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BBEAEHUE

POJIb 3NIEKTPOMATHUTHbIX CUJ
B NPUPOAE U TEXHUKE

MecTo 3nekrpoaMHaMMKM B COBpPEMEeHHOM PUuauke

B Mexanuke uayuaoT pasauyHble BUALI ABMXKEHHUA MAKPOCKO-
OMYECKUX TeJl IO AelicTBIEeM ONpefesIeHHBIX CHJl, B MOJIEKYJIAP-
HOMl HM3UKEe — XAOTHUECKOe JBUKEHHe ATOMOB U MOJIEKYJI, CO-
CTABJISAIOIee OCHOBY TeILIOBHIX npomeccoB. IIpupony e cui, ux
IPOHUCXOMKIAEHHE He HCCHEAYIOT HH B PAMKAX MeXaHHKM, HH B MO-
JIeKYIAPHOIi HU3NKe.

[na pacuera JBHKEHHA TeJ B MeXaHUKe JOCTATOUHO 3HATD, Ue-
MY PaBHA CHJIA KOJHYECTBEHHO. A 3HATH 3HAUEHHS CHJI, OIIpefe-
JINTH, KOTJA U KAK OHHU JelICTBYIOT, MOYKHO U He BHUKAA B IIPUPO-
Iy CHJ, 8 JHINb PACIIONAras crmocobfaMu ux uaMmepenusa. 'paBura-
LUOHHEIE CHJIBI, CHJIBI YIPYTOCTH H CUJIBl TpEeHHA, ¢ KOTOPBIMH
NMPEeNMYIIECTBEHHO HMEOT AeJI0 B KJIACCHUYECKOH MeXaHuKe, onpe-
IeASIOTCS SKCIEPUMEHTANLHO, M3 9THX TpeX THIOB CHJ TOJBLKO
rpABUTAIIHOHHEIE CHJILI ABNSIOTCA PYyHIAMEHTAJIBHLIMHU, T. €. He
CBOJUMBIMH HU K KAKNUM 6oJiee OBIINM U I'TyGOKHUM B3auMogeiicT-
BusiM. CHJIBI YIPYroCTHM ¥ TpeHUA He (QyHIAMEHTANLHBI: OHU
NMpPeACTABJIAT CODOH C/I0KHOE NPOABJIEHUE 3JIEKTPOMATHHTHBIX
cui. B aJleKTpogUHAMHUKe PACCMATPUBAKOTCS Kak pas3 GhyHAAMEH-
TaJbHEIE CUJIBI, UMEIOMINe AJIEKTPOMATHUTHYIO IIPHPOAY H xeiicT-
BYIOIIIIE MEXAY SJIEKTPHUECKH 3apA;KeHHBIMU yacTuuamu. Hay-
yeHHEe JTUX B3AMMOJeicTBMIl MPHUBOAUT HAC K OZHOMY M3 CaMBIX
rayboKUX HOHATHI QU3MKH — IIOHATHIO 3JIEKTPOMATHHUTHOTO IIO-
JI1.



IJIeKTPOAMHAMUKA — 3TO HayKa O CBOMCTBaX U 3aKOHOMEPHOC-
TAX MOBEJEHUA 0COGOrc BHAA MATEPUH — 3JIEKTPOMATHUTHOTIO MMO-
JIA, OCYILECTBJAIOLIETO B3aMMOJEHCTBHE MEXAY JICKTPUYECKH
3apAYKEHHLIMY TEJIAMH WM YACTHUIIAMH.

YeToipe TMNa byHAaAMEHTaNbHbIX B3aMMOAEeNCcTBMN

HecmoTpss Ha BuguMoe pasHooOpasue AeHCTBHMIE Tesl xpyr Ha
Ipyra, Bce B3aUMOJENCTBUA, BCE CHJBI CBOAATCH K UETHIPEM TH-
IIaM: IPaBUTALIHOHHEIE, 3IEKTPOMATHHUTHBIE, CUIbHEIE (AJEePHBIE)
# cnabeie B3aumomelcTBuA. UTOGEI HATVIALHO NPEACTABUTHL cele
POJIb 3IEKTPOMATHUTHRIX CHJI B IIPHUPOJAE, OCTAHOBHMCH Geryio Ha
TJIaBHHIX OCOGEHHOCTSX BCEX UeThIpeX (QyHZAaMEeHTANbHLIX B3ay-

MOZeHCTBHI U YKaxkeM cepy ux AeiicTBuA (cM. Tabi. 1).

Tabauya 1
P c
Tun CpaBHUTENLHAS z(eﬁafq'ﬁﬂ Cdepa

B3auMMoAecTBUA UHTEHCUBHOCTD o ’ JelicTBUSA

I'paBATAMOH- 10739 oo Kocemoce

HEBIE

CunbHEIe 100 10713 Anpa n
3JIeMeHTapHEIe
YaCTHUIIEL

Cnabbre 10714 10716 IlpeBpamenns
3JIeMeHTapHEIX
YacTHIy

drexTpoMar- 1 00 OT aTOMHOTO AApA ¥

HHUTHBIE 3JeMeHTapHBIX
YacTun, 1o KocMoca

W3 Bcex ¢pyHIaMeHTANBbHRIX CHJI B IEPBYIO odepexhb OLLIM OT-
KPBITHL 2PABUMAUUOHHbLE. OTH CUIBI a0COMIOTHO YHUBEPCAJABHEL:
OHH JeHCTBYIOT MEXKJY BceMH O6beKTaMu, 00IafalolIuMy Maccoi,
a Maccol 00JIafaloT BCe Teaa U YacTHIbl. ICKIIOUeHNe He COCTaB-
JAIOT JajKe CBET M CAaMO I'paBHUTAIlMOHHOe moJye. I'paBUTAIlMOHHBIE
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1
CIIBI MEAJIEHHO (IIpONOPIINOHANBHO }?) yOBIBAIOT C PACCTOAHUAEM.

Ho oHu upesBbIuaiiHO cnabbl: caMmbie cialble CHIBL B IIDUPOZE.
HMMeHHO DOSTOMY MX POJL CYII[eCTBEHHA JUINL IPY BIaMMoLelCT-
BHH KOCMHYECKHX TeJl. ITH CUJIbI OHNPELeNA0T cTpoeHue Beenen-
HOM B I€JIOM, CTPO€HUE FAJAKTUK, 3Be3], 1 MIIAHETHLIX CHCTEM.

CunbHble 63aumodeiicmaus (ARepHble CUJILI) HE YHUBepCAb-
HEl. B CHJIBHBIX B3aUMOJEMCTBUAX YIACTBYET GOJNLIIMHCTBO dJiE-
MeHTapHBIX YacTul,. VcKiItodyeHe COCTABIAET IPYIINA dJeMeHTap-
HBIX YaCTHUL, — JIeUTOHBI, GOTOHLI ¥ IIEePEHOCUUKU cIabRIX B3au-
MozeH#cTBUN (BeKTOpHEIE 0030HEBI). K JTenTOHAM OTHOCUTCA BJIEKT-
poH. KOpOTKOAeHCTBYIOIHII XapaKkTep AJePHBIX CHJ OnpeeaeT
chepy ux AeficTBUA — ATOMHEIE SApa. OTU caMble MOIHbIE CHJIBI
IPUPOABI 00eCIIeUNBAIOT YCTOHYNBOCTS ATOMHBIX AJEP.

Caabsble 83aumodeiicmaus Tax e YHUBepCaJlbHhl, KaK U I'pa-
BUTATMOHHBIE. Bce YACTUIEI YVYACTBYIOT B ¢/1a0bIX B3aUMOAEHCT-
BUAX, ITH B3aUMOJeHCTBUA ABIAIOTCA elfe Gosiee KOpOTKogeiicT-
BYIOIMMU, YeM AJepHbie CUJRI. Paciiaj G60JBIIINHCTBA dJIeMeHTap-
HBIX YaCTHUI, OOVCJOBNEH 3TuMH cuiaMu. CBA3AHHBIX CHCTEM
YacTHIL caabble B3auMOAecTBUA He 00pasyIoT.

AneKkTpomarHuTHbeie B3auMOAEencTBUS

Bcee ocTanbHbie CUIBI, IPOABIAIONIAECA B NPUPOJE U UCIIONIb3Ye-
MbIE B TEeXHHUKe, UMEIOT JIeKTPOMATHUTHYIO NPupoay. B mosce-
JHEBHOH >XHBHM, 38 UCKJIIOUEHUEM IPUTAKEHUA K 3eMie U MpUIn-
HOB, MBI BCTPEYAEMCA B OCHOBHOM TOJILKO ¢ PA3JAYHEIMU NPOARJIE-
HUAMMY DJIEKTPOMATHUTHEIX cHJ, B wacTHOCTH, yOpyrasa cujia mapa
UMeeT 3JeKTPOMATHUTHYI0 npupony. IlosToMy cMeHa «BeKa mapas
«BEKOM DJIEKTPHUYECTBA» O3HAYAJA JIUIIL CMEHY SIIOXHU, KOrAa MBI
HE YMeJIU YIIPABJIATH dJIEKTPOMArHUTHBIMU CHUJIAMH, SITOXOIi, KOTAa
MBI HAYYUJIUCH PACIOPAAKATHECA UMY IO CBOEMY YCMOTPEHUIO.

TpyaHo Aaxe DepPeYHUCIUTH BCE IMPOABIEHUS DNEKTPOMarHUT-
HBIX cul. OHU ompelendAlOT YCTOHUYUBOCTH ATOMOB, OOBEIUHSIOT
aTOMBI B MOJIEKYJbI, OOYCJOBIMBAIOT B3aNMOJEHCTBHE MEXKIY
ATOMAMHU U MOJIEKYJIaMH, IPUBOJAIIee K 00pasOBaHUIO KOHAEHCH-
POBaHHEIX (KHUIKUX M TBePALIX) cpex. Bee BUALI cut yIpyrocTu u
TPEHUA UMEIOT 3JIeKTPOMArHUTHYIO IPUPOAY; CUMBI MBI M BCA
JKUBHEAEATENLHOCTh HAIIEr0 OPraHM3Ma W OpraHU3MOB JXMBOT-
HBIX OCHOBAHBI Ha 3JIEKTPOMATHHUTHBRIX B3aumojeiicTBuax. To ke
caMoe OTHOCUTCH U KO BCEM PACTEHUAM,



Besinka ponpb sJeKTPUUECKHX CHJI B siipe aToMa. B aToMHOM
peaxTope X IIPU B3PEIBEe aTOMHON 60MOBI MMEHHO 3TH CHJIBI Pas3ro-
HAIOT OCKOJKH SleD U IIDUBOAAT K BRIJEJEHUIO OUPOMHOM sHED-
ruu. HakoHen, B3auMoeiicTBHe MeXXKAY TEJIAMH OCYINECTBIAETCH
HOCPEJICTBOM 3JIEKTPOMATHUTHBIX BOJIH: CBET, PAAUOBOJIHEL, Tel-
JIOBO€ M3JydYeHue U Ap.

IeKTpOMATHUTHEIE CUNLI He yHMBepcasibHbl. OHU AeHCTBYIOT
JIUIIE MEXKIAY 3JEeKTPUYECKH 3apAeHHLIMHU YacTullaMu. B ueM ke
TOT/Ia COCTOMUT IIPHYUHA TaKOH HEeoObIYaiHO ITHPOKOH cthephl meii-
CTBUA 2JIEKTPOMATHUTHEIX cuil? IToueMy MMeHHO OHM OUpENeIAIOT
CTPYKTYPY MaTepuu ¥ (bHa3HUeCKMe MPOLECCH] B OrPOMHON obnacTu
TIPOCTPaHCTBEHHBIX MacmTaGos — ot 10713 10 107 cM (Ha MeHBmMUX
PACCTOSHUAX ONPEAEIAIONTUMHI CTAHOBATCA AfEDHEIE B3aNMOeiCT-
BHUA, a Ha GOABIINX HYKHO YUUTRIBATh M TPABUTAIIMOHHBIE CUIIBI)?

I'maBHasA npUYMHA COCTOUT B TOM, UTO BeIIECTBO IIOCTPOEHO U3
MEKTPUUECKH 3ADAKEHHBLIX YAaCTHL, — BJIEKTPOHOB M ATOMHEIX
azgep. IIpuueM uMeloTCA 3apABI JBYX 3HAKOB: IMOJIOKUTEABHBIE U
oTpHIATeIbHEIE, UTO 0O0eceuNBaeT CYIIeCTBOBAHNE KaK CUJ IIPU-
TSXKEHUA, TaK ¥ CHUJ OTTAJIKKUBaHUA., W1 9TU CUJIH OueHL BEJIUKHU
110 CPaBHEHUIO C TPABUTAIIMOHHBIMH.

1
ONeKTPOMATrHUTHBIE CUJIBI MEANCHHO, KaK 7 y6BIBAIOT C pac-

CTOSHUEM, HMOJOOHO IDABUTAIMOHHBIM cuiaM. Ho 3apa’KeHHEIE
YaCTHI[EI 00pa3yioT HeHTpaJbHBIe CUCTEMBI — ATOMBI M MOJIEKY-
JIBI, CHUJIBI B3aHMOJEHCTBUA MEXKAY KOTODHIMU IIPOABAAIOTCH
JUIUb Ha OYeHb MajbX paccTogHuAxX. CylecTBel elle CIOMHLBIN
XapakTep 3JeKTPOMATCHUTHRIX B3aMMOJEeHCTBUI: OHM 3aBHUCAT He
TOJIBKO OT PACCTOAHUI MeX Y 3aPAXKEeHHLIMU YACTUI[AMH, HO U OT
HX CKODOCTeH U JaXXe YCKODEHHI.

Pons anexTpogMHaMMKm B TEXHUKE

K cosganuio aJeKTPOOAUHAMUKM NpPHUBENa AJUHHAA IeNb IJa-
HOMEDHBIX HCCJIeJOBAHU U CIyYalHBIX OTKPBLITHI, HAUNHAA ¢ 00-
HAPYEHUA CIIOCOGHOCTH AHTADA, IIOTEPTOrO O HIePCTh, NIPUTATH-
BaThb JIETKMeE IIpeIMeThl U KOHYad runoTe3oii MakcBesa o IOpOXK-
JEeHHUY MArHUTHOrO NOJA NEePEMEHHEIM SJIEKTPUYECKUM TI0JIEM.

JIums Bo BTOpO#H nostoBuHe XIX B., mocie cosganua Makcae-
JIOM KJIACCUYECKOH 3JIeKTPOAUHAMUKY, HAUATOCH IIMPOKOE IIpaK-
THYECKOe MCIIOJbL30BAHUE HIEKTPOMATHUTHRIX ABjgeHuil. M3o6pe-
renue paano A. C. IlonoBuim u I' MapkoHu — oauo u3 BakHeH-
X IPUMEHEHHH IPHHIIHIIOB HOBOH TEOPUM.
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IIpu pasBUTHM BJIEKTPOAUHAMUKY BIEPBLEIE B HICTOPUH YeJIOBe-
YyecTBa HAay4HBble HCCIENOBAHUA HPEAIIECTBOBAIN TEXHUUYECKUM
npuMeHeHusAM. FEeiu mapoBada MalrnHa 6bLIa HOCTPOEHA 3a40JT0
JO CO3JaHUA TEPMOJUHAMUKH, TO CKOHCTPYHPOBATE 3JIEKTPOJBU-
raTeJb UJHM OCYIUIECTBUTH DAJUOCBA3bL OKA3aJIOCE BO3MOXKHBIM
TOJIBKO ITOCJIEe OTKPBITUA U U3yYeHUA 3aKOHOB DIEeKTPOAUHAMHUKH.

Becuncnennrie mpakTUuecKie HNpUMeHeHUS 3JeKTPOMArHUT-
HBIX fBJEHUH NpeoOpa3oBajiy KU3HB JIOJeH Ha 3€eMHOM IIape.
Hesi0Be4eCTBO CO3/1aJI0 BOKPYT cebs HEKYIO0 HOBYIO «3JeKTpuue-
CKYIO CPeZly» CO INTEeINCENbHON PO3eTKOM Ha KA 0! CTEHKE.

IITupokoe npuMeHeHKe dJIEKTPOSUHAMUKH CBA3AHO C TeM, YTO
3JIEKTPUYECKYIO DHePIUI0 JIeTKO IlepeaBaTh II0 IIPOBOJaM Ha
0onbIllIle PACCTOAHHUSA U, INIaBHOE, C IIOMOLIBI0 CDABHUTENBHO He-
CJIOXKHBIX YCTDOICTB IIPeobpa30BLIBATE B ApYyrie 3HEPIUU: MeXa-
HUYECKYI0, BHYTPEHHIOD, SHEPIUIO U3JIYUCHUA U T, 1.

3aKOHBI 2NEKTPOAUHAMUKHY JI€XKAT B OCHOBE BCell dJIeKTpoTex-
HUKH U paJVOTeXHUKM, BKJIIOUas TeJeBHAeHUeE, BUAEO3aOUCh U
IIOUTH Bce CPEACTBA CBASH. JJEKTPOAIUHAMUKA COCTaBAALT (hyHIA-
MEHT TAaKMX AKTYaJIbHKRIX HAIPABIEHUN COBpeMeHHOU GUIUKU,
KaK (U3IMKa NMJIa3Mbl U IpobieMa ympaBiseMbIX TepMOAIePHBIX
peakInuil, HeJMHelHAA ONTUKA, MATHUTHAA THAPOAUHAMUKA, ACT-
podu3uKa, KOHCTPYUPOBAHUE BLIUMCANTEILHLIX MAMIUH, YCKOPH-
Tesged 3JeMEeHTAPHBIX YACTHUIL ¥ T. 1.

MpaHuubl NPUMEHUMOCTU
KNaccu4ecKon 3NeKTpoanHaAMUKN

Kak u mobas ppyradg ¢usuuecKas Teopus, KJaccuyeckKas
dNMeKTpoauHaMUKa MaKcsensra He ABJAsAETcCA a0CONITHO TOYHOM.
Ona UMeeT ompejiesieHHbIe 'PAHUIILI TPUMEHUMOCTH.

Maxcsenn Mmxeiime Kaepx (1831—1879) —
BeIUKHN aHrAUACKUE GUIWK, co3jgaTensd Te-
OpHI 3JIEKTPOMATHUTHOTO IIOJsi. ¥ paBHEHUS
MakKcBesina IIA 3JNeKTPOMarHUTHODO IIOJA Jie-
JKAT B OCHOBE Bcell 3JIeKTPOJUHAMUKH, [TOA0OHO
TOMY KaK 3aKoHBI HBIOTOHA COCTABISIOT OCHOBY
KJIaccu4ecKol MexaHuku. MaKcBe/lT sSBRJIseTCS
Tak)ke OJHUM U3 OCHOBaTeleil MOJeKYJIAp-
HO-KMHETUYECKOH TEOPHH CTPOEHHS BeLecTBa.
On BriepBEIe BBeNl B (DM3UKY NpPEACTABICHHUA O
CTATHCTHYECKUX 38KOHAX, HCIOJBIVIOMIUX Ma-
TeMaTU4eCKoe TOHATHE BEPOSTHOCTH,




Coazanve TeOpUM OTHOCHUTEJLHOCTH HE BHECJO KaKux-Iubo
OPUHIMOUAIBHBIX U3MEHEHUI B 3JIeKTPOAUHAMUKY MakcBesa.
Hamnporus, uMeHHO pa3BHUTHE 3JIEKTPOAUHAMHUKHY IIPHUBEJIO B HAYA-
e XX B. K CO3LaHUIO TEOPUH OTHOCHUTEILHOCTH. [[ejio B TOM, 4TO
9JIEKTPOMATHUTHLIE IIPOIECCH CBA3AHEI ¢ OOMBIIMMU CKOPOCTAMU
pacnpocTpanenus B3aumopeiicTsuit. Teopus MaxkcBenna, onuchl-
BaOILlas 9TH B3aMMOJAEMCTBHA, IPHUMEHUMA AJA MPOMHECCOB, MPO-
TEKAIOIUX C JIOORIMU CKOPOCTAMH, MEHLITUMHU CKOPOCTH CBETA.

I’'paHunbl OpPUMEHHMOCTU KJIACCHUECKOHM 3JIeKTPOIUHAMUKH
YCTaHaBJIUBAIOTCA KBAaHTOBOIH Teopueil. Kiaccuueckas anexTpo-
IVHAMMKA YCIEIIHO ONMCHIBAET IMOBELEHVE 3JIEKTPOMATHUTHOIO
MOJIA MPU JOCTATOYHO MAaJIBIX HaCTOTaX KoJieGaHuii 3TOro moJjis.
Yem 6oJbille YacTOTa KOJIEOAHUI, TeM OTUETIHBee O0HADYIKUBA-
IOTCA KBaHTOBBIE (KOPIYCKYJIADHBIE) CBOMCTBA 3JIEKTPOMArHUTHO-
ro nond. [Tonrpo6HEE 3TOT BOIPOC MBI OOCYAUM B JaJIbHEHIIIEM.

OG6ylacTh NPHMEHHMOCTH KJIACCHUECKOM 3JIEKTPOIUHAMHKY
oueHb BeJiMKa. 11 B paMKax 9Toii 06J1acTH YeJIoBe9eCTBO Beerga Oy-
IeT NmoJb3oBaThed Teopueil Mawxcsesuta. Ilo MHeHMI0O aMepUKaH-
cxoro ¢usuka P, PelinmaHa, «B UCTOPUH ueJIoBeuecTBa (ecau 1o-
CMOTPETH Ha HEe, CKaXKeM, Uepesd JecCATh ThICAY JIeT) CAMEBIM 3Ha-
YuTeNbHBIM coOhITHEM XIX cTOo/IeTHA, HECOMHEHHO, OYAET OTKPHI-
Tie MaKcBeJNJIOM 3aKOHOB 3JieKTpomguHaMuku. Ha ¢oHe 3Toro
BEJIMKOrO OTKPHITHA I'PAXKIAaHCKasA BOHA B AMepHUKe B TOM JKe Jie-
CATHJIETHU OyJeT BBRIMIANSTH MEJIKUM NPOBUHIUANBHRIM IPOUC-
IIIECTBUEM » .

Hamra sagaua B ganbHelilueM OyAeT COCTOATL B U3YUYEHHH OC-
HOBHBIX 3aKOHOB 3JIEKTPOMATHUTHBIX B3aMMOIEHCTBUE, a TaKIKe
B 3HAKOMCTBE CO CIIOCODAMH MOJIYUYEHUA 3JIeKTPUUECKOM SHEPruH
U UCIIOJIb30BAHHEM €€ Ha MPaKTHUKE.

SJIEKTPUYECKUM AP
U 3JIEMEHTAPHbIE YACTULbI

TpyaHocTU onpegesieHnun

Co c10BaMU «3JIEKTPHUECTBO», «JIEKTPUUECKUH 3apAL», «3NEKT-
PHWUYECKH TOK» BHI BCTPEUYAIVCH MHOI'O Pa3 U yCIEeIN K HUM [IPUBBIK-
HyTh. Ho nmonpoOy#Te oTBeTHTH Ha Bompoc: «UTo Takoe ajieKTpude-
cKuii 3apAn?» — U BBl yOeAUTECh, YTO 3TO HE TAK-TO IIPOCTO.

Hdeno B ToM, UTO JlaTh KpaTkoe, YAOBJIETBOPUTEILHOE BO BCEX
OTHOILIEHUAX OIpeJiesieHHe 3apfAfa BooOIe HEBOSMOXXHO. BaykHO
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ySCHUTH cebe MMeHHO 3TO0. MBI NIPHMBHIKJIN HAXOJUTHh NOHATHLIE
HaM o0bsACHEHUA BecbMa CJIOXKHBIX 00pasoBaHHI M IHPOIECCOB
BPOZE aToMa, XUIKHUX KPUCTAJJIOB, PACIPEAEIEHUS MOJIEKYJI 10
CKOPOCTAM U T. J. JleficTBUTENBHO, TaKoe CJ0XKHOe o6pasoBaHue,
KaK aToM, He TaK Y3 TPYAHO MOACHUTDH, XOTA €ro Helb3A BUIETH
He TOJbKO NPOCTHLIM I'JIa30M, HO U B MEUKPOCKOI. B 1IeHTpe aToMa
HaXOOUTCA AAPO, & BOKPYT HETO ABUIKYTCHA 3JeKTPOHBI. A BOT ca-
MBI€ OCHOBHBIE, (DYHIAMEHTAJNLHEIE IOHATHA, HEPACUJIEHUMbIe Ha
OoJiee IpoCThIe, JIUIIIEHHEIE, IO JAHHEIM HAVKM Ha CEeTOAHANIHUH
JeHb, KaKOro-1u00 BHYTPEHHETO MeXaHU3Ma, KPATKO YAOBJIETBO-
PUTENBHEIM 00pas3oM y)Ke He NOACHUTL. Oco6eHHO ecan 00BeKThI
HEIIOCPEACTBEHHO He BOCIPUHUMAIOTCA HAILIMMH OPTaHAMY 9YBCTB.
HNmenHO K TAaKUM DYHAAMEHTANBHBIM IIOHATHAM OTHOCUTCS DJIEKT-
pUUYecKU 3apsaj.

InexTpuyecKuii 3apsa

ITonibITaeMca BHayaJle BREIACHUThL HE UTO TAKOE adJaexmpuue-
cKUuil 3apAd, a YTO CKPHIBAETCA 32 YTBEpPXKJAeHUeM JaHHOe meJo
UJH YACMUUA UMeIom dNeKxmpuiecKull 3apsad. 3To mIOUYTH OJHO U
TO K€, HO He COBCEM, U BTOPOE MPOIile JIA TOHUMAHUA.

Bel 3HaeTe, YTO Bee Tela [MOCTPOEHBI U3 MeJILUaNIIINX, HeleTU-
MEIX Ha 6oJiee rmpocTeie (HACKOJBKO ceiiyac HayKe U3BECTHO) dac-
THL], KOTOPHIE IIOATOMY HA3KIBAIOT 3JeMeHTapHBIMUA. Bece aneMen-
TapHBle YACTHUIBI UMEIOT Maccy ¥ 6Jarogaps sToMy NPUTATUBAIOT-
cda ApyrT K apyry. CoriacHo 3aKOHY BCEMUPHOT'O TATOTEHUS CHJIA
[IPUTAXKEHUA CPABHUTEILHO MeIJIEHHO YOBIBAET 110 Mepe yBeJnue-
HUA PACCTOAHUA MEXKAY HUMU: 06PATHO IIPOIIOPITMOHANBLHO KBaJ-
party paccrossusa. KpoMe Toro, 60JBIUIMHCTBO 2IeMEHTADHBIX Yac-
THIL, XOTA U He Bce, 00J1aal0T CIIOCOOHOCTRIO B3aUMOIeMCTBOBATD
IPYT ¢ APYT'OM C CHJIOI, KOTOpad Takxke yObIBaeT o0paTHO IIPOIIOp-
IHUOHANIBHO KBaJAPATY PACCTOSHUS, HO 3TA CHUJIA B OTPOMHOE YUCJIO
pas IPEBOCXOIHUT CUy TAToTeHUA. TaK, B aToMe BOZOpO/a, cXxeMa-
THYeCKU N300paKeHHOM Ha PHCYHKe 1, 3JIeKTpOH
NPUTATUBAETCA K AApY (IpOTOHY) ¢ cmioil, B 1039
pa3 MPEBBIMIAIIEN CUTY TPABUTAIIMOHHOTO IIPUTH-

KEeHHS. @

Ecnu yacTunsl B3aniMOAEHCTBYIOT APYT C APYI'OM C
CIJIaMH, KOTOpble MeJJeHHO YVMEHBIIAITCA C YBEIHu-

YeHHUEM PACCTOAHUA U BO MHOTO PA3 IPEBBIIAIOT CUII
BCEMUPHOTI'0 TATOTEHUA, TO TOBOPAT, YTO STH YACTUIIEI Puc. 1



MMEIOT dAeKTpHUUYEeCcKHuH 3apsan CaMu yacTHIlbl HA3BIBAIOT-
Cs1 3aPfAKeHHKB MU. BeBaoT dacTuibl 0e3 3JeKTPUUEeCKOro 3a-
psza, HO He cyulecmayem aeKmpuieckozo 3apada 6e3 wacmuybl.

BaaumonmelicTBUA MEXY 3apSKEeHHBIMY YACTHIIAMU HOCAT HAa-
3BaHME DJE€KTPOMArHMUTHBGB X. Koria Mbl TOBOpHUM, UTO
5JIEKTPOHEI ¥ IIPOTOHBI 3JIEKTPUUYECKU 3aPSIKEHRI, TO 3TO O3HAYa-
€T, YTO OHHM CHOCOOHBI K B3aWUMOJAEUCTBUAM OINpEJEJIEHHOIO THHA
(3NeKTPOMAarHUTHLIM), U HUUero OoJsiee. OTCyTCTBHE 3apsifa y dac-
THI[ 03HAYAET, UTO IIOJ00HLIX B3aUMOJeHACTBHII OHA He OOGHADY-
SKUBAET. OJIeKTPUYeCcKWil B3apax ompeeadeT HWHTEHCHUBHOCTH
3TEKTPOMATHUTHLIX B3aHMOAEHCTBHII, NOJOOHO TOMY KAaK Macca
onpefieNsieT MHTEHCHBHOCTbL I'DABUTAIIMOHHBIX B3aMMOJEHCTBUM.
dneKTpUUECKUH 3apaAa — BTOpaA (mociyie Macchl) BaykHe#Ias xa-
DAKTEDUCTHKA BIEMEHTAPHBIX YaCTHl], ONpexeJAIoNiasa UX IOoBe-
JleH¥e B OKPYIKAIOIleM MUpe.

JQJIeKTPUUECKUN 3apA], BJIIEMEHTADHON YaCTUIIBI — 3TO HE OCO-
OBl «MEX8HM3M» B YACTHIIE, KOTODPBIA MOXXHO OBIJIO ObI CHATL C
Hee, Pa3JIOXKUTH Ha COCTABHBIE YACTH ¥ cHoBa cobpaTs. Hanmuume
JIEKTPHUYECKOrO 3apfAJa y 3JIeKTPOHA W APYrMX YACTHIL, O3HAYaeT
JUIL CYUIeCTBOBAHWE OIpPeAeJIeHHBIX B3aWMOJefiCcTBMII MexIy
HuMH. HO MBI, B CYHTHOCTH, HUUYEro He 3HAeM O 3apAfie, ecJau He
3HAEM 3aKOHOB DTHUX B3aUMOAeUCTBHUU. 3HaHUE 3aKOHOB B3aMMO-
JeMcTBUI TOJMKHO BXOZUTH B HAIUIN IIPEACTaBICHUS O 3apsae. 3a-
KOHBI 3TH HeIIPOCThI, U3JOXKHUTE UX B HECKOJBKHUX CJIOBAaX HEBO3-
MOXKHO. BoT moueMy HeJIb34 AaTh JOCTATOUHO yOeauTeNbHOE KpaT-
Koe oIpejiesieHUEe IIOHATHUSA «3NeKTPUUYECKU 3apan» .

[Ba 3Haka aneKTpuvecKux aapaaos

B npupoge uMeroTcsa 4acTHIILI C 3apAXAMYA IIPOTUBOIIOIOMHBIX
3HAKOB. 3aps/ IPOTOHA HA3KIBAETCA OO UTEJIBHLIM, a 3JIeKTPO-
Ha — OTpUIaTeJabHBLIM. 110J0KUTEIbHEIA 3HAK 3aPAKa Y YaCTULEL
He O3HA4YaeT, KOHEYHO, HaJu4usa Y Hee 0coObIX AOCTOUHCTB. Bre-
JeHue 3apAA0B JIByX 3HAKOB IIPOCTO BhIparKaeT TOT (hakKT, 4TO 3a-
pAXeHHble YACTHUILI MOI'YT KAK IIPHTATHBATHCA, TAK U OTTAJIKH-
BaTbcA. IIpy OXMHAKOBHIX 3HAKAX 3apANA YACTHIBI OTTAJKMBA-
I0TCHA, A IPM PA3HBIX — IPHTATHBAIOTCH.

Hukakoro o6bsACHeHUSA MPUYHH CYILECTBOBAHUA JBYX BHUJOB
JIEKTPUYECKUX 3apARoB cedyac HeT. Bo BCAKOM ciydyae, HAKa-
KHUX DPUHIUIIHAJBHLIX PA3JIHYHANE MEXAY MOJ0XKUTEIbHBIMHA U OT-
pHIATEIBHLIMY 3apajaMu He obHapyKuBaercs. Eciu Obl 3HAKU
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ANEKTPUYECKUX 3aPAJOB YACTHI[ UBMEHUINCh Ha IIPOTUROIIOIONK-
HBIE, TO XAPAKTeP 3JeKTPOMATHUTHRIX R3aUMOeMCTBUI B IPHPO-
Je He U3MeHHJIca Obl.

TlonoxuTenbHEIe K OTPUIIATEIBHEIE 3APAABI OUeHb XOPOIIIO CKOM-
meHcupoBasbl Bo Beenennoii. U ecnim Beenennasa KoHeuHa, TO ee
TIOJIHBIH aJeKTpUUecKUil 3aps/, [0 BCE RePOATHOCTH, PABEH HY.IIO.

AnemeHTapHbIil 3apaa

KpoMme s1eKTpOHOB ¥ IPOTOHOB, €CTh €LIe HECKOJBKO THIIOB
3JIEMEHTAPHBIX YacTyuIl. Ho TONBKO 2JIEKTPOHH ¥ IIPOTOHHK! MOTYT
HEOTDAHUUYEHHO ZOJIF0 CYLUIeCTBOBATH B CBODONHOM COCTOAHUH.

OcTasbHbBIE e 3aPAKEHHBIE YACTUILI KUBYT MeHee MUJLJIMOH-
HBIX goJeii ceKyHABl. OHY POKAAIOTCA IIDH CTOJIKHOBEHUAX OGhLICT-
PHIX 3JIeMeHTAPHBIX YACTHUI] U, IPOCYILECTBORAB HUUTOXKHO MAJO,
pacmajialoTcs, IpeBpamiaschk B Apyrue yacTunbl. C 3TUMU 4acTH-
IIaM¥ BBl TOBHAKOMUTECH B AaNbHEHIIIEM.

K yacTunamM, He UMEIONUM 3JIEKTPUUECKOr0 3apAxa, OTHOCHUT-
ca HeliTpoH. Ero Macca JUIlh He3HAUNTENHHO IIPEBLINIAET MACCY
nparoHa. HeliTpoHEI BMecTe ¢ IPOTOHAMHU BXOAAT B COCTAB ATOM-
HBIX A1ep.

Haufonee saMeuaTeNbHLIM ABAACTCA TO, YTO DACKTPUUCCKHUIN
3apsJ BCeX 3JEMEHTAPHLIX YACTHI[ CTPOTO OJMHAKOB II0 MOZYJII.
CymecTByeT MHUHUMAJNBHEIN 3apAN, Ha3bIBaeMbIH 3JIeMEHTap-
HBIM, KOTOPHIM 061agal0T BCce 3apAMeHHbIe 3JeMeHTaApHEIe Jac-
THUBL. 3apaAx MOXKeT ObITh IOJI0KUTENbHBIM, KaK Y IPOTOHA, M
OTpULIaTEeJILHBIM, KAK YV 3JeKTPOHA, HO MOAYJb 3apsfia BO BCeX
CJIYyYaAX OJIMH U TOT Xe.

PaBencTBO 3apag0OB 3IeMEHTAPHBIX YACTHI[ IIPOBEPEHO ceifiuac
9KCIIEDUMEHTANLHO ¢ haHTACTHUECKOH TOUHOCTRIO. Tak, saapan npo-
TOHA paBeH 3apsAAy dJEKTPOHA ¢ IOTPeIIHOCTHI0 He Gonee 10720,
A Beab 3IEKTPOH U IPOTOH BO BCEX IPOYUX OTHOIIEHUAX Paju-
KaJbHO OTJIMYAIOTCA APYTr OT Apyra. OHY MMEIOT pasavuHble pas-
Mephl 1 MACChI; 3JEKTPOH B OTJIVYMe OT IIPOTOHA HE YYaCTBYET B
CHJILHEIX B3auMofeiicTBHAAX.

OTaenuTs yacTs 3apaAfa, HAaIPUMED, V 9JIEeKTPOHA HEBO3MOXKHO.
dro, moxkanyii, camoe yaupuTenbHoe. Hukakas coBpeMenHas Te-
Op¥Ifl He MOMKET 00'BbACHUTE, II0YeMY 3aPAALI BCeX YACTHIL OJMHAKO-
BBl, 1 HE B COCTOAHMUY BEIYHCIUTD 3HAUECHHE MUHUMAJIBHOTO 3JIeKT-
pugeckoro sapsga. OHO ompefenseTcs dKCIepHMMEHTANLHO ¢ IO-
MOLUBIO PASJIUYHBIX ONRITOB. O HUX MAI PACCKAaYKeM B JHaJIbHEHIIEeM.
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KBapku

B 60-e rr., nocise TOro KaK YHCJO BHOBL OTKPRITHIX 3JIeMEHTap-
HBIX YaCTHI] CTAJIO YrPOKalollle pacTH, GbLIa BEIABUHYTA TUIIOTE3a
0 TOM, YTO BC€ CHJILHO B3aMMOLEMCTBYIOIINE YACTUIILI ABIAIOTCSA
cocTaBHEIMU, Dojee GyHLaMeHTANLHEIE YACTHUIILI GBI HA3BAHBI
KBapKaMHu.

I[TopasuTenpbHLIM OKA3aJIOCh TO, UTO KBADKU JOJYKHEI MMETh
IpoOHEI sneKkTpHuecKUil 3apaxn: 1/3 u 2/3 aeMeHTapHOTO 3apa-
Ia. J1as mocTpoeHUs IPOTOHOB M HeHTPOHOB AOCTATOYHO BBYX CO-
PTOB KBApKOB. A MaKCHUMAanbHOE UX YKUCJIO, IO-BUIUMOMY, He IIpe-
BLIIIAET UIeCTH.

Ksapku B ¢BOGOJHOM COCTOAHUMM MCKAJH TOBCIOAY: B MaTepu-
KOBBIX IOPOAAX, OTJIOKEHUAX Ha [HE OKeaHOB, B IYHHOM I'DYHTe,
HO He Hamau. TeM He MeHee sKCIIepUMEHTANbHEIE JOKAa3aTeJIbCT-
Ba KBapKOBOil CTPYKTYPHI IDOTOHOB U HEHATPOHOB OBINH IOIyue-
HEI. B HacTosIee BpeMsa CUUTAETCHA, YTO MEKKBAaPDKOBBIE CUJILI HE
yOLIBAIOT ¢ paccToARMEM. [103TOMY BBLJIET KBAPKOB H3 IIPOTOHOB U
APYrUX YaCcTUIL, HEBO3MOKEH HU NPM KAKUX YCIOBUAX.

3aKoH coxpaHeHud 3J1eKTpMYeCcKoro 3apaaa

JleKTpudecKUil 3apAx coXpaHseTcA JJsd 3aMKHYTOM
CHCTEM &I, T. €. JJIA CHCTEMEI, B KOTOPYIO He BXOAAT U3BHE U HE
BRIXOAAT HAPY'KY 3apAKeHHBIE YACTHIIHI.

ONeKTpUUECKH 3apAd UMEIOT aJieMeHTapHBle yacTuilkl. Ecnu
6BI YUCJIO dJIeMEeHTAPHBEIX YACTHI] COXPAHANOCh, TO 3aKOH cOXpa-
HeHUA 3apafa OhlI O6bl TPUBUAABHEIM CJIEACTBHEM HEU3MEHHOCTH
sJieMeHTapHEIX dacTul. OfHAKO B JeHCTBUTEJIBLHOCTH 3aKOH CO-
XpaHeHUA 3apAZia UMeeT Iropasno bojiee rayboKUil CMBICI M3-3a TO-
ro, 4TO aJIeMEHTApPHBIE YaCTUIILI CIIOCOBHEI IpeBpallaThCa APYT B
Epyra M 4ucJI0 UX He OCTaeTCcA HeHM3MeHHBIM. B panbHelimeMm o6
STHX IIPeBpaleHuAX 6yaeT IoApO6GHO PACCKA3aHO.

Bpag au MOKHO Faxke UpUOAM3UTENIBHO HA3BATh YMCJO IIpe-
BpamieHHil dJIeMEeHTADHBIX YaCTUl], KOTOPhIe HaGJI0alUuCh B Ja-
6opaTopuax Bcex ctpaH Mupa. HasepHAKa 3TO YMCIO IPEBBIMIAET
MHOrMe MUaauapabi. U Bcerzia npu posKaeHNWH 3apAKeHHBIX dac-
TuiL HabalogaeTcs IOABJAEGHNE NIaphl YaCTHUI] C 3apALaMH IIPOTUBO-
nojoHOro 3Haka. Ha pucynke 2 nmokasana doTorpadusa poxige-
HUA Tapbl 5JIeMEHTAPHBIX YaCTUIl, TOJAOKHTENLHO 3apSyKEHHOI

(nosutpona e') u oTpuLaTENLHON (57eKTPOHA €7).
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Csunyosas
niacmuna

Puc. 2

Mooxer HabawozaTbcsd ¥ OJHOBPEMEHHOE POMKIEHUE HECKOIb-
KuX Takux nap. [IpHd pacnage sJeKTPHYECKH 3aPSIREHHON UacTu-
1Bl B IPOAYKTAaX ee pacnaja 004A3aTeJIbHO 00HADYIKUBAETCH HOBaA
3JleMeHTapHAA YacTHIa C 3apAJOM TOro e sHaKa. McuesaloT 3a-
pAMEHHBIe YaCTHIbI, IPEeBPAMIAACh B HeHTpalbHEIE, TOKE TOJIBLKO
rnmapamH.

Bcee 3™ QaKTE He OCTABJAAIOT COMHEHHI B CTPOrOM BBHINOJIHE-
HUM 3AaKOHA COXPAHEHHA BJIEKTPHUECKOro 3apAna. B 3amMrHyTOM
cucTeMe ajreGpanuecKas CyMMa 32pSAA0B BCeX YACTHI OCTaeTes
HEH3MEHHOM.

IIpryuHa COXpPaHEHMA 3JEKTPHUYECKOro 3apaaa A0 CUX IIOP IO-
Ka HEeU3BeCTHA.



Fnaea 1

SNIEKTPOCTATUKA

Mbvi sHauane paccmompum Haubosee npocmoit cayyail, Kozda
3anexmpuiecku 3apaAdceHHble meaa Henodsuixcrnvl. Pazden saex-
mpoduHaAMUIU, NOCBAULEHHBLI UYHEHUIO NOKOAWUXCS INeKm-
Pu“ecKu 3apA*CeHHbLX MeJl, HA3bl8alom dAeKmpocmamuKoil.

§ 1.1. SAPSKEHHbIE TENA. QNIEKTPU3ALIUA TEN

Kaxum ob6pasom maxpockonuieckue meara npuobpemaiom
anexmpuueckuil 3apad? O6 amom celiuac 6ydem paccra3ano.

3apaa makpockonuyeckoro Tena

B sisekTposmHaMuKe, co3naHHON MakcBenJoM, PacCMaTpUBa-
IOTCS JJIEKTPOMArHMUTHLIE BBaHMOHeﬁCTBHH HE OTAEJBbHBIX 3apsd-
MEeHHLIX dJIEeMEHTAPDHBIX 4YaCTHI, & MAKPOCKOIINYEeCKHX TeJ.

MakpockonuuecKne Tena, KaKk IPABUJIO, 3JEKTPUUECKH HEMUT-
pansunl. HeiiTpaneH aToM m060ro BelllecTBa, TaK KAaK YUCJIO
3JIEKTPOHOB B HEM PABHO UHCJY IIPOTOHOB B Axpe. Ilosoxurennso
H OTPHUIATENILHO 3apAMKEHHBIE YACTHILI CBA3AHEI APYT C APYIOM
3JIEKTPUYIECKUMH CHJIAMH ¥ 06pasyIoT HeHTpaahHbIE CHCTEMEI.

Teno GoabINX PASMEPOB 3apAMEHO B TOM clIydyae, KOTJAa OHO
COJIEPXKAT M3GBITOYHOE KOJHYECTBO 3JIEMEHTAPHBIX UACTHIL C OJ-
HUM 3HAKOM 3apsaja. OTpULaTeNbHEIH 3apal Tea oOyCJIOBJIEH H3-
6BITKOM 3JIEKTPOHOB 11O CPABHEHHIO C IPOTOHAMH, 8 IOJOKUTEJ b~
HEL 3apAf — UX HeJOCTaTKOM,
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AnexTpusauuns Ten

51 TOTO UTOOKI IONYYUTH JJNEKTPUUECKU 3apAKEHHOE MaKpO-
CKONUYeCKoe TeJIO MM, KAK TOBOPAT, HADJEeKTPU30BATh €ro, Hy K-
HO OTHEJHUTDH YacTh OTPUIATEJBHOTO 3apsja OT CBA3AHHOIO ¢ HUM
HOJIOKUTeapHOTO L,

IIpoire Bcero aTo cAesIaTh ¢ nMoMoIibio Tpeausi. Eciau nposect
pacyecKoif 1o BoJiocaM, TO HebGoJIblas yacTh HauboJiee IOABUIK-
HEIX 3apPSKEHHBIX YaCTHUI — 3JIEKTPOHOB — IIEepeiZieT ¢ BOJIOC Ha
pacuecKy M 3apAOUT ee OTPULATEILHO, 8 BOJOCHL 3aPAJATCA II0JI0-
IKUTEJBHHO.

C moMoImblo HECJIOXKHOTO ONBITA MOYKHO JOKa3aTh, YTO WpU
3JIEKTpU3anUU TpeHUEeM o0a Tena mMpuoOPETAIOT IPOTHBOIIOJIOMK-
HBIE 10 3HAKY, HO OQUHAKOBLIE ITI0 MOAYJIIO 3aDANEI.

BossmMem asmexTpoMeTp (3JIEKTPOCKOI B METAJIMYECKOM KOp-
myce) C YKpenjieHHOUM Ha ero CTepXXHe MEeTAJIN4ecKoil cdepoii ¢
OTBEpPCTHIEM M [Be NJACTUHBI HA AJHUHHEIX PYKOATKAX: OJHY U3
s30oHuTa, a APYryw — us miaekcuriaca. [Ipu Tpesun apyr o gpyra
IJIaCTHUHEI 3J€KTPU3YIoTCcA. BHeceM oHY U3 II1ACTHUH BHYTPL cde-
pBI, HEe KacasiCh ee CTEHOK. ECJM IJIaCTMHA 3apAXKeHa HOJIOMKH-
TeJLHS, TO YACTh 3JIEKTPOHOB CO CTPEJKHU M CTEPXKHSA 3J1eKTPOMET-
pa OpUTAHETCHA K MjacTuHe U cofepercd Ha BHYTDEHHeI HOBEpX-
HocTu chepnl. CTpeaxa Opy 3TOM 3apPAJUTCA MOJOKHUTENLHO U OT-
TOJIKHETCA 0T cTepkHda (puc. 1.1).

Puc. 1.1 Pne. 1.2

13neck U B gampHelIeM IS KPATKOCTH MBI YACTO GyZeM rOBODHTE O
3apsadax, nepemeuseHuly 3apadoe U T. 1. B [efcTBUTENLHOCTH e [TPU 3TOM
HMEIOTCH B BUAY 3apAxceHHble meaa (WU YaCTULBI), nepemeujeHue 3apa-
JCEHHbLX Yacmuy U T. J., TAK KaK 3apAfa 6e3 YaCTUIIN He CYIeCTBYeT.
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Ecnn moMecTuTs BHYTPHL chepbl APYryio ILUIACTHHY, BBIHYB
npeABapUTENbHO MEePBYIO, TO 3JIEKTPOHEI cdephl H CTePXKHA 6YAyT
OTTaAJIKMBATBLCA OT IJIACTHHEI M cobepyTcA B U3OBITKE Ha CTPEJIKe.
ITO BBIZOBET OTKJIOHEHME CTPEIKH, IPUYEeM Ha TOT jKe YyroJ, 4To 1
B nepsoM ombITe. Onyctus obe miaacTUHBl BHYTPh chephl, MBI He
00HapY>XUM OTKJIOHEHUs cTpeaxu (puc. 1.2). 3To goxKasbiBaer,
4TO 3APAABI IIJIACTHH PABHBLI MO MOJYJIO M IIPOTHBOIIOJOMKHEI 110
3HaKy. STOT BbIBOJ HEIIOCPEJCTBEHHO BBITEKaeT U3 3aKOHA COXpa-
HeHus 3apaja.

Kax npoucxoaut anekrpu3auusa ren?

HasyekTpu30BaTE Tela C IIOMOIIBI0 TPEHUsA O4YeHL HPOCTO.
A BOT 00BACHUTE, KAK 9TO IPOUCXOIUT, OKASAJIOCH OUEHL HEIpoC-
ToM 3ajadeit. Ha mpoTaKeHNY MHOTHX HECATKOB JIET JaBaJOCh, Aa
U cefiyac maeTcs ciaenyioulee oobsacueHne. IIpy sJeKTpU3aiuu Te
BAXKEH TECHBIN KOHTAKT MeXAY HMMHU. OJEeKTpHYeCKHe CHJIbI
YAePIKUBAIOT 9JIEKTPOHBl BHYTPU Tesia. HO [Js pasHBIX BeUleCTB
9TH CHJIBI Pasiu4YHBI. IIpu TecHOM KoHTakTe HebGoibmias 4acTb
9JIEKTPOHOB TOTO BEIIEeCTBa, ¥ KOTOPOTO CBA3bL 3JIEKTPOHOB C Te-
JIOM OTHOCHTEJBHO cliaba, mepexofuT Ha apyroe Tesao. llepemente-
HUA JEKTPOHOB IIPHM 3TOM HE IIPEBBIIIAIOT PAa3MEPOB MEXKaTOM-
uuix paccrosauii (1078 cm). Ho ecmu Tesna pasbeauHuTH, TO 068
OHU OKAKYTCH 3APAMREHHBIMU.

Taxk KaK MOBEPXHOCTH TeJ HUKOTJA He OLIBAIOT NAEATBbHO IJIaj-
KHMH, TO HEOOXOAMMBIHA AJIA IIepexOofa TECHBLIM KOHTAKT MEXIY
TelaM#d YCTAHABJIWBACTCH TOJNBKO HA HeDOJBIIWX YYACTKAX IIO-
BepxHocTeit. [Ipu TpeHUHU Tea APYr 0 Ipyra YKUCJIO YIACTKOB C TEC-
HBIM KOHTAKTOM YBEJWYMBAETCH, U TEM CAMBLIM YBeJIUUMBAETCHA
of1rtee YUCHO IAPAIKEHHBIX YACTULL, TIEPEXOAANINX OT OZHOTO TeIa
K ApYroMy.

Onsaxo B mocienHee BpeMs 3TO OObACHEHUE 3JIEKTPHU3ALUH
TpEeHUEM CTAJIO BHIZWBATEL Bo3paskenma. He fCHO, KAK B TAKUX He
TPOBOAAIIUX TOK BellecTBax (M30aATOpPax), Kak 30OHUT, NJEK-
cCHIJIaC M Apyrue, MOLyT IepeMeimaThCA dJeKTpoHbl. OHM Belb
CBfi3aHBl B HEUTPAaNbHBIX MoJjekysiax. CoTpyaHuKamu ©Ousu-
Ko-TexXHuuUeckoro uuctutryTa B CankT-Ilerepbypre 6bL10 npeayo-
KEHO Apyroe od0'bsCHeHHE,

g uornsoro ¥xpucranna LiF (unsonsaTopa) 310 06bsACHEHUE BbI-
raguT Tak. [Ipu o6pa3soBaHME KPUCTAJIA BOSHUKAIOT PA3IMIHOTO
poza medeKThl, B YUaCTHOCTH BaKaHCUU — He3anoJHeHHEIe MecTa B
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y3JIaX KPUCTAJLINYECKOM pemieTku. Ecu uncIo BaKaHCcHil AJiA 1I0-
NOMUTEILHEIX MOHOB JIUTHSA U OTPULATEJILHEIX — (bTOpPA HEeoAMHa-
KOBO, TO KPMCTAJLJI OKaXeTcA Npu oOpasoBaHUU 3apAKEHHBIM 110
o6bemy. Ho 3apax B 11eJIOM He MOXKET COXPAHATHCA Y KpHUCTaJLIa
noaro. B Bozgyxe Bcerga mmeeTcs HEKOTOpPOe KOJIWUECTRO HOHOB, U
KPUCTLI OYAET UX BBHITATHBATH U3 BO3AYXa A0 TeX IIOpP, IIOKa 3a-
pAJ KPUCTAJLIa He HeHTPANIUu3yeTCA ¢JI0eM YOHOB Ha €T0 II0BEDXHO-
cTH. Y pasHBIX HUB0JATOPOB OOBEMHBIE 3apAALI DA3JVYHBI, ¥ IIO-
3TOMY PA3JIMYHLI 3apAAbl IOBEPXHOCTHHIX CjI0eB HOHOB. IIpu Tpe-
HHUH TIOBEPXHOCTHBLIE CJIOM HMOHOB NIEPEMEINUBAIOTCA, W IIPY Padb-
€IVMHEHUH U30JIATOPOB KAMK/IBIM N3 HUX OKA3BIBAETCA 3APAYKEHHBIM.

A MOTYT JIH 3JIEKTPU30BATHCSA IIPHU TPEHUU JBa OUHAKOBEIX U30-
JIATOpa, HAIlpUMeD Te e KpucTasuikl LiF? Eciv oHu HMe0T oJ{uHa-
KOBHIe coOcTBeHHBIE OGBbeMHBIE 3apsibl, To HeT. Ho oHH Moryrt
HMeThk ¥ Pa3auyHbie COGCTBEHHBIE 3aPsibl, €CJIU YCAOBHASA KPUCTAJ-
JIM3AILUH GBIIN PDASHLEIMMY ¥ IIOABIJIOCH DA3HOE YHCJI0 BAKAHCHUH,

Kax mokasajy omnpIT, 3JeKTpH3aliusa IPH TPEHUU OLUHAKOBBIX
KpMICTaNIOB PyOUHA, AHTAPA ¥ AD. JeHCTBUTEIBHO MOXKET IIPOUC-
XOAUTS.

Onnaxo npuBefeHHOe O0BbACHEHNE BPAJ JIU IPABUJILHO BO BCeX
cryuasax. Ecay Tena COCTOSAT, K IPUMEPY, U3 MOJIEKYJISAPHLIX
KPUCTAJIJIOB, TO HOSBJIeHUe BaKaHCHU y HUX He JOJMHO IIPHBO-
IWUTH K 3apAMEHHI0 TeNa.

Taxum o6pasom, MBI BUAMM, UTO TAKOE IPOCTOE, KA3AJIOCH OBI, AB-
JleHue, KaK 3/IEKTPU3ALUA TPEHUEM, COAEPIKUT HEMAJIO 3arafOIHOro.

AnexTpM3auma Ten U ee NPpUMEHeHue B TeXHUKEe

3HauUTeJAbHAA 3JIEKTPU3AIHAA IPOUCXOAUT IIPU TPEHUU CHHTE-
THUEeCKHX TKaHel. CHUMasa HeHJIOHOBYIO pyOalIKy B CyXOM BO3AY-
Xe, MOJKHO CJBIIIIATE XapaKTepHoe MoTpecKHUBaHue. MeXay 3aps-
JKEHHBIMH VUYACTKAMH TPVIIUXCSA IOBEPXHOCTEH IPOCKAKWBAIOT
MaJieHbKHe HMCKOpKM. C moJOOHBIM SABJIEHUEM IIPUXOAUTCH CYHU-
TaThHCA HA IIPOM3BOJACTRBE. TaK, HUTH IPAKH HA TEKCTHUIBHBIX
thabpuKax 3JeKTPHU3VIOTCA 34 CUeT TPEHUA, IPUTATHBAOTCA K Be-
pereHaM u pByrcda. Ilpska DpuTATHBaET IBLIH U 3arpa3HsaeTcd.
I[TosaToMy HEOOXOAHMMO TIDHHHMATH pasJHYHBIe MEpH IIDOTUB
2JeKTPHU3alliH HUTEH.

PasmareiBaa B tunorpadum 6osbinve pyjaoHsl Oymaru, pato-
yne HaJEeBalOT PE3NHOBBIe IIE€PYATKH, UTOOHI IpeAOXPAHUTEH cels
OT 3JIEKTPHUECKUX Das3pAfOB, BOSHUKAKIUX MEXAY HasJIeKTpH-
30BaHHOI Oymaroi u pykamu.
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Bosabuine asjexTpudecKue 3apAlbl HAKAILJIUBAIOTCH IIPU Tpe-
HUU muH 00 acdaabT nNpu cyxod moroje. BosHuKaer omacHOCTb
TIPOCKaKWBaHUA MCKDPHL. 1103TOMY Cc3afu MalIWH — IHUCTEPH IJIsA
ropoyero — IPAKPEIIAIT MeTaJIudYecKue I[end, BOJOYAIIAeCA
o popore. Horga gaske IerKOBBIE MAlIMHBI CHAGMKEHBI 3JIACTHY-
HOH NEeHTOI U3 IPOBOAAILIEI PE3VHDI.

3a cueT 3yMeKTpU3ANUU TpeHueM pabGoraeT oObpIYHAS BIJIEKTPO-
cCTaTHUUYEeCKAas MAaIlMHA,

fBnenue 3JMeKTPHUBALNH TEJI DY TECHOM KOHTAKTE HCIIOJb3Y-
eTCH B COBPEMEHHBIX 3JIEKTPOKONUPOBAJLHEIX YCTAHOBKAX (THUIA
«3pa», «Kceporce» u ap.).

Tak, B ofHOM M3 3TUX YCTAHOBOK UEPHBIN CMOJSAHOM HOPOLIOK
[IEPEMEIIINBAETCA C MEJbUANIIMMHU CTEeKJIAHHBIMU I[IAaPDUKAMH.
ITpu 5TOM MIApPUKU 3apAYKAIOTCA IOJIOMKWUTEJHBHO, a YaCTUILHL IIO-
pOIIKA — OTPUILATENLHO. BelefcTBUE NPUTAKEHUA OHU IMOKDHI-
BAIOT TOBEPXHOCTh ITAPHKOB TOHKHUM CJIOEM.

KonupyeMrulii TEKCT MM uepTeX NPOEUPYETCA Ha TOHKYIO Celie-
HOBYIO IJIACTUHY, IIOBEPXHOCTb KOTOPOH 3apsAyKeHa IIOJIOKUTEIBHO.
IInacriiHa MOKOUTCS HA OTPUILATEIHHO 3aPAKEHHON METALITNYECK O
nosepxHocTH. IToa melicTBreM CBeTa IIACTHHA PaspAMKAETCHA, U MO-
JIOKUTEJbHBIN 3apsAJ] OCTAaeTCs JIMLIL Ha YYacTKaX, COOTBETCTBYIO-
HIMX TEMHBIM MEeCTaM U300parKeHnA. SaTeM ILJIaCTHHA TOKPLIBAETCS
TOHKHUM CJIOEM IIIAPUKOB. Biarofaps NpUTAXKEHUI0 PAa3HOUMEHHBIX
3apAN0B CMOJIAHOU MOPOIIOK IIPHUTATHUBAETCA K IOJOXKHUTEIHLHO 3a-
PAXKEHHBIM YUYACTKAM IJIaCTUHBI. ITocse 3Toro miapuKu CTPAXMUBAIOT
¥, ILIOTHO NPKYKAB K NJIACTUHE JUCT 6yMaru, NorydaloT Ha Hell oT-
meuaTok. OTIIeuaToOK 3aKPEIUISIOT C IOMOIBIO HATDEBAHUA.

Marxpocronuvecroe meno sneKmpuiecKu 3apANCeHO 8 MOoM
caydae, ecaiu OHo codepycum u3GblMOLHOE KONUYECTE0 de-
MeHmapHvlx wacmuy ¢ o0HUM 3Haxom 3apada. Ompuuya-
meabHblit 3apad meaa o6ycaoéien ulbvimrom 3J1eKMmMpoHO8
N0 CPasHeHUI0 C NPONMOHAMU, O NOJONUMEabHbll — Hedoc-
mamxom 31eKMmpoHO8.

1. 36oHUTOBAA MAJOYKA IPH SJIEKTPUIAINU 3apASUIach OTPUILA-
TeabHO. OcTanach I HEU3MEHHOM MACCa IaJOUKu?

2. W3BeCTHO, UTO CTEKJISIHHASA NAJIOYKA, [IOTEPTASA O IIEJK, 3apd-
KaeTcs noJokuTeabHo. Onpegenure 9KCIePUMeHTAIbHO 3HAK
3apAfa MJIacTMAacCOBOM PYYKH, IOTEPTOM O MIEPCTh.
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§ 1.2. OCHOBHOI 3AKOH 3NNEKTPOCTATUKM —
3AKOH KYJIOHA

Hauano KomuuecmeeHH020 USYYEHUR INEHKMPOMAZHUMHLLX
e3aumodeiicmauii omrocumca k wonyy XVIII a. B 1785 z.
¢ppanyyscruil pusux Hlapav Kyaon axcnepumenmanvHo yc-
MAHOBUJNL OCHOBHOIL 3AKOH 3eKMPOCMAMUKY — 3AKOH 83aU-
Mmodeiicmeus 08Yx HenoOBUNCHbLX MOYEUHbLX 3APANCEHHbLY
men uau wacmuy. Toavko 0aa moveuHbix 3apAG08 noHamue
paccmoarua mexndy 3apadamu umeem onpedeaerHrovlit CMbLCA.

ToueuHbIX 3apAXKEHHBIX TeJl B npupoxe Het. Ho ecnu paccroa-
HHe Me)XIy TejJaMH BO MHOrO pas 6oJibllle UX pasMEpoB, TO HH
dopMa, HU pas3Mephl 3aPAKEHHBIX TeJ CYUIECTBEHHO, KaK IIOKa-
3bIBAET ONBIT, HE BJHAIOT HA B3aUMOJAEHCTBUE MEXJIY HHUMH.
B sToM cyyae Tesla MOMKHO PacCMATPUBATE KAK TOUeUHEIE, 3aKOH
BCEMUPHOI'O TATOTEHUS TOXe cHOPMYIUPOBAH JJIA TOUEUHBIX TeJ.

Cuna B3auMOAEMCTBUA 3apsiKeHHBIX TeJl 3aBUCHUT OT CBOMCTB
cpefbl MeXIy 3apAxeHHbIMU TejaMmu. Iloka 6ygeM CUMTATH, UTO
B3aMMOJieiicTBMe IPOHCXOZUT B BaKyyMme. BrpodyeM, OIRIT IIOKa-
BRIBABT, YTO BO3AYX OUEHb MAJO BJMSAET HA CHJY B3AMMOJIENCT-
BHU#A, OHA OKA3LIBAETCS IIOUTH TAKOH 3Ke, KAK B BAKYYMe.

OTkpsbiTUe 3aKkoHa KynoHa

3aKO0H B3aMMOJEUCTBUS HEIIOJBHMKHBIX SJIEKTPUUCCKUX 3aps-
KoB — 3aKoH Kysoua — ocHOBHOI (PyHIaMeHTANLHEIN) husuye-
CKM# 3aKOH M MOYKeT OBbITb yCTAHOBJIEH TOJNLKO ONBITHBIM HYTEM.
Hu 13 kaxkux Ipyrux 3aKOHOB IPUPOALI OH He BEITEKAET.

OTKpbITHE 3aKOHA B3aMMOJEHCTBUS BJIEKTPHUUECKUX 3aPAJOB
ObLJIO 06JIerdeHo TeM, UTO 3TH CHJIBI OKA3AJIMChL BEeJUKMN. 34eCh He

Kymoun Ilapas Ortocren (1736—1806) —
bpaHIY3CKNA ydUeHBI, M3BECTHHIH CBOMMUN
paboTaMU 110 BIEKTPUUECTBY ¥ MATHETH3MY ¥
HcexeqoBaHMeM cua TpeHns. Hapany ¢ uayude-
HHEM B3aUMOMEUCTBHMA 3apsKeHHHIX Tes Ky-
JIOH HCCJIEJOBAJ TaK)e B3aMMOAelcTBHE IIO-
JIIOCOB AJIMHHBIX MATHATOB.
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HYXXHO OBLJIO IPHMEHATHh 0C000 UYBCTBHTENBLHOM AamnmapaTypsl,
KaK IIpX H3MEPEeHHUH I'PaBUTAIlMOHHON mocToaHHOI Kasernguirem.
C moMOIyBIO JOBOJBHO HMPOCTOTO NpuOopa — KPYTHIBHBIX BECOB
VAAJIO0Ch YCTAHOBUTH, KAK B3aHMOAEHCTBYIOT APYr C APYroM Ma-
JleHbKHE 3aDAXKeHHEbIe IIIADUKH.

Kpyrunsusie Becar Kynorua (puc. 1.3) cocToAT U3 CTeKIAHHON
TIAJIOYKH, ITOABEINEeHHOM HA TOHKOM ynpyroit mposonouke 1.

Ha ogmnoM KoHIle ManoYKi (KOPOMBICIIO BECOB) 3aKperLieH 6y3u-
HOBBIH IT030JI0OUEHHBIN IapHK 2, 8 HA APYT'OM KOHI[e — IIPOTHROBEC
3. Eite oquH mapuk 4 3aKperneH Ha KPbILOKe BECOB HEIIOLABUMKHO.

Bpamenuem crep)XeHbpKa 5, HA KOTOPOM 3aKpellIeHa IIPOBO-
Jo4Ka ! ¢ KOPOMBICJIOM, IPDUBOAAT IHADUKYU 2 H 4 B CONIPUKOCHO-
BeHUe. 3aTeM BRIHMMAIOT IIapHK 4, 3apsAXKaloT ero M CHOBA OIlyc-
KAaIoT IO CONPHKOCHOBEHHA C InapukoM 2. HacTe 3apana nepexo-
AHUT ¢ mapuka 4 Ha mapuk 2, ¥ OHY OTTAJKMBalOTCAa. [Ipu sTom
npoBoJIOYKa ] 3aKpy4YMBaeTcs HA HEKOTOPBIHA yrox ¢, (puc. 1.4),

KOTODBII OTCUMTHIBAETCA 10 HHXKHEH mKaje 6 (puc. 1.3).

B oxnomM us onbitoB Kysona atot yrox 6sin pases ¢, = 36°. 3a-
TeM Kyson cOmuikasn Iapuku 1o yria ¢, = 18°, Bpamas crepxe-
HEK 5 110 4acoBoil crpeake. IIia 3Toro crepKeHex IPHIIIOCH IO-
BEPHYTH Ha yrox o = 126°, 0TCUUTHIBAEMEI 110 BepXHeil uKaje 7.
Vron B, Ha xoropuifl OKa3asace B pesysabTaTe 3aKPyueHa HUTE,
crax paseH: B = o + ¢, = 144°, 3naueHne sToro yria B 4 pasa 601b-
e [EePBOHAYAJIBHOTO 3HAYEHMA yrja 3aKpyuuBaHUA ¢, = 36°.

le/l 9TOM PACCTOAHHE MEXAY IIapMKaMH U3MEHHUJIOCE OT 3Haue-
HHUA rl IIpu yrue (Pl A0 3HAYEHHUSA rz IIpH yrje (p2.

Puec. 1.3 Puc. 1.4
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Ecnu gauHa KOpOMBICTA OT MIApUKA 2 K0 TOUKY MOoABeca paBHA

. .9
d, To r, = 2dsm% ur,= 2ds1n—2—2 .

sin18°

T
OTcrona — = = 2.

Ty sin9°
CrenoBaTenbHO, IPU YMEHBLUIEHUH DACCTOAHUS B 2 pasa yrona
KpY4YeHHs IPOBOJIOUKHM ObLn yBenuues B 4 pasa. Bo cTOJbKO ke
pas YBReIWUMIICSA MOMEHT CHJIBI, TAK KaK npu nedopManum Kpyde-
HUS MOMEHT CHJBI IIDAMO IPOIOPIIMOHAJIEH YINIy 3aKDYYUBAHUA,
a 3HAUWT, ¥ cuja (ILJ1e90 CUJIEI OCTaBAJIOCh HeuaMeHHEIM). OTcona
BHITEKAET IJIABHEI BREIBOX: Ccu.A 83aumodeiicmeus 08yx 3apsa-
HCEHHbLX WapUuKo8 06pamHuo NponopyUoHalvHa Keadpamy pac-
CMOAHUA MeHO0Y HUMU:

F-L. (1.2.1)
r

Insi ompeeeHnsi 3aBUCMMOCTH CHJIBI OT 3apsaja mapukos Ky-
JIOH HaIleJ] IMPOCTOH K OCTPOYMHBIHN c11oco0 N3MeHeHUA 3apALa Of-
HOTO U3 IIapuKoBl. ‘

JLfis 5TOTO OH COeIUHAN 3aPAKEHHLIN IIIADUK C TAKUM Ke He3a-
pAXEeHHBIM. 3apsa)] IPH 5TOM pacIpefieIAica OPOBHY MEXIY IlIa-
PUKAM¥, UYTO ¥ YMEHBIIAJIO HCCIEAYEMBIi 3apAn B 2, 4 U T. 4. pas.
Hogroe sHaueHMe CUJILI IIPU HOBOM 3HAUYeHWY 3apsifa ONATH OIpe-
IeISIOCh SKCIEepPUMeHTaNbHo. [Ipy 5TOM BHSCHUIOCH, XMO CULAQ

npAMO RPONOPYUOHALLHA NPOUIBEIEHUIO 3aPAO08 ULADUKO08:
F ~ q,q,. (1.2.2)

3axoH KynoHa

OnriTel KynoHa nprBeny K YCTAHOBNEHHUIO 3aKOHA, IIOPa3u-
TeJIbHO HAIIOMHWHAIOWIETO 3aKOH BCEeMUPHOro TAToTeHuA. U3 coor-
momrenwii (1.2.1) u (1.2.2) cneayer, UTO cHiIa R3AMMOMEHCTRUA
JBYX TOUEYHBIX HEMOABMIKHBIX 3aDPSKEHHBIX TeJI B BAKyyMe IIPA-
MO MPOTNOPIMOHANBHA TIPON3BENEHNIO MOAYIeil 3apAxoB U obpar-
HO TIPONIOPIHOHANHHA KBAJPATY PACCTOSHUS MeXkAy HUMHZ,

9Ty cuny HA3HIBAIOT K YJIOH O B C K O 1.

L Ormerum, 910 N3MepATH 3apaf KyioH HemocpeACTReHHO He Mor. B To
BpeMA errfe He OBLIH YCTAHOBJEHLI € JUHHITE! 3apALA.

235ecy 1 B faJbHEHIIEM AIf KPATKOCTH Mbl YACTO BMECTO «MOAYJIb
cHJIB» 6yAeM yHOTPEeOIATE TEPMUH «CHIAS.
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Ecnn 0603HAYUTS MOAYIM 3apafoB 4depes |g,| u |g,), To 3axon
Kysiona MoKHO 3amicaTs B clegyomei gopme:

lfhllqz\

r? |

3necs k -—— K03 DU HEHT NPOMOPIMOHAIBHOCTH, 3HAYEHUE KO-
TOPOTO 3aBUCHUT OT BEIOODA eJMHHUIL 3JI€KTPUUYECKOr0 3apAa.

Takyio ke GopMy UMeeT 3aKOH BCEMHPHOI'O TATOTEHUSA, TOJb-
KO BMECTO 3apALOB B 3aKOH TATOTEHUA BXOJAT MAacChl, & PoJib KO-
apduMeHTa k UrpaeT rpaBUTAIMOHHAA NOCTOAHHAA. B oTinume
OT 3apAfOB Macca BcerJa IMOJoKUTeabHa. 3-3a aToro mox geiict-
BHMEM TPaBUTAIIMOHHLIX CHJI TEJA TOJBKO IIPUTATHUBAIOTCA APYT K
Ipyry. Kyj1oHOBCKHe K€ CHIIBI MOTYT OBITh KaK CUJIAMY IIPUTHAKE-
HUA, TAK U CHJIAMH OTTAJIKUBAHUSA.

(1.2.3)

3akoH KynoHa B BekTopHO#M popme

IToxka emre Huuero He 6BIIO CKAa3aHO O HAIIPABJIEHHH CHUJI B3au-
MOAEMCTBUA Mexxkay 3apagamu. Jlerko o6HaAPY>XHUTh, UTO JBa 3apH-
JKEHHBIX IIaPUKa, TOABEIIeHHEIe Ha HUTAX, 60 IIPUTATHBAIOTCA
IPYT K Zpyry, aJubo orrankuBalorca. OTciofia ciegyer, YTO CHIIEI
B3aMMOZREHCTBUA [ABYX HENOABMI)XHEIX TOUYEUHBIX 3apAKEHHBIX
TeJI HallpasJIeHbl BROJIb IPAMOIi, coefuHEALIel ath Tena. [1ogo6-
HBbI€ CHJIBl HASHIBAIOT L€ H TP &J b H Bl M U. llenTpassHbiMy AB-
JATCA TaKXXe CHJBl BCEMHPHOro TAroTeHus. Ecnu depes F1,2

0603HAYUTH CUITY, AEMCTBYIOIIYIO HA IIEPBBHIM 3apAl CO CTOPOHBI
BTODOTO, a 4yepes F2 | — CUIy, AeHCTBYIOLIYIO HA BTOPO# 3apaj co

CTOPOHBI nepBoro (puc. 1.5), ro, COTJIACHO TPETBEMY 3aKOHY Herro-
TOHA, F1 9= F2 - Oboaznauum uepes r1 o Panuyc-BeKTOp, npose-
JEeHHBII OT BTOPOTO 3apsAAa K IePBOMY (pnc 1.6), Torga
_’ q] q2 -
1' =k—— 3 o (1.2.4)
ry,2

"12
Fi,
e + o+ Fay 0 -
/z

Puc. 1.5 Puc. 1.6
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Ecnu 3uakn 3apAI0oB ql u q2 OOIHMHAKOBEI, TO HAIIpaBJIeHUE CUJIBI

.

Fl 2 COBIIaJaeT C HAIIPpaBJIeHIeM BEKTOpa ;1 2; B IPOTUBHOM CJIy4dae
s - N 3
BEKTOPHI Fl 2 " 7'1 2 HampaBJEHBI B IIPOTHBOIIOJIOXKHEIE CTOPOHEI.

3Hasd 3aKOH B3aUMOAEHCTBUS TOUEUHEIX 3apAKEHHLIX Tel,
MOKHO BRIUMCJIMTE CHUJIY B3aMMOAEMCTBUA JIOOBIX 3apAKEHHBIX
Tes. JIJIss 3TOTO TeJa HY)KHO MBICJIEHHO Pa30UTh Ha TaKue MaJkie
BJIEMEHTHI, YTOOBI KaKABIA U3 HUX MOYKHO GRLIO CUHTATH TOUeU-
upiM. CKIafpiBasg TeOMETpHUeCKM CHJIBI B3aUMOJEHCTBUA BCEX
ATUX SJAEMEHTOB APYT C APYTrOM, MOXXHO BEIUMCJ/IUTEL Pe3yALTHPYIO-
HIYIO CHJIY B3aMMOJEMCTBIA.

Omkpsimue 3axona Kyaona — nepsviii kOHKpemHbLil waz 8
u3YydeHUU c80iicmae anekmpuyeckozo 3apada. Hanrunue snexm-
pudeckoz0 3apada Yy meJ Uil 3NeMEeHMAPHLX YACMUY, 03HAYA- |
em, imo onu 83aumodeilcmayiom dpyz ¢ dpyzom no saxony Ky-
aona. Hukarxux omxaIoHeHUil Om cmpo2020 8bitNOJIHEHUS 3aK0-
Ha Kyaona 8 nacmosuee spems He OGHAPYHCEHO.

§ 1.3. EAUHULbI SNIEKTPUHECKOIO 3APSAAA

Buvibpambe edunuyy saexmpuiecikozo 3apada, kax u eOuHUUbL
Opyeux Qusuueckux BeAUHUH, MONMCHO NPOU3BOAbHO. [leno
30ectb MoOAbKO 8 Uesecoo6pasHoCmi mozo Uil 8pyz020 8vL60pa.

CosnaTs MaKPOCKOIIMYECKHI ATAJIOH eIMHUIBI BJIEKTPHYECKOro
3apaa, IOJOOHBIA 3TANOHY JAMHBEI — METPY, HEBO3MOXKHO M3-3a
Hen30eXKHOU yTeuxku sapsana. EcTecTBeHHO OBLIO OB 3a eTUHUILY
IPUHATH 3apAJ, BJIEKTPOHA (3TO ceffuac 1 cAeJIaHo B ATOMHOU (husu-
ke). Ho Bo Bpemena Kynomna eme He GRIJIO H3BECTHO O CYHIECTBOBA-
HUH B IpUpPOIe BIeKTPoHA. KpoMme Toro, 3apaj 3JIEKTPOHA CJIHII-
KOM MAaJl, ! [IOATOMY €TI0 TPYJHO HUCIIONB30BATEH B KAYECTBE STAJIOHA.

Eavhnua 3apana B abConioTHOM cucteme

MoKHO YCTAHOBUTL EJUHUNY 3apsifa, MCHONL3YA 3aK0H Kylio-
Ha. 9Ta efUHHULA OyIEeT IPOM3BOSHOM, U 3TAJOH AJA Hee He HY-
’KeH. BrIOMpaOT eIUHHIILY 3apsafa TaK, 4To6bl Koasdduuuent k
B dhopmyne (1.2.3) 6511 paBEH eAUHHILE.

Tak ycTaHABJINBaeTCA eIUHHIA 3apAja B abOCOJMIOTHONU
cucrTeMe eJUHMI, IMHPOKO HCIOAL3YeMOIi B TEOPeTHUECKOH
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busvKe, HECMOTPA HA IPMOPUTET MeXKAyHapoauoii cuctems! (CH).
9Ty cucTeMy eIVMHUI[ HASKIBAIOT TaKX¥e rayccoBOi cucre-
MOI e M HUI[ BYECTh BEJIUKOro HeMelKoro yueHoro K. @, Ta-
ycca, IOCTPOMUBIIIETO 3Ty cucTeMY. B ocHOBe a6COIOTHOMN CUCTEMBI
epnuuil I'aycca mexut cucrema CI'C.

3a eqMHMIY 3apAna B a0COJIIOTHOM cHMCcTeMe MTPHHMMAETCA TO-
YeyHLIH 3apAl, KOTOPBIA JeHCTByeT B BAKyyMe HA PaBHBIH eMy
3apag, HaxXoasIHHCA OT Hero Ha paccTosHHH 1 ¢M, ¢ cHJIOMH B
1 qun (1075 H).

YcraHoBiieHHAA TAKUM 06pa3oM eIUHUIIA 3apAfa CIIeUaJIbHOTO
HasBaHUsA He uMeeT. COKpalleHHO oHa 0603HauYaeTcAd KakK ef. 3apA-
Ja CT'C3 uan CI‘CBq. BykBa «3» o3HauaeT, 4TO eAUHUIA 3apALa

VCTaHOBJIEHA C IOMOINLI0 OCHOBHOTO 3aKOHA 3JIEKTPOCTATMKM —
3axona KysoHa.

OJleMeHTApHBIN 3apan (MOLYJIbL 3apsAfa 9JeKTPOHA M JIPYTUX
aIeMEeHTapHBIX YACTHIL) B cucTeMe ['aycca paBeH:

e=4,8 - 1070 ez, sapaga CTC3. (1.3.1)

EavHuua 3apspa s CU

B Mexayuapoauoit cucreme equuui; (CH) eqununa sapaga to-
JKe mpoussogHas. OJHAKO yCTaHABJAMBAIOT ee Imo-apyromy. B CU
HapsaAAy C METPOM, CeKYHIAOM M KHJIOTrPAMMOM BBEAEHA eile OZHA
OCHOBHASA eJUHUIlA — eIUHUIA CHUJLI TOKA — a M II e P. ITAJOH-
HOe 3HAUEeHMEe aMIlepa YCTAHABJIMBAETCA HA OCHOBE MATHUTHLIX
B3ammogeiicTBuil ToxoB. (00 aToM GyaeT pacckasano B § 4.7.)

Enuauny sapaga B CU— KyJOH yCTaHABIWBAIOT C IO-
MOIILIO e JUHUIILI culabl Toka. Kynon (Ka) — aro 3apan, mpoxo-
aAmMii 3a 1 ¢ Yepes MonepeYHoe ceueHHe MPOBOXHUKA IIPH CHJIE
ToKa B 1 A, Bri6pauHas TakuM o6pasoM eJUHHUIIA 3apsga COREP-
sut 3 - 10° ex. sapsina Crcat:

1Kn=3 - 10° CTC3,. (1.3.2)
3apsan B 1 Ki ouens Benuk. /[Ba Takux 3apAzna Ha PACCTOAHHH

1 kM oTTankuBanuCh OB APYT OT APYra ¢ CHJIOH, UYyTh MeHbINeil
CHJIBI, C KOTOPOU 3eMHOH IIap HPUTATHBaeT rpys3 Maccoii B 1 T.

l bakTUyecKy eXUHHAIY CHIBE TOKA — aMIep B MexIyHapoOLHOH cHc-
TeMe eZHHHUI[ YCTAHABJIUBAIOT TaK, UTOOBI onpeXeseHHass Ha ee OCHOBE

eIUHUIla 3apAJa — KYJIOH cojepxana 3 * 10° ex. sapsiga CT'C3.
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IToaToMy coOGIIUTE HeOOJBIIOMY Teay (pasMepoM IIOpANKA He-
CKOJBKUX MeTpoB) 3apald B 1 Kn meBoaMmoxxHo. OTTalkuBasach
IpYT OT APYTa, 3apAKeHHbBIE YACTHIL He CMOTJIH GBI YAePHKUBATH-
cA Ha TaKkoM Tesie. HUKaKUX APYTUX CHJ, KOTOPHIe GBIIH OBl CIO-
COOHBI B JAHHBIX YCIOBHUAX KOMIIEHCHPOBATE KYJIOHOBCKOE OTTAJ-
KHMBaHUe, B IpUpoJe He cyllecTByeT. Ho B IpoBOIHIIKe, KOTOPBIHI
B IIEJIOM HeWTpajeH, MPUBECTU B ABMKeHHe 3apan B 1 Kn me co-
CTaBJIAeT OOJMLIIOTO TPYIa. Beih B OGBRIYHON 3JI€KTPHUECKON JaM-
noukxe MolHocThio 100 BT npu manpsoxenun 127 B yecranasauga-
eTcA TOK, HeMHOro MeHBITHI 1 A, IIpu aTom 3a 1 ¢ uepes nonepeu-
HOe ceueHMe IIPOBOAHUKA IIPOXOIUT 3apAk, MOoUTH paBHBIH 1 K.

ITpn 3amucu 3axoua Kynoua B enununax CU xosbdunuent k
He TOJNILKO He paBeH eIUHHUIe, HO M UMeeT HauMeHOoBaHue (ARIIeT-
cA pasMepHOl BeJIHUUNHOI).

Tak xkak, coraacuo 3akony Kynona (1.2.3),

_ P
rArZK

TO eAMHUIA KoaddunuenTa k pasna: [k] =1 H - M2/Kn?.
Jns onpeneseHNsa 3HAUEHUA BTOTO KO3MDDUIMEHTA BHIUNCIUM
cHaJYalla CUIY B3aUMOAECHCTBHA OBYX TOUEUHEBIX 3apAfoB mmo 1 Kn

KaXKIbIi, HaXOAAIUXCA B BAKYYMe Ha PACCTOSIHUM 1 M, B cUcTeMe
CI'co:
3-10"-8-10
10*
VuurniBag, uro 1 qur = 107° H, moxyuum F = 9 - 109 H.
Ons toro uto6wl 3akoH Kymoua (1.2.3) mpu sanucu ero 8 CU
OPHBOAMI K TOMY JXKe 3HAYEHHIO CHUIIbI, HEO6X0JUMO B3AThL B pas-

HEIM O + 10° H - Mm2/Kn2.

F= OUH,

Torma
F=kw =9 . 10°H.
1M
Hrax,
E=9-10°H - m?/Kn2. (1.3.3)

OneMeHTApHEIH 3apAfg B exunanniax CU paBeH:

e=1,6- 10719 Rn.( (L.8.4)
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B snexTpoguHaMUKe, KaK BUAUM, abCOJIOTHAA cucTeMa enu-
HHUII cylecTBeHHee oTauudaerca or CU, uem B Mexarnuke. B Mexa-
HUKe pasaudajnch TOJHKO MACHITAOR eUHUI. 31ech JKe PasHbI-
MU OKa3bIBAIOTCS Pa3MEPHOCTH.

AnexTpuyeckKana NocToaHHas

Kosdpduuuenr £ 8 CH npuHATO 3aIUCHIBATE B Qopme:
k= —. (1.3.5)

BBepeHME MHOMXHUTENA 4T YIPOUIAET 3alIUCh OCHOBHLIX ypaBHe-
HUl saeKTpoguHaMuKku (ypaBHenui Maxkceenna). B atux ypasue-
HUSAX, 3alIUCAaHHBIX B efuHUNAaX CH, HeT KoaduIiuenTa 4 7.

Beoiuunny €, HaspIBAIOT 9TEKTPHUYECKOU MOCTOAH-
H o 1. OHa paBHa:

€= grj = 8,85 + 10712 Ka?/(H - %), (1.3.6)
B panpueiimem Ais npocTOTHI 3amucH 3axkoHa KymnoHa u xpy-
rux ¢popmya 8 CHU Mel 6yeM MOUTH BCErAa B HUX OCTABIATH K03(d-
unueHT k, He npuberas K ero Beipakenuio (1.3.5).
3aMeTHM, UTO HMCIOJB30BAHUE B 3JEKTpocTraTuke efuHunn CU
BMECTO eJUHWI] a6COJIOTHON CUCTEMEI IPUBOAUT K HEHYKHBIM J[0-
MOJHUTENLHBIM TPYAHOCTAM. Beb BO BceX BBIUMCIEHUAX HYIKHO
MCIONB30BaTh KoapduiuenT k unu €,. Bce aTo Hamomunaer Hanu-
caHue TBEPAOro 3HAKa BO BCEX CJIOBAX, OKAHUMBAIOIIUXCS HA CO-
TJIACHYIO, KOTOPOe OBLIO MPUHATO B CTAPOM (ZOPEBOJIOIIMOHHOIT)
rpaMMaTHKeE PYCCKOTO SI3LIKA.

B CH edunuua 3apsada — KYJIOH YcmaHasiusaemcs ¢ no-
MOWbIo eOUHUYbL CUAbL MOKa — amnep. dlemMeHmapHbuLil

anexmpuyeckuil 3apade=1,6 + 10719 K.

§ 1.4. BSAMMOOENCTBUE HENOABUXHbIX
QJIEKTPUYHECKUX 3APSIA0B BHYTPU
OAHOPOAHOIO AUINEKTPUKA

Cunbr 83aumodeiicmaus 3apANEHHbLLX mes 8 Omaudue om
CULL BCEMUDHOZO MAZOMEHUSA 3ABUCAM OM C80UCME cpedvl,
8 KOMOopoil HAxX00AMCA IMU 3aPANCEHHbIE Mela.



ITycTs 3apsAkeHHBIe MIAPUKY IIOMEI[eHEl B OXHOPOAHBIN U30J1A-
TOp, WM SUSJIEKTPUK!.

IIpu aToM JyuIIe UCIOJNBIOBATH *KUAKUIN JUAJIEKTPUK (Kepo-
CHH, MACJIO U T. I.), TAK KAK U3MEPUTH CHJIY B3auMoJeiicTBUA 3a-
PAXKEHHEIX TeJ] BHYTPU TBEPJAOro NU3JeKTPHKAa TPYLHO U3-3a BO3-
HHKAIOIUX B HEM YIPYIrdX HAPAIKEHUH,

Cuna B3auMOJeMCTBUA MEXKAY 3apANAMUA B OJHOPOJHOM JHH-
3JIeKTPHKe, KaK ITOKA3LIBAET ONBIT, BCETla MEHBIIIe, YeM B BaKy-
yme. IIpuuem omuowenue cunvt F, 83aumodeiicmeus 3apados 8

aaryyme k cuae azaumodeizcmeusn F amux ne 3apados na mom
Jce paccmosHUU 8 cpede He 3a8UucCUumM HU Om camux 3apados, Hu
om paccmosanun medxdy Humu. OHO onpelessaeTcss TOJIBKO CBOM-
crBaMu cpeabl. Eciin 0603HAYUTE 3TO OTHOIIEHHE Yepes €, TO

0. (1.4.1)

Orciofma cnegyer, uTo 3aKoH KymoHa fisi B3aMMOAEMCTBUA 3a-
pAZOB B cpejie B Me)xayHAPOAHOM cHcTeMe HMeeT BUA:

~ ! |q1]|a2]
F= ane, 7 . (1.4.2)
A B cucreme I'aycca —
|44]19]
F=—C=. (1.4.3)
er

BenuunHy € Ha3LIBAIOT AHUJ3JEeKTpPpUUEeCKOH mpoHu-
ILaeMOCTBIO CpeJhl.

JAM3eKTpHYECKas IPOHUIAEMOCTh cpeasl — 310 ¢(usuue-
CKafg BeJIMYMHA, XapaKTepH3yHollas 3JNeKTpHYeCKHe CBOHCTBa
BelIeCTBA M TOKA3BIBAIOMIASN, BO CKOJHKO pa3 CHJa B3aMMonaei-
CTBMS 3apANOB B JAHHOI cpele MeHBIle CHJLI HX B3aUMOAEHCT-
BHA B Bakyyme. OHa saBisderca GespazmepHo#l Bemmuunoit, Ina
BakyyMa € = 1. BnocieiICTBUM MBI BBIACHUM NPUYMHY, IO KOTO-
poOi# cuJa B3aMMOJEHCTBUA 3apALOB B JUAJIEKTPUKE MEHLIIE, UeEM
B BaKyyme,

1 UzonaTophl B huanke oGBIYHO HABKLIBAIOT JUIIEKTPUKAMH (OT Tped.
dia — Bpo3nb U aHrI. electric — amexTpwyecKMii); TEPMHHOM «[UIJIEKT-
pux» 00603HAYAIOT BEIECTBA, Y€pPe3 KOTOPHIE IepefalTCsA JIEKTPOMAar-
HUTHbIE B3anMOAeHCTBUA.
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3HaueHUA AUDIEKTPUYECKOH IPOHHIAEMOCTH HEKOTOPHIX Be-
IecTB MpuBeJeHbl B Tabnune 2.

Tabauya 2
Bemecrs Rmsesrmuecas

Boaayx (mpu 0 °C u 760 MM pr. cT.) 1,000594
Kepocun 2,1

360HUT 2,7—2,9
Kgapn, 4,5

Crexno 5—10

CoMpT 3THJIOBRII 27

Boja (uucrasn) 81
CerseroBa coJb 10 000

B 00Hopodnoli cpede cuna s3zaumodeilcmseus 3apANCEHHBLX
meJ ymeHnbliaemcesa 8 € pa3 (€ — uasexmpuieckas NpoHuya-
emocms cpedut).

§ 1.5. OLEHKA NMPEQENA ITPO4YHOCTU
nmMmoayna IOHrA UOHHbLIX KPUCTANJIOB

3axon Kynona cnpasedaus He moabkKo 0Af 3APANCEHHBLX
MaKpOCKONUYeCKUX mel, HO U 014 omOenbHblX MUKDOUAC-
muly: uOHO8 U 3JleMeHmMaAPHbLX Yacmuy.

C nomomipio 3akoHa KyJioHa MOMXHO KOJHMYECTBEHHO OLEHHTH
MeXaHUYeCKHEe CBOMCTBA MOHHBIX KDPHCTAJIIOB: OIIPEJENUTE IIpe-
OeJl MIPOYHOCTH KDPHUCTAJNJIOB M BRIUMCIHUTL (IPUOGIHMEHHO) MO-
nyas I0Hra. B MexaHHKe 5TU BEIHYHHEL ONPEAEIAIOTCA 9K CIEPH-
MEHTAJIbHO.
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Cwvna rzaumogencTeus AByX MOHOB

PaccMOTpUM HMOHHEIN KpUCTaJn mosapeHHoi coau NaCl, Pag-
HOBECHOE PACCTOSIHME MEXAY COCeJHMMH HOHAMH B KpHUCTAaJJIe
ro=~3 + 10719 m (puc. 1.7).

DKCIEepUMEHTHI ¢ HauboJee NPOYHEIMHA KPHUCTAJJIAMY TIOKA3bI-
BAIOT, YTO UX MAKCUMAJIbHAS OTHOCUTEIbHAA AedopMalius pacTa-
JKeHHs 1epel paspyuieHumeM He mpesbimnaer 10—20%. Byzem
ro+ Ar

|

To

—+ A4+

|
Puc. 1.7 Puc. 1.8

Ar
CUMTaTh MAaKCHMAJILHYIO OTHOCUTEJIbHYIO JedhopMaiiuio = € ax =
0

1 .
=17% = 6" IIpu sToit KedopManUU CMeIleHMe MOHOB OT IIOJIOYKe-

HUA paBHOBecHsA Ar =¢ .. PaccTosanune Mexy HOHAMHU B MOMEHT

max
IOCTIKEHUA MaKCUMAJIbHOHN AedopManuu paBHO: I' = ry + Ar =

=ry(1 +¢€,,,) (puc. 1.8).
3apan Ka)XEOro HOHA 10 MOAYJIIO PaBeH 3JIeMEeHTAPHOMY 3apH-

ny e. Cornacuo 3axkony KyJsioHa cujia B3anMOLeHCTBUSA LBYX HOHOB
HA pacCTOAHHY I paBHA:

e _9-10°1,6 - 107
3 2 = -20 2 o
ro(1+ €,,) 9+10 “(7/6) (1.5.1)

=2 .10 °H.

F =k

max

TaxkoBO IO MOPALKY BeIMUUHBI MAKCHMAJIbHOE 3HAUEHNUE CHUIIBI
MEXXHUOHHOH! CBA3H.
Mpo4YHOCTb KpUCTanNna Npu pacTaXeHnu

IIpu pacrsaxennu obpasna npejes NPOYHOCTH ONpenesAeTCH
MAaKCUMANLHLIM 3HAUEHUEM Pe3yIbTUPYIONIei CUIR MeKUOHHOIO
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IPUTAKECHUSA, MIPUXOAANIENHCA HA 9JEMEHT CeYeHWA eJUHWUYHOM
MIoUiagy, NepIeHIAUMKYIAPHLIA HATIPABICHUIO DACTAXKEHNS.
Ecnu Ha nmosepxHOCTH IOLIaALilo S umeerca N cBazei (T. e.
HMOHOB), TO IIOJIHAA CHJIa, AEUCTBYIOUIAA MEKAY BCEMU MOHAMU B
CeueHMH, nepe] paspylieHueMm obpasna pasHa F = NF . Orcro-

Aa MaKCHUMaAJIbHOE HallpAXKeHUue

F.N
6. =L - Tmex¥ (1.5.2)

ms S S
max OTIpeznensiercs gopmyioit (1.5.1). Onenum Ty BeIHYH-

Hy. Juamerp moHa NPHOIHKEHHO pPaBeH PACCTOAHHUI0 MEXIY
HOHAMM B DaBHOBECHH, T. €. I;. Torga umcio moHOB (& 3HAUWT,

rae F

M CBsi3eif) B ceUeHUH eJUHUYHON TLIOMAAY IPpUbINKEeHHO PABHO:

Y-S =102, (1.5.3)
To

CrenoBaTejibHO, TEOPETHYECKOE 3HAUEHUE IIPeAesia IPOUYHOCTH
Kpucraniaa NaCl pasuo:

_ PV

. -9, 1 -9 . 10
e S 2+10 1019TIa=2 - 101%9T1a. (1.5.4)

o
KoneuHo, He/Ib3s CUHTATH, YUTO 3TA OLIEHKA IIOJyYEeHA YHUCTO Te-
OpeTHUYECKU, UCXOAA U3 OIpeJeJeHHEBIX IIPEeACTABIEHHH O CTpo-
e€HUH BelrlecTsa. MBI Belh 3aMCTBOBAJIM U3 dKCIIepUMEHTa 3Haue-
HHe € . Tlepef padpylueHueMm (cM. puc. 1.8, Ha KOTOPOM CXeMaTH-

yecKH M306paKeH pA3PHIB KPUCTAJLIA).

OueHka moaynsa I0OHra

Yrobnul omeHuTs MOAYAb IOHra, HYKHO cIenaTs eie ogHO J0-
BOJIBHO I'pyGoe AonylieHue. Bygem cuutars, uro 3axoH I'yka Bbl-
moJiHseTcd pH JIo0uX JedopManuax, BIJIOTE 40 pa3pbiBa. Torga
Oy = E€, .., rae E — monyas F0nra. Orciona

10
_ cnll 2 . 10 Ha 11
E= . = 1/6 ~ 10" ITa.

max

Peszynrvmam paciema HensoxXo cozaacyemcs ¢ 3KCNepuMeH-
manvHbim 3Havenuem modyas KOHea 6aa nogaperHHol coau

E=4.10°11a.
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§ 1.6. NPUMEPbI PELLEHUA 3AAAY

IIpu pemenuu 3agad Ha mpuMeHeHUe 3aKoHa KyJoHa ucronn-
3YIOTCA 3aKOHBI CTATUKH, W3YUEHHBIE B MeXaHUKe (BCIIOMHHTE
ux). MeTofs! pellleHns 3a4a4 OCTAIOTCA TEMH K€, 4YTO U B MEXaHU-
Ke, HO no0aBJAeTCS eire OfHA CHjia — KYJOHOBcKad. IIpu sTom
HAJ0 UMETHh B BHUAY, UTO HANpPaBJEHUE KYJOHOBCKON CUJILI 3aBH-
CHUT OT 3HAKOB 3aPAJ0B B3aUMOJEHCTBYIOITUX TeEJ.

Kpowme Toro, B psje zafad UCIONb3yeTCA 3aKOH COXPAHEHUS 3a-
pana u ToT GaKT, YTO MUHUMAJBHASA IOPIIUA SJIEKTPUIECKOro 3aps-

ia paBHA II0 MOJYJIIO dJIeMEHTapHOMY 3apsany e = 1,6 « 10719 Ku.

3apava 1

CROJ‘II:RO BJIERTPOHOB COILepJRI/ITCH B KaIllJle BOALL Maccoﬁ
m=>5 -+ 107% kr?

Peltenve. Yuicsio MoIeKyJI, COLEPIKAIUXCA B Kalljie BOAbI, paBHO:

N= 2N,
rie M — wmonspHas macca Boxgbl, paBHas 1,8 + 1072 kr/moub,

a N, — nocrosinnas ABorazapo, pasHada 6,02 « 1023 monn~L. OznHa
MOJIEKYJIa BOALI cofeps:kuT n = 10 smexkTpoHoB. ClenoBaTeIbHO,
YUCJIO BJIEKTPOHOB B Kalljle BOALL PABHO:

m ~ 22
T NA=1,7 -+ 10%

nN=n-M

3apavua 2

B Bo3fyxe HA HUTH BUCUT mapuk obvemMom V =2 + 1070 M3 u
nnoTHOCTHIO p =9 + 103 xr/mM3. Bapan mapura ¢=2 - 1077 K.
Ha Kakoe paccTrosHre CHH3Y HALO MOAHECTH K HEMY Ma-
JICHBKHU IIapUK C TAKUM Ke II0 MOAYJII0, HO IIPOTHUBOIIO-
JIOKHBIM 110 3HAKY 3apAI0M, YTOOBI CILIA HATAMEHUA HHU-
TH BO3pocJia BABoe? PaccMOTpHUTE JBa caydas: a) IIapuKy
B3aMMOJENCTBYIOT B BO3AyXe; 0) BCS CHCTeMa IIOTPYKeHa

B KEpPOCHH (IIOTHOCTH KepocuHa p = 800 Kr/M3, Mu-
3JIEKTPUYECKAs TPOHUIIAeMOCTh € = 2,1).

Pewenve, a) B Bosayxe Ha NepBbIi mIapuK 10 MoAHE-
CEHUsI BTOPOTO MEUCTBYyeT CHUJIA HaTsAKeHHA HUTH T

u cuna raxectu mg (puc. 1.9).



Tak Kak apuk HAXOAWTCA B paBHoBecuu, T0 T = mg. Ilocre

TOrO KaK K NepBOMY IIAPHUKY IIOJHECJW CHH3Y BTOPOU 3apAXeH-
Huff mwapuk (puc. 1.10), Ha mepBsIlf UIAapUK CTANH ;[EHCTBOBB.TB
TPU CHJIBI: CHJIA HATAXKEHUA HUTU Tz, CHJIA TAMXKECTH Mg U KYJIO-

HOBCKAsS CHJIa F1 .
Tak KaK U Tenephb MIAPUK HAXOJUTCS B PABHOBECHH, TO
— - —
T,+mg+ F,=0.
B npoeknuax Ha BepTUKAJIbHO HANPABJIEHHYIO OCh Y 3TO pa-
BEHCTBO 3alIUIIEeTCA TAK:
T,-mg—-F, =0.

CornacHo yCciIoBHUIO T, =2T, = 2mg. CnenosaresnbHo,

2mg —mg - F;=0.

Orciona
F, = mg.
2 2 2
Ilo 3axony Kynona F, = k% , HIO3TOMY k% = mg, LIn k% = pVg.
81 81 a1

Orciona

=gl /ka}E ~4,4 - 102 M =4,4 cm.

6) Korxna Bca cucrema DOrpy»KeHa B KEPOCHH, HA IEPBBLIM IIa-
DVK JefiCTBYIOT HeThIpEe CHJIBI: CHJA HaTdKeHua Hutu T,, cuia

Yi

Puc. 1.10 Puc. 1.11
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- -

TAKECTH Mg, KYJOHOBCKAA CHJa F, u apxumesnosa cuia F_
(puc. 1.11).
W3 ycioBHUA paBHOBECHA NUMEEM:

T,+mg+F,+F, =0,

WJIM B MPOEKUUAX HA OCh Y:
T,-mg—-F,+F,=0. (1.6.1)

2

3pecy Ty, =2mg = 2pVg; F,= kq—2 ; Fo=p,Ve. IToacraBnsa
Ery

3TH BBIpaKeHuA B paBeHcTBO (1.6.1), mosyyum:

k

m z0,03].VI=3C].VI.

r2=|Q|

3apnava 3

IBa OAMHAKOBRIX INapHUKa, HeCYIUX DaBHLIe 3apAABI, IOJBE-
UIeHB"HA HUTAX PaBHOI AJUHEL K ofHO# Touke. [ITapuku onycka-
10T B KepocrH. YeMy paBHA IIIOTHOCTh P MAaTEPHUAJA HIADHKOR, €C-
JIM YroJl PACXOKAeHUA HUTeH B BO3AYXe ¥ B KEPOCHHE OAWHAKOB?
Ilnornocts kepocuna p, = 0,8 r/em3, ero qusmMeKTpHUECKas Ipo-

HUIaeMOCTh € = 2,

Pewenue. Korga cucremMa HaXOQHUTCS B BO3AYXE, TO HA KAXKALIN

o =

WwapuK AefcTBYIOT TP cuabl (puc. 1.12, a@): cuiaa TAXKeCTH mg,
cuna HarseHusa HutH T, M KynonoBckada cuna F, (Ha pucyHke

1300paKeHbl CHJBI, feHCTBYIOIE Ha OAUH U3 MIADHUKOB).

Puc. 1.13
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Tak Kak IMapUKK HAXONATCA B PABHOBECHH, TO CYMMa CUJ PaB-

Ha HYJIIO: .
mg+F +T, =0.

9TO 03HAUAET, YTO IPH CJIOXKEHHUHN CHJ BeKTODHI 00pasyioT nps-
MOYTOJIBHEII Tpeyroabpuuk (puc. 1.12, 6). A3 aToro Tpeyrojsuuka
uMeeM:

F, = mgtg o.

IIpu norpy’keHuN B KEPOCKH MTOABNAETCS €IIle aDXMUME/I0Ba CH-

na F,, a cuna HatsoxeHus Huta T, 1 KyJIOHOBCKas cuna F, yMeHs-

mawTeA mo moaynio (puc. 1.13, a). Illapuku HaXogATCA B paBHO-
BECHH, 3HAYUT,

m§+f‘a+f;‘2+f_f'2=0.

OTcioga ciaeayeT, YTO IPH CJIOXKEHHY CHJ OHM o6pasyioT sam-
KHyTYy1I0 hurypy (puc. 1.13, 6). s pucyHKa BUSHO, YTO

F,=(mg—F)tg o.

= -
OTHolleHIE MOAYJIeH CUJI F1 n F2 ecThb JU3JIeKTpAUYecKad IIpo-
HULLA€eMOCTDH CPelBbl:

Fy_ _mg _
F, €, WJIH mg-F

a

=E&.

TloncraBnas B 3TO BhIpa)keHue 3HaueHUA Macchl m = pV u ap-
XUMeJOBOIl CUJIEI F a— P KVg, IOJIYUYUM:
pVe =¢
pve-p. Ve 7

Orcrona

£p
p=;—7=16 r/cm8,

Mo3kHO peIlluTh 3Ty 3a4a4y, IPoelupya BeKTOPHbIE PABEHCTBA
Ha ocu KoopauHar. Peltenue monyuaerca 6oee TpOMO3IKKUM.

3apaua 4

B Bepmmuax KBajJpaTa paclosokeHbl OAMHAKOBBIE 3apAABI (.
Kaxoii sapsn ¢, HaZio IOMECTUTH B IleHTPE KBajpara, 4Tobbl cuc-

TeMa HaXOAWJIAach B paBHOBeCHU?
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Pewenue. VickoMuil 3apsj q, AOMKeH K C

IPUTATHBATE 3aPAALI ¢, PACIOJIOMEHHBIE qO\ /Oq
B BepUIMHAX KBaJpaTa, KOMIEHCUPYA UX
B3aMMHOe OTTajJKHBaHMe. IloaToMy 3Ha-
KU 3apAN0B ¢, ¥ ¢ MOPOTUBONOJIOXHBHI.

IIpu nmro6om 3HAUEHMH 3apAfaa ¢, OH 6yaer

HaXOLUTHCSA B PABHOBECHM, TaK Kak pac- ‘@------° .,
MOJIOKEeH B IIeHTPe CUMMeTPUH KBajpaTa, B FYS Fy
W CHJIBI, ZeHCTBYIONE HA HETO CO CTOPO-
HbI 3aPALOB, PACIOJIOMKEHHLIX B BEpPIIIH-
HaxX KBaJpaTa, KOMOEHCHUDPYIOTCH.
3apAnbl, PacHOJOXKeHHbIe B BepIIH- Puc. 1.14

Hax KBajpara, OyAyT HaXOQUThCA B pas-

HOBECUH, KOT'Za CYMMBI JeMCTBYIOIUX HA HUX CHJ PABHEI HYJIIO.
PaccmoTpum, HanmpuMep, YCIOBHE PABHOBECHSA 3apsafa, PacIiolio-
sxeHHoro B Touke D (puc, 1.14). Ha aroT 3apsaj Ae#CTBYIOT CHJIBL
orrankuBanusa F, F, 1 F3 CO CTOPOHBI 3aPsA/0B, PACIIONIOKEHHBIX

S

B BepmuHax B, C u K, u cuna F, npuTsKeHus K 3apany ¢,. Cre-

IOBaTRIBHO, L. L
F, +F,+F,+F,=0.

B mpoexnuax Ha ock X 9TO paBeHCTBO IPUMET BHI:

F,+ Fgcoso— F,coso=0, (1.6.2)
rme o, = 45°, acos o0 = 3 -
Ons HaxXOIeHUs MOAYyJIeM CUJ Heo6XOAMMO 3HATHL PaccTosA-

HUA Mexay sapagamu. O6o3Hauum JIUHY cTopoHbl BD KBagpara
yepes a, TOTAA

KD =aJJ2,AD = 92—2

HaiigeM Moayau CHJI, MCIIONAb3YA 3akoH KyJioHa ¥ cunTad, 4To
CHCTEMA 3apAA0B HaXOAUTCA B BaKyyme (€ = 1):

2 2 2|g}|g|
— 4 1, 9 - 0
Fl——k z,F3—k 2,F4——k 5 -
a 2a a

IToxcraBnsas 3T cuibl B ypaBHeHue (1.6.2), monryumm:
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OTcroma HAXOAUM:

2J2+1
|q0|=|Q|( «{1_ ).

Y4HATHBasA, YTO 3aPAAKI ¢ U ¢ AOJPKHBI MMETH IIPOTHBOIIOJIOMX-
Hble 3HAKH, [TOAYYUM:

_g(242+1)
—

3apava b

Toukoe mpoBoOJIOUHOE KOJBIO pagmycoMm R HeceT aJieKTpUUe-
cKuii 3apAX ¢. B IeHTpe Koblia PACIIONOMKEH OSHOMMEHHBIH ¢ g 3a-
pax @, npuuem @ > q. Onpexenure CHUIYy, PACTATHBAIOIYIO KOJIb-
o.

PeweHnne. 1-it cmoco6. Tak kax @ *> g, To B3auMOAeiicTBHEM
MEXKIY OTAEeNbLHBEIMU 3JIeMeHTAMHU KOJbIlA MOYKHO IIpeHe6peus. Bui-
JeJIUM MaJiblif aJleMeHT Koublia aiauHoii Al = RAa (puc. 1.15, a).

. A
Co cTopoHHI 3apsaja @ Ha Hero fgeiictByeT cuya F = kQ—;Z , TIe
R

q qAa
Aq=garA = T5r -

— -
Cuuel HaTsxxeHusa T ypaBHoOBemwuBalor cuay F (puc. 1.15, 6).
M3 ycooBusi paBHOBeCHUS, YYUTHIBasA, YT0O A0 MaJIO, HMeeM:

F= 2Ts1n— TAo.

Orciona
_F _, QA
T= Ao kRzAa (1.8.3)
1 qAo
IToncrasnssa B (1.8.3) 3Hauenud k = T 4 Aq = o » moJTyuuM:
0
T=—2 .
8n"eyR

36



=
~

Puc. 1.16

2-it eroco6. Ha kaxap1it aeMeHT Kobua AauHod Al (puc. 1.16)
JefiCTBYeT 3JIEMEHTapHAaA CHAJIa

- QAg,
AF, ~ g~
R
QgAl
TaRRaRAqi=%,ToAFi=k 2
T 2nR

TeomeTpuueckasa cyMMa 3JI€MEHTAPHBIX CHJI, AEHCTBYIOLINX HA
MOJYKOJbIO0, YPABHOBEIINBAETCA BO3HHKAIOIIMMH CHJIAMHU HATHA-
JKeHHA KOJbLa (cM. puc. 1.16):

Y AF, = 2T =0.
i

WNnu B npoeKuusax Ha OCh Y

QAF, - 2T =0.

Orcrozxa
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W3 pucyuxa BULHO, UTO

Ax; QqAx;
AF. =AFcos 0 =AF.— =k .
iy i zAli 21'CR3

CiepoBsaTesbHO,

Tax Kak ZAxi = 2R, TO

i

T=—24
8n eoR

YnpaxHeHue 1

JBa 3apsisKEeHHBIX IIAPUKA MaJIbIX PA3MEPOB ¢ OJAMHAKOBBIMU
OTPHIATEIbHBIMHY 3apALAMHU PACIIOIOMKEHEB] B BAKYYMe Ha pac-
CTOAHUHU ¥ = 3 CM APYr OT APYyra ¥ OTTAJKHMBAIOTCA C CHJIOH
F =2+ 1075 H. Haligure uuci0 U36RITOYHBIX 3IEKTPOHOB N
Ha OZHOM ILIAapHUKe.

C Kakoil cuI0¥ B3aMMOJAEHCTBOBAJIM OBl ABEe KaIllJIM BOJABI HA
paccroanuu 10 kM, ecam OBl yaasioch IlepefaTh OFHOU U3 Ka-
neap 2% BceX JIEKTPOHOB, COAEPKAIIUXCA B APYroM KaIlie
maccoit 5 « 107% kr?

JIBa OZMHAKOBBIX MAJEHbKUX INapUKa, KMEIOHINE 3apALbI
+20 CTC3 g X -14 CI‘CBq, NpUBEAEHB! B COIPUKOCHOBEHUE M

pasaBUHYTHI Ha 2 cM. HaliguTe cuy B3anMoefiCTBUA IIapH-
KOB.

OnuHaKOBRIE METAJJIMUECKHE OJHOMMEHHO 3apAKEHHBIE ITa-
PHKH HaXOASATCA HA paccTosHuHU r. OTHOIIEHUE 3apALOB IIa-
pukoB paBHO n. Illapuxu upuBean B cOnIpUKocHOBeHHe. Ha
KaKoe pacCTOTHHE X HaJO0 Pas3BeCcTH, 4TOOBI CUJIa BRAUMOJAEHM-
CTBUA OCTANACh IIpexHen?

JJIeKTPOH IBHKETCSA BOKPYT IIPOTOHA II0 KPYIoBOi op6uTe.
Onpegennte nepuoy T oOpallleHNA 3JIeKTPOHA, CUUTAS PATUYC



10.

11.

12,

op6utel paBHEIM r=5 + 10711 M. Macca snekrpona m, =
=9,1- 10731 p.
Bokpyr Toueunoro 3apaga @ = 5 CI'C9 ;, DABHOMEDHO IBUKET-

cA MO OKPYKHOCTH TMOJ AeHCcTBUEM KYJIOHOBCKOII CHJIBI Ma-
JICHBKUI OTPHUIIATEJBHO 3apAKEHHBIN IHAapHK. UeMy paBHO
OTHOIIIEHHE 3apAfa ITapHKa K ero Macce, ecjid pPajuyc OK-
PYXXHOCTH r= 2¢M, a yrjoBasg CKOPOCTL BpalleHHA o =
= 5 pan/c?

JBa ofMHAKOBRIX IMApUKa Maccoil m = 0,5 r IoaBeINeHEI B Ba-
KyyMe Ha HuUTax gauHoit L = 0,8 m k ogHoit Touke. ITocne mo-
JAYIeHUA MIApUKaMU ONUHAKOBEIX 3apAJ0B OHU PA3OLLINCEL HA
paccroaunue r = 0,1 m. Haiigure 3apaj ¢ Kasxa0ro mapuKa.

Ha mrenkoBoif HUTU NHOABellleH MaJIEHBKUWH IIapHK MAacCCcOu
0,1 r. Illapukry coobineu zapazn 50 CI'C3 o Kax 6gu3ko HanO

MOAHECTH K HeMY CHHU3y ONHOMNMEHHBIA PABHBIA eMy zapsdn,
YyTOoOBI CUJIa HATSAXKEHUS HUTH YMeHBIINIACH BABOE? 3apAIbl
HAXOAATCA B BAKYYMe.

IIsa HeBeCOMBIX OJHMHAKOBO 3apsKeHHLIX IIADUKA IIOJBelile-
HBI B BO3AYyXe HA TOHKHX HEIIPOBONAIIUX CTEPHHAX AAUHOI
1 =100 cMm. OpuH us creprkHell 3aKpeIIeH B BEPHKAJIBHOM TI0-
JOXKEHUU, a APYroi, Maccoit m=15 + 1073 kr, — cBoGOXEH.
OmpegenuTe, IpU KAKOM 3HAYEHHH 3apsSOB dTOT CTEPIKEHD
OTKJIOHUTCA Ha YroJ o = 6° (g = 10 m/c?).

Tpu OZMHAKOBBIX OTPHIATENIBHBIX 3apaAja q=—9 + 1072 Kn
PACIIOJNIOYKEHEI B BEPINNHAX PABHOCTOPOHHEr'0 TPEYTOIbHUKA.
Kaxoit 3apsajg @ Hafo IOMECTUTE B IIEHTPE TPEYIrOJLHUKA, UTO-
OBI cCTEMA HAXOAMJIACh B paBHOBecHuu?

Tpu ogmHAKOBBEIX 3apaga ¢ = 20 CI'C3 ;, TIOMEIIEHBI B BePIIH-

HAX PaBHOCTOPOHHEro TpeyrodbHuKa. Cumia, AelcTByroimas
Ha KaxXABI 3apan, mo Mmoayaio pasHa F = 0,01 H. Onpegenu-
Te AJUHY d CTOPOHBI TPEYT'OMBHUKA.

Ha paccrosiHum r= 3 M ApPYT OT Apyra pacloJIOKeHHI JBa TO-
geuHBIX 3apsana ¢, = —9 CT'CI A= -36 CI'C9 = Ilocne Toro

KaK B HEKOTOpOI TOUKe IIOMECTUIU 3apa] ¢, BCe TPU 3apsana
oKaszanuch B paBHoBecun. Haligure sapsan @ U paccTrosHue x
Mex Ay 3apAfaMu ¢, 1 Q.
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13. YeTnlpe OAMHAKOBBIX IIOJOXKHUTENBHBLIX TOUYEUHEIX 3apAga
qg=10 CI‘CBq 3aKpeIlyieHBl B BepIIMHaX KBajpaTa cO CTOpO-

Hoif a = 10cm. Haiigute cuny, #efcTBYIOINYI0O CO CTOPOHEI
TpeXx 3apsAf0B HA UeTBEePTHIH.

14. Tpu HeGONBIINX 3APSAMKEHHBIX OJHOMMEHHBIM
3JIEKTPHUECKHUM 3apAAOM IIAPHKA HAXOAATCH B
pPaBHOBecYM Ha JIBYX OJHUHAKOBLIM 06pasoM Ha-
KJIOHEHHBIX K TOPH3OHTY TVIAAKHUX HEIpOBOAS-
KX ILTOCKOCTAX, PACIOJaradch B BepITHHAX
PaBHOCTODOHHEro TpeyroJsHuka (puc. 1.17).
3apan mapukos I u 2 oAMH M TOT K€ U BIBOE
IIPEBOCXOAUT 3apAA mapuka 3. Haiinure oTHO-
IeHUe Macc BTOPOTO ¥ TPETLETO IIAPHUKOB.

15. Tpu oAMHAKOBBIX MaJeHPKUX IIapuka maccoit m = 0,1 r kax-
OBIHM MOBeIlleH:! B OSHON TOUKe HA INEJTKOBBIX HHTAX AJINHOMN
! = 20 cvm. Kakue ofHAKOBERIE 3apAIbI CJIeAYET COOOITUTE mIia-
pHKaM, 4TOOHI KaXXJAAA HUThL COCTABJANA C BEPTUKANBIO YTOJI
a = 30°?

Puc. 1.17

§ 1.7LSJ'IM3KOJJ,EﬁCTBME
U AEUCTBUE HA PACCTOAHUU

3axon 8zaumodeiicmeus Henod8UNCHLLYX INEKMPULECKUX 3a-
pados 6via ycmanosieH axcnepumenmanvio. Ho ocmasancsa
HepeuleHHbiM 80NPOC, KaK 6030eiicmeyem oduH 3apid Ha
dpyeoti.

BnuakopeiicTeue

Ecau Mul HabaofaeM geiicTBHAe ONHOrO TeJsa Ha Apyroe, Haxo-
nAamreecd Ha HEKOTOPOM PaCCTOAHUM OT HETO, TO, IIPEXJe UeM JI0-
OYCTHUTh, UTO 3TO JellCTBHE MpPAMOE ¥ HEIOCPEACTBEHHOE, MBI
CKJIOHHBI CHAYAJIA UCCHAEJOBATh, HET JIM MEXAY TeJaMH KaKoi-Iu-
60 MaTepHAaNbLHOM CBA3U: HUTEMH, cTep:kHEH U T. 1. Ecau nonobHble
CBA3H €CTh, TO MBI OOBACHAEM JEHCTBHE ONHOIO TEJa Ha APYroe
IpH IOMOIY 3THUX IIPOMEXYTOUHBIX 3BeHbeR. Tak, Korja BoAgu-
TeJIb CTAPHIX aBTOOYCOB, HhIHE BCTPEUAIOIIMXCA PEAKO, IOBOPadYH-
BaeT DYKOATKY, OTKPHIBAIOIYIO ABEpPh, TO IIOCJIENOBATEJbHBIE
YYacCTKH COeAUHUTENBHOTO CTEPXKHA CIUMAIOTCA, 3aTeM IPHUXO0-
OAT B IBMXXKEHUeE, IIOKA IBEeph He OTKPOETCs. B COBpEeMEHHEIX aBTO-
6ycax BOAHTENb 3aCTABJIAET JBepb OTKPLIBATHCA, HANDABIAA IO
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TpyOKaM CoKATBIH BO3AYX B LUJIUHAD, YOPABIAWIIMN MexaHHU3-
MoM JgBepu. MOXKHO Tak'Ke IPHUCIOCOOUTH AJIA 3TOIH IleJu 3JeK-
TpomMaranTt. Bo Bcex Tpex cnmocobax OTKPHIBAHHUA JBEPH €CThH 00-
Iiee: MeXAy BOAUTENEM M ABEPhIO CYILECTBYET HelpephIBHAA CO-
eIUHUTENbHAA JUHNA, B KAXKA0HM TOUKe KOTOPO coOBepIaeTcA He-
KoTophIll ¢usuueckuii nponecc. C mOMOMIBIO 3TOro Ipomecca,
PacnpoCTPAHAIOIIErOCA OT TOUKM K TOUKE, IIPOMCXOAUT Ilepefava
OelicTBUSA, IpUYEM He MTHOBEHHO, A C TOM MJIM MHOM CKOPOCTBIO.

WUrak, neiicTBHEe MeX Yy TeJIAMU HA PACCTOAHNHU BO MHOTHX CJIY-
YaagX MOXMKHO OOBACHUTH IMPUCYTCTBHEM MEPeIAIOIINX AelicTBHE
OPOMEXYTOUYHEIX 3BeHbeB. He pasyMHO Ji 1 B Tex cjaydasx, KOr-
Ja HUKAKOM e¢peAnl, HUKAKOI'O IOCPeAHNKA MeKAy BaauMmojeiicT-
BYIOIIIHMH TeJIAMU MBI He 3aMedaeM, JOIYCTUTH CYIIeCTBOBAHUE
HEKOTOPBIX IIPOMEKYTOUYHBLIX 3BeHbeB? Beab mnHaue npugercs
CUHTATH, YTO TEJIO AECTBYET TAM, T/l €I'0 HeT.

KoMy He 3HAKOME!I CBOYICTBA BO3[yXa, TOT MOMKET IOAYMATb,
YTO POT HJX T'OJIOCOBEIE CBABKH cobeceHUKA HEMOCPEJCTREHHO
JeHCTBYIOT HA VIIM, U CYHTATH Iepefady 3ByKa HEBUIUMOI cpe-
Joif 4eM-TO COBEPIIEHHO HEMOHATHHIM. OZHAKO MOKHO B HeTAIAX
IPOCIEeSUTh BeCh IIPOLIECC PACIPOCTPAHEHHA 3BYKOBBIX BOJH U
BRIYHUCHHTEH UX CKOPOCTD.

IIpegnmonoxenune o TOM, UTO B3aHMOAEHCTBHE MeXKAy yAajieH-
HBIMH JOPYr OT ApYyra TeJIaMHM BcCeraa OCYLIeCTBIAETCA ¢ IIo-
MOIIBI0 TMPOMEKYTOUHLIX 3BeHBEB (MJIH cpeabl), Iepeqalourux
B3aMMOJeiicTBHE OT TOYKM K TOUKEe, COCTABJZET CYU[HOCTH Te-
opuH 61H3KOAEHCTBHS.

Muorue yueHbIe, CTOPOHHUKH TeOPHU OIH3KOHEHCTBHA, AJNA
OOBACHEHHUA IIPONCXOMJEHUS I'DABHTAIIOHHBIX W BJIEKTPOMAT-
HUTHEIX CILJI IPUAYMBIBATIY HEBUIUMEIE MCTeUEeHNA, OKPYIKABIIIHE
ILIAHETH M MATHHTEHI; He3pHMbIe aTMOchepsl BOKPYT HABJIEKTDH-
30BaHHBIX TeJ. PasMBINLIeHnsa 3TH OBIIN MOKYAC OCTPOYMHEI, HO
001N HEMAJIOBAYKHBEIM HEJJOCTATKOM — OHH HHYEro He JaBaJIN
HayKe.

JAeWAcrTeMe Ha paCcCTOAHMM

Tak IpoxoMKaIoCh M0 TeX IOp, Moka HBIOTOH He YCTAHOBUI
3aKOH BCEMUDHOT'O TATOTEHHSA, He IPEIJIOMKUB, OFHAKO, KAaKOro-
nubo obbAcCHeHUA ero AeficTBuda. [locoegopaBiiie 3a 3TUM yCclIexXH
B ucceaenoBaguy ConlHeUHOoH cHCTeMEI HACTOJIBKO 3aXBATHIHM BOOO-
paskeHHe VIEeHBIX, UYTO OHH BOOOIIe B GONBINMHCTRE CBOEM HAYAIN
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CKJIOHATHCS K MBICJIH, YTO IIOMCKY KAKUX-NU00 IOCPEAHNKOB, Ie-
pesamInquX B3aNMOAeCTBUE OT OZHOrO0 TeJa K APYIrOMY, COBCEM He
HYXHBI,

BoaHukjia Teopus mpAMOro AEHCTBUSA HA PACCTOAHWUH HEIO-
CpEJCTBEeHHO 4eped nyctory. CorsiacHo 3TO# Teopuu aeiicTBUE IIe-
penaercsa MIHOBEHHO HA CKOJIb YTOLHO OoJbllivie paccTosHusa. Te-
Jia cI0COOHBI « YYBCTBOBAThL» IIPUCYTCTBHE JPYT Apyra 6e3 Kaxkoi-
aubo cpeabl Mexxkay HUMU. CTOPOHHUKOB JEMCTBUSA HA PACCTOSHUN
He CMyHIajla MBICJb O AE€HCTBUM Tejia TaMm, IZe €ro caMmoro Her.
«Pa3Be, — paccyxJanu OHuU, — MBI HE BUIAUM, KaK MArHUT WIN
Ha3JIEKTPU3OBAHHAA pacuecKa MPsSIMO depes3 IIyCTOTY [IPUTATUBA-
roT Tena?» U npu sTOM cuia DpUTAKEHUsA, HAaIpUMep MAarHuTa,
3aMETHO He MEHAETCS, eCJId MATHUT 3aBEPHYTH B OyMary ujiy Io-
JIOXKUTH B JlepeBAHHEIN AIMUK. Bojee Toro, nake ecad HaM U Ka-
JKETCH, UTO B3aUMOAEHMCTBYE TeJ BBI3BAHO HEIIOCDEACTBEHHO KOH-
TaKTOM, TO B AEUCTBUTEILHOCTHU 3TO He TaK. IIpm camom TecHOM
KOHTAKTE MEXAY TeJaMH WK 4aCTAMM OJHOTO TeJa OCTAIOTCHA He-
6osibIlie IpOMEXKYTKU. Beap rpys, HanpuMep, IOABEIIEHHBIN HA
HUTU, He Pa3phiBaeT 9Ty HUTb, XOTA MEXAY OTHEJLHBIMH aTOMAa-
MU, U3 KOTOPBIX OHA COCTOMUT, HUUero Her (puc. 1.18). HeiicTBue
Ha DaCCTOAHHUU — EAWHCTBEHHBIN CIoco0 AeHcTBusa, BCTpeUa)-
IUICSA IIOBCIOAY.

Bo3spakeHus IPOTUB TEOPUHU OJIUIKOLEUCTBUA OBIIN JOBOJIbLHO
cunbHbIMU. TeM 6oJiee UYTO OHU MOJKpPEIISJINCE YCIeXaMu, KOTo-
PBIX ROOMJIMCH TaKkye yOexxJeHHbIe CTODOHHUKY JeHCTBUSA Ha pac-
crosauuy, Kak KyJoH u AMiep, OTKPBIBIINWE 32KOHEI B3aUMOJAEH-
CTBHUA 3apALOB U TOKOB.

Eciu 6p1 pasBuTHEe HAYKH IIPOUCXOAUJIO NPAMOJHUHEHHO, TO,
KasaJjoce 6bl, 1o6esa Teopuu AeHCTBUA HA PACCTOAHUH obecmeue-
Ha. Ho B geficTBUTEIBHOCTH Pa3BUTHEe HAYKHW HATIOMUHAET CKOpee

BHHTOBYIO JUHuIO. IIpo#ifA oguH BUTOK,

OIIATH BO3BPAMIAIOTCSA IIPUMEDPHO K TEM 2Ke
L eossser IpejcTaBJIeHUAM, HO y»Ke Ha 6oJee BBICO-
eeos000s KOM ypoBHe. IMEeHHO TaK IIPOM3OIILJIO IIPH
PA3BUTHUHU MOJIEKVJIAPHO-KNHETHUECKOH Te-
opuu. AtToMHasa rumoresa lemokpura ogHO
s200es BpeMa OwLIa ocTaBjeHa OOJBIUTHHCTBOM
y4eHBIX. 3aT€M OHA BO3POAUJIACE B CTPOIOM
MaTeMaTHYeCKo# dopMe u Owlia AoKasaHa
SKCIepUMEHTaNbHO. TaK Ke CJIYYHJIoCch U
Pue. 1.18 IIpU Pa3BUTUY TeopuH OJIU3KOAeHCTBUA.
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Cozaacro meopuu delicmeus Ha paccmoaruu 00Ho meno deil-
cmeyem Ha Opyzoe nenocpedcmeeHHO wepe3 nycmomy u amo
Odelicmeue nepedaemces mzrnoeenno. Teopus 6ausrxodeiicmeusn
ymaepicdaem, umo nAwboe 63aumodeilcmeaue ocyuecmensem-
CS C NOMOULBIO NPOMEMYMOLHLLX AZEHMOE U PACNPOCMPAHA-
emcs ¢ KOHEeYHOIl CKOpOCmbIo.

§ 1.8. SNEKTPUYECKOE NONE

ITocae daumenwvroil 6opvbvl meopus 6auskodeiicmeus odep-
Jjeana oxonuameavRYw nobedy. Paccraxcem kpamio, Kax
MO NPOUIOULNIO, @ MAKHNCE PACCKANEM O MOM, LMO MAaKoe
asexmpuuieckoe noJe.

Uneu Gapanesn

PemurenbHBIM NOBOPOT K IpEeACTABIEHUAM OJM3KOAeHCTBUA
ORI HayaT BeJIUKUM aHrIuiicKuM ydeHBIM Mailikgom Papaneem,
a OKOHYATEJBHO 3aBepIiied MaKcRBeIIoM.

Ilo Teopum neficTBUA Ha pACCTOAHUY OJMH 3apAX HENOCDPeACT-
BEHHO «4YYBCTBYET» IPUCYTCTBHE Apyroro. Ilpu nepememenum o~
HOTO U3 3apA0B, HanpuMep A (puc. 1.19), cu-

Ja, AeHCTBYIOIaA Ha Apyro#t zapax — B, A B
MI'HOBEHHO U3MEHsAET cBoe 3Hauernue. Ilpuuem @— ——@
HU ¢ caMUM 3apajoM B, HU ¢ OKPYXKAOUIUM —

€ro TIPOCTPAHCTBOM HUKAKWX M3MEHEHUH He Puc. 1.19
TIDOMUCXO/MT.

Cornacuo unee Papanes saexmpuieckue 3apadvt He Oelicm-
sywm dpyez Ha Opyza HenocpedcmaenHo. Kaxcovlii us nux cosda-
em 8 oKpyiamuem npocmparcmae aaexmpuieckoe noJae. Ilone
OAHOrO0 3apAja NeliCTBYeT Ha APYro# 3apaj, u HaobopoT. 1To mepe
VAANEHUA OT 3apsja moJje ocjaabeBaer.

ITepBoHauyanbHO 3Ta MAEA BRIpAsKaia JUIIL YBepeHHOCTh (Papa-
Jed B TOM, 4TO AeHCTBUE OJHOIO Teja Ha APYroe Yepes IIYCTOTY He-
BO3MOHO. JJOKa3aTe IbCTB CYIIeCTBOBAHKA TOJIA He 66110, Takue
OKa3aTeJbCTBa U HEJb3A MIOJYYHUTh, MCCAEAYS JUINb B3aUMozei-
CTBUA HEUOABMIKHEIX 3apAJOB. YcIeX K Teopuu Gam3KojeiicTBrA
[IpUILeJ IIOCJe M3YUeHUA BIEKTPOMATHUTHBIX B3aUMOAEMCTBUH
JBMIKYIOVXCA 3apAKeHHEIX yacTull. BHauaJe 6blI0 fOKa3aHO CY-
ITecTBOBaHMe IIePeMeHHBIX BO BPEMEHU IoJNeil, U TOJbKO Hociue
3TOTO0 OBII C/ieJIaH BHIBO/J O PEAJILHOCTH 3JIEKTPUUECKOTO MO He-
THOABHIKHBIX 3apAJOEB.
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CKOpOoCTb pacnpoOCTPpaHEeHUN
3J1eKTPOMarHMTHbIX B3aUMOAENCTBUIA

OcHoBuiBasich Ha naeax Papajesa, Maxcseis cymesa TeopeTHye-
CKH JOKAa3aTh, UTO 3JIEKTPOMATHUTHLIE B3aUMOJEHCTBUSA PacCIIpo-
CTPAHAITCA B IIPOCTPAHCTBE C KOHEYHOM CKOPOCTHIO.

IT0 03HAuaeT, UYTO ecJH cJerKa NepeaBHHYTL 3apAng A (cM.
puc. 1.19), To cuna, geiicTByolias Ha 3apax B, u3MeHHUTCHA, HO He
B TO K€ MT'HOBEHHE, a JHIIb CIYCTA HEKOTOPOE BpeM4:

t=4B (1.8.1)

c

rae AB — paccToAHNe MEXAY 3apARaMH, a ¢ — CKOPOCTh pacIpo-
CTpaHEeHHUA JeKTPOMarHMTHHIX B3aumMojeicTBuil. MakcBess Ha-
mieJI, YTO OHA paBHA CKOPOCTH CBETA B BAaKyyMe, T. e. 300 000 xm/c.
ITpu nmepemenieHuH 3apAna A 3JeKTpUUECKOe IIOJIe BOKPYT 3apAja
B n3MeHHUTCA CycTda BpeMdA {. SHAYUT, AeHCTBUTENLHO MEXAY 3a-
pAXaMH B BaKyyMe IPOHCXOJUT HEKOTOPLIH IIpoiiecc, B pe3yJibTa-
Te KOTOPOr'0 B3aMMOZeiCTBHE MEXJAY HUMH PacIpOCTPaHACTCA C
KOHEYHO#H cxopoc'rmol.

CymrecTBoBaHHE ONIpPENEICHHOTO TNpomecca B IIPOCTpaHCTBe
MeXAY B3aMMONEHCTBYIOIIMMH TeJlaMM, NIALIErocA KOHEeYHOoe
BpeMsA, — BOT IJIaBHOE, YTO OTJIHYAET TEOPHIO OJUIKONEMCTBHSA
OT TEOpUM JeHCTBUA Ha paccToaHMM. Bce mpoumne apryMeHTHI B

®@apaneir Maitkn (1791—1867) — Benukwmii
aHTIUICKUM ydYeHBIH, TBOpel OOIIero y4eHusd
00 3JIEKTPOMATHHUTHALIX ABJIEHUSIX, B KOTOPOM
Bce SABJIEHUS PACCMATPHBAIOTCA C €IUHOM TOU-
KU 3peHus. @apaseii Brepsbie BBEN MPEACTAB-
JIeHHe 00 3JIEKTPUIECKOM ¥ MATHUTHOM IIOJIAX.
«TaMm, e MaTeMaTUKHU BUJEIH IEHTPhI HAIIPA-
JKeHUA cUJI AadbsHomeicTeus, Mapaneil Bumen
IpPOMEXXKYTOUHEIA areHT. I'Zle OHM He BHAEIH
HUYEro, KPOMe PACCTOSHUSA, YAORJIETBOPHAACH
TEeM, YTO HAXOHWJIHN 3aKOH pacrpeneIe s CH,
IeHCTBYIOIUX Ha 3JIeKTpHuecKue QUIIonught
(T. e. 3apAABLI C COBPEMEHHOH TOYKH 3pPEHMS),
®Dapajeil NCKAJ CYITHOCTL DEAJILHBIX ABJICHUH,
nporexamuux B cpege» (. Maxcpewt).

10 Tom, uro aro 3a mpouecc, OyzeT pacCKasaHO B JaJbHeHIneM.
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MOJB3Y TOM MJIM APYroi TeopHH HE MOTrYT CUMTATHCHA PEIAoNiu-
mu. IIpasga, sxcmepuMeHT IIO IpOBepKe paBeHcTBa (1.8.1) npu
nepeMelleHUH 3aPAJ0B TPYAHO OCYIIIEeCTBUTDH M3-3a8 O0JIBIIOro 3Ha-
yeHUA cKopocTu ¢. Ho B 3ToM celiuac, nocie usobpereHusa pasuo,
HeT HeoOXOqUMOCTH.

PaauoBONHbLI

PaguocBa3h — 5TO CBA3HR IOCPEACTBOM 3JIEKTPOMATHHUTHBIX
B3aUMOJiefiICTBHII, TAK KAK PaJHOBOJIHA — BTO 3JIEKTPOMArHUTHAA
BoyiHa. Ceifuac BH MosKeTe IPOCTO MPOUYUTATH B razerax, 4To pa-
IMOBOJIHEI OT KOCMUYECKOI CTaHIUM, NIpubauxxkaiomeiica Kk Bene-
pe, HOXo4AT f0 3eMau 6osee yueMm uepes 4 MuH. CTaHnuA yxe Mo-
JKeT CrOpPeTh B aTMochepe ILIAHEeTHI, 4 IIOCJAHHBIE €10 PAXHOBOJIHEI
emge foJaro 6yAyT 6Jy»KJaTh B IIPOCTPAHCTBE, IIOKA He IOIJIOTATCA
renamu. TakuM o6pasoM, BIEeKTPOMATHUTHOE I10Je OGHADYIKUBAET
ceb6a KaK HEUTO CYIIECTBYIOIIEE CTOb Ke PEaJbHO, KaK U CTOJ, 3a
KOTOPHIM BBl CHIUTE.

OTMaxHYThCA OT IIPEACTABJEHUH O IOJE KAK O UeM-TO CJIOMK-
HOM M HeoIlpeJleJIeHHOM, 3aIlyThIBAIOIIEM IIPOCThIE BEIlH, KaK AV-
MAJH ¢TOPOHHUKH [IeHiCTBUA Ha PACCTOAHNY, YiKe HeJlb3d.

Hpea o ToM, uTo TeJI0O MOXKeT AeliCTBOBATL TaM, I'le ero Her,
OLLJIa ONPOBEPTHYTA SKCIIEPUMEHTANBHO, XOTA OJHO BpeMs Kasa-
JI0Ch, YTO CAMO Pa3BUTHE HAYKU Tpe6yeT ee IpuU3HaHMA!,

Y710 Takoe anexTpuuieckoe none?

MEI 3HaeM, YTO BJIEKTPHUUECKOE II0JIe CYIIEeCTBYET PealbHo. MBI
MOJKEM HCCJIEJOBATH eI'0 CBOMCTBA ONMBITHLIM nyTeM. Ho MBI He MO-
EeM CKasaTh, M3 Uero 3TO IIOJIe COCTOHT. 3[eCh MBI AOXOLUM IO
rPpaHMUILI TOTO, UTO Ceiluac U3BECTHO HAYKe.

oM cocTouT U3 KUpPIHNYE, ILIUT U APYTHX MaTepHayioB, KOTO-
pBle B CBOIO OUepefb COCTOAT U3 MOJIEKYJ, MOJIEKYJIE — H3 aTo-
MOB, aTOMBI — M3 3JIeMeHTAPHBIX YaCTuL,. JJIeMeHTapHEIe JKe Yac-
THIBI, TAKVE, KAK 3JICKTPOH, HH U3 Uero 6oJiee IIPOCTOT0, UeM OHU

1Cornacuo COBpeMeHHEIM IpeACTABICHNAM, IPABUTAIIHOHHbIE BIAM-
MOJeHfiCTBHUSA TaKMKe OCYILECTBIAIOTCA ¢ IOMOIIBIO 0COGOro IOJA, HAa3hI-
BAeMOr'0 I'DABUTAIMOHHLIM UK IIOJEM TATOTeHNA. ['paBUTALIMOHHOE IO~
Jie co3[aeTcA TelaMH M IPOABIAETCA 10 JeiicTBUIO HA Tena. PacnpocTpa-
HATHCA T'paBUTAI[MOHHLIE B3AMMOAEMCTBUA TaKiKe JOJKHEI CO CKOpO-
crrio 300 000 xM/c. OnHAKO 3KCIIEPUMEHTAIBLHO 3TO TOKA HE AOKA3aHo.
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caMu, He cocTodAT. Ilo KpailiHeit Mepe, ceituac 6osee MpoCcThIX 0Opa-
30BaHM MeI He 3HaeM. Tak ke 06CTOUT [elI0 U C 3JIEeKTPUUYECKHUM
noaeM. Huuero 6osee mpocroro, 60osiee asieMeHTaApHOT0, YeM IOJIE,
MBI He 3HaeM. [IoaToMy Ha BOIpPOC O TOM, UTO TAKOE JJIEKTpHUUe-
CKOe I10JIe, Mbl MOJX{€M OTBETUTH TOJBKO TaK:

BO-IIEPBBIX, MOJI€ MATEPHAJIBHO: OHO CYIIECTBYET HEe3aBHCHMO
OT HaC, OT HAIIMX 3HAHHH O HEM;

BO-BTOPHIX, MOJie 00JIaJaeT onpeaeJeHHBIMH CBOHMCTBAMH, KO-
TOpBIE He MO3BOJISIOT ero CIYTATh C YeM-JIH00 ZPYIUM B OKPYKAIO-
meM Mupe. YCTaHOBJIEHHE 3TUX CBOUCTB ABJIAETCH eJHHCTBEHHBIM
OTBETOM Ha BONPOC, YTO TAKOE JIEKTPHUUECKOE II0JIE.

IIpu u3yuyeHUH 3JIEKTPUYUECKOTO II0JIA MBI CTAJIKHBAEMCA C 0CO-
6BIM BHOM MATEepHH, ABUXKEHUE KOTOPOU He MOAUUHAETCHA 3aKO-
HaM MexaHMKH HpioToHa. C OTKDBITHEM 3JEKTPUUECKOTO TIOJA
BIIEpBBIE 3a BCIO MCTOPUIO HAYKU ITOABMUJIACH IIyboKas ujed: cy-
wecmaeylom pasauiHbie GUObL MaAmMePUL U KANOOMY U3 HUX
npucyuii c80u 3aKOHbL.

OcCHOBHbIE CBOICTBA 3NEKTPUYECKOro nons

T'naBHOe CBOMCTBO 3JEKTPHUYECKOTO NOJAA — JeiiCTBME ero HA
3JeKTPHYEcCKHe 3apsaabl ¢ HeKoTopoi cuioii. Ilo geiicTBuIo Ha 3a-
PAJL YCTAHABJHBAIOT CYI[ECTBOBAHHE MOJsA, PACIpPeNesieHIe ero B
MIPOCTPAHCTBE, U3YyYAIOT BCE ET0 XapPAKTEPUCTHKH.

JJIeKTPHUUECKOe TI0JIEé HEIMOABU KHBIX 3apfJ0B HAa3bIBAIOT
dIeKTpocTaTUuuecKuM. OHO He MEHAETCA CO BPEMEHEM.
JJIEKTPOCTATHYECKDOE T0JIe CO3JAeTCHA TOJBKO JJIEKTPHYECKHMH
3apsagaMu. OHO cyllecTByeT B IIPOCTPAHCTBE, OKPY:KAIOIIEM 3TH
3apAanabi, M HEPA3PLIBHO C HUMH CBA3AHO.

Ilo Mepe H3yueHuA IEKTPOJUHAMUKY MBI OyAEM 3HAKOMHUTBCSH
C HOBBHIMU cBoOIicTBaMM HOJNA. I103BHAKOMUMCA U ¢ IepEMEHHBIM BO
BpPEMEHH 3JIEKTPHUYECKUM II0JIEM, KOTOPOE Y Ke He CBA3AHO C 3apd-
JaMH Hepa3phIBHO. MHOT'HEe CBOHCTBA CTATUYECKUX U IIEPEMEHHBIX
nonaei copnagaoT. ONHAKO HMEIOTCA MEXJY HHMH CYIIeCTBEHHEIE
pasauuus. I'oBopsA 0 CBOMCTBaX MOJA, MBI OYIeM HA3HIBATH 3TO IIO-
Jie TIPOCTO DJIEKTPHUUECKHUM, €CJIH NAHHOE CBOICTBO B PaBHOU Mepe
IIpHUCYIIE KaK CTATUYEeCKHMM, TaK U IePeMEHHERIM IIOJIAM.

Kax oTHOCATCSH K GyHAAMEHTaNbHbIM NOHATUAM Y4eHble?

IlonesHo CKA3aTL HECKOJIBKO CJIOB 00 OTHOIEHNY caMux GHusu-
KOB K Taxkoro poga GyHaaMeHTANbHBIM IMOHATHAM, KaK moue. To
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olpeseieHe IOJA U IIepeYnceHre ero CBOMCTB, O KOTOPKIX IIIIa
pedYb, BEPOSATHO, MHOI'MM IIOKaKeTCA SIBHO HeAocTaTOUHBIM. He
cJleyeT JIN B IIEPBYIO OUepeih BCe CHJILI HATIPABUTHL Ha JOCTHKE-
Hue QoJbleil ACHOCTH B BOMIpPOCE O I0J€, MOIBITATHCA BHIACHUTH
JeTaJIbHO ero Ipuposy?

Touka 3peHHA VUEHBIX Ha 3TOT CUET MHasdA. B Tex cBeleHUAX O
1moJjie, KOTOPHEIMH MBI PACIIOJIATA€M, YUEHBIe IPEX e BCETO BHUIAT
HeoO'bATHEIE BO3BMOYKHOCTH AJA 00bsICHEHUA IPOMAHOM COBOKYII-
HOCTH OINBITHBEIX (PaxToB. TOJBKO IMOJA 3THUMH CBEIEHHAMHU HALO
NOHUMAaTh, KOHEYHO, TOYHO CHPOPMYJIHPOBAHHLIE MaTeMaTUue-
CKHUe 3aKOHBI, OIpee/aiomie KOHQUTYDALHIO IIOJA B 3aBUCHMOC-
TH OT PACIIOJIOMKEHUA 3aPpAN0B U UX CKOPOCTEl, a He TOJLKO Te Ka-
yeCcTBEHHBIE IIPEeACTABIEHMA, O KOTOPHIX MEI TOBODHJIH. YUeHbIE
oTgamT cefe MOJHLIN OTYeT B TOM, YTO 3[IeCh TO Ke IIOJIOKeHHUe,
4TO U ¢ cuJaMu B MexaHHKe HrproToHa. [Iaa MeXaHMKM, KaK BEI
TIIOMHUTE, He BAXKHO, KAKOBA IIPUPOJa CUIbI. BaxHo, ueMy paBHa
CHJla M TIPM KaKWX YCJIOBHUAX BO3HHKAeT. B Teopuu saexromar-
HHTHOTO IOJIA TaKiKe BAYKHO B IIE€PBYIO oUepedb 3HATH, KAk II0JE
OeMCTBYeT Ha 3apdAj U IPY KAKUX YCJOBHAX BO3HUKAET, a He UTO
eCTh IoJie caMo 10 cebe. PaszHuma JUINL B TOM, 4TO, BHIXOJA 34
PaMKH MeXaHWKH, MBI MOKeM MCCJIEAOBATH IIPUPOALY CHJ, HO IIO-
CTYIHUTL TAKUM JKe 00pa3oM ¢ IoJieM He B COCTOAHHN, BO BCAKOM
cryuae ceifuac. HMcciemosanue npHpOABl PA3TUYHBIX MeXaHHUe-
CKHX CHJI 3aKJIIOUAETCHA, TI0 CYIECTBY, B CBeJ€HUU MX K TeM HJIU
uHBIM noaaM. CaMu ke II0JIA HeJb3s CBECTH K UeMy-To 6oJiee aje-
MEHTApHOMY.

Pano niau no3gHo HaIIK CBeieHUSA O TOJie, HECOMHEHHO, OYAYT
yray6nensl. Ho Te cBefleHNsA, KOTOPBIMM MBI PACIIOoNaraeM, He IO-
3BOJIAIOT MYCKATLCA B AeOpPM COMHUTENBLHEBIX TIPENIOJIOMNKEHHHN O
TOM, KaKOB «MEXaHW3M» JeficTBUA IOJA Ha 3apaibl. HyKHO
YEOBJIETBOPUTHCA CKasdaHHEIM. CTpeMJeHHMe cpasdy IMOCTHUbL «Ca-
MYI0 CYIIHOCTH» IIOJS BMECTO AJHMTEJNBHOrO, TPYAHOTO, KpaiiHe
BaXKHOTO fena o0'bACHEeHUS KOHKPETHBIX ABJCHUU Ha OCHOBE W3-
BECTHOT'O U IIOMCKOB HOBBLIX CBOMCTB IIOJIS MOXKET TOJBKO IIOKAa-
3aTHCA IIOXBAJBHBIM, a B J€HCTBUTEIBHOCTH OT 3TOT0 HYXKHO OCBO-
00K AATHCA.

OTHoIIIeHWe YYEHBIX K IIOJI0 MOXHO CPABHHUTE C OTHOIIIEHHMEM
CobakeBHua K TAKOMY JEINKATHOMY IIDEAMETY, KaK «MepTBEHIE
nymn». CobakeBrua TIpexkJe BCEr0 3aHMHTEpPEcOBajia Ta BLIr0a,
KOTOPYIO OH MOXKeT M3 HMX H3BJedb. «BaM HY»XHO MepTBBHIX
aym? — cupocun CobaxkeBuy (YuuukoBa) oueHb IPOCTO, He3 Ma-

47



JeHIero yAuUBJIeHUs, KaK Okl peub Ija o xjebe... — H3BoabTe,
A FOTOB IIPOAATH» L.

Bo BcakoOM ciay4dae, K IIOJI0 YYEHBIH OTHOCUTCA He IIO-MaHUJIOB-
cxku. Bu nomuEuTe, Kak MaHUJIOB NBITAJCA IOCTHUYL, YTO TAKOE
«MEepTBhIE AYIIN», HO, IIOHAB, YTO €My 5TO He 10O CHJIaM, OTpaHm-
YHMJICA OIACEHMsAMH, He OYJeT Jii UX IpoAaKa «HECOOTBETCTBYIO-
el rpa)XJaHCKHM IIOCTAHOBJIEHMAM M AajbHelmum BugaMm Poc-
cuus? I[TosryuuB 3aBepeHUe B MPOTUBHOM, OH COBEPIIEHHO YCIOKO-
HJICA.

Komeuno, yueHRIe cTpeMsATca Tay6GiKe HCCJIEIOBATH CBONCTBa
noada. Ho OHM OTIMYHO IOHHMAIOT, YTO IPHUPOAA XPAHHUT CBOU
TaifHBI rOpasno Jyumie, YeM YHYHKOB TallHY «MEpPTBRIX AYIII».

CTpoUTH THIIOTE3RI O «MeXaHU3Me» ACHCTBUA IIOJA YUEHBIE
CUUTAIOT 3aHATHEM HE TOJBKO GeCIIOJIe3HBIM, HO M BpeAHbIM. Ha
TAKOM IIyTH MOXXHO TOJLKO OPEBPATHTL HAYKY B COUMHUTEIHCTRO
3aHUMATEJIbHELIX HCTODUI.

B macrosiiee BpeMsa MhI He MOXKEM HaBepHAKAa YTBEDKIATH,
YTO B fajbHeHuIeM OYIAYT OTKPBITH «CYIIHOCTH» 0ojiee IEPBHY-
HBIE, UeM II0JIA ¥ 2JIeMEHTAPHBIE YACTHILEL.

Coznacno meopuu 6auskodeiicmaus asaumodeiicmsaue medx-
0y 3apaxceHHbIMU Yacmuuyamu ocyujecmsansemcsa nocpeod-
CMaEoOM 3leKmpuUYeCcK020 NoaAd. dleKkmpuieckoe noje — 3mo
oco6as opma mamepuu, Cyu,ecmayou,as He3asucumo om
Hawux npedcmasienuil o nem. JJoxazamenbecmao peaslsHOC-
mu INEeKmpULecKo20 NoNLL — KOHEYHAA CKOPOCMb PACTLPOCM -
DPAHEeRUA JNeKMPOMAZHUMHbLY 83aumodeiicmauil.

§ 1.9. HANPAXKEHHOCTb 3JIEKTPU4ECKOI'O NONA.
APUHLIMN CYNEPNO3MXLIKMU NONIEN

HedocmamouHo ymaepicdamb, 1mo sJexmpuieckoe noJe cy-
wecmayem. Hado 88ecmu KoauyecmeeHHyl0 xapakmeplc-
mury noas. Ilocae amozo sanexmpuueckue noas MoiHo Oy-
Oem cpasHusambv Opyz ¢ Opyzom u npodoORKCAMb UyLams Ux
caoiicmaéa.

1 Ta me moayMaeT UMTaTeNb, UTO YUEHLIH CBOMM XADAKTEPOM BBLIM-
Teiil Cob6akeBuu. CXOACTBO MeKAY HUMHU He B HEJNH UCIOIL30BAHNA «Ta-
HHCTBEHHBIX IIPEAMETOB», 8 B CIIOCOOHOCTH YBUJIETH B HUX ITPAKTHYECKH
TIoJIe3HEIE BEIIH.
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Hanps)XxeHHOCTb 3neKTpu4ecKoro nons

AeKTpUYeCcKoe MoJie OOHADPYKHBAETCA O cHiaaM, AeHCTBYIO-
LIUM Ha 3JIeKTPUUYeCcKUil 3apak. MOXKXHO yTBEDIKAATD, YTO MbI 3HA-
eM O IoJie BCe, UTO HYXXHO, ecjM GyfeM 3HATH CHUIy, AeHCTBYIO-
YO Ha JII060# 3apay B 11060l Touke noasa. IlosToMy Hago BBEeCTH
TAKYIO XapaKTEePUCTUKY N0, 3HaHNE KOTOPOil IO3BOJIUT OUpese-
JUTH 9TY CHIY.

VYTBep:AeHHE O PEAJIBHOCTH 3JIEKTPUYECKOTO MOJIA COCTOMUT B
TOM, 4YTO II0JIe CYUIECTBYET B ONPEAEIEHHOM 06JIaCTH TPOCTPAHCT-
Ba U TOTZAA, KOT/A 3JIEKTPUUYECKHX 3apAKOB B 3TOM 06/1aCTU HET.

Ecau nmoouepefHO mOMeIlaTh B OAHY U TY K€ TOUKY IIOJIA He-
6osburne (pobHBIE) 3apAKEeHHEBIE TeJla, TO O0HAPYIKUTCA, YTO CH-
Ja, AeHCcTBYIOIAA Ha 3JeKTPUUYECKHI 3apAl CO CTOPOHBI IOJA,
IpAMO IPONOPUUOHAIBHA 3TOMY 3apAAY.

JeHCcTBUTENBHO, TYCTh I0JI€ CO3AAETCA TOYeYHBIM 3aPANOM ¢ .

TTonosxenve MpouU3BOIBbHOI TOUYKKM A B II0JIE MOXKHO 3a4aTh Pagy-
yCOM-BEKTOpOM 7. ECJIM mOMecTuTh B TOYKY A npoGHHIA 3apax g,
TO Ha Hero 6yner geiicTBoBaTh cuya F. CorsacHo 3akony Kysona
aTa CHUJa IPONOPIUOHANBHA 3aPALY §:

F=p2dy, (1.9.1)

r

I[ToaToMy OTHOIIEHHE CHJIBI, XeHCTBYIOIIEH HA IMOMeIaeMaIi B
JaHHYIO TOUYKY IIOJA 3apAd, K 3TOMY 3apaAy B JI000H TOYKe IO-
JA He 3aBHCHT OT NOMEIIEHHOro 3apfAga M MOMKeT paccMaTpH-
BATHCHA K4K XapaKTePHCTHKA I0Jd. JTY CHJIOBYIO XapaKTepHC-
THKY HOJA HA3LIBAIOT HANPSAKEHHOCTHIO 3JIEKTPHUYECKOTO IO,

Iopo6HO cune, HaNPSYKEHHOCTH [0JIA — BeKTOPHAS BEJIUYHHA,
ee 0003HaualOT GYKBOI E. Cormacuo ompeleJIeHNI0 HAIPAKEH-
HOCTE IIOJIA PAaBHA:

E="<. (1.9.2)

<y

HanpameHHOCTs MOJa PABHA OTHOIIEHWIO CHJIIBI, ¢ KOTOPOi
noJsie KeHCTByeT HA TOYEYHEIH 3apsaj, K 3TOMY 3apany.

B xaxnoil TouKke moJsiA HAIPAKEHHOCTb HMMeET OIIpeAesieHHOe
3HaueHHe. JTO O3HAYAET, UTO HANPSYKEHHOCTb IOJSA 3aBUCHUT OT
KOODJIUHAT: E= E(x Y, 2). B cnydyae mepeMeHHBIX IOJIell OHa 3a-
BHUCUT eIre OT BpeMeHH.
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W3 dopmynsrt (1.9.2) BugHO, UTO cUaa, AeHcTBYONAA HA 3aps/
g €O CTOPOHEI 3JIEKTPHYECKOrO0 TOJIA, PABHA:

F=qE. j (1.9.3)

Ecau ¢ > 0, TO BeKTOPBL EuF HalIpaBJIEHbI B OJHY U TY ¥Ke
cropoHy (puc. 1.20); npu ¢ < 0 3TH BeKTOpPH! HAIPABJIEHBI B IIPO-
TUBOIIOJIOXKHBIE CTOPOHEI (puc. 1.21). Hanpasienue ke BeKropa K
He 3aBHCHT OT 3HaKa 3apsaga ¢. OHO coBIajzaeT ¢ HaIpaBJIeHUEM
CHJIBI, AefCTBYIONIeH HA HMOJOKUTENbHBIN 3apal.

E F F E
— -
g>0 g<0

Puc. 1.20 Puc. 1.21

@opmyna (1.9.2) mo3BonsAeT yCTAHOBUTH €OUHUILY HAIPSAXKEH-
HocTtu. B CHM Hanps >KeHHOCTh BHIPAYKAETCA B HbIOTOHAX HaA
kyaou (H/Kml

B cucreme T'aycca 3a eJUHHIY HANIPSYKEHHOCTH NIPUHHUMAETCHA
HaIpAMKEHHOCTH 1I0JIsI, IPH KoTopoi Ha 1 ex. sapaga CI'C3 geiicr-
Byer cuna B 1 aua., O6e eAUHUILI HATPAXKECHHOCTH He UMEIOT clie-
IIWMAaJbHOTO Ha3BaHUA.

HanpsxeHHOCTbL NONA TOYEYHOro 3apaga

A q Haitnem manpsskeHHOCTH TOJNA, CO3JaBae-

E % Moro TouewnBIM 3apAgOM ¢. ITOT 3apsj Aei-
9 7 CTBYeT Ha APYToi# 3apAf ¢ ¢ CUJIOM, COrJIACHO
F saxony Kynona paBHO:
>0 <0 -
! o ! 5 F= k‘g’—g 7 (1.9.4)
Puc. 1.22 rzie I — paflyc-BeKTOp, IIPOBEACHHBIH OT 3a-

psfa g K 3apany q, (puc. 1.22, a, 6).

HaﬂpﬂmeHHOC’I‘L oJIA TOYEeYHOI'o 3apAna g Ha PacCTOAHMU I OT
HEro paBHa.

-
E=kYL 7

I

(1.9.5)

1B CU eguHHIY HAUPAMNEHHOCTH BJIEKTPUUECKOTO HOJIA HPUHATO
yCTaHABAWBATE HA OCHOBE €JMHUIIBI PA3HOCTHU HOTEHIMANOB (cM. § 1.19).
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BexTop HATPS:KEHHOCTH B 060K TOUKE 3IEKTPUIECKOro OIS
HANpaBJIeH BAOJb IPAMOIA, COeTUHAIONIEH 3Ty TOYKY U 3apAn, —
OT 3ap#Ada, ecyau g > 0 (eMm. puc. 1.22, a), ¥ x 3apany, ecad ¢ <0
(cMm. puc. 1.22, 6).

ApuHumn cynepnoanunmn nonei

Ecau HA Tesmo AefiCTBYyeT HECKOJBKO CHJI, TO IO 3aKOHAM MeXa-
HUKY HeioTOHA pe3yabpTHPYOINAS CHJA PaBHA TeOMeTPUYECKOl
cyMMe CHJI:

F=F +F,+F,+.. (1.9.6)

B unTepecymoineM Hac ciIydae TEJIOM ABISAETCA 3apsKeHHOe Te-
JIO MJIH, TOBOPA KOPOTKO, SIEKTPHYECKHI 3apaAxX.

Ha snekrpuueckKue 3apAabl AefICTBYIOT CHJILI CO CTOPOHEI IOJIA.
Ecan npy Hamo)KeHUH B IPOCTPAHCTBE MOJeil OT HECKOJIBKHUX 3a-
PAIOR 3TH HOJA He OKA3BIBAIOT HUKAKOIO BIIUAHUSA APYT HA APYra,
TO PE3yJIBTUPYIONIAA CHJIAa CO CTOPOHBI BCeX MOJed TOJKHA OBITH
paBHA reOMETPHUYECKOM CYMMe CHJI CO CTOPOHBI KAXKAOro MOJId.
HAMeHHO TaK U IPOUCXOAUT HA CAMOM feJjie. JTO 03HAUAET, UTO Ha-
OPAXKEHHOCTH ToJeil CKIAABIBAIOTCS FreOMETPUYECKH, TaK KaK Ha-
OPAMEHHOCTH [IPAMO IIPONOPIIUOHANBHEL CHIAM.

B sToM cocTOMT NpPpHUHUUIN CYNEePHOO3IMIHUMU MOJeEIH,
T. €. MPUHIHUII He3aBNUCHMOIO HAJNOXKEHHNSA ToJiel («CyIeprno3nnusas B
IeperoJie HA PYCCKUIl o3HAUAeT «HAJoKeHUE»). OH dopMyanpyerca
TAK: eCJIM B JaMHON TOYKe IPOCTPAHCTBA PAINMYHBIE 3APAABI CO-
3MAIOT BIIEKTPHUECKHe 0N, HANPAKeHHOCTH KoTopeix E,, E,, Eg
H T. ., TO Pe3yAbTHPYIOMAA HANPAKEHHOCTh MOJIA B 3TOH TOUKE
paBHa:

e
LE =B +Ey 4 Egt .. (1.9.7)

Biarogapsa NpUHEIUIIY CYUEPIOSHUIIUY IS HAXOMXKIeHUA Hanps-
KEeHHOCTH MOJIS CHCTEMBI TOUEUHBIX 3apALOB B JII000H TOUKe HO-
CTATOYHO 3HATL BeIpaskenue (1.9.5) ana HaIPsAKeHHOCTH TOJIS TO-
yeuHoro sapana. Ha pucynake 1.23, a, g TIOKAa3aH0, KaK reOMeTpH-
UeCKHU OupeeNIgeTcs HAIPAXeHHoCTh E monsa, cosfaHHOro JByMs
3apagaMmu.

IIna ompeneneHuA HANPAMEHHOCTH IIOJNSA, CO3JABAEMOTO 3a-
PAXKEHHBIM TEJIOM KOHEYHBIX DPAa3dMepoB, HYKHO MOCTYIATh Clle-
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Puc. 1.23

OyIOIM 00pa3oM. MEICJEHHO pasAesIuTh TEJI0 Ha MAJeHbKHE dJIe-
MEHTHI, KaXKABIH U3 KOTOPHIX MOJKHO CUHTATH ToueuHBIM. Onpege-
JIUTH 3apAIBl BceX 3THX 3J€MEHTOB H HAWTH HATIPAXKEHHOCTH IIO-
Jeii, CO3TAHHKIX BCEMH HMH B 3aJaHHOH Touke. Ilocise artoro
CJOXUTh TeOMeTPHUYECKH HAIIPAYKEHHOCTH OT BCeX 3JIEMEHTOB Te-
JIa ¥ HAWTH pe3yJbTHPYIOINYI0 HANPAXKEHHOCTh Hoaa. aa Tein
CcI0KHOU (hOPMEBI 3TO TPYAHASA, HO B IPDHUHIIHIE PaspelinMas 3a-
Haua. [Ins ee pellleANd HY>KHO 3HATH, KaK 3apgj pacipeeseH Ha
Tee.

IoguepkHeM, UTO IPUHIUN CYIEePIO3UIIMU HE SBJISETCA TPU-
BUanbHBIM. Ilossa, yoBIETBOPAIONME 3TOMY IIPUHIUIY, HA3hIBA-
I0Tca TUHe #H HBMul.

V nuHe#HEIX HoJiefl OTCYTCTBYIOT B3aMOJeHCTBUA MEXKAY OT-
JeJbHBIMU yUacTKaMM IIOJISA: MOoJjie He ZeHCTByeT caMo Ha cels.
AnexTpOMarHUTHOEe moJie auHeiino. Ho rpaBUTAIIIOEHOe mOJE B
TEOPHHU TATOTeHUA JHUHINTeHA ABJIAeTcA HemuHeiinbiM. Henu-
HeMHO TaKiKe IOJe, OCYIECTBIAIONIEeE CHUILHEIE B3aUMONeCTRISA
MeX Ay KBapKaMu.

Bgedernue anexmpuyeciozo noas no3eoasem 3adauy 8viuuc-
JleHUS CUJ 83auMOdelicmeus 3apANCeHHbLX Yacmuy pasbumsb
Ha 06e wacmu. CHAYANA 8bLHUCAAIOM HANPANCEHHOCMD NOAA,
Cc030aHH020 3apadamu, a 3amem No U3BeCMHOU HANPANCEeH-
Hocmu onpedensiom cuavi. Tarxoe pasdenenue 3zadawu Ha
yacmu o6bi4HO obnezuaem paciemot CUL.

lTons aBnawoTcsa THHeHHEIME, ecJH YpaBHEHHs, OMUCKHIBAIONME HX
SBOJNIOLMIO MJIH pacmpefielieHue B MPOCTPAHCTEe, JUHEHHH, T. €. He CO-
JEPIKAT KBAAPATOB H (0Jiee BBICOKUX CTeleHell paccMATPUBAEMEIX BeJIH-
yuH.
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§ 1.10. TMHUMN HANPAXEHHOCTM
SNEKTPUHECKOIO nony

daexmpuueckoe noje He feilcmaeyem Ha opzaubl wyscma. Ezo
MbL He audum. Tem He MmeHee pacnpedeneHue nois 6 Npo-
cmpauncmae MoxwcHo cdenamdv sudumviM. enraemes smo do-
80JIbHO NPOCMO.

JINHUM HaANPAXKEHHOCTHU

MBI IIOIyYHM HEKOTOpOe IPEACTABIEHHE O IIoJie, eCJIU HAPUCY-
€M BEKTOPhl HAUDAMEHHOCTH IIONA B HECKOJBKHX TOUYKAX NPO-
crtpaHceTBa. Ha pucynke 1.24 TakuM cmmoco60oM M306paskeHo II0JIe
TOJIOKHUTEILHOTO TOYeUHOr'o 3apajga. JIuHBI BeKTOPOB YMEHBINA-

1
I0TCA KaK —; , 4 HAIPaBJIeHBI BCE OHU ITO pafinycam OT 3apana. Ho B
r

cJayuae NpOMU3BOJIBHOrO IOJA KapTUHa 6yAeT 60olee HATIALHOM, ec-
JI HADMCOBATH HE BEKTOPHI B OTJENBHEBIX TOUKAX, 4 HENPePbi8HbLe
JUHUU, KacameJabHble K KOMODPbIM 8 Kax00il moyre cosnadaom
c-HanpasaeHueM 8eKmMopa HANPAM e HHOCMU. ITH JUHUY Ha3bIBa-
IOTC JUHUSAMHU HANDAMXEHHOCTH WIH CHJIOBBMH
NTUHHAMHU DIEKTPUYECKOTO MojA. 3a HANpaBIeHHe CHJIOBBIX
JIMHUH IpHHUMAaeTCA HaIpasieHue BekTopa E (puc. 1.25).

Tlo xapTuHe CHNIOBBIX TUHUN MOXHO CYJAUTL He TOJBKO O Ha-
npaBjieHUU BeKTopa E, HO U 0 ero moayJe. HeiicrBurensHo, Ansa
TOYEUHBIX 3aPANOB HAIIPAKEHHOCTD IIOJISA YBEJINUMBAETCA 110 Mepe
npubINKeHUsA K 3apANY, 4 CUIOBbIE JUHUH IIPH 3TOM CTYIIAIOTCS
(puc. 1.26). Yncno CUIOBRIX JHHUM, IPUXOAAINMXCA HA IIOBEPX-
HOCTBH €JUHNYHON IIOIIAAH, PACIIONOMEHHYIO HOPMAJNBHO K CHJIO-
BHIM JIMHHAM, MOJKHO CUHTATH IIPOIOPITMOHAIBLHEIM MOJYJIIO Ha-

\\T//

™~

/u\ [

Puc. 1.24 Puc. 1.25 Puc. 1.26
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npsxeHHocTH. IToKka)keM 3TO Ha YacTHOM npumepe. OmuiieM BO-
KPYT TOYEYHOro 3apaja g chepy paguycom r (cM. puc. 1.26). O6o-
3HAYMM YMCJIO CHJIOBBIX JIMHUI, IIPOBEIEHHEIX OT 3apsaja ¢, uepes
N. 910 uucio, pasymeercsa, Npou3BOJbHO. TOraa 4YHCJIO CHIOBBIX
JUHAUH, IPUXOAAIIAXCA Ha eJHHHANY ILIOMIAIN IIOBEPXHOCTH cde-
pBI, PABHO:

n=-—5, (1.10.1)

1
T. €. yObIBaeT KaK — .
r

TouHO Tak ke yOBRIBAaeT ¢ PacCTOAHMEM HAIPAMKEHHOCTDH IOJA
TouyeuHOro 3apAga. [Toatomy

E ~n. (1.10.2)

KapTuHbI CMNOBbLIX NNHUKA

ITocTpouTh TOUHYIO KAPTHUHY CHJIOBBIX JUHUH 3aPAKEHHOTO Te-
Ja — croxxHad 3ajadva. Hy)xHO cHauasia BRIYMCJIUTH HAIPAKEH-
HOCTh moasa E(x, y, z) kKak ¢yHKIMIO KoopauHaT. Ho aToro emre
mayo. OcTaeTcsa HeIpocTaA 3ajJjaua IPOBeAEHUA HeTIPePLIBHEIX JIH-
HuU# Tak, 4TOGHl B KaXKAOW TOYKe JIMHUU KacaTelbHas K Hell COB-
nmajajia ¢ HalnpaBiieHueM HanpsxeHHoOcTH E. Takyio sagauy npo-
e BCero IMOPYYUTh KOMIIBIOTEPY, paboTaloieMy 1o CIelluaabHON
mporpaMMe.

BrpoueM, cTPOHUTDH TOUHYIO KAPTHHY PACIIPeeIEHUA CUJIOBBIX JIH-
HU# HeT Heob6xoAuMocTH. AMeeT CMBICI PHCOBATH IIPUOIMKEHHBIE
KApPTUHBI, HCXOAA U3 ONPEeIEHHON CHMMETPHH B PACIIOJIOXKEHNHY 34-
pAnoB. Takas kapTUHA JaeT HArJIAHOE IIPEACTABJICEHHE O TIOJIE.

Ha pwucynkax 1.27—1.30 usobpaxeHsl AOBOJBHO TOYHO IIO-
CTpOEHHbIe KAPTHUHBI CUJIOBREIX JIUHHMI: IOJJOKUTEJIbHO 3apAKEH-
Horo mapuka (puc. 1.27); AByX pasHOMMEHHO 3apAKEHHBIX IIa-
puKoB (puc. 1.28); ABYX OJHOMMEHHO 3aps-
JKEHHBIX MAapuKoB (puc. 1.29); aByx miacTuH,
3apAABI KOTOPEIX PABHE! 110 MOAYJIIO M IIPOTH-

E  omosoxusl no sHaky (puc. 1.30). Ilocrenuuii
npumep ocobeHHo BayxeH. Ha pucynke 1.30
BUHO, YTO B IIPOCTPAHCTBE MEXKAY ILIACTHHA-
MU BIaNMU OT KpaeB ILIACTUH CHUJIOBBle JIMHUU
mapaJuIIesbHBI: 3JEKTPHYECKOe IIoJie 3Jech
Pue. 1.27 OAMHAKOBO BO BCEX TOUKAX.
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Puc. 1.28 Puc. 1.29

Arexmpureckoe noje, HanpaA#eHHoCmb KOmopozo o0uHaKo-
8a 60 8cex moukKax NpocmMpaHcmea, Ha3biéaencsa 00HOPOOHbLM.
B orpaHuuyeHHO# O06JaCTH IPOCTPAHCTBA 3JEKTPHUUECKOe II0Jie
MOXXHO CUHUTATE IPUOIUZUTEIHLHO OJHODOAHBIM, €CJIH HANIPAXKEH-
HOCTB TIOJISI BHYTPH dTOI 06J1aCTH MEHAETCA HE3HAUUTEIBHO.

CulloRBIe JMHMM 3JJIEKTPOCTATHYECKOTO TOJA He 3aMKHYTHI;
OHH HAUMHAIOTCHA HA TOJIOKMTEJBHBIX 3aPANAX M OKAHUMBAIOTCA
Ha oTpuuaTe shHBIX. M300parkeHHble Ha pucyHKe 1.27 nuuun Tak-
JKe OKAHUMBAIOTCA HA OTPHUIATEILHBIX 3apPANAX, DACIOJIOMKEHHBIX
rge-To BOajgu. JIMHUYU HEeNPEPHIBHBI ¥ He IIEPEeCeKaloTCs, TaK KaK
HUX IlepecevyeHye 03HAUANO ORI OTCYTCTBHE OIpEJeIEHHOr0 HATpaB-
JIEHUA HATPARICHHOCTH 3JIeKTPHUUECKOro I0JIA B TaHHOM TOUKe.

ITpeacrasieHue 3JIeKTPUUECKOTO

HNOJIA C TOMOIMIBIO CHJIOBBIX JUHAH 4\\ ( [)—
UMeeT CYIeCTBeHHBIH HeJOCTATOK. ~

Ecanu mb1 3HaeM, KaK BRITJIATAT CHU- L L L E l ) j
JIOBEIE JIUHUH OI[HE)ﬁ COBOKYIIHOCTH | 7 j ! 1V \\/_
3apANOB U JAPYroil COBOKYIIHOCTH,

MEI BCE PABHO He IOJY4YUM HUKAKO- Puc. 1.30

ro IpefCTaBJIeHUA 0 KADTHHE CUJIO-

BHEIX JIMHU, CO3TaHHOU 06eMMHU COBOKYIHOCTAMU. Ecau ke 3HATH
HANPAXEHHOCTb 3JEKTPHUYECKOT0 IIOJIA B Ka)KJOil TOUKe IIpo-
CTPAHCTBA IJIA OAHOIL 12 BTOPOH COBOKYITHOCTH, TO BHIYHCJINTD pe-
3YJBTHPYIOIIYIO HATIPAMKEHHOCTD II0JIA HE COCTABUT TPYIA.

HabGnioaeHne cunoBbiX NUHWIA

He cremyer aymMaTh, 4TO JUHUU HANPSKEHHOCTH — 3TO CY-
HIECTBYION[ME B JeHCTBUTEILHOCTH 06pasoBaHUs BpPOJE PACTAHY-
THIX YIPYTMX HUTEH My LUIHYPOB, Kak IpeAamojaran cam Papa-
geit. JIUHUY HATIPAKEHHOCTH JWIIL IIOMOTAIOT IPEeJACTABUThL pac-
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mpefeieHue OIS B IPOCTPAHCTBE U He HoJiee pearbHEI, YeM MEPH-
JUMaHBI U TapajlIesl Ha 3eMHOM 111ape.

OmHAKO CHJIOBBIE JUHUM MOYKHO CHEJATh «BUAUMBIMM». Ilns
3TOT0 HYXKHO METAJIIMUECKHE TeJa (3JIEKTPOABI) COeJUHUTE C II0-
JIOCAMM BIIEKTPOCTATUYECKON MANIMHLI U ITOTPYSUTh B BSAZKUIMA
OU3JIEeKTPUK (HampuMep, B KACTOPOBOE IJIH BA3E€JIHHOBOE MACJIO).
B aTy »KUAKOCTH HANO HACKINATE H XOPOIIIO IIepeMeIIaTh IIPoao.JI-
POBATERIE YACTHIBI M30MATOpA (HATIpUMEp, XUHUHA — JIEKAPCTBA
OT MaJApuu, acbecTa, MAHHON KPYIIkI, CeMAH HJIA MeJKO HACTPH-
JKEHHBI BoJioc). IIpu 3apaAKeHHH 3JIEKTPOAOB B JKHIKOCTH CO3a-
€TCA JOCTATOUHO CHJIILHOE BIIeKTpHuecKoe moJe. Ilox BaumaHmeM
3JIeKTPHUYECKOTO IO YACTULBI JUAIEKTPUKA IOJAPUIYIOTCSI: HA
UX KOHI[aX MOABJIAIOTCSA 3apsAbl IPOTHBOIOIOKHOrO 3HaKal.

YacTHIlbI TOBOPAUNBAIOTCA BO BHE-

@ @ @ @ HOIHEM I10Ji€ BOOJb JIUHAR HaIIpAMXEeH-
HOCTH, U 3apAAbl HA NX KOHI[AX B3aH-

DD DD MoJeiicTBYIOT APYT ¢ ApyroMm. Pasno-

HMEHHBIE 3apAALI [NPUTATHBAIOTCSH,
EPHCEDCEPH D 4 OMHOMMEHHBIE OTTAJIKHUBAIOTCA. B pe-
3yJIETATe YACTHUIEI AMAJIEKTDUKA BEI-
Puc. 1.31 CTPAMBAIOTCA BAOJL CUJIOBRIX JIMHUIH

(puc. 1.31). Ha pucyuxax 1.32—1.35,

cleJIaHHBIX ¢ (doTorpaduii, MoKa3aHE IIOJYUYeHHBIE TaKUM o6pa-
30M KAPTUHBI JUHUHM HATIPSIKEHHOCTH IIOJIei OKOJIO IIPOBOSHUKOB
pasauuHOil popMs! (puc. 1.32, @, 6 — ABa CTep:KHA ¢ OAUHAKOBHI-
MH 3apAJAMU U ABA CTEPXKHA € IPOTUBOIOJJOKHEIMH II0 3HAKY
¥ pPaBHBIMU II0 MOZYVJIIO 3apAgaMu; puc. 1.33 — sapsiskeHHBIR 1U-
JAUHAD (MOoJe BHYTPH IUIMHAPA OTCYTCTBYET); puc. 1.34 — zaps-
JKeHHAs MIOCKOCTh; prc. 1.35 — aBe IIOCKOCTH ¢ OJUHAKOBLIMU

Y

T |

L

II0 MOAYJIO 1 IIDOTHBOIIOJIOXKHBIMH II0O 3HAKY BapﬂﬂaMI/I).

-~

Kapmuna cunosvlx AuHUll HAZAAOHO NOKA3bIEAem, KAK HaA-
npasierHa HANPANKEHHOCMb IAeKMPULECK020 NOLS 6 DA3NUY-
HblLX moukax npocmpancmeéa. ITo usmeneHuio zycmomaui Jau-
HUIL MOHHO CYOUMDb 00 USMEHEeHUL MOOYNLA HANDANEHHOCMU
noaiAa npu nepexode om mMouKU K MOUKe.

1. CoBuazaeT 1M TPAEKTODHA 3APAXKEHHOM YACTUIIHI, JBUKYIIET-
CA B 3JIEKTPHUUECKOM II0JIe, ¢ CUJIOBBIMU JIMHUSIMH 3TOI'0 MOJS?

2. HapucyiiTe npMMepHYIO KAPTHHY CHJIOBBIX JUHUI PABHOMEDHO
3apAXKEHHOI0 TOHKOTO KOJbIIA,

I TToapo6Hee 06 sToM mpomecce 6yaeT pacckasaso B § 1.15.
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Puc. 1.32

Puc. 1.85
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§ 1.11. TEOPEMATAYCCA

3arnon Kynona — OcHO8HOIL 3aKOH dnexmpocmamuru. H3
Hezo caredyem OCHOBHAS MeOpeMa 3LeKmpocmamuru — meo-
pema I'aycca.

MoToK HaNPAXEeHHOCTHU ANneKTpu4yeckoro nony

IlpeaBapuTenbHo BBeleM HOBYI0 (PM3WYECKYI0 BeIudy iy ~—
NOTOK HANPAXEHHOCTU HBIEKTPHUUECKOTO IIO-
J s1. HanpsakeHHOCTD IOJIA XapaKTePH3YeT SJIEeKTPHUECKOe TOJIE B
TouKe IpocTpaHceTBa. IIoTOK HAIPAXXEHHOCTH 3aBUC™T He OT 3Ha-
YeHUA HANPAKEHHOCTH NOJA B JAHHOII TOUKe, a OT paclpejesie-
HUA MOJIA 10 NOBEePXHOCTH TOW wiu UHON muomanu. MMeHHO Ausa
aToi Benuuu:ibl bopMynupyercsa Teopema I'aycea.

BrigesuMm B moje saeMeHT miaommaabo AS. OH noaKeH OBITH Ha-
CTOJIBKO MAJBIM, UTOGH HATIPAKEHHOCTD 3JIEKTPHIECKOT0 TOJNA BO
ECEX ero TOYKAaX MOJKHO OBLIO CUMTATL OJUHAKUBOU. IIpoBesem
HOPMAJIb 7i K 3JIeMeHTy. Hampasienue aToit HOpMaJ¥ BEIGHpaeTcs
Ipou3BONbHO (puc. 1.86). Yron mexny sekTopamu E u 1 0603Ha-
uuM depe3 0. Torga mo onpereneHwIo NOTOKOM HANPSKeHHOCTH
BNeKTpUUecKoro nmoas E Ha3blBaeTesA NPOU3BEJeHMe ILIOIMALH AS
MOBEPXHOCTH HA MPOEKIUIO HAIPAKEHHOCTH SJIeKTPUUECKOro Io-
s HA HOPMAJb K 3JI€MEHTY:

AN = E AS = E + AS cos 0. (1.11.1)

IToTox MoOKeT OBITH HOJOMKHTENbHLIM WJIH OTPHUIATENbHBIM B
3aBHUCHMOCTH OT 3HAYEHUA YIJa .

Tayece Kapa ®punpux (1777—1855) — Benu-
KM HeMeIkuil MaTeMaTHK, (U3UK H ACTPO-
HOM, co3faTeas abcoMoTHOH CHCTEME! e JHHUIY
B dusuke. PasgpaboTast Teopuo dJIEKTPOCTATH-
YeCKOro HOTEHIIMANA H JOKA3AJ BasKHEHITYIO
TeOpeMY 3JEKTpPOCTAaTHKU (TeopeMa [aycca).
Co3sJlay TeopUI0 MOCTPOEHHUSA H300paskeHUil B
CJIIOYXHBIX OUTHYECKHX cHucTeMax. OJHUM H3
HEPBEIX MPUTIIEN K MBICJIH O BOSMOYKHOCTH CY-
IJECTBOBAHUSA HEEBKJIUAOBOI reomerpun. Kpo-
Me Toro, I'aycec BHec BBIZaIOIUICA BKJIAJK
TIPaKTHYEeCKH BO BCe Pa3fesbl MATEeMATHKH.




AS, 7

B
a,
a . -
AR —E
/ -
AS
Puc. 1.36 Puc. 1.87 Puc. 1.38

HariagHo NOTOK HANPAMKEHHOCTH IIOJIA MOMKHO HHTEPIPETHPO-
BaTh KaK BeIUUYMHY, IPOIOPIIUOHANBHYIO YUCIY CUJIOBLIX JTUHHI,
[IPOHUBLIBAIOIIUX 3TOT 3JIeMeHT. JIMHUM, HPOHUIBIBAIOIMUE 3JIe-
MEHT AS, NpOHH3EIBAIOT TaKXe dJeMeHT AS,, DpeAcTaBAAIONMA
co6oit mpoexnuio AS Ha IJIOCKOCTh, NEPIEHANKYIAPHYIO BEKTODY
E (cm. puc. 1.37). IloToKk HAnpsAXKEHHOCTH MOXKHO 3alHCATL B
dopme:

AN = E cos o0 - AS = EAS,,, (1.11.2)

TaAK Kax AS0 = AS cos .

Ecau moje HEOAHOPOZHO ¥ MOBEPXHOCTL IIPOM3BOJLHA, TO IO-
TOK OIIpeReifdeTca Tak. Beio IoBepXHOCTE HAZO Pa3buTh Ha MaJible
BJIEMEHTHI ILIOIaAbI0 AS,, BHIUHCIHTH, IOTOKH HANDAMKEHHOCTH

yepes KaX bl U3 3TUX 3JIeMEHTOB, a IIOTOM IIPOCYMMUPOBATH IO-
TOKM Yepes Bee aJeMeHTHI (puc. 1.38):

N =3 E,AS,. (1.11.3)

4

Tax ke ompefesdeTcs MOTOK Yeped S3AMKHYTYIO IOBEPXHOCTH.
3a MONOMKUTEIBHYI0 HOPMAJB K JII060My 3JIeMEeHTY 3aMKHYTOMH MO~
BEDXHOCTH NPUHAMAETCA BHEUIHAA HOpMAaNb, T. €. HOpMaJb, Ha-
IpaB/ieHHAaA He BHYTPL [IOBEPXHOCTH, & HADYMHY.

Teopema N'aycca ana TOYe4YHOro 3apana

Teopema aycca ycTaHABIWBAET CBA3L MEXKAY IIOTOKOM HAIpA-
JKEHHOCTH 3JIEKTPHUYECKOTO IIOJA Yepe3 3aMKHYTYIO IOBEPXHOCTH
¥ 3apAJOM BHYTPHU 3TOil IOBEPXHOCTH.

Brauause PaccMOTPUM IIPOCTON YaCTHBIN ciayudail. Beruueaum
noTOK BekTopa E B ogHOPOAHOK cpede uepe3 chepuuecKyio Io-
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BEDXHOCTh, B IIEHTPE KOTOPOU pPAaCIIONOKEH TOUEUHKIN 3apsAafd ¢
(puc. 1.39).

HanpsxeHHOCTD IIOJNA B KAXK0H TOUKE HA IOBEPXHOCTH cheph
OfiHa W Ta ’Ke II0 MOAYJIO, a NpoeKnus E, paBHa:

E =kL. (1.11.4)
Er

IloTok BeKTOpa E uepes moBepXHOCTE cdhephl paBEH:

N=YE,AS, =E,Y AS; =
i i

-E_ . 4nr2=k4%1. (1.11.5)

ITOT pesyJabTaT, HA0 OXKUJATh, CIIPABEAJINB U JJIs J1000i1 3aM-
KHYTOI IIOBEPXHOCTH, cofepikalieil zapsan q. Beap miobyio 1o-
BepxHOCTh S, uiH S, (puc. 1.39) TPOHUIBIBAET TO € YKUCIIO CHIIO-
BBIX JIMHHI, 4TO U mMOBepxHocTh S. TakuM o6pasom, cOrIacHo Teo-
peme IN'aycca, MOTOK HaNpAKeHHOCTH uepe3d 3aMKHYTYIO IMOBEpX-
HOCTH NPONOPHHOHAJIEH 3JIeKTPHUECKOMY 3apagy BHYTPH 3TOil
HOBEePXHOCTH.

Temeps maguM HoJiee CTPOroe A0Ka3aTEILCTBO TEOPEMBI A OX-
HOTO TOUEYHOTO 3apsfia, OXBATHIBAEMOTO IIPOU3BOJBHOMA 3aMKHY-
TOI IIOBEPXHOCTBLI0 IIOWaAbi0 S (puc. 1.40). Brigenum Ha sTOH
IOBEPXHOCTHA MaJbI# 3seMeHT ee AS. IIoTOK HAIIPAIKEHHOCTH 4e-
pe3 3TOT 9JIEMEHT PaBeH:

Puc. 1.39 Puc. 1.40
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AN = E AS = k# cos o+ AS, (1.11.6)

rje r — paccToAHMe OT 3JeMeHTa AS o 3apAaa ¢, T. €. MOAYJIb pa-
IUyca-BeKTOpa, YKa3hIBAIOINETO MIOJIOMKEHUE alieMeHTa AS oTHOCH-
TeabHO 3apaga q. Cormacuo (1.11.2),

AS cos o = ASO,

rae ASO — TPOEKIUs IJIOMAJKH AS Ha IJIOCKOCTH, IIEPIEeHAUKY-
NApHYIO paguycy-Bekropy r. Tak kak AS oueHb Masa, TO AS, dax-

THYECKH €CTh NpoeKnua AS Ha moBepxXHOCTh cdepnl. Cremoa-
TeJnbHO, ypaBHeHUe (1.11.6) MosxHO mepenncaTh Tak:

AN = g 450 1.11.7
-kl (1.11.7)

s pagpHeillero JoKasaTeILCTBA HEOOXOAMMO HCIIOIH30BATD
MOHSITHE TEJNECHOTO yT.Ja.

Paccmorpum cohepy pamsuycom r. IlpeacraBum cebe BHYTDH
aTOM cepsl KOHYC, BepIIMHA KOTOPOro HAaXOQUTCA B HMEHTpe che-
pul (puc. 1.41). OToT KOHYC BhIpe)KeT HaA chepe HEKOTOPYIO YACTH
TIOBEPXHOCTH ILIomansio S. O6racmb npocmpancmea, 0zpanu-
YEeHHYI0 NOBEPXHOCMbIO KOHYCA, RA3bIBAIOM MEAECHbIM Y2JI0M.
Mepoii Tenecuoro yria {2 CIOYKHUT OTHOIIIEHUE IIAOIMAAN S K KBaj-
paTy paguyca r cdephi:

Q== (1.11.8)

Sl

Hetpyauo BHIeTE, 4TO 3HAUYEHHE TeJECHOro Yria He 3aBUCHT OT
paguyca cdephl, Tak KaK ILIOIaAk S BEIpe3aeMOH UM ILJIOIIAKKY
MPOIOPIVOHANLHA KBAJpaTy paguyca. 3a eTUHUILY TeJIECHOTO Y-
Jla IpUHAT cTepaguaH (cp) — sTo Teaec-
HEII yroJ C BEPIIHHOA B LeHTpe cdephl,
BEIDE3aI0INUii HAa IMOBEPXHOCTH cdephl 3dJe-
MEHT, ILJIOUIALb KOTOPOr'o PABHA KBAaJpaTy Pa-
nuyca coepsl. Ilonurrit TenecHuIt yron, oxsa-
THIBAIOI[MI1 BCE IIPOCTPAHCTBO BOKPYT TOYKH,
paBeH:

2
o =5_ 4—’:;— = 4mcp. (1.11.9)

Puc. 1.41
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AS
Brrpaxkenue 72-9 B dopmyse (1.11.7) ects He UTO HHOE, KAK

3HAUeHHE TeJecHOro yriaa AQ, moJ KOTOPHIM BHUJEH 3JEMEHT IIO-
BepxHOCTH AS,, (uau, YTO TO 2Ke caMoe, 3JaeMeHT AS) 13 TOUKH, rae

PacCIOJIOMEH 3apaq q:

A8,

A= —. (1.11.10)

IlogcraBnas Bripaskenue (1.11.10) B ypaBuenue (1.11.7), Do-
JIYYUM:

AN = k%AQ. (1.11.11)

CymMupys nogo6HbIe BBIDaXKeHUA JJIA BCEX 3JIeMeHTOB AS,; mo-

BEPXHOCTH S, IIOJIYyYUM IIOJHBIHA IIOTOK HANPDAXEHHOCTH Yepe3
3AMKHYTYIO IIOBEPDXHOCTH.

- - 4 —pd
N = Y AN; =k; Y AQ; =k_4r,
i i
Tax Kax ZAQi = 41 cp corxnacuo (1.11.9). Urax, Teopemy I'aycca

i

MOXKHO 3aIIUCATH CJIeAYIOLIUM O6pasoM:

E

i
i |
LN=2AM k= q (1.11.12)
i
J

|
|

Eciu 3aMKHYTas DOBEDXHOCT:L He COAEPKUT BHYTpHU cebs
BIEKTPUUECKOTO 3apsaga, TO IIOTOK HATIPAXMEHHOCTH uepes Hee pa-
BeH Hymawo (puc. 1.42). Cunossle JUHUH,
UAYIIFE OT 3apAfa ¢, JIN00 He MepeceKaroT
€€ COBCeM, JINOO 2Ke IepeceKaloT 4YeTHOe
yucao pas. IIpu 3ToM UHCI0 JTUHHUNI, BHIXO-
OAOIAX U3 MOBEPXHOCTH, PABHO UHUCJIY JIH-
HUuii, BXOAAIUX B Hee, U moaTomy N = 0.
(BuixoasdAmniue U3 MOBEPXHOCTH JUHUM BHO-
CAT IOJOMKUTEILHBINA BKJIAK B [IOTOK, a BXO-
Puc. 1.42 OAMe — OTPULATEIbHBIHN. )

E

ey
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Ob6061enne TeopemMbl Faycca

Teopema I'aycca snerko ob6olimaercs Ha caydaii T000TO UHCIa
TOUEUHEIX 3apAAOB. [IOTOK HATIPAXKEHHOCTH uepe3 ITOBEPXHOCTh
maomiagbi0 S AJAS KaMJOr0o 3apAfa ompejenseTcs GopMymoit
(1.11.12). BeneacTeue MpUHIUIA CYTIEPHIO3UIUU ITOJNeil TTONHBIA
IMOTOK PaBeH CyMMe IOTOKOB OT BceX s3apanoB. IloaTomy, cymmu-
pya Boipakenusa (1.11.12) gusa Bcex sapanos, HalifeM:

N=xZ¥g,. (1.11.13)
2

Ecnu anre6panueckasi cyMMa 3apsijoB BHYTPU IIOBEPXHOCTH
paBgEa Hya0, TOo U N = 0.

Teopemy I'aycca MOXHO OBOOIUTE U AJIA CAYUASA, KOTHA 3apsas
pacnpefielieH B IPOCTPAHCTBE HeIPePHEIBHO. DTO Mbl PACCMOTPHUM B
clIexyIoleM naparpade.

Koabodpunuenr k& B dopmyse (1.11.13) paBen exunuIlle B abco-

noTHO cuqreMe efuHull U —— B CU. IlosTomy Teopema I'aycca B

4rne,

CH He cofep>XUT MHOMXKUTENA 4T:

- Eeoqu (1.11.14)

Teopema I'aycca cé43vl8aem NOMOK HANPANCEHHOCTU dNEKm-
PUHECK020 NONA Hepe3 3AMKHYMYI0 NOBEePXHOCMb ¢ NOAHDBLM
3apsadom HymMpu 3moil nosepxHocmu.

§ 1.12. NOJIE 3APSDKEHHOW NJIOCKOCTM,
COEPDBI U LUAPA

Pacemompum npumernenue meopemovr I'aycca 0as éviuucie-
HUSA HANPANEHHOCMU 3LEKMPULECK020 NOLSL 3APANCECHHbLX
meJa npocmoil popmul: naockocmu, cepol u wapa. Ilaockue
nogepxnocmu acmpedarwmcsa Hepedro. Kpome mozo, He6o1b-
woilt yiacmox 10600 NOBepxXHOCMU MONCHO NPUOIUIEHHO
cuumambd naockum. Ilpubrusumenvro chepuieckyio dpopmy
uMelom MHOZUe meJaa 68 npupode u mexHuKe: amomHbsLle A0pa,
Kanau 80xcds, naanemsvi u m. 0.
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Mone paBHOMEPHO 3apAXEHHOU
6eCKOHevHOol NOCKOCTHN

Korzpa sapapg pacnpefeneH mo Kakoii-Tu6o MOBepPXHOCTH, TO
JJIs pacuera IIoxeil yL06HO BBeCTH MOBEPXHOCTHYIO ILIOTHOCTE 3a-
pAfa 6. BeigenumM Ha MIIOCKOI MOBEPXHOCTH MAaJeHBKHI yUaCTOK
naomaasio AS. IIyceTh 3apan aToro yuactka paseH Aq. ITosepxHo-
CMHOI NAOMHOCMEI0 3apada Ha3bl8aN OMHOUWeHUe 3apada Aq
K naowadu nosepxHocmi, no Komopoil OH pacnpedeien:

_ Aq

c=33- (1.12.1)
3Ta IJIOTHOCTh MOJKET HEIIPEPHIBHO H3MEHATHCA BIOJD IIOBEPX-
HocT. KoHeuHo, smekTpuuecKuil 3apa HMeeT THUCKpPeTHYIO (IIpe-
PHIBHYIO) CTPYKTYDY, TaK KaK COCPEJOTOUEH B 3JJIeMEHTAPHBIX
yacTunax. Ho ecau Ha MOBEPXHOCTH ILIOIAABI0O AS cofepXuUTCs
OrPOMHOE YHMCJIO 3JeMeHTAPHBIX 3apALO0B, TO JUCKPETHYIO CTPYK-
TYpy 3apAfa MOKHO He IPHEUMATE BO BHHMaHWe. MLl Belb OIh-
3yeMcA TOHATHUEM ILJOTHOCTH, CUHTasd, YTO MaCCA HeIpephIBHO
pacnpefelieHa B IPOCTPAHCTEE. A Ha CAaMOM Jielie BCe TeJIa COCTOAT

M3 JUCKPETHHIX 00pasoBaHUii — aTOMOB.

B ciayuae paBHOMEDHOIO pacIpefesieHus 3apsja ¢ Mo MOoBepX-
HOCTH ILJIOMIANBIO S IIOBEPXHOCTHASA IIJIOTHOCTE 3APAAA MOCTOSTHHA
U paBHA:

G = % = const. (1.12.2)

n

PacemoTpuM 6GeCKOHEUHYIO PABHOMEDPHO 3apAXKEHHYIO ILIOC-
KocTh. [loBepXHOCTHAA MJIOTHOCTE 3apAJa G nasecTHa. s coobpa-
JKeHUH CHMMEeTPUHI OUEBHUAHO, UTO JHMHHH HAUPAXEHHOCTH IIPe-
CTaBIAIOT cob0 IIpsAMBIe, MEPHEHAUKYIADPHEIE IIIocKkocTH. ITone
6eCKOHEYHOI IJIOCKOCTH — OMAHOPOJLHOe HmoJNe. Bo Bcex
TOYKAX IIPOCTPAHCTBA, HE3ABHUCHUMO OT PACCTOAHHUS JIO ILJIOCKOCTH,
HAIIPAYKEHHOCTH TIOJIS OJHA 1 Ta JKe.

s nmpuMeHeHUs TeopeMbl 'aycca HYXXHO BHIGpATh 3aMKHY-
TYIO HOBEPXHOCTH TAKKM 00pPa3oM, UTOOBI MOXXHO OBIJIO JIEIKO BHI-
YUCAUTH IOTOK HATIPAMEHHOCTH AJIEKTPHUECKOrO IO Yepes ITY
IIOBEPXHOCTH. B TaHHOM ciyuae ynobHee BCero BhIGpaTh MUINHAD,
ofpasyoomye KOTOPOro IapajjelbHhl JHHUAM HAIPAXEHHOCTH
JJIEeKTPUYECKOr0 NOJsA, a OCHOBAHUSA UAPAJAENLHBL ILIOCKOCTH
(puc. 1.43). Torga DOTOK yepes GOKOBYIO MOBEPXHOCTD IUMIMHADPA
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Puc. 1.43

6yner paBeH Hyaw. IloaToMy nonHBIA IOTOK paBeH HOTOKY Yeped
OCHOBAHUSA INUIUHApPAa A u B:

N = 2SE,, (1.12.3)

rae E, — NpoeKI#s BeKTOPA HANDAKEHHOCTH Ha HOPMAaJIb K OCHO-

BaHMIO UMIHHApa. IlonHKIH 3apan BHYTpH IHIMHApPA paBeH OS.
CornacHo Teopeme I'aycca

. 25E, = k2068,
£
OTcroa MOAyY/Ib HAIPSAXKEHHOCTH PABEH:
E = p2Mdl (1.12.4)
B CH sTta opmysia NIDUHUMAET BU:
_ _al
E = —2505 , (1.12.5)
a B aGCONIOTHOM cUcTeMe
£ = 2mdl (1.12.6)

[

NMone paBHOMEPHO 3apaXeHHOK cdhepbl

IloTor HanpsAXKEeHHOCTH BJIEKTPHUUYECKOTO NOJA deped Jobyio
3aAMKHYTYIO II0BEPXHOCTL BHYTPH chepHl paBeH HYJIIO, TaK KaK pa-
BEH HYJIO 3apsAj. ITO MOXKET OhITh JIMINBL B TOM CIy4Yae, KOT/a Ha-
OPAMKEHHOCTS IIOJsI BHYTPH chepsl paBHA HYJIIO.

Hailinem nanps:xeHHOcT: nous BHe chephl. U3 coobpaxkenmit
CUMMETpUU ACHO, 9TO JIMHUH HaNpsoKeHHOCTU HAYMHAIOTCA Ha
noBepxHOCTH Cheprl (B caydae MOJOKUTEILHOTO 3apAAa), HANPaB-
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Puec. 1.44 Puc. 1.45

JeHE! no pagunycaM cdeprl U MEePIEHAUKYIAPHBI ee MOBEPXHOCTH
(puc. 1.44). IlosToMy MOAYIH HATIPAIKEHHOCTH IIOJIA OZUHAKOB BO
BCeX TOUKAX, JIEHKAIUX HA ONUHAKOBHIX PACCTOAHUAX OT I[eHTpAa
chephl.

IIpoBeneMm chepudecKyio IOBEPXHOCTL paguycoM > R, rqe R —
paxuyc sapsikeHHOU cdeprl. IIoTOK HAIPAKEHHOCTH depe3 STY
MOBEPXHOCTH PABEH:

N=ES=E, - 4nr?. (1.12.7)
Ecxnu 3apsap chepst g, To o Teopeme I'aycea
N=E, - 4nr2=1%"g, (1.12.8)
CHe,ﬂOB&TeJﬂ:HO, MOAYJb HAIIPDAXXE€HHOCTH IIOJIA IIPDU I 2 R paBeH:
_pld
E-h1%. (1.12.9)

Taxum o6pazomM, moje 3apsaKeHHOH cdhephl coBIAnaeT BHe che-
DEI € IOJIEM TOYEYHOTO 3apAa, PACIION0MEHHOTO B HIeHTpe cheprI.
I'paduk zaspcumoctu E(r) uzobparkeH Ha pucyHke 1.45.

None paBHOMEPHO 3apAXXEHHOro Wwapa

JAnA XapaKTEepUCTHKHN paclpeieseHUd 3apaja Mo obbeMy HC-
OOJNIB3YeTCA NMOHATHE OO0 BbEeMHOMN NMJIOTHOCTH 3apAna.
O6GzeMHOll nAOMHOCMbIO 3aPAGA HA3bl8AEMCA OMHOULEHUE 34-
pada Aq x o6semy AV, 8 xomopom on pacnpedenen:

Ag

p=15t. (1.12.10)
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9Ta IOTHOCTh MOYKET HENPEPHIBHO U3MEHATHCA BHYTPHU 3ap4-
JKeHHOTo Tesna. Eciu 3apsafn ¢ paBHOMEPHO pacnpefesyeH 1o obbe-
My V, To 06'beMHas IIIOTHOCTD 3apsijja IOCTOsIHHA U PaBHA:

p= %, = const. (1.12.11)

ByzaeMm cuutars, uTO MIap paguycoMm R paBHOMEpHO 3apsiyKeH; ILIOT-
M 4
HOCTb 3apsAza p usBecTHa. IIonHBIN 3apan miapa g =p ° 3 nR3. Ha-

TIPAXKEHHOCTH 3JIEKTPUYECKOrO IIOJIS BHE IIlapa MOXKHO HaliTH ¢ IIo-
MoUIbI0 TeopeMEI 'aycca TOUHO Tak Ke, KaK M HAIPAXKEHHOCTh paB-
HOMEPHO 3apsyKeHHOM cdepr! [cM. dopmyay (1.12.9)]:

4nR3p
3er?

(1.12.12)

E=kld —p
Er

(mpu ycnoBuu, uto r 2 R). Ilone aHajo-
CUYHO IIOJII0O TOYEUHOTO 3apfAja ¢, pac-
IOJIOXKEHHOI0 B eHTpe Iapa.

J1s HaXOoMJeHUs IIOJA BHYTDHU Ia-
pa HY)KHO IDUMMEHUTH TeopeMy ILayc-
ca K TOTOKY HANPSXKEHHOCTH uepes
chepHUecKyI0 IIOBEpXHOCTh DagUyCcOM
r <R (puc. 1.46). 3apax ¢, BHyTDH

3TOI NOBEPXHOCTH DaBeH:

q,= %nr3p. (1.12.13) Puc. 1.46

[IoTOX HAIPSAKEHHOCTH Uepes 3Ty HOBEPXHOCTb, COTJIACHO TEOpe-
me Tayccal, pasen:
3
An?E - piE, - pimdnrde
N, =4nr°E keql ke 3

Orciofia AN HANIPAXKEHHOCTH MOJA BHYTPH [Iapa MOJYYUM BHIpa-
KeHue:

(1.12.14)
F=piroz 1.12.15
= k3 T (1.12.15)

HanpsaxeHHOCTD 3JIEKTPHYECKOrO II0JIA JHHEHHO PaCTeT ¢ yBelnde-
HHEM DAacCCTOAHHUA BIIOTH A0 r = R. Ilpu r > R oHa omnpeneiserca

1 Mp1 mpeamonaraeM, uTO AUAJEKTPUYECKAS MPOHUIAEMOCTH CPEA
OAMHAKOBA BHYTPH U BHE INAapa.
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Pue. 1.47

dopmynoii (1.12.12). I'pabur MOLYIA HANPAKEHHOCTH HOJIS B 3aBU-
CHMOCTH OT PACCTOAHUA JI0 L{EeHTPA IPEICTABJICH Ha pUCYHKe 1.47.

Teopema I'aycca noszsonsem cpasHumelbHO NPOCMO onpede-
UMb HANPANEHHOCTb ITEKMPULECK020 NOMA, eclu pacnpe-
Oenenue 3apalda obaradaem onpedenennoil cummempueil.
Popmynvt (1.12.5), (1.12.9) u (1.12.15) credyem 3anomHume.
Hx npudemes wacmo ucnoav3osams.

3apaKeHHBIH JHCT (QOJBTH HMEEeT TaKHe >Xe pasMephl, KaK
CTpaHuIA U3 TeTpagyu. MOKHO JIH ONpeNeJIHTh HAIDAXKEHHOCTD
3JIEKTPHYECKOT0 TOJfA, CO3NAHHOTO JHCTOM, Ha DPACCTOAHHUU
0,5 cM ot Hero, HcnoAL3YA dopmyay (1.12.4)?

§ 1.13. NPOBOAHUKU B SNEKTPOCTATUHECKOM NONE

Omo npoucxofum ¢ meiamu, ecau ux 3apadums Uiu nomec-
mums 8 aaexmpuyeckoe noae? Ilpouje acezo omseemumbsd HA
amom eonpoc 8 cayuae nposodHuxa. B npogodHurxax ecmpv
c80600HbLE 3apAdbL.

CeofopHble 3apsabl

B oTHOIIIEHNH 3IeKTPUUYECKUX CBOMCTE TeJia AeJIATCI HA MPOBOK-
HUKU ¥ JU3JIEKTPUKHU (M30IATOPEI). B IpoBOAHNKAX, K KOTOPHIM B
HepBYI0 O4YEPENE OTHOCATCHA BCE METAJIbI, HMEIOTCA 3apsyKeHHBIE
YACTHUIEI, KOTOPhIEe CIOCOGHEBI IIEPEMEIATHCS BHYTPH IIPOBOAHHKA
oA, KeHCTBHEM 3JIeKTpHUYecKoro mons. Ilo sToif mpu4umHe 3apaibl
3THX YACTHUL, HASKIBAIOT CBOGOZHKMMHU 3apfgagaMu,
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JIHM3IeKTPUKH COCTOAT U3 HeHTPANBHBIX B
LIeJIOM ATOMOB MJIH MOJEKYJ. DIeKTPUUECKH ®
3apsAXKeHHBbIe YaCTUIILI B HEHTPAJIIEHOM aToMe ()
CBSA3aHBB APYT ¢ IpYrOM U He MOI'YT, IO-
JIOOGHO CBOOOAHBIM 3apAAaM IIPOBOAHUKA, IIe- ®
peMeIaThCs 0] NeHCTBUEM IOJSA II0 BCEMY Puc. 1.48
06BeMy Tea.

B Merannax HocuTeNsIMH CBOOOAHEIX 3a-

PAJOR ABAAIOTCA 3JIeKTPOHBI. [Ipu 06pasoBanuy MeTala U3 HelT-
PAJIBHEIX ATOMOB ATOMBI HAUHHAIOT B3aHMMOAEHCTBOBATEH APYT C
IpyroMm. Brarogapa sToMy B3aUMOAEHCTBUIO 3JIEKTPOHBI BHEIITHUX
060JI04YeK ATOMOR IIOJTHOCTHIO YTPAUUBAIOT CBASH CO «CBOMMH» ATO-
MaMH H CTAHOBATCA «COOCTBEHHOCTBHIO» BCEro IIPOBOAHHKA B Ie-
JoM. B peayJibTaTe NMOJOXKHUTENILHO 3apsAKeHHBIE MOHRI OKA3BIBA-
IOTCA OKPY)KEHHLIMM OTPHIIATENIFHO 3apAXKEHHBIM «Ta3oM», o6pa-
30BAHHLIM KOJJIEKTUBH3HPOBAHHBIMU 3JEeKTpoHaMu (puc. 1.48).
STOT ras 3aloJIHAET IPOMEKYTKH MeXAY MOHAMHU H CTATHBAET HX
KYJOHOBCKHMH cuaMi. CBOGOJHEIE 5JIeKTPOHEl YUACTBYIOT B TEIl-
JIOBOM J[ABHYKE€HHH, IIOLOOHO MOJIEKYJaM Ta3a, H MOTYT IepeMe-
waThes MO KYCKY MeTaJia B JJI060M HAaIIpaBJIeHH.

OnexTpuueckoe nosie BHyTpU NPOBOAHNKA

Ecau anexTpuueckHe 3apAAbl HENOABIDKHBI (CIYYall 3JeKTpO-
CTATHKH), TO 3JIEKTPUUECKOTO IIOJI BHYTPH IIPOBOJHUKA HeT. He-
TPYAHO IOHATH NMoueMy. B IpoOBOAHNKe eCcTh ¢BOOOAHEIe 3apANLI.
ITosToMy ecnu 6B HATPAKEHHOCTD 3JIEKTPHYECKOrO II0JIA OhLIA OT-
JUYHA OT HYJIfA, TO II0Jie IIPUBOAMIO ORI 5TH 3apAALI B YIOPAAOUEH-
HOoe JBI)KEHUE, T.e. B IPOBOJHHUKE CYIecTBOBAX OBl sieKTpHue-
ckHil ToK. Pa3 Toka HeT, TO HET ¥ IOJA. Y TBEPKAEHNE 06 OTCYTCT-
BHM BJIEKTPUUYECKOro IIOJs BHYTPH IIPOBOJAHUKA B PABHOM Mepe
CIpABEAMHUBO KAaK AJA 3apAKEeHHOTO IIPOBOJAHMKA, TAK U AJA Hesa-
PAXEHHOT0, TIOMEIeHHOT0 BO BHellIHee 3JeKTpudecKkoe noyue. Hyx-
HO TOJIBKO UMeTh B BHAY, UTO PeUb HAET O CPeJHeM 3HAaUYe-
HH Y HAIPDKEHHOCTH HoJjs. OTHebHEIe 3apsayKeHHbIe YACTHIILI —
3JIEKTPOHEBI ¥ MOHBI — CO3JAIOT MHUKpPOocKonnyecKue noaa. Ho atu
NOJIA BHYTPH IIPOBOAHMKA B CpeJHEM KOMIIEHCHPYIOT APYT ApYyra.

MexanuaM, OPHUBOAAINUNA K YHUUTOMMEHHIO BJIEKTPOCTATHYE-
CKOTO TIOJIA B IIPOBOAHHKE, COCTOMT B cieayolneM. BueceMm B
3JIeKTpHUYeCKOe II0Jie IPOBOAALINMA mwiap. B mepBuIii MOMEHT BO3-
HUKHET 3JIeKTPHYECKHUH TOK, TaK KaK II0JI€ BHYTPH IIapa BEI3LIBA-
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Puc. 1.49

€T IepeMeIlleHYe 3JIEKTPOHOB cIipaBa HajeBo (puc. 1.49). Jlesan
yacTh LIapa 3apAMKaeTcH OTPUILATENBHO, & IIpPABasg — IIOJOMKH-
TeJBHO. B 3TOM COCTOUT sIBJIeHHE 2 EeKTPOCTATHUYECKOH
UHIYKIDUN IlogaBUBININECA HA ITOBEPXHOCTH TIPOBOAHHKS 38-
PAABI CO3AAIOT CBOE IIOJIe, KOTOPOE HAKJIAALIBAETCA HA BHEIIHEE
noJie ¥ KoMneHcupyert ero (puc. 1.50). (CuioBsie JIMHKY SJIEKTPH-
YeCKOTI0 II0JISI 9TUX 3aPANOB IMOKA3AaHBl HA PUCYHKE IITPHUXOBLIMH
JHHUAMU.) 3a HUUTOXXHO MaJIoe BpeMdA 3apAhl epepacupeseaT-
cA TaK, YTO HANPAXKEHHOCTh PE3YJIbTUPYIOUIEro I10JIs1 BHYTPH I1a-
pa CTAHOBUTCA PABHOU HYJIO M ABM)KEHHE 3apANOB IIpeKpaliaer-
csa. B nporuBHOM ciyuae B IPOBOJHUKE Bce BPEeMA IIPOTEKAN Obl
TOK M BhIJeJsach Tenyaotra. Ho, corjiacHO 3aKOHY COXpaHEHUS
BHEPruH, 5TO HEeBO3MOXKHO. EcaIu pasfeNuTh Map NomoJaM BAOJb
auHu MN, 70 00e MOJOBMHEI OKAXKYTCA 3aDAKEHHBIMM,

Urak, 3JIeKTPOCTATUUECKOTO II0Jsi BHYTPH IPOBOAHUKA HET.
Ha sTtom cBolicTBe oCHOBaHA TaK HA3BIBaeMas 3JIEKTPOCTATHYE-
cKkas 3amuTa. YTo6Bl 3AIMUTHUTE YYBCTBHUTENLHBIE K 3JEeKTpHUUe-
CKOMY ITOJII0 IPUOOPEI, UX 3aKJIOUAIOT B MeTAJIHYeCKNe AITUKH,

CHNOBHIE TUHUH 3JIEKTPOCTATHUECKOTO IIOJA BHE IIPOBOIHUKA
NEePIEeHIUKYISAPHEI ero 11oBepxHocTH (cM. puc. 1.50). Ecan 6581 21O
6bI1JIO He TaK, TO HMeJACh O6bl COCTABIAIONIAA HAIPAXEHHOCTH I10-
JIsi BAOJIb IIOBEPXHOCTH NMPOBOAHUKA H [0 MOBEPXHOCTU NMIPOTEKAJ
OBl 2JIEKTPUUYECKUI TOK.

AnekTpUYEcKMin 3apag NPoOBOAHUKA

B ciyuae paBHOBeCHA 3apAAOB He TOJBKO II0JI€ BHYTPH IIPOBOJA-
HHUKa pPaBHO HYJIIO, PaBeH HYJIO ¥ 3apax. Becv cmamuueckuil
3apad nposodHuUKaA cocpedomouer Ha e20 No8epXHOC M. DTO MOA-
TBep:xAaeTca U TeopeMoil 'aycca. IIoTOK HANIPAMKEHHOCTH depes
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JMI06YI0 3aMKHYTYIO I0BEPXHOCTH BHYTPH I1PO-
BOJHUKA paBeH HYJIO, TaK K4K DaBHA HYJIIO
HAIIPAXEHHOCTh noJid. CleJoBaTelbHO, X 3a-
pAL BHYTPH 3TOj IIOBEPXHOCTH PABEH HYJIIO.

IlomuepkHeM, 4TO BeCh 3apAA COCPELOTO-
YeH HA MOBEPXHOCTH IPOBOJHHKA TOJBKO
6naroxaps TOMy, YTO HAMPAMXKEHHOCTH MOJIA
yGHIBaeT 1O Mepe YAaJeHHA OT 3apsafia Kak

1 o "
mr IIpu nroboit Apyroii 3aBHCHMOCTH HaIpA-

JKEHHOCTH OT paccToAHHUA TeopeMa I'aycca He
BRINIOJIHAJIACH OBl B 3apAA BHYTPH IIPOBOJHU-
Ka 6BLI ORI OTJIMYEH OT HYJIA.

O6BACHUTL cKAIVIMBAHHE 3apAja Ha IIo- Pue. 1.51

BEPXHOCTHY NPOBOJHUWKA OJHUM OTTAJIKHUBA-
HHEeM OJHOWMEHHBIX 3apAAOB HeJibds. IlepBbiM 910 nouan I. Ka-
Beuauin. OH daxTudecku 3a 14 met no Kynora u 6oJsree TO4HO ye-
TAHOBHUJI B3AaKOH B3aMMOAEHCTBHA 3JeKTpHYecKHX 3apsanos. Ho
cBoux paboT mo snexTpudectsy KaBeHaumnr He ny6auxosana. Oxo-
#0 CTa JIeT PYKONMCHM HAXOAWIHCH B apXHBe ceMbu Kasenaumia,
noka He GBLIM nepejaHnl A4 riedaT MakceBeany. IIpousomso ato
Yyepe3 MHOTO JIET IIOCJIe TOT0, KaK 3aKOH B3aUMO/eiiCTBIA 3apAIOB
6511 ycTanoBaeH KyiouoM.

KaBeHaHII 3KCIEPHMEHTANLHO TOKA3aJ, UTO 3apAXL NPOBOIHM-
Ka OeJUKOM pacnpejiendeTcA Ha ero noBepxHoOCTH. as aToro o
TIOMECTUJI 3APAKEHHBIN MPOBOAAIIUIL IIaD HA U30JUDYIOIEH mox-
CTaBKe BHYTDh cheprl, 06PA30BAHHON JBYMA METAJIMYECKHMU
noaychepaMu, NJIOTHO COEIUHEHHBIMU APYT ¢ ApyroM. B oxHoIf 13
noaychep 6BL10 cHENaHO MaJIeHbKOE OTBePCTHe, dYepe3 KOTopoe
MOXKHO GBLTO COEAVHUTEL 3aPAMKEHHBIH I1ap U HoXychepbl MeTal-
audeckoil mposonokoit (pmc. 1.51). Ilocme coepmHeHuA mapa
noJaycdep NPoOBOJIOKOH Mmosycdepb! DPA3ABUTANUCH, U U3MepPsCH
sapaz mapa. O oxasajycs papHEIM Hyaw. KaBenaum moHan, 4to
3TO 03HAYAET YMEHBIIIEHNE CHUJI B3aUMOAEHCTBUSA MEXKAY 3JIeKTPH-
YeCKUMHU 3apAxaMd o6paTHO IPONOPHHMOHANIBLHO KBajpaTy pac-
CTOAHUA MEXJy HUMH.

ITpu pasnosecuu sapados anexmpuieckoe none u 3ireKmpu-
weckuil 3apsad eHympu nposodnuka pasrvt HYyaW. Becv 3apad
cocpedomonuen HA NOBEPXHOCMU NPOB0JHUKA, & TUHUL HANDA-
HCEHHOCTU INeKMPULECKO20 NONLA 8 A10601L moUuKe nosepxHo-
cmu npo6odHUKA nepneHOUKYNAPHbL IMOil noBEPXHOCMU,
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§ 1.14. AUINIEKTPUKU B JIEKTPOCTATUHECKOM
MOJIE

Bszaumodeiicmsue sapaxcennvix mea 8 00HOpOIHOM Juanexm-
puke ocrabasiemcs 8 € pa3 (€ — Oualexmpuueckas nNpoHUYaA-
emMocmb cpedvl). BolacHUM, novemy 3mo npoucxodum.

Kak BnuseTt oaUanekTpuk Ha 3neKTpocTaru4yeckoe none?

C TIOMOIIBIO TIPOCTOrO ONLITA MOXKHO y6eAUTHCA B TOM, UTO He-
3aPAKEHHLIN JUBJIEKTPUK MOXKET CO3/aBaTh SJMEKTPUYECKOe TI0JIe.
Ha pucynke 1.52 BBl BuguTe 3apAKEHHBIN 2JIEKTPOMETD C MeTAaJl-
JTUYECKUM JAMCKOM HA KOHIIE CTeDPXHA. Eciin K AUCKY 3J1€KTPOMeT-
pa IOZHECTH HEe3apAYXKEHHBIA JIWIJIEKTPUK, HAIPUMED TOJICTOE
CTEKJIO, TO CTPEJIKa SJEKTPOMeTpa CJIEerKa MpUOIU3UTCA K CTEepIK-
Hio (puc. 1.53). 3To MOMKET MPOUIOHUTH TOJBLKO B TOM CIydae, eclIu
JUBJIEKTDUK, TIOMENIeHHBLIA B 9JeKTpUYecKoe I0Je 3apAXKeHHOTo
JUCKa, CAM CO3JaeT 3JeKTPUUECKOe 110J1e. ITO II0JIe BJIHACT Ha pac-
pesesieHue 3apAia B CTepPXKHe U JUCKe 3JIeKTPOMeTpa, YMEeHbIIaA
3apAN CTPEJIKU U YBEJIUUYUBAA COOTBETCTBEHHO 3apAj aucka. Cie-
JIOBaTeNbHO, QUdleKmpuKr, 0cmasaicy HellmpaasvHbim, cozdaem
asexmpuyieckoe noJje, HanpAMEeHHoCMb KOMmopoz20 HANpasieHa
nPOMUBONOAONCHO HANPANCEHHOCMU NOAA, CO30AHH0Z0 3aps-
HeHHbIM menom. BeAb coOraacHO NPHUHRUNY CYNEpHO3UIIUK Ha-
IpAXKEHHOCTh SJIEKTPUYECKOTO MONA BCETJa PaBHA CyMMe HAUpH-
JKeHHOCTe NoJIel, CO3TaHHBIX B AAHHOM TOYKE BCEeMU 3aPAXKEeHHBI-
MH YaCTUIAMU.

Puc. 1.52 Puc. 1.53
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INeKTpmieckne CBOMCTBA HENTPAJIbHbIX aTOMOB
v MoneKyn

YTo6bl NOHATE, KAK He3aPAKEHHBIH TUIIEKTPUK CO3JA€ET 3JIeKT-
pHYecKoe IIojie, HALO CHAYaJa II03HAKOMUTHCA € JIEKTPUYECKVIMU
CBOIICTBAMH HeHTpPATBHBIX ATOMOB M MOJIEKYJI.

ATOMEI U MOJIEKYJIBL COCTOAT M3 TOJOXKUTENLHO 3aPAXKEeHHBIX
4acTul, — AJep ¥ OTPHUUATENHHO 3apAXKEHHBIX YaCTUI, — 3JIEKTPO-
HOB., Ha pucynke 1.54 n3ofpaxkeHa cxeMa IIDOCTEMIIEro aToOMa —
aToMa Bogopoaa. IlomoxurensHsblii 3apAk aToMa, 3apAj] ero aAapa,
COCPEAOTOYEH B IEHTPE aToMa. JJEKTPOH ABUMKETCA B aTOMe C
GonsIoii ckopocetsio = 108 M/c. Oqun 060pOT BOKDYT SApa OH ge-
naeT 3a oueHBb Majoe Bpems, mopsigka 10715 ¢. ITosTomy, Hampu-
Mep, yxe 3a 1072 ¢ 0B ycneBaeT coBepIINTL MUJLIKOH 060DOTOB 1,
cJIeloBaTeNbHO, MUJIJINOH pa3 MoOGkIBaeT B ABYX JIOOBIX TOUuKax I
H 2, pacnoJIOMNEeHHBIX CHMMETPHUYHO OTHOCUTENIBHO A4pa. IT0 JaeT
OCHOBAHUE CUNTATE, UTO JaKe 33 OUEHBL MAJLIIl IPOMEXKYTOK Bpe-
MEHH IIEHTD pacupefeeHNA OTPHUATENLHOTO 3apAaa IPUXOANTCS
Ha cepefUHY aTOMa, T. €. COBIAMAEeT C TIOJOMKHUTEIbHO 3apAKeH-
HBIM AapoM (puc. 1.55, TITpUXOBHIMH OKPYKHOCTAMH MOKA3AH
PAITIOJ0XKEHUH DIIEKTPOHA).

OaHako Tak obcToHMT neso He Bcerja. PacemoTpuM moserymy
nosapeHHo# conu NaCl. ATom HaTpHs UMeeT BO BHeINHe# 060104-
Ke OAVH BaJICHTHBIH dJI€KTPOH, CJ1a00 CBA3AHHBINA ¢ ATOMOM. ¥ XJIO-
pa ceMb BaJIEHTHBIX 2JeKTpOHOB. Ilpn 06pasoBaHUU MOJIEKYJIBI
€IUHCTBEHHBINI BaJIEHTHBIA DJJEKTPOH HATpUS 3aXBATHIBAETCHA
xymopoM. Oba HeHTpalIbHBIX ATOMa NpPEBPAIIalOTCA B CHUCTEMY H3
JBYX MOHOB C 3apAJaM#i IPOTUBOIONIOKHBIX 3HaKoB (puc. 1.56).
TlosoKUTENBHBINH W OTPHUIATENBHLINA 3apANEl He pacupeleseHbl
Tenepb CHMMETPHUYHO IT0 06BeMY MOJIEKYJLI: IEHTD pacupenelie-
HUS TOJOXKUTEeNBHOTO 3apaAfa NIPUXOANUTCHA Ha MOH HATDHUA, & OT-
PHILATEJBLHOI'0 — Ha MOH XJopa.

4
O 1 ,:/_\:
/ \\
[
2 \ — / Na cl
Puc. 1.54 Puc. 1.55 Puc. 1.56
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AnexTpuiecKuii AMnNonbL

Ha 601bn1oM paccTOAHUM OT MOJIEKYJIBI €€ MOYKHO IPUGIHIKeH-
HO pACCMATDHBATH K&K COBOKYIIHOCTh ABYX TOUEYHEBIX 3apAJOB,
PaBHBIX 110 MOAYJIO ¥ IIPOTHBONOJOXKHEIX 110 3HAKY, HAXOXAIMX -
¢s HA HEKOTOPOM paccTosHuwu [ apyr ot apyra (puc. 1.57). Takyio
HeATPANLHYIO B II€JIOM CHCTEMY 3aDAA0B HA3LIBAIOT 3 J € K T P U-
YeCKHM AHIOJEM.

AeKTpPHUYECKYE CBOMCTBA JUIIOIA XaPaKTEPU3VIOTCA B3JIEKTPH-
YeCKMM JUNOJBHBM MOMEHTOM. JNeKmpuyeckuii mo-
Menm Qunors pasen npoussedenuo modyns 00H020 U3 neKm-
puvecxux 3apados dunons Ha eaexmop l, npoBeleHHLIN OT OTPH-
[ATeJbHOTO 3apAAa NUIOAA K ITOJIOKUTEIBHOMY:

i (1.14.1)

p=lg

JAumonbHEIM MOMEHTOM 06J1agaeT, HallpuMep, MOJIEKYJia BOABI.
OxHaKo pacnpefeyieHMEe 3JIEeKTPHUUYECKHX 3apAfoB Y MOJEKYJIbl
H,0 ropasgo cnoxuee, yuem y NaCl. Ycrpoena monexyna Boanl

NpPUBGIAN3ATESBHO ClaedyouiuM ob6pa3oM. VI3 BOCBMH 3JIEKTPOHOB
aToMa KHCJIOPOoAa ABa HaxojaAaTcsa BOnu3u anpa. [lapa saekTpoHOB
C BHelIHe# 060N0YKHM CIIAPUBAETCS C ABYMA 3JIEKTPOHAMM ATOMOB
BOJIOPOZA, VAEP>XHBasdg BCE TPM aToma (OAMH KHCJIOpOJa U JBa
BOZOPOAA) APYr oKoao xpyra. OcTawinmecd YeTHIpe 3JIEKTPOHA
JABMIKYTCA mapaMH 0 op6uTaM, IPOCTHPAIOLIUMCHA B CTOPOHEI,
IPOTHUBOIOJIOXKHEIE aTOMAM BoAopoja. IIpumepHas cxema dJeK-
TPOHHEIX OPOGHMT B MOJIEKyJe BOALI u3obparkeHa Ha pucyHke 1.58.
BepxHAs N0 PHCYHKY YACTh MOJIEKYJIEI MMEET IIOJOXXHTEIbHBIN
38pAR, 4 HU)KHAA — OTPHIATENbHBIH. B pe3yiabTare MOJIeKyJdy Ha
GOJILIIIOM PACCTOAHMY TOXKE MOJKHO DACCMATPMBATHL KaK 3JeKTpH-
YeCKUH JAUNO0JE. JNeKTPUUYECKHUE AUIIOJbHBIA MOMEHT MOJIEKYJIbI
BOJSI I10 CPABHEHHIO C JUIIOJbHBIMHA MOMEHTAMH JPYTHX MOJIEKYJI

oxagnrBaercs 66asmum: p = 1,87 + 10718 CI'CY,.

[M

~lqf +gl
Puc. 1.57 Puc. 1.58
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JABa BuAa AUINEKTPUKOB

JH3IeKTPUKH MOXKHO Pa3IeIUTEL Ha ABa BUJA:

TNONAPHELIE, COCTOALUE U3 MOJEKYN, V KOTOPHIX HEHTDHI
pacrupeesIeHUA MOJOXHUTeJbHEIX U OTPHI[ATEJBHBIX 3apAJ0OB He
COBIIA/IAIOT;

HeIlOJ ADHELIe, COCTOAIIHAE N3 aTOMOB U MOJIEKYJ, ¥ KOTO-
PBIX IIEHTPBI PACIPEEIEHHUA MOJOMKHUTEIBHBIX U OTPUIATEABHEIX
3apAOB COBIIANAIOT.

K nonApHBIM AH3IeKTPUKAM OTHOCATCS CIHPTEHI, BOJA U JADY-
I'e BelllecTBa; K HEeNOJAPHLIM -—— HMHEPTHHIE T'adbl, KUCJIOPOJ, BO-
Jopoa, 0eH30JI, TOJHUITHICH U JP.

Cywecmeyem d8a suda Quarexkmpuros: NOAAPHLLE U HENO-
aaprote. OHU PASAULAIOMCA CIMPOCHUEM MOLEKY .

§ 1.15. NONAPU3ALIUA OANDJIEKTPUKOB

Tenepv nocmompum, umo npoucxodum c Ousnexmpurom 6
aneKmpuiecKkom noJse, U 8blACHUM, ONM Hez0 3asucum Ou-
anexmpuieckas NpoRHULAeMOcmb cpedul.

Nonapuaauust NONSIPHbIX AUINEKTPUKOR

ITycTh HONAPHBIN JU3TEKTPUK PACIIOJNOMKEH MEXIY ABYMA IIa-
PANMENbHLIMY METANIMUSCKUMY IJIacTHHaMuU. Ecau nnacTuHL
He 3apAXeHBbl U, CHeJOBATEJBbHO, HANIPAKEHHOCTh IOJS MeXIY
IJIaCTUHAMY PaBHA HYJO, TO JHIIOJN MOJEKYJ AU3JIeKTPUKA OPH-
€HTUPORAHLI XaoTuueckHu (puc. 1.59). BeaencTsue aToro Bo Bcex
YUACTKAaX AMIJIEKTPUKA IIOJOXKUTEIbHEIE U OTPUIlATENbHLIE 3ADA-
LBl IMTONEH Pa3NUYHRIX MOJEKYJ B CPEIHEM KOMIIEHCUDYIOT APYT
ADPYTa. dJIeKTpUUecKoe II0Je UdJIeKTPUK He CO3HaerT.

Yro e mpousoifeT B LUIJIEKTPUKE, KOrja
IJIACTUHAM COOOIIEHBI 3apAgbl, OMUHAKOBRIE IO |7~ |
MOAYJII0 U MPOTUBONOJOXKHEIE IIo 3HaKY? Eciu @/® ®\®
pasMephl ILJIACTUH MHOT'O 00JIbIlle PAacCTOAHUA ®/@
MeXXIYy HNMH, TO BO3HUKAaeT JJIeKTPUYECKOe
nojie, KOTOpPOe BAAJH OT KPAeB ILJIACTUH MOJXK- @\@@/®
HO CcYUTaTh oAHOpoAHbIM. CO CTOPOHBI 3TOrO
oJA Ha MOJEKYNy, IPeJACTABJSIONIYI0 co00it @/® @/®
IUIIONb, TeHCTBYIOT ABE CUJIBI, ONMHAKOBLIE TIO
MOJYJII0 ¥ HPOTHBOIOJIOMXHEIE 110 HAIIPABJIEHIIO Puc. 1.59
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Puc. 1.60 Puc. 1.61

(puc. 1.60, a). Ouy co3xal0T MOMEHT CUJILI, CTPEeMAIHiicA I0BED-
HYTh JUIIOJb TaK, YTO6EI €ero och OblJIa HalpaBJeHa II0 JUHUY Ha-
mpsaxennoct nond (puc. 1.60, 6). 3TtoMy, OFHAKO, IPENATCTRBYET
TEIIOBOE IBMI)KEHME, NMPHBOJAIIEe K XaOTHUECKOIM opHeHTaIu
gunoje. B pesynbrare NOJHAA OPHUEHTAIMA MOMKET OBITH KOCTHUI-
HYTa JHUIIL B CHJABHBIX IIOJIAX NIPHU TEeMIepaTypax, OJu3Kux K ab-
CONMIOTHOMY HYJIO. B OOLIYHEIX YCIOBHAX IOJNYUAETCA COCTOSHHE C
MpeuMYIleCTBEHHOM OpueHTaue AUIoJei BAOJIh NoJIA. ITO 3Ha-
YUT, YTO B CPEJHEM UHCJIO AUII0JIE, OpHEeHTUPOBAHHAIX BIOJE IO-
a9, 6oabnre, yeM npotuB noid (puc. 1.61). Ha pucyuke BHUAHO,
YTQ BCJAEHCTBUE NPEUMYUIECTBEHHON OPMEHTAIIUY AUIIONEN BAOJL
MOJA Y TONOXHUTEIBHO 3aPAMXKEHHOMU IINACTUHEI IOABJISIOTCA OTPH-
LATeJbHEIE 3apAgbl SUIOJEH, a4 Y OTPULATEIbLHO 3apsaKeHHOH —
NOJIOKUTENbHEIe. B pe3yJhTaTe HA MOBEPXHOCTH AU3JIEKTPHKA
NOABNAETCA IIOBEDXHOCTHBIN CBA3aHHBIN 3apAj] ¢ OIMpeeNeHHOH
IJIOTHOCTBHIO G'. BEYTPH JHANEKTPHUKA OTPULATEIbHEIE U ITOJI0MKH-
TeJLHEIE 3apAAEl AUIIOJEH KOMIIEHCHDYIOT APYr APYra ¥ CpegHUi
3JeKTPUYECKHH 3apA] PaBEeH HYJIO.

CmellieHue TOJOMXUTEIbHBIX ¥ OTPUIATEIbHBIX CBA3AHHLIX 32-
PAAOB IUAJIEKTPHUKA B IPOTUBOIIOJOMHBIE CTOPOHBI Ha3bIBAIOT IO~
JApU3auen.

Monapusauuns HENONAPHbLIX ANINEKTPUKOB

OpuenTanua Aumnoineil (aTOMOB WJIH MOJEKYJ AUSJIEKTDPHKA)
B 3JIEKTPMUYECKOM II0JIe — He eJUHCTBEHHBII IpoLecc IIPU MOJIdA-
pH3anuy JUBJIEKTPHKOB. ITO ciefyeT U3 TOro dakTa, 4TO H AU-
3JEeKTPHUKY C HeIOJAPHEIMM MOJEKYJaMU B 3JIeKTPHUECKOM II0JIe
TOXe MONAPU3YIoTCA. UTO Ke NPOUCXOIUT B 3TOM ciayuae?

B orcyreTBue Hojisg NEHTPH NOJOKHUTEIBHBIX W OTPHUIATENb-
HEIX 3apsAZ0B B aTOMax MU MOJEKYJaX HelOJSPHBbIX JU3JIEKTPU-
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KOB coBmajalor. IIpy BHeCeHMHU AMIJIEKTpHUKA B IIOJie HA OTpHIlA-
TeJBHO M IIOJIOXKUTENLHO 3apAXKeHHble HaCTUIIHI HAYMHAIOT AeM-
CTBOBATh CHUJIBI, HANpABJEHHBIE B IIDOTHBOIOJOXXHEIE CTOPOHHI,
B peayabTaTe MoseKkya pacTATMBaeTCA U MPOUCXOJHUT CMelleHue
IEeHTPOB MOJIOKUTEIHHOI'O M OTPULIATEJBHOrO 3apafos. Mosekyia
CTAHOBUTCHA JUII0JNEM, OCh KOTOPOTO HalpaBjaeHa BAOJAD II0JAd.

BeneperBue 3TOro mpormecca Ha IIOBEPXHOCTAX AWMAJIEKTDHKA,
OPUMBIKAOIHAX K 3apsXeHHBIM IIJIaCTMHAM, TaK)<e BO3HHKAIOT
cBa3aHHbIe 3apaAnn. O4eBUIHO, YTO IPOIIECC, AHAJIOTUYHBIN I0JIA-
pH3anuy HeNOJAPHRIX AUIJIEKTPUKOB, IPOUCXOAUT U B NOJIAPHKIX
JuajieKTpuKax. OfHAKO B IOCIEAHNX OH MAaCKHPYeTCHA 3HAUUTEIb-
HO 60sbImNM 3dibeKTOM, O0YCIOBIEHHLIM OpHEHTAI[HEH JUIIOJeH.

CHUNBl IPUTAXKEHUA MEXAY COCEZHUMHU MOJIEKYJIaMU AN3JIEKT-
pUKa 3HAYUTEJIBHO cJjabee CHJ, CBA3KBAIOHIMX Da3sHOMMEHHKIE
3apAfLl B MoJjieKyJse. IloaroMy IpH paspe3saHWM HJIHM pa3phIBe
AUIEKTDUKA Ha 4acTH MOJIEKYJBI He pa3pylualTcsd, a BeJHKOM
OCTalOTCA Ha ITOBEPXHOCTAX paspesa. B peayabraTe ob6e 4acTH No-
JIAPH30BAHHOIO AMIJIEKTPUKA OYAYT JEKTPHUYECKH HeHTpaJbHEI
mocJje paspe3aHusd.

-~

AuaneKkTpuy4eckas NPOHULLAEMOCTb U NONAPU3YEeMOCTb
ANINEeKTpUKa

CBs3aHHBIA IOBEPXHOCTHEIA 3aPAX CO3AAET 3IEKTPUYECKOE IT0-
Jle HanpsaxeHHocThi0 E’, HanpaBiaeHHO#! B AU-
3JIeKTPHUKe IPOTHUB HANPsKeHHOCTH BHEIIHe- B Eo
ro nonsa E sapAnos Ha miacTuHax (puc. 1.62).

W3-3a 3TOTO nOJIe BHYTPH AM3JIEKTPHKA 0CaAa6-

aserca. CreneHb ocjabJeHHA IIOJAA 3aBUCUT =\ _
OT CBOICTB AW3JEKTPUKA. - +,
Eciu HAUpAXEHHOCTD 3JeK TDHUECKOT0 O - +
BHYTPH AM3IEKTPUKA 0003HAaYUTh uepes E, To N n
o
E=E,-E (1.15.1)
- +
(cM. puc. 1.62). Hanpsaxennocts E’ ounpepe- - +
JIfeTCA MOBEPXHOCTHON IJIOTHOCTBIO 3apana e — — ]
o’. OTOT 3apAk HAXOAMTCH Ha ABYX NPOTH- - +,
BOIIONIOXKHKIX TOBEPXHOCTAX JHUAJIEKTPUKA.
Kaxaasa IOBEpXHOCTD CO3AAET 3JEKTPUUECKOe - +0c’
nose HampsKeHHocThI0 Ej =2nlo’| (8 abeo-
JIIOTHOM cucreMe epunun). Hanpaskernocru Puc. 1.62
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moJiell OT OTPHUIATEABHO K HOJOMKUTEILHO 3aPAKEHHKIX IIOBEPX-
HOCTel BHYTPH AMJJIEKTPUKA COBNAJAiOT MO HampaBjieHuwo. Ilo-
3TOMY

E’ = 4xlo/|. (1.15.2)

ITnoTHOCT, MOBEPXHOCTHOTO 3apAfa 3aBUCHUT OT CBOMCTB JH-
2JIEKTPHKA M HANPSYKEHHOCTH E 3JIEeKTPHYECKOro IOJA BHYTDH
Hero. Ilpu E = 0 ¢’ Takxe pasHa HyJ0. OObIT MOKA3LIBAET, YTO
LAA MHOTMX AHIJEKTPMKOB IJJOTHOCTh IIOBEPXHOCTHOI'O 3apsaja

IIPAMO IPOIOPHMOHANIbHA HATIPAXKEHHOCTH IMOJIAl:

lo] = oE. (1.15.3)

KoshduuueHT nmponopuuOHAIBHOCTH . HA3BIBAeTCA II O J A-
pPU3yeMOCTHI0 AUOBINEKTPHUKA HIU ero AUdJEKTpUUe-
CKOM BOCIpMHMYMBOCTHIO. OH XapaKTepU3yeT 3JeKTPpUYECKHE
CBOMCTBa JUBJIEKTPHUKA U IIPOCTHIM 00pPA3OM CBA3aH C AUDJIEKTPU-
yecKoil nmpoHuiaemocrtsio €. Hailizem aty cBass. IlogcTaBuB BrIpa-
skeune (1.15.3) B popmyay (1.15.2), nonyuum 3HaYeHue Haps-
JKEeHHOCTH IIOJISi CBABAHHBIX 3aPAJOB B 3aBHCHMOCTH OT HAIPA-
SKEHHOCTH TI0JIA BHYTDH JUIJIEKTPHUKA:

E’ = 4noE. (1.15.4)

Ecxm temeps nopgcraBuTth Beipaskenue (1.15.4) B cooTHomenue
(1.15.1), TO MOKHO BHIPA3HTH HANPAMKEHHOCTDH NOJIA B AUDJIEKT-
pHMKe yepe3 HANlPAKEeHHOCTDL BHEIIHErO II0JIs:

Eg

k= 1+ 4na’

(1.15.5)
CrosAmas B 3BHaMeHAaTeIe BEIMYNHA XapaAKTepPU3yeT CTelIeHb OC-
aabJeHns IoJsA; OHA MOKASEIBAET, BO CKOJBKO Pa3 YMEHBLIAETCS
HAIPAXKEHHOCTL 3JIEKTPUUYECKOro IOJA B OJHODOJHOM AHIJIEKT-
pUKe. OTO M €eCTh [QUYJIEKTPHUUYECKas IIPOHUIAEMOCTE CpPegbl

(cm. § 1.4):
e=1+4no. (1.15.6)

Taxum o6pa3oM, AudIeKTpHUECKAA IPOHUIIAEMOCTD U NOJIAPH-
3YyeMOCTh ABJIAKTCA 3KBUBAJIEHATHLIMY X8PAKTEDUCTUKAMM DJIEKT-
PHUYECKHUX CBOHCTB CDEJBI.

1Hano umMeTs B BUAY, 9TO CMeieHye 3apSAoR B JUBJIEKTPUKE Heno-
CPeJICTBEHHO ONPE/eNAETCS MOJeM BHYTDU HETO ¢ HANpSKeHHoCThIo E,
4 He BHELIHUM II0JIEM C HATIPAXKEHHOCTbIO E .
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Cernetoanexrpuku

OTMeTHM B 3aKJIOUEHHE, YTO, KPOME IOJAPHBIX ¥ HEIOJAPHBIX
IUJIEKTPHKOB, CYLIECTBYeT €lle OAMH THI AUIJIEKTPUKOB, KOTO-
pole Ha3bLIBAIOT CETHETOSJNEKTPHKAMMN OTH BellecTBa
06JIagaoT pAgOM 3aMedaTeJbHBIX CBOMCTB. B uacTHOoCTH, OHM HMe-
0T O4YeHb GOJIBILIYIO AMBJIEKTPHUUECKYI0 mpoHunaemocts. Tak, Ha-
TIPUMED, ¥ CETHETOBOM COJIH AMIJEKTPUUECKAA IIPOHUIIAEMOCTD J0-
cruraer 10 000. 3amMeTM [IJIA CpABHEHMSA, YTO CPeAH IOJAPHBIX
IN3JEKTPUKOB HauOOJbllleil NIpPOHMIIAEMOCTHIO o00JagaeT BoAa
(e = 81). 3HaueHMe € Y HETIONAPHLIX AUIJICKTPUKOB MHOT'O MEHBIIIE.

Boabiuoit BKJIaA B HCCAeA0BAHNE CETHETO3JIEKTPUKOB OBIJ cAeyIaH
oteuecTBeHHEMH (usukamu U. B. Kypuatoenim, B. M. Bysiom u ap.

B aanexmpuueckom noae ce8i3aHHbvie 3apAdvl dusarexmpura
cMewamcea 8 nPpomuBONOAOINCHble CMOPOHBL: npoucxodum
noaspusayus Ousrexmpura. IloaapusoeaHnHusiii duarexm-
puk cam co3daem anexmpuyeckoe noae. Imo noJe ociabas-
em sHympu JusaieKxmpura éHeulHee 31eKmpuieckoe noJe.

1. MoxxHO 11 06BSACHATEL OTCYTCTBHE 3aPA0B BHYTPH IPOBOHU-
Ka TeM, 4To OKAHOMMEHHbIE 3aPAAL] OTTAJIKHUBAIOTCA?

2. BryTpH npoBoAsamel chephl PACIOIOMKEH IIOJO-
KHUTeJLHEINA ToyeuHm#t 3apsap (puc. 1.63). Ha-
YepTHUTE JHUHHM HANDAKEHHOCTH BHYTDH M BHe
cheprl. Kak 6yaer nM3MeHATHCA NOBEPXHOCTHAA
IIJIOTHOCTEL 3apsja Ha BHYTPeHHel M BHelIHel
TOBEPXHOCTAX CepHI, eCIM 3apAX MepemMelwate o .- 1.63

BHyTpH chephl?

§ 1.16. NPUMEPbI PELLEHUA 3A0AY

IIpu peuleHuHy 3a7a4 ¢ HCIOJb30BAHMEM IOHATHSA HAOPAXKEH-
HOCTH 3JIEKTPHYECKOro nojsa Heo6xoaumo 3HaThk Gopmyasnt (1.9.3)
n (1.9.5), onpegensione cuay, AeHCTBYIOMIYIO Ha 3apsAj CO CTO-
POHBI 3JEKTPHYECKOro I0JIfA, M HATPAXKEHHOCTD IIOJA TOYEYHOro
zapajga. Ilonsaysch, NMPWHUIUIIOM CYNEpIO3MIUH IOJiei, MOXKHO
BHIYHCJINATH HAIPSAXKEHHOCTb IOJS 3apAKeHHOTO TeJa C IIPOH3-
BOJIBHO pacHpejleJIeHHHIM B IIDOCTPAHCTBE 3apAAOM. OTOT 3apdf,
cJeAyeT PACCMATPHBATL KAK COBOKYIHOCTb TOUEUHHIX 3apsfOB.
Ilone3ano moMHEUTH GOPMYJIBI HANIPAKEHHOCTH IOJI PABHOMEPHO
sapskeHHoil chepnr (1.12.9) u paBHOMepHO (10 06BEMYy) 3apdA-
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skeHHoro mapa (1.12.15), a Takixe moass paBHOMEPHO 3apSKEH-
Ho# nockoctH (1.12.4).

OueHpb Ba)XHO YMeTh CBOOOAHO MOJb30BATHCA IIOHATHEM JHUHUIL
HAIIPAYKEHHOCTH, JAIIUX KadYeCTBEHHYIO KapTHHY pacnpegee-
HUA I0JIs B IPOCTPAHCTBE.

Tak:xe HeoOX0AUMO XOPOIIO 3HATHL MOBEJEHME IPOBOJHNAKOB 1
JAV3JeKTPUKOB B 3JIEKTPOCTATUYECKOM IIOJIE.

3apava 1

TTonosxuTenbHBIM 3apA] ¢ pABHOMEPHO pacnpefesieH 10 TOHKO-
MY IPOBOJIOYHOMY KOJbLY paauycom R. HaiiauTe HanpsixeH-
HOCTb JJIEKTPUUECKOro II0Ji1 H& OCH KOJbIA B 3aBHCHMOCTH OT
paccToAHuA h OT LEeHTpa KOJbLA.

Pewexnne. HanpsixeHHOCTH E nonsas TIPOM3BOJBHON TOUKE A Ha
OCM KOJbIIa pPaBHAa TIeOMETPHYECKONH CyMMe HAIDAXEeHHOCTel
(OpUHIMO CYIEePIO3UIINK), CO3JaBaeMBbIX OTAEJbHBIMHM MAaJIBIMU
3JIEMEHTaMu JJIMHOM Al; 3apssKeHHOro Koabna (puc. 1.64).

3apax Majoro sjieMeHTa KOJbLia

A Al

- 9
9~ 2nR

Cnenona’renbﬂo, MOAYJIb HAIIDAMXEHHOCTH IIOJA, co3gaBaeMoro
3JIEMEHTOM KOJIbIla B TOYKeE A, paBeH:

s 1.16.1
E=korrzs (1.16.1)

VckoMaa HaTpAXKEeHHOCTE
E=YE,. (1.16.2)

BeneacTsve cHMMeTPUH CyMMAapHBIR
BeKTop E JnexuT Ha ocu Koabna. IloaTo-
MY B IPOEKLHK Ha OCh Y (KOTOpas COB-
najfiaeT ¢ OChI) CHMMETPUH KOJIbIAa) pa-
BeHCTBO (1.16.2) 3anuurerca rak:

E=YE, =YEcosa.
i i

N3 pucyHKa BHAHO, 4YTO COS (X =

h
= ———— . CiefoBRaTelIbHO, C YYETOM

/R2 + h2

Puc. 1.64 (1.16.1)
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Ag; h h
E= Zk R2+ h? [R2 { p2 - k(Rz + h2)8/2 ZAqi‘
4 4

Cymma ZAqi = @, IO3TOMY OKOHYAaTEeJIhLHO HMEEM:
i qh
(R2 + h2)3/2 *

W3 aTOro BRIpaXkeHus BLITEKAET, YTO B IleHTpe Kojabla (h = 0) E = 0.

E=kFk

3apaua 2

CsoiicTBa 2/JEeKTPUYECKOr0 ZUIOJNS (CHCTEMBI M3 JBYX TOYey-
HEIX 3apafoB +g| u —lg|, HaxoxAmUKes Ha paccrosHuM | ApYT OT
Npyra) XapaKTepU3yIOTCH ero dJeKTPHYeCKIM MOMeHToM p = |g|l.
HaiiguTe HaOPAKEeHHOCTD ITOJIA SJIEKTPUIECKOr0 AUNOJISA C MOMEH-
TOM D B TOYKe, OTCTOAIEH OT LEeHTPa OCH JUIIONA HA PACCTOAHUYN
R > | B ByX caydaax:

a) TOYKa JEeXXUT Ha IPpAMOH, IIpoxoaanieil yepes oCh AUIIOJA;

0) TOYKA JISXKUT Ha IPAMOIi, NePNEeHIUKYIAPHON OCH AUTIOJNA U
HPOXOoZAAUIe yepes ee LEeHTP.

PeuweHue. 2) B nepBoM ciayyae, Kak 9TO BUJHO U3 pUcyHKa 1.65,
HaNpsi’KeHHOCTD II0JIS B TOUKe A paBHa:

1 1
E,=E, —E_ =kl -

(m-3) (3

Tax kak R > [, To
1 1 21

G

CiemoBaTesbHO, MOJYJbL BeKTOpa
HaIIPAXEHHOCTH B TOUKE A

2lgll _ ,2p
EAsz = ko3 (1.16.3)

Hanpasnen sextop E, BROAB OCH
Iuoasa ot Hero. Ecnu Ol Touxka A
Oblma B3ATa cjieBa OT JUIOJNSA (CO
CTOPOHBI OTPHIIATEIBHOIO 3apAna),
TO BeKTOp E, OB Obl HampasieH
K JHIIOJTIO. Pue. 1.65
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6) Bo sTopoM cnyuae (cM. puc. 1.65) HanpssKeHHOCTb NOMAA, CO-
aJaHHOTO KaxXJLIM N3 3apAAOB B Touke B, pasHa:

- gt
E\=E,=k—2.

2 + =
RE+ 7
o
CyMMapHBIH BeKTOD HaNpsAXKEeHHOCTH E mapaiiesed ocH AHUIIONA.
Ero moayns pasen:

EB=2E1sina=k——|%m—2 -kd. (L169)
(R2+3)

3aMeTuM, UTO B 000MX CJAyYadAX HAIPSIKEHHOCTL YOBIBAET KaK

1
F s T. €, 6LIc'rpee, YyeM HAIPDAXKEeHHOCTDb IOJIA TOUEUHOTO 3apajs

1
R

(nponopIioHANLHAR R

3apnaua 3

B cunbHOM OAHOPOAHOM 3JIEKTPHUYECKOM II0jie HAIPAKEHHO-
ctei0 E Ha oqHO¥ cHI0BO#M JMHUHK B Toukax I u 2, pacmosioxeH-
HBIX HA PACCTOAHMM l, APYr OT Apyra, HaxoAATcA HPOTOH (p)

¥ aJeKTpoH (e) (puc. 1.66). Hauanrnaa crkopocts ofenx uacTu
paBHA HyJ10. YeMy pABHO PACCTOAHHE MEXXAY YACTHILAMM CIYCTH
BpEM4 T 10CJIe HAYAJMA JBHMEHUA?

A x Pewesne. Harrpasum ock X 110 HanpasJieHUIO CH-
JsoBoit nmuuMu E, & HAYANO OTCUETA COBMECTHM C
TOuKO#i 2, rje BHAuUaJie HAXOAHUJICH 3JIEKTPOH.
IIpeneGperas BaaumopeiicTBHEM YaCTHUIL, APYT C
B | | A ApyroM (CHJIBHOE IIOJIE), MOMKHO CUHUTATH ABUIKE-
HUe 3JIEGKTPOHA M IPOTOHA PABHOYCKODPEHHBIM.
Torga, coriacHo H3BeCTHOI KUHEMATHYECKOH
dopmye, KOOpAMHATA IPOTOHA B MOMEHT BpeMe-
I, HH T paBHA:

Slm

T
P x1=l0+ E

Puc. 1.66 TZle ¢ — 3apsif, a m, — Macca IpOoTOHA.
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Roop,t[m{a'ra JIEKTPOHAa
. eE 12
=T o
2 m, 2
rne me — Macca 3JeKTpoOHaAa. HUckomoe paccTogsHHue
eEt? mp + m, eE‘rZ

l=2, —x,=1 Y = + ,
1 2 "0 2 m,m, 0" 2m,

TaK KakK mp > m,.

3apaya 4

Ha paccrosumu d or 60ab1ION TPOBOAAIILEi MIACTUHBI HAXO-
IUTCS TOYEUHBIH dJeKTpUUecKui 3apsan +q. C Kakoil cuioi neii-
CTBYET Ha Hero ILIacTHHA?

Pewenune. Ilox BauanueM 3apfAfia +¢ Ha NJIacTHHE IMOABJIAIOTCA
HaBeJieHHblEe OTpMIlATEeNbHBIE 3apanbl. OHM pacIpefeNAOTCA IO
MOBEPXHOCTH ILJIACTHHEI TAKUM 0GDPA3oM, YTO pe3yAbTHPYIOMIas
HATIDAKEHHOCTD 3JIEKTPHYECKOr'0 1M0JIA, CO3JAHHOrO 3THMH 3apsi-
JaMy ¥ 3apAfoM +q, BHYTPH ILJIACTHHBLI PaBHA HYJIIO (MHIYIIUPO-
BaHHBIE IIOJIOXKHUTEJbHBIE 3apAABI YXONAT HaA yAaJeHHble Kpas
ILJIACTUHEI, ¥ HX BJAUSAHUEM MOXKHO 1IpeHeOpeus). Ilockoabky niac-
TuHa Gonbllas, MOAYJIL CYMMAPHOI'0 HABEIEHHOrO 3apAAa PaBeH (.

Cupaga ot niaacTnHel (puc. 1.67) amekTpuuecKoe Ioje Co3JaeTcA
TOUEYHBIM 3apPANOM -+q ¥ pacCIpe/leIeHHBIM II0 MOBEPXHOCTH ILjac-
TUHLI HABEICHHBIM OTPHULATEIBHBIM 3apAnoM —q. ClieBa aIeKTpuue-
CKOE IT0Jie OTCYTCTBYeT (3derT aneKTPOCTATHUECKOH 3AIIIUTEI).

IlpencraBum cebe, YTO MBI IOMECTUJH CJIeBA OT IIIACTHHBI Ha
paccToaHUM d TOUEYHRIN OTPHIATENLHBIA 3apAn —q (aapal-uao-

v ITposodaw,asn

' nagemuna <
e —_

N L A

. Bapagd- . T T
/uso6pa\m\er\tue -
! ~

Puc. 1.67
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b=y

Puc. 1.68

6paskenue). Od HaBeJeT HA JIEBOU IIOBEPXHOCTH ILIACTUHERI II0OJO-
SKHUTEJBHLIE 3apAJLl, KOTODhIE pacIpelesATcA MO Heil TOUHO TaK
’Ke, KaK OTpHIlaTeJILHBIE 3apAAkl HAa IpaBoii moBepxHocTH. Ilpu
3TOM 9JIEKTPMYECKOe IOJIe CHpaBa OT ILIACTHHBI He M3MEHHTCA
(omIATL fefcTBYeET 3JeKTPOCTATHYECKASA 3AIIIHUTA).

MoOKHO CKa3aTh, YTO CIPABA OT IJIACTMHEI IIOJIE CO3LAETCHA JBYMS
TOYEYHELIMM 3apARaMH +¢ ¥ —¢ U 3apAfaMH (OTPKIIATeILHEIMHY H IIO-
JIOKUTEILHBIMM), HHAYIIMPDOBAHHBIMM Ha ofenX CTOpOHAX IJIACTH-
Hbl. (Begs cyMMapHas HAIPAXMEHHOCTD 3JIEKTPIYECKOTO IO OT TO-
YEeUHOI'0 OTPHIATENLHOIO 3apsia M HABEAEHHBIX MOJIOMUTEILHBIX
3apAJOB CIIPaBa OT ILIACTUHEI PaBHa Hydi0.) Eciiu niacTuHa TOHKAA
(ee TOJIIIIMHA MaJia I0 CPABHEHHIO C PACCTOSHUEM d), TO HATDAKEH-
HOCTH NIOJIA HaBEAEHHKIX 3apAAOB BHE IIJIACTHHEI PABHA HYJIIO.

Taxkum o6pa3oM, OKAa3HIBaeTCH, UYTO CIpaBa OT ILJIACTHHEI
3JIEKTPHYECKOE TI0Jie, CO3NABAEMOE 3apPAJOM +¢ U HaBeJeHHBIMH
OTPHUILATEILHEIMM 3apANaMH, COBIAJAET C IOJIEM, CO3JaHHBIM
JABYMA TOUYEYHBIMH 3apAfaMu +¢ ¥ —¢, HAaXORAIIMMUCSH Ha pac-
croaHuu 2d apyr ot apyra (puc. 1.68). 9To oaHauaeT, uTO HAIIDA-
SKEHHOCTSD NMOJIA UHAYIIUPOBAHHBIX 38PANOB B TOUKE, I'le HAXOAHUT-
cA 3apaj +q, PaBHA HATIPAKEHHOCTH NOJA TOYETHOTO 3apAja —(¢.
Torga AJiA HCKOMOM CHJIBI IPDUTAKECHUA IOIYULIUM:

_ 3%
F=k 5.

3apaua 5

Hailigure Hanps>XeHHOCTb BJAEKTPHUUYECKOrO IOAA BOJIM3H yua-
CTKA IIOBEPXHOCTH IIPOBOAHWUKA C H3BECTHOH MIOBEPXHOCTHOM
ILIOTHOCTHIO BJIEKTPUYECKOTO 3apAaa .
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Pewexue. Ouenp OMU3KO K 3apd- =
JKeHHOHM TIOBEPXHOCTH HAIPSAMKEH-
HOCTBH 3JiekTpuueckoro mons (B CH) A
onpenensiercs mo popmye (€ = 1)

to b

lol
1= 2¢,°

TaK KAK O4YeHb MAJBINM ydacTok IIO-
BepxHOCcTH AB (puc. 1.69) MoxxHO cuu-
TaTh IIJIOCKHM, ¥ BOJIHM3M 3TOTO y4acT-
Ka cnpaseinuBa dopmyna (1.12.5) Puc. 1.69
JUIs HATIPSIKEHHOCTH TI0JIsl pasHOMeED-
HO 3apS>KeHHOH MJIOCKOCTH. ITO NoJe

= ~

cosznaeTcsa 1Mo obe CTOPOHEI 3apsxenHo# mosepxuoctu: Ef = —E,.
Kpome Toro, r6aysn gaHHOro 3J€MeHTa IIOBEPXHOCTU 3apAfAMM,
PAcCIIONI0KeHHKIMM Ha BCedl OCTAIBHOI IOBEPXHOCTH NIPOBOAHMKA,

CO3/jaeTcA ToJie HANPAXeHHOCThIo E,. Tak xak noje apadercs He-
— —
TIpepBIBHEIM, TO Eé = E,. BuyTpy IpOBOAHUKA IIOJIE€ OTCYTCTBYET,

= - — — - —>
T.e. El+ E,=0. 3nayur, Ei =—E;. Cnenorarensno, E, = E,.
TIosToMy CKOMAaA HATIPAKEHHOCTD

_lol ol _lol

E= E +E 2{—:0 21—:0 £

3anaya 6

BHyTpHu 3apsAKeHHOrO IIapa ¢ NOCTOAHHON 00beMHOU TIOTHO-
CTBIO IEKTPHUECKOTO 3apAfa p MMeerca chepuuecKas IOJIOCTb.
Paccrosinue Mexxy nieHTpaMu 1apa ¥ 10x0CTH pasuo a. Haligure
HAIIPAYXKEHHOCT £ 3JIeKTPUYECKOTO 104 BHYTPH TIOJIOCTH.

Pelenue. 3apaKeHHBI MAD C NOJOCTHIO 9KBUBAJIEHTEH 1IADY,
PaBHOMepHO 3apAKEHHOMY II0 BCeMy O0beMy, BHYTPH KOTOPOTO
uMeeTca cdepa ¢ 3apAAOM IIPOTUBOIIOIOKHOTO 3HAKA U TOI JKe 110
MOAYJII0 06beMHOM MIOTHOCTHIO 3apAxa p. Torga cymMapHbii 3a-
PAA 9TOM YacTu IApA paBeH HYJIO, YTO COOTBETCTBYET HAJIUUMIO
TIOJIOCTH B ILape.

HanpsasxeHHOCTD II0JIA B IPOM3BOJILHON TOYKe A TOJIOCTH PAaB-
Ha BEKTOPHOM cyMMe HanpsKeHHocTeH oA, CO3MAHHOTO CIJIOII-
HBIM 3aps>KeHHBIM IIApOM, M TIOJSA, CO3JAHHOrO IIApOM, 3aHHU-
MaIIuM chepudecKyro noaocTs (puc. 1.70):
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=1 4t 2 i i
EA=k—3—pRA—k?prA=k?pa.

Karx BHUIHO U3 IONYUYEHHOrO pe3yJIbTATa,
HAIIPAXKEHHOCTh MOJIA B IIOJOCTH HE 3aBU-
CHUT OT MOJIOXKEHHs BhIGpAHHONH TOUKU A.
OHa Bo Bcex TOYKaX OAWHAKOBA ¥ HAIPAR-
JeHa TMapajijleTbHO IIPAMOi, COeJUHAIO-
niedl NMeHTp Miapa U IEHTP MOJOCTH; IoJie
Puc. 1.70 OJHODPOSHO.

3apava7

Meranrnueckul map paguycoMm R, UMeronuii 3apax ¢, HaXO-
JUTCA BHYTPH AUSJIEKTPUKA € AUIJIEKTPUUECKON IPOHUIAEMO-
cTei0 €. OmpeslenuTe NOMAPHBAIUOHHBIN 3apaAN, BOSHHKAMOIIUI B
JUAJIEKTPHKe Y MOBEPXHOCTH 3aPSKEHHOIO 1Iapa, U MOBEPXHOCT-
HYIO IUIOTHOCTH MOJAPUIAUOHHOrO 3apafa.

Pewenue. Eciu 6bI BOKPYT IIapa He OBLIO UAJIEKTPUKA, TO OH
cozzaBaj 6kl B OKPYKAIOIIEM IIPOCTPAHCTEBE II0J1e ¢ HATIPAXKEHHO-
CTHIO

_ 4
El—k;-é,

roer 2 R.

HpI/I HaJINYNKW JU3JIEKTPHKAa BO3HHKAET II0JIe ¢ HAIIPDAXEHHO-
CTBhIO

PasuoeTts

e—-1
E=E1—E2=k|—rq§|?, (1.16.5)
OYEBHIHO, PABHA HANPAMKEHHOCTH NOJIA, KOTOPOE CO3AAeT IIOBEPX-
HOCTHBIN IOJIAPU3ANUOHHEBIN 3apaf ¢, NOABJIANIUICA BO3JIE 34-
psaxenHoro mapa (puc. 1.71). 3apsaj ¢’ IpOTUROIONIOMKEH IO 3HA-
Ky 3apany ¢. Tak kak INOJAPU3AIMOHHBIA 3aps] paclpenesieH
PaBHOMEDPHO II0 IOBEPXHOCTH c(hephl, TO

Y
E=hd;. (1.16.6)
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Conocrasnsasa seipaxkenud (1.16.5) u (1.16.6) ana E, uaiigem:

,_e-1
gl =—"ldl.

HOBerHOCTHaH MJIOTHOCTD IIOJAPH3AIlMOHHBIX 3apaA0B paBHA

,_ gl _e—-1 Jg _e-1
¢ 4nR2 € 4mR? £ o,

rAae G — IIOBEPXHOCTHAaA IIJIOTHOCTL 3apaAaa ¢ Ha II1ape.

3apa4ya 8

HaiiguTe HAIPAXKEHHOCTh 3JeKTPHUECKOro0 I10JId, CO34aBaeMo-
r'o B BaKyyMme GECKOHEUHO AJUHHOU 3apsKeHHOM HUTHIO C JIMHEH-
HOM IIJIOTHOCTBIO 3apsana T.

Pewenune. IIpoige Bcero pelluTh 3a4auy C IMOMOIIBIO TEOPEMBI
Taycca.

BLIYMCINM IIOTOK HAIPAKEHHOCTH Yepes UHIMHAD, OChb KOTO-
poro coBHAaflaeT C 3apsikeHHOM HUTHIO (puc. 1.72). Paguyc mu-
JUHIpa r, a‘ero Beicora . M3 cgoﬁpamennﬁ CHMMETPHH OYE€BHIHO,
YTO JIMHUM HAUpPsSKeHHocTH E mepneHZUKYAAPHBI GOKOBOM IIO-
BepxHOcTH uuiuHapa. [ToaroMy OTOK HanpsAXKeHHOCTH depes 60-
KOBYIO IIOBEPXHOCTH IIMJIMHADPA PaBEH:

N = 2nriE,. (1.16.7)

IToTox uepe3 OCHOBaHHSA PaBEH HYJIIO.
BryTrpH nuauHgpa HaXOAUTCA 3apas q¢ = Tl.

A

v VP

\

Pue. 1.72
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Cornacuo Teopeme I'aycca, sanucanHoi#l B ab6COIIOTHOH cucTeMe

eIVHUIL,
2rrlE, = 4ntl. (1.16.8)
OTciofa MOAYJIb HAIPAXKEHHOCTH I10JIs PABEH:
E=2, (1.16.9)

88

r

YnpaxHeHue 2

JlBa ToueuHsIX 3apaza ¢, = 200 CI‘CBQ HQ,= 1077 Kx morpy-

JKEeHbl B KepocHH (¢ = 2). Haliaure MoAy/b HAOPAMKEHHOCTH
noJs B TOUKe B, oTcTOAINEH OT HepBOro 3apAja Ha paccTod-
HUU ry = 4 cM, a OT BTOPOTO — HA 'y = 3 cM. Yroa MexAay pa-

JMycaMu-BeKTODaMH | ¥ T, IpaMoii (puc. 1.73).

B Touxe A HanpskenHocTs 1o pasHa 63 H/Ki, a B rouke B —
7 H/Kn (puc. 1.74). HaiiguTte Hanpsa:xeHHOCTH B Touke C, Je-
JKalei nocepesguue Mexay ToukamMu A u B.

B BepmimHax KBazpaTa co cTOPOHOI [ pacmosyoKeHbl OfHHAKO-
BEI€ 3apAAbI q. deMy paBHA HANPAKEHHOCTh HA DACCTOAHUM
d = 2! oT UeHTpa KBAApAaTa: a) HAa IPOJOIKEHUN JHUATOHAIIM;
6) Ha OpsMoii, MpoxXoAsAIel depes EeHTD KBajpaTa U mapaJ-
JIeJIbHO# ero cTopoHe?

3apsixeHHad NBLIMHKA Maccoi 108 r HaxoauTCa B paBHOBe-
CHH B OJHOPDOAHOM 3JIEKTpUUYeCKOM Iojie. HampsaixeHHOCTH
MOJIsI HANpaBJieHa BEePTUKAJBLHO HM paBHA MO MOAYJIIO
10 CT'CI;,. CronbKo M3GLITOUHBIX SJEKTPOHOB HAXOAUTCH HA

nsUTHHKe? 3apaAn saekTpoHa e =4,8 -+ 10710 Crcy,, a ero
maccam,=9,1 - 10728,

T - _B_ _ =

— G- G

Puc. 1.73 Punc. 1.74



10.

11.

12.

13.

14.

B ogHOpOAHOM 1OJIEe ¢ HANPAXKEHHOCTBIO, HAIIPABJIEHHOMN Bep-

THKaJIBbHO M paBHo# o moxymo 10° H/Ka, maxoquTrca B pas-
HOBECHM KalleJbKa Macja, MMeIoIad U30BITOUHLIM 3apAm,

paBHBIN 3apafgy siextpona e = 1,6 - 10712 Kn. ITmorsocTs
Macaa p = 900 kr/m3. Haiinure paguyc chepruecKoil Kamim.

B BepmmnHax npH OCTPHIX yrjax pomfa, COCTaBJIEHHOTO H3
JABYX DABHOCTOPDOHHUX TPEYroJABHUKOB CO CTODOHOM 4, TIOMEe-
HIeHbI NOJIO}KUTENbHEIE 3apAAL ¢. B BepiiHe npu oJHOM U3
TYHObIX YI70B poMba NoMellleH TaK)Ke NOJOXXUTENbHBIH 3apaj
Q. Oupenennte HanpsKeHHOCTh E mosst B ueTBepTOM BepITH-
He poMba.

Permunre npeasiayiyo sajfauy, ecau 3apag @ — OTpUIATEb-
HHIi, B CIyuadAx, KoTAa: a) |Q| > ¢; 6) [Q| = qu B) Q] < g.

Kakoif yros o ¢ BePTHKANbI0 COCTABNAET HUTH, Ha KOTOPOI
BHUCHT 3apAXKEeHHHIN Mapuk maccoit m = 0,25 r, noMeIeHHbINA
B OJHOPOAHOE 3JEKTPHUECKOE II0Jie € HANDAKEHHOCTHIO
E = 35 CT'C9,? BexkTop Hanpa»KeHHOCTH HANPABJIEH TOPU30H-

TajbHO. 3apaj mapuka g = 7 CI'CO 7

B oxHOPOAHOM SJIEKTPUUYECKOM IOJE C HANPAXKEHHOCTHIO
E =100 CTC9j, TMHUH KOTOPOTO COCTABIAIOT C BEPTHKAJIBIO
yron o =30°, BHUCHT HAa HHATH INAPHK Maccoh m=2r,
umenomuii sapan g =10 CI‘CSQ. OmnpenennuTte CUJIy HaTAXKe-
HUA HUTH.

MooxeT 1M TOUEUHSBIN 3MEKTPUUECKUN 3apAJ, IIOMENeHHEIH B

3JIEKTPOCTATHUECKOE TI0Jie, HAXOJUTHCA B COCTOSHHUM YCTOM-
YHUBOTO paBHOBeCcUA?

ToHKOe IOJYKOJBIO paguycoM R = 20 cM 3apsKeHO paBHO-
MepHO 3apsagoM ¢ =7 + 10711 Kn. Haitqure Moayne Hamps-
YKeHHOCTH IIOJIA B IleHTpe OKPY>XHOCTH HOJYKOJIbIIA.

Tpy OAMHAKOBBIX TOUEYHLIX 3apAfa ¢ pPacloJOXKeHbl B Bep-
MIMHAX DPABHOCTOPOHHETO TpPeyroJbHUKA, CTOPOHA KOTOPOTO
paBHa a. HaiiguTe HanpAKeHHOCT:L HOJIA B BEPUIMHE HOpa-
BUJIBHOTO TETPA3JPa, IOCTPOEHHOrO Ha 3TOM TPeyroJbHUKE.
ToHko¥i OpAMOYTOJBbHONH METAJNIHYECKOil NJIACTHHKE CO CTO-
poHaMu a U b coobiier 3apasg q. OnpeneanTe MOAYJIL HAIPSA-
KEeHHOCTH MOJA B TOUKAaX, 6,IMBKUX K IEHTPY INACTHHKH.

IIBe MeTajinuUyecKKe NIACTUHEI, NAOMIAALIO S KAXKaA, HECYT
NIOJIOKMTENbHBIE 3apAALl @, U @,. Paccrosnue mexay mnac-
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15.

16.

17.

18.

19.

20.
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THHAMH MHOTO MEHbIIIe UX JUHEHAHBIX pasaMepos. Haligure Ha-
NPAXEHHOCTH o B Toukax A, B, C (puc. 1.75).

JBe nnacTHHH MiomaAsio S = 100 eM? Kaxaas HAXORATCS Ha
MAaJIOM PACCTOAHUH IPYT OT ApPyTra. 3apaAbl IIACTHH PABHEI
o moxy.mio |g| = 1078 K u npoturononoxuu no suaky. Haii-
IUTE CUIY HPUTAXKEHUA ILIACTHH,

MeuIbHOMY TY3BIPIO paguycoM R coobiieH sapazn @. Haiinnure
CUNy, AeHCTBYIOINYI0 HA IOBEPXHOCTH NY3BIPA €JUHHUYHOH
naomasu. MEJIBHYIO IIIEHKY CUUTATDH IPOBOAAIIEH.

K nmnunnoil BEepTHKANBLHO PACHOJIOMKEHHOH IPOBOJOKE, 3aps-
KEeHHOM PaABHOMEDHO C JHHEHHOH INJIOTHOCTHIO T, IIPUBA3aH
BOIN3U ee cepeVHEI Ha HeOOJbIION HHATH HMIAPDHUK Maccoi m.
IMTapuk 3apaAXeH 3apAXOM ¢, ONHOUMEHHBIM C 3apANOM HUTH.
IIpi paBHOBeCHM PACCTOSIHHME OT IIIAPMKA OO IMPOBOJIOKH pPAaB-
Ho r. HaiinuTe yroy OTKJIOHEHUSA HUTH OT IIPOBOJOKH.

JIBe yacTunnl ¢ MaccamMu m u M, UMeIoUHe 3apaibl —q U +6),
IBHIKYTCA BAOJb JUHUK HATDPAXKEHHOCTH OJHOPOAHOTO 3JIEKT-
pHUecKOro IIOJIA TaK, UTO MX CKOPOCTH B JI060II MOMEHT Bpe-
MeHU OmUHAKOBH (puc. 1.76). Ompepennre: a) paccTosHUE X
MEXJY YACTUIIAMH, IIPH KOTOPOM BO3MOIKHO TaKOE ABHIKEHUE;
6) ycxopenue uactun,. HanpsixensaocTs E moJia u3BecTHa.

B neHTpe IIOJIOTO NPOBOJALIETO IIAPA TIOMEIIeH TOYEUHHIH 3a-
pax g =10 CIrCa o Brytpennuit paguyc mapa r = 10 cM, BHer-
Hu#t paguyc R = 20 cm. Haiimure HaIpAXKXeHHOCT1 3JIeKTpUYe-
€KOTO oS Y BHYTpeHHe# (E,) n y Hewunei (E,) rpaHuIl mapa.

ITpocTpancTBO MeRAY AByMA OECKOHEUHBIMH MapasljieIbHbI-
MM IIJIACTHHAMMU 3AIOJHEHO AUBJEKTPHKOM, 3apAXEHHEIM C
TIIOCTOAHHON O0BLEMHOI ILIOTHOCTHIO 3apsana p. PaccrosHue
MeXXIy IMJIacTHHAMH ¢. HaliiuTe 3aBHCHUMOCTE HATIPAXKEHHOC-
TH 3JIEKTPUIECKOTO IOJA OT DACCTOAHUA X, OTCIUTHIBAEMOTO
OT CepPeJUHBI MeXAY IIACTUHAMH.

Q@ Q,
. . . -q +Q E
A B Cc — —_—
a a
x
Puc. 1.75 Puc. 1.76



§ 1.17. NOTEHLIUAJSIbBHOCTb SNNEKTPOCTATUHECKOIO
nons

B rkypce mexanuxu 6bL]10 NOKA3AHO, YMoO paboma cusbl mszo-
meHua He 3as8ucum om (OpMbL MPaeKmopuu, N0 Komopoii
nepemewaemca meno. Ona onpedensemca moabKo HaALAAb-
HbLM U KOHEYHbIM noaoxceHusamu meana. Cuavl, paboma xo-
mopbuLx He 3a8ucum om (GopmsL. mpaexmopuu, @ Ha 3aMKHY-
mom nymu pasHa HYA10, 6blIU HA36AHbL KOHCEPEAMUBHLLMU.
Qacmo ux Ha3vl8aI0M MAKHE NOMEHYUANIbHBL MU
3arxon Kyaona umeem makxyio jxe mamemamuiecKyro (op-
MY, 4Mmo U 3aKOH 8cemMUupHoz0 mazomernua. [Toamomy paboma
KYJLOHOBCKUX CUJ MAKdce He 3asucum om (Hopmb. nymu.
3Mmu cunbL moice nomeHyuUanlbHbl (KOHCep8amuaéHtbsl).

MoTeHuManbHOCTb KYNMOHOBCKMX CUN

IToTeHIUANTEHOCTS 3JIEKTPOCTATH- c
YEeCKUX CHJI HEeIIOCPEACTBEHHO BhITe-
KaeT U3 3aKO0HA COXPAHEHUSA SHEePruu. B
Ecnu “6B1, HanmpuMep, NOJOXKUTENb- A
Hasg paboTa KYJOHOBCKHX CHJI IIpH
nepeMeINeHUN 3apAla OT TOYKH A K ¢
Touke B mo kpusoit ACB (puc. 1.77) Pue. 1.77
He PaBHAJNAChH IO MOAYJIO OTPHIA-
TeNbHOI paboTe mpH NMepeMelreHUN 3apALa o6paTHO B TOUKy B mo
nwobomy apyromy nytu (BC,A, BC,A U T. A.), TO MOXHO 651110 GBI

CO3/aTh BEUHBIH ABUTATE]b. Beb IpHU JBUIKEHUHN 3apAJa 10 3aM-
KHYTOMY IYTH C APYTUMHU 3apALAMM, CO3IAIOIUMHU 3JIEKTPOCTA-
THUYeCKOe IIoJe, HUYero He mpoucxonurT. OHu Kak O6blin Hemo-
JBUKHBIMH, TAK HEIOJBUIKHEIMU U ocTaioTcsa. [losToMy 3a oauu
060pOT MOXKHO OBIIO 6B IONYYHUTH HOJIE3HYIO PaboTy, KOTOpYIO
JIETKO YBEJIWYHUTH B JII060€ YHUCII0 pad HEOAHOKPATHBIM IIOBTOPEHH -
eM npoiigennoro nyTu. Ho 370 HeBO3ZMOXKHO.

AnexTpuyeckan aHeprusa

Ecam cunel moTeHNMANBHEL, TO NOJMOMEHHRE TIO6GBIX TO4eK A 1 B
B II0JIe OZHO3HAYHO OIpeeNnsaeT paboTy IpU epeMelleHnN 3apajga
u3 A B B, CornacHo oupelenenunio, IPUHATOMY B MeXaHUKe, aTa
paboTa paBHa U3MEHEHHUIO IOTEHITUAJIBHOM dHEPI'UY IPU IIepeHoce
TeJsia U3 OGHOM TOUYKM B APYIyIO, B3ATOMY CO 3HAKOM MUHYC:
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A=—(W,, - W,)). (1.17.1)

3recs sz — NOTEHLUAJbHAA 3HEPruA B KOHEUHON TOYKe TpaeK-
TOpHY, a Wp1 — B HAYaJIbHOMH.

CnenoBaTeslbHO, CUCTEMA 3aPAKEHHBIX TeJl 00/1afaeT NOTEHIH-
aNbHOM sHeprueil momo0GHO cHCTeMe TeJ, B3aUMOAEHCTBYIOIIHX
TIOCPEACTBOM I'DABUTAIMOHHEIX CHJI. DTO O3HAYAET, UYTO CHCTEMa
3apSMKEHHEIX TeJ CIOCO0HAa COBEPIIUTh ONpeNeNeHHYI0 paboTy.
Hanpumep, Takas paboTa coBepllaeTcs, Korja HadJeKTpH30OBaH-
Has pacyecka MPUTATHBaeT o6pe3ku Gymaru.

IIoTeHIMANBHYIO SHEPrUI0 3apPAXKEHHBIX TeJ Ha3bIBAIOT
JIEKTPHYECKOH UWIN KYJOHOBCKO .

OHeprusa B3aUMOAEMCTBUA 3JEKTPOHOB C SAAPOM B aTOME H
SHeprus B3aMMOAEHWCTBUA aTOMOB IPYT ¢ APYroM B MOJIEKyJax
(X¥MuYeCKaa 9HEPrusd) — 5TO B OCHOBHOM 3JIEKTPHUYECKANA 3HED-
ruA. OrpoMHEas 9JIEKTpUYECKAA SHEPrufA 3alaceHa BHYTPU aATOM-
HOro sapa. IMeHHO 3a CYeT 9TOH SHepruH BHIAEJNAETCS TeIlJoTa
npHu paboTe SAEPHOTO PeaKToOpa ATOMHOMN 3JIEKTPOCTAHIIAH,

C mouru 3peHus meopuu 6.u3kodeiicmaus Ha 3apad Henocpeod-
cmaenHo Oelicmsyiom He Opyzue 3apAdvl, a co30anHHOe UMU
anexmpuieckoe noae. Ilpu nepemeusenuu sapada deiicmsyo-
was Ha Hezo0 CO CMOPOHLL NOAA CULA coséepuiaem pa6omy.
(B danvreiiuwem dasa kpamrocmu moL 6ydem 2060pums 0 pabo-
me noas.) IToamomy MOoiHO onpederums He MOLbKO IHEPIUI0
CUCmeMbl 3aPANCEHHBLX YACTUY, HO U NOMEHYUALbHYIO SHeD-
2u10 0MOENbHOZ0 3APANCCHHOZO Meaa 6 IAEKMPULECKOM Noje.

§ 1.18. NOTEHUUAJIbHAR DHEPIUA 3APAOA
B OAHOPOAHOM JJIEKTPUHECKOM NOJIE.
3HEPIr9 BBAMMOLAEACTBUA TOYEYHbIX 3APR0B

Boiuucaum nomeHyUGNIbHYIO SHEPZUI0 IAEKMPULECKUX 3ADA-
0o 0ana nHaubonee npocmuvlx, HO OYEHb BANCHLLX HACMHbLX
cayuaes.

NoTteHunanbHas 3Heprus 3apsaa B 0OgHOPOAHOM Nnone

ITycrs 3apsin ¢ mepemelnaercsas B OLHOPOAHOM 3JIEKTPHIECKOM

mnoJie ¢ HanpsiKeHHocThio £ u3 Touku I B Touky 2. IlomokeHnue
-

TOYKHU ] ompejessercs PagjUyCoM-BEeKTODOM Iy, & TOUKM 2 pajfu-
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YCOM-BEKTOPOM 72. HeiicTryromias Ha 3apaj cria F= qﬁ IIOCTOAHHA.
PaGota cunb F He 3aBHCHT OT ¢OpMBI TPAEKTOPHHU, COERUHAIONEH
Touky I 1 2. 910 ciaenyeT M3 OOIEro NOKA3ATENLCTBA MOTEHIM-
ATBHOCTH 3JEKTPOCTATHYECKOro moafa. MoMKHO IMPOBECTH AOKAa3a-
TeJBLCTBO M C IIOMOIIBIO0 HEINOCPEACTBEHHOr0 BHIYMCIeHUA paGoTh
OpH IepeMeleHuN 3apaaa 10 pa3HbIM IIyTAM TOYHO TaK e, KaK
3To OBLIIO cenaHo B «MexaHuKe» AJs IpaBUTAIIMOHHBIX cui. Cei-
Yac MBI 3TO JeJIaTh He OyaeM.

IIpomze Bcero BRIYHUCAMTEL paboTy, ecau 3apAf IepeMelaeTca
BROJIb IpAMO#, coeguHsmonieir Touky I u Touky 2 (puc. 1.78).
BexTop nepemermenus Ar = 7, - r;. Pa6ora paBHa CKaJspHOMY

NIpOU3BEJIEHMIO CUJIELI Ha NIepeMelleHye:
A=F - AP=qE - (Fy—1)=qE * Fy—qE - 7. (1.18.1)

C npyroi cTroponsl, coryacuo (1.17.1), A = —(sz - Wpl). CpaBuu-
BasA BeipaskeHMs (1.18.1) u (1.17.1), monyuuM BHIpaskeHme IJIA
NOTEeHI[HAJIbHON 3HEpruy 3apsaia B OAHOPOAHOM I10JIe:

W,=—gE - F. (1.18.2)

OpsOpOAHOE TOJIe CO3JAeTcA, B YACTHOCTH, B IIPOCTPAHCTBE
MEXAY NapajileNbHBIMHI IJIACTHHAMU, HECYLIUMHY 3apSAEl IIPOTH-
BOMOJIOXKHBIX 3HaKOB (puc. 1.79). EcrecrBenHo BHOpATh cucTEMY
KOOPAWHAT TAK, 4TOGHI ock X Onljla HanpaBjeHa NePHeHANKYIAD-
Ho maactuHaM. Torza nmpoexiuu Ey u E, paBHHI HYJIIO ¥ BhIpaXe-

uue (1.18.2) npuobperaeT BuA:
Wp = —q(E x + Eyy +E2)=—qE x. (1.18.3)

Pue. 1.78 Puc. 1.79
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@opmyia (1.18.3) nogobua dopmyie Wp = mgh ana noreHuu-
aJIbHOU SHepruu TeJa Haj IIOBEPXHOCThI0 3eMJaH. Polbk Macehl Ur-
paeTr 3apax, YCKOPEHUsS CBOGOTHOIO HAReHUA — HAIPAXKEHHOCTH
[I0JIA, 2 BMECTO BBICOTHI i cTOUT KoopauHaTa x. Ho 3Hak sHepruu
JApPYroi: niMHyC BMecTo ILIioca. [leo 3xecs BOT B ueM. Macca Beer-
Ja MOJOXKUTEIbHA, W CHUJA TATOTEHUA 00A3aTeNbHO HANPABJICHA
BepTUKAILHO BHU3. C yUeTOM 3THX 06CTOATEIBCTB U OBLIA 3aTIHCA-
Ha dhopMyJia Wp = mgh. B Heii cTonT MOAYJIBL YCKOPEHUA CBOOOS-

HOTO MafileHUs, U BBICOTA h OTCUUTHIBAETCA OT MOBEPXHOCTH 3eM-
mu. ®opmyna (1.18.3) arnsaerca Oonee obieil. 3apAx ¢ MOkeT
OBITH KAK IIOJOXXKHUTENbHEIM, TAK M OTPHUIIATENLHBIM; HANDIXKEH-
HOCTB IIOJISI MOXKET OBITh HaIIpapJieHa Kya YIOJHO, U ee IPOeKITUA
MOYKET UMeTh KaK IOJOXKHUTeJbHOe 3HAUeHUe, TAK H OTPUILATE b-
HOE B 3aBHCHMOCTH OT BEIGOpA CHCTEMbI KOOPAKHAT.

B uacTHoCTH, €C/H HANPSXKEHHOCTh mojsa E HallpaBjieHa Bep-
TUKAJIBLHO BHHU3, a 0cb X BBEpX, TO

W, = qEl] (1.18.4)

B TOUHOM COOTBETCTBUU C BhIpaXKeHUEM Wp = mgh.

Ecau snexkTpuuecKoe MoJie COBEpPHIAET IMOJOMUTENbHYIO pabo-
Ty, TO BHEePrusa 3apAXKeHHOr0 TeJIa B [T0Jle YMEHbIITAaeTCA: AWp <0.

OpHOBpEMEHHO PACTET ero KUHeTHYecKAasa s3ueprud. Ha sTom ocuo-
BAHO YCKOPEHHE BJIEKTPOHOB JJIEKTPHUECKHMM TIOJIEM B 3JIEKTPOH-
HBEIX JaMIIaX, TeJeBU3HOHHBIX TPYOKax u T. A. I HaobopoT, ecau
paboTa oTpuLAaTeabHA (HAIIpDHMED, DU ABHKEHUH MO0 UTEILHO
3apsXKeHHON YACTUIBI B HANPABJIEHUU, NPOTHBOIOJIOKHOM HA-
IPABJEHUIO HATIPSKEHHOCTH noas E), 1o AWP > 0. Taxoe qBMKe-

HUe 3apAKeHHOM YaCTHIBI MOLOOHO ABHUMKEHHIO KaMHs, OpOIIeH-
HOTO BBeDX. IIoTeHMHANbHAA SHEPTUA YACTHIEI IPK 3TOM pacTeT,
a KHHeTHYeCKAaA SHEePrus YMEHbINAETCH: YACTHIIA TOPMO3HUTCA.

HyneBoit yposeHb NOTEHUMANBHON 3HEeprum

IloTennuanbHaA sHEPrus B 3JeKTPOAMHAMHKE OIpeRelseTcs,
KaK ¥ B MeXaHHKe, C TOUHOCTHIO SO IPOU3BOJILHON IIOCTOSHHOM.
BwmecTo BrRipaskenus (1.18.2) MbI MOTJIM GBI HATIHCATD:

Wp=—qE - r+C, (1.18.5)
rage C — Opou3BOJBbHASA KOHCTAHTA. 1IpH 5TOM H3MeHeHUe MOTEeH-
OMUAJNIEHOM SHEPrUY OCTAETCA TeM Ke, a paboTa onpereseT UMeH-
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HO U3MEHeHMe NOTEHIHANbHOH 3HEPTHH, 4 He CAMY 3HEpTHIo. 3a-
nuceiBas dopmyay (1.18.2), Met pakTHYECKU IPUPABHAIM IIOCTO-
AHHEYI0 C K HYA10. ITO COOTBETCTBYET ONPEfeJEeHHOMY BRIGODPY HY-
JIEBOTO YPOBHA IIOTeHIUANLHOMH sHepruu. Hanpumep, Aaa caydas,
Hn3obpaxxeHHoro Ha pucyuke 1.79, noTeHIMANbHAA 3HEPTHUA CYHB-
TaeTCA PaBHOM HyMO Ha moBepxHocTu nmiacTHHe B. Ho, Kak u
IIpY AeHCTBMM CHJ TATOTEHUA, HYJNeBOH ypOBEHb HOTEHIHAIbHOM
9HEpTHM BRIOMDPAIOT TPOM3BONBLHO. MOMHO CUUTATE, UTO Wp =0

Ha PACCTOAHUM X, OT ILJIACTUHEI B. Torna
Wp =-qE x - qE x,.

dusnueckuii CMBIC HMeeT HE CaMa HOTeHIMAJLHAA 3HEeprud,
a pasHOCTh ee 3HaYeHuil, onpejenaemMad paboToit moasd npu epe-
MeIeHUH 3apAia H3 HAYaJAbHOTO IOJOXeHHA B KOHEUHoe,

AHeprus B3aMMOAECIHCTBUSA TONEYHBIX 32panon

B Kypce MexaHMKHU GRLIO IOJNYUYEeHO BRIPAYKEHHE AJsI IHEPTHU
B3aMMOJIeiiCTBUSA TOYEUHRIX TEN:

B mym
1Mm2
W _=-G .
p r

Ecin BMeCTO TOYSUNEIX MACC B3ATHL JBA PA3HOMMeHHAIX MO 3Ha-
Ky 3apsja q ¥ ¢, (3apAAK OPUTATHBAIOTCA), TO MOXKHO HOJIYUUTD
aHAJIOTUYHOE BREIPAXKEHUE AJA MOTeHIMANBHON SHEePruM UX B3aM-
MoneicTBUA:

Iqli 22|

=—p=2

w, (1.18.6)

Jnsa sapaAnos ogHOro 3HaKa (3apAALI OTTAIKUBAIOTCA) 3HAK IIO-
TeHIUANLHON 3HepruH OyieT IPOTUBONOJIONKHBIM:

w =k|q1‘|q2[ )

, . (1.18.7)

®opmyan: (1.18.6) 1 (1.18.7) MOKHO OOBEAUHUTE B OHY, €CIU
BMECTO MOAYJIEM 3apAA0B B3ATH UX adrefpaudyecKue 3HAYeHUA:

w,=p 122, |

p (1.18.8)
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3Hak TOTeHIINATBHOMN 9HEPruu aBTOMATHYECKH IMOJAYUUTCA IIpAa-
BHJIBHEBEIM.
Ecau 3apAaabl ql n q2 HMEeIT OJMHAKOBBIE 3HAKH, TO IIOTEHII-

anpHAA 9HEPrus UX B3aUMOJAEeiiCTBIA NOJOXUTENLHA (puc. 1.80, a).
Ona TeM Gosbille, UeM MEHBIIE PACCTOSAHHE MEXXK Y 3apATAMH, TAK
Kak paboTa, KOTOPYIO MOTYT COBEPIIUTEH KYJIOHOBCKHE CHUJILI IIPH
OTTAJKWBAHUH 3aPATOB APYT OT Apyra, 6yier 6oanire. Beau saps-
Bl UMEIOT MPOTHBOIOJNIOXKHEIE 3HAKH, TO d3HEePTHA OTPHUIlATe IbHA
1 MaKCHUMaJLHOE ee 3HAUeHHE, PABHOE HYJIIO, JOCTUTAETCA OPH
r — oo (puc. 1.80, 6). Yem Goxasbliie r, TeM 66abITYIO paboTy coBep-
HIAT CHUJIBI IIPUTAXKEHHAA OpHU cOMUKEeHUN 3apAI0B.

1
W, 1 W, i
0 r
0 r
a) 6)
Puc. 1.80

IIpu sanucu moreHNMUaANbLHON sHepruu B dpopme (1.18.8) yxe
cleNaH onpefesieHHBIH BHIOOp HYJIEBOTO YPOBHS IMOTEHITHAJIBHOM
sHepruu. CyuTaeTcsd, YTO HOTEHITHANLHAS 3HEPTHUs OECKOHEUHO

yAaJIeHHBIX 3apAAOB paBHA HYJIIO: Wp — 0 mpu r — oo, Takoii Brl-

60D HYJIEBOI'O YPOBHA YR06eH, HO He 06sa3aTeieH. BMecTo BEIpaXxke-
Hu4d (1.18.8) MOKHO OBLIO GBI C TEM XK€ YCIIeXOM 3ANNCATh, UTO
3192

W =k

» +C, (1.18.9)

rpe C — npou3BoJbHAA NocToAHHAs. OTCI0[a BUAHO, UTO TOJIOXKH-
TeJBHOE MM OTPHUIATENbHOe 3HAUeHHEe MOTeHITHANILHOM 3HepTHH
ocoboro (U3UYECKOT0 CMEICIA He UMeeT. 3HAK ITOTeHIHAJILHOI
3Hepruu OymeT oNpeAeIeHHBIM TP GHUKCAIIWH TPOUSBONBHOM TO-
croauuoil C. Usmenur sHauenue C, MBI MOXXeM H3MEHUTEL 3HAK
WP TP JAHHOM DACCTOAHHMU I MEXLY 3apamaMu.
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MoTeHunansHan 3HEPrus CUCTEMbI TOYEUYHBIX 3apsA0B

ITorenuuanbHasi 3HEPTUA CHCTEMLl TOYEUHBIX 3aPAAOB ¢,
s --- »qy DABHaA CyMMe MOTEHLMAJNBHBIX SHEPTUil Bcex map B3au-
MOJAEHCTBYIOMNX 3apafoB. 114 Tpex 3apanos

q
w =kQ1Q2 +kq1f13 +k‘12 3.
b ry 2 rys Ty 3

(1.18.10)

JloxaxuTe 3TO CAMOCTOATENLHO, UCIIOJB3YH CACAVIONINN IPH-
eM. BHauase sapsafm ¢, U ¢g HaxoAATcA HA GeCkoHEUHO GONbIIOM

DacCCTOSHUH OT 3apAJa ¢,. 3aTeM 3apAl ¢, NePEeMeIaeTcs B TOUKY,
HaXOJAINYIOCA Ha PACCTOAHMM T , OT IEpBOro 3apAfa. Bexex sa
TeM 3apAJ 5 IepeMeIaeTcs B TOUKY Ha PACCTOSHUY I 3 OT IePBO-
ro 3apsafa M ry g oT Broporo. Hazo BerymcauTh paboTy KyJIOHOB-

CKUX CHJI, COBEpPIIAEMYI0 IPH 3THX NepeMeIleHHAX, U IpHupas-
HATH €¢ U3MEHEHUIO NOTEHIIUAJBLHON 9HEPruM, B3ATOMY C IIPOTH-
BOIIOJIO}KHEIM 3HAKOM.

B ogm;eM cayuae N 3apAnos

N N
_ 1,499
w,= Yy Yy Ek?k, (1.18.11)
i=1lk=1
(i2k)

TAe I; , — PaccTogHNE MeXAY 3apAJaMU HOMEPOB i ¥ k. Koadbodu-

1
IIHEeHT E nojayuaeTcsa U3-3a TOr'o, 4TO IpA CYMMHPDOBAHMH IIOTCH-

nuaasHads 3HEPrusa YUYHTHIBAETCA ABAXKABI B BHAE ONHHAKOBHEIX

94, 94
caaraeMblx —— U —
ik Ty i

Dopmyav. Ona NOMeHYUANbHOL IHepzUU IAeKMmPuUecKozo
3apada 8 odnopodHom noxe (1.18.2) u dra dsyx moueurnwvix
3apados (1.18.8) yenecoobpasno aanomuums. Oru 6ydym
acmpewamuvcsa 6ocmamoito uacmo.

1. MoxxHO JM CcO3[]aTh 3JEKTPOCTATHUECKOe Io- —— >
Je, TUHUN HAOpSKEeHHOCTH KOTOPOro MAPAJ-
JIeJIbHEL, 2 MOAYJ/Jb HAUPAXKEHHOCTH BO3pPACTa- ————®
eT B HAIIDABJNICHHH, NEpPHNEHIUKYJAPHOM JH- — >
HuaM (puc. 1.81)? Puec. 1.81
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2. HapwucyiiTe rpaduK 3aBUCHMOCTH TOTEHIMANLHON 3HEepruu
PasHOMMEHHO 3apPAMEHHBIX YACTHIL OT PACCTOSAHUSA IPH YCJIIO-
BHUHY, YTO OpPOM3BONbHAA mocrosgHuasa C B dopmyne (1.18.9)
TIOJIOKUTENBHA.

3. Kaxk 6yaer Beiraagets dopMyna (1.18.8), ecau 3apsaasl Haxo-
IATCA B cpelie C AUSTeKTPUICCKOM IPOHUILAEMOCTBIO £2

§ 1.19. NOTEHLUUAN SJIEKTPOCTATUYHECKOIO Nong
M PASHOCTb NOTEHLUUAJIOB

Hapady ¢ cunosoil xapaxmepucmukxoil 31eKmpuieckozo no-
A — HANPANCEHHOCMbIO MO}NCHO 88eCmU 3Hepzemuieckyio
xapaxmepucmukxky noas — nNOmeHyual.

MoTteHuuan

IToTeHnuanbHAA SHEPTUA 3apANA B JJEKTPOCTATHUECKOM IIOJIe
IIPOIIOPUMOHAJEHA CAMOMY 3apAAY. ITO CIIPABEJINBO KAK JJIA OX-
HOPOZHOTO II0JIsI, TaK U JJIA Jio6oro gpyroro. B uacTHOCTH, IOTEH-
IuanbHasA dHePrus 3apsijia ¢, B [OJe TOYeUHOro 3apsiia ¢, Mpo-
NOPLIUOHAIBHA, cOracHo dopmyie (1.18.8), sapany q,.

CrenoBaTensHO, OMHOULEHUE NOMEHYUANbHOLL sHep2UL K 3a-
pady He 3a8ucUmM OM NOMEULEHHOZO0 8 NoJe 3apAda. ITO MO3BOIA-
€T BBECTH HOBYIO KOJIHMYIECTBEHHYIO XapaKTEPUCTUKY 3JIEKTDPOCTA-
THYECKOro IOJIA — I OTe H I U AaJ, He 3aBUCALILYIO OT IIOMeIeH-
HOTO B IOJIE 3apAja.

ITorenuuanoM 3IEKTPOCTATUYECKOTO II0JIA HA3BIBAETCHA OTHO-
HIeHWe TMOTEeHIMAJBHON JHepIruy 3apAna B IoJie K 3TOMY 3apaay.
O603HAYNM MOTEHIIUAN OYKBOii ¢. Toraa mo omnpeaeneHnIo

(1.19.1)

Hanpsasennocts mons E sBnserca BEKTOPOM H IIPEACTABJISAET
cob6oil CHJIOBYIO XapPaKTEPHUCTHKY IIOJs; OHA ONpeAeNsieT CHUILY,
JIeliCTBYIONLYIO Ha 3apsA] ¢ B faHHO# Touke monud. IloTenmuan ¢ —
cKanap. 9To sHepreTHUECKaA XapaKTepucTuka nona. OH ompene-
JIAET MOTEHITHANBHYIO SHEPTHIO 3apAAa ¢ B JAHHOH TOUKe IOJA.

MoTeHuuan ogHopoaHOro nons

Ecnu B KadecTBe HYJIEBOT'O YPOBHSA MOTEHIMAJNBLHON sHeprum,
a 3HAYUT, U MOTEHIIANA, IPHHATH MOTEHIINAJ IIOJIOKUTEIhHO 38-
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psaxenHoi nuacTuHE B (cM. puc. 1.79), To, corsacuo dopmysriam
(1.18.3) u (1.19.1), moreHIIMAT OJHOPOAHOIO IIOJS PABEH:
Wp )
(p=—q— =—Exx. (1.19.2)
IToTeHIan oAHOPOAHOTO MOJA ABJIACTCS JUHEHHOM QyHKIUEH
KOOPAWHATEIL.

MoTeHunan nonsa To4Ye4HOro 3apaaa

ITorenunanbHas SHEPTUS 3aPAAA G, HAXOASAILETOCH B IIOJIE TO-
Ye4yHOro 3apAza ¢, coryacHo dopmymne (1.18.8), paBua:

w =p2do,

=k (1.19.3)

Ortcrona B COOTBETCTBUU ¢ OnpefeneHneM moreHiuana (1.19.1)
MOTEHIIUAJ TOUEYHOI'0 3apALa PABEH:

o=k2, (1.19.4)
B s5TOM BhIparkeHUHM MOTEHIIAN Ha 6eCKOHEeUHOCTH (r — ©O) BhI-
GpaH HyJIeBBIM, II0aTOMY Ipu ¢ > 09 > 0, ampu g <0 ¢ < 0.
@opmyaa (1.19.4) copaBegnuBa Takke U AJISA NOTEHIIUANA IIO-
Ji PABHOMEPHO 3apPSKeHHON chephl (MM paBHOMEPHO 3apAMKEH-
HOTO 1Iapa) HAa PACCTOSHUAX, GOILUIUX UM PABHLIX ee pajgHycy,
TaK Kak IoJie chepsl (MIH H1apa) BHe chepnl U HA €€ TOBEPXHOCTH
COBIIaJaeT C IOJIeM TO4YeYHOro 3apAja, NOMEIIeHHOIo B IeHTDhe
cdepsl.

MoTeHuMnan Nons NPOM3BOSILHON CMCTEMbI 3apSA0B

3apap a060ro Tena (UIU HECKOJLKUX TeJ) MOMKHO MBICJIEHHO
pa3fesuTh Ha CTOJb MAJIbIE DJIEMEHTRI, UTO KaXKALIH 13 HuX 6yaer
npeACTaBIATE coboit ToueunsIlf 3apag. Toraa HoTeHIMAJN B IPOU3-
BOJIBHOI TOYKe ONPEJENUTCA KAK ajrebpanuecKas cyMMa IIOTEH-
LUAJIOB @, @y, @3, ..., CO3TABAEMEIX OTAENbHEIMU TOUEUHBIMU 38~

pAZaMHU:
0=0, tQ,+ o5+ .... (1.19.5)

9TO COOTHOINEHHE ABJIAGTCA CHEACTBMEM NPUHIUIA CYIEepIo-
3UIUU TOJIeH.
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Pa3HoCTb NOTEHUUaNoB

Tlogo6HO TOTeHIMANbHOI SHepruy, 3HaUeHHe NOTEHNWANA B
JAHHOH TOUKe 3aBHCHUT OT BRIOOPaA HYJIEBOT'O YPOBHA JJIA OTCUETA
MOTeHIIHAaNa. ITOT YPOBEHb BEIGHpAETCA IPOU3BOJIBLHO, U IO3TOMY
MOTEHNNAN OAHOI OIIpefeNIeHHON TOUKMU IOJSA MOYKET MMEThH JIO-
6oe sHaueHme. OupenesieHHYIO, IPAKTHYECKN BAXKHYIO POJL UrDa-
eT He caM IOTEHIUAJ B TOUKE, 4 H3MeHEeHHE IIOTeHIIHAa, KOTOpoe
He 3aBHCUT OT BhIGOpa HYJIeBOTO YPOBHA OTCUETA IOTEHIIHATA.

Tak Kak MOTEeHNUANBHAA DHEDIUA Wp = q¢, To paboTa paBHa:

A=Wy =W, = (9~ 0) =~gAp.  (1.19.6)

B ganbHeiineM BMeCTO BEJIWUMHELI «M3MEeHEHUEe IIOTEHITHANAY,
IpeACTABIAIONMER co00il pa3HOCTh 3HAUEHWH NOTEHIHAJIA B KO-
HeYHOH! U HAYaJILHOU TOUKAX TPaeKTOpuu (AQ = ¢, — ¢,), MbI Oy-

JeM TaKMe HCIOJb30BATh JPYI'yI0O BEeIUYHHY — PAaA3HOCTH
HOoTeHI UaJJoB. ITod pasHocmbio nomenyuanod (0603na4a-
emca 6ykeoil U) noHumaiom pa3Hocmsv 3HAYeHUIl nomeHyuara
6 HaYaNbHOIl U KOHEUHOIl MmoYKax mpaexmopuu.:

U=0¢;~¢,=—A¢. (1.19.7)

YacTo pasHOCTh MMOTEHIIMAJOB HA3RIBAIOT TAKKe HAI D dA-
K e H U e M. I3aMeHeHne NOTEHIIMAA OTIHUAETCA OT HANIPAYKEHH A
TOJIBKO 3HAKOM.

C pPasHOCTBIO IIOTEHITHUAJOB, MM HaNpsXeHuUeM, U yaoOHee
HMeTh JeJI0, 4eM ¢ M3MeHeHUEM IIOTeHIuada AQ, IpH W3yIeHUH
JIeKTPUYECKOr0 TOKA.

Coraacuo dopmyaam (1.19.6) u (1.19.7) pasHOCTE mOTEHIIHA-
JOB OKA3KIBAETCSA PABHOIL:

U=~ ¢y=-Ap="=. (1.19.8)

<

Pasnocme nomenyuanos (Hanpaxcenue) mexoy 08ymsa mou-
KamMu PA8HA OMHOWEHUIO PabombL NONA NPU Nepemeu,enul 3a-
pAda u3 HauaAbHOIL MOUKU 8 KOHEUHYI K 3Mmomy 3apAdy.

Ucnonsaya aTo onpefeieHne, MOXKHO IPUAATH IIOTEHITHATY TO-
YeUHOTO 3apAfa mpocToil dusnueckuil cMuica. Ecau moreHnuan
0eCKOHEUHO YAAJEHHKIX TOUEK IIPUHAT 32 HYJEBOIi, TO, NOJCTAB-
aasa B bopmyay (1.19.8) sanauenune ¢,(°) = 0 1 0603Hauas NOTEH-

nuaJj B Touke 1 uepes ¢(7), HOAYyIUM:
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A
o(r)= ik (1.19.9)

IloTenuan sJeKTPOCTATHUECKOTO IIOJS, CO3LAHHOrO TOoued-
HBIM 3apANOM, PaBeH OTHOLIEHHMIO paboTel, coBeplaeMoH KyJo-
HOBCKHMU CHJIAMH IIPU NepeMeleHuH IPoOHOro 3apAna ¢ U3 naH-
HO# TOUKY MOJIA B 6eCKOHEUHOCTD, K IepeMeIiaeMoMy 3apAnay ¢.

EAnHMLbI pAa3HOCTU NOTEHUNANOB

ExviHuIEl Pa3HOCTH MOTEHIMAJIOB YCTAHABINBAIOT ¢ IIOMOIIBIO
dopmynsl (1.19.8). B MesxkayHAPOZHOM cucTeMe eTUHUIL paborTy
BHIDAXKAIOT B JKOYJIAX, a 3apal — B KyJnoHax. IloaTomy pas-
HOCMb NOMEHUUAN08 MeH DY 08YyMa moukamu pasna edunuuye,
ecau npu nepemewjenuu 3apada 8 1 Kn us od0noii mouru nons e
dpyzyro snexmpuyeckoe noge cosepwaemn pabomy 6 1 llax. Iry
equHUNY HaswiBalor BoJabToM (B); 1 B=1 Ix/1 Ki.

3Has HanpsyKeHue B OCBETUTENLHOM Ieny B BOJIBTAX, MBI TeM
CaMBIM 3HAEeM Pabory B AKOYJIAX, KOTOPYIO 3JIEKTPUUYECKOe I10Je
MOeT COBepIIUTH MPH IepeMelleHHu 3apsaja B 1 Ky or oxgrOrO
KOHTAKTA PO3ETKH K IPYTOMY IO M060I 3JIeKTPUUeCKO Ienn.

3a eIMHMIY PAa3HOCTH IOTEHIMAJOB B abCOJMIOTHOH cuUcTeMe
OPUHUMAETCSI PA3HOCTH IIOTEHIIHAJIOB JBYX TOUEK IOJIA, IIpH Tie-
peMeIleHIH MEXAY KOTOPhIMH 3apAia B 1 CFCBq coBepIaeTCH

pabora 1 apr. CieliuaJbHOTO HA3BAHUA ATA €JVHUIIA HEe UMeeT.
CooTHolIeHNEe MEXAY €JUHUIAMH PASHOCTH IIOTEHIIUAJIOB B
PABIVYHBIX CHCTEMAX TAKOBO:

7
_ 1 _ 10 »pr 1
TRy YT CTCB(P.

1B =
3. 10° Crea, 300

Inepzemuueckyw xapaxmepucmukry s1eKmpocmanuiecko-
20 noas Hasvigaiom nomenyuanom. Ilomenyuan pagen om-
HOULEHUI0 NOMEHUUANbHOIU JHep2uL 3apada 8 noue K 3apAdy.
Pasznocmv nomenyuanog mexnody 08ymsa moukamu LUCAeHHO
pasHa pabome no nepemeujenHUI0 eGUHUYHOZ0 3apada.

Hado nomrnumv gopmyavt 018 onpedereHus nomenuuala

moueyHozZ0 3apada ¢ = k% U noMmeHuuaIa 00HOPOOH020 NOLA
¢=-E x.
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§ 1.20. CBA3b MEXAY HAMPAXXEHHOCTbLIO
SJIEKTPOCTATUYECKOIO NOJINA

U PABHOCTbIO MOTEHUUAOB.
9KBMNMOTEHUUAJIbHbLIE NTOBEPXHOCTHU

Mexncdy HanpsadeHHOCMbI0 31eKMpPOCmMamuyueckozo nols u
U3MeHeHUueM nomeryuana cyujecmayem o0HO3HALHAA CE8A3b.

HanpsaxeHHOCTb U pa3HOCTh NOTEHUMANOR

Pa6ora nona npu Manom mepeMeNnieEHN Al 3apsaja ¢ paBHa:
= qEAlcos o = gE,Al (1.20.1)

TZe 0. — YIoJl MeXAY BeKTopaMH Eu Al ak,—

o MPOEKIUA BeKTOpa E =Ha HalpaBJeHUe Al
> (puc. 1.82). IIepeMenureune LOJMMHO OBLITH HA-
CTOJIBKO MAaJIbIM, UTOOBl 3HAYEHME BEKTOpa
Puc. 1.82 E 6B110 OIMHAKOBBIM HA BCeM IlepeMelieHuu
Al.
C npyroit CTOpPOHHI, coryiacHo ypaBHeHHI0 (1.19.6),

A=—gAg, (1.20.2)

rae AQ = @, — ¢ — U3IMeHeHHe NOTEHUMAJA DU IepeMeleH!H

3apajga us Touku I B Toury 2 (cMm. puc. 1.82). IIpupaBHuBas BHI-
paxxeHuda Aaa paborsl (1.20.1) u (1.20.2), naitgem:

EAl=-Ag. (1.20.3)

CrnenoBaTesbHO, 3HAA HAIPAXKEHHOCTh IOJASA B KaXKJ0H TOUKe,
MOXHO BHIYHMC/IHNTL U3MEHEHUE MOTEHIUANA MEXAY JIOOBIMHA TOY-
KaMH. A 3Had HN3MeHEHUWe IIOTeHIHAJIA MEXJAY JHO6LIMH CKOJb
yroauo 6JIM3KUMHE TOYKAMMU B 110J1€, CBA3AHHBIMU BEKTOPOM Ilepe-
MeweHus Al, MOKHO HAWTH MPOEKIMIO0 HATIPSAXKEHHOCTH HOJA Ha
HampasjieHue Al:

__ Qe
El—~z-l-. (1.20.4)

Hcnonnsysa pripaxenue ans pabote: (1.18.1) B dopMme cKansap-
HOTO TIPOM3BEJeHUA, MOMHO IIOJYYUTH BRIPAXXE€HWUE [Js IIPOeK-
LAY HATIPSAYKEHHOCTU dJIeKTPUYECKOr0 H0JIsA Ha och X

~_Ae¢
E,~-%>. (1.20.5)
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3nech AQ — U3MeHeHHUEe IOTEHIIHANA MeXAY TOUKAMM ¢ KOOPAWHA-
TaMU X U Xy (Ax = x5 — X{).

AHanoruyHble BhIPAYKEHUA MOMKHO HANUCATH AJS ITPOEKITUI
HAOpAXKEHHOCTH IIOJA HA PYTrUe OCH KOOPAWHAT.

B cayuyae ogHOpOAHOrO OJA NepeMellleHue Al unu U3MeHeHUe
KoopauHaTel Ax B ¢popmyaax (1.20.4) i (1.20.5) MmoryT GBITE Jii0-
ooiMu. Ecnu BMecTo M3MeHeHUA MOTEHIIMANIA HMCIOJIbB30BAThH pas-
HOCTh HOTeHIUaNoB U = —A@, 10 3TH (PpOPMYJIEl MOKHO 3alIHMCATH
TaK:

_U _U
=5 uE, =1 (1.20.6)

E
®opmyasr (1.20.4), (1.20.5) unmu (1.20.6) moxaswsIBaOT, UTO
yeM MEHbIIIEe MEHAeTCA MOTEHIMAJ Ha paccToauuu Al unm Ax, tem
MeHbIIIe HAIDAMKEHHOCTD 3JIEKTPHUdecKoro nond. Ecnu noternuan
He MeHAETCA COBCEM, TO HATIPAKEHHOCTD NIOJIA PaBHA HYJIIO.
Hanpsaxcennocms dleKkmpocmamuieckozo noas Hanpasie-
Ha 8 CMOPOHY YObl8aAHUA Nnomeryuara. JleiicTRUTEIbHO, eCaU
(p,\(xz) < @(x,), T0, cornacHo dopmyne (1.20.5), E > 0. 30 1 o3Ha-

YaeT, YTO HANPAKEHHOCTD MOJS HAlIPaBJeHa OT TOUKU C KOOpAU-
HATOH X, K TOUKEe C KOODAUHATOH X,.

EAvHULA HaNPAXEHHOCTU 3NeKTPUYEeCcKoro nons

Epnnuny HaOops)KeHHOCTH 3JexkTpudyeckoro mojas B CH ycra-
HABJHBAIOT HAa OCHOBE eAUHUIIEI PA3HOCTH MOTeHIuanoB. asa aTo-
ro MOXKHO MCIONb30BaTh (opmyny (1.20.6) mns cayuad, xoraa
BEKTOD Al COBIIAJaeT IO HANTPABJIEHUIO C BEKTOPOM Eu

U
E=E=4.

Hanpsa)xeHHOCTh BIIEKTPUUYECKOrO IIOJA PaBHA eUHUIIE, eCIAH
Pa3sHOCTh IOTEHIIMAJIOB MEMAY ABYMSA TOUKAMU HA PACCTOSHHUH
1 M B oaunopopuoMm moine paBHa 1 B. Haumenosanue sToil equnu-
Ol — BoJaBbT Ha MeTp (B/M).

Kak y)xe roBopuoch, HANPAMEHHOCTh MOXKHO TaK)Ke BhIpa-
JaThbB HHhIOTOHAX HAa KYJIoH. JeiictBuTensHo,

(B _dx 1 H-u H

RS TR R T
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SKBUNOTEHUNASNbHbIE MOBEPXHOCTHU

IIpu nepemerneuuu s3apaga mox yraoMm 90° Kk JUHHAM HATPA-
JKEHHOCTH 3JIeKTpuYecKoe II0Je He coBepllaeT paboTHI, TAK KAk
cUJIA MEePOEeHAUKYIApHA HepeMelleHNu0o. SHAYNUT, eCJIH IPOBECTH
MOBEPXHOCTh, IEPHEHAUKYIAPHYIO B KaXXJAOH TOUKe JUHUAM Ha-
NIPSYKEHHOCTH, TO IpH MepeMelIeHHH 3apsAja BIOIL dTOH moBepX-
HOCTH paboTa He coBepmIaeTcsa. A 3T0, B CBOIO oUepe]b, O3HAYAET,
4TO 8C€ MOYKU NOBEPXHOCMU, NePNEeHOUKYAAPHOL AUHUAM HA-
npsasxceHHocmu, umerom odur u mom e nomernyuan. ITosepx-
HOCMU pDABH0ZO0 NOMEHYUANQ HA3bLEAIOM IKBUNOMEHUUALb-
HbIMU.

OKBHMOTEHIIUANLHEE IIOBEDXHOCTA ORHOPOJHOTO IIONA Ipe-
CTaBAAIOT co6oil mnockoctu (puc. 1.83), a mona TouewHoro 3aps-
Ia — KOHIleHTpHYeckHe chephl (puc. 1.84). OXBUIOTEeHIIHANLHEIE
MOBEPXHOCTY JMUIIOJIA U306pakeHkHl Ha pucyHKe 1.85.

ITono6HO MHHUAM HAIPAXKEHHOCTH, 3KBUIIOTEHIIHANbHEIE IIO-
BEPXHOCTH KAYECTBEHHO XAPAKTEPH3YIOT pacIpejesieHHe II0NA B
pocTpaHcTBe. BekTop HAIPAXKEHHOCTH INEePIEHAUKYIAPEH S3KBH-
MOTEeHIUATLHEIM HOBEPXHOCTAM M HANPABJIEH B CTOPOHY YMEHb-
IMeHUA MOTEeHIUANA. JTO OCOOEHHO OUeBHAHO HA IIpHMepe IIOIA
TOYEUHOTO IIONOKUTENbHOrO 3apaia. [loTeHuuan y6siBaeT mo Me-
pe YIAJIeHUs OT 3apsfa, U HAIPAYKEHHOCTD MOJIA HANPABJEHA OT
3apAAa BIOJAL PAAMYCOB KOHUIEHTpUYECKHUX cdep (cM. puc. 1.84).
Yem GoJsblile HAIPSXKEHHOCTH IIOJA, TeM MEHbINe PACCTOAHUA
MEX Iy COCeTHNUMU 3KBUNIOTEHIINANLHEIMY TOBEPXHOCTAMM.

IKBUNOMEHYUANLbHOIL ABAAEMCA NOBEPXHOCMb A106020 NPO-
800HUKA 8 3neKkmpocmamuyeckom noJge. Benp cunoBsie TuHEUN
MOJA EePIEeHAUKYIAPHL IIOBEPXHOCTAM IPOBOAHUKA. [IpuueM He
MoJbKO NOBEPpXHOCMb, HO U 8Ce MOUKU 8HYmMPU nposodHUKA
umerom o0uH u mom xe nomenyuan. HanpsixkeHHOCTS OJAA BHY-

¢, = const ¢, = const

Puc. 1.83 Puc. 1.84
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Puc. 1.85

TPH NPOBOAHUKA pPaBHA HYNIO, 3HAYNT, PABHA HYJIO0 H PA3HOCTH
MOTEHIINAJIOB MEX Y JIOGBIMHY TOUKAMH MPOBOJHUKA.

JlBe xapakTepucTUKK 3MeKTPOCTaTU4ECcKOro nong

Pasuoers moTeHnpanos B AByX TOYKAX — 3TO KOJNHMYECTBEHHAA
XapakTepHCTUKa TONSA, PABHOIEHHAS HalpseHHocTH. OGe xa-
DAKTEPUCTHKH CBA3AHHEI OAHO3HAYHO. HamnpsAMkeHHOCTh moNA
E(x, y, 2) — dyHROuA xoopauHaT Toukn. OHA OIpefesisieT CHIY,
AeiicTByromyio Ha 3apsj. [lore moMHOCTHIO 3a/1aHO, €CJIN U3BECT-
HO 3HaueHMe E B Kamaod ero Touke. PasHocTs mOTEHIIMANOB
O(xy5 Yy 27) = O(xy, Yy, 29) — QYHKIUA KOODAMHAT ABYX TOUEK.
OHa onpegensdeT paboTy IO IepeMeleHNIO 3apala MeXAy 9TUMH
Toyxamu. Iloje MOMHOCTHIO 3aaHO, €CJIM M3BECTHO 3HAYEHHUe Das-
HOCTH IIOTEHIMAJOB MEXAY ABYyMSA JIOOKIMI TOUKAMM.

Kakoii ke cMEBIc)I UMeeT BBejeHHE elle OJHON XapaKTepHUCTHKH
ToJIA HapARy ¢ HanpsxeHHocTsi0? (TeM Gosee UTo OHA MeHee Ha-
TIAAHA, YeM HalpsayXeHHOCTH.) lleso B TOM, UTO IIOTEHUVAN NI
PasHOCTHL MOTEHIIMAJIOB B KaYeCTBe XapaKTEPUCTHMKHU MO UMeeT
PAR IPEeUMYIIECTB. .

1. HanpssxeHHOCTh 0N E — BeKTOp, 3HAYEHHE KOTOPOTO OII-
pelesigeTcs LOJHOCTHIO TPeMA He3aBHCHMEIMH BeJIHYHHAMU —
TIPOEKIUAMHY BEKTOpA Ha KoopaHHaTHbIe ocH. Ilorennuan — cka-
aap. Ansa safaHng ero HYy >KHa TOJBKO OJHA BeJHYMHA.

2. ITogo6HO TOMYy KaK OIACHOCTH CO CTOPOHBI IafAIONIETO KaM-
HfA HeIIOCDEJCTBEHHO OIpelelsdeTcA He CUNOH TsaxecTu, Aeficr-
Bylomjeii Ha KaMeHb Y IIOBEPXHOCTHU 3eMJIH, a COBEPIIeHHOH IToJieM
CHJIBI TAMECTH paboTol, MEOTHE IIPOLECCH! OIpeLeIAIOTCA He Ha-
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MIPSXKEHHOCTHIO 3JIEKTPUYECKOTO TMO0JIA B JaHHOM MECTe, a Pa3Ho-
CTHIO IIOTEHIIMAJIOB. B YacTHOCTH, PA3HOCTHIO IOTEHI[UANIOR OIIpe-
JeigeTcA TakadA Ba)KHAA BeIMUNHA, KAK CUJIA TOKA.

3. PasnocTh moTreHIMasoB Topasio Jerde M3MepUTh, YeM Ha-
NpSKEHHOCTh IoJsA. A ompejeseHUs HAIDPAXKEHHOCTH MOJS
HYXXHO M3MEpHUTh CHJIY, AEHCTBYIOIIYIO HA 3aPSAYKEHHBIH ITapHK.
JJ1s1 3TOTO IapUK CJIeAyeT 3aKPENHUTh Ha MPYKHUHKAX U PUKCHPO-
BaThb JedopMallHIO IPYKUHOK [IpU AeHCTBMH HOJIA Ha 3apan. B cie-
IyolieM maparpage Ml Y3HaeM, YTO AJA U3MEPEHHUsS Pa3HOCTH
MOTEHI[HAJ0B HUUYEro MoJAo6HOro He HyKHO.

Modyab HANpAXCEeHHOCMU IAECKMPOCMAMULeCK020 NOLA Da-
6€eH OMHOWEHUI0 PA3HOCMU NOMEHUUaLo8 Mmexoy 08ymsa
O6aUKUMU MOYKAMU 8 nose K PACCMOAHUI Mexc0y smumu
moukamu.

O6s13aTeIbHO JIM MOTEHIIMAJT OTPUIATEILHOTO 3apAda MEHbIIIe
HYJIA?

[

TloTeHmuA 3JIEKTPOCTATHYECKOTO II0JIA BO3PACTAET B HAIIPAB-
JleHuU CHH3Y BBepX. KyJa HalpaBJleH BEKTOD HAMIPSAYKEHHOCTH
nonsa?

3. OJIHHaKOBBI JIM IIOTEHIIMAaJIbl ABYX TOYEK 3apAXXeHHOro an-
aJeKTpuKra’?

4. HesapaXeHHR OPOBOJAIIMI MIap MOMECTUJIH B OJHOPOAHOE
3JeKTpuyeckoe noje. Kak 6yayT BHIIAAETh SKBUIIOTEHI[NAJIb-
HEIE IIOBePXHOCTH IOJIA?

§ 1.21. UBMEPEHUE PABHOCTU NOTEHLUAJIOB

Has usmepenus pasHocmu nomeHyuan08 mexcdy npoeooHuUKA-
MU UCTIOAbL3YIOM npubop, Ha3bleaeMbliL 3 ek mpoMempom.

U3mepeHne pa3HOCTH NOTEHLMANOB
MeXxay NPOBOAHUKAMU

Ha pucyuxe 1.86 nzobpaxked ofvH M3 IPOCTEHIINX 3JIEKTPO-
MeTpoB. OCHOBHAS €ro YacTb — JIETKasd aniOMHHHEBas CTDEJKA,
VKpeIlIeHHAs Ha MeTAJJIMYECKOM CTeDIKHe ¢ IMOMOIbLI0 FOpU30H-
TalbHOU ocH. CTpeiKa MOMeT II0BOPAUYMBATLCSA BOKPYT STOM OCH.
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Puc. 1.86 Puc. 1.87

ITeuTp TAXKECTH CTPEJIKH PACIOJIOMEH TAaK, UTO A0 Hadaja U3Me-
peHHA OHAa pacIiojlaraeTcs BepTUKaJIbHO. CTep)KeHBb €O CTPeNKoit
noMelleH B MeTAJIINYECKUH KOPIYC, U30JUPOBAHHEINA OT CTepiHA
360HUTOBOM mpob6Koil. [nA HaGNMIOAeHUS 3a CTPEJIKOH uMeeTcA
CMOTPOBOE OKHO. DJIEKTPOMETD HAIIOMUHAET 3JIEKTPOCKOI, HO OT-
JHYaeTcd OT HErO TeM, UTO UMeeT MeTAJIINYecKUil Kopiyc.

JInsg uaMepeHNA PASHOCTH MOTEHIIMAJIOB MEXKAY JBYMS OPOBO/-
HUKAMU OJUH K3 HUX IPUCOEIUHSAIOT K CTEPIKHIO 9JIeKTPOMETPa, a
Ipyroif — K ero kopmycy. (Eciu XoTAT U3MePHUTh NOTEHIHAJ Tela
OTHOCHTEJBHO 3eMJIH, TO TEJO COeIUHSAIOT IIPOBOSHIKOM CO CTEPIK-
HEM, a KOPIYC 3a3eMJAIOT.) MeX Iy KOPIYCOM U CTepKHEM yCTa-
HABJIMBAETCA PASHOCTH OTEHIIMAJIOB, KOTOPYIO HYXHO U3MepHTh..

DIeKTpHUUECKOe MoJie BHYTPH 3JIEKTPOMETpa 3aBHCHUT TOJIBKO OT
3TOI Pa3HOCTH IIOTEHIIMAJIOB, TAK KaK BHeIIHee 3JeKTpOCTaTHYe-
CKoe II0JIe 3apAXEHHBIX WIHN NOJAPU3OBAHHKBIX TeJl He IPOHUKAET
CKBO3b METAJNIUYEeCKUil Kopiyc mpubopa (3JeKTpocTaTHUecKas
samura). Pacupegenerue 'xe NOJNA BHYTPU BJEKTDPOMeTpa OIHO-
BHAYHO ONIpejelisieT CUJIEL, AeHCTBYOINe Ha CTPpeJIKy. HTobwl mo
MOJOKEeHHUIO CTPEKU MOXKHO OBLIO CYAUTH O 3HAYEHWH DPA3HOCTHU
MOTEHIUAJIOB, IIPMOOD HYKHO IpOrpagyupoBars. as aToro Heob-
XOAUMO HafiTH, KaKle YIJIBI OTKJIOHEHUS CTPEIKU COOTBETCTBYIOT
M3BECTHBHIM 3HAUEHUAM HAIPAKEHUA MEXKIY 3apAKeHHBIMU NPO-
BOTHUKAMU.

C noMoIbio aJIeKTPOMETDA JIETKO Yy0eJUTHCSA Ha OIILITe, UTO BCE
TOUKH MPOBOJHUKA UMEIOT OJMHAKOBBII MOTEHI{UA OTHOCUTEIHHO

1 Brpouem, mofx/IoueHe 31eKTPOMETPa HECKOIbKO MEHAET PasHOCTh
IIOTEHI[HAJIOB MEX Y IPOBOJHUKAMH, TAK KAK UACTH 3aPALOB IIPOBOAHU-
KOB IepefiaeTcA djieKTpoMeTpy. Ho ecin aJleKTPOeMKOCTE 3JIEKTPOMETpa
MHOTO MEeHbIIIe 3JIEKTPOEMKOCTH IIPOBOAHUKOR (cM. § 1.24), To sTuM 3d-
dexTOM MOKHO IpeHEOPEUS.
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3eMJH. [[1d BTOTO COEAUHSAIOT Pa3INUHEIe YUACTKY HDOBOJAHUKA CO
CTEpIXHEM JIEKTPOMETPa, KOpIyc KOToporo 3asemeH (puc. 1.87).
IloxaszaHusa aJIeKTpoOMeTpA IPH 3TOM MEHATHLCA He OYAYT.

UamepeHne noTteHumana
MNPpoOM3BOJIbHbIX TOYEK MPOCTPAHCTBA

HeckoanKko cioxxHee USMEePHUTE IIOTEHIMAT IPOU3BOJBHOM TOU-
KH [IPOCTPAHCTBA OTHOCUTEIBHO KAKOT0-JI160 IPOBOSHUKA. OObIU-
HO U3MepsAeTCA TOTEHI[MAJ OTHOCUTEIBHO 36 MHOTIO II1apa.

Ecau BHecTH B aieKTpUYecKoe IIOJIE€ IPOBOAAIINN IIAPHUK, TO
ero IOoTeHIMAJ (TOUHee, PA3HOCTE IOTEHI[MAJIOB MEXKAY IMIaPHKOM
M 3eMNeil) CTAHET PAaBHBIM MOTEHIMANY TOM TOYKM NPOCTPAHCTBA,
B KOTOPOM pAaCIONoKeH IeHTp mapuka (puc. 1.88). CymmapubIit
VHAYUHXPOBAHHLIYM 3apAk HA IIapUKe PaBeH HYJIO M He MOXKET M3-
MEHHUTHL IMOTEHIMAJA LEHTpa mapuka (mogpobHee o6 3TOM roOBO-
puTcA B peureHuH 3agaun 1 B § 1.23).

Ho npu coefuHeHHMM HIAPDUKA IIPOBOAHHKOM C 3JIE€KTPOMETPOM
KapTHHAa MeHAeTcs. Teneph yke MHIYIIMPOBAHHEII Ha IIIapHKE 3a-
PAA He paBeH HYJI0, TAK KAK YACTh 3apAJa IlepeMelaeTca Ha CTED-
SKeHbL dJIeKTPOoMeTpa. M3-3a 3TOro NOTEHI[HAJ IEHTDPA IIapuKa He
OyIeT paBeH IOTEHIUANY TOJA B OTCYTCTBME mapuka (puc. 1.89).

ITosToMy moCTymaioT CAEZYIOIMM 06pasoM: KOHEI] IPOBOAHU-
Ka, COeTHHEHHOTO CO CTEDPXKHEM HJEKTPOMETpA, IIOMEMIAIOT B ILIa-
MSA Ta30BOU ropesiku (IaMeHHBLINH 30HA). B ITaMeHu HMeeTcs
6OJIBINIOEe KOJIVYECTRBO MOHOB. ITH 3apAKeHHBIE JACTHILBI OCAXKIA-
10TCA Ha IPOBOJIOYKE JIO Te€X IOP, IIOKA e€e IIOTEHIIUAJ He CPABHSAET-

K snexmpo-
mempy

Puc. 1.88 Puc. 1.89
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Pue. 1.90

cA ¢ NOTEeHIIUAJIOM TOH MAJOIM 06JACTH IIPOCTPAHCTBA, I'AE DACIIO-
JIOXKeH IaMeHHB 30H (puc. 1.90). Mork HeliTpaIU3yIOT UHAY-
IIMPOBAHHLIN 3apak NPOBOJIOYKHU, U BCJIEXCTBHE 3TOTO HCCIERye-
MOe€ IIoJIe UCKAXKAETCA He3SHAYUTEIBHO,

Ha pucyske 1.90 moxkasaHa sKCIepUMEHTANIFHAA YCTAHOBKA II0
H3MepPeHUIO IOTeHINANA BIIeKTPHIECKOro MOJIA 3apAXKeHHOro IIa-
pa OTHOCHUTEJLHO 3eMaH. J{JIA 3TOro KOPIIYe 3JeKTPOMETPA 3a3eM-
asor. IIpu mepeMelieHEnN 30HLA BIOJb PAAUYCOB KPyra, B IEHTPe
KOTOPOr'0 PACIIOJIOXKEHA IIOJCTABKA C LIIAPOM, IOKA3aHUSA 3JIEKTPO-
MeTpa MEHSAIOTCA; OTKJIOHEHHEe CTPeJIKH PACTeT IIpU IMPHOJIMKe-
HUH 30HIA K mapy. [Ipu nepeMelnieHun 30HIA 10 OKPYYKHOCTH BO-
KpYT ITapa IOKA3SAHUA OCTAIOTCA HEU3MEHHBIMMU.

Pasnocmw nomeHuualo8 umeparnm 3JaeKmpomentpom. dnex-
mpomemp — 3Mo 3NEeKMPOCKONn ¢ memaadjiudecKum xopnycom.

§ 1.22. 3KCNEPUMEHTAJIbHOE ONPEAEJIEHUE
SJIEMEHTAPHOIO 3NEKTPUYECKOIO 3APAAA

ITocae docmamouro 8emanvbHo20 3HAKOMCMEBA CO ca8ollcmaa-
MU INEKMPULECKOZ0 NONA MblL MOXNCeM NOoOPOOHO paccmom-
pemb KCnepumMeHmalbtovie Memodvl onpedeneHus 31eMeH-
mMapHoz0 3AeKmpuiLeckozo 3apada (3apada 3rexmpoHa).

IlepBrie HaMbOIEE TOYHEIE OIBITHI II0 M3MEDEHMIO 3aPAJ4a dJIEKT-
poHAa OBIIH OCYIL[ECTBJIEHEI AMePUKAHCKUM pusurom P, Munuke-
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HOoM (1868—1953) B 1906—1916 rr. u He3aBHCHUMO OT HEro B
1913 r. oteuecTBeHHEIM YueHEIM A. @. Hodde.

MunauKeH HOCTABUI CMEJIYIO AJIst TOTO BPEMEeHH 3a/1auy;: u3Me-
PUTPh SJIEKTPUYECKHUH 3apsAJ OTHEJBHBIX MeJKHUX KAIeIeK Macia.
Hdnsa sToro Hy»XKHO O6BLJI0 OUEeHb TOUHO U3MEDPUTDH CUILY, AEHCTBYIO-
my:o Ha 3apax nopsagka 10719 Ki B snexTpuueckom Hose HAmps-

3eHHOCTRIO Ko 10 B/M — caMoM CHIBHOM IIoJe, IIPH KOTOPOM
ellle HE HACTYIIaeT IPoBOi BO3AYyXa. OTa CHJA COCTABISAET BCETO
auurs 10713 H u peiicreyer Ha kaneabKy Maccoii oxomo 10712 p,

VYeranmoska Munnukena usobpaskena Ha pucyHie 1.91, Mexay
napajneabHbIMU OaacTuaMu M u N cozfgaBaiock OJHOPOJHOE

BIIEKTPHUYECKOE TI0JIe HAampsiKeHHocThio 5 + 108 B/M. Ona onpefe-
JAJNACH OTHOIUIEHMEM HANDSIKEHHA MEXIy IIJacTHHAMH K pAac-
CTOAHUIO MEXJY HUMHK. B 3T0 Ilole ¢ mOMOIIbIO pacubinuTens D
BIPBLICKHBAJINCH KaleJBKM Macia. Macjo nMeeT HU3KOE HaBJIe-
HIe HACBIIIeHHBIX IIAPOB, U II03TOMY HCIIapeHUeM KalleJleK 3a Bpe-
M5 OIIBITA MOXKHO IpeHebpeub. Beck IpuOop moMernaicsa BHYTDh
3AIUTHOTO KOXKyxa (G, 4TOGH TeMHIepaTypa U JaBjleHHe BO3XyXa
OCTABAJINCH CTPOr'O MOCTOAHHBIMH.

f 4_&— E: K nacocy

@

Puc. 1.91
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IIpu pachblneHny Macja KaneJbKH 5JeKTPU30BAJNChH U JBUTA-
JHCh TIOJ| BAHNSHUEM CHJLI TAMKECTH U 3JEeKTPHUYECKOTo HOoJs. 3a
IBIREHIEM KalleJleK MOXXHO Ha6a0JaTh B MHKPOCKOI uepes clie-
UAaNFHOE OKOIIKO.

Crauana usMepasach CKOPOCTh U, YCTAHOBUBIIETOCH NaJeHUS

KAaIIM 1107 HeficTBHEM CHJILI TAXKECTH K CHJBI CONPOTHUBJIEHUSA
Bo3nyxa. Cujia COMPOTHBIIEHUA NpU HEBGOJBIINX CKOPOCTAX IIPA-

MO NpONOPHMOHAJBHA CKopocTH: F, = kv,. 3aTeM CO3haBasOCh

AJMEKTPHUYECKOE MIOJIe MEXXK Y ILJIaCTUHaMH, 3aCTaBJIABIIIEeEe KAlleJb-
Ky IIOJHHUMATBHCA BBepX, I H3MEPAJach CKOPOCTh YCTaAHOBHBIIIET'O-
cA OBIDKEHHUA KaleJbKH IOJ JeicTBHEM JAJMEKTPHUUYECKOro moJjusd,
CHJIBI TAXKECTH U CHJIBI COIIDOTHBJIEHUA BO3AyXa.

B IIEPpBOM CJy4ae CKODOCTH IIafi€HNSA KAIIEJIBKHU U onpeneadaeT-

cA ypaBHeHPIeM:
4 v,

rAe a — pajguyc Kameabkn; V — ee o0beM; +]
p — IJOTHOCTb Macja; P, — [JOTHOCTH

BO3ZYXa. 34eCh YUHTHIBAEeTCSA BLITATKHU- 9E
BaloUIasa CHUJIa, JEHCTBYIOMIAA Ha KalleJhb-
KV CO CTOPOHEI BO37[yXa.

IIpu co3gaHMM BJIEKTPHUUECKOTO IIOJA Y
(puc. 1.92) ypaBHeHHe YCTAHOBHMBILETOCSA -1

IBHKEeHHSA KaOeJbKH nIpuMeT GOopMy Puec. 1.92

=)

kD (P_Po)V:_é'

4 3
kv =qE - =2~ (p~ po)e. (1.22.2)

N3 dpopmyn (1.22.1) u (1.22.2) MOKHO ONDENEIUTH 3HAYEHHE
3apAaa KaelbKH:
k(v, + v)
0
=-— (1.22.8)
Kosddunuert k a1a ycTaHOBUBINETOCA IBHXXKEeHUA chepuue-
CKOro Tesia ¢ HeOoJbIION CKODPOCTHIO oIlpeAensdercsa (hopMyaoit
Croxca, U3BECTHOI 13 MEXAHUKU:

k=6mna, (1.22.4)

rae 1) — BA3KOCTDb BO3AYXA.
Paguyc xamesbKM HACTOJABKO MaJl, YTO H3MEPUThL €ro ¢ IIo-
MOII[bI0O MUKPOCKOIIA HEJNb3SA. B moJie 3peHHs MUKPOCKOINA BHIHA
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JIMIIL APKO CBETAIASCS 3Be309Ka, KOTOpasa MOSBIAEeTCA B pe-
3yJIbTaTe PACCeAHMs CBeTa HA Kamejgbke. MUJLIUKEH OIpeResis
pazuyc KaleJbK¥ ¢ IoMomibio ypaBuennd (1.22.1). Ilogcrasup B
3TO ypaBHeHHe KoaddunueHT 1 us dopmysasl (1.22.4), moxyuum:

v,
_ , 1.22.5
R ETrer WY (1.22.5)

IIocne moacramoBkM Beipasxkenuii (1.22.4) u (1.22.5) B ypasHe-
Hue (1.22.3) monyuuM Zaa onpejelleHUA 3apAda KANEJILKH dop-
Myay:

2nv,

. 1.22.6
(p—Polg ( )

9
g= "5 (v+v)

O6iyuasa KanmeJbKU Macjia B BO3AyXe PEHTTEHOBCKUMH JIYIaMH
MAaJIOH MHTeHCHBHOCTH, MMJLINKeH HabMIORAN cKaukooOpasHoe ua-
MeHeHMe CKODOCTH YCTAHOBHBLIETOCS MABHYKEHUS KAameJbKHU B
3JIEKTPHUYECKOM IOJIe. 3TO CBHETEILCTBOBAJIO O TOM, UTO 3apAN Ka-
MeJbLKY NOX RefiCTBIEeM PeHTTeHOBCKHUX Jydeil MEHSAJICA IPePLIBHO.

3apAny dJeKTPOHA COOTBETCTBOBAJIO MUHHMAJILHOE 3HAUCHUE
3apsAfa ¢ KaneJabKu, onpefenasemoe hopmyioii (1.22.6).

Ha mporsixernn MHOrux JjeT MHJINKeH COBEpPLHICHCTBOBAJ
cBoii Ipubop M YTOUHAJ pPe3yJILTATHEL N3MepeHuii, IM Gbiio yure-
HoO oTcTyIUieHue oT dopmysnkl Crokca (1.22.4) nng Katejiek OUeHb
MAJIOTO pasMepa, KOTAa WX paguyc npubiamxaercsa K AJNHE CBO-
6omHOrO mpobera MoJIeKyJ BO3Ayxa. B 3TOM ciyuae BO3AYX YyiKe
HeJIb3A PACCMATPHBATE KaK CILIONIHYIO CPENy.

B pesyJbraTe MHOTOUMCJIEHHBIX OIMBITOB MUJLIMKEH IpPUINE K
3HAYEHUIO MOAYJIA 3apARa daeKTpoHa e = 1,6-10719 Ka. He-
CKOJIbKO MeHbIllee 3HAYEHNEe 3apAfa II0 CDABHEHUIO C COBpeMeH-
HBIMU JaHHBIMU IIOJYURJIOCH U3-3a TOTO, UYTO ORIIN MCIOJIbL30BAHBI
3aHIDKEHHBIe 3HAYEHUA BASKOCTH BO3AgyxXa. Ilo coBpeMeHHBIM
JAHHBIM SHAUEHHE 3JIEMEHTAPHOTO 3apAfa PaBHO:

e=1,6021892 - 10719 K.

ITocnenHue ABa 3HAKA OMpeLeseHE! ¢ TOYHOCThIO T 46.

Haubonee mounvie 3HAUEHUA 31eMeHMAPHOZ0 dJexmpuie-
CcK020 3apada noayieHv. npu Ha6AO0eHUL J8UNCeHUS 3aps-
HCEHHbLX Kaneaexk MACLA 8 dJeKmPUiecKom noJe.
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§ 1.23. NPUMEPDHI PELLUEHHUA 3AOAY

B aTom naparpade paccMaTpuBalOTCA 3aKaUM € UCIIOJIb30BAHMU-
€M IIOHATHH MOTEeHIMAJIBHOW SHEepru¥, MOTEHIIHATIA X PASHOCTH
MOTEHI[MAJIOB.

Pabora cui, mneficTBYIOIIUX Ha 3apAA CO CTOPOHBI 3JE€KTPOCTA-
THYECKOro IIOJIA, BLIPAKAETCS 4epe3 PA3HOCThL IOTEHIMAJbHLIX
SHEepruil MIM pPasHOCTb NOTeHnuanoB [cM. dopmyasr (1.17.1) u
(1.19.6)]. IloTeHnpan TOYeyHOro 3apfAga onpeueisercsa dbopmynoi
(1.19.4), a moTeHIIHAT OZHOPOAHOrO noJA opmyoit (1.19.2). Kpo-
Me TOro, HAZJO 3HATH BuIpaxxkeHHe (1.18.8) aas sHepruu Bzaumozeii-
CTBHA TOYEYHbLIX 3aPAJ0B U CBA3L MEXAY HANDAKEHHOCTLIO 3JI€KT-
PHYECKOro N0JIS U Pa3HOCTLI0 noTeHItanos [dhopmyna (1.20.4)].

IIpu pemreHuym 3a7a4 Ha ABMIKEHHWE 3aDAXKEHHBIX YAacCTHI, B
3JIEKTPHUUYECKOM IIOJIe MOXXHO MCIOJb30BATh 3aKOHBI COXPAHEHUSA
9HEPrHHU ¥ UMIYJIhCa, & TAKIKE 3aKOHBI MeXaHUKH HbloToHA.

3apaya 1

Ha paccroauuu d OT TOYEUHOrO 3apsafa ¢ PACIONOMKEH LEHTD
He3apAXEeHHOTo IPOBOAAIIETO [apa paguycom R. Yemy paseH 1mo-
TeHuMas uapa?

Peuwenue. ITorennuai Becex TOYEK Iapa OQUHAKOB, IIO3TOMY JO-
CTATOYHO HAMWTH IIOTEHIMAaN OfHOH Touku. IIpome Bcero HaliTh
noTeHUuaJ neHTpa mapa, OH paBeH cyMMe IOTEeHIIMAJIa, CO3aH-

HOTI'O B IIEHTpe 1I1apa TOYEYHLIM 3aDAKOM ((p = k%) ¥ IOoTeHnuania,

CO3AAHHOIO 3apSaJaMM, BO3HUKAWOIIUMKM HA IOBEDXHOCTH Iapa
BCJIEACTBHE 3JIeKTPOCTATHYECKOH MHAYKUKK. Ho 3TOT moTeHiiman
PaBeH HYJIO, TaK Kak CYMMADHLIN 3apsij Ha chepe paBeH HYJI0, U
BCe 3JIeMEHThI 3apAfa HAXOAATCA HA PABHOM PACCTOSAHHHM OT I{€HT-
pa. CiefoBaTelbHO, IOTEHUMAN Iapa B

=pd
(p—kd.

3apava 2

Tpu 3apsyKeHHLIX OJHHAKOBEIX WIapHKa, 3apAk KaXA0ro u3
KOTODBIX DaBeH ¢, a Macta — M, PACIOJIOKEHLI B BepIIKMHAX DaB-
HOCTODOHHETO TPEeYroJbHHKA CO CTOpOoHOU a. Kakux MakcHMaJlb-
HBEIX CKODOCTe#l HOCTHUIHYT IIaPHKH, OTTAJKHBAAChH APYr OT IpY-
ra, €CJI¥ X OTHNYCTUTh?
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PeuweHue. B HaualEHOM COCTOSHHH IIAPHKH 00JaJai0oT TIOTEH-
UAJBHOU 3Hepruemn:

w_ =3kl
p a

Paajerasch, mMIapuxk¥ BCJEACTBUE CHUMMeTpHM OYAYT HMETH
OAJNHAKOBEIE IO MOAYJIO CKOpOCTH. BTH CKOpOCTH MaKCHNMAaJBHEBI

2
Vmax

—2 .
CornacHo 3aKOHY COXpaHeHUdA JHEPIruN

Ha 6eCKOHEUHOCTH, T/e Wp =0,aW,=3

3mo2 2
% =31 .
a
Orciona
' 2
v == %q_ .
max ma
3apaua 3

Tlouemy Ha mpoBOZHUKAaX, UMeONEX HOpPMY OCTpUA, TOBEPX-
HOCTHAA IJIOTHOCTD 3apAAA JOCTUTAET 3HAYUTENbHBIX BEJIUUNH?

Pewenue. Ha pucyuke 1.93, ¢ usoOpaked IPOBOJHUK, HMeEIO-
muit hopMy ocTpusa. Moaenbio OCTPIA MOYKET CIYYKHUTh (B IIepBOM
NpUOIMIKEHNH) CHCTEeMa ABYX IIapOB Pas/IMUHLIX paguycoB, CO-
eIUHEeHHBIX TOHKO#H mpososioxodl (puc. 1.93, 6). Paguyc sneBoro
mapa R 3HAUNTEJILHO GOJIBbIIIE paguyca Ipasoro miapa r (R > r).
IIpenebperas BAusiHHEeM IIIapOB APYr HA ADYra, UX MOTEHIIMAJEI
MOKHO 3aIIMCATL B BH/JE:

q ‘p)
<p1=k§,(p2=k7.

0
0)

Puc. 1.93
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Tax xax mapsl coe[HEHBI IDOBOSHUKOM, TO @O; = @, = @. Cie-
JIOBATEJIBHO,

_ Ro _Te
1= F U= % -

HOBerHOCTHBIe ILTOTHOCTHU J3apAga OIIapoB COOTBETCTBEHHO

DPABHBI;

fhho_ ¢ __©
ing’  AnkR " %27 Azkr

Gl=

Tak kax R > r, To G, > Gy, T. €. IOBEPXHOCTHASA [IJIOTHOCTH 32-

pAJa HAa MAJIOM IIape, KPUBH3HA KOTOPOT'O BeNMHKa (Ha ocTpue),
3HAYHUTEJIBHO GOJbIIe TOBEPXHOCTHON MIOTHOCTH 3apsaa Ha 60Jb-
IIIOM IIape, KPUBU3HA KOTOPOTO MAJIA.

3apavya 4

He6omnbimoit mapuk COeTUHAIOT TTPOBOAOM € 3a3eMJIEHHBIM
anexTpoMerpoM (cM. puc. 1.87). Kacasichk 1mapukoM pasiuuHBIX
TOouYeK NMPOBOJHUKA, OTPAHUYEHHOTO IUJIMHIDUUECKOH M KOHUUe-
CKUMU IIOBEPXHOCTSMY, HAOGJIONAIOT OJAUHAKOBOE OTKJIOHEHUE
CTPeJKH dJEeKTPOMeTpA MpU JIO60M TTOJMOMEeHUH IMapuKa. 3aTeM
COETUHUTENbHEIA IIPOBOJA YOMPAIOT U HAOMIOZAIOT, UTO OTKJIOHE-
HIEe CTPEJIKH 3JIeKTPOMETPA, K CTePKHIO KOTOPOr0 IOHOCAT TIa-
PUK, HEOJUHAKORBO U 3aBHCUT OT TOT'O, KAKOIT TOUKK TOBEPXHOCTH
MIPOBOJHUKA (BHYTPEeHHEHN MJIN BHEIIHeH) IpeIBapUTEeIFHO KOCHY-
auck mapukoM. [Touemy?

PelueHue. D1exTpoMeTp UzMepAeT PA3HOCTh IIOTEHIIHAJIOB MEYK-
IV JAHHBIM TeJOM U 3eMieil. Tak KaK IOBepXHOCTH IPOBOIHHUKA
SKBUIIOTEHIIUAILHA, TO B IIEPBOM CJIyUAe CTPEJIKA OTKJIOHAETCA HA
OJUH U TOT K€ yToJ IIPU JI060M IOM0KeHIH IITapuKa.

Bo BTOpOM ciyuae OTKJIOHeHHE CTPEIKU OIIpeleiaeTcA IIOTEeH-
MUAJIOM IMAPUKA OTHOCUTEJBHO 3eMJIH B TOT MOMEHT, KOTJA ero
IIPUBOJAT B COIPUKOCHOBEHUE C 3JIEKTPOMETPOM. OTOT IIOTEHILHA
3aBHCHUT OT 3apsAjfa IIapuKa, ero pasMepoB U PACIIOJIOMKEHUA OKPY-
JKAIOIUX IpeIMeTOB. B MOMEHT CONPHKOCHOBEHHUSA INAPHKA C
OPOBOTHUKOM €r'0 IIOTEHITUAJ AeJIaeTCA PABHBIM IIOTEHITUANY IIPO-
BOSHUKA, HO €ro 3apaj 0yJeT 3aBUCETh OT TOI'0, KAKOI'0 yYACTKA
IIOBEPXHOCTH KacaloTcsa. Eciau KacarmTcsi BHYTpeHHell KOHHUUe-
CKOH IIOBEPXHOCTH MPOBOTHUKA, TO 3apsA] ITapHKA pPaBeH HYJIIO,
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TaKk KaK BeCh 3apdAJ] IPOBOAHHUKA pacupefesieH IO ero BHeIIHel
noeepxHocThu. Eciin »Ke KacaloTcd IMAapUKOM BHEIIHEI IOBEePXHO-
CTH IPOBOAHUKA, TO 3apsAJ IIapUKA 6yJeT OTJIMYEH OT HYJIH.

Bo BpeMs nmepemelneHHd IIAPDHKA €ro HOTEHIINAJ HEeIIPEPLIBHO
MeHAETCA, TAK KaK MEHAETCA UOJOXKEHHE IITaPpUKA OTHOCUTEILHO
OKDY:KAIOIMUX INpeIMeTOB. PaajiWuHble 3HAUEHHA MNOTEHIuAaa
HIapHKAa B MOMEHT COIPHKOCHOBEHUS €ro CO CTEep)KHeM dJEKTPO-
MeTpa o0yCIOBJIeHBI TOJIBKO PA3IUYUNEM B 3HAUEHHAX 3apsaja Ia-
PHKa, TaK KAK PaCHoJIOKeHNe OTHOCUTEIBLHO HETO OKPYIKAIOINX
IIPEMETOB B 3TOT MOMEHT HEM3MEHHO.

MakcuManbHBII 3apsaj OyAeT Ha BepUIHHe KOHMYECKON mo-
BEepPXHOCTH (OCTpHe).

3apauya b

Hezapsa:xkeHHBII MeTannuuecKuil HmIap paguycoM r OKDYKeH
KOHIIeHTpHUUeCcKoM nmpoBopdaiieii chepoit paguycom R. Chepa sa-
psXxeHa [0 mOTeHIHaNa @, (OTHOCUTENbHO 3emnn). YeMy cTaHeT
PaBeH IIOTEeHIVAJ BHEIIHel cdephl, €CIN He3apAXKEHHBIN ITap 3a-
3eMsuTh (puc. 1.94)?

Pewenue. o 3a3eMNeHUA 3apAf BHelrHeil
cheprr g co3faeT HA ee MOBEPXHOCTH HOTEHITHAT

@y = k%. ITocne saseMyeHUs HAa BHYTPEHHEM

mape HaBefleTcA 3apAf ¢, (cM. puc. 1.94), koro-

PbIif MOYKHO HAfiTH U3 YCJIOBHA, UTO HOTEHIIUAJ
3a3€MJIEHHOTO IIlIapa paBeH HYJIIO.
CorjlacHO IPHHIOUINY CYOEePHO3WI{HH NoJeH

Puc. 1.94 MOTEeHIHAJ IIapa paBeH:
g 40 _
k R +k = 0.
Orciona
r
1= B q.

IloTrernuan Ha BHemHeil cdepe noclie 3a3eMIeHI MIapa co3JaeT-
cd 3apAJaMM g H !
q1 R-r

-4 41 _
(p—kR+kR ®p 7
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3apnaya 6

IonoxuTensHbll 3apsaf +¢, PABHOMEPHO pacnpejeseH 10 TOH-

KOMY IIPOBOJIOUHOMY KOJbITY paguycoM R. B meHTpe Koablia Ha-

XOAUTCA TOYEUHBIA 3apsAk —(, Macca KOTOPOro M. JTOMY 3apsany
>

coofuiaeTcss HaYalIbHAA CKOPOCTh Uy BAOJBL OcH Koibua. Onpene-

JIUTE XapakKTep ABUXKCHUA 3apAfa, B 3aBUCHMOCTH OT HAYaJbHOH
CKOPOCTH CYUTAsS, UTO OH ABHMKETCS BJOJbL OCHA KOJbla. Koabio
HeIIOABUKHO.

Pewenune. IlosHaA sHeprua 3apsafa B HaUAJbHLIN MOMEHT paBHA

2
mbv

o 0 o
CYMM€ KUHETUYECKOH DHEPrUMn T H IIOTeHIMaJIbHOM 3HEDPTUHU B

90
3JIEKTPOCTATHYECKOM IIOJIE KOJIbIA —Qyg, TAe ¢p = k— — noreH-

R
IUAaJ B I[eHTPe KOJbIiAa:

-

ITIpu W 2> 0 sapsan yiiner Ha 6ecKoHEUHOCTD. IIpUYIeM ero CKOpPocTh
Ha 6eCKOHEYHO BOJNIBIIOM paccToAHUY OYAEeT paBHA HyJIIo, ecau W = 0.
Ecau W > 0, ckopocrs 3apsafa Ha 66CKOHEYHO GOJIBIIIOM PACCTOAHHH

OT KOJIbLIIA PABHA:
qq
v= v(z) - 22,
N rm

Ecau xxe W < 0, 1o 3apsax 6ymeT coBeplnaTh MePUOSUUECKOE
aBukeHue (kKonebaHue) BLOIL ocHM KOJablia. HaubGosrsmniee paceros-
HUe r, Ha KOTODOE IPH 3TOM YAAJIUTCA 3apAA OT IeHTPa KOJIbLA,
MOYKHO HAUTU U3 32aKOHA COXPAHEHUS SHEPI'UU:

2
MYy _ kqﬂ’ - _k_qqo_
2 R A/Rz + r2 ‘
Orcroza
_ 1
r (MUOR 2 1 '
2kqq, )
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3apnava 7

YeauHeHHEIH MeTaIHyecKuid map paguycoM R = 10 ¢cm okpy-
JKeH AU3JeKTPUKOM (€ = 2). [usnexTpuk obpasyer chepuuecKuii
cioii ¢ paguycamu R, = 10 cm u R, = 20 cM. Haiigure moreHuan

mapa, ecau ero 3apan ¢ = 10718 K.

PeweHnue. JuanekTpUK, OKPYKAIOIIUN IIAp, TOJ AEHCTBHEM
MOJIA IMIapa moJspusyerca. B pesybraTe Ha BHYTPEHHEH IOBEPX-
HOCTH AMDJIEKTPHUKA IIOABJISAETCA MOJAPHU3ALMOHHEIN 3apsg —¢,
3HAK KOTOPOro IIPOTHBOIIOJIOXKEH 3HAKY 3apAfa Iiapa ¢, a Ha
BHEILIIHEH MMOBEPXHOCTH RUJIEKTPHKA — MOJSPHU3ALMOHHBIN 3a-
PAL ¢', OMWHAKOBRIM MO 3HAKY ¢ 3apafoM ¢. CiexoBaTesabHO, IIO-
TeHIHAJ I1apa, COIVIACHO MIPUHITNNY CYNEePIO3UIHH, PABEH CyMMe
MOTEHI[MAJIOB T0JIeH, 06pa3yeMbBIX 3apsagaMu ¢, —q¢' u q':

= k+ kq +kq
¢ Rl 2

Tak Kak IOJAPHU3AINOHHEIH 3apax (cM. 3agauy 7 B § 1.16) paseH:

) — Q(ﬁ_ 1)
£ s
TO

1 e—-1
=kﬂﬁ—+-——)=emB.
¢ e \R, R,

YnpaxHeHune 3

1. Toueunsie 3apsansl ¢; = 2 - 108 Knu q, = 1078 Kx pacmoso-
JKeHHI B KepocuHe (€ = 2,1) Ha paccrosuuu r; = 0,04 m xpyr

or apyra. Kakyio paboTy HaJ0 COBEPIINTDH, YTOOBI COJUBUTH
3apsAAbl K0 paccToAHuA ry = 0,02 mM?

2. TIloxe 06pasoBaHo TOYEUHBIMH 3apAfaMHU ¢, = —2 * 1079 Kax
Hq,= 107° K1, pacnosioxeHHBIMH Ha paccTosHuu BC = 8 cM
(pnc 1.95). Tourka D jeXuUT Ha NEPIEHIUKY-
Jsipe, IPOBeIEHHOM K oTpe3ky BC uepes ero
cepexuny M, npuuem MD = BC/2. Haitnu-
Te paboTy KYJIOHOBCKHX CHJI IIpM IlepeMe- o .
meHnu 3apsifga ¢ = 2 + 108 Knustoukn D @1 M 9y
B TOUKy M. Puc. 1.95
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TsiuHka Maccoit m = 107! r maxoguTes BO B3BELIEHHOM CO-
CTOAHUH B OJHOPOLHOM D3JEKTPHUYECKOM IIOJEe MEXAY TOPH-
30HTAJNBHO PACIOJOXKEHHLEIMU DASHOMMEHHO 3apsyKeHHBIMU
IJIACTUHKAMM, DACCTOAHNE MeKAY KOTOpbIMU d = 5 MmMm. IInI-
JIMHKA OCBeI[aeTca YILTPa(NUOJEeTOBEIM CBETOM U BCJIEJCTBHE
3TOrO TepsieT 3apsl. PaBHOBecHe MBLITUHKY IPH 3TOM HapYyIa-
erca. Kakoil 3apajg morepsana IBIJIHHKA, €CJIH IIEPBOHAYAIBHO
K ILUIaCTHHKAM OBLIO mpuiioxkeHo HanpsskeHue U, = 154 B,

a sareM, uTOGBl BOCCTAHOBUTH DABHOBECUE IBLINHKH, OPU-
ILITOCH YBeTHUUTD HanpsaxeHue Ha U, = 8 B?

JBa mapmKa UMeT OIUHAKOBEIE DJIEKTPUUECKUE 3apAAbL § =
= 20 uKa. [ITapuxku coefUHAIOT TOHKOIH NMpoBoJiokoil. Kaxoit
3apsAj OIpoHAeT MO MPOBOJOKE, €CNH IMAPUKU MeTaJLIudYecKue
U UX PafHyCHl COOTBETCTBEHHO PaBHbI R, = 15 cM u R, = 5 cM?

Paccroamune Mexay IITapUKaMH MHOTO G0JIbIIIe X PAJUYCOB.

N ofvHAKOBBIX IMIAPOOOPA3HEIX KAaIleJ b PTYTH 3apsaKeHbl Ofi-
HOUMEHHO N0 OJHOTO M TOTO e HOoTeHnHuana ¢,. Yemy paBeH
noTeHIMaJjJ ¢ OOJBINOH KalJu PTYTH, IIOJYUUBIIEHcA B pe-

. 3yJbTaTe CINAHUA 3THNX Kamneanb?

JBa OfHOMMEHHBIX TOUEUYHBIX 3apAJA ¢, U g, C MACCAMH M, H
m, ABW)KYTCA HABCTpedy APYr Apyry. B MomeHT Bpemenw,
KOTZa PacCTOAHWEe MeXJy 3apAJaMH DaBHO Iy, OHM HMMeEIOT
CKODOCTH 51 u 52. Jlo KaKOro MHHHMANBHOTO PACCTOAHUA T
c6IHU3ATCA 3apAanLI?

JBa MaJleHLKUX OJHOMMEHHO 3apAKeHHBIX IIapuKa 3aKpeILie-
HBI B BAKYyMe HA PACCTOAHWUM, 3HAUUTENIHHO IIPEBRIIIAIOIIEM
uX JuHeiliHrle pasMephl. Ecau oTOyCTUTH HepBRIH mIapuk, TO
[IpY JOCTHXKEHUH PACCTOAHUA I MEXJy LIADUKAMHU ero CKO-
poCTh paBHA v; = 3 M/C; €CIM OTIYCTUTH BTOPOH, TO IIPH TeX
e yCJIOBHAX ero CKOPOCTh OKa3bIBaeTCA PaBHOM v, = 4 M/c.
HaiiguTe cKopocTH IIapUKOB, KOTIa OHH Da30MAYTCA Ha pac-
CTOSHUE r, ecJU 004 IIapUKa OTIYCTUTL OJHOBPEMEHHO.

B HeKOTOpBIII MOMEHT BpeMeHH JBa 2JIEKTPOHA UMeJ I PaBHbIE
II0 MOAYJIIO CKOPOCTH V; = U, = U M HAXOAWJIKCH B BAKyyMe Ha
paccrosnuu L apyr ot apyra. IIpu 5ToM CKOPOCTH U U D, 06-
Pa30BRIBAJIY PABHLIE OCTPHIE YIJIBI (L ¢ IPAMOM, cOeAUHAIOIei

9JEeKTPOHEI. Ha KaKoM MUHHMAJLHOM PACCTOAHUM IPOUAYT
9JIEKTPOHEBI JPYT OTHOCUTEJILHO JApyra?
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10.

11.

12.

13.

14.

15.

16.
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Yacruna maccoli m, uMeoniasa 3apsaj ¢ ¥ CKOPOCTH 50, pu-
6MKaeTcsa ¢ OOJBILOTO PACCTOAHHMA K 3apAXKEeHHOMY He3a-
KPpeIlJIeHHOMY KOJBILY, JBUTAACH II0 €ro ocH. Paguyc KoJabIia
R, 3apajn @, macca M. Kakyio cKOpPOCTh OYVAET UMETh UACTHUILA
B MOMEHT, KOr/Jia OHA 6y/IeT MPOXOJUTE Uepes IeHTP KOoabIa?

ManeHBKHMH MeTAJIMYECKHI IIAPHK Maccoii m = 1 r, KoTopo-
My coobmien 3apan ¢ = 1077 K, 6poluen usgaieka co CKOpPO-
CThI0 U = 1M/c B HAIpPaBIEHUH METAJLIUYECKON cdepsl,
uMeromiei sapan @ = 8 - 1077 Kx. IIpn kakoM MUHUMAILHOM
3HAYEHUH pajuyca chephl IAPUK JOCTUTHET e IIOBePXHOCTH?

B npocrpaHcTBe OZHOBpEMEHHO JEHCTBYIOT JBa ORHODPOLHEIX
3JIEKTPUYECKHUX NO0JIA C FOPU3OHTAIBHO M BEPTHKAJIBLHO HAIIPAB-
JIEHHBIMHM HATPAXXEHHOCTAMM, MOAYJIM KOTOPBLIX DPABHEI COOT-
BeTCTBEHHO E =4 - 102B/m n E =3 - 102 B/m. Ilo mampas-
JIEHUMIO CHJIOBOM JIMHUH PE3yJIbTHPYIOIIETO 3JIEKTPUUECKOT0 I10-
JIA BJIETAET 3JEKTPOH, CKOPOCTHL KOTOoporo Ha nmytu L = 2,7 Mm
u3MeHsaeTcsa B 2 pasa. OnpezeanTe CKOPOCTh 3JIEKTPOHA B KOH-
Ile 3TOr0 MyTH.

Tpu oZMHAKOBBIX 3apAfa, KaXABIA U3 KOTOPRIX paBeH
qg=-2 - 1078 K1, pacmono:xens: B BepIIMHAX PaBHOCTOPOH-
HEro TpeyroJbHUKa co croponoi a = 10 cm. Kakyro pabory A
HYJKHO COBEPIIUTH, UTOOLI IIepEeHECTH OAHUH U3 HUX HA cepelH-
HY IIPOTHBOIIOJIOYKHOM CTOPOHEI?

Toueunnle 3apAAbI q,= ~1,7 - 108Knu q,= 2 - 1078 Kx na-
XOAATCA OT TOYEYHOro 3apsafa ¢, = 3 - 1078 Kx Ha paccros-
Huu l; = 2cm u [, = 5 cm coorBercTBeHHO. Kakyio paGory A
HAJ|0 COBEPIINTH, YTOOH IOMEHATh MECTAMH 3aPAALI ¢ U ¢,?
Tpu nmpoBogAImie KOHI[EHTpUUECKHe chephbl UMEIT pPagnyChl
R, 2R, 3R coorBercTBeHHO. Cpenuas cdhepa uMeeT 3apan +q.
B Heit mpojesaHO OTBepCTHE, Uepe3 KOTOPOE TOHKOM IIPOBO-
JIOUKOM COeNUHAIOT BHEINHIOI U BHYTPeHH0I0 cdeprl. Onpe-
AeNuUTe 3apAJ ¢, BHEIIHel chephl [I0CHe COeAMHEHUA.

JBe mpoBogsAIiNe chephl 3apAKEHEI TAK, UTO BHYTPEHHAS UMEEeT
HOTEHOWA @, & BHEIUHAA (. Kaxoii morenmuan 6ygeT UMeThb
BHYTpeHHAA cepa, eciiu o6e chephl COeJUHUTE IIPOBOAHUKOM?

Merannuueckui wwap paguycoMm R; = 2 cM HeceT Ha cebe 3a-

pang, =4 - 1078 K. Illap okpyskeH KOHIIEHTPUUECKOH IIpO-



17.

18.

19.

20.

BopAMmIell 060104UKO0# panuycoM R, = 5 cM, 3apAj KOTOPOii pa-
BeH ¢, = —4 - 1078 Kn. OmpemenuTe mMOTEHIHAN IOJNA ¢ Ha
paccToaaun L = 4 cM oT LieHTpAa Imapa.

Merannuyeckuii map paguycom R, = 1lcM HeceT 3zapsan
q,=2 " 1078 K. IlTap okpy»eH KOHIeHTPHYECKOH IIPOBOA-
meit obosouxoit paguycom R, = 5 cm. Ha o6onouke HaxonuT-

ca 3apan ¢, = —4 - 1078 Kn. HaiifuTe u3sMeHeHUe TOTEHIH-
ana mapa A@, ecau o60JI0YKY 3a3eMJIUTh.

YeTEIpe OAUHAKOBBIX 3APAMEHHEIX MAJIeHbKHX IIAPHKA, 3A-
pPAABl KOTOPHIX ¢ ¥ MACCHL M, DPACIOJOXKEHH B BepIINHAX
KBajpaTa co cTopoHoit a. Kakoit MakcuManbHOM CKOPOCTH JIO-
CTHTHYT HIAPUKH, €CJIH UX OTIYCTUTh?

W3 0eCKOHEYHOCTH K MeTaNIHYeCKOH IIIacTHHE ABHXKETCA TO-
YyeuyHBIH 3apan +q. OnpenennTe SHEPrU0 B3auMOoIeficTBUSA 32-
pAla U IIACTHUHEI, 4 TAKXe CKOPOCTh 3apfAfa B TOT MOMEHT,
Korfa oH OyIeT HAXOOHUThCA HAa PACCTOAHUH d OT ILJIACTHHEI.
Haxogsace Ha 6eckoHedHO OOJBIIOM PACCTOAHUH OT ILJIACTH-
HEI, 3apAJ EMeJ CKOPOCTh, PABHYIO HYJIIO.

YeTripe OAWHAKOBBIX TOUEYHBIX 3apfAfa ¢ pAacCIoOJOXXKeHEl
BAOJB IpaMoii HA paccToaunu [ Apyr ot apyra. Kakyio pabory
HAJIO COBEPIIUTE, YTOGRI IOMECTUTh HX B BEPINHHAX TPABUIb-
HOTO TeTpaszpa ¢ pe6poM, paBHLIM [?

§ 1.24. ANEKTPUHECKAA EMKOCTb

Bce mouku npo8o0HUKA 8 INEeKMPOCTAMULECKOM NOJE UMe-
1om oGuK u Mmom KHe nNOMmeHyuaL. Imom nomerHyua, onpede-
AAeMblil OMHOCUMENbHO HYJLe8020 YPOBHA, 3a8ucum om 3a-
pada nposodruxa. Baxno ymems Haxodumbv nomeHuuUasl
npoeodruKa, 3HA e20 3apald, uau, Haobopom, Yymems onpede-
a1ams 3apadel NPoBoAHUK08, eCaU U3BeCMHA PA3HOCMb NO-
MeHUUAN08 MeNOY HUMU.

Taxoro poja 3aja4yu BCTPEUAIOTCA OUEHb WACTO He TOJHKO B
3JIEKTPOCTATHKE, HO B IIPH N3YUYEHUHN 3JIEKTPUYECKOTO ToKa. [ua
HX PellleHHs BBOAAT OCOOYIO PHINUECKYIO BeJIUYUHY — 3 JI € K T-
PUYECKYIO €EMKOCTb, IV IIPOCTO EeMKOCT b.
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3J'IeKTpM"|eCKaﬂ €eMKOCTh YeauHeHHoro nposogHuka

PacemotrpuM chepudecknii IpoBOAHUK pazuycoM r. IIyeTs oH
HAXOAUTCA OYeHb JAaJIeKO OT APYTHUX TeJ, TAK UTO ero pasMephbl BO
MHOTO pa3 MeHbINIe PAaCCTOAHUIH K0 3TUX Ted. Takoii MPOBOXHUK
HASHIBAIOT Ve U A€ HHBIM.

IIpu coobieHny mapy 3apAafa ¢ B OKPYKaioleM IPOCTPAHCTRE
BOSHUKHET 2JIEKTpocTaTHUecKoe Irose. Il TeHIImaya miapa H3Me-
HUTCA U CTaHeT PaBHBIM . Eciau noteHuan 6eckOHeYHO yaleH-
HBIX TOUEK IIOJS IPUHATH PABHBLIM HYJIIO, TO IOTEHIIHMAJ IIapa
MOJKHO BBIYHCIUTD I10 popmyie (1.19.4). ITosTomMy oTHOIIEHYie 3a-
pAza ntapa K ero IOTeHIMAay

% % (1.24.1)
He 3aBHCHUT OT 3apsjga M OIpeAessieTcs JUIIL PaguycoM Iapa u
IUBJIEKTPUUECKON IIPOHUITAEMOCTBIO £ OKPYIKAIOIIEl cpebl.

3ameuyaTeLHEIM ABJISAETCA TO, YTO He TOJLKO IJIA Iapa, HO B
IJIA YeIUHEHHOTO MPOBOAHUKA IPOU3BOJLHON GOPMEBI IOTEHITHAT
IpAMO IponoplIuoHANeH 3apany. llosatromy omuouweHue 3apada
RPOBOJHUKA K €20 NOMEHYUALY He 3a8UCUN OM 3HAYEHUA 3aPA-
da u onpedensemcs AuUWb 2eOMeMpPULECKUMU DA3MEPAMU NLPO-
800HUKaA, €20 opMoOll U IeKmMpuUYecKUMU c8ollcméamu OKDY-
scawuleil cpedvl (Buarexmpuieckoil NPOHUUAEMOCMBIO £). ITO
TI03BOJAET BBECTH MOHATHE dJEKTPHUUYECKOH eMKOCTH yeRuHEeHHO-
r'o IPOBOJHUKA.

dneKkTpHUecKoil eMKocTsI0 C IIPOBOAHUKA HA3BIBAETCHA OTHO-
1IeHHe 3apAKa ¢ MPOBOIHHUKA K €r0 MOTEeHIHATY (:

c=1, 1.24.2
0 ( )

EMKOCTE BEIpasKaeTcd uepes OTHOIIeHHe 3apaAka K TIOTeHIIH-
ajy, HO He 3aBHCUT HH OT TOI'0, HU OT Apyroro. TouHo Tak *XKe, Ha-
IpHUMEDP, CKOPOCTH IIPM PABHOMEPHOM IIPAMOJIHHEHHOM JIBHIKE-

s
HHM BBIPAKAETCA Uepe3 OTHOLIEHNE IIYTH KO BPEMEHH: U = 7, HO
He 3aBUCHUT HU OT IIYTH S, HU OT BpeMeHH ¢, TAaK KaK ABJAETCA II0-
CTOSAHHOI BEJIMYMHOIM.

EMKoCTs He 3aBUCHUT OT MaTepHaJIa IIPOBOLHUKA: JKeJle3HEIe,
MeIHEIE TeJa U Teja U3 APYTUX MATEPHAJIOR OXMHAKOBBIX pa3Me-
POB 1 GOPMBI UMEIOT OFUHAKOBYIO EMKOCTD.
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TepMHH «3JIEKTPHYECKAS EMKOCTb» BO3HUK IIO AHAJIOTHU C €M-
KOCTBIO cocyZa. YeMm BGoJbIlle eMKOCTh IIPOBOLHUKA, TEeM MEHbIle
MeHSEeTCA ero MOTEHITHAJ TIPH coobIenuu 3apana. ToUHO Tak xe,
yeM GOJIbINe ILIOIIAAb OCHOBAHMSA ITUJIHHAPUIECKOrO COCyAa, TeM
MEHBIIle MEHAETCA YPOBEHb YKUIKOCTH B HEM IIPH JoOaBIEHUH OII-
peeJIEHHOr0 KOJIHYEeCTBA YKUJIKOCTH.

IIpakTHyecKasi mOJb3a IOHATHA €MKOCTH COCTOMUT B TOM, UYTO,
OIpPeJeIUB €eMKOCTh MPOBOAHUKA 3KCIePUMEHTAJIBHO UJIH BBIYUC-
JIUB €€ TEOPEeTHYECKHU, MOXKHO ¢ mOMOIILIo dopmyanl (1.24.2) Haii-
TH [IOTEHIIMAJ IPOBOJHMKA N0 M3BECTHOMY 3apAAy WM, Haobo-
poT, 3apAjk O U3BECTHOMY IIOTEHIIUATY.

EmkocTtb wiapa

CoriacHo onpegenenuo eMkocTH (1.24.2) u dopmye (1.24.1)
3JIEKTPHYecKasa eMKocTh mapa B CU paBua:

-9 _
i 4ne €er, (1.24.3)
- . 1
TaK KaK B 3TOH cucTeMe B = ——.
4ne,

B cucreme CI'CO nmorennuas mapa BbhIYHCASAETCA 10 GhopMyse

(1.19.4), Torpga npu £ = 1 U B COOTBETCTBHY C OLpEHESIEeHUEM
(1.24.2)

C=g¢r. (1.24.4)

B BakyyMe eMKOCTB IIpoBoaslero mapa B cucreme CI'C3 paBHa
ero paguycy.

3aBUCUMOCTb EMKOCTU NPOBOAHMKA
OT OKpYXalowux Ten

B neilicTBUTENIBHOCTY HY OJIUH IIPOBOJHUK He ABJIAETCA, CTPOTO
roBops, yeAuHeHHbIM. B6au3u sr060ro 3apAKeHHOro Tejaa Haxo-
OATCA Te WJIH MHEIe mIpeaMeThl. VI B 3THX cay4yadx MOYKHO IOBO-
pPUTH 06 3JIeKTPHUUECKOH eMKOCTH ITPOBOJHUKA, HO OHAa 6y/ieT 3aBH-
CeTh OT PacnoJIOXKEHMHA OKPYKAoIuX TeJ. B saTroMm moxxuo ybe-
JUTHCH HA OIBITE.

Bo3bmeM 2JEKTPOMETDP M 3a3eMJHM ero Kopnyc. K crepskHIo
3JIEKTPOMETPA IPHKPEIUM ITOJIBIHI MeTaJJIMYEeCKHI I1ap ¢ oTBepC-
TieM. Coo6IIIHUM 3JEKTPOMETDY 38pPA/J ¢ C IOMOIIbIO MATEHBKOI'O
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Puc. 1.96

MEeTAJIJINUECKOTO HIapMKa Ha H3oJupyolneil pyuke. Ias sroro
KOCHEeMCSH 3apsAyKeHHBIM NIaPDUKOM BHYTPeHHell TOBePXHOCTH cde-
pel (puc. 1.96, a). Bech 3apsajy mapuka IpHu 9TOM IIepeier K 3JIeK-
TpoMeTpy. Bo3HHKaeT PasHOCTH MOTEHIIMATIOB MEXAY CTepIKHEM
3JIEKTPOMETDPA M 3eMJIei, U er0 CTPeJKa OTKJOHseTca. Coobuium
BJIEKTPOMETDY ellle Takoil ke 3apan! g. IloTeHIIHANT CTEDIKHS OT-
HOCHUTEJILHO 3eMJIX Bo3pacTaeT B 2 pasa. CiiefoBaTeIbHO, OTHOIIE-
HHUe 3apajfa K IOTeHIUAJY IOCTOAHHO M PABHO eMKOCTH MeTaJlIN-
YeCKOTro LIapa CO CTEPIKHEM.

Ho crour nmogHecT K mapy JialoHH PyK (He Kacafach ero), Kak
CTpeJIKA 3JIeKTpOMeTpa IPHOJIH3UTCH K BepTHKaau. IloTeHitman
mapa yMeHBbIIaeTcsa, U, 3HAUUT, eMKOCTEL Bo3dpactaeT. Takoii ke
sbdeKT HabII0gaeTCA IPU MOJHECEHUN He3apaKeHHOT0 JU3JIeKT-
PHMKa K JUCKY Ha CTepyKHe djeKTpoMeTpa (cM. § 1.14).

ITouemy sTo mpoucxoaut? IloTeHIMaa IPOBOJHUKA OIpeAesis-
eTcsl He TOJBKO 3apsA/0oM Ha €ro noBepxHocTH. CorjIacHO MpUHIH-
ny cynepmosunuy (1.19.5) noTeHnuaa mojs B HEKOTOPOH TOUKe
paBeH CyMMe MOTEHIIMAJIOB, CO3JaBaeMEIX BCEMH 3aPSKeHHBIMU
resaMmu. HeszapsiyKeHHBIE TeJla TAK¥e BIUAIOT HA IOTEHI[KAJ IIPO-
BOAHUKA, TAK KaK IIOfA JeWCTBHEM MOJIA IIapa Ha IOBEPXHOCTAX
TIPOBOJHUKOB IIOABJIAIOTCH CBOOOJHEIE 3apsibl IPOTHUBOIIOJIOMKHBIX

1 Isa ogMHAKOBHIX 3apAAa MOMHO TOJIYYHTh, HATIDHMED, TaK: KOC-
HYTbCA ABYMSA OZMHAKOBRIMU IIAPDMKAMM HA M30JHPYIOIEl pyuke 60JIb-
LIIOT0 3apPAKEHHOTO0 MIapa ¥ OXHOBPEMEHHO OTBECTH OT IIapa.
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3HAKOB (BCJIEACTBUE JIEKTPOCTATHIECKOH HHAYKIIHIM), a Y JHAJIEKT-
PUKOB — CBSABAHHEIE 3aPABI (BCIAEACTBHE IOJIAPUIAIAL).

C mOMOIIBIO BIEKTPOMETPA MOYKHO OOHADYIKHTH 3aBUCHMOCTD
€MKOCTH IIDOBOAHUKA OT €r'0 pasMepOB. YKPeIlUM Ha CTepyKHe II0-
JBIi Iap MeHbINlero paguyca. Ecau Teliepb cOOBIIIUTL éMy TaKoM
JKe 3apAl ¢, KaK U B IIEPBOM OIIEITe, TO IMOTEHITUAJ CTEPIKHA OKa-
3bIBaeTcA G6oybinuM (puc. 1.96, 6). 9To o3HAUAET YMEHBITIEHHE €M-
KOCTU ¢ YMEHbIIIeHUEM pasMepa Iapa.

EnvHMLLI 3/1eKTPOEMKOCTHU

®opmyna (1.24.2) 103BONAET BBECTU eJUHUIILI dJIEKTPOEMKOC-
ti. B CH eguHuneii eMxoctu aApiaderca ¢ apa g (D).

Emrocmuio 8 1 ® obaadaem makoii npo8oOHUK, I KOMOPO2O No-
menyuan sospacmaem Ha 1 B npu coobwenuu emy sapada 1 K.

B cucreme CI'CO 3a efUHNIY eMKOCTH B COOTBETCTBUH ¢ (Hop-
myJoit (1.24.4) IPpUHUMAIOT EMKOCTE IlTapa paguycoM 1 cM B Ba-
KyyMe. OTa eIHHUINA — CAHTUMET P.

HeTpyaHo BUAETH, YTO

9
~ 3 - 10°Crca
10=172 =" "1-9-100an (1.24.5)

300 CIrca o

EmrxocTs B 1 @ oueHb BenuKa. Y eIUHEHHRI map, o6magaromuii
TaKoil eMKOCTBIO, UMeJ ObI paguyc, B 13 pas mpeBBIIAOLUHN pagu-
yc Connna. [ToaTroMy Ha IMpaKTHKE YACTO UCIOJIBL3VIOT MOJHU 3TOIt
enuHHUNEI: MuKpodapan (Mk®) — 1076 @ u mukodapag (md) —
10712 @, EmkocTs 3eMHOro mapa paBHa 709 Med.

®opmysa (1.24.3) mO3BOJNsIET BBIPA3UTH BIEKTPUUECKYIO IIO-
CTOSIHHYIO £, 1ePe3 eMKOCTh ¥ PasMephI IIPOBOAHUKAL

e = C
0 4mer’

9TO 03HAUAET, YTO HJIEKTPHUECKYIO IIOCTOAHHYIO MOYKHO BRIpa-
’KaTh B papagax Ha meTp (P/m).

Bascnas xapaxmepucmura nposoOHUKA — dNeKMPULECKAS
emrocmy. Emrocms npogodnurxa mem 60abvuLe, iem MeHblLe
nomenyuas, Komopbiit OoH npuobpemaem npu coobuWernul
emy sapsada.
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§ 1.25. KOHAEHCATOPbDI

MoocHo cozdamb cucmemy npo8odHUKO08, INeKMPULECKAL eM-
KOCcmMb KOMOpoil He 3as8ucum om oxpyxcawuwux men. K momny
JHe 0OHOBPEeMEHHO eMioCMmb ee Moxcem Oblmb O4eHb GOAbILOIL.
ITo smum npuyunam maxas cucmema, HA3bIBAEMAS K O H-
dencamoponm, umeem 6onblULIOE NPAKMUYECKOE 3HAYEHLE.

Kondencamop' npedcmasnsem coboii dsa nposodnuka, pas-
OJeneHnble caoem Juaiexmpura, MOAULLHA KOMOPO20 MANA NO
CPaBHEHUI ¢ pa3mepamu nposodrnuros. IIpOBOAHUKKM B 3TOM
caydae HA3HIBAIOT O6GKJaJfKaMU KOHJZeHcAaTODpa.

TIpocreitmuii maOCKUE KOHAEHCATOP COCTOWUT U3 ABYX OAWHA-
KOBBIX HADAJIENBLHBIX NJIACTHH, HAXOAAIINXCA HA MaJOM Dpac-
CTOAHUH APYT oT npyra (puc. 1.97). Ecinu sapaarl nioacTul ofuHAa-
KOBBI [10 MOZYJII0 M IPOTUBOIMOJOKHEI II0 3HAKY, TO IIOYTH BCE
SJIEKTPUUYECKOe IT0JIe COCPeJOTOYeHO BHYTPH KOHJeHcaTopa. Jlum-
HUU HANIPAYKEHHOCTH HAYMHAIOTCA HA THOJOKUTENBHO 3aPsdKeH-
HOW 06KJafKe KOHIEHCATOPA H OKAHUMBAIOTCA HA OTPHUIATEILHO
3apsyKeHHOR. ¥ cdepruecKOro KOHAEHCATOPA, COCTOSAINEro Ha3
IBYX KOHIeHTpuYecKux chep (puc. 1.98), Bce mose cocperoToue-
HO MEKIY OOKJIaIKaMu.

AR (AL
NERNCNEREN JAd
AR o e

Puc. 1.97 Puc. 1.98

IIna sapAAKy KOHAEHCATOPA HYXKHO IIPHUCOETUHUTL ero o6-
KJaJKH K [IOJI0CAM UCTOUHUKA HANPIKEeHUS, HATIpUMeD K II0JI0-
caMm 6aTaper aKKyMyJdATOpoB. MOMKHO TaKKe COeUMHUTD OHY 00-
KJIagKy ¢ [OJIocoM 0aTapeu, ApPYroi IMOJIOC KOTOPOH 3a3eMJeH, a
BTOPYIO 3a3eMJIUTh. Torga Ha 3aseMJeHHON oOKJIaJKe oCcTAHETCA
3apsaAf, MPOTUBOIIOJOMKHBIH 0 3HAKY U PABHBIN I10 MOAYJIIIO 3apd-

1Ot nar. condenso — crymaxp, yoIoTHs0. B anHOM caydyae — eryc-
THTEND BJIEKTPUYECKOTO 3aPSIa.
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Iy Ipyroit obxkaagku. Taxkoit ske Mo MOZYJIIO 3apsAj] YHJIeT B 3eM-
JIIO.

ITod 3apadom xondencamopa noHumaiom abcoawnHoe 3HA-
yenue 3apada o0HOIU u3 06knadox.

PasHocTs, moTeHIIMANOB MeXJy OOKIagKaMu KOHJeHcATOpa
NpPOIOPIIMOHAIbHA HANPAXKEHHOCTH I0JA BHYTpH ero. Hampsa-
JKEeHHOCTh II0JIf, CO3JAHHOIO IIJTACTHHAMM, B CBOK Oodepelb IIpO-
NOpIHMOHANBHA 3apARY :LmacTuH. IlosToMy OTHoleHWe 3apsajga ¢
OJHOT0 U3 IIPOBOAHHMKOB (Ha JPYTOM HAXOAUTCA TAKOI e IO MO-
LYJI0 3apAJ) K pPa3HOCTH MOTEHIMAJIOB MY 3THM IIPOBOJHUKOM
M cOCeIHHM He 3aBHCHUT OT 3apAza. OHO onpesendeTcs JHUIIL T'eo-
METPUYECKUMH PasMEpPaMH IPOBOJHUKOB, UX (opmoil M BaamM-
HBIM DPACIOJOKEHUEM, a TaKiKe DJeKTPUYECKHMH CBOiicTBaMH
OKpYyskalonjei cpeas! (IU3JIEKTPUYIECKOU TPOHUIIAEMOCTHIO £). ITO
TIO3BOJISIET BBECTH IIOHATHE 3JEKTPHYECKOH €MKOCTH IBYX IIPO-
BOAHHKOB H, CJI€JOBATELHO, EMKOCTH KOHJEHCATOpA.

InexmpoeMKOCMbI KOHOeHCAmMopa HaA3bleawnt OmHouLeHUe
3apada 00H020 U3 NPOBOOHUKOB K DPA3HOCMU NOMEHUUAN08
MeHOY 3muM nPOBOOHUKOM U COCEOHUM:

) F%\W (1.25.1)

Bripaskaerca 3JeKTpHUecKasi eMKOCTh KOHAEHcATODA B TeX JKe
€IMHUIAX, YTO U €eMKOCTh YEUHEHHBIX IPOBOAHUKOB.

Yem menbnie Hanpsxenue U npu coobuieHun o6KJIagKaM KOH-
mencaTopa 3apanos +g| u —|g|, TeM 6ombie eMKOCTL KOHIEHCATO-
pa. Ha o6kyagkax MOXKHO HAKOIUTH 0OJbIINe 3apAALI, He BRI3HI-
BafA NpobosA TUIIEKTPUKA.

OneKTpHUYECKUe MOJA OKPYKAIIIUX TeJ IIOUTH He IPOHUKAIOT
BHYTPb KOHJIEHCATOPA CKBO3b €I0 METANLINYECKHe OOKJIAAKY 1 He
BIMAIOT HA Pa3HOCTb IIOTEHIMAJIOB MeXKIY Humu. IlosaToMy eMm-
KOCTb KOHJIEHCATOpA IPAKTHYECKU He 3aBUCUT OT HAMUYKA BOJIH-
3 HETrO KaKux-1ubo Te.

IlepBriit KOHAEeHCATOp, HA3BaHHLIHM JelleHCKOM GaHKOM, GBI
co3jaH B cepeaune XVII 8. Beuro 06HapyKeHO, YTO T'BO3Ab, BCTAB-
JIEHHBIH# B CTEKJIAHHYIO 6AHKY ¢ PTYThIO, HAKANIHUBAET GOJBIION
3JeKTpuYecKuil 3apafn. PryTe caysxkuia ofHOM OOKJIaZKOH KOH-
JeHcaTopa, a JIaJJOHH 3KCIIEPUMEHTaTopa, AepiKaBilero 0aHKY,
Ipyroii. BnocaencTsum o6e 06KJIAAKY CTANH JeJaTh U3 TOHKOI J1a-
TYHU UJIN CTAHUOIA.
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AnexTpuyeckana eMKOCTb NAOCKOro KOHAeHcaTopa

ITonyuum dbopMyay A1 BRIYUCIEHUA EMKOCTH ILIOCKOTO KOH-
Ieucaropa. O603HAYNM ILTOMIAAL KAXKIOM ero ImIacTHHL S, a pac-
CTOSHHE MEeXIY NIacTHHAMU d. BRIpasuM pasHoCTh MOTEHITHAIOB
U uepes 3apsap q. 3Ta pasHOCTh MOTEHIIMAJIOB ONpeNesaeTcA Ha-
MPAXEeHHOCThIO oA E, KOTopas 3aBUCHUT OT 3apAN0B OOKJIANOK
KOHeHcaTopAa.

HamnpsaskennocTs noja El, CO3MaHHOIO OAHOI U3 ILJIACTHUH, BLI-
yucnaercd no gopmyse (1.12.4). HanpsaseHHOCTH II0JIA IOJIOXKH-
TeJILHO H OTPHUIIATENBHO 3aPAMKEHHEIX IIJIACTHH PABHEI IT0 MOAYJIIO
U HapaBJeHH BHYTPH KOHAEHCATOPA B OOHY H Ty XK€ CTODOHY.
TloaroMy MOZYJIb PEBYJILTHPYIONeil HAIPAKEHHOCTH PaBeH:

E=2E =k°. (1.25.2)

®dopmya 1Is1 eMKOCTH KoHAeHcaTopa 3anuinercsa B CH 6oiee
KOMIIAKTHO, eCJI BMeCTO KoadduImeHTa k HCIONH30BATD €TI0 BhI-

paskenue B Buje (1.3.5): k = 1 . Torga, yuuTeIBas, 4TO IIOBEPX-
0

4ne
HOCTHAS ILIOTHOCTL 3apANA G = % , IOJIYUHM:
_ _4
E £0eS °
CuenoBaTesnLHO,
g 494
U=Ed £0e8

IloacTaBnas 3To BRIpaxKenue B popmyay (1.25.1) u cokpamasa
Ha ¢, HOJIYYUM €MKOCTH ILTOCKOTro KoHAeHcaTopa B CH:

£0eS
C= - (1.25.3)

B a6coatoTHOli cucreMe epuHUI[ Ko3bdumueaT B dopmyme
(1.25.2) £ = 1. C yueTOM 3TOro eMKOCTh ILJIOCKOTO KOHJEHCATOPA B

a6CoOMIOTHON CUCTeMe eJUHHAL, DABHA:

c= %. (1.25.4)

M=ul BuguM, uTO 3JIEKTPOEMKOCTE KOHJIEHCATOpA 3aBHCHT OT
reOMeTpHYECKNAX (baKTOpOB: naomagl NJACTHH B PaACCTOAHNA
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MeXXAY HUMU, a TAKIKe OT HJIeKTPUUYECKHX CBOMCTB cpeabl. OHa He
3aBHCHUT OT MaTepyaja NPOBOAHHUKOB: OOKIaJKU KOHJEeHcaTopa
MOTYT OBITH JKeJIe3HBIMHU, MEJHBIMH, ATIOMUHUEBBIMHU U T. [.

Y6enumca Ha onkiTe B cupaBegauBocTu dopmyast (1.25.3), mo-
Jy4eHHOH TeopeTHUYecKH. [[J1A 3TOro BoO3bMeM KOHJAeHcaTop, pac-
CTOSAHHE MeXAy ILJIACTUHAMH KOTOPOTO MOXKXHO U3MEHATH, U dJIeK-
TPOMETP C 3a3eMJIeHHEIM KopnycoM (puc. 1.99). Coegunum Kop-
nNyc U CTEPXeHb JJEKTPOMEeTpa ¢ ILIACTHHAMH KOHJeHcaTopa
MIPOBOAHUKAMHU U 3apANUM KOHAeHcaTop. [ 3TOro Hy>KHO KOC-
HYTHCA HAJJIEKTPHU30BAHHOU NAJIOYKONA ILUIACTUHLI KOHJEHCATOpA,
COEIMHEHHOI CO CTEPKHEM. OJIEKTPOMETP MNOKAaXET PadHOCTh I0-
TEHIINAJO0B MeX Y IIJIaCTUHAMH.

PasBuHYB mIacTHHBI, MBI OOHADY)KUM yBeJIMYEeHUE PasHOCTHU
noTeHIUaIoB. COrjacHO OIpeNeIeHUI0 3JIEKTPOEeMKOCTH [cM.
dopmyay (1.25.1)] aTo ykassIiBaeT Ha ee yMeHbIIeHUE. B cooTBeT-
CTBHH ¢ 3aBUCHUMOCTHIO (1.25.3) eMKOCTb JeliCTBUTENBHO HOJIXKHA
YMEHBIUIATHCA ¢ YBEJINUYEHHEM PACCTOAHUA MEXAY IJIaCTHHAMH.

Berasus Mex [y oOKJIagKaMH KOHAEHCATOpA IJIACTUHY U3 IH-
9JIEKTPHUKA, HAIPUMeP M3 OPraHNYecKoro CTeKJa, Mbl OOHADYXUM
yMeHbIIIeHHe Da3HOCTHM IOTeHIuanoB. ClefoBaTeNlbHO, €MKOCTh
KOHJIEHCATOPA YBEJIUYHUBAECTCA.

Paccrosuue MeXIy IUIaCTHHAMHU d MOXXKeT OBITh OUEHb MAaJIbIM,
a mwroimaab S M ZUBJEKTPHUUYECKAA MPOHHUIIAEMOCTh HOCTATOUYHO
6ospmiuMu. IloaToMy Ipu He6ONBIINX pasMepax KOHXEHCATOP MO-
KeT UMETh OOJIbIIYIO JJEKTPHYECKYI0 €MKOCTh. BripoueM, ILIO-
CKHI KOHIEHCATOP €eMKOCThIO B 1 @ foskeH OB OBI HMETH ILIO-

maznp wiactud S = 100 kM2 npu PacCTOAHHMU MEXAY IJIACTHHA-
Mud=1mMmM.

Puc. 1.99

129



MU3amepenve AU NEKTPUHECKOMU NPOHULIAEeMOCTH

3aBUCHMOCTE €MKOCTH KOHAEHCATODAa OT 3JeKTPHYECKHX
CBOMCTR BeleCTBA MeXY ero O0KJIaAKAMM MCIONB3YETCA AJIA U3-
MepeHHs AM3NeKTPHUECKOM IIPOHMIIAEMOCTH BelecTsa. Iaa sTo-
ro Hy’KHO 3KCIEPUMEHTAJIBHO OIPEJeHNTh OTHOIIIEHUE €MKOCTel
KOHJEHCATOPA C JUAJEKTPHUECKON IIacTMHON MeXAy obKIagKa-
mu (C) u 6e3 Hee (Cy). Kak cneayer us supaxenus (1.25.3), au-

INEKTPHYECKaAsaA MPOHNIIAEMOCTb

£= — (1.25.5)

EMKOCTb CHepuyecKoro KOHAEHCaTopa

B sakJiioueHHe BRIUHCIHM €MKOCTH €llle OfHOr'0 THIIA KOHJEH-
caTopoB — cthepHUUECKOro KOHJEHCATOPA.

OfKIaAKaMHA KOHAEHCATOpPA ABAAIOTCA ABe chephl: BHYTpEH-
HAA pagdycoM R, u BHemHss paauycoM R, (cM. puc. 1.98). Ilo-

TEeH[UAJ BHEIHe# OOKJIaJKM paBeH cyMMe MOTeHIIHAJIOB, CO3ja-
BAEMBIX 3apAJioM +¢ Ha BHellTHeil oOKJIaZiKe U —¢ Ha BHYTpeHHe#
(npunHnun cynepnosumiuuu). IloreHuuan sapsasxkeHHON cdephr pa-
BEH NOTEHIMANY TOYEUHOI'0 3apAfa, IOMENIeHHOro B HeHTpe cde-
put. ITosTomy

(p ~ke—R—2 —ks?z =0

pH YCJIOBHM, YTO MOTEHIUANT HA OECKOHEUHOCTH MPHHAT PABHBLIM
nyno. Harnanuo ato ofbsiacHAeTeA Tak. KoHgeHcATOp He CO3JaeT
I10JIA BO BHENIHEM IIPOCTpaHCTBe, I10sTOMY noTeHuual BO BCeX TOY-
KaxX BHe HAPYKHOI chephl oguH 1 ToOT Ke. Ha 6ecKOHEUHOCTH OH
paBeH HYJI10. 3HAYNT, OH PaBeH HYJIO M BO BCEX TOUKAX, BEKJIIOUAA
noBepxHOCTH BHelTHel cheprl. [ToTrerniman BuyTpeHHei chepnl

¢ —k«s_R2 _keR1

31ech YYTE€HO, 4YTO 3apAj] Ha BHEINHeH chepe co3gaeT BHYTPH Hee
MOCTOSHHBIA NOTEeHIMNAT kB —— R

2
Pa3HOCTh IOTEHIMANOB

gk(1 1
U=emei= T (g " m)

130



-~

EmkocTh KOoHJeHCcaTopa

R.R
=94 _§& 172
C-%=in & - (1.25.6)
BCH
Pt B 25.7
C=dmee -, (1.25.7)
a B cucreme I'aycca
PO i ki 25.8
~tR,-R," (1.25.8)

Ecnu sasop Mexay obkiaagkamu d = R, — R, May 10 CPABHEHUIO
¢ R, u R,, 0 R,R, = R =~ R = R%, VuurniBad, 4T0 mI0MmMaLb IO-
BepxHocTH chepnl S = 4nR2, BMecTo dopmynant (1.25.7) npubau-
JKeHHO OyieM UMeTh:

£oES
et
A 370 ecTs hopMyJIa I8 eMKOCTH ILJIOCKOro KOHAeHcaTopa. Takoit

Pe3yabTAT M CJIeLOBAJIO OXKUIATS,
Ecnu sxe R, — o0, ro 8 CH

C = 4neeR,.
9TO eMKOCTh YeAHHEHHOrO 11apa.

AreKmpurecKan emxocmsb Kondencamopa mem 60Lblie, Yem
MeHblUe PA3HOCMb NOMEHUUANL08 Mexwdy 00KiadKamu KOH-
Oercamopa npu coobujeHul uM 3aPAG08 NPOMUBONOLOHHOZO
3HaKa.

Popmyary (1.25.3) 08 emrxocmu naockozo KoHOencamopa

caedyem 3anomHums. OHa 8am noHAdoOUMCA He Pas3.

1. Yemy paBHA eMKOCTb CTEKJIAHHOrO NIaPUKA paguycoM 1 cm?

2. Kakyio ¢popMy HOJPKeH MMETh COCYH, YTOORI MEXAY €r0 eMKO-
CTBI0O U JJIEKTPUUYECKOH €MKOCTHIO CYyLIeCTBOBasia Obl KOJH-
YeCcTBeHHAaA aHAJIOTHA?
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§ 1.26. PASJIUMHBIE TUMbI KOHAEHCATOPOB.
COEAQAUHEHUSA KOHAEHCATOPOB

B 3agucumocmu om HA3HAYEHUA KOHOEHCAMOpbL umeiom
pasaunHoe ycmpoiicmao.

Pa3nwnyHbie TMNbl KOROEHCATOPOB

OOLIYHEIH TeXHMYECKHMH OYMaXKHBIM KOHIEHCATOP COCTOMT U3
JBYX TOJIOCOK AJIOMHHMEBOIt (oJbryu, U30JIUPOBAHHLIX APYr OT
Apyra 6yMa XHOM JIEHTOH, nponuTaHHOH napaguroM. Ilorocky u
JIEHTA TYro CBepHYTHI B KOMIAKTHRIN nakeT He6OabLIOrO pa3mepa
(pue. 1.100).

B pazgumoTexHHKe INHPOKO NPHUMEHAIT KOHAEHCATODH! lepe-
MeHHOH eMKocTu (puc. 1.101). Takoil KOHIEHCATOP COCTOMT H3
IBYX CHCTEM METAJITMYEeCKHX MIACTHH, KOTOpbIE IPH BpAaIleHUU
PYKOATKHM MOTYT BXOJHTH OJHA B Apyrywo. Ilpu sTom MeHsercAa
IJIOIIafh MePEeKPLIBAIOINEHCA YaCTH NMIACTHH U, CIeJOBATEIBLHO,
€MKOCThL KOHJIeHCaTODaA.

S3HAYNTEJBHOTO YBeJAHUEeHHS EMKOCTH 3a CYeT YMeHbIIeHMA
PacCTOAHUA MEXAY OOKJIAZKaMH AOCTUraloT B TaK HA3LIBAEMBIX
3JIEKTPOMUTHYECKNX KOHAeHcaTropax (pmc. 1.102). IMuamexTpu-
KOM B HHX CJAYXXHT OUeHb TOHKAS MJIEHKA OKCUAOB, IOKDLIBAIO-
IMUX OAHY #3 oOKJIanoK (mosaocoK ¢onbru). Bropoil obkaaakoii
CAYXUT APYTaf NOJOCKA U COeJUHEHHAA ¢ Helf 6ymara, IponuTaH-
HasA PacTBOPOM IPOBOAAIIEro BelliecTBa (adexTponuTta). Oxcuz-
HadA MJeHKA Pa3pyluaeTcA NPH N3MEeHEHUU TOJSAPHOCTH IIPUJIO-

CmaHnuoxnv

ITapagunupo-
8aHHaA
6ymaza

Puc. 1.100
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Puc. 1.101 Puc. 1.102

SKEeHHOTO K 3JIEKTPOJMTHYECKOMY KOHAEHCATOPY HANDSKEHUS.
I[TosTOoMy nepej BKJIXUYEHUEM TAKOTIO KOHAEHCATOPA B Ielb CIENY-
€T IPOBEePUTH COOTBETCTBHE 3HAKA PA3HOCTH MOTEHIIVAJIOB Ha JaH-
HOM ydYacTKe eIl TOMY, KOTOPbIil Heo6XOAUM AJIf JAHHOTO KOH-
JIEeHEATOPA.

EcThs MHOrO Jpyrux THUIIOB KOHAEHCATOPOB.

OueHs 4acTo KOHAEHCATOPH! COEIUHAIOT JPYr ¢ ApyroM B GaTa-
peu. 3To MO3BOJSET IPU UMEIOIeMCs Habope KOHAEHCATOPOB IIO-
aydaTk faTtapem pasamuyHoM eMmKocTU. CoeAUHEHNEe KOHJEHCATO-
POB MOKeT OBLITh MapaedbHBIM U II0CIeJ0BATEIbHEIM.

MapannensHoe coeauHeHUe KOHAEHCATOPOB

IIpn mapaijensHOM COEJUHEHUHU ABYX KOHAEHCATOPOB €MKO-
CThIO C1 u C, ux OOKJIaAKHN COeJUHSIOT IIONADHO APYT € APYTOM

(puc. 1,103). ITog eMKocTEI0O GaTapey MOHMMAIOT OTHOIIEHUE 3a-
pAza, coobluieHHOro 6arapee, K pa3HOCTH IIOTEHIIMAIOB MEXAY 00-
KJIanKaMy KOHAEeHCATOpPOB. PadHOCTH mMoTeHIMa 0B UJ mpu mapaJ-
JeJbHOM COefUHEeHHM OAMHAKOBA AJIA 060MX KOHAEHCATOPOB. 3a-
pAx ke 6aTapen paBeH:

g=9; 4y +l‘11l E_lql|
rAe Q, — 3apaAj IepBoro KOHAeHcaropa, ~— | —
a g, — BTOoporo. EMxocTs 6aTapeu paBHa: |r
+g 1 -lgy|
g 9 9
C= U= T + T
Puc. 1.103
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Tak xax

TO
C=C,+C,. (1.26.1)

Hpn napajajaeJbHOM CO€JHHEHHMH KOHIEHCATOPOB HX 061118.5! €M-
KOCTb paBHA CyMMe eMKOCTei OTAEeTbHBIX KOHJAEHCATODOB.
Ecan napajajiaeyibHO COeAHHEHE]I 71 KOHJAEeHCaTOPOB, TO

N
c=Yc,. (1.26.2)
i=1

MocneporaTrensHoe coeAVHEHWE KOHAEHCATOPORB

CxeMa MocJeA0BATENLHOrO COSJUHEHUA ABYX KOHAeHCATOPOB
nzobpakeHa Ha pucyHke 1.104. B sTom caywae oTpunateabHo 3a-
pAXeHHaA o0KIafKa IePBOrO KOHAEHCATOPA COENUHEHA C ITOJO-
JKHUTEJBLHO 3apAKEHHOH BTOpOro. 3apAAbl 060HX KOHAEHCATOPOB
OAMHAKOBEI. [[efiCTBUTENLHO, €CJIH 3apaj]

1 H hd H @2 KpaifHeil 00KJIaAKH MEpBOro KOHAEHCATO-
+gl!!-lgl +lgl"! gl pa paBeH +|g|, To Ha mpoTMBOmONOMKHON
Puc. 1.104 o0KJIaKe BCIEACTBHE 3JIEKTpPOCTATHYE-

CKOlf MHAYKINE HOABHTCA 3apsf —|g|. Tax

KaK TPOBOJHUK MEXIY KOHJEHCATODAMM M COeAUHSeMble HM 06-
KIaJKH B IIeJIOM HeWTDANBLHEI, TO 3apAj BHYTPeHHeil o6KJIagku
BTOpPOTO KOHJEHCAaTOpa paBeH +|gl.

EMKOCTb 6aTaped ¥3 IOC/IeJ0BATEJLHO COeSUHEHHBIX KOHJEH-
caTopoB

c=—21_,
?1~ 92

rie ¢, ¥ ¢, — HOTEHIMAJIEI KpaliHuX o6KJIafoK. EMKocTH OTAEE-
HEIX KOHJEHCATOPOB PABHEI:

P
rae ¢ — NOTeHIuAJ BHYTPEHHUX 00KJIa0K.

HaitneM cyMMy BeJIMIHH, OOPATHLIX EMKOCTAM KOHIEHCATOPOB:

1 1 9-¢ -9 1
—~ + 5+ = + ==,
c, G, q q C
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CrnenoBsaTesIbHO, IpH IIOCJIEOBATEJIBHOM COeUHEHUHN KOHIEH-
CaTOpOB BeJIMUHHA, 00paTHaA eMKOCTH 0aTapey, paBHa cyMMe Be-
JUYUH, 06pATHEIX eMKOCTAM OTAEJBHBEIX KOHJEHCATOPOB:

1_1 .1
e te (1.26.3)

B ofiem ciyuae Jid n KOHAEHCATOPOB CIIpaBeAJINBO PABEHCTBO:
1 1
= Y, c- (1.26.4)

EmMKocTs 6aTapen mOCHe0BATENBHO COEAUHEHHBIX KOHAEHCATOPOB
MeHBIIe eMKOCTH KOHJeHCcaTopa ¢ MUHUMAaJNBHOH eMKOCTEIO B Oa-
Tapee.

Kondencamopvl pasauiHblx munog coefuHAom napaiieb:
HO Uau nocaedosamenvro. 3mo no3goasem noiyiums bama-
peu KoHOeHncamopos pa3auiHoll emMKoCmu.

§ 1.27. S3HEPIne 3APAXEHHbIX KOHAEHCATOPOB
U riPOBOAHUKOB. TPUMEHEHUA KOHAEHCATOPOB

Jna mozo umobs: 3apadumb kKoHOeHcamop, HYMNCHO cosep-
wume pabomy no pazdeneHu0 NOAOHUMENLbHbLX U OMPUYa-
meJbHblx 3apados8. CozNACHO 3AKOHY COXPAHEHUS 3HepIuU
sma paboma pasHa IHepzuu, npuobpemaemoii KOHDeHcaAmMo-
ponm.

B mom, umo 3apascenHnsiii konHdencamop, kakx u aiobas Opy-
2a5 cucmema 3apAiceHHuvLX mean, obaadaem Hepaueil, MON-
HO Y6edumbca, ecau K NAACMUHAM 3aAPAHEHHO20 KOHOeHCa-
mopa 601bULoll emKocmu NOOKAIOHUMb LAMNOYKY KADMAH-
Hozo ¢ponapurxa. Ha kopomroe spems oHa ecnvlxHem.

3Heprug NNOCKOro KOHAEHcaTopa

BreisegeM opMysy JJs SHEPTHH IJIOCKOro KoHjeHcaTopa. Ha-
OPSAXEHHOCTH 1T0JIH, CO3JaHHOTO 3apAA0M OAHOH U3 IJIACTHH, PaB-

HA %: , rae E — HanpAMeHHOCTH IOJA B KOHAeHcaTope (cMm. § 1.25).

B opgzOpogHOM mTOJIe OAHON ILIACTUHBLI HAXOAUTCA 3apsaj ¢, pac-
TpeAeJIeHHEIA 110 IOBEpXHOCTH Apyroi mwiacturel (puc. 1.105). Co-
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B raacHo dopmyae (1.18.4) gias moTeHIIMATBHONA
JHEPTUU 3apsjga B OJHOPOAHOM IIOJI€ YHEPTHs
+|q| —|q| KOHJEHCcATOPA paBHAa:
— — W =q¢Zd (1.27.1)
p-92% et
1 2 rfle ¢ — 3apajx KOHAeHcaTopa, a d — paccTod-
Puc. 1.105 HHe MeXAy IIacTHHaMu!.

Tax kak Ed = U, rpe U — paaHOCTh NOTEH-
IMAJIOB MEXAY o6KIATKAMY KOHJJEHCATOPA, TO €r0 3HEePriUs paBHA:

_ v
Wp =5 (1.27.2)
9ra sHeprud pasHa paboTe, KOTOPYIO COBEPIIHT 3J1€KTPUUIECKOE
noJje mpy cOIMKEeHUN IIIACTHH BILJIOTHYIO.
3ameHuB B dopmye (1.27.2) mubo pa3dHOCTh NOTEHIUAJIOB, JH-
60 sapAj ¢ noMoInbio Brpaskenusa (1.25.1) a1 eMKOCTH KOHJEH-
caTopa, NOJIYUNM:

w=-¥_4g _CU (1.27.8)

SHeprua NPoU3BONLHOro KOHAEHCATOPa

@opmyiasl (1.27.3) cnpaBeAaUBHI AJS 3HEPTUK JTI060T0 KOH/IEH-
caTopa, a He TOJbKO ILIocKoro, JlokakeMm 3To, MCIOIL3ys Oojee
o061 Uil MeTOJ, BRIYMCICHUA JHEPrun.

3apsAIKy KOHJEHCATOPA B IPHUHIIUIIE MOXKHO OCYIECTBUTE TaK.
ByaeM nmocTeneHHO MAJIBIMHM MOPIUAMM —Ag NEePEHOCUTH OTPHIA-
TeJbHEIN 3aPAN ¢ OZHOU ILIACTUHEI Ha Apyryio. IIpu 9ToM KOHIEeH-
caTop GyAeT 3apsaKaThCA, a BIEKTPUUECKOE TI0JIe BHYTPH HEro Co-
BepmiaTh pabory. Ecau mopuus 3apaga —Ag Maja, TO MOXHO CUH-
TaTh, UTO Hampsuxenue U = @, — @, MEX/]Y €ro ImIACTUHAMHU BO
BpeMd NepeHoca 3apana He MenaeTcs. Torga pabora AA, coraacHo
dopmyae (1.19.8), paBua:

AA = — AqU. (1.27.4)

1 ®opmyna (1.18.4) cipaBeuBa AJ15 S5HEPrUHU TOYCYHOrO0 3apAa B Of-

HOpoaHoM noJje. Ho 3apda] HA OIacTHHE MOXKXHO MEICJEHHO Pa3feNuTh Ha
' Ed

Masble 3JIeMEHTEI Ag. JHeprus KaxKAoro dJeMeHTa paBHa: AWP = AqT .

CyMMupy4a 3TH 3Heprud, noayaum dopmyay (1.27.1).
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Tax xaxg U = %, T0

Qe

=-Z qAq. (1.27.5)

VsMeHeHMe 3HEPrUM KOHAEHCATOPA B COOTBETCTBUH C (POPMY-
Joi (1.17.1) paBHoO:

AW, = -AA = £ qAq. (1.27.6)

ITone coBepiiaer orpuiaTeasnyio padory (A4 < 0), a noTeHu-
aJbHAsA 9HEPTrUsA PacTeT (AWP > 0).

q

Ha rpaduxe saBucumocTn ¢ °T4q (puc. 1.106) npupaimeHue
SHEPTrHUU AWp YUCJIEHHO PaBHO IJIO-
maau IpaMoyroJibHuKa abed co cro- ¢ | B
C
poHaMHu % u Aq. IlonHoe usMeHeHUe
b c

9HEpruu (Wp) IpH BO3paCTaHUM 3aps-

Jia OT HyJs A0 ¢ YUCIEHHO PABHO IJIO-
mamgm TpeyroabHuka OBD, T.e.

0D:DB o al |d Dg
2 Aq
CnenoBaressHO,
2 Puc. 1.106
w =2
p 2C°

910 BHIpaxkeHue cosrnagaer ¢ ¢dopmymaoit (1.27.3) gna sHepruu
MJIOCKOTO KOHAEHCATOPA, BHIPAYKEHHOH uepe3 3apAj H €eMKOCTb.
IIpu nansOM BEIBOZE OBIJIO COBEPIICHHO HECYI[ECTBEHHO, YTO KOH-
JeHCaTOp — IUJIOCKMIA.

OHepruga 3apsHXeHHOro NPoBOAHNKA

JIro60i 3apAKeHHbIH IPOBOAHUK, MOAOOHO 3apsAKEeHHOMY KOH-

IeHcaTOpy, o6nasaeT sHeprueiil.

1 Koneuno, sHeprueil o6aagaer u 3apAMKEHHBIH AU3JIEeKTPHK, HO Bbi-
YUCJUTH €ro dHEPTUIO CJI0KHO. [ NDOBOAHUKA 9TO CAEJATH HETPYAHO,
TaK KAK BCe er'0 TOYKU MMEIOT OJMHAKOBKIM NOTEHI[HA.
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ByaeM 3apsaaTh IPOBOJHNK, IepeMeniad K HeMy U3 fecKoned-
HOCTH 9JIEKTDHUECKUil 3apaj MaJbBIMU mopumaMu Ag. Bce mans-
Helilline paccyXAeEUA TOAOGHBI UCNIONb30OBAKRHLIM BHIIIE AJISA BhI-
YHCIEHUS SHEPruHM KOHACHCATODA.

IIpu nepemeutenuy 3apana Ag 3IeKTPHUUECKOE TIOJE TPOBOAHHN-
Ka cOBepimnaeT paboTy

AA = Aq(9o, — ), (1.27.7)

rje ¢ — NOTEeHIUAJ OIPOBOAHMKA, UMeIolero 3apay ¢. loreHnan
Ha 6eCKOHEUHOCTH CUNTAEM DABHBIM HYJIIO (¢, = 0). Toraa

a4 =-agp=-222, (1.27.8)

rae C — eMKOCTL NPOBOJHUKA. B peayabraTe sHeprus 3apssieH-
HOT'O IIPOBOJHUKA

(1.27.9)

B ortnuune or dopmyn (1.27.3) saeck ¢ — mOTEeHIUAJ IIPOBOJ-
HHKA (BMecTo HanpakeruAa U), a C — eMKOCTh YEAUHEHHOIO Te-
Ja, a He KOHAEHCATODA.

Aueprusa aneKTpU4YecKoro Nons

CoryiacHo TeopuM OIM3KOAeCTBUA BCA SHEPrHA 3apSXEHHBIX
TeJ CKOHIIEHTPUPOBAHA B 3JIEKTPHIECKOM IIOJIe DTHX TeJl. SHAYHAT,
SHEeprusa MOXKET GBITHL BRIpaKeHa Yepe3 OCHOBHYIO XApAKTEepHMCTH-
Ky 0OAS — HANPIKEHHOCTD.

BripasuMm smepruio B CU uepes HanpAKEeHHOCTh IIOJAA AJA UA-
CTHOTO CJIyYas ILJIOCKOTO KoHgeHcaTopa. Iloacrasum B dopmyay

cv?
U1 dHEPruf KOoHAeHCcaTopa Wp = ~3 3Hayenmue eMKOCTH ILIO-

cxoro koxpeucaropa B CH [eM. dopmyny (1.25.3)] u Belpasum pas-
HOCTDb NOTEHIIHAJIOR B 3TOMH (hOopMyJie uepes HANPAIKCHHOCTE MOJIA:
U = Ed. Torpga sueprus kougencaropa 6yaer paBua:

CU? ey eSE®d®  eyeE”
W = = =

= ——5— = —5—S5d. (1.27.10)
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Paspenus Beipaxxenue (1.27.10) ma obwem Sd, 3aHATHINA TO-
JIeM, IOJIYYHM SHEPruio, IPUXOLAINYIOCA HA eUHUYHRIA 06beM,
T. €. IJIOTHOCTDb 9HEPTHH:

eerZ
e 2 ¢

w (1.27.11)

B aGcomoTHON cucTeMe eIUHHI, eMKOCTDh IJIOCKOTO KOHJEeHCa-
Topa onpezpeasierca dopmynoit (1.25.4). IlosTomy unjoTHOCTH
dHEpTUy

we=

eE?
TR (1.27.12)

CaMbIiM 3aMedaTeJbHBEIM B BBIDAXKEHUM JAJS IIJIOTHOCTH 3Hep-
THH ABJAETCSA TO, YTO B HEM He 0CTaJIOCh HUKAKWX CJIeIOB TOTO 4a-
CTHOTO IpuMepa (IITOCKME KOHAEHCATOP), KOTOPRIN MEI paccMar-
pusanu. Kak Bcerga B ¢usnkKe, 3TO 03HAYAET, YTO BHIPAKEHUSA
(1.27.11) n (1.27.12) cripaBejIMBEL HE TOJIbLKO AJIA OJHOPOJHOTO
IOJA IIOCKOTO KOHJEHCAaTopa, HO U B J106oM Apyrom ciaydae. Bo-
Jiee TOTO, TIOJIyYEHHBIE BHIDAMKEHUSA JJIA NJIOTHOCTH dHEPrUuM OKa-
3BIBAIOTCSA CIPABEAIUBLIMYU U IS 3JIeKTPUYECKUX oJIel, MEHAIO-
OIUXCSA CO BpeMeHeM.

NMpumMmeHeHnsa KOHAEHcCaToOpoB

OHeprus KoHAeHcaTOpa OOLIYHO He OYeHb BeJiMKa — He 6oJee
coTeH JxoyJsaeil. K ToMmy xe oHa He coxpaHsieTcs JOJITO M3-3a He-
n3besxHOM yTeuky 3apazxa. IlosToMy 3apsayKeHHbIE KOHAEHCATODHI
He MOTYT 3aMEeHUTh, HAIPVMED, aKKYMYJATOPHEl B KadecTBe HC-
TOYHUKOB 3JIEKTPUUECKOMN dHEepTHH.

Ho 3To coBceM He 03HAYAET, YTO KOHAEHCATOPHI KaK HaKOMUTe-
JIY SHEDTUH He MOJYYUIMN IPaKTHUYecKoro npumedHenunsi. OHu uMme-
10T OJHO BayKHOEe cBoicTBO. KOHZeHCATOp MOXKeT HaKaIlJIMBaTh
3Hepruio 6oJyee UK MeHee AJIHUTENLHOE BpPeMs, A IIPU paspajKe
ero uepea Lenb MaJoT0 COIIPOTHBJIEHHSA OH OTAAET DHEPTHUIO IIOYTH
MTIHOBEHHO. BOT 3T0 CBOMCTBO M HCIIOJIb3YIOT IIMPOKO Ha IIpaK-
THKE.

Jlamma-BCcobIlIKa, HanpHMep, DpUMeHsaeMmasa B GoTorpadun,
NUTaeTCA 3NeKTPHUYECKUM TOKOM Da3pAJKH KOHIeHcaTopa, 3aps-
JKaeMoro mpeXBapHTEJbHO cHenuanbHo bartapeeii. Boabyxie-
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-3

HHMEe KBAHTOBBIX MCTOYHHMKOB CBETA — JIA3€POB OCYILECTBJIAETCA
¢ IOMOIIBIO IrasopaspAAHOl TpyOKM, BCIKIIIKA KOTOPOH Ipomc-
XOMUT Hpu paspAfKe O6aTapew KOHJeHCATOPOB 6oJbIoOi eMKo-
CTH.

OnHaKo OCHOBHOE MpUMEHEHUE KOHIAEHCATOPH HAXOLAT B pa-

nuorexuuke. KoHeHcaATOpPE HCIIONB3YIOTCA B PA3IMYHBIX JJIEKT-
PHYECKUX LEIAX AJIA HOJNYIECHUA OLPe/eIeHHOr0 H3MeHeHNA Ha-
OpAMKEHHA 38 CUET U3MEHeHHA 3apafa. IlpuuyeM KOHAEHCATODEI
60JIBILOM eMKOCTH CIHOCOOHEI HAKAIIIMBATL MM OTJABATH 0OJb-
moit 3apan 6e3 3HAYUTENBHOIO H3MEHEHUA HAIPAXEHUA.

IdHepzua Konderncamopa nponopyuoHanbHa e20 3JeKxmpuie-
CcKoOl emxocmu u Keadpamy HaANPANEHUR MeH Oy niacmuna-
Mmu. Bea ama snepzus cocpedomouena 8 3aeKmpusecKom no-
ne. IThomuocme sHepzuu noas nponopyuonailvia keadpamy
HanpaAMeHHocmu Noas.

IIpu mocnenoBaTeNLHOM COeQUHEHHHM KOHAEHCATOPOB €MKOCTL
faTaped MeHbINle €MKOCTU OTHENBHBIX KOHIeHcaTopoB. Cy-
WeCTBYIOT JIX APYrUe NPUYUHLI, KpOMe YMEHbUICHUA eMKOCTH,
3aCTABAAIOIHE IpUGEraTh K IIOCIENOBATEILHOMY COEIUHEHHIO
KOHJeHCATOPOB?

Hexoropnie THIIBI GYMaXHEIX KOHIEHCATOPOB COCTOAT M3 He-
CKOJIBKHX TOJIOCOK AJIIOMUHNEBOH (DONBTH, IEPEJIOKEHHEIX I1a-
padbuHHpOBaHHOI 6yMmaroi. OfUH M3 BRIBOJOB TAKOro KOHJEH-
caTopa MPHCOeAVHEH KO BCEM HEeTHHIM ITOJIOCKaM Goabru, Apy-
roifi — KO BCeM HeUeTHHIM. B IIeJIOM YCTPOICTBO MOJKHO pac-
cMaTpMBATE KaK 6arapeio COeJWHEHHBIX KOHAEHCATOPOB.
ITocnemoraTebHEIM HJIN TapaJUIeIbHRIM ABJIAETCA TaKoe CO-
enuHeHue?

[Ba KonjeHcaTOpa Pa3HOI €MKOCTH COeLMHEHHI IIapaJliebHo,
Kakoii us Hux o6ianaer 6osnbmeii sueprueii?

TloueMy pHeprus s3apaaa B NOJIE PARHA ¢, 4 SJHEPrud 3apasKeH-

HOTI'0O IIPOBOJHUKA PABHA q_2(_p ?

JBa ToueuHBIX 3apaAAa CO3AAIOT B MaIO# 06J1aCTH IPOCTPAHCTRA
[0S ¢ HANPsKeHHoCTAMU E, u E,. PagHa nu 5Heprud nois B

3ToM 06JIaCTH CyMMe dHEPruil IoJieif IepBOro M BTOPOT'O 3apdA-
noB?
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§ 1.28. NIPUMEPbDI PELLEHUA 3AOAY

JJieKTpHUYeCKAss eMKOCTh — IOCJIEAHAA TeMA IJIABHL «DJIEKTPO-
cTaTuKa». IIpH pellleHUN 3a/1a4 HA 3TY TEMY MOT'YT HOTpe6oBAThLCA
BCE€ CBEJCHUs, MOJNYUCHHBIE P U3YYEeHUH 3JIEKTPOCTATHKH: CO-
XpaHeHHe SNEeKTPHUYECKOTO 3apaa, NOHATHA HATIPAKEHHOCTH II0-
Id U IOTEeHIHAJa, IIOBEJeHHe IMPOBOJHUKOB B 3JIEKTPOCTATHYE-
CKOM IIOJIe, U3MEHEHUE HANPSKEHHOCTH IOJSA B AUAJIEKTPHKAX,
3aKOH COXPAHCHUS SHEPIruy IIPUMEHUTEJILHO K 3JIEKTPOCTaTHYe-
CKHUM ABJeHUAM. TOJBKO P XOPOIIEM YCBOCHHH BCEX OCHOBHBIX
MOHATHHA 3JIEKTPOCTATUKH pellleHre 3a/1a4 Ha 3IeKTPHUECKYIO €M-
KOCTBL He BEIZOBET OCOORIX 3ATPYAHEHUIA.

OCHOBHRIMHM (HOPMYJIAMU IPU pelIeHuu 3aJad HA eMKOCTh AB-
JAsI0oTeA caeayiomue: dopmyna (1.24.2) — onpegesreHue eMKOCTH,
dopmyna (1.24.3) — eMKOCTH YeAWHEHHOTO IIApa, BHIPAKEHUA
IJI eMKOCTH ILIOCKOro KoHAeHcaTopa (1.25.3) u chepuueckoro
KoHZeucaropa (1.25.7), a raxkyke GOPMYJIBL IJIA oNpefeNeHNA eM-
KOCTH faTapel KOHACHCATOPOB IIPH IIOCIeLOBATEBHOM H Hapai-
JIeJIbHOM UX coeguHeHuu (1.26.4) u (1.26.2).

Hazo snats eme popmyant (1.27.3) u (1.27.9) a1 sHeprum 3a-
PAXEHHOr0 KOHAECHCATOPA H 3apAKEHHOI0 YeANHEHHOTO TeJAa.

-

3apava 1

JlBa OMMHAKOBRIX METALIMIECKUX MIAPMKA PAXUYCOM I' PACIIOJIO-
SKeHbI B BAaKyyMe Ha paccTosHuu d Apyr OoT Apyra, mpuduem d > r.
MMapuxy sapsaeHbl OFUHAKOBBIMY IO MOAYJIO U IIPOTHBOIOJIOMXK-
HEIMH IO 3HaKy 3apagamMu. Kakopa 3jIeKTpHUeCKasa eMKOCThL CHCTe-
MEI, O6PA30OBAHHON IIAPDUKAME?

Peiuetue. McxoMass eMKOCTS PABHA OTHOIIEHHIO 3apAAa ¢ OJHO-
ro M3 MIAPHKOB K PA3HOCTHU NOTEHIIUAJIOB MEXKAY HUMM:

Haiinem U. IloreHnuan ¢, nepBoro miapuka, HeCyuero 3apsag +q,

q
4ne,r

CKJIaABIBAETCA M3 €TI0 coOcTBEeHHOTO IIOTEeHI uAJIAa H IIOTeHI H-

aJa B iOJIe BTOPOTO MIApUKA, PABHOTO — q (cM. 3amauy 16 § 1.23).
4reyd

CnegoBaTesbHO,
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Amnajornuso IIOTEeHIINAaJI BTOPOro IapuKa

OTcro1a pa3sHOCTh IIOTEHIMAJIOB

—0. .= 24 (1 _1
U=9 (p2_4neo(r d)'

ITockonbKy d > r, To ¢ 60JbIIOH CTENEHbIO TOUHOCTH MOXKHO

CUHTATH, UTO

- _2q
4ne,r’
CinenoBaTesLHO,
C = 2me,r.
3apava 2

Haiinnre eMmrkocTs C KOHAEHCATODA, ILUIOIIALb IJIACTUH KOTOPO-
ro S ¥ pacCTOSIHUE MEXAY HUMH [, €CJIU B KOHAEHCATOD BCTAaBJIEHA

d

l
Puec. 1.107

MeTaIMUeCKad NJACTHHA TOJMNMHON d, Tapaijiesb-
Hag ero ooxkaaakam (puc. 1.107).

Pewenne. KoHaeHcaTop CO BCTABJIEHHOM B HEro
IJIACTHHOMK MOXKHO PACCMATPHBATH KaK [ABa IIOCJE-
JOBATEJIBHO COGAHHEHHBIX KOHAeHcaTopa. EMKocTh

€08
nepsoro U3 HuxX C, = — » TAe X — paccTosiHue OT

oAHOM N3 06KJIaJ0K HO IJIACTUHEI. EMKOCTH BTODOTO
€08
konzeucaropa C, = —d—=x° IIpu mocnexgoBaTenn-

HOM COeIMHEHHM 3JIEKTPHUYECKAas eMKOCTh OaTapeu
OIIpefieIAETCA YPAaBHEHUEM:

1 1 1 l-d

c C, ¢C €S °

CaenoBaTesbHO,

EMKOCTL He 3aBHCHUT OT IOJIOKeHUsA miaacTuHbl. IIpu oueub
Toukol muacture (d — 0) eMKOCTH KOHJEeHCATOpPa HE 3aBUCHUT OT
HAJIWYUSA IUIaCTHHBI,

142



3apnava 3

B nmockuit KOHAEHCATOD ¢ paccTossHueM d Mexay o6KIagKaMHu
BBOAHUTCA AUSJIEKTPHUYECKASA IIJIACTHHA, TOJIIUHA KOTOPOM d1 <d.

OnpegennTe eMKOCTh KOHAEHCATOPA C JHIJIEKTPHUYECKOM IIaCTH-
Hoii. [[naseKTpuuecKasa NPOHUIAEMOCTh MaTEPHAJIA IIJIACTHHHI E.
IInomans mIacTHHEL ¥ KaXXA0M o6KJIafKH KOHAeHCaTopa S.

Pewenue. Eciin B 1JIOCKHMI KOHAEHCATODP BHECTH OUEHBb TOHKVIO
NIPOBOAAINYIO ILJIACTHHY, NapAJLIEJbHYIO OOKIafKaM, TO Ha ee Io-
BEPXHOCTAX MOABATCA 3aPAABI IIPOTHBOIOJOXKHBIX 3HAKOB, PaB-
Hble 110 MoAyaio. IIpu 3TOM eMKOCTH KOHJEeHcaTOpa He U3MEeHSAET-
ca (cMm. sagauy 2). ITosromy MOMKHO CUHTATH,
4YTO Ha IOBEPXHOCTAX AUIIEKTDPHYECKOH Iiac- d
THHBI HAHECEHBl TOHKHE IIPOBOAAIIHNE CJIOH.
B aTomM cayuae 06pa3yioTca TPH MOCHAEA0BATEb-
HO COeAMHEHHHIX KOHAEHCATOPA C €MKOCTAMH

EQES €08 €S
Cl=d—l,C2=d—2nC3=Ti;,rned2ud3— o o

PACCTOSIHMSI MEXAY IIOBEDXHOCTAMH  JH-
3JIeKTPHUYECKOM IJIACTHHEI H O6KIafKaMu, IpH-

ueMm d, + dg = d — d; (puc. 1.108). Emrocts C dy [|d
GaTapey K3 TpeX KOHJAEHCATOPORB OIDEENIAETCA
13 (hopMyJIkI Pnc. 1.108

1 1,1, 1 1 (% _

T tete ‘E,Ts(? +d2+d3).
Orcioga

C- £g¢S
T ed+d(1-¢)°
3apava 4

Ha pucynke 1.109 nsobpakena OaTapeAa KoHaeHcaTopoB. Mx
emkoctu pasant C;, =C,C,=2C,C3=3C,C = 6C. UaMmennrcs 4

€MKOCTb 6aTapes, eCJI MeXXAy TOUKaMu A 1 B BKIIOUNTH KOHJEeH-
caTop ¢ emkocTeio C, = 8C?

Pewenne. O6Go3HAYMM IOTEHIIUAJBEI HA 3axKHMaX Gatapeu ¢, K
@g, 8 B TOuKax A u B COOTBETCTBEHHO @5 U @,.
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Cl1 C3 c C3

1
N n H—IA
==cC5
P, ® Py
=4 L

c2 (4 c2 (4
Pune. 1.109 Puec. 1.110

Tax xakx xougeHcaTops! C1 u C3 coefHHEHEI TOCJIEOBATENIBHO,
TO UX 3apAAbl OKUHAKOBEL, T. €.

Ci(9; ~ 93) = C4(93 — ©y)- (1.28.1)
Amnanoruyso
Ca(9; = 9,) =Cy(0, — 9y). (1.28.2)
Paspgenus mounenno paBenctso (1.28.1) Ha pasercTro (1.28.2)
U YUUTHIBAA, YTO, COrJIACHO YCIOBMIO 3aKa4H,
C, Gy
G "Gy
HONy4HM:
¢~ @3 _ (P3 )

1= Py Py @y

Orcroza HaiizeM, 4To @3 = @,, T. €. TOUKU A H B UMeIOT 0uHa-
KOBBEIE MOTeHUUANEI. [I03TOMY eCcliM BKIIOYUTH KAKON-Iu60 KOH-
AeHcATOD MeX Ay ToukamMun A u B (puc. 1.110), To oH He 3apAguTCcA
H, CJIeAOBATENILHO, HE TIOBJIUAET HA €eMKOCTE CUCTEMEI.

Cxema, nojobHas cxeMe, uzobpasxxenHoil ma pucyuxe 1.110,
HasbpIBaeTcd MocToBoi. Kongencaropm C1 u C2, C3 u C4 HasrIBa-
oTcA TuiedaMn Mocrta. ObpaTuTe BHUMAHHE, YTO €CJIIH €MKOCTH

C, 1 Gy 1
I1€Y MOCTA TPONOPLMOHANILHEI ((:,_ =z ugF = 5) , TO TOUKKH A U
2 4
B umetot ognHakoBhe noTeHNUANH. KougerncaTop C5 He 3apsixa-
eTcs, U er0 U3 CXEeMBI MOYKHO VAAIUTE (¢M. puc. 1.109).

3apa4a b

Haiianre eMKocTs GaTaper KOHAEHCATOPOB, M300paxKeHHON Ha
pucyrxe 1.111. EMKOCTS KaXJ0T0 KOHAeHCATOpa pasHa C.
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Pewenue. anHan cxeMa COeMHEHUA KOHIEHCATODOB SKBHUBA-
JeHTHA cXeMe, u300parkenHoit Ha pucyuke 1.112. B aTtom MOKHO
ybenquThCs, IPOBEPUB, UTO KAXKALIA N3 KOHJEHCATOPOB COEIHUHEH C
HMCTOYHHKOM M C IPYTCMMH KOHJEHCATOPAMM TOYHO TaK JKe, KaK B
ucxonHo# cxeme. BenencrBre paBeHECTBA eMKOCTeH BCeX KOHMAEH-
CATOPOB PA3HOCTH IIOTEHINAJIOB MeX Y TOuKaMu A 1 B paBHA HYJIO.
IToaToMy KoHpaeHCATOp 4 MOXXHO MCKJIOUHTH (cM. 3agauy 4). B pe-
3yJbTaTe NOJYYNTCA cXeMa, u3obparkenuasa Ha pucyske 1.113. Ona
COCTOMT M3 TpeX NAapaJJieIbHBIX BeTBel, JBe U3 KOTOPBIX COJEp-
SKaT MO ABa IOCJENOBATENbHO BKJIIUEHHEIX KoHjaeHcaTopa. O6-
[as EMKOCTEH CUCTEMEL

C,Cy C5Cg

C,+C, T e e, 2

c=c, +

3apaua 6

JBa MajleHbKUX IADUKA PAAMYCOM 7' HECYT 3apAILL ¢, U ¢,, Pa3-

JIMYHBIE IO MOAYJIIO, HO OTWHAKOBbIe 10 3HaKy. [Ilapuku nepBona-
YaJIbHO HAXOASTCA HA PACCTOAHUM [ Apyr oT apyra. OJuH B3 mapu-
KOB 3aKkpeiieH. Bropoil InapuK, yaaaAsch noj geficTBUEM 3JEeKTPO-
CTATUYECKHX CHJI, NPHUOOpETaeT MAKCHUMAJIBHYI0O KHUHETHYECKYIO
anepruo W,,. Ecnu mepes HaYanoM ABUXKEHHA BTOPOro LIapuKa

o6a mapruka Ha HEKOTOpOe BpeMsa ObLIN COeAMHEHE! [TDOBOJHUKOM,
TO BTOPOI MIAPHK, YAANAACH, IpHOOpeTaeT MaKCUMAJILHYIO KHUHEe-
TUYECKYIO SHEPTUIO sz > W ;. Onpesenure KoJIUUECTBO TEIJIOTHL,

BbIAEJANBIIEECST B IIDOBOAHUKE IIDH COeJUHEHNM IIaPUKOB, U BBISIC-
HHUTE, 3a cyerT Karo# SHEPruu BhIJEJACTCA 3Ta TEIJIOTA U YBEJIHUUN-
Baercd KUHETHYECKasa 3Hepruda BTOPOro IrapuKa.

Pewesune. CorsiacHO 3aKOHY COXPAHEHUs SHEPIUHU B IIEPBOM CJIydae
Wior + Woor t Woe=Wp + Wpl tWies
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rae Wig, 1 Wp01 + WOc -— HA4YaJbHEIE, Wu " Wpl + ch — Ko-
HeYHBIe 3HAYEHUA KMHEeTUYEeCKOH U NOTeHONAJbHOM 3Hepruii cuc-
TeMHl ABYX InapukoB. IIpuuem WpOl H Wp1 — TOTEeHIMANbLHBIE
3HEPruM B3aUMOJeiiCTBUSA WADHKOB, A W, u W, — ux cymmap-
HEIe COGCTBEHHBE 3HEPTrUH, OAMHAKOBEIE IO MoAyaio. CuuTas Io-
TEHIMAJILHYIO DHEPrUi0 B3aMMOAEHCTBHA IIpu GeCKOHEYHO GOJb-
IIIOM PacCTOAHUM MEXXJY INapMKaMH paBHOH HYJIO M yUWTHIBafd,
uro W,,, = 0, noryuum:
_ M9

4negyl

W= me

ITocne coeguHeHUA NPOBOAHHUKOM 3apfAAbl ITAaPDAKOB CTAHOBHAT-

q;t 4z
Cs OZMHAKOBBIMU I PABHEIMM ¢ = —— . HauanbHaa noresmnu-

anbHAS 3HEPrHA IIAPHKOB M3MeHAercHa. Kumernyeckas aHeprus
BTOpOr0 MIapuUKa Ha 6eCKOHEUHOCTH TellepPh pABHA:

2
(g1 +99)
Wie=Wro2 = T6re,1

Herpyauo Buzers, 4T0 AeMCTBUTENLHO W, > Wkl. Kpowme TO-

ro, B IPOBOAHMKE BRIAECIAETCS KOJHYECTBO TemJIoTH &. OgHaKoO,
pasyMeeTcs, IIOJIHAS 9HEPTHA JOJIKHA COXPAHATLCA. Y BeJIMUEHHE
KHMHETUUECKOM 9HEePrMH M BRIfleJIeHHE TEIJIOTHI BO BTOPOM CJyuae
NPOHCXOAUT 38 CUYET YMEHbINEHHUA COOCTBEHHOH IOTEeHUMATbHOM
SHEPruM 3apAKEHHBIX IIAPUKOB IIPHA UX COeJUHEHNH.

C yueroM coOGCTBEHHOI 3Hepruy MAPUKOB KOHEUHYIO SHEPTHUIO
B [IEPBOM CJyYa€e MOXKHO IIPEACTABUTD B BUJE

W, =W, +W

2 2
1 (4 qs
dne, [Zr + 2r] — cobcrBeHHas sHeprus mapukos. Ko-

1¢?

rae ch =

HEYHYIO HEePTUI0 BO BTOPOM CJIyYae SAMHIIEM TaK:
Wy,=W, =W, +W, +Q,

rae
71 + g2\ 2
_— 1( 2 )_(q1+q2)
2 “4me, 2r = 16mgyr
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KomuiecTBO BRIZETIEHHOI TEILTOTHI PABHO:

(q, - qz)2 (1 1).

Q=W T Wy~ Wy Wy = 16me, \r 1

r {

YnpaxHeHue 4

IInacTHHEI 3apAKEHHOTO KOHAEHCATOPA IIONEPEMEHHO 3a3€M-
JAAITCA. ByAeT v IpU 3TOM KOHEHCATOp paspsaKaThcA?

Ilnocknii KOHZEHCATOD, PACCTOSHNE MEXAY OOKJIaJKaAMH KO-
Toporo d, = 10 MM, 32pAIUIN [0 PA3HOCTU TOTEHI[MAJIOB

U, = 100 B, a 3arem oTkiioumau oT ceTu. Onpexenure pas-
HOCThL moTeHIuanoB U, Mexay obkJagxKaMu KOHJAEHCATOpa,
€CJIH UX Pa3ABUBY/IH A0 paccrosuus d, = 20 Mmm.

OnpenenuTe eMKOCTb KOHAEHCATOPA, IJIOINALE IIJIACTHH KOTO-
poro paBHa S, a paccTOAHWe MeXJy IIACTHUHAMU d, eCau
MJIACTHHBI IIOTPYKEeHbl BEPTUKAIBHO B XUAKUIH AUIJIEKTPHK

IO cepeAMHBI. [IN3/IeKTPUUYECKasa IPOHNUIAEeMOCTE JUAJIEKTPH-
Ka paBHa €.

B xorgencarop emxocTsio C, BHECIN IUBIEKTPH-

[ SRS T

YeCcKYI0 IJIACTHUHKY C JH3JIEKTPHUUYECKOH MpOHH-
naeMocteio € = 2, IInacTHHKY pacCIONOMKKIN
TaK, KaK yKasaHo Ha pucysKe 1.114. Oopenenu-
Te, BO CKOJLKO pa3 M3MEHHJIACh €MKOCThL KOH-
JeHcaTopa IIpH BHECEHHH B HEro IJIACTUHKH.
IInomans MIACTHHKY B 2 pa3a MeHbIIe IO aLu
OOKJIaIKY KOHAEHCATOPA, 4 €e TOJIIMHA B 2 pa3a
MeHbIIIe PACCTOAHNA MEXAY 0OKIaIKaAMU.

IInockuii KOHAEHCATODP, IIPOCTPAHCTBO MEXIY
IJIACTHHAMK KOTOpPOTO 3alloJIHEeHO KepOoCHHOM
(e = 2), pacmoJioxeH BePTHKAJILHO, 3apAKeH U
OTKJIIOYEH OT MCTOUHUKA HalpsAKeuusa. Hampsa-
JKEHHOCTH 3JIEKTPHUYECKOTO TOJA IPH 3TOM B KepocuHe E =
= 20 kB/cMm. H3-3a fedeKTa B Koplyce KOHIeHcCATOpa Kepo-
CHH HAYMHAET BRITEKAaTh, 4 €r0 MECTO 3aHMMaeT Bo3ayx. Ilpe-
JeJIbHAS HANPSIKEHHOCTh 3JeKTPUUECKOro NOJSA B BO3JYXE,
IPM KOTOPOH HACTYHNAET 3JIeKTPHUYECKHU Ipoboil (paspsarn),

Enp = 30 kB/cM. Kakas o/ 8 KepocHHa BEITEUET U3 KOHJEH-

caTopa K MOMeHTy mpo6osi KoHgeHcaTopa?

d

Punec. 1.114
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6.

7.

10.

11.
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Ouenure NpubIMIKEeHHO SJEKTPUUECKYIO EMKOCTh TeJja UeJio-
BeKa.

Haiiagure eMKOCTH METAJIIMUECKOTO IIapa PAgUuycoM r, OKPY-
JKEeHHOT'0 IPUJIETAIONIHM KOHIEHTPHUECKHM CJIOEM IUIJIEKT-
PHKA C BHEITHUM paguycoM R ¥ AU3JeKTpHUecKOHd mpoHuUa-
€MOCTBIO €.

K nnacTyHaM IINTOCKOro KOHAEHCATOpA, HAXORALIMMCH Ha
paccrosuum d = 1 ¢M ApyT OT Apyra, IPHJIOKEeHAa Pa3HOCTSD I10-
Tennuanos U = 300 B. B npocTpaEcTBO MeXAYy IJIaCTHHAMM
noMelllaeTcA ILJIOCKOMAPAJIeIbHAA IUIACTUHA U3 CTEKJA TOJ-
muHo# d; = 0,3 cM ¥ ILTOCKONapasIebHAsA IJIACTHHA U3 Ia-

padura Tonmunok d, = 0,7 cM. Haliqure HaupAmeHua Mex-

IV TOBEPXHOCTIMM CTEKJISHHOM M mapadMHOBOM IJIACTHH.
JuanekTpuyecKye IPOHUIAEMOCTH CTeKJa U mapaduHa COOT-
BETCTBEHHO PaBHRI €, = 6 u €, = 2,6.

Ompefennre eMKOCTh KOHAEHCATODA C TPEXCIONHBIM AUIJIEKT-
PHKOM, IU3JIeKTPUYeCKUe MPOHUIAEMOCTH CJIOEB DABHHI €,

€5, €4 (puc. 1.115). Tonmpna xaskaoro AusJeKTPUKa (CIOs)
pasHa d. Ilnomane niaactuH S.

YeThIpe OQMHAKOBBIE MeTANINYECKHE MIACTHHBL PAcHoJioMKe-
HBI B BO3AYyXe Ha PABHHIX PACCTOAHUAX d APYT oT Apyra (d Ma-
JIO IO CPaBHEHWIO ¢ pasMepaMy IutacTuH). Ilmouians kaxaoi
u3 maactuH paBHa S. IlnactmHa 1 coefMHeHa IIPOBOAHHUKOM
conactuHoM 3, a or maactTMH 2 u 4 chelaHBl BBIBOJAKI
(puc. 1.116). Onpenenure emkocTs C TaKOro KOEAEHCATOPA.

Onpepenure emrocTh C 6aTaper KOHIEHCATOPOB, cXxeMaTHUe-
CcKM u306pa)keHHO Ha pucyHke 1.117. ¥V Kaxkg0oro KoHjeHca-
TOpA YKA3aHO 3HAUECHUE €r0 eMKOCTH, BRIPA’KEHHOE B MHUKDO-

dapanax.
A

g «
Puc. 1.115 Puc. 1.116



12,

13.

14.

15.

16.

12 6 4 ¢ HC
u I ) >
2 — cll == f—
6 3L _[2]] ¢ C ¢
4= C.c I
Sl e—"°
Puc. 1.117 4 Puc. 1.118

U3 npoBosnokm caenan Ky, B kaxaoe pedpo KOTOPOTO BKJIIO-
YeHO II0 OJHOMY KOHJIeHcaTopy eMmkocTthbio C (pme. 1.118).
Haitaure eMxocTer nonyuyueiieiica 6aTaper KOHAEHCATODOB,
€CJIH OHA BKJIOYAETCA B IIENIh IPOBOJHHKAMH, MPHCOEAMHEH-
HEIMH K BepmuHam A u B Ky6a.

HNmeerca N Todek B IpocTpaHcTBe. Mexxy Kaxkaoi napoit To-
4yeK BRJIOYEH KoHJeHcaTop eMKocTho C. HaiiauTe eMKOCTh
obpasoBaBieiics 6aTaped KOHAEHCATOPOB, €CJIM OHA BKJIIOYA-
eTcA B IieNlb BHIBOAAMM, TIPUCOEIUHEHHBIMH K IBYM TIPOU3-
BOJIBHBIM TOYKAM.

IInockuii KougeHCATOP eMKocThIO C = 15 1 sapaaumu xo pas-
HocTH noTeHnuanos U = 100 B, 3aTeM OTKIIOIUIN OT HCTOYHU-
KA M IOTPYSWIH IIOMHOCTRIO B KUAKMI AUsIeKTpuK (€ = 1,5).
OmnpenennTe U3MeHeHIE SHEPIHHA KOHAEHCATOPA AWP.

Tpu xorAeHCcaTOpa eMKOCTRIO C = 1 MK® KaKAKI coefHEHET
nocyxenoBaTeNbHo. KOHIeHCATOPH 3aPASUIHN U OTKJIIOYHIH OT
HCTOYHMKA. 3apsay aToit 6aTapeu g = 1074 K.

3aTeM IPOCTPAHCTBO MEXAY OOKJIAXKAMH OJHOTO U3 KOHAEH-
CATOPOB 3ANOJHMIN AUAJIEKTPHUKOM C JUAJIEKTPUYECKOUN IIPO-
HUNaeMocThIo £ = 2. HaiiiuTe sHepruio, 3anaceHHYIO B 3JIEKT-
pUYeCKOM IOJIe STHX KOHIEHCATOPOB, M HaNpAXKeHHe Ha 3a-
JKHMax O0aTapeH mocje 3aNOJTHEHUA AM3JIEKTPUKOM OTHOTO U3
KOHJIEHCATODOB.

JHeprua 3apAXKeHHOTO ILIOCKOT0 KOHAEHCATOPA, 3allOJTHEHHO-
ro IU3JIEeKTPUKOM, paBHA Wp =2-.105 Jax. Ilocae oTriaioye-
HUSA KOHJEeHCATOpa OT MCTOUHHKA HAIIPAKEHUA NUIIEKTPHK
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18.

150

U3 KOHJEeHCATODA BRIHYJH, COBEPIIHB Iipu 3ToM pabory A =

=7 - 1075 IIx. HaiinuTe QU5JeKTPHYECKYIO IIPOHUIAEMOCTD
IU3JIEKTPUKA.

CrenaeMm B LJIaCcTUHAX MJOCKOT0 KOHAEHCATOPA JBA MAJILIX OT-
BepCTHA — OTHO HAmpoTHUB Apyroro. IlycTs yepes 0HO U3 OT-
BEPCTHI B 3apAKeHHBI KOHAeHCATOD BJIeTaeT ¢ He(OJbIIOH
HAYAJBHOM CKODPOCTBIO YACTHUIIA TakK, YTOOHI aJIeKTPUUYECKOe
moJe KOHAEHCATOpa ycKopao ee (puc. 1.119).

IIponeTeB uepe3 KOHAEHCATOP, YACTHUIIA BLELIETaeT U3 APYroro
OTBEpCTUA, IPUOOPEeTass JOTONHUTEILHYIO SHEPIHIO AWP =qU,

rae ¢ — 3apaj YAcTHIRl, 8 U — pasHOCTL MOTEHIIHATIOB HA
ILTACTUHAX KOHJeHcaTopa. Temeph ¢ IOMOIIbI0 MarHUTHOI'O
MOJIA HampaBjeHHe ABUKEHUA JACTUIRI U3MEHSAETCH TAKUM
ofpasom, uTo6bI OHA CHOBA BJeTeJa uepes NmepBoe OTBePCTHE B
koHAeHcarop (cM. puc. 1.119). (B rinape 4 BBl y3HaeTe, 4TO CH-
Ja, AeMCTBYIOIIAS CO CTOPOHBI MATHUTHOIO IIOJIA HA JBUKY-
LIYIOCA 3apAMKEHHYIO UACTUIY, He COBepIIaeT paboTkhI. )

IIpu TORTOPHOM IIpOJIeTe Yepe3 KOHAEHCATOD YACTHIIA BHOBL
npuoGperaeT NONOJHATENRHYIO sHepruo AW , B cienyomem

HUKJEe — ellfe AWP urT. a. [Tonryuaerca MUKIHYeCKUN YCKODPH-

Tenb, KOTOPBIA He HY»KAAeTcsa B HcTouHuke sHepruu! I'me
omu6Ka B NPUBEIEHHLIX PACCYRACHUAX?

IBa xougencaropa eMxocTsio C; u C, 3apAXKeHbI JO PASHOCTH
norenuuanos U, u U, (U; # U,). [lokaxure, 94To IpM Hapas-

JIeJIGHOM COeJHHEHHU 3THX KOHIEHCATOPOB UX ofIad 3Hep-
rusi yMeubinaerca. O60bACHUTE, IIOUEMY IIPOMCXOAUT YMEHb-
IIIeHWe SHEepruH.

o B R Y P N T \
RERIIERRRE |
E ! E
BB /
\ /
\ /
\ /
Puc. 1.119



Puc. 1.120

19. [IBe npsAMOYroJbHEE ILIACTHHE JIKHOM [ U mioiaabio S pac-
TOJIOXKEHBI IAPAIeIbHO APYT APYTY HA paccTosaHuu d (njo-
ckuil KoHAeHcaTop). IlnacTUHBI 3apsaykeHBI [0 Pa3HOCTH IIO-
reHnuasior U. B nmpocTpancTBO MexAy MIaCTHHAMM BTATHBA-
€TcA JIUIJEKTPUK C AUIJIEKTPUYECKOU IIPOHHIIAEMOCTLIO E.
TonmuHa IUIIEKTPUKA paBHA d, ero INMPUHA PaBHA LIUPUHE
ILIACTUH, a AauHa Ooiasmie ! (puc. 1.120). Tpernue orcyrcrBy-
eT. HaliiuTe 3aBUCMMOCTE CHJIBI, AeHCTByIOUlel Ha AUIJIEKT-
PHK CO CTOPOHEI II0JIf, OT PACCTOAHUA X.

20. Pemure samauy 19 npu ycjOBHH, YTO PA3HOCTH TOTEHIIHAJIOB
Me Ay IIACTUHAMY [IO//IEPSKUBAETCS NOCTOSHHON K paBHoi U.

* k x

MpI mOTpaTHIN JOBOJLHO MHOTO BpeMeHM Ha U3yYeHUE 3JIeKT-
PHYECTBa, & PACCMOTpEJM JHUIIL IIPOCTENIINHE YaCcTHRIHE cayuail He-
HOABMKHEIX 3apSXKEHHBIX TeJl — aJeKTpocTaTury. MoikeT 6niTh,
He CTOWJIO V/EeNATEh 3JeKTPOCTATHKe Takoe Ooyblioe BHUMAaHMHEe?
Her, crouno! Mni BBenu BaKHeHINe MTOHSATHS, UCIIONb3yeMbIE€ BO
BCell AJMIEKTPOAMHAMUKE: «dJIeKTPHUUECKHUil 3apafx», ¢3dJIeKTpuye-
CKoe T0JIe», «IIOTEHLMAI» B «PA3HOCTH IOTEHIUAJIOB», ¢3JEKTPH-
YyecKas eMKOCThb», «JHEPrus HIeKTPUUECKOro ojiA». Ha npocroM
YACTHOM CJIydUae BRIACHUTD CYTh 3TUX QYH(aMEHTAJbHEIX OHATHA
He TaK TPYAHO, KakK B o6IIeM cnyyae ABMXKYLIIUXCA 3apANOB.

Temeps nmepeiiieM K H3y4eHUIO BJIEKTPOMATHUTHBIX IIPOIECCOB,
Ha6II0aeMBIX IIPH JBUMEHHH 3aPAKEHHBIX YaCTHII.



Fnaea 2

NOCTOSAHHbINA SNEKTPUHECKUN TOK

HenodsuicHuie anexmpuieckue 3apadvl pedro ucnonb3ynomn-
ca Ha npaxmuke. [Jnsa mozo umobuL 3acmasums anexmpuye-
crue 3apaAdbl CAYNICUMb HAM, UX HYICHO npusecmu 8 d8uice-
Hue — co3damb dnexmpuiecKuil mox. rexmpuiecKuil mox
oceewaem Keapmupsl, npueodum 6 dsuiceHue CMaHKu, Co-
30aem paduoB0sHbL, YUUDKYLUDYEM 80 8CEX INEKMPOHHO-BbL-
YUCSUMENbHLLX MAUWUHAX.

Mpvt HauHem ¢ Haubosee nPocmozo cayias 08uUMNeHUS 3aPA-
JHCEHHBbLX LACMUY — PACCMOMPUM NOCMOAHHbLI dNexmpuie-
CKUll MOK.

§ 2.1. YTO TAKOE 3JIEKTPUYECKWUA TOK?

Hadum cmpozoe onpedenerue momy, ¥mo HA3bl8AOM IJEeKM-
punecrkum moxom. Buiacnum, xarxue deiicmeusn evi3vieaem
anexmpuyecrKuil mokx.

YnopanoYeHHoe [BUXEHUE 3apsXXeHHbIX YacTUL,

B npenbiayiieil riase Mbl PACCMATPUBAJIMA Pa3HOOOPA3HLIE SIB-
JIEHUA, CBS3aHHbIE C 3JIEKTPUUECKH 3aPSKEHHBIMH TEJIaMH, HaX0-
AAIIAMUCSH B paBHOBecHH (B mokoe). OgHaKo HanboJbIMTUHA IpaK-
THUYEeCKHUH HHTepec UMeeT JBHUKEeHNEe 3aPAKEeHHbIX JYaCTHII.

YuopsamouyeHHoe (HaupaBJieHHOE) ABUIKEHNE 3aPAMKEHHEIX dYac-
TUIL, HA3bIBAIOT 3JIEKTPUUYECKUM TOKOM.
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IANEeKTPUYECKHUH TOK CYII[ECTBYET JUIIL TOTAA, KOTAA IIPOUCXO-
JUT IepeHOC 3JIeKTPUUYECKUX 3apANOB C OJHOTO MeCTa B JIpy-
roe. Eciu 3apsA)xeHHble YACTUILI COBEPITIAIOT 6eCIIOPALOUHOE Tell-
JIOBOE JBUXKEHHe, KaK, HallpuMep, cBOGOAHEIE 3JIEKTPOHE! B KYCKe
MeTajljla, TO IlepeHoca 3apAjga He mpoucxofuT (puc. 2.1). daekT-
pHUUYecKMil 3apaAj IlepeMeniaeTcs yepes IOIEpeYHOoe CeYeHHe Tpo-
BOJHUKA B ONpPEeAENEHHYIO CTOPOHY JIHUIIIL B TOM CJIydae, eCJU Ha-
pAny ¢ 6eCIOPATOYHBIM JBHXEHUEM 3JIEKTPOHBI YYACTBYIOT B YIIO-
PAMOYEHHOM IBUXXEHWHU 3apAMEHHBIX dacTuig (puc. 2.2). B atom
caydae FOBOPAT, YTO B IPOBOJHUKE YCTAHABINBAETCA 3J€KTpHYe-
CKUI TOK.

QJIeKTPUUYECKHH TOK BO3HMKAET He TOJHBKO IIPH YIOPAXOYEH-
HOM JABVOKEHHUHM CBOGOAHEIX AJIEKTPOHOB B MeTajljle, HO M IMpH
VIOPALOYEHHOM JBMXKEHUM IIOJIOXKHUTENBHRIX U OTPHUIATEeNbHRIX
MOHOB B BOAHBIX PacTBOPax M paciliaBaX 3JeKTPOJUTOB (coieii,
KUCJIOT, IeJjoueil), MOHOB M 3JIEKTPOHOB B r'a3aXx, [IpU NaJleHUH 3a-
PAXEHHBIX KalleJib JOXKAfA, NP JBHIKEHUU 3apsAKeHHOro 360HU-
TOBOTO CTEPXKHA U T. [I.

OnHaKO ecaM IepeMelliaTh HellTpalbHOe B IIeJIOM TeJO, TO, He-
CMOTPHA HA yHopAJoYeHHOe ABUKeHHEe OFPOMHOIO UHMCJI4 3JIEKTPO-
HOB U aTOMHEIX SfieD, SJIEKTPUUYEeCKHIH TOK He BO3HUKHET, TaK KaK
MONHBIA (CYMMapHBIA) 3apaf, HepeHOCUMBIil dyepes Jo6oe ceue-
HUe, OyIeT paBeH HYJIH0. DJeKTpHYECKHI TOK CYIIeCTBYET JUIIb B
TOM cJIy4ae, KOrJa HMeeT MeCTO JBHKeHHe HECKOMIIeHCUDOBAHHO-
7o (M36EITOYHOT'0) MOJOXKUTETBHOTO HJIW OTPUIIATEILHOTO 3apsAaa.

Cnenyer scHo cebe IpeACTABAATH, YTO TaKoe YIIODP A1 O-
U e HHOe JBM)KeHHe 3apAKeHHhIX yacTuil. IIpu ynopsagoueHHOM
IBUYKeHUM 3apAKeHHEIE YaCTUILI MOTYT YYAaCTBOBATH M B TEILIO-
BOM ABUXKEHUH, T. €. ABUTaThcA XaoTuuecku. Ha 6ecriopsaouHtie
CMeIeHNA YaCTHI[ HAKJAJARIBAIOTCA IIepeMelleHUs B KaKoM-In60
olpejielIeHHOM HampaBieHuu. I'py6o ymopAmoUYeHHOe JBMIKEHHe
3apAKEeHHBIX YaCTHUIl MOMKHO YyIoJoO6uTeE o06jaky 6ecmopamaoyuHO
TONKYIIleHCA MOIKAPHI, KOTOPOe IepeMelllaeTca B OIPe/eJeHHOM
HaNpaBJIeHUU TIOJ elicTBUEM BeTpa.

Pue. 2.1 Puc. 2.2
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HanpasneHue an1eKTpUYECKOro Toka

AJIeKTPUUECKOMY TOKY MPUITHCBIBAIOT OIpefieIeHHOE HalpasJie-
HHe. 3a Hanpasierue moxa npuHumalm Hanpasierue 0suiice-
HUS NOJIONCUMENbHO 3apadcennblx wacmuy. IToamomy ecau mox
o6pa3o8an O8udceHueM OMpPUUAMEeNbHO 3aAPANCEHHbLX Yacmuuy,
mo Hanpasienlue moka CHumanm npomusonoLodCHbIM Hanpas-
JeHuw dsuxcenus wacmuy. Takoit BEIGOD HaIpaBJIEHHS TOKa He
OUeHb yAadeH, TaK KaK B OOJBIIMHCTBE CAYUAEB TOK IPEJACTABIACT
co00ii IBHKeHHe 3JIEKTPOHOB — OTPHIATEJBHO 3apAXKEeHHBIX Yac-
T, Bei6op HaIpaBJIeHHUA ToKa OBLJI CHEJAH B TO BpeMsA, KOTAa O
CBOGOAHLIX 3JIEKTPOHAX B METAJJAX ellle HUUero He 3HAJH.

HAeiicTBMua TOKA

JBHXKeHUe 3apAKEHHBIX YACTHIL B NTPOBOAHNKE MBI HEe BHIUM.
OaHaKO 0 HAIHYWA JJIEKTPHUECKOr0 TOKa MOYKHO CYAHUTH IO pas3-
JUYHBIM ABJIEHHAM, KOTOPbie BRI3LIBAET 3JIeKTpUUEeCKH ToK. Ta-
KHe ABJIEHHA HA3BbIBAIOTCA A EeNCTBHAMMU SJEeKTpHUUEC-
KOro TOKa.

Bo-nepBrix, npos8odHUK, o KOMOPOMY meiem MoK, Hazpead-
emcsa. ATo TeIIoBoe NeHcTBHe Toka. IMeHHO Giarogapsa TenjaoBo-
MY 7eiCTBHIO TOKA IIPOMCXOLUT HATPEB CIHNPAJHU B 3JIEKTPOIJINT-
Ke, yTIOre, pacKajafeTca gobesia BoabdpaMoBas HUTk B 3JICKTPH-
yecko# namMnoyke. OAHAKO coeAUHUTEIILHBIE IIPOBO/la B 3JIEKTDH-
YEeCKHX IelAX IOYTH He HArpeBalOTCA TOKOM. IIpHYMHA 3TOro
6ynet o6bscHeHa B § 2.9.

Bo-BTOpRIX, 3nexmpureckuil mox Moxcem U3MEHAMb XUMU-
yeckuil cocmas npogodHuka. ITo XMMHYECKOe AeHCTBHE TOKA.
Hamnpumep, npu ODPOXOXKIEHHU TOKA UepPe3 PACTBOP MEJTHOTO K-
nopoca M3 pacTBOPA BBIZENAETCS Melb, a IIPU MPOX0XKJAEHNHN TOKA
Yyepea MOAKHUCIEHHYIO BOZY OHA Pa3jaTaeTcs HA BOJOPOJ M KHCJIO-
pon.

B-TpeThUX, TOK OKa3blBaeT MaruMTHOe HAeiicTtBMe. PacmoJio-
JKeHHAas BAOJIb IPOBOJHHUKA C TOKOM MATHUTHAS CTPeJKa IIOBOpAa-
YUBaeTcA NMEePIEeHAUKYIAPHO NPOBOAHUKY (puc. 2.3) (3To BuepBhie
6b110 OGHApPYIKEHO aaTcKuMm ¢usurom X. Ipcregom B 1820 r.).
Ecau wu30MuHpOBaHHYI0 IIPOBOJIOKY HAMOTAThR HA JKeJEe3HBIH
TBO3[lb, TO OH CTAHOBUTCA MATHHTOM H IDHUTATHBAET >XEJIE3HEIE
onunku (puc. 2.4). MarEuTHoe JelicTBHe TOKa JIEXKHT B OCHOBE
paboThl 3JTEeKTPUYECKUX ABHUTATeNell, TeHepaToOpoB, TpaHchopMa-
TOPOB, 3JEKTPHUECKUX M3MePUTEIbHELIX NPUOOPOB M T. J.
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MHenesnwlii
cepdeunux

o
NHKenesznie
onuaxu

Puc. 2.3 Punec. 2.4

MaruuTtHoe #eiicTBHe TOKA B OTJIMYME OT TEIJIOBOTO M XHMITUe-
CKOT'0 [eMCTBHUSA ABJIAETCS O C H O B H LI M, TAK KAK OHO COIIPOBOK-
JaeT TOK Bcerza, 6es xakux-aubo uckIoyeHnii. XuMuuecKoe Jeii-
CTBHe MMeeT MECTO JIUIG IIPH IIPOXOKAEHHUM TOKA Uepe3 PACTBOPEI
WJIN PAaCILIaBBl 3JIEKTPOJUTOB, a4 HATPDEBAHLE TOKOM OTCYTCTBYET
IIpU MPOXOKAEHUN €TI0 Uepe3 CBepXIPOBOTHUKY (cM. § 2.6).

YnopadouenHoe d8unceHue 3APAIKEHHbIX HLACMUY Mbl Heno-
cpedcmaeerHHO He Habawdaem. O HAIUYUU INEKMPULECKO20
moxa~cydam no ezo deiilcmeuim: meniosomy, XUMULECKOMY
U MAZHUMHOMY.

§ 2.2. NTIOTHOCTb TOKA. CUJ1A TOKA

Koauuecmsenno snexkmpuueckuil mox xaparxmepuayemcs
8eKMOPHOU 8eIUHUHOU — NJOMHOCMbI0 3]eKMPULECKO2z0
moxa j u CKanapHoll 8eAUNUHOL — cuaoll moka 1.

fInoTHOCTB TOKa

BreseM mOHATHE MJIOTHOCTH 3JIEKTPUUECKOT'0 TOKA JJa Haubo-
Jiee MPOCTOTO CAYYAS YIOPAMOUEHHOTO ABHMIKEHUS OAWHAKOBEIX
3apAXEHHEBIX YacTUIl. BRIAEJIUM B cpejie, B KOTOPOIl CYIIIECTBYET
TOK, OUeHb MAJNbBIfl ofbeM B dopMe IPAMOro IMJIMHIAPA C ILIO-
maasio ocHoBaHuUA AS (puc. 2.5). Ilu-

JUHAP OPUEHTHPOBAH TAK, UTO €ro OCHOBA- _ P .

HUS TePIeHUKYIAPHBI CKOPOCTH YIIODS- ASO 1)
ZIOYeHHOTo ABMKEHUA yacTun v. Ilof cko-

POCTBHIO YIIOPAZOUEHHOTO NBUIKCHHSA Hac- VAL

THUI] B MaJIOM 00'beMe AV (HO coleprkalleM
MHOTO YACTUI]) Mbl IIOHHMAEM OTHOIIEHUE Pre. 2.5
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reoMeTpUYECKOM CYMMEI CKOPOCTeil 4acTHUIll K YHUCAY MX B 3TOM
obbeMme:

R
D;

M=

=1
N

-
I

D= .

CpeHaAA CKOPOCTh XAOTHYECKH JABMIKYIIMXCA UYACTHI, paBHA
HYJIIO.

BricoTa nmuauHApa MycTh paBHA IMYyTU VAf, IPOXOOUMOMY Yac-
TUIIAMU 3a BpeMA Af. 37ech U — MOAYJb CKOPOCTH YIOPAAOUYEHHO-
ro ABMmXeHUd dactull. Torga Bce 3apAKeHHLIE YACTHUIIHI, HAXOA-
muecsa BHYTPH MUJIHHAPA, 3a BpeMsa Al IlepeceKyT IIpaBoe OCHOBA-
HYe NUIuHAPa ¢ mwiomansio AS. Eciu KoHIeHTpanua 3apasKeH-
HBIX YaCTHIL B cpejie N, TO 3a BpeMA At uepes ceueHUe C ILIOMANBIO
AS Gyzner mepeHeceH 3apax Aq = q,nvAtAS, rae q, — sapan oT-
JeJbHOM YACTHILRI.

BeKkTOpOM IIIOTHOCTH TOKa 7 HA3BIBAIOT BEKTOP, HAaNpaBle-
HHEe KOTOPOro COBHARAET C HANMPABJICHHEM CKODOCTH YIIOPAXO-
YEeHHOr0o ABMIKEHHUSA NMOJIOKHUTEABHO 3aPAXKEHHBIX YACTHI, a MO-
AYyJaL paBReH OTHOLIEHHIO 3apANA, IEPEHOCUMOro 3a BpeMsd Al ue-
pe3 cedeHMe ILIOUIanbio AS, pacmososkeHHOE NEePHeHAHKYIAPHO
K CKOPOCTM ABMKEHUs, K MpousBenenuio AS - At:

j=gond, (2.2.1)

HIIH .
j=pv, (2.2.2)
rjae p = ¢,n — IPOCTPAHCTBEHHAS IIOTHOCTH dJIEKTPUUECKOTO 3a-

paza.

B cnyuae ABUKEHUA OTPHLATENBHO 3aPAXKEHHBIX YacThL, (¢, < 0)
BEKTODHI ; U U HaIpaBJeHkl MPOTHBOIIOJIOKHO APYT Apyry. Ecuu cpe-
IIa OTHOPOAHA, TO MOAYJL ILIOTHOCTU TOKA YHCJICHHO PABEH 3JICKT-

PHUYECKOMY 3apsny, MepeHOCUMOMY B €JUHUILY BpeMeHHU uepes3 eIu-
HUYHYIO IJIOMAKKY, IepPIeEIUKYIAPHYIO CKOPOCTH D.

Cuna Toka

BeKTop ILIOTHOCTH TOKA MPEeACTABIAET cO60H JIOKANBHYIO (MU
nuhdepeHIEANIBHYIO) XapaKTEPUCTHKY TOKA: OH ONpeJesfAeT IIe-
PEHOCHMELT 3apdA] yepe3 MAAVIO ILIOIAAKY B HpOBOAAINeii cpene
M HalpaBlIeHUe JBHXKCHUA 3apsXeHHBLIX YacTuUll. BBexeM Temepsn
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HOJHYIO AJA BCETO CeueHMsA XapaKTepHCTHKY TOKa — CHJIY
Tokal.

Curoit Toka Ha3BIBAIOT OTHOIIEHHE 3apPANA Aq, IEPEHOCHMOTo
Jepes momepeyHoe ceveHNe MPOBOTHMKA IJIOIANBI0 S 32 MpoMe-
AYTOK BpeMeHH Af, Kk 3TOMY IPOMENKYTKY:

= Ag
=1 (2.2.3)
®opmyia (2.2.3) BEIpaXXaeT cpefHee 3a BpeMsa At 3HAUEHUE CHJIBI
TOKa.

Cujia TOKA B JAAHHLI MOMEHT — MTHOBEeHHAdA CcHUJA
T 0 K 8 — IIpeJcTaBasAeT co60il mpeies OTHOMIEHNS 3JIEKTPUUECKO-
ro 3apana Aq, npolueAIero 4Yepes MonepevyHoe ceueHUue IPOBOAHM-
Ka 3a MAJBI IPOMEXYTOK BpeMeHH At, K 9TOMY IPOMEXXYTKY HPH
At, cTpeMAIEMycs K HYJIIO!

— 1im A4
o= AltlgoAt .

(2.2.4)

Ecau 3a m00kle paBHEIE MEXAY CO00I IPOMEXYTKH BpPeMeHH
yepe3 IIOIIEPEUHOE CEUEHUE HPOBOJHUKA MPOXOLAT OJUHAKOBEIE
3apANBl, T. €. €CJAHM CHUJIa TOKA He N3MEHAETCA ¢ TEUEHHEM BpeMe-
HU, TO 3JIEKTDHYECKH I TOK HA3LIBAIOT MOCTOAHHEIM. Cu.ia nocmo-
AHHO020 MOKQ YUCJEHHO PABHA 3apAdy, npoxodawemy iepes no-
nepeumnoe cevenue npogodrHuxa 3a 1 c:

I= %. (2.2.5)

Cuna Toxa, MOAOGHO 3apAARY, MOKET OBITH KAK IIOJOMKUTENh-
HOM, TAK U OTPUIIATENIbHOM. 3HAK CHJIBI TOKA 3aBHCHUT OT TOTO, Ka-
KOe U3 HampaBJieHM# BROJHL IIPOBOAHHMKA IIPHHATO 32 IIOJIOMKH-
reabHoe. Cuna Toka I > 0, ecniu HampaB/eHHE TOKA COBIAJaeT
C YCJIOBHO BRIGPAHHBIM IIOJIOXKUTEJIbHBIM HATIDABJIEHUEM BAOJbL
npoBoJHUKA. B nporusHoM cayudae I < 0.

Cuia TOKa OHOSHAYHO BHIPAXKAETCS Uepes IJIOTHOCTh TOKa. B ya-
CTHOM CJIy4ae NpH PABHOMEPHOM DACTIPEJEIEHHHU IIJIOTHOCTH TOKA II0
CEUEeHUIO TPOBOAHHKA CIJIA TOKA

I=j8S, (2.2.6)

1TepMun cu a2 TOKaA HeIb3A CUMTATH YAAYHEIM, TAK KAK CJIOBO
«cHJa», IPUMeHAEeMoe K TOKY, He IMeeT HMKAKOr'o OTHOIIIEHUA K NOHA-
THIO «CHJa» B Mexanuke. Ho TepMHH «cHa TOKa» OLLI BBeJEeH AABHO U
YTBEPAWIJICA B HAyKe.
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(— 45 _ O rae j, = jcos 0. — NpOeKIus BeKTopa
o ] -

o ILIOTHOCTH TOKA HA HOPMAJb N K ILIOC-
n KOCTH CedYeHWs IPOBOAHWKA, a S — ILIo-
Puc. 2.6 mane aToro ceuenus (puc. 2.6). Hampas-

JeHie HOPMAJH 7i COBIAJAET C YCJIOBHO
BEIOPAaHHBIM HaIpaBJieHHeM ob6xoga. 3HAK CHJILI TOKAa OIpejesif-
eTcs 3HAKOM KOCHHyCa YTJa O Me/y HanpasjleHueM BeKTOpa
IJIOTHOCTH TOKA& ] M HaIpaBJeHHeM HopMaJu 7i. Ecau Hampasie-
HUS BEeKTOPOB ] U 7 COBIAAAIOT, To 0. = 0 U CHJa TOKa

I=jS=|g,nv8 2.2.7)

BBEIPA’KAETCHA [TOJOKUTEIBLHBIM YHCIOM.

Taxum o6pasoM, cura Mmoxa 8 npoBodHUKe NPAMO NPONOPULO-
HAJbHA 3apAdY, nepeHocuMoOmy Kaxc0oll wacmuyeil, KOHUeHM-
payuu wacmuy, CKOpOCMu UX HanpasienHozo 08UNCEHUR U NAO-
wadu nonepeurnozo ceueHus NPoO8oOHUKA.

EauHuubl CHbl TOKa M NJIOTHOCTYM TOKA

B abconxloTHON cuUcTeMe eJHHHUI 3a eIUHHUIY CH-
JIBI TOKA NMPHUHUMAETCA CHUJIA IIOCTOAHHOIO TOKa, IIPH KOTOpPOi ue-
pe3 MOIIepeyHOE CeyeHre MPOBOAHUKA B KAMAYIO CEKYHAY IIPOTe-
KaeT 3apsaj, PaBHEIM OJHON ab6COJIOTHONH 3JEeKTPOCTATHYECKOIt
eIVHUIE 3apaja:

1 exn. Toxka CI'CO = Len. 3&};5{(,:&& Cred ,

WIY Kopoye

Crca,
1Crea, =1——=.

ExnHuna noTHOCTH TOKA B 3TOM cUCTEeMe eJUHUI] DABHA:
1 CI'C3; = 1 CIC3;/cm?.

B MexxagyHapoJHOH cucTeMe efHUHHUI eIUHHIA
CHJIBI TOKA SABJAETCA He IPOM3BOAHOM, A OCHOBHOM. DTy eIUHHUILY,
Ha3eIBaeMylo aMnepoM (A), yCTaHABIMBAIOT HA OCHOBe MAar-
HHUTHOTO B3aUMOJeNicTBUA TOKOB (cM. § 4.7).

B npeanigymnieit riaase eAUHUIA 3apAga — KYJIOH Obljla BBeJeHA
Kak npousBefeHre 1 Aua lc: 1 Kn=1A - c¢. Orcioga ciaenyer,
YTO

1A=1Kn/c.
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Tak kak 1 Kn=3 - 10° Crca,, To
1A =3 - 10°Crca,.
Equnnna norsoctu roka B CH

3 » 10°crca,

2 - =9 . 5
LA/M? = —o—— =3 - 10°CTC,

CKopOCTb YNIOPAAO4EHHOr0o ABUXEHUS 31IeKTPOHOB
B MEeTanNnn4YeCKkoMm nNposoaHuKe

HaiineM CKOPOCTH YIIOPAAOUEHHOTO EPEMEIIeHISA 3JIEKTPOHOB
B MeTAJLIUYeCKOM IIpoBofHuKe. Coramacuo dopmyne (2.2.1)

v=—-I_. (2.2.8)
20|

JIJ1a MeTalIu4ecKoro IPOBOAHUKA 3apAn ]qol, IIepeHOCUMAIA Kak-

JO¥ 4acTUIeil, — 9TO 3apa] dJIeKTPOoHA: |q0| = e. CirexoBaTeNBHO,

2 v=d. (2.2.9)

en

Yuciro a7eKTpoHOB B 1 M3 Menu (06'beMHASI KOHIIEHTPAIIHUSA JJIEKT-
POHOB 71) PaBHO YHCJIY ATOMOB B 3TOM 06'beMe, TaK KaK OANH U3 BA-
JICHTHHIX 3JIEKTPOHOB Ka’XXJOT0 ATOMA MEXU KOJJIeKTUBU3HNPOBAH
H aBJAeTcA cBo6oAHRIM. [TooToMy

=N _T%a_ P (2.2.10)

rae p = 8900 Icr'/M3 — maotHOCTs Megu, M = 0,0635 kr/mMmons —
ee MonapHas Macca, a N, = 6,02 - 10?3 mons™! — mocroannas
ABsorazpo.
IloxcraBaaa B dopmyay (2.2.9) BripaxkeHHe I 06beMHOI
KOHI[eHTPALMH 3JIEKTPOHOB 11, HOMYINM:
M
epN,°

(2.2.11)

Eciau 1718 IIOTHOCTH TOKA j B3ATH MAKCHMAJBHO HOIYCTHMOE
ee 3HaYEHYUe AJIA MESHOTO IPOBOAA j = 107 A/MZ, TO AJIA CKOPOCTH
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YIIopAAOYEeHHOI'0 ABUXEHHUA 3JIEKTPOHOB B MEJHOM IIPOBOJHHKE
oJy4YHuM:
e 10" A/m? + 0,0635 xr/monn _
1,6 - 10"'° Kz - 8900 KI'/M3 + 6,02 - 102 momn ™!
=7,4 - 104 m/c.

CKOpPOCTH HAIIPABJIECHHOI'O ABHIKEHUA DJIIEKTPOHOB IIPU IIPOXO0K-
JeHUH 3JEeKTPUUECKOI'0 TOKA II0 MEJHOMY IIPOBOJAHHKY OKAas3ajach
HeoXUJAaHHO Manoi. OHA HAMHOIO MEHbllle CPpeJHel CKOPOCTH HX
TEIJIOBOI0 JABUXKEeHUA. Heo)XHUJaHHO IIOTOMY, UTO IIPH IIOBOPOTE
BBHIKJIIOUATENA JIAMIIOYKA BCILIXWBAET cpady, a Belb IIPU Takoi
CKOPOCTH 3JIEKTPOHEI HE YCIEIOT AOMTH OT BHIKJIIOUATENA A0 JaM-
nouku. B caexyromiem naparpadge Mbel YBHAUM, B YeM 3J1eCh JIEJO,

Haubonee demanvroil (1OKaAbHOL) Xaparkmepucmuxoi mo-
Ka ABAAEMCA B6EKMOD NAOMHOCMU MOKQA.

Cropocmb 3apsadxceHHbix vacmuy (31.eKkmpoHo8) 8 NPpoBooHU-
Kax eauwell kapmupul 04eHb Mara — okono 0,1 mm/c.

§ 2.3. QNEKTPUHECKOE NMNOJIE NPOBOAHUKA
C TOKOM

Ymo Heobxo0umo 0na co30QHUA IIEKMPULECKO20 MOKA 8
npoeodrnuxe? Ecmb au 8 npo800HUKe INeKmPUYeCKOe noJje u
Kar OHO MOXMcen 803HUKHYMbY

Ycnosus BOBHUKHOBEHUA U NOAAEPXAaHUA
3NEeKTPUYECKOro Toka

Jlns1 BOBHUKHOBEHUA M IOAKEPIKAHUSA DIEKTPUYECKOTO TOKA
HeOOXOAUMBI IBA YCJIOBUA:

1) Hanuvue c80600HbLY (He cBA3AHHbLX MeXH Oy coboll) 3aps-
JceHHblx vacmuy (Hocumeneil 3apada). TakHMH HOCATEIAMY 3a-
pagal B Meranmax ¥ IONYIPOBOAHMKAX SABIAIOTCA BJIEKTPOHBI,
B PACTBOPAaX 3JEeKTPOJHUTOB — I1OJIOKUTEJbHEIE ¥ OTPUIIATEIbHEIE
HMOHBI, B ra3axX — 3JIEKTPOHEI U UOHBI;

2) HYNCHbL ewe KaKue-mo npuiuHbL, 8bi3bléaloujue ynopsaoo-
yenHoe dsuiceHue smux wacmuy. Ecau, HanpuMep, MBI XOTUM

I oapo6aee 06 5TOM GyaeT paccKas3aHO B TJaBe «DIeKTPHYECKUHA TOK
B Pa3JINYHEIX CPEAAX ».
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B BaKyyMe o6ecme4yHuTh YIOPAMOUYEHHOE ABHIKEHHE 3JIEKTPOHOB
B OIIPeAeJIEHHOM HAIpaBJIeHUH, UM Heo6X0JUMO XOTs ObI B Hayaje
JIBHXKEHHA COOOIUTEL CKOPOCTh. ECIIM fanbliie Ha IyTH ABUYKEHUS
3JIEKTPOHOB He BCTPETHTCA HHUKAKHX IMPEnATCTBUM, OHH OyAyT
OBUTATHCA I10 HHEPIIMH C 3TOM HaYaJIbHOU CKOPOCTEHIO.

B BerrecTBe 3apAKeHHBIM YACTHUIAM ABUTAThCA YIIOPALOUYECHHO
B OIIpeJieJIeHHOM HAIIpaBJieHMH TpyAHee. Hampumep, 3JIeKTPOHEL,
obecrieynBaOIue 3JIEKTPUUECKHHA TOK B METAJJIMYECKOM IIPOBOJ-
HUKe, MOT'YT CTAJIKHBATHCA C MOHAMH KPHUCTAJJINYECKO# perIeT-
KH; B3aMMOJEMCTBHE MeXKJy HMOHAMM pacTBODa 3JEKTPOJIHUTa M
HEHTPANBHBIMHM MOJIEKYJIAMH MPHABOAUT K CHJIAM «TPEHHSI» MEM-
Oy HUMH; YIIOPSAJOUEHHOMY ABMYKEHHIO 3apAXKeHHBIX YaCTHLI, B Ta-
3e MEMAIOT CTOJKHOBEHUS C JPYTHMH 3apIXKEeHHLIMUA HJIH HEHT-
paJIbHAIMM YaCTHI[AMHU ra3a u T. . YToOkI Bce 3TH MOMEXH He Ipe-
KpaTHJH YyIOPAJOUEeHHOTO0, APei(hoBOro IBMIKEHUA 3apPAKEHHBIX
YaCTHUIl, He00X0HMA CHJIA, AEHCTBYIOIAas HA YaCTHLHI B OIpe-
JeICHHOM HAIIpABJIEHHH.

Ha sapsyxeHHBIE 4aCTUIIBI, KAK MbI 3HAEM, AEACTBYeT 3JIeKTPH-
yeckoe nose ¢ cuioit F = gE. O6pI4H0 MMEHHO 3JeKTPHYECKOoe
mojle BHyTPH IPOBOXHHMKA CJAYXKHT IPHYUHON, BHI3bIBAKOIIEH M
MONEePKMBAIOIIEH YyIOPSAAOYEeHHOE ABHKEHHE 3aPAKEHHBIX Yac-
. TonbKO B CTATHUECKOM cjyuae, KOTAA 3apAibl IIOKOATCH,
3JIEKTPHUYECKOE II0JIe BHYTPH IIPOBOJHUKA PABHO HYJIIO.

Eciu BHYTpH IPOBOAHMKA HUMEETCA SJIeKTPHYECKOe II0JIe, TO MEXX-
Iy KOHUAMH IIPOBOJHMKA CYIIECTBYET Pa3HOCTh MOTeHIaIoB. Korma
PasHOCTh IIOTEHIIMAJIOB HE MEHAETCSA BO BPEMEHM, B IIPOBOJHMKE
YCTaHABJINBAETCA IIOCTOAHHLINA TOK. ¥ CTPOMCTBA, CO3AAI0IIINEe M IIOJ-
Jep3XUBAIOIINEe PAa3HOCTh IIOTEHIINAJIOB HA KOHIIAX IIPOBOJAHHKA, Ha-
3pIBAIOTCS UCTOUYHHMKAMHKM TOKAa MIM F'eHepaTOpaMH.

Bdoav npogodHukxa, no womopomy meuem nNOCMOAHHDLIL
aneKmpuiecKuil. mox, NOMeHyuaa YymeHbllaemcsa om MaKcu-
MANLHO20 3HAYEHUA HA OOHOM KOHU€E NPOBOOHUKA 00 MUHU-
MAAbHO20 — HaA OpYyzom. ITO yMeHbIIEHHEe NOTEeHINAJIA MOXKHO
00HAPY/KHUTH HA IIPOCTOM OIIBITE.

B xauecTBe IPOBOJHMKA MOMHO HCIIOJH30BaTh GyMaKHYIO (Te-
JerpadHyo) JeHTy, HA IOBEPXHOCTh KOTOPOH HAHOCHUTCA MATKUM
rpaduTOM paBHOMEDHBIH IIPOBOAAINMI cooi IO Bcel ammue. Co-
6upaoT ycTaHoBKY (puc. 2.7). OQuH KOHell JIEHTHI IIPACOELUHAIOT
K IOJIOCY (KOHAYKTOPY) 3JIeKTPOoGOPHOI MAIINHEI, JIEHTY HATATH-
BAaIOT H JPYroi ee KOHel 3aKPeILIAIOT II0J BUHTOBOH 3aKUM Ha
M30JIMPYIOIEM IIITATUBE,
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Puc. 2.7

IIpu orcyTcTBHYM TOKA (KOHEL IEHTHI HA H30JIMPYIOIIEM IIITATH-
Be HH C UeM He COeJ[MHEH) JIEHTa HMeeT OJMHAKOBBIN [IOTEeHIHAJ
110 Bceii ee JyirHe. B 3ToM Jierko ybeauThes, ecjiv IPOOHEIM IapH-
KOM, COeAUHEHHEBIM C 3JEeKTPOMETPOM, KOPIIYC KOTOPOro 3a3€M-
JIEH, KacaThCA JIEHTH B pasHbIX ee Toukax. IlokasaHus aieKTpo-
MeTpa, HM3MepAIIIero IMMOTeHHUAN IPOBOJHHKA OTHOCHTEJLHO
3eMJIH, IpU 3TOM OyAYT OLHHAKOBBIMH.
3a3eMJIIM Tellepb OJUH KOHEI JEHTHI, CO-
¢ eIUHeHHLIH ¢ 3a)KMMOM IIITATHBA, U CHOBa Oy-
JeM U3MEPATE NOTEHIUAJE! B DA3NUYHBIX TOY-
Kax JIEHTBI. Pe3yJbTaTbl W3MEPEHHMH Terephb
IMOKA3hIBAIOT, UYTO 9TH NOTEHIIHAJLI OKa3bIBa-
IOTCA HEOAUHAKOBLIMHU, T. €. IOBEPXHOCTEL NPO-
BOJHHUKA, 10 KOTOPOMY TEUeT TOK, He ABIAETCSA
TOBEPXHOCTHIO PABHOTO MOTEHIHAJA (dKBUIIO-
TeHITHAJNLHOI). ¥V mosioca saeKkTpodopHoil Ma-
IIUHBI TOKABAHUSA DJIEKTPOMETPa MaKCHUMAJIb-
HBI, a 10 Mepe TPUOIMMKEHUSA K INTATUBY Ha-
6JII0faeTCA TOCTETIEHHOEe YMEHbIIeHWe 3HAUEHUA NOTEHOHANA, U Y
IITATUBA OHO JOXOZHUT A0 HynA. VsMeHeHHe TOTeHIHANa BIOJb
NPOBOJHUKA rpadmuecKy IpeAcTaABJIEHO Ha pUCYHKe 2.8.

~Y

Puc. 2.8

AneKkTpnyeckoe none BHyTPU NPOBOAHUKA C TOKOM

IIpoBogHUKAM ¢ TOKOM MOMHO NPUAABATH CaAMYIO pasHooOpas-
HyI0 hopmy. [IpoBojia MOKHO HAMOTATH Ha KATYIIKY, COTHYTD I10]
J068IM yriioM u T. A. IIpu aTOM ¢ moMoOIsl0 amMnepMeTpa (npubo-
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pa A U3MEPEeHus CUJIbI TOKA) MOXKHO
O0HAPYIKUTH, YTO CHJIA TOKA B NPOBOJA-
HUKEe He 3aBUCHT OT ero (GopMEI.

Ecin He MeHseTcAa cmyia TOKA B IIPO-
BOJHUKE, TO, COIVIACHO COOTHOILIEHUIO
(2.2.7), He MeHsAeTCA U CKOPOCTh HaIIpaB-
JIEHHOTO JBMMKEHUA 3JIEKTPOHOB B IPO-
BoAHUKe. Bo Bcex ceueHMAX IPOBOAHHMKA
OJHOTO ¥ TOTO XK€ JUaMeTpa OHA OfUHA-
KoBa. Ho CKOpOCTh yIOpSAA0UYeHHOTO ABU-
JEHUA BJEKTPOHOB B34BHCUT OT CHJHI,
JeiCcTByIOIleli HA HUX, T.€. OT Hanpd-
YKEHHOCTH 3JIEKTPHUUYECKOr0 MOJIA BHYTPH
NIPOBOAHMKA., SHAUUT, HANPANEHHOCMb NOASL 80 8CEX CEUEeHUAX
npoodHuKa 00axHA Obimb 0OUHAKOB0L NO MOOYLW U He Me-
HAMbCA NPU USMEHEeRUU POpMbL NPOBOOHUKA.

Jlunuu HanpajieHHOCMU INEKMPULECKO20 NOAA HA NPoms-
HeHUU 8Ce20 NPOBOOHUKA NAPALAEAbHYL €20 N08EPXHOCMU (OCH
nposoguuka). OHKM He MOT'YT TPOHU3LIBATL [TOBEPXHOCTH IIPOBOJ-
HHUKQ M IpH J060i (opMe NPOBOAHHKA IOBTOPAIOT €ro M3rUOBI
(puc. 2.9). Ecnu 6Bl JTHHUM HaIPAXKEHHOCTH [POHU3BIBAJIH IIO-
BEPXHOCTh NPOBOAHUKA HU3HYTPH, To BeKTop E mMen GBI cocTas-
JIAIOIYIO, NEePHEeHANKYIAPHYI0 IOBEePXHOCTH IIPOBOAHUKA. 3aps-
SKeHHBIE YACTHULI ABHUTAJNCH Obl K IMOBEPXHOCTH ¥ HAKAILIHBA-
smuck Ha Hell. Co3gaHHOe 3TUMM 3apAAaMy I10Jie Hen36eKHO BJIMs-
JIo GBI HA IBHIKEHHE 3apPSAKEHHBIX YaCTHLl, ¥ CUJIA TOKA He MOrJja
OCTaBAThCA IOCTOAHHOM.

AneKTpuYeckoe none BHe NpoBoAHUKA C TOKOM

JIuHMY HANIPSKEHHOCTH 3JIEKTPOCTATUUYECKOrO IOJIA BHE IIPO-
BOAHUKA TEPNEHAUKYJIAPHEI €r'0 MOBEPXHOCTH, ¥ IIOBEPXHOCThH
NpOBOLHHMKA BKBUIIOTEHUHAJNBbHA. BIOJL IPOBOAHUKA C TOKOM,
KaK MBI BUJieJiu, moTeHIuan Mensercs. IloaToMy ecTs cocTaBsio-
Inas HanpsKeHHocTd E, HanpaBleHHAs BROJb IPOBOAHUKA. B pe-
3yJbTaTe JUHUM HANPAMEHEHOCTH £ 110JIA BHE IPOBOAHUKA PACIIO-
JIaraioTcd MoK YIJIOM K €0 IOBEDXHOCTH. B 3TOM MOXXHO y6eAUTH-
ca Ha ombiTe (cM. puc. 2.7). Ha BepxHMit IpOBOJ IOABEILINBAIOT
JIETKYIO CTPEJIKY — HHIUKATOP TaK, 4TOOBI OH& MOTrJa cBOGOIHO
[IOBOPAYMBATLCA BJOJb IPOBOAHHMKA. IIpM OTCYTCTBMHM TOKA
CTpeJIKa paclioyiaraercs NEePHeHAUKYIAPHO 3apAMEHHOMY IIPOBO-
ny. Eciu BepxHuil 1 HIKHUE TIPOBOJAA COeAUHUTE, TO NOMIET TOK

163



M CTPeJIKa YCTAHOBHUTCA He IePIeHAHUKYIIAPHO, a I0] HeKOTOPhIM
VIJIOM K IIPOBOAY, YKa3blBas Ha H3MeHeHUe HalpaBleHUs JUHUH
HanpsxeHHOCTH E.

B ortnuume oT BHYTpPEeHHEro IOJIA BHEINHee IIoje uMeeT Oonee
CJIOKHYIO CTPYKTYPY. OHO 3aBHCHUT OT ¢OpMEI IIPOBOAHUKA, pac-
HOJIOKEeHMA HCTOYHHUKA TOKA U OKPYXAONUX Tel.

Kak o6pa3yertcs anekrpuyeckoe none
BHYTPU U BHE NPOBOAHUKA C TOKOM?

JeKTPHUYECKOE IIOJIe CO3AAETCA 3JEeKTPUYECKHUMU 3apaAfaMu,
CrnemoBaTeNnbHO, Ha IOJIOCAX MCTOYHHKA TOKA WJIH BTYJIKaX po-
3eTKM B Baleil KBapTupe o6s3aTeJbHO CKAIIJIMBAIOTCA 34pALKI
IIPOTHUBONOJIOMKHOTO 3HaKa. JTO, B CBOIO Ouepedh, O3HAYAET, UTO
BHYTpM UCTOYHHKA TOKa (6aTapeu MM reHepaTopa 3JeKTPOCTaH-
M) IPOMCXOMAT Hpolecchll, 61arofapsa KOTOPHIM 3apsKeHHEIe
YACTHILI IPUXOAAT B ABHIKEHUE.

Ho Bear 3apAKeHHLIe YaCTHIHI Ha MMOJI0cax 6aTapeyd He MOTYT
CO3JaTh BIEKTPUUECKOe IoJie B IIPOBOAHNKE IIPOTAKEHHOCTHIO B
COTHY KHJIOMETPOB, HanmpuMmep B Tenerpaduoil tuHuu MockBa —
Canxkrt-Ilerep6ypr? Koneuno, e moryT! 9ro mose mosBisferca B
pesyJabTaTe TOrO, YTO IIPH 3aMBIKAHHMH IIeIH IIOUTH cpasy Ke Ha
BCell IIOBEPXHOCTH IMPOBOAHHKA BOSHUKAET IOBEPXHOCTHHIM 3a-
pAx. IInoTHOCTE IOBEPXHOCTHOTO 3apaAAa [IOCTEIIeHHO YMEHbIIIaeT-
CA II0 Mepe yAaJeHUA OT HCTOYHUKA ToKa. IMeHHO aTOT 3apaj co-
3[1a€T 3JEKTPUYECKOe II0Jie, CYLIECTBYIOIlee BHYTPU U BHe IpO-
BOAHHUKA, HA BCEM €TI0 MPOTAXKEHUH.

Kax ke obpasyeTcs nOBepXHOCTHLIN 3apAz Ha IIPOBOJHUKE C TO-
kKoM? B mepBbiii MOMEHT IIOCJIE 3aMbLIKAHUSA IeMU 3JIEeKTPUIECKOe
II0J1e OOABJAETCA TOJBKO HA KOHIAX MpPOBOAHUKA. OHO BRI3HIBAET
CMellleHKHe 3JIeKTPOHOB B INPOBOAHMKE IO BCeM HAIMPaBIEHUAM
(puc. 2.10). Ha pucynke 2.10 cxeMaTuuHO M300pa’keHa OTPHILA-
TenbHasA KjaeMMa K MCTOYHHKA TOKA M cedeHUe IPUCOeJHHEHHOTO
K Hell KOHIla MeTaJlnuuecKoro nposoga. IIITpuxoM moxasaHb! He-
KOTOpEIE JTHHUY HATIPAKEHHOCTY NOJMA KJAEMMEI B IEDBHIA MOMEHT
IIOCJIe IPUCOEAVMHEHNA K Hell IPOBOAA, a CTPEIKAMU — CHUJIIBI, Jeli-
CTBYIOIIHE CO CTOPOHEI 3TOTO II0JA Ha CBODOAHBIE 3JIEKTDPOHBI IIPO-
BOJa, HAXOAAIHECA B TouKax I, 2, 3, ... . B peayasrare sJI€KTDOH,

1Y 510 3a nponecesl, 6yeT BRACHEHO B AadbHeimen (M. § 2.11—
2.13).
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Puc. 2.10

HaxomgAmuiica B Touke I, HAUMHAET JBATATLCA BAOJIL OCH IIPOBOJ-
HUKAa. JJIeKTPOHE! 2, 3, 4, 5 cMellaloTesa Tak)e BIOJAb IPOBOJHU-
Ka, HO ORHOBDEMEHHO IEepPeMEeIaloTCA K €ro IIOBEPXHOCTH M CKAll-
nuBaiorca Ha Heii. IlepeMeleHue 5JeKTPOHOB BJOJB ITDOBOJA
IpeAcTaBIAeT co00it 3apoxgeHue ToKa. IlepeMelienue e dJIeKT-
POHOB B HANIPABJEHUM K IMOBEPXHOCTH IIPOBOAA IPOXOJKAETCA RO
TEeX NOP, OKA OHU He JOCTUTHYT €€ M He 00pasyoT Ha IIPOBo/E II0-
BEPXHOCTHHBIH 3apsan (puc. 2.11). 3TOT mOBEepXHOCTHEIN 3apsaj] co-
3LA€T HOCTATOYHO CUJILHOE II0JIEe B CJAEAYIOIIEeM YUYACTKE IPOBOLHMU-
kKa. TaM DmpollecC IOBTOPUTCA: IIPOHU3OHLET cMellleHHE 3apAJOB
BIOJIb IPOBOJHUKA, 00pa30oBaHUe IOBEPXHOCTHHIX 3apANOB U, 3HA-
YUT, CO3JAHUE HIEKTPUIECCKOro NOJAA Ha CAEIYIOIEM yUacTKe IIPo-
BOLHUKA. OTOT NpoIiecc O6YAeT PACIPOCTPAHATHECA CO CKOPOCTBIO,
6auskofi K ckopocru ceera (300 000 km/c), MOKa BIOJb BCell mo-
BEPXHOCTH IIPOBOJHUKA HE MOABUTCA NOBEPXHOCTHEIN 3apsaj.

Tenephk IOHATHO, IIOYEMY, HECMOTPA Ha OYEHB MaJlble CKOPOC-
T YIIOPAJOYEHHOrO ABUKEHUSA 2JeKTPOHOB (cM. § 2.2), asmekTpu-
YeCKUH TOK YCTAHABIMBAETCSH IIOUTH CPA3Y JKe Iocje 3aMBIKAHUSA
Heny IJIHMHOA B COTHHM KMJIOMETDPOB. STO IPOUCXOAUT NOTOMY, YTO
Yepes3 O4eHb MAJIBIH IIPOMEXXKYTOK BpEMEHH BO BCEM IPOBOJHMKE U
BOKDYT HEro BOBHUKAET 3JIEKTPUUECKOE II0Je.

Bamapes

Puc. 2.11
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Ilponecc ycTaHoBNeHNA IJEKTPHUECKOr0 TOKA B IIPOBORHUKE
HaAIOMHHAaeT MIPOoIecC YCTAHOBIEHNA TeUueHHuA BOARI B Tpybe. Kor-
la IOpIIleHb HACOCA HAYHET ABUTaThCA, TO Omarofapsa HaJIUYHIO
CTEHOK TPYOBI XHUJKOCTh CHJILHO CXXHMMAETCHA H HMMIIYJILC JaBJe-
HUSA B Hell paclipocTpaHsdeTcs 110 Tpybe Co CKOPOCTHIO HECKOIBLKUAX
COTE€H MeTpPOB B cekyHAY. [TosaToMy mmouTH cpa3y ke BCe UaCTHUKU
BOJAEI B TPyOe IPHAYT B ABM)KEHUE IIOK JefiCTBUEM CUJI TaBJICHMUA.
CxoOpoCTh Xe ABHIKEHHMA CAMHX UaCTHUEeK BOJhlI HEBEJHKA: He-
CKOJIBKO JECATKOB CAHTUMETPOB B CEKYHIY.

CrauuoHapHoe AneKTpuyeckoe none

OIeKTPUUECKOE NOJe B IPOBOJHMKE C TOKOM CO3/al0T IIOBEPX-
HOCTHEIE 3apAabkl. IIpum mocrosHHOW cule TOKA KYJIOHOBCKOE
ANEKTPUUECKOE I10JI€ ABMIKYIIMXCH [IOBEPXHOCTHHIX 3aPAN0B BHY-
TPH U BHE IPOBOAHUKA He MEHAETCA C TEUEHHEM BpeMeHU of00HOo
HJIEKTPOCTATHUECKOMY I10JI0 HENMOABMIKHEIX 3apAfoB. Takoe moie
Ha3HEIBAETCA CTALMOHADPH K M.

ITone e MeHseTCA CO BpemMeHEM BCJIEJCTBHE TOrO, YTO IOBEpPX-
HOCTHAaS IIJIOTHOCTh 3apAROB, CO3AAIOIUX 3TO MOJE, OCTAETCA He-
U3MeHHO#. 3apAALI ABMIXKYTCA, HO HA MeCTO VIUEAIIEro 3a BpeMs
At 3apsafia Ha JaHHBLIH YYACTOK IIOBEPXHOCTHU MPUXONUT TOYHO Ta-
KOIf ke HOBBIH 3apsay.

AnexmpuueckuiiL mox moxcem Gbimb nNoiYyueH 8 geujecmaee, 8
icomopom umeiomcsa c80000HbIe 3ADANCCHHBLE HACTMUYbL.
YmobbL oHU NpUWLAU 8 D8UIeHUe, HYIHO cO30amb 6 npoeood-
HUKe IeKmpuiecKoe none. Imo 3JeKmpuiecicoe noje Ha3vl-
eaemcsa cmayuoHapHvim. OHO NOMeHyUaNbHO, KAK U dJeK-
mpocmamuyuecxoe none, HoO 6 omJauylue om CMAMULECK02z0
NOAS MONHCEM CYULeCme06amb 6HYMPU NPOSOIHUKA.

§ 2.4. 3AKOH OMA 1NA YYACTKA LIENMWA.
CONPOTUBJIEHUE NPOBOAHUKA

Buw yoce usyuaau saxon Oma. 3mom 3aKon npocm, HO CMOAb
eéadxcer, ymo ezo Heo0xodumo nosmopums, Kpome moeo, yc-
maHnosum dugpepenyuaasvryo popmy saxona Oma.

Bonkr-aMnepHast xapakTepmucTmKa

B mpenmpymem maparpade OLLIO YCTAHOBJEHO, YTO YIIODSAAO-
yeHHOE ABM)KeHHe CBOOOJHEIX 3apAMEHHBIX YaCTHI] B [IDOBOJHUIKE
BRI3BIBAETCA JJIEKTPUUECKUM IIONEM. B ciyduae IIOCTOAHHOTO TOKA
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3TO II0JIe IIpeAcTaBisaeT co00il IOTEeHIIUANBLHOE CTAIlIOHAPHOE TIoJIE.
Pa3HOCTh OTEHINATIOB MEXAY KOHIAMHU IIPOBOJKHUKA ONDPEAENsIeT
cuny Toka B HeM: I = f(¢; — ¢,). Ta 3aBUCHMOCTE HA3LIBAETCH
BOJXBT-aMIOepPHOH XapaKTepPHUCTHKONH NHpoOBOA-
H U K 2. YCTaHOBJIEHUE €€ UTPaeT NePBOCTEIeHHYIO POJIb IPU U3Y-
YeHUU ABJEHUH, CBA3AHHBIX C IPOXOXKIEHNEM TOKA.

3akoH Oma

Haubonee npocToil Bu uMeeT BOJLT-aMIIePHAA XaPAKTEPHUCTH-
Ka MeTaJJIN4eCKMX IPOBOSHUKOB M PACTBOPOB 3JIEKTPOJIHTOB.

Bnepsrie (4d MeTaNJIOB) €€ YCTAHOBUI HEMEIKHHA YyUeHBIH
Feopr Om B 1826 r., m03TOMY 32BHCHMOCTb CHJIBI TOKA OT HAa-
NPsXKEeHUsA HOCUT HazBaHue 3aKkoHa OMa.

Teopr OM Hayan CBOM OMBITHI II0 YCTAHOBJIECHUIO 32aBUCHUMOCTH
MeXAY CHJION TOKa B IPOBOAHHKE M PA3HOCTHLIO IIOTEHIIMAJIOB HA
ero xoHnax B 20-x rr. XIX B. OM sKcIIepUMeHTHPOBAJI ¢ IIPOBOJIO-
KaMH¥ Pa3HO¥ AJIMHEI, pa3HOi TONIIUHEE! (0yAy4YM CBIHOM ciecaps,
OH 3HAJ, KaK BRITATCMBATL METAINYeCKYH IPOBOJIOKY PasHOM
TOJIIIUHBIL AJIA CBOUX OIILITOB), H3rOTOBJEHHBIMU M3 PA3HBEIX Me-
TAJLIOB, U /laXKe IPOBOJIII ONKITHI IIPX PA3NTHYHON TEMIEpPAaType,
BAPBUDPYA KaXKAbIH (haKkTOp NOOUEePEeSHO KAK BCe HACTOAIHUE yUe-
Hule. Bataped B Te BpemMeHa 6bLIH ellje OUYeHL clabkle, OHU CO3/a-
BaJIy HENOCTOAHHBIA TOK. [ToaToMmy OM IOJIB30BAJICA B KadyecTBe
HCTOYHUKA TOKA TePMOIapoiil, 0MH 13 cliaeB KOTOPOiL GBI IOMe-

OM Teopr Cumon (1787—1854) — BRIgalO-
muica HeMelKui dusuk. Paboran IIKOJb-
HEIM yuuTedeM. OTKDPBHII 3aKOH 3aBHCHMOCTH
CHJIBI TOKA OT HAMPSYKEHUA HA YUYACTKE LEMH,
a TakiKe 3aKOH, ONPEAeNAIOIUHA cCHIy TOKA B
samMkHyTo# nenu. Kpome toro, Om Hairesn 3a-
BUCHMOCTh COIIPOTHBJIEHUSA IIPOBOAHUKA OT
JJIHHEL ¥ ILIOIAAH €0 MOIepPeYHOro CeYeHN .

I Ecnp cnaath KOHIB! ABYX IPOBOAHHKOB M3 PA3HEIX MeTAJLIOB, Ha-
npUMep U3 BUCMYTa ¥ MeJH, M HArPETh OUH M3 CIaeB, OCTABIAA APYTOi
XOJIOAHBIM, TO B TAKOH LleIlm BO3HUKAET 3JEKTPHUUECKUI TOK. ITOT TOK
HA3bIBAETCSI TEPMODJEKTPUUYECKUM, 8 IBA COEAUHEHHEIX pa3-
HOPOAHBIX INPOBOJAHMKA, AAIONIUX TAKOM TOK, HA3LIBAIOTCA T € P M O-
9J1eMEeHTOM UJIA TepMoOIlapo M.
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meH B miaMs. OH Henos30BaJ FpyOsIi MAarHUTHEIE aMIepMeTp, a
PAa3HOCTU MOTEHIINAIOB H3MEHAJ IIyTeM U3MEeHEeHHA TeMIIePATYPhI
HJIH YHUCJIa TEPMOCIIAEB.

TeoperuuecKlie BHIBOJAK M SKCIEPUMEHTAJIbHEIE De3yIbLTATHI
6p1H u3j0xeHbl OMOM B onyOaKuKoBaHHON B 1826 r. xuure. Of-
HaKO OHM He HAILIH IIOHUMaHHsA. MeTox rpyboro skclepuMeHTH-
POBaHHUA IIO 3apaHee HAMEUEHHOMY IIJIaHy Ka3aJICA MAJIOIpHBJE-
KaTeJbHBIM B 3IOXY yBJedeHHA (punocodueil. IIpusnanue mpu-
IO INTUB 23 rofa cnycTA rnocae Buixoga kuuru. B 1849 r. Om mo-
JYYHI JOJKHOCTD IIpodeccopa MIOHXEHCKOr0 YHHBEPCUTETA.

Ha pucyuxe 2.12 uzobpakeH y4acTOK LienH

ITonoxwumenvrnoe I, 2. YCI0BUMCA CUHTATEH HOJOKHUTEILHLIM HA-
Hanpaslenue  TpPaBJeHHE CJeBa HAIPaBO. TOraa HaIpAXKeHHe
(pa3HOCTb IIOTEHIMAJOB) HA PACCMATPUBAEMOM

";_:_5‘ yuacTke pasHo U = @; — ¢,, TAe ¢; — IOTEHUH-

an B TOUkKe 1 B HauaJje acTKa), a — HOTeHn-
Puc. 2.12 ( va ), 2 4y

nuan B Touke 2 (B KoHIle yIacTKa). Ecau ¢, > @,,
To U > 0 1 TOX TeyeT B HanpaBJIeHUHU OT TOUKH | K TOuKe 2, TaK
KaK B 9Ty CTOPOHY HallpaBJIeHbI JIHHUK HATIPAYKEHHOCTH 3JIEKTPH-
YeCKOTO IT0JIA BHYTPH IPOBOAHMKA. ClefoBaATENbHO, B CHJIa TOKA
I Toxxe monoxxkutensvua (I > 0).
OM 3KCHepHMEHTAJNBLHO YCTAHOBUJI IPAMYIO IPONOPIMOHAJb-
HYIO 3aBMCYMOCTD MeXKY CHJIOH TOKa ¥ HanpsXKeHueM:

I~-U. (2.4.1)

OTa 3aBUCHMOCTH CIIpABeJJIHBA KaK A METAJNLIOB, TaKk H AJA
pacTBOPOB (PACILIABOB) 3JEKTPOJUTOB.
3aBucumMocTh (2.4.1) MOXKHO 3alIMCATH B BHJE PABEHCTBA

I=G(9, -~ 9,)=GU. (2.4.2)

9TO paBEHCTBO M HA3KIBAETCA 3aKOHOM OMa JJIST Yy4YacTKa IeIIH.
3xech G — KOSMDHUIIMEHT TPOIOPIIHOHAIEHOCTH, 3HAUCHEe KOTOPOTO
He 3aBHCUT OT HAIIPAXKEHHUs Ha KOHIAX IIPOBOAHUKA U OT CIIEI TOKA
B HeM. KoaddbmueHT mponopiiHoHalIbHOCTH 3aBUCHT OT CAMOT'0 Ipo-
BOJIHUKA H II03TOMY SIBJAETCH ero XapaKTepUCTHKOI. JToT Koadwhu-
LHEeHT Ha3BIBAIOT IPOBOMMOCTEIO IPOBOAHUK a.

Taxum o6pasom, saakoH OMa AJd YUaCTKa €U COAEPXKUT Npo-
BepeHHOe Ha OIBITe YTBEPIKJeHHe O TOM, UTO CHJIa TOKa IIPAMO
IIPONOPIMOHANBHA PA3HOCTH MOTEHIIMANOB; OAHOBPEMEHHO OH CO-
JEDPKUT olpejelleHKe NPOBOAWXMOCTH NPOBOJAHMKA. 3akon Owma
MOXHO chOpMYJINPOBATE TAK: CHJIA TOKA B INPOBOJHUKE IIPAMO
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NPONOPIHOHAJLHA NPOBOXHMOCTH NPOBOJHHKA M HAIPANKEHHIO
(pa3HOCTH MOTEHIMAJIOB) HA €r0 KOHLIAX.
Beanuuny, 06paTHYIO IPOROAVMMOCTH IIPOBOJHUKA

1
R=3,

HA3BIBAIOT B3I EeKTPHUHUYECKHUM CONPOTHUBJIEHHEM HIHA
npocto conporTuBiaeHnueM. CregoBaTenbHO, CONPOTHBIIE-
HUEe TOMKe SBJAETCS XapaKTEePUCTHKOH NIpoBogHuKa. Mcropuue-
CKH CJIOKHJIOCh, UTO HMEHHO CONpomuéJjenue ciumaemcs oc-
HOBHOIL 3/leKmpuiecKoll xapaxmepucmuKoil npoodHuKa.

Ecnu npoBogumocTh G BRIPA3UTh Uepe3 COIIPOTHURIIEHHE (G = %),
TO dopmyJia (2.4.2) npuMeT BUI:

v

l I= -R.J (2.4.3)
Bruipaxxenue (2.4.3) npeacrasiasier cob6oit Apyryo GopMYJIHPOBKY
saxoHa OMa AJI y4acTKa I[eIld: CHJIA TOK& B IleNH npjaMo Ipo-
MOPLUHOHAJILHA HATIPAMKEHHIO HA ee YU4acTKe H o6paTHO Impomop-
HHOHAJIFHA COMPOTHBJIEHMIO 3TOTO YUACTKA.

Cinenyer uMeThb B BHAY, 4TO 3aKOoH Oma B dopme (2.4.3) mim
(2.4.2) cupaBeauB TOJbKO JJId YYacTKa ey, B KOTOPOM HeT Mc-
TOUHNKA TOKal.

3akon Oma uMeeT oueHb UpocTyio GopMy, HO AOKA3aTh IKCIIE-
PHMEHTAJIBHO €ro CIPaBeAJIMBOCTE AOBOJLHO TPYAHO. [leJio B TOM,
YTO PA3HOCTH MOTEHIHMAJOB HA YUYACTKE METaJJIHYECKOro IIPOBOJ-
HUKAa Jaske upu GOJLIION cHiie TOKA Maja, TaK KaK MaJo Compo-
THBJIEHNE NPOBOJHUKA. JJEKTPOMEeTD, O KOTOPOM IILJIa peub B
§ 1.21, Heupurozen Ajs M3MEPEHUA CTOJbL MAJBIX HAIPSAKEHUN:
€ro 4yBCTBUTEJILHOCTH CJMINKOM Mana. HykeH HecpaBHeHHO 6o-
Jee YYBCTBHUTEJIbHBEIM NpubOp, HANPUMED 3JEKTPOCTATHUYECKUA
BOJILTMETD. IIpuMeHeHHe e OORIYHBIX TPUGOPOB I U3MEPEeHN
HAIIPAXKEHUA — BOJBTMETPOB — OCHOBAHO Ha MCIIOJbL30BAHWUH 34-
kona Oma. IIpuenun geficTBUA BOJBTMETpPA TaKOM JKe, KAK H aM-
epMeTpa: yroJ MoBopoTa cTPEJKH IPpudopa NPoNopuUOoHAJIEH CH-
Je Toxa. Cuja ToKa, NPOXOASAINEro 0 BOJLTMETPY, COTJIACHO 3a-
kory OMa, onpefenseTcss HAIPAXKEHHEM MEXJIY TOUKAMH IelH,

I Kax dhopmynupyerca saxor OMa AJIA Y4acTKa [elH, B KOTOPOM MMe-
eTcA UCTOUHHUK TOKA, 6yJeT paccKasaHo B § 2.15.

169



K KOTODHIM OH IOAKJIOUeH. IloaToMy, 3Has CONPOTHUBIEHUE
BOJIBTMETDA, MOJKHO II0 CHJIe TOKA ONpeleNUTh HanpsxeHue. Ha
IpakTUKe IpUbop cpa3y rpaAyupyIOT B efUHUIAX HANPAIKEHHUA.

3axkon OMa SABJIAETCS IMINPUUECKUM, a He QyHIAMEHTANBHLIM
3aKOHOM NpPHPOAEI. OFHAKO OH BEINOJHAETCA BeCcbMa TOYHO B IITH-
POKHX IIpelenax IJA MeTalaos. B aToM ciydae 3akoH OMa Ipak-
THYECKM CIIPABENJIUB AJIS JIOGLIX MOCTOAHHBIX HAIIDKEHUH, IpH
NPUMEHEHUY KOTODHIX TIPOBOJHUK He IIJIABUTCA.

MeHee UTMPOKY PAMKY IpUMeHeHUA 3akoua OMa JJisa pacTBOPOB
(1 pacmiaBoB) JEKTPOJIUTOB M CHUJIbHO MOHM3OBAHHBIX I'a30B —
nnasMsbl. IIpu 6obIINX HATPAMEHUAX OH IEPECTAET BBINOJTHATECH.

ConpotusneHue

3akon OMa onpejesseT HOBYIO 3JIEKTPHUYECKYIO XapAKTePUCTH-
Ky IPOBOAHHUKA — CONpPOTHRJeHHe. OT 3TOM BeIUUYUHLI 3aBUCUT
CHJIa TOKAa B IPOBOJHUKE IIPH 3aJaHHOM HampsykeEun. ConpoTus-
JIeHUe IIPOBOJHUKA NPEACTABIAAET coboil Kax GRI Mepy IpPOTHBO-
AeHCTBUS NPOBOJHUKA VCTAHOBIEHUIO B HEM BJIEKTDUYECKOrO TO-
Ka. ConpoTuBaeHNe MPOBOAHUKA MOMKHO ONIPEJEIUTE C IIOMOIIbIO
3axoHa Oma (2.4.3):

R=% (2.4.4)

COIIpOTI/IBJIeHPIe PaBHO OTHOUIEHHNIO PA3HOCTH IIOTEHIINAJIOB Ha
KOHUaX IIPOBOHNKA K CHJIE TOK& B HEM.

EAuHMLbI cONpoTUBNEeHUs

B a6comroTHO cucTeMe eIUHUL 33 € AMHUILY COIIPOTUBJIEHUA IIPH-
HUMAIOT COIIPOTURJIEHNE IIPOBOJHUKA, B KOTOPOM IIDU HATIDAXKEeHUU
Ha €70 KOHNAX B OJHY 5JIEKTDOCTATIMECKYI0 eAVHUIY HANPDSKeHUuA
clia TOKA PaBHA OJHOMH dJIEKTPOCTATHYECKOM eHHUIE CAJIBI TOKA:

1 CTC3,,
1CTC, = Tercp, -

Enunnueit conporusaeuaus 8 CH apnserca oM. 1 OM — conpo-
musnerue nposodHUKA, 8 KOMOPOM NPU HANPAWEHUU HA ez20
xoHuax 6 1 B cuna moxa 6 Hem pasra 1 A.

1
300 _ 1
3.10°crce, 9-10

CTCHy,
10Mm=

— CTC3p,
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3amMeTuM, UTO TEPMUH «CONPOTUBJICHNE» YIOTPEOIAIOT B ABYX
CMBICTIAX:

BO-IIEPBEIX, SJEKTPUUECKOe CONPOTHBJIEHNE — DTO BEJHYUHA,
OIIpeNeIAOaa CUIY TOKA TIPH 3aJaHHOM HapAKeHHH. B sToMm
CMEICJIe, HAIIPHMep, FOBOPAT: JIAMIIA HAKAJUBAHUSA 00JIAJAeT CO-
npotusienuem 400 OM uau npoBos uMeet conpotuBienue 0,5 Om;

BO-BTODHIX, PE€3H CTO P OM (MJIU COIPOTURJIECHIEM) HABLIBA-
IOT YCTPOHCTBO, IpefHASHAYEHHOE AJIS BKIIOUEHUS B 3JIeKTDHUe-
CKVIO LIEIb ¢ [eJILI0 PEryINPOBANNSA, YMEHbIIEHUS UK OTpaHKUIe-
HHA TOKA menn. TakuM yCTPOMCTBOM MOYKET CIYYKUTH, HAIIPHUMED,
peocTarT MJIs peryINPOBAHUS CHJIEI TOKA B L{eNU IIYTEM U3MEHEHHA
COTPOTHRIEHNA. PEe3UCTOPEI ITUPOKO IPHMEHSIOTCS B PAJHONPU-
€MHHKAX, TeJIeBH30PaxX H APYIHX YCTPoHcTBaX. YCJIOBHOE 0603HA-
YeHHe Pe3UCTOPA NOKA3AHO Ha pucyHKe 2.12.

YapenbHOoe CONPOTURNEHUE

ConporHsieHIEe 3aBUCUT OT MATEpHUAJa IIPOBOAHUKA U €ro reo-
MeTpUuecKuX pasMepoB. OIBIT ITOKABKIBAET, UTO IIPH HEHM3MEHHOM
TEeMIIEPATYPe COIIPOTHBJIEHNE OJHOPOJHOTO IIPOBOAHUKA TTOCTOSIHHO-
ro QeYeHUs IPAMO NMPOIOPLMOHAIBHO ero AjuHe [ 1 06pATHO IIpO-
TIOPIUOHANLHO ILIOMIAAH S MOMEPeYHOro ceUeHn s MPOBOTHUKA

l
R-3. (2.4.5)

BeepeM Ko3dIUIUEeHT NPONOPHHOHATILHOCTH H 3aITHIlIeM IIOo-
CJIEHIOIO 3aBHCHMOCTE B BHJIE PABEHCTBA

R=p%. (2.4.6)

KosdpunuesT NPOIOPIIHOHATLHEOCTH P YUCIEHHO PABEH CONPO-
TURJIEHUIO0 HPOBOJHUKA €JUHWYHON IJIWHBI U €JUHUYHOrO Iolle-
PEUYHOro cedeHUdA U HA3LIBAETCA YV AE€JAbHBM CONPOTHB-
JNeHUeM IIPOBOAHUKA. ¥ eIbHOE COIIPOTHURIICHHE 3aBUCUT OT poja
BEIECTBA H eI'0 COCTOAHU (B IIEPBYIO OUEPEND, OT TEMIIEPATYPHI).

M3 dopmyanst (2.4.6) HaxoxuM:

RS
—l' .

OTcoa BUAHO, YTO eTUHUIEH yaeabHOTo conpoTusieHnsa 8 CU

ABJIAETCA
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OM-MeTp paBeH yAeJLHOMY COIPOTHBJICHHUIO IIPOBOJHUKA ILIO-
IIafbio IONepedHoro cederus 1 M2 u AauHOM 1 M, KMEIOL[ETO CO-
nporusiesne 1 Om.

YaenbHOE CONIPOTHBJIEHNE MeTaJ10B Maso. Hanpumep, yaeas-
HO€ COIIPOTHBJIeHHE OOLIYHOM TexHnYecKoit Mexu ipu 20 °C paBHO
1,72 - 1078 Om * M. Mexanuueckas u TepMHUuecKas o6paboTKa 3a-
METHO BJIMSET HA 3JIEKTPHUUYECKOe COIIPOTHBJIeHHEe MeTaIoB. Tax,
ocJie XOJOAHOM ITDOTSKKK YAEJIBHOEe COIPOTHBJIEHHE MeIHOM
IIPOBOJIOKH Boapacraer 40 1,77 + 107 80m - M.

Eie nopasuTeinHee 3aBHCHMOCThH COIPOTHRBJIEHUS OT HAMWYUA
HUYTOXKHBIX IpuMeceli. TimarelsHas OYNCTKA YMEHBITAEeT VAEJIbHOe
CONPOTHBJIEHME Meau mpu Temmepartype 20 °C 10 1,69 » 10°80m + M.
Ho gocrarouno go6aBuTs K Mequ 1% mMaprasiia, 4ToGhl yAeJIbHOe CO-
IPOTUBJIEHHe ee BO3pocJo 10 4,8 + 1078 0m - M, T. e. mouru B 3 paza!
ITpumepHO Tak ke BIMAIOT HA yAEJbHOE COIPOTHBJIEHHNE NO0aBKH
JKeje3a, KOOAIbTa, HPHANA U JIP.

¥ cnnaBos, cogep:KAaIuxX IPUMeECH B 3SHAYUTEIHHOM KOJMUYECT-
Be, CONPOTHBJIEHUE OUYEHb BEJMKO. ¥YeJIbHOE COIPOTHBJICHUE
3THX CILIABOB B HECKOJIBKO pa3 GoJibIlie, ueM y KA 0! U3 COCTAB-
HEIX yacteil. Tak, koHCTaHTAH, cocToAImuit us 60% mexu u 40%
HUKeJIsI, UMeeT yAeJbHOe COIPOTHBRIeHe 4,4 * 10070OmM - M, BTO
BpeMA KaK y 4ucToi Meau oro paBHo 1,7 + 1078 OM - M, a y HuKe-
na— 17,2 1080m - ml.

«Kopoisiem» mofo0HEIX CIIIABOB MOYKHO HA3BAThH HUXPOM, YAEJb-
HOe COIIPOTHBJIeHMe KoToporo oxkono 1076 Om + M. Henapom on Ha-
LIeJI TaKoe IMNPOKOoe IpUMeHeHe B HarpeBaTeILHEIX IIpHbopax.

JuaneKTpUKN o006JaZalOT OYeHbL OOJBIINM, HO KOHEYHBIM
yAeILHEIM conmpoTuBIeHneM. Tak, yaelsHoe COIPOTUBRIeHNE hap-
dopa 1013 0m - m.

B rabauie 3 mpuBeieHbI IPUMEPHI 3HAYEHU N YJeJIBHOT'O COIIPO-
THBJICHUS HEKOTODBIX BEIeCTB,

Benuunna, o6paTHasg yAeJbHOMY COIPOTHBJIEHUIO IIPOBOIHM-
Ka, HA3LIBAETCA yAeJbHOW TNPOBOAUMOCTHBIO H 000-
3HauaeTca OyKBOH :

-<
[
O |-

L Bce nanHEBIe 3Tech IPUBEAEHBL A1 TeMmepaTypst 20 °C.
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Tabauua 3

Bemecrso VaenbHOE CONPOTUBNEGHUE IPH
Temneparype 20 °C, OM - M
Cepebpo 1,6 -+ 1078
Mezn 1,8 - 1078
I'padur 3-1078
10% -HBI# BOAHEIA PACTBOD 0,08
NaCl
Kpemunit 108
Bopa (xuMudecKy gncran) 106
Papgop 1018

-

Enuruna yaensHoi npoBogumocta — (OM + M)~ 1. HYepes yaens-
HYIO IPOBOJUMOCTE COUPOTHUBJIEHNE HPOBOAHUKA BhIparkaeTcHd TakK:

- (2.4.7)

3akoH Oma B audPpepeHunansHom popme

3axon OMma B popMe (2.4.3) CBA3RIBAET CUJIY TOKA B IIPOBOSHU-
K€ C HaupsKeHHeM Ha ero KOHIaX U CONPOTUBJIEHHUEM IIPOBOJ-
HHKA. HNcnonn3yqa ee, MOXKHO HaliTH CBA3Db MEXKIY ILIOTHOCTBIO TO-
Ka J, YAeIbHO! HNPOBOAKYMOCTBRIO Y M HAIIPAMKEHHOCTHIO Tous E.

PaccMoTpuM IUNIWHAPUWYECKHI HPOBOAHWK AJIMHOW [ M IIJIO-
maAbIo ImonepedyHoro ceuenus S (puc. 2.13).

B mem ycraHaBIMBaeTCs OAHOPOAHOE CTAI[H- I
————»
OHApDHOE MOoJie C JHHUAMH HAIPAYKEeHHOCTH, /
.
napajiieIbHbIMU ocH TpoBoAuMKa (cM. § 2.3). gl — o )
o
TlosTOMY pasdHOCTh IIOTEHIIUAJIOB HA KOHIIaX !
IPOBOAHUKA CBA3AHA ¢ HATPAKEHHOCTBIO I10- < -]
JIS COOTHOIIIEHUEM 1 l 2
¢, -9, =EL (2.4.8) Puc. 2.13
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Cuny Toxa npu paBHOMEPHOM paclpelesieHUH ILJIOTHOCTHA TOKa
MOJKHO IPEJCTABUTH TaK:
I=jS. (2.4.9)
TloacrasuB BeIpasenusn (2.4.7), (2.4.8) u (2.4.9) B sakon Oma
(2.4.3), nonyuum:
j=vYE.
BekTop niorHocT TOR&; B KaXXIOX TOUKe COBIIAAAET II0 HATIPAB-
JICHHIO C BEKTOPOM HAIPSKEHHOCTH FE 3/IeKTpUYeCKOro mojsa BHY-
Tpu nrpoBogHuKa. IToaTomMy

j=YE. (2.4.10)

970 U ecThb 3aK0H OMa B AudidepesnHaIbHOM (TOKATBHOMK) GOp-
Me, TaK KaKk CBA3LIBAET TPH BeJIUYUHH — j, ¥V, E — B ogHOI TOUKe
TIPOBOJHMKA.

Maur monyuuan 3akoH Oma B dopme (2.4.10) ans yacTHOrO CIy-
Yad OAHOPOAHOIO NWJIMHAPUUYECKOTO NIPOBOAHUKA. B AeificTBH-
TeJBHOCTH K€ OH CIIPaBeAJIUB INJIA IIPOBOAHHUKOB Ji060# (hopMEI,
KAaK OOHOPOAHDLIX, TAK U HEOAHOPOJHBIX.

3axon Oma — ocHo8a éceil 3NEeKMPOMexXHUKU NOCMOAHHBLY

U
moxoe. Popmyny I = 5 HAOO XOPOWLO OCOSHATL U 3ATLOMHUME.

§ 2.5. SABUCUMOCTb SNEKTPUYHECKOTO
COINPOTUBJIEHNA OT TEMNEPATYPbI

PasauyuHvie geujecmaa umeiom pasHvie yleavHvie CONPOMUE-
JeHUA. 3a8UCUM ik CONPOMUBLEHUE OM COCTMOARUS NPOBOJ-
HuKa, om ezo memnepamypvt? Omeem donxcen dams onovim.

MameHeHue TeMIIepaTyphl IPOBOAHUKA BRIGEIBAET U3MEHEHHE €0
COIIPOTHRJIeHUs. BOT HEKOTOPEIE IIpejBapuTeIbHbIe COOOPasKeHNs.

C opHO#l CTODPOHLI, IOBHIIIEHHE TEMIIEPATYPhl IPOBOTHHKOB
IPHBOAUT K YBEIWUYCHHIO UMCJIA CTOJKHOBEHMII YIIODPSAJOUEHHO
IBIDKYIHMXCA 3apAKEHHBIX YaCTHI C YACTUIAMHM, COCTABJIAIOLIN-
M4 IpPOBOIHUK. B peaynpTaTe yMeHBIIAETCA CDeJHAA CKODPOCTh
HAIPABJIECHHOIO ABUXXEHHUA 3apPAKEHHAIX YACTHIL, M COOTBETCTBEH-
HO YMeHbIIaeTcsa cuia Toka. ClefoBaTelbHO, YBeJIUUEHUE TEMIIE-
PaTyphI MOKET IPHBECTH K YBeJHMUYEHUIO COIPOTUBJIECHHA,

C Ipyroii CTOPOHBI, MOBLILIEHUE TEMIIEPATYPhI MOXKET HPHUBEC-
TH K YBEJIHWYEHHIO YHCJa CBOGOJHBIX 3aps*KeHHBLIX YACTHI IIPO-
BOAHMKA B efuHMIE o6BeMa (HallpuMep, YHUCJIO MOHOB pPacTBOpPA
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3JIeKTPOJIUTA PACTET ¢ NOBBLIIIEHHEM TEeMIIEpPATYpPhl). ITO 06CTO-
ATEJHCTBO CIIOCOOCTBYET YBEIMYEHHIO cHUJIbl Toka. ClenoBaTenb-
HO, IIOBBIIIIEHNEe TeMIIePATYPhI MOXKET IPUBECTH U K YMEHBIEHUIO
COIIPOTUBJIEHUS IPOBOAHHUKA.

B 3aBucuMoCTH OT npeobajaHua TOTo WIN Jpyroro ¢pakTopa ¢
VBeJIMYEeHUEM TEeMIEepaTyphl COIIPOTUBICHMNE MPOBOJHUKA MOXKET
WIM YBEJIUUYUBATHCA (METAJLIbl), WJIN YMeHbINAThcA (pacTBODHI
3JIEKTPOJIKLTOB, YIOJb), HJIU OCTABATHCA NPAKTHUYECKH HEU3MeH-
HBIM (CIIEI{HAJILHEIE CILIABEI).

Bce 3To noaTBep ik aeTCA HA ONBITe. BKIOUUM B 11e1Ib TIOCJIEAOBA-
TEJILHO 3JIEKTPHYECK VIO JIAMIIY U 2KeJIe3HYI0 NPOBOJIOKY, CBEPHYTYIO
criupajiblo. HarpeBas cnupans Ha ropejike, MBI YBUAMM, UTO CBeUe-
HHe JIaMIIBl CTRHOBUTCA MeHee ApKUM. EciH B 1[eb BMECTO JIAMITBI
BKJIIOUUTH AMIIEDMETP, TO OH IOKAXKET, YTO IIPH HATDEBAaHUM JKeJe3-
HOII cIUpAaiv CWJIA TOKA B e yMeHbIIaeTcda. OTciona clieayeT, UTo
IpY HATPEBAHHHN IIPOBOJIOKHM €€ CONPOTHBJIEHUE YBEJIWUHBAETCA.
TouHO TaKUM Jxe 00pa30M MOYKHO IPOBECTH ONLITHI ¢ ADYTHMHU Me-
TaJJIaMM, CILIABaMU METAJLIOB, PACTBOPAMU 3JIEKTPOJIUTOR,

Ecnu npn 0 °C compotusieHue NPOBOAHMKA DPaBHO R,, a mpu
TeMIlepaType ¢ OHO paBHO R, TO OTHOCUTe/IbHOe U3MeHEeHUe COIIPOo-
THUBJIEHUSA, KAK IIOKA3LIBAET OIBIT, C GOJLIIOI CTENEHBI0 TOUHOCTH
MOJKHO CYATATD IPOIOPIUOHATBHBIM H3MEeHEHUIO TeMIIEPATYPHI At!

R-R,

R~ AL (2.5.1)

KoadunueHT NpornopnuoHANBHOCTH O HASKIBAIOT T e M II e-
PaAaTYPHBM KoddhbumuenTomMm couporusierus. OH xa-
PaKkTepN3yeT 3aBUCUMOCTD COIIPOTUBJIEHNS BeIlleCTBA OT TeMIIepaTy-
pul. Temnepamyphuiii Koaphp@uyuenm conpomusieHuss YUCAEHHO
DPaseH OMHOCUMENbHOMY U3MEHEHUW CONPOMUBAEHUS NPOBOD-
Huka npu Hazpesaruu Ha 1 K. Jlna Bcex MeTannmuuecKUxX Ipo-
BOAHHUKOB O > 0 1 He3HAUNTEIBHO MEHsIETCA ¢ UBMEHEHUEM TeMIIe-
paTypbl. Eciu MHTepBaJ M3MEHEHUA TeMNepaTyphl HEBEJIHK, TO
TeMIePATYPHBId KO3(p@HUIHEHT MOMKHO CUMTATH IIOCTOAHHBIM U
DPaBHEBIM €ro CpeJHeMy 3HaUEHHUIO Ha 9TOM MHTepBajle TeMNepaTyp.
V unereix (He UMEIUX IpUMeceil) MeTALIOB

.1
o=g73 K

¥V pacTBODPOB AJIEKTPOJUTOB 0. < (), TaK KaK ¢ POCTOM TeMIepa-
TYDBI UX COIIPOTHRJIeHUE YMeHbInaeTcA. Hanpumep, aaa 10% -Ho-

ro pacTBopa noBapeHHod coxu oo = —0,02 K1,
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Ilpn HarpeBaHMH reOMEeTpHUYECKHE€ DadMephbl IIDOBOAHHKAa Me-
HAIOTCA Majo. Conpo'rmmerme IIPOBOJHHKA MeHseTCA B OCHOB-
HOM 3a CYeT USMEHEHUs YAEeJIHBHOI'0O CONPOTHUBIIEHMNA, 3aBHUCHUMOCTH
YAECJBHOr0 COIIPOTUBJIEHHUS OT TeMIIePDATYDHEI JIETKO H&ﬁTH, €CJIh B

dopmyay (2.5.1) noacraBuTs 3HaYenus R = pé uR,= poé . ITocne

TIPOCTBIX Tpeo0pa3oBauyid HalljleM, UTO
p =py(1+ 0At). (2.5.2)

Taxum o6pas3oM, yaeJbHOe COIIPOTHBJIEHHE JUHENWHO 3aBHCHUT
oT Temneparypal. Ha pucyske 2.14 3Ta 3aBHCUMOCTEL H300pakeHa
AJsi MeTAJJIMYEeCKUX NPOBOJHMKOB, a Ha pucyHKe 2.15 — gna
pPacTBOPOB BJEKTPOJUTOB.

Xord koahIUIHUEHT O KOBOJBLHO MaJi, Y4ET 3aBHCHMOCTH CO-
MPOTHUBJIEHUS OT TEMIIEpATYphl IPH pacdeTe HArpeBATEeIbHBIX
IpuGOPOB COBepIlleHHO HeobOxoauM. Tak, CONPOTHUBIEHNE BOJIb(h-
PaMOBOIl HUTH OORIKHOBEHHOH JIaMIILI HAKAJHBAHUSA YBEJIAYHBA-
eTCsi [IPYU IMPOXO0XKAEHUH TOKa 1o Heil OoJsiee ueM B 10 paal

Y HeXOTOpPBIX CILIABOB, HAIIPUMED V CILIABA MeAYU ¢ HUKEJeM —
KOHCTaHTaHa, TeMIepaTypHbEIHi KodhhHUIMEeHT CONPOTUBIEHUSA
ouenp May: o = 107% K1, Eme MeHbIIe TeMIepaTypHbIit koddhdu-
IIMEeHT CONMPOTHBIECHNUA Y MAHTAHWHA. JTH CIUIABLI OMHOBPDEMEHHO
o0saxa0T OONLIIMM YAEJILHBIM COIDPOTHBJIECHMEeM. [103TOMY OHH
UCNIONB3YIOTCH AJA HSTOTOBJACHUSA IJTAJOHHLIX CONPOTWBJICHMH,
MATa3WHOB CONPOTHBIICHHUM, IIDMMEHSAIOTCHA AJSA M3TOTOBJIEHUA
IIYHTOB ¥ JOOABOYHBIX COIPOTHUBIEHUH K H3MEPHUTEIbLHLIM IPpubo-
pam (cM. § 2.8) u T. ., T. €. B T€X CAy4aax, KOrga COIPOTUBIeHHE
He JOJYKHO M3MEHATHCA IPY KOoJefaHUAX TeMIepaTyphl.

B rabuaurie 4 npuBeeHEI 3HAYEHUA TEMIIEPATYpPHOro koadhduuu-
€HTAa COMPOTUBJIECHUS I HEKOTODPBIX YUCTEIX BEIlECTB U CILIABOB.

P

©

|
Po

Po

Puc. 2.14 Pue. 2.15
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Tabauua 4

Bentectso

TemuepatypHbiit kKoadhdunuerT
compoTupienus, K1

AnroMuHuH

Keneao

Menn

PryTe (sxupk.)

Koucranraun (40% Ni, = 60% Cu)
HuxpomM (20% Cr, 75% Ni, 5% Fe)
®Dexpans (13% Cr, 4% Al, 1% Si,
0,7% Mmn, ocransuoe Fe)

Xpomans (25% Cr, 5% Al, 70% Fe)

3,8 - 1073
6,2 - 1073
4,3 - 1078
91074
21075
1-1074
21074
4-1078

3aBHCHMOCTh COIPOTHUBJEHHNS METAJJIOB OT TEeMIIepaTyphl MC-
[ONBb3YeTCA B TEPMOMETPAX conpoTuBieHusa. CaMblii npocToii Tep-
MOMETD COIIPOTHUBJIEHHS — 5TO HAMOTAHHAS HA CIIONAHYIO ILIAC-
TUHKY TOHKAA IJIATHHOBadA TPOBOJIOKA (puc. 2.16), 3aBUCHMOCTH
CONIPOTHBJIEHHA KOTOPOH OT TEMIIEPATYDH XOPOIIIO U3BecTHA. Tep-
MOMETP CONPOTUBJICHUA NPUBOJAAT B TENAOBOI KOHTAKT C TEJIOM,
TEeMIIEDATYPY KOTOpOTO JKeJAIT H3MEPHUTH (HAnmpHMep, IIoMela-
IOT B IIeYh), & KOHI[bI OOMOTKH BKJIIOUAIOT B Ilellh. FIaMepad compo-
THUBJIEHUE OOMOTKH, MOXHO ONIpeAeSIuThL TeMIlepaTypy. Taxue Tep-
MOMETDHI IIO3BOJIAIOT U3MEPATL OUeHh HU3KHE W OUeHb BEICOKUE

L — %
r—

Puc. 2.16
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TEMIIEPATYPHI, KOT[a O6EIYHEIE YKXNAKOCTHRIE TEPMOMETPHI HEIIPH-
TFOAHEI.

IInaTUHOBBIMH TepMOMETPAMU MOXKXHO U3MEpPATH TeMIIepaTypy
oT —200 go +600 °C ¢ morpemntxocTtsio 1o 0,0001 °C.

Vdenvnoe conpomusnenue Memaanoé pacmem JAUHEILHO ¢
ysenruveHuem memnepamypst. ¥ pacmeopos 34eKmpoaumos
OHO YMEHbULACMCA NPU YBEeAULeHUL MeMnepamypbt.

§ 2.6. CBEPXNMPOBOAUMOCTDb

ITosedenue seujecmea a6ausu ab6CoaOMHOZ0 HYAAL 3a1ACTYIO
He umeem Hudezo 00wWiezo ¢ ez0 nogedeHuem npu OObIYHbBLY
memnepamypax. ITpu Husxux memnepamypax o6HAPYHUEA-
omcsa MHOZOYUCNEHHble IPderxmbl, KOomopble NPpU OObLYHbLX
Ycao8uax, KaK npasuslo, 0KA3vl8a0MCa 3aMACKUPOBAHHbLMU
mennosvim dsuxcenuem vacmuy. Ilpu memnepamypax, 6aus-
Kux K abconiomHomy HYAO, Hablriodaemcs céepxnpo-
800U MOCmb — cnoco6HOCMb Bewjecmaa nponycKkams mok,
He 0Ka3bl8as emy HU Maneilutezo ConPpomuU8LeHUA.

OnbiThl Kamepnunur-Ouneca

OTKpEITHE 3TOTO 3aMEUATEJIHbHOTO ABJIEHUA MPHUHANJIEKUT BhI-
JamleMycsa roJiaaHickoMy yueHomy leitke Kamepiauur-Onuecy.
Kamepauur-OHHec mepBEIM MNOAYYHJ KUAKHU reauit (1908).
VIMeHHO BO3SMOXXHOCTE pabOTATh [IPH «TeJIHEeBLIX» TeMIlepaTypax K
noaBosuyia KaMepaunr-OHHecy 06HAPYXHUTDL CBEPXIIPOBOAMMOCTD.

B Hauase mpoIoro Beka CyUleCTBOBAJIM T€OPHUH, KOTODHIE Aa-
BAJIU COBEPIIEHHO IPOTUBOIIOJIOMKHBIE IPECKA3AHUA OTHOCUTENb-
HO BJIUAHUA HUBKHUX TEMIIEPATYD Ha 3JEeKTPOIPOBOHOCTD.

C opHOI CTODOHBI, IIPY MOHMMKEHHH TEMIIEPATYDPbI KOJeGaHuA
ATOMOB B MeTAJJIaX CTAHOBATCA 6oJiee CaAabBIMH U 3JIEKTPOHBI
CTATKMBAIOTCS C aTOMaMU pexke. B peaysbTaTe IIpOBOJUMOCTH BO3-
pacraeT u ipu T = 0 cONIPOTHBJIEHNE JOJIXKHO CTPEMUTHCA K HYJIIO.

C npyroi CTOpPOHBI, 3JI€KTPOHBI IPOBOAMMOCTH IIPH HH3KHUX
TEMIIEPATYPaX TeCHee CBASLIBAIOTCHA C ATOMAMH, UTO IPUBOJUT K
6ecroHeuHO 6osbmIOMy conporuBaeHuio npu T = 0.

ITOT cIIop MOr pa3peiluTh TONAbKO OIBIT, KOTODPHIH 6yecTalne
BeinonEUI Kamepnuuar-Ouuec. CHauasa OH U3MePSAJI COIIPOTHBJIE-
HHe ILIaTUHBLI IpU HU3KHUX TeMmneparypax. I[losnydyeHHBIE UM pe-
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3yJbTATH HE YKIAARIBANINCH B PAMKH CYLIECTBOBABLUINX TEOPHUI —
MIpY MOHMKEHUH TEMIIEPATYPEI CONPOTHBICHUE IIATUHLI IPUGIH-
JKaJoch K MOCTOAHHOMY 3HaueHmio., Oauaxko Kamepauur-Onmec
obpaTu BHUMaHMe HA TO, YTO CONIPOTHBJICEHHE PA3IMIHBIX 06pas-
IIOB IPH IPOYMUX PABHEIX YCJIOBUAX OGBIIO T€M MEHbIIIE, YeM YHILE
oxasuiBasca MeTasl. OTCo/la OH 3aKJIOUUJ, YTO CYIECTBOBAHUE
conporuBienus npn T — 0 K cBAsaHo ¢ HaauyueM ImpuMeceil B
MeTajijle, ¥ YUCTHIH METAJJI IpH HyJIEBOH TeMIepaType NOJKEH
o6anaTs 6eCKOHEUHOM IPOBOAUMOCTRIO. 3ajjaua, TakuM obpasom,
3aKJII0YAJIach B MCCIeAOBAHUN BOSMOXKHO Gojiee UMCTOTO 00pasnia.
Hanee 6p11H DPOBEAEHBI ONBITHL ¢ 30JI0TOM, KOTOPOE Jierde O4uc-
TUTHL OT IpuMeceil, uem miaatuny. ITpn T — 0 K yzenbHoe compo-
TUBJIEHHE 30JI0Ta OKA3aJIOCh MeHbIIle, ueM v maaTuHel. [Iotom Ka-
MepauHr-Ongec ofpaTiica K MCCAeAOBAHHIO PTYTH. IIOCKOJBKY
Ipu O6GBIYHON TeMIlepaType PTYTh HAXOAUTCH B JKHUAKOM (ase, ee
IyTeM IIOCJENOBATEJbHON INEepPeroHKH (JUCTHJIIALNKA) yIaeTCH
OUEHB XOPOIII0 OCBOGOAUTE OT IpHMecei.

Pe3ynsTaThl 3KCIEPUMEHTOB C PTYTHIO OKA3aJIHCh HEOXXKHAAH-
HbBIMH. C NOHM)KEHHEM TeMIepaTyphl YAeJbHOE COIPOTHUBJIEHHE
pPTYTH cHauaJjia IJIaBHO y6bIBaJio, a npu Temmeparype 4,1 K (uro
HECKOJIPKO HHJKe TEMIIEPATYPHl KUMEHUS KUIKOIN0O T'ejIuA) Pe3Ko
Majfiajio ¥ CTAHOBWJIOCH HEM3MEepPHMO MaJkIM. [IpuMepHas 3aBuCH-
MOCTL YAEJLHOrO CONPOTHBJIEHUA OT TEMIEPATYDHI AJA DPTYTH
npejcTaBjeHa Ha pucyHKe 2.17.

28 anpensa 1911 r. Kamepaunr-OuHec Coo6UINI O pe3yabTaTax
cBouX 3xcuepumenTOoB Hugepaaunackoit KoposieBckoil akageMuu.
OTKpBITOE ABJIEHNE OH HA3BAJl CBEPXNOPOBOJHMMOCThL IO,

ITocne oTxkpmTUs cBepxmpoBogumocTu Kamepaunr-OuHec moc-
TaBUJ mepen coboit 3aauUy: BHIACHUTL, HACKOJLKO MAJbIM CTAHO-
BUTCS COIPOTHUBJIEHHE CBEPXIIPOBOAHUKA. s aTOM enu eMy He-
06x0auMO GBHIJI0 HayuUTHLCA HU3MEPATh OUEHb MAJIble yAeJLHBIe

PA
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conpotuBineHusa., C sToil 3amauveil oH Oaectame cupasuicda. Ilo
pe3yJbTaTaM ILOpOBEJeHHEIX dKcrmepuMeHToBR Kamepiauur-Onuec
[Ipuie] K BHIBOAY, UYTO CONPOMUBAEHUE CEePXNPOBOOHUKA DAB-
HO HYAIO.

Camoe gnuTenbHOe 3a(pUKCUPOBAHHOE JI0 CHX NOD CYIIIECTBOBA-
HHe He3aTyXaIlero TOKa B CBePXIIPOBOJHUKE — OKOJIO ABYX JIET.
(3TOT TOK IMPKYJIMPOBAJ GBI Topasao AOJIbIle, ecjii OBl He Iepe-
PBLIB B CHAaG)KEHUH »XKUJAKHUM rejiieM, BBI3BaHHBLIN 3a6aCTOBKOI1
TPAHCHOPTHRIX paboumx.) axke cmyctda aBa roga HHKAKOTO
YMeHbIIEHUA CUJILI IMUPKYJIUPYIOI[ETO TOKA He ObLIO 3aMeYeHOo,
YTO IIO3BOJIAET C IIOJMHBIM OCHOBAHMEM CUHUTATE COIIPOTHBIIEHUE
CBEPXITPOBOAHHUKA PABHLIM HYJIIO.

Ho sToT BRIBOZ OTHOCHTCHA TOJBKO K IOCTOAHHOMY TOKY. Jlasa
TIepeMEHHBIX TOKOB COIPOTHBJIEHHE CBEPXIIPOBOJAHUKOB OTJIHYHO
OT HYJIA.

IIpakTuuecKoe IPUMEHEHHe CBEepXIPOBOJUMOCTH obeuiaio
6EITh OYEHb MEePCIEeKTHBHLIM. Bellh CBEPXMPOBOSAINUII 3JIEKTPO-
MATHUT COBCEM HE IIOTpebiAeT 3JIeKTPOIHEepPruio, M ¢ ero Io-
MOIIBI0O MOXXHO OBLIO 6hI JIETKO MOJYYHUTH CHJIbLHEIE MAarHUTHEIE
nondA. ITonyyenue CHALHOrO MAarHUTHOIO MOJA TpebyeT GoiabImux
TOKOB, YTO IIPMBOAWT K BhIJEJIEHHUIO OPOMHOI0 KOJIMYECTBA TEIl-
JIOTHI B OOMOTKAX 3JIEKTPOMAarHuTa. 3TO O6CTOATENBLCTBO ¥ Or'pa-
HUYNBAET BO3MOKHOCTh NOJYUYEHNSA CHIbHBIX MATHUTHEIX MOJEH.
ITpuMeHneHMe CBepXIPOBOAHMKOB B TpaHC(opMaTopax, reHepaTo-
pax, 3JeKTPOJABUTATEIAX, YCKOPUTEJIAX U T. Ji. CYJIHMJIO OTPOMHEIE
IIpeHMYIIeCTBa, ¢ JUXBOH OKYIaIHe HeoOXOANMOCTh paboTaTe
IIPH «TeJIMeBBIX» TeMIIEpATYpPaXx.

Kamepauur-OHHec IepBBIM IIPUCTYINI K CO3LAHHIO CBEPXIIPO-
BoAAIero maruuTta. OgHaKo 3gech ero MOMKHUAAIO Pa3oyapoBa-
HMe. B 1913 r. oH 00HAPY»XKHUJI, YTO B MATHUTHOM I10JIe, MHIVKIIUA
KOTOPOTr0 NIPEBLIIIAeT HEKOTOPOE IIOPOroBoe 3HAYEHHE, CBEPXIIDO-
BOAMMOCTL HcuezaeT. IIpomyckaHHe CHJIBHOTO 3JIEKTPHMYECKOTO
TOKAa TaKKe Pas3pyIlIajio CBEPXIPOBOSUMOCTb.

JIMIme MHOrO BPEMEHH CIIYCTHA GBIJIM OTKPHITHI CBEPXIIPOBOIA-
IHe MaTePHAJEI, CIIOCOOHBIE BRAEPXKNBATL CUJIbHEIE MATHUTHEIE
OJIA U MIPOMYCKAaTh 60JbINe TOKH 6e3 paspyIueHus CBEPXIIPOBO-
nuMocTH. [Toragobunocs 6o/1ee COpoKa JIeT AJA CO3TAHUA IIePBBIX
CBEPXMPOBOAANIUX MATHUTOB, MMEIOIIHX HPAKTHUYECKOe 3Hade-
HHe,.

B Tabaune 5 npuBefeHE TeMIEPATYDPH II€pPEX0oJa B CREPXIIPO-
BOJAILlEE COCTOAHNE HEKOTODPBIX BEINeCTR.
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Tabaruya 5

BemecTso TemnepaTypa mepexona
B CBEPXIIPOBOAAINEE COCTOAHUE, K
Turan 0,4
Vpan 0,8
ITnux 0,9
AmoMuumnit 1,2
OsoBo 3,8
Pryrs 4,1
CauHely 7,2
HuTpar Hno6us 15,2

O0BbACHEHUE CBEPXTIPOBOAUMOCTH OBLIO AaHO B 1967 1. yU4eHEI-
mu Ix. BapguasiM, JI. Kynepom u x. MIpuddepom (CIIA) n
H. H. Boromo6osriM (Poccusa) Ha ocHOBe KBAHTOBOM TEODHM.

MpumMmeHeHne cBepXNpPOBOAALLUX MArHUToOB

CBep;mpono,uam;ne MATHUTHI BEChMa IIIUPOKO U PA3HOOOPA3HO
ucnoab3yoTea. OHM HIDaoT BaXKHYIO DPOJb B (HU3NKe BHICOKUX
AHepruii, IOMOralT HUCCIeAO0BATh TBEPALIE TeJla, IPUMEHAIOTCA B
9EeKTPOTEXHHKe U JaXKe HA TPAHCIIOpTe.

CBepXIpOBOJAIINE MAarHUTH HAXOAAT IIPEMEHEHNE B IIoe3gax
Ha MaTHUTHOU nogymike. B finmonuu, HaipuMep, AeHCTBYeT aKcIle-
pPHMeHTaNbHAA CeMHKHMIIOMETPOBAS JIMHHSA, Ha KOTODO! Imoe3x Ha
MAaTrHUTHOM MOAYIIIKe MUYUTCA CO CKOPOCThIO 0Kono 500 xMm/u.

B snexTpoTEXHMKE MCIOIH30BAHUE CBEPXIIPOBOJAIINX MArHu-
TOB CTAHOBUTCH 11€J€COOOPASHBIM IIPH CO3AAHNH 3JIEKTPHUYECKHX
ABHUTaTeNeil U TeHEPATOPOB I'MTaHTCKOM MOIIHOCTH — B COTHH H
6oJiee MeraBaTT.

Moissie CBepXIPOBOAAIINE MATHUTHI UCIOJIL3YIOT B YCKODH-
TENAX 3apSAXKEHHBIX YACTHUI[, YCTAHOBKAX VIIPABJISAEMOro TEpPMO-
ANepPHOTO cHHTe3a. B Hamlell cTpaHe JeMCTBYEeT IepBasg B MHDe
CBEPXNPOBOAAINAA CHCTeMa JIJIA YCTAHOBKHA TEPMOSAJEPHOTO CHH-
resa «Torkamak-T», U paspaboraHa ycTtaHoBka «Tokamak-15», B
KOTOpPO¥ OyeT HakalJWBaThCA MATHUTHAA sHeprua B 600 Mk,
CosnaHue TOAOOHBIX YCTPOMCTB CIEAYIONMX IOKOJEHUH, paccuu-
TaHHBIX Ha 0oJiee BHICOKUE dHEPrHH, Ge3 HCIIOJIB30BAHHA CBEPX-
IIPOBOAUMOCTH ITPOCTO HEBO3MOXKHO.
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IIpu ucciexoBaHUM TBepARIX TeJ, MOJIEKYJ, ATOMOB U Afiep He-
00X0ZMMO CO3JaBaTh CHUJIbHBIE MATHHUTHBIE IOJIA B MAaJEX 00b-
eMax. CBepxXIIpOBOAANIME MATHUTHI 37eCh HeaaMeHUMEI U ceiiuac
INUPOKO MCHONbL3YIOTCA B husUtIecKUX JabopaToprax.

Hna smepreTuxu 6yAyIlero odeHn BAXKHO paspaboTaTh HOBEIE
addekTHBHBIE cIIOCOGEI XpaHEHUA YW Iepefaud 3JEeKTPO3HEPIUU.
CBepXIIPOBOAHUKM M 37eCh OKAXKYTCH OUYEHL IIepPCIeKTHBHBIMU.
Yuenrie Buckorcunckoro yuusepcurera (CIITA) paspaboranu opo-
eKT CHCTEMBl XPaHEHUsd 3JeKTPO3HepruH. 'MraHTCKas CBEpXIIpO-
BOAAINAA KATyIIKa auaMmeTpoM 6omee 100 M 6yzer ycTaHOBJIEHA B
cnenuanbLHOM TOHHeS e, NpobuTOM B ropax. B HeM ¢ HOMOIIGLIO
JKUAKOTO resusa OyLeT NOANEP:KUBATLCA TEMIIEPATypa, 6u3Kasg K
abconmoTHOMY Hymio. HesaTyxaroinuii cBepXIIpoBOgAII Ml TOK B Ta-
KO KaTyIlKe 3aIIaceT IMTaHTCKYI0 sHeprmio: 4 + 1011 Ik, A nepe-
Ja4a 3JeKTpo3Hepruu 6ea roTeps Mo CBePXIPOBOAAIITUM Kabenam?
IToka uTo MOXXHO TONBKO MEUTATH O IMHHAX 3JNEKTponepenad, Ko-
TOPbIE MTEPEHOCUIH Ol 3JIeKTPHUECKYIO SHEPTrHio 6e3 II0Teph Ha Or-
POMHBIE DACCTOSHUIA,

BhicokoTeMmnepaTypHas CRepXNpoBROAUMOCTh

B 1986 r. 6pina OTKPRITA BHICOKOTEMIEpATYpHAA CBEPXIPOBO-
IuMOCTS. ITosyueHB! CJIOMKHEIE OKCHAHEBIE COeIMHEHUS JIAHTAHA,
6apud ¥ JPYTrUX 3JeMeHTOB (KepaMHKH) C TEMIIEPATYPOi epexo-
Iia B CBepXIIpoBoadIee cocTossuve okoJo 100 K. 9o BelIze TeMire-
paTyphI KHIEHUS KUAKOr0 a30Ta IIpH aTMoc(hepHOM JaBJIeHHH,

Cosmanusie 06pasibl U3 MaTepHaNoB, 00J1aMal0OMIUX BBICOKO-
TeMIIEPATYPHOH CBEPXIIPOBOANMOCTHIO, HMEIOT HEGOJIBIIINE Pa3Me-
pbl. OHU OYEHDb XPYIIKU, U U3 HUX He YIAETCS IOJYIUTEH AJIUHHO-
pasMepHEIX 00pasinoB, kabeineii: IpHM IPOKATKE WJIU BOJOYEHUH
OHU PACCHINIAIOTCA B MOPOLIOK. 3aZjaua COCTOMT He TOJIBKO B IOUC-
Ke CBEPXIIPOBOASAIIIMX MATEPUAJIOB, HO M B TOM, YTOOBI CAEJNATH UX
TeXHOJOTUUHBIMH,

BricoxoreMnepaTypHas CBEpXIpPOBOAUMOCTE B HeJaleKoM 6y-
OVIIIEM IIpUBeJET HAaBEDHAKA K HOBOM TEXHHUUYECKOH DeBOJIIOIIUH
BO BCeHd 5JIeKTpPOTeXHHUKe, paZHOTeXHHKe, KOHCTPYHDOBAHUU
9BM. Ceituac nporpecc B aTo# 06/1aCTH TOPMO3UT HEOOXOIUMOCTD
OXJIAXJEHUA IIDOBOSHUKOB 0 TEMIIEpATyP KHIIEHUs JOPOroro ra-
3a — rejus.

Hano manesaTsed, 4To yAacTcA CO3AATH CBEDXIDOBOAHUKU IIDU
KOMHATHOII TeMIlepaType. ['eHepaTOphl M 3JIE€KTPOABUTATENN CTa-
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HYT MCKIIYUTENLHO KOMIAKTHBIMHE (YMEHBINATCA B HECKOJBKO
pas) ¥ SKOHOMHUHBIMHM. JJEeKTPOSHEPTHIO MOXKHO GyaeT mepeja-
BaTh Ha J100bkle paccTOSHUs 0e3 moTeph M AKKYMYJIWPOBATH B
OPOCTBIX YCTPOMCTBAX.

Mmuozue memannvt U cnaaévl npu memnepamypax Hudice
25 K noinocmaio mepsaiom conpomuéieHue — cmaHo8AMCAa
C8epxXNPOBOOHUKAMU.

Hedasno Obira omKpsima 6biCOKOMEMNEPAMYPHAA C8epxX-
npogsooumocms.

§ 2.7. PABOTA U MOLLIHOCTb TOKA.
3AKOH A)KOVNS—JIEHLUA

daexmpuieckuil mox noAYUUL MAKOe WUPOKOe NPUMEHEHUe
nomomy, ¥mo OH Hecem ¢ cob0il sHepzul. Ima IHepUusl Mo-
Jicem 6blmb npespawiena 8 Aoy popmy.

Pabora Toka

IIpm ymopaaoueHHOM JABMMKEHUN 3apAKEHHBIX YACTHI[ B IIDO-
BOJHUKE 3JEKTpHUYECKOe IojJe coBepmaer paboty. Ity paboty
IPUHATO Ha3biBaTh paboTo il ToKa.

Ecnu 3a npomexyTok BpeMeHU Af yepes IOMEPEUHOE CEUEHUE
MIPOM3BOJBHOTO YYACTKA IIPOBOJHHUKA TIPOXOIUT 3apAx Ag, To
BIEeKTPHUUYECKOe [OJIe 3a 3TO BpeMs coBepmIUT paboTy (cm. § 1.19)

A=AqU,
rae U — HanpsakeHme Ha KOHIAX NpoBogHUKa. Tak Kak cuia Toka
- A
=73
TO 3Ta padboTa paBHa:
A =TUA¢t. (2.7.1)

PafoTta TOKa Ha yYacTKe I[elM paBHA NPOM3IBEAECHHIO CHJIBI
TOKA, HATIPS’)KEHUS HA 3TOM YYACTKE H BPEeMeHHU, B TeUeHHE KO-
TOpOTO CORepIIajiachk pabora.

CorsacHO 3aKOHY COXPAHEHUsA JHeprum asTta pabora ROIKHA
OBITH paBHA U3MEHEHHNI0 DHEePrull PACCMATPHUBAEMOr0 YUaCTKA IIe-
nu. [TosToMy sHeprus, BEIfeNAeMAd Ha JAHHOM YYACTKe LENU 34
Bpemsa At, paBHa paboTe Toka [cM. dopmyny (2.7.1)].
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Ecau B popmyse (2.7.1) BeIpasurh JU60 HALIPSAKEHHUe dyepes cH-
ay toka (U = IR), nubo cuny Toka depes HaupsxeHue (I = %), TO

HOJYUHUM elie JBe GoOpMYJILI IJIA pabOTHI TOKA:

A=1I2RAt, (2.7.2)
2
- At (2.7.3)

dopmyna (2.7.1) sBnaeTeca yHusepcaarvrnoii, Tak Kak LN ee
BERIBOJIa MBI TOJIb30BAJINCEH TOJIbKO 3aKOHOM COXPaHEeHUA 3HEePruu,
KOTOPHIN cuopaBeIJHB BO Bcex ciaydaax. Popmynwm (2.7.2) m
(2.7.8) nonyuennr u3 dbopmyiast (2.7.1) ¢ nmoMoupio 3akoHa OMa
IJIS OFHOPOAHBIX YYACTKOB Iienu. IlosToMy atu GopMynasl cipa-
BeJJINBBEI TOJBKO B TOM CJIydae, KOTJa pa0oTa TOKA IIOJHOCTBHIO
UJeT Ha YBeINUeHe BHYTPEHHEI S9HePrud IPOBOAHUKA,

Dopmyoii (2.7.2) yao6HO IONB3OBATLCA TPH IOCJIEA0BATEND-
HOM COeIHMHEeHUH IIPOBOTHUKOB, TAK KAK CHJIA TOKA B 3TOM cJayvae
ONUHAKOBA BO BCeX IPOBOAHMKax. Popmyia (2.7.3) yxobua mpu
IApAIJIEIbHOM COeJUHEHUH IIPOBOJHUKOB, TaK KaK HaNpAXKeHHe
Ha BCEX IIPOBONHUKAX OTUHAKOBO.

MouwHocTh TOKA

Jw060i1 siaexTpuueckuit mpubop (IaMIiia, SJIE€KTPOABUrATEb
M T. J.) PACCUUTAH Ha NOTpebjeHUE OIPEeIeHHOTO KOJUYeCTBA
dHEePruHu B equHuUIly BpeMeHU. IToaToMy Hapajny ¢ paboroil ToKa
OUeHb BaKHOe 3HAUEHUE HMeeT IIOHATHE MOIU[HOCTL TOK a.
MouniroeTs Toka P paBHa OTHOIIEHUIO PaBOTHI ToKa A 3a BpeMsa At
K dTOMY MHTEPBaJIy BPEMEHN!
A

P=Et' (2.7.4)

ITonbaysack dhopmyaoii (2.7.1), moxxkHO paBeHcTBY (2.7.4) mpu-
a 0 :
Aath ophry P=1IU. (2.7.5)

®opmyna (2.7.5) ABaAeTca YHUBepcaJlbHOI hopMYIIOi AJIA BHI-
YMCJIEHUA MOUTHOCTH ToKa. C moMolpio 3akoHa OMa MOYKHO II0JIY-
YuTh eme ABe hopMyIbl MOLTHOCTH TOKA:

P=]2R, (2.7.6)
2
P= %. (2.7.7)
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®opmyasl (2.7.6) u (2.7.7), kaxk u (2.7.2) u (2.7.3), IpUTrOTHEI
TOJBKO TOTJla, KoTaa paboTa TOKa IIOIHOCTHIO HAET Ha YBeIHUeHAe
BHYTpEHHEU dHEePTUU.

B CH egununeii paboThl TOKA ABAAETCA LKOYAL ([Ix&), a MOIITHOC-
T — BaTT (BTr). Ha npakTukKe UIMPOKO MCIIONL3YETCA BHECHCTEM-
Hasg eXuMHUNA paboThl Toka — KmmoBaTT-uac (KBr-u): 1 kBt u =

=3,6 - 10° Ix.

3axkoH hxoyna—JleHua

Ecnu Ha yyacTke I[eIIN He COBEpIIaeTCA MexaHuuecKkasa pabora
U TOK He IIPOM3BOAUT XMMHMUYECKHMX AEHCTBHUII, TO MPOMCXOTUT
TOJBKO HarpeBaHHe NPOBOAHWKA. HarpeThlii IpOBOJHMK OTXAET
TEILJIOTY OKPYIKAIOIUM TeIaM.

Harpepanue MeTaJJINYECKOTO IIPOBOJHHKA IIPOMCXOITUT CJie-
aylomuM ob6pasoM. OJIEeKTPHUUYECKOe IIOJIe YCKOpAET 3JEKTPOHEI,
ITocne CTONKHOBEHHUA C MOHAMH KPHCTAJLTUUYECKOM pellleTKH OHU
nepefaloT MOHAM CBOIO BHepruio. B peaysbTaTe sHeprus xaoTuue-
CKOT'0 ABMXeHHS MOHOB OKOJIO OO eHUH PaBHOBECHA BO3pacTa-
eT. OTQ ¥ O3HAYaeT yBeJIWYeHUe BHYTpPeHHe# smepruu. TeMie-
paTypa IpDOBOJHMKA IIOBBHIIIAETCH, W OH HAYMHAeT IepelaBaTh
TEIJIOTY OKpyskamomuM TejaMm. Cnycrss HeboJblroe BpeMs IIOCse
3aMBIKAHNA LEeNU IPoIlecC YCTAHABIMBAETCSA, M TeMIeparypa Iie-
PecTaeT H3MEHATHLCA CO BpeMeHeM. K IIPOBOJHUKY 3a cueT paboThI
3JIEKTPUYECKOTO IIOJIA HEIIPEepPhIBHO MOCTYIAET sHeprusa. Ho ero
BHYTPEHHAA SHEPrusd OCTAaeTCA HEN3MEHHOM, TaAK KaK IIPOBOJHHK
HepeRaeT OKPYIKaOIIUM TeJIaM KOJHYECTBO TEILJIOTHI, PABHOE pa-
6ore Toka. Ilocrnenmee cnpaBeXaIuBO TOMBKO TOTJa, Koraa pabora
3JIEKTPUUYECKOTO0 TOKa IIOJHOCTBHIO PACXOAYETCHA Ha yBeJHYeHHe
BHYTpeHHel 3Hepruu. B 3ToM ciayyae KOJIHYECTBO TEILIOTHI, IEpe-
JaBaeMoe MPOBOAHMKOM C TOKOM JAPYrHMM TeJaM, MOYHO BBIYHC-
JIUTH IO J10060i ua dopmyxa (2.7.1)—(2.7.3):

2
Q=IUAt = I2Rat = £ At. (2.7.8)

OpHako ecay Ha JAHHOM YYacTKe IENIH MMEIT MECTO IpeBpa-
IIeHNs SHEPTHH B MEXAHUYECKYI0 UJM XHMHUYECKYIO, TO KOJIHYe-
CTBO TEILTOTHI, BRIAEIAEMOE IIPOBOAHUKOM C TOKOM, MEHbIIIe pabo-

THI TOR&1 .

! TToxpo6ree 06 sTom ByzeT pacckasaHo B § 2.16.
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[ BBIYMCIEHUA KOJUYECTBA BBHIAEJIAEMOU TEIJIOTHI B 3TOM
caydae IpUToAHa ToabkKo dopmyna (2.7.2):

Q =I%RAt. (2.7.9)

9to u ecs 3aKo0H xoynasa—JleHIa, YyCTAHOBIEHHBIH
OIBITHBLIM IIyTeM B 1842 r. pyccxkuM akagemukoMm 9. X. Jlennem u
HEe3aBMCHUMO OT Hero aHrimuiickum dusuxor 1. [lxoyrem.

3akon Jxoyns—Jlenna dopMyaupyercda TaK: KOJHYECTBO
TEIJIOTHI, BhIAeJdAeMoe NMPOBOIHUKOM C TOKOM, PABHO IIpPOM3Be-
JeHHI0 KBAaJApaTa CHJIBI TOKA, COIPOTHBJIEHHMA UPOBOJHHKA M
BpPEeMeHH NMPOXOKAeHUd TOKA.

3axon xoyaa—Jlenna (2.7.9) cupaBeJiuB HE TOJIBLKO JIJIA Me-
TaFIUIEeCKUX IiPOBOJAHUKOB, HO 1 AJIA PACTBOPOB 3JIEKTPOJIUTOB U
razoB. B sTux ciyuasx BHYTPEHHAS dHePTUA SKUJKOTO ¥ Taszoob-
PABHOTO MIPOBCSIIETO TOK BellleCTBA TaK¥e yBEJIUIUBAETCSA U3-3a
CTONIKHOBEHUM YIIODAIOUEHHO ABUYKYIIUXCA 3apAKEHHEIX YarTHIT
¢ IPYTUMH 3apAXKEHHBIMUA UJIU HeHTpalbHBIMUA YacTUIIAMH Bellle-
cTBAa.

ITpoxoxcOenue no npo8oAHUKY ILEKMPULECKOZ0 MOKA CONPO-
soxcl0aemcsa evidesenuem 8 HeM IHepzulU. 3ma 3HepzZua onpe-
densemca pabomoil moka: npoussedenuem NepeHecenHnHozo
3apada u HanpAMeHUs Ha KOHUAx NposodHUKA.

§ 2.8. QNIEKTPUHECKMUE LIENMA.
MNOCNEAOBATENBHOE U NAPANNIENIbHOE
COEAUHEHUA NPOBOAHUKOB

SHepzus nepedaemes om UCMOYHUKA MOKA K nompesumensm
(namnam, snexmpodsuzamenam, paduonpuemrHuram u m.9.)
no nposodam. Hemounurx moka, nompebumenu 3Hepaull (ux
Mmoxcem Goimb, KAK NPABULO, HECKONbKO), COeOUHUMEeLbHbLE
nposoda u 8vtKaOLaAMENU ONA BKAWUCHUA LU BbLKAIOYEHUA
nompebumeaneil snepzuu o6pa3ywom 3AeKMPUYUECKYIO
uens Hacmo 8 anexmpuueckyio yenb 8KaI0OLAIOM NpUbGOpLL,
KOHMPOJUDYWUe CULY MOKA U HaANPAXCeHUe KA PA3JUYHbLX
yiacmeax yenu, — amnepmempuv. U 80abmMmempul. Bce ane-
MeHmbL 3aeKmpuyeckoii yenu onpedereHHbiM 00pa3om co-
edunaom medxndy coboii. Ha npaxmurxe npogodHuKU Haue ace-
20 coefuHAIOm nocaredoéamenbH O UAU NapaLieb
Ho.
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PaaBeTBneHvie ToKkoB

OueHB YaCTO B 3JIEKTPUUYECKUX IEeIAX B ONHOH TOUKE CXONATCA
HECKOJBKO (60JbllIe JBYX) NPOBOAHUKOB. HampuMep, npu BKJIO-
YeHHUH BOJNBTMETPA HIJA WU3MepeHUs HANDPSXKEeHUS Ha 3a)KUMax
gamnsl (puc. 2.18) B Toukax 1 U 2 ¢XOAATCS 10 TPU IPOBOAHHKA.
Takue TOUKM HA3BIBAIOTCSI TOYKAMM DA3BETBJICHHUS HIU
y3JgaMHu.

Puc. 2.18 Puc. 2.19

Ha pucynke 2.19 B TouKe pasBeTBAeHUA A CXOJATCA IATH IPO-
BOAHUKOB. OG03HAYMM cUy TOKA B HUX [, I,, I, I 1 Is' W3 pu-
CYHKa BUJHO, 4TO TOKH I, I,, I; HApapjieHkl K Y31y U 3a NPOU3-
BONLHEBIN IPOMEXXYTOK BpeMeHU Af IPUHOCAT B 3TOT Y3€J cyMMAap-
Hb1it 3apan (I, + I, + I;) At. Tokn I, u 1 5 HaIpaBJeHBl OT y3J1a U
VHOCAT 32 3T0 e Bpemsa 3apan (I, + I) At. IlonHoe usMenenue 3a-
pAla B y3Je 3a IPOMEexKYTOK BpeMeHH At paBHO:

Aq=(; + I, +I)At = (I + I)At=(I, + I, + ;- I, ~ I At.

B menu mocToAHHOTrO TOKA MOTEHIIMAJBI BCeX TOYEK IenH, a
3HAUHUT, U Y3JI0B, JOJXHBI OCTABATHCA HeH3MeHHBIMU. ClenoBa-
TEJILHO, B STUX Yy3JIaX He MOTYT HAKAIIHMBATHLCA 3JEKTpHUECKHe
3apAABLI HY IOJOMKUTENBLHOIO, HI OTPHUIlATEILHOIO 3HaKA, B uact-
HOCTH, JIJIA y3ja A N3MeHeHUe 3apAfia Ag JOIKHO PABHATHCA HY-
JIIO AJid TI060T0 MHTEPBAJA BpeMeHH, T. e,

IL+I,+I;-1,-1I.=0. (2.8.1)
PaccmaTpuBsad Culy TOKA KAK anre0paudyecKyn BEIHUYHHY,
HMEIONIYIO 3HAK «IJIIOC», €CJIN TOK HOAXOAMT K Yy3J1y, M 3HaAK «MH-

HYyC», €CTH TOK HanpaBJIEH OT y3Ja, IocneaHee paBeHCTBO MOXXHO
3anmncaTh Tak:
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Ecnu B yane cxoasarea N TOKOB, TO
N
Y I;=0. (2.8.2)
i=1

OTO0 paBeHCTBO HA3BIBAeTCA MepPBHM nNpaBuaom Kupxro-
& a: axre6panyeckas cyMMa CWJ TOKOB B IIPOBOTHHMKAX, CXOXfA-
IUXCA B y3je, paBHA HYJIO.

MocnepoBaTtensHoe coeAUHEHUE NPOBOAHUKOB

ITocnedosamenbuvim coeduHeHUeM nPOBOOHUK08 HA3bLEAEM -
¢ maxoe ux coeGuHenue, Npu KOMOPOM KOHelY nepaozo nposod-
HUKQA coedunaemcs ¢ HaLaiom 8mopozo, KOHely 8mopozo — ¢ Ha-
yanom mpemvezo u m. 0. Ha pucynke 2.20 noxkasaHo nocienoBa-
TeJILHOE COeUHEHNEe TpeX IIPOBOJHUKOB, UMEIOUINX COIPOTHBIIE-
Hua R, Rz, R,.

L
—_— —_—
ErE S SE— e
R1 R2 R3
Ul U2 U3
U
Puc. 2.20

IIpu mocnesOBATEIHLHOM COSAHUHEHWM IIPOBOJAHHMKOB BBIMNOJIHA-
eTcs PAXN MPOCTHIX COOTHOIIEHMI.
1. Cuna moxa 80 8cex nocnedosamenvrHo CoOedUHEHHbLX NPO-
800HUKax 00uHAKOBA:
I,=1,=I;=1. (2.8.3)

2. Hanpsaswenue (unu pasnocmv nomeHyuUanLo8) Ha KOHUAX
paccmampueaemozo ynacmra Yenu pasHo cymme HanpaxceHuil
Ha omOenbHbLX NPOBOOHUKAX:

U=U,+U,+U,. (2.8.4)

HestiecrsurensHo: Uy = @y — 043 Uy = ¢ — 9, 1 Uy = ¢, — ¢5.
CrnagwiBasa Uy, Uy u Uy, monyuum ¢, — @4 =U.

B cupaBeanuBocTH paBeHcTBa (2.8.4) MOKHO yOeIUTHCA H He-
MOCPeACTBeHHBIM H3MepEeHUeM IPH IIOMOILIH BOJLTMETPA HAIIPS-
SKeHUH Ha BCeM YUACTKe IlelM U HA OTAeJbHBIX IIDOBOJHUAKAX.
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3. CornacHo 3akoHy OMa HANIPAMKEHHUA HA OTAEIbHEIX IIPOBOJ-
HuKax paBubL U, = IRI; U,=1IR,; Us;=1IR,.
Orcrofa ciaenyer, 4To
Uy, B, U, B
U, "R Uy " Ry
HIH
U,:Uy:Ug=R;:Ry: Ry (2.8.5)
ITpu nocaredosamenvHom coefuHeHUU HANPANEHUA HA NpO-
B800HUKAX NPONOPYUOHALIbHYL UX CONPOMUBLEHUAM.
4. Pagnenns paBeHcTBO (2.8.4) mouneHHO HA cHUNy TOKa I, mo-
JIy4uM:

v U U, U
i1ttt
N
R=R,+R,+R,, (2.8.6)

rae R — conpoTUBJIeHNe BCETO PACCMATPUBAEMOTO YIaCTKA LEIIH.
TaxuM o6pa3oM, conpomusnieHue yiacmra yenu, cocmosue-
20 U3 HECKONbKUX NOCNed08amenvbHo cOe0UHEHHbIX NPOBOJTHU-
o6 (00u,ee conpomusaerue), pasgHo cymme conpomusienuii om-
OeabHbLX NPOBOOHUKOS.
5. YMHOXXUB Telleph BCe YJIeHEI paBeHeTBa (2.8.4) Ha cuy ToKa

I, monmyyum:
IU=1U,+1U,+1U,,

P=P,+P,+P, (2.8.7)

MowHocmb moka Ha 8ceM yuacmie yenu pasHa cymme mMouy-
Hocmeil moka Ha 0maoenbHbLX NOCAEG08AMENbHO COCIUHCHHBLY
nposodHuKax.

Bcee u3noskeHHBIE BhIIIE BHIBOARI CIIPABEAJIUBLI HE TOILKO IJIA
Tpex, HO 1 A J11060P0 YHCJa nocjaenoBaTeJIbHO COEAHMHEHHBIX
IIPOBOOHHUKOB.

HIHA

MapannensHoOe coeanHeHUe NPOBOAHUKOB

IMapaanenvuvim coedunenuem nposodHUK08 Ha3bléaemcs
maxoe ux coeduHeHue, Ko20a OOHU KOHUbL 8Cex NPOBOJHUKO8
coedunawmca 8 o0un yaen (A), a dpyzue xonyvl — 8 dpyzoil (B)
(puc. 2.21). [Ipn napanjieJsHOM COEINHEHNH PA3IAYAIOT BETBH —
OTHEeNbHEIe TPOBOJHUKY MEXIY Y3JaMU, PA3BeTBJIEeHHE —
YaCTh LEMH MeX/Y IBYMA y3JlaMH, HepPa3BE€ TBJI € HHY [0 4acThb
LeNH, JIEKAITYIO BHe pa3BeTBIEHUSA,
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R1
I1 Il
4/t B2 L\\p
| |
4 1}\\ R3 /1, ‘ I
U

o]

Pue. 2.21

IIpu mapanneJnLHOM COeIHHEHNH BBIMOJHAIOTCA CJIeAYIoHe
COOTHOIIEHUA:

1. Hanpaxenus Ha 8cex 8emeax U HA PA38emMBJeHUL 00UHA-
KO08bL, MAK KAK 8Ce OHU PABHbL PA3ZHOCMU NOMEHYUANL08 MOUEK
AuB:

U, =U,=Uz3=U=¢,~¢p. (2.8.8)
2. o nepsomy mpaBuay Kupxroda
I=I,+1I,+1I,. (2.8.9)

Cusa ToKa B HEPASBETBJEGHHOUN YACTU I[eIIH pPAaBHA CYMMe CHI
TOKOB B BETBAX.
3. Ilo sakony Oma

I, =+
OTciona caegyeT, 94To

ot Yt W (2.8.10)

Cuavt mokxos 8 semasax o6pamHo NPONOPUUOHALbHBL CONPO-
mueéJseHuAMm Imux 6emaeil.

4. ConpoTuBeHNeM pa3BeTBIeHH A R HasniBa-
IOT COIIDOTUBJIEHHE TAKOTO IIPOBOJHHKA, KOTOPBIM MOYKHO 3aMe-
HHTH pa3BeTBJIeHUe 0e3 M3MEHEHUS CHJBI TOKA B HePa3BeTBJIEH-
HOI YaCTH eIy 1 HATIDAKEHUS MeyKAY y3JIaMu.

3aMeHuB B paBeHCTBe (2.8.9) 3HAYEHNA CHJI TOKOB, COTJIACHO
saxoHy OMa, MOJIy4uM:

U U
R TR TR
1 2 3
Pasnenus ofe uacru pasencrsa Ha U, 6yaeM uMeTh:

1 1 1 1

I_i::ITl +-R72-+RT;. (2.8.11)
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Beauwuna, o6pamHas CONpomusieHuI0 pa3éemaieius, pas-
HQ CyMMe 8eNUYUH, OOPAMHbLX CONPOMUBLEHUAM OMOELbHbLX
semaeil.

Eciu ydecTh, uTo BeIMUKHA, 00paTHas COIIPOTUBIIEHUIO, Ipe-
cTaBpideT coDOM IIPOBOAMMOCTH TIPOBOAHUKA, TO pPaBeHCTBO
(2.8.11) MoxKHO 3anMCaTh TaK:

G=G,+Gy+Gs. (2.8.12)

ITposodumocmev passemaneHus pasHa Cymme nposoduMoc-
meil 6emaeil.

SaMeTI/IM, YTO COIIPDOTHUBJIEHUE DA3BETBJIEHNA MEHbIIIEe HANMEHbBb-

IIero U3 COMPOTHBJIEHNUIi ero BeTBeil. B caMoM Zese, mycTh conpo-
THUBJIEHHE -} BETBH ABJsETCA HAUMEHBITUM, TOT/]a K3 PABEHCTBa

1 1 1 1,1
R-E TR T TR TR T

1 1
CTenyer, uTo g > R (cyMMa DOJIBIITE KAXAOTO U3 OTAEeJILHEIX CJIa-
i
raemerx). Orcona R < R,
Eciu pasBeTBieHHe COCTOUT U3 ABYX BETBEM, TO

~ 1 1 1
R~ R, "R,
Orcrona
R1R2

Conpomuesaenue dayx napainenbHo COEOUHEHHbLX NPO80J-
HUKO8 PABHO NPou38edeHUd cONPOmMuUsaeHUll 3Mux nposooHU-
K08, 0eleHHOMY HA UX CYMMY.

EcJaH conpoTHUBIeHUsA OTJAEeILHRIX BeTBell paBHBI MeXXAy cODOM:

R,=R,=R;=...=R =r,
TO
1 1 1 1 n
ﬁ—;+—l_‘+‘“+; —;.
B —1
n pas
Orciona
r
R—;. (2.8.14)

Obmiee cCONPOTHBICHNE 71 OAUHAKOBLIX IIaPAJLIeNbHO COeUHEH-
HBIX TIPOBOJHUKOB PABHO COIIPOTHBJIEHHIO OJHOTO IIPOBOJHHKA,
JleJIECHHOMY Ha MX YUCJIO.
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5. YMHOKUEB 00e uacTu paBeHcTBa (2.8.9) Ha HanpsaxeHue U Ha
Pa3BeTBJCHUY, IOJYUUM:

IU=1,U+ LU +IU,
Wi
P=P,+P,+P, (2.8.15)

Mownocmy moxa 8 pazgemanenul pasHa Cymme MouyHoC-
meil moxa 8 omoenvHbLY 8eMBAX.

CmMelwaHHOEe coeAuHEeHUe NPOBOAHUKOB

Ha pucyuke 2.22 B KauecTBe IpuMepa
IpUBEJIEHA CXeMa CMEeIlIaHHOrO COeguHe-
HUA TIPOBOJHMKOB. B Iienmu uMeloTca ABa
NOCJIeAOBATEJILHO COeAUHEHHBIX YuacT-
Ka: y4acTok AB, cocToAunil U3 OJHOro
pesuctopa R1, m yuactok BC, coctos-
muif U3 ABYX IapajijieJIbHRIX BeTBeii.
Tak Kak oAHa IapalleJLHAA BETBb UMe-
eT COIIDOTHBJIEHHE R2 + R3 (BeTBB cozep-
KHUT ABAa M0CIeAOBATEILHO COEJUHEHHBIX
pesucropa R2 u R3), a Bropas — R, To
Puc. 2.22 CONpOTUBJIeHHe yyacTKka BC

R - (Ry + R3)R,
BC  R,+ R;+R,’

a 06u.1ee COIIPOTHBJIEHHE BCEX YUACTKOB II€NIH

ReR B (R, + Ry)R,

= 1+RBC_R1+m'
Pasznuunsie nposodruku 8 yenu coedunaiomces 0pyz c Opyzom
nocaefosamenvHo UL naparileavHo. B nepsom cayzae cuna
moxa 00uHaK08a 80 8cex NPOBOOHUKAX, a 60 BMOPOM CaAYHae
00UHAK0BbL HANDANCEHUA HA nposodrukax. Hauje 8cezo K oc-
semumeabHOll cemu pas3auiHbie nompebumenu mowra nod-
K04 awmcea napanieibHo.

§ 2.9. UBMEPEHMUE CUJIbl TOKA,
HAMPAXEHUA U CONPOTUBJIEHUA

Kax uamepumbs cuay moxa amnepmempom, 4 HANpA#EHUE
801bMmMempoM, 00axceH 3HAMb KAHObtil.
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UamepeHue cunbl TOKa

J1a HaMepeHus CHJIbI TOKA B IPOBOJHHUKE IPUMEHAIOT CIEIIH-
aJIpHBIH IpHbOp — aMmepMeTp, KOTOPHIH BKJIOYAIOT IIOCJHEN0BA-
TEJIBHO C 3THUM IIPOBOAHUKOM (puc. 2.23).

Vros oTKJIOHEHUS CTDENKH AMIIEpDMETpa 3aBUCHUT OT CHJIBI TOKA
B €r0 I3MEPUTEILHOM MeXaHuaMe, B nensax mocToOAHHOTO TOKa CH-
Jla TOKa H3MepAeTCA OOBIYHO aMIlepMeTpaMU MarHuTOaJIEKTPHYe-
CKOM cucTeMbl, YCTPOUCTBO M IIPHUHIIUM AeHCTBHA KOTOPHIX OYAYT
paccMOTpeHH! B TJ1aBe 4.

BrioueHne amMIiepMeTpa He JOJKHO BEI3BIBATHL U3MEHEHUS B
pexuMe paboOTHI Ied, NOITOMY CONMPOMUBNEeHUe amnepmempad
OonxcHO Obimb MAAbLLM 110 CPABHEHUIO C CONPOTUBIEHHEM COOT-
BETCTBYIOLL[ETO YUYaCTKA IeIH.

LLlyHTbl K aMnepmMeTpy

Jns m3aMepeHUs CHUJBI TOKa, NpeBRIIIaKIMEd cuny Toxa I 0 HA

KOTOPYIO PACCYUMTAH AMIIEPMETP, MOMKHO BOCIIOJILE30BATHCH STHM
J)Ke- aMmnepMeTpoM. IS 3TOro Han0 MapaJIeNbHO AMIEPMETDY
NOAKJIIOYUTE Pe3HCTOP TAK, YTOORI CHJIa TOKA Uepe3 aMIlepMeTp
6buta He Gosnbure BesuuuHbl [,. Takod pe3UCTOP HA3HLIBAETCS
myuTomMm (puc. 2.24).

IIpu imyHTHUpPOBAaHUK aMIepMeTpa u3MepsaeMblii Tok (I) B Touke
(vane) 1 genuTca Ha JBe YACTH: YACTh TOKA IIPOXOAUT Yepesd aMiep-
metp ([,), a ocranbHas YacTs — yeped myHT ([ ), oe. [ =1, +1 .
PasnocTs noTennuasioB (Hanpsiyxenue) Mexxay Touxamu I u 2 (cM.
puc. 2.24) paBHa:

RaRm
R, + R’

a ang

Uyo=IR,=1

rpe B, — compoTHBJEHHe aMmmepmeTpa ¥ R — compoTHBIeHHE
IIYHTA.

I
——

Puc. 2.23 Puc. 2.24
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s IIOCTIEAHET'0 BhIDAXEHNA HAXOAUM:

I=I§.“-|__R‘_“
a Rm ’
ann
I R, 1 1
I—a—Eu'F . (2.9.1)

I o
OTHomieHne A (0o603HAUNM ero OYKBOIl n) IIOKABLIRAET, BO
a

CKOJIBKO pa3 (¢ IPpUMeHeHHeM IITYHTA) PaCITHPAeTC Mpefel u3Me-
PEHMSA CHJIEI TOKA AMIIEPMETPOM, T. €. BO3PACTAeT IleHa ero jeJe-
HuA. NHauve roeops, mpM BRJIIOUYEHHUM NIYHTA UYBCTBUTEJILHOCTh
aMIepMeTpa YMeHbBIIaeTcA B N pa3s: cTPesIKa mpudopa OTKJIOHUTCA
Ha yroJ, B I pa3 MeHbIIUil, YeM 6e3 ITyHTA.

I .
W3 sripaxxernus (2.9.1) ¢ yueToM TOTO, UTO T = 1, Haiifiem co-

[~

IPOTHUBJEHHE INTYHTA:

R _=—-. (2.9.2)

CeueHne HIYHTOB JOJXXHO OBITHL TAKHMM, UTOOBI ObLJIA UCKJIIOUE-
Ha BO3MOXXHOCTH UX HArpeBaHHsA, TAK KAK B IMIPOTHMBHOM cJIyuae
CONPOTHBJIEHHE IUYHTA R A Oy/feT U3MEHATHCA B Ipoliecce H3Mepe-

HHA.

UamepeHUe HanpshHxeHus

O npubope A1 U3MEepEeHHS HANPSIKEHNSA — BOJbLTMETPE — MBI
y>Ke TOBOPIIM B § 2.4 B ¢BASH ¢ ONBITHOM IIpoBepKoil 3aKoHa OMa.
BospTMETD IPUCOEANHAIOT IAPAJIIEIBHEO VIACTKY LIeIIN, HATIPSKe-
HUe Ha KOTODOM XOTAT M3MepHTHL (puc. 2.25). HanpsasxeHue Ha
BOJIBTMETPE TaKoe ske, KaK M Ha yuacTke Ienu. OfHAKO BKJIOUE-
H¥e BOJBTMETDPA B Iiellb NSMEHAET CONPOTHBJEHHE YUACTKA, TAE

OoH BrJoueH. OHO Teneps paBHO He R, a

R R= <R meR
~ R+R, < R, rae R, — compoTuBieHHE

BOJIbTMeTpa. HM3-3a 5TOro usMepseMoe Harpsi-
’KeHHe Ha Y4YacTKe yMeHbInaetcsd. IIjas Toro

/V\ yTOGBI BOJNBTMETD He BHOCIJI 3AMETHHIX HCKA-
/ JKEHUH B H3MepAeMOe HANPAKEHNE, ero Conpo-
Puc. 2.25 THBJIeHUE JOJDKHO OBITH GOJIBIINM IO CpaBHe-
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HUIO C COIPOTUBJIEHUEM TOT'O YUACTKA Ielld, NapasleJbHO KOTOPO-
MY OH BKJIOYaeTcs. B 3TOM JIeTKO YOeJUTHLCS, eCJM BhIpajrkeHue
Ins R’ npeo6pasoBaTh Tak:
R = _L
R .

'R—+1

B

Bemn R, R, 70 - =0 u R'~R.
B

Bo6aBouHoe conpoTuBneHue

JI1060i1 BOJILTMETP PACCUMTAH HA M3MEDEHUe HANPAXKEHUsA, He
IpeBLINIAIOIIET0 HEKOTOPOro npeiesia (HOMUHAJBHOE HalpssKe-
nue) U_. Ognako B psAfie ciydaeB uaMepsiemoe Hanpsixenue U mo-

MeT 0Ka3aThcA 60JIbIIe HOMHHAILHOTO HA-
NpAKeHUS UMEIOMEeroca B HALIEM pPAacIo- X

pSKeHUM BOJbTMeTpa. Ho ecay K BOJBT- O—@'T_{::,—T
MeTpy IPUCOEAMHHUTH IOCHeJ0BATENLHO €

HUM JONOJNHUTENbHBIH pesucrop compo- [~ 7 ™ U
tusnenueM R, (puc. 2.26), To npexen us- L LS.

MePEeHHA HANPAXEHUA BOJLTMETPOM pac-
IIMPHTCA. Puc. 2.26

ITpu BKIIOYEHUH B 1leNb BOJILTMETDA JOGABOUHOI'O COIPOTHBIIE-
HUA H3MepseMoe HanpsskeHWe U JequTCs Ha JBe YaCTU: OJHA
yacTe U, mpUXOAUTCA HA BOJLTMETD, APyras Un — Ha gobasou-
HHEI} pesucTop:

U= UB + Uzz‘
Cuia ToOKAa B 1€l BOJIBTMETpA
2 R, R,+R;’
Orcrona
U _ R, + Rn _ Rn
i = R, =1 R, (2.9.3)

U
OrHolrenue 'l—]— = nh IOKAa3bIBaeT, BO CKOJBKO pas3 paciiupsaeTca
B

npejses u3MepeHus HANPAMKERUSA BOJILTMETPOM, T. €. BOIPACTAET
LIleHa ero fesienusa. Haue roOBOpS, NpU MOACOELUHEHUH AOIOJHH-
TEJIBHOTO Pe3’CTOPa UyBCTBUTEJbHOCTH BOJILTMETPA YMEHBILIAET-
cd B n paa.
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W3 supaxenusa (2.9.3) ¢ yuerom ToOro, uto _L(}l = n, Haligem
B

3Ha4YeHHue noﬁano‘moro COIIPOTHBJIEHNUA K BOJBTMETPY.
R,=R,(n-1). (2.9.4)

NUamepeHne cOnNpoOTUBRIIEHNS aMNepPMeTPOM
Y BOSILTMETPOM

BrI0UMB B Ilenh IOCTOSSHHOTO TOKA MPHOOPEI, COeNHHEHHEIE
o cxeMme, n3obpaxeHHOI Ha pUCcyHKe 2.27, 1 3anIUcaB UX IIOKAa3a-
HHA, MOXHO 110 dopmMyne

R, =

X

~1g

OIlpefeIUTh 3HAYEHNE CONPOTHURICHUSA YUACTKAE eI MEXIY TOU-
xamu B u C. Opnako R’ GoJbille HCKOMOTO COIPOTHURIEHUA R Ha

COIIPOTHUBIEHHE AMIEPMETPA, TAK KAK BOJLTMETD M3MEPSET CyM-
My HANDs)KEHWI HA Pe3HCTOPe K Ha aMIepMeTpe. ITY CXEMY CJle-
AYeT NPUMEHATHL IIPH U3MEDPEHUM COINPOTHURICHUM, 3HAUUTEILHO
60JIBIINX COIPOTHBJIEHUA aMIIepMeTpa.

CoeauHug IpubGOPHI II0 cXeMe, H300paskeHHOl Ha pucyHKe 2.28,
¥ 3aIMCaB MX OOKA3AHWSA, MOJKHO II0 AHAJIOTMYHON (opMyie om-

w_U

pelenuThk 3HaueHHe COIDOTHBIEHMA yuacTKa memu BC: R = T-
Onnaxo R’ Temeph OKA3BIBAETCA MEHbIE MCKOMOTO CONPOTHBIIE-
HUs R, Tak Kak CMJa TOKa, U3MepseMasa amMIepMeTPOM, DaBHA

CYyMMe CHJI TOKOB B PE3UCTODE M BOJBTMeTpe. ITOH CxeMoit cileny-
eT MOJBL30BAThCA TIPH M3MePEeHUM CONPOTHBIeHUH, 3aHAYHUTEJIBHO
MEHBIIUX COMPOTURICHUS BOILTMETPA.

Taxum o6pa3oM, HU OJHA U3 IPUBEAEHHRIX CXEM He AaeT BO3-
MOXXHOCTH TOYHOTr'O H3MepeHHUs COIIPOTHRIeHK .

G

Puc. 2.27 Puc. 2.28
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OnpeaeneHue CONPOTUBAECHUA MOCTUKOM YUTCTOHA

C nmoMomIbI0 YCTAHOBKH, HA3BIBAEMOM MOCTHKOM ¥ HT-
CTOH a, COIPOTUBJIEHUE U3MePAIOT 6ojiee TOUHO, UeM HA OCHOBE
3akoHa OMma.

B cxemy MmoeTHKa YHTCTOHA BXO- C
IAT pPeoOoXOopaA COCTOANTUN H3
JUHEHKH C AeJeHUAMH, HA KOTOPOH
HATAHYTA TOHKAS OJAHOPOAHASA IIPO- b7 /
BOJIOKA M3 HUKEIWHA WUJIH LPYroro I
CILJIABA, MMEIOIIEro GONbIIoe yAeNb- 4 %2 YD 2 \pg
Hoe conporuBiaerye (puc. 2.29). Mex- | - -
Iy KOHIIaMH A B B IIpoBOJOKH BKJIO- L | L
YeHBI COeqNHEHHEIE IIOCJEI0BATEND- —||
HO: PE3HCTODP € H3BECTHLIM COIPO-

TuBJeHeM R (Mexay Touxkamm A Puc. 2.29

u C) ¥ pe3ucTop, conporusnenue R

KOTOPOT0 LOJIKHO OBIThH M3MepeHOo (Mexxay ToukaMu B u C). Touka
C coefuHeHa C OJHUM M3 3a>KMMOB I'aJIbBAHOMETpA ¢ HYJIEM Ioce-
pennHe mEadbl, Jpyroil 3a:KuM rajibBaHOMeTpa rubKoit IIpoBoJIo-
KOt IPHCOeHEeH K NOJA3YHKY D, CKONB3AIEMY BJOIb IIPOBOJOKHI
peoxopaa. JTa yacTs npudopa CD nmoxoxxka Ha MOCTHK, HEpeKHUHY-
THIH MeXJy ABYMA BEeTBAMH H3MEPHTeJbHOM LIeNH, U AaeT HA3BA-
HHe BCell yCTAHOBKe.

K koHuam A 1 B peoxopZia NPHCOeIUHEHEI IIPOBOJA OT 3a:KMMOB
HMCTOYHHKA TOKA (AKKYMYJIATOPA HIIH MalbBAHHYECKOTO BJIEMEHTA).

IIpu 3aMBIKaHKUHM 1NN TOK HoigeT o BeTBAM ACB u ADB. Tok
npolifieT Taxkmke Mo MOCTHKY CD 1 BRI3OBET OTKJIOHEHHE CTPEJIKH
raJibBaHOMeETpA.

IlepenBuras moasyHox D ¥ TeM caMbIM MEHAA COMPOTHUBJIEHHUA
R, u R2 yacTeil IPOBOJIOKH, MOXXHO JOOHUTHCS TOrO, YTOORI cTpeI-
Ka rajJpBaHOMETpa YCTAHOBMJIACH HA HyJe. A 3TO o3HAUAET, UTO
TOK depes MOCTHK He ugeT. CieoBaTeNbHO, IOTEHIHUATR ToueK C
u D paBHEI MexR Iy cO6OIt:

Pc=9p=0.
O603raunM NoTeHIMANE TOYeK A U B COOTBETCTBEHHO Yepes ¢,
U Qp, & cuuy ToKa B BeTBAXx ACBu ADB uepea I, u I,.

Torga Ha ocHOBaHNU 3aK0Ha OMa 1A YUACTKA IleIIH HMeeM:
9~ 9=ILR;0-0pg=IR;
904~ 0=I,R;; 0~ 9z =1I,R,.
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Orcona
I.,R =I,R ul,R=1I,R,.

P&aﬂeJII/IM IIOYWJIEHHO IIepBOE€ PABEHCTBO HA BTOpOE:
R, R,

X

R R,
Tak Kak IPOBOJIOKA PEOXOPIA OLHOPOLHAA, TO COUPOTURICHUA €€
YacTell IPONOPIUOHANBHLI UX AJIUHAM:

R, L
Ry I’
CruenoBaTennpHO,
Rx ll
E L
Orcrona
RI,
= 1_2 . (2.9.5)

3ra ¢opMyJa 1O3BOJISET H3MEPUTH HEH3BECTHOE COIPOTHBIIE-
Hue., BKIIOUMB DPE3UCTOPHI ¢ UIMEPAEMEIM U W3BECTHEIM COIIPO-
TUBJEHUAMH TaK, KAK IIOKA3AHO Ha PHMCYHKe 2.29, mepeasuramor
IIOJI3YHOK A0 TeX IOp, IIOKA CTPEeJIKa TaJLBAHOMETpa He YCTAaHO-
BUTCS HA HyJe. 3aTeM H3MEeDAIOT «Ijle4n» peoxopaa [y u I, 1 BhI-
YUCIAIOT HEU3BECTHOE CONIPOTHBIEeHHe 1o ¢dopmyne (2.9.5).

Amnepmemp 8KAI0%AIOM NOCAEO08AMENbHO ¢ NPOBOOHUKOM, 8
KOMOpoOM U3IMepAIOM cuLy mokra. Borsmmemp axniowaiom na-
PAANENbHO NPOBOOHUKY, HA KOMOPOM UIMEPAIOM HANPANCEHUE.

§ 2.10. NTPUMEPbDI PELUEHUSA 3AOAY

B samauax Ha MaTepHas IPeABIAYIINX Iaparpadgos rIaBhl UC-
nosbayercsa 3akor OMa (2.4.3), a rakixe popmyarr (2.4.6), (2.5.1)
u (2.5.2) Ans 3aBUCUMOCTH COIIPOTHUBIEHUS OT CBOMCTE [IPOBOAHH-
Ka M TeMIIepaTypHl.

IIpu pelreHnu 3afau Ha paBoTy U MOIHOCTE TOKA HAJNO [IpUMe-
HATH dopmyant (2.7.1)—(2.7.7). B 3axauax Ha TeIJIOBOE JeliCTRIe
TOKa Hcnoamayercs 3akoH Dxoyna—Jlenna. Ilpuuem dopmynoit
Q = I2RAt YAOOHO TONB3OBATHCA ANA IIOCISAOBATEIBHOIO COSNU-
HeHUs OPOBOJHUKOB, TAK KAK CHJA TOKA B 3TOM CJy4Yae OJUHAKO-
Ba BO BCeX NPOBOAHMKAX. IIpH mapanielrHOM COefMHEHWU IIPO-
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2
BOAHHKOB yaobHa dopmyna @ = %—At, TAaK KaK B 2TOM cJaydae

ONVHAKOBO HALIPAXKEHUE HA BCEX MIPOBOJHUKAX.

IIpu pemennu 3aiay HA JIEKTPHYECKUE LIEIIH IIOCTOSIHHOTO TO-
Ka Halo, KaK IpaBUJO, HAPDUCOBATh CXEMY IleIld U BhISICHUTH, Ka-
KHe IPOBOAHHUKM COeNMHEHEI MeXK Y cob0ii mocaefoBaTe bHO, Ka-
Kue — IIapajlyieJIbHO, U BOCIIOJIL30BATHCA HeoOX0JUMBIMH GHopMy-
JNaMHM I TIOCJIeJOBATEJIbHOTO U IapaJlJIeIbHOTO COeJHHEeHNs IIPo-
BoaHMKOB (2.8.3)—(2.8.15).

B Gosnee CIOKHBIX CIydYasX, KOTZIa B cXeMe HEBO3MOYKHO BEHIZe-
JUTH [IOCJIeAOBATEIBHO ¥ MAPAJLIEIBHO COeUHEHHBIE MPOBOAHUKH,
clIeiyeT IIONBITATHLCSA HANTH TOUKM C ONHHAKOBBIMH I1OTEHIIHAIAMH.
ITH TOYKH MOXKHO MJIU PA3HeIUHUTh, HCKJIIOUHB COETUHAIOIINE HX
TIIPOBOJHUKY, WK COEZUHUTS B 00111t y3es. ToOKM B a/1eKTpUUIecKoit
LIEIIH OT 3TOr0 He U3MEHATCH, TAaK KaK MEXIY TAKUMU TOUKAMU TOK
He uaet. TOUKH ¢ paBHLIMH IIOTEHIIMAIAMHY JIETKO HAHTH B CXEMax,
obamaIUX CUMMeTPUMYHBIMH KOHTYpamu. Ilocie coeguneHus
WIH Pa3hefHHEHNA TOUEK ¢ PABHEIMHY IIOTEHITMAIAMY OOBITHO IIOTY-
YyaeTcs 9KBUBAJIEHTHAA CXeMa, COCTOAINAA M3 IOCJIEAOBATENILHO H
HApALTENIbHO COeIMHEHHRIX TPOBOTHUKOB.

OpHaxo BCTPEUAKOTCA CIOKHBIE CXeMbl, B KOTODEIX He CYIIeCT-
BYET TOUEK C OAWHAKOBRIMH MOTeHIHATaMu, PellrteHue TAKUX 32884
TpebyeT HEKOTOpPOM 1306peTaTeIbHOCTH (CM. peltienue sagauu 9).

3apava 1

ILnockuit BO3AYyMIHEI KOHAEHCATOD C KBAAPATHBIMHA IIJIACTHHAMHK
(cTopoHa nyacTuHEI @ = 20 €M) PABHOMEDHO IIOTPYKAETCA B SKUIAKUH
OHIIEKTPHK (€ = 3,3) Tak, 4TO IIACTUHBI OKA3BIBAIOTCA IEPIIEHAM-
KYAAPHBIMY YPOBHIO >KHUIKOCTH. PaccTosiHMe MeXAY ILIAaCTHHAMMU
d = 2,5 Mm. K KoHIEHCATOPY IOAKJIOUEH HMCTOYHHK IIOCTOAHHOI'O
Hanpskenusa U = 100 B. KaxoBa ciia TOKa B IIPOBOAAX, COETUHAIO-
IMUX TIJIACTUHEL C IIOJIIOCAMH MCTOUYHMKA, B IIPOIlECCe MOrpYKeHUA
KOHJEHCATOpa B JUJIEKTPHUK CO CKOpocThio v = 0,5 M/c?

PeweHue. Cuia Toka, coryacuo popmye (2.2.3), pasHa:

_ Ag
I=7%;.

Hailifem n3meneRye 3apana Aq Ha OJHOM U3 IIJIACTHH KOHJAeHCA-
Topa 3a BpeMdA At TOJHOTO ero MOrpy»KeHUs B JUITEKTPUK.

199



B momenT Hauana nOrpy:reHud 3apdal Ha IIaCTHHe KOHLeHcaTopa

£0S eoazU
4 =CU=7gU=""3"

rae £, = 8,85 + 10712 @/m — amexTpuueckas MOCTOAHHASA. B KOH-
Ile IOTPYKeHUs 3apsi/l Ha ILIACTHHE KOHJEHCATOpA

eeoazU
q2 = C2U = .__d—
eoazU
CnenoBarensHo, AQ =g, —q; = 3 (e ~ 1). BpeMs# norpysxenns
Ar=12
v
OTrcioga
_Ag _ge-Davl o s
I_At_ 3 =8,2 - 107° A,
3apna4a 2

YaenbHOE CONPOTUBNEHHE FPadUTOBOrO CTEPKHA OT KapaHAa-
map=4 -+ 107¢Om * m. Uemy paBHa cuia Toka I B cTep:kHe, CIH
K ero KOHIAM NpuioxKeHo HanpsaxxeHue U = 6 B? [lnuHa cTepXuA
! = 20 cmM, ero guamerp d = 2 MM.

Pewenue. Ilo sakony Oma (2.4.3) I = %, rae R = pé . Ilnomans

2
IIOIIePEYHOr0 CeYEHHA CTEPIKHA S = 3 CaenoBarenbHo,
r=22L,
nd
3Hayur,
2
_nd’U _
I= 7Py, = 0,24 A.
3apnaua 3

JIBa NpOBOAHMKA € TEeMIIEPATYPHBIMU K0addHIIUeHTaMK cOTpo-
THUBJIEHUA O, U O, uMetor npu 0 °C conporusnenus Ry, u R,. Ye-
MY paBeH TeMIepaTypPHHIM KoadhdHIUeHT CONPOTUBIEHIA IPOBOA-
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HHMKA, COCTABJIEHHOI'O M3 ABYX AAHHLIX MPOBONHHKOB, COEAUHEH-
HEIX: a4} T0CIeZ0BATENLHO; ) napasieasHo?

Peuwenune. Cornacuo cooTHouernso (2.5.1) conpoTuBIeHUs IPO-
BOJHUKOB IIPH TEMIIEPATYPE { COOTBETCTBEHHO PABHLI!
R, = Ry,(1 + o,2),
Ry = Ryp(1 + 0,t).
a) Ilpu mocrenoBaTePHOM COSIHMHEHHH, corJjlacHO (opmyJe
(2.8.6), ob11ee COTPOTHUBIIEHME
R=R +R,=Ry + Ry, +(a;By; + at;By,)t.
C Rpyroii CTOPOHBI, MOXKHO HAIMCATD:
R=Ry(1+ o't),
rae By = Ry, + Ry,, a &' — HCKOMBI# TeMIepaTypHBIH K0a(hpunn-
eurt. Orciona
_ Ry104 + Ryy0p
Roy + Ry

’

6) IIpu napannenbHOM COeNUHEHWH, COIVIaCHO ddopMyJIe
(2.8.13), obG11tee conpoTHBIEHNE

Ry Rgop(1 + o1t)(1 + apt)

R = Ro (1 + oyt) + Rgp(1 + agt) Ro(1 +a”),
Ry, R
rre R, = e COIIPOTHBJIEHUE NaPAJJIEIFHO COeZUHEH-
0 Ry + Ry

HBIX npoBogBEMKOB upu 0 °C. IIpeunebperas 4jeHaAMM, IIPOIOPIH-

OHANBHBIMH IIPOM3BENEHMAM TeMIIepaTypHBIX K03(PHUIUEeHTOB,

KaK MAJBIMU, IIOJYUUM:
144

_ Ryp0y + Ry 09
Roy + Ryp

3apava 4

JInHusa aneKTponepefaun uMeer conporuBieHue R = 250 Owm.
Kakoe manps)xeHHe ROJKHO OBITH Ha 3a)KHMaxX reHepaTopa AJA
TOTO, 4TOGKI IIpK Tepegaye Mo dTOM JUHWH K IOTPEeOHUTENI0 MOLI-
HocTu P = 25 kBT norepu B iuHUN He npeBrimaiu 3 = 4% mnepe-
JaBaeMoi NOTPeOUTENI0 MOIITHOCTH ?
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Pewenne. IlepegaBaemass MOLHOCTD
P=]JU, (2.10.1)

rae I — cuia Toka B uHUH, a U — ncxroMoe Hanpsixkernue. [lore-
PH MOIIIHOCTH B JIMHHUH 3JIEKTPOIIepesauyn

Horeps = BP=BIU. (2.10.2)
C mpyroii CTOpOHBHI,
P oreps =R (2.10.3)
W3 pasencts (2.10.2) u (2.10.3) vaxomgum:
_BU
I= R - (2.10.4)

Tlogcrapnas HaiifeHHoe 3HAYEHHME CUALI TOKA B BhLIpa'KEHUE
LA TIepefaBaeMoi MoiHocTH (2.10.1), moayunm:

U= /PTR = 12500 B = 12,5 xB.

3apnava 5

Tpn narpesatensnnix npu6opa momHocteio P, = 50 Br, P, =
= 25 Bt u P4 = 50 Br, paccyutanssie Ha Hanpsixenue U = 110 B
KA bIi, COEUHEHEl, KaK IIOKAa3aHo Ha pUcyHKe 2.30, ¥ BKIIOUEHBI
B CeTh C HanpsiyKeHueMm U, = 2U = 220 B. Onpegenure MOIIHOCTD,
BRIIEJIAEMYIO KAXKIBIM HArPEBATEILHKM OPUGOPOM.

Pewenme. HomMuHaJLHBEIE MOIIHOCTH
npubopos, coraacHo ¢opmyae (2.7.7),
PaBHBI COOTBETCTBEHHO:

2
U

Rl’

2 2
U U
P1 PZ—R—z,Ps—-R—a.

OTciofa HaxomuM CONPOTHRJIEHUA NTpHHO-

ouf poB (B pa6odueM COCTOSTHUM):
Puc. 2.30 p U p U o U
1 P72 Py’ T8 Py

Ecsiy He yYUTHIBATH U3MEHEHHUE CONPOTHUBJIEHUA IPUGOPOB IPH
ux paboTte, To oblliee COTPOTHBIIeHNE BCeX HAI'DeBATEJbLHEIX IIPH-
60poB

R,R;  U*(P,+Py+Py)
R, + R, P (P, + Py)

R=R, +
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Cuna Toka B Ijen# (1 B HarpeBaTeJILHOM 3JIeMeHTe)
" R UP+P,+Py’
MomnocTts Pj, BhIensemMyo npuGopom I, ymo6HO HAHTH 1O
dopmyne (2.7.6):
4P (P, + Py)*
(Py+ Py + Py)°

HanpsoxeHre Ha HArpeBaTeJbHEIX 3JIeMeHTax 2 U 3 1o 3aKOHY
OwMa paBHO:

Py =I’R =

1 = 72 Br.

R,R3
U2,3 =IR2’3 = Im— .
2 3
Teneps HalJileM MOIIHOCTE, BeIJeIsieMyIo pubopamu 2 u 3:
2 2 2 2
= Uss  I'RRy 4P%p, 6B
2~ "R, 2 = 2 T.
2 (R, + Rg) (Py+ Py + Py)
2 2
, Usa 4P 1Py
- P3 = R = 2 = 32 BT.
3 (P; + Py + Py)
3apna4a 6

B nenu, cxema Kortopoi n3obpaxxeHa Ha pucyHke 2.31, compo-
THBJIEHHS BCEX DE3UCTOPOB M3BECTHHI M DABHEI COOTBETCTBEHHO
R, =20wm, R, =50Mm, R; = 20m, R, =40 Om, R, = 10 Om. Cuna
ToKa B pesucrope R4 I, = 0,5 A. OupezenuTe CHIy TOKa BO BCeX
OCTAJILHBIX PE3UCTOPaX M HAIPAKEHUE Ha 3a:KUMAaX IenH.

Pewenuwe. Pemrenne 3afiaum 3HAUHTEJLHO OOJeruaercsd, €CiIH

NpUBeNEeHHYIO Ha pUCyHKe 2.31 cxeMy 3aMeHHUTH 9KBHBAJIEHTHOM
(puc. 2.32).

RI R3 R4

— R2
Pue. 2.31 Puc. 2.32
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B 3agauax Ha cJOXKHOe cOeTHHeHUNe GOJIBIIOr0 KOJIUYECTBA pe-
3UCTOPOB pacueThl B 06IIleM BHAe MOXKHO He IIPOU3BOAUTD. IIpome
IS KaXXJJOM BeJIMUYMHE Cpaady NoJyJaTh 3HuCJI0BoM oTBeT. Hatinem
cuyy Toxka B pesuctope R5. OHa paBHa HanpsAKeHHIO HA Pa3BETR-
JeHUH 4—5, neJIeHHOMY Ha R5:

Ry, ,5=Rs+

OTcrona

I,=

_ 1By 0,5A-400nM

R, ~ 100w _2&
I;=I,+I,=2,5A.

RRy; 40-10
R4TR5—20M+ 50 Om = 10 OM.

_I3BR3 45 2,5A-100m

R,  50m =5 A

IL=I,+I;=T5A.

Hanps:xeHue Ha 32)KMMAaX eIy
U=IR/+I,R,=7,5A-20m+5A - 50m=40B.

I/ITaR,I1=7,5A;Iz=5A;I3=2,5A;Is=2A;U=40B.

3apavya 7

Ha pucynke 2.33 u3o0pakeHa CxeMa IIOTEHI HOMETpA
(BeIuTeNsa HAUPAXKEHUSA) — ycTpolicTBa, IpeJHASHAYEHHOTO JJisd
MOJIYyYEeHUA MJIARHO U3MeHAeMOro HanpaxeHuA U oT MCTOYHMKA
nocrossaHOro Hanpsuxkenus U,y (U < U,). ConpoTusnenne moreH-

nuomerpa R, = 4 kOM, Hanpaxenue U, = 220 B. Onpeaenure Ha-

npssxenre U Ha Harpyske (morpeburelie), CONPOTHBIEHHUE KOTO-

Puc. 2.38
204

poii R = 10 kOM, Korja CKOJbL3AIIUNA KOH-
TaKT D ycTaHOBJEH IIocepeAnHe IPOBOAHUKA
AB.

Pelwetine. B 1iermu uMeIOTCA ABa IIOCJIEA0BA-
TeJIbHO COeJHMHEHHEIX YYaCTKa: yuacToK AD,
COCTOAIMI W3 IOJOBMHEI IPOBOZHUKA AB
(conporuBnenveM R,/2) 1 Harpysku (compo-



THBJIeHUEM R), COeJUHEHHBIX MapaLIeJbHO, U yuacToK DB conpo-
TuBneHueM R,/2. Conporusnenue yuactka AD paBHO:

RO
2R R,R
R =
AD — R, R, + 2R”
2+

OO6111ee COMPOTHUBJICHHUE €N
RO 2RAD + RO

Cuia ToKa B IEH:
Uo 2U,

IST"; - 2R,p+ Ry~

HNckomoe HaIIpsAXeHue

U=IRsp= 2R,,+R, R,+A4R =100 B.

3apaya 8

Haiigure cONpOTHBIIEHHE IIIECTHYTOJBHHKA, H300paXe€HHOTO
Ha pUcyHKe 2.34, eClIM Hamps XKeHUe IOJBEJEeHO K Toukam A u B.
ConpoTusjieHHe KaXKAOro IPOBOAHHKA cXeMbl paBHO R.

Pewenue. 3amMeHIM IePBOHAYAIBLHYIO cXeMy (cM. puc. 2.34) sk-
BUBAJIEHTHOH cxeMoil (puc. 2.35). JlonycTUMOCTE TAKO 3aMeHBI
MO’KHO 060CHOBATE CIeAYIOIHM 00pasoM. Beuay cuMMmeTpuu cxe-
MBI (cM. puc. 2.35) oTHOCHTENBHO OcH (IpAMOI) AB moTeHIMAab

Puc. 2.34 Puc. 2.35
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B Toukax C; u C, ofuHAKOBEI (Q; = ©,). [loaTOMYy 9TH TOUKH MOXK-
HO COEIUHHUTH B OiHY TOUKY C U IIOJIy'-IHTL TaKuM 06pasoM UCXox-
HYIO cxeMy (cM. puc. 2.34).
ConpoTuBJIeHHe IIeMTH 110 cXeMe PUCYHKA 2.35 JIerKO BEMYUCIUTD.
R - 2R

Bepxuss BeTBb o61ajjaeT conporurienueM R, = R + 38 +R=

8 "
= gR. TaKoBO »Ke COIIPOTHBIIEHMEe HIMKHEH BeTsu. ColpoTHBIeHMe

cpexueii Betsu R, = 2R. Cornacro popmyue (2.8.11) umeem:

Rix ~ %% " 38 T 585
Orcrona
R,=:R.
3apava 9

Onpeznenure obuee compoTusieHue R menu, cxema KOTOPOH
nsobpaskena Ha pucyuke 2.36.

Pewenue. 3agagumM (IPOMU3BONBLHO) HANIPABJEHUA TOKOB B BET-
BaAX (cM. puc. 2.36). 3anumem no nepsomy npasuiy Kupxroda
ypaBHeHHd [Jid y3ia0oB A, Bu D:

I,=1,+1,(pnaysnad);
I, =11 + I3 (ans ysna B);
I,=1,+ I, (ana yana D),

rae IO, I,..,I 5 — MOAYJIH CHJI TOKOB B Hepas3BeTBJEHHOM YyacTu
I[eITH U B OTAEJIbHRIX BETBAX.
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Eme nBa ypaBHEeHHS MOXHO 3allHCATh, IOJIb3YACh TEM, UTO IIa-
JAeHUA HanpaxeHNH Ha yuacTkax AB u DC cOOTBETCTBEHHO pDaBHEI
cyMMe IaJieHnH HanpsxeHuit Ha ydactkax AD u DB, DB u BC:

Py~ Pg=0, ~0pt 0, 0p

Op = Pc=0p— 05+ Pg— P
nin

I, - 3R=L,R+I, - 2R,
I, - 3R=1I, - 2R+ I,R.

B uTOre Mnl MOJyYNIN CHCTEMY YPABHEHUH:
I, +1,=1,,
L+I;=1,
Iy + Iy =1y (2.10.5)
3I,-1,=2I,,
I, +2I,=3I,.
?Icrcomoe COIIPOTHBJIEHHE R0 MOXKHO OIIPEAEJINTE, IIOJIb3YACH TEM,

YTO PA3HOCTH ITOTEHIIMATIOB MexXAy ToukaMu (y3inamu) A u C paBHaA
avbo IyR,, mn6o I, + 3R+ I R, Tak Kak @, — @, =@, — 05 + 05 — 9
Takum o6pas3om,
I,R,=(3I, +1,)R.
Pemas cucremy ypaBuenwuii (2.10.5), maiigem, uro

8I,+1,=41I

W=

0
CrnenoBaTelBLHO,

I,Ry= 7I,R.

=3

Orcrozna Ro = %R.

3apaya 10

B cxeme, nsobparkeHHO Ha pucyHKe 2.37, COMPOTHBIIEHUA pe-
3HCTOPOB, eMKOCTh KOHCHCATOPA M HAIIDSIXXeHUe Ha 3aKHMax Iie-
My u3BecTHEI. OnpenenuTe 3apAL Ha KOHIEHCATODE.

Peiuenue. IIpu pacueTe Iemneil MOCTOAHHOIO TOKA, COLEPIKALIUX
KOHJAEHCATODAI, ClIeAyeT 06paTUThL BHUMAHUWE HA TO, UYTO IOCTOSH-
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Puc. 2.37 Puc. 2.38

HBI TOK Uepes KOHAeHcATOp He npoxonut. [{ooToMy pesxum gan-
HOU ILeNM He U3MEHHTCH, €C/IM KOHAEHCATOD M3 Hee MCKIIOYUTE.
Ilocae sToro monyyuM cxemMy, M300pa)keHHYIO Ha pUCYHKe 2.38.
YroOrl HANTH 3apAA HA KOHIEHCATODE, HAJ0 HaliTH pas3HOCTH
MIOTEeHLIMAJIOB Ha ero o6KIankax: ¢, — ¢,. U3 pucynxa 2.37 puzHo,

4To
(pa_(pe=(pa_(p6+(p6_(pe=Ua6+U66'
O6niee CONPOTHUBJICEHHE IIETH

B 5R-«4R 29
Ry=R+ oR ) R.
Cuia TOKa B I[eIIM paBHA:
U QU
I'=g, = 207
Orcona
9
Ua6 =IR = '2—9 U.

Hanpsaxenue Ha yqacrke 62:
20
Ug,=U~-U, = EU'

Cuia ToKka B BepXHeil BeTBH yuacTKa 62, paBHAsg CHJIE TOKA B
pesucTope coupoTuriIeHueM 2R, onpefenuTrcs Tax:

6sz 5R  20R°
OTciona
8U
U63=I6ez * 2R= §§
u
_3 8 17
Use= 25U+ 35V = 257"
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3apAx Ha KOHJAEHCATOPE

q¢=U,C= 3 CU.

3apava 11

HWsmepuTensHeli npuGop ¢ BHYTPEHHHM CONPOTHBJICHHEM
Ry = 75 Om umeer wkaxy Ha n = 150 nenenwii. llena nesenus
U, = 10 mB/nen. Kax aTum npu60poM M3MepHUTh: &) CHIy TOKA A0
I=1,5A; 6) nanpsaxenue go U = 750 B?

Peittetine. a) [Iia Toro 4To6H H3MEPHTEIBHEINA IPHOOD IPEBPATHTH
B aMIIEPMETP, HAI0 HapaIeIbHO NPHGOPY BKIIOUNTS IIyHT. Paccun-
TAeM ero conporTuBjienue. IIpenen usmepuTensHoro npubopa no Ha-
npspKeHunio pased U 0= nU,, & 1o CHJIe TOK&, COIVIaCHO 3aKOHY Oma,
nU,

IH:R_O'

Yirc10, MOKa3bLIBAIOIIIEE, BO CKOJBKO Pa3 HAJ0 PACIIMPHTH IIpe-
JeJi HU3MepeHnsa Ipudopa, 4ToOk U3MEPATL UM CHIY TOKa I, paBHO:
1 _ IR

7, " 70,

CornacHo cooTHOmEeHUIO (2.9.2)

R, nUyR,
nUy 1

Hrak, nas uamepenusa cuisl Toka 10 I = 1,5 A Bano napajjiesbHO
npuGopy BKJIIOUHUTE IITYHT COIPOTHUBJIEHHUEM
nU,R
= 00 _
w = TRe - nU, 1,01 Om.

6) dna vcnoab3oBaHUA H3MEpHUTEJbHOro npubopa B KadecTse
BOJILTMETpAa JJIA H3MepeHusi Hanpsaxkeuuda no U = 750 B uago, co-
IJ1IacHO cooTHomienuio (2.9.4), nocimegoBaTenbHO ¢ npubopom
BKJIIOYUTH JONOJHHTEJLHBIA PE3UCTOP COMPOTHBIEHNEM

~r|-ZL 1]~
RH—RO[nUO 1]~374000M.
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YnpaxHeHue 5

OnpegennTe IIOTHOCTL TOKA j B IPOBOAHKUKe IIuHON [ = 10 M
C YAEJBHEBIM COIIPDOTHBJIEHUEM p = 5,5* 1077 Om * M, ecan Ha-
npAXKeHue Ha ero KoHnax U =10 B.

IIByM OZMHAKOBBIM ILIOCKMM KOHIEHCATOPAM, COeJLHHEHHBIM
nmapajiieabHO, coobmieH 3apan ¢. B mMoMeHT Bpemenm t = 0
paCCTOAHUe MeXkJy IJIACTHHAMHK NepBOTO KOHJeHCATOpa Ha-
YnHaeT PABHOMEPHO YBeJIMYMBATLCH 10 3aKoHy d, = d, + vt,
4 pacCTOAHKE MeXXIy IJACTHHAMH BTOPOTO ~— PpPaBHOMEDPHO
yMeHbIIATbCA 1o 3aKoHy d, = d, — vt. IIpeHe6peras compo-
THUBJIEHHEM MONBOAAIINX IIPOBOJAOB, HANIfUTe CUIIY TOKa B Iie-
X BO BpeM# ABMIKEHHUA IJIACTHH KOHJJEHCATODOB.

Kaxoii 3apsj mpoillesl yepe3 MOIEPeYHOE CedeHHe ITPOBOJHHUKA,
€CJIM U3BECTHO, UTO CUIa 3JIEKTPUUECKOTO TOKA B STOM IIPOBOJ-
HHKe PABHOMEDHO YBeJIUUWIACE OT HynA ol =5 A3at=10c?

IIpu BKAIOYEHHMH B 5JEKTPHUYECKYIO Ienb IPOBOAHHUKA IHA-
metpoMm d = 0,5 MM u gauHOH [ = 470 MM PasHOCTD IIOTeHITHA-
JIOB Ha KOHIIaX IIPOBOJHUKA OKasanach paBHoi U = 1,2 B nipu
ciye Toka B enu I = 1 A. Onpenenure yieabHoe COIPOTHRIIE-
HHe p MaTepyana NIPOBOJHUKA.

Insa naMepeHUs TeMIIepaTypPhl IPUMEHWIH KeJIeSHYIO IIPOBOJIO-
Ky, uMerolyio npu temmeparype t = 10 °C conporupnenune R =
= 15 Om. Ilpu mexoTopoii TeMIepaType £, CONPOTUBJIEHUE e¢ CTa-
1o R, = 18 OM. Onpefienture aTy TeMnepaTypy, ec/IM TeMIeparyp-
HbIH Koatbtbnunen'r COTIPOTHBJIEHHA 3xene3a 0. = 0,006 K71,

ITafeHue HATIDSYKEHMA HA eIHHUNY AJUHE BOJLHPaAMOBO HH-
TH HaKaJWBaHusA ropaiieil snexkrponamnouku AU = 300 B/m;
auamerp HUTH d = 6 + 1072 mm. HajifuTe cury TOKa B HUTH,
ecanu ee TeMueparypa t = 2000 °C. YaeasHOe cOIPOTUBIEHHE
Bonbdpama npu 0 °C p, = 5,5+ 10~ TOm- M. TeMnepaTyprm
K0adduUIMeHT conporusaenus o = 0,0046 K1,

TloueMy NpH BKIAIYEHUH B CeTh HarpeRaTeJIbHOro npubopa
6onbITOf MONIHOCTH (HAIpUMeD, JJIeKTPOKaMHHA) HAaKall
JlaMIioUeK B KBApTUpe cPAa3y YXe 3aMeTHO I1ajlaeTt, 4 4yepe3 He-
60abIION OPOMEXKYTOK BpeMEeHW YBEJIHYUBAaeTCd, JOCTHras
IPMMEPHO IpPEeXXHER ApKoCTU?

JJIEKTPHUECKYIO ILTUTKY, PACCUHTAHHYIO Ha HaIpsKeHHe
220 B, TpebGyeTca mepejnesaTh, He MEHAS W He YKOpauHBafd
crupanu, Ha 110 B Tak, 4To6BI ee MOUTHOCTE OCTAJNACEH IIPEX-
Heil. YTo HYXKHO /I8 3TOr0 cAeJaTh?



10.

11.

12.

13.

14.

JudTt maccoit m = 1,4 T paBHOMEPHO IIOZHUMAETCSHA Ha BLICOTY
h = 20 M. Onupefenure BpeMs NOABEMA, €CJIM U3BECTHO, UTO
cHuJla TOKA B aJieKTpoaBurarene audra I = 40 A npu zanpsxe-
HuH Ha ero 3axkuMax U = 220 B. KII[ geuratena i = 90%.

Kakyro maccy abza, umemoinero temmneparypy ¢ = —10 °C,
MOJKHO PacCTOIIMTD 3a BpeMsa T = 10 MUH B BJIEKTPOKUIIATHIIb-
HHKe, paboTaroineM oT ceTu HanupsxeuueM U = 220 B npu cu-
ne toka I = 3 A? KoapduileHT I0JIe3HOTO AeHCTBUA DIeK-
TPOKHUIIATHUIABHUKA T} = 80% . YaelpHasa TEMIOEMKOCTD JIbAA
¢ = 2,1 103 Ix/(xr + K), yieabHad TeIIOTa ILIABIEHUS
apxa A= 3,35 - 10% IIs/xr.

CKOMBKO BUTKOB HHUKEJIWHOBOH MPOBOJOKM HAMO HABHUTH Ha
bapdopoBbIit HUAMHAD AuaMeTpoM d; = 1,5 cM, YTOGHI U3TOTO-
BUTBH KHNIATUILHUK, B KOTOPOM 3a BpeMsa T = 10 MUH 3aKumaer
BoJa oowemom V = 1,2 i1, B3ATaA npu temueparype ¢t = 10 °C?
KIIO ycranosku 1 = 60% ; guamerp npososoku d, = 0,2 Mmm;
Haupsxenne cetu U = 100 B. VaeapHas TenI0eMKOCTh BOJBI
c=4,2 - 103 [Iox/(xr *+ K); yAenbHOe COPOTUBIIEHNE HUKeJ V-
Hap=4,21070m * ™.

Kakoro ceueHus Hafo B3ATH MEJHBIA IIPOBOJ AJIsI YCTPOICTBA
JIHHHY 3JIEKTPOIEPEaUH OT 3JIEKTPOCTAHI[UY O IIOTpebUTeN A,
PACIIOJIOXKEHHOTO Ha paccTosHuu [ = 1 KM, YTOOH IepedaTs mMo-
TpebuTtenio MomHocTh P = 8 kBr? Hanpsakenue Ha cTaHmuu
U = 130 B, gonycTuMas oTepa HaNpsHKeHuA Ha JIuHaM B = 8% .
¥V menbHoe copoTuBieHue MeAn p = 1,7 - 10°80Mm - M.

DJIeKTpHYECKHN YallHUK HMeeT ABe oOMOTKH. IIpm BKJIOUe-
HHUM OJHOM M3 HUX BOJA B HEM 3aKHIAET Yyepel3 IIPOMEKYTOK
BpemeHH t; = 10 MHH, a IpH BKJIOYEHHH APYrolf — udepes
ty= 15 muH. Yepes CKOJIBKO BpeMEHM 3aKHUIIUT BOJA B YaliHU-
Ke, ecau o0e OOMOTKH BKJIOUHUTEL OJHOBPEMEHHO: a) Iapal-
JeJIbHO; 6) ocaeI0BATEIbHO?

HajiijuTe cONpoTHUBIIEeHMe II€NIN, cXeMa KOTopoii nusobpakeHa

Ha pucyHke 2.39. ConpoTuBIeHHEM COeIUHUTEIbHBIX IIPOBO-
108 AC’C u BC”D npenebpeys.

C”
A R R ¢ R
ey e g
B D
CI
Puc. 2.39
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2R

Puec. 2.40 Puc. 2.41 Puc. 2.42

. Korpa ka4 S 3aMKHYT, COIPOTHBJIEHHe YYACTKA IENH, CXe-

Ma KoTopoii u3o6paskena Ha pucyske 2.40, pasuo R, = 80 Om.
Omnpenenure conpoTuBienue R, aTOro y4acTka 1enu NpH pa-

30MKHYTOM KJioue. CONPOTHUBIEHUEM COEAMHMUTENLHLIX IIPO-
BOJOB npeHebpeusn.

. B memm, cxema KoTopoil mpeicTaBjeHa Ha PHUCYHKe 2.41,

R, =10 Om, R, = 40 Om; npusnokeHHOE K 3a)KMMaM LelH Ha-
npaxenue U = 120 B. Onpejennre COMPOTHRIEHHE PE3UCTOPA
R3, ecnu cusa Toka B Hem I = 2 A.

. ConpoTupjieHne JAeNHUTENA HANPAXKEHNA (IOTEeHIIMOMETPA)

R, = 80 Om (puc. 2.42). Conporurienue Harpysku R, = 100 Om.

HanpsaxeHre Ha 3a)xkumax noreriumomerpa U = 50 B. Kaku-
MH GyAyT IIOKA3aHUA aMIIEpMETpa M BOJLTMETpA, €CJU ABH-
’KOK IIOTEHIIMOMeTPAa Mo0YepPEJHO YCTAHABIMBATH B TOUKaxX A,

B,CuD?R,,= iRl, R,,= %Rl. ConpoTHBIEHUAMU aMIIep-

MeTpa ¥ COeJUHUTEIbHBIX IPOBOAOB IpeHebpeyudb, a COIPOTHUB-
JieHHe BOJIbTMETPA CUYATATh 6eCKOHEYHO GONIBIINM.

. Kakoe conporusienue r HeO6XOAUMO BKJIIOUHUTE MEXAYy TOY-

kamu C u D (puc. 2.43), 4ToOBI COPOTUBJIEHUE BCEH IEIIOYKH
(Mexay ToukaMu A U B) He 3aBHCEJIO OT YHCJIA 3J€eMEeHTapHBIX
AdeeK?

Puc. 2.43



19.

20.

21.

22,

23.

24.

Puc. 2.44 Puc. 2.45

Hafinure comporusnenue R, TeTpasapa (IpaBHUIBLHON Tpe-
YroJBHOM NUpaMHUkI), U3TOTOBJIEHHOTO M3 HIECTH IIPOBOJIO-
yeK colpoTuBIenHeM R xaxnas. IlogBoasiiiie npoBoja IpH-
COeTMHEHE! K JIIOOKIM IBYM BepIIMHAM TeTpadpa.

Haitnure conporuBnenue R, IpoBOJOIHOro Ky6a npu BKJIO-
UeHHU ero B Ilellb MeXAy Toukamu A u B (puc. 2.44). Conpo-
THUBJIEHUe KaxJoro pebpa kyba paBHO R.

Hafigure compoTuBienue R, MATUKOHEUHOW 3Be3nbl, NMOKAa-
3aHHOH Ha pucyHke 2.45, Bce yuacTKH KOTODOii o6JagaioT
OOUHAKOBBEIM CONpPOTHBIeHUeM r. IlogBogsAie IpoBOja IpHU-
COeJHHEHRI K ToukaM A u K.

KaxoB 3apsan miaacTur KoHzaeHcatopa C B

1leny, cxeMa KOTOpoi u3ofparkeHa Ha pH-

cyure 2.46? ConpoTHUBIEHUs PEe3UCTOPOB RI | |R2| |R3
R1, R2 u R3 u Hanpsixxenuue U cuuramoTcsa

M3BECTHRIMH. U o
IIpenen uamMepeHHsA MHJUIHAMIIEPMETPA C

BHYTPEHHUM conpoTuBIeHHeM R = 150 Om Puc. 2.46

paBed I = 10 mA. Kaxkoiit giunse ! HyXHO
B3ATh MAHTAHMHOBYIO ITIDOBOJIOKY JHa-
meTpoM d = 0,1 MM B KauecTBe f0OABOUHOrO Pe3UCTOPA, YTOORI
MCIIOJIB30BATh 3TOT MUJLIHAMIIEDMETD KAaK BOJbTMETD C IIpefe-
Jom uamepenus U = 10 B? YgenpHoe conpoTUBIeHUEe MaHTa-
auHa p=4,2 - 1077 0M * ™.

Ecau BOJBTMETD COEIUHUTH IOCJENOBATEIBHO C PE3UCTOPOM
conpoTtusjieHueM R = 10 kOM, To IpM HAIPSIKEHUU B IEIH
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25.

U = 120 B o noxaxeTr U, = 50 B. Ecnu coesuEUTS ero noce-

LOBATEJILHO C PE3UCTOPOM HEHM3BECTHOTO CONPOTHMBJIEHUA, TO
[IpM TOM ’Ke HANpAXKeHUH OH nokaker U, = 10 B. Yemy pas-

HO HEM3BECTHOE COIPOTHUBIEHUE?

s onipesieneHns HaIpsoKeHUs Ha peaucTope R K KOHIIAM ero
NOAKJIIOUAIOT BOAbTMeTp. Kakas oTHOocuTesnbHas ommOka O
6yner nomymieHa, €CIY IIOKA3aHUA BOJLTMETPA IPUHATD 38 TO
HanpsHKEHNEe, KOTopoe OLINIO HA PE3UCTOpe A0 BKJIKYEHUSA
npubopa? Cuna Toka B nenu nocTosHHa. CompoTuBjeHUE
BoJbTMeTpPa R,.

§ 2.11. SNIEKTPOABUXYLUAA CUJTA

JI1060ii ucmouHUK moKka xapaKmepu3yemcs 31exmpooeuiry-
weil cunot, uau 3C. Tak, Ha Kpyznoll 6amapeilke O1s Kap-
ManHO020 ponapura Hanucaro: 1,5 B. Ymo amo 3nawum?

B § 2.3 MBI yCTAHOBUWJIH, YTO AJIA AJIUTEJBHOTO CYIIECTBOBAHUSA
3JIEKTPUYECKOT'0 TOKA B IPOBOJHMKE HA €r0 KOHIAX NOJKHA MOJA-
Jep:XUBATbCA IIOCTOAHHAS pPasHOCTh moTeHHuanoB. Kak ke aTo
OCYIIECTBUTE?

Eciu B3ATHL ABa 3apsAKeHHBIX Teia (HAOpuMep, ABa 1mapa) A u
B, Hecymux 3apaasl HPOTUBONOJIOMKHOTO 3HaKa +¢ U —(¢, U COeSH-
HUTb UX IIPOBOJHHKOM, TO B HEM BOZHUKHET 3JIeKTPHUYECKOE II0JIe
u moTeuder ToK (puc. 2.47, a). B npouecce npoxoxAeHNA ToKa 06a
Tena OyAyT paspsyKaThesa (3JeKTPOHBI ¢ mapa B OyayT mepexo-
IUTH Ha map A), pa3HOCTh MOTEHIIUAJIOB MEXAY HUMU HAYHET Ia-
IaTh; BCKOPE OHA CTAHET PaBHOM HYJI0, ¥ TOK B IpoBoxHukKe AB

IpeKpaTUTCA.
e :
\Q
Jp—
A B A B
a) 0)
Puc. 2.47
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CTOpOHHUE CUNbI

Jna roro aTo6bl TOK B IPOBOAHNKE AB He mpexpainancd, a 6511
TIOCTOSTHHBLIM, HaAO0 Mapbl A 1 B Bce BpeMsA II0OA3apAXKAaTh, YTOOBI
ofeclIegnTh NOCTOSHHYIO PA3HOCTH IIOTEHIIMAJIOB MEXAY HUMU.
15 aToro HEOOXOAWMO MMETh YCTPOICTBO (OHO HA3BIBAETCA HC-
TOYHHKOM TOKAa), KOTOPOE HEIIPEPHIBHO MEPEeMeNTasio 6bl 3apsa bl B
HAIIPABJEHHH, IIPOTHBOIIOJIOKHOM HAMIPABIECHUIO KYJIOHOBCKUX
CHJI, AEWCTBYIOUIUX HA 3THU 3apPAABI CO CTOPOHEI 3IEKTPHUECKOTO
OJIA 3apsAKEeHHKBIX MapoB. B TakoM ycTpoicTBe Ha 3apsaAbl JOJIMK-
HBI eHCTBOBATD CHJIBI, OTIMUHEIE OT KYJIOHOBCKUX (puc. 2.47, 6).
OgHI JUITH 3JEeKTpOCTATHUECKHE (KYJIOHOBCKUE) CHJBLI HE MOTYT
MOAREPIKUBATD IIOCTOSHHEBIN TOK B IIETTH.

Jiobble cunwvt, deilcmsyrwujue Ha ILeKMPULECKU 3APANCEH-
Hble Yacmulbl, 3@ UCKJI0YeHUeM daexmpocmamuieckux (Kyaio-
HOBCKUX) CUJL, HA3bLBAIOMCA CIMOPOHHUMU CUNAMU.

BriBom 0 HeOGXOAMMOCTH AEHCTBUA CTOPOHHUX CUI IJAA MOI-
JepXKaHNuA IIOCTOAHHOTO TOKA B 3JIEKTPUUECKOM TellN CTaHeT elle
odeBUIHee, ecJu O6PATUTHCS K 3aKOHY COXPaHEeHUs SHEPTHH.

Mz yixe roBopuan (cM. § 2.3), UTO CTAI[HOHADHOE dJIEKTPUYe-
CcKOe TIojie, CBABAHHOE ¢ IPOBOJHUKOM C TOKOM, ABAAETCS IOTEH-
uuanbHeIM. PaboTa aTOro moJsiss IpM IepeMeleHNH 3apAKeHHBIX
TACTHUI] BAOJL 3aMKHYTOM 1lenn paBHa HYJII0. IIpoxoxneHue xe TO-
Ka II0 TIPOBOAHHKAM COIIPOBOMKJAETCA BBIJEJIEHNEM JHEPIHH —
NIPOBOJHUKY HaTpeBaioTed. CiaefoBaTeNsH0, B 0001 ey 10JKEH
OBITH KAKOM-TO HMCTOYHUK SHEPruM, IIOCTABJAMIOINHIA ee B IE€Ib.
B HeM, TOMMMO KYJIOHOBCKHUX CIJ, 00A3aTeILHO NOJXKHBI JeiiCTBO-
BATH CTOPOHHHE HEIOTEeHIHUANLHEIE CUIbLI, PA60Ta KOTOPLIX BAOJD
3aMKHYTOI eIy OTAWYHA OT HyJad. MMeHHO 3a cueT paGoThI d3THX
CHJI 3apAKeHHBIe YACTHUITE IIPMOGPETAIOT DHEPIUIO M OTHAAIOT €€ 3a-
TeM IPH ABMKEHUH B [IPOBOJHUKAX 3JEKTPUYECKOM eTn.

CropouHUe CHIBI IPDHBOSAT B ABM)KEHUE 3apssKeHHBIE 4ACTH-
T[bI BHYTPH MCTOYHHUKOB TOKA: B reHepaTope HA 3JNEKTPOCTAHIINH,
B FaJIbBAHUTECKOM dJIEMEHTe, aKKYMYJIATOPE U T. A. B pesyabTaTe
Ha KJIeMMAaX HCTOUHUKA NOABIAIOTCA 3apALbI IPOTUBOIIOJI0KHOTO
3HaKa, U MeXJy KJIEMMaMH CO3JAeTCA OIpefesieHHAd PA3HOCTH
HoTeHnMAaJoB. IlpyM B3aMBIKaHMHE IeNM HAYHWHAET JAeicTBOBATH
MexaHU3M OGpas3s0BAHUS NOBEPXHOCTHBIX 3apAAOB, CO3NAOIUX
dJIeKTPpHUUEecKoe IIoJe Bo Beell men# (eMm. § 2.3).

BryTpu McTOUHUKA 3apANBI IBMMKYTCA IO NefiCTBHEM CTODOH-
HUX CHUJ IPOTHB CHJ IJIEKTPOCTATHUECKOTO TOJNA (MIOJOMUTEb-
HEIEe — OT OTPUIIATENBHO 3aPAMKEHHOTO0 3JIEKTPOAA K MOJOMKUTEb-
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HO 3apsXKeHHOMY, a OTPHIATEeJbHREIe — HA060POT), & BO Beeit oc-
TAJBHOM 4YaCTH IIeNH ¥X IPHUBOAHUT B ABHKEHUE CTALMOHADHOE
3JIEKTPpUUECKOe moJie (cM. puc. 2.47, 6).

MexaHuueckas aHanorma 3neKTpu4ieckom uenu

Hna ayunrero NOHUMAHHUS 3HAUYE-
HHA HCTOYHUKA TOKA B 3aMKHYTOH
3JIEKTPHUECKOI IIelIH pacCMOTPHUM
CAEIYIOMYI0 MEeXAHUUYECKYIO AHAJO-
ruo. Ha pucynke 2.48 usobpaskeH
3aMKHYTRIH KOHTYD, COCTOAIUil M3
Tpy6 m Hacoca. YTOGR HMCKIIOUUTH
IelicTBHE CHJIbI TAXKECTH, IIPeATono-
SKHM, YTO KOHTYP PACIIOJIOYKEH TOPH-
30HTanbHO. Bech KOHTYD 3aNOJHEH
JKHUIKOCTHIO, HampuMep Bogaoii. Ha
J1060M yUaCTKe POPH3OHTANBHOH TPYOBI KHUIKOCTDH TEYET 34 CUET
Pa3HOCTH JARJEHUM Ha KOHIlaX y4acTKa. H{HAKOCTE mepeMeInaeT-
¢l B CTOPOHY YMEHBIIEHHUA AaBileHusa. Ho cuia naBjeHUs, ITOAB-
JAOIAACA BCISACTBHE COXATUA KUAKOCTH, — 3TO BHJA CHUJI YIIPY-
roCTH, KOTOphIe ABIAIOTCA MNOTeHIUAILHEIMU. [loaTomy pabora
3THX CIJI Ha 3aMKHYTOM INIYTH, KaK U paboTa KYJOHOBCKHX CWJI,
paBHa HYJ0. ClefoBaTe/IbHO, OJHH 3TH CHJIbI He MOIYT BBI3BATh
AJMUTEJbHYIO ITHPKYJIALINIO )KUJKOCTH B 3AMKHYTOM KOHTYpE, TaK
KAK TeueHMe JXKHAKOCTH COIIPOBOIKIAETCH IIOTEPAMU SHEPIHU
BCJIEICTBHE JAEHCTBUS CILJI TPEHHUA.

Jdna qupKyJIAnyuy BoAkl Heo6X0ANM HACOC — AHAJIOT HCTOUHM-
Ka Toka. KpRuIbuaTKa 3TOro Hacoca AeiiCTBYeT Ha YaCTUUKH JKHU-
KOCTH H CO342€T IOCTOAHHYIO PASHOCTD JaBJIeHMI (HAIIOP) Ha BXO-
e M BEIXOJe Hacoca, Giarojgapsa 4eMy sKHUIKOCTH U TeUeT II0 TPY-
6aM. Poap CTOPOHHMX CHJI B HaCOCe UTpAET CUJa, JefcTByIOnas
Ha BOJY CO CTOPOHLI BpaInaroiieiica KpelIbuaTKN. BHYTpHU Hacoca
BOJa Te4eT OT YYACTKOB ¢ MEHBIIUM AABJICHUEM K YUYACTKAM C
66IpIIUM JABJICHHIEM.

Puc. 2.48

Npupona ctTopoHHUx cun

IIpupona CTOPOHHHX CHUJI MOKeT GbITEH pasmauuHoil. Hanpumep,
B AKKYMYJIATOPE NN TAIbBAHHYECKOM AJIEMEHTE 3Ta CHJIa BO3HU-
KaeT faarojapsa XMMHUECKUM PEAKIIAAM Ha IPaHHUIE COTIPUKOCHO-
BEHUA 3JEKTPOAOB C PacTBOpOM ajekTpoaura (cM. § 2.12). B do-
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TO3JIEMEHTE 3TH CHJILI BOSHHKAIOT GrarofapsA AeHCTBHMIO cBeTa Ha
BelllecTBO. B reHepaTopax sJeKTPOCTAHIIMN CTOPOHHAS CHJIA —
3TO MOXKeT GBhITh CHJIA, JeHCTBYIONIAA CO CTOPOHAI MATHUTHOI'O ITO-
sl HA BJIEKTPOHBI B ABIDKYILEMCS IOPOBoAHHKe (moxpobzee 06
3TOM OyeT TOBOPUTHCA B IJiaBe 4).

AnexkTpoaBMXYLLAA cUna

DusnuecKasd BeIUUNHA, XaPAKTEePU3YIollad qeliCTBre CTOPOHHUX
CWJI B MCTOUHMKAX TOKA, HA3BIBAEGTCHA DJEKTPOABU K YIIe#
cuaoii (cokpamenuo 3C). IMEKTPOABIKYLIAS CHIIA B 3aMKHY-
TOM IIPOBOASIIEM KOHTYpe PABHA OTHOIIEHMIO PaGoTsl cTOpoHMMX
CMJI TIO TIepeMelIeHuIo 3apSAa BOJbL KOHTYpa K 3TOMY 3apsamy’.

0O603nauum IJIC 6ykBoit &, paboTy CTOPOHHMX CHI — A, a IIe-

PeHOCUMEIH 3apaj — ¢, Torga us ompenesennd IJIC crenyer, uro
g=—"=, (2.11.1)

H3 aToit hopmysnl BULHO, UTO efunuIei 3IC, kak 1 HanpsxKe-
HUA, ABAAETCSH BOJILT,

Mo0>kHO FOBODHTE 06 3JIeKTPOABHAKYIIEH cHJle Ha JII000M YIACTKe
nenu. ITo yAeabHaA paboTa CTOPOHHUX CHMJI He BO BCeM KOHTYpe, a
TOJIBKO HA JaHHOM yYacTKe. JJIEKTPOABIDKYINASA CUJIa TaJbBaHUye-
CKOTO 3JIEMeHTd, HallpuMep, YHMCJIEHHO paBHa pafoTe CTOPOHHUX
CHJI TIPU II€PEMENIEHMH eIUHHYHOTO IIOJIOMUTEIBLHOTO 3apaAia BHY-
TPH 3JIeMEHTA OT OTPULIATENBHOTO €T0 MOJ0ca K IOJIOMKUTEIbHOMY.

Tak KaK 3JIEKTPOABMIKYINAA CUJIA IPEeICTaBaAeT coboil yaeib-
HYI0O PaboTy, TO OHa ABJIAETCA CKAJAPHON BelMYuHOI, KOoTOpas
MO)KeT OBITH KaK NMOJIOMUTEJIbHOM, TaK M OTPULATENLHOI. 3HAK
9JIC ompenendaeTca B 3aBUCUMOCTH OT IIPOU3BOJLHO BRIOPAHHOTO
HampasJieHUA 06X0Jla TOro yuacTKa 3JeKTpHUecKoil menu, Ha Ko-
TOPOM BKJIIOUEH JAHHLII MCTOYHUK TOKA. EcJM BHYTPU UCTOUHU-
Ka Toxa 06X0J coBepmaeTcs OT OTPUIATEJIBHOTO IOJI0Ca K IOJI0-
suTenbHoMy, To DJIC nonoxutensuada (£ > 0) (puc. 2.49, a). Cro-
POHHME CHJIBbI BHYTPH UCTOYHUKA COBEPIIAIOT IPM 3TOM IIOJIOMKH-
TeJdbHYIO pabory. Eciu 06X01 coBepliaeTca OT IOJIOMUTEIBHOI'O

1 Kax BusHO U3 onpeneneund, IJIC uncieEHo paBHa pabore 10 mepe-
MeNIeHH 10 EJUHUYHOTO MOMOKUTEIRHOrO 3apAza (yaenbpHoil paGote), a He
cHuJie B OGRIYHOM ITOHMMAHUU 3TOrO CJIOBA. 3eCh OILATH UCTIOJIh3YETCHA He
OYE€Hb YAAUHAA, HO AABHO YCTAHOBUBILAACA TEePMHHOJIOI'UA,
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H anpaeﬂe%
J6xo0da ob6xoda

£>0 £<0
) 6)
Puc. 2.49
nojoca ¥ orpuuateasHomy, To IIIC orpunarensHas (6 < 0)
(puc. 2.49, 6).

Tenepv vt 3naeme, umo maxoe JJC. Ecau na 6amapeiixe
Hanucawno 1,5 B, mo smo o3nauaem, imo CcmopoHHUe CUJibl
(xumuyeckue 8 danHom cayiae) cogepwiarom pabomy 1,5 Jx
npu nepemeuwjenuu zapada e 1 Kn om odnozo nonioca 6ama-
peliku k dpyezomy. ITocmosarRbLIL MOK He MOX}cem CYULecmao-
eambv 8 3aMKHYMOIL yenu, ecau 8 Heill He delicmayrom cmo-
POHHUe culbl, m. e. Hem ucmounuka SJC.

§ 2.12. TAIbBAHUYECKUE SNNEMEHTbI

B nauane npownozo eexa Obin cO30aH nepaviii UCMOYHUK NO-
CMOAHHOZ0 INEKMPULECKO20 MOKA — 2AAbB8AHUYECK Ul
anemen m.ITocne 9mozo omrpvLaaACy B03MONCHOCMDb UIYUe-
HUA U WUPOKOZ0 NPAKMULECK020 UCNOAb30BAHUS INEKMPU-
yecKozo moka. B zanv8anHuLeckoM siemenme IHepeus, avlie-
JAemasn 8 3NeKmpuieckoll Uuenu, noiyiaemcs 3a ciem aHep-
zuu, ocgoborcdarouwelics Npu XUMULECKUX PEAKYUAX, CONPO-
soxcdaowux pabomy anemeLma.

lanbBaHMYeCcKMEe 3IeMEHThl B IpOCTeiIneM BapUaHTE COCTOAT
3 IBYX XUMUUYECKHU PA3TUUHBIX 3JIEKTPOJOR, ONYII{eHHBIX B BOA-
HHII PacTBOp TOI'C UJIH WHOIO 3JeKTpoauTa. Ilepsriii rajbBaHAue-
CKUI 3JIEMeHT, COCTOAIUY U3 MeJHOTO U UHKOBOI'O 3JIEKTPOKOB,
nepeoKeHHBIX CMOUYEHHBIM COJMIEHOU BOAOIH CYKHOM, ObLT u300pe-
TeH UTANbLAHCKUM husuKkoM Aneccanapo Boabra (1745—1827).

OnbiTel FanbBaHn. OTkpbiTUE Bonbkra

l'aabBaHWYECKU# 3JeMeHT IIOJYUYMJ CBOe HA3BAHUE TI0 UMeHU
UTaJbAHCKOro Bpada u aHatoma Jlyumxwu TIaneBanm (1737—
1798), onbITE KOTOPOro AAJH TOMUYOK K McciaenoBaHuAM Boabra.
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TansBany neiTajacAa OOHADYKHUTE AelicTBHE aTMOCHEDPHOTO JICKT-
pHuUecTBa HA MBIIIIEI JKUBOT'O OPraHu3Ma — JATYIIKU. 115 aToro oH
IOJBECUJ NPEIIapUPOBAHHYIO JATYIIIKY HAa MEHOM KPIOUKE K Ke-
JlesHOMy 3a0opy, IpHYEM KPIOYOK NMPOXOAHJ Yepe3 CIUHHON MOar
aarymku. [IprmxuMas KPIOYOK K IepuaaM, ladsBaHu O6HADYIKILI
CHIBHOE COKpaliierne Mblmi. K cuacTeio, oH CyMest AoragaThes, 4To
JeJo 3fech He B atMocthepHoM anekTpuuecTse. Coxpairenne Habo-
JaJIoCh BCErjja, KOrja IPUKAaCAJVChH K JalKe JATYIIKY JBYMS Dpas-
JUYHBIMH METAJLJIaMHU, HaXOOALIUMUCS MeXy CO00H B KOHTAKTE.

3uasd, YTO COKpaIeHWe MBI BO3HUKAET IIPH JIeKTPUUECKOM
paapsane, ['aJbBaHY PEIINJ, YTO OTKPBIJI «XHUBOTHOE 3JIEKTPHUYECT-
BO», BhIpabaThiBaeMoe B OpraHusMe. MeTannudecKuii IPOBOSHUK,
Kak moJiaran I'aibBanu, TO3BOJIAET 2J€KTPUYECTBY OBICTPO IIepexo-
IUTh U3 OMHUX YACTE MLINOIILI B APYTrUe, YTO W BLI3BIBAET UX CO-
KpaIlleHue.

I[IpaBuIbHOE O6BACHEHHUE OTKPLITOMY ABJIECHUIO JAJT COOTEUYECT-
BeHHUK [anpBaHu BosbTa. 310 06BsACHeHUe U mpuBeso Bosawsra K
CO3JaHUI0 TIEPBOTO UCTOYHUKA IIOCTOSIHHOrO TOKa. BolbTa IOHSI,
YT JIATYIIAYEY JIATTKA — 3TO JIUIINb YYBCTBUTEJIbHBIN « X KXHBOTHBIMI
3JIEKTROMETDP», OoJiee UYBCTBUTENLHEIN, UeM mgi060if Apyroi, u
TOJNBLKO. fIBJEHHE JKe CBA3AHO C HAJIMYUEM JBYX PA3HOPOMHBIX Me-
TAJLJIOB, CONPHMKACAIONMXCA C 3JIEKTPOIPOBOAAIIEH MKHUJKOCTLIO
JKUBOTHHIX TKaHe#. Orciona BosbTa M3BIEK MieI0 MepBOro rajinsa-
HUYEeCKOr0 3JIEeMeHTa;: Hab0op MeAHEIX U IIMHKOBBIX KPY/KOUKOB, IIe-
PeJIOKEeHHBIX CMOYEHHEIM COJIEHOI BOJOH CYKHOM, ITO GBI ¢ BOJIb-
TOB CTONO» — «CaMEBIA 3aMevyaTeNbHBIM, — 110 ciaoBaM Aparo, —
npubop, xorga-1ubo n300peTeHHBIH JTIOABMU» .

Bcexope 66111 M1306peTeHH Jpyrue raJlbBaHUYECKUE 3JIeMEHTHI:
anemenT Jauusns, I'pele, Jleknaunie, HOpMaJbHBI 3J1eMeHT Bec-
TOHA M Jp.

PaccmoTpuM 60Jiee moApoGHO OCHOBHEIE NPUHIUNBE PaboThl
rarpBaHMUYECKHX 3JIEMEHTOB Ha TIpuMepe dieMeHTa JJaHuaidA, X0-
TH NPaKTHYECKH 3TOT JJIEMEHT B HACTOAIIEe BpeMsa HE HCHOJL3y-
1oT. [IpoTexalinue B HeM IIpoLecckl HauboJsiee TpoCThl.

AnemenT A aunans

dnemenT JlaHUBIIA YCTPOEH TAK: B CTEKJIAHHLIN COCY[ IIOMEIEH
CTaKaH 13 NOPUCTO# HeoOoxKIKeHHOM rinHE! (puc, 2.50, a); BO BHYT-
PeHuMIl cTaKaH HAJINT BOAHKIH pacTsop conu ZnSO M (M HKOBBIH Ky-

110poC), 8 BO BHEIIHMI — pacTBOP MeaHoro Kymopoca (CuSO,); B xa-
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YecTBe 3JeKTPOJOB UCIOIL3VIOT UMHK U Mefb. [lopucTada neperopo-
Ka MpenATCTByeT OGBLICTPOMY IIEPEMEIIMBAHHIO PACTBOPOB 3JIEKTPO-
JINTOB, HO MTO3BOJIAAET IPOCAUMBATLCS HOHAM PA3HEIX 3HAKOB.
IlocmoTpuM BHauaje, YTO IPOHCXOAUT C ITMHKOBHIM 3JIEKTPO-
gom. Ecim 6B Bo BHYTPEHHEM coOcCyje ObLiaa CepHasi KHCJIOTA
H,S0,, ro nauanacek 6Bl XUMHUYECKAsa peaKIus, B Pe3yJbTaTe KO-

TOPOIi IIUHKOBKIH 3JIEKTPOJ PACTBOPSICA 6Bl ¢ 06pa30BaHUEM COJIH
ZnSO,. Tor e mponecc IPOUCXOJUT U B PACTBOPE COJIM IIMHKOBO-

0 KYIIOpOCAa, €CJH KOHIEHTPAIlsS MOHOB ITMHKA B HEM He CJIMII-
KOM BeJIMKa. [IprueM B pacTBOpP NePeXO AT He HeHTpaJbHEIe ATO-
MBI IIUHKA, 8 ero MOJIOXKUTeJbHbIe NOHKI, Hecyllle NBOMHOM aJie-

MEeHTAapHBIN 3apAf, (Zn?*). Dror mpomece — pesyJbTar geiicTBHA
XUMHUYECKHUX CHJI, HMEIOUIUX 3JeKTPOMATHWTHYIO IIPUPOAY, HO
OUeHb CJIOKHBIX II0 CBOeMY XapakKTepy. Mul He OyA€M BHHKATH B
IPUYNHL] MOABJEHUSA XUMHUYECKUX CHJ U B 0cOOGEHHOCTH UX Aei-
cTBUA. BaiKHO cieayioiee: YyUHKOB8bLL 3aexmpod 3apaxicaemca
ompuyameavHo, MAK KaK KaxcOvlil yxodawuil amom yuHxa oc-
masasem 08a ceoux 3aeKxmpoHa, a pacmaeop 3aeKxmpoauma 3a-
pacaemcesa nonoxumenvro. ONHOBpeMEHHO IPOUCXOLUT ¥ 00paT-
HBIM Ipoitecc. YUYaCTBYIOIHHA B TEIJIOBOM ABHMKEHUH MOJEKYJ
MOH ITMHKA MOYKET CHOBA OCEeCTh Ha 3JeKTpoge. Ilocie onyckanusa
UMHKOBOI'O CTEP)XHS B 3JIEKTPOJIUT C TeUeHHNEeM BPEMEHM YCTaHO-
BHTCS PaBHOBECHOE COCTOSIHUE, IPH KOTOPOM YHCJIO HOHOB IIHHKA,
MOKWHYBIIUX 3JEKTPOJ B €fUHUIY BpEMEHH, PABHO UMCJIY HOHOB,
OCEBIIIMX HA HEM 3a 9TO Ke BpeMs.

BriAcHUM yCJIOBHS BOSHMKHOBEHMS 3TOro paBHOBecud. Ilo me-
pe pacTBOPEHUA IIMHKA MEXKAY 3JIEKTPOJOM U PACTBODOM 3JIEKTPO-
JINTA MOABJIAETCA BO3PACTAOIAA PABHOCTH MOTEHIIUAJIOB, TAK KaK
IUHK 3apAXKaeTcd OTPHIATEIBHO, & PACTBODP — MOJIOXKHUTEILHO
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(puc. 2.50, 6). CnegoBaTelbHO, B OUeHb TOHKOM CJIO€ KOHTAKTA
3JIEKTPOJ — PACTBOP BO3HHKAET 3JEKTPHUECKOe II0e. ITO II0Je Ipe-
IATCTBYET BHIXOAY MOHOB Zn?" ua snekTpona. Pacreopenue mpexpa-
THTCA, KOTIA CHJIA 3JIEKTPUYECKOrO II0JIS CTAHET PABHOIA II0 MOLYJIIO
XMMHWYeCKOl CIIe, BHISKIBAIONIEH mepexof MoHOB Zn2' B pacrBop.
9Ta XUMHUECKAd CIIA B PACCMATPHBAEMOM CJIyUae €CTh CTOPOHHASA
CILIa, IIPUBOJAAIIAA B ABHYKEHUE 3apAXKeHHbIe YACTHITHI (HOHBI Zn?")
M BRIBKIBAIOIIAA ITOABJIECHUE AJIEKTPHUECKOTO TOKA B I[EIIH.

Bosrukaroniuii Ha rpaHHIE 3JIEKTPOJ —— PACTBOP CKAUOK IIO-
TeHIUajlla 3aBUCHUT OT KOHIIEHTPAIIMH HOHOB IIMHKA B pacTBOpe
ajexTpoauTa. OUBT IOKA3EIBAET, UTO IPH HOPMAJbLHOM MacCOBOM
KOHIIEHTpaIMK! HMOHOB IIMHKA B PACTBODE IHHKOBOTO KYIIOPOCA
(32,7 kr/M3) pPasHOCTH IOTEHI[MANOB MEXIY 3JIEKTPOZOM H pac-
TBOpOM anexTponura U; = —0,5 B.

Terlepbs TOCMOTPUM, UTO IPOUCXOAUT ¢ METHEIM 3JIEKTPOIOM B
pacTBOpe MegHOTO Kylopoca. Ecim MaccoBas KOHIIEHTpALUA
HOHOB MeJH B 5TOM PACTBOpe ABJAeTCA HopMaibHoii (31,8 kr/M°),
TO 37€Ch IIPOMCXONHUT O6PATHHIIL mponecc: HOHK Mexu Cu?’ ocax-
JAIOTCA Ha JJEeKTPoJe, 3apAxkas ero HOJOXUTeNbHO. PacTBop
MeZHOTO KYIOopoca IIPH 3TOM 3apAXKAeTCA OTPHLIATEILHO, TAK KaK
Ipu Iepexoje noHa Menu Cu?’™ us pacTBOpa Ha MeIHBII 3I€KTPOJ
or mMonexkysan CuSO, B pacTBOpe OCTA€TCA UOH SOE‘ (KUCTIOTHRIH
OCTATOK). JTO IPOJOJIKAETCSI JO TeX IIOD, MTOKA CKAYOK IOTEHIM-
ajla Ha TPAHUIE 3JIEKTPOJ — DPACTBOD SJIEKTPOJIUTA He JOCTHUTHET
suayeHus U, = 0,61 B.

B pesynbraTe H3MeHEeHHE TOTEHIIEANA
B DA3OMKHYTOM JJIeMEHTe HMeeT BHJA, U,
u300paxkeHHEIl Ha pucyHke 2.51. 3xech
YUYTEHO, YTO B OTCYTCTBHE TOKA ITOTECHIIH- U,
AJIBI 060MX PACTBOPOB JIEKTPOJIUTOR OfM- Pue. 2.51

HAKOBBI, TAK KAK DACTBOPKl M NOpHCTAA

Teperopoika SABJIAITCA IMIPOBOAHUKAMU. PA3SHOCTE MOTEHITMAJIOB
MEXAY SJIEeKTPORaMH sjieMenTa JIaHMSA IPU PA30OMKHYTOH Ienu
(oua paBHa nmo Mmoxyaio IAC sneMeHTa) COCTABNAET

§=U,-U,=1,11B,

1 MaccoBoit KOHIleHTpAalieil KOMIOHEHTA B PACTBOpe HABKIBAETCH OT-
HOMIeHUe MACCH KOMIIOHEHTA K 06'beMy pacTBopa. KOHIeHTpanusa cuuTa-
eTcsa HOPMAJIBHOM, KOTKA MACCA HOHOB METAILTA, CORep:kamuxcd B 1 M3
PACTBOpA, YHUCIAEHHO PABHA OTHOIIEHUIO MOJAPHON MACCH METAJIA, BhI-
PaXXKeHHOIi B KUJIOrPAMMAX HA MOJIb, K €70 BAJEHTHOCTH.
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€CIK MACCOBbIe KOHIIEHTPAIlUN MOHOB B 00OMX PACTBOPAX DJIEKT-
POJNUTOB HOPMAaJbLHEIE,

Taxkum obpasom, IJ[C sreMeHTa paBHa CyMMe CKAYKOB IIOTEH-
Uaia HAa IPaHHUUAX 3JEeKTPOX — pacTBop ameKrponura. OHa He
3aBUCHUT OT ILIOUIAAM 3JIEKTPOJAOB U OIIpe/ie ifAieTCA JUIlhL MaTepua-
JIOM 3JIEKTPOAOB M KOHIleHTPalluell MOHOB B pacTBOpax 3JIEKTpO-
autos. IIpu nepemeIeHny eJUHAYHOrO IOJOKUTEILHOTO 3apAia
BHYTPH 3JI€MEHTA OT IIMHKOBOTO 3MEKTPOAA K MEJHOMY CTOPOHHHE
CHJEI, AeHMCTBYIOIIHE HA I'PAHHUIAX 3JE€KTPOJ — PACTBODP, COBEp-
MIAIOT MOJOXKUTEIBHYIO paboTy. OTa pabora YMcIeHHO paBHA CYyM-
Me ckaukor norenuuanos |U | + |U,|, Tak kaxk XuMudecKHne CHIbI,
NEeHCTBYOINHE B NpHJIEramoileM K 3JIeKTpoRy CJIoe pacTBopa
AJIEKTPOJIUTA, PABHEL II0 MOAYJIO 3JIEKTPUUECKHM.

Korga sieMeHT Pa3OMKHYT, MeTaJJIbl (3JIeKTPOALI) HE PACTBO-
PAIOTCA X He HAPAUIMBAIOTCSH; KOHI[EHTPAIMA MOHOB B PACTBODaXx
He uaMeHserca., UTo »e Ipou30ieT, ecan COeQUHUTL MEAHBIN ¥
IMUHKOBBIHM 3JIeKTPOABI METaLINYECKON IPOBOJOKO?

Tak Kak MeXJy 3JEKTPOAAMHE CYII[ECTBYET PA3HOCTH IOTEHITHA-
JIOB, TO IO BHEIHeH IleNu 3JIEKTPOHBI HAUHYT NepPeMellaTbea OT
3JIEKTPOJA ¢ 50JIee HUSKUM MOTEHIIMATIOM (IIHHKOBOI'0) K 3JIEKTPO-~
Iy ¢ 6osee BHICOKMM IToTeHI[MaaoM (MexHomy). Ilpu aToM paBHO-
BeCHe MeXJy KaXKIbIM 3JIeKTDOAOM H OKDYKAIOIIIUM er'o PacTBO-
POM 3JIeKTPOJINTa Hapymaercsa. LIMHK CTAHOBHTCA HeLOCTATOYHO
OTPHIATEILHEIM (4AaCTh 3JIEKTPOHOB C HEro yiijia), a MeAb CTaHo-
BUTCA CAUINKOM OTPHIATENLHON (CIOAA MPUIILIN JIUAIITHHE 3JEKT-
poHEkl). BeaeacTBe aTOro MUHK HAYHET PACTBOPATHLCA: B PACTBOD
OYAYT mepeXoAuTh AOTOMHUTENbEbIe HOHBL Zn?T, a wa uusEKoBOM
aleKTpoxe OYAYT OCTaBATBLCA 3JIEKTPOHBI, BOCCTAHABJIHBAIOIIHE
ero 3apsn. Ha MexHOM anekTpoxe uoHbl Cu?t GynyT HeilTpamuso-
BATBCA U30LITOUHAIMU BJICKTPOHAMH M OCAXKAATHCA Ha HEM B BUJe
HellTpaapHBIX aToMoB. Takum obpaszoMm, B peayabTaTe PACTBOpDe-
HUA IUHKA M OCAMJEHUS MEeAU PAa3HOCTh IMOTEHLMAJIOB MeXIY
ATHMH 3JIeKTpoaMu OyieT BCe BpeMA COXPAHATH IOCTOAKHOE 3Ha-
YyeHUe, U B NellH OYAEeT UATHA AJIUTeIbHBIN TOCTOAHHAINA TOK.

Mp! BUAMM, YTO IIPHM OMUCAHHOM IIPOIECCe BHYTPH IOPHUCTOTrO
CTAKAHA JOJKHBI OBLIM Ol HAKAIJIWBATHCH H30LITOUHBIE MOHBI

Zn?*, a B CTeKAAHHOM cTakaHe — wu36GbiTounsle wous! SO2~, Ho
STH IPOTUBOIOJOMHO 3apS¥KeHHEe YACTUIIH! IPUTATKBAIOT APYT
Apyra, u uoHsl SOZ” IPOCAYHBAIOTCA YePes CTeHKH IOPHUCTOTO CTA-
KaHa, B pe3yJbTaTe Yero BO BHYTPEHHEM CTAKaHe KOHIEHTPAIMS
ZnSO 4 BO3pacTaeT. B CTeKIAHHOM crakaHe, HaobopoT,
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BCJIeACTBHE yXoAa uoHoB Cu?t k mexn u uoros SOZ™ B mopucTsrit
crakaH KoHueHTpanua CuSO, B pacrsope y 6 51 B a e T. [lonaTHo,

YTO ecnu ObI 3JiIeMeHT paboTajyl B 9THX YCJIOBUAX AOCTATOYHO HOJI-
ro, To pacTBop ZnSO, BO BHYTPEHHEM CTaKaHe LOCTUT Gbl COCTOA-
HUA HACBIIIEHUS U U3 PACTBOPpA HavaJu Obl BHIIAJATH B BUIE Ocal-
kKa kpucTtaibl ZnSO,. B CTeKJIAHHOM cTaKaHe KOHIEHTDaIUs
CuSO0, B pacTBOpE cTasa 66 HACTONBKO MaJIoH, uro I C anemeHTa
ynaja 6l 10 HyJs, U 3JIeMeHT He Mor 6b ganbine paborars. Ilo-
3TOMY, UTOOBI OOECIIEUUTD AJUTEILHYIO PAOOTY 3j1eMeHTa, BBOLAT
B pacTBOp 3amac Kpuctawios CuSO,, KOTOphIE [OCTENEeHHO pac-
TBODSAIOTCA ¥ MOAIEPKUBAIOT PACTBOD B COCTOAHUM HACBIII[EHU .

Takum 06pa3oM, B TO BpeMsa KaK BO BHEIITHEH I[eIIH IraJbBaHuue-
CKOT'O 3JIeMeHTa (B IIPOBOJIOKE) ABUIKYTCA BIEKTPOHBI OT MecTa C
60JIee HU3KUM IIOTEHIIHAJIOM (OT OTPHUIATEBHOrO IIOJIOCA dJIEMEH-
Ta) K MecTy ¢ 0osee BEICOKHM IOTEHIIUAJIOM (K IIOJIOMKUTEIHHOMY
MOJIIOCY DJIEMEHTA), T. €. OT IUHKOBOr'O 3JIEKTPOJAa K MeJXHOMY, B
pacTBOpe SJIEKTPOJIUTA ABUKYTCA HOHBI: OTPHUILATEJIbHEIE (802 ) —
OT MeJ¥ K IMHKY U ToaoxkuTtenbasle (Cu?t u Zn?") — or munka
Menu. B pesyrbrare ycTaHABINBAeTCA HeIPEPRIBHBIM KPYrOBODPOT
3apANOB KaKk BHe 3JIEeMEHTa II0 IIPOBOJAM, COCTABJIAIOINIUM BHEIII-
HIOIO Llellb, TAK ¥ BHYTDH 3JIEMEHTA, UepPe3 PACTBOD SJIEKTPOJIUTA.

Tak ke B OCHOBHOM IIPOMCXOIUT MpoIiiecc BO3HNKHOBeHUA DI[C
U TOKA B IPYrUX anbBaHWUUYECKUX 3JIEMEHTAX, XOTSA YaCTO 3TOT OC-
HOBHOM IIPOLIECC OCJIOKHAETCA BTOPUUHLEIMH PeaKIIUAMU, [IPOUC-
XOAAIIMMHY Ha 3JIEKTPOJaX.

NMonapusauma rasibBaHU4ECKUX 3JIEMEHTOB

TanpBannueckuii siemerdT BoapTa COCTOAN U3 MESHOI'O U ITUH-
KOBOI'O 3JIEKTPOAOB, KaK M 3jeMeHT [[aHuassa, HO o6a sleKTposaa
OBLIM TOTPY KeHBI B PACTBOP OJHOIO0 DJIEKTPOJINTA — PACTBOP Cep-
HOUA KHCJIOTHI. dJieMeHT BoJsibTa TONBKO HEeOOJNBIIIoe BPpEeMA IIOCie
3aMBIKAHUSA [EIH JAeT IIOCTOSHHBIN TOK. 3aTeM cHJIa TOKAa ORICTPO
YMEHBIIAETCA.

Heuno 3xeck B crepyiomem. B BogaoM pactsope H,SO, npucyr-
CTBYIOT IIOJIOYKUTENbHBIE HOHLI Bogopoaa. IIpu pabGore anemeHnTa
OHHM OCaXJAIOTCA Ha MeIHOM 3JIEKTpoZe. B peaysbraTe uepes He-
KOTOpOe BPeMH II0cJie 3aMBIKAHNA LMK 3TOT 3JIEKTPOJ ITIOKPLIBA-
€TCA TOHKHM CJI0eM BOAOpoja. BMecTo MeLHOrO 3JeKTpoAa moay-
YaeTcA «BOJNOPOJHBIN» 3JIEKTPOXL. JTOT IIPOIECC HOCUT HA3BAHHE
NONAPUBAINUYU D3JIEMEHTa.
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CxayoK IMOTEHI[HAIA Ha TPAHUIIE BOLOPO — PACTBOD 3JIEKTPOIH-
Ta MeHbIIIe, YeM Ha I'DAaHHuIE MeJb — pacTeop. Iloaromy 3/1C ymens-
maetcs. [oBOpA APYTHMHU CJIOBAMY, OJNAPUIANUA 31€MEHTA IPUBO-
OUT K IOABJNEHWIO JONOJHUTENBHON NONAPUIALMOHHOM
9 I C, umerolieil 3HaK, MPOTHURONONOKHKM 3Haky IJ/IC amemeHTa.
OZHOBPEMEHHO BRILEJIEHNE BOAOPOAA CHIBHO YBeIUINBACT BHYTPEH-
Hee CONPOTMBJIEHWE 3JeMeHTa, U0 IeHKa BOZOpoXa Ha MeIHOM
AJIeKTPOJe uMeeT GOJILIIOE COMPOTURIICHHE,

Jlnsa crabuiabHod paGoTh! 3JIeMEHTa HYXXHO BOCIPENATCTBOBATH
HAKOIIJIEHHIO BOJOPOJa Ha IIOJIOMKHUTEILHOM 9JIEKTPOAe 3JIEeMEHTA.
Heobxoquma, KaK T'OBODAT, AEeNONSAPDUIALUA HOJNOKH-
TEJALHOTO 3JeKTpoka. B anemenre JaHuains sToro JOCTUraOT IPH-
MeHEeHUeM ABYX PACTBOPOB dJEKTPOJIUTOB, NOAOOpaHHEIX TaK, YTO
npu pabore 3neMeHTa XUMUAYECKHUH COCTAR SNEKTPOOB He MEeHAET-
csA. MeaHuiit 3J1eKTPOJ, HAXOZUTCA B PACTBODE MEAHOT0 KyIopoca,
U IpU 3aMKHYTOU eV Ha IIOJIOMKUTEILHOM 3JIeKTPojie 0CaX JaeT-
cA He BOJAODOJK, a MeJb.

Hawu6osiee pacrnpocTpaHeHHBIM ABJIAETCSA XUMHYECKHUI crocob
JenoaAPu3alMy, COCTOANIME B OKMCISHAH BOJOPOAA U IIpeBpalie-
HHH ero B Boay. FIMenHO Ha 3TOM
IIpUHIIUIIE OCHOBaHA JeIoJIAPH3a-
uud B HauboJiee ynoTpebUTENBHOM
B HacTroalllee BpeMs 3JIEMeHTE —
smemenTe Jlexaaumte. OTpuuaTeNb-
| —7Zn HBIM 3JEeKTPOAOM BsieMeHTa JIek-
| Yson, TAHIUE TAKIKE CIYXAT LMHK. ITo-
JIOKUTEJLHBIH 3JEKTpOJ COCTOUT
3 YI'OJLHOI'O CTEPXKEHbKA, OKPY-
SHEHHOTO CMECHIO0 CHJIBHOTO OKHC-
—MnO, JuTeNA — IEepOKCHAAa MapraHia
MnO, u rpaduTa 115 yBeIUYEHUA
aneKkTponporoguocT (puc. 2.52).
NH,Cl ITH BIEKTPOALI IMOTPYKAIOTCA B

Puc. 2.52 PacTBOp HAWIATHIPA (XJIOPUJA aM-

monus — NH,CI). B «cyxux» ane-

MeHTAX BMeCTO >XHAKOI'0 PACTBOPA 3JIEKTPOJIHUTA MCIOAL3YIOT I'ye-

TYI0 KPaxMAJHCTYIO MAaccy, OPONMTAHHYI0 HamaTeipeM. ['a3006-
pasHEIi BoJOpO He 00pa3yeTes, TAK KaK IPOUCXOJUT peakIusa

MnO2 + 2H = MnO + HZO,

B pe3yJIbTaTe KOTOPOIl moJyuaeTcs OKCHI Maprauua u Boga. 9C
anemeHTa Jleknanite okono 1,4 B.
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fipuMeHeHue ransBaHMYECKNX SNEMEHTOR

HecMmoTps Ha TO YTO ralhBaHUUeCKNe 3JIeMEeHTHI GbLIM TIepPBHI-
MM HCTOYHMKAMM TOKA M HMEIOT Y)Ke IOYTH JBYXBEKOBYIO MCTO-
PHIO, OHU U CETOIHSA HAXOAAT PAJ BaKHBLIX IPHUMeHEHUIA,

«Cyxue» rajbBaHUYECKHE 3JIEMEHTHI ITHPOKO HCIOJL3YIOTCA B
pPagHoOTeXHHUKe JJIA MHTAHUA NPUEMHUKOB, IIOPTATUBHBIX MATHH-
TooHOB. PasHoo6pa3HEIE CyXHe 9JIEMEHTHI IPUMEHAIOTCH B 9JIeK-
TPOHHBIX Yacax, B HEKOTOPRIX 3JIEKTPOM3MEPHUTEILHBIX HpHGO-
pax, B CIYXOBBHIX alllapaTax AJd JIOfeli, TOTEPABUINX CAYX, B
JETCKHX UIrPYyUiKax, KApMaHHRIX GOHADPAX U T. .

B zanveanuwecrux sanemenmax I/JC s03Huraem 3a cuem
deiicmeus xumuyecrkux cun. O0Hako 8 HUX npoucxodam He-
obpamumbvie NPoOyECCyl, NPUBOOAULUE K PACXOO0BAHUIO 3AeK M-
podos, pacmeopa anexmpoauma. I1o ucmewenuu Hexomopo-
20 8peMeHU OHU CMAHOBAMCA Hez00HbiMU, UX Halo 3ame-
HAMb HOBLIMU.

§ 2.13. AKKYMVYJIATOPBI

Cywecmayiom ucmoLHuUKU moxa, pabomawue Ha npuryu-
ne obpamumblx xumuiecKux npoyeccos. Hx nasvieaiom a x-
Kymyaamopamu (HaKkonumeaamu).

MpuHumnn paboTbl akKymynaTopa

Pafora akKyMyJasaTOpa OCHOBaHA HA SBJEHUH NOJAPHUIAILHH
3JMIEKTPOAOB. MEI BUZE/IN, YTO B FaJbBAHNYECKHUX HJIEMEHTAaX OHO
6u110 BpefHbIM., OZHAKO OKA3AJOCh, YTO 3TO HABJECHUE MOXKHO
HCNOJNIB30BATh AJIA IIPAKTHUECKOTO IIOJYUEHHUA 3JEeKTPHUYECKOro
TOKA.

HanbeMm B cTaKaH pacTBOpP CepHOM KHMCIOTHI U OOYCTHUM B HErO
JIBA OQMHAKOBBIX CBHHIIOBBIX SJEKTDPOJA, MOBEPXHOCTH KOTOPHIX
MOKPHITHL OKcHAOM cBuHIIA (II) PbO. diaeMeHT B TaKOM BUAe HE 00-
napaer JJC, Tak KakK 00a ero aJaeKTpoAa OLUHAKOBEI. IIpHcoenn-
HUM Teleps K 3JIEKTPoJaM BHEIIHUM HCTOUHUK ToKa (puc. 2.53, a)
M IPONYCTUM Hepe3 3JIEMEHT TOK (TOK 3apAgKH). JIeKTPHUEeCKU
TOK, IPOXOAANINI Uyepe3d BOAHKIN PACTBOD CepHOI KHCJOTHI, BHI3O-
BeT pasJIosKeHMe BOAEI Ha BOAOPOJ M KucIopox. B pesyianTare Ha
LJIacTHHKE, COeAUHEHHOHU ¢ OTPHUIIATEIBHAIM HOJIOCOM HCTOUHUKA
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a) 6)
Puc. 2.53

ToKa (KaToje), BHEIIENAETCA BOJOPOL, KOTOPLIA BOCCTAHABJIUBAET
okcug ceuuna (II) B yucThIil cBUHeI:

PbO + 2H — Pb + H,0.

Ha sneKTposie, COEIUHEHHOM C IOJOKUTEILHBIM II0JI0COM ¥C-
TOYHHKA TOKa (aHOAe), BRIAEJIAETCA KHUCJIOPOJ, KOTOPhIH OKHCIA-
et oxkcug ceuHIa (I1) B okcna ceuana (IV):

PbO + O — PbO,.

Taxum o6pasoM, B pe3yJbTaTe IPOIYCKAHUSA TOKA uepes 3Je-
MEeHT, T. €. 3apAJKH dJIEMEHTa, ero 3JeKTPOJbl OKa3bIBAIOTCA Pas-
HBIMH TI0 XMMHYECKOMY COCTABY, M IOABJAETCHA OIpeJAeeHHAasd
IAC — umenno 3JC nonspusanuu, papHas npumMepHo 2 B. Jue-
MEHT B TAKOM COCTOSHUH yJKe CaM SBJIAETCHA UCTOYHUKOM TOKA U
TIPH 3aMBIKAHUU €T0 Ha HATPY3KY MOXKET CO3LaBAaTh B LIENTH B TeUe-
HU€e HEKOTOPOT'O BPEMEHHM JJIeKTpPHUUYEeCKHi Tok (puc. 2.53, 6) —
TOK Das3pAiKU, KOTOPHIA HAIPaBJIEH IIPOTHBOIOJIOMKHO TOKY 3a-
pagku. Takoil 9JJeMeHT U eCTh AKKYMYAATOP.

IIpu paspsanke XUMHUYECKHE DEAKIMM HA 3JIEKTPOJaX MAYT B
oO0paTHOM HatpaBJeHuu. IlosoKuTeIbHASA MJIACTHHKA BOCCTAHAB-
JIUBAETCA BOLOPOAOM:

PbO, + 2H — PbO + H,0,
a oTpHIlaTeJibHaA NJIACTUHKA OKHUCJIAETCA KUCJIOPOAOM:

Pb + O — PbO.

Kakx TONBKO 00€e MIAaCTHHKHN OKAXYTCH ORWHAKOBBIMH, aKKY-
MyJATOP NEPECTAHET JABATE TOK.
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YCTpPOINCTBO KMCNOTHOro (CBUHLLOBOIr0) akKyMmynaropa

PaccMOTpeHHEIT HaM¥ aKKyMYJIATOP He CIOCOGEH HAKOIIMTH
CKOJIBKO-HUOYIb SHAYUTEJIbHBIH 3JIeKTpuuecKuil sapan. [Insa yse-
JIAYEeHUA ero akKyMYJHDYIOIIMX CIOCOGHOCTEH HALO yBEeJIHNYHTH
IJIOIAAb IIOBEPXHOCTH BJEKTPOAOB. JTO AOCTUI'AeTCA TeM, UYTO
BMECTO 3JIEKTPOAOB B BHJE IUIACTHH IIPUMEHAIOT 6JIOKH, 3aII0JIHEH-
HBIe aKTUBHOI Maccoil. ITonoKUTeIbHEIE IJIACTUHEI, COeAVMHEHHBIE
MeXKAy Cco00¥ CBUHIIOBOI IIOJIOCOH, PACIIONaraloTCs MEXKIY OTPH-
LATeJbHBIMA, TAKXKE CIASHHLIMHE MexXay coboil (puc. 2.54, a). 9tu
6JI0KM OIIyCKAIOT B CTEKJSHHYIO 0aHKY ¢ 20% -HEIM pacTBOPOM
CEepHOM KUCJIOTHI.

ITonoxurenbHBIe MIACTUHEBI (pHc. 2.54, 6) COCTOAT W3 IEJIOTO
PAfa CKPEeIJIEHHRIX MeXAYy coboi IapasielbHBIX BepPTHKAJIbLHBIX
CBHHIIOBEIX pebep, 00pa3yroIux aueiikyu Harogobue mueIMHBIX CO-
TOB. B 3TH AYeiiKu BIIpecCOBHIBAETCA aKTUBHAS Macca. Y 3apAKeH-
HOrO aKKyMYJATOpa aKTMBHASA MAacCCa IOJOKUTEJNbHON IIACTHHEI
cocrouT u3 okcuza ceunna (IV) (PbO,). ITonoxurenbHble ILIACTH-
HEI HMEIOT OYpHhIi I1BET.

OTpunarejabHsle ILIACTUHRL CEPOro 1seTa (puc, 2.54, 8) UMeloT
OCTOB B BHJI€ CBHHI[OBOI PELIETKH, SUEHKM KOTODPOM TOKe 3aI0JI-
HeHbI aKTUBHOM Maccoil. B 3apAXeHHOM aKKYMYJIATOPE AKTUBHASA
Macca OTPHIJATeNbHBIX HJACTHH — YHCTHIM CBUHEL, WMo
TIOPUCTYIO CTPYKTYDY M HASHIBAEMBIH NIO9TOMY r'y6dYaThIM CBUH-
noMm. PaccrosEme Mexxay NOJacTHHAMH [eJaeTca MAaJIbIM [AJaA
YMEHLIIEHUS BHYTPEHHEr0 COIIPOTUBJIEHUA aKKYMYyJIAaTopa. BHYT-
peHHee COIIPOTHBJIEHNE KHCIOTHHIX aKKYMYJIATOPOB OYE€Hb MAJIO,
IIO3TOMY HEJNb3sl COEIUHATH KJIEeMMbl AKKYMYJIATOPA TPOBOJHU-
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KOM ¢ MaJILIM COIIPOTHBJIEHHEM (KOPOTKOE 3aMEIKAHHE), TaK KaK
BO3HUKAOINUHA IIPH 3TOM CHJBHEIN TOK OKa3hiBaeT OUeHL BpPeAHOe
JelicTBHE Ha aKKYMYJIATOD.

J1s RaI0r0 aKKYMYJIATOPA CYIIECTBYIOT IIpefeIbHbIe 3HAYE-
HUA CUJEI TOKA IIpH 3apALKe M paspAfKe. OTH JaHHLIE YKa3bIBa-
IOTCSA B IACIIOPTE AKKYMYJIATOPA.

91C KUCIOTHOTO AKKYMYJIATOPA ¢cPa3y MO OKOHYAHHUY 3apAagKH
oxoiio 2,7 B. B Hauase paGoTel aKKYMYJIATOPA OHA G6BLICTPO mMajgaeT
no 2,1 B. Ecan 3/IC akKyMyaATOopa yMeHbIIaeTca g0 1,8 B, ero
HeoGXONHNMO CHOBA IIOCTABUTE HA 3APALKY.

KpoMme KHCIOTHBIX aKKYMYJIATOPOB IUMPOKOE pacIpocTpaHe-
HHe IOJYYUIM IiejIouHble akkymMyaaropul. 3JC ierodHoro ax-
KyMyJIATOpa paBHa npumepso 1,3 B.

NMpuMmeHeHUe akKyMyAAaTOpPOB

B cOBpeMeHHOI1 3JIEKTPOTEXHUKE aKKYMYJIATODPHI HAXOAAT IIH-
pOKoe IpuMeHeHHe. Bes HUX He MOTYT paBoTaTs aBTOMOOHIHN. AK-
KYMYJSATODHI 34eCh HYXXHEI JJIA 3allyCKa aBTOMOGHJIBHOIO ABUra-
TeJIa IPH IIOMONIH cTapTepa (CIeIlMaJbHOTO 3JIEKTPORBHUIaTeNA),
IS OCBEILleHHWs HAa OCTAHOBKAX, KOTJA reHepaTrop He paboTaer.
AKKYyMyJIATOPHL IPDUMEHSAIOT JJIf OCBENIEHUA 3KeJe3HOJOPOXKHBIX
BATOHOB Ha CTOSHKAX B HOE3JaX, KYPCHPYIOUIXX MO AOPOraM, I'Ae
HET TOKa BJIEKTPOTATH.

AKKYyMyJIATOPEI IPUMEHAIOTCA HA HEOOJIBIIINX 3JIEKTPOCTARINAX,
HaIpMMep Ha 3JIEKTPOCTAHIIWAX, HCIIOJb3YIOUIUX SHEPruio BeTpa.
Kornma nyer Betep M sieKTpHUeCKHE I'eHEpaTOPhbl pabOTAIOT HAa IIOJ-
HYI0 MOIIHOCTh, YACTH SHEPIMU KMJAET HA 3apAJKY aKKYMYJISTODPOB.
3aTeM 9HEpPruio, 3araceHHYIo B aKKYMYJIATOPAX, PACXOAYIOT II0 Mepe
HagOGHOCTH ¥ HE3ABHCUMO OT METEOPOJIOrHUECKUX YCIOBUH,

Bes axkKyMynsaTOpOB HE MOryT OOXONUTECA IIOABOJHLIE JIOAKH
(kpoMe ATOMHEIX). AKKYMYJIATODEI NMPUMEHSIOT Ha 3JEKTpPOKapax
(3JIeKTPHUECKUX I'DY30BEIX TEJEXKKAX), B 9JIeKTPOMOOMIAX (ABTOMO-
OMIAX € 9NEKTPUYECKUMI ABUTATEIAMH), AJIA IIUTAHUA PaJUoAalla-
PATYpHI, DYJHUYHEIX JIAMII ¥ BO MHOIMX ApYTHX ciyuaax. 1Tupoko
UCTOMAB3YIOTCA aKKYMYJIATOPEL B JabopaTOpHOl IpakTHUKe, IAe OHHU
SABJIAIOTCA XOPOIINMY HCTOYHWKAMMY IIOCTOSHHOTO TOKA.

B axrxymyasmopax 3C eo3nurxaem 3a cuem Odeilcmeus xu-
MuiecrKux cua. B Hux npoucxodam obpamumbie XUMULECKLE
npoyeccul, KOMopvie UCNOALIYIOMCA ONA NPAKMULECK020 NO-
JYHEeHUA 3NeKmpuieckozo moka.
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§ 2.14. 3AKOH OMA AN NOJIHON LEENU

B § 2.4 mbL no3naxomuaucsy ¢ 3axonom Oma 014 ywacmxa ye-
nu, He codeprcaujezo ucmoururx 3C. Iloabayace um, MvL Mo-
JHCeM 8blHUCIUML CULY MOKQA, eCAl 3HAeM HANpAXCeHUue HA
yiacmie yenu u conpomuéierue yiacmea. 3axon Oma oasa
NOAHOL yenu YycmaHasiusaem 3a8UCUMOCMb MelcdY CUNOLL
mokxa 8 yenu, 3[JC ucmouyHuKa, nuMaww,ezo yenv, U NOJAHbLM
conpomueénernuem yenu.

PaccmoTrpumM npocreiitnyo noinyo (3aM- 2 1
KHYTYIO) dJIEKTPHUeCKYyI0 ILenb (puc. 2.55), 4‘“‘ e
COCTOALIYI0 M3 HMCTOYHMKA TOKA (HAIpHMep,
raJsbBaHUYECKOr'0 dJIEMEHTAa WX aKKyMYJid-
TOpa) U pesucTopa coupotrusyeHuneM R. He- —
TOUHHK TOKa, uMmelomuit 3JIC &, obiaagaer co-
npoTusjieHueM r. Ero HasniBaloT BHY T P € H-
HHM COIPOTHBJICHHEM HCTOUHUKA B OTJIMUHE
OT COIpPOTHBJIeHUA R 1Lenu, Ha3BIBAEMOTIO
BHEeIIHU M COIPOTHBIeHUeM. B remeparope r — 3TO COIpOTHB-
JeHHe ero oOMOTOK (MEIHHIX IIPOBOJOB), B r'aJIbBAHUYECKOM dJIe-
MeHTe WK aKKYMYJIATOPE — 3TO COIPOTUBJICHUE PACTBOPA DJIEKT-
pOJINTA U 3JIEKTPONOB. [lJa monydenus sakoHa OMa AJIA MOJHOM
LeNlH UCIIOMb3YeM 3aKOH COXPAaHEHUA dSHEPTHH.

ITyers 3a BpeMsa At depes IomepedHOe ceUeHHE IIPOBOJHUKA
upoiiger sapaz q. Toraa, cornacuo dopmy.ie (2.11.1), pa6ora cro-
POHHHX CUJI IIPH IlepeMellieHUH 3apsfia ¢ paBHA A | = 6q. Us ompe-

IejdeHusa cuianl Toka I (2.2.5) umeem: ¢ = IAt. CaenoBaTenbHoO,

A =6IAL. (2.14.1)

Puc. 2.55

Brnaromaps pa6oTe CTODOHHUX CHUJ IIPH IPOXOXKIAECHHU TOKA B
LelTH HAa ee BHEIITHEM M BHYTPEHHEM YUYaCTKAaX BHIJEIAETCA KOJH-
YeCTBO TEIJIOTHI, 10 3aKony JIyoynsa—JleHua pasHoe:

Q = I2RAt + I?rAt. (2.14.2)
CoryacHo 3aKOHY COXPaHEHUA dHEePruu ACT = @, Io3TOMY
EIAt = I?RAt + I%rAt.

Orciona
E=IR+1Ir. (2.14.3)
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TIpousBefieHUe CHJIBI TOKA HA COPOTHBIEHUE YUaCTKA LNy Ha-
3LIBAIOT MAJE€HHEM HANDAXXEHHS HA 3TOM ydYacT-
K e. Takum obpasom, 3JC ucmournurxa moxa pasna cymme nade-
HUull HANPAXCeHUIl HA 8HEULHeM U BHYMPEeHHeM yuacmKkax 3am-
KHYymMou yenu:

E=U+U, (2.14.4)

rae U = IR — maneHWe HaNPS)KeHUA HA BHEIIIHEM YYaCTKe IIelH,
a U, = Ir — najenune HAIIps)KEHUSA HA BHYTPEHHEM y4acTKe.

W3 pasencrsa (2.14.3) noxyuaem:

__6
I—R+r' (2.14.5)

ATo 1 ecTh 3akoH OMa And noaHoH nenu. Cuna ToKa B MOJHOM
enu paBHa oTHoIIeHHI0 J/IC MCTOUHHKA K IIONHOMY COIIPOTHEB-
JIeHMIO I[elHu.

BHyTpeHHee COIIPOTHBIEHHE HCTOYHHKA TOKA, €CJIH OHO MAJIo
II0 CPABHEHHIO C BHEIIIHHM compoTHBJeHHeM (r < R), OKA3BIBAET
MAJIOE BIIMAHHE Ha CHJIY TOKa. Ho mpM KOpDOTKOM 3aMBIKAHHH,
Korga R = 0, cuia Toka

(2.14.6)

oueHb BENMKA, TaK Kak r majlo. Hampumep, npu § = 2B n
r=0,1...0,004 Om I , = 20...2000 A. IIpu Takoii cuye TOKa NpPO-

BOJIa MOT'YT PACILIABUThCS, & CAM HCTOYHUK — BBRIATH U3 CTPOA.
Ecau uens COREPIKUAT HECKOIBKO MIOC/IEOBATEILHO COSUHEHHBIX
anemenToB (puc. 2.56) ¢ 91C §,, &,, f3 U T. A., TO NOAHAA 3C s ye-

nu pasna anzebpauvecroil cymme 3C omodeavHbLx dAeMeHMO8:
E=6,+6,+ 683+ ...+ 6y (2.14.7)

Hns ompenenenua gsuaka IIC or-
JENbHEIX 3JIeMEHTOB cJeZlyeT PYKOBOJACT-
BOBATBECA MpABMJIOM, H3JO0KEHHBKIM B
§ 2.11. Ilpu BrIOpanHOM (IIPOM3BOJILHO)
HanpasJieHHH 00X0Ja TIPOTHB UYAaCOBOIf
CTpPeJIKM AJIA LenH, m3obpaskeHHOH Ha
pucynke 2.56, 6, > 0, 6,, <0 u 5 > 0,
IIO3TOMY

E=6,+ 6+ 63=161 =16, + |-
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BuyTpeHHee cOnIpOTHBRICHUE OaTapeu, COCTOAIIENH U3 IoCIeN0-
BaTeJbHO COEJUHEHHAIX 3JIeMEeHTOB, DABHO CyMMe BHYTPEHHUX CO-
IPOTUBJIEHUI 2JIEMEHTOB:

r=rtrgtrgt oLty (2.14.8)

Ecau 6atapes cocrout us N OAUMHAKOBEIX MOCIENOBATEJBHO CO-
eIMHEHHEIX 3JIEMEHTOB ¢ ofuHaKoBbIMHU 3Hakamu 3IC, To us dop-
mya (2.14.7) u (2.14.8) cnenyet, 4T0

E6=6,N, (2.14.9)
re=r,N, (2.14.10)

rae 65 U ry — 9JIC u BHyTpeHHee cONpOTHBNIEHMe baTaped, a 6 U
r, — 9JIC u BHyTpeHHee CONPOTUBJIEHHE OJHOTO SJIEMEHTA.

Cuaa moxa 8 noanoit yenu pasua IJC yenu, denennoil na ee
noaHoe conpomusnerue.

§ 2.15. 3AKOH OMA 19 YHACTKA LENWN,
COLEPXALLEIo 3ac

Hau6onee ob6wyio ¢popmy umeem 3axon Oma 0as yvacmra
yenu, codepacaujezo IC.

PaccMOTpMM yUYacTOK IeIIM, COAEP KAl TaabBaHWYeCKHH
3JIeMEHT UM aKKYMYJIATOp, T. €. YYACTOK, Ha KOTOPOM [JelCTBY-
IOT CTOPOHHHE CHJbI. TakUM YYacTKOM SABISAETCHA, HANIPUMED,
y4acTtok I—2 (cMm. puc. 2.55). BeipasuM pasHOCTL HOTEHIIMAJIOB
¢, — ¢, Ha KOHIIaxX aToro yuacrka depes JIC & ucrounuxa, ero co-

OpOTUBJIeHUE I U cuay ToKa I. Iy sToro Hano cHauyanma BeIOpaTh
(IpPOM3BOJILHO) IOJMOMKHUTENILHOE HampaBieHue 00xXona B KOHTYpe
e U CTPOro NPUIEePKUBATHCA NPABUJ 3HAKOB, O KOTOPBHIX MbI
roBopusd B § 2.2 u 2.11. HamomuuM ux. Cuna Toka Ha paccMar-
PUBAaeMOM YYACTKE CUMTAETCA MTOJOKHUTEIBHOHU, €CJIM HallpaBJie-
HUe TOKa (T. e. HATIpaBJeHUe ABV)KEHUA IIOJOMKUTEIbHBIX 3aps-
IOB) COBIIAJa€T ¢ BhIOpamHKIM HampaBaerueM. DIIC cuuraercs mo-
JOMKHUTEIbHOM, ecan paboTa CTOPDOHHUX CHJ IIDH IIepeMeIeHuH
eIVUHAYHOTO IOJOKHUTEJILHOrO 3apAja Ha JAaHHOM y4YacTKe I[eNU B
HANIpaBJIeHUN 00X0a IOoJIoKHUTeNbHA. (B caydae ralsBaHUUYECKO-
ro dJeMeHTa UMau akKymyasaropa 9JIC monosxuresirHa, eCIN 3TOT
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3apAj BHYTDH HCTOYHHKA IIepeMeIllaeTcs OT OTPHIATEJIBHOTrO
AJIEKTPOJA K IIOJOXKUTeIbHOMY.) HakoHelr, 3HaK PA3HOCTH IOTEH-
OUAJIOB ¢y — ¢, (unu Hanpsixenusa U, ,) Ha TaHHOM y4acTKe 3aBH-

CHT OT TOI'0, YTO BoJbIIIe: (pl HIH (p2.

IIpu BLIOpanHOM HATIpaBJEHMH 00X0/Aa MIPOTHUB 4acoBoOi cTpe-
KM AJA Ienu, usobpayieHHoil Ha pucynke 2.55, I > 0, 6§ > O u
¢, ~ @9, = U, , <0, Tak Kax noreHnuan Touky I (Ha4anao ydact-

Ka) — OTPMI[ATEJbHOIO II0JI0Ca HCTOUYHHKA TOKA MEHbIIE IIOTEH-
nuana Touku 2 (KOHeIl yUacTKa) — IOJOXKUTEJBHOTO II0I0CA.
IIpumensas 3axkoH Oma (2.14.5) A4 MOTHOM IeIIH, ITOJYINM:

E=IR+Ir. (2.15.1)

C npyroii cTOpOHEI, NpUMeHAA 3aK0oH OMa (2.4.3) 4y1a yJacTKa
LierHd, He COAEPIKAIero HCTOUHHK TOKA, a4 HMEINEro TOJbKO pe-
s3ucTop R (3TOT y4acTOK HAXOAHTCA TAKIKe MeXAY Touxkamu I u 2
B HHXKHeIf yacTH puc. 2.55), MOXKHO 3aIIHCATH

IR=¢,—9;. (2.15.2)

3amenasa IR B dopmyne (2.15.1) Ha ©, — ©, U3 yPaBHeHHUHA
(2.15.2), monyuum:

O~ @, =Ir-¢. (2.15.3)

970 u ecTr 3akon OMa JJIA yUyacTKa Uenu, copepsxatnero 3JC.
Pa3HOCTE MOTEHIMAJIOR MEKAY HAYAJIOM H KOHI[OM YYACTKA Ife-
i paBHA NMaJeHMI0 HANPAXKEHHA Ha yuyacTtke MuHyc 9/C atoro
y4acCTKa.

IIpu pasomrHryTOl neruz I = 0 1, ciexoBaTenbHO,

5=(P2—(P1'

Takum obpasom, 3JC snemenma pasHa pasHoCMuU NOMeH-
LUAN08 MeHDY €20 NOAIOCAMU NPU PAZOMKHYMOIL yenu.

Y06kl JyUllle IOHATH CMEICT GopMyarl (2.15.3), paccMoTpum
noapo6HO fBa NIponecca — PA3PAAKY M 3apAAKY AKKYMYJIATODA.

Pa3psagka akkymynartopa

Ha pucynke 2.57 mMITpUXOBOi TUHUEI BRIEJIEH YUACTOK LENH
¢ IJIC. IIpu BrI6paHHOM HAIpABJIEHHMH 06xoJa IIPOTHB JaCOBOii
crpenku I >0, 6> 0, a U; , < 0 (Tak kak nmoTeHIuanm TOUKu [ —

OTPHUUATEJBHOI'O IIOJIIOCA AKKYMYJATOPDA MEHBIIIE IIOTEHIMAA
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Hanpas-
JeHue
06xo00a

Puc. 2.57

O

o—

+

Puc. 2.58

TOYKH 2 — MOJOKHUTEJHFHOTO II0JIIOCA), T. €. 3JIeKTpuuecKkue (Ky-
JIOHOBCKHE) CHMJILI COBEPIIAIOT OTPUIATeNbHYI0 paboTy. IlosTomMy
ypaBHeHHe (2.15.3) ans Moayeil 3annuIeTca Tak:

U 5l =61 |1lr. (2.15.4)

Hanpsaxeane paBHo 3JC ncTrouHMKa MUHYC NajieHUEe HaNOpsaXKe-
HHJ HA YYACTKe (BHYTPEeHHee MaJeHNe HAIIPAXKEHUA).

3apsaka akkyMynaTopa

CxeMa 3apsfKH aKKYMYJATOpa IOKaszaHa Ha pucyHke 2.58.
Bri6epeM HanpasiieHMe 06X01a KOHTYpa II0 4acoBoii crpenxe. Tor-
mal>0, U, 5> 0 (Tax Kak @, > @,), H0 6 < 0.

CnenoBaTesbHO,
|U1,2| =l + [1|r.

Hanpsi>xeHre Ha akKyMyJaAaTope Teneps Gosbie ero 3/1C Ha Be-
JUYNHY NajeHUuA HAIPSKEeHNs BHYTPH aKKYMYJIATOpA.

Pasnocms nomernyuanos (Hanpajxcerue) Ha ywacmie yenu,
codeprcawem 3C, pasHa nadenHulo HANPAXEHUA HaA yracm-
Ke munyc ezo 3[C. Iladenue nanpaxicerHua o6bliHO NPOUCXO-
dum Ha 8HYMPEHHeM CONPOMUBAECHUUL UCMOYHUKA.

§ 2.16. PABOTA U MOLLIHOCTb TOKA
HA YMACTKE UENWU, COOQEPXALLEM 34C

3naa 3axon Oma Ona ywacmra yenu, codeprcawezo IC,
MONHCHO onpedeaums 0na makxozo yiacmxa pabomy u Mouy-
HOCcmb moxa.
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Mpoun3ronbHbLIN y4acToOK Lenu

PaccMoTpuM NpOM3BOALHLIM yuacTok enu I —2, Taxk xax pas-
HOCTb MOTEHUHUATOB Oy — ¢y = U 1,2 BCET/ia YHCIEHHO PaBHA paboTe
10 TIePEMEITeHUI0 e AUHUYHOTO TI0JIOXKUTEJIBHOr0 3apAAa OT TOUKH
1 X ToukKe 2, TO HE3aBHUCHMO OT TOT'0, YTO ABJAETCHA MCTOUHHKOM
TOKA HAa 3TOM Y4YacTKe (raJlbBAHHYECKME DJIeMeHThI, AKKYMYJIATO-
PBI, 3JIEKTPOJBUTATEN, '€HEPATOPHI U T. I.), IONyYeHHEIe B § 2.7
dhopMyIBI AJ1a pabOTHI U MOITHOCTH

A=1TU, AL,

P-IU,, (2.16.1)

ocTalTCcA cupaBefIUBEIMU. J[JA BeiBoga a3TuX dopmysa 6bLIO Hc-
MOJB30BAHO TOJNBKO OIpeesieHue PA3HOCTH IOTEHIUMAJIOB U 32aK0H
COXpaHEHM 3HEPIUH.

OaHako BLIpaXKEeHUs AN OolIpejesieHuMa MomfHocTH (2.7.6) u

(2.7.7) ]

P=I2Rup= 212
R
M aHAJOrMYHBIe (HOPMYIEI ANsA paboTer (2.7.2) u (2.7.3) He bynyT
cIpaBeJJIMBLEIMH, ecnau yuacTok I —2 cogepxut 3JC. Beas B sToM
caydae 3akKoH Oma B popme (2.4.3) HenpuMeHRUM.

Hrak, ncxoguoit gopMyioi AJ1A MOILHOCTH TOKA B 06IIeM c?xy-
yae ABJAeTcA dopmya (2.16.1).

Ob6paTuM BHUMaHHe ellle Ha OJHY OCOOEHHOCTL y4YaCTKa IENMH
¢ UCTOUHNKOM TOKa. J[JIsT OJHOPOZHOTO yuacTKa uenw (T. €. 6e3 31C)
MOLIHOCTb BCerZia ITOJIOKMTEIbHA (feiicTBuTenbH0, P = I?R > 0).
OHeprusd, NOCTyHIaIasa Ha 3TOT YUYACTOK H3BHE, YBeJIUYNBAET €T0
BHYTDEHHIOIO 3HEPTHIO U 3aTeM MepefaeTCad OKPYMKAIONIAM TeJaaM
B BHJE TEeIJIOTH! (BEIIIONHAETCA 3aKoH JxKoyaa—JleHa).

MowHocTb Ha y4acTKe uenun, cogaepxawem 3C

IIpy HaMMuUUK CTOPOHHUX CHJ HA YYaCTKe MOIIHOCTH MOKET
6LITh KAK TOJOXXUTEJNLHOH, TaK U OTpHIaTenbHOM. A Harman-
HOCTH 0GpaTHMCA elle pas K IPOoIleccaM 3aDAAKH M PaspAAKHU aK-
KYMYJIATOPOB.

Kak Mb1 yaxe roBopund B § 2.15, npu sapsaigke aKKyMyJIaTopa
CHJIa TOKA M HALIPSXKEeHHWEe HMEIOT OOUHAKOBLIE 3HAKH (TOK HJET B
HANPaBJIeHUH YOBLIN MOTEHIINANA, KaK U Ha OSZHOPOJHOM YUacTKe
nenu), a 3Hak 3J1C TPOTHRONMOJIOKEH 3HAKY CHJILI TOKA.
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Caenosarennno, MOIHOCTD nONOMKHATENbHA (P = IU, , > 0), T. €.

AKKYMYJISTODP NoTpebJisgeT MOIMHOCThL n3BHe. Ha uTo oHa pacxony-
erca?

IIepenuiiieM BRIpaXXeHMe JJIA MOLIHOCTH B ApyroM suje. Coryac-
Ho 3akony Oma (2.15.3) gy1a yuacTka nenn, copepxarero I1C,

U1,2 =Ir-§.

Torpa, yuutsias, uto sHaxk IJC IIPOTHBOMOJNOMKEH 3HAKY CH-
JIEI TOKA, IIOJYYUM

P=I*r-I5=1*r+|I||8. (2.16.2)

IlepBoe ciaraeMoe — aTO H3BeCTHOe U3 3akoHAa J[:xoyaa—Jlen-
Ila BeIpaxkeHUe AJIA KOJUUYECTBA TEIJIOTH, BRIAEIAIOIErocA B aK-
KYMYJIATOPE B efUHHUILY BPeMeHHN. A BTODOE cjaraeMoe — 3TO pa-
60Ta B eJUHUIlY BpEMeHH, COBepllIaeMas MPOTHB CTOPOHHUX (XH-
MHUYECKHX) CHJI; 38 CUeT 3TOil paboThl YBEeJIUUHBAETCA XUMHUE-
cKAas 9HEePTUI AKKYMYJISATODA.

Takum o6pasoM, moTpebasieMas sHeprus (IOCTYIMBINASA H3B-
HE) YaCTUYHO BBIJEJSAETCA B BHUJE TelJIOTHI, & YACTUYHO UAET HAa
yBeJIMYEHVE DHEPIUY AKKYMYJIATODA.

Korpa akKyMyJISATOD paspsKaeTcsa, 3HAKY CHUJIRI TOKA K HATIDS-
KEeHHUS IIPOTHUBOIOJJOMKHEL (TOK B AKKYMYJISITOPE UAET B CTOPOHY
Bo3pacTaHMA mnoTeHnuajyia). [1oaToMy MOIIHOCTH OTpUIIATEJIBHA
(P=1U 12 < 0). 3To o3HauaeT, YTO AKKYMYJISITOP OTAAET MOIII-
HOCTBH BO BHEUIHIOIO LEeIlb.

IIpeo6pasyem BhIpakeHMe A MOIHOCTH, MCIOJL3Ys GopMy-

ay (2.15.3) u yuutsiBas, uro 3uaku OJIC ¥ CHIRI TOKA OHUHAKO-
BBI:

P=TI%r—I§=I*r— |14 (2.16.3)

W3 3TOr0o BhIpaXeHus BUIHO, YTO YACTb MOIHOCTH (I 2r), pac-
XOZyeMoil AKKYMYJIATOPOM, BHIAEIAETCA B BUAE TEIJIOTH BHYTPH
aKKyMyJasaTopa. OcTaibHas MOIIHOCTE OTAAETCA BHEIIHEH e,

IToguepkHeM, UTO MPUBEAECHHBIE PACCYKIECHUS M IMOJYyUYeHHEIE
BBIBOZAKI (B YaCTHOCTH, (opmyr! (2.16.2) u (2.16.3)) cupasenu-
BEI HE3ABHCHMO OT TOr'o, KakoBo mpoucxoxxaenue IJC Ha pac-
CMATPHBAEMOM yUACTKe.

Mouwnoeme na yuacmre yenu, codepxycawem 3C, moxcem
KaK nompebrambCa dImum YLiacmrKom u3 yenu, max u nepe-
dasambcsa e yenw.
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§ 2.17. PACHET CJIOXHbIX SJIEKTPUMECKUX LLENEN

B o6meM cayuyae saeKTpHUYECKASA Eb MO>XKeT OBITh OOpa30BAHA
HECKOJBLKUMHU HCTOYHHKAMH TOKA H PE3NCTOPAMH, COCTUHEHHEI-
MU IPOM3BOJILHEIM 06PA3OM, HAIIPHUMED TaK, KAK NOKA3AaHO HA PU-
cyuke 2.59. Takasa menbh HA3RIBAeTCA CIOMHOME pasBerT-
BJIJEeHHON sMekKTpUUYUecKOHU mMensio.

CIOXXHYIO 3JIeKTPUUYECKYIO Tellb MOXKXHO pasbUTh Ha pAf OT-
JeJBHEIX 3aMKHYTHIX KOHTYpoB (cM. puc. 2.59): ABDA, ABCA
u T. X. PacdeTr rakux nemneii (HanpuMep, HAXOMKIEHUE CHJI TOKOB
BO BCEX YYACTKAX IeNIH) MOJKHO BEIIOJHHUTHL ¢ IOMOIILIO 3aKOHA
Oma. OfHAKO BO MHOTHX CJYYAaAX PacueT YIPOIIAETCH, €CIU IPU-
MeHUTh NpaBusa Kupxroda.

C nepsbiM npaBuioM Kupxroda (2.8.2) Mel IO3HAKOMUINCEH B
§ 2.8. Ono rnacurt: ajarebpandecKas cyMMa CUJI TOKOB B IIPOBOJ-
HHUKAX, CXOIALIUXCA B y3ed, paBHa Hynwo. Teleps paccMOTpUM
BTOpOE IIPABUJIO.

Bropoe npasuno Kupxroda

PaccMoTpuUM IIPOM3BOJIBHO BBIODAHHBIN 3aMKHYTBIA KOHTYD
ABCD (puc. 2.60). IIpuyMeHEM K OTAEJILHEIM YUACTKAM DTOr0 KOH-
Typa 3akoH OMa AJid yuaCTKa IEeNu, COREepIKaIlero MCTOUHHUK
3MIC, B dopme (2.15.3): ~

Q=9 =1Ir-¢ (2.17.1)

O6o3HaYUM IIOTeHU AL V3J10B A, B, C 1 D COOTBETCTBEHHO Ue-
pes ¢4, Pp, Oc U . 3a HampaByieHue o6xoJa KOHTypa BhIGepeM

HaIpaBJieHHe 10 yacoBoil crpenke. Torga, corsaacuo (2.17.1), mo-
JKEM HAaIlHCaTh:

Puc. 2.59 Puc. 2.60
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¢4~ 9p=1,R, — 6,
Qg — @ =I,R, — &,
9c— ¢p =I3Rs,

Op—0,=I R, -6,

(2.17.2)

rae I, I,, I, I, — cHIBI TOKOB, 61> 9s 64 — 9C, a R, Ry, Ry u
R, — cONpOTHBIEHHA COOTBETCTBYIOIINX YYACTKOB KOHTYDA.
CriagnIiBasg TOWJIeHHO paBeHCeTBa (2.17.2), momyuum

4 4
0= inRi - zgi’
i 1

i=1 i=
nim
4 4
Y IR =Y 6, (2.17.3)
i=1 i=1

9ro u ecth BTOpoe npasuio Kupxroda: aarebpandyeckans cyM-
Ma NaJeHHH HANPSKCHUA B BETBAX 3aMKHYTOTO KOHTYpPa paBHA
asreépauueckoit cymme JJIC, qeiicTByIOmMMUX B 3TOM KOHTYpe.

B 6outee o6miem Bige BTopoe npaBuiio Kupxrodba MOXHO 3amu-
CaTh TAK:

N N
SNIR =Y 6,. (2.17.4)

i
i=1 i=1

ITpu cocmasaenuu YypasHeHuil Ha 0CHO8e 8MOPOZO NpasuLa
Kupxzogpa (2.17.4) cnedyem cmpozo npudepicusamscs npu-
HambLx npasun sHaxos (em. § 2.15).

§ 2.18. NPUMEPDI PELLIEHUA SAOAY

IIpu pemenmuu 3agau Ha MaTepuan § 2.11—2.17 uago, kpome
dbopMys TpeabIAYITHX Naparpados IIaBel, TIPUMEHATH 3akoH OMa
Ias moaHoi nemnu (2.14.5), sakon OMa g1a yuacTka LellH, cofep-
swamgero IMC (2.15.3), npasuna Kupxroda (2.8.2) u (2.17.4).

Emie pas ofpamnjaeM BHEMAHHe HA HeOOXOJHMOCTDb YeTKOTO 3HA-

HUA MpaBUI onpefeiieHnsa 3HakoB J/IC, cuibl TOKa U HaIpAXe-
Hud (eM. § 2.15).
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3apaua 1

v 1 [IBa sanemenTa, JIEKTPOABUMKYIIIHUE CHJIBI
|
KOTOpBIX §; =6 Bu ¢, =4 B, BHyTpeHHMe CO-

; nporusiaenus ry = 0,25 0m u ry, = 0,75 Owm,
24 3 .
U CoeIMHEHBl MO CXeMe, IOKA3aHHOW Ha pH-

cyuke 2.61. Uemy paBHa pasHOCTL IIOTEH-

L

’ Egr Ty muanoB Mexay rouxkamu I u 2? Conporusie-
HHEM CO€JUHUTEJbHBIX IIDOBOAOB IpeHel-
Puc. 2.61 peus.

Pewenue. YcI0BHMCA CUMTATH IIOJIOMKHUTEIBHEIM HalPaBieHHe 006-
XOJa IPOTHUB 4YacoBoit crpexxu. Ilomuas DIIC memn pasHa § = |&| —

- |&), a crta Toxa B merm

6 _ [64] ~ |4

I=r1+r2 rytry

Baxon OMa /17 BepXHEro y4acTKa Ienyu Mexay Toukamu I u 2
3danuuiercs B BUAE:
_|Ba]re * [Ealm

. -5,5 B.

Uipg=1Irj-6,=

3HaK MUHYC YKA3LIBAET HA TO, UTO HOTEHIIUAJ TOUKU | MeBhIIe

noreHnuaia Touku 2. ToT ke pes3yabTaT MOMKHO IIOJYYUTH, IIPH-
MeHaA 3aKoH OMa K HMMKHEeMY YyYaCTKY Ilelu:

_ [Balre +[Eglm

Uyy=Iry= 6= S22 =558,

3apnaua 2

B aneKTpHuecKO# Ieny, cxeMa KOTOpoi wu3o0paskeHa Ha
pucyHKe 2.62, DI1C 6aTapen sinemenToB & = 10 B, conporuBienus
BCeX pe3UCTOPOB OAMHAKOBH! M paBHEI R = 5 Om. EMKocTH Bcex
KOHJIEHCATOPOB TOXe ofuHaKoBel 1 paBHE C = 1000 o®, HaiiguTte
3apagel Ha OOKJIAZKAX KOHZEHCATOPOB, €CIM HM3BECTHO, UTO IIPHU
KOpPOTKOM 3aMbiKaHMM OaTapey cmja TOxka B 6aTapee yBeluuuBa-
erca B n = 10 pa3. ConpoTHUBJIEHHEM COEAUHHUTENBHBIX ITPOBO/OB
npeHeOpeys,

Pewenue. 113 cxeMbl BUAHO, YTO TOK He MOMAET uepes Pe3UCTOD
R2 (oH 3axopoueH poBOoAHHMKOM) M R6 (BeTBb gh pPa3OMKHyTa
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i |
R1 R2 R3 R5
g N o N o g Ny -y NN ey
l— | R4
T
Puc. 2.62

KoHZeHcaTopoM C3, Tak KaK NOCTOAHHBIN TOK Yepe3 KOHAEHCATOP
He npoxoaut). IloaToMy 5TH PEe3UCTOPHI MOYKHO UCKJIIOUUTH. TOK
noiizer no uenu abedefh.

OKBUBAJIEHTHOE BHelIHee CONIPOTHBJIEHUE

R
R =R+ 5 +R=2,5R.
Cornacno sakony Oma s nonsoi nean I C 6aTapeu,
g=I(r+2,5R), (2.18.1)

rie r — BHYTpPEHHee CcONpoTuBJeHue Gatapeu. Ilpu KopoTKkoMm 3a-
MBIKAHUHA

e=1I,.r. (2.18.2)
B COOTBETCTRUH C YCIOBHEM
Im =In.

ITpupaeHvBasa upassie yacTu paBencts (2.18.1) u (2.18.2), no-
JIYyIUM:

I(r+2,5R) =1, r=1Inr.

Orcropa
- 2,5R
n-1
CuJja TOKa B ey
2,5R+r 2.5R + IZI,EIi 2,5Rn
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PasHoCTs IOTEHIINATIOB HA yUaCTKaX ab U fh ofHa U Ta xKe, oHa,
paBHa:

_ g(n—1)
U1,3 =IR= 2,5n °
a Ha yJacTke ef:
_ R én—1)
Uy,= IE 5n -

3apsanel Ha OOKJIanKaXx KoHaencaropoB CI1, C2 u C3 naiineM Tax:

— Yy = _ 8C(n-1)
0, =93=U,130~ =55,

_ _10B-10°®(10-1)
h=9%B= 2,5 - 10

=38,6 - 109Kn = 8,6 uK.

_gCn-1)

qy 5 = 1,8 aKn.

3apaya 3

HN306pasute rpapuyueckH IPUMEPHBIN XOJ IIOTeHIMANA BIOJL
3aMKHYTOH LN ¢ TaJibBAHUUECKUM 3JeMeHTOM (dJieMeHToM Jla-
HU3JA), H306paskeHHOo Ha pucyHKe 2.57.

Pewenve. Ecny mens pasoMKHyTa, TO cljia TOKA ¥ IaJijeHMe Ha-
NpsKeHUs BO BHEIIHEH IeNH M BHYTPHM MCTOUHHKA PABHEI HYJIIO.
Ha rpaHUIaX 3JIeKTPOA — PACTBOP SJIEKTPOJKTA B HCTOUHUKE CY-
IecTBYIOT cKauku notennuanos [U,| u [U,| (cm. puc. 2.51). Cymma

3THX cKaukoB pasHa OJIC smemeHTa:
E=IU|+1Uy.

IIpu 3aMBIKAHMK IeNIM CKAYKHM NOTEHIHAJIOB Ha TpaHHUIax
3JIEKTPOL — PACTBOP dJEKTPOJIUTa He n3MeHsAloTcA. Ho moreHmu-
ajl pacTBOpa 3JEKTPOJIMTA Telleph He OCTAETCA NOCTOAHHBEIM, a
YMEHBINAEeTCSA B HANPABJEHHM TOKA, T.e. OT OTPUIATENHHOTO
3JIEKTPOJAA K NOJIOMUTENbHOMY. IlageHne HATpsskeHUA HA BHYT-
petHeM conporusaenun U, =1Ir.

Ha pucynke 2.63 npusegeH npuMepHuIii rpaduK pacipenee-
HUSA IIOTEHIInANA B 3aMKHyYTOMH enu. Orpesox AC H306paxxaeT no-
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eHOUAJ IIOJOXUTEJIBHOTO 3JEKTPOAA OTHOCH-
eJIbHO HEKOTOPOro NPOM3BOJILHO BBHIGDAHHOTO
yjaeBoro ypoHs. Otrpe3ok BF cooTBeTcTByeT
OTEHIIUATY OTPHIATEJIBHOro ajieKTpojga. Pac-
TOSAHUE MEeXJAY aJeKTpojJaMm paBHO AB. Ort-
esku AE m BD — poTeHnMajghsl pacTBopa
3JIEKTPOJINTA BOJIN3HM MOJOXKUTEILHOTO U OTPH-
LATEJIBHOTO 3JeKTpoAoB. HakJoHHAasA JIUHUA
DE usobpaskaer najenHyde HOTEHIMAa BHYTDH
asemeHnTa. Ero snauenue U, npeAcTaBieHo oT-

Puc. 2.63

pesxkoMm DK. Kpusasg CMF paetr npencTaBieHNe

0 majleHNH IIOTEeHIHNAJAa BO BHeHIHell ey Ha CONPOTHUBIEHUHU R.
9to najgenue Hanpsxxkeaua U = IR usobpakaerca orpeskom LF.
Orpesku CE = LK = [U,| u DF = |U,| cooTBeTcTBYIOT CKauKaM Io0-

TeHIMaJia Ha TPAHUIIAX dJIEKTPOJ — PACTBOP 3JIEKTDOJIHMTA.

JInaus CMFDEC, n3obpakaioiiada xof MOTEHIHAJa BO Bcei
LieNN, SBJSAETCA 3aMKHYTOI. OTO 03HAYAET PABEHCTBO HYJIO IIOJ-
HOIt paBGoTH JJIEKTPOCTATHYUECKOTO IIOJA HA 3aMKHYTOM IIYTH.
HeficTBUTENBHO, IIOJIe COBEPLIAET IMOJOXKHTENBHYI paboTy Ha
yaactkax CMF u DE u oTpuiaTeIbHYI0O — B T€X MeCTaX, I/ie UMe-
I0TCA CKauyKH noTennuaia Beepx (FD u EC). Tlo MoayJo noa0:xu-
TeabHas paboTa paBHa oTpunareasHoii. IIpn mepeMelleHUN enu-
HUYHOTO TIOJIOXKHUTENBHOTO 3apala BAOJL IeNH IIOJOXKHTeJIbHAS
pa6oTa gucnernno pasHa Uy + U = DK + LF, a oTpunaTesbHas pa-

6ora umcnenHo paeHa [U,| + [Uy = =LK + DF, 1.e. Uy + U = §,

yTO npeAcTaBiAeT coboil 3akon OMa Ansa 3aMKHYTOH Iemnu.

MosKeT BO3HUKHYTD BOIIPOC: 38 CUET 4ero ke IPOUCXOAUT BEIJe-
JleHVe TenJoTh! B nenu? Ha Bcex yuacTkax, KpoMe I'DaHUI] dJIEKT-
PO — PACTBOP 3JEKTPOJINTA, NEHCTBYIOT JIMIIL 3J€KTPOCTATHYE-
ckue cuibsl. Ha rpanunax, rjie ecTh CKAYKM NOTEHIHAJA, AEUCTBY-
10T ellie ¥ CTOPOHHHMe (B JaHHOM CJIydyae XMMHUYECKHE) CHJIIbI, IpPH-
yeM OTpHILATENbHAS paboTa 3JIEKTPOCTATHUECKHX CHJ 110 MOAYJIIO
PaBHA HOJIOXKHUTENLHOM pabore cTOpoHHUX cuil. IloaToMY NOJIOMKH-
TeJIbHaA paboTa 3JIeKTPOCTATHUECKHMX CHJI BO BCEM OCTAJILHOI yac-
TH IelIH OKA3BLIBAETCA HECKOMIIEHCUDOBAHHOM. 34 cueT 3ToH pabo-
ThHI ¥ IPOMCXOLMUT BhIZEJICHUE TEIJIOTHI.

Pucynok 2.63 nmosBosisieTr HATJIAZHO MCTOJKOBATH 3aKOH Oma
LA ydacTKa Lenu, cogep:kamfero dJIC. Kak BHUIHO U3 PHCYHKA,
Moxyab Hampsikenus |U| = LF = LK ~ FK = LK — (DK ~ DF) =
= (LK + DF) - DK =[] - {I|r, 7. e. HanpsykeHUe Ha KJIeMMaX HCTOY-
HuKa paBHO DJIC MuHyc DafeHNe HATPAMXKeHUA BHYTPH UCTOUYHUKA.
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|
3apnava 4 |

)

IBa sjgeMeHTa, SJIEKTPOABHMIKYIIME CHJBI KOTOPBIX 61 =2 B

u &, = 1 B, coefuHeHnl 10 cxeme, IOKa3aHHOM HA PHUCYHKe 2.64'?

Conporusinenue pesucropa R = 0,5 OM. BEyTpeHHMe conpoTUBie:

HUS BJEMEeHTOB OJJMHAKOBLI ¥ paBHEI = 1 Om Kaykaoe. Onpeaenu-

Te CUJIBI TOKOB B 9JIeMeHTax U pesuctope. ConpoTuBeHUEe MOABO-
JANIUX IPOBOJOB HE YUYUTHIBATE.

l &7 PeweHue. 3aganuM NpoU3BOJILHO HAIPAB-
2 JeHue TOKOB (cM. puc. 2.64)1,
I,~— Torxa Ha ocHoBaHWHK 3aKoHa OMa And Tpex
I yuacTkoB AB (A — HavYaso KaXKJ0ro y4act-
A — 3 g kKa, B — ero koHel)) MOKHO 3anmcaTth cJIe-
R . AYIOI[Ne YPABHEHUA!
Iy=— Q- 0g=1r=6
l—g—*~ ©4 = Qg =1Iyr =6y
s -
2 0y~ 0g=1 3R.
Puec. 2.64

TTpu BmOpausom Hanpasiaenwu ot A K B
(c yueroMm BmiGopa HampaBieHHS TOKOB) uMeeMm: &, < 0; I, < 0;

69<0;I,<0; I;> 0; ¢, — 95 > 0. IloaTomMy ypaABHEHUS ISt MOAY-
Jieil sanunIyTCH TAK: h
Oy —0p= lgll - (Illr’
04~ Py = 6] = Iyl (2.18.3)
Py —0Pp= 'I3‘R'
Cornacuo nepsomy npasuny Kupxroda nis yana A umeeM:
1]+ 11, = I1).

Peuras cucremy ypasHenuii (2.18.3), ¢ yueToM OpeSBIAyIIEro
PABEHCTBA HAXOAWM UCKOMEIC 3HAUECHUA AJA MOAYJEH CHI TOKOB:

5 1 3
\II’S Z A; lIZ' = Z A; ]I3l = -2' A,

1 Ecan mocite pelneHns 3afauydl MOJIYYUTCH OTPHIIATETLHOE 3HAUCHHE
CHJIBI TOKA, TO 3TO OyZeT 03HauaTh, YTO HAIpABJIEHHE TOKA BHIGpAHO He-
IIpaBMJIBHO.
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| 3apmaua’s

Axxymyasatop, 9C koroporo 2 B 1 BHYTpeHHEE COIIPOTHUBJIE-
ne r = 0,04 Om, 3amxHYT Ha peauctop (cM. puc. 2.57). Mou-
OCTh TOKAa, BhIZleJIAeMad Ha pe3uctope, P = 9 Br. Onpegenure Ha-

IpAXKeHHe Ha KJIeMMax akKyMyJIATopa.

Pewenne. MoIinuocTs, BeIie/iAeMas Ha pesucTope, pasua P = IU.
CorsacHo 3akoRy Oma (2.15.3)

U1,2=Ir—€. (2-18.4)

IIpu BrIGpanHOM HampasJjeHuu obxoxa (cM. puc. 2.57) npoTuB
yacoBo# crpeaku ] >0, £>0mn U1,2 < 0. YmuOxKUB 06e uacTu pa-

BeHerBa (2.18.4) Ha ~1, momyuum:
~U,y ,=6-1Ir. (2.18.5)

Ho-U,,=U,;=U, rae U — MORyJIb HaNPSYKEHUS HA PE3UC-
Tope. CiiegoBaTesbHO,

U=§&-1Ir.
OTcroga
1=¢-Y,
r
Torga
2
p= EU-U

Peuras 3To kxBagpaTHOE ypaBHEHHE OTHOCHTENLHO U, HaliaeM:

_€, €
U—zi I—Pr.
U,=1,8B;U,~0,2B.

HeopnosHauHOCTL pe3yabTaTa cBA3aHA C TEM, UTO OJHA U Ta JKe
MOIIHOCTSH TOKA MOXeT OhiTh BhifeJIeHA IPU PA3JUUHLIX 3HAUEHU-
SIX CONPOTUBJIEHUA pe3UCTOpa, IPUUYEM KaiKJOMy 3HAYEHHIO CO-
MIPOTHBJIEHUA R COOTBETCTBYET CBOSA CHJIA TOKA.

TpnU, =1,8B 11=5An31=}% = 0,36 Om.

Tipu U, =0,2B I,=45AuR, == =0,0045 Owm.

N YLA
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3apava 6

HaiiauTe cHIBI TOKOB B KavKAOH BETBU 3JEKTPUYECKOM Iienw,
cxema KOTOpO¥ oKasaHa Ha pucyHke 2.65. &, = 6,5 B; 6, = 3,9 B;
R, =R, =Ry=R, = Ry = R; = 10 Om. BuyTpeHHMe COOPOTHBIIE-
HUSA UCTOYHUKOB HE YYHTHIBATD.

Pewenue. 3agaguM NTPOM3BOJILHO HAIpPaBJIeHUA TOKOB (CM.
puc. 2.65). ITpumenum neproe npasuno Kupxroda gng yanos b, h
¥ f (andA ynpouleHus 3anuceil MOAYJIH CHUJ TOKOB 00603HAYUM GYK-
Bamu I, I,, I;ur. 1.):

I,+1,- Iy= 0 nna ysna b;
I3~—I4—I5=0zmﬂy3nah;
I, -1, —I6=Op;me3J1af.

Teneps nprMeHuM BTopoe mpasmio Kupxroda Aas KOHTYpPOB.
Brifepem NpOMBBOJILHO HANpaBjeHUe 00X04a KOHTYpPOB: KOHTYpa
abfg — 1o uyacoBoil cTpejiKe; KOHTypa bcdh — TPOTHB 4YacoBOit
CTDeNKM ¥ KOHTYpa hdef — mo uacoBoii cTpeske (4 3mecCh AJIA Yii-
poutenns sanuceii moayiau 3J]C neTouHUKOB 0603HaYMM GYKBaMH
6, 1 6y):

IR +IR, =6 — 69 — KOHTYD abfg; ¥
Iy(R, + Ry +1 B= —~&y — KOHTYD bedh;
IR, ~IRe - I.R, = 0 — xonryp hdef.

YunteBas, uto B, = Ry = Ry = R, = Ry = R; = R, nony4umM B
HUTOre CJIeYIOIIYIO CUCTEMY YPaBHEHUH:

a | 51 | b IZ Ji ¢
4 - | -~ __— I
I 52 2
' T m R3
Ioy 1 "R4
R1 h < d
Sl
- Iy —
g I1 f R6 e

Puc. 2.65
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( I +I,~I,=0,
I,~I,-1I,=0,
I,-I,-I,=0,
61~ 62
{ L +r=22"2 (2.18.6)
3
2, + 1= -7,
| I, Ig—I =

Pemenne Takoi cucreMbl ypaBHeHUH TpebyeT Tepnesra U BHU-
MAaTeJLHOCTH. Periium 3Ty cHCcTeMy IOCHAeR0BaTEILHLIM UCKIIOUe-
HUeM HeU3BECTHBIX BeJIUYUH.

WUs nocrennero ypasuenus cucrems! (2.18.6) naxonum I =1, —
-1 5 ITopcTaBus auauenue I, ¢ B TPeThe ypaBHeHUeE, HOJYYNUM CHC-

TeMy:

( I, +1,~I,=0,
I,-1,-1,=0,
£, -6

{ IL+I;=—5 z (2.18.7)
£
2I2+I4— B’

W3 sroporo ypasnenusa cucremsl (2.18.7) naxoaum I, = I — 1.
Tloacrasus 3Havenue I, B TpeThe W IATOE YPABHEHMHA, NOIYUUM
cHUCTEMY:

(I +1,-1I3=0,
£, €
I+I-I,= 222,
< . (2.18.8)
2
212+I4=_§’
2I;~-1,-8I,=0.
62
W3 Tperbero ypasreHHs cucremsl (2.18.8) maxogum I, = — 5

— 2I,. IToacrasus 210 3HaUYeHHE TOKA BO BTOPOE ¥ YeTBEPTOE ypas-
HeHUs, HOJYIUM CHCTEMY:
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I, +1,-I,=0,

€1 — 26,
Li+Ig+2l)=—5—, (2.18.9)
36,
BI,~ I, +6I,=——2.

W3 nepsoro ypasuenus caeayer: [, =1, + I,. ITocne noACTAaHOBKH
3HaueHUs TOKa I; BO BTOPOe M TPEThe YPABHEHUSA IOJIydaeM:

61~ 26,
of, +31, = 2, )
2.18.10)
36, (
Il + 812 = —T .
36
"' h
Hakonexn, u3 BTOOTO ypaBHeHHS Haxofum [, = ——o—— m

TOJICTABJIAEM B NIepBOe yPaBHeHUE. JTO AaeT

3areM HaxoguM: )
9 = —g—ll%;é =—0,1T7 A,
I;= Eﬁ =~ 0,02 A,
A= % =-0,05 A,
I, = % = 0,07 A,
LTI

OrpunarenbHble 3HAYEHUA CUJI TOKOB I,, I 4 ¥ I o3HauaroT,

uTO HpHM AaHHEIX 3HaueHHAX IC ¥ CONPOTHBIEHHH STH TOKH
MMeIOT HaNpaBJIeHWs, INIPOTHBOIOJOMHEIE YKA3aHHLIM HA pH-
CYHKe.
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3apnava 7

Barapesa cocrout usz N mapaJ/ielbHO CO€IUHEHHBIX HWCTOUHU-
KOB TOKa (puc. 2.66). Oupegenure IC 1 BHYTL2HHee COIPOTHUB-
JieHUe UCTOYHUKA TOKAa, 3KBUBAJEHTHOTIO 3TOU Oarapee.

Peweunue. O6os3uaunm IJIC nmapanielbHO COEAUHEHHBIX UCTOY-
HUKOB 4epes &, &y, +..; 6y, & UX BHYTPEHHHE CONPOTHBIICHUS —
qepes ry, I'y, ..., I'y. 3AMKHEM 10JI0ca JaHHOM 6aTapeu Ha pesuc-
TOP cOmpoTHUBJIeHMEM R, Torga mo uemnu moiiger Tok. Cumy Toxa
B OTAEJBLHBIX BETBAX 0o603nauum uepes I, I,, ..., Iy, a B pe3aucro-
pe — uepes I.

IIpumenus sakox Oma (2.15.3) anA ydgacTKa Iemnu, COAepIKa-
mero 9JIC, nnsa KaxXaoit Bersu (cM. puc. 2.66), momyuum:

Uyo=Iiry =655 Iy [ 6,1,
Uy o=1I3ry— 65 |

asssecscnssersssssannen

Uy o=Iyry~ 6y

Orcrona 1
Uit 6
1- r )
U2t 6y
2 ry ’
Puc. 2.66
Uit éy
N~ ry ¢
CorjyacHo nepBomy npasuiny Kupxroda
N N
+é
_ 1,2 i
I= in - 2 r; ’
i=1 i=1
1381071
N N
_ 1 &
= 2; D . (2.18.11)
= i=1
Ilyers & u r — coorBercTBenno IC u BHyTpeHHEe COIPO-

TUBJIEHIE HCTOYHWKA, SKBUBAJEHTHOro JaHHOii Oarapee. Tor-
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Ja, 3aMeHHUB 6aTaper0 SKBUBAJECHTHBIM ef MCTOYHUKOM, OyzeM
UMeTh:

I r 1,2

(2.18.12)

1 Nl
=X
i=1
N
E_v &
;_Zri’
i=1
HNJINn
1_ 1.1, ..+1 (2.18.13)
r.orn r Y
g é
E_H1 b, &N (2.18.14)
r rl rz rN

Takum o0paszoM, IpHU NApAJJIEIbHOM COEJUHEHUH HECKOJIb-
KHUX MCTOYHMKOB TOKA IOJYYeHHYIO HaTapelo MOXXHO 3aMEHUThH
SKBMBAJIEHTHEIM MCTOYHHUKOM TOKa, IJ[C KoToporo € M BHYT-
PeHHee COIPOTHMBJIEHME r MOXXHO Haitu u3 dopmya (2.18.13)
M (2.18.14).

Ecim Bce MCTOYHMKH TOKA OJAWHAKOBHI M COEJHUHEHBI OJHO-
MMEHHBIMH TOJIocaMH, To u3 dopmya (2.18.13) u (2.18.14) cre-
AYEeT, 4To

r

rs = s (2.18.15)
8, = 6, (2.18.16)

rae 65 u rg — OJIC u BHyTpeHHee CONpOTUBJIeHUe GaTapew, a &
u r, — 9JIC u BHyTpeHHee CONIPOTUBJIEHHE OAHOTO JIEMEHTA.

3apaua 8
MOKHO JTH C IOMOIIBIO 24 AKKYMYJIATOPOB, KAXABIH U3 KOTOPBIX
umeer IJIC &, = 2 B u BHyTpennee conporusienve r = 0,3 Om, co-

e[MHAA UX B OTAEJbHbIe OJUHAKOBEIE MDYk, ITOJIYyYUTh BO BHEIII-
Heil nemny conpoTusienueM R = 0,2 Om cuiy Toxa I = 21 A?
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Pewenune. BosMo)kHRI fBa crnocofa coefMHEHUA AKKYMYJATO-
poB. M0O)XHO BHYTPH OTAEJBHEIX I'DPYINI COEAHHUTE AKKYMYJATO-
PEI NIOCJIE[OBATENBHO, 8 CAMHI IPYINLI — NAPANIENTLHO, UM XKe,
Hao60pOT, BHYTPH I'DYINE — OapaUle]bHO, & CAMM I'pyInbl —
MOCJIeJOBATENBHO.

O603uaunM yepes N IIOTHOE UKCJIO AKKYMYJIATOPOB, a4 Yyepes n —
4YHCJI0 AKKYMYJIATOPOB BHYTPH OTAeJbHoM rpynnsl. Torga B mep-
BOM CJIy4Yae CHJIa TOKA PABHA:

L=—"5-3 el (2.18.17)
R+T n N

Tak Kak 9JIC oxmofi rpynIkl paBHA Né,;, CONPOTHBIEHHE IPYIIEI

N
nr, a 4Y4cJio napajajaeJbHO COeJHHEHHBIX I'DYIIIL ‘;l* .

Cuna Toxa Il JOCTHUI'HET MAKCHUMYyMa, KOrja 3HadeHue 3HaMe-

R rn
HaTensd — + 37 OyaeT MUHUMAJBHBIM.

R rn
s HaXO0XJeHUusT MUHUMYMA BbIPAarKeHUs > + N BRIUTEM M3

HETo U N06aBUM K HEMY BRIpa)kKeHHe 2 A/% . ITonyuum:
E+ﬁ‘2 [ rR J‘ n +2 rR

R _ _ |RN _
9ro BHIpa*XeHne MHHUMAaJIbHO IIpH ; = F s T.€e.IIpDU n = T =

= 4. OHo pasBHO 2 A/I%r (BhIpakeHue B CKOOKAax paBHO Hy.m0). Cireno-

o [N
S J; =20 A.

BATEJIBLHO,

Bo BTOpOM cayuae

—éo NE
=2 _ = 0 (2.18.18)
2 R+ —AZZ nR + %
n
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OcyniecT=UB TaKHe e Ipeo0pa3oBaHtA, KAaK U B IIEPBOM CJIY-

“ rN
yae, HaliieM, YTO CUJIa TOKA JOCTUraeT MAKCUMYMa Ipu N = ,— R

R
Korja 3HaMeHaTeJb BhipaxkeHus (2.18.18) umeeT MuHHMAIbHOE

3HauYeHWe, paBHoe 2./7RN.

&0 [N
‘[2max= _2_,\/_}—;- :Ilmax=20 A.

TakuM o6paszoM, IIOJYYUTH BO BHEITHEH LNy CHJIy TOKA, IIpe-
BeITaomyo 20 A, HeBO3MOXKHO.

YnpaxHeHue 6

1. Tlapasne:ibHO coegUHEHHBIE KOHAEHCATOP eMKOCThIO C = 4 MKD
¥ pe3ucTop conporusjenveM R = 3 OM HOAKIIOUEHBI K HC-
TouHUKY ToKa ¢ DJIC & = 5 B 1 BHYTPEHHHM CONIPOTHUBJIEHHEM
r = 1 OMm. OnpeznenuTe 3apsaj Ha OOKJIATKAX KOHAEHCATOPA.

2. Ilpu nopxaoOUeHUN K aKKYMYJIATOPY PE3UCTOPA CONMPOTHBIIE-
Huem R, = 1,8 O™ cuja ToKa B ey paBHa I1 =1 A. Ecau za-

MEHHUTh PE3UCTOP COMPOTUBJIeHNEM R, HA De3UCTOD COIPOTHB-
JeHueM R2 = 4,8 Om, To cuna Toka I, = 0,4 A. Onpepnesure
3 C & akkymyasaTopa. ~

3. BoJabTMeTp ¢ BHYTPEHHUM CONPOTHBJIEHHEM R, = 200 OmM,

NOAKJIOUEHHBIA K UCTOUYHMKY ToKa ¢ IC 6 = 12 B, moKaasl-
Baer U = 11 B. Yro mokaxeT aMiepMeTp ¢ BHYTPEHHUM CO-
nporusnerueM R, = 4 OM, ecjid ero MOAKJIIOYUTE K UCTOYHM-
KY IapaJLIeJbHO BOJALTMETpY?

4. BoabTMeTp ¢ BHYTPEeHHHM conporuBjeHneM R = 1800 Om
TOAKJIIOUAIOT K UCTOYHHKY TOKA CHAyajla MapajjesbHO pe-
aucropy conporusienuem R, = 120 OM, a saTem mociejoBa-
TEJIBHO C Pe3ucTopoM comporusienueM R, = 200 Om. Hemy
PaBHO BHyTpEeHHEe CONPOTHUBJIEHWE 7 UCTOYHUKA TOKA, eCJU
IOKAa3aHUuA BOJLTMETPA B 000X CIyd4aaX OAUHAKOBBI?

5. IIpu KaxoM COOTHOIIECHWH COIDOTHBJIEHUIH BHEIIHETO U BHYT-

PEHHEro y4aCcTKOB IellH C MCTOYHHKOM INOCTOAHHOI'O TOKa BO
BHEIITHEM y4YacCTKe BbIAENAETCA MAKCHIMaJlbHadA MOIJ.IHOCTI:?

6. K UCTOYHMKY TOKa NOAKJIOYAIOT CHAYaJia Pe3UCTOD CONPOTHUB-
agerueM R = 3 Om, a 3aTeM IOCJIeNOBATENBHO C 3THM PE3UCTO-
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POM pes3UCTOp, CONPOTHUBJIEHUE KoToporo B m = 20 pa3 60Jb-
me. Ilpu srom Koatdunuent mosesnoro gaeficrBus! ysemm-
yujica B n = 2 pa3. YeMy paBHO BHYTpeHHee COIIPOTHUBJIEHNE I
UCTOYHUKA ToKAa?

7. 3aMKHyTas nenb NUTaeTca oT ucTouHuka ¢ IJC & u BHyTpeH-
HHM conporuBjieHueMm r. IlocrTpoiiTe rpaduKy 3aBHCHMOCTH
CHLJIBI TOKA B LETIM ¥ HANIPDAXKEHNA Ha 3a)KMMaX MCTOYHUKA OT
BHEIITHETO CONpPOTHUBIeHuA R.

8. BoasT™erp c couporupienueM R, = 100 Om, moaxI0uYeHHBIR

K KJIEeMMaM »dJIEMeHTa, [IOKA3BIBAET PA3HOCTH IIOTEHLIHAJIOB
U = 2 B. Ilpu 3aMBIKaHHH dTOrO JKe 3JIeMeHTa Ha Pe3HucTop co-
nporuBjienueM R = 15 OM BKJIIOUEHHBIA B LeIlb aMIIEPMETP
nokasbiBaeT cuiy Toka I = 0,1 A. Haiigure 3J1C snemenra &,
€CJIM COIIPOTHBJIEHHe amniepMeTpa R, = 1 Om.

9. Cujaa TOKa Ha YYacTKe IIeIM, COLEP XKAIeM AKKyMYJIATOD,
paBHa 1 A, OJIeKTPOABMIKYLIAA CHJAa M BHYTPEHHee COIpO-

THBJIEHUE AKKYMYJATOpPA DAaBHHEI COOTBETCTBEHHO & = 4 B
ur =10mM. YeMy paBHa pa3HOCTH IOTEHIIUAJIOB HA 3a)KHUMaXx
aKKyMmyastopa?
61 A(Sz 51‘A62 él‘Aéz
non rn n rn T
B B B
ry<Ty ry=Ta
a) 0) 6) 2)
Puc. 2.67

10. NsoGpasuTe rpadhruyecKky IpMMepHLINH X04 NOTEeHIKALA BAONL
3aMKHYTHIX memneil, maobpakeHHBIX Ha pucyHke 2.67, a—e.
OnpejenuTe CHIY TOKA B K&XKI0M 1IelH ¥ PA3HOCTh IOTEHI[MA-
JIOB MexxJay ToukaMu B u A. ConpoTHBIEHNEM COeNUHUTEIh-
HBIX IPOBOJIOB NpeHeOpeysk.

! KoadpdunuenToM monesHoro AeiicTBUA Lel¥ HASKIBAETCA OTHOIIE-
HHYe MOLIHOCTH, BRIAEJAIONIEACA BO BHELIHEM YYACTKE LEeNH, K MOLIHOC-
TH, BRIZIEAAOIIECa BO Beeil meny.
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11.

12.

13.

14.

15.
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61{| gﬁ,l
[ |
R R
6, S é
4 ‘—i FH—"—B 4 {|r2 B
@) @)
\/ )
a) 6)
Puc. 2.68

TannBaunyeckue daeMeHTH ¢ JIC 61 =2Bué,=1,5B co-

eJUHEHH IO cXeMme, n3obpaxeHHOH Ha pucyHke 2.68, a.
BoJBTMETp, HYJIb KOTODOro HaXOAUTCA IOCEpeJUHE IITKAJEL,
nokaseiBaeT Hanpsixenue U; = 1 B, npuueM ero crpeika oT-

KJIOHHAETCA B TY YK€ CTOPOHY, YTO M IIPH PA3OMKHYTOM KJII04e
S. Uto 6yZeT NOKA3HIBATH BOJBTMETD, €CJIH COESHHHUTH 3JIe-
MEHTHI II0 cXeMe pucyHka 2.68, 67 ToKoM, OTBETBIAIONIUMCA
B BOJIBTMETP, MOXKHO IIpeHe6peun., -

Pemure 3agauy 11 npu ycJa0BHH, UTO NPH 3aMKHYTOM KJIIOUE
S (cm. puc. 2.68, @) crpeaka BONbTMETpa OTKJIOHAETCA B CTO-
pOHY, IIPOTHBOIOJOXXHYIO TOM, B KOTOPYIO OHA OTKJIOHAJIACH
pH Pa30MKHYTOM KJIIOYe.

B xakoM ciiydae cuJjia TOKA B IIEIIH, COCTOAIREH U3 ABYX IIO-
CcJeZOBATEJBHO COEAUHEHHKIX TIaJbBAHWUYECKHX 3JIEMEHTOB,
3aMKHYTHIX IPOBOZHUKOM, MEHbIIIe CHJIEI TOKA B IIeIIH, KOTO-
pad MOJYYHUTCH, €CNH OJUH U3 3JEMEHTOB MCKIIOUNTL?

IIpu xKaKoM 3HAYEHWH CONpOTHBIeHHsa R B menu (CM. puc.
2.64) Tox vepes ranbBaHuuecKuit anemeHT ¢ 3C £, He TOi-

mer? Ilpu kakux sHaueHnAX R TOK Yepe3 3TOT dJIEeMEHT Oyaer
HaIMpaBJieH IPOTHUB CTOPOHHUX CHJI, AEHCTRYIOIIUX B 3JIEMEH-
Te?

Haiigure pasHOCTH IOTEHITUAJIOB 4 — §p MEXKIY TOUKAMH AuB

B IeNM, cXeMma KoTopoi maobGpasxeHa ma pucyHke 2.69. 311C
3JIEMEHTOB & U UX BHYTPEHHHE COIIPOTHBJIEHUA I ONUHAKOBEI.



16.

17.

18.

19.

20.

21.

6 6
\f7/ D |&2r ¢
6 ] 1
J/\ d 46, 3r
& R

/K//L/\ S rT I

& p |"36,4r B
Piuc. 2.69 Puc. 2.70

Haiigure pa3sHocTh MOTEHIIUATIOB MexAY TouKaMu A un C, Bu D
B Ilelld, cXeMa KoTopoil usobpaskeHa Ha pucyuke 2.70.

Bapaaka akkyMmyJaaropa ¢ HagaaeHoii SC £ ocylecTsaaeTca
sapsaaHoil craHnueil, Hanps:KeHHWe B ceTH KoTopoil pasuo U.
BHyTpeHHee cONPOTUBJIeHUe aKKyMyJaaropa r. Omnpemenure
HOJIE3HYI0 MOUIHOCTE P, PacXolyeMyio Ha 3apAAKY aKKyMy-

1ATOpa, U MOIIHOCTE P,, pacxoayemMyio Ha HarpeBaHHUe aKKY-
MYJISTODA.

Onpenenure cuny Toxa I B pesucrope R2 (puc. 2.71), ecnu £, =
=8B,r;,=10m, §,=10B,r,=20wm, R, =15 0m, R, =2 Om.
Barapes ua n = 40 nociexoBaTeIbHO COCTUHEHHEBIX B IEIIb aK-
KYMYJATOPOB 3apAKAETCA OT CETHU ¢ HanpsaxeHuem U = 127 B.
YeMy paBHA cHJA 3apATHOro Toka, ecau IC akKyMYJIATO-
pa & = 2,5B, BHyTpeHHee CONPOTUBAEHHE AKKYMYIATOpA

r = 0,2 OM u IocJeA0BATEIRLHO B IIEIIL BKJIIOYEH PE3UCTOD CO-
nporusjJeHnueM R = 2 Om?

N OIUHAKOBRIX AKKYMYJIATOPOB COSAMHEHBI IIOCJIEA0OBATENb-

HO, Ipu4deM kB U3 HHX BKJIIOUEHLI HABCTPEUY | 1y
Ipyrum. Karxasa cuia Toka yeTaHOBUTCA B Hie- — r

nmu, ecjau 6aTapero 3AMKHYTEL HA PE3UCTOP CO-
nporusneHreM R? 3IIC Kaxaoro sjieMeHTa 1
paBHa &, BHYTPeHHEe COIIPOTHBIICHHE T. —
Herounux ¢ 3IC 61 U BHYTPEHHHUM COIpPO- %
TUBJIEHUEM I TAPANJIETbHO COEANHEH C UC-

TOYHUKOM, JJIC KOTOpOro &,, a BHYyTpPEeHHEe |,
conpoTHBIeHUe paBHO HyJ0, Haiigure 3C |f EE
U BHYTpEHHEE COINPOTUBJIEHUE MOAYUEHHOMH

6aTapeun. Purec. 2.71
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22.

24.

25.

Haitigure SIC M BHyTpeHHEe CONPOTHUB- & r
JieHUe MCTOYHHKA TOKa, 3alllyHTHDPOBAaH- o—— —©
HOr'0 IIPOBOAHHKOM COIIPOTHBJeHHeM R R

(puc. 2.72). ]

ITpu xKaKHUX yCIOBHAX CHJIa TOKA B IElH,
MOAKJIIOYEeHHOMH K 6aTapee, COCTaABJIEHHOMH
U3 IOCJIEAOBATEJIbHO COEAVMHEHHBIX ONU-
HAKOBBIX 3JIEMEHTOB, paBHA CHJe TOKAa, JaBaeMoil 6arapeeil
H3 TeX Ke 9JIeMEHTOB, COeJUHEHHBIX MapajieJ bHOo?

Puc. 2.72

W3 N = 16 2J1eMeHTOB HYYXHO COCTAaBHTH 6aTapeio, YTOOLI IIpU
BHeIIHeM conpoTuBJeHnu R = 4 OM cujia Toka B HeM OblJia Ha-
nbonbieii. Kak Hy)XHO COeIUHHUTHL ajieMeHThI? BHyTpeHHee
CONIPOTHBJIECHUNE OJHOTO 3eMeHTa r = (0,25 Owm.

Barapes, cocrosamtas uad N suemenrtoB ¢ 3JIC € = 1,84 B u
BHYTPEHHUM conipoTuByieHNeM r = 0,5 OM Kaxkasrif, cobpana
M3 HECKOJILKHX I'PYII, COeAMHEHHBIX I0CJIeJOBaTeabHO. B Kak-
JO¥ rpyIne COAEPIKUTCA II0 11 = 4 dyieMeHTa, COeJUHeHHBIX Na-
pannenbuo. Conporusnenue BHeiuHedl nenu R = 3 Om. Ilpu
TAKON I'DYIINDPOBKE 3J€EMEHTOB BO BHEIITHEM YYaCTKE IENH
IMoJIy4yaeTcsi MAKCHMAaJbHAA cuja Toka. Onpefenure yncio N
3JIEeMEHTOB B faTapee 1 MAaKCHMMAaJbHYIO CIIY TOKa I.



Fnasa 3

3JIEKTPUYECKUU TOK B PA3JINYHbIX CPEOAX

B amoli znase 8bl NO3HAKOMUMECH C (PUULECKUMU npoyecca-
MU, O6YCNOBAUBAIOWUMU NPOXONCOeHUE MOKA 8 PA3AULHBLX
cpedax.

§ 3.1. QNEKTPUHECKAHA NPOBOAUMMOCTDb
PA3JINYHbLIX BELLECTB

Anekmpuueckuil mox npogodam maeepdvie, HudKue U 2a3000-
pas3Hble mena. Yem amu nposodruku omauyaiomcs Opyz om
dpyza?

ITo cnmoco6HOCTH BelIeCTB IPOBOAUTH BJIEKTPHUECKHIN TOK MX
MOJKHO Pa3ZeJIUTh HAa HECKOJbKO rpynimn. K ofHOI rpynmne oTHO-
CATCSH BEIIECTBa, KOTOPHIE COAEPIKAT MHOTO CBOGOJHBIX 3apAKeH-
HBIX YACTHUII, ¥ IO3TOMY B HEX JIETKO CO3/IATh DJIEKTPUIECKHIT TOK.
WX HasHIBAIOT IPOBOJHUK a M I

K apyroii rpyie oTHOCATCH BeIeCTBa, B KOTOPHIX MAaJO CBO-
GOMHBIX 3apAMKEHHBIX 4acTHIl. I103TOMY CHJIa TOKa B HUX AaiKe
Ipu GOIBIIOH PASHOCTH MOTEHIIMAIOB OYeHb MaJja. DTH BelecTBa
Ha3hIBAIOT UB3O0JATOPAMU MIN AUBIEKTPUKAMH.

IleteHue BEIeCTB Ha IPOBOJHUKY U U30JIATOPHI YCIOBHO. B mpu-
poZie HeT UeaJbHbIX N30JIATOPOB. Jlare JIyUIIie 13 H3BECTHBIX N30-
JIATOPOB MMEIOT HEKOTOPOe, HeGOJIBIIIOE IO CPABHEHUIO ¢ IIPOBOJHMU-
KaMH YHCJIO CBOGOAHBIX BapsiKEHHBIX UACTUI,. B [IU3IeKTpHKax
KOHIIeHTDPAIA CBOGOAHBIX 3apsanoB He mpesbimiaer 1017 M3, a B me-
TaJIaX KOHIEHTpanus CBOGOAHEIX 3JIeKTPOHOB mopsaaxa 1028 M3,
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MpoBoaHUKMN

K npoBoaHMKaM mpexje BCEro CJAeAYeT OTHECTH BCE METAJLIEI,
Cpeau KOTOPBIX HAaWIy4dlleil 5JeKTPOIPOBOAHOCTHIO 06JIaa10T ce-
pebpo, Menb, amoMuHUl. MeTannuyecKue MPOBOJHUKH HAXOLAT
mupoyvaiinee IpUMeHeHUE B Ilepefade 3JIeKTPOIHEPTHH OT UCTOY-
HUKOB TOKA K IOTPeOUTEeNAM. ITU IPOBOAHHMKU HCIOJb3YIOTCA
Tak)Ke B IreHepaTopax, SJJIEKTPOJBUraTelsx, TpaHchopMaTopax,
3JIeKTPOU3MEPHUTEIbHEIX NPHGOPAX U T. 1.

Hapany ¢ MerajijlaMé XOpOLIMMH IIPOBOAHMKAMM ABJIANTCH
BOJHEIEe PACTBODHI HJIM DACIJIABEI 3JEKTPOJINUTOB ¥ HOHU30BAHHBIH
ra3 — naasma. IIpu onpeseieHHBIX YCIOBHAX U B BAKyyMe MOJKeT
CYILIECTBOBATH dJIEKTPUUYecKHil ToK. Tak, B BAKYYMHEIX 3J€KTPOH-
HEIX npubopax 3JIeKTpHYecKHUil TOK 06pa3yioOT IMOTOKH 3JEKTPO-
HOB, IIOCTYHAIOIINE U3 CIEIUATbHBIX YCTPOMCTB.

AvanexTpuku

K umciay XopoIIMx H30JATOPOB OTHOCATCA AHTaph, dapdop,
pesnHa, CTeKJo, napabun. JuAKMMHE INSIEeKTPUKAMU SABIAIOTCSA
KepocHH, MUHepaJibHOe (TpanchopMaTOpHOe) Macjo, JaKH, UHC-
Tada (IUCTUIMPOBAHHAA) BOJA U IP.

Jlyumwuit ngonarop — sBakyyMm. HenmoHmzoBaHHBIE ras3el, B TOM
YHCJIe U BO3AYX, TAKIKe XOPOIINe H30JATOPEI.

OnHaKO IpM HEKOTOPHIX YCJIOBUAX, HANIPHMED B CHJILHOM
3JIEKTPHYECKOM IIOJIe, NPOMCXOAMUT pAacIlleIl/leHHe MOJEeRyJ IH-
3JIEKTPHKA Ha HOHEI, U BEIIECTBO, KOTOPOE IIPH OTCYTCTBUU 3JIEKT-
PUUECKOro IoJjis WX B ¢1aboM 1oJe 6bLI0 AUDJIEKTPUKOM, CTAHO-
BHTCS NPOBOAHUKOM. HanpsaXeHHOCTH 3JIEeKTPUUECKOro 10JIA, IIPH
KOTOPO# HAUWHAETCA HOHM3AIMA MOJEKYJ AUIJIEKTPHUKA, HA3HI-
BaeTCcAd NPOGHMBHON HANPAMEHHOCTHIO (3JEKTPH-
YeCKOMH MPOYHOCTH I0) AUATEKTpHUKA. [l03TOMY IPH HCIIOJb-
30BaHUM AUINEKTPUKOB B 3JIEKTPHUYECKUX YCTaHOBKAaxX HauboJb-
1lee 3HAUEHUE HAIPAXKEHHOCTH 3JEKTPHUYECKOro MoJMA BRIGUPAIOT
PaBHBIM JOIyCKaeMoil Hamps:keHHocTH. Jlomyckaemas Hanps-
JKEHHOCTDH OOBIYHO B HECKOJILKO Pa3 MeHbIIe IpoOMBHOM.

B rauecTBe mpumMepa npuBeJeM 3HAUYEHUA NPOOMBHOI HaNpA-
SKEHHOCTH JJIA HEKOTOPHIX JU3JIEKTPUKOB: Bogayx — 3000 xkB/m,
macno TtpaHcdopmaropHoe — 10000 kB/m, dappop —
8000...15 000 xB/m, caroga — 80 000...200 000 B/ M.

MNonynposoaHUKu

Kpome mnpOBOAHHMKOB M AMAJIEKTPUKOB HMEETCA TIPYIINa Be-
mecTB (B OCHOBHOM TBEDJABIX), HPOBOAMMOCTE KOTODPBIX 3aHIMAET
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IIPOMEXXYTOUHOE IIOJIO}KEeHHEe MeXKJy IIPOBOTHVKAMU M AUDJIEKT-
PHUKaMHU. OTH BellleCTBA HE HACTOJbKO XOPOIIO NPOBOJAT 3JIE€KTPH-
YecKHUU TOK, YTOOBI MX HA3BaTh IIPOBOJHUKAMM, U He HACTOJBKO
ILJIOXO, UTOOLI MX OTHECTH K JUdJeKTpuKaM. [loaToMy OHHU moJy-
YUIM Ha3BaHME N OJNYIPOBOJHHUKOB K HUM oTHOocaATCA
KpeMHWH, repMaHuii, ceJleH 1 MHOTHMe Ipyrue BernecTBa. Cyiecr-
BYIOT ¥ JXUAKHE IIOJYIPDOBOAHUKH.

JAns monynpoBOAHUKOB XapaKTePHO Pe3KOEe M3MeHeHHe 3JeK-
TPOIIPOBOJHOCTH C U3MEHEHHEM TeMIIepaTyphl. IIpu HU3KHUX TeM-
mepaTypax 4HCJI0 CBOOOJHBIX 3apAJOB B HUX MaJjio M IO CBOUM
CBOMCTBaAM 5T BellleCTBa OJUBKU K AUBJIEKTpUKaM. C MOBBITIIEHU-
eM TeMIIepaTyphl YHMCJIO CBOGOAHBIX HOCHUTEJEH 3apsAfa yBEIWUH-
BaeTCs HACTOJIBKO, YTO 3TU BEIleCTBA YyKe MOXXHO OTHECTH K XOpo-
LIMM IIPOBOZHUKAM.

OJIEeKTPONPOBOLHOCTE IIOJYIIPOBOJHHUKOB 3aBUCHUT TaKJ)Ke OT IIa-
HaloIero Ha HUX CBeTa, HAIPAKEHHOCTH M HANPABJIEHUSA 3JIEKT-
PHYECKOro MoJsA U 0CO6EHHO pe3Ko M3MEeHAETCHA IIPH BBEeJeHUHU B
MX COCTAB HE3HAUHTEJHLHOTO KOJIHYECTBa IpuMecei.

Jo HegaBHeEro BpeMeHH NOJYIPOBOAHUKY HE UTPAJU 3aMETHOM
NpakTHYecKou poau. B aIeKTpoTEXHUKEe U PpaJUOTeXHUKE IIpUMe-
HAJHA UCKJIIOUMTENHHO Pa3IMUyHble IPOBOAHUKH U JUSICKTPUKH.
ITonoxxenne CymIieCTBEHHO WM3MEHHJIOCh, MOXKHO Ja)ke CKasaThb,
YTO B PaAMOTeXHMKe IMPOUBOILIa PEBOJIONNUA, KOrJa CHadYajia Te-
OpPEeTHYeCKH, a 3aTeM dKCIIepUMEHTAJBHO OLLIa OTKPBITA U M3Yy4Ye-
Ha JIETKO OCYIIeCTBUMAS BO3MOYKHOCTH YIIDABJIEHUS 3JI€KTpHUUe-
CKOM IIPOBOAUMOCTHIO ITOJYIIPOBOJHUKOB.

ITonynpoBOgHWKY HANUIK UWIMPOKOE IIPUMEHEHHE B 3JIEKTpO-
TeXHUKe, PaIHOTeXHUKE, B 3JIeKTPOHHO-BRIYMCINTENIBHBIX MAIIIH-
HaX, aBTOMaTHKe U T. A.

Haa nepedanu anexmpuyeckoil Inepzuu no npoeodam npume-
HAIOM NPOBOJHUKU.

IToarynposodrnuru npumenaiom 6 Kaiecmee 3jlemMenmosa, npe-
obpasyouux mox 6 paduonpuemMHuUKrax, 6biiuCAUmMenrbHblX
MawuHax um.o.

§ 3.2. AJIEKTPOHHAA NPOBOAMMOCTbL METAJ1JIOB

Haunem ¢ memannuyeckux nposodHuros. Boavm-amnepuasn
xapaxmepucmuKa 3mux npoeo0HUKOE HaM ui3secmHua (CM.
§ 2.4), Ho nora He 6bin0 OaHO ee 00BACHEHUEe ¢ MOYKU 3PEHUA
MONEeKYLAPHO-KUHemMULeCKoll meopuu.
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Ceo6oaHble anexkTpoHb! B MeTannax

B npeAsiAyux riaaBax Mbl HEOAHOKPATHO MOJL30BATUCH IIPE]-
CTaBJIEHHEM O TOM, YTO CBOOOAHBIMH HOCHTEJISAMH 3apsAjga B 60JIb-
IIMHCTBE METAJJIOB ABJAIOTCA 3JEKTPOHEI. B OTCYTCTBHE 3JI€KT-
PHYECKOTIO MOJA OHU JBUXKYTCA 6€CIOPAAOUHO, YIACTBYS B TEILIO-
BOM JBH)KeHHUH (cMm. puc. 2.1). ITox neiicTBHEeM 3JE€KTPUYECKOTO
TI0J1A 3JeKTPOHBI HAYMHAIOT YIOPAAOUYEHHO ITepeMelllaThCA MeX Iy
HOHAMM, HAXONAUIMMHCA B Y3JIaX KPHCTANJIMYECKOHN peleTKu
(cm. puc. 2.2), co cpenneit ckopocTsio nopaxka 1074 m/c, o6pasysa
3JIEKTPUYECKUH TOK.

HoHBI KpUCTAJINYECKON pelleTKN MEeTAJJIa B TBEPAOM COCTOMA-
HHAU He IPHHUMAIOT YUYACTHS B CO3JaHHU TOKa. VIX mepemeresne
OpH OPOXOMKAEHUM TOKA O3HAYAJO Obl IIEpPEHOC BelecTBa BAOJL
NpoBOAHMUKA. ONEITHL JKe MO0 MPONYCKAHHIO TOKA B TEYEeHHEe MHO-
rHX MeCsALEB IIOKa3aJH, YTO HUYEro NoK0GHOT0 He IIPOMCXOJUT.

OnbiT Puxxe (1901)

9. PUKKe COCTaBUJI II€llb, B KOTOPYIO BXOAUJIH TPH NPUMKATHIX
ADYT K APYTY NHJIMHADPA, U3 KOTOPHIX JBa KPalHUX ObLIV MeJHEIE,
a cpenuuit — andoMuHUeBHI (puc. 3.1). B Teuenne roga uepes aTu
HUJINHAPHI IPOTEKaJ TOK mopAaka 0,1 A,
TaK 4TO oOuimit 3apAj, IpPOMIEAIIN yepes
IMIHHADHI, peBsicut 3,5 « 10 Ka’

ITo oKOHYAHUY ONMBITA NMJIUHAPHI OLIIN
pasbeiUHEeHBl, M OOHADPYXKHJINCH JIHIIH

cjlefbl B3aMMHOTO IIDOHMKHOBEHUS, He
IpeBBIIAIOIINEe PpPe3yJbTaTOB OOBIYHOM
Pnc. 3.1 Auddy3uu ATOMOB B TBEPABIX TeJIaX.

3xcnepUuMeHTaNnbHOE A0KA3ATEeNbCTBO CYWECTBOBAHUSA
cBOBOAHBIX 3NeKTpOHOB B MeTannax

OKCcIepHMEHTANBHOE JOKA3aTeJILCTBO TOr0, YTO NPOBOJMMOCTD
MeTAJJIOB 00yCJ/IOBJIeHa ABHKE€HHEM CBOOOJHBIX 3JIEKTPOHOB, ObI-
Jo paHo B ombitax JI. U. Maugensmrama u H. . Ilananexcu
B 1912 r. (pesyanTaThl He OBLIN ONYOJINMKOBaHEIL), a Takxe T. CTio-
apra u P. Tonmena B 1916 r. Vigea sTux ombiTOB TakoBa. Eciau
Pe3KO 3aTOPMO3HUTL ABHMKYIIMIHCA KYCOK MeTajja, TO HaXom-
mecss B HeM cBOGOJHEIe 3apALEl, JBUTAACH IO MHEPIHH, OYAYT
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Puc. 3.2 Puc. 3.3

CKAIIJIUBATBCA Yy IIepEJHEro €ro KOHIA, ¥ MexAy KOHLAMU IIpo-
BOAHHMKA BOSHUKHET PA3HOCTh IIOTEHIIMAJIOB,

CywiecTBoBaHMe IOZOGHBIX 3JEeKTPOMHEPIMOHHBLIX 3(hdexToB
U ObLIO ycTaHOBJEeHO akazgemuramu JI. M. MaHpaeabmiTaMoM u
H. [I. ITananexcu ¢ mOMOIIBIO CJeAyiolero onklTa. KaTymika, co-
eMHEeHHAaA C TeJedOoHOM, IPHUBOANIACE B KoJIebaTeIbHOE ABHIKE-
HHUe BOKPYT cBoeil ocu (puc. 3.2). Biarogapsa nHepiiuy cBOGOAHBIX
3apsI0B Ha KOHIAX KATYIIKHA BO3HMKAJA NEepeMeHHas pPasHOCTH
IIOTEHIINANOB, ¥ TejaedoH uananan 3ByK. OZHaKO 3TO OBLIN JIMILIL
KA4YeCTBEHHbIE ONKITHI. HHKAKUE N3MEepeHUA U KOJHUUECTBEHHEIE
pacueTsl B 9THX ONKITAX He OBLIN NIPOU3BEAEHEI,

OneIT ¢ KOJHYECTBEHHBIMH Pe3yJbTaTaMU OBLJI OCYIIECTBJIEH
cnycra 4eTsipe roga T. Ctioaprom 1 P. Tonrmenom.

B onrite Crioapra u TosMeHa KaTyIilka GOJBIIONO AMAMETPA C
HAMOTAHHBLIM HA Hee METAJIMUYECKVM IIPOBOLOM IIPHUBOJUIIACEH B OhI-

Manpeasmram Jleosua MHMcaakosuu (1879—
1944) — coseTckuil pusuk, akagemMuk. JI. 1. Mau-
JeJbINTaM BHeC GOJIBINOM BKJaA B DA3BHTHE Te-
OopHM KoJebaHuil, paguodusuKku u onTUKH. CoB-
mectHo ¢ I'. C. Jlanac6eproM MM G6bLIO OTKPHITO
paccesHHe CBeTa KPHCTA/IaMH, COIIPOBOXKAANO-
mjeecd H3MEHEHHEM YaCTOThI (TaK HasbIBaeMoe
KombuHanwonHoe paccesnue). JI. M. Manpgens-
IITaM CO3ZAJ Ilejloe HayYHOe HalpaBieHWe B CO-
BeTckoH ¢u3uke. Ero yueHUKamMu SBIAIOTCA
axkazemuku A. A. Auaponos, M. A. JleoETOBHUY,
wr.-kopp. AH CCCP C. M. PriroB, npodeccop
C. II. CtpeakoB 1 MHOr'ue Apyrue.
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CTpOe BpallleHre K 3aTeM pe3Ko TopMmosnnack (puc. 3.3). IIpu Top-
MOXXEHHMM KaTYIIKH CBOGOAHEIE 3apALEL B IPOBOSHUKE IIPOJOIKATIA
HEKOTOpOe BpeMd ABUIATHCA IO MHePHuM. BemexcTBue ABHMIKEHUSA
3apAKOB OTHOCHTEJBHO IIPOBOAHMKA B KATYIIKE BOZHMKAJ KPATKO-
BPEMEHHEIH BJIEKTPUYECKHI TOK, KOTOPEIH PErMCTPHUPOBAJICA Iajlb-
BAHOMETPOM, IPHCOESUHEHHBIM K KOHIIAM IIPOBOJHKKA C IIOMOIILIO
CKOJIB3AINNX KOHTAKTOB. Hallpap/ieHVe TOKa CBHAETENBCTBOBANO O
TOM, YTO OH O0YCJIOBJIEH ZBH)KeHUEM OTPHIIATENBLHO 3aPAMEHHBIX
yacTui. IlepeHOCUMEIE IpM 3TOM 3apA] IPAMO NPOIOPLUUOHANIEH
OTHOIIIEHHUIO 3ApAMNA §, YACTHI], CO3ZAIOIIMX TOK, K MX Macce m,

9 "
T.e. . TlosTomy, u3MepAA 3apaf, HIPOXOAAIINI Yepes raabBaHo-

MeTp 3a BCe BpeMs CYIeCTBOBAHUA TOKA B IlellH, VIAJIOCh OIpeje-

90
murs oTHomeHKe - . OHo okasanock papHbIM 1,8 - 10 Kn/xr. Bro

3HaUeHMe COBIAJIAET CO 3HAUEHHEM OTHOIIEHHUA 3apsAAa K Macce AJIs
e .

SJIEKTpOHA (;J , HAliIeHHBIM paHee U3 JPYTUX ONBITOB.

‘ dKcnepumenmanvHo YcmMaHo8ieH0o, Yo HOCUMERIMU 3aeKm-

PUYeCK0z0 MOKA 8 Memaiilax ABAAIOMCS C80000Hble 3aeKm-
POHbL,

§ 3.3. NTOYEMY CNPABEQJIUB 3AKOH OMA? >

Paccmompernnan modenv memanna no3sonsem o6sACHUMb OC-
HOBHbLE, U3BECTHbIE HAM U3 ONblMa, 3aKOHOMEPHOCMU Npo-
xo0xc0enusn morxa 8 memannax. Hcxodsa us amoil modeau, mModxc-
HO meopemuyecku noayiums 3akon Oma dna yracmra yenu.

Cvna conpoTusNeHUa ABUXEHUIO 3apAXEHHbIX 4YacTuL

ITpu mocTosAHHOI cHIe TOKa CPefHAA CKOPOCThH YIIOPAL094EeHHO-
TO0 JABUKEHUA CBOGOZHBIX 3NEKTPOHOB, COTJVIACHO BRIDAMKEHHIO
(2.2.7), nocrosuna: v = const. Ho mpu 3TQM Ha 31€KTPOHBI AeHCT-
BYeT CO CTOPOHEI II0JIS IIOCTOAHHAA cua F = ekE.

IIsuxenne 6e3 YyCKOpPEHHUS IOJ AeHCTBHEM IIOCTOAHHOMN CHJIEI
BO3MO?KHO JIMIIL IPH HATHYKHK CHJBI COPOTUBIEHUS CO CTOPOHEI
cpeAbl, B KOTOPOl ABHKETCHA 3apsKeHHAsd dacTuia (3NeKTDOH).
9Ta cuja 3aBHCHT OT CKOPOCTH UaCTHIILI M IIPU CKOPOCTH, PaBHOM
HYJI0, NOJKHA OBITH TO)Xe paBHA HYN0. MHaue cnaboe moJe He
MOTJIO 651 BHI3BATH YIIOPAAOUEHHOE TIepEMeIleHe YACTHII.
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Ecnu snexTpudeckoe moJie mepecTaeT HeilcTBOBATHL HA 3apd-
JKeHHBIE YACTUIIRI, TOK GRICTPO IpeKpauaeTca. OSTo o3HAYAET IIpe-
KpallleHle YIOpAAOUEHHOro JBMXEeHNA YACTUIL 13-38 COIIPOTUBIe-
HUA cpelbl. BpeMsd, 3a KOTOpoe IMPaKTHUECKHN IPEKPAal&aeTcsa yiIo-
pAJOYEeHHOe JBUXeHNe, HASLIBAGTCA BpeMeHeM peJJaKcalu .
910 TO BpeMs, 3a KOTOpOe 3apS KeHHEBIE YACTUIBI ITOJJHOCTHIO «3a-
GBIBAIOT » CBOE HAUANBHOE COCTOAHME YIOPAXOYEHHO'O ABIKEHUA.

TIpu MaJEIX CKOPOCTAX ABMIKEHMA CBOGOTHBIX 3JIEKTPOHOB (a 3TH
CKOpOCTH, KAK MBI 3HAEM, NeHCTBUTEILHO MAJIEI) CHIY COIIPOTHRJIE-
HUA MOXXHO CUUTATE IPAMO IPOIOPIIUOHAIBHON CKOPOCTH:

F =-kb. (3.3.1)

Kosdduiuent & cunraeMm He 3aBHCAIHUM OT CKOPOCTH. ITO IIep-
BOEe OCHOBHOE JOIIYIICHHE, KOTOPOe MBI JelaeM IpU O0O0OCHOBAHUHU
aMmupudeckoro sakona Oma. HesarueuMocTe B OT U GaKTHUYECKU
O3HAauaeT He3aBUCHUMOCTH k OT SJIEKTPHUYECKOI'0 IT0JIA B TIPOBOAHUKE.

YpaBHEHHe JBHMKEHUA JJIA MOJYJIeil BEKTOPHKIX BETHYUH (BTO-
poit sakoH HrioToHa), onpesensiioliiee CKOPOCTh YIOPALOUEHHOTO
ABUXEHHA 4aCTHIT, IMeeT BIA:

m2Y —F - kv, (3.3.2)

rje F = eE — TOCTOAHHAA CUJIA, AeHCTBYIONIAA CO CTOPOHLI IIOJA
HA 3JIEKTPOH.

B yacTtrOCTH, ecau B MOMeHT BpeMeHH t = 0 cuia F oxkasanachk
PaBHO HYJIIO0, 2 CKOPOCTh YIOPALOUEHHOT'O ZBH)XEHUA B DTOT MO-
MeHT U(0) = v, TO ypaBHEHUE ABMIKEHUS CBOGONHBIX 3JIEKTPOHOB

YIIPOMIAEeTC:
m-—— =—kv. (3.3.3)

U3 ypasHeHus (3.3.3) BHIHO, UTO OBICTPOTA YOBIBAHNA CKOPOC-

k
TH OT Uy A0 0 IpAMO NPOMOPIUOHAILHA OTHOUIEHUIO o Beanuu-

k
Ha, obpaTHas —; » AMeET PABMEPHOCTh BPeMeHH. BBeas BenuunHy

m

=7 (3.3.4)
BMecTO ypaBHeHUs (3.3.3) monyuum ypaBHeHHE
av _ 1
At T
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HWMeHHO BenMYHHA T ONPEJENseT BpeMs YMEHBUIEHHUA CKODOC-
TH YHOPAMOYEHHOro ABUMKEHHA N0 ryasa. IIpu AaHHOH HadaIbHOMH
CKODOCTH YIIOPAJOUEHHOT'O ABMKEHUA 3TO BpeMSA HH OT 4ero 60Jb-
e 3aBUCETH He MojKeT. YeMm Goabie T, TeM MeAJEHHEe IPOVCXO-
OUT yORIBaHME CKOPOCTH. TO M MOHATHO: BOIBLUINM T COOTBETCT-
ByeT 661blIas Macca YacTHI U Malsiil KodagUIIUEHT COPOTURIIE-
HuA, IToaToMy MOMHO HDEANONOKUTH, UTO T ONPERENAET BpeMs
penaxcauuu. JeltcTBuTensHO, ypaBHeHHe (3.3.3) npu mepexoge K
npepeny npu At — 0 okasuiBaerca guhdepeHUIANbHEIM YPaBHe-
HUEM NepBOTO NMODAXKA!

rae e = 2,17 — ocHOBaHUe HATYPAJBHBIX JIOrapu(dMOB, a v, — Ha-
YaNbHAS CKOPOCTD (U = v, 1ipu ¢ = 0). To, uto uMeHHO 372 PYHK-

uuAa gBiageTca penleHueM fudhdepeHianibHOro ypaBHeHUd, MOXK-
HO IIPOBEPUTH NOACTAHOBKOH ee B ucxonHoe AuddepeHIAANIBLHOE
ypaBHeHKe. 1A 5TOTO HYKHO TOJLKO YMeETh BRIYHCIATH IPOU3-
BOAHYIO SKCNOHEHITNANBHOM GYHKIMH. -

M3 peurenya ypaBHEHUA BUAHO, UTO T — 3TO BpeMs, 33 KOTOpOe
CKOPOCTH YIOPAJOUEHHOI'O JBUXKEHUA YMeHblnaerca B e pa3. Ta-
KHUM o6pasoM, 3a BpeMs T YOOPSAAOUEHHOE NBUMKEHIE He BCUe3aeT
COBCEM, HO Pe3KO 3aMedaeTCs.

BwiBog 3axoHa OMma
Av
IIpu ycTaHOBMBIIEMCS ABUMEHUH i 0, 1 U3 ypaBHEHUA
(3.3.2) MBI MOXEeM HAWTUA CKOPOCTHL YHOPAJOUEHHOrO ABMIKEHUS
3JIEKTPOHOB.
IToactaBne B ypaBHeHue (3.3.2) saHaueHue £ U3 COOTHONIEHUA
(3.3.4), 6yneM uMeTh

m
eE - _T_v’
niu
=&
= (3.3.5)
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Coraaceo onpezenennso (2.2.1) 1 ¢ yuetomM Belpaskenud (3.3.5)
JJISA ILJIOTHOCTH TOKA B METAJLIUYECKOM IIPOBOJHUKE IIOJIYUUM:

2
. _e'nt
j=env=—- E. (3.3.6)

CpaBHuUBaA BuIpaxkenuda (3.3.6) u (2.4.10), sBugumM, UTO yaenb-
HAfA IPOBOJUMOCTH PABHA:

2
e nt

Y= —’n— . (3.3.7)

CraenaeM BTOpoOe TIPEAIIONOKEHNE: KOHIEHTPAIUS 3aPAKEHHBIX
yacTur (3JIEKTPOHOR) N, KAK ¥ BpeMd T, He 3aBUCUT OT HAIIPAMKEH-
HocTH Tiond. Torga yaeapbHASA TPOBOAHUMOCTS 6y IeT IIOCTOAHHOIL Be-
JUYUHOH, He 3aBUCAILEI OT IO, ITO U 03HAYAET BhIIOJTHEHHE 3a-
koua Oma (2.4.10) B suddepernuansuoil popme. OTcrona, pasyMme-
eTcd, caeayet 3akoH Oma B dpopme (2.4.2) wnu (2.4.3).

Bce sHauenne sakoHa OMa TeM H onpefendeTcs, UTO IJA MHO-
T'UX BEIeCTB B IIHPOKMX MHTEPBAJAX NPHJIOMKEHHOIO K IPOBOJA-
HUKY HAIPAKEHUA yaeabHAaA ITPOBOJUMOCTS Y OCTAETCA HEU3MEH-
Hoit. 3-3a aToro sakon OmMa, He ABasAACh HYHIaMEeHTANALHBIM 3a-
KOHOM ITPUPOABI, UPEe3BRIUANTHO BAYKEH.

Yem onpepensieTcs BpemMs penakcaumm?

KpoMe yHUBepcambHBIX TIOCTOSHHBIX (3apAfa € U MaCChl M HO-
cureneif Toka), yXeabHAA MPOBOAUMOCTE ¥, KAK BUJHO M3 BRIpa-
skeHudA (3.3.7), 3aBHCHT OT KOHLIEHTDALMK YACTUL, N U BPEMEHH
penaxcanuu 7. CMbIca n oueBHgeH. [ 1aBHAA mpobieMa B BhIACHE-
HUU OPUPOAL] BPEMEHH PEIAKCAIIUHN U B €T'0 BLIYHCJIECHUH.

IIpocTeie omeHKH HAOT AHOMAJBLHO OONBINIOE BpeMs pedaxca-
uuu. IIpu U3BECTHHIX 3HAUEHUAX Y U I 3TO BpeMs, coraacHo ¢op-
mye (3.8.7), umeer nopagok 3 + 10714 ¢, 3a Takoe BpeMa aaekT-
POH TIPOXOIUT PACCTOAHUE 3 * 1077 eM, T. €. OKOJIO KecATH TIepPHOJOB
peineTky. UMeHHO TO3TOMY TPOBOJUMOCTD METAJJIOB BEJINKA.

JlauubsI# (hakT DpefcTaBidercd BechkMa CTPAaHHBIM. Belb B Me-
TaJJIe MOHBI B PEIIEeTKe PACHOJIOKEHEI OIM3K0 APYT K Apyry. Kak
’Ke DJIEKTPOH 39TOro «He 3aMedaeT»? OOGBICHEHNE OKASHIBAETCA
BO3MOJKHBLIM TOJIBKO Ha OCHOEE KBAHTOBOI Mexanuk¥. KBanropas
TEOpNs IMO3BOJIAET PACCUHUTATH 3HAUEHME T U TeM CAMBIM YAelb-
HYI0 MPOBOAUMOCTH Y U BBIACHUTL XapaKTEpP €€ 3aBUCHMOCTH OT
TEeMIIEPATYPHI.
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IpaHuib NPUMEHMMOCTM 3aKoHa Oma

JluneiiHas 3aBUCHMOCTE IIJIOTHOCTH TOKA j OT HANPSKEHHOCTH
3JeKTPHUECKOro MoJdA, T. €. 3aKoH OMa, HapyulaeTcsi B TOM CIy-
Yae, KOTJa BPeMs pelaKcanuy T MK KOHIIEHTDALUA cBOOOJHEIX

. e nt
HocuTenell 3apAja n HadyuHaeT 3aBHceTs oT E. Torga v= e 6y-

JeT 3asuceTs oT E.

Henuueiinaa 3aBUCHMOCTEL CHJIEI TOKA OT HANPAMEHUS Upes-
BHYAWHO Ba)XHa AJA MHOI'MX YCTPOMCTB. Be3 Hee HeBO3IMOXKHA
COBpPEMEHHAA DaJUOTEXHUKA U 3JEeKTPOHMKa. Hampumep, Takue
CYIL[eCTBEeHHBIE IJIA PAAUOCBASY NPOIECCEI, KAK MOAYJIALAA U Jle-
TEKTHUPOBAaHME, He MOT'YT OBITH OCYIUECTBJEHLI IENAMY C JIMHEM-
HOI 3aBHCHMMOCTBIO CHJIBI TOKA OT HAIIPAMKEHUA.

Bpemsa penakcanuy uMeer IIOPsAOK BpeMeHU CBOOOMHOTO IIPO-
6era 3apsAKeHHBIX YACTUI[. JTO BpeMdA OIPELeaaeTCaA CKODOCTRIO
JBUMKEHUA YaCTUL, ¥ PACCTOAHUEM, Ha KOTOPOM YacTHIa Npuodpe-
TaeT CKOPOCTDh YIIOPAAOUEHHOTO ABMKEHUA v. Bpemsa penmakcanuu
He OyAeT 3aBUCETH OT HanpsAxXeHHocTH E, ecaiu cKopocTs yrnopago-
YEeHHOr0 ABMXKEHUs, IpuobpeTaeMasn 1o AeiACTBHEM MOJA, MHOIO
MeHbIIle CKOPOCTH TEILIOBOTO ABMIKEHUS 3JIeKTpoHoB. Torza npm
onpefeIeHH T MOYKHO IIpeHeOpedb CKOPOCTHI YIOPALOYEHHOTO
JBHUXKEHHUA II0 CPAaBHEHUIO CO CKOPOCTLIO TEILJIOBOIO ABUIKEHU A,

CorjiacHO MOJIEKYJAAPHO-KUHETHUECKOII TeOPUU CKODPOETH Tell-
JIOBOTO ABUIKEHUSA U, ONPeJe/IsieTCs BeJTNUUHON

[3RT
m ’
rae k=1,38 - 10723 [I:x /K — nocrosauuasa BoxbiMaHa, a T — a6-
COJIIOTHaA TeMIleparypa. [[Jif 3JIeKTPOHA IIpU KOMHATHOM TeMIie-

parype (T = 300 K) ara ckopocTs uMeeT Hopsaok 10° m/c.
Iox Binauuem nocTosHHOM cuan F = eE 3jieKTpoH npuobpera-

ek
€T CKOPOCTh YIOPAAOUEHHOI'0 ABUIKEHUA U = g Orcrynnenus

mv,

oT 3aroHa OMAa JOJKHBI HACTYNATL IPH U 2 v_ wau E 2 vt Orze-

T

HUM 5T0 3HaueHUe E 1 MeTannoB 1 c1abo MOHU3OBAHHBIX Ta30B.
,HJI.H MeTaJdJIUuYeCKHUX IIPOBOJHUKOB, KaAK Mhbl yxe oTMedaJH,

1=38 - 1071*¢. Orciona mpu v, = 105 m/c nonyuum: E =2 - 107 B/m.
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Ha camom feJsie HANIPAMEHHOCTh MOJIA JOJKHA ObITh HA IODPA-
IOk Gousbirte. lesio B TOM, UTO KJIACCHUECKAA MOJEKYIAPHO-KUHE-
TUYecKas TeOpHA He JaeT IPAaBUILHON OIEHKH CKOPOCTH TEILJIOBO-
ro gexeHud. KsanToBad oneHka NPHBOAMUT K 3HAUEHHIO U, =~
~ 108 m/c u, coorsercTBenHO, E = 108 B/Mm.

Co3aTh TAKYIO HATIPAXKEHHOCTS UOJIA B MeTaJljle Heab3sA. Mak-
CUMAaJBHO AOIIyCTHMAad HJIOTHOCTh TOKA B Mezm IpU KOTOpOH He

nponcxo,zm'r paspyIleHnsa NpoBOAHMKA, j = 107 A/M2, IIpu atom
E = ‘9 = 0,15 B/M

Ecnu e HanpsxKeHHOCTS moada Gyaer mopagka 108 B/M, To mpo-
BOAHHK IIpocTO HMcnapurcda. Orcioga cieayeT, uTo 3akoH Oma aasa
MeTAJITUYECKUX IIPOBOJHUKOR BEITIOJHAETCA IPH JIIOGBIX HapAKe-
Huax. 3akoH OMa B MeTAJIMYECKUX NPOBOAHUKAX BhIITOJIHAECTCA
IIpH BCEeX 3HAUEHUAX HAIIPAXKEHHOCTH €INe 1 II0OTOMY, UTO KOHIEHT-
panusa cBO60SHBIX 3JIEKTPOHOB B METAJLIaX He 3aBHCHUT HU OT MOAY-
JIS BeKTOpa HAIIPAKEHHOCTH I10JIf1, HA OT €ro HAIlpaBJIeHUs .

OrcrymiaeHnd ot 3akoHa OMa MOryT HMETh MECTO IIPU IIPOXOXK-
JeHUW TOKA depe3 PACTBOPHI M PACILIABKI 3JEKTPOJHTOB. 3aKOH
Owma He BRITIOJIHSIETCA IIPY NIPOXOXKJAEHUN TOKA Yepe3 MOHW30BAH-
HKIN a3, B BaKyyMe, a TaKxe IIPU HAJIWYNHN B IIelIM KOHTAKTOB II0-
JYOPOBOAHUKOB ¢ MeTAJJIAMU U DPA3JUYHBIX THIIOB IIOJYIPOBO/I-
HHUKOB JPYT C APYroM. 3JIeCh CHJIa TOKA, B YACTHOCTH, 3ABHCHUT OT
HaIIpaBJeHVA HAIDPAXKEHHOCTH ITOJIA.

ITod Odeticmguem snexmpuieckozo NOASL 31eKMPOHbL A8U-
aymcesa ¢ NOCMOAHHOIL cpedHell cKOPOCMbBIO U3-30 MOPMOIHE-
HUA €O CMOPOHbL Kpucmaliuveckoil peutemrxu. Cropocmb
ynopadouenHozo O8uUdCeHUA NPAMO NPONOPUUOHAIbHA HA-
NPANEHHOCMU NOJLA 68 NPOBOOHUKeE.

§ 3.4. 3NIEKTPUHECKUN TOK B PACTBOPAX
U PACNNABAX 3NEKTPOJIUTOB

K anexmpoaumam omuocam coau, kucaomst u uieaoqu. Ka-
Ko8a asexmponposodHocmb amux sewecma? Obpamumca K
onbimy.

CoeIuHMM TOCJIENOBATENHLHO UCTOYHUK TOKA, 3JEKTPHUECKYIO
JIAMIIOYKY ¥ JABa 3JMeKTpofa (JBe ILIACTHHKU). JJIeKTPOLkl pasbe-
OuHeHb! (lellb He 3aMKHYTa), MO3TOMY, €CTECTBEHHO, JAMIIOYKA
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He ropuT. OnycT¥M TeIeph 3JEeKTPOALI B COCY/ ¢ JUCTHJIINPOBAH-
HoIt Bogoii. JlaMIouka Takske He TOPUT. 3HAUUT, TUCTUJIIIUPOBAH-
HAA BOMA He SBJIAETCS IPOBOAHHUKOM 3JIEKTPHUECKOr'0 TOKa. Bri-
HeM 3JIEKTPOALI U3 BOJEI M IIOCTABMM KX Ha MHCT GyMaryl, Ha KOTO-
pBIii Haceimana noBapeHHass coab NaCl., Jlammouka u Temeph He
roput. CieaoBaTeNlbHO, U CyXasl CONAb He SABJIAETCA IIPOBOTHHUKOM
alleKTpHuYecKoro Toka. HakoHerlr, elje pas olycTuM B JUCTHJLIN-
POBAHHYIO BOAY 3JIEKTPOLKI ¢ MIPUIHNIIIEH K HUM cOJIbio. MBI yBH-
IHM, UTO JAMIIOUKA 3aropejiack, UTO CBHUAETEJILCTBYET O IOSRBJIE-
HUH 3JIEKTPHYECKOT0 TOKA.

Tarum o6pasoM, XOTA B OTAEJbHOCTHA ANCTUIINPOBAHHAA BOJAA
U COJIB He ABJAIOTCA IIPOBOIHUKAMMU, PACTBOP COJIM B BOJ€E ABJIAET-
¢ XOPOIIUM IPOBOSHHKOM 3JIEKTPHUYECKOTO TOKAa. TO sKe MOKHO
CKA3aTh (X Ha OMBITE B 3TOM y6eIUTLCA) O BOJHEIX PACTBOPAX KHC-
JIOT M ILeJIOUEil.

AnexTponuTUYeckan auccouuaumsa

3apsxeHHEBIE YACTHILI, 06eCIIeuNBaIONKe 3IeKTPUUECKUA TOK
B 3THX pacTBOpaxX, 06pa3yioTcs B pe3ysibTaTe 2 JE€K TP OJ U T H-
yecKoOft AuMccoIualu . VMa-3a B3auMOqeHCTBUA C IOJAD-
HBIMHU MOJIEKYJIAMY BOJBI MOJIEKYJIBI PACTBOPSEMEIX BEIleCTB pac-
NafaloTCsa HAa Pa3HOUMMEHHO 3apsA)KeHHBIE «OCKOJNKH» — HOHBI.
ITosoKUTENBHO 3apPSXKEHHBIMHM OKAa3bIBAIOTCA MOHBI METAJJIOB M
BOAOPOJia, & OTPHIATENHHO 3APAKEHHEIMUA — KHUCJOTHRIE OCTATKHU
¥ rugpoxkcuanuada rpynna (OH).

Paccmorpum aTOT npoliece moApobHee Ha nIpuMepe GpoMua Ka-
aug KBr.

BaaumogeiicTBue aToMOB 6poMa M KaJaus B MoJieKyJie GpoMuaa
Kajgua YIPOIIeHHO MOXHO IIPEJACTABUTL KaK B3auMOJelicTBHE
ABYX MOHOB: IOJOKHTeJILHO 3apseHHoro uoHa K' u orpuma-

TeJILHO 3apAMeHHOoro oHa Br™ . O0bACHAETCA 3TO TEM, UTO €VH-
CTBEeHHBIH BAJIEHTHHIH 3JIeKTPOH Y KaJlusa caabo ¢Bs3aH C ATOMOM.
IIpu ob6pasoBanuu Mojekyahl KBr sTor ajieKTpOH NIEpEeXOAUT K

aToMy Opoma, mpeBpalias ero B OTpHIATEIbHBIN HOH Br™. B cooT-
BeTCTBHU ¢ 3THM Moxekyny KBr mo)xHO cxemarm4decku H3o6pa-
3UTH B BuAe aunoias (puc. 3.4). [Ipu pacTBopenuu conu GpoMuna
KaXHusa B BoJle MoJeKysahl KBr momagamoT B OKPYy;KEeHHE MOJEeKYJI
BOJbI, KOTOPKIE TOYXE ABIAAIOTCA JHIONIAMU. B ajleKTpHueCKoM 1IO-
Jje, co3naBaeMoM MoneKyJsoit KBr, MoseKyJikl BOABI OpMEHTHPY-
IOTCH, KaK II0OKa3aHo Ha pucyuke 3.5. IIpu aToM OHM DaCTATHBAIOT
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moyexkyay KBr HacToNmbKo, UTO He3HAUHTEJIbHAA BCTPACKA IIPH
CTOJIKHOBEHUWH C JPYTHMHU MOJIEKYJIaMH, YYACTBYIOUIUMH B TEILIO-
BOM JBMIKEHUH, paspyimaer ee. YacTe Mosnekys KBr pacnagaetca —
gucconmuupyeT Ha MoHbI K* u Br .

Cremens aycconuanyu, T. €. JOJA MOJEKYJ PACTBOPEHHOTO Be-
I1eCTBAa, KOTOPHIE PaclafaloTCA Ha MOHLI, 3aBHUCUT OT TeMIlepaTy-
pPBl, KOHIIEHTPAIIMY PACTBOpA U AUSJIEKTPHUUYECKOH IIpOHHUIlaeMoc-
TH € pacTBOpHUTeNnA. C yBeJIuUueHHEeM TEeMIIEPATYPLI CTEIIeHb JHUCCO-
IMAIUY BO3PACTAET U, CAENOBATEILHO, YBEJIUUUBAETCA KOHIEHT-
panuA NoJIOMHUTEJILHO U OTPUIIATEBFHO 3aDAXKEHHBIX UOHOB.

Hapsany c mpolieccoM AMCCOIUAIIMM B PACTBOPAaX 3JeKTPOJHUTOB
MIPOUCXOAUT M o6paTHBIM mpollecc. MOHBI PA3HBIX 3HAKOB IIPH
BCTDeYEe MOT'YT CHOBA OO0 bEUHUTLCA B HEHTPAJIbHEIE MOJEKYJIBI —
PeKOMOUMHHUPOBATE (BoccoeaAWHATHCA). IIpM HeM3MEHHBIX
YCIOBHAX B pACTBOpEe YCTAHABJIMBAETCA TUHAMHUYECKOe PaBHOBe-
cUe, IPY KOTOPOM YHCJIO MOJIEKYJI, PACHAAOIINXCS 38 CEKYHAY
Ha WOHEI, PABHO YHCJIY IIap HOHOB, KOTOPLIE 32 TO XK€ BpeMsA BHOBbL
BOCCOEAUHSIIOTCA B HeWTpaJibHRIe MoJeKyJel. IIpu HacTymieHUU
IMHAMHUYECKOI0 PaBHOBECUA KOHIIEHTPAIIMSA YMOHOB B DACTBOpE
3JIEKTPOJIUTA COXPAHAETCA IOCTOAHHOM (IIpH HeM3MeHHOMN TeMIle-
parype).

WoHHaa NnpoBOAUMOCTL PACTRBOPOR U PACMJIaROB
3NeKTPonUTOB

ITpu oTCcyTCTBUHM BHEIIHETO 3JI€KTPHUYECKOTO IOJSA UOHBI BMeC-
T€é C HEepACMABIIMMHCA MOJIEKYJIAMH HAXOAATCA B XAOTHUYECKOM
TEILJIOBOM LBVKCHUH.

Ecnu cocyn ¢ pacTBOPOM 3JIEKTPOJINTA BKIIOUNTH B 3JIEKTPHUE-
CKVIO IIENlb, TO MEXJY 3JEeKTPojaMy o0pasyeTcsl dJIEKTPUUECKOE
nojie ¥ HOHBI B DACTBOPE IPHAYT B YIOPAZOUEHHOe ABMIKEHHE
(puc. 3.6). IlonoXUTeNILHO 3apsKeHHble UOHKI CTAHYT JBUTATHCA
0 HANPAaBJEHHIO HANPAXKEHHOCTH IIOJNfA, T.€. K KAaTOgy
(3JIEKTPOAY, COEIMHEHHOMY C OTPHUIATEJLHBIM IIOJIOCOM HCTOY-
HHUKa TOKA), a OTPUIATEILHO 3apsAXKeHHEIe HOHEl — B IIPOTHBOIO-
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JIO’KHOM HAIIPABJIEHWHU, T.€. K AHOAY
(ayIeKTPOAY, COEAUHEHHOMY C ITOJIOXKU-
TeJIbHBIM IIOJIIOCOM MCTOUHHUKA TOKA).

OrpunareJbHbieé  WMOHBI, IPHILE]-
e K AaHOAY ¥ HA3hBIBAEMBIE II03TOMY
AHMOHAaMHH, OTJAIOT CBOH JIMIIIHWE
3JIeKTPOHBI AHOAY, 4 TOCPEACTBOM €ro U
COEIMHUTEJbHBIX ITPOBOAHUKOB — IIO-
JIOXKUTEJBHOMY TOJIOCY UCTOUHHMKA,
BO3MeIas Ha HeM HeJOCTATOK 3JIEKTPO-
HOB. [10JI0KUTENBHEIE HOHRI, IPULICAIIINE K KATOAY U IIOTOMY Ha-
3BIBAEMEIE KA TH OH a M U, NOJYYAOT HEeJOCTAIOI[Me UM BJIEKT-
POHBI U3 M3OKITKA UX HA KaToje. TaKk yCcTaHABIMBAETCH BO BHEUI-
Hell nenu nepemeuieHue 31eKmMpPoHO8 OT OTPUNATEIBHOT0 OJIoCca
HCTOYHHMKA TOKa K IIOJIOXKHTEJIBHOMY. IIpM 3TOM uepes pacmeop
nexmponruma 3apad nepeHocCuUncs smecme ¢ Lacmuyamnu eeue-
cmea — uoHamu. Taxyio IPOBOAMMOCTE HA3BLIBAIOT M O H H O .
B pacmiaaBax 3JIEKTPOJUTOB IPOBOSHMOCTEL TaKMKe HOHHAS, TaK
KaK IIPH [IJIABJECHUN TBEPALIX 3JIEKTPOJUTOB HX MOJIEKYJIEI paciia-
JaloTCH Ha MOJOXUTEIbHEIE ¥ OTPUIATEIbHEIe MOHE!. HiHgKNe 2)e
MeTaJLIbI 06JIalaloT BJIEKTPOHHON [IPOBOJUMOCTDIO.

Puc. 3.6

AnekTponua

IIpy DOPOXOXKAEHMM 3JEKTPUUECKOro TOKA uepesd > pacTBOP
3JIEKTPOJIATA AHHWOHBI OTJAIOT CBOM JIMIITHHE 3JIEKTPOHEI HA aHOAE
(B XMMUHK 3TO Ha3bIBaETCA OKHCINTENbHON peakneii), 4 KATHOHBI
Ha KATOMe NOJyYaloT HeZOCTAIOUINE dIEKTPOHH (BOCCTAHOBUTEIb-
Haf peaknudA). TakuM o0pa3oM, Ha 3JIEKTPOAAX IIpH TIPOXOKJIe-
HUH Yepes PACTBOP SJEKTPUUECKOTO TOKA IPOUCXOLUT BhIZeJIEeHUE
BEIIECTB, BXOAAIHX B COCTAB dJIEKTPOJIUTOR.

ITpoyecc avidenenua Ha srexmpodax seujecmea, C813AHHbLL
€ OKUCAUMENbHO-860CCMAHO08UMENbHbIMU PeAKUUAMU, HA3bIEA-
fom 3eKmponu3oM.

B psane ciyuaeB HeliTpalauasyeMbie Ha 3JeKTpPOAaX MOHBI BCTY-
MAloT B XUMUYECKUEe PeaKl[UU ¢ PACTBOPUTEJNEM, PACTBOPEHHBIMHU
BeINeCTBAMY HUJIM C BEILECTBOM 3JEKTPOAOB. OTH peaKUMM HA3LI-
BAIOT BTOPHU Y H KL M H.

Tak, HanpuMep, IPH SJIEKTPOJIHUIE PACTBOPA MEIHOI'O KyIOpPO-
ca (CuSO,) Ha KaToAe BHAENSETCA Melb, A HA AHOXE — KHCJIOT-
HBll ocTarok SO,, KOTOPEIH BCTyNaeT B PEAKIHIO ¢ BEIIECTBOM
aHOZA — MeABIO:

Cu + 80, = CuS0,.
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Biarogapa sToii peaKnuu KOHLEHTPAIUS DPACTBOpa MeIHOTO
KyIopoca ocraercss HeusMeHHOW. [IpoucxofuT AUINL TepeHoC Me-
AU ¢ aHOJa Ha KaToJ], IIOKa aHOJ MOJIHOCThIO He U3PACXOYeTCA.

B cayuae niaTHHEOBOTO aHOAA IIPU 3JIEKTPOJIN3E PACTBOPA MeEJ-
HOT'0 KYIIOpPOCa IPOUCXOAUT PEAKI(HA ¢ PACTBOPHTENEM:

280, + 2H,0 — 2H,80, + O,.

Monexynpl cepHOl KHCJIOTHI IIOMAJAIOT B PACTBOP, a MOJIEKY-
JIAPHKIHA KUCAOPOK BEIAEJIAETCSH B BHAE IY3BIPLKOB.

3akou Oma

JI1s pacTBOPOB 3JIEKTPOJUTOB CIpPaBeAJINB 3aKOH OMa. DTo yT-
Bep:KAeHHEe MOXKHO 000CHOBATH OAO0HO TOMY, KAK 3TO GBLIO che-
JIAHO B IPEeARIAYINeM Iaparpade Jjia MeTAXIHYeCKUX IIPOBOJHH-
KOB.

Ilpu mocroarHOil TeMneparype rpadu- 0
KOM, BEIDAKAIOIUM 32BHCHMOCTb CHJIBI TO-
Ka OT HaIpAXeHHs (BOJIbLT-aMIIEDHAA Xa-
PaKTePHCTHKA) AN PACTBOPOB HJIEKTPOJIH-
TOB, ABJISETCHA, KAK ¥ AJIA MeTAJLINYeCKOTO
HpPOBOAHUKA, mpsaMasa JuHuA. OZHAKO 5Ta
OpAMas He IPOXOAUT Yepe3 Haualo KoOpAu-
HAT, a «COABUHYTa» BIpaBo (puc. 3.7). ITo
o0bAcCHAETCA TeM, UTO IPH 3JIEKTPOJIH3e
OpPOUCXOJUT HNOJApPpU3ANUSA DJIEK-
TP O I OB, IIOTPY)XEHHKIX B PACTBOP BJIEKT-
posuta (cM. § 2.12), npuuem IC nonspusanuu 6p HMeeT 3HAK,

TIPOTHBOIIOJIOKHBIN 3HAKY HanpsixkerHusa U Ha snexkTponax. Ha pu-
cyuke 3.7 orpesok OA coorsercreyer HIC nonapusanmu.

QY

0O A
Puec. 3.7

B pacmeopax u pacnaasax 3J1eKmpoaumos8 c800600HbLe
anexmpuueckue 3apadvl NoABAAIOMCA 3A4 ciem pacnada HaA
UOHBL HellmpaavHuix Moaexyn. [Jeuicenue uoHo8 8 noje 03-
Hawaem neperoc 8euiecmaea.

§ 3.5. 3AKOH SNEKTPOJIN3A

ITpu anexkmponuse Ha snrexkmpodax npoucxodum avilesenue
sewjecmaa. Om uezo 3asucum macca seujecmaa, sviéensouie-
20cAa 3a onpedenerHoe apema?
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Macca m BBIfeJUBIIErocs BeEILIeCTBA paBHA [IPOU3BEACHUIO
Macchl OHOT'O MOHA M;, HA YMCIIO MOHOB N, OCeBIIMX Ha 3JIeKTPO-
e 3a BpeMd At:

m=mN, (3.5.1)
Macca HOHa, KaK MBI Y€ 3HaeM, paBHa
M
m= 5 (3.5.2)

rge M — MonspHasa (MM aTOMHAA) Macca BellecTsa, a N A — Ho-
CTOSIHHAA ABOraapo, T. €. YHCJIO HOHOB B OXHOM MOJeE.
Yic10 HOHOB, OCEBIIIMX HA 3JIEKTPOAE,

Ag

N, =
12 qi

, (8.5.3)

rae Aq = IAt — 3apsaf, IPOTEKINNUI Yepe3 PACTBOP 3JEKTPOJIHTA 34
Bpems At, ¢, — 3apAJ MOHA, KOTOPHIH PaBEH IPOU3BEJEHUIO dJIe-

MEHTAPHOro 3apsja € Ha BAJIEHTHOCTH 71 aToMa (MM I'PYINILL aTO-
MOB), U3 KOTOpOro 06pa3oBaJCs HOH: ¢; = ern.

IIpu guccouMAIUN MOJEKYJI, COCTOAIIUX U3 OJHOBAIEHTHHIX ATO-
MoB (n = 1), BOSHHKAIOT OgHO3apsaAHsle HoHKI. Hanmpumep, mpu guc-
comualuy MoJeKynnl Gpomuzna xanua KBr Bossuxator MoHBI K™ u
Br™, a npu axcconuanun MoeKyJsl MefHOro kymnopoca CuSQ, noxry-

2_
YAIOTCA ABA JBYX3apAfHBIX HOHA Cu?tu SO 4 » TAK KaK aTOM MeJHu U

KHCJIOTHBIM OCTATOK B JAHHOM COEJVHEHHNH JBYXBAJIEHTHEI (n = 2).
IMoacrasnas B popmyay (3.5.1) seipaxkenns (3.5.2) u (3.5.3) u
yuuTHIBad, 4T0 Aq = IAt, a q; = en, noIyIUM:

m=—2_Iat. (3.5.4)

neN,

3akoH ®apanen

0O60o3HauUM uepes £ KO3DOUILMEHT IPONOPITHOHATBHOCTH MEX-
Iy Maccoif BerrecTBa m M 3apaxoM Ag = IAt B dopmyie (3.5.4):

B=—r . (3.5.5)

P (3.56)
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CrenoBaTelbHO, MACCA BEIECTBA, BHITCAMBINErOoCcH HA KAK-
XOM H3 3JIEKTPOAOB, NIPAMO NPONMOPIHOHAJBHA CHIIEe TOKA H Bpe-
MeHH NPOXOXKNeHHSA TOKAa uepes PACTBOP 3JeKTPOJIHTA.

OTo YTBEP KACeHUE, IOJYYeHHOE HAMHA TEOPETHUYECKU, BIEPBbIE
656110 yeTaHosaeHo B 1836 r. skcnepumentansno M, DapageeMm u
HOCHT Ha3BaHIe 3aK0Ha 3jexTponusa dapages.

Kosdpodunuenr £ B dpopmynae (8.5.6) HaspIBaloT I €K TP O-
XUMHUYECKHUM 3KBUBAJEHTOM BelUleCTBa U BHIPAXKAIOT
BKunorpammax Ha kyaonu (kr/Knx). Us popmyinr (3.5.6)
BUIHO, YTO 3JEeKTPOXHUMUYECKU SKBUBAJNCHT k YMCIEHHO PaBeH
Macce BellleCTBa, BBLAECJIMBIIErocs Ha 3JEKTPOJe, IIPHU MepeHoce
MOHAMHU Yepea pacTBOp dJIeKTPOJUTa 3apaja, pasuoro 1 K.

INeKTPOXUMHUYECKHI JKBUBAJIEHT MMeeT IPocToil huamuecK i

M
cmeica. Tak kak N, — ™M; 4 en = g, TO, COTJIaCHO BHIDAKEHMUIO
A
(3.5.5),

m;
=— 3.5.7)
q;
T. €. DJIEKTPOXUMHUYECKHH 3KBUBAJICHT JAHHOTO BEIlECTBA PABEH
OTHOIIEHUIO MaCChI HOHA ATOI'0 BEI[eCTBA K e€T0 3apAAY.

U3 dopmynw (8.5.5) crenyer Tak:Ke, UYTO 3AeKmMpoxumuie-
cKue IKBUBANCHMbL BELLECME NPAMO NPONOPULOHANbHDL MOAAD-
HblM Maccam u o6PAMHO NPONOPULUOHALbHbL 8ANECHMHOCTMAM
amux aewecma.

IIpu sToM HaKO WMeTH B BHAY, YTO HEKOTOPhIE XHMIYECKUE 3je-
MEHTHL B PA3HLIX COSTUHEHUAX MOIYT 00JafATH PA3NTMUHON BAEHT-
noerslo. Tak, HanmpuMmep, Meanb ogHOBaNeHTHa B coeAuHenuax CuCl,
Cu,O ¥ ellle B HEKOTOPBIX APYIMX COCAMHEHUAX W IBYXBAJEHTHA B

CuO, CuSO, u eme B HEKOTOPEIX COeAMHERUAX. B mepsoM ciyuyae,
KOTIZa MeJb ONHOBAJIEHTHA, ee 3JIeKTPOXUMHUECKHUE SKBHBAJIEHT pa-
BeH 6,6 - 1077 xr/Kx, a 1iusa IByXBaJeHTHOH MeIU 3JIeKTPOXMMUHe-
CKUil 5KBUBAJIEHT B JBA Pasa MeHbIe — oH paseH 3,3 * 1077 kr/Ka.

MocToaHnaa Papanes

IlpousBesenue aneMeHTapHOro 3apAfa (3apfaxa 3JeKTpPOHA) e
HA NOCTOAHHYIO ABoragpo N A HOCHMT HagBaHNe MOCTOAHHO i
Papapesn: F=eN,. Bsena nocrosunyio ®apases B popmyny
(3.5.4), nna Macchl BeIIeCTBA, BHIAEJIMBIIETOCS DU 3JIEKTPON3E
Ha 3JEeKTpoje, IOJYIUM:

1M
f’.’? - ﬁi“] (3.5.8)
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CornacHo 3T0it thopmyne mocrosuHas Papagea F uuciaeHHO
paBHA 3apAny, KOTOPHIH HAXO IIPOIYCTUTh Yepe3 PACTBOP 3JIEKT-
pOJIHTA, YTOOBI BBIZAEJIUTL HA 3JIEKTPOJAE ONUH MOJhL OJHOBAJIEHT-
Horo BemiecTBa. IlocrosnHaa Mapasiea, HallfleHHAA W3 ONBITA,
paBHa F = 9,65 - 10* Kn/Monb. Ins BeIeJIEHUS Ha 3JI€KTPOJAE
OZTHOT'O MOJIA 1l-BAJIEHTHOT'O BEIIECTBA Uepe3 PACTBOP 3JIEKTPOJIUTA
Heo6XOoAUMO TIPOIMYCTUTH 3apsAj, YUCIeHHO PABHEIN IIpOU3Befe-
Huio nF.

OnpegeneHue 3apsaga 3M1eKTPoHa

3Had mocToAHHYI0 ABoraapo N A ¥ nocrosunyio ®dapanesa F,
MOKHO HAUTH MOAYJb 3apsifia OSHOBAJEHTHOTO HOHA, T. €. 3apAL
BJIEKTPOHA:

F_ 9,65 + 10" Ka/momn
Nao 6,02 - 10% momn*

e= ~1,6 - 10719 K.

Jr060itf AByXBANEHTHBINA HOH MEPEHOCUT 3APAL B IBa pasa 601b-
muii, TpeXBAJIEHTHRIA — B TPpU pa3a 6onbmiuil u 7. 4. Ho Hukorga
He OBIBaeT, YTOOB OJUH HOH IIEPEHOCHUJ 3apAlN, COLEPMKAIMI
IPOOHYIO 4ACTh 3apALa OMHOBAJECHTHOTO HOHA.

ITOT BBIBOJK, IOJYyYeHHBIN U3 3akoua dapaznesd, BnemeE B HC-
TOpUH (GU3UKHU IIPUBEJ K MBICIH O TOM, YTO 3apAJ OJHOBAJEHTHO-

ro uoHa (¢ = 1,6 - 107!° Ki) npeacrasnser co6oit HauMeHbIINA
{(pnemMeHTAapHBSI 1) 3apAL, cyllecTByIONHil B npupoie. Jlo-
6011 pIEeKTPUYECKUI 3apAN COCTOUT M3 IIEJIOTO YHUCJA JIEMEHTAp-
HBIX 3apAamoB.

BriBoz 0 cyniecTBOBAaHUM B IIPUPOJE 3JIEMEHTAPHOIO 3JIEKTPU-
YeCKOT'0 3apafa ObLI cAeNaH ['eIbMToJbIeM B KOHIE IIPOILIOTO
Bera (1881), xorga B HayKe ellle HE CYUIECTBOBAJIO IIPENCTABICHUS
06 3JIeKTpOHe. 3HAUYEHUE DJIEeMeHTAPHOTO 3apAfa, BRIUHUCIEHHOE
HAa OCHOBAHWH 3aKOHA DJIEKTPOJIA3a, COBIANAET CO 3HAUECHUEM 34-
PAfA sJIEKTPOHA, KOTOPoe B AAaJMbHelIIeM 6b1JI0 IOJYUYeHO IIPH UC-
CIeIOBAHHUU JPYTUX ABJEHUIH.

IIpoussedenue cuns. morxa Ha epems onpedensem maccy ge-
wecmaa, 8bl0enaemM020 Npu INEKMPonUse. 3AKOH 3eKmpo-
AU3a N0360Jsem HAlmu 3HAUEHUE IAeMEeHMAPHOZO 3AeKm-
puueckozo 3apada.
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§ 3.6. TEXHUHECKOE NPUMEHEHMUE 3JIEKTPOJIN3A

Anexmporus nHaxodum WUpPOKOe NpumMeHeHUue 8 MexHUKe.
Paccmompum auwis Hexomopvie npumepvl HAUbGONEe BANC-
HblX MeXHUYecKuX NPUMeHeHUll 3AeKMPoau3a.

TanpBaHOCTETMA — IIOKPLITHE METAJNIHYECKUX HM3NEJTHH TOH-
KUM CJIOeM JIPYyroro Meranna (HHKeJIUPOBaHWE, XPOMUPOBAHUE,
cepebpeHue, 30JI04eHNE U T. J{.) € LeJIbIO IIPpeJOXPAaHEHHA OT OKHUC-
JICHUA U TIDUJAHUSA N3MCAUI0 IIPUBIEKATEJILHOIO BHEIIHETO BHIA.
IIpenmer, noaiexaniuii MOKPLITUIO, TIHATEJALHO OUMINAIOT, XOPO-
o 00e3:XUPUBAIOT M IIOMEIAIOT B KauecTBe KATOJA B BJIEKTPO-
JUTHYECKYI0O BaHHY, COAEPKAN[YI0 PACTBOP COJIM TOr0 MeTajja,
KOTODPBIM JOJDKEH ObIThL HOKDBIT JaHHBLIA npegmer (puc. 3.8).
AHOIOM CIIYKUT IJIACTUHKA U3 TOro Jite Metasa. s Gonee pas-
HOMEDHOTO NOKPRITUA OOBIYHO IPUMEHSAIOT JBe IJIACTUHKY B Ka-
yecTBe aHOJ A, IIOMeIlAas IpeaMeT MeKIYy HUMH (cM. puc. 3.8).

lTannpaHONIaCTHKA — 3JEKTPOIUTHYECCKOE MITOTOBJIEHHAE KO-
nuil ¢ peiabedHBIX npeamMeroB (Menaseii, rpaBiop, Gapeabedor u
T. A.). C penredHOro npegMera AeJaaioT BOCKOBLIH UM MHOI ce-
IOK. 3aTeM MOBEPXHOCTD CJAEINKA IIOKPHIBAIOT TOHKUM CJIO€M I'pa-
dura, 4ToBbI 0OHA cTaNa IIPOBOAANIeil. B TAKOM BHie CJEIIOK HC-
TIOJIB3YeTCA B KAYeCTBE KATOAA, KOTOPLIA OIIYCKAIOT B 3JIEKTPOJIN-
TUYECKYI0 BaHHY C PACTBOPOM MEIHOTO Kyrnopoca. AHOAOM CJIy-
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KHUT MejgHAA MIacTHHKA. Korja ma wienke HapacTeT JOCTATOYHO
TOJICTHIY CJIOH MeJM, 3JIeKTPOJINU3 NhbEKPANIAIOT M BOCK OCTODPOMKHO
yaanaior. OctaeTcsa TOYHAS MEZHAA KONNA OPUTHHAIA.

B noaurpacduueckoil IPpOMEIIJIEHHOCTH TaKHe KOIHH (cTepeo-
THIK) II0JYyYAalOT ¢ OTTHMCKA Habopa Ha IJIACTUYHOM MATepUase
(MaTpHu1a), OCaXKZAS Ha MATPHLAX TOJICTHIH CJION JKese3a HIK
LPYroro Matepuasia. OTo I03BOJSAET BOCIPOU3BECTH HAGOD B HYXK-
HOM KOJIMYECTBe dK3eMILIADOB, Ec/iu paHbllle TUPAIK KHATH Orpa-
HUYUBAJICA UHCJIOM OTTHCKOB, KOTODPHIE MOXHO IIOJYYHTH C OJHO-
ro Ha6opa (11pu medaTanru HaGop CTHPaETCA), TO HCIOJIH30BAHUE
CTEePEOTUIIOB MO3BOJSIET 3HAYUTEIbHO YBEJIUUUTh TUPAXK,

IIpaBpa, B HacTOAIEEe BpeMA ¢ TOMONIbLIO 3JIEKTPOJIN3A I10JIy4a-
I0T CTEPEeOTUIhI TOJBKO AJIA KHUI BRICOKOKAUECTBEHHOI IIeYATH 1
¢ 60JILIINMM YHMCJI0M HILTIOCTPALHMIL,

Ocaxxpaa MeTaslJ Ha AAUHHBIH TUIWHAD, DONYUYalOT TPYOGH 6e3
niBa.

IIponecc nomydyeHuA OTCIaMBAEMEIX MOKDHITHIE Obini paspabo-
TaH pycckuM yueHbIM B. C. fixo6u, kotopsrit B 1836 r. npuMeHn
3TOT c11ocob A1 U3roTOBJIEHUSA MONBIX uryp aasa McaakneBCckoro
cobopa (B Caukr-Ilerep6ypre).

Padunnporanune megm

B § 3.1 Mb roBopwiIu 0 PO METAJLIMYECKHX IPOBOSHMKOB B
COBpPEMeHHOH aleKTpoTexHUKe. MeAb ABNsAeTCH AydlUIUM MaTepua-
JIOM JJISi U3rOTORJIEHUA ITPOBOJHMKOB, HO JJIA 3TOr'0 OHA JOJLKHA
6bITH JTHLIEHA KAKUX ObI TO HU 6b110 npumMecest (cM. § 2.4). Ounine-
HUe MegH OT IpuMeceil HaspBaeTcA padHHHpPOBAHUEM
(oumerroit) menu. MaccusHEe KYCKH (TOMCTHIE JIMCTH) HEOUWIIIEH-
HOIf MeJH, IMOJYyYEeHHOU [PH BBLIMJIABKE U3 PYABI, ABIAIOTCS aHO-
JIOM, & TOHKHe ILUIACTHHKHK M3 UMCTOH Meau — Karogom. Ilponecc
IIPDOMCXOAUT B BONBIIINX BAHHAX ¢ BOJHLEIM PACTBOPOM MERHOTO KY-
nopoca. IIpu anexTpoiise Meb AHOAA PACTEOPAETCA; IPUMECH, CO-
JepaKainye IeHHBIE U PeKHEe MeTa/UIbl, BHINAJAI0OT HAa AHO B BHJIE
ocagka (uLIaMa), A Ha KaToje OceJaeT YucTad Meab. Takum xe o6-
Pa3oM IIPOM3BOAAT paMHIPOBaHME HEKOTOPRIX APYTrHX METAJJIOB.

Nonyvenne antoMUHNA

IIpn nmomoiuy 3/7eKTPOJIN3a MONYyYaloT ajioMHHUE. A aToro
NOABEPraloOT 3J1eKTPOJH3Y HE PACTBODHI COJIeil 3TOr0 MeTasia,
4 ero pacuiaBiieHHBIE OKXCHIBI.
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B yroanHble THriHM (puc. 3.9) HachIHaOT IIMHO3eM (OKCHJ
amomunusa Al,05), nonryuennsrit nyremM nepepaGoTKku 60KCUTOB —
PV, collepKallUX anroMuHEuil. Tureas CIYKUAT KATOAOM. AHOAOM
AIBJAIOTCA YrONbHbIE CTEPIKHU, BCTABJEHHLIE B THreab. CHadajia
YroJIbHBIE CTEPIKHU OIIYCKAIOT JI0 COEJUHEHUA ¢ TUTJIEM M NIPOIycC-
KaloT cuAbpHBIN TOK. [TUHO3eM mpu IpPOXO0XKIEeHUU TOKA HArPEBA-
eTcA U pacnjaBiasercdA. [locje 3TOro yriiy mogHMMAIOT, TOK IIpO-
XORUT 4Yepes KUIAKOCTE U IPOM3BOAWUT 3JEKTpoau3. Pacninasiaen-
HBIH AMIOMUHUHN, BBIASNAOMIUACA IPH 3IEKTPOIN3E, OIYCKACTCA
Ha AHO Turias (KaTol), OTKY/AA ero yepes ocob6oe 0TBepCcTHe BRIMYC-
KaioT B GOPMBI 119 OTJIMBKH.

OnucasHBIH cIIOCO0 mOJyYeHusa aJIOMUHUS CAeAll ero felie-
BEIM M HAPHAAY C 2KE€JIE30M CAMBIM PACIPOCTPAHEHHBLIM B TEXHMKE
H OBITY MeTAaJLIIOM,

IIyTem s/eKTPOJIN3A PACILIABIEHHBIX COJIE B HACTOSAIIee Bpe-
M#A MNONYYAIOT TaKXKe HATPUU, Kaauid, MarHuii, KaJblHii ¥ Apyrue
METAJIIIKI,

INeKMPOIU3 UCTLONLIYEMCA DA 2ANAbBAHOCTEZUL, 2ANbBAHO-
niacmuku, paQuUHUpPOBAHUA MeOu, NOAYUEeHUR ANIOMUHUA
u op.
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§ 3.7. QNIEKTPUHECKUNA TOK B FA3AX

Ilpu rKomHamHbix memnepamypax za3vt sA6AAOMCA Ou-
anexmpuxamu. Hazpesanue zaza unu obayvernue yavmpacdu-
0]1leMmoOBbIMU, PeHMZEHOBCKUMU U OPYZUML AYLAMU 8bL3bL6A-
em UOHU3AYLUIO AMOMO8 UAU MoAeKyn zasa. I'az emanosum-
€A NPOBOOHUKOM.

AnexTpuueckmii pa3pag B rasax

Bee raswl (B ToM yncie U BO3AYX) B €CTECTBEHHOM COCTOAHUH He
NIPOBOJAT 3JEKTPUUYECKOTr0 TOKA, T. €. ABIAIOTCA H30JIATOPAMU
(cm. § 3.1). IMeHHO @O 3TOI IpUYHHE OKA3HIBAETCA BO3MOXXHBIM
CTPOUTH «BO3AVINHBIE» JHHUU 3JeKTpouepenadn. Ha cpoiicTe
BO3LyXa OBITH U30JATOPOM OCHOBaHa pa6oTra OGEIKHOBEHHOIO BEI-
KJII0YATENA 3JIEKTPUIECKOro TOKA, IPUMEHAEMOr0o B BAIINX KBap-
TpaX. IloBopaunBasi BHIKJIOYATENb, MBI CO3JA€M BO3IAYIITHHIH
OPOMEKYTOK MEKIY ABYMA TOUKAMM 3JIEKTPHYECKON IenH U TeM
CaMEIM Pa3MEIKaeM ee.

B ToM, uTO BO3AYX ABIAETCA IJIOXUM IPOBOAHUKOM 3JIEKTPH-
YeCKOT0 TOKa, MOYXHO yOeAHUTHCSA HEIOCPEeNCTBEHHO Ha CJIeAyIo-
meM onbiTe. Bo3bMeEM 3JIeKTPOMETP ¢ NIPUCOETUHEHHBIMHI K HEMY
JIUCKAMH ILTOCKOTO KOHeHcaTopa ¥ 3apagum ero (puc. 3.10, a).
IIpu xoMEAaTHOII TeMmepaType, ecju BO3AYX JOCTATOWHO CYXOH,
KOHJEHCATOP 3aMETHO He DPa3psKaeTcs — IIOJIOXEHUE CTDPEJIKH
3JIeKTPOMETPA He U3MeHsAeTcA. UToOR 3aMeTUTh YMEHbIIEHUe Yr-
Jla OTKJIOHEHHUA CTPEJKH 3JIeKTpoMeTpa, TpebyeTcAa AIUTENbHOE
BpeMA. ITO IOKAILIBAET, UYTO dIEKTPHUIECKUII TOK B BO3JYXe MEX-
Ay JUCKaMH O4€Hb MAaJl.

Puc. 3.10
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H3zoaupyromnue ¢cBoiicTBa rasoB (BO3AyXa) 00BACHAIOTCA OTCYT-
CTBHMEM B HUX CBOOOJHEIX 3JIeKTPUUECKUX 3aPAAOB: ATOMBI H MOJIe-
KYJBbI TA30B B €CTECTBEHHOM COCTOSHUH ABJIAIOTCA He U TP aJb-
HBI M H.

Bunousmenum Hain ombIT. HarpeeM BoO3ZyX MeXRAYy AHUCKaAMU
niraMeHeM cuupToBKM (puc. 3.10, 6). 3amMeTHUM, YTO YroJl OTKJIO-
HEHUA CTPEJIKH 3JIEKTPOMETPA OLICTPO YMEHBUIAETCS, T. €. YMeHb-
MAeTCA PA3HOCTh MOTEHITHAJIOB MEXXAY AUCKAME KOHAEHCATOpA —
KOHAeHcaTop paspsaskaercda. CilenoBaTelbHO, HATPETHIH BO3AYX
MeXAy ANCKAMH CTaJl IIPOBOJHUKOM M B HEM YCTAHABJIUBAETCA
3JIeKTPUYECKU N TOK.

IIpouyecc npomexanus mora 4epes 2a3vbl HA3bLBAIOM 3J€KM-
pudecrum paspadom 8 zasax.

UoHnusauug razos

PaccMOTpeHHRBI BEIIIE OMBIT HOKA3LIBAET, UTO B BO3AYXE MEXK-
Iy AHUCKAMHU I0J JelicTBHEM ILJIaMeHM IMOABHMIIHCH 3apsasKeHHbIe
yacTUkl. TITATEeNIBHBIMU HCCIEJOBAHUAMU OBIIO YCTAHOBJIEHO,
YTO HOCHUTEIAMH 3JEKTPHUUECKHMX 3apAJOB B rasax ABJIAIOTCA
UOHLI U 3JIeKTPOHLI. OTKy/a e oHU GepyTca?

IIpu marpesanuu rasa (Bo3gyxa) MOJIEKYJIbl HAUWHAIOT NBUTATH-
ca 6p1icTpee. IIpH 3TOM HEKOTOPBIE MOJEKYJIBI HAUNHAKOT JBUTATHCA
Tak G6BICTPO, UTO YACTDH M3 HUX IIPH CTONKHOBEHUAX pacIaiaeTcs HA
HOJIOKHUTENBHO 3apsayKeHHbIe NOHBI U 3JIEKTPOHEI (puc. 3.11). Yem
BRIl TEMIIEpATypa, TeM OoJbinle o6pasyeTcda MOHOB. Pacnaj Mose-
KyJ rasa Ha SJeKTPOHbI H IOJOYKUTEJbHBIE HOHBI HA3BIBAETCA
HoHU3anueii raasa.

HarpeBaHue rasa Jo BEICOKOI TeMIepaTyphl He ABIAETCA €UH-
CTBEHHBIM CIOCOO0OM MOHMIAIMY MOJIEKYJ UJIN ATOMOB rasa. Heifir-
palbHbIe ATOMbBI HJIM MOJIEKYJIBI I'a3a MOTYT HOHN30BATHCA MOJ BO3-
JeficTBueM APYyrux GaxTOpPOB, BAKHEHUINMIUMY U3 KOTOPBLIX ABJSAIOT-
cs PEHTT€HOBCKHE JIYUM M HM3NYUEHUA PAJUOAKTHUBHBIX BeELeCTB,
yAsTpadhuoNeTOBBIE JYUM U T. . PakTOphI, BHI3BIBAIONINE HOHM3A-
IO rasa, HA3hIBAIOTCA MOHU3AaTOpaMU.

B rase Morytr o6pa3oBLIBATHCA M OTPHIIATENb-

HBIE MOHHBI: OHM TMOABIAIOTCH GIarogaps MIPuUco- @’
eIVHEHUIO BJIEKTPOHOB K HEHWTpaJibHBIM aToMaM & 7
HJIH MoJiekyaaM rasa (puc. 3.12). 6

HTak, B HOHN30BAHHOM rade UMEIOTCI HOCHTE- ™~ d
U 3apAfOB TPEeX COPTOB: B3JEKTPOHBI, MOJOMKH-
TeAbHBIE HOHBI U OTpULaTeNbHbIe. oHu3amua ra- Puc. 3.11
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30B HMe€eT CXOJCTBO C 3JIEKTPOJHUTHUECKOIl Iucconuanmeii, 3a-
KJI0YAalollleecA B TOM, UTO B O60HUX ABJIEHUAX 00pa3yIOTCA 3apf-
JKeHHBIe YaCTHIBI M3 HeUTPaJbHBIX MoOJeKyJa. OJHakKo 31ech
UMeEIOTCA M CYIIeCTBEHHBbIe pasauuud. Jlucconuanusa IPOMCXOIUT
CaMOCTOATEJBHO 063 BHEIIIHEro Bo3AeHCTBUA, A HOHU3AIIUA I'a30B —
mox BozzeiicTBueM noHmsaropa. Kpome Toro, mpu AHCCOMUALINN
00pasyIoTes 3apsAMeHHBIe UACTUILEI ABYX COPTOB -— MOJOMUTENb-
Hhle ¥ OTPUIIATEIbLHbBIE HOHEL, A TPU HOHUBAIUN I'a30B, KAK MBI OT-
Meuasn, o0pasyIoTcesa 3apAsKeHHble YACTHIRI TPeX COPTOB.

PexomM6uHauusa

IIponecc HOHMB3AIUY I'a3a BCETAA COMMPOBOXKAAETCA MTPOTHUBOIIO-
JNOXHBIM €My IPOIeCCOM BOCCTAHOBJAEHUA HENTPANBHBIX MOJEKYI
U3 PA3HOHMMEHHO 3aPSIKEHHBLIX MOHOB (MU U3 IIOJOMKUTEIbHBIX
WOHOB W 3JEKTPOHOR) BCIEACTBUE UX JJIEKTPUUECKOTO (KYJIOHOB-
ckoro) mputsaxkenus (puc. 3.13). Takoii mpollecec Ha3BIBAIOT P e-
KoMOuUHanmuei 3apAXEHHBX yacTun Ecrm Jeiict-
BHe MOHM3ATOpA HEU3MEHHO, TO B MOHH30BAHHOM rase YCTAHABJIN-
BaeTcd OuHaMUuLecKoe pasHo8ecue, IPU KOTOPOM B €TUHUILY Bpe-
MEeHU BOCCTAHABJIWBAETCA CTOJIBKO YK€ MOJEKYJ, CKOJIbKO MX pac-
majaeTcsa Ha MOHBI. IIpKM 3TOM KOHIEHTpAIUSA 3apaXXKeHHBIX Yac-
THI[ B HOHU30BAHHOM rasde coXpaHseTcs HemaMeHHOH. Ecau xe
MpeKpaTUTh AeHCTBUE HMOHUB3ATOpPAa, TO PEKOMOUHATIMA HAUHET
npeobaafaTh HaJl MOHU3AIMEll I YMCIIO HOHOB GRICTPO YMEHbIITUT-
ca moutu po Hyasa. CiesoBaTenvsHo, HANTHUNE 3apAMKEHHBIX Yac-
THI[ B rase — ABJIEHUE 8pemeHHoe (II0Ka ReliCTByeT MOHHU3ATOP).
ITUM MOHU3AIU rasa OTJIUUAETCS OT AIEKTPOTUTHUECKOH qUCCOo-
nualuu. B pacTBope KOJMYECTBO JUCCOITUMPOBAHHBIX MOJEKYJ
OCTAeTCA HeM3MEHHBIM CKOJb YIOJHO HOJTO.

MexaHu3M 31eKTPOonpoBOAHOCTHU ra3oB

Mexanusm OPOBOAHMMOCTH I'a30B IIOXO0XX H& MeXaHMN3M IIPDOBO-
JHUMOCTH paCcTBOPOB H PACIIJIABOB 3JIEKTPOJHNTOB. Hpn OTCYTCTBHUH
BHEITHEr'o IIoJid 3apAXeHHbIe YACTHIBI, KAK U Heﬁ'rpaJmHme MO-
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JIEKYJBI, ABHIKYTCA xaoTudecku. Ecnu Honusamop
HOHKI ¥ CBOGOJHEIE 3JIEKTPOHEI OKA3bIBAa-
FOTCS BO BHEIIHEM 3JIEKTPHUYECKOM II0JIe,
TO OHUW NIPHUXOAAT B HAIPABJIEHHOE ABH-
JKeHMe U CO3JAaI0T 3JIEKTPHYECKHH TOK

B rasax (puc. 3.14), e

TakuM 06pa3oM, JMEKTPHUCCKMI TOK el o~
B rase mpeacraBiseT co00M HampaBJeH- ¢ o~
HOe ABM)KEHME I0JO0KHMTeThHBIX HOHOB
K KaToay, a OTPHIATEJLHbIX HOHOB M e - 2
3JIeKTPOHOB — K aHOAy. [loJHBIH TOK B -8

rase CKJaAbLIBaeTCA U3 ABYX IIOTOKOB 3a-

PAXKEHHBIX YaCTUILl: TOTOKA, HAYIIETO K F- “}—@—-
aHOIy, U TIOTOKa, HAIIPaBJEHHOTO K Ka-

TOAY. Puc. 3.14

Ha ssexTposax IpoMCXOOUT HelTpa-

JIU3aUMA 3apAKEHHBIX YACTHI, KaK U IPH IIPOXOKIEHNHU IJIEKT-
PHUECKOI'0 TOKAa epe3 PaCcTBOPhI U PACIJIaBhI 3JIeKTPOJIuTOB. Of-
HAKO B ra3ax OTCYTCTBYET BbIAEJIeHUEe BelleCTB Ha 3JIEKTPOAaX,
KaK 9TO IMEET MECTO B PACTBOPAX 3JIEKTPOJUTOB. ['a30Bble MOHHI,
NOAOMIA K 3JIEKTPOJAM, OTZAI0T UM CBOM 3apAJbl, IPEeBPAIIIAIOTCS
B HeHTpanabHEIe MOJIEKYJIBl U fuddyHaupYIoT 06paTHO B ras.

Emte ogHO passnupe B 3JIEKTPONPOBOAHOCTH HOHUBOBAHHBLIX
ra3oB M PacTBOPOB (pacIlJIaBOB) 3JIEKTPOJIMTOB COCTOUT B TOM, YTO
OTPHUIIATEJLHEIN 3apA IPU IPOXOKICHNU TOKA UYepes r'assl lepe-
HOCHTCSA B OCHOBHOM He OTDHMILATEJbLHBIMHU MOHAMH, a IJEKMPOHA-
MU, XOTA TPOBOAUMOCTDL 3a CUYeT OTPHUIATEJbHBLIX HOHOB TaKiXe
MOJKET UIPaTh OIPeAeJIEHHYIO POJIb.

I B zasax covemaemcs 3NeKMPOHHAA Npo8odumocmsb, nodoo-
Has nposodumocmu mMemaJanos, ¢ UOHHOU nposodumocmauio,
nodobHoil npogodumocmu 800HbLX PACMBOPO8 ULU pACNAA-
808 3]1eKmpoAUMO8.

§ 3.8. HECAMOCTOSRTENbHbIA
M CAMOCTOSITENIbHbIW PA3PAAbI

Pa3pad e zaze moxcem npoucxodumb u 6e3 6HeULHe20 UOHU3A-
mopa. Pa3pad cnocoben noddepymcusams cam cebsi. Ilouemy
2mo 603MOHCHO?
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HecamocToaTtenbHblii pa3pag,

PaccmoTpennslii B mpeablAyiieM maparpade MexXaHH3M IIpO-
XOXKJAEHUA JJIEKTPUYECKOr0 TOKA Yepe3d rasbl IPH HOCTOAHHOM
BO3JeMCTBUM HA ra3d BHEIIHEr0 MOHU3ATOpa IpeACTaBjiseT cofoi
HecaMOCTOATEeJNBbHBH pPaspHAm, TAaK KaKk UPH IpeKpa-
IeHU U JeHfCTBUA MOHM3ATOPAa IIPpeKpaniaeTca U TOK B rase.

HceneayeM 3aBUCHMMOCTE CHJIBI TOKA OT HANIPAYKEHUS IIPH Heca-
MOCTOATEJBHOM paspsaze B rase. s aTo meau yao0HO HCIIONIb30-
BaTh CTEKJAHHYIO TPYOKY C ABYMA BOASHHBIMHA B CTEKJIO METaJl-
JuYecKUMHU 3jeKTpogamMu. CobepeM 1ens 10 cxeme, U300pasKeH-
HOI Ha pucyHke 3.15.

IIycTh ¢ mOMOUThI0 KaKOTO-HHGYh MOHU3ATOPA, HAIPUMED 34
cYeT BO3[eHCTBUA PEHTIeHOBCKUX Jy4eil, B rase obpasyeTcs exxe-
CEeKYHJHO OoIpeesieHHOe YHCJIO Tap 3apAKEeHHBIX YACTHUIL: 3JIEKT-
POHOB M IOJIOKHUTEIbHBIX HOHOB.

IIpu oTcyTeTBUM HaupMKeHUA Ha djaeKTpogax (U = 0) raabBaHo-
MeTp, BKJIOUEHHBINA B 1ernb (cM. puc. 3.15), nokaxker uyab (I = 0).
IIpu HeGOMBIIION Pa3HOCTH IIOTEHI[HAJIOB MEKIY SIEKTPOAAMH TPYO-
KU TIOJIOKHUTEJNLHO 3apsyXeHHBIe MOHBl HAYHYT epeMeNniaThCsa K OT-
PUIIATEIFHOMY 3JIEKTPORY (KaTOAY), a 3JXEKTPOHHE! M OTPUIATEIEHO
3apsiyKeHHble HOHEL — K aHOAY, T. €. BOSHHUKHET Ta30BbIi paspsis.

Opnako BCJIeACTBHE PEKOMOUHAIIUY He Bce 06pasyoluecs Mo
JeCTBUEM HOHHM3aTOpAa MOHBI JOXOAAT AO 3JeKTpoaoB. HacTs ux,
PEKOMOUHUDYA, 00pasyeT HelTpaJlbHbIe MOJEKYabl. I1lo Mepe yBe-
JUYEHUS PA3HOCTH MIOTEHIINAJIOB MEXKAY 3JEKTPOAaMHU TPYOKH J10-
JIS1 3aPAKEHHBIX YACTHI[, JOCTUTAIONIUX 3JEKTPOAOB, YBEJIUUHNBA-
eTcsd, T. €. CHJIa TOKAa B Ileny BodpacTaer (puc. 3.16). O6bacHAeTcA
3TO TeM, YTO NIpH OOJbIIEM HANPAXKEHHH MEXAY SJEKTPOAAMHU
HMOHBI ABMXKYTCA ¢ GOJIBIIIEl CKOPOCTHIO, IIOATOMY MM OCTaeTCs BCE
MeHbIIle BpEMEHH /151 BOCCOeTUHEHUA B HeHTpaJIbHbIe MOJIEK VJIBI.

* 'y
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Ppne. 3.15 Puc. 3.16
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Haxonen, n1py HEKOTOPOM OIIPeAEIEHHOM HAIIPAMKEHUU HACTY-
aeT TAKOW MOMEHT, IPH KOTOPOM BCe 3apsyKeHHBIE YaCTHIIbI, 06-
pasyiolyecsa B ra3e MOHU3ATOPOM 34 CEKYHAY, HJOCTHUIalOT 33 3TO
JKe BpeMsdA 2JNeKTpoiioB. JlanbHeilllee yBelWUyeHHe HAIPAKEHUS
yiKe He MOXKEeT IIPUBECTU K YBEIHWYEHHIO UHMCia I[ePeHOCUMBIX
noHOB. TOK, KaK rOBOPAT, JOCTUTaeT Hachl Il e Hu A (puc. 3.16,
TOPH30HTAJBHBIA YUYACTOK IpaduKa).

Taxum o6pazoM, BOJLT-aMIIepHasdA XapaKTEPUCTHUKa IIpH Heca-
MOCTOAITEJIFHOM Pas3psifie B razax ABIAETCA HeJUHEHHOIl, T. €. 3aK0H
OmMa A7151 ra30B BBHIOJHAETCA TOJBKO P MANBIX HATIPAKEHUAX.

CamocTosaTenbHbIl pa3pag

Ecnu nocie JocTHIKEHHS HACHIIE- |
HUASA TPOJOJKATE YBEIUUUBATH PAa3-
HOCTh MOTEHIIMAJIOB MEXAY 3JIEKTPO-
IaMu, TO CUJIA TOKA IIPU JOCTATOUHO
6OJIBIITOM HATPAXKEHUU CTaHET pPel3Ko
Boapacrars (puc. 3.17). 3To o3HauaerT, -~
YTO B r'ade MOABJIAKOTCA JOIOJHUTENb- O U
HEle MOHBI CBepX TeX, KOTOphIe obpa- Puc. 3.17
3YIOTCA 34 CUeT AelCTBUSA HOHU3IATO-
pa. Cuia ToKa MOX<eT BO3PACTH B COTHU U THICAYH Pas, a YHCJO 3a-
PAKEHHBIX YACTHI], BOSHUKAIOIMIUX B IIPOIIECCE PA3PANA, MOMKET
CTaTh TAKUM OOJIBIIIMM, YTO BHEUIHUNM HoHHU3aTop OyJeT y)Ke He
HY)KeH AJA NOAAep)XKaHUA paspana. [105ToMy MOHU3ATOpP MOXKHO
Tenepb yopaTh. [IOCKONBKY paspa] He HYKAAeTCA AJIS CBOEro IIojk-
JepKaHUs BO BHEITHEM MOHU3ATOpPe, ero Ha3blBAIOT CA M OC T O-
ATEeABHBIM PaapsjoM.

HUoHuzauuna aneKTPOHHbIM yAapoM

KaxkoBa e mprYMHA Pe3KOTO YBeIWUEHUA YUCIA 3aPAXKEHHBIX
YACTUL, IPU GOJIBIIAX HATIPAMKEHUAX ?

ANneKTPOH, YCKOPAACH DNEKTPUUECKUM N0JEM, Ha CBOEM IYTH
K aHOAY CTANKHBAeTCA C MOHAMH Y HeMTpPaNbHBIMHU MOJIEKYJaMU,
B mpomeXyTKax MeXAY ABYMA IIOCIEROBATEJHHBIMH CTOJIKHOBE-
HUSMU JHEPrUdA 3JIeKTPOHA YBeIWUYMBAETCA 3a cUeT pabOTHI CHJ
3JIEKTPUYECKOTro moJsa. YeM 6onbI1e PA3HOCTE IIOTEHIIUAIOB MEXKAY
3JIEKTPONAMU, TeM OOJIBINEe HATIPAKEHHOCTE 3JIEKTPUUECKOro M0JIA.

Kuneruueckasi sHeprus 3JIEKTPOHA Tepe], OUePeJHBIM CTOJK-
HOBEHUEM IIPOIIOPIIMOHANBFHA HATIPAKEHHOCTH IIOJA U JJIUHE CBO-
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6oaHOTO Mpofera 3JeKTpPoHA (MyTH MeXY ABYMS II0CJIEHOBATENb-
HBIMH CTOJIKHOBEHUSAMH):
2
muv

5 =ekEl. (3.8.1)

Eciu KuHeTHYecKada 3HEPIruA 3JEKTPOHA MPEBOCXOAUT padboTy
A;, KOTOPYIO HY>XHO COBEpPLINTb, YTOObI MOHM30BATL HEUTpAJb-

HBII aTOM (MJIH MOJIEKYJIY), T. €.

2
mv
_2_ > Ai’
TO IPU CTOJNKHOBEHUM 3JEKTPOHA C ATOMOM (HJIM MOJIEKYJIO)
MIPOMCXOJUT ero (ee) MOHMU3ALUS, HadblBaeMasi HOHHU 3aIlue i
3JEeKTPOHHBIM YAAapoOM.
B pesynbTare CTOJKHOBEHUA 3J1EKTPOHA C aTo-

e moM (puc. 3.18) obpaayeTrcd emje OJUH 3JEKTPOH

_e
@, ¢ o e~ W TIONOXUTeNbHBIH HoH. TakmM o6pa3oM, BMECTO
4 @.._ OJHOH 3apAKEHHOM YaCTHIILI IOABIAIOTCA TPH —
,0 MOH U [OBa 3JIEKTPOHA. ATU 3JEKTPOHLI, B CBOIO

ouepeab, IOJYUAIOT dJHEePTHIO B I10J1e X HOHUIYIOT
HOBBIE ATOMBI U T. JI. BellecTBHe 3TOro YMcJIo 3a-
PSYKEHHBIX YaCTHI[ OUeHb OBICTPO BO3PACTAET.
OnucaHHBLIA TIPOIleCC UMEET CXOACTBO ¢ 06pas3oBaHMeM CHEXHOM
JIaBUHBI B ropax M IIOTOMY IIOJy4YWMJ HAa3BaHHe dJEK TP O H-
HOoM (MMM MOHHOM) J1aBMHBHL.

JlaBuHOOOpa3HOe HapacTaHue YHUCJIA 3aPAXKEHHBIX JAaCTHII B ra-
3e MOJYKET HAYaThCA NOJ AEHCTBHEM CHILHOI'O 3JIeKTPUIECKOTO T0-
JIsl, eCJI B rade OKakeTCA XOTs Obl oguH ajieKTpou. MoHn3aTop B
3TOM CJIyUae He Hy»XKeH. TaK, HallpuMep, B OKPYXKAIOIEeM HaC BO3-
IyXe BCerja UMeeTcs HeKaTopoe YMCJO HOHOB ¥ 3JIEKTPOHOB, BO3-
HUKAIOIIUX IOJ AeHCTBMEM DAAMOAKTHBHBIX H3JIYUEHHH 3eMHOM
KOpBI, YJBTPa(HOJIETOBOrO U PEHTTreHOBCKOro manyueHuilt CoJsrH-
1la, a4 TAKIXKe APYIrUX U3JAYUeHH, MPOHUKAOIHUX B 3eMHYIO aTMOC-
depy 13 KOCMHUECKOI'0 OPOCTPAHCTBA.

O6paruM BHUMaHHEe HA TO, YTO POJEL 9J€KTPOHOB M HOHOB B 006-
pasoBaHHM JIJABMHHOTO pa3psAfa B rasax HeoguHaxoBa. OCHOBHYIO
pPOJIL B YAApHOII MOHKU3ALUK UTPAIOT CBOGOAHBIE 3JIEKTPOHBI.

O6'BACHUTL 9TO MOXKHO Tak. IlosoKuTeJbHBIE HOHBI, TAK XKe
KakK 3JIeKTPOHBI, ABHIKYTCA B TMOJie ¢ OZWHAKOBOM HaNpPAXKeHHO-
CTBIO, HO JAJIMHA CBOOOSHOrO Mpobera 3JeKTPOHOB 0OJIbIE AJINHBI
cB0o6GoIHOTO ITpobera MOoJOKUTENbHBIX HOHOB. IloaTOMY KHHETHYE-

Puc. 3.18
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CKafA 3Heprusa, IpuobpeTeHHAA 3JEKTPOHOM, corjiacHo GopMmyle
(3.8.1), 6obllle KNHETUYECKOMN SHEPTHUH ONOXKUTEIHHOTO NOHA.

Oxuaxo 60Jee CylleCTBEHHBIM ABJIAETCA TO, UTO U3-38 OJHOBPE-
MEHHOTI'O BLIIOJHEHHNA 3aKOHOB COXPAHEHUA SHEPrUU U UMIIYJIbca
JIUING YacTh KUHETHUECKOIl sHepruy IpH yAape MOXKET IpeBpa-
TUTHCA BO BHYTPEHHIOW 9Hepruoo. OKa3bIBaeTesd, UTO UeM MEHbIIIe
Macca MOHUBYIOI(eH YacTHIEL T0 CPABHEHUIO C MACCOIT MOJIEKYJIHI,
TeM GOJBIIAA YACTh KMHETHUYEeCKOM SHEPrHM ATOM YACTHIIBI CMO-
SKeT IIPeBPATUTHCA BO BHYTPEHHIOI ¥ M3PACXOJOBATHLCA HA MOHU-
sanuio. IloscHUM 3TO mogpobHee.

IIycTs HOHHBYIOWIAA YACTHIIA, MACCA KOTOpOit m, uMesa nepen
yAapoM O IOKOALIYIOCA MOJEKYIY Maccoit M cKopocTh 51. Torga

KNHETNYeCKada 3HEPruda 9TOI YaCTHIIEI nepen yxapom paBHa:

2
mv1

Wk1=T' (3.8.2)

TIpeaAnon0KHM AJA IPOCTOTHI, YTO CKOPOCTH HOHHM3YIOINEH YacTH-

Bl U MOJIEKYJILI IIOCJIE COYAapeHus IPUMepPHo ofUHAaKOBEIe. Tor-

I8, COrJIACHO 3aKOHY COXPaHEHNA UMITYJILCA,

mv, = (m + M)v,, (3.8.3)

rfie U, — CKOPOCTb YACTHUIIRI M MOJIEKYJIbI [IOCIIe yAapa.
Hsmenenne BHyTpeHHeH sueprun AU paBHO noTepe KMHeETHUe-
CKOif 9Hepruu:
2 2
mvy (M + m)v,
2 2 '

AU=W,, -W,,= (3.8.4)

Brnrpasus v, us cootHourenus (3.8.3) ¥ nojcTaBUB B YPABHEHUE

(3.8.4), monyumm: M

AU=Wk1m. (3.8.5)

w
k1
Macca uoHa paBHa Macce MOJIEKYJIBI, CliefoBaTeabHO, AU = — -

Macca xce JJIEKTPOHA B HECKOJIBKO ThICAY pPa3 MEHBIIIE MacChbl MO-

nexkyanl. [TosTomy B Beipaskenuu (3.8.5) oTHOmeHHNe =1lu

M
M+m
AU = W,,. Takum o6pa3oM, KHHETHUECKAaA SHeprud mpU coyaape-
HHU 3JIEKTPOHA C MOJIEKYJIOHA ITOUYTH IIOJHOCTBIO MOXKET IIPEBPATHTh-
CcA BO BHYTPEHHIOIO, a IPH COYAAPEHHUH MOHA ¢ MOJIEKYJIOM — Ha-
nonoBuHy. VITak, Jake IpH OAUHAKOBOH KMHETUUECKON DHEPIrUu
3JIEKTPOH B KAYECTBEe MOHU3ATOpa OKa3kIBaeTcA 3¢g¢deKTHBHEE HOHA.
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Ho monnszanusa TOJBKO 3JEKTPOHHEIM yIApOM He MoXeT obec-
OeYnTh JINTEJBHEIHE camMocToATeNbHEIH paspan. HeitcTeuTrenbHo,
BeIb BCe BO3HUKAIINE TAKUM 00pa30M 3JIeKTPOHK JBMIKYTCA MO
HAIMIPABJIEHUIO K AHONY M IO JOCTHIKEHHM AHOMAA «BBIGRIBAIOT M3
Urphl». A nopdep:xaHuA paspaga Heobxoguma saMUCCHSA BJIEKT-
POHOB ¢ KaTofa (¢sMHUCCHA» O3HAUAET «HUCIYyCKAHME»). OMUcCHS
3JIEKTPOHOB MOKET GHITh 00YCIOBIeHA HECKOJIBKUMM IPUUNHAMUT.

IlomosxurenpHBIe MOHB, 06pasdoBaBmIecA NIPM CTOIKHOBEHHH
2JIEKTPOHOB ¢ HeMiTpATBHBEIMII ATOMAMM, IIPH CBOEM ABHKEHUU K
KaTony mnpuofpeTaioT mox peiicTBUeM Mo 6oJbINYI0 KUHeTHYe-
ckyio agepruio. [Ipu yaapax Taxux OLICTPRIX UOHOB O KATOJ C IIO-
BEPXHOCTHU KaToAa BRIOCUBAIOTCA 3JIEKTPOHDbI.

TepMoaNeKTPOHHaS SIMUCCUA

Karon MOKeT UCHYCKATE 3AeKTPOHE! IPU HArPEBAHHNHU A0 BRICO-
KOH TeMIepaTyphl. STOT IIPOIlecC HASKHIBAETCA TEPMODJ€E K T-
POHHOII aMuccHueil. Ero MOXXHO paccMaTpUBaTh KAK HCIA-
peHue 3JIEKTPOHOB U3 MeTaJlaa. Bo mMHOrmx TBEPABIX BE€IIleCTBaAX
TePMOSJIEKTPOHHAA SMUCCHUSA IPOHUCXONUT IIPpH TeMOepaTtypax,
IPU KOTOPHIX MCIApEeHNe caMOro BeUIecTBa elle Majo. Taxkue Be-
IIECTBA U MCIOJb3YIOT AJIS H3rOTOBICHUS KATONOB.

IIpu camMocTOATENIHHOM paspsale HarpeB KaTola MOMKET IIpouc-
XOIUTh 32 cueT 60MOApPAMPORKU €TI0 HONOMKUTENIbHHIMU HOHAMM.
Ecou sHeprus HOHOB He CJIUIIKOM BeJIMKA, TO BHIOHBAHMA JJIEKT-
POHOB C KaTo4a Heé IIPOUCXONUT U 3JIeKTPOHBI MCIIYCKAIOTCA BCJIIEN-
CTBHE TEPMODJIEKTPOHHOH SMUCCHH.

B zaszax npu 60abUUX HANPAWEHHOCMAX 3AEKMPUYECKUX
noJeil snexmporvl docmuzaiom marxux 6oNbUWLUX IHepzuil,
Umo HAYUHAEeMCA UOHU3AUUA 3TLeKXMPOHHbLM YOapom.
Paspsad cmanosumces camocmosmenvHulm U NPOOoONdcaemcsa
6e3 8HeULHez0 UOHU3AMOpPA.

§ 3.9. PA3JIUYHBIE TUIMNbl CAMOCTOATESIBHOI'O
PA3PHOA N UX TEXHUHECKOE NPUMEHEHMUE

B 3asucumocmu om cgoiicma i cOCMOAHUA 233a, XapaKmepa
L pacnonodcenus saexmpodos, @ marKxe om nPULOHEeHHO20
K 32eKxmpodam HANPAXEHUA 8 2a3aX S03HUKAIOM DA3AUY-
Hble 8UObL CAMOCTOAMENbHO20 Pa3pada. Paccmompum Heckonb-
KO OCHOBHbBLX BUD0O8 CAMOCMOAMENbHOZ0 paspada: mJer-
wuil, KOpOHHBLIL, UCKPOBOIL U OY2080ii.
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Tnelowmii paspsan

ONeKTPOHL! MOTYT NMpuobpecTy aHep-

A K
ruio, HeoOXOAUMYIO AJf COBEepIUEeHUA
MOHM3AIIMH, He TOJBKO 38 CUET yBeJauye- "
HUA HANPAMXKEHUA MEKY BJIEKTPOAaMH, 3{

HO, KaK BUAHO U3 popmMynn (3.8.1), n3a
cUeT YBeINUeHHUA JJIHHBL cBOGOAHOrO
npoGera anexTpoHoB. IlocrenHee MOXK- Puc. 3.19
HO JOCTUTHYTBH IIyTEeM PA3peKeHUA rasa.

Jna uabmofeHusA paspsAna B paspereHHRIX rasax yaobHo mc-
MOJIL30BATh CTEKJIAHHAYIO TDYOKY AJMTUHOU OKOJIO TIOJIyMeTDa ¢ ABY-
MA 3JeKTpogaMu (aHOAOM A u KaTtoaoM K) u ¢ narpy6KoM AJis OT-
KauuBaHUA Bo3ayxa (puc. 3.19). IIpucoeauHUM 3JIeKTPOIE K HC-
TOYHUKY MOCTOAHHOTO TOKA C HANIPAMKEHUEM B HECKOJBKO THICAY
BOJIBT (3JIeKTpHYECKAas MAIIIMHA MJIH BHICOKOBOJIBTHRIIN BHIIIDAMHM-
TeJb).

I1pn aTtMocdhepHOM JaB/IeHUH TOKA B TPYOKE HeT, TaAK KaK IIPH-
JIOXKEHHOIO HAIIDAYKEHHA B HECKOJBKO THICAY BOJBT HEJOCTATOY-
HO AJIA TOro, YTOOKI NPOGUTE AJUHHBIA ra3oBhlit mpoMeXyToK. Ho
ecJM MbI HAUHEM OTKAYHMBATH BO3AYX M3 TPYOKM, TOK BCKOpe IO-
ABUTCH, YTO MOXHO OOHADYKUTH II0 CBEUEHHUIO BO3Ayxa B Tpybke.
IIpn gasnenun mopsagka 100 MM pT. CT. MeXAY 3JEKTPOJAMH IIO-
ABJISAETCA PA3pAX B BUJe cBeTAleica 3MeiKH (B BO3yXe — MAaJIM-
HOBOI'O IiBeTa, B PYI'MX rasaxXx — MWHEBIX IIBETOB), COEJMHAINE
o6a anextrpona. ITo Mepe JanpHeiell oOTKAYKH BO3JYyXa CBETA-
mafacA 3MeiiKa pacCIIHPAETCA, U CBeYeHUe NOCTEeNeHHO 3aII0JIHAET
MOYTH BCIO TPYOKY.

IIpn nasmenuu 1—2 MM pPT. CT. M HHUIKEe BO3HHKaET T J € IO-
muil paspan B riaeonieM paspsile OTYIETIUBO BHAECIANTCA
yeThIpe obmactu (puc. 3.20): a — KaTogHOe TeMHOE IIPOCTPAHCT-
Bo, 6 — TJaemolfee (OTpPHUIlATEJILHOE) CBeueHUE, 8 — (hapaieeBo
TeMHOE IIPOCTPAHCTEO, 2 — IOJOMKHUTENLHEIM cToN6 paspaxa. Ilep-
Bele TPH 00JIacTH HaXOAATCA BOJM3H KaToja H oOpasyloT Karoh-
HYIO YaCTh PaspAza.

Ecnu BoasaTe no gauHe TpyOKY DAA NIATHHOBLIX NPOBOJOUEK,
TO, HPUCOEIHHAA DJJIEKTPOMETDP K Pa3JHMYHEIM IIPOBOJIOUKAM
(puc. 3.21), MOKHO H3MEPUTHL HATIPAYKEHUE MEXKAY PA3IAYHLIMU
TOYKaMu paspajga M KaroaoMm. OTKiafwiBas Ha rpadguke IO ocH
opAMHAT 3To HampsaxeHue U, a mo ocu abcuucc — paccroaHue [
paccMaTpHBaeMO¥ TOUKHM OT KaToja, MOJAYYUM KPHBYIO, H300pa-
KEHHYIO Ha pucyHKe 3.20 cBepxy.

285



Ul

alb
K'E A

Puc. 3.20

W3 rpadura BUAHO, uTO BOAM3H Karoma Ha HeOOJBIIIOM pac-
CTOAHUH IPOMCXOLHUT pe3Koe IaJleHMe MOTeHIMAaa — KaTogHOe
majeHue TOTEHIMANA. 37eCh JIEKTPUUYECKOoe II0JIe MMeeT 0O0Jb-
IIYI0 HANDAXKEHHOCTh; B OCTANBHON YacTH TPYOKM HAIDPAMKEH-
HOCTH IIOJIA HEBEJHKA.

KarogHoe maneHue MmoTeHUuana oO0yCJIOBIUBAET 3 MU CC U 10
3JeKTpOHOB U3 MeTa/lsla KaTofa. Iloso)kuTe TbHBIE HOHEI, 00-
pasyiolieca B pe3yJbTaTe MOHM3AIUU JJIEKTPOHHRIMU yAapaMu
(B TJICIOILIEM CBEUYEHHUHU U B MOJOMKHUTEJBHOM CTOJI0E), ABHIKYTCH K
KaTony U, IPOXOAA uepesd 00JacTh KATOJHOI'O MafeHUs ITOTEHIIH-
ana, IpuobpeTaroT 3HAYUTEJBHYIO DHEPTrHIO. YAapasach © KarToj,
OLICTPEIE ITOJIOXKHUTEJILHLIE MOHLI BLIOHBAIOT M3 HEro 3JIeKTPOHEI
(BTOpHUHAA 3JIEKTPOHHAA SMHUCCHUA). OTH JJIEKTPOHBI B OOJACTH Ka-
TOJHOTO NafieHus MOTEHUMAA CHILHO YCKOPAIOTCS M IPH IOCie-
OYVIOUIUX COYAapPeHHAX ¢ ATOMAMM r'a3a MOHH3YIOT HX. B pe3yabTa-
T€ ONATHh NOABIAIOTCHA IIOJOMMHUTENbHbIE HOHEI, KOTOpbie CHOBA,
YCTPEMIAACEH HA KATOJ, IOPOXKIAIOT HOBLIE 3JIEKTPOHDBI, U T. I. Ta-
KHM 00pa3oM, OCHOBHEIMH IIPOIlECCAMY, NOLMePKUBAIOUIMMH pa3-
PAl, ABIAIOTCA UOHUIAYUA INeKMPOHHbIMU ydapamu 8 obseme 1

Puc. 3.21
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amopuunas 31exXmpoHHAs IMuccus Ha KaTole. Bee aTo npoucxo-
AT 6narofapa CyIIeCTBOBAHMIO KATOLHOTO NAAEHUs MOTEHIHANA.
CnenomatenpHo, kKamoodHoe nadeHue nomeHyuala ecnb HAUGO-
Jlee xapaxmepHblii npu3HaK maewu,ezo paspada, OTIMIAOLINI
ary GopMy ra30BOro paspsia OT BCeX APYyrux hopm.

Cy1iecTBOBaHIE KATOJHOTO TEMHOTO IIPOCTPAHCTBA O00'BACHAETCA
TeM, UTO BJEKTPOHEI HAUMHAIOT CTAJKHMBATHECA C ATOMAMM ral3a He
cpasy, a JHIIb Ha HEKOTOPOM paccToAHUM OT Karofa. Illupuna ka-
TOAHOTO TE€MHOI'O MPOCTPAHCTBA IPUONIH3UTENHHO PABHA CpemHeil
JIJIMEe ¢BODOJHOrO Ipobera aieKTPOHOB: OHA YBEJIWIUBAETCS C YMEHb-
HIEHUEM JaBJIEHUA rasa. B KaToaHOM TEMHOM ITDOCTDAHCTBE 3JIEKT-
POHBI, CHEIOBATEIBHO, IBMIKYTCA MPAKTHUECCKH 63 CoyIapeHuii.

Pacnpesienienne KOHIEHTPAITHEA MOJIOKUTENBHRIX MOHOB U 3JIEKT-
POHOB B Pa3JMYHBIX YACTAX paspsfa HeOAMHAKOBRO. Tax Kax IOJO-
SKUTENILHBIE MIOHK! ABHIKYTCS T'Opasfo MeLJeHHee, YeM 3JIEKTPOHEI,
TO Y KaToAa KOHIEHTPAIIUA MOHOB 3HAYUTENHHO GOJNbIlle, YeM KOH-
LEHTpPAniA 3JeKTpoHoB. IloaToMy &6au3u wamoda a8o3Huxaem
CUTNbHbBLIL NPOCMPAHCTBEHHBLIL NOJONCUMENLbHLU 3apad, KomopsLil
U 8bL3blaaem nosasierue KamooHozo nadeHus nonmeHyuand.

B o6yacTy moI0KHUTENBHOTO ¢T0N6a KOHIEHTPAINH ITOJIOYKUTEh-
HEIX MOHOB M 3JIEKTPOHOB ITOUTH OAMNHAKOBEI, ¥ 3[eCh IMPOCTPAHCT-
BEHHOT'O 3aps#Afa HeT. Biaromapsa 60JBIION KOHIEETPALUH 3JIEKTPO-
HOB IIOJIOXKUTENLHHIH cTOJO o0namaeT XOpOIIei aJieKTPOIPOBOJHO-
CTHI0, U [I03TOMY MafieHNe MOTEHIIUAA Ha HeM Majio (eM. puc, 3.20).
Tark KaKk B IMOJOXKHUTEJILHOM CTOJNGEe MMEIOTCA M IOJIOKHTENIBHEIE
MOHEI, ¥ 3JIEKTPOHBI, TO 3/[eCh IPOUCXOAUT HHTEHCUBHAA peKOMOIHA-
YA UOHOB, UeM U OOBACHAETCA CBEUEHHE TOJIOKUTENBHOTIO CTOI0A.

Tneromuit paspaj MCHONL3YIOT B TPYOKAX NJA pekaaMbl. Opan-
JKEeBO-KPaCcHOE cBeueHNe BOSHUKAET IPH HATIOJHEHHY TPYOKY Heo-
HoM. ITonoxKuUTeBHEBIH CTONO B aproHe IMeeT CHHEBATO-3€JIeHOBA-
THIH I[BeT. B laMnax JHEBHOTO CBETA UCIOJIL3YIOT Pa3pAA B IIapax
pryTu. BaxxHeiinmee npuMeHeHNe TIeIOMUIH pa3paAx MOJIYIUI B ra-
30BHIX JIa3epax.

KopoHHbtiA pa3pan

IIpu aTMocthepHOM HaBeHUH B rase, HAXOAAINEMCS B CHJILHO
HEOLHODOJHOM 3JJIEKTPHYECKOM IIoJje (OKOJIO OCTPHEB, IDOBOJOB
AUHUH BBICOKOTO HANDAMKEHHUS U T. X.), HabmoxaeTca paspan,
CBeTAIIAACA O6GJACTh KOTOPOTO UACTO HAIIOMHHaeT KOopoRy. Ilo-
3TOMY €I'0 1 HA3BAJIU K O P O H H BI M.

IInoTHOCT: 3apsAfa Ha IOBEPXHOCTH IPOBOJHHKA TeM OoJbIle,
yeMm Gosbllle ero KpumBu3HA. Ha ocTple IJIOTHOCTE 3apafa MAaKCH-
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mauibHa. [ToaToMy BO3se OcTpHA BOZHUKAET CHIbHOE ANeKTPUYIecKoe
none. Korza ero Hanpsa:xeHHOCTE TpeBhicuT 3 + 10% B/M, HacTymaer
paspazg. IIpu taxkoi 6oabOI0H HATIPAMXKEHHOCTH MOHMIAUUA TOCDeH-
CTBOM 3jIEKTPOHHOTO yAapa IDOUCXOAUT IIPH aTMochepHOM HAaBlie-
Hum. Ilo Mepe yganeHus or INOBEPXHOCTH IPOBOAHUKA HANPAXKeH-
HOCTE 6B1cTpO Yy6B1BaeT. IloaToMy HOHM3aLUA U CBA3AHHOE C Hell cBe-
YeHUE Ta3a HaON0AeTCS B OTPAHUUYEHHON O0JIACTH IPOCTPAHCTRA.

Tlpu OBBIMIEHHOM HAUDAMEHUU KOPOHHLIN aap#ax Ha OCTpHe
MMeeT BU]] CBETAILEHCA KUCTU -— CHCTEMBI TOHKHX CBETAINXCA
JUHWHA, KOTOpPbIE BRIXOAAT U3 OCTPUA, HMEIOT U3TUORI M HU3JIOMbI,
H3MeHAINNecA ¢ TeueHneM BpeMeHU. Takada pasHOBUAHOCTH KO-
POHHOTO pa3psafia HA3KIBAETCA KU CTEBH M Pas3p A LO M.

3apsiyeHHoe TPO30BoE 06JIaK0 UHAYIIMPYET Ha MOBEPXHOCTH 3eM-
JA 1o coboil 3NeKTPHUUYecKHe 3apAAbl MPOTUBOIIOJOMKHOTO 3HAKA.
OcobenHo GonbLION 3apsAj CKAILTUBAETCA Ha ocTpuAx. IlosTomy me-
pell TPo30ii ML BO BpeMs TPO3ELI HEPeAKO HA OCTPUAX M OCTPHIX YT-
JIaX BBICOKO TIOAHATHIX IIPEAMETOB BCILIXMBAIOT IIOX0XKHe Ha KUCTOU-
KU KOHyCHI ¢cBeTa. C JaBHUX BPEMEH 5TO CBEUEHUE HA3LIBAIOT OTHAMU
¢BATOrO dkMa (puc. 3.22).

Puc. 3.22
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OcobeHHO UaCTO CBUAETEIAMHU STOr0 ARJIEHUSA CTAHOBRATCA AJb-
nuaucThI. UHOrma gajxke He TOJBKO METAJIMYECKHUeE IpeMeThl, HO
U KOHYUKHY BOJIOC HA I'0JIOBE VKPANIAIOTCA MAJIEHBKUMU CBETAIIU-
MHUCA KucToukaMu. Hepeako semopy6bl HAUMHAIOT I'yaeTh MOXO06-
HO OOJIBIIIOMY IIIMEJIIO.

C KOpPOHHEIM Da3pANOM MPUXOAUTCA CUUTATHCA, UMEA JEJIO C
BBICOKHM HAaIps)keHHeM. IIpy HaJIWYWM BRICTYMAIOMUX YacTeil
HJIM OYeHb TOHKHUX IIPOBOJOB MOYKET HAYATHCS KOPOHHBIH Pa3pAml.
ITO MPUBOAHUT K YTEeUKE 3JeKTPOIHePruHu. HeM BhINIe HAMIPAKE-
HIle BBICOKOBOJILTHOM JUHHUM, TEM TOJIE KOYKHEL OBITHL IPOBOLA.

Hckporoii pa3pap,

IIpu Gonbiroii HAIIPAKEHHOCTH 3JIEKTPHUYECKOTO IIOJSA MEXIY
smexTpogaMu (okoso 3 + 10% B/M) B Bosnyxe mpu aTmochepHOM
IABJIEHUN BO3HUKAET MCKPOBOI paspan. HMckporoii pas-
pAn, B OTJIHYKUE OT KOPOHHOI'O, IPUBOJUT K IPOOOI0 BO3LYIIHOTO
npoMexyTka. [Ipu MCKPOBOM pa3pAje B ra3e BOIHHUKAIOT KAHAEI
HOHHM30BAHHOIO I'a3a — CTP W M M € D b, UMeIoN[ue BUJ IIPEPhI-
BHCTBIX APKHUX 3Ur3aroobpasHeix HuTel (puc. 3.23). Huru nponu-
3BIBAIOT IIPOCTPAHCTBO MEXKAY BIEKTPONAMH M HMCUYE3aI0T, CMEHS-
sich HOBRIMH. IIpu sTOM HabnOKAETCA
ApKOe CBeuyeHHEe rasa W BBLJeJseT-
cA OOJBOIOE KOJMYECTBO TEIJIOTHL.
BenemcrBre HarpeBaHuA JAaBiieHUe
ras’a B CTpHMMEPAX CHUJIBHO IOBHINIA-
erca. Pacimiapsasce, ras usiydaer 3By-
KOBBIE BOJIHBI, CONPOBOXKJAOIHeE
paspan.

ITocne mpobos pa3spafHOTro MpoMe-
JKYTKA HAOpPAXKEHWe Ha JJIEeKTpojax
CILUIBHO TajaeT, TAK KAK B MOMEHT
paspAza TPOBOLUMOCTEL 'asa BeJen-
CTBHE €r0 MOHM3AIlU¥W PEe3KO Boapac-
raetr. B peaynbTare, eclin HCTOUHUK
HAIIPSYKEHUA MAJIOMOILHEIN, paspan
TpexpaniaeTca. 3aTeM HaUpsAXKeHHe
CHOBA NOBBLIMIAETCA U T. 1.

B o6pasoBanum uckposoro pasps-
Ia HApALY ¢ HOHH3aIMel ¢ ITOMOMIBIO
3JEeKTPOHHOI'O YAapa GOJBHOIVIO POJB
UTPAOT NPOLEecChl WOHHIAIMM Iasa
H3JIYUYEHUEM CaMOM MCKDHL.




B TexHHKe ABJIEHUEM HCKPOBOTO pas3pAia MOAb3YIOTCA, HATIPH-
Mep, AJISA 3aXKHIaHUA ropioveil cMeCcH B JBHIATENAX BHYTPEHHEIO
CropaHus, Jid 3JeKTPDOMCKPOBOH 06pa0oTKM MeTaJlIoB M B ApY-
THX CIyYasax.

MonHus

IIpxMep rUraHTCKOro KCKPOBOTO pa3pAAa — MoJMHUA. MorHun
BOBHUKAIOT JH60 MeKy AByMa obOnaxkaMu, 1u60 MexxJy obnaxkoM
u 3emueit. Cuia Toxka B MmosHHU nocruraer 500 000 A, a pasHoCTh
MMOTEHIIUAJIOB MEXXJAy 00JaKoM ¥ 3eMJiell — MHJAJIHApAa BOJBT.
OtpensHEIEe paspabl MOJTHUY OYEHb KPATKOBPeMeHHbl. OHHM JJIAT-
C# BCEro JIMIEL OKOJIO OAHOW MHNJIMOHHOM NOJIU CEKYHbI.

Bo BpeMs CMJIBHBIX I'DO3 HHOI'JIa HAOMIOMaeTCA MIapoBas MOJI-
HUusA, ITO APKOe CBeTsIeecs 00pa3oBaHne, KOTOPOe CPABHUTEIBHO
MeJJIeHHO TepeMelaeTca B Bo3jgyxe. PasMephl IIIapOBOA MOJHUH
MOTYT OBITH Pa3JIHYHBLIMU, Yallle BCEero ee AuaMeTp gocturaer 10—
20 cm. IIpogomKuTEIBHOCTE CYIeCTBOBAHNA IIaPOBO MONHUHN —
OT JOJIEH CeKYHABI 10 HeCKOJbKUX MUHYT. [IOoNBITKY pa3razaTh ee
NPUPOAY ¥ TOJYYNATHh TAKYIO MOJIHMIO B JIAaGOPATODHBIX YCJIOBHAX
elre He YBEHYAJHNCH YCIIeXOM,

Ayrosou pa3pan

~

OJIeKTPHYECKU Das3pal B Bo3Jyxe Npu aTMocdepHOM JaBJie-
HU¥ MOYXHO TOJIYYHATH M NpU HeGOJNbIION pasHOCTH MOTEHIHAIOB
MEXAY dJIeKTpojaMu. EciM B KadyecTBe 3JIEKTPOJOB B3ATH ABA
YTONBHEIX CTEPXHA!, IPHBECTU UX B CONPUKOCHOBEHHME H IPUJIO-
skuTh HanpsikeHue 30—50 B, To mo mosyuuBIIeiics 3aMKHYTORMH
enu MOHAET CUIBHBIA TOK. TaKk KaKk B MeCTe CONPUKOCHOBEHUSHA
3JIEKTPOJOB CONPOTHBJIEHME BEJINKO, TO B COOTBETCTBUM C 3aKO-
"HoM [xoyna—Jlenna agech BrieNAeTCA HaubobIee KoJIHUYeCT-
BO TEILJIOTHI U KOHIIB YTOJBHEIX CTEepPiKHel packanasiorcsa. TeMmme-
paTypa HOBBIIIAETCA HACTOJBKO, UTO HAYHMHAETCSA TEPMOJ3JEKT-
poHHa# sMuccus. BeseacTBre 3TOrO IIPU pa3ABUKEHHUH YTIOJAbHBIX
3JIEKTPOJOB MEXAYy HUMHK HAUMHAETCHA CAMOCTOATENLHLINA Pa3psas.
Mesxxgy yrasMu BO3HHUKAaeT CTOJO6 SAPKO CBETALEroCsa rasa —
aleKkTpuyecKas ayra (puc. 3.24).

131n crep:xHM, HA3KIBAEMBEle LYTOBERIMH Yy I J A M H, HOIYyIaiOT
IpeccoBaHUeM rpaduTa, CAXKU U CBAIYIOIUX BEI(ECTB.
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Puec. 3.24

IIpoBOAMMOCTL ra3a B 3TOM CJyuae 3HAUMUTENLHA K IIPU aTMOC-
depHOM AaBleHUN, TAK KAK YHCJO 3JIEKTPOHOB, UCIIYCKAEMEIX OT-
PUMIIATEJIBHEIM 3JIEKTPONOM, OueHb BelnKo, Cusa Toka B He6oJb-
IOl Ayre JOCTHUTAaeT HECKOJBKHX aMIIep, a B OOJBILINX Ayrax —
HECKOJIBKIX COTEH aMIlep IIPM PA3HOCTH MOTEHIIHANOB BCETO JINUIH
nopsagka 50 B.

dneKTpuUeckas Ayra Obliua BIepBrle moaydena B 1802 r. pyc-
cxkuM axkafeMuKoM B. B. IlerpoBeiM (1761—1834).

Bricokasa TeMmepaTypa KaTofa IIpM FOpeHHM JYrU NOAIEpKU-
BaeTcd GoMOAPDAMPYIOIMMM KATOJ IOJMOMKHUTEJIbHEIMI HOHAMH.
T'as B camoii fiyre TaKxe CUJIBHO Pa3orpeBaeTCsa U3-3a CoyJapeHuit
MOJIEKYJI ¢ HOHAMH ¥ 3JIeKTPOHAMH, YCKOpsAeMueIMU osneM. IloaTo-
MY IIPDOMCXOJUT TePMHUUECKAA UOHUIAIUA Tasa.

Ha nmomoxuTeIbHOM 3JIEKTPOJE AYTH NOJ BaIuAHUeM 6oMbapau-
POBKH 3JIeKTPOHAMHM obOpasyercda yriaybnenne — K paTe p. Tem-
nmepaTypa B KpaTepe OpH aTMoc(hepHOM JIABJIEHHM JOCTHTAET

4000 °C, a npu gasrenun 2 - 108 ITa npesrimaer 7000 °C. Temmne-
paTtypa Katoja npy atmochepuoM pasnenuu gocruraer 3000 °C, a
B KaHaJle ajleKTpuueckoii gyru 5000—6000 °C. [Ina cpaBEeHus
3aMeTHM, UTO TeMIepaTypa Ha nosepxHoctu Connna 6000 °C.
dnexTpuYecKas OYyra MOXXeT BO3HUKHYTE He TOJBKO MEXAY
YrOJABbHBIMY, HO U MEXKIY METANINUYECKUMHU 3JIeKTPOJaAMHU.
Jyrosoil pasps BO3HUKAET BO BCeX CJydasX, KOrja BCIej-
CTBHE Pa30rpeBaHMNs KATOJA OCHOBHOM MPUYMHON NOHU3AIIUY I'a3a
CTAHOBHUTCA TEPMOASJIEKTPOHHAA 3MuccHna. Tak, Hanpumep, B TJeH0-
IIeM paspAje IOJOXKHUTeJIbHEIe HOHEI, BoMbapaupymoIue KaTol,
He TOJIBKO BRI3LIBAIOT BTOPUYHYIO 3MHCCHIO 3JIEKTPOHOB, HO 1 Ha-
rpesaioT kartof. I10dTOMY, €CJIM YBEIMYUTE CUJIY TOKA B TJCIOIEM
paspsfie (3TOro MOXXHO AOCTHTHYTh, YBEIHUMUB HANpPsXeHUE HUJIU
c6IM3UB 3JIEKTPOIEI), TO TEMIIEPATYDA KATOAA YBEJIUUYUBAETCH, H,
KOTI/la OHA JOCTUIaeT TAKOr0 3HAYEHUA, UTO HAUMHACTCA 3aMeTHASA
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ITodaodra TEepMOJJIEKTPOHHAA AMUCCHUSA, TJIEIHO-
moka muif paspAx IEpeXOJUT B JYroBoi.
IIpu yBesMyeHMHM MOILIHOCTH MCTOYHU-
Ka HCKPOBOMH paspaf TOKe MOYKET IIpe-
BPATHUTHCH B BJIEKTpUUYECKYyI0 ayry. Ta-
KHM o06pas3oM, AJiA BOSHUKHOBEHHUS NY-
TOBOTO paspAja He 06A3aTeJILHO IpeA-
BapUTEJILHOE CONMIKEHUe 3JIEKTPOLOB.

HyroBoii paspan uMeeT pazHoobpas-
— N HEle TeXHH4YecKue IIpuMeHeHMA. Ero
HMCIIOJb3YIOT B KauecTBe HCTOYHHUKA
CBETa B MIPOXEKTOPaX, IIPOEKIIHOHHEIX

Puec. 3.25 ¥ KHHOAINapaTax, MasgKax U T. X.
B ossexTpoMerannyprum IIHNPOKO
NpUMEHAIOT 3JeKTpoleun (puc. 3.25), B KOTOPhRIX MCTOYHHKOM
TeILJIOTHI CAYKUT JYTOBOM pa3pax.

OJIEKTPUUECKYIO AYTYy IIPUMMEHAIOT TAK)Ke AJIA CBAPKU MeTaJ-
JUYeCKMX Jerayieil (QyroBas 9JeKTpoOCBapkKa). Boamox-
HOCTL TAKOT'O NIPHMeHeHUuA nyry Oniya mpeackasana B. B. Ilerpo-
BEIM U BIIEDPBBIE pasdpaboTaHa pyccKuMH usobperarenamu H. H. Be-
HapaocoM (1885) u H. I'. CnasauosuiM (1890). IIpu BrimosiHeHHH
3JIEKTPOCBAPOYHKIX PaboT JIMIO CBAPIINKA, & B OCOOEHHOCTH IJia-
38, JOJIYKHBI OBITH 3aKPEITHI TOJICTHIM CTEKJIOM JJs IpeJoXpaHe-
HUA OT YJIbTPadHONETOBRIX Jydel, UCIYCKAeMBIX AYroM. DJeK-
TpocBapKa B Hallle BpeMs IIMHPOKO MPHMEHseTCA B MAaIIMHOCTPO-
eHHuH, IIPH IPOKJaJKe TPy6OIpPOBOAOB, IIpM CTPOMTEJNLCTBE 31a-
HHI1, MOCTOB M APYI'MIX COOPY KEeHHIL.

Anexmpodvt

Pacnaas-
JIeHHbLIL
Memann

IIpu Hu3kux O0aéaenusax npoucxodum maewwuil pa3pao.
ITpu ammocgeprom 0asreHuUU MONCHO NOAYLUMb ITEKMPU-
yeckyio dyzy, Habawdams KOPOHHDLIL U UCKPOBOIL pa3PATbL.

§ 3.10. NNIASMA

ITpu docmamoyuno HU3KUX Mmemnepamypax eéce 8euwjecmaa
Haxodamcsa 8 meéepdom cocmosnuu. Hazpesanue avi3vieaem
nepexod geujecmaea u3 maepdozo cocmoanua 8 ¥udxoe, a 3a-
meMm 8 za3000pa3Hoe.

Hanvreilluee nHazpesarnue npuodum K UOHU3AUUU 2a3a 3a
cyem CmoaAKHO8eHUS Oblcmpo J8UNCYULUXCA AMOMO8 U MOJe-
kya. Beujecmeo nepexodum e Hosoe cocmosanue, Ha3vieaemoe
naa3moi.
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IlnasmMa — 3TO0 YACTHYHO WJM JOJHOCTBI0 HMOHM30BAHHKIIf
ra3, B KOTOPOM ILJTIOTHOCTH IIOJIOMKHTEIbHBIX H OTPHILATEIBHBIX
3apANOB NPAKTHYECKH OJMHAKOBhI. Taxkum of6pasoM, mi1azMma B
1IeJIOM ABJAETCA BJIEKTPUUECKU HeHdTpaabHOM cHCcTeMOit.

KonnyecTsenHO# XapaKTEepPHCTHUKON NIa3MBI ABJAETCA CTe-
neHb MOHM3anuu, CTeNeHbI0 MOHM3 A MU MIA3MB O Ha-
3BEIBAIOT OTHOIIEHME OO0 BEMHON KOHLEHTpAIIMK 3apAKeHHRIX dac-
THL, K ofteit 06meMHOM KOHIEHTpPAIMK YACTUII. B 3aBHCHMOCTH
OT CTelleHM MOHM3AIIHMH ILJIa3Ma NOADA3AENAETCA Ha C1ab0 UOHU-
308aHHYI0 (0. COCTABIAET JOJH IPOIEHTA), ¥ACMULHO LOHU308AH-
HY10 (O IOPAAKA HECKOJBLKUX IIPOLEHTOB) U NOJHOCMbIO UOHU3O0-
sannyo (oo 6imska K 100%). Cnabo MOHM3OBAHHOM NJIa3MOH B
TIIPHPOJHBLIX YCJIOBHUAX SABJAIOTCA BEpXHHE CJIOM aTMochepbl —
uonocdepa. ConHle, ropAYre 3Be3IEI 1 HEKOTOPLIE MEXX3Be3IHEIe
o0Jlaka — 3TO IMOJHOCTHIO MOHH3OBAHHAA IJIa3Ma, KOTopasa obpa-
3yeTcd [IPU BHICOKOII TeMIiepaType.

Hapany ¢ marpeBaHHeM HOHU3AIUA rasa U ofpasoBaHMe ILJIa3-
MEI MOTYT OBITh BBRI3BAHBI PABJINUYHBIMM HM3JIYUEHUAMUA HJIH OOM-
6apaUPOBKOM aTOMOB rasa ORICTPHIMH 3apAXKEHHLIMU YaCTHIIAMHA.

CpegHue sHeprud Pas3IUYHEIX THUIIOB YACTUIl, COCTABJIAIOIIUX
JIa3My, MOTYT 3HAUKTEJIbHO OTJINYATHCA OfHAa oT Apyroii. IToaro-
My ILIa3My HEJIb3s OXapaKTEepH30BATH ONHHM 3HAUEHUEM TeMIle-
parypsl T; pasnuualoT 3JE€KTPOHHYIO Temueparypy T,, HOHHYIO
Temneparypy T; (MK HOHHEIE TEMIIEPATYPEI, €CJIU B ILI1a3Me UMe-
IOTCA HMOHEI HECKOJBKHX COPTOB) M TeMIepaTypy HeHTpaJbHEIX
aTomoB T (ueiiTpasbHON KOMIOHEHTHI). llogo6Has niasmMa Ha3k-
BaeTCA HEM3OTEPMHUUECKOIl, B OTJINYME OT U30TepMHUUECKOM miIas-
MBI, B KOTOPOIl TeMIEPATYPEHI BCEX KOMIIOHEHT ONMHAKOBEL.

IIpuMenuTenbHO K ILIa3Meé HECKOJBKO HEOOBIUHBIM CMBIC]
(IIo cpaBHEHMIO C APYTrMMH pasfiejaMH (DM3HKM) BKJIAALIBACTCA
B NOHATUA «HHU3KOTEMIIEDATYDHAA» M «BEICOKOTEMIIEDATYDHAA».
HuskoremnepaTypHO#l IPUHATO CUKUTATH IJIA3MY C TeMIlepaTypoit
T;<10°K, a BrcOKOTeMmepaTypHoii — ¢ T, =~ 106...108 K u 6o-
Jee. 9TO YCJIOBHOe pasjieleHHe CBA3AHO ¢ 0c000it BAYKHOCTHIO BEI-
COKOTEeMIIepaTypHOIl NJIa3Mbl B CBA3HU C NpobiaeMoil ocylecTBIie-
HUSA YIPaBIAeMOr0 TePpMOALEPHOI'0 CHHTE3A.

CBoiicTBa Nnna3mbl

IInasma o6aagaeT pAAOM CIeLiUDUUYECKUX CBOHCTB, UTO MO3BO-
JIAeT paccMaTpUBATL ee KaK ocoboe YeTBepTOE€ COCTO A-
HH e BelIecTBa.
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HN3-3a 00JbIIOIT MOABHIKHOCTH 3apAMKEHHBIE YACTHUIIHI ILIA3MBI
JIErKO IepeMeIlaloTCA IOoJ AeMCTBUEM HJIEKTPUYECKUX M MarHuT-
HEIX moneii. IlosToMy nr060e HapyireHHe 21eKTDHYECKOH HeHT-
DPAJIBHOCTH OTAENBHAIX 00JACTelH I1J1a3MEI, BLI3BAHHOE CKOIJIEHUEM
YaCTHI[ OJHOTO 3HAKA 3apsaga, OBICTpPO JHUKBHUAMPYeTcA. BosHHU-
Kalollle dJeKTPHUEeCKHe TMOJA MePEeMenlaloT 3apAKeHHBIe YaCTHU-
IIBI IO TeX IIOP, IIOKAa dJIeKTpHuUecKasa HelTpaIbHOCTh He BOCCTaHO-
BUTCA ¥ 3JIEKTPUUECKOE II0JI€ He CTaHeT paBHLIM HYJIIO.

B oTsinume oT HeliTpanbHOrO ra3da, MeskJy MOJIEKYJIaMM KOTOPO-
ro CYIIEeCTBYIOT KODOTKOAEHCTBYIOUINE CHUIIB, MEMXKAY 3apAKEHHEI-
MU YacTUIaMM ILJIA3MEI JeliCTBYIOT KYJIOHOBCKHE CHJIhI, CPABHU-
TeJBHO MEAJEHHO YOBIBAIOIME ¢ PACCTOAHUeM. Ka)aas uacTuIla
B3auUMOfieHiCTBYeT cpasdy ¢ GOJBINMUM KOJMYECTBOM OKPYIKAIOIMMX
yacTul. Biarogapsa sToMy, HApALY ¢ Xa0THUYECKUM TEILJIOBLIM ABU-
JKEHUeM, YACTHIHI ILIA3MBLI MOI'YT Y4acTBOBATH B PA3HOOODABHEIX
VIOPAAOUYEHHBIX (KOJJEeKTHBHBE X) JBH)XeHUAX. B mnasme
JIETKO BO30YKAAIOTCA PASHOrO POfa KoIeOaHUs 1 BOJIHEI.

IIpoBoguMOCTE IIa3MBI YBeIMUYUBAETCS 10 MEpPe pocTa CTelle-
Hu wouM3anuu. IIpy BEICOKOM TeMIlepaType IIOJIHOCTHIO MOHM3O0-
BaHHAaA IJ1a3Ma II0 CBOEH IIPOBOJHMOCTH NPHOJIHIKAETCHA K CBEPX-
IIPOBOAHUKAM.

Mnaama Bo BceneHHoli U BOKpYr 3emnu

B cocToanuu naasMel HAXOAUTCS mojasiasionasa (oxoiad 99%)
YacTh BelecTBa BeeseHHoil — 3Be3anl, 3Be3JHbIe aTMOC(hepHI, ra-
JaKTHYeCKMe TYMAHHOCTH U MeX3Be3JHasdA cpefga. III0THOCTH
MeXK3Be3THOM Cpejbl OUeHb Maja, B Cpe/IHEM MeHee OJHOro aToMa

Ha 1 cm3. Monmsanus aToMoB Mesx3BesqHON cpeJibl IPOM3BOAUTCSH
M3JIyYeHNeM 3Be3[ U KOCMHYEeCKHMH JydaMu — IIOTOKaMH GBICT-
PBIX YacTWI, IPOHM3LIBAIIMMY IpPOCTPaHCTBO BeeseHHOH mmo
BCEM HAUpABJCHUAM. B OTJIHUMe OT ropfdeil IJIa3Mbl 3Be3] TEM-
MepaTypa Me»K3Be3HOI II1a3Mbl OYEHE MAJIa.

OxoJ0 3eMaIM MIa3Ma CYIIeCTBYET B KOCMOCE B BUJIe COJTHEYHO-
ro BeTpa, 3amoJHsAeT MarauTochepy 3emiuu, o6pa3ys pagualioH-
Hble moAca 3eMyuu M HoHOochepy. IIponmeccaMu B OKOJIO3EeMHOM
ia3Me o6ycIOBIeHEl MATHUTHEIE OYPH U ITOJAPHBIE CUAHUA.

l'asopaspaAxgHasa nmjgasMa obpasyercd IIPU BceX BHIaX
3JIEKTPHUECKOrO pa3paAia B ra3ax: AYrosBOM, UCKDPOROM, TJIEIOIieM
paspsje u up.

MBorumMuy xapakTepHBIMH JJIA ILIa3MBI CBOHCTBaAMH O0JIaJAaI0T
¢BOGOIHBIE 3JIEKTPOHAI B MeTaJJIaX (I1a3Ma TBEeDABI X Te ).
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B orsnuuue ot ofpiuHON IJIa3MEBI, B ILJIA3ME TBEPALIX TeJl IIOJIOMU-
TeJILHbIE MOHLI He MOTYT IlepeMelIaThCs 1o BeceMy Teny. Bropas oT-
JUYUTENEHAA OCOOEHHOCTh IIJIA3MBI TBEDARIX TeJl — BO3MOXHOCThH
ee CyIeCTBOBAHHA IIPH CBEPXHU3KHUX JJIA «T230BOH» IJIASMEI TEM-
MepaTypax — KOMHATHOH M HUKe, BILUIOTEH A0 aGCOJIOTHOrO HYJIS
TeMIIepaTyphL.

NpaxTyeckoe NpUMEeHeHue NNa3mbl

HusxoremnepaTypuas niasma (T = 103 K) saxoaur npumese-
HHe B ra3opaspsafHbIX HCTOYHUKAX CBETA — B CBETAIIUXCS TPYO-
Kax JJid peKJIaMHBIX Hagnucel, B JaMIax JHEBHOrO cBeTa. B mo-
CIeAHUX CTEKJAHHYIO TPYOKY NMOKPHIBAIOT CIENHUAJIBLHRIM COCTA-
BOM — mommocbopoml, KOTOPBII IIO) HAeHCTBUEM HIJIYUYeHUSA
TJIa3MBl CaM HaYHWHAET CBeTUTHLeA. JioMuHodop moadupaior
TaKHUM, YTOGH ero cBeueHHe GBLIO GJIM3KO IO COCTaBY K GeoMy
CcBeTy.

T'asopasapsaaHyio mIa3My HCIOJL3YIOT BO MHOTHX Ipubopax,
HApUMep B rasoBHIX JIa3€paX — KBAHTOBLIX MCTOYHUKAX CBETA.

HuskoreMnepaTypHas IIasMa HPUMEHAETCA B MaTHHUT O-
TUJPOJHHaAMHUYEeCKUX regepartopax (MI/-reumepa-
ropax). IIpu mpoxoxJeHUN CTPYH IJIA3MBI Yepe3 MATHUTHOE IT0JIe
MIPOMCXOAUT pasfieIeHUe BXOAAIIUX B COCTAB ILJIA3MBI 3apSM(EH-
HBIX YACTHI MPOTHBOIIOJOMHOIO 3HAKa, B pe3yJbTATEe 4Yero Ha
BJIEKTPOAAX BO3HHKAET PAsHOCTh IOTEHIKANOB. Hamnpsa:xeHue c
3JIEKTPOAOB IIOJAETCSA BO BHELIHIOK LM,

MI'I-resepatop — ofpaTumMasa MmaiinHa. Ecau uepe3 ILIasMmy,
HAXOJAINYIOCA B MATHUTHOM II0JIE, IIPOIIYCTUTE TOK, IIPUJIOMUB K
BJIEKTPOAAM HAMpSXeHNe OT BHEIIHETO NCTOYHUKA, TO IIoJe 6YAeT
VCKOPATH IIIa3MEeHHEIN HOTOK (32 CUET 3HEePTUH UCTOYHUKA TOKA).
Ha »TOoM oOCHOBaHO AeHCTBHe dJIEKTPOIJIA3MEHHOTO JBUTaTeJNd.
Boubllas CKOPOCTh HCTEUeHUA YCKOpPeHHoi mua3Mer (1o 105 m/c)
MOJKET CO3JaTh OOJIBINYIO PeaKTUBHYIO cuny. IlnasMeHHRIe gBUTA-
TeJIU BeChMA MepPCHeKTUBHEI A JIUTEIBHBX CBEPXTATBHUX KOC-
MUYECKUX IIOJIETOB.

CpaBHHTeIBHO HeJaBHO GhLI CO3/laH HOBBII NpuGop — I j a 3-
MO TP 0 H. B n1asMoTpOHe CO3XAIOTCS MOIHBIE CTPYM ILTOTHOI
HU3KOTEeMIIepATYpPHOH Iiasmel (puc. 3.26), MIHPOKO HpUMeHsAe-

10r mat. lumen — cBer u rped. phorés — Hecymuii,
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Puc. 3.26

MbIe¢ B PA3JIMYHBIX ODJACTAX TeXHMKH: AJA PE3KH U CBAPKU Me-
TAJIJIOB, OYpeHUA CKBA)KHH B TBEPALIX MOpOJax U T. J.

B mnasMeHHoil cTpye yCKODPAIOTCA MHOTHe XMMUYeCKHE DeaK-
UK, a TaKXKe MOTYT NMIPOMCXOAMTL TaKHe PeaKIIHM, KOTODhIe B
OOBIYHBIX YCIOBUAX HE IIPOUCXOLAT.

Haubosee 3HAUKTENbHLIE MEPCIEKTUBEL PUBUKYU BUAAT B NpHU-
MEHEHHH BBICOKOTEMIIEpATYPHOM IIIa3Mbl B YCTAHOBKAX JJA YII-
PaBJSEMOT0 TEPMOAIEPHOI'O CHHTe3a. B HacTodAlliee BpeMs BeAyT-
A MHTEHCUBHLIE UCCIEeLOBAHUA B 3TOM HAIIpaBJAEHUH.

JacmuuiHo ulu NOJHOCMbIO LOHU30BAHHbLLI 2a3 HA3bLBAIOM
naaamoil. 3s8e30vt cocmosam us naasmvl. Pacuwiupsemcs npu-
menenue naaamvr: MITJ]-zenepamopvt, nia3mompoHbl, yn-
pasnsemovie mepmosdepHbLe peaKyuu u op. -

§ 3.11. 9NIEKTPUHECKUIA TOK B BAKYYME

o omkpvimus yHUKALLHLLX €B0iicm8 noLYnposooHUKOE 8
paduomexHuKe LCNONL30BALUCH UCKAIOYUMELbHO 31eKMPOH-
Hble namnel. B omux aamnax, a makice 8 31eKmpoHHO-1YHe-
8blX MpYOKAX, WLUPOKO UCTIONb3YEMbLX U celliac, 3JeKMPOHbL
deuncymes 6 saxkyyme. Kax sice nonyuarom nomorxu anexmpo-
Ho8 6 saxyyme? Karxumu caoiicmeamu oHu obaadarom?

Korza rosopar 06 3JeKTPHYECKOM TOKe B BAKYyMe, TO UMEIOT B
BHJY TAKYI0 CTelleHb paspekeHus rasa, Ipu KOTOPOIl MOYKHO mpe-
HeOpeub coyIapeHUAMH MeXKY ero MojieKyaaMu. B aroMm cayuae
cpelHAA QJuHA cBoBogHOrO mpofera MoJiexkyJt O0oablue pasMepoB
cocyaa.

Takoil paspe)XeHHBIN ra3 SBJAETCA HI0JATOPOM, TaK KakK B
HeM HeT (MJIU MOYTH HEeT) CBOGOAHBIX 3apAKeHHbIX UaCTUI[ — HO-
cuTenell 3JIeKTPHYECKOTO TOKA.
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Ha pucyuke 3.27 uzo6parkeHa cxema m
ey, cogepixaleit cocyn, 13 KOTOPOro \D

OTKa4aH BO3AyX. B aToT cocyx BIasHBI A —-P'
JBa 9JIEKTPOJA, OXUH U3 KOTOPHIX (2aHOZ I G
A) coefHHEeH C IOJIOYKUTENbHBIM MOJIO- —
coM UCTOYHHUKA TOKa (6aTtapesa GI), apy- K T—
roii (xatog K) — ¢ OTPHIATEJILHBIM.

HecMoTpsa Ha AOCTATOYHO GOJIBINGE HA- Puc. 3.27

upsi:KeHue, KOTopoe obecleyuBaeT HC-

TOYHUK TOKa (0Koso 100 B), BKAOUYeHHBIH B Liellh YYBCTBUTEI -
HEI raJbBaHOMETD He (PUMKCUPYET TOKA; 3TO YKa3blBAeT Ha OTCYT-
CTBHUE B BaKyyMe CBOGOMHEIX HOCHTEJIe# 3apaa.

ANexTPpOHHAA 3IMUCCUSA

JJIeKTpHUYEeCKUH TOK B BaKyyMe OyIeT CYyIecTBOBaTh, €CJIH BBEC-
TH B COCY/i CBOGOAHEIE HOCUTEIN 3apAna. Kak 3To ocyliecTBUTL?

HaubGoee 1pocTo mpOBOAUMMOCTE MEXIJIEKTPOSHOI0 IIPOMEXKYT-
Ka B BaKyyMe MOXXHO 00€CIeYuTh ¢ MOMOIILI0 3 I€e KTPOHHOH
SMUCCHHU C IOBEPXHOCTH 3JeKTPOAOB. JONEKTPOHHAA SMUCCHUSA
BO3HUKAET B CJIYYasiX, KOT/Ia YaCTh 3JIEKTPOHOB MeTasa (3JIEKTPO-
Ia) npuobpeTaeT B pe3yJsbTaTe BHENIHUX BO3JeHCTBMIl 3Hepruio,
HOCTATOYHYIO AJIS NIPEOJOJEHNS UX CBA3NU C METAJIOM (I COBEp-
meHUss paGoTH BHXOKa A ).

B § 3.8 MBI yiXe MO3HAKOMUJIKCE € ABYMS BUAAMH JJIEKTPOHHOI
3MHCCHHA: MOHHO-3JEKTPOHHOMN aMuccuei (npu 6om-
6apIVpOBKe KAaToga IIOJOXKUTEJLHRIMH HOHAMM) M Te P MoO-
2JEKTPOHHOMN dMHUCCHEH (MCIyCKaHUE 3JIEKTPOHOB C IIO-
BEPXHOCTH JOCTATOYHO HArPETOr0 MeTajlia). JJIeKTPOHBI UCIYCKAa-
IOTCA TaK)Ke IIPH BO3JeHCTBHM Ha IMOBEPXHOCTHL METAJJIA 3JIEKTPO-
MATHATHBEIM H3JdydeHueM. Takoe ABJIeHWe Ha3bIBaeTca (o T o-
PJIEKTPOHHOU aMuccHe . 1 HakoHel, ¢c IOBEPXHOCTH Me-
TaJLJIa UCIYCKAIOTCA 3JIEKTPOHEI IIpK 6o0MOapAM POBKE ee BbICTPLIMU
3JIEKTPOHAMH. JTO BTOPUYHAS 3JIeKTPOHHAA 9MUCCHA.

Bce BHABI 9MUCCHM HIUPOKO HCIIOJL3YIOTCA AJA MOJYUEHUA
3JEeKTPHUYECKOr0o TOKa B BakyyMe. OgHaKo B GONBITHUHCTBE COBpE-
MEHHRIX 3JIEKTPOHHBIX BAKYYMHBIX TPpUOOPOB MCIIOJB3YETCH T € P-
MO3JEeKTPOHHAA BMHUCCH 4.

Mony4yeHune 3neKTPUHeCcKoro Toka B BaKkyyme

ITocmoTpuM, Kak, HUCIOJB3YSA TEPMOIEKTPOHHYI) 3MUCCHUIO,
MOXKHO IIOJIYYUTh TOK B BakyyMe. LI aTOi esiu BHeCeM M3MeHe-
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HUA B leNlh, CXeMA KOTOPOoil uzobpakena Ha pucyHke 3.27. B xa-
YyecTBe KATOJA B BAKYYMHOM 6aJiIoHe Tellephb BIasiHa BOJaLppaMo-
Baf HUTb, KOHIBLI KOTOPOi BLIBEAEHEI HAPYIXKY U NIPHUCOEANHEHBI K
HCTOYHHKY TOoka — OaTapee Haxkana G2 (puc. 3.28). 3aMKHeM
K04 S2 U, KorAa BOJb(paMoBasfs HHUTL HAKAJUTCA, 3aMKHEM U
kimou S1. Crpeaxka npubGopa IpH 3TOM OTKJOHHUTCS, B LEIH IIO-
AABUJICA TOK. 3HAUMUT, HaKaJleHHas HUTH 00ecIieunBaeT NosABJIeHTe
HeoOXOAMMBIX JJIA CYyIeCTBOBAHMSA TOKA HOCUTeeil 3apsaga — 3a-
PAXEHHEBIX YACTHIL.

C nmoMOIIbIO OIEITA HETPYAHO YOEAUTRLCHA, YTO 3TH YACTHIEL 3a-
PAXKEHBI OTPUIATEIBHO.

H3MeHUM HONAPHOCTh aHOAHOM GaTapenm GI — HUTL CTaHET
aHOZOM, & XOJOXHHIH 3JeKTpox — KaTomoM (puc. 3.29). U xorsa
HUTH OO-NpeXHeMy HaKajleHa U HO-IPeXXHeMY NOoChLIaeT B BaKy-
YM 3apsiKeHHbIe YACTHILRI, TOKA B LIEIIH HeT.

M3 aToro onwiTa cirefyeT, UTO WACTHIBI, MCIYCKaeMbIe HaKa-
JIEHHOM HUTBIO, 3apAXKEHbl OTPUIATENEHO — OTTAIKMBAIOTCA OT
XOJIOAHOTO KaTo/a H IPUTATUBAIOTCA K aHOAY. Mamepenuem 3apa-
A& ¥ Macchl OBLJIO JOKABAHO, UTO KATOJ MCIYCKAeT 3JeKTPOHEI.

Hrak, adexTpuueckMii TOK B BaKyyMe NpeicTaBiger coboii
HanpaBJeHHLIH MOTOK 3JIEKTPOHOB.

B oTnmuyue OT TOKA B METAJIMYECKOM NPOBOAHMKE (T'e IPOBO-
IUMOCTL TOXKe 3JIEKTPOHHAfA), B BAKYYME BIIEKTDOHEI JBHXKYTCA
MeXIY 5JEeKTPOAAMH, HM ¢ UeM He CTAJKHMBAACH. HosTomy 1oz
IeliCTBHEM 3JIEKTPHUYECKOro IOJisi 3JIEKTPOHLI HENPEPLIBHO YCKO-
paoTca. CKopocTh 3JIEKTPOHOB YV aHOAA ZasKe B MAJIOMOIIIHBIX
3JEeKTPOBAKYYMHKIX IPHUGOpAX AOCTHUTAET HECKOJIBKHX THICAY KH-
JOMETPOB B CEeKVH/Y, UTO B JeCATKH MHJLIHAPDAOB Pa3 IPEeBhIILIaEeT

I G1

-
!

-t T -t
I_'I S1 |_'I
G2 G2

Puc. 3.28 Puc. 3.29

.

S2

S1
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CPEAHIOI0 CKOPOCTh HAIIPDABJIEHHOI'O ABM)XXEHUA 3JNEKTPOHOB B Mé-

Tajjae.

s cozdanus mora 8 sarxyyme Heo6xo0um cneyuaLbHbLil uc-
MOYHUK 3apAXNCeHHbLX yacmuy. Jelicmeaue marxozo ucmoitu-
Ka 00bltHO OCHOBAHO HA MEPMOINEKMPOHHOL IMUCCUL.

§ 3.12, ABYX3JIEKTPOAHASRA

ANIEKTPOHHASR TAMNA — Anoa

ANEeKMPOHHBIMU AAMNAMU HA3bLBAIOMCA ycmpolicméa, oc-
HOBQHHbIE HA NPUMEHEHUU MEePMOINEKMPOHHOL ImMucCuu.
ITpocmetiwium munom anexcmPOHHBLLX AAMN ABAAEMCA DBYX-
anexmpodnas ramna — 0uod npamozo Haxara.

Ycrpoiicteo guona

Huon npeactaBnser coGoil Baky-
YMUDOBAHHBIH (anjiod, B KOTOPOM
HaXOA4ATCHA ABa 5AEKTPOAA: BOJAbOpa-
MOBafA HUTL K, ABAAIOIAACA UCTOY-
HUKOM 3JIeKTPOHOB (KaTog), 1 METAaJI-
Jauueckuid nonyuuauHap A (amon),
oKkpyxatomuit katox (puc. 3.30, a).
B apyrux tHIax JaMII aHOL MOJXKET
6BITE 3AMKHYTBIM [UINHAPOM, KOTO-
DPHIM PACHOJIOXKEeH He TOPU30HTANBHO,
KakK Ha pucyuke 3.30,a, a BepTu-
KanbHo. B aTOM caiyuae ¥ KaToj, COB-
HaJaoInHi ¢ OChIO aHOMA, TOXe pac-
HOJIOXKeH BEepPTHKANBHO. YCJOBHOE
u3obpa)kenue [UOAA IIOKA3aHO Ha
pucyske 3.30, 6.

B namMnax npsMoro Hakaja HHUTH

Puc. 3.30

HakKana M3 Boab(paMa OJHOBPEMEHHO CIAYMUT Karogom. Ind mo-
JAYYEeHUA 3HAUMTEJIbHOM 3MMCCHY HUTH HAUPEBAIOT A0 TeMIIepaTy-
pu 2000—2500 K. [Tuox mpaMoro Hakajaa MMeeT CYIecTBeHHBIH
HegocTaToK. Ecau KaTo HarpesaeTcs IIepeMeHHEIM TOKOM, TO €ro
TeMIIepaTypa U3-3a MAJIOH TeNJOEeMKOCTY HUTH epHOIUUYECKH Ha-
MeHSAEeTCA, YTO BbI3bIBaeT Kojgebanusa Toxa B nend Jgamunsl. Ilo
3TOH MpHUYMHE B HACTOAIIee BPeMA AUOALI IPAMOro HaKaJjia NOYTH
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AnHo0

K 5 F Anod
amo Kamoo
Humpb Humb
Hakana Haxaaa
a) 6)

Puc. 3.31

He NPUMEHAIOTCA. BMECTO HUX IIPMMEHSAIOTCA JIaMIbl ¢ KOCBEH-
HBIM HAKAJIOM MJI¥ IMOABIC MOLZOTPEBHBK M KaTOoOJOM,.

B n1amnax ¢ KOCBEeHHBIM HAKAJIOM KaTOJ IIPEeACTaBIAET COD0M HH-
KeJIeBYI0 TPYGOUKY, IOKPHITYIO CJI0EM OKCHUAOB IEeJ0YHO-3EMEJIh-
HEIX MeTaJUIOB — Gapus, CTPOHIIMA, Kaabliusa. Takoii KaTox HA3KI-
BAIOT O K C M A H BI M. PaboTa BEIXO[a 3JIEKTPOHOB ¢ IIOBEPXHOCTH
OKCHAHOI'O KAToJla B HECKOJILKO pa3 MeHbIIe, UeM ¢ BoabdpaMa. ITO
TIO3BOJIsIeT CHU3NTH TeMmnepatypy Hakaa go 1000 K. ITogorpes ka-
ToAa obecnneunBaeTcst HeGOJIBIIOMH CIMPAIBIO, PACIIONOMEHHON BHY-
Tpu TpyGouru (puc. 3.31, a). YcioBHOe 0603HaUEHME UOAA C TIO0-
TPEBHEIM KaTOAOM M300pariKeHo Ha pucyHKe 3.31, 6.

BonuT-aMnepHas xapakTepucTuka auoaa

CyimecTBeHHEIE CBOMCTBA JI000I0 3JIEKTPOHHOTO Ipufopa oTpa-
JKaeT €ro BOJbT-aMIepHaf XapaKTepHCTHKA, T.€. 3ABUCHMOCTH
CHJIBI TOKA OT HAIPSYKeHUs, MOAAHHOIO Ha 3TOT npubop. Has mo-
JIyYeHHs BOJbT-aMIEPHOH XapaKTepHMCTHUKHM BaKYyMHOTO AHOAA
MOKHO BOCHOJIEBOBATHCA LENBIO, CXeMa KOTOPO# nzobpakeHa Ha
pucyake 3.32. B oTauume OT XapaKTEPUCTHKH METAJLIMYECKOTO
IPOBOAHMKA 3Ta XapaKTepUCTUKa HeamHeiiHas (puc. 3.33). Cie-
AOBATENBHO, SJAEKTPOHHAS JaMia IpeAcTaBiasdeT coGoil mpoBoj-
HUK, He NOAUUHAIONMICA 3aKorny Oma.

PaccmoTpum nogpofHee NpUUUHY HENHMHEWHOCTH BOJILT-aMIIep-
HOM XapPaKTEePUCTUKHU BAKYYMHOrO AnoAa. IIpu BBLIETE 3JIEKTPOHOB
M3 pas’orpeToro KaToAa OH 3apsAXKaeTcH IMOJOMHTENbHO. [Loaromy
BJIEKTPOHK!, IIOKMHYBIINAE KATOJ, TPYNINMPYIOTCA BO3Jie HETO B BUJE
06'bEMHOr0 OTPUIATEJILHOTO 3apAfa HMJIM TAK HA3BIBAEMOTO JJIEK-
TpoHHOro obyaxa. Ilox zeiicTBHEM 3JIEKTPUYECKOr'O IIOJS MEXKAY
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Puc. 3.32 Puc. 3.33

KAaTOoJIOM M 3JIEKTPOHHBIM 06/ IaKOM 3JIEKTPOHKI U3 06J1aKa YACTHYHO
BO3BpAarIamTca o6paTHO Ha KaToX. B paBHOBECHOM COCTOAHHH YHC-
JIO BJIEKTPOHOB, IOKMHYBIIMX KATOA B CeKYHAY, PaBHO YHCJIY
3JIEKTPOHOB, BO3BPATUBINUXCA Ha Hero 3a 3T0 BpeMdA. [Ipu Takom
AVHAMMYECKOM DPABHOBECHHM CPefHEE YWCJO 3JIEKTPOHOB B JJIEK-
TPOHHOM o0OJIake OCTaeTCA HeM3MeHHBIM. UeM BEIIIE TeMIlepaTypa
MeTajuia, TeM §oJIbIle IUIOTHOCTE 3JIEKTPOHHOrO 061aKa.

Ecnu x anekTpojaM AuMOAA TIPHJAOKWUTL HANDAMEHHUE, Ha3bI-
BaeMOe A HOJHBIM HANDDPAXEHHEM, IDHCOEAUHHEB AHOX
K TOUKE LeIN, NMEIoMeil NoJoXKUTeIbHBIN IOTeHIHA, & KATOI —
K TOUKE ¢ OTPHIATEJILHBIM ITIOTeHIUANIOM (cM. puc. 3.32), To Mex-
Iy SJIEKTPOJaMU BOSHUKHET aJieKkTpuueckoe noie. Ilox geiictBuem
3TOrO IOJIA 3JIeKTPOHE HAYHYT IIepeMeIaThCA OT KAToga K aHoxy,
o6pasya aHOZHB A T O K., JNIeKTPOHHOE 06JaK0 IpH 3TOM HAY-
HeT paccacsIiBaThCA. M3-3a Hanuuus 3JeKTPOHHOTO ofJiaka CHJa
AHOAHOrO TOKa | He IPONOpPHUOHANBHA AHONHOMY HATIDSIMKEHUIO
U. Ecau xarog ¥ aHOJ NpPeACTaBJIAT cob60il ILIOCKHeE IIIACTHHEI,
napanjienbHble APYr Apyry (puc. 3.34), To B OTCYTCTBUME B3JEK-
TPOHHOTO 06Jyaka (IPH XOJOZHOM KAaTole)
pacnpefeneHne MOTEHIMATA MEXKAY KATO- 7]
IOM U aHOJAOM, O0pasyVIOIMMU IJIOCKMH
KOHJeHCATODP, H300pakaeTcA MpAMOMH JIu-
Hueit 1. IIpy HaJIHYKUH BJEKTPOHHOTO 06-
JakKa (IIpY HAKAJIEHHOM KaToje) pacipeje-
JeHHe MOTeHIMajJa U3MEHAeTCA: OHO M30-
6paxaerca Temepb KpHBoit 2. IIpu sTom
3HaueHHE IOTeHNHUAJA B J1000i MJIOCKOC-
TH, HaXoAAmeilca Ha PACCTOAHUU X OT Ka-
TOA, OKA3LIBAETCA MEHLINe, YeM B OTCYT-
cTBHMe 3JNEeKTPOHHOro obyarxa, a cremoBa- K
TeJbHO, ¥ CKOPOCTH ABMMKEHUS HJIeKTPOHOR
MPY HAJIMYHA 3JIEKTPOHHOrO 00JIaKa YMeHb- Puc. 3.34

+ o+ + + +
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matorea. C yBenwYeHHEM AHOLHOIO HAIIPSKEHUA KOHIEHTDAIHA
3JIEKTPOHOB B 00J1aKe yMeHbilaeTcsa. IloaToMy U TopMoasInee Jeii-
CTBHe 00'h€MHOI'0 OTPHUIIATEILHOrO 3apAza fejaeTcA MeHbIle, a CH-
Jia AHOJHOr'O TOKA YBeNIUYUBaEeTCH.

Ecau KATOJ He IOKPHIT OKCHAHBLIM CJIOEM, TO IPH AOCTATOYHO
60JBIIIOM AHOJHOM HAIPSAYEHUH BCe 3JIEeKTPOHBI, MOKHUHYBINHE
KaToj, JOCTUTAIOT aHOHA, U [IPU AaNbHelIlleM yBeInYe M Haps-
JKEeHHA CHJIa TOKA He M3MeHseTcA. TaKoW TOK HA3ZBIBAETCA T O-
KOM HachiIeHHUsa (UITPHXOBas JWHHUA Ha pucyHke 3.35).
IIpn moBEIIIEHUU TeMnepaTyphl KaToga (3TO MOMKHO CAeNaTh, yBe-
JUYUB IIPY IIOMOIIM DEOCTATa CHJY TOKA B llelHM HAKAaJa) TOK Ha-
CHIIIEHUA Bo3pacTaeT (¢cM. puc. 3.35).

B ssexTpoHHOI JIaMIIe ¢ OKCHIHBRIM KATOLOM JOCTHUIHYTH TOKa
HaCHIILEHUS Heab3s, u60 3T0 TpebyeT ¢TONbL GONBLIIOr0 AHOJHOTO
HAIIPAYXKEeHUA, IPU KOTOPOM KaToJ paspyIiaercs.

MNpuMmeHeHUe BaKyyMHbIX AVOAOB

BaKHBIM CBOMCTBOM BAKYYMHOrO AHOAA ABJISETCA €r0 O I H O-
CTOPOHHSAA IPOBOAHUMOCTb: 3JIEKTPOHEI B HEM JBHXKYT-
CA OT PACKA&JIEHHOTO KaToja K aHoAy. O6paTHoe HalpaBjieHHe TO-
Ka HeBO3MOXHO. 1lpu6oprr, obianawiimue cBOACTBOM IPOBOAUTH
TOK TOJIBKO B OLHOM HAIPABJICHHH, HA3LIBAIOTCH 3JIEKTPHYECKHU-
MM BEHTUJSAMH,

ITHUM CBOMCTEBOM JBYX3JIEKTPOAHOM 3/IEKTPOHHOM JJAMIIKI TI0JIh-
BYIOTCA AJA BHIIPAMICHHUSA IepeMeHHOTo ToKal.

Jlamna, npuMeHsieMas OJA BHIIPAMJIEHUS TOKOB HIPOMBILLIEH-
HOM YaCTOTHI, HA3EIBAETCA KEeHOTPOHOM.

106 yerpoiicTBe BEIIpAMHUTe el IepeMeHHOrO ToKa 6yXeT PACCKAZAHO
B JajbHeWIeM.
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Heyxanexmpodnviis 8arxyymmstii npubop — duod obradaem
odHocmopoHHell nposodumocmyio. Omo ezo ca8oilcmeo uc-
nonv3yemca 0N1s 8biNPAMIEHUS LEPEMEHHOZ0 MOKA.

§ 3.13. TPEX3JIEKTPOAHAS 3NIEKTPOHHAS JIAMINA —
TPHOA

Tpexarexmpodnasn slekmponHad lamna — mpu o0 omau-
waemcsa om 08yxanexmpodHoil 3NeKmMPOHHOL AaMNbL HAAU-
Yuem mpembezo IneKmpoda — cemru.

YectpoiicTeo TpMOAa

Basinon, anos ¥ KaToj BAaKYYMHOTO TpHOAA MMEIOT TaKyio e
KOHCTPYKIIMIO, KAK U y AUO/A, OJHAKO Ha IIYTH 9JIeKTPOHOB OT Ka-
TOAS K aHony (OamiKe K KAaTOMy) B TPHUOJe PacIoJlaTaeTca TpeTuid
3NEeKTpoA — ceTra. CaMo Ha3RaAHME «CeTKa» YKAa3BIBAET Ha TO, UTO
3TOT 3JIEKTpPOJ HECILIOMIHOH M MOXXET NPOIyCKAThb 3JIEKTDOHHEI,
ABMIKYIIHeCd OT KaTofa K aHOoAy. B GONLIIMHCTEE 3JIeKTPOHHEIX
JIAMII CeTKAa NpeAcTaBiseT cofolt yKpeIlleHHbI Ha cToKaX mpo-
BOJIOUHBII KapKac B BUAE BHHTOBOM aunuM (puc. 3.36, a). Yenos-
Hoe o6o3HayeHMEe TPHOAA IIOKA3AHO Ha PHCYHKe 3.36, 6.

CeTka JlaeT RO3ZMOKHOCTE VIPABJIATE AHOAHBIM TOKOM JIAMIIBI.
Coo011ad ceTKe MOJOMKUTENBHEIN OTHOCUTEIBHO KATOAA ITOTEeHIIUAT,
CO3JAI0T MEKAY CEeTKOM M KAaTOAOM AONONHUTENLHOE 3JIEKTPUUECKOe

Anod

Kamod AHOO
Cemxa
Kamood
Humb
Hakaala
6)
Puc. 3.36
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moJie, JIUHUN HAIPAMKEHHOCTH KOTOPOIr'o COBIIAJAIOT IIO HAaIrpaBJe-
HUIO C JUHUSMY HATIPSKEHHOCTU OCHOBHOTO TIOJISI MEKAY KaTOAOM U
aHOAOM. STO JONOJHUTEIBHOE II0JIe CIOCOBCTBYET «paccachIBAHUIO»
9JIEKTPOHHOrO 00/1aKka M YBEeJIWUYHBAET CHJIY QHOMHOTO TOKA JIAMIIEL.
Haobopor, coobmiasi ceTke OTPUIIATENBHBIN OTHOCHUTEJIBHO KaTona
IIOTEHIMAJ, NOJY4aeM IOIOJHUTEJIBHOEe IO0Je, IPOTHBOAEHCTBYIO-
miee OCHOBHOMY IIOJIIO, UTO IIOBJIEUET 3a CO60M YMEHBIIeHUE CHIbI
aHOAHOTO TOKA JiaMIlbl. IIpU oIlpe/ile/leHHOM 3HAYEHUH OTPUIIATENb-
HOrO OTEHIWAJNa CeTKM CHJIa aHOJHOI'O TOKA MOKET OOpATHUTHCA B
HyJib. B 3TOM cjiyYae rOBOPAT: JaMIA «3aNepTar».

CeTro4yHaa xapaKkTepucTuka Tpuoaa

Tpaduk, BHIpA)KAIOITUA 3aBUCUMOCTb CUJIbl aHOAHOTO TOKA OT
[IOTEHIMAIa CETKH OTHOCHUTEIbHO KaTo[a, T. €. OT CeTOYHOro Ha-
npsikenus, I, = f(U ) npx NOCTOAHHOM 3HaU€HUH aHOJHOTO HATIPS-

eHusa U,, Ha3bIBae€TCsi CETOYHOMH XADAKTEPUCTHUKOM

T p 4 0 1 a. CerouHas XapaKTEepUCTHUKA MOXKeT OBITh ITOJTydeHa OIBIT-
HBIM ITyTeM. [|JIsi 9TOro NOJB3YIOTCS YCTAHOBKOM, cxeMa KOTODOi
us3obpakeHa Ha pUCYHKe 3.37.

U3 ceToyHOI XapaKTEPUCTUKH, N300pasKeHHO Ha pucyHke 3.38,
BHIHO, YTO yBEJUYEHHe CETOYHOr0 IOTEHIHasa (OTHOCUTEJIHHO
KaToAAa) BeJileT K YBeJIUYEHHIO CHJIbl AHOAHOTO TOKa. IIpH - yMeHb-
IIeHUHW IIOTeHIlMAa/Ma CeTKH CHJa AHOAHOI'0 TOKa, HAIDOTHB,
ymenbmaerca. llpu norennuasne U,, Ha3blBaeMOM N OT € H I 4 a-
JOM 3anuUPaHUSs JgaMnbl, AHOAHBIA TOK IPEKparlaeTcs
(namna sanupaercs). IloreHuuan sanupaHusa 3aBUCUT OT YCTPOii-
CTBA JIAMIILL M OT AHOLHOI'O HAIIPS KEHHSA.

Hemounuk
NOCMOAHHO020
HanpAXceHua T
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H3-za TOT'0, YTO CeTKa pAacCIIoJIOXKeHa Ha MaJIOM pacCTOAHUU OT
KaTola, H3MeHeHNe CETOUHOI'O HAIIDAXEeHHWA HAa BEJINYUHY AU(: ro-

pasio CUJbHee MEHAET HANPSMKEHHOCTH HJIEKTPHYECKOro NoJd,
JeHCTBYIOLIEro Ha 3JeKTPOHHOe 06JaK0 YV KaTo/a, YeM U3MEHEeHue
aHOJHOTO HATIPS'KEHUA Ha TAKYIO JKe Beauuuny. (Bciromuure, uro
HAIIPAXKEHHOCTh JIEKTpUUecKoro noja E npu sajanHOM Hanps-

U
KeHN! o6paTHO MPONOPIUOHANBLHA paccToaHuo: E = ] .) Coor-

BETCTBEHHO OOUHAKOBbLE U3MECHEHUSA CUAbL. AHOOHO020 moka Al N

docmuczalomes npu 20pa3do meHbULX (8 HECKOAbKO OecAMKO8
Pa3) udmMeHeHUAX CemoYH020 HANDANCCHUS, YeM AHOOHO0zZ0.

Tpexanrexmpodubie 1aMNbL UCTLOAbIYIOMCA 8 PA3IULHBLX DA-
OuOmexHULECKUX YCcmpPoiicmeax: Ycusumeax, 2eHepamopax
um.o.

§ 3.14. NEKTPOHHDIE NYYKHU.
SNEKTPOHHO-NTYHEBAS TPYBKA

dnexmporHble nYyuku npedcmasasiom coboii HanpasieHHbie
nomoxu 6bicmpo J8UMYWUXCA IAEKMPOHO8; nonepeinbie
pa3mepb. nYuKo8 OOGLIYHO 3HAYUMEAbHO MeHblie UX ONUHbL.
DleKmpoHHble NYLKU 8nepsbie ObliU 06HADYNCEHbL 8 243080M
pa3pade, npoucxodsuiem npu NOHUNEHHOM 0a8AeHUU: HA-
6ar0danucy craboe 20ay6oe ceewenue 800Ab OCU 2a30pA3PA0-
HOU mpy6Ku u hayopecyeHyus CMEeKIAAHHbLX CMEeHOK mPYOKU,
Komopuwie 06bsCHALUCDH 8030eilcmeuem makK Ha3bl6AemMblX K a-
modnvx ayueil (onvimv anzauiickozo pusuka Y. Kpyx-
ca). [lanvuellulue uccaedosanHus npueeau K OMKPbLMUIO
anexmpora (aneauiickuil gpusurx Quc. Tomcon, 1897 2.), a ca-
MU YU GbllL OMONCAECTNBNEHBL C NOMOKAMU ILEKMPOHOS.

B macrosamee BpeMf aneKTpOHHBIE IYUYKU 00pPa3yiOTCA B dJIeK-
TDPOHHO-BaKYYMHBIX Npubopax, MCHOJIBb3YIONIUX ABJEHUE TEPMO-
3JIEKTPOHHOM 3MUccHH. Kciu B aHOKE 3JIEKTPOHHOI JIAMITBI clie-
JaTh OTBepCTHE, TO YACTH 3JIEKTPOHOB, YCKOPEHHBIX 3JeKTpHue-
CKUM IIOJIeM, NPOJIETUT B OTBepcTHe, oO6pas3ys 3a aHOJOM 3JIeK-
TPOHHBIH IIydoK. KoJaHMuecTBOM 3JE€KTPOHOBR B NYUYKE MOXKHO
YIPaBIATH, IOMECTUB MeXKJY KATOJOM M AHOAOM AOIIOJHUTEJD-
HbIHA 3JIEKTPOJ W M3MEHASA ero MOTeHLHAaJ. JJEKTPOHHKIE IIYUYKH
MMeIOT pAj cBoHCTB, 6iarogaps KOTOPbIM OHM HAXOAAT IIMPOKOE
TpakTHYecKoe IpUMeHeHue.
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CBOMCTRA 3N1IeKTPOHHBIX NYYKOB
M UX NPUMEHeHMe

OneKTpoHHBIEe NYYKU obiazaior sHeprueii. Ilomasas z@a Teia,
OHM BBISLIBAIOT MX Harpepanume. B COBpeMEHHOH TEXHHMKE 3TO
CBOIMCTBO HCIIOJB3YIOT IJISA 3JIEKTPOHHOHN IJIaBKH CBEPXUMCTBIX
METAJIJIOB B BaKyyMe.

IIpu nmonagaHuy HA NJAACTHHKY U3 MeTasina 00JIbIIO! NJIOTHOC-
™ (BoibdpamMa, INATHHEI) BJJIEKTPOHHbIE IIYYKKM TOPMOS3ATCH,
BCJIEACTBHE Yero BOSHUKAET DEHTTeHOBCKOE N3JIy4eHUue. JTO CBOH-
CTBO UCHOJb3YIOT B PEHTTeHOBCKUX TPyOKax, o ueM OyJeT paccka-
3aHO B JaJibHelIeM.

Hexoropnle BemecTra (cTeKkno, cynsOUALI MUHKA W KAIMUA),
6oMbapaupyeMble JIEKTPOHAMM, CBEeTATCSA. B HacToslilee BpeMs
cpeay MaTePHUAaJIOB 3TOTO THNA (JIOMUHOMOPOB) IPUMEHSIIOTCA Ta-
KHe, Y KOTOPLIX B CBETOBYI0 3HEpPruio npeppamaercsa o 25%
9HEPTrUHU 3JeKTPOHHOTO IIyYKa.

ONeKTPOHHBIE IIYYKHM OTKJOHSIOTCA 3JJEeKTPUUECKUM ToNeM,
HanpumMep, Ipoxoga MeXAY NJIACTHUHAMHU 3aPAKEHHOTO KOHJEH-
caTopa, JIEeKTPOHE! OTKJIOHAIOTCA OT OTPHIATEJIbHO 3apAXKEHHON
IUIACTHHH K MIOJIOXKUTEIbHO 3apAXKeHHol (puc. 3.39).

DJIEKTPOHHEIE IYYKN OTKJIOHAIOTCS TaKyKe B MAarHUTHOM IIoJIe.
ITposerass HAX CeBEPHHIM IIOJIOCOM MATHHUTA, 3JIEKTPOHERI OT-
KJOHSAIOTCS BJIEBO, a IIPOJIeTas HAJ I0MHBIM IIOJIOCOM —-BIIPDABO
(puc. 3.40). OrknoHeHUEe DAEKTPOHHBIX IIOTOKOB, MAYUINX OT
CoJrHila, B MATHUTHOM II0JIe 3eMJIH IIPUBOAUT K TOMY, YTO CBeYe-
HuUe ra30B BeDXHUX CJI0eB aTMocdepnl (NoaspHble CUSHUSA) HabJIi0-
JaeTcs TOJIBKO Y IIOJIIOCOB.

B03MOKHOCTS YIIPaBJIECHUA 3JIEKTPOHHBIM TYYKOM C IIOMOIILIO
JIeKTPHAYECKOr0 UINX MATHUTHOrO IIOJIA U CBeYEeHHe NOJ JeilcTBuU-
€M IyYKa HOKPBITOrO JIOMHHOPOPOM 3KPAHA HAXOAUT IpUMeHe-
HHe B 3JIECKTPOHHO-JIYUE€BOH TPyOKe.

Puc. 3.39 Puc. 3.40
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nexrpoHHo-nyueBas TpyGka

YeTpoicTBO 91€KTPOHHO-TY4YeBOi TPYOKY ITOKa3aHO HA PUCYH-
Ke 3.41. Tpy6ka nmpencraBasier co60if BAKYYMHBIH 6aJlJI0H, U3ro-
TOBJIEHHLIA B BHJ€E KOJOBI, PACIIUPEHHOM ¢ OQHOM cTOpoHLI. Pac-
IIHUPEHHOE THO KOJIOLI IOKPHITO JIOMUHO(OPOM K ofpasayeT sKpaH
Tpy6Kku. B y3koM KoOHIle TPYOKH HIOMENIeH MCTOYHHK OLICTPBIX
9JIEKTPOHOB — BJEKTPOHHAA mymKa (puc. 3.42). OHa cocTouT u3
HaKaJMBAaeMOI'0 OKCHUAHOrO KaTtoga K ¥ Tpex KOaKCHAJIBHBIX IIH-
JUHIPOB: YIPaBJIAIIET0 3JeKTpoAa (cerku) M, nepsoro aHoaa
A, ¥ BTOpOrO aHOZA A,.

OJIEKTPOHBI MCIIYCKAIOTCA HAT'PETHIM OKCHIHLIM CJIOEM TOpIla
OUINHAPUYECKOTrO KATOJA ¥ IIPOXOAAT uYepe3 OTBEpPCTHE B IIH-
JUHAPAYECKOM YIIPABAAIOLIEM 3JIEKTPOAE. ¥ IPABJIAOIIMNIA 3JIeKT-
poA VMeeT OTPHILATEJbHBIN IIOTEeHIIHAaJI OTHOCHTEJNLHO KaToha
{(—20...-70 B) u coxumaeT CBOMM II0JeM BHIXOAAIMHM M3 KATOAA
9JMEeKTPOHHEIN nyuyoK. VIaMeHsad 5TOT IOTEHIIUAJ, MOXXHO H3Me-
HATH KOJINYECTBO BJIEKTPOHOB B IIYUKe, T. €. €r0 MHTEHCHUBHOCTD.

Kaskxapiii aHOL COCTOMT M3 JUCKOB ¢ HeGONBIINMH OTBEpPCTHA-
MU, BCTaBJEHHBIX B MeTaJuimdecKui muauHap. IloreHnuan mep-
BOTQO aHOZA IIOJOXKHTEJEH OTHOCHMTENLHO KaToxa, a NOTeHIUaJ
BTOPOT'0 AHOLA IIOJOXKUTEJNEeH OTHOCUTENBHO IIePBOTO AaHOAA.
ONeKTPHUECKHE IO/ MEXY dIeKTPoAOM M u aHoAOM A,, a Tak-

e MEeXIY aHoAaMu A, U A,, YCKODAIOIiYe BIeKTPOHBI, TOKA3AHEL

Ha DUCYHKe 3.42 mpH HOMOINM 3KBHUIOTEHLUAIBHBIX IIOBEPXHO-
creit. PopMa, PACHOJOXKEHNe M IIOTEHIHAJbI AHOLOB BBIODAHBL
TakK, YTOOBI HAPALY ¢ YCKOPEHHUEM 2JE€KTPOHOB IIPOUCXOauIa H (o-
KYCHPOBKA 3JIEKTPOHHOTO IIY4K4a, T. €. YMEHbIIEeHNE ILJIOIIa A ero

Bepmuxanavno
OMKAOHAIULUE
naacmuHbt

Cemka App \
0ot T'opuzonmanvhro
OMKAOHAIULLE =3
naacmuHbi
Puc. 3.41
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Puc. 3.42

nonepeuroro ceuenuda. Ha skpane, B ToM MecTe, Kyha romafaer
3NEKTPOHHBHINA NyYoK (Y3KO cHOKYCHMPOBAHHHINK BJIEKTPOHHRIH Y-
YOK WHOTZA HA3BIBAIOT 3JIEKTPOHHBIM JIYYOM), BOBHHKAET CBedUeHHeE.,

Ilocse sekTpOoHHOM NymKH cHOKYCHPOBAHHBIN 3JIeKTPOHHBIN
NYYOK HA IIYTH K 3KPAHY HIPOXOLHUT MOCHEAOBATENbHO MEKAY ABY-
MA DapaMH YOPAaBJIAIONAX IVIACTHH, DOXOOHBEIX MNACTHHAM ILJIO-
CKOTo KOoHZeHcaTopa. Ec/Iu 3JIeKTPUYECKOro IOJNA MEXKAY IIacTH-
HaMM HET, TO IYYOK He OTKJNOHAETCA ¥ CBETHAIIAACH TOUKA paclo-
JaraeTca B LieHTpe skpana. IIpu coobimeuny pa3HOCTH IOTEHIHA-
JIOB BEPTHKANBHO PACHONOKEHHEIM IJIACTHHAM IIYYOK CMeIlaeTca
B F'OPHA3OHTANLHOM HAIIPABJIEHHH, a IpH COO6Ie U Pa3HOCTH MO~
TEHI[HaJIOB 'OPU3OHTAJIBHBLIM IIJIACTMHAM OH CMEIaeTCsf B BEPTH-
KaJbHOM HampasieHnd. OpHOBPEMEHHOE HCIOJBL3OBAHME ABYX
Iap IJACTHH II0O3BOJIAET IlePeMelIATh CBETAIIYIOCA TOYKY IIO SK-
pasny B J000M HanpaBJIeHUH,

Manasa Macca 3JIEKTPOHOB B 3JIEKTPOHHOM HYy4YKe 06ecneyuBaeT
MAaJIYIO HHEPITHOHHOCTDH 3JEKTPOHHO-JYy4eBON TPYOKHK: 2JI€KTPOH-
HEI# NYYOK NIpaKTHYeCKH MTHOBEHHO pearvupyer Ha M3MEHEHUE
HaIpAKEeHNA Ha ynpaBiIdiomux niaacTuHax. Ha srom cBoiicTBe
SNEeKTPOHHEIX NYUYKOB OCHOBAHO MCIIOJL30BAHHE 3JIEKTPOHHO-JY-
4eBoit TPYOKHM B 3J1eKTPOHHOM ocnuIorpadel — npubope, K0OTo-
PBI¥ OpUMEHAETCA AJA MCCAegoBaHMsS OGRICTpOIEepeMeHHBIX ITpPo-
IECCOB B 3JIEKTPUYECKHX HEeAX.

B 3JexTpoHHO-AYUeBOM TpyOxe, IPUMEHAEMOH B TeJeBU30Ope
(rak Ha3HBAEMOM KHHECKOIIE), yIPaBJEHHE 3JIEKTPOHHBIM IIyu-
KOM OCYIECTBISETCH ¢ IOMOINBIO MATHUTHOTO IOJIA. ITO IOJE CO-
37al0T KaTyIIKH, HAJEThIe Ha N'OPJOBUHY TPYOKH.

10r nar. oscillo — kauarocs u rped. graphdo — numy.
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Aucnneit

IIupokoe IpUMeHeHUEe UMEIOT 3JeKTPOHHO-TyUYeBble TPYOKHU
B IIPMCOEIHHAEMBIX K 3JIEKTPOHHO-BRIYUCIUTENLHEIM MAITHHAM
(3BM) ycrpoiictBax — gucniaeax. Ha skpaH gucmness, mogo0HbIi
SKpaHy TeJIeBU30pa, MOCTyIIaeT UHMDOPMAIUA, 3alIUCAHHAA U IIe-
pepaborarHag OBM. MoxHO HemocpeICTBeHHO BUAETh TEKCT HA
a1060M A3bIKe, Ipa@UKN PASIMUHBIX IIPOIECCORB, HM300parkeHus
DPeAaJBEHBIX O0ReKTOB, a TAK)KEe BOOOpakaeMbie O00heKTHI, IOLYHU-
HAOIIHeCAd 3aKOHAM, 3allMCAHHBIM B IporpaMmme OBM.

B snexmporHo-1yuesbix mpybrax GopMUDYIOMCS Y3KLe dNekK-
MPOHHbLE NYUKU, YNPABAAEMbLE SN MPULECKUMU I MAZHUM-
HbIMU NOAAMU. MU NYYKL UCNONbIYIOMCA 8 OCHUILLOZDA-
dax, kuHecronax menesusopos, ducnaeax IBM.

§ 3.15. BNEKTPUYECKUIA TOK B NOAAYNPOBOAHUKAX

B yem znaeHoe omauiue norynposoSHUKO08 om npo8odHuKo8?
Kaxue ocobennocmu cmpoenus noaynposooHuK08 OMKPbIAU
um Bocmyn 80 8ce paduoycmpoiicmaa, menesusopvt U IBM?2

B § 3.1 MBI oTmMeuasam, 4TO IJIaBHOE OTJIMYHE p
MOJYIPOBOLHUKOB OT IPOBOAHHKOB COCTOMUT B Xa-
paKTepe B3aBUCHUMOCTH 3JIeKTPOHPOBOJHOCTH OT
TemnepaTypsl. McciejoBaHNA TOKASLIBAIOT, UTO Y
pAga 3JAeMeHTOB (KpeMHMii, repMaHUii, cejleH U
Ip.) 1 coegunennii (PbS, CdS u ap.) yaensHoe co-
OpPOTHRJIEHHE C YBeJIHYeHMEM TeMIIepaTyphl He L .
pacTeT, KaK y MeTaJLIoB (cM. puc. 2.14), a, Hao6o- o T
poT, yMeHbIaercsa (puc. 3.43). Puc. 3.43

W3 rpadura, n306parxeHHOr0 HA 3TOM PHUCYH-

Ke, BUJHO, YTO IIPH TeMIlepaTypax, 6JIM3KUX K a6CONOTHOMY HY-
J10, YAEeJbHOe COMPOTHUBIEHME MOJYHPOBOJHUKOR OUEHB BEJIMKO,
T. €. IPH OYE€Hb HUSKUX TeMIIepATypaX MONYIPOBOAHUK BeAET Ce-
64 Kak AuaieKTpuK. Ilo Mepe NMOBRINIEHUS TeMIePATYDHI Yieldb-
HOE COUPOTHBAEHHE NONYNPOBOAHUKA 6uicTpo yMenbinaerca. Ka-
KOBA € IPUYUHA YBEJUYEHHUSA IJIEKTPONDPOBOLHOCTH IIOJYIIPO-
BOJAHMKA ¢ POCTOM TeMIEPATYPHI?

CrpoeHue NonynpoBOQHUKOR

106Kl HOHATH MEXaHU3M BO3HUKHOBEHUS IIPOBOJHUMOCTH B IIO-
JYIPOBOAHUKAX, HEOOXOMUMO 3HATEH CTPOEHHUE IOJYIIPOBOTHUKO-
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BBIX KDUCTANJIOB W IIPDUROAY CBA3EH, YAEPKUBAIOIMINX aTOMEI
KpucTaLla IpPYyr oKoJo aApyra. J{nd mpuMepa paccMOTPHUM KpHUC-
TAJLT repMaHnsd.

HaM u3BeCcTHO, UTO KPHCTAJJILI FepPMAaHUA U APYTHX IIOJIYIIPO-
BOJHHKOB HMEIOT ATOMHYVIO (KOBAJIEHTHYI0) KPHUCTAJLIUYECKYIO pe-
merky. IInockas cxeMa CTPpYKTYPHI KPHCTAJLIA TrepMaHuA n3obpa-
JKeHa Ha pucyHKe 3.44. YeThIpe BaJIeHTHRIX 3JEKTPOHA KA OTO
aTOMa repMaHUS CBA32HEI C TAKVMMH 2Ke 2JIeKTPOHAMH COCegHUX
ATOMOB XMMMWYECKMMM IIaPHOAMEKTPOHHLIMY (KOBAJIEHTHLIMM) CBA-
3amu. B 06pa3oBaHNY 9TOM CBA3Y OT KaXKIOr0 aTOMa YYacTBYeT 110
OAHOMY BAJICHTHOMY 3JeKTDOHY, KOTOpPhIe OTIIENJIAITCA OT aTo-
MOB (KOJLIeKTHBU3HUPYIOTCA KPUCTAJJIOM) ¥ IPH CBOEM ABHXKEHUH
60BINIYIO0 YACTh BDEMEHU IIPOBOAAT B IIPOCTPAHCTBE MEXKAY COCeN-
HuMH aroMaMi. X orpuiiaTesbHbI#l 3apsaf YAEPKHUBAET IIOJIOMKH-
TeJbHLIe MOHBI I'epMaHus Apyr Boaje apyra. Takoro poja cBA3b
CYIIECTBYeT MEXAY AApaMH (IIPOTOHAMM) B MOJIEKYJe BOJAODOJA.
OHa ycIOBHO MOXKeT ORITh M300paskeHa ABYMSA JUHUAMH, COeNU-
HaomMuMHu agapa (puc. 3.45).

He Hamo AyMaTh, YTO KOJJIEKTHBHU3UPOBAHHAA IIapa 3JIEKTDPO-
HOB NIPHMHAJJIESKUT JHUIIL ABYM aToMaM. KaskAniil aToM obpaayer
YeThIpe CBA3H C COCEJHUMM, 4 JAHHBLIA BAJIEHTHEIN 3JEKTPOH MO-
JKeT ABUTAThCA N0 J06oit us HuX. Holiaa 10 cocenHero aToMa, oH
MOXKeT IepeMiTH K CJeAyIomieMy, a 3aTeM JaJbIlleé BJ0Jk BCETO
KpucTtanna. KolJIeKTHBU3UPOBAHHEIE BAlEHTHEIE 3JI€KTPOHEL IIPH-
HAJJIeXKaT BCEMY KPHUCTAJLIY.

IIapHOS/IeKTPOHHEBIE CBA3U TEpMAHUS AOCTATOYHO IPOUYHBI U
IpM HU3KUX TEMIepaTypax He paapeiBatoTcdA. [loaToMy repManuit
IIpY HU3KOI TeMIIepaType He IIPOBOJMUT 3JEKTPUYECKU TOK. Yua-
CTBYIOUTVE B CBASH ATOMOB BAJIEHTHEIE 3JIeKTPOHAI IPOYHO IPHUBSA-
3aHBI K KPUCTAJLIWYECKOMN pEIIeTKe, ¥ BHELITHEe 3JIEKTPUUECKOoe
moJie He OKA3bIBAET 3aMETHOr0 BINAHUS HA UX ABHXKEHUe. AHAJO-
TUYHOE CTPOEHNE UMEET ¥ KPUCTAJI KPeMHHS,

Puc. 3.44 Puc. 3.45
310



Co6cTBeHHas NPOBOAUMOCTb
nNosIyNpoBOAHUKOB

TIpu marpeBaHMu repMasmns SHEpPrus BAJEHTHBIX 3JEeKTPOHOB
VBEJIMYHUBACTCS 34 CUeT dHEPI'MH TEIJIOBEIX KoJebaHuil ATOMOB pe-
weTku. IIpy 3TOM dHEeprusa HEKOTOPHIX 3JIEKTPOHOB (JaXke IIpU Ha-
rpeBaHUM IO CPABHUTEILHO HEBBICOKHMX TEMIEPaTyp) MOXKeT YBe-
JHUYUTHCS HACTONBKO, YTO CBA3Y HE BRIAEPIKUBAIOT U pByTCca. B pe-
3yJBTATE OTHEJbHEIE JJIEKTPOHLI HOKHUAAIOT CBOHM <«IIPOTOPEHHLIE
OYyTH» U CTAHOBATCA CB OGO X HEBI M H, HOJOOHO 3JIEKTPOHAM B
MeTannax. Bes BHEIIHErO IIONA 3TH DIEKTPOHEI JBHIKYTCA XAOTH-
yecku. Ilos seiicTBueM BHEUTHETO 3JieKTPUUECKOTO IOJA OHU Iie-
peMEINAIOTCH VIIOPANOUSHHO MEXAY V3JaMNU KPHCTAIHNYECKOH
penrteTky, o6pasya aneKTpudecKknii Tox (puc. 3.46).

I[TpoBOAMMOCTS IIOMYIIPOBOJHUKOB, OOVCIOBIEHHAS HATHUHAEM Y
HHUX CBOGOJHEIX SJIEKTPOHOR, HAZKIBACTCA DI e K TPOHHOM I po-
BOAMMOCTBbI0. IIpU TORBIIIEHIU TEMIIEPATYPEL UMCIO DA3OP-
BAHHBIX KOBAJIEHTHBIX CBsI3eil, a clegoBaTeaIbHO, U YHCIO CBOGOI-
HBIX 3JIEKTPOHOB B KPHUCTAJLIAX YBEIHUNBAETCA. 3TO ¥ IPHBOJUT K
YMEHbBIIIEHHIO YIeJILHOTO CONPOTUBIeHUA (CM. puc. 3.43).

OGpasoBaHHEe CBOGOJHOTO JJIEKTPOHA BJedeT 3a coboi MmosaBJIe-
HUEe cBOGOZHOIO (BAKAHTHOTO) MECTAa — JJEKTPOHHOI ABIPKHU —
B HApYILIEHHOM KOBaleHTHOI cBA3M. B Anipke MMeeTca M36BITOU-
HBIHA MOJIOXKUTENBHBIH 3apA [0 CPABHEHHIO C OCTAJIBHLIMH, HOD-
MaJIbHBIMHU CBA3AMH (cM. puc. 3.46).

ITonoskeHre ABIDKH B KPHMCTAJIE He SBIAETCH HeH3MeHHBIM.
Henpeprisuo npoucxozut ciaezyioomuit nporecc. OQuH U3 9JIEKT-
pOHOB, OfecIlieUMBAIOIMUX CBA3b ATOMOB, IIEPECKAKHNBAET HA Mec-
TO obOpasoBaBUIElCA ALIPKM ¥ BOCCTAHABJINBAET 3JieCh IAPHO-
3JEKTPOHHYIO CBA3hL, 4 TAM, OTKY/A IEePEeCKOUYHJ dJIEKTPOH, ofpa-
3yeTcd HOBAS [JBIPDKA. OTY ABIDKY MOMKeT 3aHAThL Kakoi-nu6o
apyroii ajnexTpoH. Takum o6pasom, Giaarozaps IepeMelleHHIO
3JEeKTPOHOB CBA3HM IIPOHCXOAHT IlepeMelleHHe ARIPOK IO BCEMY
KPUCTAJLTY.

XapaxkTep ABUXKEHUSI ILIPKH B KPHC-
TAJIJIe MOYKHO YACHHTh H3 CIeAYIoleit
aHagoruu. I[lyers oauE U3 coJAAT BhI-
uren u3 mrepeHru. [Ipu stom ob6pasona-
Jach «BaKaHcUA». Ecau Bce crosue
cIIpaBa COJZATHI OYIYT HOCTIEeNOBATE -
HO IlepeMelTAThCA Ha OCBOGOAUBIIEECS
MECTO, TO BCe 6yAeT IPOMCXOJHUTL TaK, Puc. 3.46
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KaK OYATO cBOOOAHOE MECTO MepeABUraeTcsa B CTOPOHY, IIPOTHBO-
IIOJIOMHYIO TIePEMEINeHUIO COMAT.

ITpu oTcyTCTBUH BHEIITHETO IIOJIA NEPEMEINeHHe JhIPOK, PABHO-
IieHHOE IIepEeMEIeHUI0 3aPA0B, IPOHUCXOAUT XAOTHYECKH W IIO-
3TOMY He CO3JaeT JEeKTPHUIECKOro ToKa. Ilof feiicTBHEeM BHEIITHE-
r'0 3JIEKTPUYECKOT'0 IOJIA IPOUCXOJUT YIIOPALOYEHHOE NIepeMelre-
HHe JBIPOK B HANPABJICHWH JUHWH HANPAXKEHHOCTH IIOJdA, T. €.
B HANPABJEHUH, IIPOTHBOIOJIOMHOM INEPEMEINeHUI0 3JIeKTPOHOB
cBA3H. PaccMoTpeHHBIH IIpolecc HA3BIBAETCS JJBIPOUYHOM
OIPOBOAMMOCTH IO.

Takum obpasom, B umCTHIX (6e3 npumeceil) MONYIpPOBOAHU-
Kax BO3MOXXHA 3JIEKTPOHHAA IPOBOANMOCTE, OOYCJIOBIEHHAA
ABHKEHHEM CBOGOJHBIX 3JIEKTPOHOB (IIPOBOAMMOCTH n-rumal), m
OBIpOYHAfA, ODYCJOBJIEHHAN ABU)XXEHHEM ABIPOK (IPOBOAMMOCTH
p-Tuna?).

Takoro poia NPOBOAUMOCTL HASKBAIT COOCTBEeHHOI
IPOBOAUMOCTBH 0 MOIYIPOBOAHUKOB.

IIpu HapymeHUH KOBAJEHTHBIX ¢BA3eH B KPHUCTAJJE OJHOBpE-
MEHHO B OJHHAKOBOM KOJHUUECTBE BOZHUKAIOT CBOOOLHEBIE 3JIEKTPO-
HBl U ABIpKH. B pesyibTaTe TEILIOBOI'O ABMMKECHUS, C OJHOHN C€TO-
POHBI, IIPOUCXOAUT of0pa3oBaHUe HAP 3JEKTPOH—ABIPKA, a C JApY-
roii — HX yacTU4YHoe BoccoequHeHue (pexombunHanus). Ilpu gam-
HOI TeMIepaType B eJUHUIEe o6beMa KpHCTANJIA UHCJIO Iap B
CcpeHEM OCTAETCHA MMOCTOAHHBIM. =

IIpogodumocmb HucmMbiX NOAYNPo8oOHUK08 (cobcmeeHHas
nposodumocmsv) ocyuecmaniemca nepemeu,eniuem c80600HbLx
21eKMpOHO8 (3NEeKMPOHHAA NPOBOJUMOCHIb) U Nepemeu,enl-
eM C8A3AHHBLX 3JeKMPOHO8 HA BAKAHMHbLE Mecma NapHo-
aneKmpoHHbLX c8a3eil (ObtpOUHAA NPOBOOUMOCLY).

§ 3.16. MIPUMECHA4A JIEKTPONPOBOAHOCTb
nonynpOBOAHUKOB

IIposodumocmdsb nOAYNnPoBOOHUKO8 UPEe3BbLLAILHO CUALHO 3a-
sucum om npumeceil. Hmenno ama 3asucumocms clenana
noAYNpoBOGHUKU meM, YeMm OHU CMAal 8 CO8PDEMEeHHOlL mex-
HUKe.

L1Or nar. negativus — oTpULIATE THHBIIE.
20r nar. positivus — moNOXKUTENHHEIT.
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Co6CTBeHHAA MPOBOJUMOCTD IIOJYIIPOBOTHUKOB OGBIUHO HEBe-
JIMKa, TAK KaK MaJjlo YUCJIO CBOGOAHBIX ajeKTpoHOoB. Hanpuwmep,

B repMAHUM IIPY KOMHATHOX TeMneparype n, =3 * 1013 cm 3. B o

3Ke BpeMs YMCJIO aTOMOB repmanusa B 1 cm3 mopsaka 1023, Takum
0o6pasoM, UuCIO CBOGOZHBIX 3JIEKTPOHOB COCTABJSIET NIPUMEPHO
OHY MeCATUMMJLIMAPAHYIO YacTh OT o6Iero uucjga aromoB. Co6-
CTBEHHAs IPOBOJUMOCTL IOJYIPOBOAHMKOB MMEET HEKOTOpoe
CXOZICTBO C IIPOBOJMMOCTBIO BOAHBIX PACTBOPOB HMJM PACILIABOB
3JIeKTPOSINTOB. VI B TOM, U B ADYroM cliydae BOSHUKHOBEHUE CBO-
OOLHBLIX HOCHUTeJeH 3apaza o6yCJIOBJIEHO TEIJIOBLIM ABUXKEHUEM.
IToaToMYy ¥ y MOJIYIPOBOSHUKOB, ¥ ¥ BOJAHBIX PACTBOPOB MU pac-
ILJIaBOB SJIEKTPOJUTOB HAGIIONAETCA YBeIUYEeHUE IIPOBOTUMOCTH C
POCTOM TeMIIepATYPHI.

CymecTBeHHAsA 0CO0EHHOCTE IOJYIIPOBOSHHUKOB COCTOUT B TOM,
YTO B HUX IIPU HAJIMYUU IIpuUMeced HapAAY ¢ COOCTBEHHOU ITPOBO-
IUMOCTbHIO BOSHUKAET AOMOJHUTEbHAS — NI PHUMEeCHAaA IIPo-
BOZUMOCTbH. I3MeHAsa KOHIEHTPAIIHIO TPUMECH, MOYKHO 3Ha-
YUTEeNbHO M3MEHHUTL YMCJIO HOCUTeJedl 3apAna TOro WJIH HHOIO
3Haka. Braromapsi sToMy MOKHO CO3JaBaTh IOJYIPOBOJHUKH C
NPerMYLIeCTBEHHOM KOHIleHTpalueil Ju6o oTpHIlaTeabHO, JHOO
MOJIOXKUTENILHO 3apAXKEeHHBIX HOCHUTeJel. ITa CIOCOOHOCTh 10JaY-
MIPOBOAHUKOB U OTKPBLIBAET IIHPOKYE BOSMOYKHOCTU LJISI MX IPaK-
TUYECKOr'0 IPpMMEHEeHH .

JLOHOPHbIE NpUMecu

Ecau npu BEIpalliBaHUYM MOHOKPUCTAJIJIA FTePMAHUA B PacIiljiaB
I00aBUTH HeGOMBIIOE KOJTUYECTBO MBIIITBAKA UJIH CYPbMEI, TO IIPDH
KPHCTAJJIN3AIUY ATOMBI IIPHUMECH BRITECHAIOT OT/E/JbHBIE ATOMEI
repMaHHs U3 X MECT B KPHCTAJLIHYecKod pemerke (puc. 3.47).
MeiussaK (4 cypbMa) HMEIOT 10 IATH BAJIEHTHLIX 3JIeKTPoHOB. Ilo-
3TOMY ATOMBI IPUMeECH, 06Pa30BaB KOBAJIEHTHEIE CBA3Y C YeTHIPb-
MA OMMXAMIIIMMHM aTOMAMH repMaHUA M MCIOJb3OBAB JJIS 3TOrO
YeThipe BAJICHTHBIX 3JIeKTPOHA, 6YAYT UMETh 10 OJHOMY JHUITHEMY
3JIEKTPOHY, ciabo CBABAHHOMY C ATOMHBIM sAApoM. BciexacTBue
TEILIOBOTO ABUKEHUS MPAKTHYECKH BCe JIUIIHUE 3JeKTPOHBI aTo-
MOB IPHMECH OKa3bIBaloTcsA CcBOGOZHBIMU (cM. puc. 3.47). Ilpu
IOOAaBJIEHUUA ONHOU JEeCATHMUJIJIMOHHOHA JOJYU ATOMOB MEIINbSIKA
KOHIIEHTpanUs CBOOOAHBEIX JJIEKTPOHOB CTAHOBUTCS PpPaBHOH
106 ¢cm™3. 910 B ThICAYY pa3 6OJBIIE KOHIEHTPAIIUN CBOGOZHBIX
9JIEKTPOHOB B YHCTOM ITOJIYIIPOBOJHUKE.
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IIpuMecun, Jyerko otparwIiue 3JeKTPOHBI H, CJA€J0BATEIbHO,
YBEeIUUYUBAIOLIME YHCJO CBOOOZHLIX HJIEKTPOHOB, HA3LIBAIOT [ O-
HOPHHB MY (OTJAION[AMH, AAPAIMMU) TpuMecaMu. [lpu
HAJIMYUH 3JIeKTPUYECKOr0 II0JIs1 ¢CBOBOHEIE 3JIeKTPOHKL IIPUXONAT
B YIODSIOYEHHOE IBUKEHIE B KPUCTAJJe IIOJIYIPOBOAHHUKA, K
B HeM BO3HUKAeT 3JEKTPOHHASA NpUMecHAas HIPOBO-
IUMOCTb. [lonynIpoBOZHUKH ¢ TAKOH IIPOBOAMMOCTHIO Ha3bIBa-
I0TCA DJEeKTPOHHKR MU UIM HONYIPOBOAHUKAMU
n-T AL I a.

TIoCKOMBKY B HOJYIIPOBOAHUKE 7i-THUIIA YUCJIO 3JIeKTPOHOB 3HA-
YHTEeNbHO BOJIbINe YHCIa OBIPOK, TO DJIEKTPOHBI ABJISAIOTCA OCHOB-
HBEIMU HOCUTEJIAMY 3apsJia, a ALIPKM — HEOCHOBHEK M W

AKUenTopHbIe NPpUMecu

Ecnu npu BHIpaNiMBAKUE MOHOKPHMCTAJLIA TePMaHUA B PACILIABR
J00aBUTH HEKOTOPOE KOJUYECTBO TPEXBAJNEHTHRIX ATCMOB, HATIPU-
Mep, UHAUSA MJIU FaJlIusA, TO IPpH o6PasoBaHUM KPHUCTAJJIA aTOMBI
IpHUMeCcH BBITECHAT M3 CBOMX MECT OTAEeJbHBIE ATOMBI IePMAHU.
IIpu 3aMeleHMM B KPUCTAJIMYECKOH peilleTKe aToMa repMaHHUs
ATOMOM IIPDHMECH, WMEMINIUM TPM BAJEHTHRIX 3JEKTPOHA, TpHU
CBA3HM aTOMAa IIPMMeCH ¢ ATOMAMH FrepMaHuA OKAXKYTCH 3aIT0JHEH-
HBEIMU, & OJHA CBfA3b UYETBEPTOro aATOMa repMaHKA (cocela aToMa
npuMecH) — He3anoJHeHHOI. CiefoBaTeNbHO, B pelleTKe obpasy-
eTca AbIipKa (puc. 3.48). Kasxariii aToM TpexBaJeHTHOII IpuMecH
o0pa3yeT B KPUCTaJLJIE TI0JYIIPOBOTHUKA OAHY JBIDKY.

Takoro poja npuMecH HA3LIBAIOTCA AKIENTODHBI MU
(IPHHUMAIIUMHA).

Tlon neiicTBMEM BJIEKTDHYECKOro HOJIA ILIPKHU IIePEMEN[ATCs
B HAITPaBIEHUH BEKTOPA HAIIPAMKEHHOCTH II0JS, U B IIOJYIIPOBOJ-
HIKE BO3HWKAET ABIPOYHAA NPuUMecHAas HNPOBOJHU-
MO ¢ T b. [lonyuposoaHuxu ¢ npeobiagaHueM ALIPOYHOH IIPOBO-
OMMOCTH HaJ SJEKTPOHHOI HA3LIBAITCA MOJYIPOBOJHHU-
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KaMu p-THIIa. B noaynpoBogHHKE p-THIIA OCHOBHBIMH HOCH-
TEJIAMH 3apAfa ABJAIOTCA IBIPDKU, 4 HEOCHOBHBIMM — 3JIEKT-
POHBEI,

Ecin B moJynpoBOJHUK OMHOBPEMEHHO BBOAATCA KU JOHODHEIE
M aKIENTOPHBEIE IPHMECH, TO XapaKTep NPOBOAMMOCTH IOJIYIIPO-
BOOHUKA (- WJIKH p-THUII) OIIpefessieTcA IPUMechK) ¢ GoJiee BEICO-
KOM KOHIleHTpanuell HOCUTeNeH 3apsaia — JJIEKTPOHOB HJIM JhlI-
pOK.

HonopHbvle npumecu omdaiom JuULHUE BANLeHMHblLe 3]eKmpO-
HbL: 00pas3yemcsa noiynpoeodHUK n-muna. AxyenmopHbie npu-
Mecu cosdarom Ovipru: obpasyemcs nOAYnPpo6oSHUK D-muna.

§ 3.17. 3JIEKTPOHHO-AbIPOYHbIN NEPEXOA,
(n—p-NEPEXOA)

Ocobwiil nparxmuyeckuil unmepec npedcmagnsim A6AEHUS
Ha zpaHulye pa3fena noaYynposodHUKOE ¢ - U P-npo8oduMoc-
mamu. [Ipu smom o6pa3yemcsa makx HA3blBAEMbLil d1eKMPOH-
HO-ObtpounbLil (n—p) nepexod.

ITpu KoHTaKTe JBYX IOJYIPOBOJAHMKOB C PAGNTUYHEIMY THIAMH
IIPOBOAUMOCTH BCJIEJICTBUE TEILJIOBOrO JBMYKEHUA IPOUCXOLUT B3a-
uMHasa audoy3us HocHTeell 3apAafa depesd MPaHUILY COIPHKOCHO-
BEHUA (KOHTAKT) MOJYIPOBOAHUKOB, JAJEKTPOHBI H3 n-obJjacT,
rie OHU ABJIAITCA OCHOBHBIMU HOCUTENAMU 3apALa, NEePEeXOoIAT B
p-obnacTs, rge MX KOHIEHTpAIMA 3HAUNTENBHO MeHbIlle. TOYHO
TaK Ke JbIDKH mepexonsaT u3 p-objacTy B n-o6nactes. Ilosromy
n-o6gacTe BOJIM3K IPDAHUNLI Dasjesia OKA3IBIBAETCH 3apsaKeHHOM
IOJIOMUTENbLHO, a p-06J1acTh — OTpHIAaTENbHO (puc. 3.49, a); n-o06-
JIACTH IPHOOpEeTaeT IIOJOKUTEJBHBIH [IOTeHIHAT, W 3JHepPrus
3JIEKTPOHA B HEM OKAa3bIBAeTCsA MeHbIle (TaK Kak 3apAj BJIEKTPOHA
oTpuLaTeJIeH), a IIOTeHIuas p-obJaacTH clenaeTcsa OTPHUIATENb-
HBIM, 1 BHEPIUA 3JIEKTPOHA B Hell yBennunTca. KpuBasa pacopepe-
JIeHUd MOTEHUMANBHO! d9HEePruy 3JeKTPOHOB W uMeeT BUJ, IOKAa-

3aHHLIA Ha pucyHke 3.49, 6 cruromHoi auHKeii. HanpoTus, aHep-
TUA MOJIOKHUTEJIBHEBIX JBIDOK Wn 6ospine B n-061aCTH ¥ MEHbIIE B
p-obnacTy (IUTPpUXOBas KPUBaA Ha TOM Xe DUCYHKE).

B ycnoBmax TenyoBOro paBHOBECHA MPH OTCYTCTBHU BHEILIHETO
SNEKTPUYECKOTO HATIPAKEHNUA NONHAS CHJIa TOKA YePe3 3JIeKTPOH-
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HO-ABIPDOYHEIY mepexoj paBHa Hymo. OO0bACHAETCA 3TO CAEAYIO-
muM obpaszom. 13 pucynka 3.49 BUAHO, UYTO KOHTAKTHOE 3JIEKT-
pHuUecKoe IIoJe crnocobcmayem IBUMEHUIO HeOCHO8HbLX HOCHUTE-
Jeit 3aapAana, KOTOPEIE «CKATHIBAIOTCA» C IIOTEHIIUANLHOrO YCTYIA.
IToaToMy BCe HEOCHOBHEIE HOCHUTENH IPUKOHTAKTHOMN o6racTu
ABUKYTCHA 4Yepe3 n-—p-nepexoA U o6pasyioT TOK i, HATIPABJEH-

HBIH OT 7N-TIONYIIPOBORHHUKA K p-TIOJYIPOBOAHUKY. Ero cuna Toka
TPaKTHYECKU HE 3aBUCUT OT PA3HOCTU NOTEHIIMAJNIOB MEXIY n- !
P-TIONYIIPOBOAHUKAMU M ONpeJeNdAeTca TOJbLKO KOJIHYECTBOM He-
OCHOBHBIX HOCUTeNel 3apana.

OcHoBHBIE XXe HOCUTENU (ABIDKH, JBMMKYIIecd CIIPABA HAJIEBO,
U 3JIEKTPOHRI, ABHMKYIMECS cJIeBa HanpaBo) 06pa3yloT TOK i, Ha-

OPABJIEHHBLIA NPOTHUBOIIOJIOMKHO, T.e&. OT p-IOAYNPOBOSHUKA K
n-noaynpoBoaruky. Ha pucyuke 3.49, 6 BugHO, U4TO KOHTAKTHOE
moJie npenamcmaeyem [BHXKEHUIO0 OCHOBHbLX HOCHTeNxeil, KOoTo-
phie OOJIKHEI IpeoJoJieTh MNOTEHIUAJABHEHE Oapbep.
B cocToanny paBHOBECHs YCTAHABJIWBAETCA TaKasd BhICOTA IOTEH-
uuaabHoro Gaprepa (KOHTAKTHAS PA3HOCTL IIOTEHIIUAJIOB), IpH
KOTOpO noJIHadA cuJla TOKa

i=i —-i = 0.
Bueninee aieKTpHUECKOE I10JIe U3MEHAET BhICOTY IOTEHIIHAJIL-

HOro 6aphrepa M HAPYINAET paBHOBECHE MOTOKOB HOCHTeNel TOoKa
yepe3s 6apbep. IIPeAITOI0M UM, YTO MBI IPHUJIO/KHMIIM K KOHTAKTY Ha-

a) +|- a) +| -
n +|—- p - n +|(- p +
+|- +|-
lH iH
~-—] <———i
o o
i=i —~i, =0 i=i —i,

Puc. 3.50




Ops»KeHUe TAKOro 3HAKA, UTO IIOTEHIMAJ Nn-06J1acTH OKa3hIBAETCHA
OTPHIATENBHEIM, & p-06aacTu — IIOJONKUTENbHEIM (puc. 3.50, a).
Toraa sHeprus 3J1eKTPOHOB B n-00J1aCTH YBEJIHYUTCH, & B p-obJsac-
TH YMEHBIIUTCH, & CIeAOBATENBHO, BHICOTA NOTEHIIUANBHOrO 6aphe-
pa craHeT MeHbule (puc. 3.50, 6). IIpu sTOM cHJIa TOKA HEOCHOB-
HEIX HOCHTeNel i, Kax TOBOPMJIOCH BhiIlle, He HaMeHuTcA. Cuia
¥€ TOKA OCHOBHEIX HOCHTeNell | YBEIUUUTCS, TAK KAK Tenephb
6oJipIiee KOJIUYECTBO 3J€KTPOHOB CMOXKET NPEeOAOJeTh IIOTEHIU-
ANLHBIH 6aphep M IepeifTH cJieBa HANPABO, a TakXe Goibuee KO-
JINYECTBO ALIPOK — IepeiiTH B IPOTHBOIIOJIOMHOM HATIPABJIEHUH,
B peayabTaTre 4epes KOHTAKT GyseT MATH TOK i = i0 — i, Hampas-
JIEHHBI#l OT p-IOJYNPOBOAHUKA K 7t-TIOJYIPOBOAHHKY; CHJIA TOKA
6yaeT OBLICTPO HAPACTATh C YBEJIWMUYEHHEM IIPHIIOXKEHHOrO HAIIDSA-
sxkenna. Hanpasienne Toka, KOTOpOe BO3HUKAET B JAHHOM CJIY-
Yyae, HASKIBAIOT NPONYCKHK M, ATOK — I P A MBI M.

Yro 6yAeT IPOUCXOAUTH, €CIH K n-06JIacTH IPHUCOEIUHUTE I10-
JIOKUTENBHBIA IIONI0C MCTOUHUKA TOKA, a K p-006J1acTH — oTpuua-
TenbHBH (puc. 3.51, a)? B aToM cayuae BhICOTa IIOTEHIMANLHOTO
6apbepa yeeauuumcs U CUIa TOKA OCHOBHBIX HOCUTeNeH i yMeHb-
HIUTCA. YiKe IDH HANPAXKeHUAX mopaaka 1 B aroT Tox npakTuue-
CKH 00paTMTCA B HYJ b, M IOO3TOMY uepe3 KOHTaKT OyJaeT Teub
TOJLKO TOK HEOCHOBHKIX HOCMTeJNeil, npH aTOM CUJa ToKa i, 6yner
oueHbs Mana (puc. 3.51, 6). 3To HanpaBIeHHe TOKA HA3BIBAIOT
3AaDHPAION[UM,ATOK — O6pPATHBR M.

a) +1-
+ -
f n¥Tp |- o—{EITpT—o
+ |~ a)
lﬂ
i,=0 i=i AL
o{p[mTp }o
0)

o—{nTp[mn]plo

8)

Puc. 3.51 Puc. 3.52
317



TaxuM ob6pasoM, n—p-nepexoj] o6JIafgaeT OGHOCTOPOHHEM Ipo-
BOJAUMOCTBIO, AHAJNOTMYHO BRIMPAMIAIOIIEMY HdeiiCTBUIO JBYX-
JNEKTPOAHOIT JaMIIBl — BAKYYMHOMY Auofay (cM. § 3.12).

OJIeKTPOHHO-ABIPDOYHEIE NePeX0oAhl HOJYIPOBOAHAKOB LIUPOKO
NPUMEHAIOTCA B COBPEMEHHBIX MOJYIPOBOAHUKOBHIX HpHGO-
pax. IIpu6opsl ¢ OZHHM n—p-NepexXoA0M HA3BIBAIOTCA AHUOJAMU
(puc. 3.52, a); ¢c zBymMa — TpaHsucropamu (puc. 3.52, 6); ¢ TpeMa —
TypucTopaMu (puc. 3.52, 8).

BsekmpoHHO-OblPOYHBLIL Nepexod No OMHOWEHUIO K MOKY 0Ka-
3bl8AEMCA HECUMMEMPULHBIM: 8 NPAMOM HANPABLEHUU CONPO-
muaJjieHue nepexoﬁa SHAYUMENbHO MEéHbULE, HeM 8 odpamnom.

§ 3.18. NONYNPOBOAHUKOBbIA ANOA,

OO0HOCMOPOHHAAL NPOBOOUMOCMb N—pP-Nepexoda HAULLA ULUDPO-
K0e npumexHerue 8 npufopax, HaA3biédeMblx NORYnpoeo -
HukosbvmMu Ouodamu, Ona 8bNPAMIACHUA NEPEeMEHHOZ0
morxa. Cyujecmayem MHO20 pA3auiHbLx munos8 duodos. Pac-
cmMompuMm O0UH U3 MUNOSE NOAYNPOBOTHUK08bLX JU0dos.

YCcTpOMACTBO NONYNPOBOAHUKOBOIO ANOAa

ITonynpoBoRHUKOBLI JUOK COCTOUT M3 MOHOKPUCTALINUECKOMH
IJACTHHKN repManus 6 (puc. 3.53), obagaiomieit sJIeKTpOHHOM
MIPOBOJAMMOCTLIO 34 cueT He(GOonbInoi no6as-
KU JOHODHOH mpuMecHu. 1A cO3maHUA n—
p-liepexofa He TOANUTCS IIPOCTOE MexXaHuue-
CKOe COeJUHEeHHe NBYX IONYHPOBOLHUKOB C
PA3HBIMH THIIAMH IIPOBOAMMOCTH, TaK KaK
IIpH 3TOM MEXAY IIONYIPOBOAHUKAMHU MOJY-
yaeTca Gosasmol 3aszop. Tonmuna xe n—
p-lIepexofa JOJKHA OBITH HE GONbILIE MEXK-
aToMHbIX paccroAnuii. IlosToMy B ogHy u3
MOBEePXHOCTEH NMIACTHHKY I'epMaHMs BILJIAB-
AAI0T MEAWI. B paccMaTpuBaeMoM [Quoje
(cMm. puc. 38.53) kKamnA HMHAUA 5 BILIABIe-
Ha B BEDPXHIOIO YACTh MIACTHHKU repMaHHs,
a HUKHAA JACTh INIACTUHKH IPHUNASHA 0JIO-
BOM 7 K MeTAJIMYecKOMy Kopniycy 4. B mpo-
11ecce IUIaBJIEHUS aTOMBI MHAUA AudppyRIM-
Pne. 3.53 PYIOT BHYTDE TepMaHUs I 06pasyIoT NOBEPX-

318




HOCTHYIO 00J1aCTh ¢ IBIDOYHOU npoBoAuMOCTHI0, OcTalbHaA YacTh
MIACTHHKH, KyJa ATOMBI UHAUSA He IIPOHHUKJH, OCTAJACH C JJIEK-
TPOHHOI IPOBOAMMOCTBIO. B peaysibTaTe B MIacTHHKe oOpasoBa-
JIMCH iBE PEe3KO0 PasrpaHuvueHHbIe 06JIaCTH ¢ PA3IHIHEIMHA BAIAMHU
MPOBOAMMOCTH: 3JIEKTPOHHO-ABIPOUHBIN IepeXo/.

T'epMeTrueck# 3aKPBITLIM CBADHON MeTa/LIMYEeCKH# Kopnyc 4,
B KOTODPBIl IOMeINeHa IJIACTHHKA repPMaHusa, M30JKWPYET €e OT
BpeJHBIX BO3JeicTBHII aTMOChEpHOro BO3AyXa 1 cBeTa, obecreyn-
Basg YCTOMUMUBYIO paboTy 3NMeKTPOHHO-ALIpOYHOro mepexoga. Or
NJIACTHHKH CAeJIaHbI JBa BLIBOJA 3, IpHUYeM OAHH M3 HUX (Bepx-
HUif) OPOXOAUT B MeTaJnuuecKoii TpyOke I, M30JUPOBAHHOI OT
Kopuyca cteksoM 2. Meraninudeckuil KOpoyc BRITHYT Hanojgobue
moJyieit nyaAnel (paguarop 8) ANA JAYYMIEro OX-
JasxIeHusi, TAK KaK C MOBBIIIEHHEM TEMIIEpaTy-
Pbl CHMIKAIOTCA BBIIPAMJIAOIME CBOHCTBA TIONY-
TIPOBOJAHUKOBBIX JUOJLOB (C BO3PACTAHUEM TeMIIe-
paTypbl BO3PACTAET KOHLEHTPALMA HEOCHOBHBIX Puc. 3.54
HOCUTeJIel TOKa, CJIENOBATENBHO, BO3PACTAET U
o6paTHbI TOK).

AHajloruuHoe CTPOEHHE MMEIT W Apyrue Auoasi. Cxemarude-
croe usobpakeHHe IIOJYIIPOBOJHUKOBOrO AHOAA MPHUBEIEHO Ha
pucyHKe 3.54.

BonbT-amnepHas xapaKrepucTuka
nosynpoBoAHUKOBOIro AMOAA

BaxHo#i HHIUBHUAY&JIbHOH XapaKTePUCTHKON AMOAA ABIAETCS
€ro BOJbT-aMIIepHAS XapaKTEepPUCTUKA.

s CHATHA BONBT-aMIEPHOM XapaKTEPUCTHKU IHOJA NPH
NpSAMOM TOKe coOHpaloT Liellb II0 cXeMe pucyHKa 3.55, a npu o6-
paTHOM TOKe — IIo cxeMe pucyHka 3.56. CxeMy BKJIOUeHUA IDU-
GopoB NMpU U3MepPeHNH UPAMOTo ¥ 06PaTHOTO TOKOB B JHOJAE IIPH-

@) @)
= | O v = OF:

Puc. 3.55 Puc. 3.56
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I, MA & XOJUTCA H3MEHATL IIOTOMY, UTO
IpU NOPAMOM TOKe CHJIOH TOKa

100 B BOJBbTMETPE MOYKHO IIpeHed-

gg 7] peub, TaK KaK COIPOTHUBJIEHHE

70 BOJIBTMETpa 3HAUHTENLHO O60Jb-

60 1uie COIpOTHBJIeHUA Auoma. Ilpu

50 00paTHOM TOKe COINPOTHBJICHUIE

40 JHONa COpa3sMEPHO ¢ COIPOTHURJIE-

30 HIEeM BOJLTMETDA, II03TOMY MUJI-

20 / JMaMIOEPMeTD BKJIOUAETCA IO-

10 cjefoBaTeabHO ¢ nuogom. Ha pu-

—500 —100 » CyHKe 3.57 m300pakeHa BOJIBT-

4 //%* t‘i 0,1 0,3 U,B gamnepnas XapaKTepUCTHKA OTHO-

ro U3 ZUOLOB.
Puc. 3.57 W3 pucyumka BHUAHO, UTO CHJA
TOKA B IPOXOAHOM HATIpPABJIECHUU
¢ yBeIWUeHHEM HANIPAXKEHHUS PACTET OUeHb OBICTpo. B samuparo-
WIEM sKe HAlPABJIEHUHW CUJIa TOKA OUEeHL MAJia 1 IIOYTH He U3MEHA-
eTCs ¢ POCTOM HanpsxeHnsl.

W3 BonbT-aMIepHO# XapasTepHCTHKU JUOAA CHeAyeT, UTO AJA
Hero HecnpaBeJaIuB 3akoH Oma. Cuyia TOKa HaxomuTca B OoJiee
CJIOYKHOUW 33aBUCUMOCTH OT HATPSXKEHHA (3aBUCUMOCTL HEJIMHEIi-
Haf), 4eM JOJKHO ObITh, COTJIACHO 3aKOoHY OMa.

ITonynpoBOgHUKOBEIE NUOABI HU3TOTABIUBAIOT AJA BHIIPAMIIE-
HUA KaK cIabbIX, TAK U OUeHb CHJIBHBIX TOKOB. IlepBhbie NIUPOKO
NIPUMEHAKT B PAJUOTEXHUUYECKUX YCTPOMCTBAX — pAJHOIPHEM-
HUKaX, MarHUTOGOHAX, TeJeBHU30paX U T. . 3AeCh OHY IIOUTHU
IOJIHOCTHIO0 BBITECHWJIH BAKYYMHBIE AHOABI. JWOABI, paccuuTaH-
HEIE HA CUJIbHBIE TOKH, HCIIOJb3YIOT JJIA BRINIPAMJIEHUA MEPEMEH-
HEIX TOKOB HA TATOBLIX IIOJCTAHIIUAX, MMUTAIOWHX BIIEKTPOTPAHC-
IIOPT, & TAKXe B BJEKTPOJNUTHUYECKUX I[€XAaX, Ille IIPOU3BOJUTCS
DJIEKTPONUS, ¥ T. 1.

Ceaoiicmaea p—n-nepexoda ucnonvsyrom ONS 8biNpAMIECHUA
nepemenHozo moxa. Ha npomasasicenuu nonosunvl nepuoda,
Koz0a nomeHyUas NOAYNPOSOOHUKA P-MUNA NOJLOKUMELEH,
mok ¢c80600H0 npoxodum yepes3 p—n-nepexod. B caedywowyio
ROLOBUHY Nepuoda MoK NpAKMUYECKL DABEH HYAID.

1Y106n1 KpHBas OGPATHOrO TOKA IMOJIYIMIACH OJee BHPA3HTEIBHOIM,
ee MPHIILIOCHh BRIUEPYUBATH B JPYroM MacIiTabe, YeM KPHUBYIO IPAMOIoO
TOKA.
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§ 3.19. TPAH3UCTOP

Yenewnoe passumue meopuu meep0ozo mena npuseno K co-
30QHUI0 MHO2UX NORYNRPOBOOHUKOBbLX NPUOOPO8, BAICHOE MeC-
mo cpedu KOmopbLX 3aHUMAEm MpPAH3uUCMopl, Komoputil 6vin
u3obpemen 6 1951 2. amepuranckumu yienvimu Y. B. Illokau,
Y. Bpammeiinom u [Jxc. Bapoursim.

YcTpOMACTBO TPaH3UCTOpa

Hau6osee pacupocTpaHeHHBIM TMNOM TPAH3UCTOPa ABIAETCS
ILIOCKOCTHOU TpumoA. OCHOBOM /51 M3rOTOBICHHUS TPAH3UCTOPA,
KaK ¥ TOJYNOPOBOAHHUKOBOTO AMOAA, CIAYIKHUT ILIACTUHKA MOHO-
KPHUCTAJLJIa repMaHusa (UM KPEMHMS), cJerka oforalufeHHas Jo-
HOPHOHM IpuUMechl0, IJomaapw 2—4 MMZ M TOJIIIMHON OKOJIO
100 mxm. Ha nnacTUHKY KPUCTAJJIA TEPMAHUA C IBYX CTOPOH Ha-
HOCUTCS TOHUYAMIIUN CJIOU MHAUS.

ITocne nporpeBaHUA MJIACTHHKHU B IIEYM HA €€ MPOTHBOIIOJIOMK-
HBIX CTOPOHAX BO3HUKAKOT obJIacTH, OOOTalleHHbIe ATOMAMHU WUH-
NS, TPOHUKIIUMU B TeDMaHUM IpU pacIIaBieHuu. JTH 00JIacTH
MOHOKPHCTAJLIA TePMaHUs CTAHOBATCA IOJYNIPOBOAHUKAMU P-TH-
1a, 4 Ha TPAaHUIIAX COMPUKOCHOBEHUA UX C OCHOBHBIM KPHUCTAJIOM
BO3HUKAIOT JBa p—n-nepexojga. Cpegusas o6JacTh XpUCTAJLIA Ha-
3pIBaeTcsA 0 a30#d TpaH3WCTOpa, a ABe KpaiiHue o0JIaCcTH KpHC-
Tanna, objajamlnye IPOBOAUMOCTBLIO IPOTHUBOIOJOXXHOIO 6ase
THUNA, HA3KIBAIOTCA KOJNJEKTOPOM U 3MHUTTE P O M, IMUT-
TEP U KOJLJIEKTOP TPAH3MCTOPA OTJIHYA-
I0TCS JIUIL pa3sMepaMH: IUAMETP KOJI-
JIeKTOpa npuMepHO B 2 pasa 06oJibiie
IuaMeTpa SMUTTepA.

Yerpoiicteo  p—n—p-TpaH3ucTopa
CIUIABHOTO THIIA MOKAa3aHO HA DPHUCYH-
Ke 3.58 (nmudpamu oGosHaueHo: 1 —
6aJIJIOH TPaAH3UCTOpPA, 2 — KPpHUCTAJLI
n-repmanus (6asa), 3 — amurrep, 4 —
KOJLIEKTOp, 5§ — HUHIWEBBIA 3JIEKTPOI,
6 — xpucraogep)Xarejb, 7/ — CTEK-
JISHHBEIE U30JATOPhI, 8 — BBLIBOJ, SMHT-
Tepa, 9 — BeIBOX 6assl, 10 — BLIBOJX

9
KOJIJIEKTOPA). Puc. 3.58

Ot amra. transfer — mepeHOCHTH U aHII. resistor — COMPOTHUBIEHHE.
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p—n—p K n—p—n K TpanaucTophbt n—p-~—n-TUNa uMe-
IOT AHAJIOTUYHOE YCTDONCTBO, TOJIb-
Ko MaTepuan 6asel B HUX obiazgaer
OLIPOYHOM IIPOBOAUMOCTEIO, 8 KOJI-
9 9 JIEKTOD ¥ DMHUTTEP — BJIEKTPOHHOH.
2) 6) VenoBHoe o6o3HaueHHe TpaH-
3UCTOPOB HA CXeMe IMPWUBENEHO HAa

Puc. 3.59 pucyske 3.59, a, 6.

NpuHUKN aecTBUYA TpaH3aucTopa

IIpu ucnoNb30BAHUK TPAH3UCTODA B JIO60I 3JIEKTPOHHOM cxe-
Me JBa €r0 3JeKTPOAA HOJIXKHEI CIYKUTH JJIs BBEAEHUS BXOAHOTO
CUrHajia ¥ [Ba — JAJIA BEIBeJEHUA BBIXOJHOTO curHaia. IlocKkons-
Ky TPaH3UCTODP MMEET BCETO TPH 3IEKTPOJA, OAMH U3 HUX 00sA3a-
TeJBHO MCHOJIL3YETCA ABAMKIBI U OKA3bIBAETCS OOINUM IJIA BXOJ-
HOIi ¥ BBIXOAHOIT IIe1TH.

BoamosxHEI TpH cniocofa BKJIIOUEHUS TPAH3HUCTOPA B 3JEKTPH-
YyecKylo nemb: ¢ obImeil 6a30i, ¢ o0IMUM SMHUTTEPOM U ¢ O6IIUM
KOJIIEKTOPOM.

PaccMOTpUM IpHHINI AeHCTBUS TPAH3UCTOpA p—n—p-THIA,
BKJIIOYEHHOTrO B Iienb ¢ obnieil 6a30i, Kak cxeMaTH4YecKH IIOKa3a-
Ho Ha pucyure 3.60. B aroit cxeme nepexop aMmurrep—06a3a BKJIIO-
4eH B IIPONYCKHOM HaIpaBJIeHUM, a IIepexoj KOJIeKTop.—6asa
B 3amIMpAaloIeM HampaBieHdAHd. MexxX1y sMATTepoM U 6a30if BKJII0-
yaercsa ucTouHUK ToKa G1 ¢ 3IC nopsaka 1—1,5 B u ¥ Trourawm 1,
2 noxBOUTCA BXOLHOE NepeMeHHoe Hanpsikenue U (curnan),

nogaexamiee yewiaeHnio. K BeiBogam oT 6a3sl ¥ KOJJIEKTOpa Npu-
coeguHserca 6aTapesa 3neMeHTOB G2 M HArPY304YHEIH peaucTop R.
Ha aroM pesucrope mosnyvaeTcsa BHIXOAHOE HamnpsixeHue U, = —

VCUJIEeHHBIH cUrHaI.,

—_ ++ —_
1 —[++]|]- 1
1o p- n||l-p —0
U i | et Dl Sy U

BX BRIX

ol ey T

Puc. 3.60
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TIpu co3faHuM HANDAXKEHUA MEXAY 3MHUTTepoM 1 6asoil, mo-
CKOJIBKY BMHTTEPHHI p—n-nepexo] BKJIIOUEH B IIPOITYCKHOM Ha-
MpaBJIEHUU, OCHOBHBIE HOCUTEIN 3apAAa IOJYIPOBOAHUKA D-TUIIA
(aMuTTEpa) — ABIPKHU NPOHHKAIOT B 6a3y, rje OHM ABIAIOTCA YViKe
HEOCHOBHEIMU HOCHTEeNAMH. [Ipy M3roTOBJNEHUHM TPAH3HCTOPA JO-
6UBAIOTCA TOr0, UTOOR! KOHUEHTPALMA CBOGOAHRIX 3JEKTDPOHOB
B 6a3e Onla HAa 2—3 MOPSIKA MEHBIIe KOHUEHTPAIMH JILIPOK
B 3MHUTTepe. I103TOMY BCTPEUHBIH IIOTOK 3JeKTPOHOB M3 0a3mnl
B BMUTTEDP MOYKHO He YUHUTHIBATS,

ITockonpky Tonmuua 6a3nl oueHb MaJia (He Gosbme 10 MKM) u
YMCJIO OCHOBHBIX HOCHTeJIell 3apAna (3JIEKTPOHORB) B Heil HeBeJH-
KO, IOIIABIINE B Hee ARIPKM MMOYTH He PEeKOMOUHHUPYIOT ¢ 3JIEKTPO-
HaMU 6a3kl U MPOHHUKAKIOT B KOJMAEKTOD 3a cueT Auddysun. IIpa-
BBIi (KOJLIEKTOPHBI) p—n-1lepexof 3aKPHIT AJIA OCHOBHBLIX HOCH-
TeJeil 3apAfa 6a3kl — BIEKTPOHOB, HO HE AJIA ALIPOK. B KOJJeK-
TOpe IBIPKM YBJEKAIOTCA JJEKTPUUYECKHM IIOJIEM, CO3JaHHRIM
6aTapeeit G2, 1 3aMBIKAIOT Ilenb. CHJIa TOKA, OTBETBJIAIONIEIOCA B
1enb dSMUTTepa 13 6askl, OYeHb MAJA, TAK KaK ILIOLAAL CeueHUs
6a3bl B rOpH30HTANLHOM (cM. pue. 3.60) IIIOCKOCTH MHOIO MEHb-
Ille CeYEeHUS B BEPTHUKAJIBHOUN IOCKOCTH. CHiia TOKa B lelly 9MUT-
Tepa (I,) npakTHYecKu paBHa CHJle TOKA B nenu koitexropa (I,),

TAK KAK IOYTH BCe ALIpKH (Ko 99,9% ), momazaioinue U3 SMUTTEDA
B 6a3y, IepexXOoLAT Jajlee B KOAJNeKTop. [loaToMy npu u3MeHeHUH
CHJIBI TOKA B I[€IM SMHTTEPA IIOYTH TAK e (BO CTOJBKO YKe pa3)
H3MEHSETCA CUJIA TOKA B ILienu KoaleKTopa. COIpoTUBIeHUE pe-
sucTopa R Majlo BIHAET HA CUJIIY TOKA B KOJLJIEKTOpe, U 3TO COIIPO-
THUBJIEHUE MOYKHO CIEJIATH JOCTATOUHO GONBIINIM.
HesnauurtenbHble kKone6aHUA BXOXHOrO HampskeHus U Bh-

3LIBAIOT 3HAYUTEJbHEIE KONe6aHUA CHJI TOKOB [ » M IK H, cJIeJOBA-
TeJIbHO, BRIXOZHOTO HampsykeHusa U_ ., TAK KaK CONPOTHBJIEHME

R Benuko. Ilpu 6oJBIIOM COIPOTHBJIEHHU peaucTopa R mu3me-
HeHUe HAaNpSKEHUA Ha HEM MOMKET B JECATKU ThICAY pa3 IpPeBHI-
aTh U3MEHEeHHe BXONHOTO HANIPAMEHHS. JTO M 03HAYAET YCH-
JeHUe HanpsaxeEuA. OJHOBPEMEHHO ¥ MOII{HOCTD, BhIJEJIAIOI A -
caA Ha Harpyske R, 6yHeT 3HAUWTEIBHO IIPEBHINATH MOIHOCTS,
pacxofyemMyio B Illenud SMHUTTepa. IIpoMCXOAuUT yCHJIEHHE MOIIl-
HOCTH.

PabGora TpaH3uUCTOpAa N—p—n-THNA OTJHYAETCA OT DPaGoThI
TPAH3UCTOPA p—N—p-THIIA JINIH TEM, YTO 3JIeKTPUYECKUH TOK B
9TOM clIiy4ae 00YCJIOBJIEH ABH:KEHHEM DJEKTPOHOB (a He ABIDOK).
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IOMUTTED IIOCTABJIAET IJIEKTPOHHI B 00JacTh 6asnl, OTKYJa OHM
YXORAAT B KONIeKTOp. IIOCKONMBKY MeHsleTCA 3HAK HOCHUTeNei

TOKA, MEHSIOTCA M IOJAAPHOCTH IUTAIOIUX HCTOUYHMKOB TOKA
(pmc. 3.61).

MpumeHeHue TPaH3NCTOPOB

TpaH3UCTOPH TOJYYHUIHN IIMPOKOE PaCIpoCTpaHeHNe B COBpe-
MeHHOH TexHuke. X MCHONB3YIOT AJIS YCUJIEHWA M reHepanuun
JIeKTPHUECKHX KoJsebanmit. (06 aToM GyZeT paccKasaHo B KaJb-
HeiinreM.) OHM IPUMEHAIOTCA BO MHOTHX BJIEKTPHYECKHX HEemAX
Hay4YyHOH#, NPOMEIMINEHHON u 6biTOBOIl ammapartypsl. IlopTaTue-
HEIe PaZMOIIPMEMHUKH, ACIOIb3YIOI[He TaK1e TIPUGOPHI, B 06ux0-
Ile TOXe MOJYyYHIN Ha3BaHue «TPAH3UCTOPHI». JIMOAKI ¥ TpaH3HC-
TOPEI, a TAK)Ke TAK HasblBaeMhble HHTErpajibHble CXEMBbI, CO3AAH-
HEIe HAa UX OCHOBE, OIIPEJeJSIOT YPOBEHb 3JeKTPOHHUKH, MHUKDO-
3JIEKTPOHMKH, BRIUNCIHUTENLHON TeXHUKHU. [IoJylIpOBOAHMKOBEIE
HHTerpajJbHbie MUKDPOCXEMBI — 3TO MOHOJUTHEIE (HYHKIIHOHANE-
HuI€ y3Jibl, BCE BJI€MEHTHI KOTOPHIX USTIOTABIMBAIOTCA B €IHHOM
TeXHOJOrHYeCKOM Iporiecce. MmMeHHO 6rarosgapa npUMeHEHUIO
HHTErPAJILHBIX MUKPOCXEM YHAJOCE ROCTUTHYTH 3HAYHUTEILHBIX
yClleX0B B MHHHATIODHM3AIIHM MHOrdX palHMoTeXHHYEeCKHX YCT-
poicTB. ITH CXEMEI IIHPOKO MPUMEHAIOTCA B COBPEMEHHEIX DJIeK-
TPOHHO-BLIYMCJINTEIbHBIX MallNHAX ¥ MHKPOIIPOLieccopax.

ITonynpoBoAHUKOBEIE MPHOODH! (IMOALI ¥ TPAH3UCTOPH!) ofa-
JAaloT PAAOM IIPEMMYINECTS IO CPABHEHHIO ¢ DAJHOJAMIIAMH: Y
HHUX HeT HAKAJIMBAEMOr0 KATOJA M IIO3TOMY OHH IOTPEOIAIOT
MEHBIITYI0 MOIIHOCTD; uMeroT Bricokuit KIIJI — a0 50% (B To Bpe-
MfA KaX Y BAKYYMHBIX JaMnO OH MeHbIme 1% ); HU3KMe HalipsMXe-
HUA IATAHUA, MaJkLIe DA3Mephl.
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B stux npubopax He TpebyeTcA co3naHUA BAKYyMa, Kak B
3JIeKTPOHHEIX JIaMIIAX, IIO3TOMY HAJEXKHOCTh U CPOK CJIYXKOBI Y
HUX ropaszo Goanine. IlonynpoBoanukoBLIe NpuGOPH Ge3nIHEp-
LOHHEL, T.e. He TpeOYyIOT BpeMeHU JAJA DPasorpeBa, KakK 3JIeK-
TPOHHBIE JAMIKI, & HAUUMHAKOT paboTaThE MTHOBEHHO ITOCJE BKJIIO-
YeHUA.

Ceppe3aHBIM HeJIOCTATKOM MOJYNPOBOAHUKOBEIX NPUGOPOB AB-
afercda X GoabIiasg YyBCTBHTENBHOCTH K MOBBILIEHHIO TEMIlepa-
TYDPHI, IIO3TOMY HEJBb3fl IOIYCKATE HX B3JeKTpHUUYECKo# mnepe-
TPY3KH; OHU TPeOyIOT TaKyke GOJBILION OCTOPOMKHOCTH NIPHU MOH-
Taxke.

Ceoiicmaa p—n-nepexoda 8 noAYnpo6oOHUKAX UCNOALIYIOM-
CA ONA ycuaenHus u 2zeHepayul IeKxmpuieckux Koaiebanuil.

§ 3.20. TEPMUCTOPbI U DOTOPE3UCTOPDI

ITonynposodnuxosvie duodvl. U MPAH3UCMODLL He UCUepNbL-
8aiom ace 803MONCHOCMU NOAYNPO80OHUKO08. [TosHaKOMUMCA
euwje ¢ 0gyma munamu noaynpo6odHUKOBbLX Nnpubopos.

TlonynporonunkoBrle NpUOOPLI, O KOTOPHIX MoOiifeT peus B
3TOM naparpade, IMeIOT 3HAYUTENLHO 60Jiee IPOCTYIO KOHCTPYK-
M0, YeM JMOALI M TpaHsucTopsl. OHM npeacTaBaaoT coboit Bce-
ro-HaBcero He6oMBIIINe KPHCTAJINKY TOJYIDOBOAHUKA ¢ KOHTAK-
ramu. OfHAKO, BIATORADA 38MEUATENLHBIM CBONHCTBAM IONYIPO-
BOAHHMKOB, AA’Ke 3THU IpocTeiilmue npubGOphl CIOCOGHLI peIaTh
MHOSXECTBO TPYAHBIX, BAXXHBIX ¥ MHTEPECHRIX 38a4 B CAMEIX pas-
HBIX OOJIACTAX HAYKHM M TEXHHKH. MBI orpaHUdYuMCH pPacCMOTpe-
HHEM JUIUEb ABYX IIpUOOPOB: TEPMHUCTOPAa U (pOTOPE3NCTODA.

TepmMmucropsi

DIEeKTpUYECKOe COIMPOTUBJIEHHE TOJIYIPOBOAHUKOB 3aBUCUT OT
TeMmnepatyphl {(cM. § 3.15). Eciu 5Ta 3aBHCHMMOCTS sl TOTO MK
MHOTO MOJYIPOBOAHUKA U3BECTHA (3KCIIEPUMEHTAJILHO MCCIERO-
BaHA), TO 00 M3MEHEHUIO CONIPOTHUBJIEHUSA MOJNYIPOBOAHUKA MOM-
HO CYRAUTH 00 USMEHEeHHH TEMIIEPATYPEL.

Taxue NoJynpoBOSHUKOBLIE NpUOOPHI M HA3KIBAIOT T € P M O-
PE3HCTOPAMH HIU COKDAI[EHHO TEPMHUCTOPAaMMH.
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BrIMyCcKAaOTCA TEDMHUCTODKI B BUAE CTEPXKHe, TPyOOK, AUCKOB,
maii6 u 6yCHHOK pasMEpPOM OT HECKOJbKUX MUKDOMETPOB [0 He-
CKOJBKHX CAHTUMETPOB.

TepMHCTODBI MMEIOT MHOTO MHTEpeCHBIX «npodeccuii». Ux uc-
MOJB3YIOT AJIA M3MEpEeHNA U peryJIJMpoOBaHNS TeMIIepaTyphl B JHa-
nasoHe or 1 K no 1800 K (TeMnepaTypa pacijiaBJIeHHOH cTaju),
1A TeMIlepaTypHOi cTabHIN3alMH PA3JIMYHBIX BJIEMEHTOB 3JIEK-
TPOTeXHUYEeCKOl ¥ pagHo3eKTpOHHOM anmapaTyphel. Ux mpume-
HAIOT AJA IPOTNBOMOKAPHOM CHUTHAJIN3AINM, AJA KOHTDOJIS Tell-
JIOBBIX PEKMMOB MANIMH M MeXaHM3MOB, KOHTPOJIA TEMIEPATYPRI
TAMEN060NBbHEIX B peaHUMAIIMOHHEIX MaJjaTaX, JUCTAHIIMOHHOIO
HabII0eHNA 38 COCTOAHHEM 3JJOPOBLA PEAKHUX H LeHHEIX »KHUBOT-
HBIX, ANA H3ydeHUA usnydeHus Conmna u ase3dn. TepmopeaucTo-
PBbl MCIIOJL3YIOTCA TAK XK€, KaK 6eCKOHTAKTHBIE IIepeMeHHble De-
3UCTOPEI, PeJie BpeMEeHH, ABTOMaTHyeCKNe NOTEeHIIMOMETPEI, IIpe-
IOXpaHUTENNA K T. X.

PaccmoTpum 6osnee moapofHO HCIONB3OBAHHME TEPMHCTOPa B
KayecTBe 6€CKOHTAKTHOTO IEPEMEHHOI'0 PE3UCTODA.

B 06biuHOM IepeMEHHOM pEe3WCTOpe, NIPUMEHIEMOM B pajguo-
npHeMHHKAaX, TeJEeBU30pax U Apyroil paguoTeXxHHUeCcKOR annapa-
Type, METALLIUIECKN KOHTAKT IIepeMellaeTCA II0 TOKONPOBOAS-
IeMy CJIOI0 M NOCTENeHHO CTHpaeT ero. Pe3sucTop BHIXOAUT M3
CTpoA. A Beab B TeJeBH3Ope, PAANONPUEMHEMKE MBI IOBOpaYHBAa-
€M DYYKY IIePEeMEHHOI0 De3UCTOpa Bcer'o JIMIb HECKOJBKG pa3 B
IeHkb.

Mesxay TeM cynIecTBYIOT CXeMEI (HalpRMep, CXeMEl ABTOMATH-
YEeCKOro peryJiMpoBaHMs), B KOTOPhIX HEOOXOAMMO M3MEHATh CO-
NPOTURJIEHNE HECKOILKO pa3d B MUHYTY. OGRIUHRII IepeMeHHEBIM
Pe3NCTOop ¢ 3TO 3aaueil He CIIpaBUTCA.

HezaMeHMMBIMU B TAKHX CIYYasaX OKA3LIBAIOTCA TAK Ha3BIBAE-
MBI€ TepMHCTOPBI ¢ KOCBEHHEIM noaorpeBoMm. Takoii npubop npen-
cTaBaAeT cof0il TepMHCTOP, BOIHU3N KOTOPOTO DACIOJIATAETCA MH-
HUATIOpHAA IoforpeBHas oOMoTKa. Ilpu mponmyckaHuM mo 3Toi
0o0MOTKe TOKA OHa HarpeBaeTcA, HAUPDEBAET TEPMHUCTOD, IIO3TOMY
€r0 COIIPOTHBJICHNE H3MEHAETCH.

ConpoTuBreHne o6MOTKH NOAOTPEBATENA COCTABIAET OBBIYHO
HECKOJBLKO JIECATKOB OM, CHJa Toka mojorpeBa — 20—40 MA.
Tax 4To MOIIHOCTh, HeOOXoAuMaA JJA VIIPABJIEHUA COIPOTHBIE-
HUEM TEePMHCTOPA, HeBEJIHKA — IOPASKA JeCATHIX MJIHN JAXKe CO-
THIX jpoJjieil BaTTa. MHHHATIOpHBIE pa3MepPsl TEPMHUCTOpPA U MOJO-
I'PeBHOH OBMOTKH II03BOJAKT CKOHCTPYMPOBATH TEPMHCTOPEI C
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KOCBEHHBLIM II0J0PpeBOM, obazaloiie MaJoil TEII0OBO MHepLH-
eil: NIpu M3MeHeHUH CHUNEI TOKA B 0OOMOTKE IIOJOTPEeBATES HOBOE
3HAYeHMe CONIPOTHRICHUA YCTAHABIMBAETCA ViKe yeped 5—20 c.
BaxupIM npeMMyLIeCTBOM TEPMUCTOPOB ¢ KOCBEHHBIM IIOJO-
rpeBOM Iepe]] OOBIYHBIMU I[IOTEHIIMOMETDAMH SBJISIETCA BO3MOXK-
HOCTb OUeHb JIETKO PeryJUPOBATh COIPOTHBIECHHE JUCTAHIIMOHHO,
Ha 11060M pacCTOSTHUM OT YIPaABAAEMOT0 00beKTa HIHU CXEMEL.
Ouens 3hdHeKTUBHEIM OKA3LIBAETCA HUCIONIL30BAHUE TEPMUCTO-
POB ¢ KOCBEHHBIM HOAOTPEBOM AJIA M3MEPEHHUSA CKOPOCTH JIBHIKE-
HUA KUAKOCTEeH My ra3os. IIpMHIMO H3MepeHHMs OCHOBAH Ha
TOM, 4YTO IPH HEH3MEHHOH CcHJIe TOKA B HOJOTPeBHO# 06MOTKe
TeMIIepaTypa TepMucropa 6yaeT TeM MeHbIIe (2 COIPOTHUBJIEHUE,
COOTBETCTBEHHO, TeM 6Goibine), ueM GnicTpee 06TeKaeTca TepMHC-
TOP MOTOKOM BO3JyXa HJM KUAKOCTU, B KOTOPYIO TEPMHCTOD IO-
rpykeH. TakuMH npHGOpaMHM MOXKHO H3MEPHTh KM OYEHL MaJikle
CKOPOCTH IIOTOKOB KHAKOCTEH ¥ rasoB, BILJIOTHL A0 1 MM/cC.

BonomeTpbl

WnrepecHoil n BasKHON PA3BHOBHUAHOCTHIO TEPMHCTOPOB ABJIA-
1oTca 60 0MeTp s, npefHasHAYEHHBIE 1JIA U3MEDEHNA dHEp-
Ty o4eHb cJIAGOro TemjaoBOro HU3Jgy4deHHA. MCTOYHUKOM TAKOrO
HM3JIyYeHUS MOXKET GBITh CBeT 3Bea3l nian ConHla, npolleinuii de-
pe3 CIIEKTPOMETD M PA3JIOYKEHHBIH HA THICAUY CIIEKTPAJILHBIX JIH-
HU#, SHEPTUA B KAXKAON U3 KOTOPBLIX OYEHE MaJa.

PaGounit snemenT GosioMeTpa mpefcTaBiaAeT cofoil oueHk TOH-
KVIO, OT ZOJIeil MUKPOMETPA 10 HECKOIbKUX MUKPOMETPOB, ILJIEH-
Ky IONYIPOBOAHHKOBOIO MaTepHasa, HaHECEHHYIO Ha CTEKJIsH-
HYIO HJIA KBapIEBYIO OAJIOMXKKY .

C nmomowIbI0O COBPEMEHHEIX 3JIEKTPOHHRIX CXEM OKAa3bhIBAETCH
BO3MOKHEIM 3aPErucTpUPOBATE HM3MEHEHHe TEeMIIEPATYDEI 60JI0-
MeTpa Ha JAecATHMWIIHOHHEIE NOJU KeJlbBUHA. Birarogapa sToMy
HOJYyIIPOBOAHNKOBEIE GOJIOMETPHI IIO3BOJIAIOT OOGHADYIXKHUTH MU3JIY-

YeHMe, MOI[HOCTH KOTOpOro cocTasudeT 10”7 Br.

doTopesncTopbl

dneKTpUYECKada MPOBOAUMOCTE MONYIPOBOAHUKOB IOBLIMIAET-
CA He TOJIBKO IIDY HATPEeBAHWY, HO M IIPY OCBEIlleHHNH.

10r rpeu. bole — ayu 1 rpeu. metron — Mepa.
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B 3TOM MOXKHO YOEQUTHCA ¢ MOMOILBIO YCTAHOBKM, cXeMa KOTO-
po#t usobparkena Ha pucyHke 3.62, a. Mo)xXHO 3aMeTHTH, UTO NpHU
OCBellleHHY noaynpoBoguauka (puc. 3.62, 6) cuna Toxka B IelH 3a-
METHO BO3pPacTaeT. JTO YKA3LIBAET Ha VBeJUUEHHE IIPOBOAIMOCTHI
TOJNYITPOBOAHUKA IIOJ neficTBHeM cBeta. Jlanubii 3thdeKT He cBA-
3aH ¢ HArpeBaHWeM, TaK KaK MOXKeT HabmogaThCA U DY HeU3MEH-
HOIi TeMIlepaType.

dneKTpUUecKad IIPOBOAUMOCTh IOJNYIIPOBOAHUKA BO3pACTaeT
BCJIEICTBME Da3pbiBa KOBAJMEHTHBIX CBS3EH U oOpasoBaHWA CBO-
OOIHEIX DJIEKTPOHOB U ALIPOK 34 CYET DHEPTUM CBETA, MAKAIOUTETO
Ha IIONYUPOBOJHUK. IJTO fABAEHUE HABLIBAETCA BH Y TD € HB-
HUM dboTosnexTpudeckuM 3bdbodpexToM.

IlonynpoBOAHUKOBEIE pPE3UCTOPHI, CONPOTUBICHHE KOTOPBIX
MeHsIeTCH 110J] 1eiiCTBHeM CBETAa, HA3KIBAIOTCI POTOPEIHUCT O-
paMu wim poToconpoTUB.reHHnamu. OHE oTIHTAIOTCS
JAPYr ot Apyra dopmoil, pazMepamMu, MAaTepUATIOM, Ha3HAUYEHUEM.
MuHMATIODHOCTE U BBICOKAA YYBCTBUTEJIBHOCTH QOTODPE3UCTOPOB
TO3BOJASIET UCHOJb3OBATD HX B CAMBIX PA3JU4YHEIX 00JACTAX HAY-
KU ¥ TEXHUKU AJIsI PETUCTPAIUM M U3MepeHUsA CJaGhIX CBETOBBIX
MIOTOKOB.

HwmelotTcs ¢hoTOpPE3UCTOPEI, KOTOPEIE COCOGHEI DEATUDOBATL HE
TOJILKO Ha BUAUMOE U3JyUeHHe, HO U HEBUAHMOE MHPpaKpacHoe
(TemoBOE) U3AyUeHHE. -

Crioco6HOCTE (hOTOPE3UCTOPOB PearupoBaTh Ha TEILJIOBOE H3Jy-
yeHue [MO3BOJIAET UCIIOAb30OBATE UX JJIA H3MePEHUA TEMIEepaTyphI
pacuyaBIeHHOH CTAJMH W YYT'YHA B METAJNJYPrUYeCKOi MPOMBIII-
JIEHHOCTH, pacKajJeHHOU MacChl MaTepHana B KepaMUdecKoi, Ie-
MEHTHOIl U MHOTHX JADYTUX OTPACAAX IIpoMkIniiedHocTr. IIputo-
pbI, CJOYMKallye JJiAd H3MepeHUA TeMIepaTyphl HArPEeThIX TEN [O
WHTEHCUBHOCTH U CHIEKTPATLHOMY COCTABY TEILJIORBOI'O U3JIYUEHUS,

e
i

a) 6
Puc. 3.62 )
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HA3BIBAIOTCA MU pPpOMeTpamu [Impomerpsl, B KOTOpPhIX HC-
IOJNIb30BAHBI (DOTOPE3NCTOPEI, 110 CPABHEHUIO ¢ OOBIYHBIMU OIITH-
YeCcKMMM IpubopaMu, CIIOCOGHEI M3MepATH TeMIepaTyphl, IpH-
6auanrensbHO B 10 pa3 Gostee HU3KHE.

@0TOpPE3UCTOPI MHPOKO MCIOJIB3YIOTCA B CHCTEMaxX aBTOMATH-
YeCKOH OXPaHBI TeppUATOpPMi 1 momernieHnii. CBeTOBOM Jyu, mpo-
XOAAUIMH 110 IEPUMETPY OXPaHAeMol TeppuTOpUH, ITaaeT Ha do-
TopeaucTop. IIpyM mepeceyeHUH Jyda COIPOTHBJIEH¥e GoTOpesuc-
TOpa pe3Ko BO3PAaCTaeT, U Ha BXOJ MCTONHUTENbHOM CHCTEMBI IO-
CTYIAEeT MMOYJBLC, BhIpabaTHIBAIOLIWN CHUIHAJ TpeBOrd. YToOGH
00€CIeYnTh CKPHITHOCTE OXPAHHOM CHCTEMLI, IIPUMEHAETCA WH-
pakpacuoe manydenue. Ha arom xe npunmune paboraer aBToMa-
TUYECKHMH CTOPOXK B METPO.

WaMeHeHHe CONPOTHBIEHHA (POTODE3UCTOPOB IIpH Iiepecede-
HHY IIOACBEYNBAIOIIIEr'0 CBETOBOI'O IMOTOKA UCIOJIb3YeTCA B MHOI'O-
YUCJIEeHHBIX CYeTUYHKAX U3Je Ul Ha KOHBellepax, B 4aCTOTOMeEDaX,
B SAIIATHBIX YCTPOMCTBAaX, OrPaXJalIiUX TPaBMOOIACHBIE 30HBI
CTAHKOB M MEXAHHM3MOB, B YCTDOMCTBAX uTeHUs epdOoKapT B
AJIEKTPOHHBIX BEIYHCIUTEALHBIX MalIHHAX.

Tepmopesucmopsl uzmepsawom memnepamypy. Pomopesucmo-
Pbl pe2ucmpupyrom u u3mepsiom caabble C6€1mosble NOMOKU.

§ 3.21. NPUMEPDI PELLEHNA 3A0AY

Ilpu peurenuu 3ajay HA MaTepyas 3TOM IJIaBHI K gopMysam,
KOTOPHIMM MBI IIOJb30BAJIUCE B IIPEABIAYIINUX ABYX IJIaBax, HeoO-
XOAMMO J00aBHTH 3aKoOH 3JeKTpoimnsa B ¢opme (3.5.6) uman
(3.5.8). Kpome Toro, Hajgo 4YeTKO IIDEJCTaBJATH cebe IpUPOAY
AJIEKTPUYECKOT'O TOKA B PA3JIMYHBIX CPeJaxX.

3apaua 1

MeTannnuecKMii UPAMOYroNBHBIM mnapasuienenunesn (6pycok),
pebpa KoToporo umewr giauny d, b, ¢ (d > ¢; b > ¢),
IBUKETCA C YCKOPeHHeM d B HAUDABIEHUM, mapa-
JleIbHOM MeHbIIeMy pebpy (puc. 3.63). Haiinute Ha-
MPAMEHHOCTh JJEKTPHYECKOTO IOJIA, BO3SHUKAIOIIE-

TO BCJEJICTBHE YCKOPEHHOTO ABMIKEHUA MeTaJlInue- b ¢
ckoro GpycKa, a TaKKe IMOBEPXHOCTHYIO ILIOTHOCTH
JMEeKTPUYECKUX 3apAIOB Ha OOKOBBIX TpaHsx 6py- € d

CKa, NePNeHAHKYASAPHAIX HAPAaBJI€HUIO YCKOPEHUA. Puc. 3.63

329



PeweHne. ITpu ycKOpeHHOM JBIKEHHMH 6pycKa CBOGOAHEIE SIeKT-
POHEI «OTCTAXOT» M HAKAILUIMBAIOTCH Ha 3aAHell ero rpanu. B pesyib-
Tare 3aAHAA I'PAHD 3aPAKAETCA OTPULATENbHO, & IIepefHAA — Io-
JIOKUTEJBHO, H MEKAY 3TUMM I'DAaHAMH BHYTpH OpyCcKa BO3HUKA-
eT 3JieKTPUYECKOoe IoJe.

Tlepepacnpeneniesue cBOGOAHBIX 3JIEKTPOHOB BHYTPH ODYCKa
3aKOHYHUTCS TOTMA, KOTAA BO3HHKIIEee 3JIeKTPHYECKoe IIoJe OyzeT
B COCTOAHHMM COOGIIATH JJEKTPOHAM YCKODEHHe d. Hanpsxen-
HocTb E mosia BHYTpH OPYCKa HPH 5TOM AOCTUIHET MaKCHMAJbHO-
TO 3HAYEHHH.

CornacHo BTropoMy 3aKoHy HeioTOHA

R
md = —ekE,
I'le m ¥ e — Macca ¥ 3apaj sJieKTpona. Orciona

Fe-

® (3

N
a,
HJINn

E=—a.
e
IToBepXHOCTHYIO ILIOTHOCTH dJI€KTPUUECKUX 3apAJI0B Ha 1epea-
Hell ¥ 3afHel rpaHaAx HaligeM u3 GopMYJIhi HANIPAXKEHHOCTH IOJA
MeXx Yy oOKJIagKaMu INJIOCKOro KOHAeHcaTopa

=9
g
Orcrona
o= eoE =g, Q.
3apa4a 2

B 3/IeKTPOJUTHUECKOIl BaHHE IIPOMCXOAUT IOKDHITHE AETIH
HUKeJieM. 3Has Hanps:xkeHue U Mexay sJeKTpoZaMH, yAesJbHOe
CONPOTHRBIIEHHE PACTBOPa 3JEKTPOJNTa P, paccTrosuue [ Mexay
3JIEKTPORAMM, HaiAUTe CKOPOCTh IOKPHITHA (T. €. CKOPOCTh yBe-
JUYECHNA TOJIUHBI /i CIOA HHKENHA). JJIeKTPOXUMHYECKHI KBHU-
BAJIEHT HUKeJd k, NIJIOTHOCT HUKENS — P,.

Pewenne. CorsiacHoO 3aKOHY 3JIEKTPOJIN3A
m = kIAt. (3.21.1)
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Macca HUKeNs, BHAEJIUBIIErOCH IPH 3JeKTPOIU3e,

m=p Sh,

(3.21.2)

rge S — maomanb NOBEPXHOCTH NOKPLIBAEMOM HUKEJEM JeTalu.
Cua ToKa B pacTBOpe 3JIeKTPOJINTa, COrIacHO 3akoHy OMa,

U
I= R
rae R= pé. Orcrona
=45,
p!l

(3.21.3)

IToacraBnasa BeIpa)KeHHe OJs Macchl (3.21.2) u cuael Toka

(3.21.3) B cooTHomenme (3.21.1), monyymum:

US
pHSh = k—pT At.

Orcropa
h kU

At~ plp,”

3apaua 3

K McTOYHHKY BRICOKOTO HANPSXKEHUS depe3 PEe3UCTOP COMpOo-
ruBneHneM R = 103 OM mofgkioueH KOHAEHCATOP eMKOCThIO C =
= 10711 @ ¢ paccroanuem Mexay niuacTuHamMu d = 3 MM (puc. 3.64).
Bosayx B IpocTpaHCTBe MEXY NIACTUHAMU KOHIEHCATOPA MOHH-
3yeTca peHTTeHOBCKUMM Jy4aMH TaK, 4To B 1 cM3 exxecekyHAHO
ofpasyerca n = 10* nap woHOB. 3apax Ka)KAOTO MOHA DABEH IO
MOAYJIIO 3apajy saeKTpoHa. Haligure nmageHue HaAUPAXKEHUS Ha
pesucrope R, cunras, 4TO BCe MOHBI JOCTUTAIOT IIJIACTUH KOHJEH-

caTopa, He ycueBas peKOMOUHUPOBATD.

Pewenme. ITo 3akony OMa uckomoe nazeHue Haupsoxenus U = IR,
rae I — cuna Toxa B end. ToOK OJMMHAKOB BO BCeX CEYEHUAX BHY-

TPH KoHIeHcaTopa. Ha HOJOXHUTEIBLHYIO
ILIACTHUHY 3TOT TOK 00YCJIOBJIEH TOJBKO OT-
PHLIATEILHBIMHE HOHAMH, & H3 OTPHUIIATENb-
HYIO — TOJIBKO MOJOMKHUTENbHEIMH. depes
IIPOU3BOJIbLHOE ceueHe BHYTPH KOHIEHCa-
TOpa NPOXOOWUT HEKOTOpas NOoJA KakK IIOo-
JIO}KUTEJbHBIX, TAK M OTPHUUATEJBbHBIX
HOHOB,

C|

|
I

o ©
Puc. 3.64
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Cuna tora I = enSd, riie e — 3apsaj dJ1eKTpPOHA, a S — IJIOMIAAL
miaactuH. 3 GopMyJIsl A8 eMKOCTH IIJIOCKOI0 KOHAESHCATODA

£0S
C=-a
HaXOIUM:
2
Sd = Cd” .

€y

CiepoBaTeabHO,

enCd2
U=—"“—R=~1,6 10711 R,
g9
3apavya 4

BhIYuCINTE YYBCTBUTEIbHOCTD 3IEKTPOHHO-TYYeBOM TPYOKH K
HAOPSAMKEHHIO, T. €. 3HaUeHNe OTKJIOHEHUs NATHA Ha »KpaHe, BEI-
3BAHHOT'O PA3HOCTHIO TMOTEHIIHAJIOB Ha YIIPABJAIOIIMX IIJIACTUHAX
B 1 B. [lnuaa ynpaBiasiomuXx IACTHH [, paCCTOAHIE MEXAY HUMU
d, paccTossHMe OT KOHIIA IIACTHH A0 dKpaHa L ¥ yckopsaiomas
pasHocTh noTennuanos U,

Pewenne. Ha pucynke 3.65 cxemaTuuecku n3oGpaxeHnl yIpas-
Jsomue maacTHHEbBl A u B Tpybku, sxpaH MN u TpaeKkTOopus
ajeKTporna OC. Hauano CUCTEMEl KOOPAUHAT HAXORUTCA B TouKe O.

IIpu gBrOKEeHHMHM MeKAy IUIACTMHAMM B HAINIDABJIEHWM OCH Y

. U
3JIeKTPOH HAXOAUTCA IOJ AeHcTBHEM cuibl F = e, Tne U — pas-

HOCTb IIOTEHIUAJIOB MeX Ay IL1acTuHaMu A n B. Ira cujia cooba-

Yi C‘M

g

Yy y
A
o // Uy -
d R A X
L_ ! L N
Puc. 3.65
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R

eU
€T 3JIEKTPOHY YCKOpeHme g = = nd" 3mecr m — Macca dJIEeKT-

poHa.

l
Paccroanwe ! B1oab 0cH X 3/I€KTPOH IPOXOAMT 3a BpeMd &, = o
x

U, — TPOEKIUA CKOPOCTH NEKTPOHA Ha oCbh X, onpefenseMas U3

mv
YCIOBHUSA Tx = eU,,. 3a BpeMs ¢, BJIEKTPOH OTKJOHAETCA B HAIIPAB-

JIEHHH OCH Y HA BEJIMUNHY

atf eUl?
yl = =

— = —.
2 2dmv;
JBHKeHHe 3JIEKTPOHA BHE IIACTHH IMIPOUCXOAUAT C MNOCTOSHHOM

L
CKOPOCTBIO B TEUEHHE BPEMEHH I, = — .
X
IIpoexknusa ckopocTt Ha och Y paBHA v, = at;. OrkJonenne B
o6JlacTH BHE IJIACTHH

y,=v.t,= eUlL
2 y'2 dmvi
IToanoe oTkI0HEHUE
eUl ;1 eUlL UIL
Y=y +t¥=— 33 +L)z = .
dmv dmv, 2Uyd
YyBCTBUTEJIHLHOCTD
y L
U 2Uyd’
3apava s

KoHIeHTpal#sa dJIEKTPOHOB IPOBOAMMOCTH B Te€pMAHMM IIPH
KOMHaTHOM Temueparype n, = 3 - 1019 M3, Kakry:o wacrs aro unc-
JI0 cocraBisfer oT obmero umcaa aromon? IINMOTHOCTEL repMaRuA

p = 5400 Kkr/m3, MonsApHaa Macca repmarna M = 0,073 Kr/MoJb.
Bo CKOJIbKO pa3 YBEJIHYHTCHA KOHIEHTDALUA 3JEKTPOHOB IPOBO-
JMMOCTH IPH BBEJleHUM B FepPMAHHHA NpPUMeCH MBIIILAKA, COCTAB-
nsomeit mo Macce p = 1075% ? MonspHEIe MacChl MBEIIBAKA B Tep-
MAHHA CYUTATH OAMHAKOBLIMHU.
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Peusenme. Jiciio aToMoOB repMasua onpenessaerca mo dopmye

m
N=TN,

CJIeZ(OBaTeJILHO, KOHUEHTpauuda aToMOB repMaHud

N_Pn.

OTHOILeHNEe KOHIeHTpaluii

n, n,M _ 10
o —PNA =6,7 - 10719,

KouuedTpauus 3/IeKTPOHOB IIPOBOAYMOCTY IPUMECH MEILILAKA

_ PP
Pas= 31 Nas

a o6maﬂ KOHII€EHTpauusda 3aIEKTPOHOB IPOBOJANMOCTH

n1=nAS+ne.

Orcroza

il__PpNA
n, Mn

+ 1 =150.

e e

KoHleHTpa1us 971eKTPOHOR IIPOBOAUMOCTH Bo3dpocaa B 150 pas.

~

YnpaxHeuue 7

ConolinHo# MeTaNlIMYecKuil MATUHAD pagrycoM R Bpauiaercs
¢ IIOCTOAHHOM Yri0BO¥M CKopocThio ®. Hafizure 3aBHCHMOCTD
HANPAKEHHOCTH BO3HUKAIOIIET0 IIOJA OT PACCTOAHUSA I O
OCH ILMJMHAPA H PA3HOCTH IIOTEHIIMAJIOB MEXKIY IIOBEPXHO-
CTHIO IMJIMHAPA H OCBIO.

C Kakoif 9acTOTOH n cleZyeT BpamiaTbh MeTAJJIMIECKHI AWCK

pazuycom R = 25 M (puc. 3.66), uro6uI
MOXXHO OBIJIO OOHADYXXHTh Pa3HOCTh
IOTEHIIUATOB MEMJAY OCBI0 M KpaeM
AWCKa, BOBHWIKIIYIO IPH ero Bpalle-
Huu? YyBCTBUTENBHOCTh TaJIbBAHO-

MeTtpa U = 1075 B/gen. OrHOIIEHME 38-
pSZa SJE€KTPOHA K €ro macce % = “
=1,76 - 10! Kn/kr. Puc. 3.66
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Opuu momIOC MCTOYHMKA TOKA K BAEKTPHUECKOH JAMIIOUKe
IPHCOEAVHUIN MeHLIM IIPOBOIOM, & APYTOil IOJIOC — ATIOMMU-
HHEBLIM IIPOBOZIOM; JUAMETDLI IPOBOAOB OXMHAKOBEIE, CpaBHU-
Te CKOPOCTM YIIOPAZOYEHHOTO JBMIKEHHUS 3JIeKTPOHOB B IIOXBO-
ASIUIX TPOBOAAX, CUMTAA, YTO HA KAXK/LIA ATOM IPUXOXUTCH
OJMH 3JEKTPOH UpoBoAuMOcTH. ILTOTHOCTH aMIOMUHMSA ¥ MeaH
cooTseTcTBeHHO paBHH 2,7 - 103 kr/m3 u 8,9 + 108 xr/m3, ux
OTHOCHUTeJIbHEIE ATOMHEIEe Macchl 27 u 64.

Ilpu snexTposinae pacTBOpa cepHON KWMCIOTHI 3a BpeMs t =
= 50 MHUH BLIAEJUJICS BoJOpOA Maccoit m =3 - 1074 xr. Onpe-
JeJHuTe KOJMHUECTRO TEILIOThI, BhIAEANBIIIeecs IIDH 3TOM B pac-
TBODEe 3JIEKTPOJIMTA, €ClAM ero conporunieHue R = 0,4 Om,
a DIeKTPOXMMUUYECK Uil SKBUBaseHT Bogopoda k = 1078 xr/Ka.

Tpu 3/1eKTPOJHATHYECKHE BAHHEI COEANHEHBI TAK, KAK IIOKa3a-
HO Ha pucyrke 3.67. B nByx us Hux umeercs pactsop AgNO;,,
a B TpeTheit — pactsop CuSO,. Cronbko cepefpa BriaenuIOCH
B 11epBOii BaHHE, €CIIH BO BTOPOH BhAENMJOCH M, = 60,4 mMr
cepe6pa, a B TpeTbeit — my; = 41,5 Mr megu? OJNEKTPOXUMHU-
YeCKUH IKBHUBAJIEHT cepebpa k, = 1‘,118 mr/Kn, megn —
k, = 0,329 mr/Ki.

YeMmy paBHa Macca cepefpa, BBIAEAMBIIETocd 38 14 Ipu
anexrponuse pactBopa AgNO,? ConporuBieHue pacTBOpa

asekTposauta 1,2 OM, HanpsAxeHUe Ha 3a)KUMaxX BaHHE 1,5 B,
a aJeKTPOABHKYINaA cuna nonspusanuy 0,8 B.

Hpn IEKTPOJIN3€e IIOJIOKHUTEJbHBIE H OTPULATENBHBIE HOHLI
HeIIpePhIBHO Heﬁ'rpa.wmaylo'rcn Ha COOTBETCTBYIOLIMUX 3JIEKT-

o— |- == 0
1| -1==1-
AgNO, e
s~ 212
— === AgNO,
20-1= -
AgNO,

Puc. 3.67
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10.

11.

12,

13.

336

pozaax. IloueMy KOHIEHTpAUUA HOHOB B PacTBOPAaX 3JE€KTPO-
JIUTOB IIOAJEPI)KUBAETCS HA TOCTOAHHOM ypoBHe? B Kakux
y4acTKax PACTBOPA IPOMCXOSUT NOIOJHEHUE YOBLIN HOHOB?

ITosiHasa MJIOTHOCTH TOKA B pacTBOpax 3JEKTPOJJHUTOB Olipele-
JIAETCA KaK CyMMa TJIOTHOCTEH ABYX TOKOB — IIJIOTHOCTH TO-
Ka NOJOXHUTENbHBIX WOHOB M IIJIOTHOCTH TOKa OTpULATEJb-
HEBEIX MOHOB!

j=e(m, v, +nuv),

e e — MOAYJB 3apAfa HOHA, N U U ¢ COOTBETCTBYIOITUMH MH-
JeKCaMH — KOHIEHTpAIlU¥ M CKOPOCTH IOJIOXKUTEJNBHBX M
OTpHIATEeBHEIX MOHOB. IloueMy e Macca BeliecTBa, BEIJE-
JUBLIErocd, K NMPUMepY, HA KaToje, CUUTAETCA IIPOIIOPIIH-
OHAJILHOM IIOJIHOM ILTOTHOCTH TOKA, a4 He IJIOTHOCTH TOKa
en, v.?

IIpy HEKeJTUPOBAHUU JIETAJU B TeUeHHE 2 U HA Hell OTIIOMUI-
cA cio¥l HuKend ronmuHOM d = 0,03 MM. DIeKTpOXHMMUE-
CKuit sxBUBaneHT Hukend k=3 + 1077 kr/Ku. ILnoTHOCTS HHU-
Kenst p = 8,9 - 103 xr/m3. OnpegenuTe NIOTHOCTH TOKA NPH
3JIEKTPOJIN3e.

Ilpu siexTpoause 3a 20 MUH IpH cHie ToKa 2,5 A Ha KaToje
BeIeaunaock 1017 Mr aByxXBajIeHTHOTO MeTajjia. KakoBa ero
OTHOCHUTENbHAsI aToMHaA Macca? ¥
CKOJIbKO TIap MOHOB BO3HHUKAET €XKECeKYHIHO O] AeHCTBHIEM
noumsaropa B 1 cM3 rasopaspansoit Tpy6KH, B KOTOPOH TeueT
TOK HacbimeHus 4 + 1078 MA? I[Inomags Kamaoro iocKoro
BIeKTpoAa paBHa 1 aM2, a paccTogHMe MexAy HUMH 5 MM.
Cumrars, YTO 3apAJ KasKI0r'0 MOHA PaBEH 3apAAY 3JeKTPOHA.
IIpy xaxoll HANpPSYKEHHOCTH IIONA HAYHETCS CAMOCTOATENb-
HBIH paspAX B BO3JLYyXe, €CJIM SHEPrusa HOHM3ALUU MOJEKYJ
paBHa 2,4 - 10718 )k, a cpexuas xiuHa cBoGOgHOrO Ipobera
4 mkm? KaKoBa CKOpOCTDH 3JI€KTPOHOR IIPHM CTOJKHOREHUH C
MOJIEKYJIOH?

K ajexTpocraruueckoil MalmWHe HOAKJIIOYEHbl COEJUHEHHEBIE
napanyjenbHo JeijgeHckasa 6anka um paspagumk. Cuia Toka
aNeKTpocTaTHueckoi Mamune I = 107° A, EMKocTs neiines-
ckoit 6auku C = 1078 @, Uro6bl npom3olien MCKpPOBOH pas-
PAZX, MammWHa noyokHa paborars ¢ = 30 ¢. [anTensHOCTH pas-



psana T = 1075 ¢. Onpegenvire cpefHIOI0 CUIY PasPALHOro TOKa
Ip U HaTIpA)KEHUE 3a)KUTaHUA UCKPOBOTO paspsaaa Ué.

14. Yro npomsoiiier ¢ ropsdieili 3JEeKTPUUECKON AYyroil, ecyH
CHJIBHO OXJIAJAUTL «OTPHIATENbHBIN» YIOJb; «MOJOXUTEIh-
HEIT» yroas?

15. Mexxy HUTBHIO HaKalla, HCIYCKalo-
mel 9JeKTPOHBI, W HOPOBOAAIIAM - A
KOJIBIIOM CO3JlaHa PasHOCTH HOTEH-

nuanos U (puec. 3.68). JnexTpoHLI
IOBUHXKYTCA YCKOPEHHO BJIOJB OCH
KoJabiia. IIpH sToM MX KHHeTHYECKAd

SHEPruA YBEeJIUUYMBAETCA, B TO BpeMsA _l)' -
Kak Oaraped, coajgaloniasi pasHOCTH
noreHiuanoB U, He coBepuiaeT psdo-
TEI, TAK KAK TOK B IIeOM He HJET.
(Ilpeamionaraercs, 4TO BJIEKTPOHEI He HONMANAIOT HA KOJBIO.)
Kax 5T0 corsacoBaTs C 3aKOHOM 2OXpaHEHUA SHEePTHu?

Puc. 3.68

16. Tpu OMHAKOBEIX AUOAA, AHOAHBIE XADAKTEPMCTUKU KOTOPBIX
MOTYT GBITH HPUBIVIKEHHO IPEACTABJIEHEI OTPE3KAMY NPAMBIX

I,=0mpuU, < 0,I,=kU,mpuU, >0,

rge k = 0,12 MA/B, BKJOYEHHI B IIellb, KAaK MOKAa3aHO Ha
pucynke 3.69.

@
T
D
51 52 L 63 i
1 Gl Tl
Puc. 3.69

HaueptuTe rpaduK 3aBUCUMOCTH CUIBI ToKa I B Ilenu oT Ha-
apsxenus U, ecnu él =28, 52 = 5B, 53 = 7B, a U moxer
MmeusaTscsa or —10 go +10 B.

I HanpsikeHueM 3aykuraHus U, sasniraeTcd HanpsAKeHUe, IIPH KOTO-
DPOM HAUMHAETCH CAMOCTOATENbHEIH paspsay B ra3ax.
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17.

18.

19.

20.

; _’, P —] R ——
3

338

Tpuox mpamoro Hakaja BKJHOYeH B nens (puc. 3.70). 3C
aHogHO# GaTapeu 61 = 80 B, 6aTapen Haxajaa 6y= 6 B u ceTou-
Hoit OaTapen 6; = 2 B. C kaKuMu sHEPruUAMHU dI€KTPOHEI by-
OYyT JOCTHUTaTh aHO/A JiaMnn? Kak H3MeHUTCHA 3HEPTHUS 3JIeKT-
POHOB, AOCTHUTAIOIIUX aHoma, ecau 3C 53 6yaer NU3MEHATHCSA
0 MOAYJIIO WU Aa’ke MepeMEHHUT 3HaK? AHOAHLIA TOK CuM-
TaTh MAJILIM II0 CPABHEHHIO C TOKOM HaKaJjAa.

B asekTpOHHO-IyueBOii TpyGKe MOTOK 3JEKTPOHOB ¢ KHUHETH-
deckoii sHeprueit W, = 1,28 + 10715 IIsx nBusxerca Mesxay
BEPTUKAJBHO OTKJOHAKOLU[MMH IJIACTHHAMUA ILIOCKOrO KOH-
IeHcaTopa AnuHOIM [ = 4 cMm. PaccTossHMe MEXAY IIacTHHAMNA
d = 2 cM, a pasHOCTh NOTEHI[UAJAO0B Mexay Humu U = 3,2 KB.
HaiiauTe BePTHKAJLHOE CMeLieHHe J 3JIEKTPOHHOI'O My4YKa Ha
BRIXOJZIE€ M3 IIPOCTPAHCTBA MEMAY IJIACTHHAMH.

IIy4ok 3JIeKTPOHOB, YCKOPEHHBIX B II0JIe ¢ PA3HOCTLIO IIOTEH-
nuanoB U = 300 B, BneraeT B NJIOCKUII KOHAEHCATOD MapaJi-
JIEJIbHO €ero IJacTHHaM; IJIACTHHBI PACIOJIOXKEeHbI TOPHU30H-
ranbHO. Halinure pasHocTs notTeHuanos U, NPUIOKEHHYIO

K IJIACTHHAM KOHAEHCATOPA, €CJH IIYUYOK CMELIaeTCA HA dKpa-
He Ha paccTosume h = 3,6 cm. [iMHa naacTUH KOHAEHCATO-
pa |l = 4 cM, paccTosiHMe OT KOHIIa KOHAEHCATOPa KO dKpaHa
I, = 10 cM, paccrosiHMe MeKAy IUIACTHHAMHM KOHJEHCATODa
d=1,2cMm. ~

IIy4ok 3JIEKTPOHOB BJIETAET B KOHACHCATOP IapaJliejtHO ero
ILJIACTUHAM CO CKOPOCTBHIO 60. KougencaTop BKJIIOUEH B Ielb,
Kak MmokasaHo Ha pucyHke 3.71. 3JIC ucrounuka Toka &, ero
BHYTpEHHEEe COIPOTHBJIEHHE I, AJIUHA IJIACTHH KOHAeHCaTOpa
! 1 paccTosHME MeXKY HUMU d CUNTAIOTCSA M3BECTHBIMH BeJIU-
ynHaM#. Pe3ncTop KaKoro conpoTusieHua R Hago nmogcoenu-

-

k
I'é,
Puc. 3.70 Puec. 3.71




21.

22,

23.

I, MA}

800

600

400

200 ,/
~400 -300 ~200 100

o] 0.4 0,8y, B
-0,4

Puc. 3.72

HUTH TIapaJIe]IbHO KOHAEHCATOPY, YTOOBI IIYYOK 3JEKTPOHOB
BBLIETE I U3 HEro MOoA YIJIOM O K ILTACTHHAM?

CKOJIBKO TIPOLIEHTOB (II0 Macce) HHAUA HeoOXOAHUMO BBECTH B
repMaHuil, 4T06bI KOHLEHTPALMA ALIPOK 6bia ny = 1022 37

KoHueHTpanuioo co6CTBEHHEIX CBOOOAHBIX HOCUTENEH 3apAns
B repMaHHM CUUTATH IIPeHeGpexuMo Manoii. MoasapHas Mac-
ca uagua M; = 0,115 kr/mons. IlnoTHOCTE repMaHus Pge =

= 5400 kr/m5.

Ilonyuures s p—n-nepexoj, ecJy BILJIABHUTH OJIOBO B repMa-
HUH MU KPEeMHUH?

Kakas yacTh BOJIBLT-aMIIeDHOI XapaKTEPUCTUKH TepMaHHEBO-
ro guona (puc 3.72) oTpaxaeT 3aBUCHMOCTH CHUJIBI TOKA OT Ha-
OpsXeHUus B IponycKHOM HanpasieHuu? Kakas — B zamm-
paronieM Hamnpabilenun? HaiiznTe BHyTpeHHee COIpPOTHUBJIE-
HUe auoja npu npamom Hanpsaxenuu 0,4 B u npu o6paraom
Hanpsaxeunu 400 B.



Fnasa 4

MArHUTHOE NOJIE TOKOB

Henodeuxcnvie anexmpuiecrue 3apadvl co30a0m 80xpyz ce-
06 anexmpuyeckoe noge. [Jeuncywuecs 3apadvt cosdawom,
KpOMe mozo, mazHummuoe none. E2o mvL u Haunem usyiame.

§4.1. MATHUTHbIE BBAMUMOAENCTBUA

ITpupoda maznemusama Ovina 8bLACHEHA NOCE MO20, KAK HA-
YHUAUCH NOAYHELAMDb INEKMPULECKUL MOK.

B3aumoageincTeme MarHmTos

TpyLHO HANTH YeJIOBEKA, KOTOPOTO OBI B AETCTBE HE TIOPAYKAIH
YAMBHTEJIbHBIE CBOMCTBA MaruuTa. Ha 3HaUUTEILHOM PACCTOAHUH
yeped NyCcTOTY (He BO3AYX ’Ke emy momoraer!) MarHuT croco0eH
NPUTATUBATD TSMKEJble KYCKH JKeesa. VI3 IBO3AUKOB U CKPEIOK
JIETKO COOPYAHTD LieJible TUpasiHabl. He MeHee yAUBUTENBHO II0BE-
JeHIe MATHHTHOM CTPENKH KOoMIIaca, YIOPDHO CTpeMAINeHcA Io-
BEPHYThLCS HA ceBep, KaK Obl BRI HU BpPAllajid KOMIAC, CTPEMACH
cOUTDH ero ¢ TOJNKY.

IIpurssxeHre MArHUTOB HATIOMHEHAET IPUTAXKEHHE HA PacCcToA-
HUM Ha3JIeKTPU30BaHHEIX Tesl. HegapoM Ha MPOTAXKEHUH MHOTHX
BEKOB UX nyTanu. Jluurs anraniickoMy ydyeHomy ¥. I'mabbepty
(1544—1603) B xoune XVI B. ynanoch fOKa3aTh, YTO ITO HE OJHO
u 10 j)Ke. B caMoM ziesnie: MarHUT He Hy»KJaeTcs B TAKUX IIpeABapu-
TeJbHBIX OllepanuaXx, KaKk HaTHupaHWe, AJA TOro YTOOK! IIPUTATH-
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BaTh. M 3Ta CIIOCOGHOCTE He HCUE3aeT ¢ TeUeHHEM BPEMEHH, KaK y
Ha3JeKTPU30BAHHRIX TEJ, €CJU TOJIBKO €ro He HarpesaTh OYeHb
CUJIBHO U HE TPACTH.

MArHUTH MOTYT KAK HNDUTATMBATHECH, TAK U OTTAJIKHMBATHCH,
nomobHo 3apagaM. Ho BoT uto ctpamHo! OTAenuTh ceBEPHBIH IO-
JII0C MAaTHUTA OT Y03KHOTO, IOJYUYNTL H30JHPOBAHHLIH MATHUTHEBIH
HOJIOC HUKOMY He yIaJoCh, HECMOTPA HA TO 4YTO Ha 3TO ORLIO 3a-
TpaueHO HeMAaJIO yCUJIUH.

Kak u B ciydae 3JIeKTDHUECKOTO NMPUTSAMKEHUs, Hay4YHble HCCIe-
JOBAHHA MATHUTHOr'O B3aMMOJAEHCTBUSA MJIMTEILHOE BpEMA He IIpo-
BogmwIuch. Hero, HampuMep, CTOWJIO YAUBHUTEJbHOE MHEHUE, UTO
JeHcTBUE MATrHHUTA IIPEKPATHTCH, €CJIHM HATEPETh €ro YEeCHOKOM.
JInins HaunHaa ¢ TM'unsbepra ucciie[oBaHNE MATHUTOB OBLIO IIOCTAB-
JIEHO Ha CTPOTyIO Hay4HyIo ocHOBY. MMeHHO I'uin6epT nmepBoiM Jgora-
JAaJCcs, YTO 3EeMHOI 1Iap ABIAETCA rPOMAJHBIM MATHHTOM, M IIO3TO-
My MAarHUTHAA CTpeJIKa OPHEHTHDYETCS OIpeAeIeHHBIM 00pasoM.
TunebepT cyMen moATBEPAUTH CBOXO AOTAKY 9KCIEPHUMEHTANLHO,
HaMarsuTHB 60JIbIOI JKeyle3Hblil Iap (OE HA3BAJI €0 «TepejLiar —
MaJleHbKas 3eMisd) u HabJoasa ero feiicTBue Ha cTpeaky. Ilomoxxe-
HHe HeOOJIBIINX MATHUTOB 10 OTHOLIEHUIO K Tepeuie I'manbepT uso-
6pasui Ha pucyHKe B KHure «O Maruute» (puc. 4.1),

KonuuecTBerHO B3auMoaeiicTBue maruuToB udyuaJ I1. Kymon,
UCHOJb3yA TOT e METOJ KDYTHJIbHBIX BeCcOB, YTO ¥ IIPH u3yde-
HUH B3auMOJeHcTBUA 3apafoB. KyJloH yecTaHOBHI 3aKOH B3aHMMO-
IefiCTBUSA ITOJIOCOB JIMHHLIX MATHUTOB, PACCMATPUBAA MOJIOCA
KaK MeCTa COCPEJOTOUYEHUA MATHUTHRIX 3apAN0B — aHAJIOTOB 3a-
PSAIOB 3JeKTpUYeCKHX. 3AKOH 9TOT OKA3AJICA TAKHM JKe, Kak U 3a-
KOH B3aMMOJEHCTBHA JIEKTPUUECKHX 3apaaoB. HeBOo3MOKHOCTH
Pa3ieJIUTh CEBEPHBIM W IOMKHBIM IMoaioca MarHUTa KyJoH obbAc-
HAJ HeCIOCOOGHOCTHIO MATHUTHEIX 3a-
DPARZOB BHYTPM MOJIEKYJI BEILECTBA
CBOOOJHO IIEPEXOAUTH U3 ONHOM MoJie-
KYJBI B APYIYIO.

MoxHo 66010 pyMaTh (KymoH nMeH-
HO TaK CUMTAN), UTO 3[eCh MRl HMeeM
JeJI0O C TAKUM Xe (byHIaMEHTAJIbHLIM
3aKOHOM, KaK H B cJydae B3ammojeii-
CTBUA HENOABMXHBIX 3JIEKTPHUECKMX
3apafoB. BBeada HOBYIO BEJIMYMHY —
MarHUTHRIA 3apax, KyjloH pemmi,
4YTO OTKPBITHE 38KOHA B3auMofeicT-
BHA MATrHUTHBIX 3apAOB HCUEPITLIBAET Puc. 4.1
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npobiaemy marHeTu3Ma. HUKaKMX BUIUMEBIX OCHOBAHUN COMHEBATh-
cA B 3TOM He 6b110. HeiicTBoBan KyJIoH 1o TOTOBOMY «11a6JIOHY» —
3axkoHy HbIOTOHA JJIA B3aWMOJEICTBUA I'PABUTAIMOHHEIX Macc. Ec-
JIA 3TOT «INabJoH» B OJAHOM CJIyyae NPUBEJN K OTKPHITHIO HOBOTO
dyHraMeHTaNBHOTO 3aKOHA, TO B JPYTOM 3TO TOXe AOJIKHO ObLIO
IIPOU30MTH.

OTkpuiTHe IpcTena

B peiicTBHTEIBHOCTH BCE OKA3AJIOCh ropasno ciaoxxkHee. Pasrana-
KA MarHeTHU3Ma IPHUIILIA COBCEM C APYToil CTOPOHEI. ITO CIyUH-
JIOCH IIOCJIe TOT0, KaK HAaYUYMJIHUCH MOJYYATh 3JIEKTPHUUECKHUH TOK.
(06 aeKTpUUECKOM TOKe GBLIO yiKe paccKa3aHo B rJase 2.)

CaMoe Ba)XHOe OTKpBITHE OBRLJIO CAEJAHO NATCKHUM (PUIUKOM
X. 9pcregom (1777—1851) B 1820 r. Pacnosio)xuB MarHHUTHYIO
CTPeNKY IapajjieIbHO IIpoBoAy (puc. 4.2), 9pcren o6HADPYIKHUII,
YTO IPU 3aMBbIKAHHUHU 11X OHA IIOBOPAYUBAETCSA.

9To oTKpeiTHE He OBLIO ciyuaiineiM. Eme B 1807 r. Opcren
mocTaBuJ cebe 11eJ1bI0 U3YUNTH, OKA3LIBAET JIU 3JIEKTPHYECTBO Ka-
Koe-Inbo BozaeilcTBue Ha MarHuT. «HacTOHYHMBOCTH, ¢ KOTOpOH
OH... CTPeMHJICA K CBOei 1esik, OhlJIa BO3HATDAKAEHA OTKPBITHEM
HOBOTrO (haKTa, CYIeCTBOBAHHE KOTOPOIr0O HUKTO, KpOMe HEro, Ja-
JKe OTJAaJIeHHO He MOT IIpeflojaraTh, HO KOTODHIH, CTaB U3BECT-
HBIM, He 3aMeJJINJI IPUBJIeYb BHUMAHKE BCeX, MOTYIIUX OII€HUTH
ero Ba)KHOCTB M 3HaueHue» (M. Papazeir).

Meoxxay cnyuaifHO OTKPBHITON IACTyXaMH B HAJIEKOM HPOIILIOM
VAUBHUTEJIBHOM CIIOCOOHOCTBHI0 KYCKOB MArHUTHOIO JKEJIE3HAKA
IPUTATUBATECA HA PACCTOAHUM U IIOJPArMBaHUEM JATyIIadybei
JIaIIKU B onbITaX ['anbpBaHM ObliIa HalifleHa IIpsiMas cBA3b. MarHe-

Puc. 4.2
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TU3M M 3JIEKTPHYECTBO OOHADY KHUIK rIy00Koe poLCTBO, M 3TO Gbl-
JIO OOKA38HO IPAMBIM ONBITOM. BBIACHUJIOCH, YTO TOJBKO K IIO-
KOAIMMCSH 3apALaM MArHHTHASA CTpeJIKa OCTABAJIACH COBEPIIEHHO
paBHOAYIUHOM. [IBUKYIIIHeCA JKe 3apALbl OKas3aJINuch CIOCOOHEIMH
npo0yauTh B HEll «pOJCTBeHHEbIe AMOIMM» . MaruHeTusM cBsi3aH He
CO CTATHYECKHUM 3JIEKTPUYECTBOM, A C SJEKTPUYECKUM TOKOM.

MarautHoe B3anMonecTene ecTb B3auMmonemncTeme
ANeKTpUYecKnX TOKOB

OTKpBITHE IpPCTENA IOUTH TOTUAC e IIO3BOJIUJIO PEIlUTh 3araj-
Ky MATHEeTU3MA ¥ OJHOBPEMEHHO HAMTH ellle OKMH — HADAAY C KY-
JIOHOBCKMM — (PYHIAMEHTANLHEIN THN B3aMMOAESHCTRUS dJIEKTPU-
YyecKHMX 3apAnoB. Bee 370 caenan oqun venmosex — A. M. AMnep —
OYKBAJLHO B HECKOJBKO MECSIEB CpA3y K€ MOcJie 3HAKOMCTBA C
ombIToM Jperefa. UHTepeceH X0/ MBICJIH dTOr0 MeHHAJLHOI'O 4eJjIo-
BEKa, 3aIe4YaTJIEHHBIN B €70 COOOIEeHHAX, KOTOPhIE CIEHOBAIM Of-
HO 3a JpyTuM BO (hpaHITyscKoil AxageMuu Hayk. CHauana nox He-
MOCPeACTBEHHKM BIleUaTJeHHEeM OT IOBOpadHBaIoOUIeiicss BOIM3HU
TOKA MATHUTHOH CTpeJKN AMIEp MIpeANONOXKHJ, UTO MATHETUIM
3eMJIH BBI3BAH TOKAMH, OGTEKAIOITHMH 3eMJI0 B HATIPABJEHUH C
3amaza Ha BOCTOK. I'IaBHLIH HIar ObLI cAenal. MarHUTHBIe cBOMiCT-
BA TeJa MOXKHO O0BACHHUTH UPKYJIUPYIOIIUMY BHYTPU HETO TOKA-
mu. Hanee AMuep npuinen K obleMy SaKJIIOUEHUIO: MAZHUMHbLE
caoiicmaa 1106020 mena onpederdiomcs 3AMKHYMbLMU 3NEeKMm-
pudecKuMU moxamu sHympu Hezo. 3TOT DPElIAIOITHIL IIIar OT BO3-
MOXKHOCTH O0BSICHEHHS MarHUTHHIX CBOMCTB TOKAMHU K KaTeropH-
YeCKOMY YTBEDIKJIEHHIO, YTO MATHUTHOE B3auMojeiicTBHe — 3TO

Avnep Amape Mapu (1775—1836) — Benu-
Kkuif dparnysckuit PU3HK ¥ MaTeMATHK, OJHH
M3 OCHOBONOJOXXHHKOB OJIEKTPOAUHAMHKM.
Awmnep BBeJ B GUBHKY IIOHATUE <«dJIEKTPpHYE-
CKUil TOK» U TOCTPOUJI IIEPBYIO TEOPUIO MATHE-
TH3Ma, OCHOBAHHYIO Ha I'MIIOTe3e MOJIEKYJIAD-
HBIX TOKOB, OTKDBHLJ MeXaHHYeCKOe B3alMO-
IeliCTBHE BJIEKTPUYECKHX TOKOB H YCTAHOBHJI
KOJHUYECTBEHHEIE COOTHOIIEHUA M1 CUIIbI TO-
T0 B3auMoAeiicTeua. MaKcBeaT HasBan AMme-
pa «HewTOHOM aeKTpUYecTBa». AMmep pabo-
TaJI TAKKe B 06JIACTH MEeXaHUKH, TEOPHU BEpO-
ATHOCTEH M MATEMAaTUYECKOT'0 AHAIH3A.
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B3aUMOJIeHiCTBHE TOKOB, — CBH/IETEJIBCTBO GOJIBINON HAYUYHOU cMe-

JocTtu AmMIepa.

Coryacuo rumorese AMrepa BHYTPH MOJIEKYJI, cJaraioliux Be-
IIECTBO, MUPKYJIUPYIOT 3JIEMEHTAPHLIE 3JIeKTpHUUecKue Toku. Ec-
JIW 3TA TOKHW PACIIOJIOMKEHBI XaOTUUYECKH IO OTHOIIEHHUIO APYT K
IDYTY, TO MX AeMCTBUE B3AMMHO KOMIICHCUDYETCA U HUKAKHX
MATHUTHBIX CBOMCTB Teso e o0Hapy)kuBaer (puc. 4.3, a). B Ha-
Mardiu4YeHHOM COCTOSTHHH DJIEMEeHTADHBIE TOKH B TeJie OPHEHTHPO-
BaHbl CTPOTO ONPEJEeIEHHBIM 00pa3oM, TaK YTO UX MeHCTBUSA CKJIAa-
neiBaoTcsa (puc. 4.3, 6).

Tam, raoe KynoH Busen HepasgeuMbie MarHUTHBIE IIOJIOCA MO-
JIEKYJI, OKa3aJuch NPOCTO 3aMKHYTHIE sjieKTpuuecKme TOKu. He-
pasfeJInMOCTh MATHATHBIX IIOJIIOCOB IIOTEPAJia CBOIO 3aTa0YHOCTh.
HeT MarduTHBIX 3apAfoB, U IIO9TOMY Hedero neauth. Maznum-
Hble a3aumoldeiicmaus 006Yycro8aeHbl He 0COObLMU MAZHUMHbIMU
3apsdamu, a 08uliceHUeM INEKMPULECKUX 3aPAD08 — MOKOM.

ITnodomeoprocmsb udeu eduHcmaa cua npupodv. Huzde, no-
JHeanyit, He NPOABULACH, MAK OMYEMAUB0, KAK NPU GopMYyau-
po8ie OCHOBHLLX 3AKOHO8 dnexmpomazHemuima. Bdoxnos-
JleHHbLl amoil udeeil, Ipcmed NodHec MAZHUMHYIO CMPEAKY
K nPOBOOHUKY C MOKOM, a AMmnep cyme MblCAEHHbLM 830DOM
ysudemdv BHYmMPU HAMAZHUYEHHOZO HCEJe3H020 CIMepHCHA
anrexmpuieckue moxKu. Ima xe udes npuéena 8nociedcm-
suu Papades Kk HOBOMY 6eLUKOMY OMKPLLINUIO — OMKPbL-
muio 31eKmpomMazHUmMHOl UHOYKYuU.

§ 4.2. MATHUTHOE INOJIE TOKOB

Heuxcyuuecs 3apsadvl o6pasymom srexmpuieckuil moi. Cre-
dosamenvbHO, MAZHUMHOE NOJe — 3mMO noae, coddasaemoe
anexmpuneckum mokxom. OHO ocywecmansem s3aumoodeii-
cmaeue 3NeKmpuieckux moroa.
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BazaumopneicrTeue TOKoB

Ha6armonaTs MATHUTHOE B3auMoJelicTBHe TOKOB Hecnoxkuo. Ha-
JIO B3SITH JIBA F'MOKMX MPOBOJHUKA, YKPEIHUTh UX BEPTUKANBLHO N
OPUCOEIUHNTL K MCTOYHUKY TOKa (puc. 4.4). 3aMeTHOrO MpHUTA-
JKEHUA MU OTTANKMBAHUA He OOHApy»KHUTCA, Tak Kak npu IC
MCTOYHUKA B HECKOJBKO BOJBT ¥ MAaJIOH 3JIEKTPOEMKOCTH IIPOBOJ-
HUKOB 3apsAJibl MPOBOLHUKOB CIMUIITKOM Majbl. KyJIoHOBCKUE cH-
JIBL He nposBasioTeda. Ho ecnu apyrue KOHITHI IIPOBOJHUKOB CO-
€IUHUTH TaK, YTOOB! B IIPOBOAHUKAX BOZHUKJIM TOKU IIDOTHBOIO-
JIO’KHOTO HalipaBJIEHUs, TO IIPOBOJHUKH HAYHYT OTTAJKWBATHCH,
(puc. 4.5). B cayuyae TOKOB OZHOTO HATIPABIEHUA MEXKAY IIPOBOJ-
HUKaMU BOSHUKAIOT CUJIBI OPpUTSKeHus (puc. 4.6).

Puc. 4.4 Puc. 4.5 Puc. 4.6

IIpu n3MeHeHMHM HaNpPaBJIEeHNSA TOKA B OJHOM M3 IPOBOJHUKOB
IPUTAMKEHNEe MEeXXIY IIPOBOJHNKAMU CMEHAETCHA OTTAJIKNBaAHHUEM,
¥ Hao6opoT. OMBIT NOKA3BLIBAET, YTO €CJIU TOK UAET TOJLKO IO Of-
HOMY IPOBOJHUKY, TO CUJBI B3aUMOJENCTBUA MEKAY NMPOBOJHU-
KamMu orcyTcTByioT (puc. 4.7). Touno Tak ke He OOGHADYKUTCH

Puc. 4.8
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B3auUMoOAeiicTBUA, ecaM OJUH U3 IIPOBOAOB CBUT M3 ABYX, IO KOTO-
PHIM OAVHAKOBBEIE TOKH TEKYT B IIPOTHBOIIOJIOKHEIX HAIIPABJICHU-
ax (puc. 4.8). Takoit IpoBoA He OKA3LIBAET BAMAHUA HA MATHUT-
HYIO CTPEJIKY, PACIOJIOKEeHHY0 BO/IM3HN Hero. JIpyrumMu cioBamu,
MOJKHO CKa3aTh, YTO O/IM3KO PACIHOJIOKEeHHbIe PABHEIE, HO IIPOTH-
BOIIOJIOXKHO HAIIPaBJIEHHBIE TOKH BeAyT ce0sA Tak ke, KaK MPOBOA-
HUK, B KOTOPDOM TOKa HeT: OHH He OOHAPY)KUBAIOT MATHUTHOTO
JelcTBuA.

MaruuTHoe none

CornacHO Teopuy GJIM3KOAEHCTBIA TOKH HE MOTYT HeIIOCPEACT-
BEeHHO AelicTBOBaTH ApYyr Ha apyra. I1o0o6Ho momy kax 6 npo-
cmpaHcmaee, OKpYcawulem 3leKxmpuieckue 3apadvt, 603HUKA-
em anexmpuieckoe noJe, 8 NPOCMparHcmae, OKPpYIHarou,em mo-
KU, 803HUKAem noJie, Ha3vl8aemoe MAZHUMHbLM.

Kakap1it a1eMeHT TOKa B OAHOM M3 IIPOBOAHHKOB CO3AAET BO-
Kpyr ce6sa MarHUTHOE 1OJie, KOTOpoe AEMCTBYEeT Ha BCE BIIEMEHTEI
TOKAa BO BTOPOM IIPDOBOAHUKE.

Maznummnoe none npedcmagnsem coboil 0cobyid Gopmuy ma-
mepuu, nocpedcmaeom KOmMopoii ocyusecmensemca 83aumodeii-
cmeaue mex0y O8UNCYUUMUCA 3APANEHHBLMU LACTMUYAMU.

Yro ke Takoe MarHuTHoe nojsie? Kax u B ciaydae ajeKTpuue-
CKOT0 M0JIA, OTBETUTH HA 3TOT BOIIPOC MOYKHO TAK: ‘

BO-I e P BH X, IIOJIe MATEPHANBLHO: OHO CYIHIECTBYET He3aBH-
CHMO OT Hac, OT HAallIUX 3HAHUHN O HeM;

BO-BTODBKI X, OHO 006/1aKaeT OIpPEeAEJIEHHBIMIA CBOMCTBaMM,
KOTOpbI€ MOTYT OLITh HAMAEHK! 9K CIIEPUMEHTAIBHO.

OcHOBHBIE CBOMCTBA MATHUTHOTO II0JISI TAKOBhI: MAIrHUTHOE TIO-
Je TIOPOXKAAETCA TOKOM (ABHKYINIMMHCA 3apaaaMu) um obGHapy-
JKMBAaeTcd MO AeHCTBHIO Ha TOK (ABMiKyIMecs 3apansi). O apy-
THX CBOHCTBaX I0Jist OYAET pactKasaHo B JaJbHeHIIIEeM.

Jdnsa Toro 4ToOH ONKCATH MATHUTHEIE B3aMMOAEICTBHA TOKOB
KOJIMYE€CTBEHHO, HY}KXHO PEIINTH TPH 3aJaUu:

1. BeecTH BeJIHUMHY, KOJNUECTBEHHO XapaKTePU3YIOIYIO Mar-
HUTHOe TI0JIE.

2. YCTaHOBUTH 3aKOH, OIPERENAIINUN pacrpelesieHHe Mar-
HHUTHOTO II0JIA B IIPOCTPAHCTBE B 3aBUCHMOCTHU OT TOKA.

3. HaiiTu BBIpa)KeHMe AJiA CUJIBI, AEHCTBYIONIEH HA TOK CO CTO-
POHLI MArHUTHOTO II0JIA.

CHauaJia MBI 3afiMeMcs pellleHHeM TIepPBOI 3afKaum.
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3aMKHYThIi KOHTYP C TOKOM B MAarHUTHOM noJse

C noMOIbIo KAKUX OPHUCIOCO6IeRUIT MOXCHO U3YUaTh CBOIICTBA
MATHUTHOTO IOJIA U XapaAKTEPHU3OBATH 110JIe KOJINUECTBEHHO?

g neenenoBaHnsa sJIeKTPUUECKOr0 Toa Haubolee yaobeH He-
6osIbIIIOl IO 3HAUEHWIO TOUEUHBIH 3apAA. Boabmioi 3apan 6paTh
HeNb3s, TAK KAK OH BBI3BAJ OBI IepepaclpejesieHue 3apAfoB HA
JPYTHX TeJaX U TeM HCKasuia Ol noje. Henbsa mcnoabzoBaTh U
3apAMEHHOE TeJIO BOJIBITUX TeOMeTPUYECKUX PASMEPOB, TAK KAK B
3TOM CJIy4a€ MOXKHO HANTH JUIIE cpeJHee 3HAUEHUE HAIPANKEH-
HOCTH IIOJISL B IPOCTPAHCTBE, 3AHATOM 3aPAIOM.

HAna uccrenoBaHUA MATHUTHOTO IOJIA MBI TOME JOJIYKHBI OBLIU
OBbI B3ATH OYUEHL M AJBIH BJeMEeHT TOKa, T.e.MAJbIH OT-
pe30K TOHKOTIO IIPOBOJHUKA ¢ TOKOM (puc. 4.9). OgHako Tok B OT-
pesKe He MOXKeT CYIeCTBOBATE, IIOTOMY UTO JIO0AA LEMb, II0 KOTO-
poii TeueT HMOCTOAHHBIN TOK, JOJKHA OLITH 3aMKHYyTa. IloaTomy
3JIEMEHT TOKAa CO3JATH HeJb3s U, CIeA0BATeILHO, HEBOZMOXKHO HC-
CJIeZOBATH C ero MOMOIIBI0O MATHUTHOE II0JIe.

Jdna uaydenus CBOMCTB MATHHTHOTO ITOJIA MOXHO B3ATh 3aM-
KHYTBIHI KOHTYD ¢ TOKOM U H3MEPATH CYMMApPHOE AEHCTBHE IIOJA
Ha BeCh 3TOT KOHTYp. Ho moJjie HeOJUHAKOBO B PA3TUYHBIX TOUKAX
npocTpascTBa. I103TOMY eCiIu KOHTYD O0JIBIIOM, TO €T0 OTAeIbHBIE
YACTH MCIBITHIBAIOT DA3JIMUHEBIE AEeHCTBHA CO CTOPOHHI IIONA H
CyMMapHOe JefiCTBHe AACT JIUIIb CPEJHIO XapaAKTePUCTHKY MOJA
B GoJibImIoii o6macTu.

st uccneqOBAHMA MATHUTHOIO IIOJIA JIydIlieé BCETO B3ATh KOH-
TYp MaJbIX (II0 CPABHEHUIO ¢ PACCTOAHUAMHU, HA KOTOPBIX MATHUT-
HOe IoJie 3aMeTHO H3MeHAeTcs) pasMepoB. Hampumep, MoOXHO
B3ATh MAJEHBKYIO ILIOCKYIO IIPOBOJIOYHYIO PAMKY IIPOM3BOJIBHOMN
tdopmel (puc. 4.10). TlogBoAAIIIMe TOK NIPOBOAHUKY HYXXHO PACIIO-
JIOMXHUTH GJIU3KO APYr K APYTYy HJIN CILIECTH BMecTe. Tak KaK IO
ATUM IIPOBOAHHUKAM TeYeT PABHBIH TOK B MPOTHBOIOJOMKHEIX HA-
IIpaBJIeHUAX, TO Ha HUX B MATHUTHOM MOJIe He 6YAYT NeilcTBOBATH
CHIIBI M CAMHU OHH He OKAXKYT MATHHUTHOrO fAeHCTBUA HA ApYrue
MIPOBOAHUKHU C TOKOM.

L _—os
AN

Puc. 4.9 Puc. 4.10
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Puc. 4.11 Puc. 4.12

KonuuecTBo BUTKOB paMKH MoXKeT 6bITh M10661M. Ecou, Hanpu-
Mep, B3ATH PAMKY M3 TPeX BHTKOB, TO B KAXAOI CTOPOHE pAMKH
napajyjieNbHO Apyr APYry Ha OGJIHU3KOM pacCcTOAHHM OYXYT HATH
Tpu ToKa (puc. 4.11), KOTOpHLIe MOXXHO PacCMATPUBATH KAK OJUH
TOK, B TPH pasa 6oJiee CHIBHEBIH.

BrisicHuTE XapakTep JelicTBHA MATHUTHOIO IOJSA HA KOHTYD C
TOKOM MOKHO C IIOMOILBIO CIEAVIOILEro onkiTa. IlogBecuM HA TOH-
KYX FHOKUX MPOBOXHUKAX, CIVIETEHHLIX BMECTe, MAJIEHBKYIO ILJIO-
CKVIO PAMKY, COCTOALIYIO M3 HECKOJIBKHX BUTKOB NPOoBOJIoKH. Ha
pPacCTOAHUM, 3HAYMTENHHO 6OJILIIEM pPAa3MEepPOB pAaMKH, BepTH-
KaJBHO PACIOJNOXUM mporox! (puc. 4.12, a). Ipn MPOIyCKAHNH
SJIEKTPHYECKOro TOKA Yepe3 MPOBOJ U PAMKY PAMKA MOBOPAUHMBA-
eTcs M PACIHOJIATAeTCA TAK, YTO MIPOBOJ OKA3LIBAETCA B ILJIOCKOCTH
paMku (puc. 4.12, 6). IIpu uaMeHeHUU HAMPABJIEHUS TOKA B IIPO-
BOJle paMKa IIoBepHeTcaA Ha 180°,

9TO0 BHAYHUT, UTO MATHUTHOE ITOJIEe OKA3KIBAET HA PAMKY € TOKOM
OPUEHTHpYIOIIee AelicTBHE.

OpueHTHpYIOIIEe AeiicTBHE MATHWT-
HOro MOJISI MOXXHO HAGJIIOAATH U Ha IPY-
roM onkiTe. Ecau MBI mogBecuM Ha rud-
KHX IIDOBOJAX PAMKY C TOKOM MEXAY
IMOJIIOCAMM MATHHUTA, TO paMKa 6yaeTr mo-

BOPAYUBATEHCA HO TeX IOP, IMOKAa ee IJIoC-
. KOCTh He YCTAHOBUTCA IEPIEHANKYIAD-
HO K JIMHWU, COeJUHSAIIeH mojoca

N
Puc. 4.13 MaruuTta (puc. 4.13).

1 MoskHO ONIATATH, 9TO IIPH 3TOM YCJIOBHM MATHHTHOE II0Jle He MeHs-
€TCHA 3aMETHO B IIPeAeaX IOBEPXHOCTH, OTPAHMYEHHON PAMKOIL.
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PeaynsTupyloniasa cuJa, EHCTBYIOIIAA HA DAMKY C TOKOM B
MATHUTHOM II0JIe, PABHA HYJIO, €CJIM MAIHUTHOE II0Jie OZUHAKOBO
BO BCeX TOUKAX IPOCTPAHCTBA, TAe PACIONOMXEeHa paMka (0ZHO-
poxHOe moJje). B ofHOpOIHOM MAaTHUTHOM NOJe Ha pamky Oeiicm-
ayem JulUlb MOMEHM CUJ, KOMOPbLLIL nosopavusaem pamxy, pac-
noaazas ee onpedeneHHuvim 006pa3om NoO OMHOUWEHUW K MOKY
uaU mMazHumy, cosdalowemy mMazHumHoe noJe.

IloBenenne IpobHOro 3apaAAa B 3JJeKTPUUECKOM IOJIe OTINYAeT-
Cfl OT MOBEJIeHUA PAMKM ¢ TOKOM B MAI'HHTHOM I10J1e. Ha npoGHLIH%
3ap#AJ B 2JIEKTPHYECKOM IIOJIe JAEHCTBYIOT CHJIBI, HAIPaBJIEeHHEIE
10 KacaTeJabHOH K JUHUAM HATIPAMXKEHHOCTH.

Heumyuyuecs 3apadol (saexmpuyeckuil mox) cosbawom maz-
HumHoe nore. O6Hapyxueaemca mazHumuoe noae no dei-
CMBUI0 HA dNeKMpuUYecKuil mox.

§ 4.3. BEKTOP MArHUTHOW MHAYKLUUN

drexmpuieckoe noJge xapaKmepulyemcs 8eKmopHoil senu-
YUHOU — HANPAIEHHOCMDBIO deKmpuieckozo nois. Beedem
du3uyecKyio 6eAULURY, XAPAKMEPUIYIOWYI0 MAZHUMHOE NOo-
ze.

BekTop MarHMTHON MHAYKLUM

Mpb1 BUfesn, 4YTO B MATHHTHOM II0JI€ paMKa ¢ TOKOM Ha THOKOM
TmojBece, CO CTOPOHBI KOTOPOTrO He AEHCTBYIOT CHJLI YIIPYTOCTH,
MPENATCTBYIOIINE OPHEHTANIUH DPAMKHM, IIOBOPAUYMBAETCA N0 TeX
op, MOKa He YCTAHOBUTCA OIpeAeeHHLIM ob6pasom. Tak ke Bener
ce6sf 1 MarHUTHAas CTpPeJKa. JTO FOBOPUT O TOM, UTO BeJMUYUHA,
XapaKTepHU3yIOIasd MATHUTHOE II0Jie, JOJDKHA OLITH BEKTOPHOI.
Hampasnenue BekTopa NOJKHO ORITh CBA3AHO C OpHUeHTanueit
PaMKH WJIK MATHUTHOM CTPEIKH.

BekmopHY10 8eAULURY, XADAKMEPUIYIOWYIO MAZHUMHOE NO-
2e, Ha3bL8AM BEKMOPOM MAZHUMHOIL undyrxyuu® (o6o3HaAUAIOT
oykBoit B).

1OcHOBHYI0O XADAKTEPUCTUKY DJIEKTPHUECKOTO IOJA HA3LIBAIOT HA-
IpAXKEHHOCTHIO, & He MHAYKIIUel, KAk MarHUTHOTO nond. Taxaa TepMu-
HOJIOTHSA CJIOMMIACH NCTOPUYECKHU, KOT/ja ellfe HMCTUHHEIH CMBICJ XapaK-
TEPUCTHUK 3JIEKTPUUYECKOTO U MATHUTHOIO I0JiA OBLI He BIIOJHE ACEH.
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HanpasnexHue BeKTOpa MarHUTHOA MHAYKLUW

3a nanpasaernue sexmopa MazHumHoil UHOYKYuu 8 mom mec-
me, 20e pacnoaoxcena pamxa ¢ moxoMm, NPuUHUMAIOM Hanpasie-
HUue nonoxumenvHoili Hopmaau n (IepIeHAUKYAADA) K pamie.
ITono:xkuTeIbHAA HOPMAJb HATIPABJIEHA B CTOPOHY IIOCTYIIATEIbHO-
ro mepeMerneHusi 6ypaBuUKMKa ¢ IpaBoil Hapeswoii, eciM BpamiaTh
PYKOATKY 6ypaBunKa [0 HAIIPABJIEHUIO TOKA B paMKe (puc. 4.14),

Takum o6pazom, Mesa HeGOMBIIYIO pAMKY ¢ TOKOM M IIPEJOCTA-
BUB €if BO3MOXXHOCTb CBOOOJHO IIOBOPAUYMBATHCA B MATHHTHOM IIO-
Jie, MOXXKHO OIIpeJleJINTh HANpABJIEeHNe BeKTOPA MATHUTHOR NHAYK-
Uy B J1060 Touke. [In1a 3TOro Hy»XKHO TOJBKO IOAOMKIATH, KOT/Ja
TIOBEPHYBINAACA PAMKA YCIOKOUTCA, M MPUMEHUTH IIpaBuio Oy-
paBYHKa.

HanpasyieHue BEKTOpa MATHUTHOM MHAYKIMH MOXXHO OIIpefe-
JIUTH TaK’Ke ¢ MIOMOIIbI0 MATHUTHOH cTpenku. CTpeska IpeAcTas-
JaaeT cob6oil ManeHBKHII IIPOJAOJNTOBATHIN IIOCTOAHHEBII MATHHUT C
ABYMA IIOJIOCAMM Ha KOHIAX: IOYKHEIM S 1 ceBepHBIM N. Ecan
CTPeJIKa MOXeT cBOGOLHO OPHMEHTUPOBATHCA B IIPOCTPAHCTBE, TO B
MATHHUTHOM NI0JIe HaIllpaBJIeHUe JUHUH, IPOBeeHHOH Yepes HEeHTP
CTPEJIKH OT I0XKHOro nojioca S k ceBepHomy N (puc. 4.15), coBna-
JaeT ¢ HAIIpaBJeHHeM HOpMAJH 7l K paMke. Ho Hanpasiesue 3Toik
HODMaJIi, CBA3aHHOE IIPABUJIOM IIPABOTO BUHTA ¢ HAIlpaBJIEHUEM
TOKA B paMKe, IPHHATO 3a HAIIPABJIEHUE BEKTOPa, XapaKTepHu3yio-
ulero MarHurtHoe noJe. CrefoBaTebHO, U HAIIpaBJEHUE OT IOKHO-
ro nojawca S K ceBepHoMy N cBOOOAHO YycTaHaBJIHBAalOlleHcsA
CTPEJIKHM MOYKHO INPUHATh 34 HAIpaBJeHUEe BEKTOPA MArHUTHON’
UHAYKIHH.

HUcnonp3ya cTpesaKy, MOXKHO IIOBTOPHUTE ONBITHI, KOTOpEIE OBI-
JIX NIPOJieJIaHBI ¢ PAMKOI B MATHUTHOM II0JI€ IIOCTOAHHOTO MATHH-
ta (puc. 4.16) U npsaMoOro IpoBoia ¢ TOKOM.

B MarHuTHOM HOJIe NMPAMOJHMHEHHOro IMPOBOAHHKA C TOKOM
MATHUTHAA CTPEJKa YCTAHABJIUBAETCA II0 KACATEJIbHOM K OKPYXK-

!
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Puc. 4.14 Puc. 4.15
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Puc. 4.16 Puc. 4.17

HoctH (puc. 4.17). II1oCKOCTE OKPYKHOCTH MepHeHAUKYJIAPHA
IIPOBOAY, 4 IIEHTP ee JIEXKUT HA ocH npoBoja. HampaBienune BeKTO-
pPa MATHHUTHOH HHAYKIUH TOKA YCTAHABJIHUBAIOT ¢ MOMOINLIO IIpa-
BuJia OypaBumka. [lng sToro 6ypaBUMK JOJKEH JBUTraThcA B Ha-
OpaBJeHuH ToKa. Torga KOHIILI er0 PYKOATKH OYAYT NepeMelaTh-
£ B HAIpaBJIeHUH, IPUHATOM 3a HaNpaBJeHHe BEeKTOPA MArHUT-
HOM MHAYKITHUH.

OnHIT N0 ONpPeJeNeHUIO HANIPABIEHUA BEKTOPA HHIVKIIUH Mar-
HHTHOTO TOJA 3eMJH JeNaeT KaXAbli, KTO OPHEHTHPYETCA Ha
MECTHOCTHM 110 KoMmacy. EeJin cTpeska MOKET NOBOPAYUBATHCA H
BOKPYT I'OPH3OHTAJILHOH OCH, TO B MATHHTHOM IT0JIe 3eMJIH OHA
PACHOJIOXKUTCA HAKJIOHHO (puc. 4.18).

HampaBjieHHe MATHUTHOTO MOJIA 36MJIH MOYXHO ONIPENEIUTD 1 C
IIOMOIBI0 pPAaMKH. IIpaBaa, AJIst 9TOTO HY>KHO B3ATH PAMKY ¢ 60Jb-

oy

Puc. 4.18 Puc. 4.19
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UM YHCJIOM BHUTKOB HMJHU IIPOIYCTHTH Yepe3 PaMKy JOBOJIBLHO
6osabimoil Tok. Ho 3aTo pasMepel paMKM MOTYT ObLITH GOJIBIIUMMY,
TaK KaK MarHUTHOE IoJie 3eMJIU MEHSETCA OT TOUKY K TOUKE MeJ-
JleHHO. B Hamieli cTpaHe BeKTOp HHAYKIIUY 3TOrO II0JIA HAIIPABJIEH
HAKJIOHHO K 3¢MHOMH ITOBEPXHOCTY CBepXy BHHUB (puc. 4.19).

Mogayne BeKTopa MarHMTHoO MHRYKLUAN

OpueHTUDYOIIIee JelicTBHE MATHHTHOTO IIOJA HA 3aMKHYTHIH
KOHTYD (PaMKy) C TOKOM MOXKeT OBITh HCIOJh30BAHO HE TOJBKO
IUIA ONpeJeJIeHUs HANPABJIEHUS BEKTODA MATHUTHOW WHAYKIIUH,
HO ¥ I OIIpeJleJIeHUs MOAYJIA 9TOTO BEKTOPA.

Ha paMKy ¢ TOKOM €O CTOPOHEBI OJHOPOJHOIO MATHUTHOTO IIOJA
nefiCTByeT MOMEHT CHJ, IIOBOPAUMBAIOIINN PaMKy. ITOT MOMEHT
3aBUCHT, ¢ OJHOI CTOPOHEL, OT MATHUTHOTIO II0JIs, a ¢ APYroid — oT
reoMeTpuu KOHTYpA, €r0 PACIIOJIOEeHNUA U CHJIBI TOKA B HeM. B oT-
CYTCTBHE MATHUTHOIO IIOJA 3TOT MOMEHT, OYEeBHUIHO, PABEH HYJIIO.

Jns onpeneneHuss MOAyJiA BEKTOPAa MAaTHUTHOM WHAYKIUY He-
00XO0AMMO BEIACHUTH, KAK MOMEHT CHJI, IOBOPAYUBAIOIIVI PAMKY C
TOKOM B MArHUTHOM IOJIe, 3aBUCHUT OT CaMoil pAMKH M TOKAa B Heil.

IKCIIEPUMEHTUPYSA ¢ PAMKAMY PA3IINYHBEIX Pa3MepoB U HOPMEL,
MOXKHO YCTAHOBHTH, UTO 8 OOHODOOHOM MAZHUIMHOM NOJE MO-
MEHM CUJL 3asucum Om pPACNOJOMEHUA PAMKL, pa3mepos (nuo-
wadu) ee u om cuav. moKa, npomeKawULezo 8 Hell, HO HE 3A8U-
cum om opMmbL pamKu. ‘

BriscauM cHauana, KaKk 3aBHCHT MOMEHT CHJ OT PACIIOJIOXKeE-
HUSA paMKH, COCTOAIEH U3 OAHOTO BUTKA, €CJIH IO Hell IIPOTEeKaeT
Tox I. PaMKa B aTOM ONEITe, B OTJHYKE OT OMNBITOB IIO OIIpexeJe-
HHUIO HATIPABJCHUS BEKTOpA MATHUTHOU WHAYKIIUU, JOJKHA GBITH
3aKpelyieHa Ha ynpyroMm mojsece. ITo yriy sakpyuyuBaHusa IogBe-

ca MOYXHO OIIPeJleINTh MOMEHT CUJ VIi-
Z112 pyrocTty, ZeHcTBYIOUTNI Ha DaMKY.
@_g o Ecim nji0CcKOCThL PAMKH IepIeHIu-
~F KyJApHA BEKTOPY MATHUTHON HHIYK-
I[UH, TO MOMEHT CHJI, JeHCTBYIOMUI HA
. paMKy CO CTOPOHRI MArHUTHOTO MOJIA,
> S paBeH HYJIIO U IIOABEC He 3aKPYYHUBAET-
cA. MareEuTHoe 110Jie JUIIEL pacTATHUBA-
eT paMKy (puc. 4.20).

I[LoBepHEM Teneps IIOABEC B BepXHel
TOYKe Ha HEKOTOPEI# yroi. PaMKa To-
Puc. 4.20 JKe IIOBepHETCs, HO Ha MEHBITHH yroJ

1
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Puc. 4.21

(puc. 4.21, a). IIpu paBHOBeCUHN paMKH IIOABEC OKAYKETCHA 3aKPV-
YeHHBIM, 1 Ha PaMKVy O6YAYT AeHCTBOBATH CHJIBI VIIPYTOCTH, MO-
MEHT KOTOPRIX YPABHOBEIIUBAET PABHLIM €My MOMEHT MATHUTHBIX
CHJI, CTpeMAmUiica BepHYTE PAMKY B IIOJIOMKeHUe, N306pakeHHOe
Ha pucynke 4.20.

MomeHT cu, AeificTBYIOIUIA Ha PAMKY ¢ TOKOM, OyJeT MaKcu-
MAJBHEIM, €CJIM MBI PACIIOJIOMKIM PAMKY IEPIeHINKYIAPHO TOMY
IIOJIOXKEHHUI0, KOTOPOe PaMKa 3aHuWMaJa BHauase (cM. puc. 4.20).
B a3TOM cayuae BeKTOP MATHHUTHON MHAYVKIIMHE JIE)KUT B ILIOCKOCTH
pPaMKH, a HOpMaJb K paMKe NePIEeHANKYJIAPHA JUHUAM, COEIU-
HAIOUMM IIo0ca MarauTa (puc. 4.21, 6). Jlaa toro utobrl yaep-
JKATh paMKy B 3TOM ITOJOXKE€HUY, NPUAETCA 3aKPYTUTh IOABEC HA
HaubGONBINKH YToJI.

MeHa#A cuiy TOKa B paMKe U 9KCIIeDHMEHTHPYA ¢ PaAMKaMU pas-
JVYHOMN ILTONIALK, MOXKHO YCTAHOBHTE CIEAVIONTHI (haKkT: mMarcu-
MANbHBLIL MOMeHm cun M Odeilcmsywowull Ha pamrKy ¢ mo-

max’®
KOM, nponopuuoHaléen n.zzow,aau Spa.»mu u cune morxa I 8 neii:

M, ~IS.

OTOT OIBITHRIN (PAKT MOIKHO MCIIOJA30BATH JJIA OIIPEeNeJIEHUA MO-
IYJIA BEKTOPa MATHUTHOM MHAYKIINH, XapaKTEPH3YIOMEero MarHuT-
HOe II0Jie B TOM MecTe, I'lle PacllofioxKeHa paMka. B caMom Jere, 1mo-
CKOJIbKY HAHOOJIBIINH MOMEHT IIPOIIODIINOHAJIEH CIJIE TOKA B PAMKe

M max .
I Heé 38BHCHT OT CBOHCTB DAaMKH
1

U XapaxKTeprui3yeT MAarHuTHO€ II0JI€ B JaHHOI TOUKe IIpoCTpaHCTBA .

" ee 1njoiagzn, TO OTHOLIIEHHe

1 AHATOTHYHO OTHOIIEHNE CUNEI, KefCTBYIOIEll Ha 3aps CO CTOPOHEI
SJIEKTPUYECKOTO MIONIA, K 3APAAY HE 3ABUCHUT OT 3apALA U IO3TOMY XAPAK-
TEpU3YeET 3JMEKTPUYECKOe II0Je B JAHHON TOUKe IIPOCTPAHCTRA.
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MaraurHo# MEAYKIMeH (TOUHEe, MOAYIeM MATHUTHOH HMHIYK-
I[MM) HA30BeM BENHYUHY, IIPOMOPIIHOHAJIBHYIO OTHONIEHHI0O MAK-
CHMAJBHOTO MOMEHTA CMJI, ACHCTBYIONIETO HA PAaMKY, K IIPOM3-
BeIeHHIO CMJIBI TOKA B Heil Ha ee IUIOMAAL:

Mmax
B—kT'J

(4.3.1)

KoahduiueHT NpONOPLUUOHANBHOCTA K 3aBUCHUT OT BhIGOpa
cucTeMbl eUHAI]. Bexb eqMHHUIIA MATHUTHON WHAYKIMU B y Hac
ellle He YCTAHOBJIEHA. ITO MBI CEJIAEM IIO3HEE.

MaruuTHOe 10JIe IOJIHOCTHI0 XapaKTePU3yeTCA BEKTOPOM Mar-
HUTHOU MHAYKIMHU B. B Ka 101 TOuKe MOryT ORITEH HalieHl eT0
MOAYJIb ¥ HamlpaBJIeHUE.

MpuHuKun cynepnosavuumnu

MarHuTHBIE MHAYKIIUK TMOJIEN, co3JaBaeMbIX B JaHHOM TOUKe
IIPOCTPAHCTBA ABYMSA HJIH GOJBIINM YHCJIOM TOKOB, CKJIAABIBAIOT-
cA reoMeTpudecKn. J[1A MArHUTHOIO TOJIA, KaK U JJd dJIeKTpUUe-
CKOT'O, BEIMOJHACTCA MIPUHINMUI CYNIEPNO3HIHNH.

ITOT OPVHIUI POPMYJHUPYETCA TaK: €CJIU B JaHHOMN TOUKeE IIpO-
CTPAHCTBa PaslIWYHBEIE TOKU CO3AAIOT MAHUTHAIE TIOJA, MATHHAT-
HEIe MHAYKIUU KOTOPBIX Bl, Bz, B3 U T. 1., TO Pe3yJIbTHPYIOIIAA
MAaTrHHUTHAaA WHAYKIUA B 3TOM TOUKE paBHA: -

gt e (4.3.2)

Hanpasaernue u modyas 8eKkmopa MazHUmMHOL UHOYKYUL MONC-
HO onpedeiumb ¢ HOMOULLIO 3AMKHYMO20 KORMYPQA ¢ MOKOM.

Henwaa au ycTaHOBUTH HaIlpaBJeHHe MATHUTHON WHIYKIIUHU C
noMOMLI0 BHHTA (MM OypaBUHMKa) ¢ JIeBOH Hape3Koi BMECTO
npasoit? Uro namMeHHUI0CH 61 OT 3TOTO0?

§ 4.4. JIMHWA MATHUTHOM UHAYKLIUM.
NOTOK MAFHUTHOWU MHAYKLUN

ITodo6Ho momy Kak pacnpedenleHue 3AEKMPULECKO20 NONA 8
npocmpancmae HazaAA0HO u300paxcaemcsa AUHUAMU HANDSA-
HeHHOcmU 3NeKmpuieckozo noas (UAU CULOBbLMU AUHUSA-
MU), pacnpedeseHue MAZHUMHOZO NOAA MOWHO U30OPA3UMb
JAUHUAMU MAZHUMHOL UHOYKYLU.
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JIMHUM MarHMTHOM UHAYKUMU

JInauAMY MATHHTHOH MHIYKIMH HA3BIBAIOTCS JIMHUM, Kaca-
TeJbHbIe K KOTODHIM HANPABJIEHBI TaK e, KAK M BeKTop B B
XAHHOM TOuYKe MpocTpaHcTra (puc. 4.22).

ITocTporM JUHMH MATHHTHOA HWHAVK- B §2
MUK AJIA MATHHTHOTO TIONA MPAMOJINHEIHO- 1
ro IPoBOAHUKA ¢ TOKOM. M3 IpuBefeHHBIX f AE
paHee OIIMCAHUI OIBITOB ¢ KOHTYPOM M Mar-

HUTHOHI CTpeJIKOH, a Tak)ke U3 coobOpake-

HUil CUMMETPHH CJeAYyeT, UTO JUHHH MAar- Puc. 4.22
HUTHOH MHAYKIIUM B JAHHOM CJIy4ae —

KOHIIEHTpUYECKHe OKPYIKHOCTH, JIeKAIINe B IIOCKOCTH, IepIIeH-
IUKYJIADPHOH 5TOMY IIPOBOJHHUKY ¢ TOKOM. LleHTp OKpyKHOCTeit
HAXOAUTCA HA OcH NpoBoxuuka (puc. 4.23). Kak n B caydae Jau-
HUN HANPAMEHHOCTH 3JIeKTPMYECKOro IIOJA, JUHUKM MATHUTHOMN
HHAYKIMH MOXKHO YCIOBUTHCS MIPOBOAUTD TAK, YTOGHI HX I'yCTOTA
XapaKkTepuaoBajia MOAYAL BeKTopa B B nanuom mecte. Ha pucyH-
ke 4.23 KOHILEHTpUUYECKHE OKPYKHOCTH CrYLIAIOTCA K LEHTDY.
9TO JOMKHO 03HAYATH, YTO MATHUTHAA MHIAYKLUA BOJIU3H MPOBO-
Aa 60JbIlIe, YEM BIAJH OT HETO.

Kapruna nquHuil MarsuTHOM MHAYKIUM KATYIIKH C TOKOM (co-
JeHOMAA) MOKa3aHa Ha pucyHKe 4.24 (coneHoHA AaH B paspese).
Eciu pgiauHa colemomnpga MHOrO OOJIBINIE €r0 JUaMeTpa, TO IOJie
BHYTDHU COJIEHOMJA MOYKHO CUHTATH OTHOPOAHEIM. JIMHHY MATHUT-
HOM HHAYKIMU TAKOI'O MOJIA NapajlIeIbHEI, HX I'YCTOTA Be3jie OfM-
HAKOBA.

Kapruny nuHmii MarHuTHON MHAYKIMHM MOXKHO CHEJIATH BHUAHU-
MO, BOCIIOIb3OBABIINCH MEJKUMHY JKEJIEe3HEIMH ONMNHAKaMH. B Mar-
HUTHOM IIOJIe KaXKJIbIf M3 HACKIIIAHHBIX HA JHCT KAPTOHA KYyCOY-
KOB JXeJjle3a HAMATHHYHBAETCA U BeJeT cefa KaK MAJIEHbKAA Mar-

I
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Puc. 4.23 Puc. 4.24
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Puc. 4.27 Puc. 4.28

HUTHAA cTpenka. Hamuaue Takoro 60Jb110r0 KOJHUECTBA CTPEJIOK
II0O3BOJIAET B 60JII>I.T.IOM YUuCJIe TO4YEeK OIpeneNTh HallpaBJIEeHHE
BEKTOpa MaI‘HHTHOﬁ HHAYKIIMKM MaArduTHOIoO IIoadA Hu, CcCJefoBa-
TeJbHO, 60J1ee TOYHO BBIACHUTH pacmoJyioxXeHue JII/IHI/Iﬁ HHAYKITNHA.
HexoTopsle U3 KAPTMH MArHUTHOTO IOJA NPUBEJEHHI HA DHCYH-
rax 4.25—4.28. '

BuxpeBoe none

BHuMaTenbHOE HCCAENOBAHME MATHHUTHOIO IIOJS C IIOMOIIBIO
JTUHUH MATHHTHON HHIYKIUHE IIO3BOJNAET YCTAHOBUTL OUEHEL BaXK-
HYIO ero 0CO0eHHOCTE. JIUHUU MazHUMHOU UHAYKYUL He uMeiom
HU Hayaaa, HU Korya. OHu 8cezda 3aMKHYyMbL.

BcnmoMHUM, YTO ¢ 3JEKTPOCTATUYECKHM I10JIEM [1eJI0 OOCTOMUT
uHadve. JINHUM HANIPAXKEHHOCTU BJIEKTPOCTATHUECKOTO IOJA HAa-
YHHAIOTCA HA IOJMOXKHUTENLHBIX 3apAfaX M OKAHUMBAIOTCA HA OT-
pHIATEIbHRIX.

ITonsa ¢ 3BaAMKHYTHEIMU CUJIOBRIMHE JHHUAMU HA3BIBAIOTCA B U X-
p e B B M U. MarHuUTHOe MOJIe — BHUXPEBOE IOJE.

3aMKHYTOCTb JUHUIN MATHHTHON MHIYKIIMU IIPEACTABISIET CO-
6oit byHmaMeHTaNILHOE CBOHCTBO MATHUTHOTO HoadA. OHO 3aKJIIO-
yaeTcA B TOM, YTO MATHHUTHOE II0Jie He MMeeT HCTOUHHUKOB, Mar-
HUTHBIX 3aPAJ0B, IONOOHBIX 3JEKTPHUECKUM, He 00HADYKEeHO.
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3aMeTHM, UTO HU 3aKOHKE! BJIEKTPOAUHAMUKH, HU Kakue-JIn6o
Ipyrue usBecTHbIe GU3HUECKHE 3AKOHEI He 3alIPEIAI0T CYIECTBO-
BaHWS MATHUTHBIX 3apAJ0OB; TOUHEEe, CYIECTBOBAHUA UYACTHUI, 06-
JafaoINUX MATHHTHBRIMU 3apagaMu. l[loaToMy IpeanpuHUMA-
JUCHh U IPEAIPUHUMAIOTCS MIOMCKHU TaKUX dacTHIl. OQHAKO OHU IO
CHUX IIOp He YBeHUYAJIUCH ycIeXoM, IIpuunna 5TOro Imoka He fAcCHA.

HenoTteHUunanbHbIA XapakTep MarHuTHbIX CUN

3aMKHYTOCTh CHJIOBBIX JIMHUA MAarHUTHOI'O IIOJISA 03HAUAET, UTO
pafoTra MATHHTHBIX CHJI HA 3aMKHYTOM IIYTH MOXXeT OBITH HE paB-
Ha HYJI0. MarsuTHble CUJIbI, B OTAMYUE OT 3JI€KTPOCTATHUYECKUX,
HEIIOTEeHIIUAJILHEL,

HenoTeHnuanbHBIN XapaKTep MATHUTHBIX CHJI OTUYETJIHBO IIPO-
SIBJIETCS BO BPAllleHUY IIPOBOAHUKA C TOKOM B II0JI€ TIOCTOSSHHOTO
MarauTa. BnepBrie moso6HOe Bpalnesrye (mpoodpas cOBPEMEHHOT0
3JIeKTpOABUTaTENA) ocyinectsun Papa-
Jielt uepes roj mocjie OTKPBLITHSA JPCTeaa.
Kounm mogBemnersoro II-o6pasHoro
npoBoxHuKa Dapajeil OycTUI B »Kerob
co pryThio. CHU3y depes »KeJob IIpoxo-
IWJI BEPTHKAJBHO MATHUT TaK, YTO OOUH
M3 €ro I0JIOCOB BBICTYIIAJ HAJ PTYTHIO.
Bnaronaps 3ToMy IDOBOAHUKHU C TOKOM
HaXOoJWJVCh B MarHUTHOM IIOJI€ OZHOTO
mojiioca MarHuTa. lIpu HOpomyckaHWU
TOKa uepes3 PTYTh ¥ IPOBOAHUK IOCJE]-
HUI HaYWHAaJ BpPANIaThCA BOKPYr Mar-
nuta. Ha pucyske 4.29 musobparkeHa
IelicTBYIOIIAA MOJieIb YCTaHOBKY Papa-
nes.

STOT OIEIT JeMOHCTPUPYET ellle OAHO
3aMeJuaTelIbHOe CBOMCTBO MArHUTHBIX
B3aUMOJAEHCTBUI — €ro HeyeHmpaib-
Hulll xapaxmep. llomioc Marmurta He
IIPDUTATUBAET U He OTTAJIKHUBAET IIPOBOJ-
HUKHU C TOKOM, a 3aCTaBJafAeT UX IIOBOpa-
YHUBATHCSA BOKDYr cebs. Cuma, neiicr-
BYIOLIAS CO CTOPOHEI MarHUTa, He Ha-
IIpaBJieHa BAOJb JUHUY, COETUHAIONIEH
IOJIIOC MATHUTA C OTAEJIBHLIMHU YUaCTKAa-
MU IIPOBOJHHUKA C TOKOM.
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MarHuTHbIA NOTOK

BexTop MATHMTHON HHIYKHUH B XapaKTepu3yeT MAarHUTHOE
IoJjie B KaXXJ0if TOUKe IIPOCTpaHCTBa. BBeZeM ellle OJHY BeJIWYH-
HY, 3ABHCAIIYIO OT 3HAYEHUS BeKTODA MATHUTHOM MHIYKIMU He B
OJHOM TOYKE, & BO BCEX TOUYKAX IPOU3BOJBHO BLIGPAHHOM ITOBEPX-
HOCTH. JTY BeJUUYHHY HA3BIBAIOT IIOTOKOM BEKTOpPAa MATHUTHOH
MHIVKUHM, MIX MATHUTHB M I0TOK 0 M. OHA aHamornuna
IOHATHIO IIOTOKA BEKTODA 3JIEKTPHYECKOH HAIPAMEHHOCTH.

BrigenrnM B MarHUTHOM II0JIé HACTOJBKO MAJIEBIH 3/IeMEHT IIO-
BEPXHOCTH ILTOMAaAbI0 AS, YTOGE MATHHUTHYIO HHAYKIMIO BO BCEX
€ro TOUKAX MOXKHO GBLIO CUHMTATH OAWHAKOBOii. IlycTh 71 — HOp-

MaJIb K 3JEMEHTY, o6pasymomiasa yroa o ¢
n HaIpaBJIeHUEM BEKTOpA MATHHTHOM WH-
aykuuu (puc. 4.30). ITomorxom aexmopa
MazHumHOl uHOYKYUU Uepe3 nosepx-
b Hocmb naoujadvio AS Hasviearom eesuiu-
> HY, PA8HYI0 npouseedenulo modyri eek-
mopa maznumHtoil uHdyxyuu B na n.ao-
wade AS u KocuHyc yzaa 0. mexdy eexmo-
pamu B u 1 (HOPMAJIBIO K TIOBEPXHOCTH):

Puc. 4.30 A® = BAS cos a. (4.4.1)

byl

AS

Ilponasenenue B cos o = B, npeacrasiaser co6oit npoeKiimio
BEKTOpa MATHUTHON MHAYKIIMY HA HOPMAJIh K 3JeMeHTy. IToaTomy

A® = B AS. (4.4.2)

IloToxr MosxeT OBITHL KaK IMOJOKUTEILHBIM, TAK U OTPHUIATE/Ib-
HBIM B 38BMCHMOCTH OT 3HAYEHUS yTJia .

Eciu MarHUTHOE HoJie OSHOPOXHO, TO NOTOK uUepe3d ILIOCKYIO
MOBEPXHOCTD IJIOIAJAbIO S pABeH:

& = BS cos 0. (4.4.3)

IloToxk MarunTHON HHAYKIMH HATIAAHO MOXET OBITH HCTOJIKO-
BAH KK BeJNUYMHA, IPONOPIMUOHAJILHASA YHCAY JUHUI BeKTOpa B,
IIPOHHU3LIBAIOINUX AAHHYIO nnomamcyl.

L Tounee, kax PABHOCTH YHCAA JHHMIE BEKTOpA MATHHETHOI MHAVKIIUY
B, npoHu3kBAOUINX HOBEPXHOCTD ILJIOUIAAKH ¢ IPOTUBOMIOJIOMXKHEIX CTO-
poOH.
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") Q 2

1
AS,

i

Puc. 4.31 Puc. 4.32

TloTok MarHmuTHO# UHAYVKIUU Yepe3 NOBEPXHOCTH ITPOM3BOJE-
HOro pasdMepa ¥ HOPMBI ONMPEJENAIOT CAeAyIiuM o6pasom. Bero
IOBEPXHOCTH PasbHBAIOT HA CTONL MAJBIE BIIeMeHTapHbIE ILJIOIMA -
KH AS;, 9T06bI MATHUTHYI0 MHAYKIHUIO Ha KaXK40ll U3 IJIOmALoK

MOJKHO OBIIO CYMTATH OJUHAKOBOH BO BcexX Toukax (puc. 4.31);
CTPOAT K KaXKJoU IJoIafKke HopMatb 7. IIoTOK uepes Kaayio
TAKYIO HIOIAAKY:

Ad)i = Bl.ASi COS 0.

CyMMUpyA 3JeMeHTapHbi€ MOTOKU A®D,, HAXOAAT MOJHEIH IIO-
TOK Uepe3 MOBEPXHOCTh:

@ = YAD, = Y B/AS, cos a.. (4.4.4)
i i
TIoBepXHOCTH MOKeT GEITH 3aMKHYTO#!
B aToM caydae 4MCio TUHUT HHAYKIWY, BXOAAI[UX BHYTPS IIO-

BEPXHOCTU, PABHO YHCIY JUHUIL, BRIXOASAINX U3 Hee (puc. 4.32).

Jduruu mazrnumuoll uROYKYUL 3AMKHYMbL, YMO O3HAYAem
pasencmeo HyJl0 NOMOKA MAZHUMHKOU UHOYKYUL Yepe3 3aM-
KHYymMy nogepxrocms. (Buvixodaujue us nogepxnocmu JuUHUU
daom noaoxcumensHstii nomox, @ 8xodaujue — ompuya-
meJabrbiil.) 3mo pyndamenmanbroe c80lCMB0 MAZHUMHO20
noas cé8A3aHO ¢ omcymcemeuem mazHumHslx sapados. Ecau
6bL He ObL0 3leKmpuiecKux 3apados, mo u arexmpuyeckuil
nomox wepes3 3aMKHYMY0 no8epxXHocmb 6bli Obl paseH HYLI0.

1 Ecnu mOBEPXHOCTH 3aMKHYTA, TO MOJOXKHUTENBHON HOPMAJILIO K II0-
BEpPXHOCTH NMPHHATO CUNUTATHL BHEINHIOK HOPMAJb.,
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§ 4.5. 3AKOH BUO—CABAPA—NANNACA

ITepeiifem meneps k GopMyaAUPOSKe 3AKOHA, ONpedenaouLezo
pacnpelenenue MAZHUMHOZ0 NONLA 8 NPOCMPAHCMEE 8 3A8U-
cumocmu om mowos. Bydem cuumame enavane, ymo nposood-
HUKU ¢ MOKAMU DACNOJLONCEHbL 8 BAKYYMeE.

MarHuTHAA MHAYKIUA B IPOU3BOJBHOM TOYKE A IPOCTPAHCT-
Ba, OYEeBHAHO, JOJIKHA 3aBHCETh OT CHJI TOKOB B IIPOBOAHMUKAX, UX
pasMepoR U (GOPMBEI, 4 TAKIKE OT PACHOJIOKEHUA IPOBOTHHKOB OT-
HOCUTENLHO 3T0i Touky (puc. 4.33). OUBIT MOKA3BIBAET, YTO TAK U
€CTh Ha CaMOM jfeJie.

SneMeHT ToKa

CunTaeM HPOBOTHUKH TOHKHMU. JTO 03HAYAET, UTO AMAMETDHI
BCeX ITPOBOAHUNKOB MHOI'0 MeHBbIlIe DACCTOAHUHN M0 TOUKH, e Ol-
pelenseTcss MarHUTHadA UHAYKIuA. Torza moboit IPOBOAHUK
MOKHO IIPEJCTABUTH KaK COBOKYIHOCTDH 3JIeMEeHTOB TOKa Al mpe-
HeOpexXUMOo Majioi TOMIMUHEL. JleMeHT Al — 3T0 BeKTOp, HAIIpAB-
JIGHHKIH IO TOKY B IPOBOZHHKE (eM. puc. 4.33).

Kaxaprit anemeHT ToKa Al co3zaeT cBoe MAIHUTHOE IOJE B TOY-
Ke A. PesyisTupylioliee nojie B TouKe, KaK cleAyeT U3 IpUHIIHIIA
CYNepIo3uInum mojeil, — 3T0 BeKTOpHafA cymMMma mojneii, coimaH-
HEIX OTZEJbHBIMHU 3JIEMEHTAMU TOKA.

~N

I

Pnc. 4.33
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TpyaHocTH 3apa4um

B onbITax ¢ HOCTOAHHLIMHU TOKAMH MBI BCerJia UMeeM JAeJIo C TO-
KAMH 3aMKHYTLIMH, CJEJOBATEJIBHO, C IIOJAMU, CO3XABAEMEIMH
BCEMU 3JIeMeHTaMHM ToKa. HaMm Ke HyKeH 3aKoH, onpedenaowuil
MazHumHuy0 UHOYKYUIO, CO30aHHYI0 OOHUM 3NeMeHMOM MOKa.
ToabKO TaKoil 3aKOH MOMKET UMeTh obluee 3Hauenne. [Ana Kaxmo-
T0 KOHKPETHOT'0 3aMKHYTOr'0 NPOBOJHUKA C TOKOM MATHHUTHAA MH-
JYKIUA 3aBUCUT OT (POPMEI IIPOBOJAHMKA, & TAKHUX (POPM MOXKET
6n6ITh GecuucJeRHOe MHOKecTBO. HuKakoii ob11eil 3axoHOMepHoC-
TH AJs IIOJIA B TOYKE 3JeCh YCMOTpeTh Helbada. TouHo Tak ke oc-
HOBHOM 3aKOH 3JIEKTPOCTATHKM — 3aKOoH KysnoHa — dopmyaupy-
eTCs JJIA TOYEYHEIX 3apAN0B. .

3Has MarHUTHYI0 MHAYKIHIO AB, CO3NaHHYIO 3JIEMEHTOM TOKA,
MOXKHO BBIYMCJIMUTL MHAYKIIHNIO B no6oro Toka B n00o0i TodKe
IPOCTPaHCTBA. .

Ho Haxoxaenue sakoHa Mjaa AB cpady e HaATAJKUBAETCHA Ha
TpyAHocTH. Henb3sn cO3MATE 3J1€MEHT TOKA (He3aMKHYTHIA MOCTO-
AHHHHA TOK). IIpsAMo#l cnoco6 aKCEepUMEHTATBHOTO HAXOMXKACHUA
3aKOHa JU1a AB, KaK B cjlyuyae 3JIeKTPOCTATHYECKUX B3aUMOEICT-
BUi, 3geck HeBo3MoxKeH. OIHAKO TAKOI 3aKOH BCe e YIAJIOCh
ycTaHOBHThL. HemocpeACTBEHHO M3 ONEITA CJefyeT, YTO BO BcexX
cIyvyasx MarHUTHAs HHAYKLUA B ~ I. OTclofa MOMKHO IIpefIIoso-
JKUTh, uTo 1 AB ~ I.

Harnee, skcnepumenTr ¢ppaHnysckux ¢uankos XK. Buo u ®. Ca-
Bapa IMOKA3aJIM, UTO MHAYKIIUSA MATHHTHOTO IIOJIf, CO3JAHHOTO
NpAMBIM TOKOM, Ha PACCTOAHHMU d, MHOTO MeHBINEeM JJUHEI Ipo-

-

1
a- Hanpasyienue AB ompejeisieTca

no npasuay 6ypasuyuka (cu™. § 3).

Orciona caexnyet, uTo AJia AB HYy»XHO HaliTH TaKoif 3aK0H, KOTO-
pHIf IPH CYMMHPOBAHHMH IO BCEM 3JIEMEHTAM IIPAMOrC NPOBOAA
naBaj Onl HallleHHYIO SKCIIEDMMEHTAaNBLHO 3aBUCHMOCTh oT I u d.
Jro yapanocs caeaarts I1. Jlanmacy. OTsicKHBasA npocreitimyio ¢op-
MYJIy, IPUBOASAINYIO K N3BECTHOMY Pe3yJbTaTy, OH IOJYYUJI Tpe-
OyeMulil 3aKOH. .

Hailigennyio Jlannacom ¢opmyay aisa AB ciaegyer paccMaTpH-
BaTh KaK 0000Ienne ONEITHRIX (PaKTOB. ¥YBEPEeHHOCTH B ee copa-
BEJJINBOCTH BhITEKAET He U3 ee «BLIBOJA», & U3 TOTO, UTO BCE pac-
YeTHl MOJIeH JIO6hIX 3AMKHYTHIX TOKOB Ha €€ OCHOBe IIPUBOJAT K
NPABUJIBHBIM De3yJbTaTaM, COTJIACYIOUIUMCS C OIILITOM.

BOOIHMKA, NIPDOMMOPIHOHAIBHA
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Puc. 4.34
JaxkoH Bno—Caeapa—Jlannaca

Ternepr MBI 3anuilleM BHIpA’KeHUE AJA MOAYJH MarHUTHOU UH-
IYKITUH AB I0JIs1, CO3JAHHOrO 3JIEMEHTOM TOKa Al B Touxe apo-
cTpaHCTBa A Ha PACCTOSHUK T OT Al (puc. 4.34). Yron Mexny pa-
JAMyCOM-BEKTODOM 7 U Al oBoaHauIM yepe3 o(. Cuja Toxka paBHa I.
Cornacuo 3akony Buo—Casapa—Jlaniaca

AB= kl IAlsina

2 .
r

4.5.1)

3neck k; — xKoaddunueHT NPONOPIUOHATILHOCTH, 3aBHCAIIMNI
oT BeIGopa cucreMsl efunul. (CucTeMaMu efuHULL MBI 3aiiMeMCA B
nanbHelieMm.) HanpaBiaen BEKTOD AB IEePHEeHANUKYIAPHO ILIOC-
KOCTH, couepmamen BEKTOPAI Al u 7. Ecim BpaIljaTh PYKOATKY Oy-
PABYHKA OT Alk7s HAIIpABJEHUN HAXMEHBIIEr0 YIIa MeXXAy 9TH-
MM BEKTOPaMH, TO IOCTyNAaTeJIbHOe HepeMmellleHHe GypaBumka
yKa)keT HampasieHHe BekTopa AB. B ciyuae, n300pa’keHHOM Ha

pucyHke 4.34, BekT0op AB HampasJeH IepPIeHIUKYIAPHO UepTexXY
OT Hac.

BekTopHoe npon3eegeHue

3axon Bnmo—Casapa—Jlanmaca MOXHO 3aIlINCATH B BEKTODHO#
¢dopMe, HCIONL3YA IOHATME BEKTODHOTrO IpOoHM3BeJe-
HY A ABYX BeKTODPOB. ITO NIOHATHE y HAC €Ille He BCTpeUa-
Jock. B (m3nKe MHOrME BEIHYHHBI BRIDAMKAIOTCA YEPE3 BEKTOD-
HBIE€ NIpOU3BeJeHUsA. BeKTOpHOE IpOoM3BeJeHUE MCIOJL3YyeTCA HE
MeHee YacTo, YeM CKAJIAPHOE, O KOTOPOM IILIa peub B « MexaHUKe»
(cm. §6.2). [Ina obosHaueHUS BEeKTOPHOTO IIPOM3BEJEHUA ABYX
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BEKTOpOB @ ¥ b IpUMeHsAETCs KOCOi KpecT: ¢ = @ X b. Ecau B pe-
3yJAbTATE CKAJNAPHOrO IPOU3BEAEHMS ABYX BEKTODOB IIOJYuaeTCH
CKaJIfip, TO Pe3yJbTaTOM BEKTOPHOTO IPOU3BeJeHNA BEeKTOPOB AB-
nsAetcsa BeKTop (0TCIofa U ero HasBaHue). OmpenenaeTcsa BEKTOD-
HOe IpOM3BeNieHNe TaK. .

Modyav ¢ sekmopnozo npoussedenus sexmopos d u b pa-
8eH npou3sederHulo ux modyaeil Ha CUHYC Yzaa O Mexoy HuMuU
(puc. 4.35):

c=|@ x b| = ab sin c. (4.5.2)

Hanpasiienue BeKTOPHOIO MPOM3BeNeHUA 3aJaeTCA IPAaBUJIOM
npaBoro OypaBumka (uwnu BuHTa). Ecau pyxoamky 6ypasuuxa
nosopaiusams H@ HAUMEHbWUIL Y202 oM eeicmopaﬁ, cmoau,ezo
nepavim 8 8eKmopHoOM npouseederuu, k¥ sekmopy b, mo eexmop
¢ HanpaseJen 8 CMOPOHY NOCMYNAMeNLbHOZ0 nepemeweHus 6y-
pasuurxa. Takum o6pas3oM, 8exmop ¢ nepnenduKyLAPEH nAOCKOC-
mu, codeprcauyeil 8exmopsvi @ u b.

Koneuno, Hy»HO elle JOKa3aTh, YTO HANPABJIEHHLIH OTPE30K ¢
ABJIAETCA BEKTOPOM, T. €. AJIsT BEKTOPHOI'O IIPOU3BEAEHUSA BHIIIOJI-
HAETCH reOMeTpHYECKOE IIPDABUJIO CI0MKEHUA BeKTopoB. Ho MEI 310
mexaTs He Oyaem. He 6yaem Takike NPHUBOAUTH BLIPAXKeHUA AJA
NPOeKIUi BEeKTOPHOro MPON3BeAeHU A HA OCH KOOPDAUHAT. ITH BhI-
pakKeHUA JOBOJIBHO CJOXKHBI, U B AaJIbHeHNIeM MhI He fyaeM uMx
HCIIOJIB30BAaTD.

OTMeTHM JN1IB, YTO BEKTOPHOE IPOM3BeieHe HEKOMMYTATHBHO:

ixb=-bxa. (4.5.3)

To cileqyeT U3 onpeaesIeHUA HallpaBJ€HENA BeKTOPHOTO IIPOM3-
BeIeHUA.

ol

Puc. 4.835
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JaxkoH Buo—Casapa—Jlannaca B BeKTOpHO# ¢dopme

HUcnons3ysa NOHATHE BEeKTOPHOI'O NPOU3BEAeHNs, 3aK0H Buo—
CaBapa—Jlaniaca MoXXHO 3alIMCaTh B BeKTOpHOH dopMe. B aTtom
crydae cpasy OyzeT olpefieJleH U MOAYJIb BEKTOPA MATHUTHOMN MH-
JYKIUU AB ¥ ero HallpaBJIeHHe:

= IAl x 7
AB=k1—rT—. (4.5.4)
Moayas MArBEUTHOM UHAYKIIHHA
IAlrsino IAlsino
AB =k, 3 =k 3

KaK 5TO U JOJDKHO GhITH coriacHo 3axory (4.5.1). Hanpasnenue
AB TaKXe OIpe/ieJIeHO IPaBUILHO.

MarHuTHas HAYKUUSA NPAMOIro ToOKa

Jns BLIYMCIEHUS MATHUTHOM MHAYKIUHN 6€CKOHEYHO AJIUHHO-
ro IpSAMOro IPOBOJia B IIPOM3BOJILHOI TOUKE A, HaxoAsAleica HA
paccTosHUH d OT MPOBOJA, HY’KHO MMPOCYMMUPOBATH BEKTOPHI AB,;

MarHUTHRIX UHAYKIUH, CO3JABAEMEIX OTJEJbHBIMM dJI€MEHTaMU
TOKA Al (puc. 4.36). CyMMHpOBaHHe yIIpoliaeTcsa

6J1aro;[apa TOMY, YTO BEKTOPEL AB OT OTAENTHHBIX

2JIEMEHTOB TOKA HAIIPABJIEHH! B OJHY CTOPOHY —
MEePHeHAUKYJIAPHO PUCYHKY OT Hac. TeM He MeHee
BREIYUCIEHUS TPeOyIOT YMEHHS HAXOAUTh CYMMY
6eCKOHEUHO GOJIBINOro Yucia GeCKOHEUHO MAJIBIX
YJeHOB. ITOT CIIOCOD BRIYUCICHU A HA3LIBAETCS HUH-
TerpupoBaHueM. MEI npuBeeM KOHEUHEBIH pe3yJib-
TaT:

B=k,> (4.5.5)

Dopmyna (4.5.5) naeT mpaBUILHOE 3HAYEHWE MATHUTHON WH-
AVKIIAHW ¥ A1 IPSAMOTO IPOBOAa KOHeYHOH ANuHbI. Heobxogumo
TOJBKO, YTOOBI paccTosHue d GBIJI0O MHOTO MEHBIIIE AJIMHEI IIPOBO-
Jla ¥ TOUKA, B KOTOPOH onpefeisieTcd MHAYKINUSA IIOJS, HAXOIU-
Jach Ha 60JILIIIOM PACCTOSIHHM OT KOHI[OB IIPOBO/IA.

Yemanoenen saxon Buo—Casapa—Jlanaaca, onpedeasio-
WUl MAZHUMHYI0 UHOYKLUIO d9AeMeHma moKa.
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§ 4.6. BAKOH AMINEPA

ITepeiidem menepv k 3adaue onpedenenus cunst, deiicmaeyio-
weil co cmopoHbl MAZHUMHO20 NLOJLA HA NPOEOOHUK C TNOKOM.

TpyAHOCTK 3apa4m

. OueBHUAHO, UTO 3TA CHUJA JeHCTBYeT Ha KasKIBIN 3JIeMeHT TOKa
Al. PesynbTHupylolas cuja paBHA CyMMe CHJI, AEHCTBYIOIUX Ha
OTAEeJIbHEIE 3JIEMEHTEL,

Kak u B ciyuae 3akoHa Buo—Camapa—Jlaniaca, HaM HYXXHO
HAHTH 3aKOH AJIA CUJIbI, AelCTBYIOIIEHN Ha OTAeILHEIHA 3JIEMEHT TO-
Ka. ToIbKO TAKOI 3aKOH MOMKET MMeTh ofInee 3HaueHume. Cuia
e, MeHCTBYIOIIAA HA 3aMKHYTHIH KOHTYP, 3aBHUCHUT OT (POPMEI
KOHTYpAa, a Takux (hopM SecuncieHHOe MHOMKECTBO.

31eck ONATE BCTPEUAETCS Ta K€ TPYAHOCTH, YTO U IIPH oIpeje-
JIeHWH MATHUTHOM HHAYKIIUK, CO3AAaHHOM 3JIEMEHTOM TOKA. 3aKOH
MOJKeT OBITH YCTAHOBJIEH TOJBKO ONTLITHBIM IIYTEM, a U3 OIBLITA He-
IIOCPEACTBEHHO HEJIb3A ONDeJe/IUThL CHIY, JAeMCTBYIOINYIO Ha dJjie-
MEHT TOKa, TaK KaK NOCTOAHHBIE TOKM BCErAa 3aMKHYTHI H CO-
3aTh 3JIEMEHT TOKa HEBO3MOXKHO.

B Takoil cuTyanuM ocTaeTcsi eIHMHCTBEeHHEIN nyTh. O600masa
onblTHBIE (HAKTHI 110 BO3AEMCTBUIO MATHUTHOrO IIOJIA Ha 3aMKHY-
Thle TOKH, IMOAOGPATH TAKOH «3JIeMEHTAPHBIA» 3aKOH, KOTODBIHA
Ias1 1106070 3aMKHYTOT0 KOHTYpa JaBaJ 6bI DE3YJBTAT, COTJIACYIO-
INUHACA C OIIBITOM.

OnbiThl AMNepa

3amaua 6pL1a pereHa AMnepoM. AMIIEp OTKPLLI 3aKOH B3aUMO-
OeMCTBHA TOKOB, PEIIUB TE€M CAMBIM IIpo6JieMy MArHHTHOTO B3aM-
MOJeHCTBUA. 3aKOH B3aMMOI€CTBUSA MOMI0COB MATHUTOB, KOTODKIH
Kynon cuurajy pyHIaMeHTAIbHLIM, OKA3AJICA CJIEACTBUEM M3 3aK0-
Ha, OTKPBITOro AMnepoM. «Bce B COBOKYIHOCTH, — mHcaJ 06 AM-
nepe MakcBelL1, — ¥ TEOPUA M IKCIEPUMEHT KakK 6YATO MOABUINCH
B IIOJTHOM 3PeNOCTH M [OJHOM BOODYKEHHH M3 rosioBbI HbIOTOHA
3JIEKTPHYECTBA. JTH HCCIENOBAHUA 3aKOHYEHEI 10 GopMe, HAeallb-
HBI II0 TOYHOCTHA U Pe3IOMHUPOBAHLI B HOpMYJIe, U3 KOTOPOH MOryT
OBITH BBEIBEJEHLI BCE ABJIEHUA JJIEKTPHUYECTBA M KOTOpasa HaBCerAa
ocraHeTca GyHIAMEHTANBLHOMH QOPMYIOii 3JIeKTPOJHHAMUKH» .

AMIiep CKOHCTPYUPOBAJ psAJ MPpUOOPOB AJIA UCCIeSOBAHUS B3aH-
MopeiicTBusi TOKOB. OMUH u3 HHUX H3oOpakeH Ha pucyHKe 4.37.
C nmoMoibi0 IOJOOHBEIX TPpUOOPOB AMIlep YCTaHOBHIJI, YTO HapaJ-
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Puc. 4.37

JIeJIbHEBIE TOKH OAMHAKOBOI'O HANIpaBJIeHNs IPUTArCUBAIOTCH, a Ipo-
THBOIIOJIOKHOTO HAIIPABIEHUA OTTAIKUBAIOTCA. B3auMHO IeplieH-
AUKYJIAPHBIE TOKH He AeACTBYIOT APYT Ha Apyra. Cuia, geiicTsyro-
miad Ha IIPOBOJHUK C TOKOM, IIPAMO IIPONOPLMOHANEHA CHJIE TO-
Ka B HeM (F ~ I) u npsAMO INpONOPIIMOHAJbHA AJHHE IPOBOJHUKA
(F ~ Al). Ona Takxke NpAMO NPONOPLUOHANLHA MATHUTHON MAAYK-
nuu B ¥ 3aBHACUT OT yriia Mexay sBeKTopamu B u Al. Eciin maruuT-
Has MHAYKUUA HANPABJIEHA II0 TOKY, TO CUJIa PABHA HYJIIO.

IIpasaa, Bce aTo 6BLIO He COBCEM TaK. AMIIeD YCTAHOBHJI 3aKOH
JJIS CUJIBI B3BAUMOAEMCTBU A MEX Y JBYMS DJIEMEHTAMY IIPOBOLHM-
KOB ¢ TOKOM. OH ObUI CTODOHHMKOM TEOPHH AAJILHOLCIICTBUSA U He
MOJB30BAJICA HMOHATHEM I0JA. OTKDBITHIA MM 3aKOH JAOBOJBHO
CJI0MEH U pacuaZlaeTcs Ha /iBa Gosiee NPOCTHIX: 3aKOH AJIA MarHUT-
HO#l MHAYKUUM AB, CO3NAHHOH 3J€MeHTOM Toka Al, 1 3aKOH s
CHUIBI, JelcTByOLIEeH €O CTOPOHEI MATHUTHOTO MOJASA ¢ HHAYKIIHEH
B Ha ayneMeHT Apyroro Toxka. OfHAKO II0 TPAAWIAY U B MaAMATH O
3acJyrax y4eHOTroO BBIDAasKeHHe JJIA MAarHUTHOMH CHJIBI, NeHCTBYIO-
el Ha IPOBOAHMK C TOKOM CO CTOPOHBI MATHHTHOI'O MOJIA, TAKXKe
Ha3LIBAIOT 3aKOHOM AMIrepa.

3akoH AMnepa

VTak, OLBITHBIM ITyTeM MOYKHO IIPUIATH K 38KJII0YEHHIO, YTO Mar-
HUTHAA cuna AF ~ TALB 1 3aBMCUT OT yIJjla MeXKAY BeKTopaMu Al u B.
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IIpuyem oHa paBHA HYJIIO, €C/IM 3TH BEKTOPHI MAPAJLIeILHBI, H MaK-
CUMAaJTLHA, KOT/A OHU MEPIeHAUKYIAPHEL APYT K APYTY.

Kax nanpasnena ara cuna? Us nabmonenus B3auMofeiicTBUA
napajuie/IbHBIX TOKOB MOYKHO YCTAHOBUTD, YTO CHJIA AF HepreHH-
KVJIApHA BEKTOPAM Al u B. ITocmorpure Ha pucynke 4.38. Cuna
TIePIEeHANKYIAPHA IJOCKOCTH, B KOTOPOI JIEKAT BEeKTOPbI Al u B.
OJTO HABOAWUT HA MBICIB, YTO CHJIY MOKHO BBIDA3UTH YePe3 BEKTOP-
HOe mpou3sBeAeHe BeKTOpoB Al u B. BekTopHOe npousBeAeHNe aTHX
BEKTOPOB KaK Pa3 IPeACTaBiIseT coboil BEKTOp, MePUeHAUKYJIAD-
HBIH IIJIOCKOCTH, cofepsxaleil BeKTopbl Al n B.

Temeph zanuiiieM 3aKOH AMIilepa AJA CHJIBI, AeHCTBYIONIe Ha
aJIeMeHT ToKa. IIpuBefeHHEIE BRIIIE AKCIEPUMEHTANbLHBIe PAKTHI
U coobpakenne MAaKCHUMANLHON IIPOCTOTH (GOPMYJIHI IIPUBOAAT K
MPABMIBHOMY PE3YIbTATY.

Cuna, feiicTRyiomias Ha 3JeMeHT NMPOBOJTHUKA Al 1o KOTOpO-
My Teder TOK I, NpAMO NMPONOPUMOHANBHA NPOUIBENEHUIO CHIKI
TOKAa HA BEKTOPHOE IIPOU3BENEHHEe BEKTOPORB Al u B (puc. 4.39):

AF = k,IAL % B. (4.6.1)

KoappuuueHT NpPONOPHUOHAIBLHOCTH £, 3aBHCHT OT BBI6ODa

eIUHAL IJIA BeKTOPA MATHUTHON MHAYKIUMK. YCTAHOBIECHUEM €r0
MBI 3afiMeMCH B creqyionleM Iaparpade.
Cornacuo 3axony (4.6.1) Mmonyns cunsr AMmepa

AF = k,IAIB sin o (4.6.2)

> =

3aBHCUT OT CHHYycCA yIJIa MeXXAY BeKTopaMmu Al u B.
ITo npasuny onpenereHUs HaNPaBIEHUA BEKTOPHOIO IIPOU3Be-
IeHnd aexmop AF nepnenduxyaaper niockocmu, 8 KOmopoil Je-

-

Vd
L1 Iy AF
Al ‘/ﬁ
[ Al
AF - o
=
e

Puc. 4.38 Puc. 4.39
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JHcam eexmoput AluB (L1ockoctu puc. 4.39) u Hanpasnen 6 cmo-
POoHY nocmynamenvHozo nepemeujenun 6ypasiuka, pyKoamea
Komopozo nogopayusaemcs om Al k B (Bexkrop AF mepnesiuky-
JApeH IJIOCKOCTH YepTeska U HallpaBJieH OoT Hac).

VBEPEHHOCTH B CIIPABEAJHBOCTH 3aKOHA AMIlepa 0CHOBBIBAETCA
He Ha TeX OILITaX, KOTOPhle IPHUBEJH K ero yCTaHOBJeHui0. Bean
OIIBIT He JaeT 3HaueHusa cuibl AF, He roBopsa yixe 0 NpubIMKeHHOC-
TH BCeX U3MepeHuH. ¥ 6exAeHe B CIPAReAJIMBOCTH 3aK0oHA AMnepa
BBITEKAET U3 TOr'0, YTO BEIUMCJIEHHbIE C €T0 [IOMOIIBI0 3HAUYEHUS De-
3YABTUPYIOUIEH CUJIERI AJIA JI0O0T0 3aMKHYTOTO IIPOBOTHUKA COBIA-
JAaloT ¢ 3KCIIePHMEHTAIBLHO OIIpeAeiseMbIM 3HAUYeHUEM CUIIBL.

B3aumoaeicTBNe NnapannenbHbiX TOKOB

PaccMoTpuM BzaumogelicTBue ABYX IApaIENbHBIX GeCKOHEYHO
AMUHHEBIX ITPOBOJHHUKOB, PACIIOJOMKEHHBIX B BAKYYMEe HA PAaCCTOA-
HUU d Apyr oT Apyra. M=uI y:xe suaem (cM. § 4.5), 4TO fAUHHEIN Ips-
MOii IPOBO/JHUK, CHJIa TOKA B KOTOPOM [, CO3/jaeT Ha pacCTOsHUY d
OT IIPOBOJIa MATHUTHOE II0JIE ¢ HHAYKIIUEH, PABHO II0 MOAYJIIO

21,
B=k—.

Haitnem cuny, neiicTBYIOMIYIO HA OTPe30K BTOPOT0O IIPOBOJHUKA
anuuoil I. Tak KaK Ha BCe 9JIEMEHTBI 3TOT0 IIPOBOJIHUKA IeHCTBYIOT
OAWHAKOBBIE CHJEI, IPONOPUUOHAIbHbIE Al, TO B JaHHOM CJy4ae
CJIOJKEHUE dIeMeHTaPHBIX CUJI IPUBeJET K IpocToit 3amene Al Ha [.
Bo Bcex Toukax BeKTOp B IepUeHAUKYIAPEH BTOPOMY IPOBOLY C
ToKoM I, (cM. puc. 4.38). [ToaTromy cuna, IPUIOKEHHAA K OTPE3KY
JARHOU | ADYTOro NPOBOMA, NIePIEHANKYIAPDHA €My 1 paBHa:

21,1, 21,1,
a =k

F=FkyI,Bl=kik, I (4.6.3)
31ecy BBeieHO HOBOe oQos"auenume and xkosdhdunumenra npo-
[OPIUOHANBHOCTY k = K k.

Cunia NeXUT B IJIOCKOCTH OG0MX IPOBOJHUKOB U ABJSETCS CU-
JIOH IIPUTSKEeHHUA, €CJIU TOKU HAIPABJEHLL B OOHY CTOPOHY, MJIU
CIJIOM OTTANIKMBAHWUA, €CJIH HAIpPAaBJeHHA TOKOB IIPOTHBOIIO-
JIOXKHEI,

ITonyneno sviparxcenue 0asa cuavt Amnepa, onpedensroujeil
Oelicmeue MazHUMHO20 NOAA HA 3]eMeHm MOKa.
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§ 4.7. CACTEMbI EQUHML
INA MATHUTHBIX BBAUMOAENCTBUIA

Buibop edunuy npu u3yieHuu mMazHUmMHbLLX 83aumodeiicm-
8Ull He ABaaemCA npocmuim. MuL ocmaHosumca Ha 38yx cuc-
memax eQunHuy: abconrIOMHOlIL cucmeme efuHUY
I'aycca u CH. O6 smux efunuyax waa peib 8 3AeKmpo-
cmamuke npu 3anucu 3axona Kynona u Opyzux 3axonos
anexmpocmamuxuy.

A6conioTHaa cuctema egvHML,

B npunmune MOXHO0 OGbLJIO OB YCTAHOBUTE e IMHHILY MATHUTHOMN
MHAYKIUN M3 3akoHa Bumo—CaBapa—Jlanmaca (4.5.4) unu ero
caegcTBud (4.5.5), mONOKUB KOIDDHUIMEHT HPOMOPIIHOHAIBHOC-
td k; = 1. Ho B aTOM ciyyae eMHUIBI HATIPAXKEHHOCTH 3JIEKTPH-

= -
YyecKoro noJjid E u MarHuTHON MHAYKIIUY B 6wy GBI pasiauuHbI-
mu. Exununa sHanpssxenHoctu [E] = L‘I_lz . 3mecp KBagpaTHBIE
cM
CKOGKHU 03HAYAIOT, YTO PedYb HAET O eJUHHIIAX. YKa3aHHAad BhIIIE
eIMHHIA BBEITEKAeT W3 BHIPAXKEHHsA JJA HANPAXKEHHOCTH JJEKT-
PUYECKOTo TOJIA TOYEUHOro 3apama. EAWHWUIlA Xce MarHUTHOH
HHAYKLIMY, KaK cleayer us ¢opmynst (4.5.5), npu k, = 1 unas:
[B] = [q]
c™M+c’

OcHoOBHaA uzesa abCcoJMIOTHON CHCTEMEI B TOM, UTOORI efWHUIIEI
bu3NUeCKUX BEJINYVH, XaPaAKTEPU3YIOIINX JIEKTPUUECKOE U MAT-
HUTHOE II0JIs, MMeJIYN OSUHAKOBBIe HAHMeHOBaHUA. IloaToMy aTy
CHCTEMY MHOTJA HA3LIBAIOT CUMMETPUYHOMA.

3ﬂeKTpOAMHaMH"IBCKaﬂ NnoCTofAHHaA

Byaewm ucxonuts us dpopmysr (4.6.3) nna B3aumMofeitcTBus TO-
koB. ITosoxuTs B 2Toi dopmysie B = 1 HeNb3sA, TAaK KAK € ZMHMUIIBL
JJISL BCEX BEJIMYVH, BXOAALUINX B 3Ty GOPMYIly, ViKe YCTAHOBJIEHEI,
Kosdbdumuenr & — pasmepHasa (UMeHOBaHHAsA) BeJMuMHA. Hait-
JeM eguunny k n3 dopmyins (4.6.3):

_ et _d'1- 1’
] 1cm’lg?]

=1c%/cm2.

(%]
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3}1605 HCIIOJIb30BaHa e€IMHHIlA CUJIBI, OIpefesdeMasd 3aKOHOM

2

Kynona; [F] = L‘I_zl . Tenneps BmecTo k BBeieM HOBHIH KoahdHUIIEHT

(r-1
1
2
BRHIBAIOT D JEKTPOXUHAMMUUECKOMN mMocToAHHOIMK Oua
BRIpasKaeTcsa B TAKHMX 2Ke eJUHUIAaX, KaKk ¥ ckopocTh: [¢] =1 cM/c.
Kaxk HaiiTu ero uncnenHnoe sHaueHue? {15 5TOro B IpUHILUIIE
HAJ0 U3MepUTEL cuay F B3auMOeiiCTBUA mapaijielbHBLIX TOKOE,
Torpa, snas I,, I,, d 1 I, MOXHO BHYUCIAUTL 3HAUEHME C. 31ieCh

npornopuuoHandbsHocT: B = —; . HoBblil KoaddunmeHT ¢ yacTo Ha-

HacC IojAcCTeperaeT HEOXMIAHHOCTD: 3JLercmp06uuaJnuuecxaﬂ no-
CMOAHHAA C paBHA CKOpocmu ceema 8 saxyyme:

c=3 - 100cm/c. 4.7.1)

MopaautensHbii paxkT

IlocTrosanras ¢ umeer raydboxkuit GusvuecKkuil cMmbica. UMeHHO
3HaueHHe NNOCTOAHHOM ¢ HATOJAKHYJIO B CBoe BpeMa MaKcBelia Ha
runoresy 00 3JEKTPOMArHMTHOII IIPpUpOJE cBeTa. ¥ IMBUTEILHO,
YTO CKODPOCTL CBETA MOXXHO ONPEAEeNNThL, U3MEPAA CUJIY B3aUMO-
AelCTBUA NOCTOAHHELIX TOKOB.

3aKoHbl MarHUTHbIX B3auMoaencTemii B abconioTHow
cucrteme eauHul (B cucteme Maycca)

IIpu nocTpoeHun aGCOMIOTHOM CHCTEMBI, ajiee, IOJATaeTCa, UTo
ki=ky=~.

Tako# BEIGODP KosduumenTos k, u k, obecreursaer, KakK B

MOJKETe B 9TOM yOequThLCA cCaMH, coBliajenne eguuun E u B,
OxonuaTtennHo 3akoH Buo—Casapa—Jlannaca B cucreme I'ayce-
ca 3allMIIeTCs TaK:

> 1 JAl x AF
AB=——5— . (4.7.2)

c r

3akoH AMnepa mpuMeT BHJ:

AF =

=

IAl x B. (4.7.3)
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EAMHMULA MAarHUTHOW UHAYKUMM — raycc

Tenepr MOXXHO YCTAHOBUTH E€IWHUIY MATrHUTHOM MHAYKIIUHU
¢ nomompe ¢dopmyasr (4.5.5) AnA MArHATHOrO IIOAA HNPAMOTrO
TOKA:

21

B—EE-

(4.7.4)

MarsurHaa UHAYKIAA PaBHA eJHHHUIe HAa DACCTOAHUU 2 CM
OT AJUHHOIO IIPAMOIO IIPOBOMA, B KOTOPOM CHUJIA TOKA pPABHA

3 - 1019 ex. Toxa CI'CD. Dra equnua HasbBaetca rayccoM (Ic).

3akonsl Buo—Casapa—Jlannaca w AMnepa 8 CU

CoBcem nHaue crpoaTca efuHuLsl B CH. B cucreme IN'aycca enu-
HUIIAT 3apAAa U TOKA ABJATCA He OCHOBHAIMH, 8 MPOU3BOAHEIMH.
A B CU eguHuUIla CUJIBI TOKA — AMIIEP CUHUTAETCA OCHOBHOM, deT-
BEpPTOM efuHUIEl HAPAAY ¢ METPOM, CEKYHAOM M KMJIOTPAMMOM.
OHa oIpejensfeTcsa MTOCPEACTBOM MArHHUTHOTO B3aWMOJeHCTBUA
napajjelbHbIX TOKOB.

Amnep pasen cuje HeU3MEHAIOU,ez0CA MoKka, KomopsvLil npu
NpoxXoxcdenuu no 0sym napanrielbHbiM NPAMOIUHELHbILM NPO-
800HUKAM OeCHOHEeUHOll ONUNRBL U HUYMONCHO MALoil naou,adu
KDPY206020 NONEPEeiHO0z0 CELeHUs, PACNONONCEHHbIM 8 BAKYYMe
Ha paccmoanuu 1 M odun om Opyeozo, 8vi38an 6bL HA KANOOM
yuacmkre nposodHuKa dauroit 1 M cuny e3aumodeiicmeus, pas-
nyro?2 « 1007 H.

B egnnunax CH xoappuiiueHT [IpornopruouatsHocT £ B dop-
myJie (4.6.3) monaraeTcs paBHBIM:

Ho

k=E. (4.7.5)

Benuuuna |, HasbiBaeTcA MATHHUTHOM MOCTOAHHOIM.
Ona aHanoruuHa 37eKTPUIECKON IOCTOAHHOM £, (cM. § 1.3). Kak

U €), MATHUTHASA MMOCTOAHHAA |L) IPAMOro GUIUIECKOro CMBICTIA, B
OTJIMYHE OT 3JEeKTPOAUHAMUYECKOMN IOCTOAHHOI ¢, He uMeeT. Bae-

1
LeHue B XoahbUITHeHT £ MHOXUTENA 27 CHeNaHO 1115 TOTO, 4TO6RI

ypaBHeHuA MaxcBelsa A 3JeKTPOMAarHUTHOIO IIOJA HE COJep-
sKaau 47,
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3nauenue |\, onpenenaserca U3 popmyisl (4.6.3). Ilpu d = 1 M,
l=1mul,=I,=1A

_ @21112
4 d

o= 47 + 107 H/AZ.| (4.7.6)

Mesxay €, U, ¥ € CYyLIECTBYET CHEAYIOWAA CBA3D:
1
Jeolto
ITpoBepsTe CrIpaBeAINBOCTE 3TOM (hOPMYJIBI CAMOCTOATENBHO,
B CH xosddunuents k, u k, B 3axonax (4.5.4) u (4.6.1) ompe-

n
AeJNs0TC Tak: ky = ﬁ s By = 1. Iloaromy 3axoH Buo—Casapa—

1=2-107"H.

Orcrona

Cc=

4.7.7)

Jlamnaca uMeeT BUA:

M e s |
AR = PO IALXAT (4.7.8)
4n r

3akoH Amnepa npunumaet Gopmy:

B

DR
{AF=IA2 x AB. | (4.7.9)
S — |
I/IHHYKHHH MarHMTHOTO IIOJIA IIPAMOTo IIpoBOAA
I
B=}.l02—a. (4.7.10)

Dopmyany (4.7.10) MOXKHO HCHONB30BATEH MAJIA YCTAHOBJIEHUA
eTUHUIEI MarHuTHOH mHAYKINY B CH, Maruuthas MHAYKIUA Ha
paccTOAHHMH 2 M OT IPOBOJIA PABHANACKH OBl efUHUTIE, ecau Obl Cuja
TOKa B IIPOBOJE, BHIpAKEHHAA B aMIlepaX, ObLIa paBHA YHCJIEHHO

4z
u— . 9ra equHuLa HaseBaeTesa T e cJa (TJ) B uecTh BRIJAIOIIETOCA
0

cepbekoro uaobperarens u yuenoro H. Tecia (1856—1943).
Hoxaxxure, uro 1 Ta = 104 I'c.

3anucanut 3aronubt Buo—Casapa—Jlannaca u Amnepa 6 ab-
conomuoii cucmeme edurnuy u e CH.
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§ 4.8. NPUMEHEHUSA 3AKOHA AMMEPA.
QNIEKTPOUSMEPUTESNIbHBIE NPUBOPDI

C nomowybio 3aoHa Amnepa MOICHO BLIYUCIUMD CULY U MO-
MeHm cua, Oelicmayouiuil Ha 3aMKHYMBbLIL NPOBOGHUK ¢ MO-
KOM npou360.bHoll opmbL 8 N10060M MmazHumHoMm note. Ko-
HeYHO, MU BbLLUCTIEHUA MeM Npoue, Yem npouie Gopma KoH-
mypa u KOHPuUzypayua MazHumHozo nois.

MowmeHT cun, aeiicTeyloLUNA
Ha NMPAMOYrO/ibHYIO PaMKy C TOKOM

OnpegenuM MOMEHT CHJ, JefCTBYIOITHA Ha NPAMOYIOJbLHYIO
PaMKy ¢ TOKOM B OJHOPOJHOM MArHHTHOM IIOJie ¢ MHAYKIHe#d B.
CTOpOHRI paMKH HMEIOT PaaMepkl a 1 b; cuya Toka B Heit . UHAYK-
U MATHUTHOIO IOJS COCTABJSAET C HOPMAJLIO K PAMKE YroJ o
(puc. 4.40). Pacuer npoBeaem B eguunnax CHU.

Ha pucynke 4.41 nokasau Buj CBEPXY HA ceUeHHe PAMKH I'OpH-
30HTAJABHOM IIJIOCKOCTHIO. B COOTBETCTBHH C NIPAaBNJIOM OIpEAeIe-
HUA Halpap/i€eHUA BEKTOPHOTO IPOU3BEAECHUA ABYX BEKTOPOB (CM.
§ 4.6) Ha cTOpOHEI paMKH AnuHOM b AeiicTBYyeT napa cun F, u F,,
NepHeHINKYIAPHEIX BEeKTOpPY B, KoTOpad co3aeT MOMEHT CHJI OT-
HOCHTEJBRHO OCH, NpOXOAAIelt uepes cepeaumHy paMin. CHiel,
JeHCTBYIOI[HE Ha CTOPOHKI pAMKU JJUHOIM @, JUIINEL PACTATHBAIOT
paMKy.

Ilo 3akony Ammnepa

F,=F,=|I|Bb.
ILreuo xasxkAON N3 3TUX CUJ PABHO:
_ag
d= 5 sin o.
CyMMapHBI# MOMEHT CHJI pPaBeH:
M = 2F3sina=|I|BSsino, (4.8.1)

2
Puc. 4.40 Puc. 4.41
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rae S = ab — naomaas pamru. Ilpu o = 90° MoMeHT ¢ MaKcH-
MaJleH ¥ COBIajaer co 3HadeHuem M .~ u3 dopmyssl (4.3.1), Ko-
Topas Obla BBeJeHA B KadeCTBe OIPEAEICHHUA MOJYJIA BeKTopa
MarHuTHOM mHAyKIuN. Tonpko B dopmyae (4.3.1) xoapdunuenTt
kE HaJ0 IOJOXKUTH PABHLIM eIUHUILE.

MpumeHeHna 3akona AMnepa

3akoH AMIepa UCIOAbL3YeTCA NJIA pacyera Cui, AeHCTBYOIUX
Ha IPOBOAHMKHU C TOKOM, BO MHOI'MX TEXHHAYECKHUX yCTpoHcTBax, B
YaCTHOCTH B 9JeKTpoaBurarensx. lelicrBue Bcex dJAeKTPOABHUIA-
TeJiel OCHOBAHO Ha MCHOJML30BaHuM cuiabl Amnepa. Ilo o6moTke
Bpalljaloleiica YacTH ABHUrarTensa akopa 3 (puc. 4.42) nporexaer
3JIEKTPUYECKUN TOK. MOIITHBIE 3J€KTPOMATHHUTBI CO3LAI0T Mar-
HUTHOE TI0JIe, KOTOpOe AeiicTBYeT Ha IPOBOAHHUKM C TOKOM B 06-
MOTHKE AKOPS U 3ACTABJAET UX ABUIAThCA (puc. 4.43). AKops uaro-
TOBJIAETCA U3 CTAJNBHHIX IJacTHUH (puc. 4.44, a), a momocam djieK-
TPOMATHHUTA HIpULaeTCsa clenuainbHaa Popma (puc. 4.44, 6), ¢ Tem
yTOOBRI CKOHIEHTPHUPOBATH MATHUTHOE II0JIe B MeCTaX, I'je pacIo-
Jaraetca o6MoTKa poropa. CuenuaibHble YCTPOMCTBA — KOJLIEK-
Top 1 n mieTku 2 (cm. puc. 4.42) — obecrieunBaOT TAKOE HATIPAB-
JIeHHEe TOKa B 00MOTKAaX, YTOOLI MArHUTHOE B3aUMOAEMCTBIE CO3/a-
BAJI0 MOMEHT, IIPUBOAAITHI K HEIIPEPLIBHOMY BpPaIleHUIO AKOPA.

AnexTpouameputenbHsie npubopbl

IeiicTBE MarHUTHOrO OIS HA KOHTYP C TOKOM HCIIONb3YETCA B
3JIEKTPOM3MEPUTENbHBIX NIpubopax MATHUTO3JIEK TP U Y e C-
KOW CHCTeMB I M3MEPEHVSs CUIBI TOKA U HAIPSAKEHUA.

Cemb

Puc. 4.43
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a &
) Puc. 4.44 )

VismepurenbsHBI NPUGOP TAKOI CHCTEMEL YCTDOEH CJIEAVIOITUM
o6pasom. Ha jserkoii, o6EIYHO AJIIOMUHUEBOMH, paAMKe IIPAMOYI0JIb-
HO# GOpMEI ¢ IPUKPEMICHHON K HEH CTPEeJIKOM HaMOoTaHa KaTyIl-
Ka, uMmewomaa N Butkor (puc. 4.45, a). PamKa ykpenseHa Ha
IBYX TOJNyocAX. B monomxeHUH paBHOBECHUA €€ VIAEPHUBAIOT [ABe
TOHKHE COUPAJEHBIE NPYKUHBL 2 (puc. 4.45, 6). MoMeHT cun yI-
pyroctd M , NeifCTBYIOU[UH CO CTOPOHKI IPYXKHMHBI M BO3Bpa-

MAIIKE KATYIUKY B IIOJOMKeHHe PABHOBECHA, MPOMOPLUOHAIEH
VLY @ OTKJIOHEHHUSA CTPEJIKH OT I0JIOXEHus paBHOBecus: M = fo

(f — nocroaHHEBIN KoadPUIMEHT IPONOPIMOHAIbHOCTH). KaTy1iI-
Ky MOMEIasoT MEMKAY MOJI0CAMU IIOCTOSHHOT'O MATHHTA CIEITH-
anbHO# opMEI (cM. puc. 4.45, a).

BHyTpH KaTYHIKM PaCHONOXEH IMJIMHAD U3 MATKOTO eje3a.
Taxasa KOHCTDYKIHS obecriedHuBaeT pAIUAJIbLHOE HAaIIpaBJIeHHe JH-
HUIf MATHUTHON MHAYKIMUA B TOH 0BJIaCTH, I'/le HAXOAATCA BUTKH

1

Puc. 4.45
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Kartymin (puc. 4.45, 8). B peayipraTe mpH J060M HOJOXXKEHUU
KATYIIKHA MOMEHT CWJI, AeMCTBYIOIMII Ha Hee CO CTOPOHRI MATrHUT-
HOTO IT0JIsI, MAKCUMAJIEH ¥ IIDX HEeM3MeHHOH cHJie TOKA OZUH U TOT
sxe. Karyiika ¢ TOKOM NOBOpauYMBaeTCH A0 TEX MOP, MOK& MOMEHT
CHUJI YOPYTOCTH, AeHCTBYIOUINI CO CTOPOHK IIPYXHHBI, HE YPaBHO-
BECUT MOMEHT CWJI, AeHCTBYIOIIHNN HA PAMKY CO CTOPOHBI Maruur-
HOTO TI0JIH:

M, =fo=NIBS.

Orciona ciaenyer, 4To U3MepsAeMasa CUJA TOKA MIPSIMO MpPOMOp-
IIMOHAJIBHA YIJIY OTKJOHEHUS CTPEJIKA:

f
I= NSB Q. (4.8.2)
3aeck KospdunueHT ]—\72—1—; — TIOCTOSIHHAA AJIS AAHHOTrO Ipubo-

pa BeJIu4YuHa.
IIpu6op MOkKHO IpOrpaZiyupoBaTh TaK, YTOOKI YroJ IOBOPOTA
omnpefessy CHJIY TOKa B aMIlepaX WM Apyrux egununax. Coriac-

U
HO 3akoHY OMa cusa Toxa B npubope I = R IToaromy npubop

MOYKHO IIPOrpafyHpOBATHL U TaK, YTOOB! OIpPEAeJIEHHOMY Yraiy ¢
OTKJIOHEHUS CTPEJKHU COOTBETCTBOBAJIO HampskeHue U HA 3aKH-
Max npubopa B BOJIBTAX HJIM APYFUX eJUHHIAX, '
TakuM o6pazoM, IpHOOP MOXKET CHYXHTH KaK aMIepMeTpOM,
TaK ¥ BOJBTMETPOM. B nocjiennem ciaydae [js yBeJIHUEeHNASA COMPO-
THUBJIEHUA nprbopa HYKHO IOCHAEJ0BATENIFHO ¢ KAaTYIKON BKJIIIO-
YUTH PE3UCTOp C 60JIBITUM COIPOTHBJIEHUEM,
' 3axon Amnepa ucnoanv3yemcs npu KOHCMPYUPOBAHUU 3JekK-
mpodsuzameneii. Ha ezo ocnoee co3dawnvl srexmpousmepu-
meabHble nPU6GOPbl 0N U3MeEPEHUA CULLL MOKA U HATLPDANCEHUA.

§ 4.9. AEACTBUE MATHUTHOIO Nons
HA OBWXYLLIUNACKH 3APS,. CUJIA JIOPEHLIA

Anexmpuueckuii moxk — 3amo ynopadoienHoe Oeuixcerue 3a-
paXxenHblx Hacmuy. [eilicméue mMazHumnozo noas Ha npo-
800HUK ¢ MOKOM ecmb pe3yabmam Oeilcmeus noai Ha 08u-
HyuLueca 3aPANCEHHbLe HACMUYbL BHYMPU NPOBOGHUKA.
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Cuna JlopeHua

Cuany, deiicmayouwyio Ha OBUNCYUWLYIOCA 3APAHCEHHYIO HACTU-
Uy CO CMOPOHbL MAZHUMHOZO0 NOJNA, Ha3bleaom cunoll Jlopernya
B 4YeCTb BEJIMKOTO Hujepiaauicroro dmsnka X. Jlopesnna, ocHoBa-
TEJIA SJEKTPOHHON TEOPHY CTPOEHUA BEIECTBA. JTY CHJIY MOYKHO
HaliTu ¢ IoMombIo 3akoHa Amnepa. OHa onpeiesigeTCA KaK OTHO-
menue cuisl AF, neficTBYIONIE# Ha YYACTOK IPOBOJHHUKA AJTHHOMN
Al, x yncxy N ynopAaao4eHHO ABHIKYHINXCSA 3aPAMKEHHBIX YACTHIL
B 3TOM y4YacTKe IIDOBOJHUKA: .

2 AF
FL = W .

PaccMOTpUM OTpe30K TOHKOTO IIPAMOrO IIPOBOJAa C TOKOM
(puc. 4.46). IlycTs anuHa oTpesKa Al ¥ ILI0Ia/Ab IOTIePEYHOTO ceve-
HHUA S HACTOJIBKO MAJILI, UTO BEKTOD MATHUTHON MHAYKIVYN B MOX-
HO CUUTATH HEM3MEHHKIM B IIPe/IeJIaX 3TOr0 OTPE3Ka IPOBOJAHUKA.

Cuia Toxka I B IPDOBOZHHKE CBA3aHA ¢ 3apAAOM 4acCTHIL ¢, KOH-
LieHTpanueli 3apAXeHHbIX YaCcTUI] 72 B MOJAYJIEM CKOPOCTH HX YIIO-
PAIOYEHHOTO ABMKEHUA U dopmy.roit (2.2.7):

I=qnuvs. (4.9.2)

Cornacro saxony Amrepa (4.7.9) cuna, neficTBylollas Ha dire-
MeHT Toka Al, B egununax CU pasua:

AF = IAl x B.

(4.9.1)

Jlopenn, Xengpnk Anton (1853—1928) — se-
JUKUA HEgepAaHACKUH (DHIUK-TEOPEeTHK, CO-
3JaTelIb KJIaCcCHUecKOM 3JIEKTPOHHOH TeopHH.
JlopeH1 BBeJI B 3JIeKTPOANHAMHUKY IIPeCTABJIe-
HHA 0 JUCKPETHOCTH 3JEKTPHUUECKHUX 3apsAI0B
K 3anucajl ypaBHeHUS AJIA 3JIEeKTPOMATCHUTHO-
ro IOJIAA, CO3LAHHOrO OTAENBHBIMH 3apAKeH-
HHIMH yacTunaMmu (ypasHeHuss MaxcBesia—
Jlopenna). BeeJs BrIpaykeHUe AJIS CHIIBI, HeiCT-
ByIOIlell Ha [ABIDKYINUHCA 3apsi B 3JIEKTPO-
MargsuTHOM noje. Co3nan KJacCUYECKYI0 Teo-
pHI0 IUCIIePCHUM CBeTa U OOBACHUI pacIierie-
HMe CIIEKTPAJbHBEIX JHMHHI B MarHUTHOM LOJE
(adbderT 3eemana). Pa6orn JlopeHna mo ajex-
TPOAMHAMUKE ABIMKYIIUXCH CPeJ IIOCIYKIJIN
OCHOBOM [JI1 CO3JaHUA CIENHAIbHOA TeopuH
oTHOcUTeabHOCTH. IIpeo6pasoBaHUA KOOPAH-
HAT U BpeMeHH! B TEOPHH OTHOCHTEJIHLHOCTH Ha-
3pIBAIOTCA IIpeobpaszoranuaMu JlopeHia.
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IloacraBasa B 3TO BRIpa’KEHHE 3HaueHHe CUIB Toka (4.9.2),
MOJyYUM: . -
AF = gqnSvAl x B.

5

Bexropst Al u 0 HaIIpaBJIeHBI OAUHAKOBO. [102TOMY MOXKHO 3aMe-

HUTEH BeKTOpP Al ero MoAyJeM UM BhIHECTH M3-II0J 3HAKA BEKTOPHOT'O
>
TIPOU3BEJEHUA, OTHOBPEMEHHO 3aMEHASA MOAYAb BEKTOPA U CAMUM
BEKTOPOM M BHOCS €T'0 IOJ 3HaK BEKTOPHOTrO IIpousselenusd. Torga
— N — -

AF = qnSAlv x B = gN4u x B,
rage N = nSAl — uncio 3apaXKeHHLIX YaCTHUI, B PACCMATPUBAEMOM
y4acTKe IIPOBOAA.

Ha gamay1o 3apaeHHy10 YacTHILY CO CTOPOHbI MATHUTHOTO OJIA
IeiicrByet cuia JlopeHua

l‘—fT_\
AF = qu x B. J (4.9.3)

Moayns cuibi JIopeHITa, COrJIaCHO ONpENeJeHUI0 BEeKTOPHOTO
IIPOU3BENEHUS, PABEH:

F, =quBsinq, 4.9.4)

TZie 0L — yTOJ Mex Ly BeKTopamu b u B.

Cuana JI 'operya nepneHOUKYAAPHA NJOCKOCTMU, codepicaueil
sexmopbL U u B, u HanpaaieHa Gna NOLOWUMENbHO 3ADPANCEH-
HbLX HACMUY 8 CMOPOHY NOCMYynameJsbHo2o nepemeujerus 6y-
DpasyuKa npu 8paujeHUL e20 PYKOAMKU Om 8eKmopa U K 8exmo-
py B (puc. 4.47). B ciyuyae ABUKEeHUS OTPULIATEILHO 3aPAMKEHHBIX
yacTun cuiia Jlopesna HampaBiieHa B IPOTUBOMOJIOMKHYIO CTOPOHY.

B cucreme eguann 'aycea cuna JlopeHiia pagHa:

F,=20xB. (4.9.5)

e -
JeKTpHYeCKOe II0JIe JeiCTBYeT Ha 3apAl g ¢ CAJIOH F3 = qE.
CraemoBaTesbHO, €CJIM €CTh U 3JeKTPHUYECKOe MOJIE U MarHUTHOE,

o1

/
) & ) ol g
— /.

Puc. 4.46 Puc. 4.47
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10 monHas cuna F, JieHCTBYIOIAaA Ha ABUKYILYIOCS YACTHILY, PaB-
Ha:
F=F +F,. (4.9.6)
Yacro cunoit JlopeHIia Ha3eIBalOT NoaHYI0 cuay (4.9.6). Torga
cuay, ompeaensemyio ¢opmysoi (4.9.3), Ha3LIBAIOT MArHUTHOM
YacThIO CUJIBI JIopexia.

Habnioaenue peiicTeus cunbl Jlopenua

Heticreue cunsl JlopeHIIa Ha JBUIKYIHECHA BJIEKTPOHBI MOSKHO
Ha0J04aTh, NOAHOCA 3JIEKTPOMATHUT (MM IOCTOSHHBEIM MarsHuT)
K B3JIEKTPOHHO-JIy4eBOM TPpyOke. MeHsia TOK B 3JIEKTPOMATHUTE,
MOKHO 32aMETUTh, YTO OTKJOHEHME 3JIEKTPOHHOrO Jyda PACTeT C
VBeJIMYEHHEM MOJAYJS BEKTOpa MarHMTHOM HHAYKIWH B mosa.
IIpy M3MeHEeHUM HAIpaBJIEHUS TOKA B 3JIEKTPOMArHHUTE OTKJIOHE-
HHe JIy4a IPOHUCXOJUT B IIDOTHBOIOJIOXKHYIO CTOPOHY.

BaBucuMOCTb CHIIBI JIOPEHIa OT yIvla O MeXKy BEKTOpaMu U U B
MOYKHO OOHapYKWUThL, HabII04asa cMelleHue dJIeKTPOHHOrO JIyya IIpH
M3MEHEHUH YIJIa MeXy OChI0 MATHUTA M OCBLI0 BJIEKTPOHHOM TPYGKH.

Cuna JlopeHua He coBepluaet paboTbi

Tax kax cuaa Jlopenya nepnenfukyaspna ckopocmu iac-
muuybt, mo ona He cogepuiaem pabomut, COrIacHoO TeopeMe O KH-
HETUYeCKOI 3HepruM 3TO 03HaYaeT, 4YTo cura JlopeHya He meHsA-
em KUHemuUYecKylo 3Hepzulp wacmuybl u, ciedosamelbHo, MO-
dy.sb ee cxopocmu. ITod delicmeuem cunvt JIopenya mensemcs
JUUb HAnpaeaerue 08UNEHUSL HaCMUYbL.

BosHuKaeT ecrecTBeHHBIH BOIPOC: HoueMy ke coBepliaeT paGoTy
anekTpoAsurareas? Beab NpoBoZHUKH 06-

MOTKY SIKODA IIPHUBOASATCA B JBHXKEHHE O
Mar"HuTHON cmioii. Pacemorpum aTOT B
BOIIPOC NoApoGHee. X -

Uik

Ha pucynxe 4.48 mzobparkeH oguH u3 1
TIPOBOJHWKOB SKOD# 3JIEKTPOABUTATENA B
MAaTHUTHOM Ilojse. BeKTOp MArHUTHON WH- I
AYKUUY NOJA MepHeHauKYIAPeH IIJIOCKOC-

TH uepTeXxka U HanpasyeH OT Hac. ITo mpo-
BOJHUKY T€YeT TOK CBEPXY BHHU3. OJIEKTPO-

Hbl ABMIKYTCA CHU3Y BBEDX CO CKODPOCTBHIO S~
?)1 OTHOCHUTEJNBHO IpoBoAHUKa. CaM IIpo- Puc. 4.48

cy

S
ey
[~

xy) -
~nN
:1

379



BOJHUK JBH)KETCA CJIeBa HAIPABO CO CKOPOCTHIO 52. PeaynsTHpyio-
Il CKOPOCTh U = D, + U, HampaBieHa IOJ YIJIOM K TIPOBOAHUKY.
Cuua Jlopenia F nepneH,uI«ncy.uapHa CKODOCTH U, ¥ ee paGoTa paBHa
Hym0. Pa3nosKuM aTy CHIy Ha COCTaBJIAIOLINE F Hu Fl, HanpaBJIeH-
HBEI€ BIOJb IIPOBOAHUWKA M IIEPHEHAUKYJIADHO eMY: F F + F
IIpu sTom . L. R
F,=qv,xBuF,=qv,xB. (4.9.7)
Pa6ora cmuanl JlopeHiia FL B eJUHUILy BpeMeHH! (MOII[HOCTB)
PaBHA CKaMApHOMY Opou3BefeHuio F, +
N=F, -0=(F +F) (0, +0y)= (4.9.8)
=q51x§-51+q51x§-52+q52x§-51+q52x§~52.

Tak kak 0; L U, x Bu v, L U, X B, TO IepBhI# U MOCHeNHUIA
uneHH ypaBHeHus (4.9.8) paBuwl Hymo. IlosHaa pa6ora cuinkbt Jlo-
PEHIIa B efUHUILY BpeMeHH (MOII{HOCTh) PaBHA:

N=qb,xB-U,+qbyxB- 0, =N, +N,. (4.9.9)

Mommocts N, = qﬁl XB + U, =F,| * U, NONOXKATENbHA, TAK
KaK BEKTODHI F Hu 02 HaHpaBJIEHbI onuHaKoBo (cM. puc. 4.48).
TaRKavaj_anl_LFl,'ro T

N,=qBu,v,. (4.9.10)

Takyio TIONOXKUTENBbHYIO PaGOTy COBEpIIAeT B eSUHUILY BpeMe-
HH MarduTHOE II0JIe 110 IIepeMelleHrIo IIPOBOAHAKA B IIeI0M. JTO
U ecTh Ta pabora, KOTOPYIO COBepIIIaeT 9JIEKTPOABUTATED.

Mom;noc'rb N qu xB - = F . v1 OTpUIIATeJNIbHA, TAK KAk

BEKTODHI F u v1 HaHpaBJIeHbI B IIDOTHBOIIOJIOMKHBIE CTOPOHEI.
H3-3a Toro uro v1 1 Bu 02 1 F2,

N,=-qBv,v,. (4.9.11)

9Ty orpuilaTenbHyl0 paboTy coBeplllaeT B €IUHHILYy BpeMeHH
MAarHUTHOE I10JIe [10 TOPMOXKEHMIO 3JIEKTPOHOB B IIPOBOAHUKE.
IonoxurenbHas pabora cuiabl F; paBHa 0 MOAYJIO OTPHUIA-

TeJbHOU pabore cuibl F,, ¥ UMEHHO IOTOMY IOJHAA PaGoTa CUJILI
JlopeHIla paBHA HYJIIO.
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OJIeKTPOHEI ABUIKYTCA B MIPOBOJHUKE Ge3 TOPMOSKEHHA 38 CUET
paboTel mcTouHMKa, MMenHo mcrouHuk IJ{C mocramiasder aHep-
U0, HeoOXOAUMYIO AAA PaGOTH 3JIeKTPOgBUrATEIA.

Ha dsuixcyujyoca 3apaxennyio 1acmuyly co CMmopoHbl Maz-
HUMHO20 noas Oeiticmeyem cuaa Jlopenya. 3ma cuna nep-
neHouUKYLAPHA CHOPOCMU U He coéepuiaem pabombi.

§ 4.10. NPUMEHEHUE CWJibl JIOPEHLA.
LUKNUNECKMHA YCKOPUTEJb

Heiicmeue mazHumHo20 noas Ha Osuxcyujuecs 3apadvt wiu-
POKO UCnOoAbL3Yyemces 6 COBpeMeHHOIlL mexXHuKe U Uzpaem 6ax-
HY10 poib 8 npupode. Ilpusedem Hewomopbvie npumepbst.

ABnxeHue 3apsxeHHOU YacTULbI
B OAHOPOAHOM MarHMTHOM fnoJse

Haubonee npocToit cayuail IBUKEHNA 3apAXKEHHON YaCTUIILI B
MATHUTHOM II0JIe — 3TO ABMIKEHUE B OJHOPOAHOM MATHHUTHOM IIO-
Jie ¢ MarHUTHOM HHAYKIIHEI, TepNeHIUKYIADHON HavyaJIbHOH CKO-
poctu yacTuisl (puc. 4.49). PaccMOTPHM 2TO ABWMKEeHMe KOJWNUe-
CTBEHHO.

Tak KaKk MarHUTHOE II0JIe He MeHSAeT MOAYJA CKOPOCTH, TO OC-
TaeTcA HEMZMEHHELIM U MOAYJE CHUJIbI JlopeHa. 9ra cuia nepueH-
IHAKYJNAPHA CKOPOCTU U, CJAEeJ0BATENbHO, OIpeesiAeT eHTPOCTpe-
MHTEJIbHOE YCKOpeHye YacTuIlbl. Hern3MeHHOCTD IO MOAYJIIO LIeHT-
POCTPEMMTENLHOTO YCKOPEHUA YaCTHIILI, ABHXKVIIEHCA ¢ IIOCTO-
AHHOIf 10 MOJYJII0 CKOPOCTRLIO, 03HAUAET, UTO PASUYC KPDUBUSHEI R
TIJIOCKON TPAeKTOPUU YACTUIEI LIOCTOAHEeH. HacTHIla PABHOMEPHO
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OBHIKETCA 10 OKPYIKHOCTH paauycoM R. Oupesenum 3ToT pajuyc.
CorsachHo BropoMy 3akoHy HeloToHA

2
ﬂR"— = quB. (4.10.1)
Orcioma
R = Z‘—];’. (4.10.2)

CnepoBaTensHo, uaMepus R 1Ipu M3BECTHHIX U ¥ B, MBI MOXXEM

q

. v
OIpPeAeNUTh YAENbHEIH 3aPAN -~ = 57 PASNMYHBIX YACTHL.

Macc-cnekrporpad

C moMoOIIIb0 MAaTHUTHOTO MOJISA MOYKHO Pa3feaaTh 3apAKeHHbIe
YaCTHUILEI II0 UX yAeJbHBIM 3apagaM. OJHOBPEMEHHO MOXKHO TOUHO
OIpelesIATh MacChl yacTHL,. Paszenenne 4acTUI] OCYIIECTBIACTCH
B npubopax, HA3KIBAEMBIX MacCC-COHeKTporpadaMmu.

Ha pucynke 4.50 nso6paskeHa IpUHLUIKAJLHAA cXeMa IIpPO-
creiinlero Macc-crekrporpaga. Bakyymuaa kaMepa npu6opa mo-
MellleHa B MATHUTHOE 110JIe (BeKTOp HHAYKUMK B nepneHaukyia-
PeH PHUCYHKY). YCKOpPEeHHBIE 9JIeKTPUYECKUM II0JIEM 3apAKEeHHBIE
YACTHUIBI (3/1IeKTPOHBI MJIM MOHKI), ONKCAB AYTY, NONANalOT Ha (o-
TOILIACTUHKY, T€ OCTABJAIOT CJiel, IIO3BOJIAIOIINK ¢ OOJIbINION
TOYHOCTBIO M3MepUTh paguyc Tpaexktopuu R. Ilo aTtomy pazmycy
onpefeNsaeTcA yAESNbHEIN 3apAK NOHA. 3HAA JKe 3apAj, NOHA, JErkKo
OIIPeneJIUTh ero Maccy.

Bamapes,
cozdawuwan
ycropawu,ee
HanpAajcenue -
\ l

domonanac-

1 muHKa
J S
/ K uacocy,__u
Hemounur
wacmuy
Puc. 4.50
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LuknoTpoH

ITokasxem, ucnoasaya Gopmyny (4.10.2), 4To BpeMa HPOXOK-
JeHNUA BAaHHOH YacTUIlel NOJYOKPYXKHOCTH He 3aBUCHT OT pajnu-
yca IOTYyOKPYXKHOCTH U OT CKOPOCTH YacTHUITH. B caMom gere,

Ar=TE _mm

v gB
T. €. Af 3aBHUCUT TOJBKO OT CBOMCTB YACTHUILHI ¥ MHAYKIIUY I10JIA.

ITOT haKT UCHOIB3YETCA B [UKJIOTPOHE ANA YCKODEeHUA 3ap4-
JKEHHBIX YaCTHI[ CPABHUTEILHO HEOONBIITAM 3JIEKTPUYECKUM II0-
JieM B TeueHUe PAfa [IUKJIOB,

ITukaoTpon yerpoed creayronuMm oftpasom. JlBa axekTpona
CTIEUAIBLHOM GOPMELI — AYaHTHI (HAIOMMHAIT ITOJBIH MUIUHID ¢
KpBIIIKAMH, Pasdpe3aHHBIi BAOJbL OCH) HAXOIATCA B KaMepe, rhe
nojJepsKuBaeTca BakyyM (puc. 4.51). JlyaHTH IIOMEIAIOT MEXAY
IOJMIOCAMH CHUJIBHOTO MAarHUTa, ¥ K HUM NDOJBOAUTCA epeMeHHaA
Pa3HOCTH NOTEeHINAJNOB. B I{eHTpe KaMephl ME&KAY AYAHTAMHU Dac-
MMOJIATAIOT MCTOYHUK 3apAKeHHLIX YacTHIl. B TOT MOMeHT, Korpa
MeXJay AYAHTAMHU CYIIECTBYeT BBICOKAS PA3HOCTH IOTEHIMAJIOR,
3JeKTpHUYECcKOoe I10Je B IPOMEKYTKE MeKIY HIMHU YCKODSEeT 3apsi-
SKeHHBIe YaCTHUILhI.

YcKOpeHHBIE YACTHIIEI BIETAIOT BO BHYTPEHHIOO YacTh AVAHTA,
TJle 3NeKTPUUYECKOe II0JIeé NMpaKTHUeCKH OTCYTCTBYeT. IlBurasics
NOA JeiicTBMEM CHJLI JIOpeHIla 10 OKPYIKHOCTH, 3apAKEeHHbIe Uac-

Tenepamop
nepemenHozo
B Hanpstceius

IDyuox OmrnonawOuee
8bLx00H0e
yempoiicmeo

Puc. 4.51
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Vexopaowuil
arnood

Jxpan
Omraonawujas

cucmema
Doxycupyroujue

daexmpoHHbLiL
npodjcexmop

Arexmponuuiil Ay

Puc. 4.52

THIEI Yepes IOJOBHHY 060pOTa CHOBA NOABJIAIOTCS B IIEJTH MEXKIY
ayantamu. Te U3 yacTHI, KOTOphIE ABUTAJINCH C IIOAXOAAIIEH CKO-
POCTBIO, IPOMAYT Yepe3 IeJb KaK pa3 B TOT MOMEHT (uepe3 IoJIo-
BUHY IIepHOJa U3MEHEHMS IIPHJIOMKEHHOTO K JYaHTaM HaIIpsKe-
HHUA), KOT/la TaM DJeKTPUUECKOe II0JIe yCIIeeT CMEHUTDH CBOe HA-
IpaB/ieHNe Ha IPOTHBONOJIOMHOE. TakHe YaCTUIILEI CHOBA YCKOPHA-
IOTCA, OIIUCKIBAIOT BHYTPH JAPYroro AyaHTa MOJIYOKPYMHOCTH elfe
6oJibIIIero paguyca M CHOBA B HAAJIEXXKAIIWI MOMEHT IIOAXOAAT K
YCKOPHAIIOIEMY IIPOMEKYTKY U T. J.; HO BPEMA IIPOXOMKJEHUSA TIO-
JYOKPYXHOCTH OCTAETCS HEeH3MEHHEIM, TAK KAK OHO HE 3aBHCHT
OT CKOPOCTM HacTHIhl, OCTaNbHbIE YACTHIBI YCKOPAIOTCH ILIOXO
HMJIM COBCEM HE YCKOPAIOTCHA. «biaronpusaTHbie» Y4acTHILl OMHCHI-
BalOT BHYTPH NIHMKJIOTDOHA AJHHHYI0 MHOTOBUTKOBYIO CIHMpPAJb,
COCTOSIIIYI0 M3 TOJYyOKpysKHOcTeil. C IOMOIbI0 HUKJIOTPOHOB
MPOTOHHI (sAPa aToMa BOAOPOJA) YCKOPAIOTCS A0 sHepruii B 10—
20 muH 3B.

IIuKI0TPOHEI U Apyrue 6ojiee MOIIHBIE YCKOPUTEIH YaCTUIL HA-
XOAAT HWIMPOKOEe NMpPUMMEHEHUE B sAepHOH (pu3MKe U PpUUKe dJje-
MEHTapHBIX YacTuIl. M3yuas CTONKHOBEHUS YCKOPEHHBIX YACTHI]
€ YaCTHIIAMM MUIIEHH, (PHUIHKH OJIYyUAIOT BOSMOYKHOCTD HCCIELO0-
BaThb CTPOEHVE MHUKDOUYACTHI, AefCTBYIOLINE MEXAY HUMHU CHJIEL,
B3aMMHBIE NPEBPAIeHus dleMeHTapHEIX yactun. O6 sTom GymeT
PaccKasaHo B JaJIbHEHIIeM.

Eme ogzo u3 npuMeHeHUH cuibl JIOpeHIla BaM XOPOIIO H3BEeCT-
HO. JTO mepeMellleHNe 3JIEKTPOHHOI'O Jyda II0 SKPAHY TEeJIeBU3H-
OHHEIX TPYGOK (KMHECKOIIOB) C TIOMOIIbI0 MATHHUTHOTO IIOJfA, CO-
371aBa€MOT0 OCOOBIMH KATyIuKaMu (puc. 4.52).
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MaruuTHbI# LUUT 3emnu

MaraunuTtsoe noje SeMJIH OKA3BIBAET CYIIECTBEHHOE BINAHUE HA
IOTOK 3apAMKEHHbIX YaCTHIL H3 KocMoca (KocMmuuecKue jgydu), OHO
obpasyeT TpeTUii «3alUTHBIA HmOsAC» HAPAAY ¢ aTMocdepoii u
noHochepoii. MaruuTHoe moje He UWOANYCKAET K 3eMJie IIOTOKH
KOCMHYECKUX YACTULL, €CJU TOJbKO HX SHEPIHUA He CIAUIITKOM BeJIH-
kKa. Jlumms B 06JIacT MarHUTHBIX IIOJIIOCOB 3TH YACTUILI Gecrpe-
NATCTBEHHO MOTYT BTopraThcsa B aTMocdepy. Ha 6onbnioi BeicoTe
MATHUTHOE I0Jie HeBeJIHKO, HO 3aXBaThiBaeT IpPOMAaLHBIE ODJIACTH
npocTpaHcTBa. [leldcTByA Ha 3apAXKeHHYIO YACTUILY AJTUTENBHOE
BpeMs, OHO CYH[ECTBEHHO H3MeEHseT ee TPaeKTopuioo. Bmecto mps-
MO JIMHUM NOJy4aeTcda COUPaNb, HAaBUBAONAACA HA JUHUU WH-
Ayknuy noada (puc. 4.53). Muorpa, npaBra, eCiu CKOpPOCTh YaCTH-
IIBI BEJTUKA, TO OHA He ycHeBaeT CAeaTh JaXe OJHOro BUTKA U TOT-
a4 MOXKHO TOBOPUTH JININE 06 NCKPUBJIEHUHU TPACKTOPU .

Ha nersantyio BAoJIb JHHUH WHAYKIEY YacTuiy cusa JlopeHia
He AeiicTByeT. BoT moueMy uacTHIbl CBOOOAHO MOryT npubiu-
AATHCA K IIOJIOCAM, OTKY/Ja BeepOM PACXOAATCA JUHUU MATHUT-
HOH UHAYKIIAH.

Kpome Toro, marauTHoe moje 3eMau yAepKuBAET Ha HOMBITOLN
BBICOTE 3apAKeHHBIE YACTHUIRI HEe CJHIIKOM GOJILIIINX 3HEepPruil.
OTH OpeosBl YACTHUII, OKPYKAIOIIUX 3€MHOI Imap, Ha3bLIBAIOTCH
PaAaZUMaAalUOHHBIMU MOSACAMHMU.

Puc. 4.53
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Boarenioe BanaHNEe 0Ka3bIBAET MATHHTHOE IOJIe HA ABH)KEHUe
3apAXEeHHBIX YACTHUL, B KOCMHUUYEeCKOM IIDOCTpAHCTBE, YACTHUIL Ha
OOBEPXHOCTH Comn.(a U APYTHX 3Be3]1.

Cuana JIlopernya ucnoavsyemcs das pacuema 08uicenus 3apsa-
JCEHHBLX YACMUY 8 OKONO3EMHOM Npocmpancmaee, 8 KUHec-
Konax menesu3opos8, YCKOPUMENAX IAEMEHMAPHbLX Ydc-
muuy u 80 MHOZUX dpyzux ycmpoiicmsax.

MaruuTHoOe 1oJe feiicTByeT TOJLKO HA JBWIKVIIHECH 3apAAbI.
IToaToMy B cucTeMe OTCcUeTa, JBHIKYIIeiicd BMeCTe ¢ 3JeKTpPo-
HaMU IIPDOBOJAHHKA, MATHUTHAA CHJIa Ha 3JIeKTPOHBI JeiiCTBO-
BaTEk He 6ygeT. Kak ke ¢ TOUKHK 3peHUs 3TOM CHCTEeMEI OTCUETA
06'BACHUTE IOABJIEHHE CUIILI, JeCTBYIOIEH Ha IPOBOTHUK ?

§ 4.11. NPUMEPDI PELLLEHUA 3AAY

IIpu pemeHun 3ajad Mo TeMe «MarHUTHOe MoJe TOKAa» HAMO
yMeTh NpUMeHATh 3aKkoH Brno—CaBapa—Jlannaca (4.7.8), 3akon
Awmrepa (4.7.9), BeIpaskeHUA AJIA CUILI B3AUMOielicTBUA JBYX IIa-
paJLIeNbHBIX TOKOB (4.6.3) u cunsl JlopeHna (4.9.4). Hago Takxe
3HaTh dopmyay (4.3.1), onpesensomyo MOAYJI: MATHUTHOMH HH-
IYKIIMK, IPDUHIIKI CYNEePIO3NIIUY MATHUTHRIX noneii (4.3.2), dop-
MyJAy OJA MATHUTHOU HMHAYKIMHK IOJA IpaMmoro Toxka (4.7.10),
3HAYEeHNEe MATHHTHOM nocToaHHoIL (4.7.6). =

Heo6xoquMo yMeTh, HCIOJB3YA BEKTOPHYIO 3aluCh 3aKOHOB
Awmnepa 1 Buo—Casapa—Jlannaca, onpenenaTs HanpaBJeHHe CH-
JBI, OeficTBYIOIIeil HA 3JIeMEHT IMIPOBOJAHUKA C TOKOM, IIPH 3aJaH-
HBEIX HAIPABJIEHUAX TOKA ¥ MATHHTHON MHAYKIWUH, U HaIpaBJe-
HUe MATHUTHOM MHAYKIIMH, CO3JAHHOMN aJeMeHTOM ToKa. Hy:xHo
YMeTh TaKiKe ONMpeNeNATs HanpaBiaeHne cuasl JlopeHIa.

3apaua 1

Cuna Toxa B Koablle panguycoM R pasHa I. Onpenenure HHAVK-
IIMI0 MATHUTHOTO TIOJIA B IIPOU3BOJBHON TOUKe, JesKameid Ha nep-
IeHAUKYJAApe, BOCCTABIEHHOM K ILIOCKOCTH KOJBIIA U3 eT0 IeHTpa.

Pewenme. Ilyctes OA — NepHeHAUKYIADP K ILIOCKOCTH KOJBIA,
npoxoxaituil uepes ero nesTp O (puc. 4.54, a). Onpegenum mar-
HUTHYI0 HHAYKIHIO B TOUKe A, OTCTOALEH HA pACCTOAHUU d OT
koHTypa (OA = d). PaccTosAHUe 3JIeMEHTOB TOKa KOJb1ia Al OT Tou-
KH A 00603HaUUM Uepes r.
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a)
Puc. 4.54

Cornacuo 3axony Buo—Casapa—Jlannaca (4.5.4) aieMeHT To-
Ka Al co3zaeT B Touke A MAarHUTHYIO HHAYKITHIO

AB =, TAXT (4.11.1)

-
Tak kax 7 = R + d (cM. puc. 4.54, a), To

AB =k, (Al x B + Al x d). (4.11.2)
r

Jinsa HaxoXAeHUSA HHAYKIUHN B MarHUTHOTO HOJA, CO3AAHHOTO
KOJIBIIOM C TOKOM, HAJI0 IPOCYMMMPOBATh BEKTOPHI AB;, co3naBae-
>

MbIe OT/eJbHEIMY 3JIeMEHTAMM ToKa Al :

§=2A§i=klé[ﬁixﬁ+ ZAiisz} (4.11.3)
l i

Bce BEKTOPDHI AZi X .ﬁ HanpasJIeHbl BHU3, II0O3TOMY HX CYMMAa Ha-
XOOAUTCHA IPOCTHIM CJIOXEHHUEM!
YAl xR =2rR - R=2nR2 (4.11.4)
i
IIpu HaxXOXIeHUH CYMMBI ZAzi X ?z IPUXOAUTCA CKJIAALIBATH

l
PaBHBIE IO MOAYJI0, HO PaAUANbHO PaCXOAAIIMECA BEKTOPHI

(puc. 4.54, 6). CyMMa TakuX BeKTOPOB paBHA HYJIIO!

Y Al,xd=0. (4.11.5)
l

IloncraBnsasa 3HaueHus (4.11.4) u (4.11.5) B BHIpa)keHue
(4.11.3), monyunm:
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B=k1£3 - 2nR2, (4.11.6)
r

Tax xak k; = z_;): ,ar=(R2+d»/2 1o
uoR%I

5 8/2°

B —"—s
2(R +d%)

3anaua 2

Byosns KJIUHA ¢ YIrJIOM (L IIPM OCHOBAHUM IIPOJIOYKEHEI PeJIbCHI,
paccrosinde Mexxay KoropuiMu L. Ilo peabcam ¢ Tpenvem (Koadpdu-
IIUEeHT TPEHUA PaBeH [1) CKOJIbh3UT NPOBOAAIIUIT 6PYCOK Maccoit M.
Kakoit Toxk I ciefyeT ImpOoOyCTHTL uepe3d OPYCOK, YTOOLI OH He
CKOJBb3UJI BHU3, €CJIM BCA CUCTeMa HAXOAUTCS B MarHUTHOM IoJe,
MHAYKIHA B KOTOPOTO HATIPABJIEHA BEPTUKAIBHO?

Petuel-lue. Ha 6pycok nmeidcTByiOoT cunIa
TAXKECTH mg, CHJIA PEaKIIUU PeJIbCcoB N,
CHJIa TPeHuA F . IIpu cosganuu Toka 4e-
pe3 6pycok ,uoﬁamme'rca ciwna Amoepa F

(puc. 4.55). Bpycox He 6ynmeT CKOML3UTH
BHH3, eCJH ’

X)/ F_ + F,cos o0 > mg sin 0.
Puc. 4.55 .
FTp = uN,, rre N, =mg cos o + F ssin o
CiepmoBaTenbHO,
Lmg cos a+;,LFAsma+F cos 0L 22 mg sin o.
Otcrona

mg(sina — pecosa)
F, > -
A4 usina + coso

IMockonsky F, = BIl, To

mg sina — [Lcosa
I ZF =7 " T . .
Bl pusina + cosa

IIpoananusupyiiTe caMOCTOATEIBHO, IpPH KAaKOil cuje ToKa
6pYCOK He 6YIET CKOJML3UTh BBEPX.
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3apaua 3

Anvda-yacTuna (3apag g = 3,2 + 10719 Ka, macca m = 6,7 x
x 10727 kr) HauMHAET ABHUIATBCA CO CKOPOCTBIO U = 4000 KM/
B OJHOPOAHOM MATHUTHOM TIIOJIe ¢ HMHAyKhueit B = 0,_’15 T,
HauanbHasa cKOpPOCTH YaCTHIBL COCTABJAET ¢ BeKTOpoM B yrox
o = 60°. IToka)xknuTe, UYTO TPAEGKTOPHUSA O. UACTHLEL NPEACTABISAET
co60if BUHTOBYIO JHHUIO. KAKOBE paguyc M IIar 3Toi#f BUHTOBO#
auHEIN?

Pewenue. BeKTOp U CKODOCTH O YACTHIBI
MO>CHO IPECTABHTH KAK CYMMY JBYX BEKTO-
poB, u3 Kotophix U, | B, a D, || B (puc. 4.56).

BeRTOp 52 He MEeHfETCA HH IO MOAYJIIO, HH IIO

HAIIpaBJIEHUIO, TaK Kak cuiaa JlopeHmna He freii-
CTBYeT HA YACTHIY, HMEKIIYI CKOPOCTb
BJIOJIb 110715 (BAOJH BekTOpa B). BexTop v, me- Puc. 4.56

HSETCA II0 HATIPABJIEHUIO, TAK KAK HAa ((-4aCTH-
ny geiicteyer cuia JlopeHia, IIOCTOAHHAA IO MOAYJIIO U IepPIIeH-
JAUKYJIAPDHAA CKOPOCTH 131. 9ta cuna coobuiaer o-yacTume IIOCTO-

SIHHOE TIO MOLYJII0 YCKOpPEHUE, TOXKe NepHeHIuKYIAPHOoe BEKTOpY
51. Ho asuskeHne ¢ MOCTOAHHOMN 10 MOZAYJIIO CKOPOCTRLIO i YCKOpe-

HHUEM, NepPHeHAUKYJIADHHEIM 3TOH CKOpPOCTH, €CTh PaBHOMEDHOe
IBHI)KEHUE II0 OKPYKHOCTH.

Taxkum o6pazoM, Ha pABHOMEDHOE ABIKEHUE BIOJL JIWHUY HH-
AYKIUK HAKJIA/BIBAETCS ABUXKEHUE II0 OKPYXKHOCTH B ILJIOCKOCTH,
NepNeHAUKYNAPHON BeKkTOopy B. A 3T0 3HAYHUT, UTO UACTHILA JBU-
KETCs 110 BUHTOBOM JMHUM ¢ IIaroM™ i = v,T, rie T — BpeMs OJHO-

ro 060poTa (-UaCTHIIEI II0 OKPYKHOCTH, PagUyC KOTOPO#, coryac-
HOo dhopmyute (4.10.2), pasen:

_mu mo

sin o = 0,48 M.

gB ¢B
Tak xKar
2R _27m o cos o TO
o, Bq ’ Uy = VCOS 0L,
h= T;mvcosa=1,71v1.
q
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3apnavya 4

HesapakeHHBIA MeTalINMYecKHd OPDYCOK IIpeAcTaBJssAeT coboit
IPAMOYTOJIBHEIN apaJiiesenune] c pebpamu a, b, ¢ (a > ¢; b >> ¢).
Bpycok nBuKeTcsi B MATHHUTHOM I[I0Jie B HanpaBJIEHHM, [apaJi-
JeNILHOM pebpy a, €O CKOPOCTHIO 0. UHAyKIMA MarHATHOTO OIS
B nepnenaukKyaspHa OCHOBAaHHIO OpPyCKa €O CTOPOHAMH a4 H C
(puc. 4.57). Onpenenute HATIPAKEHHOCTD 3JIEKTDUUYECKOTO IIOJIA B
OpyCKe ¥ IJIOTHOCTH 3JIEKTPHYECKHUX 3apAA0B HAa GOKOBEIX PaHAX
napaJjiiejenunena, oopasoBaHHRIX pebpamu ¢ u b.

B
3
a —
b a
¢ o3 |—
v
c + + 4+ 4+ + + ++ +
Puc. 4.57 Puc. 4.58

Pewenne. Cuna JlopeHna feiicTByeT Ha ¢CBOGOAHEIE AJIEKTPOHEI,
TaK KaK OHH ABHIKYTCSA BMecTe ¢ 6PyCKOM B MAHUTHOM IloJie. ITa
cuna (F) nHanpaBjeHa, KaK IIOKa3aHO Ha pUCYHKe 4.58. JjeKTpo-
HBI OTHOCHTEJBHO PEIeTKH CMeIllaloTcA, U oJHAa rpaHb Iapajje-
JIeNHIIela 3apAKAeTCsI OTPUIATENBHO, a APYyrasg — IOJOYKHUTENb-
Ho. B OpycKe BO3HHKAET 3JieKTpuuecKoe moJse. Korga KyJoHOB-
CKas cHja ypaBHoBecuTcs cuioi Jlopenna (eE = Bev), TO mepe-
MellleHHe SJEKTPOHOB OTHOCHUTEJIBHO PpEIIeTKH IIPEKPATHTCS.
HNckomasna HanpsiakeHHOCTH E = Bu.

IInoTHOCTE 3apANOB G HAXOAUM U3 COOTHOIEHuA E = eg . Cie-
ZI0BATEJBHO, 0

6= aOBv.

3apavab
1
Hcnonwssya dopmyny B = “02-7;1 , MIOKaKHUTE, YTO IIUPKYIANUA

BEKTOPA MATHUTHOM HHAYKIMH BAOJHL KOHTYPA, OXBATHIBAIOIIEr0
NPOBOJHHUK C TOKOM, PABHA IIPOU3BEJEHMIO MATHUTHOMN IOCTOSH-
HO# |L, HA CUJy TOKa | B IPOBOJHHUKE.
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IMuprynanueil BeKTopa MArHUTHON HHAYKIUHM BAONL 3aMKHY-
TOTO KOHTYpa HAa3hIBAETCA CyMMa

th - AL,
> l -
rpe Al, — aneMeHT KOHTYDA, & B, — BEeKTOpP MArHUTHOM UHAYKIMH
B COOTBETCTBYIOIell Touke KOHTypa (puc. 4.59).

PeweHue. Bribepem 3aMKHYTBI KOHTYD
B BHJAEe OKPY>XHOCTH pajuycoM d, depes y
LIeHTDP KOTOPOH IIPOXOAUT NepPIeHAUKYIAD-
HO IIJIOCKOCTH OKPY>KHOCTH JAHHBIH IIpoO-
BOOHMK. Torga MHAYKIIUA BO BCeX TOUYKAX
KOHTYp&a OJVHAKOBA II0 MOAYJIO U HAIIPAB-
JIeHa MO0 KacaTeJbHOH K OKPYYKHOCTH. JTO
fICHO U3 cOoOpa)keHHH CHMMETPUU U BBITe-
KaeT Hu3 3aKoHa Bwuo-—CaBapa—Jlanna-
ca. Iloatomy ckanspHBlE IPOU3BENEHHUS Puc. 4.59
B, + Al; pasun BAl, u
Y'B, - Al,=BY Al,=B - 2nd.

I3 i
Y4auTrisas, uTo
B=y. -1
“Hogrg:

OKOHYATEJNBHO MMOJIYUYHUM
S B, - Al =p,l. (4.11.7)

i
MoixHO J10Ka3aTh, YTO B caMOM ofIlleM clydae IMPKYJIAINA
BEKTOPA HHAYKIMM MArHUTHOTO IOJA 10 3aMKHYTOMY KOHTYDY
PaBHA MATHMTHOI NOCTOAHHOM |;, YMHOXKeHHOM Ha anreGpanye-
CKYIO CYMMY CHJI TOKOB, OXBATHLIBAEMBIX 3TUM KOHTYPOM:

N
S B, Al=py Y1, (4.11.8)
i n=1

Ita popMya ABMAETCA MAaTEMATHYECKHUM BhHIDAsKEeHHEM Teope-
MBI O HUDK VALK BEKTOPA MATHUTHOM HHIYKILUY.

3uax cunel ToKa I, ompejensieTcs 1O paHee YCTAHOBJIEHHBIM
npaBuaaM (cM. ri. 2). IlonoxuTeIrHOE HATPABRJIEHNE TOKA CBA3I-
BAIOT ¢ HAIpaBJIeHNeM 00X0a KOHTYypa IIPABUJIOM IIPABOT'O BHHTA
(6ypaBunKa).
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Kaxarrit Tor cuuTaeTc CTONBKO pas, CKOJBKO pa3 OH OXBATHI-
BaeTcsa KOHTypoM. J[s cHCTeMBI TOKOB, M300pajsKeHHBIX Ha PH-
cyHKe 4.60,

NI,=I,+2I,+0-I,-1,
n

3apaua 6

BeruncinTe vHAYKINIO MATHHTHOTO HMOJA: a) BHYTPU KOJbIle-
BOM KATYIIIKH ¢ TOKOM; G) BHYTPH HUJIUHAPUIECKON KATYIIKH,

Pewenme. a) Ha pucyuke 4.61 nsobpaskeHa KoJblieBasg KaTYII-
Ka (Topomnn), UMeoIasa w BUTKOB, KOTOPHIe PACIIPeieJIeHB PABHO-
MepHo. IIpoBeeM KOHTYD B BHAE OKPYKHOCTH paguycoM R, cOB-
nagamieil co cpefHeil THHNeH MATHUTHON WHAYKIMH KATYIIKH
(R, < R < R,). 3anuumeM Ajs 3TOro KOHTYPA TeopeMy O LUPKYJIs-

IIHH BEeKTOopa MAarHHTHOMR UHAYKITUH:

zﬁi ) AZi = !J‘OEIn’
i n

OpHU 3TOM
Y B, - Al,=B - 2nR=Bl,a Y1, =1Iw,
i n
rae I — cuja ToOKa B KaTyIIKe. B
Torga
Bl =p,lw,
OTKyJa Iw
B=u0—l—. (4.11.9)

Pue. 4.60 Puc. 4.61
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Puc. 4.62

6) Ha pucyuke 4.62 nszobpaxeHa IMUIMHIPUYECKAA KATYIIKa
(conenony), anuHa L koropoii Bo MHOTro pa3 Gonblie auamerpa D
ero BUTKOB. Tako# COJIeHOMJ] MOKHO NPAKTUYECKH CUHTATH Gec-
KOHEYHO JJIMHHBIM. MaruuTHOE 1osie TaAKOTo COJIEHOMAA LeTMKOM
cocpegoToUeHO BHYTPU Hero. Bue conenouna B = 0. BuyTpu cose-
HOHUJA TOJie OJHOPOAHO M JIMHUM HHIYKIUH IlapajljleJbHBLI ero
ocH.

J1a BuiuMCIEHMA MATHUTHON MHAYKIMY BHYTPM COJIEHOHJA
BBIZIEJIUM Ha OCH YYaCTOK JAJHHOU [, HA KOTOPOM PAaCIOJIOXKEHO W
BUTKOB, 1 npoBejieM KOHTYp I —2—3—4—1 (cM. puc. 4.62).

Ilpumenasa TeopeMy O HUPKYJAIHH K 3TOMY KOHTYDY, IIOJYUNM:

2 . 3 . i . ) .
3B, AL+ Y B, - A+ Y B, - Al;+ Y B, + Al =p,lw.
1 2 3 4

Ha yuactkax I—2 u 3—4 s3neMeHTHI KOHTYPA IEePIEHAUKYIAD-
HBI JINHUAM HHAYKIUY, I03TOMY NIepBOe ¥ TPeThe ClaaraeMsle pas-
HbI HyJI0. Ha yuyactke 4—1 B = 0, ciaegoBaTeJIbHO, B UETBEPTOE
cyaraeMoe Toxxe paBHO Hyj0. OcraeTcsa BTopoe ciaraeMoe

3 N 3
Y B, : Al,=BY Al,=BL.
2 2

CnenoBaTessHO,

Bl = pylw.
OTciozia
wolw

T
dopmysna (4.11.10) copasesiuBa AJA AOCTATOUHO IJIHUHHOTC
cosesousia (D < L) Baanu or ero kpaeB. Ilpm npubianxeHHH K
KOHLIAM COJIEHOMZA JIMHUN MHAYKIMK HAYUHAIOT PACXOAUTHCA U

3HaUeHNe MOJyJIA BeKTopa B yMeHbIIaeTcs.

(4.11.10)
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YnpaxHeHue 8

1. IIpomoJyouHoe KOJBIO ¢ TOKOM HAXOAUTCA B OZHODPOAHOM MAT-
HUTHOM I10JIe, MEAYKIUSA KoToporo B = 0,01 Tia. Cuia ToKa B
xoasite I = 0,5 A. Paanyc xonsna R = 2 cm. Kakoit Mmakcu-
MaJIbHBI¥ MOMEHT CHMJI MOYKeT AeMCTBORATEL HA KOJbIO CO CTO-
POHEI MATHUTHOrO OJA?

2. Ilo XOHTYpY B BHIEe OKPY>XHOCTH pajguycoM R TeueT Tok. On-
pefeuTe MHAYKINIO MATHUTHOTO IIOJIA B LIEHTPE 3TOM OKPYX-
HOCTH, €CJIM CHJIa TOKa paBHa I.

3. Ilo 6ecroHeuHO AJIUHHOMY TIPOBOAHUKY ABC, H30THYTOMY
ToA npPAMBIM yriaoM (puc. 4.63), Teuer Tok I. Bo ckonbKo pas
M3MEHUTCA MHAYKLUA MATCHNUTHOTO IOJSA B TouKe M, eciu B
TouKe B OpHUCOeAUHHUTH OeCKOHEUHO AJIMHHKIA IIPAMO#M IIpo-
Boj BD tak, uTo6ki TOK I pa3BeTBJAJICA B TouKe B Ha /iBe paB-
HBIE UACTH, 4 TOK B IpOBOgHUKe AB ocTaBascA npeXHUM?

4. Ilo npoBOAHUKY, pAacHOJIOKEHHOMY B OZHOW ILIOCKOCTH
(puc. 4.64), Teuer ToK. HailifnTe MHAYKNUIO MArHUTHOTO IO~
A B IIPOM3BOJILHON TouKe JUHUM AB, ABIAIONENCA OCHIO
CUMMETPVH IPOBOJHHKA.

5. IIIuHBI DOCTOSHHOTO TOKA PACIIOJIOKEHEI Ha PACCTOAHMH @ =
= 200 mmM apyr ot apyra. OnpejleanTe MHAYKIHIO MATHHTHOTO
TI0JIA B TOUKAaX, HAXOAAIMXCA HA cepelUHE PACCTOAHUA-MEK-
Iy LUIMHAMH, €CJIH CHUJIA TOKA B HUX II0 MOAYJIIO OOWHAKOBA U
paBua I = 500 A. PaccMoTpuTe ciryuau, KOrja TOKH: a) coHa-
OpaBJieHbl; 6) IPOTHBOMNOJIOMHO HAIIPABJIEHBI.

6. Meauhlil NPOBOAHUK KPYTrOBOro ceueHusi AuaMeTpoM D = 2 MM
cBoGOIHO JIEKUT Ha ABYX omnopax (puc. 4.65), cayxxamux oj-
HOBpPEeMEHHO KOHTAKTHLIMHM IIOBEPXHOCTAMM, Uepe3 KOTOpbIe

M 4
|
- = —
d
[ D |
¢ AN AN
Puc. 4.63 Puc. 4.64 Puc. 4.65
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OH BKJIIOYEH B Iellb ucTouHuka Toka ¢ JIC & = 12 B. Comnpo-
THBJIEHUE Ilenu (BKIoUuaA B IpoBoJHUK) R = 0,24 Om. Kaxkoit
Tok I ciaefyeT mponycTUTh Yepes ApYroil MpOoBOAHUK, PACIIO-
JIOKEHHBIH MapaAJIJIeJIbHO HAJl IIePBLIM B OJHOMN BEPTHKAJBHOM
¢ HUM ILJIOCKOCTH JJIS TOTO, YTOOBI IepPBBI# MPOBOJHUK ITPH-
noaHaacAa? Paccroanue Mexxay npoBogHuKamMu d = 20 mwm.
ILnotrOCTE Meau p = 8900 Kr/m3.

Ilox pnuHHONR ropM30HTANIBHOM INIMHOM HA ABYX OJMHAKOBBIX
IPYXKUHAX (KEeCTKOCTh KaKJoil paBHA k) MOABEHIeH IPOBOJ
aynunou |. Korma B mmuHe M 1poBojie TOKH OTCYTCTBYIOT, pac-
CTOSIHHE MexXJy HUMU paBHO h. HaiiiuTe pacCTOAHUE MeEXIY
IIHHON ¥ IIPOBOJOM, €CJIH 10 IIWHE TedeT TOK I, a Mo IIPORO-
ny — i. IIpoBoja He MOeT BBIMTH M3 BEPTHKAIBHOM IIJIOCKOCTH.

B oxHOpPOZHOM MATHMTHOM IIOJIE HA TOHKMX BEPTHKAJBHEIX
IIPOBOJIOYKAX OJMHAKOBOH AJMHBI TOPU3OHTAIBHO IOABEIIECH
OPAMONUHERHBIH IPOBOAHUK Maccoi m = 10T u anuHOM [ =
= 30 cm. Uuagyknusa noas B = 0,25 Tn u HanpaBiieHa BEPTU-
kKanabHO. Cuna Toka B npoBogumuke I = 2 A. Ha xakoit yron o
OT BEPTHUKAJH OTKJOHAIOTCA ITPOBOJOYKH, MOALEDKUBAIOIIINE
npoBogHUK? MaccamMu poBoJioueK IpeHebpeub.

KBagpaTHas paMKa ¢ TOKOM IIOMEILEHA B OJHOPOLHOE MArHUT-
HOE 1I0JIe, MHAVKIAA KOTOPOro HampaBJieHa BEePTHKAJIBHO.
PaMka MOKeT BpalaThbCA BOKPYI F'OPU3OHTANBHOM CTOPOHHI.
Korga cuna toka B pamke I = 5 A, paMKa OTKJOHAETCH OT
BEPTHUKAJBHON mnyocKocTH Ha yron o = 30°. Ilnomans ceue-

HUAA IIPOBOJIOKHM paMKu S = 4 MMZ, a IUJIOTHOCTb MaTepuasa
nposoaa p = 8,6 ¢ 103 kr/m3. Onpesenure MHAYKIHMIO Mar-
HUTHOTO IIOJIA.

OnpefenuTte cuay, ¢ KOTOpoil felicTByeT GECKOHEUHO AJIMH-
HBEII IIpAMOM MNpPOBOJ Ha INIPAMO-
YIrOJNBHBI KOHTYD, PACIIOJOMKEHHBIH

B IJIOCKOCTH mnpoBoza (puc. 4.66). I
Cuna Toka B mpoBojie I, a B KOHTY-

pe — I,. Croponsl kouTypa AD u BC x
MMEIOT NINHY 4 U PACIOJIOMKEHE! Ia-
pajienbHO IPOBOARY. PaccToanne ot
AD no npososia paBHO x. [Inuna cto-
pon AB = DC = h. Hanpasienus L4
TOKOB YKAa3aHEI Ha PUCYHKe CTPei- A B

KaMHu. Puc. 4.66
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Puc. 4.67 Puc. 4.68

IIpamoyronsHM# KOHTYP ABCD, CTOPOHEI KOTOPOTO MMEIOT
AJN¥HY a ¥ b, HAXONUTCA B ONHOPOJHOM MarHUTHOM IIOJIe C MH-
ayxnueit B u Mmoker Bpamatsca BoKpyr ocu OO’ (puc. 4.67).
IIo KouTYyDPY Teuer Tok I. Oupegenure pabory, COBEPLUICHHYIO
MATHUTHBIM II0JIEM IIpY IIOBOPOTE KOHTYpPa Ha 180°, eciu BHa-
yajle IJIOCKOCTh KOHTYpa 6GhLIa NepHeHANKYJIApPHE BEKTODPY
MHAYKIUYA MArHUTHOTO 1o (cM. puc. 4.67).

IIpoBsosioyHOEe KOJMBIO pafuycoM R HAXOAUTCA B HEOAHODPOX-
HOM MArHHUTHOM IIoJie, IUHUM UHAYKIHY KOTOPOTO B TOUKAX
nepeceueHHs ¢ KONbIOM 06pasyior yroa o = 10° ¢ HopMansio
K IJIOCKOCTH Kojabna (puc. 4.68). MHAYKIIUA MATHATHOTO IIO-
s, Je¥eTBYIOIEro Ha KOJIbIlo, paBHa B. TIo KoOJbIy TeYeT TOK
I. C xaxoil cuiioil MarEuTHOE NoJe feiiCTByeT Ha KOJbIO?

T'opu3oHTANBHEIE PEJIBCHL HAXOAATCHA HA PaccTOAHUM [ Apyr OT
apyra. IlepneHIUKYJIAPHO pesbCcaM JIEXKHUT CTEpPKeHb, Macca
roToporo m. Ilo crepkHio TedeT Tok I. KospuiimeHT Tperus
cTepXXHA O penncHl W. IIpu xakoM MHUHMUMAaILHOM 3HaYeHUH
UHAYKIUY MarHUTHOTO NoJIsA B cTep)xeHb HAYHET JBUTATHCA?
Kaxo# yros o ¢ BepTHKaJIbIO 6YAeT COCTABIATDL IPU 3TOM BEK-
Top B?

QJIEKTPOH BJIETAeT B IIOCKHII I'OPHU3OHTAJBHEBIA KOHIEHCATOD
IapajuiesibHO ero IIACTHHAM CO CKOPOCTBIO Uy = 2 * 107 m/c.
Ilnuna wonneHcaropa [ = 10 ¢M, HaIPSXXEHHOCTL 3JIEKTpHYe-
ckoro moisa KougeHcaropa E = 200 B/cMm. Ilpu BeuIeTe U3 KOH-
JeHcaTopa JJIEKTPOH NOIIaJaeT B MATHHTHOEe HOjde, JUHUN HH-
AVKIIMY KOTOPOro NepIeHANKYJIAPHEI CHIOBBIM JIMHUAAM 3JIEKT-
pudeckoro nona. MEAyKnua MarauTHOrO mosta B =2 « 1072 Th.
Haiftaure paguyc BHUHTOBOH TPAEKTOPUM 3NEKTPOHA B MarHWUT-
HOM noJe.
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19.

JNEeKTPOH ABMIKETCS B OMHOPOAHOM MATHUTHOM IIOJIe ¢ HH-
ayknueit B = 4 MTn nepneHAUKYJIAPHO JUHUAM UHIYKIIHH,
Haiigure yacrory n o6pailieHUA 3JIeKTPOHA. ¥ ZeJILHBII 3apa]

3JIEKTPOHA paBeH 5—1 =1,76 - 1011 Kn/kr.

B mpocrtpaHcTBe, I'fie CYLIeCTBYIOT OJHOBDEMEHHO OJHODOJ-
Hble 1 IIOCTOAHHBIE 3JIEKTPHYECKOe M MAarfvTHOE HOJfA, N0
HIpAMOJIMHEHHOH TPAEeKTOPMM CO CKOPOCTBIO U JBUKETCSH IIPO-
TOH. H3BeCTHO, UTO HANPAMKEHHOCTH DJIEKTPUIECKOTO IOJA
paBua E. Kaxopa unayknua B MmaruutrHoro nona?

Ilo merannuuecroii JeHTe mupuHoit MN = g Teuer TOK I.
JleHTa TOMeIlleHA B MATHUTHOE IOJNE, MHAYKIHA KOTOPOTO
paBHa B u mepneHAUKynApHA JeHTe (puc. 4.69). OupenenuTte
pasHOCTh HOTEHITHANOB Mexay ToukaMu M u N jneBTH. Ilio-
majhb IIoIIepeyHOI'0 CeYeHUA JIeHTH S, a KOHIEeRTpalKud CBO-
60 HEIX 3JIEKTPOHOB B HEH 1.

Cuja TOKa B IIPOBOJIOYHOM KOJIbIEe paguycoM R, moaBeleH-
HOM HAa JBYX 'HOKHMX OpPOBOXHHKAX, paBHA /. JluMuu MHAYK-
IuH ropu3oHTaAbHEL. C KaKo# CHIION PACTAHYTO KOJBIO, €C-
X MOJAYJIb MATHHUTHON MHAYKIMK paBeH B?

B neHTpe AJHHHOTO COJMEHOURA HAXOAUTCA KOPOTKAS KATYIII-
Ka, COCTOANIAA U3 W, BUTKOB ¥ UMeIoIas ILIONIaAk [loneped-
Horo ceueHMa S. Ock 3Toll KATYLIIKM NEPHNEHAUKYJIAPHA OCH
JJIHHHOTO COJIEHOMAA M HANPABJIEHA BEepPTHKAaXbHO. BHyTpeH-
HAA KATYLIKA YKpeIlJleHa Ha OJHOM KOHIle KOPOMBICJIA BECOB,
KOTOpEIE B OTCYTCTBHE TOKA HAXOAATCA B paBHoBecuu. Kor-
Ja depes o0e KATYIIKU HPOMYCKAIOT OJUH U TOT Xe TOK I, To
AJA yPARHOBELIMBAHUA BECOB HA IMpPABOE ILJIEYO KOPOMBICJIA
(puc. 4.70) npnxoautca no6aBUTH rpys Maccoii m. anHa
paBoro Ileua Kopomkbicaa L. Ompefenure cuiy TOKa, €CIH
COJIEHOUJ MM€eT JJIMHY | U COCTOMT U3 W, BUTKOB.

| L |

o
oA -

boi

L = A
JUUUOU
POUTPPINN
N !

Puc. 4.69 Puc. 4.70
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21.

22.

Onpeaenure HHIYKITHIO B MarmuTHOrO Iio-
Jd B IPOU3BOJLHOM TOUKE BHYTPH JJIUHHO-
r'o TOJICTOI'O IPSAMOTO NPOBOZHHUKA (pagnHyc
okpy)xkHOoCcTH ceueEua R). Ilo mpoBogHUKY
Te4YeT TOK IIOTHOCTHIO j.

OupepenurTe UHAYKIWIO MATHUTHOIO TOJA
B IIPOM3BOJILHOII TOUKE BHYTPU AJUHHOI
OUIWHAPHYECKOA IIOJIOCTH, BBIPE3aHHON
napajyielbHO OCH IpoBOAHUKA (puc. 4.71).
ITo IpOBOAHUKY TeYeT TOK ILJIOTHOCTHIO j.
PaccTosgane Mexay ocAMH HPOBOLHHKA H
IIOJIOCTH paBHO d.

ITo 6ecrkoHeUHONT MPAMOJUMHEHHON TOHKO-

S

Puc. 4.71

cTeHHOU TpyOe TeueT ToK I. OmpegenuTe HHAYKIIUIO MATHUT-
HOT'O TIOJIA B IIPOM3BOJILHOM TOUKEe BHYTPH TPYOHI.



Fnasa 5

ANEKTPOMATHUTHARA UHAOYKLIUA

o cux nop ms. paccmampuearu 3reKmpuiecrKue u MazHum-
Hble NOAA, He U3MeHAUUeCs C meyeHuem epemerl. Boiio sbi-
ACHEHO, Ymo 3Jexmpocmamuiecikoe none cosdaemcs Heno-
OBUICHBIMU 3APANCCHHBIMU YACMUYAMU, A MAZHUMHOE Nojle —
dsuxcywgumucn, m. e. snexmpuyeckum morom. Ilepeiidem x
3HAKOMCMBY C 31eKMmpPUYecKuM U MAZHUMHbLM NOAAMU, KO-
mopble MEHAIOMCSH CO 8DeMEHEM.

Canmwiil 8axcHvlil parxm, womopwiilt ydanroce o6Hapyicums, —
3Mo0 mecHellan 83aUMOCEA3b MeAHCOY INEeKMPULECKUM U MaA2z-
HUMHbLM noaamu. Hamenawouieecsa 80 spemMeHu MazHUumHmoe no-
Jle nopoicdaem saeKmpuyecKoe none, A UsMeHAueecsa arexm-
puiecioe noae nopoxdaem maznumoe. Bes smoii canzu mex-
0y noaamu pasHoobpasue nposAsIeHUIl 31eKmpOMAZHUMHbBLY
cun He ObL1o Gbl CMONb OGLUUDHBLM, KAKOe OHO eCMb HA CAMOM
dene. He cywecmaosano 6v. Hu paduo8onn, HU caema.

§ 5.1. OTKPbITUE 3JIEKTPOMArHUTHOA UHAYKLIUU

B 1821 2. Maiixa ®dapadeili sanucan 6 ceoem OHegrnurce: «Ilpe-
apamumbv mazHemusm 8 adnekmpuyecmeo». Yepes 10 nem
ama 3adaua 6bina uM peuieHa.

OT1kpuiTHe Dapageq

He cayuaiino nepsuiif U caMblii BaXXHBIH IIar B OTKPBITHHA HO-
BRIX CBOMCTB 3JIEKTDOMATHHUTHEIX B3aumoZedcTBuii OBLI chenaH
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OCHOBOHOJIOSKHUKOM IIPEJICTARICHUN 06 3JIEKTPOMATHUTHOM II0JIe —
®apajeem. Papajeii 66l YBEePEH B eIUHON IIPHUPOJE 3JIeKTpUUe-
CKHX ¥ MATHUTHRIX ABJIeHHI. Bckope mociie oTKpHITHUA IpcTena
OH IHCAJ: «...IpeJCTaBJIAETCA BEChbMa HeOOBIYHBIM, UTOORI, C O-
HOIl CTOPOHEI, BCAKNI 3JIeKTPHUECKHH TOK COIPOBOMIAJICA MAT-
HHUTHBLIM JefiCTBHEM COOTBETCTBVIOIeil HHTEHCHBHOCTH, HAIIPAB-
JIEHHBIM IOJ, IIPAMBIM YTJIOM K TOKY, ¥ YTOGHI B TO YK€ BpeMs B XO-
pOIINX ITPOBOJHUKAX JJIEKTPUUECTBA, IIOMEUIeHHBIX B ¢(hepy 9TO-
ro JeHMCTBHUA, COBCEM He HHAYVIHPOBAJICA TOK, He BO3HHKAJO
KaKoe-JTH00 oIyTUMOe JeHCTBHE, S9KBUBAJICHTHOE IO CUJIe TAKOMY
TOKY». YIIODHBI! TPYJ B TeUeHHE JeCsATH JIeT U Bepa B yCHeX IpH-
Besn Dapajes K OTKPBITHIO, KOTOPOE BIOCJIENCTBUH JIETJIO B OCHO-
BY YCTPOMCTBA reHEPATOPOB BCeX 3IEKTPOCTAHIINIT MUpa, IPEBpa-
AKX MEXAHHUYECKYI0O SHEPTHUI0 B JHEPTHI0 JJIEKTPUUECKOTro
Toka. (MeTouHuku, paGoTalomie Ha APYTUX IPUHIUIAX: TAJbBa-
HHUYECKYE 3JIeMEeHThI, AKKYMYJIATODRI, TepMO- i OTOIIeMEHTRI —
JA0T HUYTOMHYIO JOJI0 BEIPAGATHIBAEMOI aJIEKTPUUECKOIl sHep-
TUH.)

JlonToe BpeMs B3AaWUMOCBA3B dIEKTPHUYECKUX U MATHUTHBIX AB-
NeHUil O6HAPYXKUTE He YAABAJNOCh. TPYAHO GLIIO ZOAYMATRCA IO
TJIABHOTO: TOJBKO MEHAIONeeCA BO BDEMEHH MATHUTHOE IIOJIe MO-
JKeT BO3OYIUTE JJIEKTPHYECKUHA TOK B HENOABHIKHOM KaTVIIIKe
IWIN JXe caMa KaTyIKa JOJIKHA NBUraThCsd B MATHUTHOM MOJIE.

OTKphITHE 3JEKTPOMATHHUTHON MHIAYVKI UM, KAk
Hasray Papageil aT0 asaeHue, 66110 caenano 29 asrycra 1831 r.
Peaxuit cayuaii, Korga cTOJbR TOYHO U3BECTHA JaTa HOBOTO 3aMe-
YATEJABHOI'O OTKPBITHA. BOT KpaTKoe OIMHCAHHE IEPBOTO ONBITA,
JTaHHOe caMuM PDapageeM.

«Ha mupoxyio gepeBAHHYIO KaTYVIIKY 6b11a HAMOTAHA MeTHAS
IPOBOJIOKa AnnHOM B 208 dyral, m Mesxny BUTKAME ee HAMOTAHA
TPOBOJIOKA TaKOIi sKe NINHBI, HO H30JIHUPOBAHHAA OT IEPBOH XJIOII-
yaTobyMaxkHOM HUTHI0. OfHA U3 3THX COUpAaJiell ObLIa coeuHEeHA
¢ TaJILBAHOMETPOM, a Apyras — ¢ cuiIbHoil BaTapeeii, cocrosaimeii
u3 100 nap naacrud... [Ipu 3aMBIKAHUH IIeOU YAAJTIOCE 3AMETUTh
BHE3aIIHOe, HO UPe3BhIUAHO cjaboe NeicTBHE Ha raJlbBAHOMETD,
M TO Xe caMoe 3aMedayoch IPH MpeKpaiteHuyu Toka. IIpu Hempe-
DPBIBHOM K€ IIPOXOXKJEHUM TOKA uepes OAHY U3 cIupaeil He yaa-
BaJIOCh OTMETHUTHL HHU AeiicTBUA HA rajJbBAHOMETD, HU BOOOIIE Ka-
KOTO-TH00 UHAYKITHOHHOrO AeMCTBUA HA APYryIo CIIHPAalb, HECMO-

1 Dyt paBen 304,8 MM.
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Puc. 5.1

TPA Ha TO YTO HarpeBaHue Bcell cniupaiy, coeffuHeHHO# ¢ Gara-
peeii, U APKOCThL HCKPHI, MTPOCKAKHUBAMOIIEH MEXAY YIJIAMH,
CBUIETEJIHCTBOBAJIM O MOIITHOCTH GaTapems.

HWrak, mepBoHAUANBHO ObIIa OTKPRITA HHAVKIUA B HEIOJBUK-
HBEIX JAPYT OTHOCUTEJILHO Jpyra IIPOBOJHUKAX NP 3AMBIKAHUU U
pa3sMBIKAHWH Nenu. 3aTeM, ACHO NOHUMAA, UTO COJMMKEHUE MU
yIaJieHlie MPOBOJHUKOB C TOKOM JOJKHO IMPHBOIUTH K TOMY Ke
pe3yJbpTaTy, uTO M 3aMBIKAHHUE W pa3dMbIKaHue renu, Papajeii c
IIOMOIIBIO0 ONBITOB JOKA3aJl, UTO TOK BO3HUKAET IIPH NepeMelre-
HHHU KATYIIEeK OTHOCHUTENLHO ApYT apyra (puc. 5.1). 3HaKOMBIiT ¢
TpyaaMu Amnepa, @Papajneit moHUMAJN, UYTO MATHAT — 3TO COBO-
KYIHOCTh MAJIEHBKHMX TOKOB, ILIHPKYJUDYIOIMIHX B MOJIEKYJaxX.
17 oxkTaA6paA, KaK 3apeTrUCTPUPOBAHO B ero Jj1abopaToOpHOM MKYPHA-
Je, 6ul1 06HApY)XKeH MHAVKIIMOHHBIN TOK B KaTYIIKe BO BpeMA
BABUTraHUsA (AU BRIABUraHKMA) MarHuTa (puc. 5.2). B reuenne oa-
Horo Mecana Mapajeil ONBITHRIM IIYTEM OTKPBLI BCE CYIECTRBEH-

Puc. 5.2
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HEIe OCOGEHHOCTH ABJEHMA 3JIEKTPOMArHUTHON HHAYKNUK, OcTa-
BAaJIOCh TOJILKO MIPUAATE 3aKOHY CTPOIrYIO KOJIMUYECTBEHHYIO (hDOpMY
M TIOJIHOCTBHIO BCKPHITh (PU3HUYECKYIO IPUPOAY SIBJIEHUA.

Yxe cam Dapaneit yiosua To ob1iiee, OT uero 3aBUCUT IMOARJIE-
HHE UHIYKIIMOHHOTO TOKa B ONMLITAX, KOTOPLIEe BHEIIIHE BRIIVIATAT
O-pa3HoOMY.

B 3amMKHYymMoOM nposodsuem KoHmype 803HUKaAeNm MoK npu
U3MEHEeHUL YUCAA MUHULT MAZHUMHOL UHOYKYLUU, NPDOHUIbLEATO-
WUX NOBEPXHOCM B, 0ZDAHUYEHHY 0 dmum Konmypom. 1 ueM Bbl-
CcTpee MEHSETCSA YMCJIO IUHAH MATHUTHOM HHAYKIUHY, TeM DOJbIIe
BO3HUKAIOIHNI ToK. IIpHu 5TOM IpUUMHA U3MEHEHUA YHUCIa JUHWI
MATHUTHOM HHIAYKIMM COBEPUIeHHO De3pasiuuHa. ITO MOKET
ObITbL M M3MeHeHUe YHCIa JUHHI MATHUTHOM MHIYKIINN, IIPOHH-
3BIBAIOIMX HENOABMXKHLIM IIPOBOAHUK BCJEACTBHE HN3MEHEHHA
CIJIBI TOKa B COCeLHEH KaTylllKke, W H3MeHeHUe 4YuciIa JUHUHR
BCJIEICTBYE ABMXKEHHSA KOHTYPa B HEOZHOPOZHOM MATHUTHOM IIO-
Jle, TYCTOTa JIMHHUI KOTOPOI'0 MEHAETCA B IpOCTpaHCTBe (pHuc. 5.3).

dapajieil He TOJBLKO OTKPLLI ABJICHHE, HO M IIePBHIM CKOHCTDY-
MPOBAJI HECOBEPUIEHHYIO ITOKA eIlle MOJAEJbL TeHepPaTopa dJIEKTPH-
YECKOTO TOKa, IPERPALIAOIero MeXaHHUEeCKyI0 3Hepru Bpaiie-
HUS B TOK. OTO OLLI MACCHBHBIM MeIHBIM IICK, Bpaljarouuics
MeXAy IIOMI0caMu CHAbHOTO MarHuTa (puc. 5.4). Ilpucoemunus
OCh M Kpali JUCKA K TajJibBaHOMeTpY, Papasieit 00HADYKHI OTKJIIO-

-

Pue. 5.3 Puc. 5.4
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HeHUe cTpenkd. Tok 6k, nIpaBaa, caab, Ho HAWAeHHbII TPUHIUIL
MMO3BOMUN BMOCJHEACTBUM IIOCTPOUTH MOIINHLIE reHepaTopnl. Bes
HUX 3JEKTPUUECTBO U II0 cell leHb OhLI0 OBl MaJio KOMY JOCTYITHON
POCKOIIBI0.

B nposodawem samKHymom KOHMYype 803HUKAEM dAeKMPU-
YeCcKUil MoK, eCaAUu KOHMYpP HAX00UMcs 8 NnepeMenHoM maz-
HUMHOM NOAE UNU O8UINCEMCS 8 NOCTNOAHHOM 60 6pPeMERL NO-
Jle max, $¥mo YUcao AUHULL MAZHUMHOIL UHOYKYUL, NPOHU3bL-
8aruux KOHMYpP, MeHAemcs. IMmo ABJleHUE HA3bLBAEMCA
aaeKxmpomMazHUMHOL UHOYKLuell.

§ 5.2. NPABMJ10 JIEHUA

Burachum 6aicHbLil 60npoc 0 HANPABAeHUU UHOYKYUOHHOZ0
moxa.

HanpaeneHue UHAYKLIMOHHOIO TOKa
W COXpaHeHue 3Heprum

NHAYKIMOHHBINA TOK, BOBHUKNINYA B IPOBOAHIKE, HEMeAJIEHHO
Ha4YUHaeT B3aMMOAEUCTBOBATD € TIOPOAUBIINM €0 TOKOM WJIH MAar-
HuTOM. Eciu MaruuT (Mau KaTymiKy ¢ TOKOM) IPHUOIMIKATD K 3aM-
KHYTOMY IIPOBOJHHUKY, TO IMOSABJAIOINUIICA WHAVKIMOHHBIN TOK
CBOMM MAarHUTHBIM IT0JIEM 00A3aTEIBHO OTTAJIKUBAET MarHUT (Ka-
TymKy). g c6amKeHnss MATHUTA M KATYIIIKY HYSKHO COBEPIIIUTD
pabGory. Ilpu ynajleHMM MATHHTA BO3HHKAaeT IPUTSKeHUe. JTO
IPaBUJIO BHINIOJHAETCA HEYKOCHUTENbHO. IlpencraBbTe cebe, UTO
JIeno obcToao OBl MHaye: BB MOATOJNKHYJIH MarHUT K KaTylike, H
OH caM co60i1 ycTpemMusca 661 BHyTph Hee. Ilpu aToM Hapymuics
6bl 3aKOH coXpaHeHUs sHepruu. Beip MexaHHUeCKas IHEPTHs
MATHUTA YBeJIN4YUJIach Okl ¥ OJJHOBPEMEHHO BO3SHUKAJ OBI TOK, YTO
camo 1o cebe TpebyeT 3aTpaThl 3Hepruu, 160 TOK TOXe MOYKET CO-
BepmaTts paboty. Ilpuposa Myapo pacnopaauiach HanpaBjdeHUEeM
MHAYKIIMOHHOTO TOKa, C TeM UTOOBI 3aIlaCkl 3HePruy He U3MeHH-
auchk. UHAYITMPOBAHHLIA B sIKOpe TeHepaTopa 3JEeKTPHYECKUI
TOK, B3auMOJeilcCTBYA C MArHWTHBIM IIOJIeM CTAToOpa, TOPMO3UT
Bparenue AKOpA. ToasKo O3TOMY [Jid BpalleHUd AKOPA HYKHO
coBepmiaTs pabory, Tem 6Goablunyo, ueM 6Goibllle cHJa TOKa. 3a
cueT 3TOH paboTH M BOSHUKAET WHAVKIIMOHHBIH TOK.

HHTEepecHO OTMETUTH, UTO ecaW OBl MATHUTHOE IIoJe Haliei
nJaHeTH GbLIO OYeHb GOJBIIUM U CHJIBHO HEOJHOPOAHBIM, TO GbI-
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CTpHIe ABUEHNSA IIPOBOAAIINX TeJ HA €€ NOBEPXHOCTH M B ATMOC-
depe 6bi GHI HEBOZMOXKHBI M3-38 WHTEHCHUBHOT'O B3amMogeiicT-
BHA MHAYIIMPOBAHHOTO B Teje TOKA ¢ 3THM moJjeM. Tesa Asura-
auch 6B KaK B IUIOTHOH BASKOIl cpefie ¥ IpHM 3TOM CHUJIBHO paso-
rpeBanuchk 6bi. Hu camoseTsi, H paxeThi He MOIJIM OBl JeTaTh.
YenoBeK He Mor O6b1 OBICTPO ABHraTh HU DYKamMu, HY HOTAMH, TaK
KaK UeJIOBEUECKOE TeJI0 — HeILIOXO0M IIPOBOSHUK.

Ecau KaTyuika, B KOTOPOil HABOAUTCA TOK, HENIOJABUXKHA OTHO-
CHTeJILHO cocefHell KATYINKM ¢ lepeMeHHEIM TOKOM, KaK, HAIIpH-
Mep, y TpaHcdhopMaTopa, TO U B 3TOM cJay4yae HalpaBleHHe HHAYK-
LUOHHOTO TOKA AUKTYETCS 3aKOHOM COXPDAHEHUS 3HePTruu. JTOT
TOK BCerjja HampaBJeH TaK, YTO CO3XAHHOE MM MATHHTHOe IIOJe
CTPeMUTCH YMEHBIIUTHL U3BMEHEHUA TOKA B IePBUYHON 00MOTKe.

Mpaeuno JleHua

OTTaJKUBaHHE WM IPUTAKEHNE MATHUTA KATYUIKOM 3aBUCHT
OT HANpABJIEHUS MHAYKITMOHHOro TOKa B Heil. IloaToMy 3aKoOH co-
XpaHeHHNA SHEPIruM MO3BOJIAeT cHOpPMYJIHPOBATH IIPaBMJIO, OIpe-
JleJIfgrolee HaIpaBJIeHHue HHAYKIIMOHHOTO TOKA.

B yeM COCTOMT pAsNNiKe ABYX ONLITOB: NPHOANKEeHNEe MATHUTA
K KaATyUIKe U ero yjgajeHue? B mepBoM ciydae MarHUTHEIN IIOTOK
(namM yuca0 JUHUHE MATrHUTHOM MHAYKIIMY, IPOHUSEIBAIOIIMX BUT-
KM KaTYUIKHN) yBeanuuBaercd (puc. 5.5, @), a Bo BTOpOM ciayuae —
yMeBbmaeTcs (puc. 5.5, 6). IIpudeM B nepBoM ciyuae JUHAH HH-
AYKLuY B’ MArHUTHOTO 110J15, CO35aHHOIO BOSHUKIIUM B KaTyIIKe
MHAYKIMOHHLIM TOKOM, BEIXOAAT M3 BeDXHero KOHIA KAaTYNIKW,
TaK KaK KaTYIIKa OTTAJKMBaeT MarHUT, & BO BTOPOM cJjydae, Ha-
000poT, BXOZAT B 3TOT KOHEL,. JTH JMHNUHN MArHUTHOM MHIYKIUU
Ha pucyHKe 5.5 1300pasKeHHI IIITPHXOM,

Tenepb MBI IOAOULIY K IJIABHOMY: IPH YBeJIXUYeHNN MATHHUTHO-
ro IOTOKA Yepe3 BUTKHM KaTYIIKH MHAYKIMOHHBIA TOK MMeEET Ta-
KOe HaIIpaBjeHHNe, UTO CO3JaBaeMOe UM MATHHUTHOE II0JIe IIPeIidT-
CTBYET HAPACTAHHIO MAIHUTHOTO IIOTOKA Yepe3 BUTKH KATYIIKH.
Beap BexTop nnAykmu B’ aTOro nosis HanpasjieH IPOTUB BEKTOpA
MHAYKIMY B nmons, u3aMeHeHHre KOTOPOI'O IIOPOKIAET dJIEKTpHUUe-
CKuil ToK. Eciin ske MarHUTHRIA NOTOK Uepe3 KATYIIKY ocJabeBa-
€T, T0 HHAYKIMOHHEIA TOK CO3XaeT MATHUTHOE I10JIe ¢ MHAYKIHeH
B’, yBenuuuBaroiee MariUTHEIH IIOTOK Yepe3 BUTKY KATYIIKH,

B aTOM COCTOHT CYIIHOCTHL OOIIEro HIpaBuJja OUpeAeseHNA Ha-
NpaBJeHUA HHIYKIUOHHOTO TOKa, KOTOpOe IPUMMEHMMO BO BCEX
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Puc. 5.5

caydJaax. OTO IPABUIO ObLIO YCTAHOBJAEHO PYCCKHUM (DH3HUKOM
9. X. Jleunem (1804—1865).

CornacHo npaBuny JleHIla BO3HMKAIOMMUIA B 3aMKHYTOM KOH-
Type HHAYKIHOHHBIA TOK HMeeT TaKoe HAaIpaBJieHHe, 4TO CO-
3JaHHBLIK MM MATHHTHEIA ITOTOK Yepe3 MOBEPXHOCTh, OrpaHHYEH-
HYI0 KOHTYPOM, CTPEMHTCS IPEeHATCTBOBATE TOMY H3IMEHEHHIO
HOTOKAa, KOTOPOE NMOPOKIaeT JAHHBIH TOK.

B cayuae ¢BepXnIpoBOJHUKOB KOMIIEHCAIIHNA H3MEeHEHHUs BHEIII-
Hero MarHHUTHOTO HoToka Oyaer moaHoit. IloToxk MarmuTHON WH-
IYKIMKM deped IIOBEPXHOCTbH, OTPAHMYEHHYIO CBEPXIIPOBOAAITUM
KOHTYPOM, BOOOIlle He MEHAETCS CO BpeMEeHeM HU IIpu KAKUX ye-
noBuax. Iloapobuee 06 aToM HofifieT peus B KanbHemeM.

Hanpasenenue undyxyuornnHozo moxa onpedensemcsa 3axo-
HOM cOXpaHeHUA 3Hepzuu. HHOYyKyUOHHbBLIL MOK 80 8ceX cny-
4QAX CBOUM MAZHUMHbBLM NOJLEM npenamcmeyem U3MeHe-
HUI0 MAZHUMHO20 NOMOKA, 8bl3bl8aAI0WeMY OAHHbLIL MOK.

§ 5.3. 3AKOH JIEKTPOMATHUTHOMN UHAYKUUU

Cpopmyrupyem 3aKOH 3AEKMPOMAZHUMHOU UHOYKYUUL KO-
auyecmeentno. Onbimbovr Papades noxasaru, wmo Cula UH-
Oyryuonnozo moxa I; 6 npogodawem kKoHmype nponopuyu-
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OHALbHA CKOPOCMU U3MEHeHUs Hucaa JUHUU MAZHUMHOIL
uHOyryuu B, nponusstearwux noeepxXHOCmMb, 0ZPAHUYEH-
HYyto amum kKonmypom. Bonee mouno samo ymaeepucdernue
MOMCHO Chopmyruposams, UCNONb3YSA NOHAMUE MAZHUMHO20
nomoka.

MaruuTHelil TOTOK HATVIALHO UCTOJKOBRIBAETCA KaK YHCIO JIH-
HUM MarHuTHO#M MHAYKIUH (cM. § 4.4), IPOHUBHIBAIOIUX IIOBEPX-
HOCTh mnomaasio S. [loaToMy CKOpPOCTH U3MEHEHUZ 3TOTO UHUCIA
€CTh He YTO UHOe, KaK CKOPOCTh HM3MEHEHUSI MATHUTHOTO IIOTOKA.

Ecmnu 3a masioe BpeMsa Af MarauTHHI OTOK MeHsdeTcA Ha AD,
TO CKOPOCTb M3MEHEHNA MarHUTHOI'0 IOTOKA PaBHA % ! .

IlosTomMy yTBepkIeHHUe, KOTOPOe BRITEKAET HENOCPEACTBEHHO
U3 OIBITA, MOXXHO CHOPMYJIMPOBATH TaK: CUJIA UHOYKUUOHHOZO
mokxa nponopuyuoHalbHa CKOPOCMU U3MeHEHUS MAZHUMHO20
nomoxa uepe3 no8epXHOCMmb, 02PAHULEHHYI0 KOHMYPOM:

AD

I~ (5.3.1)

SAC vHayKuumn

HN3BecTHO, YTO B 1M MOABIAETCA 3JEKTPUMUECKHUH TOK B TOM
caydae, KOrJa Ha CBOOGOJHBIE 3apAAbl AeHCTBYIOT CTOPOMHME CH-
asl. PaboTy 3TUX CUJ NpH IepeMelleHUHd eJUHUYHOrO IMOJOXKU-
TEeJIBLHOIO 3apAAa BIOJIbL 3aMKHYTOr0 KOHTYpPA HAa3bIBAIOT 3JIEKTPO-
asraKyIneit cuioi. CienoBaTeabHO, NP U3MEHEHUM MATHUTHOTO
MOTOKA yepe3 MOBEPXHOCTh, OFPAHNUYECHHYIO KOHTYPOM, B HEM IIO-
ABJIAIOTCA CTOPOHHUE CUJIEI, ZeHCTBHE KOTOPHIX XapaKTepu3yeTcs
9IC, naspiaeMmoit IJIC unayrknun. O603uauuM ee 6YKBOIi 6,

3aKkoH 3N1eKTPOMarHUTHON UHAYKUUK

3aKOH 3JIEKTPOMArHUTHON MHAYKIIMN GOPMYJIHUPYETCA UMEHHO
ans O1C, a He Ana cuasl Toka. Ilpy Takoi GopMyanpOBKe 3aKOH
BHIpAXXaeT CYNHIHOCTE ABJIEHUS, He 3ABHUCAIMIYIO OT CBOMCTB IIpoO-
BOJHUKOB, B KOTODBIX BO3HMKAaeT MHAYKIUOHHEINA TOK. CorsacHo
3aKOHY 3JIEKTPOMArHUTHOM HHAYKIAK JJIC HHAYKUMH B 3aMKHY-

1351ech B OTIMUMeE OT § 4.4 AD o3HavaeT u3aMEeHeHNE ITOTOKA MArHUT-
HOU UHAYKIIUM CO BpEMEHEeM.
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TOM KOHTYpe paBHa 110 MOAYJAI0 CKOPDOCTH H3MEHEHMA MATHMT-
HOI'0 IIOTOKA HYepe3 NOBEPXHOCTh, OTPAHHYEHHYIO ROHTypOMl:

&1=152

=k (5.3.2)

Kax B 3aKoHe 571€eKTPOMArHUTHOM HHAYKIUN YUeCTh HalpaBJie-
HHUEe UHAYKIMOHHOro Toka (uau 3uak JJ1C MHAYKIUU) B COOTBET-
CTBHH ¢ nipaBuyioM JleHua?

Ha pucyrxke 5.6 mzofpaskeH 3aMKHY-
THIE KOHTYp. ByJeM cudTATh IIOJOXKU-
1eJILHEIM HaTIpaBJeHue o6xoza KOHTYpa
npotuB uyacoBo¥ crtpenaku. Hopmane k
KOHTYpY 7t 06pa3yeT NIpaBhlii BUHT C Ha-
npasieHneM ob6xoxga. 3uax I9IC, T.e.
yAeNbHO paboThl, 3aBMCUT OT HAIIPaBJie-
HUSA CTOPOHHMX CHJ 110 OTHOIIEHUIO K Ha-
npapieHuo obxoZa KoHTypa. Eciau atu
HaNpaBJIeHUsA cOBNanaor, To &, > 0 u co-

orsercTBeHHO I; > 0. B nporusHOM ciy-

Puc. 5.6

4ae JIC u cuzna TOKa OTPHUIATENILHBI.
ITyers MaruuTHadA MHAYKLHA B BHeIIHEro MATHHTHOTO NOJS
HaIpaBJleHa BAOJIb HOpMaJIH K KOHTYPY U BO3pPACTaeT CO BpeMe-
AD
HeM, Torga @ > 0 u Vike 0. Corstacuo npasuny JleHIa HHAYKIU-
OHHEII TOK CO3JaeT MATHUTHLIN DoToK @’ < 0. JIMHMM UHIYKIUU
B’ mMarmuTHOro mONA UHAYKIUOHHOTO TOKA MK300pAXKeHEI HAa

pucyHKe 5.6 mrpuxom. CrefopaTeNbHO, HHAYKIIHOHHEIA TOK Ii

HANIpAaBJIEH II0 YACOBOH CTpeJIKe (IIPOTHB IOJOMKHTEJILHOI'O HAa-
npasnenusa o6xona) u AC uuagyKnuu orpunareisHa. [losTtoMy B
3aKOHE JJIEKTPOMATHHTHON MHIYKIHH JOJIXKEH CTOATHL 3HAK MH-
HYC:

R .
@ 6 =-— (5.3.3)

1 Onsir HEIIOCPEeACTBEHHO Aa€T TOJILKO IIPAMYIO IIPOIIOPUNOHAJBHOCTL

AD " .
MeXay é% M. Ho B MeXAYyHAPOAHOI cHCTeMe eAMHUL, KOTOPOH MEI

6yZmieM MOJB30BATRCSA B 3TOMH INIaBe, KOBDGUIIMEHT MPONOPLHOHATIBHOCTH
TIOJIATAIOT PABHEIM €JUHUILE,
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Eavnuub MarHMTHOM MHAOYKLUW U MArHUTHOI O NOTOKA

B MexayuapoaHoii cucTeMe efUHULL 3aKOH 31K TPOMATHUTHOM
HHIAYKIINU UCIIOJIbL3YIOT I/ YCTAHOBJCHMA eJUHUIILI MArHUTHOTO
IIOTOKA. ITY eAUHHNLY HASLIBAIOT Be 6 ¢ p oM (BO).

Tax rark 3JIC uHAYKIIUK é;‘l. BBIPA’KalOT B BOJILTAX, & BDEMA —

B CEKYHAaX, TO, COTJIACHO BhIpakeHMIo (5.3.3), BebGep MOKHO OII-
pelleIUTL CHeAVIONIUM 06pasoM: MAzZHUMHbBLIL NOMmMoK iepes no-
8epXHOCMb, 0ZPDAHUYEHHYI0 3AMKHYMbLM KOHMYPOM, DABEH
1 B6, eciu npu pasrnomeprom ybvi6anuu 3mozo nomokxa 0o Hyaa
3a 1 c 6 konmype osnuraem 3JC undyryun 1 B:

1B6=1B - 1c.

Epuauiy MarHuTeol HHAYKIMMA Te cJaa [ cMm. dopmyny (3_;4.7 )]
YCTaHABJIUBAIOT Ha OCHOBe cooTHOmeHuA (4.4.1). Ecnu BexkTop B nep-
MeHIUKYJISPeH [IOBePXHOCTH ILIoIagbi0 S, To @ = BS. Tecna pasn-
HA MATHUTHOH MHIAYKIOWU, IPH KOTOPOIl MATHUTHEIN IIOTOK 4Yepea

TIoIlepeYHoe ceueHHe miomanbo 1 M2 pasen 1 B6.

1Tn=1B6/M2=1B - ¢/M2=11x% - ¢/(Kn - M2)=1H/(A - m).

Hado 3anomHumb 3aKOH 31eKMpPOMAzZHUMHOU UHOYKYUU
(5.3.3), nonumames, ymo marxoe SC undyrxyuu u mazHumM-
HbLll NOMOK.

-

§ 5.4. BUXPEBOE 9JIEKTPUYECKOE NONE

IC undyryuu so3nurKaem aubo 8 HENOOBUNICHOM NPOEOTHU-
Ke, NOMeWeHHOM 8 U3MEHAIULeeCA 60 8PDeMeHU MAzHUMHOE
noxne, 1ubo 8 nposodHukKe, d8udNCYuLeMCA 8 MAZHUMHOM Nnole,
KOmMopoe MoxHcem He MeHAMbCA co 8pemeHem. 3HaveHue IIC &
oboux cayianx onpedensemcs 3axonom (5.3.3), Ho npoucxodi-
denue 3]]C pasauuno. Paccmompum cHavara nepswviil cayiaii.

Y10 BO3HMKAET NPU U3MEHEHUU MarHUTHOIrO nona?

IIycTe nepex HaM¥u CTOMT TpaHchOPMATOD — ABE KATYUIKH, HA-
JeThle Ha cepledHUK. BKIOUKHB NepBUUYHYIO OGMOTKY B CeTh, MBI
[IOJYYHM TOK BO BTODHYHOH OOMOTKE, €CJIM OHA 3aMKHyTa
(puc. 5.7). DIeKTPOHEI B IPOBOJAAX BTOPHAYHONH OGMOTKH IDHUAYT B
aemykenre. Ho Kakue CHJIEL 3aCTABIAIOT uUx ABurathesa? Camo
MArHUTHOE II0Jie, IIPOHM3BLIBAIONIEe KATYIIKY, A3TOr0 CAEJIATH He
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MOKET, TAK KaK MATHHTHOeE II0JIe JeHCTBYyeT
HCKJIUUTEIBHO HA ABIKYINMECS 3apanbl —
d

[

(3TUM-TO OHO M OTIHYAETCA OT dJIEKTpHUUe-
CKOT'0), a TPOBOAHUNK ¢ HAXOAAIMMUCH B
HeM dJIeKTPOHAMU HemoaBIKeH! .

Yro e Torga neicrayer?

Kpome MarsurTHOoro mojasd, Ha 3apAIbI, Puc. 5.7

IpUYEM KaK Ha ABHIKYIMeECH, TaK U HA He-
MOABUIKHLIE, NEHCTBYET elne noJie dJeKTpudeckoe. Ho Beab Te 1o-
N5, O KOTOPBIX IOKAa IILIA peub (3JIEKTPOCTATHYECKOE U CTAIlH-
OHADHOE), CO3[AI0TCA IJEKTPUYECKUMU 3apAfaMi, a HHAYKIIHOH-
HBI TOK IOABJIAETCA IIOA JeiicTBHEM IEPEeMEHHOI'0 MATHUTHOTO
mosus.

Vix He 3aMeIIaHBI JU 3[eCh KAaKUe-TO HOBbie (pU3UUECKUe TI0-
s, KOJb CKOPO UJes 6IN3KOAeIICTBUA CYUTACTCA He3bibaeMoii?

Ho He HY>HO CHeNINUTH ¢ BRIBOJAMHU ¥ IIpH IIEPBOM e 3aTPYA-
HEHUH UCKATH CIIAaCeHUs B MPUAYMEIBAHUM HOBLIX IoJeil. Benn y
HAC HeT HUKAKWX OCHOBAHUIA CUHUTATH, YTO BCE CBOMCTBA BICKTPHU-
YeCKOTr0o M MATHUTHOrO moneit usydensl. B 3akoHax KyJoHa,
Buo—Casapa—Jlanraca u AMiepa, 3aKJII0OUAIOIIUX B cebe OCHOB-
HYI0 UHGOPMAIMIO O CBOHCTBAX MONA, GUTrypUpPYIOT HOCTOSHHbIE
BO BpeMeHH II0JIA.

A uTO0, ecqH Y IepeMeHHEIX II0Jeil MOABJIAITCA HOBLIE CBOHCT-
Ba? Hano HazeAThCA, 4TO UAeA €JWHCTBA SJICKTPUUECKUX M Mar-
HUTHBIX SABJICHHI, IJIOTOTBOPHAA MO CHX IIOp, HEe OTKAXKET U B
IaJbHeHeM.

Toraa ocTaHeTcA efUHCTBEHHAA BO3MOMHOCTE: HYXKHO IIPEAIIO-
JIOXUTh, YTO 3JEKTPOHKI B HENMOJBUKHOM TPOBOXHHKE TPUBO-
ISATCS B IBMIKEHUE 3JJeKTPHUUYECKHM TOJEM M 3TO IoJie Helmocpen-
CTBEHHO TIOPOKJAeTcH TEepeMEeHHBIM MATHMTHBLIM mojeM. Tem
caMhIM yTBep)XJaeTcda HOBOe (hyHIAMEHTAJhHOE CBOUCTBO 3JEK-
TPOMATHHTHOrO IIOJIfA: H3MEHAACh BO BPEMEeHH, MATHHUTHOE ToJie
MOPOKIAeT dJeKTpuuecKoe mojge. K 3ToMy BRIBOAY BlIepBBIE NIPHU-
mren . MakcBenn.

Temeps ABRJNEHNE BIEKTPOMATHUTHON UHAYKIMYU NIPEACTAET Ile-
pel HaMU B HOBOM cBeTe. [JIagHOE B HEM — 3TO NPOIECC MIOPOKAe-

LLLI

K

1B feficTBUTEIBHOCTH JeJI0 OGCTOUT He TAK MpoCTO. VI B HemOABHMK-
HOM IIPOBOAHHKE BJIEKTPOHBI COBEPUIAIOT HecropafoUHOe TeMI0BOe JBU-
sceare. Ho cpefHsAs CKOpPOCTH Takoro JBUXeHUS paBHA Hyaio. CooTBeT-
CTBEHHO U CHJIA TOKA, BHI3BAHHOI'O HEIMOCPECTBEHHO MATHUTHBIM IOJIEM,
TaKe JOJKHA OBITH PABHOI HYIIO.
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HUA MATHUTHBIM IIOJIEM LI0JIA dJIeKTpuueckoro. Ilpu sToM Hanu-
Yye HPOBOAAINEIO KOHTYPa, HAIDHMep KATVIIKH, He MeHSAEeT Cy-
niecTBa gena. IIpOBOAHUK ¢ 3aI1aCOM CBOOONHEIX 2JEKTPOHOB (HJIu
OPYrdX YaCTHI) JHINL I[OMOraeT OBHADYIKUTH BOSHHKAIOIEE
aJIeKTpuueckoe noJie. Ilome IpUuBOAUT B ABMIKEHNE BJIEKTPOHBI B
TPOBOJHUKE U TeM caMbIM ob6Hapy:kuBaeT ceba. CyIiHOCTE ABJIe-
HUA 3JIEKTPOMATHUTHOM MHAYKIUN B HENOABUMXHOM IIPOBOJHUKE
COCTOUT HE CTOJLKO B MOABJIEHUN UHIVKIIHOHHOTO TOKA, CKOJIBKO
B BO3HHKHOBEHHH 3JIEKTPHYECKOI'O IIOJA, KOTOPOe IIPUBOAUT B
IBUKEHHE JIEKTPUYeCKUe 3apALbI.

Buxpenoe none

dIIeKTpUUEeCKOe TI0JIe, BOSHUKAOINee MIPpY U3MEeHeHNU MATHUT-
HOT'O TI0JISl, HMEET COBCEM APYTYIO CTPYKTYPY, UeM dIeKTPOCTATH-
yeckoe. OHO He CBABAHO HEIIOCPEICTBEHHO C BJIEKTPUUYECKUMU 34-
pAJaMHE, U er0 JUHUK HATIPSKEHHOCTH He MOTYT HA HHUX HAUH-
HATBCA U KOHUAThCA. OHU BOOOIe HHUTHE HE HATYHHAKITCA H He
KOHYAIOTCH, a MPEACTABIAIOT COH0M 3aMKHYThIE IMHUM, [TOJAOOHBIE
JUHUAM UHAYKIUHE MATHUTHOTO MOJA. 3TO TaK HasbhIBaeMoe
BHXDPeBOEe H3JNeKTpUUecKOoe moxe. Moxer BO3HHUK-
HYTh BOIIPOC: a IoUeMy, COBCTBEHHO, 3TO II0JI€ HA3BIBAETCA BJIEKT-
pruueckuM? BeIb OHO HMMeeT APYroe IPOUCXOXKIEHINE U APYIryIo
KOH(MUrypanuio, 4eM CTaTH4ecKoe dJIeKTpUUecKoe mone. QrTBer
IPOCT: BUXPeBOe NoJe JefcTBYeT Ha 3apsA] ¢ TOYHO Tak Ke, KaK
U 3JMEKTPOCTATHYECKOE, 4 3TO MBI CUMTAJIU U CUMUTAEM TJIABHEIM
cBoiicTBoM mouda. Cuna, AeifcTBylomas Ha

iB 3apan, mo-npexHemy pasHa F = ¢E, rpe
/Hﬁ E — HaupaeHHOCTh BUXPEROrO I10J14.

AB Ecin MarHUTHEIH IIOTOK cO3laeTca Of-

E>O HOPOAHBIM MATHUTHBIM I10JIeM, CKOHIIEHT-

PHPOBAHHLIM B JIMHHON Y3KOI NUIUHIDH-

- YecKoll TpyOke paguycom ry (puc. 5.8), To

U3 coobpaXeHWHl CHMMETDHH OUYEBHIHO,
YTO IUHUN HATIPAXKEHHOCTH 3JIEKTDHUECKO-
ro moJisl JeXAT B NJIOCKOCTAX, NepleHau-
KYJAPHBIX JIMHUAM B, U UPENCTABIAIOT CO-
Il 60if oKpyKHOCTH. B cooTBeTCTBMH ¢ IpaBu-
2r, JgoM JleHIia IpM BO3pACTAHHMY MATHHTHOM

ty

AB
HMHIYKITHT (— > O) JHUY HATIPAXKEeHHOC-

Puc. 5.8 At
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™ E 06pasyioT NeBbIf BUHT C HATIPaBJEHWEM MATHUTHON MHAYK-
uuu B.

B oTnuuue oT cTAaTHYECKOTO MM CTAIMOHAPHOTO 3JEKTpHUYe-
CKOro NoJIA pa6oTa BUXPEBOTO II0JIA HAa 3aMKHYTOM IIyTH He paBHa
Hyn10. Beas npu nepemMemeHuy 3apAAa BAONL 3aMKHYTOH JTUHUA
HANPAXKEHHOCTH 3JIEKTPHUECKOTo NoJA paboTa Ha BCeX y4acTKax
TIyTU KMeeT OOUH M TOT JKe 3HAK, TAK KAK CUJa U NepeMellleHUe
COBIIAIAIOT 10 HANPABIEHUI0. BUXpeBOe s1eKTpUdecKoe I0J€, TAK
JKe KaK U MAarHHTHOE II0JIe, He IOTEHHUANBHOE.

Pa6oma suxpesozo aiekmpuiecKozo noas no nepemeuieHuIo
e0URUYHO020 NOAOHUMETLbHOZ0 3aPA0A 8001b 3AMKHYMO20 HENO-
08udcHO20 npoB8odHUKA HucaeHHO padha I]]C undyryuu 8 smom
npogodruke.

Ona xoHbUrypalMy MarHUTHOTO MOTOKA, M300pakeHHOro Ha
pucyske 5.8, sta yaenvHaa paGora paBHa 2nrE, rae r — paccTos-
HUE OT OCH MarHUTHOTO MOTOKA [0 ONPEAeNEHHON CUIOBOR JTUHUY
E. CornacHo 3aKOHY 3JE€KTPOMATHUTHOM MHAYKIUN AJIA JAHHOTO
cJAyYasa UMeeM:
2AB
0 At "

OTcrofa ciefiyeT, YTO HAPAIKEHHOCTD DJIEKTPUUECKOr0 0JsA YObI-

2nrE = nr

1
BAET DM YBENIUYCHHHN I KaK -

2
—olAB
E=4 7. (5.4.1)

BetaTtpoH

ITpu OnicTpoM HM3MEHEHMUH MATHUTHOrO IOJH CUJILHOTO 3JIEK-
TPOMarHHUTA MOABJAIOTCA MOIHBIE BUXPEBLIE 3JIEKTpHUYECKHe 10~
Jf1, KOTOphIe MOMKHO UCHOJIL30BaTh JAJsA
VCKODEHMA 3JeKTPOHOB OO CKODOCTEei,
6MHU3KUX K CKOpOCTH cBerta. Ha artom
OPHUHIUIIE OCHOBAHO YCTPOMCTBO YCKOPU- ' ! ! '
TeNA 3JeKTPOHOB —— OeTaTpOoHA. OJEKT-
POHEI B 0eTaTpoHEe YCKOPAIOTCA BHUXDe-

KQ O

BBIM JJIEKTPHYECKHUM [0JeM BHYTDHU . i I H
KOJIBIEBOI BaKyyMHOM Kamepsi K, mome- A
IIeHHOl B 3a30pe dJeKTpoMmarHura M

(puc. 5.9). Puc. 5.9
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He BCe BONpoOChI UMEIOT CMbICA

HNrax, nepeMeHHOe MAIHHTHOEe IIOJIeé IODOKIAET BHUXDEBOE
aJekTpuueckoe moJyie. Ho He KaKeTcsa JIX BaM, YTO OAHOIO yT-
BepaKAeHUA 37iech HeAocTaTouHo? XoueTes 3HATH, KAKOB JKe MeXa-
HU3M JaHHOro npounecca. Henbsd Ju pasbACHUTh, KAK 3Ta CBA3b
noJieii ocymniecTBasAeTcA B upupoae? W BoT TyT-TO Balla eCTECTBEH-
HadA Mo003HATENILHOCTh HEe MOMET OBITh yIOBJIeTBOpeHa., Hukako-
ro MeXaHu3Ma 37ech NPOCTO HET. 3aKOH 3JEeKTPOMATHUTHOMN MH-
IYKIHU — 53T0 QYHIZAMEHTAJbHBIH 3aKOH IPHPOABI, 3HAYUT, OC-
HOBHOI, IepBHYHLIN. [lelicTBHeM ero MoXHO OOBACHHUTL MHOTHE
ABJEHUSA, HO CAM OH OCTaeTcA HeoO'bACHUMBIM IPOCTO O TOH NMpH-
YyuHe, 4TO HeT 6oJiee IIIyGOKHUX 3aKOHOB, M3 KOTOPBIX OLI OH BEITE-
KaJ B BHJE CcJIeACTBUA. Bo BcakoM cayuae cefigac TaKkue 3aKOHBI
Heu3BeCcTHBI. TaKOBHIMU ABJIAIOTCA BCE OCHOBHBIE 3aKOHBI: 3aKOH
TATOTeHUA, 3aKoH KyJoHa u 1. 1.

Mu1, KOHeYHO, BOJIBHEI CTABUTH IIepe]] IPUPOROIL JIIoOhIe BOMPO-
Chbl, HO He BCE OHU UMeIOT cMuIcH. TaK, HANpUMepP, MOYKHO H HY -
HO HCCIEeJOBATh IPUYNHBI DA3JIMYHBIX ABJIEHUI, HO IBITATHCA BEI-
ACHHUTH, IOYEeMY BOOOIHIe CYHIeCTBYET IPUUYHHHOCTE, — OecIoies-
Ho. TakoBa IpUpoO/a Bemiei, TAKOB MUP, B KOTOPOM MBI KIIBEM,

Hapady ¢ nomeHyuaIbHbiM KYJOHOBCKUM IAEKMPULECKUM
noJsem cyujecmayem suxpesoe 3jexmpuieckoe noge. Junuu
HANPANCEHHOCMU 3MO020 noas 3aminymot. Buxpeeoe none
nopoxcdaemca nepemernHblM MAZHUMHbLM NOAEM.

§ 5.5. 34C UHAYKLUN
B ABUXYLLUXCHA NPOBOAHUKAX

Ecau npogodnurx dsuixcemcsa 8 nOCMOAHHOM 80 8PeMeHU MAz-
nHumuom noae, mo 3JJC undyrxyuu 8 nposodrnure obycaoane-
HA He BUXPEeBbLM INeKMPULECKUM NoNeM, @ Opyzoil npuiunoil.

IIpu gRMKEeHUN IPOBOAHHUKA €I'0 CBOGOSHEIE 3apALEl JBHKYTCA
BMecTe ¢ HUM. [foaTOMYy Ha 3apAAKI CO CTOPOHEI MATHUTHOTO II0JIS
JetictByer cuna JlopeHna. OHA-TO U BREI3LIBAET IIepeMellleHUe 3a-
pAfoB BHYTpH npoBogHuKa. IJC HHAYKIOUH, CJIEJOBATEILHO,
HMeeT «MATHUTHOE IIPOUCXOMTEHIE .

Ha MHOrux 3JeKTPOCTAHIUAX CPABHUTEILHO HEGOIBIION Mol -
HOCTH MMeHHO cusa JIOpeHIla BLISBIBAET IIepeMELeHUe 3JIEKTPO-
HOB B JBHKYIIUXCS IIPOBOTHUKAX.
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Puc. 5.10

Breryucanm 3/IC HHAYKIIUY B IPAMOYTOJLHOM KOHTYpeE, IIoMe-
IIEHHOM B OJHOPOZHOEe MarHUuTHOe IoJie (puc. 5.10). IIycts CcTOpO-
Ha KOHTypa MN AiuHOi | CKOJIB3UT C ITOCTOAHHON CKOPOCTBIO U
Bnosb cropod NC u M D, ocraBasich BCe BpeMs IapasiieabHoH cTo-
poue CD. BekTop MarHMTHOH HHAYKIWHA B OZHOPOAHOro MoJsa
NEepIeHAUKYIAPEeH NpoBoAHUKY MN u cocraBiser yroj O ¢ Ha-
MpaBJIECHUEM ero CKOPOCTH.

Cujya, ¢ KOTOPOii MArHUTHOE I0JIe JeHCTBYET Ha JBHKYINYIOCH
3apAKEeHHYIO YacTHuiy, paBHa (cM. § 4.9):

F,=qbxB. (5.5.1)

HanpasiieHa 3Ta cuna BIoas nposoauuka MN. PaGota cHJIBI
JIopeH1la Ipy nepeMeIleHU 3apAga BAOJIb IPOBOAHUKA OT M K N
paBHal:

A=§‘L . 2’=qu1 sin a.

QJIEKTPOABMIKYIIIAA CHJIA HHAYKIMY B IpoBogunke MN paBHa
10 ONpeesIeHNI0 OTHOIICHUIO PAGOTHI IO IIePeMEeIeHUIO TOJIOMKH-
TeJIBHOTO 3apAAa ¢ K 3TOMY 3apAny:

6, = % = pBl sin o (5.5.2)

9rta dopmyJia cripaBeqINBa JJIs JI060r0 IPOBOSHUKA AJIUHON [,
JABHIKYILErOCA CO CKOPOCTHIO U B OHOPOJHOM MArHUTHOM IIOJIE.

B ppyrux nposoguukax koHTypa 3JIC paBHa HyJI0, TaK KaK
NPOBOAHHUKHM HenoABMKHBI. CaexoarensHo, 3C Bo BceM KOHTY-
pe MNCD paBua (Si U ocTaeTcAa HeM3MEeHHOH, eCJIN CKOPOCThL JBU-

1970 nemonnas padora cunn Jloperia. Kpome curer Jloperna (5.5.1)
MMeeTcH COCTaBasoman cuinl JIopeHIla, HanpaBJeHHas IIPOTUB CKOPOC-
TH TIPOBOAHHKA . DTa COCTABIAIOIIASA COBEPIIAeT OTPHIATENBHYIO pabo-
Ty (cM. § 4.9).
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JKEHUA U MOCTOAHHA. DIeKTPUUYECKHIl TOK IIPH 3TOM 6YJeT YBeu-
YUBATLCA, TAK KAK IpPU CMEILIEeHuU IpoBOoAHMKA MN Bopaso
YMeHbIaeTca ob1ee cOIPOTUBIEHNE KOHTYDA.

C npyroit cropousl, JIC HHAYKIIMYN MOXKHO BEIYHUCIHUTEL C IIO-
MOIIBIO 3aKOHA DJIEKTPOMATHUTHON MHAYKIUM (4.3.3). HeitcTBH-
TeJIBHO, MATHUTHBIH OTOK uepe3d KOHTYyp MNCD pasBeH:

@ = BS cos (90° - a) = BS sin q,

rae yron 90° — o ecTh yros MeXKJAY BEKTOPOM Bu HODMAJIBLIO Tl
K NUIOCKOCTH KOHTYpA, a S — miomans KoHTypa MNCD. Ecnu cun-
TaTh, YTO B HAYAJIBLHEIN MoMeHT BpeMeHu (¢t = 0) mpoBoguuk MN
Haxojaunca Ha paccroanuu NC ot nposoguuka CD (cM. puc. 5.10),
TO IIPH IIepeMeIlleHNH IPOBOTHUKA IIONIAAE S U3MeHAeTCA CO Bpe-
MEHEM CJIEAYIOILIUM 06pa3oMm:

S=[lNC - vt).

3a BpeMsa At IIOIIALL KOHTYpa MeHseTcd Ha AS = —[vAt. 3HaK
MHHYC YKa3kIBAET Ha TO, YTO OHA YMEHbInaeTca. laMeneHue Mar-
HUTHOTO IIOTOKA 32 3T0 BpeMd paBHO AD = —BlvAt sin o.
CrnengoBarenbHo,

y AD .
éi =" = Blv sin o,
KaK 9T0 U OBLJIO TOoJMy4YeHo Bele [cM. dopmyny (5.5.2)].

Ecnu Bech KOETYp MNCD aBuKeTcss B OJHOPOZHOM MATHUT-
HOM I10JIe, COXPAHAs CBOIO OPMEHTALNIO 10 OTHOLIEHUIO K BEKTOPY
B to 3[IC HHAYKIIMY B KOHTYpe OYJET paBHA HYJIO, Tak KaK IOo-
ToK @ Yepes IOBEPXHOCTh, OTPAHUUEHHYIO KOHTYPOM, HE MEHAET-
cA. O6BACHUTE BTO MOXKHO TaK. IIpH IBM)XEeHMHM KOHTypa B IIpO-
BogHUKAaX MN u CD BosHuKAIOT cuianl (5.5.1), geiicTylomnue Ha
3NeKTPOHEI B HanpasieHuax or N xk M u or C x D. CymmapHas pa-
60Ta 9TUX CHUJ IIPH 00X0Je KOHTYpa IO 4YaCOBOM CTPEJIKe MM IIPO-
THB Hee paBHa HYJIO.

SJIC uHdyryuu 8 nposodHUKAX, OBUNYULUXCA 8 NOCMOAH-
HOM MAzHUMHOM noae, 803HUKaem 34 cyem Odeiicmeus Ha
€680000HbLe 3apAaldbL nposodHUKaA cuabl JIopeHua.

§ 5.6. THAYKUWMOHHBIE TOKH
B MACCHUBHbIX NPOBOAHUKAX

Ilepeiidem K pazauyHbviM HACMHbLM CAYLAAM dAeKmpomaz-
HumHoii uHdyryuu. Paccmompum 603HUKHOBeHUEe UROYKYU-
OHHbLX MOK08 8 MACCUBHBLX NPOBOOHUKAX.
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ConpoTHBIeHHE MACCHBHAIX IIPOBOJHUKOB MAJIO, TI03TOMY BO3-
oy»xgaemMasa B Hux JJ[C MHAYKIIMK cIIocOOHA CO3MATH BHXPEBBIE
TOKM OYeHb GONBIIOH CUJIBLI. TH TOKW, HA3LIBAEMBLIE TOK A MU
® y KO0 1o MMeHH HCcleloBaBlIero ux dpaHiysckoro ¢husuka,
MOXKHO HMCIIONB30BATH NJS HATPDeBaHUA IIPOBOJHUKOB. Ha aTom
TIPUHILHIIE OCHOBAHO YCTPOICTBO MHAYKIIHOHHBIX 3JeKTporneueii.
Oco0eHHO NINPOKOE TIPUMEHEHHNE 3TH IIeYH TONYUINAN A TIaBKA
METAJLJIOB B BAKYYMe, KOTAA APYTHe MEeTOAbl IPAKTUYECKH HeIlpH-
rogubl. Co3/JaHLI HHAYKIIMOHHBIE KYXOHHBIE TI€UH A IIPUTOTOB-
JIeHUA U Pa3orpeBAHUS ITHIIH.

OJHAKO BO MHOTHX DPACIPOCTPAHEHHBLIX 3JEKTPOTEXHUYECKHX
YCTPOMCTBAaX BOSHUKHOBEHHE TOKOB (PYKO IIPUBOIUT K Hecroses-
HBIM IIOTEPAM SHEPrHH Ha BhIJeJieHUe Temyia. IloaroMy »xese3Hble
CepIeYHUKH TPaHchHOpPMATOPOB, 3JEKTPOABUraTeNed U T. . Jeja-
IOT HE€ CILIOINHKIMH, A COCTOAIINMHI U3 OTAEJbHBIX IIJIACTHH, H30-
JUPOBAHHBIX JApPYr OT apyra (puc. 5.11). IIpuueM moBepxHOCTH
ILJIACTHH JOJKHBI ObITH MEePIeHIUKYAAPHBI HAIPABISHUIO BEKTO-
pa HATIPSYKEHHOCTH BUXPEBOI'0 3JeKTPHYECKOro mond. ConpoTus-
JeHHe TJIACTHH JJIEKTPHUECKOMY TOKY OyaeT TpPH 3TOM MAaKCH-
MAJILHBIM.

JIr00OnBITHRIE ABJIEHUA BOSHUKAIOT IIPH B3aMMOJAEHCTBUH TO-
KoB PyKo ¢ MOpOAUBNIMM WX MATHHTHLIM mojieM. Ha pucyHke
5.12 usobpaked MACCHBHBIA MeTHBI MAATHMK, KOJEOJIOIUNACA

Pue. 5.11 Puec. 5.12
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MeXJY IOJIOCAMH CUJLHOTO 3JeKTpoMarduTa. Ilpum npubiamxe-
HUHM MAsTHUKA K 3a30py MATHUTA B HEM BO3ZHUKAET MHIYKIMOH-
HBIIT TOK, KOTOPHIiT, coracHo npasuny Jlenmna, uMeer TakKoe Ha-
npaBJIeHHe, YTO CO3J[aHHOE WM TI0Jie HAIIPABJIEHO NPOTHB IIOJSA
MAaTrHHTA.

B pesynbTaTe IpOUCXOAUT TOPMOIKEeHHE MAaATHUKA. I1pu BRIXO-
e MAATHUKA W3 3a30pa MarHUTa IIOTOK MATHUTHOM MHIAYKIIHH,
IPOHU3BIBAIOINUII MAATHUK, YMeHBITaeTcA U (COTJIACHO TNPaBUNY
JleHia) BOBHHKAaeT NPUTSAIKEHUE MAasITHUKA K MArHUTY, W OH
OIATHL TOPMO3HUTCA. B pesyinTaTe MasgsTHUK OGBICTPO OCTAHABJIHBA-
eTcs, XoTA 6€3 MarHuUTa ero KojebaHus Moriu 651 MPOAOIIKATHCSA
IOBOJBHO JNOJTO.

I1OT 3DPEKT UCTIONHIYIOT AJA OGBICTPOTO YCIOKOeHUs Kojeba-
HUH CTPEeIOK U3MepUTeJIbHBIX Tpubopor. {1 3TOro Ha 0CH cTpeJi-
KU npubopa 3aKpelIsaoT aJJIOMAHAEBVIO INIACTUHKY, JBUKYIIYIO-
cA B 3a30pe IIOCTOAHHOTO MaTHUTA.

Ecnu BMecTO MACCHBHOI'O MAATHUKA B3ATH I'pebeHKY ¢ 3yOhs-
MH, IIEePHeHAUKYIAPHBIMY JUHUAM WHAYKIAY IO MarHuTa, TO
6BICTPOI'O 3aTYXaHUA KoJjiefaNuil He IPOU3OMeT, TaK KaK BUXPe-
Bhle TOKH B MAATHHKE H3-3a IPOMEKYTKOB MEXIY 3ybmaMu yixe
He MOTYT JOCTHTATh GOJBIINX 3SHAYEHUH.

Ocobenno sthdexrern onuiT B. K. Apkagerera. Hajn cBuHIiOBOM
yareil, HaXoAAllefica B ¢BePXIIPOBOAAIIEM COCTOSHUU, ITOMe[Ila-
10T HeGosbinoi MaruuT. VI oH He nafaer Ha quOo! MarHuT «mapurs
Haj uameit. IIpoucxonut 3to nmo cneayiomieil npuunHe. Hpu nBu-
JKEeHMHM MATHHTA BHU3 OH HABOAHT B CTEHKAX YAIIKM UHIYKIHOH-
HEBIH TOK, MAaTHHUTHOE IIOJI€ KOTOPOTO OTTAJKNBAET MATHUT (IIpaBU-
1o Jleura). M aTOT TOK He 3aTyXaeT, Tak KAK 4amia CBepXIIPOBOJAA-
maa. B pe3yjbTaTe MArHUT «[apHT» HAJ dYalleil CKOJb YroJHO
JOJITO.

HHuOyKkyUuOHHbIe MOKU 8 MACCUBHBLX NPOBOOHUKAX UCNONLb-
3yrom OnA HazpedaHus Npos8odaujux mej 8 UHOYKUYUOHHbLY
nevax. C Opyzoil. cmopoHbl, 80 MHO2UX 3JeKMmMpomexHuye-
cCKUX ycmpoilcmaeax amu Mokxu npusodam K 06ecnoiesHbiMm
nomepsam sHepzuu Ha 8vilenenue menJa.

TToueMy MATHHTHAA CTpeJKa, MOJBEMIEHHAA HAJN MeTHBIM IH-
CKOM, HAUMHAET IIOBOPAYUBATHLCA BCJEJ 34 JUCKOM, €CIH JUCK
IIPUBECTH BO BpallieHue?
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§ 5.7. CAMOMHAYKUUSA. UHOAYKTUBHOCTDb

Ecau no xamywixe udem nepemennwlit mowx, mo MazZHumHubsiis
nomox, npoHU3bieaWUll Kamywry, mensemcs. Iloosmomy
sosnurxaem IC unlyrxyuu 6 mom e camom nposodHukKe,
no komopomy udem nepemermbliL Mmox. IMo A6JLeHUE HA3bl-
saomcamMournoOykKuyuelil.

CamounHpykuus

IIpy caMOMHAVKLIMK TPOBOAALIMN KOHTYD HUTDAET ABOAKYIO
POJIb: IO HEMY IPOTEKAET TOK, BLISHIBAIOIIUI MHAYKIINIO, U B HEM
e noasasierca IJC unnykuuu. H3menawuweeca MazHUumMHoe
nose undyyupyem 3C 8 mom camom nposodHuUKe, NO KOMOPO-
MYy mevem mok, co30arnujuil 3mo no.e.

B MoMeHT HapacTaHUs TOKA HAIPSAXKEHHOCTh BUXPEBOIO 9JIEKT-
PHUUYECKOTr0 MOJs-B COOTBETCTBUY C IIPABUJIOM JleHIla HampaBJieHa
npoTHB Toka. Clief0BATEIBHO, B 3TOT MOMEHT BUXPEBOE I0JIe Ipe-
NATCTBYET HapacTaHUIo ToOKa. Haobopor, B MOMEHT yMeHbIIEHUSA
TOKAa BUXpEBOe MOJIe IO IePKUBAET €ro.

ITO IPUBOAUT K TOMY, UTO IPHU 3aMBIKAHHUH I[ENIH, COJepiKa-
njeif ucrouHuk nmocrosHuou 3J[C, onpenenenHoe 3HAYEHUE CHUJIB
TOKAa YCTAHABJIWBAETCA He Cpa3y, a IOCTEIIEHHO C TeYUeHHeM BpeMe-
HU (puc. 5.13). C gpyroil cTOPOHBI, IIPU OTKJIIOUYEHUH UCTOUHWUKA
TOK B 3AMKHYTBIX KOHTYpaX IIpeKpallaeTcss He MTHOBeHHO. Bos-
HuKawnaa npu 3tToM IC caMOUMHIYKIIMKM MOXKET IPEBBIIIATH
9JIC ucrounuxa, Tak Kax U3MeHEeHUE TOKA
¥ er0 MATHUTHOTO IIOJIS NIPH OTKJIOUEHHUH [
UCTOYHUKA IIPOMCXOJUT OUEeHBb GBICTPO.

fABnenne CaMOWMHAYKIIMM MOXKHO Ha-
61r00aTh Ha IIPOCTHIX onkITax. Ha pucyH-
ke 5.14 moxasaHa cxeMa MapaJijeJIbHOTO
BKJIIOUEHHNA ABYX OJMHAKOBEIX Jami. Ox-

HY U3 HUX OOJKJIOUAIOT K UCTOUHUKY Ue-

pes pesuctop R, a Apyryw — IoCIef0Ba- ()
TeJBHO C KATyIIKO! L C 'KeJIe3HBIM Cep-
NEUHUKOM. Puc. 5.13

IIpu samMBIKaHUY KJIIOUYA ITIepBad JIAMIIA BCIIBIXUBAET IIPaKTHYE-
CKH cpasy, a Bropas — ¢ 3aMeTHRIM 3amnoagaHuem. 3JIC camous-
JAYKIIMH B I[eNX 9TOM JIAMIIBI BeJIMKA, ¥ CUJIa TOKA He CPa3y JOCTH-
raeT CBOEro MaKCUMAJbHOTO 3HAYEHUS.

-+
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e e
Pue. 5.14 Puec. 5.15

TTossnenne 3JIC caMOMHAYKIUU IDM PAZMBLIKAHUN MOXHO HA-
6JII0AATH HA OIILITE C I[EIBI0, CXeMATHUECKH TOKA3AHHON HA PUCYH-
ke 5.15. IIpu pasMBIKaHMM Kioua B KaTyiike L BosaukaeT DJIC
CAMOHHAYKIINH, TIOAAEPXUBAIONIAA INEPBOHAYANLHEIN ToK. B pe-
3yJLTATE B MOMEHT PA3MBIKAHUSA Yeped rajJbBAHOMETD TeUeT TOK
(IITPUXOBAA CTPEJIKA), HATIPABJEHHBIN IIDOTUB HAUYANBHOrO TOKA
IO pasMbIKaAHHA (CIIOmHaA crpenka). Ilpuuem cuna Toka mpu
PA3MBIKAHUHU IEMH IIPEBOCXOMUT CUIY TOKA, IPOXOAAIIETO Uepes
TAILBAHOMETP IIPH BAMKHYTOM KJIodUe. ITO o3HauaeT, uto JJIC ca-
MOMHAYKUUH &, Gosnbie DJIC £ GaTapen 1eMeHTOB.

AHanorng mexay caMmouHayKuMein U UHepumneii

ABJeHNe CaMOMHIYKIUK NOJOGHO ABJEHUIO WHEPIIHU B MeXa-
HuKe. Tak, HHepIUA IPUBOAUT K TOMY, UTO IO AeHCTBHEM CHJIBI
TeJI0O He MTHOBEHHO NpHOBpETaET OIPEAEIeHHYI0 CKOPOCTh, a IIO-
cTerteHHO. TeJ10 HeNMb3sd MTHOBEHHO 3aTOPMO3UTH, KaK OBl BeJIUKA
HU OBLIa TOpMO3AIasg cuya. TOYHO TAK JKe 3a cUeT CAMOMHAYK-
Y IIPH 3aMBIKAHNY IeTIH CIJIa TOKA He CPa3y MPUOOPETAeT omnpe-
JeJeHHOe 3HAUeHHe, a HapacTaeT NOCTeNeHHO. BRIKIIOUAsa HCTOY-
HUK, MBI He IIpeKpaniaeM Tox cpasy. CaMOUHIYKIINA €To Nogxep-
SKHBAET HEKOTOPOE BPEMS, HECMOTDA HA HAJIUUHE COIPOTURIEHUR
Hemnu.

Jlanee, yTOOBl YBeJIUUYNUTE CKODOCTH TeJIa, COTJIACHO 3aKOHAM
MeXaHNKH, HYKHO COBEPIIUTE padory. IIpu TOpMOXKEeHUH TeJIo ca-
MO COBEDIIAET IMOJOXUTENBHYIO paboTy. TOUHO Tak e ANA co3ga-
HHUS TOKA HY)XHO COBepPIIHTH paboTy NMPOTHUB BUXPEBOTrO 3JIEKTPU-
YeCKOTO 10JifA, & IPH UCUEe3HOBEHUH TOKA dTO IOJIE CAMO COBepIiIa-
€T IIOJIOXKUTEIbHYIO paboTy.
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9T10 He IpoCTO BHENTHAA aHamornA. OHa MMeeT rIyGOKUIl BHYT-
peHHuil cMreica. Beb TOK — 3TO COBOKYIIHOCTE ABUMYIIUXCS 34-
PAMEHHBIX dacTuil. IIpd yBesHueHHH CKOPOCTH 3JIEKTDOHOB CO-
3laBa€MOe MMM MATHUTHOE IIoJie MeHAETCA U IIOPOMIAAeT BUXpe-
BOE€ JJIEKTpHUEecKoe IIoJie, KOTOpoe NeHCTBYeT Ha caMH 3JIEKTPO-
HEI, IPENATCTBYSA MTHOBEHHOMY VBEJIWUEHHIO MX CKOPOCTH IIOJ
geiicTBHeM BHelHell cuikl. IIpr TopMoskeHHM, HAIPDOTUB, BUX-
peBoe IoJie CTPEMUTCA IOAAEPYKATH CKOPOCTH 3JIEKTPOHOB IIO-
crofaHHo# (npasmiao Jlenma). Takum o6pa3soM, HHEPTHOCTS 3JIEKT-
pOHOB, 8 3HAYUT, U KX Macca, 1o KpaliHeil Mepe YaCTHYHO, HMEET
3JIEKTPOMATrHUTHOE IpoucxoxaeHme. Macca He MOKeT OLITH ITOJ-
HOCTBIO 3JEKTPOMATHUTHOM, TaK KAK CYIIECTBYIOT 3JeKTPUUEeCKH
HeATpaJbHbIE YaCTHIIk, 00JIafatoInue Maccoil (HefiTPOHEI U Ap.).

UHAYKTUBHOCTD

Moayne B MarauTHO! MHIYKIIKM, CO3TABAEMOI TOKOM B JIIO-
60M 3aMKHYTOM KOHTYpe, IPOMOPIIMOHAJIEH cHJie TOKA. TaKk Kak
MarsvTHHIH notok @ nponopuuoHaner B, to® ~ B ~ 1.

Mo:xHO, Ciie0oBaTeIbLHO, YTBEPXKIATE, YTO

d=1LI, (5.7.1)

rge L — xoapdHUIHEeHT OPONOPIIMOHANBHOCTH MEXAY TOKOM B
IPOBOJAINEM KOHTYpEe K CO3JAHHLIM MM MATHUTHLIM IOTOKOM,
MIPOHUSKIBAIOIIMM 3TOT KOHTYD. BennunHy L Ha3HBaWOT U H 1 Y K-
TUBHOCTLI0O KOHTYpA UIX er0 Ko3dpdHUIIHMEeHTOM
CaAaMOHHJAYKI[HH.

Hcnonp3ys 3ak0H 5A€KTPOMATHHTHON MHIVKIIMH U BBIpaske-
uue (5.7.1), nonyyum paBeHCTBO:

__se A
b =737 =L (5.7.2)

eCJIM CHMTATE, 4TO (hopMa KOHTYDA OCTAEeTCH HEeM3MEeHHOM U ITOTOK
MeHSeTCS TOJLKO 3a CUET U3MeHeHU s TOKA.

Hs dopmynm (5.7.2) cnenyer, uto uHOyKmusHOCMb — 3moO
dusunecrkan seauduna, wucieino pasnaa 3JJC camoundyryuu,
803HUKAWLUell 8 KOHMYPEe Npu U3MEeHEeHUU cuabl moka Ha 1 A
3alec.

UHAYKTUBHOCTE, NOJOOHO 3JIEKTDOEMKOCTH, 3aBUCUT OT Ieo-
MeTpHUYeCKHMX (haKTOPOB: pa3MepOB IIPOBOSHUKA K eT0 (POPMBI, HO
He 3aBHCUT HeNOCPEACTBEHHO OT CUJIB TOKA B IPOBOAHUKE. Kpome
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reOMETDHH IIDOBOJHUKA, HHAYKTHBHOCTh 32BHCHUT OT MATHMTHBIX
CBOMCTB Cpefbl, B KOTODOH HAXOANTCA IPOBOAHHUK.

Epuanny uapayktusHocTd B CH nasmBaior reapu (I'm). Hru-
dyxmuerocms nposodnurxa paeéra 1T, ecau 6 Hem npu usmere-
Huu cuavt moxa Ha 1 A 3a 1 ¢ 6osnuraem 3JC camouHdyrxyuu
1B:

1B

1PH=——1A/c

=]1B--c¢c/A=10m * c.

B3aanmMHan nHAYKUMKS

Eije OMHMM YACTHBIM CJIYY8EM 3JEKTPOMATHUTHON HMHAYKIIVM
ABNIAETCA B3aMMHafd MHAYKIOWA Biaumnoi undyrkyuei
HA3blB8AIOM B03HUKHOBEHUE UHOYKUUOHHOZ0 MOKA 6 3AMKHYMOM
KOHmMYype (KATYIIKe) NPU USMEHEHUL CULbL NOKA 8 COCeOHeM KOH-
mype (KaTyimke). KOHTYpHI Ip¥ 3TOM HEHOIBHIKHBI APYT OTHOCH-
TeJBLHO APYyra, KaK, HalIpuMep, KaTyUIKK TparcdopMaropa.

KonmyecTBeHHO B3aMMHAA HHIYKIHA XapaKTepuMayeTcs K O-
3ppbMIUEeHTOM B3AMMHONA MHAYKIIHHK, HIA B3a-
HMHOH HHAZYKTHBHOCTSIO.

Ha pucynke 5.16 uzobpaskens! 1Ba KOHTypa. IIpu n3meHeHUN
cuitbl ToKa I; B KOHTYpe I B KOHTYpe 2 BOBHMKAET MHAYKIIUOHHBIH
TOK I,.

IToTox MarHuTHO# MHAYKIHN @1,2, CO3JaHHKINI TOKOM B Ilep-
BOM KOHTYpPE€ M IPOHM3BIBAIOMINA ITOBEPXHOCTH, OrPAHNUYECHHYIO
BTOPBIM KOHTYPOM, IIPONOPINOHAJIEH CHJle TOKA I :

@, ,=L, ;. (5.7.3)

KoadpdunueHT nponopnuoHaIbsHOCTHA L1 o HA3LIBAETCA B3awM-
HOM MHAYKTUBHOCTHIO. OH aHAJIOTUYEH MHIYKTUBHOCTH L.

Puc. 5.16
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9IC HHAYKINK BO BTODOM KOHTYPE, COTJIACHO 3aKOHY 3JeKTPO-
MATHUTHOU MHAYKIIAY, PABHA!

8.

i

AII
2=-Lysmr- (5.7.4)

Koadpdpunment L1.2 onpenensieTcA reoMeTpHeill 060MX KOHTY-

POB, PACCTOSTHHEM MEXKJAY HUMM, MX B3aHMHBIM DACMOJOKEHHEM
M MATHUTHBIMH CBOMCTBAMH OKpY’Kaloleil cpeArl. BrlpaxaeTcs
B3aUMHAA HHAVKTHBHOCTD L1 9» K&K M HHAYKTHBHOCTD L, s renpn.

Ecnu cuna Toxa MeHsleTrca BO BTODOM KOHTYDE, TO B IEPBOM
KOHType BosHuKaeT IJIC naayKIINK
Al,
5i1=—L2,IH' (5.7.5)

MoskHOo NoKa3aTh, uTo Ly , = L,,.

Ilpu usmeneruu cuslbt moxa 8 npoBodHUKe 8 NocaedHeM 803-
HuKaem 8uxpegoe 3lexmpuueckoe noje. Imo noie mopmo-
3um 3neKXmMPOHbL NPU B03PACMAHUU CULbL MOKa U Ycropiem
npu ybvtéanuu.

§ 5.8. DHEPIrUss MArHUTHOIO NONA TOKA

Haiidem snepzuio, xomopoii o6aadaem anexmpuuecKuil mox
npogodnure. Coza1acH0 3aKOHY COXPAHEHUA 3Hepzuu dHepaus
moxa pasra moil aHepauu, KOmopylo AoNIeH 3ampamums uc-
mouHuKx mokxa (2anb8aHUYeCcKUIl d/leMenm, 2eHepamop Ha
anexmpocmanyuu u 8p.) na cozdarue moxa. Ilpu npexpauje-
Huu moxa sma 3Hepzus évidensemcs 8 moil uau uroiL popme.

OHeprusa TOKa, 0 KOTOPOHl ceilyac MoOiAeT peyub, COBCEM HWHOM
OPHPOABL, YeM SHePrud, BhIje/ineMasa NOCTOSHHEIM TOKOM B Iemy
B BHJle TEIUIOTHI, KOJHYECTBO KOTODPOH OIpEeJesSAeTCa 3aKOHOM
Toxoyna—Jlenna.

TIpu saMBIKAHMM lenH, cofep Kameil MCTOYHHK IMOCTOAHEOM
3C, sHeprusa HCTOYHUKA TOKa NEeDEOHAYAILHO pacxoiyeTcs Ha
co3JaHIe TOKa, T. . Ha IPUBeJeHNE B JBHXXEHUE DK TPOHOB 1IPO-
BOJHUKA M O0pA3OBAHHE CBA3AHHOIO C TOKOM MATCHMTHOrO IIOJd,
4 TAKJKe OTUACTY Ha yBeJINYeHUe BHYTPeHHell 9Hepruy MPOBOLHH-
Ka, T. e. Ha ero HarpeBaHue. Ilocjie TOro KaxK yCTAHOBUTCA IOCTO-
AHHOE 3HAYEHME CHJIBl TOKA, DHEPrHA MCTOYHHUKA DPACXOAYETCH

421



HNCKJHYHNTEJIBHO HA BBIJEJIeHHE TEeIIJIOTHI. 3HepI‘I/IH TOKA IIPDH 3TOM
VKe He H3MEHAETCA.

TouHO Tak ke, AJAA TOrO YTOGBI pa30orHATh aBTOMAIIIMHY HAa I'o-
PH3OHTAJBHOM YYaCTKe INIYTH O0 IIOCTOAHHOM CKOpOCTH U, HYXXHO

mv
COBePIIUTEL paboTy 5 - YacTs MOIHOCTH NBHUTATENA MPU BTOM

TPATHUTCA Ha IPEoAOJIEHIe TPEHNA, 4 YACTh — Ha yBeJIMUYeHUe CKO-
poctu MamuHb. IIpu v = const BcA MOINHOCTEL ABUTATENS PACXO-
IyeTcA HA IPEOJOJIeHIe TPEHUA, & KHHETHUECKAA SHepIUsA MATIIT-
HbI He MEeHAETCH.

BrissicHUM Telleph, TIOUYEMY ke AJIA CO3MaHUA TOKAa HEOOXO0AMMO
3aTPATUTH 3HEPTUIO, T. €. HeO6XOAHUMO COBEPIIUTDL padoTy. Obbsic-
HAETCA 3TO TEM, UTO IIPH 3aMBIKAHHHU 1€, KOTha TOK HAUNHAeT
HapacTaTh, B IPOBOJHUKE IOSABJIAETCA BHXPEBOE 3JIEKTPHUECKOE
moJie, NelicTBYIOIee IPOTHE TOr0 3JIeKTPIUECKOro moaAl, KoTopoe
CO3faeTcsa B MPOBOJHUKe Oyarofaps HNCTOYHUKY Toka. HJs Toro
yTO6BI CIJIA TOKA CTajIa PaBHOIT [, HICTOUHHK TOKAa JOJXKEH COBep-
HIUTH PpaboTy IPOTHB CHJI BUXPEBOTO NoJsA. OTa paboTa U UAET Ha
yBeJIMYeHUe 3HEePI'MH TOKa. BUXpeBoe MOJe COBEPINAET OTPHIlA-
TeJbHYIO paboTy.

IIpu pasMEIKAHUM 1€ TOK HCUE33aeT M BUXPEBOE IT0Jie COBEP-
HIAET TMOJIOXKHUTENBHYIO paboTy. 3anaceHHAas TOKOM dHEPTHA BhIjie-
aAeTca. ITo obHAPYKUBAETCA IO MOLTHOII HCKpe, Boalmrcalomen
IIPH pasMBIKAHUY LENN ¢ 60JIbNION NHAYKTHBHOCTBIO.

3anucaTts BeIpakeHHe NS 3HEPTUH ToKa I, TeKyInero 1o Lenun
¢ HHAYKTUBHOCTBHIO L, MOXXHO HA OCHOBAHHUH AHAJNOTUUN MEXKIY
HHeplIUel U CAaMOMHAYKIIMeil, 0 KOTOpoii roBopunocs B § 5.7.

Ecaun caMOMHAYKIINA AHAJOTUYHA WHEPIHU, TO HHAYKTHUB-
HOCTB B IIpollecce CO3XAHHUSA TOKA JOJIPKHA HI'DPATH TY K€ POJIb, YTO
H Macca IpU YBEINYEHHH CKOPOCTH Tesia B MeXaHHKe. Poab cko-
POCTH TeJIa B 3JeKTPOAUHAMUKE UIPAeT CHAa ToKa | KaK BeJIuun-
HA, XapaKTepU3yIonaa JBUKeHNE dJIEKTPHYECKUX 3apAN0B.

Ecnu aro Tak, TO 3Hepruio Toka W, MOXXHO CYHTATD BEJUYH-

o o o mbpv
HOM, HOoJOOHOH KHHETHUEeCKOM 3HEeprun Tejia T B MéXaHUKe,

U 3aIIUCATh B BHJE:

1 Aro DJIEeKTPpHUEeCKOoe II0Jie CO3ZAeTCA 3apAXEeHHBIMH YACTHIIAMH Ha
IIOBEPXHOCTH IIPOBOJHHNKA B OTJIMUHE OT BUXPEBOTO IIOJIA, IIOPOXKAZAEMOTO
nepeMeHHEIM MATrHUTHBEIM II0JIEM.
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W =

M

2
L (5.8.1)

HMMeHHO TaKoe BuIpajXkeHUe JJId SHEePTHU TOKA M II0Jy4aeTcsd B
pe3yJIbTaTe pACYETOB.

PaGora A, coBeprmaemast ucrounukom ¢ JC ¢ 3a mayoe BpeMa
At, paBHa:

A = EIAt.
CornacHo 3aKOHY COXpaHeHUA 3HePruu aTa pabora paBHaA CyM-
Me NpUpalleHus dHePruu roxa AW  u KoJHYecTBa BhIAEAAEMOH
rermoThl @ = I2RAt:

A=AV _ +Q. (5.8.2)
Orciona npupallesHue SHepruM Toka
AW, = A - Q =IAH(£ ~ IR). (5.8.3)
Coriyacuo sakony OMa AJid MONHOM Ienu
IR = £+6,, (5.8.4)
AT
rae é?is = _LKE — 9C caMOMHAYKIIUU. 3aMeHAA B YPABHEHHH

(5.8.3) npoussesnenue IR ero snayenuem (5.8.4), nonyuum:
AW = IAHE — 6 — 6,) = =6, 1At = LIAIL. (5.8.5)

Ha rpaduxe saBucuMoctn LI ot I (puc. 5.17) npupamieHue
sHepruu AW 4HCIEeHHO paBHO ILIOWAAM NPAMOYroJibHHKa abcd

co croporamu LI u Al. IlonHoe nameHe-

HUe 9HePTHM [PH BO3PACTaHUM TOKA OT i)
Hyas 10 I, 4HCNEHHO DaBHO MIOIIAAU LI B
Tpeyronbauka OBC co croponamu I, u !
LI,. CnenoparensHo, LIb——-—- b/
L
¥ 2 al|l|ld Cc

dHeprus TOKa, onpenenseMas Qop- % AL I, I
mynoii (5.8.1), BeIpaskeHa 4epe3d Xapak-
TEPUCTMKY ITDOBOJZHUKA L M CHNy TOKA Pne. 5.17
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B HeM I. Ho aTy ke pHeDPruio MOKHO BRIPDA3HTH U Uepes XapaKTe-
PUCTHKH I0JiA. BEHIUUCIEHUA MOKA3KIBAIOT, UTO IIJIOTHOCTH 3HED-
T'MM MATHUTHOTO TOJA W, (T. e. 9HEPrua eAMHULH 06BbeMa) Mpo-

IOPIMOHANBHA KBANPATY MATHUTHOW UHAVKI(UH, TONOOHO TOMY
KaK ILJIOTHOCTL 9HEPTUHU DIIEKTPUUECCKOTO IO MPOMOPIIUOHATBHA
KBAZApPATY HANPAXEHHOCTH JeKTPUYECKOro molis. B Bakyyme B
equaniax CA
2
1B

w, = E'u—o . (5.8.6)

B a6coatoTHoI cucTteme equHul, 'ayceca

w, = g B2 (5.8.7)

M

Mazrummnoe noae, co30anr0€ IAEKMPULECKUM MOKOM, 001a-
daem 3nepzueil, npAMO NPONOPULOHANLHOIL KE8adpamy cunbl
moxa. Ilnomrocms snepzuiy MAZHUMHOZO NORA RPONOPULO-
HalbHa Kéadpamy mMazHumHol uHOYKYuU.

§ 5.9. NPUMEPbI PELLEHUS 3ALAY

TIpu penresun 3aJiay Ha MATEPHUAJ STOMH IJiaBbl HYKHO YMEThb C
IOMOIIBIO NIpaBujia JIeHIa onpe/esIaTh HAIIPABJICHHE HBAYKIAOH-
HOro ToKa. [lna Beiunciaesus 3JC UEAYKINY cleXyeT UCIONb30-
BaTh dopmyasl (5.8.3), (5.5.2), a gua IJIC camoMHAYKIMHA ¥ B3a-
UMHOM MHAYRIUU — GopMyan (5.7.2) u (5.7.4). DHepruio Tora
BBRIYHCAAIOT 110 hopmyse (5.8.1), a IIOTHOCTH 3HEPTUH MAaTrHUTHO-
ro noxa — o ¢opmyne (5.8.6). Ansa pelrteHus HEKOTOPHIX 3a/1a4
HaJo IPUMEHATH 3aKOH Amuepa (4.7.9).

3apaua 1

IIpoBoNOYHOE KOMBIIO PAfUYCOM 7' HAXOAHUTCS B ONHOPOLHOM
MATHUTHOM II0Jie, VHAYKIINS KOTOPOI'0 MepleHJUKYIAPHA MJIOC-
KOCTH KOJbIIa 1 MEHSETCA ¢ TeYeHMEeM BpeMEeHH 110 3aKOHY B = kt.
OnpenenuTe HATIPAXKEHHOCTH 3JIEKTPUUECKOTO TIOJA B BUTKE,

Pewetne. CormacHO 3aK0HY dJIE€KTPOMATrHUTHOM MHAYKINH (5.3.2)

16, = }AA_‘f\ = 1%3} S = knr. (5.9.1)
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C apyroit croponsl, 3[IC MHAYKIIVK YHCJIEHHO pasHa pabore,
COBepIIaeMO# BUXPEBLIM 3JIEKTPHUUYECKHMM IOJIeM IIPU IIepeMelre-
HUH eJUHUYHOI'O IIOJIO;KUTEIBHOTO 3apAJA BLOJL HPOBOJOYHOTO
Kounbila (cM. § 4.4), T. e.

|6,|=2nrE. (5.9.2)
CpaBHuBas Beipaskenus (5.9.1) u (5.9.2), noanyuum:
2nrE = knr2,
Orcrooaa
kr
E= 5 -
3apaua 2

B 0HOPOJHOM IIPOBOJIOYHOM KOJIbIlEe CO3JaH IIOCTOSHHBIA HH-
IYKIMOHHBIH TOK . JIMHUM MHAYKIIMY OI€PEMEHHOr0 MATHUTHOTO
TOJIA, CO3JAIOMIET0 B3TOT TOK, IEPIeHAWKYJIAPHBI IIJIOCKOCTH
koabna. Ilone cocperorodero BO6IM3HM €ro OCH M MMeEeT OChb CHM-
MEeTPHH, IMPOXOAAINYI0 uepe3d IeHTP Koawla (puc. 5.18). Yemy
paBHA Pa3HOCTh IOTEHIMAJIOB Mex 1y Toukamu A u B? Yro 6yzger
TIOKAa3bIBATh 3JIEKTPOMETD, IPHUCOEANHEHHBINA K 3THM TOUKaM?

Pewenue. Pa3zHOCTE NOTEHIMATIOB MEXAY JIOGBIMM TOUYKAMM
KOJIbIla AOJXKHA OBITh paBHA HY/II0. B IPOTHBHOM CJIy4yae MBI IpH-
A€M K NPOTHBOPEUHID, IPHMMeHAA 3aKOH OMa K KOpOTKOMY H
IJIIMHHOMY YYacTKaM KoJblla. Kpome TOro, 3To 0ueBHIHO U H3 CO-
obpaXxeHnil CHMMETPUH.

OTCyTCTBHE PA3HOCTH HOTEHIJHAJIOB O3HAYAET, YTO KYJIOHOB-
CKoOe II0Jie BHYTPM KOJbIIA PABHO Hymi0. TOK BO3HHKAET BCIe-
creue ”Haauuua IAC uHAYKOUM, pacnpenesieHHOH pPaBHOMEDHO
B/IOJIb KOJIbIIA:
€; 6;

=7 ==

rae e;, u 6i — IOC uHAYKIUH Ha KOPOT-
KOM ¥ JJWHHOM y4YacTKax KoJblia, a ' ¥
R — COOTBETCTBEHHO COIIPOTUBJICHUA yua-
CTKOB.

HecmoTps HA OTCYTCTBHME PA3HOCTH NO-
TEHIHAJIOB MEKIy TOYKaMH A u B, 3jek-
TpoMeTp OOHAPYIKHT pPA3HOCTh IIOTEHI[HA-
JIOB MeKY CTepyKHEeM U KOPILYyCOM. Puc. 5.18
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Heno B ToM, uro B npoBogHuKax AC u BD TOK paBReH HYJIO.
CnenoBsarenbHo, B KaxAON TOUKe 3TUX HPOBOAHUKOB CTODOHHEE
3JIEKTPHUYECKOe II0JIe NHAYKIUOHHOTO MPOMCXOKAeHUA YPABHORBE-
IUBaeTCA KYJOHOBCKUM (IIOTEHIMAJILHLIM) IIOJIeM, BO3HHKAIO-
LIXM BCJEACTBHE IepepacnpefesieHuaA 3apAfOB B MPOBOSHHUKAX
nox auasaneM IJC uHAyKIuK. PaboTa MoTeHIUANLHBIX CAJI IPH
nepeMenIeHNH 10 3aMKHYToMy KOHTYpy ACDBA parya Hyxnio. Ha
yuacTKke AB KYJIOHOBCKOE II0JI€ OTCYTCTBYeT. IIpu mepeMelieHuy
eUHUYHOTO 3apanaa no nposoguuxam AC u BD paGora noreHnm-
ANBHBIX CHJI YMCJeHHO paBHa IJC MHAYKIMM B 3TUX IIPOBOJHU-
KaX ¥ HMeeT IIPOTHROIONOMHLIN 3HAK.

CnenoBaTenbHO, JJA DABeHCTBA HyJMI0 paGoThl KYJIOHOBCKHX
CHMJI BAOJE 3aMKHYTOT0O KOHTYpa HE0OX0ANMO, YTOGRI pABHOCTS II0-
TeHIHaIoB Mexay ToukaMu C u D paBHanack 3JC MHIAYKOINU B
nporoaHuKAX AC 1 DB u coBnafaia ¢ Heil 1o sHary. Tak kax 3JC
HMHAVKIIUHE B 3aMKHYTOM KOoHType ACDBA paBHa HyJIO (MarHuT-
HOE MoJe He NPOHMUILIBAET 9TOT KOHTYD), TO Ha yuacTke AB DC
HHAYKIWX PaBHA 110 MOLYJIIO U IPOTHUBOIIOJIONHA TTo 3HaKy JIC B
nposoguukrax AC u BD, ecau npeHebpeus paboToil CTOPOHHHX CHII
HHIYKIMKE HA YIACTKe MEKAY CTEPIKHEM M KODPIIYCOM JJIEKTPO-
MeTpa o cpaBHeHMIO ¢ paboToii B mposoaunkax AC u BD.

IToaTOMYy 3JI€eKTPOMETP NOKAXKET PA3HOCTH HOTEHI{UAJIOB, IPH-
6anauTenbHoO paBuyio IJIC na yuacTre AB.

3apnavya 3

IIo mapajlIelbHLIM peIbcaM, HaKJIOHEHHEIM ok yrioM o = 30°
K TFOpU3OHTY, COCKAJL3LIBaeT 0e3 TpeHMsA C MOCTOAHHOM CKOpO-
cThi0 U = 1 M/c mpoBOAgAIIaA TepeMbIuKa Maccoit m = 100r.
B cBoeil BepxHel 4aCTH pelihehl 3aMKHYTHI IPOBOJHUKOM. Peslbchl
C MepeMEIYKOH HaxOAfATCA B ONHOPDOJHOM MATHUTHOM IIOjIe, MH-
OYKIMA KOTOPOTO HamlpasjeHa BepTuKaibHO. ConpoTHBIIeHUE IIe-
peMieiuku R = 2 OM ropaszio 60Jibille COMPOTHRIEHUS OCTANLHOM
4acTu cucTeMul, YeMy paBHa cuia ToKa I B mepemoruxe?

Pemeuue. Ha nepeMbIuKy feHCTBYIOT TPH CHJIBI: CHJIA TAMKECTU
mg, cuna peakuyum peancoB N u cuia AMnepa F A+ HAIIDABJIEHHAS

sipaso (puc. 5.19). Hanpasienue cuinl AMIlepa He 3aBUCHT OT
HanpaBjieHUsa Bekropa B. IIpu maMmemenum HanpapieHus B Ha
TIPOTUBOIIOJIOXKHOE MEHAETCA HATIPABICHNE HHAYKI{HOHHOI0 TOKAa,
BOSHMKAIOHIETO B IEPEMEIUKE IIPH ee JBMXXKeHHUH, HO HalpaBJIeHHe
cunrl AMuepa He MeHsIeTCH.
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Tak Kak, COIVIACHO YCJIOBUIO, IIepe-
MBIUYKA COCKAJBL3BIBAET N0 PEJbCaM C IOo-
CTOAHHOM CKOPOCThIO 6€3 TPEeHUsA, TO BEK-
TOpHAA cyMMa JefCTBYIOIIHUX HA Hee CHUJI
paBHA HyMO:

mg+N+F W= 0.

3anuineM 3TO ypaBHEHUE IJIA Moayjaei

. Puc. 5.19
npoexkIuii Ha ock X, HANPABIECHHYIO TaK,
KaK IIOKa3aHo Ha pPUCYHKe 5.19:
F, cos o.= mg sin a. (5.9.3)

Cuna Amnepa, AeiicTBYIONAsl CO CTOPOHBI MATHUTHOTO MOJNA HA
NepeMbIUYKY, paBHa:
F,=BIl,

rie B — MHAYKIUA MarHUTHOIO IOJHA, [ — AJNAHA HepeMEIYKH.
Torpa ypaBueHue (5.9.3) mpuMer Bug:
BIl cos o.= mg sin a. (5.9.4)
3C uHAYKIMM, BOSHUKAIOUIASA B IIePeMBIUKe IIPDU ee ABHXKe-
HUM BHM3 II0 PeJbCAM CO CKOPOCTBIO U, DABHA:
&, = Blv sin (90° + a)) = Blv cos .
CorusacHo 3akony OMa
Blv cos o.=IR. (5.9.5)

Tlogenus nmounenHo paBeHCTBO (5.9.4) ma paBenctTBO (5.9.5),
[IOJAYIHNM:
I _ mgsino

v IR -
_ /mgusina _
I /-——R 0,5 A.

U3 npoBoja niuHO# [ N3TOTOBUJIM COJNIEHOHA AMUHOM l). Tna-
MeTp conenouza d K [,. Onpesenure HHAYKTABHOCTL CONEHOM/A.

Orciona

3apaua 4

Pewenune. Cornacuo dopmysae (5.7.1) DOTOK MArHUTHOM MHIYK-
nuu P CKBO3b COJIEHOU], B 0OMOTKE KOTODPOI'O CO31aH TOK I, paBeH:

®=1LI,
roe L — HcKoMadA HHAYKTUBHOCTS.
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IloTOK MAaTHHATHOM MHAYKIIUNA
& = BSw,

rge B — MHAYKIMA MAarHUTHOrO IOJIA COJICHOUA, S — IJomanh
€ro monepevyHoro Ce4eHusi, W — YKCJI0 BUTKOB cOJieHOuzZa. Eciu
d < lo, TO MAarHUTHAg HHAYKIUA COJIEHOHJA OIpeneideTcsa II0

dopmyne (4.11.10):

I
B=u07£,
roe
we L
nd’

TaxumM o6pasom,

2
I 1rd21  mell

“Hoird 4 7d T amiy -

CnenoBsaTesbHO,
2
L =

D _ Hol
T~ anl,

3apaua s

IToBepx AJIMHHOrO COJIEHOHZA, MMEIOLIero W, BUTKOB, AIHUHY [
U IIomajb ceYeHHu s S, BIUIOTHYIO HAMOTAH II0 Beeil JIKHHe BTOPOit
COJICHOM/J|, HMEIOIUHA W, BUTKOB M NPHUGIM3UTENIBHO TAKYIO K€
mwiomans cedeHnsa S. OnpenesnTe B3aUMHYIO HHAYKTHUBHOCTH CO-
JIEHOUZOB.

Pewenue. IlepBriii comenons co3ZaeT MATHUTHOE NOJe, MHAVK-
IIUA KOTOPOro paBHA:
Tw,
B 1= uo"l— N

9TOo moJe CO3ZaeT CKBO3b BTOPOH COJIEHOMZ MATrHUTHEIM NOTOK
®. ., paBHEI:
1,2
Tw,w,

Orciona nns B3aMMHOM WHAYKTHBHOCTH L, , mOJTyyaeTcsa BeIpa-
MKeHHue
WwyWy

Ly ,=Ho— 8. (5.9.6)
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AHaJIOTUYHO ToOJyuaeM BhIpa’keHHe [Jd IIOTOKA MAarHMTHOM
UHAYKUUU D, |, CO3JAHHOr0 BTOPLIM COJIEHOU/OM ¥ IPOHU3LIBAIO-

mrero nemeifI COJICHOHN .

Tw,w,
<D2,1 =W S.
Orciona
Woly
L2'1=u0—l— S. (5.9.7)

W3 cpaBHenusda Bupaxkenuii (5.9.6) u (5.9.7) y6exaaeMes, 4ro
Lis=Ly;-

3apnaua 6

Koabuo M3 CBepXIPOBOJHMKA NOMEIIEHO B OLHOPOAHOE Mar-
HUTHOE [0Jie, MHAYKINA KOTOPOTO HapacTaeT OT HyJAA 1o B

IInoCcKOCTE KONBIA HEPHEHAWKYIAPHA JUHUAM WHAYKIHM MAr-
HHUTHOIO NMoJA. UeMy paBeH WHAYKIMOHHRIA TOK, BOSHUKAIOMUIL B
Koubne? Pagnyc KoJsbna r, HEHIYKTHBHOCTE L.

Pewenne. Tax Kak conpoTusiaenue Kouasna R = 0, to, coraacHo
saxkony OMma, u 3JIC B KoJbIe Bceraa Ao Ha OBITH paBHA HYJIO.
970 MOxKET OHITH TOJLKO B TOM CJly4dae, €CIH U3MEHEHHE IIOJIHOI'0
MATHHTHOIO IIOTOKA, MIPOHHIKIBAIOMIET0 KOJbIIO, PABHO HYJIIO:

}AALﬂ =16/=I1IR=0.

Tak kax At # 0, To A® =0, 1. e. ® = const.
CrnenoBaTeabHO, H3MEHEeHUE BHENTHEr'0 MATHHTHOIO MMOTOKA (DO

PaBHO II0 MOAYJIIO ¥ IPOTHBOIIOJJOYKHO IO 3HAKY M3MEHEHHIO Mar-
HUTHOT'O IOTOKA, CO3AAHHOr0 UHAYKUHAOHHKIM TOKOM: AD, = LAI.

VYuurniBas, uTo noTok P, Hapacraer oT 0 o nrzBo, 4 UHAYKIHOH-
HEI TOK MeHsAeTcA IIpu aToM ot 0 a0 I, nonyuynm:

nr’B, = LI.
Orciona

TtrzBo
I=—7—.
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YnpaxHeHue 9

Karymika u3 w BUTKOB, ILIOMIAAb KAXKAOT0 N3 KOTOPLIX PaBHA
S, npucoeguHeHa K 0alIHCTHUeCKOMY rajbBanometrpy. (Ban-
JINCTUYECKHUHA raJbBAHOMETD M3MeDSAeT IPOoIeJINil uepes3 He-
ro zapan.) Conporusnenue Bceil nenu R, BHauase KaTrymika
HaXOAMJIAch MeXAY HOJI0CaMHM MarHuTa B 06J1acTH, rae Mar-
HUTHAA WHAYKUHUA B mocrosHHa II0 MOAYJIO M HampaBJieHAa
NepueHJUKYJIAPHO BUTKAM KATYIIKH. 3aTeM KaTYIIKY Iepe-
MEeCTHUJIHN B IPOCTPAHCTBO, I'leé MATHUTHOE II0JIE OTCYTCTBYET.
Yemy paBeH 3apsanX ¢, IPOLIEAIIN Yepe3 rajisBaHoMeTp?

IIpamoyroapuaa pamra ABCD pacnonoskena B IJIOCKOCTH
6eCKOHEUHOT'0 NPAMONMHEHHOT0 TPOBOAHHKA C TOKOM, IIpH-
yeM cTopoHbsl AD u BC napaJjiienbsabl NpoBOAHUKY (puc. 5.20).
B cepenune croponsl DC BKJIOYeH NIpubop, N3MepAIOIINI 3a-
pAx, IPOTEeKAUUi IO KOHTYpPY (Ha PHCYHKe He IIOKA3aH).
PaMKy MOKHO II€epeBecTH B HOBoe IIOJIOMKEHHe, n300pakeHHOoe
Ha puCyHKe 5.20 IITpUX0BOH JuHuMel, AByMA criocobaMu: a) me-
peMelnasn ee IapaJieabHo caMmoii cebe; 6) Bpammas Ha 180° Bo-
Kpyr croponsl BC. B xakoM ciyuae 3apsaj, IPOTEKIINil yepes
npubop, 6osabie?

IIpamoyronsusiit KOHTYp ABCD nepeMeliaeTcs MOCTYyNATe b-
HO B MarHUTHOM IT10JIe ToKa I, TekyIero 1o AMUHHOMY IIPAMO-
My npoBogy OO’ (puc. 5.21). Croporsr AD u BC napajjieabHsl
nposogy. OmpejennTe CUIY TOKA, AHAYIMPOBAHHOT'O B KOHTY-
pe, eCIM KOHTYD IlepeMelaeTcs ¢ IOCTOSHHOM CKOPOCTBIO U
AD = BC = a; AB = DC = b. ConpoTujienue KoHTypa R.

Crepikenp JiuHOM L = 1M Bpallaerci B TOpPH3OHTAJILHOH
ILIOCKOCTY C IIOCTOSHHOI YrioBOH CKOPOCTBIO ® = 2 paj/c B
OZHOPOJHOM MATHHTHOM IIOJI€ C HHAYKIIUel B = 1072 Tx Bo-
KPYT OCH, IpOXoAdlleil yepe3 OfUH U3 KOHIIOB cTepHsda. UH-
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Puc. 5.20 Puc. 5.21



OYKIMA MAarHUTHOrO IIOJs HANpaBJieHa BepTHKadbHo. Ompe-
JIeJIATEe PASHOCTD IOTEHIUANOB U MeX/Y KOHIIAMHU CTePIKHS.

OnpeaenuTe CUIY TOKA B MPOBOAHMKAX IIelIN, H300paKeHHOIl
HA pHCYHKe 5.22, ec/Ilu MHAYKIUSA OAHOPOZHOTO MATHHTHOI'O
OJIA NePNEeHAUKYJIAPHA ILJIOCKOCTH YepTeska U MOAyJb ee 13-
MeHAeTCA Mo 3akoHy B = kt. ConpoTUBIeHNE eJUHUIL JJIH-
HHI IPOBOAHUKOB PABHO .

IlepemenHOE MATHHTHOE II0J€ CO3JaeT B KOJBLIEBOM IIPOBOJ-
nuke ADBKA mnocroaunyio SAC uuaykouu 6. Comporusie-
HudA IpoBOAHUKOB ADB, AKB u ACB (puc. 5.23) paBHH co0T-
BeTcTBEHHO R, R, u R,. KaKkyio cuiay TOKA MOKAa3LEIBAET aM-

epMeTp, BKIOUeHHEIH B yuacTok ACB? MaruuTHoe moJjie co-
CPEZOTOUEHO ¥ OCH KOJBIEBOTO IIPOBOJHUKA.

IIpaMoyrosbHas TpoBOJIOYHAA paMKa CO CTOPOHaMu a4 = 5 ¢M
u b = 10 cM BXOIUT ¢ MOCTOAHHOI CKOPOCTHIO U = 1 M/C CBO-
eil MeHBIIEH cTOpoHOH B 6oJbIny0 06JaCTh OAHOPOLHOTO
MaTHUTHOTO IIOJIA, UHAYKUUA KOTOPOro, PaBHAs IO MOAYJIIO
B = 0,01 Tn, nanpaBiieHa II0 HOPMAJH K IJIOCKOCTH DaMKH.
Conporusinenue pamku R = 0,01 Om. Kakyio pa6oty A coBep-
ImIaeT MHAYKIHOHHLIH TOK 3a BpemA At = 0,5 ¢ ¢ MoMeHTa,
KOrja paMKa HauWHAET BXOAUTH B I0JI€?

Ilo xByM BepTHKAJNBHEIM peiikam AB u CD (puc. 5.24), coeau-
HEHHBIM peancTopoM R, Moxer Oe3 TpeHus CKOJABL3UTH 1IPQ-
BOAHWK AJUHOI [ U Maccoit m. CucreMa HaxXoAuTca B OJLHO-
POAHOM MarHMTHOM IIOJIe, MHAYVKITUA KOoToporo B mepneHau-
KyJXApHA IIJIOCKOCTH PHUCYHKA M HampaBlieHa K HaMm. Kak Gy-
ZeT HOBUraThCA MOABMIXKHBIH IIDOBOJHUK, eciau mnpeHeOGpeus
CONPOTHBJIEHHEM CAMOr'0 IPOBOJHUKA M peek?

IlposoguuK gnuunoii | MoxkeT 6e3 TpeHHUSA CKOJIBL3UTHL II0 Deii-
kaMm AB u CD, coefHEHHBIM Uepe3 PE3UCTOD COIPOTHUBJICHHU-
eM R (puc. 5.25), B oAHOPOAHOM MarHUTHOM II0Je, MHAYKIIUA

C F
Puc. 5.22 Puc. 5.23 Puc. 5.24
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KOTOPOro B meprieHAMKYJIApHA IIJIOCKOCTH Yepreska. Kakyio
cuay F ciaenyet IpUJIOMKUTE K TIPOBOAHUKY, UTOOLI OH JBUTAJI-
CAl pPABHOMEDHO CO CKOPOCTHIO U ?

IIpososounas pamMka B GpopMe DABHOCTOPOHHETO TPEYTOJILHU-
Ka Cco CTOPOHOH @ = 3 ¢CM BXOJUT B 006JIaCTH OZHOPOJAHOT'O MAar-
HUTHOTO MOJIA. PaMKa ABM)KeTCS MOCTYIaTeJIbHO ¢ IOCTOAH-
HO# ckopocThio v = 20 M/¢ Tak, YTO 0JHA CTOPOHA ee NepPIIeH-
AUKYJISpHA TpaHule 00J1acTU MATHUTHOTO MOJIA, a IIJIOCKOCTh
PaMKH NepHneHAUKYJIApHA HallpaBJeHWIO0 BEeKTODa MAaTHUTHOM
MHAYKIUU. Kakoro MakcuMaJbHOTO 3HAYEHHA JOCTHATHET CH-
Jla MHAYKIMOHHOTO TOKa B paMKe Ipu ee aBukennu? Comnpo-
THUBIeHUe paMKu R = 1072 Om. MHAVKLHA MAarHUTHOTO IIOJIS
B=1,5"+ 102 Txn

ITo aByM MeTajJMYECKUM IapalIeJbHBIM peifikaM, pacIioo-
YKE€HHbIM B rOPU30HTAIBHON IIJIOCKOCTH U 3AMKHYTHIM Ha KOH-
neHcatop C, MoxkeT 6e3 TpeHUA EBUTATHCS MIPOBOAHUK Maccou
m n aauHoii [. Bea cucrema HaXOJHUTCA B OJHOPOJHOM MarHMT-
HOM T10JIe, MHAYKI A Kotoporo B Hanpasneua BBepx. K cepe-
AVHe IIPOBOJHMKA MEPHEeHANKYISAPHO K HEMY ¥ NapaljiesbHO
peitkaM npwioykena cuiaa F (puc. 5.26). Oupeaenure yckope-
HUEe IOABUKHOTO IIPDOBOAHHKA, €CJU COIDOTHUBJIEHUE peeK,
IOABOZAIIUX IPOBOAOB U NMOJABHIXHOIO IPOBOJHUKA PABHO HY-
JI¥0. Kakue BUAbI 3HEPruy BO3ZHUKAIOT 38 CUET paGoOThl CHIH
F? Cuurath, 4TO B HAUAJBHBIH MOMEHT CKOPOCTh IIPOBOJHUKA
paBHa Hyn0. UHAYKTUBHOCTEIO IeNIH TIpeHeOpeUs.

Ha muauHaap 13 HEMarHUTHOT'O MaTeprana HaMOTaH COJeHOU
U3 W BUTKOB IPOBOJIOKH. Paauyc muiamHapa r, ero IJuHa
! (r < 1). Conporusnerne npoBojioku R. Kakum gomxHO OBITH
HaIpS)KEHNEe Ha 3AXKUMaX COJIeHOMJa, YTOOLI Cujia TOKa BO3-
pacTaja IIpAMO NPOIOPUMOHAJIBLHO BPDEMERH, T. €. YTOOH! BbI-
IOJIHAJIOCH PABEHCTBO [ = kt?



13.

14.
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16.
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Puc. 5.27 Puc. 5.28

IToBepx AAWHHOTO CONEHOUA BIIJIOTHYIO HAMOTAHA KATYIIKA.
Cuna Toka B COJIEHOHAE HApACTAET IPAMO IMPOIOPIIHOHAILHO
BpeMeHu. KakoB xapakTep 3aBUCHMMOCTH CHUJILI TOKA OT BpeMe-
HHU B KATyIIKe?

K ucTtounMKy ToKa mapajleIbHO NOAKJIIOYEHB! KOHIEHCATOPD
emiKocThio C = 10 MK® u KaTyIIKa HHAYKTUBHOCThIO L =
= 0,01 Tu. Cuna Toxka B KaTymke I = 2 A, a HalpsA>KeHUe Ha
kouaeHcarope U = 10 B. 3areM uctouHuK oTKJI0uawT. Kakoi
3apdj q 6yAeT Ha KOHAEHCATOpEe B TOT MOMEHT, KOTjla CHLIA TO-
Ka B KATYIIKE OKaxieTcsa pasHo¥ Hymio? IloTepsMu aHepruu
npenebpeus.

B 0ZHOpOJZHOM MATHHUTHOM IOJE€ C MHAYKIIWEH B HaXxoguTcH
CBepXMpOBOAAIIEe KOJBLO paguycoM r. JIMHMW HHIYKIUU
NepHeRAUKYIAPHEI NJIOCKOCTH KOAbIa. TOKa B KOJIbIe HET.
Kakoi#l MAarHUTHEIA TTOTOK OyJeT IPOHU3LIBATH KOJBIIO MOCTE
TOr0, KaK MATrHUTHOE I10JIe IlePeCTaHeT AeiiCcTBOBATE?

Ilepen moniocoM 3JMEKTPOMArHUTA Ha AJUHHON HUTH MOJBE-
IIIEHO KOJIBIIO 3 CBEPXIIPOBOSHMKA (pHc. 5.27). UTo npomnsoii-
JeT ¢ KOJIBIIOM, eClM N0 OOMOTKE 3JeKTpoMarHuTa NIpomyc-
THUTH IepPeMeHHLI TOK?

JIBa CBepXIPOBOAAIINX KOJBLIA PATWYCAMH I HAXOAATCA Ha
paccrosauuu d npyr or Apyra, npuueMm d > r. IlenTphl KoJen
JexkaT Ha nIpaMoii O0’, IepneHAUKYIAPHOU ILIOCKOCTAM 060-
ux KoJyer. Koisna Moryt nepemMemjaTbCs TOJBKO BIOJb 3TOHU
npamMoii. B HaualbHEIHE MOMEHT II0 KOJIBI[AM TEKYT B OJHOM
HanpaBieHUH Toxu I, (puc. 5.28). Hemy GyayT paBHBI CHJIBI

TOKOB B KOJbLaX IIOCJE TOTO, KAK OHM COAUIATCA BILJIOTHYIO?



FnaBa 6
MArHUTHbIE CBOMUCTBA BELLLECTBA

o cux nop mvt umenu 0esno MmoabKO ¢ MAZHUMHbLMU NOJAMU
8 saxyyme. dmu noaa co3fasanucd saeKmpuiecKuMy mora-
Mu 8 npo8odHUKAX.

Xopouto ussecmuo, umo MazHUmMHOe none co3daemcs He
MOAbKO deKmpudecKuMu morKamlt, Ho U NOCMOSHHbIMU Ma2-
Humamu. ITocmoaHHble MazHumbL Mo2ym 6bLMb U320MO8.le-
HbL JULUDb U3 HEeMHOZUX BeUjecm8, HO 8Ce 8eujecmaa, nome-
UleHHble 8 MAZHUMHOE NOJAe, HAMAZHUYUBAIOMCA, M. €. CaAMU
cosfarom mazHumHsle noaa. CoznacHo 2unomese Amnepa
(cm. § 4.1) amu noasa nopoxdaromca MUKPOCKONUYECKUMU
moxamu, YuUPKYJAUPYIOUUMU 8HYMPU AMOMO8 UL MOLEKY Ge-
uecmaa.

§ 6.1. MATHUTHAA NTPOHULAEMOCTb —
XAPAKTEPUCTUKA MATHUTHBIX CBOUCTB BELLLECTBA

ITodo6HO momy kak saexmpuyeckue ceoilcmaa eujecmaa xa-
paxmepusylomcs Ousaexmpuueckoii NPOHULAEMOCMbIO, MaA2-
HumHble colicmeaa seujecmea xapaxmepusyomcs Maznum-
HOIl npoHuUyaemMocmsio.

MarHutThasa NpoHULLAeMoCTh

Baaroxapsa ToMy uTO BCe BeI[eCTBa, HaXO4AIUeCA B MATHUTHOM
nose, CO3JAI0T COGCTBEHHOE MATHUTHOE IIOJIe, BEKTOP MarHUTHON
MHEAYKIMKM B B oHOpOAHOI cpefie oTIM4aeTcs OT BeKTopa B, B Toit
e TOUKE MMPOCTPAHCTRA B OTCYTCTBHE CPEMEI, T. €. B BAKyyMe.
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B ..
Otrourenue F = U Ha3blBRaeTci MArHMUTHOMN NI POHMU-
0

IIaeMOCThIO CDeJHIL.
WUTak, B onHopoaHOil cpejie MAaTHUTHAA UHAYKIIUA DaBHA:

B=pB,. (6.1.1)

9rta hopMya cupaBeAIUBA TOJALKO st ONHOPOTHOM cpejEl, 3a-
MONHA0IIEH Bce MPOCTPAHCTBO, MUJIU JJIA caydaeB 0c0GO CUMMET-
puu Tesa, HAPUMED JJIA OGZHOPOAHOTO CTEPIKHSA BHYTPY AJMUHHON
KaTYLUIKK C TOKOM — COJIeHOUAA. Ecin Teso uMeeT NPOU3BOJIBHYIO
dopMy, TO Ipu BHECEHUH ero B MarHUTHOe I10Jle ¢ MHAYKNueit B
UHIAYKIMA BHYTPU BellecTBa He 6yneTr onpenenAaTrsca GoOpPMYJION
(6.1.1). 3aBucumocts mexny B u B ropasso cioxHee u onpe/e-
aaeTcss GOpMON Tena 1 ero OpUeHTalHel 10 OTHOILIEHHIO K BEKTO-
py B,

UamepeHne MarHMTHON NPOHULIAEMOCTHU

MaruuThHble CBOMCTBA BeLIECTBA XApaKTEPU3YIOTCA ero Mar-
HUTHO# TPOoHUIlaeMocThIO L. Ecstu 3HaueHne |1 MHOTO GoJibIle enu-
HUILRI, KAK, HAIIPUMeED, V »Keje3a, TO B MPUHI{HIIE UBMEPUTh MAar-
HUTHYIO IDOHUIAEMOCTh MOSKHO, HCIOJL3YHA SABJIEHHE B3JIEKTPO-
MArHHUTHO# MHAYKLUHAL,

9IC uHAYKIMM paBHA CKOPOCTH H3MeHEHWs IIOTOKA Mar-
HUTHOIl MHAYKIIMH, IPOHU3bIBalOed KaTymky. Ecimn BCTaBUTH
B AJWHHYIO KaTYIIKY JKEeJIe3HBIH cepleuyHHK, TO MarHuTHAfA HH-
Ayknusa, cornacHo dopmyrne (6.1.1), yBenuuurcsa B | pas. Cue-
JOBaTeJIbHO, BO CTOJbKO K€ Da3 YBEJWUUHUTCHA IIOTOK MArHHUTHOMI
wHAYKIUK. JIpu pasMbIKAHMM 1enH, MUATAIONell HaMarHudu-
BAIOIYI0 KATYIHIKY IMOCTOAHHBLIM TOKOM, BO BTOPOI, HeGOJbILON
KaTYIIKe, HAMOTAHHOH IT0BEPX OCHOBHOM, BOSHUKAET UHAYKIMOH-
HBIH TOK, PErucTpUpPyeMElii ratsBaHoMeTpoM (puc. 6.1).

Ecnv B KaTyIIKY BCTABJICH KeJE3HBII CEPAEYHUK, TO OTKJIOHE-
HHe CTPEJIKM FaIbBAHOMETPA IIPH PA3MBIKAHUU Henu OyeT B L pa3
6oabire. VaMepeHHAa TMOKA3BIBAIOT, YTO MACHHTHRIN [OTOK MpPH
BHECEHUH B KaTYIIKY KEJIE3HOTO CePAEUHUKA MOMKET YBEJIUUNTE-

1Ha npakTuke 415 H3MepeHMs MATHMTHOM IPOHMIAEMOCTY IpHMe-
HAOT JPYTUe MeTOAbI.
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Pue. 6.1

¢A B Thicauu pas. CiefoBaTelbHO, MATHHTHASA IPOHUIAEMOCTDH
eNe3a OrpoMHa.

Maznumnasa npornuyaemocms 00HOPOOHBLX men onpedens-
emcsa OmMHOULEHUEM MAZHUMHOU UHOYKYUU 8 cpede K maz-
HUMHOIL UHOYKYUL 8 8aKyYyMe.

§ 6.2. TPU KNNACCA MATHUTHbIX BELLLECTB

Cyuiecmayem mpu OCHOBHBLX KAACCA 8eUlecms ¢ Pe3K0o pas-
AULAOWUMUCA MAZHUMHBLMU CB0UCMBAMU: (heppOMAZHemU-
Ku, napamaziemurku u 0uamazuemuxu. -

IIpu BHeceHNMN B MATHUTHOe LioJie o6pasma MoJIeKYJIApHBIE TO-
K{ B UACTUIIAX BEI[ECTBA OPUEHTUPYIOTCA OIpefAesIeHHBIM o6Gpa-
30oM. Teno oka3sIBaeTCss HAMATHUYEHHBIM, T. €. OHO CO3/aeT COGCT-
BeHHOe MarsuTHoe mojie. IIpu 3ToM BHeIlIHee MArHUTHOe IIOJIe
LellcTBYeT Ha TeJO ¢ oNpeleieHHoil cuioii. ITa cuia SABISETCA pe-
SYJILTUPYIOINE BceX DIEMEHTADHLIX CUJI, NefiCTBYIOIIHX HAa OT-
JAeJbHbIE TOKH.

Ilo sHaueHMIO PTOM CHIBI MOYKHO ONPEJIEJIUTH MATHUTHYIO IIPO-
HHIAeMOCTH 1. TaAKOro pojJia ONBITHI 03BOJSIOT H3MEPHUTH L Gosee
TOYHO, YeM OIIMCaHHBIe B IpeAbIAyieM naparpade. IIpu sTom go-
CTATOUHO PACTOJATATH 00PAasLoM HeGOJLIMUX pasMepoB. OgHaxKo
33aBHCHMOCTH MATHUTHOM IMTPOHUIIAEMOCTH OT CHJIBI, AeiicTBylomeii
Ha obpasel], BeCbMa CJIOXKHA, ¥ MBI He OyeM ee pacCMaTPHBATH
nogpobHO.

g Hac BaXXHO, UTO TaKUe OILITH O3BOJAIOT Y6EIUTHCS B CY-
IECTBOBAHUHU TPeX KJACCOB BeIlleCTB ¢ PE3KO DPA3NINYAIOIUMHCA
MATHHTHBLIMH CBOHCTRAMU,
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JKene3Hnli mpegMeT, HAIDMMED CTEPKEeHE, KAK U3BECTHO, BTA-
THBAETCA B MarHUTHOE IIOJe, T. €. llepeMeliaeTcs B o6nacTsb, rae
MATHHTHaA HHAYKONA Gonbure. COOTBETCTBEHHO OH IIPUTATHBAET-
CA K MATHATY WU 3JEKTPOMATHHUTY. OTO IPOUCXOAHUT IOTOMY, UTO
3JIeMeHTapHEIe TOKH B )KeJjiede OPMEHTHPYIOTCS TaK, YTO HAIPAB-
NeHHe MATHUTHOH HHAYKIIUH HX NOJIA COBOAJAET C HAIPABJICHUEM
UHIYKIUH HaMarHHYUBAIOIEro moJisi. B peayJjbTaTe »Keje3HEIi
CTepyKeHb IIpeBpallaeTca B MATHUAT, OJIHKAKIINIA IT0JII0C KOTOPOTO
IPOTHUBOIIOJIOMKEH MOJIIOCY 3JjieKTpoMarHuTa. IIpoTuBonooKHBIE
JKe MOoJII0ca MATHHTOB mpuTaruBamTcda (puc. 6.2). Ipyrumu cio-
BaMU, 3J€MeHTAPHLIE TOKH B JKE€JEe3HOM CTep)KHe HampaBJjieHhl B
Ty 3Ke CTOPOHY, UTO U TOK B 0OOMOTKe 3JeKTpoMarHuTa. OJuHAaKO-
BO HAIIPaABJIEHHKIE TOKU, KAK H3BECTHO, IIPUTATHBAIOTCH,

deppomarHeTukm

BemecTsa, y xoTOpRIX, TOZOOHO KeJeady, |t > 1, HagnBatoTCA
tdeppomarnerukamu. Kpome xesesa, deppomMarHeTuKaMu ABJIA-
OTCa KO0ANET M HUKEJIh, & TAKIKE DAJl PEIKO3EeMENbHBIX 3JIeMeH-
TOB ¥ MHOr'e CILIaBhl. BasikHeliImee cBOMCTBO heppOMATHETHKOB —
CyIleCTBOBaHWEe Yy HHX OCTATOYHOTO MAarHeTH3Ma.
@deppoMATHUTHOE BEI[ECTBO MOKET HAXOJHTHCA B HAMATHUUEH-
HOM coCcTOsSHUHM U Oe3 BHEIIHEro HaMarHuuusaromero noJjs. Ilpu
HarpeBaHHHU J0 JOCTATOYHO BRICOKOM TeMnepaTyphl heppoMarHnT-
HBle CBOIICTBA y TeJl HCUe3aloT.

Uncso beppoMATHETHKOB B IIDUPOJE CPABHUTEILHO HEBEJIUKO.
¥V 60oaBIIMHCTBA TEJI MATHUTHLIE CBOIMICTBA BRIpaKeHk! ciaabo. Mar-

Puc. 6.2
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HUTHAA IIPOHUIAEMOCTh Y HUX IIOYTU TaKad >Ke, KaK y BaKyyMma:
It = 1. 3TH BeuecTRa ¢O ¢J1a60 BHIDAKEHHBIMU CBOMCTBAMU B CROIO
ouepels AeJATCA Ha ABa KJacca.

MapamarHeTkm

CyuiecTBYIOT BellleCTBa, KOTOPbIE BeAyT cebs Mogo6HO »ee3dy,
T. €. BTATUBAIOTCA B MATHUTHOE 0JIe, 3TH BelleCTBA HASRIBAIOTCA
HapaMATHNUTHLIM KA. K UX YMCIY OTHOCATCA HEKOTOPEIE Me-
TaJJabl (AJTIOMUHUAA, HATPHUI, KaJUA, MapraHell, ILJIaTUHA U Ap.),
KHCJIOPOJ U MHOTHE JpYyTHe 3JeMeHTHI, a TaKyKe PA3JUUHbIe pac-
TROPHI BJIEKTPOJIUTORB.

Tak Kak mapaMarHeTHKH BTATHUBAIOTCA B IOJIE, TO JHHHUMU UH-
IYKIIUH CO3JaBAEMOT0 UMY COGCTBEHHOI'0 MATHUTHOI'O TOJA U HA-
MAaTHHYHWBAIOIEr0 IT0JA HANpABJEHBI OJUHAKOBO, MO3TOMY IOJE
ycuauBaetrcsa. Takum obpasom, y HuX |L > 1. Ho oT eJUHUIEL [t OT-
JIuuaeTcd KpaliHe He3HAUUTENLHO, BCET0 HA BEJHUUHY MODAAKA
1075...1075. TToaromy ansa HaGIOAEHUSA nmapaMaTHUTHHRIX ABJIeHUI
TpeOyIoTCA MOII{HBIE MATHUTHBIE IOJIA.

MarauTHas TPOHMIAEMOCTh IIApAMATrHETUKOB, KaK IIOKAa3hIBAa-
€T ONBIT, 3aBUCHUT OT TeMIEPATYDHI U YMeHBINAETCA IIPH ee YBe-
nudenud. [Ipu He 0YeHBL CHNBHBIX MATHUTHBIX IONAX | HE 3aBU-
CHUT OT 3HAUEHUA UHIAYKIMU HAMATHHYUBAIomero noid. OgHako
B JOCTATOYHO CHJIBHBIX IIONAX TAKAA 3aBHCHMOCTH OOGHADY>KHUBA-
ercd.

Bes HamMarEM4UBAMOIIEro IOJA MapaMATHETHKU He CO3JAI0T
COGCTBEHHOr0 MATHUTHOTO IIO0JA. IIOCTOAHHEBIX IIapaMarHeTHKOB
He ObIBaeT.

AvamarHeTukm

OcoOblii KIacc BelTeCTB MPeACTABIAIOT CO00l fuMaMarHe-
T4 K U, OTKPEIThie Papageem. OHU BREITAJKUBAIOTCSA U3 MATHHT-
Horo 1noJasa. Ecau nogBecuTh JUAMATHUTHERIN CTepyXeHeK BO3Je Mo-
JII0Ca CHJILHOTO BJIEKTPOMATHUTA, TO OH OyAeT OTTAIKUBATHCA OT
Hero. CienoBaTenbHO, JUHAK HHAYKIIUY CO3MAHHOTO UM NOJA Ha-
NPABJIEHBI IPOTUBONOJOMXHO JUHUAM MHAYKIIUA HAMarHUYHBAO-
LIeTo TOJd, T. e. IoJe ocnabaserca (puc. 6.3). CooTBeTCTBEHHO ¥
JUaMaTHETHKOB Ll < 1, mpuuyeM OTAUYAETCA OT €JUHUIELI HA BEJIH-
uyuny nopazaxa 1076, Maruurtusle croiicTBa y AMAMATHETHKOB BhI-
pakeHs! ciabee, UeM y TApaAMATHETUKOB.
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Puc. 6.3

K auamMarHeTHKaM OTHOCATCA BWCMYT, MeAb, cepa, pTYThb,
XJIOp, MHEPTHLIE Iadbl U IPAKTHUYECKH BCe OPraHHYECKHEe COejH-
HeHHUsA. [[MaMarHUTHBIM SBJIAETCA IJIaMsd, HaUpUMep ILJIaMsA CBe-
yy (rIaBHBIM 00pa3oM 3a CYeT yIvieKuciaoro rasa). IlosTomy Ija-
M# BRITATKMBAETCA U3 MAarHUTHOrO 1oJda (puc. 6.4).

Jl1a BcexX TMaMarHUTHBIX BellecTB MarHMTHAaA IIPOHUIAEMOCTE
NPaKTUYECKH He 3aBHUCUT OT MHAYKIIMM HAMATHUYHBAIOLIErO IIO-
asa. He 3aBHCUT OHA, B OTJIMUUE OT [apaMarHeTHKOB, U OT TeMIIe-
patypsl. IIpu BEIHEeCeHHMM AMAMATHETMKA H3 BHEILIHEr0 HAMATHHU-
YUBAIOLIErO IOJA OH IIOJHOCTHIO PASMATHHUYMBAETCA ¥ MArHUTHO-
ro IIOJIAA HE CO3JaeT.

B cocraB Tena ueOBEeKa X MHOTHUX JKH-

Iua-, Tak ¥ napaMarEuTHble. Peppomar- ' i S
HHUTHBIE BEIECTBA IIOYTHU MOJHOCTHIO OTCYT-

cTBYioT. M3-3a 5TOro MocToAHHOE MAarHUTHOE

IoJIe 3aMeTHHIM 06pa30M He BJIHAET HA MHU3- Puc. 6.4
HUTHOE ITI0Jle ¢ UHAYKIINEH B HeCKOJIbKO TecJia He H3MEHAET IIPoTe-
KaHue GMOXMMHUUYECKHX IPOLIECCOB B KUBOIl KieTke. IloMemars
JKe JKHBOM OpraHH3M B 3JIEKTPHUECKOe IT0Jie 60JIbINoi HATIPAXKEeH-
HOCTH He(e30IIacHOo.

BOTHBIX BXOAAT Pa3JINYHBIE BEIIECTBA, KaK
HeAeATEeJIBHOCThE OPIraHHM3MOB. lIame Mmar-

Bcee seujecmsa, nomeujeHHble 8 MAZHUMHOE noje, co3daom
co6cmeenHoe maznumHuoe noae. Ho moavko gpeppomaznemu-
Ku 061a0am ocmamoyHbvim MAZHEeMU3MOM.
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§ 6.3. OBbACHEHUE NAPA- U AJUAMATHETU3MA

Pasauuue napa- u duamazHumHuslx c8oilcma seujecmaa o6yc-
JLOBILEHO PA3AULUEM MAZHUMHBLX C80IICME UX AMOMOS.

NMapamarneTuam

OMeKTPOHBI, ABMIKYIIWECA B aTOMaxX MM MOJEKVJIaX ImapaMar-
HUTHERIX TeJ, CO3AIOT B OKPYIKAIOUIEM IPOCTPAHCTBE MATHUTHOE
noJsie. ATH aTOMBI NPUBIMIKEHHO MOXMHO PACCMATPUBATD KAK Ma-
JeHbKHe 3AaMKHYTHIe KOJbIleBEle TOKU (puc. 6.5). IIpu BHecennu
nmapaMarHeTHKA BO BHEIIHee IOJI€ OTHEJIbHLIE 3JIeMeHTapHbIe TO-
KU CTPEMATCS OPUEHTHPOBATLCA 110 HATPABJICHUIO JUHUN HHAYK-
uuu B, HAMarEWYKBAIOINEro Mo, TOYHee, HOPMATY K KOHTYpaM.

ITosToMy MATHHTHBIE MOJA 3JI€MEHTAPHBLIX TOKOB YCHIUBAIOT

BHEIIIHeE IIoJie. XAOTUUYECKOe TEeNJOBOe ABMIKEHHE ATOMOB IIpe-

MATCTBYET IPABUILHON OPHEHTAIIUM TOKOB, M UeM BEIIIE TeMIIe-

paTypa, TeM MEeHbBIIHUHA IIPOIEHT 3JIEMEHTAPHEIX TOKOB OKA3LIBAET-

CA OPMEHTHPOBAHHBIM I10 HANPABJIEHMIO ITOJA, T. €. TeM cjabee

HAMarHUYMBAETCH BeliecTBO. [IpH BHIKIIOUEHUH HAMATHHUMBAO-

IIeTro MOJIA TEILIOBOe JBUIKeHHE MMOTHOCTHIO

B paspyliaeT OpVeHTANMIO TOKOB 1 BEIEeCTBO

pasMarHUYNBaeTCA.

YeM cuiapHee HAMATHUYHBAIOIIEE T0JE,

= TeM GOJIBINASA YACTh JJ€MEHTADHBIX TOKOB

——- OKa3bIBAETCs OPHEHTUPOBAHHOU BJOAbL B,).

B. [IlosTomMy ¢ Bo3pacTaHMeM HHAYKIHU HAa-

MATHHYHMBAIOMIET0 TIOJIS MArHUTHASA WH-

nyKnusa B pacTeT mpAMO IPONOPIHOHAJD-

- Ho B,. Cormacuo (6.1.1) ato o3Hauaer, 4TO

B 1 He 3aBUCHT OT B,. B o4ens cuapHbIX HO-

Puc. 6.5 JAAX BCe 3JIEeMEHTAPHBbIE TOKU OKA3KIBAIOT-

¢ OPHEHTUPOBAHHEIMU II0 IOJIIO, HECMOT-

P Ha TEILIOBOE ABHiKeHUEe aTOMOB. JlocTUTraeTcsi, KaK TOBODAT,

HacBh Wl eHHe. ITO O3HAYAET OTCYTCTRBUE JUHeWHOH 3aBuCuU-

Moctu B orT Bj; MArHUTHAs NPOHUIAEMOCTh YMEHBINAETCA IPU
Gonpmux B,.

AvamardeTuam

B aToMax u MoseKyjaaX TUAMATHHTHBLIX BeIEeCTB TOKH, 06yC-
JIOBJICHHBIE ABMIKE€HHeM 3JIEKTPOHOB, MMEIOT TAaKyl KOH(pUrypa-
IHIO, HUTO CO3MAHHBICe UMU MATHUTHBIE TMOJS B3AUMHO KOMIIEHCH-
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pyior apyr apyra. B pesyinbrare B 06BI4- B
HOM COCTOAHHMHU aTOM HE CO3JaeT MoJd.
ITouemy e AUaAMarHEeTHKH OOHAPYKH-
BAIOT MarduTHhIe cBoicTBa? IlpuuumHa
3TOr0 npocTa. B MOMEHT BKJIIOUeHHNSA
MATHUTHOrO NMoJsa (WJIH IPH IepeMerie-
HUHU BelllecTBa B 006JacTh, T'Ae 3TO MOJe
y2Ke eCTh) B ATOMAX HUJIH MOJIEKYJIAX BO3-
HUKAIOT WHAYKIIMOHHBIE TOKH ITOJOGHO

b1

.
Y

L

TOMY, KaK BO BTOPHYHOH OOMOTKeE B
TpaHchopmMaTopa MHAYIIMPYETCA TOK MPHU
U3ME€HEeHUY MAarHuTHOTO IIOJIA, IIPOHH- Puc. 6.6

3BIBAIOIEro aTy 06MOTKY. Ho B oTiinume

oT TpaHchopMaTOpa HHAYKIIMOHHEIN TOK B aTOMe He 3aTyXaeT U II0C-
Jge ucuesHoBeHusa I]C MHAYKIMH, TAK KaK COOPOTHBJIEHHUS JBHU-
JKEeHWIO 3JIeKTPOHOB B aToMax HeT. JluaMaraeTusM neaukoM obyc-
JIOBJIEH SABJIEHWEM 3JIEKTPOMATHUTHON WHAYKIMKU. CorsacHo mpa-
By JleHna HampaBjeHHe MHAYVKIMOHHOTO TOKA TAKOBO, YTO CO-
3JaHHOE UM IIOJIe IIPOTHBOJAEHCTBYeT HAMATHUYHMBAIOLIEMY IIOJIIO
(puc. 6.6). [ToHuMAaTh 3TO HY>XHO TaK: IIPH BKJIIOYEHUNU MATHUTHO-
rO IIONSA BO3SHUKAET BUXPEBOE AJMEKTPHYECKOe MoJe. ITo IoJe 3a-
CTABIAET BJIEKTPOHBl 3AKPYYUBATHCH BOKPYT MArHUTHBIX JIWHWH
B,. Ha cymecTBoBaBiliee paHee JBUMKeHUE 3JEKTPOHOB HAKJaJbl-

BaeTCA AONOJHHUTEJbHOE Bpalllenue. BeleacTeue 3TOro BpallleHUsA
¥ BO3HUKAET NOJe, [IPOTHBOAEHCTBYIOIIEe HAMATHHYUBAIOLIEMY
nonzo ¢ uaayknueit B, IIpu ucuesHopeHUHN BHELIHErO MarHUTHO-

ro IOJs HCYEe3al0T MHAYKIIMOHHEIE TOKY 1 JUaMarHeTHK OKAa3hbIBa-
eTCA pasMarHuueHHBIM.

N3 ckazaHHOTO 0UEBUAHO, UTO AUAMATHETH3M IPUCYIL] BCEM Te-
JaaMm 6e3 UCKJIIOYEHHUA, TAK KaK BO BCeX aTOMaX, IIOMEIEHHBIX B
MATHHUTHOE IIOJie, BO3HUKAET JMOMOJHUTEJNLHBIA HHIYKIIMOHHAI
ToK. Ho nmposaBisercda fuaMarieTusM TOJIBKO YV T€X BeIlecTB, aTo-
MBI UJIM MOJIEKYJIbLI KOTOPLIX HE CO34al0T MACHUTHOTO IIOJISA CAMH
mo cebe. YV ImapaMarHUTHBIX M TeM 0OoJiee GpeppOMATHUTHBIX TeJl
ATOMEI 006187a10T COOCTBEHHBIMY «BPOKICHHBIMI» MaTrHUTHBIMHA
CBOMCTBAMH, ¥ NOITOMY CJAOLIH qHAMATHUTHBIN addeKT y TaKuX
BEIECTB MACKHUPYeETCA APYTUMHU 60s1ee CHIbHBIMUY 3ddeKTaMH.

MarsuTHaA HEAYKLIUA TI0Jd, CO3AABAEMOTO JUaMaTHEeTHKAMH,
OPAMO NPOIIOPIMOHAJRHA UHAYVKIIMKA HAMATHHYWBAIOMErO ITOJIA.
CorJjacHo 3aKOHY 3JEKTPOMATHUTHOM MHAYKIIMU HATIPSIXKEHHOCTE
BHUXPEBOTO 3JIEKTPHIECKOTO IOJA TeM BoMbire, ueM GoJIbIille uaMe-
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HEeHHEe MHAYKIIMY MATHUTHOTO IIOJIS OT HYJA JO KOHEUHOTO 3Haue-
Hus B,,. II0aTOMY MarHuTHasA NPOHUIAEMOCTb AMAMATHETHKOB He
3aBHCUT OT BO.

OTMeTHM ellie, YTO TEIJIOBOE ABUXKEHHE ATOMOB B I[€JIOM HE Ha-
PymiaeT OPHEeRTAMM WHAYKIMOHHEIX TOKOB BHYTPHU aToMoB. OHM
BCErja JIeXKAT B IJIOCKOCTAX, NEePHEHAMKYJAApHbIX B,. Iloatomy

MATHUTHAA [MPOHULAEMOCTh JUAMATHETHKOB HE 3aBUCHUT OT TEM-
nepaTyphi.

CBepxnpoBOgHUKN — uaeanbHbie ANaMarHeTuKmn

B npeariayuieii ramase (cM. § 5.9) ysXe roBopuJiocs O MOBEJEHUH
CBEepXIIPOBOAHHMKOB B IIePEMEHHOM MarHUTHOM IioJjie. BepHeMca
3TOMY BOIIPOCY ¥ HalijleM 3Ha4eHUe |l JJId CBeDXIIPOBOIHIKOB.

Kak 0ObLI0 MOKa3aHO, B CBEpPXIPOBOAHWKE IMOTOK MATHUTHOM
UHAYKIWY MHAYKIJHOHHOTO TOKa PaBeH MOTOKY MHAYKIIMHA BHENI-
HEro MoJIg ¥ HPOTHBONOJOMEH eMy N0 3Harky. WHAYKITMOHHBIH
TOK HE MPOCTO CTPEMUTCHA, COIVIACHO UpaBuly JleHIa, KoMIeHCH-
POBATH TO H3MEHEHMe MATHUTHOrO IIOTOKA, KOTOPOe €ro Imopoixaa-
€T, HO KOMIIEHCUPYET €ro IOJHOCTHI0. MardurHoe mnose BoodIie He
MPOHMKAET BHYTPh CBEDXIPOBOAHMKA. OTO O3HAUAET, UTO CBEPX-
NPOBOAHMK ABNACTCH WACANBHBIM JUAMATCHETHKOM. TaK KaK mar-
HUTHAA MHAYKIOUA B BHYTPH CBEPXIIPOBOAHNKA PaBHA HYJIO, TO,
coryiacio ¢opmyne (6.1.1), marauTHas IPOHUIIAEMOCTE CEepPX-
HNPOBOSHUKA TaKJKe PaBHA HYJIIO. ‘

ITapamazrnemusm obycroséren opuenmauyuell nemenmap-
HblX (MONEKYAAPHBLX) MOKOE8 8 MaAzZHUMHOM none. Juamaz-
Hemus3m 6bl36aH Nos6AeHUEeM UHOYKYUOHHBLX MOKOE 8 Aamo-
MAX USU MONEKYIAX.

§ 6.4. OCHOBHbIE CBONCTBA ®EPPOMATHETUKOB

Xomasa eppomaznumnbix men 6 npupode He MAK YH MHOZ0,
UMEHHO OHU UMem Hauboabliee nparKmuiecKoe 3HaxeHue.
Bcmasnasa xene3nwvlil UL cmaavHOil cepievHurx 8 Kamyus-
KY, MOXMHO 80 MHO0Z0 PA3 Y6eaudums co3dasaemoe € maz-
HUMMHOE NnoJe, He Y8eAULUBAs CULY MOoKa 8 kamyulie.

Yxe roBOopnaoCh 0 TOM, UYTO ¢peppOMarHEeTHKH HaMarHWUYMBA-
IOTCS IO HAIIPABJCHUIO IIOJIA M 3HAUEHHE MArHUTHOW IIPOHUIIA-
€MOCTH |1 Y HUX MOXKeT OBITH MHOrO GoabIne equHuIkei. Kpome To-
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ro, ¢eppoMarHUTHEIE TeJja 00JIaJaI0T OCTATOYHBEIM MArHETU3MOM,
yero He HabOgaeTCAd Vv IapaMArHUTHBIX U JHAMATHUTHBIX TEJI.

MarauTHaa DPOHMIAEMOCTh (hepPOMATHETHKOB HEMOCTOSHHA.
OHa 3aBHCUT OT MArHUTHON MHAYKIIMH BHellHero moad. Ilpuuem
He TOJBKO OT 3HAYEHUS MATHUTHON MHAVKIIMH B JaHHBLII MOMEHT
BpPEMEHY, HO M OT «IpeablicTopuy ofpasia», T. €. OT TeX IIoJeH,
KOTOpHBIE MeHCTBOBAJIM HA BEIIECTBO B TIPEANIECTBYIOIINE MOMEH-
TeI BpeMeHH. Iloagpob6Hee Ha 3TOM MBI OCTAHOBUMCSH HEMHOTO IIO-
3OHee.

@DeppoMarHeTHKAMHU ABIAIOTCA JUIIL HEKOTOPLIE TBEPJbIE Te-
na. PeppoMarHeTu3M — 3TO HE CBOICTBO OTAEJbHBIX H30JINPOBAH-
HBIX aTOMOB JXeJle3a U APYT'UX BellecTB, a CBOMCTBO o6paalia B Iie-
JIOM.

Touxa Kiopu

.

Bce deppoMarseTHKH IpyM HArpeBaHMH OO ONpPeNe/IEeHHOM, Xa-
DPAKTEepHO! AJA KAXKAOTO BEIIECTBA TEMIIEPATyphl TEPAIOT CBOU
(deppoOMarHuTHLIE CBOMCTBA U CTAHOBATCA MapaMar{eTukamu. TeM-
mmeparypa, Ipu KOTOPOM BeleCTBO TepseT ()ePpPOMArHUTHLIE CBOI-
CTBa, HABLIBAETCA TeMIepaTypoil miu Toukoil Kopmn,
MO0 HMEHW OTKpPRIBIIEro 3TO fABJIeHUEe (PPAHI[Y3CKOTO YUEHOTO
II. Kropu.

O6HApYRUTH CyIleCcTBOBaHHE TeMuepaTyphl Kopu oueHs mmpoc-
T0. IIpy HarpeBaHWH MOCTOSTHHOTO MarHWUTA BBIIIIe 3TOH TeMmepa-
TYPHI OH II€PECTAET NPUTATHUBATD JKeJIe3HbIe IPeJMETEI.

Temneparypa Kopu gns sxenesa 770 °C, nnsa sukens 365 °C,
oA kobaneta 1000 °C. CyliecTBYIOT GeppOMATHUITHEIE CILIABRI €
TemuepaTtypoii Kiopu mensie 100 °C. OHu TepsaoT ¢heppoOMar{uT-
HbIE€ CBOMCTBA B ropadeil Boje.

IIpu Temmeparype Kropu Hapsagy ¢ MATHUTHBIMM MEHAIOTCA U
HEeKOTOphIe Apyrue cBOHCTBa ¢eppoMarseTukoB. B wacTHoCcTH, Me-
HAETCA U TEIJIOEMKOCTHL. Jlaxke He pPerMcTpUpPYs MaATHUTHOE CO-
CTOSHUE JXeJie3da TPH IMOBBIIIIEHUH TEMIepaTyphl, a HabJoxas
JIMIb 33 U3MEHEHHEeM €ro TeILIOEMKOCTH, MOXKHO HMPUHTH K 3a-
KJIIOYEeHHI0, YTO Ipu Temnepatype Kroopu ¢ sxene3oM mpoucxomuT
HeuTo cymecrBeHHoe. IIpu temneparype Kiopu mnepexon dep-
POMArHETHKA U3 OLHOTO COCTOSHHS B Jpyroe (IapaMar{uTHOE)
uger 6e3 mMorJionleHus (MU BRIZEJeHUA) sHepruu. TaKoro poma
nepexol 6e3 CKaYKOOOGPABHOrO U3MEHEHHSA SHEPrMHM HA3BIBAIOT
bas3oBHM IepexXogOoM BTOPOTO DPOJA.
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Kpusas HamarHMumsaHusa

MaruuTHOe cocToanue dheppoMarseTnka yao6HO XapaKTepHuso-
BATH BEJIMUMHOM, HA3LIBAEMOH HAMATHHUUYEHHOCT b 0, Eciu
JUIHHHBIA OZHOPORHEIM CTEP)XEeHb IIOMECTUTDh BHYTPE COJIEHOH A, TO
MarHUTHAA WHAYKIUA BHYTPU HEro CTaHeT pasBHOH B = pB,. Pas-

HOCTb MeXAYy B u B, MOXeT CHYXUTb MEpPO#l HaAMarHWYMBAHUS
MaTepuana, HaMarHuyeHHOCTS J paBHA:

J=B-B,, (6.4.1)
WJIN C YyYETOM cooTHoleHud (6.1.1)
J =(L—1)B,. (6.4.2)

3aBucuMocTsb J OT B cn0XKHAsA, TaK KaK U 175 peppOMarHeTH-
KOB 3aBHCHT OT B,,. ['padpuuecku 3asucumocts J oT B, BHIpakaeT

TaK HA3HKIBAaeMasi KpHBas HaAaMATHHUUYHUBAHHSA, KOTOPYIO
MOYXHO HAWTH dKCIIEpHMEHTaJLHO (cM. § 6.1).

W3 onwiTa mosyualor ciaexnyiomee. Eciu sxesesHuil oGpasen He
6LLJI DpeABapUTEJLHO HAMATHHYEH, TO J BHauaJje PacTeT C yBeJHu-
ueHreM B, mouTH 110 JKHEHHOMY 3aKoHy (puc. 6.7). Ho nanee, na-

JX€ B CDABHHUTEJIbHO cnabrIx IOJIAX, HACTYIIAeT HAaCHIIL[€eHHe: Ha-
MATHUYEHHOCTh OCTAeTCHA HEeHU3MEHHOMH, HeCMOTpSA Ha pOCT B()'

3,1.'[301» cpa3y MOXXHO IIPEeAIIOJNOM¥NATh, UTO IIPU HACHIIIIEeHUH BCe 3JIe-
MEHTaApHbBI€ TOKX OPHEHTHPOBAHBI ITIOJHOCTBIO I10 I10JI10, TAK YTO C
nanbueﬁmnm pocTOM BO CO3JaHHOE MMM II0JIe YK€ He MOXKeT H3-

MeHUTLCHA. TakK U ecTL Ha caMOM Jiefe.
Jdnsa xaxporo deppoMarHeTuka XapakTepHa CBOSI HHIHBUAY-
aJbHAS KPUBasg HAMATHUUHUBAHUSA,

MaruuTtHbI rucTepeanc

B neiicTBHTEJIPHOCTH 328BHCUMOCTE ¢/ OT B, eme cinoxHee, 4eM

NOKa3aHO Ha pUCYHKe 6.7. Ieso B ToM, UTO 3Ta 3aBHCHMOCTH He
onHo3HauHA. HaMarHMYeHHOCTh 3aBHCHUT HE TOJIBKO OT 3HAUYEHUSA
HHIYKIUUN B JaHHLIH MOMEHT, HO H OT TOrO, KaKOi oHa Owlja B
npeAbLIAyILYie MOMEHTHI BpeMeHU. KpuBas, usobpakeHHas Ha PH-
cynke 6.7, mosryyaeTca JHILL B TOM Cjydae, ecJiM o6pasel] mepso-
HavYaJbHO He GBI HaMarHwueH. [IpM yMeHbIIEHUM HHAYKIIUK Ha-
MATHMYHBAIOIIETO IIOJA IIOCJe AOCTHKEHHUA HACHIIeHUSA Hamar-
HHYEHHOCTh J YyMeHbIIaeTcss MeJJieHHee, YeM IIDOMCXOIHJ ee
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Jh

J

b

0 B,
0 B, 4

Puc. 6.7 Puc. 6.8

pocT. DTO ABJIEHUE HASHIBAIOT MATHUTHBIM TUCTEDeE 3 H-
comt,

OGmuii xapakTep 3aBUCHUMOCTH J OoT B, u3obpasken Ha pUCYH-
Ke 6.8. Yuactox Oa npeicrapiaseT co60il KpHBYIO HAMATHUYHWBA-
HUA, TO0KO0HYIO IIPEeACTABJICHHON Ha pucyHkKe 6.7. B Touke a go-
cTuraercsa Hacwimenve. Ilpu ymenniennu B, 0 HyJA HAMArHu-
YEeHHOCTh YMeHBINIaeTCS B COOTBETCTBUH C YUYACTKOM KPHBOM ab.
Ilpn B0 = 0 maMardiu4eHHOCTh OTJHYHA OT HYNdA. Ee 3nauenme
J;, = Ob nipesicTaBiseT co60if OCTATOUYHY I HAMATHHU Y€ H-
Ho ¢ T b. OGpaser co34aeT MATHUTHOE II0Jie §e3 BHEUIHETO HAMAaT-
HuuynBalomero mojda. OH ABIAETCA, CIeLOBATEIbHO, IOCTOSHHBIM
marautoM. Ilpu yBeIHueHHN MATHUTHOM MHAYKITMU B, Hanpas-
JIEHHOIl VoKe B IIPOTUBOIOJOMKHYIO CTOPOHY, HAMATHUYEHHOCTh
VMEHBINAETCA U JUIWb OpK B, = Oc cTaHOBUTCA DaBHON HYJIO.
3HayeHUe UHAYKIUU B, HasnBalOT K02 PN UTHBHO i (3adep-
sKuBaronieit) cuoif. 3To Ta MArHUTHAS UHAYKITUA, KOTODPYIO HYHK-
HO CO3/ATH AJS pPASMATHHUYMBAHUA o0pasia. B Touxe a’ ofpaserrs
OIATH HAMATHUYEH [0 HACBIMIIEHUA, HO B OOpATHOM HATIDABJIEHUH.
YMeHblIaa HHAYKIINIO MATHUTHOTO IO A0 HYJSA U OLMATH YBeJIH-
YHUBasA ee A0 JOCTUIKEHUA COCTOAHNA HACBINIeHNU (TOUKA @), TIOJY-
YA¥OT 3aMKHYTYI0O CUMMETPHYHYIO OTHOCHTENBEHO TOUKU O KpH-
BYIO, HA3KIBAEMYIO €T el TUCTepe3HCa.

IlepBhie JeTanbHEIE HCCAETOBAHUS HAMATHHYNBAHUA (eppo-
MATHUTHLIX MATEPHAJOB ObIJH BEIIOJHEHBI BBLIJAIONIMMCA pyC-
ckuM yueHBIM A.T. CroneroreiM (1839—1896). A.T. CrosneroB
BIEpPBREIE IPUMEHII METON HAMATHUYNBAHUS 3aMKHYTOTO JXeJjles-
HOTO KOJbIA TOKOM, TEKYI[HM IO MPOBOAAM, HAMOTAHHBIM HA
KOJBILO.

1Ot rpeu. hystéresis — orcrasanue.
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MarHurHsle MaTepuansl

Paznununsie heppoMariuTHbie MAaTePHUANBI HMEIOT paA3HBIe hop-
MBIl TIeTJIHM rucrepesuca. PopMa NeTaH CIYKUT BasKkHeilimeil mar-
HUTHOM XapaKTepMCTUKOM MaTepuaia.

Pa3zauuaioT MATHUTHO-MATKHME U MATHUTHO-XKECTKHE MaTepH-
anel. ¥ MATHHTHO-MATKHX MATEPHUAJOB ILJIOUIAAL IETIH Maja
(puc. 6.9), a y MArHUTHO-KECTKUX — BeJuKa (puc. 6.10).

K marHuTHO-MATKEM MaTepHalaM OTHOCHTCA OTOMIKEHHOE U
3aTeM MeAJEeHHO OXJIAKICHHOE JKeJie30, HEKOTOPhIE COPTa CTANH,
cILIaB kenesa ¢ HUKeneM (70% Ni u 30% Fe), HasniaeMBlil nIep-
MajanoeM, U Ip. OcoGeHHO Y3KOI ABNAETCA IETJIA THCTEPEe3nuca y
nmepMaiod. ¥ MATHUTHO-MATKUX MATEPHAJIOB MAJa KO3PIIUTHUB-
Hafl CUJIA U OCTATOUHAA HAMATHHYEHHOCTS.

JKenezo u ocobrie copra cranm (TpamchOpPMATOPHASA CTAJb)
NIPUMEHSAIOTCA IJIA H3TOTOBJIEHHUA CEepAEUYHMKOB TpaHchopMAaTO-
pOB, TeHEPATOPOB, 3JIEKTPOABUTaTeNel U T. A. [To yermosusam pabo-
THI CepAUHUKY 3TUX YCTPOHCTB BCe BpeMs TepeMATHUUUBAIOTCA B
IepeMeHHBIX MATHUTHBIX II0JaAX. [lepeMarauuynBanme TpebyeT co-
BepiieHUs: paboThI, MPOIOPIMOHANBHON IIO0 MOAYJIO ILIOLIALY
meTJiu TUCcTepe3uca. (dTa pabora He CBA3aHA ¢ BbIJEJICHHEM TeILIa
roxkamu @Pyxko.) IloaToMy B MATHUTHO-MATKHUX MATepHAJIAX SHED-
reTuyecKye NOTEPH MeHbIIIEe, YeM B TBEPABIX.

K MarHHTHO-XeCTKMM MaTepHajiaM ¢ IKUPOKOil nerneit rucrepe-
31Ca OTHOCSATCA HEKOTOPBIE COPTA CTANM H MHOTHE CILIABBI. ¥ 3THX
deppoMarHeTHKOB BeJIHKA OCTATOUHAS HAMATHWUYEHHOCTEL U KO3D-
muTupHaA cuna. OHM OPUMEHSAIOTCA AJA U3TOTOBJIE€HUS ITOCTOAH-
HBIX MATHUTOB.

Ocof6eHHO ITUPOKYIO IMETJII0 M'HCTepe3nuca UMeeT CILIAB aJbHU-
KO0-5. OToT ciiaB o6JafaeT YHUKAILHBIME MATHUTHBIMUA CBOMCT-
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BaMu. OcTaTouHas HaMarHW4yeHHOCThL pocruraer 1,25 Tn. Nna
CpPaBHEHUS OTMETHM, YTO MAKCHMMAJILHASA HHAYKIIWA MAaTHUTHOTO

mons Semsn 7 ¢ 1075 Ti. DToT cniaB COXEPIKUT IATH KOMIIOHEH-
TOB B CTPOTO ONpeAeIeHHOM KOJUUYEeCTBeHHOM cocTase: 51% Fe,
8% Al, 14% Ni, 24% Co, 8% Cu. HeTpyaHO IpefCTABUTL, KAKHe
60JIbIINE YCUJINA MPUIIIOCH SBaTPATUTH AJIA BHIOOPA 3TUX KOMIIO-
HEHTOB U IOHCKOB KOJIUYECTBEHHOTO COOTHOIIEHUA MEXAY HUMHU,
Co3aaTh xopouInii MOCTOAHHBIA MAarHUT OKa3aJoch TPYAHOI 3a/a-
yeif.

ITocTossHHBIE MATHUTHI HAXOAAT IIHUPOKOE IIPUMeHEeHHE B SJIeK-
TPOUSMEPUTEIbHBIX IPHGOPAX, TIPOMKOTOBOPUTENSAX U Tele-
doHax, 3BYKO3AMUCHIBAIOIUX ANNapaTax, MATHHTHBIX KOMIIacax
HT. A.

depputhi

CymecTByioT (hbepPPOMArHUTHBIE MATEPHANBI, He¢ IPOBOAAIINE
SJIEKTPHUYECKOT0 TOKa, — ¢ e p p ¥ T Bl. OHU IIpeACTABIAIOT COHO
XUMHUYEeCKHe COeTUHEHUSI OKCHJIOB JKEJie3a ¢ OKCUAAMHU APYTrUX Be-
mecTB. IlepBhIil 13 U3BECTHRIX JIOAAM HepPOMATHUTHHIX MaTepHa-
JIOB — MATHHTHEHIH KeJe3HAK — gaBuaerca deppuroMm. O nmpakTu-
YeCKOM HCIIOJIL30BAHUH (hepPpHUTOB OyJeT pacckasaHo B JalbHei-
mrem.

§ 6.5. 0O NPUPOAE PEPPOMAIrHETU3SMA

Ceoiicmsea gheppomaznemurxos HanomMuHamom caoiicmaa na-
pamazHemuros: me u pyzue HAMAZHUYLUBAIOMCA NO HANPAS-
JeHUIo 8HelllHezo noas. IIpu memnepamype 8viuie memnepa-
mypuv: Kiopu geppomaznemurxu npespausaiomcsa 8 napamae-
Hemuku. Ecmecmaenno nosmomy npednoroxxums, imo gep-
pomazHemuam OOYCJIOBAEH OpueHmMaylieill 31eMeHmapHbLx
mMoK08 80 BHEULHEM noJLe.

s ob6bAcCHeHUuA dheppoMarHeTH3Ma HYXKHO IIOHATh, MOYEMY
TenJIOBOe ABMKEHIE MpU TeMnepaTrypax Hu:xe Touku Kiopu He
paspyInaeT VIOPALOUEHHYIO OPHEHTAITHUIO SJIEMEHTAPHLIX TOKOB.
ITouemy gaske cnabbie MOJA HaMArHUYUBAIOT heppoMarHeTHK no-
YTH g0 HachkiuleHUsi? 1 HaKoHel], IIoYeMy CYINECTBYET rucTepe-
suc? Bompocos HeMaso, ¥ MBI CMOXKeM OTBETUTH HA HHUX JIUIIL B
o6ITUX yepTax.
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Cnux anekTpoHa

OCHOBHBIM B 00BACHeHMH (deppoMarHeTH3Ma HABIAETCA CJie-
ayiouuiz daxr. deppomMaraHeTusMm 006yCJOBIEH He obpallleHueM
3JIEKTPOHOB BOKPYT AAep, KaK IpeAIoJarajy y4edble BHAYaJe, a
«COBCTBEHHRIM BpallleHHEeM». QJEeKTPOH Bcerga Kak 6bI Bpaliaer-
cs BOKPYT cBoeill ocu H, obJsajgad 3apsafioM, CO3AAeT BCJEICTBUE
3TOT0 MArHHUTHOE [T0Je HapaAy C NoJeM, NMOABJIAIOIIUMCS 34 CUET
OpOUTANIBHOrO ABMMKEHUA BOKPYr aAxpa. CobCTBEHHLIM Bpaima-
TeJILHBI MOMEHT 3JIEKTPOHA HA3BIBAIOT C I M H O M.

JlobaBiienne «kak OBI» K CJIOBY «BDaIIaeTCA» HYKHO IIOTOMY,
YTO 3JIEKTPOH II0 CBOMM CBOICTBAM He IIOXO0XK HAa OYeHbh MAJeHb-
kUit mapuk. Ero aBvikeHue HOJUMHAETCA 3aKOHAM MeEXaHHUKH
MUKPOYACTHUI] — KBAHTOBOM MEXaHHKH, a He KJIACCHYeCKOH MeXa-
HUKH HBIOTOHA.

Y710 BbI3bIBAET OPUEHTALUIO CNTAHOB?

Ha nepsrlii B3rJIAA MOXET IIOKA3aThCA, YTO IPABUJILHAA OPUEH-
Talus CIIMHOB, He YICUe3alonasa Moce BRKIIOYeHUA BHENIHEro Mar-
HUTHOTO I10JIf1, BRI3BAHA MarHUTHRIMHM BaaumogeiicTBusamu, Ho aro
He TaK. MaruuTHbIe CUJIBI CAMIIKOM CIA0K JIS1 TOTO, YTOOKI IIPOTH-
BOCTOATH TEILJIOBOMY JBUE€HUIO, PA3PYIIIAIOIEMY OPUEHTAITHIO.

TlapafokcalbHBIM OKa3aJd0Ch, YTO 3TH CHJILI UMEIOT He MATHUT-
HYIO, a 3JeKTpHuUecKylo mpupoay. Ho mpoucxosxjeHne ux MOMHO
MOHATH TOJbKO B PAMKAaX KBaHTOBOU MexaHwkH. HasmBalorcs atu
cunbel 06 Me HHBIMU. Kak u Bce cyryb0 KBAHTOBEIE ABJIEHUS,
oOMEeHHEBIe CHJIBI He IOANAaI0TCA HarIaJHoMy HcTodKoBanuio. Ilo
3TOii IpUUYMHe MBI He OyJeM Ha HUX OCTAHABJIUBATHCA. 3aMETHM
JVUib, UTO OPUEHTAIMS CIIMHOB OKA3HIBAETCA BO3MOYKHOMU TOJNBKO
DM ONpefieIeHHOH CTPYKType ATOMHBIX O0OJIOUEK U CTPOEHUH
KPHCTAJINYECKO pelIeTKN BeIecTBa.

Ecnu sHeprusa oO6MEHHOrO B3aHMOJEHCTBHSA O0onblile dHeDPruu
TEILJIOBOTO JBHIKEHUA, TO 34 CUET JaHHOTO B3aUMOJIEHCTBUA MOAB-
JIsieTcs CTPOrO OIpe/leleHHAsI OPUEHTAIINS JIEKTPDOHHBIX CITHHORB.
Tossko NpH TeMOepaType Bhille TeMileparyphl Kiopu TeroBoe
LBHMIKEHUE Pas3pyIHIaeT 3Ty OpHEeHTaIHIo.

JAomenbl

Eciu Bce OpoUCXOAUT Tak, KaK 06 3TOM TOJBKO YTO OLLIO pac-
CKas3aHo, TO HEeMOHATHO, IIoUyeMy e Jioboil heppoMar{eTuk Ipu
TeMIlepaType Huke TouKHM Kiopu He OKaswIBaeTcA HaMATHHUYEH-
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HBIM CAMOIIPOHM3BOJILHO A0 HACKIII[EHHs, KOTZa BCe CIIMHEI OPHEH-
THPOBAHEI OAUHAKOBO. IloueMy AJIA MOJNyYeHUsA IOCTOAHHOTO Mar-
HHUTa obpaszel] IPHXOAUTCA IIOMeIATh B MATHUTHOE oJie?

OTBeT COCTOUT B TOM, UTO KaKyLIUiicA HeHAMATHUYEHHEIM KY-
COK (peppOMAarHUTHOTO BellleCTBA B AE€HCTBHUTEJIBLHOCTH COCTOUT U3
HeOoJIBIINX o0nacTeil, HAMATHWYEHHEIX A0 HACBHILIEHUA. ITH 00-
JIACTH HA3BIBAIOTCA S OM € H a M U. B pasHEIX JJoMeHaX MHAYKIIUHU
MATHHUTHEIX IIOJIeH UMeIOT Pa3JIMYHEIE HATPABJIEHUA, U B 60JIBIIOM
KPUCTAaJLJIe IOJIs B3AUMHO KOMIIEHCUPYIOT APYT Apyra.

Pasamepsl JOMEHOB 3aBHCAT OT MHOTHX IIPUYMH: OT XUMHYECKO-
ro cOCTaBa BeLleCTBa, ero pa3MepoB U (POPMHI, AedeKTOB KPUCTA-
JUYECKON CTPYKTYphI, TEMIIEpATYPHL U T. A. IX 06beM MMeeT 1O-

panok 1076 cM3, a gnuna MoxeT gocturaTh 2—3 MM. JloMeHEI —
3TO MaKpOoCKonudecKue oOGpasoBaHHA, COAepsKali#e OrPOMHOE
YHCJIO aTOMOB.

IIpuuyusa 06pa3oBaHUA JOMEHOB — CTPEMJIEHHE CHCTEMHI K CO-
CTOAHUIO ¢ HaUMeHbIleH OTeHIHAJLHONH sHeprueit. Ecau obpa-
3el] HaMarHUYeH B OJHOM HANpABJIEHHH, TO OH CO3JaeT BO BHe-
IIIHEM NPOCTPAHCTBE MATHHUTHOE IIoJie, 00jajaloliee 3HAUUTENDb-
HoIi 3Heprueii (puc. 6.11, a). Ira sHeprusa 6yJeT 3aMeTHO MEHbIIIe,
KOrJa B ABYX MOJIOBHHAX 00paslia MHAYKIIMH IIPOTHBOIIOJIOXHBI
mo HaupasJyeHH1o (puc. 6.11, 6). Ho npu aTom obpasyeTrca mosepx-
HOCTH pasjfieiyia (0Ha Ha3LIBAETCA NOMEHHOUW CTeHK o i), rae
10 COCEACTBY APYT C APYTIOM PacCHIOJIATAIOTCSA 3JEKTPOHKI C AHTHIIA-
panjeNbHBIMU CIHHAMH. A 9TO 3HEPreTUYeCKH He BRITOAHO.

OOMeHHA A 3HEepPrus MUHUMAJbHA, KOTJja COMHEI IapajjiebHbi.
Bor aToT 3addeKT U npenATCTBYeT APOOJIEHHIO JOMEHOB Ha ofJiac-
TH, BCe MeHbIIINe U MEeHbIINE 10 PasMepaM.

JdpobieHue mpeKpaliaeTcsa, KOTAa 3HEPrusa, HeobxoguMas Ansa
00pa3oBaHHA HOBOM JOMEHHOI CTEHKH, CDABHMBAETCA C YMEHbIIIe-
HHUEM 9HEepruH BO BHEIIHeH 061acTH IpH 00pa3oBaHUH eIe OAHOTO

A = =
,‘ \: :,
== B
a) 0) 8) 2)
Puc. 6.11
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momeHa. OOGpaser; npyu 3ToM obnazaeT MHHHMAJNBHOM MATrHWTHOM
aHepruei.

B MOHOKpHCTAJIaX JOMEHBI MOr'yT OBITH OPHEHTHPOBAHKI TAK, YTO
MArHUTHOE NoJie BHe 00pasua BooOuie He cospaerca (puc. 6.11, ).
B noaukpHcTaniax OpHEHTALNA HAMATHHYEHHOCTEH JOMEHOB XAa0-
tiyHa (puc. 6.11, 2).

TpaHnugs KOMEHOB MOYKHO cienaTh BHAMMBIMH. I[nsa aToro
TINATEJAbHO OTHLIAGOBAHHYIO NOBEPXHOCTH (heppOMarHeTHKA IIO-
KPBIBAIOT TOHKHMM CJIOEM KOJIJIOMJHOM CYCII€H3MH, COCTOAIleH u3
YACTHUI[ OKCHA KeJje3a. CycrieH3nA KOHIEHTPHPYETCA HA JOMEH-
HBEIX CT@HKAX, I'ie MAarHUTHOE 110JIe HEOJHOPOAHO.

O6GuacHEeHue KpUBO HaMarHMYUBaHuUs
# rucrepeanca

Tenepr BHISCHUM, YTO IIPOMCXOAUT C HEHAMATHNYEHHKIM (ep-
POMAarsHeTHKOM IPH IIOMEIIEHNH er'0 B MAarHUTHOE HOJIE,

Koraa ¢deppoMarseTHx IoMeumiaoT B cjaboe MAPHUTHOE TOJIe,
TG 9TO NPUBOIUT K CABUIY AOMEHHBIX CTE€HOK. JIOMeHRBI, HaOpas-
JeHHe HAMATHMYEHHOCTH KOTOPhIX Hauboee 611M3K0 K HampasJe-
HUIO UHAYKIIUM BHELIHErO IO0Js, YBeJIWYHUBAIOTCH 38 CUET COKpa-
IMEeHNs Pa3MepPOB JOMEHOB C MeHee BHIM'OJAHKIM HAIpABJIEHUEM Ha-
marandesHoctH. IToka mosie HeBeJIMKO, 3TOT pouecc obpaTum, u,
VMeHbIIAaA HHAYKINIO, MBI BepHEeMCS K HCXONHOMY COCTOSHHIO.

Ho B KpucTaljiaXx HMeeTCA MHOMKECTBO PasHOr'o poja Aedex-
TOB, OpuMecH U T. 4. IIpyn IBH)KeHHN JOMEHHAA CTEHKA HATAJKH-
BaeTCsa Ha HMX U OCTAHABJWBaeTcA. JIMIIb IIPH AaJIbHEHIIEM yBe-
JMYeHUH UHAYKIUN HAaMArEHYNBAIOLIETO TI0JIS CTEHKA COBEPIIAET
CKAaYOK IO CJEAVIOILNEero IpenATCTBUA. B peaybTaTe HAMAarHUYHU-
BaHHe IPOMCXOAUT CKAUKooOpasHo. Ha KpuBo# HAMATrHUYHUBAHUSA
(cMm. puc. 6.7) 3TH CKAUKY CTJIAYKEHEI.

CKauKM JOMEHHKIX CTEHOK CBA3AHEBI C dHEPTeTUYECKUMH MOTe-
paMu. OHN BRIBHIBAIOT YIIPYT'de MHKPOBOJIHAI B KDHCTAJIJIAX M IIO-
AIBJIeHHEe MUKPOCKOIIMYECKHX BHXPEBLIX TOKOB, HAIPEBAIOIIUX 00-
pasen. Vimenno 61arozapsa aToMy mnpoliecc HaMarHUYMBAHUS OKAa-
aniBaeTcAa HeoGpaTHMEIM. IIpH yMeHbIIEHUH HHAYKIMKA HaMarHu-
YHBAIOIHNEro IOJI CKAYKYM JOMEHHBIX CTE€HOK IIPOMCXOAAT B
obpaTHOM HAHOpDABJIEHHH, HO HE IIOBTODAIOT B TOYHOCTH CKAUKU
OpM HAMATHUYMBAHUHU 00paslia. 3acTpaBIIKe Ha AedeKTax CTPYK-
TYPEl CTEHKHM JOMEHOB NPUBOJAT K IIOABJIEHHIO OCTATOYHOH Ha-
Marsiu4eHHOCTH.
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Maznum
I'pomrozosopumensv

Yeunumenbv

Puc. 6.12

ITocsne Toro rax ABHX<eHHe NOMEHHHIX CTEHOK IpeKpallaercs,
ofpa3ser enfe He fOCTUTaeT HacHILeHusa. OcTaloTcd JOMEHH, ¥ KO-
TOPRIX HAMATHUYEHHOCTD CHUJILHO OTJINYAETCHA 10 BATPABJIEHHUIO OT
BHEINNHEeT'0 MATHHUTHOTO mojasa. [Ipu fansHeitieM yBeIUdYeEUH UH-
JYKIUM HAMATCHHUYMWBAIOIErO II0JIS MPOMUCXOANT HM3MEeHeHHe Ha-
NpaBJeHuil HAMarHN4YeHHOCTH JOMEHOB B 1esoM. Ilocie sToro Ha-
MATHUYEHHOCTH JOCTUTAET HACKINIeHUA.

Crauko06pas3HEIii XapakTep HAMATHUYMBAHUA MOXKHO 06HADY-
YKHUTh JOCTATOYHO IPOCTHIM criocobom. Ha deppoMarHuTHLINR cep-
JEeYHUK HaJleBaeTCA KATYINKa, COeAWHEHHAs ¢ TPOMKOrOBOPUTE-
JeM ueped ycuauTtens (puc. 6.12). IIpn HAMATHHYNBAHUM CTEPXK-
HA, BRHI3BAHHOM IIPUOIMMeHreM OTOCTOAHHOIO MATHUTA, IIPOMUCXO-
JAT CKAaYKU JOMEHHHKIX CTeHOK. IIpM Ka)xJoM CKaUKe B KATYIIKe
BO3HUMKAET UMITYJIbC MHAYKIIMOHHOTO TOKA M B JUHAMUKE CJBIIIIEH
ITeJUOK.

Peppomaznemusm onpedensemca cob6CMEEeHHbLM 8paula-
meavHuLM O8UNCEHUEM INEKMPOHO8 — CNUHOM. lexmpuie-
crue a3aumodeilcmaus K8aHMO8020 NPOUCXOHIEHUA OPUEH-
mupylom cnuHbL 8 00HOM HANDABAEHUU, €CAU 3HEp2UA men-
J108020 GBUICEHUA MeHblUle dHepzulU 83aumodeiicmeaus (mem-
nepamypa Huxe moiku Kopu).

§ 6.6. NPUMEHEHUR GEPPOMAIHETUKOB

MbuL ysice zo80punu o0 npumeHeHUU heppoMazHemucos Oaa us-
20MOBAEHUSL NOCTNOAHHBIYX MAZHUMOB, CEPOEYHUK08 MPANC-
dopmamopos u dpyzux ycmpoiicms. B nacmosuwee apema, no-
Keanyii, Hauboree 8axHOe NpuMeHeHUEe (eppoMaAzZHeMUKU
HaxXo00am 6 MazHUMHbLX NAEHKAX Oa8 3anucu camoil pas3Ho-

451



o6pasnoil ungopmayuu: om zoaoca u mMysviku 0o npozpamm
ANEKMPOHHO-8bIUUCAUMENbHbIX MAWUH (DBM).

MarHmTHbI@ NNeHTbl U MarHUTHble MNIeHKKU

Wz deppoMArHETHKOB H3roTOBJIAIOTCA MATHMTHBIE JIEHTHI M
TOHKHE MATHUTHEIE IIEHKK. MaruuTHhIe JIEHTHI IITHPOKO HCIOJb-
3YIOTCS IJIA 3BYKO3ANMMCH B MATHUTOMOHAX M BMAEO3AIIUCU B BH-
TeomaruuTodporax. MarauTtHasa JieHTA HpeRcraBideT coboit ru6-
KYI0O OCHOBY M3 NOJHUXJIOPBUHHJIA MM APYrHX BemecTs. Ha Hee
HAHOCHTCA pabounit cnoif B BHAe MATHHTHOI'O JIAKA, COCTOSIIETO
U3 OYeHb MEJKHMX HIOJBYATHIX YACTHIL JKeJie3a MM Apyroro dep-
pOMATHETHKA U CBA3YIOIMUX BEIIeCTB.

3amucek 3ByKa IPOU3BOAAT HA JEHTY ¢ HOMONTBIO JIEKTPOMATHH-
T4, MACHHTHOE II0Jieé KOTOPOTrO M3MEHAeTCSA B TAKT CO 3BYKOBEIMH
Kone6aruaMu. IIpu ABMKEHWH JIEHTHI BOJIU3Y MATHUTHOIL TOJTOBKHU
pasJINYHLIE YYACTKHM IJIEHKHM HaMarHuuuBaiorcda (puc. 6.13). Ilpu
BOCHIPOMABENEHNM 3BYKA NPOMCXOAUT obpaTHEIA mpomece. Hamar-
HUUEHHAA JIeHTa Grarofaps 3JeKTPOMATHHTHON HHAYKIMH BO3-
OYI)KJIaeT B MATHHTHOM I'OJIOBKE 3JIeKTPHYECKHEe CHTHAJBI, KOTOPhIe
nocJie YCIIEHUS MOCTYIAIOT HA UHAMUK MaruuTodoHa.

Toukue MArHUTHEBIE ILUIEHKR COCTOAT U3 cJ0oA (heppOMATHUTHO-
ro maTepmana roanuroi or 0,03 a0 10 MxM. Flx npuMeHAIOT B 3a-
noMuUHAIOIOUX yeTpoiicTBax IBM., MarHuTHRe NIeHKH IDpeRHA3-
HAUeHHl JJIA 3alMcH, XPaHeHUS U BOCIPOU3BeJAeHHUS HHPOpMa-
nuu. YIX HAHOCAT HA TOHKHII AIOMUHHEBH#H auck uianu Gapaban.
HuadbopManuio 3anuChIBAIOT U BOCIPOU3BOAAT NPUMEPHO TAK e,
Kak M B oOuHOM MarruTodoHe. 3amuch mHpopManuu B IBM
MO’XHO IPOU3BOUTHL U HA MATHHTHBIE JICHTHI.
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NMpumenenne dpeppuron

B § 6.4 oTMeuanocs, Y4TO CYIECTBYIOT MATHUTHEIE H30JIATOPEl —
deppurr. IIpu nepemarHuuuBaHUM B (eppUTAX HE BOSHUKAIOT
BUXDEBHEIe TOKH. B pesyibTaTe NOTepH 3HEPrum Ha BhIAENEHHNE
TEIJIOTHI CBOAATCA K MUHUMYMY. OT0 0cOGEHHO BAXHO JJIA PALHO-
3JIEKTPOHHOI annapaTyphl, paGorawireil B 06J1aCTH OYeHb BBLICO-
KHX 4acToT (MIINHOHLI KoneGaHU B ceKyHAY). 34eCh NpUMeHe-
HUe CEepPJIeUHMKOB KATYIIEK U3 OTAEJbHEIX IUIACTHH yiKe He JaeT
HYKHOTO 5¢hdeKTa, TaK KAK B KasX0H NIacTHHE BOSHUKAIOT 60JIh-
nrue Toku Pyxo. [losaToMy U3 HepPpUTOB AELNAIOT CEPAEYHHKHU BH-
COKOYACTOTHHIX TpaHcHOpMATOPOB, MATHUTHLIE AHTEHHBI TPAaH-
3UCTOPOB H Ap.

@DeppHUTOBLIE CepACYHHUKHN HMITOTOBIAKT U3 CMECH IODOIUKOB
HMCXOJHHX BelllecTs. CMech mpeccyeTca U MOABEpPraeTca TepMude-
ckoil 06paGoTKe.

CymiecTBeHEO, KpOMe TOTQ, YTO INpH OUYeHbh GLICTPOM H3MeEHe-
HUU MATHUTHOTO NOJA B OOGLIYHOM (heppPOMATHETHUKE BOSHUKAIOT
UHIYKIHOHHEIE TOKM, MATHMTHOE IIOJ€ KOTOPEIX NPENATCTBYET
M3MEHEeHHWI0 MArHUTHOTO NOTOKA B cepleuHMKe xaTymku. M3-za
3TOTO IIOTOK MATHUTHOM MHAVKIIMHM NPAKTHYECKH HE MEHAETCHA H
CepleYHHK He NepeMarHHYUBAETCH.

B deppuTax BUXpeBHEC TOKH HE CO3LAIOTCA, i OITOMY HX MOXK-
HO OY€eHBb OBICTPO mepeMATHHYMBATH., JTO CBOMUCTBO GeppPHUTOB HC-
NOJIB3YETCA B BJIEKTPOHHEIX YCTPOHCTBaX, paGoTaloIuX Ha CBEPX-
BBICOKHMX UACTOTAX.

Hapady c obvlunbimu eppomazemuamy ULUPOKO UCTONL-
ayiomca heppumel. — (peppomazHemukru, He nposodaujue
aJslexmpuuecKozo moka.



SAKJIIONEHUE

V3yueHHe 3JEKTPOAUHAMUKH He 3aKAHUHBAETCA 3HAKOMCTBOM
C 3JIEKTPOMATHHUTHOM HHAYKIIMEH M MAarHUTHBIMHU CBOMCTBAMH Be-
mecTBa. MBI paccMOTpeNIy NOKA JHINL 3JIeKTPOMarHUTHEIE SABJe-
HUA B CJIyYae HEMOABMIXHBIX 3JE€KTPHUYECKUX 3apAAOB (IIOCTOAH-
HOe 3JIeKTPHUYECKOoe 110JIe) U B caydae, KOrja 3apAabl ABHKYTCSH C
MMOCTOSIHHOM CKOPOCTHIO (IIOCTOAHHOE MArHUTHOE 11oJe). TonsKo B
rjaaBe «JJeKTPOMArHHUTHAS HHAYKIIAA» MbI IPHCTYIHJIN K 3HAa-
KOMCTBY C IIEPEMEHHAIM ‘BO BDEMEHHU 3JI€KTPOMATHUTHAIM IIOJIEM.
Ouensb oOmupHas, Hauboyee MHTepeCHAadA M IIpaKTHYeCKH Haubo-
nee Ba)XHaA 0DJACTh IepeMeHHBIX U OhICTpONEePEeMEHHEIX JJIeK-
TPOMATHUTHHIX ABJECHUH 0CTAJIACh HEPACCMOTDEHHOI.

B nanbueiimiem, omnupasch Ha (QyHAaMEHTANbHBIE ~32KOHEI
3JIEKTPOANHAMHUKY, KOTOpHIEe y’Ke H3y4YeHBI, MBI PACCMOTPHUM
CBOMCTBA, IOJYUYEeHNE U IPUMEHEHHE IePEMEHHOTO0 3JIEKTPUUECKO-
ro TOKa. 3aTeM pPacCKa)KeM elie o6 OogHOM ¢(yHIaMEeHTaJIbHOM
CBOMCTBEe 3JeKTPOMATHHUTHOIO IIOJfA: IOPOXAEHUM MATHHUTHOTIO
NoNA MEePEeMEHHBIM 3JeKTPUYECKHM IoJieM (ABJIEHHH, o0paTHOM
3JIeKTPOMAarHuTHO# MHAYKINK). Ilocie aToro mepeiigemM K mnayue-
HHUIO OBLICTPOIIePEMEHHEIX 3JIeKTPOMATHUTHEIX ITOJEH U 3JIeKTpPO-
MArHUTHBIX BOJH. JIMIb TOraa 3HAKOMCTRO C 3JIeKTPOAUHAMHUKOM
MOJKHO OYAET CYHTATH 3aKOHUEHHBIM.



OTBETb! K YNPAXXHEHUAM

Ynpaxnenue 1

L. N=1 [ine,F =88 - 10°,
2. F=2,6xkH.
3. F=2,25ann.
4. x=27 ! r.
2/n
5. T=228 [imegrm, ~1.4 - 1076¢,
23

lgl _ o°r" _
6. mog =40 crcaq/r.

4
. lal=r f Tl 3. 108K
3413 -

8. Ha paccrosHue 7 cM.

=5,2 + 107 Kur.

1l.a=gq @cos 30° = 0,83 cm.

12.Q =4 CICB ; x = rlad

=1
Ji‘hl + 3 |
1

13.F = 3-:(./5 + 5) ~ 1,9 aus.

K

14 My _2+cosb0° 5
"my T1+cos60° 3°

15.¢ = 3 Jmg =100 CIC3,.

Ynpaxuenue 2

1. Eg=5,3 - 105 H/Kx.
2. E,~16 H/Kn.

3. a)E =—_—5;6)E,= ——5.
1 Anegyl 2 4neyl
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m,q
eE

5 r=8 10" m.
6. E= 1 . 9%9,
4rne, a

4. N= = 2000.

2 2

7. a)E=LIQ'"q;5)E =0;8)E, = 1 q—lQl‘
' drngy a ? 8 4ne, a

8. a=45°.

9. a)T, = \/(mg)2 + 2gmgEcosa + (qE)2 =2,9 « 10° quH, ecu HanpA-
JKEHHOCTh 3JIGKTPHYEeCKOTrO0 INOJNA Hanpasnesa BHu3; 6) T,

= «/(mg)z - 2gmgEcosa + (gE)? = 1,2 - 103 gun, ecnu Hanpssxen-
HOCTB 3JIEKTPMYECKOr0 TI0JId HAIPABJIEHA BBEPX.

10. Her, He Moxer. JIns TOro 4robni, K IpUMepy, HOMOKUTEILHEHA 3apaAs
HAXOAMJICA B COCTOAHWH YCTONYMBOr0O paBHOBECUA, He0OX0AUMO, UTO-
6Bl TP CMeLIeHNN 3apAAa B JIO60M HAIIpaBJIEHUH HA Hero AeiicTBoBa-
Jia cuJia, BO3BpAINAOINAS 3apsAj B MoJIoKeHHe paBHOBecud. CienoBa-
TeJILHO, JUHUY HAIDAXKEHHOCTH IOJA NOJXHKI CXOAUTLCA B TOYKE,
TJe pacnosioKeH 3apaxa. Ho JUHUN HAUPAKEHHEOCTH 3JIEKTPHYECKOro
oA HAYMHAIOTCA HA IOJIOKHUTEIBHBIX 3apAfax X OKaHYMWBAIOTCA Ha
OTPHIATEAbHEIX. B TOuKe Ke, rjie pacilosIoKeH paccCMATPUBAEMEI# 38~
PAA, OTPUIATENBHBIX 3APAAOB HET, ¥, CI€/I0BATENbHO, IUHUM HANDA-
JKEHHOCTM BHELIHEro IO OTHOILUEHHIO K 3apAAy I0JIA He MOTYT CXO-
AUTHCA B TOYKeE, I'ie OH PACIIONIOMKEH.

11.E= —%  =10H/Kx.

2n7egR
12,E=J_J§_,
47t€002
_ g
13‘E_§-éOTb.
@ - @ tQ
14.EB_—TEO_S—,EA_EC—_2£F—.
2
15.F=.-2 _=57-10*H.

2e€yS

16. HanpsaxeHHOCTH II0JIS HA MaJOM Y4YaCTKe IIOBEPXHOCTH My3hIpd, CO-
3IAHHOTO BCEMH 3apAAAMM IIY3HIPA, 38 HCKJIIOYEeHUEM 3apAfOoB Ha ca-

MoM yuacTke, E, = % (cMm. 3amauy 5 m3 § 1.16). Cuna, aeiicrayio-
0
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IIasA HA YYACTOK IIOBEDXHOCTHM €IMHWYHOH miaomianu, pasHa E,c =

2
o Q

= 5— (3A€Cb 0 = ——; — NOBEPXHOCTHAS IOTHOCTH 3aPAAa).
2gg 4TR

17. tg a= il

2regmgr’

18.a)x=J lgllQI(m + M) .6)a=(|Q|—|lI|)E.

dne E(m]Q[ + Mlq)’ M+m

2

19. E, = £ =0,1Crca, = 3000 H/Kx; E, = % = 2,5 - 10°2CICy, =
r

R
=750 H/Kun.

20.Tpulx|<§ E=2%. pulx>% E=£=
g 2

_E).

YnpaxHexnue 3

1. a=p %2 (l - l) =2,25 - 107 I
€ ry r,
2. A=1,3 - 1078 IIx.
mgdU2
) == — _~—_=1,6 - -19 .
3. Agq U U, F 0y 6 - 107" Kn
4 A= B jomk
. Aq_qu—‘i‘}—?—z “IOH JI.
2/3
5. ¢=N""¢;,.
r
6. rp= ! >
1+ mym, . (vy + vy)
2k(m, + my) 4142 1
2 2
7. vi= o1 =1,8M/¢c; v, = V2 =3,2mM/¢
. 1 T 4, s 2— =T Yy .
/vf + vg ,,/vf + vg
8. CormacHO yCIOBHIO 3a/layM BJEKTPOHKI BHauane 6yayr c6amaxarses,

JABHATAACH II0 TPAGKTOPHAM ORAMHAKOBOH (POPMEI. OTH TpaeKTOPUH
CHMMETPHYHK OTHOCHTEJILHO ocu X,
NpoXoJALIel Uepes cepeIuHy OTpes- A
Ka AB ¥ pacnoJioXeHHON mepnexHau-
KyJaapHo k Hemy (puc.1l). Ilocne 51 !
cO6aMmxennA Ha MMHMMANLHOe pac- ™ o~
CTOSIHME I 3NEKTPOHEI HAYHYT yja- o
AAThCA APYr OT Apyra. Besemcrsue B
CHMMeTPUM Ha MUHHUMAJIBLHOM pac- Puc. 1

o o
= :Jl
Y
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CTOAHMH DJIEKTPOHE! MMEIOT OJUHAKOBLIE CKOPOCTH i, mAPANienb-
Hule ocH X, OTa CKOPOCTh OnpenenseTca H3 3aKOHA COXPAHEHHSA HM-
nyJnca:

mb, + mb, = 2mil.
B npoexnuax Ha ocs X uMeeM:

2mv sin o = 2mu.
Orciona u = v sin @, Teneps NpuMeANM 3aKOH COXpaHeHHA 3Hep-
FUH:

v e _,mu
BaMeHHB MOAYJIb 4 CKOPOCTH €ro BhIpAXKeHHeM U = v sin O, HoJay-

unM:
= ke’ - ke?
(kez/L) + mvz(l - ain‘%) (kez/L) + mvzcos?a

muvg My, 2 2kQqM
9 v= m+M + (m+M) "Rm(m+M)"*
10.R= 2292 L5 x.

mv

1

11.v=2 /2% 52 + £ =8 - 105 /e,

- 9 o105
12.4 21‘6_00 7,210 nm.

qo(d3 — 1)y — 1y)

18.4= 2202 L 23 107 2
14.q, = % :

15. 9] =

16.¢ = m ('% ) = 1800 B.
17.A¢=-I1-:£— "—‘R— = 3,6 xB.

Tk
18. v =|qf ’ et =75

- __kq | k 5
19. W V"3 /ﬁTi . Yrasanue. Bocnosb30BaThCH pelIeHNEM 3a-

naur 7B § 1.16.

bkq®
20.A"—-3-T—.
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8.

9.

YnpaxHeHue 4

Byaer. Kaxxnasa us miactud o61ajaeT onpene- |-
JIeHHO#, 00BIUHO HEOOJBINOH, EMKOCTBIO OTHO- 11
cuTeabHO 3emiau. (DTO IPOMCXOIUT H3-3a TOrO, C

4TO BOJIH3HM KpaeB IJIACTHH JIUHUM HAIIPSAXKEH-

HOCTH MCKDHUBIAIOTCA U AOCTHIAIOT 3eMJIn.) cl + - c2
OKBUBAJIEHTHASA CXeMa IIOKasaHa Ha PUCYH- - +

Ke 2. EMKOCTb IIJIACTMH OTHOCHTEJLHO 3eMJIH 3

u3obpaskeHa B BUjie KoHaeHcaTopos CI u C2. Puc. 2

IIpu 3aseMJIeHHH JIeBOU MJIACTHMHBI HeHTpalu-

3yeTca 4aCTh 3apAZA, HAXONANIErocs Ha Heil. 9TO >Xe Opou30HaeT
IIpH 3a3eMJIEHHM IIpaBoil IiacTuHE. KoHaeHCaTOD GyeT paspsKaTh-
cA TeM MelJeHHee, yeM OoJblile eMKOCTh KOHJAEHCcATopa II0 cpaBHe-
HUIO C eMKOCTBIO KaXJOH IIJIACTHHLI OTHOCHTEJIHHO 3eMJIH.

d2
U,=U, g —200B.

£,S(1 +€)

2d *

T 2(0+g 6°
_e(1-E/Ey) 2

e—1 3°
HDMGJIHH{.EHHO OIleHHUTH €MKOCTh TeJia 4YeJIOBEKA MOXXHO, IIoJarad,
YTO 4YeJIoBeK umeeT opmy miapa. IITOTHOCTE ero Tesia MIPUMEPHO PAB-
Ha IIJIOTHOCTH BOAKL, T. e. p = 1000 Kr/MS. Jna yenoseka, Macca Ko-
Toporo m = 80 KI', MOHO 3aIIHCATE:

%nR3p =m.

Orcrona

Hckomas eMKOCTh

C = dnega/om =3 - 1071 @ = 30 .
T

4neoer
- r
1 + R(E - 1)
vo—u_2M 4 v_51% _ _as3p
17 Yed, +gdy 7B;Up= g,d, T £,dy :
£0€1€5€38

¢= (e185 + €185 + £383)d”
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10. O6pasoBaBmuiics CI0XKHKIT KOHJEHCA- 2113
TOp MOKHO pPacCMATPHBATHL Kak GaTa- |
pero, COCTOAIIYIO H3 TPeX OAUHAKOBRIX I
€0S +0o— ——~ }———o -
KOHJeHCATOPOB eMKocThI0 C|) = = 3114
KoHxescaropa I ¢ naactunamu I 1 2, I
KouaeHcaropa I] ¢ mracruaaMu 2 1 3 n 2101
korxeHcaTopa I1] ¢ miacrunaMu 3 u 4 Puc. 3
(cM. puc. 1.116). Koagencaropn I n IT
COeAUHEHN IAPAJJIe]bHO (IJIACTHHE
1 1 3 uMelOT paBHBIE IIOTEHIIMAJIEI, TAK KAK OHH COeJHMHEHLI IIPOBOA-
HHKOM, a miacTuHa 2 y HuX oomasn). Kongencatop I11 npucoeauHen
K 3TO# Iape IOCJEJOBATENLHO: €T0 «ILJIOCOBAA» ILIACTHHA 3 ABJIAET-
CA OXHOBPEMEHHO U « MUEYCOBO#» IJIaCTHHOI KOHJeHcaTopa I1. B pe-
3yJIbTATE IIOJAYIAEM CXEMY COCAMHEHHsA KOHAeHcAaTOpoB (puc. 3), M3
KOTOpOM HaXOAMM:
1 2C, 2¢gyS
C=4—T1=73 " 34"
o e
Co 0
11.C = 4,5 M.
12.1,2C.
NC
13. -5 -
14.4W, = cu =-2,5 - 1078 .
T € i -
2
15.W,= 1220 8 — 1,25 - 102 M U= 2222 4 ~ 950 B,
16.e=1+ v—‘;‘,; =4,5.
17. K omu6ousoMy pes3ysbTaTy MEI IPUNLIHA TOTOMY, YTO HE YUJIH OAHO

u3 GyHAAMEHTAJIBLHLIX CBOMCTB 3JIEKTPOCTATHYECKOrO IOJISA — €ro II0-
TEHIMAJNbHBIM XapaKkTep: pa6oTa CHJ IOJA IIPH TepeMeIeHUN 3apa-
SKEHHOH YaCTHIHI 0 3aMKHYTOH TPaeKTOPYH PABHA HYJIIO.

IIpn gBUKeHUHU 3apPAKEHHOH YaCTHILI BHYTPH KOHAEHCATOPA 3JEKT-
pHYECKOe IoJie YCKOPSET, a8 BHE KOHJEHCATOpA — TOPMO3UT ee, M,
KOTZla 9aCTHIA IOAJIeTAeT K OTBEPCTHIO B BepXHel IIaCTHHE, ee 3Hep-
Ui IPUHEMAET NpeXKHee 3HAYCHHE. ITO 03HAYAET, YTO B pACCMATPH-
BaeMOM IpUMepe MEI He MOKeM IpeHeGperaTh 3JIeKTPOCTATHIECKUM
IoJIEM BHe ILIOCKOro KoHAeHcaTtopa. OHO, IpaBAa, 3HAYUTEIBHO CJa-
6ee nosia Mex Ay OOKIafKaMK, HO B HEM YaCTHI[A IPOJETaeT TOpasjgo
6onbmuit nyTe. B pesysnTaTe B TOpMO3ANIEM II0JI€ BHE KOHJAEHCATOPA
YaCTHIA TEPAET KaK pa3 Ty 3HEPTHIO, KOTOPYIO HpuobpeTaeT BHYTPH
KOHAeHcaTopa.
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18.

19.

OHeprus KOBJEHCATOPOB 0 coeAHeRns Obla paBHAa:
=1 2 2
W,= 3 (C,U% + C,UY).
ITocne coepunenns 3apAn GaTaped KOHJEHCATOPOB CTAJ PaBeH q = ¢, +
+ g5, a sHeprusa Garapen

2
(C,U{ + CyU,)

_1 4
+ C1+C2

__.Cl

N

_1
c, 2
PagHocts aHEprUi

w —W=—£2—-(U -U,)2>0

0 2(C,+Cp 1 "2 .

OHeprua KORJEHCATOPOB YMEHBIIUAACH BCJIEACTBIE TOr0, YTO OPH UX
COeJHHEeHNH OPOBOAHMKAMH 3aPAALI IePeTeKaln ¢ OJHOI'0 KOHJEeHCA-
Topa Ha Apyroi. B npoBogHMKAaX, COeZUHAIONMX KOHAEHCATOPHI, BRI-
AeNANACh OPH 3TOM TemoTa. KoJMuecTBO BHAENEHHON TEUJIOTHI He
38BHCHT OT COIIPOTHBJIEHHUS COeAMHUTENBHBIX MpPoBoJ0B. IIpm Masom
COIIpOTHBJIERHM IPOBOJLOB B HUX OyAyT mpoTekaTh Goibmme TOKH M
HaobGopor. Ecim coegmruTEeIbHLIE IPOBOAA M O6KJIAAKA He 06MafaioT
CONpOTHBJIERHEM (CBEPXIPOBOAHUMOCTH), TO B CHCTEME BO3HHUKHYT
3JIEKTPOMArHUTHEIe Kojie6anuA. QOHH B KOHIle KOHI[OB 3aTYXHYT 3a
CcUeT U3TyYEHHUS 3JIeKTPOMATHUTHLIX BOJH.
Korpa nusnexTpPHK BTAHYT HA PACCTOAHHE X, KOHACHCATODP MOXHO
paccMaTpHBaTh Kak 6arapeio, COCTOAIIYIO M3 ABYX NapajjelbHO CO-
eAHHEHHKIX KOHJAeHCATOpOB (cM. puc. 1.120). Ee eMKoCTh paBHa:

CcC= ?(1 + (e 1)’3-‘),

€4S
asapanqg= OT U. 9ueprus KoHAeHCATOPA B 9TOM CJy4ae PABHA:

2 2
g,SU 1
Wl_ qg _ >0

2d 1+(a—1)§

Ecau x yBeaHIUTS Ha O, TO SHEPrus KOHAeHcaTopa ymeHbmuTca. OHa
cTaHeT paBHOI:

 ,SU? 1

2d 1+(z=.—1)3‘—“::8

Pabota ucxoMoii cussl F Ha IyTH O paBHA K3MEHEHUIO 3HEePIuy, Bas-
TOMY C IPOTHBONOJJIOMKHKIM 3HAKOM:

g,SU* (e—l)%
2d [1 +Ee-1% 7 5][1 + (e - 1)’1-‘].
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20.

462

3uauenue cunu F, Boobire roBops, uamenserca. Ho ecnu oyTs d jgo-
CTATOYHO MaJ, TO MOKHO CUHTATD, YTO

A=F3=W, -W,.
Orcroga ciaenyer, 4ro

(»:OSU2 €—

1
2d1 [1 + (e - 1)ﬂz’

ecsin npeHebpeub BeIHUNHON & B 3HaMeHaTe e,

ITpumenanue. B To BpeMs KaK IIPH HOACUYETE 3HEPT'HH MEI CUUTAH,
YTO IOJIe BHYTPH KOHAEHCATOPa OAHOPOJAHO, M NpeHeOperaau Kpae-
BRIMM 3bdexkTaMu ANA buzHuecKoro o0’bACHEHUA IIPOHCXOMKIAESHUS
CHIBI, AeHcTByIOIIeil Ha JUBIEKTPHK, 00A3aTeIbHO HAKO YUUTHIBATE
HEOJHOPOAHOCTS I10JIA Y KPaes.

JHeprua KoHAeHcaTopa B cliydae, KOIAa AW3JIEKTPHK BTAHYJCH Ha
paccTOsHHE X BHYTPh KOHJEHCATOpA, PAaBHA:

_1 9 1 58S X
W, = 3CU —§UT(1+(E 1)7).
Ecax x yBeJIHUIUTE HA 8, TO BHEPTUA KOHAEHCATOpA YBeTHUMUTCA HA

eOUzs 3
AW=W2“W1= 5d (E“l)i-

3apaz Ha oOKAaAKAX KOHAEHCATODA IIPH IlepeMelleHNH JU3IeKTPUKA
Ha PACCTOAHUKE § YBEIMUNTCA HA

e,US 5
9y~ qy= (e~ 1)7. -

PaGora, coBepiiaemMas UCTOYHAKOM HAIIPAKEHUs NPH 1epeMelieHUH
TAKOro KOJIMYEeCTBA BNEKTPHYECTBA, PABHA:

eoUZS b
A=(g—q)U~= —d‘(e“ 1)7 .

3a cuer 3Toil paGoTH yBEIMYHBAETCA HIEKTPOCTATHUECKAS 3HEPIUA
KOHZIeHCATopa U coBepIiaeTca paboTa Mo BTATMBAHUIO JU3NEKTPHKA.
Ecau gyepes F 0603HAYUTL CHILY, ¢ KOTOPO BTATMBAETCA AHAJCKTPHK
B KOHAEHCATOD, TO Ha OCHOBAHHY 3aKOHA COXPAHEHUS 3HEPruH MMe-
eM:

A=W,-W, +F§,

T. €.
2 2
g, U™S 5 ¢gU'S )
—g— (€~ = ——(e- 137 +Fd.
eoU°S
0TC!0A&F= W(E - 1) .

B aTom caydae, KaKk Mbl BUANM, CHJIAa IIOCTOAHHA U HE 3aBHCHT OT X.



YnpaxHexue 5

NIACTHHK [EPBOTO KOHAEHCATOPa K HOJOMHTEJLHO 3apaKeHHO
IJIACTHHE BTOPOTO KOHAEHCATODA.

3. ¢g=1 —25Kn

7

4. p=-LfTS="fsz’=5-1o—7oM-M.
5. tl=wz45°&

8. I=I£—(”‘T2ATUE-)=0,15A.

7. MoumrocTs, moTpefaseMasa npuGOpPOM B MOMEHT ero BKJIIOUEHUsH, BO
MHOro pas 0oJibllle HOMMHANLHOM, TAK KAK CONPOTURICHUE X0JOoAHO%
cnupasgu Majyo. CoOTBETCTBEHHO BEJIMKO NMaieHue HaNpAKeHUd Ha
IIPOBOJAX, MAYINUX OT MATHCTPANM B KBApTUPY. [I0 Mepe Harpesanusa
cnupanu norpebigeMas MOLUIHOCTH IafAeT, NIpUOIHKAACH K HOMH-

HAJBHOH.
8. Crnocob nepesenku sceH U3 pUCYHKA 4.
9. t= ;"Tg(’; ~35e.
10. m = E?t{% = 0,9 xr.
2 2
Mon=, 09" 43 =~ 10% kr/m3
.n W“——t—) = (3,![8(:1; pB = KF/M -— IIJIOTHOCTH BOARI,

t, = 100 °C — TemnepaTypa KANEHHA BOZHL).
2plP

12.8= P 5 =2,2 - 1074 m%,
B -BU
t)ty
13. a) b = R = 6 MHH;
6) ¢, =t +1t,=25Mun.
R
14. 3-

15. R, = § R; =90 Om.

(U - IR,)R,

m = 40 Om.

16. R, =
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17. IIpu yceraHoBKe ABH>KKA B Touke A: [ =

0; U = 0; B Touke B:

I1=0,109A; U=10,9B; sToure C: I = 0,208 A; U = 20,8 B; B TouKke

D:1=0,5A;U=50B.
18.r=R(.J/3 -1)=0,73R.

19.Ry= 3.

_5
20. R, = ER
7
21.R, = s"
92 g CUR:
‘9= R ¥R,
23.1= H(_—R) ~16 M.
4p
U (U - Uy)
24.R_= RW = 79 kOM.
_ R
25.8= R+ Ry
Ynpaxuexue 6
- 6RC _ . 10-5
1- q - E—‘T‘—'_‘ = 1,5 10 KJI.
(Ry — R, I,
2. f=——— -~ =2B
g I, - I,
- sU -
3. I= FR, ¥R,y -UR, = 0,055A.
4 r=28 454
. r=—Fp— =13, Owm.
5.
OBITL paBHEI MEXIY cOBOI.
_(m+1){(n-1R _
6 T = 3,3 Owm.
7. Cwm.puc.5,a,6
IU(R, - R - R,)
8. f= ——————— =2,18B.
é IR, - U
9. Ilpu sapagke akxkymynaropa U,

U,=6-Ir=3B.

ConpoTHRIEHUA BHEUIHEr0 U BHYTPEHHETO YUACTKOB LEOH JOJKHE

= & + Ir = 5B, a npu paspsaigke

10. CooTBeTcTBYIOIMHE pACOpEJENIEHAA NOTEHIUANA H300PAYKEeHH HA

pHcyHKe 6, a—:z.
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= é

1—R+rﬁ U“1+r __________

R
0 ‘R 0 ]
a) 0)

Puc. 5

_61t 6y _ Firy — bpry _ 61, A

)I‘mv¢3—¢A——r ¥y H G)I";;v(PB_(PA“Oa

61— 62 617y + 651
B =T, 9 == 5y, D=0 0570, =6 =6y

26,6, + Uy(6, — 69)

11.U, = 5, =1,86 B.
268, - Uy(6,— 63) _

12.U, = 575, =1,57 B.

£a &
13. Ech — < R+lr

1

6 r Ear
14.R= 55, 10M,R>€ % =10m.
15.9, — 95 =0.

51_3 n B
5, /1
A+ 6y
a) 0)

Puc. 6
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5R+24r 11R + 40r
16.Uyc = 7 % Usp= 3RT 101 *

17.P1=€———(U—€);P2=(———-U_6) :
r

-
(€472 — 637 R,

18.1, = R \Ry(ry +ry) + riry(Ry + Ry) ~0,73 A.
_U-ng _

19.1 = ST =2,7A.

20. 1 = H20E

21.r=0;6=§,.

R Rr
23. IIpu ycnoBuu, 4TO BHEIIHEE COMPOTARIEHNE HEM PABHO BHYTPEHHE-
MY COHDOTHBJIEHHIO OXHOI'O 3/1eMeHTa.
24. Hocnenona'renbno.

6 =
25.N =" —2— =96; I = J’ 7,36 A.

YnpaxHenue 7
2 2,2
mo’r ., meR
1. E = U— T B
_ 1 ’Ze -
2. n= m ——— =380
3. 21,4
vN
m2R
4, @= —— =40 [Ix.
k%t a
m'akc
5 m; = kL ~ my=B0,8 mr.
6. =24r.

7. OnpepeneRHasi KOHIEHTPANUSA MOHOB €CTh PE3YALTAT AUMHAMHUECKO-
T'O paBHOBECHS: KOJHYECTBO MOHOB, BOHMKAIOLIUX BCIEACTBHE 3JIEK-
TPOJHMTHYECKOH AHCCOMMANUU, PABHO YORLIH YHCIa MOHOB BCAES-
cTaHe 06pATHOrO Iponecca — pexoMOMHATINY (MOHE! IIPOTHRONONOMK-
HBIX 3HAKOB, CTONKHYBIIUChH, MOTYT o6pasoBaTh HelTpaJbHYIO MOJIe-
Kyay).

B6ansu sneKTPOAOB KOHOEHTPANMSA NOHOB IAKAET, H 3TO PABHOBECHE
HapymaercA. UHUCI0 HOHOB, BOSHUKINHX BCJEACTBME AHUCCOIIMAIIMH,
okashiBaeTca Gonpme yuchaa pekoMOGUEMpOBARHEIX MOoHOB, WMenmro
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9.

10.
11.
12.

13.
14.

15.

16.

3TOT OpoHecc HOCTABJIAET MOHE! B DAcTBOp 3JeKTpoauTa. Ilpomece
IIPOMCXOAHUT B6IU3H 3JIEKTPOLOB. BHYTDH pacTBODA 3J1€KTPOJIUTA M-
HaMHU4YecKOe paBHOBECHE He HADYITAETCS.

3a cexyHy K KaTojy npuGRIBAaeT U Ha HEM BRgensercd n v S noio-
SKATEJIBHKIX MOHOB (S — ILTONIAAL KaToka). OJHOBPEeMEHHO yAAIsAeT-
cq n_v_S oTpUIATeIBHBIX MOHOB. B IIpollecce yXola OTPMIATEIBHBIX
HMOHOB AMHAMUYECKOE PABHOBECHE MEXKAY HEMTPANbHEIMH MOJEKYJIa-
MH PACTBOpA 3JEKTPOJHUTA U MOHAMM, HA KOTOPHIE OHM PACIIAAAIOTCA,
HapymaeTes (CM. 3afady 7). BHOBL Bo3HMKaeET n_v_S oTpHIATEIbHEIX
¥ CTOJBKO K€ IOJOKHTEIBHBIX MOHOB. I[0J0KUTENLHEIE HOHLI TAK-
JKe BRIJIeJAIOTCA Ha KaTofie, U B Pe3yJbTATe 3aPAJ, IePeHoCHMEI 1mo-
JIOKUTEJLHEIMM MOHAMM, BBIAEAUBIIMMUCA Ha KaTofie B CEKYHAY,
OKA3BIBAETCS UMCJIEHHO PABHBIM IIOJHOMY TOKY.

j= ‘,’2—‘: ~ 120 A/m2.
~ 66.
5. 108 cm3,

3 -108B/m; 2,3 - 108 m/c.

_ It . _It .. 4
Ip—? =300A;U, =& =3 - 10*B.

IIpu oxJaXAeHUHN OTPHUIATEJIBHOI0 YIJIA Ayra OTacHET, TAK Kak ro-
peHUe Ayru ofeclieunBaeTed CUILHOM TepMO3JIEeKTPOHHOI aMuccueil ¢
KAaTOJa, KOTOpas MpeKpauaeTca IpH eTo oxaaxaenun. OxiaxieHne
TIOJIOXKUTEJNLHOTO YIA He 6y/IeT BAUATE Ha paboTy qyru.

IlonHasA sHepruda 3JeKTPOHA PABHA CyMMe KMHETHYEeCKOM M ITOTEeHIH-
aNbLHOIT 3Hepruit.

IIpu opubnm:KeHUHN K KOJbLY NOTEeHLIVANbLHAA dHEPIHA 3JEKTPOHA B
IoJie KOJblA YMEHBINAETCA, ¥ 32 CUET JTOr0 PACTeT KMHETHUECKAA
aHeprus. [Ipoiasa CKBO3b KONBIO, 3JIEKTPOH yaansercsa oT Hero. [Ipu
3TOM NOTEeHIHAJILHAA DHEpPrusd 3JIEKTPOHA YBEIUUYMBAETCH, & CKO-
POCThL TOCTENEHHO YMEeHbIIAETCA A0

Hyad. 1, MA|
Ilepsniit auon HauMHAET NPOBOAUTE 1,92f
TOK Toabko mpu U, > 0, T.e. mpu
U> $1> BTOpO# — TpHU U > §, u Tpe-
1t — npu U > £;. TloaTomy rpadux
3aBMCHUMOCTH ITOJHOrO TOK& OT Ha-
UpAXKEHUn mpeacTanaseTr coboit Jo-

MaHyI0 JHHHIO (pHuc. 7): 0,841

I=0nmpuU<§;

I=k(U-¢g)mpu g, <U<Ey 0,36

I=hU - )+ k(U - &,) npu

6, U< Ey; — ' R
Iz=k(U—§1)+k(U—62)+ 02 5 7 10U,B
+ kU~ &)upulU 2 &,. Puc. 7
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17.

AHopa foCTHralOT 3JEKTPOHEI ¢ 3Hepruamu ot 74 no 80 3B. Ot noTeH-
L[HAJIA CETKH 5Ta BHEPrus He 3aBuchT. (1 3B = 1,6 x 10719 Hx — aTo
3Heprus, npuobpeTaeMas 3JIEeKTPOHOM IIPH IIPOXOKAEHUE UM DasHOC-
TH noTeHIHaj 0B B 1 B.)

2
_el'U _
18. y= HW—; = 0,8 CM.
4hdU
19.U, = TCIRER) = 54 B.
2
rdmvgtg o
20. R~ "0RT
efl —dmugtg o
n;, M
2l.n= 37— =3,6 - 107=3,6 - 10°%.
AFGe
22. Het, Tax Kak OJJOBO TAKXK€ YEeTHIPEXBAJEHTHO.,

23.

1.
2.

3.
4.

5.

6.
7.

IIpaBas 4acTh — B IPOIyCKHOM, 8 JIEBAfA YACTE — B 3AIMPAIOIIEM HA-
npasjenun; =~ 2,7 Om; = 1,1 MOwM.

YnpaxHeHue 8
M=nR?’BI=~6 - 106H - m.

I
B=u0—27-1,.
B _s
B, 2° -

B npouaBosisHO# Touke JuHUYM AR 110608 MaJIRI# aJIEMEHT TOKA Ipo-
BongHUKA ACB co3aaeT MarHUTHOE IT0JIe, HHAYKIIUA KOTOPOro IepieH-
JUKYJADHA ILIOCKOCTA depTeka. CUMMeTpUUHEIN eMy 3J1eMeHT Ipo-
BoaHuKa ADB co3naeT TaKoe e II0Je, HO ¢ HHAYKI[Hell, HAlpABJeH-
HOH B NMPOTHBOMOJIOXXHYIO cTOpony. CyMMapHas MHAYKOUA OT ABYX
JI06BIX CHMMETPHMYHO PaCHOJIOMKEHHBIX 3JEMEHTOB NO3TOMY Oyner
paBHa HyJa10. ClefoBaTeJIbHO, B IPOM3BOJBHOK TOuKe Ha JUHUU AB
UHAYKIUA IIOJIf, CO3LAHHOTO BCEM IIPOBOJHMKOM, paBHA HYJIO, TaK
KaK npAMoJuHeHHEIE YUACTKH IIPOBOAHHUKA TaKike He CO3/JAalOT oA
Ha AB.

PATIY
2)0;6)B= T2 —2 - 109 Tn,
2 2
[= " pPD dRg =550 A.
21,6

a) Ecsu Toxu I 1 i TEKYT B OGHY CTODOHY, TO PACCTOSIHNE MEXAY LITH-

2 .
. h Wolil .
HOIt ¥ TPOBOJOM MOXKeT GBITh: X = 5+ f%— + 40? (ycroitunBoe pas-
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2 plil
HOBeCHe) WIHM X, = b B + 2 (HeycTOlUMBOE paBHOBeCHE)
e 27 3 7" amke B p '
rZ  pelil nolil
Ecmu — < ——,T.e. k< , IPOBOJ| IPUTAHETCA K IITHHE,
4 4nk ﬂh2

6) Ecau Toxu I ¥ i TeKYT B IPOTUBONOJOXKHKX HAIIDABJIEHUAX, TO
TIIPOBOJA OTTAJIKMBAETCA OT LINHBI B OyAeT B yCTOHYNBOM PaBHOBECHH

Ha pacCTOAHNUHN

olil

2
h h K
x“'2'+'\17+4nk'

8. o =arctg L;—{gl = 56°.

9. B= 2058 (540,08 Tn.

10. KoHTYp NpUTATrUBaeTCA K NPOBOAY ¢ cuioit F =

11. A= 2BIab.
12. F = 2rRBI sin a.

13.B=—ng;a=arctgu.
Ily1 +p
14.R=EL _5. 103
voB
- Be _ . 108 -1
15.n—m~1,0 10% ¢,

woll,ak
2rx(x+ h)°

16. Hpamonnngifmoe ABUKEHHe IIPOTOHA BO3MOXKXHO B ABYX CIAYUAAX:
a) Bexrop E HampaBJjieH BAOJb TPaeKTOpPHM nmpoToHa. Torga sekTop B
TaKIKe JOJMeH OBITh, HAPaBJieH BAOJb TPAEKTOPHH X €T0 MOAYJIB MO-
sKeT OLITh JIOOBIM, TAK KAK MATHUTHOE IIOJIE Ha dacTHUY He Oyaer

J.Iel‘flCTBOBaTI:; .

6) Bexropsl E, B u { B3aMMHO HepIeHIU-
KYJNADHBI, U CHJIA, AeHCTBYONIaA HA TIPO-
TOH CO CTOPOHBI 3JEKTPHUYECKOro IOJd,
PaBHA 10 MOAYJIO H MPOTHBOMOJOKHA IIO
HanpasJeHUIo cuie JlopeHiia, feHCTBYIO-
me# Ha OPOTOH CO CTOPOHBI MArHUTHOTO
noxas (puc. 8).

Tax kaxk ¢E + F;, =0, T0eE —evB=0n

_E
==,
Bal
17 (PM_‘PN=;§‘-
18. F= BIR.

19.7- | mEL
) Kow,w,8°

Yi N
ek

E

ce

.18

B

Puc. 8
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20.

21.

22,

470

Ha pucynke 9 usoBpasxeno ceuenue npoeoauuka. OmpeaenruM mar-
HUTHYI0O MHAYKIWUIO B B npousBonbHON Touke A, Haxojasmieica Ha
paccrostEuH r ot ocH nposojguuka O. IIpoBeaem uepea Touky A 3am-
KHYTHII KOHTYP B BUJE OKPY>KHOCTH PaJHUyCcoOM
r, HEHTP KOTOPOl Je>KUT Ha OCH IIPOBOAHUKA U
IJIOCKOCThL KOTOpOM TepIeHAUKYJIApHA JToit

ocu (cM. puc. 9). [IpuMeHHM K 9TOMY KOHTYDY
Teopemy o mupKyasanuu (4.11.7)

2B, AL =ugl,
i
rre I — cuna TOKa, IIPOHM3BIBAIOIETO 3TOT

KoHTYp. I3 coobpakeHnil CUMMeTpUH p 0
Hc.

Zﬁi - Aii=B . 2nr,

1
rae B — mMoaysh UCKOMOM MATHHUTHOM MHAYKIUK. BRIGpaHHBIA KOH-
TYP OXBATHIBAET YACTH MPOBOAHMUKA B BHJE MUIHHADPA, paguyc cede-
HUs KoToporo paseH r. ITostomy I = j1tr2. CnenosarensHo,

B 2nr = pjnrt.
Orcrona
_ Woir
B = 5

W3 nonyueHHO# PpOPMYJILI CAEAYET, UTO HHAYKIIUA MATHUTHOTO IIOJS
BHYTPU IPOBOJHUKA C TOKOM IIPSAMO IPOIOPIUOHAJBHA PACCTOAHUIO
oT ero ocu. Ha ocu IPOROIHMKA MAaTHUTHAS HHAYKIUA paBHa HYJIO, a
HA ero NOBEepPXHOCTH OHA MaKcuMaldnrHa. Ha pucyHke 10 sTa 3aBucH-
MOCTB IIpeACTaBIeHA rpadUUYecKu.
Hojd

= - ITone oasopoaHo (puc. 11), IMHUM UHAYKIUY IEPIeHIU-
KYJAPHBI IJIOCKOCTH, IPOXOAAIIEH yepe3 OCH CHMMETPHHN I10JIOCTH K
TPOBOAHUKA.
MareuTHas MHAYKIUS B TPOHU3BOJLHON TOUKe BHYTPH TpyOHl paBHA
HYJIO.

B,

v a1}

~Y

Puc. 10 Puc. 11



YnpaxHesue 9
BSw

< -
Bo BTOpOM Cayuae.
3a BpeMsa At KOHTYp NepeMecTUTCS B nojoxkenune A'B'C’'D’ (puc. 12)
Ha paccroanue Ax, IIpH 5TOM MATHUTHHIH ITOTOK, IPOHM3LIBAIOIMIA
KOHTYP, H3MEHHUTCH HA

_ I I _ polabAx

= (“0—21:@: 5 Mo m)““ T T Onx(z 1 by
1AD

Tak kax I, = “RAr’® Ax = vAt, TO
_ Meablv

L= srzz T O)R"
Tox, AHAYOIUPOBAHHEI B KOHTYDe, HAIIpaBJeH IO YACOBOI cTpesKe.
2
L°Bw
2
B xouType ABCD peitictByer DIC ungykuun 61 = ka?, a B KOHTYpe

U=

= 0,01 B.

BEFC — 3JIC muaykumu 6, = Eg— . IIpocreitiliag aKBUBAJIEHTHASA

cxeMa ¢ raJIbBAHUYECKUMH 3JIeMeHTaMH, 3aMeHsiomuMu DJIC uHAYK-
Uy, AJA Halneidl memu MMeeT BHMJ, M300pa)KeHHEIN HA pucyHKe 13.
Ha ocHOBanMH BTOpOro npaBuyia Kupxroda MoxXHO 3aIIMCATH:

Iar=§&, -1, - 3ar=1, - 2ar - §,.
Ilo nepsoMy npasuay Kupxroda I, = I, + I;. Pemas nonyuennsie
ypaBHEHHUS, HAXOAUM:

I _BE1+E | B +4E, 26, -85
1" Tiilar **2 " 1lar *°3 T ilar
YaureBas BHIPAXKEHUA A 6, U §,, OKOHUATENHHO HMEeM:
7 ka 3 ka 1 ka
Li=gvili=qgvils= 5+
/
O A A B B A B E
Iy T -
| |
| | >
[ g 161 1 L
x : . —_ 8l &7
} ! 2
! ! I I
X o 2
D D  ClealC =
o Ax D cC F
Puec. 12 Puc. 13
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6.

Lycp= o
ACE R\R, + R \R; + R,Ry "’

2 22
B a"v

b
7. A= & At, ecnu At < 5" B nameii aagaue At > g , HIOBTOMY

8.

9.

10.

11.

12,

13.

14.
472

Ba“v" b _ B%a®bo
R v R
CHauajia IPOBOAHUK GyxeT ABHraThcs (OAXATH) YCKOPEHHO ¢ YMEHb-
IHAIOIUMCH 110 MOAY.JTIO YCKopeHueM. Korjga cKOpOCTh NPOBOJHHUKA

JOCTUTHET 3HAUEHUA

=2,5 - 1078 Ix.

3
=]

£
b2

|

U= 5 s

o]

OHA JAJIbIIE ASMEHAThCA He GyJeT — IPOBOJHMK HAYHET ABMIATHCS
PABHOMEPHO.

le2v

F=

R
I - Bavﬁ
R

=1,3 A.

max 2

F =

a= -TZC . 3a cuer coBepmreHusa paboTh! cuoit F Ha myTH S yBe-
m + Bl

JUYHABAIOTCA KUHETHUECKAA SHEPIrusA IPOBOJHHUKA M 3JIEKTPOCTATHIE-
cKas 3Heprua kougencaropa. (Tak kak L = 0, To 9Heprus Toxa paBHa
HYJO0.)

Tak kxak, cornacHo ycuosuio, I = kt, To B = uowTht ul =~§$

w’s
=Mo—7» rae S = nrl.

IAC caMOMHAYKIUH
2

Al _w
|6i|—LE —-Lk—uoTkS.

HamnpsaxxeHue Ha 3a)KHMaX COJEHOHRA AOJKHO GRITH PABHO:
w2
U= Mo kS + kRt.

CKOpOCTh HAPACTAHUA MATHUTHOTO IIOTOKA B COJIEHOU e (M KaTYIIKe)
nocrosiBHa. CiefoBaTenbHO, HocToAHHA B JIC HHAYKUUHN B KATYLI-
ke. Ecin kaTyika BKIIOYEHA B 3aMKHYTYIO I[€Ih, TO CHJIa TOKA B Heii
6yaer nocroauHa. TOK ycTAHOBHTCA HE cpa3y. BpeMs ero ycraHoBie-
HHA ompejensieTci KoadUIHEHTOM CAMOMHAYKIMU KATYUIKH M ee
COTIPOTUBRJIEHUEM.

g=NC(CU* + LI*) =1,2 - 103 Kn.



15. @ = nBr.

16. Ecxu compoTHRIeHNEM KOJbIa MOYKHO [IpeHebpeyn, TO MOJSIHEIH Mar-
HUTHBIH MOTOK 4Yepea KOJBIO He 6yAeT U3IMEeHATHCS (cM. 3ajauy 6
B § 5.9). A 3T0O 3HAYUT, YTO MATHUTHOE IIOJIEe, CO3RARHOE HHAYKIIMOH-
HHMHM TOKAMY B KOJABUE, BCerfa NPOTHROAEHCTRYET MONIO 3JEKTPO-
marauTa. CleaoBaTeIbHO, KOJMBIO OYAeT OTTAIKUBATEHCA.

I,
17. Cuibi TOKOB B KOJbIAX YMEHBIIATCA B BA pasa, T. e. [ = 3
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