
KAETKY, YCTAHOBHA €€ Ha U30ASITOPHI U 3apsizKaa. [loMmerniascy BHyTPb 3TOH
KAETKH C OY€Hb YYBCTBHUTEABHBIM 9A€KTPOCKOIIOM B pyKax, Papaneit yoequacd B
TOM, YTO BHYTPH KAETKH HE AEHCTBYIOT HUKAKHE YAEKTPHUUYECKUE CHABI, XOTs Ha
HAPY?KHOU OBEPXHOCTU COCPEIOTOYHBAACS 3HAYUTEABHBIN 3aps.

P A
111

LY
WYY

¢ o
TSR

[MepBO€E aKpaHNpPOBaAHHOE COOPYKEHUE —
Knetka ®apapes —
6b1n0 cosgaHo ®apageem B 1836 roay u
UM XK€ CaMOCTOSTENbHO UCMbITAHO
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B/IOK -8 JOUSAEKTPUKH B OK - 10.8.5

IAEKTPOCTATHYECKOM IIOAE

1.CBo6oaHble 3apaabl OTCYTCTBYIOT (8030yX, cmeKso, 36oHum, ¢hapgop, depeso)

/ @ @ ____________ E, ° E1 [E1] = |E2]= Epes. = 0

2.Hannuue gunonen
a.noasApHsie ounoau (NosapeHHas cosb, 6004, cnupmel u 0p.))

«6ecrnopsA00YHO» E > «YrIopA00YEeHHO»

+ % = “ F {2 3 3

() N i) ) i 3

= \ —= TIED ERED
nosia Hem nonﬂpu3auunr rnose ecmo

6.HenonsApHbie dunoau (UHepMHble 2a3bl, KUC10po0d, 8000p00 u 0p.)

_@ @_E noo 8saUAHUEM 8HEWHe20 Mo

ueHmpol 3apA008 CMewarmcs-
O0u3sneKMpUK nonasapusyemcs

+qs '+
T -800q =81
ELoogeroro i n T o -360HUM =4
F OO HE IO "cmekno =7

- BHympu 0ussieKmpuKa rose ocaabesaem,

- cmerneHb ocnabaeHuA 3asucum om ceolicme Ous1eKMpuUKa,

- B8OKpyz2 3apAdos q; U g, Oelicmeusa oOunosel HECKOMMNEeHCUPOB8AHbI, OHU U
ocnabaaom nosne
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IlosacHernuss Kk OK - 10.8.5

AH3AEKTPHKH B 3A€KTPHYECKOM moAe. B orandyne OT NIPOBOOHUKOB B
OUAAEKTPHUKAX IIOYTH HE CYLIECTBYeT CBOOOAHBIX 3apsanoB. BHyTpH aToMOB U
MOAEKYA OUAAEKTPUKOB OTPHUATEABHO U IOAOXKHTEABHO 3apsiK€HHBIE YaCTHUIIBI
CBI3aHBbl MEXKIy COOOM 3AEKTPHUUYECKUMHU CHAAMH, HO He a0COAIOTHO JKECTKO, a
MOTYT B U3BECTHOH Mepe CMeIaThCd 04 AeHCTBHEM IIPHUAOKEHHBIX K HUM CHA.

OTpuilaTeAbHbIE u IIOAOXKHUTEABHBIE 3apsapl KasK/10H MOAEKYABI
OOUHAKOBBI, II0TOMY AloO0adg MoOAeKyAa B IIeAOM He 3apsiKeHa. B aAro-
6ol yYacTu oO0BEMaA MOUIAEKTPUKA OOIIMMH IIOAOKUTEABHBIM 3apsi paBeH
OTPULIATEABHOMY 3apsiay U pPe3yAbTHpPYIOllee AefiCTBHE O3THX 3apdloB Oyner
PaBHO HYAIO.

EcAn TIOMECTUTh OAUIAEKTPUK B SAEKTPHUYECKOE TIOA€, TO HA II0AOKUTEAbHbIE U
OTpULIaTEABHbIE 3apsbl MOAEKYA €ro HA4YHYT AeMCTBOBATH IIPOTHUBOIIOAOXKHO
HalpaBA€HHBIE CHABI. [loxg meHCcTBHEM 3THUX CHA 3apsabl KasKIOU MOAEKYABI
CMeCTATCs, HOPHUYEM OTO CMeIleHHe OyaeT IIPOUCXOAUTH II0 HaIIPaBAECHHIO
HanpszK€HHOCTH TIoasd. CHabl 1oad OyayT pacTdruBaTh MOAEKYABI U
OPHUEHTHUPOBATh HX BIOOAb CHAOBBIX AWHHH. B pesyabTare MOAEKYABI
pacroaoxkaTtcd yrnopsanodeHHo. I B 9TOM caydae B AIOOOHM YacTH OUAAEKTPHKA
CYMMapHBIH SAEKTpHUUYECKU# 3apan OyaeT paBeH Hyalo. Ho Ha mOBepXHOCTSIX
OUSAEKTPHKA, OTPAHHUYMBAIONIUX €ro, MOSBITCH 3apdnbl: C OTHOM CTOPOHBI
IIOAOXKHUTEABHBIE, C IPYTO¥ — OTpUILIATEAbHBIE.

IIpouecc cmeweHust 3apsdoe 6 oOusnexmpuie, NOMEWEHHOM & none,
Ha3bleaemcst nonsipusayueil, a cam ousneKmpurK é 3Mmom COCMOSHUU —
NoNAPU306aAHHBIM.

[Toasgpuzanmuss  OUSAEKTPHUKA  HECKOABKO HallOMHHaeT  SAEKTPU3AIUIO
IPOBOAHUKA dYepe3 BaugHue. OOHAKO MEXKAy 3THMH SBACHUAMU CYIIECTBYET
rAybOKOe pa3Audue.

B mIpoBomHUKAX 9AEKTpPHU3AIUs O0yCAOBAMBAETCS HAAWYHEM B HUX CBOOOIHBIX
3apsaaoB. Ecam pasfgeAuTh B 3A€KTPUYECKOM II0A€ IIPOBOJHUK, 3aps>KEeHHBIH
yepe3d BAUGHHE, TO 00€ 4YacTh IIPOBOAHUKA OKaKyTCd 3apsasKeHHBIMU
IIPOTUBOIIOAOXKHO. 3apsabl OCTAIOTCS Ha IPOBOAHUKAX U IIOCAE YIAACHUS ITOAL.

HNuagye obcTOoUT mEA0 B cAydae OUIAEKTPUKA. EcAW pa3feAnTh AUSAEKTPHUK B
SAEKTPHUYECKOM IIOAE€ HA [IBE YaCTH, TO HAa BHOBH 00PA30BaHHBIX ITOBEPXHOCTSIX
obeux dYacTed TIogBATCH 3apdabl O0OMX 3HAKOB — Ha OOHOM CTOpPOHE
IIOAOXKUTEABHBIE, Ha APYTo# — OTpULIlaTEeABHBIE.

3aps{11131, TIOABAAIOINTHECHA HA ITOBEPXHOCTLAX ITOAAPHU30BAHHOI'O JUSAECKTPHKA,
Ha3bIBAKTCA C8sA3AHHbIMU 3apﬂdamu.

IToAsspHBIE H HENMOASIPHBIE MOAEKYABI.

B  oTcyrcTBHE — BHENIIHErO  JAEKTPHUYECKOTO  IIOAS  IIEHTPBI  TIXKECTH
IIOAOKUTEABHBIX U  OTPHUIATEABHBIX 3apsgoB MOTYT AUOO COBIIAOATH
(HenonsipHble Mmonexkysavl), ANO0 OBITH CABHHYTBIMH APYT OTHOCHUTEABHO Apyra
(noisipHble MONEKYNbY).
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IToAsspHBIE AHSACKTPHKH.

MoA€EKYyABI HOASIPHBIX AUIAECKTPHUKOB C TOYKH 3PEHHS SAEKTPUYECKHX CBOMCTB
ABASIIOTCS OUNOAAMU.

Juroap 3TO CHCTEMAa ABYX OAMHAKOBBIX II0 MOAYAIO M IIPOTHBOIIOAOXKHBIX IIO
3HaAKYy 3ap410B, HAaXOAAIIUXCA Ha HEKOTOPOM PACCTOSHHUH APYT OT Apyra .

Hampumep, B Mmoaekyae roBapeHHOH coan NaCl omuHOKUY BHENIHUH 3AE€KTPOH
HaTpUd 3axXBaTbIBAETCA aTOMOM XAOpa (KOTOPOMY KaK pa3 HEIOCTAET OIHOTO
SAEKTPOHA MO0 IIOAHOTO KOMIIA€KTAa M3 8 SAEKTPOHOB Ha BHENIHEH 000AOYKE).
MoaeKyaa CTAHOBUTCS AUIIOAEM, COCTOSIIIIMM H3 IOAOXKHUTEABHOTO HMoHa Na+ u
oTpullareabHoro noxHa Cl-.

CmpoeHue OuarieKmpuka

CTPOEHnEe MONEKYIbl

@ e
.. '.: NOBapPEHHOMN CONU
e

NaCl

3NeKTPUYeCKUn AUnonb-

COBOKYMHOCTb [1BYX TOUYEUHbIX
3apAa0B, PaBHbIX MO MOAYMO
1 MPOTUBOMOMNOXHbLIX NO
3HaKY.

Kak numoau BemyT ceOsi M MOAEKYABI BOABI. DTO CBA3aHO C reoMeTpued ux
CTPOEHUS: MOAEKyAa BOOBI IIOXOXKa Ha TPEYrOABHUK, B BEpPIIHHAX KOTOPOIO
pacrioAOK€eHBI Ba aToMa BOAOpPOAa U OAUH aToM Kucaopoza. B pesyabrarte
LEHTPBI IIOAOKUTEABPHBIX U OTPUIIATEABHBIX 3apPsJ0B MOAEKYABI OKA3bIBAIOTCS B
Pa3HBIX MECTaX, YTO U HAAEAIET MOAEKYAY CBOMCTBAMU OUIIOAS.

K moadapHBIM OU3AEKTPHUKAM OTHOCATCH TAKKE€ HU3KOMOAEKYASIPHBIE CIIUPTHI U
pPSA APYTHUX BEILECTB.

[Ipu OTCYyTCTBHUH BHEUIHETO IAEKTPHUYECKOTO ITIOAT MOAEKYABI-ITUIIOAN ITOATPHOTO
OUSAEKTPHUKA, COBEpIIasd XaoTHUYECKOE TEIIAOBOE NBHKEHHE, OPUEHTHPOBAHBI B
CaMbIX pPa3HBbIX HAIIPABACHHUSX. DAEKTPUYECKHE IIOAS 3TUX AUIIOAEH ITOAHOCTBIO
KOMIIEHCUPYIOT APyl Apyra, U Pe3yAbBTHPYIOIEE IIOA€ PaABHO HYAIO BO BCEX
00AACTSIX TUAAEKTPHUKA.

Ho ecam moMecTHTh TaKOM AUSAEKTPHUK BO BHEIIHEE IIOA€, TO OHO pPa3BEPHET
OUIIOAM TaK, 4YTO OHHU OKaXyTCsd OPHUEHTUPOBAHHBIMU BIOOAb AWHHUH
HaNIpsSKEHHOCTU (MHUHYCHI OUIIOAEH TIIOBEPHYTCS BAEBO K TEM IIOAlIOCaM,
KOTOPBIE CO34aI0T BHEIIIHEE II0A€). DTO ITOKa3aHO Ha pUcyHKe B OK.
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HPOHCXO,Z[HT IMOAAPH3AIHA, M.e. CMewleHUEe NOJIO2KUMEJITbHBbLX U
ompuyameJsioHblX C8A3AHHbLX 3apﬂ006 duaﬂenmpwca 8 NPOoMmueonoJjiooKHble
CMOPOHUBL.

HenoasapHble AHIAEKTPHKH.

Jlaneko He BCE MUIAEKTPHUKHU ABAAIOTCS IIOASPHBIMHU. [IUSAEKTPHUK Ha3bIBAE€TCHd
HEIIOAGPHBIM, €CAH €ro MOAEKYAbl HMMEIOT CHMMETPHYHOE DPaCIIPEAEACHHE
IIOAOXKHUTEABHBIX M OTPHUIIATEABHBIX 3aps0B W IIOTOMYy He BeayT cebs Kak
AUIoAr. K HEIMOAGpHBIM AUIAEKTPUKAM OTHOCATCH, HAIIPUMEDP, KEPOCHH,

MacAO, BO3AyX, HHEPTHBIE I'a3bl.

TeMm He MeHee, TToASIpU3aIlNd HADAIONAETCH U Y HEIIOASIPHBIX JUIAEKTPHUKOB.

AdHu3AeKTpHYECKass IPOHHIIAEMOCTb.
CreneHsb IOASIPU3AIINH BEIIeCTBA XapaKTepU3yeTCcd 0COO0H BEAMYHHOMH,
KOTOpad Ha3bIBAETCd AUAACKTPUIECKOU ITIOCTOAHHOU.

AusaseKTpHYECKass IOCTOAHHasA  IIOKa3bIBaeT, BO CKOABKO pa3
HaNIpPSKEHHOCTh IOAS MOAHHBIX 3apAZOB B AHSAEKTpPHKe (OAHOPOAHOM)

OyZeT MeHbIlle, YEM B BaKyyMe.

[IpuHaTO 0003HAYATH IPEUYECKO OYKBO# & (3T1ICHAOH). Y1 MOKHO 3armucaTh

Ha npakTuke JUSAEKTPUYECKYIO IIOCTOSHHYIO BO3AyxXa NIPUHUMAIOT 34 €AUHUILLY.
Ecan nBa TO4€YHBIX 3apsaa HaXoOdTCd B AUSAEKTPHUKE, TO HAIIPAXKEHHOCTD
II0AS, CO34aBaEMOr0 KaXKIbIM M3 3apdI0B B TOYKE, I/I€ HAXOAUTCS APYTIoMt
3apsd, YMEHBIIAETCS B € Pas.
3Ha4YUT, U CHAQ, C KOTOPOH 3THU 3apaabl B3aUMOAEHCTBYIOT MEXKIY COOOH, TaKKe
B € pas3 MeHblIe. [ToaTomy 3akoH KyaoHa nag 3apdanoB, IIOMEMIEHHBIX B
OUSAEKTPHK, BbIpakaeTcss (POPMYAOH:
F=k ‘hqzz
&r
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B/1OK -8 OK -10.8.6

PABOTA. IIOTEHITHAA

1.PaboTa aneKTpocTaTMyecKoro nons

A B
+ >— A1, =F S cos (F,S) = q E Ad
e .
T A3 =0, T.K. cos90" =0
+ —
e P ' As; =-q E Ad,T.K. c0s180° = -1
1 2
Az =Ap+ Ay +Az; =0
t g
Ad d, AneKTpocTaTuyecKoe nose noTeHunanbHoO
' ' a. paboma He 3a8ucum om ¢hopmbl mpaeKkmopuu
B dq - 6. paboma no 3aMKHymomy KoHmypy pasHa 0

2.lNoTeHUManbHanA sHeprus

A=qEAd=qE(d;—dy)=-(qEd,—qEd,)

Mo 3.C.3. A=-AW,=-(Wy—Wy)

[ W,=qEd ] - MomeHyuanbHaa aHepa2uA 3apA0a 8 OaHHOU MoYKe oA

3.MoTeHumnan — IHepeemu4eCcKaAa xapakmepucmuka rnosiAa

w 2w 1/1x
¢ =—=——=const;, p=——=1B Q=

A
q 2q 1Kn q

@ — cKaJdp, @ > 0,ecnu + q, @ <0,ecnmu —q

q:

q: E
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IlosacHernuss Kk OK - 10.8.6

PaboTa B 3A€KTPHYECKOM IIOA€.

Ha Bcaguii 3apgn, HaXOOAIIUNCA B AAEKTPHUYECKOM IIOAE€, AEHWCTBYET CHAA, U
II03TOMY IIpU ABUKEHUH 3apsiia B IIO0A€ COBeplLIaeTcd onpeneséHHas pabdoTa.
Kak paccumrathb 3Ty padory?

PaccmorpuM mepeMenieHue 3apsfia B OOZHOPOAHOM II0A€, OOpa30BaHHOM ABYMS
IapasA€ABHBIMH IIAACTHHaMHU A W B, 3apgaXeHHBIMH [IPOTHBOIIOAOXKHBIMH
3apganaMu (cM.puc.) B TakoM mmoae cHAOBBIE ANHUU Ha BCEM CBOEM ITPOTAKEHUU
HEPIIEHAUKYAIPHBI K O3THUM IIAACTHHAM, M €CAM IIAacTHHa A 3apdikKeHa
IIOAOKUTEABHO, TO HAITPIAKEHHOCTE Toad E HanmpaBaeHa oT A K B.

JIoIIyCTHM, 4YTO IIOAOKHUTEABHBIN 3apdl ¢ IIEPEMECTHACH U3 TOYKH 1 K TO4dke 2
10 KaKOMy-HUOyap OyTH S = Ad, m paccumtTaeM paboTy II0 IIepeMeIIeHHIO
3apgga Aio.

3arem paccuutaeM paboTy — A23, A31 U Ha HaKOHEIl Ha y4acTKe —A1231.

HTak, pacCMOTpEeHHBIE IIPUMEPHI  I[IOKa3bIBAIOT, YTO paboma no
nepemeweHuro 3apsioa u3 OOHOU MOUKU 3/1eKMPUUECK020 NoaAsl é Opyayro
He 3aeucum om ¢(opmbl nymu nepemeweHusl, d 3d6UCUm moabkKo om
NONONCEeHUSL IMUX moueK é nosne.

Mg 3HaeM, uTo paboTa, coBeplllaeMasi CHAOM TSAXKECTHU IIPU ABUKEHUU TEAA TI0
HAKAOHHOM IIAOCKOCTH paBHa paboTe, COBepIIaeMoil IIpU MAAEeHUH Teaa C
BBICOTBI, PABHOM BBICOTE HAKAOHHOM ITAOCKOCTH. Takum obpaszom, paboTa CHABI
TSXKECTH, UAH MOXKHO CKa3aTh, pabora IpHU ITePEMEIIEHUN TeAA B IIOAE TSIKECTH,
TaK¥Xe HE 3aBUCHUT OT (POPMBI MyTH, 4 3aBHUCHUT TOABKO OT Pa3HOCTH BBICOT
Ha4YaAbHOU U KOHEYHOM TOYEK ITyTH.

MoOXHO [O0Kas3aTh, YTO 9JTUM BaXKHBIM CBOMCTBOM 00AQAET HE TOABKO
OHOPOMHOE, HO U AIODOE DAEKTPUYECKOE II0A€. AHAAOTUYHBIM CBOHCTBOM
00AQIaET U IIOAE CHUABI TAXKECTH.

IToTeHIIHAA.

[IycTe MBI IMEEM HEKOTOPOE IIOAOXKHUTEABHO 3apsazKEHHOoe TeAo. Bokpyr atoro
Te€Aa CYLIECTBYET AAEKTPHUYECKOE Ioae. BynmemM B 3TOM IoA€ IEPEHOCUTH II0AO-
JKUTEABHBIH 3apsi; IpHU 3TOM Oy[eT coBepuIaThCd olpeneséHHas pabora A.
BeAanunHa 3TOH paboThl MPOMOPIIMOHAABHA BEAUYHHE MMEPEHOCHMOTO 3apsaa U
3aBHCHUT OT TOTO, U3 KAKOU U B KaKyIO0 TOYKY IIOAS 3apdl IepeHocutcs. Ecau
B34Tb OTHOIIIEHHE BEAHYHWHBI COBeplIaeMoil paboTbl A K BEAUYHHE
IIepeMeNaeMoro 3apsaa ¢, TO BEAMYWHA 3TOr0 OTHOIIEHHs — yKe He Oyner
3aBHCETh OT BEAWYHUHBI IIE€PEHOCHMOTO 3apsiga, a OyaeT 3aBHUCETh TOABKO OT
BbIOOpA HavaAbHOM M KOHEYHOU TOYEK IepeMeIlleHUs 3apsiga B II0A€, IIPUYEM
dopMa ImyTH HUKAKOTO 3HA4YeHHUs UMETh He OyIerT.

YcaoBHMCS BHOCUTH 3apsi/i B II0A€, IIepeMellasl ero U3 0ECKOHEYHO yaAaA€éHHOHU
TOYKU II0Ad, T. €. M3 TaKOU TOYKH IIPOCTPAHCTBA, HANPAXKEHHOCTH IIOAI B
KOTOPOU paBHa HyAlO. BeamdynHa OTHOIIIEHUS PabOThI, KOTOPYIO HNPUAETCS IIPU
5TOM COBEPIIHUTH IIPOTHUB CHA SAEKTPHUYECKOTO IT0AS, K BEAUYHNHE IIEPEHOCHMOTI0
3apsana OyaeT 3aBHCETh TOABKO OT IIOAOXKEHUS KOHEYHOM TOYKH ITePEMEIIeHHUSI.

HOBTOMy dTa BEAMYHHA MOXKET CAYXKHUTH OAAd XapPaKTEPUCTUKHU 3TOM TOYKHU IIOAL.
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BeAnuuHa, H3MepsieMass OTHOIIEHHEM pabGoThl, COBEpIIAEMOIl IpH
IMEepEMELIEHHH IIOAOXKHTEABHOTO 3apsaAa H3 OECKOHEYHOCTH B HOAHHYIO
TOYKY IIOASI, K BEAHYHHE II€pEMELIA€eMOro 3apsiaa, Ha3bIBaeTCH
NOMEeHUUAIOM NONsL 6 OAHHOU moukKe.

M3 »TOro ompemeAeHHs] BHAHO, YTO IOTEHIHAA IIOASI B JAaHHOH TO4YKe
YHCAEHHO paBeH paboTe, COBeplIAeMOH IIPH IEPEMEINEHHH €AHHHIIBI
IMMOAOXKXHTEABHOIO 3apsaAa H3 0ECKOHEYHOCTH B JAHHYIO TOYKY IIOAS.
BeAanunHa noreHIinasa obo3zHagyaercsa OyKBoH ¢ (dpu).

°=3

Ilomeryuan npedcmaeﬂﬂem coboil CRAApPHYIO eeJluvUHY - amo
IHepzemuuecKaslt xapaxkmepucmurxa noJsi.

[loreHIIMaAbl TOYEK IIOAS IIOAOXKHUTEABHO 3apSKEHHOI'O TeAd HMEIOT ITOAOXKH-
TEABHYIO BEAWYMHY, [IOTEHIIMAABI XK€ IIOAS OTPHUIIATEABHO 3apSKEHHOTO TeAa
HMEIOT OTPULIATEABHYIO BEAUYHHY.
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BJIOK -8 PA3BHOCTD MNOTEHIIUAAOB OK-10.8.7

1.Pa3HOCTb NOTEHWMWANOB (HanpsaxeHue)

A= —(Wpy = Wy1) = (g2 — q91) = q(@1 — ¢2)

1/
A v IAH{_ 1B ”/@\\\

P1— P2 P q 1K W 1Kn .

‘1‘21 ® P2

2.Ceasb mexpy Eu U

B
e P
M
FR QqR Q
= —_ = — = _— k . —
(pmapa q q qR 2 Rusapa ) (pBHYTpI/I mapa Pua MOBEPXHOCTHU
— 0 _9 _ Q
EBHyTpH mapa ~ 01 EHa MOBEPXHOCTH ~ E - k (R apa)z
juig
4.nOTEHLIMaI1bHa$| 9Heprua BBaMMOAEVICTBMﬂ 3apanos
W=FR
911192
W=k———
R
R
5. 3KBMI‘IOTEHLI,VIaJ1beIe NMNoBepPXHOCTU — rnosepxHocmu, umerwowue 00UHaKOo8bIl
nomeHyuan
@1 !
73 i : a =90° )
, j — A=0
Q3. !
P1=P2=@P3
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BJ/IOK -8

SAEKTPOEMKOCTbD OK-10.8.8

- cnocobHocmb 08yx NMPOBOOHUKOB HAKAMAUBAMb 3/eKmpuyecKul 3apsao

1.91eKTPOEMKOCTb YeAUHEHHOrO NPOBOAHUKA

+++++++ | +++++++ C:1=2—q=ﬂ=const
U 20 3U
P1
q q
=0T 0i—0,
1~ P2
v v v v P2
SnekmpoeMKocmes yeOUHeHHO20 NMPOB8OOHUKA
1 Ha3bleaemca d)u3uquHa,q eesq1u4vyuHa, YucsieHHo
C = = 1P (CDapa ﬂ) pPasHas omHoweHuro 3apada 00HO20 U3 NPosoo-
1B HUKO8 K pa3Hocmu nomeHyuasos Memdy HUmu
«C» 3aBUCUT OT: «C» He 3aBMCUT OT:
- pa3mMepos MNPoeooOHUKA - 3apAada
- cpeosl - pa3HocmMu rnomeHyuano8
- suda mamepuana
2.9N1eKTPOEMKOCTb Lapa
+ + + Q
Agomapa = Umapa =k R
napa
c _ 0 _ 0o _R
mapa — - -7
P Umapa kQ/R k
1
B 4meye
Ciapa = X = 4mepe R
C 64 % 10°m 7 % 107*® = 700Mkd
3 = = * = MK
M9 % 10°HM2 /Kn
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ITosicnenusa k OK - 10.8.8
JAEKTPOEMKOCTD.
[Iprn  2aeKTpHU3allM OBYX [POBOAHUKOB  MEXAy HHMH  IIOSBASETCH
S5AEKTPHUYECKOE IIOA€ M BO3HHKAET Pa3HOCTb IIOTEHIIHMAaAOB (HampsaxkeHue). C
YBEAMYEHHEM 3apsgna IIPOBOOHUKOB SAEKTPHUYECKOE IIOA€ MEXKAYy HHUMH
YCHAUBAETCH.
B CHABHOM OAEKTPHUYECKOM IIOA€ BO3MOXKEH TaK Ha3bIBaeMbIi npoboil
OUSAEKTPUKA: MEXKAy I[IPOBOAHUKAMHU IIPOCKaKUBaeT HUCKpa, H© OHHU
paspaxkarTcd. YeM MEHbIIe YBEAMYHBAETCS HAaIIPSAXKEHHE U COOTBETCTBEHHO
HaNps>KEHHOCTD IIOAS MEXAY IIPOBOAHHKAMH C YBEAMYEHHEM HUX 3apsgoB, TEM
OoABIITUY 3apsa MOKHO Ha HUX HAKOIUTh.

dusmyeckass BeAWYHNHA, XapaKTepuaylolllas CIIOCOOHOCTH ITPOBOJIHHKOB
HaKAallAUBaTb 9A€KTPHUYECKUN 3apsi/i, Ha3bIBAETCH 3A€KTPOEMKOCTBIO.

Hamnpsxenue U wMexay  AByMs — [OPOBOAHUKAMH  ITPOIOPIIMOHAABHO
SAEKTPHUYECKHUM 3apsgaM, KOTOpble HAXOAATCS Ha IIPOBOAHUKAX (Ha OOHOM +q,
a Ha OpyroMm -q). [JeHCTBUTEABHO, €CAM 3apsiabl YABOHUTH, TO HAIIPSIKEHHOCTD
SAEKTPHUYECKOTO IIOAs CTaHeT B 2 pasa 0oabllle, COOTBETCTBEHHO B 2 pasa
yBeAU4dHuTCcsI W paboTa, coBepllaemMas IIOA€M [PU MEepeMEIleHUU 3apsanaa U3
OHOM TOYKU IIOAd B APYTYIO, T. €. B 2 pasza yBeAHUUTCs HampsizkeHue. [loaTomy
OTHOIIIEHHUE 3apsaa q OOHOTO U3 IIPOBOAHHUKOB K PA3HOCTH MOTEHIIMAAOB MEKIY
HPOBOAHHUKAMH HE 3aBHUCHUT OT 3apsaa. OHO onpeodesisiemcs. 2e0mMempuiecKumu
pasmepamu NPo8OoOHUKO8, UX (POPMOU U 83AUMHBIM PACNONOIKEHUEM, A MAKIKE
asleKmpuuecKumu ceoticmseamu okpyskarouetl cpeowt.

OAEKTPOEMKOCTBIO JABYX IPOBOAHHKOB HAa3bIBAIOT OTHOLIEHHE 3apsaa
OHOTO U3 MIPOBOAHUKOB K PA3HOCTH IMOTEHIIUAAOB MEXKIY HUMH:
q

C= Kndbé" 0
=y~ — P (Papad)

YeM OOABIIIE SAEKTPOEMKOCTb, TE€M OOABIIHM 3apsdf CKalAWBaeTcsd Ha
IPOBOAHUKAX IIPU OAHOM U TOM Ke HampsikeHHH. OOpaTuM BHHMAaHHE, YTO
caMa 3AeKTPOEMKOCTb HE 3aBHCHUT HU OT COOOINEHHBIX ITPOBOAHUKAM 3apsioB,
HU OT BO3HHUKAIOIIETO MEKAY HUMH HaIlPAKEHUS.

EoduHuuyeti anexkmpoémrocmu 8 CH siensiemest gpapad.

1 dbapam — 3To0 3AEKTPOEMKOCTH ABYX IIPOBOAHUKOB B TOM CAy4Yae, €CAU IIPHU
coobmreHnu uM 3apsanoB +1 Kn u -1 Kn MexXay HUMH BO3HHKAeT Pa3HOCTD
noreHimaroB 1 B: 1P =1 Ka/B.

N3-3a Toro uto 3apda B 1 Ka odeHb BeauK, EMKOCTh 1 © okKazpIBaeTcd O4Y€Hb
boapmoii. IlosTOMy Ha HOpPaKTHKE YacCTO HCHIOAB3YIOT MOOAW OBTOH €OHUHUIbI:
Mukpodapan (MkP) — 106 & u nukodapazn (nd) — 10-12 .
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B/IOK -8 KOHAEHCATOPBI OK-10.8.9

1.YcTpoucrea u cBoucTBa

-d<<S
ob6bKAAapgkKkwm - cnocobHbl Hakanaueams 6onbwol 3apA0,
+ + + + s
A
d OUDNEeKTPUK - 8CE 3neKMpuYecKoe nose cocpedomoyeHo 8Hympu
A\ 4

| - 100 3apA0OM NMOHUMAOm 3apA0 00OHOU U3 NAAcCMuH

2.Bnabl KOHAEHCATOPOB

1.no muny duaneKmpUKa-eosdyWHb/e, C/HOdﬂHble,KepaMU‘—IECKue, 6yMCI)f(HbIE,.?ﬂEKmpOfIUfnU‘IECKUC
2.no cnocobHOoCMuU U3MeHAMb eMKOCmb

NOCTOAHHbIN nepemeHHbI

3.9N1eKTPOEMKOCTb NIOCKOro KOHAEeHcaTopa

_ E&S
- d
4.OHeprua 3apAKeHHOro KoOHAeHcaTopa
+Q( Y. Y
1 cU* ¢q*
—— W = —
2 2C
-
l cu?
® ® W = — = 2/1x
= A 21k
€=1mk® N=22 2 08B
U =2000B t 106 ¢

3apArKeHHbIA KOHAEHCATOP ONaceH ANA KU3HU!

5.HasHa4yeHMe KOHAEHCATOPOB - homoscnbiWKa,

- He NpornycKame MocMosHHbIU MOK,
- HOKanAuUBaMb Ha KOPOMKoe spemMs 3aps0 018 bbiIcmpo2o
usmeHeHUs nomeHyuana
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6.CoeguHeHMA KOHAEHCaTOPOB B 6aTapelo

lNapanneneHoe MocnedoeamenvHoe
5 q
a: ——q> g U1 Cl
U ¢, —T-G
% & L(;z C;
lq:q1+q2 1U—U1+U2
20=U,=0, 2.9=q1=q;
a1 92 g (i U, G
3.—=—; — == 3.CoU; = CUy; —=—
€1 G g2 G ot 27e U Cl\
4.CU = (1U, + GoU, 4l_w @ 1 _ 1,1
C € G € €1 Cy
C=Cl+CZ
()
Ci+0C,
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ITosicnenua k OK - 10.8.9
KonzneHcaTop.

CAOBO «KOHZIEHCATOP» B IEepPeBOAE HA PYCCKHUM A3bIK O3HAYAET «CTYCTHTEAL». B
JAHHOM CAy4Yae — «CTYCTUTEAb DACKTPHUYECKOTO ITOAS».

KonneHncarop mpencraBageT coboil gBa IIPOBOAHHUKA, pas3aeA€HHBIE CAOEM
OUSAEKTPHUKA, TOAIIMHA KOTOPOTO Maaa II0 CpaBHEHHIO C pas3MepaMu
IIPOBOHUKOB.

HpOBOI[HI/IKI/I KOHACHCaTOopa Ha3bIBaOTCd OﬁKA&AKaMK.

[Ipocreiiiiuit  naockuii KOHOeHCAMOp  COCTOHT U3 OBYX OOHUHAKOBBIX
TIaPAAAEABHBIX TIAACTHUH, HAXOOAIIIUXCS HAa MaAOM PACCTOSHHH APYT OT Apyra

Ecau 3apsapl IAACTHH OAWHAKOBBI 110 MOAYAIO ¥ IIPOTHBOIIOAOXKHEI I10 3HaKY, TO
CHAOBBIE AWHHH OAEKTPHUYECKOTO II0OAS HAYHHAIOTCH Ha IIOAOKHUTEABHO
3apsKeHHOM oOKaagKe KOHAEHcAaTOpa M OKAHYMBAIOTCSI Ha OTPHIATEABHO
3apskeHHOU. [loaToMy ITOYTH BCE SAEKTPHUYECKOE II0OAE COCPEAOTOUYEHO BHYTPHU
KOHIeHcaTopa U OHOPOIHO.

[as 3apgaaku KOHAeHcATOpa HYXKHO ITPHCOENHWHUTH €ro OOKAaJKH K IIOAIOCAM
HCTOYHUKA HAIPSKEHUs, HaIIpUMep K IToAI0caM 0aTapen aKKyMyASITOPOB.

[Tox 3apsmoM KOHAeHCATOpa ITOHUMAIOT abCOAIOTHOE 3HAYEHHE 3apsiia OMHOM
"3 00KAAIOK.

OAeKTPOEMKOCTb KOHEHCAaTOpa onpeneadeTcsa (OpMyAOH .

_9
C_U

OAEKTPHUYECKHE TIOAS OKPY’KaIOIIMX TeA TIIOYTH He IIPOHHKAIOT BHYTPbD
KOH/IEHCATOpa U HE BAHSIOT Ha PA3HOCTH IIOTEHIIMAAOB MEKIY €ro OOKAaIKaMU.
[ToaTOMy 3A€KTPOEMKOCTH KOHAEHCATOPA ITPAKTHYECKHU HE 3aBUCHT OT HAAWYUSI
BOAM3U HEro KaKUX-AUDOO APYTUX TeA.

3AeKTp0éMKOCTB IIAOCKOI'O KOHAEHcCaTOopa.

FGOMeTpI/I‘{eCKI/Ie XapaKTEPHUCTHUKHU ITAOCKOTO KOHIOEHcCaTopa IIOAHOCTBIO
OITPEACAAIOTCHA IIAOIIIAABIO S ero maacTuH u pacCToOdAHUEM d MEXKAY HHMHU. Ot
3THUX BEAUYHH U JOAXKHA 3aBUCETHh EMKOCTB IIAOCKOT'O KoHACcHCaTopa.

Kpome TOro, éMKOCTb KOHAEHCATOPA 3aBUCHT OT CBOUCTB AUAAEKTPHUKA MEKIY
naacTUHaMU. TaK Kak JUAAEKTPHUK OCAAOASIET IIOA€, TO IAEKTPOEMKOCTH IIPHU
HaAUYUU JUSAEKTPHUKA YBEAUYNBAETCS:

EoES
d
rae € — OAUDAEKTPHUYECKas IIPOHUIIAEMOCTDb JUIAECKTPHUKA.
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B3K -8

B/1OK -8 INoemopum meopuro!

«IJAEKTpOCTATHKA»

1.Ymo usy4yaem 31eKmpooOUHAMUKG ?

2.Ymo makoe anekmpuyeckuli 3apsad?

3.Kakoso cmpoeHue amoma?

4.Kakoli 3apA0 Hasviearom sgnemeHmapHeiM? Kakoso ez2o 3HavyeHue?

5.MoxHo nu denume anekmpu4vecKkuli 3apa0 6ecCKoHe4YHo?

6.Kak Halimu 3apad mena? Kakoe meso A814emca 3nekmpuyecku HelimpanbHsim?

7.4Ymo Ha3bi8a0M 100X UMENbHBIM U OMPUYaMeNbHbIM UOHOM ?

8.B 4yem cocmoum sAeneHue 3nekmpusayuu? O6bACHUME 3mMo ABAeHUEe C MOYKU 3PeHUsA
371eKmpoHHoU meopuu.

9.Chopmynupylime 3aKOH COXpaHeHuUA 3apAoa?

10.Kak 6b1n ycmaHosneH 3akoH KynoHa? Chopmynupylime 3mom 3aKOH.

11.Kakosa eQuHUUa usmepeHUs 3apA0a, U KAKos e20 pusuvecKuli cmoica?

12.Yemy paseH KoaghgpuuyueHm rnpornopyuoHansHocmu 8 3akoHe KysioHa, U KaKoe e2o guauyvecKuli
cmoicn?

13.Kakas eeauquHa xapakmepusyem ssausHuUe cpedsi Ha cusay e3aumodelicmsus? 3anuuiume 30KoH
KynoHa 05 83aumodelicmaus 3apados.

14.Yemy pasHa sanekmpu4yeckas noCmMoaHHAA?

15.Ymo makoe anekmpuyeckoe nosne?

16.Hazosume 0CHOBHbIE C80LICMBA 3/1eKMpPUYECK020 r0/IA.

17.Kakoe nosae Ha3b6l8a0M 371eKMpPocmamu4eckum?

18.Ymo Ha3biearom HaNpPAMEHHOCMbIO 31eKmpuYeckozo noasa? Kakaa gopmyna svipaxcaem cymeo
3mo2o noHamusA?

19.Yemy pasHa HaNpAmeHHOCMb MoYeyHo2o 3apAa0a?

20.Coenas uepméxr, ob6vACHUME CYyUHOCMb Cyneprno3uyuu snekmpuyeckux noned.

21.Ymo Ha3bi8aoM AUHUAMU HAMPAXEHHOCMU 3/1eKMpPuU4YecKo20 rnonsA?

22.Kakumu ceolicmeamu obsadarom cusnossle AUHUU 371eKmpu4eckozo noaa? Kakumu ceolicmsamu
06sa0ar0m cunosble AUHUU 3/1eKmpu4YecKko20 rnoasa?

23.Kakoe rose Ha3618a10mM 0OHOPOOHbIM?

24.lpusedume npumepsi 2pagu4ecKo2o u3obpareHus anekmpuyeckux nosed.

25.Kakoe HanpasneHue umeem 8eKmMoOp HANPAHEHHOCMU ?

26.Kakue sewyecmea Ha3oisarom rpo8ooHUKAMU ?

27.Kakue asnekmpudyeckue 3apadsl Hasbigarom c80600HbIMU?  Kakue 4vacmuubl A8a70MCA
Hocumenamu cso0b00HbIX 3apPA008 8 MEMAAAX?

28.4Ymo npoucxodum 8 memasise, NOMeuw,eHHOM 8 3neKmpuyecKoe rose?

29.Kak pacnpedensiomca no MNposoOHUKYy coobuweHHbil emy 3apAad? Ymo Hasslieaemcs
anekmpocmamuyecKkoli uHOyKyuel?

30.Kak moxHo 3akpenums 3apA0el Ha mene?

31.Ha KaKom ripuHyune oCHOBAHA 3/1EKMPOCMamu4ecKaa 3auuma?

32.Kakue seuwjecmsa Ha3biearom OuU3AEKMpPUKaMu ?

33.Kakue OusneKMpuUKU HQA3bI8AOM [OAAPHLIMU, A KAKUE — HeNoOAAPHbIMU U 4YmMO K HUM
omHocumcAa?

34.0nuwume nosedeHue 0unosnA 80 8HEWHeM 371eKMpPUYECKOM rose?
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35.06vscHUMe, noyemy sHympu 0uaanekmpuka rnose ocnabesaem?

Kakos guzuveckuli cmoicn Ousnekmpuveckoli npoHuyaemocmu?
36. Ymo noHumarom nod pabomoli snekmpu4yecko2o noaa? 3anuuwiume opmyay pabomel Mo
nepemeuweHuto 3apada 8 s71eKMpuU4YecKom rnose?
37.3asucum nau paboma nonaa om opmel mpaekmopuu? Yemy pasHa paboma noaa no
3aMKHYmomy KoHmypy? K kakomy sudy nosaa omHOCUMCcA sA1eKkmpocmamudecKoe rnose?
38.KaK cea3aHO uameHeHUe nomeHyuanbHol s3Hepeuu ¢ pabomoli? Yemy pasHa nomeHyuasnbHaAA
3HepauA 3apAaxceHHol Yyacmuuysl 8 0OHOPOOHOM 3/1eKMPUYECKOM riose?
39.Ymo Ha3blearom nomeHYUAsAOM 37AeKmpocmamu4yecko2o rnona? Kakaa gopmyna seiparcaem
CMbIC/ 3MO020 noHAMuUA? llomeHyUan — 8eaAUYUHA BEKMOPHAA UAU CKAAAPHAA?
40.Ymo Ha3bi8aIOM PA3HOCMbIO MOMEHYUAN08 Mexdy 08ymMma movkamu noasa? Kakaa gopmyna
8bIpaxaem CMbIC/1 3Mo20 NOHAMUA?
41.Kakosa eOuHuua u3MepeHUs MomeHyuUaaa U pasHocmu nomeHyuanos? Cegopmynupylime
onpedeneHue amoli eOUHUUbI.
42.Kakosa ceAa3b Mex0y HANpAXHEHHOCMbIO N0 U HaNpAXeHUem?
43.4emy paseH nomeHyuasa 3apAXEHHO20 Wapa?
44.Kakue nona HasbiBarOM  IKBUNOMEHYUAMAbHbIMU?  M306pa3ume  3K8UNMOMEHUUAs1bHble
rnosepxHocmu.
45.4Ymo Ha3bisarom 3neKmpoémkocmoto ? Kakas ¢hopmyna sbipaxrcaem cywHoOCmMb 3mo20 noHAMus?
46.Kakosa eduHuya usmepeHua 3nekmpoémkocmu? Om 4Yeeo 3asucum u He 3asucum
3/1eKMPOEMKOCMb ?
47.3anuwiume ¢hopmyny 3neKmpoémkocmu wapd.
48.4mo Ha3bisarom KoHOeHcamopom? 3apsadom KoHOeHcamopa?
49.Kakue munel KOHOeHCamopos 8bl 3Haeme?
50.3anuwume popmyny 31eKMmpoéEmMKoCcmMu na0CKO20 KOHOeHcamopd.
51.3anuwume ¢opmyny sHepauu 3apAHeEeHHO020 KOHOeHCamopa.
52.Yemy pasHa obuw,aa aneKmpoémrocms KOHOeHCamopos npu Ux napasnnesnbHOM coeOUuHeHUU ?
53. Yemy pasHa o06waa 31eKMPOEMKOCMb KOHOeHCamopos npu  UX [10ocae0o8amesibHoM
coeOuHeHuu?
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