UVpKyTCcKHMI TOCyJapCTBeHHBIVI TEXHMUYIECKUII YHUBEPCUTET
Kadenpa ob6mieo0pasoBaTe1bHBIX OVCOMILINH

B
Rx R,
G
A~ R, R, C
iy
Kn 5l

DOU3UKA

JIabopaTopHas pabora 3.3.

«OnpenesieHve HeM3BeCTHBIX COIIPOTMBIIEHMU

IIp¥ IIOMOIIIM MOCTOBOM CX€MbI»

morr. Ilemva B.V.
«e-mail shch@istu.edu»

G

[, =——-
" R4y

Upkytck 2014



JlaboparopHasi pabora 3.3. Onpedenenue neu3secmmuovix
CONPOMUGIEHUIL NPU ROMOULU MOCHLOBOTL CXEMbL
Hean padoThl: uzyuenue 3aKOHO8 NOCMOSHHO20 MOKA.
Teopemuueckasa wacmup

B npoBogHuKax CyIiecTByIOT CBOOOTHBIE HOCUTENHU AJIEKTPUUECKOTO 3apsia
— aneKkTpoHsbl. [lon nefcTBrEM 3JIEKTPUYECKOTO MO, KOTOPOE MOXKHO CO37aTh B
MIPOBOJIHUKE, BO3HUKAET HEMPEPHIBHOE YMOPSIOUYECHHOE ABUXKEHUE AJIEKTPOHOB.
Takoe [BW)KEHHE HA3bIBACTCS JIMEKMPUYECKUM mOKom. 3a HalpaBliCeHUE
AIIEKTPUYECKOTO  TOKAa  MPHUHATO  HANpaBlIEHWE  JBMOKCHHS  CBOOOJHBIX
MOJIOKUTETBHBIX 3apPS/IOB.

KonunuecTBeHHONM Mepoi 3JEKTpPUYECKOro TOKa CIyXUT cuaa moxa I. Omo
cKanapHas — uauueckas — GelUHUHA, KOmopas — onpeoensem — KOJUYECHmBO
NeKmpu1ecmea, npoxoosaule2o uepe3 nonepeuHoe ceueHue NPo8OOHUKA 3d eOUHULY
8peMeHU:
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Ecnu cuna Toka u ero HampaBlieHHUE HE U3MEHSIFOTCSI CO BPEMEHEM, TO TaKOH
TOK HasbIBaeTcsi nocmoaunvim. B Mexnynaponnoit cucreme eauuun, CU cuna
TOKa u3MepsieTcs B ammepax (A). Jlns cymiecTBOBaHUS TOCTOSHHOTO TOKa
HEOOXOAMMO HAJIMYHUE B 3JIEKTPUUECKOH 1M YCTPOICTBA, CIIOCOOHOTO CO3/1aBaTh

U TIOJJICP)KUBATh PA3HOCTH TMOTCHIIMATIOB A@ Ha ydacTKax ICMH 3a CYET PaboThI

CUJI HE3JIEKTPOCTATHYECKOTO TMPOUCXOXKACHUSA. Takue ycTpoiCTBa Ha3BIBAOTCS
UCMOYHUKAMU  NOCMOAHHO20  moka. Cuiabl  HEIJIEKTPOCTATHUYECKOTO
POUCXOXKICHUS, JEUCTBYIONIME Ha CBOOOJHBIE HOCHUTEIW 3apsjia CO CTOPOHBI
HCTOYHUKOB TOKA, HA3BIBAIOTCI CMOpOHHuUMuU cunamu. llpu mepemernieHun
ANEKTPUYCCKUX 3apsA0B 10 IENH IOCTOSHHOTO TOKa CTOPOHHHE CHJIBI,
JEHUCTBYIOITNE BHYTPU HCTOYHUKOB TOKA, COBEPIIAIOT PaboTy.
Inexkmpoosusrcywieir cunoii ucmounuxa (3/C) nazvisaemces uzuuecxas
BeNUYUHA, PABHASL pabome CMOPOHHUX CUNl NpU nepemeweHuu 3apsoa ( om
OMPUYAMENIbHO20 NOACA UCMOYHUKA MOKA K HOJONCUMETbHOMY NOIHOCY,

omHecénHas K eenudune amozo sapsada. IJIC u Ap B cucreme CU usmepsercs B

BoJbTax (B):
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[lens MOCTOSSHHOTO TOKAa MOXHO pa30UTh HAa YYacTKH, Ha KOTOPBIX HE
JEHCTBYIOT CTOPOHHUE CHIIBI, TO €CTh YYaCTKH, HE COJEpPIKaINE HUCTOYHUKOB TOKA.
OTH y4acTKM Ha3bIBAKOTCS OJHOPOJHBIMHM. YYacCTKH, BKJIIOYAIOIIHE WCTOYHHKHU
TOKQ, Ha3bIBAKOTCS HEOJJHOPOIHBIMHU.

Hewmenkuit pusuk [.Om B 1826 r. sKCIeprMEHTaIbHO YCTAaHOBUIL, YTO CHJIA
TOKa |, TEKyIIero o 0THOPOAHOMY ITPOBOJHUKY (TO €CTh IPOBOJHUKY, B KOTOPOM
HE JEHCTBYIOT CTOPOHHME CHJIbI), MPONOPIHOHATIbHA HANPSDKEHUIO Ha KOHLAX
IPOBO/IHUKA:

I (01_(02 _E

R R

rae @ —Py = U - HaIIpsDKCHUEC Ha Y4aCTKE LCIH, R — ero COIIPOTHUBJICHUC, Om.

AHAJIOTUYHO TOMY, KaK TPEHHE B MEXAHUKE CO3AET MPOTUBOICHCTBUE ABUKEHUIO
T€J, COMPOTUBJICHUE MPOBOJHUKA CO3AAET MPOTUBOACHCTBHE HAINPaBICHHOMY
JBUKEHUIO AJIEKTPUUECKUX 3aps/IOB U OMPENEIIIeT MPEeBPAIICHUE DIICKTPUIECKON
SHEPruy BO BHYTPEHHIOIO SHEPTHUIO MPOBOHUKA.

3akoH OMa 1 3aMKHYTOH LIENU: CUId MOKA 8 2JIeKMPUYeCcKou yenu npsimo
nponopyuonanena IC u 0bpamHo NponopyuoHAaIbHA CYMMe CONPOMUBIEHUL
BHeWHel U 6HYMPEHHeU Yenu:
-
CR+r’

rac R — BHemIHEE COIIPOTUBJICHUE 1ICTIH, I' — BHYTPCHHEC CONPOTHUBIICHUEC UCTOYHHUKA

TOKaA. COHpOTI/IBHeHI/Ie OI[HOPOI[HOFO HpOBOI[HI/IKa
R |
=P 3 (1)
I p — YACIBbHOE COMPOTHUBIICHHE MPOBOAHKNKA, OM'M; | — 1yIMHa MPOBOAHMKA; S —
IJ1omaab HOHepe‘—IHOFO CCUCHU4I. BOHBIHI/IHCTBO 3HeKTqueCKI/IX uenef/i ConepncaT

KOMOMHAITUY TTOCEA0BATEILHO WM NapaJljIeIbHO BKIFOUEHHBIX COMPOTHUBIICHUH.

TTonHOE COnpoTHBICHHE Leneii onpenemsercs u3 Beipaxerns R =U/| . Tpu
TIOCIIE0BATEILHOM COEIMHEHUH 9€pPe3 BCE COMPOTHBIICHHS TE€YET OJUH U TOT XKE
TOK, M NaJcHUE HANPSKEHHs Ha CONPOTHBICHUAX MPONOPIUOHATLHO BEIHYMHAM
5THX  compoTupieHui. CONPOTUBJIEHHE  IOCIECHOBATEILHO  COCAMHEHHBIX

IMPOBOJHHUKOB



IIpr mnapannensHOM COEIMHEHUM COIPOTUBICHUM HMEEM OJIMHAKOBOE

MaaACHUC HAIIPpsKCHUA, HO PA3JIINYHYIO

B cwty Toka Ha ydactkax | =1, +1,+..
Rx R, CrienoBatensHo, pasenus Ha U 06e yacTn
G 3TOTO BHIPAKEHUS, IOy IUM:
1 N1
A~ R, R, C R é R
% +I - e Rj— conmpoTuBIenue i-ro IMpOBOIHKKA;
- Puc.2 & N — 9uCI0 TPOBOTHUKOB.

Jliist pacuéra 60s1ee CIIOKHBIX Ienei
CYIIIECTBYET CIIOCO0, OCHOBAaHHBIN Ha MpuMeHeHuu npasuil Kupxroda.
Ilepsoe npasuno Kupxzogha (paBuso s y3ia) — anredpandeckas cymma
Bcex N TOKOB, CXOAIIMXCS B y3JIe, paBHA HYJII0. ¥Y3€JI-TOUYKa Pa3BETBIICHUS

IIPOBOJHHUKOB

N
i=1

[lepBoe mpaBmIIO SIBIISIETCS CIAEACTBUEM 3aKOHA COXPAHEHUS 3apsija.
Bmopoe npaeuno Kupxzogha (tipaBuiio 1Jjisi KOHTypa) — ajireOpandeckas
CyMMa TMaJieHui Haps>KeHUH, TIOJICYUTAaHHBIX BIOJb JIF000TO 3aMKHYTOTO KOHTYPA,

paBHa anreopandeckoit cymme IJ[C MCTOUHUKOB, BKIIOUYEHHBIX B KOHTYD:

N M
ZIiRi = ng ,
i=1 k=1

rae N — Koau4ecTBO conpoTUBIIeHUH B KOHTYpe; M — uncio ncrounnkos I/C.

ﬁUv Btopoe npaBuno Kupxroda spisercs

1 D, CJICZICTBHEM 3aKOHA COXPaHEHHUSI SHEPTHH.
I) R | Ia Usmepenne CONPOTHBJICHHUI.

L &) N
d 7 6 Haubonee mnpocroit cmoco® omnpenencHus
COIPOTHUBJICHUI OCHOBAH Ha U3MEPEHHUH CHJIBI
+ - TOKa PH IMOMOIIH aMIIEPMETPa U HAIPSIKCHHUS
O O

Puc. 1 — npu nomoInu BodbT™Merpa (puc. 1). Ecnm

amMIiepMeTp MOKa3bIBaeT CHITy TOKA B amIiepax
(1), a BompTMETp — HampsDKeHHWE Ha KOHIAX MpoBomHuka B BoibTax (U), TO
CONPOTHUBIIEHUE MPOBOTHIKA B oMax paBHO R=U/I. [TIpu 3TOM HOMKHO COOMIOAATHCS

ycioBue |>>ly. TouHocTh 3TOro MeToAa onpeaensieTcsi IpuOOPHOMN MOTPEIIHOCTHIO



BOJIbTMETpa M amiepmerpa. Jlias TOYHOro ONpeNeNeHus COMPOTHUBICHUN
UCIIOJIB3YIOT METO/]I CPABHEHUS COMIPOTUBIICHUH, HE TPEOYIOIINIA U3MEPEHHS TOKA U
HaIpspKEHUsI. DTOT METOJ OCYIIECTBISIETCS MO0 CXEME MOCTa, M300paKEHHOTO Ha
puc.2.

DnekTpuyeckas MOCTOBas cxeMa (MOCT YUTCTOHA) CITYKUT JJIs ONPEACIICHUS
ANIEKTpUYEcKoro compotuBieHus. Yersipe compotuBieHus Ri, Rz, Ry, Ra
COCTaBJISIIOT 3aMKHYTBIA 4eThIpEXYroiibHUK ABCD. [lpoTtuBoiiexaniye BepIIMHbBI

qGTLIpéXYFOHBHHKa COCIUHATIOTCA OUaroHaJlsIMH. B OJHY JuaroHajib, MCKIY

toukamu C u D, mogkiouaercs raapBanoMeTp G, B Ipyryto — 6aTapes £ yepes3 KT
K.

Ecnu ywactok mnociegoBaTeIbHO BKIIIOUYEHHBIX compoTuBieHud Ri u Ro
3aMEHAIOT OPSIMBIM OJTHOPOJIHBIM IIPOBOJOM, HATSIHYTHIM BAOJIb TUHEUKH, TO TAKOU
MOCT HAa3bIBAa€TCsl PEOXOpPAHBIM. Blonb peoxopia MepeMemaeTcsl MOABHKHOU
KOHTakKT D u compotuBnenuss R; u Ry WM3MEHSIOTCS TPOMOPIUOHATIBHO JIJIUHE
npoBosioku u3 popmysisl (1). ITonoxkenue asmxka D peoxopa MOKHO MOI00paTh
TaKUM 00pa3oM, 9TOOBI TOK B raibBaHoMeTpe G, BKIIOUEHHOM B AHArOHaIbh MOCTA,
OBLT paBeH HYJIIO.

OTO BO3MOXHO TOT/a, KOrJa MOTEHIMaIbl B Toukax B m D oxaxyrcs
paBHBIMH, T.€. KOTJa @ = ¢p. [Ipu OTCYTCTBUU TOKa uyepe3 rajbBaHOMETpP IO

nepBomy rnpaBuity Kupxroda moxno 3anucats: 1 = lp; Iy = la.

Tak xak moreHnuansl Touek B u D paBHBI, 3HaUCHUS TAJCHUS HATPSKCHUS
Ha ydacTtkax AB u AD u yuyactkax BC u DC Toxe Oynyt paBHbl; T.e. |11R1 =12Rj,
I.R,=14R4. 3MepuTenpHbIi MOCT B 3TOM ciTydae OKa3bIBaeTCs cOaJaHCUPOBAHHBIM.
[TomyueHHBIC paBEHCTBA Pa3/ICIUM MOYJICHHO U, IPUHUMAas BO BHUMaHUE, YTO I,

= |y a lx = |4, nonyunm:

R

R,=R,—

R -

2
Takum 00pa3om, 3Has CONMPOTHBJICHUE OJHOTO MMPOBOAHNKA, HaIpuMep, Ry 1
OTHOILIEHUE COINPOTUBIIEHUN IBYX IPYIUX MPOBOJHUKOB, MOYHO OIIPEICIUTH
COMPOTHUBJICHUE 4YETBEPTOrO TMPOBOJHMKA. 3aMeHsisi cornpoTuBieHus R; u Ry
mmHaMu 1oied Lyp w Ly, momyumm  pabGouyro dopmyiny s onmpeneneHus

HCHU3BCCTHOI'O CONPOTHUBIICHUA.



R.=R. ™. @
L2
Onucanue IKcnepumeHmaibHol YCMaHo8KU
MocTt YuTcToHa peann3oBaH B BUPTYaJbHON Ja00OpAaTOPHON YCTaHOBKE
(puc. 2, puc. 3), cocrout u3 comporusicauii R;, Ry, RX, R4, KOTOpBIC COCIMHEHBI
MEXIy COO0M TaKUM 00pa3oM, 4TO 00Pa3yrOT 3aMKHYTHIN YETHIPEXYTOJIbHUK.
JIBa TIPOTHBOIIOJIOKHBIX YTJIa YETHIPEXYTOJIbHUKA COCTUHSAIOTCS ¢ OaTapeei
(E = 25 B) uyepe3 wimou K, a aBa Jpyrux yria — depe3 raibBanomerp G.
Comnpotusnienus Ri, Rz COOTBETCTBYIOT COMPOTUBIIEHUIO ITPOBOJIOKU peoxopa, T.€.
wiedam L1, L2 peoxopaa [3anumute padouyro Gopmyiny (2)]. JinuHy mied MoKHO
W3MEHUTH Tipu oMoty kHonku-aBmxkka “RHEOHORD CONTROOL”.
ComnportuBnenne R4 mpeacTaBiser co0OMl Mara3uH CONPOTUBIICHUN,
MO3BOJIIOMNK HaOpaTh r000€ compoTuBiieHne B mpenenax oT Ro=0 Om no
Ruax = 999,9 Om. HensBecTHOE conmpoTHBIICHHE Ha cXeMe 0003HaueHo Iudpamu 1
win 2. HaxxuMas Ha KHOIMKY HEU3BECTHOTO COMPOTHBIICHHUS, MOXHO TMOJYYUTH B
cxeme Hem3BecTHble conpotuBicHus 1 (Ry;) mmm 2 (Ry), a Ttakke wux
nocnenosareiabHoe (Ry;) n mapamiensroe (Ryy) BioueHue. Koraa HCTOYHHK TOKA

3aMKHYT, TO 4€PEC3 «IIJICUN>» MOCTa HOﬁHCT TOK U I'aJIbBAHOMCTP IMOKaXXET OTOT TOK.
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Puc. 3. Cxema BUPTYaAJIbHOM JIA00PATOPHOH YCTAHOBKH



IIpu mnomomm kHomku-ABMKKa «RHEOHORD CONTROOL» wmoxHO

I[06I/ITI)CSI TaKOro TOJIOKEHHMSI KOHTakta D Ha peoxopac, Korga TOK YCpe3

raJibBaHOMETp Oy/IeT paBeH HYJIIO U OKAKETCA CIpaBeAJIUBbIM cooTHo1IeHue (2). To

K€ CaMO€ MOYKHO CEJIaTh IOJJ00POM CONPOTUBIIEHUS R4, HE U3MEHSIA COOTHOILLICHHE

wied L1, L2 peoxopna.

9.

IHopsaook evinonnenus padomat
[Toy4yuTh CBOI BapHaHT 3aJaHus U JIOMYCK y BEAYIIETrO MPEno/iaBaTelis.
O3HakOMUTBCS C paboTOM MOCTOBOM CXE€Mbl Ha BHUPTyaJIbHOU
7a00paTOpHON yCTaHOBKE: BKIIIOUEHHUE/BBIKIIOUYEHHE, paboTa peoxopaa U
rajbBaHOMETPA, MOJAKIIOUCHUE COMPOTUBIICHUHN, U3MEHEHNE 3HaUeHU Ry.
BoinonHuTh NpOOHBIE HW3MEpPEHUs, JOOMBASICH HYJIEBOTO OTKIOHEHUS
cTpenku TranmbBaHomerpa G: a) mombopom Ri mnpu  pasiUyHBIX
dukcupoBaHHbIX 3HaYeHUX L1/L2; 6) mogbopom cooTHomeHus miey L1/L.2
Y pa3IMYHBIX (PUKCUPOBAHHBIX 3HAYEHUSX COMPOTUBIICHUS Ra.
VYcTaHoBUTH IBMXKOK peoxopia D Ha cepenuHy peoxopaa, a 3HaueHue R4 Ha
Mara3uHe CONPOTUBIIEHUI BBIBECTU HA HOJIb.
[TonkiounTh K YCTaHOBKE MEpPBOE HEM3BECTHOE COMpPOTHBIECHUHE Ry, U
3aMKHYTb K104 K.
WN3mensis  conmportuBienus R4, A0OUTBCS MHMHMMAIBHOTO (HYJIEBOTO)
OTKJIOHEHHsI CTpENKH TalbBaHoMeTpa G mpu paBHOM OTHOIICHUHU TIIEY
peoxopaa L1 u L2 (L1/L2=50/50).
OtcuuTaTh U 3anucarh JUIMHY ey peoxopaa L1 u L2, a taxke 3HaueHue
R4 B Tabnuiry pe3ybTaToB U3MEPECHHM.
YBenmuuuTh conpoTuBiieHne MarasuHa Ry Ha 20 % 0osbIne, yem ObuTo B 1I. 7
U, U3MeHss oTHouleHue miued peoxopaa L1 u L2, noGutkes TOro, 4roObl
OTKJIOHEHHE CTPEJIKHU TajibBaHoMeTpa G oT HyJist ObUIO HAMMEHBIIUM.

JlaHHble 3anUcaTh B TaOJIHILy pPe3yIbTaTOB U3MEPEHUIA.

10. YmenbmuTh conpoTuBieHue MarasuHa Rs Ha 20 % meHsIne, yem ObLIO B

1. 7/ ¥, U3MEHsisl OTHOIIeHHE T1ed peoxopa L1 u L2, no6utkcs Toro, 4T00RI

OTKJIOHEHHE CTPENKHU TajibBaHoMeTpa G oT HyJis ObUIO HAUMEHBIIUM.

11. 3nauenue Ry u mmuny mied peoxopaa L1 m L2 3ammcats B Tabnuiry

pPEe3yJIbTATOB U3MEPEHHUI.



N3mepsiembie OI1bIT R4, Om L1, cm Lo, cm Rxi, Om ﬁx ,
COTIPOTHUBIICHUS Om
HewusBectHoe 1
COTIPOTHBIICHHE 2
Rx1 3
HewuspectHoe 1
CONPOTHUBIICHUE 2
Rx2 3
IlocnegoBsarensHOE 1
COCIUHCHHEC 2
CONPOTUBIICHUI 3
Rx3
[TapannensHOE 1
COCJIMHCHHE 2
COIPOTHUBIICHU I 3
Rx4
12. 3aMeHUTh HCU3BCCTHOC COIIPOTHUBJICHHUC RX] Ha HCU3BCCTHOC

conpoTuBiieHuE Ry, U MOBTOPUTHL U3Mepenus, cieayd omo. 4-11.
9

13. 3aMeHUTh, HEHW3BECTHOE COMPOTHBIICHUE

Ry

Ha II0CJICAOBATCIIBHO

COCIMHEHHBIE HEU3BECTHBIC COIIPOTUBJICHU A RX], )51 RXZ U IIOBTOPHUTDH

u3MepeHus, ciaemys . 4-11.

14. TloBToputh u3MepeHuss mo nm. 4-11 s mapanienbHO COeIUHEHHBIX

HEU3BECTHBIX CONMPOTUBJICHUN Ry;, U Ry,. [lonydyeHHbIe TaHHBIC 3aNIUCATh B

Ta0JINLy pe3yJIbTaTOB U3MEPEHU.

15. Halitu mo pe3ynbTaraM KakJOTO OIMbITa 3HAYEHUS HEU3BECTHBIX

conpotuBieHuit Ry;, u Ry, a Takke ux oOIIee CONPOTHBICHHE TPHU

IMOCJICA0OBAaTCIbHOM R)(3 H IIapalJICIIbHOM R)(4 COCOIMHCHUAX, UX CPCAHUC

3HaueHus Ry;.

16. OnenuTs orpenHocTy n3Mepennii. Caenath BBIBOJIbI M HAMMKCATH OTYET.

Koumponwvnwie éonpocot
UTto Takoe ANEeKTPUUYECKUI TOK, CUila ToKa?
UTo HA3BIBAIOT CTOPOHHUMU CHIIAMH?
JlaTe onpenenenre NOTEHUMANIA, PA3HOCTH OTEHIUAJIOB.
dopmymy
NOCJIEN0BATENBHO COETMHEHHBIX PE3UCTOPOB.

> w N e

Hanucarp U1 ONpPENETCHUS  CONPOTUBICHUSA  TPEX

5. Hamucats ¢popmyiny i onpeieseH s COPOTUBICHUS ABYX MapaylieTbHO

COEAMHEHHBIX PE3UCTOPOB.



6. ChopmynupoBarh 1 Hanrcath 3aKk0H OMa 11 y9acTKa Ienu.
7. Kakoli y4acTOK IIeTi Ha3bIBAETCS HEOAHOPOTHBIM?
8. 3amucarp 3akoH OMa 1J11 HEOJAHOPOIHOTO y4acTKa IeTH.

9. CdhopmynupoBath 1 3anUcaTh IEPBOE U BTOpoe npaBuiia Kupxroda.



