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BBEJAEHUE

JlaHHOE y4yeOHO€ H3JaHUE COJAEPKUT OMUCAHHUS JTA0OPATOPHBIX
paboT ISl BBINOJIHEHUS «DU3NYECKOr0  MPAKTHUKyMa» IO
AJIEKTPUYECTBY U MarHetusMy. Marepuasnbl MNpeaCTaBICHHBIX pPadoT
HaXOJATCA B COOTBETCTBHU C pas3lielaMd JIEKIIMOHHOTO Kypca,
NpeIHA3HAYEHbl JUISl 3aKPCIUICHUS TEOPETUYECKOro Marepuana |
OBJIAJICHUS] HABBIKAMU TMPOBEJICHUS SKCIIEpUMEHTa. BrimonHeHue pador,
odopmIIEHHE OTUETa U 3allUTa MPOBOJSITCS B COOTBETCTBUHU C OOIIUMHU
npaBwiamMu,  JACHCTBYIOIIMMH B JlabopaTtopusx  (PU3UUECKOTO
npaktukyma Apl'Y. Ilpu noarotoBke K 3amure pabOThl HEOOXOAUMO
MPOYUTATh COOTBETCTBYIOIIUE pa3Aciibl YICOHUKOB U PEKOMEHIYEeMOM
autepatrypbsl. HekoTopble chpaBOYHBbIE MaTepHalibl ISl BBIYUCICHUIN
CTYJCHT HaWJIET B KOHIIE yuyeOHOoro nocobus. [Ipu coctaBieHnn oruera
CTOMT O0OpaTUTh 0CO00OC BHMMAHHME Ha YETKYI (HOPMYIUPOBKY
(¢u3MYEeCKUX BBIBOJOB IO KaXI0M HSKCIEpUMEHTAIbHON paboTe u
IPaMOTHOE 00bsICHEHHE HAOJI01AEMBIX 3aBUCHMOCTEH.

I[Ipy  moATOTOBKE  JaHHOTO  y4yeOHOro  mocoOust  ObLIU
UCII0JIb30BAaHbI U TIEPEpaO0TaHbl METOAMYECKUE YKA3aHUS MPEKHUX JIET,
pa3pa0oTaHHBIE C Y4acTMEM aBTOpa M NpernojiaBaTesie PU3nuecKoro
dakynprera B.C.boitnenko, M.B.Jloxanuna, M.H.IIpeoOpaxeHckoro,
A.JL.SIkoBneBa, H.E.MokpoycoBa. B mocoOue BKJIIOYEHBI HECKOIBKO
HOBBIX  J1aOOpPaTOpPHBIX  pabOT,  BBINOJIHSEMBIX  Ha  CTEHJAX
Ja00paTOPHOr0 KOMILIEKCA «DIEKTPUUECTBO U MAarHETU3M», CO3/IaHHBIX
B HOXHO-YpabCKOM TOCYJIapCTBEHHOM YHUBEPCUTETE U Y PAIbCKOM
¢ummane PI'YII PHIIO «Pocyunpubopy». OOmias XxapakTepUCTHKA
crensoB FOYpI'Y u ocHOBHBbIE MpaBmia padOThl HA HUX MPUBEJCHBI B
[Tpunoxenun 2.

ABTOp  mpu3HATeNeH  JOLEeHTYy  kKadenpel  oOmiedl
skcepuMmeHTanbHoi ¢usuku boitnenko B.C. u nonenty kadenpbl
TEXHOJIOTUM B HaHO3JIeKTpoHuke KpuseneBnuy C.A. 3a IEHHBIC
3aMEYaHMsl, BBICKA3aHHBIE TP YTEHUH PYKOMUCH.



JlabopaTopnasi padora Nel
N3YYEHUE 3JIEKTPOUSMEPUTEJIBHbBIX IITPUBOPOB

Ilenv pabomowl. 3HAKOMCMBO C  2]IEKMPOUIMEPUMENbHBIMU
npubopamu,  uzyyemue  00OO3HAYEHUU  HA  WKALAx  npubopos;
npuobpemenue - HABLIKOE  pabomvl ¢ INEKMPOUSMEPUMETLHOU
annapamypou.

Ilpubopst u npunaonesxcnocmu: HaAOOP DNEKMPOUSMEPUMENLHBIX
npuboOpo8 pazHvlx MUNos.

1. Kpamkasa meopus

ONEeKTpOU3MEPUTENbHBIE  TPUOOPH  MNpPEAHA3HAYEHbl IS
U3MEPEHUST PA3IUYHBIX [apaMETPOB, CBA3AHHBIX C MPOU3BOACTBOM,
nepejayed M HCMHOJIb30BAHMEM  JJIEKTpuuyeckor sHeprun. C  ux
NOMOIIIbI0O MOTYT OBITh OINpPENEICHbl CWIa TOKA B IEeNH, NaJcHUe
HAIpPSKEHUSI MEXKIY JIBYMS TOYKAMH, 3JIEKTPUUECKOE COMPOTHUBIICHUE
ydyacTka Lenu U T.O. OJEKTPOU3MEpPUTEIbHbIE MPUOOPHI MIUPOKO
OPUMEHSIFOTCA W i1 HU3MEPEHUS  HEDJIEKTPUYECKUX  BEIIWYHH:
TEMIIEPATypPbl, CKOPOCTH, BPEMEHU, AABIICHUS U T.I. B 3TOM ciydae ¢
MOMOIIbIO CHEIUATBHBIX JATYMKOB MPOUCXOJUT UX MpeoOpa3oBaHUE B
AIEKTPUYECKUE  BEJIIMYUHBI, KOTOpbIE W MU3MEPSIOTCA
AIEKTPOU3MEPUTEIbHBIMU MPUOOPaMHU.

Hzmepumenvroim npudopom HA3BIBAETCA CPEICTBO U3MEPEHUH,
peIHa3HAaYeHHOE U1 BBIPAOOTKHM CHrHaja 00 M3MEPEHHOM MapaMmeTpe
B (opme [OCTYNmHOM Uil  HEMNOCPEICTBEHHOIO  BOCIPUSTHUSA
HaOmoaareneM. M3ameputenbHble TPUOOPBI COCTOAT U3 U3MEPUTEIbHBIX
npeoOpaszoBaTesieil U OTCYETHOTO YCTPOUCTRA.

Bce anekTpousmepuTenbHbie MPUOOPHI KIACCUPUIUPYIOTCSA TI0
CJIEAYIOILMM OCHOBHBIM IPU3HAKaM:

1. Ilo poxmy m3MepsieMOll BEIMYUHBL: aMIIEPMETPBI, BOJIBTMETPHI,
OMMETPBI, BATTMETPBI, YACTOTOMETPHI, CYETUUKH U T. JI.

2. Ilo pony Toka: mnpuOOpHl TOCTOSTHHOTO TOKa, MPUOOPHI
NEPEMEHHOIO TOKA, YHUBEPCAJIbHBIE.

3. Ilo ycTOMYMBOCTH K KIMMAaTHUYE€CKUM BO3JCUCTBUAM MPUOOPHI
JENSTCS Ha CIAEAYIOIIUE TPYIIIbL:

A - 15 paboThbl B CyXHX, OTAIUIMBAEMbIX, 3aKPBITHIX MOMEIICHUSX
npu Temmeparype ot +10 mo +35°C.



b - auga paboTel B 3aKpBITBIX HEOTAIJIMBAEMBIX MOMEIICHUSAX
(moxrpymma b s muanasona temmneparyp ot +5 mo +50°C, b, — or —10
10 +50°C).

B - nyg paboThl B OJIEBBIX U MOPCKUX yciaoBusx (Bi - ot -40 mo
+50°C, B, — ot —50 10 +50°C, B3 — ot —50 1o +80°C).

Kpome mpubopo rpynn A, b, B, BbemyckawTcs HTpuOOpHI,
npeaHa3HAuYCHHbIE JJIs1 paOOTHI B TPOMMMYECKOM KiMMate. B aTom ciyyae
K 0003HaueHuto npudopa godasisgercs Oyksa T, Hanmpumep, M145T,

4. Tlo yCTOMYMBOCTH K MEXAaHUYECKHM BO3JEHCTBUSIM MPUOOPHI
pa3iensioTCs Ha OOBIKHOBEHHbIC, OOBIKHOBEHHBIE C IOBBIIICHHON
MEXaHUYECKOW  IMPOYHOCTHIO (OIT),  Tpsackompounsie  (TII),
BuOponpounsle (BII), Tpsckoycroituueie (TH), BuOpoycroituussie (BH),
yIapOIpPOYHBIE.

5. Tlo cmocoOy TmpeoOpa3oBaHusi JJIEKTPOMArHUTHOM SHEPTHH,
NOABOAMMOM K TIPUOOPY, B MEXAHUYECKYIO0 DHEPIUI0 TMEpEeMEICHUs
NOJIBUKHOW YaCTH, TPUOOPHI PA3AEISIIOTCS HA MAarHUTORJIEKTPUUECKUE C
MOJIBJKHOM PaMKOM, MAarHUTORJIEKTPUUECKUE C TIOABWKHBIM MAarHuWTOM,
AIIEKTPOMArHUTHBIE, IEKTPOIMHAMUYECKUE, beppoIHaMUYECKHE,
WHIYKIIMOHHbIE, = MArHUTOMHIYKIIMOHHBIE,  AJIEKTPOCTAaTHUECKHE U
BUOPAIIMOHHBIE (SI3BIYKOBBIE).

6. Ilo mnpeoOpazoBaTensiM B DJIEKTPUYECKOM IIEMM MPUOOPHI
pa3EIsItOTCS HA BBINMPSMUTEIILHBIC C MOJTYIPOBOJJHUKOBBIM
BBINPSAMIICHUEM, C MEXaHUYECKUM BBINPSIMIICHUEM U TEPMOIJICKTPUUECKHE.

7. Ilo KonMMYecTBYy JMAna3oHOB HW3MEPUTENbHBIE MPUOOPHI
pazzenstoTcs Ha OJTHO/TMATIa30HHBIE (omHOMpEAETHHBIC) U
MHOTO/IMATIa30HHbIC (MHOTOMPE/EIHHBIC).

8. llo 3alMIIEHHOCTH OT BO3JCHUCTBHUS OKPYXAIOIIEH CpEIbl
npuOOpsl  pa3nessiioTcs Ha  OOBIKHOBEHHBIC, MAarHUTO3AIUIICHHBIE,
BOJIO3AILMIICHHBIE, TE€PMETUYECKUE, Ta303aILMIICHHbBIC, 3AILUIIECHHBIE OT
arpecCUBHOU CPEIbI U T. 1.

[Tpubopbl MOTyT TaKkKe KIaCCU(PHUIIMPOBATHCA MO MHOTMM JIPYTUM
OpU3HAKAM, HalpuMep, MO Crnoco0y CO3[aHHsS MPOTHUBOACHCTBYIOIIETO
MOMEHTA, IO KOHCTPYKIIMU ONOp MOJBHKHOM YacTH, MO BUAY IIKAIbI U
yKazareyis.

2. Hozpewinocmu uzmepumenvHvlx npubopos. Knacc mounocmu
DIIeKTPON3MEPUTEIbLHBIC MPUOOPHI XapaKTEPHU3YIOTCS a0COIFOTHON
Y OTHOCHUTEIBHOM MOTPEIIHOCTHIO.



1. Abconomnoti MOTpeIHOCTEIO AX Ha3bIBAETCS PA3HOCTh MEXIY
NoKa3aHusIMU Tpudopa X3y W UCTHUHHBIM 3HAYECHUEM H3MEpsieMOn
BEJIMYUHBI XycT !

AXZXHCT-XugM. (11)

2. Ilpusedenuoil, WIN  HOPMUPOBAHHOU,  TIOTPEITHOCTHIO
Ha3bIBA€TCA OTHOIICHHUE a0COJIFOTHOM norpemHocTt AX K
HOPMUPYIOILIEMY  3HAYECHUIO XHopM -

100AX
y=+= %. (1.2)

HOPM

Hopmupyromiee 3HadeHWe BBIOMpAETCS paBHBIM  3HAYCHUIO
paboyell YyacTu IIKajbl, a JJi1 NPUOOPOB C JBYXCTOPOHHEH IIKaJION (C
HYJIEM TIOCEpEANHE) - CyMME KOHEYHBIX 3HA4YeHUM paboueil yactu
ITKAJIBI.

3. OmHnocumenvhas TMOTPEUIHOCTb ONPENEISIETCS KaK OTHOILIECHUE
a0bcoymoTHOM  morpemHocTH  AX K HU3MEpPEHHOMY  (MCTHHHOMY)
3HAYEHHUIO:

uCcT

I[OH}’CKaeTCSI HCITIOJIb30BaHUC XH3M BMCCTO X[/[CT.

TouHocTh IpUOOpA SIBISETCS OCHOBHOM €ro XapakTtepucTukoi. 1o
CTENEHU TOYHOCTH U3MEPEHUI TpuOopkI AensaTcs Ha 7 kiaccos: 0.1, 0.2,
0.5,1.0,15,25,4.

[lokazarenp Kiacca ONPENENAET NPUBEICHHYI0 IOTPEIIHOCTh
u3MepeHust B nporeHTax. Hampumep, MuimuamnepMerp kiacca 1.5 co
mkamor 300 MA gaer B 1000M MeCTe IIKajabl aOCOJIOTHYIO
MIOIPEIHOCT:

AX =+ 300 % =+4.5 (MA). (1.4)

[Tpuboper kmacca 0.1, 0.2, 0.5 nDpuMEHAIOTCS MaJs1 TOYHBIX
71a00paTOPHBIX U3MEPEHUI M HA3bIBAIOTCS MPEUU3UOHHBIMU. B TexHMKe
UCIIONB3YIOTCSI MEHee TouHble mnpudopsl kiaccoB 1.0 - 4.0. Kmacc
npubopa OOBIYHO yKa3biBaeTca Ha ero mkane. [Ipuboper ¢
HNOTPENTHOCTRIO O0s1ee 4% CUMTAIOTCSI BHEKJIACCHBIMH.



BaxHpIMM ~ XapaKTEpUCTUKAMU  MPUOOPOB  SBISIOTCS  UX
YyBCTBUTEJILHOCTD U LIEHA JICJICHUS.

Llena denenus C onpenensieT 3HAYCHUE NEKTPUUECKON BEJIMYHHBI,
BBI3BIBAIOIIEH OTKJIOHEHHE HAa OJHO JEJICHUE, WK PAa3HOCTh 3HAUCHUU
U3MEPSIEMON BEIMYMHBI U1 JIBYX COCEIHMX METOK MiKajbl. LleHa
JefeHus npuOopa 3aBUCUT OT MHpeiesia U3MEPEHUM M 4Yucia JIeJICHUM
HIKaJIbI.

Yyecmeumenvnocms S = [/C  ecThb BelNMYMHA OOpaTHAs LICHE
JCJNICHNUS, OHA XapaKTEPU3yeT OTHOIICHHE W3MEHEHUS! BEJIIMYMHBI HA
BbIXOJIe (HampuMep TNOKa3aHus MNpUOOpa ) K BBI3BIBAIOIIEMY €TI0
M3MEHEHUIO BEIMYUHBI X HAa BXOJIE:

S =da/dX. (1.5)

Pa3MepHOCT,  YYBCTBHTEIIBHOCTH  3aBHCHT  OT  XapakTepa
U3MEPSIEMON BEIIMYMHBI (HAIPUMEpP, YYBCTBUTEIBHOCTH K TOKY -
JICIICHUE Ha aMIiep, K HaIpsHKEHUIO - JIeJICHWE Ha BOJIBT U T. 1.). Ilpu
PaBHOMEPHOM IIKaJIC YyBCTBUTEIBHOCTh U IICHA JICJICHUS B Pa3IUYHBIX
TOUYKaX IIKaJIbl TOCTOSHHBI.

[Ipu otcuere Jiyd 3peHUSA JIOJKEH OBITh MEPHEHIUKYISPHBIM K
IIKaje, WHaye BO3MOXKHA MOTPEIIHOCTh OT Mapajiakca. M30exaTh
napajiakca Mmo3BOJISIIOT 3epKayibHbIe IIKajbl. [Ipu oTcueTe a3 nomkeH
ObITh PACIOJOKEH TaK, YTOOBl KOHEI CTPEJIKH TOKphIBaJI CBOE
n300pakeHue B 3epKale.

Ha mkany npubopa 0ObIYHO HAHOCSTCS CUMBOJIBI, YKa3bIBAOIIIHE
OpUHIMII ~ JeUCTBUA  mpubopa, poa Toka (IMOCTOSIHHBIM — WJU
MEepEeMEHHBIN), paboyee TOJOKEHHE Npuoopa (BEPTHUKAIBHOE WIIH
TOPU3OHTAIBHOE), TPOOKMBHOE HAMPSKEHUE U3O0JIAIINU, KJIACC TOYHOCTH,
3HaK 3aBojla M3roToBuTeNs. MHorma ykaspIBaeTcsi TemrmeparypHas
rpynna (A, b, B). VYcioBuble 0003HaueHHs, HAHOCUMBIE Ha
AIIEKTPOU3MEPUTEIIbHBIC TPUOOPHI, YKa3aHbl B Tabnuie 1 [Ipunoxenus.

3. Yempoiicmeo nekomopuix 31eKkmpousmepumenbHulx npuodopos

3.1. Maenumosnexmpuueckas cucmema. IIpruGOPHI ITON CHCTEMBI
NpeHa3HAYEHbl JJISI U3MEPEHUSA CHJIbl W HAIpPSHKEHUS TOCTOSHHOTO
TOKA. C pa3IMYHBIMU npeoOpazoBaTesIMU puOOpPHI
MarHUTORJEKTPUUECKOM CHUCTEMBl MPUMEHSIOTCS W IS JPYIUX
u3MepeHni. BBHUAY TPOCTOTHI KOHCTPYKIMHM, HAIACKHOCTH, BBICOKOM



YyBCTBUTEIBHOCTH, MAJIOTO COOCTBEHHOTO COINPOTUBJICHUS NPUOOPHI
ATOM CHUCTEMBI SIBJISIFOTCS OCHOBHBIMM JIADOPATOPHBIMU MPUOOPaMHU.
YcerpolicTBO mpruOOpPOB MarHUTORJICKTPUUECKON CHUCTEMBI MOKa3aHO Ha
puc. 1.1.

[TpuHLIMI NEeNCTBUS
OCHOBaH Ha B3aUMOJCHCTBUU
MAarHUTHOTO TOJI HOCTOSIHHOTO
MarHura W T0Js MOJABUKHOU
KaTyLIKHU, 110 KOTOpOW
IPOTEKAET H3MEPSAEMBIN  TOK.
Teopus B3aUMOJICHCTBUSA
paMKi C TOKOM B MAarHUTHOM
NoJie OmnuMcaHa B Yy4deOHHUKE.
OtmeTum HEKOTOPbIE
KOHCTPYKTHBHBIE OCOOCHHOCTH.

ITocTtossHHBIM MarHut |1,
MAarHATONPOBOJ C IOJOCHBIMU

HAKOHECYHUKAMU 2 51

HETOJIBKHBIM  CEPACYHUK 3

Puc.1.1. Ilpubop COCTaBJIAIOT MarHuTHYIO
MaeHumoaﬂeKmpuquKod cucmemal CI/ICTeMy MCXaHHU3MA. B 3a30pe

MEXK1y TTOJIFOCHBIMHU
HAKOHEYHUKAMH W  CEPACYHUKOM CO3/Ia€TCSl CUIIBHOE PABHOMEPHOE
paavdalibHOE  MAarHUTHOE noje, B KOTOPOM HaXOIUTCS
NOABWKHASL ~ MPSAMOYTOJIbHAS KaTymka (pamka) 4, HaMOTaHHas
MEHBIM WA AJIFOMUHUEBBIM MPOBOJOM HA AIOMHHUEBOM KapKace.
Karymka 3akpermieHa wmexnay mnoiayocssMu 5 u 6. ChnupanbHble
OpYKUHBI 7 W 8 IpeHAa3HAYEHBI I CO3/IaHUsI TIPOTUBOACHUCTBYIOILIETO
MOMEHTA. PamKa %eCTKO COeTMHEHA CO CTpeNKor 9.
Kak cnengyer u3 teopuu, Bpallaromnii MOMEHT CHJI, IEMCTBYFOLINX
Ha paMKy C TOKOM B MarHMTHOM TIOJI€, TIPOMOPIMOHANEH TOKY |, T. €.
M1=Kil. IIpoTHBOAEHCTBYIOIIMIT MOMEHT, CO3JAaBAEMbIA MPYKUHAMH,
IIPOITOPLUMOHANIEH YTy IOBOpOTa «, T. €. M> = Ko, cliemoBarebHo,
YTOJl IOBOPOTa paMKU (M CBSI3aHHOW C HEM CTPENKH) MOXHO HAaWTH U3
ycioBus paBHoBecuss MoMeHTOB: M1=M, umn o = Kl, tae K = Kiv/Ko.
Takum oOpaszoM, MiKana MPUOOPOB MATHUTOIIEKTPUUECKOU CHCTEMBbI
nvHerHad. T. K. KapKac paMKH CHENaH U3 AFOMUHMS, TO BOZHUKAIOIIUE B
HEM HWHIYKTUBHBIE TOKW MPU JIBIXKEHUM PAMKH B MArHUTHOM IIOJIE



CO3JAI0T TOPMO3SIIMNA MOMEHT, YTO OOYCJIaBJIMBAET OBICTPOE YCKOPEHHE
IIOJIBMKHOM CUCTEMBL

Henocratkamu  mpuOOpPOB  MarHUTORJIEKTPUYECKOM  CHCTEMBI
ABJISIIOTCSA CJIO’KHOCTh KOHCTPYKIIWH, BBICOKAsI CTOMMOCTb,
YyBCTBUTEJILHOCTh K TNEPErpy3KkaM UM HEOOXOIMMOCTh MpeoOpa3oBarTene
IUIs1 UBMEPEHUI Ha TIEPEMEHHOM TOKE.

3.2.  OnexmpomacHummuas cucmema. [Ipubopsl 3TON CUCTEMBI
OpeAHa3HAuYCHbl IS U3MEPEHHSI CWJIbl TOKA M HANpPSKEHUS B IEMAX
MNOCTOSIHHOTO M TEPEMEHHOro TOKOB. [IpuHuun aeicTBun mpudOOpoB
AIEKTPOMArHUTHOM CHUCTEMbl OCHOBAH Ha B3aMMOJICUCTBUUA MAarHUTHOTO
noJisi KAaTymIKd 1, MO KOTOPOM NPOTEKAET W3MEPSIEMBIA TOK, W
MOABUXKHOTO KeJie3Horo cepaeuyHuka 2 (puc. 1.2). Cepaeunuk 2 ocoboi
(GopMBbI 3aKperyieH 3KCUEHTPUYHO HA OCH M MOKET BXOJIWTH B ILIEIb

KaTyIlIKA, TOBOPAYMBAsICh  BOKPYT ocu. llox JNEUCTBUEM
MarHUTHOTO TIOJISI KAaTYIIKM CEpPJICUHMK BTATHUBAETCS B HEe.
[IpoTHBOAEHCTBYIOLINN
MOMEHT CO3JaéTCsl TPYKUHOMN
, 3. [Tpubopsr
AIEKTPOMATHUTHOM  CHCTEMBI
CHAOXEHBI BO3AYILIHBIM
YCIIOKOUTEJIEM 4,
4 MIPECTABIISIOIINM coOoi
! | Kamepy, B KOTOpOU
’ IIOMELIACTCS AJTFOMAHUEBBIN
nopuresb.  IIpu  moBopore
I CepAcYHHUKa HOPIICHb
BCTPEYAET CONPOTUBJICHUE

Puc.1.2. Ilpubop

N BO31yXa, BCJIICACTBHC qero
INEKMPOMACHUNTIHOU CUCMEMDbL

KoJieOaHus TOJBMXKHOM 4YacTH
OBICTPO 3aTyXarT. MarHuTHOE
MOJIE KATYIIKH MIPONOPLUUOHATILHO TOKy |, HamarHuuuBaHue
KEJIE3HOTO CEepIECUYHUKA TOXE€ YBEIIMYMBACTCSA C BO3PACTAHUEM
TOKa, MO3TOMY MOXHO CYUTATh, YTO BpAIIAOMIMA  MOMEHT
IPOIOPLIMOHAJIEH KBagpaTy Toka Mi = Kil2.

[IpOoTHBOAEUCTBYIOIIMM MOMEHT mnpyx)uHbl Mr; = Kra. llpu
paBHoBecun My = M, orkyma o =KI?>. T. e. mkama mpubopa
AJICKTPOMArHUTHOM CHUCTEMBl MPUOJU3UTENBHO KBaapaTuuHas. C
U3MCHEHHUEM  HAIlpPaBJIICHUS TOKA MEHSETCS KaKk  HalpaBJICHUE



MarHuTHOTO TMOJis, TaK W MOJSIPHOCTh HAaMarHWYMBAHUS CEPJICUHUKA,
MO3TOMY MPUOOPHI DJIEKTPOMATHUTHOM CHUCTEMBI TPUMEHSIOTCS IS
U3MEPEHUSI KaK Ha TOCTOSSHHOM TOKE, TaK M HAa MEPEMEHHOM TOKE
HU3KHUX 9acTOT.

Henocrarkamu npuOOpOB ATOM CUCTEMBI SBJISIFOTCS
HEPABHOMEPHOCTh IIKaJbl, MEHbIIAsI TOYHOCTh, 3aBUCUMOCTH OT
BHEIIIHUX MAarHUTHBIX TOJIEH (B MexaHM3Max 0e3 MarHuTOIpOBOJA),
00JIb1110€ COOCTBEHHOE MOTPEOICHNE MOIIIHOCTH.

3.3. Dnexmpoounamuueckas cucmema. IACKTPOJUHAMUYECKUE
npuOOphl TPUMEHSIOTCA JUIi  M3MEPEHUs TOKa, HANpsKEHUS U
MOIIHOCTH TOCTOSSHHOTO W TEPEMEHHOr0 TOKOB. lIpuHIun penctBus
OCHOBaH Ha B3aWMMOJCHCTBUM MArHUTHBIX TMOJIEM JIByX KaTylIEK, IO
KOTOPBIM MPOTEKAET U3MEPSAEMbIN TOK. BHYTpY HEMOIBMKHOM KATYIIIKH |
(puc. 1.3) MoxeT BpalaThCsi MO OCH KaTyllka 2, ¢ KOTOpPOW CBsi3aHa
crpenka.  [IpOTMBOAECUCTBYIOIM ~ MOMEHT  CO3HACTCA  IPYKUHOM.
W3mepsiemblii  TOK TMpOTEKaeT uepe3  o0e Karylmku. B pesynbrate
B3aUMOJICHMCTBHSI TIOJISI HEIOJBWKHOM KATYIIKM MU TOKAa B ITOABUKHOU
CO3JIAETCS BPALLAFOLIA

MOMeHT M, 1ong JIEICTBUEM

7 M KOTOPOT'O  TOJIBI)KHAS ~ KaTyIlKa
OyIeT CTPEMHUTBCS TOBEPHYTHCS

\ TakK, 4TOOBbI IUIOCKOCTh €€ BHUTKOB

] -7 CTaJla IapauIeIbHOM IUIOCKOCTHU
BUTKOB HEMNOJBWKHOU KaTYILIKH, a

N g . X MArdmTHBIC IIOJIA COBIIaAaJIn

7 OBl o HaIlpaBJICHUIO.
Bpamaromuii MOMEHT
NPUOMBUTENIHHO — MPONOPIMOHAJICH
TOKY |2, B HEMOABMKHOM KaTYIIKE U
TOKY |1 B MOABMXXHOM, T. €. M1 =

Puc.1.3. Ipubop Kililo. [IpoTuBOIEMCTBYIOIIWIA
ANEKMPOOUHAMUYECKOU CUCTEMDbL MOMEHT TNPYKHHBI, KaK OOBIYHO

paBeH M2 = Ka (« - yron

noBopota). M3 ycnoBus paBHoBecuss M1 = Mr: a = Kl Ilpu
TIOCIIEIOBATENEHOM coenuHernn Katymek 1=, u a= KI?, 1. e. mkana
pUOOPOB AIEKTPOAMHAMUYECKON CUCTEMbI HEPAaBHOMEPHAS.

[Ipu nmepeMeHe HampaBJICHUS TOKa B 00EUX KaTyIIKax HalpaBJICHUE
BpAIllCHUsI MOXKET HE MEHSTHCS, CIIEA0BATEIbHO, MPUOOPHI STOW CHUCTEMBI




IPUTOJHBI KaK JUIi HM3MEpPEHHMs Ha IIOCTOSHHOM TOKE, TaK W Ha
nepeMeHHoM. [[ns u3MepeHusT MOIIHOCTH HEMOJBMYKHAS — KaTyIlKa
JIeNaeTCsl M3 TOJICTOM IIPOBOJIOKM C HEOOJBIIMM YHMCIOM BUTKOB H
BKJIFOYAETCSI TTOCJIEIOBATENBHO B 1eMb. [1oBMKHAS KaTyIlIKa  COACPIKUT
OOJIBIIIOE YKCJIO BUTKOB TOHKOW IPOBOJIOKH, BKJIFOYAETCS

MapAILICIIBHO Harpy3Ke Ru
(puc.1.4). Jlnsg yBelIWuYeHUs e¢
COMPOTHUBJICHUS]  TOCIEA0BATEIHHO
BKJIFOYAETCA 100aBOYHOE
cornporuByieHue Iy Jlomyctum, TOK
# B NepBOM Katyiike li, a Bo BTOpoii
Puc.1.4. Hsmepenue l,. Tlo 3akony OMa HampspKeHHE Ha
MOWHOCMU 6 npu60paic 3aKMMax Harpys3ku
QﬂeKn’lPOOMHCZMuquKOu cucmemal U — |2(R2 + r,ﬂ) OTKy,Z[a |2 — U/(R2
+ ry). IloacraBnsgs 3Hauenue I B
YCJIOBHE PAaBHOBECHSI MOMCHTOB
a = Klilp, monyaum a = (K/(R2 + rp)liU = KiliU = KsP, rae
Ks=K/(R2+ry). T. e. ortkioHeHue aibda IPOITOPIIMOHAIIEHO
MOIIIHOCTH P, mpudeM Ikana paBHoMepHas. Hemoctatkamu npudopos
TOW CHUCTEMBI ABJISIOTCS HEPABHOMEPHOCTH IIKaJbl Y BOJBTMETPOB U
aMIIEpPMETPOB, UYBCTBUTEIBHOCTh K TIE€pPErpy3kaMm M BHEUIHUM
MAarHUTHBIM TIOJISIM, OOJBIIOE COOCTBEHHOE MOTPEOJIEHHE MOITHOCTH,
HEBBICOKAsI YyBCTBUTEIBHOCTD.

3.4. Onexmpocmamuueckas cucmema. llpuHimmn pewdcTBUS
pUOOPOB AIEKTPOCTATUYECKOM CHCTEMBbI OCHOBAaH Ha B3aUMOICHCTBHUU
JIBYX WJIM HECKOJBKHUX JJICKTPUUYECKH 3apsHKEHHBIX NPOBOAHUKOB. [lox
JEACTBUEM CHJI  DBJIEKTPUYECKOTO TOJS  IOJBWXKHBIE  ITPOBOJHUKH
MEPEMEIIAIOTCS OTHOCUTEIBHO HEMOJABMKHBIX. [IprOOphl 3TOM CHCTEMBI
IIPUMEHSIOTCA B OCHOBHOM KaK BOJITMETPHI JJII W3MEPEHUSI BBICOKUX
HANPSHKEHUI.

3.5. MHUnoyxyuomnasa cucmema. Ilpunuun nedcTBus TpUOOPOB
WHIAYKIMOHHOM  CHCTEMBI OCHOBAaH HA  B3aUMOJACWCTBUM  TOKOB,
UHIYIIUPYEMbIX B TIOJBIKHOWM YacTH MPUOOPA, ¢ MAarHUTHBIMUA TTOTOKaMH
HETOJIBMKHBIX ~ AJIGKTpOMarHuToB. K MHIyIMpOBaHHBIM  MpuOOpam
OTHOCSITCSI CHETYMKH TIEPEMEHHOTO TOKA Y HEKOTOPBIE BATTMETPBL



3.6. Tennosas cucmema. 1lpuHiun JeUCTBUSI TPUOOPOB TEMIOBOM
CHUCTEMBI OCHOBAH HAa U3MEHEHUH JUIMHBI IPOBOJHHKA, 10 KOTOPOMY
IPOTEKAET TOK, BCIEJICTBUE €T0
HarpeBanus (puc.l.5). KommuectBo
TEIUIOTHI, BBIIEIsIEMOe TOKOM Q =
|2Rt, He 3aBHCHT OT HANpSDKEHUS, U
pruOOpbI TEIJIOBOM  CHUCTEMBI
OPUTOHBI  JJII  WU3MEpPEHUH  Ha
MIOCTOSSHHOM U TIEPEMEHHOM TOKE.

[ITkama HEpaBHOMEPHASI.
Henocratkamu nprOOpoB
TEIIOBOM CUCTEMBI SIBJISTFOTCS
Puc.1.5. ITpubop mennosoii HEPABHOMEPHOCTH IIKAJIBI, TCILIOBAs
cucmempi WHEPILIMS, 3aBUCUMOCTb MOKAa3aHU OT
TEMIIEpaTypbl CPEIpbL.

3.7. Bubpayuonnas cucmema. Y CTpOCTBO IPUOOPOB 3TOM CUCTEMBI
OCHOBAaHO Ha PpE30HAHCE TPH COBMAJACHUM YaCTOT COOCTBEHHBIX
MEXaHUMYECKUX KOJICOAHW TOJBMKHOM 4YacTH Tpubopa C HYacTOTOU
MIEPEMEHHOT0 TOKa, MPUOOPHI ATOM CHCTEMBI TIPUMEHSIOTCS B Ka4eCTBE
TepPIMETPOB JIII U3MEPEHUS YaCTOTHL

4. Mnozonpeoesnbrbie npuoopul

W3mMepuTenbHbIA PUOOpP, AMEKTPUUECKYIO CXEMY KOTOPOro MOXKHO
NEepeKIouaTh JUii M3MEHEHUS MHTEPBAJIOB M3MEPSIEMOM  BEJIMYMHBI,
Ha3bIBACTCS MHOTOMNPENCIbHBIM. J[711 amrepMeTpoB HM3MEHEHHUE IPEICIoB
JOCTUTAETCS BKJIIOUEHHEM Pa3JIMYHBIX IIYHTOB, JJIsI BOJILTMETPOB -
BKJTIOYCHHUEM JI00aBOYHBIX COMPOTUBIICHUM.
[IIyHTOM Ha3bIBAETCS CONPOTUBJICHUE [y, BKIFOYAEMOE B IIEMb MapaJUICIbHO
amIrepMeTpy, Mocjie 4ero B aMIlepMeTp OTBETBIIAETCS TOJBKO YacTh
usmepsiemoro Toka (puc. 1.6). Hanpumep, ecim HEoOXOAUMO H3MEPSThH
amIepMeTpoM TOK, B N pa3 OoJIbIINI BO3MOXKHOTO I TaHHOTO IIprdopa,

TO HAZO BKJIKOYUTH COINPOTHBJICHUC [, YIOBJICTBOPSIOIICC PABCHCTBY
f,=Ta/(n-1),



Puc. 1.6. Ilookntouenue wiynma

rae N=Il/ln, | - Tox B memu, l4 — TOkK depe3 ammepmerp, Fa —
COIPOTUBJICHUE aMITEPMETPA.

JInst  pacmupeHusi — NPeaeoB  U3MEPEHU  BOJIBTMETPOB
NpUMEHsIeTCS  J100aBOYHOE  CONPOTHUBIICHHUE, BKJIIOUYAEMOE
MOCJIEIOBATENTLHO ¢ BombT™MeTpoM (puc. 1.7). Ero BemuuuHa Io
paccuuTthIBaeTcs u3 yenosus o = ry(n - 1), rme n = U/Uy = r/ry, U - momHoe
MOJIBOIMMOE HarpsbkeHre, Uy—HarpspkeHue Ha BoJIbTMETpe, ' = g +Iy —
MOJTHOE COMPOTHUBJICHUE, I/~ - CONPOTUBIICHUE BOJILTMETPA.

- U 2

W—=
0

Puc.1.7. Pacuupenue npedenos sonommempa npu nomowu
000a80YHO20 CONPOMUBTICHUSL

Hamuuue  mMHOrompenenbHbIX  MPUOOPOB  CBA3aHO €  TEM
OOCTOSITEILCTBOM, 4YTO 4YacTO TpeOyeTcs U3MEPSITh DJICKTPUUECKUE
BEJIMYMHBI B OYEHb IIUPOKOM JHANa30HE C JOCTATOYHOM CTEMEHBIO
TOYHOCTU B  KaKIOM HHTepBajie. B »3TtoM ciydae  oauH
MHOTOIPEACIbHBII  MPUOOp 3aMEHSET HECKOJbKO  OJIHOTHITHBIX
npubopoB. [omyctum, nmeercs: npubdop kiaacca 1.5 co mxanoit 0-30 MA,
TOr'/1a a0COJIOTHAS MOTPELIHOCTh OyIeT

A1=0,015-30=0,45 (MA).
I pu u3mepenny Toka B 20 MA OTHOCUTENbHAS TIOTPEITHOCTH OY/IeT

AL _05 16002 25%.
I 20
Eciu ke wusMmepsaTh 3TUM mnpubopoM ToKk B 1 MA, TO

OTHOCHUTEJIbHAs TTOTPEITHOCTh Oy/1eT



AI—I = %-100 =50%

B Takux ciydasx MHOrompeneiabHbId MpUOOp NEPEeKIYaloT Ha
MEHBIINN MPENE, YTOObI CTPEKA OTKIIOHSIACh HA MAKCUMAJIBHBIN YToJl, HO
HE BBIXOJIMJIA 32 MpeJesibl MKaibl. NHBIMU CIIOBaMH, MHOTOIPEIEIbHBIN
npuoOp CIEAYET BKIIOUATh TaK, YTOOBI OTHOCHUTEINILHAS IOTPEIIHOCTh ObLIa
MUHUMaIbHOM. VHOrma  MHOrompeneibHbie NPUOOpPHI  CHAOMKAIOTCS
pazmyHbiMM  KadamMd.  OTcueT  MPOM3BOAMTCS IO IIKAJIE,
COOTBETCTBYIOIIEH BKJIIOYEHUIO mpubopa. YacTto MHOrompeneabHble
npuOoOpsl UMEIOT OJAHY IiKany. [Ipu HM3MepeHHsX TakuMu HpuOOpaMu
HEOOXOIMMO OMpENeHTh TepeBoaHor koddduiment K = a/N, rae a -
MaKCHMaJbHOE 3HAYEHHUE BEJIWYUHBI, KOTOPOEC MOXKHO HU3MEPUTH IPHU
JTAHHOM BKJItOUEHMH Tipubopa, N - 4ucio, cTosiiee MpoOTUB MOCIECTHETO
JeNeHUs IKaibl mpuoopa. it HaxOoKIeHWs 3HAYCHUS U3MepseMon
BEJIMYMHBI OTCUET B HU(dpax IIKAIbl, COOTBETCTBYIOIIMA 3TOW BEIUYHMHE,
HEOOXOJIMMO YMHOXKUTh Ha TMepeBoaHOM Kod(pduiment. MHorma umcio
JICTICHUM IIKaJIbl K OTCUETA COBMA/IAKOT.

ITpu HCIOJIh30BAHUN MHOTOITPE/IEITbHBIX nprOOpoB
HEOOXOAMMO COOITIOAATH CIETYIOIIME MPaBUIa;

1. ITpuOImM3UTENHLHO OLIEHMBAIOT BETMYHMHY, MOICKAITYI0 U3MEPEHHUIO.

2. ITpubop BKIIIOUAIOT HA MAKCUMAJIBLHBIN MpeIeN H3MEpEeHUH.

3. OnpenenstoT rpy0o u3MepsieMyt0 BEIUYUHY, YMHOXKUB OTCUET Ha
NepeBOAHOM KOAPPUIIMEHT JAHHOTO JUana3oHa.

4. Tlocne »TOrOo MEPEBOAAT HA TOT JAMAIIA30H, BEPXHUU TMIPEIEN
KOTOPOTO OJIKE BCErO K 3HAUYEHUIO M3MEPSEMOI BEITMYMHBL.

5. Ecmu w3mepsiemas BeIMYMHA YBEJIWYMBACTCS, TO W3MEPECHHUS
POJOJDKAOT, MOKA CTPEJIKA HE MOJOUAET K KOHIy IIKAJIbl, & TOTOM
nepexoAsaT Ha ciaemyronmii (Oombimii nuana3oH). B ciiyyae ymeHbIIeHuUs
BEIIMYMHBI M3MEPEHHSI MPOJIODKAIOT JI0 TEX IOp, MOKa H3MepsieMas
BEJIMYMHA HE JOCTUTHET BEPXHETO MpENesia CIEAYIOIIErO0 MEHBIIETO
JMaria3oHa, mocie 4Yero NepexoIsaT Ha ATOT JUAIIa30H.

6. B ciayyae npuMeHeHHs KOMOWHHMPOBAHHBIX MPUOOPOB (T. €.
npruOOpPOB, MPEAHA3HAYECHHBIX U1 MU3MEPEHUs Pa3IMYHbIX BEJIMYHMH: TOKA,
HaMpsDKEHUs, COMPOTHBJICHUA M T. 1) HEOOXOIWMO KaXIbl pa3
TUIATEIBHO MPOBEPSITH COOTBETCTBUE YCTAHOBKHM IEPEKIIOUATENCH pojia
palboThI U3MEPSEMON BEJTUIHHE.



5. Coocmeennoe conpomueienue npuoopa

Bce anexkrpousMepuTeNbHbIE MPUOOPHI  00aal0T COOCTBEHHBIM
BHYTPEHHHM  COIIPOTHUBJIICHHEM R, KOTOpoe BKJIOYaeT B  ceOs
COMPOTUBJICHUE PAMKH, IIyHTAa WM J00ABOYHOIO CONPOTHUBJICHUS.
[ToaToMy BKJIFOUEHHE B CXEMY MPUOOpa M3MEHSIET PEKUM PaOOTHI IICTIH.
BHayTpeHHee conpoTHBICHUE OOBIMHO YyKa3bIBaeTCsi Ha Mikaie. MHorma
yKa3bIBAIOT HE R, a majieHne HanpspKeHUs: Ha Tpuodope (1J1s1 aMIepMETPOB)
WJIY TOK, IIPOTEKAIOIINN YEPE3 BOIBTMETP.

JInst BOIBTMETPOB R AOKHO OBITH JOCTATOYHO OOJBIIUM, T. K.
OHU BKJIFOUAIOTCS MapajuIeSIbHO YYacTKy Ienu. BKioueHue BOJBLTMETpA
CUMTAETCSl MPaBUJIBHBIM, €CJIM €r0 COMNPOTHUBJICHHME OOJee YeM Ha JiBa
NOpsi/IKa MPEBBIIIACT COMPOTUBIICHUE YYaCTKa, K KOTOPOMY OH TOJIKJTFOUEH.
B of0meM ciny4yae mOOrpemnHocTb, BHOCHMAas MNPUOOPOM JIOJKHA OBITh
3HAYUTEILHO MEHBIIIEC TOTPEITHOCTH, OMPEILIIIEMON KaccoM Mpuoopa.
Ecimi 3T0 ycioBHE HE BBINMOIHIETCA, TO TPU PA3MYHBIX H3MEPEHUSIX
HEOOXOJMMO YUUTHIBATh BAMSHYE R Ha XapaKTEPUCTUKY LICTIH.

6. IIamo 3010mbix npaeu npu padome ¢ INeKMPOUIMEPUMETbHBIMU
npuoopamu

1. VOenmutech, 4TO0 BBIOpaHHBII BamMM MPUOOP MO MpeaeIaM
M3MEPEHUIL, TI0 POAY TOKA, MO KJIacCy TOYHOCTU U T.JI. COOTBETCTBYET LIEIH
POBOAMMOTO SKCTIEPUMEHTA.

2. Pacnionoxure >JeKTpOu3MEpUTEIbHbBIE PUOOPHI TaK, YTOOBI OHU
U U3MepsieMble 00BEKThI CBOMMHU 3JIEKTPOMArHUTHBIMU MOJISIMUA HE BIIMSLIIH
JpyT Ha Jpyra. B mpoTHBHOM ClTy4dae UCTIONB3YIUTE 3a3eMJIEHUE TPUOOPOB U
KaOeJu ¢ 3alUTHBIM 3kpaHoM. [loakmroueHne mpruOOpoB K LENU JOIHKHO
OBITh HA/ICKHBIM, TOCKOJIBbKY JIF000E€ HEIUIOTHOE COSMHEHUE TIOABOISIIINX
MPOBOIOB MPUBOAUT K MOSIBJICHUIO IITYMOB U HECTAOMJIBHOCTH MOKA3aHUIA.

3. [loaroroBsTe MPUOOPHI K M3MEPEHUSIM COTJIACHO MHCTPYKIIUHU K
KaxaoMy npudopy. Lludpossie mpudbops! TpeOyroT nporpesa 20-60 MUHYT
U TIEPUOTMUECKON KATMOPOBKH BO BpEMs JTUTEIbHOM paOOTBhL.

4. Bo Bpems MpOBEICHUS M3MEPEHUN yOEIUTECh, UYTO H3MEpPSIEMBbIC
BEJTMYUHBl  CTAOWJIbHBI, BOCIPOU3BOJIMMBI, HMEIOT  OJIMHAKOBBIC
3HAYEHHUA Ha pasHbIX npenenax. Ecm HabmonaroTes: koseOaHus TTOKa3aHui
OKOJIO  HEKOTOPOTO 3HAYEHHs, TO OLEHUTE  PealbHYIO0 TMOTPEIIHOCTD
W3MEPEHUSL.

5. Ctporo cnenyiite 6€30macHbIM MeToAaM pabOThl MPU MPOBEICHUH
AKCIIEPUMEHTA.



7. Botnonnenue paoomut
1. N3yunth 0003HaYEHUSI, HAHOCUMBIE HA 3JIEKTPOU3MEPUTENBHBIE
npubopsl (Tabmuna [Ipunoxenus 1).
2. O3HAKOMUTBCSI CO BCEMU JJIEKTPOU3MEPUTEIILHBIMU TPUOOpAMH,
HaXOJSAIIMMHUCA Ha Ja0OpaTOPHOM CTOJIE U JaTh UM KpAaTKYIO

XAPAKTEPUCTHKY.

3. Pe3ynbTaThl 0pOPMUTH B BUJIE€ TAOMIIBIL:

Hazna- Tun
yeHue

Cuc-
TeMa

TIpenen

Pon
TOKa

Jlnamazon
TeMIIe-

patyp

Buyrpenn
ee
COIPOTHUB
JICHHE.

Kiacc
TOYHOCTH

UYyscTBH-
TENBHOCTh

Ilena nemne-
HUS

AoGcomoTHas
ommoKa

1. Yto Takoe Kjacc TOUHOCTH nprudopa’?

KoHTpoJsibHBIEC BOIIPOCHI

2. Kak, wucnomp3ys Kiacc TOYHOCTH,

U3MEPEHUS ?

ONpcaAcCIIMTbL IOI'PCIIHOCTDH

3. TlosicHuTe mnpUHUMN ACUCTBUSA MNPUOOPOB MATHUTODICKTPUUECKOM

(3JIEKTPOMArHUTHOM, AJICKTPOAMHAMHYECCKOM,

UHIYKIIMOHHOM, TEINIOBOM, BUOPAIIMOHHOMN) CUCTEMBI.
4. ChopmynupyiiTe npaBuia pabOThl ¢ MHOTONPEIETbHBIMU TPUOOPAMHU.
5. Ilouemy BaxHO 3HATh COOCTBEHHOE COMPOTUBIICHHE MpruOopa?

1. nexmpuueckue
JI.: DHeprus, 1980.
2. Onexmpuueckue usmepenusi | Ilog pen. B.H.MamunoBckoro. M.:
OHeprouzaat, 1982.
3. Hucapesckuii 3.A. DIEKTpUUECKHE H3MEpPEHHS W TpUOOphl. M.:

Oueprus, 1970,

Jlureparypa

AJIEKTPOCTATUYECKOM,

usmepenus / Tloxg pen. A.B.®pemke, E.M. [{ymmHa.

4. lllabanun C.A. PeMOHT S3JEKTPOU3MEPHUTEIBHBIX MPHOOPOB.- M.:
N3n-Bo cranmapTos, 1989.




JlaGopaTopHasi padoTa Ne2
N3IMEPEHHUE COIMNPOTUBJIEHUU MOCTOBbBIM METOJ10M

lleJlb paﬁombl: O03HAKOMJIEHUe C KIACCUYEeCKUM  MemoooM
UBMEPEHUA COI’ZpOWlM@JleHLHJ npu nomousu MOCMOBOU cxembl Yumcmona.

Ilpuboper u npunaonexcnocmu: 1a60PAMOPHLIL MaKen, H)Jlb-
2anb8aAHOMEMp,  UCMOYHUK  NOCMOAHHO20  MOKA,  MA2a3UHbl
CONPOMUBTIEHUL, COEOUHUMEIbHbIE NPO6800d, SMANOHHbIL Pe3Ucmop,
Pe3UCmopul ¢ HeU38eCMHbIM CONPOMUBTIEHUEM.

1. Kpamkasa meopus

N3mepenre W KOHTPOJb IapaMETPOB DIIEKTPUUECKUX LEIMen
SBJISICTCSI BOXKHOW 3aJlaueil MCClieIoBaTels MPU CO3JIaHUHU MPUOOPOB U
YCTPOMCTB COBPEMEHHOW dJIEKTPOHUKU. [l JKCIeprUMEHTAIBHOTO
OTIPEJICIICHUSI BETMYUHBI AKTHUBHOTO AJIEKTPUYECKOTO COMPOTUBIICHUS
PE3UCTOPOB U DJIEMEHTOB CXEM pa3pa0dO0TaHbl HECKOJIBKO CIOCOOOB:
METOJI BOJbTMETpa U aMIEepMETpa, METOJ BOJIBTMETpa U 00pa3IoBOM
MEpPBI, METOJI 3aMEIIEHUSI, MOCTOBOM METOJ U T.J. MeToa BoJabTMETpa U
00pa31ioBo Mephl OyJIeT UCIOJIb30BaH HaMH B JIaDOpaTOpHOM pabote
Ne3, meron 3amenieHus OCTaBUM CTYAEHTY [JIi CaMOCTOSITEIIBHOTO
n3ydeHuss. DuU3nyueckyr0 OCHOBY OCTaJbHBIX MOJXOAOB PacCMOTPUM
HUXKE.

1.1. HS’MBPBH”L’ aAKmueHnblx conpomueﬂeuuﬁ C nomouwibro
amnepmempa u éojibmmempa

JlaHHBIN crOCO0 HM3MEpPEHUsT HEU3BECTHOI'O COMPOTHBIICHUS R,

OCHOBAaH Ha HENOCPEICTBEHHOM HM3MEPEHUM CHIBl Toka |,
IPOTEKAIOLIEH Yepe3 CONPOTUBJIEHHE, M NaaeHuy Hanpsokenus U Ha
HeM. B camMoM mpoctoM ciydae TpyOas OILIEHKa BEJIWYHHBI
CONPOTHUBIICHUS ITPOBOJAUTCS MO 3aKOHY Oma:

Ry=— (2.1)

Jns u3MepeHus: CONMPOTUBJICHUS O3TUM METOJAOM HEOOXOAUMBI JBa
U3MEPUTEIIbHBIX MpUOOpa, BOJBTMETP U aMIEpPMETp C TOYHOM
IPalyupOBKOM IIKaJbl, KOTOPbIE MOTYT OBITh BKJIOYEHBI B IIE€Mb C
U3MEPSIEMBIM COIPOTHUBJICHUEM II0 OJHOM M3 JIByX CXEM,
n300pakeHHbIX Ha  puc.2.l. TouHble 3HAYEHHWS  BEJIMYUHBI



CONPOTUBIICHUI BBIYUCIAIOTCS C YYETOM BHYTPEHHHUX COMPOTUBIICHHI
amnepMeTpa Ra u BosbT™MeTpa Ry.
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Puc. 2.1. Dnexmpuueckue cxemvt u pabouue hopmynvl, npeoHa3sHaueHHwle 015
onpeoenenust 6eIUYUHbI CONPOMUBTEHUL NO MEeMOOY amMnepmempa u 0j1bmmempad.

W3 npuBeneHHbIX (GOpMyT CleayeT, 4YTO Mg TOYHOTO H3MEPEHUS
COMPOTUBJICHUI ATUM METOJOM KpOME TMOKa3aHUM H3MEPUTEITbHBIX
npuOOpOB HEOOXOJMMO 3HAHWE WX BHYTPEHHUX COMNPOTHUBJICHUH.
Hcnons3oBanne ¢opmynsl (2.1) B ciaydae JeBOW CXEMbI MPUBOAUT K
CUCTEMATHYECKH 3aHMKEHHOMY 3HAQUYEHUIO COINPOTUBIICHUS, a [JIs
PaBOU CXEMBI - K 3aBBIIIIEHHOMY 3HAYEHUIO.

1.2. Mocm Yumcmona nocmoanHo2o moka

OT HEAOCTAaTKOB OMUCAHHOIO METOa (CUCTEMAaTUYECKUE OIIUOKH,
HEOOXOJAUMOCTh HCIOJIb30BAHUSI U3MEPUTEIBHBIX MPUOOPOB C TOYHO
IpaJydpOBaHHON MIKAJOW M U3BECTHBIM BHYTPEHHUM COIPOTHBIICHACM )
CBOOOJICH METOJI MOCTOBBIX CXEM, HMCIOJIb3YIOUIUNA APYrod MPUHIIUI
u3MepeHuil. PaccMoTpuM ero Ha NmpuUMepe MOCTa, MPEIJIOKEHHOrO B
cepenune 19 Beka Uapiwszom Yurcrornom (Wheatstone).



Puc.2.2. Mocm Yumcmona ons usmepenusi conpomusneHui.
Cxema mocta (puc. 2.2) COCTOUT U3 YETHIPEX IIeY, KaXKI0€ U3 KOTOPBIX
COACPKUT OOHO COIIPOTHUBJICHUC - HCU3BCCTHOC COIIPOTHUBJICHUC RX,
HN3BCECTHOC (3T2LTIOHHOC) COIIPpOTHUBJICHUC Ra, U3MCECHIACMBIC
conpotuBiieHus R1 u R2. Ilpu ykazaHHOM COEIMHEHUM HMEIOTCS [IBE

napauiensubie BeTBM ACB u ADB, Mexny KOTOpbIMH BKJIHOYEH
raabBaHomeTp G, SBJSIONIANCS HHANMKATOpOoM paBHOBecHs. Touku A, C,
B, D naswiBarorcs y3namu Mocta, yaactku AC, CB, AD, DB - mieuamu
MocTa, nuaroHasib CD, B KOTOPYIO BKIIFOUEH TaJIbBAHOMET]P, HA3bIBACTCS
COOCTBEHHO MOCTOM (OT HEro MOJIy4Ynsia Ha3BaHHUE U BCSI CXEMA).

[Ipu monkmroyeHun K auaroHain AB HCTOYHHMKA MOCTOSTHHOIO
TOKa € B y4acTKax LeNU BO3HHMKAeT TOK. OpHako it moObeix Ry u Ry

MOXXHO MOJI00paTh Takue 3HA4YEeHUs compoTuBieHud R1 u R2, d4rto

noteHuuansl Touek C u D OyayT oguHakoBbel. B aTOM ciydae Tok depes
ranbBaHomMeTp G HE Te4yeT, W TOBOPSAT, YTO MOCT YPAaBHOBCIICH WIIH
cbanancupoBan. [Ipu 3Tom Toku, Tekymmue yepe3 RX u R1, B y3max C u

D He pa3BeTBIAIOTCS:

IRX :IR3 l;; IR1 ;. (2.2)

MO>KHO 3amnmcaTh:



Ugqc=Ugp; UcB=UDB. (2.3)

Cormacno 3akony OMa 1J1s1 y4acTKa [EH UMEEM:

Uqc = 11Rx, U4D = 12R1, UCB = I11R5, UpB = I12R2 . (2.4)
YauteiBas paBeHcTBa (2.3), moydaeM yCIOBHE PaBHOBECHS MOCTA!
R R _ R,
R_;(:R_z umn R —RaR_2 : (2.5)

Takum 00pa3oMm, 4YTOOBI HM3MEPUTH HEU3BECTHOE COMPOTHUBIICHUE,
HEOOXOIUMO TMOJ00paTh TaKue 3HAUYCHUs cOonmpoTuBiieHHN R1 u R2,

9TOOBI CTpENKa TaJIbBAHOMETPA YCTAaHOBWJIACH HA HOJb, TIOCIE YEro
BBIYHMCIIUTH conpoTuBiieHne RX mo dopmyie (2.5). U3 stoii dopmyias

BUIHO, YTO HA PABHOBECHME MOCTa HE BJIMAKOT 3HAYEHUS 3.1.C. U
BHYTPEHHETO COINPOTUBJICHUS] MCTOYHMKA. Tak Kak B PaBHOBECHHM TOK
yepe3 TajJbBaHOMETP HE TEYET, OT €ro BHYTPEHHErO COMPOTUBIICHUS
pe3ysbTaT W3MEPECHUSI TAKXKE HE 3aBUCUT. [Ipr >TOM HHUKAaK HeE
UCIIOJIb3YETCsl TPaAyupoOBKa TrajbBaHOMETpA, TPEOYETCs JUIb HYJIEBOE
JIEICHUE, KOTOPOE JOJDKHO OBITh PACIHOJIOKEHO B CEPEIMHE Kbl
(Takue TpUOOpPHI C BHICOKOH YYBCTBUTEIBLHOCTHIO HA3BIBAIOTCSA HYJIb-
rajibBaHoMeTpaMu). TakuM oOpa3oM, B KJIACCUYECKOM MOCTOBOM
CXEME HE€ HCIOJB3yeTCS HUKAKUX DJIEKTPOU3MEPUTENIBHBIX MNpUOOPOB
(G urpaer poib UHIUKATOPA PABHOBECHS) U HE MTPOU3BOUTCS HUKAKUX
AIEKTPUUECKUX  U3MepeHur. OnpeneneHne HEU3BECTHOU BEJIIMYHMHBI
OPOU3BOAUTCSA IO MPUHLMITY CPaBHEHHS C 3TajgoHOM. [IpocTodt moct
YUTCTOHA MO3BOJISIET HU3MEPATH CONPOTUBJIEHUS C TOYHOCTBIO [0
necatbix pgojed Owma. Jlnsg emie OoJblIero yBEIMYEHUS TOYHOCTH
HEOOXOJAMMO YUYUTHIBATh CHUCTEMATHYECKYIO OIIMOKY, BHOCHMYIO
COMPOTUBIICHUEM COETUHUTEIBHBIX IPOBOIOB.

2. Ilopsook eévinoinenus pabomot
1. Cobpath Ha MakeTe CXeMy COTrJIacHO pHUcC. 2.2, UCMOJIb3Yysl B KAYECTBE
COITPOTHUBJIICHUM:

R1 - Mara3uH CONpOTUBJICHUH, TIEPEMEHHBIN;

RX - HEM3BECTHOE CONPOTHBIICHHC;

R~ - obpasioBoe conpotuieraue 100 Owm;

R2 - MaraswH CONPOTUBICHHH ¢  (UKCHPOBAHHBIM
3HAYCHHUECM.



2. IloctaButh 3HaueHHe R2 = 100 Om.
3. U3menss conporuBicHue R1, 100MTHCS paBHOBECHS MOCTA.

4., Tlo ¢opmyre (2.5) BbUMCIMTD 3HAYCHHE HEU3BECTHOIO
conpoTuBJieHUs RX.

5. U3menuts 2-3 paza 3Hau€HHUE CONPOTUBIEHUS R2 U TOBTOPUTH

U3MEPEHUS.
6. 3aMeHUTh HEU3BECTHOE COMPOTHUBJICHHE RX Ha JIpyroe u MOBTOPUTH

MYHKTBI 2-5.
/. Pe3ynbTarhl U3BMEPEHUI MPEICTaBUTh B BUJie TaOnuilpl. Paccunrars
OIIMOKY SKCIIEPUMEHTA.

KoHTpoJibHBIE BONIPOCHI
1. Onumure  METOJ  WM3MEPEHUsS COMNPOTHUBJICHUNA C TMOMOIIBIO
BOJIbTMETpA U ammepMerpa. [Ipum Kakux yCHOBHSIX B KaXKJIOW CXEME
MOXHO OIPENENISITh HEU3BECTHOE COIMPOTHUBJICHUE TIPU  ITOMOIIH
dbopmyiel (2.1)?
2. Kak omnpenensiercss HEU3BECTHOE COMNPOTUBJIEHUE  METOJ0M
3aMeIleHns ?
3. Uto mpeacTaBisieT co0oi MOCT YUTCTOHA?
4. BeiBenute (popMyiy JJsl BEIYUCIECHUSI HEU3BECTHOTO COMPOTUBJICHUS
B MOCTOBOM METOJIE.
5. ChopmynupyiiTe HEIOCTaTKU MOCTa Y UTCTOHA?

Jluteparypa
1. Dnexmpuyeckue uzmepenus: HeAIeKMpUUeCcKUx 6eaudun: yaeoHoe
nocodue / Iloxn pea. H. H. EBtuxuesa. M.: Dueproaromuszaart, 1990.
2.  Muponose  O.I.  V3MepeHne  aKTHBHBIX  COMNPOTHBIICHHI:
Meroaudeckue ykazaHusi K jabopaTopHbiM pabotaM. ExatepunOypr:

VYIIN, 2009.



JlabopaTopnasi padora Ne3

N3YUEHUE NPUHIUIA 3JIEKTPUYECKHUX
KOMIIEHCAIIUOHHbBIX U3MEPEHHUHA

Ilens pabomui: u3zyyenue KOMNEHCAYUOHHO20 MEmMOOd UMeEPEHUs]
9.0.c. O3HaKoMmleHue ¢ YCMpOUcCmeomM U pabomou HNPOMbIULIEHHbIX
nomenyuomempos.  M3mepenus  Heuz8eCmHulX  3.0.C.,  MOKOS,
CONPOMUBIeHUU.

Ilpuboper u npunadnexrcHocmu: nOMeHYUOMemp HnoOCMOSAHHO20
moxka IIl1-63, ucmounux Heuz8ecmHou 3.0.C., HOPMATbHLIU INeMEeHM,
00pa3yosoe u HeusBeCcmHvle CONPOMUBIEHUSL.

1. Kpamkasa meopus
1.1. Ilonamue paznocmu nomeHuuaL08 u 3.0.c.

[Ipn nepemenieHur 3apsja B AICKTPUUYECKOM TOJIE CHJIBI OIS
coBepmiator paboty. BenuuunnHa, 4HCIEHHO paBHas paboTre 1O
NEepPEMENICHUIO €IMHUYHOTO MOJIOXKUTENBHOTO 3apsana (=1 wu3 oxaHou
TOUYKH TOJIS1 B IPYTYIO HA3bIBAETCA PA3HOCTHIO MOTEHIIMAIOB MEXKy STUMU
TOUYKAMH:

A
Ap=p -, =g (3.1)

Ecmu ABa TCJIa C IIOTCHHHAJIaMH @; U ¢, COCAUHHUTH IIPOBOJHHKOM,

TO 3apsJbl C OJHOIO TEJNa HAYHYT MNEPEMEIIATHCA K APYTOMY - BOSHUKHET
DJIEKTPUYECKUM TOK. UYepe3 HEKOTOpOoe€ BpeMs MOTEHUHAIbl  TEl
CPaBHAIOTCA U TOK MpekpaTuTcs. st Toro 4ToObl B MPOBOIHUKE MTPOTEKAI
MOCTOSIHHBIM TOK, HEOOXOAMMO TOMAJIEPKUBATH MEXKAY JBYMS OSTHUMHU
TE€JaMH TIOCTOSIHHYI0 Pa3HOCTh IOTEHIMAJIOB. JTO 3HAYUT, YTO
HEOOXOAMMO KaKHMM-TO OOpa3oM OTBOJUTH DJIECKTPUUECKUE 3apsiibl C
OJHOTO TeJa W MEPEMEIIATh UX HA APYroe MPOTHUB CHII IIEKTPUYECKOTO
noJyis. Takoe MepeMeleHre MOXKET OBbITh OCYIIECTBJICHO JHIIL CUJIaMHU
HERJIEKTPUYECKOW MPUPOABbL. DT CWIbl MOJYYUIIM HA3BAHUE CTOPOHHUX
cui Ferop. Hanprumep, B ranbBaHNYECKUX 3IEMEHTAX Pa3[eCHUe 3apsiioB



OPOMCXOANUT IOJ JACHCTBHEM XHMHUYCCKMX CHJ, B TIeHeparopax -
MEXaHMYECKUX, B TEPMODJIECMEHTAX - HOJ JCHCTBHEM TEILUIOBOH SHEPIHH.
Benuuuna, ynciacHHO paBHass pabOTe€ CTOPOHHUX CHII IO MEPEMEIICHUIO
EIMHUYHOIO IIOJIOXKUTEIBHOrO 3apsga dYepe3 BCIO LElb, HAa3bIBACTCS
AIIEKTPOIABIDKYINEH cuitoi (3.1.¢.) & .

I:
. cTop
g_§ q dl. (3.2)

BemnuuHa 3.4.C. BbIpaXaercsa B TEX XK€ E€IWHULAX, YTO U PAa3HOCTh
MOTEHUHUAJIOB — B BousibTax. ECiM CTOPOHHUME CUJIbI JIEUCTBYIOT HA BCEM
IyTM  CJIENOBAaHUSA  DJJIEKTPUYECKOIO  TOKa,  3.0.C.  HAa3bIBaeTCs
pacrnpesieiecHHOW (Hampumep, 3.11.C. MHAYKIMU U camouHayKkuuu). Eciu
JIEUCTBUE CTOPOHHUX CHJI PACIPOCTPAHAETCS JIMIIbL Ha OTIEJIbHbIC
YYaCTKU 1EMH, TO 93.4.C. Ha3bIBAETCS COCPEAOTOYEHHON (3.1.C.
raJlbBaHUYECKOro 3JieMeHTa). [Ipu pa3soMKHYTON Liemu B 3TOM Ciy4ae
BJIEKTPOCTATUYECKUE CUJIbI YPABHOBEIIMBAIOTCS CTOPOHHUMHM, U Pa3HOCTH
NOTEHI[MAJIOB HA KOHIIAX PA30MKHYTOM LIEH OYyJET YMCICHHO paBHA 3.]1.C.

Benuunna, YUCIIEHHO paBHas pabore, COBEpIIAEMOU
AJIEKTPOCTATUYECKUMU U CTOPOHHMMHU CHJIAaMU TPU IIEPEMELICHUU
€AUHUYHOIO TOJIOKUTEIBHOIO 3apsAa MO YYaCTKY JIEKTPUYECKOM LEIH,
Ha3bIBaCTCSl MaJCHUEM HaNpsLKEHUs, WM ImpocTo HampsikeHueMm Ui Ha
JAHHOM YYaCTKE LIETIH

Upo=¢ -9, t+e,. (3.3)

Y4acToKk 1end, Ha KOTOPOM HE€ JEUCTBYKOT CTOPOHHHME CHIIBI,
HA3bIBAETCS OJHOPOJHBIM. Y4YacTOK, Ha KOTOPOM Ha HOCHUTEIM TOKa
JNEUCTBYKOT CTOPOHHUE CHIIBI, HAa3bIBAETCS HEOMHOPOIHBIM. s
OZHOPOJHOTO Yy4YacTKa e

Upo=0-0,. (3.4)

1.2. KomnencauuonHblii Memoo usmepenus 3.0.c.
CyTh KOMIIEHCAIIMOHHOTO METOJa HM3MEPEHUs 3.1.C. U HaANPSIKEHHUI
3aKJIFOYAETCAd B KOMIIEHCALIMU HU3MEPSIEMOTO HAIPSKEHUS 3TaJIOHHBIM,
yTO MoKazaHo Ha pwuc.3.1. McrouHuk wu3mepsieMoro HampspkeHus Ux
BKJIFOYAETCSI BCTPEUHO PETYIHpYyeMOMY 00pa3ioBoMy UCTOUHUKY Usp.
Mensisi HampsbkeHHe OOpas3IlOBOTO  HMCTOYHMKA, MOXKHO JOOUTHCS



HYJIEBBIX TOKAa3aHUN WHIUKATOpa A (4yBCTBUTEIBHOIO amIepMmerpa
WIM HyJIb-TAJIbBAHOMETPA) M TMpPH JaHHBIX YCJIOBHUSAX TPOHM3BECTH
n3Mmeperne Ux = U,gp.

Ux _ ;‘: Uoﬁp

Puc. 3.1. Hoeanuzuposannas cxema KOMNEHCAYUOHHO20 MeMOOd.

K coxanenuto, peryiaupyemMbiX 3TaJOHOB HAIPSKEHUS HE CYIICCTBYET.
[ToaToMy M3MepeHHe MPOBOAUTCS B JiBa dTara, Kak IMOKAa3aHO Ha PHC.
3.2, a,0. CxeMbl COCTOST U3 ABYX KOHTYPOB, MPU 3TOM BEPXHUI KOHTYD,
COCTOSIITUI M3 UCTOYHUKA HanpspkeHust U U IMHEHHOTO CONPOTUBIICHUS
Ro, siBIIIeTCS HEM3MEHHBIM.

-a) U

EN

Puc. 3.2. Jlea waeca uzmepenus neuzgecmuotul 3.0.c. KOMNEHCAYUOHHBIM MEMOOOM

Ha nepBoM 3Tarie B HUKHUM KOHTYP NOMEIIAETCS 3TAJIOHHBIN UCTOYHUK
5.4.c. (HOpManbHbI »ieMeHT éen). llpu ycmoBum U Oosbiie e,
nepeMeniasi KOHTAaKT IMEPEMEHHOIO CONPOTUBIICHHS, MOXHO HAaWTH
TOUKY, KOT/Ia TTOKa3aHUs U3MEPUTEIIS ToKa OyAyT paBHBI HYNIO. B aToM
Clydyae HANpsHKEHUE, CHUMAEMOE C JICJIUTENS, PABHO HANPSIKECHUIO
TOJIKJTIOYECHHOTO0 K HEMY MCTOYHHKA (eN). Ha BTOpOM »Tare B HUKHHIA



KOHTYpP IOMEIIAIOT HCTOYHHUK HEU3BECTHOM 3.11.C. (€x) U MOBTOPSIOT BCE
nevictBus.  Ilyctb  koMmmeHcamuss €y M €x  [POM3OLUIA  [PU
conpoTtuBieHusax genutens Ry (puc. 3.2,a) mw Rx (puc. 3.2,0).
ITockonbKy TOK B BEpPXHEM KOHTYPE OCTAE€TCSA MOCTOSAHHBIM (TOK B
HIKHEM KOHTYPE PaBEH HYJIIO), TO CIIPABEIJIUBBI BHIPAKEHUS:

U U
—R,=¢,, — R, =¢&,.
N N X X .
R, R, (3.5)
Otcro/1a BeJIMYrHA HEM3BECTHOM 3.]1.C. MOYKET OBITh ONpe/IeIcHa KaK:
RX
Ex TR (3.6)
N
JlaHHasi METOJIMKa peaJiM30BaHa B MOTEHIMOMETpAaX — MpUOOpax,
IMPpCAHA3HAYCHHBIX JJIA HN3MCPCHUA 2.14.C. n HaHpH)KeHI/Iﬁ

KOMIICHCAIIUOHHBIM METOI0M.

1.3. Hpunyun pabomot nomenyuomempa I111-63
[TpunmunuanpHas cxema noteHiuomerpa I1I1-63 npuBenena Ha puc.
3.3. Cxema coctouT u3 Tpex KoHTypoB. Kontyp 1 u konTyp 3
COOTBETCTBYIOT 3JIeMeHTaM Ha puc.3.2,0. Hactpoeunsliit KOHTYp 2,

R1L__

= {» —
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o
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Ex

Puc.3.3. Cxema nomenyuomempa I111-63.




coAepKalluii HOPMaJIbHBIA BJIEMEHT, MpEeJHa3HAYCH ISl OIepaluu
KAIMOPOBKH — YCTAHOBKH CTPOr0O OMNPENEIEHHOI0 TOKa (Ha3bIBAEMOIO
pabouuM TOKOM) B KOHTYype 1. CTyneHTy npeajiaraercsi CaMoCTOSITETbHO
MPOaHAIU3UPOBATH PA0OTY CXEMbI U OOBSICHUTH MOPSJIOK ACHCTBUIN MpU
U3MEPEHUH HEU3BECTHOW BEJTUUUHBI EX.

KoMmneHcauMoHHbIH METOA HM3MEpPEHHs 3.14.C. 00JialaeT psAaoM
CYIIIECTBEHHBIX JIOCTOMHCTB. BO-MEpBBIX, CHJla TOKA 4Y€pe3 DIECMEHTHI
OJM3Kka K HYJI0, MO3TOMY MPAKTAUYECKHW HET MaJACHUS HaIpsKEHUS
BHYTPU MCTOYHMKA 3.]1.C., COOTBETCTBEHHO HET MaJICHUSI HANPSKCHUS B
NOABOJAIINX TPOBOJAx. Bo-BTOphIX, TajdbBaHOMETpP pabOTaeT Kak
HYJIb-UHJUKATOP U HE TpeOyeT rpaayupoBKu. B-TpeTbux, UMEET MECTO
BBICOKAsi TOYHOCTh HW3MEPEHUM, OOYCIOBJICHHAsI WCIOJIb30BaHUEM
ATAJOHHBIX CONMPOTUBIECHUN U HOPMAIBHOTO 3JIEMEHTA, 3.1.C. KOTOPOTO
M3BECTHA C TOYHOCTBIO JIO YETBEPTOro 3HaKa mocie 3amsToil. Crnemqyer
OTMETUTh, YTO OT HOPMAJIBHOTO DJIEMEHTA HEJIb3s OpaTh TOK CBBIIIE

10-5-10-6 A, TO3TOMY HEOOXOAUMO COOJTIOJIaTh OCOOYI0 OCTOPOKHOCTh
pu COOPKE M BKITFOUCHUH CXEMBI.

2. Onucanue nomenyuomempa nocmoannozo moxa INTI-63

ITepenocHoit moreHuoMeTp nocrosHHoro Toka IIII-63 kiacca
touHoct 0,05 mpenHazHadyeH I U3MEPEHUS 3.1.C. U HANPSIKECHUU
KOMIIEHCAIMOHHBIM METOJIOM.

Ha manenu npubopa CMOHTUPOBAHBI:

- TAIBBAHOMETP MATHUTORJIEKTPUYECKON CUCTEMBI C IMOJBHKHON
PaMKOW, YKPEIUIEHHBIA Ha PaCTsIKKaX;

- U3MEPUTEIBLHOE COMPOTHUBJICHUE MOTEHIHUOMETPUUYECKON CXEMBI
npudopa, BHINOJHEHHOE B BHUJIE CTYNEHYATOro MepekiaovaTens Ha 24
MOJIOKEHUSI U PEOXOPAA, PYKOSITKM KOTOPBIX BBIBEICHBI HA JIUIIEBYIO
CTOPOHY MMAHENH;

- PpEryJMpOBOYHOE COMNPOTHUBIICHHUE, BBINOJIHEHHOE B  BHUJE
CIBOCHHOI'O MOJ3YHKOBOIO PEOCTaTa, HMEIOIIETO JIBE PYKOSTKHU: IS
rpy0oOii U TJIABHOM PETyJIUPOBKU paboyero Toka;

- IITENCENbHBIM TMEpPEeKIoYaTeslb MNPEACIOB MOTEHIHOMETPA,
uMeromui Tpu nosoxkenus: "X0,5" - mpenen 0-25 MB, "X1" - mpenen 0-
50 MB u "X2"-ipegen 0-100 mB;

- MEPEKIII0YaTeIb CXEMbl MOTEHIMOMETPA HA JBa IOJOXKEHUS:
"K"-ycTanoBka pabouero Toka noreHiuomerpa u "MN"- usmepenus s.1.c.
WJIW HaNPSIKEHUS;



- J1Be KHomku: 'rpyoo" um  "TouHO" - A BKJIIOYEHHS
raJbBaHOMETPA;

- 3axuMbl "X" IS OOAKIIOYEHUS HM3MEPSEMBIX 3.4.C. WIU
HaNPSDKEHUS;

- 3akuMbl "HD" 17151 MOAKII0OYEHNS] HOPMAJIBHOTO 3JIEMEHTA.

3. Ilopaook eévinonnenus padomot

Jns  mpoBeneHUs U3MEPEHH  MOACOCAMHUTh  HOPMAaJbHbIN
aneMeHT K kiemmaM "HD" moreHuumomerpa, coOirogasi MOJSPHOCTb.
ITepexmouarens "HO" ycrtanoButh B nmonoxenue "H". [lepexmouarenu
"™, "BII", "BU" ycTanoBuTh B monoxenue "B".

3.1. H3mepenue HeuzgecmHvlX HANPANCCHUL
N3mepeHne HaNpsHKEHUM MPOBOJIUTH B CIEAYIONIEM MOPSIAKE:
1. Ilopkmrouuthr K 3axumam "X" IMOTEHIIMOMETPA WCTOYHUK
HEWU3BECTHOM 3.71.C., COOJIIOAast TOJISIPHOCTb.
2. VYcranoButh nepeximoyaresnb "POJ[ PABOTBI" B monoxkenue
"TIOTEHLHLAOMETP".
3. Ycranosuts nepeximoyarens "[IMTAHUE" B monoxenue "BKJT".
4. YCTaHOBUTH IMEPEKIIOYATENb NPEAECIOB B OJHO M3 CIECAYIOIIUX
nonoxkenuit: "X0,5" npu uamepennu 3.1.c. 10 25 MB,

"Xt o-"- o 50 MmB,

"X2" o -t no 100 mB.
5. IIpoBecTu ycTaHOBKY pabo4ero Toka MOTEHIIMOMETPA, JIs YEro:
a) YCTaHOBHTH IEpEKI0UaTelip B monoxenue "K",
0) yCTaHOBUTH CTpENKYy TajibBaHoMeTpa Ha "(0" BpallleHHEeM BEpXHEH
PYKOSITKM peocrara "PABOUMI TOK" mnpu HaxaToll KHOIKE
"TPYBO", 3arem BpalieHHEM HUKHEW PYKOSITKH MPH HAKATON KHOIIKE
"TOYUYHO".
6. [IpoBecTr U3MepeHne HanpsHKEHUs, IS YEro:
a) YCTAaHOBUTH IIEPEKIII0YATENb B MoJjioxkeHue "MN",
0) yCTaHOBUTH CTPENKY rajibBaHoMmeTpa Ha "0" BpalieHHeM pyKOSITOK
CEKIIMOHHOTO TMEPEKIoYaTelsl M pEeoXop/a BHAYajle MpU HaKaTON
kHonke "I'PYBO", a 3arem "TOYUYHQO". 3HaueHue H3MEpPEHHOIO
HaIpsDKEHUS] B MIWIIKMBOJbTAX OyAE€T PaBHO CyMMeE MOKa3aHUW IIKal,
YMHOK€HHOW HAa 3HAYEHUE MHOXHUTEJIS, YCTAHOBJICHHOTO MPHU MOMOIIU
IITEICEeIS.



7. IIpoBecT H3MEpEeHUs HECKOJBKO pa3 IMPU Pa3HbIX MOJOKEHUAX
nepexroyarens npeaesio. OnpeaeanTh OUOKy U3MEPEHUH.

3.2. H3mepenue cunvt moka
[ToTeHIIMOMETPEI MOTYT HU3MEPSTh TOJbKO HampsikeHus. I[losromy
U3MEPEHUE CUJIBI TOKA OCHOBAHO Ha MU3MEPECHUU MaJCHUSI HANPSIKEHUS
Ha JTaJOHHOM pE3UCTOpPE M MPUMEHEHUM 3akoHa Oma g ydacTka
CTIH.
1. Cobpats nems (puc. 3.4,a), rne  Rpgp - u3BecTHOE 00pasLoBoe
conpoTuBiieHuE, paBHoe 470 Om.
2. Konrtaktel 1-2 coeguuuth ¢ kiaemMmamu "X" TOTEHIMOMETpa C
COOJIFOJICHUEM TIOJISIPHOCTH.
3. IlpoBect wu3MepeHHUs MaJCHUSI HAMNpPsHKEHUST Ha 00pas3loBOM
conporusieHnr Uygp B cOOTBETCTBUH C 1.6 "M3MepeHHe HanmpshKeHNi'".

U

4. BRIUNCINUTD BCIIMYMHY TOKA R

o0p

oop
5. HpOBeCTH M3MCPCHUA HCECKOJIBKO pa3 IIPHU Ppas3HbIX IIOJIOXKCHHUAX
NEPCKIIIOYATCIIA IIPCACTIOB. Brorunciauth OLHH6Ky I/IBMepeHHﬁ.

3.4.C. B
R o6p 'RX R06p
V.V v
1 2 1 X 9 %P 4

a 0

Puc. 3.4. Cxema 0ons usmepenusi neuseecmno2o moka (a) u Heu38ecmHo20o
conpomuenenus ().



3.3. H3mepenue conpomuesnenuii

JIns u3MepeHusi CONPOTUBJICHUSI B JAHHOW pPabOTE MCIOJIb3YeTCs
METOJ] BOJIbTMETPA U 00pa31I0BOM MEphI, YIIOMUHABIIMKUCS B OMUCAHUU
JlabopatopHoit pabGoTbl Ne2. (OcCHOBOH 3TOro Meroja SBISETCS
dbopMUpOBaHUE PIECKTPUUECKON IIEMH, KOT/1a HEU3BECTHOE U 00Pa3loBOE
CONPOTHUBIICHUSI  COCJUHSIIOTCS  TIOCJEA0BATEIbHO M U3MEPSIOTCS
NaJICHUs] HAMPsHKEHUS Ha HUX.
1. Cobpats temns (puc. 3.4,0), rae Rogp - n3BecTHOE conpoTusieHue, Ry

- HEM3BECTHOE COMPOTUBJICHUE.
2. Konraktel 1-2 monkmrounts kK kiemmam "X". M3meputh maneHue
HanpspkeHus: Ha Ry B cooTBeTcTBUM C 1. 6 "H3MepeHue HANpsHKeHUH' .

3. Ko"rakTtel 2-3 moakiaouuTh K KiemMMaM "X'", U3MEpHUTH IaJeHUE
s
HaHpH)KeHI/Iﬁ Ha |206p

4. Tak kak TOK 4epe3 Rpgp 1 Ry uner oqus u Tot *e, TO BenmuunHa Ry
_ U X R06p

ompezensercs mo popmyne U,
oop

5. TlpoBect u3MepeHHs] TPU Pa3HBIX MOJOXKEHUSX MEPEKIIoYaTesns
npeaesioB. BeuncIuTh OMMOKY U3MEPEHUI.

KoHTpoJIbHBIE BOTPOCHI
1. B yem 3akiro4yaeTcsi METOJ] KOMIIEHCAITMOHHBIX U3MEPEHUM ?
2. HazoBuTe 1OCTOMHCTBA KOMIIEHCAIIMOHHOI'O METO/IA.
3. Uto npeacTaBiiseT co00il HOpMaJIbHBINA 3JIEMEHT?
4. O0bsicHUTE CXeMy NMPUHIMT AeiicTBUs noTeHmometpa I111-63.

Jluteparypa
1. Hemnagh A.A., Asopcxuii b.M. Kypc ¢uszuku, M.: Beicmas mikona,
1989.
2. baeuncxuii A.B., bBpacun O.A. KoMIIEHCAIMOHHBIE METOBI
u3MepeHni. Mertoaudueckoe TMocobrue K J1abopaTopHBIM padoTam.

Hosocubupck: uza-so HI'Y, 2006.



Jlaboparopnasi padora Ne4
KOHTAKTHBIE ABJIEHUS B METAJIVTAX.
I'PAAYUPOBKA TEPMOIIAPHI

Ilenv padomuir: uzyuenue ¢huzuueckux npoyeccos 8 KOHMAKMax

PA3HOPOOHBIX MEMANN08, 2PAOYUPOBKA MEPMONApP 8 MmemMnepamypHoM
unmepsane 300-380K.

Ipuboper u npunaonexcunocmu: J1AOOpamopHbuIll  MaKem,
memnepamypHas si4etKda, NOHUNCAIOWUN MPAHCHOPpMamop, 601bmMMemp
nepemennozo moxa mun 434321, yugposor muinueorLMMeEMP,
mepmomemp, mepmonapbl.

1. Kpamkas meopus

B 1797 rony BonbToii (A.Volta) 6s110 00HapyXEHO, YTO MPU
CONMPHUKOCHOBEHHWHM JBYX PAa3JUYHBIX METAJUIOB MEXIY HUMHU
BO3HHMKAET Pa3HOCTh ITOTCHIIMAJIOB, IIOJYUYHMBIIAS Ha3BaHUE
KOHMAKMHOU pasHocmu nomeHyuaios. BoiabTa yCTaHOBUI, UYTO
€CJId HECKOJIbKO METaJJIOB IPUBECTU B KOHTAKT JIPYT C APYTOM, TO
pPa3HOCTh NMOTEHIMAJIOB MEXAY KpaWHUMH MeTajljlaMu He Oyner
3aBUCETh OT TOTO, KaKUMH MPOMEXKYTOUHBIMU MeETajjJaMd OHHU
pazaesieHbl. OTO TMOJIO)KEHHE TMOJYYMJIO Ha3BaHHUE 3AKOHA
nociedo8amesibHblx KOHMAaKmMo8 Bonvmui. PaccmoTpum
¢u3ndeckre MpoOIeCcChl, NPOUCXOASNIME Ha TpPaHHUIE [JBYX
KOHTaKTHUPYIOIMX METAJJIOB.

1.1. Konmaxkmuasa pa3Hocms nOmMeHUUa1I08

[IpuBenem B TECHBIM KOHTAKT JIBA METaJJa, KAK 3TO MOKAa3aHO
Ha puc. 4.1. Kaxnapii Merall XapaKTEpU3yeTCs  CBOEH
KOHIIEHTpalrer cBOOOJAHBIX AJIEKTPOHOB N M paboToil Bhixoma A.
IIpu CONMPUKOCHOBEHUN HAYHETCS MEPEXO] IJIEKTPOHOB U3 OJHOTO
MeTalajda B JApPyrod u oOparHO, OJHAKO mpeobiaxarmiee
HampaBJieHUE OyJEeT ONMpeAe/sAThCS BEIMUYUMHON pabOThl BHIXOJA U
KOHIICHTpAllMel HOCHUTEeNeW 1Mo 00e CTOpOoHBI rpaHullbl. IlycTs s
onpeneneHHocty  A1<Az, ni1>np. Toraa npeuMynieCTBEHHBIM
JIBV)KEHUEM OyJeT Mmepexo]l JIEKTPOHOB U3 MeTasjaa 1 B MeTaua 2,
NPUTPAaHUYHBIN CJION MeTanna 2 OyJIeT 3apskaThCs OTPHUIATENIBHO,
MeTaa 1| — moJIOXKUTENIbHO. B MeCcTe KOHTAKTa BO3HUKAET TOHKUM
JTBOWHOW DJIEKTPUYECKUM CJIOW TOJIIUHOU ~108 c¢m. Takoe



paszieneHrue  3apsAoB  OKBHBAJCHTHO  TOSBICHUIO  BHYTPEHHETO
MCTOYHMKA 3.].C. C Pa3HOCTHhIO IMOTEHIHAIOB &12. TOYHBIC PaCUETHI
MOKA3bIBAIOT, YTO KOHTAaKTHAs PA3HOCTh ITOTCHIHAJIOB MOXET OBITh

BBIYKCIICHA IO (hopMYyJIE:
A-A kT, n
= +—In—=
e e n,

12 1 (4.1)
rae K - mocrossnHas bonbrnmana, T — aOcomoTHas Temneparypa. 13 .
(4.1) cnemyer, 4TO BEIMYHUHY €12 ONPEACISIIOT pazivuusi B padoTax
BBIXO/Ia AJEKTPOHOB JJIA JIBYX METAJLUIOB U Pa3Myusl B KOHLIEHTPAIUAX
AJIEKTPOHOB N1 U Nz, BaXHO OTMETUTh, YTO KOHTAaKTHas pPa3HOCTh
IIOTEHIMAJIOB  SIBJIIETCA TEMIEPATYypPO3aBUCMMOM BEIWYMHOM, MPHU
MOBBIIICHUN TEMIIEPATYPHI £12 YBEIUUUBACTCS.

1.8 : nZ’Az

+ + +

812

Puc. 4.1. Bo3nuxnosenue kOHmMaxmuotu pasHocmu nomerHyualos

Eciau paccMOTpeTh 1eMb, COCTOSIIIYI0 U3 HECKOJIBKUX METaJlIoOB,
TO CYMMHpPYSl KOHTAKTHbIC pAa3HOCTH MOTEHUIHAJIOB I KaXI0TO
koHTakta ¢. (4.1), 7nerko mnokaszaTh, YTO 3a CYET COKpalleHU
pe3yIAbTUPYIOIIAs KOHTAaKTHasi Pa3HOCTh  OMNPEACNAETCS  TOJIBKO
KpalHUMH  METaJJlaMM  IE€MHU, 4YTO  COOTBETCTBYET  3aKOHY
MOCJeN0BaTEIbHBIX KOHTAKTOB BONBTHI.

1.2. @u3uueckue npunyunvl padomot OughphepenyuabHol
mepmonapul

Huddepenimanbuple  TepMOIapbl MIHUPOKO HUCIONB3YIOTCS B
COBpPEMEHHOM (M3UYECKOM IKCIIEPUMEHTE, B JIAOOPATOPHBIX YCIOBUSIX
U TPOMBIIIJICHHOCTH KaK TOYHBIE HW3MEPUTEIN TeMIepaTypbl H
HU3KOBOJIbTHBIE HICTOUHUKU TOKAa. OHM MPEICTABIISIIOT 3aMKHYTYIO 1IETIh



U3 JIByX pa3HOPOAHBIX MeTauioB (puc.4.2), B KOTOPOW BBINOJHEH
pa3pbIB  IJIA  IPOBEACHUSA M3MEPEHUM 0d.1.Cc. Mecta coeauHeHus
METAJIJIOB Ha3bIBAIOTCS CHAsIMM, KOTOPbIE OOBIYHO BBIMOJHAKOTCS
METOJIaMU BBICOKOTEMIIEpATypHOM CBapku. Ecimy Temmeparypbl criacs
OJIMHAKOBBI, TO 3.4.C. TEPMOMApPhl paBHA HYJIO, €CIU TEMIIEPATYPbI
CIIaCB pPAa3JM4HbI, TO 3.4.C. TEPMOIApbl OTIWYHA OT HYyJA. JlencTBue
TepMomapbl  ocHoBaHo Ha 3¢ddekre 3eebexka (T.Seebeck) -
BO3HUKHOBCHHUU DJJICKTPOABWKYIIEH CHJIBI B LEMNU, COCTOSIICH W3
Pa3HOPOJHBIX MPOBOJHUKOB, KOHTAaKThl MEXKIY KOTOPBIMH HMMEIOT
Pa3IMYHYIO TEMIEPATYPY.

Me1

i
Me2 Me1

T
T
1 2

Puc.4.2. Jlugpgpepenyuanvnas mepmonapa

F— Me1 Me2 Mel |1

£12 821

Puc.4.3. Jxeusanenmuasn snekmpuueckas cxema. Llupoxumu memnovimu
NOJIOCaAMU NOKA3AH OBOUHOU IJIeKMPUYECKUL CTIOU

Paccmotpum ¢usndeckue OCHOBBI paboThl AuddepeHianbHoMN
TepMonapbl. DKBUBAJICHTHAsI CXEMa 3TOTO YCTPOMCTBA MOKa3aHa Ha PUC.
4.3. B Hell CyIIECTBYIOT JABa UCTOYHUKA 3.J1.C. €12 W €21, HAIIPABJICHHBIX
HaBCTpeuy Apyr apyry. [Ipu paBeHCTBe TemmepaTyp CIaeB BEIUYUHBI
€12 W €21 OJMHAKOBBI, PE3YJIbTUPYIOIIAS 3.7.C. HA KOHIAX TEPMOIaphl
ABJISICTCS HyJeBOW. Eciu Mbl OAHMMEM TEMIIEpaTypy JIEBOTO Criasi, TO



BEJIMUMHA &12 YBEJIMYMUTCS, BEIMYMHA &21 OCTAHETCS MPEXKHEH U Ha
KOHI[aX TEPMONAphl HOSIBUTCS 3.7.C., paBHAs Pa3HOCTHU €12 U £21.
[ToacunTaeM pe3ylbTUPYIOUIYIO 3JIEKTPOIBUKYIIYIO CUITY &:

:AQ_Ai_'_lelni_Az_Ai—szInﬁzhln%(-rl_-rz)s (42)
2

g

e e n, e e n, e
1507051

KoadpuiueHT o 1 AByX JaHHBIX META/VIOB HA3bIBAETCSI MOCTOSIHHOM
TEepMOIaphl AN yeJIbHOMN TEepMO-3.71.C. On paBeH

TEPMODJICKTPOJIBXKYIIIEA CHUJIC, BOZHUKAIOIIEH B LENU IIPU PA3HOCTHU
TeMIepaTyp cnaeB B OJuH rpaayc KenbBuHa:

k. n

——|nL
a—emm . (4.4)

JIJIst METaJIJIOB BEJIMUMHA o COCTABJISICT HECKOJIBKO JeCITKOB MKB/rpaj.

BaxHO OTMETHTB, YTO B OOIIEM Cllydae TEPMO-3.1.C. B KOHTYpE
nuddepeHmanbHON TEepMOIIaphl CKJIQ/IbIBAETCS u3 Tpex
coctaBisitommx. IlepBasi coctapisomas 00ycIOBI€HA TEMIIEPATYPHOI
3aBUCUMOCTBE0 KOHTAKTHOW PA3HOCTHM NOTEHUHUAJIOB, BTOpas —
muddys3uen Hocutenen 3apsaaa OT ropsIunX CraeB K XOJOAHBIM, TPEThS -
YBJICUCHUEM HJIEKTPOHOB KBAaHTAMU TEIJIOBOM 3HEPTUM — (HOHOHAMHU,
MOTOK KOTOPBIX TAKXKE PACIPOCTPAHSAETCS K XOJIOJHOMY KOHIY. OgHaKO
B CHJIy MajJoOCTH BTOPOTO M TpPEThEro (PakTopoB HX BIUSHUE HE
paccMaTpUBAETCH.

Tounoe U3MEPEHUE TEMIIEPATyPbI npu MTOMOIIA
muddepeHImanbHoil TepMonapbl OCHOBAHO Ha 3aBUCMMOCTH BEJIMUMHBI
3.1.C. OT Pa3HUIIbI TEMIIEpATyp cnaeB. Eciau oauH U3 caeB MOMECTUTH B
o0beM,  HaxONSIIMICA  NpU  ONpeNeNeHHONW  (UKCUPOBAHHOM
TeMmriepatrype (Hampumep, cMech Boabl U Jsbaa, 0°C), a BTOpod — B
0o0beM, TEeMIIEpaTypy KOTOPOrO HaJO0 OMPEACIUThb, TO MO BEIUYMHE
U3MEPEHHOM »3.J1.C. HAa OCHOBAaHUHU IMPEIBAPUTEIBLHON T'PagyHpOBKH
TEPMOITIapbl MOKHO OIPEIETUTh HEU3BECTHYIO TeMneparypy. TOYHOCTb
ONpPEACICHUs TEMIIEpaTypbl COCTAaBIISIET JAECATHIE JOJU Tpagyca.
JIONONHUTENbHBIMU ~ JIOCTOMHCTBAMU  3TOTO  METOJA  HU3MEPEHHS
TEMIIEPATypbl SIBISIOTCS IIUPOKUM HMHTEPBAI TEMIIEparyp, Maas
MHEPIMOHHOCTh, 00YCIIOBJICHHAA MaJbiM OOBEMOM Crasi, BO3MOXXHOCTh
OPpUMEHEHUS] B aBTOMATU3MPOBAHHBIX  CUCTEMaX  KOHTPOJIA
MPOU3BOACTBEHHBIX MPOIIECCOB. B kauecTBe nmpumepa MOXHO NPUBECTH



TEpMOIIapbl MEJIb — KOHCTAHTAH, KOTOPBIE IIMPOKO MPUMEHSIOTCS IS
U3MEpeHus TeMiiepaTypsl B uHTEpBasie ot 70 1o 570 K.

Ecnu mocTossHHO TOAJEPKUBATh PA3HOCTh TEMIEPATyp MEXKITY
CIIasiMH, TO 3Ty CUCTEMY MOKHO HCIOJIb30BaTh B KAU€CTBE MCTOUYHHUKOB
MOCTOSIHHOTO ~ HampsibkeHusl. OCOOEHHOCThIO  TakKMX  HMCTOYHUKOB
SABJISIFOTCS MaJlble HAIpPsDKEHUST W HEOOJbIIME MOIIHOCTH. Benuuuny
HaIpsHKEHUSI MOYHO YBEIIUYUTb, cobupas TEpMOIIaphI
MOCJIEAOBATENbHO, JIsl YBEIWYEHUS MOIIHOCTH NMPUMEHSIOT OaTtapeu ¢
napasuieibHbIM COeIUHEHUEM TepMomnap.

2. Ilopsaook eévinoinenus padoomol
1. Cobepute ycTaHOBKY IO CXeMe, TOKa3aHHOM Ha puc. 4.4.

3

5

Az
220B

80 B

Puc.4.4. Cxema skcnepumenmanbHoU YyCmano8Ku
Opun cmail Tepmornapbl 3 TOMECTUTh B TEIUIOBYIO siueliky 1. Bropoi
criaii MOMECTUTh B CTakaH 4, HWMEIOUMH KOMHATHYIO TEeMIIEpaTypy.
IIutanue TENIOBOM SAYEMKU OCYLIECTBISETCS OT ITOHWKAIOUIETO
TpaHchopmaropa 2 ¢ HampsbkeHuem Ha Bbixojae 80B. Temmepatypa B
ob0beme sUeiiku KOHTposmpyercs: TepmomerpoMm 5. D.J[.C. Ha KoHIAx
TEepMoOMaphl onpeaAenseTcs Hu(PpPoBbIM MUIIITUBOILTMETPOM 6.
2. Ilepen HauamoM uU3MEpEHUN MpPOrpeTh LUPPOBOM BOJBTMETP B
TeueHne 20 MUHYT, NPOBECTH YCTAHOBKY HYJISI.
3. U3mepuTs 3.71.C. TEpMONIApPhl B UCXOAHOM COCTOSIHUU.
4. llopmates nHanpsokenue 80B Ha TermoByro siueliky. B uHTepBaie
Temrneparyp or komHaTHOM a0 80°C maromM B 2 rpajgyca HU3MEpPUTH
BEJIMYUHY TEPMO-3.1.C. JII TEPMONAPhl XPOMENb-KOIENb. Pe3ylbTaThl
3aHECTH B TaOJIHITY.
6. Ilpm BKIIOYEHHOW TEIUIOM SYEUKE YCTAHOBHUTH TEPMOIIapy
KOHCTaHTaH-XpoMmenb. [IpoBecTn cTabuiaM3anuioo TemIepaTrypbl 5-7



MUHYT. BBIKIIOYNTh MNHUTAHUE SYEHKHM W B PEKUME OCTHIBAHMS
BBIMIOJIHUTh HW3MEPEHUS TepMO-3.4.c. B uHTepBaie or 80°C nmo
KOMHATHOM TEMIIEpAaTyphl maroM 2 rpagyca. Pesynprarsl 3amucarts B
Ta0IuILy.

7. s KaxaoW Tepmonapbl MOCTPOUTH I'pauK 3aBUCUMOCTH TEPMO-
3.4.C. OT Temmeparypel ropsdero cnad. OnpeacnuTs BEIUYUHY
YAEIIbHOU TEPMO-3.]1.C.

8. I[IpoBecTr 00CYX)E€HUE MTOTYUYEHHBIX PE3YyJIbTATOB.

KoHTpoJibHBIE BOIPOCHI
1. OObsicHUTE MOSABJICHUE KOHTAKTHOM PA3HOCTH MOTEHIMAJIOB IMpHU
KOHTAKTE JIBYX METAJIJIOB.
2. YUto takoe nuddepeHunanbuas Tepmorapa’?
3. Tlosicaute (usnmyeckue mpoiieccsl npu padore AuddepeHInanbHOMI
TEpMOMapshl.
4. Yto Takoe ynenbHas TEPMO-3.4.C. U B KaKuUX €IWHHIIAX OHa
u3mepsiercs?
5. KakoBo npaktuueckoe npuMeHeHne Tepmonap?

Jluteparypa
1. Kanawnukos C.I'. dnextpuuectso. M: Hayka, 1985.
2. Cusyxun /[.B. O6mmii kypc pusuxku. Tom 3. DmektpuuectBo. M:
duzmatiut, 2004.
3. Oneunux b.H., Jlazouna C.U., Jlazoun B.Il. Tlpubopsl u METOIbI
TeMrepaTypHbix uamepenni. M.: U3n-Bo crangapros, 1987.
4. I'opoos A.H., Manxos A.B., Opeapom H.H., Apviuies H.A. TouHOCTH
KOHTAKTHBIX ~ METOJIOB HW3MEpeHus Temmeparypel. M.: W3n-Bo
CTaHIapTOB, 1976.



JlabopaTopnasi padora NeS

ITPOBEPKA ITPABUJI KUPXI'ODA
JJIAA HEHEN IIOCTOSAHHOI'O TOKA

Ilens pabomot. sxcnepumenmanvrasn nposepka npasunl Kupxeoga u
pacuem 271eKmpudecKux yeneu Ha ux oOCHose.

Ipuboper u npunaonexcunocmu: J1AOOPAmMopHbILL  MaKem,
UCMOYHUK NOCMOAHHO20 HANPANCEHUS], COeOUHUMENbHblE NPOBOOA.

1. Kpamkasa meopus

Pa3BeTBIICHHBIE DIEKTPUYECKHUE LETH SBISIOTCS OCHOBOM MHOTHX
COBPEMEHHBIX PUOOPOB U ycTpoilcTB. [loHnManue pyHIaMEHTaIbHBIX
OPOLECCOB MPOTEKAaHHWSI TOKOB B TAaKUX LEMNSAX, YMEHUE IMPOU3BOIUTH
pacyeTsl MapaMeTPOB CXEM COCTABJISIIOT BAXKHYIO 3aJ1a4y IS CTYJICHTA.
Pa3BeTBIICHHBIE AIEKTPUYECKHUE LIEMU MMOCTOSIHHOIO TOKA COAEPHKAT, KaK
IPaBUIIO, KOMOUWHAIINU CONPOTHUBJICHUM " MCTOYHUKOB
AIEKTPOABUKYILEH CUIIBI (3.1.C.). OOBIYHO BETUYUHBI CONPOTUBIICHUIN U
3.1.C., BXOASAIIMX B Pa3JIMYHbIE COCIMHEHHUS MPOBOJHUKOB, HN3BECTHBI.
ITosToMy 3amada pacuera »JJIEKTPHUYECKOW LENH 3aKJI0YaeTcs B
ONPEACICHUM TOKOB, TEKYIIUX 4YEpe3 CONPOTUBICHUSA, W NaJCHUU
HalpsHKEHUS Ha COOTBETCTBYIOIIMX COINPOTUBIICHUAX, BXOISIIUX B
CXEMY.

CymiecTByeT HECKOJBKO MOJAXO0J0B Ul PACUETOB 3JIEKTPUYECKUX
uenerd. Jlng  yyactka  OenM, — COIEpIKAIIEro  IPOBOJHUK  C
conpoTUBJIEHUEM R, nmpuMeHsroT 3akoH OMa, COriacHO KOTOPOMY CHJIa
TOKA, TEKYIIEro II0 OJHOPOAHOMY METAJUIMYECKOMY IIPOBOJIHUKY,
NPONOPIMOHATIbHA MAJACHUIO HampsbkeHuss U Ha 3TOM NPOBOAHUKE M
0o0paTHO NMPONOPIUOHAIbHA CONPOTUBIIEHUIO MPOBOJIHUKA:

| =—. (5.1)

J{71s1 3aMKHYTOM €T, COCTOSIIEH U3 BHEIIHETO CONMPOTURJIECHHUS R,
MCTOYHHKA 3.J.C. C HANPSKEHUEM € U BHYTPEHHUM COITPOTHUBIICHUEM I,
3akoH OMa MpUMET BU:

&

TR 52




CnoxHbIE pa3BETBICHHBIC IIEIMH MOXHO ITONBITATHCS CBECTH K
napauieIbHOMY ¥ TIOCJIEOBATEILHOMY COCIWHEHHUIO IPOBOTHUKOB.
Ecimu 310 ymamoch, TO CcXemMa 3aMETHO YIPOIAETCS ¥ PacUeThl
apaMeTpOB BO3MOXKHBI ¢ PUMEHEHHEM 3aKOHOB OMa.

Ecnu 1nienu He CBOAATCS K MapauIeIbHOMY U TOCIIEA0BATETHHOMY
COCIMHCHUIO IIPOBOJHUKOB, TO JUIS pacuera TaKUX pPa3BETBICHHBIX
Ieneil  ciaemyeT IOoJIb30BaThCsA IpaBUIaMH, CHOPMYIMPOBAHHBIMU
Kupxropom (G.Kirchhoff). Otux mnpaBun naBa. IlepBoe wu3 HHX
OTHOCUTCSA K Yy3JlaM IIelH. Y3JIOM Ha3bIBaeTcsd TOYKa, B KOTOPOK
cxomaTcs Ooyiee IBYX IMPOBOJHUKOB. TOK, TEKYIIUK K Y37y, CUATACTCS
NOJIOKUTEIBHBIM,  TCKYIIMH OT Yy3jJa - OTpHIaTelbHbIM. [Ilepeoe
npAaeuI0 TIACHT, YTO alreOpandeckasl CyMMa CHJI TOKOB, CXOJISIIIAXCS B
y3Jie, paBHa HYIIIO:

ZL‘ | =0. (5.3)

OTO MpaBUIO BBITEKAET M3 3aKOHA COXPAHEHUS DJICKTPHUUECKOTO
3apsiia, 1 HapyUIEHHUE €ro MPHUBENIO Obl K HAKOIUICHUIO 3apsia B Y3Je
LEIH.

Bmopoe npasuno otHOCUTCS K JIIOOOMY BBIJICJIEHHOMY B
Pa3BETBICHHON 1IENIM 3aMKHYTOMY KOHTYpy: ajireOpanueckasi cymma
NPOU3BEICHUI CUJI TOKOB Ha CONPOTHUBJIICHHUE B BETBIAX 3aMKHYTOTO
KOHTypa paBHa aJIreOpanveckoil cymMMme 3.1.C., BCTPEUAIOIIUXCS B 3TOM
KOHTYpE:

liR, zzgi' (5.4)

n k
i=1 i=1

DOTO0  MNpaBWIO  SBISETCA  CJECACTBUEM  MOTEHIMAIbHOCTH
AIIEKTPUYECKOr0 TOJS M 3aKOHA COXpPAHEHHsS JHEpruv. BHyTpeHHUue
COMPOTUBJICHUS] HUCTOYHUKOB 73.J1.C. YUYUTHIBAIOTCS B JIEBOM 4YacTu
dopmynel (5.4). 3Haku TOKOB M 3.1.C. B ypaBHeHuu (5.4) ciemnyer
OMpeNeNsiTh B COOTBETCTBUM C BBIOpAHHBIM HallpaBlieHHEM 00xojaa
KOHTypa. EciM TOKM 10 HampaBJieHUIO COBMAAAlOT C BBIOpaAaHHBIM
HaIpaBJieHHEeM 00X07a, TO OHM OepyTCsl MOJOKHUTENbHBIMU. Eciu mpu
00X0/ie KOHTYpa BCTPEUYAETCS UCTOYHHUK 3.]1.C., KOTOPBIN «BBIIAECT» BO
BHEIIIHIOIO II€Mb TOK, COBMAJAIONINNA C HaIpaBlieHHEeM 00X0/a, TO 3HaK
BBIOUPAETCS TTOJIOKUTEITHHBIM.

Heo6xoauMo OTMETHUTh, UTO €CJIM JIsl KaKoro-JIM00 ydacTKa Ienu
HampaBJICHWE TOKAa 3apaHee HEHM3BECTHO, TO €ro YKa3bIBalOT



IPOM3BOJILHO. ECIM IIpu JallbHEHIIEM pacueTe 3HAYCHUE TaHHOTO TOKa
MOJTydaeTcss CO 3HAKOM MHHYC, TO HaIlpaBJICHHE TOKa Ha JaHHOM
y4acTKE IEMH MPOTHUBOIOJIOKHO HAIPABJICHUIO, BRIOPAHHOMY B HaJalie
pacuera.
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Puc.5.1. Ilpumep pazsemenennou yenu

PaccmoTpuM B KauecTBe MpuMepa Ienb, U300pakKEeHHYI0 Ha pPHUC.
5.1. O003HauMM TOKHU, TEKYIIHE B OTJACIBHBIX BETBAX 1ienu uepes 11, 12,

|3, npunucaB UM COOTBETCTBYIOIIME HampaBieHUs. COTrJIaCHO MEPBOMY
npaBuily, s y3i1a B nmomyunm:

I1-12-13=0. (5.5)
AHanornyHoe ypaBHEHHE (C MOMPABKOIN HA 3HAKHW) MOTYYaeTCs JJIs
touku K, Tak kak Tok 12, mporekaer no yyactky BC u no yuactky DK,

a Tok 11 - mo yuactky AB u no yuactky KL. B o6mem ciyuae, 4ucio

HE3aBHCUMBIX YPaBHEHUW, COCTABJIEHHBIX [0 TMEPBOMY MPABUIY
Kupxroda, Bcerna Ha eIMHMIly MEHbIE 4uciia y3ioB. Jlyis gaHHOM
CXEMBI MBI UM€EM JBa y3i1a - B u K u, cinenoBarenbHO, O4HO YpaBHEHHE.

VYpaBHEHUSs, COOTBETCTBYIOIME BTOpoMy TipaBmity Kupxroda,
MOXHO cocTaBuTh s Tpex KoHTypoB: ABKL, ACDL u BCDK,
OJIHAKO HE3aBHUCUMBIMHU OYyAYyT TOJBKO JIBa, T.C., KaK U B 3TOM CiyYae,
YUCIIO HE3aBUCUMbBIX YPAaBHEHUN HA €IUHUILY MEHbIIE YUCIa KOHTYPOB.
Hamnpasnenne o00xona BbiOepeM MO 4acoBoul crpenke. s KoHTypa
ABKL nonyunm:



11R1 +13r2 +11R3 +11r1 = &2 -&1 . (5.6)
Jns kontypa ACDL:
[1R1 + I2R2 + 11R3 + I1r1 =-¢1. (5.7)
st kontypa BCDK ypaBHeHuE OyA€T SBIATHCS CIEACTBUEM JIBYX
npenpiaynmx. Pemras ypapaenus (5.5) - (5.7), MOXKHO onpeIeIuTh TOKH

B pa3JIMYHbIX YH4ACTKaX LCIIH.

2. Onucanue IKCnEpUMeHmaabHOU YCMaAHOBKU

Puc.5.2. Cxema sxcnepumenmanvHot yCmaHosKu

CxeMa yCTaHOBKHU JJIsl BBIMOJHEHUS pabOThI M300pa)keHa Ha puc. 5.2 .
OHa cocTOMT U3 MakeTa, HWCTOYHWKA IIUTaHUSA, BOJIBTMETpPA U
amniepmerpa. Homuuansl pesuctopoB Ri-Rs  ompepensitorcs 1o
MapKHpOBKE Ha KaxkaoM pesuctope. bykBa R B HomuHane ob6o3HayaeT
OCHOBHYIO €IWHMIy wu3MepeHus - Owm, jgpyrue OyKBbI - 3TO
COKpallleHHbIE 0003HAYEHHUS NECATHUYHBIX MPUCTABOK: K - KWJIO, M -
Mmera, T - rura. Ecnu uucno crout mepen OykBOH, TO OHO 0003Ha4aeT
[EJ10€ YUCJIO €AUHUIl YKa3aHHOTo OYKBOHW pas3psija, €CIM YUCJIO CTOUT

nocje OyKBBI, TO OHO 0003HaYaeT APOOHBIC JOJIHM yYKa3aHHOTO pa3psja.
Hanpumep: 24k - 24 xOm, M12 - 0,12 MOwm, 1k6 - 1,6 kOm.



3. Ilopsiook eévinonnenus pabomaot
1. HapucoBaTth cxeMy MakeTa C yKa3aHHMEM HOMHHAJIOB PE3UCTOPOB,
BXOSILIIUX B CXEMY.
2. IMoakmrounTh odI1Iee HanpsbkeHue Ha cxemy Us = 10 B.
3. IIpu oMoy BOJIbTMETPA, U3MEPUTh MAJICHUE HAIPSHKEHUS HAa BCEX
pe3ncTopax cxembl. Pe3ynbTaTsl U3MEpEHUd 3aHECTU B TAOIUILY:

Up |[U2 |U3 |Ug |Ug |Ug |11 |12 |13 |]4 I5 | lg

N3MCPCHHBIC
3HAYCHUA

pacyeTHBIC
3HAYCHUS

4. N3mepuTh TOKHM BO BCEX BETBSX Lenu. J[Ji1 3TOro HY>KHO BBIHYTH
COOTBETCTBYIOIIYIO TMEPEMBIYKY W BCTaBUTh BMECTO HEE KOHTAKTHI
MUJITMAMIIEPMETPA.

5. Ha ocnoBanuu ypaBHeHud Kupxropa 10  HU3BECTHBIM
CONPOTHUBJICHUSM PACCUUTATh TOKH U MAJICHNS HAIIPSKEHUN.

6. CpaBHUTb paCUETHBIE TAHHBIE C IKCIIEPUMEHTAIIBHO U3MEPEHHBIMU.

7. OneHute SKCHepUMEHTalbHble OMMOKH. OOBSCHUTH BO3MOKHbBIE
IPUYUHBI PACXOKICHUM.

KoHTpoJsibHbIEC BONIPOCHI
1. ChopmynupyiiTe u mosicaute 3akoH OMa 111 MOJTHOU HICTIH.
2. Cdopmynupyiite mnpaBuna Kupxroda. K kakum wemnsMm oHHU
OPUMEHSIFOTCS?
3. byayt nu cripaBennuBbl npasuia Kupxroda s menu, BKIOYaoIIeH
B €051 MOITYIPOBOJHUKOBBIEC TUOBI?

Jluteparypa
1. Casenves U.B. Kypc obmieit pusuku. T.2, M.: Hayka, 1987.
2. becconos JILA. TeopeTudeckrue OCHOBBI  JJIEKTPOTEXHUKHU.
DnekTpuueckue uenu. 8-e uza. M.: Beiciias mkoina, 1984.



JlabopaTopnasi padora Ne6
N3YYEHMUE 3JIEKTPOCTATHUYECKOI'O I1OJIA

Ilenw pabombul: 9KCNEepUMEHMAIbHOE uccneoosanue
INEKMPOCMAMUYECKO20 NOAA 8 00aACmu  Mexdcoy 3apsAHCeHHbIMU
INEKMPOOAMYU PA3TUYHOU KOHDUYpayuu u onucauvue e2o0 npu nomowu
9KEUNOMEHYUAIbHBIX NOBEPXHOCMEN U CULOBBIX IUHULL.

Ilpubopsr u  npunaonexy@crHocmu: cmeno  FOYpl'Y,
COeOUHUmMeEbHblE NPOBOOA.

1. Kpamkasa meopus

1.1. dnekmpocmamuueckoe noye. Hanpascennocmo nons

DIEKTPOCTaTUUECKOE T0JIE MPECTaBIICT COOOM YaCTHBIN ClIydaid
AIEKTPOMArHUTHOTO noJis U co3zaercs HETOIBUKHBIMU
AIEKTPUUYECKUMHU 3apsiaMU. DJIEKTPOCTATUUECKOE MOJI€ B KaXKA0M TOUKE
XapaKTepU3yeTcsl 3HAYECHUAMH Hanpsxcennocmu E w nomenyuana @,
KOTOpbIE€ SIBIISIIOTCS CHJIOBOW M SHEPreTUYECKOM XapaKTEePUCTHUKAMMU
NoJis B JAHHOM TOYKE.

JlelficBre AIEKUPOCTATUUECKOrO MOJIs MPOSIBIAETCS B TOM, 4YTO
NOMENIEHHBIN B KaKylO-IM0O TOYKY MPOCTPaHCTBA MPOOHBIA 3apsn (
OKa3bIBaeTCA MOJI IEUCTBUEM HEKOTOPOW cuibl F co cTopoHsl momus. 3a
HaIpsSOKEHHOCTh Toyisi E  mpuHuMaeTcs BekTOpHash BEIMYMHA, 10
ONPENIETICHUIO PaBHAs:

E=F/q , (6.1)

U XapaKTEpU3YIOIIAsl JIEKTPUUECKOE MOJie B JaHHOU Touke. CoryiacHo
dopmyne (1) HanpsSKEHHOCTh JJEKTPUUYECKOTO IMOJIsS YHCICHHO paBHA
OTHOLICHUIO CWJIbI, JEUCTBYIOLICH HA TMOMENICHHBIM B JAHHYIO TOYKY
noJisi TOYEYHBIA 3aps/l, K BEJIWYMHE ATOTrO 3apsifa, a HalmpaBJICHHE
BeKTOpa E coBmagaer ¢ HamnpaBi€HHEM CHJIbI, JEUCTBYIOLIECH Ha
MTOJIOYKUTEIIbHBIN 3PS/,

HanpsokeHHOCTh TOJISI, CO3J@HHOTO TOYEYHBIM 3apsAoM (| B
BaKyyme, Kak crienyer u3 3akoHa Kymona, B cucreme "CH"
onpeaensieTcs GopMYIIOn:



=9 T (6.2)

4re, r_2?| ’
A€ € - DJCKTpUYECKas IOCTOSIHHAs, paBHas 8,85-10'12 Dd/Mm, I -
pPACCTOSIHUE OT 3apsAaa A0 JaHHOW TOYKH, r/| r| - €IUHUYHBIA BEKTOD,
HaMpaBJICHHBIN OT 3apsijia K JaHHOM TOYKE.
J{7151 3JIEKTPUYECKOTO TIOJIS CIIPABEIJIMB MPUHIIMIT CYIIEPIIO3ULIUH

E = 3Ej (6.3)

)
rae E - HanpsskeHHOCTh OISl CUCTEMBI 3apsaoB, Ej - HampsiKeHHOCTh
MOJIsI, CO3/1aBAEMOI0 OTJIEJIBHBIM 3apPSIIOM.

Takum 00pa3om, MEKTPUUECKOE MOJIE MOKHO ONUCATh, YKa3aB JJIs
KOKJIOW TOYKM IMPOCTPAHCTBA BEIMYMHY M HANpPABJIEHUE BEKTOPA
HanpskeHHOCTH E. COBOKYMHOCTB 3THX BEKTOPOB 00pa3yeT HEKOTOPOE
BEKTOpHOE noJie. CUIIOBBIE JINHUU WM JIMHUU BEKTOPA HANIPSKEHHOCTH
OPOBOJAT TaK, YTO KACATEIbHBIC K HUM B KaXKJIOW TOYKE COBIAJIAIOT C
HalpaBJicHHWEM BeKkTopa E B 93TOM TOuke, a KOJWYECTBO JIMHUH,
OPOHU3BIBAIOIINX  €AUHUIY  IOBEPXHOCTH  IEPHEHIUKYISAPHON
HaIpaBJICHUIO BeKTOpa E 4nciieHHo paBHO 3HaueHuo E.

1.2. Ilomenyuan

[TockonbKy CHIBI, NEUCTBYIOIIUE MEXIY 3apsllaMu, SBISIOTCS
LEHTPaJIbHBIMU, a TOJIE HEHTPAJIbHBIX CUJI KOHCEpPBATUBHO (paboTra 1o
NEepPEMENICHUIO 3apsA/ia U3 OJHON TOYKH MOJS B APYTYIO HE 3aBUCUT OT
(GbopMBbI MyTH), MOKHO Hapsy C HANpPsHKEHHOCThIO mons E BBecTn mist
OMKCAHUA TOJI BETMYUHY (9, HA3bIBAEMYIO MOTEeHIMANIOM. [loTeHIuan ¢
JTAHHOM TOYKH TOJSI €CTh CKaJIsipHasi (U3MYECKasi BEIMYMHA, YUCICHHO
paBHas paboTe, KOTOPYIO COBEpIIaeT II0jie MpU MepeMelIeHUU
CAMHUYHOTO TIOJIOKUTEIBLHOIO 3apsija U3 JaHHOM TOYKM TOJA B
OECKOHEYHO YJaJICeHHYIO0, TOTEHIIMAJl KOTOPOW MPUHUMAIOT 3a HYJIb:

A
¢E€0—¢oo=a' (6.4)

Pabora mo mepememieHuio 3apsiia (| U3 TOYKHA C MOTEHIIMAIOM (] B
TOYKY C IMIOTCHIIMAJIOM (2 OyzeT paBHa (@] - ¢2).

CBsI3b HAPSHKEHHOCTH DJJIEKTPUYECKOrO IUIONS W IMOTEHIMaia
ONPEAEISIETCS BBIPAKECHUEM:

E=-grad¢. (6.5)



3HaK MUHYC B ()OpMYJI€ MOKA3bIBAET, YTO BEKTOP HANPSKEHHOCTH TOJIS
HallpaBJieH B CTOPOHY, IPOTUBOIIOJIOXKHYIO BEKTOPY TIpaJHeHTa
NOTeHIMasa

[Tpu rpaduyeckoM M300paKEHUU FIEKTPUUECKOTO MOJIA HapsSAy C
CWJIOBBIMU  JIMHMSIMM  TIOJISI  WCIIOJNB3YIOTCS  OKBUIOTEHIMATIbHBIE
MOBEPXHOCTH, KOTOPHIE IMOJIY4YalOTCS, €CIM COEOUHUTh BCE TOYKH,
oOnajarlme OJHMM W TEeM K€ MNOoTeHUUasoM. CHUJIOBBIE JIMHUU
OpPTOTrOHAJIbHBI (MepreHIUKYJISIPHBI) HKBUIIOTEHIIUATbHBIM
NOBEpXHOCTSIM. B ciaydyae paBHOMEpHO  3apshKEHHOW — cepsl,
AKBUIIOTEHIIUAJIbHBIE TTOBEPXHOCTU OyAyT cepamu, a CHUIOBBIE JIMHUU
HaIIpaBJICHBI 110 paguycaM 3TUX cep. DIEKTPUUECKOE MOJIe, CO3aHHOE
MEXAY TMOJOXKUTEIbHBIM 3apsiiloM W MPOBOMSIIEH MOBEPXHOCTHIO
nokazaHo Ha puc. 6.1. Ilpumepsl u300paxeHus  APYrux
AIEKTPOCTATUYECKUX MOJIEH MPU pa3IMUHON KOH(PUTYPALIMU 3JIEKTPOI0B
MO>XHO HalTH B yUeOHUKAX.

Puc. 6.1. Cunosvle nunuu u 5x6UnOmMeHYUAIbHbIE NOBEPXHOCMU 0I5
INEKMPOCMAMULECKO20 NOJISL MEHCOY NOTOHCUMETIbHIM 3aAPA0OM
U nPoBoOsAwel NOBEPXHOCHIBIO.

Hcxonst u3 CBOMCTB B3aMMHOW OPTOTOHAJIBHOCTH CHJIOBBIX JIMHHUMN
Y SKBUIIOTCHIHUAIBHBIX MOBEPXHOCTEM, MOYKHO IO CHJIOBBIM JIMHUSM
MoJIS HAWTH TIOBEPXHOCTH PABHOTO TMOTEHIMana, W, HAo0OpOT, IIO
MOJOKEHUIO SKBUIIOTCHIUAIBHBIX TTOBEPXHOCTEHW MOKHO HOCTPOUTH



CWIOBble JUHUU Toys. Ecnum mepememath 3apsij BIOJb JIF0OOTO
HaIpaBJICHUS MO SKBUNOTECHIUMAIBHON MOBEPXHOCTH, TO paboTa Oyner
paBHa HYIIIO.

2. Memoo uccnedosanus nons

I[Ipy  KOHCTPYMpOBAaHMM MHOTHUX JJIEKTPOHHBIX IPUOOPOB
TpeOyeTCsT M3y4YEHUE DICKTPOCTATUYECKOTO TOJisi B IPOCTPAHCTBE,
3aKJIFOYCHHOM MEXKIY JJeKTpoaamMu. M3yduuTe TMoOjg€ - 3TO 3HAYUT
ONPENCIUTh B KaXJOW €ro touke 3HaueHus E u ¢. Teopernueckuit
pacueT E U ¢ BO3MOXEH JIUIIb B CIy4ae MOJIEH, CO3/IaBAEMBIX SJIEKTPO-
naMu Tipoctod KoH@urypauuu. CHoKHBIE 3JEKTPOCTATUUYECKUE TMOJIS
UCCIIEAYIOT SKCIEPUMEHTAIIBHO.

J{n m3ydeHus TMOJEH MCIHOJIb3YIOT SKCIEPUMEHTAIbHBIE METOIbI
ux wmogenupoBaHus. OOWH HW3 HUX OCHOBaH HA MNPUMEHEHUH
CIa00MPOBOMASAIIEH IUIACTUHBI C JJICKTPOJAMH. DJIEKTPOCTATUUECKOE
MOJIE 3aMEHSIOT JJCKTPUYECKUM TOJIEM, B KOTOPOM Ha BJIEKTPObI
MOJAIOT TAaKWE K€ MOTEHIMAJbl, KaK W B MOJCIUPYEMOM TMOJIE.
HecMoTpst Ha nBWKEHHE 3apsKEHHBIX YACTHII, TJIOTHOCTh 3apsiioB Ha
AJIEKTPOAAX IIOCTOSIHHA, TaK KAaK Ha MECTO 3apsjoB, YXOASIINX IO
CIa00MPOBOAIIEH IIJIACTUHKE, HEMPEPHIBHO TIOCTYIMAIOT HOBBIE.
IToaToMy 3apsipl 3JIEKTPOJIOB CO3/IAlOT B IIPOCTPAHCTBE TAKOE XK€
AJIEKTPUUYECKOE T0JIE, KaK W HETMOJIBUYKHBIE 3apsiibl TOM K€ MIIOTHOCTH, a
NeKMpoObl  SABJSIOTCA  IKBUNOMEHYUAILHLIMU — HNOBEPXHOCTIAMU.
Hcnonb30BaHne MIIACTUHBI TTO3BOJISIET IIPUMEHATh TOKOM3MEPUTEIIbHBIE
npubopel, OoJiee MNPOCThIE W  HAJACKHBIE B  paboTe, UeM
AJIEKTPOCTATUYECKUE.

[Ipy wccaemoBaHWMM TMOJISE CHUMAEM KapTy pacupelesieHUs
MOTEHIMAJIa, UCHOJIb3YS ISl U3MEPEHUSI METOJ 30HAA. DJIECKTPUUECCKUI
30HJ] MPEICTABISET COOOM OCTPOKOHEYHBIM MPOBOJAHUK, KOTOPBIN
IIOMENIAIOT B Ty TOYKY, TIJ€ HYXHO HW3MEPUTh IOTCHIMANL. B
MPOBOJSIIEN CPEE NOTEHIIMAI 30HAA PABEH MOTEHUHUAIY UCCIEIYEMOU
TOYKH MOJIA.

[TomydeHHast  KapTMHA  AKBUIIOTCHUUAJIBHBIX  MMOBEPXHOCTEU
UCCIEAYEMOTO  TMOJIA  MO3BOJSIET  IMPOBECTH  CHIIOBBIE  JIMHUH
(OpTOroHaJIbHO TMOBEPXHOCTSAM) M BBIYUCIUTHL 3HAYEHUE MOIYJIsS
HanpsokeHHOCcTH E B mr000M Touke. BbumcieHus ycpemHEHHOTO
3HAYCHUS HANPSHKEHHOCTM HAa YYacTKE JJIMHBI AN BBINOJHSAKOTCS 10

dbopmye (6.6):



E~ 2P _P—?

An An (6.6)
rae @1 YA @2 - TM[OTEHUMANbl COCEIHUX DSKBUIIOTCHLHUAIbHBIX
NOBEPXHOCTEW, AN - KpaTdaillliee pacCTOSHUE MEeXAYy HUMHU (10

HOpMAJIN).

3. Ilopaook eévinonnenus pabom

1. Cobepute »dICKTPUUECKYID CXEeMy, IIOKa3aHHyl0 Ha puc. 6.2,
MOJIKJIIOYMB BXOIbI OJIOKA MOJISTTMPOBAHUS IOJICH corjacHo puc. 6.3,

&“’“

£ 0
“= =« 6 3
( 7
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Puc. 6.2. Dnekmpuuecxas cxema. 1 — Puc. 6.3. Bxo0wsi 015 nooxnouenus
cmpenounsvii gorommemp, 2,4 - O10ka modenuposanus noaeu. 1,3 —
91ekmpoovl, 3 — 3010, 5 - niacmuna, 6- 8X000bl 0Ji51 NOOKIIOYECHUA UCTMOYHUKA
6X00bl 0J151 NOOKIOYeHUs OJI0KA nocmosnno2o nanpsiicenus «O...+15
Mmooenuposanus noaeti (puc. 4); 7 - 610k B»; 2 - 6x00 01 nookaouenus
MOOenuposanus nonei; 8 -ucmouHuK 30H0A; 4, 5 - 6x00b1 0114
nocmosinno2o nanpsidicenust «0...+15 By NOOKTIIOYEHUSI CMPENOYHO20

soJlbnmmempda

2. Bxmounte kHomkoW «CeTb» TMTaHuWe OJIOKa Te€HEpaTopOB
HanpspkeHusa. Haxmvure kHONKy «/cXoaHas yCTaHOBKay.

3. Kacasch 37eKTpo70oB 30HIIOM, OMPEACIIUTE, KAKOW 3JIEKTPOJ HUMEET
HYJIEBOW MTOTEHIHAI (o.

4. Kuomkamm yctaHoBkM HamnpspkeHus «0...+15 B» ycraHoBute
MNOTEHIHAN APYTOro MEeKTpoaa ¢=15B, KOHTponHupys €ro BOJIbTMETPOM.
5. Ilomemiast 30H1 B UEHTP KAXKAOU KIIETKHA HA IUIACTUHE, CHUMUTE KApPTy
pacripeie/ieHus TOTEHIIMAIOB. Pe3ynbTaThl 3aUIIIUTE B BUJIEC TAOIHUIIBI.



6. M3o0pa3uTe Ha JUCTE pacupeieieHHe IOTEHIHAaIoB. Pa3iuuHbie
3HAYCHHUS MOTEHIMAIOB 3aKpachTe Pa3HbIMU I[BETAMH.

7. TlocTpoWTE CEMEWCTBO SKBUIIOTCHUMAIBHBIX JIMHUM, IPOBEIS X
yepes [EHTpaIbHbIe 00J1aCTH 3aKPaIllCHHBIX YYaCTKOB.

8. TloctpoiiTe ceMENCTBO  CHJIOBBIX JUHUN, CTpEJIKAMHU YKaKUTE
HaIpaBJICHUS.

9. B BBIBOmax mo pabore caenaiTe aHAIM3 HCCIEAyeMOro TOJA H
BBISICHUTE, TJI€ pacioiaraercs 001acTh 00jee CUIIbHOTO MOJIS.

KoHTposibHBIE BOIPOCHI

1. aiiTe onpenencHus HANPSKEHHOCTH MOJIs, MOTEHIINAIA.

2. 3anuiuuTe ypaBHEHUE, CBS3bIBAIOIIECE BETUYMHBI E U .

3. JlaiiTe onpeneneHus: CUIOBBIX JIMHUM U 3KBUMOTECHIIMAIbHOM
noBepxHocTH. KakoBbI ux cBoiicTBa?

4. Kak npoBOJST 3KBUNOTEHI[MAIbHBIE U CUJIOBBIC JUHUN HA KapTUHE
UCCIIEAYEMOr0 1OJIA?

5. Kak omnpenenstoT HampaBiI€HUE CHJIOBBIX JIMHUM, HCHOJIb3Ys
CBOMCTBA BEKTOpa I'paIMeHTA MOTEHIIMAa?

6. Kakum oOpa3om B paboTe HAXOAAT HANPSHDKEHHOCTh B TOYKAX

UCCJIEyEMOT0 MO ?

Jluteparypa
1. Hemnagh A.A., Asopcxuii b.M. Kypc ¢uszuku, M.: Beicmas mikona,
1989.

2. Kanawnukos C.I". DnektpuuectBo. M.: Hayka, 1977.
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ONPEJEJIEHUE MNOCTOSIHHOM BPEMEHM LIEIIH,
COILEPKAIIEU COITPOTUBJIEHUE U EMKOCTb

Ilenv pabomwl: uzyyumsv 3aKOH UBMEHEHUS HANPANCEHUS Npu
paspsioe KOHOeHcamopa, onpeoeiums HOCHOAHHYIO 6DeMEHU RC -yenu U ee
CONpOMUGIEHUER .

Ilpuoboper u npunaonercnocmu: cmeno FOYpl'Y, peeynupyemolil
UCMOYHUK NOCMOAHHO20 HANPANCEHUS, CEKYHOOMED, MYJIbmumemp,
munuonoku «Knrouy u « Konoencamopy.

1. Kpamkasa meopusn

RC-nienn, coctosiiue w3 compotuBieHuss R u koHaeHcaropa C,
SIBJISIFOTCSI OJTHAM U3 Ba)KHEUITMX OOBEKTOB COBPEMEHHOM CXEMOTEXHUKHU.
OHU UCTONB3YIOTCS B KAUYECTBE MHTETPUPYIOMIUX U AU dOEepEeHITUPYIOMIMX
AJIEMEHTOB ((PUIBTPOB HU3KUX M BBICOKHMX YACTOT), (hopMUpOBaTeseh
UMITYJIbCOB U T.JI. B pamkax manHou pa6otsl aisi RC- mnernmu mMbl U3ydum
MIPOLIECCHI Pa3psAIKU KOHACHCATOpPA W YCTAHOBHUM OCHOBHBIE (PU3HYECKHE
3aKOHOMEPHOCTH 3TOTO IMpoIiecca.

1.1. IHonamue keazucmayuonHapno2o moka

[Ipn BrimroueHun kiroya K Ha cxeme, IMOKa3aHHOM Ha pwuc.7.l,
por30MIeT 3apsaaka KonaeHcaropa C. HampsbkeHue Ha KOHJZIEHCATOpE
YBEJIIMYUTCS JO 3HAUYCHUS, PABHOIO €.

C

||
1

Puc. 7.1. Ilpoyeccol pazpsioku koHOeHcamopa



IIpu pasmbikanuy karoda K HadyHETCS paspsika KOHJCHCATOpa, B
LEMU IIOTCYET W3MCHSIOUIANCSA JJICKTPUYECKUM TOK. Ecim 3TOT TOK
| UBMEHSIETCSI HE CIIUIIIKOM OBICTPO U TaK, YTO B KaXKIbIii MOMEHT BpEMEHHU
BEIMYMHA | OJMHAKOBa BO BCEX TOYKAX KOHTYpPA, TO JJII MIHOBEHHBIX
3Ha4YCHUW | CHpaBeMIMBBI 3aKOHBI MMOCTOSTHHOTO TOKa. Takue MEIJICHHO
V3MEHSIOILINUECS TOKU HA3bIBAIOT K6AZUCHAUUOHAPHBIMU.

Tok B KOHType mHBI L Oymer KBa3uCTalMOHApHBIM, €CJIM OH
YCTAHABJIMBACTCA IPAKTUYECKH MIHOBEHHO, T.€. €CJIH BpPEMS €ro

YCTaHOBJICHHUS, PABHOE L/c (c=3-10°w/c - CKOPOCTh paclpOCTPaHECHUS
DJIEKTPOMArHUTHOT'O T0JIsI), MHOTO MEHbIIIE, YeM 7 - XapaKTepHOE IJIs
JAHHOW 1IETM BpPEMSI U3MEHEHHs TOKa. B cilyyae M3MEHEHHs] TOKa I10
OKCIIOHEHIIMAIbHOMY 3aKOHY BEJIMUMHA T  Ha3bIBACTCS TOCTOSHHOM
BpEMEHHM LIENH - BPEMS, 3a KOTOpOe TOK M3MeHseTcss B € =2,71pasa, a B

Clydae »DJIGKTPUUYECKHX KOJICOAaHHWW YCJIOBHE KBa3HUCTAIIMOHAPHOCTU
TOKOB €CTh L/c << T, € T - MEPHOJI KOJICOAHHH.

1.2. Ilpouyeccut pazpadku konoencamopa

BeiBenem g1 RC-nemum  gopmyny miisi  HampsbkeHHST  Ha
KOHJIEHCATOpE B MPOIECCE €ro pa3psiaku. BemnuumHa mpoTekaromero
TOKa:

__dQ
e (7.3)

rae Q - 3apsj KOHJAeHcaTopa, MPpOHOPIIMOHAbHBINA HANPSIKEHUIO U
Ha ero oOKJIaJKax:
Q=CuU. (7.2)

Cornacno 3akoHy OMa KBa3UCTallMOHAPHBIA TOK MOXKET ObITh 3aIlHCaH:

== 3

X 03

Hcnonb3ys COOTHOIIICHUS (7.1)-(7.3), COCTaBJIsIEM
mudpepeHnanIbHOe ypaBHEHUE, OIMKCHIBAOIEE U3MEHEHNE

HaIpsKCHUA KOHICHCATOpPAa C TCUCHHUECM BPECMCHU t .



u_ U
dt RC’
Paznensist B 5ToM ypaBHEHUH IEPEMEHHBIC U peIIasi €ro
WHTETPUPOBAHUEM OT HayaJbHOI'O MOMEHTA t = 0 (HampsbKeHue U, ) J10

TeKyIero t (HanpspkeHue U )

u t
a1 g
U RCy -

Ug 0

MOJIy4aeM 3aBUCUMOCTb HAIPSKEHUS! KOHJEHCATOpa OT BPEMEHH (PHC.
7.2):

1

U=Uge R i U=Ue™"", (7.4)
re ¢ - TIOCTOSIHHAasE BpPEMEHU UENH, COAepXkalled eMKOCThb U
COIPOTHUBJICHUE,
7=RC. (7.5)
JIuneapu3zyem 3aBUCUMOCTS (4) myTeM Jiorapu(pMUpoBaHHUs:
InU =InU, —lt. (7.6)

T
['paduik 3TOM TMHENHHON 3aBUCMMOCTH NPEJICTABIIEH Ha puc. /.2.
Takum oOpa3om, wuccieAys 3aBUCHMOCTh HAIpPsDKEHHS  Ha
KOHJIEHCATOPE OT BPEMEHU, MOYKHO IKCIIEPUMEHTAIBHO OINPEIEIIUTD:
- IOCTOSTHHYIO BpEMEHHU RC -LI€TIH,
- COIIPOTUBJICHUE LIETIH R, €CJIU U3BECTHA EMKOCTH C,
- eMKOCTh KOHJIEHCaTopa, €ClId HW3BECTHO compoTuBiieHHe R.

Y In U-

0 t

Puc.7.2. 3asucumocmo HANPANCEHUA HA KOH@@HCQWZOpe ueco
HamypajibHOCO JZOZCIDM(bMCl om epemerHu

B nanHo# paboTe mpoBOAUTCS U3MEPEHHUE MTOCTOSTHHON BPEMEHH
RC -LIENU U ONPEIEIICHUE COMTPOTUBIICHUS R, B KAYECTBE KOTOPOTO
BBICTYIAET BOJIbTMETD.



2. Onucanue IxcnepumMeHmanbHoll yCmano6Ku
DJNeKTpuyeckass CxXemMa YCTaHOBKM TIOKa3aHa Ha puc. /7.3,
MOHTa)KHasi cCXeMa - Ha puc. /.4.

Puc.7.4. Mounmaorcnas cxema



1 - peryaupyemblii HCTOYHUK MOCTOSIHHOrO HampsikeHus (0... +15
B);

2 - KJIIOY;

3 - muHnOI0K «Kiarouy;

4 - Munn6110K «KOoH1IeHCaTOPY;

5- myasTumerp (pescum V 20 B, 6xoovr COM, VQ)

Konnencarop C 3apspkaercs Q0 HaNpsKEHUS U, OT UCTOYHHUKA

NOCTOSSHHOTO ~ HampspbkeHust 1. 3areM K04 2 pa3MbIKalOT, U
KOHJEHCATOP HAYMHAET Pa3psiKaTbCi 4Y€pe3 MOAKIIOUYECHHBIM K HEMY
BOJIbTMETP S5, UMEIONMIMK OO0JIbIIIOE BXOJHOE comnpoTuBieHue R. Ilo
BOJIbTMETPY 5 MOYKHO CJIEAUTH 3a TEKYIIHM 3HAYCHUEM HAIPSKEHUS Ha
KOHJEHCATOPE, KOTOPOE€ H3MEHAETCA MO YCTAHOBJIEHHOMY BBIIIE
3akony (7.4).

3. Bvinonanenue paoomut
1. Cobepure dJEKTPUYECKYIO II€Mb IO MOHTAXXHOM CXeMme,
npuBesieHHoM Ha puc. 7.4. EMkocTh koHaeHcaTopa 1 MKkD.
2. Bxmtounte kHonkamu «CeTh» mNHUTaHHE OJOKa TEHEpaTOpOB
HanpspKeHus: U 0Jioka MylnbTUMETpoB. Haxkmure kHomnky «McxomaHas
YCTaHOBKa.
3. Knonkamu ycrtaHoBku HamnpspkeHust «0... 15 B» ycraHoBute Ha
KOHJAeHcaTope HampsbkeHue ot 10 mo 15 B (mo 3amanwuio
IpernoiaBaTes).
4.  OTKIIOUYUTE KOHAEHCATOp OT  PEryJIUpyeMOro HUCTOYHHKA
MOCTOSIHHOTO HANPSIKEHUS, MEPEBENS KIOU B IMOJIOKEeHUE «B», u mo
Mepe paspslla KOHJEHcaTopa Yepe3 KaxAble 5 CEKyH[ 3aluChIBanTe
MOKa3aHus BOJIbTMETPA B TAOJUILY.
5. llogcoenuuuTe mapajuieabHO K KOHJeHcaTopy C,=1 Mx® BTOpOU
koHJeHcatop C,=0,1 MK® W MOBTOPUTE AHAJTOTUYHBIE HU3MEPECHUS

JJIA TapaJiJICIbHO COCAMHECHHBIX KOHACHCATOPOB C

napan "

6. Breikmounte kHOmMKamu «CeTh» THMTaHHE OJ0Ka TeHEpaTOpPOB
HanpsKCHUS U 0JI0Ka MyJILTHUMETPOB.

4. Oopadbomka pe3yi1bmamoe usmepeHuil
1. Paccumraiite u 3anuimmre B TaOJIMIly €MKOCTb KOHJICHCATOpa C

napan
o opMyIte I MapajieIbHOTO COCTMHCHUS:
C =C,+C, =..ux®

napan

2. Ha onmHoM moje uyepTeka MOCTpoWTe Tpaduku 3aBUCUMOCTEM



—f(t) ®
pacnojiarasd OCb HAIIPSIKCHUA U C

U =f(t)x hU,=f@)m9 KoHAECHCaTopa C, a Ha JpyroM U
hu,, . =f(t) ;U1 KOHJEeHcaTopa C

napain

napan

napan 1

JIEBOM CTOPOHBIL, & OCh InU - C IIPaBoil.
3.0npenemure 1no rpagpukaM  huU,=f@t) U hU, . =f(t) YIJIOBBIC
KO3 UIIMEHTHI K, U K, JMHEHHBIX 3aBUCUMOCTEN M TI0 HUM pacCUuTaiTe
IIOCTOSIHHBIE BPEMEHU 7, U 7,, .. JUISI K&XKJIOI0 3HAYEHUs C, U C

napan napan "

t, cex C,=.. MKOD Coops=:- MKD

napan

U,.B InU, U B U B

napan’ napan’
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4, PaccuuTaiiTe CONMpOTUBJIEHHUE BOJIbTMETpPAa R 1o dopmyre (7.5) ans
Ka»X/JI0ro 3HAYEHUS] EMKOCTH:
T T
R1:_1:---0M R :M:...OM-

y napan
Cl

5. O11eHUTE OTHOCUTENBHYIO TOTPEITHOCTh U3MEPEHHBIX BEJIMUHH.

napan




6. B  BeBome 1o paboTe cAenaiTe aHAIU3  MOJYYEHHBIX
DKCIIEPUMEHTAJIBHBIX 3aBUCUMOCTEM W OLEHHUTE TOYHOCTh METOJA
OIpeIETEHUS TOCTOTHHOW BPEMEHH.

KoHTpoJIbHBIE BOIIPOCHI
1. Kakoil TOK Ha3pBalOT KBa3zuctauuoHapHeiM? Cdhopmynupyiite
yCJIOBHE KBa3UCTAITMOHAPHOCTH 3JIEKTPUUECKOTO TOKA.
2. Kakue ¢Qusnueckue 3akoHbl W (HOPMYJBl HUCIONB3YIOTCS A
NOJIyYEHUs 3aBHUCUMOCTH HAIpPSHKEHUST OT BPEMEHUM TpU pa3psie
KOHJIeHcaTopa?
3. Kakyro BenmunHYy Ha3bIBAIOT MOCTOSIHHOM BpeMeHH 1enu RC-menu u
YTO OHA MOKAa3bIBACT?
4. Kak cBsi3aHa MOCTOSIHHAs BPEMEHU RC-1LIEMIM C MapaMeTpamH 3TOM
uenu?
5. Vkaxure pexuMm pabdoThl MyJbTUMETpa NpPU MPOBEACHUU
U3MEpPEHUM: n3mMepsieMas BeITMUYMHA, PEKUM U BXObI JJI OAKIIOUCHHUS
npuodopa.
6. C xako# 11e51b10 B paboTe CTpoAT rpaduk 3aBUCUMOCTH InU = f(t)?

7. Kakum 00pa3oM MOXHO TOKa3aTh, YTO OIBITHAS 3aBUCHUMOCTD
SIBJISIETCS DKCTIOHEHITUATBHOM ?

8. Kak skcreprMeHTaNbHO OMpEICNSIOT TOCTOSHHYIO BPEMEHU 1Ty,
conepxariei R u C?

9. Kakum crnocoboM B AaHHOW palboTe€ HU3MEPSIOT COMPOTUBIICHHUE
BOJIbTMETpA?

Jlureparypa
1. Heuman JI. P., Jlemupusn K. C. Teopernueckue OCHOBBI
anekTpoTexuuku. M: Dueprus. T. 1, 1966.
2. Cusyxun /. B. O6uuit xypc pusuxku. Tom III. DnexrpuuectBo. M.:
Hayka, 1977.
3. Bonwvinckuti B.A. u Op. DnekTporexHuka. M.: DHeproatroMmusiaar,
1987.



JlabopaTopnasi padora Ne§

ITPOBEPKA 3AKOHA BOI'YCJIABCKOI'O-JIEHI'MIOPA JIJIA
BAKYYMHOI'O JMOJA U OHPEJAEJAEHHUE YAEJBbHOI'O
3APAIA DJIEKTPOHA

Henv pabomour: usyuums npuHyun O0euUcCmeuss 8aKyymMHo2o ouood,
nposecmu  9KCNEPUMEHMANbHYI0 Npo8epKy 3axkona bozycrasckoeo-
Jlenemiopa, onpeoenums yoenvHulll 3aps0 31eKmMpoHa.

Ilpuboper u npunaonexcnocmu. 1a60PAMOPHLLL  MaKem,
paouonamna 2L[2C, amnepmemp nepemenHo2o0 moKa, MUiiuamnepmemp
U 801bIMMEMP NOCMOAHHO20 MOKA, PeOCmam, UCMOYHUK NUMAHUSL

1. Kpamkasa meopus

1.1. dnekmpuueckuit mok 6 eaxKyyme

B o6mem ciyuae MPOTEKaHUE DJIEKTPUYECKOTO TOKa B
aOCOJIIOTHOM BaKyymMe€ HEBO3MOXHO BCJIEACTBUE OTCYTCTBHUSI HOCUTENEH
3apsiia. DJIEKTPUUYECKUNA TOK B BaKyyMHOM OOBEME BO3ZHUKHET TOJIBKO
TOrJa, KOrjga B HEro OyAyT JOMOJHUTEIbHO BBEIEHBI JIEKTPOHBI WIIU
MOHBL. [Ipy HaTMUYMKM BHEIIHETO AJIEKTPUYECKOrO TOJIA MPOU30MaeT
JBUKEHHE ITUX HOCUTENEH 3apsija, MpUBOsIIEe K MPOTEKAaHUIO TOKA B
BaKyyMHOM 00BEME.

Bnepsoie 3ddexkT NpoxXokIeHHs SIEKTPUUECKOr0 TOKa 4Yepe3
BakyyM HaOmrogan T.Omucon (T. Edison) B 1883 romy. Mcrounumkom
JICKTPOHOB B HKCIIEPUMEHTAX SIBJSIaCh Harperass HUTh BaKyyMHOMU
JaMIibl HakajauBaHus. B TeueHue Oosiee ABaALIATH MOCJIEIYIOUIUX JIET
OTKpPBITHE DJIMCOHA HUKTO HE TBITAICS  HUCIOJb30BATh IS
npakTrdeckux 1ener. IlepeeiM 310 caenan J.dnemunr (D.Fleming),
koTopblii B 1904 romy mM300pen «IMyCTOTHBIM KJIamaH» W MPEAJIONKHUIT
UCIIOJIb30BaTh €0 I JETEKTUPOBaHUsA. DTOT NMpUOOp B AaJbHEHIIEM
CTaJl Ha3bIBaThCSl BAKYYMHBIM JIHOIOM WJIH JABYXA3JIEKTPOIHOM JIAMITOM.

1.2. @u3uueckue npoueccol 8 08YXI1IEKMPOOHOIL 1AMNeE

BakyyMHBIM OuOm — DJIEKTPOHHAS JiaMma, CoAep Kamias JBa
BJIEKTPOAA: KATOA M aHOA. TEpMOSJIEKTPOHHBIM KAaTOX CIIYKHUT JUJIA
UCIYCKaHUs JJICKTPOHOB, a aHOJ SIBJISIETCS KOJUIEKTOPOM, TO €CTb
AIEKTPOJOM, KOTOpPBIM cobOupaer oanekTpoHbel. (O0a 3ieKkTpoja
TIOMEIIATCA B CTEKJISTHHBIM, METAJTAYECKAN 1581071
METaJUIOKEpaMUYECKUI OaJIOH, B KOTOPOM co3jaercs Bakyym 1076-107



MM pT. cT. Kaxnaplii 3J€KTpOJ JaMIIbl UMEET BBIBOJbI YEPE3 CTEHKY
OaJsIoOHa AJI MOJKIIFOYEHUS K SJIEKTPUUECKOM CXEME.

B 51eKTpOHHBIX JlaMIIaxX HCIOJb3YETCA IMOTOK OBICTPOJIETSIINX
AIEKTPOHOB, HMCIYCKAEMbIX HArpeTbiM  KaTOJAOM 3a CYET SBJICHUS
TEPMOJJIEKTPOHHOM  AMuccud. B mpocreiimeM  ciydyae  Karon
OpeACTaBIseT COOOM TOHKYIO MPOBOJIOYKY M3 TYrOIUIAaBKOTO MeTalia,
HAKIMBAEMYIO 3JIEKTPUUYECKUM TOKOM. Tak, B MOIIHBIX T€HEPATOPHBIX
JaMIiax KarToj M3rOTaBJIMBAETCA W3 TOHKOM BOJb(PAMOBOM HUTH.
OMHCCUSL  DJIEKTPOHOB C TOBEPXHOCTH  BOJIL(PAMOBOIO  Karoja
HauuHaercs npu Temnepatype okoso 2300K u mostomy pabouas
TeMneparypa Karoga Haxomurcs B mpexpemax — 2300-2600K.
[TopaBnsitoniee OONBIIMHCTBO COBPEMEHHBIX JIaMIlI MMEET OKCHIHBIN
KaToJ, MPH W3TOTOBICHHMH KOTOPOIO0 HAa METAJUIMYECKOE OCHOBAHHE
(HUKenb, BOJb(PpaM) HAHOCUTCS MOKPBITHE, COCTOSIIEE M3 OKCHUIOB
Oapusi, CTpOHIMS WiIKM Kayiblius. Haninune aToOMOB 1I€T0YHO3EMETbHBIX
METaJUIOB Ha TMOBEPXHOCTH KaToAa OO0eCleurMBaeT Maiaylo padoTy
BBIXOJIa 3JIEKTPOHOB, BBICOKYI0 SMHCCHOHHYIO CIIOCOOHOCTH KaToaa u
oTHocuTeabHO HU3kue TemnepaTtypsl (1000-1300K).

B npocretiiiiem ciydae aHOJ MPEACTaBIIET COO0M METAINTUUECKUM
UWIMHAP, OKPYXKAIMWi Katod. B  mpocTpaHCTBE «KaTOA-aHOI»
ANEKTPOHBI ABUTAKOTCS IOJ BO3JIEUCTBUEM 3JIEKTPUUYECKOro mous. [l
CO3JaHUs  DJIEKTPUYECKOTO IOJS MEXAYy aHOJAOM M KaToJAOM
NPUKJIAIBIBACTCS ITOCTOSIHHOE HAIPSKEHHUE, Ha3bIBAEMOE aHOJHBIM
HanpsbkenueM (Ua). Eciin aHopgHOE HampspKeHUE MOJIOXKHUTENbHO, TO
3JIEKTPOHBI, BBUICTEBIINE U3 KaTOAA, ABUKYTCS K aHOLY U 3a CUET ITOrO
yepe3 JlaMIly NMPOXOAUT TOK, Ha3blBaeMblid aHOAHBIM TOKOM (la). Ecim
AHOJHOE HANPSKEHUE OTPULATEIBHO, TO AJIEKTPOHBI, BBUICTEBIIHE W3
KaTo/1a, MOMAJa0T B TOPMO3SLIEE MOJIE U BO3BPALIAOTCA Ha KaTold. Tok
BO BHEIIHEH ILIeNu paBeH HyJ0. TakuM o0Opa3oM, BHYTPU AMOJIa TOK
MOXET MPOTEKaTh TOJIBKO B OJHOM HAIIPaBJIEHUHU, YTO XapPAKTEPU3YET
JTaMIy Kak BEHTWJIbHBIN npuoop.

1.3. Borvmamnepnasn xapaxkmepucmuka 6aKyymHo20 0uooa

KpuBasi, nzo0paxaromias 3aBUCUMOCTb CHJIBI aHOJHOTO TOKa OT
aHOJIHOTO HAIPSDPKEHUS B BAKYyMHOM JHOJI€, TOoKazaHa Ha puc. 8.1. [Ipu
HYJIEBOM TIOTEHIIMAJE aHoJAa TOK OuYeHb Mai. Ilpu yBenuyeHuwu
MOJIOKUTENIBHOTO MOTEHIIMAIa Ha aHOJIe TOK BO3PACTAET 10 HEKOTOPOTO
3HAYEHUs, HA3bIBAEMOT0 TOKOM HachimleHusA. [lpu moBbIIeHUN
TeMIepaTypbl Kartoja (IpU YBEJIMYEHUM TOKA, MPOTEKAIOIIETr0 Yepes



KaTo/l) BEIMUMHA TOKA HachleHus yBenuuuBaercs (puc.8.1). [Ipu stom
YBEIMUMUBAECTCS M TO AHOJHOE HalpsKeHUue, IMpU  KOTOPOM
YCTAHABJIMBAETCS TOK HachllleHUs. [Ipu Toke HaCHIIEHUSI B JUOJAE BCE
BBIXOJISIIME U3 KATOJA JICKTPOHBI IEPEHOCITCS AICKTPUUECKUM MOJIEM
Ha aHox jamimbl. [Ipy mopade OTpPUIIATENBHOTO MOTEHIMAJIa HAa aHOJ
BEJIMYMHA aHOJHOT'O TOKA OBICTPO MaaeT A0 HYJIS.

T3 > T2 > T4

Uy

Puc.8.1. Bonem-amnepnas xapakmepucmuxa ouooa npu
PA3TUYHBIX MEeMNepamypax Kamood

1.4. 3akon bozycnaeckozo-Jlenzmropa

3akoH borycnaBckoro-JIeHrMiopa, WM 3aKOH «CTENEHU TpPeEX
BTOPBIX», YCTaHABJIMBAET B3aWMOCBS3b MEXIY AaHOJHBIM TOKOM H
AHOJHBIM HAIpPSHKEHUEM B BaKYyMHOM JHOJE. JTa 3aBUCUMOCTH IS
AJIEKTPOJOB MPOCTEUINNX KOHCTPYKIMK Oblna mcciegoBaHa B 1911 r.
amepukanckuMm ydeHeiM K. Yaiimmom (K.Child), B 1913 r. —
amepukanckuM ¢usnkoM U. Jlearmropom (l.Langmuir), a BriocieacTBuu
nepeHeceHa Ha Oosee crnoxHbie ciaydau C. A. borycnaBckum (1923 r.,
Poccust), U. Jlearmiopom (1923 r.), K.biomxker (K.Blodgett, 1924 r.,
CIIA). B 3apybexxHol JuTepaType 3aKOH HOCUT wums Yaiinna-
Jlenrmropa.
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Puc.8.2. K 661600y 3axona «cmenenu mpex 6mopulx»

OmnpenenuM  3aBUCUMOCTh ~ @HOJHOTO TOKAa OT  AHOJHOIO
HampsbKeHUsT B JuoAe,  OOpa3oBaHHOM  JBYMSI  IUIOCKUMH,
Oe3rpaHUYHBIMHY, TapaUICIBbHBIMU IPYT APYTY IacTuHamu (puc. 8.2).
B sToM ciiydyae MoxkHO npeHeOpedb KpaeBbIM 3(h(PEKTOM U CUUTATH MOJIE

MCXKAY aHOAOM MW KaToaAOM OAHOPOIHBLIM. HpI/IMeM ciacayromuce

ay

nomyiienus. Ilycte y moBepxHoct karoga (X=0) Uy=0, —=—Ex =0,

HayaiabHasi CKOpocTh 3eKTpoHOB Vo=0. CKOpOCTb 3JIEKTpOHA B JIHOOOI
TOUKE MEXYJIEKTPOIHHOTO MPOCTpaHCTBA ¢ mMoTeHnuamom U, eciu
Vo=0, onpenensercs: BoIpaKeHUEM:

€
V=.2—U (8.1)
m
Y4uThiBas, 4TO B MEXKIYJIEKTPOJHOM MPOCTPAHCTBE CYIIECTBYET
00BEMHBIN 3apsizi, BOCIIONb3yeMcs ypaBHeHueM [lyaccona, koTopoe ais
BaKyyMma U MpH yciaoBuH, uto Ey=Ez =0, MoHO 3anucars B BUJE:
2
o°U o,
2~ . 8.2
OX &, (8.2)
3meck p [1- o6beMHas miotHocTh 3apana (Ki/m3), a £=8,85-1012 ®/m —
AIIEKTPUYECKAsi TOCTOSTHHAS.
Kak wu3BecTHO, 0OBEeMHass IUIOTHOCTb 3apsja CBs3aHa C
MJIOTHOCTBIO TOKA COOTHOIIICHUEM:

__J
==y (8.3)

i ¢ yuetoM (8.1):



(8.4)

[loncraBuB BbIpakeHue myig p [JB (8.2), 3amuiieM ypaBHEHUE
ITyaccona B BuE:

m
U j\2e
x> - E_OW (8.5)
YMHOXkas1 00€ YaCTH paBeHCTB Ha 20U /axu UHTErpupys ot 0 1o X,
[OJIYy4aeM:
ouY 4j [m 0
(&j = 5_0 2% (8.6)

[TocTossTHHBIE WMHTETPUPOBAHUS paBHBI HYJIIO, Tak Kak mpu X=0
Uk=0 u dU/dx=0.

NuterpupoBanue (8.6) mocie U3BICUCHHUS KOPHS U3 00eUX yacTei
paBEHCTBA U pa3lieJICHUS TMEPEMEHHBIX NPHUBOJUT K CICAYIOIIEMY

pe3ybTatTy:
ot =2 [ LMy
3 \E 2" (8.7)

Otcroga JIETKO ONPEAENUTh IUIOTHOCTh TOKA, OJWHAKOBYIO JJIS
TH000T0 CEYEHUS MEXKTYIIEKTPOAHOTO TPOCTPAHCTRA!

. 4e, [2¢U?
J_ 9 m Xz . (88)

[ToncraBuB X=d u U=U,, 3anuiiem s MIIOTHOCTH TOKA y IIOBEPXHOCTH

aHoJa.
. dg, [2eUY
Ja - 9 m d2 . (89)

UtoObl HAWTH 3HAYCHHE AHOJHOTO TOKa, YMHOXHM (8.9) Ha
BemnunHy Qa TOH dYacTH TIOBEPXHOCTH aHOJa, Kyjaa IIONajJaroT
DJICKTPOHBL:




| :450 2e Q“U3/2

a 9 m d2 a (810)

nin
| =KU”2. (8.11)

Bripaxxenue (8.11), oToOpakaromiee aHAIUTHYECKH (PYHKIIHIO
la=f(Ua), HOCUT Ha3BaHUE 3aKOHA «CHENneHU mpex 8MOopPbIXy.

1.5. Onpeoenenue yoenvnozo 3apsaoa IneKmpona

B ciiyyae xoakCHaNbHBIX MUIMHIPUYECKUX DJICKTPOAOB (popmyra
(8.11) ocraercs chnpaBemIMBOH, OJHAKO  KOA(DPHIMCHT K,
npeoOpasyercs K Buay [1]

232 ledn (e

K==3 >\ (8.12)
rg m

rje I — paauyc anona, | — qmHa katona, B2 — K03 (DUITMEHT, 3aBUCSIIUM
OT COOTHONIEHHUs paaudyca aHojga W Kartonma. [ns onpeneneHus
YISTBHOTO 3apsijia dJeKTpoHa (6/M) MOCTymHUM CIIEAYIOMUM 00pa3oM.
[TocTporM BOJBTAMIIEPHYIO XapAaKTEPUCTUKY IMOAA B KOOpJMHATAX
1.=f(U.>?). B sToM ciydae rpaduk 3aBUCUMOCTH HMMEET BHJ HPSAMOM
JUHUK, a YrIoBoM KoadduuueHt OyaeT ompeAensaTbes (opMysion
(8.12). Torma yaenbHBIN 3apsij JIESKTPOHA MOXKET OBITh BBIYUCIICH IIPH
MOMOIIH BBIPAYKECHUS

e | 9rp’ K
m | 2J2ledn | (8.13)
rie K — TaHreHc yria HakJIOHa SKCIEPUMEHTAIBHOM NPSIMOWA B

koopauHaTax la.=f(Ua>?).

B peanpHBIX pamuonammax psa (AKTOPOB  MPHUBOAUT K
OTKJIOHEHHIO OT 3aKOHAa TPEX BTOPBIX, UTO MPUBOAUT K MOTPEIIHOCTH
IpH OTIpeIeIICHUH e/m:

1. HayaJbHBIE CKOPOCTH SMHUCCHUOHHBIX 3JICKTPOHOB OTJIWYHBI OT HYJIA;
3TO MPUBOJUT K MEPEPACITPEACICHUIO TPOCTPAHCTBEHHOTO 3apsijia U
AJIEKTPUUECKOE MOJIE Y KaTOJla HE PABHO HYJIIO;

CYIIIECTBYET KOHTAKTHAsI pa3HOCTh MOTEHIIMAJIOB aHO/A U KaTo/1a;
HEIKBUIIOTCHIIMAIBHOCTh KaToAa (MPsSMOM HaKal);

ACHUMMETPUS CUCTEMBI 3JIEKTPOJIOB;

HaJIMYM€ OCTATKOB ras3a B JIaMII€.

a0



2. Ilopaook eévinoinenus pabomot
B HacTtosimielt paboTte HCHOJIB3YyeTCA JaMia ¢ IOJOTPEBHBIM
OKCHJIHBIM KaTOJIOM. BHellIHee o€ CUIIbHO BIMSET HA BEIMYMHY TOKA
AMHUCCHM TaKOro KaToAa, MO3TOMY y HEro He HaOJI0JaeTcsi PEe3KOro
HACBIIIEHUS aHOTHOTO ToKa. JlaHHbie paauonamiibl 21[2C: anuHa katoaa
1=0,9¢Mm, panmyc anona r=0,95¢cm, £=0,98.
1.CoOpath cxeMy, wuzoOpaxxkeHHyto Ha puc. 8.3. llemp Hakana
MOJIKJIFOYAETCsT K KJIeMMaM TepeMeHHoro HampsbkeHus 6.3B; Ri=6
OM. AMniepMeTp U3MepsIeT TOK HaKajia, MUJUIMAMIEPMETP — aHOIHbIN
TOK, BOJIbTMETP — aHOJIHOE HAIPSKEHHUE.

0+250%

Puc.8.3. Cxema sxcnepumenmanvHot ycmaHosxu

2./I3y4uTh 3aBUCUMOCTb aHOJHOTO TOKa OT AaHOJHOIO HaIpsKEHUS,
u3mensas ero ot 0 nqo 100B wepe3 kaxawsie 10B mpu Tokax Hakaia
0.32,0.34,0.36 A.

3. Tloctpouts rpadvKu 3aBUCHMOCTH AaHOJHOIO TOKA OT AaHOJHOIO
Hanpskenns B crenenn 3/2 (1,=f(U,>?)) npu pasubix Tokax Hakana.

4. IIpoaHanu3vpoBaTh BEIIOJIHEHHE 3aK0HA borycnasckoro-JIeHrmiopa.

5. Ilo nydmemy u3 rpaduxoB ompeaenutb K U paccuuTaTh BETUYUHY

YACIBHOI'O 3apsia 3JCKTPOHA. Bce pacydCThbl BBIIIOJIHATL B CHCTCMC
CH.

KoHTpoJsbHBIC BONPOCHI
1. KakoBa KOHCTPYKIIUSI BAKYYMHBIX JUOHOB?
2.11osicaute >(pdheKT TepMOITEKTPOHHON IMUCCHUH.



3.4YTt0 Takoe KaTOAHBIN TOK, aHOJHBIN TOK, aHOIHOE HAIPSKECHHE?

4. T1pu Kakux TPEANONIOKEHUSX BEPEH 3aKOH «CTEMEHU TPEX BTOPHIX»?

5. BeiBoJ 3akoHa borycnasckoro-Jlenrmiopa.

6. 1Ipu kakuX TOKaxX Hakaja MoJy4YeHHbIC BaMU KPUBBIE OJIMKE K 3aKOHY

Tpex BTOpbIX? [louemy?

7.00bCHUTE TIOJHYI0 BOJBTAMIIEPHYIO XapaKTEPUCTHUKY JUOAa C

Y4aCTKOM HaCBIILCHHUS.
8.CpaBHUTE  BOJIbTAMIIEPHBIE  XAPAKTEPUCTUKU  BAKYYMHOTO
MOJIYIIPOBOJIHUKOBOTO JUOOB.

Jluteparypa

1. Kanyos H.A. Dnextpruueckue sIBJIICHUS B Ta3ax u B Bakyyme. M-JI:

T'UTTIJI, 1950.
2. Quzuyeckuu npaxmuxym / llon pen. B.M.1BepoHoBoii. M.:
duzmarrus, 1968.
3. Kanawnukos C.I'. nextpruuectBo. 5-¢ u3a. M.: Hayka, 1985.
4. llynun B.H. DnextponHsie npubopsl. M.: Dneprus, 1977.
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JlaGopaTopHasi paboTa Ne9
N3YYEHUE TEMIIEPATYPHOU 3ABUCUMOCTHA
COITPOTUBJIEHUA METAJIJIOB 4 ITOJIYITPOBOJHHUKOB

Ilenv pabomwvi: >KcnepumeHmanvHoe  U3YUEHUE NOBEOeHUs
INEKMPUUECKO20 CONPOMUGTIEHU. Memaniio8 U NoJAYNPOBOOHUKOS 8
memnepamyprom unmepsaie 300-380K.

Ipubopsr u npunaonexrcHocmu: J1aOOpamopHulll.  MaKem,
meMnepamypHas sA4etka, NOHUNCAIOUWUN MPAHCHOPMaAmop, 601bmMMemp
nepemennozo moka mun 434321, yugposoti ommemp, mepmomemp,
obpasybwi.

1. Kpamkas meopus

C TOYKM 3peHHs ODJIEKTPUUECKUX CBOWCTB TBEpJAbIC Teia
NenaTcs Ha TpU Kjacca: MeTajjbl, IMOJYNPOBOAHUKH U
OUAJIEKTpUKU.  OOHUM U3  OCHOBHBIX  KpUTEpPHEB  JTOU
Ki1accu(uKanuu SABJISETCS BEIMYMHA YAEIbHOTO COMPOTUBICHUS
marepuana p. Y MeramioB oHa coctasuger 1078...10° Om'Mm, y
IM3IeKTpUKoB mpesBbimaer 1012 Om-m. BemecrtBa ¢ ymenbHbBIM
conporusienueM ot 10° go 10?2 Owm'M oTHOCATCH K
MOJYIPOBOTHUKAM. BaxHo OTMETHUTH, 4TO yIEIbHOE
CONPOTHUBIEHUE HE SBIACTCS OJHO3HAYHBIM KPUTEPUEM AJA
NEJICHUs Ha METaJulbl, MOJYNPOBOJAHUKUA W JUDJICKTPHUKH, a
YKa3aHHbIE paMKH SBJSIOTCSA YCJIOBHBIMU. B KaxJIoM kiacce
CYIIECTBYET CBOM KOMIIJIEKC (PU3UYECKHUX CBONCTB, B YaCTHOCTHU
UMEET MECTO MNPUHIUNHAIBHOE Pa3IUYUEe B 3aBUCUMOCTH
BEJIIMYHMHBI YJAEIbHOTO CONPOTHUBJIEHHUS OT TEMIIEPATYyphl. AHalu3
3aBUcHMOCTel p(T) Ha MpUMepe METaJlJIOB U MOJYIPOBOJIHUKOB U
OyZeT BBIMOJHEH B paMKax JaHHOW paOOTHI.

Jis. XapakTEPUCTUKHA SJIEKTPUUECKHX CBOWCTB MATEPHUAIIOB
CYLIECTBYET €II€ OJHA BEJIMYHHA — BJIEKTPONPOBOJHOCTh G. CBA3b
yIAE€JAbHOTO CONPOTHUBJICHUS W DBJICKTPONPOBOJAHOCTU  JAETCS
bopmyoii:

p=—. (9.1)

1.1. 3Jzel<mpuqecxoe conpomuejienue wmemaitiloe



Bce METaJIJIbI XapaKTePHU3YIOTCS BBICOKOH
3IIEKTPONPOBOIHOCTBIO, KoTopas coctaBiaser 106-108 Omt-mL.
[IpyumHa S3TOro KpoeTcss B CHEHU(PUUECKUX YCIOBUSAX CBSI3HU
BAJICHTHBIX DJJICKTPOHOM aTOMOB MeTaia ¢ ero sapom. Ilpu
00pa30BaHUU KPHUCTAUIMUYECKON PEIMIeTKU BaJCHTHBIC 3JCKTPOHBI
OTPBIBAIOTCS OT CBOMX aTOMOB W HA4YMWHAIOT CBOOOJHO
nepeMenarbcsi Mo BcemMy o0bemy Mertauia  (CBOOOJHBIE
AJICKTPOHBI). Ba)kHO OTMETHTBH, YTO OTPHIB BAJICHTHBIX 3JIEKTPOHOB
OPOUCXOAUT 0€3 KaKOoro-nO0O BHEMIHEro BO3JACHCTBUS Ha HWUX.
KoHuieHTpanus cBOOOAHBIX JJIEKTPOHOB N OyAeT ONpelessiThCs
KOHIICHTpAllMe aTOMOB MeTallla W CTeNeHbI0 HOHHu3anuu. Jlms
OJHOBAJICHTHOTO MeTaJjjla KOHIICHTPAIU 3JICKTPOHOB MOXET OBIThH
oTpejieieHa KaK:

n=—--N 9.2
A .
M (9:2)
rac D — mioTHOCTH MmeTajlia, M- MOJIAPpHasa Macca, NA — YHCIIO

ABorazupo.

CornacHo KJacCUYECKOW »dIJIEKTPOHHOW TEOPUU METaJIOB
Hpyne-Jlopenna (Drude-Lorentz), cBoOomHbIe 3JICKTPOHBI BEIYT
cebs mnomo0HO MOJEKyJaM MJealibHOTO Tas3a. XapakTep HX
TEIJIOBOTO JBMXKEHHUSI XaOTUYHBINA, B MPOIECCE CBOEr0 ABUKCHUS
3JIEKTPOHBI HUCIBITHIBAIOT MHOTOYHCJIECHHBIE CTOJKHOBEHHUS C
MOHAMHU KPUCTAJJIMYECKOU PEIIeTKU. DTH CTOJIKHOBEHUS PUBOAAT
K YCTAHOBJICHHIO TEMJIOBOrO PABHOBECHUS MEXKIY 3JIEKTPOHHBIM
ra3oM M KPUCTAIIUYECKOU pemeTKou. [l HEBBIPOXKIECHHOTO
JIEKTPOHHOTO  CpeAHAA CKOPOCTh TEMJIOBOTO  JBWXKCHHUS
DIIEKTPOHOB BBIUUCIISIETCS no U3BECTHOMU bopmyie
MOJIEKYJIAPHO-KUHETUYECKON TEOPUHU Ta30B:

8k T | 9.3),
i -3

rae K — moctosunas bonbimana, T —Temmeparypa B rpaaycax
KenpBuHA, M — Macca 3JIEKTpPOHA.

[Ipu BKIIOYEHUHM dJIEKTpHUYECKOTO mojs E Ha cBoOOAHEIC
BIICKTPOHBI  JEHCTBYeT  BHeIHsAs cuia €eE, koTopas
yIOpsAAOYMBaeT HUX JBUXKeHHEe (B O3ToM paboTe B CHIY
OJTHOMEPHOCTH 3aJa4W BCE 3alMCH CJeJNaHbl B CKaJIAPHOU
dbopMme). DIeKTpoHBI IpuoOpeTarT ApeidhoBy0 CKOpocTh Vp,
HamnpaBJCHUE KOTOpOH ompenensercs BHemHHM mojeMm. OnHa



HAaMHOI'0O  MEHbIIE€ CKOPOCTH  TEIJIOBOTO  XAaOTHUYECKOTO
IBUKEHHUS DBJIEKTPOHOB, HO HMMEHHO JpeilpoBasi CKOPOCTH
ompenaenasieT Cuay Toka B nmpoBoaHuke. JlpelidoBas CKOpoCTh —
3TO CpEOHsASA CKOPOCTb HAIIPAaBJIEHHOTO JBUXEHUS HOCUTEIEH
3apsza.

Ha cBoeM nyTu 3J€KTPOHBI UCHBITHIBAIOT CTOJKHOBEHHUSA C
noHaMu pemeTku. Ha mpoTsKeHUu JUIMHBI CBOOOJHOTO npobera
/A DIEKTPOH JBHUXKETCA YCKOPEHHO M YyBEJIMYUBAET CBOIO
KUHETUYECKYKD DJHEPrurw. B MOMEHT CTOJIKHOBEHHS C HOHOM
4acTh KUHETUUYECKOW sHepruu tepsercsa. Kaxapid cBOOOIHBIN
BIIEKTPOH MpeTepneBaeT Ha CBOEM MYyTH OOJBIIOE YHUCIO
CTOJKHOBEHUM C HOHAMHU KPHUCTAJIUMYECKOU PpEIIEeTKU, IpHU
KaXXJIOM CTOJIKHOBEHHUHU CKOPOCTH IO HANPABJIECHUIO IBUXKECHUSA
PE3KO CHHXKAETCSI. OTH ABICHUSA, «MEIIAKIUE» JABUKECHUIO
HOCHUTeNEeH 3apsjaa, o0yclaaBIMBAIOT CYIIECTBOBAHHE B KaXXKJAOM
OpOBOJHUKE  JJEKTpUUyeckoro comnpotuBieHuss R. Ecuu
OpOBOJHUK HMeEEeT (POpMYy LUIUHAPA HIU NPSIMOYTOJbHUKA C
anvHoW | M momepedHbIM cedeHHEM S, TO CBsA3b MeXAy R u p
onpenaensaeTcsa GoOpMyJon:

Rng- (9.4)

1.2. Temnepamypnas 3aeucumocmsp COnpOMuGIeHus
Memannos

BriBenemM psSg COOTHOWIEHUM, KOTOPbIE IIOMOTYT HaM

ONpPENEINUTh 3aBUCUMOCTbH YAEIBbHOTO CONPOTUBJIECHUS

METAJJIOB OT yCJIOBUM 3KCIIEpUMEHTA. PacCMOTpUM NPOBOJHUK
OJHOPOJHOTO CEYEHUA S C KOHIEHTpanueh snekTpoHoB N. Ilon
NEUCTBUEM DJJIEKTPUYECKOTrO MOJs C HaOpsKEHHOCTh E
IEKTPOHBI JIBUXKYTCSA CcO CckopocThto Vp. Ecim B3sATh
MPOU3BOJBHYK IJIOCKOCTh, HNEPIECHAUKYJISAPHY NPOBOJHHUKY,
TO 3a MPOMEXYTOK BpeMeHH Al yepe3 3Ty MIOCKOCTh MPOUIET
3apsag 4Q:

AQ =enS\,At. (9.5)
Cuna Toka B npoBoaHUKE |:
Aq
| =—=enS\},
At %

a IIJIOTHOCTHh TOKa



o
ngzenVD. (96)

OT CTOJIKHOBEHHUS A0 CTOJJKHOBCHHUSA 3JICKTPOH MNPOXOAUT HAJIIUHY

cBoOOmHOro mpobera A 3a BpeMms T (rzvi). OH JABUMXKETCS C

T

eE
YCKOPEHUEM azﬁ. K MoOMeEHTy cuenyromero coylapeHus

eE
MaKCHUMaJbHAasA CKOPOCTH DJIEKTPOHA COCTaBIIAET Vi :FT’ a

cpenHss npeidoBas CKOpOCTh MOXKET OBITH ONpEJeeHa KakK:

ek el
V, = = E.
°“om’ " 2mv, (3.7)
[InoTHOCTH TOKa, IPOXOISAIIETO o NPOBOJHHUKY,
paBHa:
: e’ni
=enV, =
J > = 2mv, (9.8)
CornacHo 3akony Oma B guddepenuunanbuoid popme:
. 1
J = OE = E’ 9.9
; (9.9)

OTKYda 1oJiydyacM HCKOMOC BbIpaXCHHUC TJAd YACIbHOI'O
COIMPOTUBJICHUS MCTAJlJIA:

_2mV;

P = e’nl (9.10)
CornacHo BBIPAXKEHU IO (9.10) BECJIMYMHA  YJEJIBHOTO
COMPOTUBJIECHUS B oO1mem ciydae onpenensercs
KOHIIEHTpanueld 3JEKTPOHOB, JAJUHOW CBOOOIHOro mpobera u
CKOPOCTBIKO  TEMJOBOTO  JIBHIKCHHUS. [Ipu  yBeJuM4YeHUU
TEMOEPATYPbl KOHIEHTPALUs 3JIECKTPOHOB HE HU3MEHSETCHA, HO
YBEJIUYHUBAETCS CKOPOCTH TEIJIOBOTO JBUXKEHHS U YMEHbIIAECTCS
BeJIM4nHa cBoOoaHOro npobera. [locaennee cBs3aHO ¢ TEM, UTO
npu MOBBIIIEHUU TEMIEPATYyPhI KoJicOaHUs MOHOB
KPUCTAJIIMYECKON  PEIIETKH MIPOUCXOAAT c OosbiIeH
amniautynou. Awxnamu3 ¢. (9.3) mnokassiBaeT, UYTO MpH
TeMmIeparypax BOJIM3M KOMHAaTHOW B HEOOJbIIOM HHTEpBaje
U3MEHEHUEM  TEIMJOBOW CKOPOCTHU MOXHO TIpeHeOpeub.
OCHOBHOUW BKJIaJ, B HM3MEHEHHUE YJAECIbHOTO COMPOTUBICHUSA
METaJjoB OyJaeT BHOCHUTh HM3MEHEHHE MJUHBI CBOOOJHOTO




npobera, KoTopasi, Kak MOKa3blBalOT TOYHBIE pacyeThl, 0OpaTHO

NpoNOpIMOHAJIbHA TeMIIEpaType (/1~%). Takum o0Opas3om,

CONMPOTUBJIEHNE METANIIOB TEOPETHUUYECKHU TOJKHO BO3pacTaTh C
yBEJIMYEHHEM  TEeMIEepaTypbl 1O 3aKOHY, OJHM3KOMY K
JUHEUHOMY.

DKCHEPUMEHTAIBHO YCTAHOBJIEHO, YTO COINPOTUBIIECHHUE
METAJJIMYECKOTO NPOBOJHUKA B UHTEpPBaje TEMIEPATyp BOIU3H
KOMHAaTHOM  NPsIMO  NPOMNOPUMOHAIBHO  TeMIEeparype Hu
anMnmpoKCUMUPYETCS U3BECTHOU (HOpMYIOH:

R=R,(1+at), (9.11)

rae Ro — conpoTuBiieHne MeTanueckoro nposoganuka mnpu 0 °C;

t — remneparypa, °C;

o — TeMIepaTypHbld KO3(Q(PUIMEHT CONpPOTUBICHUS MeTallia,
KOTOPBIN XapaKTepU3yeT OTHOCUTEIIHLHOE MPUPAILCHNUE COMPOTUBICHUS
IPU YBEJIMUEHUH TEMIIEpATyphl HA OAUH TPayC.

BaxHo oTmeTuTh, uTO padboTtocmocodbHOCTh ¢. (9.11)
OrpaHUYMBAETCA MJisi OOJIbIIMHCTBA METAJUIOB TEMIIEpaTypHBIM
MHTEpPBAJIOM BOJM3M KOMHATHOW TEMIIEpaTypbl. ITO OOYCIOBIEHO
TEM, YTO TMPHU JIPYTUX TEMIIEpATypax MU3MEHSIOTCS PEKUMbI KOJIeOaHUMN
KPUCTAINTMYECKON PEIIETKH W MNPUHUIUNHAIBHO JPYTUMHU CTaHOBATCS
IPOLIECCHI PACCESHUSL.

W3ydyeHne  3aBUCHUMOCTM  CONPOTHUBJIEHHS ~ METAJUIOB  OT
TEMIIEpaTypbl UMEET MPAKTUUECKOE 3HAUYCHUE JIJIsi SKCIIEPUMEHTAIbLHON
¢u3uku 1 TexHuku. Ha ocHOBE 3T0il 3aBUCUMOCTH 0a3UPYIOTCSI METOIbI
U3MEPECHUS TEeMIIepaTypbl C IPUMEHEHUEM TEPMOMETPOB
conpoTuByieHUs. B kadecTBe mpumepa MOXHO NMPUBECTU ILIATUHOBBIC
TEPMOMETPHI COMTPOTUBJICHUS, KOTOpbIE PabOTAIOT B MHTEpBaJe OT -263
10 + 1000°C 1 UMEIOT MOrPEMIHOCTh B COTHIE JIOU Ipaayca.

1.3. Temnepamypunasa 3aeucumocmsv CONPOMUGIEHUA  O]1A
HOYNPOBOOHUKOB
MexaHu3M 3JEKTPONPOBOJHOCTA B TOJYIPOBOJHHKAX PE3KO
oTIMyaeTcs OT ciaydas il MmetaiioB. Ecnu B MmeTtaiax Bcerna
UMEIOTCSI CBOOOHBIE AJICKTPOHBI, TO B TMOJYIMPOBOJAHUKAX BaJICHTHBIC
AJIEKTPOHBI JOCTATOYHO CHUJIBHO CBs3aHbl ¢ siapamu. [lostomy mpu
MOCTPOCHUM  KPUCTALUIMYECKOW PEIICTKH BaJCHTHBIE DJEKTPOHBI
POJIOJKAIOT BXOJAWTH B COCTaB CBOMX aTOMOB M HE YYacTBYIOT B



npoleccax nepeHoca. Jjig Toro, 4To0bl CO37aTh B MaTepuaie HOCUTEIN
3apsiia HEOOXOAMMO COOOIINTH JTOMOJHUTENIbHYIO SHEPTHUIO Ejy7, paBHYIO
SHEPTUU MOHU3AIMHU. DHEPIrHsi MOXKET ObITh MepeaHa MyTeM TEeIIOBOTO
HarpeBa, CBETOBOTO U3JIYYCHHS, CUIIbHBIM 3JICKTPUYECKUM TOJIEM U T.JI.
Ecnun y Hac umeercs COOCTBEHHBIM MOJYIPOBOJHHMK (CM. OIKCAHHE
nabopatopHoir padbotsl Nel5), To mporlecc HOHM3AIMU MPUBOAUT K
MOSIBJICHUIO B MaTepuaje OJUHAKOBBIX KOHIIEHTPAIMM OTpHUIATEIILHO
3apsOKEHHBIX HOCHUTENEH (RJIEKTPOHOB) U TOJOKUTEIBHO 3apsSyKEHHBIX
HocHTeNeHn (IbIpoK). Eciu momynpoBOJHUK SIBISIETCSI MPUMECHBIM, TO B
MaTepualiie P-THMAa TpU  TOABEACHUH DHEPruM  (HOPMUPYIOTCS
JOTIOTHUTENIbHBIE JIBIPKH, a B Marepuane N-TUMma — 3JIEKTPOHBI.
KounenTpanus Hocurenei 3apsaaa B noaynposogaukax (101°-10%° cm3)
HAMHOTO MEHbIIIE KOHIICHTPAIIMK DJIGKTPOHOB B MeETaiaX, 4YTO
oOycnaBnuBaer  0ojiee  BBICOKOE  YJIETbHOE  COINPOTHUBIICHHE
MOJIYTIPOBOHUKOB 10 CPABHEHHIO C METAJIJIaMHU.

Konuenrpamusi  Hocutened  3apsjga  (9JIEKTPOHOB,  JIBIPOK)
HKCIIOHEHITUAILHO BO3PACTAET C POCTOM TEMIIEPATYPHI:

n= Aexp(—TE), (9.12)

rne A u B — KoHCTaHThI, onpeneiasieMble BUJAOM IMOJTYNPOBOJHUKA, |-
TeMrnepaTrypa B rpagycax KempBruna. ConpoTHBIEHUE MOTYIPOBOIHUKA
B 3aBUCUMOCTH OT TEMIIEPATypbl OOBIYHO 3aMKUCHIBACTCS (DOPMYJIION:

E
R=R exp —— 14 |, (9.13)
°° 2kT
rie R» — mnocrosHHas, uMerImas pa3MEpPHOCTb COMPOTUBICHUS U

dbopMaTbHO paBHAs COMPOTHBJICHHUIO OOpaslla mpu OCCKOHEYHO
OO0JIBIION TEMIIEpaTypE.

B monynpoBoaHMKax, Kak U B MeTaJulax, JUIMHA CBOOOJHOTO
npobera HOCHTEJEH TOKa TaKXKe 3aBUCHUT OT TEMIIEpAaTyphbl, HO
XapaxkTep TeMIepaTypHOU 3aBUCUMOCTH CONPOTHUBIICHUS
ompeaenserca Oojiee CUIBHOW 3aBUCUMOCThIO KOHIEHTpAILUU
HOCHUTEJIEH TOKa OT TEMIIEPATYPHI.

Ecau mnocTtpouts 3aBucumMocth (9.13) B KkoopaumHaTax
INR=f(1/T), To oHa OymeT UMETh BUJ NPIMOU JTUHUU:

~ E, 1
InR_Ian+2kT. (9.14)
TaHreHc yriaa HakKJIOHA J3TOW MNPSIMOW MO3BOJSET PACCUUTATH

BCIIMYMUHY DHCPIUU MOHHU3AIIUU. B coOcTBeHHOM IMOJIYIITPOBOAHHKC



BenuuuHa Exy B §. (9.13) um (9.14) cooTrBeTcTBYeT HSHEpPTUU
MOHM3AIlMM aTOMOB TOJYNPOBOJHUKA (IIUPUHE 3alpeiieHHOU
30HbI), B IPUMECHOM MOJYINPOBOJAHUKE — TOW DHEPTrUH, KOTOpas
HEoOXoIuMa JJIsl MOHU3AIUKU aTOMOB MPUMECH.

2. Ilopsaook evinonnenus padomul
1. CoOpaTh yCTaHOBKY, TOKa3aHHYI0 Ha puc.9.1.

5

220B

13

80 B

Puc.9.1. Cxema ycmanogku

TemnepatypHas suelika 1 mutaercs OT MOHWXKAIOIIETO TpaHcPopmaropa
2 nipu BenuunHe Hanpspkenus 70-80 B. B siueiiky momeniaercst oOpaserl
MeTajuia WX MOJYNPOBOJHUKA 3, COMMPOTUBJIEHUE KOTOPOTO U3MEPSAETCS
omMmeTpoM 4. TemrnepaTypa B SiYEUKE ONPEAEISAETCS TEPMOMETPOM O.

2. Ilporperb omMmmeTp B TeueHue 20 MUHYT.

3. TlomecTuTh B ssUeHKy METAINTMYECKUM MEIHBIA IIPOBOJ. 3amucaTh B
TeTpaJb T€OMETPUUECKHE MapaMeTphbl oOpaszua. uamerp mposoaa 0,1
MM, JiauHa 35 M. H3MepuTh CONpPOTUBIEHHME TIPU KOMHATHOMU
TeMIepaType.

4. llomate Ha sueidiky Hanpsbkenne 80B. IIpoBoauts uzmepenue
COMPOTUBJICHUSI 00pa3lia B UHTEPBAJIE OT KOMHATHOW TeMIepaTyphl 110
80°C uepe3 kaxpie 2 rpaayca. Pe3ynbTaThl 3anvcaTh B TAOJIHILY.

5. Iloctpouth rpaduk 3aBUCHMOCTH CONPOTUBICHUS MeTaia oOT
temrnepatypbl  R(t).  Paccumrarh  BenMuuMHYy — TEMIIEPaTypHOTrO
KO3 UIEeHTa COMPOTHUBIICHUS.



6. 3Has reomerpuyeckue pasMephbl 00pasiia, ONPENEIUTh BEIUYUHY
yIIEJIbHOTO CONPOTUBIICHUS MeAu. CpaBHUTH C TAOJMYHBIM 3HAUCHUEM.
7. TIlpu nmomomu dopmyn (9.2) u (9.3) camenatb Mg KOMHATHOU
TEMITEpaTyphl OICHKY KOHIIEHTPAIlMU JICKTPOHOB B MEIU M BEIWYHHY
cpenHel TemioBoMl ckopoct. Ha ocHoBanuum dopmynbl  (9.10)
BBIYUCIIUTH JJIMHY CBOOOTHOTO ITpo0Oera nmpu KOMHATHOM TeMIieparype.
8. Ilpu BKIItOUEHHOH TEIUIOBOM siueike 3aMEHUTh 00pasell MeTalia Ha
oOpa3zer] nonaynpoBogHUKa. I[IpoBecTn crabunmszanuio TemmnepaTrypbl B
TeUCHUE 7 MUHYT, BBIKIIOUNTH NMUTaHue TpaHchopmaTopa. [IpoBoauTh
U3MEpPEHHUE COMPOTUBJIEHUSI 00pa3lia B peKUME OCThIBAaHUS B MHTEPBAJE
oT 80°C 1m0 KOMHATHOM TeMIEepaTrypbl 0 4Yepe3 Kaxable 2 rpamyca.
Pe3ynbraTsl 3anucath B Ta0IUILY.

9. TIlocrpouth rpadukm 3aBucumoctd R(t) m INR(1L/T). Onpenenutsb
BEJIMYMHY YHEPTUHM MOHHU3AIIMH B 3B.

10. ITpoBecTu 00CYX)IEHHUE MOTYUYEHHBIX PE3YJIbTATOB.

KoHTpoJibHBIE BONIPOCHI
1. KakoBa ¢Qusnueckas mnpupoaa BO3HHUKHOBEHHUS DJIECKTPUUECKOTO
CONPOTHUBIICHUS B MPOBOIHUKAX?
2. CopmynupyiiTe MOHATUS JJIMHBI U BPEMEHU CBOOOJHOro mpoodera
HOCHUTEJIEN.
3. UeM 0OyCJIOBJICHO YBEJIIMYEHHE COMPOTUBJICHUS METALIOB C POCTOM
TeMIepaTypbi?
4. Ilouyemy  SJEKTPONPOBOAHOCTh  MOJYIPOBOJHHUKOB  MEHBIIIE
3JEKTPONPOBOJHOCTH METAJIOB?
5. KakoBa ¢usuueckas mnpupoaa TEeMIEpaTypHOH 3aBUCUMOCTU
CONPOTHUBIICHUS TTOTYTIPOBOIHUKA?
6. Caemnaiite BoiBOA Gopmyisl (9.2).
7. 3adeM s MOJYOPOBOJAHUKA HYKHO ITOCTPOEHUE 3aBUCUMOCTHU
INR(1/T)?

Jluteparypa
1. Kanawnuxos C.I. InektpuuectBo. M.: Hayka, 19835.
2. Hemenos JIJIL, Comuncxkuii M.C.  OCHOBBI  (PU3HKH

nonynpoBoaHukoB. JI.: Hayka, 1974.
3. Enuganos I' 1. ®usuka tBepaoro tena. M.: Beicimas mkona, 1977.



JlabopaTopnasi padora Nel(

N3MEPEHUE UHAYKTUBHOCTU, EMKOCTH U ITPOBEPKA
3AKOHA OMA JUIsA HIEPEMEHHOI'O TOKA

Ilenvy padomwl: o3HaKOMIEeHUe C MemoOaMu  UIMepEeHUs.
DEeaKmusHvlX CONPOMUGNIEHUN, IKCNEPUMEHMANbHAS NPO8ePKA 3AKOHA
Oma 07151 nepemeHH020 moxa.

Ilpubopvr u npunaonencnocmu: 2enepamop [3-33, ucmounux
nocmosnuo2o moxa BC-24M, osa yughposvix eonemmempa B7-16,
KOHOeHCamop, Kamywka UHOYKMUGHOCMuU, IMAIOHHOe CONpomusietue,
coeOouHUmelbHble NPo8ood.

1. Kpamkasa meopus

PaccmoTpuM  1emb,  COCTAaBJIGHHYIO U3 TOCJIEIOBATEIHHO
COCTMHEHHBIX OMHMYECKOTO CONpOTHBICHUS R, MHAyKTHBHOCTH L U
emkoctu C (puc. 10.1), mo koTopod moA JEHWCTBUEM BHEIIHETO
MCTOYHHUKA T€UET KBA3UCTAIMOHAPHBIN MEPEMEHHBIN TOK

| = 1o CcOS at, (10.1)

rae lo - aMmInTyna Toka, a @ - Kpyrosas 4actoTta. Bo3Hukaroriee npu
3TOM HAIPSKEHUE HA KaXKJIOM 3JIEMEHTE M BO BCEU LICTIM MOYKHO HAWTH
KakK IIPU MOMOIIM METOJIa BEKTOPHBIX JUArpamMM, TaK U B KOMILJIEKCHOM

_:_NW\_| I_ I
R L
-0 O0— ot
— > >
| ~ U O I, cos ot X’
Puc.10.1. dnexmpuueckas cxema Puc.10.2. Bekmopuas ouazpamma

npeAcTaBieHUM (METOJ HMIEAaHCoB). B mepBom ciydae Jo0Oyro
FapMOHUYECKHU MEHSIOIIYHOCS BEJIMYMHY  (Hampumep, TOK)
OpPEJACTaBJISIIOT B BHUJIE TMPOEKIMM HAa OChb X HEKOTOPOTo
BCIIOMOTATEJIbHOTO BEKTOpPAa, PABHOIO MO MOJYJIK aMIUIUTYAE 3TOU
BenuuuHsl (lo) 1 oOpasyromiero ¢ ocbto X’ yroi, paBHbId gaze ot (puc.
10.2.). Tak xak Bce TOKH M HampsHKEHUS B IIEMIH MEHSIOTCS C OJTHOM U



TOM K€ YacTOTOM, TO BCSI CUCTEMA COOTBETCTBYIOIIUX BEKTOPOB C
TEYEHUEM BPEMEHHU OyAET BpalaTbCs Kak IEJI0€ BMECTE C BEKTOPOM
toka. I[losTomy ymoOHee mepeditu B cucTeMy koopauHat OX,
BPALJAIOIIYIOCSI CUHXPOHHO C HUMHM C TOM XK€ 4YaCcTOTOW @ W
COBITAIAONIYIO B HAYaJIbHbIA MOMEHT BPEMEHHU C HEMOABUXKHOW. B 3TOM
CHCTEME BCE BEKTOPhI HEMOIBMKHBEI M 00Pa3yloT ¢ ocblo OX yIubl,
paBHBIE COOTBETCTBYIOIIUM HaYaJIbHBIM (pazaMm.

B wMerome wMMIEAaHCOB TapMOHUYECKH  MEHSIOLIUECS
BEJIMUUHBI MPEJICTABIIAIOT Ha OCHOBE (hopMYyJibl Ditjiepa:

e'?=cos g+ isin ¢ (10.2)

B BHJI€ JCHCTBUTENbHBIX YacTEd BCIOMOTaTENbHBIX KOMIJIEKCHBIX
GyHKIMH, KOTOpble O003HAYAIOTCS COOTBETCTBYIOIIMMHU OyKBamu C
tuiabgaMu. Hanpumep, Tok (10.1) 3anuiercs B Bue:

I=Rel, T=I". (10.3)
PaCCMOTpHM OTACJIIBHO Ka)KI[BIﬁ QJIECMCHT LI CIIN.

1.1. Akmuenoe conpomuenenue
B cwiy  KBa3UCTallMOHApHOCTH  TOKa  HampspKeHHWE  HA
CONPOTUBJIIEHUM R MOXHO HaWTU 1o 3akoHy OMa aJjii MOCTOSHHOTO
TOKA:
Ur=1R=1pgRcos wt, (10.4)

TO €CTh.
Ur = Ugrocos wt, Uro= IgR. (10.5)

AHaJOTMYHBIE COOTHOIICHUS B KOMIUIEKCHOM IPEACTaBICHUHU
3aMUITYTCS:

(10.6)

~

U,=Uye® , U, =ReU,

Cornacho (10.4), mrHOBeHHBIE 3HaUeHUS HanpspkeHus: Ur 1 Toka |
MPOMOPIIMOHATILHBI MKy COOOM, TO €CTh M3MEHAIOTCA cuH(pa3zHo. Ux
BEKTOpHas Juarpamma n3oopaxkena Ha puc. 10.3.



) lo Uro X

Puc.10.3. Bexkmophas ouazpamma

OtcyTcTBHUE cBUTa a3 MEXKYy TOKOM U HaNpsHKEHUEM O3HAYAET, YTO B
a000 MOMEHT BpPEMEHHU 3aps/ibl JBWXXYTCS B  HamlpaBJICHUU
YMEHBIIIEHUSI CBOEM MOTEHIMAILHON dHEpruu. [[pyrumu cioBamu, npu
MPOXOXKJICHUM TOKA Yepe3 aKTUBHOE COINPOTUBJICHUE IPOUCXOIUT
HETIpEepbIBHAs TMOTEpsl DHEPTrUM TOKa, KOTOpas B  OMHYECKHUX
CONPOTHUBIICHUSX MEPEXOAUT B TEIUIOBYIO dHEprut0. OQHAKO BbIJEICHUE
JOKOYJIEBA TEIUIA HE SBJISETCS €AUHCTBEHHOW MPUYMHON BO3ZHUKHOBEHUS
AKTUBHOT'O COITPOTHUBIICHUS. Tak, HampuMep, aKTUBHOE CONMPOTHUBIICHUE
apoccenied Ui TpaHcOpMaTOPOB SIBISETCS CIEACTBUEM IOTEPh HE
TOJIbKO Ha HarpeBaHue OOMOTOK, a TaKXe€ MOTepb Ha HarpeBaHue
CEpACYHUKOB BCJICICTBUE HX IEepeMarHuyuMBaHusA. B KoHIEeHcaTopax
AKTUBHOE CONPOTUBJICHUE OOYCJIOBJICHO TOKOM YTEUYKH M HAarpeBaHUEM
IUBJIEKTPUKA  BCIEICTBHE €ro  mepenoyisipuzauuud. B poropax
ANEKTPOJABUTATENECH DSHEPIUsl AICKTPUUYECKOT0 TOKA MEPEXOIUT B
MEXAHHYECKYIO IHEPTHIO.

WNTak, aKTUBHOE CONPOTHUBJICHHUE BO3HHKAET B PE3YJbTATE
HEOOpaTUMBIX TOTEPh SHEPIHMHM TOKA, KOTOpas BOCIIOJHSETCS 3a CYET
paboThl UCTOYHMKA TOKa. IloTepu Ha aKTMBHOM COMPOTUBICHUM WJIU
MTHOBEHHAsl MOIIHOCTh IEPEMEHHOI0 ToKa OYIyT ONpenensiTbCs
CJIEIYIOIINM COOTHOLIEHUEM:

P=1Ugr=1pUgrocCos? wt. (107)

[TockonbKy cpemHee 3HAYCHHWE KBajpaTa KOCHHYca 3a IEepPHOJ
paBHO 1/2 , cpeHee 3HaUY€HHE MOIIHOCTU OY/IE€T PaBHO:
I,Uy  IGR

2 2

P= (10.8)



st ynobcTBa paboThl, 4TOOBI (hOopMyJia pacyeTa MOIIHOCTH
NEPEMEHHOT0 TOKa COBMajaja 1mno gopme ¢ aHaJIoruuHou GopMyJIOn IS
noctostHHoro Toka (P = IR = | U), BBOIATCS TOHATHS JEHCTBYIOIINUX
(3P deKkTUBHBIX) 3HAUEHUM CHUJIBI TOKAa W HampsbkeHus. JleicTByroiiee
(@ dexTuBHOE) 3HAUCHHE CHJIBI TOKA PABHO CHJIE TAKOTO MOCTOSIHHOIO
TOKa, MPU KOTOPOM CPEJIHSISI MOIIIHOCTD, BBIJICTISIONIASACS B IPOBOJHUKE
B LMY MIEPEMEHHOr0 TOKa, paBHA MOIITHOCTHU, BBIACIISIIONICHCS B TOM K€
MPOBOJIHUKE B 1IEMU MTOCTOSIHHOTO TOKA:
Loy = % : Usyp = % : (10.9)
NMeHHO 3TH BEJIMYMHBI COOTBETCTBYIOT I'PaIyHMPOBKE HU3MEPUTEIBHBIX
npuOOpOB.

1.2. HHoykmueHnoe conpomueJienue

B cnydae mnporekaHusi NEPEMEHHOrO TOKa 4Yepe3 KaTyIIKy
WHJIYKTUBHOCTH B KOHTYpPE BO3HHUKAET 3.7.C. CAMOMHIYKIIMH, KOTOpas B
Cly4ae OTCYTCTBHSI aKTUBHOTO COMPOTUBJICHUS OyJeT B JIFOOOH MOMEHT
BPEMEHM YHUCJICHHO paBHA U MPOTHBOIIOJIOXKHA MO 3HAKY HANPSKEHUIO
Ha KOHIIaX KaTYIIKH:

dl .
E = —UL = - LE = IO wlLsin o t, (10.10)
TO €CThb
V4 Vs Vd
UL:IOa)Lcos(a)t+5):UL0cos(a)t+5)zl0 XLcos(a)t+E), (10.11)
E
%
UL
\ \
Uwo
/2
@) lo X

Puc. 10.4. Bexkmopuas ouazpamma 0ns cayuas ¢ UHOYKMUGHOCMbIO

1€ BEJIMYKMHA

X, ==L (10.12)



HOCUT  Ha3BaHUWE  MHAYKTUBHOTO  CONpPOTUBIIEHUA.  BekTopHas
auarpaMMa, COOTBETCTBYIOIIAS JAHHOMY CIIy4aro, U300pakeHa Ha puc.
10.4. Kak Buano u3 (10.1) u (10.11), koneGanust HanpsiKEHUST Ha KOHIIAX
KATYLIKU ONEPEXaroT 1o Qasze xKoneOaHusi CUIIbl TOKAa Ha 1/2, MO3TOMY
TOJILKO TOJIOBUHY TMEPUOJIa OHU UMEIOT OJMHAKOBBIN 3HAK, TOK TEUET B
HANPaBJICHUH YMEHBIIEHUSA T[OTEHIMada, ¢ TMPOUCXOJUT TOTEps
SHEPruu ToKa. B Apyroil mojgoBuHe nmepuoaa TOK TEUYET B HAMPABICHUU
YBEJIMUEHUS TOTEHIIMANIA W 3apsibl MPU 1TOM YBEIUYUBAIOT CBOIO
NOTEHIMAIBHYIO dHEpTHI0. TakuM oOpaszom, cABUT 10 (a3e koneOaHui
HANPsDKCHHUST U CUJIBl TOKA HA WJEaTbHOM KaTYIIKe MPUBOJUT K TOMY,
YTO CpEIHSS MOIIHOCTh TMEPEMEHHOr0 TOKa Ha KaTyIIKe B TEUCHUE
Neprojia paBHa HYJIO.
B xomruiekcHOM MpeACcTaBICHUH MOYKHO 3aIUCaTh:

0 B2 e iorr, ' —ioLT . (10.13)
e dr
Taxkum O6pa30M, B KOMITJICKCHOM HpeJlCTaBJIeHI/II/I JJTA
MTHOBEHHBIX 3HAQUEHUU TOKa W HaHpH)KeHI/ISI MO>XHO HaIIuCaTb
COOTHOIICHHE, aHAJIOTUYHOE 3aKoHy OMa:

0t

0.-T %, (10.14)
TIIe BETMYMHA
- U
X ===iol (10.15)
Ha3bIBACTCS KOMILIEKCHBIM COITPOTHUBIIEHUEM (MMIIEJAHCOM)
MHAyKTHBHOCTH. Tak kKak i = €' 72 | 1o;
X,=0Ld "% = x, 7% (10.16)

CremoBaTtenbHO, MOAYJb HMMIIEJAHCA WHIYKTHBHOCTH COBIIAJAET C
WHYKTUBHBIM COMIPOTUBJICHUEM, & ApTYMEHT - C pa3HOCThIO (a3 MEXKIy
TOKOM Y HAIPSIKEHUEM.

1.3. EmMKocmHoe conpomuenenue

Tok B 1enu KOHJEHCATOpa BO3HUKAET B  PE3yJbTaTe
YEpeIYIOIIUXCS MPOILIECCOB €r0 3apsiIKU U pa3psJIKu B COOTBETCTBUM C
U3MEHEHUSIMH TIPUJIOKEHHOIO K HEMYy HamnpspbkeHus. Tak kak cam
KOHJICHCATOP MPEACTaBIsAECT COOOM pa3phiB LIEMH U TOK IMPOBOIUMOCTH
MPOXOJNUTHh YEPE3 HErO0 HE MOXKET, TO Ha €ro OOKJIaJKaX BO3HHUKACT
3apsij, MePUOAMYECKH HAKAIUITMBAIOIIMICSI U CHUMAeMbl MEepEeMEHHBIM
TOKOM | :

g=|I(dr . (10.17)



HpI/I 9TOM Ha KOHJACHCATOPC BO3HUKACT HAIIPAKCHUC

Uc —E—Ejl(t)dt—_[] coswtdt = ésma)t (10.18)

TakuMm oOpazom,

U. = C{_ os(a)t——) =U, cos(a)t——) =1, X, cos(a)t—z) ) (10.19)

A€ BEJIMYKUHA

Uy |1
Xe="f"= 15 (10.20)

Ha3bIBAETCSI  €MKOCTHBIM  comnpoTuBiieHHeM.  COOTBETCTBYIOIIAs
BEKTOpHAas quarpamma nzobpaxena Ha puc. 10.5. Hanpsiokenue Ha

Puc.10.5. Bexkmopnas ouazpamma 0ns ciydas ¢ eMKOCmbio.

KOHJIeHcaTope, cornacHo (10.19), oTcraeT ot ToKa Ha /2, MOATOMY, Kak
U B Cllyyae WHIYKTUBHOCTH, TOK Ha KOHACHCATOPE MEPUOJUYECKHU
TepsieT (Ipu 3apsaKe) u noiyyaer (mpu paspsake) sHepruto. [Ipu stom
CpelHee 3HAYEHHE MOIIHOCTH TEPEMEHHOr0 TOKa Ha HJeaJIbHOM
KOH/JIEHCATOpE 3a nepuo OyAeT paBHO HYJIIO.

B KOMIUIEKCHOM TpEACTaBICHUU HANpPSHKEHUE Ha KOHJEHCATOPE
HAXOJIUTCSI B COOTBETCTBUU C (POpMyiamMu:

~ q 1 iot I, iwt 1~
U.=—=—11 dt = —— = 1. 10.21
¢ '[ 0¢ ia)Ce ioC ( )

AHaJOTMYHO UHIYKTUBHOCTHU 3/I€Ch TaK)K€ MOXKHO 3aIlMCaTh 3aKOH
Owma B BUJE:

g.=TX., (10.22)
1€ BCJIIMYWHA
. U 1 1 j
gy Yo 1 _ L dmn_y w2 (10.23)



HOCUT Ha3BaHWE KOMIUIEKCHOTO COMPOTUBIICHHS, WJIM HMIIEIaHCa
emkoctu. CormacHo (10.23), Momynb wuMIEgaHca COBIMAJAeT C
E€MKOCTHBIM COINPOTHBJICHUEM, a apTyMEHT - C Pa3HOCTHIO (a3 MEKITy
ToKkoM | 1 Hampsixenuem Uc.

1.4. Ilocneooséamenvnas RLC-yenouka

BepHeMmcs k ucxoaHo emnu, nuzoopaxennoit Ha puc. 10.1. Tak kak
BCE BJIEMEHTHI LIENH COEIUHEHBI IOCIEAOBATEIbHO, TO MIHOBEHHOE
HaNpsHDKCHUE Ha BCEH 1IEMM PaBHO B KaXKIbIH MOMEHT BPEMEHH CyMMeE
MTHOBEHHBIX HANPSKEHUN HA KaXKJIOM U3 HUX:

U=Ur + U+ Uc. (10.24)

B MeToze BEKTOpHBIX Auarpamm Kaxaoe ciaaraemoe B (10.24)

Uwo
Jio- Uco Uo
o
O
Uro o X
Uco i

Puc. 10.6. Bexkmopnas ouaepamma onss RLC-yenu

B J0OOM MOMEHT BPEMEHU TMPEACTABISETCA B BHUJIE MPOSKIUU
COOTBETCTBYIOILIETO BEKTOpPa Ha HEMOABIXKHYIO och OX. Ho mockonbKy
CyMMa TPOCKIIMH BEKTOPOB paBHA MPOCKIMH WX cymmbl, B (10.24)
BMECTO TMPOEKIMI MOXKHO CKJIaJIbIBaTh CaMH BEKTOpa, a MPOEKIHIO
HAWTH B KOHIIE BBIYMCICHUNA U, TaKUM O0Opa3oM, OT CJIOXKCHHUS
TPUTOHOMETPUYECKUX (PYHKUIHUM TeperTu K Oosiee HarisIHOMY
CJIO’KEHUIO BEKTOPOB. B MCIIOJIB30BaHUM 3TOTO MPHUEMa U COCTOUT METOJ
BEKTOpHBIX auarpamm (puc. 10.6).

[ToctpouB BekTOpHyr0 nauarpammy s RLC-menu, Haxoaum
amutyny U 1 HauansHyI0 (pa3y o HanmpsHKEHUS:



U0=\/U,§O+(ULO ~U.)* =1, \/R2+(XL ~X_.)? =10\/R2+(03L—$)2 , (10.25)

U,,-U, X, —-X, oC
tg &= = = : 10.2
g 0 U, R R ( 0 6)

3nast Up 1 0, MOXKHO 3amucaTh BBIPAKEHHUE ISl MTHOBEHHOTO 3HAYCHUS
HaATPSHKCHHUS:
U=Uocos (wt+ o) . (10.27)
Cornacao (10.25), (10.26), ammumryna nHampstkerwus Uo mpsmo
OponopuMoHaibHa aMmIuiutyge Toka lg, a caBur ¢a3 o OT TOka He
3aBucuT (3akoH Owma g  nepeMmeHHoro Toka). Koadduiment
MPOIMOPIIHOHATILHOCTH
Z=Ug/ g (10.28)
HA3bIBACTCS MOJHBIM COTIPOTUBIICHUEM IIEITH.
s mocnenoBarenbHoit RLC-mienouku u3 (10.25) momydaem:

Z =R +(X,-X.) = \/RZ +(a)L—$)2 : (10.29)

Kax Bugno u3 (10.29), ayis neneil nepeMeHHOro Toka 3aBUCUMOCTb
MOJIHOTO CONMPOTHUBJIEHUS Z OT CONPOTUBIECHUU OTAEIbHBIX 3JIEMEHTOB
OoJiee CoXKHasl, YeM JIJIs LIeTel MOCTOSTHHOTO TOKA.

B Merone ummnegaHCOB HCMOJNB3YETCS AHAJOTUYHBIA TPUEM: B
KOMIUIGKCHOM  TPEACTaBIICHUU  Kaxkgoe ciaraemoe B (10.24)
3aIUCHIBACTCA B BHUJE JCHUCTBUTEIBHOM YAaCTU COOTBETCTBYIOLIEH
KOMILUIEKCHON (DYHKIIMHM, MOITOMY CHadajia MOXKHO CJIOXUTh (YHKIIUH
U,,U,,U.,a3aTeM HalUTU ICMCTBUTEIbHYIO YaCTh.

U=U,+U,+U.=T(R+X,+X_.), U=ReU. (10.30)

Takum 00pa3oM, KOMIUIEKCHOE TMPEJICTABICHUE IO3BOJISET
3anucaTh 3akoH OMa HE TOJBKO JUIsl aMIUIMTYAHBIX, HO W s
MTHOBEHHBIX KOMITJIEKCHBIX 3HAUCHUI TOKA U HAIIPSYKCHUS :

U=17, (10.31)
I7I€ BEJIMUUHA

7-R+X,+X. :R+i(a)L—$) (10.32)
HA3bIBACTCS KOMIUJIEKCHBIM COMNPOTHBIICHHEM (UMIIeaHcOoM) 1enu. B
(10.32) uMmmenaHc 3amucaH B ajareOpamyeckorl dopme Z=R+iX, TJe

R=ReZ TPpENCTABIAET aKTUBHOE CONPOTHUBICHUE 1IETU, a MHAMAs 4acTh
T 5 — _ VA
X=ImZ=X,-X.=oL- A) c - DEaKTUBHOE COIPOTHUBIICHHE.

B nokazatenbHoi popMe uMIeaaHC MU 3aMChIBACTCS:



Z=ze" (10.33)
I7I€ MOJTYJIb

Z=R*+X*= \/Rz +(a)L—$)2 (10.34)

COBIIAJIaeT C MOJHBIM conpotuBaeHueM renu (10.29), a aprymeHT o - ¢
pa3HOCTBIO (pa3 Mex Ty TOKOM 1 HanpspkeHueM (10.26):

1
¥y “tTec
go="p="p - (10.35)
Kaxk Bugno u3 (10.32), umnenanc Z njis 1neneid mepeMeHHOTo ToKa
B OTJIMYME OT MOJIHOTO COMNPOTHUBJICHHS Z HAaXOAUTCS MO TEM JKE
mpaBujiaM, 4TO U COMPOTHUBIICHUE 1I€NIEeH MTOCTOSHHOTO TOKA. DTOT (hakT
NpeJCTaBIsieT Cco00M OJHO M3 OCHOBHBIX JIOCTOMHCTB METOJIa

MMIIEJaHCOB.

2. Basicnvle uacmmuuwie cnyuau

[Ipu BbImonHeHuu nabopatopHbix pador NeNe 10 m 11 Oynyt
BaYKHBI CJICAYIOIINE YACTHBIEC CITy4Yau:

1. KaTymika MHAYKTUBHOCTH, UMEIOIIAsl AKTUBHOE CONPOTUBIICHHUE
RL . B aTom ciydae:

R.=0,Z=\R2+X} =R +(0 L)* . (10.36)

M3  3TOro  COOTHOWIEHUS  MOXHO  ONPENCIIUTh  PEAKTUBHOE
CONPOTUBJIEHUE U UHAYKTUBHOCTbD:

X, =\Z°-R> ; L =—“Z;RL : (10.37)

2. beauHnyKTHBHAS LENb:
1
R, =0, Z=R:+ X2 = |R+ @O (10.38)

M3 3TOro COOTHOIIEHUS MOXKHO BbIPpA3UTb PCAKTUBHOC COIIPOTHUBJIICHUC
N €EMKOCTb:

1

Xo.=Z" - R; , C:m. (1039)

Ecmu COIIPOTHUBJICHUCM MOABOAAIIMUX IIPOBOJOB W IIOTCPSIMHU B

TURJIEKTPUKE KOHAEHCATOpa MpeHeopedbh, TO

1
R =0, X.=Z, C=—. (10.40)



B o0oux ciyyasx moiaHoe COnpoTUBICHUE Z MOXKHO OMPEACIUTH
UCXOJIs U3 MoKa3zaHui amiepmerpa lroe 1 BoabTMeTpa Usoo

z = Yoo (10.41)

]3!13(17.

3. Ilopaook eévinoinenus pabomot

B nanHoli paboTe HEOOXOIMMO MOCJIEAOBATEILHO BBINOJIHUTH
HECKOJIbKO  yMpaKHEHUH, KakJA0€ H3 KOTOPHIX peIIaeT 3ajaady
U3MEPEHHS TeX WJIM WHBIX I[apaMeTpOB  M3ydyaeMOW  IICTH,
nzo0paxkeHHoit Ha puc. 10.1. ITocne 3Toro Bce MolydeHHbIC BETUYMHBI
aHAJM3UPYIOTCS BMECTE B paMKax BBIMOJHUMOCTH 3akoHa Owma s
MIEPEMEHHOT0 TOKA.

3.1. ¥Ynpasxcuenue 1. Hzmepenue emMKocmnozo conpomueienus u
eMKocmu KOHOeHcamopa

4|

C Ro
|
|

K/\

—
)
\D V)

Puc.10.7. Cxema 0ns usmepenusi akmugHo20 COnpoOmMueIeHus: U eMKoOCmu
KOHOeHcamopa

1. CoGpath 1iensb o cxeme, n300paxkeHHou Ha puc. 10.7, B KOTOpoii:
- B Ka4eCTBE HMCTOYHUKA MEPEMEHHOI'0 TOKa HUCIOJIb3YETCS T€HEepaTop
CHUTHAJIOB 3BYKOBOM 4acTOThl ['3-33,
- MEPEMEHHBIM  COMPOTHUBJICHHUEM I SBJISETCS  BHYTPEHHUH
MOTEHIIMOMETP T'eHeparopa,
- JUIA UM3MEPEHHS HaMNpsOKEHUST Ha KOHJEHCATOPE HCIOJb3YeTCs
BOJILTMETP V1, JIJIsl U3MEPEHUS CUJIbI TOKA - MApAJIJICIbHO COCTMHEHHBIE
ATAJIOHHOE COMpoTUBJICHUE Ro 1 BoapT™MeTp V2 . BenuunHa 3TanoHHOTO
conpotuBieHuss paBHa 1 OM, MOITOMY HampsKEHHWE Ha HEM,
U3MEPEHHOE BOJBTMETPOM V2 M BBIPAXKEHHOE B BOJbTaX, YUCICHHO
paBHO CWJIe TOKa, BBIpAKEHHOW B ammepax. B kadecTBe BOJIHTMETPOB
UCIIONB3YIOTCS YHUBEpCabHbIE 1UppoBbie prbdbopsl B7-16.



2. BKIIOYUTP U TOPOrpeTh TEHEPATOP U BOJBTMETPBL, YCTAHOBHUTH
gactory Vv = 700 ['m u, MEHSIA TOK 4Yepe3 KOHAECHCATOP C IMOMOIIBIO
peoctata I, BBIIOJIHUTh HE MEHEE TPEX HU3MEPEHHN CHIIBI TOKa U
Hanpspkenus.  [lo  dopmynam  (10.39) BbIYMCHHTH pEaKTUBHOE
CONPOTUBJICHUE KOHJIEHCATOpa, €ro eMKOCTh. [Ipu pacuerax KpyroByro
4acTOTY ONPENESIIOT 1Mo popmynie @ = 27v. Pe3ynabTaThl NPEICTABUTD
B BUJIE TaOJIULIBL:

Ta6muna 10.1.

I/I3MepeHI/Ie PCAKTUBHOT'O COIIPOTUBJIICHUA U CMKOCTHU KOHACHCATOPA

quyqy,, B |3q>q)., MA XC ) Om (Xc)cp, Om CCP, MKOD

3.2. ¥Ynpayxcuenue 2. H3zmepenue axkmugHbvlX U pPeaAKMUGHBIX
CONpPOMUGIEHUN KAMYuieK WHOYKMUGHOCMU

B ornuyue oT KOHAEHCATOPOB, KATYIIKH WHIYKTUBHOCTH OOBIYHO
UMEIOT 3HAYUTENIbHBIE MOTEPHU, CBS3AHHBIE B OCHOBHOM C AKTHUBHBIM
COMPOTUBJICHUEM OOMOTKH. [[J151 €ro M3MepeHus KaTylliKa BKIIOYAETCs B
LEeMb MOCTOSIHHOTO TOKa (B 3TOM ClIydyae PEaKTHBHOE COMPOTHBIICHUE
orcyTcTByeT). 1lolHO€ M peaKkTUBHOE CONMPOTHUBIICHUS HU3MEPSIOT TMPHU
BKJIFOUCHHH B ILIETb IEPEMEHHOTO TOKA.

3.2.1. U3mepenue akmugHvIX CONPOMUBICHUI KAMyuleK

NIl
-
@) I
Re L, _1.4.2
I J
L2

©

Puc.10.8. Cxema 0nsa usmepenus akmuHvlX CONpPOMUBIEHUN KAMYUuleK



1. Cobpats cormacHo puc. 10.8 cxemy, B KOTOpO¥:
- B KadectBe ucTtouHuka nutaHusg (MII) ucnons3oBaTh BBINPSIMUTEND
BC-24M,
- BoIbTMETPBI V1 ¥ V2 , KaKk U B NEPBOM YIPAXKHEHUH, CIIyKaT IJIs
U3MEPEHUS HAIIPSKEHUSI U CUIIBI TOKA COOTBETCTBEHHO,
- xmou K B momoxkennm 71”7 BKIOYAEeT B LENb 4YacTh KaTYIIKH,
UMEIONIYI0 MHAYKTUBHOCTh L1, a B mosioxkeHuu ~2” - BCIO KaTyIIKY,
UMEIOIIYI0 UHIYKTUBHOCTH L .
2. IlocTaBUTh BOJIBTMETPBl B PEXKUM H3MEPEHHUS MOCTOSIHHOTO
HAIpPSKEHUS U, MEHSIS C IOMOIIBIO peOCcTaTa CUTy TOKa 4Yepe3 KaTyliKy,
OPOBECTU ISl KaXKJAOW HMHAYKTUBHOCTM HE MEHEE TpeX H3MEpPEHUIt
HaIpsDKeHUs U cuibl Toka. [lo pesynbTataM M3MEpEHHil BBIYUCIUTH
aKTHUBHBIE  CONPOTUBIICHUS]  KaTymiek. Pe3ynbTaThl  U3MEpEHHUi
IPEACTaBUTH B BUJIE TAOJIMIIBI:

Tadmua 10.2

N3mepeHune akTUBHBIX COMPOTUBIICHUN KaTyIIIEK

Unoct., B | lmoct.,MA | RL,OM | (Rucr,OM
L1 (127 B”)
Lo (220 B”)
3.2.2. H3mepenue  peakmuenvlX  CONPOMUBIEHUIL u

UHOYKMUGHOCMU KAMYUIEK

I. OtkirounTh OT LenU BHIIpIMUTENs BC-24M U NOJAKIIOYUTE LENb K
reHeparopy ['3-33. YcranoButs yactory v =700 ['m.

2. IlepeBectT BOJBTMETPHI B PEXKUM U3MEPEHUS IEPEMEHHBIX
HAIpPSHKEHUM U BBITIOJIHUTH HE MeHee Tpex uaMepeHut Usoo, U Iroo, 1715
Kaxaon karymku L1 u L. TTo popmymam (10.37), (10.41) BeraucauTh ux
MOJIHBIC W PEAKTUBHBIE COMPOTUBJICHUS, UHIYKTUBHOCTh U TIPOBEPUTH
CIIPaBEIMBOCTh 3aKOoHa OMa JJisl IEPEMEHHOT0 TOKa, TEKYLIEro 4Yepes
KaTYIIKy WHIYKTUBHOCTH.

Pe3ynbraThl U3MEpeHU U BHIYUCIICHUN 3aHECTH B TAOJIHILY:



Ta6muua 10.3
N3mepenne peakTUBHBIX CONPOTUBJIECHUN U HHIAYKTUBHOCTEU

KaTyIIeK
Usoo, | oo, Z., (Zu)ce, | (Xiep, | Lep,
B MA Om Om Om Ml 'H
L1 (127 B”)
Lo (220 B”)

3.3.  Vmpaxcnenue 3. Ilposeepxka  3axkona Oma @
nocnedooeamenvnoui RLC - yenu u onpeodenenue ee nonnozo
CONpoOmueieHuA

vry il e SN
' C
W~ mil
F
R . 1J2
0 1 |
L2
©
Puc.10.9. Cxema RLC-yenu
1. Cobpatp cxemy cormacio puc. 10.9. B Heli »3TanoHHOE

conpotuBiieHne Ro, karymka Ly (unu Lp) u konaencatop C oOpazyroT
nocienoBarenbHyto  RLC-niens. HasnaueHue 351eMEHTOB aHAJIOTHYHO
OPEABIAYIIAM YIIPAKHEHUSIM.
2. M3Mensis cuily TOKa B LEMH C MOMOIIBK PEOCTaTa, MPOBECTU MO TPH
U3MEPEHUS] HAMNPSKEHUS I KaXKIOTO TMOJKIIOYEHHS KaTyIIKA H
ONPEACIUTh SKCIEPUMEHTAIBHBIE 3HAYEHUSI TMOJIHOTO COMPOTHUBIICHHUS
o opmyite (10.40).
3. Ucnonb3ys pesynbtarsl Beiunciaenus C, L u RL w3 ynpaxkHenuii 1 u

2 u YUYUTBIBAA 3TAJIOHHOC COIIPOTHUBJICHUC Ro

no ¢opmyne (10.34),

BBIYHUCIINTb TCOPCTUYCCKOC 3HAYCHHC IIOJIHOTO COIIPOTHUBIICHHUA H



CpaBHHUTb €TI0 C OJBKCIICPHUMCHTAJIbHBIM. PGBYHBT&TBI I/I3M€p€HI/Iﬁ 41
BBIYMCJICHUH IMpCACTaBHUTbL B BUJIC Ta6J'H/IHBII

Tabmnuia 10.4
N3mepenue nosnHoro conporubiienus RLC - nenu

Usoo, | oo, | Zoken, | (Zokcm)ce, | Zteop,
B MA Om Om Om

RCL; (’127 B”)

RCL: (220 B”)

4. OueHuTh TMOTPemHOCTH 3KcrnepuMenTa. ChopMyIupoBaTh BBIBOJIBI
o pabore.

KoHTpoJIbHBIE BOTPOCHI
1. Yto Takoe 3¢hPexkTUBHOE 3HAUYCHHE TOKa W HampsikeHus? Kak oHu
BBIYMCIISIIOTCSA?
2. 3amummute 3akoH Oma I MepEeMEHHOTO TOKa B BEIIECTBEHHOU
dbopme. UTo Takoe MoTHOE COMPOTUBIICHHE?
3. 3anummuTe 3aKkoH Oma 15l TIepeMEHHOTO TOKa B KOMILJIEKCHOM (hopMe.
Yro Takoe uMIegaHc e’
4. Kakoii cMBICII UMeeT JICHCTBUTEIbHAS U MHUMAs YacTH MMIICJaHCca,
€ro MOJIENIb U ApTYMEHT?
5. N300pa3ute BEeKTOPHbIE AUATPAMMBbI JJIsl pa3HbIX CIIy4acB.
6. 3anummuTte GOPMYIIBI IJI PEAKTUBHBIX COMPOTHBJICHUM.
7. Kak u3MepsroTcs akTUBHBIE U PEAKTUBHBIE COMPOTUBJICHUS B PaMKax
TAHHOU pabOoThI?

Jluteparypa
1. Kanawnuxos C.I. InektpuuectBo. M.: Hayka,1987.
2. Cusyxun J{.B. Obmmit kypc ¢usukn. T.3. DnekrpuaectBo. M.: Hayka,
2004.
3. Jlabopamopnuvie 3ansmus no ¢uzuxe / Ilox. pen. JIJI. I'onpauHa. M.:
Hayxka, 1983.



JlabopaTopnasi pabora Nell

MOCTOBbBIE METO/1bl UBMEPEHWSI PEAKTUBHBIX
CONNPOTHUBJ/IEHUH

Heﬂb paﬁombl: O3HAKOMJIEHUE C KIACCUYECKUMU Memooamu
UBMEPEHUA pedKNMUBHbLX COI’lpOWlUGJl@HUZJ npu nomouiu Mocmoeblx CXem.

Ilpubopst u npunadnexcHocmu: J1aOOpamopHbuIll.  Maxkem,
eenepamop  13-109, munrusonommemp B3-39, 0sa maeazuna
conpomuenenuti MCP-63, koHOeHcamop, kamywika UHOYKMUBHOCHU,
084 S5MAIOHHbIX CONPOMUBIEHUSL, COeOUHUMENbHbLE NPOBOOA.

1. Kpamkasa meopus

MocTOBbIE CXEMBI IIIMPOKO UCIONB3YIOTCS B PA3JIMYHBIX 00JIACTSIX
AJEKTPOHUKH. Tak, B CHCTEMax YNOpPaBICHHS OHU YCTAaHABJIUBAIOT
HaJau4ue pazdaiaHca MEXIy JBYMsI HaNpsDKEHUSIMH, HA OCHOBE YEro
BbIPa0AThIBACTCS CUTHAJI KOPPEKIHU OTKJIOHEHUS KOHTPOJIUPYEMOTO
napaMeTpa OT 3aJlaHHOM BelnunHbl. KpomMe TOoro, OHM MOTYT
NPUMEHSATBCS B CHCTEMAxX CUUTHIBAHUS IIEPEMEHHBIX, B MCTOYHUKAX
NUTaHUs, HEKOTOPBIX CXemax JeTeKThpoBaHus. OpHako HauOobllIee
IPUMEHEHUE  MOCTOBBIE  CXEMBl MOJYYWIM [PU  HU3MEPEHUAX
COIIPOTHUBJICHUM, EMKOCTEM W WHIYKTUBHOCTEM, a TaKX€ 4YaCTOTHI
CUTHaJA.

1.1. Mocmul nepemennozo moka

Jnst  W3MEpeHHsT PEAKTUBHBIX CONPOTHUBJIEHUWA  CYIIECTBYET
MHOKECTBO Pa3HOOOPa3HBIX MOCTOBBIX CXEM, Pa3IUYaloOlUIUXCs BUIOM
U3MEPSEMOM  HArpy3KM W yPaBHOBEIIMBAIOIIMX  JJIEMEHTOB
(pe3uCTUBHBIC, EMKOCTHBIC WM UHIYKTUBHBIE), & TaKXKe CIIOCOOOM HX
BKJIIOUEHHUsA. Bce OHU TO3BOJIAIOT OMNpENeNsiTh 00€ XapaKTepUCTUKHU
PEaKTUBHOIO COMPOTHUBJICHUA: Z 1 o uiu R u X,

1.1.1. Mocm Makceenna

Paccmorpum Gosnee moapoOHO MocT Makcsemia (puc. 11.1),
KOTOPBIA UCIIONB3YETCS B JAaHHON paboTe IS U3MEpPEHUs aKTUBHOW U
PEaKTUBHOM  COCTAaBIAIONIMX  MOJIHOTO  HMIIEIAHCA  KaTyIIKH
WHJIYKTUBHOCTH. B HEM KaTylika ¢ HEM3BECTHBIMU UHIYKTUBHOCTBIO Lx



U aKTHUBHBIM COIPOTUBICHUEM Rx ypaBHOBENIMBAETCA PE3UCTUBHO-
eMKOCTHBIM compoTtubieHreM Ri, C. KommeHcamus MocTa 3aKitodaeTcs
B TOM, UTO TMPH 3aJaHHOM OJTaJJOHHOM CONpPOTUBJIEHUU Ry
MOCJIEA0BATEIbHO MOAOUPAIOTCS Takue conpoTuBiaeHUsl R; u Rz, 4To0bI
TOK 4Yepe3 rajibBaHOMETp He mnporekan. OgHaKo AJis 3TOr0 MOTEHIMAIIbI
Touek C u D ODKHBI COBIazaTh Kak [0 aMIUIMTY/e, TaKk U 1o (dase.
[TosToMy, 4YTOOBI ypaBHOBECUTh MOCT IO O0O0OMM TMapaMeTpam,
HEe00XoIUMO mooupath 00a conporuBieHus R u Rz , a He o/1HO, Kak B
MOCTE YUTCTOHA IIOCTOSSHHOIO TOKAa. MOCT € IIOMOIIBIK) OJHOIO
YpaBHOBEIIMBAHUS TIO3BOJISIET OMPEACIUTh 00a IMapaMeTpa Harpy3ku
(mammpumep, R u X). lns pacuera MocTa mepeieM K SKBUBAJICHTHOU
cxeme (puc. 11.2), 3aMEHUB CONPOTUBIICHHE KaXJOro IIjIeda
COOTBETCTBYIOIIUM UMIICTAHCOM:

C
[l
[N
L I, Z, C Z i
—>
el — T —
B A B
= —{ 1 i ——
4 T, Z. D Z, T,
O o
i zL’J‘
Puc.11.1. Mocm Makceenna Puc.11.2. Dxeusanenmnas cxema
Z,=R,,
Z,=R,+X, =R, +ioL, , (11.1)
111 _
==—+4+—==—+iow C y
Zl Rl XC Rl
Z, = R,

[Ipu BEIOpaHHOM HaINpaBJICHUH TOKOB YCJIOBUE PABHOBECHS MOCTA
3aITAIIETCS:

T,-T.,7T.-T,, (11.2)



N3 3Tux paBEeHCTB B COOTBETCTBUMU C 3akoHoM Owma s
NEPEMEHHOI0 TOKA MOJy4aeM:

u, =17,,U0, =127,
NAC Nl NS NAD NZ NX (11.3)
CB:IIZI 5 UD8212229
OTKYI[a CJICI[yeT YCJ'IOBI/IG paBHOBeCI/IH MOCTa
Z. 7 . . 7
Z_X = 79 Wil Z, =7,= . (11.4)

[TogcTaBisiss B MOJYyYSCHHOE BBIPAXKCHUEC 3HAUCHHUS HMIICIAHCOB
(11.1), momyuum:
1
RX+ia)LX:R3R2(Rj+ia)C)_ (11.5)
1
[TpupaBHUBas clieBa M CIpaBa JCHCTBUTEIbHBIC 1 MHUMBIC YaCcTH

IpYT apyry, moxydum dhopmyibl 1 pacuera Rx n Lx :

R
R, =R3R%, L,=R,R,C . (11.6)
1
Kpowme Toro, katyiika xapakTepusyercs 0e3pa3MepHbIM MapaMeTpoM
o L
O=1g6=——"=0RC, (11.7)

x
Ha3bIBAEMBIM JOOPOTHOCTHIO KaTYIIKH, 3aBUCSIIUM OT YaCTOTHI.
OTMeTUM, YTO CYIIECTBYET €AMHCTBEHHOE 3HaueHue Ri u Ry, mpu
KOTOPBIX JOCTUTAETCS PAaBHOBECHUE MOCTA, IIPUYEM OTO YCIOBHUE HE
3aBUCUT HU OT YaCTOTHI, HU OT aMIUIUTYIbl IEPEMEHHOTO HANIPSKEHUS.

1.1.2. L u C - mocmuxu Yumcmona

Moctuk VYuTCTOHA Ha TEPEMEHHOM TOKE MOXET ObITh
UCIIOJIb30BAaH Kak [JIi W3MEPEHHs] CONPOTHBIEHUM, TaK MW JJiA
U3MEPEHUS] HMHAYKTUBHOCTH WM €MKOCTH. WMHIYKTHBHBIA MOCT
uzobpaxkeH Ha puc. 11.3,a. Ilpy HamMuuu TEPEMEHHOrO0 TOKa
WHJIYKTUBHOE€  PEAKTUBHOE  CONPOTUBIICHUE  BBI3OBET  MAJICHHE
HalnpsHKEHUsS Ha KaTyIIKE WHJIYKTUBHOCTH AHAJIOTMYHO TOMY, Kak
HamnpsDKEHUE MaJaeT Ha PEe3ncTopax B Iwiedax mocra. [loatomy, ecin
naJIeHUe HanpsbKeHWs: Ha R paBHO MajieHuio HampsikeHus Ha Lx , MmocT
OyZeT ypaBHOBEIIICH U HEU3BECTHYIO BETMYMHY Lx , MOKHO OIpECIUTh
o hopMmye:



R,
Ly= LaR_ ) (11.8)

R1 R R1 R2
J S | S| 1 | | S|
Lo Lx Co Cx
| | |
—O0 O —O O
~U ~U
Puc.11.3,a. Unoyxmuesnwiti mocm Puc.11.3,6. Emxocmnoii mocm

rae Lo - u3BecTHas BemMuMHA UHAYKTUBHOCTH. J[JIsI €MKOCTHOTO MOCTA,
noka3zaHHoro Ha puc. 11.3,0, HE0OXOIUMO YYUTHIBATh, YTO €MKOCTHOE
CONPOTHUBIICHUE OOpaTHO MPOMOPIHUOHAIBHO BEJIWYHMHE E€MKOCTH.
ITosTOMy B COCTOSIHUM paBHOBECHS OTHOIIIEHHE conpoTuBieHu R u R
00paTHO OTHOIIIEHUIO €eMKOCTEH, TO €CTh

C=C (11.9)

2

rae Ch - U3BECTHOE 3HAUCHUE EMKOCTH.

1.1.3. Mocm Oeena

Pabota mocta OBeHa, TUITMYHAS CXE€Ma KOTOPOIo MpeJCTaBIeHa Ha
puc. 11.4, ocHOBaHa Ha COMOCTABIICHMU WHAYKTUBHOCTH M €MKOCTH. B
3TOM cxeMme Lx - Heus3BecTHass MHAYKTUBHOCTh, a Rx - pe3uctuBHas
COCTaBJISIIOIIAS] UTHAYKTUBHOIO COMPOTUBIICHUS. JJIs1 ypaBHOBEIIUBAHUS
MOCTa MOXKHO W3MEHSTh €MKOCTh KoHAeHcatropa Ci1 wWiM XKe
MOCJIEA0BATENbHO BKJIOUECHHBIN pe3uctop Ri. B cocTosiHnu paBHOBeCHS
MOCTa BEJTMYMHY UHAYKTUBHOCTH MOXKHO HaWTH 10 hopmyIie:

Lx = R1R3C2 , (11.10)
rae R» - u3BecTHOE ATaTOHHOE CONMPOTUBIICHHE. BennunHa pe3sucTuBHON
COCTABIAIOIIEN  MHIAYKTUBHOTO  COINPOTHUBIICHUS  ONPEACTACTCA
BBIPAXKECHUEM:
CZ
Re="¢cHs. (11.11)
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Puc. 11.4. Mocm Osena

1.1.4. Mocm Buna

Moct Buna (puc. 11.5) npumensiercss ajii U3MEPEHUS] YaCTOTHI.
Ero Takxe MOXHO MCIIOJIb30BaTh JJIs IPOBEPKU BEIUYMHBI EMKOCTH 11O
JAHHBIM CONPOTHUBJIICHUSIM W YaCTOTE€ MNPWIOKEHHOTO IEPEMEHHOIO
HanpsbkeHus. Eciu Cx = Cs , Rx = Ry u R2 = 2Ry, TO usMepsemas

qacToTa onpeAcACTCA CIACAYIOINM COOTHOIICHUCM:
1

f=Tarc. - (11.12)
R1 R2 Ry R,
— 31— . R
1 R @
[ :R In — t+—~— {1
| ] > (O Rx, Lx C R
Cx
—O0 o —O O
~U ~1J !
Puc. 11.5. Mocm Buna Puc. 11.6. Pezonancuwviii mocm

1.1.5. Pe3onancusiit mocm

CxeMa pe30HAaHCHOTO MocCTa TipuBeneHa Ha puc. 11.6. B
YPaBHOBEIIIEHHOM COCTOSIHUM TIJIEYO0 MOCTA, COCTOSILEE M3 DJIEMEHTOB
Rx , Lx , C1, Ha 9acTtoTe MPHIOKEHHOTO CHUTHAaja HaXOIUTCS B
pE30HAaHCEe, IOATOMY CXeMa CTAaHOBUTCS YMCTO PE3UCTUBHOMU. ITO
OOBSICHACTCS  TEM, YTO  PE30HAHCHOM  YacTOTE€  PEaKTUBHOE
COIIPOTHUBJICHUE KOHJICHCATOpPA PABHO MO BEJIWYHWHE M MPOTUBOIMOJIOKHO



[0 3HAKy PEAKTUBHOMY CONPOTUBIICHUIO KATYIIKHW WHAYKTUBHOCTH.
BcenenctBue 3TOro COOTBETCTBYIOIIME PEAKTUBHBIE COCTABJISAIOLINE
B3aMMHO KOMIIEHCUPYIOTCS U MOCT Pa0OTaeT KaK YHUCTO PE3UCTUBHBIM.
Pe3oHaHCHBII  MOCT  MOXKHO  HCIIOJIb30BaThb  JJII  U3MEPEHUS
VHAYKTUBHOCTH  WJIM  UMIIEJaHca. DBenuunHa  MHAYKTUBHOCTU
PE30HAHCHOI'O MOCTA MPHU BBINOJHEHUS YCIIOBUSI PABHOBECHUS CBS3aHA C

LIUKJIAYECKON YaCTOTOMU ciacayromumM COOTHOIICHUCM:
1

Ly="7%¢ . (11.13)
HewusBecTHas BenuuuHa Rx onpenensercs no dpopmyiie:
R3
Ry = R—2R1 . (11.14)

2. Ilopsaook eévinonnenus padomaot
1. CoOpatph Ha makere cxeMy Mocta Makcgemna (puc.11.1), B koTopoi
UCTOYHUKOM IEPEMEHHOro TokKa sBjisierca reHepartop [3-109,
WHJIMKATOPOM paBHOBECHs MoOcTa - MWuUMBOJIbTMETp B3-38, a
NEePEMEHHBIMU CONPOTUBICHUSAMU R1 U Ry - MarasuHel conpoTUBIeHUN
MCP-53. Kpome Toro, B pabote ucnosb3yrorcs kouaeHcatop C=2 Mx®d
U JIBa STAJOHHBIX COMPOTUBJICHUS.
2. Bxkmouuth reHepartop, ycTraHoBuTh dyactory V=700 I wu,
MOTIEPEMEHHO U3MEHSIS 3HaUeHUEe conpoTuBieHuid Ry u Ry, mpoussectu
ypaBHOBEILIMBAHUE MOCTA.
3. Ilo dopmynam (11.6) mocumtath 3HaueHuss Rx , Lx . Haiitu
TO0OPOTHOCTh KaTYyIIKW M TAHTE€HC yria MOTeph JJIsl JAHHOW YacTOTHI 11O
dopmye (11.7).
4. I3MEHUTh 3HAYEHUE COMTPOTUBIICHUSI R 1 MOBTOPUTH U3MEPEHUS.
5. HalTu moNHOE CONPOTUBIICHUE KATYIIKH WHIAYKTUBHOCTH Z TIO
dopmyiie (10.36). PesynbraTsl pabOThI IPEICTABUTE B BUIC TAOJHIIbL:

N3Mepenne XxapakTepUCTUK KaTyIIKU HHAYKTUBHOCTHU

Ro, | Ry, | Ry, | Lx, | Rx, | Zi, o |[tgd]| Q
Om | Om | Om | Mk® | MkI'H | OM | OM | pan/c




6. ChopmynupoBath BBIBOJIBI IO padoTe.
7. IIpoBecTH OLEHKY NOTPEUIHOCTA U3MEPEHUM.

KoHTpo/ibHbIE BOIPOCHI
1. TlpuBenutre mpuMeEpbl AKTUBHOTO U PEAKTUBHOIO COINPOTUBIICHUM.
Bcerna 1M  akTHUBHOE  CONPOTUBIICHHE  SIBIIIETCS  OMHUYECKUM
(pe3uctuBHbIM)? KakoBbl puznueckue NpUIrMHbI UX BOSHUKHOBEHUS?
2. KaxkoBbl  eQUHUIBI HU3MEPEHHS  HMHAYKTHUBHOCTH, E€MKOCTH,
conpotuBiieHus B cucteme CU? JlaiiTte ux onpenencHusl.
3. ['ne ucnonb3yroTcs U AJi Yero npeiHa3HaueHbl MOCTOBBIE CXEMbI?
4. B yeM MNpUHIMNHUAIBHOE OTJIWYHE MOCTOB TOCTOSHHOTO U
NIEPEMEHHOTO TOKA?
5. Hapucyiite cxemy mocta MakcBeiuia U CAEIAWTE BBIBOJ OCHOBHOWU
paboueit GopMyIIbI.
6. OO0BsAcHUTE, KaKk pabOTalOT CXEeMbl MOCTOB YHUTCTOHa, OBeHa, BuHa,
PE30HAaHCHOTO.
7. IloueMy npu ypaBHOBELIMBAaHUM MOCTAa HAIIPSKEHUE HE CHUKAETCS
110 HYJIEBOM OTMETKU?

Jluteparypa
1. Kanawnukos C.I'. Inextpuuecto. M.: Hayka,1987.
2. Cugyxun J[.B. O0muit kype pusuxu. T.3. DnexkrpuuectBo. M.: Hayka,
1977.
3. JlabopamopHnuvie 3auamus no ¢usuxe / Iloa. pen. JL.JI. ['onpauna. M.:
Hayka, 1983.
4. Kapanmoees K.b. MocroBele MeToAbl  u3MepeHuil. M.:
MammnnocTtpoenue, 1953.



JlabopaTopnast pabora Nel2

NCCIIEJOBAHUE SABJIEHUA PESOHAHCA B
QJIEKTPUYECKHUX HEIAX

Ilenv pabomwl: >KCnepumeHmanivbHOe NOJYYEHUE PE30HAHCHOU
KpUBOU, usMepeHue UHOYKMUBHOCIU U eMKOCMU  Pe30HAHCHbIM
MemoooM.

Ilpuoboper u npunaonexcnocmu: cmeno FOYpl'Y, cenepamop
CUCHANI08  CHEeYUANbHOU  (opmbl, MUHUOTIOKU «Kamywxkay,
«Konoencamop» u «Conpomuenenuey, Mynomumemp, cOeOUHUMENbHbLE
npoeood.

1. Kpamkasa meopus

Pe3oHaHCOM B AJIEKTPUYECKUX IEMSAX HA3BIBAIOT SBJICHHE BO3pPACTaHUS
aAMIUTUTYJIBl  YCTAHOBUBIIMXCS  BBIHYXKJICHHBIX  KOJICOAHHH  TIpH
OMpENIeIEHHON  YacTOT€  BHEUIHEro  BO3ACHCTBHS, OJNM3KOW K
COOCTBEHHOM  4YacCTOT€  CHUCTEMBI.  OJJEKTPUYECKHUE  PE30OHAHCHI
HAOMIOJAI0TCS B KOJEOATEIbHOM KOHTYpE - MMM, COCTOsIIIeH U3
KaTYIIKM WHIYKTUBHOCTM L ¢ axkTUBHBIM compoTuBieHueM R u
KoHAeHcaTopa eMmkoctn C. [l mnojadep:kaHus — HE3aTyXaroluX
KOJeOaHU B KOHTYpP BBOJSAT HMCTOYHUK IEPEMEHHOTO HaNPSKEHUS
U=Umcoswt. ®dusnueckoii OCHOBOW pe30HAHCA ABJISETCA OOMEH
PEAKTUBHOM DHEprued MeXAy EeMKOCTHBIMU M HMHIYKTUBHBIMU
ieMeHTaMu  (KOHJCHCATOpaMM W KaTylIKaMd HWHAYKTUBHOCTH),
BKJIIOYEHHBIMU B JIaHHYIO Iienb. Eciu 3Ta sHeprus mpoxXoAuT 4epes
UCTOYHUK (ITOCJIEIOBATENbHOE BKIIOYEHHE), TO HMMEET MECTO TakK
HAa3bIBAEMBIN PE30HAHC HANPAXCEeHUU, A €ClIM HE MPOXOJHUT Yepe3
UCTOYHUK (TIapaJijIeNIbHOE BKJIIOYEHHUE), TO HAOIIOJAETCS pPe30HAHC
moxog. PaccMOTpUM [1Ba BHJA PE30HAHCOB B JJIEKTPUUYECKUX LIETIAX
0osee moaApoOHO.

1.1. Pe3onanc nanpaxcenuil

SBneHne pe3oHaHca HANPSIKEHUM MPOUCXOINUT B LEMHU, COCTOSIIEH
U3 TIOCJIENOBATEIbHO COCIMHEHHBIX KATYIIKA WHAYKTUBHOCTU H
E€MKOCTH, TIPUBEJEHHON Ha puc. 12.1. 3anuimieM 1y TaHHOTO KOHTYypa
BTOpOE npasmwio Kupxroda st nepeMeHHOro ToKa:



IR+U. =—L%+Umcosa)t,

Puc.12.1. Ilocreoosamenvroe coeounenue L, R, C

rae IR - MMaJCHUC HAIIPSKCHUA HAa AKTUBHOM COIIPOTHUBJICHHH, Uc -

dl
HaIIpsOKCHUC Ha KOHACHCATOPC, — La - 9. 4.C. CAMOMHAYKIIMU B KOHTYPC,

Umcosot - BHEIIIHEE  HAIpsKEHUE. Orcroma  momyyaeMm
nuddepeHiinaabHOe YpaBHEHHE BBIHYXKIACHHBIX KojeOaHui Toka | B
HEMu:

d’l Rdl 1

_—— 4 — I—Q)UmSin oX.
dt Ldt LC

Ero pemenueM mnpu yCTAaHOBUBIIEMCS PEXKHME SBJISETCS 3aKOH
KOJICOAHUM:

I(t) =1, cos(at +p+77) (12.1)

AMIUTUTYZa BBIHYXKJICHHBIX KoJjeOaHui Toka |lm B 3TOM ypaBHEHUU
3aBUCUT OT I1APAMETPOB KOHTYypa U IUKIWYECKOW YaCTOThl BHEIIHETO
HaNpPsKEHUA @'

U, Un___Un (12.2)

I = =
\/R2+(a)L—%0C)2 JRZ+ X2 Z

m

rie Um - aMmmuTyga BHEIIHEro HamnpsokeHusi; Z - TI0JHOE
CONPOTHUBIICHUE NIEPEMEHHOMY TOKY (MMIMEAAHC LIeNu); X - PEaKTUBHOE
CONPOTHUBIICHUE KOHTYpA:

X=X ~XeiX =al;Xc =V .



Kak mokassiBaer ypaBHenue (12.2), MOKHO MMOA00paTh TaKyiO YacToOTy,
YTOOBI 0l = y c-1Ipp OTOM [OJHOE CONPOTHBJICHHE ILemH Oynaer

MUHUMaNbHBIM: Zmin=R, a aMIUIMTyZJa TOKa B KOHType —
MaKCUMaJIbHOM. Takoe sBJIEHME HA3bIBAKOT PE30HAHCOM HAIIPSKEHUM.
[TockonbKy HamNpsKeHWs HAa WHAYKTUBHOCTH W €MKOCTH OJIMHAKOBBI
(U.=Uc) u xonebmorcs B mpotuBodase, TO MX CyMMa paBHa HYJIIO, a
najgeHue HanpsbkeHus Ur MakcMManbHO Y PaBHO — BHEIIHEMY
HanpsikeHuro Um.

I (R)

1, (&)

Puc. 12.2. Pe3onaHncHbie kpusbie

3aBucuMoctd Im=f(w) nns pasnuunbix R (rpaduku pe3oHaHCHBIX
KpUBBIX) TpuBeneHbl Ha puc. 12.2. CormacHo YCIOBUIO pE30HaHCa
(XL=Xc) 3HaycHHWE pE30HAHCHOW YacTOTHI COBIAJaeT C COOCTBEHHOMU
4aCcTOTOM KOHTYpPaA @o:

= . (12.3)

WOppz =

¢ || —
@)

[IIupuna  pe30HAHCHOW  KPUBOW  3aBUCUT  OT  JOOPOTHOCTH

KOJ1e0aTeIbHOTO KOHTYpa:
L
== i
A7 R

rie A - JorapudMUUECKHUW JEKPEMEHT 3aTyxaHus. Yem MeHblle
BeJIMUKMHA R, TeM yXe Pe30HAHCHBIN IHK.

1N



1.2. Pe3onanc mokoeg
Pe3onanc TOkOB HaOmIomaeTcs B IICGHH, COCTOSAIICH W3
napajjieIbHO BKJIFOYCHHBIX €MKOCTH M HHIYKTUBHOCTH (puc. 12.3).
Ecnu akTuBHOE CONPOTUBJIICHHWE KOHTYpa R paBHO HyJIO, TO MpH
PE30HAHCHOU YaCTOTE
o, =t
PE3 \/E
B COOTBETCTBUH C yclioBUeM X =Xc¢ u 3akoHOM Oma nuMmeem:
U U

. =—;
L XL C XC
T.€. TOKM B MapajuiesIbHbIX BETBSAX oAMHAKOBHI (I.=Ic), HO ux KoyieOaHus
npoucxoasaT B mnpotuBodaze. [Ipy 3ToM B KOHTYpE IHUPKYJIUPYET
3HAYUTEIbHBIM TOK, a B IMOJBOJSIIMX MPOBOJAx TOK | CHUXKaeTcs 110

HYJIA. OTO ABJICHNUE HA3BIBAIOT PC30HAHCOM TOKaA.

[~

Puc.12.3. Pezonanc mokoe

2. Memoo uzmepenuii

M3MeHsisi 4acTOTy BHENIHETO HAIpsHKEHUs, II0JaBaeMOro Ha
KOJeOaTeNbHBIM ~ KOHTYp, M  M3MepsAs TMNpU OSTOM TOK  WIH
OpPONOPIIMOHATILHOE TOKY MaJE€HUE HANpPsKEHUST Ha aKTUBHOM
conpotupiieHud Ur, MOKHO TOCTPOUTDH pe30HAHCHYIO KpuBYI0 UrR=f(w).

B ciywae mocnenoBaTeNbHOTO — COCIMHEHUS  €MKOCTH |
WHIYKTUBHOCTH TIPU PE30HAHCHOM YacTOTE HAOIIOJAIOTCS MaKCUMYMBbI
HanpsokeHuss Ha conpotuBieHnn R (UR) M Toka, a HampspKeHHE Ha
yuactke LC MunumansHo. CrietoBaTeIbHO, MO MOJ0KEHUI0 MaKCUMyMa
pe3oHaHcHOM kpuBoM Ur=f(w) MOXHO ONpEACIUTh, 3HAYCHHUE



pe3oHaHcHOW wyacToThl. Popmyna (12.3) mo3BomsieT Mo HaWIEHHOU
4aCTOTE (WpE30 ONPEAETUTh UHIYKTUBHOCTh KOJIeOAaTeIbHOTO KOHTYpa L,
€CJIM U3BECTHO 3HaueHue eMkocTtu Co:

PE30 (12.4)

3aMEHUB KOHAEHCATOP C M3BECTHOW €MKOCThIO Ha KOHIEHCATOP C
HEU3BECTHOM €MKOCThI0 CX B KOHTYpE C TOW K€ MHAYKTUBHOCTHIO L u
U3MEPUB PE30HAHCHYIO 4YaCTOTY (PE3, MOXKHO OIPEACIUTH E€MKOCTb
koHjaeHcaropa Cy HO hopMyIie:

2
C, = C,| | | (12.5)
Wp3

I[lpy mapauiebHOM  COEOWHEHWHM  KOHJEHCAaTOpa ©  KATYIIKH
WHJIYKTUBHOCTM PE30HAHC B IIEMM MOXHO OOHApyXWTh MO
MUHHUMaJIbHOMY HAIpsPKEHUIO Ha CONMPOTHUBJIEHMUM R B 1enu KOHTypa
WIM TI0 MakKCUMaJbHOMY HampsbkeHuto Ha ydactke LC PeszonanchHas
4acToTa TAKXKE COBIAJAET C COOCTBEHHOM 4YAaCTOTOM KOJeOaTeIbHOTO
KOHTYpa o.

3. Onucanue ycmaHnoeKku

CxeMbl DJIEKTPUUECKUX LENel sl MCCIEIOBAHMUS PE30HAHCOB
npuBeqeHbl Ha puc. 12.4, MoHTaxkHas cxema - Ha puc. 12.5. Puc. 12.4,a
OMKCHIBACT BKIIIOUCHHE [IJI1 HAOJIOJCHUS pE30HAHCAa HANpsHKEHUH,
puc.12.4,6 — pe3oHaHCa TOKOB.

Puc.12.4. Dnekmpuueckue cxemvl 8KII0OUEHUU



Ha cxemax 0003Ha4€HBI:
1 - reHepaTop CUTHAJIOB CIIELUAIbHON (POPMBI;
2 - mynbTuUMETp (pexkum V~20 B, Bxoasr COM, VQ);
3 - Muan6J0K «CornpoTuBiaeHue» conporubieHrneM R=470 Owm;
4 - muan0II0K «KaTyikay ¢ HHIyKTUBHOCTBIO LX;
5 - Mmunn6a0K «Konaencarop» emkocthto C miu Cx.
[Tanenne wnHampsbxkeHuss Ur Ha comnpoTuBiieHHH R u3mepstor
MyJbTUMETpOM 2. B KauecTBe HMCTOYHMKA BHEIIHETO IMEPEMEHHOTO
HANpPsDKCHUST MCTOJB3YIOT TEHEpaTop HAaMpsDKEHUW — CHeluaibHON

(hOpMBI.

4. Ilopaook eévinoinenus padomul

1. Cobepure mnO MOHTaXHOM cXeMme, NpPUBEICHHOW Ha puc. 12.5
ajeKkTpuueckyro  nenb  (cM.  puc. 12.4,a), cocrosiyr0o U3
MOCJIE/IOBATENIbHO COEAMHEHHBIX KOHAEHCAaTopa M3BeCTHOM emkoctu C
(ee 3HaUEHUE BHECUTE B TAOIMILy) U HEU3BECTHOM MHAYKTUBHOCTH L.

2. Bxmounte kHomkamu «CeTb» mnHUTaHue OJIOKa TE€HEpaTOpOB
HanpspKeHUs: W Onoka myinbTUMeTpoB. Haxmure kHonky «VMcxomHas
ycraHoBKa». KHonkamu yctaHOBKH 4acToThl «0.2 - 20 k['» ycTaHOBHTE
yactoty v1=0.20 kI .

K reHeparopy curianos
cneyuansHoi opmbt
‘Buixon <

0B

Puc.12.5. Moumaosichas cxema 0151 pe30HAHCA HANPAHCEHUL



3. CoequHuTe HE3aACMCTBOBAHHBIN MYJIbTUMETD (pedrcum V~20B, 6xo0bi
COM, V) ¢ rueznamu «BpIxoJ reHepaTopa» W KHOIKAMH YCTaHOBKH
ypoBHS BbIxonma «0-15B» ycTaHOBUTE HaNpsOKEHHE Ha BBIXOJE
reHeparopa 2 B.

4. VYBenuuuBasi 4aCTOTy V BBIXOJIHOTO CHUTHAJIa TE€HepaTopa, HaWTH
MaKCHMaJbHOE HAaIpsHKeHUE Ha aKTUBHOM comnpotuBieHun Ur
COOTBETCTBYIOLYIO €My 4YacToTy Vvpgz. lIponmomkas yBennduBaTh
4acTOTy V, HaWIuUTE Takoe €€ 3HAuCHHUEe, KOorja HalpsokeHue Oyner
npuMepHO B 3-4  pa3a MeHbIIE MakCUMallbHOro. OtmersTe
COOTBETCTBYIOIIYIO YaCTOTY V2.

5. Paznenute 4acTOTHBIM MHTEPBANl V2 - Vpg3 - V1 HA 15 3HaYCHUU U 14
Ka)XKJ0M 4acTOThI V UBMEPHTE COOTBETCTRYIOIIEE HamnpspkeHue Ur. Baamu
OT PE30HaHCA U3MEPEHUS MOXKHO MPOU3BOJIUTH C OOJBIITUM WHTEPBAIOM
no yactore. BOau3u pe3oHaHca B 00JlaCcTH KPYTOro MojJbeMa U Criaja
KpUBOM UWHTEpBaJ CJEIyeT YyMEHbIIUTh. Pe3ynbTaThl HU3MEpEHUM
3aIUIINATE B TAOJIHITY.

6. Beikmounte kHomkamMu «CeThb» mNHUTaHHE OJIOKa TEeHEPaTOpPOB
HaIpsDKeHUsT U OJoKa MyJNbTUMETpPOB. 3amMeHute KoujaeHcatop C B
KoJe0aTeIbHOM KOHTYpe Ha Cx U TOBTOPUTE U3MEPEHHUS 110 MIl. 2-5 1S
MOJIyYEHUS €€ OJIHOM PE30HAHCHOW KPUBOMU.

7. Tlogkmiounte MYJIBTUMETP MapajuieNbHO ydacTky wmenu LxCx.
W3MeHsis 4acToTy reHeparopa B TOM € WMHTEpBajie, MpOoHAOI0alTe,
yTO BONMM3U Vpp3, sl Kotopod Ur ~ MakcMMalibHO, 3HAYCHUS
HanpskeHust U.c MUHUMAIIBHO.

8. Breikmounte kHOmMKamu «CeTb» TUTaHWE OJIOKA TEeHEPaTOPOB
HaIpsDKEHUsT U 0J10ka MyJlbTUMETpoB. CoOepUTe 3IEKTPUUECKYIO LIETh
(cm. puc. 12.4,6), cocrosmryto u3 kKoHaeHcatopa C (ee 3HaueHHE
BHECUTE B TaOJMIly) U HEU3BECTHOM HMHAYKTHUBHOCTU Ly. BbimomaHuTe
n.1. 2-5 u npoBeaute uamepenre Ur B TOM K€ 4aCTOTHOM JHara3oHe,
YTO W MPHU TOCJIEIOBATEILHOM COCIWHEHUHU. Pe3ynabTaTbl M3MEpeHUi
3aIUIINATE B TAOIHITY.

9. Beikmrounte kHOmMKamu «CeTh» TMTaHWE OJIOKA TEeHEepPaTOpOB
HaIpPsHKEHUS U 0JI0Ka MyJIbTUMETPOB.

10. [lo pgaHHBIM TaOIUIBI IIOCTPOMTE Ha OJHOM Tpaduke 3
pe3oHaHcHbie KpuBble Ur=f(v). OTMeTbTe 3HAYCHUS PE30HAHCHBIX
4acTOT KOHTYpa IO MOJIOKEHUIO0 MAKCUMyMa UJIM MUHUMYMa KPUBBIX.
11. Ilo BenuunHE pE30HAHCHOW YACTOTHI Vpr3 ISl KOHTYpa C N3BECTHOMU
emkocTbio C HaiiauTe o Gopmye (12.4) UHIYKTUBHOCTH KaTyIIkH Ly.



ITocnenoBatensHoe coenunerue L, 1 C | IlapamnensHoe coeinmeH

R=4700m, L, =..M®n LuC
C= ... Mxd, C= ? C= MKD,
Ve~ 7 KT Ve = ¢ KT L,= M'H
Ne v, I Ur, B 1T U B y T Up B
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12. Tlo BemWuMHE PE30HAHCHOM YaCTOTHI JJIs CIIydas HEU3BECTHOM
eMKOCTH KoHjieHcaTtopa 1o ¢opmyie (12.5) paccunTaiite HEM3BECTHYIO
eMKOCTh Cy. Pe3ynbTaThl BBIUUCICHUHN 3alIUIIATE B TAOTHUILY.

13. ITpoBenuTe aHaIU3 MOJTYYECHHBIX JAHHBIX.

KoHTpoJibHBIE BONIPOCHI
1. 3anumwure 3aKOH HW3MEHEHHWS TOKAa B IEMH NPH BBIHYKICHHBIX
KOJICOaHUSIX.
2. Ilpu kakoM ycCIIOBUM HAOJIOJIa€TCsl PE30HAHC B KOJIEOATEIHHOM
KOHTYypE?
3. KakoBa BelMuYMHA MOJTHOTO COMPOTUBIICHUS] KOHTYpPa U TOKa B HEM B
Clly4yae pe30oHaHca HampshKeHUH (MoClIeI0BaTEILHOTIO pe30HaHca)?
4. Yto xapaktepHo s BenuuuH Toka | u Hampsikenuid Uic, Ur nipu
pEe30HaHCe HaNpPsHKEHUM B KOJIEOATEILHOM KOHTYpE?
5. Uem 0OBsICHSIETCS, YTO MIPU PE30HAHCE HAMPSHKEHUH TOK B KOHTYpE
MaKCUMaJbHbI, a TpU PE30HAHCE TOKOB B TMOABOASANIMX K
KOJIe0aTeIbHOMY KOHTYPY MPOBOJIax T€YET HEOOIBIION TOK?
6. Kak sBieHue pe3oHaHCAa MOXKET OBbITh UCIOJIB30BAHO TS
onpeieNieHus HEU3BECTHBIX BEJIWYMH WHIYKTUBHOCTH L miam eMkocTu

C?

Jluteparypa
1. Jemnagp A.A. Asopckuit b.M. Kypc ¢duzuku. M.: Beicimias mikona.
1989.
2. Kanawnukos C.I". InextpuuectBo. M.: Hayka, 1985.
3. Cusyxun J[.B. Obmmit kypc ¢usuku. T.3. DnextpuyuectBo. M.:
®uszmatiaut, 2004.



JlabopaTopnasi padora Ne 13
NCCIEAOBAHUE MATTHUTHOI'O ITOJISAA COJIEHOUA

Ilens pabomowt: uzyuume pacnpeoenenue MASHUMHO20 NOJISL HA OCU
COJIeHOUOA, Onpeoenums 3a8UCUMOCb UHOYKYUU Om CUlbl MOKA,
npomexanwe2o no CoNeHouoy.

Ilpuboper u npunaonesrcHoCmu. UCMOYHUK NEPeMEeHH020 MOKA,
munnueonommemp B3-38, conenouo, coedunumenvHvie npoeooa,
usMepumenbHas Kamywka Ha JuHelKe.

1. Kpamkaa meopus

1.1. Hnoykuusa macHumHo20 noJis

N3 onbITa M3BECTHO, YTO MPOBOJHUKHA C TOKOM B3aUMOACHCTBYIOT
MEXIy coOoi. B3anmoneicTBHE TOKOB OCYIIECTBISICTCS uepe3 IIoJe,
Ha3bIBAEMOE MArHUTHBIM. JTO B3aUMOJICHCTBUE CKJIAJIBIBACTCS W3 JBYX
POLECCOB: IBUKYIIUECS 3apsibl IEPBOTrO MPOBOJHUKA CO31AI0T BOKPYT
ce0si MarHuTHOE TII0JIe, KOTOpPOe, B CBOIO OuYepelb, NCUCTBYET Ha
JIBHOKYIIHECS 3apsiibl BTOPOTO MPOBOJHKUKA. IJTO MOJIE BEKTOPHOE U €O
NPUHATO XapaKTEpHU30BATh BEJIIMYMHOM, HA3bIBAEMOM MArHUTHOMN
UHIyKIuen u obo3Havaromeiicss B. B cucteme CHY mMarauTHast MHIYKITUS
usMmepsiercsi B Tecaax (Tn). BaxkHbIM TPOSIBACHUEM MAarHUTHOTO MOJIA
ABJIAETCA TO, YTO €CJIM MarHUTHOE IOJIE, IPOHU3BIBAOIIEE HEKOTOPBIN
KOHTYp M3MEHAECTCA IO BEIWYMHE, TO B KOHTYpE HABOAMUTCA 3.1.C.
UHAYKUWU &  BEIMYMHA  KOTOPOM  OMNPEAEISieTCS  3aKOHOM
AJIEKTPOMArHUTHOW WHIYKIIHH:

do

S (13.1)

rae @ - MarHUTHBIN MMOTOK, MTPOHU3BIBAOIINN KOHTYD:

®=[ BdS. (13.2)

B nanHol paboTe 3TO sBIEHHWE TOJIOKEHO B OCHOBY H3MEPEHHS
BEJIMYMHBI BEKTOpA MAarHUTHOW MHAYKIUHA B cojeHoua.



1.2. Maznummnoe nonie na ocu conenouoa

ConeHounIoM Ha3bIBaeTCA HUIMHAPUYECKAs POBOJIOYHAS KaTYyIIIKA,
cxeMaTnyHo m3o0OpaxkeHHas Ha pwuc.13.1. Ilpegmomaraercs, drto
MIPOBOJIOKA paclpeiesieHa MIOTHO U PaBHOMEPHO, TaK UYTO YHUCJIO BUTKOB
OOMOTKM Ha EIWHUIYy JJIMHBI BJAOJb IUJIWHJIpA SIBISICTCS BEIUYUHOU
MOCTOSIHHOW M o0o3Hauaercs N. Takum 00pa3oM, TOK UJET IO CIUPAIIH,
HO €CJIM BUTKOB MHOT'O, OHU PAaCIOJIOKEHBI TIJIOTHO JPYT K APYry U Iiar
CIIUpAJId MajJ MO CPaBHEHHUIO C JMAMETPOM COJICHOWZIA, Mbl MOXXEM
npeHeOpeyb COCTABIIAIONICH TOKA BJIOJIb OCU U paccMaTpUBaTh COJICHOU/T
KaK COBOKYIHOCTb KOJEI] C TOKOM, OPHUEHTUPOBAHHBIX CTPOTO
NEPICHANKYIISIPHO OCU COJICHOHU/IA.

8
4

A}

Puc.13.1. Hzobpasicenue conenouda

Bkiaag dB B BeaMYMHY MAarHUTHOM HWHAYKIUUA B OT Kaxao0ro
majioro snemeHta mnposoaa dl ompenensiercs ypaBHennem buo-Casapa-
Jlariaca:

u, 1[dIr]
dB=-"">——, (13.3)
A r
rae | - cuna Toka, HpoOTEKaromiero uepe3 djaeMeHT mposoxa dl, r -

paccrosiaue ot dl 10 u3mMepsieMoit TouKH.

Ucnonw3ys ypaBHenue (13.3), BhIUMCIMM CHayaja TOJIE Ha OCHU
ONHOTO KOJiblla ¢ TOKOM. Kaxnpii  amement koiibua dl cosmaer
CBOC  MAarHMTHOE I10Jie, BEKTOP MAarHUTHOMW HMHIYKIMH KoToporo 0B
(puc. 13.2), neprneHIuKyIIsIpeH K I.



[TockonbKy, B CHIYy CHMMETPHH, IIOJIHOC IIOJIC HAa OCH JIOJDKHO OBITH
HaIpaBJICHO BJIOJIb OCH, MBI JIOJDKHBI PACCMOTPETh TOJILKO Z-KOMITOHCHTY
BekTopa dB:

dB, :% ﬂcosezﬂ |l 9. (13.4)

T r? A r® r

[Tocje HHTErPUPOBAHHMS IO BCEMY BUTKY ITOJIYUHM:
5 :,uOZﬂbZI:,uO b?l 135
“Tar v 2 (0P+2) (13.5)
e b - paguyc coneHounma.
Hcnonp3yst MONYYCHHBIA pE3ylbTaT, pPacCUMTaeM II0JC BHYTPH
coiaeHouga. JIjisg 3TOro pacCMOTPUM BKJIaa B HMHIYKIMIO 3JIEMEHTA

COJICHOM A, PACITIOJIOKCHHOI'O MCXKAY paauyCaMH, IPOBCIACHHBIMH U3
TOYKU Z U

Puc.13.2. K 61600y ¢hopmynvl macHumuo2o nojs Ha ocu 6UMKA ¢ MOKOM

00pa3yrouuMu ¢ 0CbI0 Z yriibl oT & 0o G+d6 (puc.13.3). [nuua 3TOro
ydacTka cojicHouaa OyneT paBHa ¢ d@ /sinf. DToT BKIa[ SKBUBAJICHTCH



BKJIaJy KOJjbIla ¢ TOKOM, paBHbIM dl = Inr d@/ sind. Ilockoabsky r = b/
SiNG, 3TO KOJIBIO JAACT CJACAYIONIMIA BKJIa Il B IOJIC HAa OCH:

g _Ho Izz In'rdﬁz 1, In
° 27r sin@ 2
HNurterpupys B npenenax ot 6y 1o 6> , HoJy4uMm:

sinf do (13.6)

0,

I 1
BZ:’u; nisin@cw:'u; n(COSQ_COS‘gz). (13.7)
Z
rd@
Sing”

Puc.13.3. K 6b1600y hopmyivl MacHumuo20 nojis Ha ocu COaeHouodd
Beipaxkas 61 u 6 depes L, b, u |, momyunm:

t ( L-1 [ )
—1In +

3ameruM, uto cormacHo (13.8) B 3aBucur ot | mo jWHEHHOMY
3akonHy. [loaToMy, eciu yepe3 coieHOu ] MPOTEeKaeT MePEMEHHBINA TOK, TO
3¢ PeKTUBHOE 3HAUYCHHE MArHUTHOM WHAYKIUK U 3hEeKTUBHOE

3HA4YCHUE CUJIbI TOKAa OyAYT CBs3aHbI TOM ke dhopmynoit (13.8), uro u mis
MOCTOSTHHOTO TOKa.

B=




2. Onucanue IKCnEpUMeHmaibHOU YCMaHOB8KU

Brinonnenue mabopaTopHOdl pabdOThl BKJIIOYAET HCCICIOBAHUE
MHJIYKIAM MAarHuTHOTO TOJIA HAa OCH COJICHOMJA B 3aBHCUMOCTH OT
MECTa PACIOJOKEHUS B COJEHOWAE M OT CHJIBl MPOTEKAIOLIEro 4Yepes
coneHous Toka. Cxema yCTaHOBKM TmpuBelicHa Ha pwuc.13.5. Uepes
COJICHOMJ ITPOITyCKAETCS MEPEMEHHBIN TOK ¢ yacTtoTou 50 I'm.

N
(&) -

B3-3%

Puc.13.5. Dxcnepumenmanvuas ycmanogxka 0isi u3ydeHusi MAeHUMHO20
NOJ HA OCU CONEHOUOA

Jlns ompeneneHus: WHIYKIIMA MAarHUTHOTO TIOJIE B COJICHOWU]T
MOMEIlaeTCsd M3MEpUTEeNbHas KaTylika. l3MmepuTenbHash KaTylika,
3aKperuIeHHass Ha CIeluajbHOW JUHEiHKe, CIocoOHa MepeMemaThbes
BHYTpU cojieHoua. [lepeMeHHBIN TOK, MPOTEKAIOMIUNA uepe3 0OMOTKY
COJICHOW/Ia, CO3/1aeT BHYTPH HEro IMEpeMEHHOE MAarHUTHOE TIOJIe,
KOTOPOE€ MPUBOAUT K BOBHUKHOBEHUIO B U3MEPUTEIILHON KATYIIKHU 3.]1.C.
uHaykuuu.  M3mepss ¢ momomibio BodbTMeTpa B3-38 sddextuBHOE
3Ha4YeHUE HampsikeHus U, HaBOAMMOro B U3MEPUTEIIBHOM KaTyIlIKe, U
3Hasi €€ MapameTpbl, MOXKHO BBIYUCIUTH SPPEKTUBHOE 3HAUYECHUE
MAarHUTHON MHIYKIIUM B MECTE €€ PacloJioKeHus 1o popmyiie:

= Y
oN,S, '

rne w =2 xnf (f =50 Iy), Nk 1 Sk - COOTBETCTBEHHO YHCJIO M ILIOIIAIb
BUTKOB  HM3MEPUTEIBHOM  Karymku. [l  JaHHOM  YCTaHOBKH

npoussenenue Nk - Sx = 0,385 m?,

(13.9)

3. Ilopaook eévinoinenus padoomot
1. CoOpaTh SKCIEPUMEHTAILHYIO YCTAaHOBKY B COOTBETCTBHUU CO
cxeMoH, n3o0pakeHHo# Ha puc. 13.5.
2. V3yuuTh 3aBUCUMOCTH BEJIMYMHBI MAarHUTHONW WHAYKIMH B oT
MECTOTIOJIOKEHHUS B COJICHOUE, UCCIeays o0JacTh OT Kpas COJECHOHAa
10 ero cepeauHsl. | - paccrosHMEe OT HMCCIeAyeMOW TOYKH JIO KOHIIA



COJIEHOW/Ia. Y CTAaHOBUTH TOK B COJICHOUJE |A W MPOBECTH M3MEPECHUS
UHAYKIHKA depe3 kaxnapie 10 mm. B mannoi ycranoBke | = 0, ecim
U3MEpUTENIbHAS KaTylllka BIBHHYTa BHYTPb LWJMHIApa Ha 6 cM. He
nyTaTh oKa3aHus JuHelkn u amuHs |. [Toctpouts rpadux B=f(1).

3. Iomp3ysice dopmymnoit (13.8), HAUTH TEOPETUUYECKYIO 3aBUCUMOCTD
MAarHUTHOM MHIYKIIMU BHYTPH COJICHOWIA OT PACCTOSIHUA BAOJb €r0 OCH
U IIOCTPOUTH €€ Ha TOM ke rpaduke. [IM0THOCTH HAMOTKH coJjieHOua N
Haxomutcs o dopmyne N = N/L. [Ins maHHOTO COJCHOWIA YHCIIO
BuTkoB N = 270, mmuna L = 20,5 cm. Pagnyc conenonma b = 3,5 cm.

4. Jlns wm3ydeHWs] 3aBUCHUMOCTA MArHUTHOW WHAYKIMH BHYTPHU
COJICHOMJa OT BEJIIMYMHBl TOKa B OOMOTKE HaJ0 YCTAaHOBUTH
U3MEPUTENIbHYIO KAaTYIIKy B CEpEIMHE COJEHOMAA U, U3MEHsA TOK OT 0
no 3 A, omnpenensaTtb 3HAYEHUE MArHUTHOM HHAYyKUUU. [locTpouTh
rpaduk 3aBUCUMOCTH  Boenep. = f(1).

5. YCTaHOBUTH HW3MEPUTEIBHYKO KAaTYIIKy Ha Kpall COJIEHOM[A,
nponycTtuth TOK 1 A. BBectu B cosnieHou1 (peppOMarHuTHBIN CEpACUHHUK.
N3mepuTh BETMYMHY MAarHUTHOM MHIYKIIMKA Ha BBIXOJAE M3 COJCHOU[A
IPY HATMYUHU U OTCYTCTBUH CEPJICUHHKA.

KoHTpoJIbHBIE BONTPOCHI
1. ChopmynupyiiTe MOHATUS UHAYKIUU U HAPSKEHHOCTH MarHUTHOTO
I10J151, HA30BUTE €IUHULIBI U3MEPEHUS TUX BEJIMYUH.
2. HapucyiiTe Ka4eCTBEHHO CHJIOBbIE JIMHHUM MAarHUTHOTO IIOJIA
NPAMOJIMHEMHOIO TOKA, KPYIVIOTO BHUTKA C TOKOM, JJIMHHOTO W
KOPOTKOI'O COJIEHOUA.
3. OOBACHUTE PACXOXKACHUE TEOPETUUECKON U SKCIIEPUMEHTAILHON
3aBUCUMOCTEA MAarHUTHOM UHAYKIIMU OT PACCTOSIHUS BJIOJIb OCH
COJICHOMA.
4. Pacckaxure, KaK U3MEPSETCS UHIYKIUS MAarHUTHOTO TTOJISl B IAHHOM
JKCIIEPUMEHTE.

Jluteparypa
1. Mameees A.H. DnekTpuuecTBO U Maruetu3Mm. M.: Briciias mikona,
1983.
2. bypasuxun B.A., lllenkosnuxos B.H., Kapobanos B.I1. ITpakTukyMm 1o
marHetusmy. M.: Beicmias mkosna, 1979.
3. Casenves U.B. Kypc obmieit pmu3uku. T.2, M.: Beicmras mkona, 2000.
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CHATHUE OCHOBHOMW KPUBON HAMATHUUYNBAHMUS
®EPPOMATHETUKA Y U3YUYEHUE 3ABUCHUMOCTH
MATHUTHON MPOHUIIAEMOCTHU OT HAIIPSI)KEHHOCTH
MATHUTHOTI'O IOJIA

Ilenvy pabomwl. cHamue OCHOBHOU KpPUBOU HAMACHUYUBAHUS
Geppomacnemuxa, nocmpoenue u aHAIU3 3A8UCUMOCHIU MASHUMHOU
NPOHUYAEMOCTU OM HANPSNCEHHOCMU MASHUMHO20 NOJIAL.

Ilpuoboper u npunaonexcnocmu. cmeno OYpl'Y, munubnoxu
«Deppomacnemuxy,  «Conpomusnenuey,  2eHepamop  CUSHANO8
CReyuaIbHou hopmbvi, My1bmumMempbl, NPO60Od.

1. Kpamkaa meopus

Bcesikoe BelecTBO SIBISETCSI MAarHETUKOM, TO €CTh CIIOCOOHO ITOJ
JNEeUCTBMEM MAarHuTHOTO TIOJi1 MpUOOpeTaTb MAarHUTHBIH MOMEHT
(HamMarHMuMBaThcs). EcaM  MarHeTuk IIOMECTHUTh B OJHOPOJIHOE
MarHuTHOE I0Ji¢ B BaKyyMe ¢ HMHAyKIOueH Bo, ToO MarauTHOe moje
BHYTPU MarHeTHKa U3MEHUTCS. ITO OOBSCHIETCS TEM, YTO B COCTOSTHUU
HaMarHUYMBaHUS MarHeTUK Aa€T 700aBOYHYIO MHIAYKIMIO B*, koTopas
BEKTOPHO CKJIQJIbIBACTCS C TIEpBOHAYAIbHON MHAYKIHEH Bo. BekTopHas
cymMma

B =Bo+B* (14.1)

Ha3bIBAETCSI BEKTOPOM MArHUTHOM WHAYKIUM BHYTPH MAarHeTHKa.
BemectBa, mams kotopeix go6aBka B* HeBenmnka W COBMagaeT II0
HamnpaBjiecHut0 ¢ Bo, Ha3pIBalOTCS mMapaMarHeTUKamMu. BHyTpu HHUX
MarHMTHOE I10JI€ HE3HAYUTEJIbHO YCUJIMBAETCS. MarHUTHBIA MOMEHT
aTOMOB Yy IlapaMarHUTHBIX BEIIECTB OTIMYEH OT HyJs1. BemiectBa, miis
KoTopeix B* m Bo mpoTMBOMOJIONKHBI MO HAMPAaBICHUIO, HA3BIBAKOTCS
avaMarHeTukaMu. JlnamaraeTu3mM oOHaApYKMBAIOT TOJBKO TE BEIECTBA,
y KOTOPBIX aTOMBI HE 00JaJal0T MAarHUTHBIM MOMEHTOM. MarHuTHOE
nmojie BHYTpH HHUX ocja0isercs. deppoMarHeTMKaMH Ha3bIBAIOTCS
BEIIIECTBA, Y KOTOPHIX BelnunuHa B* coBmamaer mo HampasiieHuto ¢ Bo u
B COTHM WJIM TBICSYM Pa3 MPEBBIIIAECT €€ BEIMYMHY 3a CUET CIIOHTAaHHOMU
HaMarHM4eHHOCTH.



MarunutHas nHAYKIMS B cBs3aHa ¢ HANPsHKEHHOCThIO MATHUTHOTO
ot H coorHOImeHueM:

B =uouH, (14.2)

re to- KOADPUIMEHT NPONOPIHUOHAIBHOCTH, Ha3bIBAEMbINI MarHUTHOMN
IIOCTOSIHHOW. BenuuuHa 4 Ha3bIBAETCST MArHUTHOM NPOHUIIAEMOCTBIO
cpensl. B cucreme enunun CHU unnykuus uzmepsercs B Tecna (Tn), a

. A
HaIps’KCHHOCTb MAIHUTHOI'O IIOJIA B —. I[J'ISI Arua- U nnapaMaroeTuKoOB
M

BEIMYMHA MATHUTHOM IIPOHMIAEMOCTH MMEET MaJyl0 BEIMYMHY M HE
3aBHCUT OT BEIMYMHBI MATHUTHOrO 1ojs. JIns IapaMarHETHKOB
(aJIFOMMHMIA, TIaTUHA ¥ Ip.) pw>1 ¥ Haxogurtcs B uATepBane 1074-107,
IS IMAMarHEeTUKOB (MeJIb, TOBAPEHHAs COMb U AP.) 1 <1 ¥ Bappupyercs
B npeaenax 107°-108. deppomarneTnkn (3kene3o, HUKEIb, KOOAIBT, UX
CIIaBbl, HEKOTOPBIE PEIKO3EMEIBHBIE DIEMEHThI MPU  HHU3KHX
TEMIIEPATYpaxX)  XapaKTEPU3YIOTCA  OOJBIIMMHM  HOJIOKHMTEIbHBIMU
3HAYEHMAMM L, COOTBETCTBYIOIMMH uHTepBany 103-10° Xapakrepnoit
4yepToil (PepPOMArHETUKOB ABJIAETCS CIOKHAS HEJMHEWHAs 3aBHCUMOCTD
L(H), xoTopas u ucciaeayercst B JaHHOM padorTe.

1.1. Ilpupooa gpeppomaznemusma

OcHoBbl Teopun (eppoMarHerusmMa Obuld  co3nanbl S,
®penkenem u B. I'eitzenbeprom B 1928 r. M3 onbITOB MO M3Y4YEHUIO
MarHUTOMEXaHUYECKUX SIBJICHUM CJEAyeT, YTO OTBETCTBEHHBIMU 3a
MarHuTHbIE CBOWMCTBA (PEPPOMArHETUKOB SIBJISIIOTCA COOCTBEHHBIE
(CIMHOBBIE) MArHUTHBIE MOMEHTBI 3JIEKTPOHOB. [Ipu ompenenéHHbIX
YCIIOBUSIX B KPUCTA/UIaX MOTYT BO3HUKATh CHJIbI, KOTOPHIC 3aCTaBJISIIOT
MAarHUTHbIE MOMEHTBI 3JIEKTPOHOB BBICTPAMBATHCS MAPAIICIBHO JPYT
apyry. B pe3ynbTate  BO3HUKAlOT  OOJAacCTH  CHOHTAHHOTO
(camMompoU3BOIBHOTO)  HAMarHWYMBaHWS,  KOTOPbIE€  HA3bIBAIOT
noMeHaMu. B mpepenax kaxaoro noMeHa (peppoMarHeTUK CIOHTAHHO
HAMarHW4eH 10 HaCBHIIEHUS W 00JaaeT ONpeneEHHBIM MarHUTHBIM
MoMeHTOM. HampaBiaeHus 53TUX MOMEHTOB JJii Pa3HbIX JOMEHOB
pa3JIMYHbI, TaK YTO B OTCYTCTBUE BHEIIIHETO MOJISI CyMMapHbIH MOMEHT
BCEr0 TE€Jia PaBEH HYJIO. Y psijla MaTepUAIOB JJOMEHBI UMEIOT Pa3MEPHI
nopsiaka 1-10 MxMm.

[Ipu neficTBUU BHEIIHETO MarHUTHOTO TOJII UMEET MECTO MOBOPOT
MarHUTHBIX MOMEHTOB JIOMEHOB B HampasiieHHuu mnojs. [lpu sTom



MOMEHTBl ~ DJIEKTPOHOB B  TMpejeliax JIOMEHa  I[OBOPAYMUBAIOTCS
OJIHOBpEMEHHO, 0e3 HapylIeHUsI WX CTPOrod MapauieIbHOCTH APYT
ApYTY.

Hus  xaxaoro  deppoMarHeTuka  HUMEETCS  OIpeiesi€HHas
Temrneparypa 7., Ipy KOTOPOl 00JIaCTH CIIOHTAHHOTO HaMarHWYHWBaHUS
pacnaJaroTcsl U BEIECTBO yTpaunuBaeT peppOMarHiuTHbIC CBOMCTBA. JTa
TeMIiepaTrypa HaspiBaercs Toukon Kropu. [l xxene3a ona paBHa 768°C,
s Hukens  365°C.  Ilpm  Temmeparype Bbimie TOuku Kropwu
dbeppoMarHeTUK  CTAaHOBUTCSA OOBIYHBIM  TIapamMarHeTUkoM. [lpwu
oxJaxaeHuu (QeppomMarHeTuka HWKE Touku Kropm B HEM CHOBa
BO3HUKAIOT JJOMEHBI.

Hns  dbeppoMarHeTUKOB HaOMIOAAETCsl SABJICHHE THUCTEpPE3nca,
3aKJIFOYAIOIIEeCs] B TOM, YTO MAarHUTHAsI MHAYKIIMS B 00beMe MaTepuaa
3aBHCUT HE TOJBKO OT HAMPSHKCHHOCTH TOJI B JAHHBIH MOMEHT, HO U OT
TOT0, KaKOBO OBLJIO 3HAYEHUE HAMPSHKEHHOCTH MAarHUTHOTO TIOJIS PaHEe.
Ecim HeHamarHWYeHHBIM (GEpPpPOMArHETHK IIOMECTHTh B  Cpeny,
MAarHUTHOE TIOJIE B KOTOPOM TMOCTENEHHO OYJeT YBETUYMBATHCA,
HayWHas OT HYJs, TO 3aBUCUMOCTh B(H) (kpuBasi HaMarHMYMBAHMUS)
BbIpazutTca ydyactkoM OA Ha puc. 14.1. ®eppoMarHeTuky MNPUCYIIH
CBOMCTBa OCTAaTOYHOTO HaMarHWYMBaHMS, MOSTOMY IMPU YMEHbIICHUU
MAarHUTHOTO MOJS A0 HYyJs, KpUBas HaMarHWYMBAHUS HE COBMAJAET C
AO, a moitnér nmo kpuBori AC. Benmunna OC HaspIBaeTcs 0CTaTOYHOM
WHIYKIUEH U SIBISETCS XapaKTepUCTUKON (heppoMarHeTuka.

B A

K O K’ I3

D F

Puc.14.1. Ilemnsa eucmepesuca gheppomacnemuxa



Jlnst Toro, 4ToObl pa3MarHUTUTH (EPPOMArHeTUK, HEOOXOIUMO
U3MEHUTHh HAIpPaBJICHUE W BEJIWYMHY BHENIHETO MArHUTHOTO TOJIS.
Bennunna OK Ha3bIBaeTCsS KOOPUUTUBHOM CHIJIOW W SIBJISICTCS OJHOW U3
BOKHEHUIIINX XapaKTepUCTUK eppomMarHeTuka. Eciaum  KodpUUTHBHAS
cujla BeNuKa, (eppoMarHeTUK Ha3bIBaeTcs KECTKUM. [l Hero
XapakTepHa LIMPOKas NeTisd rucrepesuca. OeppoMarHeTuKk ¢ MaJlou
KOIPUUTUBHOU CUJION (M COOTBETCTBEHHO Y3KOM METJIEW THCTepe3nca)
Ha3bIBAC€TCS MSTKUM. B 3aBUCHMMOCTH OT Ha3HaueHUsi OepyTcs
dbeppoMarHeTuKu ¢ TOW WM WHOM XapakTepucTukou. Tak, s
MOCTOSIHHBIX MAarHUTOB HCTIOJB3YIOTCS KECTKUE (PEppOMarHeTUKH, a JJIsl
cepAeyHUKOB TpaHchopmatopoB — Msrkue. Kak BujgHo u3 puc.l4.1,
TUCTEpPE3UC MPUBOJUT K TOMY, YTO HaMarHW4MBaHUe (PeppoMarHeTuka
HE SIBJIICTCS OJIHO3HAYHOW (DYHKIIMEW BHEIIHEr0 MAarHUTHOIO TOJS U
3aBUCHUT OT «MAarHUTHOM» MIPEILICTOPUHN 00pa3lia.

B cBs3M ¢ HEOAHO3HAYHOCTHIO 3aBUCUMOCTH B oT H moHsTHE
MarHUTHOM MPOHMUIIAEMOCTH TMPUMEHSETCS JIMIIhL K OCHOBHOW KPHUBOM
HamarHnuuBaHust  (kpuBass OA Ha puc. 14.1). MaruutHas
OPOHUIIAEMOCTh  (EPPOMATHETUKOB 4 sBisieTca  (yHKIUEH
HaMarHM4YMBAIOLIEro moist . DTa 3aBUCMMOCTh NOKa3aHa Ha puc.14.2.
OObsicHEeHHE pe3yJbTaToOB, NMOKa3aHHbIX Ha puc. 14.1 u 14.2, cryaeHTs
JOJKHBI CAENATh CAMOCTOSITENBHO.

I

H

Puc.14.2. 3asucumocmo u(H) ona peppomacnemuxa



2. Memoo uzmepenuii
B nanHOil paboTe uU3MEpEHHE MArHUTHOM MNPOHUIIAEMOCTHU
Marepuaia cepACYHUKA [, OCHOBAaHO HA U3MEPEHUSIX UHAYKTUBHOCTHU L
KATYIIKHA C CEPJICYHUKOM U €€ TEOMETPUUECKUX TapaMeTpoB. M3BecTHO,
YTO UHJIYKTUBHOCTb KATYIIKH HAa TOPOUJIAIBHOM CEPICUYHUKE:
N2S

L=M%—rﬂ (14.3)

rae N - 4uciio BUTKOB COJIGHOMA; S - IUIONIAAb MOMEPEUYHOTO CEUSHUS
cepJieyHuKa coieHouaa; | - nmuHa cpemHeli 0CeBOM JIMHUU CepICYHHUKA.

NHIyKTUBHOE COMPOTUBIICHUE COJICHOUIA IEPEMEHHOMY TOKY XL !
X, =al, (14.4)

rIe ® - OUKJIMYECKas 4acToTa NMEPEMEHHOro Toka. Uit onpeneneHus
WHJYKTUBHOCTH JOCTATOYHO HM3MEPUTh WHIYKTUBHOE COINPOTHUBIICHUE
KaTyIIKA TIEPEMEHHOMY TOKY W3BECTHOM 4acToThl . IlomHoe
COMPOTUBJICHUE KATYIIKH Z IEPEMEHHOMY TOKY:

z=JR*+ X2, (14.5)

a Tak Kak 0O0blMHO R<<X|, TO BeIMYMHON AKTHBHOTO COMPOTUBIICHUS
KaTymku R MOXHO TmpeHeOpeub IO CpPaBHEHUIO C WHIYKTUBHBIM
CONPOTHUBIICHUEM ITepeMEHHOMY TOKY 4acToThl 200 [t
3akoH Oma MO3BOJISIET ONPEACIUTh BEIMUUHY Z IMTyTEM U3MEPEHUI
Toka | u Hanpskenust U Ha yyacTke 1Ienu, Coiep KalleM COJICHOUI:
U

Z== (14.6)

Pacuetnas Qopmyna aHS ompeAcieHUs MarHUTHOW ITPOHHUIIAEMOCTH,
IOJIy4CHHAs! C MCHOJIb30BAHUEM BBILICIIPUBEICHHBIX BBIPAKCHUU,
UMEET CIEAYIOUIUN BU/I:

LI I U

_ _ u_gY
NS NS 1T 1 (14.7)

U

T K=—-—<
A1 wu,N°S

- HOCTOsHHAsA YCTAHOBKH.

HarnpsikeHHOCTh MAarHUTHOTO MOJISI, KOTOPOE CO3/IACTCS B KOJBIIEBOM
CepAeYHUKE IIPH MPOTEKAaHUH MO0 OOMOTKE TOKa |, MOJKHO paccumTaTh 110

dbopmye:



H=— (14.8)

Takum 00pa3oM, KaXIOMy 3HAYEHHIO TOKa | COOTBETCTBYIOT
ONpEJCIICHHAs] HaNpsDKeHHOCTh MarHutHoro mons H o (¢.(14.8)),
MarHuTHasg NOpOHHUIIAEMOCTh cepaeunuka u (¢p.(14.7)) u unAyKIUA
MarHuTHoro noist B (§.(14.2)).

Omnpenensist BenuuuHbl H, ¢ 1 B mpu pa3auyHbIX TOKaX, MOXKHO
AKCHEPUMEHTAIBLHO YCTAHOBUTH CJEAYIOIINE 3aBUCUMOCTH:
a) B =f(H) - ocHOBHas KpuBas HaMarHWIMBaHUS PEPPOMArHETHKA,
0) u= f(H) - 3aBUCMMOCTh MarHMTHOH NMPOHHMIIAEMOCTH CEPJCYHHKA OT
HANPSHKEHHOCTH MarHUTHOTO TOJISI.

2. Onucanue ycmanogKku

DJekTpruueckas cXxeMa YCTaHOBKHM MokaszaHa Ha puc. 14.3, MOHTa)kHas -

Ha puc. 14 .4.
6

e e . ot 1 o s

L‘_-..._...._—__.... e S iy T ot P

Puc.14.3. Dnexmpuueckas cxema ycmaHo8Ku

1 - reHEpaTOp CUTHAJIOB CIIELUATBHOU (OPMBI, 2 - MyJIBTUMETP (pedrcum
A ~ 200 mA4, exoovt COM, A), 3 - 6ok «Conpotusieruey», Ro = 100
OM; 4 - mynetuMeTp (peacum N ~ 2V, exooer COM, VQ), 5 - KonblieBOM
cepaecunuk ¢ oomotkamMu N1u No; 6 - 650k «DeppoMarHeTuk.

Ha konbueBor cepaedyHuK S, W3rOTOBJICHHBIM W3 HCCIEAYEMOTO
dbeppoMarHuTHOrO MaTepuana, HamoTaHbl Ni TPOBOJIOYHBIX BUTKOB.
DT1a 00MOTKa, 10 KOTOPOM MPOMYCKaIOT MepeMeHHbIN ToK yactoThl 200
' ciyXuT nis HaMarHWYMBaHUS MarHeTUka M MO ee mapameTpam
OTPENETSAIOT HAMPSHKEeHHOCTh H HaMarnuuuBaromero nois. ['eHeparop
CUTHAJIOB CHEIUaIbHON GopMbl 1 MO3BOJIIET U3MEHATHh HampsikeHue U,
a cregoBaTenbHO, WU TOK | B 00MOTKe Topoujga. OTU BEIUYUHBI
U3MEPSIIOT COOTBETCTBEHHO BOJILTMETPOM 4 M MUJIITHAMIIEPMETPOM 2.



K reneparopy 0B
CHIHanog
CNeuManbHOW

HOpML Bbmon @ =

Puc. 14.4. Monmaoicnas cxema ycmanoexku

3. Ilopsaook evinonnenus pabomol
1. 3anumure B TAONMIy MapaMeTpbl YCTAHOBKHM W HCCIEIYEMOTO
obpasma: N - 9uciio BUTKOB 0OMOTKH Topoua; |- mmHa cpemHeit oceBoit
JVMHUYW CEPACYHMKA; S - TUIOIIA b CEYEHUS Cep/ICUHUKA.
2. CobepuTe 2JIEKTPUUYECKYIO 1IEMb M0 MOHTAXHOU CXEeMe, IPHUBEACHHON
Ha puc.14.4.
3. Bxmounte kHomkamu «CeTh» THTaHHWE OJIOKA TE€HEPaTOpPOB
HaIpsDKeHU U Oyioka mMynbTuMeTpoB. Haxkmurte kHomky «McxomHas
YCTAHOBKA.
4. Knonkamu yctaHOBKHM 4acTOThI «0.2-20 k['1p» ycranosure 200 I,
5.KHonkamu ycranoBku ypoBHs «O - 15 B» reneparopa curHaios
crienuaibHOW (POpMBI yCTaHOBUTE B OOMOTKE Topouja Tok | = 5 MA.
3anuimuTe B TaOIMILY MOKa3aHUS TOKA U HATIPSKEHUS.
6. M3MeHsss Tok B OOMOTKE Topowaa C marom «5 MA 10 55 MA,
U3MEpPbTE HAINpPSKCHUS. 3amuiiuTe B TaOMUIly TOKa3aHUs TOKa M
HaIpPSHKEHUS.
/. Beikmounte KHOMKamMM «CeTh» MHUTaHWE OJOKa TeHEpaTopOB
HaIpPSHKEHUN U 0J10Ka MyJIbTUMETPOB.
8. Beruncnure nmocTosHHYIO yCTaHOBKH K.
9. [l;s1 KaXkJ10ro 3Ha4eHHs TOKa paccuuTanTe BenuuuHbl H, 1 u B.
Pe3ynbTaThl pacyeToB 3aMUIIUTE B TAOJIHILY.



[Tapametpsbl I, U, H, y7i B,
yCcTaHoBKH | MA | B A/m M
N=100 5
= 37,7 Mmm
$=25 Mm?
W =...
55

10. Tlo panHbIM  TAONMIBI  TOCTPOHMTE  OCHOBHYIO  KPHBYIO
namaranuuBanus B= f(H)u rpaduk 3aBucumoctu u= f(H).

11. B BeIBOAax mo padboTe OTpa3suTe OCOOEHHOCTH (DOPMBI OIBITHBIX
KPUBBIX.

KoHTpoJibHBIE BONIPOCHI

1. HazoBure xapakTepHble CBOMCTBA (heppOMArHETUKOB U OCOOCHHOCTH
X HAaMarHUYMBaHMUSL.

2. OnumuTe W3MEHEHUs] JOMEHHOW CTPYKTYphl (eppoMarHeTvka B
IpOIeCCe ero HaMarHMYMBaHuUs (TI0 MEpe POCcTa HANPSHKEHHOCTH TIOJIS).
3. Kakasg 3aBUCUMOCTb COCTaBJIIET OCHOBY METOAAa OMNpeAeSCHUs
MAarHUTHOM MTPOHUIIAEMOCTH CEPACUHUKA?

4. Kakue m3MmepsieMble BETUYUHBI BXOJST B pacdyeTHyro Gopmyiny s
MAarHUTHOM MTPOHUIIAEMOCTH CEPACUHUKA?

5. Kakue opMyIibl UCTIONIB3YIOT JJIs1 ONPEACIICHUS CISAYIOIMMNX
BEJIUYUH:

a) HAIPSDKEHHOCTH H MarHUTHOTO TIOJIS B CEPJICTHHKE

0) MarHUTHOM MHAYKIUU B

B) MATHUTHOM MTPOHUIIAEMOCTH MaTepHaia CEpAcUHUKA?

Jluteparypa

1. Jlemnagp A. A., Asopckuii b. M. Kypc ¢uzuku. T.2. M.: Bricuias
mkoJja, 1989.

2. Kanawnukos C.I'. DnektpuuectBo. M: Hayka, 1985.

3. lllawos B.B., Kpasuenxo H.C. CHATHE KpPUBOW HaMarHWYWBaHUS.
Meronnueckue ykazanus. Tomck: n3a-o TITY, 2004.

4. Cusyxun JI.B. OOmumii kypc ¢msuku. T.3. DnexrpuuectBo. M.:
®duszmatiaut, 2004.



JlabopaTopnasi padora NelS
KOHTAKTHBIE SIBJIEHUA B IIOJTYITPOBOJHUKAX.
BBITPAMJIAIOUIEE TEUCTBUE p-n IIEPEXOJIA

Ilenv padomwl: u3yuenue ¢huauuecKux npoyeccos 6 KOHmMAaKme
HOJYNPOBOOHUKOG IJIEKMPOHHO20 U ObIPOYHO2O0 MUNA NPOBOOUMOCHIU,
usMepenue u aHaIu3 80JbAMMNEPHOU Xapakmepucmuku P-N nepexooa.

Ilpuboper u npunaonexcnocmu: 1a60pamopHbll Maxkem, O0JI0K
NUMAHUs ~ NOCMOSIHHO20 — MOKA, Yugposol  uzmepumens moxa,
NOJIYNPOBOOHUKOBDIU OUOO, COeOUHUMENbHbLE NPOBOOA.

1. Kpamkaa meopus

B monynpoBOJHUMKOBBIX Marepuagax BaJCHTHBIE 3JIEKTPOHBI
CUJILHO CBSI3aHBI C Si[paMU aTOMOB U MPHU CO3JAaHUU KPUCTAIUIMYECKOM
pPEUIETKH YYacTBYIOT B 00pa30BaHUM XMMHUYECKUX CBsizeil. PaccMoTpum
yCIIOBUSl TIOSIBJIICHUSI HOCHUTENIEW 3apsia B TMOJYNPOBOJHUKAX Ha
IpUMEPE KJIACCUYECKOTO MOIYIIPOBOJHUKA - KPEMHHSL.

1.1. Cobcmeennwlit noaynpoeooHux

PaccMoTpuM KpuCTall 4YHMCTOTO KPEMHUS, HE COJEPIKAIIETO
HUKakux npumecen. Kaxnapli atoM KpeMHHST HMMeEeT 4 BaJEHTHBIX
anekTpoHa. [Ipu o6pazoBaHnM KPUCTATIIMUECKOMN PEIIeTKH BaJICHTHbIE

Puc.15.1. [leymeproe npedcmasnieHus pacnonoxcerus céssell 8 KpemMHuu npu
HU3KOU (a) u evicoxoil (6) memnepamypax



BJIEKTPOHBI, TPEJCTABICHHBIE HA pHC.15.1,a B BUAE YEpPHBIX TOYEK,
o0ecreunBalOT KOBAJICHTHYIO CBs3b. lIpu Temmeparypax, ONHM3KUX K
aOCOJIIOTHOMY HYJIIO, BCE€ DJIEKTPOHBl HAXOASATCA B  CBSI3aHHOM
COCTOSIHUHM, U CBOOOJHBIX HOCUTENEH 3apsia B IMOJYNPOBOJHUKE HET.
[Ipn moaBeneHuW >HEPTUM (HAPUMEP, 3@ CUET TEIUIOBOIO HArpeBa)
NOSIBJIIETCSI BO3MOXHOCTh Pa3pbiBa KOBAJIEHTHOUW CBSI3M, B PE3YJIbTATE
Yero OJIEKTPOH CTAHOBUTCA CBOOOAHBIM (puc.15.1,6). Ilpu yxome
AJIEKTPOHA KOBAJIEHTHAsI CBS3b OKA3bIBAECTCS HE3aBEPIICHHOM (CBETIIbIN
KPY>KOK Ha PHUCYHKE). DTa CBA3b 00JaJaCT MOJOXKHUTEIbHBIM 3apsIoM,
paBHBIM 1O MOJYJIO 3apsiAy »dJeKTpoHa. BakanTHoe wmecTo B
KOBAJIEHTHOM CBSI3M HA3bIBACTCS ABIPKOU. B 1€JIOM KpPHUCTAILT OCTAETCS
ANEKTPOHENUTPANIbHBIM, TOCKOJIBKY YHCIO CBOOOJHBIX 3JIEKTPOHOB
paBHO uyuchy AbIpoK. [loaynmpoBOJHUK, Yy KOTOPOrO B PpeE3yJbTaTe
pa3pbiBa BAJICHTHBIX CBS3€d 00pa3yeTcsi paBHOE YMCIIO AJIEKTPOHOB N U
IOBIPOK P, Ha3bBaeTcs cobocmeenuvim (N=P). DNEKTPOHBI H IBIPKU
CIOCOOHBI Y4acTBOBaTh B IMPOIECCE IEpPEHOca HOCUTENe 3apsiaa,
OPOBOJAMMOCTh  MOJYNPOBOJHHUKA B O3TOM CJydae Ha3bIBaeTCs
COOCTBEHHOM.

1.2. IlpumecHoit noaynpoeooHukK

N3MEHUTh  KOHUEHTpPALMIO  BJEKTPOHOB  WJIM  JBIPOK B
MOJIYITPOBOJAHUKE MOXHO €ro JISTUPOBAHHEM (BBEICHHEM MpHUMECEH).
JonmyctuMm, 4YTO 4YacTh AaTOMOB KpPEMHHUS 3aMelleHa aToMaMu
NSATUBAJICHTHOTO MBITIIbsKa (puc.15.2,a).

Puc. 15.2. Cxemamuueckoe uzobpasicenue Kpucmaniiuieckou peuemxu
NPUMECHO20 NOJIYNPOB8OOHUKA N- (a) u P-muna (6) nposooumocmu



UeTblpe BaJEHTHBIX DJJEKTPOHA AaTOMA MBIIIbAKA YYaCTBYIOT B
00pa3oBaHMU KOBAJICHTHOM CBS3U, MATHIA DJIGKTPOH OKa3bIBACTCS
«mmimHUM». OH c¢l1abo CcBsi3aH C aToMaMHu Mblbsika. [Ipu HU3KHX
TEMIIEpaTypax OH JIOKAJW30BAH OKOJIO CBOEro POAHOIO aroma, HO MpH
MOBBILICHUHN TEMIEPaTypbl CIOCOOEH CTaTh CBOOOAHBIM. B 3TOM cityuae
KaXJbli BBEJICHHBIM aTOM MBbIIIbIKA BHOCUT B KPHUCTAJUIMYECKYIO
peuieTky CBOOOJHBINM 3JIeKTpOoH. KoHIeHTpamusi 3JeKTPOHOB OyAeT
OINPENCNATHCS  KOHILICHTPpALlMEM BBEACHHOW IIpuMecu. B Takom
MIOJTYIPOBOJIHUKE BBITMOJIHAETCS YCIOBUE
n>>p, (15.1)
B cuny pomuHuMpylomen poau 3JEKTPOHOB TAKHE MOIYNPOBOIHUKH
HA3bIBAIOTCA  MOJIYIPOBOAHUKAMHU  N-TUNA  MPOBOAUMOCTH  WIJIH
MOJYIPOBOJIHUKAMH C 3JICKTPOHHOM MPOBOJAUMOCTBIO.
BBeneM B KpUCTAJUIMYECKYIO PEMIETKY KPEMHHSI aTOMBI 3JIEMEHTA
3-ii rpynmbl MEepUOAUYECKOM cuctembl MeHnaeneeBa (Hampumep,
amtoMuHui). [TI0CKOIBKY BaJ€HTHOCTh aJIIOMHUHHUS paBHA TPEM, TO OJHA
CBsS3b aroMa KpeMHHUs Oyzaer HesaBepiieHHOHW (puc. 15.2,0).
CiienoBaTeyibHO, KaXK/Ibld BBEJICHHBIM B KPEMHUU 3JIEMEHT 3-U TPYIIIbI

OyZeT BHOCHUTH OJMH TIOJIOKUTEIBHBIN 3apan — JbIpKy. B Takom
MaTtepuase OyJeT BBIOIHITHCS YCIOBUE

p>>n (15.2)
U 3JIEKTPONPOBOJIHOCTh KpHUCTaia OyAeT AbIpOYHOM. PaccMoTpeHHBIE
MIOJYIIPOBOTHUKH HAa3bIBAIOTCS MOJIYIIPOBOTHUKAMHU p-Tuna
IIPOBOJIUMOCTH.

BaxHo oOTMeTMTB, YTO B IIPUMECHOM  NOJYNPOBOJHUKE
CYLIECTBYIOT OCHOBHBIE U HEOCHOBHBIE HOCHUTENM 3apsaa. B marepuaie
N-TUIIa OCHOBHBIMU HOCUTEISIMU SABJISIFOTCS 3JIEKTPOHBI, HEOCHOBHBIMU —
ObIpKUM. B MOJyIIpOBOAHMKAX P-TUIIA OCHOBHBIMHU HOCHUTEISIMHU
ABJIAKOTCS JBIPKU, HEOCHOBHBIMU — 3JIEKTPOHBI.

1.3. Bwinpamaawuwue ceoiicmea P-N nepexooa

KoOHTakKT IByX mONTYyNPOBOJHUKOB C PA3HBIM THUIIOM ITPOBOJAUMOCTH
o0naaeT  BBIIPAMISIONIMM  JIEUCTBHEM. OJTO  O3HAYaeT, 4To
COIPOTHUBJICHUE TAaKOTO KOHTAKTA 3aBHCUT OT HAIPABJICHUS TOKA: B
OJHOM HAIPABJIECHUU OHO BEIWKO, B JAPYroM — Mayo. PaccMoTpum
BBIIPSAMIIAIONIECE JIeWcTBUE P-N mepexona. I[IpuBenemM B IUIOTHBIM
KOHTAaKT JIBa MaTepuaja C AbIPOYHOW U IJEKTPOHHOW MPOBOJAUMOCTBIO
(puc.15.3). Paznuuue B KOHIIEHTPAMIX OJJHOTUITHBIX HOCUTENEHN 3apsiia
MpUBEIET K BOSHUKHOBEHUIO AU Y3MOHHOTO TTOTOKA JIEKTPOHOB M3 N-



obsacTu B pP-00yacTh, a JbIpOK U3 p-obmactu B N. Ilpu sTOM
OPUKOHTAKTHas  00JIaCThb  JIBIPOYHOTO  NOJIYIPOBOJAHUKA  OyAeT
3apsKATbCsl  OTPULATENIBHO, a JJEKTPOHHOTO —  ITOJOKUTENBHO.
Bo3Hukaer NIBOWHOM DJJIEKTPUUYECKUM CJIOW pa3JelICHHBIX 3apsioB,
KOTOpOMY  OyJeT  COOTBETCTBOBaTh  BHYTPEHHEE  KOHTAKTHOE
AJIEKTPUYECKOE MOJIE, HAIPABICHHOE OT IUIIOCa K MHUHYCY. VHbIMH
CJIOBaMH, Ha TpaHUIE P M N o0nacTeil BO3HUKAET BHYTPEHHSS
KOHTAaKTHasg pa3HOCTh mnoTeHuuaioB Uk, 3aTpyaHsAmomas MNpoLecChl
NEPEX0/1a OCHOBHBIX HOCUTEIICH 3apsia.

]
+ + + +
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Puc.15.3. Obpaszosanue konmaxmmnou pasHocmu NOMeHYyualos

[lomanum Ha p-N mepexoi BHENIHee HampspbkeHue. Ecium
MOJIOKUTEIBHBIA  MOTEHIMANT  NPUXOJUTCS  Ha  P-o0iacth, a
OTpULIATENIbHBIA Ha N- o0sacth (puc.15.4), To Takoe BKIIOUYECHHE

Ha3bIBACTCS MPSIMBIM U €EMY COOTBETCTBYET MPOTEKaHHE OOJBIIOTO TOKa
yepes P-N mepexo.
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Puc.15.4. P-n nepexoo npu npsamom cmewenuu



JT0 00YCJIOBJIEHO TEM, UTO BHEIIHEE AJIEKTPUUECKOE MOJIe OymeT
0CJIa0nsATh AEHCTBUE BHYTPEHHErO AJIEKTpUYECKOro mnosis. Bennunna
NOTEHIIMAJILHOIO Oapbepa [Jisi OCHOBHBIX HOCHUTENEH 3apsia Mo o00e
CTOPOHBI OT P-N Mepexojia MOHU3UTCS, YMEHBIIUTCS IUPUHA TBOMHOTO
AIEKTPUUECKOTO CJIOsl, W, VYBJICKAEMbIE€ BHEIIHUM SJIEKTPUYECKUM
MOJIEM, B3JIEKTPOHBI N-00JacTH M ABIPKH P-00s1acTh OyAyT IABUraThbCs
yepe3 TpaHMIly uepe3 HEBBICOKHMW MOTEHIMaIbHbIA Oapbep. Takum
00pa3oM, TMpPOTEKaHWE OOJIBIIOTO TMPSAMOTrO TOKa OOYCIIOBJICHO
JIBMYKEHUEM OCHOBHBIX HOCHUTENIEH 3apsia.

Ecnu cMeHHTh HamnpaBlieHWE BHEIIHETO JJIEKTPUYECKOTO OIS,
noJiaBasi MOJIOKHUTENIbHBIN MOTEHIIMAN Ha N-00J1acTh, a OTPUIATEIbHBIN
Ha P (puc.15.5), TO Takoe CMEIIEHHE Ha3bIBACTCS OOpaTHbBIM W
XapaKTepU3yeTcs MPOTEKAaHUEM MaJIbIX TOKOB.
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Puc.15.5. Obpamnoe sxniouenue p-nN nepexooa

C ¢wusuyeckoil TOYKM 3pEHHSI 3TO CBS3aHO C TEM, YTO BHEIIIHEE
ANIEKTpUUYECKOe Toyie OyIeT yCWIMBaTh BHYTPEHHEE KOHTAaKTHOE U
Oapbep MJIT OCHOBHBIX HOCHUTENEH 3apsiia erie OOJbIlNe YBEITUYUTCS.
OCHOBHBIC HOCHTENIM 3apsjia HE MOTYT MPOHHMKATh Yepe3 TPAHUILY |
y4acTBOBaTh B 0Opa3oBaHMuM Toka. OJHAKO HAI0 BCIOMHHUTH, YTO B
KaXJI0W 00J1aCTH €CTh HEOOJIBIIOE KOJTMYECTBO HEOCHOBHBIX HOCHTEIEH
3apsnma. JIis HUX JaHHAs CHUTYallds OKa3bIBACTCS OJaronmpusITHOW H,
yBJICKa€MbIC BHEIITHUM ITOJIEM M HE MMes IMOTEHIIMaJILHOTO Oaphepa Ha
TPaHUIE, OHU CO3/IAI0T HEOOJBIION MO BEIMYMHE DJICKTPUUECKUN TOK.
Takum 00pa3zoM, MpOTEKaHWE OOPATHOTO TOKa dYepe3 P-N mepexon
00yCJIOBJICHO JIBM)KCHUEM HEOCHOBHBIX HOCHUTEICH 3apsia.



3aBUCUMOCTh CWIbl Toka | oT BHemHero HamnpsikeHus U,
Ha3plBaeMasi BoOJIbTaMIlIEpHOW xapaktepuctukod (BAX), mns  p-n
Mepexo0/ia ONMUCHIBACTCSI YPAaBHECHUEM:

eU
| =1 [exp(iﬁ)—l], (15.3)

I7Ie 3HaK «1+» OTHOCUTCS K MPSIMOMY HAIpaBJICHUIO, 3HAK «-» - K
obpatHoMy. IIpu  TpsAMBIX  CMEIICHHSIX  3aBUCHUMOCTh  HMEET
AKCIMOHEHIIMAIbHBIA XapaKTep, MOCKOJbKY YK€ TMpU HEOOJIbIIUX
HaIPSDKEHUSIX €IWHMIICH B KBaJPATHBIX CKOOKAaX MOXKHO IMpeHeOpedUb.
[Ipy GosbmMX OOpPATHBIX CMEIICHHUSX TOK BBIXOJUT HA IMOCTOSHHBIN
ypOBEHb, HA3bIBAEMBIN TOKOM HACHIIICHHUS ls.

BonbrammnepHas XapaKTepUCTHKa pEabHBIX IPOMBIIIICHHBIX
MOJTYPOBOTHUKOBBIX JIUOAOB M300pakeHa Ha puc.15.6 u wumeer
HEOOJBIITNE OTINYHUS OT 3aBUCUMOCTH, onuchiBaeMon ¢.(15.3).
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Puc.15.6. BAX nonynpogooruxosozo ouooa

OTU OTIAMYMS OTHOCATCS K OOJAcCTH MNPSIMBIX CMEIICHHUH, KOrna
HayaJbHbIA SKCIOHCHIUAIBHBIM YYaCTOK MEPEXOJUT B CTPOrYyIO
JMHEHHYI0 3aBUCHUMOCTb. JIMHEWHas 3aBUCHUMOCTH OOYCIIOBJIEHA TEM,
YTO TIpU OOJBIIMX TPSMBIX CMEIICHUSX MOTCHIHAIbHBIM Oapbep s
OCHOBHBIX HOCHUTEJIEH MOTHOCTHIO UCUE3AET U BEJIUUYMHY MPOTEKAIOIIETO
TOKa YK€ OMPEACNACT JICKTPUIECKOE COMMPOTUBIIEHUE P- U N- 00J1acTeH,
Ha3bIBaeMbIX 0a30Boi o0iacTeio. ConpoTuBieHue 6a3oBoi obnactu Rp
ONPEIEIACTCA MO TAHTCHCY YTila HAKJIOHA JUHEMHOro yyactka BAX:

AU
R (15.4)



ITo aTOMY k€ y4acTKy rpaduka MOKHO ONpeneanuTh Benuunny Uk.
Eciu skcTpanonvpoBaTh JIMHEWHBIA YYAaCTOK JI0 MEPECEYEHUSI C OChIO
HanpspkeHud (puc. 15.6), TOo 3Ta TOYka OyAET COOTBETCTBOBATH
BEJIMUMHE KOHTAKTHOM Pa3HOCTH MOTEHIMAIOB P-N nepexoaa. CTyaeHTy
IPEAJIaraeTcsa CaMOCTOATENIbHO JJOKA3aTh 3TO MOJIOKEHHE.

BeinpsiMutesnbHbIe CBOICTBA nuoaa OIPEAEIIAOTCSA
ko3 puurentom BbipsMieHUs K, KOTOpbIi paBEeH OTHOILICHHIO
MPSIMOTO TOKA K 00paTHOMY MPH OJIMHAKOBOM BEJIMUYUHE CMEIICHHUS.

2. Ilopsaook evinonnenus padomaot
1. N3yunth MakeT 11 BBINOJHEHUS U3MEPEHUM. B KauecTBe HCTOUHMKA
HaIpPsDKEHUsI TIOCTOSSHHOTO TOKa MCHOJIb3yeTcs: 0ok mutanus b5-50,
npy paboTe KOTOPOro B PEXKUME CTAOMIM3AIMNA HANPSIKEHUS] BEJTMUMHA
HaMpsHKEHUS TOYHO COOTBETCTBYET MOKa3aHUsIM Ha Tabs10 npudopa.
2. Cobpatb cxemy miisa usmepenuss BAX nuojaa coriacHO 0003HauYCHUSIM
Ha MaKeTe.
3. M3meputs BAX mnoaynpoBOAHUKOBOro auojaa. M3mepeHus mnpu
npsaMoM cMmenieHn npoBoauTh oT 0 go 1,1 B marom 0,1 B. U3Mepenus
npu 0OpaTHOM CMEIICHUH BBINOJIHATH B MHTEpBaie oT 0 10 10 B marom
1 B.
4. TlocTpouTh BOJBTAMIIEPHYIO XapaKTEPUCTUKY Auoaa. Onpenenuthb
BenuuuHbl Uk 1 Rp.
5. Paccuntats K03 PUIIMEHT BBIIPSAMIICHUA MpU HanpsbkeHuu 1 B.
6. Hnsa npameix cMemenuid ot 0 1o Uk moCTpouTh 3aBUCHUMOCTD
InI=f(U). Cnenarp BEIBO U3 MMOJIYICHHOMN 3aBUCUMOCTH.
7. IIpoBecTu 0OCYKIEHUE MOTYUYEHHBIX PE3YIHTATOB.

KoHTpoJ/bHbIEC BONIPOCHI
1. ITosicauTe MOHATHUSI COOCTBEHHOTO M IMIPUMECHOTO IMOJYITPOBOIHUKA.
2. OOBsicHUTE BHITIPAMIICHHE Ha P-N TIEpEXo/Ie.
3. Hapucyiite BAX mnoJynpoBOJHUKOBOTO JAWOAA M JIaliTe
XapaKTEPUCTUKY KKIOTO y4acTKa.

Jluteparypa
1. Hlanumosa K.B. ®u3uka noynpoBOJHUKOB. M.: DHEproaTroMusar,
1985.
2. Cusyxun JI.B. OOmmii kypc ¢m3uku. T.3. DnextpuuectBo. M.:
duszmatiaut, 2004.



O003Ha4YeHUs HA LIKAJIAX NPUOOPOB

[Tpunoxenue 1

HaunmeHoBaHue O6o03HaueHue
1 | Amnep (kuiioamiep MIJLTUAMIIEP, MUKpPOAMIIEP) A (KA, mA, nA)
2 | BoabT (KMJIOBOJIBT, MUJIJTUBOIBT, MUKPOBOJIBT) V (kV, mV, uVv)
3 | Barr W
4 | Bap Var
5 | Iepn Hz
6 | I'panyc yrna casura a3 @°
7 | KoapdunmeHt momHocTu COSQ
8 | KoadduimeHnt peakTMBHON MOIITHOCTH sing
9 | Om Q
10 | MumuBeb6ep mWh
11 | Mukpodapana uF
12 | Tluxodapana pF
13 | 'enpu H
14 | T'papyc TemneparypHoii mikainsl Llenbcus °C
15 | MarHuTodeKTpUYECKUi MpUOOp € MOABUKHOU ﬂ
paMKoi —
16 | MarHuToReKTpUYECKU TPUOOP € TMOABUKHBIM .{:_:;:
MarHuTOM
17 | DnekTpOMarHUTHBIA PUOOP £
18 | HomuHanbHast (MOAYEPKHYTO) M pacIIMpeHHas 10-40-60-120 I'rg
00J1acTh MPUMEHEHUS
19 | DnekTpoauHAMUYECKUA MPpUOOp $
20 | ®epponuHaMHUECKH TPUOOP @
21 | UanyKiuoHHbBIN IpUOOp )
22 | DAeKTpOoCTaTUYECKU Mpudop :I_'—
23 | BubpamuoHHbIH ipudop o
24 | TemmoBoit mpubop Y
25 | BuMeramnueckuii mpudop -
26 | BempsiMutens (IOTYIIPOBOTHIUKOBBIH ) .




27

3aIJ_II/ITa OT BHEIIHUX MarHUMTHBIX ITOJICH

28 | 3amuTa OT BHEIIHUX JIEKTPUUECKUX MOJIEN . !

29 | TlocTostHHBIN TOK —

30 | IlepeMeHHBII TOK (OAHOPOIHBIN) ~

31 | TlocTosiHHBIN U IEPEMEHHBIN TOK ~

32 | Tpéxdazubiii TOK 8

33 | Kiacc ToyHOCTH B IIpOIIEHTaX OT JUarna3oHa 1,5
U3MEpPEHUIN

34 | Knacc TOYHOCTH B MPOLIEHTAX OT JIJTUHBI IIKAJIBI 1,5

35 | Topu3OHTaIBHOE MOJOKCHHUE MTKAJIBI 1

36 | BepruxaiabHOE MOJIOKEHUE KB 1

37 | HakJIOHHOE MOJ0KEHHUE IITKAJIBI aiu

38 | H3meputenbHas 1enb H30JMPOBaHA OT KOpIyca A
Y UCTIBITaHA HAMIPSHKCHUEM 2 KHJIOBOJIbTA 4

39 | TIpubop UCTIBITAHKUIO IPOYHOCTH H3OJISAIIUH HE
TIOJITIEKUT i%

40 | OcTopoxHO! MPOYHOCTH U3OIAIUU
U3MEPUTEITHHOMN LIETH 10 OTHOIICHHIO K %
KOPITYCY HE COOTBETCTBYET HOpMaM

41 | Buaumanue! CMOTpH JONOJHUTEIbHBIC YKa3aHUS &
B MIACIIOPTE

42 | OTpuLaTEIbHBIA 3aKUM —

43 | TlonmoXUTENBHBIHN 32KUM +

44 |  OO0uwmii 32KuUM *

45 | 3aXuM MOCTOSIHHOT'O TOKa (B +,—
KOMOWHUPOBAHHBIX MPUOOPaXx)

46 | 3aXUMBbI IEPEMEHHOTO TOKa ~

47 | 3axxuM, COeTMHEHHBIN C paMKOU mpudopa — —

48 | 3axuM, cCoeTMHEHHBIN C IKPAHOM €]

49 | 3axuM, COeTMHEHHBIN C KOPITYCOM A

50 | 3axum g 3a3eMIIeHUs J___

91 | Koppekrop T

52 | Appetup App

53 | Hampanenue appeTupoBaHUs A

54 | TemmneparypHas rpymnmna b, B




[Tpunoxenue 2
OcHoBHBIE CBeeHMsI 0 JJadopaTopHoM cTteHae IOYpl'Y

OcHoenble npasuna mexHuKu 6e3onacHocmu npu padome Ha cmeHnoe
1. Ilepen cOopkoil 1enu HEOOXOAUMO YOETUTHCS, YTO BCE MPUOOPHI
BBIKJIFOUEHBI.

2. COopky uenu HEeOOXOAUMO BECTH IO KOHTypaMm, HayuHas OT
OCHOBHOTO, COJEpKaIlero MCTOYHUK MUTAHUA. BJIOK MyJIbTUMETPOB
NOAKJIIOYaeTCd B TMOCJEAHIO ouepenb. OOpaTuTe BHUMAHHME Ha
MPaBUIHLHOCTH BBIOOpA PEKHUMOB U3MEPEHUS.

3. BkiroueHHe cXeMbl MPOU3BOAMUTCS TOJBKO TIOCIE MPOBEPKHU
COCIMHEHUH TIperojiaBaTeieM Uiln Ja00paHTOM.

4. Jns mnpoBeaeHUsl JOOBIX TMEPEKIIOYEHUW B IEMU  HEO0OXOIUMO
OTKJIFOYNUTH UCTOYHUK ITUTAHHUA.

5. Ilepen pa3z0opkoii 1€ TPOBEPHTE BHIKIIOUEHUE BCEX MPUOOPOB.

Yempoiicmeo cmenoa

1. JTabopaTopHbIii CTeHT pa30UT HA YETHIPE YACTH, KaXAasi U3 KOTOPHIX
BBITIOJIHSIET ONPEIETCHHYIO (DYHKIHUIO.

2. B neBoil yacTuW CTEHJa BBINOJHEH OJOK T€HEpPaTOpOB, KOTOPBIi
COCTOMT U3 TEHepaTopa HaNpsHKEHUH — crenuaibHOM  (pOpMBI
(cuHycOUJIaNIbHBIA CHUTHAJI, OWMOJISIPHBIE MMITYJIbChI, YHUIIOJSPHBIC
UMITYJIbChI), TE€HEpaTopa PEryJUpPyEeMbIX IOCTOSHHBIX HAMPSKEHUH,
JBYX HEPETYJINPYEMbIX HCTOYHUKOB MOCTOSIHHOTO HAITPSKEHUSI.

3. CmpaBa ot O0JIoOKa TE€HEpaTOPOB HAXOAUTCA HAOOpHOE TOJeE,
OpeAHa3HAUYCHHOE [JIi COOpPKHM DJIEKTPUYECKUX cXeM. JIuHum Ha
HA0OpHOM TMOJie¢ TOKa3bIBalOT (PM3MYECKU COCIMHECHHBIC THE3/A.
HITpUXOBBIMU ~ JMHUSMHM  TMOKa3aHbl MeCTa Il  TMOAKIIOYCHHUS
CIIEUAJIbHBIX MUHUOJIOKOB, HAXOIAIIUXCSA B KOMIUJIEKTE Pa0OTHI.

4. IlpaBee HaxomuTcs OJIOK JABYX HUGPOBBIX MYJIBTUMETPOB C
ucrounukamu nutanusa. Kinemma «COM» sBisercss oOLIMM BXOIOM
(3eMJis1), BTOpPOM BXOJ BBIOMpaeTCS W3 3aJadyd  HCCIECIOBAHUS.
[TosiBnenue 1mudper «1» Ha guciiiee yka3blBaeT Ha TO, YTO Mpeaen
U3MEPEHUSI  CIEAYEeT  yBEIWYUTh. MyJIbTUMETP AaBTOMATHUYECKH
BbIKJItOUaercs: 4epe3 40 MHHYT TOCJIE MOCIEIHETO MEPEKITIOYEHUS
PEKHUMOB U3MEPEHUSL.

5. Camas mpaBas dYacTh MPEACTaBIICT CO00H MakeT padoOThI II0
U3YYCHUIO DJIEKTpocTaThuueckux moiied. [IpaBuma cOOpKU ATON CXEMBI
IPUBEICHBI B ONTMCAHUH J1a00paTOpHOU pabOThI Neb.



[Tpunoxenue 3
HexoTopblie pyHaaMeHTAIbHbIE (M3UYeCKHE KOHCTAHTHI

3aps onextpona €=1,6-10"1° Kn

Macca snexrpona m=9,1-103! kr

OTHOLIEHUE 3apsAaa dIeKTpoHa K ero macce e/m=1,7-10! Ku/kr
DneKTpuyYecKas MocTosHHas £0=8,85-10"12 ®/m

CkopocTh cBeTa B Bakyyme ¢=3-10% m/c

MaruuTHas nocrosuas uo=1,256-10° I'n/m

[Tocrosunas Bonsrmana k=1,38-102% Jx/rpan

Yucno Asoragpo Na=6,02-10%% monp™

du3uyecKkue KOHCTAHTHI BelleCTB
[TnoTHOCTH Meau - 8,93 r/em®
Monsipaas macca meau — 63,5 1/ MoJTb
VnensHoe conpotusnenue meau (20°C) — 1,7-10° Om-cm
TemmnepaTypHbli KO3(PhUIIEHT
conporusienus meau (20°C) - 4,3-1073 rpax™
[[Tupuna 3anpenieHHon 30861 Kpemuus — 1,1 5B
[[TupurHa 3anpenieHHoN 3086 TepMmanus — 0,8 3B

KoadppuuueHTsl nepeBoaa eJuHULL
1 3B=1,6-10"1° I>x
1 1x=6,2-10* 5B
T(K) = 273,15+t(°C)



Copnep:xxanue

BBEJEHMHME.....ccoiiiiiiiiiiiiiiiiiiiiiiiiiiitiiiiiiiiietiiietttiaetesnnsscnnns

JlaboparopHuasi pabora Nel

MN3YYUYEHHUE SJEKTPOU3ZMEPUTEJIBHBIX ITPUBOPOB............

JlaGoparopHasi pabora Ne2

WU3MEPEHUE COIMMPOTUBJIEHUNA MOCTOBBIM METOJIOM.....

JlaGoparopHasi padora Ne3
N3YUEHUE NPUHIUIIA DJIEKTPUYECKUX

KOMIIEHCAIIMOHHBIX UBMEPEHMM..........cccvnvvnneennnnnnnnnnnn.

JlaGopaTtopHasi padora Ne4
KOHTAKTHBIE SABJIEHUS B METAJIUIAX. TPAJIYUPOBKA

TEPMOIIAPBDBIL.....cciiiiiiiiiiiiiiiiiiiiiiiiiiiiieiiieiiitiiecineciasccacenens

JlaGopaTopHasi paGota NeS

MPOBEPKA ITPABWJI KUPXT'O®A IS LENEH IOCTOSIHHOI'O

JlaGopaTopHasi paGota Ne6

MN3YYEHMUE SJIEKTPOCTATHYECKOI'O ITOJIS........ccccvvennennnnnn

JlaGopaTropHasi paGota Ne7
OIIPEJIEJIEHUE MOCTOSIHHOM BPEMEHMU LIEITH,

COJEPKAIIEN CONPOTUBJIEHUE U EMKOCTb.....................

JlabopaTopHasi pa6ora Ne§
INPOBEPKA 3AKOHA BOI'YCJABCKOI'O-JIEHI'MIOPA JJISA
BAKYYMHOI'O IMOJA U ONPEJAEJAEHUE YAEJIBHOI'O

SBAPATIA DJIEKTPOHA......cciiiiiiiiiiiiiiiiiiiiiiiiiiiieiienieeienneenen

JlabopaTopHas pa6ora Ne9
NU3YYEHUE TEMIIEPATYPHOH 3ABUCUMOCTH

COITPOTUBJIEHMA METAJIJIOB 1 ITIOJYITPOBOJIHHUKOB.......

JlaboparopHast padora NelQ
N3MEPEHUE UHAYKTUBHOCTHU, EMKOCTH U ITPOBEPKA

3AKOHA OMA JJIA IEPEMEHHOTI'O TOKA......ccccoiiiiiiinnnnnne.
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JlabopaTopHnas padora Nell
MOCTOBBIE METO/Ibl UBSMEPEHUSA PEAKTUBHbBIX

COMPOTHUBIIEHMI. .....cuieieeeeeeeeeeeeeeenenenencnsesesesessnsesnsnsasssnns
XX

JlaGoparopHnasi padora Nel2
NUCCIEJOBAHUE SIBJIEHUS PE3OHAHCA B QJIEKTPHYECKUX

JlaGoparopHnasi padora Nel3
NCCIEJOBAHUE MATHUTHOI'O ITOJISA COJIEHOUA............... XX

Jlaboparopuasi padora Nel4

CHSITUE OCHOBHOM KPUBO HAMATHUYUBAHUS
®EPPOMATHETUKA U U3YUEHUE 3ABUCUMOCTH

MATHUTHOM MTPOHUITAEMOCTH OT HANIPSI)KEHHOCTH
MATHHUTHOTO ITOJIS ... eueuneneenineenineeneeneeeneeeneeneneeneensaeensensasense, XX

JlaGoparopHasi padora Nel5
KOHTAKTHBIE ABJIEHUSA B IOJYINPOBOJHUKAX. XX
BBITNIPSIMUIIOIIEE JIEMCTBUE p-n IIEPEXO/IA ..........c.ue......
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