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Comep:kaHue

BeeneHne

Llems u 3agau H3y4YeHH S JUCIIIIHHEI

OO6opyaoBaHHE U MaTEePHAIIBI

HarmveHoBaHuEe 1a00paTtopHEIX pador

Coxepxanie 1adopaTopHBIX padoT

JlaGoparopHas padora Nel. McenemopaHHe CIOXKHBIX I[ETIEH ITOCTOSHHOIO TOKA
JlaGopatopHas pabora Ne2. IlocnemoBarenbHOEe COeQHHEHHE AKTHRHOIO,
HHJIVKTHBHOI'O H EMKOCTHOTO COITPOTHBIIEHHI. Pe30HAHC HAITPSHKEHII
JlaGopatopHasa padora Ne3d. DnekrpHyecKas IENb CHHYCOHAAIBHOIO TOKA IIPH
ITapaUIeIbHOM BKIIFOUEHHH aKTHBHOI'O H PeaKTHBHBIX COITPOTHBIIEHHIH.
JlaGopatopHasg pabGora Ned4. HcciaemoBaHme TpexdasHOH CHCTEMBI ITPH
COEJHHEHHH ITOTPeOHTEIIEH 3BE30H

JlaGoparopHas pabora Ne5. TpexdazHas Ielb IIPH COeJHHEHHH ITOTpeOHTeNneH
II0 CXEME TPEYT OJIBHHK

JlabopatopHas padora Ne6. McribiTanne onHo]a3HOro TpaHchopMaropa
JlabopatopHas padora Ne7. McrpITaHme Tpex(pa3zHOro aCHHXPOHHOTO
BIIEKTPOABHIATEIS ¢ KOPOTKO3AMKHYTEIM POTOPOM

Yacte 1. CHATHE H OIpelelleHHe XapaKTepHCTHK Xojocrtoro xoma lo=f(U),
P—=t(U), cospo=f(U) Tpexda3Horo acHHXpPOHHOTO  JBHTATeII C
KOPOTKO3aMKHYTEIM POTOPOM

Yacte 2. IIyck B Xomx Tpex(asHOr0 aCHHXPOHHOIO JBHIATElIsI C
KOPOTKO3aMKHYTBIM / (pa3sHBIM POTOPOM C PerHcTpaled H 0ToOpakeHHeM
PEKHMHBIX ITAPAMETPOB HA KOMITBIOTED

Yacte 3. CHITHE M OIpPEAelIeHHE XapaKTEPHCTHK KOPOTKOIO 3aMBIKaHHS
Ix=t(U), Px=f(U), Zx= f(U) TpexdasHOro acHHXPOHHOIO [JBHTAaTEIII C
KOPOTKO3aMKHYTEIM POTOPOM

JlaGopaTopHas pabora Neo8. Hccnepopanne XaAPAKTEPHCTHK
ITOIYTIPOBOAHHUKOBBIX JIHOOB HA IIOCTOSHHOM H IIEPEMEHHOM TOKaX

JlaboparopHasg pabdora Ne9. CHATHe XapaKTepPHCTHK OHITOISPHOIO TPAaH3HCTO-
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5.1 IlepeyeHh OCHOBHOH H HOIOJHHTEIHPHOH IMTEpPaTyphl, HEeOOXOIHMMOH I
OCBOEHHS JTUCIIHILINHEI

5.2  llepeueHp y4uyeOHO-METOAHYECKOIO OOECIEYEHHS CaMOCTOSTEILHOH PadoTHI
OOVYYAFOINMXCSA 110 JUCIIHIUIHHE

5.3 [lepeyeHnr  pecypcoB  HH()OPMAI[HOHHO-TEIEKOMMYHHKAIIHOHHOH  CETH
HMHTepHeT, HEOOXOMNMEBIX I OCBOSHH S JHUCI[MIUIHHEI
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BeeneHue

[lenpro paboTel B J1a00OpPaTOPHH SBISETCS VITIYOJIEHHE H 3aKPEIUIEHHE ITPHOOPETEHHBIX
TEOPETHYECKHUX 3HAHHI ITYTEM SKCIIEPHMEHTAIILHOH ITPOBEPKH TEOPETHUYECKHX ITOIOKEHHIH, a
TAaKKe 3HAKOMCTBO C 3BJIEKTPOHHBEIMH KOMIIOHEHTAMH, OOOPYIOBAHHEM, H3MEPHTEIBHBIMI
ITpHOOpaMH M armrapaTypoil, HCITOIb3YeMBEIMH B JTaOOpaTOPHH.

B pesyinbTaTe BEIIIOIHEHHS Ta00paTOPHBIX padoT CTYAEHTHI JOIKHEI IIPHOOPECTH YMEHH A
H HaBBIKH II0 COOpKE M MCCIEIOBAHHIO 3IIEKTPOHHBIX CXEM H IIPHOOPOB, H3MEPEHHIM
SIIEKTPHYECKHX BeIMYMH. TemaTHka J1a0opaTOpPHBEIX PadoT IIOMHOCTBIO COOTBETCTBYET
COJIEPKAHMIO OCHOBHBIX PasJ/ielIoB Kypca, H3YYaeMOI'O0 B BBICIIMX TEXHHYECKHX YUeOHBIX
3aBel[eHHSIX. B npepimaracMoM yueOHOM ITOCOOHH OIMCAaHO OAMHHAAIATH 1ab0paTOPHEIX padoT.
B omicannu Kakgoi 1abopaToOpHOH paboTel chopMyIHpOBaHa ee I[ellb, H3II0KEHB OCHOBHEIE
TEOPETHYECKHE TTOJIOKEHI S, OIMCaHa CXEMa YCTAHOBKH JIIS IPOBEIEHH S 3KCIIEPHMEHTAIIBHOIO
HCCIIEIOBAHNS, JaHBl PEKOMEHJAIMI II0 IIPOBEJEHHIO OIIBITOB H 00paloTKe pPe3yiIbTaToB

IIBMEPEPHIﬁ, d TAKXKE KOHTPOJIbHBIC BOITPOCHI.
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1. I[ens u 3a0 auu u3yueHus OUCUUNIUHDL

Llenbro rmpenoapalHus JUCIIHIUIHHEL SBIISETCS H3YUEHHE CTYAEHTAMH TEOPHH Pa3/IMYHBIX
BIIEKTPHYECKHUX I[EIed IS PelleHud IpoOieM Iiepemayd, oOpaboTKH M paclipeldelIeHH
3JIEKTPHYECKHX CHTHAIIOB B CHCTEMaX CBS3H. JHCIMIDIMHA << OIEKTPOHHKA H IEKTPOTEXHUKA))
TOKHA 0OecIeuynBaTh (POPMHpPOBaHHE OOMIETEXHHYECKOrO (PyHAaMeHTa MOATOTOBKH OVIYIIHX
CIIEL[HAJIICTOB B OOIIaCTH HMH(POPMAIMOHHBIX CHCTEM H TEXHOJIOIHMH, a TakKKe, CO3][aBaTh
HeOoOXOMHMYE0 0a3y I YCIIEIHOr O OBIIAAEHH S ITOCIEIYIOIIMMHI CITEIH A HBIMH JH CIIUTUIHHAMI
yueOHOro 1raHa. OHa JOJKHA CITOcOOCTBOBATH PAa3sBHTHIO TBOPUYECKHX CITOCOOHOCTEH CTYAEHTOBR,
YMeHHIO (POpPMYIIHpOBaTh H pellaTh 3aJadyd H3YYaeMOH CIIEI[HAIbHOCTH, YMEHHIO TBOPYECKH
IIPUMEHSTh M CaMOCTOSTEIILHO IIOBBIIIATHE CBOH 3HAHWS. OTH IEMH JOCTHTAIOTCS HAa OCHOBE
(yHIaMeHTaTH3al[HH, HHTEHCH()HKAIIMH H HHIHBHAYaIH3aI[HH IIpollecca OOYYeHHSI ITYyTEM
BHEJpEHHSI M 3(PQPEeKTHBHOIO HCIOIB30BAaHHSI B Y4eOHOM IIPOIECCE JOCTH/KEHHI
HH()OPMAITHOHHOH 0e30ITacHOCTH. B pesynbTare H3y4YeHHS JHCLHIUIHHEI Y CTYAEHTOB JOJI/KHEI
Cc()OpPMHPOBATHECS 3HAHHSA, YMEHHS H HAaBBIKH, ITO3BOISIOIIHE ITPOBOJHTH CaMOCTOSTENIbHBIH
aHaJIM3 PA3IMYHBIX 3IEKTPHYECKHX I[ETIEH.

['maBHOH 3agavyed HM3VUEHHS HCIIIUIMHBL SBISeTCAd OOECIeUeHHE IIETTOCTHOIO
IIPEJICTABIIEHUS CTYAEHTOB O IPOSBIEHHH 3JIEKTPOMATHHTHOI'O IO B 3MIEKTPHUECKHX I[ETIIX,
COCTABJISIFOIIIX OCHOBY Pa3IHYHBIX YCTPOHCTB.

JpyriMH 3aJadyaMH H3YUYEHHS SBISIOTCS. YCBOEHHE COBPEMEHHEBIX METOIOB aHallH3a,
CHHTE3a M pacuéra 3NeKTPHYECKHX IIEIeH, a TaKkKe, METOLOB MOJEIIMPOBAHHS M HCCIIELOBAHHSI
Pa3IMYHBIX PEKIMOB EKTPHYECKIX I[eIeH Ha IIEpCOHAIBHBIX SBM.

ONEKTPOTEXHHKA SBIIIETCA IIEPBON JHCIIMILIMHON, B KOTOPOH CTYIEHTEI H3YYatOT OCHOBBI
IIOCTPOEHHS, ITPeoOpa3oBaHN U pacuyeTa NMEKTPHUYECKUX IIENeH YCTPOHCTB. OHa HaXOMHUTCS Ha
CTHIKE JUCIUIUIMH, OOeCTIEYHBAIOIIHX 0a30BYIO H CIIEIHAIbHYIO ITOATOTOBKY CTYIEH-TOB. M3yyas
STY JHCHHILIMHY, CTYAEeHThI BIIEPBBIe 3HAKOMSITCS C IIPHHI[HIIAMH (DYHKI[HOHHPOBAHHSIL,
METOHAMH aHalmM3a M CHHTE3a pacCMaTPHBAEMBIX SIEKTPHYECKHX Iened. IIpHoOpereHHBIE
CTYACHTAMH 3HAaHMSI M HAaBRIKM HeOOXOAMMBI KakK I TPaMOTHOHM  SKCIUTyaTal[HH
HH()OKOMMYHHKAI[HOHHOH aIlllapaTypel, TaK H IS pa3paldOTKH YCTPOHCTB, CBS3aHHBIX C

nepegadyeH H 00paboTKOH CHTHAJIOB.
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2. Obopyooearite u mamepuaisl

AHHHPHTHLIE CPCACTEA.

— KoMIuiekT THITOBOTO HﬂﬁﬂpﬂTﬂpHDFG DﬁﬂpyﬂﬂEﬂHI[ﬂ {{QHEKTPDT CXHHYECKHE MAIITHHEBI»

— KOMIIJIEKT THIIOBOTO HﬂﬁﬂpﬂTﬂpHﬂI‘D Gﬁﬂp}’ﬂDEﬂH}IH {{TEGPETIHECHIE OCHOBBI

IJNICEKTPOTEXHHEIL»

— YUYeOHBIN CTeH « 1 eOopHs 3JIEKTPHYECKHX IETIEH H OCHOBBI 3IIEKTPOTEXHHKHY

YueOHasa ayTUTOpHS IS ITPOBEAEHHS YUeOHBIX 3aHSATHI, OCHAIgHAa OO0OpYAOBAaHHEM H

TeXHHYECKHMH cpefcTBaMH oOydeHHs. [lepeHOCHOH HOYTOYK, ITPOEKTOP, JOCKa MAarHHTHO-

MapKepHasl.

3. Haumenosarue nao opamopusix paoom

Ne Temsbl HarmmMeHOBaHHE TEM AHCIHIUIHHEL, HX KPAaTKOC
AHCITHIUIIHBI COACPAKAHIIC

O0BeM
JacoB

N3 HHIX
ITpaKTHYECKas
ITOITOTOBKA, YaCOB

5 ceMecTp

JIaboparopHas padora Ne 1. Hccnegopanue
CIIOKHBIX IIeITeil ITOCTOSHHOTIO TOKa.

[TomyunTs MpakTHYECKHE HAaBBIKH COOPKH CXeM
1 1S SKCIIepHMEHTaIEHOM ITPOBEPKH M pacyeTa
I[eTeil ITOCTOSHHOIO TOKa C HCITOIh30BaHHEM
3akoHa OMa, IIEpPBOrO H BTOPOI'O 3aKOHOB
Kupxroda.

1,5

JIaboparopHas padora Ne 2,
[TocnemoparebHOE COeqHHEHHE aKTHRHOTO,
HHTYKTHBHOI'O H EMKOCTHOI'O COITPOTHBIICHHI.
PesoHaHC HaIpsoKeHHI.

OTBITHAS IIPOBEPKa OCHOBHBIX COOTHOIIIEHHH
IS ITOCIEeJOBaTe b HOH IIEITH ITepeMeHHOI0 TOKa,
o0yataromen akKTHBHEIM, HHIYKTHBHBIM H
€MKOCTHEIM COITPOTHBIIEHH SIMH.

JladopaTopnas padora Ne 3. DrekTpHuecKkas
Ilellh CHHYCOHIAaIIbHOT'O TOKA ITPH ITapaielIbHOM
BKITFOUEHHH aKTHBHOI'O H PeaKTHBHBIX
COITPOTHBIIEHHII.

OKCITlepHMeHTallbHas ITPOBEPKA 3aBHCHMOCTH
AKTHBHOI'O H PeaKTHBHBIX COITPOTHBIIEHHIT OT
JACTOTHI, a TaKKe COOTHOIIEHHI MeXITY
HaIpSDKEeHHEM, COITPOTHRIIEHHSIMH,
ITPOBOJHMOCTSMH H TOKaMH B IIEITH C

IIapaJUICJIbHO BKIIFOYCHHBIMIL dKTHBHBIM

COTTNOTHRITEHUEM KATVITIKOW WHTYKTHBHOCTH H
OJOKYMEHT MNoarnncAH
SNEKTPOHHOW NOANMUCHLIO

1,5

Ceptudukar: 12000002A633E3D113AD425FB50002000002A6 CIICOBaHHC
Bnapeneuy: WWebayxora TateAaHa AnekcasposHa HeHHH

Nencreutened: ¢ 20.08.2021 no 20.08.2022




(O3HAKOMHTBCS OITBITHBEIM ITYTEM C
OCOOEHHOCTSIMH COETHHEHH S 3BE30H
TIPHEMHHKOB 3JIEKTPHYECKOH SHEPIHH B LIETH
Tpex(a3zHoro Toka. Mccae1oBaTh peKHMBI
PaBHOMEPHOH H HEPAaBHOMEPHOH Harpy30K, a
TaKKe padoTy CHCTEMEI ITPH OOPEIBE OJHOH H3
¢a3. [TomyuuTh NIpaKTHYeCKHE HABBIKH pacyeTa H
HCTIBITAaHHS TpeX(a3HBIX IIeleH, a Takxke
TIOCTPOEHHS BEKTOPHBIX JHATPAMM.

JIaboparopHas padora Ne 5. TpexdazHasi 11e1b
IIPH COEMMHEHHH TTOTPEOHTENEH 10 CXEME

TPEYT OIIbHHK.

HccnegoBaTh 0coOeHHOCTH paOOTH Tpexda3HoMH
3 LIETH IIPH COSAHHEHHH CHMMETPHYHOI O H
HECHMMETPHYHOI O IIOTPeOHTENEN

TPEYT OIIbHUKOM, YVCBOHTE ITIOCTPOEHHE
BEKTOPHBIX JHArpaMM IT0 pe3yIIbTaTaM
SKCIIEPHMEHTA.

JIaboparopHas padora Ne 6. Mcnipiranue
ofHO(pa3HOIro TpaHCc(hOopMaTOpa.

6 (O3HAKOMHTLCS ¢ KOHCTPYKIIHEH, METOMaMHI
HCIBITAHUS H OIPEIEIICHH S XapaKTePHCTHK
TpaHCc(hOPMaTOPOB.

JIaboparopHas padora Ne 7. Ucnipiranue
Tpex(}azHOTro aCHHXPOHHOT'O 3JIeKTPOIBHIATENIS C
KOPOTKO3aMKHYTBIM POTOPOM.

O3HAKOMHTBCS ¢ KOHCTPYKLHEH, METOMaMH
ITyCKa M XapaKTepHCTHKAMH aCHHXPOHHOI' O
AIIEKTPONBHIATEIIS

JIaboparopHas padora Ne 8. Mccnegopanue
XapaKTePHCTHK ITOIYIIPOBOHHKOBBIX JHOIOB Ha
IIOCTOSIHHOM H IIEPEMEHHOM TOKaX.

CHSTH BOIIbTaMIIEPHEBIE XapaKTEPHCTHKH
BREITTPSAMHTEIbLHOTO Juoaa (Tuma KJ[226,
1N5408), mvaryimscHoro guoaa (trma KJ[521,
KJ1522, 1N4148), miona [Hlorku (Trra 1N5819),
I10 XapaKTePHCTHKAM OITPeJeINTh OCHOBHBIE
IapaMeTPEl M CPaBHATE HX. Ha sKpaHe
ocIniorpada mpoHaOIroAaTh ITPOLECCH
BKITFOUEHHS H BEIKIIFOUEHHS JHOMAA, OIPeJeInTh
BpPeMS BKITFOUEHH S H BBIKITFOUEHH L.

JIaboparopHas padora Ne 9, CHarue
XapaKTEPHCTHK OHITOJIIPHOIO TPaH3HCTOPa.

9 OCBOHTH METOAHKY MOTYYEHHS BXOTHBIX H
BBIXOJTHBIX XapaKTEPHCTHK TPaH3HCTOPa, a TAKIKE
OIpe/ielleHHs ero JHHAMHYeCKHX ITapaMeTPOB.

Hroro 3a 3 cemecrtp:

m

HUroro:

m
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4. Cooepacarue nadbopamopHsix pad om

Jlabopamopnaa paboma Nel. Hccneodosanue CoMHCHBIX Henel NOCMOAHHO020 MOKA

Ilens padomot: 110IydHTH ITpaKTHYECKHE HABBIKH COOPKH CXEM IS 5K CIIEpHMEHTaIbHOM
IIPOBEPKH H pacyeTa Ieleill ITOCTOSHHOIO TOKa ¢ HCIIONh30BaHHEM 3aKkoHa OMa, IIEpBOrO H

BTOPOro 3aKOHOB Kupxroda.

OcHOo6bl meopuiL:
CHOKHOH IIENBIO ITOCTOSHHOI'O TOKAa HA3BIBAIOT SIEKTPHUYECKYIO IIEITh, COCTOSIIVIO H3
HECKOIIBKHX COITPOTHBIEHHH H HCTOYHHKOB HAIPSDKEHHS, COEMHHEHHBIX MeXKAY cOOOH TEM HIH
HHBIM CIIOCOOOM.

Y3710M 3NeKTPHYeCKOil IIEIH Ha3bIBaeTCsI MECTO COeIHHEHHSI TpexX M Oollee BETBEH IIEITH.
[IpH HAIMYHH B CXeMe 1 TAKHX Y3II0B MOKHO COCTaBHTh (72— 1) ypaBHeHMHIT coritacHO IepBOMY

3dKOHY KI[pKI‘Dd)EL B COOTBETCTBHH C STHM 3aKOHOM CYMMd TOKOB, IIOJXOJAIIMHX K Y3JIY, PdBHaA

CYMME TOKOB, OTXOIMIINIX OT V34, HIIH ElJII‘EtﬁpElHlIEGI{ﬂH CYMMd BCEX TOKOB B V3JIC PaBHA4 HYVIIIO,

T.e. 2/ =0, IIpxn 3TOM HeoOXOJAHMO TOKH, ITOJXOJMIIHME K Yy3IIy, 3aIlHCHIBAaTh B YPaBHEHHE C
OJJHHM 3HAKOM (HaIIpHMeD «+»), a TOKH, OTXOJASIIHE OT y3JIa — ¢ IIPOTHBOITOIOKHBIM 3HAKOM.

[Tpn mocnemgoBaTeIbHOM COSTHHEHHH HeCKOIbKIX CONMPOTHBIeHHIT (pHc. 1.1 a) oOrmee

COITPOTHBIIEHHE YYaCcTKa PaBHO CYMME BCEX COIIPOTUBIIEHMI Ha 3TOM yuacTke: R, =R, + R, + R,

. Tok Ha YHACTKE ICIIH ¢ HECKOJIbKHMMI ITOCIICAOBATCIIEHO COCIHHCHHBIMIT COITPpOTHBIICHIAMH

OyneT paBeH (110 3aK0Hy OMa):

1=2
R,
I
—
1 1
R1 R> H3

Prcynok 1.1 — IlocnemoBarensHoe (a) H IMapamielbHoe (0) coeTHHEHHE COITPOTHRIEHHI

[Ipn mapaienbHOM COEQHHEHHH JBYX COIIPOTHBIIEHHH (pHC. 1, ©) SKBHBaJIEHTHOE

OJOKYMEHT NoanmvucAH R -R
SNEKTPOHHOW NOANUCHIO — 1 2

Ceptudukar: 12000002A633E3D113AD425FB50002000002A6 R +R. )
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EcIH H3BecTeH TOK 1o, HpﬂTEKﬂIGH.[Hﬁ ITO HEp&BEETBHEI—H—IGﬁ YJACTH I[ET, TO TOKH [; H [> B

COITPOTHBIIEHHSAX R; H R2> MOKHO OITPEeJeIHTh IO (POPMYTIaM:

R,

I, =1, :
R, +R,

R

I, =1, :
) R, +R,

[Ipn Tpex mapamwieIbHO BKIFOYEHHBIX CONPOTHBIEHHSIX (pHC. 1.2) SKBHBaJIEHTHOE
COITPOTHBIIEHHE OyJIeT PaBHO:
R ‘R, ‘R,

R =
> R -R,+R,-R,+R, ‘R,

BETBBIO 3IEKTPHYECKOH IIEMTH HA3BIBAETCS YUACTOK AIEKTPHUYECKOH LIEITH, 3aKIIF0YeHHBIIN
MeKIY IBYMS y3IaMH (HaIllpHMep, KOHTYP abefa Ha pHc. 1.3).

B kxaK10M KOHTYpe MeXIY IeKTPOABHKYIIIHMI CHIIAMH (3.11.C.), HMEIOIIHMICS B IEITH, H
IMaJcHHSAMH HAIIPSOKEHHS Ha OTHEIBHBIX Y4yacTKaX CVYINECTBYET CTPOro OIPeleiIcHHas

3aBHCHMOCTB, OITpeielisieMas BTOPBIM 3aKOHOM KHpxroda:
>XFE =2IR,

T.e. amreOpaHyeckas CYMMa ASIEKTPOABIDKYINHX CHI B JaHHOM KOHTYPE paBHa
anredpanyecKoN CyMME TTaJleHHH HAITPsUKEHII Ha YYacTKaX IIEI 3TOIr0 KOHTYPa.

JInsg Toro, 4yToOBl IPAaBHIBHO 3aIlMcaTh YpaBHEHHE IIO BTOPOMY 3aKOHY KmHpxroda,
HeOoOXOIHMO 3aJlaThCs HaIlpaBJIeHHeM 00XO0Ja 3TOro KOHTypa (HaIlpHMep, IO XOIY YacOBOMH
cTpelikH). Ecm mpu 06xXo/ie KOHTYpa HallpaBIIeHHE 3.JI.C. COBIIaJacT C HalTpaBIeHHeM 00X0J1a, TO
ee 3aIIHCBIBAIOT B JIEBVYIO YACTh YPAaBHEHHS CO 3HAKOM «1», a eCIIH €€ HaIlpaBJIEHHe HE CORIMAAAET
C HaITpaBJjIcHHeM 00XO[a, TO €& CUMTAIOT CO 3HAKOM «—». AHAIOIHYHO IIOCTVIIAIOT CO 3HAKaAMIL
IMaJIcHIH HalpsKeHHH. EciM HalrpaBiIeHHe TOKAa Ha YYacTKe IIEITH COBIIAJaceT C HallpaBIIEeHHEM
00xoma, TO /R Ha 3TOM Y4YacCTKe 3aIlHCBIBAIOT CO 3HAKOM «+», B IIPOTHBHOM CIIyYyae — CO 3HAKOM
“«—».

[ToxaxeM 3T0 Ha mpuMepe (pHc. 1.3)

l. JI1s1 KOHTYpa abefa, coepinas 006X0J1 110 YaCOBOH CTPEJIKE, TTOITYUHM:
E =1 R +1.R,
2. Jlns KoHTypa beedb, coBepliass 00X0o ITPOTHB YaCOBOH CTPEIIKH, ITOITYUHM:

E, =1I.R, + IR,

[NOKYMEHT MOANUCAH 00X O0J IT0 YaCOBOH CTpeJIKe, IIOITYYHM:
SNEKTPOHHOWM NOANUCHLIO
Ceptudmkar: 12000002A633E3D113AD425FB50002000002A6 — IIRI — fﬁRﬁ
Bnapeneu; leBayxoea TaTeAHa AnekcaHgpoBHa T
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YKkazarue no mexHiike é ezonacHocmii:

YKa3aHH I10 TEXHHKE 0e30IIaCHOCTH IIPH BBOIOJIIHCHITH HﬂﬁﬂpﬂTﬂpHLI}{ pﬂﬁGT IIPHBCICHBIL

B ITPHIIOKEHHE A.

VYKazanua no 6uinojiHeHUI0 1a00pamopHoil padomal:

l. [logoOpaTe nMpHOOPEI, HEOOXOMHUMEIE JJIS BEOIOMHEHNS PadoThl, 03HAKOMHTECS C
HUMH M 3alHcark TEXHHYECKHE JaHHBIE HCTOYHHKOB 3.J.C., PEOCTATOB, H3MEPHTEIBHBIX
ITPHOOPOB.

2. CoOpaTth cxeMy I IIPOBePKH IepBoro 3akoHa Kupxroda (pue.1.2). YcTaHOBHTH
MaKCHMAJILHEIE 3HAYEHIS COITPOTHBIIEHHI PEOCTaTOB H H3MEPHTH I10CIIE 3aMbIKaHHS Kirova Kl

TOKH B ITapaJUIEIbHBIX BETBSIX H OO TOK Il [0. Pe3yibTaThl H3MepPEHHI 3aHECTH B TaOIHIY

1.1.

Io + R
+ .Y &
Aq is * R.

—-

PrcyHok 1.2 — CxeMa IS ITPOBePKH ITEPBOro 3aKkoHa Kupxroda

B ormmmiTe 1.2 cnepyeT nepeABHHYTH ITOJI3YHKH PEOCTATOBR ITPOH3BOIIBHO, HAOIOas1, YTOOI
CTPEJIKH aMITePMeTPOB He 3aIlTKaTHBAJIH.

Tabmira 1.1 — Pe3yneTarsl H3MepPEHUH H BBIYH CIIEHHII

Ne
» PesynbTaThl H3MED €HHIA PesynpTaThl BEIYHCIIEHHH
I1
O0603Hau. ff) f,' f;} fj U/ H,' R;_:' R_; R:, Yo
En. 13m. A A A A B Om Om Om Om Y6
OrmmpIT 1
NOKYMEHT noanncAH
SNEKTPOHHOM NOAMUCHIO
Ceptudimkar: ;1 12000002A633E3D113AD425FB50002000002A6
Bnapeneu. Webayxosa Tateana AnexkcaHgpoBHa
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Ilo 3dKOHY OMa BBIUHCIIHTD COIIPOTHBIICHHE KaXJO0I'0 PCcOCTdTa H 3SKBHBAJICHTHOC

COITPOTHBIICHHC CXCMbBI R»> BBRIUHCIHTB OTHOCHTCIIPHYIO IIOI'PCIIMHOCTD IIBMEPEHIHUI 1o % TI0

hopmye:
I, -, +1,+1
?/ _ 0 ( 1 2 3) . 100%\
1,
3. CoOpath cxeMmy (pHc. 1.3) 111 mpoBepKH BTOPOro 3akoHa Kupxroda.
F:
a = g - C
Eq Eo

® L ®

A1 T-‘l?’,*:,-'.f A g IE’T 2 g

—| | R — |- — | R

I = ol

Prcynok 1.3 — CxeMa 714 ITpoBepKH BTOporo 3akoHa Kupxroda

[Ipn pazoMKHYTBEIX PYOIIBHHKAX Py M P2 M3MEpPHTH BOIBTMETPOM BEIHYHHEL 3.]1.C.
KaXIOro akKyMymsaropa. CompoTHBIeHHS peocTaToB R, R2 1 R3 m3Mmeputs omMerpoM. TOKH Ha
OTJIEIILHBIX YYACTKaX LETH H3MEPHTE IS TPEX CIIYYAER:

OmnelT 1 — pyOHibHUK P 3aMKHYT, P2 — pa3soOMKHYVT.

OneIT 2 — pyOMIIBHUK P2 3aMKHYT, P — pa3soMKHYT.

OnepIT 3 — 0o0a pyOwiIsHHKA P 1 P2 3aMKHYTEI.

PEB}"J’JI)T&TLI IIBMEPEHIIfI H H3BCCTHbBIC BCIHYHHBI BHYTPCHHHX CGHPGTHEJIEHIIﬁ
HCTOYHHKOB 5.4.C. Foy H Fg2 3dHECTH B TaﬁJ]III_[}" 2.

Tabmna 1.2 — Pe3yineTarsl H3MepeHHH H BBIYH CIIEHHI

I13BecTHBIE
PesybTaThl H3MEPEHHH Pe3ynbTaThl BRIYHCIIEHHIT
No BEJTHYHHBI
1) E; E> I 1> I3 U U> Us Foi Foz R; R> R; 2 IR Yo
B B A A A B B B Om Om Om Om Om B e
M v 1

OJOKYMEHT NoanmvcAH

SNEKTPOHHOW NOANMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Ilo PE3VIIbTATdM HBMEPEHIIﬁ M BBIUHCIIEHHH CJelIaTh BBIBOJ O ITPHMCHIMOCTH BTOPOI'O

3dKOHa KIIPXI‘G(bEl LI PaCHCTa I[ETIEH ITOCTOSIHHOI'O TOKA.

BBMIHCIHTD OTHOCHTCJIbHYIO ITOI'PEHIHOCTD JJIA KaAJ0I'0O H3 TPEX OIIBITOB

_ XE-3IR
SE

-100%

Yo

1111 OTHOTO M3 KOHTYPOB IIPOBEPHTH OaTaHC MOIITHOCTEH:

YEI=YI'R+XI"r,

Coodepacarue omuema:

OTYeT TJOIKEH COLCPKATh.

l.

-~ N o B W

Haspanme paOoTHI;

[lems paboTHI;

KpaTkie TeopeTHYeCKHE CBEACHIST,

OrmcaHie HCIIOIB3YEMOr0 000PYIOBAHHS H MaTEPHAIIOR,
IlopsiMOK BEITTOTTHEHHS PabOTHI,

BreruncieHnsa H 06padoTKa pe3yibTaToB,

BBIBOJIHL.

K OHMPOJIbHbBIE 601POCHI.

l.

AN S ol

KakoBa (pu3nueckas CyIIHOCTh TIEPBOIO H BTOPOro 3akoHOB Kupxroda?
MaremMaTHyecKoe BEIpakeHHE IIEPBOIO H BTOPOIo 3aKOHOB KHpxroda.
YT0o Ha3pIBAETCSA HCTOUYHHKOM 3.11.C.7

B yeM cyIHocTs 0ajmaHca MOIITHOCTEN ?

YTO HA3BIBAETCS Y3IIOM SNIEKTPHYECKOH 1[ETTH?

Kaxk BeIOHparOT HallparIeHH I 00X0/1a KOHTYPOB?

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANUCHIO

Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Jlabopamopran pavoma Ne2. [locnedosamenvHoe coeOuUHeHUEe AKMILEHOZ0,

HHﬂyHHH!ﬁ'HﬂEﬂ H EMKOCIMHOZO0 CﬂHpﬂHHJﬁJIEHHﬁ_. Pe3onanc Hﬂﬂpﬂﬂfﬂﬂﬂuﬁ

Ilenvs padomesi: OIBITHAS IIPOBEPKA OCHOBHBIX COOTHOINEHHH IS ITOCIIeLOBATEIIbHOH
I[el IIEPpeMEHHOr0 TOKa, oOmIajaroleil aKTHBHBIM, HHIVKTHBHBIM H &MKOCTHBIM

COITPOTHEBIICHH AMI.

OCHO6bL MeopulL:
ITycTh B 1IelTh IEPEMEHHOIO TOKa ¢ YacTOTOH f = 50 Iy BKIrOUeHa KaTyIlKa, 00magaronas
HHAYKTHBHOCTBIO L H aKTHBHBIM COITPOTHBIEHHEM F (pHC. 2.1).

[TpH mmpoTekaHHH 110 KaTYyIIKe IIepeMeHHOI'0 TOKa iz B IIPOCTPAaHCTBE, OKPYKAIOIIEM BHTKH,

6}*’I[ET cO3/IaBaThCS MAarHHUTHBIH TIOTOK @ H ITOTOKOCILIEIUIEHHE ¢ BHTKAMH KaTVIIIKIL.

w=w-D
I'Ac W — HHCIIO BHTKOB KaT VIIIKIH.
'fL
B
i
©
4V U
]
L

——
A A
f
U.=ir
©
&)
[
U =Jix
NOKYMEHT NMNOoAanncAH Y Y
SNEKTPOHHOM NOAMUCHIO
Ceptudcmkar: 12000002A633E3D113AD425FB50002000002A6 2IOBATEIILHOI' O COEHHEHH A RulL
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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OTHOIIIEHHE TTOTOKOCIIETUIEHH KaTVOIKILT K TOKY KaTVIIKH 1. Ha3BpIBaeTCSI COOCTBEHHOI

HHAYKTHBHOCTBIO HIIH HHAYKTHBEHOCTBIO.

7 14 w-®D
Iy Ly
Ecimi coGcTBeHHOe ITOTOKOCIIEIUIeHHE MTPOIIOPIIMOHATLHO TOKY (B clydae KaTYHIKH Oe3
CTAIILHOT'O CepAeYHHKa), TO L = const. OCHOBHO e JHHHIIeH H3MePeHH I HHAYKTHBHOCTH SBIISIETCS
["enpn (I'H):

1B6
1I'n=—=,1Tu-10" =1mln
14

Ecnn TOKk B KaTyliKe H3MeHSeTcHA (HaIlpHMEp, IO CHHYCOHJAIPHOMY 3aKOHY), TO H

ITIOTOKOCLICIUICHIIC KAaTVYIIKIT H3MCHACTCA H II0O3TOMY B BHTKAX KA4TYIIKH II0 3dKOHY

BHEI{TPGMHI‘HIITHDﬁ HHAYEKIIHH HABOJHTCA 3.14.C. CAMOHHAVYEKIIHH €.

T.c. HABOAHMAA 3.4.C. CpL IIPCIITCTBYCT H3MCHCHIIIKO TOKaA L. KPDME TOI'o, KAaTYIIKa

o0nmagaeT HEKOTOPBIM aKTHBHEBIM COIIPOTHBIIEHHEM 1.
[Iprmvensis BTopoii 3akoH Kipxroda A1 MrHOBEHHBIX 3HaUEHHI ATeKTPHYeCKIX BETIMUHH,
MOJKHO 3aITHCaTh.
u+e, =1-r
OTCHOZla HAIIPSCKEHHE Ha 3a’KHMaxX LIEITH PaBHO
U=i-r—e,=u, +u,;
ITamenie HaNpsDKEHU I Ha aKTHBHOM COITPOTHBIIEHHH Ha3bIBAaIOT aKTHBHOH COCTaBIIAIOILEN
HallpsDKEHHSA HIH aKTHBHBIM HaIIpSDKEHHEM, a IIaJcHHE HaIPsDKeHHsI Ha HHAYKTHBHOM
COIIPOTHBIIEHHH HA3BIBAIOT HHAYKTHBHOH COCTABIISIOIIEH HalpsoKeHHd. MTIrHOBEHHbBIE 3HAUEHH S

5THX BEIHYMH OO0O03HAYarT U; M U, a JIeHCTBVIOIMEe — coorBeTcTBeHHO U, u Up. Ilpu

CHHYCOHAAJIPHOM 3dKOHC H3MCHCHHA TOKA HAITPs-LKCHHC Ha 3dKHMAX ITCITH 6}"I[ET PAaBHO.

) i d\l sin wor ,
u—=1r—e, =rl smawr+ L (’” ):rfmsm ot +wll cos of =
dt

: : 7
= U, sin or+U, sin a)r+5 :

T.C. MCKIAY aKTHBHBIM H HHAYKTHBHBIM IT4ACHICAMH HAITPAAKCHIA HMECTCA CABHI 110 (1)&36

ra ONC
NOKYMEHT NoanncAaH
SNEKTPOHHOW NOANMCHLIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

) 34ITHCAaTh.

JU, = Ir + jIx,
Nencreutened: ¢ 20.08.2021 no 20.08.2022
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I'ac JI‘E I = ] CHLI - KOMIIJIEKCHOE COITPOTHBIICHHEC HHIYKTHBHOI'O 3JICMCHTA,

: U - U
U, = \/T” H U, = % - IEHCTBYIOIHE 3HAYEHHSI AKTHBHOIO H HHIYKTHBHOIO
2 2

HaITP SDKEHIH .
Takim o6pazomM, HalpsDKeHHe Ha 3akHMax el {J MOKHO IIpeICTaBHTh B BHJE CYMMEI
neyx cunycong U | u jU , . U3BeCTHO, YTO BCSKYIO CHHYCOHZANBHO H3MEHIOIYIOCS BEITHYHHY

MOJKHO IIPeICTaBHTh B BHJE BeKTOpa (HaIlpHMep, TOKa J ), BpalllalOILErOcsa B IIPOCTPAHCTBE C

VTTIOBOH YacTOTOH , IMPOEKIH KOTOPOro Ha MHHMYIO OCh H JJaeT CHHYCOHJAIFHYIO BETHUHHY
(puc. 2.3).

PucyHoK 2.3 — M300paxkeHe CHHYCONIAIbHOT'O H3MEHSIOIIEHCS BEIIMYHHBL TOKA B BHIE

BCKTOpPa

OrnpeeiM HallpsKeHH S Ha 3aKHMax I[eTH ITPH ITOMOIIH BeKTOPHOH JHarpaMMbl. BekTop
Toka / OTIOXKHM B IIPOM3BOIBLHOM HAallPaBIEHHH, HAIPHMEpP, TOpH3OHTaIbHO (pHc. 2.4). Bee

OCTalIbHBIE BEKTOPBI OYAYT KECTKO IIPUBSI3aHbI K BeKTOPY [ |, T.e. X CABHT I10 (paze GYIET CTPOro

OITpcAcICHHBIM.

Bextop axTHBHOro HampskeHus U = 1 -7 Oymer coBmafaTh II0 HAIIPAaBIEHHIO C

BekTopoM [ . BekTop MHIYKTHBHOI cocrapmmomieil Hampsxkemns U, = j-1-x, oyger
000 I C U nlU

DHEPE}I{HTL H4a EEI{TGP . CKIIaJBIBAA I‘EDMETPH‘IEGI{I?I EEI{TDPBI a H I s HOH}”II]]&I EEI{TOP

HanpsokeHnsd U Ha 3aKMax IEITH.

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANUCHIO

Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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PucyHok 2.4 — BekTopHas guarpaMma IIpH II0CIIeOBaTEIIbHOM COeHHEHHH R 1 L

Bemumna X, =@-L=27- f L HaspBaerca unoykmuenvim conpomueneniem M

H3MCEPACTCA B Om. CGHPGTHEJIEHIIE XL 3dBHCHT OT YaCTOTBI H IIPH BKIIIOYCHIH KaT VIIIKI

HHIYKTUBHOCTH B IIEITh ITOCTOSHHOIO TOKA ( /= 0) TOK KaTYIIKH OYZIeT OrpaHHYeH TOJIBKO €e

dKTHBHBIM COIIPOTHBJICHHEM H OKaCTCA HAMHOI'O OOJIBIIIE. HDBTDIVI}" KaTVYIIKH HHIAYKTHBHOCTIH,
IPpEAHA3HAUCHHBIC JJIA pﬂﬁﬂTH Hd IICPEMCHHOM TOKEC, HCJIb3d BKJIHOYATE B IICIOI ITOCTOAHHOI'O

TOKaA.

TpeyrompHHK OAB (pHC. 4) MpsSMOYT OIEHBIH H Ha3bIBAETCS TPE YT OIBHHKOM HaIIpsDKSHHI.

M3 tpeyrompHuka OAB nMeeM:
U =U+ U,
U?=(-r)’ +(JE-'+J4E:L)2 =I1°(r° +x§)

M3Bnekas n3 00enx 4yacTeH KOPEHb, TIOTYUIM

U:I-\/erer

¥ 3
BemiuiHa \/ F-+x ;. » HMCHIIIAA Pa3MCPHOCTE COIIPOTHBIICHIA, HA3BIBACTCA IIOJIHBIM

COITPOTHBIICHHCM IICITH H 0003HAYaEeTCA Z :

2 2
T=AF + X,

H 3aKOH OMa IS I elTH IIEPEMCHHOI'O TOKAa HMECT BHI.

. [/ } }
[=—u U = Iz
3
I R e e .
A '""'ﬂﬁﬁymgﬁfﬁ{jﬂﬁﬁdﬁﬁ - NMERTY TOKOM 4 H HAITPAKEHIIEM U PABCH.
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6 _,rﬂ I -7 7
Bnapeneu; lLebayxoea TaTbAHa AnexkcaHopoBHa _— —— = —
L l-z =z
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M3 TpeyrompHIKa MOIITHOCTEH, KOTOPBIH MOKHO ITOITYYHTh H3 TPe YT OIIbHHKA HATIPsDKCHIIT

YMHOXCHHEM CI'O CTOPOH Ha TOK I:. ITOIIYHIIM aKTHBHYIO MOIITHOCTD.
P=7r=U-I-cos¢q
PeaxTHBHas MOIITHOCTD.
O=7I’x,=U-1-sin@

[ lormHast MOIITHOCTE:

“a “a
S=U-I=+P>+O°
OTHOIIeHHE aKTHBHOH MOIIITHOCTH K ITOJTHOH HAa3kIBAETCH KOB(l) Q)IMIIEHTDM MOITIHOCTH.

COS @ = P — l
TS U
Ecou IOEIIb IICEPEMCHHOI'O TOKa GﬁﬂﬂﬂﬂET dKTHBHBIM COITPOTHBIICHHEM 1T H €MKOCTBIO C
(puc. 1.5), Tomo BTOpOoMY 3akoHY Knpxroda mia MTHOBEHHBIX 3HAUeHHIT S11eKT PHUYECKHX BeJIHIHH

MOZKHO 34IHCAThb.
Uu=i-r+u,

A i — MIHOBCHHOC SHAUYCHHE ITPHIIOKCHHOI'O K IICTH HAITPAACHHA,
[ - MTHOBEHHOE 3HAYEHHE TOKA IIEIT,
Uc - MTHOBCHHOC 3HAUYCHIC HAIIPTKCHIA, ITPHIIOKCHHOI'O K oOKIIagKam KOHACHCATOPA H

ITPpEACTABIIIOIICT O coOOH ITaJcHIE HaITPAAKCHITA Ha CMKOCTH.
EcIH TOK H3MeHSIEeTCS BO BPEMECHH 110 CHHYCOHI4AJIbHOMY 3dKOHY, T.C. I = Im Sm i .

TO ITPEABLAYIIES YPABHEHHC 6}",[[ET HMCETDh BHA,.

U =rl, sin or+ ! I, sm(&)t—i).
awC 2

M3 sTol (popmMymnbl BHIHO, YTO IPHJIOKEHHOE K IIEMH HaIpsDKEHHE COCTOHT H3 JIBYX

COCTABIISIOINX . aKTHBHOI HIH aKTHMBHOTO HamnpsDkeHHsa i, = r/, SIn @f coBMajaromieii mo

1 . T
(base ¢ TOKOM, H PeaKTHBHOH WIH eMKOCTHOI cocTaBismoreii U/ = _C‘ I sin( wr — E) ,
0,

oTcTraromiei or Toka Ha 90° (puc. 1.6). Torma
U — Uﬂ+ Uc
[TocTponM BEKTOPHYIO JHATPaMMY JJIS JJAHHOTO CIIy4as, ITOIb3YsICh TEMH JKe ITpaBHIIaMH,

T I OKYMERT AOAAAGAR 7 7 1T TBATENBHOIO COEIMHEHHA T H L (cMm. puc. 2.4).

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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l r Y
' U=l r
@ , . ]
n, U
@
C = | Ul xc
Y v

PucyHok 2.6 — BekTopHas fHarpamMma JUis IocieaoBaTeIbHOr O

coequHeHHSI R 1 C

[Ipu 5TOM HEOOXOZHMMO HMETH B BHAY, YTO BeKTOp HanpskeHnsa U . orcraer or Toka /[

Ha 90° (puc 2.6).
M3 tpeyrompHika OAB Ha pHCYHKE 0 HMeeM:
2 2 2
U=U_,+U;

HIIH

b | b | I ) i | b | ]_ b |
o-=Iry +(—) =1"(r + —) .
(Ir) (m(:‘) ( wC)

M3Brexas KBagpaTHBIN KOPEHDb H3 00eHX YaCTel, TTOITYUIM:

¥ ]- ]
U:I-\/r‘ +(—)?
wC’
OTKVa
U U
] j— j—
7 1 7 \/F . —+ Ij
\/r‘ +(—) c
@
NOKYMEHT I:IDﬂI'IHCAH
SNEKTPOHHOW NOANUCHIO ICMHBIM conpomuenetiiem H H3MepseTca B Om.

Ceptudcmkar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

- HAITpsDKEHHA CETH H OT EMKOCTH KOHJACHCATOPA.

18
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" “
BemiuiiHa ‘\/ Fo+ xf} HA3BIBACTCAH IIOJIHBIM COIIPOTHBIICHHEM H o0o0O3HayaeTcd z. 3aKOoH OMa

IIPHMEHHTCIIBHO K IAaHHOH IIeIH IIEPEMEHHOI'O TOKA 6}",[[ET HMETE BHA.

U
[==

-
i’

rae E:-\/r‘ +Xo .
EclIn Bce CTOPOHBI TPEVYIOIbHHKA HaIpsoKeHHH OAB pasfgenurs Ha TOK [, TO ITOIYYHM

TPEYTOJIBHHK CGHPGTI[BHEHIIﬁ C KaTCcTaMIl r H X¢ H I‘IIHGTEH}BGﬁ Z.

HPH IIOCTIeJOBAaTeIbHOM coeqHHeHHH r, L H C 6}",[[}’1‘ CITPpaBCAJIIBEI BCC BBIBOJIBI,

TIOITYYeHHBIe A IerH ¢ r-L 1 1erH ¢ #-C. 1IpH 3ToM BO3MOKHEI ClIe IYIOIIHE KOMOHHAIHH:

a) X; = X ;0)X; <X, ;B)X; =X, .

Paccmor PHM C IITOMOIIBPHO BEKTOPHBIX JHAI'PAMM KaKJIbIH H3 STHX BAPHAHTOB.

a) UMeeM I1eIs M3 ITOCIe0BaTeNbHO COeIHHEHHBIX , L B C, TIpHYeM

X; > X, . Ilo BceM TpeM COMpPOTHRIECHHSM OVIeT NMpoTeKaTh OLHH H TOT ke ToK [ |

BEKTOP KOTOPOr'O OTJIOKHM B BRIOpaHHOM MacIlTade ITPOH3BOJILHO, HaIIpHMeEP, TOPH30HTAIEHO,
T.€. HallpaBJIeHHe IIEPBOro BEKTOPa BEIOHPaeTC I IIPOH3BOIBHO (pHC. 2.7).

BEI{TGP IIaACHITAL HAIIPOKCHHA Hda dKTHBHOM COIIPDOTHBIICHHI 6}"I[ET COBIIQJaTh C

HalIpaBJICHHEM TOKd, 4 IIQJCHHC HAIIPKCHHA Hd HHAYKTHBHOM 3JICMCHTC HIII U I 6}’,I[ET

onepexaTh BeKTOp [/ Ha 5’% [TageHne HanpsokKeHHS Ha €MKOCTHOM »leMeHTe U, OyaeT

OTCTAaB4dTb OT BEKTOPA TOK4 Ha j% H COI''TaCHO YCIIOBHIO

U.<U,.

PucyHok 2.7 — BeKTOpHas AuarpaMMa HalpspKeHHH ITpH X; = X

OO11iee HaIIpsDKEHHE 1IEITH OYAET PABHO CYMME

NIOKYMEHT NOOMNVCAH T _
3ANEKTPOHHOW NMOANUCHIO lt+Uc =U.
Ceptudukar:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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W3 BEKTOPHOIT IHarpaMMEl BHIHO, UTO MeXAy TOKOM Iler / | HanpspkerueM U ecThb

VIOII @ M TOK HMEET OTCTArOIII XapaKTep, a cos ¢ < 1,0.

0) [Ipn X; <X, majeHHe HaIIpsDKeHHSI Ha HHAYKTHBHOM COIPOTHBIIEHHH Oy eT MEeHBIIIE

INaACHITA HAaIIPAKCHHA Ha CMKOCTHOM COIIPOTHBIICHIH, IIO3TOMY BCKTOPHAA AHAl' PdMMaA 6}",I[ET

HMeThb BHJ (pHC. 2.8):

U,

PricyHoK 2.8 — BeKTopHas JHarpaMMa HarTpshKeH it mpu U . > U,

B) [Ipn X; = X, HMeeT MeCTO pe30Hanc HanpaxiceHilii, T €. U, = UL H 3TO OYIET IIPH

] - .
wl, = —. HPH ITOM BEKTOPDI U ; H U,g PABHEI ITO MOJVYIIIO H ITPOTHBOIIOJIOXHO HAIIPdBIICHBI

o’
(puc. 2.9), mo3ToMy HX CyMMa paBHa HYIIFO. T OK IIeITH ITIPH pe30HaHce HallPsKeHHI oIpeJleNsaeTcs
TOJIbKO aKTHBHBIM COITPOTHBJIEHHEM, ITOATOMY YIOJI CABHTA (pa3 MeKIy TOKOM H HaIlpsDKeHHeM

IIEIIH PaBeH HYIMO, a cos ¢ = 1. IIpm »TOM Hago HMeTh B BHAY, 4YTO Pe3yIbTHPYIOIIEE

COITPOTHEIICHHE ICITH PE3K0O YMCHBIIHTCAH A0 3HAYUCHHA £ = ¥ H TOK LICIH IIPH PE30HAHCC MOKCT

PE3KO BO3PACTATh.

PucvHOK 2.9 — BekTopHas auarpamMma HaIlpspKEeHIH IIPH Pe30HaHCe

YKkazanue no mexHuxe 0 e3onacHocmu.

YKazaHH I10 TeXHHKe 0e30I1aCHOCTH ITPH BBOTOJIIHEHHH HﬂﬁﬂpﬂTﬂpI—[ﬁIK pﬂﬁDT ITPHBEICHBI

e o T T A
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VKa3aHusa no 6bIn0JIHEHIUIO J1ADOPAMOPHOIL pAdonbl:

l. CoOpaTp cxeMy ¢ ITocieJoBaTellbHBIM coequHeHHeM R, L um C (puc. 2.10). B

Ka4YSCTBEC dKTHEHOI'O COIIPOTHEIICHIA HCIIOJIIb3YCTCA pEI'}"HHpOEDlIHBIﬁ peoCTart R:. d B KdUSCTEC

eMKOCTH C — 6E1TE],IJEH KOHACHCATOPOB.

BonpTMmerpoMm V1 m3MepstoT BXogHOe (00Iee) HapsoKeHHe 1IeITH, a BOJIbTMETPOM V2 ¢

ITOMOMIIBIO OIYIIOB ITOOHEPEITHO H3MCPATOT ITaACHIIC HAIIPDOKCHITA Ha aKTHBHOM COIIPOTHBIICHHH R

(B Toukax a M 0), Ha HHAYKTHBHOCTH L (B TOukaxX B H T) H eMKOCTH C (B TOUKaxX I H J).

NATF
@
", 220B
L
E L 4 *

PucyHok 2.10 — CxeMa c 1mocinegoBaTelIbHeIM coeHHeHHEM R, L 1 C

HM3MepeHns HEOOXOMHMO BBITIOIHATE IS TPEX PEKHMOB!
1)UL > Uc, 2) UL < Uc; 3) U = Uc.

JIIs1 KaKaoro M3 peXHMOB BBITIOJIHHTE PAacyeThl H BMECTE C pe3yiIbTaTaMH H3MepeHHI
3aHecTH B TaOmmiy 2.1. Ilo pesymbTraTaM pacyeToB IS KaKIOTO H3 PeXHMOB ITOCTPOHTH
BEKTOPHYIO JHArpaMMYy HaIpsKeHH, IS 4Yero HeoOXOAHMO BEIOpaTh MacIlTal HAIIPSKEHHS My
TaKHM 00pa3oM, UYTOORI BEKTOP HAMPSTKeHN S LeH U/ OB IIPHMEPHO paBeH 8 — 12 cM.

Tabmna 2.1 — Pe3yineTarsl H3MepeHHH H BBIYH CIIEHHI

No I/IBMEijHI{BI € BCIIMYIHHDBI BrIuHclieHHbIE BETTHUHHBL
G]‘[]’:.;Ta U 1 Ur Ut Uc cos @ S P Q
B A B B B - BA Bm BAp
1
2
3

Brumanue! Ilpun pe3oHaHCe HAIpSDKeHHH TOK I[EIIH  OIpeJenseTcs] aKTHBHBIM

COITPOTHBIICHHCM R., ITOSTOMY aMIIEPMCETP MO ST 3dllIKAJIHMBATDb. B sToMm CIIVHAC He0OXOMHMO

HG,I[G@I)&TL dMIIEPMETP C HECKOIIBKIMI ITpCAaCciIaMI HBMEPEHI]I‘T H IIPH PC30HAHCC IICPCKIIFOYHTD

€ro Ha OONBIIMH IIPEAET TI0 TOKY.
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l. Haspanme paGorThI;

Ilemp paboThI,

Kparkme TeOpeTHYECKHE CBEAEHH,

OrmicaHme HCIIONB3YEMOI0 0O00OPYAOBAHHS H MAaTePHAJIOR,
I IopsimoK BREITTOITHEHHS PabOTHI,

BreruncrneHus 1 o0paboTKa pe3yiIbTaToR,

-1 O W BB W

BBIBOIHL.

K OHMPOJIbHbBIE 601NPOCHL.

I. YTO IMOHHUMAIOT ITOJ HHAYKTHBHOCTBIO H KaK OHA OITPeelIsIeTCs?

2. Kak H rmoyeMy H3MeHSeTCS HHAVKTHBHOCTE IIPH BBEJEHHH B KaTYIIKY CTAJIBHOIO
CEPIACUYHHKA?

3 YTO MOHMMAIOT ITOJ EMKOCTBIO H KaK OHA OITPeAeIISIeTCs?

4. YTO HA3BIBAIOT YITIOBOH YaCTOTOH (7

5 ITo xaKkM popMyIIaM ONIPEEISIOT T, XL, Xc H Z IIEIH IIePeMeHHOT0 TOKa?

6. KakoBEI OCHOBHBIE COOTHOILIEHHS H BEKTOPHBIC AHAI'PAMMBI B LICILIX C ﬂI{TIIEHGﬁ:,

HHAYKTHBHOH M eMKOCTHOH Harpys3KOH?

7. [Ipn KaKHX YCIIOBHSX BO3HHKAET PE30HAHC HAIIPSAKEHIH?
8. Yemy paBeH KOA(pQHIFIEHT MOMHOCTH cos @ IMPH Pa3IHUYHBIX YCIOBHIX H KaK OH
OIPEHETISIETCS?
[NOKYMEHT NOAMNUCAH

SNEKTPOHHOW NOAMUCHIO
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Jlabopamopran padoma Ne3. Inekmpuueckas uenb CUHyCOUOAIbHOZ0 MOKA npu

napa’uleJIbHOM 6KJIWYUEHHH AKMU6HO020 U PEAKNMIHG6HLIX CﬂHpﬂHHJﬁﬂEﬂHﬁ

HE.E’II’: pdﬁﬂﬂlbl.’ JKCIICPHMCEHTAJIbHAA ITPOBCPKA 3dBHCHMOCTH dKTHBHOI'O H PCAKTHBHBIX
GGHPGTIIEHEHIIﬁ OT YACTOTEI, a4 TAaK¥KC COOTHOIIIEHHH MCEAEAY HAIIPSDKCHHCM, COIIPOTHBIICHIAMH,
ITPOBOAMMOCT AAMH H TOKAMIT B IICIOI C ITAPAJLIICJIBHO BKIIFOUYCHHBIMIT dKTHBHBIM COIIPOTHBIICHHCM,

I{E],T}"H_E[{Gﬁ HHAYKTHBHOCTH H KOHIACHCATOPOM.

OcHoé6bl meopuu.

HPH IIapajuICIIbHOM BEKJIIOUCHHH daKTHBHOI'O COITPOTHBIICHHA, KAaTYIIKH HHAYKTHBHOCTH H
KOHJeHcaTopa (puc. 3.1) Ha Bce TPH »lIeMeHTa BIeKTPHYECKOH IeITH ITOJAETCs OTHO H TO XKe
HalTpsDKECHHE 1. MrHoBeHHOe 3HAUYeHHe TOKa 1 B HE-pElSEETEHéHHGﬁ HaCTH IICIOI paBHO CYMMCE
MIHOBEHHBIX 3HAUEHHH TOKOB PE3HCTOpPaA ir:. KaTVIIIKH lh H KOHACHCATOP4 lc

[=Ir+ix+ic
CDDTEETGTB}’IOH_[EE PaBEHCTBO CIIPABCAJIMBO MJIS KOMIUICKCOB TOKOB.
I= 1+ L+ I
KoMITIeKCEI TOKOB OIIPEACIIAOTCA KOMIIIICKCOM HAITPAKCHITA U H KOMIDICKCHBIMIT

COITPOTHBIICHHAMI COOTBCTCTBYIOIITHX 3JICMCHTOB LICTIH.

IL=Ulr, L= U/Z., L=U/Z

Iy 1L IC
I N }

M A

. l

PHG}*’HGK 3.1 - HﬂpﬂHHEHBHGE BKIIIOUYEHHE aKTHBHOI'O COIIPOTHBIICHHA, KaTVIIIKH

HHAVKTHBHOCTH H KOHACHCATOpPa

KomriekcHoe COITPOTHBIICHHE PC3HCTOPd P4dBHO €I'0 dKTHBHOMY COIIPOTHBJICHHIO T,

KOMIUICKCHOEC COIIPOTHBIICHHE KaTVYIIIKH HHAYKTHBHOCTH YUHTBEIBACT €€ aKTHBHOE COIIPOTHBIICHHE

. Tr Ty U TTInTIranTt o O — e !'..-'":‘e:T = | 7w~
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Y,=1/r=g,
Yi=1/Zy=1/ rx+ij)=r/(r2+xf)—ij/( F’2+.ILE)=gk—jbk

KomIuiekcHas ImpoBOAHMOCTE KOHAEHCaTOpa ¢ YUETOM IIPOBOIAMMOCTH H3OISIIHH MEXKIY

OOKIIaKaMH g.:
Ye=g+jowC=g +jb,
I=U[(g:+gr:8c) +j(be-bi)] = UY

TOK, IMpOTEeKarOIMI Yepe3 KaTYIIKY HHIYKTHBHOCTH, MOJKHO ITPEJICTaBHTh B BHIAE IBYX
COCTABJISIFOLINX . aKTHBHOM fm;:{f?’gx:, 110 (paze, COBITAMAIONIEN ¢ HAIIPSIKEHHEM, H PEaKTHBHOI /7.=-
jﬂTbL: OTCTaromiel 1o (paze OT HanmpskeHHI Ha 90

TOK, IpoTeKarolMil Yepe3 KOHAeHCATOp, TaKKe MOJKHO IIPeACTaBHTL B BHIE CYMMBEI
AKTHBHOH fm:ﬂg{- H PEAKTHBHOM L,.{:j{f?bc COCTABRIIIOIIIX, PEAaKTHBHAS COCTABIISIOINAS
ornepexkaeT o (ase HampsokeHre Ha 907, CxeMa 3aMeIeHHS IIPH 3aMeHe COIPOTHBIIEHHI
ITPOBOAMMOCT SIMH HMeET BHJI, H300paKEHHBIL HA PHC.3.2.

1

—
- L

i b i i

u gr gk gc br b.

R i

PucyHok 3.2 — CxXeMa 3aMelleHH

Bun BEKTOPHDBIX AHAI'PAMM HAIIPXAKCHHA H TOKOB paCCManHEaEMGﬁ CXCEMEBI 3aBHCHT OT

COOTHOIIEHHS ITPOBOJHUMOCTEH by H b, (pHC.3.3).

n [ 0 i: i jl[ ‘:i:.pl:ﬂ
['h L, > Ul-— >~ = Ul-— /{' U.,
q II IEL ]]].: [r ]:

I I

IL IL'r
: v
I. v
a) b) c)

PucvHOK 3.3 — BekTopHas guarpaMma
NOKYMEHT NOAMNMUCAH
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Eciu bp>bc, TO TOK Yepe3 HHAYKTHBHOCTE OONIBIINE, YeM Yepe3 EMKOCTh, H TOK B
Hepa3BeTBIIEHHOH YacTH LIENH IT0 (pa3e oTcTaér oT HanpskeHHA (pHc 4.3a). Ecinu br<be, TO TOK
yepes HHAYKTHBHOCTh MEHBIIE, YEM TOK YEPE3 EMKOCTh, @ TOK B HEPA3BETBIIEHHON YaCTH IIETTH 110
(paze omnepexaeT HanpskKeHHe (pHc.3.3c¢).

IIpn paBeHCTBE MHAYKTHBHOH H EMKOCTHOH IIPOBOJHUMOCTEH BEIMYHHA TOKA B
HEPA3BETBIIEHHOM YACTH IEITH OIPeAeIIeTCS TOIIBKO CYMMOH aKTHBHBIX ITPOBOAUMOCTEH g+ i+
g.= g, TIPH 3TOM TOK ITIO (pa3e COBRITaJacT ¢ HalpsokeHHeM (pHc.4.3b):

[=Usg.

BekropHasa auarpamMma, H300pakéHHAS Ha pHC.4.3b COOTBETCTBYET PEeXHMY Pe30HaHCa
TOKOB, B 3TOM PEKHMEe TOKH 4Yepe3 HHAYKTHUBHOCTh M 4Yepe3 EMKOCTH PAaBHBI II0 BEIHYHHE H
IIPOTHBOITOIIOKHEL 110 (pa3ze, B Hepa3BETBIEHHOH YAaCTH ILIEMH TOK ITPHHHMAaeT MHHHMAJIBHOE

3HAQYUCHIHC.

YKkazanue no mexHuke de3onacHocmu.
YKazaHH I10 TeXHHKe 0e30I1aCHOCTH ITPH BBOTOJIIHEHHH HﬂﬁﬂpﬂTﬂpI—[ﬁIK pﬂﬁDT ITPHBEICHBI

B ITPHIIOKEHHE A.

YKazanua no 6binoiHeHUI0 1a0opamopHoll padomal:

1. I[ETEIJ]LHD O3HAKOMHEIINCE C OCHOBHBIMH TCOPCTHHUCCKHMH ITIOJIOMKCHITAMIL,

coOpars cxXeMy, H300paKEHHYIO Ha pHC.3.4.

W
Az
~10B 40MILH — IMEKD
r
1 00O
e & & .

PucyHok 3.4 — CxXeMa ¢ nmapajuielIbHeIM coeqHeHHeM R, L u C

Y CTaHOBHUTE MIPEIEIIBI H3MepPeHHI: BOIIbTMeTpa — 20B, amriepmerpoB — 200MA.

AOKYMEHT NMOAMMCAH ITh 4acTOoTV fo, ITIPH KOTOPOH B HEPA3BETBIIEHH OH
SNEKTPOHHOW Noanncelo
Ceprudhmnkat: 1 12000002A633E3D113AD425FB50002000002A6 x> SBHayeHHe 4acTOTEI f{] 2aHeCTH B Tﬂﬁﬂﬂl{}" 3 1.
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2. YﬁpﬂTL IIEPEMBIYKIT B ICIIH KaTVIIKM H KOHJICHCATOpPa4, IIO IIOK4d3daHIIAM
dMIICPMCTPAa H BOJIBTMCTPa IIWIH aMIICPMCTPa H BAaTTMCTpPd IIPOBCPHIE COIIPOTHBIICHIC H

BBEITHCIIMTD ITPOBOAHNMOCTE PEIHCTOPA.

r=U/I=P/P, g,=1/r=l/U=P/U>

3. PazopBarh IeIlb Pe3HCTOpa H YCTAHOBHTH IIEPEMBIYKY B IEIIH KaTVIIKH, IIO
ITOKa3aHSIM IIPHOOPOR BRIYNCIINTE COIPOTHRIIEHHS H IIPOBOIHMMOCTH KaTVIIKH.

r=P/P, z=U/I, x.=N (zk*-17),
g;;=PfU‘?} vi=1/U, bLZNI{je‘;;E-g;;E).

4, PazopBarp Ilelb KaTYIIKH H YCTAHOBHTH IIepPeMBIUKY B Il KOHJAEHcaTopa,
HCITONIb3YS (DOPMYIIBI, aHAJIOTHYHBIE (POPMYyJIaM I1.3, IO ITOKa3aHHSIM ITPHOOPOB BBEIYHCIIHTD
COITPOTHBIIEHHS H IIPOBOAHMMOCTH KOHAEeHCAaTOpa. BBIUNHCIEHHBIE 3HAUYEHHS COITPOTHBICHHIL H
ITPOBOAMMOCTEH 3aHECTH B Tadmiry 3.1.

TabOmra 3.1

fo, | Pesmucrop Karyika KoHgeHcaTop g,

FH r'.- gl".- rka gka KL-*.- bLa L:- rﬂ'*.- gﬂ".- RC’-.- bﬂ".- C-.- CM
OmMm | CM [OM |CMm |OMm |CMm | IH OmMm |[CmMm |OMm | CMm | MkD

J. YCTaHOBHTh BCe IIepPeMBIYKH, IOAKIIOYHTL amIlepMerp A2, mpH 4YacTtore fo
H3MEPHUTH ITOTPEOIISIEMYIO MOII[HOCTD, HAIIPSKEHHE, TOK B HEPA3BETBIEHHON YaCTH LIETIH H TOKH
OTJIEJIbHBIX BETBEH. Pe3yIIbTaThl 3aMepOB 3aHECTH B TaOIHILy 3.2.

6. BEIUHCIIMTE 3HAUEHHS AKTHBHBIX H PEAKTHBHBIX COCTABRISIOIIMX TOKOB Uepe3
KaTYIIKY H Yepe3 KOHAeHcaTOP H KO3(] PHIlHEHT MOIITHOCTH, ITOIb3YACh BEIPAKEHHSIMH

Lu=gU, Lie=g:U, Li=Ia+1ae, IL=N(12-142), Le=N(1.>-1.%)
cosQ=(I+1u+1a /1.
PesynbTaThl BEIYMCIIEHHH 3aHECTH B TaOmMHIy 3.2.
TaOmira 3.2

f, U, ], ]r, Ik_.‘. ]c, P, }’, b, ]a, ] [s ]pc, CGS(I:'
Im | B | MA | MA | MA | MA | MBT | CMm | CMm | MA | MA | MA

fi1=
fo=
o=
NOKYMEHT I:IDﬂI'IHCAH
SNEKTPOHHOW NOANMChHIO
Ceptuchmkar:  12000002A633E3D113AD425FB50002000002A6 :E=ﬁ’j+200 FT-[ IIPOM3BECTH T€ K& M3MEePEeHHSI H
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4.2. TIpu BEITIOTHEHHH PacYETOB He ClIeAyeT 3a0bIBaTh, YTO COMPOTHRIEHHS H IIPOBOJHMOCTH
HHAYKTHBHOCTH H €MKOCTH 3aBHCST OT YaCTOTHI.
8. [To pe3ymbpTaTamM H3MEPEHHH H BBIYMCIIEHHH ITOCTPOHTh BEKTOPHBIE JHAIPAMMBI,

dHAJIOITHYHBIC ITPCACTABIICHHBIM Ha pHG.Z.B.

Coodepacarue omuema:

OT4YeT JOILKEH COLEPXKATE:

l. Haspanme paOoTHI;

[lems paboTHI;

Kparkue TeopeTHYECKHE CBEAEHH,

OrmicaHHe HCIIONB3YEMOTI0 O0OPYIOBAHHS H MATEePHAJIOR,
IIopsimOK BEITTOTTHEHHS PaOOTHI,

BrerunucrneHus 1 o0padoTKa pe3yibTaToB,

-1 N W = W 2

BBIBOJIHL.

KoumponsHsie éonpocet:

1. Kak oIpefennTs aKTHBHYIO H PeaKTHBHYIO ITPOBOJHMOCTH KaTVIIKH, €CIIH
H3BECTHBI €€ aKTHBHOE H HHAYKTHBHOE COITPOTHBIICHHS?

2. Kak 3aBHCAT peakTHBHBIE IIPOBOAHMMOCTH KaTVIIKH HHIVKTHBHOCTH H
KOH/JIeHCaTOpa OT YaCTOTHI?

3. Kak omnpeaemTts aKTHBHVIO IIPOBOJHMOCTh KAaTYIIKH HHIYKTHBHOCTH IJIH
KOHJIeHCaTOopa, ITONIB3YACh MTOKa3aHISIMH BaTTMETPa, aMIIepMeTpa H BOJIbTMeTpa?

4, Kak ompefermmTs IOIMHYIO IIPOBOAMMOCTE VYacTKa 3SIEKTPHYECKOH IIEIH II0
TTOKA3aHHSIM AIIeKTPOH3ZMEPHT EIBHBIX IIPHOOPOB?

3. Kak oTimyarorcs 1o (asze MpHIOKeHHOe HaIlpsDKeHHe H TOK, ITPOTEKAIOIIHH 10
KaTYIIKE HHAYKTHBHOCTH? Yepe3 KOHIeHCaTop?

6. [ToueMy H KakKk H3MeHHTCS TOK 4Yepe3 KOHJAcHcaTop (depe3 KaTyIIKy
HHIYKTHBHOCTH) IIPH YBEIIMUEHHH YacTOTHI IIPHIOKEHHOI 0 HaITPSKEHH?

7. B KakoH 3IIEKTPHYECKOH I[EITM MOXKET BO3HHKHVTH PEXHM pPe30HaHCa TOKOB?
KakoBo ycrnoBHe ero BO3HHKHOBeHHS? IIosSCHHTE (PH3HYECKYIO CYITHOCTH pe’KHMa pe3OHaHca

TOKOB.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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Jabopamopran paboma Ned. Hceneoosanue mpexghasnoil cucnmemsl NP cOeOUHEeHUN

nompeodumeJiei 36e3001u

Ilenv padbomsr: O3HAKOMHTHCS OITBITHBEIM ITYTEM C OCOOEHHOCTSIMH COEIMHEHNS 3BE3I0H
IIPHEMHHKOB SIIEKTPHYECKOH SHEPrHH B I[elH Tpex(asHOro ToKa. KcciaemoBaTh peXHMBI
PaBHOMEPHOH H HEpaBHOMEPHOH Harpy30kK, a Takyke padoTy CHCTEMBI ITPH 0OPBIBe OJHOH H3 (ha3.
[Tomry4ymTh IMpakTHYeCKIe HABRIKH pacyeTa H HCIIBITaHHS TPpeX(pa3HBIX IETIEH, a TAK/Ke IIOCTPOEHH S

BEKTOPHBIX AHAI' PANM.

OCHO6bL MeopUIL:

Tpexghasnoii cucmemoii SNEKTPHYECKHX IETIeH Ha3bIBaeTCSI CHCTEMA, COCTOSINAS H3 TPeX
OJHO(]a3HBIX ANMEKTPHYECKHX I[eNeil, B KaXXI0i H3 KOTOPBIX AeHCTBYIOT CHHYCOHAIbHBIE 3.]1.C.
OJHHAKOBOH 4YacTOTHI, HO CIBHHYTBIE APYI OTHOCHTeIbHO JApyra Ha 1/3 mepuoma (120°) u
cO3/laBaeMble OOMIHM (Tpex(a3HbIM) HCTOYHHKOM 3JIEKTPHYECKOH SHEPIHH.

OTJeNbHEIe 3IeKTPHYECKHE LEITH, BXOAMIIE B COCTaB Tpex(asHOH CHCTEeMbI, Ha3hIBAIOT
gazamu. Eciin 5.1.c. KaXI0H H3 (pa3 paBHBI 110 BEIIMYHHE, a IIOJIHBIE COITPOTHBIIEHHS Harpy30K
BCeX Tpex (pa3 Mo BeIHYHHE H XapaKTepy Harpys3kH (10 BeJIHYHHE H 3HAKYy (pa30BOrO CABHTA)
OJMHAKOBEI, TO TAKOH PEXIMM Ha3bIBAIOT cummempuyHvim. HEBBITIOMHEHHE MAHHBIX YCIIOBHI
SIBIIIETCS TIPHYMHOMN Hecummempuynoz2o pexnMa. Harpyska TpexdasHbIX ILienel peako ObIBaeT
CHMMETPHYHOH, KaK ITPaBHIIO, OHA B TOH IJIH HHOM CTEIEHH HECHMMETPHYHA H3-3a HaJIMYH
OJHO(a3HBIX ITOTPeOHTeIIEH.

TpexdasHbele TeHepaTOPhl CO3JAalOT CHMMETPHYHYIO CHCTEMY 5.J.C., IIOATOMY
HECHMMETPHYHBIH PeXHM BO3HHKACT H3-3a HECHMMETPHYHOH Harpys3kH (a3. EcCIH KOHIBI
0OMOTOK (pa3 CHHXPOHHOI'O I'€HepaTOpa HIIH TpaHcpopMaTOpa COeIHHHTH BMECTE 3BE3JI0H, a K
HavyajlaM IPHCOEIHHUTEH IIPOBOAA, HAVIIHE K IIPHEMHHKAM 3JIeKTPHYECKOH SHEPrHH, KOTOPBIE
TOKe COETUHHTDH 3BE3JI0H, TO MOIYYHM TpexdazHyro cucreMy (pHc. 1). ITpoBoj, coeIHHSIONTHIT
HYIIEBBIE TOYKH HCTOYHHKA H ITOTPeOHTENS HA3BIBAETCSA HYIIEBBIM. TaKVIO CHCTEMY HAa3BIBAIOT
yemuvipexnpoeoonoii. B IeMnsax Tpex(a3sHOoro ToKa He3aBHCHMO OT CIToco0a COeHHEHHS 0OMOTOK
reHeparopa H NOTPeOHTeNNeH pa3HMYyaloT HaIpsKeHHS — JIHHeHble Uy B (a3zHbele Ug, a TaKXKe
TOKH — IIHHelHble [y U (a3Hble [s. HanpsokeHHe MeXIy ITHHEHHBIM H HYIIEBBIM ITPOBOJOM
HasbIBACTCS pasHbiM, a MEKIY THHEHHBIMH ITPOBOJAMH — JuHeliHvim. TOKH, IPOTEKAIOIHE B
JTHHEHHBIX ITPOBOJAX, HA3bIBAIOT JILiH eliH blmil, 2 TIPOTEKAIOITHE B (pa3ax Harpy3KH WIH HCTOYHHKA

AOKYMEHTHIQIICAH * TOKH PDaBHBI (a3HBI T.e. JIHHeHHBIH TOK
SNEKTPOHHOW NOAMNUCHLIO | P iy M, T.C.

Ceptudukar: 12000002A633E3D113AD425FBS0002000002A6

Bnapeneu: Hlebayxoea TaTeAHa AnekcaHgpoBHa SHOMCPHOH  HalpPy3Ke U.F'I = VEU@ , ECIIH CXEMa
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Prcynok 4.1 — Cxema Tpex}a3HOH YeTHIPeXITPOBOTHOMH IIeITH IIPH COeJHHEHHH 3Be3/I0H
[Ipn HeEpaBHOMEPHOH Harpyske (pa3 B cXeMe ¢ HYJIEBEIM ITPOBOAOM (pHC. 4.1), B HyIIEBOM

ITPOBOAC ITOABJIACTCA TOK, BEIIM'YIIHA KOTOPOI'O OIIPEACIIICTCA ITO IICPBOMY 3dKOHY KIIPXFG(l)&Z

PucyHok 4.2 — BekTopHas quarpaMMa HalpsDKeHHH IIPH COSIHHEHHH 3Be3I0H

[ ] [ ] [ ] [ ]
f{}:fA+IH+IC'
HEL'II]?]_TIHE TOKA B H}GIEEGM HpGEG,I[E BBI3BIBACT HCSHAYHTCIIEHOC TIaJACHIHE HEalH}I{EHIIH B

HEM, KOTOPBIM MOKHO HpEHEﬁpE‘IL H CHHMTaTb, HUTO MCKIAY H}*’HEEGﬁ TOYKOH HMCTOYHHKA H

ITPHCMHHIKA Pa3HOCTE ITIOTCHITHAJIOB OTCYTCTBYCT.

Ha puc. 4.2 mokazaHo rpa)HyecKoe OIpeleleHHe JTHHEHHBIX HAIPSKEHHH ¢ ITOMOIIBIO

EEI{TDPHDﬁ AHaI'PAMMBI. OTIOXKHM IS ITPOH3BOIIBHOI'O MOMEHTA BPEMCHH KOMIIJICKCEI (1)331—[511"{

AOOKYMEHT NoarnncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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Uiap=Usr—Up ,
Upc=Ups—U~c¢ ,
Ucr =Uc—Una ,

TS TTOIyYeHH S ITHHEHHBIX HanpsokeHMT CIoXHM reoMeTpHYeckH BekTopel U a, Us

Uc ¢ Bextopamu — U s, —Uc, — U a, xKoropele paBHBI cooTBeTcTBeHHO Ug,Uc,U A, HO

ITPOTHBOITOIOKHO HAIIPaBJIEHBI.

BekTopHas auarpaMma JIIHMHEHHBIX HalPsSKEHHH TakkKe MOXKeT OBITh IIOJIYyYEHa U3
BEeKTOPHOH JHarpaMMbl (pa3sHBIX HamnpsokeHHE (puc. 3). TaxmMm oOpa3oM, 3Be3fla JTHHEIHBIX
HaIIpSDKEHHI oIlepeXkaeT 3Be3ny (asHeIX Ha 30°. HakizeM coOTHOIIeHHe MeXAY (Pa3HBIMH H

JTHHEeHHBIMH HAITPAAKCHIUAMIL, YHHTBIBAA, YTO BCC HAIIPAXKCHIA CHMMCTPHYHEIL.
] ] ] ]
Ur=Ups=Uc=Ug

Uss=Usc=Uca=Ur.

A i

C B

PucyHok 4.3 — BekTopHas auarpaMMa HalpsDKeHHH IIPH COSHHEHHN 3BE3I0H

M3 npssmoyronsHoro tpeyronbHuka OAJl mMeeM:

UJI — UAB _ UA 'CUS3DG —

2 2
V3

:_If -Eﬁﬁ:3UG:U@_ E

NOKYMEHT I:IDﬂI'IHCAH 2
SNEKTPOHHOW NOANMMUChLIO
Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6 \/—
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa [ — 3U¢
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(DasHbBIE TOKH ITPHEMHHKOB OITPEACIIAIOTCA TaK KC, KaK H B G,I[HG(i)ﬂBI{BIK ITETIAXC

’ U a U a
IA: - 4 5
Za \/F‘;—I—,r;
U g U s
g =—= ;
<p .\/rg—l—x;
}E:Ur:: Uc ,

- 2 2
~C FL. + IE
VTIIIbBI CABHI'a MEXY HalIpsDKEHHAMI H TOKaMH (1)&3 MOKHO OIIPEACIIHTD H3 d)GpM}fJIZ

r, Fy r
Cos@, = —; COS py = —; COS @, =

<A i {c

Ecimu nmpueMHHKH 0071a1af0T YHCTO aKTHBHBIMH COITPOTHBIIEHHSMH, TO ZA= I'a, ZB = I'B, ZC
= Ic, a YITIBI CABHIa MEXKIY TOKaMH H HaIIpSDKEHHSMH BO BceX TpeX (pazax OyayT HylIeBhIMH. Ha

pHc. 4 TIIpejcTaBlIeHa Tomorpaduyeckas IHarpaMMa HaIpsCKeHHH H TOKOB IIPH aKTHBHOMH

HEeCHMMETPHYHOH Harpy3Ke.

. 7
Usc

PucyHok 4.4 — BekTopHas guarpaMMa HaITpsKEHHH H TOKOB YETBIPEXITPOBOJIHOM LIETTH

ITIPH aKTHBHOH HEeCHMMETPHYHOH Harpyske (a3

Tox Hynesoro nposoga I o= Ix+ Ip+ Ic
CeyeHHe HYIIEBOTO ITPOBOA 3aBHCHT OT CTEIleHH HECHMMETPHH Harpy3KH (a3, HO OOBIUHO

€I 0 IIPHHUMAIOT PABHEIM S0 % OT CeYeHHS JIMHEHHOI O IIPOBO/IA.

NOKYMEHT NMNOoAanncAH
SNEKTPOHHOW NOANMCLIO pl:}El:},[[a) HAIIPAKEHHS Ha (1)&33}{ ITPHEMHIKOB
Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lebayxosa TameaHa AnexcaHapoBHa HBIM HaIIpSDKEHHSAM HCTOYHHKA [JaXe IIpH
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HEPaBHOMEPHOH Harpys3Ke, eCIH ITpeHeOpeys COIPOTHBIIEHHEM IIPOBOMOB JIMHHH H HYIIEBOIO
npoBofa. [IpexenbHEIM clTydaeM HEPaBHOMEPHOH HArpy3KH (pa3 B YETHIPEXITPOBOJHOH CHCTEME
Tpex(]a3HOro ITPHEMHHKA, BKIIIOYEHHOIO 3BE3J0H, MOKHO CUHTaTh OOpPBIB OJHOH H3 (pas.
Hammpumep, ecmm ¢asza 4 Oyzmer o0opBaHa, TO He OyJeT HaIIpSDKEHHS H TOKa Y ITOTpeOHTend,
BKIIFOUEHHOIO B 5Ty (pa3y, a B OCTABIIHXCS ITOJ] HampsokeHHeM (pa3axX peXuM paboThl He
13MeHHTcA. UTo KacaeTcs HYJIeBOro IIPOBOJA, TO ECIH [0 OOpEIBa OAHOI H3 (a3 TOK ObLI paBeH /
o= Ir+ Ig+ Ic (puc. 4.4), To Telepb OH H3MEHHICS H OYAET ONPEIENIrbes II0 IIEPBOMY 3aKOHY

Kupxroda: Ip+ Ip+ Ic = 0, otkyma - 1o = Iz+ Ic (puc. 4.5)

k

PrcyHok 4.5 — BekTopHas JHarpaMMa TOKOB H HaITpsSKeHHI IIpH oOpHhIBe (pa3pl A

HPH GﬁpLIEE HJIH OTCYTCTBEHH B CXCME HYIICBOI'O ITPOBOJd SHEPI'CTHYCCKIIC COOTHOIIICHH A

B 5TOH LIEITH H3MEHSITCSL

PrcyHok 4.6 — CxeMa TpeXITpOBOJHOH IEMH TpeX(pa3HOI'O TOKa

[Ipn cHMMeETpHYHOH Harpy3ke B TPeXIIPOBOJHOH TpeXdaszHoH cHcTeMe (pHc. 4.6)

HAIIPAKCHHC MCKAY HYJIICBBIMH TOUKAMIL HCTOUHHKA H ITPHEMHHKA PABHO HYJIIO H K42 VYHO (1)&3}"

AOKYMEHT MOANMCAH [ KOHTYP.
ANEKTPOHHOW NOANMUCBIO
CEDTHdJHHEITZ 12000002A633E3D 113AD425FB50002000002A6 CTBHH H},’I[EEGI*D HPOEG,[[H (bﬂBHBIE HE]HPH]KEHI[H
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

:OIMpOTHRIeHHsM (pa3. Ecinn Obl cHcTeMa ObDIa
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Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

YEeTHIPEXIIPOBOJHOM, TO IO HYJIEBOMY IIPOBOAY IIpoTeKaln OBl TOK [p M TakHM oOpa3zoM
ITPaKTHYECKH BHIPaBHHBAIINCh OBI (pasHbIe HampsokeHHI. Ha puc. 4.7 nzoOpakeHa BeKTOpHas
JHarpaMMa HanpsoKeHHH H TOKOB IIPH HEPaBHOMEPHOH HarpysKe BceX TpexX (pa3z M OTCYICTBHH
HYIIEBOT'O IIPOBO/IA.

TpeyrobHHUK JIMHEeHHBIX HAIIPSDKEeHHI OcTaeTcsI TaKHM JKe, a 3Be3/a (pa3HbIX HaIlPSKeHHIT

M Touka O MOI'VT OBITH JIETKO ITOIIYHCHBI METOAOM 3dCCHUCK M3 BEPIIIIH TIHHEHHBIX H&HPH}I{EHI]I‘T.

PucyHOK 4.7 — BeKTOpHAas JuarpaMma TOKOB H HaIpPsDKEHHH IIPH HEPaBHOMEPH OH

HaI'PY3KE H OTCYTCTBHC HYJICBOI'O ITPOBO/Id

Ecnn omgHa m3 (a3, HarmpuMep, A, o0OpBeTcs HIIM Bce ITOTPEeOHTEIH 3TOH (pa3bkl OYyIyT
BBIKITFOUEHEI, TO ITPH OTCYTCTBHH HYJIEBOT'O ITPOBOJIa OCTABIIHECS IO HalpspkeHHeM (pa3bl B 1 C
OKaXKyTCs BKIIOYEHHBIMH IIOclefoBarellbHo. (DasHple TOKH Ip M Ic, IIpOTeKarolie 4Yepes
IIOCIIEOBATEIILHO BKIIOYEHHBIE COIPOTHBIEHHS ITPHEMHHKA, B STOM clIy4ae OyayT
OJMHAKOBBIMH, a (pasHEIE HaIIpsKeHHS OYAYT MPOIIOPIHOHAIBHBI COIMPOTHBIEHHIM (a3 (pHC.
4.8). IlosToMy Ha BEKTOpPHOH JHarpaMme Todka O’ IlepeMecTHTCS Ha BEKTOpP JIHMHEHHOIO
HanpsokeHHI Upc H OYZeT JelINTh ero Ha 4acTH, paBHBIe (pasHBIM HampskeHHsM UB u UC (B

HarneM ciaydyae UB = UC)

™ ™ l ™ 1 ™ ™
Ue=Us=-Us :5\/50‘@ — 087U 5

HampsoxeHne ¢gas3el A BO3PACTET:

NE

UA :UAB'CGS:SGGZ\/EU@-?:LSU@

Uﬁﬂﬁgﬁ;ﬁgﬁ%ﬂﬁgﬁﬁﬁ"&*ﬁmT—fmw rrerrav 11a HYJIIEBOH ITIPOBOJ] HE CTABSAT IIpeJOXpPaHHTENbD,

SANEKTPOHHOW MNOoAarnnchbio HElI[pH}I{EHIlIuI (1)33
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[Ipn KOpOTKOM 3aMBIKaHMH KakoI-Oo (paspl, HampmMmep, C, HymneBag Touka O
IIpHOOpeTaeT MOTEeHIHANI THHeHHOro mpopoja BC, a a3l 4 H B OKa3bpIBaIOTCS ITOJ, ITHHEHHBIM
HalpsoKeHHeM. BeKTOpHas AHarpaMma JjIs 3TOro ciiydas ITpefcTaBiieHa Ha pHc. 4.9. Touka O'

IepeMerniaercsa B Touky C.

PrucyHok 4.8 — BekTopHas JHarpaMMa TOKOB H HaIIpsDKeHHH ITPH 0OphIBe (Da3bl B CXEMe

0e3 HyJIeBOr O IIPOBOZA

Hampsoxenns a3z A 1 B cTaHOBATCS paBHBIMH ITHHEHHBIM (pHC. 4.9):
U,=U,=U,=U,; "/gr
Up=Upc=U,=Ug, -ﬁ,
U.=0.
Toxk KopoTkoro 3aMeikaHHiI (a3er C  pacnpegensercs Ha ¢azsel B o A, T.e.
I.=1,=—,+1;) . Taxim ob6pa3om, aBe (a3bl IPHEMHIKA OKA3BIBAIOTCS MO THHEHHBIM

HaITPpsDKECHHEM, Ha KOTOPOE OHH HE PAaCCHHTAHEL, 11 OHH MOI'VI BBINTH H?3 CTPO.

A

[IOKYMEHT MOANVCAH
SNEKTPOHHOWM MOAMMCHIO

Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6
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3aMBIKaHHH (asbl C IMIpHEMHHKA TPEXITPOBOIHONH CHCTEME

B 11erm Tpex¢a3zHoro Toka akTHBHAS MOIITHOCTEh PaBHA CYMMe aKTHBHBIX MOIITHOCTEH (pa3:
P=P, +P. +P.=1,-U, -cosp,+1,-Uz-cos@p, +1.-U.-cosp,.

,HJIH H3MEPCHHA MOIITHOCTH B 1IETI:-II)EX]’[I)IEII'EIEII',I[I-IICJ'I";i OEIH  MOMHO HCIIOIIB30BdATE TPH
G,[[Hﬂ(l)ﬂBI{BIX BATTMCTP4, CYMMIPYAH HX ITOKA3dHISL, HIIH HCIIOJIIB30BATDb G,[[HG(l)ElBI{BIﬁ BaTTMCTP C
IICPEKIIIOYCHHEM €TI0 ITOOUCPSAHO BO BCE TPH (1)331:-1. DOTOT MeTOJ MOKeT OBITh HCIIOIb30BaH KakK

IIPH CHMMETPHYHOH, TaK H IIPH HECHMMET PHYHOH Harpy3Ke.

YKkazanue no mexHuxe 0 e3onacHocmu.
YKazaHH I10 TeEXHHKe 0e30I1aCHOCTH ITPH BBOIOJIIHEHHH HﬂﬁﬂpﬂTﬂpI{BIX pﬂﬁDT ITPHBCICHBIL

B ITPHIIOKEHHE A.

VKazanusa no 6binoiHeHUI0 140 opamopHoil padomal:

1. O3HAaKOMHTECS C IIpHOOpaMH, HeOOXOMMMBIMH IS BBIIIOIHEHHS PadoThl H
3aIHCATh HX TEXHHYECKHE JTaHHEIE.

2. CoOpats cxemy (puc. 4.10) mmg mccleJOBaHHS YeTHIPEXITPOBOJHOH IIEITH IIPH
COEIMHEHNHN 3BE3/0M.

3. [ IpoH3BECTH HCIIBITAHUS ITIPH CIEAYIOINX YCIIOBHSX:

a) TIpH PaBHOMEPHOH Harpyske BceX (a3 (Ra=Rp=Rc¢), HCIIONB3Yys B KauecTBe Harpy3KH
(pa3 JTaMITOBEIE PEOCTATHI,

6) TIpH HeEpaBHOMePHOH Harpyske (pa3 JTaMITOBEIMH peocTaTaMH (B OTHOH (paze 4 JTaMIIbI,
BO BTOPOit — 3 M B TpeTheH — 2 JIaMIThI);

¢) mpH oOpriBe (pa3el 4 (B OomHOH (hpaze Bce JIaMIIBI OTKJIFOUEHBI, a B JBYX APYIHX —
BKJTFOUEHEI).

4. CoOpaTh cxemy JUId HCCIeJOBaHHSI TPeXITPOBOJAHOH TpexX(paszHOH IENH IIpH
COeJIHHEHHH 3Be3/IoH (pHc. 4.11).

5. [Ipon3BeCcTH HCIIBITAaHU IIPH CIIEAVIOIINX PeKHIMaX pabOTHI:

@) paBHOMEPHAs HarpysKa BceX (pa3 JTaMIIOBEIMH PEOCTAaTaMH,

6) HepaBHOMepHas Harpyska (a3 (aHaIorHyHo 4,0)

¢) OOpBIB (pa3bl (B OTHOH (paze Bce JIaMITBI OTKIIFOYEHEI, a B IBYX APYTHX — BKIIFOUYEHBI);

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANUCHIO

Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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Prcynok 4.10 — Cxema U1 HecleIOBaHH ST YETHIPEXIIPOBOIHOMN Tpex(a3HOH IEIH IIPH

COETHHEHHH 3Be3J10i

PrcyHok 4.11 — Cxema a1 HecleJOBaHHS TPeXIIPOBOJHOH Tpex(pazHOH LEIH IIPH

COeIHHEeHHH 3Be30H

IIoxazaHu s rmpuOopos 3armicaTth B Tadimiy 4.1.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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Tabmiia 4.1 PesynbTaThl H3MEPEHHIH M BEIYH CIICHHIT

PexxmmM paboTH

B eyl [lapametp C HYIIEBEIM

ITPOBOJOM

HsMeperHbIe | a | o

BCIIMYITHBI

bes HyeBoro mpoeoja

d

0

B

I

BEIUHCIIeHHEBIE

BCIIM'YITHEI

B elmHYIHHEIL,
HalJeHHEIE
H3 JHarpaMM
COITpOTHBIIEHHE HAarPYy3KH (pa3 BEMMHCIIATH 110 (POPMYIIaM:
U, . Usp - Ue
I, =——; g = —, [ = —
1 1 I/
A B C

MOIIHOCTE LIEIH OIPeAelIsaTh 0 (POPMYIIaM:
P.=1,-U,+1,-U;+1.-U_,

P,=1,-U,+1z-Upg.

Beuay TOro, 4ro B JaHHOH JI1adOpaTOpHOH padoTe HCIIOIB3VETCS H3MEPHTEIbHBIH

KOMIIICKC K5055 BCE H3MCPECHHA H BBIYHCICHHA IIPOBOAATCH dHAJIOIHYHO IIETLIPEXHPGEG,I[HDﬁ

CXEME.

Ilo PE3VIIbTaTaM HBMEPEHIH‘T IIOCTPOHTL B MacIurabe BEKTOPHBIC JHAI'PAMMBI IJIH BCCX

pPacCMOTPeHHBIX cIydyaeB. OIpeJennuTh Ha BeKTOPHBIX AHarpaMmax Ip m Upp M 3aHECTH

PE3YIIbTATEL B TA0HIy 4. 1.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMNUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: Le6syxoBa TateaHa AnekcaHapoeHa
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[lemp paboThI,

Kparkme TeOpeTHUYECKHE CBEAEHH,

OrmicaHne HCIIONb3YEMOI0 000OPYAOBAHHUS H MAaTEPHAJIOR,
I IOpsimOK BREITTOTHEHHS PabOTHI,

BrruncieHnsa u o6paboTKa pe3yibTaToR,

-1 O i = 9

BBIBOJIEL.

K OHMPOJIbHbBIE 601NPOCHL.

l. Kakoe coeqHHEHNE HAa3bIBAETCS COSJHHEHHEM 3BE3I0H

2. Kak cTpoHrcs BEKTOpHAA AHAarpaMma TOKOB M HaIIPSKEHHH IIPH CHMMETPHYHOH
Harpyske?

3. B KakoM cirydae OTCYTCTBYET TOK B HYIIEBOM IIPOBOJIE?

4, IloueMy Ha HYIIEBOH IIPOBOJ HE CTABSAT IIPEIOXPAHNTEIIb?

J. KaxKoBBI 0COOEHHOCTH pekKuma padoThI IToTpe OHTENEH, COEHHEHHEIX 3BE3I0MH, ITPH

HepaBHOMEPHOH HarpysKke (pa3 CHCTEM € HYIIEBBIM IIPOBOIOM?

6. KaxoBEI 0COOEHHOCTH pekKuMa padoTEhI ITOTpe OHTENEH, COEHHEHHEIX 3BE3I0MH, ITPH

OOpEIBE (pa3bl CHCTEM C HYJIIEBBIM ITPOBOJOM HIH Oe3 Hero?

7. Kak H3MepsrOT MOIHOCTE TPeX(a3HOIro TOKA B Y€ THIPEXITPOBOAHOH cxeMe?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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Jabopamopran paboma Nel. Tpexghazrnaa uens npu coeouHeHUU nompedumeei no

cxeme mpeyeo/ibHUK

Ilens pabomsr: MccegoBaTh 0c00eHHOCTH pabOTHI Tpexda3HOH I IIPH COoeIHHEeHHH
CHMMETPHYHOTO H HEeCHMMETPHUYHOI'O IIOTPEOHTENEH TPEYTOIbLHHKOM, YCBOHTH ITOCTPOEHHE

BEKTOPHBIX JHAI PAMM ITO PE3VIIbTaTaM SKCIICPHMCEHTA.

OcHO6bL meopuuL:

[TorpeOurenn 31MeKTpHYeCKOH 3HEPIHH ITPH ITHTAaHHH OT TpeX(a3HOoro HCTOYHHKA, KaK H
HCTOYHHKH 3IeKTPHYeCKOH SHEPIHH, MOI'YT OBITh COEHHEHBI B TPEYTOIbHHK (pHC. 5.1). Cnemyer
IIOMHHTB, YTO CXeMa BKIIIOUeHHS 00OMOTOK Tpex(a3HOIro reHepaTopa He MpedoNpelelseT CXeMy
COeQHHEHHS Harpy3KH. Tak, IIpH COeJHHEeHHH (ha3 reHeparopa B 3Be3Ay Harpyska MOXKeT OBITh

COCIOHHCHA B 3BC3AY C HEﬁTpEIJ]LI{BIM ITPOBOAOM, B 3BC3OY 0e3 HEﬁTpElJ’JLHGI‘G IIPOBOJd4 IUIL B

TPEYTOJIBHIK.
Ao L..L Lany, LB
poe | e |
o L-L — -

No

PrcyHok 5.1 — Cxema coefHHeHH S (pa3 B «TPEYTOIBEHHKY
[Ipn coeanHeHHH B TPEYTrOIbHHK CHMMETPHYHOH TpexX(asHOH Harpy3KH JTHHEHHBIE

HaIlPSKeHHS OKa3bIBAKOTCSI PaBHBIMH (pa3HBIM HamnpsuKeHHsIM Ug = U,, a ITHHEHHbIE TOKH B

x/g pa3 OomnblIlle, YeM TOKH B (pazax moTpeOHTeNs:
I T — \/g - &

[Tpn sTOoM Bee (pa3HBIE TOKH PaBHBI 110 BEIMYHHE H OTIIHYAKOTCS APYT OT APYyra Io (a3e Ha
120°. To e camoe OTHOCHTCS H K ITHHEHHBIM TOKaM (pHC. 5.2).

[Ipp HecHMMETPHYHOH Harpy3Ke CBSI3b MEXKIY JIHHEHHBIMH H (a3HBIMH TOKAaMH
BBRIPa’KaeTCcs YpaBHEHHSMH, 3allliCAaHHRIMH Ha OCHOBAaHHMH IIEpBOr0O 3aKOoHa Kupxroda B

KOMIUIEKCHOH HIIH BEKTOPHOH (pOpPME:

OKYMEHT MOANUCAH =Tpe =1, I =1, —1p
SNEKTPOHHOW noarnncoeio
CEDTHdJHHEITZ 12000002A633E3D0113ADR425FB50002000002A6 [EEDﬁ HPGEGI[ DTG};'I‘CTE}{ET: HO BCe qJHBHBIE
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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PrcyHOK 5.2 — BekTopHasa AHarpamMma Tpex@a3zHoro HalpsoKeHHS

VYKazanue no mexrHuke 0 e3onacHocmu.

YKa3aHH A 110 TeEXHHKE 0€30ITacCHOCTH ITPH BBIIOITHEHHH J1a00paTOPHBIX padoT IMPHBEIEHEL
B ITPHIIOKEHHE A.

YKazanua no 6binoiHeHUI0 140 opamopHoil padomal:

l. O3HAaKOMHTBCSI ¢  J1aDOpaTOpPHOH  YCTAaHOBKOH  (MOAYIh  TpeX(azHOro
TpaHc(opMaTopa, MOAYIb PE3HCTOPOB, MOAYIbL aMIIEPMETPOB IIEpEMEHHOIO TOKa, MOIYIb
BOJIILTMETPOB).

2. BkmounTh MOAYIh IIHTAaHHSI  MOIYIL  TpexdazHoro TpaHCchopMaropa
(BeIKITFOYaTENTh QF1).

3. M3MepHTEL CTPEIIOYHBEIM BOIETMETPOM Ha MOAYIE TpeX(a3zHOro TpaHchopMaTopa

JIHHEHHbIe HAIIPpSDKEHHS HCTOYHHKA ITHTAaHHSA Ha XOJOCTOM XOAY (IIpH pa3OMKHYTOH IIEITH).

PesynbTaThl H3MepPEeHHH 3aHeCcTH B Talm. S5.1.

Tabmiia 5.1
Uas, B Ugc, B Uca, B
4. B coorBeTrcTBHH ¢ pHC. 3. coOpark CXEMY COEIHHEHHH IIOTpeOHTENEH B

TPeyroJdbHUK. [IpeqbsIBHTE CXeMY IS ITPOBEPKH.
5. YcTaHOBHTH B (pazax ITOTPeOHTEINS II0 YKa3aHHIO IIpellofaBaTellsI OJHHAKOBBIE

3HAYeHHSI COIIPOTHBJIEHHH PE3HCTOPOB (CHMMETPHYHYIO Harpysky). Hsmepurs ¢asHble H

JTHHEHHBIE TOKH. Pe3yiIbTaThl 3aHECTH B Tal0mI. J.2.

6. Pa3zoMKHYTh MooYepeHO JIMHEHMHBIH IPoBOJ (ha3bl «A» H (pa3pl «B» H mmpoBecTH

AOKYMEHT MNOANMUCAH raThl 3aHeCTH B TaOIl. 2.
3ANEKTPOHHOM MOANMUCHIO
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PHCYHOK 5.3 — CXeMa COeIHHEHHH ITOTPEOHTEIEH «TPEYTOIBHHKOM))

7. [To ykazaHHIO ITperojiaBaTels] H3MEHHTh HArpy3Ky B (pazaxX IOTpeOHTeNs Tak,
yTOOBl B KaXXAOH (pa3ze OBIIM BKIIFOUEHHI paslIMYHbIE 3HAYEHHS COIPOTHBIIEHHIH. Pe3ylIbTarThl

3altHcaTh B Tabm. 5.2.

TaOmira 5.2

TOK Harpysku, A

Pexama HarpyskH
Py3 14 I Ic [aB Isc Ica

CHMMeTpHYHAS Harpy3Ka

OOpPEIB THHEHHOT' O IPOBOJIA «A»

OOpEIB THHEHHOI O ITPOBOAa «B»

OOpHIB (pa3wl ITOTpebHTen «AB»

HecunvmveTpHyHas Harpy3Ka

8. JIJIsT BCEX OMBITOB IIOCTPOHTH B MacIITaOe BEKTOPHEIE JHArPaMMGBI.
9. CpaBHHTB Pe3yIbTaThl H3AMEPEHHH JIMHEHHBIX H (pa3HBIX TOKOB IIPH COeTHHEHHH B

TPeYroJIbHHK ITPH CHMMETPHYHOH H HECHMMETPHYHOH Harpy3Ke.

10. [IpoaHamH3upoBaTh BIHSHHE OOpBIBAa JHHEHHOIO IIPOBOAA Ha PeXHM pPadoThI
ITOTpeOHTETIEH.
11. CpaBHHTHL peXHMBI PaldOTEI TIPH BKIOYEHHH IMMOTpeOHTeNnell B 3BeE3AyY H

TPeYrOJIbLHHK ITPH CHMMETPHYHOH H HECHMMETPHYHOH Harpy3Ke.

Codepocarue omuema:

OTYeT JOIKeH COJCPAKATD.

1. Haspanme paGorThI;
NOKYMEHT I:IG,HI'IHCAH
INEKTPOHHOW NoAnMChbiO
Ceptucbmkar:  12000002A633£3D 11 3AD425FBS0002000002A6 q;
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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5. IIopsimOK BEITTOTTHEHHS PaOOTHI,
6. BrerunucrneHus 1 o0padoTKa pe3yibTaToB,

7. BBIBOJIHL.

Koumponsusie éonpocet:

l. Kaxzmv o6pa3oM TpH OJHO( a3HBIX ITOTPeOHTENS COETHHSIOT B TPE YT OJIEHHK?

2. Kyma crmemyer IOAKIOYaTh BOJIBTMETP, YTOOBI H3MEPHTH (pazHOE H JIHHEHHOE
HaITpsDKEHHI TpexX(pazHOoro moTpeOHTeIT?

3. B KkakoM COOTHOIIEHHH HaxXoAarcs (asHble H JIMHEHHBIE HAITPSDKEHHS
CHMMETPHYHOI'O ITOTPEOHTENSL, COEIHHEHHOI O B TPEYT OJIBHHK?

4. Kakoe cooTHomeHHe MeXIy (pasHBIMH H ITHHEHHBIMH TOKAMH CHMMETPHYHOIO
IOTPeOUTENS, COEMHHEHHOTO B TPEYT OJIBHHK?

5. Beerma mm CIIpaBCIIIHBBI IIPH COCJHHCHIIM B TPCYIOIBHHK COOTHOIIICHIHA.

IA:IAB_ICA-* IB :IBC_IAB-* IC:ICA_I_IBC

6. Bcera I TIpH COeHHEHNH B TpeyrombHuK crpaemtso [, + 1, + 1. =0

7. Kak oTpa3HuTCcs OTKIIIOUEHHE OJHOH (pa3bl IMOTPeOHTENS Ha PeXHM PadoThI APYIHX

(a3 1 Ha pekHM paboThI BceH TpeX(pa3zHOH LIEITH, COeJHHEHHOH B TPEYI OJIbHHK?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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Jlabopamopras padoma Ne6. Henvimarue 00HOQA3HO20 mpanchopmamopa

HEJH: pﬂﬁﬂfﬂbl.’ O3HAKOMHTLCA C I{OHCTP}"I{L[IIE]?‘I: METOJaMH HCIIBITAHHA H OITPEACIICHHA

XapaKTEPHCTHK TPaHC()OpPMaTOPOB.

OcHo6bl meopuiL:

TpaHchopMaTop — 3TO cTaTHYECKHI 3JIeKTPOMAarHHTHBIH aIrmrapar, IpeJHa3HaueHHBI IS
IpeoOpa3oBaHUsI IIEPEMEHHOIO TOKAa OJHOIO HAIIPSDKEHHS B 3IEKTPHYECKVIO SHEPIHIO
IIEPEMEHHOIO TOKA JAPYIOr'0 HAITPSKEHHS IIPH HEM3MEHHOH YaCTOTE.

TpaHcpopMaTOPHI IIHPOKO MPHMEHSIFOTCS B TEXHHKE, IIPOMBIIIIEHHOCTH H OBITY, II03TOMY
YCTAaHOBIIEHHAS MOIITHOCTh BCeX TpaHC(pOpMaTOPOB B HECKOIBKO pa3 IIPEBBIIIAET MOIIHOCTD
HCTOUYHHKOB 3JIEKTPOSHEPIHH, T.€. JIEKTPOIHEPTHSA HA ITYTH OT HCTOYHHKA JO ITOTpeOHTeNnd
HECKOIBKO pa3 TpaHchopmupyeTcda (mmpeoOpasyercsa). [lo HaszHadeHHIO TpaHC)OpMaTOPHI
TTOAPA3AEISIOTCS HAa CHIIOBBIE, CBAPOYHBIE, H3MEPHTEILHBIE, IT0 KOHCTPYKIHH — Ha CTEPKHEBBIE,
OpOHeBBIE;, ITO YHCITY (pa3 — Ha TpeX(azHble H OJHO]a3HbIE.

[Tpocrelinmmii omHO(a3HBIH TpaHC()OPMATOP COCTOHT H3 JBYX OCHOBHBIX YacTeH:
MarHHTOIPOBOJa  (cepaeuHmka) H  oOMoToK. CepaeyHHMK HaOHpaeTcd H3  JIHCTOB
BIIEKTPOTEXHIYECKOH CTAIH TOMIIMHOM 0,5 MM, ¢ 006X CTOPOH ITOKPBITHIX MEKTPOTEXHHYECKIM
JTAKOM JIJISI YMEHBIIIEHHS ITIOTEPH B CTAIIM HA BUXPE-BhIE TOKH. KpOoMe TOr 0, 3IeKTPOTEXHHYECKAS
CTallb UIMEET IOBBIIIEHHOE VAEIBHOE COIIPOTHRIIEHHE H MAJIBIE ITOTEPH Ha THCTepesHc. CepaeyHHK
CIIYKHT JIJIS YCHIIEHHS SIEKTPOMArHHTHOH CBS3H MEKAY OOMOTKAMH.

Ha cepaeurnke pacrionararorca oOMOTKH. OOMOTKa, ITOAKIIOYacMas K ITHTArOIIEH CEeTH,
Ha3bIBACTCS IIEPBHYHOM, a 0OMOTKA, K KOTOPOH ITOJKIIFOYAIOTCS IMTOTPEOHTENN IIEPEMEHHOIO TOKA,

Ha3bIBAETCS BTOPHYHOH 0OMOTKOH (pHC. 6.1).

Dy
A g A I 5
—
1... €] €7 | ]
ln' | I
|2

wl TP : U,
1} |
|

: | )

Pucyvwunwr A1 — (C'xeMa TpElHG(prMﬂTOpH
NOKYMEHT NOANMUCAH
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Ecin k HEpEH‘IHGﬁ GﬁMGTI{E:: HMEIOIIEH UIHCIO BHTKOB Wi IIOJBECTH IICPEMEHHOC

HarpsokeHHe u1=U nsinot, To 1Mo Heil HauHeT MPOTEKATh TOK i1, KOTOPHIH 6yaeT orcraBaTh or U

Ha 90°, M co34acT B CeplcUHHKE IIePEMEHHBIH MAarHHTHBIH ITOTOK, TAKXKE H3MEHSIOINMIICS TIO

CHHYCOHJaIbHOMY 3aKOHY ¢, = @,,,, -cos @ t . MarHUTHBII ITOTOK, 3aMBIKAsCh 110 CEPIEYHHKY,

6}*’I[ET HABOJIHTE B HEpEH‘-IHGﬁ H ETGpH‘-IHGﬁ 0OMOTKaX 2.4.C., ITPOITOPIHOHAIIBHBIC MIICIIaM

BHTKOB:
dd : :
e,=-w,—>=-w -@&-D,, snwt=—FE,, -sinw?
dt
dD . :
e,=-w,—>=-w,-w- D, snwt=—E,, -sinw !
dr i i

JIeHCTBYIOIIHE 3HAUEHHE 3THX 3.7.C. OYAVYT PaBHHI:
E =444 .-w -f -D,,
E, =44 -w,-f-D,,

OTHOIIEHHE 3THX 3.J.C. Ha3bIBaeTCA KO3(P(HIEHTOM TpaHC(pOpMaIH:

Ew U,
N =—= i

E, w, U,

o s s

Ecimn U,> Uy, To TpanchopMaTop mmoBsImIaronmii, a ecim Uz <U; — To moHmKaronmi. B
IacIiopre TpaHc(opMaTopa VyKasbIBaeTcs OOBIYHO He KO3 (miiHeHT TpaHc]opMaIni, a

OTHOIICHHC BBICIIICI'O HAITPAKCHHA K HI3IIICMY.

[Ipn mocTpoeHHH BEKTOPHBIX JHAIPaMM HaITpSDKEHHH H TOKOB TpaHCc(opMaTOpa MOIYT
BO3HHKHYTE 3aTPYAHEHHS ¢ BEIOOPOM MacITada HaITpsKEHHH IIEPBHYHON H BTOPHYHOH 0OMOTOK,
T.K. U=xU,, a guarpaMmel JOIKHBEI OBITH B OZHOM Macmitabe. [1o3ToMy BMECTO pealbHOr O
TpaHcopMaTopa OOBIYHO pacCMaTPHBAIOT TaK Ha3zbIBaeMEBIH ITPHBEISHHBIIT TPaHC(OpPMATop, Y
KOTOpOro ojHa OOMOTKa (OOBIMHO BTOPHYHAS) IIPHBEAEHA K JPYIOH, T.€. €€ IlapaMeTpPhl
IIEPECYUTAHEl TaKUM 0O0pa3zoM, 4YTOOBI 3TO HE OTPA3WIOCH Ha SHEPreTHYECKHX ITPOIleccaxX B

TpaHcopMmarope. [IpuBeeHHOEe HaNpsDKeHHe M JIPYTHe ITapaMeTphl BTOPHYHOH OOMOTKH

f r r r r
obosHavatrorca U, , [, , 1, , X, , Z,.

r r f

Ectm U, =xU,=U, u w, =Kw, =w,, To ToK [, OIpeaeInTcsS H3 YCIOBHI

r r
MTOCTOSIHCTBA IOoTOKocIerteHnit £/ - w, — £, w, | oTkyzda

’ | S
,  Lw, I,

AOKYMEHT NoanmncAH — —
SNEKTPOHHOW NOAMUCHIO W
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r
.
AHEIJIGI‘H‘IHG:, I[IPUBEJICHHOE COIIPOTHBIEHHE F, = Hdrj OITPEACIIACTCA H3 PAaBCHCTBa

IIOTEPE MOIIHOCTH BO BTOPHYHON 00MOTKe J0 ITPHBeAeHHI U ITOCIE ITPHBeAeHHST:
2 "2
Lrn=U,)r,

OTKYJIa

L.2
L2

.
[

b
L2

F’!
L2

V. =K F,,

AHaJIOrHYHO,

r r
2 2
X, =K X, HI, =K L,

F =

’
C}"I\ﬂ\lﬂ Iy, + F, = F_, Ha3bIBaeTCs aKTHBHBIM COIIPOTHRIIEHHEM KOPOTKOI'0 3aMbIKaHH, a

r r
X, T X, =X_- HUHAYKTHBHBIM COITPOTHBIIEHHEM KOPOTKOIO 3aMBIKaHMd H I, +Z, = I, -

N
ITOJTHBIM COITPOTHBIIEHHEM KOPOTKOI'O 3aMBIKAHH L.

Pexxrim  paCoTel, IIpH KOTOPOM BTOpPHYHasA OOMOTKa pPa3OMKHYTa, T.e. Harpyska
TpaHc(OpMaTopa OTCYICTBYET, Ha3bIBAETCS PEKHMOM XOJOCTOro Xoia. IIpH 3TOM MarHHTHEIH

ITOTOK CO3JAETCS HAMATHHYHBAKOIIEH CHIIOH TIEPBHYHOH OOMOTKH:
Fy=1Iyw,

rne Ip — TOK X0omocToro Xoja.

BemmuiHa HaMarHHYHBaroIen Ciibl Fo SBISeTCS ITOCTOSHHON M 3aBHCHT OT Pa3sMEpOB H
MaTepHalia CepAcUYHHKA.

PexaiM paloTeI, IPH KOTOPOM BO BTOPHYHYIO OOMOTKY BKJIIOUeHA HAarpys3Ka, Ha3bIBACTCS
padoyuM peKHMOM HJIM PeXHMOM Harpyskd. IIpu paboTe B peXHMe Harpys3KH KaKiaas H3
0OMOTOK TpaHc(popMaTOpa co3laeT CBOIO HaMarHHYHBAIOIIYIO CHITY, IIPHYeM HaMarHHYHBAFOIIIas

CHJIa BTOPHYHOH OOMOTKH OyeT HallpaBlIeHa HaBCTPedy HaMarHHYHBAIOINEH CHIIE IIEPBHYHOH

OOMOTKH:
Fo=Fi+ F»

L L L
Lo-wy=11v-w +12w,.
Takmm  oOpa3oM, MarHMTHBIH IIOTOK, CO3JaBacMBIH  BTOPHYHOH  OOMOTKOM,

pasMarHHYMBacT MarHUTHBIH ITOTOK, CO3AaHHBIN IEPBHYHON OOMOTKOI.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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Tak xaKk MarHHTHBIH IIOTOK TpﬂHC(l)ﬂpMﬂTﬂpa o BSIIMMHHE TIOCTOAHCH, TO

HaMaAI'HITYHBAIOITIAA CILUIa HEpEIIlﬂ{Gﬁ OOMOTKH YBCIIHYHMBACTCA TOJIIBKO Hd TdKVYIO BCIIHYIIHY,

YTOOBI I'COMECTPHYCCKAA CYMMaA I w, H IE W, 0OCTAaBaJIaCh ITPAKTHYCCKH TIOCT OSIHHOH.

CHeIoBaTeIbHO, IIPH YBEIHYEHHH TOKA BO BTOPHYHOH OOMOTKE TOK IIEPBHYHOH OOMOTKH

YBCIIHUHBACTCAH TAK, YTOOBI HaMaI'HHYHBAIOII 4 CHIIa lo W, INOJACPKIBAJIACh TIOCT OSIHHOH.

[Ipn yBelmMYeHHH Harpy3KH TpaHc(hOpMaTOpa HaIIpsKeHHe BTOPHYHOH OOMOTKH
CHIDKAeTCs Ha BelMUHHY AU, KOTOpOoEe Yy MaJbIX TPAaHC()OPMAaTOPOB MOXKET OBITH OITPEElIEHO
ITyTeM HCIIBITAHHH ITOJ[ Harpy3KOH TpaHc(opMaTropa H HelocpeJAcTBeHHBIM H3MepeHHeM AU .
TpaacpopMaTOop GONMBINOH MOIIHOCTH HATrPY3HUTh H HCITBITATh IO Harpy3KOil OUEHBb CIIOKHO H
HEAKOHOMHYHO, ITO3TOMY ISt HHX AU OIpeJleNstOT pacueTHBIM ITYTEM.

Harpyska TpaHc(opMaTOpa MOKeT OBITh YHCTO aKTHBHOH (OCBEIIEHHE ), ITIPH KOTOPOH COS
¢2 = 1,0, 1 cMemaHHOH — aKTHBHO-HHAYKTHBHOH (R-L) mim aktHBHO-eMKOCcTHOH (R-C), 1pm
KOTOPBIX cos @2 < 1,0.

3aBHCHMOCTh HaNpSKeHHS BTOPHYHOH OOMOTKH OT TOKa HarpyskH, T.e. Ux=f ( Iz ), mpu
IIOCTOSIHHOM IT0 BEIIMYMHE HAIMPsDKEHHH IIepBHYHON OOMOTKHM U; M IIOCTOSIHHOM 3HA4YE€HHH
KO3(ppHI[HEHTa MOIIHOCTH COS (2, Ha3bIBAETCS BHEIIHEH XapaKTEPHCTHKOH TpaHC(poOpMaTopa
(puc. 6.2).

HarmpskeHe Ha BTOpHYHOH OOMOTKE IIPH XOJIOCTOM XOAe, T.e. IIpH I = 0, Ha3pIBaeTCs

HOMHHAJIbHBIM HallpsDKeHHeM. [IpH Harpyske HanpsokeHHe OyAeT H3MEHSIThCS Ha BelHunHy AU

&U:UEH _Uz *

U,

—

—

0 I I
NOKYMEHT I:ID,HI'IHCAH
INEKTPOHHOW MOAMACHLIO dPAaKTCPHCTHKA TpElHG(prM&TGpa
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Tmst ortpemene Hust BelTHYHHBL AU pacyeTHBIM ITYTEM HEOOX 0 IHMO BBIITOTHHTD JIBa OITbITA:
OITBIT XOJIOCTOI'O XOJa M OIBIT KOPOTKOI' O 3aMBIKAHH .

OIIBIT XOIOCTOI'0 XOAa BEITIOJIHACTCS U1 OIIPeAeIeHH S HAITPSKEHH I BTOPHYHOH OOMOTKH
U2n , TOKa XOmmocToro xoja lp M IoTeph MOIIHOCTH XOIOCTOro xoxa Po. Tak xak ImpH XOI0CTOM
xone ToK b = 0 , a Tok I} = Ip H COCTaBIISIET HECKOIBKO IIPOIIEHTOB OT TOKA ljp, TO IOTEPH B
OOMOTKE ITPH XOJIOCTOM XOJ€E Mallbl H MOKHO CUHTATh, YTO ITOTEPH XOIOCTOI0 X0[a — 3TO ITOTEPH
B CTAJIM CEPAEYHHKA.

OIIBIT KOPOTKOT'O 3aMBIKAHHSL, IIPH KOTOPOM BTOpPHYHAsI 00MOTKa 3aMKHYTa HAKOPOTKO (Zx
= (), BEIIONHAETCS IIPH NMOHIKeHHOM HanpspkeHHH Uixn . [1pH 3TOM HamnmpspkeHHe ITOBBIIIAETCS
OT HVYIIA 10 3HaueHHS Uixg , IIPH KOTOPOM TOK 3aMKHYTOH HAKOPOTKO BTOPHYHOH OOMOTKH PaBEH
HOMHHAIIbHOMY I-g. Tak Kak 5TO HampsiKeHHE COCTaBISeT HECKOJIBKO IIPOIL[EHTOB OT
HOMHHAJILHOI'O, TO H MarHHTHBIH ITOTOK, ITPOIIOPLIHOHAJIEHEIN HAIIPSDKEHHIO B CEPACYHHKE, OUEHD
MaJl M ITOTEPSIMH B CTAIH MOJKHO IIpeHeOpedyh M CUHTATh, YTO ITOTEPH IIPH OIBITE KOPOTKOIO
3aMBIKAHHSI — 3TO IIOTEPH B MeJH 0OMOTOK TpaHCc(pOopMaTopa.

3Has U;rxy U IOTEPH Py MOXKHO OIPENEINTD Zx, 1K, XK.

L Uik _

LK_ .
jrIH

_PKH _

FK_IE ¥
1H

_ \/ 2 2
Xg =< —Tg
o / B /
rne I'e =t 5 H X=X, TX, -aKTHBHOE H PeaKTHBHOE COIPOTHBIIEHH S KOPOTKOI'0

3dMbBIKaHIA.

M3MmeHeHHe HapspKeHHS ITpH Harpyske AU MOKHO ONpPeAeHTh IT0 (JOPMYIIE:
AU :ﬁ-(Um -cos@, + U, -sin (pz)ﬁ
rne U, =1, - ry - aKTHBHAS COCTaBRISIOINAS HAIIPSDKEHHS KOPOTKOI O 3aMBIKAHH S,

Ur-:::' — IIH "Xk - PeaKTHBHAsI COCTABIIAIOIA HAIIPSDKEHHSA KOPOTKOI O 3aMbIKaHHS,

™
f=—— - xo3dpuipieHT Harpy3ku TpaHc(OpMaTopa, 3HAUYEHHSIMH cos@2 H Sin 02
I,y
3a0aeMCH.

r_.j"."!'.""..‘? .:. .F_-__"."!' “‘. .T- r boom ol L h Al Tl ihmsdhdodt o @Sk ddokhd Mok dsod
FOKYMEHT MOARVICAR ISIX ff M XapaKTepe Harpy3KH, MOKHO OIPeAEIIHTE

ANEKTPOHHOM NOONMUCHIO |
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BakHol XapaKTepHCTHKOMH TpaHchopMaTopa sBisgeTcs ero KITJT:

_P,_R-%P P P
PP P P +¥P°

J

KIIJ] MOXHO OIpEeAeIHTE IIYTEM HEIIOCPEACTBEHHOI O H3MEPEH S MOIITHOCTEH P2 H P WIH
pPacueTHEIM ITYTEM, 3Has OJHY M3 €ro MOIMHOCTEH M CYMMY ITOTEPh B HeM. IIepBBIH MeTO]
TIPHMEHSTFOT ITPH HCITBITAaHHH MaJIOMOIIIHBIX TPaHC()OPMAaTOPOB, T.K. B 3TOM clIy4ae HeT IMpo0iieM
C Harpys3koH TpaHc(opMaTopa peocTaraMH. B momHbIX TpaHchopMmaropax KIIJI ompepensror

IIVIEM H3MCPCHITA HIIH PacidcTa IIOTCPE B HEM H TIOJIE3HOH H&I‘I)}*’BG‘IHGf[ MOIIIHOCTH

P, =U.,I, cos ¢, . Bemunitxa KII]] 3aBHCHT OT Harpy3ku (puc. 3).

P,
KIIJ] mMeeT MakKCHMyM IIPH OTHOCHTEJILHOH HarpysKe 7 — = 0,7, xorjga ITOCTOSHHEIE
°H
rorepH (Po) paBHBI IeEpeMeHHBIM IToTepsM (Px).
)
10
'—______-
0,5
5
0 03 1.0 " p

4N

PrcyHok 6.3 — 3aBucuMocTh KIIJ] TpaHcopmaTopa OT Harpy3KH

[Ipn yBermmueHHH HarpyskH Bhine 0,7 Poy KIIJl yMeHBIaeTcs, Tak Kak IepeMEHHBIE

n
ITOTCPH PacTVT ITPOITOPIHOHAJIBHO I 1 » 4@ MOIIMHOCTE — ITPOITIOPITHOHAJIbBHO HEpEGﬁ CTCIICHI TOKaA.

[Tpn ymeHbImennu Harpy3ku KI1J] ymeHbIIaeTCs H3-3a YBEIHYeHHS JOIH ITIOCTOSHHEIX ITOTEPh B

0OIIIeH MOIIHOCTH.

YKkazanue no mexHuxe 0 e3onacHocmu.

OOKYMEHT MOAMNMUCAH . BEONTOIIHCHIH HﬂﬁﬂpﬂTDpI—[BIX pﬂﬁﬂT ITPHBEICHBI

SNEKTPOHHOW NOAMUCHIO
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VKa3aHua no 6bIN0JIHEHIUIO J1ADOPAMOPHOIL pAdOMbL:
l. BEIMTOMHHTE OIBIT XONOCTOro Xoma. 1 storo codpark cxeMy (pHe. 6.4). Ilpu
OIIPEJIEJIEHHH ITOTEPh XOJIOCTOro Xoxa Po ximrou K B I[ENH BTOPHYHOH OOMOTKH JOIIKEH OBITh

3dMKHYT Hd BOIBTMCETP. PES}"JILTE],TBI HBMEPEHIHUI ITPH HECKOJIbKHX 3HAYCHHMIX U 3aHecTH B

Tadmuiy 6.1.
U
. ‘ W T
* oD K
U
P L.'_
Ty
Og— ™
X x
Prcynok 6.4 — CxXeMa HCITBITaHHS TpaHC(oOpMaTopa B pesKHMe
XOIIOCTOroO X0/ a
Tabmna 6.1 — Pe3yieTarsl BEIYHCIIEHHH H H3MEPEHHI
M 3MepeHHbIE BEMYIHEL BEIYHMCIIEHHBIE BETTHYHHEI
No U
Uix Lo Po U> CcOS Qg K=—
OIbITA U,
B A Bm B - -

1

2

3

2. BEITTOMHUTE OMBIT KOPOTKOTO 3aMBIKaHHA. J[JI1 3TOro coOpaTh cxeMy (pHC. 5), IPH 3TOM
B CXEMe BOIILTMETP V> 3aMeHHTh aMIlepMeTpoM Ap. Ilepen BKIOUeHHEM CXeMBI ITOBOPOTHVYIO
pykosaTKy JIATPa HYKHO YCTaHOBHTH Ha HOIb. 3aTeéM 3aMKHYTH KIIOY K, BKIIFOUHTH CXEMY H
IIABHO YVBEIMYHBATh HarpskeHne JIATPoMm mo 1ex mop, rmoka aMmepMeTprl A1 U .42 HE CTaHyT
ITOKa3kIBaTh HOMHHAJILHBIE 3HAYEHNI TOKOB [1H U /211, TIPH 3TOM HaIlPSJKEHH € TIEPBHYHON OOMOTKH

Oyaet paBHO U;gm. 3armcaTh IOKa3aHHSI IIPHOOPOB B TaOIHIy 6.2.

U
L o JATP ‘ /_‘l\;rP 471
® & & j—",,_l |
PN K
L
N (%)
{T-'I—H"‘ * T -
[OKYMEHT MOAMUCAH '
INEKTPOHHOM NOANMKCHIO chopMaTopa B peKHME KOPOTKOI'O 3aMBIKAHHS
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Ilo PE3VIIETATAM OIIBITOB XOJIOCTOI'O XOJd H KOPOTKOI'O 3aMBIKAHHA OIIPEACIIHTD

Koa(pmineHt tpaHchopmanmu x, U2k, cos @o, cos @k, TIOMHOE, aKTHBHOE H HHJYKTHBHOE

COIIPOTHEIICHHA KOPOTKOI'O 3aMbIKAHHNA Zx , 'k H XK .

Tabmmna 6.2 — Pe3yieTarsl BEIYHCIIEHHH H H3MEPEHHI

No
M3MepeHHbIE BETHYHHBI BEIYHCIIEHHBIE BETHYHHEI
OITLITA
/,
Uik lik Pk 5] 7 CcOS QK 7K rK XK 7]
|
B A Bm A - - Om Om Om -
1
2
3
P, P,
COsS P, = ; COS @, = :
U, -1, Ug ~1ig
o Uik I Py
~K I y K 2 ’
1K 1K

\/ 2 2
_ -2
‘x!{ _ “K rﬁ;’

OrnpeaemiTh KO3 PHITHEHT ITOJIE3HOr0 JeHCTBHS TpaHc(popMarTopa #:

_PE_ PEH
Jpl P3H+P[]+PK*

17

3HaueHHA P 2z OepeTcs U3 ITaclIOPTHBIX JaHHBIX TpaHCc(opMaTopa.

3agaBasich 3HadeHISIMH f = 0,25; 0,5; 0,75; 1,0 onpegermts AU IIpH 3HAYEHHSIX COS @2 =

1,0; 0.8 (R— L) u 0.8 (R — C), pe3ylIbTaThl pacuyeTOB CBECTH B TaOmHIly 6.3. 3aTeM IIOCTPOHTH

BHECIIHHE XaPaKTCPHCTHEIT AL ITPHHATBIX 3HAUEHHH CcOS @2, ITPH 3TOM HMCA B BHAY, YTO CoOS @2

1pH (R — C) Harpy3Ke OTpHIlaTEIIEH.

Tabmmna 3 — Pe3syibTaThl BEIYMCIIEHHI H H3MEPEHHI

U_ =1 U_ =1 U, -si Vi COSP2
p— - F — L U -CDHQD,, * 51 ¢, ) i &U

ﬁ Kel | H K KD |H K Kel 2 Kp P _|_U@ .sin ';93

- B B B B B B

0

77 NOKYMEHT NOAMNWCAH
SNEKTPOHHOWM NOANMUCHIO
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2.

BEBITTOJTHHUTE OIIBIT ITOJ HAar py3KOH IT0 cXeMe pHc. 6.6. IIpH 3ToOM cXeMy COeINHCHII

IIEPBHYHON OOMOTKH (pHC. 0.5) He H3MEHSIOT, a K BTOPHYHOH OOMOTKE ITOJKITFOYAIOT

HElI‘p}BO‘II—[BIﬁ PEOCTAT H BBIITOIIHATIOT H3MCPCHHA IIPH TPEX — HETBIPEX 3HAUCHIAX HAI PY3KH.

r [

Do,

X

PrcyHOK 6.6 — CxXeMa HCITBITaHH S TPaHc(popMaTOpa 1o, Harpy3KoH

B CICAVYIOIIEM OIIBITE IIOCIICAOBATCIIBHO C HAI'PY30YHBIM PCEOCTATOM IIOJKIIFOYAIOT

KaTVIOIKY HHAYKTHBHOCTH H BbBIOIOJIHAIOT 3adMCP [» m U>. 3aTeM OIIBIT ITOBTOPSOT IIPH

ITOAKIIFOYCHHH IIOCIICOOBATCIIbHO C HAI'PY30OHUHBIM PCOCTATOM Run emxoctu C. PEB}"J’JI)TE],TLI

HBMEPE‘HIIﬁ 3dHOCAT B TﬂﬁHIH_[}" 4. llo PE3VIIbTATdAM OSTHX OIIBITOB CTPOAT BHCIIHHE

XdPaKTCPHCTHKII.

Tabmiia 6.4 — JlaHHBIe Q19 ITIOCTPOESHH I BHEIIHHX XapaKTePHCTHK

No
M3MepeHHBIE BETTHYHHEI
OITEITa
AKXTHBHaS HarpysKa R-L HarpysKka R-C Harpyska
/&) Un b U» &) U»
A B A B A B
1
2 _ _ _ _
3 _ _ _ _

Coodepacarue omuema:

OT4YeT JOoIDKeH COJCPAKATh.

L.

h = W2

™

Haspanme paGorer;

KpﬂTI{HE TCOPETHUYCCKHE CBCIACHIA,

OrmicaHie HCIIOIIB3YEMOI'O Gﬁﬂp}*’ﬂﬂEﬂHHﬂ H MATCPHAJIOB,

Uy Uy Uy U P S —

[lems paboTHI,
IIopsimOK BEITTOTTHEHHS PaOOTHI,
NOKYMEHT NOANNCAH
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Koumponsusie 6onpocet:

l. C KaKOH I[EJILIO BEITIONHSFOT OITBIT XOJIOCTOr O Xoma?

Kak onpenensercsa HanpskeHHe Uop?

YeM 00YCIOBIIEHE] ITOTEPH MOIITHOCTH B PeKHME XOIIOCTOr0 Xoja?

C KaKOH I[EIBIO H KAK BEIOIOIHSIOT OITBIT KOPOTKOI'O 3aMBIKAHH 517

Kax ormpeensror H3MeHeHHe HOMHHAIFPHOI O HampsKeHHST AU?

OT 4ero 3aBHCAT ITOTEPH MOIIHOCTH B PEKHUME KOPOTKOT'O 3aMbIKAHHS?
[Ipu xaknx ycnoBHax K11/l HMeeT MakCHMAaJIBHOE 3HAYEHHE?

Kakass Harpy3ka A1 TpaHc()opMaTopa SBJIsgeTcs Oojlee IpeIIOYTHT eJIbHOH?

e e s R = N - T

[Touemy cepiiedHHK TpaHc(popMaTopa HaOHPaIOT H3 IIHCTOB 3IeKTPOTEXHHYECKOMH
cTanu?

10. Byaet mu paGoraTh TpaHC(HOPMATOP C JePEeBIHHBIM CEPASUHHKOM?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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Jabopamopran paboma Ne7. Hensimariie mpexg)azHozo ACUHXPOHHOZ0

HJIEIGHPﬂﬂ 6UHIAMENIA C KODOMKOIAMKHYRIBIM POmMopom

HE.E’II’: paﬁﬂmm: OSHAaKOMHTLECA C ]E{DHCTP}"KL[HE]?'I? METOJaMH ITYCKAd H XdPAKTCPHCTHKAMH

dCHHXPOHHOI'O 3JICKTPOABHI aTCIIA

OcHO6bL meopuuL:

ACHHXPOHHBIM JBHIaTe€IeM HA3bIBAIOT JBHraTellb IIEpeMeHHOIO TOKa, POTOP KOTOPOro
BpalllaeTcs HE CHHXPOHHO C BPaIlfatOIIHMCS MarHHTHEIM ITOJIEM CTaTopa.

CTaTOpOM Ha3bIBAIOT HEITOABHIKHYIO YaCTh MAIIIHHEIL, 2 POTOPOM — BPAINAFOIIYIOCS YaCTh.
CTtaTOp COCTOMT H3 CepAcYHHKa, HAOpPaHHOIO H3 JHCTOB SIeKTPOTEXHHYECKOH CTallH,
H30IIMPOBAHHEIX APYT OT APYyra 3IeKTPOTEXHHYECKHM JTaKOM A1 YMEHBIIIeHH S BHXPEBBIX TOKOB,
H OOMOTKH, YKIIaJbIBA€EMOH B ITa3bl, BRIIITAMIIOBAHHBEIE HA BHYTPEHHEH ITOBEPXHOCTH CTATOpA.
[Ipn nmogxmodyeHHH TpeX(asHOH OOMOTKH CTaTopa B Tpex(dasHYIO CeTh, B CTATOpPe CO3JAcTCS

BpallldtoIiccCqd MdIHHTHOC ITOJIC, HaCTOTa BPAIIICHILA KOTOPOI'O ITOCTOAHHA H PdBHA.
- 607,
o k

P

rae f1 — yactoTa HanpsokeHH ruTaromeit cetH (i = 50 ')

"

p — YHCIIO TIap TOFOCOB JBUTATEILS.

PoTop Takke COCTONT M3 cepAeyHHKa H 0OMOTKH, KOTOPBIE HacaKeHbI Ha Bajl. CepIeYHHK
pOTOpa HAOHPAIOT U3 JIHCTOB 3IEKTPOTEXHHYECKOH CTalIH, B KOTOPHIX Ha BHEIHEH ITOBEPXHOCTH
BBIIITAMITOBAHEI ITa3bl. ACHHXPOHHBIE JBHIATEIIN B 3aBHCHMOCTH OT KOHCTPYKIIHH POTOpPa MOTYT
OBITh JABYX THIIOB. B JBHTaTellsIX ¢ (pa3HBIM POTOPOM B ITa3bl POTOPA YKIIAJLIBAIOT TAKYIO Ke
TpeX(pazHyr 0OMOTKY, KaK H Ha CTaTOpe.

TpH KOHIIa OOMOTOK COEIHHSIOT B 3BE3/Y, a TPH APYTHX BEIBOAST Ha KOHTAKTHBIE KOJIBIIA.
B aBurarene ¢ KOPOTKO3aMKHYTEIM pPOTOPOM B IIa3kl POTOpa 3ajHBAlOT PacIlIaBIeHHBIH
AIFOMHHHI, TIPH 5TOM BMecTe C OOMOTKAaMH OTJIHBAKOT KOPOTKO3aMBIKAOIINHE KOIIbIlA, B
pe3ylbTaTe 4ero oOMOTKa ITOJTy4aeTCs KOPOTKO3aMKHYTOH.

Bparmaroreecss MarHHTHOE II0JIe cTaTopa IlepecekaeT 0OMOTKY POTOpa H HAaBOJHT B HHX
5.J.C., a TaK Kak OOMOTKa 3aMKHyTa HAaKOPOTKO, TO B Heil HaYMHAIOT ITPOTeKaTh TOKH, ITPH
B3aHMOJICHICTBHH KOTOPBIX C MATrHHTHBIM IIOJIEM CO3ZAETCS BPAIalOIMHiIl MOMEHT, H POTOP

HaYHHACT BPAIlaTbCAH. YacToTa BpallICHHA POTOpa N B ABHI'ATCIIBHOM PCKHME BCCI'JJd MCHBIIIC

NOKYMEHT NoanncAH
ANEKTPOHHOW noanncelo ITHX HAaCTOT, OTHECCHHAA K HaCTOTS BPalllCHHA
Ceptudpukar: 12000002A633E3D113AD425FB50002000002A6
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Tak xak Epamamuulﬁ MOMCHT IIOABIIFICTCA B PE3VYIIBTATC B3aHMOJJEHCTBHSI TOKa POTOpa I
C MarHMTHBIM ITIOTOKOM @ CTaTOpPd, TO €TI0 BCIIHYIHA ITPOIIOPLIIOHAIIPHA HX IIPOH3BCIACHHIO.
HGCI{GJ]LI{}" B MCXAdHHYCCKYIO paﬁmy MOKET IIPpEBPalllaTbCA TOJIbBKO dKTHBHAA MOIITHOCTD,

IIPOIIOPLHOHANIbHASL AKTHBHOIH COCTABIISFOIIEH TOKA, TO
M=C,-1,-®-cosy, ,
e Y2 — YTOII CABHTa (pa3 MeXAY 3.1.C. H TOKOM POTOpa,
Cm —K03(p(PUIEHT, 3aBUCAIIINT OT KOHCTPYKIIMH JIBHTaTETIS.

Taxmm GﬁpﬂBGM I:} * COS P, - AKTHBHAA COCTABIIAIOIIaA TOKa pOTOpPa.

OCHOBHBIE DKCIUIYaTAIlHOHHBIE CBOMCTBA JIBHTATENS OIPEHEISIOTCA €ro padourMIid
XapaKTepPHCTHKAMI, T.€. 3aBHCHMOCTAMH Pi, cos, n, 1, I OT IToIe3HOH MOIITHOCTH JABHIrartels Pa .
[logBoamMas K aCHHXPOHHOMY JIBUTATEIIEO MOIIIHOCTh PaBHA:

P =3.U,-1I,-cosgp ,

IIe: coSQ — KOA(P(HIHEHT MOIITHOCTH JBHIATEILs,

N —YacToTa BpallleHHI poTopa,

I| — TOK cTaTopa.

Paboune XapakKTepHCTHKH aCHHXPOHHOI'O JBUTATENS IPEACTARIIEHEI HA pUC. /.1.

Paboune XapakTepHCTHKH MOIYT OBITh IIOINYYEHBI IMOO PaCUeTHBEIM IIyTeM, IHOO
OITPENETIEHBI OIBITHREIM ITYTEM ITPH HCIIBITAHHH JBUTATENISI IO HArpyskoH. Harpyska Ha Bainy
H3MeHSeTCS B IpejiellaXx OT HYIS B pekHMe xojocTtoro xofma (P2 = 0) 10 HOMHHAIIBHOH HIIH
Oompien. IIpH sTOM H3MepSrOT IIOTpednseMbIH TOK [), YacTOTy BpallleHHS PpoTOpa n,
MTOTPeOIIeMyO MOIITHOCTE P, KO3 (HITHEHT MOIIHOCTH COS(. BeIHYHHY IT0JIe3HOIl MOITHOCTH
P> BRIUHCILIFOT 4Yepe3 BEIHYHHY BPaIaroIleEr0o MOMEHTA, ECIIM B KAYECTBE HAUPY3KH JIBHIATEILS
HCIIOIB3YETCS BIEKTPOMarHHTHRIN TOPMO3, HJIH Yepe3 MOIIHOCTh I'eHepaTopa, eCIH B KaUeCTBE
HarpysKH JBHT aTells HCIIOIB3YETCSA I'eHEPATOP MOCTOSHHOIO TOKA.

[Ipn s3rOoM IMOIE€3HAsS MOIIHOCTH TIeHepaTopa OIPEedelseTcsl H3MEPEeHHEM TOKa H

HaITpsDKEHHSI TeHepaTopa:
P.=U,-1I,
[TomBomMast OT ABHTATENS MTONe3Has MOIMHOCTE Pop paBHSIETCS ITOABOIHMOH MOIITHOCTH

reHeparopa Pir

NOKYMEHT I:ID,HI'IMCAH )2
SNEKTPOHHOW NOANMChHIO P —_ I
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[Tpn Harpy3Ke Ha 3IeKTPOMArHHTHEIH TOPMO3 H3MePSeTCS ITOJIe3HBII MOMeHT M Ha Bamy
IBHTATEISI H 4acTOTa BPAIIEHHS N, II0 KOTOPBIM OIPeAeNsIeTCs IMONe3HasI MOMIHOCTh JBHIATENs

Pg:

M -n
P, =—
9550
no R
— —— —— 7].c0s
m fy Iy e
¥ Fy Fy 4
L0 1
A 7
Cos (P

TS

60 T [

40

20

. P %

! 20 40 60 80 100

PucyHok 7.2 — 3aHcHMoOcTh KIIJI reHeparopa oT MOIIHOCTH Pr

YKazaHue no mexHuxe 0 e30nacHocmu.

YKa3aHH I10 TeEXHHKe 0e30IIaCHOCTH ITPH BEOTOJIHEHHH HﬂﬁﬂpﬂTﬂpI{BIX pﬂﬁDT ITPHECCHBIL

[AOKYMEHT MOAMNMWUCAH
SNEKTPOHHOWM MOANMUCHIO
CepTuchvkar:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
55



VKa3aHua no 6bIN0JIHEHIUIO J1ADOPAMOPHOIL pAdOMbL:
Yacme 1. Cuamue u onpedenenue xapaxkmepucmuk xoaocmozo xooa Iy=f(U), Py=f(U),

coso=f(U) mpexhazrozo acuHXpoHHO20 06UZaAMeENL C KOPOMKO3AMKHYMLIM POHOp oM

1. YOeauTech, YTO YCTPOHCTBRA, HCITOIb3YEMEBIE B SKCIIEPHMEHTE, OTKIIFOUEHEI OT CETH
3IIEKTPOIHT AHHS.
2. CobepHTe SBIEKTPHUYECKVIO CXEMY COSAHHEHHI TEIUIOBOH 3aIl[HThl MAaIlHMHBI

IICPCMCHHOI'O TOKA.

3. CoeIHHHUTE THe3[da 3all[HTHOrO 3a3eMIIeHHS " YCTPOHCTB, HCIIOJIb3YEMEBIX B
SKcIepHMeHTe, ¢ THe37IoM "PE" TpexdasHoro ncrounuka miTanus Gl.

4. COoeIHHHTE aIllapaTrypy B COOTBETCTBHH C AIEKTPHYSCKOH CXEMOH COeIHHEHIH .

J. Ilepexmroyarenn pexuMa padoThl BBRIKIOYATelleH A0 M A8 YCTaHOBHTIE B
ronoxenue "PYUH.".

6. B tpexdasHpIX TpaHcpopMaTOpPHBIX I'pyrmiax A2 H A7 yCTaHOBHTE HOMHHAIbHBIE

BTOPHYHbBIE HAIIpsDKeHNH S TpaHcpopMaTopoB 127 B u 127 B.

7. Bxmrounte BrIKIrouaTenn « CETh» OI0KOB, 3ae HCTBOBAHHEIX B SKCIIEPHUMEHTE.
8. AKTHBH3HPYHTE MYJIIBTHMETPEI O110Ka P, 3a1eHCTBOBAHHEBIE B DKCIIEPHMEHTE.
9. Brxmounte uerounnk G1. O Haap4my HanpsDKeHHH (pa3 Ha €ro BBIXOJE JIO/KHEI

CHUTHAIIH3HPOBATE CBETSIIHECS JTAMITOUKH.
10. IIycture aurarens M1 Haxatnem KHOIKH « BKJI.» BEIKIFOUaTens A6.
1. MeHss ITonokKeHHe PEryIIHPOBOYHEIX PYKOSTOK TpeX(pa3HbIX TPaHCc(pOpMaTOPHBIX
rpyin A2 u A7, BappHpYHTE IMOABOAHMMOEe K JABHrareinro M1 mmHerHoe HanpsokeHHe U B
nrana3oHe 100...250 B u 3aHocHTe ITokazaHHI BonbTMeTpa Pl.1 (Hanpsokenme U), ammepMeTpa
P1.2 (¢asneri Tok Io gBurarens M), a Takke BaTTMeTpa H BapMeTpa H3MepHTells P2 (akTHBHas

Po1 1 peakTuBHAas Qo1 MOITHOCTH, ITOTpeOsieMble OAHON (pa3oi ABHraTeirst M1) B TaOmiiry 4.2.1.

Tabmira 7.1

U, B
1o, A
Po;, Bm
Qo1, Bm

12. OTtxmouynTe HeTouyHHK G1.
NOKYMEHT NoanncAH

SNEKTPOHHOW NOAMWUCHIO >» OIIOKOB, 3aJIEHCTBOBAHHEIX B 3KCIIEPHMEHTE.
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14. Hcrompsya gaHHbeie TaOIHIEI 4.2.1, BEIUMCIIHNTE COOTBETCTBYIOIIHE HAIPSHKEHHIO

U nomHble akTHBHYIO Po M peakTHBHYIO Qo0 MOIIHOCTH, ITOTpeOnseMble ABHTareneM M1, mo

hopmymam:
Po=3Pyj,
Q0=3Qo1
H 3aHEeCHTE X B Ta0mIy 7.2.
Tabmra 7.2
U, B
Po, Bm
Qo, Bm
15. Hcromp3ya naHHbeie TaOIHIel 4.2.2, BEIUMCIIHTE COOTBETCTBYIOIIHE HAIPSHKEHHIO

U 3HaueHH KO3 (HITHEHTA MOIIHOCTH IT0 (hOpMYJIe
e
J 2 2
H] + Q{]

cos @, =

H 3aHECHTE IIOJIYYeHHEIe Pe3yIbTaThl B TaOIMHIy 7.3.

Tabmira 7.3
U B
cos @
16. IIpn HeoOXOmMMOCTH OOJBINEH BapHAaTHBHOCTH 3HAYeHMI HampsokeHus U,

ITIOBTOPHUTE 3KCIIEPHMEHT ITPH 3aKOPOYESHHOM JIMHEHHOM peakTope Al4.
17. Hcrnonme3ysa gaHHble Tabmii 7.2 M 7.3 IIOCTPOHTE HCKOMBIE XapaKTEPHCTHKH
xonoctoro xoxa lo=f(U), Po=f(U), cos@o=f(U) TpexdaszHOro acHHXPOHHOIO JBHIaTelIsl C

KOPOTKO3aMKHYTHIM POTOPOM.

AOKYMEHT NoanmncAH
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Hacme 2. Ilyck 6 x00 mpexgpaznozo  AcUHXPOHHOZ0  dsuzamena ¢

KOPOMKO3AMKHYMbIW/ (DA3HLIM DOMOPOM C PEUCINPAUUE U 0MOOpaXsceHuem pedcUMHBIX
napamempoé Ha KOMNblomep

1. YOeauTech, YTO YCTPOHCTBRA, HCITOIb3YEMEBIE B SKCIIEPHMEHTE, OTKIIFOUEHEI OT CETH
3IIEKTPOIHTAHH 5.
2. CobepHTe SBIEKTPHUYECKVIO CXEMY COEIMHEHHMI TEeIZIOBOH 3all[HThl MAIIHMHEI

IICPCMCHHOI'O TOKA.

3. CoeIHHHUTE THe3[da 3all[HTHOrO 3a3eMIIeHHS " YCTPOHCTB, HCIIOJIb3YEMEBIX B
SKcIepHMeHTe, ¢ THe37IoM "PE" TpexdasHoro ncrounuka miTanus Gl.

4. CoeIUMHHUTE aImrapaTypy B COOTBETCTBHH C SIEKTPHYSCKOH CXEMOH COEMHEHHII
(KOpPOTKO3aMKHYTEIM poTOpoM) / ((pazHBIM pOTOpPOM).

J. Ilepekmoyatenu pexuma padorel HcTOUYHHKA G2 M BeIKIrouarenen A0, AS
YCTAHOBHTE B ITOJIOKeHHE «PYUH.».

6. YcTaHOBHTE B KaXKJIOH (pa3e aKTHBHOH Harpy3kH Al(0 ee cyMMapHYIO BEIHUYHHY
paBHYIO, Harmpumep, 100 %.

7. YcTaHOBHTE B KaKIOH (paze peocrata A9 conmpoTHBIeHHE, HaITpHMep, 18 OmM (TIpHu
ITyCKe JBHIaTelsI ¢ (Da3HBIM POTOPOM).

8. B TpexdasHoi TpaHCc(OpMAaTOpHOH Ipyrmie A2 IlepeKiIrodaTelleM YCTaHOBHTE
’KelIlaeMOe HOMHHAIIFHOe BTOPHYHOE HaIlpsoKeHHe TpaHc(opMaropa, HarpuMmep, 133 B.

9. [IpuBegute B pabouee COCTOSHHE IIEPCOHAIIBHBIN KOMIBIOTEP AD H 3aIlyCTHTE
ITPUKIaTHYIO IIpOorpaMMy « PETHCTpaTop peKHMHBIX ITapaMETPOB MAIIMHEI IIEPEMEHHOIO TOKaY.

10. Bxmrounte BrIKIrouaTenn « CETh» OII0OKOB, 3aJe HCTBOBAHHBIX B 3KCIIEPHMEHTE.

11. Bxmounte HetoyHHK G1. O HamHYHH HanpsKeHHI (pa3 Ha ero BEIXOJE JIOIKHBI
CHUTHAIIH3HPOBATE CBETSIIHECS JTAMITOYKH.

12. BpameHneM PpyKOSATKH Ha IIEpegHEH ITAHeIM HCTOYHHMKAa (G2 VYCTaHOBHTE
HanmpsckeHHe, HartpuMep, 100 B Ha ero perymipyeMoM BeIXoae «AKOPb».

13. Haxavoire Ha BUPTYAIIBHYEO KHOIIKY «3aIlyCTHTR) Ha SKpaHe KOMIILIOTEPA.

14. Haxxvonre mmocnnemoBarenbHO KHOIKH «BKJL» HeTouHmka G2, BRIKTrOUaTennd A6 H
CITYCTS, HaIpHUMep, 2 ¢ BRIKIrOUarejsl A8 M 3aTeM He ITo3[Hee, yeM 4depes3 10 ¢, ocTaHOBHTE
CKAHHPOBAHHE JAHHBIX PETHCTPATOPOM HaKaTHEM Ha BHPTYAJIbHVIO KHOIIKY «OCTaHOBHTLY». B

PE3VIIBTATC OOIIKCH OCVYIICCTBHTLCA I[E}*'XCT}*T[EH‘I&TLIﬁ ITYCK HAI'PYKCHHOI'O dCHHXPOHHOI O

neuraterrs M1 M JOmKHBI 3armicaTbes B KOMIIBHOTCP AddHHBIC O PCHIMHBIX IIAPAMCTPdX Hd

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANUCHIO

Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6 |
Bnapeneu: lLlebayxoea TaTeaHa AnexkcaHgpoBHa ‘d/KdB Hda BHPTYAJIbHYIO KHOIIKY «OCTaHOBHTB».
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59



17. OtxmrouynTe BEIKITOUaTem « CETh» OII0KOB, 3aJeHCTBOBAHHEIX B SKCIIEPHMEHTE.
18. HcCrmoimp3ysa BO3SMOKHOCTH IIpOrpaMMEBl «Perucrparop peKHMHBIX ITapaMeTPOB
MAIlMHBl IIEPEMEHHOIO TOKa», IPOAHAIH3HPYHTE OTOOpa’kKeHHBIE HA MOHHTOPE KOMIIBIOTEPA
MEXAHHYECKVIO XapaKTEPHCTHKY M BpPeMEHHBIE 3aBHCHMOCTH TOKA CTAaTOPHOH OOMOTKH,
3JIEKTPOMArHHTHOIO MOMEHTA, YaCTOTEI BpaIllEHH S aCHHXPOHHOI'O JABHIATENS IIPH ITYCKE €r0 B

XOJI.
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PucyHok 7.5 — CxXeMa ITOJIKITFOUYEHHS K KOHHEKTOPY

Hacme 3. CHAmue u onpeoeiieHiie Xxapakmepucmuxk Kopomrkoz2o 3amoikanua Ix=f(U),

Pi=f(U), Zx= f{U) mpexghazrnozo acuHxpoHHOz0 06Uzamesa ¢ KOpoOmMKO3AMKHYMbIM POMOPOM

1. YOenurech, YTO YCTPOHCTBA, HCIIOIb3YeMBIE B AKCIIEPHMEHTE, OTKIIFOUEHEI OT CETH
3IIeKTPOITHTaHHS.
2. CHHMHTE KOXKYX, 3aKpBIBAIOIMMH MY(PTY, COSTHHSIONIYIO Bal MAaIllHHBI

ITOCTOSIHHOT'O TOKa M2 ¢ BaitoM aBHrareirsi M1, H 3aKpelmre Ha HEH CTOIIOPHOE YCTPOHCTRBO.

3. ColepHTe HIEKTPHUYECKYIO CXEMY COEIHHEHHI TEIUIOBOH 3all[HThHl MAIIHHEI
IIEPEMEHHOIO TOKA.
4, CoegHHHTe THe3da 3all[MTHOrO 3azeMIIeHHS ''\&/" VCTPOHCTB, HCIIOIb3VEMEIX B
2

AKCIIepHMeHTe, ¢ THe37IoM "PE" TpexdasHoro ucrounnka rmiTanusa Gl.
J. COeHHHTE alIaparypy B COOTBETCTBHH C 3JIEKTPHYECKOH CXeMOH COEHHEHHIH.
6. [lepexmoyaTenu pexnMa padoTsl HCTOUYHHKA G2 H BRIKIIOYATENSI AO YCTAaHOBHTE
B ronoxenne "PYUH.".
7. B TpexdasHpIX TpaHcpOpMaTOpHBIX TIpyimax A2 H A7 IepeKIrdareleM

yCTaHOBHTE HOMHHAJIbHEIE BTOPHYHBIE HAIIPSKEHHS TpaHcpopMaTopoB 242 B.

AOKYMEHT NOANWUCAH

ANEKTPOHHOW MNOAMNMCHLIO ) 6HDI{DE:, 3aJleHCTBOBAHHBIX B SKCIICPHMCEHTC.

[0Ka Pl, 3a1eliCTBOBAaHHEIE B SKCIIEPHMEHTE.
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Ceptucmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: Hebayxosa TaTeana AnexcaHapoBHa

10. Bxmounte neTouHuK G1. O HamuupH HanpsKeHHI a3 Ha ero BREIXOJIe JOMKHEI
CHTHAJIM3HPOBATh CBETSIIHECS JIAMITOYKH.

1. Haxxatuem kHomkn «BKJL» BeIKouarensas A6 IOAKIIOUNTE ABHrareias M1 K
3IIEKTPHYECKOH CETH.

12. Brictpo (MeHee 4yem 3a 10 c¢) cuHTaiiTe H 3aHecHTe B TaOmHIly 7.4 ITOKa3aHHI
BonmbTMeTpa P1.1 (immmelHOe HanpspkeHue U nBuratens M 1), ammepmetpa P1.2 (Tok Ik cTaTopHO#
oOMOTKH nBHTaTensd M), a Takke BarTMeTrpa H3MepuTelsd P2 (akTnmBHasS Px1 MOITHOCTE,
rorpedisieMast OHOH (pa3oi ABHTaTensa M1) H cpasy 1ocie 3Toro HaxxaTHeM KHOIKH «OTKJI»
BRIKIIFOUATENS A6 OTKIIOUHTE ABHIATellb M1 OT 3IeKTpHYECKOH CETH.

13. IIoBTOpHTE HEOOXOAMMOE KOIHYECTBO Pa3 IPOLEAYPY ITOAKIIIOUEHHS JBHIATEIIS
M1 K 3MeKTpHYeCKOH CETH, CUHTBIBAHHS ITOKA3aHHH H3MEPHTEIBHEIX IIPHOOPOB H OTKIIFOUEHH S
aBHTaTerd M1 OT 3IeKTPHUYECKOH CETH ITPH Pa3IHYHBIX O0Jlee HU3KHX HOMHHAIBHBIX BTOPHYHBIX

HaIIPSDKEHHIX TpaHcpopMaTopoB rpyrat A2 u A7.

Tabmima 7.4
U B
Iz, A
Pr;, Bm
14. OTtkmroyuTe HeTOUHHK G1.
15. OtxmounTte BeIKTOUaTelH « CEThy G10KOB, 3a1el1CTBOBAHHBIX B 3KCIIEPHMEHTE.
16. [ Ipu HeOOXOAUMOCTH OONIBINEH BAPHATHBHOCTH 3HAYEHHH THHEHHOT'O HAITPSIKEH S

TIOBTOPHTE SKCIIEPHMEHT ¢ COeTHHEHHEM BTOPHYHBIX OOMOTOK TPaHCc()OpMaTOPOB IPYIOILI A7 IO
CXEME «3BE3a.

17. Hcrons3ys gaHHble TaOMHIB! 7.4, BRIYHCIIHTE COOTBETCTBYIOIIME HANPsKeHHO U
3HAYEHHS ITOIMHOH aKTHBHOH MOIIMHOCTH Px, morpebiuseMon asurareieM M1, H IIOJIHOro ero
COITPOTHBIIEHH S KOPOTKOT'0 3aMbIKaHHA ZK IT0 (popMyTIaM

Pr= 3Pz,

Zxk=U/ Ik
Ilomy4yeHHEIE pe3yIIbTaThHl 3aHECHTE B TAOIHI[Y /..

Tabmua 7.5

U B

!:. D.'-.'.

NJOKYMEHT NoanmvcAH

SNEKTPOHHOW NMOANMMUCHLIO
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18. Hcmompsya paHHeie Tadmm] 4.3.1 1 4.3.2 IIOCTPONHTE HMCKOMEBIE XapaKTepPHCTHKH
Koporkoro 3ambIkaHHA Ix=f(U), Px=f(U), Zx=f(U) TpexdazHOro acCHHXPOHHOIO JABHIaTEJII C

KOPOTKO3aMKHYTHIM POTOPOM.

Codeporcarue omuema:

OT4YeT JOIKEH COMEPKATh:

l. Haspanmne paGoTHI,

[lems paboTHI,

KpaTkHe TeopeTHYeCKHE CBEACHIST,

OrmcaHie HCIIOIB3YEMOr0 000PYIOBAHHS H MAaTEPHAIIOR,
[IopsimoK BREITTOITHEHHS PaOOTHI,

BreruncrneHus 1 o0paboTKa pe3yiIbTaToR,

-1 O b B W 2

BBIBOIHL.

Koumpononsie eonpoceol:

l. KakoBo yCTpoHCTBO TpeX(azHOr 0 aCHHXPOHHOTO JIBHIaTENd?

2. Kakop TIIpHHI[MIT JIeficTBHS Tpex(asHOro aCHHXPOHHOI'O JBHTATEISI C
KOPOTKO3aMKHYTBIM POTOPOM?

3. YTO Takoe CKOJIbKEHHE IBUTATENS H KAK OHO OIIPEIEIsIeTCs?

4, [IoueMy ITyCKOBOH TOK aCHHXPOHHOI'O JABHIATENS IIPEBBIIIAET HOMHHAJIBHBIH H BO
CKOJIBKO pa3?

5. Kaxmnvi criocobaMH MOKHO PeryiIHpoBaTh YacTOTY BpallleHHS poTopa

dCHHXPOHHOI'O JBHI'AT ers’

6. IIpn kakmx vyciamoBHsaxX KIIJI aCHHXpPOHHOrO JBHIaTelnsd HMEET MaKCHMAallbHOE
3HAYeHHE?
7. Kak oxXmaxxmarrcsa aCHHXPOHHEBIE JBHT aTE I ?
8. Kak H3MeHHTE HallpaBIIEHHE BPAIIEHH I POTOPa JIBHIaTENS?
NOKYMEHT NOAMNMUCAH

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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Jlabopamoprasn paboma Ne8. Hcenedosarnue xapakmepucmux noaynpo600HUKOEbIX

0110006 HA NOCMOAHHOM U neEPeEMEHHOM MOKAX

Ilens padomsr: CHITH BOIbTaMIIEPHBIE XapaKTEPHCTHKH BEIITPSMHTEIIBHOIO JHOAA (THIIa
KJ1226, 1N5408), mnvaryimecHoro guoga (turma KJ[521, K522, 1N4148), nuoxa IloTku (THIIa
I1N5819), mo xapakTepHCTHKAM OITPeJelINTh OCHOBHEIE ITapaMeTpPhl H CPaBHUTEL MX. Ha sKkpaHe
ocipriorpada mpoHaboAaTh IIPOLIECCH BKIFOUYEHHS H BRIKIIFOYEHH S JHOAA, OIPEAETIHTh BPeMs

BKITFOUCHH A H BEIKJTFOY CHITA.

OcHo6bl meopuil:

JIBYX3IIEKTPOIHBIH ITOIYITPOBOIHHKOBEIN 3IIEMEHT — JHOL COJIEPKHT 11 - H P -ITPOBOJI S
citoH (puc. 8.1). B n-mpoBoasIIeM ciioe B KauecTBe CBOOOIHBIX HOCHTENEH 3apsajia Mpeo0IagaroT
BIIEKTPOHEL, a B P-IIPOBOJASINEM CIIOe * IBIPKH. B pe3ynbTate AndQ y3HH 311eKTPOHOB H3 11-001aCTH
B Pp-o0macts M, HAOOOpPOT, OBIPOK M3 P-00IMacTH B n-o0acTh Ha TI'paHHIE CO3MaéTcd
TTOTEHIHAIILHEIN Oapbep (pHce. 8.1 a u 0).

[TpH IIpsIMOM ITPHIIOKEHH OM HAITPSDKEHHH («+» K CIIOIO P, « - » K CIIOKO 1) ITOTeHIHAIIbHBIIT
Oappep VYMEHBINAeTCSI, M JHOM HauHHaeT IIPOBOAHTH TOK (JAHOJ OTKPHIT). IIpn oGpaTHOM

HAaITpSDKEHHH ITOTEHITHAILHBIH Oapbep YBEITHYHBAETCS (IHO 3aIIePT).

BonpT-aMIiepHasa XapaKTEpPHCTHKA JHOAA HMEET BH, H300paKEHHBIN Ha pHC. 8. 1B.

) P B gET B B K
B B0 88 B
CRCHCR UHCRY
iy 3 3
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0.3..0,7 B

PucyHok 8.1 — JIBYX3IeKTPOIHBIH ITOIYIIPOBOJHIKOBBIH 3JIEMEHT

Hpﬂlﬂﬂﬁ TOK HCPC3 P-Nn IICPCXOOd OIIPCACIHACTCA HOCHTCIIAMH 3dpAldd, HCOCHOBHBIMH [JIA

T

- NOKYMEHT I'IDD,HHCAH
SNEKTPOHHOW NOANUCHIO

> ABIKCHHA OHI CTAJIKIIBAIOTCH C OCHOBHBIMH

Ceptudmkar:
Bnageneu;

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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HaIIPsDKEHHS Ha JHOAE HeCKOJIbKO Bo3pacTaeT. [IpH pekoMOHHAIMH MOJKET BRIAEISATCA SHEPIHA B
BHJE H3IIYUYEHHUS. OTO SBIIEHHE HCIIOIB3YETCSI B CBETOAHOAaX.

B oOparHOM HampaBlIeHHMH 4Yepe3 AHOL ITPOTEKAET TOIBKO HEOOIBINOH TOK YTEUKH,
OOYCIIOBIIEHHBIH HEOCHOBHBIMH HOCHTEISIMH. C yBelIHYeHHeM OOpaTHOI'O HAIIPSDKEHHS BBIIIE
IIPEIEIbHO JOIMYCTHMOIO JUIS JaHHOTO THIIA JHOAA HacTyIaeT IpoOoH p-n nepexona. B gHomax
Pa3MMYHBIX THIIOB OH ITPOTEKaeT II0-Pa3HOMY: B OOBIYHBIX BBIMIPSAMHTEILHBIX JHOAAX — BTO
HeoOpaTHMOE pas3pyIleHIE P-n IIEPEX0A B Pe3YIIbTaTe €ro MePErPeBa, B IABHHHEIX — IIPOHCXOIHUT
JTAaBHHHOE PasMHOKEHHE HEOCHOBHBIX HOCHTEIEH, YTO IIPHBOAHT K PEe3KOMY YMEHBIIEHHIO
00paTHOro HAIPSDKEHH S Ha HEM M YMEHBIIIEHHIO HarpeBa, B CTaOHIMTPOHAX — IIPH YBEIIHYEHHH
00paTHOro TOKa HMEETCS JOCTATOYHO ITPOTSLKEHHBIN YYACTOK BOJIBT-aMIIEPHOH XapaKTEePHCTHKI,
Ha KOTOPOM HaIlpsoKeHHe MaJlo 3aBHCHT OT TOKa (3eHepOBCKHH ITPOOOH ).

OCHOBHBIE CTaTHYECKHE ITapaMeTphl JHOJOB, TaKHe KaK IIOporopoe HampspkeHHe U,
IIpsIMOE T1aJieHHe HalpspkeHHe Upp, AN QepeHIHalIbHOE COIIPOTHBIIEHNE Ry, 0OpaTHBIHM TOK Ioap,
HalpspKeHHe cTabmmm3aimn  cTaOwIHTpoHa Uer, MOKHO ONPeJelINTh 110 BOJIbTaMIIEPHOH
XapaKTePHCTHKE, CHATOH Ha ITOCTOSHHOM HIH MeJJIEHHO H3MEHSIOIIEMCS TOKE.

[IepexmoyeHHe JHOAA H3 3aKPBITOrO COCTOSHHSA B OTKPHITOE ITPOMCXOAHUT HE MTHOBEHHO.
OT0 MOXHO HaOmMIOJaTh Ha SKpaHe ocIiuiIorpada, ecimM NMPHIOXKHTL K JHOAY HaIpsKeHHe

IIPSMOYTOIBLHOH (POPMBI BEICOKOH YacTOTHI (PHC. 8.2).

O u A Ug,
U
1 { x r
'
R
Umtip
UEII E E
e th iy
T it
Yo e P
DED} § r---E— ........ E
‘ oy L/

PrcyHok 8.2 — BombT-amMriepHast XapaKTepHCTHKA TTOIYITPOBOJHHKOBOIO JTHOMAA

HpH IIEPEXOAC H3 3aKpPBITOI'O B OTKPBITOC COCTOAHIIC He0OX0 MO BpEMA  [Igxn.,

HEOAYOTUMOS TG NACCACKTRAHUG URARITOUHEIY 23DSI0B IIOTEHIHAILHOI 0 Oaphepa H JOCTHKEHH
AOKYMEHT NMOoArnvcAH

SNEKTPOHHOW NOANUCHIO
Ceptudurkatr:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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[Ipu mepexome M3 OTKPBITOI'O COCTOSHHS B 3aKPBITOe HEOOXOMMMO BPEMS /1, 32 KOTOPOE
paccachlBarOTCS HM30BITOYHBIE HOCHTEIIM M BPEMS (2, 3a KOTOPOE BHOBb VYCTAaHABIHMBAECTCS
ITOTEHIHAIILHEIN Oapbep. OOIIee BpeMS BBIKIIFOUEHHS fexn = 1 + f2. Ha sTare f yepes muox
ITpoTeKaeT OONBIION OOpaTHBRIH TOK, a HAIIPSKEHHE Ha HEM VYOBIBAET, COXpPaHSISA IIPSIMOE
HampapieHHe. Ha sramne 2 TOK oOpaTHRIN TOK YOBRIBAET O HOPMAIbHOI'O 3HAYeHHSI. PeanbHag
KapTHHA, HaOMroJaeMas Ha SKpaHe OCIHIDIOrpada, MOKeT HECKOIbKO OTIIHYAThCS OT OIMHCaHHOMH

H3-3a BIIHSHH BXOIHOH EMKOCTH GCL[IUIHGI‘I)&(I)& H MOHTdKA.

YKkazanue no mexHuke dezonacHocmu.
YKazaHH I10 TeXHHKe 0e30I1aCHOCTH ITPH BBOTOJIIHEHHH HﬂﬁﬂpﬂTﬂpI—[ﬁIK pﬂﬁDT ITPHBEICHBI

B ITPHIIOKEHHE A.

YKazanua no 6binoiHeHUI0 1a0opamopHoll padomal:

I CoOepute 1emp (pHc.8.3. a) 19 CHIATHI IIPSMOH BeTBH BOIbTAMIIEPHOM
XapaKTEePHCTHKH JHOZOB. Obpamuime 6HUMAHLIe, YO GONbIMMeNp 3MOoll cxeme HOOKIIOUEH K
mouke «B» (nocne amnepmempa.) i HA e20 NOKA3AHUA He 6Glisgen NadeHlle HANPAMCeHUs Hda
amMnuepmenipe, Konmopoe couzmMepumMo ¢ ApAMbIM HaoeHleMm HANpPAMCEHIA Hd ouode. B mo ce
gpemMsi MoK yYepe3 BONbNIMENP HeCOUIMepPUMO MAT ¢ NPAMbIM MIOKOM OuUo0a i He GHOCUM

3aMenHoll HOSPEeWHOCHI 6 ROKAZAHUA dMAepMenpa.

13 +13BBR 6800mM A . Iy B 680 Om A 5o B
0— o—___

a)

2..28 Bl V4 User
A \ 4 Y
-15B O ¢ O
a) MNpsamas nonapHOCTb 6) O6paTtHasa nonsApHOCTbL
PucyHok 8.3 — CxXeMa BKIIOUEHHS JHOAA
2. YcTaHaBiIMBasd TOKH, VKaszaHHbele B TalOn.8.1 CHHMHTE IIPpSIMYIO BETBB

EGHLTHMEPHGﬁ XAPAaKTCPHCTHKIT CHaYdJld BBOIPAMHTICIIBHOI'O JHOMA 34TC€M — HMIIVIIBCHOI'O H,

HakoHell, Juoja Ilorku. Ha puc. 8.4 mocTpoiiTe rpadik.

AOKYMEHT MOANMCAH PATHONH BETBH BOJIbTAMIIEPHBIX XapaKTEPHCTHK
INEKTPOHHOW NOANMCLBIO
Ceprudimkat: - 12000002A633E3D113AD425FBS0002000002A6 |ETPE1) H IIEPEBEPHYB HOI. B sTOH CcxeMme yepes
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

.ﬁDTDpLIﬁ TCIICPb COH3MEPHM H Jd4KC OOoIbIIe
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oO0paTHOrO TOKa Yepe3 AHOA. B TO Ke BpeMd IMajieHHE HaIIPsCKeHHS Ha aMIIEpMETPe HHUTOKHO
MaJIO I10 CPaBHEHHIO ¢ 0OpaTHBIM HAITPSDKEHHEM Ha JTHO/IE.

4. YCTaHaBIMBas HalPsDKEHHS, YKa3aHHbIe B TaOl. 8.2, CHUMHTE OOpPaTHYIO BETBB
BOJIbT-AMIIEPHON  XapakKTepuCTHKH pauoaa Illorku. VYOemurech, 4YTO OOpaTHBIH TOK

BBITIPAMHTCIIBHOI'O H HMIIVIIBCHOI'O JHOJOB HACTOJIBKO MdJl, YTO €I'0 HEBO3MOXKHO H3MCPHTDb

IIpHOOpaMH, HMeIOIMMICS B cTeHle. Ha prc. 8.4 mocTpoiiTe rpadHKH.

Tabmra 8.1
I, MA 2 5 10 20 30 4() 5 10 20 40

KJ1226
U,B | K521
IN5819

TabOmira 8.2

U,B 2 S 10 15 20 25 30

L MA | K226

K521

IN5819

J5. Jlg HuccieqoBaHus XapaKTepPHCTHK JHOAOB Ha IIEpeMEHHOM TOKEe COOepHTe Ha
HAaOOPHOM ITOJIE IIEITb COITIACHO IPHHIMITHAIIBHON cXeMe pHC. 8.4. M3MepHTelIbHBIE ITPHOOPE] B
CXeMy He BKIIOYaHTe, TaK KaK OHH MOTI'YT CO37[aTh JOIIOIHHUTEIIBHBIE IIapasHTHbIe EMKOCTH. He
3a0yIbTe BKIIOYHTH HHBEPTHPOBAHHE CHTHala IO KaHaiy II, 4ToOBl OTKIIOHEHHE Iy4Ya BBEPX
COOTBETCTBOBAJIO ITPSIMOMY TOKY YEpe3 THOL.

6. JIlmsg Hayana BKIIIOYHTE B IIEIE BBRINPAMHTIEIBHBIN JHOL, IOAANTE HAa BXOJ
CHHYCOHJIAIIbHOE HaIpsDKeHHe 4acTOoTOH 1 KI'1[, yCTaHOBHTE PYUKY PErYIISTOP aMIUIHT VB
IIPHMEPHO B cpelHee IonokeHHe (4...6 B) M oTperymHpyiiTe pa3BepTKY, CHHXPOHH3AIHIO H
yCHJIEHHE TI0 JBYM KaHalaM OCIIIIIorpada Tak 4roObl Ha SKpaHe ITOMelaIHch 1,5...2 rnepruoja

KPHBBIX TOKaA H HaIIPpsLKCHIA.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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PucyHok 8.4 — BorpT-aMIiepHas XapaKTepHCTHKA

/I_ ‘ Ses

O—e— ——=4

| 680 Om

~U

1...100 KL N ...

l v BXoAl BXoAll
Ve RO
S Ch

VIHE.

PrcyHoKk 8.5 — Cxema ITOAKIIFOUEHH S OcIHIIIorpada

7. Ilepexmoyad MHOXHTENbh 4acTOTHI x1, x10, x100, M peryimmpys KaxXIbIH pas
[IOKYMEHT NOANWUCAH - -
SNEKTPOHHOW MOANCHIO ODHAOImOIaNTe 3a H3MEHEHHEM KPHBOH TOKa.
CepTudukar:  12000002A633E3D113AD425FB50002000002A6
Bnapenel: LeBayxopa TateAHa AnekcaHpoBHa D B TONOXEHHH MHOXHTeIS *100 BBIXOJHOC
[eiicTenrehen: ¢ 20.08.2021 ro 20.08.2022 32 pasa).
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8. [Tepexkmounte ocipmiorpad B pekuM X-Y. Ilpm 3ToM Ha sKpaHe ITOSBHTCS
H300paKeHHE JTHHAMHYECKOH BOJIBTAMIIEPHOH XapaKTEPHCTHKH HOMA: ITPSMOH TOK IO OCH Y
BBEPX, IPSAMOE IaJ[EHHE HAIIPSKEHHS — IT0 OCH X BITPaBO.

9. CHOBa TIIONEPEKIIFOYANTE MHOXHTEIIb 4YacTOThI, HaOmomas 3a H3MeHEHHEM
THHAMHYECKOH BOIBTAMIIEPHOH XapaKTepPHCTHKH. OOBSACHHUTE, ITOYEMY IIPH HH3KOH YacTOTE
THHAMITUeCKasd BOIIbTaMIIepHas XapaKTepHCTHKA COBITAMAET CO CTaTHYECKOI, a IIPH BRICOKOH — He
COBITAJ[AET.

10. [lonmpoOyHTE MOBTOPHTE 3TH OITBITEL ¢ HMITYIIBCHBIM JHOAOM H ¢ AHOomoM [IoTkH.
OOBSICHHUTE OTJIHYMSL

1. CHOBa BKIIIOYHTE B II€Mb BRITPSAMHTEIBEHEIH JHO, MEPEeKIIIOYHTE OCIHIDIOrpad B
PEXKUM Pa3sBEPTKH H YCTAHOBHTE Ha BXOJE IIPSMOYIOJIbHOE ABYXITOIISIPHOE HAITPSDKEHIE YaCTOTOH
npuMepHO 40...50 xI'm 1 HeOombImoil aMImmuTyAbl (2...3 B), 4yTOOBI MeHBIE HCKaXKaloCh
BBIXOQHOE HaIIPSKEHHE TEHEPaTOpa.

12. HacTtpolire n300pakeHHe, IepepHCYHTe OCIHITIOrpaMMy B OTUET (pHc. 8.6), He
3a0BIB YyKa3aTh MacIITaObl IO ocsaM (Macmral IIO OCH TOKa BBIYHCIIIETCS KaK MacIral
HaITpsDKeHHS, 110 KaHamy I1, JeléHHEBIH Ha COIMPOTHRIIEHHE, C KOTOPOI'O CHHMAETC I CHIHAIL.).

13. OHPEI[EJ]IITE ITO OCITHIIIOTr paMMeE BPeEMSI BKIHOUEHH A (i H BPEMS BEIKITIOUEHHS: (girn.

Macwrabbl

Mo kaHany l:

Mo kaHany ll:
M =i, MA/pen.

o BpeMeHu:

M=, Mmc/aen.

PucyHOK 8.0 — OcipyurorpaMma JIHoIa

Codeporcarue omuema:

OT4YeT JOoIDKeH COHOCPKATb.

l. Haspanme paGorer;
~ . [IOKYMEHT NOANMMUCAH
SNEKTPOHHOWM NOoANUCLIO
Ceptuchukar: 12000002A633E3D1153AD425FBS50002000002A6 q,
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

TOBAHHA H MdTCPHAIIOB,
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5. IIopsimOK BEITTOTTHEHHS PaOOTHI,
6. BrerunucrneHus 1 o0padoTKa pe3yibTaToB,

7. BBIBOJIHL.

KoumponsHsie éonpocet:

I. [Iouemy vy 1amoma IIIoTkH TIIOpOroBoe HaNpPsKEHHE MeEHBINE, YEM Y
BEITIPSIMHTEIIFHOIO JHOAA H HMITYIIBCHOI'O JAHOJ1a, a OOpaTHBIN TOK OOJbIIE?

2. KaKoH M3 HCIIBITAHHBIX JHOAOB HMEET HaHMEHBIIIEE OBICTPOIEHCTBHE H ITOYEMY?

3. YeM OTIIHMYaeTCcs BOIbTAMIIEPHAS XapaKTepHCTHKA IHOMA, CHSATAs ITPH BBICOKOIM

YacTOTe OT CTaTHYECKOH KHPHKTEPHGTHIGI?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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Jlabopamopraa paboma Ne9. CHamue XapaxkmepucmuK 6 UNOAAPHOZ0 MPAH3UCMOpd.

Ilens pabomer: Oceoums MemOOUKY NONYUEHUA 6XO0OHLIX U  6bIXOOHLIX

XaApaKkmepucmuK mpaH3ucmopad, a maxice onpeoeleHua eco OUHAMUYECKUX NaApam empoe6.

OcHo6bl meopuil:

[Ipn BEOIOIMHEHHHM PAacUETOB CXEM C OMITONSPHBIMH TPAaH3HCTOPAMH HCIIONIB3VIOT HX
BXOJTHBIE H BBIXO/JHBIE XaPAKTEPHCTHKI.

BXOMHBEIMH XapaKTEPHCTHKAMH HAa3bIBAIOT 3aBHCHMOCTE TOKa Oasbl 1 OT HAIPSKEHHS
sMuTTEpP-0a3a Uss IIPpH TIOCTOSHHOM HAIIPSDKEHHH KOIIEKTOP-3MHUTTEP Uw. BHO 5THX
XapaKTePUCTHK TIPEACTABIIEH Ha pHC. 2.1.

Crenyer 3aMETHTh, YTO BXOIHBIE XapaKTEPHCTHKH, IIOIMYYEHHBIE IIPH Pas3IHIHBIX
HalpPsDKEHUSIX Ugs, OTIIMYHEBIX OT HYIISL, IIPAKTHYECKH COBITAAFOT.

[Io BXOOHBIM XapaKTEepPHCTHKAM OIPEAEISIOT TakKHe JHHAMHYECKHE XapaKTEepPHCTHKH
TPaH3UCTOPAa, KAK BXOJHOE JHHAMHYECKOE COITPOTHBIIEHHE

hii= A Uss/ A s

IIPE/ICTAaBIIOINEE  COOOM  OTHOINEHHE — TpHpalleHHs  HampsokeHHs  Uss K
COOTBETCTBVIOINIEMY IIPHPAIEHHIO TOKa Oa3bl IIPH ITOCTOSIHHOM HAITPSDKEHHH KOJUIEKTOP-
SMUTTEP, H KO3 PHIMEHT 0OOPAaTHOH CBSI3H I10 HAITPSDKEHHIO

hio=A Us¢/ A Uz
ITPEACTAB/IIONIHH COOOH OTHOINEHHE COOTBETCTBYIOIMX MOPYT OPYLY IIpHpaIlleHHH

HBHPH}I{EHHI‘T EIMIITTEp-ﬁﬂ.Ba H KOJIIICKTOP-3MIITTCP IIPH ITOCTOAHHOM TOKC OasHkl.

i; 1 U=0B Ug=>3B

Usg
[OKYMEHT NOANWCAH
SNEKTPOHHOWM MOANMCHIO
Ceptucbkar:  12000002A633E3D113AD425F B50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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BBIXOIHEIE XapaKTepHCTHKH OTPa’kal0T 3aBHCHMOCTh TOKa KOIJIeKTopa I OT HaIlpsoKeHH A
KOJUIEKTOP-3MUT TEP ITPH Pa3INYHEIX TOKaX 0asbl, HX BHJI IIPeACTaBIeH Ha pHC. 2.2. [0 BRIXOIHBIM
XapaKTePHCTHKAM OIPEJIESIOT TaKHe ITapaMeTPhl, KaK KO3(Q(HIHEHT YCHIEHHS TOKa 0a3kI

hoi= AL/ Als

IPEACTABILIOINMI ~ cOOOM  OTHOINEHHE  IIPHpAIlleHHsS  TOKa  KOIUIEKTOpa K
COOTBETCTBVIOIEMY IIPHPAINEHHIO TOKa Oa3bl IIPH IIOCTOSHHOM HAaIIpsDKeHHH KOIUIEKTOP-
SMUTTEP, H BRIXOAHASI JHUHAMIYECKAS IIPOBOAHMOCTD

hoo= A I/ A Uk

IpeAcTaBoOINass  coOOH  OTHOIINEHHe — ITpHpAIlleHHS  TOKa  KOIUIEKTOpa K
COOTBETCTBVIOIEMY IPHPAIIEHHIO HAIIPSCKEHHS KOJUIEKTOP-SMHITEP ITPH ITOCTOSHHOM TOKE
OasHl.

BcenencTeiHe HeIHHEHMHOCTH KaK BXOAHBIX, TaK M BBIXOAHBIX XapaKTEPHCTHK BCE
IIEPEYHCIIEHHBIE ITapaMeT Pl HMEIOT Pa3/IMYHbIE 3SHAUECHHS IS Pa3/IMYHbIX Pab0ouIX TOUEK.

OOnacTh BEIXOJHBIX XapPaKTEPHCTHK, B KOTOPOH OHH IPAKTHYECKH JIHHEHHBI H B KOTOPOH
TOK KOJUIEKTOpPa MaJIO 3aBHCHT OT HAITPSDKeHHS KOIJIEKTOP-3MHUTTED, a OIIPEAEIISETCS TOKOM Oashl,
Ha3bIBAaIOT AKTHBHOH 30HON. IIpH yBelIHMYeHHMH TOKa KoJUleKTopa M HampsbkeHHS U pacTér
MOII[HOCTE TEIUIOBHIX ITOTEPh B TPAH3HCTOPE. OTH ITOTEPH HE MOJIKHEI ITPEBBIIIATH JOITYCTHMOTIO
IS JAaHHOI' O TPAH3HCTOPa 3HAYEHH S Px pon:

Pr= Ugs Ix< Px gorm.

JIMHMS JOITYCTHMBIX ITOTEPE Ha pHC. 13.2 npoBeicHa ITYHKTHPOM.

&

I '\ 1=00nmA
1;=50MEA
is=40MKA
Al - Pamm =30MEA
AU, AL
1-=20nmc A
______—————
15=10MEA
lr
U
PucvHOK 13.2 — BRIXOMHBIE XapaKTePHUCTHKH OHITONISIPHOIO TPaH3HCTOpa

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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YKkazarue no mextike dezonacHocmii:
YKa3aHH I10 TEXHHKE 0e30IIaCHOCTH IIPH BBOIOJIIHCHITH HﬂﬁﬂpﬂTﬂpI{BIX pElﬁDT IIPHBCOACHDBIL

B ITPHIIOKEHHE A.

VYKazanusa no 6uinojiHeHUI0 140 0pamopHoil padomal:
B nmaxHHoH mabopaTopHOH padoTe HEOOXOMIHMO ITONYYHThL BXOMAHBIE H BBIXOIHEBIE
XapaKTEPHUCTHKH TPAaH3HCTOPa M BEIYHCIIHTG 3HAYEHH S JHHAMHYECKHX ITapaMeTPOB.

[ IopsimoK BREITTOIHEHH PAaOOTHI CIIE VIOIIHH.

1. M3y4UTH OCHOBHEIE TEOPETHYECKHE TIOTOKEHHS.
+ +
0...15B
1> B
Ugs
|
- I -
- - T s oa
PucyHok 13.3 — CxXeMa BKIFOUeHH S OHITOISPHOIO TPaH3HCTOpa
2. CoOpare cxXeMy, H300pakéHHYI0O Ha pHc. 13.3. B cxeme o00S3arelIbHO

IIPEAYCMOTPETE IEPeMBIUKY «lI», HeoOXOOMMYIO IS M3MEHEHHS MeCcTa BKIFOUEHISI
MHUJUIHAMIIEPMETPa.
3. YcraHoBHTh HanpsikeHHe Ug==0. IIpu Tokax 6asel, yKazaHHBIX B Tabmle 13.1,

H3MEPHTH 3HaUeHH S HaNpsKeHH S Ug o 3armicars ux B Ta0muiy. [loBropuTs OIBIT IPH Us = 2.5

Bul0 B.

Tabmima 13.1

15, MKA 0 5 10 20 50 80
Usgs. 1pH Ui=0
B nmpH Ue=2.5B
1mpH Ue==10B
NOKYMEHT NOANWUCAH

SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

A, HEPEKJ]IGIIHTL MHIDIHAMIICPMETP B IEIIb
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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B IICIOI KOJUICKTOP-3MIITTCP, YKd3dHHBIC B TaOImIEe 1323 34ITHCAaTh B TﬂﬁﬂI]l[}*' COOTBCTCTBVYIOIITHE

STHM HaIIPsDKEHISIM 3HAaUEHH S TOKa KOJuIeKTopa. M3MepeHHs ITOBTOPHTE IMpH ToKax Oasel 40, 60

H 80 MKA.

Tabmima 13.2

Ui, B 0 0,2 0,5 1 2 10 15
pH 15=20MKA

| 1pH 17=40MKA

MA IIPH i5=00MKA
IpH 15=8 OMKA

Coodepacarue omuema:

OT4YeT JOIKEH COAEPKATh:

1. Hassanue paloTHI;

[lems paboTHI;

Kparkue TeopeTHUYECKHE CBEAEHH,

OrmicaHHe HCIIOIb3YEMOI0 000PYAOBAHHSI H MaTepHAJIOR,
IlopsiMOK BEITTOTTHEHHS PabOTHI,

BrruncieHnsa u o0paboTka pe3yibTaToR,

-1 O W B W

BBIBOIHI.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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3. Yueono-memoouueckoe u uH@hopmauoHHoe ovecneuerue 0UCUUNTTUHbL

5.1 Ilepeuens OCHO6HOU U 00ROJHUMEIALHOI JUMEPAMypsl, HeOOX00UMOU 011
0C60€CHUA OUCUUNIIUHDI

5.1.2 Ilepeuens 0CHOGHOIL iUmMep AmMypol:

1. TpyOHIKOBa, B. DnekTporexHika 1 3IeKTPOHHKA: yueOHoe Imocodne / B. TpyOHHKOBa
. Kadempa teopeTHueckoil H 0OMIEH 3IIeKTPOTeXHHKH, MHHHCTEPCTBO 00pa30oBaHHSI H HayKH
Poccmrickon @exepannn, OefepalbHOE TOCYAApPCTBEHHOE OIOMKETHOE 00pa30BaTEIbHOE
yupeKJIeHHe BEICIIErO ITPO()eCcCHOHAIBHOIO 00pa3zoBaHHSI «OpeHOYPrcKHH I'OCYAapCTBEHHBIH
YHHBEPCH-TeT». - OpeHOypr: OI'Y, 2014. - Y. 1. Dnexrpnyeckne 1emd. - 137 c¢.. cXeM., HII. -
bubmiorp. B KH, To Ke | OIeKTP OHHBIH pecypc]. — URL.:
http://biblioclub.ru/index.php?page=book&id=330599

2. Benoycor A.B. DnekTpoTexHHKa H 3IEKTPOHHKA | OIeKTpOHHBIN pecypc|: yueGHoOe
nmocobne / A.B. BenoycoB. — DOIeKTpOH. TeKCTOBBIE JaHHBIe. — benropon: Bemropomckuii
TOCYIapCTBEHHBIN TeXHONIOrHYeCKHH YHHBepcHTeT M. B.I'. Illyxora, ObC ACB, 2015. — 185 c.

— 2227-8397. — PexymM gocrymna: http://www.iprbookshop.ru/66690.html

3.1.5 Ilepeuens 0ononHumenbHOU JUmepamypsl.

1. TeopeTHueckas ANMeKTPOTEXHHKA: yueO.-MeToJI. TTocoOHe / aBT.-cocT. H.B. bamaHHa |

Cen.-Kag. demep. yH-T. - CraBpormons : CKOVY, 2014. - 96 ¢. - bubmiorp.: ¢. 95

5.2 Illepeuens yuedHO-MemoOOUUECKOZO0 oODecneueHUs CcAamMocmoamerbHoil padomsl
o0yuaromuUxca no OUCUUNIUHE

1. Merognueckne peKOMEHAAIMH IS ITOATOTOBKH K JIA0OPAaTOPHBIM 3aHATHSAM I10
THUCIHIIIHMHE « JNMEKTPOHHKA H 3JIEKTPOTEXHHKA).

2. MeroauyecKue peKOMEHIAIIMI IT0 OpraHH3aI[HH CaMOCTOSTEIbHOH PaldoThl CTYIEHTOB

ITO JHMCITHITIIMHE {{QHEKTPGHIIKEL H 3JICKTPOTCXHIKaA».

3.3 Ilepeuens pecypcoé UHPOPMAUUOHHO-METIEKOMMYHUKAUUOHHOU cemu HumepHem,
Heo0X00UMBIX 019 0C60€HUA OUCUUNTIUHDL
L. http://www.biblioclub.ru -ObC "YHuBepcureTckas OnOmmorexka oOHIanH"

2. http://www.iprbookshop.ru/ - SnekTpoHHO- 6HONIHOTEYHas cucTeMa [PRbooks

AOKYMEHT NOANUCAH OITHOTeYHAaI cHcTeMa JIaHb
3NEKTPOHHOW NOANUCHIO |
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[ IpmmoxeHne A

VrazaHue no mexHuKe 0e3onacrHocnil

Jlo Hayamna paloThl CTYAEHTHI OOS3aHBI M3YUHTH IIpaBHIIA TEXHHKH Oe30ITaCHOCTH IIPH
padore ¢ 3JIeKTpoycTaHOBKaMH. OO0 HM3Y4YEeHHH ITPaBIII TEXHHKH Oe30ITaCHOCTH M IIONYYEHHH
HHCTPYKTaka CTYIEHTHI PACITCBHIBAIOTCSA B CIIEI[HATILHOM XYypHaile. CTYIeHTHl, He H3YUHBIIHE
ITpaBIUIa TEXHUKH O€30IIaCHOCTH M HE IPOINEHIIHE HHCTPYKTAXK, K BRITIOJIHEHHEIO J1a00paTOPHEIX
padoT HE JOITYCKAIOTCSL.

YueGHasg rpyrma (JUIH IIOATPyImIa) pa30HBaeTcsd Ha OpHragpl, YHCIO KOTOPBIX
YKa3bIBAETCA IIPEIOAABATEIIEM, a COCTaB OpHraJ KOMIUIEKTYETCS CTYAEHTaMH Ha JOOPOBOIBHBIX
HayanaxX. CIHMCOK TIpyINIbl (IIOATPYINIEI), pa3OHTOH Ha OpHIraabl, cTapocTa IIPeJOCTaBIIICT
ITPEeIolaBaTellro, BEAYIIEMY J1a00paTOPHBIE 3aHSTHAL.

Kaxnas n3 OpHraj] BBEIIIOIHSET 1a0OPaTOPHYIO padOTy B COOTBETCTBHH C I'pa(pHKOM,
HaXOJSIIEMCS B 1a00paTOPHH.

[lepen KaXIbIM 3aHITHEM CTYAEHT 00S3aH ITOATOTOBUTECS K BEITIOIHEHHIO J1a00paTOpHOH
PadoTHI 110 JaHHOMY METOJHYECKOMY ITOCOOHIO H PEKOMEHIYEMOH JIuTepaType. Ilepen HauamoMm
paboTHI ITperolaBaTellb IIPOBEPSIET 3HAHHSI CTYASHTOB I10 COAEP KAHHIO BEHITIOIHSIEMOM padoTHI.
[ 1710X0 IMOATr OTOBIIEHHEIE CTYAEHTEI K BRITIOIHEHHIO I1a00paTOPHOMN PadOThI HE JTOITYCKAFOTCSL.

Paboras B mabopatopuu, HEOOXOAUMO COOIIOAATE CIIEAVIOIIME ITPaBHIIA;

K BrITOIMHeHHI0 1a00paTOpHON paboTHI CleAyeT IIPHCTYIIATh TOJIBKO ITOCIE ITOITHOI'O
YSICHEHHS €€ COJIEPKAaHIS H ITOITYUYEHHS JOITYCKa K HEH.

2. HaumuHatey pabory cCIeayeT ¢ O3HAKOMIIEHHS ¢ IpHOOpaMH H OO0OpPYIOBAaHHEM,
ITPHMEH IEMBIMH B JaHHOH padoTe.

3. Ha mab®opaTopHOM CTOIE JOIKHBI HAXOJIUTHCS TOJIBKO IPEAMETHI, HEOOXOMHUMBIE IS
BEITIOJIHEHH S JJAHHOH PadOTHI.

4. PacrionokeHHe armapaTrypel Ha padodyeM CTOJIE JOIDKHO OBITH TakHMM, YTOOBI cxXema
COEQHHEHHH IIONYYIIachk HauOoOlIee ITPOCTOH, HarlgaHoH M padora ¢ armrapaTypor Oblina
YIOOHOM.

5. JKemarenpHo, 4TOOB cXeMy coOHpal OOHH H3 4YJIeHOB OpHraabsl, a IpPYyIHE
KOHTPOIIHPOBAIIH.

6. IIpu cOopke CIIOKHBIX CXEM CIIEYET BHAYAIIE COEJUHUTE ITIABHVIO, ITOCIIe[0BATEIbHYIO

IICIb ., HaYHHA A GﬁﬂpI{y OT OJHOI'O 3dKHMd HCTOYHHKA TOKA H 3aKdHYHBAM Hd APYI'OM, 4 3dTCM YKC

AOKYMEHT NOAMNVCAH
SNEKTPOHHOW MOANUCHIO
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7. Ilocme Toro, xkak cxema Oyaer coOpaHa, HEOOXOAHMMO VOEIHUTHCS B IIPABHIBLHOH
YCTaHOBKE JBH2KKOB Pe0CTaTOB, aBTOTPAaHC(OPMATOPOB H PYKOSTOK IPYIHX PeryIHPYIOIIHX
YCTPOHCTB.

8. CoOpanHasa cxXemMa o0O0sg3aTelIbHO JOMKHA OBITH IIPOBEPEHA IIPENOAABATEIIEM HIH
CTapIIHM JJa0OPaHTOM H TOJIFKO C MX paspelleHHI MOKET OBITh BKIIFOUEHA IO/, HaIIPSDKEHHE .

9. Ilpn BKIOUEHHH CXEMBI 0OCO0O€ BHIMAaHHe CIEAYET OOpaTHTh Ha IIOKa3aHH S
aMITIEPMETPOB M IPYTUX H3MEPUTEIBHBIX IIPHOOPOB. B ciyyae PE3KOro JIBHKEHHS CTPEIKH
aMIlepMETpa K KOHI[Y IINKalIbkl CXEMY HeOOXOJHMO HEMEIJIEHHO OTKIIOYHTHL OT HCTOYHHKA
HaIIPSDKEHHS.

10. Heo®xomimo GepeKHO OTHOCHTHCS K armrapaType, HCIIOIb3yeMOH B pabdore. O80 Bcex
3aMeYEHHBIX HEHCIIPABHOCTSAX WIH ITOBPEKICHHSIX CTVACHT HOIMKEH HEMEUIEHHO COOOIIHUTH
ITPerolaBaTelro MM J1ad0paHTy.

11. Ilocnme BeOIOMHEHHS PpabOTHI CTYACHT 00g3aH, He pasz0Hpas CXeMbl IT0Ka3aTh
ITOIIYUYEHHBIE JaHHEIE TIPeoAaBaTelro. ECI pe3synbTaThl H3MEPEHHH BEPHBI, TO IIPEIOAaBaTEllb
HX IOAIMMCEIBAET. DKCIIEPHMEHT C HEITPABIIIBHBIMH Pe3yIIbTaTaMH CIIEIYET TTOBTOPHTE.

12. CxeMy crenyeT pa3OdHpars TOJIBKO IIOCTIE €€ OTKIFOYEHHS OT CETH.

13. Kareropuuecku 3aIrperaeTcs:

— Tporare pPYKaMH OrOJIEHHBIE IIPOBOAA M YacTH IIPHOOPOB, HaXOISIIHECS IIOL
HaIIpPsDKEHHEM, Ja’Ke €CIIH OHO HEBEIIHKO,

— IIPOU3BOINUTE H3MEHEHHS B CXeME ITPH ITOJKIIFOUEHHOM HCTOYHHKE ITHTAHH 1,

— 3aMeHITh HIH OpaTh 000pYAOBAaHHE, WIH IIPHOOPEI ¢ APYIHX PabOouyHX MECT

— 0e3 paspellleHH S IperofaBaTeslsd HiH TadopaHTa;

— OTXOIMTH OT IPHOOPOB M MAIIMH, HAXOMSIIMXCS ITOJ HaIIPSDKEHHWEM HJIH OCTaBIIATH
CXEMY I1OJI HAIIPsDKEHHEM ITPH 00paboTKe pe3yibTaTOB H3MEPEHHI,

— Ileperpykarhb ITpHOOPEl TOKOM HIIH HaIpsDKEHHEM, ITPEBBIIAOIHM HOMHHAIBHOE
3HAUEHHE.

[IpoBepKy HaMMUYMS, II0JaBaeMOIO K CXEME IIH 3JIeEMEeHTaM CXEMbl HallpsKEHH S
HeOOXOAHMMO IIPOH3BOIUTE TOJBKO KOHTPOIBHOH JIAMITOYKOH IIH BOIBTMETPOM, COOIMOaA
ITpaBIUIa TEXHUKH O€30IMaCHOCTH.

[Ipu paGore B mabopaTopHH clIeAyeT CTPOro COOMOAATE MEPHL MPEAOCTOPOKHOCTH, TaK
KaK 3IEKTPHYECKHI TOK, IIPOXOAMIIINH Yepe3 TEIO0 YeIOBeKa, BEMHYHMHON B 0,025 A yiKe SBISIeTCA

OITACHBIM AJIH KIH3HH.
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MWHHUCTEPCTBO HAVYKHU U BEICHIET'O OBPA3OBAHUS POCCUHMCKOU OEJIEPAIIUU
OEJIEPAJIBHOE I'OCY JAPCTBEHHOE ABTOHOMHOE OBEPA3OBATEJIEHOE
YUPEXJAEHHUE BEICHIEI'O OBPASOBAHUA
«CEBEPO-KABKA3CKHWU ®F IEPAJIbHBIM YHUBEPCUTET»

[Iaruropckwit HHCTHTYT (proman) CKOY

MeToanuecKkue peKoMmeHIauuu

110 OpraHH3aIHH CaMOCTOSTEIIFHOH padoThl 00YUAIOIIHXCS
1o guciIrinie «3JIEKTPOHHMKA U SJIEKTPOTEXHHUKA»
JUISI CTYZEHTOB HaIIpaBIEHHS ITOJT OTOBKH /CITEIHAIIEHOCTH
09.03.02 MHpOopMaIFIOHHEIE CHCTEMBI H TeXHOJIOTHH, MH(pOopMaIiOHHEIE CHCTEMEBI H
TeXHOIOIrHH 00paboTKH IH(PPOBOro KOHTEHTa

(DJIEKTPOHHLIA JOKYMEHT)
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ComepKaHHE

BeeneHie
1 OOImast XapakTepHCTHKA CaMOCTOSATEIIbHOH paldoTel oOy4aromerocs IIpH

H3YVUCHHH AHCITHIUIIHBI {{QHEI{TPGHIII{H H SJICKTPOTCXHHKa»

2 [TmaH-rpadHK BEIIOTHEHHS CaMOCTOSTEIbHOH PaOoThI
3 KOHTPOIBHBIE TOYKH M BHIBI OTYETHOCTH I10 HHM
4 MeToauuecKre peKOMeHaI[HH 10 H3YYEHHIO TEOPETHYECKOTO
MaTepHala
3 CIHCOK PEKOMEHTYEMOH JIMTEPAT VPBI.
OOKYMEHT NOAMNUCAH
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BBeaeHune

CamocTosTenbHasa padora — IjlaHHpyeMas yueOHas, yueOHO-HCClIeJ0BaTelb CKasl, HAayUYHO-
HCCIIeIoBaTenbckas padoTa CTYIeHTOB, BEITOIHAEMAasI BO BHeAYIHTOPHOE (ayITHTOPHOE) BPeMS I10
3aJlaHHIO M IIPH MEeTOJHYECKOM PYKOBOJCTBE ITpelofaBarellsl, HO 0e3 ero HeIoCPeICTBEHHOIO
y4yacTH (IIPH YaCTHYHOM HellocpeJCTBEHHOM YYacTHH ITPeITofaBaTells, OCTaBIITIONIEM BeIYIIYIO
POIIb 3a pabOTOH CTYIEHTOB).

CaMocTosTEelIbHASA padora CTYAEHTOB B BY3e MBIMeTCS BaKHBIM BHIOM YV4UeOHOH H
HAYYHOH JAeSTeIbHOCTH CTYAEHTA.

Begyimas 1ens opraHusamil H ocyinecTBiIeHHS CPC goimkHa COBIAgaTh C IIEJIBIO
00yUYeHHS CTYAEHTA — IIOATOTOBKOH OaKaaBpa ¢ BRICIIHM oOpazoBaHHeM. [Ipu opranmsaiiim CPC
Ba)KHBIM H HeOOXOJZHMBIM YCIOBHEM CTAHOBATCA (POPMHPOBAHHE YMEHHS CaMOCTOSTEIbHOMH
pPaboTHI IS ITPHOOPETEHNS 3HAHII, HABBIKOB M BO3MOKHOCTH OpraHH3alMH Yu4eOHOH H HaYYHOH
HIESTEIILHOCTH.

[{enpr0 caMOCTOSATEIILHOH PaboThI CTYIEHTOB SBISIETCS OBJIaJieHHe (DyHJaMeHTalIbHBIMH
3HAHHSMH, ITPO(eCCHOHATBHBIMH YMeHHSIMH H HaBBIKAMH JeSTeIbHOCTH IT0 ITPO(HIIO, OITBITOM
TBOPYECKOH, HCCIeJOBATEIbCKOM JeATellbHOCTH. CaMocTosSTelnbHasg padoTa CTYAEHTOB
CIIOCOOCTBYET Pa3sBUTHIO CAMOCTOSIEIIBHOCTH, OTBETCTBEHHOCTH H OPraHH30BaHHOCTH,

TBOPYECKOIO MOAXO0/a K PEHIEHHIO ITpo0ieM yueOHOr 0 H ITPog) eCCHOHAIIEHOTO YPOBHSI.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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O0nas XapakTepHCTHKA CAMOCTOAT €JIbHOH PadoT bl 00yUaroIerocsi Npu H3yYeHHH
JUCIHILIHHBI «JJIEKTPOHHKA H YJIEKT POTEXHHKA»

CamocTosTelnbHasa padoTa - IraHupyemMas yueOHa L, yueOHO-HCCIIe0BaTEeIbCKasl, HAYUYHO-
HCClIeJoBaTeIbcKast padoTa CTYIeHT OB, BEIIOIHAeMas BO BHEAYIHTOPHOE (ayHTOPHOE ) BPEMSI 11O
3aJJaHHIO M IIPH METOJHYECKOM PYKOBOJICTBE ITpPENOaBaresld, HO 0€3 ero HEINOCPedCTBEHHOIO
y4acTHS (IIPH YaCTHYHOM HEITOCPEACTBEHHOM YYaCTHH ITPeIIOfaBaTellsl, OCTABIISIOIIEM BEIYIIYIO
POIIb 3a pabOTOH CTYIEHTOB).

CaMocTosTEelIbHASA padora CTYAEHTOB B BY3e MBIMeTCS BaKHBIM BHIOM YV4UeOHOH H
HAYYHOH JESATEeIIbHOCTH CTYIAeHTa. CaMOCTOATEIbHAs padoTa CTYASHTOB HIPAET 3HAYHTEIILHVIO
POJIb B PEHTHHIOBOH TEXHOIOTHH 00yueHHS. B CBs3H ¢ 3THM, 00yueHHe B BY 3¢ BKIIroyaeT B ceb4
IBE, MPAKTHYECKH OJMHAKOBBIE ITO0 00BEMY M B3aHMOBIIHSHHIO YaCTH — ITpoIecca OOYVUEHHS H
nporiecca camooOyuenusa. Ilosromy CPC gmomkHa craTh 3()(eKTHBHOH H IeleHaIlpaBIeHHOMH
pPaboTOH CTYAEHTA.

K coBpeMeHHOMY CITEI[HAIIMCTY OOINECTBO IIPeb ABISIET JOCTATOUYHO IIMHPOKHI TIEPEUYEHb
TpeOOBaHHH, Cpead KOTOPBIX HEMAIOBAXHOE 3HAYEHHE HMEeT HaIH4Yie Y BBOTYCKHHKOB
OITPENIETIEHHBIX CIIOCOOHOCTEH M YMEHHMS CAaMOCTOSTEIBHO JOOBIBaTh 3HAHHS H3 PA3IHMUYHBIX
HCTOYHHKOB, CHCTEMATH3HPOBATh ITONIYUYEHHYIO HH(OPMAI[HIO, JlaBaTh OIIEHKY KOHKPETHOM
(pHMHAHCOBOM CHTYyalliH. (DOPMHPOBAHHE TAaKOI'0 YMEHHS IIPOHCXOJNUT B TeUeHHEe BCEro IIEpPHOAA
OOYUEHHS 4Yepe3 YYacTHE CTYAEHTOB B ITPAKTHUYECKHX 3aHSITHSX, BBITIOHEHHE KOHTPOILHBIX
3aJaHHH M TeCTOB, HAITHCAaHHEe KYPCOBBIX H BBIOTYCKHBIX KBAIH(PHKAITHOHHBIX padoT. [IpH sTOM
CaMOCTOST eJIbHAas padoTa CTYIAEHTOB HI'PAaeT PEIArOIYIO POk B XOJE€ BCEro yueOHOro IIpoIiecca.

Beaviasa 1ens opraHmsaipi M ocyinecTBiaeHHS CPC gomkHa coBmagark € IEBIO
OOVUYEHHS CTYACHTA — ITOATr OTOBKOH CIIEIIHaINCcTa M OakajaBpa ¢ BRICIINM oOpaszoBaHHeM. [Ipu
opranmzanui CPC BaKHBIM H HeOOXOJHMEIM YCIOBHEM CTAHOBATCS (DOPMHPOBAHHE YMEHHS
CaMOCTOSIT€JIbHON PadOTHI JJIS NMPHOOPETEHNS 3HAHNI, HABEIKOB H BO3MOKHOCTH OpPraHH3aI[HH
yueOHOH H HAYYHOH JIeSTEIIbHOCTH.

DOpPMEBI CAMOCTOSATEIIFHOH PadOTHI CTYIEHTOBR pa3HOOOpasHel. B COOTBETCTRHHU ¢ padoueH
IIPOrpaMMOH  JTHCI[MIUIMHEL TIPEAYCMOTPEHEI CIEAVIOIE BHIABL CAMOCTOSATEIBHONH pPaboTH
CTYICHTA:

- CAMOCTOSTEIILHOE H3YUEHHE IIHTEPATYPHI,

- CAMOCTOSITEIIbHOE PEIEHHE 3a]1a4;

- BEITIOJIHEHH E KYPCOBOTO ITPOEKTA.

AOKYMEHT MNOANNCAH wmepamypsl — CaMOCTOSTEeIIbHOe OBJIAJeHIE
SNEKTPOHHOWM NOANUCHIO pamyp o
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o VIIIyOIIeHHE U PaCIIHPeHHE Te OPETHYECKHUX 3HAHHIA,

o (popMHpPOBaHHE YMEHHH HCIIOIh30BaTh HOPMATHBHYIO, ITPABOBYIO, CITPaBOYHYEO
JOKYMEHTALIHIO H CIIEI[HATIbHYIO ITHTepaTypy,

° Pa3BHTHE ITO3HABATEIBLHBIX CITOCOOHOCTEH H AKTHBHOCTH CTYIEHTOB.

Ilens camocmoamensHozo pewieHua 3ad0ay - OBIaJieHHe TPOQPeCCHOHATbHBIMH
YMeHHSIMH H HaBBIKAMH JeSTeIbHOCTH IT0 ITpodHIro OyayIieH JesTelIbHOCTH.

3adauamu caMOCTOSTEJIbHOI O PEIlleHHS 3aay SBIISIOTCA:

° CHCTeMAaTH3al[Md H 3aKpeIUIeHHEe IIONYYEeHHBIX TeOPETHYECKHX 3HAHMII H
ITPAKTHYECKHX YMEHHH CTYIEHTOB;,

o (bOpMHPOBaHHE CaMOCTOSITEIFHOCTH MBIIIIIEHHS, CIIOCOOHOCTEH K caMOPa3BHTHIO,
CaMOCOBEPILEHCTBOBAaHHIO H CaMOpPeaH3alii,

o Pa3BHTHE HCCIIeJ0BATEIbCKHX YMEHHI.

Ilenvrwo camocmoamenbHOZ0 6bINOJHEHUA pPACUemHO-ZpaAPUuUecKoil padomst TI0
IHCIMIIIMHE SBJIAeTCSI OBIaJeHHE (PYHJZAaMEHTAJIbHBIMH 3HAHHAMH, IIPOQeCCHOHAIbHBIMH
YMEHHISIMH H HaBBIKaMH JIESITEJIbHOCTH I10 MPO]IIIIO, OIBITOM TBOPYECKOH, HCCIIEI0BATEIhCKOM
eITe IbHOCTH.

3a0 auamu JaHHOT O BHIA CAMOCTOSTEILHON PaOOTHI CTYIEHTA SBJISTFOTCSL:

o CHCTEMAaTH3al[Md H 3aKpeIUIeHHE IIONYYEeHHBIX TeOPETHYECKHX 3HAHMIL H
ITPAKTHYECKHX YMEHHH CTYIEHTOB;

. VIITyOlIeHHE H pacIIHpeHHe TeOpeTHYeCKHX 3HAHHIT,

. (popMHpOBaHHE YMeHHIH HCIIOJIb30BaTh HOPMAaTHBHYIO, IIPABOBYIO, CITPABOYHYIO
JOKYMEHTALIHIO H CIIeIIHAILHYIO JINTEPaTyPYy,

. pPa3BHTHE IO3HABATEILHBIX CITOCOOHOCTEN H aKTHBHOCTH CTYIEHTOB. TBOPYECKOM
HHHITHATHBEI, CAMOCTOSTEIIbHOCTH, OTBETCTBEHHOCTH H OPraHH30BaHHOCTH,

. (popMHpOBaHHE CaMOCTOSTEILHOCTH MEIIIDIEHHS, CITOCOOHOCTEH K CaMOPa3BHTHIO,
CaMOCOBEPIIEHCTBOBAHHIO H CaMOpealTH3allH,

. pa3BHTHE HCCIIEL0BATEIbCKIX YMEHHH,

. HCIIONTb30BaHHEe  MaTepHala, COOpaHHOrO M IIONMYYEHHOIO B XOJe
CaMOCTOST EIIbHBIX 3aHSTHI Ha CEMHHapaxX, Ha IPAaKTHYEeCKHX H JTa0OpaTOPHBIX 3aHSATHSIX, ITPH

HaIMCaHHH KYPCOBOH PadoOTHI.
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SNEKTPOHHOW NOAMUCHIO
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B pesyibrare

OCBOCHIA  OHICITIITIITHBI

(hOPMHPYIOTCS

CIeAVIONMIT IlepeyecHb

INIAHHPYCMbBIX PC3VYIIbTATOB Gﬁ}"‘IEHI[}I II0 JHCIHIDIMHE, COOTHECEHHEBIX C ILTaHHPYCMBIMIL

pe3ylbTaTaMH OCBOEHHS 00pa30BaTelIbHOH ITPOrPaMMEI:

Kon, ¢popmyrmHpoBka
KOMITET€HI[HH

Kon, popmyrmmpoBka
HHIHKaTOpa

[ImannpyeMble pe3ylIbTaThl
0Oy4YeHHS 110 JHCIHIUTHHE
(MozyO),
XapaKTepH3YIOITHE STaIThI
(pOpMHPOBaHH
KOMITeTEHI[HI, HHIHKAaTOpPOB

TEOPETHYECKOTO H
AK CITEPHMEHT aJIbHOIO
HCCIIeJOBAHHS B
IpodeCCHOHAIbHOH
TeSTeIbHOCTH

OJOKYMEHT NoanmvucAH

OIIK-1 CriocoGeH ITpHMEHSTH
€CTECTBEHHOHAYYHEIE H
OOIIEHHKEHEPHBIE 3HAHH S,
METOBI MaTEMATHYECKOTO
aHal3a H MOJEIIHPOBAaHH S,

W JI-2omx-1 Permraer
CTaHapTHBIE
npoeccHOHaIbHEIE 3aJa4H C
ITPHMeHEHHEM
eCTECTBEHHOHAYYHBIX H
OOIIEHHKEHEPHBIX 3HAHHI,
MeTOJIOB MaTeMaTHYeCKOIr' O
aHaJIM3a H MOJEITHPOBAHH .

SNEKTPOHHOW NOAMUCHIO
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3HaeT MeTOJIbI aHaJIH3a H
pacyeTa JIMHEHHBIX
AIIEeKTPHYECKHX IIEIei
ITOCTOSIHHOT'O H IIEPEMEHHOT O
CHTHAIIOB, 3-X (pa3HBIX
BIEeKTPHYECKHX IIETIEH,
HEIIMHEHNHBIX 3JIeKTPHYECKHX
LIETIEH ITOCTOSIHHOTO H
IepeMeHHOr 0 TOKOB, METO/IBI
pacyeTa MarHHTHBIX LIeTeH,
METOMBI aHAIIM3a IIePEXOJHBIX
IIPOLIECCOB, ITPHHIIHMITEL
(QYHKIHOHHPOBAHN 1
XapaKTePHCTHKH
ITOTYITPOBOTHHKOBBIX
IIpHOOPOB, OCHOBEI TEOPHH
AIIEKTPOMArHHTHOIO ITOJIS.
YMeeT 3KCIepHMeHTaIbHEIM
crioco00M OITpeEeIIHTh
ITapaMeTPHL H
XapaKTePHCTHKH THITOBBIX
AIIEKTPOTEXHHYECKHX,
BIEKTPOHHBIX JIEMEHTOB 1
YCTPOHCTB, IIPOH3BOIHTh
H3MEPEHHE OCHOBHBIX
BIEKTPHYECKHX BEIIMYHH H
HEKOTOPBIX
HeRIeKTPOTeXHHYECKHX
BEIIMYHH, CBS3aHHBIX C
IIpo(pHIIEM HHKEHEPHOMH
IEeSTEITBHOCTH, BKIIFOYATh
BIIEKTPOTEXHHYECKHE
ITPHOOPEI, arIapaThl H
MAIIIHHBL, YIIPABIISITh HMH H
KOHTPOIIHNPOBATh HX
a(ppeKTHBHYIO H Oe30ITacCHYIO
padory.

Brnageer cO0pKOH H
aHAaJIH30M
BIEeKTPOTEXHHYECKHX CXEM,
H3MEPEHHEM TOKOB,




HAITPSIKEHHH, MOIITHOCTEH U
IPYTHX SIeKTPOTEXHHYECKHX
BEJIIHYHH, aHAJIM30M JeHCTBHS

3JIEKTPOHHBIX VCTPOHCTB,
IpuMeHeHHeEM DBM B
PEILEHHHN 3a1a4
TEOPEeTHYECKHX OCHOB
BIIEKTPOTEXHHUKH.
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Il.1an-rpadguK BbLINOJIHEHHA CAMOCTOAT eJIbHOH PadoThbI

OO6BeM 4acoB, B TOM YHCIIE
Kompl
CpeacTBa | KoHTakTHas
pearIN3yeEMBIX BH gesrenbHOCTH
- TEXHOJIOTHH padora ¢
KOMIIET €HI[HII, CTYIEHTOB CPC Bcero
HHTIKaTOpa(oB) OIIEHKH ITperoaaBar
ereM
3 ceMecTp
CaMOCTOSITEIIbHOE
H3VUEHHE JTHTEPATVPhI KoHCIIeKT 66,42 7,38 73,8
110 TemMaM Ne1-9
OHK-1 Hloarorosxa k KoHCTTeKT 0,03 0,03 0.3
N-2omx-1 TIEKIHSM
[IoaroToBKa K OT4YeT I10 J1a-
1abopaTOpHBIM GopaTopHOH 0,81 0,09 0.9
3aHSITHSIM pabote
Hroro 3a 3 cemecrtp: 67,5 7,5 75
Hroro: 67,5 7,5 75
[JOKYMEHT NOANUCAH

SNEKTPOHHOW NOAMUCHIO

CepTtudumkar:
Bnageneu;
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KﬂHTpﬂ.JII:HhIE TOYTKH H BHIbI OTHECTHOCTH ITO HHM

PeliTHHrOBasI CHCTEMA YCIIEBAEMOCTH CTYAEHTOB He IPEeAYCMOTPeHa IS 32 OUHOMH
(pOopMBI O0OYUEHHS.
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MeTtomueckne PEKOMERIANNN IO NH3YUCHHIO TCOPETHYIECKOI'0O MAaTEepHaAJIA

CaMocTosTellbHAsA padoTa CTYJAEHTa HAYMHAETCS C BHHMATEIBLHOIO O3HAKOMIIEHHS C
coJiepKaHHeEM yueOHOro Kypca.

M3ydeHHe KaKIOH TEMEBI CIIEAYET HAUHHATh C BHUMATEIIPHOI O O3HAKOMIIEHHS ¢ HabOpoM
BOIIPOCOB. OHH OPHEHTHPYIOT CTYAEHTA, ITOKA3BIBAIOT, YTO OH JOIDKEH 3HATh IO JaHHOH TeME.
BoIpocel TeMBI KaK OBl HAKIIAARIBAFOTCS HA COOTBETCTRVIOIIYIO I'JIaRY H30PaHHOr 0 YYeOHMKA ITH
yueOHOro rmocodus. B HTore JOIXKHO OBITH SICHBIM, KaKHE BOIIPOCHI TEMBI YUEOHOI0O Kypca H C
KaKOH T'JIYOHHOH PacKpBITEI B KOHKPETHOM YUeOHOM MaTepHalle, a KakKHe BOOOIIE OITYIIEHBHI.
Tpebyercsa TBOPUECKOE OTHOIIEHHE H K CaMOMY COAEPKAHHIO JHCIIHITIIHHEI.

BOITpOCEL, COCTABILIONTHE €€ COJEpKaHHe, O0IaJar0T PasHOH CTEIIEHBIO BaXKHOCTH. ECTh
BOITPOCHI, BBIOTOTHSIONIHE (PYHKIHIO JTOTHYeCKOH CBSI3KH COAep’KaHHSI TeMBl H BCero Kypca,
HMEIOTCS BOIIPOCH! OITHCATEIIFHOIO WIH Pa3zbsACHHTEIIFHOIO XapaKTepa, a TaKKe HCTOPHYECKOIO
B3KCKypca B 00IacTh HM3y4YaeMOH AHCIHIUIMHBL. BCe 3TH BOIIPOCH HE COCTABJISIFOT CYTH IIOHS-
THHHOI'O, KOHIIENITYAJIBHOI'O COAEPKaHHS TEMBI, HO HEOOXOIMMBI IS IETOCTHOIO BOCIIPHATHS
H3YYAEMBIX ITPOOIIEM.

HM3yyaeMass QUCIMIUIMHA HMEET CBOH KaTeTr OpHaIbHO-TIOHSATHIHEBLIN armiapar. HayuHble
IIOHSTHSA — 5TO Ta 0aza, Ha KOTOPOH CTPOHTCS Kaxkias HayKa. IIOHSATHS — VY3IIOBBEIE, OIIOPHEIE
ITYHKTHI KaK HAYYHOI'0, TaK H YUYeOHOI0 ITO3HAHHS, JIOTHUYECKHE CTVIIEHH JBIKEHHSI B yuebe OT
IIPOCTOrO K CIIOKHOMY, OT SIBIIEHHS K CYIIIHOCTH. be3 SICHOrO ITOHMMAHHS ITOHATHH yyeba KparHe
3aTPYAHSETCS, 4 COAEPKAHHE IIPHOOPETEHHBIX 3HAHHI CTAHOBHTCS TYCKIIBIM, PacCIl/IBIBYATHIM.

CTyIeHT OOIDKEH IIOHHMAaTh, YTO CAMOCTOSTEIBLHOE OBIAJEHHE 3HAHHAMH SBJISIETCS
TJIAaBHBIM, OITPEAEIISFONIM. BRICINIAS IIKOIA CO3MaEeT IS 3TOr0 HEOOXOMIMBIE VCIIOBHSL, ITOMOTaeT
OyayIIEMY BBICOKOKBAITH (DHITHP OBAHH OMY CITEI[HATIHCTY OBJIAJIETh TEXHOIIOTHEH
CAMOCTOST EIILHOT' O ITPOU3BOACTBA 3HAHIIH.

B camocroarebHOH palore CTYAeHTaM IIPHXOAHTCS HCIIONB30BaTh JIHTEPATYPY
Pa3IHYHEIX BHAOB. IIEPBOHCTOYHHKH, MOHOIpa(HH, Hay4yHble COOpPHHKH, XpeCTOMAaTHH,
yueOHHKH, yueOHBIe ITOCOOHS, XKYpHAIBI H ap. M3yueHHe Kypca IpeArojiaracT 3HAaKOMCTBO
CTYIAEHTOB ¢ OOJpIIMM OOBEMOM HaVYHOH M Y4YeOHOH JINTepaTyphl, YTO, B CBOIO OYEPEelb,
IIOPOXKAAeT HeOoOXOAHMOCThE BBEIPAOOTKH VYV HHX PalfHOHAILHO-KPHTHYECKOIO TIIOAXOJAa K
H3YYAEMBIM HCTOYHHKAM.

YTtoOBl HE «YTOHYTB» B OIPOMHOM OOBEME PEKOMEHJOBAHHBIX &MY IS H3YUYEHHS
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[IpempapHTEeNbHBIH ITPOCMOTP KHHIHM BKIFOYAeT O3HAKOMIIEHHE C THTVYIILHBEIM JIHCTOM
KHUTH, AaHHOTAIMEH, IIPEIHCIOBHEM, OIJIaBIcHHeM. [IpHM O3HAKOMIIEHHMH C OIJIAaBIIEHHEM
He0OXOANMO BBIJEIIHTE Pa3eiibl, ITIaBEl, ITaparpadsl, IIpeACcTaBILIIONIHE IS Bac HHTepec, Oero
HX IIPOCMOTPeTh, HAHTH MecTa, OTHOCSINHecS K TeMme (a03allbl, CTpaHHIIBI, ITaparpadsl), H
ITO3HAKOMHTBCS ¢ HUMH B OOIIHX YepTax.

HayuHbie H31aHHI COIMPOBOKIAIOTCS Pa3THYHBIMH BCIIOMOraTe IbHEIMH MaTepHalIaMH —
HaYYHBIM aIllapaToM, II03TOMY BaKHO 3HATh, M3 KAKIX OCHOBHEIX 3JIEMEHTOB OH COCTOHT, KAKOBBI
ero () YHKI[HH.

3HAKOMCTBO C KHHIOH JIVYIIIE BCErO HAYHMHATHL C HM3YVYEHHS aHHOTAI[MH — KpaTKOH
XapPaKTEPHCTHKH KHHTH, PaCKPBIBAIOIIEH €€ COAepKaHNe, HIAESHHYIO, TEMAaTHUYECKYIO H JKaHPOBVYIO
HaIIPaBJIEHHOCTh, CBEIcHHS OO0 aBTOpe, HaszHAUeHHe H JAPYrHe OCOOEHHOCTH. AHHOTAI[HSI
ITOMOTaeT COCTABHUTH ITPEABAPHTEIILHOE MHEHHE O KHHTE.

['1yGxe IMOHATE coepKaHNe KHIITH ITO3BOIISIFOT BCTYITHTEIIBHAS CTaThs, B KOTOPOH JaeTCs
OLIEHKA COJep KaHHSI KHHIH, 3aTparHBaeMOH B HeH IpoOIIeMaTHKH, COAEPKUTCI HH(POPMAIIHI O
’KH3HEHHOH H TBOPYeCKOH OHOrpaHH aBTOpa, BEICKA3BIBAIOTCS ITOJIEMHYECKHE 3aMeYaHHS,
PA3BACHSIOTCS OTIENBHEIE ITONMOKEHHS KHHIHM, MAalOTCId KOMMEHTAapHH H T.I. BoOT mouyemy
3HAKOMCTBO C BCTYIIHTEIIbHOH CTAaThbeH MPeACTaBISIeTCsI OYEHD BaKHBIM: OHO ITIOMOTaeT CTYAEHTY
COPHEHTHPOBAThCSA B TEKCTE PAabOTHL, OOpaTHTE BHHMAHHE Ha €€ HauOollee I[EHHBIE H BaXKHBIE
pa3eIbl.

Toit Ke LenH COMEHCTBYET 3HAKOMCTBO C OITIaBIIEHHEM, ITPEIHCIIOBHEM, ITOCIIECTIOBHEM.
BecbMa IIOIE€3HBIMH 3JIEMEHTAMH HAY4YHOI'O arlrapara SBISIOTCS CHOCKH, KOMMEHTapHH,
TaOIHIIBI, Tpa) MKH, CITHCKH IHTePaTyphl. OHH He TOIBKO WIITIOCTPHPYIOT OTAEIbHEIE ITOJIOKEHH
KHHTH HJIH CTaThbH, HO H CaMH IT0 ce0e SBIISFOTCS JOITOJIHHTEIIFHEIM HCTOYHHKOM HH()OPMAIHH
IULST YHTATENIS.

Ecinu uynrares 3aHHTepecoBajia KakKas-TO BhICKa3aHHAs aBTOPOM MBICIIb, He HaIleIIas
ITOAPOOHOI0 OCBEIEHHS B JAHHOM HCTOYHHKE, OH MOKET OOpaTHThHCA K TEeKCTY HCTOYHHKA,
VIIOMHHAEMOI'O B CHOCKE, THOO K HCTOUHHKY, KOTOPBIH OH MOJKET HAaHTH B CITHCKE JIMTEPATYPHL,
PEKOMEHJOBAHHOH aBTOPOM IS CAMOCTOSATEIILHOI O H3YUEHHA.

CyIIeCTBYeT HECKOIBKO (POPM BEJEeHH S 3aITHCEH:

— IUTaH (IIpOCTOH H pa3BepHYTHIH) — HanOolIee KpaTKas (popMa 3aIHCcH IIPOYHTaHHOTO,
IIPEACTABILIIONIAS COOOH IIEpeYeHh BOIIPOCOB, PACCMATPHBAEMBIX B KHHIE HIH CTaTheE.
PasBepHYTHIH IUIaH IIPeACTaBIIET coOOH Oornee IOAPOOHYIO 3allHCh IIPOYHTAHHOIO, C
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— Te3HCHl — KPaTKO C(OPMYIHPOBAHHBIE ITOTO0KEeHHS, OCHOBHBIE IMONNOXEHHS KHHTH,
craThH. Kak ITpaBHIIO, T€3HCHI COCTABILIEIOTCS ITOCIIE IIPEABAPHTEIIbHOIO 3HAKOMCTBA C TEKCTOM
HCTOYHHKA, IIPH €ro ITOBTOPHOM ITPoYTeHHH. OHH ITOMOTar0T 3alIOMHHTh H CHCTEMAaTH3HPOBATh
HH(OPMAIIHIO.

CocTaBjIeHHE KOHCIIEKTOB

Bombmryto poilb B YCBOSHHH M ITIOBTOPEHHH MPOMHISHHOr0 MaTepHada HrpaeT XOPOIIIHit
KOHCITEKT, COAep Kalliii OCHOBHBIE HAEH IIPOYHTAHHOIO B YUeOHHKE H YCIIBIIIAHHOTO B JIEKITHH.
KoHCIeKT — 3T0, TI0 CYIEeCTBY, HAOPOCOK, Pa3BEPHYTHIH ITJIaH CBSI3HOIO PaccKasa IT0 OCHOBHBIM
BOITPOCAM TEMBEI.

B Kakoii-TO Mepe KOHCHEKT paccYuTaH (B 3aBHCHMOCTH OT HHIHBHIYaJIbHBIX
ocoOeHHOCTeH CTyJeHTa) He TOIBKO Ha HHTEIUIEKTYaIbHYI0 M SMOIMOHAIBHYIO, HO H Ha
3PHTEIBHYIO ITaMATh, IIPHYeM TeKCT KOHCIIeKTa HepeJKO acCOI[HHpPYeTCS eIlle M C TeKCTOM
yueOHHKa HIH 3allHChIO JIeKIHH. [Io3TOMy Jerde 3allOMHHAETCS COJlep/KaHHe KOHCIIEKTOB,
HaITHCaHHBIX pa300pYHBO, ¢ MOJYePKHBAHHEM HJIH BHIJEIIEHHEM Pa3pSAKOH KIIFOUEBBIX CIIOB H
hpas.

CaMOCTOATEIbHO H3YYeHHBIe TeMBl IIPeIOCTABISIOTCS IIPeloJaBaTelllo B (opMe
KOHCITeKTa, IT0 KOTOPOMY IIPOHCXOAHT cobeceoBaHHe. TeopeTHUecKHe TeMBI Kypca (OTIeNTbHbIE

EGHPGGBI):. BBIHOCHMBIC Hd CAMOCTOATCIIbHOC H3VUCHIIC, IIPCACTABJICHBI HHKC.
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