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HEJDb PABOTbBI

Lenpto nabGopaTtopHOi pabOTHI SBISETCS 3HAKOMCTBO C (U3HMUECKUMU
OCHOBAMH DJIEKTPONOTEHIIMAIILHOTO TMpeoOpa3oBaHusi, a TaKXKE MCCIEI0BaHNE
ypaBHEHUs1  npeoOpa3oBaHusl  JUIsl  Ciy4yas  NPOMYCKaHUsT  MOCTOSHHOTO
AIEKTPUUECKOTO TOKA Yepe3 ANEKTPOIPOBOIAILYIO TUTACTUHY MaJION TONIIHUHBI.

3AJAYHN
3amauamu 1a60paTOPHON pabOTHI SBIISIOTCS:
— 3HAKOMCTBO C  MAaTEMaTHYCCKUMH  BBIPAKCHUSIMH,  OIMHUCHIBAIOIIUMU

3aBUCUMOCTh PA3HOCTH MOTEHIMAJIOB MEXAYy JBYMS TOYKAMH TOHKOWU
AIEKTPOINPOBOJIAIIEH IUIACTHHBI, Yepe3 KOTOPYIO MPOIYCKAETCS MOCTOSIHHBIN
3JIEKTPUYECKUI TOK, OT CBOIMCTB IJIACTHHBI;

— UCCJIEJOBAaHUE 3aBUCHUMOCTH PA3HOCTH MOTEHIMAIOB MEXIY ABYMsI TOYKAMHU
TOHKOM 3JIEKTPONPOBOJALIEH IUIACTUHBI, 4YE€pEe3 KOTOPYIO IPOITYCKAETCS
MOCTOSTHHBIA DJIEKTPUUECKHI TOK, OT PACCTOSIHHS MEXAY MOTCHIIMATIbHBIMH
ANIEKTpOIaMU  TIpH  (PUKCUPOBAHHOM  PACCTOSHUU  MEXIYy TOKOBBIMH
IIEKTPOIaMHU.

IIpumensieMoe 000pyi0BaHKE:
— Ha0Op TUIACTHHOK C Pa3HOM yIENbHOM 3JIEKTPUUYECKON TPOBOUMOCTHIO;
— BOJIBTMETP;
— OJIOK NMUTAHUS;
— HITAaHTE€HIUPKYJIb;
— JMHEWKa MeTalmnyeckas usmepurenbHas 150 mm.

1 MartemaTu4yeckoe HCC/IeI0BAHNE pacnpefeeHUusl IeKTPUYECKHX
NMOTEHIIMAJIOB HA MOBEPXHOCTHU IJIACTUHBI € JIEKTPUYECKUM TOKOM.

DNEeKTPONOTEHIIMAIBHOE U3MEPUTEIbHOE MNPeoOpa3oBaHUE OCHOBAHO Ha
3aBUCHUMOCTH PACHpPEACIICHUS JJIEKTPUUYECKOTO TMOTEHIMAla Ha TOBEPXHOCTH
00BEKTa, 10 KOTOPOMY MPOTEKAET IJIEKTPUUECKUM TOK, OT CBOMCTB 3TOr0 0OBEKTA.

PazHocTe nmoTeHUManoB  (HAmpsDKEHUE) MEXAy JBYMS TOYKaMU  Ha
MOBEPXHOCTH MPOBOJHHUKA, 0 KOTOPOMY IpOTEKaeT aneKkTpuueckuii Tok | (puc. 1),
paBHA MHTETrpay [0 HEKOTOPOMY MYTH CKAJSIPHOTO NMPOM3BEACHHUS BEKTOPOB E M
syIeMeHTapHoro nepemMerienus di . HanpsokeHHOCTh moJs, TaKUM 00pa3oM, sSBISETCS
B3STBIM C OOpaTHBIM 3HAKOM TPAJUEHTOM CKAJISPHON BEJIMYMHBI PA3HOCTH
MOTEHIIUAJIOB (HANPSKEHHUS):
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Puc. 1. KapTuHbl moJ1s mpu MPOTEKAHUH MOCTOSTHHOTO 3JIEKTPUYECKOT0 TOKa Yepe3
AJICKTPOIPOBOISIIYIO TUTACTUHY MPH OTCYTCTBUHM (a) U HAIU4YKU (0)
HEOTHOPOTHOCTH (IIPOPE3H) Ha MOBEPXHOCTH TUIACTUHBI

Crnemyer OTMETHTh, YTO Pa3HOCTh MOTEHIIMAJIOB HE 3aBUCHUT OT BHIOPAHHOTO
MyTH TIEPEMEIIEHUs U3 OJHOW TOYKH B ApYyTyro. [loBepXHOCTH, HAXOIAITUECS TIOJ
OJTHAM TIOTCHIIMAJIOM, Ha3bIBAIOTCS SKBUIIOTCHIIMAILHBIMU. JINHUN B 2JIEKTPUIECKOM
moJie, KacaTelIbHbIe KO BCEM TOYKaM KOTOPBHIX COBITAAOT TIO HAMPaBICHUIO C
BEKTOPOM HAMPSHKEHHOCTH TI0JIS, HAa3bIBAIOTCSA CHUJIOBBIMH. CHIIOBBIC JTMHWUW BCET/Ia
OPTOTOHAIBHBI AKBUIOTCHIIMAIBHBIM TOBepXHOCTsM (puc. 1). Ilo rycrorte
HKBUMOTEHIIMAJIBHBIX MOBEPXHOCTEM MOXHO CYIuUTh 00 HHTEHCHUBHOCTH U
OJTHOPOJHOCTH 3JICKTPUYECKOro 1MoJisi. IIIOTHOCTh 3JCKTPUYECKOrOo Toka J B
MPOBOJHUKE MPSIMO MPOMOPIMOHANBHA HAMPSHKEHHOCTH AJIEKTPUYECKOTO  TOJIA
(3akoH Oma):

J =0k, (1.2)

I7ie 0 — yelbHas dJIEKTPUIECKask TPOBOIUMOCTb.

du3znyeckre OCHOBBI JJIEKTPOMOTEHIIMAIILHOTO MpeoOpa3oBanusi Haubosee
HArJISIIHO  MOKHO  PAacCMOTpPETh  JUIA  Cly4yas TMPOTEKaHUS  MOCTOSTHHOTO
AIEKTPUUECKOTO TOKa MO0 OECKOHEYHO UIMHHOMY IUJIMHAPUYECKOMY MPOBOJTHUKY C
MIOCTOSIHHOM TUTOIIA/IbIO MIONIEPEYHOTO ceYeHuUs (puc. 2).
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Puc. 2. IIpoTekanue MOCTOSIHHOTO 3JIEKTPUIECKOTO TOKA IO OECKOHEYHO JITTUHHOMY
MPOBOJHUKY TOCTOSTHHOT'O CEYCHHUS

B »TOM ciyyae IJIOTHOCTH 3JIEKTPUYECKOIO0 TOKA IO CEYEHHIO IPOBOJHHUKA
MOCTOSIHHA, JUHUHM HANpPSHKEHHOCTH 3JIEKTPUUYECKOTO TOJs, 00eCIeuynBarolero
NpOTEeKaHWEe TOKa, MapajuleNbHbl O0pa3yrollell HUIMHAPUYECKONW TMOBEPXHOCTH, a
HKBUMOTEHIIMAJIbHBIE MOBEPXHOCTH MPEACTABIAIOT COOOM TIJIOCKUE TapayljiebHbIe
burypsl, NepHeHAUKYJISIPHbIE MMOBEPXHOCTH MPOBOJHUKA. 3aBUCUMOCTH Pa3HOCTHU



MNOTCHOHUAJIIOB MCKAY ABYMA TOYKaAMU Il m 2 Ha IMOBCPXHOCTHU IMPOBOJHHKA OT
[MapamMCTpoOB IIPOBOJHHKA!
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Takum 00pa3zoM, pa3HOCTh JJICKTPHUECKHX ITOTCHIUANIOB (1 — () MEXKIY
JIByMsI TOYKAMH HAa TIOBEPXHOCTH OECKOHEYHO JJIMHHOIO LMJIUHAPUYECKOTO
IPOBOJHHUKA TIOCTOSIHHOTO CEYEHMs, 10 KOTOPOMY IIPOTEKAaeT IOCTOSHHBIN
AJIEKTPUYECKUI TOK, MPsIMO MPONOPLMOHAIbHA 3HAuUEHUsIM Toka | W paccTosHus
MEXKIy Toukamu | 1 00paTHO MPOMOPIMOHAIFHA 3HAYCHHSIM TUIOIAIU MOTIEPEYHOTO
CEUEHUs S U yJIEeIbHON AIIEKTPUUYECKON TPOBOAUMOCTH 0 MaTepHajia MPOBOIHUKA.

JIaHHBIN BapHUaHT JIEKTPOIOTEHIIMATEHOTO U3MEPUTEIHHOTO TPE0Opa30BaHUS
HAIIe]l UCIIOJIb30BaHKE TIIaBHBIM 00pa30M JJIsi U3MEPEHUs YACIbHON AIEKTPUIECKON
IPOBOJAMMOCTH MaTepUaloB M TOCTPOCHHS TaK Ha3bIBAEMBIX PEOCTATHBIX
U3MEPUTENbHBIX MpeoOpa3oBaTesieil MepeMelieHul, B KOTOPBIX HCIIOJIb3YeTCs
IPOMOPIIMOHANIFHAS 3aBUCUMOCTh Pa3HOCTH TOTEHIIMAIOB WJM CBSI3aHHBIM C HEU
IPOMOPIMOHAIFHOM ~ 3aBUCHMOCTBIO  JJIEKTPUYECKUM  COMPOTUBICHHEM  OT
paccrosuus |.

Kak Obulo moka3aHO BbIIIE, BBIBOJ YpaBHEHHUs IMPeOOpa3oBaHUA Ui Clydas
IPOTEKAaHUsI TOCTOSHHOTO JJIEKTPUYECKOr0 TOKa 4epe3 JJIMHHBIA IMPOBOJHUK
IOCTOSSHHOTO ~ CEYEHHMs] HE [MPEACTaBIsAET KaKUX-IMOO 3aTpylHEHUH BBUIY
JIOCTATOYHO MPOCTOM KapTHUHBI 3JEKTPUUECKOTO MO B IPOBOIHUKE.

3HaYUTENIbHO 0o0Jiee CJIOXKHOE pacHpelieleHHe JJIEKTPUUECKOro MO U
COOTBETCTBEHHO OOJbIINE 3aTPyAHEHMsI IMPEACTaBIseT COOOW BBIBOJ YpaBHEHUS
AIIEKTPOTIOTEHIIMAIEHOTO TMPEO0pa3oBaHus AJIsA Cliydas MPOTEKaHUS MOCTOSTHHOTO
AIIEKTPUYECKOTO TOKa Yepe3 AIEKTPOMPOBOMAAIIYIO IJIACTHHY MPU OTHOCHUTEIHHO
OJIM3KOM PaCHOJIOKEHUH TOKOMOJABOASAIIMX 3JEKTPOAOB (puc. 1a) U B 0COOEHHOCTH
MIpU HAJTMYUU B HEUW KaKuX-Iu00 HeogHOopoaHOCTeH (puc. 10).

B o0oux cinyyasx 35meKTpHUYecKHe TOJs B IUIACTHHE HEOTHOPOMHBI. [losTomy
B3aMMO3aBUCHMOCTh BEJIMYMH pa3HOCTH ToTeHnmanoB U, paccrosHus | mexmy
TOYKAMHM Ha TMOBEPXHOCTU IUIACTUHBI, B KOTOPBIX H3MEPSAIOTCS TOTEHIMAIIBI,
IUIONIA/IbI0 S TOMEPEYHOro CEYEHHs IUIACTHUHBI (TOJNIIMHBI IJIACTUHBI 1) HOCUT B
OTJIMYKE OT MPEbIAYIIETO Cayyasi HeIMHEHHBIA XapakTep.

Haxoxnenue pacripeneneHusi MIOTHOCTH 3JIEKTPUUYECKOTO TOKa B IJIACTHHE
OCYILIECTBIISIETCS] B 3TOM CJIy4ae Ha OCHOBE PEIlIEHUsI KpaeBOM 3aauM, OMUCHIBAEMOM
ypaBHEHUsMU MakcBesuia u TpPaHUYHBIMH YCIOBUSMHU.

Ha puc. 3 npezacraBieHa 3aBUCUMOCTh OTHOIIeHHs a-o-U/l OT uW3MeHeHus
OTHOCHUTEIIbHOW TOJIIIMHBI 3JICKTPONPOBOASAIICH TIIACTUHBI t/a i1 pa3ndHbIX
3HaYeHWH oTHomeHus Db/a. 37gech @ — paccTosHME MEXKAY TOKOBBIM H
NOTCHIMATBHBIM ~ JJIEKTpoAaMu; D — paccTosHME MEXIy IMOTCHIUATBHBIMA
AJIEKTPOJIaMU; 0 — YJEJIbHas 3JEKTpUYeCcKasi IPOBOJAUMOCTb MaTepHalla IUIacTUHBL;
— TOJIIMHA IU1acTUHbBl. C HCMONB30BAaHMEM O3TOM 3aBUCUMOCTU IPU H3BECTHBIX
3HAYEHHAX TOKa |, MEXDIEKTPOJHBIX PACCTOSHUIA & W D, yIenbHOW 3IeKTpHYeCKOil
IPOBOAMMOCTH MaTepuaia ¢ Ha OCHOBE U3MEPEHHs Pa3HOCTH NoTeHnanoB U Moxer
OBITh OMpEeNeH0 3HAYCHHE TONIIMHBI TuiacTuHbl t. Ilpu W3BECTHBIX 3HAYEHUSIX
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MEXIJIEKTPOTHBIX pacCcTOsTHUN @ u D, Tommuab miactunsl t, Toka | o pesynbraTtam
U3MEPEHUS Pa3HOCTU NOTEHIMaAIOB U MOXKET ObITh ONPEJECIIEHO 3HAUYECHUE YETbHON
IEKTPUYECKON IPOBOIUMOCTH MaTepuasa o.
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Puc. 3. 3aBHCHUMOCTB HaNIPSHKEHHSI MEXKAY TOTCHIIMATBHBIMU YJIEKTPOIaMHU
AJIEKTPONOTEHIUAIIBHOTO U3MEPUTEIBLHOTO NpeoOpa3oBaTess OT TOJIINHbI
AIEKTPONPOBOISIIEH TIIACTUHBI

Jlnsa t/a <1 3aBucUMOCTH pHC. 2 ¢ TOrperrHocThio MeHee 10 % MoryT ObITh
anmpPOKCUMUPOBAHBI ()yHKIIUECH:
a-oc-U _a a+b

In(——). (1.4)

I -t a

st 3nauenuii t/a>2 orwomenne a-oU/l M COOTBETCTBEHHO 3HAYCHUE
pa3HocT mnoTeHiuanoB U (mpu HEU3MEHHBIX 3HAYEHUAX JPYTrUX BIHSIOMIUX
napaMeTpOB) MaJi0 3aBHCAT OT M3MEHEHHUS OTHOCHTEIHHOIO 3HAUCHUS TOJIIMHBI /3,
YTO O0YCIIOBJICHO PE3KUM YMEHBIIEHUEM IIJIOTHOCTH JJEKTPUYECKOTO TOKA B CIIOSX
IJIACTUHBI, YJAJICHHBIX OT MOBEPXHOCTH HA TIIYOMHY OOJBIIYI0 MEXKIJIEKTPOIHBIX
pacctostauil. [losToMy ISl MOMy4YeHUs TOCTOBEPHON WHGOPMAIMHM O TOJIIUHE |
AJIEKTPUYECKOW TPOBOJUMOCTH MaTepHasia TUTACTUHBI MPU OOJBIINX 3HAYCHHSIX
TOJNIIWHBI ~ JIOJDKHO ~ OBITh ~ 00ECIIEUeHO  COOTBETCTBYIONIEE  YBEIMUYCHUE
MEKIJIEKTPOTHBIX paccTosiHUM a u b.




31ech cienyeT OTMETUTh, YTO KaK 3aBUCHMOCTH PHUC. 3, TaK U COOTHOIICHUE
(1.4) mnonydyeHsl UIs cay4das IUIACTHHBI OCCKOHEYHOM ILIOMIAAM, T.€. B
IPEINONIOKEHNH, YTO Kpasl TUTACTUHBI HAXOMATCS OCCKOHEYHO Jalieko OT TOYEK
YCTaHOBKH OJIEKTPOAOB. B peanpbHOM Xe cllydae TakKoe JOMYyIIEHHE MOXKHO
UCTIONIb30BaTh MPHU PACCTOSHUU TOYEK YCTAHOBKH JJIEKTPOJOB OT Kpas TUIACTHHBI
MIPEBBIIIAIOIIEM PACCTOSHUE MEXITy TOKOBBIMH dJeKTpofamu. [Ipudem HanOosbIee
OTJMYME pEATbHBIX 3aBUCHMOCTEH OT TEOPETHYECKMX HUMEET MECTO MpHu
PacCTOJIOKEHUH TUHUHM YCTAHOBKH JIEKTPOIOB MapalljieIbHO KParo MIIACTUHBI.

2 IHopsinok BbINOIHEHHSA PAadOTHI

2.1. TloaroroButh 00pa3ibl K KOHTPOIIIO.

2.2. llpomsBecTn TMpeABApUTENBHYIO pa3MeTKy o0pa3imoB (B ciydae
HEOOXOIUMOCTH).

2.3. U3Meputb pa3HOCTh MOTEHIMAJIOB Ha oOpaslax B BHJE IOJOCKU NpHU
| =3 A, 1 =50 MM (I — paccTostHEE MEXTy TOTEHIIHAILHBIMHU 3JICKTPOIaMH ).

2.4. V3Meputh pa3HOCTh MOTEHLIMAJIOB Ha oOpas3lax B BHJE IOJOCKU NpHU
=3 A, 1=150 mm.

2.5. M3Meputb pa3HOCTh MOTEHLMAJIOB Ha oOpas3lax B BHJE IOJOCKU NpHU
I=5A,1=150 mm.

2.6. BplUKCIUTD YAETBHYIO 3JIEKTPUYECKYIO IPOBOJMMOCTH 00paslioB U
JTAaHHBIE 3aIIMCaTh B TA0JIUILY.

Ne I=3A,1=50mm =3 A, 1=150 mm I=5A,1=150 mm

oopasua | U, mB o, MCm U, mB o, MCm U, mB 6, MCm

2.7. V3MepuTh pa3HOCTh MOTEHIMAJIOB HAa 00pa3le B BUJE IUIACTUHBI MPHU
| =5 A. M3mepenus nNpoBECTH B IIEHTPE U IO KpasiM oOpasia (MepreHIuKYISIPHO U
napayieIbHO KPOMKE).

2.8. Bpruucaute TommmHy oOpasiia B Buie IiacTuHbl. CpaBHHTH
MOJTyYEHHBIE JaHHbIE C PEAIbHOM TONIMHON 00pa3ia.

2.9. MUcnonwszys Beipakenue (1.4) mocrtpoiite rpaduKd 3aBUCUMOCTH
pPa3HOCTH TMOTEHIMATIOB OT TOMmMHBI TwactuHbl U(t) npu  QuKCHpOBaHHBIX
3HaYeHUsIX cuibl Toka | =3 A; yneiapbHOH 3JIEKTpUYECKOW MPOBOJUMOCTU 0 = /,5
10° CM/M; PacCTOSIHHE MEKIY TOKOBBIM U IOTEHIHATBHBIM dIeKTpoaoM a = 107 M u
TPeX 3HAYCHHUSAX PACCTOSHUS MEXK]y TOTEHIIMATBHBIME JIeKTpofamu by = a; b, = 2a;
bs = 4a. JnamasoH n3MeHEHHUs TOIIIMHEI IieIecoobpasHo Beopats t = (0,1 10°...1 10
3) M C IIIarOM U3MEHEHUS 0,01><10'3 M.




2.10. Ucnmonw3ys Beipaxkenue (1.4) moctpoiite TrpaduKkud 3aBUCUMOCTH
PA3HOCTHU MOTEHIIMATIOB OT YIEIbHOM 3JIEKTPUUYECKON MPOBOJAUMOCTH IIacTuHbl U(o)
npu PUKCUPOBAHHBIX 3HAUYCHUAX cuiibl Toka | = 3 A; Tommuusl mactusl t = 0,3 10°

M; PACCTOSIHUS MEXIy TOKOBBIM M TOTCHIMAIBHBIM 31eKTpogoM a = 1072 M u Tpex
3HAYCHHUAX PACCTOSHUS MEXKIy TMOTCHIMAIbHBIMKM dJiekTpodamu b; =a; b, = 2a;
b; =4a. J/luana3oH HM3MCHEHUS YJEIBHOW 3JICKTPUYCCKONW MPOBOIUMOCTH B 3TOM
ciydae memecooOpasHo Beiopars (1 10°..10 10°) Cm/m, ¢ mraroM u3MeHEHwHs
0,1 10° Cm/m.

2.11. Tlpoananusupyiite mnocTpoeHHble Tpaduku. Jlalite uM ¢uznueckoe
TOJIKOBaHUE.

3 KoHTpoJibHbIe BOPOCHI

3.1. TloueMy »SKBHUNOTCHIHAIbHBIE JHHUW W JIMHUA HANPSHKEHHOCTH
AJIEKTPUYECKOTO I0JI BCET/IA MEPIEHAUKYIISIPHBI IpYT Ipyry?

3.2. ITloueMy MO TyCTOTE€ SKBUIOTEHUMAIbHBIX JIMHUI MOXHO CYAMTH O
HANPSHKEHHOCTH AJIEKTPUYECKOTO MOJIS?

3.3. Uro Takoe IIOTHOCTh TOKa?

3.4. Kak Biusger TONIMHA IUIACTHHBI, IO KOTOPOH IPOITyCKaeTcs
AIIEKTPUYECKUI TOK, HA KAPTUHY 3JIEKTPUUYECKOTO MO ?

3.5. 3aBUCHT JIM OT pACHOJIOKEHHUS TOKOMOJBOASIIMX JIIEKTPOJIOB Ha
MOBEPXHOCTHU M3ENUs KapTHHA SICKTPUUECKOTO OIS ?

3.6. Kak cka3piBaeTCs Ha KapTHUHE OJJIEKTPUYECKOTO TOJS MPUOIMKCHHE
ANEKTPOAOB K KPasiM IIJIACTUHBI?

3.7. Tlouemy BiusHME Kpas IUIACTHHBI Ha pE3ylbTaT MpeoOpa3oBaHUs
Oonpllie AJiA Ciay4as pacloJIOKEHUs JMHHH YCTAaHOBKH DJIEKTPOJOB MapajuieIbHO
Kparo TUTACTUHBI [0 CPABHEHUIO C €€ PACTIOJI0KEHUEM MEPIICHANKYIISIPHO Kparo?



