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BBenenune

He Bce siBneHUs B NMPHUPOJIE MOXKHO HMOHATH U OOBACHUTH HA OCHOBE
WCIIOJIb30BaHUS MOHATUN U 3aKOHOB MEXAHHMKH, MOJIEKYJISIPHO-KUHETUYECKON
TEOPUU CTPOEHUS BEIIECTBA M TEPMOJMHAMUKH. JlOCTaTOYHO OOpaTUTH
BHUMaHHE Ha TOT ()aKT, 4YTO HM MEXaHHWKA, HU MOJEKYJISIPHO-KMHETHYECKas
TEOpHsl, HU TEPMOJMHAMHMKA HHYEIO HE T'OBOPAT O MPUPOJE CHII, KOTOPBIE
CBA3BIBAIOT OT/AEJIBHBIE ATOMBI B MOJIEKYJIbI, YAEP/KUBAIOT aTOMbI M MOJIEKYJIbI
BEILIECTBA B TBEPAOM COCTOSIHUM Ha OIIPENEIICHHBIX PACCTOSHUAX IPYr OT
apyra. 3akOHbl B3aMMOJCHCTBUS aTOMOB M MOJEKYJ YHAeTCs IOHATh U
OOBSICHUTh Ha OCHOBE NPEJCTaBICHUS O TOM, YTO B NPUPOJE CYLIECTBYIOT
aeKmpuyeckue 3apsovl.

[ToHsiTHE «BIIEKTPUYECKHUNA 3apsii» SBISAETCS OJHUM W3 BaXKHEHIIUX B
YUYEHHH 00 3JIEKTPUUECTBE HAPSAY C MOHATUEM «3JIEKTpUUeckoe nojey». Kaue-
CTBEHHbIE MPEACTABIECHUS 00 3TOW BeIMYUHE CHOPMUPOBAIUCH €IIE C aHTHY-
HbIX BpeMeH. «B sHTape, — nucan [lnyrapx, — cogepuTcs orHeHHas Oecre-
JIECHAsl CWJIA, KOTOPAsl BBIXOJUT W3 HErO CKPBITBIMU ITyTSMH, €CIU IOTEPETH
MOBEPXHOCTh SHTAPS, U MPOU3BOAUT TO K€ JEHCTBHUE, YTO U MarHUTHBIN Ka-
MeHby». CoBpeMeHHass e TEpMHUHOJIOrusl Oblla BBEIEHA aMEpHUKaHIEM
b. ®paHKIMHOM, KOTOPBIN MPEIJIOKUI 3aPsJl, CKAIUIMBAOLINNICS HAa TOTEPTON
KOXEN CTEKJISIHHOM MAJIOYKE, CYUTATh IIOJIOKUTEJIBHBIM», a 3apsJl, CKaIlIU-
BAIOLIUICA HA IOTEPTOM MEXOM KYCKE CMOJIBL, — «OTPULIATEIIEHBIM.

3apsy NpUCYLIH CIIETYIOIINE OCHOBHBIE CBOMCTBA!

1) osnmexTpuueckuil 3aps OBIBACT BYX BHJIOB: IMOJIOKUTEIBHBIA U OT-
PUIATEIIbHBIN;

2) B J000H 3JCKTPUYECKH U30JIMPOBAHHON CHCTEME BBITIOIHSICTCS 3a-
KOH COXpaHEHHs 3apsja: anredpanyeckas CyMMa 3aps10B HE U3MEHSIETCS;

3) DJIEeKTPUYECKUM 3apsj SABJSCTCS MHBAPHUAHTHBIM: €T0 BEIMYMHA HE
3aBUCHUT OT CUCTEMBI OTCYETA (IIBHIKETCA 3apsi/l UIIU OKOUTCH).

OtnenpHbIE 3apsaabpl B3aUMOAEHCTBYIOT JIPYT C IPYrOM: OJHOUMEHHBIE
3apsAlbl OTTAJIKUBAKOTCS JIPYr OT APYTra, Pa3HOMMEHHBIE — MPUTATUBAOTCS.
DIIEKTPUYECKUN 3apsill — ’TO HEOTHEMIIEMOE CBOMCTBO 3JIEMEHTAPHBIX YACTHII.
3apsii TakOW 4YacTUIIbl HA3bIBACTCS dneMeHmapHvim 3apsioom. [1010xuTeNb-
HBII 3JIEMEHTApHBIN 3apsaa 0003HavYaloT € (WK +€); UM 00JIaJatoT YaCTHIIbI —
npoToHbl. OTpULATENbHBIN 3apsl 0003HaYaeTcsl Kak —€, UM 00J1alatoT dJeK-
TpoHbL. HEUTPOHBI HE UMEIOT 3apsna.
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B nauanme XX Beka amepukaHckuit ¢husuk P. Munnuxen nokaszan JHC-
KPETHOCTh 3JIEKTPUYECKOTO 3apsija. ITO 03HAYAET, YTO MepeJaHHbI WU MO-
JTy4YEeHHBIN TenoM snektpuueckuit 3apsaa ( = Ne. OH Takke BIEpBBIE IKCIIEPU-
MEHTAIBHO OIpeaeNIiI, 4to € ~ 1,6-10™° K.

Ecnmm yepe3 HekoTOpyr0 BOOOpakaeMyr0 MOBEPXHOCTh TEPEHOCHUTCS
CyMMapHbI{ 3apsiji, OTIUYHBIA OT HYJS, TO TOBOPAT, UTO YEpe3 ATy MOBEPX-
HOCTb TeUeT nekmpuyeckuil mok. OH MOXKET Teub B TBEPJbIX Tenax (MeTai-
JIbl, TIONYIPOBOJAHUKHU), B MKUAKOCTSIX (AJIEKTPOIUTHI) U Tra3ax (ra3oBblil pas-
psn). Jdns nporexkanusi Toka HEOOXOIMMO HAJIMYME B JAHHOM Tele (WM cpe-
7€) 3apsHKEHHBIX YacTHIl, KOTOPbIe MOTYT IMEpPEMEIIAThCsl B IMpejeiaax BCEro
tena. IX Ha3bIBalOT Hocumenimu moxa. YiIMu MOTYT OBITh SJIEKTPOHBI, JTUOO
HOHBI, 100 MaKpPOCKOTTMYECKHE YaCTHUIIbI, HECylMe Ha ce0e M30bITOUHBIN 3a-
psia (3apsHKEHHBIC TBUIMHKY U KaTleTIbKH ).

Hanpumep, B pe3yibTare NMEpPBBIX OMNBITOB MO U3YYEHUIO AJIEKTPOIPO-
BOJHOCTA METAJUIOB OBLJIO BBISICHEHO, YTO MEPEHOC 3apsiia OCYLIECTBISETCS
HE aTOMaMH, a KaKUMH-TO JPYTUMHU YaCTUIIAMU, BXOJIAIIMMHU B COCTaB METaJ-
na (onweIT Puxke 1901 r.). [Ipennonaranock, 4To 3TH YaCTUIIBI — JIEKTPOHBI,
OTKpbITbIE Tomconom B 1897 r. OnbITHI, MOATBEPXKAAIOIIUE SIECKTPOHHYIO
TEOPUIO TPOBOJUMOCTH, ObIM mocTaBieHbl B 1913 r. Manoenvwuumamom wn
Ilananexcu. OHY IPUBOIMIIM MPOBOJIOYHYIO KATYIIKY B OBICTPHIE KPYTHIIbHbBIE
KoJe0aHMsI BOKPYT €€ OCH, B Pe3yJIbTaTe 4ero B TenedoHe, MOIKIIOYEHHOM K
ee BbIBOJIaM, ObUI CJBIIIAH 3BYK, OOYCJIOBJICHHBIM HWMMYJbCAMHU TOKa. IJTO
CBUJIETEJILCTBOBAJIO O TOM, YTO B METaJlJIe UMEIOTCS YacCTHUIIbI, CBOOOIHO Iie-
peMeraronuecs BHyTpy Hero. [Ipu TopMoxeHUHM MPOBOAHUKA OHU TMPOJOJI-
KAIOT JBUTAThCS 110 UHEPIIMH, CO3/IaBasi UMITYJIbC TOKa. Takum 00pa3om, yde-
HbIE JJOKA3aJIk, YTO HOCUTEISIMH SJIEKTPUUECKOTO TOKA B IIPOBOJHHUKAX SIBJIS-
I0TCSI DJIEKTPOHBI. KOJNMUYeCcTBEHHBIN pe3ynbTaT ObUT monydeH 7TonmeHom W
Cmioapmom B 1916 r. OHU BBIUMCIWIU 3apsiji, OPOTEKAIOMNUA B LENH MpPH
TOPMOKEHUU KaTYIIIKH, KOTOPBIA OKa3ajcs MPOIMOPIMOHATLHBIM BEJIMYUHE
e/m, oueHb OJIM3KOM K 3HAYCHHIO YACIBHOTO 3apsijia JIeKTPOHA.

B sTom yue6HOM mocoOue paccCMOTPEHbI OCHOBHBIE TEOPETHUUECKUE TIO-
JIOKEHUSI M 3aKOHBI AJIEKTPUUECTBA, XAPAKTEPUIYIOIIUE MOHATUE AJIEKTpUYE-
CKOTr'0 TOKa. A Tak)ke MPUBEJICHbI OMMCAHUE METOJUK IKCIIEPUMEHTOB U MOPSI-

JIOK BBITIOJIHEHUS JTA0OPATOPHBIX pabOT MO JAaHHOMY KypCy (PHU3UKH.



1. XapakTepuCTHKH 3JIEKTPUYECKOI0 TOKA

Knaccuueckast Teopust 3J€KTpOIIPOBOAHOCTH ObLIa pazpadboTtaHa /[pyoe
U ycoBepIIEeHCTBOBaHa Jlopenyem. B KilaccnyeckoM MPUONMKEHUH 3JIEKTPO-
Hbl B METAJJIE JABWXXYTCSA MOAOOHO MOJIEKYJIaM HJI€abHOTO Tas3a. Takoil moj-
XOJl MOJYYWJ Ha3BaHUE «M0OOelb 2IeKMPOHHO20 2a3a». B otnuumne ot molie-
KyJI ra3a, 3J€KTPOHbI IPEUMYIIECTBEHHO CTAJIKMBAIOTCS HE MEXKIY COOOM, a C
MOHAMHM KPHUCTAJUIMYECKOM pPEIIETKU. B pe3yibrare 4ero ycraHaBIMBAETCS
TEPMOJIMHAMHUYECKOE PABHOBECHE MEKIY KPUCTALNIMYECKON PpEIIETKOW U
ANEKTPOHHBIM I'a30M.

B oTcyTCcTBHE 3IIEKTPUYECKOTO MOJII HOCUTENH 3apsiia y4acTBYIOT B Te-
IUIOBOM Xa0THYECKOM JIBIXKCHHH CO CKOPOCThIO U. B 3TOM cimydae depes He-
KOTOPYIO MTOBEPXHOCTh MPOXOJHUT B 00€ CTOPOHBI MPUMEPHO OJUHAKOBOE KO-
JMYECTBO HOCHUTEJIEH TOrO M APYTOro 3HAKa, TaK YTO CyMMAapHbI TOK PaBEH
HyJr0. [Ipy BKIIOYEHUH 3IEKTPUYECKOrO NOJI HA Xa0THYECKOE IBMXKEHHE HO-
CUTEJIEW HAKJIAJbIBACTCS YIOPSAJOUYECHHOE JIBHIKEHHE CO CKOPOCTBIO U . Takum
o0pa3oM, CpelnHsisl CKOPOCTh JABMKEHUS HOCHUTENeW Toka Oyaer paBHa
(U+0)=(U)+(0)=(0), Tak kak (0)=0. OTcro#a CIELYET, UTO NEKMPUYECKUIL
MOK — 3MO YNOPAOOUEHHOEe O8UNHCEHUE DNIEKMPUYECKUX 3aPS008.

KonudecTBeHHOM MEpO 3JEKTPUUECKOTO TOKa ABIsieTcs cuna moka |,

T.C. 3apsa dQ, MepeHOCUMBII Yepe3 MONEPEUHOC CeUCHUE MMPOBOJIHHUKA B €1-

HUITY BpemeHu dt
=49 (1.1)
dt

DJIEKTPUYECKHI TOK MOXET ObITH OOYCJIOBJEH ABIKCHHEM Kak ITOJIO-
KUTEJIbHBIX, TAK ¥ OTPHUIIATEIBHBIX 3apsAa0B. [lepeHOC OTpHUIIATEIBHOTO 3apsi-
7Ia B OJHOM HAIpaBJICHWU DKBUBAJIEHTEH IEPEHOCY TAKOIO K€ KOJIMYECCTBA
MOJIOKUTEIBHBIX 3apsI0B B MPOTHBOIOJIO0XKHOM HalpaBjICHUU. 3a Halpasiie-
HHE TOKa MPUHUMAIOT HaIIPaBJIEHUE JBUKEHUS TIOJI0KHTEIBHBIX 3aPSIIOB.

Tok, He MEHSIOIUIICS CO BPEMEHEM, HAa3bIBACTCS NOCMOSHHbIM. Jliis
MOCTOSIHHOTO TOKA MPEIbIAYIIEE BRIPAKEHIE MOYKHO TIEPEIMCATh KaK

| =%. (1.2)

DNEeKTpUUYECKUN TOK MOXKET OBbITh paclpenesieH MO MOBEPXHOCTH He-
paBHOMepHO. [103TOMy BBOISAT MOHSATHE IUIOTHOCTH TOKa | . Iliomuocmbio

mokxKa Ha3bIBACTCA KOJIHNYCCTBO JJICKTPHUYCCTBA, IICPCCCKANOIICC CAWMHUIY
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IJIOIIAU IIOMEPEYHOr0 CEUECHUs NMPOBOJAHMKA B €AUHHUILYY BpeMeHu. [liot-
HOCTh TOKa | — BEKTOpHAs BEJIMYMHA, HAIIPABJICHHAS BJIOJIb BEKTOpA CpeIHEH

CKOPOCTH YHOPSIOYECHHOTO JABIKCHHS 3apsiI0B:
j= q0n<D>, (1.3)

rac qO — 3apsang HOCHTEIICH TOKa, N — HUX KOHLICHTpaNHA, <U>— CpCaHsiaa CKO-

POCTB yHOPSIOYEHHOTO IBUKECHUS.

OT IJIOTHOCTH TOKAa HETPYIHO MEPEUTH K cujie ToKa. Eciu anemeHT mno-
BepxHocT OS paccMaTpuBaTh Kak BEKTOpP, HANPABICHHBIA BIOJIb MOJOXKH-
TEJIbHOM HOPMAaJIH, TO CBsI3b MEXIY CWJION TOKA U €T0 IIJIOTHOCTBHIO UMEET BUJ

| =]jdS=]j,ds, (1.4)
S S

TJ€ j, — MPOEKIMs BEKTOpa | Ha HOpPMAlb K miomaske dS .

Cuna moka — CKaJsipHas BeJIMYMHA (3TO MOTOK BEKTOPA INIOTHOCTH TOKa
Yyepe3 HEKOTOPYIO MOBEPXHOCTD).

2. 3axkon OMma

OCHOBHBIM €HOCOOOM BO30YKACHHS AIEKTPUUYECKOTO TOKA SIBISIETCS
HaJIMYMe 3JeKTpuueckoro nojis. Kak nmokaspiBaeT ombIT, B psje ciydaeB (Ha-
OpUMep, B MeTajuiax) IUIOTHOCTh TOKa MPONOPLHOHAJIbHA HAIPSKEHHOCTH

QJICKTPHUYCCKOTI'O ITOJIA:

—

j=0E (2.1)
(3axon Oma B nuddepenuuanbHoit popme). 3aech o = 1/ £ — yAenbHas Mpo-
BOJIMMOCTb, paBHasi OOpaTHOMY 3HAYEHUIO YJIEJIBHOTO COMPOTHUBJICHUS Mate-
puaina.

PaccMoTpuM BaXHBIN Cilydail, KOTJa 3JEKTPUYECKUN TOK TEYET BAOJIb
TOHKHMX TIpoBOAOB. Ecmu S — momniaaer monepeyHoro cedeHus MpoBOIHUKA,
To u3 (1.4) umeem

| =jS. (2.2)

s obmHOCTH OyieM mpearnosiaraTh, 4TO KpOME CHJI DJIEKTPUYECKOTO

noJisl B MPOBOJHUKE ACHUCTBYIOT cmoponHue cuivl (T.€. CUIIbI HEdJEKTpUye-

ckoro npoucxoxaenus). Eciu E — HaNpspKEHHOCTD ITOJIsI CTOPOHHMX CHIL,

cmop

To 3akoH OMa (2.1) mpumer Bu



) I
E+Ecm0p=j/0':gp. (2.3)
YMmuoxuM (2.3) Ha anmemMeHT JuymHoN dl mpoBoIHWKA M IPOUHTETPUPY-

€M IIOJIYYCHHOC BBIPAKCHHUC I10 YUACTKY IMPOBOAHHKA OT TOYKHU 1 J0 TOYKH 2:
2 2 2

[Edl + | Ecmopdl = Ijﬂp. (2.4)
1 1 1S
[epBsiit uaTErpan B (2.4) npencrapisieT coO0H pa3HOCTh MOTEHIIMAIOB
@ — (o MEXAY TOYKaMu 1 1 2, BTOpOW MHTErpal 3aBUCUT OT MCTOYHHKA CTO-
POHHUX CHJI U Ha3bIBACTCS 21eKmpoosudicywelt cunou & . IHTerpan B mpaBoit

yacTH (2.4) xapakTepusyeT CBOMCTBA MTPOBOJIHUKA U HA3BIBACTCSI COMPOTHUBIIC-

HueMm R. Eciu S u p mocTosiHHBL, TO

R="2p. (2.5)
S
Taxum oOpaszom, (2.4) mpuHUMAET BUT
»,—@p +&=1R (2.6)

(3akoH OMa B MHTErpaJIbHOM (popMe IJI1 HEOJHOPOIHOTO Y4acTKa MPOBOJAHU-
Ka). B ciydae oHOpPOAHOrO yyacTka NpPOBOJHHUKA, T.€. MIPU OTCYTCTBUU Ha

ATOM Y4acTKe CTOPOHHUX CHII, U3 (2.6) umeeM
U

3. llpaBuaa Kupxroga

OnpenenuB CBA3b MapaMEeTPOB, XAPAKTEPUIYIOMINX IINEKTPUUECKUN TOK
Ha OTJEJIbHBIX y4acTKax Lenu (OJHOPOIHBIX U HEOAHOPOIHBIX), MOKHO pac-
CMOTPETH 3Ty CBSA3b B JIIOOON CKOJIb YTOJHO CIOXKHOU 1enu. OIUH U3 CIoco-
00B pacuera Takux Lened npemsioxkusi HeMmeukud ¢usuk I. Kupxeog B
1845 rony. B ocHoBe cmoco0a yiexkaT JBa COOTHOIIICHMS, Ha3BaHHBIC NPAGU-
namu Kupxeogha, no3Bonsromue onpeaesuTh TOKM BO BCEX ydacTKaxX LemH,
€CJIM U3BECTHHI Bce cornpoTuBiieHus u J/1C.

Ilepsoe npasuno ABIAETCS CIEICTBUEM YpaBHEHHs HETIPEPHIBHOCTU U
OTHOCUTCA K y3JIaM 3JIEKTPUYECKOM LIeTH. Y3710Mm Ha3bIBa€TCS TOYKA, B KOTO-

poil cxonutcsa Oojee NByX MPOBOAHMKOB. IIpu 3TOM TOK, TEKyUIMH MO MPO-
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BOJIHUKY K Y3J1y, CYHUTAETCA MOJIOKUTEIbHBIM, BBIXOASAIINAN U3 y3JIa — OTpHUILIA-
TEJIbHBIM.

[lepBoe mpaBuUIIO IIACHUT: aleeOpauyeckas CyMma moKos, CXo0auuxcs 8
y3/e, pasHa Hyio:.

>'1,=0. (3.1)

N
k=1

Bmopoe npasuno siBisieTcs cneactereM 3akoHa Oma Juisi HEOTHOPOIHO-
ro y4acTKa IIeMU U OTHOCUTCS K JIIOOOMY BBIZICJICHHOMY B Pa3BETBJIICHHOM Iie-
1 3aMKHYTOMY KOHTYpY. OHO TJacuT: 6 3aMKHYmMOM KOHmMYpe cymMma naode-
HULl HanpsaxceHull 80016 8ce2o Kowmypa pasHa cymme 3/[C, npucymcmeyio-

WuUx 6 Hem.

ZN:IkRk :igi. (3.2)

[TocnenoBarensHOCTH MPUMEHEHHUS Ha MpakThKe npasmil Kupxroda Ta-
koBa. CHayvana Ipou3BOJIbHO BBIOMPAIOTCS HANpPAaBICHUS TOKOB Ha JOOOM U3
YYaCTKOB KOHTYpa, 3aTEM JJIs y3JI0B LIEMU COCTABIISIIOTCA YPABHEHHMS IO Mep-
Bomy npasuiny Kupxroda. IlepBoe npaBuio MoXHO TPUMEHUTH ISl JIFOOOTO
u3 N y3710B 11€111, 0JIHaKO He3aBUCUMBIMU OyyT TOIbKO N-1 ypaBHEHUS.

Ha cnenyromem stane BhIOMpaeTcsi HampaBieHHE 00X0Ja KaKJIoro u3
paccMaTpuBaeMbIX KOHTYPOB (10 MJIM MPOTUB 4acoBOM cTpenku). O0xoas Ka-
KAl KOHTYP B BHIODAHHOM HAaNpAaBJICHHM, COCTABJISIOT YPaBHEHHUS MO BTO-
pomy mnpaBuny Kupxroga. Ilpu 3Tom eciau HampaBlieHHE TOKa COBIAJAET C
HaIpaBJIeHHEM 00X0/a, TO TOK CUYUTAETCS MOJIOKUTEIbHBIM, €CIIU MPOTHBO-
MOJIOKHO, TO — OTPUIIATENBHBIM. Takxe, eciu 1mo HampasieHuto ooxomna I/C
CIIOCOOCTBYET JIBHIKEHMIO MOJIOKHUTENBHBIX 3apsAJIOB, TO €CTh Mbl JIBUXKEMCS
[0 HaNpaBJICHUIO 00XO0/a OT «+» K «—», TO OHAa CUMUTAETCS MOJOKUTEIHHOM.
Bropoe npaBuiio MO>XHO MPUMEHUTD TOJBKO ISl IMHEWHO HE3aBUCUMBIX KOH-
TYpPOB, TO €CTh OTIHYAIOLIUXCS IPYT OT ApYyra XOTs Obl OJHUM 3JIEMEHTOM I1€e-
.

B pe3ynbrate oOlee 4uciao JUHEMHO HE3aBUCUMBIX YpaBHEHUH, MOJTY-
YEHHBIX IO MEpPBOMY M BTOpoMmy MpaBuiiaM Kupxroda, paBHO ymcity Heus-

BCCTHBIX TOKOB, TCKYIIIUX HA OTACIBHBIX YUAaCTKax paSBeTBHCHHOﬁ OCIIN.



4. PaboTa 1 MOITHOCTH TOKA. 3aKkoH Jkoyasa — Jlenna

PaccMoTpuM TTPOM3BONIBHBINA YYACTOK IIEMHU MOCTOSIHHOTO TOKA, K KOH-
11aM KOTOporo mnpuioxeHo Hanpspkerne U. 3a Bpemst dt gepes smroboe cedenne
npoBomHUKA mpoxoautT 3apsn dg = Idt. [Ipu 3ToM U 3mekTpocraTHUecKue
CHJIBI COBEPIAIOT PaboTy:

dA=Udqg = 1Udt . (4.1)

370 U ecTh paboTa IEKTPUIECKOTO TOKA.

Ecnu conpotuienne npoBogHuka R, To, monb3ysach 3akoHoM OMa jist

OJHOPOJHOI'0 y4aCTKa LCIIH, IM0JIydacM

U 2
YyurteiBas OIpCACICHUC MOIIIHOCTH, IT0JIy4acM JJIsI MOIITHOCTH TOKA
dA u?
P=""=|R=—2=U. 4.3
dt R (43)

Ecnu Tok nmpoXoauT no HEMOJABUKHOMY MPOBOJHUKY U MIPU MPOXOKIE-
HUU TOKAa CTPYKTypa MPOBOJHUKA HE U3MEHSAETCS, TO MO 3aKOHY COXpPaHEHUS
SHEPTUU MOIy4YaeM, 4To paboTa TOKa MUAET Ha M3MEHEHHE BHYTPEHHEW dHep-
TUU IPOBOIHUKA'
dQ=dA. (4.4)
Taxum ob6paszom,
U 2
dQ = I °Rdt = —dt =Uldt. (4.5)
R
OTO MareMaTU4ecKoe BBIPAXECHHE TPENCTABIACT COOOM  3aKOH
JDicoynsa — Jlenya, OTKPBITHINA SKCTIEPUMEHTAIBLHO, B HHTETpaIbHOU (opme.
J{nst XxapaKTepUCTUKU TETUIOTHI, BBIJEISEMON B Pa3IUYHBIX MECTax IMpo-
BOJIHUKA, UCTIOJIB3YIOT 3aKoH [[oicoyns — Jlenya 6 ougppepenyuanvroti gpopme:
w=pj’, (4.6)
I71€ @ — yOenbHasi menio8as MOWHOCHb.
VYaenpHasi TerIOBas MOITHOCTh OMPEACIISIET KOJIMYECTBO TEIJIOTHI, BbI-
JeNstolIeecs: B €IMHUIle 00beMa MPOBOJHUKA B €AUHUILY BpeMeHH. Bripaxe-

Hue (4.6) cupaBeTHBO U JJI HEOTHOPOIHOTO YJacTKa ICIIH.



S. Kitaccuveckasi Teopusi 3JIEKTPONPOBOIHOCTH METAJLJIOB

Hocutensimu Toka B MeTayuiax SIBISIOTCS CBOOOJHBIE AJIEKTPOHBI, TO
€CTh JJIEKTPOHBI, C1a00 CBSI3aHHBIE C MOHAMHU KPUCTAJUIMYECKON PEIIETKU Me-
Tajuia. JTO NPEACTABIECHUE O MPUPOJIE HOCUTENIEH TOKAa B METAJJIaX OCHOBBI-
BAETCS Ha AJIEKTPOHHON TEOPUH MPOBOJAMMOCTHA METAJJIOB, CO3AAHHONW HEMEN-
kuM ¢us3ukoM I1. /[pyoe n yCOBEPILIEHCTBOBAHHOW BITOCJIEICTBUM HUACPIAH/-
ckuM (pusukom X. Jlopenyem, a TakxKe Ha psijie KIACCUYECKUX OMBITOB, MOJ-
TBEPKIAIOMINX MMOJIOKEHUS AIEKTPOHHON TEOPUH.

CymiecTBOBaHME CBOOOJHBIX JJIEKTPOHOB B METAIaX MOXHO OOBsiC-
HUTh CJEIYIOIHUM o0pa3oM: Mpu o0pa3oBaHUM KPUCTAIIIMYECKON PEHIETKH
MeTtaiia (B pe3ysbTaTe COJMMKEHUS HW30JIMPOBAHHBIX ATOMOB) BaJICHTHBIC
AJIEKTPOHBI, CPABHUTEIHHO €1a00 CBSI3aHHBIE C ATOMHBIMU SIAPAMU, OTPhIBA-
IOTCSI OT aTOMOB METaJlJIa, CTAHOBSTCSI «CBOOOJHBIMUY» U MOTYT IepeMenaThb-
Csl 110 BceMy 00bEMY KpucTaiia. DJIEKTPOHbI TPOBOAUMOCTH MIPU CBOEM JBU-
KEHUU CTAJKUBAIOTCS C MIOHAMU PEIIETKH, B PE3yJIbTaTe YEr0 yCTAHABIMBACT-
Csl TEPMOJMHAMHYECKOE PAaBHOBECHE MEKIY JJEKTPOHHBIM ra3oM U PEemeT-
koi. Ilo Teopun [pyne — JlopeHna 31eKTpoHbl 001a1al0T SHEPTUEN TEIIIOBO-
ro JBMKECHUS, CXOXEU C dHEPIUEr MOJIEKYJ OJHOATOMHOro rasa. Iloaromy,
MPUMEHSSL BBIBOJIBI MOJICKYJISIPHO-KMUHETUUECKONW TEOpHHM, MOXKHO HaWTH

CPCOHIOIO CKOPOCTH TCINNIOBOI'O ABMKCHHA 3JICKTPOHOB!

(u)= 8T (5.1)
m
xotopast ipr T = 300 K pasna 1,1:10° m/c. TermioBoe ABMKEHHE HIEKTPOHOB,
SIBJISISICH XaOTUYECKUM, HE MOKET MPUBECTH K BOSHUKHOBCHHIO TOKA.
[Ipu HaMOKEHWH BHEIIHETO AJCKTPUYECKOTO TOJS Ha METAJUTMYECKUIN
IIPOBOJHUK KPOME TEILIOBOTO JIBMKCHHSI AJICKTPOHOB, BO3HUKACT UX YIOPS-
JIOUYEHHOE JIBIDKEHUE, TO €CTh BO3HUKAET MEKTPUUECKUil TOK. CpemHIOI0 CKO-

pocTh (V) YMOPSIOYEHHOTO ABIKCHHUS IIEKTPOHOB MOXKHO OIEHHTB COTNIAC-

HO (opmyJie IS INIOTHOCTH TOKa
j=ne(v), (5.2)
rze N — KOHIIEHTpAaIHsi CBOOOHBIX 3JIEKTPOHOB B METAJLJIE.

BriOpaB J0MyCTHMYIO TUIOTHOCTh TOKA |, HAPUMEpP JJISi MEIHBIX TPO-
Boos 10" A/M®, momyunm, uro mpu Nn=8-10° M° cpemsist ckopocts (v)
YIIOPSIOYCHHOTO [BIDKCHUS HIEKTpoHOB paBHa 7,810 m/c. CemoBateis-
HO, (V) <<(U), TO ecTh JaxKe NPU OUCHb GONBIIMX IIOTHOCTSAX TOKA CPEIHSs



CKOPOCTb  YMOPSJOUYEHHOTO JBW)XEHHUS SJEKTPOHOB, OOYCIOBIMBAIOLIETO
ANEKTPUYECKUN TOK, 3HAUYUTEIIBHO MEHBIIE MX CKOPOCTU TEIJIOBOTO JBUKE-
HUSL.

ITycTh B METaNIMYECKOM MPOBOJHUKE CYIIECTBYET JICKTPUUYECKOE IO-
ne Hanpsk€HHOCThI0 E =const. Co cTopoHBbI 1osist 3apsij] € UCIIBITBIBAET JIeH-

—

ctBue cuibl F =eE u npuoGperaer yckopenue &= F/m=eE/m. Takum 06-

pazoM, BO BpeMsi CBOOOJHOTO IpoOera 3JeKTPOHbI JBUKYTCS pABHOYCKOPEH-
HO, IpUoOpeTas K KOHIy CBOOOAHOIO Ipobera MakCUMaibHYIO CKOPOCTh

ek
Umax - m <t>’ (53)
rae (t) — cpeHee BpeMs MEKIY ABYMs ITOCICIOBATETBHBIME COYAaPCHUIMHI
AJIEKTPOHA C MOHAMHU PEILETKH.

Krnaccudeckast Teoprsi METaZIOB HE YYHTHIBAET PACHPEICICHUS JICK-
TPOHOB 10 CKOPOCTSAM, MO3TOMY CpeJIHee BpeMsi CBoOOoaHOro mpobera (t) om-

penensiercs cpeaHel NJIMHONW CBOOOIHOTrO mpoodera <I> Y CPEIHEN CKOPOCTHIO
JIBH)KEHUST AJIEKTPOHOB (u) OTHOCUTEIBHO KPUCTAJUIMYECKOW PEIIETKU PO-

BOJIHHKA:

(t)= 0} . (5.4)
(u)

CornacHo Teopuu [lpyae B KOHIE CBOOOJHOrO mpoOera 3JIEeKTpPOH,
CTAJIIKUBASICh C MIOHAMHU PELIETKU, OTAAET UM BCIO HAKOIUIEHHYIO B IIOJIE DHEP-
TUIO, II0O3TOMY CKOPOCTB €0 YIIOPSIOYEHHOTO ABUKEHUS CTAHOBUTCS PaBHOU
Hynwo. ClrienoBarenbHO, CpeaHssl CKOPOCTh HAIPABICHHOIO JBW)KEHUS DJIEK-
TpOHA paBHa

(0) Yo 55)
O0wenunuB Beipakenus (5.3), (5.4) u (5.5), noxyunm
_eE(l)
(v)= om(u) : (5.6)

BosBpamasce k Beipaxkenuto (5.2), HAXOAUM ITUIOTHOCTh TOKA B METaJ-
JMYECKOM ITPOBOJIHUKE:

j:ne<u>:%E:yE. (5.7)

Takum o6pa30M, INIOTHOCTDb TOKa IIPOIIOpIUOHAJIbHA Hal'[p}I)KéHHOCTI/I I1OJIA.
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3T0 BBIpakeHHe onpenensier 3akon Oma 6 ouggepenyuanvroi gopme. Ko-
3G (UIMEHT MPOIOPIHOHAIBHOCTH Y MEXAYy ] W E HaspBaeTcs yodenvHoil
NEKMPULECKOL NPOBOOUMOCHbIO MaTepraa:
2
ne* (1)
Y=o (5.8)
2m(u)

Enunnnia w3mMepeHus yAeNbHON MPOBOAMMOCTH — CUMEHC HA Memp
(Cm/m). IIpoBoguMOCTh MaTepuraja TeM OOJIbIle, YeM OOJIbIe KOHIICHTPAITUS
CBOOO/THBIX AJIEKTPOHOB U CPEIHSS JJIMHA MX CBOOOAHOTO TIpodera.

Benuunna

1 2m(u)
p = —= —2
vy ne’(l)

Ha3bIBACTCA yaeJZbelM IJIEKNPUHECKUM CONpPOmMuBjIeHuemM. EI[I/IHI/II_[a HU3MEpC-

(5.9)

HUSI YJIETTLHOTO CONPOTUBIICHUS — om-memp (OM-M).

HaunMeHbIIUM ~ yJEeNnbHBIM  CONPOTUBJIEHUEM  00JIafaloT  cepedpo
(p= 1,6:10®° Om-M) u Memp (p= 1,7-10®° Om-m). Ha MPAaKTUKE HAPSAY C MEJ-
HbIMU NPUMEHSIOTCS aFOMUHUEBBIE MPOBOJHUKU. [lo cpaBHEHUIO ¢ Menbio
ATIOMUHUNA 00JIalaeT MEHbIIEH IJIOTHOCTBIO, HO MUMEET OOoJbllee YAEIbHOE
compotusienue (p = 2,6:10° Om-m).

ConpoTHBIeHHE TPOBOJHUKA 3aBUCUT OT €r0 pa3sMepoB U (PopMmbl, a
TaKXKe OT MaTepuasa, U3 KOTOpOro NpOBOJHUK U3TOTOBIIEH. J{JIs 0THOPOAHOTO
JMHEWHOTO MPOBOJHUKA DJIEKTPUUECKOE COMpPOTHBICHHE R mpsiMo mpomop-
LMOHAIBHO YJEIbHOMY 3JIEKTPUYECKOMY CONPOTUBIIEHUIO P MaTepuala, U3
KOTOPOTO CJIeNIaH MPOBOJHUK, a TaKkKe ero jiuHe | u o0paTHO mponopumo-
HAJIBHO IJIOIIAM €ro MONEPEYHOTO CEUeHUS S:

R= pl : (5.10)
S
Takum 00pa3oMm, COCOOHOCTH BEIIECTBA MPOBOAMUTH 3JIEKTPUUYECKUN
TOK XapaKTEePHU3yeTCs €ro yAeTbHBIM COMPOTUBICHUEM P THUO0 yIeTbHON MPO-
BOJUMOCTBIO Y. VX BenMUMHBI ONpeesitoTcsl B OCHOBHOM XMMHUYECKOM Mpu-
pO/IOi BelecTBa U TeMieparypoit. Jljiss OOJbIIMHCTBA METAIIJIOB MPU TEMIIe-
paTypax, OJU3KMX K KOMHAaTHOM, CIIPaBeIJIMBO COOTHOIIIEHUE

p=p,(1+at), (5.11)

Ie P U Pp — COOTBETCTBEHHO YJAENbHBIE COMPOTUBJICHUS MPOBOJHUKA MPU
temneparype t u 0 °C; o — TemnepaTypHblii KO3QGUIIUEHT COMPOTHBIICHUS,

IUIA 9UCTBIX METa/UIOB (P HE OYEHb HU3KHUX TemIepaTypax) OMU3KHil K



11

1/273 K™
CrnenoBarenbHO, TeMIepaTypHas 3aBUCUMOCTb YJIEIBHOTO COMPOTHUB-
JICHUA MOXCT 6I>ITI> IMpcacCTaBJICHA B BUIC
p=0op,l, (5.12)
rae T — TepMoMHaMUYeCcKasi TeMIiepaTypa.
[Ipy odeHb HU3KHX TemIepaTypax, OJM3KHX K aOCOIIIOTHOMY HYIIIO,

nuHeiiHas 3aBucuMocTh p(T ) MoKeT Hapymatkcs (puc. 5.1, kpusas 1). U3-3a

HaJau4msl TpuUMeced W Ne(PEeKTOB KPHUCTALINYECKON CTPYKTYPHI YIEIHHOE
COIIPOTUBIICHUE MPU YMEHBUICHUU TEMIIEPATYPHl CTPEMUTCS K KOHEYHOMY
3HAYEHHUIO Pocr-

BriocnenctBun  ObLIO p A

OOHapy>eHO, YTO COMNpo-
TUBJICHHE MHOTHUX METaJUIOB
(marmpumep, Al, Pb, Zn u

JIp.) W HUX CIUIAaBOB IIpHU

OYEHb HU3KHUX TEMIIEpATy- Poer

pax (0,1 —20K), na3wiBae- I - mrarnma

MBIX Kpumuueckumu 1, W 2 pIyTh

XapaKTCPHBIX IS KaXKJI0Io 0 >
T. T

BCILIECTBA, CKAaYKOOOpa3HO

yYMEHBIIIAETCSl 10 HYyJsA, TO
Puc. 5.1. TemnepaTypHasi 3aBUCUMOCTb

YACIBbHOTO COIIPOTHUBIICHUA

€CTh METaJII CTAHOBUTCS a0-
COJIIOTHBIM  MPOBOJTHUKOM
(cm. puc. 5.1, kpuBas 2). BriepBbie 3To sIBJICHUE, HA3BAHHOE C8EPXNPOBOOUMO-
cmbio, 06110 OOHapykeHo B 1911 1. aunepnanackum dpusukom X. Kauvepaume-
OHnecom Inst PTYTH.

SIBrieHHE CBEPXIIPOBOAUMOCTH OOBSICHSIETCS Ha OCHOBE KBAHTOBOMW TEO-
puu. IIpakTuueckoe HCMOIBL30BaHME CBEPXIIPOBOISIIMX MaTepuaioB (B 00-
MOTKaxX CBEPXIPOBOJSIINX MArHUTOB, B cucTreMax mamsitu DBM u np.) 3a-
TPYJIHEHO M3-32 WX HU3KUX KPUTHUECKUX TeMmrieparyp. B HacTosiiee BpeMs
oOHapy>KeHbl U aKTUBHO HUCCIEAYIOTCS KepaMUUYECKHe MaTepuaibl, 00yaaao-

M€ CBEPXIIPOBOAUMOCTHIO Ipu TeMmnepaTypax Boie 100 K.
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6. DuekTpou3mMepuTeIbHbIEC MPUOOPHI

TepMUH <«BJEKTPOU3MEPHUTENbHBIE MPHOOPB» MPEACTABISIET COOOI
00001mIEHHOE Ha3BaHUE MIMPOKOTO Kilacca yCTPOWCTB, MPeaHA3HAYCHHBIX IS
U3MEPEHMSI PA3IUYHbIX (PU3NUECKUX BEIMYMH, IPeoOpa30BaHHBIX B HJIEKTPU-
yeckuil curHasl. CymecTBYIOT TpU OOJIbIINE TPyl U3MEPUTEIbHBIX MPUOO-

POB: QJICKTPOMECXAHUYCCKHUC, DJICKTPOHHBIC aHAJIOTOBBIC 1 III/I(prBBIC.

6.1. DekTpoMexaHUYecKHe U3MePUTeIbHbIEe MTPHOOPHI

OOIMM TEPMUHOM «DJIEKTPOMEXaHUYECKUE NPUOOpPB» 0003HAYAIOT
aHAJIOTOBbIE CpPEJCTBA H3MEPEHUs, COJAEpIKALUE W3MEPUTENBHYIO CXEMY
(UC), usmeputenbubii mexanusm (MUM) u otcuérnoe yctpoiictBo (OV)
(puc. 6.1). 3mepurtenpHas cxema MpeCTaBIIsIeT COO0M COBOKYITHOCTh COIPO-

TUBJICHUH, UHAYKTUBHOCTEN U EMKOCTEM.

X Y o
—» HUC —» UM oy

Puc. 6.1. CtpykTypHas cxema 3IIeKTpOMEXaHIIECKO-
'O U3MEPUTEIIHHOTO Mprubopa

Omna npeoOpa3zyeT u3MepsaeMyro PU3NIECKyI0 BEIMUYUHY X B HEKOTOPYIO
HOBYIO BENMYMHY Y, MOJ BO3JEHCTBHEM KOTOPOU MPOUCXOIUT MEPEMEIECHHE
0. TIOABUKHOW YacCTH U3MEPUTENIIBHOIO MEXaHU3Ma, OTCUUTHIBAEMOE C MOMO-
IIbI0 OTCYETHOTO ycTpoiicTBa. TakuM 00pa3oM, €clid BBIMOJHIETCS OIHO-
3Ha4yHas 3aBHCHMOCTh o = f(X), To ImiKama OTCYETHOrO YCTPOWCTBA MOYXKET
OBITH IPOTPAyNPOBAaHA B €IMHUIIAX U3MEPSEMOI BEIMUUHBL. B OONBITHHCTBE
npuOOpPOB BBIXOJAHBIM MEPEMEUICHUEM SIBIISICTCA YIJIOBOE TEpEMEIlECHUE
CTpPEJIKHM WJIM 3epKaJia.

DJeKTpOMEXaHUYECKUEe MPUOOPHI OTIMYAIOTCS MPOCTOTOM, JEIIEBU3-
HOM, BBICOKOI HaAEKHOCTHIO, pa3HOOOpa3ueM MPUMEHEHHS] U OTHOCUTEIBHO
BBICOKOU TOUHOCTHIO. K 3TOi1 rpymne npuHaaiexxar u3MepuTebHbIE TPUOOPHI
MarHUTORJIEKTPUUYECKOM, 3JIEKTPOMArHUTHOM, 3JEKTPOJUHAMHYECKOU, d3JIEK-

TpOCT&TH‘ICCKOﬁ )41 I/IHILYKHI/IOHHOI\/'I CHCTECM.
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Ilpubopsl maznumodIneKmpuueckoul cucmemol

PabGora mpubopoB Maruu-
TORJIEKTPUUECKON CHUCTEMBI OC-
HOBaHa Ha B3aUMOJCHCTBUHU
MarHuTHOTO TIOJISI TTOCTOSTHHOTO
MarHuTa W TOJBIKHON KaTyIIl-
KU, IO KOTOPOM MpPOTEKaeT W3-

MEpsIEMBIN TOK.

YCTpOUCTBO M TNPUHIMI

NEUCTBUA TakuX HpHOOPOB IO-

ACHAIOTCS Ha puc. 6.2. Kak Buj-

HO N3 PHUCYHKA, MCXKAY IIOJIIO-

CaMH TOCTOSSHHOTO MarHuta |
YCTQHOBIICH — LMJIMHAPUYCCKHA  Pyc. 6.2. [Ipu6op MarHuTOdNeKTpHYe-
dbeppOMarHuTHBIN CEpACUHUK 2. CKOM CHUCTEMBI

B 3a30pe Mexay mosrocamMu MarHuta M HWIMHAPUYECKUM CEPACYHHUKOM MO-
KET CBOOOTHO BpAIaThCs MOJBUKHAS paMKa 3 U3 TOHKOTO MEIHOTO MPOBOJA,
HAaMOTaHHOT'O Ha JIETKWMU allOMUHUEBBIN Kapkac. Ha ocu Bpamienus 6 mon-
BIDKHOM paMKM 3aKpEIJICHA yKa3aTeybHas CTpelika 4, KoTopas epeMeIiacTcs
no mkaye nmpudopa. Ha ocu Takke 3akpernsieHbl 1B CUpaibHbIE MPYXUHBI 5,
CO3JIAI0IINE MPOTUBOACHCTBYIOIIUM BpallalONIMid MOMEHT U OJHOBPEMEHHO
HCTOJIHSOUIUE POJIb TOKOIIOABOASIIUX ITPOBOIHUKOB.

B cocTosiHMM TTOKOS TIJIOCKOCTh PAMKH PAacCloJIOKEHA NMapaljIeIbHO CHU-
JIOBBIM JIMHUSM MAarHUTHOTO MOJIs MOCTOSTHHOro Maruurta. I[Ipu mporekanun
TOKa Ha paMKy JEHCTBYET BpallaloIuii MOMEHT CUJIbI AMIIepa, CTPEMSIIUICS
MOBEPHYTh PAMKYy MEPHEHIUKYJISIPHO K CHJIOBBIM JIMHUSM MOCTOSIHHOIO Mar-
Huta. [Ipy noBopore paMKku BO3ZHHKAET NPOTUBOJACUCTBYIOIIUHA MOMEHT CHUJIBI
YIIPYTOCTH CIUPAJIBHBIX MPYXKHUH. B KOHEUHOM HMTOre paMKa IOBEPHETCA HA
HEKOTOPBIN YroJj O, BEJIMYMHA KOTOPOT'O BO3PACTAET C YBEINYCHUEM 3HAUCHUS
u3MepsieMoro Toka .

Bpamaromuin MoMeHT M, TPONOPIHOHATIEH CHIIE IIPOTEKAIOLIErO I10

00MOTKE PaMKH TOKaA:



M =kl (6.1)

rie Ky — Koo pummeHT, 3aBUCAINI OT KOHCTPYKIUH TPHOOpa, B TOM YHCIIE OT
YuCIa BUTKOB B paMKke. B TO ke BpeMsi MPOTUBOAECHUCTBYIOIIMNA MOMEHT M,
CO3/1aBa€MbIil CIUPAIbHBIMU TMPYKUHAMH, MPOMOPLUUOHATEH YTy MOBOPOTa
paMKH:

M, =k,a, (6.2)
riae K, — )ECTKOCTh CMpalIbHBIX MPYXKUH. PaBHOBECHE paMKH OMPEICIIIeTCs
PABEHCTBOM 3TUX IPOTHBOIIOI0KHO HAIPABIECHHBIX MOMEHTOB, T.€. My, = M,
OTKyJa

a=KkI, (6.3)
rae k =Kk, /k, . Takum 00pa3oM, yroy1 OTKJIOHEHHS paMKH (M yKa3aTells) HaXxo-

JUTCS B JIMHEWHOM 3aBUCUMOCTH OT BEJIMYMHBI U3MEPSAEMOT0 TOKa, YTO olec-
MEYMBAET BBICOKYIO PABHOMEPHOCTD IIKaJIbl IPUOOpA.

B kauecTBe Apyrux JOCTOMHCTB MPUOOPOB MAarHUTOZJIEKTPUUYECKON
CUCTEMBI CJEyeT OTMETUTh MaJlo€ YHEPronoTpedsieHue, cliadyto BOCTIpUUM-
YMBOCTbh K BHEIITHUM MArHUTHBIM IOJISIM, BBICOKYIO YYBCTBUTEIIBHOCTh U TOY-
HOCTb ITOKa3aHHM.

biiarogapst Tomy, 4TO KapKac paMKH BBIIIOJIHEH U3 aTFOMHUHMS, ITOJBHXK-
Has cucTemMa npudopa XapaKkTepu3yeTcs BhICOKOM anepuoguYHOCThIO0. MHAYK-
LIMOHHBIE TOKHM, BO3HMKAIOIIME B KapKace IPHU €ro ABMKEHUM B MAarHUTHOM
MoJie, CO3/IAaI0T CHJIBHBI TOPMO3SIIUNA MOMEHT, MPUBOJISAIIUNA K OBICTPOMY
ycnokoeHnto. CTpenka yCTaHaBIIMBAE€TCSI HA COOTBETCTBYIOLIEM JEJICHUU
npakTuyecku 6e3 kosebanuit. C Ipyroil CTOPOHBI, TO MPUBOJUT K TOMY, YTO
Takre NpUOOpPHl PEarupyroT JUIIb HA MOCTOSIHHYIO COCTABJISIIOIIYIO TOKa U
HETIPUTOJIHBI I U3MEPEHUS IEPEMEHHBIX TOKA U HAITPSKECHUSL.

Tak kak pamka nmpuOopa HaMOTaHa TOHKUM MIPOBOJOM, 3TO HE MO3BOJIS-
€T IPOITYCKATh Yepe3 Hee TOKH, MPEBBIIAIOIINE AecATKN Musumamnep. [lepe-
rpy3ka npubopa MOKET IPUBECTU K MOBPEKIECHUIO TPOBOJA PAMKH WUJIU CIU-

PaJIbHOU NPYKUHKMU.

Ilpubopet 3nekmpomazHumnoil cucmemut

PaGoTa mpuOOpOB 3IEKTPOMArHUTHOW CHUCTEMBI OCHOBaHA Ha B3aWMO-
JEUCTBUM MAarHUTHOTO TOJIS HEMOJBUXKHOM KaTyIIKH, IO KOTOPOU MPOTEKAEeT
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U3MEpsAEMbI TOK, U (EPPOMArHUTHOTO CEPJICUHUKA, SIBISIOLIETOCS TOJIBHXK-
HOH 4acThlo npudopa.

YCcTpoiicTBO M MPUHIMN JIEUCTBUS TPUOOPOB JICKTPOMArHUTHOM CHC-
TEMBI TIOSICHSIOTCS Ha puC. 6.3.

Kak BuaHO U3 pucyHka, dep-
POMAarHuTHBIN CEpACYHUK 1 mMeer
ocoOyro ¢opMy M YCTaHOBJIEH DKC-
LIEHTPUYHO HA OCU BpalleHHs 2
TaK, YTO MOKET CBOOOJIHO BXOJIUTh
B IUIOCKYIO IIEJIb HEMOJABUXHON
karymwku 3. Ha ocu Takxke 3akpen-
JIEHBl CTpEJIKa yKazareys 4, IITOK
BO3/YLIHOTO YCIIOKOUTENS Kojeba-
HUW cTpenku (memndep) 5 u cnu-

panbpHas TpyxuHa 6, obecreun-

BAaIOIIasl  NPOTHUBOJAECUCTBYIOIINN
BpALLIAIOIINI MOMEHT. .
Puc. 6.3. ITpubop snekrpoMarHuTHON
B cocrosHnn mokos cepaed-

CUCTEMBI
HUK BBIBEJICH U3 ILEIU KaTyIKH, a
yKa3aTesb pacriojiaracTcsl Ha HyJIEBOM OTMETKe mKaibl. [Ipu nmporekanuu To-
Ka B KaTylIKEe BO3HUKACT MATHUTHOE I10JI€, KOTOPOE€ HAMATHWUYMUBAET I10IBUXK-
HbI (peppoMarHuTHbIN cepAaedHuK. Ha HamMarHWMYeHHbBINH CepAEYHHUK B HEO/I-
HOPOJIHOM MarHUTHOM TI0JI€ JEMCTBYET cuia, HalpaBjieHHas B 00JacTh OoJiee
CUJIBHOTO TOJIA. B pe3ynbTaTe CepIeYHUK CTPEMUTCS BTSHYTBHCSA B ILIEIb Ka-
TYILKH, [IOBOPAYMBAsACh MPU ITOM BOKPYI CBOEW ocH. BpaleHnune npomgomka-
€Tcs O TeX MOp, MOKa Bpallalollnii MOMEHT HE YPaBHOBECHUTCS IPOTUBOICH-
CTBYIOLIUM MOMEHTOM, CO3/1aBA€MbIM CIHPAIBHOM MPYXKUHOW. B KOHEUHOM
UTOTe€ CEpACYHUK ITIOBEPHETCS HA HEKOTOPBIM yIoJl O, 3HAYEHUE KOTOPOro OIl-
peaeIseTcs BEJIMYNHON U3MepseMOro Toka |.

MarnuTHOE MoJe HEMOABUKHOW KaTYIIKU MPOMOPIUOHATIBHO BEITUYNHE
MU3MEPSIEMOT0 TOKA, MPOTEKAOIIETO 0 €€ BUTKaM. C yBEJIMYEHUEM TOr0 TOKa
YBEJIMYMUBAECTCS 1 HAMAarHMYEHHOCTh (PEPPOMArHUTHOrO cepieyHuka. [loaro-
My Bpalaromui MOMEHT M,, NpONOPLHMOHAJIEH KBaApaTy TOKA:

M, =kl 2 (6.4)

rie K; — ko3 dunment, 3aBucsIuil OT YUCIIa BUTKOB B KaTYIIKE U KOHCTPYK-
uu npudopa. [IpoTuBoaeiicTBYIONIMIT MOMEHT, Kak U B MPUOOpax MarHUTO-
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ANEKTPUYECKON CHCTEMBI, OCTAETCS MPONOPLMOHAIBHBIM YIUIy IIOBOPOTA Cep-
JEYHUKA:

M, =k,a, (6.5)
rie K, — )KeCTKOCTh CIIHpaIbHOW MPYKUHBI. PaBHOBECHE CHCTEMBI TOCTUTACT-
Csl IIPY PABEHCTBE dTUX MOMEHTOB, T.€. My, = M,, OTKyza CIeyeT, YTO

2
a=kI*, (6.6)
rae k =k, /k2 .
Ecnu mo kaTylke MpOTEeKaeT MEePEeMEHHBbIM TOK, TO HEOOXOJUMO MpO-

BECTH YCPEAHCHUC 110 BPEMCHU:
1T
=k=[I(t)dt=kl?,

rae |, — neiicTByrolee 3HaueHUE MEPEMEHHOTO TOKA.

Kak cnenyer u3 cootnomenus (6.6), mpuOOpsl 3J¢KTPOMArHUTHOM CHC-
T€MbI UMEIOT KBAJIPATUYHYIO KAy C CUJIBHO CKAThIM HAaYAJIbHBIM Y4aCTKOM.
OnHako Ha MPAKTHUKE €€ MOXXHO MPHUOJIM3UTh K JTUHEHHON 1moa0oopoM (HopMbI
CEpICYHHUKA.

K nocrounctBam npuOOpPOB AJIEKTPOMArHUTHOW CHUCTEMBI CIIETYET OT-
HECTH WX BBICOKYIO HAJIC)KHOCTh M YCTOMUYHMBOCTH K Ieperpy3kam. [Ipubopsl
3TOM CHCTEMBI 00CCIIEYMBAIOT BO3MOYKHOCTD MPOBEJACHUS N3MEPCHHM B ISTISIX
KaK MOCTOSIHHOTO, TaK U MEPEMEHHOTO TOKOB. DTUM OOBSCHSCTCS WX HEMPH-
TOAHOCTH JIJII U3MEPEHUN MAJIbIX TOKOB W HampsbkeHud. [1o TouHocTn n3me-
PEHUI OHU YCTYNAIOT MPUOOpPaM MAarHUTORICKTPUIECKON CUCTEMBI, KPOME TO-

0, OHHU Ooiee YYBCTBUTCJIbHBI K BHCIITHUM MAI'HUTHBIM I1OJISIM.

6.2. DJIeKTPOHHbIE AHAJIOTOBbIE H3MEPHUTEIbHbIE MPUOOPHI

DJEeKTpOHHBIE aHAJIOTOBBIE MPUOOPHI MPEACTABIAIOT COOOM COUYETaHHE
AJIEKTPOHHOM YacTH, MPEAHA3HAYEHHOU NJisl TpeoOpa3oBaHus ANEKTPUUECKOU
BEJUYMHBI (BBIIPAMIICHUS, YCUICHUS W Ap.), U HW3MEPUTEIHLHOI0 IMpudopa
MarHUTORJIEKTPUUECKOW CHCTEMbI WM 3JIEKTPOHHO-Ty4eBON TPYOKH. Diek-
TPOHHBIE TPUOOPHI 10 CPABHEHUIO C JIEKTPOMEXaHUUECKUMHU 00JalaroT 3Ha-
YUTENbHBIM OBICTPOJICHCTBUEM, OONBIINM AHAMA30HOM H3MEPSIEMBIX BEJH-
yuH. OHU MIPUMEHSIOTCS B KaUY€CTBE BOJBTMETPOB, YaCTOTOMEPOB, OCLUIIIO-

l“pa(bOB, I/ISMCpI/ITCJICﬁ COIIPOTHUBIICHUSA, CMKOCTH U HHAYKTHBHOCTH.
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DnekmpoHHbLIL 60 1TbMMEMP

CTpykTypHass cxemMa YHHUBEPCAJIBHOIO 3JIEKTPOHHOTO BOJIBTMETPA,
NpeAHa3HAYCHHOTO Ul U3MEPEHUs] HANPSHKEHHSI B IIETIAX MMOCTOSIHHOTO U Tie-
PEMEHHOT0 TOKa, NMpUBeAeHa Ha puc. 6.4. OHa BKIIIOYAeT B ce0s CIETyIOIINe
OCHOBHBIE AJIEMEHTHI: aMIUIUTYAHBINA JETEKTOpP, BXOAHOW BHICOKOOMHBIN Jie-

JUTENb, YCUIUTENb NOCTOSHHOTO Toka YIIT, nobGaBouHble pe3ucTOphl, U3Me-

) JloGaBou.

=U #—p| Jemutens —  VIIT > PE3HUCTOPBI
U Awn, l Brok

~Us— JETEKTOp NMHTaHHUA

Puc. 6.4. CTpyKkTypHas cxeMa 3JICKTPOHHOT'O BOJIbTMETpa
pUTENBHBIA TIpUOOp (MUKpOAMIIEPMETP MArHUTOIIEKTPUUECKON CUCTEMBI) U

OJIOK IUTAHUI.

N3MepsieMblid CUTHAJI TIEPEMEHHOIO TOKa IMOJACTCA HA aMIUIATYIHBIN
JNETEKTOP, TOCIE YEro BBINPSMIICHHOE HANPSHKEHUE MOCTYNAaeT Ha BXOJHOU
BBICOKOOMHBIW JENUTENb U Aanee — Ha Bxon YIIT. M3mMepsiemblii curHai mo-
CTOSIHHOTO TOKAa MOJAETCS HEMOCPEICTBEHHO HAa BXOJHOM BBICOKOOMHBIN J€-
JIATENb, MUHYSI JETEKTOP.

Harpyskoit YIIT sBasiercs uameputensHbiid npudop UII, ocHameHHbIi
JIOTIOJIHUTEIIbHBIMU PE3UCTOPAMU, MOAKIOYAEMBIMU B COOTBETCTBUM C yCTa-
HOBJIEHHBIM JTHAIIa30HOM U3MEPEHUM.

brok nutanus mpubopa coCTOUT U3 TpaHcPopMaTopa, BHIIPSIMUTECH U

crabmmzaTtopa HanpspkeHust. OH ciyxuT nis nutanus YIIT u gerexropa.

InekmpouHbliL oMMemp

VYrpoilieHHas cxeMa 3JIeKTPOHHOIO0 OMMETpa MpHUBeJIeHa Ha puc. 6.95.
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T +1B [Ipunuun pabotel  OM-

MeTpa 3aKJIIYaeTCs B CICAYIO-
R meM. l3MepsieMoe CONpPOTHB-

0
jIenre R, mojakirodyaeTcss HEIo-

CPEIACTBEHHO K BXOJAY YCHJIUTE-
— VIIT g mnocrtosHHoro toka YIIT m

COBMCCTHO C JOTAaJIOHHBIM PC3HU-

ctopoM R, oOpasyer nenurens,

R, Ha KOTOPBII MOAAETCS MOCTOSH-

Hoe HanpspkeHue +1 B, BeipaOa-

—_ THIBAEMOE HCTOYHHKOM IIATa-
Hud. [Ipy TakoM NOAKIIOYEHUU

Puc. 6.5. Cxema ommetpa HaIlpSDKEHUE Ha  H3MEPSIEMOM
CONPOTUBJIEHUH, OTCUUTHIBAE-
MO€ MO ILIKaJe U3MEPUTENBLHOro npudopa (MUKpOaMIIEpMETpa MarHUTOJIEK-
TPUUECKOU CHCTEMBI), SIBISIETCS OHO3HAUYHOM (DYHKLIHEH BEIUYUHBI Ry

U, ( R, ) = & .
R, +R,

Bcenencteue 3Toro mikana u3MEpUTEIHHOTO MPUOOpPa MOXKET OBITH MPO-

(6.7)

rpaayrpoBaHa B eauHMIAX conpoTuBicHus. [lIkana Takoro mpubopa moryda-
eTCs pe3Ko HepaBHOMepHOM. Hauaso mkamasl COOTBETCTBYET CONMPOTHUBICHHUIO
Ry = 0, a Ha KoHIlE mKaiabl Ry — co. OgHako n3MepeHus Haubosee TOYHBI TS
Ry = Ro. [loaTomMy st pacmmpeHus auana3oHa U3MEPSeMbIX COMPOTHBICHUHN
BEJIMYMHA ATAJOHHOTO pe3ucTopa Ry M3MEHsETCsS B 3aBUCHMOCTH OT YCTaHOB-
JICHHOTO JIMara30Ha H3MEPEHUH.

Inexkmponnslii ocuyunnozpag

Ocmunorpad mpenHazHadeH Ui BU3YaIbHOTO HCCIEA0BaHUs OBICTPO-
MPOTEKAIOIINX AJIEKTPUUECKUX MPOIIECCOB, a TaKXkKe A U3MEPEHUs UX Bpe-
MEHHBIX M aMIUTUTYIHBIX TAPaMETPOB.

CrpykTypHas cxema ocuwuiorpada mpenacraBieHa Ha puc. 6.6. Ona
BKJTFOYAET B Ce€Osl CIENYIONIME OCHOBHBIE AJIEMEHTHI: 3JIEKTPOHHO-TYYEBYIO
Tpyoxy DJIT, reHepaTop ropM30HTAIBHON pa3BepTKH, OJOK CHHXPOHU3ALIUH,
YCUJIUTENIb BEPTUKAJIBHOTO OTKJIOHEHMS J1yda, YCHUJIMTEIb FOPU30HTAIBHOTO
OTKJIOHEHHSI JTy4a, Kanuoparop, OJIOK TUTaHHUS.
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| 1 2 |3 4
Bxon Y N v
Yeunurens n -
22— ['eneparop = Y
BEPTHKAIILHOTO DaSBepTEH < >_§| | DIT
OTKJIOHEHUS
| A
Bxon X
& VYewmurens B0k Bitok —8
TOPH30HTAIBHOTO| —»{ Kamubparop | LI
CHHXPOHH3AIHH [IATAHUSA
’_-l OTKJIOHEHHA —

Puc. 6.6. CtpykTypHas cxema ocuusuiorpada

DIEeKTPOHHO-TTy4eBasi TpPyOKa MpeCTaBIsAeT COOO OTKAYaHHYIO /10 BbI-
COKOr0 BaKyyMa CTEKJIIHHYIO KOJIOy, BHYTpU KOTOpPOHM PacHoOKEHbI IJIEK-
TPOHHAs MyIIKa |, INTACTHHBI TOPU3OHTAIBHOTO 2 U BEPTUKAJIBHOIO 3 OTKIIO-
HEHUSI 3JIEKTPOHHOTO JIy4ya U (IyopecuupyouInii akpaH 4.

DJIEKTpOHHAS ITyLIKa IIPEAHAa3Ha4YeHa ISl CO3aHUS TOHKOTO dJIEKTPOH-
HOTO ITy4YKa, C MIOMOIbI0 KOTOPOTO Ha 3KPAaHE CTPOUTCS BUIMMOE U300paxe-
HHE UCCIIEYEMOIO CUTHAJIA.

HMCTOYHMKOM 3JIEKTPOHOB B JJIEKTPOHHOM IYILIKE CIYXKUT KaTOJ, BbI-
ITIOJTHEHHBIN B BUJE HUKEJIEBOTO [UIMHAPA, HA TOPLEBYIO NOBEPXHOCTh KOTO-
pPOro HAHECEH OKCUIHBIN CIOW. DJIEKTPOHBI, SMUTHPOBAHHBIE KATOJOM, YCKO-
PAIOTCS TMOJIEM TIEPBOTO aHOJ1a, UMEIOIIETO OOJIBIION MOJOKUTEIbHBINA MOTECH-
nuai. Mexy nepBbIM aHOJOM M KaTOJOM IOMEIIEH MOAYJIATOp. MeHss oT-
pHULIATENIBHOE HAIPSYKEHUE HA MOAYJISATOPE, MOKHO U3MEHATH YUCIIO DJIEKTPO-
HOB B IIyYKE U COOTBETCTBEHHO SAPKOCTh CBETSIIETOCA IISITHA HA DKPAHE.

Karton, MogynaTop W mepBblid aHOJ COCTABJISIIOT 3JEKTPOHHYIO JIMH3Y,
KOH(UTYpaIys 3JIEKTPOCTaTUYECKOTO TOJIsI B KOTOPOM 0OecreynBaeT npe/Ba-
PUTENBHYIO (POKYCHUPOBKY AJIEKTPOHHOrO moToka. OkoHuarenbHas (OKyCH-
POBKa IMyYKa OCYIIECTBIISICTCS AJIEKTPOHHOM JIMH30#, 00pa30BaHHON MEPBHIM
Y BTOPBIM aHOJIAMH.

Ha myTu OT 371€KTpOHHOM MyIIKH K 3KpaHy C(POKYCHPOBAHHBIM 3JI€K-
TPOHHBIN MyYOK MPOXOAUT MEXKAY ABYMsI TapaMU OTKJIOHSIOIIUX IJIACTHUH 2 U
3. HamnpsixeHusi, NpWIOKEHHbIE K TUIACTUHAM, CO3JAI0T MEXKIYy HHMH 3JIEK-
TPUYECKHUE TOJIS,, KOTOPBIE OTKJIOHSIOT DJIEKTPOHHBIA JIy4, YTO NPHUBOAUT K
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CMEIIEHUIO CBETSIIEroCs MsATHA HA AKpaHe. ['OpU30HTANIBHO PacHoIOKEHHbBIC
IJIACTUHBI OTKJIOHSIOT JIy4 MO BEPTUKAIU (BI0JIb OCU Y), a BEpTUKAJIBHO pac-
TIOJIOXKCHHBIC — IT0 TOPU3OHTAH (BIOJB OcH X).

Jly1s Toro 4To0ObI Ha 3KpaHe ocuuuiorpada Mo>KHO ObUIO YBHJIETh, KaK B
HEKOTOPOM (PU3UYECKOM MPOIECCE BEIMYMHA Y MEHSETCS B 3aBUCUMOCTH OT
U3MEHEHHS Jpyroi Gu3nuecKoi BEJIMUYUHHI X, T.€. V= f(X), HeoOX0AUMO OJI-
HOBPEMEHHO TO0JIaTh HA TOPU3OHTAIILHO OTKJIOHSIONIME TUIACTUHBI HampsiKe-
Hue U, IpONOPLMOHAIBHOE X, @ Ha BEPTUKAJIBHO OTKJIOHSIOLINE — HaIlpsiKe-

HHUC Uy , IPOIIOPHIHUOHAJIBHOC . Torz[a BJIGKTpOHHBIfI JIY4 HAQUCPTHUT HA 3KpPAHC

JUHUIO UCCIIETyeMOW 3aBUCUMOCTH. ECI mMpu 3TOM 3aCTaBUTH JTyd HEOIHO-
KpPaTHO MOBTOPATH OJIMH U TOT K€ ITYTh IO KPaHy, TO BCIEACTBUE HHEPIIUOH-
HOCTH TJla3a HAOJNIOMaTelb YBUAWT HEMOABWKHBIM Tpaduk (QyHKIHH
y=f(x).

Ha mnpakTuke 4dacto NMpUXOAMTCS HAONIOJATh M3MECHEHHE Pa3IUYHBIX
(bu3HUeCcKUX BEJIMYMH OT BpeMeHH, T.e. y = f(¢). s 3Toro Ha miacTUHbBI ro-
PU3OHTAIIPHOTO OTKJIOHEHHUS Jyda I10JIaeTCsl HaNpsKEHHUE, HW3MEHSIOeecs
MIPSMO TPOTIOPITMOHAIBHO BpeMeHHU. Takoe HampsHKeHUE BhIpaOaThIBACTCS Te-
HEpPaTOPOM pPa3BEPTKH M Ha3bIBaeTCs MUI000pa3HbIM. [lojx mecTBHeM ATOrO
HaIpPsHDKEHUS JTyd PaBHOMEPHO TIEPEMEIaeTCs M0 dKpaHy CjeBa HaIpaBo H,
JONAS 10 KpafHETO MPABOTro MOJI0KEHHUS, MTHOBEHHO BO3BPAIIIACTCS B UCXO/I-
HOE COCTOSTHHE, TIOCJIE Yero MPOIeCC IBIKCHHS Jyda ToBTOpsercs. OOpar-
HBII XOJI JIyda Ha dKpaHe HE BHJICH, ITOCKOJbKY 3JICKTPOHHAS ITyIIKa Ha 3TO

BPEM «3altupacTCs» rnogauci OTPULATCIIBHOI'O UMITYJIbLCA HA MOAYJIATOP.

6.3. lndposbie n3MepuTebHBbIE MPUOOPHI

B uudposbix nzmepurensubix npudopax (LUII) ocymectrisiercs mnpe-
oOpa3zoBaHMe BXOJIHOM HEMPEPHIBHON M3MEPSEMON BEJIMUMHBI B KOJ, T.€. JIUC-
KPETHYIO BEJIMYHMHY C MPEJICTABIEHUEM pe3yJibTata B Bujae yucna. s obpa-
30BaHusl KojJa Jr00as HempepblBHAs BEJIMYMHA, OFPAaHUYECHHAs HEKOTOPBIMU
npeneNbHbIMU 3HAUYCHUSIMH, KBaHTYETCS MO BpeMEHHM U 1o ypoBHio. [lpu
KBaHTOBAaHUU TEPAETCS 4acTh MH(OpMAIMU, HO MOJTYYSCHHOE 3HAYCHHE BEJU-
YUHBI U3BECTHO C TOYHOCTHIO, ONPEIEIIEMON IaroM KBAaHTOBAHHS.

HoctounctBamu LUII siBrsiroTCsST BBICOKAsi TOYHOCTh, Y00CTBO U 00B-

CKTHBHOCTH OTCUECTA I/ISMep}IeMOﬁ BCJIIMYMWHBI, BBICOKAsA HOMGXOYCTOﬁqHBOCTB
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U BO3MOXHOCTH COYETAHUSA C BBIUMCIIMTEILHOW TeXHUKOU. Hemoctarkamu

LTI sBASFOTCS MX CIIOKHOCTh M BBICOKAs! CTOUMOCTb.

Hugpoeoii 6onemmemp

CrpykTypHas cxema 1uppoBOro BoJIbTMETpa MoKa3aHa Ha puc. 6.7. B
€€ COCTaB BXOJT: ACJIUTEIb BXOAHOIO HANPSKEHHS, YCUIIUTEND TOCTOSHHOTO
toka YIIT, ananoro-nudposoii mpeodpazoarens AL, nemmdparop xomoB.,
1 pOBON UHAUKATOP.

[Ipy m3MepeHUM NEPEMEHHOIO HAIpPSIKEHUS W TOKAa BXOJHAs 4acTb
CXEMBI JOMOJIHIETCS IETEKTOPOM, OCYIIECTBISIOIINM BBINPSIMICHUE CUTHAJIA,
a TaK)X€ M3MEPUTEIbHBIM HUCTOYHHUKOM OIMOPHOTO HANpSKEHUS B ClIydyae U3-
MEpEHHUSI COMPOTUBIICHUS] TOCTOSTHHOMY TOKY.

Paboty uudpoBoro BoJbTMETpa pacCMOTPUM Ha NPHUMEPE HU3MEPEHHS
HaIPsHKEHHS IOCTOSIHHOTO TOKA. BXoHOE HanpshKeHUeE B 3aBUCUMOCTH OT €0
BEJTMYHUHBI TUOO 0cnabiisieTcs BXOIHBIM JIeTUTENeM, JIN00, €CIIM €r0 BeTuYrHa
Maja, yCUJIMBAETCS YCUIIUTENEM OCTOSHHOIO ToKa. C BbIXOJA YCUIIUTENS TO-
CTOSIHHOTO TOKa curHai nocrynaetr Ha AL, B kotopom ocymiecTBisercs
npeoOpa30BaHUE AHAJIIOTOBOM BEJIIMYMHBI B JBOMYHBIA IMapaiedbHbIN KOJ.
Jlanee MBOWYHBIN MapallIeIbHBIN KOJI MOCTYIIAeT Ha Jemudparop, riae mIpowuc-
XOJIUT €T0 MpeoOpa30BaHKE B KOJbI, HEOOXOAUMBIC IS YIIPaBICHUS H(PO-
BbIM MHAUKAaTOpoM. [{udpoBoil MHAMKATOP MpeaHa3HAYEH JJIsi OTOOpaKeHUS

nH(pOpMaU U BXOJHOW BEIUYHUHBI B YTOOHOU JIJISl 3pUTEIBLHOTO BOCIIPUSATHUS

dbopwme.

g—p| lenutens —9| VIIT P9 ALl

Jeumdparop

WAVAVAY,

Puc. 6.7. CtpykTypHas cxemMa u¢ppoBOro BojabTMETpa
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Hudghpoesoit ocyunnozpagh
[lo cBoeMmy mpuHIMITY IEUCTBUS HUPPOBOM ocuuiorpad HUYEM HE
OTIMYAETCsS OT aHAJOTOBOTO 3JEKTPOHHOTO ocuuiuiorpada, OJHAKO HMEET
CYILIECTBEHHBIC OTINYMS B ycTpoiicTBe. CTpyKTypHas cxema HHU(pPOBOro oc-

nuutorpada mokasana Ha puc. 6.8.

: v V ] |

B MK
2% MY || AL :> 03y :> -
Uu() I >

Hucren

Puc. 6.8. CtpykTypHas cxeMa 1udpoBoro ocuwiorpada

BxoaHoe HampshkeHHE TOCTYIMaeT Ha MaclITaOHpylolee yCTPONCTBO
MY, xoTopoe M3MEHSIET €ro amIUIUTYJly B COOTBETCTBUHU C AMHAMUYECKUM
nuariazoHom ALIII. 3aTem Tak ke, Kak U B IIU(PPOBOM BOJIBTMETPE, H3MeEpsie-
Masl aHaJIoroBasi BeJIMYMHA mpeoOpaszyercss B IU(PPOBOH KO C MOMOUIBIO
ANIIL. Ckopocts npeoOpazoBanust ALl mMoxeT 3HaYUTENBHO MPEBBIIIATH
CKOPOCTh paboThl MUKpOKOHTpoJuiepa MK, moaToMy 1j1s1 BpeMEHHOTO XpaHe-
HUsl U(GPOBOro KOJIa UCIOJIb3YETCsl ONEPATUBHOE 3alIOMHHAIOIIEE YCTPOUCT-
Bo O3V. IIpu nocTymieHnu CUrHalia 3amycka U3 COOTBETCTBYIOLIETO YCTPOi-
CTBa MUKPOKOHTPOJIIEP NepenuchiBaeT AanHble u3 O3Y BO BHyTpeHHEe 3amo-
MUHAOIIEee YyCTPOoucTBO 3V, BXOJMIIEE B CUCTEMY OTOOpa)keHus, rue u dop-
Mupyertcs MaccuB ociuiorpammel. [lo komanne MK maccuB ocuusiorpam-
MBI ¢ 3Y mocTymnaeT B cucteMy yrpasienus gucriieeM (o0sruno KK nucreit)
U Jiajee BBIBOJUTCS Ha dKpaH. MUKPOKOHTPOJUIEP BBIBOJAMUT HA SKpaH U BCIO
COMPOBOXK/IAIOIIYI0 MHPOPMAILIMIO, a TaKkkKe 00pabaThiBaeT KOMaH Ibl OPIaHOB

ynpasneHus: OY ocuumiorpagom.
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6.4. OcHOBHBIE XapaKTEePUCTUKH JIeKTPOU3ZMEPUTEIbHBIX IPHOOPOB
YyecmeumenvHocmo u yeHa 0eleHus

YyecmeumenvHocmoio S IpubOpa HA3BIBAETCS OTHOIICHUE JTMHEHHOTO

WM YIJIOBOTO TEpeMeIIeHus ykaszaTens (cTpenku) do. K M3MEHEHHUIO H3Me-
psieMOl BeMYMHBI 0X, BBI3BABIIEMY 3TO TIEPEMEIICHUE:

S= da : (6.8)
dx
Pa3MepHOCTh 4yBCTBUTEJIBHOCTH OMNPEAEIACTCS XapaKTEpPOM ONpee-
JIIeMOU BEJIMYMHBI X (HAIPUMEpP, YYBCTBUTEIBHOCTh MPUOOpa K TOKY, HAIpsi-
KEHUIO U T.1.).
Benuunna, oOpaTHas 4yBCTBUTEIBHOCTH,
c-t (6.9)
S
Ha3bIBACTCS yeHou Oenenus npudopa. OHa paBHA 3HAYECHUIO U3MEPSIEMOMN Be-
JUYUHBI, BHI3BIBAIOIICH OTKJIOHEHHE YKa3aTelsl Ha OJTHO JICJICHHUE IIKaJbI IPHU-
oopa.
B o6miem ciiydae 1ieHa jgenieHus MpeacTaBisieT coO00l pa3HOCTh 3Have-
HHU U3MEPSIEMOM BEJIMYMHBI ISl IBYX COCEIHMX METOK IiKaibl. Llena nene-
HUS 3aBUCUT OT BEPXHETO Xmax U HIDKHETO Xmin IPEIETIOB U3MEPEHHM TTprbopa
1 yucha aeneHuit N, 3akIF04eHHBIX MEXTYy dTUMHU MPeIeTIaMu:
C = X~ Xmin (6.10)
N
IIpumep. Ha puc. 6.9 npusenena mkana npudopa, npeaHa3HAuEHHOTO

4l U3MCPCHHUA  ITOCTOAHHOI'O

Toka B npexenax or 0 mo 300 Q 100 150 20 25

MA. Tpebyercs onpenenuTs 1e- 3 > 0 0,
Hy JIEJIEHHS W 4YyBCTBUTE]b-

HocTh mpubopa. Kak BMAHO u3 MA _M@%2xB
pucyHKa, Mexay mpeaenamu 0 u L5

300 MA 3akimroueHo 60 Maibix
nenenuii, Torna LeHa eleHHs Puc. 6.9. lllkana muinammnepmerpa

TaKoro npuoopa:

C — Xonax — Xmin _300-0

60
a ero ayBctBHTENbHOCTh S =1/C =1/5=0,2 nen/mMA.

=5 MA/gen,
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Ilpeodenvt uzmepenuii

3HaYeHUE U3MEPSEMON BEIUYUHBI Xmax, MPU KOTOPOM YKazaTeslb MpH-
00opa OTKJIOHSIETCA IO KOHIIA IIKAJIbl, HA3bIBACTCS MPENIEJIOM U3MEpPEHUs JaH-
HOTO npuoOopa. Hampumep, 1 MuwuIMaMnepMeTpa, Kajia KOTOporo npHuBe-
JieHa Ha puc. 6.9, mpeaenom u3MepeHus ABiseTcs Tok BeanunHon 300 MA.

DNeKTpOU3MEpHUTENbHBIE TPUOOPHI MOTYT UMETh HECKOJIBKO MPEIEIOB
U3MepeHuid. B oTiaudne oT oHOMpeaeIbHBIX TPUOOPOB OHU UMEIOT HECKOJIb-
KO BXOJHBIX KJIEMM WJIM OCHAIIEHbl COOTBETCTBYIOIIUMHU MEPEKIIOYaTEIIMU
npenenoB. Takue mpuOOPHI HA3BIBAIOTCS MHOTOIPEACIbHBIMU, TTOCKOJIBKY MX
AIIEKTPUYECKAsl CXeMa IpelyCMaTPUBAET U3BMEHEHHE UHTEPBAJIOB U3MEPSIEMOI
BEeJTUYHUHBI. JJOCTOMHCTBO MHOTOINpPEACIbHBIX MPUOOPOB COCTOUT B TOM, UTO
OHM 3aMEHSIIOT HECKOJIBKO OJIHOTUITHBIX MPUOOPOB € PA3TMYHBIMU MpeIeIaMU
U3MEpPECHUM.

BonbIIMHCTBO MHOTONPEIEBHBIX TPUOOPOB UMEIOT OJIHY IIKany. B Ta-
KHX CJIy4dasX HaxO0XJICHUE M3MEPSIEMON BEIMYUHBI CBS3aHO C IEPECUETOM.
[lepecuer 3akiatoyaeTcss B YMHOKEHUHM OTCUETA IO MPUOOPY, CHATOTO B OTHO-
CUTEJIBHBIX EMHUIIAX ITKAJIbI, HA IEPEBOTHON KOA(D(DUIIHEHT:

m=Yous
N

I1€ Xmax — MAKCUMAJIbHOE 3HAYEHUE BEJIMYMHBI, KOTOPOE MOKHO U3MEPUTH Ha
naHHOM mpenene (mpeaen usmepeHus); N — O6e3pazMepHOE YHUCIIO0, CTOSIIIEe
MPOTUB MOCIEAHETO AeJIEHUs TPUoOpa.

IIpumep. Amniepmerp umeer ABa npenaena usmepenust: 15 u 30 A. Ilpu
ATOM €ro HIKaja OTrpaJyHpOBaHA TaK, YTO MPOTUB MOCIEIHErO ACJIEHUs CTO-
ut 6e3pasmeproe uncio N = 150. YUemy paBHO 3HaU€HHE M3MEPSIEMOTO TOKa,
eciu Ha nipenesne 30 A ykazarenb npudopa OTCUYUTHIBAET 95 OTHOCUTEIBHBIX
€IUHHUILI IIIKAJIBI?

[TepeBoHOM KO (P IULIHEHT:

_ Xoax _ 2 =0,2 Al/oTH.en.
N 150
BennuyuHa uzmepseMoro Toka
| =95.0,2=19 A.

WNuorga MHOrOMpeneabHble TpUOOpPhl OCHAIAIOTCS HECKOJIBKUMU IIIKa-
JJaMH, TOTa OTCUET U3MEPEHUs NOJKEH IIPOU3BOIUTHCS IO IIKAJE, COOTBET-
CTBYIOILIEH BEIOpAaHHOMY MpEeNTy U3MEPEHUSI.
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H[yﬂmbl U OOnOJIHUmMENbHbIE conpomuejieHuA

Kak yxe oTMe4anoch, 3J€KTpOU3MEpUTENbHbIE MPUOOPHI MOTYT UMETh

HECKOJIBKO TIPEIENIOB W3- )i R
. A A

MEpEeHHI. DTO JTOCTUTAET- —>

Cs HUCIOJb30BaHUEM IIYyH- )i

TOB W JIONOJHUTEIbHBIX _., —

COIPOTUBJICHUN. Ry, Iy, >

Lllynmom Ha3pIBaeT-

Csi CONpPOTHBJICHUE, TIO-
KJIF09aeMo¢ K aMrepMerpy  Puc. 6.10. Cxema nmyHTUpOBaHUS aMIiepMeTpa
napaienbHo (puc. 6.10).

[Ipu mryHTUpOBAaHUM TOJHKO YacTh TOKa |, oT m3mepsiemoro Toka | ot-
BETBJISIETCA B MPUOOP M HEMOocpeACcTBEHHO u3Mepsiercs. OcraabHOM TOK iy
UJIET Yepes3 MIyHT.

IIpumep. MMeeTcs ammepMeTp C BHYTPEHHUM CONPOTHBJICHUEM R, H
npeaesnoM u3Mepenus toka l,. OnpenenuTs COMpOTHUBIEHUE NTYHTA, 0OecTe-
YUBAIOIIETO YBEJIMUCHHE MpeJiesia U3MEpEHUs ToKa B N pas.

[TaneHus HAPSHDKCHUS HA aMIIepMETPE M IIYHTE OJWHAKOBBI, TaK Kak

OHM coeMHEHbI napauienbHo. C yyeTom 3akoHa Oma

IRy =1R,-
Kpowme Toro,
I=1,+1,, I=nl,.
Pemras cucreMy ypaBHEHUH, ITOTy4aeM
Ry = Ry
o= :
n-1

CrnepnoBatenbHO, AJi1 PaCHIMPEHUs] PEAEIOB U3MEPEHUs B N pa3 HEoO-
XOJMMO, YTOOBI CONPOTUBIICHHE LIYHTA OBLJIO B N—1 pa3 MeHbIIE COMPOTHUBIIE-
HUA TIpudopa.

HononnumenvHolm conpomusienuem Ha3bIBAETCA CONPOTUBIICHUE, MOJI-
KJIFOYaeMOe K BOJIETMETPY TocieIoBaTeNbHO (puc. 6.11).

[Ipy MOAKIIIOUYEHUH AOMOJHUTEIBHOIO COMPOTUBIEHUSI TOJIBKO YacTh
Uy u3mepsiemoro HanpsbkeHust U mpuxoauTcss Ha BOJBTMETP, MOCKOJIBKY OC-

TaJIbHas €ro 4acTh Ujpc masaer Ha JONOJIHUTEILHOM COIPOTUBIEHUN Ryc.
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ITpumep. Umeet-
— — p p
— Csi BOJBTMETP C BHYT-
< U > PEHHUM  COIPOTHUBIIC-
R, R HuemM Ry u mnpenenom
Vv — M3MEPEHUS  HAIpPsUKe-
Hus Uy. Onpegenutsb
< U, Uy —»
3HAYECHUE JIOTIOJIHHU-

TEJILHOTO COIPOTHUBJIC-
HHSI, 00€CIICUNBAIOICTO
Puc. 6.11. Cxema NOAKIIIOUEHHS JTOMOJIHUTENBHOTO  yBeIMUEHHE  Tpejiena
COTNIPOTUBJICHUS K BOJIBTMETPY U3MEPCHUSI  HampsDKe-
HUS B N pas.
Uepes BOJBTMETP M JIOMOIHUTEILHOE CONPOTHBJICHUE MPOTEKACT OJIUH
U TOT K€ MaKCUMaJbHO JOMYyCTHUMBIA TOK lma. Torma mjis ydacTka memu
(puc. 6.11) cipaBeIITMBO PaBEHCTBO
U, +U,=U,
rae U =nu, .
C yuerom 3akoHa Oma
R Lo + Rl =NR, L
OTKyJa
RZ[C =(n-DR,.

CJ'ICI[OB&TCJ'IBHO, JJIs1 paCIIUPEeHUA NIpeaciaa U3SMEPEHUA BOJIBTMETpPA B N
pas H€O6XOI[I/IMO IMOAKIIOYNUTE K HEMY IIOCJICAOBATCIIBHO JOIMOJHUTCIBHOC
COIIPOTHUBJICHUC, B n—1 pa3 OoublIee BHYTPCHHCTO COIIPOTHUBJIICHHA BOJIbTMCT-

pa.

Hozpewinocmo uzmepumenvnvlx npudopos

KauecTBO cpenctB u pe3ysbTaTOB U3MEPEHUS MPUHATO XAPAKTEPHU30-
BaTh YKa3aHUEM HMX NOrpemHocTerd. Ho Tak kak Xapakrep mposiBICHUS U MPU-
YUHBI TIOSIBJICHUSI TIOTPEITHOCTEN BeChMa Pa3HOOOpa3HbI, TO HAa MPAKTUKE YyC-
TAaHOBWJIOCH JIEJICHUE MOTPEIIHOCTEN Ha psil pa3HOBUIHOCTEN. [Ipexne Bcero,
HEOOXOJIMMO pa3iInyaTh MOTPEIIHOCTH W3MEPUTEIBHBIX MPUOOPOB U TOTPEl-
HOCTb PE3yJbTaTa U3MEPEHHUS.

Abconromuoti noepewinocmuio uamepurensHoro npudopa (UI1) naseia-
€TCs Pa3HOCTh MEXKAY JCHUCTBUTEIHHBIM (TOUYHBIM) 3HAYEHHUEM H3MeEpseMOoun
BEJIMUMHBI X ¥ TIOKa3aHuEeM Mpuoopa:

AX=X—X,. (6.11)
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AbcomotHas norpemHocTh UIT He MoXkeT cama 1o cebe CITy>KUTh MOKa-
3aTeneM TOYHOCTHU. [1o3ToMy 1 XapaKTepUCTHKHA TOYHOCTH BBOJUTCS IOHS-
THE omuocumenvhou noepewnocmu I, peacrapinsronieil co00i OTHOIICHHE
adcomotHoM morpemHocTy UIT K nelcTBUTENPHOMY 3HAYEHUIO M3MEpsSeMOn
BEJIMYMHBL:

Y= (6.12)

OTtHocutenbHas norpemHocts VI BeipakaeTcsi B OTHOCUTENBHBIX €1H-
HUIIAX WY MPOIEHTaX.

DTa O4YeHb HarjsHAs XapaKTEPUCTUKA TOYHOCTH HE BCErAa TOJUTCS
1utst HopMupoBaHus norpemHocty UM, Tak kak 1yist MHOTUX IPUOOPOB MOKET
M3MEHATHCS OT HyJsl A0 OeckoHeuHOocTH. [loaTomMy Mcmosib3yeTcs emé oaHa
Pa3HOBHJIHOCTh MOTPEIIHOCTUH — npusedénuas noepewrocms WII. Ona ompe-
JesieTC KaK OTHOIIICHHE a0COIIOTHOM MOTPEIIHOCTH K MPOTSHKEHHOCTH IHa-
Na30Ha U3MEPSAEMOIl BETUYUHBI:

pp— (6.13)
XK - XH
T€ X¢ U Xy — 3HAUEHUSI U3MEPSIEMON BEIMUYMHBI B KOHIIE U HayaJje LIKajbl CO-
OTBETCTBEHHO. Eciu HyJieBass OTMETKAa HaXOAUTCS BHE LIKAJBI, TO X, MPUHHU-
MaeTcsi paBHbIM Hyto. [lpuBenEHHAs MOrPENIHOCTh YJIOOHA TEM, YTO IS
MHorornpenenbHbix MI1 oHa ouHakoBa BO BCEX AMAINIA30HAX WU3MEPEHMUSI.

VY pa3auuHBIX U3MEPUTENBHBIX MPUOOPOB XapaKTep MPOSIBICHUS TO-
TPEIIHOCTH MOXKET ObITh paznudeH. [Ipu 3TOM MOrpemHOCTH OTIEIbHBIX JK-
semmuisipoB UIT MoryT otnuyatsest apyr ot apyra. [loatoMmy, 4TOOBI OLICHUTH
MOTPEIIHOCTh, BHOCUMYIO MPUOOPOM B pe3yJIbTaT U3MEPEHHUs], MOJIb3YIOTCS
Hopmuposanuvimu nocpewinocmamu W11, Ilog HOpMUpOBaHHBIMU TTOHUMAIOT-
Cs IOTPEIIHOCTH, SIBIISIOLIHAECS NpeAeabHbIMU JuIsl fanHoro tuma UII. Xapak-
TEPUCTUKA, OMpPEACISIONnIasi rapaHTUPOBAHHBIE TPaHUIBl 3HAYEHUN MOTrpeul-
Hoctu U1, Ha3bpIBaeTCs «Kacc mouHocmu usmepumenbHo20 npubopay.

JInsg ykazaHusl KJIaCCOB TOYHOCTA HE MOTYT MCIOJb30BATHCA MPOU3-
BOJIbHBIE uKciia. BeipakeHHbIE B MPOLIEHTaX, OHU MOTYT UMETh 3HaUCHU: 6 —
4-25-15-10-05-0,2-0,1-0,05 u 1.1. [Ipubops! KJIACCOB TOUHOCTH
Menee 0,5 % Ha3bIBatOTCS MPEUU3UOHHBIMU U MPUMEHSIIOTCS. B OCHOBHOM JIJIsI
TOYHBIX JITA0OPATOPHBIX H3MepeHui. K TEeXHUYECKUM OTHOCSTCS MPUOOPHI,
3HA4YEHUS KJIAaCCOB TOYHOCTH KOTOPBIX JiexkaT B npeaenax ot 0,5 no 6 %. 1pu-
OOpBI ¢ TOTPENTHOCTHIO OoJee 6 % CUNTAIOTCS BHEKIIACCOBBIMH.

Jnsa onpenenenus knacca TouHocTH norpemHoctd WII Hopmupyrorcs
YETBIPEMS PA3TUIHBIMUA CITIOCOOAMH.
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a) HII ¢ nozpeuwtnocmuio uyecmeumeapbHoCmu

Ecnu st usmeputenbHoro mpubopa aOCONIOTHAs MOrPEmIHOCTh AX
BO3pAcTaeT MPSMO IMPOMOPIMOHATILHO MU3MEpsSEeMON BEJIMYMHE, TO Takas Io-
IPEIIHOCTh HA3bIBAETCS MOTPEIIHOCTHIO YYBCTBUTEIBHOCTU (MYJIBTHUILIHAKA-
TUBHOM TMOTPEIIHOCTHIO), @ KJIacC TOYHOCTH OMpEEsIeTcss M0 HOPMUPOBAH-
HOM OTHOCUTENBHOM norpemnocty UII:

) o
0

OpHako MaHHAasl 3aBUCUMOCTb HE BCEIJ/la CIpaBejIMBa, MHA4Y€ TaKHe
npubopsl ObuTH OBl Hanbosee coBepiieHHbIMU. [TorTomy Ha UIT ¢ morpeniHo-
CTBIO YyBCTBUTEIHLHOCTH YKa3bIBAIOTCS TPAHUIILI UAMa30Ha, B Mpejenax Ko-
TOPOTO TaKasi OI[EHKa OCTAETCS CIPABEITMBOM.

Knacc TouyHocTH Y5 B 9TOM cilydae yKas3bIBaeTCsl Ha IIKajie mpulopa B
BU/JIC YMCIIA, 3aKJIFOUEHHOTO B KPY>KOK U BBIPAXKEHHOTO B TMPOIIEHTAX (HANpH-

Mep, @).

0) UII c nozcpewinocmoio Hyaa

Ecnu nyist usmeputensHoro npudopa abCcooTHAs MOTPEIHOCTh AX Oc-
TAETCsl MOCTOSTHHOM JIJIsl JTIOOBIX 3HAYCHHM M3MEPsSEeMON BEIWYUHBI, TO TaKas
MOTPEIIHOCTh HA3BIBACTCS TMOTPENTHOCThIO HYJNA (JIUTUBHON MOTPEITHO-
CThIO), @ KJIAcC TOYHOCTH ONpPENEeNseTcs MO HOPMUPOBAHHOW MpPHUBEAEHHOU
norpemHocty UIT:

|AHOpM X

Yo=—. (6.15)
X =Xy

Jli1s ipuOOpPOB ATOrO TUIIA OTHOCHUTEJIbHAS MOTPEUIHOCTh BO3PACTAET C

YMEHbBIIIEHUEM H3MEPSIeMON BEJIMYUHBI, IOATOMY pabouMii AUarna3oH OrpaHu-

YEH 3HAYEHUEM BEITUYMHBI, IPU KOTOPOM HOPMHUPOBAHHAS OTHOCUTEbHAS MO~

rpemHocTh UIT gocturaer HEKOTOpOW MpenesbHOM BEJIMYUHBI (HarpuMep,

10 %). V3Mepenus B Ha4aJIbHOM YacTH Kbl TAKUX MPUOOPOB HEHAOIMYCTHU-
MBI.

Knacc TouHOCTH Yo B 3TOM Cilydae yKa3bIBaeTCs Ha IIKaje mpubopa B
BHUJIC YKCIIa, BRIPAKEHHOTO B TMPOIICHTAX, O€3 MOMOTHUTEIBHBIX 0003HAYCHUIA
(manpumep, 2,5).

6) HII co cmewannoi nozpeuwtHocmoio

Ecnu u3meputenbHblil TpuOOp MMEET OJIHOBPEMEHHO M MOTPEUIHOCTH
YCWJICHHS, W TOTPEIIHOCTh HYJIS, TO CBSI3b MEXIY aOCOIIOTHOM MOTPEIIHO-
CTBIO U U3MEPSEMON BEJIUYMHON CTAaHOBUTCA 0oJiee CI0KHOU. B aTOM citydyae
KJIACC TOYHOCTHU 331a€TCA HE OJHUM YHMCJIOM, a IBYMS: Y, — HOPMUPOBAHHAs
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npUBeIEHHAS TIOTPEIIHOCTh B HYJIE U Y, — HOPMHUPOBAHHAs MPUBEAEHHAS TIO-
TPEITHOCTh B KOHIIE TUana3oHa.

Kak u mns U1l ¢ morpenrtHocTeio HYJsl, OTHOCUTEIbHASI MTOTPEIIHOCTh
BO3pacTaeT ¢ yMCHBIICHUEM U3MEPSIEMON BETMIMHBI U pabounii quana3oH or-
pannyeH. OpHako paboumii nuana3oH MII co cMemaHHON NOrpemHOCTHIO
HIvpe.

Kiacc TOYHOCTH B 3TOM Cilydae yKa3bIBaeTCs Ha IIKajie pubopa B BUAC
JPOOU V,/Yx, YHCIIAa KOTOPOW BBIpaKEHBI B MpoOlleHTaxX (Hampumep, 1,5/2,5).
Kak mpaBuio, TakoW THI MOTPEIIHOCTH UMEIOT IU(PPOBBIE BOJIBTMETPHI U
JpyTHE BEICOKOTOYHBIE TPUOOPHI.

2) UII c pe3ko nHepasHoMepHOU WKaAnou

JUig psina M3MEpPUTENbHBIX MPUOOPOB IMOTPEIIHOCTh HE MOKET OBITh
HOPMHUpPOBaHa PaCCMOTPEHHBIMHU CIOCOOAMHU, TaK KaK CBSI3b MEXKIY MOIpell-
HOCTBIO U U3MEPSIEMON BEIMYMHON sBisieTcs cioxkHod. K mpubopam Takoro
TUIIA OTHOCSITCS, HAIPUMEDP, LIHUPPOBBIE YACTOTOMEPHI U JIEKTPOHHBIE OMMET-
pbl. s 3TUX TpuOOpPOB XapaKTEpHO HAJIUYME HE TOJBKO HMKHEro Iopora
YYBCTBUTEIBHOCTH, T.€. TAKOM MajOll M3MEpSAEMON BEIUYMHBI, IPU KOTOPOU
OTHOCHUTENbHAs morpemHocts paBHa 100 %, HO U BEpXHETro mopora 4YyBCTBH-
TEJIBHOCTH, KOT/Ia MPU BO3PACTAHUM M3MEPSAEMOUN BEJIMYHMHBI OTHOCUTEIbHAS
MOTPEUIHOCTh CHOBA cTaHOBUTCS paBHOU 100 %. M3Mepenus Ha Takux npudo-
pax MpPOBOJAATCS TOJIBKO B CPEJAHEN YaCTH AUaNa3oHa.

Jlis nudpoBbIX TpUOOPOB KiIacC TOYHOCTH 3aAa€TCAd TpeMs YHMCIaMu:
Ao — HKHMM TTOpOT, A,, — BEpXHUHN MOPOT U Ys — NOTPEIIHOCTh YyBCTBUTEIIb-
HOCTH.

Jnst mpuOOpoB, MMEIOLIUX CTPEJIOYHbIM yKa3aTellb, KJIacC TOYHOCTH
npubopa yKa3blBaeTCs KaK HOPMHPOBAHHAs MOTPEIIHOCTh HYJS MO IMOJI0XKe-
HUIO CTPEJIKHU, T.€. B JOJISAX JJIMHBI mKanbl. [Ipn 0003HaueHNH Ha IIKaJle Kacce
TOYHOCTHU MPUBOAUTCS B MPOLEHTAX U 0003HAYAETCS] YUCIIOM C TaIOUuKOM (Ha-
npumep, 2.5).

~

Hozpewinocms pesynomama uzmepenusn

Pe3ynprar M3MepeHuss MUMEET LEHHOCTh TOJIBKO TOrAa, KOTJAa MOXKHO
OLICHUTh €r0 MHTEPBAJ HEOIPEICIEHHOCTU. XapaKTEPUCTUKOW MHTEPBAJIA He-
OTIPEICIEHHOCTH SIBJISICTCSI TOTPENTHOCTh pe3yibTaTa m3MepeHus. JIxoboi pe-
3yJIbTaT U3MEPEHUHN JOJKEH COMPOBOKIATHCS YKA3aHUEM €0 MOTPEIIHOCTH.

[TorpentHOCTh pe3yNbTaTa MPSIMOTO U3MEPEHHMS 3aBUCUT OT MHOTHX (hak-
TOPOB, HO B MEPBYIO OYEPEAb OMPEAEISACTCS MOTPEIIHOCTHIO MCIOJIb3yEMOIO
U3MepuUTenpHoro npubopa. Ilosromy B mepBoM NPUOIMKEHUU MOTPENIHOCTH
pe3yJbTara U3MEPEHU MOYKHO IMPUHATH PABHOW HOPMHUPOBAHHOW IOTPEIIHO-
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CTH, KOTOPOM B JAHHOM TOYKE AUAarna3OHAa U3MEPECHUN XapaKTEPU3YETCS U3Me-
PUTEIBHBINA IPUOOP.

BoruucisaThest 10KHA Kak a0COJIIOTHAsS TOTPEIIHOCTh Pe3ysibTara u3Me-
penus A(X), TaK ¥ OTHOCUTENIbHAS! TOTPEIIHOCTb:

£(X) = % , (6.16)

I71e X — pe3yJbTaT U3MEPEHUSI.
[lpu 3anmcu pesynpTaTa U3MEpeHUs aOCONIOTHAS U OTHOCUTENbHAs IO-

IPEIIHOCTH OKPYIJIsitoTca. JlomycTumbl Ba croco0a OKpYTJIEHUs MOrPEelIHo-
CTH:
1) ynporéHHbIN — eciiv TiepBas 3Hayvaras nudpa morpemHocTy 1, 2 uiu 3,
TO B 3aIIMCH MOTPEIIHOCTH OCTaBIIIOTCS JIBE 3Havamue nudpsl, a eciiu
nepBas 3Havamas 1nudpa norpenHocTy 4 uim 6ojiee — TO OCTaeTCs OJIHA
3Hayvaras mudpa;
2) YCIIO)KHEHHBIA — OCTaBJIIEMbIC 3HAYAIUE ITU(PPBI MOTPEITHOCTH JTOJIK-
HBI IPUHAJICKATh piiny S —6—-7-8-9-10-12-14-16-18 — 20 —
25 — 30 — 35 — 40 — 45. [Ipu 5TOM NOTPEMIHOCTh OKPYTJICHHS TOTPETII-
HOCTH OoJiee paBHOMEpHa BO BCEM amama3oHe u He npesbimaeT 10 %.
H3mepeHHoe 3HaUY€HHE BEJIMUMHBI OKPYIJISIETCS 0 TOTO e pa3psijaa, 10
KOTOPOT'O OKPYTJI€HA MOTPEIIHOCTb.
[IpaBuna BbruKciieHus abCOTIOTHON U OTHOCUTENLHOM MOTPENTHOCTEN 3a-
BUCAT OT BUJA KJjacca TOYHOCTH U3MEPUTENIBLHOIO MPUOOpa.

a) UII ¢ nozcpewinocmuio 4yecmeumeibHoCmu
Ecnu kmacc TOYHOCTH s YKa3aH B BUJE YUCIA B KPYXKKE, TO OTHOCUTEIb-
Has MOTIPEIIHOCTh PE3yJibTaTa U3MEPEHUs, BBIPAXKEHHAS B MPOLEHTAaX, NPUHU-
MaeTcsi paBHOU kiaccy TouHocTH UII, a abGcomoTHast HaxoauTcs: U3 GopMyIibl
(6.16):
e(X) =7,
A(X) = VX (6.17)
100 %

IHpumep. BonbTMETpOM € KITaCCOM TOYHOCTH @ M3MEPEHO HaIpsKe-
nue U = 220 B. [IpuBectu pe3ynbrat u3mepeHusl.
eU)=y,=2,5%,
0% -
AU) vyU  2,5%-220B

= = =5,5B.
100 % 100 %
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PGSYJ'II)T&T HN3MCPCHUA 3alIMCBIBACTCA B BUIC!
U=(220+6)B, £=2,5%.

0) UII c nozpewinocmoio Hyasa
Ecnu kiacc TOYHOCTH Yo yKa3aH B BUJE YKciia 0€3 JOMOJTHUTEIbHBIX 000-
3Ha4YeHUM, TO a0COIIOTHAS MOTPEUIHOCTh PE3ybTaTa U3MEPEHUS IPUHUMAETCS

paBHOM mpuBenéHHOM norpemHocty U1, a oTHOCUTEIbHAS HaX0AUTCS U3 Gop-
MyJel (6.16):

A(X) = yo(xx _XH)’

100 % (6.18)

(t:(x):@mO%:yO XX
X X

Hpumep. MumusonsT™MeTp co mkanon 050 MB nmeer kimacc TOYHO-
ctu 0,5. C noMomipto 3Toro nmpudopa uzMepeHo Hamnpsbkenue 23,5 MB. Tlpu-
BECTHU PE3YJILTAT U3MEPEHUS.

v,(U,-U,) 05%(50-0)mB

AU) = = =0,25mB,
100 % 100 %
(U)—A(U)lOOO/ 025MBlOO%—lO6%
23,5MB

PGSy.TIBTaT HU3MCPCHHS 3alIMChIBACTCSA B BUJIC!:

U=(2350+0,25MB, &=1,1%.

6) HII co cmewannoii nozpeuwinocmupio

Ecnu xiacc TOYHOCTH yKa3aH B BUJE JBYX 4YUCEN 4epe3 ApoOb Vu/Yx, TO
CHayaja BBIYMCIIAETCS OTHOCUTENIbHAS MOTPEIIHOCTh pe3yjbTaTa U3MEPEHUs, a
aOcostoTHas HaxoauTcs U3 popmysl (6.16):

8(X)=YK+YH(XK;X‘* —1)

9= 0™

IMpumep. [udpoBoit BOIETMETP C YCTAHOBICHHBIM MPEACIOM HU3MEpe-

(6.19)

Huii 100 MB umeet kinacc Tounoctu 1,5/2,5. C nmomoriesto 3Toro npudopa u3-
MepeHo Hanpsbkenue 62,3 mB. [IpuBectu pe3ynbTaT u3MepeHus.
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eU) =y, +yH(UKL_JUH —1} = 2'5”’5(1%2_30

H

—1j:3,4%,

£(0) |, _34%
100%  100%
PGSYJ'II)T&T N3MCPCHU:A 3alIMCBIBACTCA B BUIC!
U=(623+21)MB, &=34%.

AU) = 62,3mMB =2,1MB.

2) UII c pe3ko HepagHOMEPHOI WIKANOl
Ecnu knacc tounoctu UII ykaszan B Buge 7y , TO I ONPEICICHUS T10-
I'PEITHOCTH pe3yiIbTaTa u3MepeHus Tpedyercs 3HatTh hopmyiry mkaisl | = f(X),
T.€. 3aBHCHUMOCTb TOJIOKEHUSI CTPEIKU OT 3HAYCHHS] U3MEPSEMON BEIUYUHBI.
Torma OTHOCUTENBHYIO TTOTPENTHOCTh PE3yJIbTaTa W3MEPECHHSI MOXXHO OTpeJie-
JUTH 110 popMmyie
L
xf'(x)’

rae L — nnuna mkanel. Hanpumep, Ui 3J€KTPOHHOTO OMMETPA IOJIOKEHUE

e(X) =y (6.20)

CTPEJIKH TPSIMO TIPOTIOPITUOHATILHO HamnpsbkeHnto Uy, moaTomy (popmyria mkassl
COOTBETCTBYeT BbIpaskeHHto (6.7). Toraa mOrpemrHocTd MOTYT OBITh HaWJICHBI
o GpopMmyIiam:
2 2
(R, +R) (1+x)

R,R X (6.21)
A(R) :ﬂR,
100 %

rae Ry — MHOXHUTENb, yKa3aHHBIH Ha MepeKiioyaTelie uana3oHoB; X =R/R, -

0e3pa3zMepHOe YHCIIO, OTJIOKEHHOE Ha IIKaJle Mpudopa.
IIpuMmep. ODJIEKTPOHHBIA OMMETP C YCTAaHOBJIEHHBIM MHOXHUTEIEM
4
10" Om umeet kiacc ToyHoctu 2,5 . C MOMOIIBIO 3TOr0 Mpudopa U3MEpPEHO

AN
comporusienne 1,25-10* Om. IIpusectu pe3yJIbTaT U3MEPEHMUSL.

2
&(R) :y@: 2,5%(1+1—’25

0
A(R) = 6(R) _10%
100% 100 %
Pe3yanaT N3MEPCHUA 3aIIMCBIBACTCA B BUC!
R=(12,5+13) kO™, &=10%.

1,25-10* Om = 0,125-10" Om.
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/. JlabopaTopHasi padora «3yueHue 3J1eKTPOU3MEPHUTEIbHBIX
npudopoB»

Ienb padoThl: H3ydyeHNE YCTPOMCTBA, IPUHIMIIA ICHCTBHS U XapaKTe-
PUCTHK OCHOBHBIX JIEKTPOM3MEPUTEIBHBIX NMPUOOPOB, UCIOIb3YEMBIX B Jia-
O0paTopHOM MPAKTUKyME; OCBOEHHUE METOJOB MPOBEACHUS MPOCTEHIINX W3-
MEpPEHHM.

IIpubopsl U NPUHANIEKHOCTH: BOJBTMETP YHUBEpcaibHbIH B7-26;
0JIOK pe3UCTOPOB; HAOOP COEAMHUTEIBHBIX IIPOBOJIOB.

BoJsabT™MeTp yHuBepcaabHblii B7-26

BosbT™MeTp yHuBepcanbHbli B7-26 npeaHa3zHayeH 1151 MPOBENCHUS U3-
MEPEHUN MOCTOSIHHOTO, MEPEMEHHOTO CHHYCOUIATBHOTO HAIPSIKEHUA U CO-
IIPOTUBJICHUS.

Texnuueckue xapakmepucmuxku npudopa

BoasTmerp B7-26 obecnieunBaert:

— W3MEPEHUE NOCTOSIHHOTO HanpspKeHus B Auanas3one ot 30 MB no
300 B ¢ npenenamu uzmepenutii 0,3; 1; 3; 10; 30; 100 u 300 B;

— U3MEpPEHUE CUHYCOWJAJBHBIX HAIPSHKEHUH B JAHMANA30HE OT
200 MB 1o 300 B ¢ npenenamu n3mepenwii 1, 3, 10, 30, 100 u 300 B;

— M3MEPEHUE OMUYECKOrO COINMPOTUBJIEHUs B nuanazoHe ot 10 Om

10 1000 MOwm, KOTOpBIM pa3OUT Ha ceMb MOJAUANIA30HOB CO CpeaHENH OTMET-
ko 100 Om, 1, 10, 100 kOm, 1, 10, 100 MOm.

IHozcpewinocmu uzmepenuii

[Ipn w3MepeHuM HanpsHKEHUN NpHBEIEHHAs IOTPEIIHOCTh IMpUOopa,
BBIpaKE€HHAs B MPOIIEHTAX OT KOHEYHOTO 3HAUYECHUS YCTAaHOBJICHHOTO MOJIIHa-
na3oHa, He mpeBbimaet 2,5 % mist noctosstHaoro u 4,0 % 11 nepeMeHHOTo
TOKOB.

[Ipu u3MepeHUur OMUYECKOTO COMPOTUBJICHUS MTPOBOIHUKOB TOKA MPH-
BEJICHHAs MMOTPEIIHOCTh, BHIPAXKEHHASI B TIPOIICHTaX OT JJIMHBI pabouei 4yacTu
HIKaJIbl IpUOOpa, He npeBbiaeT 2,5 %.

Iloozomoeka npuobopa Kk pabome

[lepen BkItOUEHHEM NMPUOOPA B CETh HEOOXOIUMO MPOBEPUTH MEXAHU-
YEeCKUI HYJIb MOKa3bIBAIOIIETO MUKPOAMIIEPMETPA U MIPU HEOOXOJMMOCTH YC-
TAHOBUTb €r0 KOPPEKTOPOM, PACIIOIOKEHHBIM Ha InepeaHeil ma”enu. Ilocie
ATOr0 MOJKJIIOYUTh BWIKY IIHYypa HUTaHHUs B PO3ETKY CETH U TymOiepom
«CETb» Bxmtounts npudop. O BKIOYEHUH CBUIETEIbCTBYET CBEUCHHE MH U~
KaTOPHOM JIaMIIBI.
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[Tpo1OIKUTENTEHOCT BPEMEHN YCTAHOBJIEHUSI paboyero pexuma (Bpe-
Msl «IIporpeBa» mpubdopa) coctaBisieT okojio 15 munyTt. Ilo ncreueHuun 3Toro
BPEMEHHU IMOCTaBUTh MEpeKItouaTeab NMoaauana3oHoB B nojoxenue 0,3U, a
nepexiIoyaTeNb poja padot — B nojoxkenune —U unu +U, nocnie yero ycraHo-
BUTh YKazarelsb (CTPEIKy) mNpudopa Ha HYJIEBYI0 OTMETKY IIKalbl =V py4yKoi
ycradHoBku Hyna UQ. Tlepen ycranoBkoit Hynst kieMMbl U U * 3aMKHYTh Ha-
KOPOTKO.

[Tocne aTOro MEepeBecTy MepeKiIoYaTesib poaa padboT B MOJOKEHUE I U
IIPOBEPUTH HYJIEBOE MOJOKEHHUE yKa3aTessl npulopa Mpu 3aMKHYTHIX HAKO-
POTKO KJIeMMax Iy 1 *. 3aTeM pa30MKHYTh KJIIEMMbI U YCTAaHOBUTH YKa3aTelb B
MOJIOKEHHE 00 Ha IIKaJie {2 pydukou «oo» (). 3aTeM NEepPEBECTU NEPEKIIOYATEIb
MO/I/INANa30HOB B MOJIOKEHUE 1, Mepekiioyarens poaa padoT — B MOJIOKEHUE
U. ¥ ycTaHOBUTH yKa3zaTejab Ha HYJEBYIO OTMETKY Hikanbl ~1 V cooTBercT-
Bytoleld pyukoi yctaHoBku Hyds «O» 1 V UL llepen ycTtaHOBKOW HyJis
kjieMMbl U 11 * 1OJKHBI OBITh 3aMKHYTHI HAKOPOTKO.

[Tocne nmpoBeAeHUs BbIIEYKa3aHHBIX olepanuil mpuOop rotoB Kk pado-
T€.

Ilposedenue uzmepenuii

[Ipu n3mMepeHnr NOCTOSIHHBIX HAMPSKECHUN MTPOBEPUTH YCTAHOBKY HYJIS
npubopa Ha nojauanazone 0,3 B u 3aTeM, BbIOpaB HYKHBIN MOAMANIA30H U3-
MEpEeHHUsI, MOoJaTh U3MepsieMoe HampsbkeHue Ha kiaemMMbl U u *. BxogHbie
KJIEMMBI MIPpUOOpa U30JUPOBAHBI OT KOpPMyca. DTO MO3BOJSET MPOU3BOJIUTH
U3MEPEHUS MOCTOSHHOTO HAIPSDKEHUS B LEMAX, A€ TOYKH MOJIKIFOYCHHUS
IpruOOpa UMEIOT MOTEHIIMA OTHOCUTEIIBHO «3EMITH.

[Ipu HU3MepeHUH MEPEMEHHBIX CHHYCOMAAIBHBIX HAIPSXKEHUWA IMOCTa-
BUTH MEPEKIII0YaTeNh posia padboT B nojioxkenne U. mpoBepuTh yCTAaHOBKY HY-
15t mpubopa Ha noaauanaszone 1 B. [Tocie aToro BeIOpaTh HYKHBIN Mo IUanIa-
30H U3MEPEHHUS U TI0JIaTh H3MepsIeMOe HanpshKeHne Ha KiieMMbl U u *.

[Ipu u3MepeHun ConpoTUBICHUI MTPOBEPUTH YCTaHOBKY 0 M o0 oMMeTpa
Ha BBIOPAHHOM IIPEJBAPUTEIIBHO IOJUAINIa30HE U3MEPEHUS. 3aTeM, TTOIKITIO-
YUB HEM3BECTHOE CONMPOTHUBIICHUE K KIeMMaM Iy U *, mMpou3BecTH H3MEpCHHE
€ro BEJIUYHUHEI.

baok pesucropos

byioK pe3ucTopoB BBIMOJHEH B BHUIE CAMOCTOSITEIBHOTO MAakeTa, CO-
CTOSIIIIETO W3 IIECTU COMPOTHBIICHHM, COCIMHEHHBIX MO YHU(PHUITUPOBAHHOM
cXxeMe, MpeacTaBieHHoN Ha puc. /.1 XapakTepHble TOYKHA CXEMbl OCHAIICHBI
BXOJHBIMM THE3/IAMH, YTO PACIIMPSET YUCIO BO3MOXKHBIX BApPHAHTOB MOJ-
KJIFOUCHHUSI MaKeTa K UCTOYHUKY MUTAHMS, a TaKXKe oOJierdaeT mpolecc u3Me-
PEHUS CONPOTUBJIEHN TOKOB U HANIPSKEHUIM HA PA3JIMYHBIX yYacTKaXx IETH.
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Puc. 7.1. biox pe3uctopoB

IopsioK BbINOJIHEHUS PadOThHI

J171s1 BBITIOJTHEHUSL pa0OTHI MOATOTOBBTE TAOIHILY.
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3ananue 1. U3mepenne conpoTuBJICHUS

1. Bxatouute BoapT™METp B7-26 B ceTh u nocie 15-MHUHYTHOTO mporpe-
Ba MOATOTOBBTE €ro K padote. [IpoBepbTe ycTanoBKy 0 u 00 oMmmeTpa.

2. Ilepexirouatenb pexxuma ycTaHOBUTE B Iy. Kilemmy * Ha BOJIBTMET-
pe COSAMHUTE ¢ KIIEMMO * OJI0Ka Pe3HCTOPOB.

3. IlpousBeanTe n3MepeHUe MOTHOTO COMPOTUBIICHUS CXEMbI OJI0Ka pe-
3UCTOPOB IPHU €ro MOAKIIOYEHUU K OMMETpy (Kiiemma I) B Toukax 1, 2, 3, 4.
[lepexmouarenb quanazoHoB 10™ Ipyu U3MEpEHUH yCTaHABIMBAETCS TaK, YTO-
OBbI CTpeJiKa HaXOAMJIaCh KaKk MOXKHO OJIMKE K CepeIMHE IIKAIbI.

4. OueHuTe MOrPEUIHOCTH MPOBENCHHBIX HM3MEPEHUU MO (popmyrnam
(6.21).
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3ananme 2. U3mepeHue HanpsiKeHUst

1. IIpousBeauTe MOIKIIOUCHUE CXEMBI OJIOKA PE3UCTOPOB K UCTOYHHKY
IIOCTOSIHHOTO TOKa, KOTOPBIM pa3MEIIeH B KOPIYCEe YHUBEPCAIBLHOTO BOJIBT-
meTpa B7-26. BbIXoaHbIe KJIEMMbI UICTOYHHKA TOKA YCTAaHOBJICHBI Ha 3aJIHCH
naHenu npudopa. OauH W3 BAPUAHTOB MOAKIIOUEHHUS CXEMBI IMOKa3aH Ha
puc. 6.11. Bxoanble THe31a 6J10ka pe3ucTopa, 0003HAYECHHBIE KaK (—) u *,

COEUHSIOTCSL C COOTBETCTBYIOIIMMHU KJIIEMMaMH UCTOYHUKA TOKa. M3mepeHue
HaIpPSHKEHUST TTPOU3BOANTCS HA YYaCTKaX CXEMbl MEXAY * © Todkamu, 000-
3HaYeHHBIMU Ippamu 1, 2, 3, 4.

2. C noMoupo BonbTMETpa B7-26 mpou3BennTe M3MEpEHUsT HaIpsKe-
HUSI HA Pa3JIMYHBIX y4acTKax CXeMbl. B mpoiiecce u3MepeHuii cienyer yuuThl-
BaTh, YTO UCTOUYHHMK MOCTOSHHOTO TOKAa M U3MEPUTEIbHAS YacTh BOJHTMETPA
B7-26 umerot o0111ee 3a3eMiIeHHE.

3. O1eHUTE MOTPEIIHOCTH U3MepeHHi 1o hopmyiam (6.18).

BOHpOCI)I H 3a1aHUA JTJId CAMOKOHTPOJIA

1. DnexTpousmMepuTeNbHbIC TPUOOPHI U UX BUJIBI.

2. OObBsiCHUTE YCTPOMCTBO W MPUHIUI PAOOTHI MPUOOPOB MArHUTO-
BJIEKTPUYECKON CHUCTEMBI.

3. OOBSICHUTE YCTPOMCTBO M TPHUHIMIT PabOTHl MPUOOPOB IIICKTPO-
MAarHUTHOW CHCTEMBI.

4. OOBsICHUTE YCTPOMCTBO M MPUHUHUII pabOThI 3JIEKTPOHHOTO BOJBT-
MeTpa.

5. OObBsicHUTE YyCTPOIMCTBO M MPUHLMI PAOOTHI AIEKTPOHHOIO OMMET-
pa.

6. OOBscHUTE YyCTPOWCTBO M MPHHIMI PAOOTHI SJIEKTPOHHOTO OCIIUJI-
norpada.

7. OOBsICHUTE YCTPOMCTBO W MPUHIHUI PabOThI MU(PPOBBIX H3MEPHU-
TEIHHBIX TPUOOPOB.

8. Uro Takoe 4yBCTBUTEIHLHOCTH U IICHA JICJICHUS, KaK UX HAUTH?

9. KakoBbI 0COOCHHOCTH TMOAKIIOUEHUS ITYHTOB M JOMOJHHUTEIbHBIX
CONPOTHUBJIEHUN K MHUKPOAMIEPMETPY IMPHU HUCIOIb30BAHUU €r0 B KaueCTBE
U3MEpUTENS TOKA U HANPSXKEHUS?

10. Kakumu BeIMYMHAMH XapaKTEPU3YETCSl MOTPEUIHOCTh U3MEPUTEIb-
HBIX TPUOOPOB?

11. Yto Takoe Kjacc TOYHOCTH U3MEpUTENbHOTO mNpubopa? Ha kakue
THUIIBI IETSATCS MPUOOPHI MO KJIaccaM TOYHOCTH?

12. Yto Takoe morpemHocTs pe3ynbrata uamMepenusa? Kak ee Hailtu asis
pUOOPOB: a) C MOTPEIIHOCThI0 YYBCTBUTEIBLHOCTH; 0) C MOTPEIIHOCThIO HY-
JIs1; B) CO CMEIIAHHOW MOTPENTHOCTHIO; T') C PE3KO HEPABHOMEPHOI IIKAIO0i?
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8. JlabopaTopHas paGora «/3MepeHue yaeabHOT0 CONPOTHBJIEHUS
NMPOBOJIOKH METOI0OM aMIIepMeTpPa — BOJIbTMETPa»

Heas padoTbl: wu3ydYeHHE METOJa HU3MEPEHUS] COMPOTUBICHUS
IIPOBOJIOKHU U ONPEIEICHHE €€ YAECIbHOIO COPOTUBIICHHUS.

I[IpubGopbl 1 NMPUHANIEKHOCTH: YCTAHOBKA JIJISl ONPEACIICHUS yelb-
Horo cornpoTusieHus npoBojoku GPIIMOI (nanee — yctaHOBKa), MUKPOMETP.

MeTo IKCTIEpPUMEHTA
Jns m3MepeHHs CONMPOTUBIICHUN MPUMEHSIIOTCS PAa3JIMUHbIE METO/IBI.
Hawnbonee npocThIiM U3 HUX SBJISIETCS METOJI aMIepMeTpa — BOJIbTMETpa, OC-
HOBaHHBIM Ha M3MEPCHUHU TOKa Yepe3 pe3UCTOp, HAMPsHKCHUS Ha HEM U TPH-
MeHeHnH 3akoHa Oma (2.7) mis HaXOXACHHUS CONMPOTUBIEHUA. [loaKIIOunTh
aMIepMeTp U BOJBTMETP K HCCIEAYEMOMY CONPOTUBICHUIO MOXKHO JIBYMS
cnocobamu (cMm. Cx1 u Cx2 Ha puc. 8.1). 3mech R — mepeMeHHOE COMPOTHB-

JICHHUC (pCOCTaT) L pCTYIIMPOBKU TOKaA B ICIIH, RA — COIIPOTHUBJICHUC aM-

nepmerpa; R, — compoTuBiIeHHE BOJILTMETPA; Ry — mcciexyemoe conpoTus-

JICHHUE.
I 1 ° [ 1 -
R | R R |
X
N R, D N R R, D
R,
V R V
: (A
Cx1 (x2
Puc. 8.1. CxeMbl AJist U3BMEPEHUS] COPOTUBIICHUS
METOJIOM aMIlIepMETpa — BOJIbTMETPA
ITycte U, u |, — mokasanus BONbTMETpa M amrepMmerpa. Paccuntannble 1o

3TUM TOKa3aHUAM BEJIMYUHEI UCCIIEAYEMOro conporusienus R, =U; /1 1 A
cxembl Cx1l u R, =U, /|, nnsa cxembl Cx2 OyayT OTIMYaThCS APYT OT Apyra

N OT UCKOMOT'O RX BCJICACTBHUEC TOT'O, YTO COIIPOTUBJICHUA PCaIbHBIX HpI/I60-
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POB KOHEYHBI (JUII UACATBLHOTO amIepMeTpa CONPOTUBJICHHUE PAaBHO HYIIIO, a
JUISL UACATBHOTO BOJIBTMETPA — OECKOHEUHOCTH).
B cxeme Cx1 ammepmerp u3MepsieT CHIy TOKa, MPOXOJAIIECTO 4epes

Ry, HO BOILTMETP U3MEPSET CyMMapHOE HampsukeHue Ha R, M Ha ammep-

metpe. [loaTromy compoTuBieHue, HaiinenHoe o dopmynie (2.7), Oyaer 3a-
BBILIICHHBIM:

U
R =— =R, +R,. (8.1)
1 X A

ly
B cxeme Cx2 ammepmerp u3MepseT HE BEIHUMHY MPOIICAIIETO Yepes
Ry TOka, a cyMMy TOKOB, Ipoxoasamux uepe3 R, u Bonst™merp R, . [TosTtomy

COTIPOTHUBIICHUE, HallIeHHOE TI0 popMmyiie (2.7), OyJeT 3aHUKEHHBIM:

U Ry R
R,=—2=—2Y_| (8.2)
I, Ry +R,

Bripasum u3 dpopmyin (8.1) u (8.2) uckomoe conporusnenue R, .
s cxembr Cxl:
R
Ry = Ryl=—2). (8.3)

1
s cxemer Cx2:

R
— = ~XR,(1+-2). (8.4)
“1-R,/R, > R,

Kak BunHo u3 Beipaxkenuit (8.3) u (8.4), npu mojcyeTe UCKOMOTO CO-

NPOTUBIICHUS MO MPUOIMKEHHONW (GopMyse BO3HUKAET METOAMYECKas IIO-
FPEUIHOCTD!

ARyi = Ri —Ry. (8.5)

Meroauyeckue MOrpelHOCTH BO3HMKAIOT M3-3a HECOBEPLIEHCTBA Me-

TOJa U3MEPEHUs, YIPOILECHUs pacueTHbIX (GOopMyJ, HeyudeTa psja (HakTopos,
HEU3y4YEHHOCTH sIBJICHUU. 1IOCKOIBKY B IpakTUKE W3MEPEHUM IOJACYET CO-

MPOTUBIIEHUI 4acTO MPOU3BOAUTCA 1O MpubmxeHHol popmyne Ry ~U /1,

TO HEOOXOJUMO 3HATh, KAKYI0 CXEMY CJeAyeT BBIOpATh JJIsi TOTO, YTOOBI Me-
TOJMYECKAs TOTPEIIHOCTh ObUTa MHHHMAaNbHA. Kak BHIHO W3 BBIpaKCHHM
(8.3) u (8.4), moap3oBaThcsi cxemorr Cx1 HY»HO it OOJIBIIHMX COMPOTHUBJIC-
Hult (Ry>>R,), a cxemoii Cx2 — muis manbix conpotuBiieHnid (Ry<<Ry).
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Pacuer mo mpubamxeHHON (opmysie MOXKHO MPOU3BOJAUTH, €CIU MO-
yJib METOJAMYECKON MOTPEIIHOCTA MEHBIIE BEJIWYMHBI WHCTPYMEHTAIBHOU

IMOTPCIIHOCTH, OHpGIIGJISICMOfI KJIACCOM TOYHOCTH aMIICPMCTpPa U BOJIBTMCTpPA:

e ) Up )
ARH—R VA . _max + W . max (8.6)

7 Y100% | 100% U

rac 7/AI/I 7V — KJIaCCbhl TOYHOCTH, YKA3aHHBLIC B IIPOLCHTAX Ha IOKaJIaX aM-

IepMeTpa U BoIbTMeTpa cooTBercTBeHHo, | u U . — mMakcumanbHbie mo-

kasanus Ha mkanax, | u U — u3mepennbie 3HaueHns TOKa ¥ HalPsKEHUS.

Onucanve U NPUHIMI Pa00THI YCTAHOBKHU

Ha puc. 8.2 uzo0paxken obmuii Bua ycraHoBKH. OHA COCTOUT U3 OCHO-
BaHUs | C peryiupyeMbIMH OmopamMH 2, K KOTOPOMY KpemsTcs OJIOK MUTaHUs

24 u cToiika 6.
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Puc. 8.2. O6muii Bua yCTaHOBKHU
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Ha croiike 6 ycTaHOBJIEHBI ABa HEMOJBM)XHBIX KPOHIIITEWHA 4 U 8, OuH
ITOJIBUYKHBIN KPOHIITEWH 7; MO BCEU €0 JJIMHE HAHECEHBI METKH C LIEHOU Jie-
neHus quHeku 11, paBHoit 1 Mm. Mexay HENoJABH>KHBIMU KpOHIITEHHaAMU 4
U 8 C TOMOUIBIO KPEMEKHBIX BUHTOB 5 3aKpEIUISIETCS MPOBOJIOKa 3. ["asibBaHU-
YECKUN KOHTAKT C IMPOBOJIOKOW 3 OCYIIECTBIIIET TOKOCHEMHBINA — KOHTAKT 9, a
BU3MpHas MeTKa 12 yka3plBaeT MJIMHY H3MepseMoro ydactka. Ha nuneBon
nanenu 13 Omoka mutanus 24 pacroyioKeHbl MUJUIHamMIiepMeTp 15, pydka pe-
I'YJIUPOBKHU TOKa 16, BoabTMETp 14, KHONKM BKJIIOUYEHUS ceTH 23, poaa paboT
19, 17, namMnouka curHanu3auu 22, ABa pUCyHKAa CXEMbl U3MEPEHUS COIpPO-

tuBieHus 20, 21 u kiaemMMbl 18 171 MOAKII0YEHHUS MOCTa IIOCTOSHHOTO TOKA.
Iopsainok BbINOJIHEHUSI PAa00OTHI
3ananue 1. UcciienoBanue MeToaa U3MepeHHs CONPOTHBJICHUS

1. YcTanoBuTe MOABMXKHBIM KPOHIITEHH 7 B CpellHEE TOJIOKEHHE Ha
croiike 6, ocinabus BUHT 10.

2. Bxatounte TymOnep «Cetby», IpH 9TOM JIOJKHA 3arOPEThCS MHINKA-
TOpPHAsI TAMITOYKA.

3. Knonku ponma pabor 17, 19 Brmounte B monoxeHue «B-—A» u
«Cx1y.

4. YcTaHOBHUTE PYYKOW PETyIMPOBKM TokKa 16 3HaueHme Toka ammep-
MeETpa.

5. CHumuTe moKazaHus Toka l; ¢ ammepmerpa, HampspkeHus U; — ¢
BOJIbTMETPA.

6. Onpenenute npubIUKEHHOE CONPOTUBICHUE R; poBosioku 1o dop-
myine (2.7), yrouneHHoe compotuBiieHne Ry mo dopmyne (8.3), metonuue-
ckyto norpemHocTs ARy o dopmyse (8.5) U HHCTpyMEHTANbHYIO HOTpEl-
HOCTh ARy; mo popmyie (8.6). Caenaiite BEIBOJ O BO3MOXKHOCTU HAXOXKECHUS
COTIPOTHUBIICHUS IO MPUOIIKEHHON (hopmyIe.

7. Bximrounte KHOTIKY pojia paboT B « CX2» U CHUMHTE TMOKa3aHHs TOKa
I, ¢ amniepmetpa, Hanpsxenust U, — ¢ BoJibT™METpa.

8. Onpenenute npubIMKEHHOE CONpOTUBICHUE R, mpoBosioku 1o ¢op-

Mmyine (2.7), yrouHeHHOe compoTtuBiieHne Ry mo dopmyne (8.4), metonuue-
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CKyI0 morpemHocTh ARy, o dhopmyse (8.5) u HHCTpYMEHTANBHYIO TIOTPEIII-
HOCTh ARy, o popmyie (8.6). Caenaiite BBIBOJ 0 BO3MOKHOCTH HAXO0XKJICHUS
COTIPOTHUBJICHUS TI0 MPUOIKEHHON (hopmyTie.

9. Ha ocHOBaHuMM CpaBHEHHUSI METOJWYECKHX mprpemHocted ARy; u
ARy, crienaiiTe BEIBOM, KaKyl0 M3 CXEM HYKHO HCTIOJIB30BaTh B JAHHBIX YCIIO-

BUSIX?
3ananue 2. U3mepenne y1ejibHOr0 CONPOTUBJICHUS IIPOBOJIOKHU

1. I3mepbTe MukpomeTpom nauametp D mpoBosioku.

2. BxatounTe KHOMIKY pojia paboT B « CX2 »

3. YcraHoBHTe MOJIBUKHBIN KpoHIITEHH 7 B mosoxkeHue | = 10 cm, pyu-
KOM peryiaupoBku Toka 16 ycranoBute cuiy Toka | = 150 MA, onpenenute

nmokazanus BosbTMeTpa U 1 3aHecuTte ux B Tabi. 8.1.

Tab6awnma 8.1
I, cm 10 20 30 40
U,B
R, Om
AR, Om
oR, %

4. IIpoBenute usmepeHus HanpsokeHus U o . 3 ais Apyrux MoJioxe-
HUU KpOHIITeWHA 7, moaaepkuBas cuiny Toka | = 150 MA.

5. PaccuuTaiite conpoTHBIieHHE MPOBOJIOKH R 1o dopmyse (2.7), mo-
IPEIIHOCTh compoTuBieHus AR mo ¢opmyne (8.6) U OTHOCHTENBHYIO IO-
IPEIIHOCTh conpoTuBicHus OR = AR/R.

6. [locTpoiite rpadux 3aBucumoct R= f (1) mo namueM Tabm. 8.1 c

Y4€TOM MOTPEIIHOCTH U yOeaAuTech B JMHEHMHOM XapaKTepe 3TOW 3aBUCHUMO-
CTH, TO €CTh CIPaBEIIUBOCTU HopMyIIbI (2.5).

7. Ilo nmaHHBIM M3MEpEHUs CONMPOTHBIEHUS Tabu. 8.1, UMerouMM Hau-
MEHBIIIYI0 OTHOCUTENBHYIO MOTPEIIHOCTh OR, paccuuTaiiTe yaeapHOE COIpo-

TUBJIIEHUE P 1O hopmyne
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2
ntD
p=R——. (8.7)
41
8. OneHrTe OTHOCUTEIIBHYIO U aOCOJIIOTHYIO MOTPEITHOCTH U3MEPEHUS

YAETBHOTO COMPOTHUBICHUS 110 PopMyiamMm

5p=VOR® +43D2 +812,  Ap=p-5p, (8.8)
riae 0D = AD/D u 8l = Al/l — otHOCHTE IBHBIE TIOTPELTHOCTH AUAMETPa U JIH-
HBI IPOBOJIOKH, a0comoTHbIe orperrHocTr AD u Al mpuHSATH paBHBIMHU IICHE
JIETICHHSI COOTBETCTBYIOIIETO H3MEPHUTEIBHOTO MPHOOPA.

9. o 3HAaYECHHUIO P OMPEICIUTE C IOMOIIBIO CIIPABOYHBIX TAHHBIX TAOJI.

8.2, U3 KaKoTro MaTepuaia u3roToBjIeHa MPOBOJIOKA.

Tabnuma 8.2
VY nenpHOE AICKTPUIECKOE COMTPOTUBIICHUE P
npu t=20°C
Marepuan P 2 Marepuan P 2
OM-MM“/M OM-MM“/M
Cepebpo 0,016 ManranuH (crmiaB) 0,43
Menn 0,017 KoHcraHTaH (cruiag) 0,50
30110TO 0,024 PryTh 0,96
AOMUHUNA 0,028 Huxpowm (crinaB) 1,1
Bonsdpam 0,055 ®dexpaib (criaB) 1,3
Kenezo 0,10 I'padpur 13
CsuHen 0,21 dapdop 1019
Hukenun (criaB) 0,4 D00HUT 1020

BOHPOCI)I H 3a/1aHUA Il CAMOKOHTPOJIA

1. Yto Ha3pIBaE€TCId CUJION TOKA U IUIOTHOCTHIO TOKA?

2. 3anummTe 3akoH Oma B nuddepeHnraibHol U UHTETpaibHON (Pop-
Max.

3. Uto Ha3pIBaeTCS IJICKTPUUSCKUM COIPOTUBICHUEM IIPOBOIHUKA U OT
Yero OHO 3aBUCHUT?

4. [laiiTe onpeneneHue yAeabHOro COMPOTUBICHUS IPOBOJHUKA.

5. KakoBBI OCHOBHBIC HEAOCTATKU M3MCPCHHA DJICKTPHUUICCKOI0o COIIPO-
THUBJICHHUA 110 METOAY aMIICpMETpa — BOJIBTMeTpa?
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9. JlabopaTopHas pa6ora «OnpeaesieHue yaeJbHOr0

CONMPOTUBJICHUA NMPOBOAHUKOB METOAOM MOCTHKA Yurcrona»

Henb padoTbl: M3ydeHUE OCHOB KJIACCUYECKOW TEOPHH AIIEKTPOIPO-
BOJHOCTH METAJUIOB, OIPEACIICHUE YAEIBHOIO COINPOTUBICHUS PAa3JIMYHBIX
IIPOBOJAHUKOB MOCTOBBIM METOZOM.

IIpuOopsl M NPUHALIEKHOCTH: DKCIIEPUMEHTAIIBHBIA MAKET, B COCTAaB
KOTOpPOTO BXOZSAT: UCTOUHUK TOKA, HAOOp MCCIENYyeMbIX IPOBOJHUKOB, PEO-
XOpJ, TAJIOHHBIE CONPOTHUBIICHUS, TAIILBAHOMETP.

Metoa 3kcniepuMeHTa

B n3MepuTenpbHON TEXHUKE MIUPOKO UCITONB3YIOTCS PAa3JIUYHbIE MOCTO-
Bble cXeMbl. OJJTHUM U3 NPOCTEHIINX W3MEPUTEIBHBIX MOCTOB SIBJIIETCS MOC-
muk Yumcmona, NIpUHIUIIAAIBHAS dJIEKTPUUECKAs CXEMa KOTOPOro MoKa3aHa
Ha puc. 9.1.

er6
RX 52 Ie'j
7 AN
1 /
A _]> RI _2> R2 B
< 1] » 4[) [2 -
S L

e
Puc. 9.1. Dnextpuyeckas cxeMa yCTaHOBKHU

OH cocTouT U3 peoxopjia — CleHHAIbHON IpayupOBaHHON JIMHENHKH C
3aKMMaMHM Ha KOHIIaX, MKy KOTOPBIMHU HATSHYTa OJTHOPOJIHASI TIO COCTaBY U
CEUYEHHUIO MPOBOJIOKA (Yy4acTOK AB); BIOJIb MPOBOJIOKH MOXKET MEPEMEIIAThCA
CKOJIB3AIIMNA KOHTAKT D. Cxema MOCTHKa TaKKe COIEPIKUT: U3MEPSIEMOE CO-
npotuBiieHne Ry, aTammoHHOE compotuBieHune R, Hymb-raasBanomerp G, mo-
0aBOYHOE CONMPOTHUBJICHUE B IIEMHU rajgbBaHOMETpa R, KIIOU (KHOIKY) S; U
HMCTOYHHK TIOCTOSIHHOTO TOKa E, BKITIOUaeMBbIi B IIETh KITFOUOM S;.
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[Tpu 3ambIKaHUK KITFOYA S; B TIETH MONAET TOK, pa3BETBISSACH B y37ax A,
B, C u D. ITon6opom conpoTuBieHusi Ry 1 M"3MEHEHHEM COOTHOIICHHS MEXTY
COTIPOTUBIICHUSIMU TuTeY peoxopaa R; u R, MOXKHO TOOUTHCS OTCYTCTBHS TOKa
B 1ienu ranpbBanomeTpa G. [Ipumenus Bropoe npaBmiio Kupxroda s koHTy-
poB ACDA u DCBD, nosryyuM cuctemMy ypaBHEHUM:

LR - 1,R, =0,
lR1 XX (9.1)
I,R, —1,R, =0.
CornacuHo nepsomy npaBuity Kupxroda I, = I, u Iy = |5. Torna
R, = R:_,%. 9.2)

2
Conportusnenus mied peoxopaa Ry 1 R, MOXKHO BeIpa3uTh yepe3 JINHbBI
I, u |, ynensHOe conpoTuBIeHHE p, U CEUeHHE S, IPOBOJIOKH PEOXOpa:

I I
R1:p —1’ R2:p —2
pSP pSP

Otkyna
RX:Ra:—1:R3|_I—1_I:R31I_1{%, (9.3)
2 » N 1/ =p
rie L, — nnuna peoxopna.

N3 dhopmyisl (9.3) BUIHO, YTO HCKOMOE COIMPOTHBIIEHUE OMPEACIISICTCS
TOJIBKO OTHOIIEHUEM JIJTUHBI TUIeUa peoxopaa K JIuHe camoro peoxopaa. I1o-
ATOMY yI0OHO MCMOJh30BaTh 0€3pa3MEPHYIO0 BEIIMUMHY TMOKa3aHUs peoxopiaa
| =1, /L, . Toraa nonyyaem pacueTHyro Gopmyiy:

I
X C) 1_ I '

AOCOII0OTHAS TOTPEITHOCTh CONMPOTHUBIICHUS MOXKET OBITh HalJICHa IO

(9.4)

dbopmMyIe pacueTa KOCBEHHON NOTPEIIHOCTH:

2 2
R, al 1(1-1)

rjae BenuuuHa y = Al, / L, Ha3pIBACTCs KJIACCOM TOYHOCTU PEOXOpa U JULsl HC-

MOJIb3yeMOT0 B pab0Te dKCIIEPUMEHTAIBHOTO MakeTa coctasiser 0,5 %.
Hckomoe ynenbHOEe CONMPOTHUBIIEHHE MPOBOJIOKU Py CBSI3aHO C €r0 CO-

IIPOTHUBJIEHHEM Ry 3aBUCHMOCTBIO

L
RX :px g’ (96)
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rae L — qmuHa; S — miomanb CeYeHus UCClielyeMOoTo MPOBOIHNKA, OTKYAa T0-
nydaeM (popmyiry miis pacuéra py:

=—R,, 9.7
Px aL (9.7)

rie d — quaMeTp UCcClieAyeMon POBOJIOKH.
AOCONIOTHAsI MOTPEIIHOCTh YJIEIbHOTO COMPOTUBJICHUSI MOKET OBITh
HaiieHa o opmyoe:
AdY (ALY (AR, AdY (AR,
Ap = 4 — | +| =—| + X1 = 4 — | + X1 (9.8
P=Px (dj (Lj R, ) ¥ (dj R, ) Y

rac Ad — abcomrorHas IIOIrpCIIHOCTb AUAMCTpPa IIPOBOJIOKHU (y1<a3aHa Ha 5KC-

MEPUMEHTATIBHOM MAKETE).
IopsinoKk BbINOJIHEHUS PadOThI

1. BKJIIOYUTH SKCIEPUMEHTANIBHBIA MaKeT TyMOsiepoM «CeThb.

2. YcTaHOBUTSH TepekitouaTessb «Marepuam) B MonoxkeHue « 1» (HIXpom).

3. YcTaHOBUTD MOABUKHBIN KOHTAKT PEOXOp/a B CpeiHee TOJI0KEHHUE.

4. YcTaHoBUTH nepekiatouatesib «Ry, Om» B nonoxenue «10», 100UTH-
cst GbaaHca MOCTa C TIOMOIIBIO MTEPEMEIEHUS MTOABIKHOTO KOHTAKTa PEOXop-
na. [loxazanus raneBanomerpa G 1oJpKHBI OBITH B Tipenenax =1 ex. Ecnu cOa-
JAHCUPOBATh MOCT HE yAAeTCs, YCTAHOBUTH Mepekitouarens «Ry, Om» B mo-
noxxeHue «100» u MoBTOpUTH OaTAHCUPOBKY.

5. lobutbcst TouHOM OamaHCUPOBKU MOCTA MPHU HaXKaTOM KHOMKe «HyB-
CTBUTEIILHOCTHY.

6. 3aHecTH BEMUYMHY JTAJOHHOTO COMPOTHUBIEHUS R5 M TOJOXKEHUE
CKOJIB3SIIET0 KOHTaKTa peoxopa | B Tabmuiry.

7. IIpoBecTu Takue ke M3MEPEHUs IS APYTHX MaTepuajoB: MaHTAHU-
Ha, KOHCTAaHTaHa, HUKEJINHA, JKeJie3a, ME/IH.

8. Ucnonb3ys popmyisl (9.4) u (9.5), paccunurats comporusienue Ry
KaXXJI0ro o0pasiia v ero abCoJIFOTHYIO MOrPeIHOCTh ARYy.

9. Ucnone3ys dopmysnl (9.7) u (9.8), paccunrath yneapbHOE COMPOTHB-
JIEHUE Py KAKJI0T0 00pa3la U ero abCONIOTHYIO MOTPEIHOCTE Apx.

10. PaccuuTarh OTHOCHUTENBHYIO TMOTPEITHOCTh Apx/pyx HW3MEpeHus

YACJIbHOTO COIIPOTHUBIICHUA.
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pX! Apx’ Ap
| | 1-1 10% | 10® | =%
Marepuan OM Om | Oum P
OmMm | OM-M

1. Huxpom

2. MaHranuxu

3. Koncranran

4. HukenuH

5. XKeneszo

6. Menp

BOl'[pOCI)I U 3aJaHUA TJIs1 CAMOKOHTPOJIA

1. B uém 3akitouaeTcss MOCTOBOM METO]T OIpeIeNICHUsI CONTPOTUBIICHUIA?
KaxoBbI 10CTOMHCTBA MOCTOBBIX METOJIOB H3MEPEHUS?

2. IToka3aTh, 4TO HaUOOJIbIIAS TOYHOCTh U3MEPECHHSI COMPOTHBIICHHUH C
MTOMOIIBI0 MOCTHKA YHUTCTOHA TMOyYaeTCs MPU CPEITHEM TIOJIOKCHHH CKOJb-
3SIIIIETO KOHTaKTa Peoxop/a.

3. Ucnonb3yst MonoKeHus KIaCCUYeCKOW TEOPUU AJIEKTPOIIPOBOHOCTH,
noJiyuuTh 3akoH OMa B nudepennnansaoit hopme.

4. ChopmynupoBaTh MW 3amucath 3akoH OMa JJig ydacTka eI, IS
3aMKHYTOM TN U JJISI HEOJHOPOAHOTO YJIacTKa IIETH.

5.Uro Takoe yAenbHOE COMPOTHBICHUE U YJEIbHAs MPOBOIUMOCTH
npoBoHUKa? Kak OHU ompenensitoTcst U OT 4ero 3aBUcAT? B kakux equHUIIax
U3MEPSIOTCS?

6. [Toayuuts dopmynay i pacyéTa CONMPOTHUBIICHHS MPOBOJHHKA Ha
ocHoBe mpaBui1 Kupxroda.

7. ITouemy TeruiOBO€ IBMKEHUE DJIEKTPOHOB HE MOXKET MPHUBECTH K
BO3HUKHOBEHUIO AJICKTPUIECKOTO TOKA?

8. Kak xmaccuueckas Teopus 3JIEKTPOIPOBOJHOCTA METAILIOB OOBSICHS-

€T 3aBUCUMOCTL COIMPOTUBJICHHA MCTAJIJIOB OT TeMHepaTprI?
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