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TEOPETHUYECKAS CITPABKA

[lenn, comepkamye XOTsA Obl OJAWMH HEIWHEUHBIA 3JIEMEHT, Ha3bIBAIOTCS
HEJIMHEMHBbIMU. HelnHEeHHbIe 1Eenu ONMCHIBAIOTCS HEJIWHEHHBIMU YPABHEHUSAMHU U
001a1al0T PSAOM HOBBIX CBOMCTB, KOTOPBIE OTCYTCTBYIOT ISl IMHEHHBIX 1ienei. J{is
pacueTa HEJIUHEHHBIX 1ened mnpu JeucTBUU MOCTOSHHBIX JJ[C  (MCTOYHHKOB
HAMpsDKCHUST WM TOKA) TMPUMEHSIOT Tpadudeckue, rpadoaHAUTUTHIECKHE,
aHAJMTUYECKUE U YUCIIEHHbBIC METObI. JIJIsl aHalI3a TPOLIECCOB B HEIMHEHHBIX LETISIX
HEOOXOMMO HMMETh BOJIbT-aMIiepHble XapakTepuctuku (BAX) Bcex HeIMHEWHBIX
3JIEMEHTOB. BoJbT-aMIiepHbIC XapaKTePUCTUKU TpeacTaBisitoT 3aBucumoctu U=U(I)
win 1=1(U). K HenuHelHBIM pe3ucTUBHBIM 37eMeHTaM (HD) oTHOCATCS: JaMIibl
HaKaJIMBaHUs, TEPMUCTOPBI, TUPUTOBBIC DJIEMEHTHI, OapeTTEPhl, FJTCKTPUUECKas IyTa,
PTYTHBIE BEHTWJIM, TOJYNPOBOJHUKOBLIE BEHTWJIM, CTAOWJIUTPOHBI, JIAMIIBI C
TIACIOIKUM pa3psiioM W T.1. HenuHelHble pE3UCTUBHBIE BJEMEHTHI OTINYAIOTCS
pazHoOOpa3ueM BOJIBT-aMIIEPHBIX XapPaKTEPUCTHUK, YTO OOYCIOBIMBAECT UX HIUPOKOE
NPUMEHEHUE B  DJIEKTPOTEXHUYECKUX,  PATUOTEXHUUYECKUX,  DJICKTPOHHBIX
YCTPOMCTBAX.

B unxeHepHOU MpaKkTUKE MUPOKO MPUMEHSIOT rpaduueckue METObl pacyeTa
HEJIMHEUHBIX 1enel. DTH METOJIbl UMEIOT HEKOTOPbIe 0COOCHHOCTH B 3aBUCUMOCTH OT
BUJIa HEJIMHEHUHOW IETIH.

CJ10:keHHne XapaKTepUCTUK

[Ipu mocnenoBarensHoM coenuuenun HD (puc. 1) BAX ckianpiBatotes mnpu
oxurakoBoM Toke: U(1)=U1(1)+Ux(1).
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[Ipu mapamnensHoM coenunennn HD (puc. 2) BAX cknaasiBaroTcs mpu
onurakoBoM HampspreHun: 1(U)=11(U)+1,(U).
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[TocTpoeHne xapaKTepUCTHK TSI aKTUBHO-TIACCUBHBIX YYaCTKOB MOKa3aHO Ha
puc. 3.
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Metoa aByX y3/10B

Jns cxem, copepkalmux TOJBKO JBAa y3Ja WA MNPUBOMSIIIUXCA K HHUM,
MPUMEHSIOT METOJ IBYX Y3JI0B. DT0 rpaduyeckoe pemienue ypapHenuit Kupxroda. B
CXeMe Ha puc. 4 TpU BETBU, COJEPIKAILME HEIMHEUHBIE 3JIEMEHTHI C 3aJaHHBIMU
BOJIbTAMIIEPHBIMU XapaKTepUCTUKaMU. Pacuer npeanonaraetT HaX0K1€HUE BCEX TOKOB

1 y3510Boro HanpspbkeHus: Ugy. Beipakaror Hanpspkenue Uy, uepe3 TOKH B BETBSX TIPH
U3BECTHBIX Eq1 1 E>:

U,()=-E+U.l)
Uab(lz) = Ez _Uz(lz)
U, (15) =U,(15)
Ha puc. 4 npencrasiensl BAX Bcex HEIMHENWHBIX 3JIEMEHTOB.
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Jlia pemieHus 3aa4u ClenyeT, NMPEACTaBUB TOKU BCEX BETBEW Kak (yHKIUU
y3710Boro HanpspkeHus: Uap, 3anucaTs nepBsiil 3akoH Kupxroda:

Il(Uab) + |3(Uab) = |2(Uab) '

Crpoum xapaxkrepuctuku BerBeid I,(U,), 1,U,) u 1,(U,). I'papuuecku
cknageBaeM |,(U,) u 1,(U,). IlepecedeHne cyMMapHON XapakTEPUCTUKU C
XapakTepucTukon 1,(U,) naer rpaduyeckoe pemenue U, =4Bu 1,=7A. Toku
,=6A u |,=1A Haxomar no xkpussiM |,(U,)u I,(U,) mpu U, =4B. Ha puc. 5
II0Ka3aHO TpapUueCcKoe PEeIICHUE 3aJauu.
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Puc. 5

MeToa 3KBHBAJIEHTHOI'0 TeHepaTopa

Ecnu B a5iekTpruuecKkoi 1enu Tojibko oauH HD, To TOK B BETBU ¢ HEJIMHEHHBIM
AJIEMEHTOM MPOIIE ONPEAECIUTh METOJOM 3KBUBAJICHTHOro reHeparopa. Ha puc. 6
MOKa3aHa CcXeMa JJICKTPUUECKOM 1ENU U €€ MPUBEACHNUE K YIKBUBAICHTHOU cxeMe. Ha
puc. 7 mokazaHo rpaduyecKoe peireHue 3aaaun ¢ yaeToM cooTHomeHus li3=Uxx/Rex.
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1. HEJIb PABOTbI
Ilenpto  paboOTHI  ABASETCSI HUCCIENOBAHUE LIEMU IOCTOSHHOIO  TOKa,
COIEpXKAlllel  HEJIIMHEWHBIC  DJJIEMEHTBL:  OKCIEPUMEHTAJIbHOE  IIOJyYEHHE
XapaKkTEepUCTUK HEIMHEHMHBIX PE3UCTUBHBIX DJJIEMEHTOB, pPAacyeT HEIMHEHHON
DNEKTPUYECKOW I[EeNM IOCTOSTHHOTO TOKA M JKCIIEpMMEHTalbHAas INPOBEpPKa
pE3yJbTATOB pacyeTa.

2. COAEP/ KAHUE PABOTbI

B nabopaTtopHoii paboTe HCNONb3yeTCss UCTOYHHUK MOCTOSHHOTO HaIpsKEHUs
E=0...12 B u3 O6moka MOAYNb NMUTAHUA UZ4 ¢ peryirupyeMbIM IO BEJIWYHHE
HampspkeHueM. Jlisi HaONroeHHsT BOJBTAMIEPHBIX XapAKTEPHCTHK HCIOIb3YIOT
MCTOYHMK CHHYCOMIAIBHOIO HampsbkeHus u3 Moayias @OYHKUMOHANbHBLIN
FEHEPATOP u OCUUNNONPA®. I3MeputenbHble NPpUOOPHl MarHUTOIEKTPUUECKON
CHCTEMBI pacroyiokensl B 6ioke MOAYIb U3MEPUTEJNIbHbBIN 1OCTOSHHOIO TOKA.
HenuHeRHbIe IEMEHTBI 3JIEKTPUUECKOM [IEMU BHIOKparoT 13 Moayisi HEIMHEWHBIE
SJIEMEHTbI.

3. HOAI'OTOBKA K PABOTE U BOITPOCHI VIS AOITYCKA
CTYJAEHTOB K PABOTE

1. B pabore wuccnenyroTcss LENU C HEIMHEWHBIMH 3IIEMEHTaMH, CXEMHBIE
nzoopakenust 1 BAX xotopeix npeacrasieHsl B Tadn. 1. st anementoB HO1, HO3,
H35, HO6 B Tabnune npuBoasatca ux BAX. [{ns snementoB H2O2 u H34 Heobxoaumo
KAaUECTBEHHO  HApUCOBATh  BOJIbTAMIIEPHBIE  XAPAKTEPUCTUKU  HEIMHEHHBIX
NBYXMOJOCHUKOB Mpu R=100 OM 1 Hanpsp>KEeHUW Ha BXOJIE€ DJIEMEHTOB, paBHOM +12
B.

2. JInsg HeNMWHEWHOW IenH, cXxeMa KOTOpOW MpHBEIeHa Ha pUC. 8, MOCTPOUTH
3aBUCUMOCTh Ug(Usx), ectm R=100 Om, U,=6 B mnpu cieayomux 3HAYCHHUSIX
COINPOTHUBIIEHUS Harpy3ku Ry: 1) R,=w0, 2) R;=100 Om, 3) R,=330 Owm.

3. Jlnsa pa3BeTBICHHONW HEJTWHEHHOM 1T, CXeMa KOTOPOM MpUBEACHA Ha PHUC.
9, paccuutarh rpaduueckuMm MetogoMm HampsbkeHue Uz M Toku B BeTBsX. BAX
HEJIMHEHHOTO dJeMeHTa 2 almpoKCUMHpOBaHa BeIpakeHUeM |,(U,)=kUS (ams n —

HEYeTHBIX HOMepoB Opuran) u 1,(U,)=kUZ (a1 N — 4YeTHBIX), Ui JIMHEHHBIX
anementoB 1 u 3: 1, (U,))=kU,, 1,U,)=kU, (TOK B MuIuamnepax, HalpspkeHUE B

BOJIbTaxX). 3HaueHwus K1, Kz, K3 u E mpuBeneHs! B Ta0II. 2.
4. PacckasaTh MperojiaBaTelio O MOPsAKE BBIOIHEHUS JTab0OpaTOpHOUN paboThI
(cm. Pabouee 3aganue).
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4. PABOYEE 3AJIAHUE

e CobOparp mempb 1o cxeme puc. 1II. Hccnemyembie HenuHEHHBIC
neyxmnomocHuk H21-H36 npusenens! B Tad:. 1. B kauectBe HDS5 BrIOpaTh 351eMeHT,
o0o3HaueHHBI B Mojayie HENMUHEWHBIE 3NEMEHTbI kak Ri. B kauectse HD6
BBEIOpATh 2JIEMEHT, 0003HaYeHHbIH B Mojayie HEMMMHEWHBIE 3NIEMEHTbI kak HL.
VYcranoButh BenuuuHy conpotusiieHus R=100 Om B 610xke MOAYIb PE3SUCTOPOB.

¢ BKIIOYNTH aBTOMATHYECCKUM BBHIKIIIOUATeab QF Oroxka MOAYJb MUTAHUA u
tym6siep Cerb Moyiast ®YHKUMOHAIbHbIW FEHEPATOP. [lepekitouarens @opma
YCTaHOBUTH B MOJIOKEHUE "\,

e Perymatopom Yactora MOAyJIs ®YHKUUOHAIIbHbLIA TEHEPATOP,
yCTaHOBUTH 3HaueHue 4acToThl f=200—300 I'u. Perynsropom AMnnuTyaa yCTaHOBHUTh
JEWCTBYIONIEE 3HAUYCHHE HAIpSKEHUS Ha BbIxoge monyns 7—8 B. KonrtpomupoBath
HaIIPSHDKEHUE C IIOMOIIBIO AJIEKTPOHHOTO BOJIBTMETPA.

e Brmouuts OCUUNINONPA®. Iloaximounts Bxoa 1 ocumsuiorpada k Touke 1
(X). Ioaxmounts Bxog 2 ocimyuiorpada k Touke 2 (Y) (cM. MeToandyeckue yKa3aHus).

o [lonyuuts Ha skpane OCLUUINNONPA®PA uzobpakenus BAX uccrnemyembix
HeIMHEHHBIX 25eMeHToB HO1-HD6. [lonyyennbie n300pakeHusi HAHECTH Ha KaJIbKy
i cotorpadupoBarts.

e CoOpats nens no cxeme puc. 211

e BKIIOYHTH aBTOMATHYCCKUM BBIKIIOYATENNh QF O010ka MOAYNb MUTAHUA u
TymOsiep SA3 ucrounnka MOAYIb MUTAHUA UZ4 0...12 B.

e [lmaBHO W3MeHsIsI peryisitopoM HanpspkeHust U ot Hynist 1o 12 B ¢ marom 1,0
B sKcnepuMEHTanbHO TMOJMYYUTh CTAaTUYECKUE XAPAKTEPUCTHKUA HEIMHEWHBIX
nsyxnoirocaukoB HD5 (R1) u H36 (HL). M3amepennblie BenmuunHbl 3aHecTy B Ta0. 111,

e [loMeHATh MOJIPHOCTh UCTOYHUKA HAMPSHKEHUM U MOBTOPUTH SKCIIEPUMEHT.
W3mepeHHble BETUYHUHBI 3aHECTH B Ta0u. 111

e CoOpaTh 3JIeKTpUYECKYIO Lienb Mo cxeme puc. 311, ycTaHOBUTh BEIUYUHY
conpotuyiieHus R=100 Owm.

e [lnaBHO U3MEHsS peryasaTopoM BxojHoe HampspkeHue U ot Hyns 10 12 B ¢
mrarom 1 B uameputh BeixoHOE Hanpspkenue npu: 1) R,=w, 2) R,=100 Owm, 3) R,=330
OmM. N3mepenHbie BeTMYMHBI 3aHecTH B Ta0u. 211.

e CoOpaTh aneKTpuyecKyro 1enb 1mo cxeme puc. 4I1. YcranoButh Ha BXxoje
nern Hanpsokenue E=12 B. Hemuneitasie snementsl Ri1 (HD5), HL (HD36)
BeIOMparoTcst u3 Oyoka HENMHEWHBIE 3NEMEHTbI. YCTaHOBHUTH BEJIWYHHY
COMPOTHUBJICHUS JIMHEWHOTO pesuctopa Rs=100 Om B 610K MOAYINb PE3SUCTOPOB.

e 3meputs Toku BerBeil, HampsikeHuss U; u Ugp. PesynbTaThl M3mepenwuit
3a"ectd B Ta0m. 311

e TloMeHSTh MOJASPHOCTH UCTOYHUKA HANPSHKEHUM, YCTAHOBUTD HA BXO/JIE LIEMHU
3HaueHue HanpsbkeHus 5 B. M3meputb Toku BerBed, HampsikeHus U; u Ugp.
Pesynbrarel usmepenuit 3anectu B 1a0. 311.

e YTBEepAUTH U NOANKUCATH MPOTOKOJI U3MEPEHUN Y ITPENOAaBaTEIs.

e Brixmounts TymMOnep SA3 wucrounuka MOAYNb MNUTAHUA UZ4 u
aBTOMaTHYECKHUH BBIKIIOYATeIb QF 0j10ka MOAYINb NMUTAHUA.



5. MPOTOKOJI U3SMEPEHUU K IABOPATOPHOM PABOTE Ne 15

I'EHEPATOP
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Ta6nuna 111 — DxkcnepuMeHTalIbHbIE JJAHHBIE MTPU UCCIIEIOBAaHNUH 11enu Ha puc. 211
Unss, B 0 +1 +2 +3 +4 +5 +6 +7 +8 +9 | 10 | £11
laas, MA
npu U>0
laas, MA
npu U<0
Unse, B 0 +1 +2 +3 +4 +5 | 6 | 7 | 8 +9 | £10 | £11
e, MA
npu U>0
lH96, MA
mpu U<0




H=100 Om

Y
Puc. 311
Ta6nuna 211 — DxkcnepuMeHTalIbHbIC JaHHbBIE MTPU UCCIIeIOBaHNUH 11enu Ha puc. 311
Uex, B 0 1 2 3 4 5 6 7 8 9 10 11 12
UBLIX, B
Ruy=o0
UBLIX, B
Rx=100 Om
UBLIX, B
Rx=330 Om
'=0..12B/05A |
Puc. 411
Tabauna 3I1 — DxcnepuMeHTalIbHbIE TaHHBIE ITPU MCCIIEI0BAaHUU 1enH Ha puc. 411
U, B U, B Uab, B 11, MA 2, MA I3, MA
12
-5
3HaueHUE CONMPOTUBIICHUS R3= Owm.
Hcnoan3yst IKCNEPUMEHTAJIBHO MOJIyYeHHbIEe BOJIbTAMIIEPHbIE

XapaKTePUCTUKU HeJduHeilHbIX 3jemeHToB Ri (HJ5), HL (HJ6), 3nHavenune
JIMHEHHOI0 pe3nucTopa ¢ conporuBiaeHreM Rs, paccuurarh rpagu4ecKu TOKH U
HaNpsKeHusl B HeJuHeilHOW nenu (puc. 4I1) nust AByX moJisipHOCTeil BXOJXHOTO
Hanpsikenus. Pe3yabraThl pacyera CpPaBHUTh € JKCIEPUMEHTAJIbHBIMU
JTAHHBIMHU.



MeToanyeckue yKazaHus
Jlia HaOnroeHNus BOJIBT-aMIIEPHBIX XapaKTEPUCTUK Ha 3KPAaHE JBYIYYE€BOTO
OCLUUNNONPA®A wucnoisp3yloT JABa Bxojga npubopa. HampspkeHuss Ha BXOAbBI
ocmuiorpada mogarTcs B CTPOroM cooTBeTcTBuM ¢ puc. 111. Pa3BepTka BeIKIIOYCHA.
[InaBHO MeEHsI1 3HAYE€HHE BXOJHOTO HAIPSHKEHHWS M €ro 4YacToTy ITOJY4YUTb
U300pakeHHE BOJIBTAMIIEPHBIX XapPaKTEPUCTUK HEIMHEWHBIX sneMenToB HO1-HD6.

6. COAEP KAHUE OTYETA

1. KoppekTHo oopmiieHHas TOATOTOBKA K padoTe.

2. Ha ocHoBe onbITHRIX AaHHBIX (puc. 1I1) mocTpouTs ¢ ykazaHueM MacimTaboB
1o ocu abcruce u ocu opauHatr BAX HO1-HD6.

3. Ha ocHOBe ONBITHBIX JaHHBIX (Tabi. 1IT) mocTpouTh ¢ ykazaHHeM MacTaboB
o ocu aocrucc u ocu opauHaT BAX HO5 u H36.

4. Ha ocHOBE ONIBITHBIX JaHHBIX (Tab1. 21T) moCTpOoUTh ¢ ykazaHueM MaciTaboB
1o ocH abcruce u oc opauHAT 3aBUCUMOCTH Uy (Usx).

5. Ha ocnoge skcniepumenTanbubix BAX HO5 u H26 (tabsn. 111) rpaduyeckum
CI0cOO0M OIpeeTUTh TOKU 1 HApsDKEHUS B HenrnHenHoi tenu (puc. 4I1) mpu U=12
B u U=-5 B. CpaBHUTH NOJYyYEHHOE PELIECHUE C ONBITHBIMU JaHHBIMU U3 Ta0. 411.

6. Cnenath MMCEMEHHBIN BBIBOJ O TIPOJICITAaHHON padoTe.

7. BOITPOCHI JJi5s1 3BAHLIUTBI PABOTDI

Bce oTBeTbl Ha KOHTPOJIBHBIE BONPOCHI  JIOJDKHBI — COIPOBOXKAATHCS
HEOOXOJUMBIMU CXeMaMH, (opMmyiamMH, YHMCIEHHBIMU pe3yJbTaTaMHU pPACUYETOB,
rpaduueckuMu WUTFOCTpausaMu (rpadukaMu, auarpaMmMaMyd U T.J.) U COJAEpPKaTh
OJIHO3HAYHBII OTBET HA MTOCTABJIEHHBIE BOIIPOCHI.

1. Kak B cxeme Ha puc. 2I1 yyecTp BHYTpPEHHEE CONPOTUBICHHUE
musuamnepmerpa? [IponeMoHCcTpupyiTe U 0OBSICHUTE, KaK JAHHOE CONTPOTUBIICHUE
BJIUSIET HA PE3YJIbTATHI OIBITOB.

2. Kak BenmuumMHa CONPOTUBICHHUS HArpy3KH BIHSET Ha XapaKTEPUCTUKY
Usux(Usx) (cxema Ha puc. 31T)?

3. nsa gero nyxeH pesuctop R=100 Om B cxeme Ha puc. 31?7 Tlouemy ero
HA3BIBAIOT «0aJNIACTHBIMY?

4. Tloctpoiite 3aBUCUMOCTH lyyx(Usx), ler(Usx) 1 1x(Usx) st cxemsr Ha puc. 311.

5. BonbpT-aMriepHasi xapakTepUCTHKa HEIMHEWHOro JAByxmojitocHuka HOIS5
armnpoOKCUMUPOBAHA TIPOXOIAIIEH 4Yepe3 Hayajao KOOpPAWHAT JIOMAHOW JIMHUEW,
coCTOsILIEN M3 TpeX OTPe3KOB MpsMbix. Kakasg cxema QUOIHOrO ammpokcumaTopa
COOTBETCTBYET JaHHOM anmpoKCUMAaLUK?

6. Kak u3menurcs pemenue s cxeMbl Ha puc. 411, ecnu moMeHaTh MecTamu
HeJMHEWHbIe IByXnontocHukn HOS5 nu HO67?

7.B cxeme Ha puc. 411 HenuHeWHbId ABYXNMOMOCHUK HDOS5 w nuHeiHbIN
pesuctop Rs moMensanu mecramu. Paccuntarh TOKM M HaNpsHKEHHE HA HEJIMHEWHBIX
JBYXIIOJIFOCHUKAX METOAOM 3KBUBAJIEHTHOTO reHepaTopa npu U=12 B.

8. B cxeme nHa puc. 4I1 nenunelnsiii aByxmomocHuk HOS5 u nuHeiHbIN
pe3uctop R; momensmm mMecramu. PaccunTtaTh TOKM M HaNpsyKEHHWE HA HEJIMHEWHBIX
JIBYXTIOJIFOCHUKAX METOJOM 3KBHUBAJIEHTHOTO reHepaTopa npu U=-5 B.
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