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1. Mecto nucuuninnbl B crpykrype OITIOIL.
JucuuruimHa — «ONEKTPUYeCTBO W MarHeTusM»  ((pU3NpPaKkTUKyM) OTHOCHTCA K
mucaurumaaMm bioka 1 6a3osoii yactu 51.5.8.3.
2. O0beM AUCHUILINHBIL: 2 3a4e€THLIE € QUHUIIBI.
3. Coaep:xkanue JUCHUNIUHBI.
3amaun u3y4eHHus: AMCHMIINHBI:

» TPHUMEHATh TEOPETUYCCKHMI Marepuai Kypca oOmieil (QU3WKU K aHaau3y
KOHKPETHBIX (PU3NYECKHUX CUTYaIlHi,

» OSKCICPUMEHTAILHO HW3YYHTh OCHOBHBIC (U3HUYECKHE 3aKOHOMEPHOCTH,
IIOHMMATh I'PaHUIbI UX IPUMCHUMOCTH,

» (GOpMHpPOBATh YMEHHS CAMOCTOSTEIIFHO IPHOOPETaTh U MPUMCHSTH 3HAHUS,
OOBSICHSTH (1)I/IBI/ILICCKI/I€ SIBJICHHUS, IPHUBUTH HABBIKU CaMOCTOSITCIILHOU
paboThI
10 IIPEAMETY,

» O3HAaKOMJICHHE C  JJICKTPOM3MEPHUTCIILHBIMH  TpuOOpamMH, HayIHOU
anmaparypou,

HN3YUCHUC IIPUHIIUIIOB X pa6OTI)I;

» (QopmMupoBaHUE IKCTICPUMEHTAIBHBIX YMCHHIA;

> HaY4YUTb IIPUMCHATHL MATCMATHYCCKHC MCTOJbBI O6pa6OTKI/I PE3YyJIbTAaTOB
JKCIIepUMeHTa (B TOM 4uciie ¢ npuMeHeHrneM DBM), Hay4uTh MpaBHIILHO
MPEACTABIATh MOJIYUYCHHYIO SKCIEPUMEHTAIbHYI0 HHGOPMAIMIO B BUJEC
rpadukoB, TaOJIHII.

Conep:xanue QM CIUATITAHBI

Tema Ne 1. M3ydyeHme 3J1eKTPOM3MEPHUTENbHBIX IPHOOPOB.

JlabopaTtopnast pabora Nel. IllyntupoBanue ranapbBaHOMETpA.

JlaGopatopHas padota Ne2. I'pagynpoBanue amnepMeTpa 1 BOIbTMETPA .

JlaGopatopHas pabota Ne3. MI3yueHue 3eKTpOHHOTO ocluiorpada

Tema Ne2. JnexkTpocraruka.

JlaGopatopHas pabota Ne 5. MccnenoBanue 371eKTpOCTaTHUECKOTO MOJIS.

JlabopaTtopHnast pabota Ne6. OnpeniesieHue eMKOCTH KOHJIEHCAaToOpa ¢ MoMOoIbio MocTa COTTH.
JlabopaTtopHnast pabota Ne§. VM3ydeHne sMeKTpUIECKUX CBOMCTB CETHETOAIEKTPUKOB

Tema Ne3. M3yueHne 3JIeKTPOHHBIX U HOHHBIX IBJICHHH B Pa3JIMYHBIX cpeaax.
JlaboparopHas padota Ne9. DkcrniepuMeHTaIbHAS MTPOBEpKa 3akoHa OMa.

JlaGopatopHas pabota Nel(. M3yyeHue 3aBUCHUMOCTH CONPOTHBIIEHUS METAJUIOB U AIIEKTPO-
JUTOB OT TEMIIEPATYPHI.

JlaGopatopHas padota Nell. U3zyuenue s dekra [lenbToe.

JlaGopatopHast pabora Nel2. V3yyeHne MarHMTHOTO TOJI COJICHOWJA C TOMOUIbIO JAaT4HKa
Xomna

Jlaboparoprass pabora Nel3. M3ydeHue BOJIBTAMIICPHOW XapaKTEPUCTUKH Ta30HAIIOJTHEHHOU
JIAMITBI



Tema Ne 4. MeToabl Mcc/IeIOBAHUA MATHUTHOIO MOJISI U MATHUTHBIX MaTepPUAJIOB
Jlaboparopuass padora Neld. M3ydeHHe MarHUTHOTO TOJSL COJCHOWIA C TIOMOIIBIO H3MEpPHU-
TEJIbHOM KaTyILIKH.
JlaGopaTtopnast pabota Nel5. OnpeneneHue ropu30HTAILHON COCTABIISIIONIEH MAarHUTHOTO TOJIS
3eMJIu C IIOMOIIBIO TAHI'€HC-TAIbBAHOMETPA.
JlaGopatopnas pabora Nel6. Omnpenenennie Toukn Kropu ¢deppoMarHeTHKoB
WHAYKIIMOHHBIM METOJIOM
JlaGopaTtopHas pabora Nel8. M3yuenue ructepesuca hpeppoMarHuTHBIX MaTEPHAIIOB
Tema Ne5. U3yueHne 3JIeKTPOMATHUTHBIX KOJIEOAHUIA.
JlaGopaTtopHnas padota Ne 19. M3yuenue nporieccoB 3apsjia u pa3psiga KoHAeHcaTopa
Jlaboparopuass pabGora Ne2(. WccrnenoBanme 3aryxaromux KojeOaHui B KojeOaTeabHOM
KOHTYpE
JlaboparopHas pabota Ne21. M3yueHue BBIHYKIEHHBIX KOJICOaHUI B KOJIEOATEThbHOM KOHTYpE
JlaGopaTtopHnas pabota Ne22. 3yueHune aMeKTpUIecKuX KoeOaH!ul B CBI3aHHBIX KOHTYpax
JlaboparopHas pabota Ne23. VM3yueHue OJHOIMOIYIEPUOAHOTO U JIBYXIIOIYIEPUOIHOTO
BBIIPSIMUTEIICU
Tema Ne6. UcciienoBanue nenei nepeMeHHOro0 TOKA.
Jlaboparopuas paborta Ne24. M3mepenue k03pPUIMEHTa CAMOMHIYKIIMH, EMKOCTH U MPOBEpPKa
3akoHa OMa JJ1s enu NepeMEHHOr0 TOKa
JlaboparopHas padora Ne25. M3MepeHre MOITHOCTH TIEPEMEHHOTO TOKa M CABHTa (a3 MEKIy
TOKOM U HaIpsiKEHUEM
JlaboparopHuas pabota Ne26. OnpeneneHue 4acTOThl IEPEMEHHOTO TOKA.
JlaboparopHas pabota Ne27. M3yueHue 3JIeKTPUIECKUX MPOLIECCOB B MPOCTHIX TUHEHHBIX HETISIX
pU JeHCTBUN TraPMOHUYECKON AJIEKTPOABIIKYILECH CHIIBI.
Jlaboparopnas pabota No28. M3yuenue siBiIeHUs B3AUMHOM WHIYKIIHH.
4. [Inanupyemble pe3yJbTaThbl 00yUeHHs M0 TUCHUILINHE.
B pe3ynbrare 0CBOCHUS AUCITUTUIMHBI CTYICHTHI JOHKHBI OBJIAJACTh CICTYIONTUMU HABBIKAMM:
» 1pu paboTe B JJaOOPATOPHOM MPAKTHKYME CTPOTO COOJIIOIaTh MPaBHUiIa OXPAHBI TPyJa H
TEXHUKY O€30MTaCHOCTH;
» CaMOCTOSITENIbHO OOBIBATh HEOOXOIUMBIC 3HAHHs, paboTas ¢ y4eOHOW M CIpaBOYHON
JIUTEpaTypoi;
» BJaJIeTh OCHOBHBIMHU TIPUEMAMH BBIITOJHEHHS SKCIICPUMEHTA B TIPAKTUKYME;
» 4eTKO W TMOCIeA0BaTeIbHO (HOPMYTUpOBaTh M pElIaTh IMOCTABJICHHBIC Mepel HUMHU
3a/la4yM, Kak TEOPETUYECKOT0, TaK U MIPUKIIATHOTO XapaKTepa.
5. ®opMa KOHTPOJISA: 3a4ET.

MeToanyecKkue yKa3aHusl 10 MOATOTOBKe K JIA0OPATOPHBLIM padoTam

Ilepexonm poccuiickoit cuctemMbl obpazoBanms k ['OC BIIO TpeThero moKoJIEHUS O3HAYAET
MEPECTPOKY 00pa30BaTEe/IbHOM MOJUTHKU U MIPAKTUKH paO0ThI yUeOHBIX 3aBeICHHH MPO(HEeCCHOHATBHOIO
00pa3oBaHMsi B COOTBETCTBUM C KOMIIETGHTHOCTHBIM U CTYACHTOIICHTPHUPOBAHHBIM ITOJXOJaMH.
KomrieTeHTHOCTHBIM MOJX0JT 03HAaYaeT CO3/IaHUE YCIOBUM ISl OBJIAJICHUS] KOMIUJIEKCOM KOMIIETEHIIHH,
03HAYAIONTUX MMOTEHITHAI, CIOCOOHOCTH BBIITYCKHUKA K BBIKUBAHUIO U YCTOWIMBOM KU3HENCATCITLHOCTH
B YCJIOBHSIX COBPEMEHHOTO MHOTO(AKTOPHOI'O MPOCTPAaHCTBA. TaKoW IMOAXOHA BBIIBHTAET Ha IIEPBOE

MECTO HEe MH()OPMHPOBAHHOCTh CTYACHTA, & YMEHHE pellaTh MpoOJeMbl, BOZHUKAIOUINE B IMO3HAHUH U



OOBSCHCHUM SIBJICHUH JCHCTBUTEIBHOCTH, W IpEIIojaraeT HeOOXOAMMOCTh: Pa3BUTHS CIIOCOOHOCTH
pemarh 3ama4d Ha OCHOBE 3HAHWM, OIBITa, MOTHUBAIMM W IIEHHOCTHBIX OPHCHTAIUH, YMCHHS
CaMOCTOSITEILHO JIOOBIBaTh HEOOXOJMMBIC 3HAHUS;, (OPMUPOBAHUS HABHIKOB CaMOCTOSITCIHHON
MOCTAHOBKHU IIeJICH JCSITEIbHOCTH W TUIAHUPOBAHUS CIIOCOOOB WX JOCTHXKCHHUS, YTO TMOJIPa3yMeBacT
pPa3BUTHE TBOPUYECKOM CAMOCTOSITEIBHOCTH U TO3HABATEIBHOW AKTUBHOCTH CTYIEHTOB. Du3znuecKkuit
MPAKTUKYM MOXET CIY)KUTh OJHUM W3 CPEICTB (DOPMHUPOBAHUS Y CTYACHTOB OOMIENPOdECCHOHAIBHBIX,
CIICIUALHBIX U TYMaHUTAPHO-OPUCHTUPOBAHHBIX KOMIIETCHIUH, CIIOCOOCTBYSI Pa3BUTHIO HABHIKOB KOM-
TUIEKCHOTO TMOJX0/a K M3YYCHUI0 (PU3UYECKHUX MPOIECCOB U SBICHUH M (DOPMHUPOBAHHIO LIEITOCTHOTO U
HAYYHOTO MIPEJICTABICHUS O MIPOIECCaX U SBICHUSIX, TPOUCXOISAIINX B MUPE MPUPOJIBI U OOIIECTBA.

[ToaroroBKka CTyeHTA K BBIMIOJTHCHHUIO Ta0OPATOPHON pabOTH HAYMHACTCS C
CaMOCTOSITENIbHOTO BBIIMOJIHEHUS «0a3MC-KOHCIEKTAy, KOTOPbII BKIIIOYAeT B ceOsl:

1. Kparkoe ommcanue 1enu pabOThI, BO3MOXHBIX CIIOCOOOB JOCTHIKCHHS 3TOH IENId U
OTEHKY BBIOpAHHOTO crioco0a.

2. Omnwucanre (HU3MYECKON CYINIHOCTH METO/Ia, JIEKAIIETO B OCHOBE BBIITOJIHEHHOTO B IA0OPATOPHOI
paboTe UCCIeIOBaHMUS.

3. TlepeueHb U3MEPHUTENBHBIX MPHUOOPOB, HEOOXOAUMBIX JUIS BBIIIOJIHEHHS JTA00PATOPHOI pabOThI, C
yKa3aHWEM THUIA U TPEAEIOB U3MEPEHUs MPUOOPOB (COCTABIISETCS MO YCIOBHIO U TPeOOBaHUIO
IKCIEPUMEHTAIFHON 3aa4M); TpaBWIa TEXHUKH OE30MacHOCTH NpU paboTe ¢ BHIOPaHHBIMU
npudopamu.

4. OdeHb KpaTKUe OTBETHI Ha BOMPOCHI MO TEOPETHUSCKOMY MaTepually, B 005S3aTEIbHOM MOPSIIKE
coJiepKalliie OMNpe/eNiCHHs W3yYaeMbIX B pa0oTe (U3MYECKHX BEIUYMH C YKa3aHHEM €IWHMUIIL
U3MEPEHHUSL.

5. VYka3zanue o0nacteil HAyKu, TEXHUKH, OKPYKAIOIICH JeHCTBUTEIBHOCTH, B KOTOPBIX BCTPEYAIOTCSI
U TPUMEHSIOTCS HW3y4daeMble B padOTe SBICHUS, KPAaTKUH aHAIN3 HX TEOPETHYECKOTO H
NPaKTHYECKOTO 3HAYCHHS C yKa3aHHEM BaXKHBIX B BBIOPAHHOM CTY/I€HTOM MPO(PECCUH acTIeKTOB.

6. OmnucaHne MaTeMaTHYECKUX METOJIOB OOPaOOTKH IOJYYEHHBIX B pabOTe pe3ysbTaToB, MEpeueHb
TalbmuI (C yKa3aHHEM H3MEPSIEMBIX W PACCYMTBHIBAEMBIX IO Pe3yJbTaTaM W3MEPEHUH BEINYUH),
rpaduKoB, pac4eTHBIX (HOpPMYII.

7. TlporHo3 oKUIaeMbIX pe3yJIbTaTOB, COCTABJICHHBI Ha OCHOBE TEOPETUYECKOTO OOOCHOBAHUS
paboThL

[locne BommonHeHUst nabopaTopHOW PabOTHI COCTABIAETCS MHUCBMEHHBIH OTYET B COOTBETCTBHH C
IMPUBEACHHBIM HUXKE OBPUCTUYCCKHUM ITPEATTUCAHUEM .
Od¢opmitenne oT4eTa mo JadopaTopHoii padore
1. Odopmiienne pe3yibTaToB JabOpaTOpHOW pabOThl HAYMHACTCA C 3alMCH AaThl MPOBEACHUS

SKCIICPUMCHTA U €0 HA3BaHUA.

2. I[anee CJICAYCT KOHKPCTU3UPOBATD LECJIb SIKCIICPUMCHTA.



3. HeoOxoauMo MpHUBECTH NIepedeHb HCIOIb30BaHHBIX TPUOOPOB M MPUHAIICIKHOCTEH C YKa3aHHEM
MapOoK U TEXHHYECKHX XapaKTEPUCTHK (TUIa MpHOOPOB, Kiacca TOYHOCTHU, IPEAEIOB U3MEPEHHH
UT. Ad.).

4. Tlepem TeM, Kak NPUCTYNUTb K OMNBITY, HEOOXOAUMO TMOATOTOBUTH TaOMWIy Ui 3alHCh
Pe3ybTaTOB U3MEPEHHUN 1 BEIYUCIICHHH.

5. UwucneHHbIe BEIMYMHBI C TOUHBIM YKa3aHUEM EAWHUIL H3MEPEHHS [TOCTIe WX HAXOXKACHUS TOTKHBI
OBITh 3aHECEHBl B 3apaHee IMOArOTOBJICHHYIO TaOnuiy. be3 enuHHI W3MEpeHHs pPe3ysbTar
OecrieneH.

6. B 3ammcax, HAacKOIBKO 53TO BO3MOXKHO, JOJDKHBI HCIIONIB30BaThCsS CXEMBI YCTaHOBOK,
CXEMAaTHYECKHe PICYHKH IPUOOPOB U YCTAHOBOK B JACWCTBUU.

7. T'me a0 menecoobpas3Ho, pe3yNbTATH TOJDKHBI OBITH MPEICTaBICHb B BUe TpadukoB. LleHHOCTD
rpadudgeckoro M300paKeHUSI COCTOMT B TOM, YTO OH YMEHBIIAET BO3MOXKHOCTH TIOSBICHHUS
rpyOooii OmMOKM W TO3BOJIAET JIydIle OCMBICIHTH (U3NYECKYIO CYIHOCTh TOJYYSHHBIX
pE3yIBTATOB B IIEIIOM.

8. HeoOxoammo mpuBecTH B OTYETE MPUMEP pacyera U3MEpsIieMON BEIWYHWHBI, MPOTPaMMBI U
Pe3yNbTaThl pacyeTa NOrPEIIHOCTEN H3MEPEHUM.

9. 3ammcu, BeYUCIEHUS, TPAQUKH, TaONHIBI, CXEMBl JOJDKHBI BBITIONHATHCS TaK, YTOOBI APYTUM
OBLJIO IOHATHO, C KaKOH MEIhI0 3TO OBLIO CAENAaHO, KaK CACIAHO U YTO U3 ATOTO MOIYUHIIOCH.

10. KoHeuHbI#l pe3ynabTaT C pPACCUUTAHHOW TOTPEITHOCTHIO HEOOXOAMMO IPOaHaIM3HPOBATH:
npasaonogooeH nu on? He mpotuBopeunt 1 OH Qu3nueckoMy cmbicny? [IpaBUibHBI JH
CAWHUIIBI U3MCPCHUA KOHCYHOI'O pe3ynLTaTa? Henws3s 1 KoHEUYHBIN PE3yabTaT CPAaBHUTH C
KaKI/IMI/I'J'II/I6O KOHCTaHTaMH, CIIPpaBOYHBIMU ILaHHI)IMI/I?

11. TlocnemHUM IMyHKTOM OTYETa SIBJISIOTCS BBIBOJBI. BBIBOJBI 10 pabOTe JOKHBI COACPKATH TO
HOBOC, 4YTO CTYJACHTBHI y3Ha/Ii BO BPCMA BBLIITOJIHCHUA pa6OTI)I; COITIOCTABJICHHUE TCOPCTUUCCKUX
HpeI[CKa?,aHHfI U OKCICPUMCHTAJIbHBLIX PE3YyJIbTAaTOB, aHallu3 q)aKTOpOB, BIIUAIOIINUX Ha
pacxoxKaACHUEC MEKAY TCOPETUYCCKUMHU U OKCIOCPUMCHTAJIBHBIMU JaHHBIMU; KPUTHYCCKHC
3aMeyaHuss W TPEIJIOKCHHS 10 METOAMKEe pPabdOoThl, COOOpakeHHs 10 OOOCHOBAHHOCTH
MIPUMEHSIEMBIX METO/IOB U IOCTOBEPHOCTH PE3yIbTATOB.

[Ipu OATOTOBKE M BBITOJHEHUH JIA0OPATOPHBIX PabOT pEeKOMEHIYeM HCIIONB30BaTh MPUBEICHHBIC

HIDKE DBPUCTUYECKHE MTPEIITUCAHNS O0IIer0 U YaCTHOTO XapaKTepa.
|. Kak npaBuJibHO Ha0J1101aTh M ONMKMCHIBATH HA0JII0]aeMble SIBJICHHS,
npoiecchl

1. OcwmsbiciuTe uenp HAOMIOAEHUS, a Uil 3TOrO IOCTaBbTE Iepell COOOHW BOMPOC: AJS Yero
NPOBOAMTCS HaOIIOAeHUE?

2. YTouyHute mpenmer HaOmOIeHHUA. B CBsI3M ¢ 3TUM MocTaBbTe Nepesa co0oi Bompoc: 4To Oyaere
HaOIOIaTh?

3. HaOmroneHue ocylecTBIsSHTE MO 3apaHee pa3pabdoTaHHOMY IaHy. J{as 3TOro mpeacTaBbTe €ro

MBICJICHHO WX 3aITMIIUTE NPEABAPUTEIILHO B TETpaIu.



10.

Jlo Hauana HabOmIOMEHUs ompeneauTe, Koraa Oyaere OCyMECTBIATh (UKCAIMI0 HaOII0MaeMbIX
SBJICHUI: B ITpoLiecce HaOMIOACHUS HITH CPa3y XKe MOcJe ero OKOHYaHusI.
Bribepute ciocob HaOmoaeHUs; HAOMIOAATh MOXKHO MPSIMBIM CIIOCOOOM, T. €. BU3YaJbHO, MU
KOCBEHHBIM CIIOCO0OM, T. €. TIpY OMOIIY TpUOOPoB (poTroarnmapara, MaraHuTohoHa u T. 11.).
Habmionenue, kak ¥ SKCIEPUMEHT, HEOOXOUMO MPOBOIUTH HECKOJIBKO pa3; 3TO MOBBIMIAET €T0
00BEKTUBHOCT.
[Tpu onmcanuy sBJIEHMIA, TPOLIECCOB O0OpalaiiTe BHUMAaHUE HE TOJIBKO Ha TO, KAK OHH MPOTEKaJH
BO BPEMEHH, HO U MPH KaKUX yCIOBUSIX.
[ToMHuTE, YTO 1ENb OMUCAHUS — yKa3aTb HauboJiee TOYHO W ITOJIHO MPH3HAKH HAOIIOAaEMBIX
SIBJIEHUH, TIPEJIMETOB.
IIpu ommcanny pe3yabTaToOB HAOMIOAEHUI 00paTHTe BHUMaHUE HA TO, YTO CYIIECTBEHHO HOBOTO
OBIII0 00HAPYXKEHO M YTO OOIIEro, CXOIHOTO C PaHee N3BECTHBIM.
Ornucanre HaOMIOMAEMBIX SIBICHUH, MPOIIECCOB MOXET OBITh BBIPAKEHO B CIIOBECHOH (opme,
TIPEJICTABICHO aHATUTUYECKH — B BUJE (POPMYIT U ypaBHEHHUA, Tpad)UIeCKu — B BHE PUCYHKOB,
CXEM U T. 1.

1. Kak cocTaBafTh IUIaH NPOBeIEHNs IKCIIEPUMEHTA
YTouHUTE U KOHKPETU3UPYHTE KOHEUHYIO IeJIb IPOBEACHUS dKCcIepuMenTa. /st aToro emie pa3
OCMBICIIUTE YCJIOBUE U TpeOoBaHMe 3amanus. lloctaBeTe mepen coboi Bompockl: uyTo Aano? Uro
HY>KHO SKCHEPHMEHTAIIbHO MPOBEPUTH, MOITY4YUTh? KakoBbl BO3MOXKHBIE YCIOBHS BBIMOJHEHUS
3KCIIepUMeHTa?
BhrunenuTe npoMeKyTOUHBIC 1I€IH MPOBEACHMS dKCcIiepuMenTa. it 3Toro MbBICIeHHO pa3beiite
3a7auy Ha MoJ3aaaqH.
MEICIEHHO MMpEACTaBbTC BCC BO3MOXKHBIC BApHUAHTEI IIPOBEACHUA SKCIICPUMCHTA.
Bribepute U3 Bcex BOBMOXKHBIX BapHaHTOB MPOBEICHHS SKCIIEPUMEHTA HanboJiee paliioHaIbHbIe
C TOYKH 3pCHHUA BO3MOXHOCTU IIOJYUYUTH HaI/I6OJ'Iee TOYHBIN pe3yabTAaT MNpU HCIIOJIB30BaHHUU
MUHHMYMa PHOOPOB U MATEPUAIIOB, C TOUKU 3PEHUS] MUHIMAIBHOM 3aTPaThl BpPEMEHH.
3amuch IUTaHa SKCIEPUMEHTa JIOJDKHA OBITh MO BO3MOXKHOCTH KpaTKOHM, OTpa)karollei Wb
OCHOBHBIE €r0 3Tallbl.
[IpemycmoTpuTe, Kakue TaOMUIBI, PUCYHKH, CXEMBI BaM HEOOXOMUMO OYIET BBHIOJHUTH B
MpoIIecce IKCIIEPUMEHTA.
[IpongymaiiTe, KOrJa ¥ 9TO BaM MPUAETCS H3MEPUTH B MPOIECCE IKCIEPUMEHTA, a YTO MOKHO
BBIYUCIIUTD TIOCJIE €0 BHIITOJHEHUSI.
[IpoxymaiiTe M mpeaycMOTpUTE B IUIaHE, KaKMe NPHEMbl M CPEICTBA MOTYT OBITH BaMH
UCIIOJIb30BaHBbI.
[locne cocraBneHus IUlaHa OpoaHaNM3UpyiTe ero eme pa3. [ns storo mpencraBbTe cebe

MBICJICHHO pa60Ty OT HavaJla 10 KOHIIA; OT KOHIIa K Ha4YaJ1y.



10. ITomHUTE, YTO XOPOIIO COCTABICHHBIH IIaH JOJDKEH 00J1alaTh M ONPEIeTIeHHON THOKOCTBIO, T. €.
BO3MOXXKHOCTBIO ONpENENCHHON TEepecTpOMKH BallMX [EHCTBUM B clydae BO3ZHHUKHOBEHHS
3aTpyAHEHHS.

I1l. Kak nogo6paTh npu6opsl U MaTepHaJibl, HEOOX0AUMBIE sl
IKCIEPUMEHTA

1. Bmnawane, HAacKONBKO 3TO BO3MOXHO, ONpeNeNUTe MO YCIOBHIO W  TpeOOBaHUIO
9KCIEPUMCEHTAILHON 3ajaul, Kakue NpuOopsl M MaTepuanbsl moTpeOyrorcsi. CocTaBbTe HX
npeBapUTEIbHbIN NepeueHb.

2. 3areM yTOYHHTE 3TOT MEPEYEHb, MPOAHATUIUPYHUTE CXEMY YCTAaHOBKH M YCIIOBHS €€ paboThl;
YTOUHHUTE BCE STallbl BHIIOJIHEHHS IUIAHA MIPEICTOSIIET0 IKCIEPUMEHTA, BCE TO, YTO MPEACTOUT
HaOIIOAaTh i U3MEPSITh.

3. Jlnst Toro, 9ToOBl OKOHYATENLHO YCTAHOBUTH MPABWIIBHOCTH BEIOPAHHOTO MPUOOpPa, HEOOXOIUMO
C LESIMA M YCJIOBHUSIMH JKCIIEPUMEHTa COOTHECTH: Ha3BaHHME NpUOOpa; Ha3HAuYeHHE Mpuoopa;
NPUHIMIT JeHCcTBUS mpuOopa; mpeAen M3MepeHHs npubopa; LeHy AeNeHHUs LIKajibl Npuoopa;
IpaBUiIa IIOJIb30BAHUS MPUOOPOM; YCIOBUS OKCIUTyaTalMd MNpuOOpa; MpaBuia TEXHHUKH
Oe3omacHOCTH TIpU paboTe ¢ MPUOOPOM.

4. JInsi Toro, 4YTroObl OKOHYATEJIbHO YCTAHOBUTH IPABHWIIBHOCTH BBIOPAaHHOIO MaTepHana,
HEOOXOIUMO COOTHECTH C UEJSAMH M YCJIOBUSIMH JKCIEpHUMEHTAa: Ha3BaHHE MaTepHaa;
Ha3HauCHWE MaTephalia, OCHOBHbIE (H3MYECKHME W XHUMHYECKHE CBOWMCTBA MarepHaia;
JIOITyCTUMBIE TIpe/IEibl M3MEHEHUSI OCHOBHBIX CBOWMCTB MaTepHaia; YCIOBHS, B KOTOPBIX JTaHHBIM
MaTepuajl MOXKET OBITh HCIONB30BaH; MpaBWiIa TEXHUKH O€30MacHOCTH Tpu paboTe ¢
MaTepHajoM.

IV. Kak co0paTh ycTaHOBKY, cXeMYy /ISl MPOBeIeHNs IKCIepUMeHTAa

1. TpuGopsl cnenyro pacmonarath Tak, YTOObI HU OJUH W3 HUX HE MEPEKPHIBAI BHIUMOCTH H
JOCTYTI K IPyTOMY.

2. Ilpu paccraHoBke MpHOOPOB TPEAYCMOTPHUTE, YTOOBI OJAHM TPUOOPHI HE BIMSUTM Ha paboTy
JPYTHUX.

3. VYurure, 4TO HE BCE NPHOOPHI MOTYT OBITH YCTaHOBJIEHBI T'OPU3OHTAIBHO, JUIS HEKOTOPBIX
pabounM COCTOSIHUEM SIBIISIETCS] BEPTUKAIBHOE MOJI0XKEHHE.

4. Tlpexne 4eM NPUCTYNUTh K COOpKE yCTAaHOBKH, CXEMbl, NMPOAHAJIM3UPYHTE M IMPEICTABbTE €€
MBICJIEHHO B 3KCIIEPUMEHTE, YTOUHHUTE, YTO HEOOXOAMMO HAOII0IaTh U U3MEPSITh.

5. Illxanma mnpuOOpoB W T€ YYaCTKH YCTAaHOBKHM, TJ€ Bbl MPOBOJUTE HAOMIOJEHUS 3a
COOTBETCTBYIOIIMMHU (U3MYECKHUMHU SIBICHUSMH, JOJDKHBI HAaXOAMTHCS B TIOJNE JIyqlIed
BUAMMOCTH.

6. Hcnonp3yiiTe, rae 3TO BO3MOXHO, BCIIOMOTATENbHBIE MPHUCIOCOONIECHUS: MOJCTABKU, 3a)KHMBI,
MPOKJIAIKH, MUHLETHI, CTPEJIKU-YKa3aTenn, PUKCaTOphl U T. 1.

7. Tlocme Toro, kak mNpUOOpPHI pa3MeIeHbl, MPOBEPHTE MO BO3MOXKHOCTH JEHCTBHE KAXJOTO

mpudopa B OTAETHLHOCTH.
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ITocne 3TOroO Ciexyer NPOU3BECTH HACTPOHKY YCTAaHOBKU U IIPOBEPUTH €€ paboTy B LIEJIOM
Bce omepanuu mo cOOpKe W HCMOJIB30BAHUIO YCTAHOBKH B paboTe JOIDKHBI MPOBOAMTHCS B
CTPOTOM COOTBETCTBUU C NIPAaBUJIAMH TEXHUKH O€30MaCHOCTH.

V. Kak nosb30BaThCcsl M3MEPUTEILHBIMU MPUOOPAMU B MpolLecce IKCHEPUMEHTA
[lpexxne yeMm WUCMONB30BaTh NPHOOP B TPOLECCE HKCIEPHMEHTa, IO3HAKOMBTECH C €ro
OTMCaHWEM, HA3HAYCHUEM U TaCIOPTHBIMU JAHHBIMH M MO YCIOBHBIM 0003HAUCHHSM Ha IIIKaje
OTIpeJIeNIUTE CUCTEMY IPUOOpa U €r0 XapaKTePUCTUKH.

HenocpenctsenHo mepe UCNoiab30BaHUEM NPUOOpa CpaBHUTE JOMYCTHUMBIM Mpeaen U3MepeHus
C MakCUMaJIbHO BO3MOKHBIMH 3HAaYEHUSIMH U3MEPSIEMON BEIUYNHBI.
YTo4yHHTE LieHY AeleHus IIKajibl npubopa M yOeauTech, YTO OHA COOTBETCTBYET TOYHOCTH
U3MEpEeHHs B IMIPOBOJMMOM H3MepeHHU. UTOOBI ompenenuTh LEHy AEJICHUS LIKajibl npuoopa,
HEOOXOIUMO B35Thb PA3HOCTb MEXKAY [BYMs 3HAUEHMSIMHU IIKaJIbl M Pa3deIUTh €€ Ha YHUCIIO
JICJIEHNH, COAEPKALINXCS MEKIY STUMH 3HAYCHHUSAMU.
Omnpeaenure Ki1acc TOYHOCTU MPUOOPA U BHIYMCIUTE HAHOOJBIIYIO OTPEIIHOCTD, JOMYCKAEMYIO
mprOOpOM.
Pacnonoxure n ycraHoBUTE NpUOOP, YIUTHIBAass 0COOCHHOCTU €ro KOHCTPYKLMH W Ha3HAYCHUS,
HENOCPENCTBEHHO MEPE]] €T0 UCIIOIB30BaHUEM B OKCIIEPUMEHTE.
IIpu otcuere mokazaHWil mpuOOpa ria3 pacroiaraiite MpPOTHB HAOIIOMAEMOTO AENEHUs, a ITyd
3peHust HaOMoJaTeNs JODKEH ObITh MEPIeHTUKYISIPEH IUIOCKOCTH LIKATBI pubopa.
IIpu 3anucu pe3ynbTaToB U3MEPEHUS cpa3y JKe 3alUIINTe eTUHUIBI U3MEPEHUSI.
IIpoBenuTe U3MEPEHNUE OHOM U TOM XK€ BEJIMUYUHBI 10 BO3MOXXHOCTH HECKOJIBKO Pas.

VI. Ha uto cienyer o0pamaTh BHUMaHUE MPU NOCTPOEHUHU U

YTeHUM rpapuKoB

CBsI3b KaKHMX BEJIMYUH MPEACTaBISIETCS Ha rpaduke?
B xakux eguHUIIAX U3MEPEHUsI YKa3aHbl 3HAYCHUST PU3MUECKIX BEITHIUH?
B kakux mpejenax U3MEHSIOTCS apryMeHT U QpyHKIms?
Kaxoit macmitab mpruMeHeH Ha OCSIX KOOpIUHAT?
Heo0xonumo yuuThIBaTh pPa3dpoc SKCHEPUMEHTAIBHBIX TOYEK, SIBISIOMIMXCSA PE3YJIbTATOM
NpUOIMKEHHOTO XapaKkTepa JaHHbIX, TOJYYEHHBIX B X0/1€ U3MEPEHUS PU3NUECKUX BETHUNH.
KakoB xapakrep (pyHKIMOHATBLHON 3aBUCUMOCTH, IPEACTaBICHHOHN Irpaduuecku?
Kakue cnenuduueckne 0coOEHHOCTH paccMaTpuBaeMOH (YHKUMOHAIBHONW 3aBHCUMOCTH BBI
MOJKETE OTMETHUTB?
MoxHo 1M momoOpaTh  aHAIWTHYECKOE  BBIPAXKECHHE, ONKCHIBAIOIIEE  IOJyYEHHYIO
(YHKIMOHAIBHYIO 3aBUCUMOCTB?

Kaxos (1)I/I3PI‘ICCKI/II>'I CMBICJT KaK OTACIIbHBIX Y4aCTKOB, TaK U BCETO I‘pa(i)I/IKa B LIeJ'IOM?

CIHHUCOK JIMTEPATYPbI
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U3YYEHUE SNEKTPOU3SMEPUTE/IbHbIX MPUBOPOB

Jlureparypa
[P1], §§24 — 34, 40.
[P3], §§ 70, 188.
[P7], [P9], [P10], [P14], [P15].

Bonpocbl N0 TeopeTUHeCKOMY maTepuany

1. Knaccudukauma anekTpomamepuTenbHbix nNpubOpoB MO  MpUHUMNY  AeWCTBMA.  YCIOBHble
0603HauyeHua cuctem npubopoB. BapmaHTbl opopmaeHUsa LWKaa U yKasaTesnen, obo3HayeHua Ha
LUKafax.

Knacc ToyHocTw.

MpuYHUMN AEeACTBUA N YCTPOIACTBO NPUOBOPOB MArHUTOIEKTPUYECKOM CUCTEMDI.

MpuWHUMN AeCTBUA N YCTPOICTBO NPUHOPOB INEKTPOMArHUTHOM CUCTEMDI.

MpuHLMN AeNCcTBMA U YCTPOMCTBO NPUBOPOB INEKTPOAUHAMUYECKOM CUCTEMDI.

MpuHLUMN eNCcTBMA U YCTPOMCTBO BAaTTMETPA.

MpuHLMN OeNCcTBUA U YCTPOMCTBO 6aNIUCTUUECKOrO raibBaHOMETpA.

MpUHLMN AeNCTBMA N YCTPOMCTBO 3/1EKTPOHHOrO ocuuanorpada.
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N3meHeHWe npeaenos LWKajbl 3N1eKTPOU3IMepuTenbHoro npubopa. LLyHTMpoBaHME amnepmeTpa.
N3meHeHWe Npesenos WKaabl BONLTMETPA.

10. MpuHUKMN AENCTBUA reHepaTopa Pa3BePTKMU.

11. ®durypsbl Jlnccaxy.

12. MorpewHoCTM 3MepeHUit U NxX TUNbl. CUCTEMATUYECKUE NOTPELIHOCTU USMEPEHWUIA.

13. O6paboTKa pe3ynbTaToB NPAMbIX U3MEPEHUN.

14. PacyeT norpeLHocTel NPy KOCBEHHbIX U3MEPEHMUSAX.

15. Cnocobbl yyeTa CMCTEMATUYECKUX U CTyYalHbIX MOTPELHOCTEN U3MEPEHUNA.



10.

11.

12.

13.

Ka4vecTBeHHbIE BONIPOCHI
KaKune cBOMCTBA TOKa U AR CO34aHUA KaKUX U3MEePUTE/IbHbIX MPUBOPOB UCMOb3YIOTCA?
Ob6bACHUTE BbiparkeHWe: «BoNbTMETpP ecTb NeperpagynmpoBaHHbIi amnepmeTp».
YTO M3MEHWNOCb B LLENW, €CIM BKAKOYEHHbIM NapaniesbHO BHELWHeN Leny BOAbTMETP MNoKasasn
YMeHbLUEHWE HanpsAKeHna?
Y70 npouncxoanno bbl CO CTPENKOMN SNEKTPOMETPA, eCNU Bbl OCb BPaLLEHWA NPOXOAMIA YepPes LEHTP
TAMKECTU CTPENKN?
Moyemy nogKAOYEHME NOCNEA0BATE/IbHO C BO/IbTMETPOM A06aBOYHOIO COMPOTUBNEHUA CHUNKAET
YyBCTBUTE/IbHOCTb BO/IbTMETpPA?
MoryT n nsmeHeHUA TemnepaTypbl BAUATL Ha MOKA3aHUA aMnepMeTpa U BONbTMETPA?
Y70 TaKoe raibBaHOMETP U YEM OH OT/IMYAETCA OT amnepmeTpa?
BepHo nn yTBEpKAEHME, YTO BONLTMETP, NOAKAIOUYEHHbINA K KJAEeMMaM Pa3sOMKHYTOrO MCTOYHMKA,
noKasblBaeT 3.4.C.?
Y ouyeHb YYBCTBUTENbLHOIO ra/ibBaHOMETPA MNPM PA3OMKHYTOM Lenu OBHapy)KeH cieaylowuit
apdeKkT. EcnM nogHecTM K o4HOMY M3 KOHLOB OBMOTKM rasibBaHOMETpa 3apaXKeHHoe Teno, TOo
ra/bBaHoMeTp AaeT oTbpoc. Ecnu e NoaBecTn 3To TeNo K APYroMy KOHLY 0BMOTKM, TO oTbpoc
NOJIy4aeTca B Ty Ke CTOPOHY. KaK 06BbACHUTL 3TO AB/eHNe?
Bo Bpema paboTbl C OYeHb YyBCTBUTE/IbHbIM Fa/IbBAHOMETPOM 3KCMEPUMEHTATOP, CUAALMIN Ha
CTy/sie y cToNa, 0OHApyXua NobonbITHOE ABNEHME (ra/ibBaHOMETP Oblal NPUKPEnJieH Ha CTeHe, a
KOHLLbI ero 06MOTKM NoABeseHbl K Pa3OMKHYTOMY KUY, PAacnofioXXeHHOMY Ha cTone). MNpuscTtas
CO CTyla W KOCHYBLWIMCb CTO/NA pPYKOM, 3KcnepumeHTaTtop Habaogan 3ameTHbIn oTbpoc
raibBaHomeTpa. EcivM Ke 3KcnepMMeHTaTop Kacanca cTona, CMAA Ha CTysie, TO OTObpoca He
Habnoganocb. TOYHO TaK Ke 3aiuMK rasibBAaHOMETpPa He CMeLlanca M B TOM C/y4yae, Korga
3KCMEPUMEHTATOP Kacaca CTo/a, He CagfAcb NPesBapuTeNbHO Ha CTya. Kak MOXHO 06bACHUTL 3TO
ABneHue?
AmnepmeTp MOCTOAHHOrO TOKa M TEMn/oBOM amnepmMeTp NepemMeHHOro TOKa BK/YEHbl B LeMb
nocnegoBatenbHo. Korga no uenu NponycKaloT NOCTOAHHbIM TOK, aMnepmeTp NOCTOSHHOMO TOKa
nokasbiBaeT |; = 6 A. Korga no uenu nponyckatoT NepemeHHbIi CUHYCOUAAAbHbIM TOK, amnepmMmeTp
NnepemMeHHOro ToKa NokasbiBaeT |; = 8 A. YTo MOKaXKeT Kaxablih U3 amnepMeTpoB, eciv Mo Lenu
04HOBPEMEHHO NPOMYCKAOT U NOCTOAHHBIN, U NepeMeHHbI TOKK?
ECAn K BONBTMETPY NpUCOEANHUTL HEKOTOpoe A06aBOYHOE COMPOTUBAEHME, NPeaebl U3MEepPEHUR
npubopa Bo3pacTtaloT B m pas. [pyroe Aob6aBoYHOE COMPOTMB/EHWE YBEANYMBAET Npesnesbi
n3mepeHusa B n pas. Bo CKONbKO pa3 yBeANUUTCA Npesen U3MepeHus BoJbTMETpa, ecan oba atu
COMPOTUBNEHUA COEAMHUTb Mexay cobOoi napannesibHO W 3aTem MOLK/OUYUTL K BOJIBTMETPY
nociefo0BaTeNbHO?

3auem KOpnycC 31IEKTPOMETPA AENAOT META/I/TUHECKM U 3a3eMnatoT?



14.

15.

16.
17.
18.
19.
20.
21.
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11.

12.

MOHO N U3MepUTb MNOTEeHUMan NPOBOAHUKA, COEAMHUB €ro C KOPMNycoM 3/IeKTPOMETPa,
YCTaHOB/IEHHOIO Ha U30NPYIOLLLEN NOACTABKE, @ CTEPXKEHDb U CTPESIKY I/1IEKTPOMETPA — C 3eM/1ein?
YTO MOKaXKeT 3N1eKTPOMETP, eCc/M MPOOHbIN WapUK, CoOeAMHEHHbIA AIMHHBIM MPOBOAHMKOM C
3/IEKTPOMETPOM, NepemMeLlaTtb Mo NOBEPXHOCTM HAa3/IEKTPMU30BAHHOTO NPOBOAHMKA NPOU3BO/IbHOM
dopmbI?

YTO NONOKEHO B OCHOBY YCTPOMCTBA 3/1EKTPOCTATUYECKOM 3aLLUNTbI?

C KaKoW Lenblo Ha KopMycCbl HEKOTOPbLIX Paano/iaMn HaAeBaoT METAI/INYECKME KOMMAaUYKnN?

Bcerpga v aNeKkTprMUYecKnin TOK NPoOn3BOANT TENIOBOE AENCTBUE?

Bcerpga v aNeKkTprUUYECKNii TOK NPON3BOAUT XMMUYECKOE AeNCTBUE?

Bcerga nv aNeKkTpMUYEeCcKUin TOK co3gaeT MmarHuTHoe nose’?

lanbBaHW B NPOLLECCE CBOMX IKCMEPUMEHTOB C NATYLIKaMM NPULLEN K Uaee UCnonb3oBaTh "¢usmo-
JNIorMYeckuii npenapat" - fanku NATYWKA - B KAYecTBE M3MepPUTENs KOJIMYECTBA 3/1eKTpUYecTBa.
HekoTopoe Bpems Nogo6HbIN GU3MONOTUYECKUA MHAMKATOP WUCNO/b30Ba/ICA AAXKe KPYMHbIMU
du3nKamm, B yacTHoctu, Feoprom OMOM. A YTO CNYKWUIO MEpPOI KOJIMYECTBA 3N1EKTPUYEecTBa B
nogobHom npubope? MHaye roBops, KakMe Uamepsaemble XapaKTeEPUCTUKU Npeaaaranocb cYnTaTb

nponopunMoHaIbHbIMN BENUYNHE SINEKTPUYECKOTO 3apAaaa U Cune TOKa?

Kak BbI nymaere
KaKoBa po/ib NpnubopoB B U3y4eHUU GUINYECKUX ABNEHUIN?
C yem cBA3aH TOT ¢aKT, YTO MHOrMe NPWBOpPbI, UCNOAb3yemble B GUINYECKUX UCCNEA0BAHUAX,
BHOCAT UCKAXKEHUA B M3yYaeMmble ABIeHUA (Hanpumep, amnepmeTp, BOAbTMETP)?
MOXXHO M B NpUHUMNE caenaTb BAMAHME U3MepuTenbHOro npubopa Ha ucciesyemblit 06bEKT
CKO/1b YTOAHO Manbim?
Kakas pasHuua mexay pusanyecknum sKCnepuMeHTOM U TEXHUYECKMM U3MEPEHUEM?
3aBUCAT M GU3MYECKME NPOLLECCHI U ABIEHMA OT YC/IOBUIM UX HAabAloAEHNA U USMEPEHUA?
[ns yero B Hayke HEOH6X0AMMA TOYHOCTb USMEPEHUIA?
Kakune oCHOBHble MOMEHTbI BK/tOYAET B cebs NpoLecc MsmepeHuns’?
OnpegeneHve maccbl, TemMnepaTypbl, NMPOMEKYTKOB BPEMEHU, OAMH U psaaa Apyrnx GUsnYecKkux
BE/IMYMH Ha3bIBAKOT ONepaLMOHa bHbIM. YTO 3TO 03HavaeT?
He mewwaeT v Bo3myLatowas posb Npubopa NpaBuabHO NO3HABATb MUP?
KaKne 0CHOBHble MOMEHTbI BK/ItOYAET B ce65 NPOLLeCC M3MepPeHus?
KaKoW xapaKkTep MMeeT CBSidb MeXAy M3MepPUTENbHOM annapaTypoit U COCTOAHMEM CUCTEMbI —
CTaTUCTUYECKUI AU ANHAMUYECKUNIA?

Yem 06yCcn0BAEHO CYLLECTBOBaHME OWMBOK N3MepeHunin?



13. MOXHO N1 CKa3aTb, YTO KaxKA40My TOYHO onpeneieHHOMY COCTOSHMIO U3MEePUTE/IbHOW annapaTypbl
COOTBETCTBYET OZHO CTPOro GUKCUPOBAHHOE COCTOSIHME UCCAELYEMOMN CUCTEMDI?
14. MOXHO M CYMTaTb USMEpPEHME eANHCTBEHHON OCHOBOM HAy4YHOrO NO3HAHUA?

15. flBnAeTcs Am cyw,ecTBOBAHWE NOrPELHOCTEN U3MEPEHMA INEKTPUYECKUX BEIMUYNH HEN3OEKHBIM?

MNpoBepb ceba!

1. MpuHumMn geiictena NnpMbopPoOB 3NEKTPOMArHUTHOM CUCTEMbI OCHOBAH:
a) Ha B3aMMOAENCTBMM ABYX KaTylLEeK C TOKOM (NOABUMKHOM U HEMOABUMKHOWN);
b) Ha B3aumoaeicTBUM PEpPPOMArHUTHOTO CepAEeYHMKA C MArHUTHbIM  MOJEM,
CO34aBaeMbIM KaTYLLIKOWN C TOKOM;
C) Ha B3aMMOAEMNCTBUM PaMKK, 0BTEKaemMoi TOKOM, C MarHMTHbIM MOJIEM MOCTOSHHOIO

MarHuTa.

2. MporpaaynpoBaTb Kakoi-1Mb0o M3mepuTenbHbIi NPUBOP - 3TO 3HAYUT:
a) YCTaHOBWUTb COOTBETCTBUME MENKAY AENEeHUAMU ero WKasibl U 3HAYEHUAMMU BEUUYUHDI,
OTCUYMTbLIBAEMOWM NO 3TOM LLKaNeE;
b) onpeaenuTtb LEeHY AeneHns WKoAbl Npnbopa;

C) onpeaenuTb KNacc To4HOCTH Npmbopa.

3. OcHOBHOI NpMBEAEHHOM NOrPELIHOCTbIO Ha3bIBAETCA OTHOLLEHMUE:
a) abCcoOTHOW MNOrpelwHocTM K HaubonblieMy ANA AaHHOro npubopa 3HAYEeHUIo
M3MepAaeMOoit BeIMUYUHbBI NPU HOPMa/IbHbIX BHELLHMX YCN0BUAX;
b) abconoTHOM noOrpewHocTM K HaubonblueMy Ana AaHHOro npubopa 3HayYeHuto
M3MepAEMON BEJIMYNHBI MPU MAKCUMaNbHO AONYCTUMOM TeMnepaType:
C) OTHOCWUTENbHOW MOrPelHOCTM K HaubonblueMy Ana AaHHOro npubopa 3HavyeHuto

Mamepﬂemoﬁ Be/INYNHbI NPU HOPMa/ibHbIX BHELWWHUX YC/1OBUAX.

4. Haunbonee ycTOMUYMBbI K MEXAHUYECKMM NEeperpyskam u neperpyskam TOKOM Nprubopbl:
a) 3/IeKTPOMArHUMTHOM CUCTEMDI;
b) anekTpoaMHammyeckon cuctembl;

C) MaFHMToaﬂeKTpW—IeCKOl\;I CnCTembl.

5. HaumeHee YyBCTBUTE/IbHbI K BJIMAHUIO BHELWWHUX MArHUTHbIX nonem I'Ipl/l60pbli



a) MarHWTO3/IEKTPUYECKOM CUCTEMDI;
b) anekTpomarHuTHOI cUCTEMBI;

C) 3NeKTPoAUHAMUYECKON CUCTEMBI.

6. TexHWKa NPOBEpPKM TEXHUYECKUX NPUBOPOB MO KOHTPO/IbHbIM 3aK/0YaAETCA B HEMOCPeACTBEHHOM
CpaBHEHMM NoKasaHWIi NpoBepAemblX NPUBOPOB C OTCHETaMM NO aHANOTUYHbIM Npubopam:
a) TaKoro ke NpuHUMMa AeMCTBUA M TaKOro e Kaacca TOYHOCTYH;
b) Takoro *Ke Knacca TOYHOCTU, HO UMEIOLLUX APYTON NPUHLMN AENCTBUS;

C) 6onee BbICOKOro Knacca TOYHOCTU, HE3ABUCUMO OT NpUuHUUNA AEﬁCTBMﬂ.

7. MpuHUKMN AeNCTBMA BAaTTMETPA OCHOBAH:
a) Ha B3aMMOAENCTBUM ABYX KaTyLeK C TOKOM (MOABUMKHOW U HEMNOABUMKHOM);
b) Ha B3aumogencTBMM GEPPOMArHUTHOIO CEPAEYHMKA C MArHUTHbIM MONEM,
CO3/1aBaeMbIM KaTYLUKOM C TOKOM;
C) Ha B3aMMOAZENCTBMM PAaMKM, 06TEKAEMOM TOKOM, C MarHUTHbIM MOJIEM NOCTOSHHOTO

MarHuTa.

NabopaTtopHas pabota Nol

LUYHTUPOBAHUE TAJIbBAHOMETPA

Uenb paGOTbI: 3HAaKOMCTBO C OAHUM N3 METOA0B paClinpeHnAa Nnpeaenos WKaabl ra/ibBaHOMETPaA.

anGOPbI U NPUHA[NEXKHOCTU: ra/ibBaHOMETP; ABa Mara3nHa COI'IpOTMB/'IeHMﬁ,' ABa peocCTaTta; UCTOYHUK

NOCTOAHHOIO TOKa, K/Zo4u.

Onucanue 3KCNEPUMEHTAIBHON YCTAHOBKH
Monb3yAcb nNpaBWaMM pacyeTa pPasBeTB/EHHbIX Lenei TOKa, MOXHO MOKasaTb, 4TO A/1A
MOHMKEHUA UYBCTBUTE/NIbHOCTU T[aNbBaHOMETPAa B N Pa3 HYXKHO MOAKYUTE K HEMYy LIYHT C

conpotmnBneHnem



rge R — conpoTmuBaeHUe raibBaHOMETpaA.

CooTHolleHre (1) nokasbiBaeT, yYTO A0S pacyeTa LyHTa, MOHWUNKAIOWErO0 YyBCTBUTENbHOCTb
rabBaHOMeTpa B /1 Pa3, HYXHO 3HaTb COMPOTUB/EHME nocnefHero. M3ameputb COMNPOTUBAEHME
ralbBaHOMETPa MOMKHO MeTOAOM MOCTMKA COMPOTUBAEHUIA NPU MOCTOAHHOM TOKE, C M3MeHeHMem

pPacnonoXXeHnA HEKOTOPbIX ero yacTen.
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Puc. 1.
CoBMpaem 3MEKTPUYECKYIO Lienb Mo cxeme puc. 1, rae G — ranbBaHOMETP, CONPOTUBAEHUE

KOTOPOro Hy»KHO onpeaenuTb, R — marasuH conpoTtmsaeHunii, AB — peoxopa, R1 — peoctat (1000
OMm), KOTOPbIN BBOAWUTCA A1 NPeAoXpaHeHUs rafibBaHOMETPa OT 60/IbLLMX TOKOB, € - MCTOYHMK TOKa,

K1 n Kz -- kKntouum.

Mpu paBeHcTBe NoTeHuManos Todek C n D 3ambiKaHWe Kawoda Ki 6yaeT Bbi3biBaTb M3MEHEHUe

NnoKasaHui raibBaHoOMeTpa. B atom Ccnhyvyae OnAa MOCTUKa NpU NOCTOAHHOM TOKe MmeeT MeCTo

dopmyna

I
R, =R, I—l (2)
2

MpoBepuTb NPABMIbBHOCTb pacyeTa LWYHTA MOMHO MO cxeme, M306pakeHHOM Ha pwuc. 2. 3a4ecb B
KayectBe Ry ucnonb3yetrca marasvH conpotueneHuin. ConpotusneHve Rs BBOAMTCA [1a npeno-

XpaHeHWMA raJibBaHOMETpPa OT 60/1bLINX TOKOB.
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Puc. 2.

HN3mepenusi u ux odopadoTka
CobpaTb 3/1eKTpUYecKyto Lenb no cxeme (puc. 1.).
MonHOCTbIO BBECTM CONPOTUBAEHME peocTaTa Ri.
BKAOYNTb MarasuH conpoTmeaeHui Ro.
JBUXKOK mocTuKa D noCcTaBUTb Ha cepeainHy CTPYHbI.
3aMKHYTb KoY Kz M M3MeHUTb BBeAEHHOE COMPOTUB/EHWE peocTaTa HACTO/IbKO, YTObbI cTpesKa
ra/ibBAaHOMETPaA OTK/IOHW/IAaCb Ha CepeanHy LWKabl.
3aMKHYTb Kato4 Ki M, NOCTENEHHO M3MEHAA COMPOTUBAEHME MarasnHa Ro, A0OMTbCA BO3MOMKHO
Mafioro U3MeHeHMUA OTKIOHEeHUA CTPENKN rabBaHOMETPa Npu 3aMblKaHUKM Katoya Ki.
Tak Kak conpoTMBNeHWEe MarasmMHa WM3MeHAETCA CKayKamu, TO MNPU COMNPOTUBAEHUM MarasuHa,
JaBIEM HaMMeHbllee OTK/IOHEeHMWEe CTPesikU ranbBaHOMETpa OT MepBOHAYANLHOrO MNOJIOMKEHWUS,
nepeasuratb ABUXOK Ha peoxopae A0 Tex Nop, NOKa TOK B raJibBaHOMeTpe nepecTaHeT 3aB1UCeTb OT
3aMbIKaHUA U pa3MbIKaHUA Katoya Kj.
OTcunTatb gAnHy nned 1 u l, noacuntaTte No popmyne (2) conpoTUBAEHME raibBaHOMETPA.
N3MeHUTb (yBENNUYUTb, YMEHbLINTb) COMNPOTMBAEHME MarasmHa Ro Ha 3—5 Om u, nepemeas
ABWXKOK D, no6mnBaTbCA NOCTOAHCTBA TOKA B ra/ibBAHOMETPE MPU 3aMblKaHUKU U Pa3MbIKaHUM K/toYa
Ki.
MosTopUTb M3MepeHua n.n. 5-9 10 pas.
M3 10 n3mepeHnin HaiTu cpegHee 3Ha4YeHMe U3MEPAEMOro ConpoTnBaeHna Re.
PaccuntaTb BE/IMUMHY CONPOTUBEHUSA WyHTa Ry no dopmyne (1), npuHas n = 2.
CobpaTb 3NEKTPUYECKYIO Lienb No cxeme (puc. 2).
3aMKHYTb KAtod Ky M yCTaHOBUTD TOK B LLeNU, A0MYCTUMBbIA HELYHTUPOBAHHbLIM ra/lbBAHOMETPOM.
MoAKNOUYUTB K ranbBaHOMETPY G LUYHT.
CpaBHWUTb NOKa3aHMA rasibBaHOMeTpa 6e3 LWyHTA U C LWYHTOM.
MNoBTOpPUTL U3MepeHua N.N. 14—16 HeCKONbKO pas Npu pasHbIX TOKax Yyepes rajbBaHOMETD.

MoBTOPUTb M3MepeHMA N.N. 12—17 npn Apyrux 3Ha4YEeHMAX N.



19. MNpomsBecTn maTeMaTU4ecKylo 06paboTKy pPesyNbTaToB U3MEepPeHWi. Pe3ynbTaTbl U3MEPEeHUn U

pac4yeToB 3aHeCTU B Ta6}'IVILl,bI.

JlaboparopHas pabota Ne 2.
I'PAAYUPOBAHUE AMIIEPMETPA U BOJIbTMETPA

Uenb pa60TbI2 O3HakomneHume cC MeTO,D,MKOﬁ NPOBEPKN aMNnepMeTpPpa U BOJIbTMETPA, U3MEPEHNE UX

COMPOTUBAEHMA N NOTPEDNAEMO MOLLHOCTH.

Mpubopbl U npuHagnexHoctu: JIATP; npoBepsemMblit U KOHTPO/IbHbIA BONLTMETPbLI; NPOBEPAEMbIA U

KOHTpOﬂbeIVI aMMePMETPbI; MUNTUMAMNEPMETP,; MUNINTNBOZIBTMETP,; K/THO4HNU.

Mpu npoBepke 06bIYHO oONpeaensAlTca: abCcoNtoTHble MOrpPeWwHOCTH, MOMPaBKM K MOKasaHUAM
nprbopos., NpuBeaeHHas NOrPELHOCTb U cObCcTBEHHOE NoTpebsieHne MoLWHOCTY NPMOOPOB NPU NOJHOM
OTK/IOHEHUU CTPENKU. TEXHUKA NPOBEPKU TEXHUUYECKUX MPUOOPOB MO KOHTPO/bHbIM 3aKao4vaeTcs B
HenocpeacTBEHHOM CpPaBHEHWUW MOKa3aHUIA MpPoBEpPSAEMbIX NPUBOPOB C OTCYETaMM MO aHaANOTMMYHbIM
npubopam 6osee BbICOKOro Kaacca To4HOCTU (He meHee 0,5), npMHMMaeMbiM B KayecTBe 06pasLOBbIX.
Mpu Npon3BOACTBE NPOBEPKN CAefyeT peryMpoBaTb M3mepsaemMyo Npubopammn BennumHy (HanpsaxeHue
WAWN TOK), 4Tobbl CTpesika npoBepsaemoro npubopa B MOMEHT U3MEPEeHUs Haxoaunacb CTPOro nNpoTus
AeneHuns WKanbl. Yncno nposepAembiXx TouyeK bepyT oT 5 A0 10 B 3aBUCMMOCTM OT CTEMeHU
paBHOMEPHOCTW LWKanbl nNpubopos. MNpu NpoBepKe Npu MNOCTOAHHOM TOKe B KayecTBe 06pa3sLoBbIX
NpnbopPoB NCNONb3YIOTCA NPUBOPbI MarHUTO3NEKTPUYECKON UAN 31EKTPOMarHMTHon cuctembl. Conpo-
TUBNEHNE 0BMOTKM NMPOBEPAEMOro BoAbTMETpa M noTpebnsemas MOLHOCTb NPU NOJHOM OTK/IOHEHUN

Haxo4ATcAa n3 COOTHOLIEHUN:
Rv=Uv/lv; Pv=Umlvm;

rae Um - Hanbonbliee HanpAaxeHune, namepaemoe nposepAaembiM BOZIbTMETPOM, C YH4ETOM MNOMPaABKU K
€ro NOoKasaHWo NPU NOTHOM OTKJIOHEHWUU CTPESKU, lym - TOK, I'IOTpe6!'IﬂE'MbIﬁ obmeTKoi BO/IbTMETPA Npu

NOJIHOM OTKNIOHEHWM CTPENKM.
AHaNOrMyHbIE BEIMYMHBI 418 NPOBEPAEMOro aMnepmeTpa onpeaenaoTca no Gopmynam:
Ra=Ua/la; Pa=Uamlm;

rae Im - HaMboNbLLNI TOK, U3MEPEHHDIV NPOBEPAEMbIM AMNEPMETPOM C YY4ETOM MOMPABKM K €ro

NMOKa3aHUKO NPn NOJTHOM OTK/IOHEHUU CTPEJTKWU.



VYnopaxuenue 1. [IpoBepka BoabT™MeTpa

0220 (@

Puc. 3.

Cobpatb uenb no cxeme (puc. 3), 3amKHyTb KAy K, nocTaBuTb MOA3YHOK AenuTens
(noTeHUMOMETPA) B MONOMKEHWE, OTBEYaloOWEe HaMMEHbLUeMY 3HAYeHWIo HanpsxeHus U,
NoABOAMMOrO K BONLTMETPY, M MOCAE MNPOBEPKM CXEMbl PYKOBOAMTENEM BK/IOYUTb MCTOYHMK
NUTaHKA.

MepeaBuras MOJIBYHOK [AENUTENA  HanpaXeHua, [00UTbCA MNOJIHOTO OTK/JOHEHUA CTPEesKU
NPOBEPAEMOro BOJIbTMETPA, 3aTEM NPW 3TOM PEXMME MpPOorpeTb nNpubopbl TOKOM B TeyeHue 15
MWH.

Mocne nporpeBa BbIKAYUTL YCTAHOBKY, PErY/IMPOBOYHBIMM BUHTAMW YCTaHOBUTb 0be CTpesKku
nNprMbopOB Ha Hy/iIeBOE AeNeHMe LWKaA U MPUCTYNUTb K MPOBEPKE BOJILTMETPA, KaK OMMUCAHO BbiLe.
Mpy npoBepKe MOCTOAHHO MOBbLIWATL HAMPAMEHWE OT Hy/AA A0 3HAYeHWsA, COOTBETCTBYHOLLEFO
MOJIHOMY OTK/IOHEHUIO CTPEJIKM MPOBEPSAEMOro Npubopa, a 3aTem NPoM3BOAUTbL U3MEPEHUA MpU
HenpepbIBHOM NOHWUMKEHUW HANPAXKEHUA A0 HYAA.

Mpn npousBoacTBe onbiTa cnedyeT, YTobbl K MOMEHTY OTcYeTa, KOTOPbIA HYKHO MPOU3BOAUTH
ogHOBpPEMeEHHO no oboum npubopam, CTpenka nposepsemoro npubopa Haxoguaacb CTPOro
NPOTMB AeNEeHUA LWKanbl.

B3ATb AECATb NPOBEpPAEMbIX TOUEK. Pe3ynbTaTbl USMEPEHMUI 3aHeCTH B TabaumLy.

Pa3sOMKHYTb K/tOY, YCTAaHOBWUTb NOJI3YHKOM AEAUTENA TaKOe HanpA)KeHWe, NPy KOTOPOM CTpesKa
NpPOBEPAEMOro BOJIbTMETPA YCTAHAB/IMBAETCA HA KOHEYHOM [e/fIeHUWM LWKajbl, U 3anucaTtb MoKa-
3aHuA npmbopos.

PaccunTaTtb conpoTuBaeHMe 0OMOTKM NPOBEPAEMOro BOJIbTMETPA U NOTPebiseMyto MOLLHOCTb Npw
MOJIHOM OTK/IOHEHUM.

CocTaBuTb NepeyeHb annapaTypbl, MCNO/Ib30BAaHHOM NPW ONbITe, C NPUBELEHNEM BCEX TEXHUYECKUX

AaHHbIX.



VYnpaxuenue 2. IIposepka amnepmerpa
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Puc. 4.

Cobpatb cxemy (puc. 4), BbIKAOUMTL KAtod K, NOCTaBUTb NON3YHOK PeryanpoBoYHOro peoctaTta R
B MONOXEHME, OTBevawlee ero Hanbosblemy COMPOTUBNEHWUIO, U NOC/E NPOBEPKU CXEMbI
PYKOBOANTENEM BKAOUNTb UCTOUYHMK NUTAHUSA.

MocTeneHHO yMeHbLas CONPOTMBIEHNE PEryIMPOBOYHOIO NOA3YHKOBOrO peocTaTta, Aobutbea
NMOMIHOFO OTKNOHEHMA CTPE/IKW MPOBEPAEMOro amnepmMmeTpa A, a 3aTem B TedeHMe 15 MUHYT npo-
rpeTb NpMbopbl TOKOM.

Mocne nporpesa YyCTaHOBKM PEry/iMpoBOYHbIMW BUHTAaMM YCTAaHOBUTL 0be CTPEsIKM Ha Hy/leBoe
AeNeHue WKanbl U NPUCTYNUTb K NpoBepKe amnepmeTpa. OTcyeTbl NpM STOM BepyTca TakK e,
KaK U B C/ly4Yae NpoOBepKM BOSIbTMETPA.

Mpu NpousBoACTBE OMbITa CleAyeT, YTOObl K MOMEHTY OTCYETa, KOTOPbIN HYXKHO NPOM3BOAMUTb
OAHOBPEMEHHO MO 0b6ouM Npubopam, CTpenKa NpoBepsemoro npubopa Haxoaunacb CTPOro
NpPOTUB AeNEeHUA WKanbl.

B3aTb AecaTb NpoBepaembIX TOUEK. Pe3yanbTaTbl U3MepeHUint 3aHeCTH B TabaunLy

3aMKHYTb K4 K, yCTaHOBUTb peocTaTamm TOK, MPU KOTOPOM CTPenKa NpOBepPsemoro
amnepmeTpa A ycTaHoBMAacb Obl Ha KOHEYHOM Ae/IeHUMM LWKaabl, M 3anucaTtb MoKasaHwusA
npubopos.

CocTaBuTb MepeyeHb annapaTtypbl, WCMNO/Jb30BAHHOW MNpPW MNPOBEPKE amnepmeTpa, ¢

npueegeHnem Bcex ee TeEXHNYECKUX AaHHbIX.

O0padoTka pe3yJbTaTOB UCIILITAHU I



1. PaccumtaTb ANa BCex NPOU3BEAEHHbIX ONbiTOB abcontoTHble norpewHoctn AU n Al u nonpaBku K
NoKasaHMAM NPUOOopPOoB; pe3ybTaTbl 06bEeANHNUTL C AaHHbIMK HabatoaeHWUM B Tabanubl.

2. MocTpouTtb B 04HON KOOpAUHATHOM cucteme 3asucumoctn Uo = f(U) u AU =f(U), a B apyrow lo = f(l)
n Al = f(I) 1 N0 HUM HaANTM UCTUHHbIE 3HAaYEHUU HanpsXKeHUa Uym U CUAbI TOKA Iam NpOBEpPAEMbIX
nNpu60opPOB NPM NONHOM OTKNOHEHUM CTPENOK.

3. Onpepenntb Hanbonbluine NpuBeAEHHbIE MOrPELHOCTU Yy U Ya NpOBepAembiXx Npnbopos M AaTb
3aK/Il04EeHME O BO3SMOXKHOCTU MX AasibHENLLer aKcnyaTauum.

4.  BblMMCAUTbL BENIMUYUHDBI CONPOTUBAEHUI OOMOTOK Iy, ra MPOBEPSEMbIX BOJIBTMETPA M amMrnepMmeTpa.

5. BblumcnunTb cobecTBEHHOE ﬂOTpE6!’IEHMe MOLWLHOCTU Py 1 Pa npuv NOJIHOM OTK/IOHEHUU CTPENOK

NabopaTtopHas paboTta Ne 3

M3YYEHUE SNEKTPOHHOIO OCLUUNNOIPA®A [35]

Llenb paboTbi: 03HaKOM/IEHUWE C YCTPOUCTBOM M paboToM 3NeKTPOHHOro ocuunnorpada.

Mpubopbl M NPUHAANEKHOCTU: I/MEKTPOHHbIM ocumnnorpad PO; 3ByKkoBoi reHepaTop PQ;
npeobpasosatens wumnynbcos MU (moaynb ®M3-08); WCTOYHWMK nuTaHua UM,

BbINPAMMUTENb, COBPAHHBIN HAa MOCTOBOM CXEME Ha NJIOCKOCTHbIX ANO04aX.

Onucanue IKCNIEPUMEHTAIBHOH YCTAHOBKH
[N n3yyeHUs aNeKTPOHHOro ocuuanorpada MCnonb3yeTcAa 3BYKOBOM reHepatop PQ , a Takxke
npeobpasoBatenb wMmnynbcoB [W. HanpsaKeHne nuTaHMA Ha npeobpasoBaTesnb MMMNYAbCOB
noctynaet OT MCTOYHWMKA nuTaHma WM (puc. 5). lMpeobpasoBaTtenb MMNyaAbCOB npeobpasyer

CUHYyCOMndasibHOE HanpAaXeHne 3ByKOBOIro reHepatopa B NPAMOYroJibHble MUMNY/1bCbl TOM e 4acToTbl.
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Puc. 5.

CKBaYXHOCTb MMMY/IbCOB PETYAUPYETCA KHOMKOM "CKBaXKHOCTb - rpy60" 1 pyykoi "CKBaXKHOCTb-TOYHO".
Ona HapexxHol paboTbl MU HanpaxeHue, nocTynatowee Ha MU ¢ 3BYyKOBOro reHepatopa, AOMKHO

cocTtaBnATb 2-3 B.

N3mepenus u nx oopadoTrka

YnpaxHeHue 1. UcchepoBaHue CMHYCOMAANBHOIO CUrHaNA 3BYKOBOrO reHepaTopa.

1. O3HaKomMuTbCA C ONMCaHMEM UCMONb3yeMblX NpUBOPOB.

2. BkntouunTb ocumnanorpad B ce€Tb U HACTPOUTL ErO.

3. MopaTtb HanpsXeHue OT 3BYKOBOro reHepaTtopa Ha Bxog Y ocumnnorpada v noay4nTb Ha
3KpaHe ycTouMBoe U3obpakeHne HECKObKMX NepmMoaoB CUrHana.

4. WN3mepuTb Nepuom curHasa u paccymTaTtb ero 4acTtoTy.

5. Pe3ynbTaTtbl U3MePEHUN U BbIMMCAEHWUN 3aHecTU B Taba. 1.

Tabnuua 1.

Ne Mepuog curHana s Mepuopg curHana s YacroTta MNokasaHuna PQ

n/n AeNneHunsx CekyHaax CUrHana

6. [oBTOPUTL M3MepeHMe 4acToTbl CUrHana 3BYKOBOrO reHepaTtopa Ha  Tpex-yeTblpex
PasNIMYHbIX YacToTax.

7. Npu nwobol 4YacToTe CUrHafia 3BYKOBOFO reHepatopa YCTAHOBWUTb €ro  HambonbLunii
BEPTUKANbHbIN pasmep B Npegenax paboyei yactm skpaHa.

8. WM3mepuTb amnautyagy curHana.

9. CpaBHMTb NOJIYyYEHHbIM pe3ynbTaT C MOKa3aHWeM BOJbTMETPa 3BYKOBOTO reHepaTopa
(yutTute, 4YTO  MOKasaHWA  BONbTMETpPA reHepaTopa  cooTBeTcTByeT  3ddeKTnBHOMY

3HayeHwuto).

YnpaxHeHue 2. UccnepaoBaHe MMNYNIbCHOIO CUrHana



1. CobpaTb cxemy, M306paKeHHyo Ha puc. 5.

2. MNopobpas AOCTaTOYHOE YCUNEHME U YacTOTy Pa3BePTKU Ha ocuuanorpade, Noay4YmuTb YCTOMUUBYIO
KapTUHY NPAMOYrONbHbIX UMMY/IbCOB HA KPaHe 1 3apucoBaTh ee.

3. W3meputb nepuod T 1 ANUTENBHOCTb T NPAMOYIO/IbHOrO MMMY/AbCa CKBaXKHOCTb Mmnyabca Q=T/ T
(puc.6).

4. Pe3ynbTaTbl 3aHECTU B Tabaumuy.

5. MNosTopuTb M3MepeHMe nepumoga MMNYAbCa, e€ro AJAUTE/IbHOCTU W CKBAXKHOCTU MpU  ApYyrux

4aCTOTaxX 3BYKOBOIO reHepaTtopa.

v4

Puc. 6.

YnpaxHeHue 3. HabnrogeHue duryp Jlnccaxky npm cnoXKeHuu KonebaHuii, npomucxogawmx B A4ByX

B3aUMHO nepneHaAUKyAApHbIX HanpaB/ieHUuax.

Mpn nopgaye CUHYCOMAANbHbLIX HAMPSAMKEHUI OAHOBPEMEHHO Ha TOpPU3OHTajlbHble W
BEPTUKANbHblE NAACTUHbI TPybKM ocumnnorpada nyd OyaeT HaxoauTbCA Nog AEUCTBUEM ABYX
B3aMMHO nepneHAMKYNAPHbIX OTK/IOHAKOWMNUX CUN. B 3aBucmmoctn ot aMnAanTygbl, 4aCToTbl U d)a3bl

nozaBaemMblX HanpAXeHU Ha aKpaHe ocumnnorpada 6yayT noay4aTbca passmMyHble purypbl Jinccaxky.
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Puc.7.

1. CobpaTb cxemMy, n306parkeHHyto Ha puc.7.

2. WN3meHAA 4acToTy CMUrHasia 3BYKOBOrO reHepatopa, MOJy4uTb M 3apucoBaTb urypy Jlvccaxky npu
cooTHoweHun yactor 1:1; 1:2; 1:3; 1:4.

3. CoOoTHOWEHMEe 4YACTOT MOXKHO OnpefennTb Kak MO LWKajne reHepatopa, Tak WM No Buay
¢urypbl. OTHOWeEHME 4YacToT KonebaHWin paBHO OTHOLWEHUKD 4YMCNa KacaHu  urypel C
NpPAMOI NapannenbHomn ocn X 1 ¢ NPAMOIA, NnapannenbHom ocun Y.

4. Pe3ynbTaTbl U3SMEPEHWUI U PUCYHKM MOMECTUTL B Tabaumuy.2.

Tabnuua 2.

YacroTa CooTHOLWEHME Y4acToT, onpeaesieHHoe No Bua ourypbl

Buay eurypsbl

YnpaxHeHue 4. HabnogeHune KpMBO U3MeHEH s TOKa B O4HO- U ABYXNONYNepUoagHOM BbinpamuTene

[na nonyvyeHns ogHo- M ABYXMOAYNEPUOLHOro BbIMPAMIEHUA TOKa WUCMOJb3YeTCA BbINPAMUTESD,

cobpaHHbI No MocToBow cxeme (puc. 8).
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Puc. 9.

Cobpatb cxemy, M306parkeHHYHO Ha puc. 9.

Bxog Y ocunnnorpada coegmHUTb € Knemmamm A 1 B Ha naHenn mocra.

Ha Bbinpamutenb nogatb HanpsaxKeHue 6,3 B 0T CTOYHMKA NUTaHKUA.

BKNIOYMTb reHepaTop pasBepTKkM ocumanorpada M Noay4nTb Ha 3KpaHe ocumnnorpada ycronumeyio
KapTUHY M3MEHEHMA TOKA OT BPEMEHU MPU OAHOMOYNEPUOAHOM BbINPAMIEHUN. 3apUCOBATb KAPTUHY
B TETpagp.

Bxog Y ocumanorpada coeguHutb ¢ Kiemmamm C M B Ha naHenM mMocCTa M NOAYYUTb Ha 3KpaHe
ocupnnorpada yCTOMYMBYIO KApPTUHY M3MEHEHWA TOKa OT BPEMEHM Npu  ABYXNOAYNepuogHOM
BbINPAMAEHUN. 3apUCOBATb KAapTUHY B TETpadb.

PekomeHgaumm no nposegeHunto paboTbl.

1. MNepen Tem, Kak HayaTb paboTy, BHMMATE/NbHO M3yyuTe ycCTpoicTBa npubopos. [na
3TOro BOCMO/Ib3YWTECH UHCMPYKYUAMU M0 3KcnAyamayuu npubopos.
2. B xoae paboTbl MOryT BO3HUKHYTb TPYAHOCTM Npu cbopKe uenu, nosatomy pasbeputech, 4To

O3HayaeT Kax[aa Haanucb Ha npubope, M TONbKO MOTOm cobepuTe uenb. Hanpumep:
3a3emsieHne (3HakK «-L») Ha oAHOM npubope HY}KHO coeguHaTb  C

3a3eMNeHNeM Ha APYrom, a He ¢ Yem-mbo gpyrum.
3. B maHHoOW paboTe Npu BbIMOJHEHUWN TPETLErO 334aHUS BOCMOb3yMTECH CMPABOYHUKOM WU
KaKkoW-nnbo Apyroii nuTepaTypoil, B KOTOPOW NOKasaHbl guaypsi Jluccaxcy. ITO NOMONKET

nony4mTb 60see TouHble GUrypbl Ha IKpaHe ocumuanorpada.

NabopaTtopHas paboTta No 4



3JEKTPUUECKUE METO bl U3MEPEHUSI HEDJIEKTPUYECKHUX
BEJTMYWH [45]

Leas paGoThbl: 03HAKOMIICHHE C HEKOTOPHIMH BUJAAMHU JaTYMKOB M HM3yYCHHUE IMPHHIIMIIA WX
paboThI HA MOJIETISX.

I[Ipudopsl W NPUHANIEKHOCTH: KATyIIKa HWHIAYKTUBHOCTH C BBIABHKHBIM CEpPICYHUKOM,
UCTOYHUK  TIEPEMEHHOTO  HANPSDKEHUS,  MIJUIMAMIEPMETpP,  MOJIEINb

TEH30JaTYuKa, U3MEPUTEIbHBIA MOCT, MUKPOMETP, HA0Op TPY30B.

CoBpemeHHble (U3NONOTMYECKME W AMArHOCTMYECKME WCCNefoBaHWsA, pa3paboTka HOBbIX
npMbopoB M annapaToB TPebyloT M3MEpPEeHUs MHOTOYMCNEHHbIX OU3NYECKMX BeWYMH. [pu 3ToM
60/MbWMHCTBO  BEAWYMH, MNOANENKAWMX  M3MEPEHWUI0, ABAAIOTCA  HE3NEKTPUYecKuMu, T. €.
MEXaHUYECKMMM, TEMNOBbIMM, aKYCTUYECKMMU, ONTUYECKMMM U T. N. B YaCTHOCTU, TaKME XapaKTEPUCTUKM
AeATeNbHOCTM OpraHM3ma,, Kak AaBfieHWe KpoBM, TemnepaTtypa, TOHbl CEPALA HE COMpPOBOXKAATCA
reHepaumein 6GUO3INEKTPUYECKUX CUTHAOB 1 MO3TOMY HE MOTYT BbITb CHATbI C MOMOLLbIO 3/1eKTPOL0B. B
HacToAllee BPeMA LIMPOKO MPUMEHAIOTCA 3/1IEKTPUYECKME MEeToAbl M3MEpPEHUA He3NeKTPUYECKUX
BE/IMUMH. WX OCHOBHblEe MPEUMYLLECTBA: WCKAHOUMTENbHO BbICOKAA YyBCTBUTE/NbHOCTb M Manas
MHEPUMOHHOCTb 3/1EKTPUYECKON anmnapaTypbl; BO3MOXHOCTb MPOBOAWUTb MU3MEPEHUA Ha PaCcCTOAHWUWK;

y806CTBO pernctpaumnm n o6paboTkM AaHHbIX U3MepPeHUs Ha IBM.

CTPYKTYpHas cxema 3/1eKTPMUYECKOro U3MEPEHUA HEINEKTPUYECKUX BEIMYMH COCTOMUT U3 TPEX OCHOBHBbIX
yacTeit: 1) nepBuYHOro NpeobpasoBaTens HE3NEKTPMUUYECKOW BEIMUMHDBI B INEKTPUYECKYIO — AaTuuMKa; 2)
YCUAUTENA 3NIEKTPUYECKUX CUrHaNoB; 3) perucTpupylowero yctpoictea. Bce 3tm y3nbl  moryT
pasmelaTbca OTAENAbHO APYr OT Apyra M COeAMHATbCA AUWb Kabenem van Apyroi NIMHUENR CBA3W.
[laTunMKoM Ha3bIBaeTCA YCTPOMCTBO, Npeobpasylowee U3MEPAEMYIO UM KOHTPOIMPYEMYIO BENYUHY B

curHan, yaobHbli gna nepeaaym u permctTpaumu,

MNpeobpasyemas BenMUYMHA X Ha3blBAETCA BXOA4HOW, a U3MepAEeMblit CUFHan o — BbIXO4HOM
BE/IMYMHON. DYHKLMOHANbHAA 33aBMCMMOCTb BbIXOAHOW BEAMYMHBI O OT BXOAHOW X ONUCbIBaeTcA
aHaNIMTUYECKMM BbIPaXKEHMEM WAM TPAaPUKOM M Ha3bIBaeTCA XapaKTepUCTUKOW AaTtumka. O6bluHO
CTPEMATCA MMETb AaTYMK C JIMHEWHOM XapaKTepUCTMKOM o = kx. BenuuuHa Aa/Ax asnsercs
YyBCTBUTENLHOCTBIO AaTuMKa. MaKcMmanbHOe 3HayeHWe BXOAHOW BEeNMUYMHbI, KOTOPOE MOMKET ObiTb
BOCMPUHATO AaTYMKOM 6e3 UCKaKeHUn 1 6e3 NoBpeKaeHUs AaTyMKa, HasblBaeTca nNpeaeiom AaTtymKa.
MUHUMaNbHOE U3MEHEHNE BXOAHOW BE/MYMHBI, KOTOPOE MOMKHO OBHAPYXWUTb AAaTYMKOM, Ha3blBaeTCA

NOPOrom 4yBCTBUTE/IBHOCTU.



[aTuynMKu AenaT Ha ABa Knacca: reHepaTopHble U NnapameTpuyeckme. FEHepaToOpHbIMKW Ha3bIBalOT TaKue,
KOTOpble Moj BO3AENCTBMEM BXOAHOrO CUrHana reHepupyrT HanpsXeHue uaM ToK (Hanpumep,
WHAYKUMOHHbIE [AaTYMKKU, Mbe303/1eKTpuyeckme, $GoTosneKkTpuyeckne u 1. n.). MNapameTpuyeckmmu
Ha3blBAlOT AATYMKM, B KOTOPbIX MOA BO3AENCTBMEM BXOAHOFO CUIHANa W3MEHAEeTCA KaKoin-nnbo

napameTp (Hanpmmep, TEH30MeETpPpUYeCKmne 4at4nkn, eMKOCTHblE, UHAYKTUBHbIE, PEOCTATHbIE N T. I'l.).
PaccmoTpum HekoTOpble TUMbI 4aTYMKOB:

1. PeocmamHbiii damyukK. B KayecTBe peocTaTHOro AaT4ymMKa UCNO/Ib3yeTca peocTaT, ABUMKOK KOTOPOro
nepemellaeTca B 3aBUCMMOCTM OT 3HAYEHUSA U3MEPAEMOl Be/IMYMHbL. Takum obpa3om, BXOAHOM
BE/INYMHON PEoCTaTHOro JAaTyMKa ABAAETCA MNepemelleHMe ABUXKa, a BbIXOAHOM — aKTUBHOE

conportuBneHue.

2. TeH300am4uK. B ocHoBe pa60TbI TEH304aTYMNKaA NNEXUT ABNIEHUNE TEH303¢¢EKTa, 3aK/ilo4aruleeca B
N3MEHEHNN aKTUBHOTO CONPOTUBIEHNA NPOBOAHUKOB NMPUN UX MeXaHWYeCKowm p,ed)opmau,vlm. XapaKTe—

pVICTVIKOVI TEeH30MaTepkhana ABnAeTcAa K09¢)¢VILI,VI€HT OTHOCUTE/IbHOW TE€H304yBCTBUTE/IbHOCTU
kom = &R /gl (1)

roe € = Alfl — oTHocuTenbHOe ya/NMHeHMe NpPoBoAHWMKA; &g = AR/Ro - OTHOCMTE/NbHOE M3MeHeHUue
COMpPOTMBAEHMA NPOBOAHMKA. Mo 3aKkoHy lNyKa € = 6/E, rae E — moaynb HOHra ana AaHHOro matepuana;
0 = P/S — mexaHu4yecKkoe HanpsskeHue B obpasue; P — Harpyska; S —nsouanb NonepeyHoro ceyeHms

obpasua.
MoacTasnnan BbipaxkeHue gna g 8 (1), nonyyaem
Korw= ARSE/(RoP). (2)

OcHOBHbIM TpeboBaHMEM K MaTepuany TeH304aTyMKa ABASETCA BO3MOMKHO 6osbllee 3HayeHue
KoadpduuMeHTa OTHOCUTE/NbHON TEH304YBCTBUTENbHOCTU. Hambonee LWMpOKoe pacnpocTpaHeHue B

HacToAllee BpeMa HaxoAAT NPOBOJIOYHbIE TEH304aT4MKM (puc. 10).

Puc. 10.



Ha nosiocky Bymarv unm nakoByto NAEHKY HaKnemBaeTcA 3Mr3aroobpasHo TOHKas NpoBosoKa. K
€e KOHLUaM NpucoeamHAITCS BbIBOAHbIE MPOBOAHMKKN. CBEPXY AATYMKM MOKPLIBAIOTCA TOHKUM CNoem
NlaKka, a MHOoraa 3akpoblBatoTca bymaroit mnm detpom. Takon gatumk, Byayynm HaAKNEEeHHbIM HA WCHbI-
TbIBAEMYIO AETa/Ib, BOCNPUHMMAET aepopmaLmio ee NOBEPXHOCTHOFO €nofA. Takmm obpasom, BXOZHOM
BE/IMYMHOIN HAKNEMBAEMOTO AaTYMKa ABAAeTca AedopmaLnsa NOBEPXHOCTHOMO CNOA AETanu, a BbIXOLHOM

— U3MEHEeHUe CONPOTUBNEHNA OaTYUNKa.

B mMeaMUMHCKOWM TexHWKe Mpu perncrpauuyv NMHEeBMOTrpamMmbl, XapaKTepusylowen WU3MeHeHue
nepumeTpa rpyaHOM KAETKM, YacTOTy AbIXaHWA, UCMONb3YHOTCA TEH304aTyYMKM, pacrnonaraemble Ha
rPyAHOM KneTke naumeHTa. [aTumK BbINOJAHEH B BUAE KWUIETa, N3rOTOBAEHHOMO U3 3/1aCTUYHON TKaHMU.
YyBCTBUTE/IbHbIM 3/1eMeHT o00pas3oBaH [ABYMA pPEe3MHOBbIMKU  TpybKaMM C  YyrosibHO-rpaduTHbIM

HanNoJ/IHEHUEM, COMPOTUBIEHNE KOTOPbLIX U3SMEHAETCA NpU p,ed)opmau,mm.

3. EMKocmHbili damyuK. TpMMEPOM TaKoro AaTyMKa MOMKET C/YKUTb KOHAEHCATop NepemeHHoM

€MKOCTU. EMKOCTb N/I0CKOro KOHAEHCcaTopa Bbluncasetca no ¢opmyne

C:gOE,S
d

Y 3TUX AaTYNKOB M3MepPSieMan BE/IMYMHA MOXKET ObiTb QyHKUMEN d, S, €. B nocnegHem ciyyae AaTymKk
NPUMeHAEeTCA AN aHaM3a COCTaBa BelecTBa. B 60/bWMHCTBE XKe Cy4aeB UCNOb30BaHUA EMKOCTHbIX

A3aTYNKOB UX BXOAHOVI BE/IMYMHON ABNAETCA nepemeuweHmne O6K}'Iap,OK OTHOCUTENBHO ApPYr Apyra.

B MeAMUMHCKOW TexHUKe MNPUMEHSAETCA EMKOCTHbIA WM3MepuTeNnb NIeroYHoM BeHTMUAAUMKU. Ero
YYBCTBUTE/IbHbLIA 3/1EMEHT 06pa3soBaH TPemA /NenecTkamMuM M3 TOHKOW CUHTETMYECKOW NAEHKM, Ha
HapY*KHYI0 NOBEPXHOCTb KOTOPOM HaHECEH C/OM aNtoOMUHUA TOAWMHOMN okono 10 mkm. MNog, aelicTenem
BO34yXa MOABUMKHbIA ENEeCTOK B 3aBUCMMOCTU OT BAOXA UK BblAoXa NPUBAMMKAETCA K TOMY MU MHOMY

HeENoABUXHOMY NenecTtky, 4YTo NpnsBoaAnUT K USMEHEHUIO EMKOCTU CUCTEMDI.

4. UHAyKkmueHbiili damyuk. Ha puc. 11,0 nsobparkeH Hambosiee pacnpocTpaHeHHbI AaTUMK C
MaJibiM BO3ZYLIHbIM 3330pOM  §, USMEHAIOLLMMCA NOA, AeCTBMEM CuJbl F. B pesynbTate U3MeHATCA

MHAOYKTUBHOCTb KaTyLLKM M NOAHOE conpoTmaeaeHne Z uenun. Takum o6pa30N\, BO3HUKaET

dYHKUMOHaNbHanA 3aBUCUMOCTb Mexay F n Z: Z = f(F).
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Puc. 11.

Ha puc. 11,6 nokasaH gaTyuK, npeacTaBasiowmin coboit KaTywky 1, BHYTPM KOTOPOI NepemeLiaeTca
CTaNbHOM cepAeyYHuK 2. MHAYKTMBHOCTb L KaTywWKK, a cnefoBaTelbHO, U ee NojsHoe ConpoTuBeHne Z

ABAAOTCA GYHKUMAMU NepemMelleHus cepaedHmKa: Z = f(l).

5. Mee3oanekmpuyeckuli damyuk. puHUMN ero AeWCTBMA OCHOBAH Ha MNbe303/IEKTPUYECKOM
abpdeKkTe — SABMEHUU MONAPU3ALMUM KPUCTANIMYECKUX AUINEKTPUKOB Npu aedopmaumu. BxoaHoi
BE/IMYMHON B ITUX AaT4yMKaxX MOXKET ObiTb AaB/eHME, MeXaHUYeCKoe HanpsxeHue, nepemelleHue, a
BbIXOAHOW — 3/1EeKTpUMYecKoe HanpsxeHne. B meguumHe Nbe3oaaTunKku HallAW LWMPOKOoe NpUMeHeHune

B Npubopax A4 aBTOMaTUYECKOro U3MEpPEeHMs apTepManbHOro AaBaeHus, AN 3anMcu nyabca Ny4eBoi

apTepumn U T. 4.

6. MHOYKYUOHHbI damyuk. TNpuHUMN ero paboTbl 3aKA04aeTcA B HaBeAeHUN 3.4.C. UHAYKLMM NpK
OTHOCUTENIbHOM NepemMeLeHUN KaTyLWKN U NOCTOAHHOTO MarHuTa. Y UHAYKUMOHHbIX AaTYMKOB BXOAHOM
BE/IMYMHON ABNSAETCA CKOPOCTb MEXaHMYECKOTO NepemeLLeHns, U MOSTOMY OHU UCMO/b3YHOTCA TOJ/IbKO B
npubopax, NpeaHasHauYeHHbIX 419 U3MEPEHUSA CKOPOCTEN, Hanpumep, KpblabYyaTbli AaTtumk (puc. 12),
NPUMEHsieMblit B annapaTte Ana MMMYAbCHOW pPerucTpauum neroyHon BeHTUNauuu. OnpegeneHue

NleroyHom BEHTUNAUMN NPOU3BOOUTCA NyTEM pPeErncTpaunmu obbema BblAbIXaemMoOro " BAbIXaemMoro

BO34yXa.



Puc. 12.

[datuMk npeactaBnser cobol  ABYXKaHa/NbHbIM pacxogomep BO3gyXa C  MasJlOMHEPLMOHHOWM
KpblabyaTKoW. KaHanbl BXOZa M BbiX04a BO3A4yxa BbIMOJHEHbI PasfesbHO C Lenblo obecneyeHus
HafeKHOro pasaeneHus CUrHanoB BXoAa U Bbixoda. Kpblib4aTKM AAaTYMKOB YCTAaHOB/EHbI B MPOXOAALMX
MOTOKax BblAbIXaeMOro M BAbIXaEMOro Bo3ayxa. Kaxkaaa Kpblib4aTKa M3roTaBAMBAETCA M3 MArHUTHOMO

mMmaTepuana U HamarHudeHa. Mpu BpalLeHUU KPblIbYaTKM Nepuoamyeckm MeHAEeTCA MarHWUTHbIA NOTOK,
MPOHM3bIBAIOWNIA KaTYLLIKY, B pe3ynbTaTe B HeW BO3HMKAET 3.4.C. MHAYKUMM €, 3aBUCALLAA OT CKOPOCTU
BpalLeHna. CKOPOCTb BPaLLEHUA KPblNbY4aTKM AaTiMKa MNponopuuMoHanbHa pacxoay V Bosayxa. Takum

obpasom, € = (V).

Onucanue 3KCNEPUMEHTAJIBHON YCTAHOBKH
1. U3mepeHua KoapPuuMeHTa OTHOCUTENbHON TEH30YYBCTBUTE/NBHOCTM MNPOBOAATCA Ha MOALENU
TEeH304aT4MKa, N3roTOBNEHHON U3 KOHCTAHTAHOBOM MPOBOJIOKM 1, YKpen/eHHOM Ha KapKace 2 posinkamm
3 (puc. 13). Npu nNogBelIMBaHUK TPY30B NPOBOJIOKA PACTArMBAETCA M €e COMPOTUBAEHNE U3MEHSETCS.

M3mepeHne conpoTUBAEHNA NPOU3BOAMTCA C MOMOLLBIO U3MEPUTENBHOTO MOCTA NOCTOAHHOIO TOKa 4.
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Puc. 13.



2. Mopaenb MHAYKTMBHOIO AaTyMka u3obpaxkeHa Ha puc. 14. laTumMk npeactaBaser coboi KaTywky 1 ¢
nepemellarOMmea cepaedHukom 2. Tlpu nepemelieHMn cepaedyHUKa WHAYKTUBHOCTb KaTyLUKu
nsmeHsaetca. 06 M3MEHEHUN MHAYKTUBHOCTM MOMKHO CYAMTb MO M3MEHEHWUIO CUAbl TOKA B KaTyLUKe.
IpadmK 3aBUCMMOCTM CUAbl TOKA | OT NepemelyeHuna | cepaeyHUKa ABNAETCA XapaKTePUCTUKOM [aTUMKa.

MUTaHMe KaTyWwKN NPOMU3BOAMUTCA OT CETU Yepes NOHUKAIOLLMIA TpaHChopmaTop.

Puc. 14.

HN3mepenus u ux od0padoTka

YI'Ipa)KHEHMe 1. OI'IPEAEHEHVIE KOB(')(IJMLI,VIEHTa OTHOCUTENIbHOM T€H304yBCTBUTE/IbHOCTU AdTYUKaA.

1. M3mepuTb C MOMOLLbIO MOCTa MNOCTOAHHOMO TOKa HayasibHOe CONpoTUMBAEHWME Ry,  mMoaenu
TeH304aTumKa.
2. W3mepuTb conpoTuBaeHne R aaTyMKa, NocieaoBaTesibHO Harpy»Kaa ero rpysamu maccom m.
3. M3mepuTb MUKPOMETPOM AnameTp d NPOBOOKU.
4. YuutbiBaa, yto P =mg, AR =R—Ry, S=nd?*/4, n3 (2) nonyyaem
_(R-Ry)Emd’
" 4Rmg

5. PaccumTtatb KO3OPULMEHT OTHOCUTENIbHOW TEH304YBCTBMTEIbHOCTM AaTUYMKA NPU KaXKA0M HArpysKe.
6. Bblumcantb <ko> M HalTM norpewHoctb Aks,r M3mepeHus KoapduuMeHTa OTHOCUTENIbHOM
TEH304YYBCTBUTE/IbHOCTU AaTYMKa C LOBEepPUTENbHON BEPOATHOCTbIO o = 0,95.

7. Pe3ynbTaTbl U3BMEPEHWNI U BbIYUCAEHWUI 3aHECTU B TabanLy.

YnpaxHeHne 2. CHaTne XAPaAKTEPUCTUKU UHAYKTUBHOTO AaTYUKa.

1. Bkntountb Tpchd)opmaTop B Ce€Tb U YCTaHOBWUTb CepAEeYHUK OaTYUKa Tak, 4yTobbI €ero YKa3aTe/b

coBnagan Cc HyneBbiMm aeneHnem LwKanbl.



2. 3anucaTb NoKasaHue | muaanamnepmeTpa.

3. BaBuraa cepAeyYHMK B KaTyLUKY, CHATb MOKa3aHWA MUANMAMMEPMETPa Yepes KarKablii CaHTUMETP
nepemeleHus | cepaedHuka. PesyibTaTbl U3MEpPEeHMin 3aHEeCTU B Tabaumuy.

4. Moctpoutb rpaduk I = f(l) 3aBUCUMOCTM CU/bI TOKA B KaTyLLUKe OT NepeMeLleHns cepaeyHmKa.

5. Onpegenutb no rpaduKy YyBCTBUTENLHOCTb AaTymKa k = Al/Al.

9TO UHTEPECHO [30, 34]
,ﬂ,M3ﬂa30Hbl U3MEHEHNA NapaMeETPOB p,eTaneﬁ, YCTpOﬁCTB N CUCTEM Ha NPAKTUKE MOryT ObITb
BeCbMa 3Ha4unUTe/IbHbl, U TEM bonee Cyuw,eCTBEHHO MOTYT pPa3zindaTbCA NapaMeTpbl obbeKToB pPa3nnyHoro
Ha3Ha4yeHUuA. PaCCMOTpMM eanHULbl NU3MepeHna U ananasoHbl USMEHEHNA HEKOTOPbLIX INTEKTPUHECKNX

BeNINYUH.

KynOH B KauyecTBe eAuHULbI KOIMYECTBA 3N1EKTPUYECTBa (3/1IEKTPUYECKOro 3apsaaa) NPUHAT B ynucie
NepBbIX 3NEKTPOTEXHMYECKMX eguHuL, Ha | MexayHapoaHom KoHrpecce snektpukos B 1881 r. OH
onpeaenAaeTca Kak KOAMYeCcTBO INeKTpUYecTBa, Npoxoasallee yepes nonepeyHoe ceyeHne NpoBOAHUKA
3a 1 ¢ npu cune TokKa, paBHoi 1 A. EAMHMLA KOIMYECTBa 3/1eKTPUYECTBA Ha3BaHa B YeCTb PppaHLy3CKOro

UHXEHEPa N nccnegoBatena LLIapnﬂ OrtocTeHa Kyn0Ha.

B 60NbLUMHCTBE CNy4yaeB HaKananMBaemas Be/IMUYMHA 3apaja Ha KOHAEHcaTopax, YCTaHOB/AEHHbIX B
pPa3/INYHON PaANO3NEKTPOHHOM annapaType, COCTAaBAAET Masible 40U KyNoHa. MaKcMmanbHaa eMKOCTb
3/1eKTPOIMTUHECKMX KOHAEHCATOPOB LUMPOKOrO npumeHeHus (Hanpumep, K50-32) gocturaet 10° mk®
npu paboyem Hanps:keHmn 25 B. Macca Takoro KoHgeHcaTopa 1300 r, anameTtp 80 mm u BbicoTa 142
MM. MpM 3TOM NOAHbIN 3apAag TaKoro KoHAeHcaTopa coctasaseT 2,5 Kn. [na cpaBHeHMA OTMETUM, YTO

BENMYMHA 3apAJa 3N1eKTPoHa oueHmBaeTtca B8 1,6 107 Kn.

BoMbT - eAMHMUA 3/1EeKTPUYECKOTO HaMpsXKeHWs, pPasHOCTU 3/NEeKTPUYECKMX MOTEeHUManos,
3N1EKTPOABVIKYLLEN CUAbI, NONYYNNA HaMMeHOBaHWe B YecTb A. BosibTa B 1881 r. Ha | MexKayHapoaHom
KOHrpecce 31eKTpMKoB. [lo onpeaeneHunto, BOAbT—I/JEKTPUUECKOE HaMpsKeHWe Ha y4yacTke
3N1EKTPUYECKOW LLeNn C NOCTOAHHbIM TOKOM cuioi 1 A, B KOTOpPOM 3aTpaumBaeTca molHocTb 1 BT. B
yectb A. BosibTa HassaH npubop AN M3MEPEHUA HanpskeHus — BOAbTMETp. M3  Bcex
3/1eKTPOM3IMEPUTE/IbHBIX NPMBOPOB BONLTMETP Hambosiee YacTo MPUMEHSETCA CneumManmcTamm B npo-
Lecce HaCTPOWMKM anmapaTtypbl M MpyM NOWCKe HeucnpaBHocTei. MpuumHa? MNaeanbHbl BONBTMETP
ob6n1agaeT 6eCKOHEYHO 60/1bWMM BXOAHBIM COMPOTUBAEHUEM U, CIeL,0BATE/IbHO, NPW €ro NOAKIYEHUN
pexunm paboTbl annapaTypbl He meHseTca. BTopoe fOCTOMHCTBO—NPU UCMO/Ib30BAaHUKN BOIbTMETPA HET
HY*KZbl MPOU3BOAUTL KaKMe-1Mbo nepenamnkn B CXeMax, YTo HeOBX04MMO NPW BKAOYEHUU aMnepmeTpa

Nan OMMeETpPa.



EOVHMLA 3/M1eKTpUMYECKON eMKOCTU - dapasd, T. €. eMKOCTb KOHAEeHcaTopa, mexay obknagkamwu
KoToporo npu 3apage 1 Kn Bo3HMKaeT aneKTpuyeckoe HanpaxeHue 1 B. HassaHa n npuHATa egMHMua no
MMEHU 3HAMEHMUTOro aHIMNCKOro pmusmKka M xummka M. ®@apagea Ha | MexKayHapoOaHOM KOHrpecce
anekTpuKkos (1881). Ha npaKTuke B 60/blIEN YACTM Cy4aeB UCMOb3YIOTCA KOHAEHCATOPbl EMKOCTbIO OT
HECKOIbKMX MUKodapas A0 HECKONbKUX TbicAY MUKpodapad. EmKocte 1 @ - 370 o4veHb 6osbluas
emKocTb. Hanpumep, TakosBa eMKOCTb yeAMHEHHoro wapa ¢ pagmycom 9:10° m, yto npumepHo 8 1500
pa3 6onblle pagmyca 3eMan, AN NAOCKOTO KOHAEHCATOPA C PACCTOAHMEM MeXAY naacTMHamm 10 mm u
naowWwaapio Kaxkaom naactubl 1100 km? (6onbuwe naowaam Mocksbi!). M Tem He meHee, HaumHas ¢ 1983
r., HekoTopble GUPMbI NPUCTYNUAN K CEPUIAHOMY BbINYCKY 3NEKTPOUTUYECKUX KOHLEHCATOPOB C Mo-
PUCTBIM AM3NEKTPUKOM emKocTblo 1,2 ® Ha pabouyee HanpsikeHue 5B. lNoka 3To camoe emkoe

XpaHunuuwie 3apaga - 6 Kn.

EAVHMUA MHAYKTUBHOCTM FreHPM Ha3BaHa B YeCTb aMEePUKAHCKOro ¢usmnka K. FeHpu 1 npuHATa Ha
Il MexxayHapogHom KoHrpecce anektpukos B 1889 r. [Jpoccenn MHOAYKTUBHOCTbIO OT eAMHUL, A0 COTEH
MWKPOreHpU BbiNycKatoTcAa cepuinHo. B CLLUA Havanca cepuitHbI BbIMYCK MUHUATIOPHbLIX KaTyleK Ans
WMHTErpasbHbIX MUKPOCXEM C MHAYKTUBHOCTbIO 0,06 - 7 MKIH. OHM BbINOAHAOTCA B BUAE Kyba C rpaHbto

0K0/10 2 MM. B0o/IbLION MHAYKTUBHOCTLIO 061a4al0T CM0Bble TPaHCHOpPMaTOpPbI

EouHMUA M3MepeHWA 3SNeKTPUYeCcKoro TOKa, MOJyYMBLIAA Ha3BaHWe MO WMMEHW OCHOBaTenA
aneKTpogmMHaMuKkun A.-M. Amnepa, NnpuHATa Ha | MeXKayHapoaHOM KoHrpecce anektpukos B 1881 r. B co-
BPEMEHHON pefakuMM amnep—>3TO CWNa  MOCTOAHHOMO TOKA, KOTOPbIKM, npoxogda Mo  ABYM
napannenbHbiM MNPSAMOANHENHBIM MPOBOAaM OEeCKOHEYHON AMHbI U HUYTOXKHO Manoro ceyeHwus,
pacnofioXKeHHbIM B BaKyyme Ha pacCTofAHMM 1 M OA4MH OT ApPYroro, Bbi3biBan Obl MeXAY HUMU cuay
B3aMMOZENCTBMA, paBHyto 20107 H Ha Kaxablli MeTPp AJ/IMHbI. PeasibHble 3TasoHbl CUJIbl TOKa CO3/atoTcA
No NPUHLUMNY U3MEPEHUA CU/bl NPUTAMKEHUA ABYX CTAaHAAPTHbIX KaTyLIEeK C MOMOLLbIO CneuManbHbIX

TOKOBbIX BECOB.

EQMHMLA cCONPOTUBNEHNS HA3BaHA B YecTb HemeuKoro ydeHoro . Oma Ha | MexayHapoaHom
KOHrpecce 3neKkTpnkoB. OM—conpoTUBAEHNE NPOBOAHNKA, MeXAY KOHLAMM KOTOPOro Npu cuie Toka 1
A BO3HMKaeT HanpsxeHue 1 B. Pe3ucTopbl, UCMO/b3yemMble B pas/iMYHbIX Npubopax U YyCTPOMCTBaX,
pa3nMyaloTca B OCHOBHOM MO KOHCTPYKTMBHOMY WMCMOAHEHWIO, AOMYCTUMOIN MOLLHOCTM paccesHus,
HOMMHA/IbHOMY COMPOTUB/IEHUIO U €ro AOMYCTUMOMY OTKNOHEHMUIO B NPOLLEHTax. [1poBONOYHbIE pe3un-
CTOpbl M3roTOBAAIOTCA MyTEM HABMBKM MPOBOJIOKM Ha ¢apdopoByto TPYOKY WAM LUAUHAP C
YKPEn/IEHHbIMN Ha €ro KOHLax TOKOCbeMHMKaMKU. OHM paccyMTaHbl Ha MOLLHOCTb pacceAnua 0,125—
100 BT npy HOMWHANBHOM COMPOTMBAEHUM OT AONel Ooma A0 eauHuL, meraom. bonee wwmpokoe
pacnpocTpaHeHMe MOoJy4MAu HernpoBOJIOYHbIE PEe3UCTopbl. MX MOLWHOCTb paccesHua Konebnetca oT
0,125 po 5 BT, a HOMWHaNbHOE CONPOTUBNIEHNE NIEKUT B Npeaenax oT eauHUL, OM A0 AEeCATKOB MEraom.

EcTb pe3nctopbl, CONPOTUB/IEHME KOTOPbIX M3MepAeTcA rmMraomamu. HenpoBONAOYHbIE pPe3nCTopbl



M3roTaB/MBalOTCA NOA06HO NPOBONOYHbBIM, TONIbKO B KayecTse NpoBoAALLEro BellecTsa Ha ¢apdopoBsbiit
CTepXeHb HAHOCMTCA CNON OKUCKU Yrnepoda, OKUCM MeTannoB M T. A. BoAbLIMHCTBO pesncTopos
YKa3aHHbIX TUMOB BbIMYCKAOTCA C AOMYCTUMbIMU OTKAOHEHUAMM OT HOMMUHABHOIO COMPOTUB/EHUA Ha

12,15, £10 n £20%. Ceepxy Ha pe3nCTOpbl HAHOCATCA 3aLLUTHbIE NOKPLITUA.

Hapagy c aneKTpuyeckMm ConpoTUBAEHUEM CYLLECTBYET MOHATUE 3/1IEKTPUUYECKON NPOBOANMOCTHU.
3To — BenunuMHa, obpaTHas conpoTmBiaeHuto. OHa Wcnonb3yeTca ANA TeopeTUYecKoro aHaamsa
3/IEKTPOHHbIX CXEM, BXOAMUT B PAfL NpaKkTUUYecKnx pacyetos. O6o3HauveHne Om™t He npuxmnock. Cranm
MCNosb30BaTb HasBaHWe «obpaTHbii Om» M 0b603HauyeHWe «mo». Ha MeKayHapoaHOW 3neKTpoTex-
HUYecKo Komwuccum B 1936 r. Bnepsble ObiNO NPeAsoKEeHO Ha3BaTb eAMHWULY 3SNeKTPUYECcKoM
NpPoOBOANMOCTU cumeHcomM. OdurumnanbHoe Has3BaHMe eaMHULA NPOBOAMMOCTM NOAYYMAa TONbKO Ha XIV

leHepanbHOM KOHdepeHUMN No mepam 1 Becam (1971).

EOAMHMUA 3NEKTPMYECKOM NpOBOAMMOCTM HasBaHa B YeCTb HeMeLKoro u3obpetaTens U
npombilWNeHHNKa IpHcTa BepHepa CumeHca (1816—1892), ocHoBaTenss 3HaMeHUTbIX pupm «CUMEHC U
Fanbcke» M «CumeHc u LUykkepT». B HacToAwee Bpemsa KoHuepH «CumeHc» (PPr) asnserca

KPYMNHENLUNM 31EKTPOTEXHUYECKMM 06begmMHeHnem EBponbl U O4HUM U3 KPYNHENLLINX B MUpE.

B 3akntoueHne oTMETUM, YTO eAuHULbI M3MepPeHUa PU3MYecKmx BeIMYMH 0b6o3HavatoTcs bykBamum
PYyCCKOro M6o NnaTtMHCKOro andasuTa, 38 UCKAOYEHMEM TpeYyeckon omern O — eaAnHULbl CONpPoTUBIIE-

HUA.

CMelaHHble 0603HaYeHUn 3anpeLeHbl. bes YncnosbIx 3HaYEHUN eaAnHULBI GU3NYECKUX BENUYMNH
0603HayaloTCs B TEKCTE NOJIHbIM HasBaHMeM. Korga M Kakmmu andaButamm nonb3oBatbca? O603Ha-
yeHue epuHUL, OykBamM pycckoro andasuta o06a3aTenbHO 418 MNPUMEHEHUA B  TEXHUYECKOW
OOKYMEHTaUMKN, KHUrax U CNpaBoYHMKaxX U T. 4. OA4HAKO ec/in Kakaa-1mbo NpoayKUMsa MOXKET paccmaTpu-
BaTbCA B KayecTBe npeameTa 3KCnopTa, To 06A3aTelbHO UCNob30BaHUe HByKB NaTUHCKOro andasuTa, T.
€. MeXayHapoaHbix 0603HauYeHN. Mo yKazaHHOM NpUYNHE MeXayHapoaHble 0603HauYeHMA PU3NYEeCcKmx
BE/IMYMH HAHOCATCA Ha JIMLEBble MaHeNM reHepaTopoB CTAHAAPTHbIX CUIHA/J0B, aMNEepPMETPOB,

BO/IbTMETPOB, BaTTMETPOB 1 APYron M3mepuTeIbHOM annapaTtypsl.

Tema No2



IJIEKTPOCTATHUKA

JNlntepartypa

[P3].Tn. 11, 11,1V, V. §§ 56, 62.

[P8]. §86, 7, 13 - 24, 48.

[P11].Tn. 1,11, 883.5-3.7;8.1-8.3.

N o v A~ W N

10.
11.

12.
13.
14.
15.

Bonpocbl N0 TeOpeTUYECKoMy maTepuany

3aKOH B3aMMOLENCTBUA I/IEKTPUYECKMX 3apAa0B. 3aKoH KynoHa.

HanpAaxeHHOCTb aneKkTpmnyeckoro noas. MpuHUMN cynepnosmumnmn nosen.

Teopema OcTporpaackoro — laycca n ee npMMeHeHue A41A pacyeTa 3/IeKTPUYECKUX NONEN.
YpaBHeHwue MyaccoHa.

Ounonb B anekTpuyeckom norne.

PaboTa B aneKTpocTaTU4eckom nose.

MNoteHuman. HeogHo3HayHOCTb  MoOTeHumana. HopmwuposBka. Pa3HOCTb  MOTEHUMANoB.
SKBMMOTEHUMA/IbHbIE MOBEPXHOCTU.

YcnoBuA paBHOBecKA 3apAL0B B NPOBOAHMKAX.

CBA3b MeXAy BEKTOPOM HaMpsKEHHOCTM Nons WM noteHumanom. [loTeHUMan B NPOCTEMLLMX
9/1EKTPUYECKUX NONAX.

dnekTpuyeckoe nose gunona. PasHoCTb NOTEHLMAN0B ABYX TOYEK 3/IEKTPMUYECKOTO NoaA AUNOAA.
EmMKOCTb yeanHeHHOro nposogHuKa. KoHaeHcatopbl. Tunbl KoHAeHcaTopos. CoeanHeHMe KOHAEeH-
catopoB. CnoxHble KOHAEHCATOPbl. EMKOCTb MPOCTbIX KOHAEHCATOPOB

SHepruA 3apaXKeHHOro KoHAeHcaTopa. JHEPrma 3IeKTPUYECKoro nona. JIokanmsauma sHepruu.
Monapusaymna AnanekTpmKkos. MNonaprm3oBaHHOCTD.

CerHeTosneKkTpmn4ecTBo.

Mbe3o03aneKTpuyecTso.

KauecTBeHHble BONpOCHI

Moyemy oOKpacka HeboNbLLINX npeagmeTos MeToaoM pa36pr3FMBaHMFI KpPpaCKn 3KOHOMUYECKHN
BbIfrOAHA, a TaKXe 6e3Bpep,Ha ana 340poBbA pa60Ta|ouJ,ero, ecin mexagy nynbsepnsatopom u

npeameTom Co3aaTb BbICOKOE HanmeeHme?
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10.

11.

12.

13.

14.

B my3esx HepeaKo BO3HWKaeT HaAobHOCTb 4MTaTb ApPeBHUE CBUTKWU. OHM ObIBAIOT HACTO/NbKO
BETXME, UTO OHM /lomMatoTca U pBYTCA. MpU OCTOPOXKHOM MOMbITKE OTAEAUTb OAWNH CNOM PYKOMUCK
OT cocegHero. Kak pasbeguHUTb TakMe 4OKYMEHTbI?

MOHO N1, UMes B CBOEM PaCropsKEeHMM OAHO 3apAKeHHOoe Teso, 3apAAUTb C ero MoMOLLbIo
Apyroe Teno 3apAA0M, BO MHOTO Pa3s NpeBbILLatoWMM 3apas NepBoro Tena’?

Bcerga v 04MHAKOBbI EMKOCTU ABYX OAUHAKOBbLIX N0 dopMe 1 pasmepam NPOBOAHUKOB?

3a4yem Npu NPOMbILNEHHOM U3FOTOBIEHMM NOPOXa ero 06BONAKMBAIOT NOPOLUKOM rpaduTa’?
Moyemy 3N1EeKTPONUTUYECKME KOHAEHCATOPbI 06/1a4at0T 60NbLION EMKOCTbIO?

Moyemy NTULbI CIETAIOT C NPOBO/A BbICOKOIO HaNpsKeHMa, Korga BKAKYALOT HanpsxKeHue?

Moyemy BeLLeCTBO, pacnpefenéHHoe B MPOCTPAHCTBE MeXAY 3S/IEKTPUYECKMMM 3apsaamm,
N3MEHAET 3/IEKTPUYECKME CBOMCTBA cpeabl?

CunoBble NUHMK 3/IEKTPUYECKOrO NOAS B MPOBOAHMKAX COBMAZaloT C AMHMAMKM ToKa. Kak 3ato
cornacoBaTb C TemM ¢GaKTOM, YTO B TOHKOM C/I0€ 3/IEKTPO/NTa (Hanpumep, B NIOCKOW KHOBETKE)
JINHUKM TOKa OT ABYX 3/IEKTPOAOB B BUAE MaJIeHbKUX LUAPUKOB PacnoioXKeHbl B 3TOM C/oe, Toraa
KaK CMI0BblE IMHUM ABYyX Pa3HOMMEHHbIX 3aPALOB PAacnoNaraloTcA No BCEM HanpaBAeHUAM?

Len XVIII Bek. CobopHbI HacToaTe/ib HEOOMbLIOro NOMEPAHCKOro ropoaka, HeKTo dBanbg, eopr
$oH KneicT, NOTUXOHbKY OT MPUXOXKaH 3aHUMANCA SNEKTPUYECKMMU onbiTamu. ...OgHaxKapl B
CYACT/IMBbIE Yacbl 3aHATUN 3/IEKTPUUYECKMMU uccnegoBaHuamm ¢oH Knenct pewmn nonpobosatb
3apAAUTb 3NEKTPUYECTBOM BO34b... OH BCTaBWUA KeNe3Hbll CTep)KeHb B OyTbIJIOYKY M3-NoA
MMKCTYpPbl M MNOAHEC K KOHAYKTOPY MaluHbl. HeckonbKo 060OpPOTOB CTEKNAHHOrO LWapa, U
3/1IeKTPUYECTBO AO/MKHO ObINO poAUTbCA U NepenTu Ha reo3gb. [anee ero cnegoBano BbIHYTb U3
6YTbIIOYKM. KNneincrt B3anca 3a ronoBKy rso3an M TyT XKe Noy4Yu BECbMA OLLYTUMbIN 3/IEKTPUYECKUIA
yaap. Ho oTkyaa? Ero mawmHa HecnocobHa 6bina gaBaTtbh M AeCATON 40NN Takux 3apsaaos. OH pelmn
NoBTOPUTb ONbIT... Elle 1 ewe... Kaxablii pa3 HAKONUBLLAACA CU1a UCNPABHO U AO0BO/IbHO OLLYTUMO
LLeNKaeT HacTonaTena cobopa no nasnbly. A 4To ByAEeT, eC/IM HAaUTb B CKAAHKY CNIUMPT Uan pTyTb? Kak
M3MEeHMUTCA cuna yaapos? MNoyemy?

Kak n3meHseTcAa NoBepXHOCTHAA NAOTHOCTb 3apAaa, eC/IM NPOBOAHUK, MMeloLWwnin Gopmy NIOCKoro
JINCTA, CBEPHYTb B UMANHAP?

YemM MOXKHO 0O6BACHUTb, YTO NPU CUNLHOM SNEKTPU3ALLUN NPOBOAHUKA, UMEIOLLLETO OCTPbIE KOHLLbI,
OKOJ/IO HUX 06pasyeTcs «3N1EKTPUYECKMI BETep», KOTOPbIN MOMKHO OBHAPYXUTb MO OTKAOHEHUIO
naameHu ceeun?

Kakum o6pasom pacnonoKeHbl CUAOBble JIMHWUM BHYTPU W3OTHYTOM CTEKNAHHON TPYO6KM C
3N1eKTPOIUTOM, MO KOTOPOMY MAET TOK? KaK MayT cuaoBble IMHWUK B NPOBOAE, 3aBA3aHHOM y3/10M?
MoKeT N cyLecTBoBaTb B BaKyyMe 3/IeKTPOCTaTUYECKOE NOJIe, BEKTOP HanpAXKEHHOCTU KOTOPOro

E Bo Bcem obbeme nons OANHAKOBO HaMnpas/ieH, HO NO Be/INYNHE U3MEHAETCA, Hanpumep, no



JINHEeMHOMY, KBaZpPaTUYHOMY MM SKCMOHEHLNAbHOMY 3aKOHY, eC/In NepexoanTb OT TOUYKM K TOUKe
No HOPMaNbHOMY K MO0 HanpasB/EHUIO?

15. DNeKTpoH, BAETeBWMA B KOHAEHCATOP C HEKOTOPOM CKOPOCTbIO, MO BbIXOAE M3 Hero umeet
60/1bLLYI0 CKOPOCTb. Kak 06bACHUTL 3TO AB/IEHWNE C TOYKM 3PEHMNSI 3aKOHA COXPAHEHUA IHEPrum?

16. N3 3apaXKeHHOro 1 OTK/IIO4EHHOTO OT MCTOYHMKA HaNpAXKEeHMA KOHAEeHcaTopa yaaneH AM3/IEKTPUK,
paHee 3amnoJIHABLUMA BCE MPOCTPAHCTBO MeXAy naacTMHaMmu. Kak Hago M3MEHWUTb paccToAHue
MeXay naacTMHamM, 4ToObl SHEpPrus KoHAEeHcaTopa OCTaBasiaCb Hen3meHHOM? Kak 0O6BbACHMTL
npouclwejlee NU3SMeHeHne sHepPrMm KoHaeHcaTopa?

17. KaKk U3MEHUTCSH EMKOCTb NNOCKOr0 KOHAEHCATOPa, €CAN €ro NOMECTUTb B META/IIMYECKYIO KOPOOKY,
CTEHKWU KOTOPOW yAaneHbl OT NAacTUH Ha PacCTOAHUE, PaBHOE PAacCTOSHUIO MeXKay HUMK (puc. 15)?

BavAHMeM KpaeB npeHebpeyb.

Puc. 15.

18. OunanekTpuyeckme NPoHULLAEMOCTM BELLECTB 3aMETHO M3MEHSAIOTCA NPU MNOBbILEHUM TeMNePaTypbI
(06bIuHO y6bIBaAtOT). MPeanoNoKUM, YTO 3aPAKEHHDbIN KOHAEHCATOP OXN1aXKAAETCA, BCAEACTBME YEro
€ro 3/IeKTPUYECKanA SHeprua nsmeHseTca (Hanpumep, yooisaeT). Kyaa ncyesaet sHeprus?

19. [1Ba KoHAEHcaTopa C PasHbIMM PACCTOSHUAMW MEXKAY NNACTUHAMW COeAMHEHbl MapannenbHo U
npucoeamMHeHbl K WMCTOYHWMKY HanpsxeHusa (puc. 16). M3 KoHaeHcatopa Ci M3 ToukM 1,
pacnonoXKeHHOM nocepegnHe mMmexay NAacTMHamM, NePeHOCUTCA TOYEYHbIN MONOKMUTENbHbIN 3apAg,
B KOoHAeHcaTop C; B TOYKY 2, HAaXO4ALLYIOCA OT OTPMLUATENbHOW NAACTUHbLI HA PACCTOAHWUM, PAaBHOM

NMOJI0OBMHE PACCTOAHUA MeXKAY NAacTMHaMmn KoHaeHcatopa Ci. CoBepluaeTcs A npm sTom paboTa?

Puc. 16.



20. B KaKoM1 U3 ToueK, 1 uaum 2 (puc. 17), 3apaxKeHHOro KoHAeHcaTopa € HenapanneibHbIMU NAaCTUHAMM

NOBEPXHOCTHAA NJAOTHOCTb 3apAaa 6onblie?

";Z.*_.f\

_—

Puc. 17.

21. MNacTUHbl 3apAKEHHOIO KOHAEHCATOPa COeAMHEHbl TOHKMM WM30THYTbIM MPOBOAHMKOM (puc. 18).
Kak HanpaBneH TOK mexay Toukamm A u B? Kak 3To cornacoBaTb C HanpaB/fieHWEM NONs B

KOHAeHcaTope?

Puc. 18.

Kak BbI fymaere

KaKoBbl 4epTbl CXOACTBA U Pas3/ivymsA NoAA U BelecTsa?
MMeeT 1 NOTEHLMaNbHOCTb 3/1IEKTPOCTAaTUYECKOrO N0/1A abCONIOTHLIN XapaKTep?
MmeeT n NpMHLMN cynepnosvumm npegensl NpPUMeHMMOCT?

Kak MOXHO A0Ka3aTb MaTepuaabHOCTb 3/IEKTPOCTAaTUYECKOTO nona?

A N

MOXHO 11 CYMTaTb HaNPAKEHHOCTb 3/1EKTPOCTAaTUYECKOrO NOAA HEMPEPbIBHOW BEMUYNHOM, NNAaBHO

N3MEHSIOLLLEINCA B NPOCTPAHCTBE U BO BPEMEHN?

6. KaKkoli ¢u3MyecKon peanbHOCTM COOTBETCTBYET MOJOMKEHME O TOM, YTO CWIOBble JIMHUK
3/1eKTPOCTaTUYECKOTrO NOAA HAYMHAIOTCA M KOHYAIOTCA Ha 3apsagax?

7. CylecTByOT M B NPUPOAE OAHOPOAHbIE 3/1eKTpOCTaTUYecKne nona?

8. CylLecTByHOT /M B NPUPOAE HEMOABUKHbIE 3apAabl?

9. B paMKax KaKol CTPYKTypbl YCN0BWIA AelCTBYET 3akoH KyaoHa?

10. CBsi3aHbl 1M 3aKOHbI 3/1IEKTPOCTATUKMN CO CBOMCTBAMM NPOCTPAHCTBA—BPEMEHM?

11. 3aBUCUT NN Ha/MuMe Yy NPOBOAHMKA TAKOTO CBOWCTBA, KaK €MKOCTb, OT TOrO, B KaKOW cucteme

OTCYETA OH paccmaTtpuea eTca?



12. OT KaKnx CBOMCTB KOHAEHCAaTOPOB MOXKHO abcTparnpoBaTbCcsa NPU UCCAEA0BAHUM UX EMKOCTU?
13. KakoBa naeannsnpoBaHHaa MoaeNb KOHAEHCATOPA?
14. Yem onpenenaetca CMbICN MOHATUA KEMKOCTb» - TEOPUEN AN IKCMEPUMEHTOM?

15. Kak 1 B yem npoaAsaseTca NpUYNHHO-CNeACTBEHHAA CBA3b, Bbipaxaemas ¢dopmynoi g=CU?

IIpoBepn ceds!

1. BenunuuHa npo6HOro 3apsaga B 3KCNepMMeHTax Nno NpoBepKe NpuHUMNa cynepnosmumm

a) moxeT b6biTb M06OIM, TaK Kak cnpaBedMBOCTb NPUHLUMNA Cyneprno3vuMM He 3aBUCUT OT
BE/IMUYUHbBI NPoBHOro 3apaaa;

b) ponkHa 6bITb AOCTAaTOYHO Masiol, YTobbl 0becneunTb cobatogeHMe YCOBUIM, NPU KOTOPOW
HanNpPAX»eHHOCTb UCCAeyeMOoro MNoAA CYLLeCTBEHHO He W3MEeHAeTCa CaMUM  aKToMm
N3MepeHus;

Cc) ponxHa 6biTb A0CTaTOYHO 60blUOK, 4YTOBbI ObecneynTb HeobXoAMMYlD TOUYHOCTb
n3mepeHuin: yem 6onblue NPobHbIN 3apag, Tem bonblue BEIMYMHA CUJlbl, AEUCTBYIOLLEN Ha

Hero, U ¢ Tem 60/1bLIE TOYHOCTbIO 3TY CUAY MOXKHO U3MEPUTD.

2. B Moaeny nocToAHHbIX NOAeN naeanmsaumen apnaercs
a) HenoABUMKHOCTb NOPOXKAAIOLINX ero 3apAA0s;
b) nNocCTOAHCTBO BO BpeMeHU 3/1eKTPUYECKOro Nons;

c) otcytcTBMe GAYKTyaL Mt CpeAHEero 3HaueHms HanpaAXKeHHOCTM Nons.

3. Hanuume kpaeBblx 3HEKTOB NPUBOAUT K TOMY, UYTO EMKOCTb pPeaNbHOro MA0CKOro
KOHAeHcaTopa
a) 4yTb BblllE, YEM PACCUMTAHHAA NO TeOpeTMYecKoh popmyne;
b) uyTb HMXKeE, YeM paccuMTaHHas No TeopeTUyeckoin Gopmyne;

C)  MOMKeT CyLLeCTBEHHO OT/IMYATbLCA OT PaccYUTaHHOW NO TeopeTMyeckoln popmyne.

4. PacxoxpoeHue mexay TeopeTUYeCKMMMU U SKCMePUMEHTAIbHbIMU 3HaYeHMAMM E  BO3HMKaeT B
OCHOBHOM
a) Wu3-3a HeyyeTa KpaeBbIX 3QPEKTOB;
b) wu3-3a HETOYHOCTM M3MepeHUNt;

C) B OCHOBHOM 3a CYET UCKaXKeHMI nons Y 31EKTPOAO0B 1 30HAA.



5. Wcnonb3yembiit B pabote MeTos McCc/iea0BaHUA 31EKTPOCTaTUUYECKOro N0/ OCHOBaH Ha TOM,
yTo
a) B cnabo nNpoBoAALLel cpede Masble TOKM He3HaUUTEIbHO MCKaXKaloT cyllecTaylollee
3NeKTpocTaTUYeckoe none;
b) B oaHopoaHOl NpoBoAALLEN Cpesie MMHUM HAaNPSAXKEHHOCTU 3/1eKTPOCTaTUYECKOro nosa
COBNAaAAloT C IMHUAMM TOKa;

C) XapaKTep CUNIOBLIX JINHWI 3/1EKTPOCTATUYECKOTO MNOSIA HE 3aBUCUT OT CBOWCTB cpeapbl.

6. [ns MccnenoBaHMA 3/1EKTPOCTAaTUUYECKOTO MO UCMONb3YIOT PACTBOP MEHOMo Kynopoca BMecTo
BOAbI, YTOObI
a) YBENMYUTb HaNPAXEHHOCTb NONA MeXAY 3NeKTPoAaMu;
b) yBenuuuTb cMNy TOKa Yepes nsmepuTenbHbIl Npnbop;

C) obecneuntb OAHOPOAHOCTb INTEKTPUYHECKOIO NOoAA.

7. TINOTHOCTb 3apAA0B Ha 0OK/IaAKaAX peasibHOro MIOCKOro KOHAEHcaTopa
a) MOCTOsAHHa Mo BCel naowaam obKknaaok;
b) BO3/€ Kpas NiacTUH BO3pacTaeT;

C) BO3/e KpasA NJ1acTUH YMEHbLUAEeTCA M3-3a pacceaHna nos.

JlabopaTtopHas padota No 5.
HNCCIEJOBAHUE SJIEKTPOCTATHYECKOI'O ITOJISL

Lenb paGOTbIZ IKCNepmnumeHTasbHOEe UccneoBaHUeE 31IEKTPOCTAaTUYECKOTo NonA B I'IpOCTEﬁLIJMX Cny4vasax.

Mpubopbl M NPUHAQNEKHOCTU: WUCTOYHUK MUTAHUA, BONLTMETP, HY/NEBOW ranbBaHOMETP, Habop

91EKTPOAO0B, PEOCTAT, YCTAHOBKA AN1A NccieaoBaHNA 3N1EKTPOCTAaTUYECKOro noaA.

B nabopaTopHOW paboTe MCNONb3yeTcs MeToh, W3YYEeHWA 3SNEeKTPOCTaTUYECKMX Mosaer nyTem
WCKYCCTBEHHOrO BOCMPOM3BEAEHMUA UX CTPYKTYPbl B MPOBOAALLMX CPesax, Mo KOTOPbIM MponycKaeTcs
NMOCTOSIHHbIA TOK (CyLLHOCTb MeTofa cmoTpu, Hanpumep, [P3], § 62). Mpu 3Tom nNpsAmoe u3yyeHue

31EKTPOCTATUYECKOIo NoNA 3aMeHAeTCA N3y4yeHnem ero TOYHOM, HO bonee yAO6HOVI moaenu.



Onucanue 3KCNEPUMEHTAIbHOH YCTAHOBKH
B BaHHY, cAenaHHyl0 M3 maTepumasa C XOPOLWWUMWU 3S/IEKTPOU3ONPYIOLMMM CBOMCTBAMM,
NOMeLW,aloT 31eKTpodbl, none mexagy KOTOpPbIMU XOTAT WU3YYUTL. BaHHa 3anonHsetca KNOAKNM
3/1eKTPOINTOM, MPOBOAMMOCTb KOTOPOro Mana Mo CPaBHEHUIO C MPOBOAMMOCTbLIO MeTanna (Hanpumep,
BOZOI). DNEeKTpPoabl ONMPAIOTCA Ha AHO BaHHbl M BO3BbLILLAIOTCA Haf, MOBEPXHOCTbIO HA/IMTOrO B BaHHY

I1IEKTPONNTA.

B 2neKTpuyeckon cxeme 3SKCMEPUMEHTaNbHOM YycTaHOBKM (puc. 19) 30HA noacoeAnHeH
HenocpeacTBEHHO K BOAbTMETPY. [NAa HaxoxaeHua ¢GopMbl 3KBMMOTEHUMANbHOW MOBEPXHOCTU
duKecupyetca pag nosioxeHuin (7—9) 30HAa, COOTBETCTBYIOWMX OAHOMY M TOMY 3KE MOKasaHWio
BosibTMeTpa. KprBas, coeamHALWan 3apuKCMpoBaHHbIe TOUYKK, AaeT GopMy Cneaa SKBUMOTEHUMAbHOM

NOBEPXHOCTU MNa I'OpM3OHTa}'IbHOl\/i N/TIOCKOCTH.
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Puc. 19.

PerncTpauma TOYEK PaBHOTO MOTEHLMANA MOKET OCYLLECTBAATLCA Pas/IMYHbIMK cnocobamm.
Hanbonee ynobHol ssnsietca rpaduyeckan puKcaumnsa sKBUNOTEHLMANbHbLIX NOBEPXHOCTEN C NOMOLLbIO
CNeumanbHOro  yCTPOMCTBA, HasbiBalolwerocs naHtorpadom. Ecnm  naHtorpad B nabopaTtopun
OTCYTCTBYET, TO KOOPAMHATbI TOYEK PaBHOro MoTeHUMana, U3MepeHHble C MOMOLLbI KOOPAMHATHOWM
CEeTKM Ha [AHe BaHHbl, 33aHOCATCA B Tab/ivubl, MO KOTOPbIM B Aaj/ibHENLEeM CTPOATCA TrpaduKu

9KBUMNOTEHLMANNbHbIX I'IOBerHOCTeﬁ.



B nabopatopHoi paboTe MccaeaytoTCcA 3NEKTPOCTaTUYECKMEe NOAA ANA HECKOAbKUX PasAnYHbIX
KoHduUrypaumin anektpoaos (puc. 20): none NAOCKUX 3neKTpoaos (l), none NAOCKUX 31eKTpoaoB npu
Ha/IMUUKM MeXay HUMKU MeTanaundeckoro umamuHapa (ll), none umnmHapuueckmnx snektpogos (lll), none

KOaKcKuanbHbIX anekTpoaos (V).
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Puc. 20.

N3mepenus u nx o6padorka

1. CobpaTb cxemy A4n1A NPOBEAEHUA USMEPEHUI cornlacHo puc. 19.

2. MNomectuTb 30HA BO6AM3M OOHOTO M3 3/1EKTPOAOB, MOKAa3aHUA BO/JILTMETPA, COOTBETCTBylOWME
noTeHuUMany AaHHOM TOYKK, 3aHECTU B TabauLy.

3. MMepeasuras 30HA4, HANUTU TOYKKN (7—9), UMetoLMe TaKOoM Ke NOTEHLMAN, U 3aHECTU UX KOOPAUHATbI
B Tabnuuy.

4. TocTpouTb Ha rpadMKe SKBUNOTEHLMANBHYIO IMHUIO B COOTBETCTBUM C Al@HHbIMW TabuLbl.

MpumeyaHue: Mpu Mcnonb3oBaHMM NaHTorpada AaHHble, M3mepaemble B N.0. 3, 4, B Tabaunuy He

3aHOCATCA.

5. MocTtpouTb ewe 4—5 3KBUMOTEHLMANbHbIX JIMHWUIA, PACNOIOXKEHHbIX Yepe3 paBHble WHTepBasbl
HanpsxeHua papyr ot gpyra. OKONO KaKAOW /AMHUM Ha rpaduKke [osKeH OblTb yKasaH
COOTBETCTBYIOLWMIN el NOTEeHLMAN.

6. MNpu Bcex u3mepeHWAx ocobeHHO noApobHO o0b6cnefoBaTb 30HAOM BCE YYACTKM  CU/bHbIX
HeoAHOPOAHOCTElM B MoJe, rae SKBUNOTEHLUMAsIbHbIE MOBEPXHOCTU, NOCTPOEHHbIE Yepe3 paBHble
WHTEPBa/bl HANPAXEHWUA, pacnoiaratoTca 0CO6eHHO rycTo.

7. Mo nonyyeHHOM cUCTEMe 3SKBMMNOTEHUMANbHBIX JWHWIA MOCTPOUTb KapTUHY CWUIOBbLIX JUHWUIA
3NEeKTPMYECcKoro nons.

8. Hantm rpagneHTbl B HECKOJIbKUX Hanbonee XapPaKTEPHbIX TOYKax NoaA.



9. [pounsBecTn nsmepenHua n.n. 2—8 Ana BCex CUCTEM 3/1EKTPOAO0B, M30b6parkeHHbIX Ha puc. 20.

10. Paccuntatb N0  TeopeTnyeckum Gopmynam  HaNpAKEHHOCTb MNoAAa  gAAa  NAOCKOro U
LMNMHOPUYECKOTO KOHAEHCATOPOB M ABYXNPOBOAHOMN IMHMM C NAapaMeTpamm, COOTBETCTBYHOLLUMMU
nccneayembim B pabote.

11. MpoBeputb GOpPMy/bl, Bbiparkatolme HaNpPsAKEHHOCTb MOAA ANA NAOCKOro WU LUAWHAPUYECKOTO
KOHAEHCAaTOPOB W ABYXNPOBOAHOM JIMHWUM, CPABHMB 3KCNEPUMEHTASIbHbIE W TEOpeTUYecKkue

pesynbTaThbl.

NabopaTtopHan paboTta Ne 6.

ONPEAEJIEHUE EMKOCTHU KOHAEHCATOPA C IOMOIIBIO MOCTA

COTTU
Llenb paboTbl: onpeneneHne eMKOCTM METOA0M MOCTa NepemMeHHOro ToKa.

Mpubopbl M NPUHAANEKHOCTU: WUCTOYHUK MNEPEMEHHOro ToKa, Habop KOHAEHCATOPOB, pPeoxopa,

3J'IEKTpOHHO-0I'|TMLIECKMf;I UHOWKATOP HYANA.

Onucanue 3KCNEPUMEHTAJIBHON YCTAHOBKH
[nsa onpepeneHns eMKOCTU KOHAEHCATOPOB MOXKHO BOCMO/1b30BaTbCA MOCTOBOW cxemow (puc. 7). 3aech
C - u3BecTHbIM U Cx — nccnesyemblin KoHaeHcaTopbl. HanpskeHne 10—20 B nogaetca Ha peoxopg AB oT
BTOPMYHOM OBMOTKM MOHMKatowero TpaHcdopmaTopa. MpUHLMN U3MepPEHUA OCHOBaAH Ha HaXOXKAEeHUM
TaKOro NonoXeHua ABUMKKA peoxopaa D, npu KOTOpom TOK yepe3 MHAMKATOP OTCyTCTBYeT. Yciosue

paBHOBECKA MOCTa (BbIBECTVI CaMOCTOﬂTEJ'IbHO)I

B KauecTBe MHAMKATOPaA HY/AA WMCMNONb3YETCA 3/EKTPOHHbIN ocuuanorpad. Mepeasuraa nonsyHok
peoxopaa D, pobuaioTca Toro, ytobbl OTKAOHEHME Jyd4a B BEPTMKANbHOM HanpasiaeHun 6bino

MWUHUMA/IbHbIM.



Puc. 21.

N3mepenus u nx o6padoTrka
Cobpatb cxemy A/ NPOBeAEHUA U3MEePEHUIN corlacHo puc. 21. B KayecTBe nM3BecTHOM emKoctu C
BK/OYAOT MarasuH KOHAEHCATOPOB.
MNepemelwas NON3YHOK peoxopaa, A06UTbcA Toro, u4Tobbl OTKAOHEHME /lyda Ha 3KpaHe
ocumnnorpada 66110 MUHMMAbHbBIM.
3anucaTtb 3Ha4YeHUs AAuH nned peoxopaa ! v I;, u, 3Has C, BbiumcauTts C.
M3meHAa eMKOCTb KoHaeHcaTopa C, NOBTOPUTb M3MepeHUAa NyHKToB 2, 3. BoluncneHmne emrkoctun Cy
NPOBECTM NPU NATU Pa3ANYHbIX 3HaYeHunAx C.
MoBTOPUTL M3MepeHnAa NYHKTOB 2-4 ana apyrmx KoHgeHcatopos Cy.
MoBTOpPUTL M3MEpPEeHMA NYHKTOB 2-4 Npu NapannebHOM WM NocnefoBaTelbHOM COegUHEHUMU
nccnenoBaHHbIX B M. M. 2-5 KOHAEHCATOPOB, a TaK e KOMBWHaLMK 3TUX coeamnHeHuN (puc. 22).
JKCNepMMEHTA/IbHO NOSYYEHHble 3HaYeHUA Cx CPaBHUTbL C TEOPETUYECKU PACCUUTAHHBbIMU.
Mpoun3BecTM MOJIHYIO MaTemaTuyeckyto ob6paboTKy pe3ynbTaToB 3IKCMEPUMEHTOB. PesynbTaTbl

M3MEPEHUI 1 PacYeToB 3aHECTM B TabAULLbI.
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Puc. 22.

NabopaTtopHasa paboTta No 7

M3YYEHUE NONA SNEKTPOCTATUYECKOIO AMNONA [45]



Llenb paboTbi: M3yyeHue Tonorpadum Nons aNeKTPUYECKOro gUNons.

anGOpbl U NPUHALNEKHOCTU: BOJIbTMETP CO Wynamun, amnepmeTp, peoctaT, moaenb AnMnona, BaHHa C

BOZOM, NCTOYHMK NOCTOAHHOIO HanpsxKeHus (15 B), munnumeTtpoBan ceTka.

DNeKTPUYECKMM AMNOJIeM Ha3blBaeTCcA CMCTeMa, COCTOALWAas M3 ABYX PaBHbIX MO BelUYMHe, No
NPOTUBOMO/IONKHbIX MO 3HaKYy TOYEUHbIX 3apPAO0B, XECTKO CBA3AHHbIX MeXay Coboi M CMeLLEeHHbIX Ha
pacctosHue | apyr ot gpyra. B Bakyyme UAU B MAEaNbHOM U30ATOPE SNEKTPUYECKUIA AMMONb MOKET
COXPaHATHLCA CKO/Ib YroAHO A0/r0. B npoBoaALLent cpede noa AeACTBUEM 3NEKTPUYECKOoro Nois Annons
BO3HMKaeT ABMX»eHWe CBOBOAHbIX 3apAA0B U AMMNO/b AMBO 3KpaHupyeTcs, NMbo HeWTpanusyetca. MNpu
MOAK/OYEHUN K AUMO/IO0 UCTOYHUKA MOCTOAHHOMO HaMpAMKeHUA AMnosib ByaeT COXPaHATbCA, HECMOTPSA
Ha HanuuMe TOKa B MNpoBoAAWEN cpede. Takas [ABYXMOJOCHAA CUCTEMa HasblBaeTCA AMUMO/bHbIM
3N1EKTPUYECKMM reHepaTopoM MW TOKOBbIM Aunonem. (MHTEPeCcHO, YTO B 3/1eKTPUYECKOM OTHOLIEHUU

cepaue MOXXHO pacCMmaTpuBaTb KaK TOKOBbIM p,MI'IO!'Ib).

Mexay TOKOBbIM AMNONEM U SNEeKTPUYECKMM AUNONEeM MMEeTCA aHanormMa, OCHOBAHHaA Ha
O6LLI,EVI dHa/0rMn aNneKkKTpmnyeCckoro nona B I'IpOBO,CI,HLLI,EVI cpene C aNNeKTPOCTAaTUHECKUM Nosiem, KOTopan

CBOAMWTCA K Cneaylolemy:

1) N"MHUKM TOKa B NPOBOAALLEN cpede COBMNAAAlOT C IMHUAMM HaAMNPAKEHHOCTM 3/1EKTPOCTaTUYECKOTO

nons Npu oAMHaKoBOW GOpMe 3/1eKTPOA0B;
2) mHorve $bopmy/ibl, ONUCIBAIOLLME NOA, UMEIOT TOXAECTBEHHbIN BUA..

Hanpumep, ecnv aHaNOrMYHO 3/1EKTPUYECKOMY MOMEHTY aAnnons p = gl BBECTU AUNOAbHbIN MOMEHT
TokoBoro aunonsa p; = Il (I — cuna Toka, | - paccTosHUe Mexay 31eKTpogamu), ToO NoTeHUMan nons
TOKOBOrO AMMONs B 6e3rpaHWYHOW cpede BblpaXkaeTcd, aHa/orMYyHO MOTEHLMANY 3/1EKTPUYECKOTOo

aunonsa, bopmynoi:

_p, cosa

¢ Aot ? @

raoe o — ygenbHaAa sanekTpnyeckaa nposognMocCTb.

MycTb AMNOAb HaxoamTCA B ToUKe O, paccTosHME MeXxay ero 3apagammn mano (puc. 23).



Puc. 23.

3anuwem, nonb3yacb dopmynoin (1), pasHOCTb NOTEHUMaNOB B ABYX Todkax A u B,

PaBHOOTCTOAWMX OT AUMONA:
|
Pr—Pg =—47er2 (cosag —CoSax,)

nnn

_sin(B/2)

2nort T

P —Ps

M3 nonyyeHHOro Bblpa*keHMA BUAHO, YTO Pa3HOCTb NOTEHLMANO0B B ABYX TOYKAX NOAA AMNONA (an
AaHHOM O U I") 3aBUCUT OT CMHYCa NOJZI0OBUHbLbI yraa, No4 KOTOPbIM BUAHbI 3T TOYKKU OT AMNONA, U 3aBUCUT

OT NPOEKUNU SINEKTPUYECKOIT0O MOMEHTa AMNONA Ha NPAMYIO, COeAUHAIOLLYHO TOYKMW.

EcAv gMnonb HaxoAWUTCA B LEHTPE PaBHOCTOPOHHErO TPEeyroabHMKa (puc. 24),
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Puc. 24.

TO Bac = Bec = Bas ¥ COOTHOLIEHUA MEXAY HANPAXKEHUAMM HA CTOPOHAX 3TOFO TPEYroNbHWKA MOTYT BbITb

NoJly4YeHbl Kak COOTHOLLIEHMWS NMPOEKLMIA BEKTOPA P Ha CTOPOHbI TPEYro/IbHMKA:
Uag: Usc: Uac=p COS Olag : P COS Qlgc: P COS Olac (2)
rae o — yroa Mexay AMNoaem U COOTBETCTBYIOLLEN CTOPOHOW TPEYroNbHUKA.
TaK KaK p ABNAETCA NOCTOAHHOM BE/IMYMHOM, TO BbipaxeHue (2) MOXKHO nepenucaTtb B BUAE
UABZ UBc2 UAC= |COS (IAB| . |COS (IBcl : ICOS aAcl (3)

3HaA HanpAaxeHnA Uas,, Uac ¥ Usc, MOXHO onpegennTtb, Kak OPUEHTUPOBAH AMNOJIb OTHOCUTENIbHO

CTOPOH TpeyrosibHUKa. M3 cooTHolleHus (3) cneayert, uto

Uas =k cos aag; Usc= kcos asc; Uac=K cos aac

rae k — KoadpdMUMEHT NPONOPUMOHANBHOCTH, 3aBUCALLLEM OT CBOMCTB cpeabl, AMNObHOIO MOMEHTa U

pa3smepoB TPeyrosbHWKa. Mcnonb3ya cooTHoweHua (3) M npoaenas TPUTOHOMETpPUYECKMe npeob-
pa3oBaHMA, NOYYaEM:

tga :im (4)

* \/§ U AC -U BC

B 3/1eKTpMYEeCKOM OTHOLIEHWUM CEPALEe MOXKHO pPaccMaTpuBaTb KaK TOKOBbIM Aunonb. 3a Bpems

CEPAEYHOro LMKNA U3MEHAETCA MOJIOXKEHWE AUNONA B NPOCTPAHCTBE M AWMMO/bHbLIA MOMEHT. B cooT-

BETCTBMU C Teopuein JMHTXOBEHa cepaue — AMNOJb — PaACMO/IONKEHO B LEHTPe PaBHOCTOPOHHEro

TPeyro/ibHMKa, BePLWMHbI KOTOPOrO YCNOBHO MOMKHO CHMTaTh HAXOAALWMMMUCA B NPABOI PYKe, NEBOI pyKe

1 nesoW Hore. B cootBeTcTBUM C dopmynoit (2) nsmepeHne pasHOCTU NOTEHLMANIOB MeXKAY BepLIMHAMM

3TOro TPEeyro/ibHWKa NO3BOSAET ONpPeAeINTb COOTHOWEHME MEXKAY NPOEKUUAMU AUNOJAbHOTO MOMEHTA

cepaLa Ha CTOPOHbI TPeyroNbHUKa. Teopusa DMHTXOBEHA /IEXKUT B OCHOBE 3/IeKTpOKapAnorpadum.

Onucanue 3KCNEPUMEHTAIbHOI YCTAHOBKH
VYcTaHoBKa ISl MPOBENCHHUS HDKCIIEPUMEHTa MpeCTaBiseT co00il Be IUIOCKHE BaHHBI,
3aroJHEHHbIE HEIUCTUITTUPOBAHHON BOJION (MMPOBOSAIIAS CPEQ).

OAHa BaHHa OTKpbITa, N Ha AHO €e NOJZI0XKEeHa U3MepUuTesibHaAa CeTKa (ECﬂM CeTKa OTCYTCTBYET, TO
noa BaHHY NoAdKNadbiBaeTcA NAUCT MUNIMMETPOBKKM C nNpeaBaputeslbHO HaHeCeHHbIMU  OCAMMU
KOOpAMHaT). HanmeeHMe OT UCTOYHUKa NOCTOAHHOIO TOKa NMoaaeTcAa Ha HeboNblUMe MeTannmyeckme
LWAPUKN-3/1EKTPOAbI, NMOMELLEHHbIE B BaHHY. JTa cuctema npeacrasnaeTt coboit Mmoaenb TOKOBOTo

amnona. LWapmKn yKkpenneHbl Ha TOHKWUX CTEPXKHAX W MOFYT Nepemel,atbCA B [ABYX B3aMMHO



nepneHANKyNApPHbIX HanpassieHMAX. MI3amepeHna pasHOCTU NOTeHUMaN0B NPOU3BOAATCA BOJbBTMETPOM,
CHabKeHHbIMm cneumanbHbIMK  WYNaMmmM MAM 30HAOM. PeocTaT npefoxpaHAeT cxemy OT KOPOTKOro

3amblKaHus (puc. 25).

- | |

Puc. 25.

BTopasa BaHHa 3aKpbITa Henpoapaquﬁ KprLIJKOﬁ, ANNoNb 3aKpenaeH B HeM HENOABUXHO B LEHTPE
PAaBHOCTOPOHHEIoO TPEYrosbHUKa. Knemmbl gna nogayn HanpAaXeHnAa Ha Aunonab U OnAa U3aMmepeHuA

Pa3HOCTM MOTEHLMNANOB MeXAY BepLUMHAMM TPEYro/ibHUKa PACno/IOXeEHbl Ha KPbILWKE BaHHbI.

HN3mepenus u nx o6padorka

YnpaxHeHne 1. MocTpoeHue 3KBUNOTEHUNANbHbIX JINHWIA NONA TOKOBOrO aunonsa.

1. CobpaTb cxemy ANs NpoBeAeHMA U3MEePEHUn cornacHo puc. 25.

2. TlomecTuTb 30HA, B TOUKY, NEXKallylo NnocepeanHe Mexay 3/1eKTpoAamu, NokasaHuAa BOJIbTMETPa
3aHecTu B Tabaunuy.

3. [Mepeasuraa 30HA, HAUTU TOYKK (7—9), MMeroLLLMEe TaKOW e NoTeHLMan, U 3aHEeCTU UX KOOPANHATbI
B Tabnuuy.

4. TlocTpouTb Ha rpaduKe SKBUNOTEHLMAbHYIO IMHUIO, B COOTBETCTBUMN C AaHHbIMM TabauLbl.

5. [locTpouTb elle YeTbipe SKBUMOTEHUMANbHbIE NMHUM APYTUMX 3HAYEeHUI noTeHuuanos (No ase C
KaK[0W CTOPOHbI OT LEeHTpanbHoM). OKOO KaskAoW NMHUM Ha rpaduKe A0/KeH bbITb YKasaH co-
OTBETCTBYIOLMI el MOTeHUMan.

6. [lo NosiyYyeHHON cucTeMe 3KBMUMOTEHLMA/bHbBIX MOBEPXHOCTEN NOCTPOUTb KapTUHY CUNOBLIX TUHUIA

IIEKTPNHECKOTO NoAA. [na aToro otmeTbTe Ha PUCYHKE NOoN0XXeHUe NoaCcoB AnMnoaa n nposeaunTe



NIMHUW  HanpAXeHHOCTU OT MOJIOXKUTENbHOro 3apsafa K OoTpuuaTesbHOMY nepneHAUKYAAPHO
3KBUMOTEHLMANbHbIM IMHUAM.

MpoBepuTb CNpaBeanMBOCTb Gopmybl (1), paccumTaTb G MO pesysibTaTaM 3KCNepumMeHTa (cm. § 68,
[P3]).

MpoBepuTb GOPMy/bl, BbiparkatoLmMe HanPsXKEeHHOCTb MNOA 3/IEKTPUYECKOTo ANMNOAA.

MoBTOPUTbL M3MepPEHUsA N.M. 2—8 Npu HeckobKux (3—5) 3HayeHuax | u |,

YnpaxHeHue 2. OnpeaeneHune pasHoOCTU NOTEHLMANIOB Ha CTOPOHAX PaBHOCTOPOHHErO TPeyro/ibHUKa.

I

MomecTuTb aneKTpoAbl AUNONA B LLEHTPEe PaBHOCTOPOHHEro TpeyrosbHMKa ABC, HApuUCOBAHHOIO Ha
NU3MepuUTenbHON CeTKe, BAOb IMHUU, NapaniesibHOM OAHOMN M3 ero CTOPOH, Ha paccToaHMn 4—6 cm
Apyr oT gpyra.

N3mepuTb pasHocTu noteHumanoB Uag,, Uac 1 Usc MexXay BepliMHaMM TPeyroJibHUKa.

OnpenennTb KOCUHYCbI YI/IOB COS Oag, COS Opc M COS Oac MEXKAY AMMOJIEM M COOTBETCTBYIOLLMMMU
CTOPOHaMU TpeyrosbHUKa.

Pe3ynbTaTbl U3MEPEHUNI 3aHECTU B TabanLy.

MpoBepwUTb, BbINOIHAETCA M COOTHOLWeEHMe (3).

Pacrionoxuthb 351eKTpoibl U0 BAOIb OJHOM U3 BbIcOT TpeyronbHuka ABC u noBTopute

U3MEpeHUs IL.II. 1-5.

YnpaxHeHne 3. OI'IPEAEHEHME nonoxeHua gunona

MoaaTb HanpAMKeHWe OT UCTOYHMKA TOKA Ha AMNOJb, MOMELLLEHHbIM B 3aKPbITOM BaHHe.
N3mepunTb pasHoCTM noTeHumnanos Uac n Ugc Mexay BeplMHammM TPeyro/ibHMKa.
BbIUMCANTL YrON MeXAy NAe4YOM AUNOAA U CTOPOHOM AB TpeyrosibHMKa no ¢opmyne (4).

Pe3ynbTaTbl U3MEPEHUIA U BbIYMCAEHWNI 3aHECTM B TabunLy.

NabopaTtopHasa paboTta No 8.
MU3YYEHMUE SNEKTPUYECKUX CBOMNCTB

CEFTHETOS/EKTPUKOB [35]

Lenb paGOTbII n3yyeHme nonAapusaumm CerHeTosaNNeEKTPUKOB B 3aBUCUMMOCTU OT HaNPAXEHHOCTU

aneKkTpuyeckoro nons E, nonyyeHve kpusow € = f(E), usyyeHme amanekTpuyeckoro

rMcrepesnca, onpegeneHne oN3NEKTpPpUYeCKMX NOTepPb B CErHETO3/IEKTPUKAX.



Mpubopbl n 06opyaoBaHue: moaynb ©M3-02; 2. undposon BonbTMeTp PV; 3. ocumnnorpad PO.

Onucanue 3KCNEPUMEHTATbHOH YCTAHOBKH
Ha pwc. 26 npvBeaeHa CTPYKTYpHas CXema, a Ha puc. 27 - NpUHLMNNANAbHAA 3/1eKTPUYECKan CXema,

C NOMOLLLbIO KOTOPOI U3YYaloTCA CBOMCTBA CErHETO31EKTPUKOB.
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Cxema, nsobparkeHHan Ha puc. 27, cobpaHa B moayne ®©3-02. Ha nepegHei naHenn moayna MMetoTcs:
1) pyuKa «Per V» noteHumomeTpa Rs;

2) rHe3ga «PV» - Ana nogKNtouYeHUs BONbTMETPA;

3) rHesga «PO» («Y», «X», «L») — ana nogxntoveHns ocumnnorpada.

OT UCTOYHMKA Ha cxemy NocTynaeT HanpaxXeHue cetn 220 B, 50 Iu.



HanpsaxeHne, cHUMaeMoe CO BTOPUYHOMN Lenu noHuxawouwero tpaHchopmatopa T (220/110),
yepes noteHUMOMeTp R nopgaeTtca Ha AenuTenb HaMNpPsAMKeHWs, COCTOALMM M3 conpoTusaeHnin Ry n Ra.
MapannenbHo agenutento Ri, R,  BKAKOYEHbl Moc/iedoBaTeslbHO ABa KOHAeHcaTopa, obpasytoume
€MKOCTHOMN JenuTesb: WUCCAeayeMbIA KepamMWUYEeCKUn CEerHeTosNeKTpuyeckuin KoHaeHcatop Ci u
3TaNOHHbIN KoHAeHcatop C,. BonbTmeTp PV obecneumBaeTr M3MeEpPeEHWE BeJIMYMHA HanpaXKeHus,
nogasaemoro Ha geautenn Ry, Ry u Cy, Ca. Ocuunnorpad PO cnykut ana HabaloaeHUa U nsyvyeHus
NONAPU3ALMM  CErHETOINEKTPUYECKOro KoHaeHcatopa C; npu nogaye Ha Hero nepemeHHoro

rapMOHUYECKOIro HanpAaxeHuAa.

MeTopa nsmepeHus

Ha BEPTUKA/IbHO OTK/IOHAKOWMWME NNACTUHDI ocu,mnnorpacba noaaeTca HanpAaxXeHune Vy C 3TaJIOHHOTro

KOHZeHcaTopa

VA

q
— 1
=C (1)

Tak Kak C; n C; coeamHeHbl nocnenoBaTe/lbHO, TO OHU MMEIOT OAMHAKOBbIN 3apad g Ha obKnagxax.
BennunHa 3TOro 3apsfa MOMKeT OblTb Bblpa)keHa 4epes 3/eKTpuyeckoe cmeuleHne D nonsa B

ncecnegyemom KoHaeHcatope Ci:

OTKyAa:

q=DS (2)

rae o - NoBepXHOCTHAsA NJIOTHOCTb 3apAaa Ha 0bKknagKe KoHaeHcaTopa Cy; S = - naowaap, d —
AnameTp 06KNaaoK KoHaeHcatopa C.
C yueTom (2) HanpsixeHne
S
V,=—D (3)
C

Ha ropu3OoHTasbHO OTKAOHAKOLWME NAACTUHDI ocu,vmnorpacba nogaercA HanpaxeHue Vi,

CHMMaemoe C conpoTneaeHUA Ra:
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OTO HanpAXXeHue, Kak BUAUM, COCTaBAAET YacCTb NOJIHOTO HanpaXeHua V, nogasaemoro Ha  genutenb

HanpsaeHusa Ri, Ry, a 3HaUMT, M Ha emKocTHOU genutenb Ci, C;. EmKkoctn C; n C; nogobpaHbl TakMm
o Cl

o6pasom, 4to C; < C, . MMO3TOMY C 4OCTaTOMHOM CTEMEHbI0 TOYHOCTM (~ —=) MOMHO CUMTaTb, YTO

2

NPaKTU4eCKn BCE HaNpAaXeHwme V, OoTHMMaemoe ¢ NOTEHUMOMETPA Rs, HQ eMKOCTHOM Jenutene

V C
NPUNOXEHO K CErHETOINEKTPUYECKOMY KOHAeHcaTopy Ci. [leMCTBUTENbHO, TaK KaK —t = —=>>|, To

C2 2

V =V, +V,, ®V,. Torga, nonaraa anektpuyeckoe none BHYTPM KoHaeHcaTtopa Ci OAHOPOAHbIM,

numeem:
V =Eh, (5)

roe E- HaNpPAXeHHOCTb 3/1eKTPUYECKOro noaAa B Na1acTtuHe CerHeTos1IeKTpuKa,; h - TONWWMHA NNaCTUHbI

CerHeToaNeKTpuKa.
C yueTtom (5) HanpsxKeHue Vx MOXKHO NpeacTaBuTb B BUAE:

VAT (6)

X =
R +R,

Takum o06pasom, B [aHHOM 3NEKTPUYECKOM CXeme Ha BEPTMKANbHO W FOPU3OHTa/bHO
OTK/IOHAIOWME NAACTUHBI ocuuanorpada OAHOBPEMEHHO MOAANOTCA MEPUOSMYECKN M3MEHAIOLLMECS
HaMNPAMKEeHNA, NPONOPLIMOHANbHbIE, COOTBETCTBEHHO, 3/1IEKTPUYECKOMY CMelLleHNo D 1 HanpsaxeHHOCTH
nona E B ccnesyemom CerHeTo3NeKTPUKe, B pesyabTaTe Yero Ha sKkpaHe ocumanorpada nosydyaercs

neTns rucrepesuca (puc. 28).




Puc. 28.

BbipaxkeHus (3), (5) n (6) nossonAaeT HaliTK cmelleHMe D 1 Hanps)KeHHOCTb E aneKkTpuueckoro
Nnosaa B CErHETO3/IEKTPUKe, eCcn npeaBapuTenibHO onpegeneHsl BeanyunHbl Vy, Vi n V. HanpaxeHue V
onpegenseTca MO MOKasaHWio BosbTMmeTpa PV. HanpaxenHuna Vy n Vx  Mn3MepaloTcA € NOMOLLbIO

ocumnnorpada n paccumTbiBatoTcA No Gopmynam:
V, =K,y (7)
V, =K X (8)

roe y, X — OTK/IOHEHME 3N1EKTPOHHOTO /ly4a Ha aKpaHe ocumanorpada no ocam Y 1 X cOOTBETCTBEHHO; K,

Kx — KoadpPUUMeHTbl OTKNOHEHMA KaHanoB Y 1 X ocumnnnorpada.

Yuutbias (7) v (8), us BbipaxkeHuit (3) 1 (6) nonyunm:

C,K
D=—+" 9
s (9)
E=FtR Koy (10)
R, h

Kpome Toro, us BbipaxkeHus (5) cnegyer:

E(,:\i:ﬂv (11)
h h

roe V —addeKTuBHOE 3HaYEHNE HAaNPAXKEHUS, U3MmepAaemoe BOAbTMETPOM PV.

Ona  Hanps)KeHHOCTM nosa nonyuunn pase  ¢dopmynbl. Popmyna (10) ucnonbsyercs ans
onpeaeneHna Tekylero, a popmyna (11) — ana onpegeneHns amnauTygHOro 3HaYEHMA HANPAXKEHHOCTH

nonA B CErHETO3/IEKTPUKE.

MpumeHMM NoayYeHHble COOTHOLWEHUA ANA HAXOMXAEHUA TaHreHCa yrna AN3eKTPUYeckux notepb

B CErHETO3/IEeKTPUKE U uccnepoBaHus 3asmcumoctn E = f(E).

,ﬂ,MaﬂeKTle‘-leCKl/le noTepun B KOHAEHCATOPAX OUEHNBAKOTCA TAHF€HCOM yr1a NOTEPb
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X 27w,

rae Wr — nNOTeEPU SHEPIrMU NEpPemMeHHOro 3/1EKTPUYECKOro nonaAa Ha ,D,VI3J'IEKTpVI‘-IECKVIﬁ rmcrepesunc B

egunHuue obbema CErHETO3NNEKTPUKA 3a BpemA O4HOro nepuoda; Wo — MakCMmasibHaAa NJIOTHOCTb

JHEPIrMnN 3SNEKTPUYECKOro nona B KpPUCTansie CerHeToaseKTpuKa. YuyutblBada, 4To WR:§EdD n

YMCNEHHO paBHa MJIOWAAM NeTAu ructepesmca B KoopauHatax D, E, a W, = 00 "rpe Eo, Do —

2

AMNANTYAbl BEKTOPOB HANPAXEHHOCTU N CMeLLEHNA 3/1eKTPUYEeCKOro nosaa, Nnoay4ymnm:

tgs == == == _"n (13)

roe Sn — naowanb MeTan ructepesmca B KOOpAMHAaTax X, Y; Xo, Yo — KOOPAMHATbI BEPLUMHbI NETaAn

rmcrepesnca.

[na usmepeHna AM3NeKTPUYECKOM NPOHMLLAEMOCTU CEFHETO31eKTPUKA E MCNoab3yem TOT GaKT, uTo
OCHOBHan KpuBaa nonspusaumu (Kpvueas OAB Ha puc. 24) ABNAETCA reoMeTpUYeckMM MEeCTOM Touek
BEPWMH UMKAOB MNepenonspusaLumn, MNOJMYYEHHbIX NPW Pas3/IMYHBIX MAKCMMasbHbIX 3HadeHusax Eg
HanpAXeHHOCTM nona B obpasue. [NA Kaxaon ee TOUKM MOXKeM 3anucaTb cooTHowenne D =g E,
rae Do, Eo — KoopAMHaThl BEPWWH LUMKAOB Nepenonapusaumn. Torga, onpeaenvs ¢ NOMOLLbO Gopmyn

(9) - (11) 3HaueHMe Do M Eo BEPLIMH HECKONBKMX LMKAOB, MOXKHO HaWTW 3HAYEHUA € NPU PasANYHbIX

3Ha4veHunAx Eo cornacHo BbiparkeHuto:

— Do _ Czh KyyO
E = =
&E, 265 V

(14)

N N3y4nTb 3aBucuMocTb € = f(E).

HN3mepenus: u ux odpadorka
Mepen BbINOJAHEHMEM pPaboTbl HEOBXOAMMO O03HAKOMUTbLCA C onucaHvem npubopos,

MCMO/Ib3yeMbIX B AaHHOM yCTaHOBKeE.
MoparoToeKa ycTaHOBKM K pabote

1. YcTtaHOBMUTb py4Ky «Per V» Ha naHenb mogynsa ®MN3-02 B cpeaHee NosOXKeHMe.



1.

YCTaHOBWTb OpraHbl ynpasBaeHUA Ha NaHenax ocumanorpada PO B nonoxkeHne, obecneymatouLee
HabnogeHne duryp Jinccaxy, uUamepeHume BeIMYMHbI NEPEMEHHOTO HaNpPAXKEHMA N nccnesoBaHme
3aBUCUMOCTU MeXKAY ABYMA BHELIHUMM CUTHANAMM.

MoagrotoBuTb K paboTe BoNbTMETp PV.

CobpaTtb cxemy cornacHo puc. 26.

Mocne npoBepKn cxeMbl Npenogasatenem nam nabopaHToM NpUcoeanHUTL BCce NpUMbopbl K ceTu
~ 200 B, 50 Ty wn BKAuMTb Tymbnep «CeTb» Ha naHenax Bcex npubopos. Ha 3akpaHe
ocumnnorpada AONMKHA MOABUTLCA METNA rucTepesnca. YCTaHOBUTb MET/0 rucTepesnca  Ha

LEeHTPabHYIO YacTb 3KpaHa ocumanorpada.

yl'lpa)KHEHlde 1. OI'IPEAEHEHME TaHreHca yria guaneKTpnyeCcKux notepb

MonyunTb NeTnlo ructepesmca nNpenenbHOro UuKaa. [na 3Toro noBepHyTb B KpaillHee npasoe
nonoxeHne pydyky «Per V» Ha naHenn mopyns u nopsobpatb, ecim 3To HeobxoAMMO, TaKoW
K03pdULMeHT oTKNoHeHMA K, ocumnnorpada, 4Tobbl KpMBaa rucrepesnca nNpeaesbHoro LMK
LENMKOM pasmellanacb B Mnpefenax 3KpaHa, 3aHMMas He MeHblle MOA0BMHbI 3KpaHa (no
BEpPTUKANN).

N3mepuTb KOOpAUHATBI Xg U Yo BEPLIMHBI NeTAn ructepesmnca. [nAa 3Toro, NoABoAA KaxKayw w3
BepwuH netam (Todkm A u C Ha puc.28) cHayana K ocu X, a 3atem K ocu Y (UEeHTpasbHbIM,
rPafyvpoBaHHbIM MHUAM CETKM 3KpaHa), onpenesiuTb UX KOOPAMUHATbI + Xo U — Xo, + Yo U — Yo U
B3ATb cpegHee apudmeTMyeckoe W3 Moayneil MNONYYEHHbIX 3HaAYeHW. 3anucaTb 3HayveHue
KoadPpuumeHTa oTKIOHEHMA K, NpU U3MepeHnUn Yo .

YCTaHOBUTb KPMBYHO rMcTepe3nca CUMMETPUYHO OTHOCUTENIbHO ocelt X U Y 1 nepepucosaTb ee ¢
3KpaHa ocumnnorpada Ha MUNAMMETPOBYIO Bymary No TOYKam, CHATbIM C MOMOLLbIO CETKM 3KpaHa.
Onpepenntb nAowanb NeTAM  rUCTepe3nca, MUCMoAb3yA  PUCYHOK, BbIMNOJIHEHHbIA  Ha
MWIMMETPOBOIM Bymare.

Bbiumcautb 19O no dpopmyne (14).

YnpaxHeHne2. OnpeaeneHune ocTaToOMHOro cmeweHus Dy, KO3pUUTUBHOro
nona E. U cCNOHTaHHOI NoNAPMU3aLUM HACbILWEHUA Pgmax

YCTaHOBUTL NeTato rmcrepesnca npegenbHoro uukna, nNoAydeHHYyHO B YynpaXHEeHUun 1,
CMMMETPUYHO OTHOCUTENTBHO OCKH Y. M3MepMTb 3Ha4YeHUeE Yo Kak NOZI0BUHY BbICOTbI MNET/N NPU x=0.

3anucaTb 3HayeHue Ky, COOTBETCTBYHOLWLEE S TOMY USMEPEHMUIO.



4.
5.

YCTaHOBUTbL NETAIO rMcTepesnca CUMMETPUYHO OTHOCUTENbHO ocn X. I3mepuTb 3HaAYeHMe Xo Kak
NONIOBUHY WMPUHBI neTan npu y=0 .

MpoAoMKUTb JIMHEMHblEe y4acTKM netan npegenbHoro uukna (AB M CD Ha puc.28) ao
nepecevyeHma c ocblo Y, MCNOAb3YyA PUCYHOK METAWN, BbINMOJHEHHbIA B YyMpakHeHun 1, n.3.
M3mepuTb 3HayeHMe ys KaK MONOBMHY PacCTOAHMA MeXAy TOYKamun nepeceyvyeHus
9KCTPaNo/IMPOBAHHbIX Y4aCTKOB C OCblO Y.

Mo dpopmynam (9) n (10) paccumTtaTtb 3HaYeHUA Dy; Psmax=Ds 1 E.

OueHunTb NnorpewHoOCTN N3amepeHmnAa oCTaToO4HOro CmeleHnA Drn KO3pUUTUBHOTIO NonA Ec

YKaszaHune. 3HayeHune NnapamMeTpos, H606XO,D,MMbIe AnAa pacyeToB, U TOYHOCTb UX 3adadHUA YKA3aHbl B

nacnopTe yCTaHOBKM.

YnpaxHeHue 3. MonyyeHne 0CHOBHOW KpUBOI1 NONAPU3ALUM U U3YYEHME 3aBUCUMOCTU

e=T(E)

[ns Kpneoii rmctepesnca NpeaenbHOro UMK, Noayd4eHHoOM B 3a4aHuuM 1, n.1, nsmepuTb 3Ha4YeHuA
KOOPAMHAT Xomax Y Yomax BEPLUMHbBI LMKANA (TOUKM B Ha puc.28) No MeToaMKe, ONMUCAaHHOW B TOM Ke
ynpaxHeHuu 1, n.2. 3anucatb 3HayeHue KoadpduumeHTa K, npu namepeHnn yomax .Onpenenmntb no
NoKasaHuto BonbTmeTpa PV HanpaxeHue V.
YMeHbWNTb HanpsaxkeHre V ¢ nomoubio pydyku «Per V» Ha MaHenn moayna v noayyuTb NeTto
npeaenbHOro LMKAA, COOTBETCTBYIOLLYIO TaKoMy aMNAUTYAHOMY 3HayeHuto Ep HanpaxeHHOCTU
NnoAs, HUXKe KOTOPOro NpeaesibHbIi LKA ncye3aeT (T.e. HAYMHAOT U3MEHATLCA NoWaab NeTam u
KOOPAMHATbl ee BepluMH). a8 3ToW netau: a) onpeaenntb NO MNOKasaHM BosbTMeTpa PV
Hanps:keHue V; 6) B3ATb U3 ynparkHeHuA 1, n. 2. 3HAYEHUA Xg Yo U K.

Mony4ynTb HECKONbKO YACTHbIX LMKNOB, YMEHbLaa HanpsaxkeHue V pydkoin «Per V» n nameHsan
3HayeHus KoadpoumumeHTa K, ocumnnorpada Takum obpasom, 4Tobbl Kaxkpana netns rucrepesmca
3aHMMAaNa He MeHblue NOJI0BUHbI 3KpaHa (No BepTUKann). YMCN0 YaCTHbIX UUKIOB AOMKHO ObiTh
He MeHee NATU NPU Pa3INYHbIX 3HaYeHUA KoapouumeHTa K,.
[Na KarKaoro 4acTHOro UMKAA: a) U3MEpPUTb KOOPAMHATbl Xo W Yo €ro BepluuHbl; 6) 3anucaTtb
3HayeHusa KoapopuumeHTta Ky, Npu KOTOPOM BbINOJSIHEHO U3MEPEHUE Yo, B) CHATb NMOKasaHue V ¢
BO/IbTMeTpa PV.

5. TlocTpontb OCHOBHYIO KPUBYIO NOAAPU3ALIMN B KOOPAMHATAX X, Y.

6. Mo dopmynam (11) u (14) paccunTaTb 3HaYeHUAa Eo U £ ONA BCeX UCCNeOO0BaHHbIX LMKNOB

nepenonapusaymm.
7. Pe3ynbTaTbl BCEX U3MEPEHUI M PACYETOB 3aHECTU B TabanLy.

8. OueHutb norpewHoCTn N3aMmeHeHuA E.



9. MNocTpouTtb rpaduK 3asmcumocTu € = f (E).

V,B Xo, €I Yo, 1€l Ky, B/nen K.Y, Eo, 10* g, 103 Ag, 10° (exAe),
y
Y B/v 10°

ITO HHTEPECHO

B 1600 roay BbllWAa NepBan Hay4yHan KHMra No MarHeTMsmy u afiektpuyectsy “O marHure,
MarHUTHbIX Tenax n o 6oabWom MarHuTe - 3emne. Hosas pu3nonorua, [oKasaHHaA MHOMXKECTBOM ap-
r'YMEHTOB M ONbITOB”, HaNMCaHHaA NPUABOPHLIM NeNB-MegMKOM aHIIMNCKOM Koponesbl Buabamom
MnbbepTom. MMeHHO B 3TOM KHMUIe BNepBble BCTPEYaeTca CI0BO “aneKkTpuyeckunin”. Bot nepsoe B UcTo-
pun ynotpebieHne c/ioBa “3IeKTPUYECKUN”: “aneKkTpuyeckmne Tena Te, KOTOPbIe MPUTATMBAIOT TAaKUM XKe
o06pasom, Kak AHTapb”. B cBoen 3HaMeHUTOM KHUFe Bunbam MNMnbbepT onncbiBaeT HEKOTOpPbIE
nccaefoBaHUA aNeKTpu3aLmm TpeHnem. Ero nHTepecosan BONPoOC 0 3aBUCUMOCTM 3NEKTPU3ALMM OT
npupoabl Tena. MnbbepTty yaanocb 06HaAPYKUTb, YTO INEKTPU3YETCA HE TONbKO AHTAPb, HO M MHOTME
apyrue tena. Mpu 3Tom OH pasgenuns Bce Tesla Ha [iBa Kanacca — “anekTpukn” n “Heanektpmkn”. K
“aneKkTpUKam”, T. e. K 3JIEKTPM3YIOLLMMCA Te/laM, OKa3aIMCb OTHECEHHbIMM, MOMMUMO AHTapSA, a/IMas3,
KaHndoNb, CMONa, CTEKNO, T. €., MO COBPEMEHHbIM NPeACTaBAEHUAM, NNOXME NPOBOAHUKU —
ONINEKTPUKK. K Knaccy “HeanekTPpMKOB OKa3asIMCb OTHECEHHbBIMW BCE MeTabI, T. €. "Xxopolne

NPOBOAHMKMK", 4TO BMOJIHE €CTECTBEHHO, NOCKObKY MMAbbepT, HaTMpPanA NPeaMETbI, AepKan UX B PyKe U

TaKUM o6pa30N\ ysoaun I'IOI'IY‘-IGHHbIVI UMW 3apAaa B 3eMto.

Bennune ugein vnbbepta M ero 3acayry nepes CBOMM BpPeMEHEM Cceiyac Jarke TpyaHo
Boo6pasnTb. Bnepsble B McTopun, 3agonro go ®OpsHcuca BaKOHA, cuMTaBLIErocs POAOHAYa/ibHUKOM
“UHAYKTUBHOrO” MeToda B HayKe, OH MPOBO3MNACUA OMbIT KPUTEPMEM WCTUHBI, M BCE MNOJIOMKEHMSA
NpoBepss B NpoLecce CneLmanbHO MOCTaBAEHHbIX 3KCNepumeHToB. Manuneo Manunein B cnefyowmx
3amMeyaTesNbHbIX BbIPaXKEHUAX XapaKTepusyeT WCTOpUYEcKylo posb [unbbepta: “Bosgato  xsany,
aventocb, 3asuayto Mmabbepty. OH passBu AOCTOMHbIE YAWMB/AEHWUA, UAEW O NpPeaMeTe, O KOTOPOM
TPaKTOBA/IO CTO/IbKO FeHWasIbHbIX JII0AEN, HO KOTOPbIN HU O4HUM M3 HUX He Dbl U3yYeH BHUMATE/IbHO.
Bbicoyalilueit Noxsasbl 3aC/Y»KMBAET OH, NO MHEHUIO MOEMY, 33 TO, YTO NMPOM3BES TaKOE KONNYECTBO
HOBbIX M TOYHbIX HabaoAeHWN... OT NPOCTENLIMX Belleill BOCXOAWUTb K BENIMKMM OTKPLITUAM U MOA,
nepBbIMN PebAYECKMMIU OYepTaHMAMKU NPeadyBCTBOBATb CKPbITOE YAMBUTE/NbHOE MCKYCCTBO He Aeno

A0XKUHHDbIX ﬂl-OLI,Eﬁ! TaKne nNpo3peHna 1 MbiC/I NPUHaONEeXKaT reHUAM CBerHEHOBeLJECKOﬁ cunbl”.

MpumepHo oKosio 1727 roga HauMHAKOTCA 3KCNEPUMEHTA/IbHbIE UCCNea0BaHMA ''aneKkTpudyectea”,
npeanpuHATbie aHrnYaHnHom CTtnseHom Mpeem (1670—1735), BepoATHO, A1A 3aN0/IHEHUA CBOEro A0-

Cyra B T€ nocnegHwue rogbl, Korga OH yXe oTtouwen ot aen. I'peﬁ 3aunHTEepecoBasnca Bonpocom o



nepegaye “sanekTpnyectsa” ot ogHOro npeameTa K gpyromy. 3ameTum, YTo nog, “snektpmyectsom” B Ty
3MOXy NMOHMMANM HE YTO MHOE, KaK “CnocOBHOCTb NPUTAXKEHUS nerknx ten”. Fpeit obHapy»Xun, 4To 3Ta
CNOCOBHOCTb AEWCTBUTENBHO MepesaeTcs MO AEePEeBAHHOMY CTEPXKHIO WUAM MO METaN/IMYecKon npo-
BOJIOKE, HO TO/IbKO B TOM Cay4ae, eC/in 3TU IMHUN Nepegaym NoOABELIMBANNCE Ha LEKOBbLIX HUTAX, @ He
06bluHbIX BepeBKax. Takum obpasom, peto yaanocb nepeaatb “snekTpuyectso” Ha pacctosHue 765
¢yToB. N3 3TMX oNbITOB BNepBble BblN0 YCTaHOBAEHO CYLLECTBOBAaHME Pa3/NYHbIX Te, HE NepesaoLLmx

3NEKTPNYeCTBa N MOTyLnX CAyXKnTb AnAa n3onaunmm HasaNeEKTPU30BaHHbIX NpeaMeETOB.

®paHuysckmii usunk LWapnb PpaHcya OArode (1698—1739) nosTOopMA M NoATBEPAUAN pe3y/bTaThbl
nccnenoBaHuin Fpea w yctaHoBWMA npuHuMn: “..Tena, HaMMeHee CKIOHHble CaMW CTaHOBUTLCA
3NEeKTPUYECKMMM, Nlerye BCEro MPUTATMBAIOTCA M NEPEHOCAT Hambonee paneko M B Hambonbliew
CTENEHM 3NEKTPUYECKYIO MATEPUIO, MEXAY TEM KaK Tena, Hanbosiee CKAOHHbIE CaMM CTaHOBUTLCA 3/1EK-
TPUYECKMMU, HaMMeHee NpMUcnocobieHbl BOCMPUHUMATL 31EKTPMYECTBO OT APYTMX U NepenaBaTb ero
Ha 3HauyuTeNbHble pacctoAaHuA”. Jode paccmaTpmUBaeT 3/IEKTPUUYECTBO KaK “cnocobHOCTb NpUTArMBaThb
Jierkue Tena”, Ho, No-BMaMMOMYy, MOJIaraeT, YTo 3Ta CNOCOOHOCTb 06YC/I0BAEHA NMPUCYTCTBUEM HEKOM
maTtepun. Takmum obpasom, OH BrepBble Ae/INT BCe Tena Ha NPOBOAHMKKN “aneKTpuyeckoin matepumn” (no
MnbbepTty, “He aneKTpuyeckmMe” Tena) M Ha HenpPoBOAHWKM (No MAbbepTy, “snekTpuyeckue Tena).
TepMuHbl “npoBogHMK” U “nsonatop” BBOAATCA B HayKy HECKOJIbKMMM rogamu nosxe (B 1739 r.)
aHom Teodunem [Oesartonbe (1683—1744). B 3akN04EHME OTMETMM, YTO 6O/bLLIOE BMeYaT/IeHMe Ha

COBPEMEHHUKOB YYEHOTr0o NPOU3BEN IKCMIEPUMEHT, KOTOPbIMA cam peit onucan Tak:

“8 anpens 1730 r. s npousBen cnepylowmMii ONbIT Hag MaJibiMKOM NeT BOCbMU-AEBATU... f
NoABECU/I er0 TOPU30HTA/IbHO MPU MOMOLLYM ABYX BOJIOCAHbIX BEPEBOK, C/YMKaLLMX ANA CYLWKKU benbs. B
6afkKy Moein KOMHaTbl, TOALWMHOW B 0gMH ¢yT, 6bliM BOUTbI OAMH NPOTUB APYroro ABa KPHKa, a Ha
paccToaHuMM AByx GpyToB — Apyras napa ux. BepeBKM 3TU A NOBECUA Ha 3TU KPHOYKM 33 METAN, TaK, YTO
MoJIYYMIOCh HEYTO BPOZE Kayenewn, KOoTopble OTCTOA/IM Om MOo/fa KOMHaTbl NpumepHO Ha 2 dyTa.
Manb4mKa NONOKUAN Ha 3TV BEPEBKM IMLLOM BHU3, OAHA BEPEBKA OXBaTblBasa ero rpyab, a gpyras ero
b6eapa. Ponbry NoAOKMAN Ha NOACTABKY, NPEACTaBAABLUYIO COBOM Kpyrayto focKy anameTpom B 1 dyT 1
C HaKneeHHol benoil bymaroi; nbepectan ee umen B BbllwMHy 1 ¢yT. Korga Tpybky notepau u
nogeprKanm OKONO HOF MasibuMKa, He MPUKacaacb K HUM, TO GOnbra NpUTArMBaANACb ANMLOM MasibyMKa

HACTO/IbKO CUIbHO, YTO NOAHMMA/IACh Ha BbICOTY 9, a MHoraa u 10 atoiimos”.

B 3TOM onbITe KaK Mbl BUAMM, Obl1 NPOAEMOHCTPUPOBAH 3GGEKT 3N1EKTPU3aLLMM Yepes BAUAHMUE U,
KpOMe TOro, AO0Kas3aHo, YTo 4yesioBedyeckoe Teno obnafaeT 3aMeTHOM MPOBOAMMOCTbIO. Ho rnaBHoe,
s3KcnepumeHT pea MOCAYKMUA KaK Obl CUrHANOM K MUCCNef0BaHMAM BO3AEWCTBUA 3/EeKTpUYecTBa Ha
yenioBeka, 0cobeHHO WKMpoKo pasBepHyBwMmca B XVIII B., nocne oTKpbITUA KOHAeHcaTopa. ITo Ha-
NpaBNeHUE 3/EKTPUYECKMX OMbITOB MPMUB/AEKNO OYEHb LIMPOKOEe 0bWecTBEHHOE BHWMAaHWE,

IIEKTPNYECTBO CTA/I0 MOOHbIM. B 40-e rr. 06 onbiTax FPEH 6b12IM HanMCcaHbl TakKe CTPOKMU:



Be3yMHbIli [peld, 4To 3HaN Tbl, B CaMOM Aene,
O cBoWCTBaXx CU/Ibl TOW, HeEBeJOMOW gocene?
Pa3speweHo nb Tebe, 6besymeLl, pUCKoBaThb,

M yenoBeKa C 3N1€KTPUYECTBOM CBA3ATb?

(I'. boze “DnekTpuuecTBO B €r0 BOSHUKHOBEHUHU

U OTKPBITHSX, TOITUYECKUM IIE€POM OIUCAHHOE )

TEMA Ne3.

W3YUEHME JIEKTPOHHBIX 1 HOHHBIX SIBJIEHAM
B PA3J/IMYHbIX CPEAQAX

Jlutepartypa

[P3]. Fn. XIV - XVI, XVIII, XIX.

[P8]. §§ 31-33.

[P12]. Tn. XI = XII.
Bonpocel o TeopernyeckoMy MaTepuaLy

1. Tpupoaa aneKTpMUecKkoro Toka B MeTannax. MpuunHbl 3N1EKTPUYECKOro CONPOTUBIEHUSA.

2. 3aKOHbl MOCTOAHHOrO 31EKTPUYECKOTO TOKa.

3. Knaccuyeckas 31eKTpOHHas Teopua MeTannos. [lpedensl ee nNpumeHMMOCTU. OCHOBHble
NOJIO¥KEHNA KBAHTOBOM TEOPUN METANNOB.

4. 2ddekT Xonna.

5. 30HHaA Teopus TBePAbIX TeN. IHEPreTUYeckme 30Hbl MeTaNN0B, NOYNPOBOAHUKOB, AMIEKTPUKOB.

6. TemnepaTypHas 3aBUCMMOCTb MPOBOAUMOCTN METANOB, MONYNPOBOLAHUKOB U 3/IEKTPO/IUTOB.

7. CBepxnpoBogMMOoCTb. I deKTbl CBEPXNPOBOAMMOCTH.

8. ObbAcHeHWe CBEPXMNPOBOAUMOCTM HA OCHOBAHUU MUKPOCKOMUYECKUX Mogenel. Teopusa bapauHa-
Kynepa-LWpuoodepa.

9. BblcOKoTemMnepaTypHas CBepXnpoBOAMMOCTb.



10.

11.

12.

13.
14.

15.

DNeKTpoHHaa 3muccma. PaboTta Bbixoga. YpaBHeHue BorycnaBckoro-J/IaHrmiopa. YpaBHeHue
PunyapacoHa-[awmaHa.

dNneKTponpoBOAHOCTb rasoB. OCHOBHble BWAbI a30BOro pas3pAga. CamocToATenbHbId U
HecamocToATe/IbHbIN pa3paa. Teopua TayHceHaa.

MoHATWE O PA3/IMYHbBIX TMNAX ra30BOro paspAga. Taetowmii paspas. Mickposoii pa3pas. KopoHHbIN
pa3psg. Monnuu. [lyrosoi paspsaa. MNnasma.

KoHTaKTHaA pa3HOCTb NOTEHLMANO0B. Bbinpamastowee AeACTBME KOHTAKTOB.

DNIeKTPONpPOBOAHOCTb  3/1EKTPOANTOB. TemnepaTypHaa 3aBUCUMOCTb  3NEKTPONPOBOAHOCTU
3NEeKTPO/INTOB.

TepmoanekTpuyeckune addeKTbl: apdeKkT 3eebeka, apdekT Nenbrbe, addeKT ToMcoHa.

Ka4vecTBeHHbBIE BONIPOCHI
lne 6onblue cpeaHAs CKOPOCTb YNOPAAOYEHHOTO ABUMKEHUA 3/IEKTPOHOB: B HATU FOPSLLEN Namnbl
WX B MPOBOAAX, NOABOAALLNX K HEN TOK?
B nonynpoBogHWKax KOHUEHTPaLKUA 3apAXKEHHbIX YaCcTUL, MHOTO MeHblle, Yem B meTannax. 3a cyer
yero Xe B C/y4ae nNOCNefOBaTe/NIbHOIO COeAUHEHWA MNONYNPOBOAHUKA C  MEeTalIMYeCcKUm
NPOBOAHUKOM CMa TOKA B HUX OAMHAKOBaA?
MpoBoga nNOAK/OYEHbI K OAHOPOAHOMY  META/N/IMYECKOMY Wwapy B AMameTpasibHO
NPOTUBOMNOJIOXKHbBIX TOYKAxX. B KaKom ceyeHMM Wwapa Npu NPONYyCKaHUM Yepes Hero 3/1IeKTPUYECKOro
TOKa Bblaenaetca 6osblue Tennia?
INeKTpPoNn3 Boabl BeAETCA C MOMOLLbIO ABYX TOHKMX NAACTUHYATbIX 3N1EKTPOAO0B, NOKPbITbIX C OAHOM
CTOPOHbI Nakom. Yepes HeKOTopoe Bpems KaTof HauMHaeT usrnbatbcs. NMoyemy?
Mouyemy NycKOBOW TOK B laMMNOYKe HaKanmBaHua 6onblue paboyero?
Kak oTpasutca Ha paboTe NAUTKM HebOoNbLIOe YKOPOYEHME Neperopesllein Cnupann nNpu pemoHTe
NANTKN?
Moyemy NPOCTPAHCTBEHHbIA 3apAf B 3/IEKTPOHHOW Namne NpU PasoOMKHYTOMW aHOAHOW LEenu u
pacKa/sieHHOM KaTo4e OCTAaeTcs MOCTOSHHbIM, XOTA MCMNapeHue 31eKTPOHOB C KaToga MpoucXoauT
HenpepbIBHO?
Ecnn B3ATb NPOBOAHUK, COCTOALLMMN U3 OTAENbHBIX MEAHbIX U Kese3HbIX NPOBOJIOK 04MHAKOBOrO
OnameTpa, COegMHEHHbIX MNoCnefoBaTeNbHO, W MPONYCTUTb Yepe3 Hero TOK (NPOBOAHWMK
NMOAKAOUYMTL K CETU Yyepe3 KaKoh — AMbo peocTaT), TO NpM 3TOM OAHWM Y4YaCTKM HarpesatoTca A0
KpacHOro KaneHus, gpyrme egsa tensble. Kak 06bACHUTb 3TO ABAEHUE U T4e OHO UCMOJIb3yeTcs Ha
NpaKTUKe?
Cnupanb noacoeaMHeHa K CeTU, BCeACTBME Yero OHa packaneHa. Kak M3ameHUTca Hakan cnupanu,

€C/In Ha 4acCTb ee nonaget BOAa?



10.
11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

Ha uTo pacxosyeTtcs sHeprua UCTOYHUKOB TOKa, €CN BCE 3/IEMEHTbI LLeNn HEMOABUMKHbI?

Mouyemy 3N1EKTpMUUYECKUE NaMIbl Yalle NeperoparoT B MOMEHT 3aMblKaHUA TOKa U OYeHb peaKo - B
MOMEHT pa3mblKaHuA?

Moyemy MAaBKUIN NpefoxpaHUTENb BbIXOAMT M3 CTPOA PaHblUe, YemM Kakoi Anbo apyroi yvyactoK
3/IeKTPUYECKOM uenn?

EnoyHada rupnaHaa cnasHa M3 amnoyek AnA KapmaHHoro ¢oHaps. Mpu BKAOYEHUN STOWN TMPAAHALI
B CETb Ha Ka)kAylo U3 NaMmnoYveK NpuxogmMTca HanpsxeHue 3 B. Moyemy e OnacHo, BbIKPYTMB O4HY
M3 TaMMOoYeEK, CYHYTb B NAaTPOH naney,?

Ecnv Ha BONOCKE 3/1EKTPUYECKON NaMMoYKkn 06pa3oBancs M3bsAH, TO MECTO M3bsAHA HaKaauBaeTcs
CUNbHEe 0CTasIbHOM YacTu BoNoCKa. NMoyemy?

Kakummn oduU3MYECKMMU  ABNEHUSMM COMPOBOXKAAETCA MNPOTEKAHWE 3/EeKTPUYECKOro TOKa Mo
NPOBOAHUKY?

Hanbonee BeposTeH yaap MOJIHUMU B Te MECTa, rAe NOBEPXHOCTHbIW CNOM MOYBbI /yylle NPOBOAUT
aneKkTpuyectso (Hanpumep, 6onoTUCTble mecTa). Mouyemy?

Moyemy Ayra racHeT, eC/M K ee NAaMeHU NoAHECTU CUbHbLIA MarHuT?

Moyemy B pasperKeHHOM rase BO3HWKAET CaMOCTOATE/IbHbIN PaspaL NPy MeHbLUeM HanpsXKeHuM,
Yyem B TOM Ke rase npyv HOPMasibHOM AABAEHUN?

NcKpoBol paspsam, MOKeT umeTb GopmMy TOHKOro LHypa (ocobeHHO npu 60/bLLOK cune ToKa).
Kakue ke cnnbl yaepunBatoT OT pacluMpPeHMA 3aMN0NHAIOLLYO KaHa/l UCKPbI FOPAYYIO Naasmy?

B cTpaHax, rae 4Yacto 6bIBatOT rpo3bl, ObIIO 3aMeYeHO, YTO CU/IbHBIA AO0XAb YAacTO HAauMHaeTcA
TONbKO MOC/Ie TOrO, KaK MepBas MOJIHUA «MNPOCKOYUT» Mexay obnakom u 3emnei. Ob6bACHUTE,
noyemy 3To Tak.

MponycTMm TOK 04MHAKOBOW CU/bl Yepes NPOBOAA PAaBHOMO CEYEHUS, HO OAMH NPOBOA, KTONbINY, a

ApYyroit — «oAeTbin» B U30aaumio. Kakoit 3 NpoBoAoB OKaxkeTca 6onee HarpeTbim?

Kak Bbl agymaete

Kakyto posib cbirpann ¢unocodckme B3rnsabl ManbBaHM M BosbTa B MHTEpNpeTauum 3HAMEHUTLIX
onbIToB Ma/bBaHM C NAryLWKammn?

3aBMCUT /1M CBOMCTBO 3/IEKTPONPOBOAHOCTM Te/fa OT CUCTeMbl OT4YeTa, B KOTOPOW Teso
paccmaTtpuBaeTca?

ABnseTca M yTBepKAeHMEe «melb - NPOBOAHUK» aBCONOTHON NCTUHOMN?

CnepyeT nn 13 3akoHa Oma, YTO MaTepmA CyLLEeCTBYET B NPOCTPAHCTBE M BO BPEMEHN?

flBnaetca nn aBuKeHue 91EKTPOHA B NPOBO4HWUKE HEO6XOAI/IMbIM nnn CﬂyqaﬁHblM?



10.

11.

12.

13.

14.

15.

HasneKTpM30BaHHOCTb — CTAaTUYECKOE COCTOSIHUE, SNEKTPUYECKMIA TOK — npouecc. B yem cBA3b U
pasninuune mexay coctosHuemM U npoueccom? Kak ocyliecTBaseTcs nepexom oT COCTOAHUSA K MNpo-
ueccy? AsnAeTca M 3ToT nepexos 06paTtMmbim?

KakoBbl NPUYMHHO-CNeACTBEHHbIE CBA3M, BbI3bIBAIOLWME ABUMKEHME 3MEKTPOHOB MPU BKAKOYEHUN B
3NIEKTPUYECKYIO LLENb UCTOYHMKA MUTAHUA?

Kakyto ponb cbirpan metoz aHanoruii npu sbisoge OMOM HOCALLEFO €70 MMA 3aKOHA?

OT KaKux CBOMCTB NPOBOAHMKOB Mbl abcTparmpyemcs, onpeaensa ux conpotTmsaeHmne?

B uyemM 3aKAOYAOTCA KauyeCTBEHHble M  KOJAMYECTBEHHbIE PAa3IMUMA  MeXay MeTaalaMu U
noaynpoBoAHUKamMun? MoaynpoBoAHUKAMU U SUINEKTPUKAMM?

Kak ucrnonb3oBaHbl MeToAbl MaeanusaumMmM U MOAEAMPOBAHMA NpU pa3paboTKe KaaccuyecKkoi
3NEKTPOHHON TEOPUM METaNNOB?

KaKoBbl rpaHu1Lbl NPUMEHMMOCTHN 3aKoHa OMa 1 YyeM OHU 0BYCNOBNEHDI?

B uem 3aknto4YaeTca NJoA0TBOPHOCTb MOAENM «3/IEKTPOHHOIO rasa»? B uem ee orpaHMUYEHHOCTbL?
Moyemy Knaccuyeckme MOHATUA, C MOMOLLbIO KOTOPbIX PacCMaTpPUBAETCA CBEPXNPOBOAMMOCTb, He
COBCEM TOYHO COOTBETCTBYET OMNMUCbIBAEMbIM 06BbeKTam?

B yem 3aknwoyaloTca cywHocTb 1 popma npoasaeHusa apdekTa Menbrbe?

IIpoBeps ceds!

1. 3!'IEKTpOI'IVITVI‘-IECKaF| Anccoumnauma B aNEKTPOIUTAX NponUcxoanT

a) noAa BiAHMEM NpoLeccos, Nponcxogawnx B CAMOM 3/1EKTPOSIUTE;
b) noAa BiAHMEM NpoLeccos, NPoONCXo4AaWNMX Ha N1EKTPOAAX;

C) noa ,CI,EVICTBVIGM BHELWHEro a/IeKTpnyeckoro nona.

2. YBenuyeHue nMpoBOAMMOCTM MNOAYNPOBOAHWMKOB C POCTOM TemnepaTypbl ob6DbACHAEeTCA

BO3pacTaHWeM
a) KOHUEHTpaLMM HocuTeNeln 3apsaaos;
b) noaBuWKHOCTM HOCUTENEN 3apPAAO0B;

C) KOHLUEHTpaunun n noaBnUHOCTU HocuTenemn 3apAaaos.

3. OCHOBHbIM WCTOYHMKOM MOTrPELIHOCTeN Mpu onpegeneHuM TemnepatypHoro KoadoduumeHTa

COMPOTUBNEHMUA ABNSAETCA:
a) TMorpewHoCcTb U3MepPUTENbHBIX NPUB0POB;
b) KoHeuHas ckopocTb TensioobmeHa nccnegyemoro obpasua c OKpy:KatoLwen cpeaomn;

C) M3MeHeHWe conpoTueaeHun obpasua B NPOLECCE U3MEPEHUA.



CeTka B TUpaTpoOHe
a) CAYXWUT gNa peryanpoBaHnsa CUabl aHOLHOIO TOKA;
b) npegHasHayeHa AnsA ynpaBieHUs NOTEHLMANOM 3aXKUraHUA TUPATPOHa;

C) He BAMAET Ha BE/IMYMHY NOTEHUMANA ralleHUs TMPaTPOHa.

TepMOMETP CONPOTUBAEHUS MOXKHO UCMO/b30BaTh
a) TONbKO NPW HU3KUX TemnepaTypax;
b) KaK Npu HW3KKX, TaK U NPU BbICOKMX TEMNEpaTypax;

C) TOJZIbKO NPU BbICOKUX TEMNEPATYpPax.

[MocTosiHHas Xonna
a) He 3aBMCMUT OT pOoJa BELLECTBA M ABNAETCA YHUBEPCaNbHON KOHCTAHTOM;
b) 3aBucuT OT poga meTanna, TemnepaTypbl M 3HAKa HOCUTENEN 3apsaa;

C) onpegenAaeTca ToNbKo KOHLI,EHTpaLI,MEﬁ 3/1EKTPOHOB B AaHHOM METanne.

3aBMCMMOCTb COMPOTMUBAEHUS 3/IEKTPOJIUTOB OT TEMMEPATYPbI 06 bACHAETCA:

a) TO/IbKO 3aBUCMMOCTbIO KOHLLEHTPaLUM MOHOB OT TeMNEepPaTypbl, Tak Kak NOABUKHOCTb MOHOB
OT TemnepaTypbl HEe 3aBUCHUT;

b) 3aBucumocTbio KoaddpuLMeHTa gnuccoumalm U NOABUNKHOCTM MOHOB OT TeMMepaTypbl;

C) TOJIbKO 3aBUCMMOCTbIO NOABUXKHOCTU MOHOB U BA3KOCTU 3/IEKTPO/INTA OT TeMNepaTypbl.

JIaGopartopHas pabota Ne9
IKCHHEPUMEHTAJIBHAS ITPOBEPKA 3AKOHA OMA

Lenb paGOTbI: O3HaKomneHume cC pa60ToV1 MOCTa YUTCTOHa W 3KCNEpUMeHTasibHaA MPOBEpPKa C ero

NOMOLLLIO 3aKOHa Oma.

Mpubopbl M NPUHAANENKHOCTU: WHAMKATOPbl HYAA; MarasmMHbl COMPOTUB/AEHUIA; BOJILTMETPbI;

amnepmeTpbl; PeocTaT-NoOTEHUMOMETP; MUCTOMHWUK MNOCTOAHHOro nutaHua; JIATP;

KOMMYyTaTOp.

Onucanue 3KCNEPUMEHTAIBHON YCTAHOBKH



N3 3akoHa Oma cnepyert, 4To yaenbHOe CONPOTUB/IEHNE - BEIMYMHA NOCTOAHHAA, He 3aBUCALLAA HU
OT BE/IMYMHbBI TOKA, HW OT HaNpAXeHUA. B npoTMBHOM cny4vae 3akoH OMa He BbINOAHAETCA, T. €. PyHKLUUA
I=f(U) HOCMT HenuHelHbI xapakTep. 3akoH Oma BbINOJHAETCA ANA TaKMX BeLLecTB, Kak MeTasbl,
S/1EKTPOINTbI, N HApYLIAETCA NPU NPOXOXKAEHUN TOKA Yepe3 KOHTAKT ABYX TBEpAblX Ten ¢ HOCUTeNAMMU

3apAA0B Pa3HOro 3Haka (3anMparou.|,vu7| CﬂOl\/‘I), a TakXe AnAa rasos B LUMPOKOM AnanasoHe Haﬂpﬂ)KEHMP’I.

CI'IpaBe,D,fIMBOCTb 3aKoHa Oma goKHa 6bITb npoBepeHa OonbITHbIM NMYyTEM. I'Ipep,nonomwv\, YTO 3aKOH
Oma He BbINosHAETCA, T. €. conpotmnBneHne AaHHOro NpoBoAHMKA ABNAETCA cbywu,meﬁ Be€/IN4YNHbI TOKa.
KaK un3BecTHo, mo6yro CI)YHKLI,MIO MOXHO npeactaBuTtb B BUAE pPA3/IOKEHMA B pAd NO CTENEeHAM

aprymeHTa. 1na yaenbHOro conpoTUBAEHMUA

_ ; 2
p=po(l+aj+pj+...) (1)
roe o, B - KoadPuuMeHTbl, KOTopble A0NXKHbI ObITb PaBHbI HY/110 €C/IN CONPOTUB/IEHUE HE 3aBUCUT OT

CUNbl TOKa.

Cnaboe HapylweHue 3akoHa Oma NposBMAOCh 6bl B MaIOM OTKJIOHEHWUW OT JIMHEHOM 3aBUCMMOCTH (B
NPOTUBHOM C/y4yae He bblno 6bl Npobaembl NPOBEPKM 3aKOHa), NOSTOMY B pasfioXeHuu (1) MoxKHOo
OrpaHnN4YnTLCA OAHUM YNEHOM — JIMHEMHbIM ANnAa aCUMMETPUYHOrIo K HanpaB/1eHNIO TOKa NPOBOAHUKaA U
KBaApPaTUUYHbIM B C/ly4ae CUMMMETPUU. YneHbl pasnoskeHns (1) 6onee BbICOKMX MOPAAKOB MOXHO He
YUNUTbIBaTb, NOTOMY YTO KO3pduLMeHTbl paaa (1) ybbisaloT Tem bbicTpee, yem 6osiee rnaakon asnserca
packnagpiBaemasn B paf, GyHKUMA, Pa3pbiBHbIE Ke QYHKLUUKN ABAAIOTCA UCKNIOYEHUEM, @ HE NPaBUIOM B

paccmaTpuBaeMoOM Kpyre ABMEHUN.

PaccMOTpMM ABa NPOBOHMKA, YEpe3 KOTOpble NMPOTeKaeT O/MHAKOBbLINM TOK (nociesoBaTenbHoe
BK/toYeHne). OTHOLWEHME NX CONPOTUBAEHMUI C yH4ETOM M3BECTHbLIX POPMYN TaKOBO:
n PulS,

— =—[1+a|f (15, S:,)+ A% 1, (Il,2’81,2)+“']= f(l) (2)
B Pol2S:

roe l, , — anuubl, S1, S; — naowaam cedeHMUa NPOBOAHUKOB.

M3 (2) BUAHO, UTO OTHOLLUEHUE COMPOTUB/IEHUIA 3aBUCUT OT BE/IMUUHbBI TOKA, €CIN KO3DDULMEHTBI O
N B OTANYHBI OT HynA. OTHOLEHWE CONPOTUBAEHUI MOMXKHO U3MEPUTb C HECPaBHEHHO 6onee BbICOKOW
CTeneHbio TOYHOCTU, YeM CamMM CONPOTUBAEHUA. ITO U3MEPEHME NPOU3BOANTCA C NOMOLLbIO MOCTOBOWA
cxemMbl (MocTa YUTCTOHA), NpeAcTaBAEHHON Ha puc. 29 U UCNoAb3yemol 0BblYHO Ana onpeaeneHus
HEeM3BECTHOro CONPOTUB/EHUA I, MO M3BECTHOMY 3TaJIOHHOMY I3 B YC/I0BUAX paBHoBecua mocTta. Ecam

N3mMepeHnA NOKaXyT, YTO OTHOLWEHHUE r1/rz He 3aBUCUT OT TOKa, 3HauYUT, 3aKOH OMbl BbINOJIHAETCA.

CxeMbl 3KCNEePUMEHTA/IbHbBIX YCTAHOBOK npeAacTaB/ieHbl Ha puc. 29 u 30. 3To obblYHble MOCTOBbIE

CXemMbl C nepemMmeHHbIMN CONPOTUBNEHNAMU B TPEX N1Ie4ax, a B O4HO NIe4O BKAKOHYAETCA nccnegyemoe



conpotusneHne. OQHMM UCCNeayeMbiM COMPOTUBAEHWEM ABAAETCA KaTyllKa M3 MeTaniMyecKomn
NPOBO/IOKN, APYTUM — 3EKTPOAMT B Konbe c ABYMA snekTpodamu. MNpu nposepke cnpaseannBocTu
3aKoHa OMa 4/1a MeTa/lZIMYecKkoro NpoBoAa UCMOJb3yeTCs MOCT NMOCTOAAHHOTO TOKa, a A/1A 3N1eKTPoanuTa
(Bo M3beKaHWe nonspusauMy 31eKTPOA0B) — MOCT MEepPemMeHHOro TOKa MPOMbIW/IEHHOM YacToTbl. B
KayecTBe MHAMKATOpa Hy/la B MOCTE TOCTOAHHOTO TOKa MWCMO/b3yeTcA rasbBaHOMETP, a AgAs

nepemMeHHOro Toka — NPUBopP TMNa KHYNb-UHANKATOP».

HN3mepenus u ux odopadoTka

YnpaxHeHue 1. MpoeepKa 3akoHa Oma ANa MeTannMyeckux NpoBogHUKOB.

1. CobpaTb MOCT YUTCTOHa corsiacHo puc 29.

2. BmecTo conpoTUBAEHUA I BKAOUYUTb UCCAEAYEMYIO KATYLLKY C METAN/IMYECKMM NPOBOAHUKOM.

3. MNopaTb Ha MOCT Hambosbliee NUTAlOWEEe HaNpAMKEHWE MPU NOMOLLM peocTaTa r (Mo yKasaHWo
npenogaearens).

4. CbanaHcMpoBaTb MOCT NoAGOPOM COMPOTUBMAEHUN 1, Iy, s, T. €. AOOUTbCA OTCYTCTBMA TOKa B
ranbBaHometpe I'.

5. MeaneHHO MNOHWXKaA MpW MOMOLLM peocTaTa HanpsXKeHue NUTaHusA, ybeamTbca B COXpPaHEHWUU
paBHOBeCKA MoCTa (OTCYTCTBMM TOKa B ra/ibBaHOMeETpe).

6. [MoBTOpKTb N. 3 1 4 NpU APYrNX 3HAYEHUAX HaNPAXKEHMUA.

7. Y6eauTbca B COXPaHEHUM PaBHOBECUA MOCTa NPU U3MEHEHUN HANPaB/ieHUA TOKa.



YnpaxkHeHue 2. NpoBepKa 3akoHa Oma Ana aNeKTpo/IUTOB.

1. CobpaTb MOCT NepemMeHHOro ToKa corlacHo puc. 29.
2.  BMecTO cOnpOTMBAEHUA Iy BKAOUYUTL KONDY C 3NEKTPOAUTOM.
3. MNosTtoputb n. 3—5 3agaHuMa 1, uM3MeHAA MuTaloOLlee HanpAeHue npu  NOMOLLMU

aBToTpaHcpopmaTtopa J1ATP.

YnpaxHeHue 3. AHanu3 paboTbl MOCTOBOW CXEMDbI.

1. Wcnonb3ya npasuna Kupxroda, BbIBECTU U3 YCIOBUA paBHOBECUA MoCTa GOPMYaY CBA3M MeXKAy
3/1IEMEHTAMMU, BK/IIOUYEHHbIMM B N1€YM MOCTA.

2. TpoaHanun3MpoBaTb BO3MOMKHbIE WCTOYHMKM MOrPELIHOCTeN NpU  U3MEPEHUU HEU3BECTHOro
COMPOTMBAEHMA C WMCNO/Ab30BaHMEM MOCTa M MOKasaTb, YTO MPU NPOYMX PaBHbIX YCAOBUAX
NorpewHoCTb MMHUMAa/bHa, KOr4a CONPOTUBEHNA COCeAHUNX MNJeY PaBHbI.

3. CpenaTtb BbiBOA MO 334aHUAM 1, 2 0 BbINOJIHMMOCTM 3aKoHa Oma.



Jlaboparophast pabora Ne 10.
N3YUYEHUE 3ABUCUMOCTHU COIMPOTUBJIEHUS METAJIJIOB U
AJEKTPOJIUTOB OT TEMIIEPATYPbI

Uenb pa6OTbI2 nccnegoBaHue TeNmepaTypHoﬁ 3aBUNCUMMOCTU CONPOTUBNEHNA METANNNIOB U 3ZTEKTPO/TUTOB

n onpeaeneHne TeMnepaTypHoro KoadduumeHTa ConpoTUBIEHNA.

Mpubopbl U NpPUHABNEKHOCTU: UCCeayeMble 06pa3ubl MeTana U 3NEKTPOAUTA, YKPenaeHHble Ha
cneuManbHOM  JepskaTene; BOAAHAA  BaHHA;  HarpeBaTenb;, TEPMOMETP,

N3MepUTENbHbIN MOCT YUTCTOHA; ABOMHON K/tOY.

Onucanue IKCNEPUMEHTAIbHOH YCTAHOBKH
JNeKTpUYecKan Cxema 3KCNepPUMEHTAsIbHOM YCTAaHOBKM u306paxkeHa Ha puc. 31 ConpotusneHue
onpefenseTca C MNOMOLLbI MHOTOGYHKLMOHANBHOIO YHUBEPCAZbHOTO LMGPOBOro BOJALTMETPA,

nepeKknYaTesib KOTOPOro yCtTaHOB/IEH B NOJZI0XKEHNE N3MepeHUa COI'IpOTMBI'IEHMﬁ.
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Puc. 31.

Nccnepgyemble 06pasLbl MeTania U 31eKTPOAUTa 3aKNOUEHbl B cneunansHble cocyabl. Cocya ans
aNneKTponuTa npeactasnaer cobon U-obpasHyto CTeKNAHHYyO TPybKy, B KOTOpYylD BBOAATCA He
OKMCNAIOLLMECA METANZIMYECKME 3SNEKTPOAbI, W 3anMBaeTcAa 31eKTpoauT. Cnuvpanb M3 M3y4yaemoro
MeTaNNla NMOMELLAETCA B CTEKNAHHYHO Npobupky unn U-obpasHyto TpybKy. Cocyapl C Mccnenyemblimm
obpasuamm MOHTUPYIOTCA Ha cheumanbHOM gepxKatene. TepmocTaT ANA HarpeBaHWA MCCneayemMbix
CONpPOTMBAEHWNIN NpeacTaBaseT coboil BOAAHYIO BaHHY, B KOTOPYIO MOrpy»KeHbl cocyapl ¢ 0bpasyamu,

3J'IEKTpM‘-IECKVIl7I HarpesaTtesib 1 meLllasKa. M3mepeHme TeMNEPATypbl OCYLWECTBNAETCA TEPMOMETPOM.

HEO6XOAMMO Y4UTbIBATb, YTO BBUAY KOHe4YHOoM CKOopocCtHn TennoobmeHa ncecnegyemoblie o6pa3u,b|
NMPUHUMAIOT TeMNepPaTypy Opr)K&POLLI,EVI cpegbl HeE MIrHOBEHHO, a C HEKOTOpPbIM 3ana3abiBaHUEM. C

LLeNblo YMEHbLLIEHWNA NOrPeLlHOCTeN N3MEPEHMIN Harpes NPON3BOANTCA A0CTaTOYHO MEA/IEHHO.

B npouecce nsmepeHuit onpeaenseTca 3aBUCUMOCTb COMPOTUB/IEHUI METaNIa 1 3NEKTPOIUTa OT

TemnepaTtypbl, a TemnepaTypHbih KO3OPUUMEHT COMPOTMBAEHMA PACCUMTHLIBAETCA MO W3BECTHOM

dopmyne:

Rl - R0
iR,

o=

H3mepenus u nx oopadorka

1. 3anunTb B TEPMOCTAT OXNAXKAEHHYIO B XONOAMNbHUKE BOAY M HPOCUTL B HEE HECKOJIbKO KyCOYKOB
IR

2. CobpaTb 3NEKTPUYECKYIO CXEMY YCTAaHOBKM cOrnacHo puc.31

3. Mocne Toro, Kak Boga oxnagutca go 0°C, uamepuTb Npu 3TON TemnepaType CONpPOTUBAEHMUA
MEeTa//1a U SNEKTPOIUTA

4. BKAOUYMTb 3NEKTPUYECKUI HarpesBaTesib U NPOBECTU M3MEPEHWUA COMPOTUBAEHU MeTanna U
aneKkTpoauTta yepes Kaxgple 5 °C go 90 °C.

5. BbIKNtOYMTb HarpeBaTeslb TEPMOCTATa M NPOU3BECTU TE Ke U3MepeHMA B 06paTHOM nopsaaKe.

6. OKOH4YMB M3MeEPEHWA, HANTU CpefHWEe 3HaYeHWA COMPOTUBNAEHUMA WM O MPU KaXKOOM [AaHHOWM
TemnepaTtype, UCNOJb3ysa NPU 3TOM Pe3ybTaTbl M3MEPEHNI, NPON3BEAEHHBIX MPU BOCXOLALLEM U
HUCXOAALLLEM XO4aX TeEMMNePaTypbl B TepMmocTaTe.

7. [MpounsBecT maTemaTnyeckyro obpaboTKy pe3ybTaToB IKCNEPUMEHTOB.

8. Pe3ynbTaTbl USMEPEHWIA M PAaCcCYETOB 3aHECTU B TabAULLbI

9. Pe3ynbTaTbl 3KCNEPUMEHTOB M306pas3nTb rpaduUyecku.



JlaGopaTtopHas padota Ne 11.
N3YUYEHUE DODEKTA IEJIbTBE

Uenb pa60'rb|: O3HakKomneHme cC 3¢¢EKTOM MNenbTbe M CHATME 3aBMCUMOCTU BEUYUHbI nepenaga

TeEMNEPATYpP B CNAaAX OT CUJIbl TOKa U BPEMEHU €ro NPOTEKAHNA.

Mpubopbl W NPUHAZNEKHOCTU: UCCNedyemasa Tepmonapa; Tenjaou30NMpPOBaHHbIE  COCyAbl;
ralbBaHOMETP; amMnepmeTp; BbINPAMUTENb; MEH3YpKa, CeKyHaomep; ABe

nporpaayvMpoBaHHble TepMonapsbl.

Onucanue 3KCNEPUMEHTAIbHONH YCTAHOBKH

Cxema W3MeEpUTENIbHOM YCTAaHOBKW npeacTaBaeHa Ha puc. 32. Bce npubopbl M Tepmonapsi
NOAKNOYAIOTCA K K/IEMMAM, BblBEAEHHbIM HA WMT YCTAaHOBKWU. [nA NpoBeAeHUA M3MEPEHUIA KOHLbI
nccnefyemomn meab-KOHCTaHTaHOBOM TepMmonapbl BbiBeAeHbl Ha Knemmbl (7, 8), Ha KoTopble Kntouom Ks
noaaeTca Hanpa)keHWe OT ceTn 4depe3 cuctemy JIATP-sbinpamuTenb. OnAa M3mepeHUs TOKa B uenwu
nucnonbsyetca amnepmetp. Cnan Tepmonap nNoOMeLleHbl B TeN0M30MpoBaHHble cocyabl | n Il. OnAa
NU3MepeHMa TemnepaTypbl BOAbl B HUX MCMOb3YIOTCA NpeABapuTeNbHO NPOrpagynmpoBaHHble Meab-
KOHCTaHTaHOBble Tepmonapbl. MepekntoyeHme Tepmonap Ha U3MepuTesbHbIA Npubop (rasbBaHOMETp)

Npon3BOONTCA NEPEKNOYATENEM K.

T m— T

Puc. 32.

O ekt [lenbThe COCTOUT B TOM, UTO IPU HMPOIYCKAaHUU TOKA Yepe3 Clail IBYX Pa3HOPOIHBIX
METAJIJIOB B 3aBUCUMOCTHU OT HAIIPaBJIEHUs TOKAa B HEM BBIIEISAETCS WM NOTVIOLIAETCS TEIUIO,

KOTOPOE MPONOPLHHOHAIBHO MOJHOMY 3apsiny, MPOMIEANIEMY B JJIEKTPUUECKON LIETIH:
Qn =Nt (1)

Ecin temno Jlxoyns—IJlenua, BblaensemMoe B OOOMX KaJOpUMETpax, OJMHAKOBO U



KOJINYECTBA KAJTOPUMETPHUYCCKHUX JKUAKOCTEH paBHbI (M1= M2 = m u P1 = P> = P), 10 (BeIBECTH
CaMOCTOSATEIIHHO)

Qu=(cm+P)- AT /2 (2)
T. €. Tenno lNenbTbe NPONOPLNOHANBLHO PA3HOCTU NpupaleHnn Temnepatyp AT = AT; — AT, B 0boux

KasiopumeTpax.
Ucnonb3ya ypaBHeHus (1) 1 (2), MOXHO HanucaTb:
AT =2 Nit/(cm +P) (3)
Monaras npy HEGONBbLINX UBMEHEHUAX TEMMEPATYP BESUUMHY
2MN/(cm +P) =k
NOCTOAHHOM, NepenuLIeM COOTHOLWEHMUE (3) B BUAE:

AT = kit (4)

CyTb nabopaTtopHOM paboTbl 3aKNt04aeTCA B MPOBEPKE COOTHOLWEHMSA (4).

H3mepenus u nx oopadorka

1. B tennousonupoBaHHble cocyabl | 1 Il HaNAUTb C NOMOLLbLIO MEH3YPKU OAMHAKOBOE KOAMYECTBO
BOZbl (YKa3aHO Ha yCTaHoOBKe). KOHLbl nccneayemon Tepmonapbl BbIBECTU Ha Knemmbl (7, 8), a 13-
MepuTenbHble Tepmonapbl T U T2 NOAKNIOYUTL COOTBETCTBEHHO K Knemmam (3, 4) u (5, 6). Cnawn
Tepmonap onycTuTb B cocyapl ¢ Bogom | u ll.

2. CobpaTb 3/IeKTPUYECKYIO CXeMY YCTaHOBKM COrnacHo puc. 32.

3.  U3mepuTb HayanbHble TemnepaTtypbl T1 1 T, B cocyaax. [lna atoro nepexkntoyatens K, nocrasutb
CHayana B /ieBoe, 3aTeM B MpaBoe MNONOXEeHWe U 3anucaTtb COOTBETCTBYIOLLME MOKa3aHWA
rafibBaHomeTpa.

4. Ecnv npm aTOM ranbBaHOMETP 3alLKa/MBaeT, TO MOAAPHOCTb MOAKAOYEHUA TEPMOMNAPbl MOXHO
M3MEHNTb C MOMOLLLIO KNto4a Ka.

5. TMonb3yAack rpagynmpoBoYHbIMK rpadMKamm Tepmonap, onpeaenntb TemnepaTypbl Tim T,.

6. Bkawountb KAtou Ki n aBTOTpaHCHOPMATOPOM YCTAHOBUTL B Mccieayemol Tepmonape Tok 1 A.
OAaHOBpEeMEHHO BK/IIOYNTb CEKYHAOMEP.

7. Yepes Kaxaple ABe MUHYTbl U3MEPATb HOBble 3HAa4YeHMA TemnepaTyp 8 cocygax I m ll.

8. Tok 1A nponycKaTb Yepes3 Tepmonapy B TedeHne 10 MUHYT.

9. W3 cocypos BoAy BbIINTb, COCYAbl OX1aANTb A0 KOMHATHON TeMNepaTypbl, @ 3aTeEM CHOBA HaUTb B
HUX BOAbI.

10. UN3mepeHua n.n. 3—10 NoBTOPMUTL, YBEANYMBAA KaXKabI pa3 cuay Toka Ha 0,5 - 1 A.

11. [oBecTu 3Ha4YeHWe cuabl TOKa 4o 5 -6 A.



12. Mo nony4yeHHbIM AAHHbLIM NOCTPOUTbL rpaduKkm 3asucumoctn AT = f(t) ana Bcex 3HaYeHUI TOKa U
rpadukm 3asucumoctu AT = (1) npm GUKCMpPOBAHHBIX 3HAYEHUAX BPEMEHMU.

13. OnpefenuTb TaHIEHCbl yraa HaKk/IoHa COOTBETCTBYIOLLMX NPAMbIX U o dopmyne (4) onpeaennts k.

14. Pe3ynbTaTbl UIIMEPEHUI N PACYETOB 3aHECTU B TabauLy.

15. [dns 06paboTKM aKCcnepMmeHTanbHbIX AaHHbIX UCMO/b30BaTb IBM.

Jlaboparopuas pabota Ne 12
M3YYEHUE MATHUTHOIO NOJ1A CONEHOUAA C NOMOLLbIO AATYUKA XONNA [35]

Uenb pa60Tb|: NMO3HAKOMUTLCA C XO/ITOBCKUM METOAOM U3MeEPEHNA NHAYKLNUN MAarHATHOTO NoAA.

Mpubopbl u npuHagnexHoctu: UM — nctouyHmk nutaHus; PV — undposoit BonbTmetp; PM3-04 — moayne;
C — coneHong,; LUl — lWWTOK C HAHECEHHOM LWKaNOoM W 3aKpPenIeHHbIM Ha TOpLE AAaTYNMKOM

Xonna.

MeTopa nsmepeHus

Ona  3KCNepuUMEHTaNIbHOTO WUCCNeA0BaHUA HaMPAMEHHOCTU MarHUMTHOrO MNOAA Ha OCU
cosieHoMaa B HacTosweln paboTe MCNOMb3YIOT METOZ, OCHOBAHHbLIM Ha sBneHun Xonna. Ecam yepes

NPoOBOAALLYIO NAACTUHKY NONEepeYHbIM ceyeHnem ahy NPOMNYCTUTb TOK NAIOTHOCTLIO j U MOMECTUTb ee B

nonepeyHoe MarHUTHOE MoJjie C MHAYKuMeN B, TO mepneHauKynspHO BekTopam | u B cospaercs

3/1eKTpUYecKoe nona HanpsykeHHoctblo E (puc. 33). Bo3HMKaOLWAn npu 3TOM pasHOCTb MOTEHLMaN0B

A@, (34C Xonna) nponopunoHanbHa BeNMUYMHE TOKa M MHAYKLMU MarHUTHOrO NoNA:

Ap, =R, jBa = RXE, (1)
h()
roe ia:jaha-
8, E
1/
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ot 1 d




Puc. 33.

KoadpduumeHt nponopumoHanbHocTM Ry HasbiBaeTcA noctosiHHOM Xonna. B pabote
Ncnosib3yeTcs MoAynpoBOAHUKOBLIN AaTyMk Xonna mapku X501 ¢ ynpasasiowmm ToKom is=90 MA,

NMOCKOJIbKY NOCTOAHHAA Xo/1/1a AN NOAYNPOBOAHMKOB 3HAYUTENbHO 6oblUe, YemM A5t MPOBOAHUKOB.

Cunosble JIMHUN MarHMTHOrO MOJIA Ha OCU CONEHOUAA Hanpas/ieHbl BAO/b OCKM, NMO3TOMY
JaTunK Xonna AO/KeH pacnonarathCA Ha TOPLE CMeumanbHOro LWTOKa, BCTABAAEMOro B COJ/IEHOMA.
TonwmHa gatymka hs B HanpaB/ieHUUM MarHUTHOro nona pasHa 0,2 mm. [nA M3MepeHUs NoNoXKeHuA

AaT4YUKa BHYTPU CONeHOUAa Ha 6oKoBoOW rPaHN WTOKa HaHeCeHa MUIJTIMMETPOBAaA WKana.

Mpu oTcyTcTBUM MarHuTHOro noas 3A4C Xonna AosxkHa bbiTb paBHa Hyato. OgHaKo BcaeacTsme
Pa3/INYHbIX NOBOYHBIX ABAEHWUI, HAaNPUMeEp, HeAOCTaTOYHO TOYHOM YCTAaHOBKM BbIXOAHbIX 3/1€KTPOAOB
0ATYMKA, M3MepUTe/IbHbIN NPUBOP MOXKET MOKa3aTb HEKOTOPYI Pa3HOCTb MOTEHLMAnoB Aaxe npwu

OTCYTCTBMM TOKa B coneHoupe. [NA WUCKAIOYEHUA NOTPeLlHOCTel M3MepeHna NPOBOAAT ABaAbl Mpu
1
ABYX NMPOTMBOMO/IOXHbIX HanpaB/ieHNAX ToKa B coneHonge. Torga A = E(A(leJFA(sz)- OpHako B

JaHHON paboTe M3MeHeHWe HanpaBNeHMA TOKa B COJeHOMAE He npeaycmoTtpeHo. [lostomy

NOrpeLwHoCcTb B onpeaeneHnmn 5% yKa3aHa B nacnopte ®M3-04.

Puc. 34.

PaCCMOTpI/IM Bbl4NCIEHUNE HAaNPAXEHHOCTU MarHMTHOro nosAa coneHonaa, M306pa)KeHHOI'O Ha puc.
34. |_|YCTb Ha egunHunuy O/MHbl CONeHOMAa, MO KOTOPOMY TEYET TOK I, npmnxoanTca n BUTKOB, TOrga Ha
y4acTKe dz 6yp,eT ndz BUTKOB, KOTOPblE€ B TOYKE O coneHounpa CO34a4yT HanpAXeHHOCTb (Bbl'-IVICIII/ITb

CamocToAaTen bHO) .
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[na obneryeHnn pacyetoB Ha puc. 35 oTAeNbHO M306paxkeH anemeHT dz, paguyc-Bektop I wu
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Puc. 35.

B cnyvae beckoHeyHoro coneHounpaa

9120, 92:71', H.=nl. (3)

N3mepenus u nx o6padorka
YnpaxHeHue 1. OnpepeneHmue 3aBUCUMOCTU MarHUTHOM UHAYKLUMN B CpeaHeN TOUKe Ha ocU

coneHoupaa U TapupoBKa gatumka Xonna.

CobpaTtb cxemy, n306pakeHHyto Ha puc. 36 u 37.

MocTaBWTb WUTOK C AaTYMKOM X0J1Na B CpeAHee NooXKeHWe Ha ocu cosieHonaa («0» no wkane).
BKNOUYUTD MCTOYHMK NUTAHUA U LMdpPOBOIM BONbTMETP B ceTb 220 B.

Uameputb 3C Xonna B ueHTpe coneHompa ana Tokos 0,5; 1,0; 1,5; 2,0 A, npu stom wu3

M3MEpPEHHOro 3HaYeHUA HeobXOAMMO BblYeCTb MOMPaBKYy OP,, YKasaHHylo B nacnopte. [laHHble

3aHecTu B Tabauuy 1.

BbIYNCANUTD UHAYKUMIO MAarHUTHOTO NoNA ANA 3afaHHbIX 3HAaYEeHUI cunbl TOKa le. JaHHble 3aHecTu
B Tabn. 1.

BblUMCNUTL 3HAYEHUA NOCTOAHHOM Xonna Ry ANA Kaxk[oro usmepeHus, ucnonbsya dopmyny (1);
AaHHble 3aHecTu B Tabauuy. HaliTn cpegHee 3HavyeHue Ry.

MocTpounTb rpadukm 3asmucumoctu B = f(l) u Ady = f(lc) no AaHHbIM TabA. 1.

Tabnuua 1



Ne u3mepenus

Tox conenonnma

le, A

OJIC natumka
Xomna Agx, B

WNunyxnus B, Tn

ITocTosanas Xomna

Rx, BM/TnA

un

Pwuc.36.
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YnpaxHeHue 2. UcchepaoBaHue 3aBUCUMOCTU UHAYKLUN MAarHUTHOro Nnona

OT KOOpPAWUHATDbI Z, OTCUUTbIBAaEMOI OT CpEAHEﬁ TOYKHN

1. YcTaHOBUTb BE/IMYMHY TOKa B KaTyLLKe coaleHouMAa No YKa3aHMIo NpenogasaTtens.




2. [lepemewan WTOK C 4aT4MKOM X012 BAOIb OCU CONIEHOMAA C UHTEpBasioM A z =1 cm, U3MepUTb
34C Xonna.

3. [ony4yeHHble AaHHble 3aHecTM B Tabanuy 2.

4. BblMUCAUTD MHAYKLMIO NOAA B gna Kaxk4oro nonoXKeHus gatymka Xonna no popmyne (1). Mpm
pacyeTe MCNONb30BaTb 3HaYeHue Ry, NosyyeHHoe B ynpaxHeHuu 1. [laHHble 3aHecTn B Tabn. 2.

5. NocTpoutb rpaduk 3aBncrumoctu B = f(z) no gaHHbIM Tabn. 2.

6. TMOBTOPUTb U3MEPEHUA U pacyeTbl Mo M.n. 2-5 ana HoBoro 3Ha4yeHusn | (no 3agaHuio
npenogasartens).

7. [Ona oaHoro us nosyyYeHHbIX 3HaYeHUM B paccuntatb abCONOTHYIO M OTHOCUTE/IbHYHO NOFPELIHOCTb
n3mepeHus.

Tabnuua 2

ITonoxeHne gaTyuka Z, MM 110 100 90 80

O1C natuuka Xomna Agx, B

Wnnyxnus B, Tn

JlaGopaTtopnas pabora Ne 13
WU3YYEHWUE BOJIbTAMMEPHOW XAPAKTEPUCTUKN FTA3OHANONHEHHOM IAMIbI [35]

Uenb paGOTbI: CHATHE BoanamnepHoﬁ XapPaKTepPUCTUKH ra3oHano/IHEHHON Jfamnbl WU n3yyeHue

peflakCcauNoHHbIX KonebaHui.

Mpnbopbl U NPUHAANEKHOCTU: UCTOYHWUK NuTaHuA WI; anekTpoHHbI ocumanorpad PO; 3ByKOBOM
reHepatop PQ, amnepmeTtp PA; marasuH conpotmsneHunit MC; marasmH emkocteir ME;

moaynb ®r3-12.

Onucanue 3KCNEPUMEHTATbHOH YCTAHOBKH
JNeKTpuUYecKasa cxema YCTaHOBKM cobpaHa B moayne @r13-12, BKAOYAOLWEM ra3oHaNONHEHHYIO

namny (puc. 38, 39).
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Puc. 39.

Mpy OTXKaTOM KHOMKe "pexnm'" peanmsyeTca cxema noayvyeHus BONbTaMNeEPHON XapaKTePUCTUKN
rasoHanosIHeHHoW namnbl. [pW  Ha)KaToh KHoMKe '"pekum" nonydaetca cxema reHepaTtopa

penaKkcauMoHHbIX KonebaHuit (puc. 40). MarasuHbl emkocteit ME mn conpotusneHunii MC BbINOHAIOT

ponb emkocTu C M conpoTusieHnn R reHepatopa.

R uij
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Puc. 40.



B paboTte onpeaensetca nepnoa penakcaumMoHHbIX KonebaHun asyms cnocobamu. MNepBHIA cnocob
3aK/I0YAETCA B TOM, YTO CUIHaN OT MNOJIyYEHHbIX B LMW PeakcauMOHHbIX KonebaHWn MOCTYNaeT Ha BXOA,
ocumnnorpada M Ha 3KpaHe NocaegHero MoXXHo HabsoaaTb nsobpaxkeHue 3Tux KonebaHuin. Mepuog,
MOXHO M3MEepPUTb HEeMNoCpeacTBEHHO C 3KpaHa npu paboTe ocumnnorpada B pexnMme M3MepeHUs

ANNTENbHOCTU CUTHANa.

Bropon cnoco6, 6osiee TOYHbIN, 3aKAKOYAETCs B TOM, YTO AOMNOJHUTE/NIbHO Ha BTOPOWM BXOA,
ocupunnorpada noctynaer curHan onpeaeneHHol 4acToTbl. B aneKTpoHHO-Ny4yeBol TpybKe npoucxoaut
CNOMEeHWe ABYX B3aMMHO MepneHAMKYNAPHbIX KonebaHui: penakcauMoHHbIX KonebaHuit namnbl U
CUHYycOMAanbHbIX KonebaHuii, nogaBaemMbix Ha BTOPOI Bxoa ocumnnorpada. B pesynbtaTe Ha sKpaHe
nossaTca ¢urypa Jiuccaxy. Ecim 4actoTbl cKnafapiBaemMblx KonebaHUii OTHOCATCA KaK Lesble Yncaa, To
KapTWMHa Ha 3KpaHe HenoABMXKHa. 3HaA 4acToTy MNoAaBaemMoro curHansa, no suay ¢urypbl Jliuccaxky

MOXHO onpeaennTb COOTHOWEHME YaCTOT U YaCTOTy pelaKCalMOHHbIX KonebaHui.

B oT/IMuMe OT CNOXKHbIX rAPMOHUYECKUX KoslebaHnit purypa Jivccasky npu COOTHOLLIEHWUM YacToT

1:1 He umeeT BMA 3AAMNCA.

HN3mepenus u ux odopadoTka

CobpaTb aneKTpuyeckyto cxemy (puc. 39).
YnpaskHeHue |. CHATUE BOIbTaMNEepHOI XapaKTEePUCTUKN ra30HaNo/IHeHHO namnbl

1. MoaroToBuTbL NPUBOPBLI K paboTe:
KHonKy "pexum" mogyna ®M3-12 oTkaTtb. Pyuky perynmpoBku HanpsaxkeHus 120 B UCTOYHUKA
NMUTAHWA YCTAHOBUTb B KpaillHee NeBoe NoJoXKeHue. M3ameputenbHbit npnbop PA noaroToBuTb K

paboTe B pexume, obecneunsaroLem U3MepeHme cuabl Toka 4o 10 mA.

2. Brkawouutb NabopaTopHbIi CTeHA, WUCTOYHMK nUTaHuUA nn n namepu-
Te/bHbIN Npubop PA.

3. Pyukon peryavMpoBKu HaNpPAXXeHus NCTOYHMKA NUTaHUA N3MEHATb
HanpaxeHne ot 40 po 120 B yepes 10 B M n3MepATb CuUay TOKa lnp.
3anucaTb BO BTOPYIO CTPOKY Tab. 1 3HaUeHUs cuibl TOKA Inp.

4. YmeHblwasa  HanpsaeHme ot 120 pgo 40 B, 3amepuTtb  CuMay  TOKa lo6p-
Pe3ynbTaTbl 3aHECTU B TPETLIO CTPOYKY Taba. 1.

5. Onpefenutb Hanpa)eHWe 3a)KMraHua W raweHusa fAamnbl. Ona aToro BbibpaTb M3 Tabn. 1
WHTEPBA/l HAMpPAMKEHWUI, B KOTOPOM slamna 3aKriacb (noracna). B BblbpaHHOM WHTepBane,
NnocTeneHHo yBennumBan (ymeHbluan) HanpsxeHuve Ha 1-2 B,  3adukcuposaTtb Takoe
Hanps)eHWe, NPU KOTOPOM TOK B 1aMMNe CKAaYKOM YBE/IMYMTCA OT HYNA A0 KOHEYHOW BEUUYUHDI

(nMbB0o ymeHbLUMTCA A0 HyNA). ITO 1 ByaeT HanpAMKeHUe 3axuraHua (raweHus).



6. BbIKAKOYNTL U3MEpPUTENbHbBIN NpUbop.

7. TMocTponTtb rpadmK 3aBUCUMOCTM TOKa | OT HanpsxkeHua V.

1.

Tabnuua 1
V,B 40 50 60 70 80 90 100 | 110
lnp, MA
|06p, MA

YnpaxHeHune 2. U3yyeHue paboTbl reHepaTopa penakcauMoHHbIX KonebaHuii

MoarotoBuTb NPMBOPBLI K paboTe:

HarkaTb Ha KHoMKy "pexunm" mogyns ®r3-12. YcTaHOBUTb HA MarasuHe cOnpoTUBAEHUN R =
1:10° Om. Ha marasmHe emkocTeil ycTaHoBUTb emKkocTb C = 3103 mK®. Ha uncTouHuKe
MUTAHWUA PYYKY PErYIMPOBAHUA BbIXOAHOrO HanpskeHua 120 B ycTaHOBWUTb B KpaiHee
nesoe nonoxeHue. Ocumnnorpad NOArOTOBUTL K paboTe B pexume U3MepeHus

ANNTENbHOCTU CUTHANa.

BKNOUMTb 1abOPATOPHbLIN CTEHA, UCTOYHUK MUTAHUA U ocuunnorpad. YCTaHOBUTb PyYKOl
PEry/IMPOBKM HaNpPSAMKEHUsA WUCTOYHMKA nuTaHuMa 110 B, KoTtopoe B JanbHenwem
noaAeprKMBaTb NOCTOAHHbLIM. YcuaeHme no ocn Y ocumanorpada ycTaHOBUTb TaKMM, YTOObI
MOXHO 6bl/10 U3MepPATb NepeMeHHoe HanpsaKeHne fo 1 B. BKAoUMTb reHepaTop pa3BepTKU
ocupnnorpada M yCTaHOBMTb TaKyH 4acTOTy Pa3BepTKW, YTOObl Ha 3KpaHe OblAn BUOHDI
OAHO-ABa PeflaKCaLMOHHbIX KonebaHus.

N3mepuTb € 3KpaHa ocumanorpada nepmos penakcalMoHHbIX KonebaHui.

N3mepuTb nepuos, penakcaumMoHHbIX KofebaHuii ¢ NOMOLblO reHepatopa curHanos PQ.
MogrotoBuTtb ocumnnorpad K pabote B pexkmme HabntogeHusa ouryp Jinccaxy. BratounTb
reHepatop PQ 1 ycTaHOBUTL BbIxogHOE HanpaxXeHue ~ | B nyactoty ~200 Iy,

BbIKNHOUNTb FreHepaTop pa3BepTKM ocumanorpada. MnaBHO M3MeHsAA Ha reHepaTope PQ
YacTOTy BbIXOAHOIO CWUrHafa, NOAYYUTb Ha 3KpaHe ocuunnorpada odurypy Jivccaxy,
COOTBETCTBYrOMCTO COOTHOLEeHMIo YacToT 1:1. 3anuncatb 3HaYyeHMe 4acToTbl reHepaTtopa PQ .
MocTeneHHO yBefMYMBaAsA YacTOTy CUrHANA, NoayunTb ¢urypbl Jinccaxy, COOTBETCTBYOWME
OoTHoweHuAM 4YactoT 1:2 u 1:3. 3anucatb 3HayYeHWA 3TUX YacToT. PaccuuTaTb YacToTy
penaKkcaumoHHbIx Konebanuii no popmyne f =f./n, rae f, - yactota curHana reHepatopa PQ,
M3MepeHHasa B NepBOM, BTOPOM U TpeTbem cay4dasax; n=1,2,3 - oTHOLWeHMe YacToTbl CUrHaAa
reHepaTopa PQ K vacTtoTe penakcauMoHHbIX KonebaHuit. Halitn cpegHee 3HadeHune f 1
paccuMTaTb Nepmoa penakcaumoHHbix Konebanmm: T=1/f.

BbiKNtOUnTH ocu,mnnorpacb, reHepaTtop CUrHanos, UICTOYHUK NMUTAHNA U na6opaTopru‘/’1 cTeHA.



7. PaccustaTb NOrpewHocTb onpedeneHua nNepuoaa  pPenakCaumoHHbIX  KonebaHui,
NOAydYeHHbIX MNo n.n. 4-5, 3a4aBasacb MNOrpewWwHOCTbI0 reHepatopa CUrHaNo0B W3 ero

NacrnopTHbIX ZaHHbIX (~1%).

ITO HHTEPECHO
OTKpbITUE, COAENnaHHOE OKOJ0 ABYXCOT JIeT Hasah aHaTomom u3 bonoHbu Jlymaxxku [anbBaHu
(1737—1798), npeaLwecTBoBasio LUENON CEPUN 3ameyaTe/IbHbIX SKCMEPUMEHTOB, NPOAENAHHbIX CHavyana
B UTannu, a noTom B ApYyrux cTpaHax. ITU 3KCNEPUMEHTbI, B KOHEYHOM CYeTe, U3MEHUAN 06Pa3s KU3HU
yenoseyectBa. Hukakaa gpyrasa obnactb ¢M3MKM He OKasana TAKOro BAUSHWUS HA KU3Hb OAEN.
JKCNepuMMEHTbI, O KOTOPbIX MAET peyb, BO3BECTUAM NOABJIEHUE 3EKTPUYECKON MPOMBbILLIEHHOCTU —

Hanbonee xapaKTepHoﬁ YepTbl COBpeMeHHOﬁ unsunnnsauumun.

Mtak, B KoHue 1780 roga npodeccop aHaTomuum [anbBaHM 3aHMMaACA B CBoOel nabopatopuu
N3y4eHMem HEepPBHOWM CMUCTEMbI OTNPENAPUPOBAHHbIX NAryweK. CoBepLEeHHO CNy4YaiiHO, NO PaccesHHO-
CTW, OA4HY U3 NPenapupoBaHHbIX NATYWEK [anbBaHM MONOMKMA HA CTO/ 3NEKTPUYECKOM MalWMHbI. B 31O
BPEMA B KOMHATy BOWA eHa lanbBaHW. Ee B3opy npeactana »KyTKas KapTMHA: NpUM WUCKpax B
3N1EKTPUYECKOW MalUMHE NanKku MepPTBOM NAryWKW, NpUKacaBlMeca K CKasibnesnto, gepraance. HeHa
laNbBaHM C Y)KAacOM YKasana Ha 3TO MyXKy. [anaHTHble 60/M0HLUblI Bceraa C YAO0BOJIbCTBUEM
NnoAYepKUBaIOT: He MaNbBaHK, a €ro XeHa - aBTOP CTO/Ib Ba)KHOTO OTKPbITUA. EM Bbln Aarke NOCBALLEH

COHeT:
Ee OTKpbITbEM KTO HEe BOCXMLLACA,
YMepLunx narywaybmx NanokK }Ku3Hbto bbiCTpon,
Korza McTopranch M3 mallnHbl UCKPBbI,
A cKanbnesb K HEXXHbIM HEPBAM MPUKacaaca.

A BOT Kak cam lanbBaHM ONWCbIBAET UCTOPWMIO CBOEro OTKPbITUA: “fl.. MpenapupoBan AATYWKY M
MOMIOXKWUA €e Ha CTOJ/, Ha KOTOPOM CTeHAA 3/1eKTPMYecKas MaluHa. Kak TOAbKO OAMH U3 MOWX
MOMOLLHMKOB KOCHY/ICA, COBEPLIEHHO CAy4YalHO, KOHUMKOM CKanbnens 6eApeHHbIX HEePBOB NATYLIKY,
MbIWLbl ee CTajM COKpawaTbca. [pyroi NOMOLWHMK yBEPA/, YTO 3Ta MPOM3OWIO TOraa, Korga us
KOHAYKTOPa 3/IEKTPUYECKON MaLIMHbI BblNa U3B/MeYeHa MUCKpa. Y MeHs fIBUIOCb CTPACcTHOE KenaHue

npoBepUTb 3TO ABJIEHNE U BbIACHUTDL, YTO 3a HUM CKprBBETC’r’I".

MocnefoBanM MHOTOUYMCAEHHbIE 3KCMEPUMEHTbI, Pe3y/ibTaTbl KOTOpbIX lanbBaHu 0606wWwmn B
onybnvkosaHHom B 1791 rogy “TpaktaTe O CMAaX 3/EKTPUMYECTBA NPU MbILEYHOM ABUNKeHUN”.

FanbBaHm nposen, no Cytu aena, BCe aKCnNepmmMeHTbl 414 Toro, yTOObI caenatb npasu/ibHble BbIBOAbI: OH



nokasasn, 4to Aans spdekta HeobxoAMMbl MeTannbl; OH NOKasa/j, YTo NPU Tenax, He ABAAIOLLMUXCA
NPOBOAHMKAMWN 3NEKTPUYECTBa, HUKaKoro 3ddekta HeT, HaKoHel, OH MOoKasan Aa)ke, UYTo pasHble
MeTa /bl Aa0T pa3Hbln 3pPeKT. Bce 310 A0KHO ObII0 HAaNPaBUTb MbIC/Ib [a1bBaHW HA pPa3MbiAEHUA
O pPOAN ABYX Pa3sHOPOAHbLIX MeTansioB B Habnwgaemom 3sdpodekte, n toraa adpdekT noayuymn 6Gbl
NnpaBW/IbHOE UCTOJIKOBaHMe. [ecATKM pa3 BeAb OH ybexKAancs, 4To MblllLia COKpallaeTca, Koraa ABa
pa3HOPOAHbIX MeTasla BCTYNaloT B CONPUKOCHOBEHUE C HEW M OQHOBPEMEHHO Apyr ¢ Apyrom. MMeHHO
B 3TOM M Oblia CyTb €ro BTOPOro OTKPbITUA. [anbBaHM Ke MpULLen K 3aKA0YEHUID, YTO UCTOYHUKOM
3N1eKTPUYECTBa AIBAETCS Cama NATYLIKA, U Pewuna, YTO OTKPbI/ HOBbIM BUA, 3/IEKTPUYECTBA, HAa3BaB ero
“SXMBOTHbIM”. KaK-TO OH CKasa/, 4yTo “Nerko owmnbuTtbea B MCCnegoBaHUM, €CAN CYUTATb BUAEHHbLIM U
HaMAEHHbIM TO, YTO Mbl Kenanu yBnaetb U Hantn”. Cyabbe 6b110 yroaHo, YTOObl OH Cam U COBEpPLUUN

3Ty OWMKBKYy.

MpocToi 1 reHnanbHbI BbIBOA M3 ONbITOB aNbBaHK CyXKAeHO bBbla10 caenaTb ero COOTe4EeCTBEHHUKY
AneccaHapo Bonbta (1745— 1827). BoibTa OTHOCKMACA C HEAOBEPUEM K TaK Ha3biBaeMOMY “KMBOTHOMY
aiekTpuYecTBy” 1 NpuHagaeskan K Ton rpynne ¢pM3MKOB, KOTOPaAs CYMTasIa, YTO TAKOrO 3JIEKTPUYECTBa
Boobwe He cywecTsyeT. M BOT emy nonafaeTca Ha rnasa TpaKtaTt [anbBaHW. TpakTaT noTpAcaeT ero.
Bo/ibTa HaYMHAET cam CTaBUTb ONbITbl U 3 anpensa 1792 r. B nucbme K MNanbBaHu nuwert: “MpusHatock, s ¢
HeBEpPMEM W OYEHb MA/IOM HAZEXA0M Ha ycrnex NPUCTYNUA K NePBbIM OMNbITaM: TAKMMWU HEBEPOATHbLIMM
OHM Ka3a/IMCb MHE, TaKUMU [ANEKMMM OT BCEro, YTO Ham M3BECTHO 6bl0 06 3nekTpuyectse... HblHe A
obpaTtnaca, cam 6bln oveBMALEM, CaM NPOU3BOAMA YyaHOE AENCTBUE, U OT HEBEPUA NepeLles, MOXKeT
6bITb, K daHaTM3My”. K paHaTM3My, HO K BraropasymHomy: B Ny6AMYHOM NneKUMKN B yHUBEpPCUTETE Bosb-
Ta pacckasblBaeT 06 onbiTax ManbBaHW, NPEBO3HOCUMT WX, MOET XBaJly BAaXHOCTW 3TOrO OTKPbITUA W
BO3MOHOCTAM [Ja/lbHEMWIEro ero passBuTUA, HO BMeCcTe C TeM HaYMHaeT BblaBUraTb TpeboBaHWA
KO/IMYECTBEHHOM CTPOrocTM MPU UCCAEAOBAHUM  ABAEHUA, MO0 “Y4TO XOpOLIero MOXKHO caenatb C
Belwamu", He NPMBEAEHHbIMM K CTENEHU U Mepe, .0cobeHHO B ¢puM3mKe? Kak MOXKHO onpenenntb Nnpuymn-
HYy, eCn Te onpeAennTb He TONIbKO KaYecTBe; HO M KOJIMYECTBO U MHTEHCUBHOCTb AiBAeHnI?”. OT ceba oH
3aMeyaeT, YTO NAryWKa MOMKeT npeactaBnaTb cobol  “anekTpomeTp B AecATKM pa3 bonee
YYBCTBUTE/IbHbIN, YeM [a*Ke CaMbIil YyBCTBUTE/bHbIA 3/IEKTPOMETP C 30/10TbIMU ANCTOYKamK”. BonbTta
3aMeHAeT NAryWKy coBCTBEHHbIM A3bIKOM M OLWYLAET, KaK OH MuLeT, BKYC 3nekTpuyectBa. Ha
cepeamnHy fA3blka OH KAaZeT 30/0TYI0  MOHETY WM CepebpsaHYr0 JIOXKKY, @ K KOHYMKY s3blKa
NPWKNAAbIBAET YMCTYHO ONOBAHHYIO MAACTUHKY M NPUBOAWUT €€ B COMPUKOCHOBEHME C MOHETOM WU
NIOXKKON. MpWn 3TOM OH OlUYLIAeT “TakoM Ke «KUCNOoBaTbilM» BKYC, YTO MpPU NPUBAMMKEHMM fA3blKa K
KOHYMKY WCKYCCTBEHHO HA3/IEKTPM3OBAHHOIO MPoOBOAHMKA”. B uione 1792 roga, yepes Tpu mecAua
nocne Toro, Kak BosbTa Hayan MNoBTOPATb OMbITbl [asbBaHW, Y HEro y»Ke He OCTaBanocb Oblibix
COMHEHUI: “Takum obpa3om, MeTansibl He TONbKO MPEeKpacHble NMPOBOAHUKW, HO U ABUraTenun 3nek-
TPUYECTBA; OHWU HEe TONbKO NPEeACTaBAAIOT SIerYanwmnii NyTb NPOXOXKAEHMA dNeKTpudeckoro datomaa, Ho

CaMu e Bbi3blBAOT TaKO€ HapylweHne paBHOBECUA TEM, YTO U3BIEKAKOT 3TOT d)J'II-OVI,D, n BBOOAT ero...”



3TO M3BECTHbIN 3aKOH KOHTAKTHbIX HaMpsXeHWi; ABa Pa3HOPOAHbIX MeTanla Bbi3blBalOT “HapylleHue

paBHoBecusa” (celyac roBOPAT - CO34AKOT KOHTAKTHYIO Pa3sHOCTb MOTEHUMANoB) mexay oboumu

mMeTannamu. YCTaHOBMB 3TOT 3aKOH, BosbTa B pesynbTaTe ANMTE/NbHOM CEpPUMM OMbITOB pacrnonaraer
~n

meTannbl B paga (“pas HanpsKeHWin”), MOCTPOEHHbIA TaK, yTo 60nblWnin 3PPeKT cooTBeTCTBYeT

meTannam, 6onee yaaneHHbIM Apyr OT APyra B 3TOM pAay.

MpoTnB 3TOro YMUCTO PU3MYECKOr0 OBBACHEHUS ABNEHUI, HAabNOAAEMbIX B OMbITaX C ArYLWKamM,
BO3parkan anbBaHW. B nocnegytowem lanbBaHW MbITanca WMCKAOYMTb M3 OMbITOB MeTaNnnyeckme
NPOBOAHMKMK, T. €. A0BUTbCA COKPALLEHUA MbIWL, NATYWKN 6€3 NpumeHeHUs GU3UYECKMX CPeacTs.
BosibTa e McKan cnocobbl UCKAOUUTL NATYWKY, T. €. HAUTU PU3MYECKUA MeToh, OOHapPYKEeHUA KOH-
TAKTHOro 3n1eKTpuyecTsa. MHTepecHo, YTo 06a OHM AOCTUIAW LU, U NO3TOMY KaxKAblit cumTan cebs

I'I06e,£l,VITEJ'IeM B Ccnope.

oAbl XM3HU U OTKpbITUMI Jl.ManbBaHn M A.BonbTa NpPUXOJATCA HA 4Ype3Bbl4aliHO MHTEPECHYHO B
NCTOPUYECKOM U KY/IbTYPHOM CMbIC/ie 3MoXy. BcnomHMM OCHOBHble cobbiTna anoxu. 1775-1783 roapl -
BOMHa CeBepOaMepUKaHCKUX KOJMIOHMN AHIMAuM 3a HesaBucumocTb; 1776 rog - npoBo3rialeHue
Jeknapaumm HesasucumocTtu. B Poccmum npasut EkatepuHa ll; 8 1773 - 1775 rogax - KpecTbAHCKaA BOMHA
noa npeasoauTenbctBom EmenbAHa [yravesa. 1789 rog - B3AatMe bactunmm, Havano Benwukon
®paHuy3cKol bypiKyasHoOM peBosOUMKM U peBoatouma B benbrun. 1793 - - KasHb JliogoBuKka XVI u
yCTaHOBNEeHUe AKOBWUHCKoM aukTatypbl. 1794 - BocctaHme Tageywa KocTioowKo. 1796 - "3arosop
pasHbiX" nog pykosoacteom P.-H. Babeda. B 1768-1779 rr. A. Kyk oTKpbiBaeT HoBylo 3enaHauio 1
ABscTpanuto. Bo ®PpaHumm B 1751-1776 rr. BbIXOAUT BenMKaa "DHUMKIONeAMA HayK, MCKYCCTB M

pemecen".

B WUtanuu nget npouecc "PucoparkmmeHTto" ( uMaM HaumoHanbHoro BospoxkgeHus). B 3anagHol
EBpone 370 anoxa N.-0. bomapuwe (1732--1799) n B. Anbduepu (1749-1806), K. TonbaonHn (1707-1793) u
K. Touumn (1720-1806), P. BepHca (1759-1796) u W. I. Tepaepa (1744-1803), WU.-B. Tete (1749-1832) u .
Wunnnepa (1759-1805); BeAUKUX My3blKaHTOB M KomnosutopoB Jl. BetxoseHa (1770-1827-) n B.A.
MouapTa (1756-1791), W. MaiiaHa (1732-1809) n K.B. Mtoka (1714-1787). *mnBonucb anoxm npocnasieHa
nmeHamu A.-6.C. lWappaeHa (1699-1779) n M.K. age MaTypa (1704-1788), K.-b. 'pe3a (1725--1805) u ¥K.-O.
dparoHapa (1732-1806), K./1. Aasuaa v [. PeltHonbaca, T. MeliHcbopo (1727-1788) n ®. lona (1746-
1828). B Poccuu TBOpAT H.U. HoBMKOB (1744-18T8) n A.U. ®oHBM3uH (1745-1792), I'.P. OeprkaBuH (1743-
1816) u A.H. Pagnwes (1749-1802), U.A. Kpbinos (1769-1844) n H.M. Kapam3uH (1766-1826), ¢.C.
PokotoB (1732--1808) u W.M. ApryHos (1729-1802); B 3Ty anoxy "B rpaHuT ogenaca Hesa, mocCTbl
nosucanm Hag sogamu" (A.C. MyWKKH) ; pa3BepTbiBAKOTCA KPYMHble rpafocTpouTesibHble paboThl,
cospatoTca beccmepTHble TBopeHus B.N. BaxeHoBa (1737-1799) n M.®. Kasakosa (1738--1812), A.
KBapeHru (1744-1817) n 3.M. danbkoHe (1716-1791). 310 anoxa X.-M. Maparta (1743-1793) n M.
Pobecnbepa (1758-1794), XK. OaHToHa (1759-1794) u I. MNotemkmHa (1739-1791). 3T0 anoxa BEAUKMUX



dunocodos n npocsetutenein: ©.-M. BonbTepa (1694-1778) u XK.-XK. Pycco (1712-1778), U. KanTa (1724-
1804) u I.-B.®. lerens (1770-1831), A. CeH-CumoHa (1760-1825), P. OysHa (1771--1851) u L. ®dypbe
(1772-1837).

B 3T ronpl HaunHaeTcst OypHOe pa3BUTHE XUMUH, 32 1772-1791 rT. OTKpBIBaeTCS LEIBIA Psil
ssieMeHTOB, paborator Benukue xumuku K.B. Illeene (1742-1786) u A.JlaByaswe. Llensiii psa
3aMedaTeabHbIX OTKpBITHH coBepmiaercs B ¢usuke: B 1770r. k. Bidk BBOOUT mOHSATHE
teroemkocty; B 1777r. K. lleene BBoAUT MoOHsATHE TeruioBoro usnydenus. 1782r. - P. T'aton
OTKpBIBAET Ibe303JIeKTpuuecTBO, 1785r. - III. KynoH ycraHaBiumBaeT 3aKOH B3aUMOJEHUCTBUSA
AJIEKTpUYECKUX 3apsnoB. 1786r. - JI. Purtenrayc co3maer audpakinoHHYIO permeTrky. 1787r. -
K. llapnp ycTaHaBiIMBaeT ra3oBbIM 3aKOH, HOCAIIMUM Tenepb ero ums. 1798r. - I'. KaBenaui
MpU MOMOLIM KPYTHJIbHBIX BECOB MOATBEPKIAET 3aKOH BCEMHUPHOrO TiAroreHuss HproTOoHA M
BBIYHCIIICT TUIOTHOCTH 3emuid. 1796r. - BeixogutT B cBer Tpya II.C. Jlamumaca "Usnoxenue
cHUCTEMBI MUpA", B KOTOPOM COJICPIKUTCS €TI0 TUIIOTe3a 00pa30BaHUs COJIHEUHON CUCTEMBI.

Kaxkgoe 13 nepeyncineHHbiX Bbille UMEH U CObbITUI BbI3bIBAeT Y 06pa30BaHHOIO Ye/I0BEKa LE/Ibii
NOTOK accouuauMn. WM BOT Ha TAaKOM UCTOPUYECKOM U UHTENNIEKTyasibHOM ¢oHe anoxu B 1791 roay
BbIXoAMT "TpaKTaT O CUNAX 3/IEKTPUYECTBA NMPU MbllLEYHOM ABUMKeHUKN" Jlynaxkun FanbBaHW, B KOTOPOM
OMUCbIBAETCA OTKPbITUE UM 3NEKTPUYECKOrO TOKa. bypsa cTpacTeil, mogHATas 3TUM TPAKTaToMm, Mo
CBMAETENIbCTBAM  COBPEMEHHMKOB, Oblla CpaBHMMA C  MNOAUTUYECKOM  Oypei, BbI3BaHHOM
nogHvmaswerica paHuy3cKoii pesoatoumeit. A BOT YTo nncan o6 3TOM 04MH U3 COBPEMEHHUKOB, aBTOP
Kypca dusmkun abb6at Awoun: "M3yueHune anekTpuyectsa, oboraleHHoe TpyAammn CTONbKMX 3HAMEHUTbIX
dV3NKOB, AOLWNO, Ka3anocb, A0 TAKOTO Npeaena, Kor4a He MOXKET yxKe 6biTb 3aMeTHOro ABUNKEHUA
Bnepes, a 6yaywmm paboTHMKam B 3TOM 06/1acTV OCTAETCA /ML HAZEXAa NOATBEPKAATb OTKPbITUA
npeALecTBeHHUKOB... M BOT KOraa HayKa, Ka3anocb, NpUBAMIKAeTcA yXKe K COCTOSHWMIO MOKos (3To
nMCcanocb, KOrga Becb MMP WMCNO/Ab30Ban ANA OCBELLEHWS CBedvy, Namnagy WAW NIlyunHy), aBieHue
KOHBY/IbCMBHbIX ABUXEHWUI, NOAMEYEHHbIX FaNbBaHM B MYCKyAax AATYLUKU NPU CONPUKOCHOBEHUM UX C
MeTanfaMn, nNpuBAekNo K cebe BHMMAHME U u3ymaeHne o¢usmKkos". A BonbTa 06Hapyxun
BO3HWKHOBEHWE KOHTAKTHOM PA3HOCTM MOTEHLNAIOB NPU COeAMHEHUN PA3HbIX METANIOB, U "3TOT paKT
npeBpaTMCA B €ro pyKax Kak 6bl B 3apoaplill U3ymmutenbHOro npmubopa, 3aHaBwero 61arogapa ceoel
NAOLOTBOPHOCTU OAHO M3 MNEPBbIX MECT CPeau BCeX annapaTtos, KOTOPbIMU TeHWI YesoBevecTBa
oboratun ¢msmky" (umt. no [42] - C.61). OnbiTbl FlanbBaHW M €ro NpeAcTaBAEHUA O “}KUBOTHOM 3/1EKTPU-
yecTBe” pPas3BUAMCL 33 NMpolleAllne ABECTU NeT B CTPOWHOE yYeHMe O BMOTOKaX *KMBbIX OPraHWM3MOB.
[laxke TakMe CNI0¥KHblE MPOLLECCHI, KaK MPOLECC 3aNOMUHAHMA, YAAN0Ch O6BACHUTL C MOMOLLbIO 3/1EK-
TpuyecTsa. 3a 3T A,Ba BEKa 3/1EKTPUYECTBO CNAC/IO0 KU3Hb HE OAHOMY Ye/loBeKy. B3aTb X0Ta 6bl C/iyuan,
Korga octaHoBumBLUEECA cepale 601bHOro, NOACTErHYTOE NEKTPUYECKUM MMMY/IbCOM, BHOBb HauYMHAeT

6uTtbca. B pAage cnyyaes 3}'IEKTpM‘-IeCKMl7| yOap OKasblBaeTcA noJse3HbIM npu napannyax. MHorum



TbiCAYAM NtO4EN NPOAANAN MONHOLEHHYIO XW3Hb Pa3/inuHble MeToAdpbl 3neKTpoTepanuun. U, HakoHel,
NPUKNaZAbIBAHNEM 3/IEKTPOLOB K TeNy ULLYT Ny/X B Tene paHeHoro. M Ton4ok BCemy 3TOMY AaAu ONbITbl
lanbBaHW. A TEOPETUYECKME U IKCMEePUMEHTaNbHblIE UCCAeAoBaHUA BonbTa npuBenn K CO34aHUIO B
KoHUe 1799 roga nepBoro B MMpe UCTOYHMKA MOCTOSAHHOTO TOKa — “BO/IbTOBA €T0/16a”, BO3BECTUBLLEIO
HacTyn/jeHne 3pbl  3dneKTpuyectsa. Becb mup Obln NoparkeH yAMBUTENIbHOW MPOCTOTOM YCTPOMCTBA
ctonba u ero HeobblYaliHbIMW BO3MOMKHOCTAMU. PpaHLy3CKUA GU3NK JoMUHMK PpaHcya Aparo nucan:
“3T10T cTONG NpeacTaBnseT cobon npmbop, YyaecHee KOTOPOro HUKOrAa He M306peTan 4yesioBeK, He
WCKNIOYaA Teneckona W MapoBol MawuHbl”. MOMXKHO NpMBECTM elle O4YeHb MHOro (aKToB,
CBMAETENbCTBYIOWMX O NMOMNYAAPHOCTU U 3HAYEHUM OTKPbITMA ManbBaHW M BoibTa, HO Mbl OCTAHOBUMCSA
Ha CTUXOTBOPEHWUW, B LIYTAMBON GOpMe OTparKatoWwem BAUSAHME STOFO OTKPbITUA HA MUPOBO33pPEHUEe

COBPEMEHHUKOB:
WUTaK, y3Han A HakoHel,
Tebs, 3eBec camogepKaBHbii!
Y3Han, uto Mmup - bosblion raynedu,
A Tbl - NPOKa3HWK Npe3abaBHbIN!
[Ba meTaninyecknx KpyKKa
[a ABa TenATuHbI KycKa
C uenoykom meaHOM 3a yLwamu -
BoT TaHa MOJIHWUIA 1 TPOMOB,
KoTopbimu, Kak yyaecamu,
Tbl Hac cHawan 13 06/1aKkoB..
lanbBaHW C MEPTBOIO NATYLIKOM
B nabopatopun ceoem
Ham pnokasan, 4to Thbl Ntoaei
Bcerga cumtan ogHoM UrpywKom!
CblH npaxa, cnabblii u rayxon,

Ilox PYKOBOJACTBOM raJiIbBAHU3Ma

EnBa b, 3eBec NOUYTEHHbIN MO,



Al He povay po atensmal

K uemy mHe TbI? Al cam 3eBec!
MepyHbl, MOJIHUM U TPOMbI
MHe 6e3 06maHoB U Yyaec

Tenepb TOpPXKECTBEHHO 3HAaKOMbl!

TEMA Ne 4.

METOAbI UCCIEAOBAHUA MATTHUTHOI'O ITIOJISI U MAI'HUTHBIX
MATEPHUAJIOB

Jlutepartypa
[P3]. Tn. XVIII, X, XI.

[P8]. 8§ 8 - 10, 35, 39 - 43, 47.

[P11].Tn.5, 6.
[P12]. Th. VI, VII.
Bonpocbl No TeopeTuyecKoMy marepuany
1. MarHuTHOe B3aumogeiicTeme ToKoB. 3aKoH AMnepa.
2. HanpAaxeHHOCTb M MHAYKLMA MarHUTHOro nons. 3akoH buo—Casapa—/lannaca.
3. HekoTopble npocTenwne NpMMepbl MarHUTHbIX NOJIEN B BaKyyMe.
4. Cunbl B MarHUTHOM none.
5. 3aKoH No/IHOro ToKa A/19 MarHMTHOro NoJiA B Bakyyme. (Teopema o LMPKYAAUNN BEKTOPA UHAYKLUK

MarHuTHoro nons.)
6. MarHuTHbIM NoToK. Teopema laycca AN MarHUTHOrO NOAA.
7. MarHuTHbIN MOMEHT 3/1IEMEHTAaPHOrO TOKa.

8. MexaHn4yeckas paGOTa B MAarHUMTHOMm nosne.



KOHTYp € TOKOM B MarHUTHOM noJe.

. DHeprna MarHUTHOro nons.

. MarHuTHOe none B BewecTse. [TpMpoaa MmoneKynapHbIX TOKOB. HAaMarHMYeHHOCTb.
. ObbAcHeHMe napa- n gMamarHetTMsma.

. ObbAcHeHMe deppomarHeTnsma.

. YcnoBsuA gna MarHMTHOMO NOJIA Ha rpaHuLe pasaena U30TPOMHbIX cpea.

. MarHuTomexaHn4yeckoe u MexaHOMarHUTHOe ABJIEHUA.

KauecTBeHHble BONpOCHI

1. KaK M3MeHUTCA YyroJs, Ha KOTOpblit B onbiTe dpcTeda OTKAOHAETCA MPU BK/AKOYEHUU TOKa
MarHUTHaA CTPesnKa, eCcNu, He MEHAA Be/MYMHbI TOKA WM PacCTOAHMA NPOBOLA OT CTPESKM,
caoenatb cnepylowme W3MEHEHMA OnMblTa: a) B3ATb CTPESKYy TaKOro e pasmepa, Ho
HamarHu4yeHHyto bonee cunbHo; 6) B3ATb CTpesnky 6onee AOJIMHHYIO, B) OKPYKWUTb MPOBOA,
KenesHou Tpyboi?

2. Mo ANAVHHOMY NPAMOMY MeTa/IM4eCKOMY MNPOBOAY TeYeT 3NeKTPUYecKUin ToK. MOXKHO nu
n36aBUTbCA OT €ro MarHWUTHOro MOAA, YCTPEMMBLUMCL BAOJIb NPOBOAA CO CKOPOCTbIO, PaBHOM
cpepHein CKoOpoCTM yNopALA0YEHHOTO ABUXKEHUA 31EKTPOHOB B HEM?

3. Bpo/sb XKecTKoro nNpoBoAa, NO KOTOPOMY MPOMYCKAaeTCA MepeMeHHbI TOK OT FOpOACKOM CeTw,
pacnonoXeHa MArkana TOHKAA MeTasnyeckan HUTb. B ogHOM ciyyae yepes HUTb NPONyCKaeTcs
TaKXe MepemMeHHbli TOK OT ropoAacKkoi ceTu. B gpyrom cnyyae uyepes HUTb NpPoOMNycKaeTca
NMOCTOAHHbLIN TOK. YTO BYyAET NPOMCXOANTb C HUTBIO B O4HOM U B 4PYFOM C/ly4anx?

4. Ha HWUTKe BUCUT BEPTMKAJIbHO FBO34MK, HEAANEKO OT HEro YCTaHOB/EH NPAMOIMHEAHbIA MarHuT.
Kak, He Kacadacb HM rBO3AMKA, HM MarHuTa, NPUBECTM FBO3AMK B ABUKEHWE, 3aCTaBUTb €ro Ka-
YyaTbCsA NOAOOHO MAATHUKY?

5. Kanui, kucnopops v MHOrMe Apyrue BeLLeCTBa COXPaAHAIOT CBOM MarHUTHble CBOWCTBA M nocne
ucnapeHua. [loyemy He COXPaHAT CBOM MarHMTHble CBOMCTBA MOCAe nepexoga B
napoobpasHoe COCTOAHUE Keneso u apyrue deppomarHeTmKm?

6. B noame «O npupoae Bewen» aApeBHEPUMCKUA dunocod Jlykpeumn Kap nuuwet: «Buaetb
C/ly4anioCb MHe, KaK MpbIraloT B MeAHbIX COCyAax caModpaKkuIMCKmMe KosbLa C XKenesa onuakamm
BMecTe, bypHO Oyllys, KOrga nof cocyAoM KameHb MArHWUTHbIN, CIOBHO CKOpel ybexKaTb OHM
aXKAYT OT 3TOro KamHaA». Kak 06bBbACHMTb OnMcaHHoOe 34ecb sBAeHne? byaeT nM oHo
NPOUCXOAUTb, €C/IN COCYA, B3ATb KeNe3HbIi, 3 He MeHbIN?

7. B pomaHe Hions BepHa «MAaTHaaUaTUAETHUI KanUTaH» eCTb TaKoe MecTo: «...Heropo nonoxun
noA, Komnac xenesHblt 6pycok. Keneso NpuUTAHYNO K cebe cTpenky Komnaca... CTpenka cmec-

TUAAcb Ha YeTbipe pymba... Mocne Toro Kak uM3-nof nakraysa 6bii1 ybpaH KesnesHblit bpycok,



10.

11.

12.

13.

14.

15.

16.

17.

18.

CTpenKa Kommnaca 3aHs/la BHOBb HOPMaJ/ibHOE MOJIOXKEHNE U YKa3biBana CBOMM OCTPUEM NMPAMO
Ha MarHUTHbIN noscy. O6bACHUTE ONUCAHHOE IBAEHUE.

Moyemy nonspHbIE CUAHUA CONPOBOXKAAITCA MAarHUTHbIMKU BypaAMK?

[Ba 04MHAKOBbIX MarHMTa OAHOBPEMEHHO HauYMHaAlOT NagaTb C OAHOM U TOW XKe BbICOTbl Yepes
3aKpenieHHble NpoBoAAlLMe Konbua. epBbii - Yyepe3 3aMKHYTOE KO/MbLO, BTOPOM — 4yepes
pasoMkHyToe. Kakoi marHuT ynager paHblue?

MpAMOIA NOCTOSAHHBLIN MarHUT NagaeT B 3aMKHYTOE MeTa/l/Indeckoe Koabuo. byaet M marHut
nagaaTh C YCKOpeHMem cBoboAHOro nageHus?

Ha nuct 6ymarn paBHOMEPHO HacbiNaHbl METaN/JIMYECKME OMWUAKK. ITOT SINCT NOMELLAIOT B
MarHutHoe none. Ecan cnerka nocTykMBaTb MO JIMCTY, TO OMUJIKM PaCnoNoXKaTca B LEMNOYKM Mo
HanpaB/IEHUIO CMNOBbLIX NMHUI. A yero Heob6xo4MMO MOCTYKMBATb NO ANUCTY? MNoyemy OnuaKu
He NPOCTO OPUEHTUPYIOTCA MO MO0, @ COEAMHATCA B LLEMOYKM?

OamMHaKoByto N paboTy HYXKHO COBEPLUMTb AR TOro, YTOObl BCTaBUTb MarHUT B KaTyLKY, Koraa
ee 06MOTKa 3aMKHYTa M Pa3OMKHyTa?

MNmeeTca ABa OAMHAKOBbLIX CTa/IbHbIX CTEPXKHA, OAMH U3 KOTOPbIX HaMarHmMyeH. Kak y3HaTb, Kakom
M3 HUX HaMarHU4YeH, He NO/b3YACb HUYEM, KPOME STUX CTEPXKHEN?

BO/IbLIYIO MarHUTHYIO CTPE/IKY Ha NOACTaBKE MOAHEC/IN K HUXKHEMY, a 3aTeM BEePXHEeMY KOHLY
wraTMea. MNMoyemy cTpesika MOBOPAYMBAETCA K HUMKHEMY KOHLUY LWTaTMBa C 060N CTOPOHDI
FOXHbIM NOIOCOM, @ K BEPXHEMY KOHLLY — CEBEPHbIM MOAOCOM?

MOXHO /11 HaMOTaTb KaTylIKy CONeHoMAa TakK, YTOObl NMpu MOAKJOYEHUN K HEMY MCTOYHMKA
NMOCTOAHHOIO TOKa Ha 060MX KOHUAX coneHouaa 6bian toxKHble nontockbl? CeBepHble NOMKOCHI?
MoOMKeT NN CTanbHOM CTep)KeHb MMETb Ha 060MX KOHLAX OAMHAKOBble MarHUTHble MOHCHI?
MOMKEeT 1M NOCTOAHHbBIN MarHUT UMETb YETHOE YMC/I0 MarHUTHbIX NONOCOB? HeyeTHoe uncno?
HeszapsKeHHOe MeTan/inyeckoe KobLo OXNaAuan A0 CBepPXNPOBOAALLErO COCTOAHUA U Havyanu
6bICTPO BpallaTb. BO3HUKHET I BOKPYT 3TOr0 KOJbLLa MarHMTHoe none?

MeauumHcknini npubop AnA M3BAEYEHMA MHOPOAHbLIX TeNn W3 rnasa npeacraBnseT cobol
CUNbHbINA 3/IEKTPOMArHUT, NUTaeMbli NOCTOAHHbIM UM NEePEMEHHbIM TOKOM. OH NO3BOJIAET, He
NpWKacanch K rnasy, yaansiTb U3 HETO XeJie3Hble U CTa/ibHble YacTULbl (ONWUIKK, CTPYXKKM U T. M.).
KakoB fo/1KeH 6bITb rpaduK 3aBUCMMOCTU CUJIbl TOKA, NMUTAIOLLErO 3/1eKTPOMArH1T, OT BPpEMEHM,
yTOObI, HE MPMKACAACH K [N1a3y, MOXKHO OblN10 U3BAEKATb U3 HEFO METANI/IMYECcKMe npegmeTbl U3
HepeppOMarHUTHbIX MaTepranos (aNOMUHMA» Mmegu U T. 4.)?

[ns nsmepeHuns o4eHb CUAbHbIX TOKOB YaCTO MUCMO/b3YHOT CTEPXKHN M3 MArHUTHbIX MaTepuanos.
MarHuTHoe none TOKa HaMarHWYMBAeT UX, MU MO BEJIMYMHE OCTAaTOYHOM HamMarHUYEeHHOCTU
MOXHO CyAUTb O Be/NYMHE TOKa. Takaa MeToAMKa UCMOJb3yeTca, Hanpumep, AN U3MepeHus
TOKa MOAHMIA. [pu 3TOM BO3HMKAlOT, OZIHAaKO, TakuMe npobniembl. Bo-nepsbix, 3apaHee

HeN3BeCTHO, Kyda yAapUT MOJIHUA, BO-BTOPbLIX, NHTEPECHO U3YYUTb pacnpeneneHme TokKa no



19.

20.

21.
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CEYEHUIO KaHana MOJIHUKU, B-TPETbUX, OAHU U Te Ke CTEePXKHWU XOTeNocb B6bl MCNONb30BaTb He
0AMH pas. Kak pewunTb 3T1 npobiembl?

CyLLecTBYIOT /i1 Ha MeTne rmcrepesmnca Y4acTKM, KOTOPbIM MOXKHO ¢GopMasbHO Npunucatb
3HAYEHMA MarHMTHOW NPOHULLAEMOCTH, PaBHble HYt0, BECKOHEYHOCTU M OTPULATENbHbIE?

[Be KaTylKW, Mo KOTOPbIM TEKYT TOKM, B3aMMOAEMNCTBYIOT mexay coboil ¢ onpeaeneHHom
cunom. Kak M3smMeHnUTCa cuia B3auMogencTBuA KaTyluek, eciv obe KaTywKu cBob6oaHO HageTb Ha
06LWMIN 3aMKHYTbIN YKEeNe3Hbl cepaeUHUK?

Mpu NOMOLM MarHMTa He TO/MbKO O0OOralwatoT KenesHyl pyay, HO M OYMLLAIOT CEMEHaA

KY/ZIbTYPHbIX pPacTeHUi OT COPHAKOB. KaK aTo aenaetca?

Kak Bbl aymaeTe

MoryT an NoTeHLMaNbHbIE U BUXPEBbIE MO NPEBPALLATLCA APYT B Apyra?

KaKoW xapakTep MmeeT U3MeHEHME HaMpPAMXKEHHOCTM MarHUTHOrO MosA B MPOCTPAHCTBE U BO
BPEMEHW, HENPEPbIBHbINA UIN AUCKPETHbIN?

Kako ¢u3nMyeckon peanbHOCTU COOTBETCTBYET MOJIOXKEHME O TOM, 4YTO CWU/I0OBbIE JIMHUK
MarHUTHOrO MO/ 3aMKHYTbI?

KakoW xapaKkTep MMeeT MarHMTHoe noJie: abCcoOTHbIN UM OTHOCUTE/IbHbBIA?

Kakue KayecTBEHHbIE MU KONMYECTBEHHbIE SKCMEPUMEHTbI N1EeXKaT B OCHOBE TEOPUWM MArHUTHOrO
nonsa?

MOXHO NN CKasaTb, YTO HEeMNpPepbiBHOE B MNPOCTPAHCTBE MArHUTHOE MNONe AUCKPETHO BO
B3aUMOAEencTBumn?

KaKkyto posb cbirpanu ¢unocodpckne B3rnagbl Ipctega B NOCTAaHOBKE M WMHTepnpeTaumm ero
3HAMEHWUTOrO 3KCNEPUMEHTA?

MoOXKHO /i1 6bINI0 NPeaCcKasaTh pe3y/bTaT onbiTa IpcTena’?

KaKyto ponb cbirpan onbIT IpcTesa B CTAaHOBAEHUM HOBOM GU3NYECKOM KapTUHBI MUpa?

NmeeT I NPUHUMN CynepnosnLmMmM MarHUTHbIX Noaei npeaesbl NPUMEHUMOCTH?

B pamKax KaKol CTPYKTypbl yC/10BUI AEACTBYET 3aKOH AMnepa?

CBA3aHbl /I MarHUTHbIE CBOMCTBA BELLECTBA CO CBOMCTBAMM NPOCTPAHCTBA-BPEMEHN?

O6nagaet M Teopema Jlapmopa 3BPUCTUYECKMMM CBOMCTBAMM?

Kakyto ponb cbirpan MeToZ aHanormm B pa3paboTke TeopuuM AUSNEKTPUKOB UM Teopuu
napamarHetTuama?

BepoATHO AW B NpuHUMMNE CyWwecTBOBaHWME B Npupoae BeliecTs, 06/Mafatowmnx TONbKO

deppoMarHUTHbIMKU CBOMCTBAMM?



IIpoBepn cedst
1. KpyTunbHble KonebaHusA paMKU C TOKOM B MarHUTHOM MoJsie ABASAKTCA rapMOHUYECKUMU,
TaK Kak
a) yrnoBoe yCKOpeHWe pamKu NponopLMOHaibHO ee YrI0BOMY OTKNOHEHUIO;
b) Ha Hee gelicTBYeT NOCTOAHHAA CUNa;
C) CO CTOPOHbl MArHUTHOrO MOAS Ha pPaMKy LOEeNCTBYeT MNepuoguyecku

N3MeHAKLWaACA ChUNa.

2. Cuny, feicteme KOTOPOM Ha MarHUTHYHO CTPE/IKY Bbi3blBaeT ee rapMOHUYEecKMe KosiebaHus,
MOXHO ONnpesennTb U3 COOTHOLLIEHUA
a) F=I1[IxB];
b) [rxF]=[pmxB];
c) F={(pmgrad)B.

3. B3aumopgeiicTBMe 3/1eMEHTOB TOKa
a) B obuem cnyyae NogYMHAETCA TPeTbeMy 3aKOHY HbloTOHa;
b) B obLlem cnyyae He NOAUYNHAETCA TPETLEMY 3aKOHY HbIOTOHa;
C) noAuunHseTcs TpeTbemMy 3aKoHy HbloTOHa TO/IbKO MpW YCNIOBUK, YTO CO34aBaemoe

MMM none 04HOPOAHO.

4. Hanpa)eHHOCTb MarHMTHOrO NOJIA Ha OCU Y KOHLA KaTyLlKa
a) paBHa HaNPAMEHHOCTM MNOAA B LEHTPEe COoJeHOMAA, TaK KakK MarHuTHoe noJe
cofieHoMaa ABNAETCA OAHOPOAHbIM;
b) 6onblie HanpAXEHHOCTV NOAA B LLEEHTPE CONEHOMAA, TaK KaK Y KOHLOB COneHonaa
pacno/IoXKeHbl €ro MoKChI, @ Y NOIOCOB CUI0BbIE IMHWUM CrYLLLAIOTCA;
C) MeHblle HanpPAMKEeHHOCTM MOAA B LEHTPEe COeHOMAa, TaK KaK Y KOHLOB co/ieHouaa

MarHMTHoOe noJjie paccenBaeTcCA.

5. MarHuTHas cTpesika TaHreHc-rasibBaHoMeTpa
a) [A0/KHa 6bITb KOPOTKOW, UTOBbI B pacyeTax MOXHO Bbl0 UCMONb30BaTb 3HaYeHMe
HanpPAX»eHHOCTN MarHMTHOrO NOJIA 8 LIeHTPEe KPYroBOro TOKa;
b) ponkHa 6bITb ANMHHOM, YTOObLI 06ECNeYnTb AOCTAaTOYHYHO TOYHOCTb OTCYeTa Yr/i0B

OTK/IOHEHMUA,



C) MoXeT 6biTb N106bIX PasMepoB, TaK Kak ee reoMeTpus He BXOAMT B pacyeTHble

dopmybl.

6. BennuMHa u cTeneHb HEOAHOPOAHOCTU MarHUTHOIO NOAA NAAHETbI
a) He OKasblBalOT 3aMETHOTO BAMSAHUA Ha GOPMbI PA3BUTUS LMBUINU3ALMM HA HEW;
b) MmoryT okasaTb BAMAHME HA pPa3BUTUE GOPM TEXHUYECKOM LMBUAN3ALUU, HE BAUAS
3aMeTHbIM 06pa3om Ha Gpopmbl BUOOTMYECKOM LIUBUIM3ALMUY;
C) MOryT CywecTBeHHbIM 06pasom MOBAMATL Ha GOpPMbl PasBUTUSA BUONOTMYECKON

LUMBUAM3ALNN.

7. Kocmuueckve annapatbl AnA8 WCCAeA0BaHWA MAAHET C CUAbHLIM MarHMTHbIM MOAEM
HeobXxoAMMO M3roTaBANBATb M3
a) ¢eppomarHMTHbIX MaTepuanos Ana obecneyeHmMs MarHMTHOM 3aWuTbl NpUbOpPOB.;
b) AOwa- M napamarHUTHbIX MaTepunanos, c1abo HamarHMYMBaKOLWMXCA B NOE NIAHETI;

C) ANINEKTPUHECKNX MaTepnanos anAa obecnevyeHus MaHEBPEHHOCTK annaparta.

NabopaTtopHas pabota Ne 14

N3YYEHUE MATHUTHOT O ITOJIA COJIEHOUJA C IIOMOIBIO
U3MEPUTEJIbHOM KATYIIKH

Llenb paboTbl: 3HAKOMCTBO C OAHWM U3 METOA0B M3YyYeHMA MarHUTHOro NoA.

anGOpbl U nNpUHaaNEexKHoOCTu: MCTOYHUK NUTaAHUA, cCcoeHouna, nameputenbHaa KaTyLKa,

MWKpOamnepmeTp.

Onucanue 3KCNEPUMEHTAJIBHON YCTAaHOBKH
N3mepeHVe MHAYKLMM MArHUTHOTO MONA Ha OCK CONEHOMAA MOXHO OCYLLECTBUTb C MOMOLLbIO
YCTaHOBKM, CXeMa KOTOPOi npusefeHa Ha puc. 41. B ocHOBY MeToZa U3MepEeHUIi NMOJIOXKEHO ABNEHUE
9/1eKTPOMArHUTHOM UHAYKLMM: M3MepuTenbHas KaTyLiKa C U3BECTHbIM YNCIOM BUTKOB N moaktovaeTcs

K MUKPOaMNEPMETPY MU pacnosiaraetca Ha oCn coneHonga Takum o6pa30M, 4yTOObI NJIOCKOCTb €€ BUTKOB



6blna nepneHAnKyNApHa CUA0BbIM JNMHUAM MArHUMTHOro nonada. EcAn marHuUTHoe none B coneHouge

C034a€eTcA NepeMeHHbIM TOKOM, U3MEHAIOLMMCA MO 3aKOHY i = lgsinwt, TO MarHMTHOE none coseHonaa
B = Bo sinwt.

B 3TOM cniyyae B U3SMepUTENbHOM KaTyLKe MHAYLMpPYeTcA 3. 4. C.

& = NSBow cosmt = Ep cosmt,

roe
€0 = NSBow (1)
C Apyrom CTOpoOHbl,
€o=I(R + Ro), (2)
roe | — TOK B U3MepuUTeNbHOM KaTyllKe, R - conpoTuB/ieHne KaTywKn, Ro —conpoTtusieHne npubopa.
CpaBHuBasn (1) u (2), nonyumm:
Bo = I(R + Ro)/(NSw) (3)

MapameTpbl U3MEPUTENIbHOM KaTyLIKM YKa3aHbl Ha YCTaHOBKE.

vl e = S

Puc. 41.

A N

*

HN3mepenusi u ux odpadorka

1. CobpaTb cxemy 41 NPoBeAEHUA U3MEPEHWNI COrnacHo puc. 41.

2. BKAOYMTb Lenb NUTaHUA coneHonaa.

3. MNepemellas U3MePUTENbHYIO KaTyLLKYy BAOJIb OCU CONEHOMAA, Yepes Kaxable 2,5 cm GUKCUPOBaTb
BE/IMYMHY MHAYLMPYEMOTO B Hell TOKa.

4. BbluMCAWUTL COOTBETCTBYHOWME OUKCMPOBAHHBIM TOYKAM 3HAYEHWA MArHWUTHOM MHAYKLMU MO
dopmyne (3).

5. MNocTpoutb rpaduk 3aBucMmocTtu Bo = f(x).

6. WM3mepeHus n.n. 2-5 NOBTOPUTbL NPU HECKOJ/IbKMX 3HAYEHUAX CUJIbl TOKA, TEKYLLETO YEPEe3 CONEHOUS,

7. Pe3synbTaTbl USMEPEHUI 1 PacYeToB 3aHECTU B Tabauuy.



NabopaTtopHas paboTta Ne 15.

OIIPEJEJIEHUE TOPU30OHTAJIBHOM COCTABJISAIOMIENA
HAIIPA) KEHHOCTHU MATHUTHOI'O 110JIA 3EMJUIM C TIOMOIIBIO
TAHI'EHC-T'AJIbBAHOMETPA

Uenb pa6OTbI: NpPpaKTh4eCKoe OCBOEHNE MATHUTOMETPUYECKOINO MmeToda U3MepeHuA I'OpM3OHTaﬂbHOl7I

COCTaBﬂFHOLLI,EI\/‘I HanpAXXeHHOCTN MarHMTHOro NoaA 3emnn.

Mpubopbl U NPUHAANEIKHOCTU: TaHTreHC-ra/ibBaHOMETP; WMCTOYHUK MOCTOAHHOrO TOKa; amMnepmeTp;

PEOCTAT, K/II0Y N NepeKkoYaTeNb.

Onucanue IKCNEPUMEHTAIBHON YCTAHOBKH

I'opr30HTAIBHYIO COCTaBJISIOILYE0 MAarHUTHOTO TOJS 3€MIIM ONPENENSIOT C IIOMOULIBIO
npulopa, Ha3bIBAEMOI0 TaHI€HC-TAIbBAHOMETPOM. OH COCTOUT M3 KaTYIIKHM - HECKOJBKHX
KPYTrOBBIX IMPOBOAHHUKOB, PACIIOJIOKCHHBIX BCPTUKAJIBHO B INIOCKOCTH MArHUTHOI'O MCpUHAHA
(ImameTp MPOBOJHUKOB M YHMCIO BUTKOB YKa3bIBalOTCs Ha npubope). B nenTpe nmomeraercs
MarHuTHas crpenka. OHa 10JKHA OBbITh MaJIOH, YTOOBI MOXHO OBLIO IPUHUMATH JIEHCTBYIOLIYIO
Ha TOJIOCA CTPEJKM HMHIYKLIHIO PAaBHOM HMHAYKIMM B IEHTpPE KpyroBoro Toka. IlimockocTs
KOHTYpa YCTAaHABJIMBACTCA IMCPIICHAUKYIAPHO FOpI/I3OHTaJ'H:HOI71 IIJIOCKOCTH Tak, yTOOBI OHA
COBMAJla C HAIpPABJIEHUEM MATrHUTHOW CTpenKu. TOK, NMPOTEKAoIMHA MO KOHTYpPY, CO3[AET
MarHuTHoe nojue Bk, IeHCTByOIEe HA MAarHUTHYIO CTPEJIKY U HaIIPABJIEHHOE MEPIEHANKYIISIPHO
TOPU30HTAIILHON COCTABJISIONIEH 3eMHOrO moJisi Br (puc. 42). [lox neficTBUeM ropu30HTAIBHON
COCT&BJ'I?[IOHIGI\/JI HHAYKIOWH TOJIA 3eman u HAIpsPKCHHOCTHU I10JIsI KOHTYpa CTPCJIKa YCTAHOBUTCA

10 HaMpaBJIEHUIO paBHOEHCTBYIOIEN HHyKMK Bp. U3 puc. 42 BugHO, uTO

MHAYKUMA MarHUTHOIO NOAsA KOHTypa By B LieHTpe paBHa:
B = HoNI/(2r), (2)

rae N — uncno BUTKOB KOHTYpPA, | — TOK, MPOTEKAoLWMiA B KOHTYPE; I —paguyc KOHTypa.
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Puc. 42.

M3 (1) u (2) cnepyer:

B = poNI/(2r tgd) (3)

| ®
r
~ |
- %‘i 0

Puc. 43.

Jl1is naHHOTO MecTa 3eMJIM U JaHHOTO pudopa
C=Iltgo
SIBJISIETCS] IOCTOSTHHOM BEJIMYMHOM M HA3bIBAETCS MMOCTOSIHHOM TaHT€HC-TalbBaHOMETpa. Toraa
Br = no(N/2 r)C 4)
Cnepyet NoMHUTb, 4TO dopmyna (4) Aasnaerca NpMBANKEHHOM, T.e. BEPHOM TO/IbKO B TOM Cayyae,
KOra pasmep MarHUTHOW CTPEIKM MHOFO MeHbLLE paanyca KOHTypa r. HaumeHbluas ownbka npu
N3MEpPEHMAX NOAYYAETCA NPU YrNaxX OTKAOHEHMA cTpenkn = 45°% B paboTe Mcnob3yeTca TaHreHe-

ranbBaHomeTp, ana Kotoporo r = 0,15 m, N = 1. B ueHTpe npubopa ycTaHOBAEH KOMMac.



HN3mepenusi u ux od0padoTka

1. CobpaTtb cxemy AnA NpoBeAEHUS U3MepPeHUI coriiacHo puc. 43. NoBopaunBan NOACTABKY TaHIeHC-
raJlbBAHOMETPA, YCTAHOBUTb BUTKM €ro KaTyLIKK B MNIOCKOCTU MarHMTHOrO MepuamaHa.

2.  BKAOYUTbL TOK M YCTAHOBUTL C NOMOLLLbIO peocTaTta cuay Toka 1 A.

3. KaK TonbKo cTpenKka Komnaca NpuaeT B paBHOBECUE, OTCUMTATb MO KPYroBoW LWKaae Komnaca yroa
OTK/IOHEHUA CTPENKU O1.

4. He meHAA BEAMUYMHBI TOKA, U3BMEHUTb MEPEK/IIOYATENEM €r0 HanpPaB/IEHUE N U3MEPUTb BENYNHY
OTK/IOHEHUA CTPeNKK - yron ¢,. B3aTb cpegHee 3HayeHue yrna ¢.

5. TMosTtoputb namepeHua n.n. 3, 4 npm tokax 1,5 A, 2,0 A, 2,5 A, 3 A. BeaAMYMHY TOKa M3MEHAIOT,
MEHAA NONOXKEHME ABMKKA Ha peocTaTe.

6. [MMoacraBnsaa nocnenoBaTeslbHO U3MEpPEeHHble 3HaveHuA tgd u |, HaxodaT 3HAaUYeHWUs NOCTOAHHOMU
TaHreHc-ranbBaHomeTpa C.

7. B3aB cpeaHee 3HayeHne C, no dopmyne (4) onpeaensaoT FOPU3OHTANbHYKO COCTaBAAOLWYIO

UHAOYKUNUWN MalrHATHOTO nonA 3eman.

JlaGopaTtopnas pabota Nel6.
ONPEAEJEHUE TOYKU KIOPU ®PEPPOMATHETUKOB UHAYKIIUOHHBIM
METOJ0OM

Llenb paboTbl: onpegeneHre ToUYkn Kiopn 06pasLLoB METOAO0M 3/1EKTPOMArHUTHON MHAYKLUW.

Mpubopbl U NPUHAANEKHOCTU: HarpesaTe/ibHanA Neyb. aBTOTpaHcPOpMaTop, amnepmeTp, NamnoBbIi
MWANNBONBTMETP, UW3MepUTeNbHaA KaTylKa, Tepmonapa, TepMO3/eKTPUYECKUI

nupomeTp, Habop 06pa3Los.

Onucanue 3KCNEPUMEHTAIBHOH YCTAHOBKH
BONbLWWHCTBO METOA0B onpegeneHns Toukn Kiopu dpeppomarHeTMKOB OCHOBAHO Ha perncrpauuu
pe3Koro naZeHuWs HamMarHMYeHHOCTM uccnegyemoro obpasua npu HarpeBaHWMM ero A0 TemrepaTypbl
Kiopu. MeToa 31eKTPOMarHUTHOW MWHAYKLMM OCHOBAH Ha M3MEHEHUW 31EKTPOABUNKYLLEN CWUAbI
MHOYKUMW B KaTylLKe, KOTOpas OXBaTblBaeT Mcciaedyemblii obpasel, HaxoAAwMcA B nepemeHHOM

MarHMTHOM MoJsie NOCTOAHHOM aMnnTyabl. M3MepMTb TOYKY K}Opl/l MOXHO C NOMOLLbIO CXembl pUC. 44,

3pecb Tpybka ¢ obpasyom O nomelleHa B HarpesaTesibHylo neydb. ObmoTka neun N, asasercs

OAHOBPEMEHHO U HaMal'HVI‘-II/IBaIOLLI,EI‘;I O6MOTKOﬁ, cosp,arou.l,eﬁ nepemeHHoOe mMmarHMTHOe nonae. KoHub!



M3MepuTenbHOM KaTywKn Ni 3aMKHYTbl Ha 1aMNOBbIN MUAAMBOAbTMETP B3—2A. MepBryHas obmoTKa

oTAeNeHa OoT BTOpVI‘-IHOVI cnoem TeNION30NTINPYHOLLLErO maTepuana.

O6bmoOTKa neuu, M3mepuTesbHaA KaTylKa u obpasel, npeactaBaatoT cobol TpaHchopmaTop, Poib
cepAieyHnKa B KOTOpOM UrpaeT obpasel. HanpsaxeHne Ha NnepBUYHON 0BMOTKe, T. €. Ha 0BMOTKe neuw,

TaKOBO:

Ui=Ur+ U,

roe Ur = i1R1 — nageHne HanpaMKeHWa Ha OMUYECKOM COMPOTUBAEHUN NEPBUYHOM 0BMOTKM, U = - &1 —
nageHue HanpsaXeHna Ha WHAYKTUBHOM COMPOTUBAEHWUWU, UYUCNEHHO paBHoe 3. A. C. WHAYKUUU,

BO3HMKaloOLLEN B NepBMYHOM Lenn. Takum obpasom,

€1= i1R1- U1 (1)
C Apyroii CTOPOHHbI,
dd,
1 dt 2

rae ®; — MarHuTHLIN NOTOK, I'IpOHM3bIBaP0LLI,Ml71 OAWH U3 BUTKOB I'IepBM‘-IHOﬁ O6MOTKM, N2 — uucno

BUTKOB NEPBUYHOM OOMOTKN.

MarHuTHbIN NOTOK, NPOHM3bIBAIOLLNI KaKabl U3 BUTKOB BTOPUYHOM 0OMOTKM, paBeH @, = kd4, rae k

— K03 PUUMEHT, yUUTbIBAIOLLMIA Pa3HULY CEYEHWNI NEPBUYHON U BTOPUUYHOMN OBMOTOK.

[ns 3.4.C. HAYKUMM BO BTOPUYHOM 0OMOTKE HaxoaMm:

dd,
£, =—K o N, (3)
roe N1 — 4ncio BUTKOB BO BTOPUYHOM 0BMOTKe.
M3 BbiparkeHui (2) u (3) cnegyert, uto
Nl
E, =& —,
NZ

WY, Yy4nUTbIBaA BbipaxeHue (1), nonydyaem:
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Puc. 44.

OTKyZa cfiedyeT, 4YTO Koraa TemnepaTtypa obpasua Agocturaetr Toukm  Kiopu, KosdpduumeHT
CaMOMHAYKUMMK, a, CAefoBaTefibHO, M WHAYKTUBHOE COMPOTMBAEHWE NEepPBUYHON OBMOTKM peskKo

YMEHbLUAKOTCA U MPAKTUYECKN CTAHOBATCA PaBHbIMWU HYN1O. [T03TOMY B TOUKe KIOpM €=0.

TemnepaTypa obpasua M3MepseTca C NOMOLLblo Tepmonapbl T (Xpomenb—HUKeNb WAU Megb—
KOHCTaHTaH) M NMPOMETPMYECKOro MUAINBOAbTMETPA TNa MIM. Pabounit KoHew, TepMonapbl BMecTe C
06pasLLOM NOMeLLEH B Neyb, a CBOBOAHbIN KOHel, HaxoauTcs B cocyge [Abtoapa (L) npu noctosHHOWM

Temneparype.

CnepyeT NOMHWUTb, YTO NpPM TemnepaType CBOOOAHbLIX KOHLOB TEpMONapbl Bbile HyneBoW npubop
MOKAXKeT 3aHUKEHHYIO NO CPAaBHEHUIO C AENCTBUTENBbHOM TemnepaTypy obpasua. Mostomy B npouecce
M3MEpPEHMA K MNOKasaHMO npubopa Heobxogumo npubasBnaTb TemnepaTypy CBOOOAHbIX KOHLOB
Tepmonapbl WK nepes, Ha4yaom paboTbl C NMOMOLLBLIO KOPPEKTOPa YCTAaHOBWUTL CTPEJIKY MU/IMBOJIbT-

MeTpa Ha AefieHne, COOTBETCTBYIOLLEee TemnepaType CBOBOAHbIX KOHLLOB.

N3mepenus u nx o6padorka

1. CobpaTtb cxemy cornacHo puc. 44.

2.  BKAHOYMTb NaMNOBbIA BONBTMETP B CETb M A4aTb €My NporpeTbca B TedeHne 10 muH. MepekntoyaTens
npeaenos N3mMepeHusa NocTasuTtb B nonoxeHune «300 B» 1 yCTaHOBUTb yKasaTe/lb Ha HY/Nb PYy4YKOM
«YCTaHOBKa Hyna». 3aTeM nepekatovaTenb NPeaenoB M3IMEPEHWs MOCTaBUTb B MOJIOXKEHUE
«KannbposKa» (nog WwauL,), yCTaHOBUTb CTPESIKY NpUbopa Ha 0OTMETKY «10» BepxHei WKabl.

3. Ob6pasel, BCTaBUTb B LIEHTP Neyu.

4. Cnomouybto aBTOTpaHchopmaTOpa YCTaHOBUTb 3/1EKTPUYECKUIA TOK B NEPBUYHOM 0bMmoTKe (1,5 A).



5. 3anucatb TemnepaTypy (°C) no nokasaHMAM MWUAUBOALTMETPA W  3.4.C. MHAYKUMM NO
COOTBETCTBYIOLLEN LLKaA/e 1aMNOBOr0 MUAINBOILTMETPA.

6. HarpeBaHue obpasua nNpou3BOgMTb A0 Tex Mop, MOKa MOCAe KPYyTOro crnaga 3.4.C. UHAYKLMMK
NPaKTUYECKN HE NepecTaHeT YyMeHbLATbCA. [Tocne 3Toro nevb OTKAUUTD OT MCTOYHMKA TOKA.

7. TNoBTOPUTb U3MepeHUa ans Apyrux obpasuos ¢ 601ee BbICOKOW TOUYKOM Kiopu.

8. Moctpoutb rpaduku 3aBucumoctn g, = f(t) ana Bcex obpasuos. M3 rpadukoB npu nomolum
3KCTpanoaAuMmM obaacTm KpyToro cnaja KPWUBOWM HA NPAMYIO — MPOAO/KEHME yvyacTKa KpusoM
Bblle TOYKKN Kiopu — onpeaenntb Toukn Kiopu nccnegyemolx GpeppomarHuTHbIX 06pasyos.

9. Tpou3BECTM OLLEHKY NOrpeLIHOCTeN Npu rpadryeckom onpeaeneHnn Temnepatypsl Kiopu.

NabopaTtopHas paboTta Ne 19.

OIPEJEJIEHUE OTHOCUTEJbHON MATHUTHON MPOHUIIAEMOCTH
MATHETHUKOB C IOMOIIbIO MOCTA MAKCBEJIUTA

Llenb paboTbl: M3ydeHMEe MOCTOBOIrO MeTOAa MarHUTHbIX U3MEPEHUN.

MNpubopbl ¥ NPUHALNEIKHOCTU: UCTOYHUK MEpPeMEeHHOro Hanps»KeHuA; 3TafioHHaA  KaTyllKa
MHAOYKTUBHOCTU; peoxopa; Habop TopouaanbHbiXx 06pasuoB ¢ 06MOTKaMKU; MHAUKATOP

HyNA.

Onucanue 3KCHepHMeHTaﬂbHOﬁ YCTAaHOBKH
MocToBble meToAbl onpeaeneHmna MarHUTHbIX XapaKTepPUCTUK B NEPEMEHHbIX MAarHUTHbIX NOAAX B
OCHOBHOM WCMO/Ib3YKOTCA ANA UCCNef0BaHUA MAarHUTOMATKUX mMaTepuanos. B npakTuke npumeHaeTcA
HECKO/IbKO Pas3/InyHbIX MOCTOBbIX CXeM. TaK, OAnA M3mepeHus OTHOCUTENbHOM MArHUTHOM NPOHULae-

MOCTU MarHeTMKOB MOKHO MCMO/b30BaTb MOCT Makcsenna (puc. 45).

3pech Ly 1 Ry — KOapPULMEHT CAaMONHAYKLUMM U OMUYECKOE CONpOoTUBAEHNE 0OMOTKM Toponaa, L n R
— TO e COOTBETCTBEHHO AN1A 06pa3LoBOM KaTywku, AB — peoxopgd gavHbl | s ypaBHOBeLMBAHMA

mMmocTa, l1 u L — nneun peoxopaa.

Ana nHgmkaumm paBHOBECMA MOCT@ MOXKHO WCMN0/1b30BaTb ocu,wmorpad) nnn BVI6paLl,VIOHHbII‘;1
ranbBaHomeTp BI. C nomoLlLblo ABMXKKA peoxopaa MOXHO /.'l,O6VITbCF| TAaKOro nonoXeHuAa, 4YTO TOK,
I'IpOXO/.'l,FILIJ,Mﬁ yepe3 rabBaHOMETpP, CTAaHOBUTCA PaBHbIM HY/NKO, U NPU pPaBHOBECUUN MOCTA MOXKHO

Hanuncatb chegyruiee paBeHCTBO (BbIBECTVI CaMOCTO‘r'ITEJ'IbHO)Z

2 2y 2
R, +o°L, _ I,
-1,




Puc. 45.

OTcropa:

2
L -1 ( g ](R2+a}2LZ)—RX2 (1)

X
o \\1-1;

M3BeCTHO, YTO MHOYKTUBHOCTb Topomp,aanoﬁ KaTyLwKun

2

NX
L, =ﬂou|—8 (2)

m
3aecb S — naowaab ceyeHua Toponaa, Im — AMHA cpeaHel IMHMK Topouraa.
U3 (2) nonyumm:

ﬂ=LX—|”2‘ (3)
HoNS
N3mepenus u nx o6padorka
1. CobpaTtb cxemy ana NnpoBeneHua U3MepeHnin cornacHo puc. 45.
2. [lepemelyeHneM ABUXKKA peoxopaa [obuTbCA paBHOBECMA MOCTa.
3. WU3smepus nneun peoxopga, no ¢opmyne (1) sblumcauTb Ly, a no ¢dopmyne (3) — MarHUTHyto
NPOHMLLAEMOCTb 06pa3sLa.
4. TMpopenaTb M3MepPEHME WL 411 HECKO/IbKMX 06pasLLoB.
5. TpowussecTu oLeHKY NOrpeHoCTeNn.
3ameyaHune. Heobxoaumble A4 BbIMUCNEHUA HOMMHAAblI YKasaHbl Ha O6pPaA3LOBOM KaTylKe U

obpasuax.



JlaGopaTtopnast pabota Nel8.
M3YYEHUE TMCTEPE3UCA ®EPPOMATHUTHbBIX MATEPUA/IOB [35]

Llenb pabotbi: wm3ydeHue ructepesnca ¢GeppoMarHMTHbIX MaTepuanos, pacyeT U rpaduyeckoe
NMOCTPOEHME OCHOBHOM KPMBOI HamarHM4nMBaHumA, pacyeT paboTbl nepemarHMunBaHmA u

K03pLI,MTMBHOﬁ Cunbl.

Mpunbopbl M NpUHaANEXHOCTU: 3BYKOBOM reHepaTop PQ, 3neKTpoHHbIN ocumanorpad PO, moaynb Or13-

07.

MeTtoauka nsmepeHus

MpuHUMNManbHaa cxema yCTaHOBKM NpuBeaeHa Ha puc. 46.

r

-
8
R

9

q
Lo

Puc. 46.

Nccnepyemblii obpasel, BbIMOAHEH B BMAE TopoudanbHoro TpaHcpopmatopa T, nepsBuYHas
06MOTKa KOTOpOro cogeput Ni BUTKOB, a BTOpuMyHaa — N, BWUTKOB. Hanps:KeHWe Ha NepBUYHYIO
06MOTKy TpaHcpopmaTtopa T nofaeTcs ¢ BbIXo4a 3BYKOBOro reHepatopa PQ yepes conpoTusieHue Ri.
BTopunyHas 06MOTKa TpaHchopmaTopa MOCNefoBaTe/IbHO COeAMHAETCS C conpoTusieHnem R, w
KoHgeHcaTopom C. C conpoTvBieHns Ri  Ha BXO4, YCUAWUTENS TOPM3OHTA/IbHOTO OTK/JOHEHUSA
ocumnnorpacda PO nogaetcs HanpsxkeHue Uy, MponopuyoHasbHoe HanpsaXeHHOCTU MarHuTHoro noas H.

o, .n

Ha BepTI/IKaJ'IbeII‘/JI BXo4 'y C KOHAEeHCaTopa C nopaetca HanpAaxeHune Uy, nponopuynoHasibHoe



MHAYKUMW MarHMTHOro nons B. Mpu paguyce BUTKA 0BMOTKM g << r; paamyca TOponaa HanpAKeHHOCTb

H B Topounge

roe rr=(r+r)/2; r,=d,/2; r,=d,/2.

Tak Kak NafeHune HanpsaxeHua Ha conpotuenedrnn R1 U, = | R;, To c yuetom (1)

_ 2m,RH

Ux
Nl

Uy onpeaensaerca no KoadduUMeHTY OTKIOHEHWUA 3N1EKTPOHHOIO /iyda Mo ropn3oHTaNbHOM ocK Ry:

U, =k x

X X
C yyeTom (3) BbiparkeHue ansa H moxKeT 6bITb 3anNncaHo B BUAE

N, Kk, X _ ok x

H = = oK,
27R, 1,

Mo 3akoHy ®apagen 3AC MHAYKUMN BO BTOPUYHON 0BMOTKE

do dB

g =-N,"—=-N,—

dt dt

2

(1)

(2)

(5)

rae ® — noToK BEKTOpa MarHUTHOM MHOYKUNN Yepe3 OaUnH BUTOK ; S; — nnowaap nonepeyHoOro ce4yeHnA

Topouaa.
Mo 3akoHy Oma 418 BTOPUYHON 06MOTKM Nonydaem

dl
g1:UC+I2R2+L2d—t2

rae Uc- HanpAaXKeHne Ha KoHgeHcaTope; |, — TOK BO BTOpMLIHOI‘a o0bmoTKe ; Lo — MHOYKTUBHOCTD

BTOPUYHON OOMOTKM .

Tak Kak L, oyeHb mano, a IR;>>U. , ypaBHeHue (6) moKeT 6bITb 3anucaHo ¢ ydyeTom (5) B

cneaylolem suae:

dB
N, =S, = LR,,



OTKyZa:

__stzd_B

|
2 R, dt

YuutbiBan (7), Hanaem HanpsKeHue Uy, paBHOE HAaNPsAXKEHUIO Ha KOHAEHCaTope:

rae g —3apag Ha obknagKax KoHaeHcaTopa.
Ecnn nssecteH KoaddULMEHT OTKNOHEHMA Niyya ky No BepTMKanw, To:
U, = kyy

M3 BbipaxeHuii (8) n (9) nonyyaem:

_RCU, RCky _

B— _
NS, NS, P

(7)

(8)

(9)

(10)

Nopas oaHoBpemeHHO Hanpa)KeHua Uy n Uy Ha BEPTUKANbHO M FOPU3OHTA/NIbHO OTK/IOHANOLWME

NAACTUHbI, MOJIYYUM Ha SKpaHe ocumaiorpada NeTo rucrepesmnca.

Mo naowaam NeTam MOXKHO HanTH pa60Ty nepemarHmynBaHnA, OTHECEHHYIO K eaAnHunLe obbema.

Manoe nsameHeHne 06 bLEMHOM NAOTHOCTU 9HEPrmMn marHMTHOro nonA

dw, = Hd(xH) = HdB

Pabota dA, pacxogyetcds Ha W3MEHEeHMe BHYTPEHHel 3SHeprum eauHuUbl

deppomarHeTmKa. 3a NOAHbIN UMK NepemarHninBaHus

A _ NRCKK,
" 2m,RN.S, "

rAe S — naowaab netau ructepesuca; S, =(r, —r,)b.

(11)

obbvema

(12)



Puc. 47.

HN3mepenus u nx oopadorka

YnpaskHeHue 1. OnpeaeneHme oCHOBHOW KpUBOM HaMarHMYMBaHUA.

YcTaHOBUTL Ha cTeHae NpMbopbl, yKasaHHbIe Ha puc. 47.

O3HaKOMMBLUMCb C ONMUCAHMEM YCTAHOBKU U METOLOM M3MEPEHUA, COeaMHUTb NPUBOpPLI B
COOTBETCTBUM CO CXeMOWM, M306paxkeHHOM Ha puc. 47.

O3HakomuTbCA ¢ paboToit 3ByKoBOro reHepaTopa PQ v anekTpoHHoro ocumnnorpada PO B pexume
nsmepeHua euryp Jinccaxy.

MoarotoBuTb NPMBOPBI K paboTe:

a) yCTaHOBUTb C/ieaytoLMe NapameTpbl BbIXOAHOMO CMrHana 3ByKOBOro reHepaTtopa: 2 Ky, - 4yacTtoTa;

0 B - BbIXOAHOE HaNpAXKeHUe;
6) OTKNOUNTD pa3BepTKY Ha ocumanorpade PO.

BkntounTb nabopaTopHbIM cTeHA U npubopbl. YCTAaHOBUTb Jlyd B LEHTPE 3KpaHa ocuuanorpada,
noc/e 4yero, pPeryanmpya BeANYMHY BbIXOAHOMO HaNpAXKeHWUA Ha 3BYKOBOM reHepaTope 1 yCUAeHUe no
ocn Y, YCTaHOBUTb MaKCMMAaNbHYlO META0 [UCTepesnca, COOTBETCTBYIOWYID MarHUTHOMY
HacblleHno o6pasua, B nNpegenax sKpaHa. YMeHblas BeNWYMHY BbIXOAHOTO HaMpAXKeHus,

NONYy4YUTb CEMENCTBO NeTenb rucTepesnca (puc. 48) - He meHee 5 netesnb.



Puc. 48.

Ona Ka)K,D,OVI NeTIN CHATb KOOPAUHATbI X U 'y €€ BeplwWnHbl U 3anncatb UX B Ta6IWILI,y (MO)KHO

CKOMMPOBATb MX HA KaJibKy C 3KpaHa):

Ne X, M y, M Uy, B Uy, B H, A/m AH, B, Txn AB,

METIN A/M Tn

Mo ¢dopmynam (4) n (10) BbIMUCAUTL 3HAYEHUA HAMPANKEHHOCTM H U MHAYKUMM B BepLUMH KaxaoW
neT/v rMcTepesmnca 1 3anucatb Ux B Tabanuy. 3HadeHua di, ,da, N1, N2, R1, Rz 1 b yKasaHbl Ha naHenu
moayna ®rn3-07.

OueHUTb AOoBEPUTESIbHYIO FTPAHULLY CIYy4aMHOM NOrPewHOCTN u3mepeHns H n B npu goseputesibHom
BepoATHOCTM P=0,9, cBA3aHHYIO C MOrpewHoCcTbio BeanYnH ky, ky, X, y. MorpewHocTb nsmepeHus
BeanuunH H n B onpepenserca:

a) NPUBOPHLIMW MOrpPeLHOCTAMU KO3DPULMEHTOB OTK/IOHEHUA 3NEKTPOHHOrO y4a , M
NorpewHoOCTAMN BM3yasibHOrO OTCYETA BE/IMYMH X U Yy Ha 3KpaHe ocumnnorpada (no nacnopty Ha

ocupnnorpad Ak = £0,07k,, Ak, = £0,07k,, Ax = Ay = 0,5 mm);

6) norpewHocTbto BennunH Ni, Ny, Ri, Rz, rr, S;, C (oHa cywecTBeHHOro BK/laga B obuiyto

NoOrpewHoCTb He AaeT);

B) cMcTeMaTUYeCcKom NnorpeLwHocCTbIo, CBA3AHHOM C HeEKOTOpbIMK AonyuweHnamn npu BbiBOAE

pacyeTHbIx dpopmyn (4) n (10).

JoseputenbHble rpaHnLLbl NOrPELHOCTU OTAE/bHbIX M3MepeHMVI onpenenarTCa BblpaXKeHNAMN:

2

2
KAk Y (KA

AH = |X? X
3

(13)



k Ak Y k Ay Y
AB=p yz_"?’y +k; =

3

(14)

roe AH n AB - posepuTenibHble TpaHWUbl norpewHocten muamepeHua H u B, a k, = 1,645 pgns
aoseputenibHon BepoaTHocTM P=0,9. 3HayeHna *AH u *AB HaHocaTca Ha Kpusyto B =f(H), a Takxe

3anuMcbIBatOTCA B Tabanuy.
YnpaskHeHue 2. OueHKa paboTbl nepemarHMumBaHus A, 3a O4UH LUK

1. Tony4nTb MaKCMManbHyIo NETA0 TMcTepesunca 1 3aprucoBaTh Ha Kasibke B KOOpAUHATaX X U Y.
2. CKonupoBaTb 3Ty NET/0 Ha MUAIMMETPOBYIO Bymary, U3MepuTb ee MnioLaab.
3. Onpepaenutb paboTy NnepemarHnymMBaHma 3a 0AuH UMKA no popmyne (12).

YnpaxHeHue 3. OnpegeneHue KO3pLUUTUBHOMN CUNDI.

1. Mo mMaKcMmanbHOM neT/e rucTepesnca HalTU KOOPAMHATY -X, COOTBETCTBYIOLLYIO KO3PUUTUBHOWM
cune - He (cm. puc. 48).

2. Mo dopmyne (4) paccuntathb H..

3. Mo nosy4yeHHoOMY 3HaYeHuIo onpeaennTb rpynny deppomarHeTmka

(MArkni an xectkuii). Mo popmyne (13) oLEHUTL NOrPELIHOCTL U3MEPEHMUA KOIPLIUTUBHOW CUAbI.

ITO UHTEPECHO
MNocnepoBatenb dNUKypa, NoaT U puaocod Tut Jlykpeuuit Kap B cBoeit noame «O npupoae BeLen»
haeT pudpmoBaHHOE TO/IKOBAHME B3rAL0B CBOEro yumntena. Mbl NpMBOANM HUMXKE HECKOJIbKO 3aTAHY-
TYIO UMTATY U3 JIyKpeuma BBUAY €€ UCKAIOYUTE/IbHOM LLEeHHOCTU. Beapb 3TMM reksameTpam yxKe bonee

ABYX TbiCAY net!

MHe ocTaeTcA CKa3aTb, MO KaKOMY 3aKOHY NPUpoAbI
MOKeT Kenie30 NPUTArMBaTb KaMeHb, KOTOpPbII

IPEKU «MarHUTOM» 30BYT MO Ha3BaHMIO MECTOPONKAEHbA,
M60 HaxoamMTCA OH B NpeAenax 0TYM3Hbl MarHeToB.
3TOMy KamHI0 Hapog yanenaetcs, nb6o HepeaKo

Llenbto 3BEHO K 3BEHY, OT HETO UCXOAA, NOBUCAET.

MoHo Beab BUAETb I'IOpOVI, YTO, Ka4aACb OT TUXOro BETPa,



MATb nM 6onblle TakKNMX CBOBOAHO CMYCKaeTcsA 3BEHLEB.

Bce oHM BMecCTe BUCAT U, OAHO K 04HOMY NPUAENNSAACD,
KamHA cuay 1 cBA3b APYr OT Apyra TorAaa UCMbITYIOT:

Tak ero cuna Bcerga 6ecnpepbiBHbIM B/IMBAETCA TOKOM...
Mpeae BCEro U3 MarHuTa A0MXKHbI CEMEHa BblAeNATbCA
MHOXeCTBOM UAN }Ke TOK UCTEKaTb, pa3buBas ToNUYKaMM
Bo3ayx, KOTOPbIV BE34E MEKAY KAMHEM NEXKNUT U }KENE30M.
TONbKO YTO CTAHET MYCTbIM NPOCTPAHCTBO MEX HUMU, U MHOTO
MecTa O4MCTUTCA TaM, KaK TOT4ac XKe, 06Leto Kyyel
MNMepBOHaYana TyAa CTPEMI/IaB NOHECYTCA XKenesa;

Cnenom 3a TEM U KONbLLO YCTPEMANSAETCA BCEM CBOMM TE/IOM...

Bosgce He Hano Teb€ yaUBIATHCS, YTO TOK U3 MarHUTa

He B COCTOAHWM COBCEM Ha Apyrve AeiCcTBOBATb BELUM:
YacTblo MX TAMKECTb CTOATb 3aCTABAAET, - KaK 30/10TO, - YaCTblo
MopUCTbI TENIOM OHM, U NO3TOMY TOK YCTPEMAATHLCA

MosKeT cB0604HO CKBO3b HUX, HUKYa He TOIKasA Npu 3TOM;

K aTomy poay BeLLei Mbl 4epeBO MOMKEM NPUYUCIUTD.
CpefHee MeCTO MeX TeM U APYTMM 3aHUMAET XKeneso...
Belum, B KOTOPbIX MX TKaHb COBNAZAET B3aMMHO C A4,PYrOH0,
TaK, YTo rae BbINYKNOCTb €CTb, Y APYroii OKa3anachb 6bl Tam ke
BnaguHa, - 3Ta UX CBA3b OKAXKETCA CAMOI0 TECHOM.

ECTb 1 TaKkue elle, YTO KptoKaMu U neTaammu byarto

[ep:KaTtca Kpenko, v 3TUM APYr C APYromM CLenasoTca BMecTe.

o710, CKOpee BCero, nponcxoauT B Kese3e C MarHUToM...



3TW CTPOKM ABAAIOTCA, MOXKaNyi, B Hayaae TPETbero ThicAYeneTua Hallei apbl Hanbonee ycnewwHom
NOMbITKON 06bACHEHUA NPUPOAbI MarHUTHbIX ABIEHWIA, XOTA N OYeHb HanBHOW. Bce ocTasibHble MOMbITKK
CBOAMNCL K NPEANONKEHMIO CYLLEeCTBOBAHMA Y MarHuta 60MKecTBEHHOM «AylWW», YTO MO3BOAAIO He

AymaTb O ,ﬂ,aﬂbHEVILUMX AoBoAax B 3alUTy rMNOTE3bI.

TEMA Ne5

WU3YYEHUE SNEKTPOMATHUTHbIX KONNEBAHUI

Jlutepatypa

[P3]. Fn. XX, XXI. §§159-161.

[P7]. Th. X1l
[P8]. §§50, 55.
Bonpocbl N0 TeEOpPETUHECKOMY MaTepuUany
1. CBobogHble rapMmoHMUYecKre KonebaHus B 31EKTPUYECKOM KosiebaTeIbHOM KOHTYpe.
2. YpaBHeHWe COBCTBEHHbIX 31EKTPUUECKUX KoebaHWi.
3. 3atyxatowme KonebaHusa. Slorapudmmyeckuii gekpemeHt. LobpoTHOCTb.
4. YpaBHeHMe KonebaHUi Npu HaMuMKM 3aTyXaHuA.
5. BbIHYAEHHble KOiebaHUA B 3N1EKTPUYECKOM KOHTYpE.
6. Pe3oHaHcHble ABNEHUA B KonebaTeNbHOM KOHType. LLMpuHa pe3oHaHCHOW KpMBOM M ee CBA3b C

H06POTHOCTLIO KOHTYpPA.

7. Tpouecc yCcTaHOBEHMA BbIHYKAEHHbIX KOiebaHWA.

8. MopgaeprkaHue KonebaHuit. UCKpoBOIM KOHTYP.

9. AsTtoKonebatenbHasa cuctema.

10. Wcnonb3oBaHWe OTPULLATENIbHbBIX CONPOTUBEHUIA.

11. PenaKcauMOHHble KonebaHuA.

12. KonebaHua B cBA3aHHbIX KOHTypax. lapumanbHble KonebaHMa M MX 4acToTbl. HopmanbHble
KonebaHma (Moabl) M UX YaCTOThI.

13. ®OuabTpbl. PUABLTP HU3KMX YacToT. PUALTP BLICOKMX YacToT. Llenoyka m3 ¢unbtpos. Mosocosol
dunbTp.

14. TpaHcdopmaTopbl.



15. OgHononynepuoaHOE M ABYXMNOAYNEepPMOAHOE BbINPAMIEHNE NepeMeHHOro ToKa.

KauectBeHHble BONpOCbI

1. Ha rBo3ab HamaTbIBAlOT NPOBOJIOKY U MOAKAOYAIOT K 3apsAKEHHOMY KoHAeHcaTopy. HamarHuturca
N rBO3ab?

2. [onyctum, 4TO yAanocb €o34aTb TaKOW KosnebaTenbHblA KOHTYP, B KOTOpPOM npoucxoamnun 6Bbi
He3aTyxatowme KonebaHusa 6e3 NpuTOKa saHEPIrMmn U3BHe. B Kaknx Lensax aTo n3obpeteHmne morao .6bl
HaWTU NPUMeHeHNe?

3. Mpu AByxnoaynepuMoaHOM BbINPAMJEHMM TOKA C MOMOLLbIO CXE€Mbl, MOKa3aHHOM Ha puc. 49
NoJy4atoT TOK, TEKYLIMIA B OAHOM HanpasaeHMn. HaprucoBaTb 3aBUCMMOCTb 3TOMO TOKa OT BPEMEHMH,
npeHebperas BceMW MOTEPSMM, W, CUYMTAA, YTO BbINPAMUTE/NIb MUTAET YUYUCTO aKTUBHOE
CONpOTUBAEHNE, ONPeAeUTb CpeAHee 3HayeHMe cuabl ToKka. Ecan cxema BbinpAMaeHua nuTaer
nepBUYHYI0 06MOTKY TpaHchopmaTopa, Kakaa IC BO3HUKHET BO BTOPUYHOM 0O6MOTKE?

Q nw

g P

P i

Puc. 49.

4. B cxeme, NnpeactaBaeHHOM Ha puc. 49, napanienbHO CONPOTUBAEHMIO R npucoeanHeH KoHAeHcaTop
C. Kak aTo 0TpasnTca Ha 3aBUCUMMOCTM TOKA OT BpeEMeEHN?

5. B nepBMYHyl0 UuUenb TpaHcbopmaTopa BK/AKOYEHbl COeAMHEHHble MOCAen0oBaTe/IbHO B
NPOTMBONONOXKHbIX HanNpaBAeHUsX [Ba MOJAYyNpoBOAHWKOBLIX Anoga (puc. 50). Hapwucosatb

ocumnnnorpamMmmsbl TOKa B I'IEpBVIHHOVI uenn mn 3I'IeKTp0ABM)KyU.I,EI7I CUnNbI, BO3HVIKalOLLI,eV1 BO BTOpMLIHOVI.

- Ié:




Puc. 50.

6. B nepBuuHylo LuUenb TpaHchopmaTopa BKAKOYEHbl fABa BaKYYMHbIX AMo4a, COeAMHEHHbIX
napannesibHo, HO B MPOTUBOMO/IOKHbIX HanpasaeHuax (puc. 51). AMNAUTYAa SNEeKTPOABUNKYLLEN
CWUbl, NPUIOKEHHON K NEPBUYHON OOMOTKE, 3HAUYMTEIbHO MPEBbLIWAET HAMPAXKEHME, NPU KOTOPOM
Anoabl NepexoinaT B PEMMM HacblWeHus. HapucoBaTb CXxemaTM4ecKuM OCLMAIONPaMMbl TOKA B

NepPBUYHON LLenu 1 SNEKTPOABUIKYLLEN CUIbl BO BTOPUYHOWN.

1

g

Puc. 51.

7. Ha Kakue npobuBHbIE HanNpsAXeHWsa A0/KHbI BbiTb paccumTaHbl KoHaeHcatop C m auoa, ecau

BbINpAMUTENDb (prc. 52) moxKeT paboTaTb KaK noa Harpy3Kol, Tak 1 6e3 Hee?

T

L+

I
I
]

~ 2208

Puc. 52.

8. DJNeKTPMUYECKUiA KOHTYpP COCTOUT M3 KOHAEHCaTopa MOCTOAHHOM €MKOCTM M KaTylUKW, B KOTOPYIO
MOXeT BABUraTbCA cepaedHuKk. OauH cepaeyHmK CnpeccoBaH 13 pepputa U ABAAETCA U30AATOPOM.
[pyroit cepAeYHUK N3roToBAEH N3 Mean. KaK M3MEHUTCA YacToTa COBCTBEHHbIX KonebaHUI KOHTYpa,
€C/IN B KaTyLWKy BABUHYTb a) MeAHbIN cepaedHuk; 6) cepaeuHunk us pepputa?

9. [lBa KOHAeHcaTopa OAMHAKOBOM EeMKOCTM  COEAMHAIOTCA  MapanfiefibHo C  MOMOLLbHO
CBEPXNPOBOAHMKOB. OAMH M3 KOHAEHCATOPOB HeceT 3apAg, ¢. Kakvne npouecchbl NponcxoanT B 3ToM

cucteme? Kak NPU 3TOM UBMEHAETCA SHEPTUNA INEKTPUYECKOTIO nona?



10. Bxoasawmin B KonebaTeNbHbIA KOHTYP MNJIOCKMN KOHAEHCATOP TaKOoB, YTO ero MAacTUHbl MOryT
nepemeLLaTbca Apyr oTHOCUTENbHO Apyra. Kakmm obpaszom nocpeacTBOM NepemeLleHns NAacTuH
OCYLLECTBUTbL NAaPaMETPUYECKYIO PACKAYKY KOHTypa?

11. KaTywka, B KOTOPYIO BCTaBAEH MOCTOAHHbLIA MArHWUT, NPUCOeAMHEHA K KOHAEHcAaTopy. M3BeCTHbI:
WHAYKTUBHOCTb KATyLIKKW, €EMKOCTb KOHAEHCAaTOpa M MarHMTHbIA MOTOK, CO343aBAaEMbI MArHUTOM.
OnuwunTe 31IeKTPUYECKUI NpoLLecc, NPOUCXOAALIMIA B LEenu B c/lydae, Koraa MarHUT o4eHb ObiCcTpo
YOANAOT U3 KaTyLWKK, U B CAy4ae, KOrga MarHUT yaanatoT o4eHb megseHHo. Onpeaenntb B 06omx
cnyyasax paboTy, 3aTpayeHHyo Ha yAaneHMe marHuTa.

12. B ceTb NepemMeHHOro ToKa C HanpsaXeHWeM BK/IOYEH KOHTYP, COCTOALLMI U3 TPEX CONPOTUBAEHUIN U
ABYX naeanbHbIx anonos (puc. 53). Kakasa cpefHAs MOLWHOCTb BblAENAETCA Ha CONPOTUBAEHUN 33

oaMH nepuog? Kakme npnbopbl U Kak Hafo NOAKNOYUTb, UTOObI ee U3MEepPUTL?

Puc. 53.

13. MNouyemy B CBY-neun Boaa HarpeBaeTca, a neg, — HeT?

14. YTO NPOUCXOAMUT C MArHUTHBIM MNOJIEM B KaTyllKe, 4epe3 KOTOPYI MNPOUCXOAUT paspsas
KOHAeHcaTopa’?

15. Moyemy Npu 3Ha4YMTE/IbHOM NOBbILEHUN TEMNEPATYPbI BbINPAMAALIOLLEE AEUCTBUE p-n - Nepexosa
pesKo ocnabnaerca?

16. O6bsAcHUTe paboTy BbiNnpaAMUTENEiN, COBPAHHbLIX MO CXemMaM, NMOoKasaHHbIM Ha puc. 54. Kakol us

l'pad)MKOB 3aBUNCUMOCTU CHJIbl TOKA OT BpEMEHU COOTBETCTBYET KaH(ADI?I N3 CXxem BbIHpHMMTEHED’I?



{ 7
) b Gy
™~ N
t
; 2)
g 7) 7

Puc. 54.

17. MNpoBoaa, wuvaywue Ha WU3roTOBAEHWE KaTYLWKW, [OO/IKHbI WUMETb BO3MOXHO MeHbluee
COMNPOTUBNEHUNE: YEM MEHbLUE COMNPOTUBEHWNE, TEM MeAJ/IEHHEE 3aTyXaloT KonebaHmA B KOHTYpe.
O/ HaKOo BCTPEYAOTCA KOHTYPHbIE KaTyLKKW, cAeNnaHHble U3 CTEKNAHHOM TPYOKKU, MOKPLITON CBEPXY
TOHKMM cnoem cepebpa. ConpoTMBAEHUE CTEKNAHHON MANOYKU SNEKTPUYECKOMY TOKY CTOJb
BEJ/IMKO, YTO Er0 HEBO3MOKHO M3MepUTb. KaK »Ke cornacosatb ABa NONOXKEHWUA, MPOTUBOPEYALLNX
APYr Apyry: BO-NEPBbIX, CTEKNO ABAAETCA XOPOLMM U30NATOPOM; U, BO-BTOPbLIX, KATYLUKU LOIXKHbI
W3roTOBNATLCA U3 MaTepuana, 06/1a4aroLWero HAMMEHbLLMM CONPOTUBAEHUEM?

18. MNoyemy Npu 3HAYUTENBLHOM MOBbILEHUM TEMMEPATYPbI BbINPAMASAIOLLEE AENCTBUE p-n - Nepexosa
pesko ocnabnsertca?

19. U3mepeHne BeNNYNHDBI caBura gpasbl MeXay TOKaMM MOXHO MPOU3BECTU C MOMOLLbIO KaToAHOro
ocumnnorpada no cxeme puc. 55. Kak ocyllectsuTb 3To namepeHune? MoXKHO an 3TMM cnocobom

onpenennTb 3HaK casura gpasbl?
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Puc. 55.

20. MowHocCTb B uenu nepemeHHOro Toka NameHAeTCcA Co BpeMeHEM, KaK NOKa3aHO Ha pucC. 56. Kak,
3HaA MaKCMmasibHOE U MUHUMa/ZIbHOE 3Ha4YeHne MOLWHOCTK, onpeaenntb YMCnoBoe 3HayeHume

casuvra ¢as mexay HanpaxeHnem v Tokom? Yemy paBeH nepros M3MeHeHUA MOLLLHOCTM?



21.
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15.
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Puc. 56.

Moyemy Harpy*KeHHbln TpaHchopmaTop ryauT? Yemy paBHa YacToTa 3BYKa A/1a TpaHchopmaTopa,

BKJ/IIO4EHHOIO B CETb C TOKOM MPOMbILWAEHHOM YacTOTbI?

Kak BbI nymaere
CyLw,ecTByoT M B NPUPOAE CTPOro Nepmuoauyeckme npouecchl?
Kakoe oTpa)keHue HawaM naeun ganbHoaencTBms U 6N1M3KOAENCTBUA B PAa3BUTUM TEOPUM
3/1IeKTPOMArHUTHbIX KonebaHun?
Kakon Tun ¢wusnyecko aHanormnm (aHanorua nepeHoca MNpW3HaKa, aHanorus
CYWecTBOBaHUA, aHaNorMs poACTBEHHOCTM CpaBHMBAEMbIX ABNeHWN, obobuiatowan
aHanorus, cybcTaHUMOHHAA aHanormAa u T. 4.) UCNoNb3yeTcs npu CpaBHEHUMU
3/1IEKTPOMArHUTHbIX U MeXaHUYeCcKnx KonebaHmn?
Kakne naeanbHble MOAENN UCMO/b3YIOTCS B TEOPUM IJIEKTPO MArHUTHbIX KonebaHuin?
B yem CMbIC/1 IHEPreTUYECKUX aHanormii Npu CPaBHEHWUU KosiebaHMN MmaTeMaTU4ecKoro
MaATHUKA C 9N1EKTPOMArHUTHbIMKW NpoLLeccamm B KonebaTenbHOM KOHType?
KaKoBbl yCNOBUA yCNELWHOro NPUMMEHEHNS MeTo4a aHaNornm?
ABnAOTCA MM MAeaNbHble MOAEN 0OBEKTUBHBIMK MO POPME U CoaepKaHuUIo?
OTnunyatoTCcA MM NpU COOTBETCTBYIOWMX  YC/NOBUAX  3aKOHbl PacnpoCTpaHEHUA BOJH U
OBUXKEHUA YacTuu?
B yem cx0ACTBO M pasnnuyme mMeXay MeXaHUYeCKon U 3INeKTPOMarHUTHOM BOJIHAMMU?
B uyem 3aKkno4yaloTCs KOJIMYECTBEHHbIE M KAYeCTBEHHble CTOPOHbI TakKoh GU3NYECKOM
Be/IMUYMHbI, KaK nepuoa KonebaHuin?
3aBUCUT M cobCTBEHHAs 4acToTa KosebaTenbHOro KOHTypa OT CUCTeMbl oTcyeTa, B
KOTOPOW paccmaTpuUBaeTCs KOHTYp?
MoryT nn sHepruun, CBOMCTBEHHbIE Pas3NIMYHbIM BUAAM ABUKEHWUA, B KOTOPbIX yyacTByeT
AaHHanA cucTema, B3aMMHO npesBpaLaTbea?
CyLLecTBYOT I OFPaHMYEHUA 418 B3AMMHOIO NpeBpaLLeHMs pasIMYHbIX BUAOB SHEPTUm?
YT0 Takoe 3N1eKTPOMarHuTHas BO/IHA - MaTepuasibHbli 0OBEKT WAM npouecc
pacnpocTpaHeHus nons?

ﬂ,OI’IYCKaIOT TN 3aKOHDbI ¢M3I/IKVI cywectBoBaHuMe CTpOro nepunoandeckmnx I'IIL)OLI,ECCOB‘.'>



IIpoBeps ceds!

1. Norapndmunyeckmin AEeKPEMEHT 3aTyXaHus
a) He cBA3aH C 4OBPOTHOCTbIO KOHTYPA;
b) ysennumnsaetcs c poctom 406pOTHOCTU KOHTYpA;

C) yMmeHbLaeTcs C POCTOM A06POTHOCTU KOHTYpa.

2. B nocnepoBaTeNbHOM KOHTYpe Npu w <wo

a) UL <Uc;
b) U|_>Uc;

¢) UL == Uc, HO MeXay HMMM cyliecTByeT casur no ¢ase.

3. MNpu pe3oHaHCce HaNPAKEHN
a) conpoTMBAEHNA UHAYKTUBHOCTU U EMKOCTM MMHUMa/IbHbI, @ CWU/1a TOKA MaKCMMaJ/IbHa;
b) conpoTnBAEHUA MHAYKTUBHOCTU M EMKOCTM MaKCUMasbHbl, a CM/1a TOKa MUHUMA/bHA;

C) no/IHOe conpoTussieHne uenn MMHUMaIbHO, a CUJ1a TOKa MaKCMMa/ibHa.

4. MNepuog, 3neKTpUYecknx KonebaHuit B peasibHOM KOHType
a) He 3aBUCUT OT A0BPOTHOCTU KOHTYpPA;
b) yBeanumsaerca npu Bo3pactaHum go06POTHOCTM KOHTYPA;

C) yMeHbLUaeTca Npu BO3pacTaHnm fo6POTHOCTM KOHTYpa.

5. KoaddpurumeHTOM BbINPAMNEHMSA Ha3bIBAETCS OTHOLLIEHWNE

a) npAmMoro n 06paTHOFO TOKOB, USMEPEHHDbIX NP OONHAKOBbIX MO BE/IMHNHE NPAMOM U 06paTHOM

HanpAaxXeHuax;



b) npamoro n o6paTHOro HanpsXeHWU, U3MEPEHHbIX NPU OANHAKOBbLIX MO BEAUYMHE MPAMOM U

obpaTHOM TOKax;

C) BbIXOAHOMO U BXOAHOTO HaMpPAMXKeHUA.

6. CrnaxkuBatollee gencTeMe KoHAeHcaTopa
a) He 3aBMCUT OT BE/INYUHbI €r0 EMKOCTH;
b) ycunueaetca npu yseanyeHnn ero eMKocTy;

C) ycunmBeaeTca Npyu YMeHbLUEHUN ero eMKOCTHU.

7. KoadpdpuumeHT BbINnpAMIEHNA BaKYYMHOIo Anoaa
a) He 3aBMCUT OT aHOZHOTO HaNPAXKeHUs;
b) npoxoauT yepes makcMmym Npu BO3PacTaHNM aHOAHOIO HaNPAXKEHNA;

C) MOHOTOHHO BO3pacTaeT Npu yBeIMYEHUM aHOAHOTO HanpsaXeHus.

NabopaTtopHas paboTta Nel19

M3YYEHUE NPOLECCOB 3APALA U PASPAOA KOHOEHCATOPA [35]

Lenb paboTbl: M3yuyeHMe KpUBbLIX 3apaga v paspaga KOHAEeHcaTopa Mpu pasfiMuyHbix napameTtpax RC

BﬂeKTpVILIECKOI‘;I Lenn n BblMnMcneHne BpemMmeHun penakcaumu.

Mpubopbl M obopyaoBaHue: UCTOYHUK NuTaHua WI; 3BykoBol reHepatop PQ; npeobpasosatenb
CMHYycoMAaanbHbIX UMNynbcoB (moaynb ®MN3-08); marasuH conpoTtusneHuii MC; marasuH

emkocteit ME; anekTpoHHbIl ocumnnorpad PO.

OnucaHue aKcnepmmeHTaanoﬁ YCTaHOBKU

Bnok-cxema n anekTpuyeckasa cxema yCTaHOBKM NpuBeaeHbl Ha puc. 57, 58.
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Puc. 58.

Cxema (puc. 57) cOCTOMT M3 UCTOYHMKA MOCTOAHHOro Toka WM, reHepaTopa HU3KOYACTOTHbIX
CUHYCOMAANbHBIX MMMNYAbCOB (3BYKOBOrO reHepatopa), CMOHTMpOBaHHOro B Moayne @M3-08
npeobpasoBatensa CUHYCOUAANbHbBIX MMMY/AbCOB B MPAMOYrO/ibHblE MOJIOXUTE/bHON MOAAPHOCTM
(npeobpasoBatenb MMMNYAbCOB MO3BOAET NOAYYUTb NPAMOYTO/bHbIE MMMYAbCbl, CKBA*KHOCTb KOTOPbIX
MEHAETCA PEerynsaTopom Ha JNLEBOMN NaHenu), AByX MarasMHoB conpoTmeieHuii  Ri m R, marasuHa

emkocTtei C 1 3neKTPOHHOro ocumanorpada.

MopaBaembll € BbiIXOoAa reHepaTopa CUMHYCOMAANbHbIA  UMMyAbC npeobpasyetca B
NPAMOYTO/IbHbIA M Yepe3 MarasuH COnpOTUB/IEHWI MoAaeTcs Ha marasuH emkoctel C. KoHgeHcaTtop
3apskaetcA. Bpems 3apsaga KoHaeHcatopa C MOXHO M3MEHATb conpoTueaeHnem R,. B MOMeHT nay3bl
npoucxoauT paspag KoHaeHcaTopa no uenu RiR,C. Bpems paspsga onpegenserca napameTpamu 3Tow

uenu.



BusyanbHO npouecc 3apsga-paspaga KOHAEeHcaTopa MOMKHO Habnwogatb Ha  3KpaHe
ocumnnorpada. Hambonee yctonumebli pexkum paboTbl AaHHOM cxembl obecneymBaeTca npu

M3MEeHEeHMN HOMWHA/IbHbIX BeAMYMH anemeHToB RC -uenu B cnepyrouwmx npegenax:

C=0,02...0,04 mk®; R;=10%.1030m; Ry=1..5kOm; feuw= 0,5..5kKlL,
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Puc. 59.

Mpu 3TOM CPaBHUTENbHO MOJHO MPOWMCXOAMT MPOLECC 3apaga-paspaga KoHaeHcatopa. Mpwu
YBENNYEHUN COMPOTMB/IEHUI U eMKOCTM 6o/bliue onpeaeneHHbIX 3HaYeHUI KOHAEHCaTop He ycnesaeT
MOJIHOCTbIO 3aPAAMTLCA M Pa3pPAAMUTLCA 33 OAMH Nepuo, umkna. Habnogaemble npu 3TOM KpuBble 3a-

psafa u paspaga M3obparkeHbl Ha puc. 59 WTPUXNYHKTUPHON NNHUEN.

N3mepeHua n ux obpaboTKa

1. CobpaTb aNeKTPUYECKYIO CXEMY COrnacHo puc. 57 n 58.

2.  O3HaKomMUTbCA € paboToi 3BYyKOBOIo reHepaTopa U 31eKTPOHHOro ocumanorpada.

3. MNoprotoBuTb 3BYKOBOW reHepaTop K paboTe. YCTaHOBWUTL caefyloliMe napameTpbl BbIXOAHOTrO
HanpAXXeHWA 3ByKOBOro reHepaTopa: Yactota 2 Kl'u, HanpaxeHue 2-3 B.

4. YCTaHOBMUTb MMMNYAbCbl HAMBOAbLUEM CKBaXKHOCTU. [118 3TOro HaxaTb NEBYIO KHOMKY "CKBAXKHOCTb-
rpy6o" npeobpasosatens wmnynbcoB MU (mogynb ®MN3-08). Pyuyky  "CKBaXKHOCTb-TOYHO"
YCTaHOBMUTb B KpaltHee NpaBoe NOJIOKEHUE.

5. Mogrotoeutb ocumanorpad Kk pabote:

a) BK/IIOUYUTb PA3BEPTKY INEKTPOHHOTO ycuamtena Y M YCTAaHOBWUTb 4YacTOTy Pa3BEPTKM,

y£06Hyto ans HabaogeHns curdanos yactotol 2-10 Ky,

6)  ycuneHue no ocn Y 3/1eKTPOHHOro ocumanorpada yCTaHOBUTb TaKMM, YTOBbl MOXKHO 6bl10

N3MepATb NepemeHHoe HanpsaxeHue go 10 B;

B) YCTaHOBWUTb BpEMA rOpVI3OHT6fIbHOI7I Pa3BEPTKN NyHa TaKNUM, yTObbI Ha 9KpaHe nomeLanocb

1-2 neproaa CMHYCOMAAaNbHOTO HanpaAXeHUs YyactoTon 2 K,
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BKkntountb nabopatopHbiit cteHa, n npubopsl.

YCTaHOBUTb Ha 3KpaHe ocumanorpade yCToOMYMBYHO KapTUHY.
YCTaHOBUTb Ha MarasuHe conpoTueaeHni Ry 3HayeHme Ri=10? Om.
YCTaHOBUTb Ha MarasuHe conpoTueaeHni R, s3HayeHme R,=10° Om.

YCTaHOBUTb Ha MarasmHe emKkocTel 3HauyeHue C= 2:1072 mkd.

YnpaxHeHue |. U3yyeHUe KpUBbIX 3apAaaa U paspaaa KoHAeHcaTopa

YcTaHOBUTb ycuaeHue KaHana Y ocumnnorpada TakmMm, 4Tobbl BbICOTa MMMY/ibCa Ha 3KpaHe bbina
MaKcMmanbHoi. COBMECTUTb Hayaso KPWMBOM 3apsga C HayasoM LWKasbl ocumnnorpada.
YCTaHOBUTb 4acToTy pas3BepTKM ocuunnorpada Takoi, 4yTobbl Ha 3KpaHe ymecTu/sacb MOJiHaA
KpuBanA 3apsaaa v paspaga KoHaeHcaTtopa. CHATb 3aBucnumocTs Y = f(X), nsmepsa X B cekyHaax, a Y
- B BoNbTax. 3anucatb 8-10 3HaYeHnt X 'Y . PesynbTtathl 3aHecTv B Taba. 1.

MocTpouTb KPUBYIO 3apaaa KOHAeHcaTopa.

Tabaunua 1.

X, C
Y,B

AHanorMyHble U3MepeHUs NPOBECTM AN KPUBOW paspsasa, COBMECTMB Havyano KPUBOK paspasga
HayaNoM KOOpPAMHAT Ha WKane ocunnnorpada. PesynbTaTthl 3aHeCTU B Tab. 2. oCTpoUTb KpuByto
paspsaga KoHAeHcaTopa.

Tabnuua 2.

X, C
Y,B

Mo KpuBbIM 3apAga M paspsda KOHAEeHCAaTopa onpeaennTb BPeMs, 3a KOTOpPOe Be/IMYMHA
HanpAXeHWs nagaeT A0 NOMOBUHbLI NEepPBOHAYanbHOro 3HadyeHus ("nonoBuHHOe Bpema") U no
dopmyne RC = 1,4425 ty, BblMMCANTb BpemA penakcaumm T = RC.

He nsmeHas ycuneHue KaHana Y ocumnnorpada, NOAy4MTb HA IKpaHe KpuBble 3apasa v paspasa
KOHAEeHcaTopa Npu Apyrux 3HavyeHnax Ry n C, octaBnAs HEM3MEHHOM BEIMYUHY CONPOTUBNEHUA
R;=10% Om.

PekomeHayemble 3HadeHna Ry u C cneaytowpe:

1) R;=1020m; C=2102..4102% MKk,



2) Ry =21030m; C=1-102 mKD;

3) Ry =310°0m; C=1102 mko.
MN3mepuTb No HabatogaeMbiM Ha aKpaHe ocumnnorpada KpMBbIM pefiakcaunm 3apsaa "nosioBUHHOE
Bpema" B AefieHUsX WKasbl. 3aTem ty, nepeBecTn B cekyHApbl. a1 noayyeHUa A0CTaTOMHO NOJIHOMO
npouecca 3apaga M paspaga KOHAEHcaTopa MOXKHO M3MEHATb YacTOTy CAeAO0BaHUA MMMY/bCOB,

MeHAA YaCTOoTy CUITHa/1a 3BYKOBOIO reHepartopa.

5. Bbluncantb noctoaHHyto BpemeHn RC, ncnonbsya 3HayeHma napametposB RC-uenwn. Yyectb, 4to
npu 3apage KoHgeHcaTtopa R = Ry, a npu paspage R =R;+ R, . Paccuntatb oTHoweHue ty K RC gna
BCex cyyaes no popmyne A= ty,/RC.

6. CpaBHUTb BEIMYMHY A C TEOPETUYECKMM 3HaYeHMeMm, paBHbim In 2,0=0,693.

7. OueHuUTb NOrpeLIHOCTb U3MEPEHN No dopmyne

S= <’4“3-">M1000/0

meop

rae <Ausw> - CpefiHee 3HaYeHUe BbINOAHEHHbIX U3MEPEHWI.

YnpaxHeHue 2. MocTpoeHne KpMBOI pa3pasa KOHAEHcaTopa B norapupmuueckom macwutabe

MoHO nokasaTtb (BbII'IOJ'IHMTb CaMOCTO‘r'ITEI'IbHO), YTO HanpAXeHne Ha KOHAeHCAaTope B npouecce

€ro paspsaa M3MeHAETCA MO 3aKOHY

V:V()et/Rc,
v, t
OTKyAa: n =—.
V() RC

Bocnonb3oBaBLWMCh AaHHbIMKW Tab. 2, NOCTPOUTb N0rapUPMUUECKYO 3aBUCUMOCTD,
XapaKTepU3YIoLLY0 MU3MEHEHNE HanpaXeHNA Ha KOHAeHCcaTope OT BpemeHu t npu paspaae
KOHAeHcaTopa, yumTbiBas, uto Vo=Y(0), V(t)=Y(X), X=t. KoTaHreHc yrna HakaoHa NoJly4eHHOM NPAMO

€CTb XapaKTePUCTMYECKOE BPEMA peslakcaLlnmn 3apasa, Uan NnoctosHHaA BpemeHu RC:
ctga=t=RC.

CpaBHMTb nonyyeHHble pe3ynbTaTbl CO 3HAYEHUAMU NOCTOAHHOWM BpemMeHn, HaVl,ﬂ,eHHbIMVI B

yrnpaxHeHuun 1.

NabopaTtopHas pabota Ne 20



WUCCNEQOBAHUE 3ATYXAIOLLIMX KONEBAHWIA B KONEBATEAbHOM KOHTYPE [35]

Llenb paboTbl: M3ydeHUe NapaMeTpoB 1 XapaKTepUCTUK KosebaTesIbHOro KOHTYpa.

Mpubopbl 1 060pyao0BaHMeE: reHepaTop 3BYKOBbIX CMrHanoB PQ, ocumnanorpad PO; moaynb c
KonebaTenbHbiM KOHTYpom PI13-10; npeobpaszosatenb Mmnynbcos PM3-08; UCTOYHUK nuTaHKuA UM,

MmarasuH conpotusaeHnin MC.
OnucaHue 3KCcNepuMeHTaIbHOMU YCTaHOBKM

MpUHLMNMaNbHaN CXxema 3KCNepMMEHTAIbHOM YCTaHOBKM M306parkeHa Ha puc.60.
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B paboTe gns nosnyyvyeHusa KonebaHWit B KOHType ucnosb3yetca mogynb ®MN3-10 ¢ KoHTypom,

M306parKeHHbIM Ha puc. 61.
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Puc. 61.

Mpoucxoasawue B KOHType KonebaHusa HabatoAarTca Ha aKpaHe ocumanorpada (puc. 62).
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Puc. 62.

Linkn 3apsaxkeHns u pasparkeHus ocumnnorpada anmrca 1/v cekyHa, rae v — 4acTtoTa, 3aZaBaemas
3BYKOBbIM reHepaTopom. Ha sKpaHe ocumnnorpada emy COOTBETCTBYeT OTPe30oK /;. ITo nossosseT
onpegenntb nepuog T 3aTyxalowmx KosebaHui, KoTopomy Ha puc. 62 cooTBeTCcTBYeT oTpe3okK /. U3

nponopuuu I/T=I;v nony4aem:

T =

[ (1)

U3mepeHusa n nx obpabortka

YnpaxHeHue 1. UsmepeHue nepuopaa, norapudmuyeckoro gekpemeHta u napametpos L, C, R

KonebaTeNbHOro KOHTypa.

1. Os3HakomuTcA C paboToi 3BYKOBOrO reHepaTopa W 3NEKTPOHHOro ocuuanorpada B pexume
namepeHnAa amnantyabl CUHYCOUAA/IbHOIO HanpAXeHnA.

2. MopgroTtoBuTb NPUBOPBLI K paboTe:
a) YCTaHOBUTb C/leAytoLLmMe NapaMeTpbl BbIXOLHOIO HAaNPAXKEHUs 3BYKOBOIrO reHepaTopa: 4acToTa

500 Iy, HanpsAxeHue 2-3 B;

6) Ha npeobpasoBaTtene umnynbcos Pr3-08 HaxkaTb KNasully «M» 1 NpPaByto KAaBuLly

«CKBa*KHOCTb rpybo»;
B) Py4KY MarasmHa COnpoOTUB/IEHUNIA MOCTaBUTb B NONOXKEHME «I» 1 HaXKaTb Knasuuly «x10%».

3. BKAHOYMTb NabopaTopHbIA CTeHA U NpUBOpLI.

4. TonyunTb Ha 3KpaHe ocumanorpada ycTonunsyto KapTHy KonebaHuit (cm. puc .62).



5. U3mepuTb pacctoanus /, I; 1 BbIUMCAUTL Nepuos KonebaHuii no dopmyne (1).
6. W3ameputb amnautyay kKonebaHun Vig ,Vao, V3o U, KOMOUHUPYA KX MOMAPHO, BbIYMUCAUTL NO
dopmyne
VlO VlO(tl)

A=In—==1In (2)
V20 V20(t1 +T)

norapudmudecknii aekpemeHT 3atyxanua A. Mo ¢opmyne A= F-T onpegennts KoapdpuumeHt

3aTyxanus [3 . Pe3ynbTaTbl U3MepeHUii U pacyeTos 3aHectv B Tabauuy 1.

7. BbINONHWUTb n3mepeHua n.n. 5,6, BKAOUMB B MarasmHe conpoTtusnenma 100, 300, 500, 600 Om.

Tabanua 1

Rm VlO VZO V30 A ﬁ L c RK R

8. MocTpounTb rpadmK 3aBUCMMOCTM NOrapuPMUYECKOro JeKpemeHTa 3atyxaHua A ot
conpotusnenns R marasuHa (puc.63), oTknaabieas sHayeHna R, no ocu abeumcc ot
Npomn3BoabHOM TouKkK O 1 akcTpanonupya rpaduk kK A = 0. MonHoe conpoTmeneHne KoHutypa R

CKNaaplBaeTca U3 conpotmeieHna R, KaTyWKu caMOMHAYKLUMM U CONPOTUBAEHNA MarasnHa R, :

R=R + RM .
R
ﬂi/ Re— 0 R 1
Puc. 63.
MNoatomy
R, +R
A=—k_ ™. T (3)

2-L

Conpotusnenune R, , oueBngHo, nsmepsaetca otpeskom (cm. puc. 63).

9. Wcnonb3ya HalgeHHoe 3HayYeHue Ry n 3HadeHue nepuoga T, HallaeHHoe paHee no ¢popmyne (1),

BbIYNCAUTb MHAYKTMBHOCTb M3 popmybl (3), a 3aTem emkocTb C— 13 popmyn



oo L " T =272JLC (4)

10. Nopobpatb conpoTUBAEHMe MarasuHa conpoTusineHnit R ., npu kotopom Habnopaetca
anepuoaMyecknin paspag KoHaeHcatopa. CornacHo pacdyetam (BbIMO/NHWUTb CaMOCTOATE/IbHO)

ponkHo 6bitb R, + R, =2+ L/C . Nposeputb pacyeTom 310 COOTHOLIEHME.

YnpaxkHeHue 2. UccnepgoBaHue pa3oBbIX KPUBbIX

[nsa HabnogeHna Ha sKpaHe $ha30BoM KPUBOI Ha BEPTUKAbHO OTKIOHAIOLLME NAACTUHBI ocumanorpada
noJaloT HanpaskeHne ¢ OBKNadOoK KOHAEHcaTopa, a Ha rOPUM3OHTaNIbHO OTK/OHAWLWME NAACTUHbI -
Hanpsa)eHne Vi C KNemMm marasumHa CONpOTMBAEHWUI Ry, nponopumoHanbHoe Toky V=/Ry. Takum
obpasom, Ha 3KpaHe ocumnnorpada un3obparkaeTca 3aBMCMMOCTb HanpskeHus V' Ha obknagKax

KOHAEHCATOpPa OT TOKa /s KOHTYype.

1. BkaouMTbL ocumnnorpad. Monyuntb Ha 3KpaHe $azosyto KpUBYLO

(cm. puc. 64).

U

|
)
)

Puc. 64.

2. YCTaHOBWTb KapTUHY B LLEHTPe dKpaHa.

3. Bpawas pyyky MarasmHa COMPOTMBAEHWIA, NOAy4MTb as3oBble KPWBblE MPU  Pa3AUYHbIX
COMPOTUBNEHUSAX.

4. W3mepuTb 3HayeHuA HanpsXKeHus, pasaeneHHble nepvosom BPEMEHM,
T.e. pPaccToAHMA OT UeHTpa $a3soBOM KPUBOM OO0 TOUKM MepeceyeHnsa BUTKOB CMMPAnM C OCbio
HanpA}KeHUa V 1 BbIYMCAUTb NOrapnudMUYECKMIN AEKPEMEHT 3aTyXaHuWA:

A,=2,3lg h
20

AHaNOrM4YHbIM o6pa30M BbIYUCNNUTDL ﬂOFapMd)MMLIECKMVI AeKpemMeHT no 3Ha4YeHuAM TOKa ,

pas3aeneHHble nepnogom BpemMeHu:



/1,:2,3Ig:i’.

20
N3mepeHuna BbINOAHUTb NO BCeEM BUTKam $a30BOM KpMBOI. Pe3ynbTaTbl 3anmncaTb B Tabanuy 2.

Tabnunua 2.

Rwm R=R;+ Rm V1o V2o V3o Av l10 l20 I3 M

5. NosToputb M3MepeHmna nN.4 npu 3HaYeHmAx conpoTmeneHna marasmda 100, 200, 300, 400, 500, 600
Om.
6. 3apwucosaTb $a30BYO KPUBYIO NPU anepuoanyeckom paspaae KoHaeHcaTopa.

7. PaccuuTaTbh norpewwHocTb onpeaeneHmsa A (Gopmyny BbIBECTM CAMOCTOATE/IbHO):
2 2
Ao [Avloj {AVZOJ
VlO V20

rae AV — norpewHocTb nsmepeHua V Ha akpaHe.

JlaGopaTtopnas pabora Ne 21
WU3YYEHWUE BbIHYXAEHHbIX KOIEBAHWI B KONEBATE/IbHOM KOHTYPE [35]

Llenb paboTbl: M3y4yeHME 3aBUCMMOCTM TOKa B KoaebaTe/lbHOM KOHTYpe OT 4YacToTbl MCTOYHMKA DAC,

BK/IIOYEHHOrIO B KOHTYpP, N UamepeHune pe30HaHCHOl71 4aCTOTbl KOHTYpPa.

Mpunbopbl 1 o6opyaoBaHue: 3ByKOBOW reHepaTop PQ; aneKTpoHHbIN ocumnnorpad PO; mogynb PM3-

11; marasuH conpoTtusneHunit MC; marasmH emkocteit ME.

OnucaHue :-)KcnepumeHTaanoii YCTAHOBKMA

CopepaHumem paboTbl ABAAETCA M3y4eHMe pe3oHaHca B nocsiegoBaTesnbHoil uenu RCL.

MpUHLMNnanbHan 3NeKTPUYECKas cxema 1abopaTopHON YCTaHOBKM NpUBEAEHA Ha puC. 65.
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Puc. 65.

KonebaTenbHbii KOHTYp COCTOUT W3 KaTywKku L, marasmHa emkroctelr C, nepemeHHoro
conpoTtmeaeHuna R n conpotmenenma Ri. HanpsrkeHune Ha conpotuBaeHmn Ri, NponopunoHanbHoe TOKY B
KOHTYpe, NoaaeTca Ha Bxod, Y aneKTpoHHOro ocumnnorpada. Ana cHATMA pe30HAHCHbIX KPUBLIX,
M3MEHAS 4acTOTy 3BYKOBOro reHepatopa PQ, onpegenaiwoT 3aBucumoctb I, =f(Q) npu pasnanyHbIX

COMPOTUBAEHMAX KOHTYpa R.

[na nsmepeHus casura ¢as ¢1  MOXKHO MCMONb30BaTb GUrypbl JIUCCarKy, MOyYaemble Ha IKpaHe

ocumnnorpada (puc. 66).

Puc. 66.

MOXHO nokasaTb (BbIBeCTM CaMOCTOFITEI'IbHO), 4yTo

(1)

4
tg 2
g2

o | T

Takum ob6pasom, AnA usmepeHua casura ¢as mexay HanpaKeHUAMM OAMHAKOBOM 4acToTbl
[A0CTaTO4HO U3MEePUTb NOYOCK a U b annMnca, BNIMCaHHOro b KBaApaT Ha aKpaHe ocuuanorpada. Npn ¢
= 0 37AMNC BbIPOXKAAETCA B NPAMYIO, YTO Mo3BoAAeT no ¢urypam JiMccaxy yCTaHOBUTb MOMEHT
HacTyn/ieHusa pes3oHaHca. Ana noayyeHus oéuryp Jinccaxy Ha Bxoa «Y» ocuunnorpada nopaercs
HanpsAXeHne C CoMnpoTMBAEHUA Ri, MPOMOPLMOHANbHOE TOKY, @ Ha BXOA4 «X» - HanpsAKeHue co

3BYKOBOIO reHepaTtopa (puc. 65).



Ha puc. 67 1 68 npuBeaeHa 3NeKTpMUYECcKaa CXeMa SKCNEPUMEHTaNIbHOMN YCTaHOBKM.
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U3mepeHua n nx obpabortka
YnparkHeHue 1. CHATUE Pe30HAHCHbIX KPUBbIX

1. YcTaHOBUTb Nepek/oyatensMmmn marasmHa emxoctelt C=3103% mk® u nepekntoyatenamm marasuHa
conpoTtusneHuii R=0.
2. Wcnonbsya npubansutenbHoe sHavyeHue MHAYKTMBHOCTM L=100 mIH, paccunTaTb Pe30HAHCHYHO
yacToTy KoHTypa no popmyne f —;
Ty TYp pmy. 0= or \/E
3. O3HakomuTbCA c paboToii 3BYKOBOro reHepaTtopa 7 3/1EKTPOHHOro
ocuunnorpada B perKMme U3MEPEHUs aMmnIUTyAa CUHYCOMAANbHOMO HanpaMeHuA U NoayveHus

oduryp Jluccaxy.



4. MoarotoBuTb Npubopsl K paboTe:

a) YCTaHOBWUTb C/eaylolmMe MapameTpbl BbIXOAHOrO HanpaXeHWa 3BYKOBOrO reHepaTtopa:
yacrtoTa - 2 Kl'u, BennymHa HanpaxeHua - go | B;

6) BKAOYUTL PA3BEPTKY SNEKTPOHHOTO ocumnanorpada ¢ 3anyckom ot yeuautens Y n ycTaHoBUTb
YacToTy pa3BepPTKU, yA0bHYI0 AnA HabaoaeHMa curHanos YyactoTom 2-16 Klu;

B) ycuieHMe no ocu Y 3/1eKTPOHHOro ocuuanorpada YCTaHOBUTb TaKMM, 4TOObl Obino
BO3MOXXHO U3MepATb NepemeHHble HanpaxeHua ao | B.

5. BkntounTb nabopaTopHblit cTeHa n npubopbl. HanpaxeHne 3BYKOBOro reHepaTopa YCTaHOBUTb
pasHbim 0,8 B. 370 3HayeHWe npu BCEX WM3MepeHUAX B YNpakKHeHuu | nogaepxusaTb
HeM3meHHbIM. oayunTb Ha 3KpaHe ocuunnorpada ycronumBoe M300parKEHUE CUHycoUAbl.
N3mepuTb amnanuTyay CUMHYCOMAANbHOITO HanpAKeHWA B BOJbTax. Pe3ynbTatbl M3mepeHus
3anucaTb B Tabamuy 1.

Tabaunua |
f, xI'n
Vo, B
lo, MA

6. M3mepuTb amnauTyabl Npu APYrnux YacTtoTax B AManasoHe oT 2 Ao 16 Klu. YactoTy MameHATb ¢
nHTepBanom 1-2 Klu, B6AM3M pe3oHaHca (B npegenax f + | Klfu) c uHTepBanom 0,2 Klu,.
Pe3ynbTaTbl U3MepeHuii 3aHecTn B Taba. 1.

7. PaccuuTaTb amnautyay TOKa B KonebaTenbHOM KOHType no ¢opmyne lo = Vo/Ri, roe Ry —
3HayeHMe, YyKasaHHoe Ha mogyne. PacyeT nNpPoOBeCTM [ANA KaXKLOro 3HAYEHWUA 4YacToThl,
pes3ynbTaTbl BbIMMCNEHUI 3anucaTb B Taba. 1 B muannamnepax.

8. VYcraHoBWUTb conpoTueaeHne marasmHa R = 500 Om. MNposectn nsmepeHua n.n. 5-7, pesynbraTbl
3anucatb B Tabauuy.

9. CHATb pe3oHaHCHYIo KpuByto (M.n. 5-7) npu R =30000m.

10. MocTpouTb Ha ogHOM YepTeske rpadukm 3asmucumocteit lo(f).

11. Mo rpadukam lo(f) npy R=0u R =500 OM HaWTV LWINPUHY pe30HaHCHOM Kpueown Af un paccunTaTb

f
3HaYeHus 4O6POTHOCTU KOHTYpa no dopmyne Q =~ ﬁ .
YnparkHeHue 2. OnpepeneHmue 3aBUCUMOCTU PE30HAHCHOM YacToTbl OT emKocTh C
1. YcrtaHosuTb conpoTmsnerHne R =0, emkoctb C = 1-103 mk®.
2. BbIknwounTb pa3BepTKy ocumnnnorpada. Ha skpaHe ocumnnorpada Habaogate anamnc (cm. puc.

66). M3ameHAA 4acTOTy 3BYKOBOro reHepatopa, A06WUTbCA NpeBpalleHMs 3AAUMca B NPAMYIO,

PacMoNOXKEHHY0 NMpUMepHO nog yriom 45° K ocn X. MNpy HE0B6X0AMMOCTU M3MEHATb yCuaeHue




ycunutens Y. MNpu 3Tom YacToTa 3ByKOBOro reHepatopa paBHa pesoHaHcHoM Yacrtorte fo.

3. 3HaueHwua fo u C 3anucaTb B Tabanuy 2.

Tabnnua 2.

Cc10° @
fo, Kl'u,
VA

4. TMposecTn uamepeHua n.n. 2 u 3 npu apyrux sHaveHunsax C ot 1103 ao 101103 mk®d ¢ untepsanom I10°

3 MKD.

5. BbluMCAUTb 3HaYeHusa Z = W nocTpouTb rpadumk 3aBucMmoctn Z oT C, KOTOPbIA A0KEH

1
(ko)
npeacTasaATb COBOM NPAMYIO IMHUIO, MPOXOAALLYIO Yepes3 Hauyao KoopauHart. MNpu nocTpoeHun
rpaduka cnegyet ydyecTb caepytowee. TOYHOCTb 3HAYEHUI EMKOCTEN, yCTaHaB/MBAEMbIX Ha
MarasmvHe eMKOoCTen, cocTaBaseT 5%. MNoatomy Ha rpaduke creayeTt n3obpasuTb npeaesnsbl, B
KOTOPbIX M3BECTHO AaHHOe 3HayeHuMe C TaK, KaK NoKa3aHo Ha puc. 69. 3aTem cieayeT NpoBecTU
NPAMYIO, He BbIXOAALLYIO 33 HMMHMe rpaHuupl C (npamasa 1), 1 Npamyto, He BbiIXoAALLyH 3a

BEPXHNE TpPaHUUDbI (I'IpﬂMaﬂ 2). B aTuUXx npepgenax [o0/KHA pacnonaratbCA  WUCTUHHAA

3aBucumoctb Z = f(C).

Zz } 2
-gosc, 1

+ 005¢C,

o T S I —

Puc. 69.

6. PaccunMTaTb 3HaUYEHME MHAYKTUBHOCTM KaTYLIKM KaK TaHTeHC yria HaKAoHa NpAMbIX Ha rpaduke
Z=1f(C):

LoAZ0 L+l
AC P 2

7. OueHuTe NorpewHocTb onpeaeneHms L:

NabopaTtopHas paboTta Ne 22



W3YYEHWUE INEKTPUYECKUX KONEBAHWUIA B CBA3AHHbIX KOHTYPAX [35]

Uenb paGOTbII n3ydyeHume obmeHa SHEPIrnMn B CUCTEME 3SNEKTPUYHECKUX KOHTYPOB, cnabo cBA3aHHbIX

mexay coboir.

Mpubopbl 1 obopypoBaHue: McToYHMK nuTaHusa WM, npeobpasosaTens mmnynbcos [U; -3ByKOBOIA

reHepatop PQ; ocuunnorpad PO; marasmH emkocteir ME; mogynb ®M3-13.

OnucaHue 3KCcNepuMeHTaIbHOMU YCTaHOBKM

BueHMs MOXKHO HabnlogaTb B 3/1EKTPUMUECKOM cucTeme - B ABYX OAMHaKOBbIX  LC-KOHTypax,
CBA3aHHbIX MeXay coboit cnaboi emKocTHoW cBAsbio (pwuc.70), Habnopatotcs 6ueHua (puc. 71).
KonebaHua B KOHTypax BO36yXkAatoTca ¢ nomoubto npeobpasosatens umnynbcos (MN). BueHusa —

pe3ynbTaT npouecca obmeHa :-)Heprmeﬁ mexgy AOBymAa TrapMOHUYECKMMU  OCUUNNATOPaMMU,

COBCTBEHHbIE YACTOThI KOTOPbIX Pa3IM4akoTCcA mano.

Pnc.70.

G




Pwuc. 71.

3HayeHMe YacToTbl 0BMEHA Woem (MMEETCS B BUAY OOMEH 3HEPruen), Uam 4acToTbl BUEHUN Wepen =
Wosm MOXKHO U3MEHATb, HacTpamMBaa CUCTEMY KOHTYPOB NyTeM M3meHeHMsa HomuHana anemeHTos C, Ci,

L, RurTa, AOGMBaHCb TOro, yTOObI Pa3HOCTHAA 4acToTa 6bina cBegeHa K MUHUMYMY. Ecan cBAsaHHbIe

1
KOHTYpPa MMeT OAUHAKOBYID PE30HaHCHYK 4acCToTy ) =—F— n, Kpome TOro,

JLC'

C12 BenMKa no

cpasHeHuio ¢ C, T.e. — << 1 ("cnabas ceAsb"), To yacTtoTa 06MEHa MOXET BbITb BbipaskeHa GOpPMyoN:
12

1 1 2 C
a)oﬁ,w T~ .7 ~t rw.
LC |LC LC, C,

UccneposaHune 6VIeHVIl\;1, T.e. obmeHa :-)Heprmﬁ B CBA3aHHbIX KOHTYpaX, U ABAAETCA 0[],HOl71 ns3

NPaKTUYECKUX 33434 AAaHHON paboTbl.

Ha puc. 72 n 73 gaHbl 610K-CXeMa M 3N1EKTPMYECKan CXEMA IKCNEPMMEHTA/IbHOMN YCTaHOBKM.

5

PN3-13

ME
wollis
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1115
=) |
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Pwuc. 72.
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Puc. 73.

3pecb UM - nctoyHuk nutanusa; MU - npeobpasosatesib Mmnynbcos; PQ - 3BykoBoi reHepaTtop; PO -

ocunmnnorpad; ME - marasuH emkocten; ®r3-13- moaynb.

M3mepeHus un ux obpaboTtka

1. O3HakomMUTbCA C PaboToM 3BYKOBOro reHepaTopa 1 3N1eKTPOHHOro ocuumaiorpada.
2. CobpaTb cxemy U3MepeHuii cornacHo puc. 73.
3. NoarotoBuTb NpMbopbI K paboTe:

a) cnomolblo MarasmHa emkocteit ME yctaHoButb C = 41027 MK®;

6) ycTaHOBUTb C/ieaytoLMe NApaMeTPbl BbIXOAHOTO HaNpsAXKeHMs 3BYKOBOTO reHepaTopa: 4acTtoTa
200 lu, BenMUMHA HanpsxkeHusa 2-4 B, pexum paboTbl - reHepauma CUHYCOUOANbHbIX

KonebaHwuii;

B) BK/IHOYMTb Pa3BEPTKY 3NEKTPOHHOro ocuuanorpada C 3anyckom oT YCUAWUTENA U YCTaHOBUTb

4acToTy pa3BepPTKU, ya0bHY0 ans HabaogeHUsa curHanos yactoton 200 My,

r) ycuneHue no ocu YaNeKTPOHHOro ocuuanorpada ycTaHoBUTL TakMM, YTOBbI BblI0 BO3MOXKHO

N3MepUTb NEpemMeHHOE HanpsaKeHne o 5 B.

4. BKAOYMTb NabopaTopHbI cTeHa W npubopbl. PerynMpoBKON pydeK ynpaBAeHMSA Ha NaHenu

~n

ocumnnorpada AobuTbcA cTabubHOM KapTUHbI Npouecca "6ueHunin" B KOHTypax.

5. Bblumcauntb Tpes 4158 OAHOMO U3 KOHTYPOB (PE30HAHCHbIE YacTOTbl KOHTYPOB 6/1M3KM) No popmyne
TomcoHa pr: 277+ LC . Bennumubl L 1 C yKasaHbl B nacnopte Moayns

6. M3MmeHaa Be/IMUMHY eMKOCTM KoHAeHcaTopa cBA3n Ci; Ha marasuvHe emKkocTen ot 4107 po 4107



MK®D, nsmeputb nepuoapl "6bueHunin". Nepuoa "bueHua"' onpepensetca cneayowmm obpasom:
noACYMTbIBAETCA KOMIMYECTBO MepuoaoB (KOAMYECTBO MaKCMMYMOB), YKIaAblBalOWMXCA B O4HO
"6nenme" (umcno N, puc. 74). 3Ta Be/NMYMHA YMHOXKAETCA Ha BblYMCNEeHHoe no dopmyne
TomcoHa, T.€.  Teuen = fpes®N. MMoNyYeHHbIE pe3yabTaTbl 3anucaTtb B Tabaunyy 1. Mo noayyYeHHbIM

AaHHbIM MOCTPOUTL rpadumk 3asucumoctn Te = f(Cia).
n T r,=Ser
posectn pacyeT T no ¢opmyne 7, —? yes VI CPABHUTb €70 C 3KCMEPUMEHTaNIbHBIM

3Ha4vyeHunem.

Tabnvua 1

Ci2, MKk®D

N

TG skers ©

TG Teops C

buenue

N=5. KEA-80 max

|. l | B EE@’

Pnc.74.

Jlaboparopuas padota Ne 23

N3YYEHUE OJHOITIOJYHEPUOJAHOI'O U ABYXIIOJYIHEPUOJAHOI'O

BBIIIPSIMUTEJIEN

Ueno paboTbl: M3yyeHWe OAOHOMONYNEPUOLHOrO M ABYXMNOAYNEPUOLHOTO KEHOTPOHHOMO M

nonynposoaHNKOBOIoO BblanMMTeﬂeVI.

Mpubopbl M NPUHALNEIKHOCTU: CTeHA (pUC. 75), SNEKTPOHHBbIN ocunanorpad; 3. NoaynpoBOAHNKOBLIN

BbIinpAMUTENDb; NCTOYHUK NUTAHNA.

UsamepeHna n nx obpaborka.



YnpaxkHeHve 1. HabnoaeHne KpuBOt U3MeHeHUs TOKa B KEHOTPOHHOM BbinpaMUTene

Puc. 75.

PaccmoTpuTe yCTPOMCTBO BbINMPAMUTENS, YACHUTE Ha3HaYeHWe KaXKaoW ero getanu.
BbiACHUTE, C MOMOLLbIO KaKOro K/Ya MOXKHO MeperT OT OAHOMONYNepUoaHON CXembl
BbINPAMMUTENA K ABYXNOAYNepunoaHom (n HaoboporT).
MpucoegmHute ocumnnorpad K BbinpamuTesnto Yepes genmntens Ry, Ra.
BKAKOYMTE BbINPAMUTEND, MPOBEPbLTE, HAaKa/IMBAETCA /M KaToA KEHOTPOHa.
PasomKHUTE Katou Ky, NnogaiiTe Hebonblioe HanpaXeHWe C BbIXoAa BbiNpAMMTENs Ha ocuunnorpad.
Ha 3kpaHe ocumnnorpada Bbl AO/BKHbI NOAYYUTb Cleaylolme Kpusble BbINPAMAEHHOrO Hanpsa-
KeHus:

a) 6e3 dunbTpa;

b) npu BKAKOYEHHOM TONBKO OAHOM KOHAeHcaTope Cs;

C) npu BKAOYEHHOM Apoccene GUNbTPa U BbIKAOUYEHHbIX KOHA4EHCaTopaXx;

d) npu BKAOYEHHOM Apoccene U KoHaeHcaTope Cy;

€) Npu BKIOYEHHbIX BCEX SN1EMEHTAX Cra*kMBatolero duabTpa.
PewunTte camocToATeNbHO, KaKWe K/YM [OJIKHbl ObiTb 3aMKHYTbl, KakMe Pa3sOMKHYTbl Npu
BbINOJIHEHUWN KaXKA0ro onbiTa B OTAENbHOCTU. MPUNOKMB NPO3PadHyo ByMaykKy K aKpaHy ocuun-
norpada, MATKMM KapaHAalWoM 3apuUcyiTe MoJsiydeHHble KpuBble. ByabTe OCTOPOXHbI, YTOObI He

nospeauTb TPy6KY ocumnnnorpada.

3amKHuTe Katod Ky, NoOBTOpUTE UCCNeaoBaHUA ANA ABYXNONAYNEPUOAHOTO BbINPAMUTENS.
CHMMMUTE HarpysouHYIO XapaKTEepPUCTUKY BbiNpAmuTena. [Ona 3Toro OTKAuMTe ocumanorpad,

HarpysuTe BbINPAMUTENIb PEOCTAaTOM C 60/IbLWIMM conpoTMBeHneM (nopsaka 3—5 kOm), nocnego-



BaTe/IbHO C peocTaToM BK/WOYMTE MUAAMamnepmeTp. [pucoeamHnte BOAbTMETP. M3meHsns
COMPOTUBAEHME PEOCTATa, 3aNncbiBaiTe NOKasaHMA Npubopa. Mo AaHHbIM U3MEPEHUI NOCTpoKTe
rpadumk U = f(l).

MpuMmeyaHne: Harpy304HbIA PeocTaT A0KEH BbiTb CHAbXKeH orpaHMunTenem Bo nsbexaHme KOPOTKOro

3aMbIKaHHNA BbIXOAHbIX 3a*XMMOB BbINPAMUTENA.

YnpakHeHue 2. HabnloaeHne KpUBOIt M3MEeHeHUs TOKa B NOJIyNPOBOAHUKOBOM BbinpAamuUTesne

Ona nonyyeHnAa ogHoO- U AByXnoaynepunogHoro BbinpAMIEeHUA TOKa MCNOJIb3YETCA BbINpPAMUTEb,

cobpaHHbIV MO MOCTOBOM cxeme (puc.76).

Puc. 76.
mn
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Pwuc. 77.

CobpaTb cxemy, 30bparkeHHyto Ha puc. 77.
Bxoa Y ocuynnorpada coeguHUTb C Knemmamm A 1 B Ha naHenn mocrta.

Ha sbinpamuTens noaaTb HanpaxkeHue 6,3 B OT MCTOYHMKA NUTAHKUA.

o © N o

BK/IlOUMTb reHepaTop pa3BepTKU ocumasiorpada v NoAy4nTb Ha 3KpaHe ocuunnorpada ycTonumByto
KapTUHY U3MEHEHMA TOKA OT BpeMEHM Npu 04HOMNOAYNEePUOLAHOM BbINPAMAEHUN. 3apUCOBaTb KAPTUHY
B TeTpagp.

10. Bxog Y ocumnnorpada coeamHuTb € kKnemmamu C M B Ha naHenu mocta M MOAYYMTb Ha 3KpaHe
ocumnnorpada yCTOMUMBYIO KAPTUHY M3MEHEHWsA TOKa OT BpeMeHM Mpu  ABYXMOJAynepuoaHom

BbINPAMAEHMM. 3apMCOBaTb KAPTUHY B TETPASb.

3T0 UHTepecHo [16, 30]

B 1842 r. 3HaMeHUTbIN amepUKaHCKM Gn3KK [xko3ed MeHpu yCTaHOBW, YTO pa3pas IENAEHCKNIM
GaHKM COCTOUT HEe M3 OAHOro Mepexoda 3/eKTpuYecTBa C OA4HOM OOKNaAKW Ha APYrylo, a U3 Le/oMn
cepum BbICTPO 3aTyXaloLLNX 3/IEKTPUUYECKMX KosiebaHuin. K aTomy ke BbiBoay B 1847 r. npuwen MepmaH
lenbmrosibl, B CBOe 3HameHWUTON cTaTbe “O coxpaHeHun cunbl”. KonebatenbHbl xapakTep paspsga
nenpeHcKkon 6aHKM BHOBb Obln NOABEPrHYT BHUMATE/IbHOMY aHanu3y Bunbrenomom depaepceHom. OH
3aMeTW/, YTo ecnn age obKNagKM KOHAEHCATOPa coeaMHeHbl HeHObWNMM CONPOTUBNEHMEM, TO PA3PSL
HOCUT KoJsiebaTenbHbI  XapakTep W AJWMTENbHOCTb Nepuofa KonebaHuit  NponopumoHanbHO
KBaZpaTHOMY KOPHIO U3 EMKOCTU KoHAeHcaTopa. B 1855 r. Bunbam TomcoH (nopa, KenbsBuH) BbiBEN U3
TEOpUWM NOTEeHLMana, 4YTo nepuos KosnebaHwuii OCUMAAUPYIOWEro paspaga NponopuMoHaseH
KBaApaTHOMY KOPHIO M3 NPOM3BEAEHMA €MKOCTU KOHAEHCAaTOpa Ha ero KOapoULMEHT CAaMONHAYKUMUN.
HakoHeu, B 1864 r. . Kupxrod gan Teoputo KonebatenbHoro paspasga, a B 1869 r. lrenbmrobl, nokasan,
YTO aHa/sorn4yHble KosnebaHMA MOMKHO MNOAYYUTb M B MHAOYKLUMOHHOM KaTyllKe, KOHLbl KOTOPOM
coeguHeHbl ¢ 0bKNnagKamn KoHaeHcaTtopa. B 1887 r. leHpux epu, sKCnepMMeHTa/IbHO AOKasasn, yuTo
KoNebaTeNbHbIM pPaspAsh BbI3blBAaeT B MNPOCTPAHCTBE BOJIHbI, COCTOAWME M3 ABYX KonebaHuin -
3N1eKTPUYECKOr0 M MArHUTHOro, MOJIAPU30BAHHbIX NepreHanKYAApHO” apyr K apyry. Takum obpasom
ObINO  3KCMEPUMEHTANbHO  [lOKAa3aHO CyLLeCTBOBaHME MpeAcKasaHHbix [keimcom  Knepkom

Makcsennom 3NEKTPOMArHUTHbIX BOJIH.

Bo BpemeHn MakcBenna CylLecTBOBaAN [ABe TEOPUM 3NEKTPMUYECTBa: Teopua “CU0BbIX AUHUA"
dapagena n Teopun, paspaboTaHHas BeAMKMMU dpaHLy3amu KynoHom, Amnepom, buo, CaBapom, Aparo
n Nlannacom. McxogHan Touka ¢paHLy30B - NpeacTaB/eHWe O TaK HasblBaemMom “ganbHopencreumn”,

MIHOBEHHOM AEVICTBMM OA4HOro Te€Na Ha ApPYyroe Ha pPacCToAHUU 6es nomouu KaKkol-nnbo NPOMEXY-



TOYHOM cpeabl. OTKpbITMEe 3akoHa KynoHa, B TOYHOCTM MOBTOPABLUEro “MO KOHCTPYKUMM” 3aKOH
HbloToHa, co3gaHne aNeKTPoANHAMUKM Amnepa yTeepauan GpaHuy3cknx GU3MKOB B CNpaBeaMBOCTU
KOHUenumMn “mrHoBeHHoro pganbHogenctsma”. Teopun BeNUKUX ¢paHUy30B OblaM  NpeKpacHo

mMmaTemaTnyeckmn O6pa60TaHbI nu B O6LLI,€M, BbICTPanBannCb B 40BOJ/IbHO U3ALLHYIO U YAE/IbHYIO TEOPUIO.

Bo33peHuns dapagena B KOpHe pacxoAMNncb C TakMmKM npeactaBieHnsmu. OH 6bin1 abcontoTHO
ybexaeH B TOM, YTO “mMaTepusi He MOXKET AeNCTBOBaTb Tam, rae ee Het”. Moatomy Papageto noHago-
bunacb “Kakas-To maTepuasibHan cpeaa, 3ano/iHAWaA Aaxe “nyctoe” nNpocTpaHCTBO, Yepes KOTopyto
OT TOYKM K TOYKE nepenaeTca 3NeKTPUYECKoe M MarHuMTHoe Bo3aeiicTeue. Cpeny, yepes KOTopyro
nepenaetca Bosgeicreme, Papageir HasBan “nonem”. MNone, cumtan OH, NPOHM3AHO MAFHUTHLIMWU U
3/IEKTPUYECKUMUN “CUNOBbIMU NMHUAMK”. YBUAETb cuaoBble NnMHMK, no Papageto, oyeHb NpocTo. Ha-
npumep, 4Tobbl YyBUAETb MarHUTHbIE CUIOBbIE JIMHWMM, AOCTAaTOYHO HacbiNaTb ¥KeJje3Hble ONWJIKU Ha
bymary M NoAHECTM CHWM3Y MarHUT. D/IEKTPUMUYECKOE MOoJIe MOXHO “yBMAETb”, ecin npoaonrosatble
KPUCTaZIMKN KaKoro-nnbo AusnekTpuka (Hanpumep, KPUCTanabl XMHWHA) B36oAnTath (“B3myTUTh”) B
KaKoM-IMB0O O0CTAaTOYHO BA3KOM KMAKOCTU (Hanpumep, B KaCTOPOBOM Mac/ie): KPUCTANZIMKK B 3/1EK-

TPpUYecKkom none o6pasyoT KapTUHY CUAOBBIX TNHUA.

MakKcBenn npucoeguHunca K dapageeBckon KoHuenuuu nons 6esorosopouyHo. “dapagelt, -
nucan MakcBena, - CBOMM MbICAEHHbIM OKOM BWAEN CWIOBblE JIMHUKM, MPOHU3bIBAIOWME BCe
NPOCTPaHCTBO. Tam, rae MaTemaTMKM BUAEAN LEHTPbl HaNpAXeHua cun aanbHogelicteusa, Papageit
BMAEN NPOMEXKYTOUHbIN areHT. [Ae OHW He BUAEAN HMYEro, KPOME PacCTOAHMA, YA0BNETBOPAACH TEM,
UTO HaxoAM/M 3aKOH pacnpeaeneHus cun, AeNCTBYIOWMX Ha 31eKTpudeckne daonapl, Papagein nckan

CYWHOCTb peasnbHbIX ABNEHWI, NpoTeKaloWwmx B cpege”.

Teopus Makceenna - Tpuymd maent dapagea. Makcsenn, no BbiparkeHuto Pobepta MunnnmkeHa,
“obnek nnebeickn obOHaxeHHble npeacTaBneHna dapagea B APUCTOKPATUUECKME  O4eXabl
matemaTMkun”. PaspabatbiBan wugen dapagena, Makcsenn B 1862-1864 rr. cosgan Teoputo
3NEeKTPOMArHUTHOrO MNOANA U MpeacKasan CyWwecTBOBaHUE 3NEeKTPOMArHUTHbIX BOJIH, BonbWMHCTBO
COBPEMEHHUKOB OblN He B COCTOAHUWU OLEHWUTb AOCTUTHYTble MaKCcBeA/IOM pe3y/ibTaTbl, HEKOTOpble
Ha3blBanM ux bpenosbiMn naesmu. TonbKo Yepes asaguate natb net . Mepuy yaanocb NoaTBepanTb

Teoputo MaKceenna akcrnepmMmeHTasibHo.

leHpux Pygonbd lepu, poannca B 1857 r. B cembe rambyprckoro afBoKaTta, a 3aTem ceHaTopa
ropoga. Kpenkmm 340poBbem He oTauyanca. Mpoasun Bblgatowmecs CnocobHOCTM MPU OCBOEHUU
TMMHA3MYecKoro Kypca. Bnagen aHrannckmm, ¢GpaHuUy3CcKMM, UTaNbAHCKMM A3blKaMW, MOHUMAnN
rpeyeckunin n apabcknin. OcBoOMA CneunanbHOCTU cToNApa U ToKaps. Mo OKOHYaHUKM rTMMHasun B 1875 .
peLInN CTaTb MHKEHEPOM M MOCTYNUA B [ pe3feHCKY0 BbICLLYH TEXHUYECKYHO WKoay. O4HaKo Yepes ABa

roga lepu noHaAn, yto owmnbea B Bbibope npodeccun. Ero npussaHue - HayKa. o aTomy nosoay



monoaon lepu, B nuceme K poautensm (1877) npusoaut cnosa LUunnepa: “KTo TPYCUT KU3HbIO
puUcKoBaTb - TOMYy ycnexa B Heill He 3HaTb”. B BepanHCKOm yHuBepcuTeTe pykosogutenem lepua
cTaHoBuUTCA [lepmaH [enbmronbl, OAMH M3 CaMbIX BUAHLIX Hemeukux ¢u3mkoB. B uucne ero

npenogasaTenelt 6bliv U Apyrme n3BectHble GU3nKK, Hanpumep, . P. Knpxrod.

Bcs KOpOTKan HayyHaa *KM3Hb lepua npolwna nog NOKPOBUTENLCTBOM [efbMrosibLa, a Hay4Hble
B3rnagpl GOpMUpPOBaANUCb B FPOMaAHON CTeneHWM noj BAMAHMEM B3rnAgoB lenbmronbua. epmaH
FenbmMrosibL, NepBbIM cpean “KOHTUHEHTaNbHbIX” yyeHbiXx 06paTUN BHUMaHME Ha Teoputo Makceenna u
Cpa3sy OLEHMN ee CU/IbHble CTOPOHbI, €6 MHOIOrPaHHOCTb WU YHUBEPCANbHOCTb. M TYT NposBMAOCL BO
BCel No/IHOTE TparMyeckoe NPOTUBOPEYNE HAYYHOrO MUPOBO33PEHUA MeNbmMronbLa: ¢ 04HOM CTOPOHBI,
PO/1b MPOMENKYTOYHOM cpeabl, noadyepKmBasLlanca Makcesensom, bbina Ans Hero oyeBmaHa, ¢ Apyrom —
NpM3HaTb CaMy MPOMENKYTOYHYIO cpeay, “HuYTo”, B Kayectse PpU3MYECKOM peasibHOCTM [enbmrosbl, He
mor. He mor, npekae Bcero, NOTOMy, YTo OH Obla Noc/iegoBaTeIeM 3HAMEHUTOTo HemeLlKoro ¢punocoda-
naeanncta, arHocTUKa M. KaHTa, oOTpuUuUaBLIErOo BO3MOXHOCTb MO3HaHMA Mupa. OTcioga
NnpuBEpXKEeHHOCTb [enbmrosibla K uaeam AanbHOAENCTBUS, rae B OCHOBY be3 obbacHeHua bGepyTcs

TAWUHCTBEHHbIE HEMO3HaBaeMble CBOMCTBA MaTepun.

Onupatolimeca ToNbKO Ha GaKTbl, NybOKO peannuctuyeckne B cBoein ocHose B3rnaabl Papages,
obpaboTaHHble MaTemaTuMyecku MaKkcBennom, 6biAnm emy 4yskapl. M B TO Ke Bpema HayyHas
[ob6pocoBecTHOCTb [eNbmronbla He No3BONANa emy MATU NPOTMB UCTUHbI “B HacToAllee Bpems
dapageeso BO33peHME ABAAETCA EAMHCTBEHHbIM, COMNACHbIM CO BCEMM 3KCMNEPMMEHTa/IbHbIMK

AaHHbIMU N HE NPOTUBOpPEYHALLMM HN B KAKOM U3 CBOUX BbIBOAOB OCHOBHbIM 3aKOHam AMHaMMKM".

Jia Toro 4ytoObl IPUMHUPUTH CBOM (pusocockue B3I ¢ OECCHOPHBIMU HayYHBIMU
¢dakxTamu, ['enbMroply goykeH ObIT HOWTH Ha KOMIPOMHECC: OH pa3paboTai CBOIO COOCTBEHHYIO
JIEKTPOJAMHAMUYECKYIO TEOPHUI0, B KOTOPOW MBITAICA COUYETaThb HE COUYETAEMOE - B3TJIAIbI
MakcBemia Ha pojib  IPOMEXKYTOYHOM Cpelbl W TEOPUM HEMEUKHUX IPUBEPIKEHIEB

nanbHozeicTBust Bebepa u @. Heiimana.

OeaguatunetHnin lepu, ¢ HechOPMMPOBABLUMMMUCA elle B3rNAAAaMM, eCTeCTBeHHO, Monan nog
BANAHNE BENMKOro eibMrosibLa U B TeYeHMEe BCEeN CBOEMN KM3HU TWETHO MbITaNcAa PasaenaTb ero Ha-
yuHble B3rnsadbl. TWETHO — noTomy 4YTo 4ém 60Jblle 3KCNEePMMEHTOB cTasua lepu, Ans NPoBEPKM
Teopuu Fenbmronblia, TeM paguKanbHell oH onposepran ee. Teopusa [enbmrosbla NOATBEPKAanach

INWb B TEX CBOUX YAaCTHOCTAX, rae 6b1 1M UCMNOJIb30BaHbI naen Makcsenna.
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Puc. 78.

YcTaHOBKa, co3gaHHasa lepuem, odeHb npocTa (puc. 78). B KonebatenbHom KoHType [epua,
n306paxKeHHOM Ha puc. PYHKLMA KaTyLKM BbINOMHAAN ABa MEeAHbIX CTEPXKHA AMAaMETPOM 3 CM U ANK-
HoW 9 cm. Ha MX KOHLaxX B KayecTBe 3KBMBA/NEHTOB 0OK/NaA0K KOHZEHCATOpa pacnofaraimce mMeaHble
wapsbl aametpom 4 cm. CosgaHHbIM Takum obpasom Bubpatop (B) nosaHee 6bin HasBaH MMeHeM
nsobpetatensa. Bubpatop Bo3bykaancAa oT MHAyKTOpa Pymkopda B MOMEHT NPOCKAKMBAHUA WCKPbI
MeXKAY CTePXKHAMWU. MHAYKTOP — 3TO NPOCTEMWNA BapMaHT MOBbILWAtOLWeEro TpaHcpopmaTopa, B KOTO-
POM WMHAOYKUMOHHbIE TOKM BO3HWKAAM MPU 3aMblKaHUMM WAM pasmMmblKaHMK Kaoda K. B Kavectse
MHAMKATOPa MCMNONb30BaNOCh OTHECEHHOE HA HeCKOJIbKO MeTpOoB OT BUBGpaTopa pa3pesaHHOe meaHoe
KONbLO. BbIACHMAOCH, YTO MOLLHOCTb MCKPbl B paspbiBe KO/bLA 3aBMCWUT OT ero pasmepos. lepu

3ad)14|<cv1posan AB/1IeHne pe3oHaHca.

BoT Tpn QOCTUXEHUA, HAa OCHOBE MUCMONb30BAaHMA KOTOPbIX 6b1n OTKPbITbl 3/1IEKTPOMArHUTHbIE

BOJIHbI:

1. u3obpeTeHue BubpaTopa (Mam amnons) Mepua, T. €. NO CYyTU - NEPBON aHTEHHbI;

8 u);

3. WCNoNb30BaHMWeE ABAEHWUA pe3oHaHca NPU PerncTpaumum 31eKTPOMarHUTHbLIX BOJH.

2. nepexoa B 06/1acTb CBEPXBbICOKMX YacToT (BnoTb Ao“ 4,5 *10

Bce 310 AcHo Tenepb: epu, He nogospeBan 06 OTKPbITUKM. Hannuo 6bin OAMH TONIbKO (aKT:
paspaabl MeXay KoHLamu BubpaTopa perncTpMpoBaanch Ha 3HaAUYMTEIbHOM PaccToAHUK OT BUBpaTopa
M Jaxke B APYro KoMHaTte. 3TO NPOTUMBOPEYMIO BbiBOAAM U3 Teopuu Fenbmronbua. M yem 6onblue
3KCMEepPUMEHTOB cTaBuA epu, AN NPOBEPKU Teopuu [enbmronbua, TeM paauKaibHen OH onpoBsepran
ee. B pesynbTaTe ganbHeWLWMX SKCNEPUMEHTOB 6blN10 06HapPYKEHO TEHEBOE AENCTBME METaNIUUYECKUX
JINCTOB, PAaCMO/IOXKEHHbIX Mexay Bubpatopom W MHAMKATOpPOM (3ddEeKT 3KpaHMpoBaHMSA), U
ycuAMBalollee AencTBME METaNIMYeCcKMX JIUCTOB, PACMO/IOXKEHHbIX 33 WHAMKATopom (3ddeKT

pednekTopa). YcTaHoBNEH 3P PEKT “TeHU” U NpAMONMHENHOe pacnpocTpaHeHWe noJsydaembix “nydein”.



Ecan 6bl npaB 6bin Fenbmronbl, HUYEero NogobHOro He A0AXKHO 6bln0 bbiTh. [Ae-To B KOHUe 1887 .

I'epu, CTan NOHUMaTb, 4YTO Ha6mo,u,aeN\b|e 3¢¢EKTbI BECbMa CXOXW CO CBOMCTBAMM CBeETa.

HeobxoamMmo 66110 A0Ka3aTb BO3MOXKHOCTb GOKYCUMPOBKM MOSYYEHHbIX [epuem BOMH U UX Apyrue
CBOWCTBA, Ha OCHOBAHMM KOTOPbIX NOABUAACL Bbl BO3MOMKHOCTb OTOXKAECTBUTb Habt04aeMble BOTHbI CO
cBeTom. M3 OUMHKOBAHHOIO NUCTa Xenesa pasmepom 2x1,5 m BbirmbaeTca napabosmyeckoe 3epKano, B
doKyce KOTOporo nomeltaetcs pesoHaTop. Hosble “nyun” ypaetcsa npeBpaTMTb B NapannesibHbiel
Jenaetcs ruraHTcKan npmusma 13 achanbta ¢ 60KoBoM rpaHbio 1,2 m, BbicoTon 1,5 m 1 maccon 1200 Kr.
Mpu NpoxoxaeHUM yepes Hee napannenbHble “nyun” npenomnsatorca. CneayeTt cepusa TPYAOEMKUX W
ypesBbl4aliHO OCTPOYMHO MOCTAB/IEHHbIX 3KCMEPUMEHTOB. YAaeTca YyCTaHOBUTb, YTO 3/1EKTPOMArHUTHbIE
BOJIHbI, NOAOOHO CBETY, NMOABEPKEHbI OTPAXKEHUID, NPENIOMNEHUNIO, NHTEPDEPEHLMM, NOAAPU3ALUM U
andpakumn. Yoanocb UsMepuTb AJMHY M PaccinTaTb CKOPOCTb PAcnpoCTpaHeHUa BOAH. Mocne aToro He
OCTasIoCb NPAKTUYECKM HUKAKUX COMHEHMI B TOM, YTO OTKpbITble “BOJIHbI Mepua” — npeackasaHHble
MaKcBenIomM 31eKTPOMarHUTHbIE BOJIHbI, MPUYEM COBMageHUEe OblI0 He TOIbKO KauyeCTBEHHbIM, HO U
KO/IMYECTBEHHbIM - MO Teopun MaKcBenna MOXKHO OblI0 3apaHee PaccYMTbIBATL” MPAKTUYECKM BCe

XapPaKTePUCTUKN HOBbIX BOJTH.

TpyaHo ceiiyac npeacTasuTb cebe Hyplo, BbiI3BaHHYO OTKpbITMEM epua. Oaa pU3MKOB 3TO Npexae
BCEro 03Ha4ano NoJHbIA TpUymd “ypaBHeHMI MaKcBenna” u Kpax BCex APYrux 3N1eKTpoanMHaMUYECKUX
Teopuit. OTKpbITUA Tepua NPUBAEKAN K cebe BHMMaHME CaMbiX LUMPOKMX cnoeB obliectBa — Begb CyTb
BHOBb OTKPbITbIX “BosH lepua”, “nyyen Nepua” Obina AOBONBHO NErKO AOCTYMHA A48 NMOHUMAHUA.
MHorune cpasy ke NpeasioKuam co3gatb HOBYO cuctemy cesasm — 6e3 ctonbos, NPoBOAOB M Kabenel.
OOMH U3 TakMX 3HTy3MacToB Hanucan [epuy. OTBET 6bln NECCUMUCTUYECKUM: “INEKTpuYeckue
KonebaHua B TpaHchopmaTopax U TenedoHax CAUWKOM MepaeHHble. Ecan 6bl Bbl BblM B COCTOAHUM
NOCTPOUTb BOTHYTblE 3EpPKasa pPa3mMepom C MaTePUK, TO Bbl MOTN Bbl MOCTaBUTb HAMEYaeMble OMbITbl,
HO MpPaKTUYECKU cAenaTb HUYEro Hesb3sA: C 0BbIYHbIMM 3epKasiaMu Bbl He OBHapYKUTE HU ManelLlero
aenctema. Mo KpaliHei mepe, A Tak gymato”. Bonee TOro, OT MAcCMBHOIO HeMNpUATUA MAen O
NONe3HOCTN CBOWX BOJIH OH CKOPO MepeLlen K aKTUBHOMY - Hanpumep, OH Hanucan B APe3AeHCKYHo

nanaty Kommepuummn NnMCbMO O TOM, YTO nccnenoBaHUA PagnoBOJIH HYXKHO 3aNpeTuUTb Kak b6ecnosesHble.

Moyemy Tak npousowno? Bpag M MOMKHO AaTb YeTKui oTeer. CKopee BCero, cmyllana masas
JaNbHOCTb PErucTpaumm BOSIH — HECKOJbKO METPOB M cabbii 3dpdeKT nposBaeHus — KOPOTKas

WCKOpPKa B paspAaaHOM NPOMEKYTKe.

[o4bl HANPAXKEHUA, XOTA U TBOPYECKOrO, KOJIOCCa/ibHble NeperpysKku, 0cobeHHo BO BpemMa OTKPbITUA
9NEKTPOMArHUTHbIX BOJIH, He npowan gaa lepuya 6e3HakazaHHo. CHayana OTKasanu rnasa - ABHOE
cneactsmne AONroro BCMaTpuBaHMA B MCKpOBOVI NMPOMEXXYTOK B .;TEMHOMW KOMHaTe B MOUCKax

HEeYyNOBUMbIX, MOYTN HEMATEPUabHbIX UCKP. Ero KeHe NpuwnochL B3ATb Ha cebn AOI'IOJ'IHMTG!'IbeIl\;I TPYA4



- ynuTaTbh U NKUcatb ans FeHpuxa. 3aTem 3abonenn 3y6bl. 3aTem ywn U HOC. 3aTem - obLLee 3aparkeHune
KPOBM, OT KOTOPOro Ha nopore Hosoro 1893 roga ymep 3HameHUTbIN epu, ymep B BO3pacTe BCero
avwb 37 net. MNpeayyBCTBYA MpPayHYO Pa3BA3KY, OH 33 HECKOJIbKO HeaeNb A0 CMepPTU Nucan maTtepu:
“Ecnn co MHOM AeNCTBUTENIbHO YTO-TO C/AYYUTCA, Bbl HE [A0/IKHbI OropyaTbCsA, HO AO0/XKHbI MHONO
ropAnTbCA U AyMaTb, YTO A NPUHAANEKY K TeM 0C060 M3bpaHHbIM 0AAM, KOTOPbIE WUAW XOTA U He
[0/1r0, HO BMECTEe C TEM XU A0CTAaTOYHO. ITY CyAbby A He Kenan u He Bblbupan, HO A AOBONEH €10, U

ecnn bbl MHe NpeaocTaBMamM BbIBOP, i, MOXKET BbITb, cam n3bpan 6bl ee”.

Tak ywen ns Xn3Hu 3ToTt BE/INKUI Ye/10BEK, y,ﬂ,OCTOGHHbIVI npun XXU3HN BEJTUKUNX novecren (e,a,Ba g

CYLLLECTBYIOT B HayKe TaKue Harpagbl, NPeMUN U Mmegann, KoTopble He 6blIM emy BpyYeHbl).

A nocne cmepTn, Koraa OH He MOF y3HaTb yXe 0 bnectawen cyabbe cBoero mM3obpeTeHus,
6narogapHble MOTOMKM BO3ABUI/IM €MY eLle OANH NaMATHUK: UmeHem Mepua Ha3BaHa egMHULA YacTOoTbl

KonebaHuin - ogHo KonebaHme B cekyHAy.

TEMA Ne6

WUCCNEAOBAHMUE LEENEX NEPEMEHHOIO TOKA.

Jlutepartypa
[P3]. Ta. IX, XX, XXI.
[P8]. §§44-51.
[P11].Tn. 7, 8.

[P12]. Ta. Xl

Bonpocbl N0 TeOpeETUYECKOMY MaTepuany

16. Llenu KBa3MCTaLMOHApPHOrO nNepemeHHOoro Toka. MeTogbl pacyeTa Lenen nepeMeHHOro ToKa.

17. MeTop BEKTOPHbIX ANUarpamm.

18. MeToa KOMNAEKCHbIX aMnanTyAa,.

19. ConpoTuBieHKUE B LLeNU NepeMeHHOro Toka. EMKOCTb B Lienm nepemeHHoro Toka. MHAYKTMBHOCTL B
Lenun nepemeHHOoro Toka.

20. 3akoH Oma ansa nepemMeHHbIX TOKOB.



21.
22.
23.
24,
25.
26.
27.
28.
29.
30.

Pe3oHaHC HanpsaKeHUn.

Pe3oHaHc TOKOB.

PaboTta 1 MOLHOCTb MEePeMeHHOTO TOKa.

TpaHcdopmaTopbl.

ABNeHNE 31IeKTPOMArHUTHOM MHAYKUMK. OnbiTbl Papagen. 3akoH JleHua.
OCHOBHOW 3aKOH 3/IEKTPOMArHUTHOM NHAYKLNU.

CamounHayKuma.

DKCTPATOKM CaMOUHAYKLNN.

B3anvmHaa nHaykuma. Teopema B3aMMHOCTMU.

3Hepl'l/lﬂ MarHuTHoro nondA. BsanmHaa HEpPrmna aByx TOKOB.

KauectBeHHble BON POChbI

BHYTPb KOPOTKO3aMKHYTOM KaTyLIKWU BCTaB/eHa Apyras, No KOTOPOW MAET TOK OT aKKymyaatopa. Bo
BTOPYIO KaTyLIKy BTArMBAETCA »ee3Hbll CepaeuHUK, BCNeACTBME 4ero B MNepBOM KaTyliKe
MHAYUMPYETCA TOK U OHa HarpesaeTca. 3a cyeT Kakoi paboTbl NPON3BOAMTCA HarpesaHue?

Mouemy ANA CO34aHMA TOKA B LLEMM UCTOYHUK A0NXKEH 3aTPaTUTb SHEPrunio?

Mouyemy Ha 3NEKTPOCTAHUMAX 419 MOABOAKM TOKa OT reHepatopa K MOBbILIAOWMM
TpaHchopmaTopam UCMONb3YIOT He Kpyr/ble NPOBOAA, a CneLmasbHble MI0CKME WKHbI?

Ha puc. 79 npuBeicHa BeKTOpHas JauarpaMMa HANpsOKCHHH IENMH TEPEMEHHOrO TOKa.

Haueptuth cXeMy COOTBETCTBYIOLIEH DJIEKTPUUECKON LIETIH.

Ut I Us

Puc. 79.
AJIOMUHUEBBIN TUCK, TOJIBEIIEHHBIH TOPU30HTAILHO Ha HUTH, MOXKET CBOOO/IHO BpalllaThCsl.
[Tpu ObIcTPOM BpallleHHMH PACIOI0KEHHOTO MOJ HUM MarHuTa JUCK HaYMHAeT BpallaTbCs.
ITouemy? B kakom HampaBieHun? MoJKeT M OH BpalaThCsl C TOW XK€ YIJI0BOH CKOPOCTBIO,
YTO U MarHur?
MOHO /M BCKUNATUTL Yaii B NeAAHOM CTaKaH4MKe?
Mouyemy B reHepaTopax MEPeMeHHOro ToKa, 0COBEHHO 6O/bLIO MOLHOCTH, AENaloT TaK, 4T
WHAYKTOP BpallaeTcs, a 06MOTKa, B KOTOPOW UHAYLMPYETCA NepemeHHas 3. A. C., BMOHTUPOBaHa B

cTaTop, T. €. OCTAETCA HENOABUMKHOM?



10.

11.

12.

13.

14.

15.

16.

17.

Ecnum Ha XenesHoe APMO HaZleTb [iBe KaTyLKK U Yepes oAHY M3 HUX NPONYCTUTb NepeMeHHbI TOK,
TO BO BTOPOM KaTylLKe BO3HUKHET NepemeHHas 3. 4. c. Ecau e yepes nepsyto KaTyLUKY NPONyCcTUTb
NMOCTOSIHHbIN TOK, TO BO BTOPOM KaTylLKe HaBeAEHHaA 3. 4. C. byaeT HabatogaeTca TO/IbKO B MOMEHT
BK/IIOYEHMA U BbIK/OYEHUA. YTO ABNAETCA NPUYMHOM HabAoLaeMbIX ABAEHUIA?

Moyemy 6onblune TpaHCcHOPMATOPbI MOMELLAIOT B Kesie3Hble 6aKku ¢ mac/iom?

TpaHcdopmaTtop npu paboTe BXOJIOCTYIO MoJsiydaeT M3 ceTu Hebosbllytlo 3Hepruto. Ha 4To OHa
pacxoayetca? Kakos casur a3 B NepBMYHON LLeNn Npu XON0CTOM Xoae TpaHchopmaTopa?

Yto npomsoiiget, ecnm TpaHchopmaTop, paccuMTaHHbIM Ha HanpsKeHue nepsBuMyHOM uenu 127 B,
BK/IIOYMTb B LLEMb MOCTOAHHOrO TOKa TOro e HanpsxeHua? Moyemy K. n. 4. y TpaHcdopmaTtopa
3HAUYMTENIbHO BbIlle, YEM Y 3/1eKTpoaBUraTensa?

MmetoTca ABa coneHonaa oaMHAKOBOM A/INHbI. [AnamMeTpbl UX OTANMYAOTCA HE3HAUYUTEIbHO NULLb B
TaKol cTeneHu, 4Tobbl 0AMH MOXKHO BbiNO0 HafeTb Ha Apyroi. MHAYKTMBHOCTM 06OUX CONEHONAOB
MOXHO CYMTaTb OAMHAKOBbIMW U PaBHbIMW L. 3T coneHouabl MOMKHO COEAMHUTb CAeayoWumMmm
cnocobamu: 1) coneHonabl coeAMHEHbI NOCNEA0BATE/IbHO U HAX0AATCA B OTAANEHUU APYT OT APYra;
2) coneHonapl CoOeAMHEHbI NapaanesbHO U HAaXo4ATCA B OTAA/IEHUMM APYr OT Apyra; 3) coneHouabl
coeAMHeHbl NocsiefoBaTeNbHO, OAMH HaZeT Ha APYroi, U HanpaB/ieHUs 0ObMOTOK coBnagatoT; 4)
coneHouabl COoeAMHeHbl MapannenbHo, OAMH HAZEeT Ha APYyroi, WM HanpaBaeHuMAa 06MOTOK
CoBMaaaloT; 5) coneHomnapbl coeguHeHbl NOC/ie0BaTeIbHO, OAUH HAAET Ha APYrol, U HanpaBaeHUs
0BMOTOK NMPOTMBOMO/ONXKHbLI; 6) coneHomnabl coeguHeHbl NapanienbHo, OOUH HadeT Ha APYyrow, a
Hanpas/ieHMA 0OMOTOK MPOTUBOMOJIOXKHbLI. OnpeaenTb CyMMapHyt0 UHAYKTUBHOCTb COJIEHONA0B
ONS KaXkaoro ns nepedyncieHHbix cnocobos.

Korza no KaTyliKe AeT TOK, TO OHa BC/eACTBUE B3aUMOAENCTBUA TOKOB CTPEMUTCA N3SMEHUTb CBOU
NpoAo/ibHbIe M MonepeyHble pasmepbl. Kak M3MeHUTCA UHAYKTUBHOCTb KaTyLKKU NPU U3MEHEHUU
ee pa3mepoBs?

B KaTylKy, 3aMKHYTYl0 Ha rasbBaHOMETpP, BABWUralOT MarHUT, U CTpenKa ranbBaHOMeTpa AaeT
oTbpoc. 3aTem ra/bBaHOMETP 3aMEHAIT pPEeocTaToM, COMPOTUB/AEHME KOTOPOro PaBHO
CONPOTUBNEHUIO ra/ibBAHOMETPA, U CHOBA C TOM e CKOPOCTbIO BABUraloT MarHuT. OQMHaKOBbI 1K
BE/IMYNHDBI MHAYKLMOHHbBIX TOKOB B 3TUX C/yYaax?

B KOPOTKO3aMKHYTYIO KaTylKy OAMH pa3 ObICTPO, APYyroi pas - MeaNeHHO BABMIMAlOT MArHuT.
OpMHaKoBOE /I KOMIMYECTBO 3/1EKTPUYECTBA MPOUCXOAMUT Yepes KaTyLKy B MepBbli U BO BTOPOW
pa3? OanHaKoBYO M PaboTy NPOTMB SNEKTPOMArHUTHBIX CU/1 COBEPLUAET CUIa PYKK, BABUratOLLEN
MarHuT?

Cnupanb, U3roToB/IeHHas W3 ynpyron NPOBOJIOKW, NPUCOeAMHEHA K WMCTOYHWMKY Toka. Cnupanb
pactarmsatoT. CTaHeT nM npu 3Tom (BO Bpema pacTArMBaHuA) TOK 6osblle MAM MeHblue
nepBoHa4aibHOro UAN OH OCTaHETCA HEM3MEHHbIM?

Ha puc. 80 ykasaTb HenpasuabHO M306parKeHHble rpaduKm.
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Puc. 80.

18. Ha puc. 81 yKkasaTb NpaBu/IbHO M306parkeHHbIN rpaduK, ecnm Ri=R,.
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Puc. 81.

19. B aneKTpuyeckol uenu pesoHaHc ToKoB (puc. 82). Kak u3ameHsATcA nokasaHua npubopos, u

COXPAHUTCA I PE30HAHC, eC/IM YBEIMYUTb CONpoTuBaeHme R?
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Puc. 82.



20. Kak M3MeHATCcA nokasaHua npubopoB npu BBEAEHUW B KaTylKy GeppoOMarHUTHOro cepaevHuKa.
Ecnv 4o v nocne sBBeaeHua cepaedHmKa X>Xc? MoTepaMy MOLLHOCTM B cepaeyHuKe npeHebpeyb

(puc. 83).
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21. Kakan 13 BEKTOPHbIX AMarpamm COLAEPKUT oWnbKy, ecnm X>Xc? (puc. 84).
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Puc. 84.

Kak BbI 1ymaere
1. KakoW xapakTep wumeeT Takaa ¢u3Myeckas Be/MYMHA, KaK 4YacToTa MepemeHHOro Toka -
HenpepbIBHbIV MW AUCKPETHBIN? CyLecTBYIOT M OFPaHUYEHUA Ha YAaCTOTy NePeMeHHOro ToKa?
2. KaKkoBbl NMPUYMHHO-CNEACTBEHHbIE CBA3M, Bblparkaemble 3aKOHOM Oma A/1f Lenu nepemMeHHoro
TOKa?
3. 3aBUCAT M XapaKTEPUCTUKM MepeMeHHOro ToKa (amnauTyda, 4YacTota) OT CUCTEMbl OTcuyeTa, B
KOTOpO OH paccmaTtpusaeTcA? MOXKeT /M XapakTep TOKa (MOCTOAHHLIA WMAN NepeMeHHbI)

N3MEHUTDLCA NpU nepexone ns3 O,EI,HOﬁ CncTtembl OTCHETa B ADYI'YIO?



10.

11.

12.

13.

14.

15.

2.

AlBnaeTca v cosgaHme TpaHCchopMaTopa UCTOPUYECKM 0OYCN0BAEHHBIM?

KakoBa ngeanbHasa moaenb TpaHchopmaTopa?

Kakne npoTuBopeuymBble TEHAEHUMW HEOOXOAMMO  Y4YMTbIBAaTb MPU  KOHCTPYMPOBaAHWUMU
TpaHcdopmaTopa?

Kak ncnonbsyeTtca meTon MOAENMPOBAHUA AN1A UCCNEef0BaHMA COMKHbIX 3IEKTPUYECKUX CUCTEM?
KakoBO 06BbEKTUBHOE CcoAepKaHMe BEKTOPHbIX AMarpamm Lenn nepeMeHHOro ToKa’?

Kakyto ¢p13nyecKyto peasibHOCTb OTPAXKaeT NOHATUE O PEAKTUBHOM MOLLHOCTU B Lenn nepemeHHoro
TOKa?

Yem obycnoBneH xapakTep fBAEHMUM, BO3HMKAIOLWMX B I/EKTPUYECKOM CUCTEME — OTAE/bHbIMU
napameTpamm CTPYKTYPHbIX 9/1€MEHTOB 3TON CUCTEMbI UM XapPaKTEPOM MX COYETAHUA?

KaKoBbl CyLWHOCTb U GpOpMbI NPOABAEHNA ABNEHWNA INEKTPOMATHUTHOM UHAYKLMN?

CBA3aHO /1M ABNEHWNE INEKTPOMArHUTHON MHAYKUMMN CO CBOMCTBAaMM NPOCTPAHCTBA U BPEMEHM?
3aBUCUT I CyLLECTBOBAHME ABMEHMA INEKTPOMArHUTHON MHAYKUMM OT TOro, B KAKOW cucTeme
oTcYeTa paccMaTpuBaeTca cuctema?

Kakyto ponb cbirpana MeToao/sorMyeckaa wuaes  CUMMETPUM B OTKPbITUU  ABMEHMA
3NIeKTPOMArHUTHON MHAYKLUMN?

MOXHO /1M CYNTaTb MHAYKTUBHOCTb abBCONOTHOM XapaKTEPUCTUKOM AaHHOM KaTyLKn?

IIpoBepnb cedn

MokasaHuA BaTTMeETpPa 3aBUCAT
a) TOJZIbKO OT BE€J/INYNHDBI aKTUBHOIO COMNPOTUBNEHNA YH4ACTKA, K KOTOPOMY OH NOAK/THOYEH,
b) TOJZIbKO OT BEJ/IMYUNHDbI TOKa U HAaNpAXeHUA Ha Y4aCTKEe, K KOTOPOMY OH NMOAK/NHOYEH;

C) OT BE€/INYUHbI KaK aKTUBHOIO, TaK N PEaKTUBHOIO CONPOTUB/IEHUA LeNN.

yBennyeHma KoapouuMeHTa MOLWHOCTM ANA  AKTUBHOM  HArpysku, MOAKAIOYEHHOW K
aneKkTpogsuraTesnto ¢ 60ablON MHAYKTUBHOCTbIO, AobuBatoTCA:

a) BKHOYanA B LEeNb KOHAEHCAaTOp HEBObLLOK EMKOCTH;

b) BKAtOYan B Lenb KOHAEHcaTOp 60NbLIOK EMKOCTH;

C) yBenMuMBas CUNy TOKa Yepes Harpysky.

3akon Oma U = | [R? + (oL — 1/wC)?]*? ciipaBenuB
a) Aansa nobbix NepeMeHHbIX TOKOB;
b) TONbKO ANA CMHYCOMAANbHbIX TOKOB;

C) AnAa nepemMmeHHbIX TOKOB C NOCTOAHHbIM Nepnoaom KonebaHui.



4. Cwuna, Bbi3blBalOLAs MexaHU4Yeckue KonebaHus CcTpyHbl (nabopatopHas paboTta No26),
obycnosneHa
a) a)nepvoamMyeckMm HamarHMYMBaHWEM CTPYHbI B NePEMEHHOM MArHUTHOM Mone;
b) 6) B3aMHOIN MHAYKLUMEN SNEKTPOMArHUTa U CTPYHbI;
C) B) A€UCTBMEM MArHUTHOIO NOJISA 3/IEKTPOMArHMTa Ha UHAYKLMOHHBIN TOK, BO3SHUKAIOLWMIA

B MpPoOBOAHWUKE.

5. Ko3a¢PpuumMeHT MOLHOCTN B LENU C NOCTOAHHbIMW WMHAYKTUBHOCTbIO, EMKOCTbIO M aKTUBHbIM
COMPOTUBAEHMEM
a) He 3aBMCUT OT YaCTOTbl U CU/Ibl TOKA;
b) 3aBMCKUT OT YacTOTbI, HO HE 3aBUCUT OT CU/Ibl TOKa;

C) 3aBUCUT KaK OT YaCTOTbl, TAK U OT CUJibl TOKa.

6. [lpw pe3oHaHce HanpaXeHun
a) ConpoTUBAEHWUA UHAYKTUBHOCTU M €MKOCTU MUHMMA/bHbI, @ CUNA TOKa MaKCUMabHa;
b) conpoTMBAEHUA NHAYKTUBHOCTU M EMKOCTU MaKCMMAa/ibHbl, @ CUNa TOKa MUHUMA/IbHA;

C) nosHOe ConpoTUBAEHME LENM MUHUMAJIbHO, @ CU1a TOKA MaKCMMasibHa.

7. Chnupanb, W3rOTOBJIEHHAas W3 YIOPYrod MPOBOJIOKHU, TPUCOCAMHEHA K HCTOYHHUKY
MOCTOSTHHOTO TOKa. Criupalib pacTsaruBaroT. Bo BpeMs pacTsikeHus TOK Yepe3 CIupalib
a) ocTaeTcA HEeM3MEHHbIM, TaK KaK ee CONpOTUB/IEHUE B LLeNM MOCTOAHHOrO TOKa OCTaeTcA
MOCTOAHHbIM;
b) ymeHbluaeTcs;

C) yBennumeaetcs.

NabopaTtopHas pabota Neo 24.

N3MEPEHUE KOO®OPUIIMEHTA CAMOUHAYKIUHU, EMKOCTH U
ITPOBEPKA 3AKOHA OMA JIUIA HEIIX TIEPEMEHHOTI'O TOKA

Uenb pa6OTbI: N3y4eHUNE XapaKTEPUCTUK UeENUN NepemMeHHOro TOKa.



Mpubopbl U NPUHAANEKHOCTU: UCTOYHUKM MOCTOAHHOTO U MEPEMEHHOTO HaMPAMKEHWUA; BONbTMETP;
amnepMeTp; peocTaT; MarasMH eMmKocTeil; Habop KaTyleK NHAYKTUBHOCTU; NepekmaHoM

PYOUNBHUK.

Onncanue IKCNIEPUMEHTAIbHOH YCTAHOBKH

B uenunc MHAOYKTUBHOCTbIO N aKTUBHbIM CONPOTUBNEHNEM

Z? -R?
L= . (1)
2= @)
R:U_O (3)

3aecb U, | - apdeKTMBHbIE 3HAYEHMA HANPAXKEHUA U TOKa; U, lo— COOTBETCTBYIOWME 3HAUEHMA ANA LEenu

NOCTOAHHOIO TOKa.

Onpegenve BennunHbl Z, Ro, w, Halgem, O4EBMAHO, U CAMOMHAYKUMIO. [lnA 3TOro KaTywKa C
Heun3BecTHOM CaMOVHAYyKumen L M aKTMBHbIM conpoTuBaeHnem Ro, peocTtaT, amnepmeTrp A
coeamHAIOTCA nocaeAoBaTeNbHO (puc. 85) M NOAKNHYAKOTCA K CPpeaHUM KaemMmam MNepekuaHoro
pybunbHUKa K, K KpalHUM Knemmam KOTOpOro noagefeHbl C PasHbiX CTOPOH MOCTOAHHbLIN U nepe-
MEHHbIN TOKMW. [MapannenbHO KaTylwKe W amnepmeTpy nogxntodaerca BonbtmeTp V. Ob6a npubopa,
BOJIbTMETP WU amnepmMeTp, AO0KHbI 6bITb NPUrOLHbI A1 U3MEPEHUIN KAaK NMOCTOSSHHOTO TOKa, TaK U ne-

pemeHHoro.
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Puc. 85.

[l n3mMepeHnst akTUBHOTO COIIPOTHBIICHMS KATYLIKHA YCTaHABJIMBAIOT IOJ3YHOK peocTaTa Ha
MaKCHMYM COIIPOTUBJIEHHS (3TO HEOOXOIMMO JIelaTh B LEISAX MPEIOXpaHEHUs] PUOOPOB OT
NOpYM, TaK Kak B IPOTUBHOM CIIy4ae CHJIa TOKa IpPH 3aMbIKAHUU PYOUJIbHUKA MOXKET
OKa3aTbcs OOJbIIE MPEASTIbHOW JUIsi JTaHHOTO aMmIepMeTpa M OH MOXET Ieperoperh) H,
MPUCOEANHUB BOJILTMETpP, 3aMBIKalOT pyOmibHUK K Ha mOCTOSHHBIM TOK. MenaeHHO
nepeaBuras MOJ3YHOK peocTaTa, YCTAaHABIMBAIOT TaKOE IOJIOKEHHE, YTOOBI CTpelKa am-

nepmeTpa aajia 10CTaToOYHOC AJIs1 OTCUCTA OTKIIOHCHHUC.

M3mepuB 3aTem No npubopam cuay ToKa lo M HanpaxeHue Ug, U3MEHAIOT NepekoyeHnem
KOHTaKTOB Uncn0 paboTalowmx BUTKOB KaTyLWKN 1 NPOU3BOAAT AanbHelwmne nsmepeHus. NMpoaenas atu
onepauuun gNa Kax4oro KOHTaKTa He meHee 3—5 pas, NOACTABAAIOT CpeaHMe pe3yNbTaTbl USMEPEHWIA B

dopmyny (3) 1 BbIMUCNAIOT 3HAYEHUS aKTUBHbIX CONPOTUBNEHUIA ANA KaXKAOT0 U3 KOHTAKTOB KaTyLUIKM.

Mpu M3mepeHuax HeobXoaMMO MMeTb B BUAY cCredylolee: a) pybuUAbHWK He ciedyeT AeprKaTb
JONblue, yem 3TO HeobxoAMMO A1A MPOM3BOACTBA OTCYETOB, TaK KakK B MPOTMBHOM C/yyae KaTyllka
HarpeeTca, U CONPOTUBAEHUE €e 3HAUUTENbHO U3MEHUTCA; 6) NepektoYeHe BUTKOB KaTywWwKu caeayeT

npon3sogunTb Npu NOIHOCTbKO BBEAEHHOM B LLeNb CONMPOTUBIEHUN pPeOCTaTa.

[na onpegeneHnsa NOAHOTO CONPOTUBAEHUA KaTyLIKM Z 3aMblKaloT pybunbHUMK K Ha nepemeHHbIl
TOK. Mi3MeHss nonoxeHue ABUMKKA peocTaTa, YCTaHaBAMBAIOT, KaKk U Npexae, A0CTaTOYHOe OTK/IOHEeHue
CTPenkn amnepmeTpa. Mpons3Boas COOTBETCTBYIOWME OTCYETLI, U3MEHAIOT YNC/IO PAaboTalOLWMX BUTKOB
KaTyLWKW 1, AeNCcTBYA fanee COBEPLUEHHO aHaN0MMYHO NpeablayLiemMy, Noay4YatoT A/ KaXKA0ro KOHTaKTa

HEO6XOAMMbIe 3Ha4veHuA | n U 1 BbIMNCNAIOT COOTBETCTBYOLWME 3HaYeHNA conpoTmeaeHna Z.



Onpenenas Takmm obpa3om 3HauyeHus Ro M Z, HaxoaaT npu nomouwm dopmynbl (1) 3HayeHus L, no

dopmyne

igp=2t
?=R

0

3Ha4YeHunA Cb ANA KaxXaoro N3 KOHTaKToB KaTyLKMW.

B e ¢ EMKOCTBIO U aKTUBHBIM COIIPOTUBIICHUEM

1

w\Z? -R¢

rae Z n Ro — cymmapHoe M 4YUCTO aKTMBHOe cornpoTueaeHue uenu. B cnydae, Korga HanpAaxeHue

C=

n3mepAaeTca HenocpeacTtBeHHO Ha 06Knap,Kax KOHAEeHCAaTopa, d)opN\yna 3Ta 3HAYUTE/NIbHO ynpoLliaeTcsa,

nbo aKTUBHOE COMPOTUBAEHME B Lenu oTcyTcTeyeT: Ro= 0. B 3ToM ciiyyae

C=— 4)

[Ons onpegeneHna Z nocTynawoT ceayoWwmm o6pasom: coOeanHAT NoCnen0BaTe/lbHO M3MepPAEMbIi
KoHAeHcaTop C, amnepmeTp A 1 peocTaT r U NPUKAYAIOT UX K CpegHUM Knemmam pybunbHuKa K (puc.
86). MapannenbHo KOHAEHCATOpy MPUCOEAMHAIOT BOAbTMETP. PeocTaT r CAYXWUT 34ecb Aullb
npeaoxpaHuTesnem Ha cay4an nNpobos M KOPOTKOro 3amblKaHWA OOKNALOK KOHAEHCATOpa W AOJIXKEeH

6bITb BKAHOYEH HA MAaKCMMasibHOe conpoTtusneHue.

Ona namepeHuna C 3aMblKaloT pyBUNBHUK Ha NEPeMeHHbI TOK M OTCUYMTbLIBAIOT Mo npubopam cuay
ToKa | u HanpsaxeHue U. Onpeaenus Z no ¢opmyne (3), NoacTaBnatoT 310 3HaYeHue Z B popmyny (4) u

Bblumcaatot C.
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Puc. 86.



,HJ'I?I CiIydasd oCa€a0BaTCIIbHO BKIIFOYCHHBIX COIIPOTUBIICHUA, HHAYKTUBHOCTH U EMKOCTHU

HNMECM

Z= R+ a)L—i =— (5)
C

Ona npoBepku 3Ton dopmynbl B LENb MEPEMEHHOrO TOKa BK/OYAOT MOC/AEeA0BATE/NIbHO: KaTyLKY
CaMOMHAYKUMMN C M3BECTHbIM aKTUBHbIM cOMpoTuBAeHneM Ro M KO3PPMUMEHTOM camouHayKumn L,
KOHAEHCATOp C U3BECTHOM eMKocTbio C, perynumpyroliee conpoTMBaeHue r (peoctat) u amnepmetp A
(puc. 87). MapannenbHO YacTy Lenu, coaepKallen KaTyLlwKy U KOHAEeHcaTop, NOAK/AYatoT BOAbLTMETP V.
YCTaHOBUB peocTaT I Ha MaKCMMyM COMPOTMBAEHMUA, 3aMbIKaloT PyOUIbHUK K Ha nmepemeHHbIn TOK.
M3meHas 3aTem COMPOTMBAEHME peocTata, A06MBalOTCA AOCTAaTOYHbIX MOKasaHWi npubopos U
npoussoaaT otcdeT | n U. MNonyyeHHble pe3ynbTaTbl NOACTABAAOT B Npasylo 4YacTtb ¢opmynbl (5) u
BblumcnAoT Z. C Apyroi CTOpPOHbI, Z onpeaensaeTca BblYUCAEHUEM MOCNE NOACTAHOBKM B NEBYIO YacTb

$dopMy bl N3BECTHbIX BEAMUUNH Rg, L n C.

MonyyeHHble pe3ynbTaTbl CPAaBHMBAIOT 414 NPOBEPKU CNpaBesMBOCTMU d)OpMyan NOZIHOTO 3aKOHa

Oma gna nepemeHHOro Toka.

Puc. 87.

HN3mepenus: u ux odpadorka
1. CobpaTtb cxemy, n306paxkeHHyto puc. 85.
2. MpoBecT He meHee 3—5 M3MEpPEHW Ha MOCTOAHHOM TOKEe AN BblBpPaHHOrO 4yMcna BUTKOB

KaTyLWKMW.



10.
11.
12.
13.
14.
15.

PaccuuTtatb Ro.

MpoBectn He meHee 3—5 M3MepeHUr Ha NepemMeHHOM TOKe A/aA BblOpPaHHOro 4umcia BUTKOB
KaTyLUKW.

Paccuutatb Z.

Mo paHHbIM U3MepeHuit paccunTathb L u tgod.

N3mepeHus n.n. 2—6 NoBTOPUTb, U3MEHSAA NEePEeKTIoYEHNEM KOHTAaKTOB YMC/10 PaboTaloWmnx BUTKOB
KaTyLUKW.

Cobpatb cxemy, n306parkeHHyto Ha puc. 86.

MpoBecTn He meHee 3—5 U3MepeHUn Ha NepeMeHHOM TOKe A1 Bbl6paHHOro 3HayeHus C.

Mo gaHHbIM n3mepeHuit paccuntatb C u tgod.

M3mepeHuna n.n. 9, 10 NoBTOPUTb NPU HECKOJIbKMX 3HAYEHMAX EMKOCTH.

Cobpatb cxemy, M306parkeHHyto Ha puc. 87.

MpoBecTn He meHee 3—5 U3MepeHUit Npu BbIBPaHHbIX 3HaYeHusax L n C.

Mo AaHHbIM U3MEPEHMIN paccunTaTb NOJIHOE CONPOTUBAEHME LENN.

MpoBepuTb BbINOAHEHWE 3aKOHA OMa 414 Lenu nepemeHHOro ToKa.

Pe3ynbTathbl VI3MEDEHMI7I M pacyeToB A0/1KHbI 6bITb 3aHECEHbI B Ta6J'IMLI,bI.

JIABOPATOPHAS PABOTA Ne 25.

N3MEPEHUME MOIIIHOCTHU IIEPEMEHHOI'O TOKA U CIBUT'A ®A3 MEXIY

TOKOM U HAITPA’KEHUEM

Llenb paboTbl: M3yyeHMe XapaKTEPUCTUK Lenm NepeMeHHOro ToKa.

anGOPbI U NPUHAANEHOCTU: UCTOYHUK NepemMeHHOro HanpAaXXeHnA; BOZIbTMETP,; BATTMETP;

amnepmeTp; peocTaT; Habopbl PE3NUCTOPOB, UHAYKTUBHOCTEM, EMKOCTEN; K/tou.

Onucanue IKCNEPUMEHTAIBHON YCTAHOBKH

Kak m3BecTHO U3 TEOPpHHU IIEPEMCHHOI'O TOKA, CPEAHAA MOIITHOCTh, pa3BHUBacMasi TOKOM B

Y4acCTKE 1ICTIH, Ha KOTOPOM MMaJICHUEC HAIIPSKCHUSA PABHO U, BBIPAXKACTCA COOTHOIICHUCM!

P=Ulcos ¢ (2)

HacToAawan 3agada COCTOUT B UCCAefoBaHUMU 3HaYeHU COSd) B Pa3/IN4HbLIX UenAax nepemeHHOoro

TOKa. Ecin P, | n U akcnepumeHTanbHO onpegeneHsbl, TO COSd) MOXKET BbITb BbIUMC/IEH U3 COOTHOLLEHUS



(1). CpeaHee 3HayeHME MOLLHOCTM MOXKET 6biTb M3MEPEHO NP MOMOLLM CrelnanbHbix npnubopos —

BaTTMETPOB.

Ot ¥ {A)
Puc. 88.

CobpaB uLenb MEepPeMeHHOro TOKa MO CXemMe, M306pakeHHOM Ha puc. 88, MOXKHO, MO/b3yAcb
N3MepPEeHHbIMU 3HaYeHUAMM P, |, U, BbIUMCAUTL COS &. M3MEPEHUA ITUX Ke BEIMYMH NO3BONAIOT HAUTU

MOJIHOE COMPOTUB/IEHUE YHaCTKa LEenu nepemMmeHHOMY TOKY, paBHoe

p
M3 BblparkeHus R'=I—2 MOXHO OnpeaenMTb TO aKTMBHOE COMPOTMBAEHME, B KOTOPOM Bblaenserca

nepemMeHHbIM TOKOM pxoyneBo Tenno. [onb3yacb 3HaveHnamm R' M Z n 3akoHom Oma ana

nepemeHHOro Toka, MOXHO COCTaBUTb BblpaxKeHUA:

ol - :ZZ—(R')2=LIJ—§—T—j 2)
m
L_%: u2||22—F>2 a)
a TakKXe
(P)2=U%2 — P2 (4)

nossosAaouwmne HanTH UWHAOYKTUBHOE N EMKOCTHOE ConpoTuBaAEeHNA UENN U TaK Ha3biBaemMyro 6e33aTTHyro

MoLHOCTb P,
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Puc. 89.

N3mepenusi u ux odopadoTka

1. CobpaTtb cxemy, n3obpaxkeHHylo Ha puc. 88. BmecTto conpoTuBieHua Z BK/AOYATb MOoYepeHo
KOMOMHaLMM Harpy3ok, n3obpaxkeHHble Ha puc. 89.

2. [powussectn usmepeHua Npu Tpex-nATU 3HaYEeHUAX TOKA B LLeNu.

3. [powusBecTn pacyeTbl NapameTpos Lenu no popmynam (1) - (4), onpegenuts cosd, R, L, C.

4. [Ona onpepeneHuna 3aBUCMMOCTM cOS ¢  OT BEAUYMHBI MHAYKTUBHOIO COMPOTMBAEHUA LEMNM
BK/IIOYMUTb B CXEMY, M306parKeHHY0 Ha puc. 88, KaTyLWKy C BbIABUMKHbIM CEPAEYHUMKOM BMECTO
Harpysku Z.

5. TocTeneHHOo BABMras B KaTyLUKY YKe/ie3Hbl cepaeyHunK, U3MEPUTb 3HAYEHUS TOKa, HaMpsAXKeHUA U
MOLLIHOCTU B Lenu.

6. [ns Kaxaoro NonoXeHus cepaedvHuMKa onpenenntb 3HadveHus cos ¢ u L. MocTtpoutb rpaduk
3aBmMcmMmocTm cos ¢ ot L.

7. Pe3synbTaTbl U3MEpPEHUiA 1 PacyeToB 3aHECTU B TabunLbl.

NabopaTtopHas pabota Ne 26.

ONPEAENEHUE YACTOTbI MEPEMEHHOIO TOKA

Lenb pHGOTbII n3mepeHne 4aCtoTbl NnepemeHHOro ToKa.



Mpu6opbl U NPUHABNEKHOCTU: NNHEINKA C HATAHYTON CTPYHOM M ABYMA YNOPAMM; SNEKTPOMArHuT 4o 3

A; amnepmeTp 0o 3 A; peoctat 4o 100 Om; pasHoBeCbl; UICTOYHMK NepemMeHHOro ToKa.

Onucanne 3KCHepI/IMeHTa.]'IbHOl7[ YCTaAaHOBKM

N
i

l °

Puc. 90.

YacToTy nepemeHHOro TOKa MOXKHO OMpPeAennTb, UCNOJb3ysA YCTaHOBKY, M306paKeHHYI0 Ha pucC.
90. CranbHaa CcTpyHa, HaTAHYTas C MOMOLbIO rPy3a, HAXOOMUTCA B NEpPemeHHOM MAarHMTHOM noJse
3/1eKTPOMaArHuTa, Pacno/ioKEHHOro NocepeamMHe HATAHYTOM CTPYHbl M MUTAaEMOrO TOKOM, 4acToTy
KoToporo TpebyeTca onpeaenntb. MoKHO A06MTbCA BO3HWKHOBEHMA pe3oHaHca (Npu 3TOM CTpyHa
byaet KonebaTbCcA C BO3MOXMHO 6onblieir amnauTygoin). OyeBMAHO, NpWU pPe3oHaHce nepuog,
nepemeHHOro ToKa byaeT paBeH ABYM Nepuoaam CTpyHbl: T = 2t, Tak Kak 33 041H Nepuos, NepemeHHoro
TOKa MarHUTHOE NoJie 3/1eKTPOMarHuTa ABaxKabl NPUTATUBAET CTPYHY. MNepuog, CTpyHb! BbIYMCAAETCA MO

dopmyne:

roe d — gnMameTp CTPpyHbl, | — ANMHA CTPYHbI MEXKAY YNOpamu, § — YCKOPEHUE CUMbl TAXKECTU, p —

NNIOTHOCTb MaTepuana CTPyHbl (CTanb), m — macca rpysa nalc macca pasHoBeca.

Torga yactoTa NepemeHHOro ToKa

H3mepenus u nx o6padoTka

1. Cobpatb Lenb no 3agaHHol cxeme (puc. 90).
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11.

MopgBecTM HaTAHYTYIO CTPYHY NOJ 3/IeKTPOMArHWUT M nepeaBuHYTb Ynopbl TaK, YToObl CTpyHa
Konebanacb B pe3oHaHc.

N3mepuTb pacctosHne mexay ynopamu. Cnegutb, Y4TObObl SN1EKTPOMArHUT HAXO4UNACA NPUMEPHO
nocepeanHe CTPYHbI MeXAy yrnopamu.

Onpegenntb maccy rpysa.

N3mepuTb ANNHY CTPYHbI U ee AnameTp.

BbluMcAUTb YacTOTy KonebaHuii.

Mpoaenato onbIT 5 pas, meHAs rpysbl.

Mo AaHHbIM U3MEPEHUIA BbIYUCAUTDL CPEAHIOD YAaCTOTY KoslebaHuiA.

BKAHOYMTD B LLENb YaCTOTOMEP M MO €ro NOKa3aHWAM OMNpeaennTb YacToTy NepeMeHHOro ToKa.
Bbl4MCAUTD NOrpeLHoOCTH.

Pe3ynbTathl M3MepEHVIl7I M pacyeToB 3aHECTU B Ta6!'IMLI,bI.

NabopaTtopHas pabota Ne 27.
U3YYEHUE SNEKTPUYECKUX NMPOLECCOB

B MPOCTbIX IMHENHbIX LLEENAX NEPEMEHHOIO TOKA [35]

Uenb pa60Tb|: NU3y4yeHne 3aNEKTPUYHECKUX MNPOLECCOB M OLEHKA MapameTpoB B uUenAxX, COCTOAWMNX U3

nocnenoBaTe/ibHO COEAMHEHHbIX 3/IEMEHTOB: a) AByX pesuctopoB (uenb RR), 6)
pesucTtopa n KoHgeHcatopa (uenb RC), B) pe3ncTopa U KaTyLlKU UHAYKTUBHOCTM (Uenb

RL).

Mpubopbl n obopyposaHue: - moaynb ©r3-09, B KOTOpoM cobpaHbl U3ydyaeMble INEKTPUYECKUE LLeNW;

reHepatop PQ; ocumanorpad PO; UCTOYHUK NuTaHua UIM.

MeToa namepeHui

B pa60Te nccnegyrTca sSNeKTpunvyeckne npoueccbl B UenAX, CocTtoAwnx wmu3 caegyrowmx

nocnenosateZIbHO coeguHEeHHbIX 2/1EMEHTOB: a) ABYX pe3ucTtopos ¢ conpotmsneHnamm Ri n R; (u,enb

RR, puc. 91,a); 6) pesuctopa R; n KoHaeHcatopa C (uenb RC, puc. 91,6); B) pesuctopa Ra M KaTyLlKu

nHayktmeHoctn L (uens RL, puc. 91,8).



Puc. 91.

OCHOBHbIM MapameTpPoM, XapaKTepusylLllMM u3ydyaemble uenu, aAsasetca KosadpduumeHT
nepegaun uenu K, npeacrasnawowmii cobolt oTHoWEHWE aMNAMTYAbl HaNpAXeHUa Ha Bbixoae uenu Vo

K aMmnanTyae Hanpsi>keHus Ha ee Bxoge Vo:

VO 1

K=—>
Vo

(1)

HanparkeHue Ha Bbixoge uenu Vi paBHO NageHUI0 HanpAaXKeHua Ha pesunctope Ry:
V1= |R2 (2)

T.€. NPAMO NPOMNOPLMOHANbHO TOKY B LLenu | 1 HaxoauTca B OAMHaKOBOVI C HUM ¢a3e. Ha ocHoBaHumn

COOTHOLLEHUSA (2) KoaddMLUMEHT Nepeaaym Lenu MOXKHO 3anmcaTtb B BUAE:

M3 cooTHolleHuA (2) cneayet, 4To A1A U3MepeHua yraa casura $Gas mexay Tokom B uenu | u
BXOAHbIM HanpsaKeHnem V A0CTaTOYHO M3MEepPUTb Yron caBura ¢pas mexkay HanpsKeHuamu Vi u V. Ona
cXeM, M306paKeHHbIX Ha puc. 91, Halgem aHaNUTUYECKMIA BWA, BblpaxKeHui ans KoadpduumeHTa

nepegauu uenu K n ytna casura ¢as ¢.

1. UenbRR:
6=0; K=—12_ (@
R +R,
2. UenbRC:
(/)z_arctg 1 R K:i (5)
R,aC 1+(R,aC)

Mpw BbICOKMX YacToTax ( w = o°):



lo=Vo/Rz;  $=0; K

N

1. (6)
3TOT pesy/nbTaT COOTBETCTBYET TOMY, YTO B LLENU 3aKopoYeH KoHaeHcaTop C.
Mpu HU3KKX YacToTax (w = 0):
lo=VowC; ¢ =-1/2; K=RwC =2mR,Cv. (7)
ITOT pesy/abTaT COOTBETCTBYET TOMY, UTO B LLeNu 3aKopoyeH pesunctop R,.
3. UenbRL:

(p:arctgw—L; K= Ry

=t (8)
R, JRZ + (oL Y

Mpw BbICOKMX YacToTax ( w = oo):

lo=Vo/wl;  ¢=mn/2; K z& :&1
oL 27 v
3TOT pe3y/ibTaT COOTBETCTBYET TOMY, YTO B LLEeNu 3akopoyeH pesunctop R,.
Mpu HU3KKX YacToTax (w = 0):
lo=Vo/Rz; &=0; K=l. (10)
3TOT pe3synbTaT COOTBETCTBYET TOMY, YTO B LEMM 3aKopoYeH pe3unctop R,.

o710 COOTBEeTCTBYET TOMY, YTO B L,eNn 3akopoyeHa MHAYKTUBHOCTL L.

MNonyyeHHble pe3ynbTaTbl MOryT 6bITb UCNONb30BaHbI AnAa 3KCNepUMeHTa/IbHOro onpegeneHuna

napameTpos uenen R, C, L.

OnucaHue 3KCNnepuMeHTaIbHOW YCTaHOBKYU
Ha puc. 92, 93 npuBeaeHbl 6N10K-CXeMa U INEKTPUYECKANA CXEMA KCMEPUMEHTAbHOM YCTaHOBKM.

B KacceTte ®13-09 cobpaHbl U3yyaemble anekTpuyeckne uenu (puc. 91). B Hem HaxoauTCA TaKxKe
KoMMmyTaTop A, MPMMEHEHWE KOTOPOro No3BoJISEeT Habto4aTh HA SKPaHe 0AHOJIyYeBOro ocumanorpada
OAHOBPEMEHHO ABa CUMHYCOMAANbHbLIX CUrHana. Hanps)KeHWe ¢ BXoAa M3yd4aemol Lenu noaaetcs Ha
"Bx1" KOomMMyTaTopa, a HanpsxeHue C BbixoJda M3y4aemol uenu - Ha "Bx2" kommyTtatopa. C Bbixoaa

.KOMMYTATOpPAa nccaegyemole HanpAaxXeHna noaatoTCcA Ha BXOL, Y ocu,mnnorpad)a.



@ O <$M3-09 x:‘—-
Y =
PQ > <ol
3
P =
AE :: B _
« o e S5 oV Xe
un PO
Puc. 92.
on3-Cy
Ol 0] T x
& Bxl To5] v
R1 c L [, e
8x2 A POy
PQ | Lo 5 o~
2 + 0128, >

Puc. 93.

leHepaTop PQ. ABAAETCA MCTOYHUKOM rapmoHudeckon 3/1C. BbixogHOe HanpsAXKeHue B YacToTy

reHepaTtopa MOXXHO MEeHATb B LUMPOKUX Npeaenax.

Ocuunnorpad PO cAyKUT ONA M3MEPEeHUs amMNAUTYL HanpsXKeHWUli Ha BXode W Bbixoge uenu, a
TaKKe AN U3mMepeHusa yraa casura ¢as mexkay TOKOM B LEenu U BXOAHbIM HanpsiKeHnem. MCTOUYHMK

nutaHua UMM npegHasHaveH ana NMTaHUA CXemMbl KOMMYTaTopa.

MNepen BbINONHEHMEM 3ap,aHm71 O3HAaKOMUTBLCA C ONUCaHUNAMU I'IpM60pOB, MCNosab3yembiX B

[JAHHOW yCTaHOBKe.
MoAaroTtoBKa ycTaHOBKM K pabore
1. YcraHoBuTb ncxoaHoe NosIoXKeHNe KHOMOYHbIX nepekatoyaTenem Ha

naHenn moayna ®r3-09: Bce KHOMKM OTXKaTbl.

2. YCTaHOBWTbL OpraHbl ynpaBaeHus Ha naHenax ocumnnorpada PO B nonoxkeHune, obecneuymsatollee
M3MepeHne amnanuTyapl U pa3sBepTKy BO BPEMEHW NepemMeHHOro HanpaxeHus. Tymbaep curHana

CUHXPOHU3aLU MU Pa3BEPTKU YCTAHOBUTDL B NOJ1I0KEHNE CUHXPOHN3ALMN BHELWWHNUM CUTHA/IOM.



10.

MoaroToBuUTb K paboTte reHepaTop PQ 1 ncTouHMK nuTaHua UM.
Cobpatb cxemy, M306parkeHHyto Ha puc. 92.

MNMocne NpoBepKM cxembl NpenogaBaTesiem UaM NabopaHTOM NPUCOeANHUTL BCce NPUBOpPLI K ceTn
~220 B. Bkntountb npubopsbl Tymbaepamm "Cetb". atb npnbopam nporpetbcs B TodeHue 3 - 5

MWH.

YcTaHOBUTL C/aeaylowme napameTpbl BbIXOAHOrO CUrHana reHepartopa: 4actota - 20 Klu,

HanpAXeHue - okono 2 B.

YCTaHOBUTb pasmax KonebaHuii HanpaKeHUs reHepatopa Ha 3KpaHe ocuuanorpada B npegenax
npumepHo 2/3 3KpaHa noabopom KospPuUUMEHTA OTKNOHeHUs K, KaHana BepTUKa/NbHOIo

OTKNOHEHMUs ocuuanorpada.
MonyunTb ycTOMUYMBOE M306PAKEHME CUTHANA TEHEPATOPA HA IKPaHe.

YCTaHOBUTb TaKyto ANNTENBbHOCTb Pa3BEPTKMHN, npu KOTOpOﬁ Ha

9KpaHe Ha6J'II-O,D,GETCFI 2-3 nepmoaa nccnegyemoro cCurHana.

OtperynnpoBsarb OKOHYaTesIbHO BEPTUKa/IbHbIN pasmep n306paxeHuns
CUrHana reHepaTtopa Ha 3KpaHe ocumnnorpada €  MNOMOLWLbBIO  PYYKM  MNABHOM
PeryanpoBKMU BbIXOAHOMO HaMpAMKeHWa reHepatopa. JTOT pasmep w306pakeHUsa curHana

reHepaTopa peKoMeHAyeTca Nnoaaep>KMBaTh NOCTOAHHbLIM NMPU BCEX U3MEPEHUSAX..

YnpaskHeHue |. U3yueHune aneKTpUUecKMX NPoL,eccos B L,enu, coaepiallen asa

pesucropa

3aMKHYTb C MNOMOLLbIO KHOMOYHOrO MepeKkntoyatens Ha naHenn mopyna @r3-09 Bsetsb,
coaep:kalyyto pesmctop Ri.

Monyuntb Ha 3KpaHe ocumanorpada ycToiiunsoe n3obparkeHme OBYX
nccaeLyemblx CUrHaoB.

3apucoBaTb Habatogaemble KofebaHUA Ha MUAIMMETPOBOM Bymare. Ybeantbca, 4to yron casura
$as3 mexKay TOKOM B LieNu U BXOLHbIM HanpsKeHMem paBeH Hy/to.

MpounssecTu nsmepeHue amnanTyA HanpsAXeHuN Ha BXo4e " BbIXOoAe
uenu. ﬂ,ﬂﬂ 3TOro U3AMepuTb BEIMYNHY aMNAUTYObl KaXX40ro CUrHazna B geneHUAX WKaibl 3KpaHa U
YMHOMMUTb MNOJIyYeHHble 3HaYeHUA Ha KO3IPPULMEHT OTKAOHeHMA K, KaHana BepTUKa/IbHOro
OTKNOHEHMUs ocuuanorpada.

Mpy M3MepeHUN HanpAKeHWn ¢ Nomollblo ocumanorpada, UCNonb3yemoro B AaHHoW paboTe,
peKkoMeHAyeTcA YCTaHaBAMBATb TaKce 3HadeHue KoadduumeHTa OTKAOHeHMA Ky, Npu KoTopom
pasmep M306pakeHWA CUrHana No BEPTMKANM COCTaBAAET He MeHee ABYX AENEeHMI LWKanbl

3KpaHa.



6. PaccumtaTtb 3HauyeHue KoadduumeHTa nepesaum uenu K no popmyne (1).

7. OnpeaenvTtb BEANYMHY CONPOTUBEHMA pe3uctopa Rino dpopmyne (4).

8. OueHUTb NOrpeLHOCTN n3mepeHna KoadpdnuneHTa nepesadn Lenm M CONPOTUBAEHMA pe3ncTopa
Ri.

9. [laHHble U3MEPEHUNI N BbIUMCIEHUI 3aHeCTM B Tab. 1.

Tabnuua 1
Vo Vo1 K= V01/ Vo AK Rl, Om @, rpajg
Vo, [Ky,B/men | Vo, B| Vo, Ky, Vo,
nen Jen B/nen B
YnpaskHeHue 2. U3yueHune 3IeKTPUYECKMX NPOLLEeCCoB B LENU, COAEpPIKaLLen pe3nucTop 1
KOHAeHcaTop

1. 3aMKHYTb C MOMOLLbID KHOMOYHOrO NepekntoYaTenda Ha naHenn moayna  ®MN3-09 BETBb,
coaepalyto koHgeHcatop C.

2. TMonyuntb Ha 3KpaHe ocuunnorpada ycTonymsoe n3obparkeHne ABYX
nccaenyembix CUrHaNoB.

3. 3apucoBaTtb KonebaHus, Habsogaemble Ha 3KpaHe ocumanorpada npu yactote reHepaTtopa 20
K.

4. Onpegenvtb yron cagura ¢as mexay TOKOM B LLeNM M BXOAHbIM HanpaxeHuem npu yactote 20
K. Jns 3TOro mMamepuTb B AENEHUAX LWKaibl 3KpaHa ocuunnorpada casur no spemeHn At
MeXay U306parkeHNAMM ABYX UCCeayeMblX CUTHAN0B U nepuog Konebauuii T (puc. 94). PasHocTb
¢$as paccunTaTtb No popmyne

At
@ = = 360(2pao) (11)
T
st
T
Puc. 94.
5. MostopuTb n.n. 3,4 npu yactoTte reHepatopa 80 KIu,



MpoBectn M3MepeHMe amnauTyg HanpaXeHMn Ha BXOoAe W BbIXxoAe LEenu npu pasinyHbIX
3Ha4YeHUsAX YacToTbl reHepaTopa Vv (N0 MeToAMKe, onucaHHoM B N.4 ynpaxHeHus 1). YacToty re-
HepaTopa MeHATb B npeaenax ot 20 ao 80 kI cHavana ¢ nHTepsanom 5 kly, (ao 40 kly), a 3atem ¢

MHTepsanom 10 Klu.

7. Paccuutath 3HauyeHuA KoadduuumeHTa nepepaun uenn K no dopmyne (1) ana  scero
MCCNef0BaHHOTO AManNa30oHa YacToT.

8. Moctpoutb rpaduk 3aBUCUMOCTU KoadduumeHTa nepegaum uenn RC OT 4acToTbl BXOAHOrO
Hanps»keHus K = f(v) .

9. C nomouwbto rpadpmka K = f(v) oueHUTb BenMUMHY eMKoCcTU KoHgeHcaTopa C. [Ana atoro
BOCMO/Ib3YEMCS IMHEMHbIM y4acTKOM rpaduka, KoTopbln onuckiBaeTca popmynon (7). Onpegenvs
TQHreHC YyTNa HaK/JOHa J/IMHEMHOro y4yacTKa W NpUpaBHAB €ro yri1oBomy KoappuumeHTy
3aBMcMMOCTH (7), nonyuynm cooTHolweHune tga =2nR,C, oTKyaa

_ Qa
C2RC

10. PaccuuTaTb pasHocTb da3 ¢ no dopmyne (5) npy ABYX 3HAYEHMAX YacToTbl reHepaTtopa: 20 u 80
K. CpaBHMTb pe3y/ibTaTbl pacyeTa ¢ pesy/ibTaTaMu HeNnocpeacTBEHHOro U3mepeHus yrna ¢.

11. JaHHble U3MEepPEHUI U BbIYUCNIEHUIA 3aHECTU B TabA. 2.

Tabanua 2

v Vo Voi K = \i C | At T, Pusvis Qpacs

10* T Vo, Ky, | Vo, | Vo, Ky, | Vo, V, nen nen | rpan rpajg
nen | B/men B e B/nen B

YnpaskHeHue 3. U3yueHune aneKTpUUYeCKMX NPoLLeccoB B LLenK, cogepKalleii pesucrop u

KaTyLWKY MHAYKTUBHOCTU

3aMKHYTb C MOMOLLBID KHOMOYHOFO MepekatodaTenda Ha naHenn mogyna PMN3-09 BETBb,
COAEpPKALLYIO KaTyLWKy MHOYKTUBHOCTK L

MonyyaTb Ha 3KpaHe ocumanorpada ycronumsoe nsobparkeHme AByx nccneayembix CUrHaA0B.
3apucoBaTb KonebaHwms, Habnogaemble Ha 9KpaHe ocuunnorpada
npw yactote reHepatopa 30 Ky,

Onpepenntb yron cagura ¢as mexay TOKOM B LLenu M BXOAHbIM HanpsaxeHuem npu vactote 30
KMy, [na 3T0ro Mameputb B AENEHUAX LWKaAbl  3KpaHa ocuuanorpada casur no spemeHun At
Mexay u306paxkeHusMKU ABYX UCCAeLyeMblX CUTHasoB B nepuog KonebaHuint T (cm. puc. 94).

PasHocTb ¢pa3s paccumTath no popmyne (11).




5. NosToputb nn. 3,4 npu yactote reHepatopa 100 Kly,

6. [MposecTtn M3MepeHMe  aMNAUTysd,  HanpsXeHwun Ha Bxozae " Bblxoae
uenu npu Pas/INYHbIX  3HAYEHUAX  YaCTOTbl reHeparopa v (no  meTtoguKe,
OMMCaHHOM B NyHKTe 4 ynpaxXHeHusa |). YacToTy reHepaTopa meHsTb B npeaenax ot 30 ao 100 Kl
Cc nHTepsanom 10 Klu.

7. PaccuutaTb 3HauyeHus KoadoduuMeHTa nepegaun uenn K no dopmyne (1) pns Bcero
MCcCNefo0BaHHOTO AMaNa3oHa YacToT.

8. TMMocTtpoutb rpadmk 3asmcumoctn K = f(1/v).

9. C nomouwbto rpadmka K = f(1/v) oueHWUTb BeAUUMHY WMHAOYKTUBHOCTM KaTywku L. Ans 3toro
BOCMO/Ib30BaTbCA JIMHEWHbIM Y4YaCTKOM rpadurKa, KOTopblA onucbiBaetca d¢opmyaon (9).
Onpepenvs TaHFEHC YINa HAK/OHA IMHEMNHOTO y4acTKa U NPUPABHAB ero yrnosomy KoadpduumneHTy

R R
3aBMCMMOCTM (9), Nonyumnm cooTHoweHme tga = —2-, oTkyaa L = 2
27 2y

10. PaccuuTaTb pasHocTb ¢a3 ¢ no dopmyne (8) Nnpu AByx 3HAYEHUAX YacToTbl reHepaTopa: 30 b 100
Ky, CpaBHUTb pe3y/ibTaTbl pacyeTa C pesy/ibTaTaMy HENOCPEACTBEHHOIO U3MepeHUs yraa o¢.

11. JaHHble U3MepPEeHUI U BbIYUCNEHUI 3aHECTM B TabA. 3.

Tabnnua 3
v 1/v, Vo Vo1 K - VOl L, At, T, Puzmy Ppacu,
10T |10°c¢ | Vo, Ky, | Vo, | Vo, Ky, | Vo, a W I | men | menm | rpam | rpan

nen | B/men B e B/nen B

NabopaTtopHas paboTta No 28.

MU3YYEHUE ABNEHUA B3AUMHOM UHAYKLUU

Lenb paGOTbI: n3yvyeHume ABneHunA B3aMMHOM MHOYKUWN OBYX KOAKCHNA/ZIbHO PaCnoOJIOXKEHHbIX KaTyLlEeK.

Mpubopbl 1 060pyaoBaHMe: 3ByKOBOIM reHepaTop PQ, 3/1eKTpoHHbIN ocuunnorpad PO, moayns ®MN3-05,

L1, L, — ABE KaTyLWKN MHAYKTUBHOCTU Ha 0A4HOM ocu; LUl — LITOK CO LWKanol, MOKa3biBakoLLLMiA

B3aMMHOM pacnosioXeHue KaTywek Ly u Ls.

MeToa namepeHui




B AaHHOM paboTe nsy4yaetca KO3POMUMEHT B3aUMHOMN MHAYKUNM MeXAaY ATMHHON KaTywKon 1 u
KOPOTKOM KaTyWKOW 2, KOTOpas HaAeBaeTCAa Ha KaTywky 1 M MOXeT nepemelLatbcs BAONb €€ OCMU.

MuTaHMe ogHOM M3 KaTyweK, Hanpumep, 1, ocywecTBAAeTcA OT reHepaTopa 3BYKOBOM 4actoTbl PQ,

HaNpsAKeHMe C KOTOPOro
U=Uocos wt (1)

noaaerca yepes conpotmsiaeHme R. BonbTmeTp pacnonoxkeH Ha naHenu PQ, namepsaert gencrsytoliee

3Hauenue Hanpskenua U, =U, /~+/2 . R Bbibupaetcs Takum 06pa3om, 4To6bl BbINONHUTL HEPABEHCTBO

R>> /R + L2w? (2)

rae L1 — MHAYKTUBHOCTb KaTyLWKu |; R1 — ee akTUBHOE CONPOTUBAEHMUE.
B aTOM cnyyae TOK, NpoTeKatowWwmii Yepes KaTyLKy |, MOXKHO onpeaennTb no ¢popmyne

U
=B=—°cosvvt=I01cosvvt (3)
R R

Iy

MepemeHHbIM TOK B KaTywke 1 co3gaet nepemeHHyo 3C B3aMMHON MHAYKLMM B KaTyLUKe 2:

dl U .
&, :—Mud—;:MZlﬁowsmw’[. (4)

[na nsmepenHna €; ncnonbayetca ocumnnorpad. Amnantyaa d4C B3aMMHOM MHAYKUMK

€OZ=M21%W=M21%2d, (5)
rae f -yacrora 3sykosoro renepatopa.
U3 (5) umeem:
M,, =¢,R/24U, (6)

Ecnn nomeHaTb mectamm KaTyLWwKHn 1n 2, TO MOXXHO U3MePUTb
M,, = &, R/ 24U, (7)

[nAa nepectaHOBKM KaTylek Heobxogumo nepekatodatenn MMi u [, nepebpocuTb B

NPOTMBOMNO/IOXKHOE NosoxKeHue (puc. 95).



n,
: “FY+—1 1

Puc. 95.

U3mepeHua n nx obpabortka

YnpaskHeHue 1. UsmepeHue KoapPuumeHToB B3auMHOM MHAYKUUKN M2 u M12 n uccnegosaHume mx ot

B3aMMHOrIo pacnosioXXeHuA KaTtyllek.

1. CobpaTb cxemy, nsobparkeHHyto Ha puc. 96 1 97.

2. O3HakoMUTbLCA C PaboTOM 3INEKTPOHHOIO ocumanorpada 1 3ByKOBOro reHepaTopa.

3. 3agaTtb HanpaxeHue Us u yactoTy f curHana reHepaTtopa (no ykasaHuto npenogasaTens), noaatb
Hanps)KeHne Ha KaTywky | (c nomowpto nepekntovatena i), a 3AC KaTywku 2 nopatb Ha
ocunnnorpad (c nomolbio nepekntoyatensa y).

4. YCcTaHOBWUTb MOABWMMKHYHO KaTyLWKy 1 B KpailHee nonoxeHue. MNepemeltas ee B NPOTUBOMNONOKHOE
KpailHee noJsio)keHue 4Yepe3 1 cm, 3anucbiBaTb 3HavyeHue SOC B3aMMHOM WMHAYKUMM B LENu
KaTYLIKK 2.

5. Mo ¢opmyne (6) paccuntaTb 3HaYeHMEe M,i. MosydeHHble gaHHble 3aHecTu B Tabaunuyl.

6. TMomeHATb mecTamu KaTywku Li u L (c nomouwbio nepekntoyatenein Mi u M), NoBTOpUTL
n3mepeHua no nn.2, 3 u paccunTatb M1,

7. TMocTpouTb rpaduKM 3aBUCUMOCTM Ma1 U M1z KaK GYHKLMM KOOPAMHATBI Z ( Z — pacCTOAHUE MeXAyY

LEeHTPamM KaTtylek 1 u 2).

Tabnuua 1

Z,CM €02 My €01 My

e, B I'n e, B I'n




°
0
-
§ o

Puc. 96.

YnpaxHeHue 2. UsmepeHune M;1 npu pasIMUHbIX 3HAYEHUAX aMNIUTYAbl NMUTAIOLWEro HanpPAXXeHus.

1. [MocTaBuTb KaTywWwky 1 B cpeaHee NONOKEeHMEe OTHOCUTENBHO KaTYLIKN 2.

2. 3apaTb 4acTOTy NMUTaIOLLEro reHepaTopa No yKasaHuio npenoaasatens (Hanpumep, 10* I'u)

3. Uameputb amnantyay 3/4C B3aMMHOM UHAYKLUN €5; MPU PA3IUYHbBIX 3HAYEHUAX HanpsxeHua Us
B Lenu Katywku 1 8 uutepsane 0 —5 B yepe3 0,1 B.

4. Mo dopmyne (6) paccumTtaTtb My;. MoNyYeHHbIE AaHHbIE 3aHECTM B Tabauuy 2.

Tabnnuya 2

f=... R=10* Om

U, B

€02, B

le, I'n




YnparkHeHue 3. UsmepeHune Mz npu pasIMyHbIX HaCcTOTaX NUTAIOLLLErO HANPAXKEHUA.

1. MocTaBuTb KaTywWwKy 1 B cpeaHee NONOMKEHNE OTHOCUTEIbHO KaTyLLUKK 2.

2. 3apaTtb amMnAMTYyAY HanpaXeHWA reHepaTopa No yKasaHuto npenoaasatensa (Hanpumep, 2 B).

3. Uameputb amnantyay 3SAC B3aMMHOW WHAOYKUMU Eo; MPU PasIMYHBIX YacTOTax 3BYKOBOro
reHepaTopa ot 5 A0 20 Ky, (He meHee 10 3HaUYeHN).

4. Mo ¢opmyne (6) paccumTtatb My;. MoNyYeHHbIE AaHHbIE 3aHECTU B TabauLy 3.

5. [nAa ogHOro M3 MOAYYEHHbIX 3Ha4YeHWl My paccumTatb abCONOTHYIO WM OTHOCUTENbHYHO
norpewHoct AMz1 1 AMy1/ M.

Tabnnua 3

Us=... R=10* Om

f, T

€02, B

M1, I'n

3T0 MHTepecHo [16, 17]

B KaHyH HacTynatowero XIX ctonetus HemeuKkui GU3MK PUTTEP B MMCbME CBOEMY NOCNEA0BATENIO
dpcTeny BbICKA3aNn TaKyt MbIC/b: oAbl MaKCMMaslbHbIX HAKJAOHEHMUI SKAUNTUKK, MO €ro MHEHWUIO,
COOTBETCTBOBA/IM FO4AM CaMbIX KPYMHbIX OTKPbITUA B 061acTn aneKkTpuyecTsa. Tak, 1745 rog oTmedeH
n3obpeteHmem neiaeHckon 6aHkuM, B 1782 roay nosBuacsa KoHaeHcaTop BonbTa, B 1801 roay - BonbTtoB
ctonb. “Bbl moxeTe Tenepb BbIMUCAUTD, - NMUCan Putrep, - 4TO aNoxa HOBbIX OTKPbITUIA HacTynuT B 1819
nnun 1820 rogy, U Mbl CMOXKeM cTaTb ee ceugeTtenamm”. MporHos cobiica - B 1820 rogy Ipcres OTKPbIA
MarHUTHble CBOWMCTBA 3/1EKTPUYECKOrO TOKa (MHTepecHo, 4To B 1820 roay 6bina OTKpbITa U AHTapKTUAA).
CnycTa HeCKO/IbKO MecALEeB Noc/sie OTKPbITMA dpcTesa Aparo 3ameTua NpUAMNaHne XenesHblX ONUIOK K
NPOBOJ/IOKE C 3/IEKTPUYECKMM TOKOM. ELlle yepe3 HeckonbKo AHelt Amnep n Aparo U3rotoBuaM nepsbiii
coneHomna,. 3agadva “npespalleHuns 3eKTpuyecTea B MarHeTmam” 6biia pelleHa. Bctana gpyras 3agava -
“npeBpaTUTb MarHeTM3M B 3/71eKTpMYecTBO”. PelleHne ee npuHaanexuT senmkomy ®apageto. 29 asrycra
1831 roga oH cobpan B nabopaTopun Creaytolwylo HEC/OXHYK YCTAHOBKY: HAa JKe/ie3HOe KOAbLO
ONAaMETPOM OKOJIO LIEeCTM AOMMOB OH HAamoOTasl M30/MPOBAHHOWM MPOBOJIOKOW ABe 06MOTKM. Koraa
dapageit NOAKAUMA K 3aXKMMaM OAHOW OBMOTKM GaTapeto, ero accUCTEeHT yBUAEN, KaK AepHyach
CTpe/iKa rasbBaHOMETPA, MPUCOEAUHEHHOrO K Apyroi obmoTke. [epHysiacb M yCNOKowIacb, XOTH
NMOCTOAHHbIM TOK NPOZOJIXKAA Teuyb No nepBol obmoTKe. Papaselt TwaTebHO NPOCMOTPEN BCE AeTau
NPOCTOM YCTaHOBKK, Bce 6blno B nopsaake. Ho cTpenka rasbBaHOMETpa ynpamo ctosna Ha Hyne. C

Aocaabl tDapap,eﬁ pewnn BbIKNHOYNTb TOK, U TYT CIYYNUN10Cb Yya40: BO BPeEMA pPa3MbIKaHUA LUENU CTPEJIKa



ralbBaHOMETpPa, NOKa3biBalOWEero aNeKTpn4yeckoe HanpaxeHne B p,pyroiz'l O6MOTKe, OonATb Ka4yHy1acCb U

OnATb 3aCTbl/la Ha Hy}'IE!

dapapeit 6611 B HEAOYMEHMN: BO-NEPBbIX, MOYEMY CTPeKa BeAeT ceba Tak CTpaHHO? Bo-BTOpbIX,
MMEIOT NN OTHOLLEHME 3aMEYEHHbIEe MM BCMAECKM K ABAEHWUIO, KOTOPOe OH WMcKkan? BoT TyT-TOo M OT-
Kpblanck Papageto Bo BCe ACHOCTU BeUKME MAen AMnepa O CBA3U MEXKAY INEKTPUYECKMM TOKOM U
marHetnsmom. Beab nepsasi 06MOTKA, B KOTOPYIO OH NoAaBan TOK, cpasy CTaHOBMAACb MarHMTom. Ecam
paccMmaTpuBaTb ee Kak MarHuT, To SKCNepuMeHT 29 aBrycra nokasas, YTo MarHeTu3m Kak byato poxaaer
aneKkTpuyectso. TONbKO ABe BewM OCTaBa/UCb CTPAHHbIMWU: MOYeMy BCMJIECK 3J/IEKTPUYECTBA NpwU
BK/IIOYEHMM 3N1IEKTPOMArHuTa ctan bbICTPo cXoauTb Ha HeT? U 6onee Toro: noyemy BCM/AECK NOABAAETCA

Npu BblK/IIOYEHUN MarHuTa?

dapagelt CTaBUT CEPUIOD IKCMEPUMEHTOB. DKCNEpUMEHT TpuymdanbHbid 17 oktabpsa. Papagein
3apaHee 3HaeT, Kak 3To byaeT. OnbIT yaaetca 6aectawe. “A B3N UMNMHAPUYECKMIA MAarHUTHbIN BpyCcoK
(3/4 nroima B gnameTpe, 8/4 alolima ANMHOW) M BBeN OAMH €ro KoHel, B NPOCBET CNUpPanu U3 meaHou
npoBosiokn (220 ¢yToB ANNHONM), COEANHEHHON C rasibBaHOMETPOM. MoToM A BbICTPbIM ABUMKEHNEM
BTO/IKHY/1 MarHUT BHYTPb CNMpPasn Ha BCIO €ro AJMHY, WU CTpesika rasibBaHOMETPA WUCMbiTana TOMYOK.
3aTem A TaK Ke ObICTPO BbITAWMA MaArHUT M3 COUpPanu, U CTpenka OnATb KauyHynacb, HO B
NPOTMBOMNONOXKHYIO CTOPOHY. ITU KayaHUA CTPESIKM NOBTOPAINCH BCAKUIA pas, KaK MarHUT BTaJIKMBancA

WUAU BbITankusanca”.

CeKkpeT B ABMKeHUN marHutal Mmnynbc aneKkTpuyecTsa onpeaenaeTca He NoJIOXKEeHMeM MarHuTa,
a AsurKeHmem! “3To 3HAUUT, YTO I/IEKTPUYECKAsA BOJIHA BO3HUKAET TO/IbKO MPU ABUMKEHUN MArHWUTA, a He

B CW1y CBOMCTB, MPUCYLLMX EMY B NOKoe”.

Npes okasanacb naoAOTBOPHOW. Ecnu ABUMMKEHWE MarHUTA OTHOCUTE/IbHO MPOBOAHMKA cOo3zaeT
3NIeKTPUYECTBO, TO, BUAMMO, U ABUXNKEHME NPOBOAHMKA OTHOCUTE/IbHO MArHUTa AOJ/IKHO POXAaATb
3NEKTPUYECTBO. 3HAYUT, eCTb BO3MOXKHOCTb CO3aTb reHepaTop 3/IEKTPUYECKOro TOKa, AEeNCTBYOLWEro
CKOJ/Ib YTOAHO OO, NMNLb Bbl NPOAOAMKANOCH B3aUMHOE ABUMKEHWE MPOBOJIOKM U MarHuTa. 34ecb nyTb
K COBpEeMEHHbIM 3/ieKTporeHepaTopam. M nockonbky Papagein NpaBuibHO OLEHWUA NPUHLUN AEACTBUA

HOBOTIO yCTpOVICTBa, OHO 6biN0 6bICTpO MM NOCTPOEHO U UCNbITAHO.

DNEeKTPUYECKNA reHepaTop, NpeanoskeHHbit ®apageem, 6bln OPUTMHANbHBIM MO MNPUHLMNY
AeNCTBMA, HO HeyAobHbIM AN NPaAKTMYECKOro MCMOAb30BaHMA. B aydllem c/iyyae OH MOF CAYMKUTb
M3AWHBIM YKpaleHem u3ndYecknx nabopatopuii. HUKOMY M B FrOA0BY He MPUXOAWNO, YTO ABAEHUE

3J'IEKTpOMaI'HMTHOI‘/JI WHAOYKUUUN, OTKPbITOE ¢apap,eeN\, MOXET MMETb NPaKTU4YEeCKOEe NpumeHeHmne

Ho... Hepes HECKOJZIbKO Hedesib nocne OTKPbITUA (Dapap,eﬂ, TAUHCTBEHHbIM Heé3Hakomel, C

uHuunanamm P. M. TaMHO OCTaBMA B ﬂOH,CI,OHCKOﬁ KBapTupe (Dapa,u,eﬂ YEepTEXU ISNEKTPUYECKOoro



reHepaTtopa, coBeplleHHO Heobbl4aliHOM M HEOKMAAHHOW ANA TOro BpemeHM KOHCTpyKumnn. Kak nucan

I

BnocneacTsMm akagemmk M. [1. KocTeHKo, “...0CHOBHble 4epTbl MawuHbl P. M. OblAM HACTONbKO
NpaBW/bHbI, YTO HA MHOTO JIET ONpPeAeINAN KOHCTPYKLMN MallMH no3aHenwwmnx nsobpertatenein”. byato
OH 3arfAHyN Bnepes Ha HECKOJIbKO AecaTUnetTnii u n3basma YyenoseyectBo OT HEOOXOAMMOCTM TepATb
Bpems HanpacHo. KTo e OH, TauHCTBEHHbI P. M.? B psaay ntoaein, NnocTaBMBLUMX 3/EKTPUYECTBO Ha

cny>+<6y yesioBe4vecTBy, €ero uma oCTtazioCb HEN3BECTHbLIM.

OTmeTMm eule, 4YTOo HesaBucumo oT Papages netom 1832 r. ABNEHWE 3NEKTPOMArHUTHOM
WHAYKLMW OTKPbIA (0duUManbHO) amepuKaHckun dusmnk Arkosed MeHpu (1797—1878), eaMHCTBEHHbIN
amepuKaHel, Kotoporo B 20-x rogax MpoOW/Oro BeKa YyB/AeKana npobnaema B3aMMOOTHOLUEHUS
3NeKTpPUYecTBa M MarHetTmama. YsHas, 4yto Papagein onepeann ero NoyT Ha rog, NeHpn oropyeHHo a-
JIOBaNCA CBOEMY Apyry-usgatento: “MHe ciefoBano nevyatatb BCE 3TO paHblie... M oTKyga mHe bbisio
3HaTb, YTO KTO-TO APYroi No Ty CTOPOHY ATNAHTUYECKOrO OKeaHa 3aHMMAaeTcs ToM ke npobnaemoin?”
OpHako ¢ coobuieHrem 06 OTKPbITUKM ABNEHMA cCamMouHAYKUMK FeHpu yaanocek onepeantb Papases Ha
ase Hegenu. k. FleHpu npuHagnexuT pag nsobpeteHnin B o61actu aiekTpomarHetnsma. Tak, B 1827 r.
leHpu Hayan paboTy B 06/1acTN PU3MKK C M30OpeTEHMA U30/IMPOBAHHOMN LLIEJIKOM MeZIHOM NPOBOJIOKU. B
HECKO/IbKO MOJEepPHU3MpPOBAaHHOM BUAe nposBofa Mapku [MIILO (nposBoa 3smannpoBaHHbIM
JIaKMPOBaHHbIM B LLEIKOBOW OMN/IETKE) BbIMyCKaOTCA A0 HACTOALWEro BPEMEHU U LUMPOKO UCMNOJb3YHOTCA.
B 1831 r. l'eHpw, ycoBepLIEHCTBOBAB OTKPbITbIM B. CTeparKeHOM 31eKTPOMArH1T, co34an 3INEeKTPOMArHUT
c nogbemHol cunoit 9800 H (Hembicinman Torga umdpal). B 1835 r. FeHpu nsobpen anekTpomMarHuTHoe
pene, a B 1838 r. ycTaHOBMA QAKT 3NEKTPOMArHUTHON MHAYKUWM 4Yepe3 KUPMUYHYIO CTEHY U
BO3MOHOCTb 3KPaHUPOBAHWUA 3/IEKTPOMArHUTHOTO NOASA KeNe3HbIMU AncTamu. B 1842 r. FeHpu OTKpbIA
KonebaTeNbHbIN XapaKTep pa3pada KoHAeHcaTopa 4yepes KaTylwKy MHAYKTUBHOCTM (MaTemaTuyeckoe
onucaHue ero nosaHee caenaet TomcoH). B yectb Oxko3eda MeHpu HasBaHa eguHMLA UHOYKTUBHOCTU

reHpu, NnpuHATaAa Ha |l MexkayHapoaHOM KOoHrpecce anekTpukos B 1889 r.
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