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BBE/JIEHUE

B 3aBucumocTu OT Xapakrepa ASMCTBUS Ha Tella SIEKTPUUYECKOTo MOJIs UX MOKHO Pa3leiuTh Ha
MPOBOJIHUKY, JUIJCKTPUKU U TOJYyNpoBOAHUKH. CBONCTBa Tel W TOBEACHHE UX B
AIEKTPUUYECKOM I10JI€ OMPENENSIIOTCS CTPOCHUEM U PAcIlONOXKEHHEM aToMOB B Tenax. B coctas
aTOMOB BXOJSIT DJIGKTPUUECKH 3apsDKCHHBIC YAaCTHIIbL:  IOJIOXKUTEIbHBIE — MPOTOHBI,
OTpHULATENIbHbIE — AJNEKTPOHBI. B HOpMaIbHOM COCTOSIHUM aTOM SJIEKTPHUUYECKH HEWTpalieH, Tak
KaK YHCJIO TMPOTOHOB, BXOJAIIMX B COCTaB sapa aroMa, paBHO YHCIY 3JIEKTPOHOB,
BpAILAIOIIUXCSI BOKPYT sApa U 0Opa3yIOIIUX <«OJIEKTPOHHBIE OOOJOYKHY» aToMa. DIEKTPOHBI
BHEIIHEN BaJIEHTHON 000JIOUKH OIPENEISAIOT JIEKTPOIIPOBOIHOCTD BELIECTBA.

IIpoBoaHUKH - BellecTBa, XOPOILO MPOBOJAAIIME 3JEKTPUUYECKUM TOK Onarojnaps HaJIW4YUIO B
HUX OOJBIIOrO KOJUYECTBAa MOJBMKHBIX 3apsOHKCHHBIX dYacTull. Jlensarcs Ha SIEeKTpOHHbBIE
(MeTansbl, MOJYNPOBOJHUKH), HOHHBIC (QJIEKTPOJIUTHI) M CMEHIAHHBIC, T HMEET MEeCTO
JIBIDKCHHUE, KaK SJICKTPOHOB, TaK U HOHOB (HAIp., IJ1a3ma).

OcHOBHasi 0COOCHHOCThH MPOBOJAHUKOB — HAJTMYUE CBOOOHBIX 3apsI0B — 3TO YaCTh AJIEKTPOHOB
CPaBHHUTEIHHO cNa00 CBSA3aHHBIX C SIPOM, KOTOpPbIE MOTYT MepeMenarbcsi ¢ OpOUTHI OAHOTO
Apa Ha OpOUTY JPYTOTO MO/ BO3ACHCTBUEM BHEIIHETO SJIEKTPUIECKOTO TTOJIS.

Tunu4yHble NPOBOJHUKU — METAITBI (MEb, ATFOMUHUHN U T.11.)

IMoynpoBOAHMKHN — MaTepuaibl, KOTOPBIE IO CBOCH YIENBHOH NPOBOJUMOCTH 3aHHMAIOT
POMEKXYTOYHOE MECTO MEXJIy TMPOBOJAHUKAMH W AMIICKTPUKAMH M OTJIMYAIOTCS OT
IPOBOJHUKOB CHUJIBHOH 3aBUCHUMOCTBIO Y/AEIbHON MPOBOJUMOCTH OT KOHLEHTpAMM MpHUMECeH,
TEMIIEpaTypbl W pPa3IMYHBIX BHUJIOB W3My4eHUs. OCHOBHBIM CBOWCTBOM 3THX MaTepHajoB
SBJISICTCS YBEITMUEHHUE IEKTPUUECKOM TPOBOUMOCTH C POCTOM TEMIEPATYpHI.

K momynpoBogaukaM OTHOCATCS AyeMeHTHl |V Tpymnibl mepuoaudecKoil CHCTEMBI 3JIEMEHTHI
J.M. MenneneeBa, KOTOpble Ha BHEUIHEH O0OJIOYKE MMEIOT YEThIpE BAJIEHTHBIX JJIEKTPOHA.
TunuyHble MOTYNPOBOAHUKN — repManuii Ge u kpemHuit Si.

JuanekTpuk (M30JI9TOP) — BEIIECTBO, IUIOXO MPOBOJSINEE WJIM COBCEM HE MPOBOJIICE
anekTpudeckuil Tok. KoHIleHTpanus CcBOOOIHBIX HOCUTENEH 3apsga B JAUPJICKTPUKE HE
MPEBBIIIAECT 108 oM. OCHOBHOE CBOMCTBO JUAJIEKTPHKA COCTOUT B CIIOCOOHOCTH
MOJISIPU30BATHCS. BO BHELIHEM AIIEKTPUYECKOM I10JIE.
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JUDJIEKTPUKHU. KITACCUDPUKALIMA.

JusnexTpudeckrue MaTepuaibl KIIacCU(pUIPYIOTCS:
- 110 arperaTHOMY COCTOSIHHIO:

e ['a3000pa3Hbie

e Kunkue

e Taepabie
- 10 XUMHYECKOMY COCTaBY:

e Opranuueckue
K pa3psny opraHndeckux M30JUPYIOLIMX MaTEpUaIoB OTHOCATCS BEIIECTBA KUBOTHOIO (ILEJK,
BOCK) M pacTUTEIbHOro (Oymara, pe3uHa, KaHu(oiib, JaKH, CMOJIBI M Maclla) IPOMCXOXKACHUS, a
TaK)K€ MCKYCCTBEHHBIE CHHTETHMYECKHME NPOAYKTHI, OTHOCALIMECS K KJIAacCy OpPraHMYeCKHX
coeIMHEHUH (OaKeInThl, OJIMCTUPOJI, TOJIMXJIOPBUHIII, LELTYJIOU U Ap.).

e Heopranuyeckue
K sTOoMy Ki1accy OTHOCSTCS MUHEpaJIbHBIE BEIIECTBA U pa3HOOOpa3HbIe COPTa KEpaMHUKH (KBapll,
CTEKJIO, CcTeKJIodManu, ¢apdop 31ekTpoTexHUYeckuid U paauodapdop, 601bLIIOEe KOIUYECTBO
CHEIHAJIbHBIX COPTOB KEPAMUKH )

- 10 C1I0CO0y MOJTyYeHHsI:

e (CuHTETUYECKHUE

e EcTecTBEeHHBIE
- 10 CTPOECHMIO MOJIEKY.JI:

e Henonsipubie (HelTpaIbHbBIE)

CocToAT W3 HENOJSPHBIX MOJIEKYN, HE
o0ajaroIuX 3JIEKTPUYECKUM MOMEHTOM
WX DJIEKTPUYECKUH MOMEHT p = ¢q * [ = 0.
LleHTpBl TSXKECTH MOJOXKUTEIBHOTO U
OTPULATENILHOTO 3apPsI10B COBIIAIAIOT.
K HenosjsipHeIM JU3JIEKTPUKAM OTHOCSATCS
YTJIEBOJOPOABIL, He(TsAHbIE
IIEKTPOU3O0JIALINOHHBIE Mmacia,
MOJINATHUIIEH, TOJTUCTUPOI U JIp.

e [lonspHble (AUNOIBHBIE)

CocTosT U3 NOJSAPHBIX MOJIEKYJ, 00JaJal0UINX TEKTPUUYECKUM MOMEHTOM. B Takux Monekynax
U3-32 UX aCUMMETPUYHOTO CTPOEHUS LIEHTPBI MacC MOJOKUTEIbHBIX U OTPULIATENIbHBIX 3apsiI0B
HE COBIAJAIOT.

K mnonspHbIM Iu3JIEKTpUKaM OTHOCITCS (eHOJ0-(pOopMallbAETUIHbIE M AIOKCHJHBIE CMOJIBL,
KPEMHUNOPraHUYECKUE COEIUHEHM S, XJIOPUPOBAHHbIE YIIIEBOAOPOBI U AP.

- 110 00J1aCTH IPUMEHEeHU S

e  DJIEKTPOU3O0JILIUOHHbIE
Hcnonp3yroTess s CO3/aHUsl DJIEKTPUYECKOM M30JILUHU, KOTOpas OKpPYKaeT TOKOBELYIUE
YacTH OJJIEKTPUYECKUX YCTPOWCTB W OTAENAeT JApPYyr OT JApyra YacTH, HaxoJsliuecs MoJ
Pa3IMYHBIMH JIEKTPHUECKUMH MTOTEHIIUAIAMH.

® JIMAJIEKTPUKH B JIEKTPUUYECKUX KOHJEHCATOpax
Hcnone3ytoTcss Uil CO3/1aHUS  OMNPENEICHHOIO  3HAYEHUS  AJIEKTPUYECKOM  EeMKOCTHU
KOHJIEHCATOpa, a B HEKOTOPBIX CIIydasx JJsi 00ecreueHHs OINpeJIeIeHHOrO BHJIAa 3aBUCHMOCTH
ATON €MKOCTH OT TeMIIEpaTypbl U Ipyrux (pakTopos.

- I1o BO3MOKHOCTH yIpaB/IeHHS ICKTPHYECKMMH CBOHCTBAMHU

® [1aCCUBHbIE
O06nagaroT NOCTOSIHHBIMU CBOMCTBAMU

® AKTUBHBIC
OO6nanaroT CBOHCTBAMU, KOTOPBIMH MOKHO YIIPABIISATh
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JUDBJIEKTPUKU B OJIEKTPMUYECKOM II0JIE

B nuonexTpuke, IOMEHNICHHOM B JJIEKTPUYECKOE II0JIE, 3apsAibl HE pa3leNsroTcs,
CJIEZIOBAaTENIbHO, B HEM HET CBOOOAHBIX 3apsyioB. [IpurskeHue He3apsyKEHHOIo Tesla U3
OURJICKTPUKA K 3apsHDKEHHOMY Telly OOBSCHAETCS TEM, 4YTO B 3JICKTPUYECKOM IOJIe
IIPOUCXOIUT HOAAPUAUUA OUINEKMPUKA - CMeujeHue 6 NPOMmuGonoa0NdCHblE CMOPOHbL
PA3HOUMEHHDBIX CE6A3AHHBIX 3APA006, 6XO0AUUX 8 COCAB AMOMOE U MOJIEKY] Geujecmed.

[Ipy OTCYTCTBHM 3JIEKTPUYECKOTO TMOJSA IEKTPOHHOE 00JIaKo
PAacIoI0KEHO CUMMETPUYHO OTHOCUTENILHO aTOMHOT'O si/Ipa. &

B QJICKTPUYCCKOM IIOJIC € HAIPAKCHHOCTBIO —E)OHO U3MCHACT

cBol0  (OpMy, M LEHTp OTPHUATEILHO  3apPSKEHHOIO T @
5JEKTPOHHOTO 00Jlaka yKe He COBMNAjaeT C LEHTPOM e T
TIOJIOKUTEILHOIO ATOMHOT'O SI/IpA. —PE

N

PaccmoTpuM auaneKTpUK, TOMEIIEHHBIA BO BHEITHEE OJHOPOHOE Tojie Eg OnbIT mokasbiBaer,
YTO HA NPOTUBOIOJIOKHBIX HOBEPXHOCTAX JUAJICKTPUKA MOSIBIISIIOTCS 3aPs/Ibl PA3HBIX 3HAKOB:

Casi3aHHBIC 3apsiAbl CO3/IAIOT JIEKTpUUECKoe moje Ej, koTopoe BHyTpu
JIUAJIEKTPUKA HAMIPaBJICHO MPOTUBOIMOJIO0KHO BEKTOPY HANPSHKEHHOCTH
Eo BHemHero mosis. DTOT MPOIECC HA3bIBACTCS MOJsipU3anueit
amaextpuka. I[lpu srom E; < Ep, mnostomy BHemHee mome
0CJIa0seTCsl JIWITb YaCTUYHO (2 HE TaCUTCS MOJHOCTHIO, KaK BHYTPH
MIPOBOIHHKA)

Pe3y.]'IBTI/1py10H_[ee IMOJIC BHYTPU OAUBJICKTPUKA PABHO:
E= Eo = E1
PesynbTHpytomee nose E HanpaBieHo B Ty ’e CTOPOHY, UTO U BHelIHee noJje Eq

YT0 ¢ 3aIMCHIBAIOT B BUJIE:

dusnueckas BCJIMYMHA, paBHasd OTHOIICHHUIO MOAYJISI HAIPSAKCHHOCTH Eo BHCIIHETO
SJICKTPHUYCCKOTO IIOJII B BAKYYMC€ K MOAYJIIO HAIPSXKCHHOCTU E PE3YIBTUPYIOIICTO II0JIA B
OIHOPOJHOM IOUIJICKTPUKE, HA3BIBACTCA ):[HE)JIeKTpI/I‘leCKOﬁ NMPOHUIAEMOCTBIO BellIeCTBA.



TUIIbBI [TIOJIAPU3ALINN

1. HOJIﬂpHLIe AUIJICKTPUKHU: OPUCHTAINHOHHAA MOJIsIpU3alUusd

MOJ'IeKy.]'IBI IMOJIAPHBIX JUIJICKTPUKOB C TOYKH 3PCHUA IJICKTPUUYCCKUX CBOMCTB SBJISIOTCS
JUITOJIAMUA. I[I/IHOJIB — OTO CUCTEMA ABYX OAHWHAKOBBIX IO MOAYJIIO U INPOTUBOIIOJJIOKHBIX I10
3HaKy 3apsA10B, HAXOJJAINXCA Ha HCKOTOPOM PACCTOSAHHUU APYT OT Apyra:

(D ()
k_,z’ Sy
Munons

[Tpy oTCyTCTBHMM BHEIIHETO 3JIEKTPUYECKOTO MOJIS MOJEKYJbl — JAMUIIONN HOJSPHOTO
JUDJIEKTPUKA, COBEPILAIOT XAOTHYECKOE TEIJIOBOE JIBUJKEHUE, OPUEHTHUPOBAHBI B CaMbIX
Pa3IMYHBIX HAIMPABICHUSAX. DJICKTPUYECKOE IOJI€ ATUX JUIIOJNEH IOJHOCThIO KOMIIEHCHPYIOT
JpyT Apyra, ¥ pe3ylbTUPYIOLIee T0JIe PaBHO HYJIIO BO BCEX 00JIACTIX AUICKTPHUKA.

Ho ecnu momectuTh Takoi JU3JIEKTPUK BO BHEIIHee noje Eg , TO OHO «pa3BepHET» JUIONHU Tak,
YTO OHU OKaXYyTCS OPUEHTUPOBAHHBIMHU BJIOJIb JIMHUM HAIPSDKEHHOCTH («MHUHYCBHD» JUIIOJIEN
IIOBEPHYTCSI BJIEBO — K TE€M «IUIIOCAM», KOTOPbIE CO3/1al0T BHEIIIHEE I10JIE) :
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DI}HE.‘I ITAITHOHHAN MOJIADH3IAIIHA

B peanbHOCTH He OyneT CTOIb UeaIbHO MPABMWIBHOTO TIOPSIKA PACIIONOKEHUS TUITOJEH
— BE€/lb OHU NO-TIPEKHEMY COBEPLIAIOT XaOTHYECKOE TEIUIOBOE ABMKEHUE. Ho Teneps y nunosneit
MOSIBUTCS MIPEUMYIIICCTBEHHAS OPUCHTAIINS — BJIOJIb JIMHUH HANPSHKEHHOCTH BHetmHero nojist EQ.

BryTpu nusniexTpuka 3apsaabl JUIIOIEH O-TIPEKHEMY KOMIIEHCUPYIOT IPYT Apyra.

Hrak, MmexaHW3M OpUEHTAIMOHHOM MOJIIPU3ALMH SCEH: MOBOPOT MOJIEKYJI-IAUIIONEN U UX
OpUEHTALIMS BJIOJIb JIMHUN HANPSHKEHHOCTU BHEIIHETO ITOJIS.



2. HemnoJsipHble IM3JIEKTPUKH: 3J1eKTPOHHAS MOJISIPU3ALUS

JIMDNEKTPUK HA3bIBACTCSA HENOJSAPHBIM, €CIM €r0 MOJIEKYJbl HMEIT CUMMETPUYHOE
pacripesielieHUe MOJI0KUTENbHBIX U OTPULATEIbHBIX 3apsAJOB U IOTOMY HE BeJeT cedsl Kak
qunony. K HEemoJIsIpHbIM AMAJIEKTPUKAM OTHOCSTCS, HAallpUMEp, KEPOCHUH, MAacio, BO3IYX,
WHEPTHBIC Ia3bl.

Tem He MeHee, ospu3anus HaOII01aeTCS Uy HETOISPHBIX TUIICKTPUKOB.

O Ha nanHOM pHcyHKe H300paK€Ha CHMMETPHYHAs 3JIEKTPOHHAS
‘ opOuTa B aTOM€ HEMOJIIPHOIO AUIIEKTPHKA.

. T - Eq
[Tpu HanoxxeHun BHeHHero nojs Eg sta .
opbuta  nmedopMupyeTcsi:  DIIEKTPOH N ._
CMEILAETCS B CTOPOHY IMOJIOKUTEIbHBIX e O () !
3apsIIOB, CO3/IAIONINX BHEITHEE MOJIE. ' '
________ e .

Bo BHemHeM noJe 351eKTpoH OyAeT MPOBOJUTH OOJIbIlIe BPEMEHH CIIEBA OT Apa, HEXKENN
yeM crmpasa. M3-3a 3TOro LEHTpPHI MOJOXKHUTEIBHBIX M OTPULIATENBHBIX 3apsl0B B aTOME
HENOJISIPHOTO AMRJIEKTPUKA Pa3OMAYyTCsl B pa3Hble CTOPOHBL. COOTBETCTBEHHO, aTOMBI WU
MOJIEKYJIbl HEMOJSPHOTO JUAJIEKTPUKA BO BHEIIHEM II0Jie HAyHYT BeCTH ce0s MOoJ00HO
JUIONSAM, TakKe Kak B Cllydae OpHEHTaUMOHHOW mnossipu3zaunu. OObsICHEHHE MeXaHu3Ma
oca0eHus ol BHYTPH IUAJIEKTPUKA OCTAHETCS TEM XKe CaMbIM.

Wtak, snexTpoHHas noJspu3als BbI3BaHAa JedopMainueil 3JIEKTPOHHBIX 000JI0UEK
aTOMOB BO BHEIIHEM DJJEKTPOHHOM moje. Pa3ymeercs, 3JIE€KTpOHHAs MOJSIpU3ALNL
IPUCYTCTBYET U y MOJISIPHBIX IMAJIEKTPUKOB; HO TaM OHa TepsieTcsl Ha (oHe Kyaa Ooiee
MOITHOTO 3 exTa pa3BopoTa caMuX JUIONIEH.



OJIEKTPUYECKOE CMEIIEHUE

HanpskeHHOCTh  37IEKTPOCTATUUECKOrO TMOJIsI, Kak CJeAyeT U3 paHee MOJyYeHHOU
dopmynel E=Eg/e , 3aBUCUT OT CBOWCTB cpeAbl: B OJHOPOTHOW W3OTPOMHON cpefe
HanpspkeHHOcTh Todisi E  obpatHo mponopruonansHa € Bekrtop Hampspkennoctu E, npu
Mepexo/ie Yepe3 IpaHully AUIICKTPUKOB, UCTIBITHIBACT CKAYKOOOpa3HOE H3MEHEHHE, TEM CaMbIM
nennas HeyAoOCTBa MpH pacyeTax dJeKTpocTaTHueckux moied. [loaromy HE0OX0AUMO MOMHMO
BEKTOpa HANPSHKEHHOCTH XapaKTEPU30BaTh I0JIE €II€ BEKTOPOM 3JIeKTPUYECKOr0 CMellleH s,
KOTOpBIM  JUIsl  DJEKTPUYECKU  M30TPOIHOM  CpeAbl, IO  OMNpEICNIEHHUI0,  paBeH:

D =gkl
£ — OUDJIEKMPUYECKAsl NPOHUYAEMOCTIb
& =8,854 * 10™ ®/M (snexmpuueckas nocmosmnas)

JInbo BEKTOp MEKTPUUECKOTO CMELIEHHSI MOKHO BBIPA3UTh Kak:
D = &E + P rpe P — exrop nonspusanuu

2
Enunuiia  27eKTPUYECKOro CMEUIeHUWss — KyJIoH Ha MeTp B kBagpare (Ki/m®).

BexTop D HampaBiieH B Ty e CTOpOHY, 4To U E. B oTiinumne ot HanpsikeHHOCTH noJst E BekTop
D umeer nocTOsSIHHOE 3HAYE€HUE BO BCEX JUAIIEKTPUKAX.

BbrsicHMM, ¢ 4eéM MOXKHO CBSI3aTh BEKTOp DJJIEKTPUUYECKOTro cMeuleHMs. CBsi3aHHBIE 3apsizibl
0o0pa3yroTcsi B JMPJIEKTPUKE NPU HAIWYUM BHEIIHErO AJIEKTPOCTATUYECKOTO MO, KOTOPBIN
CO3/1aeTcsd  CUCTEMOM CBOOOJIHBIX DJEKTPUYECKUX 3apsAloB, T. €. B JUIJIEKTPUKE
JIEKTPOCTATUYECKOE I0J€ CBOOOJIHBIX 3apsfioB CYMMHUPYETCS C JOINOJIHUTEIbHBIM I10JIEM
CBA3aHHBIX 3apsioB. Pesyrbmupyroujee noie B JUIIEKTPUKE XapaKTEPU3YETCS BEKTOPOM
HanpsbkeHHocTh E, W 1moromMy OH 3aBUCUT OT CBOWMCTB JudiekTpuka. Bekropom D
XapakTepu3yeTcs: 3JEKTPOCTATHUECKOE I0JIe, KOTOPOE CO3[aBaeTCs C8OOO0OHbIMU 3aApPA0AMU.
CBsi3aHHBIE 3apsi/ibl, KOTOPbIE BO3HUKAIOT B AMAJIEKTPHUKE, MOTYT BbI3BAaTh MepepacrpeesieHue
CBOOOJHBIX 3apsJioB, KoTopele co3xaior mone. Ilostomy Bektop D xapakrepusyer
IIEKTPOCTATUYECKOE I10JIE€, KOTOPOE CO3/1aeTCsl CBOOOIHBIMU 3apsiiaMH (T. €. B BAKyyMe), HO IpU
TaKOM HX pACIPENEICHUU B IPOCTPAHCTBE, KAKOE HMMEETCS IPU HaIU4YUHU JIUDJIIEKTPUKA.

AmnanornyHsIM o0Opa3oM, kak u nojie E, none D cnenyer rpaguuecku u3o0paxarb ¢ MOMOIIBIO
JIMHUM 3JIEKTPUYECKOTO CMEILEHUs, HAllPaBJIEHUE U T'YyCTOTa KOTOPBIX 33Jal0TCSl TakkKe, Kak U
s JUHUAN HaIpPSHKEHHOCTH.

Jluaun BekTopa E MOTryT HauMHATBCS M 3aKaHUMBATHCA HA JIOOBIX 3apsijiaXx — CBOOOJHBIX H
CBSI3aHHBIX, B TO BpeMs Kak JIMHMUM BekTopa D — Tonbko Ha CBOOOTHBIX 3apsaax. Yepes
00JacTH moJis, T/Ie HaXOAATCS CBSA3aHHbBIE 3apsi/ibl, TUHUHU BeKTOopa D mpoXoasT He mpephIBasiCh.

E




OJIEKTPUYECKAS EMKOCTb KOHAEHCATOPA

BJIeKTpI/I‘leCKaH €MKOCTh IMPOBOAHMKA WU yCTpOfICTBa, COCTOAIICTO M3 ABYX
IIPOBOAHUKOB, PasACICHHBIX MOUIJICKTPUKOM, XapaKTCPU3YCT HX CIIOCOOHOCTh HAaKaIlIMBaTh
SJICKTPUYCCKUC 3apsabl. SHGKTpI/IquKaH SHEPTrHUd B KOHACHCATOpPAX HAKAILIIMBACTCA B BHIC
QJICKTPOHOB.

B TexHuke MIMPOKO TPUMEHSIOT KOHOEHCAmopvl — YCTPOWCTBA, KOTOpbIE IIpH
CPaBHHUTEIHHO MAaJIBIX pa3Mepax CIIOCOOHBI HAKATUIMBATH 3HAYUTEIIBHBIE SJICKTPHUECKUEC 3aPSIbL.
OHU UCTIOJB3YIOTCS B JHEPIeTUYECKUX YCTAHOBKAX, B YCTPOICTBAX AJNEKTPOHUKHU, aBTOMAaTUKU U

ap.

Emkocts konmencatopa C 3aBUCHT OT BUJAA JAMAIICKTPUKA, MOMEMIEHHOTO MEXIy €ro
oOknmankamu. Okaszajlioch, 4YTO TPH 3alOJHEHUH TPOCTPAHCTBA MEXKIy OOKIaaKamMu

KOHJIEHCATOPA €ro0 eMKOCTh BO3pacTaeT B & pa3. 3HaueHHe BENMYMHBLI £, KOTOPYK HA3bIBAIOT
OUBIEKMPUYECKOll  NpoHuyaemocmoto (OMHOCUMenbHasi OUIEKMPUYECKas NPOHUYAEMOCHb)
TUDIIEKTPUKA, 3aBHUCUT TOJBKO OT €ro CBOWCTB U IOKa3bIBa€T, BO CKOJBKO pa3 IMoJe B
JUAJICKTPUKE MEHBIIIE, YEM B BAKYyM

EMKOCTh IUIOCKOTO KOHJEHCATOpa, COCTOAILUETO M3 JBYX IApajuIeJbHBIX METaJNIMYECKUX
ILIACTHH IUIOMABIO O KaX1asi, PACIION0KEHHBIX Ha PACCTOSHUY (apyr oT Apyra, B cucteme CU
BbIpa)kaeTcst HopMyJIIoii:

C — eMKOCTb KOH[eHCaTopa
£5p5 HIICHCATop
(= S — MOBEPXHOCTH OHOMN IUTACTHHEI
fd d — paccTosHHe MRy IUTaCTHHAME

£ — JHIICKIPHYCSCKAA IIPOHHITACMOCTh

EmkocTth KOHACHCATOpa CBA3aHAa C 3apsa10M Q Ha ¢€ro O6KJ'IaI[KaX U Pa3HOCTBIO
IIOTCHIIMAJIOB U MCKAY HUMHU U3BECTHBIM COOTHOIICHUSAMMU

C=Q/U [d] Q — KOIMYECTBO JEKTPHUUECTBA
U — HanpsixeHue

Enununa nzmepenust eMkoctd - dapagax (IpUHATO CUUTATh, YTO AIEKTpUUecKasi EMKOCTh B 1
(bapaa COOTBETCTBYET KOHJIEHCATOPY, 3apsDKEHHOMY AJIEKTPHUECKUM 3apsAioM B 1 KyJoH mpu
Pa3HOCTH NMOTEHIIMAJIOB HA €ro o0KJIaaKax B 1 BOJIbT)

Homunanel KOHAEHCATOPOB ~ dYallle  BCEro  O00O3HAuYalOTCs B TpPeX  KPaTHOCTIX  —
MUKpPO, RUKO Y HaHogapaoax:

10°® — mukpogapag — MKP — pF
10®° ® — nanodapag — ud — nF
10™ & — muxodapag — nd — pF

Hanpsswcennocmy nonsa E  Mexay aByms mnacTuHamu (OOKIaKaMHu) KOHJEHcATopa
BBIYHCIISIETCS IO (hopmyIie

E = U/a [B\M] U — HampsbkeHHE MeXIy OOKIaIKaMu
a — paccTOsHUE MEX/y ITaCTHHAMH


http://ru.wikipedia.org/wiki/%D0%A1%D0%98

AKTHUBHBIE U ITACCHBHBIE JJUSJIEKTPUKI

AKTHBHBIC [UIJICKTPUKU (yHpaBjsieMble) -  TaKhe JIHUDJIEKTPUKH, CBOMCTBA KOTOPBIX
CYLIECTBEHHO 3aBUCST OT BHEUIHMX YCIOBHH - TEMIIEPATYPbI, NAaBJICHUS, HAPSHYKEHHOCTH OJIA U
tak jaigee. OHH MOTYT CIYXHTh pa0OYMMH TeNaMH B Pa3HOOOpPA3HBIX JIaTYHMKAaX,
npeoOpa3oBaTelisix, FeHepaTopax, MOAYJISITOpax U APYrUX aKTUBHBIX HJIEMEHTaX.

Taxke OSTH AMPJICKTPUKU MpeaHAa3HAuYeHBl Ui CO3AaHUS (DYHKIMOHAIBHBIX 3JIEMEHTOB
JJIEKTPOHUKHU, CBOMCTBAMU KOTOPBIX MOXHO YIPABJIATh C IIOMOIIBKO BHEIIHUX dHEPIeTUYECKUX
BO3JICHCTBUM.

ITaccuBHbBIE AUIJICEKTPUKMU: DBJICKTPOU3OIALMUMOHHBIC, KOHCTPYKTHBHBIE M KOHICHCATOPHBIC
JUDJICKTPUYICCKUC MATCpUalibl, OPTraHUYCCKUC IMOJIUMCPHBIC IOUIJICKTPHUKHU, KOMIIO3UIIMOHHLIC
IIOPOIIKOBEIC  IINIACTMACCBhI, CJIOUCTBIC OUIJICKTPUKH, JSJICKTPOU3OIALMUMOHHBIC JIAKK U
KOMITayH/Ibl, HCOPIraHUYCCKUEC CTCKJIa U CUTAJIJIbI, KCpaMUKa.

KITACCUDOUKAINA AKTUBHBIX JIUDJIEKTPUKOB

K unciy akTUBHBIX JUAJIEKTPUKOB OTHOCSITCS:
e (CerHerolrneKTpUKu

e [lpe3onnexTpuku

e [Iuposnexkrpuxu

e DJEKTPETHI

e Marepuanbl KBAHTOBOU JIEKTPOHUKHU

e (CyIneprOHHBIE TPOBOJHUKHU H I.P.

TIMDIEKTPUKNA

KPHUCTAJUIMYECKUE amopdHbIe
CCTHCTOBJICKTPUKU SJICKTPECThI
MIbE303JIEKTPUKH
MIAPOSJIEKTPUKHU




CEI'HETOJJIEKTPUKHU

a) O0mas xapaKkTepucTuKa

CerHerodIeKTPUKHU - KPUCTALTNYCCKUE TUAIICKTPUKHU, OOJIAAIONINE B ONPEACICHHOM
UHTEpBAJIC TEMIIepaTyp CIIOHTaHHOH (camMOITPOU3BOJIEHOI) MOJISIPU30BAHHOCTBIO.
[Tonsspn30BaHHOCTH, B OTCYTCTBHUE BHEIIHETO JJICKTPHUECKOTO OIS, CYINIECTBEHHO H3MEHSIETCS
O] BJIMSIHUEM BHEIIHMX BO3JCHCTBUU TaKMX KaK U3MEHECHHUsS TEMIIEPATYPBI, dJIECKTPUYCCKOTO
noJsi, neopmManuu.

W3-3a cBOell IMOXOKECTH IO CBOWCTBAM Ha (DEppOMAarHeTUKM WX YacTO HAa3bIBAIOT
(beppodieKTpUKaMu.

Bnepsrie 3tu cBoiictBa oOHapyxkensl M.B. KypuatoBeim u ILII. KoGeko (1930) mpu
uccienoBannu kpucramwioB cerHetroBoi comu NaKCsH406*4H;O. Ona u pganma Ha3zBaHue
CETHETORIICKTPUKH ATOMY THITY KPUCTAILIOB.

Cer HCTOJJICKTPUKH ITOAPA3ACIIAKOTCS Ha 2 THIA:

e HOHHBIE KPUCTAJIBI, K KOTOPHIM OTHOCSTCSA THTAHAT 6apus (BaTiO3), TaTaHaT cBHHIA
(PbTiO3), nnobar kamus (KNbO3), 6apuii-narpuessiii nnodar (BaNaNbsOis) u ap.;

e JIMNOJIbHBIE KPUCTALIBI, K KOTOPBIM OTHOCATCS cerHeroBa cosib (NaKC,4H;O64H,0),
TpursmmiuHcyiabpar (NH,CH,COOH3'H,SO,), nuruapodocdar kamus (KH,PO,) u
Ap.

0) CBoiicTBa

IIpy OTCYTCTBMM BHEIIHEr0 3JIEKTPUYECKOTO I0JIi CErHETO3JIEKTPUK IPEACTaBISET
co0oii Kak Obl MO3aWKy W3 JOMEHOB. JloMeHBI - OOJIACTH C Pa3IMYHBIMH HAIPABICHUSIMU
HOJSpU30BaHHOCTH.  Ha ~ pucyHKe — cTpenkamMu — yKa3aHbl — HalpaBJIEHHS  BEKTOpa
MOJIIPU30BAaHHOCTH.

B cMexHBIX JAOMCHAaX JTH HAIIPaBJICHUA pPa3JIMYHbI, U B
OCJIIOM Z[HHOHBHLIﬁ MOMCHT OUIJICKTPHUKA PABCH HYIIIO.

IIpn BHECEHUM CETHETORJIEKTPUKA BO BHELIHEE IIOJIE
MIPOUCXOAUT IEPEOPUEHTALMsI JMIIOJIBHBIX MOMEHTOB
JOMEHOB IO TOJII0. Bo3HUKIIEe NMpU 3TOM CyMMapHOE
ANEKTPUYECKOE T0JI€ JIOMEHOB Oy/eT MOAIEp’KUBATh HX
HEKOTOPYIO OPHEHTALUI0 JaXe TIOocle IPEKpalleHus
JEUCTBHs BHEIIHErO Mojis. [[03TOMy CErHeTo3JIeKTpUKU
HUMEIOT aHOMAJIbHO OOJIbIINE 3HAYEHUS TUAIEKTPUUYECKON

IPOHULIAEMOCTH (JIst CETHETOBOM conu & ~ 104)

B npunmume, y QeppoMarHeTMKOB TakKe HWMEIOTCS JIOMEHBI, IOATOMY TMOBEICHUE
CETHETORJICKTPUKOB B DJIGKTPUYECKOM TIOJie TIOJIOOHO TMOBEACHHUIO (eppOMarHeTHKOB B
MarHUTHOM  Tofie.  EJNMHCTBEHHBIM  pa3IM4YleM  MEXIy  CETHETODIEKTPHUKAMH U
(dbeppoMarHeTUKaMHu SBIISIETCS TO, YTO NMPH TOMENICHWH MX B JJCKTPHUYECKOE TIOJE MCHSICTCS
BEeKTOp anekTpuueckoro cMemiennss D = E + P, a y ¢eppoMarHeTHkoB mnpu MOMEIICHUH B
MarHuTHOE MoJjie MeHsieTcs uHAyKiusa B = H+l.



B CETHETODJIEKTPUKAX  HAOMIOJaeTcs  SIBJICHHE  AHIJIEKTPHUYECKOro rucrepesuca,
3aKJIFOYAIOLIETOCS B TOM, YTO CETHETOXJIEKTPUK UMEET pa3Hble 3HAUYCHUS MOJSIPU30BAHHOE MPU
OZHOM M TOM 7K€ HAIIPSYKEHHOCTH 3JIEKTPUUYECKOTO TOJISL.

| IIpu  yBenmuenunm — HampspkeHHocTM — E - BHemHero
NEKTPUYECKOr0  IOJIA  NoJsipu3oBaHHOCTE P pacrer,
nocrurass HaceimeHus: (kpuBas |). Ywmenbmenune P ¢
5 ¢ ymenblieHueM E mpoucxonut no kpuBoit 2, u nipu E = 0

CETHETO3JIEKTPUK COXPAaHSIET OCTaTOYHYIO
/ NOJIAPU30BaHHOCTE POC, T. €. CErHETOANEKTPUK OCTAeTCs

#  TIOJSIPU30BAHHBIM B OTCYTCTBHME BHECIIHCTO J3JIEKTPHYECKOTO
—E./ 0O E £ 101t

P

3

e (CBoiiCTBa CErHETORNIEKTPUKOB CUJIBHO 3aBUCAT OT TEMIIEPATYPHI.

e KaKIplil CETHETOIEKTPUK XapaKTEPU3yeTCsl TaK Ha3blBaeMon To4koi Kropu.

e Touka Kropu - 310 XapaktepHas /Uil KaXXJA0ro THIIAa CETHETOIEKTPUKOB TEMIIEpaTypa,
BbIIIIE KOTOPOM HX HEOOBIYHBIE OJJIEKTPUYECKHE CBOMCTBA ucye3aloT. llpu sTom
CETHETORJIEKTPUK IIPEBpaIacTCs B OOBIYHBIN MOJSPHBIN IUAIEKTPUK.

e [Ipu oxnaxkJeHnHu MaTepuaia CeTHETOAIEKTPUUECKUE CBOMCTBA BOCCTAHABIIMBAOTCSL.

e Kak mpaBuiIO, CETHETORJIEKTPUKM HMEIOT TOJbKO OJHY ToukKy Kropu; wuckiroueHue
COCTABJISIOT JIUIIL ceTHEeTOBa coJib (—18 1 +24 °C) u u3oMopQHBIEC C HEIO COSTUHCHHUS.

B) [Ipumenennst

Cer”eTodJIeKTPUKU HaXOIsIT IPUMEHEHHE:!

® U3rOTOBJICHHE MAaJIOTa0apUTHBIX HHU3KOYACTOTHBIX KOHJEHCATOPOB C OOJBIION
YAETbHONU EMKOCTBIO

e MaTepuaioB C OONBIION HETMHEWHOCTHIO MOJSAPU3AIUH JUIS JTUIJIEKTPUUECKUX
YCHWINTENEH, MOAYISATOPOB U Jp. YIPABISIEMBIX YCTPOUCTB

e JUIA MOAYJSIIUU U TTPe0oOpa30BaHMS JIA3EPHOTO U3ITYUCHUS

® B aKyCTO- U MbE303JIEKTPUUECKHUX MTPeoOpa3oBaTEIAX

® U3rOTOBJICHHE JATYMKOB TEMIIEPATYPHI

[Tb3O3JIEKTPUKUA

a) O0mas xapakrepucTuka

IIbe302/IeKTpUKH - 3TO BEIIECTBA C CHJIBHO BBIPAKEHHBIM IbE303JEKTPUUYECKUM
ahdexTom.

B 1880 rony Oparesamu I1. u XK. Kropu Obl1 OTKpHIT NpsIMOi Nbe303¢(pexT — sBICHNE
MOJIIPU3ALUU TUAJIEKTPUKA MO/ JEHCTBUEM MEXaHUYECKOTO HAPSKEHUS.

K npe3oanexTprukam OTHOCSATCS:
kBapn SiOy, TPOCTHHKOBBIN caxap, BHHHAsi KHCJI0TA, XJI0PaT HATPHs, HHHKOBasi 00MaHKa,
TYPMaJIiH, CeTHETOBA COJIb, TATAHAT Hapus

0) CBoiicTBa
OnexTpuueckuid 3aps Q, BO3HUKAIOIIUN HA MOBEPXHOCTU, U3MEHSETCS O JINHEHHOMY

3daKOHY B 3aBUCUMOCTHU OT MCXAHUYCCKUX yCI/IJ'II/Iﬁ F
Q — BCJIMYMHA 3apsaja



Q = d F F — BenmumHA MPHUII0KEHHOW CHIIBI
d — MTbE30MOTYJTh (ko3 punreHt MIPOTIOPIIHOHATEHOCTH MEX Iy
3apsAA0M M IPUIOKEHHON CHIION)

Q/S = qs QS - 3apsa Ha €AMHUILY IJI01Iaand

Hapsny c¢ mnpsmbeiM  mbe3odddexToM, HabOmonaeTcs U  o0paTHbIii nbe303(dexT
(npenckazan Jlunmvanom B 1881 rTomy), Korma moj JACUCTBHEM JJIGKTPHYECKOTO TIOJIS
BO3HMKACT MeEXaHW4ecKas JedopManus IUDIEKTPUKA, NpPUYeM BEIMYMHA MEXaHHYECKOU
JnegopManuy npsMo IPONOPLHUOHATIbHA HANPSKEHHOCTHU 3JIEKTPUIECKOTO MOJIS.

IIpu oOpatHOM mbe303(PexTe MPOUCXOAUT HM3MEHEHHE pa3MepoB audnekTpuka DI/1
IPONOPLHUOHAIBHO HANPSKEHHOCTH JIeKTpHuecKoro nos E.

DI/l=d=dE d - oTHOCHTENBHAS TehopMalys

[Tbe3oanmexTpuueckuii d3PpQPeKkrT HaO0AAeTCS TONBKO TOTAA, KOrjJa KpPHCTAIUIMYecKas
pemieTka HecuMMeTpudHa. OTCYTCTBHE IICHTpAa CUMMETPHHM KPHCTALIMYECKOW PEHICTKU
ABJIIACTCSA H€O6XOI[I/IMI>IM, HO HCAOCTATOYHBIM YCJIOBUCM IIOABJICHUA IIbC303JICKTPUUYCCKOI'O

s dexra.

B) lIpumenenus

[Tre30KepamMIuecKue MaTEepUabl IPUHSITO PA3AesaTh Ha YeThIpe (QYHKIIMOHATBHBIC TPYIIIHL:

1. nans U3roTOBJIEHUS BBICOKOUYBCTBUTEIIBHBIX 3JEMEHTOB, pabOTAIOIIUX B PEKUME

IIpUeMa WM U3JIy4E€HUsI MEXaHUYECKUX KOJIeOaHUH.

2. JUI1 U3rOTOBJICHHsI €HEPATOPOB CUJIBHBIX CUTHAJIOB, pabOTAIOIIUX B YCIOBHSX
CUJIbHBIX 3JIEKTPUYECKUX IOJIEN MIIM BBICOKMX MEXAHUYECKUX HAIPSKEHUH.
JUIS U3TOTOBJIEHUS IIE303JIEMEHTOB, 00JIaJatOIUX MOBBIIIEHHON CTaOMIBHOCTHIO
PE30HAHCHBIX YaCTOT B 3aBUCUMOCTH OT TEMIIEPATYpbl U BPEMEHHU.
4. 11 N3rOTOBJICHUSI BBICOKOTEMIIEPATYPHBIX MIb€303JIEMEHTOB.

w

Be3,[[e, TAC HYKHO npeo6pa30BaTb MEXaHHYECKHE CBOMCTBA B DJICKTPHUYICCKHUC!:
® HIJIbI JJIA I'paMIINIACTUHOK

e TeneQOoHbl U MUKPOGOHBI

® JaTYUKHU

® MaHOMETpBHI,

e KBaplLEBbIE U3Ty4aTeI YIbTPAa3BYKOBBIX BOJIH.
[MNPOSJIEKTPUKU

a) O0mas xapakTepucTHKA

I[IuposjieKTPUKH - JUDIIEKTPUKH, KOTOpBIE OONAJal0T CHJIBHO BBIPAXKEHHBIM
MUPOIIIEKTPUIECKUM IPPEKTOM.

K nuposnexrpukaMm oTHOCSTCS:

® CETHETOANIEKTPUYECKUE KPUCTAUIBI (HHOOAT Oapusi CTPOHUMSA, TPUIJHMIHHCYJIb(AT -
TI'C, Hno6ar u TaHTAJAT JIUTHA)

* TYpMAJMH, CYJb(MUT JUTHSA (THUMUYHBIC JIMHCWHBIC TUPOIICKTPUKH) U MOJTHMEPHI

(momuBUHMWIAEH(PTOPHU L, TOJIUBHUHUIIAECHXJIOPHL)

0) CBoiicTBa


http://www.tsput.ru/res/fizika/electrostat/lection_14.html#101

ITupodexkTpuYecKUM 3ppexTom Ha3bIBAIOT U3MEHEHHE CIIOHTaHHOU
NOJIIPU30BAaHHOCTU JAMDJICKTPUKA IIPU HW3MEHEHUU €ro TEeMIIepaTypbl M KAk CIEICTBHE,
BO3HHUKHOBCHHUC JJICKTPUUYCCKUX 3apsA10B HA MOBCPXHOCTU NHUPOIJICKTPUKOB IIPU UX HAIPCBAHUU
WIH OXJIAXKICHUU.

VYpaBHeHHe MUpoIeKTpudeckoro 3dexra umeer BUI:

APcn = rxAT APcn - CHOHTaHHAs TOJISIPU30BAHHOCTD JUAJIEKTPUKA
I' - TUPOdIIEKTPUIECKUNA KO3 PULImeHT
AT - u3MEHEHUs TEeMIIEpaTyphl

[MuposnexTpudyeckuit  KO3(GGUIMEHT YYUTHIBACT HApyUIEHWE YIOPSJOYCHHOCTH B
pacIIONIOKEHUH  DJIEMEHTAPHBIX  JMIOJBHBIX ~ MOMEHTOB  (MCTUHHBIH  mUPOdPQEeKT) u
[IbE303JIEKTPUUECKYIO IOJSAPU3ALNI0, OOYCIOBICHHYI0 H3MEHEHHEM JIMHEHHBIX pa3MepoB
(BTOpUYHBII MUPOIPQPEKT) IpU U3MEHEHUU TEMIIEPATYPHI IUAIIEKTPHKA.

CylecTByIOT BEIIECTBA, Yy KOTOPBIX MPU HM3MEHEHUM TEMIIEPATypbl BO3HHUKAIOT
CBS3aHHbIE 3apsiabl. B 3TuxX BemiecTBax HE COBHAAAKOT LEHTPbl MOJOXHUTEIbHBIX U
OTPULIATEIIBHBIX 3aps0B, T. €. OHH 00Jaal0T COOCTBEHHON (CIIOHTAHHON) MOJISAPU3ALMEN.
OO0pasyrorcst cBI3aHHBIE 3apsbl, KOTOPbIe KOMIICHCUPYIOTCS 3apsiiaaMu u3BHE. Eciu M3MeHuTh
TEMIICPATYPY, TO UBMCHUTCA MOJIApU3alusd, U USMCHATCS BCIIMYUHLBI 3apsA10B.

B) [Ilpumenenust

[1upo371eKTPUKU TIPUMEHSIOTCS:

e ISl CO3/IaHUSl NMPUEMHUKOB JIYYUCTOM SHEPTUH, MPEIHA3HAYEHHBIX ISl PETHCTPALUU
uH¢pakpacuoro u CBU-uznyuenus

® B KayeCTBE CEHCOPHBIX YCTPOMCTB Pa3IMYHOTO HA3HAYEHHUS], IETEKTOPOB

® B KauecTBE [IaTYMKOB, PETUCTPUPYIOIIUX HM3MEHEHUE TEMIIEpAaTypbl C BBICOKOM
TOYHOCTBIO

® U1l U3TOTOBJICHUSI YYBCTBUTEIHHBIX MPUEMHUKOB HHPPAKPACHOTO H3ITYUCHHUS,

® JJaTYMKOB yJAPHBIX BOJH, U3MEPUTEIEH HAIIPSIKEHUS.

e IS IPSIMOTO TpeoOpa3oBaHUs TEIJIOBOW YHEPTHH B DJICKTPUUECKYIO.

OJIEKTPETDI

DJIeKTPeTbl - 3TO TBEpAble IUAJICKTPUKU JUIMTENBHO COXPAHSIONIME MONSAPU3ALMI0 U
CO3/a0IIIHE B OKPYXKAIOIIEM UX MPOCTPAHCTBE DIEKTPUUECKOE MOJIE.

ITo ciocoOy hopMupoBaHUs 3apsAA0B IEKTPETHI OAPA3ALIAIOT Ha:

®  TEPMOIJIEKPETHI (MTOIYUAIOT MPU BO3ICHCTBUH HA HATPETHIA JUAJICKTPHUK IIEKTPHUIECKOTO

oJIst),

e (hoTORIIEKPETHI (M3roTaBIMBaIOTCS u3 MaTepuasoB o0nanaromux
(OTO3TEKTPOIIPOBOAHOCTEIO - CEpBl, Cylb(HIa KaJMUS U Jp.- IPU OTHOBPEMEHHOM
BO3/ICUCTBUH CBETA JIEKTPUUECKOTO I10JIs)
paanodNIeKTpeThl (MOIy4aroT 00Iydast paAuOaKTUBHBIM U3JTy4€HHUEM)

AJIEKTPOIIIEKTPETHI (TMOTYYaIOT MOJsIpU3aliiel B 04eHb CHIIBHOM I0Jie 0€3 HarpeBaHus)
MarHUTORJIEKTPETHI (MOTY4aroT MOJsIpU3alell B MAarHUTHOM I10J1€)

KPUO3JIEKTPEThl  (MOJIy4aloT TpU  3aCThIBAHMM  OPraHMYEeCKHX  pPAacTBOPOB B
AJIEKTPUIECKOM TI0JIE)

® MEXaHOXJEKTPETHI (ITOJy4YaroT ¢ TOMOIIBI0 MEXaHUYeCKO! edopMaliieil moJIuMepoB)



e TpUOOIIEKTPETHI (ITOTYIAIOT TPCHUEM)
e KoponoanekTpeTsl (I0Ty4yaroT N0/ AeHCTBUEM MOJIsi KOPOHHOTO pa3psiia)

[IprMeHeHue AIIeKTPETOoB:

e Kak HMCTOYHUKH MOCTOSIHHOTO AJICKTPUYECKOTO TMOJISI (JICKTPETHBIE MHUKPOGOHBI U
TeneoHbl, BUOPOJAATYMKH, TEHEPATOPhl  CIAOBIX MEPEeMEHHBIX  CHUTHAJIOB,
3JICKTPOMETPHI).

e Kak 4yBcTBHTEIBHBIC JaTYMKH B YCTPOHCTBAX JIO3UMETpHUU, OApPOMETPOB,
TUTPOMETPOB.

e  DOTOINEKTPETHI MPUMEHSIOT B dJIEKTpodoTOrpadu.

Hcnonbp3yemas nmureparypa:
CrnenuanpHblid npakTukym 1o ¢usuke tBepaoro tena (b.I1.Copoxun, H.A.Yersepros, I1.I1.
Typuun)
http://www.tsput.ru/res/fizika/electrostat/lection_14.html
http://www.bestreferat.ru/referat-105479.html
http://2balla.ru/index.php?option=com_ewriting&ltemid=69&func=chapterinfo&chapter=49
778&story=33859



http://www.tsput.ru/res/fizika/electrostat/lection_14.html
http://www.bestreferat.ru/referat-105479.html
http://2balla.ru/index.php?option=com_ewriting&Itemid=69&func=chapterinfo&chapter=49778&story=33859
http://2balla.ru/index.php?option=com_ewriting&Itemid=69&func=chapterinfo&chapter=49778&story=33859

