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Comep:kaHue

BeeneHne

Llems u 3agau H3y4YeHH S JUCIIIIHHEI

OO6opyaoBaHHE U MaTEePHAIIBI

HarmveHoBaHuEe 1a00paTtopHEIX pador

Coxepxanie 1adopaTopHBIX padoT

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

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

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

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

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

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

JlaGopaTopHas pabora Neo8. Hccnepopanne XaAPAKTEPHCTHK
ITOIYTIPOBOAHHUKOBBIX JIHOOB Ha ITOCTOSHHOM H IIEPEMEHHOM TOKaX
JlabopatopHasgs padora Ne9. OrmpeneneHHe OCHOBHBIX XapPaKTEPHCTHK

AOIIMEIIE DORMNYCAH IMapaMeTPHYECKOTO  CTaOWI3aTopa
SNEKTPOHHOWM NMOANMUCHIO P p P
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OCBOEHHS JTUCIIHILIIHHEI

5.2  llepeueHp y4uyeOHO-METOAHMYECKOIO OOECIEYEHHS CaMOCTOSTEIRHOH PadoTHI
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BeeneHue

[lenpro paboTel B 1a00PaTOPHH SBISETCS YVITIYOIEHHE H 3aKpeIUIeHHEe IIPHOOPETEHHBIX
TEOPETHYECKHUX 3HAHHI ITYTEM SKCIIEPHMEHTAIILHOH ITPOBEPKH TEOPETHUYECKHX ITOIOKEHHIH, a
TAaKKe 3HAKOMCTBO C B3JIEKTPOHHLEIMH KOMITIOHEHTAMH, OOOPYAOBAaHHEM, H3MEPHTEIbHBIMI
ITpHOOpaMH M armrapaTypoil, HCITOIb3YeMBEIMH B JTaOOpaTOPHH.

B pesyibTaTe BEIIIOIHEHHS Ta00paTOPHBIX PadoT CTYAEHTH JOIAKHBI IIPHOOPECTH YMEHHST
H HaBBIKH II0 COOpKE M MCCIEIOBAHHIO 3IIEKTPOHHBIX CXEM H IIPHOOPOB, H3MEPEHHIM
SJIEKTPHYECKHX BeIMYMH. TemaTHka J1a0opaTOpPHBIX padoT IIOIMHOCTBEO COOTBETCTBYET
COJIEPKAHMIO OCHOBHBIX PasJielIoB Kypca, H3Y4YaeMOr'0 B BEICIIHX TEeXHHYECKHX YUeOHBIX
3aBel[eHHSIX. B npepimaracMoM yueOHOM ITOCOOHH OIMCAaHO OAMHHAAIATH 1ab0paTOPHEIX padoT.
B omicannu Kaxgoi 1a0opaToOpHOI paboTHl ¢ OopMyIHpOBaHa €€ I[elIb, H3I0XKEHB OCHOBHEIE
TEOPETHYECKHE TTOJIOKEHI S, OIMCaHa CXEMa YCTAHOBKH JIIS ITPOBEAEHHS SKCIIEPHMEHTAIIBHOI O
HCCIIEIOBAHNS, JaHBl PEKOMEHJAIMI II0 IIPOBEJEHHIO OILITOB H 00paloTKe pPe3yiIbTaToOB

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

[{enpr0 OCBOEHHS JUCLIHIUIHHEI SIBJISETCSA H3YUeHH I HCLIMIUIHHEI « MHKeHEpHBIE CHCTEMBI
3IaHHH H COOPYKEHHH (3IIeKTpOocHAOKEHHE C OCHOBAMH SIIEKTPOTEXHHKH)» SBIISETCS
(pOopMHpOBaHHE 3HAHHIL B OOIIaCTH TEOPHH, pacueTa H aHaJM3a SIEeKTPHYECKHMX H MarHHTHBIX
I[eTell, paccCMaTpHBAaeMBIX KaK MOJIETIH pealbHBIX SJIEKTPOTEXHHYECKHX  YCTPOMCTB,
HCITOJIb3YEMBIX B CTPOHTEIH CTBE.

3agayH OCBOEHHS JHUCIIHIUIHHEI SBJISFOTCS:

— H3YYHTh OCHOBHBIE IIOJIOKEHHS TEOPHH H IIPAaKTHKH pacueTa OJHO(a3HBIX H
TpeX(pa3HBIX 3JIEKTPHYECKHX IIeIeH, AMeKTPOTEXHHYECKYIO CHMBOIIHKY H T€ PMHHOIOTHIO,

— IIOIYYHTh ITPAaKTHYECKHE HABBIKH pacueTa 3JIeKTPHYECKHX IeleH, HCIIOIb3YeMBIX B
ITpodeCCHOHAIILHOMH ITPaKTHKE;

— HAY4YHThCS TOJIb30BATHCS JOCTHKEHISMH COBPEMEHHOM 3IIEKTPOTEXHHYECKOH HAYKH B

CBOEH ITPO(eCCHOHAIIBHOH JAesITEIIbHOCTH.

2. Obopyoosarue u mamepuaibl

ATlImapaTHEIE CPELACTBA!

— KOMITUIEKT THITOBOTO 1ab0paTOPHOro O00PYAOBAHHS « SIEKTPOTEXHHYECKHE MAIIIHHEI)

— Komrriekr TtHIIOBOro mnadopaTOpHOro oOOpyaOBaHHSA «leopeTHYyecKHe OCHOBEI
3IIEKTPOTEXHHKI )

— YYeOHBIN CTeH « 1 eopHs 3JIEKTPHYECKHX IETIeH H OCHOBBI 3IIEKTPOTEXHHKHY

YueOHass ayauTOpHS IS IIPOBEACHHS YUeOHBIX 3aHSITHI, OCHAIlleHa OOOpPYAOBAHHEM H

TEXHHYECKHMH CpefcTBaMH oOydueHHs. [lepeHOCHOH HOYTOYK, ITPOEKTOpP, JOCKa MAarHHTHO-

MapKepHasl.
3. Haumenoesarue nad opamopusix paoom
N3 HHX
No Temnbl HanmeHoBaHIEe TeM JHUCIIMIUIMHEL, HX KPaTKOe O0bpeM
ITpaKTHYECKas
JITUCITHIUTHHEI COAEPKaHHE YJaCOB
IIOATOTOBKA, 4YaCOB
5 ceMecTp
JIaboparopHas padora Ne 1. Hccrmemompanme
CIIOKHBIX IIeIleH ITOCTOSIHHOTO TOKA.
[IoMyynTh IMPaKTHYECKHE HABBIKH COOPKH CXEM
NOKYMEHT NOANMACAH pxu B pacyera | 1,5
ANEKTPOHHOW NOANMMChbIO [CTIONIB3OBAHHEM
Ceptudmkar:  12000002A633E3D113AD425FB50002000002A6
, OpOro 3aKOHOB
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JIladopaTopnasa padora Ne 2. [IociaegoBaTenbHOE
COeHHEHHE AaKTHBHOIO, HHIYKTHBHOIO H
EMKOCTHOT'O COITPOTHBJIEHHIT. PesoHaHC
HAITPSDKEHIH .

OIBITHAS IIPOBEPKA OCHOBHBIX COOTHOIIEHHH IS
IIOCIIEAOBATEIIbHON I[eIM IIEPEMEHHOIO TOKa,
oOmajaroInedl  aKTHBHBIM, HHAYKTHBHBIM H
EMKOCTHBIM COITPOTHBIEHH M.

1,5

JIaboparopHas padora Ne 3. DOnekTpHuecKas
I[elb CHHYCOHZAIbHOTO TOKa ITPH ITapaulelIbHOM
BKITIOYEHHH  aKTHBHOIO H  PEaKTHBHEIX
COITPOTHBIIEHHIL.

OKCIlepHMeHTalIbHasd TPOBEPKAa 3aBHCHMOCTH
aKTHBHOTO H PEaKTHBHBIX COIIPOTHBIEHHII OT
JaCTOTHL, a TaKKe COOTHOINEHMH  MeXIy
HaITpSDKEHIEM, COITPOTHRIICHH SIMH,
IMPOBOAUMOCTSIMH M TOKaMH B IIEMH C
MapajuIeIbHO BKJIFOYE€HHBIMH aKTHBHBIM
COITPOTHBIIEHHEM, KaTYIIKOH HHIYKTHBHOCTH H
KOH/IEHCATOPOM.

1,5

JIadboparopnas padora Ne 4. Hcciaemompanme
Tpex(asHOH  CHCTEMBI IIPH  COEIHHEHHH
IOTPeOHUTENEH 3BE3OH.

O3HAKOMHTBCS OITLITHBEIM ITyTEM C
0COOEHHOCT AMH COeIMHEHHS 3BE3OH
IPHEMHHKOB SJIEKTPHYECKON DSHEPIHH B I[EITH
Tpex(da3Horo Toka. HMccraegoBaTh  peXKHMBI
PAaBHOMEPHON M HEPABHOMEPHOH Harpysok, a
TaKKe padoTy CHCTEMEI IIPH OOPBIBE OJHOH M3
¢a3. [TonyduTs IIpakTHYeCKHE HABBIKH pacueTa ’
HCIIBITAaHUS  TpexX(aszHBIX IIeNel, a TaKke
TIOCTPOEHHS BEKTOPHEIX THATDAMM.

1,5

BupryanpHasa
nmabopaTopHas
pabora
(3KCTIEpHMEHT )

JIaboparopHas padora Ne 5. TpexdasHas 1elb
IPH COEOMHEHMH IIOTPeOHTelneH TII0 CXeMe
TPEVYT OIIbHHUK.

HccnenoBaTe 0coOeHHOCTH palOTHI Tpex(a3HOH
5 Iel TPH COSAHHEHHH CHMMETPHYHOIO H
HECHMMETPHYHOL O IoTpebuTENen
TPEYT OJIbHHKOM, YCBOHTE IIOCTPOEHHE
BEKTOPHBIX  JHarpaMM  II0O  pe3yibTaTaM
AKCIIEPHMEHTA.

1,5

JIladboparopHas padora Ne 6. Hcrmitanme
oxHo(da3HOro TpaHchopMaTOpa.

6 O3HAaKOMHTBECS C KOHCTPYKIIHEH, METOJAMH
HCIIBITAHHS M OINpelelleHHS XapaKTepPHCTHK
TpaHCc(pOpPMaTOPOB.

1,5

JIadboparopHas padora Ne 7. Hcrwitanme
TT\Pme—’I RHOT'O ACTTHYTDOHHOT O ."-‘!T[FEF{TPGII;B.HI‘E],TEJIH C
NOKYMEHT NOANMUCAH

SNEKTPOHHOW MOAMMCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6 METOdaMH ITYCKa

Bnageneu; LLleBayxoea TateAHa AnekcaHaposHa ACHHXPOHHOI'O
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BupryansHas
nmabopaTopHas
padora
(3KCTIEpHMEHT )




JladopaTtopnas padora Ne 8. HccinemoraHie
XapaKTePHCTHK ITOIYITIPOBOJHHKOBEIX JHOJIOB Ha
TIOCTOSHHOM H ITepeMEHHOM TOKaX.

CHSTB BOJIbTAMITEPHBIE XapaKTEepHCTHKH
BRIITPSAMHTENIbHOTO  guoda  (tmma  KJ[226,

IN5408), mnoryimecHoro puoma (tmmra KJI521,
KJ1522, 1N4148), nuoma Ilorku (tTrra 1N5819),

II0 XapaKTePHCTHKAM OIPeJelIHTh OCHOBHBIE
mapaMeTpel H CpaBHHTh HX. Ha 5skpaHe
ocIniorpada ITPOHAOIIIOAATE ITPOLIECCHI
BKITFOUEHHS M BBEIKIIOUEHHS JHOJA, OIPeJelIHTh
BpEMSI BKITFOYEHH I H BBIKITIOYEHH S,

1,5

JIaboparopHas padGora Ne 9. OmpejgeneHue
OCHOBHBIX XapakKTEpPHCTHK CTaOWINTPOHA H
HCCIIE JOBAaHHE IMapaMeTPHYECKOTO
cTaOHIIM3aTOpa HAITPSIKEHI AL

CHATH C TTOMOII[BIO ocILIIorpada
9 BOJIbTAMIIEPHYIO XAPAKTEPHCTHKY H OIPEIEIIUTE
HarpsokeHne cradumszanpi UCT craGHimTpoHa.
HccnempoBath 3aBHCHMOCTD BBEIXOHOTIO
HAIPSDKEHH I H TOKa CTaOIUIMTPOHA OT BXOIHOIO
HAPpSDKEHHSI B IEMH  ITapaMeTPHUYECKOIO
cTaGHITH3aTOpa HATIPSKEHH S

1,5

Hroro 3a S cemectp:

13,5

HToro:

13,5

o |t
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4. Cooepacarue nadbopamopHsix pad om

Jlabopamopnaa paboma Nel. Hccneodosanue CoMHCHBIX Henel NOCMOAHHO020 MOKA

Ilens padomot: 110IydHTH ITpaKTHYECKHE HABBIKH COOPKH CXEM IS 5K CIIEpHMEHTaIbHOM
IIPOBEPKH H pacyeTa Ieleil ITOCTOSHHOIO TOKa C HCIIOIb30BaHHEM 3akoHa OMa, IIEPBOTO H

BTOPOro 3aKOHOB Kupxroda.

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

Y31noM BHE:I{TIJI[‘IE:CI{Gﬁ IO Ha3bIBACTCA MCECTO COCIOHHCHIMA TPEX H Ooree BeTBEH I[EITH.
HpH HaJOITYHH B CXEME n TAKIIX Y3JIOB MOKHO COCTABHTDB (H - 1) }II)EIBHEHII]?‘I COI''IACHO IICPBOMY
3dKOHY KHPKI‘D(I)E],. B COOTBETCTBHH C 3THM 3aKOHOM CYMMd TOKOB, IIOAXOJAIIMX K V3IIY, PdBHA

CYMME TOKOB, OTXOIAIIIX OT Y3lId, HIIH ElJITEﬁpElIIIIEGI{ﬂH CYMMd BCCX TOKOB B Y3JIC PdBHA4 HYVIIIO,

T.e. 2/ =0. [Ipu sToM HeoOXOAMMO TOKH, ITOAXOJSIIHE K Y31y, 3aIlHChIBaTh B YpaBHEHHE C
OJIHHM 3HAKOM (HAIIpHMEp «+»), a TOKH, OTXOASIIHE OT y3JIa — ¢ IIPOTHBOITOIOKHEIM 3HAKOM.

[Ipn mocnemoBaTeIbHOM COEJHHEHHH HECKOILKIX CONMPOTHBIEHHH (pHc. 1.1 a) oOrmee

COIPOTHBIIEHHE YYaCTKa PABHO CYMME BCEX COITPOTHBIIEHHI Ha 3ToM yuacTke: R, =R, + R, + R,

. Tok Ha YHACTKE ICIIH ¢ HECKOJIbKHMMI ITOCIICAOBATCIIEPHO COCIHHCHHBIMIT COITPpOTHBIICHHAMH

OyzeT paBeH (110 3aK0HYy OMa):

;=Y
R:a
!
—
Fh RE RS
—-jg

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

[Ipn mapamiebHOM COeQHHEHHH OBYX COIPOTHBIEHHH (pHC. 1, 0) »KBHBaJleHTHOE
NOKYMEHT NOANWUCAH

SNEKTPOHHOW NnoarnicCbio — Rl 'Ri
Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6 R +R '
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa 1 B
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EcIH H3BecTeH TOK 1o, HpﬂTEKﬂIGH.[Hﬁ ITO HEp&BEETBHEI—H—IGﬁ YJACTH I[ETH, TO TOKH [; M1 [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 3IEKTPHYECKOH IIEMTH HA3BIBAETCS YUACTOK AIEKTPHUECKOH LIEITH, 3aKIIFOYeHHBIH
Me Ky IBYMS y3IaMH (HallpEMep, KOHTYP abefa Ha pHc. 1.3).

B kxaK10M KOHTYpe MeXIY JIeKTPOABHIKYIITHMH CHIIAMH (3.11.C.), HMEIOIHMHCS B L[EITH, H
MaJeHHIMH HaIlpSOKEHHS Ha OTAEIBHBIX y4YacTKaX CVINECTBYET CTPOrO OIpelelIcHHas

3aBHCHMOCTE, OITpeeigeMas BTOPBIM 3aKOHOM Kupxroda:
LE =2IR

T.e. amreOpanyeckas CyMMa SJEKTPOABHIKYIIHX CIJI B JAaHHOM KOHTYPE paBHa
anredpanyeCKON CyYMME ITaJeHHH HAITPSOKEHHH Ha YYacTKaX I[EIH 3TOT0 KOHTY]a.

Jlma Toro, 4ToOB TPAaBIIBHO 3aIlicaTh YpaBHEHHE II0 BTOpPOMY 3aKoHY Kupxroda,
HEeOOXOANMO 3aJaThCs HaIlpaBIEHHEM OO0XO[a 5TOro KOHTYpa (HAIlpHMEp, IO XOAY YacCOBOH
cTpenkH). Ecimm rmpu 00Xojie KOHTYpa HalTpaBIIEHHE 3.J1.C. COBITaJaeT C HaIlpaBJIeHHeM 00X0/a, TO
€€ 3aIlCHIBAIOT B JIEBVIO YaCTh YPAaBHEHIS CO 3HAKOM «+), a €CIIH €€ HallpaBIIEHHE HE COBITAJAaeT
C HaITpaBlIIeHHeM 00XO0[a, TO €€ CUMTAIOT CO 3HAKOM «—». AHAIIOTHYHO ITOCTYITAIOT CO 3HAKAMH
TTaJle Il HanpsoKeHHH. Eci HalmpaBiIeHHE TOKa Ha YYacTKe IEIIH COBIAaJacT ¢ HallpaBIeHHEM
00xoj1a, TO /R Ha 3TOM Y4YaCTKE 3aIlICBIBAIOT CO 3HAKOM «+», B IIPOTHBHOM ClIy4Yae — CO 3HAKOM
«—n.

[ToxaxeM 3T0 Ha mpuMepe (pHc. 1.3)

l. Jl1g KoHTYpa abefa, coBepias 00X0/ 10 YaCOBOH CTPEJIKE, ITOTYUIIM:
E . =1LR, + IR,
2. Jlns KoHTypa beedb, coBepliass 00X0o ITPOTHB YaCOBOH CTPEIIKH, ITOITYUHM:

E.=1.R, + R,

NJOKYMEHT I:IG.[II'IHCAH ljﬁ}{ﬂ,l[ 10 YaCOBOH CTPCIIKE, ITOIIYHHM.
INEKTPOHHOW NOAMMACHIO
Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6 _ I R . I R
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa = T
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YKkazarue no mexHiike é ezonacHocmii:

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

B ITPHIIOKEHHE A.

VYKazanua no 6uinojiHeHUI0 1a00pamopHoil padomal:

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

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

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

1.1.

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

—-

PrcyHok 1.2 — CxeMa IjIs ITPOBePKH ITEPBOro 3akoHa Kupxroda

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

Tabmira 1.1 — Pe3yibTarsl H3MEPEHUH H BBIUHCIIEHHII

Ne
» PesypTaThl H3MED EHHIA 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:;;,112000002A633E3D113AD425FB50002000002A6
Bnapeneu. Webayxosa Tateana AnekcaHgpoBHa

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

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

hopmye:
I.— U, +1,+1
y=— ¢, + 1, 3)-100%\
ID
3. CoOpatsh cxemy (pHc. 1.3) 111 mpoBepKH BTOPOro 3akoHa Kupxroda.
F
a P g - C
Eq Es

® L @

A TH#H A g IET A

—| | R — | R — |R:

f = !

PrcyHok 1.3 — CxeMa JJ1 IPOBEPKH BTOpOro 3aKkoHa Kupxroda

[Ipn pasoMKHYTRIX PpYOWIRHHKAX P; M P2 H3MepHTh BOIBTMETPOM BEIIHYHHEL 3.]1.C.
KaKJI0ro akKymyisropa. ConpoTHBIIEHHS peocTaroB R, R2 u Rz m3Mepnts ommMerpom. T ok Ha
OTJEIPHBIX YYACTKaX LT H3MEPHTD I TPEX CIIyYaes:

Oneit 1 — pyOripHHK P 3aMKHYT, P2 — pa3soMKHYVYT.

OneIT 2 — pyOMIIBHHK P2 3aMKHYT, P1 — pa3oMKHYVT.

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

PEB}*’]’JI:THTLI HBMEPEHIIﬁ H H3BCCTHBIC BCIIHYHHBI BHYTPCHHHX CGHPDTHBJIEHIIﬁ
HCTOYHHKOB 3. 4.C. Foy H Fp2 3aHCSCTIH B T&ﬁﬂIIH}*’ 2.

Tabmiia 1.2 — Pe3yibTarsl H3MEPEHNH H BBIYHCIIEHHI

I13BecTHBIE
PesynbTaThl H3SMEPEHHH PesynbTaThl BRIYHCIIEHHI
No BEJIHYHHBI
1)y E; B> I 1> 13 U, Us Us o o2 R; R: R; 2 IR Yo
B B A A A B B B Om Om Om Om Om B Te
Mrmerr 1

NOKYMEHT NOAMNUCAH

SNEKTPOHHOW NOAMUCHIO
Ceptudukar:  12000002A633E3D113AD425FB50002000002A6

Bnapened; lLleBGayxoea TateAHa AnekcaHapoBHa

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

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

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

 IE-ZR
SE

-100%

Yo

J71s1 OTHOT O M3 KOHTYPOB IIPOBEPHTH OaTaHC MOIITHOCTEH:

YEI =YI'R+XI°r,

Codeporcarue omuema:

OT4YeT JOoIDKeH COJCPAKATh.

L.

-1 O b B W 2

Haspanme paGorer;

[lems paboTHI,

Kparkue TeopeTHUYECKHE CBEAEHU,

OrmicaHie HCIIOIb3YEMOI0 0O00OPYAOBAHHS H MATEePHAJIOR,
[IopsimoK BREITTOITHEHHS PaOOTHI,

BreruncrneHus 1 o0paboTKa pe3yiIbTaToR,

BBIBOIHL.

K OHMPOJIbHbBIE 601NPOCHI.

l.

A S S e

Kakopa (pu3Hueckas CyIIHOCTb IIEPBOIO H BTOPOro 3akoHOB Kupxroda?
MaTreMaTHIeCcKOe BEIpakeHHe IIePBOr0 H BTOPOro 3aKOHOB KHpxroda.
YTo Ha3pIBAETCSA HCTOYHHKOM 3.1.C.7

B yeM cyIHocTs 0amaHca MOIITHOCTEHN ?

YTO HA3BIBAETCS Y3IIOM SNIEKTPHYECKOH I[ETTH?

Kak BRIOHparoT HalpaBiIeHH A 00X0/1a KOHTYPOB?

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANMUCHIO

Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

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

HHﬂyHHH!ﬁ'HﬂEﬂ H EMKOCIMHOZO0 CﬂHpﬂHHJﬁJIEHHﬁ_. Pe3onanc Hﬂﬂpﬂﬂfﬂﬂﬂuﬁ

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

COITPOTHEBIICHH AMI.

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

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

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

w=w O
A€ W — HHCJIO BHTKOB KaTVIIIKH.
'fL »
A
©
4y {
®
L

o
‘ A
U =Ir
©
5)
L
U =Jix
NOKYMEHT noanncAH Y h
SNEKTPOHHOWM NOAMNUCHIO
Ceptudmkar: 12000002A633E3D113AD425FB50002000002A6 2 TOBATEIILHOI'O COeTHHEHH S Rul
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

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

HHAYKTHBHOCTBIO HIIH HHAYKTHBEHOCTBIO.

Ecinn co0cTBeHHOE ITOTOKOCIIEIUIeHHE ITPOIIOPIHMOHAIBLHO TOKY (B clIydyae KaTYIIKH Oe3
CTaIbHOIO CepAeUyHHKa), TO L = const. OCHOBHOI1 e THHHIIEH H3MePeHHI HHAYKTHRHOCTH SBIISIETCS
['enpu (I'H):

186
1'h=—— 1Iu-10" =1ulH
14

Ecin Tok B KaTyliKe H3MeHSeTcS (HaIIpHMeEp, IO CHHYCOHJAILHOMY 3aKOHY), TO H

IIOTOKOCI[eIUIeHHe KaTYIIKH H3MeHSeTcsd H II03TOMY B BHTKaX KaTyIIKH IO 3aKOHY

BHEI{TPGM&I‘HIITHGﬁ HHIAVEKIII HABOJHTCA 3. 4.C. CAMOMHAVEKITHH €.

_dy __pdy

EL: _

dt dit

T.C. HABOAMMaA 3.4.C. Cp IIPCIITCTBYCT H3MCHCHIIIO TOKa L. KPGME TOro, KaTVIIKd

oOmamgacT HEKOTOPBIM dKTHBHBIM COIIPOTHBIICHHCM I.

HPIMEHHH ETﬂpGﬁ 3dKOH KIIPXI‘G(bEl IIIISI MTHOBEHHBIX 3HAYEHHIH DJNEKTPHYCCKILX BEJIIHYHH,

MOHO 34ITHCAaTh.

ut+e, =1-r
OTCIOZla HAIIPSDKEHHE Ha 3aKHMaxX LEIH PaBHO
u=i-r—e; =u_+u,

[lageHHe HaIIPsDKEHH S HA aKTHBHOM COIIPOTHBIIEHHH HA3BIBAaIOT aKTHBHOH COCTABIISIOIIEH
HAIpsDKEHHS IWIH AaKTHBHBIM HalpsDKeHHEM, a IIQJICHHE HAIIPSDKEHHS Ha HHIYKTHBHOM
COIIPOTHBIIEHHH HA3bIBAIOT HHAYKTHBHOH COCTABIISIOIIEH HAIpsDKeHHS. MTHOBEHHBIE 3HAUYEHH S
5THX BEIHYMH OO0O03HAYarT U; M U, a JIeHCTBVIOIMEe — coorBeTcTBeHHO U, u Up. Ilpu
CHHYCOHIAJIBHOM 3aKOHE H3MEHEHHM I TOKA HaIpsDKEHHE Ha 3aKHMax LIeIH OYIeT pPaBHO:

d(I, sinwt)
dt -

u—=ir—e, =rl_sin wr+ L rl sin ot + wll cos ot =

T

=U,_ smn ot +U,, sn a)r+5,

L

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

OOKYMEHT MOONWUCAH

SNEKTPOHHOW NOAMWUCHLIO |
Ceptudukar:  12000002A633E3D113AD425FB50002000002A6 ) 3aIMCAThb.
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

JU, = Ir + jlx;
Nencreutened: ¢ 20.08.2021 no 20.08.2022
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r'ac jfo = J&J.LI - KOMIUIEKCHOE COITPOTHBIICHHC HHAVYKTHBHOI'O 3JIEMCHTA,

: : U
_ & rn L -
U, = B n U, = —\/_”’ - JEHCTBVIONIHE 3HAYEHHS aKTHBHOIO H HHIYKTHBHOIO
2 2

HaITPSDKEHHI.
TakmM 00pa30M, HaIpSKeHHE Ha 3akHMax Herl U MOKHO IIPEICTaBHTb B BHJE CYMMEI

neyx cunycong U , u jU , . U3BecTHO, YTO BCSKYIO CHHYCOHZAIBHO H3MEHSIOLYIOCS BEIIHYHHY

MOJKHO IIPeICTaBHTh B BHJE BeKTopa (HAIlpHMep, Toka / ), BpaIllAOILErocs B IIPOCTPAHCTBE C

}THGEGﬁ JaCTOTOH ., ITPOCKIHA KOTOPOI'O Hd MHHMYIO OChk H Jd€T CHHYCOHI4AJIBHYIO BCIIHYHNHY

(puc. 2.3).

PucyHok 2.3 — M300pakeHHe CHHYCOHJAIbHOTO H3MEHSIOIIEHCS BEIMUHHEL TOKA B BHJIE

BCKTOPaA

OHPE,I[EJ]IIM HAITPAAKCHI A HA 3aFMAX ICITH ITPH ITOMOIITH EEI{TﬂpHﬂﬁ AHaI'PaMMBI. BEI{TDP

Toka / OTTIOKIM B IIPOM3BOIBHOM HAIIPABIIEHHH, HAIIPHMep, TOPH3OHTaIbHO (pHe. 2.4). Bee

OCTaJIbHBIE BEKTOPEI OYAYT JKECTKO IIPHBI3aHbI K BeKTOpYy [/ |, T.e. HX CJIBHT 110 (paze OYJET CTPOro

OITpEACJICHHBIM.

Bekrop akTHBHOro HampspkeHns U, — 1 -7 OymeT coBIlafaTh I10 HAIIPAaBIEHHIO C
BekTopoM [ . BekTop HHAYKTHBHOH cocTaBimomeii Hanpsoxkemmns U, = j-I-x, O6yzmer

onepexaTh Ha 90° Bextop / . CkiapBas reoMeTpHyecks BekTopsl U , n U ; | omydrM BeKTop

HaITPAAKCHHA U Ha 3axuMax IICIIH.

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANMUCHIO

Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

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

Bemumia X, = @-L =27 f-L wuazpBaerca unoykmuensim conpomueneHuem H

H3MCPACTCA B Owm. CGHPGTIIEJIEI-]IIE Xr 3daBHCHT OT HYdCTOTBI H IIPH BKIHOHUCHHH KaTVIIKH

HHAYKTHBHOCTH B IIEITb ITOCTOSHHOIO TOKa ( f = 0) TOK KaTYIIKH OyZeT OrpaHHYeH TOILKO e

dKTHBHBIM COIIPOTHBJICHHEM H OKaCTCA HAMHOI'O OOJIBIIIE. HDBTDIVI}" KaTVYIIKH HHIAYKTHBHOCTIH,

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

TOKaA.

Tpeyromprank OAB (puc. 4) IpSMOYTOIBHBIH H Ha3bIBATCS TPEYTOIBHHKOM HAITPsDKeHHI.

M3 tpeyromsHunka OAB nMmeeM:
U =0 % 40U,
U?={-r)* +(J:'?+Jc:_‘,_)2 =I1°(r° +x;)

M3Brexas 13 o06enx yacTeH KOPeHb, TIOTYUIM

U:}’-\/r2 +X;

¥ ¥
BemiuiHa -J F-+ X; , HMEOIIass PasMEPHOCTh COIPOTHBIIEHHSA, Ha3bIBAeTCSA ITOITHBIM

COITIPOTHBIICHHCM IICITH H 000O3HaAYaeTCA Z :

2 2
Z2=Ar +x;
1 3ax0H OMa I I[elH TIEPEMEHHOTO TOKAa HMEET BHI;
l=—q U = Iz
_

e

Kocvwve vrma emrura thar m nvewmv Towons [ | HaITpAXKEHHEM U PdBCH.

ONOKYMEHT NMOoAanncAH
SNEKTPOHHOW NnoancCeio L
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6 -J’Tﬂ _ I v _ V
Bnapeneuy: lLleBayxoea TateAHa AnekcaHapoBHa U o I .z o =

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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M3 TpeyrompHIKa MOIITHOCTEH, KOTOPBIH MOKHO ITOITYYHTh H3 TPe YT OIIbHHKA HATIPsDKCHIIT

YMHOKEHHEM eT0 CTOPOH Ha TOK I, TIOTYYIM aKTHBHYIO MOIIHOCTE:
P=I"r=U-I-cos
PeakTHBHAS MOIIHOCTB:
O=I’x, =U-I-smg

[lomHass MOIITHOCTE:

I 7
S=U-T=+P>+0O°
OTHOIIIeHHe aKTHBHOH MOIITHOCTH K ITOITHOHM Ha3EkIBAeTCHd I{GB(I) QJIH_[IIEHTGM MOIITHOCTH..

cwsp- PP
AT

Eciu 1ens nepeMeHHOro Toka oOlafaeT aKTHBHBIM COIIPOTHBIEHHEM I H eMKOCThIO C
(puc. 1.5), To mo BTopoMYy 3aKoHY KHpxroda 1 MrHOBEHHBIX 3HAYEeHHI SIeKTPHYeCKHX BeIHIHH

MOZKHO 3allHCaThb.
U=1i-r+u,

I'Ac 4 — MITHOBCHHOC 3HAUYCHHE ITPHIIOKCHHOI'O K IIETOT HAITPAAKCHHA,

[ - MTHOBEHHOE 3HAUYEHHE TOKa IETNT,

Uc - MTHOBECHHOC 3HAUYCHIEC HAIIPTAKCHHA, ITPHIIOKECHHOIO K oOKIIazKaMm KOHACHCATOPA H

IPEACTABIIAIOIICIO coOOIH ITaJieHHe HAITPAAKCHITA Ha CMKOCTH.
EciIH Tok H3MeHSIeTCs BO BpEMCHH 110 CHHYCOHI4JIbHOMY 3dKOHY, T.C. I = J_Tm sm ot .

TO MIpeBIAYIIee YpaBHeHHe OyIeT HMETh BHJI:

U =rl sinort- . Imsin(a}r—i).
awC 2

M3 sTOi (OpMYIBEI BHIHO, UTO ITPHIIOKEHHOE K IIEIH HAIIPSDKEHHE COCTOHT M3 JIBYX

COCTABILIIOIINX: aKTHBHOI MM aKTHBHOI'O HanpsbkeHus U, — rl, S of copmagaromeil 1o

1 T

(base ¢ TOKOM, H PeaKTHBHOI HIH eMKOCTHOMH cocTapistonieii U, = - [, sm( wt — E) :
@

oTcTraromiei or Toka Ha 90° (puc. 1.6). Torma
U — U a+ Uc‘
[TocTpoHM BEKTOPHYIO AHArPaMMYy JJISI JAHHOT'O CIyYasi, IIONIb3YSICh TEMH JKe ITPaBIUIaMH,
NOKYMEHT NOAMWUCAH )BaTEIIBHOI O COEMUHEHNA T U L (cM. puc. 2.4).

SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
17



l r Y
' U=l r
@ , . ]
n, U
@
C = | Ul xc
Y v

PucyHok 2.6 — BekTopHas fHarpamMma JUis IocieaoBaTeIbHOr O

coequHeHHSI R 1 C

*
HpII 3TOM HEOOXOIHMO HMETH B BHAY., YTO BCKTOP HaAIIPp-LKCHIA U o OTCTaeT OT TOKa / Ha

90° (puc 2.6).
N3 tpeyromsaika OAB Ha pHCYHKE 0 HMEEM:
2 2 2
U-=U;+Ug.

HIIHM

¥ ¥ _I i ¥ ¥ ]. ¥
U? =Ir)> +(—)* =10 +—)7 .
(Ir) (a:.-C') ( a:.-C')

M3Biiekas KkBagpaTHBIH KOPEHD H3 00€HX YaCTEH, TTOTYYHM:

“F ]- ¥
U:I-\/F‘ +(——)" .,
wC
OTKVa
U U
I j— j—
) 1 \/rj + x;
\/r* o) *e
wC
ONOKYMEHT I:IDJJ,I'I NCAH
SNEKTPOHHOW NOANUCHIO ICMHBIM conpomuenetiiem H H3MepseTca B Om.

Ceptudbukar:  12000002A633E3D113AD425FB50002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

- HAITPpsDKEHHA CETH H OT EMKOCTH KOHJACHCATOPA.

18
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! M
BemuiHa \/ I'" + X~ Ha3BIBACTCS IIOJHBEIM COIIPOTHBIIEHHEM H O0O03HAyaeTcsd Z. 3aKOH Oma

IIPHMEHHTCIIBHO K IAaHHOH IIeIH IIEPEMCHHOI'O TOKA 6}",[[ET HMCETDh BHA,.

rie Z:\/f"‘ T X5 .

Eciin Bce CTOPOHBI TPEYTONbHHKA HaIpsoKeHHH OAB pasfgenurs Ha TOK [, TO ITOYYHM

TPEYTOJIBHHK GDHPOTI[BHEHIIﬁ C KaTcTaMIl r H X¢c H I‘IIHDTEH}BGﬁ Z.

[Ipn mocnemoBaTellbHOM coefHHeHHH r, L H C OyIyT CIpaBeJIHBBEl BCE BBIBOJIBIL,

TIOIYYEHHBIE IS LEMH ¢ r-L M 1erH ¢ r-C. [IpH 5TOM BO3MOKHBI CIIe IYIOIIHE KOMOHHALIHH:
a) X, = Xe ;0)X; <X, ;B)X; =X, .
PaccMOTPHM ¢ IIOMOIIBIO BEKTOPHEIX AHArPaMM KaKIbIil H3 STHX BAPHAHTOB.
a) MeeM LIeIb 13 IT0CIe[0BaTENbHO COEAHHEHHBIX 7, L 1 C, IIPHUEM

X; > X, . IIo BceM TpeM COIPOTHBIIEHHSM OVET IPOTeKaTh OJUH H TOT e TOK [ |

BEKTOP KOTOPOr'O OTJIOKHM B BRIOpaHHOM MacInTade ITPOH3BOJILHO, HaIIpHMEP, TOPH30HTAIEHO,
T.€. HallpaBJIeHHE IIEPBOrO BEKTOPa BEIOHPAETC S IIPOH3BOIBHO (pHC. 2.7).

BEHTGP IIaACHIAA HAIIPAKCHHA Hd dKTHBHOM COIIPDOTHBIICHHI 6}’I[ET COBIIQJ4aTh C

HallpaBJICHHEM TOKd, a4 II4QJCHHC HAIIPLKCHHA Ha HHIAYKTHBHOM 3JICEMCHTC HIIH UL 6}’,I[ET

ornepekaTb BeKTOp I Ha F% . [TameHne HanpsKeHHS Ha €MKOCTHOM 3JlieMeHTe U . OyaeT

OTCTAaBaTb OT BCKTOPd TOKd Had % H COI'NIdCHO YCIIOBHIO

U.<U,.

PucyHok 2.7 — BeKTOpHasI AHarpamMMa HaIllpSUKEHHH IIPH X, = X

OO11iee HaIIpsDKEHHE 1IEITH OYAET PABHO CYMME

NOKYMEHT MOAMNMUCAH T U B U
SNEKTPOHHOW NOAMUCHIO L+tUc=U.
Ceptudukar:  12000002A633E3D113AD425FB50002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Gk EEI{TGpHﬂﬁ AHaI'paMMbl BHAHO, YTO MCXKAY TOKOM ILICIIH I Hu HAIIPAKCHHCM U CCTh

VIOl @ H TOK HMEET OTCTAIOIIMI XapakKTep, a cos ¢ < 1,0.

0) IIpn X; <X, majaeHHe HaNpsDKeHHS HAa HHAYKTHBHOM COITPOTHBIIEHHH OYeT MeHBIIIE

INaACHITA HalIpKCHHA Ha CMKOCTHOM COIIPOTHBIICHIH, IIO3TOMY BCKTOPHAA AHAl' PdMMa 6}’I[E:T

HMeThb BH] (pHC. 2.8):

PrcyHOK 2.8 — BekTopHas JHArpaMMa Hamnpsikenuit mpu U . > U s

B) [Ipn X; = X~ HMeeT MecTo peszonanc Hanpsaxceruii, T.e. U ~= U ; u sto 6yzmer mpu

1

wl, = — - TIpr 5ToM BekTOp: U ; u U, paHBI 110 MOTYTIO H IIPOTHBOTNOIOKHO HATIPARIEHEI
@

(pHc. 2.9), Mo3TOMY HX CyMMa pPaBHa HYIFO. TOK I[eITH ITPH pe30HaHCce HaIIPSKEHHH OIpeelIsIeTCs
TOJILKO aKTHBHBIM COITPOTHBIIEHHEM, ITO3TOMY VIO CABHTA (pa3 MeXIy TOKOM H HaIlpsDKeHHEM
I[EIIH paBeH HYIO, a cos ¢ = [. IIpm »TOM Hajgo HMETH B BHAY, YTO Pe3VIbTHPYIOIIEE
COITPOTHRBJIEHHE I[EITH Pe3K0 YMEHBIINTCS A0 3HAYeHHI 7 = r H TOK LIEIH IIPH Pe30HAHCE MOXKET

PE3KO BO3PACTATh.

PucvHOK 2.9 — BekTopHas auarpamMma HaIlpspKEeHIH IIPH Pe30HaHCe

YKkazanue no mexHuxe 0 e3onacHocmu.

YKazaHH I10 TeEXHHKe 0e30I1aCHOCTH ITPH BBOIOJIIHEHHH HﬂﬁﬂpﬂTﬂpI{BIK pﬂﬁDT ITPHBCICHBIL

,ELDI{“JFFMEHT nogarnnucAH

SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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VKa3aHusa no 6bIn0JIHEHIUIO J1ADOPAMOPHOIL pAdonbl:

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

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

eMKOCTH C — 6E1TE],IJEH KOHACHCATOPOB.

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

ITOMOMIIBIO OIYIIOB ITOOHEPEITHO H3MCPATOT ITaACHIIC HAIIPDOKCHITA Ha aKTHBHOM COIIPOTHBIICHHH R

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

NATF
)
",220B
L
@ L 4 :

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

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

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

Tabmna 2.1 — Pe3yibTarsl H3MepeHHH H BBIYHCIIEHHH

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! Ilpn pe3oHaHCe HAIpSDKeHHH TOK I[EIIH  OIpeJenseTcs] aKTHBHEIM

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

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

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

Ilemp paboThI,

Kparkme TeOpeTHYECKHE CBEAEHH,

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

BreruncrneHus 1 o0paboTKa pe3yiIbTaToR,

-1 O W BB W

BBIBOIHL.

K OHMPOJIbHbBIE 601NPOCHL.

I. YTO IMOHHMAIOT ITOJ HHAYKTHBHOCTBIO H KaK OHA OITPEeIIsIeTCs?

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

3 YTO MOHMMAIOT ITOJ EMKOCTBIO H KaK OHA OITPeAeIISIeTCs?

4. YTO HA3BIBAIOT YITIOBOH YaCTOTOH (7

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

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

HHAYKTHBHOH M eMKOCTHOH Harpys3KOH?

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

SNEKTPOHHOW NOAMUCHIO
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Jlabopamopran padoma Ne3. Inekmpuueckas uenb CUHyCOUOAIbHOZ0 MOKA npu

napa’uleJIbHOM 6KJIWYUEHHH AKMU6HO020 U PEAKNMIHG6HLIX CﬂHpﬂHHJﬁﬂEﬂHﬁ

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

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

OcHoé6bl meopuu.

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

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

COITPOTHBIICHHAMI 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, KaTVIIIKH

HHAVKTHBHOCTH H KOHACHCATOpPa

KomriekcHoe COITPOTHBJICHHE PC3HCTOPd PdBHO €10 dKTHBHOMY COIIPOTHBIICHHIO T,

KOMIUICKCHOEC COIIPOTHBIICHHE KaTVYIIIKH HHAYKTHBHOCTH YUHTBEIBACT €€ aKTHBHOE COIIPOTHBIICHHE

w TT T T TTInTIrAanTt F o O — e !'..-'":‘e:T = | 7w~

NIOKYMEHT NOMNUCAH
SNEKTPOHHOW MOAMNMUCHIO |
Ceprudbukar:  12000002A633E3D113AD425FB50002000002A6 OYEHHBIMH STIEMEHTAMH Y0OHEE IMOIb30BaThC:
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Y,=1/r=g,
Yi=1/Zy=1/ rx+ij)=r/(r2+xf)—ij/( F’2+.ILE)=gk—jbk

KomIuiekcHas ImpoBOAHMOCTE KOHAEHCaTOpa ¢ YUETOM IIPOBOIAMMOCTH H3OISIIHH MEXKIY

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

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

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

1

—
- L

i b i i

u gr gk gc br b.

R i

PucyHok 3.2 — CxXeMa 3aMelleHH

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

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

=] i: iz j ‘j;pl:ll
U > —— : . Uh-— /{' Uh
I I IIJ-: I; ]:

j:'pc

_ Ir I Iy

I v

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

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

[=Usg.

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

3HAQYUCHIHC.

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

B ITPHIIOKEHHE A.

YKazanua no 6binoiHeHUI0 1a0opamopHoll padomal:

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

coOpars cxXeMy, H300paKEHHYIO Ha pHC.3.4.

W
Az
~10B 40MIH — |MKD
r
1 000OM
e & & |

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

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

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

BBEITHCIIMTD ITPOBOAHNMOCTE PEIHCTOPA.

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

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

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

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

TabOmra 3.1

fo, | Pesmucrop Karyika KoHgeHcaTop g,

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

J. YcTaHOBHTh BCe IEpPeMBIYKH, IOAKIIOYHTL amMiepMeTp A2, mpH 4dactoTe fo
H3MEPHUTH ITOTPEOIISIEMYIO MOII[HOCTD, HAIIPSKEHHE, TOK B HEPA3BETBIEHHON YaCTH LIETIH H TOKH
OTJIEJIbHBIX BETBEH. Pe3yIIbTaThl 3aMepOB 3aHECTH B TaOIHILy 3.2.

6. BEIUHCIIMTE 3HAUEHHS AKTHBHBIX H PEAKTHBHBIX COCTABRISIOIIMX TOKOB Uepe3
KaTYIIKY H Yepe3 KOHAeHcaTOp H KO3(] PHIIHEHT MOIITHOCTH, ITOJIb3YACh BEIPAKEHHSIMH

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

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

fi1=
fo=
o=
ONOKYMEHT I:IDﬂI'IHCAH
INEKTPOHHOW NOAMMACHIO
Ceptuchukar: 12000002A633E3D113AD425FB50002000002A6 :E=ﬁ’j+200 FT-[ IIPOM3BECTH T€ K& M3MEePEeHHSI H
Bnapeneu: llebayxoea TaTeAHa AnekcaHapoBHa

[ I3MEPEHHH H BBIYHCIIEHHH 3aHECTH B TaOIIMILY
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4.2. TIpu BEITIOIHEHHH PAcYETOB He ClIeAyeT 3a0bIBaTh, YTO COIPOTHRIEHHS H ITPOBOJHMOCTH
HHAYKTHBHOCTH H €MKOCTH 3aBHCST OT YaCTOTHI.
8. [To pe3ymbpTaTamM H3MEPEHHH H BBIYMCIIEHHH ITOCTPOHTh BEKTOPHBIE JHAIPAMMBI,

dHAJIOITHYHBIC ITPCACTABIICHHBIM Ha pHG.Z.B.

Coodepacarue omuema:

OT4YeT JOILKEH COLEPXKATE:

l. Haspanme paOoTHI;

[lems paboTHI;

Kparkue TeopeTHYECKHE CBEAEHH,

OrmicaHHe HCIIONB3YEMOTI0 O0OPYIOBAHHS H MATEePHAJIOR,
IIopsimOK BEITTOTTHEHHS PaOOTHI,

BrerunucrneHus 1 o0padoTKa pe3yibTaToB,

-1 N W = W 2

BBIBOJIHL.

KoumponsHsie éonpocet:

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

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

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

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

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

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

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

TOKOB.

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

nompeodumeJiei 36e3001u

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

BEKTOPHBIX AHAI' PANM.

OCHO6bL MeopUIL:

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

OTJeNbHEIe 3IeKTPHYECKHE LEITH, BXOAMIIE B COCTaB Tpex(asHOH CHCTEeMbI, Ha3hIBAIOT
gazamu. Eciin 5.1.c. KaXI0H H3 (pa3 paBHBI 110 BEIIMYHHE, a IIOJIHBIE COITPOTHBIIEHHS Harpy30K
BCeX TpexX (pa3 Mo BeIHYHHE H XapaKTepy Harpy3kH (IO BeIHYHHE H 3HAKy (pa30BOro CABHTA)
OJMHAKOBEI, TO TAKOH PEXIMM Ha3bIBAIOT cummempuyHvim. HEBBITIOMHEHHE MAHHBIX YCIIOBHI
SIBIIIETCS TIPHYMHOMN Hecummempuynozo pexnMa. Harpyska TpexdasHBIX Iienel peako ObIBaeT
CHMMETPHYHOH, KaK ITPaBHIIO, OHA B TOH IJIH HHOM CTEIEHH HECHMMETPHYHA H3-3a HaJIMYH
OJHO(a3HBIX ITOTPeOHTeIIEH.

TpexdasHbele TeHepaTOPhl CO3JAalOT CHMMETPHYHYIO CHCTEMY 5.J.C., IIOATOMY
HECHMMETPHYHBIH PeXHM BO3HHKACT H3-3a HECHMMETPHYHOH Harpys3kH (a3. EcCIH KOHIBI
0OMOTOK (pa3 CHHXPOHHOI'O I'€HepaTOpa HIIH TpaHcpopMaTOpa COeIHHHTH BMECTE 3BE3JI0H, a K
HavyajlaM IPHCOEIHHUTEH IIPOBOAA, HAVIIHE K IIPHEMHHKAM 3JIeKTPHYECKOH SHEPrHH, KOTOPBIE
TOKe COETUHHTDH 3BE3JI0H, TO MOIYYHM TpexdazHyro cucreMy (pHc. 1). ITpoBoj, coeIHHSIONTHIT
HYIIEBBIE TOYKH HCTOYHHKA H ITOTPeOHTENS HA3BIBAETCSA HYIIEBBIM. TaKVIO CHCTEMY HAa3BIBAIOT
yenmuvipexnpoeoonoii. B IemsIxX Tpex(a3sHOoro ToKa He3aBHCHMO OT CIToco0a COeIHHEHHS 0OMOTOK
reHeparopa H NOTPeOHTeNNeH pa3HMYyaloT HaIpsKeHHS — JIHHeHble Uy B (a3zHbele Ug, a TaKXKe
TOKH — IIHHelHble [y U (a3Hble [s. HanpsokeHHe MeXIy ITHHEHHBIM H HYIIEBBIM ITPOBOJOM
Ha3bIBACTCS (pasHbiM, a MEXIY THHEHHBIMH ITPOBOJAMH — JuHeliHvim. TOKH, IPOTEKAIOIHe B

JTHHEHHBIX IIPOBOJAX, HA3BIBAIOT JIH eliH bIMLL, A ITPOTCKAIOIIHE B (1)&33}{ HaI'PY3KH HIH HCTOYHIKA

AOOKYMEHT NoarniMcCAH
SNEKTPOHHOW NOAMUCHIO
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COCIOHHCHHA - 3BC304.
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Pucynok 4.1 — Cxema Tpex}a3HOH YeTHIPeXITPOBOIHOH IIeITH IIPH COeJHHEHHH 3Be3]I0H
[Tpn HepaBHOMEpPHOI Harpy3ke (a3 B cXeMe ¢ HYJIEBEIM ITPOBOAOM (pHC. 4.1), B HYJIEBOM

ITPOBOAEC ITOABJIACTCA TOK, BEIIHYHHA KOTOPOI'O OIIPEACIIACTCH ITO IICPBOMY 3dKOHY Kprm(ba:

PucyHok 4.2 — BexTopHas quarpaMma HarpsDKEeHHH IIPH COSHHEHHH 3BE3I0H

To=1a+1p+1c
HHHIHIIE TOK4A B H}"HEEGM HPUEG,I[E BBI3BIBACT HCSHAYHTCIIEHOC TIaJACHIEC HHHPH}I{EI'HIH B

HEM, KOTOPBIM MOKHO HpEHEﬁpE‘IB H CHHMTATb, HUTO MCKIAY H}*’HEEGﬁ TOYKOH HCTOYHHKA H

ITPHEMHHEKA Pa3HOCTD ITOTCHIIAIIOB OTCYICTBYCT.

Ha puc. 4.2 nmokazaHo rpaduyeckoe omnpeleleHIe THHEHHBIX HANPsSKeHHH ¢ ITOMOIIBIO

NOKYMEHT NOANMUCAH |
] )
SNEKTPOHHOWM NMOAMUCHIO NVIbHOI'O MOMCHTd BPEMCEHIT KOMIIJIEKCEI QJHBHBIK
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu. Webayxoea TateAHa AnekcaHgpoeHa
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. . .
Uiap=Us—Usp ,
. . .
Upc =Up—U~c ,
. . .
U =Uc—Una ,
T TIOITyYeHH ST JIMHEHHBIX HaIlpsKeHH CII0KHM TreoMeTpHYecKH BeKTOpel U a, Us H

Uc c Bektopamu —U s, —Uc, —U a, xKoTopele paBHEI cooTBeTcTBeHHO Us,Uc,U A, HO
ITPOTHBOIIOIOKHO HAIlPABIICHEI.

BekTopHas auarpaMma JIIMHEHHBIX HalPsKEHHH TakkKe MOXKET OBITh IIOJIYYEHA U3
BEKTOPHOH JHarpaMmbl (pa3sHBIX HamnpspkeHHH (pHc. 3). Taxum oOpa3oM, 3Be3fla JIHHEHHBIX
HaITpSDKEHHH orepekaeT 3Be3Ay (asHeIX Ha 30°. HalifeM cooTHOIIeHHe MeXOy (pazsHBIMH H

JTHHeHHBIMH HaIIPAAKCHIUIMIL, VHHTBIBAA, UTO BCC HAITPAKCHIA CHMMCTPHYHEL

Ua=Us=Uc=Us

UAE:UEC :UCA :U.]'I.

A i

C B

PucyHok 4.3 — BekTopHas auarpaMMa HalpsDKeHHH IIPH COSHHEHHN 3BE3I0H

M3 npssMoyronsHOro tpeyronbHuka OAJl nMeeM:

U U
L——2B [, -cos30°=

2 2
V3

= U, -cos30°=U,— ,

OOKYMEHT NOoanvCcAH 2
SNEKTPOHHOWM NOAMNUCHIO
Ceptucmkar: 12000002A633E3D113AD425FB50002000002A6 :ﬁU
Bnapeneu; LLle6ayxoBa TaTbAHa AnekcaHapoBHa [ @
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(DasHbBIE TOKH ITPHEMHHKOB OITPEACIIAIOTCA TaK KC, KaK H B G,I[HG(i)ﬂBI{BIK ITETIAXC

[ ] [ ]
* U, Us
IA: j— = ?’
A ﬂ;%—xﬂ
[ ] [ ]

Uc U
e =—= ,
> >
{e r.+ X

YTIJIBI COBHIA MEKIY HAIIPSDKEHHSAMH H TOKaMH (pa3 MOKHO OIIPEEIHTh H3 () OPMYIL

ra’. rB I:.
CosS@, = —; COS Py = —; COS P, =

<A y: Lo

Ecimu nmpueMHHKH 0071a1af0T YHCTO aKTHBHBIMH COITPOTHBIIEHHSMH, TO ZA= I'a, ZB = I'B, ZC
= rc, a YITIBI CIBHTa MeKIY TOKaMH H HaITpsDKeHHSIMH BO BceX TpeX ¢azax OyayT HylIeBRIMH. Ha

pHc. 4 mpeAcTaBleHa TomorpadHyeckas AHarpaMMa HalpsoKeHHIT H TOKOB IIPH aKTHBHOH

HECHMMETPHYHOH Harpy3Ke.

. o~
Uzc

PucyHok 4.4 — BekTopHas guarpaMMa HaITpsKEHHH H TOKOB YETBIPEXITPOBOJIHOH LIETTH

ITPH aKTHBHOH HEeCHMMETPHYHOH Harpyske (a3

Tox HyneBoro npoeoga I o= Ix+ Ip+ Ic

CedyeHHEe HYIICBOI'O ITPOBOJJA4 3dBHCHT OT CTCIICHH HCCHMMCTPHH HAI PY3KH (1)&3:, HO OOBIYHO

er0 IDHHUMAIOT DARHRIM 5()% OT ceyeHU S ITMHENHOI O ITPOBOIA.

AOKYMEHT NoanmncAH
SNEKTPOHHOW MNMOANMCHIO pOBOJIa) HAIIpsKeHHT Ha (pazax ITPHeMHHKOB
Ceptudbukar: 12000002A633E3D113AD425FB50002000002A6 '
Bnapeneu: lWebsyxosa TarbAHa AnekcaHapoBHa HBEIM HaIIpSOKEHIAIM HWCTOYHHKA Jake IIpH
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HEPaBHOMEPHOH Harpys3Ke, eCIH ITpeHeOpeys COIPOTHBIIEHHEM IIPOBOMOB JIMHHH H HYIIEBOIO
npoBofa. [IpexenbHEIM clTydaeM HEPaBHOMEPHOH HArpy3KH (pa3 B YETHIPEXITPOBOJHOH CHCTEME
Tpex(]a3HOro ITPHEMHHKA, BKIIIOYEHHOIO 3BE3J0H, MOKHO CUHTaTh OOpPBIB OJHOH H3 (pas.
Hammpumep, ecmm ¢asza 4 Oyzmer o0opBaHa, TO He OyJeT HaIIpSDKEHHS H TOKa Y ITOTpeOHTend,
BKIIFOUEHHOIO B 5Ty (pa3y, a B OCTABIIHXCS ITOJ] HampsokeHHeM (pa3axX peXuM paboThl He
13MeHHTcA. UTo KacaeTcs HYJIeBOro IIPOBOJA, TO ECIH [0 OOpEIBa OAHOI H3 (a3 TOK ObLI paBeH /
o= Ir+ Ig+ Ic (puc. 4.4), To Telepb OH H3MEHHICS H OYAET ONPEIENIrbes II0 IIEPBOMY 3aKOHY

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

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

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

B 5TOH LIEITH H3MEHSITCSL

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

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

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

AOKYMEHT MNMOANMCAH [ KOHTYP.
SNEKTPOHHOW NOANMUCHIO
CEDTHdJHHEITZ 12000002A633E3D 113AD425FB50002000002A6 CTBHH H},’I[EEGI*D HPOEG,[[H (bﬂBHBIE HE]HPH]KEHI[H
Bnapeneu: lebayxoea TateAHa AnekcaHgpoBHa

:OIMpOoTHRIeHHsIM (pa3. Ecinn Obl cHcTeMa ObDIa
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YEeTHIPEXIIPOBOJHOM, TO IO HYJIEBOMY IIPOBOAY IIpoTeKaln OBl TOK [p M TakHM oOpa3zoM
ITPaKTHYECKH BHIPaBHHBAIINCh OBI (pasHbIe HampsokeHHI. Ha puc. 4.7 nzoOpakeHa BeKTOpHas
JHarpaMMa HanpsoKeHHH H TOKOB IIPH HEPaBHOMEPHOH HarpysKe BceX TpexX (pa3z M OTCYICTBHH
HYIIEBOT'O IIPOBO/IA.

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

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

PucyHOK 4.7 — BeKTOpHAas JuarpaMma TOKOB H HaIpPsDKEHHH IIPH HEPaBHOMEPH OH

HaI'PY3KE H OTCYTCTBHC HYJICBOI'O ITPOBO/Id

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

HarneM ciaydyae UB = UC)

™ ™ l- l ™ ™
Uc=Us =5Uﬂ =E«/§U¢- ~ 087U s

HampsoxeHre ¢gassl A BO3pPacCTET:

V3

U :Uﬂﬂ-msw:ﬁw-?:m{!@

”ﬂ“ﬁgﬁ;ﬁgﬁ;ﬂﬁgﬁﬁﬁ"&;ﬁmm""-’ AT T1a HYJIEBOMH IIPOBOJ HE CTABAT IPELOXPAHHTEND,
ANEKTPOHHOW NOANUCHIO | 9
Cepridukar:  12000002A633E3D113AD425FB50002000002A6 HAITPSDKECHHH (as.
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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[Ipn KOpOTKOM 3aMBIKaHMH Kakoi-mOo pa3pl, HampuMmep, C, HymneBad Touka O
IIpHOOpeTaeT MOTEeHIHANI THHeHHOro mpopoja BC, a a3l 4 H B OKa3bpIBaIOTCS ITOJ, ITHHEHHBIM
HalpsoKeHHeM. BeKTOpHas AHarpaMma JjIs 3TOro ciiydas ITpefcTaBiieHa Ha pHc. 4.9. Touka O'

IepeMerniaercsa B Touky C.

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

0e3 HyJIeBOr O IIPOBOZA

Hampsoxenns a3z A 1 B cTaHOBSITCS paBHBIMH ITHHEHHBIM (pHC. 4.9):
U, =U,. =U,=U, -3,
Up=Upc=U,=Ug, "/1
U, =0.
Tok kopoTkoro 3aMeIKaHHSA a3zpl C pacnpenendgercd Ha ¢a3zel B H A, T.e.
I.=1,=—,+1,) . Taxum o6pazom, aBe a3bl IIPHEMHIKA OKA3BIBAIOTCS O JIHHEHHBIM

HAaITPsDKEHHEM, Ha KOTOPOE OHH HE PACCHHTAHBI, H OHH MOI'YVI BBINTH H73 CTPOA.

A

[IOKYMEHT MNOAMNUCAH
3NEKTPOHHOW NMOOMUCHIO
Ceptudbmkar:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa
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3aMBIKaHHH (asbl C IMIpHEMHHKA TPEXITPOBOIHONH CHCTEME

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

,HJIH H3MEPCHHA MOIITHOCTH B 1IETI:-II)EX]’[I)IEII'EIEII',I[I-IICJ'I";i OEIH  MOMHO HCIIOIIB30BdATE TPH
GI[HID(b&BI{BIX BaTTMCTP4a, CYMMIPYA HX ITOKAa3dHITS, HIII HCIIOJIIB30BATh GI[HG(bElBI{BIﬁ BaTTMCTP C
IICPCKIIFOYUCHHEM €TI0 ITOOYCPCAHO BO BCC TPH (1)331)1. OTOT MeTOL MOKeT OBITh HCIIONb30BAH KakK

IIPH CHMMETPHYHOMH, TaK H IIPH HECHMMETPHYHOH Harpy3Ke.

Ykazanue no mexHuxe o ezonacHocmu.
YKazaHH I10 TeEXHHKe 0e30I1aCHOCTH ITPH BBOIOJIIHEHHH HﬂﬁﬂpﬂTﬂpI{BIX pﬂﬁDT ITPHBCICHBIL

B ITPHIIOKEHHE A.

VKazanusa no 6binoiHeHUI0 140 opamopHoil padomal:

l. O3HAaKOMHTECS C IIpHOOpaMH, HeOOXOAMMBIMH IS BBIIIOIHEHHS PaldoThl H
3aIHCaTh HX TEXHHYECKHE JTaHHEIE.

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

3. [ IpoH3BECTH HCIIBITAHUS ITIPH CIEAYIOIINX YCIIOBHSX:

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

6) TIpH HepaBHOMepHOH Harpyske (pa3 TaMITOBEIMH PeocTaTaMH (B OTHOH (aze 4 JTaMIIbI,
BO BTOPOH — 3 M B TPeTheH — 2 JIaMIIbl);

¢) TIpH oOpeIBe (pa3el 4 (B ogHOH (paze Bce JIaMITBI OTKIIFOUEHBI, a B JBYX JAPYIHX —
BKJTFOUEHEI).

4. CoOpaTh cxemy JUId HCCIeJOBaHHS TPeXITPOBOJAHOH TpexX(paszHOH IIEMH IIPH
COeJIHHEHHH 3Be3/IoH (pHc. 4.11).

5. [Ipon3BeCcTH HCIIBITAaHU IIPH CIIEAVIOIINX PeKHIMaX pabOTHI:

@) paBHOMEPHAs HarpysKa BceX (pa3 JTaMIIOBEIMH PEOCTAaTaMH,

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

¢) OOpBIB (pa3kl (B OJHOH (paze Bce JIaMIThI OTKIIFOYEHEI, a B IBYX JPYTHX — BKIIFOUYEHBI);

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANMUCHIO

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

COETHHEHHH 3Be3J10i

0
A W
AR
* | /
) V)
[/ (v
B

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

COeIHHEeHHH 3Be30H

IIoxazaHu s rmpuOopos 3armicaTth B Tadimiy 4.1.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: le6ayxoea TateaHa AnekcaHgpoeHa
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Tabmiia 4.1 PesynbTaThl H3MEPEHHIH M BEIYH CIICHHIT

PexxmmM paboTH

BemYrHEL [TapameTp

| a

H3MmepeHHEIE
BeJIHYHHEI

C HYIIEBBIM
IIPOBOJOM

0

d

0

B

bes HyeBoro mpoeoja

I

BEIUHCIIeHHEBIE

BCIIM'YITHEI

B elmHYIHHEIL,

HalJeHHEIE
H3 JHarpaMm

COITPOTHRIIEHHE HAarPy3KH (pa3 BEMHCIISATH 110 (POPMYIIaM:

MOIIHOCTE LENH OITPeAeNISATh 0 (POPMYIIAM:

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

P,=1,-U,.+15-Up.

Beuay TOro, 4ro B JAaHHOH JIalOpaTOpHOH padoTe HCIOIb3YeTCS H3MEPHTEInbHBIH

KOMITIICKC KSUS: BCC H3MCPCHHA H BBIYMHCICHHA IIPOBOJIATCA aHAJIOIHYMHO 1IETI»IIL‘IEEX]'[IZ)ICJEICJ,I[Hl.'Z!l'f'I

CXEME.

Ilo PE3YIIbTAaTaM HBMEPEHIHUI ITIOCTPOHTL B MacIurabe BEKTOPHBIC JHAI'PAMMEBI IJIH BCCX

pPacCMOTPeHHBIX clrydyaeB. OIpeJellnTh Ha BeKTOPHBIX AHarpaMmax Ip m Upp: U 3aHECTH

pe3yIbTATHl B Ta0mIy 4.1.

AOKYMEHT NoanncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: Lebayxoea TateaHa AnekcaHapoeHa
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[lemp paboThI,

Kparkme TeOpeTHUYECKHE CBEAEHH,

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

BrruncieHnsa u o6paboTKa pe3yibTaToR,

-1 O i = 9

BBIBOJIEL.

K OHMPOJIbHbBIE 601NPOCHL.

l. Kakoe coeqHHEHNE HAa3bIBAETCS COSJHHEHHEM 3BE3I0H

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

3. B KakoM cirydae OTCYTCTBYET TOK B HYIIEBOM IIPOBOJIE?

4, IloueMy Ha HYIIEBOH IIPOBOJ HE CTABSAT IIPEIOXPAHNTEIIb?

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

HepaBHOMEPHOH HarpysKke (pa3 CHCTEM € HYIIEBBIM IIPOBOIOM?

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

OOpEIBE (pa3bl CHCTEM C HYJIIEBBIM ITPOBOJOM HIH Oe3 Hero?

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

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

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

cxeme mpeyeo/ibHUK

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

BEKTOPHBIX JHAI PAMM ITO PE3VIIbTaTaM SKCIICPHMCEHTA.

OcHO6bL meopuuL:

[TorpeOurenn 31MeKTpHYeCKOH 3HEPIHH ITPH ITHTAaHHH OT TpeX(a3HOoro HCTOYHHKA, KaK H
HCTOYHHKH 3IeKTPHYeCKOH SHEPIHH, MOI'YT OBITh COEHHEHBI B TPEYTOIbHHK (pHC. 5.1). Cnemyer
IIOMHHTB, YTO CXeMa BKIIIOUeHHS 0OMOTOK Tpex(a3HOro reHepaTopa He MpefdoNpelelseT CXeMy
COeQHHEHHS Harpy3KH. Tak, IIpH COeJHHEeHHH (ha3 reHeparopa B 3Be3Ay Harpyska MOXKeT OBITh
COEQHHEHA B 3BE3]lY C HEHTPaJIbHBIM IIPOBOJOM, B 3Be3MYy Oe3 HEHTPaJIbHOIO ITPOBOJA HIH B

TPeYroJIbHHK.

N©O
PrcyHok 5.1 — Cxema coefHHeHH S (pa3 B «TPEYTOIBEHHKY

[Ipn coeanHeHHH B TPEYTrOIbHHK CHMMETPHYHOH TpexX(asHOH Harpy3KH JTHHEHHBIE

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

A/3 pa3 Oombire, 4eM TOKH B (pa3ax IMOTpeCHTEI:

Iﬂ':\/g'ffl‘:

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

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

KOMIUIEKCHOH HIIH BEKTOPHOH (pOpPME:

NOKYMEHT NnoanmncAH — IBC o I,ﬂ,g ’ I(_" — I(jﬂ o IBC
SNEKTPOHHOW NOAMUCHIO
CEDTHdJHHEITZ 12000002A633E3D0113AD425FB50002000002A6 [EEDﬁ HPGEGI[ DTG};'I‘CTE}{ET: HO BCe qJHBHBIE
Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa

[HTAaHbI HAa HOMHHAJIBHOE JIHHEHHOE HAITPAAKCHIIC
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PrcyHOK 5.2 — BekTopHas AHarpamMma Tpex@a3zHoro HalpsoKeHHS

VYKazanue no mexrHuke 0 e3onacHocmu.

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

YKazanua no 6binoiHeHUI0 140 opamopHoil padomal:

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

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

3. M3MepHTEL CTPEIIOYHBEIM BOIETMETPOM Ha MOAYIE TpeX(a3zHOro TpaHchopMaTopa

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

PesynbTaThl H3MepPEeHHH 3aHeCcTH B Talm. S5.1.

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

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

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

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

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

AOKYMEHT MNOAMACAH raThl 3aHeCTH B TaOmI. 2.
3NEKTPOHHOW NOAMUCHIO
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L

PHCYHOK 5.3 — CXeMa COeIHHEHHH ITOTPEOHTEIEH «TPEYTOIBHHKOM))

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

3altHcaTh B Tabm. 5.2.

TaOmira 5.2

TOK Harpysku, A

Pexama HarpyskH
Py3 14 I Ic [aB Isc Ica

CHMMeTpHYHAS Harpy3Ka

OOpPEIB THHEHHOT' O IPOBOJIA «A»

OOpEIB THHEHHOI O ITPOBOAa «B»

OOpHIB (pa3wl ITOTpebHTen «AB»

HecunvmveTpHyHas Harpy3Ka

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

TPeYroJIbHHK ITPH CHMMETPHYHOH H HECHMMETPHYHOH Harpy3Ke.

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

TPeYrOJIbLHHK ITPH CHMMETPHYHOH H HECHMMETPHYHOH Harpy3Ke.

Codepocarue omuema:

OTYeT JOIKeH COJCPAKATD.

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

7. BBIBOJIHL.

Koumponsusie éonpocet:

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

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

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

4. Kakoe cooTHomeHHe MeXIy (pasHBIMH H ITHHEHHBIMH TOKAMH CHMMETPHYHOIO

ITOT pEﬁHTEJIH:, COCOAHHCHHOI'O B TpE‘_’;*TGHBHI]I{?

5. Becerma mnTH cIpaBeqIMBRL IIPH COSQHHEHHH B TPEYIOIBHHK COOTHOINEHHS
=1,y —1oy, Iy=Tpe =1y, Lo =10, + 1,

6. Bcerma 1ot IIpH COeqMHEHNH B TPEYTOILHIK CIIpaBeIHBO | s 1 s T I o= 0

7. Kak oTpa3HTCs OTKIIIOUEHHE OJHOH (pa3bl MOTPeOHTEeIs Ha PeXKHM pPaboThl APYTHX

(a3 B Ha pekHM paboThI BceH TpeX(pazHOH LIEITH, COeJHHEHHOH B TPeYrOJIbHHK?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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Jlabopamopras padoma Ne6. Henvimarue 00HOQA3HO20 mpanchopmamopa

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

XapaKTEPHCTHK TPaHC()OpPMaTOPOB.

OcHo6bl meopuiL:

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

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

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

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

Ha3bIBAETCS BTOPHYHOH 0OMOTKOH (pHC. 6.1).

Drrexmrar- A 1 (ClxenE AHCPOPMATOPA
NOKYMEHT NoanncAaH P (b P P

SNEKTPOHHOW NOAMUCHIO
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Ecin k HEpEH‘IHGﬁ GﬁMGTI{E:: HMEIOIIEH UIHCIO BHTKOB Wi IIOJBECTH IICPEMEHHOC

HanpsokeHHe u;=Umsin®t, To Mo Helf HAYHeT ITPOTeKaTh TOK i1, KOTOPHIH OyaeT orcraBath or U

Ha 90°, H cOo34acT B CepACYHHKE IePEMEHHBIH MArHHTHBIH ITOTOK, TaKKe H3MEHSIOIIHICS I10

CHHYCOHJIAIIBHOMY 3aKOH =@, . -cosS®!. MarHUTHBII ITOTOK, 3aMBIKASCh I10 CEPICUHHKY,
0 OM e

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

BHTKOB:
dd . .
e,=—w,——=-w,-0-®D,,sSnhwt=—-E,, -sinw!
dt
dd . :
e, =—w, y L=—w, @D, snwt=—F,, Sinwt
2 2T 2 , 24

JIeNCTBYIOIHE 3HAYEHHE 3THX 3.1.C. OYAYT PaBHHI:

E =444-w - f-Dy
E,=444-w, - f -D©,,,

OTHOIMIEHHE 3THX 3.J.C. Ha3bIBaeTCsI KO3 (HIHEHTOM TPaHCpOPMAaIHH:

Econ U>> U, To TpaHcopmaTop nmoBeImIaronpii, a ec Uz <U; — To mmoHmkaronmi. B

ITacIiopre TpaHCc(opMaTopa VYKa3bIBaeTcs OOBIYHO He KO3(Q(HIIMEHT TpaHc(oOpMainm, a

OTHOHICHIE BBICIHICI'O HAITPAKCHITA K HH3IOICMY.

[Ipn mocTpoeHHH BEKTOPHBIX AHArPpaMM HaITpSDKEHHI H TOKOB TpaHCc(pOpMaTOpa MOIYT
BO3HHKHYTE 3aTPYJAHEHHS ¢ BEIOOPOM MacITada HAITpSKEHHH IIEPBHYHON H BTOPHYHOH 0OMOTOK,
T.K. U;=kU,, a guarpaMmsl JOJDKHEI OBITH B OJHOM MacIiTade. I1o3roMy BMECTO pealbHOr o
TpaHcopMaTopa OOBIYHO pacCMaTPHBAKOT TaK Ha3bIBAEMEIH IIPHBEISHHBIN TPaHC()OpPMATOp, Y
KOTOpPOro ojHa OOMOTKa (OOBIMHO BTOPHYHAS) IIPHBEAEeHA K JPYIOH, T.e. €€ IlapaMeTpPhl

IICPECHHTAHBI TAKIM DﬁpﬂBDM, yTOOBI BTO HE OTPA3HIIOCh Ha SHEPICTHYUCCKHX IIPOLICCCAX B

TpaHcopmarope. [IpuBeeHHOEe HaNpsDKeHHe M JIPYTrHe ITapaMeTpPhl BTOPHYHOH OOMOTKH

' ’ f f F

obosHavarorcs U, , 1, ,r, , X, , Z, .

- i

r r r

Ecom U, =xU,=U, u w, =xw, =w,, TO ToK [, OIpeIelIuTcI H3 YyCIOBHA

-

r r
TIOCTOSIHCTBA MOTOKocHerteHnit £/, w, — [, w, | oTKyaa

L .r. L
’ z_Izwz_Iz

AOKYMEHT NoanmncAH — —
SNEKTPOHHOW NOAMUCHIO w
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6 :
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r
"
AHEIJIGI‘H‘IHG:, IIPHBEAECHHOE COIIPOTHBIIEHHE F, — K'Fr ~ OIIPEACIBICTCA H3 PAaBCHCTBaA

ITOTEPh MOIOIHOCTH BO BTGPH‘IHGﬁ 0OMOTKE J10 ITPHBCACHHA H I1OCIIC ITPHBCACHHA.

¥

I:frz:(fz )2},_2 ;

OTKY/Ia

L2
L2

.
L2

by
L.a

~
L.a

r":.: 'r":u: -f"q:qu*

AHAaIOrMyHoO,

' ’
2 2
Xy =K X, H ZE — K FE*

r

C}"I\ﬂ\la F, ~ ¥, = F, Ha3bIBACTCsI aKTHBHBIM COIIPOTHBIEHHEM KOPOTKOI'0O 3aMBIKAHI, a

' r
X, + X, = X, -HHIYKTHBHBIM COITPOTHBIICHHEM KOPOTKOI'O 3aMBIKaHHAH I, + Z, = Z,. - IIOJTHBIM

COITPOTHBIIEHHEM KOPOTKOI'O 3aMBIKAHH .
Pexxrim paboTel, IIpH KOTOpPOM BTOpPHYHAsA OOMOTKa pa3OMKHYyTa, T.€. Harpyska
TpaHc(OpMaTopa OTCYICTIBYET, Ha3bIBAETCS PEKHMOM XOJIOCTOro Xoza. IIpH 3TOM MarHHTHEIH

ITOTOK CO3JAETCS HAMATHHYHBAKOIIEH CHIIOH IIEPBHYHOH OOMOTKI:
Fo=1,w,

rne Ip — TOK XommocToro Xoja.

BemiuriHa HaMarHHYHBaroIeH CIbl Fo SBISETCS ITOCTOSHHON H 3aBHCHT OT Pa3sMepoB H
MaTepHala CEpAcYHIKA.

PexaiM paOoTeI, IPH KOTOPOM BO BTOPHUYHYIO OOMOTKY BKJIIOUeHA HAarpys3Ka, Ha3bIBACTCSI
paboyuM peKHMOM HJIM PeXKHMOM Harpys3kd. IIpu pabore B peXHMe Harpys3KH KaKias H3
0OMOTOK TpaHc(popMaTOpa cO3laeT CBOK HaAMarHHYHBAIOIYIO CHITY, IIPHYEM HaMarHHYHBAFOIIIas

CHJIa BTOPHYHOH OOMOTKH OyJIeT HalpaBlleHa HaBCTPedy HaMarHHYHBAIOMIECH CHIIe IEPBHYHOM

OOMOTKH:

Fo=Fi+ F-

Lo-wy=1-w +12-w,.

Takmm  oOpa3oM, MarHMTHBIH IIOTOK, CO3JaBacMBIH  BTOPHYHOH  OOMOTKOM,

pasMarHHYMBacT MarHUTHBIH ITOTOK, CO3AaHHBIN IEPBHYHON OOMOTKOI.

Gl ———— S —_———— ————
NOKYMEHT [HOBMCA popMaropa IO BEIHYHHE TIOCTOSHEH, TO
SNEKTPOHHOW NOAMNUCHLIO |
Ceptudoukar:  12000002A633E3D113AD425FB50002000002A6 - YBEJIMYHBACTCA TOJIbKO Ha TAKYIO BCIIHYHHY,
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
NeitcTanTened: ¢ 20.08.2021 ro 20.08.2022 ‘TaballaCh IIPAKTHACCKH ITIOCTOAHHOH.
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ClegoBaTelbHO, IIPH YBEIIHYEHHH TOKA BO BTOPHYHON OOMOTKE TOK IEPBHYHOH O0OMOTKH

YBCIIHUHBACTCA TdK, yTOOBI HAMAarHHYHBAIOII[As1 CHIIA lo W, INOAACPAHBAJIACH TIOCT OSTHHOH.

[Ipn yBelMYeHHMH Harpy3KH TpaHc(OpMaTOpa HaIlpsKeHHe BTOPHYHOH OOMOTKH
CHIDKAeTCS Ha BelIMYHHY AU/, KOTOPOE Y MaJbIX TPaHC(pPOpPMAaTOpOB MOXKeT OBIThH OIPellelIeHO
ITyTEM HCIIBITAHHH ITOJ Harpy3KOH TpaHc(opMaropa H HEITOCPEACTBEHHBIM H3MepeHHeM AU .
TpancpopmaTop GONMBINOH MOIIHOCTH HAarPy3UTh H HCIIBITATh ITOJ HAaIPy3KOH OYEHB CIIOKHO H
HESKOHOMHYHO, ITO3TOMY U1 HUX AL/ OIPENEIIOT PAaCYETHEIM ITYTEM.

Harpyska TpaHcopMaTopa MOJKeT OBITh YHCTO aKTHBHOIL (OCBEINEHHE ), ITPH KOTOPOH COS
¢2 = 1,0, H cMemIaHHON — aKTHBHO-HHAVKTHBHOH (R-L) mim akTHBHO-eMKOCTHOH (R-C), mpH
KOTOPBIX cos @2 < 1,0.

3aBHCHMOCTh HaNpsKeHHSI BTOPHYHOH OOMOTKH OT TOKa HarpyskH, T.e. Ux=f ( Iz ), mmpu
ITIOCTOSIHHOM II0 BEJIMYHHE HAIPSDKEHHH ITepBHYHON OOMOTKHM U; H ITOCTOSHHOM 3HAYEHHH
KO3(p(pHI[HEHTa MOIIHOCTH COS (02, Ha3bIBAaeTCS BHEIIHEH XapaKTEPHCTHKOH TpaHC(popMaTopa
(pHc. 6.2).

HarpsokeHre Ha BTOpHYHOH OOMOTKE ITPH XOJIOCTOM XOAE, T.€. IpH I> = 0, Ha3pIBaeTCs

HOMHHAJIbHBIM HallpsDKeHHeM. [ IpH Harpyske HanpspkeHHe OyleT H3MeHSIThCS Ha BelHuuHy AU

Ur:. _Uﬁ
AU = —2—
UEH
Us
U e S 757
O IL"H IE

PrcyHOK 6.2 — BHenIHAI XapaKTepHCTHKaA TpaHcpopMaTopa
Jlns onpeaeneHUS BETHYHHEL AU pacuyeTHBIM ITYT€M HEOOXOHMO BBITIOIHHTE JBA OITLITA:

OIIBIT XOJIOCTOI'O XO/Jd H OIIBIT KOPOTKOI'O 3dMBIKAHIA.

O [IOKYMEHT NOOrMcAH OITPpCACIICHILA HAITPAKCHH A ETOpH'L]HGﬁ OOMOTKH
SNEKTPOHHOWM NOANUCLIO
Ceptudbmkar: - 12000002A633E3D113AD426FB50002000002A6 CTH XOIIOCTOI'O XOJ4a Py. Tak xak ITPH XOJIOCTOM
Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa

CCKOIIBKO IIPOLOCHTOE OT TOKa I1H:. TO IIOTCPH B
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0OMOTKE ITPH XOJIOCTOM XO0/I€ MalIbl H MOHO CYHTATh, YTO MTOTEPH XOIOCTOI0 X0/Ia — 3TO ITOTEPH
B CTaJIH CEpJeYHHKA.

OIIBIT KOPOTKOTO 3aMBIKAHH L, ITPH KOTOPOM BTOPHYHAS OOMOTKA 3aMKHYTa HAaKOPOTKO (Zx
= (), BBIOIOIMHIETCS IIPH MOHHKEHHOM HanpspkeHHH Uixm . 1IpH 3TOM HampspkeHHe ITOBBIIIAETCS
OT HYIIA 40 3HaueHHS Uik, ITPH KOTOPOM TOK 3aMKHYTOH HaKOPOTKO BTOPHYHOH OOMOTKH paBeH
HOMHHAITbHOMY I-py. Tak kak 5TO HalpssKeHHE COCTaBIsSeT HECKOIbKO ITPOIEHTOB OT
HOMHHAJIFHOTO, TO I MarHHUTHBIH ITOTOK, ITPOIIOPIIHOHAIBHBIH HAITPSDKEHHIO B CEPACYHHKE, OUEHD
Mall M ITOTEPSMH B CTaJIH MOJKHO IIPeHeOpeYhb H CYHTATh, YTO ITOTEPH IIPH OIIBITE KOPOTKOIO
3aMBIKaHH S — 3TO IIOTEPH B MeJIH 0OMOTOK TpaHC(opMaTopa.

3Has U;rxgx U IIOTEPH P gy MOXKHO OITPENEIHTS Zx, 1K, XK.

. _UIHH _
{.-H'_ .
JF'IH
_ PHH
ry = ——:
IH ¥
| H

- \/ 2 2
Ag — k Tk s
B / B /
e 'y = +7F H Xp =X, +X, -aKTHBHOE H PeaKTHBHOE COIPOTHBIEHHS KOPOTKOIO

3dMbBIKaHI .

M3meHeHHe HaMpsDKeHHS ITpH Harpy3ke AU MOXHO OIPENEeNHTh 110 (popMyTIe:

AU:,B-(UE -cos@, +U,, -sin goz)?

I'ac U a | g g - aKTHBHasA COCTaBILATONIAA HAITPAKEHHA KOPOTKOI'O 3aMbIKaHH A,

]

Uﬁp — IIH "X - PEAKTHBHAA COCTABIIAIOITAA HAIIPSOKCHHA KOPOTKOI'O 3dMBIKAHHA,

[ ]

b= 7 - KO3(p(HIMEHT HArpy3KH TpaHcopMaropa, 3HAYeHHSIMH cos@: H Sin @

5

3a/lacMCsL
3Hast Uggn AU TIpH pa3iIHYHBIX 3HAYEHHSX f H XapaKTepe HarPy3KH, MOKHO OITPEJIEIHTh
3HaueHHe U2 ITPH HArPy3Ke U IIOCTPOHTH BHEIIMHHE XapaKTePHCTHKH TpaHCc(OopMaTopa pacyeTHBIM
ITYTEM.
BakHoH XapaKTepHCTHKOH TpaHcpopMaTropa sBirsiercs ero KIIJT:
_PE_PI_EP_l EP_ P,
PP P P +3P’

17

AOKYMEHT NoanmncAH
INEKTPOHHOW NOANMUCHIO
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ITPHMCEHAIOT IIPH HCIIBITAHIIT MaJIOMOIITHBIX TpElHC(prM&TGpGE: T.K. B 3TOM CJIIYVH4C€ HET HpﬂﬁHEM

C Harpy3KoH TpaHc(opMaTopa peocTaTaMH. B MoOIMHBEIX TpaHchopMaTtopax KIIJ] ompemensroT

IIYVIEM H3MCPCHITA HIH PacHcTa IIOTEPE B HEM H TTIOJIE3HOH H&Ip}*’BG‘IHDﬁ MOIIIHOCTIH

P, =U.,I, cos @, . Benmunna KII]J] 3aBHCHT OT Harpy3KHu (prc. 3).

P,
KIIJ] mMeeT MaKCHMYM IIPH OTHOCHTEIBHOI Harpyske —— = 0,7, Korja ITOCTOSHHBIE
iH
rorepH (Po) paBHBI IeEpeMeHHBIM IToTepsM (Px).
i
1,0
'—_______
0,3
P,
Y -
g 035 1.0 P

In

PrcyHok 6.3 — 3aBucuMocTh KIIJ] TpaHcopmaTopa OT Harpy3KH

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

ITIOTEPH PAcTyT IPONOPIMOHANBHO /|, a MOIHOCTH — IIPOTIOPITHOHANLHO TIEpBOIt CTEITEHH TOKA.

[Tpn ymeHbImeHnu Harpy3ku KI1J] ymeHbIIaeTCsI H3-3a YBEIHYEeHHS JOIH ITIOCTOSHHBIX ITOTEPh B

0OIIIeH MOIIHOCTH.

YKkazanue no mexHuxe 0 e3onacHocmu.

YKazaHH I10 TeEXHHKe 0e30I1aCHOCTH ITPH BBOIOJIIHEHHH HﬂﬁﬂpﬂTﬂpI{BIK pﬂﬁDT ITPHBCICHBIL

B ITPHIIOKEHHE A.

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

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

Tadmuiy 6.1.
U*
. ‘ i T
* N K
U
P L.'_
Ty
Og— ™
X x
PrcyHok 6.4 — CxXeMa HCITBITaHHS TpaHC(opMaTopa B pesKHMe
XOIIOCTOrO X0/ a
Tabmna 6.1 — Pe3yibTarTsl BEIYHCIIEHHH H H3MEPEHHH
HM3MepeHHbIe BEMHYHHEI BEIUH CIIEHHEIE BETHYHHEL
No Y
Uix Lo Po U> CcOS Qg K= —-
OITbITA U,
B A Bm B - -

1

2

3

2. BEITTOMHUTE OMBIT KOPOTKOT O 3aMBIKaHHA. J[JII 3TOro co0paTh cxeMy (pHC. 5), IPH 3TOM
B CXEMe BOIILTMETP V> 3aMeHHTh aMIlepMeTpoM A». llepen BKIFOUEHHEM CXeMBI ITOBOPOTHYIO
pykosaTKy JIATPa HYKHO YCTaHOBHTH Ha HOIb. 3aTeéM 3aMKHYTH KIIOY K, BKIIIOUHTH CXEMY H
IIABHO YVBEIMYHBATh HarpskeHne JIATPoMm mo 1ex mop, rmoka aMmepMeTprl A1 U .42 HE CTaHyT
ITOKa3kIBaTh HOMHHAJILHBIE 3HAYEHNI TOKOB [1H U /211, TIPH 3TOM HaIlPSJKEHH € TIEPBHYHON OOMOTKH

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

U*
4 T
. w JATP ‘ ;\’E PR
’ NN |
r* ¥ { K
L.'_
~ T !
O — $
X x
[IOKYMEHT MOAMUCAH
SNEKTPOHHOW NOANVCHIO copMaTOpa B PeKHME KOPOTKOI'O 3aMBIKAHHS
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Ilo PE3VIIETATAM OIIBITOB XOJIOCTOI'O XOJd H KOPOTKOI'O 3aMBIKAHHA OIIPEACIIHTD

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

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

Tabmmna 6.2 — Pe3yibTarsl BEIYHCIIEHHH H H3MEPEHHH

No
M3MepeHHBIE BETHYHHEI BrIUHCcIIeHHBIE BEeIIHMUHHE]
OITBITA
,
Uik lik Pk 5] 7 CcOS QK 7K rK XK ]
1
B A Bm A - - Owm Owm Om -
1
2
3
P, Py
COS @y = ; COS @, = :
Ul 'ID Uu;' 'IIE;'
- le _ B P K
~K I ’ r!{ — 9 ’
1K 1K

- \/ 2 2
Ag = k — Tk
OrnpenemHTh Ko3()GHIIHEHT ITONE3HOro AeicTBHA TpaHchopMaropa #:

P, P

2H

P P_+P +P.

n

3HaueHNs P o OepeTcs U3 IMaclOPTHRIX JAaHHBIX TPaHCc(popMaTopa.

3agaBasce 3HadeHIsIMH S = 0,25; 0,5; 0,75; 1,0 onpegermte AU IIpH 3HAYEHHSIX COS @2 =

1,0; 0.8 (R— L) u 0.8 (R — ), pe3yIbTaThl pacyeTOB CBeCTH B TaOmHiry 6.3. 3aTeM IIOCTPOHTh

BHEIIHHE XdPAKTCPHCTHEKI AL ITPHHATBIX 3HAUEHHH coS @2, ITIPH 3TOM HMECA B BHAY, YTO COS @2

nipH (R — C) Harpy3Ke OTpHIlaTeleH.

Tabmma 3 — Pe3ynbTaThl BEIYMCIIEHHH H H3MEPEHHI

U_ =1 U, =1 U U, si U 1COSP
—  F = Iy " Xy COSQ, -5 @, . AU
)3 A1 1H K K e 2 Kp 4+ U .sin qu
) F
- B B B B B B
0
NS
NOKYMEHT NnoarcAaH
SNEKTPOHHOWM NOANMUCHIO
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2. BEBITTOJTHHUTE OIIBIT ITOJ HAar py3KOH IT0 cXeMe pHc. 6.6. IIpH 3ToOM cXeMy COeINHCHII
IIEPBHYHON OOMOTKH (pHC. 0.5) He H3MEHSIOT, a K BTOPHYHOH OOMOTKE ITOJKITFOYAIOT

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

e In
~ T
O— ™

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

B cnexyromemM ONBITe ITOCIEJOBAaTEIbHO C HAarpy304YHBIM PEOCTATOM ITOAKIFOYAOT
KaTYIIKy HMHIYKTHBHOCTH H BBIOIONHSIOT 3aMep [ u Uz, 3aTeM OIBIT ITOBTOPSIEOT IIPH
ITOJMKITFOYEHHH ITOCIIEAOBATEIIbHO ¢ HArPYy304YHBIM peocTaToM Ru eMKOCcTH (. Pe3ylbTaTel
H3MepeHHH 3aHocsar B TaOmmiy 4. Ilo pesymsTaraM STHX OIIBITOB CTPOST BHEIIHHE

XdPaKTCPHCTHKII.

Tabmiia 6.4 — JlaHHBIE Q19 ITIOCTPOESHH I BHEIIHHUX XapaKTePHCTHK

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

Coodepacarue omuema:

OT4YeT JOoIDKeH COJCPAKATh.

l. Haspanme paGorer;

2. [lems paboTHI,

3. Kparkue TeopeTHYECKHE CBEAEHH,

4. OrmicaHHe HCIIONB3YEMOTI0 O0OPYIOBAHHS H MATEePHAJIOR,
3. IIopsimOK BEITTOTTHEHHS PaOOTHI,

© OKYMEHT ROBAAGAH 7507 Do 7T TaToB,

SNEKTPOHHOW NOAMUCLIO
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Koumponsusie 6onpocet:

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

Kak onpenensercsa HanpskeHHe Uop?

YeM 00YCIOBIIEHE] ITOTEPH MOIITHOCTH B PeKHME XOIIOCTOr0 Xoja?

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

Kax ormpeensror H3MeHeHHe HOMHHAIFPHOI O HampsKeHHST AU?

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

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

e e s R = N - T

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

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

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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Jabopamopran paboma Ne7. Hensimariie mpex@)aznozo ACUHXPOHHOZ0

HJIEIGHPIH)HHEHIHEJIH C KOPDOMKO3AMKHYMbBIM Pomopom

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

dCHHXPOHHOI'O 3JICKTPOABHI aTCIIA

OcHO6bL meopuuL:

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

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

BpallldtoIiccCqd MdIHHTHOC ITOJIC, HaCTOTa BPAIIICHILA KOTOPOI'O ITOCTOAHHA H PdBHA.
_ 604,
o E

P

rae f1 — yactora HanpsokeHH ruTaromei ceTH (1 = 50 ')

n,

P — YHCIIO T1ap IOJIFOCOB JBUTATEILS.

PoTop Takke COCTOHT H3 cepieyHHKa H 0OMOTKH, KOTOPBIE HacaKeHbI Ha Bajl. CepJIeYHHK
pOTOpa HaOHPaIOT M3 JIHCTOB BIEKTPOTEXHHYECKOH CTallH, B KOTOPBIX Ha BHEIHEI ITOBEPXHOCTH
BBIIIITAMITOBAHEI ITa3kl. ACHHXPOHHBIE JBHIATEIIN B 3aBHCHMOCTH OT KOHCTPYKIIHH POTOpPa MOT'YT
OBITH JABYX THIIOB. B JBHTaTellsIX ¢ (pa3HBIM POTOPOM B ITa3bl POTOPA YKIIAJLIBAIOT TAKYIO JKE
TpexX(a3zHyr 0OMOTKY, KaK H Ha CTaTope.

TpH KOHIIa OOMOTOK COEIHHSIOT B 3BE3/Y, a TPH APYTHX BEIBOAST Ha KOHTAKTHBIE KOJIBIIA.
B jgBurarene ¢ KOPOTKO3aMKHYTHIM POTOPOM B IIa3kl POTOpPa 3ajHBAIOT PacIUIaBIeHHBIH
aTFOMHHIIL, TIPH 5TOM BMecTe C OOMOTKAaMH OTJIHBAIOT KOPOTKO3aMBIKAIOINHE KOIbIla, B
pe3ylbTaTe 4ero 0OMOTKA ITOJIYYaeTCsI KOPOTKO3aMKHYTOH.

Bparmraroreecss MarHHTHOE TI0JIe cTaTopa IlepecekaeT 0OMOTKY POTOpa H HAaBOJHT B HHX
5.J.C., a TaK Kak OOMOTKa 3aMKHyTa HAaKOPOTKO, TO B HeH HAYHHAIOT ITPOTeKaTh TOKH, ITPH
B3aHMOJICHICTBHH KOTOPBIX C MATrHHTHBIM IIOJEM CO3JAeTCS BPaIalOIHii MOMEHT, H POTOP

HaYMHACT BPallaTbCA. YacToTa BpaIllCHHA PpOTOpa n B ABHI'ATCIIBHOM PCKHME BCCI'JJd MCHBIIIC

AOKYMEHT NoarnncAH
SNEKTPOHHOWM NOANACKEIO ITHX H4dCTOT, OTHCCCHHAA K TdCTOTC BPAIlCHILA
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Tak Kak EpElH.[ﬂIGH[I]ﬁ MOMCHT IIOABIIACTCAH B PE3YIIBTATC B3aHMOJICHCTBHS TOKa POTOpPa I»
C MarHHTHBIM ITOTOKOM @ CTaTOpPad, TO CI'o BCIIHYMHA IIPOIIOPIHOHAIIBHA HX ITPOH3BCACHIIO.
HGCI{GJ'JLI{}*' B MCXAHHYCCKYIO pﬂﬁﬂT}" MOMKET IIpEBpalllaTbCA TOJIbBKO dKTHBHAA MOIITHOCTD,

IIPOIOPIIIIOHATFHAS aKTHBHOIH COCTABIISIOINEH TOKA, TO
M=C,-1I,-D-cosy, ,
I7ie Y2 — yroi cABHTa (a3 MeXxay 5.7.C. H TOKOM POTOopa,

Cy —KO3(P(PHIHEHT, 3aBHCSIIHI OT KOHCTPYKIIHH JBHI ATEIIS.

Takym o6pazoM 1 , - COS @, - aKTHBHAS COCTABJIIION[As TOKAa POTOpa.

OCHOBHBIE BKCIUIYaTallHOHHBIE CBOMCTBA JIBHTATENIS OIPEHEISIOTCA ero padourMi
XapaKTePHCTHKAMI, T.€. 3aBHCHMOCTSAMH Py, cos, n, 1, I OT IToIe3HOH MOIITHOCTH JABHIrarels Pa .
[TogBomaimMast K aCHHXPOHHOMY JIBUTATEIIIO MOIIIHOCTh PaBHA:

P =3-U,-I, -cosq,

re: cosp — Koa() (PHI[HEHT MOIITHOCTH JBHIATEILs,

N —YacToTa BpallleHHI poTopa,

I1 — TOK cTaTopa.

Paboune xapakKTepHCTHKH aCHHXPOHHOTI'O JBHTATENS IPEACTABIIEHEl HA pUC. 7.1.

Paboune XapaKTepHCTHKH MOIYVT OBITh ITIOIYUYEHBI IMOO0 PpacyeTHBIM IIYTEM, JIHOO
OITPENETIEHRI OIBITHEIM ITYTEM ITPH HCIIBITAHWM JBUTATEILS IIOJ HAarpyskoH. Harpyska Ha Bainy
H3MeHSETCSI B IpejJiellax OT HYIS B pekHMe xXojocTtoro xoga (P2 = 0) 10 HOMHHAIIBHOH HIIH
Oompien. IIpH sTOM H3MepSrOT IOTpeOnseMbIH TOK [i, 4YacTOTy BpallleHHsS poTopa n,
ITOTPeOIIe MY MOIITHOCTE P, KO3 (HITHEHT MOIIHOCTH cOs®. BeIHYHHY IT0JIe3HOH MOIIHOCTH
P> BBIUHCIIIIOT 4Yepes BEIHYHHY BpPaIlaroIler0 MOMEHTa, €CIM B KaYeCTBE HArpy3KH JBHIATEIIS
HCIIOB3YETCS BIEKTPOMAarHHTHBIN TOPMO3, HIIH YEPE3 MOIIHOCTE I'eHEpPaTOpPa, ECIIM B KaUECTBE
HarpysKH JBHT ATl HCIIOIB3YETCSA I'eHEPATOP MOCTOSHHOIO TOKA.

IIpn s3TOM IMOIE3HAsS MOIIHOCTH TIeHepaTopa OIpPedelseTcsl H3MepeHHEM TOKa H

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

reHeparopa Pir

NOKYMEHT NoanncAH
SNEKTPOHHOWM NOANUCHLIO Pr
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rae n — KIIJ] reneparopa (13 puc. 2).
[Ipn Harpy3ke Ha 3IeKTPOMarHHTHBIH TOPMO3 H3MePSETCS MONIe3HEII MOMEHT M Ha Baly

ABHI'ATCJEA H Y4CTOTA BPAllICHHA 1N, 110 KOTOPBIM OIIPEACIIACTCA ITOJIC3HAA MOIMHOCTE ABHIATCIIA

Pg:
M -n
P, =
9550
n B I
—_— — —— 1.cos8
| 'PlH Im' 7 v
' 'Y 'y 4
10 7

Ny

PucvyHok 7.1 — Paboune XapaKTepHCTHKH aCHHXPOHHOI'O JBHIATEIIS

"

}?ﬁ-’n
100

TS

60 U [ |

F 1

40

. P. %

0 20 40 60 80 100

PucyHok 7.2 — 3aBucuMocTh Kl1]] reHeparopa OoT MOIIHOCTH Pr

YKkazanue no mexHuxe 0 e3onacHocmu.
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VKa3aHua no 6bIN0JIHEHIUIO J1ADOPAMOPHOIL pAdOMbL:
Yacme 1. Cuamue u onpedenenue xapaxkmepucmuk xoaocmozo xooa Iy=f(U), Py=f(U),

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

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

IICPCMCHHOI'O TOKA.

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

4. COoeIHHHTE aIllapaTrypy B COOTBETCTBHH C AIEKTPHYSCKOH CXEMOH COeIHHEHIH .

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

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

BTOPHYHbBIE HAIIpsDKeHNH S TpaHcpopMaTopoB 127 B u 127 B.

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

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

Po1 1 peakTuBHAS Qo1 MOITHOCTH, ITOTpeOIsseMble OMHON (pa3oi ABHraTelrst M1) B TaOmry 4.2.1.

Tabmira 7.1

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

12. OTtxmouynTe HeTouyHHK G1.
NOKYMEHT NoanncAH

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

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

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

U 3HaueHH KO3 (HITHEHTA MOIIHOCTH IT0 (hOpMYJIe

5

p) >’
NG

COS @, =

H 3aHECHTE ITOITYYEHHEIE Pe3YIIbTaThl B TaOIHIYy 7.3.

Tabmima 7.3
U B
cos @
16. IIpu HeoOxXomMMOCTH OOIBINEH BapHAaTHBHOCTH 3HAaYeHHMH HarpsoxkeHus U,

ITIOBTOPHTE 3KCIIEPHMEHT IIPH 3aKOPOUYEHHOM JIHHEHHOM peakTtope Al4.
17. Hcrmompsya gaHHble T1albmuiy 7.2 M 7.3 TIOCTPOHTE HCKOMBIE XapaKTepPHCTHKH
xonoctoro xoga lo=f(U), Po=f(U), cos@o=f(U) TpexdazHOro acHHXpOHHOIrO JIBHIaTEelId C

KOPOTKO3aMKHYTHIM POTOPOM.

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

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

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

IICPCMCHHOI'O TOKA.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANMUCHIO

Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6 |
Bnapeneu: llleBGayxoea TateaHa AnekcaHapoeHa ‘d/KdB Hda BHPTYAJIbHYIO KHOIIKY «OCTaHOBHTB».
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17. OtxmrouynTe BEIKITOUaTem « CETh» OII0KOB, 3aJeHCTBOBAHHEIX B SKCIIEPHMEHTE.
18. HcCrmoimp3ysa BO3SMOKHOCTH IIpOrpaMMEBl «Perucrparop peKHMHBIX ITapaMeTPOB
MAIlMHBl IIEPEMEHHOIO TOKa», IPOAHAIH3HPYHTE OTOOpa’kKeHHBIE HA MOHHTOPE KOMIIBIOTEPA
MEXAHHYECKVIO XapaKTEPHCTHKY M BpPeMEHHBIE 3aBHCHMOCTH TOKA CTAaTOPHOH OOMOTKH,
3JIEKTPOMArHHTHOIO MOMEHTA, YaCTOTEI BpaIllEHH S aCHHXPOHHOI'O JABHIATENS IIPH ITYCKE €r0 B

XOJI.
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AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneuy; lebayxoea TateAHa AnekcaHapoBHa M MEXAHHYECKHX XapaKTe PHCTHK
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Ceptuchmkar: 12000002A633E3D113AD425EB50002000002A6
Bnapeneu: lebayxoea TaTeAHa AnekcaHapoBHa
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PucyHoK 7.5 — CXeMa ITOJKIIFOUYEHHS K KOHHEKTOPY

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

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

1. YOeaurech, YTO YCTPOHCTBA, HCITOIb3YeMBIE B AKCIIEPHMEHTE, OTKIIFOUEHEI OT CETH
3IIeKTPOITHTaHHS.
2. CHHMHTE KOXKYX, 3aKpBIBAIOIMMH MY(PTY, COSTHHSIONIYIO Bal MAaIllHHBI

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

3. ColepHTe HIEKTPHUYECKYIO CXEMY COEOHHEHHI TEIUIOBOH 3all[HTHI MAIIHHEI
IIEPEMEHHOIO TOKA.
4. COeIHHHUTE THEe3[a 3all[HTHOrO 3a3eMIIeHHS "\&" YCTPOHCIB, HCIIOIb3YEMBIX B

SKcIIepHMeHTe, ¢ THe37IoM "PE" TpexdasHoro ucrounnka miTanus Gl.
3. COEIHHHTE alIaparypy B COOTBETCTBHH C 3JIEKTPHYECKOH CXeMOH COEHHEHHH.
6. [lepexmoyaTenu pexnMa padoTsl HCTOUYHHKA G2 H BRIKIIOYATENSI AO YCTAaHOBHTE
B ronoxenne "PYUH.".
7. B TpexdasHpIX TpaHcpOpMaTOpHBIX TIpyimax A2 H A7 IepeKIrdareleM
yCTAHOBHTE HOMHHAJIbHEIE BTOPHYHBIE HAIIPSKEHHS TpaHc(popMaTopoB 242 B.
AOKYMEHT NOArNM1CAH

SNEKTPOHHOW NMoanmceio ) 6HGI{OE:, BMEﬁGTEﬂEﬂHHBIX B SKCIICPHMCHTC.

[0Ka Pl, 3a1eHiCTBOBAaHHEIE B SKCIIEPHMEHTE.

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Ceptucmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: ebayxosa TaTeana AnexcaHapoeHa

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

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

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

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

HaIIPSDKEHHIX TpaHcpopMaTopoB rpyrat A2 u A7.

Tabmima 7.4
U B
Iz, A
Pr;, Bm
14. OTtkmroyuTe HeTOUHHK G1.
15. OtxmounTte BeIKTOUarelM « CEThy G10KoB, 3a1eliCTBOBAHHBIX B 3KCIIEPHMEHTE.
16. [ Ipu HeOOXOAUMOCTH OONIBINEH BAPHATHBHOCTH 3HAYEHHH THHEHHOT'O HAITPSIKEH S

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

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

Pr= 3Pz,

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

Tabmua 7.5

U B

!:. D.'-.'.

NJOKYMEHT NoanvucAH

SNEKTPOHHOW MOANMMUCHLIO

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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18. Hcmompsya paHHeie Tadmm] 4.3.1 1 4.3.2 IIOCTPONHTE HMCKOMEBIE XapaKTepPHCTHKH
Koporkoro 3ambIkaHHA Ix=f(U), Px=f(U), Zx=f(U) TpexdazHOro acCHHXPOHHOIO JABHIaTEJII C

KOPOTKO3aMKHYTHIM POTOPOM.

Codeporcarue omuema:

OT4YeT JOIKEH COMEPKATh:

l. Haspanmne paGoTHI,

[lems paboTHI,

KpaTkHe TeopeTHYeCKHE CBEACHIST,

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

BreruncrneHus 1 o0paboTKa pe3yiIbTaToR,

-1 O b B W 2

BBIBOIHL.

Koumpononsie eonpoceol:

l. KakoBo yCTpoHCTBO TpeX(azHOr 0 aCHHXPOHHOTO JIBHIaTENd?

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

3. YTO Takoe CKOJIbKEHHE IBUTATENS H KAK OHO OIIPEIEIsIeTCs?

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

5. Kaxmnvi criocobaMH MOKHO PeryiIHpoBaTh YacTOTY BpallleHHS poTopa

dCHHXPOHHOI'O JBHI'AT ers’

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

SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

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

0110006 HA NOCMOAHHOM U neEPeEMEHHOM MOKAX

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

BKITFOUCHH A H BEIKJTFOY CHITA.

OcHo6bl meopuil:

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

[TpH IIpsIMOM ITPHIIOKEHH OM HAITPSDKEHHH («+» K CIIOIO P, « - » K CIIOKO 1) ITOTeHIHAIIbHBIIT
Oappep VYMEHBINAeTCSI, M JHOM HauHHaeT IIPOBOAHTH TOK (JAHOJ OTKPHIT). IIpn oGpaTHOM
HAITPSDKEHHH ITOTEHIIHAIEHBIH Oaphep YBEIIHYHBAETCS (JHOJ 3aIIEPT).

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

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

PucyHok 8.1 — JIBYX3IeKTPOIHBIH ITOIYIIPOBOJHIKOBBIH JIEMEHT

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

T

T NOKYMEHT i'IDﬂHHCAH T D2 IBHODKEHHS OHH CTAJIKHBAKOTCSI ¢ OCHOBHBIMH
SNEKTPOHHOW NOAMUCHLIO

CepTudukar 12000002A633E3D113AD425FB50002000002A6 or. C yBEeIHYEHHEM IIPSIMOIO TOKa ITaJcHHe

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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HaIIPsDKEHHS Ha JHOAE HeCKOJIbKO Bo3pacTaeT. [IpH pekoMOHHAIMH MOJKET BRIAEISATCA SHEPIHA B
BHJE H3IIYUYEHHUS. OTO SBIIEHHE HCIIOIB3YETCSI B CBETOAHOAaX.

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

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

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

IIPSMOYTOIBLHOH (POPMBI BEICOKOH YacTOTHI (PHC. 8.2).
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PrcyHok 8.2 — BombT-amMriepHast XapaKTepHCTHKA TTOIYITPOBOJHHKOBOIO JTHOMAA

HpH IIEPEXOAC H3 3aKpPBITOI'O B OTKPBITOC COCTOAHIIC He0OX0 MO BpeEMA  Isxm,

HEOAYOTUMOS TG NACCACKTRAHUG URARITOUHRTY 23DSI0B IIOTEHIHAILHOI 0 Oaphepa H JOCTHKEHH
AOKYMEHT NMoArnvcAH

SNEKTPOHHOW NOANUCHIO
Ceptudurkat:  12000002A633E3D113AD425FB50002000002A6

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

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

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

B ITPHIIOKEHHE A.

YKazanua no 6binoiHeHUI0 1a0opamopHoll padomal:

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

3aMenHoll HOSPEeWHOCHI 6 ROKAZAHUA dMAepMenpa.

13 +13 BB 6800mM A . Iy B 680 Om A 5o B
00— o—___

a)

2...28 B Y ofp
\j Y Y
158 O . O
a) MNpsamas nonapHOCTb 6) O6paTtHasa nonsApHOCTbL
PucyHok 8.3 — CxXeMa BKIIOUEHHS JHOAA
2. YcTaHaBiIMBasd TOKH, VKaszaHHbele B TalOn.8.1 CHHMHTE IIPpSIMYIO BETBB

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

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

AOKYMEHT TMOANMCAH PATHONH BETBH BOJIbTAMIIEPHBIX XapaKTEPHCTHK
INEKTPOHHOW NOANMUCLIO
Ceprudmkat: - 12000002A633E3D113AD425FBS0002000002A6 |ETPE1) H IIEPEBEPHYB HOI. B sTOH CcxeMme yepes
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

.ﬁDTDpLIﬁ TCIICPE COH3MEPHM H J4KC OOoIIbILEe
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Oo0paTHOrO TOKa Yepe3 AHOA. B TO Ke BpeMd ITajicHHE HaIIPSCKEHHSI Ha aMIlepMeTpe HIHYTOKHO
MaJIO I10 CPaBHEHHIO ¢ 0OpaTHBIM HAITPSDKEHHEM Ha JTHO/IE.

4. YCTaHaBIMBas HalPsDKEHHS, YKa3aHHbIe B TaOl. 8.2, CHUMHTE OOpPaTHYIO BETBB
BOJIbT-AMIIEPHON  XapakTepHCTHKH pauoaa Illorkn. VYOemurtech, 4UYro oOOpaTHBIH TOK

BBITIPAMHTCI/IBHOI'O H HMIIVIIBCHOI'O JHOJOB HACTOJIBKO MdJl, YTO €I'0 HEBO3MOXKHO H3MCPHTDb

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

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

KJ1226
U,B | K521
IN5819

Tabmira 8.2

U,B 2 S 10 15 20 25 30

L MA | K226

K521

IN5819

J5. Jlg HuccieqoBaHus XapaKTepPHCTHK JHOAOB Ha IIEpeMEHHOM TOKEe COOepHTe Ha
HAaOOPHOM ITIOJIE IIEIb COITIACHO IPHHIMIMHAIILHOH cXeMe pHC. 8.4. M3MepHTenbHbIEe IIPHOOPEL B
CXeMy He BKIIOYaHTe, TaK KaK OHH MOI'YT CO3[[aTh JOIIOIHHTEILHEIE Iapa3sHTHhIe EMKOCTH. He
3a0yIbTe BKIIOYHTH HHBEPTHPOBAHHE CHTHala IO KaHaiy II, 4ToOBl OTKIIOHEHHE Iy4Ya BBEPX
COOTBETCTBOBAJIO ITPSIMOMY TOKY YEpe3 THOL.

6. JIlmsg Hayana BKIIOYHTE B IENB BBRINPAMHTEIBLHBIH HOM, IIOAANTE HAa BXOJ
CHHYCOHAAIIbHOE HalpsDKeHHe 4acTOoTOM 1 KI'1[, YCTaHOBHTE PYUKY PETrYIISTOP aMIUIHTVIBI
IIPHMEPHO B cpelHee IonokeHHe (4...6 B) M oTperymHpyiiTe pa3BepTKY, CHHXPOHH3AIHIO H
yCHJIEHHE TI0 JBYM KaHalaM OcIfiIIorpada Tak 4roObl Ha SKpaHe ITOMEINAIHCE 1.5...2 mepuoaa

KPHBBIX TOKaA H HaIIPpsLKCHIHA.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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PucyHok 8.4 — BoipT-aMIiepHas XxapakTepHCTHKA
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l | emmoene LX) (Y),7
M ©

PrcyHoKk 8.5 — Cxema ITOAKIIFOUEHH S OcIHIIIorpada

7. Ilepexmoyad MHOXHTENbh 4acTOTHI x1, x10, x100, M peryimmpys KaxXIbIH pas
[IOKYMEHT NOANWUCAH - -
SNEKTPOHHON noanucbio DHH@HIGI[EIHTE 3d HSMCHCHHCM KPHBOH TOKaA.
Ceptudukar:  12000002A633E3D113AD425FB50002000002A6
Bnapeneu: Uebayxora TateaHa AnexkcaHapoBHa D B IIOIIOKEHHH MHOMXHTELT <100 BBIXOTHOC
[elicTenrehen: ¢ 20.08.2021 ro 20.08.2022 32 pasa).
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8. [Tepexkmounte ocipmiorpad B pekuM X-Y. Ilpm 3ToM Ha sKpaHe ITOSBHTCS
H300paKeHHE JHHAMHYECKOH BOJILTAMIIEPHOH XapaKTepHCTHKH JHOAA. IMPSAMOH TOK IO OCH Y
BBEPX, IPSAMOE IaJ[EHHE HAIIPSKEHHS — IT0 OCH X BITPaBO.

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

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

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

12. Hactpolite n300pakeHHe, IepepHCyHTe OCIHIUIOrpaMMYy B OTYET (pHC. 8.6), He
3a0BIB YKa3aTh MacIITaObl IO OcsIM (Macmral IIO OCH TOKa BBIUHCISETCS KakK Maciural
HaITpsDKeHHS, 110 KaHamy I1, JeléHHEBIH Ha COIMPOTHRIIEHHE, C KOTOPOI'O CHHMAETC I CHIHAIL.).

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

Macwrabbl

No kaHany I:

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

o BpemMeHuU:

M=, Mmc/aen.

PucyHOK 8.0 — OcipyuiorpaMma JHo1a

Codeporcarue omuema:

OT4YeT JOoIDKeH COJCPAKATh.

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

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

7. BBIBOJIHL.

KoumponsHsie éonpocet:

I. [Iouemy vy 1amoma IIIoTkH TIOporoBoe HampsDKeHHe MEHBINE, YeM Y
BEITIPSIMHTEIIFHOIO JHOAA H HMITYIIBCHOI'O JAHOJ1a, a OOpaTHBIN TOK OOJbIIE?

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

3. YeM OTIIHMYaeTcs BOIbTAMIIEPHAS XapaKTepHCTHKA IHOAA, CHATAS ITPH BBICOKOM

YacTOTe OT CTaTHYECKOH KHPHKTEPHGTI]I{H?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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70



JTabopamopran paboma Ne9. OnpedeiieHue 0CHOGHBIX XAPAKMEPUCMIUK

Cﬂlﬂﬁlﬂﬂﬂlpﬂﬂﬂ U UcCCc/le006aHILe napaviempuiecKroco Cﬂlﬂﬁlﬂﬂﬂﬂﬂlﬂpﬂ HANPpAMCEHUA

Ilens pabomepr: CHITH C IIOMOIIBI OCIIIIIOrpada BOIbTAMIIEPHYIO XapaKTePHCTHKY H
ONPENEeIMTh HamnpsokeHue crabwinzaiuu Ucr crabwmrpoHa. Hccremopars  3aBHCHMOCTD
BRIXOJHOIO HaMNpsOKEHHS M TOKa CTAaOIIMTPOHA OT BXOJAHOIO HANPSOKEHHS B IIEIH

IIapaMCTPHYCCKOI'O CT&@HJ’JIIB&TGP& HaITPAKCHITA.

OcHo6bl meopuil:

CTaOWIHTPOH IIPEACTaBIISeT COOOH KPEMHHEBBIH MTHOJ, XapaKTepPHCTHKAa KOTOPOro B
OTKPBITOM COCTOSIHHH TakKas K&, KaK Y BBIOIPSAMHTEIIBHOrO mquoma. OTIH4YMe CTaOWIHTPOHA
3aKJIIOYAETCS B OTHOCHTEIBLHO HH3KOM HaIpsDKeHHH ITpo00os IIpH 00paTHOM HaIlpsDKeHHH. Korga
3TO HAIIpSDKEHHE ITPERBIINIEHO, TOK OOpaTHOrO HallpaBIeHHS BozpacTaeT (ImpoOoi 3eHepa). B
BBITIPSIMUTEJIBHBIX JHOAAX TaKOH PEKHM SBISETCS aBapPHIIHBIM, a CTaOHJIMTPOHBI HOPMAJIEHO
paboraroT IpH 00paTHOM TOKE, He ITPEBBIIIAIIEM MAaKCHMAJIbHO JOITYCTHMOI'O 3HAUEHH 5.

Hammgne IOYTH TOPH3OHTAJIBHOIO VY4YacTKa Ha BOIBTAMIIEPHOM XapaKTEPHCTHKE
CTaOMIHTPOHA J[gejlaeT €ro IIPHTOAHBIM IS CTaOHIM3allii ITOCTOSHHOI'O HaIlpSCKeHHS Ha
Harpyske. IS 3TOro HarpyskKy BKIIOYAKOT ITapajUIe/IbHO CTaOWIHTPOHY. YUToOB H30eKaTh
TIEPETPY3KH, TIOCIIEAOBATEIILHO CO CTaOHIMTPOHOM BKIIFOYAarOT OaUTIaCTHEIH pe3HCTOp. BenmnunHa

€r0 BRIYHCIISIETCS CIIEAYIOIIHM 00pa3oM:
Rean= (Upas - Uct)/(IcT + Igare),
rjae Upsr — NIPHIOKEHHOE pabouee HAIIPSDKEHHE,
UcT — HanpspKeHHEe cTaOWIH3al[HH CTaOIHTPOHA HCIILITEIBAEMOI'O THIIA,
lcT — TOITYCTHMBIH TOK CTAaOHIIM3aIfI,

[11 — TOK B pe3HCTOpe HAarpy3KH Ry, BKIIOYEHHOM IapaljIe]IbHO CTa0HIIHTPOHY.

YKkazanue no mexHuxe 0 e3onacHocmu.
YKa3aHH I10 TeEXHHKe 0e30IIaCHOCTH ITPH BEOTOJIHEHHH HﬂﬁﬂpﬂTﬂpI{BIX pﬂﬁDT ITPHECCHBIL

B ITPHIIOKEHHE A.

VKa3aHua no 6bIN0JIHEHIUIO J1ADOPAMOPHOIL pAdOMbL:

1. CoOepHTe LM COITIacHO ITPHHIIMITHAIBHOH cxeMe (pHe. 9.1). Ilomaiite Ha BXOJ
[OKYMEHT MNOAMNWUCAH
ANEKTPOHHOM NMOAMUCHIO HalIpsDKEHHS CITeI[HAIIBHOH (POPMBI 4acTOTOH
Ceptudmkar:  12000002A633E3D113AD425FB50002000002A6
Bnapeneu. Lebayxoea TaTkAaHa AnekcalapoBHa
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2. BxmounTe M HacTpoiiTe ociwmiorpag B pexmmMe X-Y. Bxmorounre

HHBCPTHPOBAHIC BCPTHKAIBHOI'O BXOI4d.

l
c

) Bxodl. Bxogl
(X) (Y)

PrcyHok 9.1 — Cxema ITOAKITIOUeHHS ocIHIIIorpada
3. [IepeHecHTe H300pakeHHe ¢ SKpaHa ocIIUIorpada Ha rpadHk (prc.9.2)
4, OrnpefeimIe 10 OCIIIJIOTpaMMe HanpspKeHHe cTaOWIH3allHH, HaIlpsDKeHHe Ha
CcTaOHIHTPOHE ITPH IIPSIMOM TOKe, JH((epeHIHaIbHOe COIIPOTHBRIEHHE B CepeIHHE JHala30Ha

CcTaOMITH3ALIHH.

5. YBeIHYbTE HJaCTOTY B 10 pa3 H ITIOCMOTPHTEC, KdK H3MCHHTCH BOJIbTAMIICPHAA

XapaKTepHCTHKA. OOBSCHUTE ITOUYEMY.

MacwTabtmnl

[lo kaHany X:
m|=muf Rm= ....................... MA/Oen

Mo kaHany Y-

PucyHok 9.2 — CHSTHE OCIIUIIIOIPaMM

6. CobepHTe LIENh MAapaMETPHYECKOrO CTAOHIIHM3aTOpPa COITIACHO ITPHHIMITHAIBHOH

cxeMe (pHuc. 9.3) cHayaja He BKIIKOYasa B HEE COIIPOTHBJIEHHE HAaIPY3KH.
7. BxmrounTe reHepaTop HAPsDKEHHI H, H3MEHSS IIOCTOSIHHOE HaITpsDKeHHe Ha BXOJIE

crabmumsaropa oT 0 40 MaKCHMAIIbHOro 3HaYeHHd 13...14 B, CHUMHTE 3aBHCHMOCTE BBIXOIHOI'O

HATINSOKAHUS 0T RXOITHOTO HA XOTOCTOM YOV Pes3ylIbTaThl 3alIHCEIBaiTe B Ta0I. 9.1.
OJOKYMEHT NOoAarncAH
SNEKTPOHHOW NOANMUCHIO
Ceprudpmkar:  12000002A633E3D113AD425FB50002000002A6
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l\L?H
33..150 Owm

PucyHok 9.3 — CxXeMa rmapaMeTpHyecKoro cradimn3aropa

Tabmia 2.2.1

Usx, B 0 2 4 6 8 10 12 15
Upnx, B
8. VCcTaHOBHTE MaKCHMAIbHOE HAIpPsSKEHHE Ha BXOAE M, BKIIOYAS Pa3IHYHBIE

COITIPOTHRBIICHHE HAI'PY3KH, COI'TIACHO TalII. 82? CHHMHTC 3dBHCHMOCTDb BBIXOIHOI'O HAITPAKCHITA

cTaOHIIH3aTOpa OT TOKa HAIPY3KH.

TaOmira 8.2
R OM a0 150 100 47+22 47+10 47 33+10 33
I, MA 0
Urnx, B

9. Ha puc. 9.4 a u 6 moctporite rpadpukd Usrrx (Usx) H Usrx (I).

a) o)
B | B |
6 UBI:!I}{ 5 UBl:-I}{
3] 5
4 4
3 3
2 2
1 1

I[}'B}{ |H |

0 2 4 6 8 10 12 B 0 20 40 60 80 100 120 140 mA

Prcynok 9.4 — IlocTpoeHne rpagpHKoOB

1 ™ TT_ —_—— e e — S —
ﬂDI{"J""MEHT MOONVCAH MAJIIBHO ,I[D]’[}"CTHMGE BXOIHOC HHHPH}I{EHIIE:,
ANEKTPOHHOW NoAnnchblo |
CepTudukar  12000002A633E3D 113AD425FB50002000002A6 IPEAETHTE KO(POHIHMEHTE CTaOHIM3ALMH IO
Bnapeneu: llebGayxoea TateAHa AnekcaHapoBHa
H [ gon = 80 MA.
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Codeporcarue omuema:

OT4YeT JOIKEH COMEPXKATh:

l. Haspanme paGorer;

[lems paboTHI,

Kparkue TeopeTHUYECKHE CBEAEHU,

OrmicaHie HCIIOIb3YEMOI0 0O00OPYAOBAHHS H MATEePHAJIOR,
IIopsimOK BEITTOTTHEHHS PaOOTHI,

BrerunucrneHus 1 o0padoTKa pe3yibTaToB,

~ N b = W9

BBIBOJIHL.

KoumponsHsie éonpocet:

l. Kak H3MeHSeTCs BOIbTaMIIepPHAs XapaKTePHCTHKA CTaOMIHTPOHA ITPH YBe IHYEeHHH
YaCTOTHL H ITOUYeMY?

2. HarpspkeHre IHTaHHS IIapaMeTpHYecKoro cradmwimsaropa HampsokeHus 10 B,
HamnpspKeHHe craldummsaii cralwinTtpoHa 35,0 B, Tok crabmwnmsampH - or 3 go 160 MA,
cOoIpoTHBIeHHe HAarpy3KH — 100 OM. OnpegenmuTe BeJIHUHHY 0aluIaCTHOI'O COIIPOTHBIIEHHS, TaK,

yTOOBI B HOPMAJILHOM PEXHME TOK Yepe3 CTaOHIHTPOH OBLII paBeH 80 MA.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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3. Yueono-memoouueckoe u uH@hopmauoHHoe ovecneuerue 0UCUUNTTUHbL

5.1 Ilepeuens OCHO6HOU U 00ROJIHUMEILHOU JUMEPAMYPbl, HEOOX00UMOU 014
0C60€HUA OUCUUNIUHbL

5.1.2 Ilepeuens 0CHOGHOIL iUmMep AmMypol:

1. JlanunoB M .M. UHKeHepHBIe CHCTEMBI 3JaHHIL H COOPYKeHHIT (3JIeKTpocHaOkKeHHe C
OCHOBaMH 3IIEKTPOTEXHHKH) | OnMeKTpoHHBII pecypce]| : yueOHoe nmocodue / M. M. Jlarmmos, U.I'.
Pomanenko, C.C. MctpeboB. — DJINEKTPOH. TEKCTOBBIE MaHHBIe. — (CTaBpoItonb. CeBepo-
Kapkazckui QenepanbHbeni yHHBepcHTeT, 2015, — 118 ¢. — 2227-8397. — PexxuM JocTyma:
http://www.iprbookshop.ru/63086.html

2. JlanunoB M .M. UHKeHepHBIe CHCTEMBI 3JaHHI H COOPYKeHHH (3JIeKTpOocHaOXKeHHe C
OCHOBAMH 3JIEKTPOTEXHHKH) | OnmMeKTpoHHBII pecypc| : maGopaTtopHbrii mpakTHKYM / M.U. Jla-
HIUI0B, M.I'. Pomanenko, C.C. AcTpe®oB. — D3JIEKTPOH. TEKCTOBBIE HaHHBIE. — (CTaBPOITONIb:
CeBepo-KaBkaszckuii (pemepanbHbIi yHHBepcHTeT, 2015, — 135 ¢. — 2227-8397. — Pexum
nocrtyma: http://www.1prbookshop.1u/63085.html

3. JlarumoB, M. M. UHXeHepHBbIe CHCTEMBI 3JIaHHIL H COOPYKeHHI (3IeKTpOocHa0KeHHE C
OCHOBAMH 3IEKTPOTEXHHKH) | OMeKTPOHHBI pecypce]| : yueOHOe mocobue (kypc mekirmit) / M. H.
Hanwiop, M. I'. PomMaHeHKO. — DJIEKTpPOH. TEKCTOBBIE AaHHBIE. — CTaBpornonb . CeBepo-
Kapkazckui QenepanbHbeli YHHBepcHTeT, 2015, — 223 ¢. — 2227-8397. — PexuMm JocTyIa:
http://www.iprbookshop.ru/63087.html

3.1.3 Ilepeuers 00nonMHUMETLHOU JIUMEPAMYPBL:

1. Cemenora H.I'. OnekrpocHaOkeHHe ¢ OCHOBAMH 3JIeKTpoTexHHKH. YacTp 1 [Dnek-
TPOHHEBIH pecypc| : yueOHoe nmocodne / H.I'. CemenoBa, A.T. PanmoBa. — DIIeKTPOH. TEKCTOBEIE
naHHble. — OpeHOypr: OpeHOYPIrcKHH rocyaapcTBeHHbIH YHHBEPCHTET, ObC ACB, 2016. — 142
c. — 978-5-7410-1559-9. — Pexum gocryia: http://www .iprbookshop.rmu/69976. html

2. 'opaeeB-bypreuny M. A. O0Omas s3neKTpoTeXHHKA H 3IeKTPocHa0kKeHHe | STeKTPOH-HBIH
pecypc] : yueGHoe nmocobue / M.A. I'opaeeB-Bypreuil. — OneKTpoH. TeKCTOBBIE JaHHBIE. — M. :
MOCKOBCKHI T'OCYAapCTBEHHBIN CTPOHTEIILHBIN YHHBepcHTET, AH IIn Op Meana, 5b5C ACB,
2017. — 470 C. — 978-5-7264-1602-1. — Pexmm IOCTVYIIA:
http://www.iprbookshop.ru/65651 .html

3. TuxoHor A.D. DIeKTPONPHBOL CTPOHTEIHLHOI0 MEXAHH3HPOBAHHOIO HMHCTPYMEHTA

AOKYMEHT NOANMWUCAH | B
SNEKTPOHHOW MOANCHIO ..(D. TuxoHos, B.H. baryes, A .H. JIpo3moB.

Ceptudukar:  12000002A633E3D113AD425FB50002000002A6
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BepcureT, Al [In Op Memna, 5b6C ACB, 2017. — 244 ¢. — 978-5-7264-1520-8. — Pexrm
noctyia; http://www.1prbookshop.ru/64540 . html

4. KonroxoBa E.A. DOnekTpocHaOxeHHe |OIeKTPOHHBIM pecypc|: YUeOHHK I BY30B/
Konroxora E.A.— DneKkTpoH. TeKCcTOoBBIe JaHHble.— M.: Msgatenbckun oM MOU, 2014 — 510
¢.— Pexamv goctyma: http://www.iprbookshop.ru/33222. — 3BC «IPRbooksy, mo mapomo

5. DnekTpocHaOkKeHHe CTPONTENBHEIX INTOMaei [ OIeKTPOHHBI pecypc|: MeToaHYe -CKHe
yKa3aHH/ — DIeKTpoH. TeKcToBbIe JaHHbIe.— CII0.: CaHkT-IleTepOyprekiii rocygap-cTBeHHBIH
APXHUTEKTYPHO-CTPOHUTEILHEIH YHHBepcHTET, ObC ACB, 2014.— 35 c¢.— PexumMm pgo-cryra:

http://www.iprbookshop.ru/33305

5.2 Illepeuens yuedHO-MemoOOUUECKOZO0 oODecneueHUs CcAamMocmoamerbHoil padomsl
o0yuaromuUxca no OUCUUNIUHE

1. Merognueckne PEKOMEHAAIMM I IIOATOTOBKHM K J1a0OpaTOPHBIM 3aHATHSAM I10
THcHHIIIHHEe « MH)KeHepHble CHCTEMBI 3JaHHH H COOPYKeHHH (RIeKTpocHaOKeHHe ¢ OCHOBaMH
BIEKTPOTEXHHKH ).

2. Metogmyeckne peKOMeHAAIMU JUIS IIOATOTOBKH K IPAKTHYECKHM 3aHSTHSAM I10
qucrprimHe « UHKeHepHBIe CHCTeMBI 3JJaHHH H COOpPYKeHHIl (3IeKTpocHabkeHHe ¢ OCHOBAMH
AIEKTPOTEXHHKH )».

3. MetoauyecKue peKOMEHIAIIMI IT0 OpraHMU3aI[ii CAMOCTOSATEIIbHON PadOTHl CTYAEHTOB
ITO JUCIIHIUIHHE « AHKeHepHbIe CHCTEMBI 3JJaHHIH H COOPYKEHHI (AIIeKTpocHaOKeHHe ¢ OCHOBaMH

BIEKTPOTEXHHKH )».

3.3 llepeuens pecypcoé UH@OPMAUILOHHO-MEIEKOMMYHUKAUUOHHOU cemu HumepHem,
HeoOX00UMBIX 019 0C60EeHUA OUCHUUNIUHBL
L. http://www.biblioclub.ru -ObC "YHuBepcurerckas OHOIHOTEKA OHIAH"

2. http://www.iprbookshop.ru/ - OnekTpoHHO- 6HONIHOTEYHasA cucTeMa [PRbooks

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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[ IpmmoxeHne A

VrazaHue no mexHuKe 0e3onacrHocnil

Jlo Hayamna paloThl CTYAEHTHI OOS3aHBI M3YUHTH IIpaBHIIA TEXHHKH Oe30ITaCHOCTH ITPH
padore ¢ 3JIeKTpoycTaHOBKaMH. OO0 HM3Y4YEeHHH ITPaBIII TEXHHKH Oe30ITaCHOCTH M IIONYYEHHH
HHCTPVYKTaka CTYIEHTHI PACITHCBHIBAIOTCS B CIIEIHAIEHOM XYpHale. CTYIEHTHI, HE H3YUHBIIIHE
ITpaBIUIa TEXHUKH O€30IIaCHOCTH M HE IPOINEIIHE HHCTPYKTaXK, K BEITIOJIHEHIIO J1a00paTOPHAIX
padoT HE JOITYCKAIOTCSL.

YueGHasg rpyrma (JUIH IIOATPyImIa) pa30HBaeTcsd Ha OpHragpl, YHCIO KOTOPBIX
YKa3bIBAETCA IIPEIOAAaBATEIIEM, @ COCTaB OpHraJ KOMIUIEKTYETCS CTYAESHTAMH Ha JOOPOBOIbHBIX
HayanaX. CIHMCOK TIPYINILl (TIOATPYINIEI), pa3OHMTOH Ha OpHraabl, cTapocTa IIPeJOCTaBIISET
ITPEeIolaBaTellro, BEAYIIEMY J1a00paTOPHBIE 3aHSTHAL.

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

[lepen KaXIbIM 3aHITHEM CTYAEHT 00S3aH ITOATOTOBUTECS K BEITIOIHEHHIO J1a00paTOpHOH
PadoTHI 110 JaHHOMY METOIHYECKOMY ITOCOOMIO H PeKOMeHyeMOH Teparype. [lepen HauamoMm
paboTHI ITperolaBaTellb IIPOBEPSIET 3HAHHSI CTYASHTOB I10 COAEP KAHHIO BEHITIOIHSIEMOM padoTHI.
[ 1710X0 IMOATr OTOBIIEHHEIE CTYAEHTRI K BRITIOIHEHHIO JTa00paTOPHOMN PadOThI HE TOITYCKAFOTCSL.

Paboras B mabopatopuu, HEOOXOAUMO COONMIOAATE CIIEAVIOIIME IIPAaBHIIA;

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

2. HaumuHatey pabory cCIeayeT ¢ O3HAKOMIIEHHS ¢ IpHOOpaMH H OO0OPYIOBAaHHEM,
ITPHMEH IEMBIMH B JaHHOH padoTe.

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

4. PacrionokeHHe armapaTypbel Ha paboyeM CTOJIE HOJKHO OBITH TaKHM, YTOOBI cXeMa
COEQHHEHHH IIONYYIIachk HauOoOlIee ITPOCTOH, HarlgaHoH M padora ¢ armrapaTypor Oblina
YIOOHOM.

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

0. IIpu cOopke CIIOKHBIX CXEM CIIEAYET BHAYAIIE COETHHUTE ITIABHVIO, IIOCIIE0BATEIFHYIO

IICIb ., HaYHHA A GﬁﬂpI{y OT OJHOI'O 3dKHMd HCTOYHHKA TOKAd H 3aKdHYHBAM Hd APYI'OM, 4 3aTCM YIKC
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7. Ilocme Toro, xkak cxema Oyaer coOpaHa, HEOOXOAHMMO VOEIHUTHCS B IIPABHIBLHOH
yYCTaHOBKE JBH2KKOB Pe0CTaTOB, aBTOTPAaHC(OPMATOPOB H PYKOSTOK APYIHX PeryIHPYIOMIHX
YCTPOHCTB.

8. CoOpanHas cxXemMa o0O0sg3aTelIbHO JOKHA OBIThH IIPOBEPEHA IIPEIOdaBaTelIeM IIH
CTapIIHM JJa0OPaHTOM H TOJIFKO C MX paspelleHHI MOKET OBITh BKIIFOUEHA IO/, HaIIPSDKEHHE .

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

10. Heo®xomimo GepeKHO OTHOCHTHCS K armrapaType, HCIIOIb3yeMOH B pabdore. O80 Bcex
3aMEYEHHBIX HEHCIIPABHOCTSIX HIH ITOBPEXKICHHSIX CTVACHT HOINKEH HEeMEIJIEHHO COOOIIHUTEH
ITPerolaBaTelro MM J1ad0paHTy.

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

12. CxeMy cexnyeT pa3OdHparh TOJIBKO IIOCIE €€ OTKIFOUEHHS OT CETH.

13. Kareropuuecku 3aIrperaeTcs:

— Tporare pPYKaMH OrOJIEHHBIE IIPOBOAA M YacTH IIPHOOPOB, HaXOISIIHECS IIOL
HaIIpPsDKEHHEM, JaKe €CIIH OHO HEBEINKO,

— IIPOU3BOINUTE H3MEHEHHS B CXeME ITPH ITOJKIIFOUEHHOM HCTOYHHKE ITHTAHH 1,

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

— 0e3 paspellleHH S IperofaBaTeslsd HiH TadopaHTa;

— OTXOIHUTH OT IPHOOPOB M MAIIMH, HAXOMSIIMXCS ITOJ HaIIPSDKEHHEM HIIM OCTaBIISITh
CXEMY I1OJI HAIIPsDKEHHEM ITPH 00paboTKe pe3yibTaTOB H3MEPEHHI,

— IIeperpykarb IIPHOOPEI TOKOM HIIH HalpsDKEHHEM, ITPEBBIIAOIHM HOMHHAIBHOE
3HAUEHHE.

[IpoBepKy HaMMUYMS, II0JaBaeMOIO K CXEME IIH 3JIeEMEeHTaM CXEMbl HallpsKEHH S
HeOOXOAHMMO IIPOH3BOIUTE TOJBKO KOHTPOJIBHOH JIAMITOYKOH HIIM BOJBTMETPOM, COOIIFOAA
ITpaBIUIa TEXHUKH O€30IMaCHOCTH.

[Ipu paGore B maboparopHH cieAyeT CTPOro COOMOAaTh MEPHL MPELOCTOPOKHOCTH, TaK
KaK 3IEKTPHYECKHI TOK, IIPOXOAMIIINH Yepe3 TEIO0 YeIOBeKa, BEMHYHMHON B 0,025 A yiKe SBISIeTCA

OITACHBIM AJIH KH3HH.
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MWHHUCTEPCTBO HAVYKHU U BEICHIET'O OBPA3OBAHUS POCCUHMCKOU OEJIEPAIIUU
OEJIEPAJIBHOE I'OCY JAPCTBEHHOE ABTOHOMHOE OBEPA3OBATEJIEHOE
YUPEXJAEHHUE BEICHIEI'O OBPASOBAHUA
«CEBEPO-KABKA3CKUU ®ENEPAJIBHBIA YHUBEPCUTET»

[Iaruropckwit HHCTHTYT (proman) CKOY

MeTtoanyeckue yKa3zaHHs

T10 BBITTOITHEHHIO MIPAKTHYECKHX padoT
o mucruromie « MH KXEHEPHEBIE CUCTEMEI BI[AHI/IH U COOPYKEHUH
(DJIEKTPOCHABJXEHHUE C OCHOBAMMU SJIEKTPOTEXHUKH)»
IUISL CTYIEHTOB HAIIPaBJIEHHS ITOAT OTOBKH
08.03.01 CrpourensctBo, CTPOHTEILCTBO 3aHIH H COOPYKEHIII
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4.3.

4.4

4.5

4.6

4.7

4.8

4.9

5.2

5.3

CepTtudmkar:
Bnapeneu:

ComepKaHHE

BreneHie

[lenp H 3a0a4 H3YUYEeHHSI THCIHUIUIHHEI

O6opyaoBaHHE H MaTEPHAIIE]

HarmeHoBaHHE IMpaKTHYEeCKHX padoT

CoJiepKaHHe IIPaKTHYeCKHX padoT

IIpakTHueckasa padora Nel DOKBHBaIeHTHEBIE IpeoOpa3OBaHHS B BJIEKTPHYECKHX
L[ETISX.

[IpakTHueckas padora Ne2 AHam3 PeXHMMOB ILENeH IIOCTOSHHOIO TOKa C
HCITOJIb30BaHMEeM 3aKOHOB OMa H Kupxroda.

IIpakTiyeckas padora Ne3 AHaIH3 PeKHMOB LETIEH ITOCTOSHHOI'O TOKa METOJaMH
KOHTYPHBIX TOKOB H Y3JIOBBIX ITOTEHI[HAJIOB.

IIpaktnueckas pabora Ne4  KoOMIUIEKCHBIN  METOJ  aHalmM3a  IIeIeH
CHHYCOHMIAJIBHOI'O TOKA.

[TpakTidyeckasg padoTta Ne5 PacueT ogHO(a3HBIX IieleH CHHYCOHIaIbHOIO TOKA.
[IpakTtHueckas padoTta Ne6 PacdeT TpexdazHBIX LIeTIeH CHHYCOHIAaIbHOIO TOKA.
[IpakTryeckag padora No7 Pacuer »JIeKTpHUYeCKHX ITOTeph H Ko3(p(HIeHTa
IIOJIIE3HOIO JIEMCTBHS AaCHHXPOHHBIX IBHIaTelIeH.

IIpakTHueckasgs pabora Ne§ DIeKTpHUYECKHE HarpyskKH ITPOMBIIIIEHHBIX
TTPEAITPHSTHIA.

I IpakTiyeckas padora Ne9 OrpeneneHue IoKa3aHHH aMIIEPMETPOB, BOIBTMETPOB
H BaTTMETPOB B IEISIX IIOCTOSHHOI'O H CHHYCOHIAIIbBHOI'O TOKOB.
Y4eOHO-MeTOAHYECKOe H HH() OpMaIlTHOHHOe 00ecIeYeHHe JTH CIIHIUIHHEL
IlepeyeHhr OCHOBHOH H JOIIOIMHHTEIIPHOH JIMTEPATYPhl, HEOOXOIHMMOH I
OCBOEHHS JTH CIIHIUIHHEI

IlepeueHr VY4eOHO-METOIHMUYECKOIO OOECIeYeHHS CaMOCTOSTEIIbHOH pPadOTEI
OOYYArOIMXCS 110 JUCIIATIIIHHE

[lepedyeHp pecypcoB HH()OPMAIHOHHO-TEIeKOMMYHHKAITHOHHOH ceTH MHTepHET,

HeOOXOMHMEBIX U OCBOSHHS U CITHITTHHEI

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANMUCHIO
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BrejieHue

[IpakTHUeckHe 3aHATHS CO3JAIOT  OITHMAJIbHBIE JHAAKTHYECKHE VYCJIOBHS  JIJIS
IeSTeIIbHOCTHOIO OCBOEHH S CTYAEHTaMH COJleP KaHHSI H METOA0IOTHH H3y4aeMOH JTHCIIHILIIHHBI
«HKeHepHBIE CHCTEMBI 3JaHHIL H COOpPYKeHHH (PIeKTpocHaOKeHHEe ¢  OCHOBAaMH
SIEKTPOTEXHHKH)», HCIIOIb30BAaHHE  CIIEI[HAJILHOIO JabopaTOpHOro OOOPYAOBAaHHSI H
TEXHHYECKHX CPEeACTB. [IpaKTHYecKHe 3aHSTHS 3aHHMAIOT ITPEHMYIIECTBEHHOE MECTO IIpH
H3YYEHHH OOINEITPO(eCCHOHAIBLHEIX H ITPO(eCcCHOHAIBHBIX JUCIIMIUIMH. [pakTHYecKHe 3aHATHS
IIPOBOISTICS C IIEIBI0 BEIPAOOTKH IMPAaKTHYECKHX YMEeHHH H ITPHOOpEeTeHHS HABBIKOB B PEIIEHHH
3a7[a4, OTpaOOTKH yIIpaKHEHHI, BEOTOTHEHHH YepTe ke, IMPOH3BOACTBE PACUETOB H T.II.

[{enpro IpaKTHYECKHX 3aHSATHIL SBIETCS (DOpMHpOBaHHE IIPAKTHYECKHX YMEHHH —
NTpo)eCCHOHAIIPHBIX (BBIMIONMHATL OIpeJel€HHbIe JSHCTBHA, OIepal[HH, HeoOXONZHMEBIE B
IIOCIIEAVIOMIEM B IPO(ECCHOHAIBHOH JESATEIbHOCTH) MM VYYeOHBIX, HeOOXOIHMBIX B
IocIIeAVIOMeH YYeOHOH IESTEIbHOCTH IO OOMIENPO(ECCHOHAIBHEIM H ITPO(eCCHOHAIBHBIM
ITHCLATLIIHHAM.

BuGnuorpadguyeckiii CIMCOK COIEPHT CBEJEHHS O CIPaBOYHOH JIHTepaType H

JOITOIIHHUTCIIBHBIX H3JIaH X He0OXOJHMBIX I }*’I‘HY@HEHHGI‘G H3VUCHIA OTACIIbHBIX BOITPOCOB.
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1. I[ens u 3a0 auu u3yueHus OUCUUNIUHDL

[{enpr0 OCBOEHHS JUCLIHIUIHHEI SIBJISETCSA H3YUeHH I HCLIMIUIHHEI « MHKeHEpHBIE CHCTEMBI
3IaHHH H COOPYKEHHH (3IIeKTpOocHAOKEHHE C OCHOBAMH SIIEKTPOTEXHHKH)» SBIISETCS
(popMHpOBaHHe 3HAHHIL B O0IIACTH TEOPHH, pacueTa H aHAJIH3a SIIEKTPHYECKHX H MarHHTHBIX
I[eTell, paccMaTpHBAaeMBIX KaK MOJEIH pealbHBIX SJIEKTPOTEXHHYECKHX  YCTPOMCTB,
HCITOJIb3YEMBIX B CTPOHTEIH CTBE.

3agayH OCBOEHHS JHUCIIHIUIHHEI SBJISFOTCS:

— H3YYHTh OCHOBHBIE IIOJIOKEHHS TEOPHH H IIPAaKTHKH pacdyeTa OJHO(Ma3HBIX H
TpeX(pa3HbIX JIEKTPHYECKHX LeIeH, AMeKTPOTEXHHYECKYIO CHMBOIIMKY H TEPMHHOIIOTHIO,

— IIOIYYHTh ITPAaKTHYECKHE HABBIKH pacueTa 3JIeKTPHYECKHX IeleH, HCIIOIb3YeMBIX B
ITpodeCCHOHAIILHOMH ITPaKTHKE;

— HAY4YUTHCS TTOJIb30BATHCS JOCTHKEHHSAMH COBPEMEHHOM BIEKTPOTEXHHYECKOH HAYKH B

CBOEH ITPO(eCCHOHAIIBHOH JAesITEIIbHOCTH.

2. Obopyoosarue u mamepuaibl

ATImapaTHbIe CpeACcTBa: IIEPEHOCHOH HOYTOYK, IIPOEKTOpP, JOCKAa MarHHTHO-MapKepHasl.
YuyeOHas ayIHTOPHS IS IMPOBEAEHHS YUeOHBIX 3aHSATHI, OCHAIlleHa OOOpYyAOBaHHEM H

TEXHHYCCKHMI CPEJICTBAMH Dﬁ}”IEHIIH.

3. Haumernoearnue npakmuueckux pavbom

N3 HIIX
IIpaKTHYeCKas
TIOITOTOBKA, YACOB

No Temnbl HanMeHOBaHHE TeM JUCIIHIUIHHEL, HX KPaTKOe O0bpeM
ITUCITHIUTHHEI CoIep KaHHE JaCOB

5 ceMecTp
IIpakTHyeckoe 3ansarue Ne 1. OKBHBaJIEHTHERIE
Ipeo0pazoBaHH B SIEKTPHYECKHX IIETTIX.
Hayuurscsa pacCUMTHIBATh SKBHBAJIEHTHOE
COIIPOTHUBIIEHHE IIPH Pa3IHYHBIX CXeMaX
COEHHEHH I PE3HCTOPOB: ITOCIIEA0BATEIIFHOM,
TapalIebHOM, TPEYT OIIbBHHKOM H 3BE3JI01.
IIpakTHyeckoe 3anarue Ne 2. AHanms
PEKHMOB II[ETEH ITOCTOSHHOI'O TOKA C Pererne
2 HCIIOIb30BaHHEM 3aKOHOB Oma H Kupxroda. 1.5 Pa3HOYPOBHEBBIX

HE],}*"IHTLCH PAaCCHHTBIBATE TOKII B BETBAX C 34044

TOMOTITRED RaK0HOR Owma u Kunxroda.
OOKYMEHT NOANMCAH —

3NEKTPOHHOM MOAMMUCHIO a3
CepTudmkar: 12000002A633E3D113AD425FB50002000002A6 Ka MEeTOaMH 1,5
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Ha}"‘IIITLCH PAaCCHHTBIBATE TOKH B BCTBAX
METOJaMIT KOHTYPHBIX TOKOB H Y3JIOBBIX
ITOTCHITHAIIOB.

IIpakTHyeckoe 3ansarue Ne 4. KoMIUIEeKCHBIH
METO/JI aHaJIM3a IIeIeH CHHYCOHIAIbHOTO TOKA.
q [Tonmy4nThs HABBIKH IIE€PEBOJIA CHHYCOHAAJIbHBIX
BEIIHYHH B KOMITJIEKCHBIE, HAYUHTHCSI CTPOHTH
BEKTOPHBIE THATDAMMEI.

1,5

IIpakTHyeckoe 3ansarue Ne 3. Pacuer
OHO(pa3HBIX IieTleH CHHYCOHAaIbHOTO TOKA.
[lomyynTh HABBEIKH pacyeTa pa3BEeTBICHHBIX
OHO(pa3HBIX IieTlell CHHYCOHIaIbHOI'O TOKa
5 PA3IMYHBIMH METOJAMH KaK B OOBIUHBIX
PEKHMAX, TaK H B PEXKHME Pe30HAHCa,
HAYYHTHCS COIIPOBOKIATH PacUYEThI
BEKTOPHBIMH H TOITOrpapHieCKHMH
JarpaMMaMIL.

1,5

Penieniie

Pa3sHOYPOBHEBBIX

3aau

IIpakTnieckoe 3ansarme Ne 6. Pacuer
Tpex(a3HbIX Ierel CHHYCOHAAIbHOIO TOKA.

6 [Tomy4ynThs HaBBIKH pacyeTa Tpex(a3HbIX IeleH
CHHYCOHJAJIBHOI' O TOKA ITPH CHMMETPHYHOH H
HECHMMETPHYHOH Harpys3Ke.

1,5

IIpakTnieckoe 3ansarme Ne 7, Pacuer
ANMeKTPHYECKHX MOTeph H KO3 PHIMEHTa
TIOJIE3HOI'O JEHCTBHS aCHHXPOHHBIX

7 JIBUTATEJIEH.

[IOIy4YMTE HAaBBIKH pacyeTa 3IeKT pPHYECKHX
MOTEPh M KO3((HIIHEHTA ITOJIE3HOIO AeHCTBH
ACHHXPOHHEBIX JBHTaTEJIeH.

1,5

IIpakTHieckoe sanaTrHe Ne 8. DIeKTpHYECKHE
HArPy3KH ITIPOMBIIIUIEHHEBIX ITPEIITPHSTHIL.

[ IproOGpecTH HABBIKH pacyeTa SIeKTPHYECKHX
HAIPy30K ITPOMBIIIUIEHHBIX TIPEMTIPHSTHH.

1,5

IIpakTHyeckoe 3anarue Ne 9. OrnpeneneHne
TIOKa3aHII aMIIEpPMETPOR, BOIBTMETPOB H
BATTMETPOB B IIEMSX IIOCTOSHHOIO 1

9 CHHYCOHIAJIbHOI O TOKOB.

Hayuurscsa pacCUMTHIBATh ITOKa3aHHA IIPHOOPOB
Pas3IITYHBIX H3MEPHTEIBLHEIX CHCTEM B LIETISIX
TIOCTOSIHHOT'O H CHHYCOHJAJIBHOI' O TOKOB.

1,5

HToro 3a 5 cemecrp:

13,5

s

HToro:

13,5

s
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4. Cooepacarue nadbopamopHsix pad om
Ilpakmuueckas paboma Nel. IKeu6 aleHmMHble NPEOOPA306AHUA 6 ITIEKMPUUECKUX

uenax

HE.E’II’: . HH}HHITL CA PACCHHTBIBATD 3KBHBAJICHTHOC COITPOTHBIICHHC IIPH PAa3JITYHBIX CXEMAX

COCIHHCHHMA PC3HCTOPORB. ITOCIICAOBAT CIIBHOM, ITAPAJIIICIIBHOM, TPEYT OJIbBHHKOM H 3BE3OH.

OcCHO6bl meopuu:

ONeKTpHYecKas  ILenb, oOpa3oBaHHAasd  IIYIEM  COE€QHHEHHS  MeXITy  coOoH
HICAIM3HPOBAHHEIX ~ JJIEMEHTOB,  SBIIETCI  MareMaTH4YeCKOH  MOJEIBIO  PEAIbHOIO
3JIEKTPOTEXHHYECKOIO HIIH 3JIEKTPOHHOI'0 YCTPOHCTBA. YeM GOIbIIe 3JIEMEHTOB COIAEPKUT TaKas
IIEIb, TeM TOYHee OTOOpakaeT OHAa XapPaKTEPHCTHKH MOJIEIHPYEMOIrO YCTpoHcTBa. Jlamgnm
ONpeJie]IeHHsI OCHOBHBIX TIOHSTHI, KacCaloIHXCSI TeOMETPHYeCKOH KOH(HTYpaI[HH, HIH
TOITOJIOTHH, 3IIEKTPHYECKHX IIETIEHN.

BeTBp — yYacCTOK ILIENH C JABYMS BRIBOJAaMH. BeTBBIO MOKET OBITH OTAEIBHBIN 3JIEMEHT
TGO TPYIIIIA 3IEMEHTOB, COEMHHEHHBIX TTOCIIEA0BATEIBFHO HIIH ITapallIe/IbHO.

Y3eln — TouKa COeQUHEHHS IBYX HIM Oojlee BeTBeH. MecTo COoeqHHEHHSI IBYX BETBeH
yIOoOHO paccMaTpHBaTh B KaueCTBE y37Ia IMPH MAIIHHHBIX pacueTaX. [IpH pyyHBIX pacueTax
HECKOIIPKO  3JIEMEHTOB, COEIHHEHHBIX IIOCIIENOBATEIIbHO HIIM IIapallUIe]IbHO, VI OOHO
paccMaTpHBaTh KaK OJHY BeTBb. 1103TOMY IIPH PYYHBIX pacyeTax y3JIOM CUHTAIOT COEIHHEHHE
TpeX WIH 0olee BETBEM.

KOHTYD — 3aMKHYTEHIH ITYTh, IIPOXOASIIHA Yepes PSAI BETBEH H Y3JIOB.

3ajadya aHaM3a SIEKTPHYECKOH IIeMH (POPMYIHPYETCS CIEeAYIOIHM 00pa3oM. 3ajlaHbI
CXeMa I[ENMHM H XapaKTepPHCTHKH €€ S3JIEMEHTOB, a TaK)KEe HaIIpsKeHHS M TOKH He3aBHCHMBIX
HCTOUHHKOB. Tpedyercs HauTH TOKH H HaIlpsDKEHHS BETBEH.

YpaBHEHHS, OIHCHIBAIOINHE ITOBEAEHHE SIEKTPHYECKOH IIEIHM, COCTABIISIOT HAa OCHOBE
3aKOHOB Kupxroda.

YroOBl 3ammcaTh ypaBHeHHS IO 3akoHaM Kupxroda, HeoOXOmZHMO cHayajla BbIOpaTh
TTONIOKHUTENLHBIE HAITPABIIEHI S TOKOB H HallpsDKEHII BeTBei. [1omoKHTeIbHOe HallpaBIIeHHE TOKa
ITOKA3bIBAIOT CTPEIKOH Ha BBIBOAE 3lIeMeHTa. [lomoXHTEIbHOEe HaIlpaBICHHE HaITPSDKEHH S
ITOKA3bIBAIOT CTPEIIKOH, PacIONOKEeHHOH PpsSaIoM C 3JIeMeHTOM. HarpasieHHs TOKOB H

HalTPAKCHE 191 PE3HCTHBHBIX  3JICMCHTOB ELI@HPEIIDT COT'TIdCOBAaHHBIMIIL. CDHPDTI I[BJICHIIC

AOKYMEHT NOAMNWUCAH |
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HarmmpaBrneHHS HaITpsKeHHIT H TOKOB HCTOYHHKOB CIIEIyeT pacCMOTpPeTh ocobo. CTpenka
OJIC HCTOYHHMKA HaNpsOKEeHHsS HallpaBlIeHa K €ero ITOIOKHTEIIbHOMY BBIBOAY. IlosTomMy

HAITPAKCHHE Hd BHCITHIIX 34 A MdAX 3TOI'O HCTOYHHKA HAIIPABJIICHO B CTOPOHY, ITPOTHBOIIOJIOKH YO

3C.

3adanue:
3aoaua Nel
JIns rerm, H300pakeHHOH Ha PHCYHKE 1.1, HaHTH SKBHBaJIEHTHBIE COIIPOTHBIIEHH I MEXKIY

3aKHMaMH a H b, c U d, d 1 f. 3Ha4YeHH S COIIPOTHBIIEHHH IIPEACTaBIEHBI Ha cXeMe B OMax. (rap =

120m, rea =4 Om, ragp = 4 Om)

o C d
a

o— | [ ]
6 5

o

PucyHok 1.1 — lIpuHIpOIHAIEHAS cXeMa

3aoaua No2
Jst mern, n3o0pakeHHOH Ha PHCYHKe 1.2, OIpeaeniTh S3KBHBAJIEHTHOE COITPOTHBIIEHHE
I[eITH MeKIY TOUKaMH ¢ H b IIPH Pa3oMKHYTOM H 3aMKHYTOM Kmoue k. Ecmu rl = 12 = r3 = r4 =

rS=r6=r7 =100m. (rab = 12 Om, rab = 8§ 33 Om)

a9 b

I

I'

C
PucyHok 1.2 — [IpuHIOIHaIBEHAa A cXeMa

NOKYMEHT NMOANWUCAH
3NEKTPOHHOW NOAMNUCHIO | |
Ceprucbukar:  12000002A633E3D113AD425FB50002000002A6 3, J =12 A, E1 =30 B, E2 = 40 B, 3HaueHUA
Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa

aiiTH BXOQHOE COIIPOTHBIICHHE OTHOCHICIIBEHO
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BBIBOJIOB HCTOYHHKA TOKa, IPHMEHHB IpeoOpa3oBaHHS. 1) TpeyrolbHHKa COIPOTHRIICHHI B

3BE3Y, 2) 3Be3/bI COIPOTHRIIEHHH B TPEYIOIBHHK. (3,25 OM)

PucyHok 1.3 — lIpuHIOIHAIPHAS CXeMa

K OHMPOJIbHbBIE 601NPOCHI.

1. Kaxk OITPEACILICT CA o0I1ee COITPOTHBIICHHC IIPH ITIOCIICAOBATCIIbHOM COCIHHMHCHIH

COIIPpOT HBIIEHHH? IIPH ITapallICIIbHOM COSIHHEHHH?

2. Kak OITPCACIIACTCA  HAIIPAKCHHC Hd  YYACTKC BHEETPIHEGKGﬁ IOe1Io1r C

ITOCIIENOBAT CJIbHBIMIL COIIPOTHBIICHHAMH, IT4ACHITA HAITPKEHIA Ha KOTOPBIX H3BECTHBI?

3. Kak OIIPEACIINTE TOKH B JBVYX IIAPAJIIICJIIBHBIX BCTBAX IIO H3BCCTHOMY TOKY B

HEPa3BETBIIEHHOH YaCTH 3IEKTPHYECKOH 1[EITH?

4. HpH KaKOM COCIOHHCHHIT COITPOT HBIIEHHI TOK HEPEC3 BCC COITPOTHBIICHHA pﬂBEH?
5. HpII KaKOM COCIOHHCHIHIH GGHPGTIIEHEHI]IUI HAIIPAKCHHC Hd HHX OJIHHAKOBO?
6. B xakom CIIYHAC HeOOXOMHMO HCIIOIB30BaTh B3aHMHEBIE HpEGﬁpﬂBGEEH—]IIH

COCOHHCHHA GDHPDTI[BHEHIIﬁ 3BE314 B TPE}’TDHBHI]I{'?

7. D opMyIIsI Tpeo0pa30oBaHHS 3Be3/bl B TPEYTOIIbHHK, TPEYT OIbHHKA B 3BE3Y.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Ipakmuueckas paboma Ne2. AHAIU3 peHcUMO6 Uenell NOCMOAHHO020 MOKA C

HCNOJIb306AHUEM 3AKOH06 Oma u Kupxzogha
Ilens: HayduThcs pacCUHTHIBATh TOKH B BETBSX C ITOMOMIBIO 3aKOHOB OMa H Kupxroda.

T eopemuieckdd 4dcmbs.
CIIOKHOH ILEMNBIO ITOCTOSHHOIO TOKa HAa3bIBAIOT JNCKTPHYCCKYHO IICIIb, COCTOAIIIYIO I3
HECKOIIBKHX GDHPGTI[BHEHIIﬁ H HCTOUHHKOB HAIIPSKCHIA, COCAHHCHHBIX MCHKIAY cOOOH TeM HIH

HHBIM CITOCOOOM.

Y311om BHEETPIHECKGﬁ IIEITH HAa3BIBACTCA MECTO COCIHHCHHA TPEX H Oortee BeTBEH LIEITH.

[TpH HaIYHH B cXeMe 1 TaKHX Y3IIOB MOKHO COCTaBHTH (n-1) yYPaBHEHHI COITIaCHO ITEPBOMY

3akoHy Kupxroda. B cOOTBETCTBHH ¢ 3THM 3aKOHOM CYMMa TOKOB, ITOAXOASINHX K Y3IIy, paBHA
CYMMeE TOKOB, OTXOSIIIX OT y3/1a, IIH alredpanyecKas CyMMa BCEX TOKOB B Y3IIE PaBHa HYIIIO,
T.e. 2/ =0. IIpH 3TOM HEOOXOAHMO TOKH, IOAXOMSIIHE K VY311V, 3allHCBIBATH B YVPaBHEHHE C
OJJHHM 3HAKOM (HaIIpHMep «+»), @ TOKH, OTXOJSIIHE OT y3JIa — ¢ IIPOTHBOITOIOKHBIM 3HAKOM.
[Ipn mocnemoBaTeIbHOM COEJHHEHHH HECKOIIBKHX COIMpOTHRIeHHH (pHc. 1.1 a) oOmee

COIIPOTHRBIICHHE  VYHYA4CTKda  pPaBHO CYMME  BCCX  COITPOTHBIICHI i Ha HSTOM YHACTKCE:!

R,=R +R, +R;. Tox Ha y4acTKe IIelll ¢ HECKOILKHMH ITOCTIENOBATENLHO COEXHHEHHBIMI

COITPOTHRIIEHHAMH OyleT paBeH (110 3aKoHy OMa):

—

| I .:,- — -
| _ Yy 1 | —

—{__ — +——{ — —
R R> R3 R:

PrcyHok 2.1 — IlocnemoBarenbHoe (a) H IMapamielIbHoe (0) coeTHHEHHE COIMPOTHRIEHHIT

[Ipn mapaieIbHOM COEQHHEHHH JBYX COIPOTHBIEHHH (pHC. 1, 0) SKBHBaJIEHTHOE

R -R.
COITPOTHBIIEHHE OIPEJIENIeTCs 1o dopmyme: K., = Rl R X
NOKYMEHT NoanucAH L T
SNEKTPOHHOW NOANUCHIO -
CepTudbukar:  12000002A633E3D113AD425FB50002000002A6 HePa3BETBIIEHHOH YacTH IIEH, TO TOKH /; H [> B
Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa
 hopmymam:
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[, =1, -
R +R,

R

I, =1, :
R, +R,

Mpu Tpex napannenbHo BKAKYEHHbIX CONPOTUBAEHUSAX (pUc. 1.2) SKBUBANEHTHOE

conpoTueaeHne ByaeT paBHO:

_ R1 'Rz 'Rs
"R, ‘R, +R,-R,+R, ‘R,

R,

BeTBBIO AIeKTPHYECKOM IIeITH HAa3bIBAeTCS YUACTOK AIIeKTPHYECKOH I[eIH, 3aKIH0YeHHBII
Me KOy IBYMS y3IaMH (HallpuMep, KOHTYP abefa Ha puc. 1.3).

B KaX10M KOHTYPe MeXIY 3JIeKTPOIBHKYIIHMH CHIaMH (3.7.C.), HMEIOIHMICS B LIEITH, H
MaJeHHSIMH HaIpshDKeHHS Ha OTAEIBHBIX Y4acTKaX CYIIECTBYeT CTPOro OIIpe/ielIeHHas

3dBHCHMOCTD, OIIPEACIIACMAA BTOPBIM 3dKOHOM KIIPXI‘G(bﬂZ
XE =2IR

T.e. amreOpaHyeckKas CYMMa SIEKTPOABIDKYIIHX CHI B JaHHOM KOHTYPE paBHa
anredpanyecKoN CyMME TTaJleHHH HAITPsKEHII Ha yYacTKaX IIEI 3TOr0 KOHTYpa.

JInsg Toro, 4yToOBl IPAaBHIBHO 3aIlMcaTh YpaBHEHHE IIO BTOPOMY 3aKOHY KmHpxroda,
HeOoOXOIHMO 3aJlaThCs HaIlpaBJIeHHeM 00XO0Ja 3TOro KOHTypa (HaIlpHMep, IO XOIY YacOBOMH
cTpelikH). Ecm mpu 06xXo/ie KOHTypa HallpaBIIEHHE 3.JI.C. COBIaJacT ¢ HallpaBIeHHeM 00X01a, TO
ee 3aIlCHIBAIOT B JIEBVIO YAaCTh YPaBHEHHS CO 3HAKOM «1», a eCIIH €€ HallpaBJIEHHe HE CORIIAJAAET
C HaITpaBJjIcHHeM 00XO[a, TO €& CUMTAIOT CO 3HAKOM «—». AHAIOIHYHO IIOCTVIIAIOT CO 3HAKaAMIL
IMaJIcHIH HalpsKeHHH. Eci HampaBiaeHHe TOKAa Ha YYacTKe IIEIH COBIIafaceT C HallpaBJIeHHEM

DﬁKD,I[El:, TO /R Ha 5TOM YYaCTKe 3allHCHIBalOT CO 3HAKOM «+», B IIPOTHBHOM CIIy4ae — CO 3HAKOM

{—n.

l. JI1 KoHTYpa abefa, coBepias 00X0/ 10 YaCOBOH CTPEJIKE, ITOTYUIIM:
E =IR +1.R,
I e B
2. J1s1 KOHTYpa beedb, copepiirass 06X0J1 ITPOTHE YaCOBOH CTPEIKH, ITOTYUHM:

E,=1,R, +I.R,
3. Jlnsa KoHTYpa abcdefa, coBepiiass 00X0/ I10 YaCOBOH CTPEINKE, ITOIIYUHM:

K —F. :]1R1 _IERE

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANMUCHIO

Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
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3aoarue:
3aoaua Nel

OrnpeaelnTh IMoKa3aHHe BOJIbLTMeTPa JIJISI cXeMbI, H300pakeHHOH Ha pHcYHKe 2.2. (15 B).

40 B 10 B
V
5 OM <|> 5 OM
I

PucyHok 2.2 — [IpuHIOIHaIBEHAaS cXeMa

3aoaua Ne2

OrnpeAemiTh TOKH B BEeTBSIX CXeMBI PHCYHOK 2.3, mpHMeHssI 3aKoHBI Kupxroda. JlaHo: £
=3B, E,=2B,E3=2B,Es=1B, si=1A, 4=05A, n=40M, n=00M, r; =2 0OM, r4 =8
OM, 5s=100m. (1 =02 A, Lb=07A, =-05A, L=0,1A,I5=0,1 A)

J3
@ I3 |

-r-*l I's
I4 ll“

DT
I ITL I | J:é
E(1) (DE: Es

»Lll
PucyHok 2.3 — [IpuHIOIHaIBEHAaS cXeMa

3aoaua Ne3

JImst Lermn pUCYHOK 2.4 IIOCTPOMTH ITOTEHI[HAJIBHBIE JHarpaMMBbI IIPH Pa3OMKHYTOM H
3aMKHYTOM Kitoue. JlaHo: E; =I5B, E> =3B, E; =20B, E4 =33B,ri =80m, r2 =24 Om, rz =
40 Om, r4y = 4 Om. BHYTPEHHHE COIPOTHBIIEHHS HCTOYHHKOB 3HEPIHH: 1o = 2 Om, r20 = 6 Om,

r3o =2 Om, ra0 = 4 Om.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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K

PucyHok 2.4 — [IpuHIOIHaIBEHaS cXeMa

Konmponsusie 6onpocst:
1. 3ammcaTh 3aK0H OMa A1 yyacTKa SKIeKTHYeCKOH IeITH M IS ITOTHOMH I[eTTH.
2. Kak ompenensdercsa HallpaBlIeHHe TOKa IIPH  H3BECTHBIX ITOTEHI[HaIax

3IIEKTPHYECKOH LIETH ?

3. JlaiTe ompeaeneHHe y3IaM H BETBSAM 3JIEKTPHUYECKOH LIETTH.

4. ChopMyIHpPYHTE H 3aIHIIHTE TIEPBBIH 3aK0H KHpxroda.

3. CdopMyIHpyHTe H 3aIlHIHTEe BTOPOH 3aK0H KHpxroda.

6. Kak ormpeiennTe rmoKasaHu s BOJIbTMETPA I10 H3BECTHEIM TOKAX B BETBSX?

7. MeToaHKa ITOCTPOEHHS TOTEHIHAIIBHON AHArpaMMbI JUIS 3aMKHYTOI'O KOHTYpa

JJIEKTPHYC CKOH LIEITH.

8. HGHGHIITE:, KdaK IIPOH3BCCTH VY4YCT BHYIPCHHCI'O COIIPOTHBIICHHA HCTOYHHKA

SHCPI'HH ITPH ITOCTPOCHITI ITOT eHI[HAJIbHOH AHal paMMBbI.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Ipakmuueckaa paboma Ne3. AHAIU3 perHcUMOE6 Ueneil ROCMOAHHOZ0 MOKA Mem oo amu

KOHMYPHBIX MOKO6 U Y3106 bIX NOMEHUUHAIO6

HE.E’II’: . HE],}”]]ITLCH PACCHHTBIBATD TOKIH B BETBAX MCTOHAMI KOHTYPHBIX TOKOB H Y3JIOBBIX

ITOTCHITHAIIOB.

OcHO6bI meopuu:

MeTo KOHTYPHBIX TOKOB TAaKXE IIO3BOISET YMEHBIIHTH KOIHUYECTBO PEIIacMBIX
ypaBHeHHI B CpaBHEHHH ¢ CHCTeMOH YpaBHeHHH 1o 3aKkoHaM Kupxroda. KommaecTBo ypaBHEHHH
IT0 MeTOJY KOHTYPHBIX TOKOB OITpeJelsIeTcs YHCIIOM YPaBHEHHI 10 BTOPOMY 3aK0oHY KHpxroda
IUIS paccMaTpHBAaEMOH BJIEKTPHYECKOH eI, MeToa OCHOBBIBAETCS Ha TOM CBOMCTBE, UTO TOK B
Tr000H BETBH MOJKET OBITH IIPeACTAaBIIEH B BHJAES arreOpamyecKOH CYMMBI HE3aBHCHMBIX
KOHTYPHBIX TOKOB, IIPOTEKAFOIIMX II0 3TOH BETBH. B COOTBETCTBHH C JAHHBIM METOILOM
HeOOXOIHMO BRIOpaTh KOHTYPHBIE TOKH TAKHM 00pa3oM, YTOOBI KaKIBIH H3 HUX IIPOXOJIHI YEPES
OJHH HCTOYHHK TOKA4, @ OCTABINHECS KOHTYPHBEIE TOKH BBRIOHPATH ITPOXOJSIIMIMH IT0 BETBSM, HE
COJIEPIKAIINM HCTOYHHKH TOKA.

CHcTeMa YpaBHEHHI IT0 MeTOAY KOHT YPHBIX TOKOB B BHJI€ MATPHI[LI OYIET HMETh CTOIIBKO
CTPOK H CTOIOIIOB, CTOJIBKO YPaBHEHHI HEOOXOAMMO 3aIlHCaTh IT0 BTOPOMY 3aKOHY Kupxroda 1w
paccMaTpPHBAEMOH MIEKTPHYECKOH I[ETH. ECIN B 3IeKTPHYECKOH IETH HUMEETCS HCTOYHHK TOKaA,
TO Jo0aBHTCS CTOINOEL B CHCTEMY YpaBHEHII, eCIIH JIBa, TO JBa CTOJOIA H T.I.

MeTo[ Y3II0BEIX ITOTEHI[HAIIOB.

JIaHHBIH METOJl TAKKe ITO3BOISIET YMEHBINHTH KOJMHMYECTBO PEIIAEMBIX VPaBHEHHI B
CpaBHEHHH C CHCTEMOH YpaBHEHHH IT0 3aKkoHaM Kupxroda.

KonmiecTBO ypaBHEHHH 110 METOJIY Y3JIOBBIX ITOTEHIHAIIOB OIIPEAEIIIeTCS KOIIMYECTBOM
ypaBHEeHHI IO IIEpBOMY 3aKOHY Kupxroda I paccMaTpHBaeMOH 3IeKTPHYeCKOH IeITH. B
COOTBETCTBHH C JaHHBIM METOJIOM, HEOOXOANMO CHavalla OIPEIEIIUTE IMOTEHIIHAIIEI BCEX VY3II0B
3JIEKTPHYECKOH IIETH, a 3aTEM € IIOMOIIBIO 3aKOHA OMa OITpeIe]INTh TOKH B BETBSX. IIpH sTOM
OOIUH M3 VY3IIOB S3JIEKTPHYECKOH CXEMBI, KOTOPBIH HAa3BIBAaIOT OIIOPHEIM, 3a3eMIISIETCS, €r0
ITOTEHIHAI CTAHOBHTCS PABEH HYIIFO. Y 3€l IS 3a3¢MIEHHS BEIOHPAETCS IIPOH3BOIILHO. Y JOOHO
3a3eMIIATH Y3€eJl, HOMEP KOTOPOro HMeeT HaHOOIbIIee 3HAYEHHE B 3aJJaHHOMN 3JIEKTPHYECKOH IIETTH.

CHcTeMa yYpaBHEHHH II0 MeTOJY VY3JIOBBIX IIOTEHI[HAIOB B BHIEe MATPHIILI OVIAET MUMETh
CTOIIBKO CTPOK H CTOJIOIIOB, CTOIBKO YpaBHEHHH HEOOXOIMMO 3allHCcaTh IO IEPBOMY 3aKOHY

OOKYMEHT NOANYUCAH I 1Ie. ECIIH B ANEKTPHUECKOI TIETTH HMEETCS
SMNEKTPOHHOWM NOANUCHIO prt LT, P 5

Ceptuchikat: . 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa

uk 2J]C. Torma ymoOHO IIPOHYMEPOBATE VY3IIbI

B3Ia ¢ HAHOOIBIIMM 3HAYEHHS B 3aJaHHOH
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SIIEKTPHYECKON I[eI, OKaszajJcqd B y3JIe OT KOTOPOro OTXOMHUT HCTOUYHHK JDJIC. DTOT Vy3el
ITPUHIMAOT 3a OIOPHEBIN M 3a3EMILTFOT. T orja ITOTEHIHAl y3i1a, B KOTOPEIM BXOAHT MCTOYHHK

DJ1C, OymeT H3BECTHRIM H PaBHBIM BeJIMUMHE D J|C HCTOYHHKA.

3aoanue:

3adaua Nel

OIpenemTh TOKH BETBEH B 3NIEKTPHYECKOH IIEITH CXeMa, KOTOPOH IIpelcTaBlIcHa Ha
PHCYHKe 3.1 METOZOM: a) KOHT YPHBIX TOKOB;, O) Y3JIOBBIX ITOTeHIHAIOB. JlaHO: £y =36 B, E2 = 12
B J=8A R =R:=40mM R;=10mM, R4 =20m, Rs=10m. (11 =9A, Lb=3A,=0A,1;=2
A)

PucyHok 3.1 — [IpuHIOIHaIBEHAS cXeMa
3aoaua No2
BREIUHCIIHTE BCE TOKH B 3JIEKTPHYECKOH IIEITH, CXEMa KOTOPOH ITpeACTaBlIeHa Ha PHCYHKE
3.2 METOJOM: a) KOHTYPHBIX TOKOB, O) MeTOJIOM Y3JIOBBEIX IOTeHIHAaI0B. JlaHO: J = 50 MA, E; =
60B, R =5xOm R> =4 xkOm, R3 = 16 kOm, R4 =2 kOm, Rs =8k Om. (I; =20mA, I = 30m A,
I3=10mA, I4 =40 mA, Is = 10 mA)

R.I | R}:
[, [

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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K OHMPOJIbHbBIE 601POCHI.

L.

h = W N

C(prI\I}fJHIpGEElTL OCHOBHBIC ITPHHITHIIBI MCTOdd Y3JIOBBIX ITOTCHITHAIIOB.

CKOIBKO }II)EIBHEHIII‘;I HeoOXOIHMO COCTaBHTB ITO METOAY Y3JIOBBIX ITOTEHI[HAIOB?

CdopMyIHpoBaTh OCHOBHBIE ITPHHIIHIIEI METOa KOHTYPHBIX TOKOB.
CKOIBKO YpaBHeHHH HeOOXOIHMO COCTaBHTH 110 METOAY KOHTYPHBEIX TOKOB?

KakoBbel 0CcOOEHHOCTH IMMPIMCHCHHA MCTOdd KOHTVYPHBIX TOKOB JJId CXEM,

COACPAILIILX HCTOYHHK TOKa?

6.

KakoBel 0COOEHHOCTH IIPHMCHEHHA MCTO/J4d VY3JIOBBIX IIOTCHIIHAIIOB JJIA CXCEM,

COJIEpKaIHX HAeaIbHBI HCTOUYHHK OJ1C MeXIy y3rnaMiu?

7.

KaK HaliTH TOKH B BETBSIX IT0 METOAY ABYX V3IIOB?

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOAMUCKIO

Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Ipakmuueckaa pavoma Ned. KomniieKcHblil Menmoo aHAnU3a yeneu CUHycoudaibHozo

moxd

HE.E’II’:.' HDH}"‘HITB HaBBIKH IICPCBOJ4 CHHYCOHIAAJIBHBIX BCJIIHYHH B KOMIDUICKCHBIC,

HAaYIHTBECH CTPOHTE BEKTOPHLBIC AHAI'PaMMBbI.

OCHO6bL MeopuUIL:

[IyCTh B LIETH TIEPEMEHHOrO TOKA € YaCTOTOH f = 50/ BKIIOUEeHa KaTVIIKa, 00l 1aronas
HHAYKTHBHOCTBIO L H aKTHBHBIM COITPOTHBIIEHHEM F (pHC. 2.1).

[IpH mporekaHHH 110 KATYILKE ITEpeMEHHOI0 TOKA iz, B IIPOCTPAHCTBRE, OKPYKAIOIIEM BHTKI,

6}*’,[[ET CO3JlaBaThCs MATHHTHBIH ITIOTOK @ H ITOTOKOCIIEIUIEHHE ¢ BHTKaMH KaTVIIIKIL.

IAc W —HHCJIO BHTKOB KaTVYIIIKIL.

——

i 'y

r
U_=Ir
@
v
@
L
Y A &

PucyHok 4.2 — CxXeMa ITocleJOBaTeJIbHOI O COeTHHEHHS R 1 L

OTHOIIIEHHEe TTOTOKOCLIETUIEHH KATYHOIKH K TOKY KaTVIIKH 1. Ha3bpIBaeTCcsI COOCTBEHHOM

AOKYMEHT TNOAMNMUCAH
INEKTPOHHOW MOA4IMMCbBIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa E w- O
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Ecimi coOcTBeHHOe ITTOTOKOCIIEIUIeHHE MPOITOPIIMOHATLHO TOKY (B CcIy4yae KaTYIIKH Oe3
CTAIIBHOT'O CEpAEYHHKa), TO L = const. OCHOBHOMH eIHHHIIEH H3MEPEHHS HHAYKTHBHOCTH SIBTISICTCS
["enpn (I'H):

186

1I'n = IVE 17%-107% = 1mln

Ecin Tok B KaTyliKe H3MeHSEeTCS (HaIIpHMEpP, II0 CHHYCOHJAIBHOMY 33aKOHY), TO H
IIOTOKOCIIEIDIEHHE KaTYIIKH H3MEHSIeTCd H II03TOMY B BHTKaX KaTyIIKH II0 3aKOHY

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

T.C. HaBOAHMMd4AA 3.14.C. CL IIPCIATCTBYCT H3MCHCHHIO TOKad L. KPGME TOI'o, KaTVIIIKa

oOmagaet HEKOTOPBIM aKTHBHBIM COITPOTHBIICHHEM 1.

HPIMEHHH ETDpDﬁ 3dKOH KIIPXI‘G(bEl IITISI MTHOBEHHBIX 3HAYEHHH IJICKTPHYCCKIIX BCIIH'YHH,

MOZKHO 34l CaTh.
u+e, =i-r
OTCHOAa HAIIPIKCHHC Ha 3dKHMdAX IICIT PABHO
U=1-r—e;, =u, +u,
IlameHne HaITp;LKCHHA Hda dKTHBHOM COITPOTHBIICHHH Ha3bBIBAIOT AKTHBHOH COCTAaBIISIOIIEH
HalTp:DKEHHA I aAKTHBHBIM  HAITPAKCHHCM, d IIQACHHEC HAIIPAAKCHITA Hd HHIYKTHBHOM
COIIPOTHEBIICHHH Ha3bIBAIOT ]?]]—LI[}*’I{THEHGﬁ COCTABIISIIOIIEH HAIIPsDKCHITA. MrHOBEHHEBIE 3HAYEHH

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

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

: . d\I, sin ot .

u=1r—e, =rl_sm wt+ L (Z, ): rl sm wt+ wll cos ot =
dt

B . . 7

=U__snwt+U, sn mt+5 :

T.C. MCKIAY aKTHBHBIM H HHAVKTHBHBIM IT4ACHITAMH HAITPAAKCHIA HMECTCA CABHI 110 (bﬂSE

Ha 90°.

[Tepexoms K KOMITIIEKCHOI (pOpMe MOJKHO 3aITHCATh:
U=U_+jU, =1r+ jlx,

rra ng:yMEerﬁé E S loaaTerenne comnOTHBIIEHHE HHITYKTHBHOTO STEMEHTa;
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- arn ) -
Uﬂ — ﬁ H UL — ﬁ - ACHCTIBVIOIIME 3HAQUCHIN dAKTHBHOI'O H HHIVKTHBHOI'O

HaITPSDKEHHI.

Taxmm GﬁpﬂSGM:, HAIIPOKCHHC Hd 3dA3IMAX IICITH U MOZHO IIPCACTABHTDL B BHAC CYNMBbI

ABYX CHHYCOH/I Uﬂ H JUL : I/IBEECTHO:, YTO BCAKYIO CHHYCOMJ4JIbBHO H3IMCHAIIYIOCAH BEIITHYHHY

MOJKHO IIpEICTaBHTh B BHIE BeKTopa (HAIpHMep, TOKa JZ ), BPAILAIOINErocs B IIPOCTPAHCTBE C

}THGEGﬁ JaCTOTOH ., ITPOCKIHA KOTOPOI'O Hd MHHMYIO OChk H Jd€T CHHYCOHI4AJIBHYIO BCIIHYHNHY

(puc. 4.3).

it -\Sﬂ

-J
PucyHoK 4.3 — M300pakeHne CHHYCOHIAIbHOTO H3MEHSIOIIEHCS BEJIMUHHEL TOKA B BHJIE

BCKTOP4A

OHPE,I[EJ]IIM HAIIPAKCHITA Ha 3aKHMAX I[CITH ITPH ITOMOIITH EEKTOI}HGﬁ AHal'PpaMMBbI. BEI{TGP

roka 1 ommoxam B IIPOH3BOJILHOM HaIlpaBJIEHHH, HallpHMep, TOpH30HTanbHO (pHc. 4.4). Bee

OCTalIbHBIE BEKTOPEI OYAYT KECTKO IIPHBSI3AHbI K BEKTOPY J , T.€. HX CIBHI IT0 (asze GYIET CTPOro

OITpEACJICHHBIM.

BekTop axTHBHOro HampspkeHus U = [ -7 GymeT cOBMAjarh IIO HANPABIEHHIO C

BEKTOPOM I BekTop HHIYKTHBHOIH cocTapistorneii Hampsokerns U ; = j-1 - X; Oymer

orepexath Ha 90" BekTop I CxmagsiBas reomerprudecks BekTopsl U, u U ; , momywiM BekTOp

HalTPpKCHHA U/ Ha 3aKHMax ITCIIH.

!
ONOKYMEHT NoanncAH |
3NEKTPOHHOWM NOANUCLIO |
Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6 .
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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PucyHok 4.4 — BekTopHas JHarpaMma IIpH II0CIe 0BaTeIbHOM COeqMHEHHH R 1 L

Bemumia  X; =o-L=2r- f L naswemaercs LUHOVKIMIGHBIM conpomiianeriiem H
n3Mepsercs B Om. COIPOTHBIIEHHE X; 3aBHCHT OT YaCTOTHI M TIPH BKIIFOUEHHH KaT VIIIKH

HHAYKTHBHOCTH B IIEITh ITOCTOSIHHOTO TOKa ( f = 0) TOK KaTYIIKH OYyJeT OrpaHHYEH TOJIBKO €&

AKTHBHBIM COIIPOTHBIIEHHEM H OKa’KeTCS HaMHOI'O OolbIie. ITo3ToOMY KaTYIIIKH HHIYKTHBHOCTH,
IpeHa3HaYeHHbIe 719 PadOoThl Ha IIepeMeHHOM TOKE, HEIb3S BKIIOYATh B I[EIH ITOCTOSHHOIO
TOKa.

Tpeyrommauk OAB (puc. 4.4) IIpsAMOYTOIBHBIH M Ha3bIBaeTCd TPEYTOIBHHKOM

HanpspKeHHH. M3 tpeyrompanka OAB mMeeM:
U =U+U,’
72 ; 2 " 2 2,2 2
U =U-r)y"+U-x,) " =1"(r +x;)

M3Biiekas n3 o0enx 4acTeH KOPEHb, IIOTYYHM

U:I--\/r2+xi

-

Bemruma /7> + x7

HMCIOIIIaA PasMEPHOCTE COIIPOTHBIICHIA, HA3BIBACTCA ITOJIHBIM

COITPOTHBIICHHEM IICITH H 0003HaAYaeTCA Z :

g g
z:\/r‘+xi‘

H 3aK0H OMa IS el IIEPEMCHHOI'O TOKa HMECT BH/.

fzgnU:iZ

S

KocuHyc yrima cagura (a3 ¢ Mexay TOKOM / 1 HanpspkeHHeM U paBeH:

u, I-r r

&l

COS @ = —
v U l -z A

M3 TpeyrompHIKa MOIITHOCTEH, KOTOPBIH MOKHO MTOTYYHTh H3 TPEeYTrOIIbHHKA HATPSKEHIIT

YMHOXCHHEM CI'O CTOPOH Ha TOK I:. ITOIIYHIM aKTHBHYIO MOITHOCTE.

P=Ir=U-I-cos®

PeakTHBHas MOIITHOCTD:
N _ .
Q=/1"x, =U-1-smgp
I NOKYMEHT NMOANWNCAH
SNEKTPOHHOWM NOANUCHLIO
Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6 r — ‘\/P 2 4 Q’l
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

[OM Ha3bIBAETCS KO3 PHUITHEHTOM MOIITHOCTH:
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cmgp—ﬂ—i
I /|

Ecimu 1ens nepeMeHHOro Toka oOIafaeT aKTHBHBIM COIIPOTHBIEHHEM I H €MKOCThIO C
(prc. 4.5), TO IO BTOpOMY 3aK0HY KHpxroda I MrHOBEHHBIX 3HAYE€HHH 3IeKTPHYeCKHX BeJIHIHH

MOJKHO 3aIHCaTh:
Uu=1-r-+ u,

A€ i — MIHOBCHHOC 3HAYCHHE ITPHIIOKCHHOI'O K IICTHT HAITPAAKCHHA,
[ - MTHOBEHHOE 3HAUEHHE TOKA IIEIT,
Uc - MTHOBCHHOC 3HAUCHIIC HAIIPKCHIA, ITPHIIOKCHHOI'O K oOKIIagKaMm KOHACHCATOPA H

ITPpEACTABIIIOIICT O coOOH ITaJcHIE HaITPAAKCHITA Ha CMKOCTH.

EciH TOK H3MeHSAeTCS BO BPeMeHH 110 CHHY COH/IaIbHOMY 3aKOHY, T.e. I — I/, sm wt

TO IIPEABIAYINEE YPaBHEHHE OyIeT HMETh BH]I;

U =rl, sin of - ! ImSil‘l(aJI—E)*
awC 2

M3 5TO0i (pOpMYIIBI BHIHO, UTO ITPHIIOKEHHOE K IIEIIH HAaIIpsDKEHHE COCTOHT M3 JIBYX

COCTABILIOINX. AaKTHBHOH HMJIH aKTHBHOI'O HaIIpsDKeHHSI U, — rl ., SIN I copragaromnieii mo

1

. T
(asze ¢ TOKOM, M PeaKTHBHOI MIIM eMKOCTHOI cocTapmsmomieii U, = P [ si( wr — E) :

oTcTarorel or Toka Ha 90° (puc. 1.6). Torma

U=Us+U-:
HGGTPGHM BEKTOPHYIO JHAI'PANMMY IJI JdHHOI'O CIIVHaA, ITOJIIb3VACE TCMI KC ITPABIIIdMIL,

KaK H IIPH ITOCTPOEHHH JHarPaMMbI JJIS IT0CIeJ0BaTelIbHOTO coeJHHEeHHA T 1 L (cM. puc. 4.4).

]

—
'} Iy
¥ L
U=lr
@ . - ]
ny U
)
C = | Uslix:
Y ¥
OOKYMEHT MNOONUCAH yBaTelnbHOe coeqHHeHHe R u C

SNEKTPOHHOW NOANMUCHIO

Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
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PucyHok 4.6 — BekTopHas guarpaMma s IociIe 0BaTeIbHOT O

coenmuHeHHI R u C

HPH 3TOM HeOoOXOIHMO HMETH B BHAY, YTO BEKTOP HAIIPAKCHHA US OTCTaeT OT Toka [

Ha 90° (prc 2.6).
M3 tpeyrompHika OAB Ha pHCYHKe 0 HMEeM:

U?=UZ;+U¢
HIIH
U? =(Ir)° +(—=)* =I*(r* + —)°
wC wC”

M3BNeKan KBaApaTHbIN KOpeHb U3 0benx Yacten, NoAyYMUMm:

1
U=1-_[r? +(—)* .
aw(C
OTKY/Ia
U U
I — —
2 1 2 .\/F’j —+ xj
r2 4 (—)? Xc
('
1
BEJ]II‘]I]HE], Xr = —— HA3BIBACTCH e MKOCHIH bIM CONPOmMUE1eHIleEM H HBMEPHETGH B OM.

co(

EMKOCTHOE COITPOTHBIICHHE 3dBHCHT OT HdaCTOTEBI HAITPAAKCHHA CCTH H OT CMKOCTH KOHJACHCATOPA.

3

Bermuina \/ F~ + X, HazpBaeTcs IOIHBIM COIPOTHBIIEHHEM H 0003Hayaercs z. 3akoH OMa

3l

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

1=

[
.
e

k

l' | |

NOKYMEHT NOAMNWCAH
3NEKTPOHHOW NOAMNMUCHLIO
Ceprudukar:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu: Lebayxoea TateRHa AnekcaHgpoBHa pxeHriH OAB PasZC/INIb Ha TOK I:' TO IIOITYIHM
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[Ipu mocnemoBaTelbHOM coefuHeHHH r, L m C OyIyT CHpaBeJIMBEL BCE BBIBOJIPIL,

TIOITYYeHHBIE JUIS 1T ¢ r-L 1 1er ¢ r-C. [IpH 3TOM BO3MOKHEI Clle IYIOIIHe KOMOHHAIH;
a) Xy = X¢g ,0)X; <Xe ;B)X; =Xp |
PaccMOTPHM € IIOMOITBIO BEKTOPHBIX JHATPAMM KaK IbIi 3 3STHX BapHAHTOB.

a) MMeeM IIeIb M3 ITOCIe0BaTEeIbHO COeJHHEHHBIX #, L B C, TIpHYeM

X; = X . Ilo BceM TpeM COITPOTHBIIEHHSAM OVIET MPOTEeKaTh OAHH H TOT K& TOK / .

BEKTOP KOTOPOr'O OTJIOKHM B BRIOpaHHOM MacINTa0e ITPOH3BOJILHO, HAIIpHMEP, TOPH30HTAJIbHO,
T.€. HallpaBJIeHHE IIEPBOrO BEKTOPa BEIOHPAETC S IIPOH3BOILHO (pHC. 4.7).

BEHTGP IIaACHIAA HAIIPAKCHHA Hd dKTHBHOM COIIPDOTHBIICHHI 6}’I[ET COBIIQJ4aTh C

HalIpaBJICHHEM TOK4, d IIQJCHHE HAIIPAKCHHA Ha HHAYKTHBHOM 3JICEMCHTC HIIH U I 6}’,I[ET

omnepekKaTb BEKTOpP | Ha F% [lasieHHe HaNpsDKEeHHS Ha eMKOCTHOM sieMeHTe U . Oyner

OTCTAB4Tb OT BEKTOP4A TOKd Ha % H COI''TaCHO YCJIOBHIO

U< U,

PucyHoK 4.7 — BeKTopHas AuarpaMMa HallpsOKEHHH PR X ; =~ X~

OO11iee HaIIpsDKEHHE 1IEITH OYAET PABHO CYMME

Ua+Ur+Uc=U".

N3 EEI{TDPHDﬁ AHaIpaMMbl BHIHO, HTO MCEKAY TOKOM IICITH Jr H HaIIp;LKCHHEM U cCTh

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

0) [Ipn X; <X, majeHHe HANPsDKeHHS Ha HHAYKTHBHOM COIIPOTHBJIEHHH OYIeT MeHBIIIE

IIaACHHA HAIIPSKCHHA Ha CMKOCTHOM COITPOTHBIICHIH, ITO3TOMY BCKTOPHAA JHAI PdMMa 6}"I[ET

HMeTEL B (pHc. 2.8):
[IOKYMEHT NOAMNWUCAH
SNEKTPOHHOW NOANUCLIO
Ceptudbmkar:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
101



PucyHok 4.8 — BekTopHas fuarpaMMa HallpsKeHHH ITIPH UC s U I

B) [Ipu X; =X, HMeeT MecTo pezonanc Hanpsicenuii, T.e. U ~ = U ; M 3TO OYyIEeT IpH

1 . .
L =—— TIpu stom Bektopsl U ; u U~ paBHBI 110 MOZYIEO H IIPOTHBOIOOKHO HAIIPABIIEHbI

wC
(pHc. 4.9), TO3TOMY HX CyMMa paBHa HYTIO. TOK LIEITH IIPH Pe30HaHCe HaIIPsSKEHHI OIpe/IensieTcs
TOIILKO aKTHBHBIM COITPOTHBIIEHHEM, ITOSTOMY YTOII CIBHTa (a3 MeXKIy TOKOM H HaIIPsKeHHEM

I[eNH paBeH HYIMO, a cos ¢ = [. IIpm »ToM HaJgo HMETh B BHAY, YTO Pe3VyIbTHPVIOIIEe

COITPOTHBIICHHC LICIIH PC3K0 YMCHBIIHTCA 40O 3HAYCHHA Z = ¥ H TOK LICIIH IIPH PE30HAHCC MOMKCT

PE3KO BO3PACTATh.

o ||U:

- & -

q}:ﬂ U.jl: =.'F -

I"'T > |

PucyHok 4.9 — BexTopHas quarpaMMa HalrpsKeHHH IIPH pe30HaHCe

3aoarue:
3aoaua Nel

HGGTPDHTB KPHBBIC H3MCHCHITA HAITPAACHIA H TOKA BO BPEMCHH H HAUYCPTHTDL BCKTOPBDIL,

H300paKaloIHe 3aJaHHbIe CHHYCOHIAIbHbIE () YHKIHH
: T . _ , T
u(t) = 1008 sin (157 * T+ ﬁ) i(t) =5 *sin (157 ¥t — §)

Yemy paBeH CABHT (pa3 MeXy HallpsoKeHHeEM H TokoM? OIpeJenuTs IepHo T H 4acToTy

M.

NOKYMEHT NMOANMWUCAH
SMEKTPOHHOM MOAMMUCHIO
Ceptudmkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneuy: Lle63yxoBa TaTbAHa AneKcaHapoBHa . BEKTOPHOH JHAI'PpaMMBI CYMMY H Pa3HOCTb

) IX IIPOHU3BCACHIIC H HaCTHOC OT ACJICHHA.
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i,(t) = 100 = sin(wt + 309)
i,(t) = 120 * sin(wt — 45°)
i;(t) = =20 *sin(wt — 112°)
i,(t) = 50 * sin(wt + 250°)
i;(t) = 50 *sin(wt — 90?)
i,(t) = 25 = sin(wt + 1107)

3aoaua Ne3

Karyiika ¢ akTHBHBEIM cOITpOTHBIIEHHEM R = 10 Om, HHAyKTHBHOCTRIO L = 0,05 I'H
MMOJNKIOYeHa K HCTOYHHKY CHHYCOHJAIBbHOIO HamnpsbkeHHS (pHcyHOK 4.10), melcIByROIIee
sHaueHHe Koroporo U= 120 B, f= 50 I't. OnpeaemTs IMMOITHOE COIMPOTHBIIEHHE KATVYIIKH, TOK H
CABHI (pa3 MeKIY HAIIPSDKEHHEM H TOKOM. BBIMHCIINTG aKTHBHYIO H PEAKTHBHYIO COCTABJIIFOIIHE

HaITpsDKEHHEM Ha 3aKHMaxX KaTyIIKH. [I0CTpOHTh BEKTOPHYIO JHAIPaMMYy HaITpsDKEHHI H TOKa.

R L

e() (1)U

PucyHok 4.10 — [IpuHIIMIManpHasa cXxeMa

3aoaua Nod

HaiiTH MrHOBeHHBIE 3HAUEHH I HAITPSKeHHS Ha BCeX yYyacTKax H MCHOBEHHYIO MOIITHOCTh
HeTouHHKa (preyHok 4.11). Jlano: J(t) = 2 * sin(wt + 30°), f =200 'y, r=10 Om, L=0.01 T'x,
C=80 MxD

PucyHok 4.11 — [IpuHIMImMansHasa cxeMa

K OHMPOJIbHbBIE 601POCHI.

1 Uenr oTTuuasTod TeNeMAHHRITT TOK OT ITOCT G_ﬂ]—[HﬂI‘G?

NIOKYMEHT MOANWUCAH
INEKTPOHHOW NOAMUCHIO CTHKH CHHYCOHIAILHOTO TOKA.
CepTucukar:  12000002A633E3D113AD425FB50002000002A6
Bnapeneu: lebayxoea TatkAHa AnekcaHapoeHa 3HAYEHHS IIepPEMEHHOI'O TOKa?
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Kak m3o0pakaeTcs repeMeHHBIH TOK Ha KOMITTIEKCHOH TUIOCKOCTH?

[ [puBeHTE KOMITTIEKCHBIE (DOPMBI 3aITHCH IIEpeMEHHOTIO TOKa.

Kak aHagmuTHYeCKH H I'pa()HUYECKH CIOKHTH (BBIYECTH ) JIBa IepeMeHHBIX TOKa?
Kak aHalIHTHYECKH YMHOXKHTE HIIH Pa3[elIHTh JBE KOMIUIEKCHBIE BEITHYHHEI?

Kak OITPEACIIACTCAH H YTO ITOKA3bIBACT MI'HOBCHHAA MOII[HOCTB?

o e 1 o h B

Kak ompeaensgercsa HHAYKTHBHOE COITPOTHBIIEHHE? EMKOCTHOE?

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Ipaxkmuueckasa paboma Ne5. Pacuem ooHoazHbIx Ueneil CUHYCOUOATIBHOZ0 MOKA

HEJH: . HGJI}"‘IHTB HABBIKI PACHCTa PA3BCTBIICHHDBIX G,[[HG(bﬂBHBIK IelneHn CHHYCOHJAJIBHOI'O
TOKa Pa3/OTYHBIMH MCTOOAMII KdK B OOBIYHBIX PEHHMAX, TAK H B PCHIIME PC30HAHCA, HAYVIHTBCA

COITPOBOAXIATE PACHUCTEL BEKTOPHBIMIT H TOHOIpﬂ(bIHEGIﬂMI AHAI'PAMMAMH.

OcCHO6bI MeopuiL:

B sneKTpHYecKHX IIEeISIX IMeEPEMEHHOIO CHHYCOHIAIIbHOIO TOKA TOKH H HaIIPSDKeHHS BCeX
BeTBeil H3MEHSIOTCS BO BpeMEHH I10 CHHYCOHJaIbHOMY 3aKOHY. OOGIIHHI BHJ 3TOr0 3aKOHA JIS
CHJIBI TOKa CIeYIOIIHH (pHe. 5.1)

JlaHHOE BEIpakeHHe IS CHIIBI TOKA B Ka Kbl MOMEHT BpeMeHH Ha3bIBAeTCSI MTHOBEHHBIM

3HaYeHHeM TOKa. BemwiiHa Im HasbIBaeTCs ElIuﬂ'[JIHT}*’I[Gﬁ:, OH4a PaBHa MaKCHMAJIBHOMY 3HAa4YCHITIO

TOKaA.

it)

PucyHOKS.1 — 3aBHCHMOCTh MTHOBEHHOI'O 3HAUEHH I TOKA OT BPEMEHH

[leproxg cuHyconmanbHOH (VHKIMH T ONpefenseTcs 4YacTOTOH CHHYCOHAIBHBIX
kxoneOanmii £=1/T . Kpyropas Him IIMKIIMYecKasI 4acTOTa CBSA3aHa ¢ YITIOBOH yacToToH HavaapHas
(aza y onpeenseT CABHTI CHHYCOHIbI OTHOCHTEILHO OCH Op/IHHAT.

B IeIsxX CHHYCOHJAIBbHOIO TOKA IPHUCYTCTBYET HCTOYHHK CHHYCOMAAIBHOIO TOKA HIIH
HaIpsoKeHHI. MoKeT OBITh HECKOIBPKO HCTOYHHKOB OHHAKOBOH 4YacTOTHI. EcCIH B IIENH
HECKOIIPKO HCTOYHHKOB CHHYCOHIAIbBHOI'O TOKA HJIM HAITPSKEHHS C PasHBIMH YacTOTaMH, TOKH H

HalTPpALKEHHA ICITH HE 6}",[[}71‘ CHHYCOHAAJIBHBIMH, H, CIICJOBATCIIBHO, IICIIE HC 6}"I[ET ABIIATECA

AOKYMEHT NOANMCAH JIe TaKHe IEMH HEe pacCMaTPHBAIOTCAL.
SNEKTPOHHOW NOAMUCHIO
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

SHH 110 CHHYCOHJATILHOMY 3aKOHY C OJTHOH H TOMH
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K€ 4acTOTOH, HO KaXkJas cO cBOeil HauanbHOH (pa30i M aMITINTYIOH. OTH JBe XapaKTePHCTHKH

ITO3BOJIAIOT 3adTh 3HAYUCHHC TOKd HIIH HAIIPAAKCHHA B TIFOOOH MOMEHT BPCMCHH.

3adanue:

3adaua Nel

JIng »IeKTpHYecKOH IeNMH OoJHOo(a3HOro IIepeMeHHOro TOKa cXeMa, KOTOpOit
IIpeJcTaBlIeHa Ha PHCYHKe S5.2. 3amHcaTh YpaBHEHHSI IO 3akoHaM Kupxroda B
mHdepeHIanmbHOH (popMe. HaHTH TOKM BeTBeH METOAOM KOHTYPHBIX TOKOB H V3JIOBBIX
ITOTEHIHAIOB, HAIIPSDKEHHS Ha YYaCTKaX IIell, aKTHBHYIO, PEaKTHBHYIO H ITOITHYIO MOII[HOCTH, a

Tak)Ke IIOCTPOHTH BEKTOPHYIO JHArpaMMy TOKOB M HampspkeHHil. OIpeaelnTh ITOKa3aHHE
H3MepHTeNbHBIX MpHOopoB. JlaHo e4(t) = e,(t) = 20 *+/2sin(314 * t), C;=C=318.5 MxD,
=10 OmM, L2= 16 mI'H, R3=10 Om.

1|

PucvyHok 5.2 — [ IpHHIOIHATIFHAS CXeMa

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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3adaua No2
JIT1S1 3TIEKTPHYECKOH LIETTH, CXEMa KOTOPOH IPeACTaBIIeHa Ha PHCYHKE J.3 ¢ ITapaMeTpaMH
X1 =20 Om, X2 =20 Om, XC =10 Om, X1 = 20 OmMm, R = 40 Om, XM = 10 Om, E = 200 B.

OrpeeHTh MoKa3aHHe BonbTMeTpa. (97 B)

PucvyHOK 5.3 — [ IpHHIIMIIA/IbHA CXeMa

KoumponsHsie éonpoceot:

l. M3710K1Te OCHOBBI CHMBOIIHYECKOK MeTOJa pacuera. IlodyeMy BCe METOMBI
pacueTa IIeTeH IMTOCTOSHHOIO TOKa IPHMEHHMEI K IIEITSM CHHYCOHIAJIBHOIO TOKa?

2. JlaHiTe oIpejieneHHe BeKTOPHOH H TOIIOrpa(HUeCKOH JHarpaMMaM.

3. Kak onpegemmTs HanpsoKeHHEe  MEXKIY  JABYMS TOUYKAaMH  CXeMBl  II0
ToNorpapHuecKon JHarpamMme?

4. OU3HYeCKH HHTepIpeTHpyHTe P, Q, S.

BEIpasuTe KOMITIEKCHYIO MOIIHOCTE S Yepe3 KOMIUIEKCH HAIIPSKEHHS H TOKA.

5

6. 3armmimTe 6araHC aKTHBHBIX H PeaKTHBHBIX MOIITHOCTEH.

7 JlanTe oIpeielIeHHE PeXKHMY PE30HAHCA TOKOB H PEKHMY PE30HAHCA HaIIPSKEHHIH.
8

Kak B PAaCHUCTC VUHTBIBAIOT MAI'HHTHYIO CBA3b MCAHIY HHIYKTHBHBIMH I{E],T}"H_II{MI?
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Ipaxkmuueckaa pavboma Ne6. Pacuem mpexgpazuplx yueneil CUHYCOUOATILHOZ0 MOKA

Ilens: IlomydnTh HABBIKM pacyeTa TpeX(asHbIX IIENell CHHYCOHJAJIbHOIO TOKa IIPH

CHMMETPHYHOH H HECHMMEeTPHYHOH Harpy3Ke.

Teopemuueckan uacms:

ITpexghasnoil cucmemoii SNEKTPHYECKHX LIETIEH HA3bIBACTCSI CHCTEMA, COCTOSINAS H3 TPEX
OJHO(a3HBIX ANEKTPHYECKHX I[eNeH, B KaXI0H H3 KOTOPBIX JAeHCTBYIOT CHHYCOHJIAJIbHBIE 3.]1.C.
OJHHAKOBOH YacTOTHI, HO CIBHHYTBIE JAPYTI OTHOCHTeJIbHO Apyra Ha 1/3 mepuoma (120°) m
co3/laBaeMble OOIIHM (Tpex(a3HbIM) HCTOYHHKOM 3JIeKTPHYECKOH SHEPrHH.

OTJeNbHEIe SIeKTPHYECKHE LEITH, BXOASIHE B COCTaB TpexdasHOH CHCTeMbI, Ha3hIBAIOT
gazamu. Ecin 3.1.c. Ka)XI0H H3 (pa3 paBHBI 10 BEIIMUHHE, a ITIOTHBIE COIMPOTHRIEHHS Harpy30K
BCEX TpeX (pa3 IO BeIHMYHHE H XapaKTepy Harpy3KH (110 BEIIMYHHE H 3HAKYy ()a30BOrO CIBHIA)
OIMHAKOBBI, TO TAKOH PEXKHM HAas3bIBAIOT cummempuyrnsim. HeBBITIOTHEHNHE JAHHBIX YCIIOBHIL
SIBIIIETCS TIPHYMHOM Hecummempuynozo pexnMa. Harpyska TpexdasHbIX Iielnell peako ObIBaeT
CHMMETPHYHOHN, KaK ITpaBHJIO, OHA B TOH WM HHOH CTEINEHH HECHMMETPHYHA H3-3a HaIMUHI
OJHO(a3HBIX ITOTPeOHTEIEH.

TpexdasHele TIeHepaTOPEl CO3JAalOT CHMMETPHYHYED CHCTEMY 3.4.C., IIO3TOMY
HECHMMETPHYHBIH PeXHM BO3HHKAET H3-3a HECHMMETPHYHOH Harpys3kH (a3. ECIH KOHIIBI
00OMOTOK (pa3 CHHXPOHHOIO I'eHepaTopa HIIH TpaHCc(popMaTOpa COEJHHHTh BMeCTe 3Be3/0MH, a K
HayaraaM IMPHCOSIHHHUTEL ITPOBOMA, HAVIIHE K IMPHEMHHKAM 3JIeKTPHUYECKOH SHEPrHH, KOTOPHIE
TOKe COETUHHTH 3BE30H, TO MOTYYHM TpexdaszHyro cucreMy (pHc. 1). ITpoBoj, coeIHHSIONIIT
HYIIEBEIE TOYKH HCTOYHHKA M ITOTPeOHUTEIS HA3BIBACTCS HYIIEBEIM. 1aKyIO CHCTEMY Ha3bIBAIOT
yemuvipexnpoeooroii. B IersIX Tpex(a3HOoro TOKa He3aBHCHMO OT CIIOcO0a COeIHHEHHS 00OMOTOK
reHeparopa H NOTpeOHTelleH pa3IHYyaloT HalpsuKeHHS — JIHHeiHble Uy H (a3sHbele Ug, a TaKXKe
TOKH — IIHHeiiHble [y U (a3Hble [s. HanpsokeHHe MeXIy ITHHEHHBIM H HYIIEBBIM ITPOBOIOM
Ha3BIBACTCSA pasHbiM, a MEXIY ITHHEHHBIMH ITPOBOJAMH — JuHeiiHvim. TOKH, IPOTEKAIONHE B
TTHHEHHBIX ITPOBOAaX, HA3bIBAIOT JitiH eliH blmil, 4 TIPOTEKAIONIHe B (pazaX HarPY3KH IIH HCTOYHHKA

— asneimu. B cxXeme (puc. 6.1) nHHelHBIE TOKH pPaBHBI (pa3HBIM, T.€. JIMHEHHBIH TOK

OJHOBPEMEHHO SBISeTCS M (asHeIM. [Ipu paBHOMepHOiT Harpyske U, = \EU o, E€CIIH CXeMa

COCOHHCHHA - 3BC34.
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Prcynok 6.1 — Cxema Tpex@a3HOH YeTHIPeXITPOBOIHOMH IIeITH IIPH COeJHHEHHH 3Be3]I0MH

[Tpn HepaBHOMEpPHOM Harpyske (pa3 B cxXemMe ¢ HYJIEBBIM IIPOBOAOM (pHC. 6.1), B HyIIeBOM

ITPOBOAEC ITOABJIACTCA TOK, BEIIHYHHA KOTOPOI'O OIIPEACIIACTCH ITO IICPBOMY 3dKOHY Kprm(ba:

PucyHok 6.2 — BexTopHas quarpaMma HarpsDKeHHH IIPH COETHHEHHH 3BE3I0H
lo=T1Ta+1s+1c
Hammune Toka B HYJIEBOM ITPOBOJE BEIZBIBAET HE3HAUMTEIBLHOE ITAJICHHE HAIIPSDKEHHS B
HEM, KOTOPHIM MOJKHO IIpeHeOpeub M CUMTaTh, YTO MEXKIAY HYJIEBOH TOYKOH HCTOYHHKA H
ITPHEMHHKA Pa3HOCTH ITOTEHIHAIOB OTCYTCTBYET.

Ha puc. 6.2 nmoka3zaHo rpapHyecKoe oIpelelneHHe JTHHEHHBIX HAPSKEeHHH ¢ TTOMOIIBIO

EEKTGPHGﬁ AHaI'PAMMDBI. OTIOKHM IS ITPOH3BOJIBHOI'O MOMEHTAa BPEMCHH KOMIIJICKCEIL (1)&31{51}{
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UAH:UA_UH ,
Uﬂﬂ':Uﬂ_Uﬂ' ’
Uﬂ'ﬂ:Uﬂ'_Uﬂ .

JI1s ITony4YeHHS JIHHEHHBIX HallpsKeHHH CII0KHM I'eOMeTpHYeCKH BEKTOPEL U Ao, Us U

Uc c¢ BektopaMid —Us, —Uc, —Uax, KoTopele paBHBl coorBerctBenHo Us,Uc,Ua, Ho

ITPOTHBOITOIOKHO HaITPaBJIEHBI.

BekTopHas auarpaMma JIIHHEHHBIX HaNpPsKEHHH TakkKe MOJKET OBIThH IIONYYeHA H3
BEKTOPHOH JHarpaMMbl (pa3zHBIX HanpspkeHHE (pHc. 6.3). Takum oOpa3zoM, 3Be3fla JTHHEHHBIX
HaIlpSDKEHMI oIlepekaeT 3Be3Ay (asHeIX Ha 30°. HaiifeM cooTHOINIeHHe MeXAy (pazsHBIMH H

JTHHEHHBIMH HaIIPAKRCHITAMIL, YHHTBIBAA, HTO BCC HAIIPAXKCHHA CHMMCT PHYHBI.

Ua=Up=Uc=Us=s

A i

Use
PucyHok 6.3 — BexTOopHas quarpaMma HalpsDKEeHHH IIPH COETHHEHHH 3Be3I0H

M3 IpssMOYTOIIBHOTO TpeyronbHHKa OA /] mMeeM:

U
n_ Yas U, -cos30° =

2 2
=Ug -cus3(}‘3‘:U@§ ,.

Uyp= ‘/_wcin

(DasHBIE TOKH ITPHEMHHKOB OITPEACIIAIOTCHA TAK KE, KaK H B CI,I[HG(b dA3HBIX TICTLAXC

IA:UA Ua
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U s U s
lp = —=—F—=1
<B \/r_ngx;

. Uc Uc

IC: - 2 2 ’
e \/r,_;+.x,;

YTIIBl cABHIa MeKIY HaIIpSDKeHHSMH H TOKaMH (pa3 MOKHO OIPEIEIHTh H3 () OpMYIL:

v, 'y r,

cosp, = —; cos @, = —2; COS @, =
<4 ip <o

Ecau ITPHEMHHKI 00magaroT YHCTO aKTHBHBIMH COITPOTHBIICHHAMIIL, TO ZA= I'A, ZB = IB, ZC

= Ic, a YI'IIBL CIBHIa Me Ky TOKaMH H HaIlpSDKEHHSMH BO BeeX TpeX (pa3ax Oy yT HYJIeBBIMH.

PucyHoK 6.4 — BekTOpHasg guHarpaMma HaIlpsKeHHH H TOKOB YeTBIPEXIIPOBOAHOH IIETIH
ITPH aKTHBHOH HeCHMMETPHYHOI Harpyske a3

Tox Hynesoro npoeoga o= Ix+ Ip+ Ic

CedeHHe HYJIEBOI'O IPOBO/IA 3aBHCHT OT CTEIIEHH HECHMMETPHH Har py3KH (pa3, HO OOBIYHO
€r 0 IIPHHUMAIOT PaBHEIM 50 Y% OT ceYeHHS IIMHENHOI O ITPOBOIA.

[Ipn Hampyun HeHTpalmH (HYJIEBOIrO IIPOBOJA) HaIpsDKeHHS Ha (aszax ITPHEMHHKOB
OCTAKOTCAd HEH3MEHHBIMH H PaBHBIMH (Pa3sHBIM HAIIpSDKEHHSM HCTOYHHKA Jake IIpH
HEPaBHOMEPHOH Harpys3Ke, eCIH ITpeHeOpeys COIPOTHBIIEHHEM IIPOBOMOB JIMHHH H HYIIEBOIO
npoBofa. [IpexenbHEIM clTydaeM HEpaBHOMEPHOH HArpPy3KH (a3 B UETHIPEXITPOBOIHONH CHCTEME
TpeX(}a3zHOro ITpHEMHHKA, BKIIIOYEHHOIO 3BE3J0H, MOKHO CUHTaTh OOpPBIB OMHOH H3 (as.
Hammpumep, ecmm ¢aza 4 Oymer o0opBaHa, TO He OyJeT HaIIpSDKEHHS H TOKa Y ITOTpeOHTeNs,
BKIIFOUEHHOIO B 5Ty (pazy, a B OCTABIIHXCS IIOJ] HaIpspKeHHEM (pa3ax pekKHM palbOTHl He
13MeHHTcA. UTo KacaeTcs HYJIeBOro IIPOBOJA, TO ECIH [0 OOpEIBa OAHOI H3 (a3 TOK ObLI paBeH /

o= Ir+ Ip+ Ic (puc. 4.4), TO Teleph OH M3MEHHTCS M OYAET OIPEeAelIIbCs II0 IIEPBOMY 3aKOHY
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PrcyHok 6.5 — BekTopHas gHarpaMMa TOKOB H HaITpsSKeHHH ITpH oOphIBe (pa3pl A

HPH GﬁpLIEE HJIOM OTCYTCTBHH B CXCME HYIJICBOI'O ITPOBOJAd SHEPI' CTHYCCKIC COOTHOIICHHA

B STOH I[EITH H3MEHSITCSL

PrcyHok 6.6 — CxeMa TpeXITpOBOJHOH IEMH TPpeX(pa3HOI'O TOKa

[Ipp cHMMeTpHYHOH Harpys3ke B TPeXIIPOBOJHOH TpeXdazHOH cHcTeMe (pHC. 6.0)
HAaITpsDKEHHE Me KTy HYIIEBBIMH TOUYKAMH HCTOYHHKA H IIPHEMHHKA PaBHO HYIIIO H KaKIyIO a3y
CHCTEMBI MOKHO PacCMaTpHBATh KaK 3aMKHYTHIH KOHTYP.

[Ipn HepaBHOMEpPHOH HAarpyske H OTCYTCTBHH HYJIEBOI'O ITPOBOJaA (pa3Hble HaIIPSKEHHS
OYIYT H3MEHATHCS IIPSMO ITPOITOPIIHOHAIBHO COITPOTHRIEHHSIM (pa3. Ecian Obl cHcTeMa Oblia
YEeTHIPEXIIPOBOJHOM, TO IO HYIEBOMY IIPOBOAY IIpoTeKal OBl TOK [p M TakHM oOOpa3zoM
ITPaKTHYECKH BHIPAaBHHBAIIMCh OBl (pasHbIe HampsokeHHI. Ha pue. 4.7 m3o00pakeHa BeKTOpHAasd

JHarpaMma HaIlpsDKeHHH H TOKOB ITIPH HEPaBHOMEPHOH Harpyske BceX TpeX (a3 H OTCYICTBHH

HYIIEBOI'O ITPOBO/A.

AOKYMEHT [IOANMCAH TaeTcs TAKHM e, a 3Be3/1a (ha3HbIX HAITP DK EHHIT
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PucyHok 6.7 — BexTopHasg quarpaMma TOKOB H HAITPSKEHHH ITPH
HepaBHOMEPHOH HarpysKe H OTCYTCTBHE HYIIEBOTO ITPOBOIA
Ecnn oxna n3 a3z, HampuMep, A, o0OpBeTcS HIIH Bce IOTPeOHTENIH 3TOH (a3l OyayT
BBIKIIFOUEHBI, TO ITPH OTCYTCTBHH HYIIEBOI'O IIPOBOAa OCTAaBIIHECS IO HapsoKeHHeM (as3bel B u C
OKaXKyTCS BKIIFOYEHHBIMH IIocie[oBaTenbHo. (DasHble TOKH Ip M Ic, IIpoTeKaroIlie uepes
IIOCIIEAOBATEIILHO BKIIOUEHHEBEIE COIIPOTHBIIEHHS IIPHEMHHKA, B 3TOM Ccly4yae OyAyT
OJHHAKOBBIMH, a (pasHEIE HaIpsKeHHS OyAYT MPOITOPIIMOHAIFHBEI COMPOTHBIECHHSIM (a3 (prHc.
4.8). IlosToMy Ha BEKTOpPHOH JHarpaMme Todka O’ IlepeMecTHTCS Ha BEKTOpP JIHMHEHHOIO
HanpsokeHHI Upc B OyIeT JelINTh ero Ha 4acTH, paBHBIE (pa3HEIM HamnpsokeHHsM UB u UC (B

HarneM ciaydyae UB = UC)

. . 1- 1 . .
Uc=U,; =EUE=EJ§U@ = 087U s

HampsoxeHne ¢asel A BO3pacTeT:

{}A = {}AH'CUHSOG = ﬁ{}@ﬁ = 1,5{.}@
2
[ToaTOMY B UeTHIPEXTIPOBOJHEBIX IIEISIX HAa HYJIEBOH IIPOBOJ HE CTABSIT IPeJOXPaHHUTEND,
T.K. €r0 IIEpEropaHie H3MEHSET paclpelelIEHHE HaIlpsDKeHH (as.
[Ipn KOpOTKOM 3aMbIKaHHH KaKOH-THOO (pa3pl, HampuMmep, C, HyneBasg Touka O
npuHoOpeTaeT MOTeHIHAaI THHeHHoro mpopojia BC, a ¢a3pl A H B OKa3bIBAIOTCS ITOJ, ITHHEHHBIM
HalpsoKeHHeM. BeKTOopHas AuarpaMma JjIs 3TOro ciydyas ITpeJcTaBjiecHa Ha pHc. 6.9. Touka O'

repeMeniaeTcs B Touky C.
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PrcyHok 6.8 — BekTopHas qHarpaMMa TOKOB H HaIpsDKeHHH ITPH 0OphIBe (ha3bl B CXeMe

0e3 HyJIeBOr O IIPOBOZA

Hampsoxernnsg ¢a3z A u B cTaHOBITCS paBHBIMH ITHHEHHBIM (pHC. 4.9):

Uy=Ugy =Uy, :Uni:"@:
Ug=Up-=U, :U:ﬁ"‘/g!
U, =0.

Toxk KopoTkoro 3amMeikaHHiI (a3l C  pacnpefensercas Ha ¢asel B m A, Te.

I.=1,=—(1,+13) . Takum oGpa3omM, gBe (assl IPHEMHIKA OKA3bIBAIOTCS MO JIHHEIHEIM

HAIIPAKCHHCM, Hd KOTOPOC OHH HC PAaCCHYIITAHBI, I OHH MOI'VI BBIITH H3 CTPOA.

A

PucyHok 0.9 — BekTopHas quarpaMma TOKOB H HAITPSKEHHH ITPH

AOKYMEHT NOAMNMCAH 'MHHKa TpéXHpGEG,I[HGﬁ CHCTEME
ANEKTPOHHOW NOAnMcChbIO
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P=P,+P,+P.=1,-U,-cosp,+15-Ugzg-cospz+1,-U,-cose,

,HJIH H3MCPCHHA MOILIHOCTH B 1IETI::IIZ)EI’(]’[I)IZZI'EIZZI',I[I-IICH‘;i OCSIIH MOXHO HCIIOIIB30BdATE TPH
GI[HG(l)&BI—[E:I}{ BATTMCTP4, CYMMHPYA HX ITOKA4A3dHIA, HIIH HCIIOJIIB30BATb G,I[HG(l)ElBI{BIﬁ BaTTMCTP C
IICPEKIIIOYCHHEM €TI0 ITOOUCPESAHO BO BCE TPH (1)331:-1. OTOT MeTOod MOKeT OBITh HCIIOIb30BAH KaK

IIPH CHMMETPHYHOMH, TaK H IIPH HECHMMEeTPHYHOH Harpy3Ke.

3aoarue:
3aoaua Nel
Ha pucynke 6.10 mpeacTaBieHa cHMMeTpHYHAS Tpéxdas3Hasg cHCTeMa ¢ ITapaMeTpaMH X ¢

=90 OmMm, r = 40 Om. OnpeaenuTs Moka3zaHHI MpHOopoB H ToK 1 IIpH Ua =120<00 B. (207.5 B; 4
A;23A;625B1;, 950 Br;1=32simn ot A).

PucyHok 6.10 — [IpuHIIMIIManpHasa cXeMa

3aoaua Ne2

B 1ermu prcyHOK 6.2 OIpeJenHTh TOKH B JIMHHH H B (pa3ax IMpHEMHHKA IMPH KOPOTKOM

3aMBIKAaHHH MY TouKaMH b H ¢, eci UJI=380 B, oL =2 Om, Z A=10 Om;, Z 8 =710 OmMm;, Zc
=—10 Om. (0;95 A;95 A;0;33 A;33A).
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K OHMPOJIbHbBIE 601POCHI.

l. YTo 03HaYaeT CHMMETPHYHBIH TpexX(a3HbIi HCTOUHHK SIeKTPHYECKOH SHEPIHH?

Yrto o3HaUaeT HECHMMETPHYHBIH TpeX(a3HbIH HCTOUHHK?
[Iepeuncnure crmocoOnl coefHHEHHS OOMOTOK TpeX(a3HOro HCTOYHHKA.
YTo TaKoe HENTPAJILHBIH ITPOBOJ?

Kakoe HampspkeHHe Ha3bIBAaeTCS (Da3HBIM, THHEHHBIM?

UTo 03HAYaeT CHMMETPHYHASA H HECHMMET PHYHAS Harpys3Ka?

YTo Takoe HanpsKeHHe CMEIEHHS HEHTPaIH?

Kak orpeaennTs TOK B HEHTPaIbHOM IIPOBO/IE ITPH CHMMETPHYHOH Harpy3ke?

e e s R = N - T

Yemy paBHA MOIITHOCTh TpeX(pa3HOH CHCTEMBI B CHMMETPHYHOM PeKHMe?

f—
—

Yro Takoe OJHO-, ABYX- H TpeX(a3zHOe KOPOTKOEe 3aMbIKaHHE?
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Ipakmuueckaa paboma Ne7. Pacuem 31eKmpuiuecKux nomeps 1 Kodgpuuuenma

NOJIe3H020 0elUCmEUA ACUHXPOHHbBIX 06UzameJiell

Ilens: 1lomy4nTh HaBBIKH pacyeTa SIeKTPHYECKHX ITOTeph H KO3((HIHEHTa IT0IIe3HOTO

IeHCTBHS dCHHXPOHHBIX IBHTaTeIeH.

OcHOé6bL meopui.
N3 ceTH K HEPEH‘]HGﬁ 0OMOTKe dCHHXPOHHOI'O ABHI'ATCIIA ITOABOJHTCA MOIITHOCTD.

Pympl1Ujcosy (13.1)
YacTes 5TOH MOIIHOCTH TCPACTCA B BHJC JJICKTPHYCCKIX IIOTCPh B HEpEIHHGﬁ 00OMOTKe
Py = mylin (13.2)

a 4acCTh — B CTAIIH cTaTOpa (MarHUTHBIE TIOTEPH)

m, E2 (13.3)

OcTaBIasica 4acThb IEPCAACTCA SJIICKTPOMAI HITTHBIM crrocoboM Ha POTOP, COITIACHO CXEMC

3dMCIIICHHA (BJIEI{TPGMEII‘HIITHEIH MGH.[HGCTL)

’ r ! 13.4
By = my * 22?:m15112 coS Y, ( )

Yactp Psy TepSeTCS B BHIE TeIUla B OOMOTKE pOTOpa (3JIEKTPHYECKHE ITOTEPH B OOMOTKE

poropa)

— 12 r __ 2 .
Pioo=my*L "« =m,*15 *1, (13.5)

OCTAaBIIAACH HACTh ITPEBPAIlACTCA B MEXAHHYCCKYIO MOIIMHOCTDE, Pa3BHBACMYIO Ha POTOPC

l1-s (13.6)
S5

— — 2
Pm — Iy — Panz = mEIETE
YHACTE PM;.; TEPHETCH B MAIIlITHE B BHJC MCXaHHYCCKITX ]'[GTEPL pm-:

JloGaBOYHEIE MTOTEPH PACCUMTATh OUEHE TPYIHO, ITOATOMY HX ITPHHHMAIOT paBHBIMH 0,5%

oT Py mipu I = L.

I lomnesHast MOIITHOCTE Ha Bally

NOKYMEHT NoanncAH
SNEKTPOHHOW MOANMUCHIO c—Po (13.7)
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
117



Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHgpoBHa

P>—P{~Op, (13.8)

IIe CYMMApHBIE IIOTEPH

(13.9)
Ep = Psp1 T Pur T Panz + Pux T+ Pn
KIIJ] aBHrarens onpeaensaeTcs KaK
_ £ _ 2p (13.10)
TR TP

3 BeIpakeHNI IJ15 Psy H Psn2 BBITEKAIOT COOTHOIIIEHHS
Pon2—SE ou: (13.11)
Poyx (1 _8)P 5. (13.12)

13 KOTOPBIX BHIHO, UTO ITpH 5§ = () TTOTeph B poTOpe HeT (MAcalIbHBIH XOIIOCTOH X0 ), a
ITpH s = 1 BCA Psy HIET HA ITOTEPH B OOMOTKE poropa, a Py = 0. Ilostomy ¢ Touxu 3penusa KI1J]

YeM MEHBIIE S, TeM myulne (s — 0,02 Z 0,05).
[Iprvep 1. ACHHXPOHHBIH Tpex(asHbIN ABUIaTelb IIpH HanpsokeHnHn ceTtd U =380 B

pa3BHBaeT HOMHHAJILHYIO MOIMHOCTE Py = 10 kBT, Bpammasce ¢ 4acTorol Iy = 2920 o0/MuH H
roTpedmsia ToK lix = 18,6 A 1ipu k03¢ pHieHTe MOIITHOCTH cos@y — 0,913.B pexume Xoa0cToro
XOJa JABHTaTelb ITOTPeldIseT U3 CETH MOIIMHOCTE Po = 325 Bt mpu toke Ip = 5,04 A. AKTHBHOE
COIIPOTHBIIEHHE OOMOTKH cTaTopa 11 = 0,326 OM, MeXaHHYECKHE TIOTEPH MOIIHOCTH Pyx = 130
Bt. CxeMa coeqmHeHHS OOMOTKH CTaropa — «3Be3la». OIPelenuTh IIOTEPH MOIIHOCTH B MEIH
CTaTOpa H pOTOpa, IIOTEPH B CTAIIH, J0OAaBOYHEIE ITOTEPH IIPH Harpy3Ke, KO3 (HIHEHT ITOJIE3HOr O
IeHCcTBHS Al

PenieHue:

HpH PEICHHH 3aa ™ ITPIHATO JOIIVIICHHC, YTO CYMMa ITOTCPh B CTAJIM H MCXaHHYCCKIIX

ITIOTCPb — BCIIHYHHA ITOCTOAHHAA.

HGTEI}H B CTAII.

PPy _ _myI2_ py_Ll325 1 U3 L S5,047_ 130U_ 170 Br.

SHEI{TPI[‘IECI{HE ITOTCPH B 0OMOTKE CTAaTOpa.

b =m,I2r; =3 ~18.6° ~ 0.326 O 338 Br.

AOKYMEHT NOAMMUCAH
ANEKTPOHHOM MOAMNWCHIO

_ 380 _18.6 _ 0,913 _ 11163,8 Br.
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Poy — Pl — Pem —Panl — 111638 _ 170 _ 338 _10655,8 Br

OJIeKTpHYECKHE TTIOTEPH B OOMOTKE POTOpa:
P,,,=5S+P, =0027+106558 = 287.7 BT.

/e TIPH YacTOTe BPaIlleHHsI MarHUTHOr O 1oy cTaTopa I = 3000 o6/MHH CKOIbKeHHe

n,—n, 3000—2900
S =—== = 0.027

n, 3000

JloGaBOYHEIE ITOTEPH:

Py =Py JPy ~ pan2 ~ Pyy — 10655.8 010000 ~ 287,7 0 130 1238 Bt

CyMMapHEIE ITOTEPH MOIITHOCTH:

P —Psal — Psn?2 4 Pem < Pux — Po — 338 L2877 L1 170 U 130 _ 238 L1 1163.8

BT.
KoadpuimieHT mone3Horo JeicTBH:
P, —2p 10000
n = P, + 100% = 11633 + 100% = 89.6%
3aoanue:
3aoaua Nel

DNEKTPHYECKHE TTOTEPH B 0OOMOTKE cratopa A/l ps;1 = 500 Br. MOIIHOCTSE, ITOABOAMMAS K
nBuratemo, 13,8 KBT. OmnpefenHurs 3IEKTPOMArHHTHVYIO MOIIHOCTh, MOIIHOCTE Ha Baly
IBHTATENS, AIEKTPHYECKHE IIOTEPH B OOMOTKE POTOpa, MeEXaHHYECKHE H JOOaBOYHEIE ITOTEPH,
eCIIH YeTHIPEXITOMIOCHBII ABHTaTeIb BpamaeTcs ¢ yacToroit # = 1450 o6/vum, KI1J] MammmmHe —
_ 87 9% . Yactora cetud0 I'11, MarHUTHEIE ITIOTEPH B MarHUTOIIPOBOJE CTATOPa IIPHHATE PaBHBIMH

2/3 OT 3IEeKTPHYECKHX ITOTEPh B OOMOTKE cTaTopa.

3aoaua No2

ACHHXPOHHBIH JBHIaTelnb IIPH HamnpsokeHHH ceTH 380 B B pexnmMe XOIOCTOro Xoaa
rmorpebngeT u3 ceTH ToK 30 A ¢ xKoadduipieHToM MomHOCTH 0,09. AKTHBHOE COITPOTHBIIEHHE
(pa3pl INECTHIIOIOCHOH OOMOTKH cTaTopa, COeJHHEeHHOH B 3Be3xy, paBHO 0,07 Owm. Ilox
HOMHHAJIILHOH Harpy3KOH JBHIAaTellb IOTPeOiIseT H3 CETH aKTHBHYIO MOIIHOCTE 145 kBT mpu
Ko3(prrireHTe MomrHocTH (.88 M Bpamaercsa ¢ yacToTol n = 965 o0/MuH. IIpeHeOperas
MEXAHHYECKHMH H JOO0aBOYHBIMH IIOTEPSAMH, OITPEIEIIHTE ITOJIE3HBIN BpaI[alOI[Hil MOMEHT Ha

BalTy aBHrarensd. Yacrora nuraroiner cetH f= 50 I'1r.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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IIoTpebnseMast aCHHXPOHHBIM JBHTATENIEM MOIITHOCTE 16,7 KBT, HanmpsokeHHe ceTH 380 B,
Koa(pprineHT MoImHOCTH 0,88. AKTHBHOE COITPOTHBIIEHHE OOMOTKH CTaTOpa, H3MEPEHHOE MEKIY
ee JIMHEHNHBIMH BeIBOJAMH, 0,50 OM. CkombxeHme — 0,033. IIpeamnmosmoxmm, YTO MarHHTHEIE
IIOTEPH B CEPJICUYHHKE CTATOPa PABHBI ITOIIOBHHE BJIEKTPHUYECKHX ITOTEPh B OOMOTKE CTaropa,
MeXaHHYECKHEe M JOOAaBOYHEIE ITOTEPH COCTABISAIOT D % OT CYMMApPHBIX ITOTEPh. OIPEIeInTh

ITOJIIC3HYIO MOIITHOCTD H I{Gﬂtb (I)I]]_[]?IEHT TIOTIE3HOTI O JeHCTBHS JBHIATEIIS

3aoaua Nod
ONEeKTPOMarHUTHAasA MOIINHOCTh ACHHXPOHHOIO MIBHrarens P, = 500 Br, I1onHas
MeXaHH4YeCKas MOIIHOCTE P = 470 BT. HaliTH CKOIbKeHHe, IIPH KOTOPOM padoTaeT JIBHIATENb,

H 3JICKTPHYCCKIIC ITOTEPH B POTOPE.

3aoaua NeS

YernrpexmtomtocHbI AJ] ¢ (pa3sHBEIM pOTOPOM IIPH HaIlpskKeHHH ceTH 380 B B pexiMe
XO0JIOCTOrO Xoxa BpamaeTcsa ¢ yacToroH 1500 o6/MuH M npH KoadduipienTe MommHocTH 0,08
ITOTPeOIIsIeT U3 ceTH TOK 25 A. AKTHBHOE COITPOTHBRIEHHE (pa3bl OOMOTKH cTaTOpa, COoeJHHEHHOH
B 3Be31Y, paBHO 0,02 OM. O6MOTKa poTOpa BKIOUEHA B TPEYTOIBHHK. COIIPOTHRIEHHE OOMOTKH
pPOTOpa, H3MEPEHHOE Ha Kojbllax, paBHO 0,008 Om. Ilog HOMIMHAILHOH Harpy3KOH JIBHIATENb
norpedisteT u3 cetu 110,5 kBT rpu xoadgrimente MormHocTH 0,85, THHEHHBIH TOK B POTOPHOM
merm 278.5 A. llpeamoraras, 4ro MexXaHHYeCKHe ITOTEPH PaBHBI MATHHTHBIM IIOTEPSM B

CEPACHHHKS CTATOP4d, OIIPCACIIHTE CKOPOCTE BpallICHHA POTOPa B HOMHIHAJIBHOM PEHIIME.

K OHMPOJ/IbHbIE 60NPOCHL.

l. Kaxkue IIOTCPH B aCHHXPOHHOM JBHIATCIIC OTHOCATCA K ITOCTOAHHBIM IIOTCPSAM, a

KaKIIC K HEPEMEHHLIM?
Kaxuie ITOTEPH OTHOCATCA K MEXAHITUCCKIIM ITIOTCPAM B dCHHXPOHHOM IBHTaTene?

YeM onpegernsrorca 1o00aBOYHEIE ITOTEPH B AJ| H KaK OHH PacCUHTHIBAIOTCS?

i

HEPE‘HIEJ’HITE BCC BHALBI ITOTCPh MOIITHOCTH B dCHHXPOHHOM JBHI'ATCIIC.

5. KakoBa 3aBHCHMOCTH MeXKIY SIeKTPHUECKHMH ITOTEPSIMH B 0OMOTKe poTtopa AJl u

3JIEKTPOMArHHTHOH MOIITHOCTBIO?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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Ipakmuueckaa pavboma Ne8. Inekmpuueckue HAZPYy3KIL RPOMBIULTICHHbIX

npeonpuamiuiii

Ilens: IlpnoOpecTH HaABBIKH pacyeTa OSIEKTPHYECKHX Harpy30K ITPOMBIIIUIEHHBIX

TTPETIPHSTHH.

OcCHO6bl meopuu:

PacueT 3leKTpHYeCKHX HAarPy30K IIPOH3BOINTCS A KaKIOr0 3JIEKTPHYECKOrO y3ja, OT
KOTOPOr'0 IMMTAIOTCS SEKTPOIPHEMHHUKH. B ceTSAX HampspkeHHeM 10 1 kKB Ha pasiHuHBIX
CTYIIEHSIX paclpelelleHHS B KayeCTBe SBJIEeKTPHYECKOIO VY3JIa MOIYT paccMaTpHBaThCS
pacIpeJlelINTeJIbHbIe  ITYHKTHI, InmKa(bl, COOpKH, pacIpeJelINTelIbHble, TPOJUICHHBIE,
MarucTpalIbHBIE IIMHOIIPOBOABI, I[eXOBEIE TpaHC(OPMATOPHBIE MOACTAHIIMH. Harpy3ku
OIPEHEIISIFOTCS IO I[EXY, KOPITYCY, IIPEATIPUSTHIO B I[ETIOM.

Merton koa(QHiieHTa pacyeTHOH Harpy3kH. CorjJacHO VYKazaHHSIM IIO pacueTy
BIIEKTPHYECKHX Harpy30K pacyeTHas aKTHBHAs Harpyska TIPYIOIBL SIeKTPOIIPHEMHHKOB,

ITOJKITHOUYCHHBIX K SJIICKTPHUYCCKOMY V3IIVY.

riae Ky - KoappuiimeHT pacueTHOH Harpy3KH,
Pri 1 Kui - HOMHHaIbHasI aKTHBHAs MOINHOCTh H CpeJHee 3HauYeHHe KOo3((HIHeHTa
HCITOIB30BAHHS OTIEBHOIO AIEeKTPOIPHEMHHKA, N- KOIIHYECTBO 3JIEKTPOITPHEMHHKOB B TPYIIIE.

D@ peKTHBHOE YHCIIO 3JIEKTPOIIPHEMHHKOB

rae PHi - HOMHHAIIbEHASI MOIIHOCTE OTAEIBHOIO AIEKTPOIPHEMHHKA B T'PYTIIE.

[TonmydeHHOE pacueTOM OKPYITISeTCs A0 ONMFZKAHIIEro MEHBIIETO I[EIIOr0 YHCIIa.

[Ipn OombImIOM KOIHYECTBE 3JIEKTPOIIPHEMHHKOB B TPYIIIe IS MarHCTPaIbHBIX
IMHHOITPOBOJOB, COOPHBIX IIMH I€XOBBIX TpaHCc(opMaTOpHEIX mojcTraHiui (T11 mexa, kopiryca,

ITPEAITPIATHA B IICJIOM BEIIHUYHHY 11s MOKHO OIIPEACIIHTE TAKKT 110 YIIPOIIEHHOMY BbhIPa KCHITHO.

n
o 2 2ii—1 Pui
5 —
PH Hauo
ELGI‘{YMEHT noanmucAH JOT'O MOIITHOT'O JSJIEKTPOIIPHEMHHKA B I'PVIIIIC.
SNEKTPOHHOW NOANMUCHIO

Ceptudukar: 12000002A633E3D113AD425FB50002000002A6 SHHIO 15 OKaXXKeTCsI OOJIBIIE IL, TO IIPHHHMAIOT II-
Bnapgeneu: Lebayxoea TatbAHa AnexkcaHOopoBHa
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PHHaHﬁ < 3

PH MHH

JJIS1 TPYIIIIBL, COCTOSIIEH M3 AIEKTPOIPHEMHHKOB Pa3IHYHBIX KaTETOPHIl (C pa3IHIHBIMH

K1), cpeHeB3BeIIeHHBIT KO3 (HI[HEHT HCITOMb30BAHH
m
i—1 Kui Pyi

m
=1 PHi

Ky =

El) IUTS TIMTAIOIIHX CEeTEH HaITPp;LKCHHEM 10 1 kB B 3aBHCHMOCTH OT 1,

IpH n, < 10

n
Q,=11 Z KyPy tan @
i=1

Impu n, > 10

n
Qp = Z Ky Py tan @
i=1

6) AIA MAl'HCTPAJIbHBIX IIIHHOIIPOBOAOB H Hd4 IIINMHAX IIEXOBBIX TH: d TaKXE IIPpH

OIpeielIeHHH PeaKTHBHOH HarPy3KH IT0 I[eXY, KOPITYCY, IPeITPHITHEO

n
Qp = KPZ KyPytan ¢ = Pp tan ¢

i=1

K pacyeTHBIM aKTHBHOH H PEAKTHBHOMN HAarpy3KaM CHIIOBBIX 3JIEKTPOIPHEMHHKOB 10 1kB
IOJLKHEI OBITH JOOABIIEHEI IIPH HEOOXOAHUMOCTH OCBETHTENIBHEBIE HATPY3KH Ppo H Qpo

Pacuer 5HIeKTPHYECKHX HaArpy30K 3IEKTPOIIPHEMHHKOB HaIIpsoKeHHeM Beilie |1 kB
OCVILIECTBIISETCS B IIEJIOM AaHAJIOTHYHO PacyeTy, IPHBEAEHHOMY IS 3JIEKTPOIIPHEMHIKOB
HampsokeHHeM 10 1 kB, ¢ y4eToM HEKOTOpPBRIX OCOOeHHOCTeH. /I sIeKTpOABHIATEIEH
HalpsbkeHHeM Beille 1 kB BmecTto Ky nmpHHHMAaeTcsa 3HaueHHe KO3(p@HIIHEeHTa 3arpy3kH Ki H
HaXOJUTCS pacueTHasI HarpysKa

Fon = Kby

rae Pon - HOMHHAIbHAS aKTHBHAS MOIITHOCTE BRICOKOBOJIbTHOT'O AIEKTPOABHIATETIA.

[Ipu olpeneneHHM pacueTHOH HArpPy3KH IMPEeIIPHATHS ITOACYNTHEIBACTCS KOIHYECTBO
TIPHCOeTHHEHHH K cOOpHBIM IHHaM 6 - 10 kB pacrpegemrensHoro myHkra (PIT) wm rimaBHOH
IMOHH3HTEIIbHOH MoacTaHIMH (['I1I), oT KOTOpBIX MHTaeTcs NMpeAlIpHATHE. B 3aBHCHMOCTH OT
KOJIMYECTBA TPHCOEMMHEHMI H CpedHeB3BeIlleHHOrO Ky mo tabn. 113 orpenensercs 3HaUYeHHE
K03 puieHTa oMHOBpeMeHHOCTH K. TIpH aTOM IprHHMaeTcs BenuunHa K, = 1. AHanmornuHoe

rHAveHUe K. ThUHUMAsTeT U R TeX cITvUaAdy. KOraa pacHcTHad H Ka OITpcAcIIACTCA OIIA
AOKYMEHT NoanmncAH b APy p

SNEKTPOHHOM NOANMUCHIO 11

Ceptuchmkar:  12000002A633E3D113AD425FBS0002000002A6
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PacueTHas Harpy3ka CHJIOBBEIX SIeKTPONPHEMHHKOB A0 1 KB XapaKTepHBIX TPYIMIL,

IIPHBEJIEHHASI K BBOLY ITPENIPHATHS, OIPeAeIeTCs IO (DOpMYTIE

I
P, = KGZ Ky Py
=1

n
Qp = Kﬂz KyPytang = Pptang

i—1

PesyibTHpVIOIAs Harpyska IIPeAIPHSITHS OIPEHENIeTCcS ¢ VUETOM OCBETHTEIILHOH H
BLICOKOBOJIBTHOH Harpy3o0K, a Takke CpeJCTB KOMIIeHCAI[HH PeaKTHBHOH MOIIHOCTH (Q H IIOTEPH
MOIITHOCTH B TpaHC(OpMaTOpax.

Meron kosdduimenta crnpoca. Ha mepBoil cTaguH ITPOEKTHPOBAHHS CHCTEMBI
3JIEKTPOCHAOKEHHS MOI'YT OBITh HEM3BECTHBIMH MOIIHOCTH OTAEIIBHEBIX 3IIEKTPOIPHEMHHKOB
XaPaKTEPHBIX TPYIIIT H PeXUM HX paboThl. PacueTHAsd MaKCHMAaJIbHAI HAarpy3Ka I TaKHX TPYIIL
3JIEKTPOITPHEMHHKOB OIPEIEIISIETCS CIIeAYIOIIHM 00pa3oM:

P, = K.Py
Op = Pptang
3HaueHHS KO3 (HIIHEHTOB cIpoca K HCOSOMIA yKa3zaHHBIX TI'PYIOI 3IeKTPOIPHEMHHKOB
OIPEHEIISIFOT CS H3.
PacueTHas Harpyska ysjla CHCTEMBI IEKTPOCHAOKEHHS OIIPEHENSETCS B 3TOM CIIyYae C
YUETOM KO3 (QHIIHEHTa Pa3HOBPEMEHHOCTH MAaKCHMYMOB HAarpy3oK OTJEIBHBIX TI'PYIOI

SJICEKTPOITPHEMHHKOB.

mn 2 n 2
Sp — Z pr_ + Z ij_ Kpm
\ =1 =1

TJ¢e 1T - KOIIHYECTBO XapaKTEPHAIX ITOATPYIOI 3IIEKTPOIPHEMHHKOB.

3HaueHHe Kpr MOKHO IMPHOTIKEHHO IIPHHSATE PaBHEBIM 0,9.

MeTtoa VIAEIbHBIX IUIOTHOCTEH HArpy3KH. ECIM HMEIOTCS CBEACHHSI O BEIHYHHAX
IIPOM3BOACTBEHHBIX IUIOIMAAEH  OTHAEINBHBIX I[EXOB, HapUMEP, MAIIIHHOCTPOHUTEIIBHBIX
ITPEIIPHSTHIL, TO PaCUETHYIO aKTHBHYIO Harpy3Ky MOKHO OIPEIEINTh, HCIIOIb 3V BhIpaKeHHE

By =pyp - F
rae F- rurolnazs pasMereHHs ITPHEMHHKOB IPYIIIbL, M™;
Dyn - VIENIbHAs IUIOTHOCTh HArPY3KH Ha 1 M® ITPOM3BOJCTBEHHOMN IUIOMALH, KBT/M”.

NOKYMEHT NOANMUCAH I [PHHIMAHOTCA ITO C]'[pElEGT-IHGﬁ JIMTEPATVYPCE.

SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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MeTton YIACJIIBHOI'O PacXodad 3SICKTPOSHCPIHI. HpH HaJIHMHHIT AJaHHBIX IIO YACIIBHOMY

pPacxody 3IICKTPOSHCPIHH Ha CAHMHHILY IIPOAVEKIIHILI PACHUCT HAI'PY30K IIO OTACIIBEHBIM IICXdM,
IPEAITPHATHIO B IICJIOM MOKHO BBIIIOJIHHTE, HCITIOJIb3VA BhIPAaAKCHHE

M -3
T

rae M - BBINYCK NPOAYKIIHH B HaTypalbHOM BBIPaKeHHH 3a BpeMs 13 HazHauyeHHE

ayn

b

VI EIIBHEIX PAaCXOH0B AJIEKTPOIHEPIHH Ha eIHHHIY ITPOIYKIIHH.
OJeKTpHYeCKHe HarPY3KH OJHO(Aa3HBIX 3JIeKTPOITPHEMHHKOB.
OxHO(a3HEIE AMEKTPOIPHEMHIKH YUHTHIBAXOTCS ITPH OIPEAEIIEHHH CYMMAPHBIX Har Py30K
KaK Tpex(asHbIe, €CIIH OHH PAaBHOMEPHO pacIpelelieHbl MekAy (pa3aMH Tpex(a3HOH CETH.
CYHMTArOTCA HEPaBHOMEPHO  pacIpelelIeHHBIMH Te&  OQHO(A3HBIe  SIIEKTPOIPHEMHHKH,
HOMHHAJIbHASI MOITHOCTh KOTOPBIX cOCTaBIIsgeT Oornee 15 % cyMMapHOR MOIIHOCTH TpeX(a3HbIX
H OJHO(A3HEIX IIPHEMHHKOB, IIPHCOEJHHEHHBIX K HSIeKTPHYECKOMY Yi3IIy. JIa Takux
AIEKTPONPHEMHHKOB OIpeielIsgeTcsa Tpex(asHas HOMHHAIbHAS YCIOBHAS MOIIHOCTE:
IIPH BKIIFOYEHHH OAHO(Aa3HBIX 3IIEKTPOIIPHEMHHKOB Ha (Da3HOE HaIIPSIKEHIE
Poy = 3 * Pyug
Py = V3 Py
MoImHOCTE OTAEeIbHOI (pa3bl B 3TOM CIIy4ae OIpeelIeTcs KakK M0y CyMMa HOMHHAJIbHBIX
MOIITHOCT eI IIJTIeY, IMPHJIETaFONINX K JaHHOI (a3ze.
[Tpn OonbIIOM KOITHYECTBE OJHO(]Aa3HBIX AIEKTPOIPHEMHHKOR B I'PYIIIE, BKIFOUEHHBIX Ha
(pazHOEe M ITHHEHHOE HaIIpSDKEHHE H He paclIpelelIeHHbBIX PaBHOMEPHO, HOMHHAIbHAS MOIIHOCTD

OTAEIbHOH (Pa3kl OIpeleNsaeTcs ¢ yIeTOM KO3()(PHIMEeHTOB ITPHBEEHNS JIMHEHHBIX Harpy30K K

TaHHOH (pa3e H (pazHOMY HaIpsmkeHH:o. Hampumep, 11t gas3er A
Pra) = PavPab)a + FeaP(ca)a T Fao
Qu(a) = FavP@av)a + FeaP(caya T Qao
TJe b - OMHO(pa3HaAsI Harpy3Ka, BKIOYeHHAA B I1eu0 AB TpexdasHoii ceTH;
Pac - TO ke B mreuyo AC;
Pao H Quo- HATPY3KH, BKIIFOUEHHEIE Ha (pa3y A H HYIIEBOH ITPOBOJ,
Pabya, Peaya, eab)a- KO PUITHEHTHI TIPUBEAEHHS IIMHENHBIX
Harpy30K, OIpeesseMble H3 CIIPAaBOYHBIX TAaOIIHII.
PacueTHBIe aKTHBHYIO H PeaKTHBHYIO HArpy3KH JISI OJHO(pa3HBIX 3JIEKTPONPHEMHHKOB,

BKITFOUEHHBIX B TPeX(asHyIO ceTh, MOKHO OIPeJEIHTh 110 (hOpMYyTIaM
[NOKYMEHT NOANMUCAH

n
INEKTPOHHOW NOAMMACHIO o

Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6 > KH PH},,;
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npun, < 10

n
Qp = 1.1 Z Ky Pyyi tan @

=1

IpH n, > 10

n
Qpy = Z Ky Puyi tan @
i=1

11151 y371a, MOAKIIFOUEHHOT O K TpexX(pa3HOH 3JIeKTPHYECKOH CeTH, HMeroIeH TpeX(a3Hble H

GI[HG(b&BI{BIE IJNMEKTPOIIPHEMHHKIL, PACUCTHEBIC aKTHBHAA H PCAKTHBHAA HAI PY3KH OIIPEACIEIIOT CA

IT0 (popMyTIaM:

ml m?2 ma3 m4
Foys = Kp ZHHPHE-I_ZHHPH}Fi +ZHHPHE+ZHHPH}FE
i=1 i=1 i=1 i=1

npH n, < 10

ml m2 m3 m4
Qpys = 1.1 Z Ky Py; tan @; + Z Ky Py; tan@; | + Z Ky; Py; tan @; + Z Ky Py; tan @;
i=1 i=1 i=1 i=1

IpH n, > 10

ml m2 ma3 m4
Qpys = Z Ky Py; tan @; + Z Ky Py; tan @; + Z Ky Py; tan @; + Z Ky; Py; tan @;
i=1 i=1 i=1 i=1

rac M m: — KOIHYECTBO TpéX(bﬂSHLIK H G,I[HG(l)ﬂBHBI}{ SNEKTPOIIPHEMHHKOEB C

IlepeMeHHBIM I'pa) HKOM Harpy30K;

m3i M4 - KOIHYSCTBO TpéK(bﬂSHLIK H G,[[HG(bﬂBI—[E:IK JJICEKTPOIIPHEMHIKOB C MAJIO

MEH SFOITHMCS T'pahHKOM HarPy30K.

3aoariue:
3aoaua Nel

OHPE,I[EJ]IITL Il AJIA SJIICKTPOIIPHEMHHKOB MCXdHHYCCKOI'O YHACTKad HHCTPYMCHTAJIBHOI'O

I[eXa CO CIeIYFOIINMH JaHHBIMH:
a)  Tokapuble cTaHkKH: 4 X (7+ 1,1 + 0,25) kBrT;
0)  cTporambHbIe cTaHKH: 2 X (4,5 + 0,5) kB1; 2 X (5,5 + 0,75) kBT;
B) CBEpIHIIbHEIE cTaHKH: 3 X (7,5 + 0,25)kBT; 3 x (3 + 0,25) kBrT;

I) 3aTOYHBIE cTaHKH: 2 X 2.8 kBT 2 x 4,5 kBT,

™ ROV ATITIITAATTIA TTATAnTTr 2 v (219
NOKYMEHT NOANMUCAH 0:3) KBT.
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lebayxora TateAHa AnekcaHapoBHa
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B TpexdaszHyIO 5sneKkTpHueckyio ceTh 380/220 B BKIIOUEHHI OJHO(Qa3HBIE
BIIEKT POITPHEMHHKH:

a)  1neuH corpoTHBiIeHHI. Py = 12 kBT, cosp=0,95, 1 =2, Uy= 220 B;

0) CBapOYHEIE TPaHC(POPMATOPHL: Sca= 75 KBA, IIB =45 %,cosp= 0,55, 1= 1, U4 =380

B; Onpegemits TpeX(dasHYIO YCIIOBHYEO HOMHHAIBHYIO MOIITHOCTB.

3adaua N3

OT IMH BTOPHYHOI'O HaIpsoKeHHd IexXopoH TII muTraroTcsa CcleIyIOINHe TIPYIIIIHI
TpeX(pa3zHbIX IIEKTPOITPHEMHHKOB:

a) 35 naIeKTpoABHTATeNeH ITPONOIIKHTEIFHOrO peiMa padoTel oT 5.5 mo 10 kBT
CYMMAapHOH MOIIHOCTBIO LPy= 205 KBT, Ky =0,18; cosgp =0,735;

0) 8 sneKkTpoABHTaTeIeH MOBTOPHO-KPaTKOBPEMEHHOTIO pekHMa padoTsl oT 4,0 1o 7 kBT,
" XPy = 42 kBt IIB =50 %; K= 0,15; cosp=0,35;

B) 20 sneKTpoABHTaTeIIeH ITPOJOIKHTEILHOIO pekiMa paboTHl oT 3 0 15 kBT, XPy= 175
KBT, Ky =0,2; cosp =0.,7;

r) 15 snekTpoaBHTaTeNleH MPOAOJKHTEILHOTO peKHMa paboThHl oT 5 10 7,5 KBT, XPy =
100 kBT, Ky =0.3; cosep=0,65.

OrnpeAenTh AJIS HHX ITOJIHYIO PACYETHYIO HAIPY3KY.

3aoaua Nod

['pyrmia 11eX0B TPaKTOPHOIO 3aBOJA HMeeT CIIEAYIOIHE YCTaHOBIIEHHBIE MOIITHOCTH
3JIEKTPOITPHEMHHKOB:

a) arperatHsIii 11ex Py= 3000 xBT;

0) mpeccoBO-IITaMITIOBOYHEIH 11eX Py =4000 xBT;

B) MexXaHH4eckHi 1iex Py = 3500 kBT;

I') TTOKpaco4HEIH 11eX Py = 1800 kBT.

OrnpeAeniTh A1 HHX TTOJIHYEO PACUETHYIO HAPY3KY.

3adaua Ne)
TexXHOIOrHYeCKHe VYaCTKH PEMOHTHO-MEXAHHYECKOIO I[eXa MMEIOT CJIEIVIOIIHE
HOMHHAJIbHBIE MOIITHOCTH 3I1EKTPOITPHEMHHKOB:

a) Y4aCTOK CTAaHKOB YHHBepCalbHOrO HaszHaveHHdI. 6 X (4,5 + 1 + + 0,25) kBt -

AOKYMEHT NoanncAH
SNEKTPOHHOW MOoANUCHIO HOPMAJIBHBIH pexHuM; S X (14 + 2 + 0,75) kBT -
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: Webayxosa TateAaHa AnekcaHgpoBHa
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0) Y4acTOK CIIEITHAIH3HPOBAHHBIX CTAaHKOB C 3JIeKTpoaBHraremssMu oT 0,25 mo 5.5 kBT
CYMMAapHOH MOIIHOCTEIO Pz = 87 KBT;

B) 3JIEKTPOCBAPOYHBIN Y4AaCTOK, CBAPOYHbIE TPAaHC()OPMATOPHI:

Snacm1 = 37KBA; IIB = 40 %:; cos@p= 0,5; Uy= 380 B;

Smacmz = 32 KBA; IIB = 40 %:; cosp=0,5; Us= 380 B;

Snacnz =22KBA; [IB =60 %;cosgp=0,5; Uz=380 B,

OrnpeAeniTh ITOTHYIO PaCYeTHYIO HarPy3Ky AIeKTPOIPHEMHHKOB IleXa.

3aoaua Neb6

I'pyrmia 11eXoB aBTOMOOHIILHOI'O 3aBOJa ITHTAeTCA OT OTeibHOro PII Ha Hanpsoxkenmu 10

KB 1 HIMeeT clieqyIolne JaHHBIE:
— cbopounsii 11ex; P, = 1800 kBT, cosp=0,7; Ky =0,2;
— IeX 3aJHHX MOCTOB. Py = 2900 kBT, cosgp=0,75; Ky = 0,25;
— 1ex KabuH: Py = 2300 kBTt cosgp=0,7; Kx=0,3;
— IMOKpacOYHEIH 11eX: Py = 1500 kBT, cosp= 0.65; Kx= 0.4
— ranpBaHnyeckui 11ex: Py = 1700 xBT; cosp=0.8; Ky =0.3;
— KOMITPECCOPHAS: 3JIEKTPOIPHEMHUKH HaITpspKkeHHEM 10 1 KB: Py= 1300 xBT; cosop=0,7;
Ky = 0,35, snexrpoasurareny HanpskeHHeM 10 kB: Py = 4000 kBT, n= 3; cosp=0,73; K3
=(,85.

Kommuectro npucoeguHeHui K PII n

10. CaMmbpmi MOIIHBIA SIEKTPOIIPHEMHHKOB B
rpyIne HanpsokeHHeM 380 B - aiiekTpoasHraTens, Y KoToporo Py = 15 kBT, Onpegenurs momHyro

PaCUETHYIO HArPy3Ky Ha ImuHax PlI.

K OHMPOJIbHbBIE 601POCHI.

I. Kaximv 06pa3oM CBSI3aHBI pacUeTHEIE aKTHBHAS H PeaKTHBHAS MOIIHOCTH?

2. B Kakux cny4dasx HeoOXOAHMO HCIIOJIb30BaTh CHCTEMY OOIIErO OCBEII[EHH?

3. B kakoM cinydyae HeOOXOAHMO ITPOBECTH KOPPEKTHPOBKY PaCUETHOH aAKTHBHOM
MOIITHOCTH?

4, Kak 3aBHCHT HOpMHpPYeMasl OCBEIEHHOCTh JOPOr H IIPOE3A0B OT HHTEHCHBHOCTH

IBHKeHHSI aBTOMOOHIIEH?

5. OXapaKTepH30BaTh CIIOCOOBI YCTAaHOBKH ITPOKEKTOPOB IS OCBEIIEHHS OTKPBITHIX
- NOKYMEHT NoanvucAH
SNEKTPOHHOW NOAMWUCHLIO
Ceptudukar:  12000002A633E3D113AD425FB50002000002A6 JOIHBIMH  IIPH  PACHETC YIIHYHOI'O OCBCLICHHA
Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa
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Ipakmuueckas paboma Ne9. OnpedeneHue nOKA3AHUIL aAMnepmempos, 60J1bMMemp o6

He6dmmmMenpos 6 HENAX NOCMOAHHOZ0 U CHHyCﬂHﬂEL’IbHﬂEﬂ MoOKo6

HE.E’II’:.' HE],}“HITBCH PACCHHTBIBATE IIOKA3dHHA ]’[pHﬁDpDE Pa3JINYHBIX H3MCPHTCIIBHBIX

CHCTEM B IICILAX ITOCTOAHHOI'O H CHHYCOHJ4JIbHOI'O TOKOB.

OcHo6bl meopuii:

[To THITY OTCUETHOrO MeXaHH3Ma Bce H3MepHTelIbHbIe ITpHOopE! (M) mompasgensstor Ha
nBe rpymiel: aHamoroBble (AMII) m 1mmdporeie (ILIHUII). B AHMII mokazaHHSI SBISIOTCS
HEIpepPhIBHOH (DYHKIHEH H3MeHeHN S BXOTHOH H3MePSIeMOH BeIHYHHEL. OJeKTPOMeXaHHYECKHE
HWII ocHOBaHEI Ha IIpe00pa30BaHHH IEKTPHYECKOH SHEPIrHH BXOMHOI'O CHTHAIA B MEXAHHYECKYIO
SHEPrHIO, 4YaIlle BCErO, VITIOBOE IIEpeMEIlcHHE ITOABIJKHOIO OTCYETHOIO YCTPOHCTBA. OTH
ITPHOOPEI IJIsI CBOEH padOTHl 3a0HparOT HEKOTOPYIO SHEPrHIO OT H3MEPSIEMOH IIel. BKIIroUeHHe
TaKHX IIPHOOPOB B HCCIEAYEMVIO 3IEKTPHUECKYIO IEIh H3MEHSET PEKHM €€ padoThl H, KakK
pes3ynbTaT, OO0YCIIABIHBAET ITOSBIIEHHE ITOTPEIHOCTH B3aHMOAEHCTBHSA IIPHOOpPa B H3MEPSIEMOH
I[ETH, T.€. ITOSBISETCS METOAHYECKAS IIOTPENHOCTE H3MEPEHHS.

B LIHII nsMepsgemas Ui IIpONMoOpIiHOHAaIbHAA €H BEIIHYHHA Mpeodpa3yeTcsa B YHCIOBOH
SKBHBAJIEHT, KOTOPBI BBIBOAHUTCI Ha IM(poBoH HHAHKaTOP (mucruiei). CoBpemeHHBle [1[HII
IIOCTPOEHBL C HMCIIOIB30BAHHEM IIH MHKPOKOHTPOIJIEPA, MM MHKPOIIPOIECCOpa, YTO
CYIIECTBEHHO ITOBBIIIAET ITPOH3BOJHUTEIIFPHOCTE H TOUHOCTh L{MII. OTH npHOOpEl MOI'YyT HMETH
JTOTIOIHHUTEIbHEIE (PYHKIIHH I 00pa0OoTKH pe3ylIbTaTOB H3MEPEHH S, aBTOMAaTHYECKOIO BEIOOpa
IIPEIEIIOB H3MEPEHHE, PACIIO3HABAHHS IIOIMSPHOCTH IIOCTOSHHOIO HampsDKeHHS H T.0., a
HEKOTOPBIE M3 HHX MOI'YT OBITH 3aJICHCTBOBAHHBIMH B aBTOMAaTH3HPOBAHHBIX H3MEPHTEILHBIX
YCTAaHOBKAX H CHCTeMaX. B IIPakTHKe 3JIEKTPHYECKHX H3MEPEHHH BCE IIHPE HCIIOIB3YVIOTCH
I[HPPOBEIE METOJBI H CpeJicTBa IIpeoOpa3zoBaHHI, XpaHeHHd, oO0paOoTKH, IlepefadyH H
npeacTaBlIeHHsI HH(opMaimH. [[ndpoBble IMpHOOPHI BBITECHSIOT aHAJIOIOBBIE CpeACTBa IIPH
H3MEPEHHH CaMBIX Pa3IHYHBIX (PH3HYeCKHX BelIMYHH. CpelH ITH(PPOBBIX CPeJCTB H3MEpPeHHH
MOJKHO BBIIEIIHTE JBE OOJBIINE TPYIOIBI. H3MEPHTEIBHBIE TIPHOOPEI H H3MEPHIEIILHEIE
IpeodpazoBarean. K repBoH rpyrmie oOIYHO OTHOCST aBTOHOMHEBIE MII, npemHasHaueHHEIE B
OCHOBHOM JIUISI CTaTHYECKHX OJHOKPATHBIX M3MEPEHHH, OOBIYHO BBOIONHSEMBIX BPYUHVYIO
ornepatopoM (Tomnb3oBareeM). Ko BTOpOH TIpyIoie OTHOCAT IH(POBBIe ITPeoOpa3oBaTEllH,
HCIIOJIb3YeEMbIe B COCTaBe HH(POPMAIHOHHO-H3MEPHTEIIbHBIX CHCTEM, H3MEpPHTEIbHO-

AOKYMEHT MNOANMCAH TH 00JIaIar0T BEICOKHM OBICTPOIeICTBHEM
SNEKTPOHHOW NOANUCHIO | al PO '

Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

T4eCKHX H3MEPHTEeNbHBIX IIpHOOpax (OMHMUII).
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

HuposaHne DMMUII ocHOBaHO Ha HCITOIB30BAHHH
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H3MEPHTENBHEIX MexXaHH3MOB (MM), B KOTOPBIX PpealH3yIOTCA Pa3IH4Hble (QH3HUECKHE
nmpuHIMIml. MM obecrnieunBaer 1mnpeoOpas3oBaHHE 3HAUYEHHS H3MEPSEMOH BEINYHHBEL B
ITPOIIOPILIHOHAJIPHOE HM3MEHEHHE IIOKAa3aHHS OTCUETHOI'O VYCTPOHCTBA, HAIIPHMEDP, CTPEIKH
npuoopa. B atux MMM BeI3BIBarONIeEMY ITOBOPOT CTPENIKH MOMEHTY BpamieHHs, (PYHKIHOHAIbHO
CBSI3aHHOMY C H3MEpPSIeMOH BeIHYHHOH (4Yame Bcero ¢ TOKOM B H3MEPHTEIBHOH KaTYIIKE),
ITPOTHBOAEHCTBYET MOMEHT COITPOTHBIIEHHS 3aKPYUHBAIOIIEHCS ITPYKHHEI.

B 3aBHCHMOCTH OT HCIIONIb3yeMoro B npuboope UM paszmmdaror ciaegyronme OMUIL a)
MarHHTO3IeKTpHYeCKHe, 0) BRIIPSIMHTEIIBHEIE, B) TEPMO3JIEKTPHYECKHE, I') JIeKTPOMarHHTHBIE,
1) AIeKTPOJHHAMHYECKHE, €) AIeKTPOCTaTHUECKHE, K) HHIYKIITHOHHEIE.

B 3aBHCHMOCTH OT IIpHHIMIIA HcIojJHeHHS MM, cxeMpl ero Hcmnojmb3oBaHHS B HII
PEAIIM3YIOT CS IIPHOOPHI IS H3MEPEHHS TOKA, HAITPSKEHH S, MOIIHOCTH, AIEKTPHYECKOH SHEPIHH
HT. I

M3MmepeHHe MONIHOCTH B I[EIIIX IIOCTOSHHOIO H IIepeMEHHOIo OJHO(]a3HOro TOKa
ITPOM3BOJUTCS BarTMeTpaMH. BarTMeTphl HMEIOT ABE OOMOTKH: TOKOBVIO H HaIIPSIKEHHS.
HarpaBiieHHe OTKIIOHEHHS CTPENKH IIpHOOpa 3aBHCHT OT ITOAKIIOYEHHS OOMOTOK BaTTMETpa,
IIO3TOMY HMX 3aKHMBI HMEIOT CIIEIHAILHYIO MAapKHPOBKY, OOEeCIIEUHBAIOIIYIO ITPABIIILHOE
ITOAKITIIOUeHHe ITpHOopa. 3akHMMBI, O0O3HauUeHHBIe 3HAKOM * (3Be3Jouka), COeJQHHSIOTCS C
ITPOBOAAMH, HIAVIIHMH OT HMCTOYHHKA ITMTAHMS. 3aKHMBI, HE HMEIOIIHE 3TOro OO0O3HAYECHIS,
ITOAKITIOYAIOTCSA K HAarPY3KE.

[Ipn nmopeeaeHHH K OOMOTKAM BaTTMETPaA HAIIPSDKEHHS HA HAarpysKH H IIPOTEKAFOINErO
TOKa Yepe3 HarpysKH ITOKa3aHHI IIPHOOpa OIPEAEISIOTCS BEIPaKEHHSAMH: B IIEISX ITOCTOSHHOIO
Toka P = U-I; B 1ermsx cuHycouganbHoro Toka P = U-I-cosp, rjae ¢ — yroa caBura (a3 MeXKIy

BCKTOPAMH HAIIPAXKCHHA H TOKA.

3aoarue:
3aoaua Nel

OHPEI[EJ]IITL ITOKAa3aHITA I.[IId)pGEGI‘ID AMIICPMETPAa H BATTMCTPd, BEKIIIOYUWCHHBIX JIJIA

HBMEIJEHIIﬁ B ITOCIICAOBATCIIEHYIO RL-HE]’[L:, CCIIM HaIIPpAXKCHIIC Ha BXOIC LICID H3MCHACTCAHA IIO

sakoHy u(t) = 12 4+ 50 * /2 = sin(w * t)). ITapamerps! nerm: R =3 Om, X =4 Om.

3aoaua No2
M3MepHTeIbHBIH ITPHOOP ¢ MAKCHMAJIEHBIM OTKJIOHEHHEM YKa3aTelIsL, COOTBETCTB VIOIIHM
[NOKYMEHT NOAMNMWUCAH |
SMEKTPOHHOW MOAMUCHIO (eHHe, paBHOe 5 KOM. Kakoe IIyHTHpPVIOIIEE
Ceprucbukar: 12000002A633E3D113AD425FB50002000002A6 5 0_-1A% K
Bnapgenel: = Llle6ayxosa TaTesHa AnekcaHapoBHa HOOP H3MEPSI TOK B IIPEAEIIAX ? Kakoe
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COIIPOTHRIICHHE HYAHO ITOAKIIOHMIITE ITOCIICAOBATCIIEHO OIS TOT'O, YTOOBI T[pHﬁGp MOTI" H3MCPHTD

HanpsckeHue B rpeaenax 0 — 10 B?

3aoaua Ne3

OmpeAelHTh IIPeaeI H3MePeHH TOKa I) B cXeMe IBYXIIPEAeIbHOI0 MHJUTHAMIIEPMETPa
(pHCYHOK 7.1) ¢ TOKOM ITOITHOTO OTKJIOHEHHS PaMKH H3MEPHTEeILHOIro MexaHu3Ma Ia = 50 MKA,
BHYTPEHHHM conporHBiIcHHEM Ra = 1,0 xOM. 3HauYeHHS COIIPOTHBIECHHI PE3HCTOPOB

cryrnenyaroro nrynra Ry = 0,9 Om, R2 =0,1 O

PucyHok 7.1 — [IpuHIOIHaIBEHAS cXeMa

3adaua Ned

OINpeAeliTh 3HAUEHHE COIPOTHBIIEHHSA JI00aBOYHOrO pesucropa Ry, BKIFOUEHHOIO
ITOCIIEIOBATEILHO B IIEIh MAarHUTO3IEKTPHYECKOT O BOIIBTMETPa ¢ IpefernoM usMepeHusa 30 B,
BHYTPEHHHM comnpoTueiIeHHeEM Ry = 1000 OM u 1mkamon Ha 150 meneHmil A1 pacIMpeHHS

IIpeerna u3sMepeHns HarpskeHus 10 300 B. UeMy paBHa 1ieHa JelIeHHT?

K OHMPOJ/IbHbIE 60NPOCHL.

l. [loueMy Hemb3d TIOAKIIOYAThH aMIIEPMETP HEIOCPEACTBEHHO K HCTOYHHKY
HaIIpSDKEHHT?
2. CrexyeT JIH cOOIIOAATh ITOJIIPHOCTh ITOJKIIOYEHHST IH(POBOrO BOJBTMETPa K

I[ETH, B KOTOPOH ITPOTEKAET ITOCTOSHHBIN TOK?
3. KakxoBEI ITpHHITHITHAILHBIE 0COOEHHOCTH HCITOIB30BAHHA ITH(PPOBBIX aMITIePMETPOB
H BOIIBTMETPOR?

4. J[7151 4ero MCIIOIb3YIOTCS TpaHC(pOpMaTOPEI TOKA?

NOKYMEHT MOAMVCAH
ANEKTPOHHOW NOAMMUCHIO
Ceptudpukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lle6Gayxoea TateAHa AnekcaHapoBHa

OMOTKH TpaHc]popMaTOpa ToKa?

BTOPHYHBIX TOKOB TpﬂHC(prMﬂTGpGE TOKa H H3
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7. ][I 4yero HCIoNb3YIOTCS TPpaHC(pOpMaTOphl HAITPSKEHHS?

8. Yemy paBHBI HOMHHAJILHBIE BTOPHYHEIE HAIIPSTKEHHSA TPaHC(OPMATOPOB H H3

KaKHX COOOpakeHHH OHH YCTAHORJIEHBI?

9. JITIs 4ero IpH U3MEPEHHSIX HCITOIB3YIOTCS IITYHTHI?

10. JI1 yero mpH H3MEPEHH SIX HCIIONIB3YIOTCS JOOaBOYHEBIE COIIPOTHRIEHHS?

1. [TpuBemuTe (hOpMYITY MpeoOpa3oBaHHI aMIIEpPMETPa C IITYHTOM?

12. [IpuBemure  Qopmynmy  IpeoOpa3zoBaHHSA  BOIBTMETpPa C  J0OaBOYHBIM
COIIPOTHBIIEHHEM? 3a4YeM HCIIOIB3VIOT HECKOIBKO JOOABOYHBIX COIIPOTHRIIEHHH?

13.  Kak onpefensercsa BXOJHOE COIIPOTHBIEHHE aMIIepMeTpa H BOIbTMeTpa?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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3. Yueono-memoouueckoe u uH@hopmauoHHoe ovecneuerue 0UCUUNTTUHbL

5.1 Ilepeuens OCHO6HOU U 00ROJHUMEIALHOI JUMEPAMypsl, HeOOX00UMOU 011
0C60€HUA OUCUUNIUHbL

5.1.2 Ilepeuens 0CHOGHOIL iUmMep AmMypol:

1. JlanunoB M .M. UHKeHepHBIe CHCTEMBI 3JaHHIL H COOPYKeHHIT (3JIeKTpocHaOkKeHHe C
OCHOBAaMH 3IIEKTPOTEXHHKH) | OMeKTpoHHBIL pecype]| : yueOHoe mmocodue / M.M. Jlanmnos, U.T.
Pomanenko, C.C. McrtpeboB. — DINEKTPOH. TEKCTOBBIE JaHHBIE. — (CTaBpoOItonb. CeBepo-
Kapkazckui QenepanbHbeni yHHBepcHTeT, 2015, — 118 ¢. — 2227-8397. — PexxuM JocTyma:
http://www.iprbookshop.ru/63086.html

2. JlanunoB M .M. UHKeHepHBIe CHCTEMBI 3JaHHIL H COOPYKeHHH (3JIeKTpOoCcHaOKeHHE C
OCHOBAMH 3JIEKTPOTEXHHKH) | OmMeKTpoHHBIH pecypc| : mabopaTopHbII nmpakTHKYM / M.M. Jla-
HIUI0B, M.I'. Pomanenko, C.C. AcTpe®oB. — D3JIEKTPOH. TEKCTOBBIE HaHHBIE. — (CTaBPOITONIb:
CeBepo-KaBkaszckuii (pemepanbHbIi yHHBepcHTeT, 2015, — 135 ¢. — 2227-8397. — Pexum
nocrtyma: http://www.1prbookshop.1u/63085. html

3. JlarumoB, M. M. UHXeHepHBbIe CHCTEMBI 3JIaHHIL H COOPYKeHHI (3IeKTpOocHa0KeHHE C
OCHOBAMH 3IEKTPOTEXHHKH) | OMeKTPOHHBI pecypce]| : yueOHOe mocobue (kypc mekirmit) / M. H.
Hanwiop, M. I'. PomMaHeHKO. — DJIEKTPOH. TEKCTOBBIE AaHHBIE. — CTaBpornonb . CeBepo-
Kapkazckui QenepanbHbei YHHBepcHTeT, 2015, — 223 ¢. — 2227-8397. — PexuM JocTyIa:
http://www.iprbookshop.ru/63087.html

3.1.3 Ilepeuers 00nonMHUMETLHOU JIUMEPAMYPBL:

1. CemeHora H.I'. OnekrpocHaOkeHHe ¢ OCHOBAaMH SNEKTPOTexXHHKH. YacTp 1 [DOnek-
TPOHHEBIH pecypc| : yueOHoe nmocodue / H.I'. CemenoBa, A.T. PauumoBa. — DIIeKTPOH. TEKCTOBEIE
naHHble. — OpeHOypr: OpeHOYPIrcKHH rocyaapcTBeHHbIH YHHBEPCHTET, ObC ACB, 2016. — 142
c. — 978-5-7410-1559-9. — Pexum moctyma: http://www.iprbookshop.ru/69976.html

2. 'opaeeB-bypreun M. A. O0mas s3neKTpOTeXHHKA H 3NeKTPocHa0kKeHHe | STeKTPOH-HBIH
pecypc] : yueGHoe nmocobue / M.A. I'opaeeB-Bypreuil. — OneKTpoH. TeKCTOBBIE JaHHBIE. — M. :
MOCKOBCKHI T'OCYAapCTBEHHBIN CTPOHTEIILHBIN YHHBepcHTET, AH IIln Op Meamna, ObC ACB,
2017. — 470 C. — 978-5-7264-1602-1. — Pexmm IOCTVYIIA:
http://www.iprbookshop.ru/65651 .html

3. TuxoHor A.D. DIeKTPONPHBOL CTPOHTEIHLHOI0 MEXAHH3HPOBAHHOIO HMHCTPYMEHTA

AOKYMEHT NOANMWUCAH | B
SNEKTPOHHOW MOANCHIO ..(D. TuxoHos, B.H. baryes, A.H. J[po3a0B.

Ceptudukar:  12000002A633E3D113AD425FB50002000002A6

OBCKHH T'OCYAAPCTBEHHEIN CTPOHTEILHBIN YHH-
Bnapeneu: lHlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
132



BepcureT, Al [In Op Memna, 5b6C ACB, 2017. — 244 ¢. — 978-5-7264-1520-8. — Pexrm
noctyia; http://www.1prbookshop.ru/64540 . html

4. Konroxora E.A. DnekTpocHaOxeHHe |[DJIeKTPOHHBIM pecypc|: YUeOHHK I BY30B/
Konroxora E.A.— DnekTpoH. TeKcToBbIe JaHHble.— M.: Msgatenbckun oM MOU, 2014 — 510
¢.— Pexamv goctyma: http://www.iprbookshop.ru/33222. — 3BC «IPRbooksy, mo mapomo

5. DnekTpocHaOkKeHHe CTPONTENBHEIX INTOMaei [ OIeKTPOHHBI pecypc|: MeToaHde-CKHe
yKa3aHH/ — DIeKTpoH. TeKcToBbIe JaHHbIe.— CII0.: CaHkT-IleTepOyprekiii rocygap-cTBeHHBIH
APXHUTEKTYPHO-CTPOHUTEILHEIH YHHBepcHTET, ObC ACB, 2014.— 35 c¢.— PexumMm pgo-cryra:

http://www.iprbookshop.ru/33305

5.2 Illepeuens yuedHO-MemoOOUUECKOZO0 oODecneueHUus CcamocmoamevHoll padomsl
o0yuaromuUxca no OUCUUNIUHE

1. Merognueckne peKOMEHAAIMM IS ITOATOTOBKHM K JIa0OPaTOPHBIM 3aHATHSAM I10
THcHHIIIHHEe « MH)KeHepHble CHCTEMBI 3JaHHH H COOPYKeHHH (RIeKTpocHaOKeHHe ¢ OCHOBaMH
BIEKTPOTEXHHKH ).

2. Metogmyeckne peKOMeHAAIMHU JUIS IIOATOTOBKH K ITPAKTHYECKHM 3aHSITHSM I10
qucrprimHe « UHKeHepHBIe CHCTeMBI 3JaHHH H COOpPYKeHHH (3IeKTpocHabXeHHe ¢ OCHOBAMH
AIEKTPOTEXHHKH )».

3. MetoauyecKue peKOMEHIAIIMI IT0 OpraHMU3aI[ii CAMOCTOSATEIIbHON PadOTHl CTYAEHTOB
ITO JUCLIHIIIHHE « AHKeHepHbIe CHCTEMBI 3JJaHHIH H COOPYKeHHI (3IeKTpocHa0kKeHHe ¢ OCHOBaMH

BIEKTPOTEXHHKH )».

3.3 llepeuens pecypcoé UH@OPpMAUILOHHO-MEIEKOMMYHUKAUUOHHOU cemu HumepHem,
HeoOX00UMBIX 019 0C60EeHUA OUCHUUNIUHBL
L. http://www.biblioclub.ru -ObC "YHuBepcurerckas OHOIHOTEKA OHIAH"

2. http://www.iprbookshop.ru/ - OnekTpoHHO- 6HONIHoTEYHasA cucTeMa [PRbooks
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MWHHUCTEPCTBO HAVYKHU U BEICHIET'O OBPA3OBAHUS POCCUHMCKOU OEJIEPAIIUU
OEJIEPAJIBHOE I'OCY JAPCTBEHHOE ABTOHOMHOE OBEPA3OBATEJIEHOE
YUPEXJAEHHUE BEICHIEI'O OBPASOBAHUA
«CEBEPO-KABKA3CKUU ®ENEPAJIBHBIA YHUBEPCUTET»

[Iaruropckwit HHCTHTYT ((roman) CKOY

METOJANYECKHNE YKA3ZAHINA

10 OpraHI3aIIN U IPOBEJCHIIIO CAMOCTOSTEILHEIX PabOT MO JUCIIUIUINHE
«MHXXEHEPHHBIE CUCTEMEI 3TAHUN U COOPYKEHUU (DJIEKTPOCHABXEHUE C
OCHOBAMMH SJIEKTPOTEXHUKH)»

IVISI CTYAEHTOB HaIIpaBJIEHH IIOATOTOBKH
08.03.01 CrpourensctBo, CTPOHTENLCTBO 34aHHH H COOPYKEHH
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ComepKaHHE

BeeneHie
1 OOI1mast XapakTepHCTHKA CaMOCTOSATEIIbHOH paldoTel oOy4aromerocs IIpH

H3VUCHHH JHCIHIIJIHHEBI {{I/IH}I{EHEPI{BIE CHCTEMBI 3JaHHH H GOOP}"}I{EHIHUI

(3reKTpocHA0KeHHE ¢ OCHOBAMH SIIEKTPOTEXHHKI) »

2 [ImaH-TpadHK BEOTOITHEHHS CAMOCTOSTEIIBHOH Pa0OTHI
3 KOHTpOIBbHBIE TOUKH H BHABI OTYETHOCTH 10 HHM
4 MeToanuecKre peKOMeHJal[HH 10 H3YUYEHHIO TEOPETHYECKOTO
MaTepHala
5 YyeOGHO-MeTOHYECKOe H HHPOPMaIIHOHHOEe 00ecIiedeHHe JIH CIIHIIIIHEL
[AOKYMEHT NOANUCAH
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BBeaeHune

CamocTtosrenbHasa pabora — IntaHHpyeMas yueOHast, yueOHO-HCCIeJOBATENb CKasL, HAYUHO-
HCCIIeIoBaTenbckas padoTa CTYIeHTOB, BEITOIHAEMAasI BO BHeAYIHTOPHOE (ayITHTOPHOE) BPeMS I10
3aJlaHHI0 M IIPH MEeTOJHYECKOM PYKOBOJICTBE ITpelofaBarellsl, Ho 0e3 ero HeIlocpedCTBEHHOI O
y4yacTH (IIPH YaCTHYHOM HellocpeJCTBEHHOM YYaCTHH ITpeItoflaBaTellsl, OCTABIISIOIIEM BeVIIYIO
POIIb 3a pabOTOH CTYIEHTOB).

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

Begyimas 1ens opraHusamil H ocyinecTBiIeHHS CPC goimkHa COBIAgaTh C IIEJIBIO
00yUYeHHS CTYAEHTA — IIOATr OTOBKOH 0aKajagpa ¢ BRICIIIHM o0pazoBaHHeM. [Ipu opra”msaiiim CPC
Ba)KHBIM H HeOOXOJZHMBIM YCIOBHEM CTAHOBATCA (POPMHPOBAHHE YMEHHS CaMOCTOSTEIbHOMH
PaboTHI IJ1S1 TPHOOPETEHNS 3HAHII, HABBIKOB M BO3MOKHOCTH OpraHH3aIMH YYeOHOH M Hay4YHOH
HIESTEIILHOCTH.

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

TBOPYECKOIO MOAXO0/a K PEHIEHHIO ITpo0ieM yueOHOr 0 H ITPog) eCCHOHAIIEHOTO YPOBHSI.
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O0nas XapakTepHCTHKA CAMOCTOAT €JIbHOH PadoT bl 00yUaroIerocsi Npu H3yYeHHH

JACIAILIHHBI «IHKeHepHbIe CHCTEMbI 3JAHHI H COOPY KeHHH (NIEeKTPOCHADKEHHE C

OCHOBAMH YIEKTPOTEXHHKH)»

CamocTosTelnpHasa padoTa - IraHnpyeMas yueOHa s, yueOHO-HCClIeJ0BaTeIbCcKasl, HayuHO-
HCClIeJoBaTelIbcKast padoTa CTYIeHTOB, BEIIOIHAeMasI BO BHEAYIHTOPHOE (ayIHTOPHOE ) BPpeMS 11O
3aJJaHHIO0 M IIPH MEeTOJMYECKOM PYKOBOJCTBE IIPENOaBaTelsL, HO 0€3 ero HEIoCpeACTBEHHOIO
y4acTHS (IIPH YaCTHYHOM HEITOCPEICTBEHHOM YYAaCTHH ITPEIIOAAaBaTells, OCTABIISIOIIEM BEIYIIYIO
POIb 3a PabOTOH CTYIEHTOB).

CaMocTosTellbHAA padora CTYIASHTOB B BY3e SBISeTCA BaKHBIM BHIOM YV4ueOHOH H
HAYYHOH JEATEIIbHOCTH CTYAeHTa. CaMOCTOATEIbHAs padoTa CTYAEHTOB HIPAET 3HAYHTEIIFH VIO
POJIb B PEHTHHIOBOH TEXHOIOTHH 00yUeHHS. B CBs3H ¢ 3THM, 00yueHHe B BY 3¢ BKIIroUaeT B ced4
IBE, MPAKTHYECKH OAMHAKOBBIE ITO O0OBEMY M B3aHMOBIIISHHIO YaCTH — IIpoIlecca OOYVUEHHS H
nporiecca camMoooyueHHs. [lostomy CPC pmomkHa craTh >3(QQEKTHBHOH H IlelIeHaIIpaBICHHOI
paboTOH CTYIEHTA.

K coBpeMeHHOMY CITEI[HAIICTY OOINECTBO IIPedb ABISIET JOCTATOUYHO IMMHPOKHI IIEPEUYEHB
TpeOOBaHHH, Cpedd KOTOPBIX HEMAIOBAKHOE 3HAYECHHE HMEeT HalMYHEe Y BHIITYCKHHKOB
OITPENIETIEHHBIX CIIOCOOHOCTEH M YMEHHS CaMOCTOSTEIBHO JOOBIBaTh 3HAHHS H3 Pa3IHUHBIX
HCTOYHHKOB, CHCTEMATH3HPOBATh ITOIYUEHHVIO HH(OPMAI[HIO, JaBaTh OIIEHKY KOHKPETHOM
(pHMHAHCOBOM CHTYallHH. (DOPMHPOBAHHE TAaKOI'0 YMEHHS IIPOHCXOJHUT B TeUeHHE BCETO IIEPHOA
OOYUEeHHS 4Yepe3 YYacTHE CTYJIEHTOB B IIPAKTHYECKHX 3aHSTHSX, BBOIOIIHEHHE KOHTPOIBHBIX
3aJaHHH H TeCTOB, HAITHCAHHE KYPCOBBIX H BBITYCKHBIX KBaIH(PHKAITHOHHBIX pa0oT. IIpH s3TOM
CaMOCTOST eJIbHas padoTa CTYAESHTOB HIPaeT PEIArOIYIO POk B XOE BCEro YueOHOr o IpolIecca.

Benyimasa 1ens opraHmzaipii M ocyinecTBiIeHHs CPC goimkHa COBIAmaTh C IIETBEO
00VYUYeHHS CTYAEHTa — IIOJATOTOBKOHN CIIEI[HAINCTa M OaKajlaBpa C BBRICIIMM OOpaszoBaHHEM. lIpu
opranm3anui CPC BaKHBIM H HeOOXOJHMEIM YCIOBHEM CTAHOBSTCS (DOPMHPOBAHHE YMEHHS
CaMOCTOSITEJIbHOH PadOTHI IJIS IMTPHOOPETEHNS 3HAHUI, HABRIKOB H BO3MOKHOCTH OpraHH3al[iH
yueOHOH H HAYYHOH JIeSTEIIbHOCTH.

DOpPMEI CaMOCTOSITEIIFHOM PabOThI CTYIEHTOB pasHOOOpasHEl. B COOTBETCTRHH ¢ paboueH
IIPOrpaMMON  JHCIMIUIMHEL TIPEAYCMOTPEHEL CIIEAVIOIIE BHIABL CAMOCTOSATEIIBHOH pPabOoTH
CTYICHTA:

- CAMOCTOSTEIILHOE H3YUEHHE IIHTEPATYPHI,

- CAaMOCTOATCIIbHOC PCIICHHE 3a/a™,
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3ad auamu caMOCTOST €JIbHOT'O H3YUEHHS JINTEPATYPHI SBJITIOTCS:

o YIIIyOIIeHHE H PACIIHPEHHE TEOPETHYECKHX 3HAHHI,

* (popMHpOBaHHE YMeHHI HCIIOIh30BaTh HOPMAaTHBHYIO, ITPABOBYIO, CITPaBOYHYEO
JTOKYMEHTALIHIO H CIIEIHAIBLHVIO IHTEPATYPY,

° Pa3BHTHE ITO3HABATEIILHBIX CIIOCOOHOCTEH H aKTHBHOCTH CTVYIEHTOB.

Ilens camocmoamensHozo peuwieHua 3adauy - OBIaJiecHHe IPOQPeCCHOHATBHBIMH
YMeHHSIMH H HaBBIKAMH JeATeIbHOCTH IT0 ITpodiIio OyayIei JesTeTbHOCTH.

3adauamu CaMOCTOST EJIBHOI' O PEIEHHS 3a4a4 SBIISIEOTCAL:

° CHCTEMATH3aI[HI H 3aKpeIUIEHHE IIOIYYEHHBIX TEOPETHYECKHX 3HAHMII H
ITPAKTHYECKHX YMEHHI CTYAEHTOR;

o (pOpMHPOBaHHE CaMOCTOSTEIbHOCTH MBIIIIIEHHS, CITOCOOHOCTEH K CaMOpPa3BHTHIO,
CAMOCOBEPIIEHCTBOBAHHIO H CaMOpPeal3alii;

* Pa3BHTHE HCCIEA0BATEIBCKHX YMEHHI.

Ilenvio camocmoamenbHOZ0 6bINOIHEHUA PACUEMHO-2pAPuUUecKol padomsl TI0
THCIMIUINHE SBIISIETCS OBJIAJeHHe (PYHAAMEHTAIBHBIMH 3HAHHSMH, ITPO()eCCHOHAIBHBIMH
YMeHHSIMH H HaBBIKAMH JIeITeJIbHOCTH I10 IPO]IIII0, OIBITOM TBOPYECKOH, HCCIEI0BaTEIbCKOMH
NesTeIIbHOCTH.

3adauamu JaHHOT O BHIAa CaMOCTOSATEILHON PalOTEI CTYASHTA SBIISEOTCS:

o CHCTEMATH3aI[H H 3aKpeIUIEHHE IIOIYYEHHBIX TEOPETHUYECKHMX 3HAHHH H
ITPAKTHYECKHX YMEHHH CTYAEHTOB;,

o VIIIYOJIEHHE H PacIlPeHHE TEOPETHUYECKIX 3HAHHI,

° (pOopMHpOBaHHE YMEHHH HCIIOIh30BaTh HOPMAaTHBHYIO, ITPABOBYIO, CITPaBOYHYEO
JOKYMEHTAITHIO H CIIEIIHAIIbHVIO JINTEPATYPY,

o Pa3BHTHE IT03HABATEIIFHBIX CITOCOOHOCTEN H aKTHBHOCTH CTYAEHTOB. TBOPYECKOH
HHHI[HATHBEL, CAMOCTOSTEILHOCTH, OTBETCTBEHHOCTH H OPraHH30BaHHOCTH,

* (popMHpPOBaHHE CaMOCTOSTEIbHOCTH MBIIIIIEHHS, CITOCOOHOCTEH K cCaMOpa3BHTHIO,
CAMOCOBEPIIEHCTBOBAHHIO H CaMOpeEarmi3alii,;

° Pa3BHTHE HCCIENOBATEIBCKHX YMEHHI

o HCIIOJIB30BAHNE  MaTepHana, CcoOpaHHOrO H  TIIOINYYEHHOIO B XOJe
CaAMOCTOST €IILHBIX 3aHSITHH Ha CEMHHapaxX, Ha IPAKTHYECKHX M JTa0OpaTOPHBIX 3aHATHSX, ITPH

HaICaHHH KYPCOBOH PadoOTHI.
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B pesymbTare OCBOeHHS JUCIIUIMHBEI (DOPMHPVIOTCS CIEAVIOIMI IIepeyueHb

INIAHHPYCMbBIX PC3VYIIbTATOB Gﬁ}"‘IEHI[}I II0 JHCIHIDIMHE, COOTHECEHHEIX C IIAHHPYCMbIMH

pe3ylbTaTaMH OCBOEHHS 00pa30BaTelIbHOH ITPOrPaMMEI:

[ ImaHupyemMelie pe3yibTaThl
OOYUYEHHS 110 JHCIIUIUIHHE
Kox, popmymiporka Kox, popmymiporka (MOZYIIXO),
KOMIIET €HI[HI HHIHKaTOpa XapaKTEPH3YIOII[HE ATaITbI
(pOpMHPOBaHH
KOMIIETEHIIHH, HHIHKATOPOB
3HaeT 00 OCHOBHBIX 3aKOHAX
BIIEKTPOTEXHHUKH, OCHOBHEIE
OITPEIETIEHI 5L,
TOIIOJIOTHYECKHE TTapaMeTPhI
1 METOJIBI pacueTa
3JIEKTPHYECKHX IIETIEH.
OCHOBBI NIEKTPOHHKH U
3IIEKTPHYECKHE H3MEPEHH AL
| YMeeT MIPUMEHSTE ITPHHITHIIBL
OIIK-1 CriocoGeH perarh MNJ1-2omx-1 [IprmmeHser b PHHIY
- - IIOCTPOEHHS, aHAIIH3a 1
3aJauH Ipod)eCCHOHATIBHON MaTEeMaTHYECKIH armnapar
SKCILTYaTal[HIH
IEeSTEIFHOCTH Ha OCHOBE TEOPHH () YHKI[HH -
3IIEKTPHYECKHUX IIETIEH,
HCIIOIb30BaHI A HECKOJIBLKHX ITePEMEHHEIX,
- BIIEKTPOOOOPYAOBAaHHSI H
TEOPETHYECKHX H TEOPHH () YHKITHI
ITPOMBIIIUIEHHBIX
ITPaKTHYECKHX OCHOB KOMITJIEKCHOT'O TIEPEMEHHOTO,
3JIEKTPOHHBIX ITPHOOPOB.
ECTECTBEHHBIX H TEXHIYECKHX TEOPHUH PSAJIOB, TEOPHH Braneer
HayK, a TaKXKe I (p(pepeHIHAILHBIX -
T, bbep y BIEKTPOTEXHHUYECKOH
MaTeMaTHYECKOrO arrapara YPaBHEHHI 9
armrapaTypoH |
3JIEKTPOHHBIMHU
YCTPOHCTBAMH, IIPHMEHEHHEM
METOIOB TEOPETHYECKOT O H
3KCIIEPHMEHTAIIBHOT'O
HCCIIEIOBAHN B
BIEKTPOTEXHUKE H
IIPOMBIIIUIEHHOH
BIEKTPOHHKE.
3HaeT 00 OCHOBHBIX 3aKOHAX
| BIIEKTPOTEXHHUKH.
WJI-1omx-3 [IpumeHser b
OIIK-3 CriocobeH ImpHHHMATH YMeeT IIPHUMEHSTE ITPHHIIIBL
OITIICAHHE OCHOBHBIX
PEIEeHS B - IIOCTPOEHHS, aHAIIH3a 1
- CBEIEHII 00 OOBEKTaxX U
Ipo(eCCHOHAIILHOM cepe, —— SKCILTYaTal[HIH
HCITONIB3YS TEOPETHUECKHE P . 3IIEKTPHYECKHUX IIETIEH,
ITpodeCcCHOHAILHOM
OCHOBBI H HOPMaTHBHYIO Oa3y BIIEKTPOOOOPYAOBAaHHSI H
- | HesATeIbHOCTH IIOCPEACTBOM
CTPOMTEILCTBA, CTPOHTEILHOMH ITPOMBIIIUIEHHBIX
HHIYCTPHH M KHIIHIIHO HETOILSOBAHILA 3JIEKTPOHHBIX ITPHOOPOB
- IpopeccHOHaILHOM '
KOMMYHAaJILHOI'O X035 CTBA BrasieeT HaBRIKaMH
TEPMHHOJIOT M
ITPUMEHEHH ST OCHOBHBIX
ONOKYMEHT NOANUCAH 3dKOHOB BHEI{'IPGTEXHI]IGI.
ANEKTPOHHOWM NMOANMUCHIO
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ILlnan-rpadguK BbINOJIHEHHA CAMOCTOAT eJIbHOH PadoThbI

Konbr OO0BeM YacoB, B TOM UHCIIE
peann3yeMBIX Bua negrenbHOCTH iii?;i; KG;I;;THKT&H;H
KOMIIET €HI[HII, CTYIEHTOB CPC p Bcero
HH mKaTopa(oB) OI[eHKH ITperoaaBar
erreM
> CEMECTP
CaMOCTOSTelILHOE
H3VUeHHe THUTepaTypel | CobecemoBanme | 29,16 3,24 324
1mo TemaM Ne1-9
OITK-1 EE‘;’{M‘;’:;EK& K CoGecenmoparme | 1.215 0,135 1.35
N-2omx-1 o
OTK-3 [IoaroToBKa K
M-l o 1adopaTOPHEIM CobecegoBanne | 3,645 0,405 4,05
LIS 3aHSITHSIM
IloaroroBka K YR
IPAKTHYECKHM 2.43 0,27 2.7
3ajada
3AHATHSIM
Hrtoro 3a S cemectp: | 36,45 4,05 40,5
Hroro: | 3645 4,05 40,5
[IOKYMEHT MNMOAONWCAH
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KﬂHTpﬂ.}IhHhIE TOYTKH H BHIbI OTHECTHOCTH ITO HHIM

No BuJ nesrebHOCTH CTYIEHTOB CpoKH KomnmuectBo
TI/TI BBITTOJTHEHH S OaJuIoB
S cemecTp
I. [IpakTHueckoe 3aHaTHE No 2 6 Helemnsd 25
2 JlaGopaTopHoe 3aHATHE No 3 10 Hepensa 15
3. IIpakTHyeckoe 3aHATHE Neo 7 16 Henensa 15
Hroro 3a S cemectp 55
HToro 55

MakcHMaIbHO BO3MOKHBIN 04Ul 3a BECh TEKYIIHH KOHTPOIb MaKCHMAIBHO BO3MOKHEIH

0almn 3a BeCh TEKVIINHH KOHTPOIL VYCTAaHABIMBAETCS PaBHBIM J55. Tekyilnee KOHTPOIBHOE

MCPOIIPHATHE CHHTACTCA COAHHBIM, CCIIM CTVIACHT IIOIIVYIII 3d HCIO HC MCHCC 60% ot

YCTAaHOBJICHHOI'O [JIA S2TOI0 KOHTPOIAd MAKCHMAJIbBHOI'O

Oana.

PeHTHHTrOBBIN  Oami,

BBICTABIISIEMBIH CIVIACHTY 3d TCKYIICC KOHTPOJIbHOC MCEPOIIPHATHE, CIAdHHOS CTYICHTOM B

YCTAHOBJIEHHBIE T'PAa(pHKOM KOHTPOIbHBIX MEPOIPHATHH CPOKH, OIPEIEISeTCS CIIe]YEOIHM

oOpaszoM:
YPOBEHD BEITIOJIHEHH I KOHTPOIBHOI'O PelrruaTroBBII Oam1 (B % OT MaKCHMAJILHOT O
3aTaHIT Oama 3a KOHTPOIBHOE 3aJaHue)
OTIIYHEIH 100
XOpOIHH 30
Y IOBIETBOPHUTEIILHEBIH 60
HeymorneTBOpHTEILHBI 0
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MeTtomueckne PEKOMERIANNN IO NH3YUCHHIO TCOPETHYIECKOI'0O MAaTEepHaAJIA

CaMocTosTEelIbHAA padoTa CTYJAEHTa HAUYMHAETCS C BHHMATEIIBHOIO O3HAKOMIIEHHS C
coJiepKaHHeEM yueOHOro Kypca.

M3ydeHHe KaKIOH TEMEBI CIIEAYET HAUHHATh C BHUMATEIIPHOI O O3HAKOMIIEHHS ¢ HabOpoM
BOIIPOCOB. OHH OPHEHTHPYIOT CTYAEHTA, ITOKA3BIBAIOT, YTO OH JOIDKEH 3HATh IO JaHHOH TeME.
BoImpocel TeMBI KaK OBl HAKIIAARIBAFOTCS HA COOTBETCTRYIOIIYIO ITIaBy H30paHHOI0 YueOHMKa HITH
yueOHOro rmocodus. B Hrore JOIXKHO OBITH SICHBIM, KaKHE BOIIPOCHI TEMBI YUEOHOI0O Kypca H C
KaKOH T'JIYOHHOH PacKpBITEI B KOHKPETHOM YUeOHOM MaTepHalle, a KakKHe BOOOIIE OITYIIEHBHI.
Tpebyercsa TBOPUECKOE OTHOIIEHHE H K CaMOMY COAEPKAHHIO JHCIHIUIHHEI.

BOITpOCEL, COCTABILIONIHE €€ COJEpKaHHe, 00IaJgarT Pa3sHOH CTEINEHBIO BaXKHOCTH. ECTh
BOITPOCHI, BBIOTOTHSIONIHE (PYHKIHIO JTOTHYeCKOH CBSI3KH COAep’KaHHSI TeMBl H BCero Kypca,
HMEIOTCS BOIIPOCH] OITHCATEIFHOIO WIH Pa3zbsSICHHUTEIBFHOIO XapaKTepa, a TaKKe HCTOPHYECKOI O
BSKCKypca B 00IacTh HM3y4YaeMOH AHCIHIUIHMHBL. BCe 3TH BOIIPOCH HE COCTABIISIOT CYTH IIOHS-
THHHOI'O, KOHIIENITYAJIBHOI'O COAEPKaHHS TEMBI, HO HEOOXOIMMBI IS IETOCTHOIO BOCIIPHATHS
H3YYAEMBIX ITPOOIIEM.

HM3yyaeMass QUCIMIUIHHA MMEET CBOH KaTerOpHalIbHO-TIOHATHIHEBLIN armiapar. HayuHEIe
IIOHSTHSA — 53TO Ta 0aza, Ha KOTOPOH CTPOHTCS Kaxkiaas HayKa. [ IOHSTHS — VY3IIOBBEIE, OIIOPHEIE
ITYHKTHI KaK HAYYHOI'0, TaK H YUYeOHOI0 ITO3HAHHS, JIOTHUYECKHE CTVIIEHH JBIKEHHSI B yuebe OT
ITPOCTOrO K CIIOKHOMY, OT SBIIEHHS K CYIIIHOCTH. be3 SICHOrO IIOHMMAHHS ITOHATHH yuyeba KpalHHe
3aTPYAHSETCS, 4 COAEPKAHHE IIPHOOPETEHHBIX 3HAHHI CTAHOBHTCS TYCKIIBIM, PACIUIBIBUATHIM.

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

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

YroOBl HE «YTOHYTB» B OI'POMHOM OOBEME PEKOMEHJOBAHHBIX €MY IS H3YUYEHHSI
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[IpemBapHTENbHBIN ITPOCMOTP KHHIH BKIIIOYAaeT O3HAKOMIIEHHE C THTYIIBHEIM JIHCTOM
KHUTH, AaHHOTAIMEH, IIPEIHCIOBHEM, OIJIaBIcHHeM. [IpHM O3HAKOMIIEHHMH C OIJIAaBIIEHHEM
He0OXOANMO BBIJEIIHTE Pa3eiibl, ITIaBEl, ITaparpadsl, IIpeACcTaBILIIONIHE IS Bac HHTepec, Oero
HX IIPOCMOTPeTh, HAHTH MecTa, OTHOCSINHecS K TeMme (a03allbl, CTpaHHIBI, ITaparpadsl), H
ITO3HAKOMHTHCS ¢ HUMH B OOIIHX YepTax.

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

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

['myGxe MMOHATE cofiepKaHIe KHITH ITO3BOILIEOT BCTYITHTEINEHAS CTaThSL, B KOTOPOH JTacTCs
OLIEHKA COJep KaHHSI KHHIH, 3aTparHBaeMOH B HeH IpoOIIeMaTHKH, COAEPKUTCI HH(POPMAIIHI O
’KH3HEHHOH H TBOPYECKOH OHOrpa(HH aBTOpa, BHICKA3BIBAIOTCS ITOJIEMHYECKHE 3aMeYaHHS,
PA3BACHSIOTCS OTJENBHEIE ITONMOKEHHS KHHIHM, MAlOTCI KOMMEHTApHH H T.h. BoTr Imouyemy
3HAKOMCTBO C BCTYIIHTEIIbHOH CTAaThbeH MPeACTaBISIeTCsI OYEHD BaKHBIM: OHO ITIOMOTaeT CTYAEHTY
COPHEHTHPOBAThCSA B TEKCTE PabOTEL, 0OpaTHTh BHHMAHHE Ha c¢ HaHOolee LEHHBIE H BaKHBIE
pa3eIbl.

Toit Ke LenH COMEHCTBYET 3HAKOMCTBO C OITIABIEHHEM, ITPEIHCIIOBHEM, ITOCIIECIIOBHEM.
BecbMa IIOIE€3HBIMH 3JIEMEHTAMH HAY4YHOI'O arlrapara SBISIOTCS CHOCKH, KOMMEHTapHH,
TaOIHIIBI, Tpa) MKH, CITHCKH IHTePaTyphl. OHH He TOIBKO WIITIOCTPHPYIOT OTAEIbHEIE ITOJIOKEHHS
KHHTH HJIH CTaThH, HO H CaMH IT0 ce0e SBIISEOTCS JOITOJIHHTEIIFHEIM HCTOYHHKOM HH(()OPMALHH
IULST YHTATENIS.

Ecinu uynrarens 3aHHTepecoBajia KakKas-TO BBICKa3aHHAs aBTOPOM MBICIIb, He HaIleIIas
ITOAPOOHOI0 OCBEIEHHS B JAHHOM HCTOYHHKE, OH MOKET OOpaTHThCA K TEKCTY HCTOYHHKA,
YIIOMHHAEMOI'O B CHOCKE, THOO K HCTOUHHKY, KOTOPBIH OH MOKET HAHTH B CITHCKE JIMTEPaTyPHL,
PEKOMEHJOBAHHOH aBTOPOM IS CAMOCTOSATEIILHOI O H3YUEHHA.

CyIIeCTBYeT HECKOIBKO (POPM BEJEeHH S 3aITHCEH:

— IUTaH (IIpOCTOH H pa3BepHYTHIH) — HanOolIee KpaTKas (popMa 3aImHCH IIPOYHT aHHOIO,
IPEACTABILIIONIAS COOOH IIEpedYeHb BOIPOCOB, PAaCCMATPHBAEMBIX B KHHIE€ MM CTaThe.
PasBepHYTHIH IUIaH IIPeACTaBIIET coOOH Oornee IOAPOOHYIO 3allHCh IIPOYHTAHHOIO, C
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— Te3HCHl — KPaTKO C(OPMYIHPOBAHHBIE ITOTO0KEeHHS, OCHOBHBIE IMONNOXEHHS KHHTH,
craThH. Kak ITpaBHIIO, T€3HCHI COCTABILIIOTCS ITOCTIE IIPEABAPHTEIIFHOIO 3HAKOMCTBA C TEKCTOM
HCTOYHHKA, IIPH €ro ITOBTOPHOM ITPoYTeHHH. OHH ITOMOTar0T 3alIOMHHTEL H CHCTEMAaTH3HPOBATh
HH(OPMAIIHIO.

CocTaBjIeHHE KOHCIIEKTOB

Bombmryto poilb B YCBOSHHH M ITIOBTOPEHHH MPOMHISHHOr0 MaTepHada HrpaeT XOPOIIIHit
KOHCITEKT, COAlep Kallliii OCHOBHBIE HAEH ITPOYHTAHHOIO B YUeOHHKE H YCIIBIIIAHHOIO B JIEKI[H.
KoHCIeKT — 3T0, TI0 CYIIEeCTBY, HAOPOCOK, pa3BEPHYTHIH ITIaH CBSI3HOI'O paccKasa IT0 OCHOBHBIM
BOITPOCAM TEMBEI.

B Kakoii-TO Mepe KOHCHEKT paccYuTaH (B 3aBHCHMOCTH OT HHIHBHIYaJIbHBIX
ocoOeHHOCTeH CTyJeHTa) He TOIBKO Ha HHTEIUIEKTYaIbHYIO H SMOIHOHAJIbHYIO, HO H Ha
3PHTEIBHYIO ITaMATh, IIPHYeM TeKCT KOHCIIEKTa HEpPeJKO aCCOIMHPYETCS eIlle U ¢ TeKCTOM
yueOHHKa HIH 3allHChIO JIeKIHH. [Io3TOMy Jerde 3allOMHHAETCS COJlep/KaHHe KOHCIIEKTOB,
HaITHCaHHBIX pa300pYHBO, ¢ MOJYePKHBAHHEM HJIH BHIJEIIEHHEM Pa3pSAKOH KIIFOUEBBIX CIIOB H
hpas.

CaMOCTOATEIbHO H3YYeHHBIe TeMBl IIPelOCTABISIOTCS IIpeloJaBaTelto B (opme
KOHCITeKTa, IT0 KOTOPOMY IIPOHCXOAHT cobeceoBaHHe. TeopeTHUecKHe TeMBI Kypca (OTIeNTbHbIE

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

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
144



Yyeorno-memoouueckoe u UHPopmaluoHHoe obecneueHue OUCUUNIUHbL

Ilepeuens 0CHO6HOUI U 0ONOJIHUMENLHOU JIUMEPAMYPbl, HEODXO00UMOU 011 0C60EHUA
O UCHUUNIUHDBI

Ilepeuens ocHOGHOU mMepamypul:

1. JlanunoB M .M. UHKeHepHBIe CHCTEMBI 3JaHHIL H COOPYKeHHIT (3JIeKTpocHaOkKeHHe C
OCHOBAaMH 3IIEKTPOTEXHHKH) | OIeKTpOoHHBIL pecype| : yueOHoe nmocodue / M.M. Jlanmnos, U.T".
Pomanenko, C.C. McrtpeboB. — DINEKTPOH. TEKCTOBBIE JaHHBIE. — (CTaBpoOItonb. CeBepo-
Kapkazckui QenepanbHbeni yHHBepcHTeT, 2015, — 118 ¢. — 2227-8397. — PexxuM JocTyma:
http://www.iprbookshop.ru/63086.html

2. JlanunoB M .M. UHKeHepHBIe CHCTEMBI 3JaHHI H COOPYKeHHH (3JIeKTpocHaOXeHHe C
OCHOBAMH 3JIEKTPOTEXHHKH) | OmMeKTpoHHBIH pecypc| : mabopaTopHbII nmpakTHKYM / M.M. Jla-
HIUI0B, M.I'. Pomanenko, C.C. AcTpe®oB. — D3JIEKTPOH. TEKCTOBBIE HaHHBIE. — (CTaBPOITONIb:
CeBepo-KaBkaszckuii (pemepanbHbli yHHBepcHTeT, 2015. — 135 ¢. — 2227-8397. — Pexum
nocrtyma: http://www.1prbookshop.1u/63085. html

3. JlarumoB, M. M. UHXeHepHBbIe CHCTEMBI 3JIaHHIL H COOPYKeHHI (3IeKTpOocHa0KeHHE C
OCHOBAMH 3IEKTPOTEXHHKH ) [ DMeKTPOHHBI pecypce]| : yueOHOe nmocobue (kypc mekimii) / M. H.
Hanwiop, M. I'. PomMaHeHKO. — DJIEKTpPOH. TEKCTOBBIE AaHHBIE. — CTaBpornonb . CeBepo-
Kapkazckui QenepanbHbei YHHBepcHTeT, 2015, — 223 ¢. — 2227-8397. — PexuM JocTyIa:
http://www.iprbookshop.ru/63087.html

Ilepeuers 0ononHumenbHOU IUmMepamypsl.

1. Cemenora H.I'. OnekrpocHaOkeHHE ¢ OCHOBAMH 3JIeKTpoTexHHKH. YacTh 1 [DOnek-
TPOHHEBIH pecypc| : yueOHoe nmocodue / H.I'. CemenoBa, A.T. PauumoBa. — DIIeKTPOH. TEKCTOBEIE
naHHble. — OpeHOypr: OpeHOYPIrcKHH rocyaapcTBeHHbIH YHHBEPCHTET, ObC ACB, 2016. — 142
c. — 978-5-7410-1559-9. — Pexum gocryia: http://www .iprbookshop.rmu/69976. html

2. 'opaeeB-bypreun M. A. O0mas s3neKTpOTeXHHKA H 3NeKTPocHa0kKeHHe | STeKTPOH-HBIH
pecypc] : yueGHoe nmocobue / M.A. I'opaeeB-Bypreuil. — OneKTpoH. TeKCTOBBIE JaHHBIE. — M. :
MOCKOBCKHI T'OCYAapCTBEHHBIN CTPOHMTEILHBIN VHHBepcHTET, AN IIn Op Meana, Ob5C ACB,
2017. — 470 C. — 978-5-7264-1602-1. — Pexmm IOCTVYIIA:
http://www.iprbookshop.ru/65651 .html

3. TuxoHor A.D. DIeKTPONPHBOL CTPOHTEIHLHOI0 MEXAHH3HPOBAHHOIO HMHCTPYMEHTA

AOKYMEHT NOANMWUCAH | B
SNEKTPOHHOW MOANCHIO ..(D. Tuxonor, B.H. baryes, A.H. [{po3aoB.
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BepcureT, Al [In Op Memna, 5b6C ACB, 2017. — 244 ¢. — 978-5-7264-1520-8. — Pexrm
noctyia; http://www.1prbookshop.ru/64540 . html

4. KonroxoBa E.A. DnekrpocHaOxeHHe |OIeKTPOHHBIM pecypc|: YUeOHHK JJISI BY30B/
Konroxora E.A.— DnekTpoH. TeKcToBbIe JaHHble.— M.: Msgatenbckun oM MOU, 2014 — 510
¢.— Pexamv goctyma: http://www.iprbookshop.ru/33222. — 3BC «IPRbooksy, mo mapomo

5. DnekTpocHaOkKeHHe CTPONTENBHEIX IO aiei | OIeKTPOHHBI pecypc|: MeTomye -CKHe
yKa3aHH/ — DIeKTpoH. TeKcToBbIe JaHHbIe.— CII0.: CaHkT-IleTepOyprekiii rocygap-cTBeHHBIH
APXHUTEKTYPHO-CTPOHUTEILHEIH YHHBepcHTET, ObC ACB, 2014.— 35 c¢.— PexumMm pgo-cryra:

http://www.iprbookshop.ru/33305

Ilepeuens yuedOHO-MemoOUUECKOZ0 oODecneueHUus CcamoCcmoasmenbHoil padomslt
o0yuaromuUxca no OUCUUNIUHE

1. Merognueckne peKOMEHAAIMM IS ITOATOTOBKHM K JIa0OPaTOPHBIM 3aHATHSAM I10
THcHHIIIHHEe « MH)KeHepHble CHCTEMBI 3JaHHH H COOPYKeHHH (RIeKTpocHaOKeHHe ¢ OCHOBaMH
BIEKTPOTEXHHKH ).

2. Metogmyeckne peKOMeHAAIMHU JUIS IIOATOTOBKH K IPAKTHYECKHM 3aHSTHSAM I10
qucrprimHe « UHKeHepHBIe CHCTeMBI 3JaHHH H COOpPYKeHHH (3IeKTpocHabXeHHe ¢ OCHOBAMH
AIEKTPOTEXHHKH )».

3. MetoauyecKue peKOMEHIAIIMI IT0 OpraHMU3aI[ii CAMOCTOSATEIIbHON PadOTHl CTYAEHTOB
ITO JUCIIHIUIHHE « AHKeHepHbIe CHCTEMBI 3JJaHHIH H COOPYKEHHI (3IeKTpocHaOKeHHe ¢ OCHOBAMH

BIEKTPOTEXHHKH )».

Ilepeuens pecypcoé uUHPOPpMAUUOHHO-MEIEKOMMYHUKAUUOHHOU cemu HumepHem,
HeoOX00UMBIX 019 0C60EeHUA OUCHUUNIUHBL
L. http://www.biblioclub.ru -ObC "YHuBepcurerckas OHOIHOTEKA OHIAH"

2. http://www.iprbookshop.ru/ - OnekTpoHHO- 6HONIHOTEYHasA cucTeMa [PRbooks
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