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Comep:kaHue

BeeneHne

Llems u 3agau H3y4YeHH S JUCIHITIHHEI

OO6opyaoBaHHE U MaTEePHAIIBI

HarmveHoBaHuEe 1a00paTtopHEIX pador

Coxepxanue j1adopaTOpHBIX padoT

JlaGopaTtopHas padora Nel. McenemopaHHe CIOMXKHBIX IIEIIEH ITOCTOSHHOIO TOKa
JlaGopatopHas pabora Ne2. IlocnemoBarelnbHOe COeQHHEHHE AKTHRHOIO,
HHJIVKTHBHOI'O H EMKOCTHOTO COIIPOTHBIIEHHI. Pe30HAaHC HAITP DK eHII
JlaGopatopHasa padora Ne3d. DnekrpHyecKas Iellb CHHYCOHAAIBHOIO TOKA IIPH
ITapavieIbHOM BKIIFOUEHHH aKTHBHOI'O H PeaKTHBHBIX COITPOTHBRIIEHII.
JlaGopatopHasg pabGora Ned4. HcciaemoBanme TpexdasHOH CHCTEMBI ITpH
COEJHHEHHH ITOTPeOHTEIIEH 3BE3I0H

JlaGopatopHas pabora Ne5. TpexdazHas Ielb IIPH COeJHHEHHH ITOTpeOHTeNIeH
II0 CXEME TPEYT OJIBHHK

JlabopaTtopHas padora Ne6. McnbiTanne ogHO(a3HOro TpaHchopMaTopa
JlabopatopHas padora Ne7. McrieiTaHme Tpex(pa3zHOro aCHHXPOHHOTO
BIIEKTPOABHIATEIS ¢ KOPOTKO3AMKHYTEIM POTOPOM

Yactes 1. CHaTHe H oIpejelleHHe XapaKTepHCTHK XojocToro xoxa Io=f(U),
P—~t(U), cospo=f(U) Tpexda3Horo acHHXpPOHHOIO  JBHTATeld C
KOPOTKO3aMKHYTEIM POTOPOM

Yacte 2. IIyck B Xomx Tpex(a3HOIO aCHHXPOHHOIO JBHIATElIsSI C
KOPOTKO3aMKHYTBIM / (pa3sHBIM POTOPOM C PerHcTpaled H 0ToOpakeHHeM
PEKHMHBIX ITAPAMETPOB HA KOMITBIOTED

Yacte 3. CHITHE M OIIpPElelIeHHE XapaKTEPHCTHK KOPOTKOIO 3aMBIKAHH S
Ix=f(U), Px=f(U), Zx= f(U) TpexdasHOro acHHXPOHHOIO [JBHTATEIII C
KOPOTKO3aMKHYTEIM POTOPOM

JlaGopaTopHas pabora Neo8. Hccnemgopanie XaAPAKTEPHCTHK
ITOIYTIPOBOJHHKOBBIX JIHOIOB Ha ITOCTOSHHOM H IIEPEMEHHOM TOKaX

JlaboparopHasg pabdora Ne9. CHATHe XapaKTepPHCTHK OHITOISPHOIO TPAH3HCTO-

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANUCHIO

[Hoe o0eclieYeHHEe JHCIHIUIHHEI
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5.1 IlepeuyeHh OCHOBHOH H HOIOJHHTEIBPHOH IMTEpPaTyphl, HeOOXOAHMMOH i
OCBOEHHS JTUCIIHILINHEI

5.2 IlepeueHr y4eOHO-METOAHYECKOIO OOECIIEUEHHS CaMOCTOSTEILHOH PabOTEI
OOVYAFOIIMXCS 110 JUCIIHIUIHHE

53 [lepeyenr  pecypcoB  HH()OPMAI[HOHHO-TEIEKOMMYHHKAIIHOHHOH  CETH
HMHTepHeT, HEOOXOMNMEBIX I OCBOSHIS JHUCI[MIUIHHEI

[ IpunoxeHns
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BeeneHue

[lenpro paboTel B 1a00PaTOPHH SBISETCS YVITIYOIEHHE H 3aKpeIUIeHHe IIPHOOPETEHHBIX
TEOPETHYECKHUX 3HAHHI ITYTEM SKCIIEPHMEHTAIILHOHN ITPOBEPKH TEOPETHUYECKHX ITOIOKEHHH, a
TAaKKe 3HAKOMCTBO C BJIEKTPOHHBEIMH KOMIIOHEHTAMH, OOOpPYIOBAaHHEM, H3MEPHTEILHBIMI
ITpHOOpaMH M armrapaTypoil, HCITOIb3YeMBIMH B JIaOOpaTOPHH.

B pesyibTaTe BEIITIOIHEHHS Ta00paTOPHBIX Pad0oT CTYAEHTHI JOIKHBI IIPHOOPECTH YMEHHST
H HaBBIKH II0 COOpKE M MCCIEIOBAHHIO 3IIEKTPOHHBIX CXEM H IIPHOOPOB, H3MEPEHHIM
SIIEKTPHYECKHX BeIMYMH. TemaTHka J1a0opaTOpPHBEIX PadoT IOIMHOCTBIO COOTBETCTBYET
COJIEPKAHHMIO OCHOBHBIX PasJielIoB Kypca, H3Y4YaeMOr'0 B BEICIIHX TEeXHHYECKHX YUeOHBIX
3aBelleHHSIX. B npepimaracmMoM yueOHOM ITOCOOHH OIMCAaHO OAHHHAAIATH 1ab0opaTOpPHEIX padoT.
B ormmcanmu Ka)kgoi maGopaTopHOH paboTel chOopMYIHpPOBaHaA ee IIelb, H3T0KEHBI OCHOBHBIE
TEOPETHYECKHE TTOJIOKEHI S, OIMCaHa CXEMa YCTAHOBKH JUIS ITPOBEAEHHS BKCIIEPHMEHTAIIBHOLI O
HCCIIEIOBAHNS, JaHBl PEKOMEHJAIMI II0 IIPOBEJEHHUIO OILITOB H 00paloTKe pes3yiIbTaToB

IIBMEPEPHIﬁ, d TAKXKE KOHTPOJIbHBIC BOITPOCHI.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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1. I[ens u 3a0auu u3yueHus OUCUUNTUHDL

]_[E:HB IMpEItogaBaHHA AHCITIILIIHHBI «O01mas ANEKTPOTEXHIIKA H JJIICKTPOHHKA» COCTOHT B
H3YVUCHHH OCHOBHBIX 3dKOHOB JJICKTPOMAI'HCTH3Md, PACHCTd H dHAI3d 3JIICKTPHUCCEKMX H
MAI'HHTHEBIX I_[E]'[Eﬁ:, d TakK¥KES }IBJIEHI]IUI:, KOTOpPBIC COIIPOBONAAIOT IIPOLECCBI B TCXHHYCCKHX
CHCTCMAX.

3ajgadyaMH JHCLHIUIHHBIL SBIISTFOTCS:

— QJGPMIPGEHZHIIE Y CTYVIACHTOB HeOOXOMHMMBIX 3HAHHH OCHOBHBIX JNEKTPOTEXHHYCCKILX

3dKOHOB H MCTOJOB daHAIIM3d 3JICKTPHYCCKIX I_[E]'[Eﬁ;

— EBIpﬂﬁDTI{El HAaBBIKOB Hd OCHOBC II4ACIIOPTHBIX H KA4TAJIOXHbBIX JAdHHBIX OIIPCACIIATDH

ITapaMeTPbl H XapaKTEPHCTHKH THITOBBIX YCTPOHCTB,

— (bﬂphﬂ[pﬂ]ﬁﬂ}]}[ﬂ HABBIKOB HCIIOIIB30BAHITA COBPEMCHHDBIX BRIMHCIIHTCIIBHBIX CPEACTB AJIA

dHaJII 34 COCTOAHHA H VIIPaBJICHHA }fGTpDﬁGTEElIMﬂI H CHCTCMAaMI.

2. Obopyoosarue u mamepuaibl

ATnmapaTrHele CpeJICTBa:

— KoMITIeKT THITOBOTO J1ad0paTOPHOro 00OPYAOBAaHHS « OIEKTPOTEXHHYECKIE MAIIIHHEL)

— Komriekr TtHIIOBOrOo jadoparopHoro oOopyaoBaHHSA «TeOpeTHYECKHE OCHOBBI
3JIEKTPOTEXHHKH

— Y4yeOHBIHN CTeH] « 1 eOpHs SNeKTPHYECKHX I[ETIEH H OCHOBBI 3IIEKTPOTEXHHKH

YyeOHasa aygUTOpHS IS ITPOBEAeHHS YUeOHBIX 3aHSATHH, OCHAIlleHa O0OpYAOBAaHHEM H

TEXHHYECKHMH cpefcTBaMH oO0ydeHHS. [lepeHOCHOH HOYTOVK, ITPOEKTOP, JOCKa MAarHHTHO-

MapKepHas.
3. Haumernos anue n1ao op amopHsix pabom
N3 HHX
No Tempbl HarmeHoBaHHE TEM JHCIIMIUIMHEL, HX KPaTKOe O0peM
ITpaKTHYECKas
MTUCITHITTHHEI COIEpKaHIe JaCOB
IIOATOTOBKA, YaCOB
4 ceMecTp
JIadboparopHas padora Ne 1. HccrnemgopaHmue
CIIOKHBIX I[eIleH ITOCTOSHHOTO TOKA.
[IomyynTh ITpaKTHYECKHE HABBIKH COOPKH CXEM
1 IUIS SKCIIEPHMEHTAIIBHOH IIPOBEPKH M pacuera 1.5
TTaTTati  ITACTAUIIATA . TAT3 0~ TCIIONIB30BAHHAEM
OOKYMEHT NOONWUCAH
SNEKTPOHHOW NOAMUCHLIO OpOI'oc  3aKOHOBE
CepTudmkar:  12000002A633E3D113AD425FB50002000002A6
Bnapgeneu: Llebayxoea TareaHa AnekcaHapoBHa CTIEIOBATEIBHOE | s
) 2
NeiicTeuTteneH: ¢ 20.08.2021 110 20.08.2022 IYKTHBHOI'O  H




eMKOCTHOTI'O COITPOTHBIIEHHI. PesoHaHC
HAaITPsDKEHITH .

OIIBITHAS IIPOBEPKA OCHOBHBIX COOTHOIIEHHH IS
IOCIIEAOBATEIILHOH I[EIH IIEPEMEHHOIO TOKa,
OOnmajaroIedl  aKTHBHBIM, HHAVKTHBHBEIM H
EMKOCTHBIM COITPOTHBIICHI SIMH.

JIlaboparopHas padota Ne 3. DOrekTpHueckas
I[ellb CHHYCOHJAIbHOTO TOKa ITPH ITapalyIe]IbHOM
BKITIOYEHHH  aKTHBHOIO H  PeaKTHBHBIX
COITPOTHBIIEHHIA.

OKCIlepHMeHTallbHasd IIPOBEPKAa 3aBHCHMOCTH
aKTHBHOTO H PeaKTHBHBIX COIPOTHBIEHHIT OT
JACTOTHL, a TakkKe COOTHONIEHHH  MEXIY
HaITpSDKEHHEM, COIPOTHBIIEHH SIMH,
IMPOBOAHMOCTSIMH H TOKaMH B IEIH C
MapaJuIeIIbHO BKJIFOYE€HHBIMH aKTHBHBIM
COITPOTHBIIEHHEM, KaTYIIKOH HHIYKTHBHOCTH H
KOHIEHCATOPOM.

JIaboparopHas padora Ne 4. HccrnegoBaHHe
Tpex(a3sHOH  CHCTEMBI IIPH  COEJHHEHHH
IOTPeOHUTENEH 3BE3OH.

(O3HAaKOMHTBCS OITBI THBIM ITyTEM C
OCOOEHHOCT SIMH COEIHHEHH S 3BE3I0H
IIPHEMHHKOB 3JIEKTPHYECKOH BHEPrHH B IIEITH
Tpex(asHoro Toka. MccrnemoBarh — peKHMEI
PaBHOMEPHOH M HEPABHOMEPHOH HarpysoK, a
TaKKe pabdoTy CHCTEMBI IIPH OOpPHIBE OJHOH H3
¢a3. [TlonydHuTs IIpaKTHYeCKHE HABBIKH pacuyeTa H
HCIIBITAaHHS  TpeX(aszHbIX Ieled, a TaKXKe
IIOCTPOEHN BEKTOPHBIX JHAIPaMM.

1,5

JIadoparopHas padora Ne 5. TpexdaszHas 1emb
IIPH COSOMHEHHUH IIOTPeOHUTENEH II0 CXEME
TPEYT OIIbHHK.

HccrnegoBaTh 0cOOeHHOCTH PadOTHI Tpexda3HoH
Iel TIPH COSOQHHEHHH CHMMETPHYHOIO M
HECHMMETPHYHOL O IOTpeOHTETIEH
TPEYT OIIbHUKOM, YCBOHUTE IIOCTPOEHIE BEKTOPHBIX
IarpaMm I10 pe3yiabTaTaM SKCIIEPHMEHTA.

JIaboparopHass pabora Ne 6. HcrneitaHue
ofHO(pa3HOTr0 TpaHCc(hOpMAaTOpa.

0 O3HAKOMHTBECS C€ KOHCTPYKIIHEH, METOJaMH
HCIIBITAHHS M OIPEeJelleHHs XapaKTEPHCTHK
TpaHC(hOPMaTOPOB.

JIlaboparopHas pabora Ne 7. MHcnreitaHme
Tpex(}azHOro aCHHXPOHHOIO AIeKTPOJABHIATENS C
KOPOTKO3aMKHYTBIM POTOPOM.

O3HAKOMHTBCS ¢ KOHCTPYKIIHEI, METOJAMH ITyCKa

u VANAKTANUCTUKAMU dCHHXPOHHOI'O
AOKYMEHT NOANWUCAH

SNEKTPOHHOM NOANUCHIO

Ceptidukar: 12000002A633E3D113AD425FB50002000002A6 I/Iccﬂe;[(jﬂa}[}[e
Bnageneu: Webayxoea TatkaHa AnekcaHapoBHa )BBIX THOIOB HAa

Nencreutened: ¢ 20.08.2021 no 20.08.2022 X.
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CHSTB BOJIb TAMITEPHBIE XapaKTePHCTHKHN
BRIITPAMHTEeIbLHOTO JHoAa (Trira KJ[226, 1N5408),
uMITynnbcHoro guoga (tmma  KJ[521, KJI1522,
IN4148), muoma IHorxm (trma 1N5819), mo

XapaKTePHCTHKAM OITpPEeJEIINTE OCHOBHBIE
ImapaMeTpel H CpaBHHTh HX. Ha »5KpaHne
ocIniorpada ITPOHAOIIIOAATE IIPOLIECCHI

BKIIFOUYCHHA H BBIKIIIOYCHHA JHOMd4, OIIPCACIIHTD
BPEMA BKIIIOYCHIA H BBIKITHOUCHIH A.

JlaboparopHnas padora Ne 9. CHarue
XapaKTEPHCTHK OHITOJIIPHOIO TPaH3HCTOPa.

9 OCBOHTh MeTOAUKY TIONYUYEHHS BXOAHBIX H
BBIXOJHBIX XapaKTePHCTHK TPaH3HCTOPa, a TaKXKe
OIpe/ielleHHs ero JHHAMHYeCKHX ITapaMeTPOB.

Hroro 3a 4 cemecrtp:

=)

HUroro:

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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4. Cooepacarue nadopamopHsix padom

Jlabopamopnaa paboma Nel. Hccneodosanue CoMCHBIX Uenel NOCMOAHHOZ0 MOKA

Ilens padomot: 110IydHTH ITpaKTHYECKHE HAaBBIKH COOPKH CXEM IS SKCIIEpHMEHTaIbHOM
IIPOBEPKH H pacyeTa Ieleil IOCTOSHHOIO TOKa C HCIIOJIb30BaHHEM 3aKoHAa OMa, IIEPBOrO H

BTOPOro 3aKO0HOB Kupxroda.

OcHo6bl meopuil:
CHOKHOH IIENBIO ITOCTOSHHOI'O TOKAa HA3BIBAIOT 3MNEKTPHYECKYIO IIEIb, COCTOSIIYIO H3
HECKOJIBKHX COIIPOTHBIEHHH H HCTOYHHKOB HAIPSDKEHHS, COSAHHEHHBIX MeXKAY cOOO0H TeM HIIH
HHBIM CITOCOOOM.

Y3710M 3NMeKTPHYeCKOil IIEIH Ha3bIBaeTCSI MECTO COeIHHEHHS TpexX M Oolee BETBEH IIEITH.
[IpH HAIIMYHH B CXEMe 71 TAKHX Y3II0B MOKHO COCTaBHTb (12— 1) ypaBHeHMHIT coritacHO IepBOMY
3akoHYy Kupxroda. B cOOTBETCTBHH € 3THM 3aKOHOM CYMMa TOKOB, ITOAXOJSMINNX K Y31y, paBHA
CyMME TOKOB, OTXOJSIIIX OT y3IIa, IIH alireOpandyecKkasl CyMMa BceX TOKOB B y3JIe PaBHa HYIIIO,
T.e. 2/ =0. [Ipn s3ToM HeoOXOAHMO TOKH, ITOJXOASMIINHE K Y311y, 3aIlHChIBaTh B YpPaBHEHHE C

OOHIM 3HAKOM (HE]I[IJHMEIJ «+ }}):, d TOKH., OTXOJAIIIE OT Y3JIa — C ITPOTHBOIIOINOMKHBIM 3HAKOM.

[Ipn mocnemoBaTeIbHOM COeJHHEHHH HECKOIBKHX COIMpOTHBIEHHH (pHc. 1.1 a) oOmee

COITPOTHBIIEHIE YYACTKA PABHO CYMME BCEX COIIPOTHBIIEHII HA STOM yyacTke: R, =R, + R, + R,

. Tok Ha YHACTKE IICIIHI C HECKOJIbKIMMIL ITOCIICHOBATCIIEPHO COCIHHCHHBIMITI COIIPOTHBIICHHAMI

OyzeT paBeH (1o 3aKoHy OMa):

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

[Ipn mapamienbHOM COeJHHEHHH JBYX COIIPOTHBIIEHHH (pHC. 1, ©) BSKBHBaJIEHTHOE

OJOKYMEHT NoanmvucAH R .R
SNEKTPOHHOW NOANUCHIO _ H 2

Ceptudukar: 12000002A633E3D113AD425FB50002000002A6 R —I—Rq.
Bnapeneu: llebayxoea TatbAHa AnexkcaHopoBHa 1 -
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EcIH H3BecTeH TOK 1o, HpﬂTEKﬂIGH.[Hﬁ ITO HEp&BEETEHEHHGﬁ YJACTH I[EIH, TO TOKH [; H [2 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 3IEeKTPHYECKOH IIEMH HA3BIBAETCS VUACTOK AIEKTPHUYECKOH LIEIH, 3aKIIH0YeHHBIN
Me Ky IBYMS y3IaMH (HallpHMep, KOHTYP abefa Ha puc. 1.3).

B xaK10M KOHTYpe MeXIY 3JIeKT POABIKYIITHMH CHIIAMH (3.11.C.), HMEFOIIIHMHCS B L[EITH, H
IMaJeHHIMH HaIlpSOKEHHS Ha OTJAEIBHBIX Yy4YacTKaX CVIINECTBYET CTPOrO OIIpejelIcHHas

3aBHCHMOCTB, OITpeelsieMasi BTOPBIM 3aKOHOM Kupxroda:
2FE =2IR,

T.e. ainredOpanyeckas CyMMa SJIEKTPOABHKYINMX CHJI B JaHHOM KOHTYPE paBHa
anredpanyecKON CyYMME TTaJIeHIHI HaITPsOKEHII Ha yYacTKaX IEIM 3TOr0 KOHTypa.

Il Toro, 4roOBl IIPAaBIIBHO 3alllcaTh YpaBHEHHE IIO BTOpPOMY 3aKoHY Kupxroda,
HeOOXOANMO 3aJaThCs HallpaBIeHHeM 00XO[a 5TOro KOHTypa (HaIlpHMep, IO XOAY YaCOBOH
cTpenkH). Ecimm rmpu 06Xojie KOHTYpa HalTpaBIIeHHE 3.J1.C. COBITaJacT ¢ HaIIpaBJIeHHeM 00X0/a, TO
€€ 3aITHCHIBAIOT B JIEBYIO YACTh YPABHEHHS CO 3HAKOM «+», a eCIIH €€ HallpaBJIEHHE HE COBRIIAJAET
C HaITpaBJIeHHeM 00XO[a, TO €& CUMTAIOT CO 3HAKOM «—». AHAIOTHYHO ITOCTVYIIAIOT CO 3HAKaMII
ITaJICHIN HalpsKEHHH. ECIM HaITpaBJIeHHE TOKa HAa YYaCTKE IIEITH COBIIAIAcT C HaIlpaBJIEHHEM

Gﬁl”{ﬂl{a: TO /R Ha 3TOM Y4aCTKe 3allHCHIBalOT CO 3HAKOM «+», B IIPOTHBHOM CIIy4ae — CO 3HAKOM

«—n.
[TokxaxeM 3T0 Ha mpuMepe (pHc. 1.3)
1. JI1 KoHTYpa abefa, coBepias 00X0/J1 10 YaCOBOH CTPEJIKE, ITOTYYIM:
E, =1,R + IR,
2. J11s1 KOHTYpa beedb, copepinast 00X0J1 IIPOTHBR YaCOBOH CTPEJIKH, ITOTYUHM:

E,=1.R, +I,R,

[NOKYMEHT MOANUCAH 00X O0J IT0 YaCOBOH CTpeJIKe, IIOITYYHM:
SNEKTPOHHOWM NOANUCHLIO
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6 — IIRI — IER:}
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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YKkazarue no mexHike é ezonacHocmii:

YKa3aHH I10 TEXHHKE 0e30IIaCHOCTH IIPH BEBEIIIOJIIHCHITH HﬂﬁﬂpﬂTﬂpHBIX pElﬁGT IPHBCICHBL

B ITPHIIOKEHHE A.

VYKazanua no 6uinojiHeHUI0 140 op amopHoll padomal:

1. IlogoOpaTte nMpHOOPEI, HEOOXOMHUMEIE JJISI BROIOMHEHNS PadoThl, O3HAKOMUTECS C
HUMH M 3alHcark TEXHHYECKHE JaHHBIE HCTOYHHKOB 3.J.C., PEOCTATOB, H3MEPHTEIBHBIX
ITPHOOPOB.

2. CoOpath cxeMy I IIPOBepKH ITepBoro 3akoHa Kupxroda (puc.1.2). YcTaHOBHTH
MaKCHMAJIBHEIE 3HAYEHIS COITPOTHBIIEHHH PEOCTaTOB H H3MEPHTH IT0CIIE 3aMbIKaHH S KiTroua Kl

TOKH B ITapaJUIENILHBIX BETBSIX H OOIIMH TOK IenH [0. Pe3yibTaThl H3MEPEHHI 3aHECTH B TaOIHITY

1.1.

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

—-

PrcyHok 1.2 — CxXeMa IjIs ITPOBePKH ITEPBOro 3akoHa Kupxroda

B ormmmiTe 1.2 cnepyeT nepeABHHYTH ITOJI3YHKH PeOCTAaTOB ITPOH3BOIBHO, HAOIOas1, YTOORI
CTPEJIKH aMITePMeTPOB He 3aIlTKaTHBAJIH.

Tabmira 1.1 — Pe3yneTarsl H3MepPEHUH H BBIYHCIIEHHII

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

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Ilo 3dKOHY OMa BBIUHCIIHTD COIIPOTHBIICHHE KaXJO0I'0 PcoOCTdTa H 3SKBHBAJICHTHOC

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

dopMyIIE:
I, —(I,+1,+1
?, _ 0 ( 1 2 3) . 100%\
I
3. CoOpath cxemy (pHc. 1.3) a1 mpoBepkH BToporo 3akoHa Kupxroda.
=
a - g - ”
Fa Eo

I = ol

Prcynok 1.3 — CxeMa 7151 IIpoBepKH BTOoporo 3akoHa Kupxroda

[Ipn pazoMKHYTBEIX PYOIIBHHKAX P; M P> M3MEpPHTH BOIBTMETPOM BEIHYHHEL 3.].C.
KaXIOro akKyMymsaropa. CompoTHBIeHHS peocTaToB R, R> u R m3Meputs omMerpoM. TOKH Ha
OTJIEIILHBIX YYACTKaX LETH H3MEPHTE IS TPEX CIIYYAER:

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

OneIT 2 — pyOHIIBHHK P> 3aMKHYT, P1 — pa3soOMKHVT.

OnebIT 3 — o0a pyOwiIsHHKA P 1 P2 3aMKHYTEI.

PEB}"J’JI)T&TLI IIBMEPEHIIﬁ H H3BCCTHbBIC BCIIOMYIHHBI BHYTPCHHHX CGHPGTI[EJIEHI]TI
HCTOYHHKOB 5.4.C. Foy H Fg2 3dHECTH B TaﬁJ]I]I[}" 2.

Tabmna 1.2 — Pe3yineTarsl H3MepeHHH H BEIYHCIIEHHH

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
Ceptudumrkar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: llebayxoea TaTeAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Ilo PE3VIIbTATdM HBMEPEHIIﬁ M BBIUHCIIEHHH CHelIaTh BBIBOJ O IIPHMCHIMOCTH BTOPOTI'O
3dKOHa KIIPXI‘G(bEl LI PaCHCTa I[ETIEH ITOCTOSIHHOI'O TOKA.
BBMIHCIHTD OTHOCHTCJIbHYIO ITOI'PEHIHOCTD JJIA KaAJO0I'O H3 TPEX OIIBITOB

LE - XIR
= -100%

Yo

11151 OTHOr 0 M3 KOHTYPOB ITPOBEPHTH OaTaHC MOIITHOCTEH:

SEI =SI°R+ X1 °r,

Coodepacarue omuema:

OT4YeT JOIKEH COMEPXKATh:

l. Haspanme paGorer;

[lems paboTHI,

Kparkue TeopeTHYECKHE CBEAEHH,

OrmicaHHe HCIIONB3YEMOTI0 O0OPYIOBAHHS H MAaTePHAJIOB,
IlopsimOK BEOTOTHEHHS PabOTHI,

BreruncrneHus 1 o0padoTKa pe3yibTaToB,

A -

BBIBOJIHL.

Konmpononste éonpocol:

1. KakxoBa (pH3H4yecKas CYII[HOCTh IIEPBOIO H BTOPOro 3aKOHOB Kupxroda?
MaremMaTHiyecKoe BEIpakeHHE IIEPBOIO H BTOPOr0 3aKOHOB KHupxroda.
YT0o Ha3bpIBAETCSA HCTOUYHHKOM 3.11.C.7

B yeM cyIHocTs OamaHca MOIITHOCTER ?

UTO HA3BIBAETCS Y3IIOM SNIEKTPHYECKOH I[EITH?

AT

Kak BRIOHparOT HallpaBlIeHH S 00X01a KOHTYPOB?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Jlabopamopran pavoma Ne2. [locnedosamenvHoe coe0uHeHUe AKMILEHOZ0,

HHﬂyHHH!ﬁ'HﬂEﬂ H EMKOCIMHOZ0 CﬂHpﬂfﬂHﬁﬂEﬂHﬁ. Pe3onanc Hﬂﬂpﬂﬂfﬂﬂﬂuﬁ

Ilenvs padomesi: OIBITHAS IIPOBEPKA OCHOBHBIX COOTHOIIEHHH IS ITOCIeLOBATEIIbHOH
I[el IIEPpeMEHHOro TOKa, oOmajaroleil akKTHBHBIM, HHIYVKTHBHBIM H eMKOCTHBIM

COITPOTHEBIICHH AMI.

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

[TpH mmpoTekaHHH 110 KaTYyIIKe IIePpeMeHHOI'0 TOKa iz B IIPOCTPAHCTBE, OKPYKAIOIIEM BHTKH,

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

w=w- D
IAc W — HHCJIO BHTKOB KaTVYIIIKIL.
'fL »
i
©
4V U
]
L

E—
A F )
f
U =Ir
@
5
L
U =Jix
NOKYMEHT NMNOoAanncAH Y L &
SNEKTPOHHOM NOAMUCHIO
Ceptudcmkar: 12000002A633E3D113AD425FB50002000002A6 2IIOBATEIILHOI' O COEHHEHH A Rul
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

OTHOIIeHHEe ITOTOKOCIEIUIEHH KATYIIKH K TOKY KaTYIIKH 11, Ha3bIBaeTcd COOCTBEHHOIT
HHAYKTHBHOCTBIO HIH HHIYKTHBHOCTBIO:
w-@

I

W
L _- ._ _-
IL L
Ecimn coGcTBeHHOE ITOTOKOCIEIUIEHHE MPOITOPIHOHAIBHO TOKY (B clIyyae KaTYIIKH Oe3
CTaIBHOIO ceplleyHHKa), To L = const. OCHOBHOI eIHHHI[eH H3MePeHH T HHIYKTHBHOCTH SIBIISETCS
['enpu (I'H):
1B6 X
U'n=——/,1Iu-107 =1mln
14
Ecin TOK B KaTyliKe H3MeHSeTcS (HAIIpHMEpP, II0 CHHYCOHJAILHOMY 3aKOHY), TO H

ITIOTOKOCILICIUICHIIC KAaTYIIKIT H3MCHACTCA H IIOOTOMY B BHTKAX KA4TYIIKH II0 3dKOHY

BHEKTI)GMHI‘HIITHGﬁ HHAVEKIIHH HABOJHTCA 3. 4.C. CAMOHHAVYEKITHH €1..

T.e. HaBOAHMAs 5.J.C. e IIPEISITCTBYeT HM3MEHEHHIO TOKa i, KpomMe TOro, KarTyIlka
o0nmagaeT HEKOTOPBIM aKTHBHEIM COITPOTHBIIEHHEM T.
[TprveHs1ss BTOpoit 3aK0H Kupxroda IS MTHOBEHHBIX 3HaYeHHI SIIeKTPHYeCKIX BeIHYHH,

MOXHO 3aIlHCaTh.
ut+e, =1-r
OTCHO[a HaITpsDKEHHE Ha 3aKHMax LIETTH PaBHO
H=Ir—e,=u, +u,
[lageHHe HaIIPsDKEHH S HAa aKTHBHOM COIIPOTHBIIEHHH HA3BIBAIOT aKTHBHOH COCTABRJISIOIIEH
HaIIpsDKEHHSA M aKTHBHBIM HaIIpsSDKeHHEM, a IlaJicHHe HaIlIpsKeHHd Ha HHIYKTHBHOM
COIIPOTHBIIEHHH HA3bIBAIOT HHAYKTHBHOH COCTABIIIIOIIEH HAIPsDKEeHHS. MTHOBEHHBIE 3HAUYEHH S

5THX BEIHYMH OO0O03HAYarT U; M 1, a JIeHCTBVIOIHE — COOTBeTCTBeHHO U, u Up. Ilpu

CHHYCOHAAJIPHOM 3dKOHE H3MCHCHHA TOKd HAITPsDKCHHE Ha 3dKHMdAX TICITH 6}"I[ET PAaBHO.

, . d(I, sm wt .
u—ir—e, —rl smawt+ L (”*d ):rfmsma)r+mﬂmcma)r:
[
. . 7T
—U,_  smaot+U, smn a)r+5 ,

T.C. MCKIAY aKTHBHBIM H HHAYKTHBHBIM IT4ACHITAMH HAITPAAKCHIA HMECTCA CABHI 110 (1)&38

Tra QNS
NOKYMEHT NMNOoAanncAH

ANEKTPOHHOW NOANMChIO ) 3AITHCATE

jUL = fr+jfo

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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I'ac jIIL — JC{_ILI - KOMILUIEKCHOEC COIIPOTHBICHHE HHAYKTHBHOI'O 3JICMCHTA,

: U . U
U, = \/"T n U, = % - JIeHCTBYIOIHE 3HA4YeHHS aKTHBHOIO H HHIYKTHBHOTIO
o o

HAITPSDKEHHI.
Taxim 0o6pazoM, HaNpsDKeHHe Ha 3akHMax Ienm (/' MOJKHO ITpeJICTaBHTh B BHIE CYMMBEI
nByx cunycons U, u jU , . U3BECTHO, YTO BCSKYIO CHHYCOHZAIBHO H3MEHSIOIYIOCS BEIIHUHHY

MO’KHO ITpeJICTaBHTh B BHJIe BeKTopa (HalpuMep, ToKa / ), BpaIllaloIlerocs B IIPOCTPAHCTBE C

YITIOBOH 4acTOTOH , IMPOEKIH KOTOPOro Ha MHHMYIO OCh H JlaeT CHHYCOHJAIFHYIO BEIIHYHHY
(puc. 2.3).

PucyHoOK 2.3 — M300paxxKeHne CHHYCONIAIbHOI'O H3MEHSIOIIEHCS BEIIMYHHBL TOKA B BHJIE

BCKTOpPa

OrpeAeiM HallpsKeHH S Ha 3aKHMaX I[eITH ITPH ITOMOIIH BeKTOPHOH JHarpaMMel. BekTop
Toka / OTIOXHM B IPOH3BOIILHOM HaIlPAaBIEHHH, HAIIPHMED, TOPH30HTaIbHO (pHc. 2.4). Bee

OCTAIbHBIE BEKTOPLI OYAYT KECTKO IPHBA3AHEL K BEKTOPY [/ , T.e. HX CABHT I10 (hasze OYIET CTPOro

OITPpEACJICHHBIM.

Bexrop akruBHoro Hampsxkenus U, = I -7 Gymer coBlafaTh IO HAlpaBIEHHIO C
BekTOpoM [ . BekTop HHAYKTHBHOM cocTaBisromeii Hampsokenns U, = j-[1-Xx, OGyzer
onepexaTh Ha 90° Bextop / . CkiapiBas reomerpruecks Bektopsl U , 1 U, , momyurv BekTOp

HanpspkeHus {J Ha 3aiMax 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 II0CIIEA0BATEIFHOM COeIHHEHHH R 1 L

Bemunia X, =@ L= 27+ f - L HaseIBaeTcq umoykmuenwvim conpomueneHiiem H

H3MEPACTCA B Om. CGHPGTHEJIEHIIE XL 3dBHCHT OT YaCTOTBI H IIPH BKIIIOYCHIH KaT VIIIKI

HHIYKTUBHOCTH B IIEITh ITOCTOSHHOIO TOKa ( /= 0) TOK KaTYIIKH OYJET OrpaHHYeH TOIBKO €€

dKTHBHBIM COIIPOTHBJICHHEM H OKaCTCA HAMHOI'O OormbIre. 11osT OMY KdTYHOIKH HHIYKTHBHOCTI,

IPpEAHA3HAUCHHBIC JJIA pﬂﬁﬂTH Hd IICPEMCHHOM TOKEC, HCJIb3d BKJIHOYATE B IICIOI ITOCTOAHHOI'O

TOKaA.

Tpeyromsunk OAB (pruc. 4) MpSIMOYTOIbHBIN H Ha3bIBAeTCS TPEYT OIBHHKOM HAITPSKEHHIA.

M3 tpeyromsHunka OAB nMmeeM:
U =0+ U,
U ' =(I-r)’ +(I-x,) =I"(r" +x;)

HM3Bnexas 13 o06enx 4yacTeH KOPEHb, TIOTYUHM

U:I-\/erer

D T
Bemrunxa \/ '~ + X, , HMEIIIas pa3MepHOCTh COITPOTHRIEHHS, HA3BIBAETCS ITOJIHBEIM

COITIPOTHRBIJICHHEM IICITH H 0003HaAYaEeTCA Z :

=4 +Xx;
M 3aKOH OMa J7IS 1[I TIEPEMEHHOr O TOKAa HMEET BHJ:

l=—n U = Iz

A

Tre

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

a
[/ l -z

I -r A
z
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M3 TpeyrompHIKa MOIITHOCTEH, KOTOPBIH MOKHO ITOITYYHTh H3 TPe YT OIIbHHKA HAIPSDKEHIIT

YMHOXCHHEM CI'O CTOPOH Ha TOK L ITOJIVHIIM aKTHBHYIO MOIITHOCTE.
P=7r=U-I-cos¢q
PeakTHBHaA MOIITHOCTEL.
O=I7I’x,=U-1-sme

I lomHass MOIITHOCTB:

1 3
S=U-I=+P>+O’
OTHOIIeHHE aKTHBHOH MOIIITHOCTH K ITOJIHOH Ha3bIBAETCH I{DB(l)(l)HI_[HEHTDM MOIIIHOCTH.

g P_P
TS U

Ecou IOEIIb IIEPEMCHHOI'O TOKa GﬁﬂﬂﬂaET dKTHBHBIM COIIPOTHBIICHHMCEM 1T H €MKOCTBIO C

(prc. 1.5), To Mo BTOpOMY 3aKOoHY KHpxroda 1719 MTHOBEHHBIX 3HAUYECHHI SNeKTPHYECKHX BEIIHUHH

MOXHO 3aIl11CaTh.
U=1-r+u,

A u — MTHOBCHHOC 3HAQUYCHHE ITPHJIOKCHHOI' O K I[CITH HAIITPAKCHI A,
[ - MTHOBEHHOE 3HAUYEHHE TOKAa IIEITH,
Uc - MTHOBCHHOC 3HAYCHIC HAIIPTKCHIA, ITPHIIOMKCHHOI'O K oOKIIagKam KOHACHCATOPA H

ITPEACTABIISIIONIETO COOOH MMaJlcHHE HAITPSKEHH I HA EMKOCTH.
EcIIi TOK H3MEHSETCS BO BPEMEHH I10 CHHYCOHIAJIbHOMY 3aKOHY, T.€. 1 =1 . S ol |
TO IIPEABIAYIIEE YPAaBHEHHE OYAET HMETh BH/I;

U =rl, sin wf 1 Imsin(a)t—i).
awC 2

M3 5Toit (pOpMYIIBI BHIHO, UTO IPHIOKEHHOE K IIEIH HAaIpsDKEHHE COCTOHT M3 JIBYX

COCTABJLTIOIINX: aKTHBHOH HIIH aKTHBHOIO HAIIPSDKCHHA U, — J‘"Im SIN @t COBITAJArOIIeH 10

_ _ _ 1 . T
dase ¢ TOkOM, H peaKTHBHOII WIH eMKOCTHOI cocTaBsmorneii U/ = —— 1 sm( ot — ;) :,

¢ awC

oTcTarorei oT Toka Ha 90° (puc. 1.6). Torma
U = Uﬂ‘|‘ Ua:'
[TocTpoHM BEKTOPHYIO JHAIpPaMMY JUIS JaHHOTO CIIY4as, ITOIb3YSCh TEMH JKE ITPABHIIAMH,

[IPJH .ELDH?MEHTHD,HHH&AH D T TBAaTeEIIBHOI'O COCAHHEHHA T H L (CM. PHC. 24)

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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' U=l r
© —x
v U
@
C = | Ul xc
"‘

PucyHoK 2.6 — BekTopHas JHarpaMma JUis IocieaoBaTeIbHOr O

coequHeHHI R 1 C

HpII 3TOM HeOoOXOIHMO HMETH B BHAY., UTO BCKTOP HAIIPAKCHHA U ¢ OTCTAeT OT TOoKa [

Ha 90° (puc 2.6).

M3 tpeyrompHika OAB Ha pHCYHKE 0 HMeeM:

HIIH

U>=U+U;

U- =r)" + (—I Y. =T (r" + 1 )"
wC

w(C

M3BreKass KBaapaTHBIN KOPEHD H3 00eHX YacTel, ITOIIYUIM:

3 ]. 3
U=171-.r +(——)°
\/ (a)C') :'

OTKYJIa

J =

U

U

AOKYMEHT NoanncAH
SNEKTPOHHOW NOAMNUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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) )
Bemuina \/ I~ + X, HasbIBaeTCs ITOIHBIM COIIPOTHBIEHHEM H 0003HA4YaeTcs z. 3aKoH OMa

IIPHMCHHTCIJIBHO K IAaHHOH IIeIH IIEPEMEHHOI'O TOKA 6}’,I[ET HMETE BH].

rae E:\/F‘ T Xa .

EclIn BCe CTOPOHBI TPEVYIOIbHHKA HalpsokeHH OAB pasgemTs Ha TOK [, TO TTOIYYHM

TPEYTOJIBHHK CGHPDTI[BHEHI]I‘T C KaTcTaMIl r H X¢c H I‘IIHGTEH}BGﬁ Z.

[Ipn mocnemoBaTellbHOM coefuHeHHH r, L u C OyIyT CIpaBeJJIMBbI BCE BBIBOJIBIL,

TTOTyYEHHBIE TS ETH ¢ r-L ¥ 1elH ¢ r-C. TIpH 5TOM BO3MOXKHBI CIIE]]YIOIIHE KOMOHHAI[HH:
a) X, > X- ;0)X; <X, ;B)X; =X, .
PaccMOTPHM ¢ ITOMOIIBIO BEKTOPHBIX JHATPaMM Ka KIBIH H3 STHX BapHaHTOB.

El) HMMeeM 1ierb H3 IToCcIeJOBaTEIIbHO COeJHHEHHBIX r,Ln C:. ITPHYCM

X, > X, . Ilo BceM TpeM COITPOTHBIIEHHSM OYIET ITPOTEKATh OAMH H TOT ke TOK [ |

BEKTOP KOTOPOr'O OTJIOKHM B BRIOpaHHOM MacInTale ITIPOH3BOJILHO, HAalIpHMeEP, TOPH30HTaIbHO,
T.€. HallpaBJIeHHeE IIEPBOro BEKTOPa BEIOHPaeTcsI IPOH3BOILHO (pHC. 2.7).

BEI{TGP IIaACHITAA HAITPLDKCHIA Ha dKTHBHOM COIIPDOTHBIICHHII 6}’I[EET COBIIagaTh C

HallpaBJICHHUEM TOKd, a IIQJCHIC HAIIPSOKCHIA Hd HHAVKTHBHOM 3JICMCHTC HIII UL 6}*’,I[ET

oIepekaTh BekTOop I Ha ?% [TageHrie HampsKeHHS Ha €MKOCTHOM »leMeHTe U, Oyaer

OTCTAaB4dTb OT BEKTOPA TOK4 Ha % H COI''TACHO YCIIOBHIO

U.<U,.

PrucyHok 2.7 — BeKTOpHas JuarpaMMa HalpsoKeHHH IpH X; = X

OO11iee HAIIPSsDKEHHE 1IEITH OYAET PAaBHO CYMME

- -
1 -

NOKYMEHT MOAMNUCAH ; B
SNEKTPOHHOW NMOANMUCHIO 't+Uc =U
Ceptuchukar:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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M3 BEKTOPHOI JHArpaMMBI BHIHO, YTO MEXKAY TOKOM IierH / M HampsokenmeM U ecTb

VIOl @ H TOK HMEET OTCTAIOIIMH XapakTep, a cos ¢ < 1,0.
0) [Ipn X; <X, majeHHe HaIPsSKEHHS Ha HHAYKTHBHOM COITPOTHBIIEHHH OYIET MEHBIIIE

INaACHITA HAaIIpKCHIA Ha CMKOCTHOM COITPOTHBIICHIMH, ITO3TOMY BCKTOPHAA AHAI'PaMMa 6}’,I[ET

HMeThb BH] (pHC. 2.8):

PricyHOK 2.8 — BeKTopHasi JHarpaMMa HallpspkeHui mpu U, > U,

B) [Ipn X; = X, HMeeT MecTO pe3oHanc Hanpsaxceruii, T.e. U ~= U 7 M 3T0 OYIET IIpH

1 - .
ol = —. HPH ITOM BEKTOPDI U r H UC‘ PABHEI 110 MOJAYIIHO H ITPOTHBOIIOJIOHO HAITPABJICHBI

w(C

(prc. 2.9), mosToMy HX CyMMa paBHa HYIIO. TOK IIEITH ITPH pe30HaHCe HAIIPSOKEHHI OIpeIelsIeTCs

TOJIbKO aKTHBHBIM COIIPOTHBIICHHCM, ITOTOMY YI'OJI CABHI A (bﬂB MCAHAY TOKOM H HAIIPLKCHHCM

I[eIH paBeH HYIMO, a cos ¢ = [. IIpm »TOM Hajgo HMETh B BHAY, YTO Pe3yIbTHPYIOIIEe

COIIPOTHERIICHHE ICITH PE3K0 YMCHBIIHTCH A0 3HAUCHHA £ = r H TOK LICITH IIPH PE30HAHCC MOKCT

PE3KO BO3PACTATh.

PucyHok 2.9 — BekTopHas quarpaMMa HallpspKeHHH IIPH Pe30HAHCE

Ykazarue no mexHuxe o ezonacHocmu.

YKa3zaHH 110 TeXHHKE 0e30IIaCHOCTH ITPH BEOTOJIIHCHII HﬂﬁﬂpﬂTﬂpI{BIX pﬂﬁﬂT ITPHBEACHBI

S | |

NOKYMEHT MNOOMNWCAH
SNEKTPOHHOW NOANUCLIO
CepTudbmkar:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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VKa3aHusa no 6 bIn0JIHEHIO J1AD Op AMOPHOIL paAdonbl:

l. CoOpaThp cxeMy ¢ ITociaeJoBaTelbHBIM coequHeHHeM R, L m C (puc. 2.10). B

Ka4YSCTBEC dKTHEHOI'O COIIPOTHEIICHHA HCIIOJIIb3YCTCA pEI‘}"HHpGEGIH-IL]IUI peocCTaT R:. d B KdUSCTEC

eMKOCTH C — 6E1TE],IJEH KOHACHCATOPOB.

BonpTMmerpoMm V1 H3MepstoT BXogHOe (00Iee) HapsoKeHHe 1IeITH, a BOJIbTMETPOM V2 ¢

ITOMOMIIBIO OIYIIOB ITOOHEPEITHO H3MEPATOT ITaACHIIC HAIIPDKCHITA Hd aKTHBHOM COITPOTHBIICHIH R

(B TOukax a M 0), Ha HHAYKTHBHOCTH L (B ToUKax B HT) H eMKOCTH C (B TOUKaxX I H J).

NATF
@
", 220B
L
E L 4 *

PucyHok 2.10 — CxeMa ¢ 1mociegoBaTelIbHeIM coeJUHeHHeEM R, L 1 C

M3MepeHnsa HEOOXOMHMO BBITIOIHATE IS TPEX PEKIMOB:

1) UL > Uc,2) UL < Uc,3) UL = Uc.

JIIs1 KaKaoro M3 peXHMOB BBITIOIIHHTE PAacyeThl H BMECTE C Pe3yibTaTaMH H3MepeHHI
3aHecTH B TaOmmiy 2.1. Ilo pesynbpTraTaM pacyeToB OIS KaKAOTO H3 PEXHMOB ITOCTPOHTH
BEKTOPHYIO JHArpaMMYy HaIpsKeHII, IJIS Yero HeoOXOAHMO BEIOpaTh MacIlTad HaIlpsoKeHHS my
TaKHM 00pa3oM, UYTOORI BEKTOP HAMPSsUKEHN LenH U/ OB IIPHMEPHO paBeH 8 — 12 cM.

Tabmna 2.1 — Pe3yineTarsl H3MepeHHH H BBEIYHCIIEHHH

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  OIpeJelnseTcs] aKTHBHEIM

COITPOTHBIICHHCM R., ITOSTOMY aMIICEPMCETP MO ST 3dllIKaIHBATDb. B sToMm CIIYHAac HeOoOX O HMO

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

ero Ha OONBIIMH IIPEAET TI0 TOKY.

AOKYMEHT NoanmncAH
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1. Haspanme paGorThI;

Ilemp paboThI,

Kparkme TeOpeTHYECKHE CBEAEHH,

OrmicaHme HCIIONb3YEMOI0 0O00OPYAOBAHHSI H MAaTePHAJIOB,
I lopsimoK BEIIOITHEHHS PabOTHI,

BreruncrneHus 1 o0paboTKa pe3yiIbTaToR,

N S AW

BBIBOIHL.

K OHMP OIbHbBIE 601D OCHL.

]. YTO IMOHHUMAIOT ITOJ HHAYKTHBHOCTBIO H KaK OHA OITPeelIsIeTCs?

2. Kak u 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 xaxrM (popMyTIaM ONIPEEISIOT T, XL, Xc H Z IIEIH IlepeMeHHOT0 TOKa?

0. KakoBEI OCHOBHBIE COOTHOILIEHHS H BEKTOPHBIC AHAI'PAMMBI B LICILIX C EII‘CTHEHG]?I:,

HHAYKTHBHOH M eMKOCTHOH Harpys3KoH?

7. [Ipn KaKHX YCIIOBHSX BO3HHKAET PE30HAHC HAIIPSKEHIH?
8. Yemy paBeH KO3(pQHIFIEHT MOMHOCTH cos @ IIPH Pa3IHUYHBIX VCIOBHIX H KaK OH
OIPEHETISIETCS?
[NOKYMEHT NOAMNUCAH

SNEKTPOHHOW NOAMUCHIO
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Jlaoopamopran paboma Ne3. Inekmpuueckas uenb CUHyCOUOAIbHOZ0 MOKA npuU

nap AJieJIbHOM 6KJIWYUECHHUH AKMUH6HO020 U D eAKMUHG6HLIX CﬂHpﬂfﬂHﬁﬂEﬂHﬁ

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

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

OcHoé6bl meopuu.

HPH IIapajuICIIbHOM BEKJIIOUYCHHH daKTHBHOI'O COITPOTHBIICHH S, KAaTYIIKH HHAYKTHBHOCTH H
KOHJleHcaTopa (pHc. 3.1) Ha Bce TPH »lIeMeHTa BIeKTPHYECKOH IEITH ITOJAETCsI OTHO H TO XKe
HalTpsDKECHHE 1. MrHoBeHHOe 3HAUYeHHe TOKa 1 B HE-pElSEETEHéHHGﬁ HdaCTH LCII pPpaBHO CYMME
MIHOBEHHBIX 3HAUEHHH TOKOB PE3HCTOpPaA ir:. KaTVIIIKH lh H KOHACHCATOP4 j..::

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

COITPOTHBIICHHAMI COOTBCTCTEBYIOIIIHX 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, KaTVYIIIKH

HHAVKTHBHOCTH H KOHACHCATOpPa

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

KOMIUICKCHOEC COIIPOTHBIICHHE KAaT YVIIIKH HHAYKTHBHOCTH YAHTBEIBACT e€ aKTHBHOE COITPOTHBIICHHE

. Tr Ty U TTInTIranTt o O — e !'..-'":‘e:T = | 7w~

NIOKYMEHT NOMNUCAH
SNEKTPOHHOW MOAMNUCHIO |
Ceprudbukar:  12000002A633E3D113AD425FB50002000002A6 OYEHHBIMH STIEMEHTAMH Y0OHEE IOIb30BaThC:
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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 KOHAEHCAaTOpa ¢ YUETOM ITPOBOIMMOCTH H3OISIHH MEXKIY

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

TOK, IMpOTeKaroIMi Yepe3 KaTYIIKY HHAYKTHBHOCTH, MOXKHO ITPEJCTaBHTh B BHIAE JABYX
COCTABJISIFOLIMX . aKTHBHOM fm;:{f?’gx:, 110 (paze, COBIIAMAIONIEN ¢ HAIIPSIKEHIEM, H PEAKTHBHOI /7.=-
jﬂTbL: OTCTaromiel 1o (paze OT HanmpskeHHI Ha 90

Tok, IpoTeKarolMil Yepe3 KOHIAeHCAaTOpP, TaKKe MOKHO IIPEICTAaBHTL B BHIE CYMMBI
AKTHBHOH fm:ﬂg{- H PEAKTHBHOM L,.{:j{f?bc COCTABRJIIOIIIX, PeaKTHBHAS COCTABIISIOINAS
ornepexkaeT o (ase HampsokeHHe Ha 907, CxeMa 3aMEINEHHS IIPH 3aMeHe COIPOTHBIIEHHI
ITPOBOAMMOCT SIMH HMeET BHJI, H300paKEHHBIN 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 HAIIPIAKCHHA 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 — BekTropHas guarpaMma
NOKYMEHT NOAMNMUCAH
ANEKTPOHHOM NOANUCLIO
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Eciu br>bc, TO TOK Yepe3 HHAYKTHBHOCTE OONIBIINE, YeM Yepe3 EMKOCTh, H TOK B
Hepa3BeTBIIEHHOH YacTH LIENH IT0 (pa3e oTcTaéT oT HanpskeHHA (pHc 4.3a). Ecim br<be, TO TOK
yepes HHAYKTHBHOCTh MEHBIIE, YeM TOK YepPe3 EMKOCTh, 4 TOK B HEPA3BETBIEHHOH YAaCTH LIETTH 110
(paze omnepexaeT HanpsKeHHe (pHc.3.3c¢).

[Ipn paBeHCTBE MHAYKTHBHOH H EMKOCTHOH IIPOBOAHMMOCTEN BEIHYHHA TOKAa B
HepPa3BETBIIEHHOM YAaCTH LIETH OIpeAeIaeTCsI TOIBKO CYMMOH aKTHBHBIX IIPOBOAHMOCTEH g+ g4+
g.= g, TIPH 3TOM TOK ITIO (pa3e COBRITaJacT ¢ HalpsokeHHeM (prc.4.3b):

[=Usg.

BekxTtopHas muarpamma, H300pakéHHas Ha pHc.4.3b COOTBETCTBYeT peXHMY pe3OHaHca
TOKOB, B 3TOM pPeKHMe TOKH 4Yepe3 HHAYKTHBHOCTh M 4Yepe3 EMKOCTh PAaBHBEI II0 BEJIHYHHE H
IIPOTHBOIIOIOKHEI 110 (pa3e, B HEpPa3BETBIEHHOH YacTH IIEITH TOK ITPHHHMAeT MHHHMAIIEHOE

3HAQYUCHIHC.

YKkazanue no mexHuke dezonacHocmu.
YKazaHH I10 TeXHHKe 0e30I1aCHOCTH ITPH BBIITOJIHEHHH HﬂﬁﬂpﬂTﬂpHBI}{ pElﬁDT IIPHBCCHDBI

B ITPHIIOKEHHE A.

YKazanua no 6 binoiHEeHUI0 J1a0 op amopHoll padomal:

1. I[ETEIJ]LHD O3HAKOMHEIINCE C OCHOBHBIMH TCOPCTHHUCCKHMMI 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 IIPEIEIIBI H3MePeHHI: BOILTMeTpa — 20B, amriepmerpoB — 200MA.

AOKYMEHT NMOAMMCAH AT Y4acTOTY fo, IIPH KOTOPOH B HEPa3BETBIEHHOH
SNEKTPOHHOW Noanncelo
Ceprudhmnkat: 1 12000002A633E3D113AD425FB50002000002A6 » BHauyeHHe YaCcTOTEI fﬂ 2aHeCTH B Tﬂﬁﬂﬂl{}" 31,
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
25



2. YﬁpﬂTL IIEPEMBIUKIT B ICIIH KaTIVIIKM H KOHJICHCATOpPa4, IIO IIOK4d3daHITAM
dMIICPMCTPAa H BOJIBTMCTPa IIWIH aMIICPMCTPa H BAaTITMCTpPad IIPOBCPHIE COIIPOTHBIICHHEC H
BBEITHCIIMTD ITPOBOAHNMOCTE PEIHCTOPA.

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

3 PazopBarh IeIlb PE3HCTOpa H YCTAHOBHTH ITIEPEMBIUKY B IEIH KaTVIIKH, IIO
ITOKa3aHSIM IIPHOOPOR BRIYNCIINTE COIPOTHRIIEHHS H IIPOBOIMMOCTH KATYIIIKH.

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 IIel KOHJAeHcaTopa,
HCITONIb3YS (DOPMYIIBI, aHAJIOTHYHBIE (POPMyIaM I1.3, IO ITOKa3aHHSIM IIPHOOPOB BEIYHCIHTH
COITPOTHBIIEHHS H IIPOBOAMMOCTH KOHAEeHCaTopa. BEIUHCIEHHBIe 3HAUYEHHS COITPOTHBIEHHI H
ITPOBOAMMOCTEHN 3aHECTH B Tadmiry 3.1.

TabOmra 3.1

fo, | Pesncrop Karyrika Konmencatop g,

i I, g Ik, g, | X, | b L, Ie, g, | Xe, | b, C, |Cm
OmMm | CM [OM |CMm |OMm |CMm | IH OmMm |[CmMm |OMm | CMm | MkD

5. YCTaHOBHTh BCe IIepPeMBIYKH, IOAKIIOYHTL amIilepMerp A2, mpH 4YacTtore fo
H3MEPHTH ITOTPeOIISIEMYIO MOII[HOCTD, HAIIPSKEHHE, TOK B HEPA3BETBIEHHON YaCTH IIENTH H TOKH
OTJIEJIbHBIX BETBEH. Pe3yIIbTaThl 3aMepOB 3aHECTH B TaOIHILy 3.2.

0. BEIUHCIIMTE 3HAUEHHS AKTHUBHBIX H PEAKTHBHBIX COCTABRISIOIIMX TOKOB Uepes
KaTYIIKY H Yepe3 KOHAeHCaTOP M KO3(] (PHIIHEHT MOIIHOCTH, ITONIb3YCh BEIPaKeHHSIMI:

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:, I:, Ir:, Il{:, Ic:, P:, y: b:, Ia:, IL:, Ipc:, CGS(I:'
Im | B | MA | MA | MA | MA | MBT | CMm | CMm | MA | MA | MA

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

>=fp+200 I'l[ MPOU3BECTH TE K& HUIMEPEHHSI H
Bnapeneu: lLlebayxoea TaTeAHa AnekcaHapoBHa

[ I3MEPEHHH H BBIYHCIIEHHH 3aHECTH B TaOIIMILY
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4.2. TIpu BEITIOIHEHHH PacYETOB He ClIeAyeT 3a0BIBaTh, YTO CONMPOTHBIIEHHS H ITPOBOJHMOCTH
HHAYKTHBHOCTH H €MKOCTH 3aBHCST OT YaCTOTHI.
8. [To pe3ynmbpTaTam H3MEpPEHHH H BBIYHCIIEHHH IIOCTPOHTh BEKTOPHBIE JHAr PAMMEL,

dHAJIOITHYHBIC ITPCACTABIICHHBIM Ha pHG.Z.B.

Coodepacarue omuema:

OT4YeT JOILKEH COLEPXKATE:

1. Haspanme paOoTHI;

[lems paboTHI,

Kparkue TeopeTHYECKHE CBEAEHH,

OrmicaHHe HCIIONB3YEMOT0 O00PYIOBaHHS H MaTEPHAJIOB,
IlopsimOK BEOTOTHEHHS PabOTHI,

BreruncrneHus 1 o0padoTKa pe3yibTaToB,

O e

BBIBOJIHL.

Koump onsHbie 6onpocel:

1. Kak oIpefennTs aKTHBHYIO H PeaKTHBHYIO ITPOBOJAHMOCTH KaTVIIKH, ECIIH
H3BECTHBI €€ aKTHBHOE H HHAYKTHBHOE COITPOTHBIICHHS?

2. Kak 3aBHCAT peakTHBHBIE IIPOBOJAHMOCTH KaTVIIKH HHAVKTHBHOCTH H
KOH[eHCAaTOpa OT YaCTOTHI?

3 Kak omnpeaemTts aKTHBHVIO IIPOBOJHMOCTh KAaTYIIKH HHIYKTHBHOCTH IJIH
KOHJ[eHCaTOopa, IOJIB3YSCh ITOKa3aHHSIMH BaTTMETPa, aMIIepMeTpa H BOIILTMETpa?

4. Kak ompefermmTs IOIMHYIO IIPOBOMHMOCTE VYacTKa 3JIEKTPHYECKOH IIEITH IIO
TTOKA3aHHSIM AIIeKTPOH3MEPHT EIBHBIX ITPHOOPOB?

5. Kak oTimyarorcs 1mo (pasze IMpHIIOKEHHOE HaIIpsKeHHe H TOK, ITPOTeKaFOIHH IT0
KaTYIIKE HHAYKTHBHOCTH? Yepes3 KOHIeHCaTop?

0. [ToueMy H KakKk H3MeHHTCS TOK Yepe3 KOHJeHcaTop (4Yepe3 KaTyIIKYy
HHIYKTHBHOCTH) IIPH YBEIIMYEHHH YacTOTHI IIPHIOKEeHHOI O HAIIPSDKEHHT?

7. B KakoH 3IIEKTPHYECKOH I[EIIM MOXKET BO3HHKHVTH PEXHM pPe30HAaHCa TOKOB?

KakoBo YCIIOBHE €I'0 BOSHHKHOBeHHT!? llosicHHTE (bIIBII‘IEGI{}’TO CYIIHOCTE PCKHM4A PC30Hd4HCA

TOKOB.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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Javopamopran paboma Ned. Hceneoosanue mpexghasnoil cucnmemsl NPU COeOUHEHUN

nompedumeJieil 36e300u

Ienv padbomsr: O3HAKOMHTHCS OITBITHBEIM ITYTEM C OCOOEHHOCTSIMH COEIMHEHNS 3BE3I0H
IIPHEMHHKOB 3JIEKTPHYECKOH SHEPIrHH B I[eNH TpexXdasHoro Toka. McclemoBaTh pPeKHMBI
PaBHOMEPHOH H HEpaBHOMEPHOH Harpy3oK, a Takke padOTy CHCTeMEBI ITPH OOPpEIBE OMHOI H3 (a3.
[ JommydnTs IMpakTHYeCKI e HaBBIKH pacyeTa H HCITBITaHHS TpeX(asHbIX IIeIeH, a TaKKe ITIOCTPOESHH A

BEKTOPHBIX AHAI' PANM.

OCHO6bL MeopUlL:

Tpexghasnoii cucmemoii SNEKTPHYECKHX IETIeH Ha3bIBaeTCSI CHCTEMA, COCTOSINAS H3 TPeX
OJHO(]a3HBIX 3IEKTPHYECKHX IeNei, B KaXKI0oH H3 KOTOPBIX JACHCTBYIOT CHHYCOHJIAIIBHBIE 3.]1.C.
OJHHAKOBOH 4YacTOTHI, HO CIBHHYTBIE JAPYI OTHOCHTEIIBHO JApyra Ha 1/3 mepuoma (120°) u
co3/laBaeMble OOMIHM (Tpex(a3HbIM) HCTOYHHKOM 3JIEKT PHYECKOH SHEPIHH.

OTJeNbHBIe SIeKTPHYECKHE LEITH, BXOAMIIE B COCTaB Tpex(asHOH CHCTEeMbI, Ha3bIBAIOT
gazamu. Eciin 5.1.c. KaXI0H H3 (pa3 paBHEBI 110 BEeJIMYHHE, a IIOJIHBIE COIMPOTHRIIEHHS HArpy30K
BCeX Tpex (pa3 Mo BeIHYHHE H XapaKTepy Harpy3kH (IO BeJIHYHHE H 3HAKy (pa3oBOro CABHTA)
OJMHAKOBEI, TO TAaKOH PEXIMM HAa3bIBAIOT cummempiyHvim. HEBBITIOMHEHHE JaHHBIX VYCIIOBHI
SIBIIIETCS TIPHYMHOMN Hecummempuynozo pexnMa. Harpyska TpexdasHbBIX I[eTnell peako ObIBaeT
CHMMETPHYHOH, KaK ITPaBHIIO, OHA B TOH WJIM HHOH CTEIEHH HECHMMETPHYHA H3-3a HaJIMYH
OJHO(a3HBIX ITOTPeOHTeIIEH.

TpexdasHbele TeHepaTOPHl CO3JAalOT CHMMETPHYHYIO CHCTEMY 53.J.C., IIO3TOMY
HECHMMETPHYHBIH PeXHM BO3HHKAET H3-3a HECHMMETPHYHOH Harpy3kH ¢a3. EcIH KOHIBI
0OMOTOK (pa3 CHHXPOHHOIO I'€HepaTopa HIIH TpaHcpopMaTOpa COeIHHHTh BMeCTe 3BE3JI0H, a K
HavyajlaM IIPHCOEIHHUTH IIPOBOAA, HIAVIIHE K IIPHEMHHKAM 3JIeKTPHYECKOH SHEPrHH, KOTOPBIE
TOKe COETUHHTDH 3BE3JI0H, TO MOIYYHM Tpex(dazHyio cucreMy (pHc. 1). [IpoBoj, coeIHHSFOITHIT
HYIIEBBIE TOYKH HCTOYHHKA H ITOTPeOHTENS HA3BIBAETCSA HYIIEBBIM. TaKVyIO CHCTEMY Ha3BIBAIOT
yemuvipexnpoeoonoii. B IeMnsaxX Tpex(a3sHOoro ToKa He3aBHCHMO OT CIToco0a COeIHHEHHS 0OMOTOK
reHeparopa H NOTPeOHTeNNeH pa3HMYyaloT HaIpsKeHHS — JIHHeHble Uy 1 (aszHele Ug, a TaKXKe
TOKH — IIHHelHble [y U (pa3Hble [s. HanpsokeHHe MeXIy ITHHEHHBIM H HYJIIEBBIM ITPOBOJOM
Ha3bIBACTCS pasHbiM, a MEKIY THHEHHBIMH ITPOBOJAMH — JuHeliHvim. TOKH, IPOTEKAroIHe B
JTHHEHHBIX ITPOBOJAAX, HA3bIBAIOT JiLiH eliH blmil,  IIPOTEKAIOIIHe B (pazaxX HarPY3KH WIH HCTOYHHKA

AOKYMEHT-TIOANMGAH » TOKH DaBHBI (a3HBIM., T.e. JTHHEHHBII TOK
SNEKTPOHHOW NOAMNUCHLIO | P b , L1.L.

Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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Prcynok 4.1 — Cxema Tpex}a3HOH YeTHIPeXITPOBOIHOMH I[eITH IIPH COeJHHEHHH 3Be3/I0H
[Tpn HEpaBHOMEPHOH Harpyske (pa3 B cXeMe ¢ HyJIEBEIM ITPOBOAOM (pHC. 4.1), B HyJIEBOM

ITPOBOAC ITOABJIACTCA TOK, BEIIM'YIIHA KOTOPOI'O OIIPEACIIACTCA ITO IICPBOMY 3dKOHY KIIPXI‘G(l)&Z

PucyHok 4.2 — BekTopHas quarpaMMa HaIrpsDKeHHH IIPH COeHHEHHH 3Be3I0H

[ ] [ ] [ ] [ ]
To=1a+1s+1c
HEUIHLIHE TOKA B H}GIEEGM ]'[pl:}ElD,I[E: BBI3BIBACT HC3HAYHTCIIEHOC TIaJACHIHE HEalH}I{E:HIIH B

HEM, KOTOPBIM MOKHO HpEHEﬁpE‘IL H CHHMTAaTb, HUTO MCKIY H}*’HEEGﬁ TOYKOH HMCTOYHHKA H

ITPHCMHHIKA Pa3HOCTE ITIOTCHITHAJIOB OTCYTCTBYCT.

Ha puc. 4.2 nmokazaHo rpaHyecKoe oInpeelneHHe JTHHEHHBIX HAPSKEHHH ¢ ITOMOIIBIO

EEI{TDPHDﬁ AHaI'PAMMBI. OTIIOKHM IJIST ITPOH3BOIIBHOI'O MOMEHTA BPEMCHH KOMIIJICKCEI QJHBHBD{

[OKYMEHT MOAMNNCAH
SNEKTPOHHOM NOAMUCHIO
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Uiap=Ur—Urp ,
Upec=Up—U~c¢ ,
Uca =Uc—Una ,

L 2 .
TI7IsT TTIOTyYeHH S THHEHHBIX HanpsokeHHiT CIIokKHM reoMeTpHYecKH BeKTOPE U o, U H

L ] L L i
Uc c Bektopanu —Usg, —Uc, —U 4, xotophie paBHEI cooTBeTcTBeHHO Ur,Uc,U 4, HO

ITPOTHBOITOIOKHO HaITPaBJIEHBI.

BekTopHas auHarpaMma JIIHHEHHBIX HaNPsSKEHHH TakKKe MOJKET OBIThH IIOJIy4YeHa H3
BEKTOPHOH JHarpaMmbl (pa3sHBIX HamnpsokeHHH (pHc. 3). Taxum oOpa3oM, 3Be3la ITHHEHHBIX
HaITpSDKEHMI oIlepekaeT 3Be3Ay (asHeIX Ha 30°. HalimeM cooTHOINeHHe MeXAy (pazsHBIMH H

JTHHEHHBIMH HaIIPAKRCHITAMIL, YHHTBIBAA, HTO BCC HAIIPAXKCHHA CHMMCTPHYHDBIL.
. ] . .
Ur=Up=Uc=Ug

Upg=Upc=Ucsa =Ur.

d i

C b

PucyHoK 4.3 — BekTopHas quarpaMma HarpsoKeHHH ITPH COEeJHHEHNH 3BE3I0H

M3 npsmoyronsHoro TpeyronbHuka OA /] nMeeM:

Un = U =U, -cos30° =

2 2
J3

:Ifz -Efﬂ30G:U@

.

NOKYMEHT NMNOoAanncAH 2
SNEKTPOHHOM NOAMUCHIO
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(DasHbBIE TOKH ITPHEMHHKOB OITPEACIIIIOTCA TAK KC, KaK H B G,I[HG(I)EIBI{BIK ITETIAXC

. U U a

IB:—: .
<p JrBjJr.x:;

: Uc Uc

Jo=—S = E—

- I
s IS+ Xp
YTIIBl cIBHTa MeKIY HaAIIpSDKeHHSMH H TOKaMH (pa3 MOKHO OIPEIEIINTh H3 (pOPMYI:

FA rﬂ rc‘
cosQ, = —, COS P = —, COS @ =

<A i <c

Ecimn nmpueMHHKH 0071a1af0T YHCTO aKTHBHBIMH COITPOTHBIIEHHSMH, TO ZA= Ta, ZB = IB, ZC
= I'c, @ YITIBI CABHIA MKy TOKaMH H HalpsoKeHHSIMH BO BeceX TpeX (pazax OyAyT HylleBbIMH. Ha

pHc. 4 TIIpejicTaBleHa Tomorpaduyeckas JHarpaMMa HaIpsDKeHHH H TOKOB IIPH aKTHBHOM

HEeCHMMETPHYHOH Harpy3Ke.

e
Uzc

PucyHok 4.4 — BekTopHas guarpaMMa HaITpsKEHHH H TOKOB YETBIPEXITPOBOAHOM LIETTH

ITIPH aKTHBHOH HeCHMMETPHYHOH Harpys3ke (a3

Tox Hyneoro npoeoxa I p= Ix+ Ip+ Ic
CeyeHHe HYIIEBOTO IIPOBOJA 3aBHCHT OT CTEIIEHH HECHMMETPHH HArpy3KH (a3, HO OOBIUHO

€I 0 IIPHHUMAIOT PABHEIM 50 % OT CeYeHHS IIMHENHOI O ITPOBO/IA.

[IOKYMEHT MOAMNUCAH
ANEKTPOHHOW NOAMACHIO pOBOZa) HaNpsDKeHHd Ha (pazaX ITPHEMHHKOB

Ceptuchnkar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu; i LileG3yxosa Tambstia AneKcaHapoBHa HBEIM HaIpSOKEHHSM HCTOYHHKA JaXke IIpH
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HEPaBHOMEPHOH Harpys3Ke, eCIH ITpeHeOpeys COIPOTHRIEHHEM IIPOBOMOB JIMHHH H HYIIEBOI'O
npoBoa. [IpexenbHEIM clTydaeM HEpaBHOMEPHOH HArpy3KH (a3 B YeTBIPEXIIPOBOJHON CHCTEME
TpexX(]a3zHOro ITPHEMHHKA, BKIIIOYEHHOIO 3BE3J0H, MOKHO CUHTaTh OOpPBIB OJHOH H3 (pas.
Hammpumep, ecmn ¢asza 4 Oyzmer oOopBaHa, TO He OyJeT HaNpsyKeHHS H TOKa Yy ITOTpeOHTeNsd,
BKIIFOUEHHOIO B 5Ty (pazy, a B OCTABIIHXCS ITOJ] HalpspKeHHeM (pa3ax pekHM palboThl He
13MeHHTCA. UTo KacaeTcs HYIeBOro IIPOBOJA, TO ECIIH [0 OOpEIBa OLHOI H3 (a3 TOK ObUI paBeH /
o= Ir+ Ip+ Ic (puc. 4.4), To Telepb OH H3MEHHICS H OYAET ONPEIEeNIrbes IO IIEPBOMY 3aKOHY

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

k

PucyHok 4.5 — BekTopHas guarpaMMa TOKOB H HaITpsSKeHHI ITpH 0OpHhIBe (pa3pl A

HPH GﬁpLIEE HJIH OTCYTCTEHH B CXCME HYIICBOI'O ITPOBO/J4d SHCPICTHYCCKIIC COOTHOIIICHHA

B 5TOH LIEITH H3MEHSITCSL

PrcyHok 4.6 — CxeMa TpeXITpOBOJHOH IIEMH TpeX(pa3HOIr o TOKa

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

HAIIPAKCHHC MCKAY HYJIICBBIMH TOUKAMIL HCTOUYHHKA H ITPHCMHHKA PABHO HVYIIIO H KdZVYHO (1)&3}"

AOKYMEHT MNMOAMNMCAH [ KOHTYP.
SNEKTPOHHOW NOANMUCHIO
CEDTHdJHHEITZ 12000002A633E3D 113AD425FB50002000002A6 *TBHH H},’I[EEGI*D HPOEG,[[H (bﬂBHBIE HE]HPH]KEHI[H
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

:OIpoTHBIeHISIM (pa3. Ecian Obl cucTeMa ObLiIa
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Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

YEeTHIPEXIIPOBOJHOM, TO IO HYIEeBOMY IIPOBOAY IIpoTeKaln OBl TOK [p M TakHM oOpa3zoM
ITPaKTHYECKH BHIPaBHHBAIIMCh OBI (pasHbIe HampsokeHHI. Ha puc. 4.7 nzoOpakeHa BeKTOpHas
JHarpaMMa HanpsoKeHHH H TOKOB ITPH HepPaBHOMEPHOH Harpyske BceX TpeX (pa3 M OTCYICTBHH
HYIIEBOT'O IIPOBOA.

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

M Touka O MOI'VT OBITH JIETKO ITOIIYHCHBI METOAOM 3dCCHUCK H3 BEPIIIHMH TIHHEHHBIX HEIHPH}I{EHI]IUI.

PucyHOK 4.7 — BeKTOopHAas JuarpaMma TOKOB H HAIIPSDKEHHH ITPH HEPaBHOMEPHOH

HaI'PY3KE H OTCYTCTBHC HYJICBOI'O ITPOBO/Id

Ecnn omgHa m3 (a3, HarmpuMep, A, o0OpBeTcs HIIH BCe ITOTPEOHTEIH 3TOH (pa3bl OYIyT
BBIKITFOUEHEI, TO ITPH OTCYTCTBHH HYJIEBOI O ITPOBOJIa OCTaBIIHECS IO/ HanpskeHHeM (pa3bl B 1 C
OKaXKyTCs BKIIOYEHHBIMH IIOcHefoBarellbHo. (DasHple TOKH Igp M Ic, IIpoTeKarollie 4Yepes
IIOCIIEOBATEIILHO BKIIOYEHHBIE COIIPOTHBIEHHS ITPHEMHHKA, B STOM clIy4ae OVayT
OJMHAKOBBIMH, a (pasHEBIe HaIIpsKeHHS OYAYT MPONOPIIHOHAIBHBI COIMPOTHBIEHHIM (a3 (pHC.
4.8). IlosToMy Ha BEKTOpPHOH JHarpaMMe Todka O’ IIepeMecTHTCS Ha BEKTOp JIHHEHHOIO
HanpsokeHHI Upc H OYIeT JelINTh ero Ha 4acTH, paBHBIe (pasHBIM HanpsmkeHHsM UB u UC (B

HarneM ciaydyae UB = UC)

. . 1

UGZUH:;{}J:%\/E{}@:U:BT&@

HampspoxeHne ¢gasel A BO3pPACTET:

V3

ﬁ_

!

Ua=Uas-cos30°=+3U4- 15U

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

SANEKTPOHHOW MNOoAarnnchbio HElI[pH}I{EHIlIuI (1)33
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[Ipn KOpOTKOM 3aMBIKaHMH KakoIH-mOo pa3pl, HampuMmep, C, HymneBag Touka O
IIpHOOpeTaeT MOTEeHIHANI THHEHHOTo IMpoBoja BC, a a3l 4 H B OKa3bIBaIOTCS ITOJ, ITHHEHHBIM
HalpsoKeHHeM. BeKTOpHas AuarpaMma JjIs 3TOro ciryyas ITpefacraBjieHa Ha pHc. 4.9. Touka O'

nepeMeniaercsa B TOuky C.

PrucyHok 4.8 — BekTopHas gHarpaMMa TOKOB H HaIlpsDKeHHH ITPH 0OpBIBe (Da3bl B CXEMe

0e3 HyJIeBOr O IIPOBOJA

Hanpsokenns a3z A 1 B cTaHOBSITCS paBHBIMH ITHHEHHBIM (pHC. 4.9):
U,=U,=U,=U,; "/5:'
Up=Upc=U,=Ug, '\/5:'
U-=0.
Toxk KopoTkoro 3aMeIikaHHiI (a3er C  pacrpegensercs Ha ¢azel B m A, T.e.
I.=1,=—(,+1;) . Taxum o6pazom, aBe a3kl IPHEMHHKA OKA3BIBAIOTCS IO THHEHHBIM

HaITPpsDKECHHEM, Ha KOTOPOE OHH HE PACCUHTAHEL, I OHH MOI'VI BBIHTH H3 CTPOs.

A

NOKYMEHT MNOAMUCAH
ANEKTPOHHOWM NOOMUCHIO
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3aMBIKaHHH (asbl C IIpHEMHHKA TPEXITPOBOJHON CHCTEME

B 11erm Tpex¢a3zHoro Toka akTHBHAS MOIITHOCTE PaBHA CyMMe aKTHBHBIX MOIITHOCTEH (pa3:
P=P,+P,+P.=1,-U,-cosp,+15-Ugz-cospz+1.-U,-cos@.

,HJIH H3MEPCHHA MOIITHOCTH B 1IETI»II)EX]’[I)lEI'ElEI',[[I-IlCJ'ﬁ OEIin MOMHO HCITIOIIB30BATh TPH
G,[[Hﬂ(l)ﬂBI{BIX BATTMCTP4, CYMMHPVA HX ITOKA43dHITA, HIIH HCITOJIB30BATh G,[[HG(l)ElBI{BIﬁ BATTMCTP C
IICPCKIIFOYUCHHEM CI'0 ITOOYCPCAHO BO BCC TPH (1)331)1. OTOT MeTOL MOKeT OBITh HCIIOINB30BAH KakK

IIPH CHMMETPHYHOMH, TaK H IIPH HECHMMETPHYHOH Harpy3Ke.

YKkazarnue no mexHuxke 0 e3onacHocmu.
YKazaHH I10 TeEXHHKe 0e30I1aCHOCTH ITPH BBIITOJIHEHHH HﬂﬁﬂpﬂTﬂpHBIK pﬂﬁﬂT IIPHBCICHDBI

B ITPHIIOKEHHE A.

VKazanusa no 6 binoiHeHUI0 J1a0 op amopHoll padomal:

1. O3HAaKOMHTECS C IIpHOOpaMH, HeOOXOMMMBIMH IS BBIOIOMHEHHS PadoThl H
3aIHCaTh HX TEXHHYECKHE JTaHHEIE.

2. Cobpats cxemy (puc. 4.10) amg mcclIeqoBaHHS YeTHIPEXITPOBOJHOH IEITH IIPH
COEIMHEHNH 3BE3OM.

3. [ IpoH3BECTH HCIIBITAHUS ITIPH CIEAYIOIHUX YCIIOBHSX:

a) TIpH PaBHOMEPHOH Harpyske BceX (a3 (Ra=Rp=Rc¢), HCIIONB3ys B KauecTBe Harpy3KH
(pa3 JTaMITOBEIE PEOCTATHI,

6) TIpH HepaBHOMePHOH Harpyske (pa3 JTaMITOBEIMH peocTaTaMH (B OTHOH (paze 4 JTaMIThI,
BO BTOPOIt — 3 U B TpeThel — 2 JIaMIThI);

¢) TipH oOpeIBe (pa3el 4 (B OgHOH (pa3ze Bce JaMIIBl OTKJIFOYEHBI, a B JBYX JAPYIHX —
BKJTFOUEHEI).

4. CoOpaTh cxemy JUId HCCIEJOBAaHHS TPeXITPOBOJAHOH TpexX(aszHOH IIeNH IIpH
COeJIHHEHHH 3Be3I0H (pHc. 4.11).

5. [Ipon3BeCcTH HCIIBITAaHU IIPH CIIEAVIOIIHX PeKIMaX pabOTHI:

@) paBHOMEPHAs HarpysKa BceX (pa3 JTaMIIOBBIMH PEOCTaTaMH,

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

¢) OOpBIB (pa3bl (B OTHOH (paze Bce JIaMITBI OTKIIOYEHBI, 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(hazHOH IEIH IIPH

COETHHEHHH 3Be3J10i

PrcyHok 4.11 — Cxema a1 HeclneJOBaHHS TPeXIIPOBOJHOH Tpex(pazHOH LEIH ITPH

COeIHHEeHHH 3Be30H

IIoxazaHu s rmpHnOopos 3armcaTth B Tadimmiy 4.1.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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Tabmiia 4.1 PesynbTaThl H3MEPEHHH 1 BEIYH CIIEHHIT

PexxmmM paboTH

B eyl [lapametp C HYIIEBEIM

ITPOBOJOM

HsMeperHbIe | a | o

BCIIMYITHBI

bes HyeBoro mpoeoja

d

0

B

I

BEIUHCIIeHHBIE

BCIIM'YITHEI

B elmHYIHHEIL,
HalJeHHEIE
H3 JHarpaMm
COITpOTHBIIEHHE HArPYy3KH (pa3 BEIMHCIIATH ITO (POPMYIIaM:
U, Ug U,
I, = . Ip = —, I = —
! ! I
A B C

MOIIHOCTE LIEIH OIpPeAelIsaTh 0 (POPMYIIaM:
P=1,U,+1;,-U,+1,-Ug,

P,=1,-U,+1;-Ug,

Beuay TOro, 4ro B JaHHOH JI1adOpaTOpHOH padoTe HCIIONB3VETCS H3MEPHTEIbHBIH

KOMIIICKC K5055 BCE H3MCPECHHA H BBIYHCICHHA IIPOBOAATCH aHAJIOIHYHO IIETBIPEXHPGEG,I[HGﬁ

CXEME.

Ilo PE3YIIbTATaM HBMEPEHIHUI ITIOCTPOHTL B MacIurabe BEKTOPHBIC JHAI'PAMMBEBI JJIH BCCX

PacCMOTPEHHBIX clIydyaeB. OIpeJleINTh Ha BEKTOPHBIX JHarpaMmax Ip m Upp H 3aHECTH

Pe3YIbTATEL B TAOIMHIY 4. 1.

AOKYMEHT NoarnncAH
SNEKTPOHHOW NOAMNUCHIO
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Bnapeneu: Le63syxoBa TateaHa AnekcaHapoeHa
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[lemp paboThI,

Kparkme TeOpeTHUYECKHE CBEAEHU,

OrmcaHne HCIIONb3YEMOI0 000OPYAOBAHHUS H MaTEePHAJIOB,
I IopsimoK BEIIOIMHEHHS PabOTHI,

BrruncieHnsa u o6paboTKa pe3yibTaToR,

N S e WD

BBIBOJIEL.

K OHMP OIbHBIE 601P OCHL.

1. Kakoe coefHHEHNE HAa3BIBAETC S COSJHHEHHEM 3BE30H?

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 CTABST IIPEIOXPAHNTEIIb?

5. KakoBEI 0COOEHHOCTH pekKuma padoTsl ITOTPeOHTENEH, COEMHHEHHEIX 3BE3 0, ITPH

HepaBHOMEPHOH HarpysKke (pa3 CHCTEeM C HYJIEBBIM ITPOBOAOM?
0. KaxoBEI 0COOEHHOCTH pekKuMa padoThl ITOTPeOHTENEH, COEAHHEHHEIX 3BE3 0, ITPH
OOpEIBE (pa3bl CHCTEM C HYJIIEBBIM ITPOBOJOM HIH 0e3 Hero?

7. Kak Hm3MepsrOT MOIMHOCTE TPEX(Pa3HOIr0 TOKA B Y€ THIPEXITPOBOTHOM cXeMe?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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Jabopamoprasn paboma Ne3. Tpexghazrnaa uens npu coeOuUHeHUU nompedumeiei no

cxeMme mpeyeojibHUK

Ilens pabomsr: ccegoBaTh 0cOOeHHOCTH pabOTHI Tpexda3HOH e IIPH COeHHEHHH
CHMMETPHYHOTO H HEeCHMMETPHYHOI'O IIOTPEOHTENEH TPEYTOIBHHKOM, YCBOHTH ITOCTPOEHHE

BEKTOPHBIX JHAI PAMM ITO PE3VIIbTaTaM SKCIICPHMCEHTA.

OcHO6bL MmeopuuL:

[ToTpeOurenn 3MMeKTpHYeCKOH 3HEPIHH ITPH ITHTAaHHH OT Tpex(a3HOoro HCTOYHHKA, KaK H
HCTOYHHKH 3IeKTPHYECKOH SHEPIHH, MOT'YT OBITh COEHHEHBI B TPEYIOJIBHHK (pHC. 5.1). Cnexgyer
IIOMHHTB, YTO CXeMa BKIIIOUeHHS 0OMOTOK TpeX(a3HOIr 0 reHepaTopa He MPpedoIIpeJelseT cXeMy
COeQHHEHHS Harpy3KH. Tak, IIpH COeJHHEeHHH (ha3 reHeparopa B 3Be3AY Harpyska MOXKeT OBITh

COCIOHHCHA B 3BC3AY C HeﬁTpElJ]LI{BIM ITPOBOAOM, B 3BC3OY 0e3 HEﬁTpElJILHGI‘G IIPOBOA4 IUIL B

TPEYTOIbHHUK.
La L I Lap
AO l >
Ho n L IHF.!r £ne .
[
o c L lca, Zea
NO

PrcyHok 5.1 — Cxema coefHHeHH S (pa3 B «TPEYTOIbHHKY
[Ipn coeanHeHHH B TPEYTrOIbHHK CHMMETPHYHOH TpeX(dasHOH Harpys3KH ITHHEHHEBIE

HaIlPSKeHHS OKa3bIBAKOTCSI PpaBHBIMH (pa3HbIM HanpsuKeHUsIM Ug = U,, a THHEHbIE TOKH B

\/3 pa3 GommbIne, YeM TOKH B (a3ax IOTpeOHT eIl

I, :\/E'chﬁ

[Ipn sTOoM Bee (pa3sHBIE TOKH PaBHBI 110 BEIMYHHE H OTIIHYAKOTCS APYT OT Apyra Io ¢a3e Ha
120°. To e camoe OTHOCHTCS H K ITHHEHHBIM TOKaM (pHc. 5.2).

[Ipp HecHMMETPHYHOH Harpy3Ke CBSI3b MEXKIY JIHHEHHBIMH H (a3HBIMH TOKaMH
BBRIPa’KaeTcs YpaBHEHHSMH, 3allHCAHHRIMH Ha OCHOBAaHHMH IIEpBOrO 3aKOoHa Kupxroda B

KOMIUIEKCHOH HIIH BEKTOPHOH (P opMe:

3 v

=dpe =1, 1o =10 — 1y

JOKYMEHT NoArinCAH
SNEKTPOHHOW NOANUCHIO
CEDTHdJHHEITZ 12000002A633E3D113AD425FB50002000002A6 [EEDﬁ HPDEGH DTG};'I‘CTE}{ET: HO BCe qJHBHBIE
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

[HTAHbI HAa HOMHHAJIbHOE JIHHEHHOE HAaITPAKCHHC
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Ica

PrcyHOK 5.2 — BekTopHasa AHarpamMma Tpex@a3sHoro HalpsoKeHHS

VYKazanue no mexHuke 0 e3onacHocmu.

YKa3aHH A 110 TeEXHHKE 0€30ITaCHOCTH ITPH BEITIOTHEHHH I1a00paTOPHBIX PadoT ITPHBEIEHEL
B ITPHIIOKEHHE A.

VYKazanua no 6 bInoiHEeHUI0 J1a0 op amopHoOU padomal:

1. O3HAaKOMHTBCSI ¢  J1aDOpaTOpPHOH  YCTAaHOBKOH  (MOAYIh  TpeX(azHOro
TpaHc(opMaTopa, MOAYIb PE3HCTOPOB, MOAYIb aMIIEPMETPOB IIEPEMEHHOIO TOKa, MOJYIIb
BOJIILTMETPOB).

2. BkmounTh MOAYIh IIHTAHHS MOIYIL TpexdaszHoro TpaHCchopMaropa
(BeIKITFOYaTENTh QF1).

3. M3MepHTEL CTPEIOYHBEIM BOIETMETPOM Ha MOAYIE TpeX(a3HOro TpaHchopMaTopa

JIHHEHHbIe HAaITpSDKEHHS HCTOYHHKA ITHTAaHHSI Ha XOIOCTOM XOAY (IIpH pa3OMKHYTOH IIEITH).

PesynbTaThl H3MepPEeHHH 3aHeCcTH B Talm. S5.1.

Tabmiia 5.1
Usr, B Uzrc, B Uca, B
4. B coorBeTrcTBHH ¢ pHC. 3. coOpark CXEMY COEIHHEHHH IIOTpeOHTENEH B

TpeyroJabHHUK. [IpeqbsIBHTE CXeMY AIIS ITPOBEPKH.
5. YcTaHOBHTH B (pazax ITOTPeOHTEINS IO YKa3aHHIO IPEeIoJaBaTels OJHHAKOBBIE
3HAYeHHSI COIIPOTHBJIEHHH PE3HCTOPOB (CHMMETPHYHYKO Harpysky). Hsmepurs ¢aszHble H

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

0. Pa3zoMKHYTh MooYepeJHO JIMHEHHBIH IPoBOJ (ha3bl «A» H (pa3el «B» H mmpoBecTH

AOKYMEHT MNOANMUCAH raThl 3aHeCcTH B TaOIL. 2.
3ANEKTPOHHOM MOANMUCHIO
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L

PHCYHOK 5.3 — CXeMa COeJHHEHHH ITOTPEOHTEIEH «TPEYT OJIBHHKOM))

7. [To ykazaHHIO ITperojiaBarellsd H3MEHHTh Harpy3Ky B (pazaxX IOTpPeOHTeNnd Tak,
yTOOBl B KaXXAOH (pa3ze OBUIM BKIIFOUEHHI paslIMYHBIE 3HAYEHHS COIPOTHBIEHHIH. Pe3ylbTaThl

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 IIOCTPONTH B MacITaOe BEKTOPHEIE JTHAI PAMMEL.
0. CpaBHHTB Pe3yIbTaThl H3AMEPEHHH JIMHEHHBIX H (pa3HBIX TOKOB IIPH COeJHHEHHH B

TPeYroJIbHHK ITPH CHMMETPHYHON H HECHMMETPHYHOH Harpy3Ke.

10. [IpoaHamH3upoBaTh BIHSHHE OOpEIBA JIMHEHHOIO IIPOBOAA Ha PeXHM pPadoThI
ITOTpeOHTETIEH.
11. CpaBHHTL PeXHMBI pabOTEl IIPH BKIOUEHHH IIOTpeOHTelleH B 3BE3AY H

TPEYIOJIbLHHK ITPH CHMMETPHYHOH H HECHMMETPHYHOH Harpy3Ke.

Codepocarue omuema:

OTYeT JOIKeH COJCPAKATD.

1. Haspanme paGorThI;
ANOKYMEHT NMoanncAaH
SNEKTPOHHOWM NOAMUCHIO
Ceptuchmkar: 12000002A633£3D 11 3AD425FBS0002000002A6 q;
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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5. IlopsimOK BEOTOTHEHHS PabOTHI,
0. BrerunucrneHus 1 o0padoTKa pe3yibTaToB,

7. BBIBOJIHL.

Koumponvusie 6onpoceol:

1. Kaxzmv o6pa3oM TPH OJHO(a3HBIX ITOTPeOHTENS COETHHSIIOT B TPEYTOIbHHK?

2. Kyma crmemyer IOAKIOYaTh BOJIBTMETP, YTOOBI H3MEPHTH (pazHOE H JIHHEHHOE
HaITpsDKEHHI TpexX(pa3HOoro nmoTpeOHTens?

3. B KkakoM COOTHOIIEHHH HaxXoAaTcs (asHble H JIMHEHHBIE HAIIPSDKEHHS
CHMMETPHYHOI'O ITOTPEOHTENSL, COEMHHEHHOIO B TPE YT OJIbBHHK?

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 _Ic:qr IB:IBC_IAB-* IC:ICA_"IBC

0. Bceerpga miu ITpH COCTHHCHIH B TPEVYT'OJIbBHHK CITPABCIJIHBO I.q + IB + IC —

7. Kak oTpa3HuTCcs OTKIIFOUEeHHE OJHOH (pa3bl ITOTPeOHTENs Ha PeXKHM paboThl JPYIHX

(a3 B Ha peXKHM paboThI BceH TpeX(pazHOH IIeITH, COeJHHEHHOH B TPeYTr OIbHHK?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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Jlabopamoprasn paboma Ne6. Henvimariue 00HOQPA3H020 mMpaHchopmanmopa

HEJH: pﬂﬁﬂfﬂbl.’ O3HAKOMHTLCA C I{OHCTP}II{I_[IIE]?‘I: METOJaMH HCIIBITAHHA H OIIPCACIICHHA

XapaKTEPHCTHK TPaHC()OpPMaTOPOB.

OcHoé6bl meopuil:

TpaHchopMaTop — 3TO cTaTHYECKHH 3JIeKTPOMAarHHTHBIH aImIapar, IpeJHa3HadeHHBI 1T
IpeoOpa3oBaHusI IIEPEMEHHOIO TOKAa OHOIO HAIIPSDKEHHS B IEKTPHYECKVIO SHEPTHIO
IIEPEMEHHOI0 TOKA APYIOr'O HAIIPSKEHHS IIPH HEH3MEHHOH YacTOTE.

TpaHcpopMaTOPHI IIHPOKO MPHMEHSFOTCS B TEXHHKE, IIPOMBIIIIIEHHOCTH H OBITY, IIO3TOMY
YCTAaHOBIIEHHAS MOIITHOCTh BCeX TpaHC(pOpMaTOPOB B HECKOIBKO pa3 IIPEBBIIIAET MOIIHOCTH
HCTOUYHHKOB 3JIEKTPOSHEPIHH, T.€. JIEKTPOSHEPTHSA HA ITYTH OT HCTOYHHKA 0 ITOTpeOHTeNnd
HECKOIBKO pa3 TpaHchopmupyeTcda (mmpeoOpasyercsa). [lo HaszHaueHHIO TpaHC(OpMaTOPHI
TTOAPA3AEISIOTCS HA CHIIOBBIE, CBAPOYHBIE, H3MEPHTEIILHBIE, IT0 KOHCTPYKIHMH — Ha CTEPKHEBBIE,
OpOHeBBIE;, ITO YHCITY (pa3 — Ha TpeX(azHble H OJHO]a3HbIE.

[Tpocreimmmii omHO(a3HBIH TpaHC(OPMATOP COCTOHT H3 JBYX OCHOBHBIX YacTeH:
MarHHTOIpoBoAa (cepaeuHmka) H  oOmorTok. CepaeuHHMK HaOHpaeTCd H3  JIHCTOB
BIIEKTPOTEXHIYECKOH CTAIH TOMIIMHOM 0,5 MM, ¢ 00eHX CTOPOH ITOKPBITEIX NMEKTPOTEXHHYECKIM
JTAKOM JIJISI YMEHBIIIEHHS ITIOTEPH B CTAIIM HA BUXpPE-BRIE TOKH. KpoMe TOro, 3IeKTPOTEXHHYECKAS
CTallb UIMEET IOBBIIIEHHOE VAEIBHOE COIIPOTHRIIEHHE H MAJIBIE ITOTEPH Ha THCTepesHc. CepaeyHHK
CIIYZKHT JIJIS YCHIIEHHS SIEKTPOMArHHTHOH CBS3H MEKIY OOMOTKaMH.

Ha cepaeurnke pacrionararorca oOMOTKH. OOMOTKA, ITOAKIIIOYaeMasd K IMTAOIIEH CETH,
Ha3bIBACTCS IIEPBHYHOM, a 0OMOTKA, K KOTOPOH ITOJKIFOYAIOTCS IMTOTPEOHTENN IIEPEMEHHOIO TOKA,

Ha3bIBAETCS BTOPHYHOH 0OMOTKOH (pHC. 6.1).
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Ecin k HEpEH‘IHGﬁ GﬁMGTI{E:: HMEIOIIEH UIHCIO BHTKOB Wi IIOJBECTH IICPEMEHHOC

HanpspkeHHe 11=U ,SIn®t, To 110 Hell HauHeT ITPOoTeKaTh TOK 17, KOTOPEIH OyJleT OTCTaBaTh OT U
Ha 90°, H co34acT B CEpPAECUYHHKE IEPEMEHHBIN MArHHUTHBIH ITOTOK, TAaKKe H3MEHSIOIIHICS I10

CHHYCOMAIIBHOMY 3aKOHY ¢, = @,,, -c0os @ t . MarHUTHBI ITOTOK, 3aMBIKAsCh II0 CEPAECYHHUKY,

6}"I[ET HABOOHTE B ]’[EpEH‘IHIDﬁ H ETGpH‘IHDﬁ 0OMOTKaxX 3.4.C.., ITPOITOPIIHOHAIIEHBIC YHCIIAM

BHTKOB:
dD . .
e,=—w,——=-w, oD, smwt=—F, -smwt
dt
B dd, . B .
e, =—Ww, r =—w, @D, smewt=—FE,, smwot
2 2T 2 2

JIENCTBYIOIHE 3HAUEHHE HTHX 3.1.C. OYAYT PaBHBHI:
E=44-w -f-D,,
E, =444 -w,-f Dy,

OTHOIIEHHE 3THX 3.J1.C. Ha3bIBaeTCs KOA(P(HIHEHTOM TPaHCpOpPMAaIHH:

E,_—w U,

K=— ~

E. w, U,

—_ —_ —_

Ecmu U>> Uj, To TpaHcpopMaTOP ITOBHIIIAIOIIL, a ecH U, <U; — To MOHMKaronHii. B
ITacIiopre TpaHC(OpMaTopa VYKa3bIBaeTcs OOBIYHO He Ko3(drmmeHT TpaHc)opMalm, a
OTHOIIIEHHE BBICIIETO HAIIPSKEHHS K HH3IIIEMY.

[Ipn mocTpoeHHH BEKTOPHBIX JHArpaMM HaITpsSDKeHHI H TOKOB TpaHCc(popMaTOpa MOLYT
BO3HHKHYTE 3aTPYAHEHHS ¢ BEIOOPOM MacITada HaITpsKEHHH ITIEPBHYHON H BTOPHYHOH 0OMOTOK,
T.K. U;=kU., a auarpaMmsl JOIKHBI OBITH B OJHOM MacIutade. [103TOMY BMECTO PearIbHOro
TpaHcopMaTopa OOBIYHO pacCMaTpPHBAIOT TaK Ha3bIBAEMBIH IPHBEIECHHBIN TPaHC(OPMATOp, Y
KOTOpOro ojHa OOMOTKa (OOBIMHO BTOPHYHAS) IIPHBEAEeHA K JPYIOH, T.€. €€ IIapaMeTphl
IIepecUYHTaHbl TaKHUM OO0pa3oM, YTOOBI 3TO HE OTPA3WIOCh Ha SHEPreTHYECKHX IIpolleccax B

TpaHcopMmarope. [IpuBeeHHOe HaIpsDKeHHEe M JIPYrHe IIapaMeTphl BTOPHYHOH OOMOTKH

f f r r r
obosHavarorca U, , I, .1, | X, , 2,

3 o - re o

r r f

Ectn U, =xU,=U, u w, =KW, =w,, To Tok [, OIpemnelurcs M3 YCIOBHI

F F
IIOCTOSIHCTBA ToToKoctemnenmi £ -w., = [, w., | oTkyna
a r ..,
NOKYMEHT MOAMNMUCAH , _Lw, 1
SNEKTPOHHOWM NOANUCHLIO ' W R
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r
;
AHAJIOTHYHO, IIPHBEJAESHHOE COIPOTHBIIEHHE F, = K I, OIpelenseTcsa H3 paBEHCTBa

ITOTCPb MOIITHOCTH BO ETGPH‘IHGfI 0OMOTKE J10 ITPHBCACHIA H ITOCJIC ITPHBCACHILA.

r )
I’jrz =/, )jr:r )

OTKY]a

L.2
L2

.
[

b
L2

s
[

r,=KF,

AHaJIOrHYHO,

r f
" i
Xy, =KX, U Z, =K1,

—_

’
Cymma F, + ¥, =¥, HA3BIBACTCA aKTHBHBIM COIIPOTHBIICHHEM KOPOTKOI'O 3aMbIKAaHHS, a

] §
.If1—|—.1fr:. — X, - HWHIAYKTHBHBIM COIIPOTHBIIEHHEM KOPOTKOr0 3aMBIKaHHSI H Z1‘|‘Z3 — <, -

. .
ITOJTHBIM COITPOTHBIIEHHEM KOPOTKOI'O 3aMBIKAHHS.

Pexxrim  paGoThl, IIpH KOTOPOM BTOpHYHas OOMOTKa pa30OMKHYTa, T.e. Harpyska
TpaHc(opMaTopa OTCYICTIBYET, Ha3hbIBaeTCS PEKHMOM XOJOCTOro Xoja. IIpH 3TOM MarHHTHEIMH

ITIOTOK CO3JacTCs HaMarHHYHBAKOINEH CHIOH IIEPBHYHOH OOMOTKH:
Fo=1yw,
r7e Ip — TOK XOIIocTOoro Xoja.
BemuiHa HaMarHHYHBAIOIEH CIIBI Fo SBIISETCS IIOCTOSHHOM M 3aBHCHT OT Pa3sMepoB H
MaTepHalla CepIcUYHHKA.
PexxiM paloThI, IIPH KOTOPOM BO BTOPHYHYIO OOMOTKY BKJIIOUEeHA HArpy3Ka, Ha3bIBACTCS
pabounM peXHMOM HIIM peXHMOM Harpy3kKH. IIpH paboTe B pexnMe HarpyskKH Kaxaas H3

0OMOTOK TpﬂHC(l)GpMﬂTﬂpﬂ CO304C€T CBOIO HAMAI' HHYHBAIOII VIO CIUIY, ITPHYEM HAMAI HHYTHBAIOIIaAa

CHJIa BTOPHYHOH OOMOTKH OyeT HaIllpaBlIieHa HaBCTPedy HaMarHHYHBAIOIIEH CHIIE ITe PBHUHOH

0OMOTKH:

Fo=Fi+ F-

To-wy=1T1w + 12w,

Takmm  o0Opa3oM, MarHMTHBIH IIOTOK, CO3JaBacMbIH  BTOPHYHOH  OOMOTKOM,

pasMarHH4YHBAacT MAarHHUTHBIN ITOTOK, CO3JaHHBIH IIEPBHYHOH OOMOTKOH.

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

HaMaAI'HITYHBAIOITIAA CILUIa HEpEII‘IHGﬁ OOMOTKH YBCIIHUHBACTCA TOJIIBKO Hd TdKVIO BCIIHYIIHY,

YTOOBI I'COMETPHYCCKAA CYMMa I w, H - W, 0CTAaBaJIaCh ITPAKTHICCKH TTIOCT OSIHHOH.

CHE,I[GEHTEHLHD:, ITPH YBCIIHYCHHIT TOKA BO ETDPH‘IHDﬁ OOMOTKE TOK HEpEH‘H—IDﬁ 0OMOTKH

YBCIIHUHBACTCAH TAK, yTOOBI HAMarHHYHBAarOIIasI cHia /o Wy IMOJACPKIBAJIACh TIOCTOSIHHOH.

[Ipn vyBelmM4YeHHMHM Harpy3KH TpaHc(OpMaTOpa HaIIpSKEHHE BTOPHYHOH OOMOTKH
CHIDKaeTcs Ha BelMYHHY AU , KOTOpOoe Yy MaJbIX TPaHC(pPOPMAaTOpPOB MOXKeT OBITh OIPelelIeHO
ITyTeM HCIIBITAHHH ITOJ Harpy3KOH TpaHc(opMaTropa H HellOCPeJICTBEHHBIM H3MepeHHeM AU .
Tpancdopmarop OCONBINON MOIIHOCTH HAaIrPy3UTh H HCIIBITATh I1OJ HAarPy3KOH OYEHB CIIOKHO H
HESKOHOMHYHO, ITO3TOMY UISI HHX AU OIpeJelsroT pacYeTHBIM ITYTEM.

Harpyska TpaHc(opMaTopa MOKeT OBITh YHCTO aKTHBHOH (OCBEIIEHHE ), ITPH KOTOPOH COS
¢> = 1,0, 1 cMemIaHHOH — aKTHBHO-HHAVKTHBHOH (R-L) mim aktHBHO-eMKocTHOH (R-C), mpm
KOTOPBIX cOs (2 < 1,0.

3aBHCHMOCTh HaNpsKeHHSI BTOPHYHOM OOMOTKH OT TOKa HarpyskH, T.e. U-=f ( I ), rmpu
ITIOCTOSIHHOM II0 BEJIMYHHE HAIPSDKEeHHH ITepBHYHOM OOMOTKH Ui H ITOCTOSHHOM 3HAYEHHH

KO3(p(pHITHEHTA MOIIHOCTH COS (P2, Ha3bIBaeTCSI BHEIIHeH XapaKTepHCTHKOH TpaHcdopMaTopa
(puc. 6.2).

HarpsxkeHrie Ha BTOPHYHOH OOMOTKE ITPH XOIOCTOM XOAe, T.e. IIpH [» = 0, HaseIBaeTCA

HOMHHAJIbHBIM HAITPSTKCHIH CM. HPH HAI'PY3KC HAITPAXKEHHE 6}",[[ET H3MCHATBCA Ha BCIIHTYHHY AU

B e TN

0 L I
NOKYMEHT I:ID,HI'IMCAH
INEKTPOHHOW NoAnnChbIO APAKTEPHCTHKA TpﬂHG(prM&TGpa
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Il onpeneneHNUI BeTHYHHBEL AU pacyeTHBIM ITYTeM HeOOXOHMO BBIITOJIHHTE JIBA OIBITA:
OITBIT XOJIOCTOI'O XO[Aa H OITBIT KOPOTKOI' O 3aMBIKAHH 1.

OIIBIT XOJIOCTOI' O XOAa BRITIOIHSETCS U1 OIpede/IeHHS HalIPSKEHH S BTOPHYHOH OOMOTKH
U->g , TOKa XOIOCTOr0 Xo/a Ip M IoTeEPh MOIIHOCTH XOIIOCTOro Xoaa Po. Tak xak ImpH X0I0CTOM
xome ToK I» = 0 , a Tok I} = Ip U cOCTaBIIIET HECKOIBKO ITPOIL[EHTOB OT TOKa ljp, TO IOTEpPH B
OOMOTKE ITPH XOJIOCTOM XOJI€ MaJIBl H MOXHO CUHTATh, YTO ITOTEPH XOIIOCTOr0 X0/Ia — 3TO MOTEPH
B CTAJIH CEPACYHHKA.

OIIBIT KOPOTKOT'O 3aMBIKAHHSL, IIPH KOTOPOM BTOPHYHAsI 00MOTKa 3aMKHYTa HAKOPOTKO (Zx
= ()), BEIIONHAETCS IIPH ITOHIKeHHOM HanpspkeHHH Uixn . [1pH 3TOM HammpspkeHHe ITOBBIIIAETCS
OT HYIIS 10 3HaYeHHUS Uixy, IIPH KOTOPOM TOK 3aMKHYTOH HAKOPOTKO BTOPHYHOH OOMOTKH pPaBeH
HOMHHaIbHOMY I-g. Tak Kak »5TO HampsoKeHHe COCTaBISeT HECKOIBKO IIPOLIEHTOB OT
HOMHHAJILHOI'O, TO H MAarHUTHBIH ITOTOK, ITPOIIOPILIHOHAJIbHEIH HAITPSKEHHIO B CEPJICUYHHKE, OUEHD
MaJI H IIOTEPSMH B CTAlIH MOJHO IIpeHeOpeub H CUHTATh, YTO IIOTEPH IIPH OIBITE KOPOTKOI'O
3aMBIKAHHSI — 3TO IIOTEPH B MeJH 0OMOTOK TpaHC(pOopMaTopa.

3Hasg Ujxe M ITIOTEPH P gy MOKHO OIIPENENHTD Zx, 1K, XK.

o Uiy _
{'K o )
IIH
- Py _
K 0 ;)
1H
Xg = \/Zﬁi —Tg s

/ /
e I'y =h+F H X=X +X, -aKTHBHOE H PeaKTHBHOE COITPOTHRIIEHHSI KOPOTKOIO

3dMbBIKaHIA.

M3MeHeHHe HapsDKeHHS ITpH Harpy3ke AU MOKHO OIPeIelHTh 110 (POPMYIIE:

AU = B-U,, -cosp, + U, sin g, )

rne U , = 1, -y - aKTHBHAS COCTABIISIONIASL HAIIPSIKEHH T KOPOTKOTO 3aMBIKAHHT,

U > = l " Xx - peaKTHBHAS COCTABRIISIONIAS HAIIPSDKEHH ST KOPOTKOTO 3aMBIKAHH ST,
f=—— - xo>ppHIMeHT Harpy3KH TpaHcpopMmaropa, 3HAYEHHSAMH cos@: H Sin @2
2H
3a0aeMCH.
r_.j"."!'.""..‘? .:. .F_-__"."!' 'I“. .T- r T R s I N N N o o I e o T o o e
FOKYMEHT NOATVGAR ITX ff M XapaKTepe Harpy3KH, MOXKHO OITPeIEITHTh
ANEKTPOHHOM NOONMUCHIO |
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BakHol XapaKTepHCTHKOH TpaHchopMaTopa saBisgeTcs ero KITJT:
P _P-IP_ P P
P, P, P. P, +3P

J

KIIJ] MOXXHO OIpeIeIHTh IIYTEM HEITIOCPEACTBEHHOI O H3MEPEH M MOIITHOCTEH P2 H P WIH
PacCUEeTHEIM ITYTEM, 3HAs OJHY M3 €ro MOIMHOCTEH M CYMMY ITOTEPh B HEM. lIepBBIN MeTOJ
TIPHMEHSIFOT ITPH HCITBITAHHH MaJIOMOIIIHEIX TPaHC(OPMAaTOPOB, T.K. B 3TOM CIIy4yae HeT ITpooiIeM
C Harpys3koH TpaHc(opmaTopa peocTaraMH. B MomHbIX TpaHcpopMatopax KIIJI ompemensror

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

P, =U,I, cosg,. Benmunna KII]] 3aBHCHT OT HarpyskH (puc. 3).

P,
KIII nMeeT MakCHMyM IIPH OTHOCHTEILHOH Harpyske ——~ 0,7, xorga ITOCTOSHHBIE
2H
norepH (Po) paBHBI IEpeMeHHBIM IToTepsM (Px).
¢ f
1,0
'——______

) ‘..
‘. P,
0,

'] 1,0 P.

M

PrcyHok 6.3 — 3aBucuMocTh KIIJ] TpaHcopmaTopa OT Harpy3KH

IIpn yeemueHnM HarpyskH Brelme 0,7 Py KIIJ| yMeHBINaeTcs, TaKk Kak IepeMeHHEIE

.
ITOTEPH PAcTyT IIPOMOPLIIOHAIBHO /| , @ MOIIHOCTH — IIPOIIOPIIHOHATIEHO MIEPBOIL CTEMEHH TOKA.

[Ipn ymeHbmeHnH Harpy3kH KIIJ] ymeHbIIaeTcs H3-3a yBEIIHYEeHHS JOIIH ITOCTOSHHEIX ITOTEPh B

0OIIIeH MOIITHOCTH.

Ykazanue no mexHuxe o ezonacHocmu.

OJOKYMEHT l:lO.ﬂnHCP'.H . BBITTOJIIHCHIH HﬂﬁﬂpﬂTﬂpHLIK pﬂﬁﬂT ITPHBEC A CHDBI
QNIEKTPOHHOW NMoAarnncbio
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VKa3aHusa no 6 bIn0JIHEHIO J1AD Op AMOPHOIL paAdombl:

l. BEIMTOMHHTE OIBIT XONOCTOro Xoma. J1msa storo codpark cxeMy (puc. 6.4). Ilpu

OIIPEACIJICHHH IIOTCPh XOJIOCTOI'O XOJ[Jd4 Po xrou K B 1erm ETGPH‘]HDﬁ OOMOTKH HOJIKeH OBITh

3dMKHYT Hd BOIBTMCETP. PES}’TILTE],TBI HBMEPEHI]I”I ITPH HCCKOJIBKHX 3HAUCHIAX U; 3aHecTH B

Tadmuiy 6.1.

=

Ag T
""uL."

)
O p— ™™

JATP
r*
| ]

Xz

Prcynok 6.4 — CxXeMa HCITBITaHHS TpaHC(opMaTopa B pesKHMe

XOJIOCTOI'O X04a

Tabmmna 6.1 — Pe3yneTarsl BEIYHCIIEHHH H H3MEPEHHH

3MepeHHbIE BEIMYHHBI BrIwiciieHHBIE BETTHUNHEI
No U,
Uix Lo Po U> CcOS Qg K=—
OILITA U,
B A Bm B - -
1
2
3

2. BEITTOTHHTE OMBIT KOPOTKOI O 3aMBIKaHHS. 115 3TOro coOpaTh cXeMy (pHC. 5), IIPH 3TOM

B CXEMC BOJIBTMETP V> 3aMEHHTH dMIICPMETPOM A>. HEPEI[ BKIIIOUCHHEM CXEMBI ITOBOPOTHYIO

pykosaTKy JIATPa HYKHO YCTaHOBHTH Ha HOIb. 3aTeM 3aMKHVTh KIIOY K, BKIIFOUHTH CXEMY H

IIAaBHO YVBEIMYHBATh HarpspkeHne JIATPoMm mo 1ex mop, moka aMrepMeTprl A1 1 4> HE CTaHyT

ITOKAa3bIBaTh HOMHHAIBHBIE 3HAUSHH T TOKOB /15 H /o3, IIPH 5TOM HAITPAKCHIC HEPEH‘H—IGﬁ OOMOTKH

Oyaet paBHO U;gm. 3armicarh IoKa3aHHSI IIPHOOPOB B TaOIHIy 6.2.

U

f*

b

'H

JATFP
4g .
o U
-r;'-—"""h
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INEKTPOHHOW NOANUCHIO
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Ilo PE3VIIETATAM OIIBITOB XOJIOCTOI'O XOJd H KOPOTKOI'O 3aMBIKAHIIA OIIPEACIIHTD

Koa(prmmeHT TpaHchopMmaimu x, Uzk, cos @o, cos @k, TIOMHOE, aKTHBHOE H HHIYKTHBHOE

COITIPOTHEIICHHA KOPOTKOI'O 3aMbIKAHHNA I , 'k H XK .

Tabmmna 6.2 — Pe3yieTarsl BEIYHCIIEHHH H H3MEPEHHH

No
M3MepeHHbIE BETHYHHBI BEIYHCIIEHHBIE BETHYHHEI
OITLITA
I,
Uik lik Pk 5] 7 CcOS QK 7K rK XK n
1
B A Bm A - - Om Om Om -
1
2
3
P, P,
COS Py = ; COS QP = ;
U, -1, Uig 11y
. Uik _ Py
Y I y Tk = Ij ’
1K 1K

OrnpeaemiTh KO3 HITHEHT IT0JIE3HOTO JAeHCTBHS TpaHc(popMaropa #:

_Pz_ Py
P, P,+P,+P,

7

3HaueHNs P o OepeTcs U3 MMaclOPTHRIX JaHHBIX TPaHCc(popMaTopa.

3agaBasich 3HadYeHISIMH f = 0,25; 0,5; 0,75; 1,0 onpegemts AU NpH 3HAYEHHSIX COS @2 =

1,008 (R— L) u 0,8 (R— C), pe3ylIbTaThl pacuyeTOB CBeCTH B TaOIHILy 6.3. 3aTeM IIOCTPOHTH

BHECIIHHE XAPAKTCPHCTHKIT IJIA ITPHHATBIX 3HAUEeHHH cos @2, ITPH 3TOM HMCA B BHAY, YTO COS @2

nipH (R — C) Harpy3Ke OTpHIlaTeleH.

Tabmmna 3 — Pe3yibTaThl BEIYMCIEHHH H H3MEPEHH

U =1 U =1 U_ s Vs 10054, +
_ . — - X U -Cm(pj = 5111 (}D‘,r . &U
)3 e 1H K KD 1H K Kl 2 KD 2 + U@. .sin {}92
- B B B B B B
""" AOKYMEHT MOAMUCAH
SNEKTPOHHOW NOANMACHLIO
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
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2. BEBITTOJTHHUTE OIIBIT ITOJ HAar Py3KOH IT0 cXeMe pHC. 0.6. IIpH 3TOM cXeMy COeINHCHHI

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

HElI‘p}BO‘II—[BIﬁ PEOCTAT H BBIINOIHAIOT H3MCPCHHA IIPH TPCX — HETBIPEX 3HAUCHHAX HAI' PVY3KH.

Aq In
~ T
Og— &

X

PrcyHOK 6.6 — CXeMa HCITBITaHH S TPaHc(popMaTOpa IO, Harpy3KoH

B CICAVIOIIEM OIIBITE IIOCIICAOBATCIIBHO C HAI'PY30YHBIM PCOCTATOM IIOJKIIFOYAIOT

KaTVOIKY HHAYKTHBHOCTH H BBIOIOIIHAIOT 3aMCP [- m U.. 3aTeM OIIBIT IIOBTOPSOT IIPH

ITOAKIIFOYCHHH IIOCIICOAOBATCIIbPHO C HAI'PY30OHUHBIM PCOCTATOM Rp emxoctH C. PEB}"J’JI)TE],TLI

HBMEPEHIIﬁ 3dHOCAT B TﬂﬁHI]I[}" 4. llo PE3VIIbTATdAM OTHX OIIBITOB CTPOAT BHCIIIHHE

XdPaKTCPHCTHKII.

Tabmiia 6.4 — JlaHHBIe Q19 ITIOCTPOESHH I BHEIIHHX XapaKTePHCTHK

No
M3MepeHHBIE BETTHYHHEI
OITEITa
AKXTHBHaS HarpysKa R-L HarpysKka R-C Harpyska
1> U- I U- 1> U-
A B A B A B
1
2 _ _ _ _
3 _ _ _ _
Coodepacarue omuema:
OT4YeT JOIKEH COMEPXKATh:
l. Haspanme paGorer;
2 [lems paboTHI,
3 Kparkue TeopeTHYECKHE CBEAEHH,
4. OrmicaHHe HCIIONB3YEMOTI0 O0OPYIOBAHHS H MAaTePHAJIOB,
5 IlopsimOK BEOTOTHEHHS PabOTHI,
F L e N N et .
[IOKYMEHT NOANNCAH 1108,

SNEKTPOHHOW NOAMUCLIO
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Konmponouste 6onpocet:

1. C KaKOH LIEJIbIO BBIIIOIHSIIOT OITBIT XOJIOCTOI O X0oma?

Kak onpenensercsa HanpskeHHe U op?

Yem 00YCIIOBIEHEI ITIOTEPH MOIIHOCTH B PEXKHME XOJIOCTOIO X0ma?

C KaKOH IL[EIBIO H KAaK BEOIOIHSIOT OITBIT KOPOTKOI'O 3aMBIKAHH 517

Kax ormpeensror H3MeHeHHe HOMHHAIBHOI O HampsKeHHST AUw?

OT Yero 3aBHCST ITOTEPH MOIIHOCTH B PEXKHME KOPOTKOI'O 3aMBIKaHH !
[Ipu xaknx yenoBHax K11/l HMeeT MaKkCHMAaJIBHOE 3HAYEHHE?

Kakass Harpy3ka I TpaHc()opMaTopa SBiIsgeTcs 0ojlee IIpeIIOYTHT eJIbHOH?

o X 39S e W

[Touemy cepiiedHHK TpaHc(popMaTopa HaOHPAOT H3 JIHCTOB 3IeKTPOTEXHHYECK O
cTanu?

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

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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Jabopamopran paboma Ne7. Hensimariie mpex@)azHozo AcCUHXPOHHOZ0

HIEKNP odeuzamens c K Op OMKO3AMKHYIBIM Pomopom

HE.E’II’: paﬁﬂmm: OSHaAKOMHTLECAH C ]E{DHCTP}"KL[HE]?'I? METOdaMH ITYCKA H XdPAKTCPHCTHKAMH

dCHHXPOHHOI'O 3JICKTPOABHI aTCIIA

OcHO6bL meopuuL:

ACHHXPOHHBIM JBHIaTelIeM HA3bIBAIOT JBHTATENh IIEPEMEHHOIO TOKA, POTOP KOTOPOro
BpalllaeTcs HE CHHXPOHHO C BpaIlalOIIHMCS MarHHTHEIM ITOJIEM CTaTopa.

CTaTOpOM Ha3bIBAKOT HEMOABHIKHYIO YaCTh MAIIIHHEI, 2 POTOPOM — BPAINAFOIIYIOCS YaCTh.
CTtaTOp COCTOMT H3 CepAcYHHKa, HAOpPaHHOIO H3 JHCTOB SIeKTPOTEXHHYECKOH CTallH,
H30IIMPOBAHHEIX APYT OT APYra 3IEKTPOTEXHHYECKHM JTAKOM A1 YMEHBIIIEHHS BHXPEBBIX TOKOB,
H OOMOTKH, YKIIaJbIBAEMOH B ITa3bl, BRIIITAMIIOBAHHEIE HA BHYTPEHHEH ITOBEPXHOCTH CTATOpA.
[Ipn mogkmodeHHH TpeX(paszHOH OOMOTKH CTarTopa B Tpex(]asHyl CeTh, B CTaTOPe CO3MAeTCH
BpalllaroIeecs MarHUTHOE IT0JIe, YacTOTa BpallleHH s KOTOPOro ITIOCTOSIHHA H pPaBHA:

60,
P

rae 1 — yacToTa HanpsokeHH ruTaromei cetH (f; = 50 ')

ﬂlz

P — YHCIIO ITap ITOJFOCOB JBHTATEIIS.

PoTop Takke COCTOMT H3 cepAeyHHKa H 0OMOTKH, KOTOPBIE HacaKeHbI Ha Bal. CepIeYHHK
pOTOpa HAaOHPaIOT U3 JIFCTOB AIEKTPOTEXHHYECKOH CTalIH, B KOTOPBEIX Ha BHEITHEH IIOBEPXHOCTH
BBIIITAMITOBAHEI ITa3bl. ACHHXPOHHBIE JBHIATEIIH B 3aBHCHMOCTH OT KOHCTPYKIIHH POTOPa MOI'YT
OBITh JBYX THIIOB. B JABHTaTellsIX ¢ (pa3HBIM POTOPOM B ITa3bl POTOPA YKIAALIBAKOT TAKYIO JKe
TpeX(pazHyr 0OMOTKY, KaK H Ha CTaTope.

TpH KOHIIa OOMOTOK COEIHHSIOT B 3BE3/Y, a TPH APYTHX BEIBOAST Ha KOHTAKTHBIE KOJIBIIA.
B JaBurarene ¢ KOpPOTKO3aMKHYTEIM POTOPOM B IIa3kl POTOpa 3alIHBAIOT PacIUIaBIEHHBIH
ATIOMHHHI, TIPH 53TOM BMecTeé C OOMOTKaMH OTIIHBAIOT KOPOTKO3aMBIKAIOIMHE KOJIbI[a, B
pe3ylbTaTe 4ero 0OMOTKa IT0JIy4aeTCs KOPOTKO3aMKHYTOH.

Bpamaroreecss MarHHTHOE II0JIe cTaTopa IlepecekaeT 0OMOTKY POTOpa H HaBOJHT B HHX
5.J.C., a TaK Kak OOMOTKa 3aMKHyTa HAaKOPOTKO, TO B HEH HAYHHAIOT IIPOTeKaTh TOKH, ITPH
B3aHMMOJICHICTBHH KOTOPBIX C MAarHHTHBIM IIOJIEM CO3ZAETCS BPAIaIOINHiIl MOMEHT, H POTOP

HaYHHACT BPAIlaTbCAH. Yacrtora Bpalll€HIA POTOpa 11 B ABHI'ATCIIBHOM PCAEIIME BCCI'JJd MCHBIIIC

NOKYMEHT NoanncAH
ANEKTPOHHOW noanncelo ITHX HA4CTOT, OTHECCHHAA K HdaCTOTC BPalllCHHA
Ceptudpukar: 12000002A633E3D113AD425FB50002000002A6
Bnageney: ' 'llebayxona Tatbana AnekcaHaposHa A=k
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Tak KaK BpaIlaromii MOMEHT IOSBIISETCSI B pe3yIbTaTe B3aHMOJSHCTBHS TOKa poropa I»
C MarHHTHBIM ITOTOKOM (D cTaTopa, TO e€ro BelIHYHHA ITPOITOPIHMOHAIbHA HX ITPOH3BEIEHHIO.
[TockoImBKY B MeXaHHUYECKYIO PaboTy MOJKET ITpeBpaliaThbCcsd TOIBKO aKTHBHAS MOIIHOCTE,

IIPOITOPIHOHAIbHASI aKTHBHOH COCTABILTIOMIEH TOKa, TO
M=C,-I,-®-cosy, ,
TJIE Y2 — VIO CIBHTA (pa3 MeKAY 3.1.C. H TOKOM POTOpa,

Cy — KO3(P(PHITHEHT, 3aBHCSIII OT KOHCTPYKIHH JBHI ATEIIS.
Taxmm o6pazom [/, - COS ¢, - aKTHBHAS COCTABIISIONAsI TOKa POTOpa.

OCHOBHBIE DKCIUIYaTAllHOHHBIE CBOMCTBA JIBHTATENS OIIPEACIISIOTCA €ro padourmi
XapaKTePUCTHKAMI, T.€. 3aBHCHMOCTSMH P1, cos, n, 1, 11 OT IOIe3HOH MOIITHOCTH JIBUIaTeNd P> .
[TogBoamMast K aCHHXPOHHOMY JIBUTATEIFO MOIIHOCTh PaBHA:

P,=3-U,-I,-cosg ,

re: cosQ — KO3(P(HI[HEHT MOIITHOCTH JBHIATEIIs,

N — YacTOTa BpaIleHHs poTopa,

[1 — TOK cTaTopa.

Paboune xapakKTepHCTHKH aCHHXPOHHOI'O JIBHTaTEI IIPEACTABIIEHEI Ha pHC. /.1.

Paboune XapakTepHCTHKH MOI'YT OBITh IIOINYYEHBI JIHOO PaCUETHBIM IIyTeM, IJHOO
OITPENIETIEHBI OIBITHEIM ITYTEM ITPH HCIIBITAHHH JIBUTATEIISI IIOJ HArpyskoi. Harpyska Ha Bany
H3MEHSETCS B IpejiellaX OT HYIS B pekHMe xXojoctoro xogza (P> = 0) 10 HOMHHAIILHOH HIIH
Oomprner. IIpH BTOM H3MeEpPSIOT IIOTPeOIsSIeMBIH TOK [;, YacTOTY BpallleHHsS poTopa 1,
ITOTPeOIIEMYIO MOIITHOCTE P1, KO3 (HITHEHT MOIIHOCTH COs(®. BeIHYIHY I10JIe3HOH MOIIHOCTH
P> BRIUHCILIIOT Yepe3 BEIHYHHY BPAIAFOINETO MOMEHTA, €CIIM B KAUECTBE HAIPY3KH JBHIATEILS
HCIIONB3YETCS BIEKTPOMarHHTHEIH TOPMO3, HIIH Yepe3 MOIIMHOCTh I'eHepaTopa, eCIH B KaUeCTBE
HarpysKH JBHUT ATelIS HCIIOIB3YETCS I'eHePaTop MOCTOSHHOIO TOKA.

[Ipn srOM IMOIE€3HAsS MOIIHOCTH TIeHepaTopa OIpPEedesIeTcsl H3MepeHHEM TOKa H

HaIpsDKeHHS FreHepaTopa:
[TomBomIMast OT ABHTATENA ITOJIE3HAS MOIIHOCTD P- g paBHAETCSA ITOABOIHMOI MOIIHOCTH

reHeparopa Pir
[NOKYMEHT NOAMNUCAH

SNEKTPOHHOWM NOANUCHLIO P _ PF
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[Tpn Harpy3ke Ha 3IeKTPOMArHHTHEIA TOPMO3 H3MePSeTCS ITOJIe3HBI MOMeHT M Ha Bamy

ABHI'ATCIIA H YdCTOTa BpPalllCHILA 11, 11O KOTOPBIM OIIPCACIIACTCA ITOIIC3HAA MOIIMHOCTE ABHIATCIIA

Pji
M -n
9550
n B I . .
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s

PucyHok 7.1 — Paboune XapaKTepHCTHKH aCHHXPOHHOIO JBHIATENIA
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PucyHok 7.2 — 3aHcuMocTh KIIJ[ reHeparopa oT MOIIHOCTH Pr

YKazanue no mexHuxe 0 e30nacHocmu.

YKa3aHH I10 TeEXHHKe 0e30IIaCHOCTH ITPH BBIITOJIHEHHH HﬂﬁﬂpﬂTﬂpHBIX paﬁm‘ IIPHECCHBI
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VKa3aHusa no 6 bIn0JIHEHIO J1AD Op AMOPHOIL paAdombl:
Yacme 1. Cuamue u onpedenerue xapakmepucmuk xouaocmozo xooa Iy=f(U), Py=f(U),

coso=f(U) mpexhazrozo acuHxXpoHHOZ0 06UzaAMeL C KOP OMKO3AMKHYMLIM POHLOp OM

1. YOeaurech, YTO VCTPOHCTBA, HCIIOIB3YEMEBIE B SKCIIEPHMEHTE, OTKIIFOUEHBI OT CETH
3JIEKTPOITHT AHHS.
2. CobepHTe SBIEKTPHUYECKVIO CXEMY COSAHHEHHH TEIUIOBOH 3aIl[HThl MAIIHHBI

IICPCMCHHOI'O TOKA.

3. CoeIHHHUTEe THe3[da 3all[HTHOI'O 3a3eMIIeHHS " YCTPOHCTB, HCIIOJIb3YEMBIX B
SKcIepHMeHTe, ¢ THe37oM "PE" TpexdasHoro Hecrounnka miTanusg Gl.

4. COoeIHHHTE aIlllapaTypy B COOTBETCTBHH C 3NEKTPHYSCKOH CXEMOH COEIITHEHIH .

5. Ilepexmroyarenn pexuMa padoThl BBRIKIIOYATeNIeH A0 M A8 YCTaHOBHTIE B
ronoxenue "PYUH.".

0. B tpexdasHpIX TpaHcpopMaTOPHBIX Ipymiax A2 H A7 yCTaHOBHTE HOMHHAIbHBIE

BTOPHYHbBIE HAIIpsDKeHNH S TpaHcpopMaTopoB 127 B 127 B.

7. Bxmrounte BrIKIroUaTenn « CETh» OII0KOB, 3aJe HCTBOBAHHEBIX B SKCIIEPHMEHTE.
8. AKTHBH3HPYHTE MYJILTHMETPEI O10Ka P, 3a1eHCTBOBAHHEBIE B DKCIIEPHMEHTE.
9. Bxmounte HetouHHK Gl. O HamHYMH HalpsDKeHHH (a3 Ha ero BRIXOJIE JTOJIKHBI

CHUTHAIIH3HPOBATE CBETSIIHECS JTAMITOUKH.
10. IIycture aurarens M1 Haxatnem KHOIIKH « BKJI.» BEIKIFOUaTe s A6.
11. MeHss TonokKeHHe PEryIIHPOBOYHEIX PYKOSTOK TpeX(pa3HbIX TPaHCc(pOpMaTOPHBIX
rpyin A2 u A7, BappHpVHTE IMMOABOAHMMOEe K ABHrareiro M1 muHerHoe HampsokeHHe U B
nranazoHe 100...250 B u 3aHOCHTe IToKazaHHI BonbTMeTpa P1.1 (Hampsokenme U), ammepMeTpa
P1.2 (¢a3nsrii Tok Io gBrurarens M), a Takke BaTTMeTpa H BapMeTpa H3MepHTells P2 (akTHBHas

Po1 1 peakTuBHas Qo1 MOITHOCTH, TTOTpeOsieMble OAHON (pa3oi ABHrareirst M 1) B Tabmmiry 4.2.1.

Tabmira 7.1

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

12. OTKIIOUHTE HCTOUYHHK (] .
NOKYMEHT NoanncAH

SNEKTPOHHOWM NOAMWUCHIO >» OIIOKOB, 3aJIEHCTBOBAHHEIX B 3KCIIEPHMEHTE.
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14. Hcromp3ya gaHHeIe TaOIMHIIEL 4.2.1, BEIUMCIHTE COOTBETCTBVIOIIIHE HAITPSDKEHHIO

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

¢ opMyIIaM:
Po=3Pyj,
Q0=3Qo1
H 3aHECHTE X B Ta0mHIry 7.2.
Tabmra 7.2
U, B
Po, Bm
Qo, Bm
15. Hcromp3ya paHHeIie TaOIMHIEL 4.2.2, BEIUMCIIHTE COOTBETCTBVIOIIHE HAITPSDKEHHIO

U 3HaueHH KO3(P(HITHEHTA MOIITHOCTH IT0 (hOpMYJIe

H 3aHECHTE IIOJIYIeHHEIe Pe3yIbTaThl B TaOIMHIy 7.3.

Tabmira 7.3
U B
cos @
16. [Ipu HeoOXOAMMOCTH OONIBINEH BapHAaTHBHOCTH 3HAYeHHH HanpsoxeHus U,

ITIOBTOPHUTE 3KCIIEPHMEHT ITPH 3aKOPOUYESHHOM JIMHEHHOM peakTope Al4.
17. Hcronme3ysa gaHHble Tabmii 7.2 M 7.3 TIOCTPOHTE HCKOMBIE XapaKTEPHCTHKH
xonoctoro xoxa lo=f(U), Po=f(U), cos@o=f(U) TpexdaszHOro acHHXPOHHOIO JBHIaTelIsd C

KOPOTKO3aMKHYTHIM POTOPOM.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
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Hacme 2. Ilyck 6 Xx00 mpexpazHozo  AcCUHXPOHHOZ0  dsuzamena ¢
KOPOMKO3AMKHYMBIM/ (DA3HBIM DOMOPOM C pecucmpauiei u omoopaxceHuem peHcuUMHbIX
napamemp 06 Ha KOMRsomep

1. YOeaurech, YTO VCTPOHCTBA, HCIIOIB3YEMEBIE B SKCIIEPHMEHTE, OTKIIFOUEHBI OT CETH
3JIEKTPOITHT AHHS.

2. CobepHTe SBIEKTPHUYECKVIO CXEMY COEIMHEHHMI TEeIZIOBOH 3all[HThl MAIIHMHEI

IICPCMCHHOI'O TOKA.

3. CoeIHHHUTEe THe3[da 3all[HTHOI'O 3a3eMIIeHHS " YCTPOHCTB, HCIIOJIb3YEMBIX B
SKcIepHMeHTe, ¢ THe37oM "PE" TpexdasHoro Hecrounnka miTanusg Gl.

4. CoeIUMHHUTE aImrapaTypy B COOTBETCTBHH C 3IEKTPHYSCKOH CXEMOH COEIMHEHHI
(KOpPOTKO3aMKHYTEIM poTOpoM) / ((pazHBIM pOTOpPOM).

5. IlepekmoyaTenu pexuma padoTel HCTOYHHKA (G2 M BRIKIrouarenen A0, A8
YCTAHOBHTE B ITOJIOKeHHe «PYUH.».

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

7. YcTaHOBHTE B KaKIOH (paze peocrata A9 compoTHBIEHHE, HaITpHMep, 18 OmM (T1pu
ITyCKe ABHTATENI C (Da3HBIM POTOPOM).

8. B TpexdasHoi TpaHc(hopMaTOpHOH Ipyrmie A2 IepeKmodaTelleM YCTaHOBHTE
’KeJlaeMOe HOMHHAIIbHOe BTOPHYHOE HaIlpsDKeHHe TpaHc(popMaTopa, HarmpHMep, 133 B.

9. [IpuBemguTe B pabouyee COCTOSHHE IIEPCOHAIIBHBIN KOMIIBIOTEP AS H 3aIlyCTHTE
ITPHKIIAJHYIO ITporpaMMy « PErHCTpaTop peKHMHBIX ITapaMETPOB MAIIHHEI IIEPEMEHHOIO TOKA.

10. Bxmrounte BrIKIrouaTenn « CETh» OII0KOB, 3aJe HCTBOBAHHBIX B 3KCIIEPHMEHTE.

11. Bxmounte HetoyHHK G1. O HamHYHH HalpsKeHHI (a3 Ha ero BEIXOJIE JOIKHBI
CHTHAJIM3HPOBATh CBETSIIHECS JIAMITOYKH.

12. BpameHneM PpyKOATKH Ha IIEpefHEH ITAHEIM MCTOYHHMKAa (G2 VYCTaHOBHTE
HanmpsckeHue, HartpuMep, 100 B Ha ero perymipyeMoM BeIXoae «AKOPb».

13. Haxxnviire Ha BUPTYAIBHYIO KHOIIKY «3aIlYCTHTh» Ha SKpaHe KOMITBIOTEPA.

14. Haxxvonre mmocnemoBarelbHO KHOIIKH «BKJL» HeTouHMKa (G2, BRIKITrOUATelnd A0 H
CITYCTS, HaIIpHMep, 2 ¢ BRIKIroUaTensd A8 H 3aTeM He I03[Hee, 4eM 4depe3 10 ¢, ocTaHOBHTE
CKAaHHPOBAHHE JTAHHBIX PErHCTPATOPOM HaKaTHEM Ha BHPTYAJIbHYIO KHOIIKY «OCTaHOBHTHY». B

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

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

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANUCHIO

Ceptucpukar: 12000002A633E3D113AD425FB50002000002A6 |
Bnapeneu: Llebayxoea TatesiHa AnekcaHgpoBHa ‘aKaB Ha BHPTYaJIPHYIO KHOIIKY «OCTaHOBHTBY.

[leiicTeuTenex: ¢ 20.08.2021 no 20.08.2022 yHuKa G1.
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17. OtxmrouynTe BEIKITOUaTem « CETh» OII0KOB, 3aeHCTBOBAHHEIX B SKCIIEPHMEHTE.
18. HcCrmoimp3ysa BOSMOKHOCTH ITPOrpaMMBl  «PerucTparop peKHMHBIX ITapaMeTPOB
MAIlMHBl IIEPEMEHHOIO TOKa», IMPOAHAIH3HPYHTE OTOOpPaKEHHBIE HA MOHHTOPE KOMIIBIOTEPA
MEXAHHYECKVIO XapaKTEPHCTHKY M BpPeMEHHBIE 3aBHCHMOCTH TOKAa CTAaTOPHOH OOMOTKH,
3JIEKTPOMArHUTHOIO MOMEHTA, YaCTOTEI BPaIl[eHHS ACHHXPOHHOI'O JABHIAaTEls IIPH ITYCKE €r0 B

XOJI.

NN
A

x (2

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLleBGayxoea TateAHa AnekcaHapoBHa

om Gl
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JI MEXAHITYCCKIIX XaPaKTCPHCTHK
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Ceptuchukar: 12000002A633E3D113AD425EB50002000002A6
Bnapeneu: lebayxoea TaTeAHa AnekcaHapoBHa
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PucyHok 7.5 — CXeMa ITOJKIIFOUYEHHS K KOHHEKTOPY

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

Pi=f(U), Zx= f{U) mpexghazrnozo acuHxp oHHO20 06Uzamesna ¢ Kop OMKO3AMKHYMbIM POMOPOM

1. YOeaurech, YTO YCTPOHCTBA, HCITOIb3YeMEbIE B SKCIIEPHMEHTE, OTKIIFOUEHEI OT CETH
3IIeKTPOITHTaHHS.
2. CHHMHTE KOXKYX, 3aKpBIBAIOIMH MY(PTY, COSTHHSIONIYIO Bal MAIIHHBI

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

3. ColepHTe HIEKTPHUYECKYIO CXEMY COEOHHEHHI TEIUIOBOH 3all[HTHI MAIIHHEI
IIEPEMEHHOIO TOKA.
4. COeIHHHUTE THE3[a 3all[HTHOrO 3a3eMIIeHHS "\&/" YCTPOHCTB, HCIIOIb3YEMBIX B

SKCIIepHMeHTe, ¢ THe37IoM "PE" TpexdasHoro ucrounnka miTanus Gl.
5. COEIHHHTE alIaparypy B COOTBETCTBHH C 3JIEKTPHYECKOH CXEMOH COEIHHEHH.
0. [IepexmoyaTenu pexuMa padoTsl HCTOUYHHKA (G2 H BBRIKIXOYATENSI AG YCTaHOBHTE
B ronoxenne "PYUH.".
7. B TpexdasHpIX TpaHcpoOpMaTOpHEIX TIpyimax A2 H A7 IepeKiIrdareleM
yCTAHOBHTE HOMHHAJIbHBIE BTOPHYHBIE HAITPsOKEHHS TpaHc(popMaTopoB 242 B.
AOKYMEHT NOArnu1cCAH

SNEKTPOHHOWM rNMoarnmceio ¥ 6HGI{OE:, BMEﬁGTEﬂEﬂHHBIX B SKCIICPHMCHTC.

roka Pl, 3a/1eHCTBOBAHHEIE B BKCIIEPHMEHTE.

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Ceptucmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: Hebayxosa TaTeana AnexcaHapoBHa

10. Bxmounte neTouHHK G1. O HamuupH HanpshKeHHH (a3 Ha ero BRIXOJE JONIKHBI
CHTHAJIM3HPOBATh CBETSIIHECS JIAMITOYKH.

11. Haxxatnem kHomkn «BKJL» BeIKmrouarens A6 IogkimrounTe ABHrareias M1 K
3IIEKTPHYECKOH CETH.

12. Brictpo (MeHee 4yem 3a 10 c¢) cuMTaiirTe H 3aHecHTe B TaOmHIly 7.4 ITOKa3aHHI
BonmbTMeTpa P1.1 (immmHelHOe Hanpspxenne U neurarens M 1), ammepmetpa P1.2 (Tok Ik cTaTopHO#
oOMOTKH nBHTaTensd M), a Taxke BarTMeTrpa H3MepuTelsd P2 (akTHBHasg Px1 MOITHOCTE,
norpedisieMast OHOH (pa3oi ABHraTensa M1) H cpasy mocie 3Toro HaxkarHeM KHOITKH «OTKJI»
BRIKIIFOUATENS A6 OTKIIOUHTE ABHIATellb M1 OT 3IIeKTPHYECKOH CETH.

13. IIoBTOpHTE HEOOXOAMMOE KOIHYECTBO Pa3 IPOLEAYPY ITOAKIIIOUEHHS IBHIATEIIS
M1 K 3MeKTpHYeCKOH CETH, CUMTHIBAHHS ITOKA3aHHH H3MEPHTEJIFHEIX IIPHOOPOB H OTKIIFOUEHH S
aBHTaTelrsI M1 OT 3IMeKTPHYECKOH CETH ITPH Pa3IHUYHBIX O0Iee HI3KHX HOMHHAIBHBIX BTOPHYHBIX

HaIIPSDKEHHIX TpaHcpopMaTOpoB Irpyrat A2 m A7.

Tabmima 7.4
U B
Iz, A
Pr;, Bm
14. OTKrOYHTEe HCTOUYHHK G .
15. OtxmounTte BeIKTOUaTelH « CEThy G10KOB, 3a1el1CTBOBAHHBIX B 3KCIIEPHMEHTE.
16. [ Ipu HeOOXOAHMMOCTH OONIBINEH BAPHATHBHOCTH 3HAYEHHH THHEHHOI'O HAITPSIKEH S

TIOBTOPHTE SKCIIePHMEHT ¢ COeTHHEHHEM BTOPHYHBIX OOMOTOK TpaHCc() opMaTOpOB IPyHITHEL A7 1O
CXEME «3BE3a.

17. Hcrons3ys gaHHble TaOIMHIEl 7.4, BRIYHCIIMTE COOTBETCTBYIOIIME HANPsKeHHO U
3HAYEHHS ITOIMHOH aKTHBHOH MOIIMHOCTH Px, rmorpelinseMon asHrareiieM M1, H IIOJIHOro ero
COITPOTHBIIEHH S KOPOTKOT'0 3aMbIKaHHA ZK IT0 (popMyTIaM

Pr= 3Pz,

Zxk=U/ Ik
Ilomy4yeHHEBIE pe3yIIbTaThl 3aHECHTE B TaOIHILY 7.3.

Tabmua 7.5

U B

!:. D.'-.'.

NJOKYMEHT NoanmvcAH

SNEKTPOHHOW NMOANMMUCHLIO

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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18. Hcmompsya paHHeie Tadmml 4.3.1 u 4.3.2 IMOCTPONTEe HCKOMBIE XapaKTePHUCTHKI

Koporkoro 3ambIkaHHA Ix=f(U), Px=f(U), Zx=f(U) Tpexda3HOro acHHXPOHHOIO IBHIaTelI C

KOPOTKO3aMKHYTHIM POTOPOM.

Codepocarue omuema:

OT4YeT JOIKEH COMEPKATh:

l. Haspanmne paGoTHI,

[lems paboTHI,

KpaTkHe TeopeTHYeCKHE CBEACHIST,

OrmcaHie HCIIOIB3YEMOr0 000PYIOBAHHS H MaTEPHAJIOB,
[IopsimoK BEIIOIMHEHHS PadOTHI,

BreruncrneHus 1 o0paboTKa pe3yiIbTaToR,

N S N R W

BBIBOIHL.

Konmpononsie sonpocel:

1. KakxoBO ycTpoHcTBO Tpex(]a3HOro aCHHXPOHHOTO JBHIATelII?

2. Kakop TIIpHHI[MIT JIeHCTBHS Tpex(asHOro aCHHXPOHHOIO JBHTAaTEISI C
KOPOTKO3aMKHYTBIM POTOPOM?

3. YTO Takoe CKOJIbKEHHE IBUTATENS H KAaK OHO OIIPEIEeIsIeTCs?

4. [IoueMy ITyCKOBOH TOK aCHHXPOHHOI'O JABHIaTeN IIPeBhIIacT HOMHHAJIBHBIH H BO

CKOJIBKO pa3?

5. Kaxmnvm  cmocobamMM  MOKHO  PeryiHpoBaTh 4YacTOTY BpallleHHsS poTopa

dCHHXPOHHOI'O JBHI'AT ers’

0. IIpn kakmx vyciamoBHsaxX KIIJI aCHHXpPOHHOrO JABHTATENS HMMEET MaKCHMAalIbHOE
3HAYeHHE?
7. Kak oxXmaxxmarrcsa aCHHXPOHHEBIE JIBHTATEIH?
8. Kak H3MeHHTE HallpaBIIEHHE BPaIlleHH I POTOpa JIBHIaTe IS
NOKYMEHT NOAMNMUCAH

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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Jabopamoprana padboma Ne8. Hccenedosarnue xapakmepucmux noaynpo600HUKOEIX

0110006 HA NOCMOAHHOM U nepemMeHHoM moxkax

Ilens padomsr: CHITH BOIbTaMIIEPHBIE XapaKTEPHCTHKH BHIIPSMHTEIIBHOIO JHOAA (THIIA
KJ1226, 1N5408), mnvaryimecHoro guoga (tuma KJ[521, KJ1522, 1N4148), mioma IloTku (THIIA
I1N5819), mo xapakTepHCTHKAM OIIPeJelINTh, OCHOBHEIE ITapaMeTPhl H CpaBHHUTHh HX. Ha skpaHe
ocIprorpada mpoHalroAaTh IPOLECCH BKIFOYEHHS H BRIKITFOUEHHS JHOMAA, ONPEACIIHTh BpeMs

BKITFOUCHH A H BEIKJTFOY CHITA.

OcHo6bl meopuil:

JIBYX3IIEKTPOIHBIH ITOIYITPOBOHUKOBEIN 3IIEMEHT — JHO COJIEPIKHT 11 - H P -ITPOBOI S
citoH (puc. 8.1). B n-mpoBoasImeM ciioe B KaueCTBe CBOOOIHBIX HOCHTEIIEH 3apsa/ia ITpeodIamaror
BIIEKTPOHEL, a B P-IIPOBOASAIIEM ClI0e * IBIPKH. B pe3ynbTare And g y3HH 3JIeKTPOHOB H3 N-001aCTH
B Pp-o0macts M, HaAOOOpPOT, OBHIPOK M3 P-00IMacTH B n-o0acTh Ha TI'pPaHHIE CO3MaéTcd
TOTeHIHAIILHEIN Oapbep (pHe. 8.1 an 0).

[TpH IIpsIMOM ITPHIIOKEHH OM HAITPSDKEHHH («+» K CIIOIO P, « - » K CIIOKO 1) ITOTeHI[HAIIbHBII
Oappep VYMEHBINAeTCsI, M THOA HauHHaeT ITPOBOAHTH TOK (AHOJ OTKpPHIT). IIpn oOpaTHOM

HAaITpSDKEHHH ITOTEHITHAIbHBIH Oapbep YBEITHYHBAETCS (JIHO 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

npofoR

@m@

0.3..0,7 B

PucyHok 8.1 — JIBYX3IeKTPOIHBIH ITOIYIIPOBOJHHIKOBBIH AJIEMEHT

Hpﬂlﬂﬂﬁ TOK HCPC3 P-11 IICPCXOO OIIPCACIACTCA HOCHTCIIAMH 3dpPAd, HCOCHOBHBIMH [JIA

T

- NOKYMEHT I'IDD,HHCAH
SNEKTPOHHOW NOANUCHIO

> ABIHKCHHA OHH CTAIIKHBAIOTCH C OCHOBHBIMI

Ceptudmkar:
Bnageneu;

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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HaIIPsDKEHHS Ha JHOAE HeCKOJIBLKO Bo3pacTaeT. [IpH pekoMOHHAIMH MOXKET BBIJIEISITCS SHEPTHS B
BHJE H3IIYUYEHHUS. OTO SBIIEHHE HCIIOIB3YETCSI B CBETOAHOLaX.

B oOparHOM HampaBlIeHHMH Yepe3 AHOL ITPOTEKAET TOINBKO HEOOJBIINOH TOK YIESUKH,
OOYCIIOBIIEHHBIH HEOCHOBHBIMH HOCHTEISIMH. C yBelHUYeHHeM OOpaTHOI'O HAITPSKEHHS BBIIIE
IIPEIEIbHO JOIMYCTHMOIO JUIS JaHHOI'O THIIA JHOAA HacTymaeT IIpoOoH p-n nepexoga. B gHomax
Pa3MMYHBIX THIIOB OH ITPOTEKaeT ITO-Pa3sHOMY. B OOBIYHBIX BBIMIPSAMHTIEILHBIX JHOAAX — 5TO
HeoOpaTHMOE pas3pyIleHIE P-N IIEPEX0a B Pe3YIIbTaTe €ro MePErPeBa, B IABHHHEIX — IIPOHCXOIHT
JTAaBHHHOE PasMHOKEHHE HEOCHOBHBIX HOCHTEIEH, YTO IIPHBOAHT K PE3KOMY YMEHBIIEHHIO
00paTHOro HAIPSDKEHH S Ha HEM M YMEHBIIIEHHIO HarpeBa, B CTaOHIMTPOHAX — ITPH YBEIIHYEHHH
00paTHOro TOKAa HMEETCS JOCTATOYHO ITPOTSCKEHHBIN Y4aCTOK BOJIbT-aMIIEPHOH XapaKTEPHCTHKI,
Ha KOTOPOM HaIpsoKeHHe MaJlo 3aBHCHT OT TOKa (3eHepPOBCKHH ITPOOOH).

OCHOBHBIE CTaTHYECKHE ITapaMeTphl JHOJOB, TaKHe KaK ITOpOropoe HarpsikeHHe Ug,
IIpsIMOe T1aJieHHe HalpspkeHHe Upnp, AN QepeHIHalIbHOE COIIPOTHBIIEHHE Ry, 0OpaTHBIHM TOK Ioap,
HalpspKeHHe cTrabmmm3aimn  cTaObwIHTpoHa Uer, MOKHO ONPeJelIMTh I10 BOJIbTAaMIIEPHOH
XapaKTePHCTHKE, CHATOH Ha ITOCTOSHHOM HIH MeJJIEHHO H3MEHSIOIIEMCS TOKE.

[IepexmoyeHHe AHOAA H3 3aKPBITOrO COCTOSHHSA B OTKPHITOE ITPOHCXOAHUT HE MTCHOBEHHO.
OT0 MOXHO HaOmMIOJaTh Ha 5KpaHe ocIIIorpada, ecoH NPHIOXKHTL K JHOAY HaIpsKeHHeE

IIPSMOYTOIBLHOH (POPMBI BEICOKOH 4acTOTHI (pHC. 8.2).
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PrcyHok 8.2 — BombT-amMriepHast XapaKTepHCTHKA TTOITYIIPOBOHHKOBOI O JHOAA

HpH IIEPEXOAC H3 3aKpPBITOI'O B OTKPBITOC COCTOAHIIC He0OXO/THMO BpEMA  [Igxn,

HEOAYOTUMOS TG NACCACKTRAHUG URORITOUHRIY 23DSI0B IIOTEHIHAIILHOIO Oapbepa H JOCTHKEHI
AOKYMEHT NMOoArnvcAH

SNEKTPOHHOW NOANUCHIO
Ceptudurkatr:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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[Ipu nepexome M3 OTKPBITOI'O COCTOSHHS B 3aKPBITOE HEOOXOMMMO BPEMS f1, 32 KOTOPOE
paccachlBarOTCS HM30BITOYHBIE HOCHTEIIM M BPEMS {2, 3a KOTOPOE BHOBb VYCTaHABIHMBAETCSI
ITOTEHIMAIILHEIN Oapbep. OOIlee BpeMs BBIKIFOUEHHS fmxn = f1 + f2. Ha aTare #1 depes auon
ITpoTeKaeT OONBIION OOpaTHBRIH TOK, a HAIIPSKEHHE Ha HEM VYOBIBAET, COXpaHSISA IIPSIMOE
HampapieHHe. Ha sramne 7> TOK oOpaTHEII TOK YOBRIBAET O HOPMAIbHOI'O 3HA4YeHHSI. PeanbHas
KapTHHA, HaOMroJaeMasl Ha SKpaHe OCIHIDIOrpada, MoKeT HeCKOIbKO OTIIHYAThCS OT OITHCAHHOM

H3-3a BIIHSHH BXOIHOH EMKOCTH GCHIUIHGI‘p&(l)& H MOHTdKA.

YKkazanue no mexHuke de3onacHocmu.
YKazaHH I10 TeXHHKe 0e30I1aCHOCTH ITPH BBIITOJIHEHHH HﬂﬁﬂpﬂTﬂpHBI}{ pElﬁDT IIPHBCCHDBI

B ITPHIIOKEHHE A.

YKazanua no 6 binoiHEeHUI0 J1a0 op amopHoll padomal:

I CoOepute 1emb (pHc.8.3. a) IS CHITHS IIPSMOH BeTBH BOIbTAMIIEPHOMH
XapaKTEePHCTHKH JHOZOB. Obpamuime 6HUMAHLIe, YO GONbIMMeNp 3MOoll cxeme HOOKIIOUEH K
mouxke «B» (nocne amnepmempa.) i Ha e20 NOKA3AHUA He 6Glisgen NddeHlle HANPAMCeHUs Hd
amnepmempe, Komopoe COUZMePUMO C NPIMbIM HNAOeHleM HanpsaXiceHus Ha ouode. B mo owce
gpemMsi MoK yepe3 BONbNIMENP HeCcOUMepuUMo Ml ¢ NPAMbIM NOKOM Ouo0a i He 6HOCUM

3aMenHoll HOSPeEUIHOCHI 6 ROKAZAHUA dMAepPMenpa.

13 +13BBR 6800mM A + I B 680 Om A + lo6n B
0— o—

a)

= + 6)
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 CHa"YdJld BBOIPAMHTICIIBHOI'O JHOMA 34TC€M — HMIIVIIBCHOI'O H,

HakoHell, Juoja Ilorku. Ha puc. 8.4 mocTpoiire rpadHKH.

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

.ﬁDTDpLIﬁ TCIICPb COH3MEPHM H Jd4KC OOJIbIIE
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Oo0paTHOrO TOKa Yepe3 AHOA. B TO Ke BpeMd ITajicHHE HaIIPSCKEHHSI Ha aMIIEpMETPe HIYTOKHO
MaJIO I10 CPaBHEHHIO ¢ OOpaTHBIM HAITPSDKEHHEM Ha JTHOJIE.

4. YCTaHaBIIMBasd HalPsDKEHHS, YKa3aHHBIe B TaOll. 8.2, CHUMHTE OOpPaTHYIO BETBb
BOJIbT-AMIIEPHOH  XapakTepHCTHKH pauojaa Illorkn. VYOemurech, 4YTO OOpaTHBIH TOK

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

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

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

KJ1226
U,B | K521
IN5819

Tabmira 8.2

U,B 2 5 10 15 20 25 30

L MA | K226

K521

IN5819

S. Jlg uccieqoBaHus XapaKTepPHCTHK AHOAOB Ha IIEpeMEHHOM TOKe COOepHTe Ha
HAaO0OPHOM ITIOJIE IIEIb COITIACHO IPHHIMIHAIIBHOH cXeMe pHC. 8.4. M3MepHTeIbHBIE IIPHOOPEL B
CXeMy He BKIIOYAHTe, TaK KaK OHH MOI'YT CO37[aTh JOIIOJIHHTEILHEIE ITapa3sHTHhIe EMKOCTH. He
3a0yIbTe BKIIOYHTH HHBEPTHPOBAHHE CHTHala IO KaHaiy II, 4ToOBI OTKIIOHEHHE Iy4Ya BBEPX
COOTBETCTBOBAJIO ITPSIMOMY TOKY YEpe3 THOL.

0. JIlmsg Hayana BKIIOYHTE B IIEIbE BBRINPAMHTEIILHBIH JHOA, TOAANTE HA BXO/J
CHHYCOHAAIILHOE HaIpsDKeHHe 4YacToTOH 1 KI'I[, yCTaHOBHTE PYUKY PETrYIISTOP aMIUIHTVIBI
IIPHMEPHO B cpelHee IonokeHHe (4...6 B) M oTperymHpyire pa3BepIKY, CHHXPOHH3ALHIO H
yCHJIEHHE TI0 JBYM KaHalaM OcIfiIIorpada Tak 4ToObl Ha SKpaHe ITOMeIalnch 1.5...2 mepuoja

KPHBBIX TOKaA H HaIIPpsLKCHIHA.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
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PucyHok 8.4 — BopT-aMIiepHas XapakTepHCTHKA
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PrcyHoKk 8.5 — Cxema ITOAKIIFOUEHH S OcIHIIIorpada

7. Ilepexmroyad MHOXHTENbh 4acTOTHI x1, x10, x100, M perymmpys KaxXIbIH pas
[IOKYMEHT NOANWCAH - -
SNEKTPOHHON noanucbio DHH@HIQI[EIHTE 3da H3MCHCHHCM KPHBOH TOKA.
CepTudukar:  12000002A633E3D113AD425FB50002000002A6
Bnapenel: LeBayxopa TateAHa AnekcaHpoBHa D B IONOXEHHH MHOXHTeIT *100 BBIXOJTHOC
[eiicTenrehen: ¢ 20.08.2021 ro 20.08.2022 3 2 pasa).
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8. [Tepexkmounte ocipmiorpad B pekuM X-Y. Ilpm 3ToM Ha sKpaHe ITOSBHTCS
H300paKeHHE JTHHAMHYECKOH BOILTAMIIEPHON XaPaKTEPHCTHKH AHOAA. ITPAMOH TOK ITO OCH Y
BBEPX, IPSAMOE IaJIEHHE HAIIPSKEHHS — IT0 OCH X BITPaBO.

9. CHOBa TIIONEPEKIIFOYAaNTE MHOKHTEIIb 4YacTOThI, HaOmomas 3a H3MeHEHHEM
THHAMHYECKOH BOJIBTAMIIEPHOH XapaKTepHCTHKH. OOBSICHHTE, ITOYEMY IIPH HH3KOH YacTOTe
THHAMITYeCKasd BOIIbTaMIIepHas XapaKTepHCTHKA COBITAMAET CO CTaTHYECKOI, a TPH BBICOKOH — He
COBITAJ[AET.

10. [lonmpoOyHTE MOBTOPHTE 3TH OITBITHEL ¢ HMITYIIBCHBIM JHOAOM H ¢ AHOmOM [IIoTKH.
OOBSICHHUTE OTJIHYMSL

11. CHOBa BKIIIOYHTE B IIEMb BRITPAMHTEIBLHBIH JHOJ, MePEeKIIOYHTe OCLIFULIOrpad B
PEXKUM Pa3sBEPTKH H YCTAHOBHTE Ha BXOJE IIPSMOYIOJIbHOE ABYXIIOISIPHOE HAITPSIKEHHE YaCcTOTOH
npuMepHO 40...50 xI'm u HeGombimoil aMImmuTyAbL (2...3 B), 4yTOOBI MeHBIE HCKaXKaloCh
BBIXOQHOE HaIIPSKEHHE TEHEPaTOpa.

12. Hacrtpolite n300pakeHHe, IepepHCYHTe OCIHITIOrpaMMy B OTYET (pHc. 8.6), He
3a0BIB yKa3aTh MacIITaObl IO OcsSM (Macmral IIO OCH TOKa BBIUHCISETCS KakK Maciural
HaITPsDKEHHS, 110 KaHamy 11, JeléHHEBIH Ha COIMPOTHRIIEHHE, C KOTOPOI'O CHHMAETCS CHIHAIL.).

13.  Onpegenure 1o OCLHIIIOPaMME BpeMS BKIIFOUEHHS tgyn H BpeMsI BRIKITFOUEHHS: tar.

Macwrabbl

Mo kaHany l:

PucyHOK 8.0 — OcipyurorpaMma JIHOIa

Codepocarue omuema:

OT4YeT JoIDKeH COJCPAKATh.

l. Haspanne paborer;
~ NOKYMEHT NOANUCAH
SNEKTPOHHOWM NOoANUCLIO
Ceptuchukar: 12000002A633E3D1153AD425FBS50002000002A6 q,
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

TOBAHHA H MdATCPHAIIOB,
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5. IlopsimOK BEOTOTHEHHS PabOTHI,
0. BrerunucrneHus 1 o0padoTKa pe3yibTaToB,

7. BBIBOJIHL.

Koump onsHbie 6onpocel:

]. [Iouemy vy 1amoma IIloTkH TIoporoBoe HampsDKeHHe MEHBINE, YeM Y
BEITIPSIMHTEIIBHOI'O JHOAA M HMITYIIbCHOI'O JHO/1a, a OOpaTHBIN TOK OOJIbIIE?

2. KaKoH M3 HCIILITAHHBIX JHOAOB HMEET HaHMEHBIIIEE OBICTPOJACHCTBHE H ITOYEMY?

3. YeM OTIIHMYaeTCcs BOIbTAMIIEPHAS XapaKTepPHCTHKA IHOMAA, CHSATAs ITPH BBICOKOIM

YacTOTe OT CTaTHYECKOH KHPHKTEPHGTI]IGI?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
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Jlabopamopran paboma Ne9. CHamue xapaxkmepucmux 6 UNOAAPHOZ0 mMpaH3UCmopd.

Ilens pabomer: Oceoums MemOOUKY RNOJNYUEHUA 6XO0HBIX U  6bIXOOHbBIX

XAdpdkmepucmuuxk mpdaH3ucmopd, d marxosice ﬂHPEﬂEJIEHHH €20 OUHaMUYeCcKUX napaMemp os.

OcHo6bl meopuil:

IIpn BEOIOIMHEHHHM PACUETOB CXEM € OMITONSPHBIMH TPAaH3MCTOPAMH HCIIONIB3VIOT HX
BXOJTHBIE H BBIXO/JHBIE XaPAKTEPHCTHKH.

BXOJHBIMH XapaKTepHCTHKAMH Ha3bIBAIOT 3aBHCHMOCTh TOKa Oasbl 15 OT HAaIIPSDKEHHS
sMuUTTEpP-0a3a Uss IIPpH TIOCTOSHHOM HAIIPSDKEHHH KOJIUIEKTOP-3MHUTITEP Uw. BHO 5THX
XapaKTePUCTHK TIPEACTABIIEH Ha pHC. 2.1.

Crenyer 3aMETHTh, YTO BXOJHBIE XapaKTEPHCTHKH, IIONYYEHHBIE IIPH PasYHBIX
HaMPsDKEHUSIX Uy, OTIIMYHEBIX OT HYIISL, IIPAKTHYECKH COBITAAFOT.

[Io BXOOHBIM XapaKTepPHCTHKAM OIPEACISIOT TakKHe IHHAMHYECKHE XapaKTepPHCTHKH
TPaH3UCTOPAa, KAK BXOJIHOE JHHAMHYECKOE COIPOTHBRIIEHHE

h11=AUss/ A1s

IIPE/ICTARIIIONIEE  COOOM ~ OTHOINEHHE  TIpHpallleHHS  HanmpskeHHsS  Uss K
COOTBETCTBVIOINIEMY IIPHPAIIEHNIO TOKa Oa3bl IIPH ITOCTOSIHHOM HAITPSDKEHHH KOJUIEKTOP-
SMUTTEP, H KO3 PHIMEHT OOPAaTHOH CBSI3H 110 HAITPSDKEHHIO

hi= A Uss/ A U
IPEACTABISIONIHH COOOH OTHOINEHHE COOTBETCTBYIOIIMX OPYr APYLY IIPHpAIleHHH

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

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

U
OJOKYMEHT NoanmvucAH ®

SNEKTPOHHOW NOANUCHIO
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BBIXOIHEIE XapaKTepHCTHKH OTPa’kaloT 3aBHCHMOCTh TOKa KOIUIeKTopa I OT HaIlpsoKeHH A
KOJUIEKTOP-3MUT TEP ITPH Pa3INYHEIX TOKaX 0asel, HX BH IIPeIcTaBlIeH Ha pHC. 2.2. I10 BRIXOIHBIM
XapaKTePHCTHKAM OIPEJIEISIOT TaKHe ITapaMeTPhl, KaK KO3(Q(HIHEHT YCHIEHHS TOKa 0a3kbl

ho1= AL/ A1s

IPEACTABISIOINMI  cOOOM  OTHOINEHHE  IIPHpAIlleHHsS  TOKa  KOIUIEKTopa K
COOTBETCTBVIOINEMY IIPHPAINEHIIO TOKa Oa3bl IIPH IIOCTOSHHOM HAaIIpsDKEeHHH KOIUIEKTOpP-
SMUTTEP, H BBIXOAHASI JUHAMIYECKAS IIPOBOAHMOCTD

hoo= A I/ A U

IIpeACTaBISrOINAass  coOOH  OTHOIINEHHEe — ITPHpAIllEHHS  TOKAa  KOJIUIEKTOopa K
COOTBETCTBVIOIEMY ITPHPAIIEHHIO HAIIPSCKEHHS KOJUIEKTOP-BSMHITEP ITPH ITOCTOSHHOM TOKE
OasHl.

BcenencTeHe HeIHHEHMHOCTH KaK BXOAHBIX, TaK M BBIXOAHBIX XapaKTEPHCTHK BCE
IIEPEYHCIIEHHBIE ITapaMeT Pl HMEIOT Pa3/IMYHBIE 3HAUESHHS IS Pa3/IMUHBIX PabOouIX TOUEK.

OOnacTh BEIXOJHBIX XaPaKTEPHCTHK, B KOTOPOH OHH IIPaKTHYECKH JINHEHHBI H B KOTOPOH
TOK KOJUIEKTOpPa MaJIO 3aBHCHT OT HAIIPSKeHHS KOIJIEKTOP-3MHUTTED, a OIIPEAEIISETCS TOKOM Oashl,
Ha3bIBAIOT AKTHBHOH 30HON. IIpH yBelIMYeHHMH TOKa KOJUIEKTOpa M HampsokeHHS Uy pacTér
MOII[HOCTE TeIUIOBHIX ITOTEPh B TPAH3HCTOPE. OTH ITOTEPH HE MOJIKHEI IIPEBBIIIATH JOIIYCTHMOIO
IUISI JAaHHOI' O TPAH3HCTOPA 3HAYEHHS P pon:

Pr= Uss k< Px mom.

JIMHMS JOITYCTHMBIX ITOTEPE Ha pHC. 13.2 NpoBeiecHa ITYHKTHPOM.

&

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

AOKYMEHT NoanmncAH
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YKkazarue no mexHiike é ezonacHocmii:
YKa3aHH I10 TEXHHKE 0e30IIaCHOCTH IIPH BEBEIIIOJIIHCHITH HﬂﬁﬂpﬂTﬂpHBIX paﬁm‘ IIPHBCACHDI

B ITPHIIOKEHHE A.

VYKazanua no 6binoiHeHUI0 140 op amopHoOll padomal:
B maxHHoH mabopaTopHOH padoTe HeOOXOIHMO ITONYYHThL BXOMHEIE H BBIXOIHEIE
XapaKTEPHUCTHKH TPAaH3HCTOPa M BEIYHCIIHTG 3HAYEHIS JHHAMIYECKHX ITapaMeTPOB.

[ IopsimoK BREITTOIHEHH PAaOOTHI CIIE VIOIIHH.

1. M3y4UTE OCHOBHEIE TEOPETHYECKHE TTOTOKEHHS.
+ +
0...15B
1> B
Ugs
|
- I -
- - T s oa
PucyHok 13.3 — CxXeMa BKIFOUeHH S OHITOISPHOIO TPaH3HCTOpa
2. CoOparp cxXeMy, H300pakéHHYI0O Ha pHc. 13.3. B cxeMe o00S3arelIbHO

IIPEAYCMOTPETE IEPeMBIUKY «lI», HeoOXOOMMYIO IUISI H3MEHEHHS MeCcTa BKIIFOUEHISI
MHUJUIHAMIIEPMETPa.
3 YcraHoBHTE HanpsikeHHe Ug==0. IIpu Tokax 6asel, yKazaHHBIX B Tabmmie 13.1,

H3MEPHTH 3HAUEHH S HAPsDKeHH S Ugs M 3armicars ux B Ta0muiy. [IoBTopHTE OIBIT IPH Uws = 2.5

BulOB.

Tabmima 13.1

15, MKA 0 5 10 20 50 80
Uss, 1pH Us=0
B 1mpH Ue==2.5B
1mpH U==10B
NOKYMEHT NOANWUCAH

SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

A, HEPEKJ]IGIIHTL MIJUOIAMIIEPMETP B LCIIb
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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B IICIOI KOJUICKTOP-3MIITTCP, YKd3dHHBIC B TaOImIEe 1323 34l CaTh B TﬂﬁﬂI]l[}*' COOTBCTCTBVIOIIIIC

STHM HaIIPsDKEHISIM 3HAaUEHHS TOKa KOJuIeKTopa. M3MepeHHs ITOBTOPHTE ITPH ToKax Oaswl 40, 60

H 80 MKA.

Tabmima 13.2

Uis, B 0 0,2 0,5 1 2 5 10 15
TIPH 15=20MKA

I, pH 1=40MKA

MA IIPH 15=0 OMKA
pH 17~8 OMKA

Coodepacarue omuema:

OT4YeT JOJIKEH COAEPKATh:

1. Hassanue paloTHI;

[lems paboTHI;

Kparkue TeopeTHUYECKHE CBEAEHH,

OrmicaHHe HCIIOIb3YEMOI0 000PYAOBaHHSI H MaTepHAJIOB,
IlopsimOK BEOTOITHEHHS PabOTHI,

BrrunciieHnsa u o6paboTKa pe3yiIbTaToR,

N S e W

BBIBOIHI.

AOKYMEHT NoanmncAH
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3. Yueono-memoouueckoe u uH@hopmauoHHoe obecneuerue 0UCUUNTIUHbL

5.1 Ilepeuens OCHO6HOU U O00ROJIHUMEILHOI JILMeEpamypsl, Heo0Xo00uUMou 014
0C60€HUA OUCUUNIUHbL

5.1.2 Ilepeuens 0CHOBHOIL JIUmMeED AMYPLL:

1. OckomxoB, B. H. OGmmas snekTpoTeXHHKa H 3IeKTPOHHKa | yueOHoe rmocobue / B. H.
Ockonko. — llepmp : IlepMCKHMH HaI[MOHAIBHBIN HCCIIEMOBATEIIECKHH ITOJIMTEXHHYECKHIT
yHuBepcHTeT, 2017. — 146 ¢. — ISBN 978-5-398-01812-7. — TekcT : 3NeKTPOHHBIH //
[TudpoBoii  oOpazoBarensHbIi  pecypc IPR SMART :  [caiit] —  URL:
https://www.1prbookshop.ru/110283 html

2. MTaugpukoB, A. C. DNeKTpoTeXHHKAa ¢ OCHOBAMH IEKTPOHHKH : yueOHOe mocoOne / A.
C. ITaugpukoB. — 3-e u3A. — MuHCK : PecnyOnHKaHCKHI HHCTHTYT IPOQeCCHOHAIBHOIO
o6pazopanug (PHUIIO), 2020. — 320 ¢. — ISBN 978-985-7234-49-3. — TeKcCT : 37IeKTPOHHLIH //
[TudpoBoii  oOpazoBarenbHBIi  pecypc IPR SMART :  [caiit]. —  URL:

https://www 1prbookshop.rw/1 00387 html

5.1.3 Ilepeuers 00noOnMHUMETLHOU JIUMEPAMYPLL:

1. I'opaeeB-bypremi, M. A. OGImas >1eKTpoTeXHHKa H 3IeKTPOHHKA | yueOHOoe ImocoOHe /
M. A. T'opmeeB-bypreui. — MockBa : MOCKOBCKHH TOCYIAapPCTBEHHBIH CTPOHUTEIIbHBIN
yHHBepcHTET, AN [In Op Meana, 5bC ACB, 2015. — 331 ¢. — ISBN 978-5-7264-1086-9. —
Tekct : snekTpoHHbI // L{H(ppoBoit o6pazoBaTebHEIH pecypc IPR SMART : [caiit]. — URL:
https://www.1prbookshop.ri/35441 html

2. Epmypatckmii, II. B. DnekrporexHnka H snekrpoHnka / II. B. Epmyparckui, I'. I1.
JIpruxmHa, FO. b. MuaxiH. — 2-e n31. — CapatoB : IIpodgoOpazoranme, 2019. — 416 ¢c. — ISBN
078-5-4488-0135-8. — Teker : snexTpoHHBIH // LludpoBoii o0pa3oBaTelbHBIH pecypc IPR
SMART : [caiiT|. — URL: hitps://www.iprbookshop.1u/8801 3. himl

3.2 Ilepeuensv yueoHO-MemoOUUECKOZO0 0DecneueHus camocmosmesibHoil padomol
odyuarwmuxca no OUcUUNJUHe

1. Merognyeckue peKOMEHAALMH JI ITOATOTOBKH K I1a0OpaTOpPHBIM 3aHATHSAM I10
aucipnUmHe «OO0Ias MeKTPOoTeXHHKA H AJIEKTPOHHKAY .

2. MeTtomgHuyeckHe PEKOMCEHIAITHI 11O OPpI'aHH3aIl[HIT CaMOCTOAT eJIbHOH pﬂﬁDTLI CTYVIACHTOB

AOKYMEHT TOANVUCAH T —
SNEKTPOHHOM NOAMUCHIO “IP |
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3.3 llepeuens pecypcoé UHPOPMAUILOHHO-MEIEKOMMYHUKAUUOHHOU cemu HumepHem,

He00X 00UMBIX 019 0C60EeHUA OUCHUUNIUHBL
1. http://www .biblioclub.ru -O3BC "YHuBepcHuTeTckas OHOIHOTeKa OHIaiH"
2. http://www 1prbookshop.rw/ - SnexkrporHo- 6udnnoreyHas cucreMa IPRbooks

3. hitp://e.lanbooks.com - OnekTpoHHO-0HOMHOTEYHAS cHeTeMa JIaHb

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
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[ IpmmoxeHne A

VrazaHue no mexHuKke 0e30nacrHocnil

Jlo Hauvamna paloOThl CTYAEHTHI OOS3aHBI M3YUHTH IpaBIiIa TEXHUKH Oe30IIaCHOCTH ITpH
padore ¢ 3JIeKTpoycTaHOBKaMH. OO0 M3YYEeHHH ITPaBHII TEXHHKH Oe30ITaCHOCTH M ITOIIYYEHHH
HHCTPYKTaXa CTYIEHTHI PACITChIBAIOTCSA B CIIEI[HATILHOM XYypHaine. CTYIEHTHI, He H3YUHBIIIHE
ITpaBIUIa TEXHUKH O€30IIaCHOCTH M HE IPOINEHIIHE HHCTPYKTAXK, K BEITIOITHEHHIO JTabOpaTOPHBIX
padoT HE JOITYCKAIOTCSL.

YueGHasg rpyrma (JUIH IIOATpyImIa) pa30HBaeTcsd Ha OpHIagbl, YHCIO KOTOPBIX
YKa3bIBAETCA IIPEIOJaBaTelIeM, a cOCcTaB OpHraJ KOMIUIEKTYETCS CTYIAEHTaMH Ha JOOPOBOIBHBIX
HayanaX. CIHMCOK TIpyImbl (ITOATPYINIEI), pa3OHMTOH Ha OpHraabl, cTapocTa IIPeJOCTaBIISIET
ITPEeIolaBaTellro, BEAYIIEMY J1a0OPaTOPHEIE 3aHATHAL.

Kaxnas n3 OpHraj] BBEIIIOIHSET 1a0OpaTOPHYIO pPadOTy B COOTBETCTBHH C I'pa(pHKOM,
HaXOJSIIEMCS B Ta0OpaTOPHH.

[lepen KaxIbIM 3aHITHEM CTYAEHT 00S3aH ITOATOTOBUTECS K BEITTOIHEHHIO 1a00paTOpHOH
PadoTHI 110 JaHHOMY METOIHYECKOMY ITOCOOMIO H PEKOMEHIYEMOH yTeparype. [lepen HauamoMm
paboTHI ITperolaBaTellb IIPOBEPSIET 3HAHHSI CTYAEHTOB I10 COAEP KAHHIIO BEHITIOIHAEMOH PadOTHI.
[ 1710X0 IMOATr OTOBIIEHHEIE CTYAEHTHI K BRITIOIHEHHIO I1a00paTOPHOM PadoThI HE JOITYCKAOTCAL.

Paboras B mabopatopuu, HEOOXOAUMO COONMIOAATE CIIEAVIOIIME IPABHIIA:

K BrITOIMHeHHI0 1a00paTOpHOH palOoTHI CleAyeT IIPHUCTYIIaTh TOJIBKO ITOCIIE ITOIIHOI'O
YSICHEHHS €€ COJIEPKAaHIS H ITOITYYEHHS JOITYCKa K HEH.

2. HaumuHatey pabory cClIeayeT € O3HAKOMIIEHHS ¢ IIpHOopaMH H OOOPYIOBAaHHEM,
ITPHMEH IEMBIMH B JJaHHOH padoTe.

3. Ha mab®opaTopHOM CTOIE JOIKHEI HAXOMUTHCS TOIBKO IIPeAMETHI, HEOOXOMNMBIE I
BEITIOJIHEHH S JJAHHOH PaOOTHI.

4. PacrionokeHHe armapaTrypbel Ha padoyeM CTONIE JOMKHO OBITH TaKHM, YTOOBI CXema
COEQHHEHHH IIONYYWIAch HauOolIee ITPOCTOH, HarisgaHOH H padora ¢ armrapaTypoH Oblila
YIOOHOM.

5. JKemarenpHOo, 4TOOBI CcXeMy coOHpal OIHH W3 YJIEHOB OpHraaesl, a IpyrHe
KOHTPOIIHPOBAJIH.

6. IIpu cOopke CIIOKHBIX CXEM CIIEYET BHAYAIIE COEHHUTE ITIABHVIO, ITOCIIEIOBATEIIBHYIO

IICIb ., HaYHHA A GﬁﬂpI{y OT OJHOI'O 3dKHMd HCTOYHHKA TOKA H 3aKdHYHBAA Hd APYI'OM, 4 3aTCM YIKC

AOKYMEHT NOAMNVCAH
SNEKTPOHHOW MOANUCHIO
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7. Ilocme Toro, xkak cxema OyaeT coOpaHa, HeOOXOAHMMO VOeIUThCS B ITPABHIBLHOH
yCTaHOBKE JBHXKKOB Pe0OCTaTOB, aBTOTPAHC()OPMATOPOB H PYKOSTOK APYTHX PEeryIHPYFOIIIX
YCTPOHCTB.

8. CoOpanHas cxXemMa o0O0sg3aTelIbHO JOKHA OBITH IIPOBEPEHA IIPEIlofaBaTelIeM IJIH
CTapIIHM JJa0OPAaHTOM H TOJIFKO C MX pPaspelleHHI MOKET OBITh BKIIFOUEHA IO/ HAIIPSDKEHHE .

9. Ilpn BKIHOUEHHMH CXEMBI 0CO00O€ BHHMAaHHE CIEAYeT OOpaTHTh Ha IIOKa3aHHS
aMITIEPMETPOB M IPYTUX H3MEPHUTEIBHBIX IIPHOOPOB. B ciyyae PE3KOro ABHAKEHHS CTPEIKH
aMIlepMETpa K KOHI[Y IINKaJIbkl CXEMY HEOOXOJAHMO HEMEIJIEHHO OTKIIOYHTHL OT HCTOYHHKA
HaIIPSDKEHHS.

10. Heo®xomimo GepeKHO OTHOCHTHCS K armrapaType, HCIToIb3yeMoH B padore. O60 Beex
3aMeYEHHBIX HEHCIIPABHOCTSAX WIH ITOBPEKICHHSIX CTVIAEHT HOINKEH HEMEUIEHHO COOOINUTH
ITPerolaBaTelro MM J1ad0paHTy.

11. Ilocne BeOIOMHEHHS PabOTHI CTYAEHT O00g3aH, HEe pasz0Hpas CXeMBl IT0Ka3aTh
ITOIIYUYEHHBIE JaHHEIE TIPEIOoAaBareiao. ECI pe3synbTaThl H3MEPEHHH BEPHBI, TO IIPEIOAaBaTelb
HX ITOAIMMCEIBAET. DKCIIEPHMEHT C HEITPABIIIBHBIMH pe3yiIbTaTaMH CIIEAYET TTOBTOPHTE.

12. CxeMy cenyeT pazOdHparh TOJBKO IIOCIE €€ OTKIFOUEHHS OT CETH.

13. Kareropuuecku 3aIrperaeTcs:

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

— IIPOM3BOJUTE H3MEHEHHS B CXeME ITPH ITOJKIIFOUEHHOM HCTOYHHKE ITHTAHH 1,

— 3aMeHSITh HIH OpaTh 000pYyAOBaHHE, HIIH IIPHOOPEI ¢ APYIHX PabouHX MECT

— 0e3 paspellleHH S IperofaBaTeslsd HiH TadopaHTa;

— OTXOIMTH OT IPHOOPOB M MAIIMH, HAXOMSIIMXCS IO HAITPSDKEHMEM HJIH OCTaBIIATH
CXEMY ITOJI HAIIPSDKEHHEM ITPH 00pabOoTKE pe3yiIbTaTOB H3MEPEHHI,

— IIeperpykarb IIPHOOPEI TOKOM IIH HalpsDKEHHEM, IIPEBBIIIAIONMM HOMHHAILHOE
3HAUEHHE.

[IpoBepKy HaMMUYMS, II0JaBaeMOIO K CXEME IIH 3JIeEMEeHTaM CXEMbl HallpsKEHH S
HeOOXOMHMMO IIPOH3BOIUTE TOJIBKO KOHTPOIBHOH JIAMITOYKOH IUIH BOJIBTMETPOM, COOTIOAAs
ITpaBIUIa TEXHUKH O€30IMaCHOCTH.

IIpu paGore B mabopaTopHH cieAyeT CTPOro COOMIOAaTh MEPHL MPEAOCTOPOKHOCTH, TaK
KaK SIEKTPHYECKHH TOK, IIPOXOAMIIHH Yepes TENO0 YelnoBeKa, BeHYHHOH B 0,025 A yiKe SBIISeTCS

OITACHBIM AJIH KIH3HH.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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MUHUCTEPCTBO HAVKHU U BEICIIEI'O OBPA3OBAHUS POCCUHUCKOU OEIEPAITUU
OEJIEPAJIBHOE I'OCYJJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE
YUPEXJAEHHUE BEICHIEI'O OBPASOBAHUA
«CEBEPO-KABKA3CKHWH ®EJIEPAJIBHBIM YHUBEPCUTET»

[Iaruropcxkit HHCTHTYT (proman) CKOY

MeToandyeckue yKazaHus

110 OpraHH3aIL[MH CaMOCTOSTEIbLHON PadOThI
1o guciIvmHie «OBIJA A SJIEKTPOTEXHUKA WM DJIEKTPOHHUKAY
VIS CTYZEHTOB HaIlpaBIIeHHS ITOATOTOBKH /CITeIHaIbHOCTH

23.03.03 Dkcuryaranu s TPAHCHOPT HO-TEXHOJIOTHYECKAX MANIHH H KOMILIEKCOB

[Isaruropck, 2022
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ComepKaHHE

BeeneHie
1 OOImass XapakTepHCTHKAa CaMOCTOSATEIbHOH paldoThl OOyYarolerocsd IIpH

H3YVUCHHH AHCITHIUIIHBI «O0r1asa JJICKTPOTCXHHKA H 3JICKTPOHHKA»

2 [ImaH-rpadHK BEIIOTHEHHS CaMOCTOSTEIbHOH PaOoThI
3 KOHTPOIBHBIE TOYKH M BHIBI OTYETHOCTH I10 HHM
4 MeToauuecKre peKOMeHaI[HH 10 H3YYEHHIO TEOPETHYECKOI O
MaTepHana
5 CIHCOK PeKOMEHIYEMOH JIMTEPAT VPBI.
OOKYMEHT NOAMNUCAH
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BBeaeHune

CamocTosTenbHasa padora — IJlaHHpyeMas yueOHasl, yueOHO-HCClIeJ0BaTE b CKasL, HAYUHO-
HCCIeIoBaTenbckas padoTa CTYIeHTOB, BEITOIHAEMAsI BO BHEAYIHTOPHOE (ayIHTOPHOE) BPEMS ITO
3aJlaHHIO M IIPH MEeTOJIHYECKOM PYKOBOJCTBE IIPEloaBaTellsl, HO 0e3 ero HeIocpeICTBEHHOIO
y4yacTH (IIPH YaCTHYHOM HellocpeJCTBEHHOM YYacTHH ITPeItofaBaTells, OCTaBIISIOIIEM BeIYIIYIO
POIIb 3a pabOTOH CTYIEHTOB).

CaMocTosTelIbHASA padora CTYAEHTOB B BY3e SBIMeTCS BaKHBIM BHIOM V4UeOHOH H
HAYYHOH JeSATeIbHOCTH CTYAEHTA.

Begyimas 1ens opraHusaiii H ocyinecTBiIeHHS CPC goimkHa COBIIagaTh C IIENBIO
00yUYeHHS CTYAEHTA — IIOATOTOBKOH OaKajagpa ¢ BRICIIHM oOpazoBaHHeM. [Ipu opra”mzaiiim CPC
Ba)KHBIM H HeOOXOJZHMBIM YCIOBHEM CTAaHOBATCA (POPMHPOBAHHE YMEHHS CaMOCTOSTEIbHOMH
paboTHI IS ITPHOOPETEHNS 3HAHII, HABBIKOB M BO3MOKHOCTH OpraHH3aIMi YYeOHOH H Hay4YHOH
HIESTEIILHOCTH.

[{enpr0 caMOCTOSATENILHOH paboThI CTYIEHTOB SIBISIETCS OBJIaJieHHE (PyHIaMeHTaIbHbIMH
3HAHHSMH, ITPO(eCCHOHATBHBIMH YMeHHSIMH H HaBBIKAMH JeSTeIbHOCTH I10 ITPO(HIO, OITBITOM
TBOPYECKOH, HCCIIEJOBATEIbCKOM JIeATellbHOCTH. CaMocTosarenbHas padoTa CTYAEHTOB
CIIOCOOCTBYET Pa3sBUTHIO CAMOCTOSIEIBHOCTH, OTBETCTBEHHOCTH H OPraHH30BaHHOCTH,

TBOPYECKOI0 IMOAXO0/a K PEHIEHHIO IIPOOIIeM Y4eOHOr 0 H ITPO( eCCHOHAIIBHOTO YPOBHSI.

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCHIO
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O0nras XapakTepHCTHKA CAMOCTOATEIbHOH Pa00ThI 00YUaIOMIErocs NPH H3YYeHHH
JHCIHILTAHBI «O0Iasi JJIeKTPOTEXHHKA H 3JIEKTPOHHKA)

CamocTosTelnbHasa padoTa - IiraHnpyemMas yueOHa s, yueOHO-HCCIIeJ0BaTEeIbCKasl, HAYUYHO-
HCClIeJoBaTeIbcKast padoTa CTYIeHTOB, BEIIOIHAeMAs BO BHEAYIHTOPHOE (ayHTOPHOE) BPEMS ITO
3aJIaHHIO M IIPH METOJIHYECKOM PYKOBOJICTBE ITPEIOAABaTElISl, HO 0e3 €ro HEIOoCPedCTBEHHOI O
y4acTHS (IIPH YaCTHYHOM HEITOCPEACTBEHHOM YYACTHH ITPEIIofaBaTelsl, OCTaBILIIOIIEM BeIVIIYIO
POIIb 3a pabOTOH CTYIEHTOB).

CaMocTosTelIbHASA padora CTYAEHTOB B BY3e SBIMeTCS BaKHBIM BHIOM V4UeOHOH H
HAYYHOH JEATEeIIbHOCTH CTYAeHTa. CaMOCTOATEeNbHAs padoTa CTYASHTOB HIPAET 3HAYHTEIILHYIO
POJIb B PEHTHHIOBOH TEXHOIOTHH 00yueHHS. B CBs3H ¢ 3THM, 00yueHHe B BY 3¢ BKIIroyaeT B ceb4
IBE, MPAKTHYECKH OJMHAKOBBIE ITO 00BEMY M B3aHMOBIHMSHHIO YaCTH — ITpoIecca OOYVUEHHS H
nporiecca camooOyuenusa. Ilosromy CPC pomkHa craTh 3()(eKTHBHOH H IeleHaIlpaBIeHHOMH
pPaboTOH CTYAEHTA.

K coBpeMeHHOMY CITEI[HAIHCTY OOINECTBO IIPEABSBILET JOCTATOUYHO IIMHPOKHH IIepeYeHb
TpeOOBaHHH, Cpead KOTOPBIX HEMAIOBAXKHOE 3HAYEHHE HMEEeT HaIH4Yie Y BBEOTYCKHHKOB
OITPENIETIEHHBIX CIIOCOOHOCTEH M YMEHHS CAaMOCTOSTENBHO HOOBIBaTh 3HAHHS H3 PA3IHMUYHBIX
HCTOYHHKOB, CHCTEMATH3HPOBATh ITONMYYEHHVIO HH()OPMAIHIO, JaBaTh OIEHKY KOHKPETHOH
(pHMHAHCOBOM CHTYallMH. (DOPMHPOBAaHHE TAaKOI'0 YMEHHS ITPOHCXOJNUT B T€YeHHE BCETO IIEPHOAA
OOYUEHHS 4Yepe3 YYacTHE CTYJIEHTOB B IIPAKTHYECKHX 3aHSTHSX, BBIITOIHEHNE KOHTPOIbHBIX
3aJJaHHH M TeCTOB, HAITHCAaHHE KYPCOBBIX H BBIITYCKHBIX KBaIH()HKAIITHOHHBIX padoT. IIpH sTOM
CaMOCTOST eIIbHAas padoTa CTYIAEHTOB HI'PaeT PEINArOIYIO POk B XOJe BCEro yueOHOr0 IIpoIiecca.

Beavimasa 1ienp opraHmsaipi M ocyinectBieHHsS CPC gomkHa COBMagarhk € IENBIO
OOVUYEHHS CTYACHTA — ITOAT OTOBKOH CIIEIIHAINCcTa M OakajaBpa ¢ BRICIINM oOpaszoBaHHeM. [Ipu
opranmzanui CPC BaKHBIM H HeOOXOJHMEIM YCIOBHEM CTAHOBSTCS (DOPMHPOBAHHE YMEHHS
CaMOCTOSIT€IIbHON PadOTHI IJIS IMTPHOOPETEHNS 3HAHUI, HABBIKOB H BO3MOKHOCTH OpPTaHH3aI[HI
yueOHOH H HAYYHOH JIeSTEIIbHOCTH.

(DOpPMEBI CaMOCTOSATEIIFHOH PadOTHI CTYIEHTOB pa3HOO0pasHel. B COOTBETCTBHH ¢ padoueH
ITPOrpaMMON  JTHCI[IIUIMHEL TIPEAYCMOTPEHEl CIEAVIOIE BHIABL CAMOCTOSATEIBHONH paboTH
CTYICHTA:

- CAMOCTOSITEIIbHOE H3YUEHHE JIHTEPATYPHI,

- CAMOCTOSITEIIBHOE PEICHHE 3a]1a4;

- BEITIOJIHEHH E KYPCOBOTO ITPOEKTA.

AOKYMEHT MNOANNCAH wmepamypsl — CaMOCTOSTEIIbHOe OBJIAIeHIE
SNEKTPOHHOWM NOANUCHIO pamyp o

Ceptudbikat: . 12000002A633E30113AD425FBS0002000002A6
Bnapeneu: lebayxoea TateaHa AnekcaHgpoeHa
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o VIIIyOIIeHHE H PaCIIHPeHHE TEOPETHYECKHUX 3HAHHII,

o (pOopMHpPOBaHHE YMEHHH HCIIOIh30BaTh HOPMATHBHYIO, ITPABOBYIO, CITPAaBOYHYEO
JOKYMEHTALIHIO H CIIEI[HATIbHYIO ITHTepaTypy,

° Pa3BHTHE ITO3HABATEILHBIX CIIOCOOHOCTEH H AKTHBHOCTH CTYIEHTOB.

Ilens camocmoamensHozo peuwieHua 3ad0ay - OBIaJiecHHe ITPOQPeCCHOHATbHBIMH
YMeHHSIMH H HaBBIKAMH JeSTeIbHOCTH IT0 ITpodHIro OyayIneH JIesTelbHOCTH.

3adauamu caMOCTOSTEIILHOI O PEIlleHHS 3a1ay SBIISIOTCA:

° CHCTeMAaTH3al[Md H 3aKpeIUIeHHEe IIONYYEeHHBIX TeOPeTHYSCKHX 3HAHMII H
ITPAKTHYECKHX YMEHHH CTVIAEHTOB;

o (hOpMHPOBaHHE CaMOCTOSITEIFHOCTH MBIIIIIEHHS, CIIOCOOHOCTEH K CaMOPa3BHTHIO,
CaMOCOBEPILEHCTBOBAaHHIO H CaMOpPeaH3alii,

o Pa3BHTHE HCCIIeJ0BATEIbCKHX YMEHHI.

Ilensrwo camocmoamenbHOZ0 6bINOJHEHUA PACUEmMHO-2D AuuecKoil padomst TI0
IHCIIIIHMHE SBJIeTCS OBIaJieHHEe (yHIaMEHTaJIbHBIMH 3HAHHSAMH, ITPO(eCCHOHAIBHBIMI
YMEHHISIMH H HaBBIKAMH JESITeJIbHOCTH I10 IMPO(HIIO, OIBITOM TBOPYECKOH, HCCIe0BaTelIhCK O
eITe IbHOCTH.

3a0 auamu JaHHOTO BHIA CAMOCTOSTEILHON PabOTHI CTYIAEHTA SBJISTFOTCSL:

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

° VIIIyOIIeHHE H pacIlHpPeHHE TEOPETHYSCKIX 3HAHHI,

° (popMHpPOBaHHE YMEHHH HCIIOIh30BaTh HOPMAaTHBHYIO, ITPAaBOBYIO, CITPAaBOYHYEO
JOKYMEHTALIHIO H CIIEI[HATIbHVYIO IIHTEPaTypy,

o Pa3BHTHE IT03HABATEIBHEIX CIIOCOOHOCTEN H aKTHBHOCTH CTYIAEHTOB. TBOPUYECKOH
HHHI[HATHBEL, CAMOCTOSTEIIbHOCTH, OTBETCTBEHHOCTH H OPraHN30BaHHOCTH,

o (pOpMHPOBaHHE CaMOCTOSTEIIbHOCTH MBIIIIIEHHS, CITOCOOHOCTEH K CaMOpPa3BHTHIO,
CaMOCOBEPIIEeHCTBOBAHHIO H CaMOpeaTH3alHH,

° Pa3BHTHE HCCIIeL0BATEIbCKHX YMEHHI,

° HCIIONIB30BaHHe  MaTepHala, CcOOpaHHOTO M IIOIYYEHHOIO B XOfe
CaMOCTOST €JILHBIX 3aHSATHI Ha CeMHHapaxX, Ha IPaKTHYECKHX H J1a0OpaTOPHBIX 3aHSTHSX, ITPH

HaIMCaHHH KYPCOBOH PadoOTHI.
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B pesymbTare OCBOeHHS JUCHHIUIMHEL (DOPMHPVIOTCS  CIEAVIOI[HII IIepeyeHb
IUIAHHPYEMBIX Pe3ylbTaTOB OOYYEHHS II0 JHCI[HIUIMHE, COOTHECEHHHIX C IDIAHHPYEMBIMH

pe3ylbTaTaMH OCBOEHHS 00pa30BaTelIbHOH ITPOrPaMMEI:

[ImaHMpyeMBle pe3yIIbTaThl
O0Oy4YEeHH S IT0 JTHCIHITIIHHE

Ko, popmyrmpoBka Kon, popmymipoBka (MOZIYIIIO),
KOMITETEHIHH HHIHKaTOpa XapaKTePH3YIOIIHE ATATIEI
(pOpMHPOBaHHI

KOMITETEeHI[HH, HHIHKATOPOB
3HaeT OCHOBHBIE 3aKOHEBI
AIEKTPOTEXHHKH, OCHOBHEIE
OIpeJelIeHHS,
TOITOJIOTHUECKHE MTapaMeTPhI
H MeTOJIBI pacyeTa
AIIEKTPHYECKHX I[eTeH.
OCHOBBI 3IEKTPOHHKH H
AIEKTPHYECKHE H3MEPEHH AL
YMeeT IMIpHMeHSATh ITPHHI[HITBI
IIOCTPOEHH S, aHaIIH3a H
SKCILTyaTalHH
ANIEKTPHYECKHX I[ETIEH,
BIEKTPOOOOPYAOBAHH S H
TIPOMBIIIIIEHHBIX
3IeKTPOHHBIX ITPHOOPOB,

OIIK-1 CriocoGeH ITpHMEHSTH IIPHMEHSTE TIPHHIIHIIBL
€CTECTBEHHOHAYYHEIE H M J1-1omx-1 OCHOBEI IIOCTPOEHH S, aHAJIM3a 1
OOIIeHHKEHEPHEIE 3HAHI AL €CTECTBEHHOHAYUHEIX H SKCIUTYaTallHH
METOIBI MaTEMATHYECKOTO OOIIEMHKEHEPHEBIX HAVK, BIEKTPHYECKHX I[ETEH,
aHal3a H MOJIEIIMPOBAaHHS B METOIOB MaTEMATHYECKOTO 3IIEKTPOOOOPYAOBAHN S H
Ipode CCHOHAIbHOM aHAIIN3a H MOIEIMPOBAHHS. ITPOMEBIIIUIEHHBIX

NesSTeJ IbHOCTH 3JIEKTPOHHBIX ITPHOOPOB.
Bnageet

BIIEKTPOTEXHHYECKOH
arapaTypoH H
BIIEKTPOHHBIMH
YCTPOHCTBAMIA,

ITPHUMEHEHHEM METOJIOB
TEOPETHYECKOT'O U

3KCIIEPHMEHTAIBHOL O

HCCIIEOBAHIS B
BIIEKTPOTEXHUKE H
ITPOMBIIIITEHH O
3JIEKTPOHHKE, HABBIKAMIU
IIPUMEHEHHS OCHOBHBIX
3aKOHOB 3JIEKTPOTEXHHUKH H
BIIEKTPOHHKH.
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Il.1an-rpaduK BbINOJTHEHHSA CAMOCTOST €JIbHOH PadoThI

OO6BeM 4acoB, B TOM YHCIIE
Komsl
CpeacTBa | KoHTakTHas
peann3yeMBIX Bua gesreIbHOCTH
- TEXHOJIOTHH padora ¢
KOMIIET €HI[HII, CTYIEHTOB CPC Bcero
HHIIKaTOpa(oB) OLIEHKH ITperoaaBar
ereM
4 ceMecTp
CaMOCTOSTEIbHOE
H3VUEHHE JTHTEPATVPhI KoHCIIeKT 02,91 0,99 09.9
1o TeMaM Nel -9
OLK-1 HloaroTosKa X KoHCTIEKT 0,27 0,03 0,3
N-1omx-1 TIEKIHSM
[IoaroToBKa K OT4YeT I10 J1a-
nmadopaTOPHBIM GopaTOpPHOMI 1,62 0,18 1.8
3aHSITHSIM pabote
Hroro 3a 4 cemecrtp: 64,8 7,2 72
Hroro: 64,8 7,2 72
[JOKYMEHT NMOANMUCAH

SNEKTPOHHOW NOAMUCLIO
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KﬂHTpﬂ.JII:HhIE TOYTKH H BHIbI OTHECTHOCTH ITO HHIM

PeliTHHrOBasI CHCTEMA YCIIEBAEMOCTH CTYAEHTOB He IIPEAYCMOTPEHA JUIS 3a0YHOH (POPMEI
00yUYEHHA.
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MeTtomueckne PEKOMERIANNN IO NH3YUCHHIO TCOPETHYIECKOI'0O MAaTEepHaAJIA

CaMocTosTellbHAA padoTa CTYAEHTAa HAYMHAETCS C BHHMATEJIBHOIO O3HAKOMIIEHHS C
coJiepKaHHeEM yueOHOro Kypca.

HM3ydeHHe KaKIOH TEMEBI CIIeAYET HAUHHAThL C BHUMATEIIPHOI O O3HAKOMIEHHS ¢ HabOpoM
BOITPOCOB. OHH OPHEHTHPYIOT CTYAEHTA, ITOKA3BIBAIOT, YTO OH JOIDKEH 3HATh IO JaHHOH TeME.
BoImpocel TeMBI KaK OBl HAKIIAARIBAFOTCS HA COOTBETCTRVIOIIYIO I'JIaRY H30PaHHOr 0 YYeOHIKA ITH
yueOHOro rmocodus. B Hrore JOIXKHO OBITH SICHBIM, KaKHE BOIIPOCH TEMBI YUEOHOI0O Kypca H C
KaKOH T'JIYOHHOH PacKpBITEI B KOHKPETHOM YUeOHOM MaTepHalle, a KaKHe BOOOIIE OITYIIEHBHI.
Tpebyercsa TBOPUECKOE OTHOIIEHHE H K CAMOMY COAEPKAaHHIO JHCIIHILIIHHEL.

BOITpoCEl, COCTABILIONIHE €€ COJepKaHHe, 00IaJar0T PasHOH CTEIIEHBIO BaXKHOCTH. ECTh
BOITPOCHI, BBIOTOTHSIONIHE (PYHKIHIO JTOTHYeCKOH CBSI3KH COJAep’KaHHSI TeMBl H BCErO Kypca,
HMEIOTCS BOIIPOCH! OITHCATEIIFHOIO WIH Pa3zbsACHHTEIFPHOIO XapaKTepa, a TAKKEe HCTOPHYECKOT O
B3KCKypca B 00IacTh HM3Yy4YaeMOH AHCIHIUIHMHBL. BCce 3TH BOIIPOCHE HE COCTABJISIFOT CYTH IIOHS-
THHHOI'O, KOHIIENITYAJIbBHOI'O COAEPKaHHS TEMBI, HO HEOOXOMNMBI JJIS IETIOCTHOI'O BOCIIPHATHS
H3YYAEMBIX ITPOOIIEM.

HM3yyaeMass QUCIMIUIMHA HMEET CBOH KaTer OpHaIbHO-TIOHSATHIHEBLIN armiapar. HayuHble
IIOHSTHSA — 53TO Ta 0aza, Ha KOTOPOH CTPOHTCS Kaxkiaas HayKa. [ IOHSTHS — VY3JIOBBEIE, OIIOPHEIE
ITYHKTHI KaK HAYYHOI' O, TaK H YUYeOHOI0 ITO3HAHHS, JIOTHYECKHE CTYIIEHH ABIKEHHSI B yuebe OT
IIPOCTOrO K CIIOKHOMY, OT SIBJIIEHHS K CYIITHOCTH. be3 SICHOIO ITOHMMAaHHS ITIOHITHH yueba KparHe
3aTPYAHSETCS, 4 COAEPKAHHE IIPHOOPETEHHBIX 3HAHHI CTAHOBHT CS TYCKIIBIM, PaCIl/IBIBUATHIM.

CTyIeHT OOIDKEH IIOHHMATh, YTO CAMOCTOSTEIIBLHOE OBIAJcHHE 3HAHHAMH SBJISIETCS
TJIAaBHBIM, OIIPEAEIISFONIM. BRICINIAS IIKOIA CO3MaeT IS 3TOr0 HEOOXOMMBIE VCIIOBHSL, IIOMOTaeT
OyayIIEMY BBICOKOKBAITH (DHITHPOBAHH OMY CITEI[HAIIHCTY OBJIAJIETh TEXHOIIOTHEH
CAMOCTOSTEILHOI O ITPOU3BOACTBA 3HAHIIH.

B camocroarebHOH palore CTYAeHTaM IIPHXOAHTCS HCIIONB30BaTh JIHTEPATYPY
Pa3IHMYHEIX BHAOB. IIEPBOHCTOYHHKH, MOHOIpa(HH, Hay4yHble COOpPHHKH, XpeCTOMAaTHH,
yueOHHKH, yueOHBIe ITOCOOHS, XKYpHAIBI H Ap. M3yueHHe Kypca IpeArojiaracT 3HAaKOMCTBO
CTYIEHTOB ¢ OOJpIIMM OOBEMOM HaVYHONH M YUYeOHOH JINTEepaTyphl, YTO, B CBOK OUYEpelb,
IIOPOXKAAaeT HeOoOXOAHMOCThE BBEIPAOOTKH VYV HHX PalfHOHAIIBHO-KPHTHYECKOIO TIIOAXOJAa K
H3YYAEMBIM HCTOYHHKAM.

YToOBl HE «YTOHYTE» B OIPOMHOM OOBEME PEKOMEHJOBAHHBIX &MY IS H3YUEHI

AOKYMEHT NOANYUCAH HAVYHTECS MIPABIIFHO UX YHTATh. [IpaBHIILHOE
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[IpempapHTeNbHEIH ITPOCMOTP KHHTH BKIIFOYAaeT O3HAKOMIIEHHE C THTVYIILHBIM JIHNCTOM
KHUTH, aHHOTAI[MEH, IIPEIHCIOBHEM, OrJIaBlIcHHeM. [IpH O3HAKOMIIEHHMH C OrJIABIIEHHEM
He0OXOANMO BBIJAEIIHTE Pa3eibl, ITIaBEl, ITaparpadsl, IIpeACcTaBILIIOIIHE IS Bac HHTepec, Oerio
HX IIPOCMOTPEeTh, HAHTH MecTa, OTHOCSINHecS K TeMme (a03albl, CTpaHHIIBI, ITaparpadsl), H
ITO3HAKOMHTBCS ¢ HUMH B OOIIHX YepTax.

HayunHble H3IaHHI COIMPOBOKIAIOTCS Pa3THUYHBIMH BCIIOMOraTelIbHEIMH MaTepHalIlaMH —
HaYYHBIM aIliapaToM, II03TOMY BayKHO 3HATh, H3 KaKIX OCHOBHBIX 3IIEMEHTOB OH COCTOHT, KAKOBEI
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[HI
ITOMOTaeT COCTABHUTH ITPEABAPHTEIILHOE MHEHHE O KHHTE.

['myGxe IMOHATE colepKaHNe KHITH ITO3BOILSIFOT BCTYITHTEIIBHAS CTaThs, B KOTOPOH JaeTCsa
OLIEHKA COJep KaHHI KHHIH, 3aTparHBacMOH B HeH ITpoOIIeMaTHKH, COAEPKUTCS HH(POPMAIIHS O
’KH3HEHHOH H TBOPYeCKOH OHOrpaHH aBTOpa, BEICKA3BIBAIOTCS ITOJIEMHYECKHE 3aMeYaHHS,
PA3BACHSIOTCS OTIENBHEIE ITONMOKEHHS KHHIHM, MAlOTCI KOMMEHTApHH H T.h1. Bor Imouemy
3HAKOMCTBO C BCTYIIHTEIILHOH CTAaTheH MPeACTaBISIeTCsI OYEHD BaKHBIM. OHO ITOMOTaeT CTYAEHTY
COPHEHTHPOBATHCSA B TEKCTE PabOTHL, 0OpaTHThE BHHMAHHE Ha €€ HaHOOJIee IIEHHBIE H BaKHBIE
pa3eIbl.

Toit Ke LenH COMEHCTBYET 3HAKOMCTBO C OITIaBIIEHHEM, ITPEIHCIIOBHEM, ITOCIIECIIOBHEM.
BecbMa IIOIE3HBIMH 3JIEMEHTAMH HAY4YHOI'O arlrapara SBJISIOTCS CHOCKH, KOMMEHTApHH,
TaOIHIIBI, Tpa) MKH, CITHCKH IHTePaTyphl. OHH He TOIbKO HINTIOCTPHPYIOT OTAeIbHBIE ITOI0KEHH
KHHTH HJIH CTaThH, HO H CaMH IT0 ceOe SBILIEFOTCS JOIIOJIHHTEIIFHEIM HCTOYHHKOM HH()OPMAIIHI
IULST YHTATENIS.

Ecinu ynrarenns 3aHHTepecoBajla KakKas-TO BBICKa3aHHAs aBTOPOM MBICIIb, He HaIleIIas
ITOAPOOHOI0 OCBEIEHHS B JAHHOM HMCTOYHHKE, OH MOKET OOpPaTHThHCA K TEeKCTY HCTOUHHKA,
VIIOMHHAEMOI'O B CHOCKE, THOO K HCTOYHHKY, KOTOPBIM OH MOJKET HAHTH B CITHMCKE JIHMTEPATYPHL,
PEKOMEHJOBAHHOH aBTOPOM IS CAMOCTOST EJIbHOI'O H3YUEHHS.

CyIIecTBYeT HECKOIBEKO (POPM BeeHH S 3aITHCEH:

— IUTaH (IIPOCTOH H pa3BepHYTHIH) — HanOolee KpaTKas (popMa 3ariCcH ITPOYHTAaHHOIO,
IIPEACTABILIIONIAS COOOH IIEpeYeHh BOIIPOCOB, PACCMATPHBAEMBIX B KHHIE HIH CTaTheE.
PasBepHYTHIH IUIaH IIPeACTaBIIET coOOH Oonee IOAPOOHYIO 3allHCh IIPOYMTAHHOIO, C

AOKYMEHT NOAMNKUCAH B, C BBITHCKOIT ITHTAT, CTATHUCTHYECKHX JAaHHBIX
SNEKTPOHHOW NOAMUCHIO ’ H ’ a
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— Te3HCHl — KPaTKO C(OPMYITHPOBAHHBIE ITOTOKEeHHS, OCHOBHEBIE IMOMOXKEHHSI KHHTH,
craThH. Kak ITpaBHIIO, T€3HCHI COCTABILIEIOTCS ITOCIIE IIPEABAPHTEIIbHOIO 3HAKOMCTBA C TEKCTOM
HCTOYHHKA, IIPH €ro IMTOBTOPHOM ITPoYTeHHH. OHH ITOMOTa0T 3alIOMHHTh H CHCTEMAaTH3HPOBATh
HH(OPMAIIHIO.

CocTaBjIeHHE KOHCIIEKTOB

Bompmryto poilb B YCBOSHHH M IIOBTOPEHHH MPOMHIASHHOrO MaTepHada HrpaeT XOPOIIIHit
KOHCITEKT, COZep Kalliii OCHOBHBIE HAEH IPOYHTAHHOIO B YUeOHHKE H YCIIBIIIAHHOTO B JIEKIIHH.
KoHCIEKT — 3T0, TI0 CYIIEeCTBY, HAOPOCOK, Pa3BePHYTHII IIaH CBSI3HOIO paccKasa II0 OCHOBHBIM
BOITPOCAM TEMBEI.

B Kakoil-TO Mepe KOHCIEKT paccYHTaH (B 3aBHCHMOCTH OT HHIHBHIYaJIbHBIX
0cOOeHHOCTeH CTyJleHTa) He TOIBKO Ha HHTEIUIEKTYaIbHYIO M SMOIMOHAIBHYIO, HO H Ha
3PHTEIBHYIO ITaMATh, IIPHYeM TeKCT KOHCIIeKTa HepeIKO acCOIHHpPYeTCS eIlle M C TEeKCTOM
yueOHHKa HIH 3allHChIO JIeKIHH. [103TOMYy Jierdye 3allOMHHAETCS COAEpKaHHEe KOHCIIEKTOB,
HaITHCaHHBIX pa300pYHBO, ¢ MOJYePKHBAHHEM HJIH BHIJIEIIEHHEM Pa3pSAKOH KIIFOUEBBIX CIIOB H
hpas.

CaMOCTOATEIbHO H3YYeHHBIe TeMBl IIPeIOCTABISIOTCS IIpelloflaBaTelll0 B (opMe
KOHCITeKTa, IT0 KOTOPOMY ITPOHCXOAHT cobecefoBaHHe. TeopeTHUeCKHEe TeMBI Kypca (OTIelbHbIE

EGHPGGBI):. BBEIHOCHMEBIC Ha CaAMOCTOATCIIbHOC H3VHUCHIC, ITPCACTABIICHBI HIT/KC.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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