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1. DneMeHTBbI TeOpUHA

B XVII B. B cBoelt 3HaMeHUTOM paboTe «MaTeMaTHuecKre Hauasa HaTy-
panbHOU (unocodpum» V. HbIOTOH BBOAUT TIOHSITHE CH/IBI KaK 00001IaroIriero
orvcaHust 1060ro Bo3/eNCTBUS KaKoro-mbo MaTepuasbHOTO Teja Ha J[pyroe
MaTepua/ibHOe TeJI0 BHe 3aBUCMMOCTH OT (PU3MUeCKOM TIPUPO/Ibl 3TOr0 BO3/1ei-
ctBus. [Ipu GmpkaiiiiieM pacCMOTPEHHH BCe BO3/eHCTBUS (CHIb) MOXKHO pas-
JIeJIUTh Ha iBe OOJIbIIIKe TPYTITIBL:

— CWibl, BO3HHUKAWOIMe TpPH HeNoCpeJCTBEHHOM COMPUKOCHOBEHUU
B3aMMO/IEUCTBYOIIUX Tes (CUJIbI TPEHUSI, CUJIbl YIIPYTOCTHU U T.J.);

— CHWJ/Ibl, KOTOPble MOTYT MPOSIBJSITECS Ha PacCTOSTHUM, KOTZa MeXIy
Te/laMUA HeT HUKaKOW BUVMMOU TepeJarolen Cpe/ibl.

OpHUM 13 BUZIOB IMCTAHTHOTO BO3/€MCTBUS OJIHOTO TeJjia Ha JPYroe siB-
JISIeTCsl B3aMMO/IelCTBYe 3/1eKTPH30BaHHbIX Tesl. CoBpeMeHHbIe TIpe/|CTaBIeH s
0 TIPUPOJZie 3TOr0 B3aUMO/EUCTBUSI OCHOBaHbI Ha MOHSATUU JIEKTPUUECKOT0 U
MarHUTHOTO T0Jiel, MOCPeACTBOM KOTOPBIX OHO OCYIECTBSIeTCs. DJeKTpo-
MarHUTHOE T10Jie peajibHO CYI[eCTBYeT He3aBUCHUMO OT HacC U, TaKUM 00pa3om,
SIBJIIETCSI OAHUM M3 BU/IOB MaTepuu, 00/1aZlafoIliiM MacCoi, UMITYJIbCOM, SHep-

rMeu U IpyruMy (PU3nyecKMMU rapaMeTpamH.
1.1. DexTpocTaTHUeckoe 110/ie B BaKyyMme

1.1.1. DnekTprueckKuu 3apsaj

[ToHsiTUEe «3/IEKTPUYECKUI 3apsifi» SIBJIeTCS OAHUM U3 BaXKHEUIINX B
y4eHUU 00 3/1eKTPUUeCTBe Hapsly C TIOHSITHEM «3J/IeKTprhueckoe moJjie». Kaue-
CTBEeHHbIe Tpe/iCTaB/ieHusi 00 3TOM Be/MurHe COPMUPOBAUCH ellle C aHTHY-
HbIX BpeMeH. «B sitHTape, — mucan [lnyTapx, — cofep)KuTcsi orHeHHasi becre-
JlecHasi CWIa, KOTOpasi BBIXOAUT U3 HEro CKPBITBIMMU MyTSIMH, €C/I TOTepPeTh
TMOBEPXHOCTh SIHTapsl, U MPOWU3BOAUT TO K€ NeUCTBHE, YTO U MarHUTHBIM Ka-

MeHb». CoBpeMeHHasi >Ke TepMHUHOJIOTUs Obula BBe/leHa aMepUKaHLIeM



b. ®paHKIMHOM, KOTOPbIN MPeJ/IOKUI 3apsif], CKaryIMBaIOIIUICS Ha MOTepTOM
KO)KeM CTeK/ISTHHOM IMajlouKe, CUMTATh «TI0JIOKUTETbHBIM», a 3apsii, CKarlJIiBa-
IOL[MICS Ha TIOTEPTOM MeXOM KyCKe CMOJIbI, — «OTpHL[aTebHbIMY.
KonuuecTBeHHbIe >Ke OIbIThI 0 U3yUeHUI0 B3aMO/IeCTBYS ABYX 3apsi-
JoB 1niposesn B 1785 r. ¢panuy3sckuii ¢pusuk L. Kynon, o pesysibTaTam KOTO-
pBIX ObIT chOpMyIMpPOBaH CAeAYIOIMIUKM 3aKOH: Cuad e3aumoolelicmeusi 08yX
moueuHbIX 3apsi008 8 8aKyyme HaAnpasneHa 800/b NPsIMOU, coeduHstowel smu
3aps0bl, NPSIMO NPONOPYUOHA/bHA NPOU3BE0eHUI0 UX 8e/UUUH U 0OpamHO npo-

NOPYUOHA/IbLHA K8aopamy paccmosiHusi mexcdy Humu. To ecTb

F=kdd, (1.1)
r

rae k — koadduimeHT, onpeesseMblii BBIDOPOM CHCTeMbI H3MepeHUsl.

B cucreme CI'CO k =1; B cucteme CU k =1/4ng,, TA€ € — dJI€KTpUYe-

CKasi ocTosiHHasA [£0=8,85-1071% Kn%/(H-m?)].

Eie pa3 noguepkHeM, uto 3akoH KysoHa (1.1) cipaBefyiiB TOJILKO AJ1st
TOUEUHBIX 3aps/0B. TOUeyHbIM Ha3bIBAeTCS 3apsiji, €C/Iu JIMHEWHbIe pa3Mepbl
TIPOCTPAHCTBA, HA KOTOPOM OH COCPeJ0TOUeH, TTpeHeOpeXXMO Maslbl 10 CpaB-
HEHUIO C PaCCTOSIHUEM, Ha KOTOPOM DErMCTpUpyeTcsl ero Bo3zencrere. Kpome
TOr0, CW/ia KYJIOHOBCKOTO B3aMMOJIEMCTBUS SIB/SIETCS LIEHTPalbHOM, T. €. OHa
HaripaBJieHa BZ0JIb MPSMOU, COeJUHSIOLLeN 3aps/ibl.

Ecnu B3aMMOZIEUCTBYIOT OJHOMMEHHBbIE 3apsifibl, TO cuna F B 3aKoHe
(1.1) — 5TO cuia OTTaJIKUBaHUS, €C/I JKe 3apsiibl pa3HbIX 3HAKOB, TO cuia F —

Cusia NpUTsDKeHus. B moboM ciyuae, ecii Mbl IPOBeJieM PafiiyC-BeKTOp 7, OT

TIepBOro 3apsiZia KO BTOPOMY, TO CHJIa, JeMCTBYIOIIAs CO CTOPOHBI TIEPBOTO Ha

BTOPOM 3apsi/l, MOXKeT OBbITh 3alicaHa B BEKTOPHOM BU/Ie:

7 q,9, -
F12 :kl—gzru- (1.2)
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HpI/I 3TOM, €C/Ik 3apsbl OAHOMMEHHO 3dpA’KeHbl, TO CHJlda COBIIdAdeT I10
HaIllpaB/IEHWIKO C PaJWyCOM-BEKTOPOM, €C/IHM Pd3HOMMEHHO — TO HAIIPpABJ/I€HAd

TPOTUBOIIONOXXHO eMy (puc. 1.1).
d, d,
O »O—>

21 FIZ

T A
_-"1

Puc. 1.1
Ceoticmea 3/1eKmpuuecKozo 3apsoa
1. 3apsii MHBapHaHTEH T10 OTHOIIIEHWIO K BLIOOPY CHCTeMBbI oTcueta (110
aHAJIOTUM C TOHATUEM «Macca»). XOTs U3 CIelMaJbHOU TeOPUM OTHOCUTE/Tb-
HOCTH U CliefiyeT, UTO MPU MOCTOSTHHOM Macce TIOKOsI Tesla ero Macca MeHsIeTCst
B 3aBHCMMOCTH OT CKOPOCTH JIBIYKEHHS Tejla, HO OTHOIIIEHHe MacC JIBYX JTFOOBIX
Tes MpU TF000M M3MEeHEeHWU CKOPOCTH JIBMDKEHHSI — IMOCTOSTHHO. AHa/IOTMUHast
CUTyalusi UMeeT MeCTO M JI/Isl 3apsiioB. 3apsiibl MOTYT MEHATHCS 110 abCOmMrOT-
HOW BeJIMUMHE NMPH U3MEHEHWM CHCTEeMbI OTCUeTa, OJ[HAaKO UX OTHOIeHHe Oy-
JleT 0CTaBaTbCsl HeM3MeHHBbIM. Tora, ec/ivi Bcerjga HeKUW 3apsif go IPUHUMATh
3a eIMHUYHbBINA, TO BeJIMUMHA 3apsijia g, U3MepeHHasi B I0/sX o, Oyzer mocro-
STHHOM.
2. 3apsi, — BeIMUMHA AMCKpPeTHasi, T. e. 3apsi/i, MoJlydeHHbIM TeloM TIpr

9/1eKTpU3aLvu, paBeH: q = Ne, rge N — 1je/10e Ukc/io, e — 3/IeMeHTapHbIM 3apsi

(e = 1,6-10"" Ku1). MaTepua/bHble HOCUTE/IM 3JIEMEHTapHOrO 3apsjia: OTpPHIia-
TeJIbHOI'O — 3/IeKTPOHBI, [10JI0KUTE/IbHOI'0 — [IPOTOHBI.

3. 3apsig — BeIMUMHA a/IJUTUBHAsI, TO eCTb OOLUA 3apsifi Tesia orpe/esisi-
eTcst anrebpanueckol CyMMOM BCeX TMOJIOKUTEbHBIX U OTPHUIATeTbHBIX 3apsi-

A0B, HAXOAAIIKUXCA Ha HEM, TO €CTb

G=>.9+>.4. (1.3)

Teso, cymMMapHBIi 3apsii KOTOPOTO paBeH HYJII0, Ha3bIBaeTCs He3aps-

JKeHHBbIM UJIU 9H€KTpOH€ﬁTpaﬂbeIM.



4. 3apsii MOAUYUHSIETCS] 3aKOHY COXpaHeHUs1 — (PyHJaMeHTaTbHOMY 3aKo-
HY TIPUPO/IbI, KOTOPKIN SIBJIsIeTCST 000011IeHeM OITBITHBIX (DaKTOB M y TBEP>K/|a-
eT: NO/HbIL 3apsi0 cucmembl He MOJXCcem U3MeHSIMbCS, ecu Yepe3 ee 2paHuljy He
npoxoo0sim 3/1eKmpuy4ecKu 3apsidCceHHble Yacmuybl.

OTO He 3HAUWT, YTO COXPAHSIFOTCS B OTAE/IbHOCTHU MOI0XKUTE/IbHbIE U OT-
puliaTesibHbIe 3apsifibl. MoryT ObITh yC/IOBUS, TIPA KOTOPBIX YKUCJIO TOJIOXKU-
Te/IbHbIX U OTPHULaTe/bHbIX 3apsi/iloB MeHseTcs. Ho ecu cucteMa M301MpoOBa-
Ha, TO UX CyMMa OyZieT Hem3MeHHa.

1151 XapaKTepuCTHKU pacripefie/ieHHOM CHUCTeMbI 3apsiZloB BBOZST TOHS-

THE TVIOTHOCTH 3apAA0B:

— JIMHeMHas IVIOTHOCTb t=dq/dl — 3apsij, eUHUL{bI [JIUHBL;
— TIOBepXHOCTHas IIJIOTHOCThb & = dq/dS — 3apsf, eIMHULIBI IJI0Ia/1u;

— oObeMHasi IIFIOTHOCTb p =dq/dV — 3aps, eqUHULIbI 00beMa.

1.1.2. HanpskeHHOCTh 3J/IEKTPUYeCKOro I0/ii TOYEeYHOro 3apsja.

IIpuHOMN Cynepno3vuyy noJjieun

B ¢usrke yacTo UCMO/b3YIOT TEPMUH «CU/IOBOe moJie». CHUloBoe roJie
nipefcTaBsisieT cob60¥ 06/1acTb TPOCTPAHCTBA, B KAXK/I0W TOUKe KOTOPOI Ha TeJo
(MaTepuanbHYy0 TOUKY) JEMCTBYeT OIpejie/ieHHas M0 BeJWYrMHe U HarlpaBiie-
HUIO cua. B Kypce MexXaHMKH Mbl y>Ke BCTPeYasIy MoJie CUJIbI TSHKeCTH.

SJ'IGKTPI/II-IECKOE I1oJjie TIPpOABJIAET CBO€ IIPUCYTCTBHE Ha/IMUMEM CUJIbI,

—

JEeUCTBYIOIel Ha 3apsbkeHHble Tena. BekTopHast ¢u3uueckas BequuuHa E,

—

yucieHHo paBHast cwie F, pefictByromiedt Ha eaunuunbii (q=1 Ki) Hero-
JIBYDKHBIN TIPOOHBIN 3apsifi g, HAa3bIBA€TCS HANPSAHXCEHHOCMbIO 3/1eKMPU4ecKo20

noJis

tr
[l

(1.4)

Q | M



TakuMm 06pa3om, BeKTOpP HarpsbKeHHOCTH 3/IeKTPUUeCKOro TMOJisi COBIIa-
JlaeT MO BeJIMYUHE U T10 HalpaB/IeHUIO C CUJIOH, [IeUCTBYIOLeH B JAHHOM TOUKe
TPOCTPaHCTBA Ha eZIMHUYHBIIN TT0/I0XKUTE/TbHBIN TTPOOHBIN 3apsij.

OneKTpuYecKoe ToJie, CO3aBaeMoe HernoABWXHBIMU B MPOCTPAHCTBE U
Her3MeHHbIMM BO BpeMeHHU 3JIeKTPUUEeCKUMU 3apsiZlaMu, Ha3bIBalOT 3/1eKmpo-
cmamuueckum. Kpome TOro, pasnuuarOT OAHOPOJHOE WU HEOJHOPOJHOE 37eK-
Tpuueckoe rose. [Tosie cuMTarOT OJHOPOAHBIM, €C/IU CWJla, JeWCTBYIOLIas Ha
TTPOOHBIN 3apsi/l, OJMHAKOBA BO BCEX TOUKAaX IMPOCTPAHCTBA, ¥ HEOAHOPOJHBIM
B [IPOTUBHOM CJIy4Yae.

Haripumep, BeKTOp HarpsbKeHHOCTU 3/IEKTPOCTAaTHUECKOTo T0/s Toueu-
HOTO 3apsifia q Ha PacCTOSTHUM I' OT HETO MOyKeT OBITh oripeiesieH 10 (opmyrie

(1.4) c yuétom (1.2):

E=k1r, (1.5)
r

N3 (1.5) BUAHO, YTO MOJIe TOUEYHOrO 3apsifja HeOJHOPOJHO, a Hamps-
YKEHHOCTb W3MeHseTCsl 00paTHO MPOMOPIIMOHATBHO KBaIpaTy PaCcCTOSTHHUS.
[ HarnsijHOro TpejcTaB/ieHusl 3j1eKTpudeckoro noss M. dapazgeem

ObL10 MpeayioykeHo HCII0/1b30BdTh CWJ/IOBBIE JIMHUW WIIK JIUHUU HANPAXCEHHO-

—

cmu. DT JIMHUM TIPOBOAST TaK, UTOObI BEeKTOPbl E HarpspkeHHOCTH B JIHO00M
TOUKe TIPOCTPAHCTBA OTpeie/isi/ii KacaTelbHYI0 K 3TOW JiMHUK. Takum obpa-

30M, MbI O1ipeaejisieM HallpdB/JIEHHE BEKTOPd HAIIPpSXXE€HHOCTH. ,Z[J'[H 3a/ldHUA

—

Mo/y/isl BeKTopa E HampspkeHHOCTH B HEKOW TOUKEe YC/IOBHO NMPUHUMAIOT, UTO
YMC/I0 JIMHUW, TIPOXOJSIIMX uepe3 eIMHUYHYH0 MUIOL[AaJKY, KOTOPOW TPHHA/I-
JIEXKUT paccMaTpvBaeMasi TOYKAd, PacIio/IOKeHHYHO TMepIreHIUKYIspHO K 3TUM
JIUHUSIM, [OJDKHO B 3aZlaHHOM MaciiTabe paBHSTBCS UHMCIEHHOMY 3HaUeHWIO
BEKTOPA HATPSDKEHHOCTH T0J1s1 B OKPECTHOCTU JAHHOW TOYKU.

B kauecTtBe mpumepa Ha puc. 1.2 MoKa3aHbl CUIOBBbIE JTUHUW TIOMS JJIS1

OIWHOYHBIX TTOJIOXKUTE/IbBHOI'O Y OTPpHULIATE/IbHOI'O 3daPA0B. N3 PUCYHKd MO>XHO



CAe/1aTb BEIBO O TOM, UTO CHWJ/IOBBIE€ JIMHWH 3JIEKTPUYECKOI'O I10JI1 HAYHMHAKOTCA

Ha I10JIOXKUTEJIbHBIX 3dpsAAdX U 3dKdHUKMBAIOTCA Hd OTPULdTE/IbHbIX.

Puc. 1.2
Haripsi>keHHOCTb 3/IeKTPOCTaTUUeCKOTo TI0JIs /ijisi CUCTeMbl U3 N 3apsijioB
onpejensieTcsl B COOTBETCTBUU C TIPUHLIUIIOM CYTIepPIIO3ULIUA: HANPSHCEHHOCMb
3/1eKmpuuecKoz0 noss, co30agaemoz0 8 Aboli mouke npocmpaHcmea cucme-
Moli 3aps008, onpedeasiemcsi 2eoMempuueckoll Cymmotl HanpsixceHHocmel no-
Nell, co30asaeMblx KaxcoblM 3apsiooM 8 omoe/nbHOCMU 8 omcymcmaue opyaux

3aps008, TO eCTh
— N —
E=)E,. (1.6)
i=1

[TpocToi mprMep MpUMeHeHUs] MPUHLUIA CYTEepPro3UlMA — 3TO pacueT
HaIpsPKeHHOCTH T10JIsA, CO3[4,aBaeMOro B 3aJaHHOM TOUKe TMPOCTPAHCTBA [IBYMSI
TOYEUHbIMM 3apsiZilaMyd. PacCMOTPUM TOJIOKUTE/IbHBbIE TOYEUHbIe 3apsibl (1 U
(2, pacroJioyKeHHble Ha pacCcTossHuM d ApYyr OT Apyra.
OnpenenmiMm HamnpsbkeHHOCTb E 11019 B TOuke A, Haxo-
JISALLeNCsl Ha pacCTOSIHUM I'1 OT 3apsifia g1 M Ha paccTos-
HUU I OT 3apsija q2 (puc. 1.3).

CorylacHO MPUHLMITY CYIepro3Uliuyd HarpsiKeH-

HOCTb pe3yJ/IbTUPYIOLLero M0/ B TOUKe A paBHa

— —

E=E +E,

Puc. 1.3

rae E, u E, — HanpspkeHHOCTH Morei, co3/jaBaeMbIX 3a-

pSiZlaMM 1 M G2 COOTBETCTBEHHO OTZEJIbHO PYT OT Jpyra.



Harnpsok€HHOCTH M0JIs1 KaXKA0r0 U3 3apsioB g1 U 2 B OT[I@/TbHOCTU COOT-

BeTCTBEHHO pPdBHBI

E = =

el 1k
Yodmg, 77 7 4me,

Vicrnonib3ysi TeopeMy KOCHHYCOB, OTIpeJie/TUM MOAY/b HaIpsKeHHOCTH

pe3y/IbTUPYIOLIEro 10Jisi TIo hopmy/ie:

E =\JE? +E? +2EE, coso..

B atoit popmyiie coso Takke MOKHO ONPEACITUTH MO0 TEOPEMe KOCHHYCOB IS
TPeyrojbHUKa CO CTOPOHaMH d, 1, I2:

A
coso = ———=.

B urtore Mofy/ib HarpsHKeHHOCTU pe3y/IbTUPYIOLLIEro M0Jisi paBeH

2 2
E:i G0, % +2—‘quq2‘cosa.

Ame I’ r? rr?

0 2 172

[IpyHLMI Cyneprno3vLuM ToJield [/ pacripefie/IeHHOTO 3apsja mnpoje-
MOHCTPUDYEM Ha MpUMepe pacyeTa HalpsDKeHHOCTU 3/IeKTPUYECKOTo MOJst
beckoHeuHOM 3apsDKeHHOW HUTH. [1yCTh HUTH PABHOMEPHO 3apshkeHa C JIMHeH-
HOM TJIOTHOCTBIO 3apsiza T. Ornpese/iiM HampspKeHHOCTD 11071 B TOUKe, OTCTO-

sllled OT HATU Ha pacCTOsHUM X (puc. 1.4).

VA
dl rdo,
da
r dE.
O
X E X
dE, " Pis
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Pa3o0reM 3aps’keHHYH0 HUTh Ha MHO>KeCTBO 3J/IeMeHTapHbBIX 0TPe3KoB dI,
KaK/IbIM 13 KOTOPBIX OyzeT umeTh 3apsis dg=1dl u co3iaBaTh B paccMaTpUBae-
MOM TOUKe TI0J/Ie, HalpsDKeHHOCTh KOTOPOTO paBHA
1 dg_ 1 «d

dE_ — )
2 4re, r?

4re, r

rZle r — pacCTosiHMe OT 3j/ileMeHTa dl 10 paccMaTpHMBaeMOM TOUKH.
PazioxxuM BekTop dE Ha OPTOrOHA/bHBIE COCTAB/ISIOIHE:
dE =dE, +dE,.
Torza, coracHO MPUHLMITY CyTNepIio3ULMK M0Jiei pe3ybTUpYHolllasi Harpsi-

YKEHHOCTB T10/Is1 B paCCMaTpUBaeMoi Touke OyeT paBHa

E = [dE = [dE, + [ dE, .
L L L
3[ecb B CWIy CUMMETPUHU j dEy = 0. CoCTaB/AOIYIO 3/IeKTPUUYECKOro 10/

dEX , HalIpaB/IeHHYIO TepIeHIUKY/IAPHO K HUTH, OIIpee/InM Kak
dE, =dEcosa.
Kpome TOro, U3 NpsIMOYroIbHOTO TPEyrojbHHWKA C/IeyeT, uTo COSaL = X/T.

OnuHy sneMeHTa MpPOBOAHMKA dl Takke MOXXHO HaWTHU M3 MPSIMOYTOJBHOIO
TPeyroJbHUKa:

rda
dl=——.
CosSa
Torpa HanpsbkeHHOCTD dE 1107151, Co3aBaeMoro 3nemMeHToM dl HUTH, OyZeT paB-

Ha

(o | I
2 AmeX

dE =

= do.
4rg, 1

Pe3ynbTUpYyIOIIast HallPsPKeHHOCTD Oy/1eT orpe/ieIiThCs Kak

T

Ay
Icosadoa X

o

E= jdE cosa. =
1 4re X
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[Ipenesibl UHTErPpUPOBAHMS MO YTJIy O B C/Tydae, KOrja JauHa L HUTH

MHOT'0 OoJIbIlIe PAaCCTOSIHUSA X, OyAyT paBHbI o, =—7/2, o, = 1t/2. B utore:

e ()=

Are X 2ne X

/2

T
E= j cosada =
4me, X e

T

sina

4me X

1.1.3. IToTok BekTOpa HANPSKEHHOCTH 3JIEKTPUYECKOr0 I10JIA.

Teopema I'aycca

[ToHsiTHEe NnomoKa 8eKmopa SIBASIeTCS1 OAHOW M3 BaKHEMIIMX XapaKTepu-
CTHMK TF0O0T0 BEKTOPHOTO MoJs. [lepBoHavaIbHO 3TO TIOHATHE OBLJIO BBEEHO B
TUIpOJIMHAMUKe [I7Isi OTIMCaHHWsl TIPOTeKaHUs XKUAKOCTH uepe3 Kakoe-mubo ce-

yeHre. MaTeMaTH4eCKH MOTOK KUOKOCTH OIMMCBIBAETCA KdK

cp:jﬁdS. (1.7)
S

BeipakeHune Tuna J 7dS BCTPeYaeTCs B CaMbIX Pa3/IMYHBIX 00/1aCTAX (Hu-

3UKW ¥ MaTeMaTWUKH, TIPU 3TOM BMECTO BeKTOpa V MOXKeT CTOSTh 000 Apy-
roi BeKTop. Takue UHTerpasibl Ha3bIBalOTCSl IOTOKOM COOTBETCTBYIOI[ETO BEK-

TOpa uepe3 ToBepxHOCTh S. B Haiiem ciiyuae 6yzieM paccMaTpyBaTh UHTerpasl

qn:jEdS, (1.8)
S

—

KOTOprﬁ Ha3bIBAETCS NOMOKOM 6eKmopd E HANpAMCEeHHOCMuU 3/1eKmpu4eckoco

noss yepes 3aJjJaHHYIO MOBEPXHOCTH S.

—

Tak Kak HanpspKeHHOCTh E ompeziesisieTcst Mo MPUHLUITY CYTepIio3ULvN

(1.6), To nmpaBas vacts (1.8) npumeT BU[,
j EdS = j > EdS. (1.9)
S s i

[TocKo/IbKY TIOTOK — BeIMUWHA aiIuTABHAsA, TO OOIIHMI TIOTOK OTpe/ies-
eTcs anredpanyeckor CyMMOU OTZAe/IbHBIX TOTOKOB, KOTOPbIe 110 OTAe/TbHOCTU

MOTI'yT OBITH KaK IMOJIOXKUTE/IbHBIMH, TdK U OTPULIdTE€/IbHBIMU:
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o= [EdS |=®,. (1.10)
i S i

OJHUM U3 OCHOBHBIX 3aKOHOB 3JIKTPOAMHAMUKH, a B YaCTHOCTH 3JIeK-
TPOCTaTUKH, SIB/sIeTCs Teopema, chopMmynvpoBaHHasi B cepeivHe XIX Beka
HeMelIKUM MaTeMaTWKoM, (u3ukoM U actpoHoMoM K. ®. I'ayccom. Pycckuii
MatemaTuK M. B. OcTtporpajckuii BeiBes (GpopMyJy, MpeaaoKeHHYyo ["ayccom,
B 0011[eM BH/Ie J/1s1 TF0OOT0 BEKTOPHOTO TIOJIS.

Teopema I'aycca (Teopema OcTporpajckoro — ['aycca): nomok eekmopa

—

E HanpsiceHHocmu 31ekmpocmamuyecko2o noss uepe3 A06y0 3aMKHYMYyHo
nogepxHOCMb N/10Waobio S NpsIMO NPONOPYUOHAAeH dan2ebpauueckoli cymme

HAXOOAWUXCSA BHYMPU OAHHOLU NO8epXHOCMU 3aps008:
L1
PEIS==3g,. (1.11)
S €y i

Hokazamenbcmeo meopembl. PaccMOTpUM MO-
Jie U30JIMPOBAHHOT0 TOUeYHOro 3apsifia q. OKpy>Xum

3TOT 3apsii TPOM3BOJIBHOM TOBEPXHOCTBIO S U

—

HaleM TOTOK BekTopa E CKBO3b 3/eMeHTapHYyO

nowaaky dS (puc. 1.5):

d® = EdScosa = %dScosoczidQ,
4re, r 4re,
Puc. 1.5
rae dQ= coszoc dS — TenecHbIN yros, ONUParoLUICs

r

Ha 3/IeMeHT MMOBepPXHOCTH dS.

—

OripesienuM TIOTOK BekTopa E uepe3 BCHO MOBEPXHOCThH S IMyTeM WHTe-

rPUPOBaHUA B Mpeesiax MoJHOro TejiecHoro yria ot 0 1o 4n crepajyaH:

o=[do=—1[d0=—T an="T (1.12)
4ne, ¢, 4re, €,
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Ecnu 3apsif, ¢ pacrnosioxkeH 3a mpejie/iaMu 3aMKHYTOW MOBEPXHOCTH, TO
TIPU UHTETPUPOBAHWY TI0 S BHEIIHsISI CTOPOHa S OyZieT BUHA U3 TOUKU  TIOf
yraom >0, a BHyTpeHHsis1 — niof, yrioM <0 (oba yria 1o mMofy/io paB-
Hbl). CnegoBaresnibHO, @ =(0. 3TO 03HauUaeT, UTO CKOJIbKO JIMHUW HarpsiKeHHO-
CTH BXOJUT B 00beM, OTpaHUUEHHBIN TIOBEPXHOCTBIO S, CTO/ILKO U BBIXOJUT U3
Hero.

Ecmm snekTpuueckoe mosie CO37aeTcs CUCTEMOM TOYeUHbIX 3apsifioB (i,

q2, ..., TOo coryacHo (1.10)
1
O = Z(Di zg_qu' .
i 0 I

Teopema fj0Ka3aHa.

CyujectByetr 1 auddepeHiimanbHas ¢dopma TeopeMbl ['aycca, KoTopas
CBsI3bIBaeT 3HaueHHe HaIpsDKeHHOCTU T0/IsT B OKPeCTHOCTU 3alaHHOM TOUKU C
00BeMHOM TIJIOTHOCTBIO 3apsifia P B OKPeCTHOCTH TOM >Ke TOUKH.

PaccMoTpuM 3aps[ g, OXBaTbIBa€MbI 3aMKHYTOM TIOBEPXHOCTBIO S 00b-

eMoM V, Kak g = <p>V, rae <p> — cpefiHee TI0 00beMy 3HaueHUe TJIOTHOCTH 3a-

psiga. [loacTtaBuM 3TO BbIpa)keHHe B CGHOPMY/JIMPOBAHHYIO paHee Teopemy

Iaycca (1.11), pa3aenuB obOe yacTy ypaBHeHUs Ha V.

lgﬁEdS :@. (1.13)
V S 80

YcTpeMyM paccMmatpuBaeMbiii 06beM V K Hymo. IIpyd 3TOM BesMuMHa

<p> OyZieT CTpeMUTLCS K 3HaUeHWI0 00beMHOM TVIOTHOCTH 3apsijia p B JIaHHOM

Touke. [Tonyuaem:

lim l(j)EdE -P (1.14)
V S

V-0 80

BoipaxxeHue B jieBoi yactu (1.14) Ha3biBalOT OusepzeHyuell 3/ieKTpruye-

CKOTO 110J151 U 0003HauaroT Kak divE .
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Takum obpa3zoM, meopema I'aycca e duggeperyuanbHol opme 3amu-
ChIBAeTCs TaK:
dvE=F _ (1.15)
80
oueepzeHyusl HaNpsIXCeHHOCMU 3/4eKMpUUecKkoz20 Nnojis 8 OAHHOU MouKe 3a6u-
cum mo/bKo om 06seMHOU NI0MHOCMU 3/1eKmpuuecko20 3apsiod 8 3motl mou-
Ke.
BriparkeHue 151 UBepreHiuy OyeT 3aBUCeTh OT BbIOOpa CUCTEMBI KO-

opJivHaT. B JekapToBoM cucTeMe KOOp/JMHAT AWBEpPreHIUI0 MOXXHO TpejCcTa-

BUTH B BUJIE:
. OE _
diVE:aEX +—2 +8EZ =V-E. (1.16)

ox oy oz
3aeck V — BeKTOpHBIN AuddepeHIMaIbLHBIA ortepaTop Habma (orepatop IMa-
MU/IbTOHA):

v-Si. i] 9k

x oy Oz

v.E=L2 (1.17)

du3snyeckuii cMbic/ Teopembl ['aycca B auddepeHiipaibHol hopMme co-
CTOUT B cjeAytolieM. B Tex Toukax Moss, rje AWBepreHLysl MOJ0KUTe/bHa,
CYILIeCTBYIOT UCTOUHUKY MOJIs1 (TIOJIO’KUTETbHBIEe 3apsi/ibl), a B TeX TOUKaX, I/e
OHa oTpuliaTesibHa, — CTOKU (OTpHULIaTe/ibHbIe 3apsifibl). JIMHUM Hanps>)KeHHOCTH
HAUMHAIOTCS Ha TIOJIOXKUTE/IbHBIX 3apsilax M 3aKaHUMBAIOTCS Ha OTPUILIATe/Ib-
HbIX. ECc/iu B IaHHOM TOUKe HeT 3apsi/ioB, TO JUBepreHIus 110/l paBHA HYJIHO.

OcHoBHast npobJ/ieMa MpU KCIO/Ib30BaHUM TeopeMbl ['aycca Ha MpakTH-
Ke — BBIUMC/IeHHEe TI0TOKA BEeKTOpa HarpshKeHHOCTH 3J/IeKTPUUECKOTo TIOJIS.
HauboJiee TPOCTO 3TO OCYILECTB/ISIETCS B C/lyuae CUMMETPUUHBIX CUCTEM pac-

nipefiesieHyst 3apsifia. [Ipy mcnosib3oBaHUM TeOpeMbl B 3TOM Ciyuyae IMOBepX-
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HOCTb, OKpY>Karolasi 3apsifibl, J0/DKHA UMETh TOT K€ XapakTep CUMMETPHH, YTO

" CUCTeMd 3apA40B.

1.1.4. IlloTeHIMa/ILHOCTh  3J/IEKTPOCTaTUYECKOr'0  IOJIA.
Teopema o UPKY/IANUK BeKTopa E

PaHee MBI paccMaTpuBasu 37€KTPOCTaTUUECKOE T0Jie C TOYKU 3DEeHUs
CUJIbl, KOTOpasi [IeHCTBYeT CO CTOPOHBI 3TOT0 MoJisi Ha 3apsi[. O/lHakKo B Mexa-
HUKe Mbl UCMO0/Ib30Ba/IM U APYTOW TOAX0/, K UCCIeJ0BaHUI0 CBOWCTB CUCTEMbI
— 9HepreTuueckuii. IIpy 3TOM MbI pacCMaTpHBaJIK SHEPTUIO, KOTOPOH 00/1aaeT
CUCTeMa, U XapaKTep ee M3MeHeHMs TIpU coBepilleHUHd paboThl. Ilorpobyem
TIPUMEHUTD MOA0OHBIN MOAX0/ U B C/Tydae paCCMOTPEHUST 3IeKTPOCTaTUYeCKO-
ro TOJISl.

[TycTh HeMOABW)KHBIN TOUEUHBIN 3apsi/ g CO3/jaeT B BaKyyMe Ha pacCTo-

SHHUUW 1 3JIEKTPHUUECKOE 110J1€ C HAITIPSXKEHHOCTBIO

rje e — OpT-BeKTOp.

B 5TOM noJie 110 HeKOW TpaeKTOpUM JBHKET-

cs 3apsif, q', lepexo/s U3 TOUKA 1 B TOUKy 2 (puc.

1.6). Pabota Ai-», coBepillaemMasi CUJlaMH TIOJIST TIO q
, Puc. 1.6
riepeMelleHuto 3apsijia q', orpeenseTcs KakK
2 ' 2 ’ 5] ’
A,,=|Fdl =11 legr-daqdr_4dqa 1 1) (1.18)
. dre T Ang, s v Ang, \n T,

rZie ' U ro — MOJYJ/IY pajuyC-BeKTOPOB TOYeK 1 ¥ 2 COOTBETCTBEHHO.

Takum o0pa3om, paboTa CH/T 37IeKTPOCTaTUUECKOTO TI0/IT He 3aBHUCHT OT
BU/Ia TPAEKTOPUH, a OTIpe/e/sieTCs JIMIIb Haua/JIbHbIM U KOHEUHBIM 3HaUEeHUSIMU
HEKOM CKaJ/IIpHOM (DPYHKI[MUA OT TIOJIO’KEHUSI pacCMaTpHMBaeMbIX TOoueK. Takue

CHWJIbI HAa3bIBAKOTCSI KOHCEPB8AMUBHbIMU (NOMEHYUAAbHbIMU).
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Tak Kak 00y cUcTeMy 3apsiZloB MOXKHO Tpe/ICTaBUTh B BU/Jie d/ieMeH-
TapHBIX TOUEYHBIX 3apsJiOB, TO M0Jie, CO3/laBaeMOe TON CUCTeMOMU, Takxke Oy-
JleT KOHCepBaTHBHBIM (MTOTeHLMaTbHbIM).

Tenepb JOMyCTUM, UTO KaKOK-TO 3apsi[| ABWXKETCS B 3JIeKTPUUECKOM T10-
Jie TI0 3aMKHYTOW TpaeKTOpWHU. I10CKO/IBKY 3/1eKTpOCTaTUyecKoe Iosie MOTeH-
1[MasibHO, TO paboTa CusI MoJst TI0 TiepeMellieHH0 3apsija M0 3aMKHYTON Tpaek-
TOpUM paBHa HyJit0. C Ipyroii CTOpOHSI, 3Ta paboTa onpeiensieTcs Kak

A=§Fdl = pqEdl =qPpEdl =0.
Tak kak ¢ #0, TO
$Edl =0. (1.19)
Wuterpan, crosiuii B jgeBo yactu (1.19), HasbiBaeTcs yupKyasyuell

BeKTOpa E no 3aMKHYTOMY KOHTYDY, @ CaMO BbIpa’KeHHe — 3allucCh meopembl O
YUpKY/yuu BEKTOpPa HAMNPSDKEHHOCTH 3JIEKTPUUYECKOTr0 MOJist, KOTopas sSIBJIsieT-
s ewe oHOM (OpPMOM ompejie/ieHUs TOTEHLMAIbHOCTH T0JISI: 8eKIMOPHOe NoJje
Ha3blB8aemcsi NOMeHYuaAbHbIM, eCAu YUPKYAsyusi 8eKmopa no aobomy 3aMKHY-
MOMY KOHMYypY pA8HA HY/O.

Kpome Toro, u3 3Toi ke TeopeMbl CelyeT, YTO CU/IOBbIe JIMHUU 3JIeK-
TPOCTAaTUUECKOTO T10Jisi He MOTYT ObITh 3aMKHYTBIMU: OHHU JJOJDKHBI T/le-TO 00si-
3aTe/IbHO HAaUMHAThCS M 3aKaHUMBATLCS, TO €CThb [O/DKHBI CYIeCTBOBAaTh MC-
TOUHUKU T10J151 (3/IeKTpUUecKue 3apsifipl).  JlelicTBUTENBHO, eC/i Obl CHIOBBIE
JTMHUMA OB 3aMKHYTBI, TO 00X0/l BZO/b CHUIOBOW JTMHUUA B ITOJIOXKUTE/TEHOM
(WM oTpuUllaTeTbHOM) HarlpaB/ieHWH faji Obl CyMMapHYyHO paboTy TIpU TaKOM
riepeMell[eH|H, OTJIMUHYI0 OT HYJISl, YTO TIPOTHBOPEUH/IO Obl TeOpEMeE O LIUPKY-

JISILIUM.

1.1.5. IToTeH1MasI 3/1IEKTPOCTAaTUUECKOT' 0 I10JISA

Kak 6b110 TI0Ka3aHO paHee, 7S 10Jis, CO3/laBaéMOro TOUEUHBIM 3apsiZioM

q, paboTa 1o nepeMelleHUIO NTPOOHOTO 3apsiia g OmNpefie/sseTcsl BblpaKeHUeM
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(1.18). Tak Kak 3/1leKTpoCTaTUueCcKoe 1oJjie KOHCePBAaTUBHO (TTOTeHI[MAIbHO), TO
TIPUMeHVMa TeopeMa O TOTeHIMaJbHOW HEPryH, COIJIaCHO KOTOpO# pabora
T10JIs1 OCYIIeCTBJISIeTCS 3a cUeT yObUIM TTOTeHLMaIbHOW SHePIUU:

A=-AW,. (1.20)

dusrueckas BeJIMUMHa (P, paBHAsi OTHOLLEHUIO MMOTEHL[MaTbHOW SHEPTryUr
W, ToueyHOro mpobHOTo 3apsija ', TOMeI[eHHOTO B IaHHYI0 TOUKY TIOJIs, K

Be/IMYMHE 3TOro 3dpsdd, HA3bIBA€TCA IMOTEHLIKMA/JIOM 3JIEKTPOCTATHUYECKOI'0 II0-

TSt
w
p=—". (1.21)
q
Torzma pabora 110 iepeMeIrieHH0 MpOOHOTOo 3apsiZia U3 TOUKU 1 B TOUKY 2
OyzeT paBHa

A
AL=4q(0,—9,), (1.22)
r7e (1 ¥ (2 — MOoTeHL1asl B TOUKax 1 1 2 COOTBETCTBEHHO.
BennunHy U = @, — ¢, Ha3bIBAIOT PA3HOCMbIO NOMEHYUAN08 UK 3/1eK-

mpuueckum HanpsidceHuem. CpaBHuBas BbipaxkeHus (1.18) u (1.22), nosyyaem,

UTO MOTeHLIMAaJI I10JIA TOYEeUYHOI'O 3apsiid PdBEH

¢=—1—+1C, (1.23)
Ame,r

rae C — ToCTOsIHHAsA, oripeiesisieMasi BLIOOpoM crcteMbl oTcueta. OOBIYHO Ha
TIPAKTHKE CUCTEMa OTCUeTa BbIOMpaeTcst TakuM obpa3om, utoOsl C = 0.

Ecnu ke Mbl iMeeM He OZJMH TOUeUHBIM 3apsijl, @ CUCTeMY 3apsi/oB (i,
q, ..., gn, TO TIOTEHIWA TOJIs, CO37laBaeMOI0 TaKOM CHCTEeMOM, paBeH anreb-
panveckor CymMMme TMOTEeHIIMasIoB T0Jiek, CO3/jaBaeMbIX KaXKIbIM W3 3aps/ioB B

OT/Ie/IbLHOCTH

N
0=>0, (1.24)
i=1

rze ¢; — IoTeHLhasl, Co3/laBaeMbIi B JaHHOW TOUKe IO/l i-M 3apsiZioM.
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1.1.6. CBsA3b MeXAYy HANPSAIKEHHOCTHI0 3/IEKTPUUYECKOro I0JIA

U MOTEeHIMa/I0M

Ha npakTvke mnpy oOnvcaHuuM MO/ WCIOJIb30BaHWe TOTeHLMasa OcCy-
LeCTBJ/IAETCS vallje, YeM HarpspKeHHOCTU. DTO TMPOUCXOAUT IO HECKOJbKUM
TpUYMHAM:

— OIMCaHYe C TIOMOLLbIO MOTeHL1asa ropaszo mnpolie, yeM Ipu UCII0/Ib-
30BaHUU HarpsDKeHHOCTH. HanpsykeHHOCTh — BEKTOP, U MO3TOMY [JIst KaXKI0H
TOUKH T10J11 HeOOXOMMO 3HaTh B 0O0II[eM c/Tyuae TPH CKa/IIPHBIX BEJTMUMHBI —
COCTaBJIAAIOLMEe BeKTOpa HarpspKeHHOCTH M0 TpeM HaripasiieHusM. [loTeHiyan
)Ke — CKaJIsipHasi BeJIMUMHa, KOTOpasi TIOJTHOCThIO OTpe/ieNisieTcsi B 060 Touke
CBOUM eJUHCTBEHHBIM UHCJ/IEHHbIM 3HaUeHKEM;

— Ha MpakTUKe ropasfio Jierye U3Mepsitb Pa3sHOCTb MOTEHLUAIOB, YeM
Hanps»KeHHOCTh TI0J15;

— TO, UTO MOTeHLMas OIpeessieTCs TOJLKO C TOYHOCTBIO [0 HEKOTOPOU
TIOCTOSTHHOM, Ha TIPAKTHKe He UTrpaeT 0coboi po/M, Tak Kak BO BCe BbIPayKEHHS
BXOJIUT MO0 Pa3HOCTb TMOTEHIUAJIOB, MO0 MPOM3BOAHAs OT MOTeHIMasa, KO-
TOpbIe B JIFOOOM CJTyuae 3Ty MOCTOSTHHYIO He COZleprKarT.

Kak 6b1 TO HM Ob17I0, BO3MOXKHO OTKMCaHKe OJHOTO U TOTO »Ke T/ KakK C
TOMOLLII0 BEKTOPa HAamnpsDKeHHOCTH, TaK U C TMOMOILIbI0 ToTeHMana. Torga
MeXy 3STUMHU XapaKTepUCTUKAMU CYLLeCTByeT B3aUuMOCBS3b.

OnemeHTapHas pabota 6A, coBepiiiaemMasi JIEKTPUUECKHUM TI0JIEM TIO TIe-
peMelLeHuIo 3apsfa q', ONpee/seTCs COOTHOLIeHueM

8A =Fdl =q'Edl =qEdl, (1.25)

—

rje E; — npoekius Bektopa E Ha HaripaB/ieHue riepemMerteHus di .
C Apyroii CTOpOHBI, B C/ly4ae TOTEeHI[Ma/JbHOTO TOJIsI CIIPaBeJIUBBI CO-
otHomrenus (1.20) u (1.21). Torzma snementapHasi pabota Oyzer paBHa
8A =—q'dp. (1.26)

[IpupaBHUBas rpasble yacTy BeipaxxeHU (1.25) u (1.26), monyvaem:
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qEdl =—q'do- (1.27)
Orcroma
do
E=——. 1.28

[TepemelijeHre dl MOXKHO B3Th B JIlOOOM HarpaB/eHWH, B YaCTHOCTH

B/10/Tb KOOPIMHATHBIX OCeH X, Y, Z, TOTZia

g --% p__% p__% (1.29)
Ox Yo oy 0z
B BeKTOpHOM Bu/ie Bhipakenue (1.29) npumeT BUZ:
E=- a—(Pf+a—(Pf+a—(pE =—gradp=-V@. (1.30)
OX oy oz

CootHouuenue (1.30) nmokasbIBaeT, YTO HANPSPKEHHOCTb 3JIEKTPAUYECKOTO
MoJisi B JaHHOM TOUKe HaripaB/ieHa B CTOPOHY MaKCHMasbHOTO yObIBaHUS MO-
TeHLMasa (0T OOJIbIIero — K MEeHbIIEMY).

s rpadyyeckoro mnpezCTaBieHNs 3JIeKTPUYeCcKOoro 10/, Hapsay C CU-
JIOBBIMU JIMHUSIMU, WCIIO/B3YIOTCS U SK8UNOMEHYUA/IbHble NO8EPXHOCMU — BO-
obOpakaemble TIOBEPXHOCTH, BCé TOUKM KOTOPHIX UMEIOT OJWHAKOBBLIM TOTEH-
Lua’.

CBOMCTBA 3KBUTOTEHLIUAIBHBIX IOBEPXHOCTEH:

1) mpu nepeMelilieHUN B0JIb SKBUNIOTEHI[UATbHON EA
—]
TIOBePXHOCTU MOTeHIMan He u3MeHsieTcs (do/dl=0),
J— ?,
C/ie[j0BaTe/IbHO, KacarejbHas cocTrasstomas E; Bekro-
¢,
pa E paBHa Hymo, 3HauMT, BeKTOp E B KaxKzol Touke
OpTOTOHAa/leH K SKBUIIOTEHIMA/IbHOW TMOBEPXHOCTU Puc. 1.7
uc. 1.

(puc. 1.7);
2) ec 3KBUIIOTEHLIUA/IbHbIE TIOBEPXHOCTH TMPOBOJUTH C MOCTOSIHHBIM
II1aroM TI0 TIOTEHIWasTy, TO B TOM 00/IaCTH TMOJIsA, T[e COCeHUe SKBUITOTEHI[U-

a/libHbIe TIOBEPXHOCTHA Hanbosiee GM3KO MOAXOAAT APYT K JIPYTY, HarpshkeH-
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HOCTb 1o/1s1 6osbilie, 1 HA0OOPOT, B MeCTaX, I'/le pacCTOsIHAe MeXKAY SKBUIIO-

TE€HHA/IbHBIMH IMOBEPXHOCTAMUA 60]1]3].1.[6, — HaIlIpsA>X€HHOCTbD I10J/11 MEeHBIIIE.

1.1.7. IlIpumepsbl pacuera 3/1eKTPUYECKHUX M0J1ei

ITpumep 1. TTone 6eCKOHEUHOM TIJIOCKOCTH, PABHOMEPHO 3apsDKeHHOM C
MOBEPXHOCTHOU MVIOTHOCTBIO G.

[ToBepxHOCTb, uepe3 KOTOpPyO OyJemM HCKaTh

noToK BekTopa E , BbibepeM B hopMe MOJIOTO TU/IHH-
Ipa, OCHOBaHWSI KOTOPOTO TapasuiesibHbl pacCMaTpu-

BaeMoii iockoctu (puc. 1.8). M3 coobpakeHuii cum-

MEeTPHU SICHO, UTO JIMHWUY HANPSPKEHHOCTH BBIXOST U3
3apshKeHHOMN TIJIOCKOCTH U YXOJAT B 6eCKOHeuHOCTb

MeprieHAuKyJ/IIpPHO K €€ TIOBEPXHOCTH. Tak kKak 3apsn

II0 IJIOCKOCTH pacripe/ie/ieH paBHOMEPHO, TO U ILIOT-
HOCTb CWIOBBIX JIMHUM ITOCTOSIHHA.
[ToToK BEeKTOpa HANPSHKEHHOCTH Yepe3 BbIOPAHHYIO MOBEPXHOCTh MOKHO
IpejCTaBUTh B BUJIe:

O=E_S_, +E,S. +E;Ss.>

OCH OCH

rzie Socu — TUIOITA[b OCHOBAHUS LIWJTMH/IPA, Seox — IJIOIIAIb OOKOBOM MOBEPXHO-

CTH LWJIMH/pa.

—

Tak kak BekTop E mapasneneH GOKOBOM TMOBePXHOCTU LUIMHJPA, TO
Ens=0,a E =E_ =E .Torga:

®o=ES_, +ES, . =2ES

n“~ocu n“~ocu n~ocu °

3aps, OXBaTbIBaeMbld LIWIMHJIDWUYECKOW TIOBEPXHOCTBIO, paBeH

q=0S,,. CornacHo Teopeme I'aycca ® =q/¢g, . B Hamewm ciyuae

2E,S,, = Do

n“~ocu '

€p

OTKy/1a
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(e)

E,.=—.
2g,

(1.31)

Vcrionb3ysi CBsI3b MeXKJy HalpsDKeHHOCTbIO M TMOTEeHLMaJoM B BHJe
(1.28), HaviieM pa3HOCTh MOTEHILMAIOB MEXAY TOYKaMH, JieXKal[uMWA Ha pac-

CTOSIHUSIX X1 U X2 OT TUIOCKOCTH:
Xy G
(pl—(pzzj.Endx:—Idx:—(xz—xl). (1.32)

ITpumep 2. Tlone cdepsl pagrycom R, 1O MOBEPXHOCTU KOTOPOM pPaBHO-
MepHO pacripeiesieH 3apsj q.
OneKTpuyeckoe rose cgepbl LeHTPa/JIbHO-CUMMETPUYHOE, T. €. BEKTOD

E B KaKJ0U TOUKe MeprieHUKY/IsipeH K MOBEPXHOCTH, a MOJAYJib BeKTopa E

3aBUCHUT TOJIBKO OT PacCTOSIHUA I /10 LieHTpa cepsl (puc. 1.9, a).
E ?

Puc. 1.9

OrnpefienuM HaNpsDKEHHOCTh 3J/IEKTPUYECKOT0 MOJisI Ha PacCTOSIHUM OT
teHtpa r <R. IlockonbKy 3apsifibl pacrpejeseHbl MO MOBEPXHOCTU Cdepsl,
nrobasi TIPOM3BOJIBHO BbIOpaHHAsl 3aMKHYTasi MOBEPXHOCTh, PACITOIOKEHHast
BHYTpH C(ephbl, OXBaThIBaTh 3apsibl He OygeT. Torga coryiacHo TeopeMe ["ayc-
ca 1oToK E uepe3 3Ty moBepxXHOCTb paBeH HYJIIO, a ClefoBaTenbHO, E =0.

Tenepb paccMoTpuM ciyuaii r>R. Bribepem Mpou3BOJIbHYIO 3aMKHY-
TYH0 TIOBEPXHOCTh B (popMe cepbl PaInyCOM I, KOHLIEHTPUYHYIO C pacCMaTpU-

BaeMoii ccepoii (puc. 1.9, 6). ITotok BekTopa E uyepe3 moBepxHOCTh Ceprl

pajiiyCoM I paBeH

®=E(r)S=E(r)4nr’.
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CornacHo Teopeme I'aycca d =q/g, . Toraa

E(r)4nr’ -3
€
OTKy/1a
q
E(r)= . 1.33
(r) 471;80r2 ( )

Takum obpa3om, ¢yHKiMsa E(r) 3aBUCUMOCTUA HalPSPKEHHOCTA OT pac-
CTOSIHUS OT 1jeHTpa cpepbl UMeeT BU/;
0, r<R,
(1.34)

=, '>R.
4re,r

Haiizem pa3sHOCTb TMOTEHLMATIOB MeXKIy TOUKaMH, Jie)Kall[dMA Ha pac-
CTOAHUAX r1 U 2 (R<r, <r,) OT LjeHTpa cdepel, 1o popmyJe:

% %d 1 1
R Lt ey S

Ang, s 0 Ang \ 1 T

[TockonbKy BHYTpH cdepsl (1pu r<R) 3/1eKTpAUYeCKOe Iojie OTCYyTCTBYET,

TO IIOTEHLHAJI ITOCTOAHEH 1 PAdBEH ITOTEHLIMA/TY HAd TIOBEPXHOCTHU:

__ 49
® 47T80R.

(1.36)

A 3a mpezenamu cdepsl (py r>R) moteHMan yobiBaeT 0OpaTHO Mpo-
TOPLMOHA/ILHO BesiurHe r. TakuM oOpa3oM, byHKIusS ¢@(r) 3aBUCUMOCTH I10-

TeHI[Hajla OT PACCTOSHUS OT 1[eHTpa cepbl UMeeT BUJI;

2 q R’ r<R,
e
o(r)= ° (1.37)
q , r>R.
4me,r

3aBUCUMOCTH HalpsoKeHHOCTHU Ewu MNOoTeHIKad/Id (p 3JIEGKTPHUUYECKOI'O I10JIA

OT pACCTOSIHUS I' OT LieHTpPa PaBHOMEDHO 3apsKeHHOM cgepbl MOKa3aHbl Ha
puc. 1.10.
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q

4me,R

r‘; 0
Puc. 1.10

ITpumep 3. Tlone mapa paguycom R, o 06beMy KOTOPOTO paBHOMEDPHO
pacripefiesnieH 3apsf q.

[Tosie 1miapa Tak ke, Kak ¥ cdepsl, Oy/eT LieHTPa/IbHO-CUMMETPHUYHBIM.
OrnpegenuM HarpsyKeHHOCTh 3JIEKTPUYECKOrO IM0JIE BHYTPH 1Iapa Ha pPacCcTos-

HUH OT 1jeHTpa I < R. B KauecTBe 3aMKHYTOM MOBEPXHOCTH BbiOepeM KOHI[eH-

—

TpuuecKkyto cdepy paauycom r. [TIoTok BekTopa E uepe3 moBepXHOCThH Cepsl
pajiiyCcoM I paBeH

O =E(r)S=E(r)4nr’.

—

ITo Teopeme I'aycca motok E uepe3s moBepxHOCTb S paBeH ® =('/g,. 3/eCh
q'=pV’, rae p — obbeMHas MIOTHOCTH 3apsifa, V' =(4/3)nr’ — obbem, 3a-
K/TIOUeHHBIY BHYTPHY BbIOpaHHOM cdepuueckoi moBepxHocTU. Toraa

3
E(r)anr? =20 (1.38)
3¢,

YunThiBasi, UTO 00OBEMHAsI TIJIOTHOCTD 3apsiZia paBHA

V  4nR*’

nojyJyaem:

i
E(r)= 4;: . (1.39)
0

DJieKTpruUecKoe ToJie BHe I1apa (r > R) W/IEHTUUHO TI0JT0 C(ephl:



E(N) =7 (1.40)
0

HalizemM pasHOCTh TIOTEHL[MA/IOB MEXy TOUKAaMH, JIeXKalllUMH BHYTPU
11apa Ha PaCCTOSHUAX ' U 2 (1; <1, < R) OT LieHTpa, 1o opmy.e:

n

<p1—<p2=rfE(r)dr— d jrdrz%(r;—rf). (1.41)

4ng, R® 4me R

n

N3 dopmysl (1.41) BUAHO, UTO MOTEHI[MaA BHYTpU I1iapa (ripu r<R) B
3aBUCUMOCTH OT PAaCCTOSHUA I' PacTeT, Kak (PyHKLUs r’. A 3a mpejenaMy Liapa
(mpu r>R) Tak e, Kak y cdepbl, MoTeHIMa/a yObiBaeT 06paTHO TPOMOPIHO-
Ha/lbHO BesunHe r. TakuM oOpa3oM, QpyHKIMs @(r) 3aBUCMMOCTH TIOTeHI[Haa

OT pacCTOSTHUS OT LieHTpa 111apa UMeeT BU/;

2
4qu3, r<R,
e
o(r)=1""" (1.42)
q , r>R.
4me r

3aBUCUMOCTH HaIPSDKeHHOCTHW M TIOTEeHIMajia 37eKTPUUYeCKOro T0JIs OT
pPacCTOSHUSL OT IIeHTpa paBHOMEpPHO 3apsDKeHHOTrO Ilapa ToKa3aHbl Ha pHC.

1.11.

E A (P A
a | a |
dng R’ ! 4me,R :
r !
| 1/ | ~r
a IV
| . | .
0 R r 0 R r

Puc. 1.11
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1.2. JsiekTpryecKoe 1oJie B BellecTBe

1.2.1. dnekTpocraTuuecKass UHAYKIMA

Panee ObLI0 pacCMOTpPeHO, KaKUM 00pa30M MOXKHO OMUCaTh 3/IeEKTPOCTa-
THUYeckoe 1ojie B Bakyyme. O/[HAaKO Ha MpaKTWKe Mbl OOBIUHO MMeeM [iefio C
pa3/IMUHOTO POZia CpeflaMU, U C 3TOM TOUKH 3peHusi 6oJiee BaXKHO OTpejiesieHre
XapaKTepUCTUK MO0JIsI B BellleCTBe.

OTO MOJKHO C/leJlaTb Ha OCHOBAaHWHM YyKe U3BECTHBIX HaM TPUHLIUIIOB, TaK
KaK C TOUKW 3peHUs] K/1IaCCUUYeCKOW 3/IeKTPOHHOM TeopuH BellecTBa OHO Mpe/-
CTaB/sieT COOOM BaKyyM, «HCIIOPUYEHHBIN» 3JIEKTPUUECKUMH 3apsiZlaMH YaCTHII,
MpUUeM Ha J0/II0 3apSKEHHBIX Tesl IPUXOAUTCA HUUTOXKHas (~107°) wacte Bee-
ro obbema, 3aHMMaeMoro TesioM. [1pu TToMelljeHUM BelljecTBa B 3IeKTpHUUYeCcKoe
roJie 3apsifibl Bell[eCTBa HAaUMHAIOT CMeLaThCsl: «OTpULIaTebHbIe» — MPOTUB
TIOJISI; «TIOJIOYKUTEJTbHbIE» — TI0 TI0JIF0. B pe3ysibTaTe B OTAe/bHBIX 00/1acTsIX
Bell[eCTBa MOSIB/SIIOTCS HEeCKOMIEHCUPOBaHHbIe MAaKpOCKOIUUYeCKUe 3apsifibl
pa3/IMUHBIX 3HAKOB. JTO SIBJIeHUE Ha3bIBAeTCs 3/1eKmpocmamuyeckoll UHOyKYU-
ell (HaBefieHWeM), a 3apsifibl, TTOSIBUBIIIHECS B pe3y/bTare, — UHOYKYUOHHbIMU
3apsidamu. K BO3HMKHOBEHUIO MHAYKI[MOHHBIX 3apsiZioB C TOUKW 3peHUs KJac-
CUUeCKOM 3/IeKTPOHHOU TeOpUM U CBOAUTCS BIAUSIHUE BellecTBa Ha 3/1eKTprye-
CKOe TI0Jie.

WHayMpoBaHHbIe 3apsifibl CO3/al0T COOCTBEHHOE 37IeKTPUUeCKOoe TIoJe,
KOTOpO€e COTJIaCHO TIPUHLIMITY CyTepIio3ULiMM HaK/1a/ibIBaeTCsl Ha IoJie MepBrY-
HBIX 3apszioB. OgHako oOpa3oBaHKe WUHAYLMPOBaHHBIX 3apsiloB B MaTepraax
C pa3/IUYHBIMM 3/IEKTPUUECKHMU CBOWCTBaMM (TTPOBOJIHUKAX W IU3/IEKTPUKAX)
TIPOMCXOUT MO-pa3HoMy. Takum obpa3om, pas3nvuHa U CTeleHb BIUSHUS Be-

IeCTBa Ha BHEIIHEee I10J1€.
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1.2.2. dneKTpHuecKoe moJjie B JU3JIeKTPUKAX

Husnekmpukamu (M3079TOPaMU) Ha3bIBAIOTCSl Tea, B KOTOPBIX OTCYT-
CTBYIOT CBOOO/IHBIE 3apsi/ibl, CIIOCOOHBIE K ITepeMelleHHI0 10 00bemMy. B rpuH-
1[1Ile Ha MpaKTHKe BO BCeX TejlaX B TOW WA UHOW Mepe Takue 3apsibl UMeloT-
s, OJHAKO MX KOHLIeHTpalys B gusiekTprkax B 10'>-10%° pa3 menblie, yuem B
TIPOBO/IHUKAX.

Tak KakK ¥ JU3IeKTPHUKU, Y TIPOBOAHUKHU COCTOSIT M3 aTOMOB U MOJIEKY/I,
TO, €CTeCTBEHHO, CaMH TI0 cebe 3apsiibl B JU3/IEKTPUKAX CYIECTBYIOT: TI0JIO-
JKUTE/IbHO 3apshKeHHbIe sijpa aTOMOB M OTPHIAaTe/IbHO 3apshKeHHbIe 3/1eKTpPO-
HbL. B Ka)k/IoM aToMe WM MOJIeKYJie 3TU 3apsifibl CBsSI3aHbl MeXKAy Co00M Tak,
YTO B 1]€JIOM aTOMbl U MOJIEKYJIbI 3/IeKTPOHeUTpanbHbl. OJHAKO IO, JeHCTBU-
€M 3J/IeKTPUUECKOr0 T0JIsl LIEHTP TSPKeCTH 3apsiioB MOXKeT HeCKO/IbKO CMelaTh-
Cs1 OTHOCHUTEJILHO TI0JI0XKeHUs paBHOBeCHsi. DTO CMelljeHre OyZieT TIPOUCXO/IUTh
JI0 TeX TIop, MOoKa CUJa, AeUCTBYIOLasi CO CTOPOHBI BHEIITHETO 3/IeKTPUUYeCKOro
10Jisl, He YPaBHOBECUTCSI CUJION CBSI3W UaCTHL] B aTOMe WU MoJjieKyse. B aTom
C/lydae yaCTHIla TIpeBpalliaeTcs B Ounos/ib, OpHeHTUPOBAHHBINA B/IO/b HarpaBJie-
HUSI BHEIIHero 1o/is. Takum o0pa3oM, 1osie B AN3JIEKTPUKE OTpeiesnsieTcs Cy-
Nepro3uLyel BHELIHero Mo U MoJeu JUTIONen.

Dnekmpuyeckuil 0unoib — 3TO CUCTeMa JIBYX OJWHAKOBBLIX TI0 MOJYJIIO
Pa3sHOMMEHHBIX TOUEUHBIX 3apsi[IOB +q U —q, HAXOIAIUXCS Ha HEKOTOPOM pac-
crossHuM [ ipyr ot gpyra (puc. 1.12).

[ Paccrosinve | Ha3bIBalOT nieuom ounoss. urosb
CUMTAOT TOYEUHBbIM, €C/TM PACCTOSIHUE ' OT AWIIOJS [0

-q p +g  paccMaTpUBaeMbIX TOYeK IO/ 3HauuTelbHO OoJiblile
Puc. 1.12 nieva | gunosnsi. neKTpUUeCKrid IUTONb CO3JaeT BOKPYT
ce0s1 3/1eKTpUUECKOe TI0Jie ¥ B3aUMO/IeMCTBYET C BHEIIHUM

nosieM. OCHOBHasi XapaKTepUCTHKA AUTI0JISE — OUNO/bHbIU MOMEHM:

p=lq|l - (1.43)
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BEKTOp, HalpaB/IeHHbIM OT OTPULIATE/ILHOTO 3apsi/ia K MOJI0KUTETbHOMY.
Jnekmpuyeckoe nosie ounoss. OripefielM TIOTeHIUas M0Jisi B TIPOU3-

BOJIbHOMU TOUKe, H&XOAHMEﬁCH Ha PaCCTOdHMKM I OT TOYEYHOI'o JWIIOJIA

(puc. 1.13, a):

Puc. 1.13

Tak Kak r>1, TO r.

—r,,~lcos® u rr = r’. B utore nojyuaem:
1 gqlcos® 1 pcosB

7 = . (1.44)
o T dne, r

4me 0

Tenepsb onpeeniM HaTIPSPKEHHOCTD IO AWTIONs. [1jis 3Toro BhiOepeM
TO/ISAPHYI0 CUCTeMy KOOpAMHAT. IIpesicTaBuM BeKTOp E Kak BEKTOPHYIO CyM-
My [IByX COCTaBJISIFOLI[UX:

E=E +E,,

— —

rae E — paguaneHas cocraBistolas, 3a/jJaHHasi OpT-BeKTopoM €, ; E,— asumy-
Ta/lbHasl COCTaBJ/IAIOUIas, 3a/laHHast OPT-BeKTOpoM €, (puc. 1.13, 6).

Wcrnonb3ys Belpa)keHWe Jjisl TpaJjieHTa MoTeHIuana B MOJsIPHOM CUCTe-
Me KOOpAMHAaT, yuuTbiBas (1.44), mosydaeM BbIp@KeHUS [J11 MOZAYJIed COCTaB-

nsaoux Er- v Eg:
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op 1 2pcosO
" or 4dng, P

op 1 psin0
° ro0 4ne, r°

b

OTcrofa Mo/ly/Ib BeKTopa E paBeH

1
E=\E +E =——2\1+3c0s°0. (1.45)

dne, r

Takum 06pa3om, 3/1eKTpruuecKoe ToJie JUIOJIS SBJSeTCS CUMMEeTPUYHBIM
OTHOCUTE/IbHO €ro OCH, a TakK)Ke OTHOCUTEeJbHO MPSIMOM, MPOXOASIer depe3
L[EHTp WO/ TIepIeHANKY/ISpHO K ocu. Ha puc. 1.14 u300pakeHbl JTUHUH

HaIllIpSDKEHHOCTHU M SKBUIIOTEHLMA/IX 3JIEKTPHUYECKOI'O I10J1 AUIIOJIA.

¢=0

Jlnanm
/_—~ HaNIPAKEHHOCTH

DKBHIIOTEHLIIAIN

Puc. 1.14

MomeHnm cuna, deticmeyrowjux Ha Oounoab. Ecii TIOMeCTUThb JUTIOND B
OJIHOPO/IHOE 3JIeKTPUYECKOe T10J1e, TO 3apsiibl +q U —q OKaKyTCs T0J, JeNCTBU-
€M paBHBIX 0 BeIMYMHE, HO TPOTUBOIOJIOXKHBIX TI0

HamnpapJ/IeHUIO CUJI EH u E_) (puc. 1.15). 3T cumnbsl 06-

pa3ylT Tapy, Mjedyo KOTOpou paBHO Isino. Mopysb

KXol cuibl paBeH (E. B pesysbraTe MOMEHT CHII,

Puc. 1.15
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JEeMCTBYIOIIMX Ha aumosb, M =qElsina wiu B BeKTOpHOU (opme
M =[13,E] . (1.46)

OHepeusi dunoss 6 3/1eKmpuyeckom nosqe. Ilop pnelicTBEM MOMeHTa
CWJI TIPOMCXOAUT TIOBOPOT JIUTIOJNS B 3/IEKTPOCTAaTUYECKOM T10JIe, TIPH 3TOM CO-

BepiaeTcs pabora:

A:IMda:IpEsinada:—pEcosa, (1.47)

rjie o — yros Mexay Bektopamu p ¥ E (cm. puc. 1.15).

C fpyroit CTOpPOHBI, 3Ta paboTa MPOMCXOAUT 3a CUeT YObUIA MOTeHLIU-

a/IIbHOM SHepryy JWIIONs, HAXOZSIIEroCs B 3/IEKTPUUECKOM I07le, A =—-AW, .

CrnemoBaTenbHO, JUTIOJIb, HAXO/SCh B 3JIEKTPUUECKOM T10J1e, 00/1ajiaeT SHEpPIru-
eu
W, =—pEcosa. + const . (1.48)
Br160p const ocyIiecTBsieTCs C/IeAyoLUM 00pa3oM:
—ecmm a=m/2,T0 W, =0;

—ecm 0.=0,T0 W, = —pE (II0JIO)XeHYe YCTOXUNBOIO PaBHOBECHSI);
—ec OL=T, T0 W, = pE (T0/10)keHHe HeyCTOHYMBOrO PABHOBECHS).

B O6].L[€M C/Iydde MOJKHO 3dITMCaTb, UTO INOTEeHLIMA/IbHAA SHEPIUd JUII0JIA

B 3JIEKTPUYECKOM I10JI€ pdBHa
W, =—pE. (1.49)

Cuna, delicmeyowjass Ha ouno/ib 8 HeOOHOPOOHOM nosie. Ecmu mome-
CTUTH JIMIO0JIb BO BHELLIHEe HEOJHOPOJHOE 3/IeKTPUUeCKOoe T10J1e, TO CUJIb, [ei-
CTBYIOIIIME Ha TOJIOKUTE/IbHBIM U OTpULIATeIbHBIN
3apsi/ibl AUTIOJIsl, OYAyT HEOJUHAKOBLI U TI0 HArlpaB-
JIeHWIO, U T0 BeyjvuuHe. B mpocreiieMm ciaydae

3JIEKTpHUYEeCKOe I10jie HeOJHOPOJHO TOJIBKO B/0JIb

omHou ocu (puc. 1.16). Torga OumMosb He TOJBKO
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TIOBOpauMBaeTcs Tof, fielicTBreM MomeHTa cui (1.46), HO U BTArUBaeTcs B 00-

7acTb 6oJiee CUJILHOTO TIOJIS MO, IeHCTBUEM CHJIBI

[TpoeK1usi 3TOM CHJIBI HAa OCh X PaBHA

0 OE
F =——(—-pEcosa )= p—cosa. 1.50
=P )=p— (1.50)
1.2.3. ITonsipusanua AU3IeKTPUKOB. BekTop mnossgpusanum.

CBs3aHHbIE H CTOPOHHHE 3apAAbI

OrnvcaHHOe paHee SIBJIeHWE 3JIeKTPOCTaTUUYeCKOW UHAYKIUW B JU3JIEeK-
TPUKe TIPUBOZMUT K TIOSIB/IEHHIO B HEKOTOPBIX MaKPOCKOTIMUeCKUX 00/1acTsax Au-
3/7IeKTPHMKA HECKOMITEHCUPOBAHHBIX 3/€KTpUUYeCKuX 3apsifioB. [To mMexaHu3my
vx o0pa3oBaHUs BCe AUIJIEKTPUKH [IeIITCS Ha No/sipHble U HenossipHble. K He-
TIOJIIPHBIM OTHOCATCA Bewectsa (Hz, Oz, N2 U T.I1.), Y KOTOPBIX B OTCYTCTBHE
BHEIIIHETO 3JIeEKTPUUYECKOT0 TOJIs1 AUMOJIbHBIM MOMEHT KaXK/I0W YaCTHULIbl paBeH
HYJIFO, a TIO[] IeUCTBUEM 3/IeKTPUUYECKOTO IO/ TIPOUCXOUT 00pa3oBaHUe Ju-

Tiosiei ¢ AUITOJIbBHBIM MOMEHTOM ﬁ ,» ODUEHTUPOBAHHLBIM B HAIIPpABJIEHWUW BEKTO-

pa HarnpsbDKeHHOCTH; K To/sipHbIM — BeljectBa (CO, NH, HCI u 1.1.) C OT/INY-
HBIM OT HYJ/IS1 UCXOJHBIM JUIIO/IbHBIM MOMEHTOM 4yacTul]. be3 BHelIHero ssek-
TPUUYECKOI'0 T0Ji BUIEACTBUE TEIIOBOIO [BWKEHUSI OTJe/IbHble [UIO/IbHbIe
MOMEHTbI OPUEHTUPOBAHBI XaOTUYECKH, a BHeCeHHe J13/IeKTPUKa BO BHeIlIHee
3/IeKTPUYECKOe TI0JIe TIPUBOJUT K WX YIIOpsZ0YeHHOM opueHTaluu. B oboux
Clydasix Jito00M 371eMeHTapHbIM 00beM AN3/IeKTPHUKA UMEeeT BO BHEIITHEM 3JIeK-
TPUUYECKOM I10JIe He paBHbIM HYJ/II0 CYMMapHbIM [JWTMO/bHBIA MOMEHT. Takou
[IASJIEKTPUK HAa3bIBAETCA NO/APU30BAHHBIM, a TIPOLIeCC BOSHUKHOBEHUS TaKOI'0

COCTOSTHUSI IU3/IeKTPHKA — ho/sipuzayuel.
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WHaye Mosisipyi30BaHHBIM Ha3bIBaeTCsl UJIEKTPHK, UMEIOLUi B 1H000M

MakpooObemMe He paBHBbIA HYJH0 CyMMapHBIA AUIOJIbHBI MOMEHT fozz Di>

1

rJe p, — JUIOJILHBIM MOMEHT OT/e/IbHON YaCTULbL.

Tak Kak Tesa, COCTOSILME U3 OJHOTO U TOTO ’Ke MaTepuasa, UMerT pas-
JIMUHYI0 Maccy, a TaKUM 00pa3oM, U pa3Mephl, TO Jis UX OAHO0Opa3HOTO KO-
JTMYECTBEHHOT'0 OMUCAHUS BBOZST MOHATHUE 8eKIMopa hojsipuzayuu P, KOTopbIv

orpeie/IsIeTCs KaK JUMO/IbHBIA MOMEHT eZIMHUIIBI 00beMa:
L1
P=—Y"5 1.51
v Zilpl (1.51)

rae AV — pusnuecky 6eCKOHeUHO MaJiblii 00BeM BellecTBa.

BekTop monsipu3aly OOIIMPHOTO KJjacca M30TPOIHBIX JU3JIEKTPUKOB
CBSI3aH C HANPSDKEHHOCTHIO MOJISL B IU3JIEKTPUKE COOTHOLIIEHHEM

P=yg,E, (1.52)

rze X — Ous/leKmpuueckds 0CNpUUMYUBOCMb TU3JIeKTpUKa (be3pa3mepHasi Be-
JIMYMHA, XapaKTepU3yHoIasi CBOMCTBA AU3IEKTPUKA).

OJHakKo CylLeCTBYIOT OT/Je/IbHbIe BU/bI IUDJIEKTPUKOB, [1JI1 KOTOPBIX CO-
oTHoLIeHue (1.52) He MpUMeHWMO. DTO UOHHbIE KPUCTA/UIbI, 37IeKTPeThI U Ce-

THETOJIEKTPUKU. Y TIOC/eAHUX 3aBUCUMOCTb P OoT E HenuHeWHas U P 3aBu-

CUT OT Mpe/lIeCTBYIOIIUX 3HaueHui E, T. e. Hab/M0aeTcs s61eHue 2ucmepe-
3uca.

Kak ObUI0 CKa3aHO paHee, /IeHCTBHe 3/IEKTPUUYECKOTO T0JI Ha [IU3JIeK-
TPUK CBOAMUTCSI K CMEIIeHHI0 3apsi/0B, UMEIOIUXCSI B HEM, OTHOCUTE/IBHO T10-
JIO’KeHWsI paBHOBeCHs. 3apsifibl, BXOJMALME B COCTaB MOJIEKYJ/ [U3JIeKTPHUKA,
Ha3bIBAKOTCS C8A3aHHbIMU. [1of JercTBUeM 3/1eKTPUUECKOro TOJsi CBsi3aHHbIe
3apsiibl HEMHOTO CMeLLal0TCsl OTHOCUTEJIBHO T10JI0JKeHWsI PaBHOBECHS, He I10-
KUZiasi pe/ieJIoB MOJIeKYJIbl. 3apsi/ibl, HAaXOASIUeCss BHYTPU [JU3€KTPUKa, HO

He BXOJdIre B COCTaB MOJIEKYJI, HAa3bIBAOTCA CIMOPOHHUMU WUJIN Cc80000HBIMUL.
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K CTOpOHHUM OTHOCSITCSI TakKe 3apsifibl, PacIiO/IO)KeHHbIe 3a TpejenamMmu Ju-
3JIeKTPHUKa.

TakuM o6pa3oM, 3/eKTpruyeckoe 1ojie B JUIIEKTPUKe SIBJSIeTCs Cyriep-

TO3WLIMeH 1o/1s1 E, CTOPOHHHX 3apsiioB ¥ noyist E' CBsI3aHHBIX 3apsi/joB:

—

E=E,+E. (1.53)

Ecnu ofHOpPOAHBIM AU3NEKTPUK HAaXOAUTCA B 3/IEKTPUUECKOM MO0Jie, TO
OH OCTaeTcsl HeUTpalbHBIM B 00BbeMe Osiarosapsi B3auMHOM KOMITeHCALUX T10-
JIOKWUTEJIbHBIX M OTPHULIATeTbHBIX 3apsi/ioB, PaCIio/IOXKeHHbIX APYT BO3Jie Apyra.
WHaue fme/10 0OCTOUT B TOHKOM TIPUITIOBEPXHOCTHOM CJioe IU3/IeKTprKa. Ilpu
TO/ISIpU3aliuM y TOW I'PaHU [IU3/IeKTPUKa, B KOTOPYIO BXOJST CU/IOBble JIMHUM
110J1s1, 0Opa3yeTcsi 30bITOK OTPUIIATE/LHBIX 3aps/OB, Y TPOTHUBOITOIOXHON —
130BITOK MOJIOKUTEIBHBIX. DTH 3apsi/ibl PacTIpeiesisTFoTCs TI0 TIOBEPXHOCTH JH-
5/IEKTPHKA C ITOBEPXHOCTHOM IJIOTHOCTEIO G'. KpoMme CBs3aHHBIX 3apsI0oB Ha
MOBEPXHOCTM MOTYT pacrojiaratbCsi CTOPOHHME 3apsifibl C TIOBEPXHOCTHOMU
IJIOTHOCTBIO G .

Mexay mMozysieM BeKTOpa MOJISIpU3aliii ¥ TIOBEPXHOCTHOM MJIOTHOCTBIO
CBSI3aHHBIX 3apS0B G MMEeTCs TPOCTasi CBA3b. BLIJE/INUM B M0/IIPU30BAaHHOM
[A2JIeKTPUKe KOCOW LWAMHAD [JIWHOW [, ¢ T1uiomaAbo OCHOBaHuU AS

(puc. 1.17). BekTop HanpsbkeHHOCTH E 110719 06pasyeT ¢ BeKTOPOM HOPMasiu N

K OCHOBAHHIO LIWJIMHAPA yroj o. O6beM Takoro nuauHapa AV =IAScoso.

-G —\ 4G CyMMapHbIA JUMOJIbHBI MOMEHT MO-
O® 0—0 00
A (&F@o—e0Te p  JIeKyql BHYTPH IM/IMH/Pa paBeH
[

ol
< o " Zpl. =q'l=c'ASI.
Puc. 1.17 l

CornacHo dopmyne (1.51) monsipusa-

1[usi OyZieT paBHa

AV 5 Pi= IAScoso.  coso’

1 Z l o'ldS ol
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_ !/
oTKyja Pcosa=c . 3eck Pcoso = P, — HOpMaJlbHasl COCTaBJIsIFOIast BeKTOpa

P . B uTore mo/yJaeM:

P =c. (1.54)

n

1.2.4. InsnekTpruyeckasi NPOHMILIAEMOCTH BellecTBa

Ha npakTtuike Aj1s1 XapakTepPUCTUKU JU3IEKTPUUEeCKUX CBOWCTB BellleCTBa
yalje MCHOMBb3YKOT OMHOCUME/AbHYIO OU3/1eKMpUUecKyl0 NpoHUYaemocmb,

onpejensieMyr0 Kak

e=1+7. (1.55)
YT06bI MOHATL CMBIC/ AU3/IeKTPUUYECKOM TIPOHMULIA- E
0
eMOCTH, PACCMOTPUM IJIACTUHY U3 U30TPOITHOTO JUS/IeK- N
-0’ Ef +c’
TPUKa, TIOMELeHHYIO0 B OZHOPOJHOE 3/IeKTPUYECKOe I10J1e <
HanpsbKeHHOCThio E. (puc. 1.18). IIpu moJisspu3aiyy 1u- o n
p , (P )- TIp pU3aLH [ E
S/IKTPUKA Ha €ro MOBePXHOCTU BO3HUKHET HEeCKOMIIeH-
Puc. 1.18

CHpOBaHHLIM CBA3aHHBIA 3apsAl G, KOTOPLIA CO3/4acT B

AUSIEKTPUKE 3JIEKTPUUYECKOE T10/1€ HAIpPsDKEHHOCThO E' =o'/ €y Hal'IpH)KeH-

HOCTb CyMMapHoro Tosis Oyzer onpefenstbcs ¢opmysioi (1.53), Kotopas B

MPOEKI[MY Ha HOPMaJ/ib N K TIOBEPXHOCTH TIPUMET BUJ;:

' o'
E=E,—E=F~—. (1.56)
0

Kak 0Ob110 nokasaHo, o’ =P,. C apyroii CTopoHsl, P =yg E, =xg E-
Torpga

E
E=E -*%°_F _yE.

€o

Orciopa E=E,/(1+y). B urore c yuerom (1.55) nonyuaem:

g=—2. (1.57)
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TakuMm 06pa3om, OTHOCUTe/IbHAs [u3/IeKTpruUecKasi IPOHULIaeMOCTh Cpe-
[Ibl TIOKa3bIBaeT, BO CKOJIbKO pa3 HAaMpPsDKEHHOCTb BHEIIHErO 3/IeKTPUYEeCKOro

110J1s1 60JIbIlIe HATIPSPKeHHOCTH T10J1s1 BHYTPH AU3/IeKTPHKa.

1.2.5. Teopema I'aycca g au3/1eKTpUYeckou cpeabl. BekTop

JJIEKTPHUYECKOI'0 CMEIIeHUA

,HJIH HaX0XOeHKWSA HalIPSPKEHHOCTHU 3JIEKTPHUUECKOI'O IT0JIA B AW3J/IEKTPHUKE

MOXKeT ObITh UCIIO/Ib30BaHa TeopeMa [aycca
B

cJSEdS =—q,. (1.58)
S 80

I[Tox g, ciepyeT moHMMATh anreOpaMdyecKyro CyMMy BCeX CTOPOHHHX (q)

Y CBSI3aHHBIX (q') 3aps/l0B, OXBATbIBAEMbIX 3aMKHYTOM ITI0BEPXHOCTBIO S:
N
$EdS=—(q+q). (1.59)
S 8O
HEO6XO,Z[I/IMO OTMETUTh, UTO HCIIOJ/Ib30BaHKWE S5TOI'0O COOTHOIIIE€HMd Ha
IMMPpAKTHKE /i paCyeTa 110/ 3aTPYJAHEHO, TdK KdK 3dpdHee HEM3BECTHO, KaKUM
obpa3om OyayT pacrionaraTbCsi CBsI3aHHbIE 3apsiibl BO BHelHeM Tosie. CuTya-
I[{I0 MO>KHO TIOTIPABUTh, €C/IM yUeCTb, YTO CaMH 110 cebe MoOJIeKyJibl, 00pasy-
omuye OUIioJiv, 3JIEKTPUUECKHU HEﬁTpaﬂbeI " BKJ/Ial B CYMMaprIﬁ ITIOTOK BeEK-

Topa E B AW3/IeKTPUKE [Jal0T TOJILKO Te JTUTIO/IU, KOTOPbIe «pa3pe3atoTcsi» Mo-

BEPXHOCTEIO S.

IS PaccMoTpUM 371eMeHTapHbIN y4acTOK TTOBEPXHOCTH
o
€| ® dS (puc. 1.19), KOTOpbIM HaK/IOHEH K CHUJIOBbIM JIMHHUSIM I10-
€_[®
7Sl TIOJ] YIJIOM O.. JTa MOBEPXHOCTh «pa3pe3aeT» dN aumo-
o 7iel, JieXKaluX BHYTPU 00beMa, 00pa30BaHHOIO KOCHIM ITH-

I
’e’y p  JIMH/POM C IUIOLIa/Ibi0 OCHOBaHust dS v obpasytoLueii I, pas-

dS HOM AJIMHEe MOJIEKYJ/IbI-AWII0JIA:

S dN =nldScoso.,
Puc. 1.19
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r7ie N — KOHLIeHTPpaLUsi MOJIEKY1 IU3/IeKTPUKa.

3apsiJi, OCTaBIIMICS BHYTPU AU3J/IeKTPHKA MPU «pa3pe3aHuun» dN aurio-
neu, paBeH

dq' =—q,dN =—ngq,ldScosa.,

rze qo — 3apsij, JUIOJIS.

C y4eToMm TOro, 4to PTME, MOZIy/lb BeKTOpa P paBeH P=nq,l (q, —
JTATIONTbHBI MOMEHT MoJieKy/ibl). Torza

dq' =—PdScoso. =—PdS.

ITpovHTerpupoBaB 3TO BbIpakeHUe I10 BCel [I0BePXHOCTH, HalleM q':
q =dq =—Pds. (1.60)
S
[Topcrasnss (1.60) B Teopemy I"aycca (1.59), nonyuaem:

qSEdS = i[q —gSﬁdﬂ (1.61)

S 80
i
$(e,E+P)dS=q. (1.62)
S
BekTop
D=¢,E+P (1.63)

Ha3bIBAETCSI 8EKMOPOM 3/1eKMpUUecKOo20 CMeWwjeHusl UAU 3/1eKmpuueckoll UH-
oykyuetl.
C yuetom cooTHotenus (1.52) ¢popmyny (1.63) nepenuiiiem B BU/ie:
D=80E+X80E=(1+X)80E=880E. (1.64)
B utore meopema I'aycca MmoxeT ObITh 3arvcaHa B BUJe:

gSDdS =q- (1.65)
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NOMOK 8eKmMopa 3/1eKmpuuecKko20 CMeujeHusl uepe3 npou3eoabHyH0 3AMKHYMYHO
nogepxHOCMb paseH anzebpauteckoli Cymme CmMOpOHHUX 3apsi008, oxeambleae-
MbIX 3Ol NOBEPXHOCMMbIO.

Ecnu 3apsiz q pacripefiesieH 1o o6beMy V, orpaHuueHHOMY TTOBEPXHO-

CTbIO S, TO BeJIMUMHA TOT0 3apsifia OrpeesisieTcs: Kak q = IpdV. B pe3synbTare
v

BbIpakeHue (1.65) mpumet BuUz;

chf)dS = j pdV . (1.66)
S \%4

[Tepeiimem K auddepeHManbHON (POpMe 3anuCH JaHHOW TeOpeMbI, UC-
MOJIb3ysl TOT XK€ MOAXO0/[, UTO U Mpu BbiBoAe (Gopmybl (1.15). YcTpemuB pac-
cMaTpHBaeMblii 06beM V K Hy/mo, onyunm mepemy I'aycca oas D 6 ducpcpe-
peHyuabHoll ¢popme:

divD=p, (1.67)
WU B OIIepaTOPHOM BU/JE:
V-D=p. (1.68)

Cor/iacHO JJaHHOMY BBbIP@)KeHHIO MCTOUHUKAMU 3JIEKTPUUYECKOT0 CMellle-
HUS SIBJISIFOTCSL TOJIBKO CTOPOHHUE 3apsiJibl: TOJILKO Ha HUX MOTYT HAaUMHATLCS U

— —

3dKdHYHMBATLCS JIMHHUKW BEKTOPA D , B TO BpeMA KdK NCTOUHHMKAMH I10JI1 E saB-

—

JISIFOTCSI U CBsI3aHHbIe, U CTOPOHHUE 3apsbl. Takum obpa3om, BeKTop D siBisi-
eTCs BCIIOMOraTe/TlbHbIM U 3HAUUTEJbHO YTMpOLlaeT pellleHue psija 3ajay Io

oripe/ie/IeHUIO T0Jis B IU3/IeKTPUKe.

— —

1.2.6. YcioBusa ansa BekropoB E v D Ha rpaHuune pasjeiia

ABYX AUJIEKTPUKOB

[ PaccmoTpyM rpaHuily pasfenia [ABYX OJHO-

AlY

POJIHBIX H30TPOMHBIX AU3EeKTPUKOB (puc. 1.20).

dly

b r 2 HanpspkeHHOCTb 11011 BOM3W TpaHUIlBl AU3JIeK-

Puc. 1.20 Tpuka 1 0603HauuM Kak E,, BOJIM3U TPAHHULBI [H-
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5/1eKTpUKa 2 — E,. Bo3bMeM NpSMOYIO/bHBIM KOHTYP ', OpMeHTHUpPOBaB ero
2

TaK, UTOObI CTOPOHBI, MapasuiesibHble TpaHUlle pasfiesia, UMeau AJuHy l. OTa
JJTMHA JT0/DKHA OBITH TaKOM, UTOOBI B ee MpeZiesiax IoJjie MOYKHO OBbIZIO CUHTATh
HeW3MeHHBIM, a OCTa/bHble /IBe CTOPOHBI [IOJDKHBI ObITH MpeHebpeXxuMo ma-

npiMU. COT/IACHO TeopeMe O LUPKY/ISIK BeKTopa E

qSEdT =0. (1.69)

YuutbiBasi, UTO BO/IM3U TPAHUI[BI 3/IEKTPUUECKOE TT0JIe C KaXKJ[OW CTOPO-

HbI OJHOPOZHO, BbipakeHue (1.69) nepenuiiem B BU/je:
EZ‘CI — El’tl — O )
rae E, 4 E, — NPOEKI[UH BEKTOpa E Ha opT T B AM3/MEKTPUKax 1 1 2 cooTBeT-

CTBEHHO.

OTtcropa ciefyeT, 4To AJsl TAaHTeHI[UaIbHbIX COCTaBJISIIOIIUX BeKTOpa E

CIIpaBeJIMBO COOTHOIIIEHWE

E

1r:

E

- (1.70)
[y1s TOoro, 4YTOOBI YCTAaHOBUTHL COOTHOIIIEHHE MEXKAY TaHTeHIMaJTbHBIMU

COCTaBJISIIOLIMMU BeKTopa D , Bocriosib3yeMcst (popmyiioii (1.64):
D, =g¢&,E

D, =¢g,8E,..

1t

B urtore nonyuaeM rpaHUuHOe YC/I0BUE A1 BeKTopa D :
e,D,_=¢,D,_. (1.71)
Teneps mepeiileM K pacCMOTPEHHIO TPaHUYHBIX

—

YCJIOBUM /11 HOPMAJIbHBIX COCTaBJISIOIIUX BEKTOPOB E U

D. Ilycts Ha rpaHuile pasfiena ABYX [M3/1eKTPUKOB IS

Box

HaXO/IUTCS TIOBEPXHOCTHBIN CTOPOHHUU 3apsiy q. Beibe- Puc. 1.21

peM LWINHAPHUUYECKYH 3aMKHYTYH MMOBEPXHOCTb, Pacrio-

JIO>)KEHHYIO Ha rpaHuie pasgeina (puc. 1.21). ITnowaas ocHOBaHUU AS LIWINH-

Jipa [o/bKHa ObITh Tako, YTOOBI B ero rpeziesiax BeKTop D He WM3MeHsICS, a
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BbICOTA LWJMH/pa [0/DKHA CTpeMuThCs K Hymo. CornacHo Teopeme ['aycca

s BekTopa D

B Hamem ciyyae nosiyuaem:
D, AS—D, AS=GAS, (1.72)
rie 0 — II0BepXHOCTHas IVIOTHOCTh CTOPOHHET0 3apsiia Ha rpaHuLie paszesa.
Ortcroza ciesyert, 4To
D, —D, =c. (1.73)
13 dopmyel (1.73) BUAHO, UTO HOPMa/bHAs COCTAB/ISIONAs BeKTopa D
rpeTeprieBaeT CKauyoK TPy Iepexoie rpaHuLibl paszena. B oTcyTcTBUe CTOPOH-

HUX 3aps/J0B Ha TpaHUIle pa3jena JU3IeKTPHKOB (G = 0) TIOJTyYaeM:

D, =D,,. (1.74)
B 5TOM C/yyae HOpMasjbHas COCTaB/ISIOIIas BeKTopa D CKauKa He HC-
MIBITBIBAET. 7151 TOTO UTOOBI YCTaHOBUTH COOTHOIIIEHHE MEXy HOPMa/IbHbIMU
COCTaBJISIIOLIMMU BeKTopa E , cHoBa Bocrio/b3yemcs Gopmyoi (1.64):
D,, =¢&&E,,,
D,, =¢&,&E,,.
B WTOTe TI0/TyyaeM rpaHIYHOe YCIOBHe 15 BekTopa E :

e E, =¢FE,. (1.75)

HO]IquHHbIe BbIpda)KeHHsA CBHUAETE/ILCTBYIOT O

— —

o —. TOM, UTO JIMHUM BeKTOPOB E W D UCILITEIBAIOT Ha

rpaHulle pasjena AU3eKTPUKOB U3/I0M WU TPeioM-

E /% E nsitotes (puc. 1.22). [TokakeM 5TO Ha MpUMepe BeK-

In

Topa E . V13 Beipaxkenwuii (1.70) u (1.75) cnefyert, uTo

tgoL, = b tgoL, = Ey
Puc. 1.22 1 ’ 2 :
Me Eln E2n
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B urtore nonyuyaemM 3aK0H MpeoMJieHHst TMHUM BeKTopa E :
tga, ¢,

=—. 1.76
tgo, g (1.76)

1.2.7. CerHeT03/IeKTPUKH

Ce2Hemo3neKmpuKu — KpUCTa/UInyecKre BelllecTBa, 06siaziaroliye CrioH-
TaHHOMW TIOJISIPU30BAHHOCTBI0 B OTCYTCTBHe 3yieKTpuueckoro moss. Coe
Ha3BaHKe OHU MOYYW/IM OT CerHEeTOBOM COJIM, 37IeKTpUUYeCKre CBOMCTBA KOTO-

pOU BIlepBble UCC/IEe[0BaIN COBeTCKUe (pu3uku 1noj pykoBoactBoM M.B. Kyp-

yaroBa. [ToMuMo cerHeToBOM CO/IU (NaKC H, O, -4HZO), K CerHeT03JIeKTpU-
KaM OTHOCSITCSI TUTaHaT Oapusi (BaTiO3), auruapogocdar Kanus (KH2PO4) 51

Ap-

B3auMozieiicTBre YacTUI] B TaKUX KPUCTa/IaX MPUBOAUT K TOMY, UTO UX
JIATIO/TbHbIe MOMEHTHI CIIOHTaHHO YCTaHABJ/IWBAIOTCS Mapasiie/ibHO JPYT APYTY.
B pe3ynbTaTe BO3HUKAKOT MHUKDPOCKOMAUECKHWe 00/acTh C pa3MuHbIMU
HarpaB/IeHUsIMU TIO/ISIpU3alivM, Ha3biBaeMble domeHamu (puc. 1.23). B pe3ysb-

TaTe CYMMAapHBIM 3/IeKTPUUECKHN AUIO/bHBIM MOMEHT oOpasija MpakKTHYeCKH

OTCyTCTByeT. PaBHOBecHasi JOMeHHas
CTPYKTypa CerHeTO3/IeKTpPHUKA OTBeuaeT

MUHUMYMY CBOOO/IHOM SHEPruv Kpu- <

o}
CTa/l/la, a TaKXKe OMpeessieTCss TIPUPO- 1 L\'— ® Q==

JIOM ¥ XapaKTepoM pacripefieJieHUsI ero
. Puc. 1.23
neheKToB, CHUMMETPHEeH KpHCTa/liiye-
CKOU pellleTKH U UCTOpUel obpasiia.
[Tox melicTBUEM 3/IEKTPHUUECKOTO TI0JISI IOMEHHbIe TPAaHUILIbI CMeI[aloTCs
TaK, UTO OOBEMBI [JOMEHOB, IO/ISIPU30BAaHHBLIX I10 TI0JIIO, YBEJTUUMBAIOTCS 3a

CUéT AOMEHOB, II0J/IAPHU30BdAHHBIX IIPOTHB I10JIA. OTO MMpuUBOJAUT K TOMY, UTO B

CUJILHOM T10JIe KPHCTa/IJTHYeCKU o0Opaser] CTAaHOBUTCSI OAHOZOMeHHBIM. [Tocie
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BBLIK/TFOUEHUSI TI0JIs1 B TeueHue JJIMTe/IbHOTO BpeMeHU obpasel] 0CTaéTcs Mosis-
PU30BaHHBIM, T.e. 00/IafjlaeT OCTaTOUYHOU mossipu3aryied Pr. st TOro uTo6bI
CyMMapHble 00BEMBI JOMEHOB TMPOTHBOIIO/IOKHOTO 3HaKa CPaBHSIMChH, HEOO-
XOAUMO TIDWIOXKUTb JOCTaTOYHO CHbHOe Tojie Ec TpOTHUBOMOJIOKHOTO
HaripaB/ieHus1 (KospyumugHoe nose). B pe3ysbTare 3TOro P 3aBUCUT He TOJILKO
OT BesinuuHbl E B ZJaHHBIA MOMEHT, HO U OT TIPe/IIIeCTBYIOIIUX COCTOSTHUM JU-
3/IeKTpUKa. DTO siBJieHWe Ha3bIBaeTCsl OusjieKmpuueckum 2ucmepe3ucom («3a-
nasjbiBaHue» — Tpeu.). [Ipy MepuoAMUeCKOM H3MEeHEeHUM HampsKeHHOCTH
3JIEKTPUYECKOr0 T10/isi 3aBUCHMOCTD TI0JIIPU3al[ii P OT HamNpsKEHHOCTU 3J1eK-
TpUUeckoro noJjisi E He/luHelHasi U UMeeT BUJ, nemsu 2ucmepe3uca (puc. 1.24).

Pe3koe n3MeHeHHe TOJsipU3aliuv obpas-

P A
Pl . L[a MoJ [eWCTBUEeM 3/1eKTPUYeCcKOro Mojs 3a
i CUET CMeITeHUs [JOMEeHHBIX T'PaHMI] 00YCIOB-
E. _ nuBaeT OO/BUIYIO BEIMUMHY [U3/IeKTPUYeCKOH
0 E MPOHHULIAEMOCTH € CEerHeTod/1eKTpuKa (~10%—
10°). BenMuuHa € CYIIECTBEHHO 3aBHUCUT OT
Puc. 1.24 HanpspKEHHOCTU  3JieKTpuueckoro mosis. [lof

JIeMICTBMEM BHEIIIHEr0 3JIEKTPUYECKOrO I10JIst
[lOMeHbI T0BOPAuMBaIOTCA Kak eJuHoe liejioe, yCTaHaB/IMBasCh [10 Harlpasiie-
HUIO I10J1I.

CnioHTaHHas IoJIIpU3aLvsa B CerHeTO3/IeKTPUKAaX COXpaHseTcs 10 oripe-
JleJIeHHOM TeMIlepaTypbl, Ha3biBaeMoM moukot Kiopu. Y HeKOTOPbIX BelleCTB,
HaripuMep y CerHeTOBOM COJH, uXx ABe: 255 K u 297 K. B 3TOM uHTepBase TeM-
reparyp AujIeKTpUdecKas IIPOHULIaeMOCTh € JOCTUTraeT CBOr0 MakCUMa/IbHO-
ro 3HaueHus. 3a IipefieslaMy 3TOI'O0 UHTepBajia CerHeTO3/IeKTPUK yTpauuBaeT
CBOY CBOWCTBA U CTAHOBUTCS OOBIUHBIM /IM3/IEKTPUKOM. [IpeBpaliieHue cerHe-
TO3/IeKTPUKa B OOBIUHBIN TMOJISIPHBIN AU3NEKTPUK, IPOUCXOsIlee B TOUuKe Kio-
pH, sIBJ/IsieTCS MpUMepoM (pa3oBoro nepexoga. Breie Touku Kropu cyiiectByet

HeyropAA04YeHHas cba3a, npruyeM B OTCYTCTBHE€ BHEIIHEIO I10/I1 AN3JIEKTPUK He
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nosisipu3oBad. Hwke Touku Kropu umeeTcst ynopsijoueHHas ¢asa, xapakTepu-
3yemasi Ha/inuleM CIIOHTaHHOM MO/sIpyU3aliiy B JOMeHax.

CerHeTos/IeKTPUKA UMeEIOT 00JIbIlIoe MpakTUuecKoe 3HaueHue B COBpe-
MEHHOM 3JIEKTPO- Y paguoTexHuke. VIX UCMHO/b3YIOT [Ji U3rOTOBJIEHUS KOH-
JleHCaTopoB OOJIBILION 37IeKTPOEMKOCTU M MasiblX pa3MepoB, [/Isi MOAYJSLAU

UdCTOTBI 3/IEKTPOMAI'HUTHBIX KOoJIeOaHUM U T. A.

1.3. IIpoBOJHUKH B 3/IEKTPUYECKOM I10JIe

1.3.1. [Tosie BHYyTpHU NPOBOJHUKA M Yy €ro MOBEPXHOCTH.

PacnipepiesieHue 3apsiia B IPOBOJHUKeE

Kak y>ke oTMeuasioch, K TIPOBOZIHUKAM OTHOCSITCSI BEIIIeCTBA, B KOTOPBIX
MeeTCss 0OJIBIIIOe KOJTMYEeCTBO CBOOOHBIX 3/IEKTPUUECKHX 3apsifioB, CIIOCO0-
HBIX TTepeMellaThCsl B Tipe/iefiax Tesa. IIpy rmoMeIneHnyd MPOBOJHUKA B 3/1€K-
TPUUECKOEe TI0JIe TI0/ JIeMCTBUEM 3/IeKTPOCTaTUUeCKON CUJTbI CBOOOZHBIE 3apsi-
Il TIDUAYT B ABWKeHWe. B pe3ysbTaTe B pa3iuuHbIX 00/acTsSX MPOBOAHMKA
BO3HHUKHYT HECKOMITEHCHPOBAHHBIE ITOJI0XKHUTE/IbHbIE U OTPHI]ATe/IbHBIE 3apsi/b
(puc. 1.25), TO eCcTb aHAJOTUYHO AW3JIEKTPUKaM OyzieT HabOMoAaThCs siBIeHHe
3/IEKTPOCTAaTUUECKON HIYKIIUH.

Tak Kak B ZJaHHOM CJ/Iydae 3TO SIBJIeHHe
CBSI3aHO C TiepepacripejesieHeM CBOOOJHBIX
3apsifioB, TO B OT/IMUME OT AW3JIEKTPUKOB IT0JIe
B TIPOBOJHMKaX 00JiaZiaeT CJIeAYIOIIUMH 0CO-
OeHHOCTSIMH.

1. TlepepacmipefeneHue 3apsijoB OyzeT

MnpoaoJ/DKATbCA 40 TEX I10P, IIOKAd I10JI€ BHYTPHU

Puc. 1.25

IMpOBOJHHWKA HeE CTaHET PpdBHBIM  HYJIHO:
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E=E,+E =0, TO ecTb BHellHee 1osie E, He GyJeT CKOMIIEHCHPOBAHO BHYT-

PEeHHHM T0JIeM MH/IyLIIPOBaHHBIX 3apsiaoB E’ .

2. Tak Kak B 00beMe TTPOBOZIHUKA OTCYTCTBYET 3/IEKTPUUECKOe TI0JIe, TO
corsacHO Teopeme OcTporpajickoro - ['aycca cyMMapHbIi 3apsii B HeM OyzeT
paBHbIM HY/It0. B CBfI3M C 3TUM Bech 3aps/ B MPOBOJHUKE, HaXOAALeMCHd B
3/1IeKTPAUYECKOM T10Jie, pacripeiesieH TOJIBKO M0 MOBEPXHOCTU MTPOBOJHUKA.

3. W3 oTCyTCTBUS MOJIA BHYTPU TPOBOAHUKA CJIeAYeT, UTO MOTeHL[Hasl
BHYTPHY NPOBOJIHMKA ZI0JDKEH OBITh TIOCTOSIHEH, U TOT/Ia TIOBEPXHOCTh IPOBO/I-
HUKA SIBJISIeTCSI SKBUMNOTEHLIWATBHOM.

4. W3 B3aMMOCBSA3U HalpsyKeHHOCTU U MOTeHLMana cjiefyeT, UTO CUJIO-

Bble JIMHUU BHEILHEro 1oJis BO/IM3u IMOBEPXHOCTH IMPOBOJAHHWKA OOJDKHBI OBITh

TeprieHIMKYISpHbl K Hed. Hamvuue Kacate/nbHOU COCTaBiisAroller BekTopa E
TIpUBEJIO ObI K ZIBMXKEHUIO 3apsi/IOB TI0 TIOBEPXHOCTH, T. €. PaBHOBecHe ObIJI0 ObI
HEBO3MOXXHbIM. Takum o0pa3oM, HeWTpanbHBIM TMPOBOAHUK, BHECEHHBIH B
3/IeKTpUUeCKoe 10Jie, pa3pbiBaeT JIMHUM HaTPSDKEHHOCTH, MPOXOJsIue uepe3
Hero (cm. puc. 1.25).

PaccMOTpUM yuacTOK MOBEPXHOCTH MPOBOJHUKA Ha

‘{ rpaHuLie ¢ BakyymoM (puc. 1.26). Onpezenvm NOTOK BeK-

AS Topa E uepes LUIMHPUYECKYIO TIOBEPXHOCTh C OCHOBA-

§ HueM AS, pacriosoKeHHYH0 CUMMETPUYHO OTHOCHUTETbHO

Q‘ﬁ% ég rpaHulibl pasgesna. [IoToK uepe3 yacTb ITOBEPXHOCTH,
<

HaXOZSIIYIOCS BHYTPU MPOBOAHUKA, Oy/AeT paBeH HYJIIO,
TaK Kak ToJie TaM oTcyTcTByeT. Hymo OyzeT paBeH Takxke
TMIOTOK uepe3 GOKOBYIO UYacThb Hapy)KHOIl MOBEPXHOCTH, TaK KaK BeKTop E
HarmpaB/ieH TapasuieflbHO O0KOBOM ToBepXHOCTH. OT/IMUHBIM OT Hy/s OyjeT

TOJIBKO NIOTOK Yepe3 Hapy)XKHOe OCHOBaHWe LMIMHAPA E AS =cAS/g,, [/l 0 —

MOBEePXHOCTHAs TJIOTHOCTH 3apsza B npejesax AS.
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C]IE,Z[OBaTeJIbHO, HalIps>KeHHOCTD I10JIA BO/IM3U IMOBEPXHOCTH IMMPOBOJHH-

Ka paBHa

E =—. (1.77)

[Tpu 5TOM NOBEPXHOCTHAsI TIFIOTHOCTH 3apsifia G OyeT Gosiblilie Ha yyacT-
KaX C MUHUMAa/bHBIM TOJIOKUTEIbHBIM PaJIMyCOM KPUBH3HBI (BBICTYIAIOLIMX
Hapy>Ky) U MeHbllle Ha yuyacTKaX C OTpHUllaTe/bHbIM paJuyCOM KPUBU3HBI (BO-
THYTBHIX BHYTpB). [IpefiesibHbIN C/lyuaii BOTHYTOCTH — MOJIOCTh B 06beme Tpo-
BOZIHWKA, B KOTOPO# 1ojie Oy/eT OTCyTCTBOBaTh. ITOT (DaKT ITMPOKO HCIIO/b-
3yeTcs i 3aljUThl YCTPOWCTB 3JIEKTPOHHOU TEXHUKU OT BHEIIIHETO 3JIeKTPO-

MarHuTHOTO BO3/IeMCTBUS (9KpaHMPOBKA 3JIEKTPUUECKOTO TM0JIsT).

1.3.2. D/1IeKTPOEeMKOCTb YeAUHEHHOr0 MPOBOAHUKA

PaccMoTpuM yeOuHeHHblll NpOBOOHUK, T.e. TIPOBOAHUK, YZAa/JeHHbIM OT
JPYTYX TIPOBOJHUKOB, Te/ U 3apsifioB. Eciy 3TOMy MPOBOAHKKY COOOLUTH 3a-
psiZi g, TO OH pacCIIpe/ie/IUTCS TI0 TIOBePXHOCTU TakK, YTOObI T0jie BHYTPHU TIpO-
BO/IHMKA ObI/I0 paBHbIM HYy/0. [Ipy cooOiieHny MPOBOJHUKY ellje TaKOro Ke
3apsila q OH pacrpeze/uTCs TI0 TIOBEePXHOCTH TakuM ke obpa3om. CrefoBa-
TeJIbHO, OTHOLLIEHWe TIJIOTHOCTeH 3apsza B [BYX IPOM3BOJIbHBIX TOUKAaX MpO-
BO/IHMKA TIpH JitoOol BesimurHe 3apsifa OyJeT ofHUM U TeM xe. Torja rnoreH-
LMajl yeJJMHEHHOr0 TPOBOJHMKA IPOMOPLMOHA/IEH Be/MYKHe 3apsijla Ha ero
TIOBEPXHOCTH, T. €.

q=Ceo. (1.78)

Kosddument C 3aBUCUT OT pasMepoB M (OPMbI TIPOBOJHUKA, & TaKKe
OT CBOWMCTB Cpefbl, B KOTOPOM HaxOAUTCS MPOBOAHUK. OH Ha3bIBaeTCs
3/1eKMpOeMKOCmMblo0 (WIA TIPOCTO eMKOCMbIO) YeIMHEHHOI'O0 TPOBOJHUKA. 3a
eJMHULY 371eKTPOEMKOCTU MPUHUMAKOT €MKOCTh TaKOro IMPOBOJHHKA, MOTEH-
Liasl KOTOporo usmensiercss Ha 1 B npu u3meHeHuu ero 3apsifa Ha 1 Ki. Ota

BeJIMUMHa Ha3biBaeTcsl hapadom (D).
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IInsi HaXOXKAEeHWs eMKOCTH OIpe/e/IeHHOr0 MPOBOAHMKA HeoOXOAMMO

TIOJIyUUTb pacripe/iesieHre TIOTeHI[Masa Tojisi, CO3/laBaeMoro 3TUM IPOBOJHU-
KoM: @=f (q) KosddurmenT, crosiuii B pacrpefeneHuu Tipu g, OyzeT mpu

TI0/ICTAaHOBKE pa3MepoB TIPOBO/IHMKA [JlaBaTh COOTHOIIIeHWe, obpaTHOe 3Haue-
HHUIO eMKOCTH.

HeobxoanMo 3aMeTHTh, UTO TIOHSTHE «yeAWHEHHBLIM MPOBOAHUK» — ab-
COJTIOTHM3UPOBAHHOE TIOHSATHE. B peaslbHOCTH pacCTOsTHUE MeXKAY JHOObIMU Te-
JlaMU KOHEeuHO, U, TaKUM 00pa3oM, 3apsbkeHHbIe Tesla BO3/eMCTBYIOT APYT Ha
Jpyra rocpe/iCTBOM 3/IeKTPAUYECKOT0 MO0Jisl, HaBO/isi UHAYLIMPOBAHHbBIE 3apsi/bl,
KOTOphbIe, B CBOIO Ouepe/ib, U3MEHSIOT pacrpe/ie/ieHre HarpssKeHHOCTU U T0-
TeHLMajla UCXOJHOro Mojsi. B CBs3M € 3TMM Ha TPaKTHMKe B MOZABJSIOLEM
OOMBIIIMHCTBE C/yYaeB pacCMaTPHBAIOTCS CUCTEMBI, COCTOSIIE MUHUMYM W3

[IBYX TIDOBOJIHUKOB, pa3/ie/IeHHbIX HEelMPOBOJSALLeN Cpejoun.

1.3.3. B3auMHas eMKOCTb IPOBOJHUKOB. KoH/jeHCcaTOPbI

Ecim BO/M3M MepBOTO TPOBO/HUKA ITOMECTUTh [IPYTHe He3apsyKeHHbIe
TIPOBO/ITHMKH, TO €MKOCTh TaKOW CUCTEeMbl YBEJIMUUTCSI TI0 CPABHEHHIO C €MKO-
CTBIO TIEPBOHAYA/ILHOTO YeIHMHEHHOT0 MPOBOJHUKA. DTO OOBSICHSIETCS TEM, UTO
TIpU COOOIIeHNM TIPOBOAHUKY 3apsiia ¢ Ha OKDY’KaloIMX ero TPOBOAHUKAX
BO3HUKHYT WHAYL[MDOBaHHbIE 3apsi/ibl, MPHUYeM OMMDKaWIIMMKU K TIPOBOAHUKY

OyZyT 3apsiibl MPOTHUBOIIO/IOKHOTO TIO

0 OTHOLIEHUIO K g 3Haka (cm. puc. 1.27).

WHayIMpoBaHHbIe 3apsiibl  0C/Ia0/IsAIOT

T10/1e IPOBO/IHUKA U TeM CaMbIM CHMKAlOT

3HaueHWe ero TOoTeHIMasaa, 4To Crocoo-

Puc. 1.27 CTBYyeT yBe/IMUEHWI0 €MKOCTH COTJIaCHO
cooTHo1eHuto (1.78).

Ecnu ogvH 13 IpOBOJAHUKOB (HapY’KHBIN) MOJHOCTBE) OKPY’KaeT APYrou

(BHYTpeHHHI) UK X0Ts Obl oueHb O/TU3KO TIpUieraeT K HeMy, TO:
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1) mone Mexay NMPOBOJHMKaMHU He OyzeT 3aBUCETb OT BHELIHUX 3J1eK-
TPUUECKUX I1071el;

2) 3apsiAbl qQ Ha MPOBO/IHMKAX OyAyT paBHbI M0 BeJIMUKHE U POTHUBOIMO-
JIO>KHBI TI0 3HAKy U pacriosiaraTbCsi Ha oOpallleHHBIX APYT K APYyry MOBepxXHO-
CTSIX TIPOBO/JJHUKOB;

3) PpasHOCTb MOTEHLMA/IOB 3TUX IPOBOJAHUKOB (, — @, MPAMO IPOIOP-

LMOHa/IbHA 3apsiy g, TO eCTh

¢, —0,==q

I
C
15017

c=-—91 (1.79)
¢, =0,
rae C — 83auMHAs 31€KMPOEMKOCb (eMKOCMb) JBYX IPOBOJHUKOB.

TakuMm o00pa3oM, B3aMMHas €MKOCTh [BYX IIPOBOJHUKOB UKMC/IEHHO
onpeieIsieTcs 3apsAf0M, KOTOPhIA Heo6X0AMMO TIepeHeCTH C OJHOTO IPOBOJ-
HHWKA Ha 'ﬂ;perI‘/JI AJII U3MEHEeHU pa3HOCTH ITOTEeHLI1a/I0B ME)K,[[y HMWMH Ha eJu-
Huiy. Takast ccTeMa JBYX IPOBOJHHMKOB, Pa3HOMMEHHO 3apsDKEHHBIX PaBHbI-
MU TI0 BE€/IMUYMHE 3dpAaMH, JIOKA/IM3YHOIIad 3/IEKTpHUYeCKOe I10/1€é B OI'PpdHU-
YeHHOM 06’BEME IMMPOCTPAHCTBA, HA3bIBAETCA KOHaeHCGmOpOM. HpOBO,Z[HI/IKH,
o0Opa3syrolye KOHIEHCATOp, Ha3LIBAKOTC 0OK1adKamu KoHOeHcamopd. Benu-

YlHAa eMKOCTH KOH/IeHCATopa 3aBUCUT OT (OpPMBbI M pa3MepoB OOK/IAJoK, a

TaKXXe OT JU3/IeKTPUUECKOU MPOHULIAEMOCTH CpeZibl MEXXY HAMU.

PaccmoTpum TJIOCKME KOHZEHCATop, Co- /

CTOSILMM M3 ABYX Mapasie/bHbIX M1acTUH (00- @, , """

A +/4 + + + + + +
K/Ia/I0K), PacIio/io’KeHHbIX Ha HEKOTOpPOM pac- ¢ /

crostuud d apyr oT apyra (puc. 1.28). Paccros- P,
HUe JIO/DKHO OBITh HACTOJ/ILKO MajbIM, UTOOLI Puc. 1.28
roJjie MeXkay OOKmagkaMu ObLIO OJHOPOAHBIM.

Wcnonb3ys cooTHoiieHue (1.77), ompeesisieM HaMNpsODKEHHOCThb MOJIST MEXIy
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oOknagkamu 1o popmyne E =oc/(eg,), TA€ € — AUIIEKTPUUECKask MPOHHML{ae-

MOCTb Cpefibl MeXXAy o0Kaaskamu. Ecu mutomags Kaxxaou o0kmagku S, 3apsif
Ha Hell g, To q=0S . Pa3HOCTH MOTEHI[MA/IOB MEXK/Y TUIaCTUHAMM OITpeie/TiM

KdK

d d
(pl—(p2=jEdX—
0

8808 5 880

B utore nonyurMm 371eKTpPOEMKOCTb IJIOCKOTO KOHZeHCcaTopa:

_ 885

c=—A1
O, =, d

(1.80)

AHanoruuHeiM 00pa3oM MOXKHO TIOYUUTb BBIpaKeHWe MJii eMKOCTU
chepuueckoro KoHZeHCAaTopa, IMpeACTaB/stolero coboit [Be KOHI[eHTpUYe-
ckue cdepbl paguycaMu Ri U Rz, MPOCTPaHCTBO MeXAYy KOTOPbIMH 3ario/IHeHO
JVJIeKTPUKOM. HarpsbkeHHOCTh 3/IeKTPUUECKOTO TI0Ji MeXAy OOK/IaAKamu
KOH/IeHcaTopa ornipeieniumM 110 ¢popmyiie (1.33):

E(r)= 4n::l°, — . TIpH R <r<R,.

Pa3HOCTD MOTEHI[MATIOB MEXKy 00K/IaJJKaMH paBHa

R

(p—(psz(r)dr: q ng q (1_1
Lo ", dmeg, 5 r’ 4meg,\ R, R,

B uTore eMKOCTb c(hepruecKoro KOHeHcaTopa paBHa:
RR
C=—9  _4pee 95 (1.81)
- R -R
0, =0, 1 2
B ciiyuae LMMHAPUYECKOTO KOHZIEHCAaTopa C paZiiycaMi BHYTPeHHeH U
BHeIITHer 00K/IaZiok Ri1 ¥ R> COOTBETCTBEHHO HAIPSDKEHHOCTh 3JIEKTPUUECKOTO
TI0JII MEXX/Ty 00K/IaIKaMH OTIpe/ie/sieTCst KaK

E(r)= S ,mpu R <r<R,

2meg,rl

rje | — 1jiiHa KOHJeHcaTopa.
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Pa3HOCTD MOTEHI[MAIOB MEXKy 00K/IaJJKaMU paBHa

R,

R
q dr__ g R,
o—-0,=|E(r)dr=——| —=——1In| =
P ;!‘1 (r) 2negl g 1 2megl \ R

B utore eMKOoCTB LHWINMHAPHUYECKOI'0 KOHAEHCATOPd PdBHA:
co_ 9 _ 2mnee, '
(P1 _(Pz ln(Rz/Rl)

[Tpy mpaKTHYeCKOM HCIO/Ib30BaHWM KOH/IEHCATOPhbl COeUHSIOT B OaTa-

(1.82)

pen. IlpocTeiiiimMy criocobaMy COeIMHEHUsI SIBJISIIOTCS NOC/1e008amesbHoe U
napannenbHoe coenuHenus. [1pu rociemgoBaTebHOM coeuHeHn N KOH/IeHCa-

TOpPOB eMKOCTb C OaTapeu BbIpa)kaeTcsi u3 (POpMyJibI

1 1 1 1 &1
Sttt —=) —, (1.83)
C C c, SC
TIIpY Napasjie;IbHOM —
N
C=C+C,+..+Cy =) C,. (1.84)

i=1

1.4. OHeprus 31eKTPUYECKOro 1oJis

1.4.1. DHeprusi B3aMMOJelCTBUA CHUCTeMbI 3aps/0B

PaccMoTpuM cuCTeMy TOUYEUHBIX 3apsifioB qi, G2, ..., gn. Bbibepem mapy
3apszioB g1 U q2. Pabora 1o mepeMelrieHnto 3apsizia 1 B 1osie 3apsizia 2 MOXKeT

OBITH Hali/leHa KaK SA , = —dW,,. 3Aech BeMurHa Wiz 3aBUCUT TOJIBKO OT pac-

CTOSIHUSL MeXay 3apsifamu. Ecnm paccMoTpeTs cucteMy B LIeJIOM, TO [J/IS1 KaXK-
[0 Tapbl B3aUMOAeNCTBUM Oy/1eT cripaBe/yIiBO PaBEHCTBO
OA, = —dW,,.
[Tocko/bKy W, =W, Kaxjoe cjaaraemoe Wik MOXHO mpejCTaBUTh B

CUMMETDUYHOM BH/JE:
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1
W =5 (Wi + Wiy )-
Torga asist cricteMbl U3 3-X 3apsii0B Oy/eT CIIpaBe//IMBO BhIPaKEHHe
1
WZE("VQ + W, +"v13 +‘/V31 +M/23 +M/32)'
CrpyImnupyeMm ujieHbl C OJUHAKOBLIMU II€PBEIMU UH/I€KCAMM:

1
WZE[("VQ +M/13)+(M/21 +M/23)+(M1+M/32):|°

31ech BBIpaKEHHS B KPYIVIbIX CKOOKax — 3TO 3Heprus W; B3auMoei-
CTBUS [-TO 3apszia CO BCEMH OCTa/lbHBIMU. Toraa /i CUCTeMbl U3 MPOU3BOJIb-

HOT'O UMCJ/id 3apsAa0B CIIpaBe/IMBO COOTHOIIEHHE

W:%ZWI.. (1.85)

Nmes B BuAly, uTO W, = q,¢p,, I€pEMHMCHIBaeM (1.85) B citepyromem Buje:

1 N
W:EZqi(pi, (1.86)
i=1
1 g
rae ¢, = n Z— — MOTeHLMaJ, Co3/laBaeMblii BceMU k-MU 3apsilaMu, KpoMe
ne, o

ik
(ki)
kzi, B TOUKe, I'le PACIIOJIOXKEH 3apsn (i, Fik — pAaCCTOAHUE MEXXAY 3apsAadMU i U

Q.

Ecnu 3apsif; g pacnipe/iesieH 10 MOBEPXHOCTH YeIUHEHHOTO MPOBO/IHUKA,
TO, MOCKOJIbKY TOBEPXHOCTb MPOBO/IHUKA SIBJIIETCSl SKBUMOTEHIMATbHOM, IM0-
TeHI[WaJIbl BCEX ero TOUeK, B KOTOPhIX HaXxO/ATCS TOUueuHble 3apsabl Ag, OyayT
O/IMHAKOBBI U paBHBI . Vcnosb3ys (opmysy A SHEPTrUd B3auMOelCTBUS

CHCTEMBI 3apsAI0B, T0/IyYaeM:
1& 1 &
W:_Zqi(Pi :_(PZAqi :@- (1.87)
23 2 3 2

Ecnu 3apsifipl pacripefiesieHbl HellpepbIBHO C 00BbeMHOM TJIOTHOCTBIO P,

TO OAHHYKO CHUCTEMY MOXXHO IIpejCTaBUTb KdK COBOKYIIHOCTBb 3/IEMEHTAPHBIX
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3apsgoB dq =pdV . Tlepexoisi OT CyMMUPOBaHHsI K UHTETPUPOBAHUIO, TO/TyYa-

eM:

1
w =—jp(pdv, (1.88)
2 \%4
rje ¢ — MOTeHLas, Co3/laBaeMblii BceMH 3apsiiaMmu B o6beme dV.

1.4.2. DHeprus KoHjeHcaTopa

[Tycts g 1 —q — 3apsAAbl Ha 00K/IaIKax KOH/IeHCATopa, a (1 U (2 — TIOTEH-
[[Majibl TI0JIOKUTeTbHO 3apsyKeHHOW W OTPUIIATe/bHO 3apsKeHHOM O0O0K/afioK
COOTBETCTBEHHO. Torja SHeprut0 KOHJeHCaTopa MOXKHO OIpe/ie/UTh KaK

1 1 1
W=>(q0, +(-a)e,)=a(e,~¢,)=qU. (1.89)

Takum o06pa3om, ucrosb3ys BeipaxxeHue (1.79), sHepru0 KoHAeHcaTopa

MOXXHO OI1peejiiTb TdK:

w=t== - (1.90)

1.4.3. O0beMHas IIOTHOCTH YHEPTHU

OHepruio KoH/|eHCaTopa JIOTUUHO BbIPa3WUTh uepe3 BeJIMUMHY, XapaKTe-
PU3YIOIIYI0 CaMO 3J/IeKTpUUecKoe TioJie, T. e. uepe3 HarnpsbkeHHOCTh E. Pac-

CMOTPpHUM 3TO Ha IIpyUMepe IJIOCKOTO KOHAeHCATOpaA. BHEPFHI-O IVIOCKOI'O KOH-

2
JleHcaTopa MOXXHO ompefenuTs Kak W =CU" /2, Tme 31eKTPOEMKOCTb

C=¢g,S/d. Toraa

2
W=l U)o
2 d 2 \d

OtHowenve U/d faeT HanpspKeHHOCThb 371eKTPUYecKoro ross E B KOH-
JieHcaTope, a npousBefieHre Sd =V — ob6beM npocTpaHCTBa MeXJy oOK/iajKa-

Mu. B utore nonyuaem:
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_eg, E
2

w V. (1.91)

[TockonbKy mose B KOHZEHCAaTOpe OJHOPOJHO, TO 3aK/II0UeHHasi B HeM
SHEprusi paBHOMEPHO pacripejiefisieTcsi B MPOCTPAHCTBE C 00BeMHOU N10mHo-

CMblO W, PAaBHOM HEPTUu 10Jisl, feJieHHOW Ha 3aHMMaeMbli T10J/ieM 00beM:

W _egE' ED

\%4 2 2

(1.92)

Ecnu snekTpuueckoe 1osie HEOJHOPOJAHO, TO SHeprusi, 3ak/toueHHasi B
3/ileMeHTapHOM o6beMe dV mpocTpaHCTBa, OyJieT paBHa
dW =wdV . (1.93)

Takum ob6pa3om, sHepruis MoJst orpe/iensieTcs Kak

W=[wdv. (1.94)

ITpumep. ToueuHblii 3apsiJ, HAXOAUTCS B LEHTPe ILIApPOBOr0 CJIOSI U3 Of-
HOPO/IHOTO JW2JIEKTPHKA C TIPOHUIIAeMOCThIO €. BHYTpeHHUI U Hapy>KHbIN pa-
[UYCBI C/1051 COOTBETCTBEHHO paBHbl R1 1 Ro. HaliTh 3Hepruo 3/1eKTpruyeckoro
T10JI51, 3aK/TFOUEHHOT'0 B 3TOM CJI0e.

BoeigeniM B AU3MEKTPHKe TOHKUM cdhepruuecKuil C/I0M pafiuycoM I U

TONMIMHON r+dr. O6bem 3Toro cios Gyzer paBeH dV = 4mr’dr. HanpsokeH-

HOCTB 3JIEKTPHUYECKOI'O I10J/1d4, CO3/1aBdeéMOI'0 Ha PaCCTOAHWM I OT 3dapAdd, PdBHA

E-_L 4

dree, 1’

TOF,E[EI o0beMHas IJI0THOCTD SHepruu 6Y,E[€T BBIUNC/IATBCA KdK

2

2
_eg, BT g
W = =—.
2 321 eg, r
B urore sHeprus 3/1eKTpHYeCcKOro Io/s, 3aK/JIF0YeHHOI0 B IIIapOBOM CJIoe

B Mpeziesiax paAguycoB oT R1 10 Ry, paBHa

Rdr ¢ (1 1

2
W=[wdv=—1_["Z =
v 8reg, R r- Brmegy | R, R,
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2. JIabopaTopHbIi NPAKTHKYM

JlabopaTopHas pabdora 2-3
V3yueHue 3/IEKTPOCTATHUYECKOT0 T10JIsl Y/IEKTPO/[0B

C/I0)KHOM KOH(Urypanmu

Ilesb paboThI: KCCel0BaHNe 3/IEKTPOCTAaTUUeCKOTO T10JIsA, CO3/jlaBaeMo-
ro 3/eKTPo/laMU pa3/IMuHOM (hOpMbI; MOCTPOEHHEe SKBUIIOTEHIMA/JbHbIX T10-
BEepXHOCTel U TMHUI HaNPSPKEHHOCTH 3/1eKTPOCTaTHUeCKOTO TI0JIs.

IIpubopsl ¥ NPUHAJ/IEKHOCTH: BaHHA C 37€KTPOAAMU Da3IAYHON
(hopMBI, UaCTUYHO 3ario/IHeHHasi BOJI0M; UCTOUYHUK MUTaHUs; [TUGPOBOM BOJILT-
MeTp; 30H/; JINCT MWITMMEeTPOBOW OyMaru (WM TeTPaJHBbIA JIUCT B KIIETKY)

¢opmara A4 (210 x 297 mm).

METO}I IKCIIEpUMEHTA

Ins rpaduueckoro n300pa)keHHs1 /IEKTPOCTaTUUECKUX T10J1el MCIIO/b-
3yIOTCSI CUIOBbIE JIMHUM Y SKBUIMOTEHIMabHbIe TI0BepXHOCTU. CU/oBast JIMHUS
3JIEKTPOCTAaTUUYECKOTO TIO/IS — 3TO JIMHUS, TIPOBe/leHHasi TaKuM 00pa3oM, uTo
BeKTOp E HampsyKeHHOCTH TIONSt B KaK/0M TOUKe JTMHMM HarpaB/eH Mo Kaca-
Te/bHOW. CHU/IOBBIM JIMHUSM TIPUITMCHIBAETCSI TaKOe >Ke HampaBjeHue, Kak U
BEKTODPY HanpspkeHHOCTH. Kak y>xe oTMeuanoch B paszene 1, CUIOBbIe JTMHUU
HAUMHAKOTCS Ha TOJIOKUTEBHBIX U 3aKAaHUMBAIOTCSI Ha OTPULIATE/IbHBIX 3aps-
Jax (CBOOOAHBIX U CBS3aHHBIX) U HUT/Ie He TiepeceKaroTcsl. DKBUIIOTEHIIAA b
Hasl TIOBEPXHOCTh — 3TO MOBEPXHOCTh, BCE TOYKHA KOTOPOM UMEIT OJJMHAKOBBIN
noteHruan. Bektop E B KaX/0if TOUKe SKBHUIIOTEHI[UATBHOM TTOBEPXHOCTH
HarpaBJieH M0 HOPMaJ/iv K Hell.

[Mpu n3006pakeHUH 37EKTPOCTAaTHUECKOTO TIOJSI C TOMOIIBI0 CHUIOBBIX
JIMHUMA ¥ SKBUIOTEHI[HAbHBIX TTIOBEPXHOCTEH MOCIe[HHe 00BIYHO TIPOBOASATCS
Tak, 4TOOBI PAa3HOCTb TMOTEHI[MATIOB MEXKIY ABYMsI COCEJHUMHU TTOBEPXHOCTSIMU

Ob1a BCIOAY OJWHAKOBOW. B 3TOM ciyuae 1O TyCTOTe 3KBUIIOTEHLIMATbHBIX
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MOBEPXHOCTEN U CUJ/IOBBIX JIMHUM MOXXHO CyJWTb O YMCJIEHHOM 3HauyeHUM
HaTIPSDKeHHOCTH TI0JIS1 B KakKuX-Mbo ero Toukax. Ha puc. 2.1 B KauecTBe Tpu-
Mepa ToKa3aHbl SKBUIIOTEHLMa/IbHble TOBEPXHOCTH (CIUIOLIHbIE TUHWUM) U CH-
JIOBbIe MUHUY (ITyHKTHUPHbIE JTMHWK) T10J1el, CO3/laBaeMbIX 3apsDKeHHOM cdepoli
(cm. puc. 2.1, a) ¥ BO3HUKAIOLIUX MEXAY ABYMS 3aps’KeHHBIMU MPOBOJSAILMU

3/IEKTPO/jaMH TIPOM3BOJIbHOM (hopMmbl (cM. puc. 2.1, 6).

Karop,
|
N 4
0, \\ \ \ I / l //
Sl I
e TR T
AHOJ
a )
Puc. 2.1

Vmest KapTUHY CWJIOBBIX JIMHUM 37I€KTPOCTAaTUUYECKOTO MOJIsl, MOXKHO TI0-
CTPOUTH SKBUIIOTEHI[Ma/IbHbIe TTIOBEPXHOCTU U, HAa0OOpOT, 10 M3BeCTHOMN Kap-
TUHe SKBUIOTEHLMaJbHbIX TTIOBEPXHOCTeH MO)KHO MOCTPOUThH CUJIOBbIE JINHUU
nosisi. B jaHHO# paboTe CHIOBbIe JIMHWU MO CTPOSITCS TI0 SKBUIOTEHLIAAb-
HbIM JIMHUSM (JIMHUSIM TIepeceueHHs] SKBUITOTEHLIMATbHBIX TIOBEPXHOCTEH C
TJIOCKOCTBEO YepTerka).

B ocHOBy u3yueHHs pacripefie/ieHUsi TIOTEHIIMA/IOB B 3/IEKTPOCTaTHUe-
CKOM TI0JIe TI0/I0XKeH MeTo[| 30HZ0B. CyIIIHOCTb 3TOT0 MeTO/la COCTOUT BO BBe-
JIeHUH B UCC/Ie/lyeMyl0 TOUKY TIOJIsl, CO3ZlaBaeMOro 3apsiKeHHbIMU TIPOBO/HU-
KaMu (2/1EKTPOZIaMH), CIIeLMasbHOTO 3JIEKTPOAA — 30HZQ, COeJIWHEHHOTO C
nprbopoM, M3MepSIOLUM NPHUOOpeTeHHbIN 30H/J0M TOTeHL[Mal OTHOCUTEeTbHO
KaKOH-/Tn00 TOUKHM T10Jis, BBIOpAaHHBIN 3a Hauaso oTcueTa. [1jid 3/1eKTPOCTaTH-
YeCKUX TI0JIel, CO3/laBaeMbIX HElOABW)KHBIMU 3apsiflaMy B HETIPOBO/ISIIIEHN Cpe-

Je, Tiepejiaya 30HJY TIOTeHI[Masla TOW TOUKU TIOJIsi, B KOTOPYIO OH TIOMeIIleH,
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cama 1o cebe TIPOMCXOAUTb He MOXKeT. [I/is1 ee ocCylijeCTBeHUss HEOOXOAUMO
obecrieunTh cTeKaHue (HaTeKaHMe) 3apsi/oB C 30H/a, UTO B YCJIOBUSIX HETIPOBO-
Jsieil cpesibl HeBO3MOXKHO. B 3TOM ciyuae Heo6X0JMMO HCIO/Ib30BaTh TaKue
30H/Ibl, KOTOpbIe CO3[AI0T MECTHYHO MOHM3al[MI0 Cpe/ibl, HallpuMep Tiia3MeH-
Hble 30Hbl. OIHAKO Takoe UCC/e/loBaHKe OCYLeCTBUTh JOBOIBHO TPyJHO. Ha
TIPaKTHKe TIPSIMOe M3yuyeHHe 3/1eKTPOCTaTUUeCKOro T0Jisi 3aMeHsIFOT M3y4eHneM
ero Ha 6onee yaoOHOM MolenH, TIPeACTABIIAONIeH cOO0M 3/1eKTprUUecKoe IoJie
MOCTOSIHHOTO BO BpeMeHM (CTallMOHApPHOI'0) TOKa B MPOBOJSALLEN Cpefie MeXXIy
3/IeKTpo/ilaMH, JopMa 1 B3aUMHOE pacrioio’keHHe KOTOPLIX TaKhe ke, Kak U B
13y4yaeMOM 3J/IeKTPOCTaTUUYeCKOM TI0JIe.

B ogHOpoaHOM MPOBOJSLLIEN Cpejie TIPY MPOTEKAaHUU T10 Her 371eKTpude-
CKUX 3apsiJIOB 10Jie B TIPOCTPAHCTBE MEXX/Y 37eKTPOo/laMU, K KOTOPbIM TPHU/IO-
)K€HO TIOCTOSIHHOe HampsbKeHWe, MMeeT Ty >Ke KOH(UIypaijuio, Kakyr OHO
vMesio Obl B HEMpOBOSIIEN cpefie U B BaKyyMe, eC/Id 3JIeKTPONPOBOJHOCTD
TIPOBOZSIILIeN Cpe/ibl BO MHOTO pa3 MeHbllie 3/IeKTPONPOBOJHOCTH 3/1eEKTPO/OB.
[Tpu HeBBITIOJIHEHWH 3TOTO YC/IOBHS JIMHUM HAMPSHKEHHOCTH T10J1s1 TIOCTOSIHHBIX
TOKOB He OyAyT IepreHAUKY/SPHbI K TTOBEPXHOCTSIM 3/IeKTPO/IOB, T.e. U3Me-
HUTCSI UX KOHUTYpalusl.

TakuMm oOpa3oM, 37eKTpocTaTUuecKoe ToJjie B HelmpoBoJsIel cpee (B
BaKyyMe WIH JUJIeKTPHKE) U T10Jie TIOCTOSTHHBIX TOKOB B OJ[HOPOJIHOM C/1abo
TIPOBOZISAIIIel Cpejie TIPAKTHUECKU OJIMHAKOBBI: 00a T10JIsT TTOTeHIIUAIbHbBI, a UX
JIUHUM HaMNpPsOPKeHHOCTH TepHeHUKYJISIPHbI K TIOBEPXHOCTSIM  3apsiKeHHBIX
TTPOBOZIHUKOB-3/IEKTPOZIOB (BO/IM3H 3THX ITOBEPXHOCTEM).

[1pu u3yyeHUM MOJIsi TIOCTOSIHHBIX TOKOB B KAueCTBe 30H/a UCTIOJIb3YeTCs
MeTa/JTHIeCKui cTep)keHb. B TIpoBogsineil cpefie 3apsiibl OyayT HaTeKaTh Ha
30H/l, U OH MPUMeT TOTeHI[ha/l TOM TOUKU I0Jisl, B KOTOPYIO momeliieH. Vimest
KapTHHY pacrpejie/ieHusi B U3y4aeMoM [10Jjie, MOXXHO MOJTyUUTh (TIPOBECTH) JIU-
HUY HaMpsDKeHHOCTH TIOJSI, UCTIO/Ib3Ysl CBSA3b MEXKy HarpsbKeHHOCTbIO U T0-

TEHLMA/IOM 3/IeKTPOCTATHYECKOTO Mosist: E =—grad@.
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OnucaHue 3KCIepUMeHTa/IbHOM yCTaHOBKH

OKcIiepuMeHTa/IbHasi yCTaHOBKa (pucC. 2.2) TIpefCTaB/sieT co00l BaHHY,
BBITIOJTHEHHYI0 M3 Marepraja C XOPOIIMMH 3/I€KTPOU30/SAIIMOHHBIMUA CBO-
ctBaMu (CTeksn0). B BaHHY momelaroT 3/1eKTpofibl (popMa MX MOXKeT ObITh
Pa3/IMYHOI), [10JIe MEXIY KOTOPBIMH IO/JIEKUAT U3YUEeHHIO, U HaIMBAIOT BOZO-
TIPOBOJHYIO BOJY C/I0EM OKOJIO 5 MM. ITpOBOJMMOCTb TaKOTO C/I0SI BOZABI CO-
crapiser 102 — 102 Om-m7, a nmpoBogUMOCTE MaTepuana 371€KTPOAOB — II0-
psagka 107 Om-ml. TIpu mogaue Ha 3/1€KTPOABI MOCTOSHHOIO HAMpPSIKEHUs
TIPOMCXOJUT UX «ITOJISIPU3Al[isi», B pe3y/IbTaTe KOTOPOH YMEHBIIAeTCsl CHja
TOKa 4Yepe3 3/eKTPOJMUT (BOAY), W3MEHsIeTCsl pacripe/ie/ieHre TOTeHIUaNoB
M3y4aemoro mosisi. I109ToMy u3MepeHus Cie[lyeT MPOBOWTh, UCIIO/Ib3Ys Tiepe-

MeHHOe HanpsbkeHre HU3KoM yactoThl (50 ).

PV

O
Puc. 2.2

yIII/ITbIBaH, UTO PdCCTOdAHME MEXAYy 3JIEKTPOAdMH HEBEJ/IMKO, MOXKHO

CUMTATb, UYTO IIOTEHLMa/I BO BCE€X TOUYKaX HCC/IeAyeMOIro I10JId W3MEHSAETCA
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CMHXDOHHO W 3KBUIIOTEHLMA/IbHbIe TIOBEPXHOCTH OCTAKOTCA HeU3MeHHBbIMMU.
ITopmaBaemoe Ha 3/1eKTPO/bI HaTlpsKeHKe He ripesbliiaer 10 B.

B mnone mexpay snekTpogamMu 1 momeniaroT 30HZ, 2, COeUHEHHBIM C
BOJIbTMETPOM PV mnepeMeHHOro HampsbkeHus. [IHO BaHHBI UMeeT KOOpJAUHAT-
HYI ceTKy. [lomelriasi 30H, B TOUKU C OIpeJie/ieHHbIMUA KOOpJAUHATaMHU, C T10-
MOIIbIO LIU(POBOr0 BOJBTMETPA HAXOAAT MOTEHLMAaIbl 3TUX TOUEK OTHOCH-

T€JIbHO OHOI'0 13 3/IEKTPOJA0B.

HOpHﬁ[OK BbBITIO/IHEHUA paﬁoTbI

1. 3anosiHUTE JHO BaHHBI CJIOEM BOJBI (€C/TM OHO CyXO0e).

2. OTMeTbTe Ha JIMCTe MWITUMETPOBOM OyMaru ToJio’keHHe 3/IeKTPOZIOB
Y KOODAWHATHBIX OCeu.

3. Bk/itouuTe B CeTh UCTOYHUK MePEMEHHOr0 HarpsbKeHUsl U LU pOBOU
BOJILTMETP, MPOrpelTe UX B TeueHue 3 — 5 MUH.

4. [TomecTHTe 30H B TOUKY, HAaXOSAIIYIOCS BOIM3U OHOTO U3 3JIEKTPO-
JIOB Ha OCU CUMMETPHHU PaCIO/IOKeHUs1 3/1eKTPOJ0B (KOOPAUHATHOM OCH), W3-
MepbTe 3HaueHWe TIOTeHlMasa; 3aTeM OTMeTbTe Ha JIMCTe MIWITMMeTPOBOU Oy-
Maru 3Ty TOUKY, IMOZAIMCAaB PSIJA0M 3HaueHHe MOTeHLnana.

5. CMellas 30H/ C KOOPJIMHAaTHOU OCH, HauAuTe KOOPJWHAThI APYrou
TOYKH, MMEIOLeN TO ’Ke 3HadyeHue moTeHIuasna (¢ touHoctero fo 0,05 B).
Haligute KoopAauHaThI ellle 4 — 5 TOUeK C TaKUM >Ke MOTeHIL[MaJ oM U Pacrioio-
JKeHHBIX T10 Ty K€ CTOPOHY OT KOOPZMHATHOM OCH, a 3aTeM HahJuTe aHa/I0rnuy-
Hble TOUKU C IPYTOW CTOPOHBI 3TON KOOpPAWHATHOW ocv. OTMeThTe Ha Oymare
BCe Hali/IeHHbIe TOUKW U COOTBETCTBYIOIIME 3HaUEeHUs MOTeHI[1ara.

6. [loBTOpUTE M3MepeHUs MO M. 5 A APYTUX 3HAUEHWW TOTeHLHasIa,
BbIOpaB MCXOHYIO TOUKY Ha APYTOM pacCTOSIHUAW OT 371eKTpoja. Takum obpa-
30M, B TIPOCTPAHCTBE MEXKAY 3/€KTPOJlaMU [JOJKHO MOJIyUUThCS HE MeHee Ce-

MU JIMHUWX PaBHOTO TTOTEHLMAIa.
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7. I306pa3uTe SKBUIOTEHLMA/bHbIe JIMHWUW, COeAUHUB MeXAy coOoi
TOUKU C O/JMHAKOBBIM 3HaUe€HHEeM MOTeHL1ala.

8. Ha ToM ke prcyHke nu300pa3uTe HeCKOJIbKO JIMHUIN HaMpsyKeHHOCTH.

9. ITocTpotiTe rpaduK 3aBUCUMOCTU ((r) MOTeHIMana 31eKTpUUecKoro
TOJISi OT PacCTOSTHUSI MEX[Y J1eKTPoZaMy. 3HaueHus MOoTeHLMana BbiOepuTe
JJIs1 TOUEK, JIeXXalllX Ha OCH, COeIMHSIONIEeN 3/1eKTpoAbl. Hauano otcueta Ko-
Op/IMHAT COBMECTUTe C TMOBEPXHOCTBIO 371eKTpo/ia, BO/IM3U KOTOPOTO 3aperu-
CTPUPOBAH MEHBIIUM MOTeHLIUAI.

10. ITo/myunTe 3aBUCUMOCTD HAIPSDKEHHOCTU E 371eKTPUYeCKOro IoJis OT
PacCTOSHUS ' METOJ0M UYMCIeHHOro AuddepeHupoBanust GyHKUOUHA @(r). [das
3TOro, BhIOPAB MUCXO/HOE 3HaueHHe ri, ompejenure 1Mo rpaduky ¢(r) COOTBeT-
CTBYIOLL|ee 3HaueHue (i, a 3aTeM 3HaueHue @ aud r2 = ri+Ar, rge Ar=5 mm.

Beiuriciivte HanpsbkeHHOCTh E mosisg o popmyiie:

E — (Pz (Pl .

nL—n
[TonyueHHoe 3HaueHWe E COOTBETCTBYeT cepeiuHe WHTepBana (ri, r2), T. e.
3HAUEHUIO I', PABHOMY

Ar
r=r,+—.
2

Hanee, cmewjasice mo r ¢ warom Ar=5 MM, pacCuuTaTh elle 7 — 8 3HaUeHUU

HaTpsbkeHHOCTH 10151 E. Pe3ysibTaThl pacueToB 3aHecuTe B Tabsuily 1.

Tabsmura 1
Ne ry, MM 2, MM B B r, MM E, B/m
H/H 1’ 2) (p 1) (P 2’ b bl
1
2

11.  TToctpoirte rpaduk 3aBucumoctu E(r).
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Bonpocekl 1 3aiaHus AJisi CAaMOKOHTPOJIA

1. Kakue 110151 Ha3bIBarOTCA 3/IeKTPOCTaTUYECKUMMU ?

2. Uto Ha3bIBaeTCsl HAMNPSKEHHOCTbIO W MOTEHLIMA/IOM 3/1eKTPOCTaTH-
Yeckoro noJig?

3. KakoBa guddepeHLanbHas CBsI3b MeXJY BEKTOPOM HarpshDKeHHO-
CTH 37IeEKTPOCTAaTUYECKOTO MOJI U MOTEHLIUA/IOM?

4. KakoBa HHTerpajbHas CBfI3b MeXJy pa3sHOCTbHO IOTEHLIUA/IOB U
HarpsUKeHHOCTBIO 3/IeKTPOCTaTUUeCKOro IoJIs?

5. B uem 3ak/irouaeTcs MNPUHLMIT CyNepPHO3ULIMU 3JIEKTPUYECKUX IIO0-
neu?

6. UTO Ha3bIBaeTCs CWIOBOW JIMHWEU (JIMHWeW HampsKeHHOCTH) 3J1eK-
TPOCTAaTUYECKOro noJsisA? UTo Takoe SKBUIIOTEHL[Ma/IbHAs [TOBEPXHOCTh?

7. OOBACHUTH B3aMMHOE PACIIOJIO’KeHUe JIMHUM HarpsDKeHHOCTH U K-
BUMNOTEHL[MA/IbHBIX TOBEPXHOCTEN [1JI1 UCC/IeyeMOro TOJIS.

8. OOBSICHUTH 30H/IOBBIN MeTO/ UCC/IeZIOBAaHUs pacripefiesieHust TTOTeH-
L[Masa 3/1eKTPOCTaTUYeCKOro MOJIs.

9. TloteHuman mossi B TOUKe, yAaJIeHHOU OT TOUEUHOI'O MOJIOXKUTEeTbHO-
ro 3apsijla Ha paccrosiuue r=25 cM, paBeH =50 B. OnpenesuTs BeJWUKMHY U

HarpasjieHye rpajuenTa grad @ roTeHIana B 9TO TOUKe.

—

10. Haviti HampspkeHHOCTb E  3/IeKTPUYeCKOro MoJisg, MOTeHLUaa KOTO-

pOro UMeeT BUJ;
a) (p(x,y) =—axy, rae d — IOCTOsIHHAS;
0) (p(? ) =—d-r,rae d — MOCTOSIHHBIN BEKTOpP, I' — paZiiyC-BeKTOP UHTe-

pecyroler HaC TOUKH MOJIS.
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JlabopaTopHas pab6ora 2-6

I/I3quHﬂe IJIEKTPHYECKHUX CBOMCTB CErHeTo3/IEKTPUKOB

Ilenb pabdoThI: 03HAKOMUTHLCS C METO/IOM M3MepeHHsl OCHOBHBIX Xapak-
TEPUCTUK CETHETO/IeKTPUKOB C MOMOLbIO 3/IEKTPOHHOIO ocLusuiorpada, uc-
C/1e[j0BaTh 3aBUCHMOCTb JAU3/IEKTPUUECKOM TIPOHULIAEMOCTH CerHeTO3/IeKTPUKa
OT HaIIPSDKeHHOCTU 3/IEKTPUYECKOTI0 T10JISL.

IIpuGopsl U NpPUHAAIEKHOCTH: yueOHas yctaHoBKa PIJI-21, anek-

TPOHHBIN oCLiUIOrpad.

METO}I IKCIIepUMEHTAa

JlabopaTopHasi paboTa TO0 MCC/e/JOBAHUIO SIBJIEHUSI [TUJIEKTPUUYECKOTO
THCTepe3Hca B CerHETO3/IeKTPHUKAX BHITIO/IHAETCS Ha yueOHOU ycTaHoBKe DOJI-

21, mpuHUMNUAaNbHasA CXeMa KOTOpOU MpuBe/ieHa Ha pucC. 2.3.

R1
— C 1
R X
<] [} ¥
—~ L I
m— O R? _
Puc. 2.3

K MCTOUHMKY mepemMeHHOr0 HarpsbkeHusi, reHepatopy G, 4yacTtoTa KOTO-
pOr0 MOJKeT peryJiMpoBaThCs, uepe3 Pe3WCTUBHBbIM Je/uTe/b R, mpeaHa3Ha-
YeHHbIN [/ PeryJIMPOBKM aMIVIUTY/Ibl HAaNpsDKeHUs1, TIOAK/TFOUeHbl /iBa TMocC/ie-
Jl0BaTeIbHO CoeuHeHHBIX KoHZeHcaTopa Cx U Co. Mexay obkiazKamu Tiioc-
KOro KoHZeHcatopa Cx TioMelleH cerHeto’ieKTtpuk. KoupgeHncatop Co —
JIMHEWHbIN (CFOASHOM), U ero 3/IeKTPOeMKOCTh nocTossHHa. Hanpsikenue Uy ¢
KoHZeHcaTopa Cp MofiaeTcsi Ha TJIACTMHBI BEPTUKA/JLHOIO OTKJIOHEHHUs Jjyua

ocuwiorpada, a HanpsbkeHrue Ux nofiaetcsi ¢ KoHjeHcatopa Cx Ha MIaCTUHBI
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rOPU30HTAIbHOTO OTK/JIOHEHHUS Jly4a ocLuiorpada. 31eKTpOeMKOCTU KOH/IeH-
catopoB mozobpaHbl Tak, uto Co>>Cx U NpaKTUYECKU BCE TMPUIOKEHHOe
HarpspKeHWe TaZilaeT Ha CerHeTOd3/IeKTPUUeCKOM KoHfeHcaTope Cx, Tak Kak
U~1/C. HetpyaHo ybeauThCsi, uTO HarpsbkeHne Ux TPOIOPIMOHA/IBHO Harpsi-
JKeHHOCTH E 5/IeKTpUYeCcKOro Mojsi B CerHeTO3/IeKTpuKe, a HampsbkeHue Uy
TPOTNOPLIMOHANIBHO 3/IEKTPUUECKOMY CMeLeHHI0 D.
ITockonbky KoHAeHcaTopbl Cx U Co COefUHeHbI I0C/1e0BaTe/IbHO, TO
3apsifibl  Ha UX 00K/IaZiKax O[MHAKOBBI U 110 MO/AYJII0 PaBHbI
q=C,U, =CU, .

Torpa HanpsbkeHWe Ha KoHZleHcaTtope Cx paBHO

U, =—. 2.1

Kak u3BecTHO, //ig TJIOCKOTO KOHZeHCaTopa MOJYJ/ib BeKTOpa 371eKTpU-
YyeCcKoro cMmeirieHrsi D paBeH TIOBePXHOCTHOM TVIOTHOCTH 3apsifia 0 Ha 00K/aj-

KaxX:

D=c=1, (2.2)

rae Sx — roiiab 00KIa KU KoHeHcaTopa Cyx.

YunrteiBas, uro D =¢gg E, 1eTKO HalTH HAIPSHKEHHOCTh 3/IeKTPUUYECKO-

ro nosst E, MPUK/IabIBaéMOro K CerHeTO3/IeKTpUUecKoMy KoHieHcatopy Cyx:

(2.3)

Vccnemyembili 0Opa3sel] CErHeTO3/IeKTPHKA pa3MellieH Mexy 00K/iazika-

MM IVIOCKOI'O KOHAEeHCATOPad, EMKOCTb KOTOPOI'O OIIpeae/deTCs KakK

S
Cy :_882 X

rae d — paccTosiHue MeXAy OOK/afIKaMU, paBHOe TOJIIUHE C/I0s CerHeTO3IeK-

(2.4)

TPHKA.
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[TopcraBuB BhipaxkeHue (2.4) B (2.3), HalifjleM HamnpsbKeHHOCTb BHEIIIHero 371eK-

TPUYECKOTro TI0J1s 110 popmyie:

q
=1 2.5
o 2.5)

C yuetom (2.1) nosyuaem CBsi3b MeXXAy HanpsbkeHHeM Ux U HaTlpsiKEH-
HOCThIO F B BUE:
U,=Ed. (2.6)

Hanpsbkenue Uy Ha MHeHOM KOHZieHcaTtope Co paBHO

S 2.7)

13 dbopmynbl (2.2) cnefyeT, UTO BeJIMUMHA 3apsifia Ha o0K/afKax 000ux
KOHZIEHCAaTOPOB MOJKET OBbITh OTpe/iesieHa Kak

q=DS, . (2.8)

B urore nHanpsbkeHue Uy CBA3aHO C 3/IeKTPUYECKUM cMellleHueM D co-

OTHOILLIeHHreM:

U, = —2x (2.9)

TakuMm obpa3om, 13 BbipakeHus (2.6) BUAHO, UTO eciM Harpsbkenue Ux
nozathk Ha Bxoj X ocuuiiorpada, ToO OTKJIOHEHUE 3/IeKTPOHHOTO Jiyya TI0 ro-
PHU30HTA/IbHOM OCH Oy/|eT TIPOIOPI[MOHAIBLHO HAIpSHKEeHHOCTH E BHEIITHEro
3/IeKTpUUeCKOro 1osist. A u3 BelpaxkeHust (2.9) ciefyeT, yTO eC/v HarpsbDkeHue
Uy nozjath Ha BxoZ Y ocuusiorpaga, TO OTK/IOHEHHe 3JIeKTPOHHOIO Jjyva 10
BePTUKAJIBHON 0ocU Oy/1eT TPOMOpLMOHABHO 3/IeKTPUUECKOMY CMelleHuio D.
B wrore 3a oAuH nepuoj U3MeHEeHUs CUHYCOWUAJbHOIO HAalpsDKeHUs 3J1eK-
TPOHHBIM JTy4Y Ha 3KpaHe ocLuiorpada OnuileT MOJHY0 MeT/H0 TMCTepe3rca

Y 3a KaXbIM MOC/AeAYyIOLMKA TIepyuofi B TOUHOCTH TOBTOPUT eé. [ToaToMy Ha

sKpaHe 6y/1eT HaG/IHAThCs HEMOABIKHAs [IeTUIs, T. e. 3aBucuMocts D=f(E).

ITetns rucrepe3nrcCa CErHeTO3JIEKTPUKA I/1306pa)K¢':IETCH Ha 3KpdHe€ B HEKO-

TOopoM Maciitabe B KoopauHartax (X, Y), npuuem:
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Z" f?‘j (2.10)
Yy Y=o
rae Kx u Ky — ko3¢ duiyeHTbl YyBCTBUTEIBHOCTH ocLiusiorpada o ocu X u Y
COOTBETCTBeHHO; X U Y — cMellieHHe 3/IeKTPOHHOIO JTyya 10 COOTBeTCTBYHOIIei
ocu (M3MepsieTcsl B JieJIeHUsIX 1IKa/bl 5KpaHa ocuuiorpada, mpuueM 1 fese-
HUe paBHO 1 K/ieTke).
CnenyeT y4ecTb, UTO KO3((ULIMEeHT UyBCTBUTENLHOCTU Kx oripesiesnsieT-
Cs1 9KCTIepUMEHTaIbHO My TeM KalMOpOBKY ocv X € MCTIO/b30BaHKEM LU(POBO-
ro BOJIbTMETPa, BCTPOEHHOTO B JTabOpPaTOpPHYIO yCTaHOBKY. OH pacCUMThIBaeT-
cst o dopmyne K, =2U, /I, , rae Up = 140 — 150 B — onTumasnbHOe /i Ka-
MOPOBKY HarpsbKeHHe reHepaTopa; lx — J/IMHa TOPU30HTA/IBHOMW JIMHUM B Jie-
JIeHUsIX 1IKaJibl MPU 3a3eM/ieHuu ocu Y ocuusiorpada.
17151 BBIUMC/IeHUS] HAMPSHKeHHOCTH BHEIITHEero 3/IeKTPUUecKoro ToJis Tie-
pernuiiieM BeipakeHue (2.6) ¢ yuetom (2.10) B BUge:
d d

Ha Bxoz Y curHan nojjaeTcsi Takke uepe3 pe3WCTUBHBIN Jle/IUTe/b, HO

(2.11)

BCTPOEHHbIM B ocLpsiorpag. B naHHOM ciydae 3HaueHHUs1 KO3 QULIMEHTa YyB-
CTBUTEILHOCTU Ky ocH Y 3azat0Tcs € moMolbio pydyku «BOJIBT/AEJT».

1151 BBIUMCIIEHUST 3JIEKTPUYECKOTO CMellleHHsl TepelyileM BblpakeHue
(2.9) c yuetom (2.10) B BUfE:

_ UYCO _ KYYCO
S S,

D

(2.12)

X X

ITops/10K BHINO/THEHHS PadOTHI

1. Bxitounth abopaTopHbeiii Moayne ©3JI-21 u ocopiiorpad B ceTh
~220 B. [aTe mprubopam MporpeThcsi He MeHee 5 MUHYT.
2. IMogksmounTs BxoAbl X U Y ociuiorpada coelMHATE/TbHBIMU TTPOBO-

Jamu ¢ pazbeMamu tvna RCA (B TIPOCTOpEUrH «THOJIbIIaH») K COOTBETCTBYHO-
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UM BbIX0/laM yueOHOU yCTaHOBKH. [Ijisi M3MepeHusl HallpsKeHHsl Ha UCC/iey-
€MOM CerHeTo3/IeKTpUYecKoM KoHzeHcaTope Cx KnemMMa XS1 nozakitouaercs K
BxoAy X ocuusnorpada, a /i u3MepeHUs HarpsDKeHusl Ha IMHEMHOM KOH/eH-
catope Co kyieMMa XS2 noAk/atouaeTcsi K Bxoay Y ocuusiorpada.

3. Knonkoit «YACTOTA» Ha nuueBor nanenu moayas ®3JI-21 ycra-
HOBUTb YaCTOTY CUHYCOUZATBLHOTO HarpsbkeHus B auariazoHe 300 — 600 I'i,.
3HaueHHe YacTOThl UHAyIMpyeTcs Ha XKK-gucrinee. [ns Haze)KHOTO cpabathi-
BaHUs KHOTTKA HEOOXOIUMO y/lep)KUBaTh ee HaJKaTol B TeueHue ~2 CeKyH[.

4. C nomouipro pyukd «AMIUIATYJA» yCTaHOBUTb amIUIATYLy
HarpsbkeHus1 Ha Bbixozie reHepatopa 140 — 150 B (Takke vHAWLMpyeTCs Ha
KK-gucriniee). Vi3mepeHve 3HaueHUs1 aMIUIUTYAbl BO3MOXKHO MO/bLKO Npu Om-
K/AIOUEHHOM 2eHepamope. ['eHepaTOp BK/IFOYAETCS M OTK/IHOUAeTCS KHOMKOM
«'EHEPATOP BKJI/BBIKJI».

5. BKItounTh reHepaTop U MepeBecTd OCLWIOrpad B PeXKUM CJI0XKEHUs
KosiebaHUM, /il Uero yCTaHOBUTH repeksmouatesib «BPEMSA/IEJI» B momoxe-
HHe «X-Y».

6. Pyukou «BOJIbT/IEJI» yCTaHOBUTH YyBCTBUTE/bHOCTb OCLIW/LJIOrPa-
¢a o ocu Y, obecrieurBarolyt0 HaWIydIvii Macitab fyist Hab/roieHus TieT/iv
ructepesuca (pekomeHgyemoe 3HaueHnue 0,5 — 1 B/gen). Pyuka «I[TJTABHO»
TIPYU 3TOM ZIO/DKHA OBITH TIOBEpPHYTA /10 yIiopa M0 YacOBOM CTpesike. 3arvcaTh
3HaueHue Ky.

7. Bpamenuem pyuku «YCWJ/IEHUE X» Ha nuLeBoM maHenm MOZYJIS

®3JI-21, a Takke pydek « [ » U «<>» ociuuiorpada yCTaHOBUThL H300pake-

HUe TeT/IM TakuM 00pa3oM, uToObl OHO 3aHMMAJIO % 3KpaHa W pacrioJiaraaoch
CTPOro IO LieHTpY.

8. [TonyuuTs n306pakeHue TpejiebHON MeT/Id THCTepe3nca MpU Hackl-
LI€HUU CerHeTO3J/iIeKTpUKa. [IpU3HAaKOM HaCBILeHHUS SIBJISIOTCSA «yCb» Ha TeT-
7e, U eé TIIOLIA/b MPU POCTe HArpsUKeHUs He yBeauuuBaercs. [IpoBepuTh

CUMMETPHUYHOCTb U300pa’keHrsi OTHOCHTE/IbHO 1IeHTpa SKpaHa.
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9. 3aMepuTh 10 MacIiTabHOM
CceTKe 3KpaHa ocuwuiorpada Koopau-
HaTbl TOUYEK Xc, YR, Xmax U Ymax TI€T/IH
rucrepesuca (puc. 2.4).

10. W3MeHss1 HampsbkeHue Ha
BBIXOZIe TeHepaTopa pydkou «AM-
[IJINTYJA», NOny4ydTh Ha 3KpaHe OC-
yu/uiorpada 4acTHble LMKI/IbI TUCTepe-
3uca (He MeHee 7 — 9 IIMK/IOB) U BbI-
MO/THUTh U3MepeHUs] KOOPAUHAT Xmax U
Ymax BepLIMHBI TeT/d. Pe3ynbTarhl U3-

MepeHui 3aHeCTH B TabiI. 2.

Xc, pemn.

<7

nax

X

max

Yr, pgen.

Ec, B/m Dr, Ki/m?

Puc. 2.4

Tabsurja 2

Xmax, AeJ1 Yimax, e

Emax, B/M

Dmax, KJ'I/M2

11. TTo okoHUYaHMM pabOTHI BEIKIFOUNTE 010K @DJI-21 1 ocrjuiorpad.

12. Tlo ¢opmynam (2.11) u (2.12) paccunTaTh KO3pLUTHUBHYIO cuny Ec,

OCTaTOYHOe 3JIeKTpUUYecKoe cmelleHue Dg, a Takke 3Ha4eHUSA Emax U Dmax, CO-

OTBETCTBYIOLIME BepIIMHE II€T/IM T'UCTepe3ncCd. Bbruvc/imte OTHOCHTEJ/IbHYIO

AU3JIEKTPUYUECKYIO IIPOHUIIdEMOCTDE € CETHETO3JIEKTPHUKA KdK

8 =
g E

D

max

max
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HcxopHble gaHHble ais pacuetos: Kx=35 B/gen; Co=10 Mr®; Sx=1,23-107 m?%;
d=3-10"* m. Besimunny Ky onpezieuth 1o ocisiorpady. PesynsraTs pacue-
TOB TaK)ke 3aHeCTH B Tab/uLly.

13. IocTpouTs rpaduku 3aBucumocrerd D =f(E_ ) u e=f(E_ ).

KoHTpo/1ibHBIE BONIPOCHI

1. OxapakTepu30BaTh CETHETO3/IEKTPUKHU.

2. YTo Takoe 3/1eKTPUYeCKUi AUTIOIbHbI MOMEHT U TOJISIpU30BaH-
HOCTB?

3. Kak oripeiesisieTcsi BEKTOP 3/1eKTPUUYECKOT0o cMelileHUs? YTo oH
XapakTepusyet?

4. KakoB (py3MUeCKrl CMBIC/ AU3JIeKTPUUECKOM NTPOHULIAEMOCTH?

5. B uém 3aksitouaeTcs siBJieHHe TU3JIeKTPUUYEeCKOro rucrepesnca?

6. OOBsICHUTHL OcCLWIIOTpadHUUeCKHUil MEeTOJ, HMCC/ieloBaHUs 3aBHCH-

moctu D =D(E).
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JIabopaTopHas pabora 2-15

I/I3Mepe1me €MKOCTH JIEKTPO/IMTHYECKOI'0 KOHAEHCATOPA

Ilenb paboThI: TIPAaKTUUECKOe TIOATBEPKeHUe SKCIIOHeHIIMaTbHOTO Xa-
pakTepa 3apsi/ja U pa3ps/ia KOHeHcaTopa U 03HaKOMJIeHHe C MeTO[0M U3Mepe-
HUS 37IEKTPOEMKOCTHU IyTeM pa3psiia uepe3 3TaJOHHbIN Pe3UCTOP.

IIpubopbl ¥ NPUHAJ/IEKHOCTH: SKCIIeDUMEHTA/IbHbIM MakeT, 3JeK-

TPOHHBIM MUUTUCeKyHAOMep D209, 5/1eKTPOHHBIA (WK LUA(POBOM) OCLIAJIIO-

rpad.
Merto/ 3KCriepuMeHTa

[ToslyuynM 3aBHCUMOCTb HarpsyKeHWsI Ha KOHZEHCATope TPy ero 3apsze
OT BPEMEHU B CXeMe, TTI0Ka3aHHOW Ha puc. 2.5. [Iyig 3TOro BOCIO/Ib3yeMcs 3a-

KoHOM OMa 4JIA HEOAHOPOAHOTI'O YUdCTKa LEeITn:

1(t) = o, () — q});(t) +E, ’ (2.13)

rje I(t) — cuna Toka B 1ienu; @1(t) U @2(t) — noTeHMaAbl 00K/Ia/[0K KOH/|eHCa-

topa C; Eo — 3/JC ucTtouHrka Toka; R — COIpOTHBI/IEHVE pe3rCTopa.

Pa3HoCTh TIOTeHIManoB @1(t)—@2(t) —
Tpe/ICTaB/IsieT Cco0Ol  HampsbkeHue Ha + 1(t) C |+o,
£ =
KoHgeHcaTtope Uc(t). 3aMblkaHWe TOKa ’ _T “T-o,
R
ITPOBOZIMMOCTH MKy OOK/IaJKaMi KOH-
——

JleHcaTopa MPOMCXOAUT Yepe3 JIMHUU TO-
Puc. 2.5
Ka cmerienus. CylecTBOBaHHEe TOKa
cMmerlrieHus1 ObII0 oKa3aHO MakcBesiom. I1o cyliecTBy, TOK CMeITleHUs] — 3TO
M3MeHsoIeecss BO BpeMeHH 37eKTpuueckoe rojie. M3 Bcex QH3NUECKUX
CBOMCTB, TIPUCYIIUX [€HCTBUTEILHOMY TOKY, TOK CMEIIleHHsI 00/1a/[aeT JIUIIb
OJTHUM — CITIOCOOHOCTBIO CO37laBaTh MarHUTHOE TIOJIe.

Hanpsokenne Uc(t), 3apsan q(t) m eMkocTb C KOHZeHCAaTopa CBsI3aHbI

MeKay coO00i COOTHOITIeHHEM
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q()=CU(0).

CnenmoBatesibHO,

UC(t):%=%jI(t)dt. (2.14)

3 Beiparkenuit (2.13) u (2.14) cnenyet, uTo

-U.()+E,

I0=—%

1 | E
— I(Hdt +—=2. 2.15
RC! (de +=¢ (2.15)

3HaK «MUHYyC» Tepe] HaripsbkeHreM Uc(t) B BeipakeHuu (2.15) cnepyet
u3 BToporo rnpaBwia Kupxroda u o0yc/ioBieH TeM, uTto npu 06xoe KOHTypa
Eo-R-C mo yacoBou cTpesnke HarpsbkeHue Uc(t) co3maeT TOK MNPOTHB Harpas-
nenusi o6xoza. IpoauddepeHipyeM obe yacTy MoJyueHHOTO PaBeHCTBA:
dI(t) 1
dt  RC

1(0).

PaS,ZLEJ'IEHI/Ie IMepeMeHHbIX B JdHHOM AI/ICDCDEPEHL[I/IEUIBHOM YPAaBHEHUWH TIDUBEOET
ero K aieayrmemy BUay:
dl
ﬂ = _Ldt
I(t) RC

[TpouHTerpupoBaB 0be YacTy ypaBHEHUS, TIOTYUHM:
1
In(I(t))=——t+In(1,),
(I©) = 2=t +InL;)

rae Ip — IMPOM3BOJIbHAA ITOCTOAAHHAS MHTETrPUPOBAHMNA. ITocne MOTEHIIMPOBAHUA

yPaBHEHUS T0JIyYUM 3aBUCUMOCTb CHJIbI TOKA B KOHTYpPe OT BpEMEHMU:
1(6)=I,e """ (2.16)
[Onsi HaxoXAeHWs] TIOCTOSTHHOM WHTerpupoBaHusi Ilop BOCIIOMb3yeMCsi
HayvasbHbIM yc10BUeM ((to) = 0 (B MOMEHT 3aMbIKaHHsI LieNy KOHZEHCaTop pas-
psbkeH). CriefoBaTesibHO, HalpsKeHWe Ha KOHJeHCaTope B 3TOT MOMEHT Bpe-

MeHHU TakKe paBHO Hyt0. [TogctaBuB Uc(to) = 0 B ypaBHeHue (2.13), monyuum:

E
=" (2.17)
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[TopcTaBuB BeipakeHus (2.17) u (2.16) B (2.14), nojiyuuM 3aBUCHUMOCTD
HarnpsbKeHWs1 Ha KOHJIeHCaTope TIPU ero 3apsifie OT BDEMEeHU:
t
U.()=—Lo [e " dr = EO(1—e*f/(RC)) =E,(1-¢""), (218)
RC,
rae
T=RC — (2.19)
NOCMOSIHHAS 8peMeHU 3apsiod U pa3psioa KoHoeHcamopd.
N3 Bbipaxkenus (2.18) cienyet, UTO T — 3TO BPeMs, 3a KOTOPO€e HarlpsbKe-
Hue Uc Ha KOHZeHCaTope TpH ero 3apsifie J0CTUraeT BeMurHbl, Ha Eo/e MmeHb-
11eil, ueM MakcuMasbHOe 3HaueHue Ey (e & 2,72 — 5KCIIOHEHTa).
[To06HBEIM 00pa30M MOYKHO TO/TyUWTh 3aBUCUMOCTE Uc(t) mpu pa3psige
KOH/IeHcaTopa:
U.(t)=RI(t)=E,e"". (2.20)
[TepBast yacTh pabOThI TIOCBSIIleHA 3KCIIEPUMEHTAILHOMY TIOJTBEPIK/e-
HHIO SKCITOHEHIMa/bHOTO XapaKTepa IpOLIeCCOB 3apsiia U pa3psiila KOH/leHca-
TOpa, OMpe/ieJIeHUI0 TOCTOSIHHOM BPEMEHU T M pacyeTy BeJIMUMHbI COMPOTUB-
nenusi R paspsigHoro pesucropa. [ns atoro uccienyercst 3aBUCUMOCTb Uc(t) €
MOMOLIBI0 YCTaHOBKM, CXeMa KOTOpPOM MOKa3aHa Ha puc. 2.6. YcTaHOBKa Co-
CTOUT U3 TeHepaTopa MpPsIMOYTOJIbHBIX UMITYJ/IbCOB, KOHAeHcaTopa C, pe3ncTo-

pa R ¥ 3/1IeKTPOHHOTO OCIuIorpada.

R
I'eneparop L1
UMII1Y/1bCOB + C Ocupijljz(t))rpacb
U()(t) ¢
Puc. 2.6

HarnpsibkeHre KOHZeHcaTopa TojaeTcsi Ha BXo/, ocuusiorpada, pabora-
IOIer0 B pexuMe pasBepTKU. B 3TOM cilyuae BepTHKasbHas LIKaaa OCLIU/IO-
rpada — 3TO OChb HarpsbKeHUsl, TOPU30HTa/lbHasi — OCb BpeMeHU. Ha puc. 2.7

IMOKd3dHbl CHMHXPOHHMW3WMPOBdAHHLIE 10 BPpEMEHH OCIHWU/IJIOIPAMMBI HAIIPAXKEeHUWA
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Ha K/JeMMaxX reHeparopa IpsMOYIo/IbHbIX WUMMYJ/IbCOB (BepXHUM PHUCYHOK) U

HanpsbkeHus1 Uc(t) Ha KOHleHcaTope (HWKHUU PUCYHOK).

/[
\ I

lay

~ —F=-F=
[~}

~ ==

w

Puc. 2.7

[TocTosiHHasi BpeMeHU T u3MepsieTcsl Tpaduuecku Mo KpuBou Uc(t). Bri-
Oepem, Haripyumep, Y4yacCTOK OCIIWIJIOTPaMMbI, COOTBETCTBYIOIIUM pa3psiay
KOH/leHcaTopa. MOMeHT BpeMeHH {1 — Hayasio mpoLecca pas3psja, 3 — MOJTHbIA
pa3psz KOHZEeHcaTopa. 3a BpeMs T HallpsbkKeHHe Ha KOHZIeHCAaTOpe YMeHbIIUTCS
B e pa3. B Hauem ciyuae HanpspkeHue Eo Ha KOHZeHCaTOpe B MOMEHT BpeMeHH!
t1 paBHo 3,8 penenus (1 menenve — 1 KjeTka), TOrja HarpsbDkeHUe
Eo/e = 3,8/2,72 = 1,4 peynienrs, 4yTo COOTBETCTBYeT MOMEHTY BpeMeHU (. B
UTOTe TIOCTOSIHHAsl BpeMeHU T = t2 — t1 = 1,2 nenenus. Ecm BbibpaH macirab
1ikanel BpeMenu 50 mkc/ges, To T = 1,2-50 = 60 MKC.

Takum o6pa3om, oripefieNivB T, 3Hasi 1eKTPOeMKOCTb C KOH/IeHCaTopa,
MOXXHO BBIUMCJIUTh COMPOTHBJIEHHE R pa3psiiHOro pe3ncTopa, UChoJsib3ys ¢op-
myy (2.19).

Bropasi yacte paboThl MOCBsilleHa U3MepPeHUI0 eMKOCTH KOHJeHcaTopa
IyTeM paspszia ero uyepes 3TajJOHHbIM Pe3UCTOp C MTOMOIIBI0 YCTaHOBKH, CXeMa
KOTOPOM MOKa3aHa Ha puc. 2.8. OHa COCTOWUT M3 UCTOUYHUKA OTIOPHOTO Haripsi-
»keHust Eo, yCTPOWCTBa CpaBHEHUsI HaNpsDKeHUU (KoMriapaTtopa), MU/UTUCEKYH-

[ioMepa, [le/dTesis HallpsUKeHUs Ha pe3ucTopax Ri U Rz, KHONKU «3apsi», 3Ta-
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JIOHHOTO pe3ucTopa Ro u uccienyemoro KoHeHcatopa C.

«3apsi» Munnu-
E, % U. CeKyHJomMmep
N cTouHuK
OTMOPHOTO ¢ R Yerpoiicteo | o ::: ::: :::
HANpKeHus | o | CpaBHeHU: > ===
1 1 [] HAIIDKCHH = «Copoc»

E(i
RZQ 2.72 1
Puc. 2.8

YcraHoBKa pabotaet ciefyrommmM obpa3om. ITpu HaXKaThy KHOTIKU «3a-
psifi» 1 KHOTIKUA «COpoCc» MIITMCEKYHJoMepa MPOMCXOAST 3apsifi KOHJeHCaTo-
pa C no HanpsbkeHUs Eo 1 cOpoc Toka3aHuii BpeMeHH. [Toc/ie oZlHOBpeMeHHOT0
OTMYCKaHUSI 3TUX KHOMOK HAaUMHAEeTCsl SKCIOHEHLWA/IbHBIA pa3psij, KOH/eHCa-
TOpA Yyepe3 3Ta/JIOHHBIM Pe3UCTOp Ro, MU/UTMCEKyHAOMeD TIPH 3TOM OTCUWTHIBA-
eT Bpems. Hanpsbkenne Uc C KOHAeHcaropa TOJaeTcsli Ha OAWH W3 BXOZOB
yCTPOUCTBA cpaBHeHUs1. Ha Apyrou ero BXo/ MOAA@eTCsl TIOCTOSTHHOE Harlpsike-
Hue c gemurens Ri-Ro, kotopoe cocrasnsieT Eo/2,72. B MOMeHT paBeHCTBa 3TUX
HarpsbKeHWM YCTPOMCTBO CpaBHEHMS BblJj@aeT CHTHa/I, OCTAaHABIMBAKOIIUN OT-
cueT BpeMeHU. TakuM oOpa3oMm, M3MepeHHOe MUJUTUCEKYHIOMEPOM BPeMsI sIB-
JISIeTCS TOCTOSIHHOU T. 3Hasl BeJIMUMHY 3TAJIOHHOTO COTMPOTUB/IEHUS Ry, HY>KHO
onpee/UTh eMKOCTh C KOHleHcaTopa 1o dopmyse (2.19).

[TpenmyiiiecTBaMu JaHHOTO criocoba repes ApyrUMU (MOCTOBBIM, TeHe-
PaTOPHBIM, YaCTOTHBIM) SIBJITIOTCSI OBICTPOTA M3MEPEHHH, TIPOCTOTa aBTOMaTH-
3aiuu. VIHpopMalusi 0 BeJIMUMHE eMKOCTH BbIBOJUTCS Ha BHEIIHUN pa3bem
MUUIUCeKyHaomepa. HegocrtaTkoM sIB/IIeTCS OTHOCUTE/IbHO HU3Kasi TOYHOCTh
r3MepeHus. Ee MO)KHO MOBBICUTh MyTeM TPOBe/ieHHs CepUU M3MepeHUH C TIo-

crieytoiiel CTaTUCTUYeCKOW 00paboTKol pe3y/ibTaToB.
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ITops/I0K BBINO/THEHHUs PadoOTHI

3apanue 1

1. ITpoBepbTe MOJIO’KEeHUS TIepeKIrYaTeield Ha SKCIIepUMeHTalbHOM Ma-
Kete: «Pexxum paboTel 1» — BKiI., «Bubparnusi» — BKIL., «IIyck» — BepxHee II0-
JIOXKeHue, TiepeksirouaTesib pojia paboT — «DKCIIOHEHTa».

2. BxstourTe 3KCHepUMeHTa/IbHbIM MakeT U ocLuiorpad B CeTh, TPO-
rpeliTe WX B TeyeHHUe 3 — 5 MUH.

3. TlonyurTe yCTOMUMBYIO OCLIWIOTPAaMMYy, 3apUCyiiTe ee, coOstofast
Maciitab. PekoMmeHyeMble 3HaueHHsI UyBCTBUTEIBHOCTH OCIWIorpada: o
HanpsbkeHuto: 2 — 5 B/gen; rio Bpemenu: 20 — 50 Mkc/ger.

4. I3MepbTe 10 OCLU/UIOrpaMMe MOCTOSSHHY0 BpeMeHHU T.

5. PaccuuraiiTe conpoTuBiIeHHe R pe3ucTopa, HWCIOMb3ys (QopMyity
(2.19) mpu C = 3000 n®.

6. Beiktounte ocuuiorpad.

3apaHue 2

1. YcraHoBuUTe Tepek/ouaTe/ib poja paboT B 0JHO U3 TTOI0XKeHHH «Ci»—
«Cs» (Mo yKa3aHUIO MpenoaBartesis).

2. IMpousseaute 20 M3MepeHU MOCTOSTHHOW BpeMeHH T JI/isi BBIOpaHHOTO
KOHZIeHcaTopa. [Ijis 3TOro Ha)KMUTe KHOTKY «3apsii» U KHOMKy «COpoc».
Y nepxuBaiite ux B TeueHnue 5 — 10 ¢, a 3aTeM 0lHOBpeMeHHO oTryctute. Cuu-

TalTe MOKa3aHWUsI MATMCEKYHIOMepa.

3. OrnpegenuTe cpefiHeapudMeTHUeCKoe 3HaUeHHe (r), a 3aTeM eMKOCTb
C KoH/IeHcaTopa, CHOBa UCToJb3ys hopmyny (2.19) ipu Ro = 10 kOm.

4. OueHuTe NOTPELIHOCTh pe3yJ/bTaTa U3MEePeHUs] eMKOCTH KOH/€HCaTo-

pa.
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KoHTpo/1bHBIE BOIIPOCHI

1. Uto Ha3bIBaeTCs 3/1eKTPOEMKOCThI0? B Kakux euHHULIAX OHa U3Meps-
ercd B cucteme CH?

2. Uto Takoe kKoHjpeHcaTop? Ilo KakuM mpu3HaKaM K1acCU(MHULIUPYIOT
KOH/IeHCaTOPbI?

3. BeiBeiuTe 3aKOH yMeHblleHUs (MM yBeMueHus1) 3apsijia Ha 00Ka-
KaxX KOH/leHcaTopa.

4. UTo Takoe IIOCTOSIHHas BpeMeHM 3apsja U paspsjga KoHZJeHcaropa?
Kak ee onpenenutb TeOpeTUYECKU U IKCIIEPUMEHTA/IBHO?

5. V3 Kakux coobpakeHU BLIOMPAIOT JTUTEBHOCTh paboyero UMITy/Ib-
ca B [1epBOM 3KCIlepuMeHTe?

6. MoryT /v KpuBble HapaCTaHUS U CrlaZia HarpsKeHWsl Ha KOHZeHcaTope
B [I€PBOM 3KCIIePUMEHTEe XapaKTepU30BaTbCs Pa3/IMYHbIMU 3HAUEHUSIMU 10CTO-
STHHOU BpEMEeHU T?

7. Eciy 3apsbkeHHbIM KOHZEHCATOP OTK/KOUMTh OT BHEIIHeHW Lieru, TO
Oyzet /1 HarpsbkeHWe Ha ero 0OK/IagKax U3MeHSThCS BO BpeMeHu? Eciu Oy-

AeT, TO B UeM IIpUYrHa 3TOro?
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JlabopaTopHas padora 2-22

OHPEAEHEHI/IE éMKOCTH IIJIOCKOI'0 KOH/JA€HCAaTOopPa

Ilenb padoThl: oripesesieHNe EMKOCTU TJIOCKOTO BO3[YIIHOTO KOHJEeH-
caTopa, orpejeseHue JU3/1eKTPUIeCKOU MPOHULaeMOCTH JU3/IeKTPHUKA.

IIpubopsbl ¥ NPUHAJ/IEXKHOCTH: TI/IAHILIET C BYMS IJIOCKUMU MeTaJliu-
YeCKWMH TJIaCTHHAMH, TeHepaTop curHanoB dyHKIMoHanbHBI ['Cd-1, Habop

[A3JIEKTPUUECKUX TIJIaCTHH, 37eKTPOHHBIN (WK LUGPOBOIM) ocLiiorpad.

Metop 3kcriepyMeHTa

B panHoM nabopaTopHO#t paboTe [jisi M3MepeHUsi eMKOCTH TIIOCKOTO
KOH/IEHCATOpa MCII0/Ib3yeTCsl 3JIeKTpUUecKasi Cxema, U300pakeHHasi Ha pHC.
2.9. ITnockui kKoHAeHcaTop C BK/IKOYAETCA MOC/Ie0BaTe/IbHO C Pe3nCTopomM R
B Lielb nepeMeHHOro Toka. Bonbt™meTp V1 usmepsier BXoZHOe HanpsbkeHue U

Lenu, BoJbTMeTp V2 — HaripsibkeHue Ugr Ha pe3ucTope.

—_— C

JIR®

Puc. 2.9

o, @

[To 3akoHy OmMma J/1s1 yyaCTKa LielM MepeMeHHOr0 TOKa aMIUVIUTYJHOe

3HaYeHHe CUJIbl TOKA [ TMPSAMO MPOMOPLIMOHAILHO AMIUIUTYAHOMY 3HaYEHHIO
HanpspkeHuss U, YW 00paTHO NPONOPLMOHANLHO TI0JTHOMY COIPOTUBIIEHHIO

(umnenaHcy) Z uenu:
I :%. (2.21)

IInst paccMaTprBaeMoi 1jemnu
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(2.22)

rze o — UUK/JIMYecKas 4acToTa epeMeHHOr0 HarpsKeHHs.
IIpy aKTMBHOM COMPOTHMBJIEHWH L€ B HECKOJIbKO KOM, yacToTe mepe-
MEHHOr0 HarpspkeHusi nopsifka 1 K[' © 6MKOCTH KOHJeHCaTopa, He TIpeBbI-

waromiei 1 H®, mosydaercs, 4yto R* <<1/(wC)?, W TMONHOE CONPOTUB/IEHHE

1jery Oy1eT orpe/ieNsaThCs TOMbKO éMKOCTHOM CocTaB/sitolel Xc:

1
=X . =—. 2.23
e (2.23)
C yuétoM 3Toro BeipaxkeHue (2.21) MOXXHO TepenucaTh B BU/E:
I
Uu =—"—1--, 2.24
" o0 (2.24)

NpuuéM HampsbKeHue U~ OIpee/iseTcss aMIUIMTY/ION HaNpsDKeHUs Ha KOH/|eH-
carope (U, ~U,, )-

[Ipu mocnefioBaTe/lbHOM COeIMHEHUM TOKU BO BCeX 37eMeHTaXx Ileru
O/IMHAKOBBI, TaK UTO aMIUIUTY/ly CU/bl In TOKAa MOXKHO BbIpa3UTh uepe3 raje-

HYe HarpsbkeHus Ha pesuctope Urm ¥ CONPOTUB/IEHUe pe3ucTopa R:

I :%. (2.25)

N3 (2.24) u (2.25) c yueToM ® =27V, I/ie V — 4aCTOTa, MO>KeM 3arucaTh:
I Un

= _fm (2.26)
2nvR U,

ITpy M3MepeHUsIX HamNpsDKEHUM ¢ MOMOLbIO ocLu/iorpada yiobHee us-
MepSITb He aMIUIUTY/bl HarpsDKeHWM, a WX YJBOEHHble 3HaueHusi (pa3max):
AU, =2U_ " AU, =2U, . OKOHYaTe/bHO [JJis1 OIpe/e/ieHnss éEMKOCTH IT0JTy-
yaeM QopmyJy:

1 AU
= :, (2.27)
2nvR AU,
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C Jpyroii CTOPOHLI, HCXO/s U3 TOTO, UTO [ =dq/dt U q=CU,, C y4eToM

(2.25) éMKOCTb MOYKHO OMpe/ie/IUTh Mo (popMy.ie:

c:%. (2.28)
R C

dt

B cnyuae wucmosib30BaHUS HampspkeHUs TH000pa3Hou (opmbl (puc.
2.10, a) or 6eckOHEUHO MasIbIX MpUpAlLleHUM HarpsbKeHUsl U BpeMeHU B (2.28)
MO>KHO MepeiTH K KOHEeUHbIM M3MeHeHUsIM, 1 Tor/1a

du. 20, 4U.,
dt  T/2 T

, (2.29)

rae T — repuoj, M1000pa3HOTro HaTIPSKEeHUSI.
Tak Kak coryiacHo (2.28) HaripsbkeHHe Ha Pe3rCTope orpe/enseTcs Mpo-
W3BOJHOW OT pa3HOCTU TMOTEHIMA/IOB Ha KOH/leHCcaTope, OHO Oy/ieT mpezcTaB-

nSTh cO00# TI0C/Ie0BaTeIbHOCTD MPSIMOYTOJILHBIX UMITY/ILCOB (puc 2.10, 6).
UC A T

A

AU,

d 0 \
A &

~
I-ﬂ

A
Y

AU,

.

Puc. 2.10
AHaiornyHbIM 006pa30M TIPY MCIIO/Ib30BaHUM Y/IBOEHHBIX 3HAUeHWH aM-
TIJIMTY [, HarpsbkKeHUM Ha MKOCTU U COIIPOTHBJIEHWH COOTHOLLEHWe JJ1s Orlpe-

JlenieHus1 EMKOCTY TPUHUMAET CJIeAYHOLIUM BU/;:

1 AL,
4VR AU,

(2.30)
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OnucaHue 3KCIepUMeHTa/IbHOM yCTaHOBKH

Cxema 3KCIlepMMeHTa/IbHOU YCTaHOBKHM MpYBe/ieHa Ha puc. 2.11.

Ocuunorpad
1 & o
Co I 1I
2 Q’( T N M

K3
K2

Bepx#nsist riactrHa

& |
XXX XXX XX XX XXX XXX XA
I |

HuwxHa4 riacTuHa

Puc. 2.11

B JaHHOW yCTaHOBKe MCITO/Ib3YeTCs TIJIOCKUM pa300pHbBIA KOHIEHCaTop,
COZleprKalliii HXKHIOK TUIACTUHY, MOAK/IIOUYEHHYIO K KileMMme K1, U CbéMHYIO
BEpXHIOI0 T/IaCTHUHY, MO/K/II0UeHHYI0 K Kinemme 1 610ka 'CD. Mexay Knem-
Mamu K1 u K2 BkmoueH pe3suctop R. Knemwmbl K2 u K3, a Takxke kjiemma 2
['C® coepuHeHbI C 5KpaHaMM KOaKCHAIbHBIX KaOeseH, C/Ty>Kallfux [Js ToJ-
K/ToueHust ocrpiorpada. /JInanekTpuyeckasi OKAHTOBKA B OCHOBaHWU pa3bop-
HOUM cucTeMbl oOecrieurBaeT 3a30pD MEXy BepxHel W HIDKHEeM TlaCTHHAMM.
Ecnu Ha HWKHIOO MJIaCTUHY TTOMECTUTh TIJIOCKUM JU31eKTPUK, TO 3a30p OIpe-
JensieTCsl TOMMIUHON JU3/IeKTprKa. HarpsbkeHrie rapMOHHUYeCKOW W TT/I000-

pa3Hoii (hopMbl TIOJAETCS Ha UCC/IelyeMbl KOH/leHcaTop OT reHepaTtopa ['C®.
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B kauectBe BosbT™MeTpoB V1 1 V2 (cm. puc. 2.9), a TakKe 4aCTOTOMETPOB HC-
MO/Ib3yeTCs IBYXKaHATbHBIN 3/1eKTPOHHbIN Win 1judpoBoit octuiorpad. Ipu
9TOM HampspKeHue, usmepsiemoe BOJbTMETPOM V1, mozaétcs Ha BXO[, U3Mepu-
TeJIbHOr0 KaHasa I, a HampsbkeHue, usMepsieMoe BOJIBTMETPOM V2, — Ha BXO[
KaHasa II. Takum obpa3om, Ha 5KpaHe O[HOBPEMEHHO OTOOpaKarOTCSI CHHXPO-

HU3MPOBaHHbIE OCLIU//IOTPaMMbl 000MX M3MepsieMbIX HaMpsHKeHUH.

ITopsiAoK BBINO/IHEHUs PadoThI

3apanue 1. OnpepesieHue éMKOCTH IVIOCKOr0 KOHAeHcaTopa

1. CobpaThb 371eKTpUUeCKyH0 CXeMy COTJIacHO puc. 2.11.

2. CHAITb BepXHIOK IJIACTUHY KOH/JEHCATopa U C TOMOLLbI IITaHIeH-
LMPKy/asi B 6 TOYKax Mo MepuMeTpy M3MepuTh 3a30p d MeXAy IIaCTUHAMU

KOHZEHCATOPa (BBICOTy YCTyIld AHBHEKTPHHECKOﬁ OKAHTOBKM HIDKHEH I1/IaCTU-

HbI) U OTpe/Ie/IUTh CpeiHee 3HaUeHue <d> PaccuutaTth éMKOCTE Co BO3JYILIHO-

ro KOHAeHCaTOopa:

C,=-2, (2.31)

rje romaab ooknaaku S=224 cm?,

3. IToMeCTUTh BEpXHIOK IIACTUHY HAa [AU3/IEKTPUUYECKYH) OKAHTOBKY
HWKHEH TIaCTHUHBI.

4. BKIIOUWTb TeHepaTOp CHMTHA/J0B M OCLWLIOrpad B CeTh, MPOrpPeTh B
TeueHue 3 — 5 MUH.

5. C moMOIIBK KHOMOK YIMpaB/eHUs1 Ha JIMLEBOW IaHe/ld reHeparopa
yCTaHOBUTh FapMOHMYECKOE HarpsKeHWe YaCcTOTOM B AuanasoHe 2 — 4 kI,

6. i3ameputh nepuog, T KonebaHuii, pa3Max BXOJHOTO HampspkeHHs AUj
Y pasMax HanpsbkeHuss AU, Ha pe3ucrope.

7. Paccunrtath yacToTy v Konebanuii (v=1/T), a Takxxe émMKocTh C Hcce-
lyeMOro KOH/IeHCaTopa, MOJb3ysCh BbIpakeHUeM (2.27). ConpoTuB/eHue pe-

3ucTopa paBHO R=3,3 kOm.
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8. N3mepuTth Bemmuubbl T, AU u AU> Ajis miioo00pa3HOro HarpsKeHust
(cm. puc. 2.10) u paccunTtath éMKOCTb C HCC/ie[lyeMOro KOHAeHcaTopa, MoJib-
3ysiCh BbIpaykeHueM (2.30).

9. Pe3ynbTaThl U3MepeHUI U PACUETOB 3aHECTH B Tabuily 3.

Tabmuija 3
dopma nepemMeHHOro T, ¢ v, Ty AU,L,B | AU, B C, n®
HarpsyKeHUst
I'apmoHMueckas
[TunoobpasHas

10. CpaBHUTb 3HaueHHe éMKocTH C KOH/IeHCAaTopa, MoJyuyeHHOe JKC-

repuMeHTabHO, C pacueTHbIM 3HaueHueM Co.

3apanue 2. OnpepeieHue MI/IEKTPUUECKOW NMPOHULIAeMOCTH

II/IaCTHHBI

1. C nomMompt0 WITAHTeHLUUPKY/ISA B 6 TOUKax Mo MepuMeTpy U3MepUThb

TOMLUHY d JW31eKTPUUYeCKOW TIJIaCTUHbI (BbIAAHHOW TIperojiaBareyieM WId

HaxoZsIelicss Ha paboueM MecTe) U OTpe/ie/TUTh CpefiHee 3HaUeHHe <d >

2. CHoBa paccuutath éMKOCTh Cp BO3AYIIHOTO KOHjJeHcaTopa Mo dop-
Mmysie (2.31), HO MPU PacCTOSIHUW MeXKAY OOKIaJikaMH, pPaBHOM TOJIIUHE [H-
3/71eKTPUUYECKOU MJIACTUHBI.

3. IlomecTUTb AUSMEKTPUUYECKYIO TUVIACTUHY MEXX]y BePXHEW U HIKHEU
IJIaCTUHAMU KOHJIeHcaTopa.

4. IToBTOpUTs 0. 5 — 9 3amaHus 1.

5. [To pe3ysnbratam usMepeHusi éMkoctu C Ajsi KaKIoW (opMbl Tiepe-
MEHHOT'0 HarpshKeHUs HauTU AU3IeKTPUUYECKYH0 TTIPOHULaeMOCTh TIJIaCTUHBI:

e=C/C,.

6. OLeHUTb MOrPeIIHOCTh U3MEPEHUM.
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KoHTpo/1bHBIE BOIIPOCHI

1. Yto Takoe 3/IeKTPOEMKOCTb YeJAUHEHHOI'O MPOBOJHUKA U B KaKWUX
eJUHU1LIAX OHA U3MepseTCA?

2. BeiBecTu (hopmysly EMKOCTU yeJMUHEHHOU 3apshKeHHOU C(epsl.

3. Kak OygeT u3MeHAThCS TIOTEHIMaA W30/MPOBAaHHOIO 3apsHKeHHOTO
MBIIBHOTO My3bIPSI PK U3MeHeHUH ero 06béma?

4. Y10 Ha3biBaeTCsd EMKOCTbIO KOH/IEHCAaTOpa U OT Yero OHa 3aBUCHUT?

5. BeiBectr (hopMysibl 3/IeKTPOEMKOCTH TJIOCKOTO, LIWIUHAPAUECKOTO U
chepryeckoro KOHZEeHCaTOPOB.

6. BeiBecTu (hopmyJibl MOC/IEI0BAaTENIBHOTO M Tlapasuie/IbHOTO COeuHe-
HUS KOHZIEHCAaTOPOB.

7. Kak, umest kKoHgeHcaropsl éMKOCTbrO 0,25 MK®D, 0,5 MK® u 1 MKD,

TIOJTyurTh OaTapero KoHAeHcaTopoB éMKOCTHIO 0,7 MKD u 0,2 MKD?

Bubsuorpaduueckuii cnucok

1. CaBenveB U.B. Kypc obiugeit ¢pusuku: B 4 1. T. 2. D1€KTpUUeCTBO U
MarHetu3Mm. BonHapl. OnTrka: yueb. mocooue / .B. CaBesbeB; 1o/ 00111, pef.
B.W. CagesibeBa. 2-e u3j., crepeorurt. M.: KHOPYC, 2012. 576 c.

2. Oetnad A. A. Kypc dusuku: yueb. mocobue Ajist CTYI€HTOB BBICIIINX
TeXHUUECKHUX yueOHbIX 3aBesienuii / A. A. [etnad, b. M. SIBopckuii. — 9-e
u3l., crepeotun. — M.: Akagemus, 2014. — 720 c.

3. Tpopumora T. U. Kypc ¢usuku: yueb. mocobue aisi WHKeHEepPHO-
TeXHUUYeCKUX crieliasbHocTeu By30B / T. U. Tpodumora. — 20-e u3za., ctepeo-
tun. — M.: Akagemus, 2014. — 560 c.

4. Kanamanko H.I1., CmoHgeipeB M.A. OcHOBBI (DU3HMKH: yueb. Moco-

oue. T. 1. — M.: [Ipocda, 2001. — 531 c.



79

Ornas/ieHue
1. DJIEMEHTBI TEOPHH ..eeevrreeeennnerrrreeeeeeseeeassiirrreeeeeeesssssssssssssseeessessssssssssssseeeees 3
1.1. D/IeKTPOCTAaTUUYECKOE TIOJIE B BAKYYME......uvveereerunrreeeaannrreeeesssnreeeesssnnnnees 3
1.1.1. DNEKTPHAUECKUI 3PS .. vveeeerreeerrreeeasrreeeaseeeessseesssseessssssssssssesessesesssnns 3

1.1.2. Harnpsiy)keHHOCTb 3/1eKTPAUYECKOTO 0JIs1 TOUeUHOro 3apsza. [IpuHuumn
CYTIEPIIO3ULIAM TIOJIEH. «..vveeeuurrererureeessureessiseeessssessssseessssseesssssessssssessssesssssseens 6

1.1.3. TToTOK BeKTOpa Harpsi>KeHHOCTU 3/IeKTPAUECKOro 110J1s1. Teopema

1.1.4. TloTeHL[MaTLHOCTB 3/IEKTPOCTAaTAUECKOr O 110J1s1. Teopema o

—

LUPKYJIALA BEKTOPA E .ooveevieiiiiiicececceeeeeeeee e 15
1.1.5. IloTeHIMas 3/IEKTPOCTATAUCCKOTO TIOJIS c.ceerennrreeeraannrreeesaannnreeeseannneees 16

1.1.6. CBs3b MeEXAY HalIpSPKEHHOCTBIO 3JIEKTPUUECKOI'O T10JIA

P TIOTEHLIAAIIOM ..ceeeerreereunnnnrreeeeeesessssssssssnseeeeessssssssssssaseseeessssssssssssssseeesessnnns 18
1.1.7. Ilpumepsl pacyeTa 3/IeKTPUUECKUX TTOTIEM ....ceeuveerveernureenneernnreeenveennnes 20
1.2. DJIEKTPUYECKOE TI0JIE B BEIL[ECTBE ......uuvvrreeeeereenarnnnerreeeeeeeseasssnnnnsmeeeeees 25
1.2.1. D/1eKTPOCTATAUECKAS UHIYKLIHS «..evvvvvvrreeeeeeesasssnnnnnreeeeeeessssssssnssssseeeees 25
1.2.2. D/1eKTpUYECKOe T10J1€ B JUIICKTPUKAX ..eeeeerrrrrerrmmmreeeeeeeeeessnnnnmmmeeeeees 26

1.2.3. Ilonsspysanus Av3/1eKTpUKOB. BekTop nosisipyusauuu. Csi3aHHbIe
Y CTOPOHHUE 3APSABI «..uvvvvvvrrereeeeeeensssinnrrareeeeeeessssssnsssssseseessssssssssssssssseesesssnns 30
1.2.4. [TusnekTpruyeckast [IPOHULIA@MOCTD BeILIECTBA...cccceeuureeeerenurreeesennnnees 33
1.2.5. Teopema I'aycca ajst AnaieKTpuyecKor cpefbl. BekTop
NIEKTPAUCCKOTO CMELLIEHMS . ceeeeeeenenuenrrreeeeeeeeeensannnnrereeeeessssssssnssssneeeeessssnnns 34

1.2.6. Ycnous aas BektopoB E 1 D Ha rpaHuiie pasjena AByX

JIASTIEKTPHKOB ....vvvveeeeeesereessnnnrrreeeeesessesssssssssssessesssssssssssssssseessssssssssssssssseens 36
1.2.7. CeTrHETODIEKTPUKH ....uuuueerrreeeereeeeaaaunnnrreeeeeesesssssnssnsseeeeesessssssssssssnneeeees 39
1.3. TIpOBOJHUKY B SJIEKTPUUECKOM TIOJIC.....ceeeeeeeeereaennrrrrrreeeeeesesssssnnmneneeees 41

1.3.1. ITone BHYyTpY NPOBOJHUKA U Y €ro NMoBepxHOCTU. PacripesesieHue

3aPAA B TIPOBOHUKE .....evvveeeeereeensenurrrreeeeeeseessssssmssseeeeeesssssssssssssnsesessesssnns 41



80

1.3.2. D/1IeKTPOEMKOCTb YeUHEHHOT'O TIPOBOAHUKA ....uvvvvvreeeeeerensannneeneeeeeens 43
1.3.3. B3aumMHasi eMKOCTb MMPOBOAHUKOB. KOHIEHCATOPBI.....ccccevuveeeeeennnnen. 44
1.4. DHeprus 37IeKTPUUECKOTO TIOJIS «oeeeeruerrrrreeeeesessnssnnnrerreeeeeesssssssssnsseeeeees 47
1.4.1. DHeprusi B3aMOJeHCTBUSI CUCTEMBI 3aPSII0B.....ccccveeererreeearreeeaveeaanns 47
1.4.2. OHEPIUA KOHZEHCATOPA .. .uuveeereeurreeeresurreeesesssreeessssnseeeessssssseesssssnseees 49
1.4.3. OOBbeMHAS TITIOTHOCTD JHEPTHH ....veeecvreeerreeeveeereessreesssseesseesssessnsesennes 49
2. JTaOOPATOPHBIA TTPAKTHKYM .....vveeureereesreesseesseessseessesssessssessesssesssesssesssessnes 51

JlaboparopHas paboTta 2-3
M3ydeHue 3/1eKTPOCTaTHUECKOTO TI0JIsI 37IeKTPO/IOB

CTTO’KHOU KOHMUTYDPALIM ... .evveeenerreernreessereessssseesssseesssssesssssesssssessssssessns 51
JlabopaTopHast pabota 2-6
M3yueHure 3/1eKTPUYECKUX CBOMCTB CETHETOITEKTPHKOB ......vevuveeveeeeenneennes 58
JlaboparopHas paboTa 2-15
V3MepeHre eMKOCTU 3JIEKTPOSTUTUUECKOTO0 KOHAEHCATOPA ...vvvvvveereennneneennns 65
JlaboparopHast paborta 2-22
OnpepesieHrie EMKOCTU TMJIOCKOTO KOHAEHCATOPA «...vvvveeeeeeeerenssrnnrrreeeeeeeeesanns 72

BUOMOTPADUUECKUIM CITACOK ....e.vveeeveeeeesseenreeseenseesseesseesssesssesssessseesseesssesnes 78



