OEJIEPAJIBHOE ATEHTCTBO XEJIE3HOJJOPOXKHOI'O TPAHCIIOPTA

denepanbHOE FOCYAAPCTBEHHOE OFOKETHOE 00Pa30BaTEIbHOE YUPEKACHUE
BbICLIIEr0 00pa30BaHUs
«MpKyTCKH TOCYAapCTBEHHBIH YHUBEPCUTET MTyTEH COOOIICHUS»
(®I'bOY BO UpI'VIIC)

YTBEPXJIEHA
MPUKA30M PEKTOpa
oT «30» masg 2025 r. Ne 51

b1.0.32 Teopernuyeckne 0OCHOBBI 3JICKTPOTEXHUKHU

pabouyas mporpaMmMa JUCHMUILIAHBI
CrnennanpHOCTh/HampaBienne moArotoBkun — 23.05.05 CucreMbl obecniedeHus JBHXKEHUS

Ioc310B

Cneunanmaul/m/ HpO(bI/IJ'IB - TGHGKOMMVHI/IKaIII/IOHHI)IC CUCTEMBI U CCTHU XKCJIC3HOJOPOKHOI'O

TpaHCIIOopTa

Kpanmuukanwst BeITycKHUKA — MH)KEHEp IyTel COOOIICHUS
®opma u cpok 00yueHus — ouHas dhopma 5 1eT; 3aouHas ¢opma 6 et

Kadenpa-pa3zpaboTunk mporpaMmmsbl — DIEKTPOIHEPreTHKA TPAHCIIOPTA

OO0mmast TpyZOEMKOCTS B 3.€. — 8

Yacos o yaebrOoMy 1uany (YII) — 288

Ounasi popma o0yueHnust

DopMbI IPOMEKYTOYHON aTTECTALUH
ouHas popma oOydIeHUS:

3a4eT 5 ceMecTp, IK3aMeH 4 ceMectp
3ao04Has Gpopma oOydeHuUs:

3a4eT 3 Kypc, 3K3aMeH 3 Kypc

Pacnpez[e.neﬂue YaCoB JUCHHUILJIMHBI 11O CEMECTPaM

Cemectp 4 5 Hroro
Bup 3ansaruii Yacos o YII Yacos no YII Yacos no YII
AyauTOpHAsi KOHTAKTHas
padoTa no BMAAM y4eOHbIX 68 68 136
3aHATHIH/
B T.4. B popme ITIT*
— JIEKIIUU 34 34 68
— TIIpaKTHYECKUe (CEeMUHAPCKUE) 17 17 34
— n1abopaTopHBIE 17 17 34
CamocrosiTesibHasI pagoTa 40 76 116
JK3amMeH 36 36
Hroro 144 144 288
3aounas ¢gopma o0yueHus Pacnpenesienue 4acoB TUCHUTIJIMHBI IO CEMeCTPaM
Kypc 3 Hroro
Bup 3ansaruii Yacos no YII Yacos no YII
AyAuTOpHAsi KOHTAKTHasl
padoTa no BUAAM Y4eOHBIX 32 32
3aHATHI/
B T.4. B popme ITIT*
— JEKLHAA 16 16
— NpaKkTHYeCcKHe (CeMHUHapCKHe) 8 8
— J1a00paTOpHbBIE 8 8
CamocrosiTesibHast padoTa 234 234
3auer 4 22
JK3amMeH 18 0
Hroro 288 288

NPKYTCK

ONEeKTPOHHbIV AOKYMEHT BbirpyxeH n3 EMC ®IrbOY BO Upl'YTC n cooTBeTCTBYET OpUrnHany

Mopnucant ®re0Y BO UplYTC Tpodumos HO.A.
009B9D93267016946D4792FA33A1E1FAES ¢ 22 anusaps 2025 r. no 17 anpens 2026 r.Mognuce
COOTBETCTBYET (haviny AOKyMeHTa

]
LIPTYTC



Pabouast mporpamMmma mMCHUIUTMHBI pa3paboTaHa B COOTBETCTBUHU C (elepabHBIM
rOCYIapCTBEHHBIM 00pa30BaTEIbHBIM CTAHIAPTOM BBICIIETO 00pPA30BaHUS — CIICIUATUTET TI0
crenpanbHOcTH  23.05.05 Cucrembl oOecrieueHUs IBWIKEHUS TIOE37I0B, YTBEPKICHHBIM
[Tpukazom MunoOpuayku Poccun ot 27.03.2018 1. Ne 217.

[Iporpammy cocraBui(u):
K.T.H., A0oleHT, goueHT, A.Il. CtenanoB

PaGouass mporpamMma paccMoTpeHa W Of00peHa /i HCIOJIb30BaHHUS B yUECOHOM
npoliecce Ha 3aceanuu Kadeapsl «DIEKTPOIHEPTeTUKA TPAHCIIOPTay, IPOTOKOJI OT «20» Mas
2025T. Ne 9

3aB. kadenpou, KaHI. TEXH. HayK, TOIICHT B.A. TuxomupoB

COT'JTACOBAHO

Kadenpa «ABTomMaTuka, TeieMeXaHUKa B CBSA3b», TPOTOKOJ OT «20» mas 2025 r. Ne 12

3aB. kadenpou, KaH/a. TeXH. HayK, TOIICHT A B. IlynptsixoB



1 IIEJIA U 3AJJAYM JUCHUTLIMHBI

1.1 Hean (uCUMIITHHBI

1 co3JaHMe  HaydHOH  0a3pl Ui TOCIEOYIOIIEr0  OCBOCHUS  PA3IMYHBIX  CHEIHAIbHBIX
IEKTPOTEXHUIECKUX AUCIUILIIH

2 OCBOCHHE NPAKTHYECKOH pPabOTBl MO COOpKE 3JIEKTPUYECKHUX CXEM M H3MEPEHHIO Pa3IM4YHBIX
IIEKTPOTEXHUYECKUX BEIUUUH

1.2 3apayuu JUCHMILUIMHBI

1 OCBOGHHE TEOPHU (U3HMUECKUX ;IBneHHfI, MIOJIOKEHHBIX B OCHOBY CO3IaHUS M ()yHKIMOHHUPOBAHUS
Pa3INYHBIX 3JIEKTPOTEXHUUECKHX YCTPOICTB

2 MPaKTHYECKOE OCBOCHHE METO/OB pacueTa PEeKUMOB PabOTHI AIEKTPUUYECKUX IIENIeH M COCTOSHUM
IEKTPUUECKHUX, MATHUTHBIX M 3JIEKTPOMATHUTHBIX MOJIEH

1.3 Ileqs BoCIUTAHMS W 331241 BOCIUTATEJILHOH PadOThl B PAMKAX TUCIUIIIHHBI
[TpodeccrnoraIbHO-TPYIOBOE BOCIIUTAHHE O0YUIAFOIINXCS
Lens mnpodeccHoHaNbHO-TPYAOBOrO  BOCHHMTaHHMS — (OpMHpOBaHHME Yy  OOydYaloOIIMXCS OCO3HAHHOW

podeCCHOHANBHOM OPUEHTAINH, TOHUMAHHUs OOIIECTBEHHOTO CMBICHIA TPYAA U 3HAYMMOCTH €T0 JUIs ce0s INIHO,
OTBETCTBCHHOTO, CO3HATEIBHOTO M TBOPYECKOTO OTHOIICHHMSA K OyAymied AeATeIbHOCTH, NMPOQeCcCHOHATBHON
9THKH, COCOOHOCTH MPEABUAETh N3MEHEHHS, KOTOPhIE MOTYT BOSHUKHYTH B IPO()ECCHOHAIBHOH NEATENbHOCTH, U

YMEHUIO paboTaTh B M3MEHEHHBIX, BHOBb CO3/IaHHBIX YCIOBHUSIX TPYIA.
Lenpb qocTHraeTes MO MEpe PElIeHUs B €IMHCTBE CICAYIOIINX 3a/1a4:

— (popMuUpOBaHKE CO3HATEIHLHOTO OTHOIICHHS K BRIOPaHHOI Ipodeccuu;
— BOCIHUTAHHUE YECTHU, TOPIOCTH, JIFOOBU K MPOGECCHH, CO3HATEILHOTO OTHOIICHHUS K MPO(eCCHOHATIEHOMY JI0JITY,
MMOHUMAEMOMY KaK JIMYHAsi OTBETCTBCHHOCTh M 00S3aHHOCTb;
— (popmupoBaHKE NCHX0JIOTUH NpodeccHoHana;
— (opmupoBanue MpoeCCHOHATBHON KYIBTYPBI, 3ITUKU IPOPECCHOHATLHOTO OOIICHUS;
— (GopMHpOBaHHE COIMATIBHON KOMIIETCHTHOCTH M JPYTHE 3aJaud, CBs3aHHBIC C HMMHKeM mnpodeccuu u
ABTOPHUTETOM TPAHCIIOPTHOM OTpaciu

2 MECTO JUCIMIIVIMHBI B CTPYKTYPE OIIOII

brox/gacte OIIOII ‘ brnok 1. luctuniunst / O0s13aTenbHast 4acTh

2.1 JIncuMn/JMHbI M NPAKTHKH, HA KOTOPbIX OCHOBBIBAETCS H3yYeHHUe JaHHON JMCIUILIUHBI

b1.0.33 DnexTpuueckue MaliuHbl

b51.0.34 Teopusi TUCKPETHBIX YCTPOICTB

b1.0.35 DnexTponuka

AIWIN -

b2.0.01(Y) YueGHas - 03HaKOMUTENbHAs TPAKTHKA

2.2 JIncuMnJMHbI ¥ NPAKTUKH, 1JIs1 KOTOPbIX M3yYeHUe JAHHON M CUMIIJIMHbBI

He00X0IMMO KaK npeamecTByrouiee

b1.0.37 TeopeTnyeckue OCHOBBI aBTOMAaTHKH U TE€JIEMEXaHUKU

b1.0.43 Teopus nepenadn CUTHAJIOB

b51.0.44 MukpomnporeccopHble HHPOPMAITHOHHO-YIIPABIISIONINE CHCTEMBI

Bb1.0.45 INepemaya quCKpETHRIX COOOIICHUH Ha JKEJIE3HOAOPOKHOM TPAHCIIOPTE

b1.B.ZIB.03.01 Kanamoo6pa3ymiye ycTporicTBa aBTOMATUKH, TEJIEMEXaHUKHU U CBSI3U

b1.B./IB.04.01 DnexTponuTaHue yCTpOMCTB aBTOMATHKH, TEJIEMEXAHUKH U CBS3H

b52.0.02(IT) [TpousBoaCTBEHHAS - TEXHOJIOTHUECKAsK MPAKTHKA

ONO A WN -

b3.01(/1) BeinonHenune BbINyCKHOW KBATU(PHUKAIIMOHHOW pabOTHI

3 IIJIAHUPYEMBIE PE3YJIbTATBIOBYUYEHMUS 11O JUCIHUIIVIMHE,
COOTHECEHHBIE C TPEBOBAHUAMMU K PE3YJIBTATAM OCBOEHUA
OBPA3OBATEJIBHOM ITPOI' PAMMBbBI

Kon n
HAauMMEHOBaHHe
KOMIIETEHIIHH

Kon u HammeHoBaHHe
HHIMKATOPA JOCTUKEHHUS
KOMIIETEHIIHH

IInanupyemsie pe3yJabTaThl 00y4eHUS

IIK-1 Cnocoben
OpraHU30BBIBATH U
BBITTOJTHATE PabOTHI

[K-1.1 [MpumeHsieT 3HaHUS
YCTpOMCTBA, IPUHLMIIA

3HATh: OCHOBHbBIE QJICKTPOTCXHUYCCKUC 3aKOHBI; MCTO/bI
pacyeTa SJICKTPUICCKUX J'II/IHCfIHLIX, HEJIMHEHHBIX 1
MAarHmMTHBIX ueneﬁ MOCTOAHHOI'O 1 MIEPEMEHHOT'O TOKA;

(TeXHOJIOTHYECKHE JIEUCTBUSI, TEXHUYECKUX OCHOBHBIE 3aKOHBI U IOHATHUS JIEKTPOMAarHeTU3Ma.
MIPOIIECCHI) TIO XapaKTEePUCTHK U YMeTh: IpOU3BOAUTH PACUET ANEKTPUUECKUX U
MOHTaXYy, KOHCTPYKTHBHBIX MarHUTHBIX LEMNei; OCyIeCTBIATh AaHAIU3 NEPEXOIHBIX
3KCILIyaTaluy, 0Cco0eHHOCTEH OCHOBHBIX MIPOLIECCOB B JIEKTPUUECKUX U MATHUTHBIX LEMAX
TEXHUYECKOMY 3JIEMEHTOB, y3JI0B U MIPOU3BOJUTH U3MEPEHUS OCHOBHBIX JJIEKTPUUECKUX
00CITy)KHBaHUIO, YCTPOMCTB CUCTEMBI BEJIMYMH; ONPEACIIATh NapaMeTPhl AIEKTPUUECKUX Leneit
PEMOHTY 1 00ecricuCHHS ABIKCHHUS IIOCTOSIHHOT'O ¥ IEPEMEHHOr0 TOKA; pa3an4aTh U
MOJIEpHU3ALINHA T10€3/10B BBIOMPATH DJIEKTPUUECKHE anmapaTthl IJIsl THIIOBBIX

00BEKTOB CUCTEMBI

3JIEKTPUUECKUX IENEH.




obecneuenus
JIBHKECHHS TIO€3/10B
Ha OCHOBE 3HAHUH
00 0COOEHHOCTSIX
(YHKIIMOHUPOBAHUS
€€ OCHOBHBIX
2JIEMEHTOB K
YCTPOMCTB, a TaK ke
TIPaBHII
TEXHUYECKOTO
0o0cITy)KHBaHUS U
peMoHTa

BrnaneTts: MeTogaMu 4TE€HUS SIEKTPUUECKUX CXEM;
METOJIaMH H CII0CO0aMH AUArHOCTHPOBAHUS
3NEKTPUYECKUX YCTPOUCTB

4 CTPYKTYPA U COAEPKXAHUE JUCHUIIJINHBI

HaumenoBanue

Kon pa3aenoB, TeM H BHI0B

pa6ot

Ounas gopma

3aouHas ¢popma

Cemectp

Yacel

Jlex | Ip | JIa6

Ccp

Kype

Yacsl

Jex | IIp

JIab

Ccp

*Kon
HHIMKATOpa
JIOCTHIKEHUsI

KOMIIETEeHIIMH

1.0 | Pasgen
IlaccuBHBIE

1.

YETBIPEXMOJICHUKHA

1.1 | ITaccuBHbIE

YUCTBIPCXIOJIIOCHUKHA

10

3/ycT.

10

IK-1.1

2.0 | Pasgen

memnu

HaNPSAKEHUAX
TOKaX

DileKTpuYyecKne

2.

npu
HECHHYCOMIAJbHBIX
NePHOANYECKHX

H

2.1 | DnexTpudeckue HenH

pu

NEPUOANICCKUX
HalPS?KECHUAX
TOKax

HECCUHYCOUAAJIbHBIX

10

3/ycT.

10

IK-1.1

3.0 | Pa3nen

GuabTphI

DileKTpuyecKne

3.1 | Daekrpuueckue
(hUITBTPEI

3/ycr.

IK-1.1

4.0 | Pazmen
Ilepexonnsbie
Mpouecchl
JIMHEHHbIX
3JIEKTPUYECKHX
Hensx

4.1 | Ilepexomnsie
MPOLIECChI
JIMHEWHBIX
ANEKTPUIECKUX
LIETIsIX

10

3/ycr.

20

IK-1.1

5.0 | Pazgen 5. Meroabl

pacuéra
HeJITMHEHHBIX
JIeKTPUYECKUX

TOKa

neneii MOCTOSTHHOIO

5.1 | Meroapt pacuéra

HEJMHEHHBIX
3IEKTPUUYECKUX

TOKa

[ene IOCTOSHHOTO

3/ycr.

10

[K-1.1

6.0 | Pazmen 6. Meroanl

pacuéra MAarHMTHBIX




4 CTPYKTYPA U COAEPXAHUE JUCHUIIJINHBI

Kon

HaumenoBanue
pa3zaenoB, TeM M BHIO0B
pa6ot

Ounast gopma

3aouHas gpopma

Cemectp

Yacsl

Jlek

Ilp

Jlad

CP

Kype

Yacsl

Jexk | Ip | Jla6

CP

*Kon
HHAMKATOpa
JOCTHKECHU A

KOMIIeTEHIUH

nenem

6.1

MeTtobl pacuéra
MAarHuTHBIX Ienen

3/ycT.

10

IK-1.1

7.0

Pasznen 7. Mertoabl
pacuéra
HeJIMHEHHBIX
IEKTPHYECKUX
neneii nepeMeHHOIo
TOKA

7.1

MeTtobl pacuéra
HETMHEHHBIX
JIEKTPHYECKUX

Leneyd MepeMEeHHOTro
TOKa

10

3/ycT.

18

IK-1.1

8.0

Paszpean 8. Karymka
¢ (heppOMArHUTHBIM
cepaeYHHKOM

8.1

Karymka c
(heppoMarHUTHEIM
CEpACYHUKOM

3/ycT.

10

IK-1.1

9.0

Pazgen 9.
Onnodasublii
TpaHcopmaTop ¢
¢eppomMarHuTHBIM
cepaevYHnKOM

9.1

OnHoda3Hbli
TpanchopmMaTop c
(heppOMarHUTHBIM
CEPIICYHUKOM

3/ycT.

IK-1.1

10.0

Pazgen 10.
®eppope3oHaHe
HANPsKeHUs

10.1

deppope3oHaHC
HaNpsOKEHUS

3/ycT.

IK-1.1

11.0

Paznen 11.
®eppope3oHaHC
TOKa

111

deppope3oHaHC TOKa

3/ycT.

IK-1.1

dopma
MIPOMEXYTOUHOM
aTTecTalluu -
9K3aMEH

36

3/3uMHSIs

18

IK-1.1

12.0

Pazpnen 12.
DileKTpuYecKoe
moJjie B MPOBOASIIINX
cpenax

12.1

DNeKTpUYecKoe IoJIe
B IIPOBOAAIINX
cpenax

15

3/3uMHsIs

30

IK-1.1

13.0

Paznen 13.
MaruurtHoe noJie
NOCTOSIHHOTO TOKA

13.1

MaruautHoe noJje
IMOCTOSIHHOT'O TOKa

10

3/3uMHSIS

26

IK-1.1

14.0

Pazgen 14.
DJIEKTPOMarHUTHOE
noje

141

DNeKTPOMarHUTHOE
nose

3/3uMHsIs

24

[K-1.1

15.0

Pazngen 15. ILnockue




4 CTPYKTYPA U COAEPXAHUE JUCHUIIJINHBI

Kon

Ounast gopma 3aouHas gpopma

HaumenoBanue
Yacsl Yacsl

pa3iejioB, TEM U BU10B

pator CemecTp

Jex | Tp | JIa6 | CP Kype Jex | Tp | JIa6

CP

*Koa
HHAMKATOpa
JOCTHKEHUSA

KOMIIeTEHIUH

IJEKTPOMArHUTHBIC
BOJIHBI

15.1

IInockue
9JIEKTPOMArHUTHBIE 5 7 4 2 5 | 3/3umuss | 1 1
BOJTHBI

22

IK-1.1

16.0

Paznen 16.
IloBepxHOCTHBIH
3¢ dekT B miIacTuHe

16.1

IToBepXHOCTHBII

5 6 1 3 6 | 3/3umHag | 1 1
3¢ ekt B muacTuHe

22

IK-1.1

®dopma
MIPOMEXYTOUHOM 5 3/netHss 4
aTTeCTalMy — 3a4eT

HWroro wacos (63
yu€Ta 4acoB Ha

MPOMEKYTOUHYIO
aTTeCTalnIo)

68 | 34 | 34 | 116 16 | 8 | 8 | 234

TEKYIIETI'O KOHTPOJISI YCIIEBAEMOCTHA U TPOMEXYTOYHOM

5 ®OHJA ONEHOYHbIX CPEACTB JJIA TPOBEJEHUA

ATTECTALIMM OBYYAIOIUXCS MO JUCUMUIIIUHE

@DOHJl OLEHOYHBIX CPEACTB UIsl NPOBEACHUS TEKYILErOo KOHTPOJIL YCIIEBAEMOCTU M IIPOMEKYTOUHOH
aTTecTalliy 1O AWUCHMIUIMHE opopMieH B Buiae npuioxeHus Ne 1 k paboueld mporpamMme JUCHHUIUIMHBI U
pa3MeIleH B 3IEKTPOHHON HH(GOPMAIIMOHHO-00pa30BaTeILHON cpelie Y HUBEPCUTETA, TOCTYITHON 00yJaroimemMycs

yepe3 ero JUIHbIN KabuHeT

6 YHEBHO-METOANYECKOE U TH®POPMAIIMOHHOE OBECIIEYEHHE

JUCUMIIAHBI

6.1 YueOHas auTeparypa

6.1.1 OcHoBHas JIUTEpaTypa

Bubmmorpadudeckoe onvcaHue

Komx-Bo 3k3.
B OuOnnoreke/
OHJIaMH

6.1.1.1

Artabekos, I'. . TeopeTndeckre 0OCHOBHI 3JICKTPOTEXHUKU. JINHEHHBIE
ANeKTpHYecKue IenH : yueb. mocodue - Uzn. §-e, crep. / . U. Arabekos. CIIO. :
Jlans, 2010. - 592c.

22

6.1.1.2

Atabexos, I'. 1. TeopeTndeckue OCHOBBI 31eKTpOTeXHUKN. HennHeitnble
JNEKTPUYUECKHE IIETTH. DIIEKTPOMArHUTHOE moJie : y4uel. nocobdue - U3a. 6-¢, crep. /
I'. . Atabexos [u np.] ; pen.: I'. . Atabekos. CIIO. : Jlanp, 2010. - 432c.

25

6.1.1.3

3eBeke, ['. B. OcHOBBI Teopuu nenel : Yued. uist By30B - 5-e u3n., nepepab. / I'.B.
3eseke, [1.A. Monkun, A.B. Hetymun, C.B. Ctpaxos. M. : DHeproaToMusaar,
1989. - 528c.

92

6.1.14

[leb6ec, M. P. 3agaunuk 1o T€OpHUH JTUHEHHBIX 3IEKTPHUSCKUX IeneH : yuel.
nocobwue - U3zn. 4-e, mepepad. u gom. / M. P. lllebec, M. B. Kabnykosa. M. : Beicm.
K., 1990. - 544c.

157

6.1.1.5

Atabexos, I'. 1. TeopeTnueckrie OCHOBBI 3J1€KTPOTEXHUKH. JINHEHHbIE
ANIEKTpHYECKHE IenH : yueOHoe nocobue 1t By3oB / . . AtabekoB. — 11-¢ m3n.,
crep. — Cankr-IlerepOypr : Jlans, 2024. — 592 ¢. — URL:
https://e.lanbook.com/book/399167 (mata obpamenus: 18.03.2025). — Tekcr :
3JIEKTPOHHBIN.

Ownmnaita

6.1.1.6

Atabexos, I'. 1. TeopeTnueckiie OCHOBBI 3J€KTpOTeXHUKH. Hennneiinsie
INEKTPUUECKHE 1IeMH. DIIEKTPOMArHUTHOE 1oJie : yueOHoe nocodue Juist By3oB / I
. Arabekos, C. 1. Kynansu, A. b. Tumodees, C. C. Xyxpukos. — 8-¢ usf., crep.

— Canxkr-IlerepOypr : Jlans, 2024. — 432 ¢. — URL:
https://e.lanbook.com/book/407531 (mara oopamenus: 18.03.2025). — Tekcer :
3JIEKTPOHHBIN.

Ownmnaita

6.1.1.7

Becconos, JI. A. TeopeTuueckre 0CHOBBI 3JIEKTPOTEXHUKH : DIEKTPUUECKHUE LEIH:
VYuebnuk / JI. A. becconoB. — 10-e u3n. — M. : 'apnapukn, 2001. — 638 ¢. —
TekcT : HemoCpeICTBEHHBIN.

58




6.1.1.8

Kymnmos, A. M. TeopeTruueckue OCHOBBI 3JIEKTPOTEXHUKH. PerieHnst TUTIOBBIX 33124
/ A. M. KynmoB. — Tomck : TITY. — Y. 3 : OcHOBBI T€OpHH 3JIEKTPOMArHUTHOTO
mouist, 2011. — 115 ¢. — URL:
http://e.lanbook.com/books/element.php?pll_id=45146 (naTa oOpanicHus:
18.03.2025). — TeKcT : 3JIeKTPOHHBIIA.

Omnnain

6.1.1.9

Amnommorckuii, C. M. OCHOBEHI 31€KTPOTeXHUKH. [IpakTHKyM : yaeOHOE mocodue

st crio / C. M. AnojyutoHckuid. — 4-e u3f., crep. — Cankr-IlerepOypr : Jlanb,

2025. — 320 c. — URL: https://e.lanbook.com/book/454334 (nata oOpaieHus:
18.03.2025). — TeKcT : 3JIeKTPOHHBIIA.

Omnmnain

6.1.1.10

Amnomnonckuii, C. M. TeopeTndeckrne 0OCHOBBI 3JIEKTPOTEXHUKH.
OnexTpoMarauTHoe mone : yaeoHoe nocobue / C. M. Anomnonckuit. — CaHKT-
IerepOypr : Jlans, 2022. — 592 ¢. — URL: https://e.lanbook.com/book/210824

(mara oopamienust: 18.03.2025). — TeKcT : 31eKTPOHHBIH.

Ounnaiin

6.1.1.11

ATtabexos, I'. 1. TeopeTnueckne OCHOBHI 3IEKTPOTeXHUKN. Hennueitabie
JIEKTPUUYECKUE [ENH. DIEKTPOMArHUTHOE TI0JIe : yaeOHoe mocoone Ay By30B / I.
. Artabekos, C. [I. Kynansn, A. b. Tumodees, C. C. Xyxpuko. — 8-¢ u3f., cTep.

— Canxkr-IlerepOypr : Jlans, 2024. — 432 ¢. — URL:
https://e.lanbook.com/book/407531 (nara oopamenus: 18.03.2025). — TekcT :
JJIEKTPOHHBIN.

Ounnaiin

6.1.1.12

Kynuos, A. M. Teoperndueckue OCHOBBI 2JIEKTPOTEXHUKU. PellleHns: TUIIOBBIX 3a/1a4
/ A. M. KymmmoB. — Towmck : TITY. — Y. 3 : OCHOBBI T€OpHH SJICKTPOMATHATHOTO
moist, 2011. — 115 ¢. — URL:
http://e.lanbook.com/books/element.php?pll_id=45146 (nata oOpamicHus:
18.03.2025). — TeKcT : 3JIeKTPOHHBIH.

Omnmaitn

6.1.2 JlonoJIHUTE/IbHASA JIUTEpATYypa

Bubmmorpadudeckoe onrcaHue

Kon-Bo 3k3.
B OuOnnoreke/
OHJIAtH

6.1.2.1

Brrukos, 10. A. OcHOBBI TeopuH dneKTpHUYecKuX Heneil : yueonuk / 10. A. Berukos,
B. M. 3onotuunkuii, 3. I1. Yepnsimies. Cno. : Jlans, 2002. - 464c.

105

6.1.2.2

Crenanos, A. I1. PacueT u aHanu3 HEMMHENHBIX SJEKTPUUECKUX U MarHUTHBIX
ueneit : yue6. nocobue / A. I1. Crenanos, M. A. CrenanoB. Upkyrck : UpI'YIIC,
2018. - 104c.

286

6.1.2.3

Crenanos, A. I1. PacueT TMHEHHBIX AJIEKTPHYECKUX Terell : yueb. mocodue / A. I1.
CrenanoB, M. A. CrenanoB. Upkyrck : UpI'VIIC, 2018. - 160c.

284

6.1.24

Crenanos, A. I1. TeopeTnueckue OCHOBBI HIEKTPOTEXHUKH : y4ed. mocodue Ams
na0. 3anstuit / A. I1. Cremanos, B. B. KpuBoporoga, I'. I'. Kyapsmosa. UpkyTck :
HpI'VIIC, 2016. - 188c.

253

6.1.2.5

Crenanos, A. I1. Pacuer u uccnenoBanue JIMHEHHBIX 2JIEKTPUUECKHX TIeTei : yuel.
OCOOHeE 10 TEOPET. OCHOBAM AJIEKTPOTEXHHUKH JIJISL CTY/IEHTOB TEXH. BY30B - 2-¢
u3 ., mepepad. u gom. / A. I1. Crenanos. Upkytck : UpI'YIIC, 2003. - 262c.

276

6.1.2.6

Crenanos, A. II. C60pHUK 3aaHNi 1 PEKOMEHAAINH JUIs BBITOJTHEHHS PaCYeTHO-
rpadu4ecKux U KOHTPOJIbHBIX pabot no TOD : yued. mocodue Mo AUCHUILIINHE
"Teopernueckue ocHOBBI dniekTpoTexHukn" / A. I1. Crenanos, I'. I'. Kyapsosa.
Wpxyrcxk : UpI'VIIC, 2012. - 55c.

275

6.1.2.7

Crenanos, A.Il. Pacuer aneKTpuyecKux Heneld CHHYCOUIalbHOIO TOKA :
MeToandeckue yka3aHus K pacdeTHO-rpadUuecKuM paboTaM 10 JCKTPOTEXHUKE /
WpxyTckuil MH-T HHXKEHEPOB X.-1. TpaHcI.. Upkytck : UpMAT, 2000. - S1c.

6.1.2.8

Crenanos, A. I1. TeopeTnueckue OCHOBBI JIEKTPOTEXHHUKH : CO. ONMMMCAHUN J1a0.
paboT JuIs CTYJICHTOB BHEPIET. U 3JEKTPOTeXH. cnenuanbHocreii / A. I1. CtenaHos,
I'. I'. Kynapsmosa. Upkytck : UpI'VIIC, 2005. - 186¢.

214

6.1.2.9

Crenanos, A. II. TecTroBble 3a1aHKs IO TEOPETUIECKUM OCHOBAM 3JIEKTPOTEXHUKU
:/ A. 1. CrenanoB. Upkytck : UpUUT, 2001. - 47c.

235

6.1.2.10

Amnomnorckuid, C. M. TeopeTnueckne OCHOBBI 3T€KTPOTEXHUKH.
DnexTpoMarHuTHoe mose : yaed. mocobue / C. M. Anmononckuii. CII6. : Jlanb,
2012. - 587c.

26

6.1.2.11

Bbopuos, Hukonaiit KonctantuHoBruY TeopeTnyeckue OCHOBBI AJIEKTPOTEXHUKU
yue0. mocobue 1o paszj. "DIEeKTPOMAarHUTHOE MMoJie" sl CTYIACHTOB
3NIEKTPOIHEPTET. U IIEKTPOTEXH. CHENNaIbHOCTEH : y4el. mocobue 1o pasn.
"DIeKTpPOMarHUTHOE TI0Ne" [T CTYACHTOB IEKTPOIHEPTET. U IEKTPOTEXH.
cnenmanbsHocTelt / H. K. Bopnos ; M-Bo myteit coobur. PO, UpkyT. roc. yH-T myTeit
coobm.. Mpkyrck : , 2004. - 84c.

259

6.1.2.12

Crenanos, A. I1. Pacuet 1 aHanu3 HeMMHEHHBIX IEKTPUIECKUX U MAarHUTHBIX
nenel : yae6. mocodbue / A. I1. Cremanos, M. A. CrenaHnoB ; @enep. areHTCTBO X.-
1. TpaHcIL., IpkyT. Toc. yH-T myTel coodir. — Mpkytck : UpI' YIIC, 2018. — 104 c.

285




— TekcT : HenoCpenCTBEHHBIM. \

6.1.3 YueOHO-MeTOAMYECKHE PAa3PA0OTKH (B T. Y. VI CAMOCTOATEIbHOI pa0doThl 00y4YalOIINXCH)

Komn-Bo 3k3.
Bubnuorpaduueckoe onncanue B Oubinorexe/
OHJIANH
Crenanos, A. II. Metoauueckue ykazaHus 1o U3y4eHuUto auciuminael 61.0.32
TeopeTuueckre OCHOBBI 3JIEKTPOTEXHUKH criennaibHocTH 23.05.05 Cuctembl
oOecrieueHHs IBU)KEHHS TI0€3/10B CIEeHATN3aLIH DIIEKTPOCHA0KEHHE JKEeJIe3HBIX
J0por, ABTOMAaTHKa U TeJIEMEXaHUKa Ha YKEJIE3HOIOPOKHOM TPaHCIIOPTE, .

6.1.3.1 Omnnaitn

TenekoMMyHHKAIIMOHHBIE CUCTEMBI M CETH XKeJIe3HOI0pOXKHOTO TpaHcmopTa / A. I1.

Crenanos ; UpI'YIIC. — Upkytck : UpI'VIIC, 2025. — 20 c. - TeKcT: 2AeKTPOHHBIH.

- URL:
https://www.irgups.ru/eis/for_site/umkd_files/mu_66246 1418 2025 1 signed.pdf
6.2 Pecypchbl nH(pOpMaIMOHHO-TEJIeKOMMYHHKAINOHHO# ceTn « UHTepHET»
6.3 IIporpamMmmHoe obecnevyenne 1 HHPOPMANMOHHbIE CTPABOYHbIE CHCTEMBI
6.3.1 ba3oBoe mporpaMMHoe odecrnevyeHne
6.3.11 Microsoft Windows Professional 10, rocynapcrBennsrii konTpakr ot 20.07.2021 Ne
T 0334100010021000013-01

6312 g/iicrosoft Office Russian 2010, rocynapctBenHsii kKoHTpakT oT 20.07.2021 Ne 0334100010021000013 -

FoxitReader, cBO0OOTHO pactmpocTpaHsieMoe MIPOTPaMMHOE obecrnieueHne http://free-
6.3.1.3 . b

software.com.ua/pdf-viewer/foxit-reader/

Adobe Acrobat Reader DC cBoOOmHO pacmpocTpaHsieMOe MpPOrpaMMHOE — OOecreucHue
6.3.14 . :

https://get.adobe.com/ru/reader/enterprise/

SAunexc. bpayszep. IlpukianHoe mporpammuHoe oOecrieueHne oOmero HasHaueHus, OducHble
6.3.1.5 MIPWIOKEHUS, JINLIEH3Us — CBOOOIHO paclpoCTpaHsIeMoe MporpaMmmMHoe obecrieuenre o Jumnen3un BSD

License.

Sunexc. bpaysep. IlpukimagHoe mporpammHoe oOecriedeHne obmiero HasHadeHus, OdQucHsle
6.3.1.10 TIPHIIOKEHUS, TUIEH3HS — CBOOOTHO pacIpoCTpaHsIeMoe MporpaMMHoe obecriedeHre 1o nuren3un BSD

License

6.3.2 Cnenuaiu3upoBaHHOE IPOrPaAMMHOe o0ecreyeHHne
6.32.1 | Multisim education 16.0, roroBop ot 06.06.2017 r. Ne 31705062861
6.3.3 UndopmanuoHHbie cIpaBOYHbIe CHCTEMbI
6.3.3.1 ‘ He npexycmoTpenst
6.4 IIpaBoBBIE H HOPMATHBHBIE JOKYMEHTBI
6.4.1 ‘ He npexycmoTpenst

HEOBXOJIUMOM JIJIsI OCYIIECTBJIEHMS YYEBHOI' O ITPOIIECCA

7 OIUCAHUE MATEPUAJTBHO-TEXHUYECKOU BA3HI,

11O JMCIUIIJIMHE

Kopnyca A, b, B, I', [, E UpI'YIIC naxonstcs no aapecy r. UpkyTck, yia. UepHbieBckoro, a. 15;
kopnyc JI UpI'VIIC naxoaurcs — no aapecy r. Upkyrck, yi. JlepmonTosa, 4.80

VYueOnast ayauropus ['-305 1y1s mpoBeieHUs! IEKIIMOHHBIX M MPAKTHYECKUX 3aHSTH, JaD0paTOpHBIX
paboT, rpyINIOBBIX U HHANBHYIbHBIX KOHCYJIbTALNM, KypCOBOTO MPOEKTUPOBAHUS (BBIIOIHEHUS

2 KYpPCOBBIX pa0oT), TEKYIIETO KOHTPOJIS M MIPOMEXYTOUHOI aTTecTanui. OCHOBHOE 000pyJOBaHHE:
crienuaI3upoBaHHas MeOelb, MyJIbTUMEIHANIPOCKTOP, IKpaH, (HOyTOYK nepeHocHoit). s npoBeneHus
3aHATHI UMEIOTCs yueOHO-HarJsIHbIe MOco0Hs (TPEe3EHTAINH, TUIAKAThI).

Jlabopatopus I'-123 «TeopeTndeckre OCHOBBI 3JIEKTPOTEXHUKH M TEOPHSI TMHEHHBIX IEKTPHUECKUX
Lernei» Ui IPOBEACHHs JIEKIIUOHHBIX U MPAKTUYECKUX 3aHSTHIA, 1Ta00paTOPHBIX paboT, IPYNIIOBBIX U
WHIIMBHYaIbHBIX KOHCYJIBTALN, KypCOBOTO ITPOCKTUPOBAHHUSI (BBITIOJIHEHHUS] KYPCOBBIX pabor),
TEKYILIEro KOHTPOJIS M MPOMEXKYTOUHOI aTTectaiun. OCHOBHOE 000py/IOBaHHUE: CHIeUATH3UPOBAHHAS
MeOeub. 17t mpoBeeHNs 3aHATHH UMEIOTCSl Y4eOHO-HarIIsIHbIE IT0co0us (pe3eHTallH, TUIaKaThl).
Jlabopatoproe padouee mecto NI ELVIS II Bazic Bundl, Hoyroyxk DEPO VIP C85010
T5850/GDDR2/T120G/DVD+RW, I[T5BM HP Bundle 3500 Pro MT, Ocuuiorpad C1-73, I'enepatop
'6-43

Jla6opartopust /1-210 «MeTtposiorusi, CTaHAaApTU3ANMS U CEPTUGUKAIHS JJIs1 TPOBEICHUS JIEKIIMOHHBIX U
MIPAaKTHYECKUX 3aHSITHH, JaOOpaTOpHBIX paboT, IPYNIOBEIX U HHAWBUAYAJIbHBIX KOHCYIbTAIHH,
KypCOBOTO IIPOSKTHPOBaHMUS (BBINOJIHEHHS KypCOBBIX paboT), TEKYILEro KOHTPOJIS M IIPOMEKYTOUHOMN

4 arrecranu. OCHOBHOE 00OpYyIOBaHME: ClIEIMAIN3NpOBaHHas MeOerb. J{ist mpoBeneHust 3aHATHI
UMEIOTCsl yueOHO-HarILsIIHbIe T0co0us (TTpe3eHTaluH, 1mIakaTsl). JlaboparopHslii koMmuieke « OCHOBBI
nHpopmannonHo-u3mMeputenbHoi Texuukm» N.U.T., Crenn «Tamn», Ocummorpad C1-83, Bonsr™eTp
J-5081, mpudop [-5014, n3meputenbHble MpuOOPHI (pa3Hble)

HOMCIIICHI/I?[ JUIA CaMOCTOSITeIIEHOM pa6OTLI 06yqa10m1/1x051 OCHalICHBbI KOMHBIOTCpHOﬁ TeXHPIKOfI,
HOHKHIO‘ICHHOﬁ K I/IH(i)OpMaIII/IOHHO'TCJ'IGKOMMyHI/IKaIII/IOHHOI\/’I CCTHU ((I/IHTGPHGT», u 00ecreueHbl




JIOCTYTIOM B AJICKTPOHHYIO HH(OopMamoHHO-00pa3oBaTenbuyio cpeny Upl YIIC. [Tomemenus ams
CaMOCTOSTENILHOM PaboThl 00yYaromMXCs:

— YHUTAJBHbBIC 3AJTBI;

— y4ueOHbIC 3a7bl BRIYUCTUTEIbHOM Texauku A-401, A-509, A-513, A-516, 1-501, 1-503, JI-505, 1-507;
— MOMEIIEHHUS JUI XPaHEHHUsI U TPO(UIIAKTHIECKOT0 00CTy )KUBaHUs yueOHOro obopynoBanus — A-521

S METOAUYECKHUE YKA3ZAHUA JJI51 OBYYAIOIIUXCA

11O OCBOEHMIO TN CIMITJIMHBI

Bun yue6HO#H
JIEATEIILHOCTH

Opraamzanus y9eOHOH AeATeIFHOCTH 00yJaromerocs

Jleknus

Jlekuus (ot natuHCKOTO «lection» — UTEeHHE) — BHUJ ayAUTOPHBIX Y4eOHBIX 3aHSATHH.
Jlexmmsi:  3akjajgplBaeT  OCHOBBI ~ HAay4HBIX  3HAaHUH B CHCTEMaTH3MPOBAHHOMH,
MIOCJIE/IOBATENLHOM, 0000IIEHHOH (hopMe; pacKphIBae€T COCTOSHHUE U TEPCHEKTUBBI PA3BUTHUS
COOTBETCTBYIOIIEH 00/IaCTH HAYKH M TEXHHKH; KOHIEHTPUPYET BHUMAHUE 00ydJaromuxcst Ha
Hanboyee CIIOXKHBIX, Y3JOBBIX BOIIPOCAX; CTUMYJIHPYET IO3HABAaTENbHYI0 aKTHBHOCTh
00yJaroImuxcsi.

Bo BpeMs NEKIIMOHHBIX 3aHATHHA 00yJaromIWiCs NOJKEH yMETh CKOHIICHTPHPOBATH
BHIMaHHE Ha M3y4aeMBIX IPoOJIeMax M BKIIOYHTH B PaOOTy BCE BHIBI MAMSTH: CIOBECHYIO,
0o0pa3Hyl0 ¥ MOTOpDHO-IBHraTelbHylo. Jms 3Toro Bech MaTepHan, H3JIaracMblid
npernojaBareneM, oOydaromeMycs HeoOXOAMMO KOHCHEKTHpoBaTh. Ha mMmoisx KOHCHeKTa
ClielyeT TOMedyaTh BOMPOCHI, BBIACICHHBIE OOy4YarOIIMMCSl Uil KOHCYJBTallUd C
npernojaBareneM. BBIBOABI, MoJydeHHbIE B Buae (OPMYI, PEKOMEHIYEeTCs B KOHCIIEKTE
MOAYEPKUBATh WX OOBOJUTH PAMKOM, YTOOBI Jydyllle 3alOMHHAINCH. [l0J€3HO COCTaBUTH
KpaTKUi CIIpaBOYHHK, COJIEPKAIIUI onpeeNeHNs BaKHEHIINX MOHATHH nekiuu. K kaxaomy
3aHATHIO CIIENyeT pa3o0paTh Marepuan Npenslaymied JieKnuu. M3ydas waTtepuan 1o
y4eOHHKY WM KOHCIEKTY JIEKLHUH, CIeIyeT MepexoJuTh K CIECAYIOIEMY BOIPOCY TONBKO B
TOM cIy4ae, KOTJa XOpOIIO YCBOEGH MpeAblAyIIHi BONpoc. Psx BOIpOCOB AMCLUIINHEL
MOXET OBITh BBIHECEH Ha CaMOCTOATENbHOE U3ydeHHe. Takoe 3amaHue Tpedyer
OTIEPaTHBHOTO BBHINIOJHEHHA. B KOHCIEKTEe JEKIMi HE0OXOOMMO OCTaBUTh MECTO JUIS
OCBEILCHUS YIIOMSHYTHIX BOIPOcoB. OO03HAYNTH BONPOCHI, TEPMHUHBI, MAaTEpPHaAN, KOTOPBIH
BBI3BIBACT TPYIHOCTH, IOMETUTH M MONBITATHCSA HAHUTH OTBET B PEKOMEHyeMOU JUTeparype.
Eciu camocrostensHO He ynmaercss pa3oOpaTbcsi B Marepuaige, TO HEoOXO0IUMO
cOpMyIHpOBaTh BONPOC M 3aJaTh NPENONABATENI0 HAa KOHCYJbTAllMH, HAa MPAKTUYECKOM
3aHATHH

IIpaktuueckoe
3aHsATHE

[IpakTHyeckoe 3aHATHE — BUJA ayAWTOPHBIX Y4eOHBIX 3aHATHH, LieJICHANpaBICHHAs
dbopma opraHmzanmu y4eOHOTO Mpollecca, MPHU pealu3alud KOTOpoW oOydaroniuecs: o
3aJJaHUI0 W TI0JI PYKOBOJCTBOM IIPENOJABATENSI BBIMOJIHAIOT MPAKTHYECKHUE 3alaHusl.
[MpakTHyeckue 3afaHusi HANpaBieHbl HA YIIyOJIeHHE HAyYHO-TEOPETHYECKHX 3HaHUH U
OBIIaJICHUE OIpEJICICHHBIMU METOJaMu paboThl, B TpOLECcCE KOTOPBIX BBIPaOATHIBAIOTCS
YMEHHS U HaBBIKM BBINOJHEHUS TeX WJIM MHBIX YU4eOHBIX ACHCTBUII B JaHHOW cdepe HayKH.
[TpakTHyeckue 3aHSATHS Pa3BUBAIOT HAYYHOE MBILNUICHHE M pPedb, MO3BOJISIIOT HPOBEPUTH
3HaHUA OOYYaIOIIMXCs, BBICTYNAIOT KaK CPEINCTBA ONEPAaTHBHOH OOpaTHOW CBS3M; Lelb
NPAKTUYECKUX 3aHIATUH — yrIyOJIsATh, pacupsATh, IETAIN3UPOBATh 3HAHKSA, MOTyYCHHbIC Ha
JIEKIH, B 0000IICHHOW QopMe W coleiicTBOBaTh BHIPAOOTKE HABBIKOB IPO(ECCHOHATHHOMN
JeATEIbHOCTH.

Ha mnpakTHyeckux 3aHATHSAX MOAPOOHO pPaccCMaTPUBAKOTCS OCHOBHBIC BOIPOCH
JMCLMIUIMHBI, pa30UparoTcs OCHOBHBIC THUIBI 3aa4. K KakIoMy MpakTHYECKOMY 3aHATHIO
CJIE/IyeT 3apaHee CaMOCTOSTENHLHO BBITIOJIHUTh JIOMAIIHEE 33/laHie M BbIYYUTh JICKIIHOHHBIN
Mmarepuan K ciepytomei Teme. CHCTeMaTHdeckoe BBINOJNHEHUE JOMallHUX 3aJaHui
00s13aTeNbHO U SIBISIETCSl BaXKHBIM (HAKTOPOM, CIIOCOOCTBYIOUIMM YCIICIIHOMY YCBOCHHUIO
JICIUILITMHBI

JlabopaTopnas
pabora

OCHOBHOW [ENBI0 JIA0OPAaTOPHBIX PabOT SBISLETCS TEOPETHUECKOE OOOCHOBAHHE,
HarJisiAHOC I/I/I/IJ'[I/I 3KCHepI/IMeHTaJ'H)HOC noleBepmneHHe I/I/I/I.TII/I npOBepKa CyH_IeCTBeHHI)IX
TEOPETUYECKUX TMOJIOKEHHUHN (3aKOHOB, 3aKOHOMEPHOCTEH) aHaIU3 CYMECTBYIOIIUX METOIUK
U METOOO0B UX peanmauml uT.Aao. OHI/I 3aHUMAK0T HpeI/IMyH_leCTBeHHOG MECTO HpI/I I/I3y‘IeHI/II/I
JTUCHUIUIAH 00s3aTeNbHON YacTH M 9acTH, (HOpMHUPYEMOH ydaCTHHKaMH 00Opa3oBaTEIbHBIX
otHowenuii bioka 1.

Hcxons u3 nienu, coaepkaHueM J1abopaTOpHBIX pabOT MOTYT OBITh:

- OKCIICpUMEHTAJIbHAS IIPOBEPKa (POPMYII, METOIUK PACUECTa;

- TMpPOBEACHUEC HATYPHBIX HM3MEPEHHU CBOWCTB, Pa0OYMX MapaMETPOB, PEKUMOB
paOOoTHI PH MOMOIIH JIA0OPATOPHOTO 0OOPYAOBAHUS /WA CTCHIOB U MaKETOB;

- O3HAKOMIJIEHHE, aHaJlu3 U TEOPETUUYECKUE BBIKIAJKHU IO YCTPOWCTBY, MPUHUUIY
JIEACTBUS U CIIOCO0aM 00CITy)KUBaHHUS allllapaToB, JITallei MAIHH, MEXaHH3MOB, IIPOILIECCOB,
HpOTeKaIOHH/IX B HUX HpI/I 9TOM U T.A.,




- HarsAgHas rpadudecKkas HHTEPIpETanus 4epTexel, cXxeM, 00BbEMHBIX TIOBEPXHOCTEH
Y T.JI., BOCHPOH3BOIUMBIX C IOMOIIBIO CIIELMAIN3NPOBAHHOTO IPOrPaMMHOTO 00ECIICYECHUS;

- UMUTALMOHHOE MOJEIMPOBAHUE IPOLECCOB, MPOTEKAOIUX B  CIOXKHBIX
XUMHUUYECKHX, (PU3HUECKUX, MEXaHHUECKHX, JICKTPUIECKUX U IP. 00BEKTaX;

- HaDJIAJHOE MpEJCTaBlIeHHWE O paboTe IepcoHajla KOHKPETHOM OpraHu3aluyl WIN
nogpazaenenust OAO «PXKI» mocpeacTBOM MOAEIMPOBAHUS IUTAaTHBIX M BHELITATHBIX
CHUTyalluld B BHPTYaJBHBIX CHENHANM3UPOBAHHBIX APM (aBTOMAaTH3MPOBaHHBIX padbOdnX
MeCT);

- YCTaHOBIEHHWE ¥ MOATBEPXKICHWE 3aKOHOMEpPHOCTEH (IIyTeM CpaBHEHHSA
MPOBEICHHOTO YKCIIEPUMEHTA U PACCIMTAHHBIX 3HAUCHUH) U T.1.;

- O3HAKOMIICHHE C METOJWKAMH TIPOBEJICHMSA OSKCIEPHUMEHTOB, HAIJIAIHBIM
YCTPOMCTBOM CTEHI-MAaKETOB M TIP.;

- YCTaHOBJIEHHE CBONCTB BEIIECTB, MX KAUECTBEHHBIX U KOJUYECTBEHHBIX
XapaKTepUCTHK;

- aHAJNM3 Pa3NIMYHBIX XapaKTEPUCTUK MPOIECCOB, B TOM YHCIE NMPOU3BOACTBEHHBIX U
UHBIX IIPOIIECCOB;

- pacdeT mapaMeTpoOB Pa3IMUHBIX SIBJIECHHUH U MPOLECCOB, CMOJACIUPOBATh KOTOPBIE HE
BO3MOJKHO B PEIbHBIX YCIOBHAX (HapUMep, Ype3BbIUAHbIE CUTYALNH U TIP.);

- HaOMIOJIeHNE PA3BUTHS SBJICHHUH, IIPOLIECCOB U JIP.

Jomyckaercss wWHOe coaep)kaHHWe JIabopaToOpHBIX paboT, ecim 3710  Oyder
CIOCOOCTBOBATh  peaM3allidl  [eNeil W 337a4  JUCHUIUIMHBL ¥ (DOPMHUPOBAHHUIO
COOTBETCTBYIOIINX KOMIETCHINH.

ITo xapakTepy BBIMOIHIEMBIX JTa00PAaTOPHBIX PAOOT BO3MOKHBI:

- O3HAaKOMMUTCIIBHBIC pa60T1)1, HCIOJIB3YEMbIC JId 3aKpCIJICHUA H3Y4YCHHOI'O
TEOPETUIECKOTO MaTepHaIbI;

- QHAJUTHYCCKHE PAbOTHI, UCIOJIL3YeMbIC JIs MOJYYCHUsS HOBOW MH(pOpMAIMK Ha
OCHOBE (hOpMaIM30BaHHBIX METOJIOB;

- TBOpYecKHe pabOoThl, OPUCHTHPOBAHHBIE HAa CaMOCTOSTEIbHBIA BHIOOD MOAXOIOB
peleHus 3aay.

[Tpexxae, 4eM NPUCTYNUTH K JIaOOPaTOPHBIM 3aHATHAM, OOydJarOUIMMCS HEOOXO0INMO
MOBTOPUTH TEOPETHUECKHI Marepuan mo Teme pabotel. Kaxnas mabopaTtopHas paboTa
OCHAIl[CHA METOJIUYECKUMH YyKa3aHUSAMHU, Pa3paOOTaHHBIMH IIPETIOJABATENIMH, BEAYIIUMHU
JHUCHUIUIHHY

CaMocTosTeNnbHas
pabota

O6yuenne mo  gucuuiuninHe  «TeopeTHuecKkue  OCHOBBI  JIEKTPOTEXHUKI
mpeaycMaTpuBaeT aKTHBHYIO CaMOCTOSTEIbHYIO paboTy oOydatomierocs. B pasgene 4
paboueii mporpamMmbl, KOTOPBIH HasbiBaeTcs «CTPYKTypa M COACpKaHUE TUCIHIUTHHBDY, BCE
Yachkl CaMOCTOATENFHOW pabOTHl paclHCaHbl 10 TeMaM W BOMpPOCAaM, a TaKkKe yKazaHa
HeoOxonuMast yaeOHas TuTepaTypa: OOyJaroIuiics n3ydaeT yuyeOHBIH MaTepralt, pa3oupact
MPUMEPHI U pPelIaeT pa3HOYPOBHEBEIC 33]]adl B paMKaX BBITOJNHEHUS KaK OOIINX JOMAITHIX
3aJaHui, TaK W WHAMBHAYAIBHBIX noMamHux 3amanuii (M3) w mpyrux BUIOB pador,
NpPeyCMOTPEHHBIX pabodell MmporpamMMoil AMCUMIUIMHBL. [Ipu  BBINOJHEHHH JOMAIIHUX
3a/IaHui  O0ydYaromemycsi clieJlyeT oOpaTUThCS K 3ajJadaM, PEIIeHHBIM Ha MpeIbIayIIuX
NPaKTHYECKUX 3aHATHAX, PEIISHHBIM JOMAallHUM padoTaM, a TakkKe K [pHuMepam,
NPUBOAMMBIM JIEKTOPOM. Eciu 3TOro Oyner HeZoCTaTOuHO Ui BBHINOJHEHUsI BCel paboThI
MOYHO JIOTIOJIHUTEJIBHO BOCIIOJIb30BAThCSl YUEOHBIMHU TIOCOOUSIMH, IPUBEICHHBIMU B pa3Jielie
6.1 «YuebHas nutepatypay. Ecnu, HeCMOTps Ha U3yYEHHBI MaTepuall, 3aJaHue BBHIOJIHUTH
HE yHaercs, TO B 0O0s3aTENbHOM TOPSAKE HEOOXOMUMO TIOCETHTh KOHCYIJIBTAIHIO
MpernoaBaTess, BEAYIIEero MPAKTHICCKUE 3aHATHS, H/WIH KOHCYIIBTAIHIO JEKTOpa.

JloMariHue 3amaHusd, WHAWBHUAYAIbHBIC JOMAITHHE 3aJaHUS W JApPYyrue paboTHL,
MPeIyCMOTPpEHHBIE paboueil mporpaMMoil TUCHHIUIMHBI JTOJDKHBI OBITH  BBITTOJHCHEI
00ydJaromumMcs B yCTaHOBJIEHHbIE IIPETIO/IaBaTEIeM CPOKH B COOTBETCTBHH C TPEOOBAHUSAMH K
opopMieHHIO TEKCTOBOH W Trpaduyeckod JOKyMEHTauuH, c(HOpMYJIUpOBaHHBIM B
Ionmoxernnn «TpeboBanns K OGOPMIICHHIO TEKCTOBOW W TpaduuecKOH IOKYMEHTAI[HH.
HopmokoHTpob»

Komrieke y4e0HO-METOUYECKUX MaTepHaioB [0 BCEM BHIAM Yy4YeOHOW MEATEIHFHOCTH, IPEAYCMOTPECHHBIM
pabodeil mporpaMMoOl TUCHHUIUIMHBI (MOAYIISA), Pa3MENmICH B 3JCKTPOHHOW HH(DOPMAIMOHHO-00pa30BaTeIbHON
cpene Upl'VIIC, nocTymHON 00yJaromeMycs 4epe3 ero JINIHbIA KaOHHET




Hpuiaoxenue Ne 1 k padoueit nporpamme

®OH/I OHEHOYHBLIX CPEJICTB

J1JI51 IPOBe/IeHN sl TEKYIEro KOHTPOJIsl yCIeBAeMOCTH
U NIPOMEKYTOYHOM aTTecTalun



1. O01mme moJ10KeHus

®ona oueHouHblx cpeacts (DGOC) sBasercs CcOCTaBHOW YacTbl0 HOPMATUBHO-
METOJMYECKOr0 O00eCIeUeHUsT CHCTEMbl OIIEHKH KadeCTBAa OCBOCHHUS OO0YYarOUUMUCS
00pa30BaTeNbHOI POrpaMMBl.

®DoH/T OIEHOYHBIX CPEACTB TNPEIHA3HAYCH [UJIS KMCIOJIB30BAaHHUS OOyYarOIIMMHUCS,
MPENo/IaBaTelIAMH, aJIMUHUCTpauen VYHuBepcurera, a TaKXKE CTOPOHHUMHU
00pa3oBaTebHBIMUA OPTaHU3AIUSIMHU JIJIsI OICHUBAHMs KauyeCTBa OCBOEHHUS 00pa30BaTEIHHOM
POrPaMMBbI U YPOBHS CHOPMUPOBAHHOCTH KOMITETEHITUH Y 00 yJarOIuXCsl.

3amauamu POC aBnAr0oTCA:

— OLICHKA TOCTIKEHUH 00YJArOIIMXCs B TIPOIECCE U3YUCHHSI TUCIIUTUIHHEI;

— o0ecrieyeHUe COOTBETCTBHS  pe3ylbTaTOB OOydYeHHs 3ajadaM  Oyaymien
po(heCcCHOHATILHOM IEATETHPHOCTH Yepe3 COBEPIICHCTBOBAHKME TPAJAUIIMOHHBIX U BHEAPEHUE
WHHOBAIIMOHHBIX METOJ0B 00yUeHHsI B 00pa30BaTeIbHBII MPOIECC;

— CaMOIIO/ITOTOBKA U CAMOKOHTPOJIb O0YUAIONINXCS B MPOIiecce 00yueHUsI.

®DoHI OICHOYHBIX CPEACTB C(OPMUpPOBAaH HA OCHOBE KIFOYEBBIX IPHHIIUIIOB
OIICHUBAHWMSI: BAIUHOCTh, HAJIEKHOCTh, 00BEKTUBHOCTD, 3(()EKTUBHOCTD.

Jl51st o11eHKH ypOBHSI cPOPMHUPOBAHHOCTH KOMIETEHIIMN UCIIONB3YETCsl TPEXYPOBHEBAS
CHCTEMa:

— MHUHUMAJbHBIA YPOBEHb OCBOEHHS, OOS3aTEeNbHBIM MJI1 BCEX OOYy4AIOUIMXCS IO
3aBEPIICHUIO OCBOEHHUS 00pa30BaTENbHON MPOrpaMMBbI; J1aeT oOIIee MPEeCTaBICHUE O BUIC
eITEILHOCTH, OCHOBHBIX 3aKOHOMEPHOCTSIX (bYHKIIMOHUPOBAHHUS 00BEKTOB
poEeCCHOHAIBHON JEATEIHbHOCTH, METOJOB M AJITOPUTMOB PEIICHUS MPAKTUYECKUX 3a]1a4;

— 0a30BbIil ypOBEHb OCBOEHHS, IMPEBBIIICHUE MUHUMAIBHBIX XapaKTEPUCTHK
c(hOpMUPOBAHHOCTU KOMIICTCHIIMM; TO3BOJISIET pEIIaTh TUIIOBBIE 3a7a4yH, MPUHUMATH
npodeccuoHanbHbIe U YIPABICHUYECKUE PELICHHS [0 W3BECTHBIM ajropuTMaM, MpaBUiIaM U
METOIUKAM;

— BBICOKMH ypOBEHb OCBOCHHS, MAaKCUMaJbHO BO3MOKHas BBIPAXKEHHOCTD
XapaKTepUCTUK KOMIIETCHIIMH; MpeanojiaraeT TOTOBHOCTh pelIaTh MPAKTUYECKUE 3aJauu
MOBBIIICHHOW  CIIOHOCTH, HETHIOBBIC 3aJa4yd, MPUHUMATh MPOPECCHOHAIBHBIE U
yIpaBIEHYECKHE PEIICHUS B YCJIOBUAX HEMOJTHOW OMpPENENICHHOCTH, MPH HEIO0CTATOYHOM
JTIOKYMEHTAIbHOM, HOPMAaTUBHOM U METOJIMYECKOM OOECIICUCHHH.

2. llepeyenb KOMIeTeHIIUI, B )OPMUPOBAHUM KOTOPBHIX Y4ACTBYET
AUCUMIIMHA.
IIporpaMMa KOHTPOJILHO-OLIEHOYHBIX MEPONIPUSITHH.
IToxa3zarenn oueHUBAHUSA KOMIIETEHLUHA, KPUTEPHU OLIEHKH

Hucnunimaa  «TeopeTtudeckne  OCHOBBI  DJIEKTPOTEXHUKHM»  y4acTBYeT B
(bOopMUPOBAHNN KOMIIETEHIINNA:

IIK-1. CnocobeH opraHu30BbIBaTb M BBINOJHATH pabOTHl (TEXHOJIOTHYECKHE
MPOLECChl) IO MOHTAXy, OKCIUTyaTallid, TEXHUYECKOMY OOCIYKMBaHUIO, PEMOHTY H
MOJICpHU3AIIUN OOBEKTOB CHUCTEMBbI OOECHeueHHs JBM)KEHUS MOE€37J0B Ha OCHOBE 3HAaHUI 00
0COOEHHOCTSAX (YHKIIMOHUPOBAHUS €€ OCHOBHBIX 3JIEMEHTOB M YCTPOMCTB, a TaK K€ MpaBUJI
TEXHUYECKOT0 00CTYKMBaHHUS U PEMOHTA

IIporpaMmMa KOHTPOJ/IbHO-OLCHOYHBIX MEPONPUATHH o4yHas ¢popma
00y4eHust
Kon Haumenosanue
HanmeHoBaHMe 0LIeHOUHOTO
HHIIIKAaTOpa KOHTPOJIbHO-
cpeactsa (popma OOBEKT KOHTPOIIS Ne
* JIOCTHKEHUS OLIEHOYHOTO
MIPOBECHUS *)
KOMITCTEHIINU MEpOTIPHATHS
4 cemecTp
Pazaea 1. ITaccuBHBIE YeThIPEXNMOJKCHUKH 1.0
JlabopaTopHast paboTa IK-1.1 ‘ ITaccuBHBIE YETBIPEXTOTIOCHUKH ‘ Texyrmii 1.1




(TMCHMEHHO/YCTHO) KOHTPOJTh
PacuerHo-Tpaduueckas
pabora (PI'P) (muceMeHHO)
Paznes 2. DiekTpruyeckue Henu NPH HECHHYCONIAIbHBIX NEPUOJNYECKUX HANIPSZKEHUAX M TOKAX 2.0
JlabopaTopHas padoTa DNEKTPUYCCKUE [ICITH MTPH
(TTMCBEMEHHO/YCTHO) MK-1.1 HECHHYCOMIATBHBIX Texyrmmit 21
PacuerHo-rpaduaeckas ' MEPUOINIECKUX HAPSHKCHUSAX U | KOHTPOJb '
pabota (PT'P) (mmrcsMeHHO) TOKax
Paznea 3. DuexkTpnyeckue GUIBTPHI 3.0
JlaGopatopuas pabora IK-1.1 DnexTpudeckre QUIbTPHI Texyuuit 31
(MIMCHMEHHO/YCTHO) KOHTPOJIb
Pa3gea 4. IlepexoaHble Mpouecchl B JIHHEHHBIX dIeKTPHYECKUX HEMsIX 4.0
JlabopaTopHas paboTa
(MMCHMEHHO/YCTHO) K-1.1 [epexonnbie poreccs B Texymmii a1
PacuerHo-Tpaduueckas ' JIMHEHHBIX DJICKTPUYECKHX LETSX | KOHTPOJIb '
pabota (PT'P) (mrcsMeHHO)
Paznen 5. Metoabl pacuéra HeJTMHEHBIX JJIeKTPUYECKHX Iielell MOCTOSIHHOTO TOKa 5.0
JaGopaTopHas pabora Meronpl pacuéra HeJIE/IHeﬁHHx Texymuit
(ITHChMEHHO/YCTHO) I[IK-1.1 SIEKTPUUECKUX IIeTIeH KOHTPOTH 51
MIOCTOSTHHOTO TOKa
Pa3gen 6. Meroapl pacuéTa MATHUTHBIX HeMnei 6.0
PacuetHo-rpaduueckas MK-1.1 Metopl pacuéra MarHUTHBIX Texywmuit 6.1
pabora (PI'P) (muceMeHHO) ' nenei KOHTPOJIb '
Pa3znen 7. Metoabl pacuéra HeJIMHEHHBIX YJIEKTPUYECKHUX 1ieneil mepeMeHHOro TOKa 7.0
Mertobl pacuéra HEMTUHEHHBIX o
IIpoBepounas padboTa . Texymuit
(yeTHO/MHCHMEHHO) I[IK-1.1 SIEKTPUUECKUX IIeTIeH KOHTPOTH 7.1
MIEPEeMEHHOTO TOKa
Pa3nea 8. Karymka ¢ ¢peppoMarHuTHBIM cepaeYHHKOM 8.0
JlabopaTopHast paboTa K-1.1 Karyka ¢ ¢peppoMarHuTHBIM Texymmii 8.1
(MMCHMEHHO/YCTHO) ' CEPICUHUKOM KOHTPOJIb '
Pasnean 9. Onnodasublii TpancdopmaTop ¢ GpeppOMArHUTHBIM CepAeYHHUKOM 9.0
JlabopaTopHast paboTa K-1.1 OnHodasHblil TpanchopmaTop ¢ Texymmii 91
(IMCHMEHHO/YCTHO) ' (heppOMarHUTHBIM CEPJICYHUKOM | KOHTPOJIb '
Pasnen 10. @eppope3oHaHCc HANPSIKEHUS 10.0
JlaGopatopuas paGora IK-1.1 Deppope3oHaHC HATPSHKEHHS Texyuuit 10.1
(TTMCBEMEHHO/YCTHO) KOHTPOJIb
Pa3nen 11. @eppope3oHaHc TOKa 11.0
JlaGopatopuas paGora IK-1.1 Deppope3oHaHC TOKa Texymuit 11.1
(IMCHMEHHO/YCTHO) KOHTPOJIb
DKk3aMeH (cobeceroBaHuUE)
DK3aMeH - TECTUPOBAHUE MK-1.1 Pazmener 1 - 11 IIpomesxyrounast
(KOMITBIOTEpHBIC ' aTTecTanus
TEXHOJIOTHH)
5 cemecTp
Paznen 12. DiaekTpuuecKkoe moJie B NpOBOASIIMX Cpeaax 12.0
JlabopaTopHnas paboTa
(TTMCBEMEHHO/YCTHO) MK-1.1 DIEKTPUIECKOE TOJIC B Texyrmit 121
PacuetHo-rpaduueckas ' MPOBOJISIIINX CPEaax KOHTPOJTb ’
pa6ora (PT'P) (nmuceMeHHO)
Pa3gen 13. MarauTHOe moJie NOCTOSIHHOTO TOKA 13.0
JlaGoparopnas paboTa TK-1.1 MarautHoe 1oJjie OCTOSTHHOTO Texymuit 131
(MMCHMEHHO/YCTHO) ' TOKa KOHTPOJIb '
Pa3nen 14. DieKTpOMArHUTHOE 1M0JIe 14.0
Iposepounas padora IK-1.1 ONeKTPOMarHuTHOE 1oJIe Texynuwi 14.1
(YCTHO/TICEMEHHO) KOHTPOJIb
Pasnea 15. [lnockue YJ1eKTPOMATHUTHBIE BOJIHBI 15.0
IIpoBepounas paboTa K-1.1 Ilnockue 3neKTpoMarHuTHbIE Texyuuit 151
(YyCTHO/TIMCBMEHHO) ' BOJIHBI KOHTpPOJIb )
Pa3gen 16. IlopepxHOCTHBI 3(peKT B INIACTHHE 16.0
JlabopaTopHnas paboTa MK-1.1 [TosepxHocTHBIH 3¢ ekt B Texyrmmit 16.1
(MMCHMEHHO/YCTHO) ' IUIACTHHE KOHTPOJIb '
3adert (cobecemoBaHme) N
3ader - TeCTUpOBaHUE [IK-1.1 Paznensr 12 - 16 POMEXKYTOTHAA
aTTecTalys
(KOMITBIOTEpHBIE




TEXHOJIOTHH) |

HporpaMMa KOHTPOJbHO-OI€CHOYHBIX MGPOHPI/IHTHﬁ

3a04Has popma

o0yueHus
Kon HaumenoBanue
HanmeHoBaHME OLIEHOYHOTO
HHIUKaTOpa KOHTPOJIbHO-
cpenctsa (popma OOBEKT KOHTPOJIS Ne
* JIOCTHKEHUS OLIEHOYHOT' O
MIpoBeACHUI*)
KOMITCTEHIINU MEpONPHATHS
3 Kype, ceccusi YCTAHOBOYHAsI
Paspgea 1. [TaccuBHbBIE YeTBLIPEXMOJTIOCHUKH 1.0
Konrponbnas padora (KP)
MHUCBMEHHO Texymmii
( ) IK-1.1 [TaccuBHBIE YETHIPEXTOTIOCHUKH yi 11
JlabopaTopHnas paboTa KOHTPOJIb
(TMCBEMEHHO/YCTHO)
Paznes 2. DiekTpuyecKkue Henu NPy HECHHYCONIAIBHBIX MEPHOTNYECKNX HANIPSIZKEHUAX H TOKAX 2.0
DNEeKTpUUECKUe e  MPH
KonrponsHas padora (KP) K-1.1 HECUHYCOUIAIbHBIX Texywmuit 21
(TMCBEMEHHO) ' HNEPUOANYECKUX HANPSKCHUAX U | KOHTPOJIb '
TOKax
Pa3gea 3. DaexTpuueckue GUIbTPsI 3.0
KonTponbnas pabora (KP Texymuit
P p (KP) IK-1.1 DNeKTpuIecKue QUIbTPHI ym 3.1
(TUCHMEHHO) KOHTPOJIb
Pazgen 4. IlepexoaHble npouecchl B JIMHEHHBIX 3J1eKTPHYECKHUX LensX 4.0
JlabopaTopHnas paboTa K-1.1 Ilepexoanble npouecchl B Texymuit 41
(TTMCHEMEHHO/YCTHO) ' JMHEHHBIX AIEKTPHUYCCKUX IETSAX | KOHTPOJb '
Pasnea 5. MeToabl pacyéra HeJMHEHHBIX YIEKTPUYECKHUX Lenell MOCTOSIHHOT0 TOKA 5.0
Mertoas! pacuéTa HETMHEUHBIX .
IIpoBepounas padota . Texyrmii
IK-1.1 UEKTPUUYECKUX IeTeit 51
(YCTHO/TICEMEHHO) KOHTPOJIb
MIOCTOSIHHOTO TOKa
Pa3znen 6. MeToabl pacuéTa MATHUTHBIX IeMei 6.0
IIpoBepounas paboTa K-1.1 Meronpl pacuéTa MarHUTHBIX Texymuit 6.1
(YyCTHO/TIIICEMEHHO) ' nenen KOHTPOJIb '
Pasnen 7. MeToabl pacyéra HeJIMHEHHBIX JIeKTPUYECKUX lieNeil mepeMeHHOro TOKa 7.0
MeTtoibl pacuéra HETMHEHHBIX o
IIpoBepounas padboTa . Texymuit
I[IK-1.1 3JIEKTPUYECKUX Lienei 7.1
(YCTHO/TICEMEHHO) KOHTPOJIb
MIEPEMEHHOT0 TOKa
Pa3gen 8. Katymka ¢ peppoMarHuTHBIM cepAeYHHKOM 8.0
ITpoBepounas pabora K-1.1 Katymika ¢ ¢peppoMarHuTHbIM Texywmuit 81
(YCTHO/TTCEMEHHO) ' CEepACHHUKOM KOHTPOJIb '
Pa3nen 9. Onnodasublii TpancopmaTop ¢ GpeppoOMArHUTHBIM CEPAEYHUKOM 9.0
IIpoBepounas padboTa MK-1.1 OnHodasHsIi TpanchopMaTop ¢ Texymuit 91
(YCTHO/TIICEMEHHO) ' (heppOMAarHUTHBIM CEPICYHUKOM | KOHTPOJb )
Pasnen 10. @eppope3oHaHC HANPSIKEHUS 10.0
ITpoBepounas pabora Texyrmmit
POBEP P IK-1.1 Deppope30HaHC HAIPSIKECHUS Y 10.1
(YCTHO/TICEMEHHO) KOHTPOJIb
Pa3gexn 11. @eppope3oHaHc TOKa 11.0
ITpoBepounas pabora Texyrmmit
POBEP P IK-1.1 Deppope3oHaHC TOKa Y 111
(YCTHO/TTCEMEHHO) KOHTPOJIb
3 Kyp¢, ceccusi 3MMHSISI
Ok3ameH (cobecenoBanue)
DK3aMeH - TeCTUPOBaHHE [TpomexyrouHas
P [IK-1.1 Pazgensr 1 - 11 P y
(xoMIBIOTEpHBIE aTTecTanms
TEXHOJIOTHH)
3 Kypc, ceccusi 3SMMHSIS
Paznen 12. DiaekTpuuecKoe noJjie B MpOBOASIIIIUX CPeIax 12.0
Konrponsnas padora (KP) K-1.1 OneKkTpuuecKoe Noje B Texymmii 121
(MUCHMEHHO) ' MIPOBOSILIKX Cpeaax KOHTPOJIb '
Pazgen 13. MarauTHOe moJie IOCTOSIHHOTO TOKA 13.0
JlaGoparopnas paboTa
(TTMCBEMEHHO/YCTHO) K-1.1 MarautHoe 10Jie NOCTOSIHHOTO Texywmuit 131
IIpoBepounas pabota ' TOKa KOHTPOJIb '
(yCTHO/TIMCBMEHHO)
Pa3nen 14. DieKTpOMAarHUTHOE 1MoJIe 14.0




Iposeponas pabora IK-1.1 DIeKTPOMarHUTHOE ToJie Texymuit 141

(YCTHO/TICEMEHHO) KOHTPOJIb

Pa3zpnea 15. Ili1ockue 3J1IeKTPOMATHUTHBIE BOJIHBI 15.0

IIpoBepounas padboTa MK-1.1 IInockue 3neKTpoMarHuTHbIE Texymuit 151

(ycTHO/IMCEMEHHO) ' BOJIHBI KOHTPOJIb '

Pa3gen 16. IloBepXHOCTHBIN 3(peKT B IJIACTHHE 16.0

JlabopaTopHnas paboTa MK-1.1 [osepxuocTHBIH 3 dexT B Texyrmmit 16.1

(TTMCBEMEHHO/YCTHO) ' TUTACTHHE KOHTPOJIb '
3 kype, ceccusl JIETHSIS

3ayer (cobecenoBanme)

3ayer - TECTUPOBAaHUE K-1.1 Paszens: 12 - 16 [IpomexyrouHas

(KOMIBIOTEpHBIE aTTecTalus

TEXHOJIOTUH)

*@opMa TPOBENCHUS KOHTPOJBHO-OLIGHOYHOTO  MEPONPUSATHS: YCTHO, IHUCHMEHHO,

KOMITBIOTCPHBIC TEXHOJIOTUH.

Onucanue nokasareseid 1 KpuTepueB OLICHUBAHUS KOMIIETEH M.
Onucanue mKaJja OUeHUBAHUS

KOHTpOJII) KadyeCTBa OCBOCHHA OUCHUIIIMHBI BKIIIOYACT B ceos TeKyHII/Iﬁ KOHTPOJIb
YCIIEBAEMOCTU W IPOMEXYTOUHYIO aTTeCTalnio. TeKymMil KOHTPOJb YCIIEBAEMOCTH U
IMPOMEIKKYTOYHAA arTrecranusa 06yqa}om1/1xcs1 IMPOBOAATCHA B neiIAax YCTaHOBJICHUA
COOTBETCTBUS JIOCTH)KEHUM OO0y4aroluxcs IO3TamHbIM TpeOoBaHUSAM 00pa30BaTeIbHON
IPOTPaMMBI K pe3ybTaTaM 00ydeHus: U (OPMHUPOBAHUS KOMITETCHIINH.

Texylmuii KOHTpOJb YCIEBAEMOCTM — OCHOBHOM BHJI CHCTEMAaTH4YECKOW IPOBEPKHU
3HAaHUH, YMEHHIA, HABBIKOB OOydYaromMXCs. 3ajada TEKYIIEro KOHTPOJI — OIEpPaTHBHOE M
peryssipHoe yrnpaBjieHHue y4eOHO! NesITeIbHOCThIO 00YJaroLINXCsl HA OCHOBE 0OpaTHOM CBSI3U
H KOPPCKTHPOBKHU. PGSyJII)TaTBI OLCHUBAHWA YYMUTLIBAIOTCA B BHUIC cpeﬂHeﬁ OLICHKHU IIpH
IIPOBEJCHUH NIPOMEKYTOYHOM aTTECTALUU.

Jlig oueHuBaHUs pe3yslbTaTOB OOYyYEHHs MCIONb3yeTCs YeTblpexOajulbHas IlIKaja:
COTIIMYHO», «XOPOIIOY», «YIOBJIETBOPUTEILHOY», «HEYIOBIETBOPUTEIBHO» U JIByXOallbHas
HIKaJIA: «3a4TEHO», «HE 3a4TEHO».

IlepeueHb OLICHOYHBIX CPEACTB, WCIOIB3YEMBIX NI OLICHUBAHUS KOMIICTCHIUH, a
TAKXKE KpaTKad XapaKTCPpUCTUKA OTUX CPCACTB MIPUBCIACHLI B Ta6J'[I/IIIe.

TexynMnKoHTpOJIb
[IpencraBnenue
HaumenoBanue
OLIEHOYHOTO Kparkast xapakTepucTrka olleHOYHOTO CPE/ICTBA Ne
OLICHOYHOT'O CPEeJICTBA
cpeactea B POC
TurnoBoe 3anaHne
JUISL BBITIOJTHEHUS CpezncTBoO U1 POBEPKH YMEHHWI NPUMEHSTH MOJyYeHHBIC
pacdeTHo- 3HaHMS 10 3apaHee ONpe/IeICHHOW MeToauKe Ui pemeHus | PacyerHo-rpaduyeckas
rpadudeckoi 3a[a4q WK 3a/IaHUH [0 pa3/Ieiy IUCIUILIHHEL. pabora (PT'P) 1
paboTHI 1o MosxeT OBbITh HCIIOJIB30BAHO JUISl OLIEHKH 3HAHWH, YMEHHUH, | (TMCEMEHHO)
pa3zenaM/Temam HAaBBIKOB U (MJIN) OTBITA JESITEIHHOCTH O0YJIarOIIUXCs
JICTIATUINHBI
Tunosoe 3aganue .
CpencTBo At MPOBEPKH YMEHUH NMPHUMEHSTh MOTyYCHHBIE
JUIS BBITIOJTHEHUS .
o 3HaHUs 10 3apaHee ONpEeICICeHHON METOJUKE sl peIleHHs
KOHTPOJBHOMN . KonrponbHas padbora
AGOTEL 110 3a]a4 WK 3alaHuil 110 pa3Aely AUCLUIIINHEIL. (KP) 2
p MoskeT OBITh MCIOJB30BAHO IS OIICHKH 3HAHWUN, YMEHUH,
pasnenaM/TeMaM
HAaBBIKOB ¥ (WJIN) OTIBITA AESATEIbHOCTH 00YJatONIIXCs
JICTIATUINHBI
O6pazen 3aganust | CpencrBo, MO3BOJISIONIEE OLEHUTH YMEHHE 00Y4YaloIIerocs
JUIS BBITIOJTHEHUS ITUCEMEHHO/YCTHO H3J1araTh CyTh IIOCTABJICHHOW 3ajauM,
nIabopaTopHOU CaMOCTOATENIBHO ~ IPUMEHATh  CTAHAAPTHBIE  METOABI
paboThI 1 pemeHust IOCTaBIGHHOW 3amadn ¢  wHcrois3oBaHueM | JlaboparopHas pabora 3
[IPUMEPHBIN nMeromeiicss mabopaTopHO  0a3pl, MPOBOIAWTH AaHAIH3
nepevyeHp MTOJTyIEHHOTO pe3yibTaTa paboThl.
BOIIPOCOB IS €€ MokeT OBITh HCIIOJIB30BAHO LIS OLIEHKH YMEHHH, HABBIKOB




3aIIUTHI 1 (WIIK) OTBITA ACSITETLHOCTH 00YJaromnXCst
KomrekTer .
B — CpencTBo TpPOBEPKM YMEHHH TPUMEHSATh IOJIYICHHBIC
BLIONHCH L 3HAHMS TSI BBITIOJIHGHUS 3aJJaHUH OTPeNIeNIeHHOTO THIIA TI0
DOBEDOTHALX TeMe WIH pa3lery. IIpoBepounas padora 4
POBCp MoskeT OBITh NCHOJIB30BAaHO UL OLCHKH 3HAHWUN M yMEHHUI
pabot mo Temam
00yJaroImuxcs.
JACLIMILIAHEI
HpOMC)KYTOLIHaSI arrecranusd
Tpencrasenue HaumeHnoBanue
OLIEHOYHOI'0 Kpartkas xapakTepucTrKa OIEHOYHOTO CPENCTBA OLEHOMHOrO CPEACTEA Ne
cpenctea B DOC p
Ilepeuenn CpencTBo, TMO3BOJIIONICE OICHUTH 3HAHUA, YMCHHSA,
TEOPETUICCKHUX HABBIKOB W (WJIM) OTIBITA JEATCILHOCTH 00YYaroIerocs o
BOIIPOCOB U JUCLHUILINHE. 3auer 1
MIPAKTUYECKUX MokeT OBITH WCHOIB30BAaHO IS ONEHKHM 3HAHWN, yMEHUH,
3a/laHAH K 3a9eTy HAaBBIKOB U (MJIN) OTBITA JESITEIHPHOCTH O0YJIarOITUXCS
CuctemMa aBTOMATHU3UPOBAHHOTO KOHTPOJIE  OCBOCHHS
KOMICTCHIMIA (4acTH KOMIICTCHIIMI) OOydYaromuMcs 110 TeeT — IPOMEKYTOUHAs
DOHJI TECTOBBIX JUCLUILINHE (Momymo) c UCIOJIb30BaHUEM P Y
N N arrecranus B popme 2
3aaHuN HH(bOpMaL[I/IOHHO-KOMMyHI/IKaHI/IOHHI)IX TCXHOJIOTUMH. 399€Ta
MoskeT OBITH WCHOJB30BAHO IS ONCHKHM 3HAHWH, YMEHUH,
HABBIKOB U (WJIN) OTBITA JESITEIPHOCTH O0YJIarOITUXCS
Ilepeuenn
TEOPETUUECKUX
BOIDOCOB CpenctBo, TO3BOJIAIONIEE OICHUTh 3HAHMS, YMEHUS,
P HAaBBIKOB W (WJIM) OTBITA JEATEIFHOCTH O0YyYaroImerocs o
MPaKTHIECKUX
N JUCLUILINHE. DK3aMeH 3
3amaHuit (oOpasern o o
MoskeT OBITH WCHOIB30BAaHO IS OICHKH 3HAHWN, YMEHUH,
SK3aMEHAIMOHHOT'O
HABBIKOB U (WJIN) OTBITA JESITSIHHOCTH 00YJarOIINXCs
omrera) K
9K3aMEHY
CucteMa aBTOMAaTH3MPOBAaHHOTO KOHTPOJS  OCBOCHHS
KOMICTEHIMHA (4acTH KOMITETCHINH) OOYyJaloliMes 10
TecT — nmpoMexyTOUHast
DOoHJT TECTOBBIX JIIACIUIIIINHE (Momy:mto) C HCI0JIB30BaHUEM P Y
aTTecTanus B popme 4

3aJaHul

I/IH(l)OpMaL[I/IOHHO'KOMMyHI/IKaLII/IOHHLIX TEXHOJIOTHH.
MozkeT OBITh HCIIOIB30BAHO JJIA OLICHKH 3HaHPII7[, yMeHPIﬁ,
HaBBbIKOB U (I/IJ'II/I) O1bITa ACATCIIBPHOCTHU 06yqa}01u1/1xc;{

OK3aMCHa

Kpurtepuu u mkaibl olleHUBaHUSI KOMIIETEHIUH B pe3yJibTaTe H3y4YeHUsl THCHMIJIHHBI
NpH NIPOBeIeHN U MPOMEKYTOUHOI aTTecTaunu B (popme 3avera u 3k3amena. lllkana

OIICHUBAHUA

OBHS OCBOEHHUSI KOMIIETEHIIUMH

IIxanbl OLIEHUBAHUS

Kpurepun onennBanms

YpoBeHb
OCBOCHHUS
KOMITCTEHIINU

«OTIIHYIHO»

«XOpPOoIo»

«3adyTCHO»

OOyuarommiicss  MPaBWJIBHO  OTBETHJ  HA
TeopeTndyeckue Bompockl. llokazanx oTIHuYHBIE
3HaHMST B paMKax ydyeOHOTro MmaTepuana.
[IpaBUIBHO BBIMONHMI NPAKTHYECKUE 3aJaHUA.
[lokazanm oTnMYHBIE YMEHHS W BIIAJCHHSA
HaBBIKAMH NPUMEHEHUS TOIYYEeHHBIX 3HAHUHN U
YMEHHH TIpH pemeHHuH 3agad B paMKax
yueOHOro Marepuasia. OTBeTHS1 Ha  Bce
JIOTIOJTHUTENBHBIE BONPOCHI

Bricoknii

OOyuaronuiicss ¢ HEOOJIBIIUMHU HETOYHOCTIMU
OTBETHJI Ha TeopeTuueckue Bonpockl. IToxaszan
XOpomMe 3HaHUs B paMKax  ydeOHOro
Marepuasia. C HeOOJNBIIMMH HETOYHOCTSIMH
BBIMOJIHWI IpaKkThdyeckue 3ananus. [lokaszan
XOpOIIMe YyMEHUs W BIAJCHUS HaBBIKAMH
NIPUMEHEHUS] IOJIYYEHHBIX 3HAaHUH U YMEHUH
IpU pEUIeHHH 3aJad B paMKax y4eOHOro
marepuana. OTBeTwsi  Ha  OOJBIIMHCTBO
JIOTIOJTHUTENNBHBIX BOIIPOCOB

bazoBbiit




«YHOOBJIETBOPUTEIIBHO)

OOyyaromuiics c CYILIECTBEHHBIMU
HETOYHOCTSMH OTBETHJI Ha TEOPETHYECKHE
Bompocsl.  Ilokaszanm  ymoBieTBOpUTEIbHBIE
3HaHUS B paMKax ydebHoro Matepuanma. C
CYIIECTBEHHBIMH HETOYHOCTSIMH  BBITTOJTHHII
NIpaKkTU4YEeCKUe 3aJaHus. ITokaszan
YIOBIECTBOPUTENBHBIE YMEHUS M  BIAJICHHA
HaBBIKAMH IPUMEHEHUS MOTYYECHHbIX 3HAHUH U
YMEHHH TpU peIIeHHH 33hady B  paMKax
yueOHOro  Mmarepuana. JlomycTwin — MHOTO
HETOYHOCTEH INpH OTBETE Ha JONOJHUTEIbHBIC
BOIPOCHI

MuHuMansHBIN

«HEYIOBJIECTBOPUTEIIEHOY

«HE 3a4TCHO»

OOyyaromuiicst Ipy OTBETE Ha TEOPETHYECKHUE
BOIPOCHI U IPU BBHINOIHEHHH NPAKTHUECKUX
3alaHuil [IPOJEMOHCTPUPOBAT HENOCTATOUYHBIN
YPOBEHb 3HAHUI U YMEHUI IIpU pELICHUH 3a4a4
B paMKax ydeOHoro matepuaina. [Ipu oTBeTax Ha
JOTIOJTHUTENBHBIE BOIIPOCHI OBIIO  JOIMYIIEHO
MHO’KECTBO HETIPABHIIbHBIX OTBETOB

Kommerenums
He copMUpoBaHa

Tect — npomekyTouHas arrecTanus B OopMe 3a4eTa U K3aMEHa

IIIxana orneHUBaHU

Kpurepuu onieHuBaHus

COTJIIUYHO»

«XOpOoUo»

«YZOBIIETBOPUTEIBHO»

«BavyTCHO»

OoOyuaronmiicss BepHO oTBeTa Ha 90 — 100 % TecTOBBIX 3aMaHuit
IIPU IPOXO0KIAECHUHU TECTUPOBAHUS

OOyuaronumiics BepHo otBeTia Ha 80 — 89 % TecTOBBIX 3amaHuit
IIpU IPOXO0KIECHUH TECTUPOBAHMS

OOyuaroniumiics BepHo oTBeTHa Ha 70 — 79 % TecTOBBIX 3amaHuit
IIpU IPOXOKIAECHUHU TECTUPOBAHUS

«HEYOOBJICTBOPUTEIIBLHO»

«HC 3a4YTCHO»

OOyuaronuiicss BEpHO OTBETHI Ha 69 % U MEHee TECTOBBIX
3aJlaHuil U IPOXOKJECHUU TECTUPOBAHUS

KpuTtepun u mkaJbl olileHMBaHUs Pe3y/JbTATOB 00y4eHUs NPU NPOBeAeHUN
TeKyIIero KOHTPOJIA yCIeBaeMOCTH

Pacuetno-rpaduueckas padora (PT'P)

IIxanb! OLIEHUBAHUS

Kpurepun onieHnBaHus

KOTIUYHO»

«XOPOIIIOY

«YAOBJICTBOPUTCIILHO»

«Ba4YTCHO»

OOyJaronIuiicsi OJHOCTHIO U TIPaBIIIFHO BBITONHII 3amaHue PT'P.
[Tokazanm oOTIWYHBIE 3HAHUWS, YMEHHUS W BIAJCHUs HAaBBIKAMH
MPUMEHEHUS WX TpU PENICHHHd 3aJad B pPaMKaxX YCBOEHHOTO
yueOHoro marepuana. PI'P  odopmiiena akkypatHo u B
COOTBETCTBUU C MPEABSABIIEMBIMH TPEOOBAHUSIMU

OO6yyatomuiicst BeimonHWI  3amanue PIP ¢ HeGomprmmmu
HETOYHOCTAMHU. [lokasanm XOpoIlire 3HAHHS, YMEHHUS H BIIAJCHUS
HaBBIKAMU NPUMEHEHUS HUX TPH pEIICHHH 3adad B paMKax
YCBOCHHOTO yueOHOro marepuaia. EcTh HeqocTaTtku B opopmiieHHH
PI'P

OOyuaromuiicst BeImosHMI 3azanue PI'P ¢ cymiecTBeHHBIMH
HeTo4yHOCTAMU. [loka3an ynoBIETBOPUTENbHBIE 3HAHUS, YMEHUS U
BIAJCHMUS HaBBIKAMU NPUMEHEHUs HX MpH pELIeHUH 337ad B
paMKax ycBOEHHOro ydeOHoro marepuana. KauectBo odopmieHus
PI'P umeeT He1oCTaTOYHBIM YPOBEHD

«HCYIOBJIETBOPUTECIILHOY

«HE 3a4TCHO»

I[Ipu Bemonuenun PI'P  oOyvarommiics TPOAEMOHCTPUPOBAT
HEJOCTAaTOYHBIH YPOBEHb 3HAHUM, YMEHMHW M BIAJCHUS UMM IIPU
peleHnH 3a7ad B paMKaxX YCBOGHHOTO ydeOHOro MaTepHaia

KonTponbnas pabota

IIxanb! oLleHUBAHUS

Kpurepuu onieHuBaHus

«OTIUYHO»

«Ba4YTCHO»

OOydaronuiicss TOJHOCTBIO W TPABWJIBHO BBIIOJHUI 3aJaHHUE
KOHTPOJIbHOW paboThl. [lokazanm oTIMYHBIE 3HAHUS W YMEHHUS B
paMKax yCBOEHHOro y4deOHoro Mmarepuana. KoHTpoibHas pabora
odopmiileHa aKKypaTHO M B COOTBETCTBHU C IPEIbSBISIEMBIMH




«XOPOTIO)

«YHAOBJIETBOPUTEIIBHO»

TpeOOBAHUSIMHU

OOyuaromuiicsi BBIIOJHMI 33JaHHE KOHTPOJBHOW pPadoOTBl C
HeOOJIBIIMMHU HEeTOYHOCTAMH. [Toka3ay Xopolue 3HaHUS U YMEHUS
B paMKaX YCBOGHHOTrO ydeOHOro marepuana. EcTe HemocTaTKH B
0(OPMIICHIN KOHTPOJIBEHOU PabOTHI

OOydatonmuiicss BBIIONHWI 33/JaHUEC KOHTPOJNBHOW paboThl €
CYIIECTBEHHBIMH HETOYHOCTAMH. IloKasan yIOBIETBOPHUTEIIBHBIE
3HaHUA W yYMEHHS B PaMKaxX YCBOGHHOTO y4eOHOrO MaTepuaina.
Kagectro odopMIIeHHAS KOHTPOJHOH  paboTHI nMeer
HEAO0CTaTOYHBIA YPOBEHD

«HCYIAOBJICTBOPUTECIILHOY» | «HE 3a4YTCHO»

OOyuaronuiicsi He MOJHOCTBIO BBITIONHWI 33aHUS KOHTPOJBHOH
paboThl, IPU 3TOM MPOSBHII HEAOCTATOYHBIN ypOBEHb 3HAHUH W
YMEHUI

JlabopaTtopHnast pabora

IIxane! ollecHUBAHUS

Kpurepuu ouieHnBaHus

«OTIUYIHO»

«XOpPOLIO»

«BadyTCHO»

«YAOBJICTBOPUTCIILHO»

JlabopatopHast ~ paboTa  BBINOJIHEHa B 0003HauYEHHBIN
Nperno/iaBaTeieM CpOK, TMCbMEHHBIN OTYeT 0e3 3aMeYaHuH.

JlaGopatopHas paboTa BHIIOJHEHA OOYYAIOIIMMCS B MOJHOM
o0beMe ¢ CoOMoACHHEM HEoOXOOMMON IIOCIEIOBATECIBHOCTH.
OOy4aromuiics padoTajd MONHOCTBIO CaMOCTOSTENIBHO; MOKa3al
HeoOXOAMMBIC ISl MPOBEACHHS pabOThl TEOPETHUSCKUE 3HAHUS,
MpaKTHYeCKHe YMEHHSA W HaBeIkH. Pabora (oTueT) odopmiieHa
aKKypaTHO, B HanOoJee ONTHMAJIbHON Ui (QUKCAIIMH PE3YJIBTAaTOB

hopme

JlabopaTopHas pabora BBITIOJIHEHA B 0003HaYeHHBII
NpernojaBaTeieM CpOK, IHChbMEHHBIH OTYeT C HeOONBIINMHU
HeJl04YeTaMu.

JlabopaTopHass paboTa BBHIMOJIHEHA OOYYAOIIUMCS B IOJHOM
o0beMe UM  caMmoCTOATEeNbHO. JlOmymIeHBl  OTKJIIOHEHHS  OT
HEOOXOJUMON TMOCIIEeI0BATEIBHOCTH BBIMOIHEHHS, HE BIHSIOIINC
Ha MPaBWILHOCTh KOHEYHOrO pe3yibraTa. PaboTa mMmoka3biBaeT
3HaHHWE OOYYAIOUIMMCS OCHOBHOTO TEOPETHYECKOTO Marepuaia u
OBIIA[ICHUE YMEHHUSIMH, HEOOXOJMMBIMH JUJIsl CaMOCTOSITEIHLHOTO
BBINIOJHEHHST PaboThl. J{OmMyIeHbl HETOYHOCTH U HEOPEKHOCTH B
0OPMIICHHHU Pe3yNILTATOB pabOTHI (0TUETA)

JlabopaTtopHass pa®oTa BBIIONHEHA C 3aICPIKKOH, MHUCHMEHHBIN
OTYET C HEJJOUETaMHU.

JlabopaTopHas pabora BBITIOJIHSIETCS u odopmIsieTcs
oOydJamuMcss TpU TMOCTOPOHHEW ToMomu. Ha BeIMOTHEHHE
paboThl  3arpaunMBaeTcsi MHOro  BpeMeHu. OOyuwaromuiics
MOKa3bIBACT 3HAHMS TEOPETUYECKOTO MaTepHaja, HO HCIBITHIBAET
3aTpyJHEHUE TP CaMOCTOSATENbHOW paboTe ¢ HCTOUYHHKAMHU
3HaHUH WK IpUOOpaMu

«HCYAOBJICTBOPUTCIBHO» | «HE 3a4YTCHO»

JlabGopatopHas paboTa He BBIIOJHEHA, NMUCBMEHHBIH OTYET HE
HpeJCTaBIICH.

Pe3ynbTaThl, MOMyYeHHbIE 00YYalOIIMMCS, HE MO3BOJISIOT CIEaTh
NPABUIBHBIX BBIBOAOB M MOJHOCTBIO PAaCXOAATCS C MOCTaBJICHHOM
nesbto. [TokaspiBaeTces IIOX0€ 3HAHHE TEOPETHYSCKOro MaTepuaia
1 OTCYTCTBHUEC HeO6XOJlI/IMBIX yMeHHﬁ.

JlabopaTopHast paboTa HE BBIIIOJIHEHA, y y4amlerocsl OTCYTCTBYIOT
HGO6XO}II/IMBIC JJId TIPOBEACHU A pa6OTBI TCOPETUYCCKUE 3HAHUA,
MPAKTUYCCKUC YMCHHNA 1 HABBIKU

[TpoBepounas pabota

[xana Kpurepuii onenku
OLICHUBAaHUS
GAUTCHOY OOyyaronuiicss NPaBWILHO WIM C HEOOJBIIMMH HETOYHOCTSMH BBIIIOJHWI 3aJaHUs

MPOBEPOYHON pabOTHI

«HEC 3a4YTCHO»

O6yqa}01111/1171c91 HEIPAaBUJIbHO WJIK C CYHNIECTBECHHBIMU HETOYHOCTAMHU BBITIOJTHUWII 3aJaHUS

MIPOBEPOYHON pabOTHI




3. TunoBble KOHTPOJILHBbIE 3a]aHNsl UM HHbIE MATEPHAJIbI, HEOOX0IMMbIE
JJIS1 OIleHKM 3HAHM A, YMeHNH, HABBIKOB M (WJIN) ONBITA J1eAITeJIbHOCTH

3.1TunoBbie KOHTPOJIbHBIE 321aHMS J1JIS1 BHINIOJIHEHUS pacyeTHO-Tpaduyeckux padoor
KoHTponbHbIE BapuaHThl 3aJaHW BBUIOKECHBI B JJICKTPOHHOW WH(POPMAITMOHHO-
obpazoBarenbHoli cpeae Upl VIIC, noctynHoit oOydaroniemMycs uepes ero JUYHbIN KaOMHET.
Hwxe mpuBeneH oOpaszer] THUMOBBIX BApUAHTOB 3aJaHUN ISl BBIOJHEHUS PAcUETHO-
rpadgudeckux padorT.
3agaun npuBeACHbI B yueOHOM mocoOun «COOpHHMK 3alaHUi M PEeKOMEHIAIUH Ui
BBIMOJTHEHUS pacU€THO-TPaPUUECKUX U KOHTPOJIBHBIX paboT».
[IpuBenenbr 7 3agauy mpu CTa BAPUAHTOB 3aJaHU B KaXIOW IS BBINOJHEHUS
pacuétHo-rpaduuecKkux padoT CTyAEHTaMHU OYHOIO OOY4YEHHi, a Takke KpaTKui MOpAI0K
peleHus 3a1a4.

OOpa3zer THIOBOTO BapHaHTa pacueTHO-TpapuuecKoi paboThI
«[TaccuBHBIE YETHIPEXIOTIOCHUKI
OOpa3zer THIOBOTO BapuaHTa pacueTHO-TpapuuecKoil paboThl
«DQNeKTpUYecKHe UEeNH MIPU HECUHYCOUIATbHBIX IEPUOIUUECKUX HAIPSKEHUAX U TOKAX»

3agaua Ned4. Pacy€T TMHENHHOT0 MaCCUBHOTO YETHIPEXITOMIOCHUKA
[P [MOJAY€E HA €r0 BXOJl HECUHYCOUAAIBHOTO MEPUOJNYECKOTO HANIPSIKCHUS

3ajaHue 3ajadyd pacCUMTaHO HAa OCBOCHHUE CTYJEHTAaMU METOJA Pacuéra JIMHEHHBIX
AIIEKTPUYECKHX IICNCH MPU HECHHYCOUIATbHBIX HANPSIKCHUSIX U TOKax [1-6].

TlocTanoBka 3agaun

3ananbl iekTpudeckue cxemsl - 1 I1-00pa3HbIX CUMMETPUYHBIX YETHIPEXIIOIIOCHUKOB,
puc. 4.1. Bxoanoe HanpsbkeHue Ui(t) H3MeHseTCsl 0 HECUHYCOHIATbHOMY MEPUOANIECCKOMY
3aKOHY, T'pauK KOTOpOro mnpezactaBiieH Ha puc. 4.2. UeTbIpEXIOMIOCHUKA HAarpyKeHbl Ha
aKTUBHOE CONPOTHBIEHHE HArpy3ku Ru. UncnoBele 3HaueHus HampspkeHUM Um, BeTMUMHBI
COIPOTUBIIEHUH MPU YaCTOTE OCHOBHOM T'apMOHUKH NPUBEICHBI B TaOIUIIE 4.
Tpebyercs:
1.Ucnonb3ys TabnMyHOE pAa3/I0KEHHE HECHHYCOWJANbHBIX MEPHUOAMYECKUX CHUTHAJIOB,
pa3noxuTh B psaag  Dypbe 3adaHHOE BXOJHOE HANpPsHKEHHE, OrPaHMYUBIINCH
onpejieiecHueM TEepBbIX TPEX TapMOHUK (YIEHOB psAa) IUIIOC IOCTOSTHHAs
COCTaBJIAIOLIAsl, €CIM TPHUCYTCTBYeT Ha 3ajJaHHOM rpaduke. Hamucars 3akoH
U3MCHEHHMsI MTHOBEHHOTO 3HaueHWs HampsbkeHuss Ui(f) u  ompenenuts  ero
neiictByronee 3HaueHue U1.
2.Vcnionp3ys TEOPHIO YETHIPEXTIOIIOCHUKOB, BBIPA3UTh B KOMIUIEKCHOW (opme 3amucu
auist K-0if rapMOHUKY 3aBUCHMOCTh KOMILICKCHOM aMILTUTY/IbI BEIXOJHOTO HAMPSHKCHUS
U2mk OT KOMITIEKCHO# aMITTHTYIbI BXOJHOTO HanpsukeHnst Uimk.
3.0mpenenuTh  KOXPQUIMEHTH 3aJaHHOrO  uerblpéxmomocHuka Ak u Bk jans
COOTBETCTBYIOIMX TAPMOHUK BXOJHOTO HANPSHKEHUS, HAUTH JUTSI KOKIOH TapMOHUKH
KOMILIEKCHYIO aMILTHTY/y BEIXOJHOTO HampsukeHus: Uzmk 1o popMmyrte myHKTa 2.
4.Hamucath 3aKOH U3MEHEHHS MTHOBEHHOT'O 3Ha4YeHUs HampspkeHus Uz(t) u ompenenutsb
ero jelictByroriee 3HaueHue Ua.
5.Ha onHOoM pucyHKe B OJHOM MaciiTa0e MOCTPOUTH IpaUKH JMHEHYATHIX CIIEKTPOB
BXOJIHOTO U BBIXOJHOTO HAamNpsDKEHUil (MOCTOSHHBIE COCTAaBIAIONIME Ha Trpaduke He
MMOKa3bIBATh).
6.Onpenenutb KOAPGUIMEHTH TAPMOHHUK, aMIUIUTYJbl M UCKAaXEHUS Ul BXOJHOTO M
BBIXOJTHOTO HAIpPSHKEHUH.
7.Ha ocHoBanuu 1. 5 U 1. 6 caenaTh BHIBOJ O (PMIIBTPYIOIINX CBOMCTBAX 331aHHON CXEMBI
YETBIPEXTIOJIFOCHUKA.



8.C moMoIIpi0 KOMIBIOTEpA HIM BPYYHYIO MOCTPOUTHh rpaduku BxomHoro Ui(t) u

BeIxOAHOTO U2(t) Hampspkenuit. Ha rpadukax mokasare mepBble TPU TapMOHHKH U
CYMMapHYy0 KpHUBYIO, IIOJY4YEHHYIO B PE3yJIbTaTe IpahuuecKoro CiIoKeHus: OTAEIbHBIX
TrapMOHUK.

[Topsinok pacuéra

Kparkue nosicienus x pacuéram. Hymepanus myHKTOB IIpUBEIEHA B COOTBETCTBUH C

4.1. HapucoBaTh pacuéTHYIO CXE€MY YEThIPEXITOMIOCHUKA C IMTOKIFOUYCHHON HAarpy3koi Ru.

1. Ilo rpaduky BXOJHOTO HAmMpsKEHHs MOA00paTh B CIPABOYHUKE WM B MPHIOKEHUU
y4eOHOM IuTepaTypsl TUIIOBOE pasiioxkeHue B psaa Oypoe [1], koTopoe ucnob30BaTh Jist
HAIMMCAHUS 3aKOHA U3MEHEHUS BXOHOTO HanpsokeHus Ui(t).

2. 3amnucath B KOMIUIEKCHOW (hopMe ypaBHEHUS YETHIPEXIOIIOCHUKA B BUIE «A» MpU
pSIMOM BKJIFOUCHHH 17151 K-0¥ rapMOHHKH:

Uimk = AkU2mk + Biklomk;
limk = CkU2mk + Dklamk.
B nepBoM ypaBHeHuu cnaenath moactaHoBky lemk = Uzmk / Ru u ompenenuth

TpeOyeMyIo 3aBUCUMOCTb.

3. B npunoxenun yuebnout mureparypsl [1-5] ana T- wm II-o6pa3Horo
CUMMETPUYHOTO YETHIPEXTIONIOCHUKA HaWTH TpeOyembie 3aBUCUMOCTH
KOA((UIIMEHTOB YETHIPEXIIONIOCHUKA OT MEPBUYHBIX MApPaMETPOB 3a/IaHHOM CXEMBI.
3amucarh (Gopmysbl ompeaesneHuss KodhuireHToB B obmeM Buae s K-oif
TapMOHUKHU.

4. Tlo HalaEeHHBIM KOMIUJIEKCHBIM aMIUIMTYJaM BBIXOJIHOTO HAIpPSKEHUS 3alucaTh
3aKOH U3MCHEHHsI BBIXOHOTO HanpsbkeHus B Buje psaaa Oypee Uz(t), kak

CyMMY FapMOHHK TUTFOC TTIOCTOSTHHASI COCTABIIAIONIAs, €CJIU IPUCYTCTBYET.

K mynkTam 5-8 0cOOBIX MOSICHEHUH HET.
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O6pazel THIOBOT'O BapHaHTa pacuyeTHO-TrpaduyecKoil paboThI
«IlepexoaHbie MPOLECCH] B TMHEHHBIX AICKTPUUCCKUX IICTISX )

3agava Ne6. Pacu€T mepexoaHoro mpoiecca
B JIMHEHHOM JIEKTPUYECKON LIENIH ITOCTOSIHHOT'O TOKA

3aHaHI/I€ 3ala4i paCcCUUTaHO Ha OCBOCHHEC CTYACHTAMHW OCHOBHBLIX MCTO/I0B pacqéTa
MEPEXOAHBIX ITPOLICCCOB B JIMHENHBIX QJICKTPUYCCKUX LCIIAX.

ITocTranoBka 3agaun

Ha pucynke 6 npencraBiieHbl AECATh BApPUAHTOB CXEM JIMHEMHBIX AIIEKTPHUUYECKUX
ueneﬁ IIOCTOAHHOI'O TOKa, B KOTOpI)IX HpOI/ICXOI[I/IT 3aMBIKAHHUEC WJIN paSMI)IKaHI/Ie KJI04a
(xommyTanusi). UucioBble OaHHBIE AN CXeM MpHUBEACHBI B Tabmuie 6. HeobOxomumo
onpej:[eJme nepexonHme TOKHN HWIIN HGpGXOJIHOC ImaagcHUue Haprl)KeHI/ISI Ha EMKOCTH B
3aBUCHUMOCTH OT BapHaHTa, CM. MOCIEIHUI cTon0 ] TabauIIbI 6.

Tpebyercs:

PaccuuTaTh nepexoaHbiil IpoLeCe ¢ TOMOLIBIO:

1. Knaccudeckoro meroja pacuéra.

2. OmepaTopHOro MeTO/1a pacuéTa.

3. IMoctpoutk rpaduk MepexoaHOTO IMporecca.

4. OcyiecTBUTh MOJCIIUPOBAHKE MTEPEXOTHOTO MpoIiecca.

ITopsinok pacuéra

1. Knaccudeckuii metona pacuéra:
® IS MTOCJIE KOMMYTAIIMOHHON CXEeMBI 110 3akoHaM Kupxroda cocTaBuTh CUCTEMY
YpaBHEHUH Il MTHOBEHHBIX 3HAYEHUI TOKOB U HAIIPSKCHU;
® HAWTH NPUHYKXIEHHOE 3HAYCHUE TOKA WJIN MTAICHUS HAIIPSKCHUS,
® [10 METOAY BXOJHOI'O CONPOTHUBIIEHUS COCTABUTH XapAKTEPUCTUUECKOE
YpaBHEHHUE U HAWTH €r0 KOPHU;




® [0 BUJY KOPHEH XapaKTEpUCTHUECKOTO YPaBHEHHUS ONPEIEIUTh BUL CBOOOTHON
COCTABJIAIOIIEH TOKA WM NTaJCHUS HAPSDKCHUS;

e 3amucarhb oOlIee PelIeHNe B BHJIE CYMMBI IPUHYXIEHHON M CBOOOIHOM
COCTABJISIOIIMX TOKA WIX NTaJICHUs HAIIPSKECHNUS,

®  OIpPEIENIUTH TOCTOSHHBIE HHTEIPUPOBAHHUS, UCIIOJb3Ys HE3aBUCUMBIC U
3aBHCHMBIE HAYAJIbHBIE YCIIOBHS;

e 3amucarh oOlIee pelieHne, MOICTaBUB B HEr0 HalJICHHbIE TOCTOSTHHbIC
WHTEIPUPOBAHUS.

2. OmnepaTopHBbIil METOJT pacuéra:

®  COCTaBUTb ONEPATOPHYIO CXEMY 3aMELICHMUS;
®  HCIONB3ys JIIOOOW W3 METOJNOB pacuéra yCTAaHOBUBIIMXCS PEXUMOB B
JUHEHHBIX AJIEKTPUYECKUX IIeMsIX, HaWTh Tpedyemoe H300pakeHHe TOoKa WIH
NaJICHUs HAMIPSKEHUS;

e 110 popmyIe pa3ioKEHUS HAMTU OpPUTHHAI TOKA UJIU MaJICHUS] HAPSKESHUSI.

3. Tloctpoenue rpaduka nepexoHOro npoiecca:

®  ONpEAENUTh MOCTOSIHHBIE BPEMEHHU MEPEX0ITHOTO MPOoIIecca;

®  ONpEeAeNUTh BpeMsl MEPEXOJAHOrO MPOIECCca, UCIOJIb3Yys MOCTOSHHBIE BPEMEHHU
MEePEX0IHOTO MPOolLIecca;

®  HApUCOBaTh PE3yAbTUPYIOUMI Trpaduk Kak cymMMy Tpaduka MpUHYKAEHHOU
cocrapisitoeil u rpaduka (-oB) cBOOOIHOM COCTABIAMOIIEH TOKA WIM MaJCHUS
HATIPSDKCHUS.

4. MonenupoBanue B cpeae Electronicsworkbench:

coOpaTh HCXOMHYIO CXEMy; MOJKIIOYHTh OCIuIIorpad i perucTparuu
TpeOyeMOoro nNepexofHOro MpoIecca;

OIIpEIeTMTh MaclTad 1Mo OCH BpeMEeHH ocuwuiorpada TakuMm oOpa3oM, 4ToObl Ha
9KpaHe TTOMECTHIIOCH IPUMEPHO JBOIHOE BpeMs MEPEXOIHOTO MPOIIECCa; COTrIacHO
rpaduky myHkTa 3 BeIOpaTh MacmTal 10 OCH OpAMHAT Ha dKpaHe ocuuiuiorpada;
HOJYYUTh 10 KOMMYTAlMOHHBIN YCTAaHOBHUBILHMICS PEXUM, IJIS 3TOrO HaXKaTh Ha
sKkpane kmaBumry «llyck» W T0XKIaThcs yCTAaHOBUBIIETOCS PEXHMMA; 3aTeM CHEIaTh
KOMMYTAllMIO0 (3aMKHYThb HWJIM DPa30MKHYTh KJIIOY) U TOJNYYUTh MEPEeXOIHbIH
IpoLecC; TOCIEe MOIYYEHHs YCTAaHOBMBIIETOCS pPEXHMa OCTaHOBHUTH IIPOIIECC;
COXpaHUTh TIpaduK NEepexoaHOro mpouecca. ['paduk mepexoqHOro mpoiecca,
MOJIyYEHHBIH MTyTEM MOJIETUPOBAHNS, JOJKEH COBMAIATh C IPAPUKOM NEPEXOTHOTO
npolecca NOCTPOSHHOTO B 11. 3.
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Tabmauma 6
No Ba géngTa Onpenen
0 p r L C E Tb
BapuaHTa CXEMBI Ha 3aKOH
puc. 6 W3MEHEHUs




- - Om Tu MKD B

1 1 10 0,1 100 100 Ue(t)

2 2 8 0,02 31,3 150 ix(1)

OO6pa3zer THIIOBOTO BapHaHTa pacueTHO-TpapruecKoil paboThl
«Meto/pl pacuéTa MarHUTHBIX IeTIeii»

3ajaHa MarHuTHas 1enb ¢ Karymkod (puc. 4.1 a@). I[lo KOHCTPYKTUBHBIM pa3Mepam
MarHUTONPOBOJIa HAMIECHBI CPEIHUC JJIMHBI ydacTKOB MarHutompoBoga |1 u |2 , amuHa
Bo3aymHoro 3azopa ls (Is << l1, o), ceuenus ydyacTkoB MarHuTompoBoga Sy u Sy, 3aJaHO
YKCJI0 BUTKOB KaTYIIKK W, OCHOBHasI KpuBas HamarunuuBanus B(H) (puc. 4.1 6).

Tpebyercs: a) Mo 3aJaHHOMY MarHUTHOMY NMOTOKY @o HAlTH TOK HaMarHuyuBaHus lo
(mpsimast 3aa4a); 6) 1Mo 3aJaHHOMY 3HAYEHUIO TOKAa HaMarHWYWBaHUs lo HAWTH MarHUTHBIN
nmoTok @p (0OpaTHas 3a/1a4a).
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Puc. 4.1. MaruuTHas 1ens ¢ KaTyIIKOH (2) 1 OCHOBHAasI KpuBasi HaMarHn4uBaHus (0)

Pewenue. O61mas yacTb 11 npsiMoil 1 oOpaTHOM 3a1ay.
1. 1o ucxonHOM cxeMe MarHUTONPOBO/AA pHC. 4.1a Hapucyem cxeMmy 3amelieHus (puc.
4.2).
Ry,

R
A

Hl ].1 Z-IDH]
— —-

F(T)‘@ thi

Ry,

Puc. 4.2. Cxema 3aMellieHus MAarHUTHON II€NU

2. Hcnonp3ys cxeMy 3amelieHus (puc. 4.2), COCTaBUM ypaBHEHHE 110 BTOPOMY 3aKOHY
Kupxroda (cm. popmyny 4.2)
Hl +2H,I +H,l, =F, (4.4)
rae F=Wi — MarHuToABIKYIIast CHITa.
Pemenwne npsimoii 3anaun (@ F)e




[To 3amaHHOMY 3HAYEHHI0O MAarHUTHOTO MOTOKa @ = @, HaAEeM HHAYKIUIO U
HaHp}I)KeHHOCTB Ha Tpex y‘{aCTKaX MaI‘HI/ITOHpOBO,Z[a 10 CHGI[YIOH_IeMy aJIFOpI/ITMyZ

D _)51:;2 — B(H) —— Hi;
1
D
—)Bz=s— —> B(H) —= H2 (4.5)
2
D B
By = — He = —2,
——> "B SB —_— B Lo

rae  Seé = Si— ceueHue BO3AYIITHOTO 3a30pa MPUHUMAETCS PaBHBIM  S1;

o = 41107 T'H/M — aBGCOMOTHAS MATHUTHAS NIPOHUIIAEMOCTh BaKyyMa, IPHHAMAEM 3a
IIPOHULIAEMOCTh BO3/1yXa.

Haiinennpie 3HaueHus HanpspkeHHOCTH Hi, Ho m He moncraBum B ypaBHenue (4.4), u3
KOTOPOTO HAXOJIUM MarHUTO/IBIKYIIYIO CHITY

F=HIl +2H | +H,I,

Jiga  rpadguueckoro  pelieHuss ~— HeIMHEWHoro  ypaBHeHus — (4.4)  npu
3aanMarHuToaBkymeid cuie F = Fo = low moctpoum 3aBucumocts @(F), rae HOM
MarHUTOABIKYILYIO CUJTy OIPEAEIUM 0 ypaBHEHUIO (4.4) Kak cCyMMy HaJeHUH MarHUTHBIX
HanpsHKeHUH

F=HIl+2H 1 +H.I,
IIPU 332/1aBa€MbIX 3HAUEHUSX MarHUTHOTO MoToka @. 3aTeM 1Mo U3BECTHON MarHUTOABUKYIIICH
cuie Fo onpenenum 3HaueHue NOTOKa, puc. 4.3:
Fo—> @F)— o

Berunciienusi, cBsi3aHHbIe ¢ MmocTpoeHHeM 3aBucuMoctd @D(F), MoxkHO 0QopMUTH B

Buze taoi. 4.1.
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Puc. 4.3. [lo MarHuTOIBMKYILIEH CUJIe ONpeieTieHHe 3HAaUEeHUs OTOKA
B nepsele nBa cronbua Tabn. 4.1 BOUIIEM JaHHbIE OCHOBHOM  KpHUBOM
HamarunuuBanusi B(H) (puc. 4.1 a). Ilpu stom npumem Bi= B, H1 = H. 3atem peanuzyem
QITOPUTM BBIYUCIICHHUS TPEOYEMBIX BEITHMUNH:

f— _ @ -
B1 ®=B1S1 B, = 8_2 B(H) H> Holz;
- s> Hi ——> Hilj;
5 Bs=B1 — He = zs — 2H6|6’;
0

F=H]Il +2H,1 +H.,,.
VYKka3aHHBIA aANTrOPUTM peau3yeM A0 TeX TOop, MoKa BBIUMCICHHOE 3HadeHWe F He
OyIieT mpeBbIIaTh 3aJaHHOTO 3HaYeHus Fo.
OTtMmeTnM, 4YTO TpOIEAypa pEIIeHUs MOXKET OBITh peaqn3oBaHa C IOMOIIbIO,
HampuMep, 3JIeKTPOHHBIX Tabmui Excel.

O6pazel THIOBOTO BapHaHTa pacueTHO-rpaduyeckoit paboThl
«DNEKTpUYECKOe 1oJIe B MPOBOAIINX Cpeaax»



OGpa3zelr TUTIOBOTO BapuaHTa KOHTPOJbHON PaOOThI
«DNEKTPUYECKOE TOJIe B IPOBOISIIIUX CPEAAX)

«Pacuer QJICKTPHUYCCKOI'0 ITOJII U OCHOBHBIX MAPaAaMCTPOB MUITMHAPHUICCKOT'O 3a3CMITUTCIIS

1)
2)
3)

4)
5)
6)

3AJIAHUE 1

HpI/IHI/IMaSI, qTo I_[I/UII/IH,HpI/I‘{eCKI/II;’I 3a3CMJIMTCIIb HAXOAUTCS B I'NIMHEC, OIIPCACIIUTD!:

IJIOTHOCTh TOKA Ha PACCTOSIHUM X1 OT OCH 3a3E€MJIUTEIIS;

MOAYJIb HAIPSIKEHHOCTH JIEKTPUUYECKOTO TMOJIsI HA PACCTOSTHUU X1 OT OCH 3a3€MJIUTEIIS;
3HAYCHMsI PA3HOCTH MOTEHITMATIOB MEXIY TOUYKAMH X1 U X2, & TAKXKE MEXKIY TOUYKAMH X2 U
X3,

COTIPOTHBIICHUE 3a3EMJICHUS;

[1aroBO€ HaNpsHKEHUE B TOUKaX X1, X2 U X3,

OMACHYIO 30HY, TO €CTh pajuMyc Kpyra X!, mpuHmmas, uro mamuHa mara L,=0,8 M, a
HaNpsUKEHNe Ha TPAHUIIE STOM 30HKI He npesbimaer U=150 B.
3AJIAHUE 2
[Tpunumas B popmyie (7) 3HaueHUE NOCTOSTHHON UHTerpupoBanus C = —— /nx,

27yl
HAYePTUTH TpaUK 3aBUCUMOCTH  (=(X) pH Xo<X<15M.

3AJIAHME 3

OneHuTh HEOOXOIUMOE YHCJIO COCIWHEHHBIX  MAPALICIBHO [HIMHIPHICCKHX
3a3eMIIMTeNeH, YTOOBI PauyC OMAaCHOW 30HBI BOKPYT KaXKJIOTO U3 HUX HE MpeBbIman 1 M.
[IpuHSITH, YTO CHIa TOKA I, TPOTEKAIOIIETO YepPe3 BCIO CHCTEMY 3a3eMIINTEIICH, paBHA CHJIC
TOKA, MTPOTEKAIOIIEr0 YEPE3 OJIMH 3a3€MJIUTENb B IPEABIAYIINX 3aJaHUSX.

Uucnennsle 3HAUEHUsA BENWYWH TpuBeAcHbl B Tabmuue 2. [lo mocnmemgneit mudpe
HOMEpa 3aUeTHOM KHMKKHU CTy/IeHTa BhIOMparoTcs 3HaueHus Xo, ¢, |. [lo mpeanocnenneit
udpe — 3HAYCHUS X1, X2, X3.

3.2 TunoBble KOHTPOJIbHbBIC 3aJaHUA T/ BBINNOJHCHUA KOHTPOJbHBIX paﬁoT

KOHTpOJIBHBIe BApHUAHTLI 3aJlaHUil BBLIOXKEHBI B BHCKTpOHHOﬁ I/IHq)OpMaI_II/IOHHO'

obpazoBarenbHoii cpene Upl'VIIC, noctynHoit oOydaroniemMycs uepes ero JUYHbIN KaOMHET.

Huxe IMPpUBCIACH 06p33€l_l TUIIOBBIX BAPpHUAHTOB 3aJJaHUM 171 BBIIOIHEHUS KOHTPOJIbHBIX

pabor.

3amaun mpuBeneHbl B yueOHOM mocoOun «COOpHUK 3aJaHUNl M peKOMEHIAIMi Uit

BBITMIOJTHEHUS pacU€THO-TPAPUUECKUX U KOHTPOJIBHBIX paboT.

[IpuBenensl 7 3amad co cTa BapHaHTaMU 3aJlaHUN B KaXKIOW JUISl BBITOJHEHUS

KOHTPOJIbHBIX pabOT CTyAI€HTaMU OYHOTO M 3a0YHOr0 OOy4eHUH, a Takke KpaTKuUi MOpSI0K
pelIeHus 3a1ay.

O6pa3zer] TUIIOBOTO BapuaHTa KOHTPOJIbHOM paboThI
«[TaccuBHBIE YETHIPEXTIOTIOCHUKI
«ONeKTpUYECKUE 1IeTIH PU HECUHYCOUJAIBHBIX MEPHUOAMUECKUX HANPSHKEHUAX U TOKAX»
«OnexTpruueckue GUIbTPHI»

3anaya Ne4. Pacu€r muHEHOro MacCUBHOTO YETHIPEXTIOIIOCHUKA
IIPH MIOIa4Y€ Ha €ro BXOJ HECUHYCOMIaJIbHOTO EPHUOJNYECKOIO HAIPSKEHUS



3ajaHne 3a7a4d PacCUMTaHO HAa OCBOCHHE CTYACHTAMHU METoAa pacuéra JTUHEHHBIX

ANIEKTPUYECKHX LIENeH PH HECHHYCOUAATbHBIX HAPSHKCHUX U TOKax [1-6].

IlocTranoBka 3aJa4dn

3ananbl anekTpuueckue cxembl |- u [1-00pa3sHbIX CUMMETPUYHBIX YETHIPEXTOIIOCHUKOB,

puc. 4.

1. Bxoanoe Hampspkenue Ui(t) u3MeHsIeTcsl 0 HECHHYCOUIAIbHOMY EPUOAMYECKOMY

3aKOHY, TpadUK KOTOPOro mpeactaBiieH Ha puc. 4.2. UeThIpEXTOMIOCHUKA HAarpyXCHBI Ha
AKTUBHOE CONpPOTHUBJICHHE HArpy3ku Ru. UucnoBble 3HaueHus HanpspkeHU Um, BETUYMHBI
COIIPOTHUBIICHUH NP YaCTOTE OCHOBHOM rapMOHUKH MIPUBEICHBI B TAOIUIIE 4.

1.

TpeOyercs:

Hcnonb3ys TabiauyHOE pas3lioKeHHE HECHHYCOMIANBHBIX MEPHOANYECKHX CHTHAJIOB,
paznoxutb B psaag Dyppe 3aJaHHOE BXOJHOE HANPSIKEHHE, OrPaHUYMBUIMCH
ONpEACIIEHUEM IMEpBBIX TPEX TapMOHUK (WIEHOB psfa) IUIIOC IOCTOSIHHAS
COCTaBISIIOLIAs, €CIIM MPUCYTCTBYeT Ha 3adaHHOM rpaduxe. Hammcate 3akoH
U3MCHEHHMsSI MIHOBCHHOI'O 3HaueHHWs HanpspkeHus Ui(t) u  ompenenuTh  ero
neiictyromee 3Hadenue Ui.

Hcronb3yst TEOpHIO YETHIPEXTIONIOCHUKOB, BBIPa3UTh B KOMIUIEKCHOH (popme 3amucu
s K-oif  rapMOHHMKM — 3aBHCHMOCTh  KOMILIEKCHOW — aMIUIMTYABI  BBIXOJHOTO
HanpsikeHust Uzmk OT KOMITIEKCHO#M aMILTATY/IbI BXOJHOTO HanpskeHns Utmk.
Onpenenuty Kodh(GUIUEHTHl 3aJaHHOTO 4eThIpéxmoitocHuka Ak u Bk s
COOTBETCTBYIOILIMX FAPMOHHUK BXOJHOI'O HAINPSKEHUSI, HAUTU NI KayKJOW rapMOHUKH
KOMILIEKCHYIO AMIUIUTYAY BBIXOJIHOT'O HAIIPSKEHUS Uzmk o ¢dbopmyse myHKTa 2.
Hamnucatpb 3ak0H M3MEHEHUs] MTHOBCHHOT'O 3HAUCHHs HanpsbkeHus Uz(t) u ompeaenutsb
ero jelictByroniee 3HaueHue Ua.

Ha omHoM pucyHKe B 0OIHOM MacmiTade MOCTPOUTH rpadKy JTHHEHYATHIX CIEKTPOB
BXOJIHOTO M BBIXOJHOTO HaIpsDKEHUN (TIOCTOSIHHBIE COCTAaBJISIONIUE Ha rpaduke He
MOKa3bIBaTh).

Onpenenutb KO3(pGUIMEHTH TAPMOHUK, aMIUTUTYAbl U UCKaXEHUS Uil BXOAHOIO U
BBIXOHOTO HaNpsKEHU.

Ha ocHoBanum m. 5 u m. 6 caenatb BbIBOJ O (MIBTPYIOIIMX CBOWCTBAaX 3aJaHHOM
CXEMBI YETBIPEXIIOIOCHUKA.

C moMOIIBI0 KOMIBIOTEpPAa WM BPYYHYIO IMOCTPOHUTH Tpaduku BxomHoro Ui(t) u
BeIxogHOTO U2(t) Hampspkenuit. Ha rpadukax mokasaTh mepBble TPH TapMOHUKH H
CYMMapHyl0 KpHBYIO, TMOJYyYEHHYI0 B pe3yjibTare TIpapUuecKoro CIOKEHHs
OTJIENbHBIX TAPMOHHUK.

[Topsnok pacuéra

Kpartkue nosicienus k pacuéram. Hymepanus myHKTOB IpUBEIEHA B COOTBETCTBUH C

4.1.

1. HapucoBatb pacu€THyI0 cxemy YeThIPEXITOIIOCHHUKA C MOJKIIOUEHHON Harpy3Kon
Ru.

2. Tlo rpaduky BXOJIHOTO HaNpsKEHUs I0JJ00paTh B CIIPABOYHUKE WIIN B
MIPUJIOKEHNUN y4eOHOM JIUTepaTyphl TUIIOBOE pasiioxkeHue B pag Oypoe [1],
KOTOpO€ HCIIOJIb30BATH I HAITMCAHUS 3aKOHA U3MEHEHUSI BXOJHOTO HaNPSKEHUS
ua(t).

3. 3amucarb B KOMIUIEKCHON (popMe ypaBHEHHS YETHIPEXIIONIOCHUKA B BUIE «A»
P TPSIMOM BKJTFOUEHHH JIJIs K-01f TapMOHUKH:

Uimk = AkU2mk + Biklomk;

limk = CkU2mk + Dkl2mk.
B mnepBoM ypaBHeHmm cnenath moactaHoBkKy lamk = Uzmk / Ru u ompenenuts
TpeOyeMyIo 3aBUCUMOCTb.



4. B npunoxenun ydeOHou muteparypel [1-5] s T- wmm  Il-o6pasHoro
CUMMETPUIHOTO YeTHIPEXTIOIOCHUKA HAUTH Tpebyembie 3aBHUCHMOCTH
KOA((UIIMEHTOB YETHIPEXITOMIOCHUKA OT MEPBUYHBIX MAapaMETPOB 3a/laHHOM CXEMBI.
Bamucath (GopMmysbl ompeaesieHUs Kod(hHUIMeHToB B o0memM Buiae Uit K-oif
TapMOHUKHU.

5. Tlo HaliICHHBIM KOMIUIEKCHBIM aMIUTUTYJaM BBIXOJHOTO HAIMPSIKCHHS 3alucaTh
3aKOH U3MCHEHHsI BBIXOHOTO HanpsbkeHus B Buje psaga Oypee Uz(t), kak

CYMMY TapMOHUK ILTIOC TIOCTOSTHHAS COCTABJISIFOIIASI, €CITH MIPUCYTCTBYET.

K mynkTam 5-8 0coOBIX IOSICHEHUH HET.
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Tabnuua 4
Ne Bapuanr
Ne BAPUAHT rpaduka
BapHUaHT | a CXEMbI ui(t) 1 Um r rz X Xc2 "
a Ha 49
puc. 4.1 pHe.4.
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1 1 a 60 20 15 9 25 10

OO6pa3zer] TUIIOBOTO BapuaHTa KOHTPOJIBHOH paboThI
«ONeKTpUYECKOe MOJIe B IPOBOIAIINX CPEAAX»

«Pacuer 21eKTpUIeCKOro oI ¥ OCHOBHBIX ITAPAMETPOB LWIMHIPHYECKOTO 3a3EMIIUTEISDY
3AJJAHHE 1

HpI/IHI/IMaﬂ, 4qTo I_II/I.III/IHI[pI/I‘leCKI/Iﬁ 3a3CMJIUTCIIb HAXOAUTCS B I'NIMHEC, OIIPCACIIUTD:



1) MIOTHOCTB TOKA HA PACCTOSIHUH X1 OT OCH 3a3€MITHTEIIS;

2) MOJyJ1b HANPSPKEHHOCTH 3JIEKTPUYECKOTO MOJISl HA PACCTOSHUU X1 OT OCH 3a3E€MITUTEIIS;
3) 3HaueHMs PA3HOCTH NOTECHIIMAIOB MEX/y TOYKAMH X1 U X2, 8 TAK)KE MEXKIY TOYKAMH X2
U X3,

4) cOPOTUBIICHUE 3a3EMJICHUS;

5) miaroBoe HanpspKCHUE B TOYKAX X1, X2 M X3;

6) omacHyI0 30Hy, TO €CTh PaAUyC Kpyra X, mpuHAMas, 4To auHa mara Ly,—=0,8 M, a
HaNpsKEHHe Ha TPAHUIE YTOM 30HHI He npesbimaer U=150 B.

3AJJAHUE 2

[Tpunumas B popmyiie (7) 3HaUCHHE TTOCTOSSHHON MHTerpupoBanus C = 2—€ /nx,,
Yy

Ha4YePTUTh rpaduK 3aBUCUMOCTH Q= (X) ITPH Xo<X<15M.
3AJIAHUE 3

OueHuTh HEOOXOIUMOE YMCIO COEJUHEHHBIX  HapajlieIbHO LMIMHIAPUYECKUX
3a3eMJIMTENIEH, YTOOBI painyC OMACHOM 30HBI BOKPYT Ka)/10r0 U3 HUX HE MpeBbIIal 1 M.
[IpHHATH, YTO CHIIA TOKA I, IPOTEKAIOIIET0 Yepe3 BCIO CUCTEMY 3a3eMIIUTEINICH, paBHA CHIIe
TOKa, IPOTEKAIOILEr0 Yepe3 OMH 3a3€MJIUTEIb B IIPEABIAYILUX 3aJaHHIX.

Uucnennsle 3HAUEHUA BENWYWH NpuBeAcHbl B Tabmuue 2. [lo mocnmemgneit mudpe
HOMEpa 3aUeTHOM KHMKKHU CTy/IeHTa BbIOMparoTcs 3HaueHus Xo, ¢, |. [lo mpennocnenneit
nudpe — 3HAYCHUS X1, X2, X3.

Ta0mnuua 2.
[IpennaraeMbic 3HaUYCHUS BETMYMH TIPH BBITIOJTHEHUH PACYCTHOW pabOTHI

Howmep

BapuaH- X0, M l, M I, A X1, M X2, M X3, M
Ta
1 0,010 2,50 1000 0,10 0,50 10,00
2 0,011 2,51 1010 0,11 0,51 10,01
3 0,012 2,52 1020 0,12 0,52 10,02
4 0,013 2,53 1030 0,13 0,53 10,03
5 0,014 2,54 1040 0,14 0,54 10,04
6 0,015 2,55 1050 0,15 0,55 10,05
7 0,016 2,56 1060 0,16 0,56 10,06
8 0,017 2,57 1070 0,17 0,57 10,07
9 0,018 2,58 1080 0,18 0,58 10,08
0 0,019 2,59 1090 0,19 0,59 10,09

3.3 TunoBsble 3aJaHus /Il BBINOJHEHHS JIAa00paTOPHO padoThl U NPUMeEPHBIii
nepeYyeHb BONPOCOB 1JIA €€ 3allUThl

KoHTponbHble BapuaHThl 3aJaHU BBUIOKEHBI B JJIEKTPOHHOM WHGOPMAIMOHHO-
obpazoBarenbHol cpene Upl VIIC, noctymHoi#t oOydaroniemMycs uepes ero JUYHbIN KaOMHET.

Hwxe mnpuBeneH oOpaszell THIOBBIX BAapUAaHTOB 3aJaHUM s BBIIOJHEHUS
71ab0paTOpHBIX pabOT U MPUMEPHBIH IepeueHb BOIPOCOB ISl UX 3aIUTHI.

CoOopuuk BkmouaeT B cebs 18 maboparopubix pabor  «TeopeTmueckne OCHOBBI
ANEKTPOTEXHUKH: yIeOHOE mocoOue M1l JTa0OPaTOPHBIX 3aHITHI



OO6pa3err 3a1aHuid sl BBITIOJTHEHUS JTA0OPATOPHBIX padOT U MPUMEPHBIN IepeYeHb BOIIPOCOB
JUTSL X 3aIIATHI
«[TaccuBHBIE YETHIPEXITOIIOCHUKI
KommbrorepHoe MoenpoBanme

1. Bamyctuts mporpammy Multisim, cobpats cxemy pucyHka 9.7 WM OTKPBITH (aiiin
lab9 toe.ms10.

2. YCTaHOBUTH BEIMYMHY BXOAHOIO HAMpsDKEHUS U3 Tabnuibl 9.1 (BapuaHT yKa3bIBaeT
MPEToAaBaTelb), B JATBHEUITUX OMBITAX HAMPSHKCHUE HA BXOJE OCTABIIATH HEU3MEHHBIM.

U2 U3
]
B -
R2
. |sesa, v
Rl K1 T LKz
5950
R3
(DrsvE Jitea o
Key=A |
100%

Puc. 9.7. Cxema uccnenyemoii nenu

3. IlpoBectu onvim Kopomkozo 3amviKanus (K.3.) Rnpu RBPAMOM 6KII0YEHUU
YETBIPEXIOMIOCHUKA, JUISl 3TOTO B COOTBETCTBUU € Tabmuuei 9.2 3aMKHYTh KIIIOUHM, CXeMa
npuMeT BuA (puc. 9.5); mokazanusi npruOOPOB 3aHeCTH B Tabiuiy 9.6, aHaNOTHYHYIO TabmHIe
9.4.

4. IlpoBect onvim Xxo010cmozo xoda (X.X.), IJsi 3TOTO 3aMKHYTh KJIIOYH B
COOTBETCTBUM ¢ Tabnuuel 9.1; nokazaHus npuOOpoOB 3aHeCTH B TabnuILy 9.6.

5. TlpoBectu Hacpy3ounwlii pexcum TIPU TpeX Pa3TMUYHBIX 3HAYCHHAX Rs, mpu sToM
3aMKHYTh KIIOYM B COOTBETCTBUM ¢ Tabmuueidl 9.1; mokazanuss mpuOOpOB 3aHECTH B
COOTBETCTBYIOIIHE rpadbl TabIUIIB 9.6.

6. Ilponenate onsimosl xX010cmM020 X00a U KOPOMKO20 3AMbIKAHUA RPU O0OPAMHOM
6KI0Yenuu, JUI 3TOr0 3aMKHYTh KIIOYM B COOTBETCTBMM ¢ TaOmuueid 9.2, mokazaHus
puOOpOB 3aHECTH B TabnuLy 9.7, aHasornunyto Tadnuue 9.5.

O6paboTka pe3yabTaTOB U3MEPEHUI

1. Onpenenuts TpeOyemble BEIUUUHBI 10 popMysIam:

U2 U3 ’ '2
— toku B BetBax: |, = —=; |, = ——— — npsamoe Brmrouenue; 1] = ———;
R, R,+R, R, +R,
. Uj
I, = —= — o6parnoe BriIOUEHNE;
R,
—wmomnocts: P, =U 1, P,=U,l,;

PZ
KO =2
1



UlO

— BXONHBIE CONPOTHBIEHHS: [y = —— Ny = —k npsMoe BKIIOYEHHE;
10 |1
! !
_ >0 . _ ~1k .
o =—; Il =— —0bpaTHoe BKIIOYCHNE;
10 1k
U U |
— koo duuments! vetsipexnomoctuka: A= —2; B=—%K. C=_-20 . D=1k _
U4o I2k U40 I2k
’ 4 ’ ’
npsmoe  Brimouenne; A’ = +k - B'= ’—1k; C'= +0 - D'= —'10 — obparHoe
2k 2k 40 40
BKJIIOYCHHE.

2. TlpoBepuTh pe3ysbTaThl M3MEPEHUIA, Ul YETO CPABHUTH 3HAUCHHS KOA(PPHUIIUCHTOB
A, B, C u D Tabmum 9.4 (9.6) u 9.5 (9.7), 3Ha4eHHs COOTBETCTBYIOIHX KOA()PHUIIMEHTOB
JIOJDKHBI COBIIAaTh, KPOME TOTO, TOJDKHO COOJFOIAThCSl COOTHOIICHHE
A-D-B-C=1.
3. Tlo Tabmuue 9.4 moctpouts rpaduku u caenarsk ux anamms li(l2), Uz(l2), Pi(l2),
P2(12) u n(12).

HOHOHHHTGHBHO@ 3aJaHHuC

1. OnpenenuTbh COOCTBEHHBIE TTAPAMETPBI CXEM 3aMEICHHUS YEeThIPEX-TIOJIIOCHUKA Yepe3
KO3 PHUIMEHTHI YETHIPEXTIOIIOCHUKA B A-popme:

T-o0pa3Has cxema 3aMeIeHHUS:

Rl =, R2 ZT’ R3 =E,OM.

2. Onpenenuth mapaMeTpbl XOJIOCTOTO Xo0Ja U KOpoTKoro 3ambikanus (Rio, Rik, R2o,
R2k) uccrenyemMoro 4eTbIpexIoiifoCHHKa 4epe3 KOAI(P(GUIUEHThl YeThIPEXMOIIOCHUKA B A-
dopme:
r A ro= B r D ro= B
10 Kk~ 20 2k — 5, Om

C D C A’

PesynpTaThl ~ pacueToB  COOCTBEHHBIX  MApaMETPOB  CXEMbl  3aMELIEHHs
YETBIPEXITOJIFOCHUKA U MTapaMeTPOB XOJIOCTOTO X0/a M KopoTkoro 3ambikanus (Ri1o, Rik, R2o,
R2k) TaHHOTO YETHIPEXIMOMIOCHUKA 3aHeCTH B Tabnuiry 9.6.

Tabnuna 9.6
Cob6ctBennble 3HaueHus | [lapamerpst K3 u
CXEMBI 3aMelIEeHUS XX npu npsiMom
Cxema
BKJIFOYCHUHU
R1, Om | R2, OM | R3, Om | R10, OM | R1k, OM
T

KOHTpOHLHLIC BOIIPOCHI

1. Paccka3arh X0/ BBINOJHEHUS pabOTHI.

2. Hanucath ypaBHEHMSI YETHIPEXIIONIOCHHUKA MPU MPSIMOM M OOpaTHOM BKITIOUEHHUSX.

3. BeiBecTH (opMysbl onpeeneH sl BXOJHBIX COMPOTHBIICHUH Yepe3 MmapaMeTphl CXeM
3amenienus: T, I1 u I'-00pa3HbIX cxeM 3aMelleHus.

4. Tloka3aTh CcrocOOBI ONpeNeNeHUs] MapaMeTPOB CXEM 3aMELIeHMs MPH  3a/JaHHBIX
koad¢unmenTax uverblpéxnontocHuka A, B, C u D na npumepe I'-o0pa3Hoii cxembl.



OO6pa3err 3a1aHnii 1Sl BBITIOITHEHUS TaA00PATOPHBIX padOT U MPUMEPHBIN IepedeHb BOIIPOCOB
JUTSL X 3aIIATHI
«ONEeKTpUYEeCKHe 1IEeTH MPU HECUHYCOUAANBHBIX EPUOAMYECKUX HAMPSIKEHUSIX U TOKAX)»
«MccnenoBaHue TMHEHHBIX AIEKTPUYECKUX LENen
MIPU HECHHYCOUAAILHOM BXOIHOM HAIPSXKEHUN
KowmmnbrorepHoe MoenpoBanme
1. 3arpysuts nporpammy Multisim, cobpate cxemy corimacHo pucyHky 10.4 wim
3arpy3uth (daiin labl0_toe.ms10.
2. YCcTaHOBUTH BEIWYMHY aMIUIMTYJIbl M 4YacTOTHI reHepatopa u3 Tabmuubr 10.1
(BapuaHT YyKa3blBaeT IMPEIoJaBareib); TUIl CHTHANIA — MPSMOYTOJbHBIA; PEXKUM pPabOThI

BOJIbTMETPA Ugyix — O IepeMeHHOMY TOKY — AC.

xXsC1
% E:-tt.T:g
- T
m m + a-'éﬁ ig_
XFG-I I{1 ¥ KZ Ka I L I‘
L L m
Ear LW o C1 {
T o ? . R1 L1 ” .K4 puu I
2000 0.2H 33nF
c2
11
1 m
68nF T K5
R2 UekIix
100%
J_ 1k}
Key=~A AC 1T0MCOhm

Puc. 10.4. Cxema uccnenyeMon uenu

3. 3amkuytp kmoun K1, K2, K3; ycranoButh nepemennsiii pesucrop R2 — 100 %;
BKJIIOYUTh CXEMY; PacKpbITh MaHeNlb OCUMIUIOrpada, ycTaHOBUTh MaciITad MO OCH BpEMEHHU
(mo x) u macmrad no xkaHanaMm A u B (kenarenbHO BBIOpAaTh OJMH), TOCTaTOYHO YJOOHBIM
JUIs HaOJIIOJIEHUs CUTHajIa; 3apucoBaTh (OPMY BBIXOJHOrO curHaia (kaHan B), mokxazaHue

BosbTMETPA Usux 3aHeCTH B TaOmuity 10.5, ananornunyro tadmauue 10.3.
4. Uccnenosate nenb R-L: pasomknyrs wmou K2, kmoun K1, K3 —3amkHyTHI;

BKJIFOYUTH CXEMY, 3amucarh JecTByromiee 3HaueHue Ugux B Tabmuiyy 10.6, aHAIOTHYHYIO
tabmuiie 10.4, CHATH OCIUIITOrpaMMbl HanpspkeHu# U1(t) u Uz(t); BEIKITIOYHUTE CXeMYy.
5. HccnenoBare nenb R-C: pazomkuyts kimou K3, kmoun K1, K2, K5 — 3amkHyTHI;

BKJIFOUUTh CXEeMy, 3amucarh jaeucTByromee 3HaueHHE Upyx B Tabmumy 10.6, cHATH
OCIIMILTIOrpaMMbl HanpspkeHuit U1 (t) 1 Uz(t); BBIKITFOUUTH CXeMy.

O6paboTka pe3ynbTaTOB IKCIIEPUMEHTA

1. Pa3noxuTe NOpSAMOYTOJIBHBIM CUTHAJI TE€HEPAToOpoB B psAx Dypee, HUCHONIB3Ys
CTaH/IapTHOE PA3JI0KEHUE U OTPAHUYMBIINCH TPEMSI TAPMOHUKAMHU.

2. Beruncnuth no ¢popMynaM HEOOXOAMMBIE 3HAUEHUsS MNapaMeTpPoOB U MEPEMEHHBIX U
3aHECTH B coOoTBeTcTBYMOMmME rpadsl Tadbmur 10.3-10.6:

— JEMCTBYIOLIEE 3HAYEHNE HECHUHYCOUTAJIBHOTO HAIIPSKEHUS:

2 2 2
U= Ug+ im 4 ~8m 5m;
2 2 2

- KOE)(I)(I)I/II_II/IGHTBI rapMOHUK, HCKaXCHUM U AMIUIUTYbI:



_\/U§+U§+...+Ui _

Kk, ,
Ul
(oY
Ul
- Yn
U

rae Ui, Uz, Uk — neilicTBytoliee 3HaueHUE HAMPSKEHHUs] COOTBETCTBEHHO MEPBOi, BTOPOI,
K-it rapMOHHKH;

u - NeiCcTByIOleE  3HAUEHUE CYMMbl TapMOHHUYECKHMX  COCTaBIISIOIIMX
HECHHYCOHMIATBHOTO HAIIPSDKEHHUS,

Um — MakcuMallbHOE 10 MOJYJIIO 33 IIEPHOJ] 3HAUCHHUE HAIPSKEHUSI.

3. Paznoxwuts B psig Oypre HanpspkeHUe ur(t) 1t AByX uccnenyeMsix cxem R-L u R-C,
npuMeHuB rpadoanamutuueckuid Meron. Ilpm pacuere kosdduunmentoB psna Dypne
BOCTIOJIB30BaThCs hopmynamu (10.7), (10.8) u (10.9). OnpenenuTs ASHCTBYIOIIHE 3HAYCHUS U
koaduiments! mo ¢opmynam (10.14) u (10.15). [lonydeHHble 1aHHBIE 3aHECTU B TAOJMIIBI
10.3-10.6.

4. Wcnonb3ys pacuerHble nannble Tadmui 10.3—10.6, moctpouth rpaduku JIMHEHHBIX
CIIEKTPOB BBIXOAHOTO HampspbkeHus ['TIH, paBHOTO BXOJHOMY HANPSIKEHUIO HCCICTYSMBIX
Lerel, a TakykKe HanpspkeHuH ur(t) ms odbenx cxem R-L u R-C.

HOHOHHHTGHBHO@ 3aJaHHuC

Hcnone3yst moiydeHHOe pasiiokeHue B psig Pypbe HECHHYCOMAATBLHOTO HAMPsKEHUS
(n. 10.5) u mapamerpsl nenu (puc. 10.2), HaAlTH 3aKOH M3MEHEHHS TOKAa W PACCUUTATH
MOIIIHOCTH (aKTUBHYIO, PEaKTUBHYIO, MIOJIHYIO).

KOHTpOHLHLIC BOIIPOCHI

1. Paccka3ath X0/] BHIIOJIHEHUS JJAOOPaTOPHON pabOTHI.

2. 3anucaTth wieHbl psna dypbe B 3aBUCUMOCTH OT BHJAa CUMMETPHH DPa3jiaraeMbIX
CUTHAJIOB.

3. Kak nzo0paxarorcs rpaduku JTUHEHYAThIX CIEKTPOB?

4. Kak ¢ momolpto ocrpiorpaga onpeaeanTb CABUT (a3 MEeXAY IByMs CUTHAJIaMu?

5. Ilo xakuM ¢opMynaM HaxoAATCs KO3(DPUIMEHTHI: aMILTUTY/bl, (POPMbI, HCKa)KEHUS
Y TapMOHHUK?

6. Kak HailTu akTHBHYIO, pEaKTUBHYIO U IOJHYIO MOUIHOCTH IPHU HECHHYCOUAAIBHBIX
HaIPSDKEHUSAX U TOKaX, Pa3JIOKEHHBIX B TPUTOHOMETpUUecKui psa Pypoe?

OOpaser1 3a1aHuii JU1s BBITOJHEHHS 1a00paTOPHBIX pabOT U MPUMEPHBIH NEpedeHb BOIIPOCOB
JJIA UX 3al1IUThI
«QnekTpudeckue QUIbTPh»
«MccnenoBanne peakTUBHON (DUIBTPYIOIIECH LIENU HU3KOH U
BBICOKOH 4aCTOTHI»
KomneroTepHoe MosienupoBaHue
OCHOBHBIE U3MEPEHHUS

1. Bammyctuth mporpammy Multisim, coOparte cxemy pucynka 11.5 wim OTKpBIT (aiin
labl1l ®HY T toe.ms10.

2. OtkpeITh (GYyHKUMOHANBHBIN reHeparop (puc. 11.5), ycTaHOBUTH BETUYHUHY
aMIUIMTy bl U3 Tabiunel 11.1 (BapuaHT ykassiBaeT mpemnojaBarens), yacrory T = 20 I'm;



otkpeiTe Bode Plotter (MUX), ycTaHOBHTH KOJMYECTBO PAaCUYETHBIX TOuYeK paBHBIM 1 000
(xkHOTIKa Set-ycraHOBKH); ocTayibHble mapameTpsl MUX HOKHBI COOTBETCTBOBATH PUCYHKY
11.6.
3. U3meputs 10 Touek AUX u ®UX, nannsie 3anectu B Tabmuny 11.4; c momorursio
F max

. )
BU3HPHON JIMHUU OINpEAETUTh YacTOThl cpe3a (UIBTPOB MO YPOBHIO \/E ; OIpENeIUTh

(a30BbIil CABUT HA YACTOTE Cpe3a ISl KaXKI0ro QUIIbTpa.

Tabnuua 11.4
Pesynbratel 3kcriepumenTa. KOMIbIOTEpHOE MOJECIIMPOBAHUE

f, Tu
Fp, b

@,

¥BP1 DopMa CHrHaNA
ﬁ e | L
MapameTpel cHrHana
XFG1 i 8%
—oE=2 ? g & @ YactoTa 20 Hz
— AMHTENEHOCTE
¥ ¢ ¢
1 I_NL_’J . ngg AMNAMTY A3 5 vp
SmH SmH CHELLEHHE 0 W
C1 j
22pF R1
1k(}
+ OBLWHHA _

[NaoTme p boge-XBP1

Peskm

[ Awvnmnreaa [ Maza ]
Mo ropyz0HTanK Mo EEpTHEANK
[ Liog ][ NHH ] [ Log ][ NrH ]
F| 100 kHz F| 40 3]
110 Hz 1|-40 de
¥NpagneHHe

[ SkpaH ][Cn:nxpaHHTb][ YT, ]

= 10 Hz 0,004 de - + Bz - + Bkl -




[Maorme p boae-XBP1

Pesim
[ AMnnKTY A3 ][ Paza ]
Mo BepTHEENH

Mo ropHzoHTankK

(e ) (7w

EE:
=
ag

F| 100 kHz F| 432
& 1|10 Hz 1|-432
¥NpaBneHHE

[ JrEpaH ][CnxpaHHTb][ ¥IT... ]

-0.036 Deqg - + Ex = + Bblx =

Puc. 11.5. ®unbtp HU3KOM yacTOThl, 7-00pa3Has cxema

4. CobOpath cxemy pucyHka 11.6 wmu oTkpeith daiin labll ®HY I1 toe.mslo0;
HOBTOPUTh HM3MEPEHUS] IyHKTa 2 W 3, 3aHECTH JaHHbIe B Tabiumy 11.5, aHanornunyro

tabmure 11.4.

XBP1
—
I oLUT
$I 3 &
AFG1 L1
sz 12mH ~1
! o c2 1KO

TmuF T1ﬂ|.|F

Puc. 11.6. ®unbTp HU3KON YacTOTHI, //-00pa3Has cxema

5. CobOpatp cxemy pucyHka 11.7 wmm otkpeith Qaiin labll _®BY T toe.mslo0;
NOBTOPUTh M3MEpPEHMs MyHKTa 2 W 3, 3aHecTH JaHHble B Tabmuuy 11.6, aHamorunyHyro

tabimue 11.4.

XBP1
—
N OUT
$I 3 3 3
XFG1 C1 c2
e H——l 1§
| 10uF L1 10uF
12mH R1
1kQ2

Puc. 11.7. ®unbTp BHICOKOH Y4acTOTHI, 7-00pa3Has cxema



6. CoOparp cxemy pucynka 11.8 wmm otkpeite ¢aiin labll ®BY II toe.mslo;
MOBTOPUTh M3MEpPEHMs TIyHKTa 2 W 3, 3aHECTH JAaHHbIe B Tabmuiy 11.7, aHasorn4Hyro
Tabymue 11.4.

| xBP1 |
| T
XFG1 | JN_ O puT I
T = -r_u— | T 1 i LJ
L3 < 5 | | 1
| c1
21 1 1
1 4.7uF ,_zg R2
smH ¢ EmHl [‘]'"‘Q

1

Puc. 11.8. ®wibTp BbICOKOH YacTOThI, //-00pa3Has cxema

,HOHOJIHI/ITCHBHBIG HU3MCPCHUA

1. CoOparp cxemy momocoBoro ¢unbrpa (puc. 11.9) wnmm oTKpeITE  (aiin
lab11 ®IT toe.ms10; mOBTOPUTH M3MEPEHUS MYHKTA 2 U 3 OCHOBHBIX W3MEPEHHH, 3aHECTH
naHHbIe B Tabmuy 11.8, ananornunyro tadmuie 11.4.

XBP1
.
N ouT
XFG1 17
T c1 c2 mll
1 T I_fvl:»! H -“VI\TVE‘\ H
SmH 4 7uF SmH 4 7uF
c3 (L3 R1
T4TvF SmH H1kﬂ

Puc. 11.9. ®unptp nosnocosoi

2. CoOparp cxemy 3arpaxparomero ¢wibtpa (puc. 11.10) wam oTKpeITh aiin
lab11l_®3 toe.ms10; mMOBTOpUTH U3MEPEHUSI TYHKTA 2 U 3 OCHOBHBIX U3MEPCHUH, 3aHECTH
naHHble B Tabauny 11.9, ananornunyro tabmuue 11.4.



XBP1

XFG1 JN - OUT
QP Qoo

g 4§ -T L1 L2 1
5mH 5mH
C1 Cc2
—H— | _ =
4.7TuF 1 4. 7uF R1
T 4.7uF Hmﬂ

L3
5mH

Puc. 11.10. ®unbTp 3arpaxaaromuii

O6paboTka pe3yabTaTOB U3MEPEHU

1. Borancnuts 1 3aHectu B Tabnuiel 11.3—-11.6 cneayroiue BETUYUHBL:
— ICUCTBYIONINE 3HAUCHUS TIa/ICHUS HANIPSDKEHUS Ha BBIXOJIE PHIIBTpa:

2U
U BbIX = = ;
242
U BbIX
— pabouas ¢pyHKIUS niepeaaun GuiIbTpa: Fp = U :

) 1
— KOO PHIIUEHT 3aTyxaHusl PUIbTPA: Ap =In 0 = 1=1n F_ , Hi;
p

BBIX

, paw/c; T =%, g
L.C, 2n

1 - f _ O
2JLC, * 2=n

— MOJyJIb BXOJTHOTO (XapaKTepUCTHUUECKOT0) CONPOTUBICHUS (PUIBTpa:

1
T« = -7 |,Om
C, f
Z = h ;
BxI1 C f > , OMm
. e
f 2
— HOMMWHAJIBHOC XapaKTepI/ICTI/I‘{eCKOC COHpOTI/IBJIeHI/Ie (I)I/IJ‘IBTpai

L.
= -, M.
P=v\c

—4acrora cpesa PHY: @, =

—vacroTa cpesa PBY: @, = ,



2. I1o pe3ynbTaTaM pacyeToB MOCTPOUTH:

a) aMIUTMTY/JHO-4aCTOTHYIO XapaKTepUCTUKy pabouert GpyHkimu nepenaun Fp(f);

0) aMILUTUTYIHO-4aCTOTHYIO XapaKTepUCTUKY Kodddurenta 3atryxanus Ap(f);

B) aMIUTUTYIHO-YAaCTOTHYIO XapaKTePUCTHKY BXOJHOT0 conpoTuBieHus Gpuibrpa Z(f);
r) rpaduk GYHKIIHOHATBHOM 3aBUCMMOCTH HanpspkeHus Ha BBIX0Je Usux(f);

1) pa3o-dacToTHyO Xapakrepuctuky @(f).

IIpoananusupoBathk nocrpoeHusle AUX nu ®UX, caenath BHIBO/I.

KoHnTposabHbIie BOIpoCh

1. Yto Ha3pIBaeTCs NMEKTPUICCKUM (PHILTPOM?

2. Kakas cymecTByeT K1acCu(pUKaLus 31eKTpUIecKuX GuiabTpoB?

3. Ha uyem ocHoBan npunuun padorst ®HY u ®BY?

4. TlosicHUTB CyTh pabOTHI UCCIAEAYEMBIX (UIBTPOB M0 UX IEKTPUYECKUM CXEMaM.

5. Kak mo AUX MOXHO yCTaHOBUTH THIT (pUIIbTpa?

6. IlpuHiun paGoThl OJOCOBBIX U 3arpakJaroIluX (PUIbTPOB.

7. IlpuBeiuTe OCHOBHBIE CXEMBI IIOJIOCOBBIX U 3arpa)1aloluX (UIBTPOB.

8. Uto Ha3biBaeTcst GHIbTPOM THIIA «K»?

9. B kakux pexxumax paboTsl dnekTpudeckux meneil LC-puabTp BRICOKOH 9acTOTHI
MMEET JIy4lINE XapaKTePUCTUKN?

10. B uem HeroctaTku GUIIbTPOB THIA «K»?

OOpa3zer 3a1aHuid 11 BBITOJTHEHHS 1a00PaTOPHBIX paOdOT M MPUMEPHBIA IEpEeYeHb BOIIPOCOB
JUISL UX 3aLHUTHI
«[lepexoaHble POLIECCH B TMHEHHBIX dJIEKTPUIECKUX LIETISX )
KommsroTepHoe MoienupoBanue
OcCHOBHbIE U3MEPEHHUS

1. 3anyctuth nporpammy Multisim, coOpaTte cxemy pucyHka 14.6 Wil OTKpBITH (aiii
labl4 toe.msl10.

2. Packpeite manenb reHeparopa (XFG1), ycTaHOBUTH BENUYMHY aMIUTUTYABI U
4acTOThl TeHepaTopa u3 Tabauubl 14.2 (BapuaHT yKa3bIBaeT MpPEIoiaBaTelb), THIl CUTHAJIA —
MPSIMOYTOJIBHBIN; BBl IICIKHYTHh MO coeAuHeHuto A (puc. 14.6), ycTaHOBHUTH IIBET
KpPACHBIH, 10 COEIUHEHUIO B — cuHuii.

XSC1
.
wor b
298l o . -
- K1 & &
- K2 - K3
f/)/l 1 - B
L1 C1 ¥
1~ — i
200Q 0.65H R2
22nF | 20kQ100%
C2 ¥ K5 Key=A
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56nF )

L



Puc. 14.6. Cxema uccrnenyemoit enu

3. 3aMKHYTh KJIIOYM B COOTBETCTBHM C Tabmuuei 14.3, pexxum R; packpbITh maHenb
ocrmutorpada (XSC1), ycTaHOBUTH MacimiTad MO aMIUIATYAE€ W IO BPEMEHH JOCTaTOYHO
yIOOHBIA A1 HAONIOJEHHS CUTHana. 3apucoBarh (OpMy BBIXOJHOTO cHrHana (kaHan B,
CUHETO IIBETAa); yKa3aTh NapaMeTpbl UMIYJIbca (MacTad o HaMPsHKEHUIO U TT0 BPEMEHH).

4. UccnenoBarh nepexoaHbIN mpoiiecc B 1enu R-L: 3aMKHYTh KJIIOYM B COOTBETCTBUU C
tabnuueit 14.3; ¢ momoieio ocimsutorpada CHITh ocimutorpammbl UR(L), uL(t) mpu aByx
3HAYCHUAX COMPOTUBJICHUS R2; yka3zaThb cXeMmy HCCIEIOBaHUS, MapaMeTpbl HMITYJIbCa;
3nauenus R2, L1, C 3anwucare B Tabnuiry 14.5.

Tabmuma 14.5
[lens R-L, R-C. KommbroTepHoe MOACTUPOBAHUE

Pacuer DKCIEPUMEHT
DneKTpuuecKas R2 L1 C Tpact | Tuep Toxen Tuep
Lerb Om I 50 c c c c
R-L
R-C

5. UccnenoBath nepexoHblii npouecc B nenu R-C: 3aMKHYTh KJIIOUM B COOTBETCTBHH C
tabmuneir 14.3; momoxkenwe kmoued S4 m S5 mo ykasanumro mpernoxaBatens (wim o0a
3aMKHYTBI), CHATH ocuiuiorpaMmbsl UR(t), Uc (t) mpu aByX 3HaueHHsAX conpoTuBieHus R2;
yKa3aTh CXeMy HCCJIEIOBAaHMWs, MapaMeTpbl UMITyJbca; 3HaueHus R2 3ammcare B Tabmuiry
14.5.

6) UWccrnemoBarp mnepexomHoii mnpomecc B nenu R-L-C: 3aMkHyTh KIOYH B
COOTBeTCTBUM ¢ Tabmuuel 14.3; nonoxenue kmoueil S4 u S5 no ykasanuio npemnojgaBatesns
(nmu oba 3aMKHYTHI); CHSTh OCIHMIUIOrpaMMbl curHaioB UR(t), urc(t) mpu 3HaueHusx R2,
COOTBETCTBYIOIIMX  alEepUOJANYECKOMY M  KoJeOaTelIbHOMY XapakTepy IepexoJIHOro
npoiiecca; 3nadeHust R2, C4, C5 3anucarts B Tabmuity 14.6.

Tabnuna 14.6
[{ens R-L-C. KoMmeroTepHOE MOICTUPOBAHUE

Brrancieno

Dnexrpuueckass | Rz | L1 | C

Tnep
LIETb

Tl T2 a ¢

Om [ITH |HD |c C — C C

1. R-L-C

Arnepuoanueckuit
MIEPEXOTHBII
npoiiecc

2. R-L-C

KoneobarenpHbli
MIEPEXOTHBII
mpoiiecc

JIOHOJ'IHI/ITGJ'IBHI)IC HU3MCPCHUMA



1. U3 rpa¢mkoB oCuMIIOrpaMM ONPENENIUTh ONBITHBIM ITyT€M HMOCTOSHHBIE BPEMEHH,
KO3 PUIMEHT 3aTyxXaHHs, YaCTOTy CBOOOJHBIX KOJIEOaHUN M BpeMs MEPEeXOJHOr0 IMpolecca;
3aMoJHUTH COOTBETCTBYIOMIHE rpadbl Tabaue 14.7;

Tabnuua 14.7
Lemnp R-L-C. JlonosHuTenbHble n3MepeHus. KoMmbproTepHoe MOIETMpPOBaHNE

CHaTO C ocouJIorpaMm

DnekTpruyeckas Ra L1 |C

Tm a (Q 10 Tnep
LEnb

Om [ITH |HD |cC — ¢t c

1. R-L-C

ArnepuoanuecKkuit
MEePEXOTHBII
rpoiiecc

2. R-L-C

KonebarenpHblit
MEePEXOHBIN
npouece

2. Jlna paccMarpuBaeMBbIX Lielel IMOKa3aTh BBIIOJIHEHHE 3aKOHOB KOMMYTAllUM Ha
IPUMEPE OCHUIITIOIPAMM.

3. HCHOJ’IBSYH HHTCIrpall I[IO&MCJIH, 3amnucarb 3aKOHbI HM3MEHEHHUd Ur I
pacCMaTpUBACMBIX IJICKTPUYCCKUX HCHGfI U TIMPOBCPUTH HUX Ha OCHOBC IMOJYYCHHBIX
OCHUJIJIOIPaMM.

O06paboTka pe3yabTaTOB U3MEPEHUN

1. [ns neneit R-L u R-C onpenenuts:
— TIOCTOSTHHBIE BPEMEHH 110 (hopMyTiam:

I—1
Tpaew = o — At Lenu R-L;
Rz

Tpaes = C, R, — ans nenn R-C.

— BpeMsi iepexoqHoro nporecca: Tnep = 47.
[Tony4yeHHbIe JaHHBIE 3aHECTH B COOTBETCTBYIOLIME I'padsl Tabaui 14.3 u 14.5.

2. Jlnst  ompeneneHusl TMOCTOSHHBIX ~BPEMEHH  OKCIEPUMEHTAJIBHBIM  ITyTEM,
ocummorpammsel 1eneit R-L u R-C odopmuts rpaduuecku crneayromum oOpazom: Juis
KKJIOM DIIEKTPUUECKOW IIeMHU TMepeBeCTH Ha OJHOM rpaduke (B OAHOM MaciiTade)
HOJy4eHHbIe ocuuiutorpaMmsl. [lpu 3ToM a5 rpaduKoOB TOKEH BBINMOJIHATHCS BTOPOH 3aKOH
Kupxroda B m1000if MOMEHT BpeMEHH.

[Tpumep moctpoenust rpadukoB ans nenu R-L mokasan Ha pucynke 14.7: Usx —
OCIIJUIOTPaMMa  BXOJHOTO  TPsAMOYyroibHOro wmMmmynbca, UL(t) — ocruuiorpamma
HanpsDKeHHsT Ha WHAYKTUBHOM aneMenTe, URr(t) — Ha pesuctuBHOM snemenTe. Ha pucyHke
14.7 mpoBeneHBI KacaTelbHbIE B MOMEHT BpeMeHH i AByX rpadukoB Ur(t), UL(t). Tlpu
9TOM HaWJICHHOE 3HAYECHUE Trken 3aHECTH B COOTBETCTBYIOMIHE rpadsl Tabmui 14.3 u 14.5.



t,mMcC

Puc. 14.7

3. dnsa uenu R-L-C ompenenuTh KOpPHU XapaKTEPUCTUYECKOTO ypaBHEHUS, JlaHHBIC
3aHECTH B COOTBETCTBYIOIIME rpadsl Tadaui 14.4 u 14.6:

- anepnozmqecm/lﬁ mpouecc
2

R, [RT 1

2L V42 LC

— KoJiebaTenbHbIN IpolIece

P, =

1

—— — —— —yacroTa cBOOOJHBIX KOJeOaHMUii.

LC 4L?

4. Ucnionb3ys 3HaYEHUS KOPHEN p1 U P2, HANTH:
1 1

T, = .
12 |p2||

— MMOCTOSIHHBIE BPEMEHH allepHOANYECcKOro mpomecca t1 = |
|

— BpeMs MEPEXOIHOTO MPOIIECCa TIPH AIIEPUOJMIECKOM XapaKTEPE Tnep =4t1_, roe m
= max{t1, 12};

— KOd(pPUIHMEHT 3aTyXxaHUS @ W YaCTOTYy CBOOOJHBIX KOICOAHHH cs TIPH

R
2 . —
KoJIe0aTeIbHOM XapaKTepe MepexoqHoro mpouecca O = ——; O, =
2L,
4
— BpeMsl IepexXoAHOr0 KoiedaTeIbHOTO IIpolecca Tnep =—.
a

5. CaepuTh OKCIEPUMEHTaJbHBIC oOcHmUIOrpaMMbl Ui Tienedd R-L uw R-C
C pacyeTHbIMU. JIJI1 TOTO OMEPaTOPHBIM METOJOM paccuuTath UR(t) Ui AIEKTpUYECKUX



neneil pucyHok 14.8, a u 14.8, 6 (mapamerps! L1, C, R2 B3aTh ¢ pucynka 14.5, Usx — 1o
BapHaHTy).

Puc. 14.8
KoHTposbHBIE BOITPOCHI

1. Pacckasath X011 BBINOJIHEHHS Ja00OPaTOPHOM paOOTHI.

2. Ha3Bath MeTOMBI pacyeTa MepexoHbIX MPOIECCOB.

3. Pacckasatp MopsIoK pacyeTa MepPexoHbIX MPOLECCOB KIACCUYCCKUM METOIOM.

4. Paccka3zaTh MOPSIOK pacueTa MepeXxoJHBIX MPOIIECCOB OMEPATOPHBIM METOJIOM.

5. 3anucarb dopmynsl uHTEerpana Jlroamens, UCIONb3yeMbIe Ui HAXOXKIEHUS TOKA U
ImaacCHUusA HaHp;DKeHI/ISI.

6. Paccka3ath 0 3aKOHaXx KOMMYTAIlUH M MPOBEPHUTH MOJYYCHHBIC OCIHJUIOIPAMMbI Ha
HX COOJIIOJICHHE.

OOpaserr 3a1aHU 17151 BBIMTOJTHCHUS J1a00paTOPHBIX PabOT U MPUMEPHBINA MIEPEUEHb BOIIPOCOB
JUIS UX 3aIlUATEI
«MeToapl pacu€ra HEIMHENHBIX MIEKTPUUECKUX LENEH MOCTOSHHOTO TOKA

KOMHI)I-OTepHOG MOACIINPOBAHUC

1. 3anycrute nporpammy Multisim, coopartes cxemy pucynka 15.10 win oTkpbITh aiin
labl5 1 toe.msl10.

U1
+ R -
s
| D1
. [
.
D2 SZ;%LED1
o U2 Y 1N4148
K1 ¥ K2
V1 I ]
C)_U.‘I \"} U4 AL + o000 [ D3 R1 U3
Y 1N4148 []119
R2
1500

Puc. 15.10. Cxema uccnenyemoil nenu



€aT

Tabmauua 15.1

Tabmuua 15.2

Tabmuna 15.3

Hamepero BEIlic N3mepeno Beruucneno N3mepeno Beruucneno
JIEHO
U Uz | Us | Us | I I2 I3 U U: U Us | Us | In | I2] I3
U Ui Uy 1
B B B A B B B B Al A|A B B B B B A|lA]A
0 0 0
0,4 0,4 0,4
0,8 0,8 0,8
1 1 1
2 2 2
3 3 3
4 4 4
5 5 5
6 6 6
7 7 7
8 8 8
9 9 9
10 10 10




2. CHATh BOJBT-aMIIEPHYIO XapAaKTEPUCTUKY TOCIECIOBATEIILHOTO COCIUHECHHS
nosrynpoBoiHuKoBoro auoja VD1 u pesucropa Ri: 3amMkHyTh Kirod Kp; m3MeHssi BXOIHOE
Hanpsokenue U B nuanasone [0—10] B, casTh mokazanus mpubopoB, 3aHecty B Tabmuiy 15.4.

3. Bombr-ammepHas XapakTepHCTHKa MapajuienbHoro ydactka (muoast VD2, VD3 u
ceeroauon Ledl, nmuneitnoe conporusienne Ri): karou Ki 3aMkHyTh, K04 K2 pasoMKHYTS;
u3MeHsis BxojHoe Hanpsbkenue U B auanazone [0—10] B, cHsATh mokaszanusi BOJITMETPOB V2,
V3, V4, 3anucatp B Tabuiry 15.5.

4. BonbT-ammniepHasi XapakTepucTuka cMerranHoro ydactka (muox VDI, auonsr VD2,
VD3, ceeroaunon Ledl, R1): xaroun K1 u K2 pasoMkHyTHI; H3MeHsIs BXoqHOe Hanpsukenue U B
nuamnazone [0—-10] B, cuarpe mokazanus BoiabTMETpOB V1, V2, V3, V4, 3anucate B TaOIHIy
15.6.

O0paboTka pe3ynbTaTOB H3MEPEHUN

1. Beraucnuth mo ¢popMynaM HEOOXOAMMEIC 3HAUCHUST TApaMETPOB U MEPEMEHHBIX H
3aHECTHU B COOTBETCTBYIoME Tpadsl Tadbmun 15.1-15.6:

| —U4-I —U3-I | |
1= » 13 = = 7 13

R, R,

2. Tlo pmamseiM Tabmumm 15.1, 15.4 moctpours BAX mmoma VD1 11(U1) m BAX
auHeHoro conpotuBieHuss Rz, I'papuueckun cymmupys BAX nuoma u  jauHeWHOro
CONPOTHUBJICHUS, TOCTpouTh BAX Bceil 1ienu.

3. Ilo nanHbIM Tabmun 15.2, 15.5 mocTpouTs:
—BAX BerBu VD2, VD3 - I2(U2);

—BAX BerBu LN1 (cBetoaunon), R1 — 13(U2);
— BAX nuneitHoro conportuiieHus Ro;

— rpaduuecku cymmupys BAX 12(Uz2) u 13(U2), moctpouts BAX mnapamiensHOro
coemunenus l1(Uy);

— rpaduuecku cymmupyst BAX mapamnensaoro coenunenus l1(Uz) u BAX nuneitnoro
conpotuieHus Rz, moctpouts BAX cmemmannoro coeaunenust 11(U).

4. [lo pmansbiM  Tabmun 15.2, 15.5 mnoctpouTs skcnepuMmeHTanpHyl0 BAX
napaenpHoro coeauHenus li(U). IMomydeHHYI0 SKCIEPUMEHTANBHYIO XapaKTepPHCTHKY
CPaBHUTH C PACUETHOM, OJTYUECHHON B MIPEJIBIAYILIEM ITyHKTE.

5. o nanHbIM TabmuI 15.3, 15.6 mocTpouTs:
—BAX Betsu VD1 — I1(U1);

—BAX Betsu VD2, VD3 - I3(Uy);

—BAX BetBu LN1 (cBetoanon), R1 — 13(U2);
— BAX nuneliHoTO conpoTtuBieHus Ry;

— rpaduueckn cymmupys BAX 12(Uz2) u 13(U2), moctpouts BAX mnapamiensHOro
coequnenus l1(Uy);

— rpadudecku cymmupys BAX muonma VD1 11(U1), napamtensroro coeaunenus 11(U>)
u BAX nunetinoro conpotusienus Rz, moctpouts BAX cmernrannoro coequaenus l1(U);



GGT

Tabmuma 15.4

Tabauma 15.5

Tabmuma 15.6

N3mepeno Beruucneno N3mepeno Beruucieno
H3mepeno
U | U | U | Us| 1 2 I3 U | U | U | Uz | Us| It I2 I3
U U: U 1
B B B A B|B|B|B|A A A B| B B B B A A A
0 0 0
0,4 0,4 0,4
0,8 0,8 0,8
1 1 1
2 2 2
3 3 3
4 4 4
5 5 5
6 6 6
7 7 7
8 8 8
9 9 9
10 10 10




6. Ilo gansbiM Tabmui 15.3, 15.6 moctpouts BAX cmerrannoro coemunenus l1(U).
[Tony4deHHYI0 3KCIIEPUMEHTAIBHYIO XapaKTEPUCTUKY CPAaBHUTb C PAaCUETHOM, MOITY4YEHHOU B
IPEbIIYILEM ITYHKTE.

7. Ucnonb3yst BOIBTAMIICPHYIO XapaKTEPUCTHKY MpH cMenranHoM coeauneHnn 11(U) u
3HA4YEeHUU TOKa |1, 3alaHHOrO IpenojaBaTesieM, ONpeIesInTh 3HaueHHe TOKOB 2, |s.

Z[OHOJ'IHI/ITCJ'IBHOG 3aJaHue

Hcnone3zys BAX gwoma VD1 11(Uy) (m. 2), BBIOpaTh pabOYyI0 TOYKY
(COOTBETCTBYIOIIYIO JTHOOOMY M3 OMBITOB Tabiauibl 15.4) u onpenenuts auddepeHImanbHbIe
COTPOTHBIICHUS JJIs1 HEIMHEWHOTO 3JIEMEHTA.

AnmnpokcuMupoBaTh J1100y10 BAX cTeneHHbIM MOJIMHOMOM H ONPEAETUTh CTAaTHUECKOE
u auddepeHInaIbHOe CONPOTHBICHUS I (PUKCHUPOBAaHHOW TOYKM IO TIOJTY4EHHOU
aHAJTUTUYECKON QyHKIIMU U 110 ucxoaHo BAX. CpaBHHUTH pe3ysbTarT.

KOHTpOJ'IBHBIe BOITPOCHI

1. Kakue  5SIeMEHThI  HA3bIBAIOTCS  HEIWHCHHBIMH,  WHEPIHOHHBIMH U
Oe3MHEPLUUOHHBIMU?

2. Hamucarp  ypaBHEHuWs, peaiqu3yemble rpadUyecku TPU  [OCTPOCHUH
PE3YIBTHPYIOIIUX

BOJIBT-aMIIEPHBIX XapaKTEPUCTUK IPU

MOCTICIOBATEIbHOM M TNApaUIeIbHOM ~ COCOUHEHHAX  JIBYX  HEITMHEWHBIX
COINPOTHUBJICHUIA.

3. Jlatb onpezenenusi craTuueckoro (Ier) U auddepeHnanbHoro (M) COMPOTHBICHUH
HEJIMHEHHOT o 31eMeHTa. Kak OHM onpenenstoTcs o BOJIbT-aMIIEPHBIM XapaKTepucTukam?

4. HapucoBaTh cXeMy 3aMEIICHUS HEITMHEWHOTO COMPOTHUBICHHS, UCHONB3YA Iy U E

(OJ1C).

OOpaser1 3a1aHuii JU1s BBITOJHEHMS 1a00paTOPHBIX pabOT U MPUMEPHBIH IepeyeHb BOIIPOCOB
JUTSL UX 3aIUThI
«Karymika ¢ peppoMarHUTHBIM CEepACUHUKOM
KomnbrotepHoe MosienrpoBaHue

B pabore uccnenyercs kaTylka MHIYKTUBHOCTH C MArHUTHBIM CEPJCUHUKOM, Pa3Mephl
KOTOpOTr0 U OCHOBHas KpuBasi HamarunuuBanus B(H) MoryT 3agaBaTbCst mpou3BOJIBHO.

1. 3anyctuts nporpammy Multisim, cobpats cxemy pucytnka 16.11 uian oTKpbITh aiin
lab1l6 toe.ms10.
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Puc. 16.11. Cxema uccnenyemon nenu
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Pesynbratel 3kcriepuMeHTa. BelnosiHeHMe Ha CTEH e

Tab6muma 16.3

N3mepeno Brruucneno
U1 Uza=Ux | | Z X () ) P la I Yer Jer Der Ua Up Zer Fer Xer
B B A Om Om |rpax. |rpax. | Bt A A cM CmMm CmMm B B OMm OMm OMm




2. YCTaHOBUTh pEXHMM pabOThl ammepMmeTrpa M BOJIbTMETpPA — A H3MEpPEHUs
nepemeHHoro Toka (AC); ocrmorpad MOAKIIOYEH Ul CHATHUSA ABYX CUTHAJOB: KaHal A —
HECHHYCOMIAJbHBI TOK KaTymKW (4epe3 OECKOHTAKTHBIM MPOOHHMK TOKa), KaHanm B —
BXOJIHOE CHHYCOUJAJIbHOE HAIPSKEHUE.

3. Ilepen uccinepoBaHMEM KaTyIIKH C ()EPPOMArHUTHBIM CEPACHYHUKOM HEOOXOIUMO
BBECTH OCHOBHYIO KpuBY0 HamarunuuBanus B(H) (tabm. 16.4).

Tabnuua 16.4

N 1 2 3 4 5 6 7 8 9 10 |11 12 |13
E}M -800 |-500 |-300 |-200 -100 |-70 |O 70 100 |200 (300 |500 |800
I?F'H -0,39 -0,35 -0,3 |-0,25 -0,15 |-0,1 |O 01 (015 (0,25 (0,3 (0,35 |0,39

[Mopsnok BBoga B(H) cienyromumii:
— C MOMOIIBIO TBOMHOTO IIETYKa BOMTH B MEHIO KaTyIKH (puc. 16.12);

— HaXXaTb «PGI[aKTI/IpOBaTI) MOICIIbY»,

— BBECTH JaHHbIE ¢ Tabmuibl 16.4 1 U3MEHHUTH HapamMeTpsl area, length, input domain na
3HauEHUs, KOTOpbIE YKa3aHbl HA pucyHke 16.13;

— HaKaTb KHOIIKY «3MeHUTh MOJICIIh KOMIIOHCHTa», AaJICC «Ox».

NON_LINEAR_TRANSFORMER 3

Curveon | Skpad | NapaweTpel | AedexT | BoBoab | Mona nonssoeaTens

3HaAYEHHE! MWLT_PQ_4_48
Hopnyc: KFMR_4PIN
MponzE0AMTENE: Genetic

WyHKLMA:

Corinka:

[ oK ] [ OTMEHE ] [HHdJopM. ] [I‘Iomou.l.b ]

Puc. 16.12. Brianka «ITapamerpbi»




Pe nanTHpoBaTh MOOE Th

SUBCKT MLT_PQ_4_48_ MOM_LINEAR_TRANSFORMER 1 72143

A1 (7 3 nlt_pg_4_48_mcore
A2 9N E 0 nlk_pg_4_ 45 lcpl_1
L1910 25.46m
R110411.52
JODEL nlt_pg_4_48_lcpl_0 lcouplednum_turns=1.622K)
MODEL nlt_pg_4_48_mcore corel
+ H_array=[-300 -500 -300 -200 -100 -70 0 70 100 200 300 500 500]
+ B_array=[-0.3% -0,35-0,3 -0.25 -0,15 -0,1 00,1 0.15 0,25 0.3 0,35 0.39]
+ area=6e-6 length=25.1e-3
+ input_domain=0.77 fraction=TRLE mode=13
JMODEL nlt_pg_4_48_lcpl_1 lcouplednum_turns=677)

EMDS

' "_u, CPHrHHANEH3A MO AENE AEINa HEMEHEHS
L

X

[M3MEHHTb MOA4ENE KDMI‘IDHEHTEI] [M3MEHHTb ECE MEI.EI.E.I'IH] [ CEDDE Ha YMon4d. ] [ OTHMEHA

Puc. 16.13. CBoiicTBa HETMHEWHON KaTYyIIKU

4. YcraHOBUTH IapaMeTpbl FeHepaTopa: TUI CUTHAJIAa — CHHYCOMIaIbHBIN, aMIUIUTYAa 5
B, vactora 50 I'n (unu 3amaHHble npenioAasareneM). CHATh ocLuIIorpaMmbl (ocuusuiorpad

OTKpBIBACTCS JIBOMHBIM INETYKOM MBIIIKM) ¥ 3alycaTh II0Ka3aHUs MOpUOOpPOB B
COOTBeTCTBYIOLIME rpadbl TabauIB! 16.5.
Tabnuua 16.5
Pe3ynbrare! 3xcriepuMenTa. KOMIbrOTEpHOE MOJAEIMPOBAHNE
N3mepeno Beruucneno
p | U ¢ 0 la | n Yer Jer bCT Ua Up Zcr ler Xer
rpa |rpa
Br |A|B p p A A cM |cm |em | B B Om |Om | OMm
o. I.
O0paboTka pe3ynbTaTOB H3MEPEHUN
O6paboTtka pe3yIbTaToB U3MEpEeHuil, MOJTyYEHHBIX

ITPU BBIITOJHCHHH HAa CTCHAC




1. Boraucnute o GopMynaM HEOOXOIUMBIE 3HAUCHHS IapaMeTpOB M NEPEMEHHBIX H
3aHECTH B COOTBETCTBYIOIHME rpadbl Tadbmuis! 16.2:
— 1ok B nenu: | =$;
1
— TaJeHUe HANpPsDKEHUs HAa AaKTHMBHOM CONPOTHUBICHHM HEIMHEHHON KaTyIIKH:

U, =1-R,_,tre Re=10wm;

r
— MNaJCHUC HaIPAKCHHA Ha PCAKTHBHOM COIPOTUBJIICHHUU HEJTMHEHHON KaTylIKH:

U, =+U2-U2;

— IIOJIHOE CONPOTHUBIICHUE HEMHENHOM KaTymKu: Z = —.

[To mamaeiM  Tabmuiel  16.2 mocrpouth rpaduku  3aBucumocteir Ui = f(l),
z =1(I).
2. Beruucnuth 1o GopMyiaamM HEOOXOJIUMBIC 3HAUCHHS TApaMETPOB U MEPEMEHHBIX U
3aHECTH B COOTBETCTBYIOIIME rpadpl TaOIUIEI 16.3:
— 1ok B nermy: | Z&;
1

U

— IIOJIHOC COITPOTHBIICHUC HEIUHEHHON KaTyHIKH: Z= R ;

2 2 .
— pPEaKTUBHOE CONPOTUBICHUE KATYIIKU: X = /Z° — RK X

— yrou casura (assl Mex Iy HanpspkeHneM U Tokom: (@ = arctg R—;

K

— yros MarHuTHBIX notepb: 0 = 90" — @;

— aKTMBHAs MOIIHOCTb HenmHelHoH karymku: P =U _1COSQ ;

— aKTHBHAas COCTaBJIAIOIIAs TOKA: | a— Isind = ICOS(p;

— peaKTHBHAs COCTABJISIFOIIAS TOKA! Iu = Icosoé = Ising;

|
— MOJTHAs CTATHYECKAs IPOBOIMMOCTD HENMHEHHOM KaTymKk: Y., = U;
— aKTMBHAs CTaTUYeCKas MPOBOJUMOCTh HEJTMHEHHON KaTymku: J., = F;
— PEaKTUBHAs CTATHYECKask IPOBOJUMOCTh HENTMHEMHON KaTYyIIKH:
— 2 2.
bCT - Ycr - gCT !
— TMAaJCHHME HAIPSHKCHUS HAa aKTHUBHOM CONPOTUBIICHWHM HEJNMHEMHOW KaTYIIKU:
U, = Ucose;
— MAJCHHE HAIpPSOHKEHUS Ha PEaKTHUBHOM CONPOTUBIICHWHM HEIVMHEHHOW KATYIIKH:

U, = Using;

— IIOJIHOE CTaTUYECKOE CONPOTUBIICHUE HEJTMHENHOM KaTymku: Z., =

—|C

P
— aKTHBHOE CTATHYECKOE COMPOTHUBIICHHE HeNMHEeHHON Karymku: Iy = |_2;

— PEaKTUBHOE CTaTUYECKOE CONPOTUBIICHNE HEIMHEHMHOW KaTyIIKH:

X =+lz% —r?

cT cT cT *



[IpeneOpeub MoTepsMU MeIU U MHAYKTUBHOCTBIO PACCEMBAHUsS, MOCTPOUTH BEKTOPHYIO

JMarpaMMy HalpsbKeHMM U TOKOB. IIpuMmepHbIN BUJ BEKTOPHOW AMarpamMMmbl IPUBEACH Ha
pucyHnke 16.14.
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Puc. 16.14. BexTopHas auarpaMMa HanpspKEHUN U TOKOB

Puc. 16.15. Cxemsbl 3amerieHNs HETMHEWMHON KaTyIIKU

O0paboTka pe3ynbTaTOB U3MEPEHUIA, TOTyYEHHBIX
MPU KOMITBIOTEPHOM MOJICITMPOBAHUN

3aMEHUB HECHHYCOMJAJIBHBIA TOK KaTyIIKM S3KBHBAJICHTHBIM IO JEHCTBYIOIIEMY
3HAYEHUIO CHUHYCOMIANIBHBIM, JJS KaXJOTO U3 OIBITOB IPOBECTH pacdeT Ho (Gopmyram,
MOJIyUEHHBIM Ha OCHOBE BEKTOPHBIX JHarpaMM HampsbkeHuss u Toka (puc. 16.14) u

COOTBETCTBYIOIIUX cXeM 3amerieHus (puc. 16.15), U 3amoaHUTh COOTBETCTBYIOIIME Tpadbl
Tabmuie! 16.5:

P
¢ = arccos m; 8=90°—¢; 1, =Isind=Icosp; I, =1cosd = Ising;



U, =Using; Z,, =

Hcnonb3ys nanHbpie Tabmuiel 16.5, HaprcoBaTh BEKTOPHYIO HarpaMMy HaIpsOKEHUN U
TOKOB (QaHAJOTHYHYIO [uarpamme puc. 16.14).

Z[OHOJ'IHI/ITCJIBHOG 3aJaHue
HapI/ICOBaTB IMOJIHYIO CXEMY 3aMCHICHUSA KAaTYIIKH CO CTAJIbHBIM CEPACUYHNKOM.
KOHTpOJ'IBHBIe BOITPOCHI

1. Paccka3ath X0/] BHIIOJIHEHUS paOOTHI.
2. Kak Bnusier Henunelinocts B(H) Ha popmy kpuBoit Toka?

3. Otyero 3aBUCUT BeJIMYMHA yria 6?

OO6pasern 3a1aHuil 715 BBIMOJIHEHUS J1a00paTOPHBIX PabOT U MPUMEPHBIiA IEpeUeHb BOIPOCOB
JUTSL MX 3aIUTHI
«OnHoda3zHnblil TpanchopMaTop ¢ GeppOMarHUTHBIM CEPACUHUKOM
KommnbrorepHoe MoaenrpoBanue

B pabote uccnemyercs KaTyka HHIYKTUBHOCTH C MATHUTHBIM CEPJICYHUKOM, Pa3MephI
KOTOpPOTO ¥ OCHOBHAas KpuBasi HamaranunBanus B(H) Moryt 3agaBaThcst pOU3BOIBHO.

1. 3amyctuth nporpammy Multisim, cobpats cxemy pucynka 16.11 uau OTKpBITE (aiin
lab16 toe.ms10.

XSC1
XFG1 WML %

AN VA ar| EXbIr_|g
s v -
L 995 o L=l L2l

Nooo [ XCP1
u d T
Nooo @ 3 g
‘ NLT PQ 4 48*

Puc. 16.11. Cxema uccinenyemoi nenu



Tabnuna 16.3
Pesynprarel 3kcriepuMeHTa. BeIoJIHEHWE HA CTEH e

N3mepeno Brruucneno
U1 Uza=Ux | | Z X () ) P la I Yer Jer Der Ua Up Zer Fer Xer
B B A Om Om |rpax. |rpax. | Bt A A cM CmMm CmMm B B OMm OMm OMm

991



2. YCTaHOBUTbH PEKUM pabOThl aMIIEPMETPA U BOJBTMETpA — JJISI U3MEPEHHs IEPEMEHHOIO
toka (AC); ocummnorpad MOAKIIOYEH JJIS CHATHS ABYX CHUTHAJIOB: KaHal A — HECHHYCOMIAJIbHBIN
TOK KaTymku (depe3 OCCKOHTAaKTHBIM NPOOHWK TOKa), KaHal B — BXOJHOE CHHYCOMIIATbHOE
HalpsDKEHUE.

3. Ilepen uccnenoBaHueM KaTyIIKH ¢ (peppOMArHUTHBIM CEPJIEYHUKOM HEOOXOIUMO BBECTH
OCHOBHYIO KpuBYI0 HamaranduBanust B(H) (tabxn. 16.4).

Tabmuua 16.4

N 1 2 3 4 5 6 7 8 9 10 (11 |12 |13
E/M -800 |-500 [-300 |-200 |-100 |-70 |0 70 |100 |200 (300 (500 (800
]?F’H -0,39 -0,35 -0,3 |-0,25}|-0,15|-0,1 |0 01 (0,15 |0,25 |0,3 |0,35 [0,39

IMopsimok BBosa B(H) crenyromuii:
— C IOMOILBIO JBOMHOIO IIETYKa BOMTH B MEHIO KaTyIKH (puc. 16.12);

— HaXXaTb «Pe):[aKTI/IpOBaTB MOACIIb»,

— BBECTH JaHHbIe ¢ TaOuuiel 16.4 u W3MEeHUTH mapamerpbl area, length, input domain na
3HAYEHHUsI, KOTOPbIE yKa3aHbl Ha pucyHke 16.13;

— HaXaTb KHOIIKY «I3MeHNUTD MOACTIb KOMIIOHCHTA», AAJICC «OKy».

NON_LINEAR_TRANSFORMER X

Cmgon | Skpan | NapaneTpel | Aedext | Beigoas | NonA nonesosaTend

SHaqYeHne: MLT_PQ_4_48
Hoprnyc: XFMR_4PIN
MpoHzE0ANTENE: Generic

PYHELMA?

Cebinka:

SaMEHHTE [ o] 4 ] [ QTHEHA ] [MHdJDDM. ] [I'Iomou.Lb ]

Puc. 16.12. Bknanka «Ilapamerps»



Pe nanTHpoBaTh MOOETh

SUBCKT MNLT_PQ_4_48_ MNON_LINEAR_TRANSFORMER__1_ 72143

a1 (7 &) nlt_pg_4_45_mcore
AZ(9 3580 nk_pg_4_ 45 |cpl_1
L1 910 25.46m
R110411.52
MODEL nlt_pg_4_4&_lcpl_0 lcouplelnum_turns=1.62Z2K)
MODEL nlt_pq_4_48_mcare cored
+ H_array=[-300 -500 -300 -200 -100 -70 0 70 100 200 300 500 §00]
+ B_array=[-0.39-0.35-0,5-0.25 -0.15-0.1 00,1 0.150.25 0.3 0,35 0.39]|
+ area=te-6 length=25,1e-3
+ input_domain=0.77 Fraction=TRLE mode=1)
MODEL nlt_pg_4_48_|cpl_1 loouplednum_turns=&677)

ERDS

' "_u, ':'I:IHFHHEIJ'II:HEIH MOAENE Akbina M3MEHEH
L

X

[M3MEHHTb MO EnNE KI:IMI'II:IHEHT-EI] [M3MEHHTb ECE MD.\'J.E.I'IH] [ Cﬁpl:ll: Ha yMan4, ] [ CTHEHS

Puc. 16.13. CBolicTBa HENMMHEWHON KaTyLIKU

rpadsr Tabwe 16.5.

Tabmuma 16.5

P C3YJIbTAThI SKCIICPUMCHTA. KOMHLIOTepHOC MOZICIINPOBAHUC

4. YCTaHOBUTH MapaMeTphbl TeHepaTopa: TUIl CUTHAJIa — CHHYCOHMJAJIbHBINA, aMImuTyaa 5 B,
gactora 50 T'm (wnm 3amanHble mpenojaBarenieM). CHATh ocHWIIOrpamMMmbl  (OCIUiuIoOrpad
OTKPBIBAETCS JTBOMHBIM IIEIYKOM MBIIIN) U 3aMUcaTh MOKa3aHUs MPUOOPOB B COOTBETCTBYIOIINE

N3mepeno Beruucneno

P I (U ¢ o la | u Yer Jer Der Ua Up Zer ler Xer
Br A B ;p a ;pa A A cM cM cM B B OmMm |OMm | Om

O6paboTka pe3yaIbTaTOB U3MEPECHUMA

O6paboTka pe3ynbTaTOB U3MEPEHUN, TTOTYICHHBIX
IIPY BBITIOJIHEHUU HA CTEHJIE




1. Beramcnuth mo QopmynaM HEoOXOAWMBIC 3HAYCHHS IIApaMETPOB U TEPEMEHHBIX H
3aHECTH B COOTBETCTBYIOIHME rpadbl Tadbmuis! 16.2:

— 1ok B nenu: | =$;
1
— MaJCHHE HANPSDKCHUs HAa aKTHBHOM CONpPOTHBIeHHH HenuuelHoi karymkn: U, =1-R_,
rae Rx=1 Owm;

— IMagacHuc HaHpSI)KeHI/ISI Ha peaKTI/IBHOM COHpOTI/IBHeHI/II/I HCHHHeﬁHOﬁ KaTYIHKI/I:
2 2 .
U, =+U2-U?;

— IIOJIHOE COIPOTUBIICHUE HEIIMHENHOMN KaTyIKU: Z =

[To pmamaeiM  Tabmuiel  16.2  moctpouts rpadukm  3aBucumocter Ui = f(I),
z =1(I).
2. Bprauciute o Qopmynam  HEOOXOTUMbIE 3HAYEHUS TApaMETPOB U TEPEMEHHBIX WU
3aHECTH B COOTBETCTBYIOIIME rpadpl TaOIUIEI 16.3:
— 1ok B nermy: | Z&;
1

U

— IIOJIHOC COITPOTHUBIICHUC HEJIMHEHHON KaTylIKH: Z= R ;

2 2 .
— pPEaKTUBHOE CONPOTUBICHUE KATYIIKU: X = /Z° — RK X

— yrou casura (assl Mex Iy HanpspkeHneM U Tokom: (@ = arctg R—;

K

— yros MarHuTHBIX notepb: 0 = 90" — @;

— aKTMBHAs MOIIHOCTb HenmHelHoH karymku: P =U _1COSQ ;

— aKTHBHAas COCTaBJIAIOIIAs TOKA: | a— Isind = ICOS(p;

— peaKTHBHAs COCTABJISIFOIIAS TOKA! Iu = Icosoé = Ising;

|
— MOJTHAs CTATHYECKAs IPOBOIMMOCTD HENMHEHHOM KaTymKk: Y., = U;
— aKTMBHAs CTaTUYECKas MPOBOJUMOCTh HEIMHEHHON KaTymku: J., = F;
— PEaKTUBHAs CTATHYECKask IPOBOJUMOCTh HENTMHEMHON KaTYyIIKH:
— 2 2.
bCT - Ycr - gCT !
— TMJCHHE HaNpsDKEHWsT Ha AaKTUBHOM  CONPOTHBIICHMHM  HEJIMHEWHOW  KaTYIIKU:
U, = Ucose;
— TaJICHAE€ HaNpsDKEHWsT Ha PEaKTMBHOM CONPOTUBIICHWHM HEJIWHEWMHOW KaTYILIKU:

U, = Using;

— IIOJIHOE CTaTUYECKOE CONPOTUBIICHUE HEJTMHENHOM KaTymku: Z., =

—|C

P
— aKTHBHOE CTATHYECKOE COMPOTHUBIICHHE HeNMHEeHHON Karymku: Iy = |_2;

— PEaKTUBHOE CTaTUYECKOE CONPOTUBIICHNE HEIMHEHMHOW KaTyIIKH:

X =+lz% —r?

cT cT cT *



[IpeneOpeub moTepsMM MeIU W HHAYKTUBHOCTBIO PACCEMBAHMSA, IOCTPOUTH BEKTOPHYIO
JMarpaMMy HanpsLDKEHUR U TOKOB. [IpuMepHbIl BUJ BEKTOPHOM IMarpamMMbl IIPUBEIAEH HA PUCYHKE
16.14.
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Puc. 16.14. BexTopHas auarpaMMa HanpspKEHUN U TOKOB

o >

Puc. 16.15. Cxemsbl 3amerieHNs HETMHEWMHON KaTyIIKU

OO6paboTka pe3ynbTaTOB U3MEPEHUM, TOTYIECHHBIX
MPU KOMITBIOTEPHOM MOJICIIMPOBAHUU

3aMEHUB HECHMHYCOMJAJIbHBIM TOK KaTYIIKH SKBHUBAJIECHTHBIM MO JAEHCTBYIOLIEMY 3HAUEHHIO

CHUHYCOUJANbHBIM, Ul KaXJOTO M3 ONBITOB MPOBECTH pacyeT Mo (GopMysaM, MOJy4YEeHHBIM Ha

OCHOBE BEKTOPHBIX JuarpaMMm HampsbkeHuss U Toka (puc. 16.14) ¥ COOTBETCTBYIOUIMX CXEM
3amerienus (puc. 16.15), 1 3anoJHUTG COOTBETCTBYOIIKE Tpadbl TabmuIs! 16.5:

P i .

¢ = arccos m; 6=90°—¢; I =1Isind=1Icose; |, =1cosé =Ising;

a n

| P
Yo =50 9o =70 P = YZ -gZ ; U, = Ucose;
. U p
Up = USIn(p’ ZCT - T’ Fo = _2’ Xcr = ZET _rczT

<}
-
—



Hcnonb3ys qanHbie Ta0auel 16.5, HApUCOBAaTh BEKTOPHYIO TMAarpaMMy HANPSHKEHHH B TOKOB
(aHanormuHyro auarpamme puc. 16.14).

JlononHuTeNbHOE 33aJaHIE
HapucoBaTh noiaHyI0 cxeMy 3aMelleHUs] KaTyIIKU CO CTaIbHBIM CEPICYHIUKOM.
KonTponbHbie BOpochl

1. Paccka3ath X0/1 BHITIOJTHEHUS paOOTHI.
2. Kak Biusier Henuuerinocts B(H) Ha hopmy kpuBoii Toka?

3. Otyero 3aBHCUT BETMYMHA YTJla MATHUTHBIX TOTEPH 07

Ananus ogHodazHoro Tpancopmaropa ¢ heppoMarHUTHBIM
CEPJICYHUKOM I10 JICUCTBYIOIINM 3HAYEHUSAM TOKA U HAMPSIKEHUS

PaccmoTpuMm  onHOda3HBI ABYX OOMOTOYHBIM TpaHchopMmaTop ¢ ¢eppoMarHUTHBIM
MarHuTOnpoBo oM. Ha 3aMKHYTBI MarHMTONpPOBOJ C OJHOW KaTymkoi (0OMOTKON) HaaeBaercs
BTOpass Karymka (puc. 5.36).  MarHutronpoBoj TpPUMEHSIETCS s YCUJIEHUS OCHOBHOI'O
MarHUTHOT'O MOTOKA, IPOHU3BIBAIOIIET0 BUTKH BTOPOM KaTylIKU (OOMOTKH).
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Puc. 5.36. Onnodasnslii TpanchopmaTop (ccbuika)

B Tpanchopmarope mpu CHHYCOMAAIBHOM BXOJHOM HANpPSKEHUMH BCE OCTaJbHbBIE
MI'HOBEHHBIE 3JIEKTPUUECKUE U MarHUTHBIE BEIMYMHBI OyAyT U3MEHATHCS M0 HECUHYCOUJAIbHBIM
3aKOHAM M3MEHEHMs 3a CUET HEIMHEWHOCTM MAarHUTHBIX XapaKTEpPUCTUK MarHutonposoja. Ha
ocHOBe anroputMa (5.29) 3amumieM YHOpOUIEHHBIM alrOpUTM CBA3€M MEXIYy YKa3aHHBIMU
BEJIMYMHAMU IIpU [OJa4€ Ha BXOJ IEPBUYHON KaTyIIKM CHHYCOUJAJIBHOTO HampspkeHus. B
aITOpUTME BBEACHBI 0003HAUCHHUS:

U1, U2 — MTHOBEHHBIE 3HAaU€HUS BXOJHOTO U BBIXOJHOTO HaNPSKEHUII;

i1, I2 — MTHOBEHHBIC 3HAUCHHUS TOKA MEPBOI U BTOPOU KaTYIIICK;

F1, F2 — MrHOBEeHHbBIE 3HaUEHUSI MArHUTOIBUKYIIIEH CHIIBI IEPBOIl U BTOPOI KaTyIIIEK;

@ — OCHOBHO MOTOK, MPOTEKAIOIINI IO CEPACYHUKY MAarHUTOIIPOBO/A;

Y11, 21— MTHOBEHHBIE 3HAUEHUS ITOTOKOCLCIUIEHHUS] OT OCHOBHOI'O MarHUTHOI'O IIOTOKA
MIEPBOM M BTOPOM KaTYILIEK;

W1, W2 — YHCJIO BUTKOB IIEPBOM M BTOPOH KaTyIIEK;

€1, €2 — MrHoBeHHbIe 3HaYeHus DJ[C BbI3BaHHOE OCHOBHBIM IIOTOKOM B IEPBOM U BTOPOit

KaTyIlIKax;

ul, ul; — MrHOBEHHBIE 3HAUEHNS T1aICHUS HANPSKEHNS BHI3BAHHOE OCHOBHBIM ITOTOKOM B

[IEpBOM U BTOPOH KaTyILKax;



Ur1, Ur2— MTHOBEHHBIC 3HaYCHMS AKTUBHOTO ITaJICHNS HANPSDKCHUS B IPOBOJAX IEPBOU U
BTOPOM KaTyIlEK;

D51, 52— MTHOBCHHBIE 3HAYECHHS IOTOKOB PACCEUBAHHS, 3aMBIKAIOIUXCS IO BO3AYXY
IIEPBOM U BTOPOM KATYIIEK;

Wsl, Yo2 — MTHOBEHHBIC 3HAUYEHUS IIOTOKOCLIEINICHUS paCCEMBaHUs IIEPBOM U BTOPOU
KaTyLIeK;

€61, € 2 — MTHOBEHHbIE 3Ha4eHHs O/IC BbI3BaHHBIE IOTOKAMU PACCEUBAaHUS B IIEPBOM U
BTOPOM KaTyIIKaXx;

Usl, Ug2 — MIHOBEHHBIE 3HAUCHHUS MTJICHNS] HAIIPSHKCHUS BBI3BAHHBIE IIOTOKAMHU
paccerBaHMs B IEPBOM U BTOPOM KaTyIIKaXx.

. dyol .
U1=rl1; Do = Yo1 = Ds1W1 = €61 = - & =~ Usty
T T
. - _dy11 _ |-
U=l > F1=hWi > @ -y =dwy > €1 =-——=- U1, (5.54)
T
(®2 ocnabisieT OCHOBHOM MarHUTHBINA MOTOKD)
O]
! T
dy21 . .
Yoy =Pwr > er=- q(;t =-uh > x> Fo=iwy = D2
I = w l
. dyo2
U2 =Tl2;  Woe2 = PsoW2 = €52 = - & - U2

CornacHo paHee BBEAEHHBIM 0003HaUeHUSAM anroputma (5.54) 1 ypaBHEHUS Ui KaTYIIKU C
(beppoMarHuTHBIM cepiedHUKOM (5.40) 17151 TepBOro ¥ BTOPOro KOHTYPOB MOXHO 3aIIMCATh!

U1 = U + Uot + Ul (5.55)
U+ Us2 + Ul + U2=0 (5.56)
wim 0oJiee ToIPOOHO
. di1 do
Ur=ri1+ La ﬁ +WwW1 T (5.57)
, di2 do
r2iz+ Loo ——+ W2 — ++Uz=0=0, (5.58)

rjae U — HalpsbKEHHE Ha Harpys3Ke.

[TpumMeHnM MeTo pacuéra MO JACHCTBYIOIIAM 3HAYCHHUSM W 3aMEHHM HECHHYCOUIATbHbIC
TOKHM, HANpSOKEHHss W MarHUTHBIA IMOTOK OSKBHBAJCHTHBIMH CHHYCOMIQIBHBIMH TOKAMH,
HAMpPsDKCHUSIMH M MAarHUTHBIM TIOTOKOM. Ilocie 3Toro, MOKHO OyaeT MPUMEHHTH KOMIUICKCHBIH
METOJ[ pacyéra, IMOCTPOMTH BEKTOPHBIC IHArpAaMMBbI, HAPHCOBATH CXEMBI 3aMEIMIEHHUS ITONYIHTH
COOTHOIIEHHUS MEX/Ty BXOJHBIMH U BBIXOJHBIMU TOKaMH M HampspkeHust. [lepeitném oT ypaBHEHHUI
(5.55) - (5.58) k ypaBHEHHSIM B KOMILICKCHOW (hOpME 3aITnCH:

Ui =Un + U + U1, (5.59)
Uz + Usz + U2+ U2 =0, (5.60)
501040
Ur =11 l1+ joLetl + jwi ®m/A2, (5.61)
0=r2 I2+ joLezlz + jw2 ®m/\2 + Ub. (5.62)

Jlis ypaBHeHMI WHJeanu3UpoBaHHOrO TpaHchopmaTopa B ypaBHeHusx (5.61) u (5.62)
npeHeOperaoT BeIMYMHAMHU CONPOTUBICHHH B cuity X ManocT: 1= 0, 2= 0, Xs1 = oLs1 = 0 ¥ X2
= wLs». Torga, Mo)XHO 3amMcaTh:

Uz = jwi Om/N2, (5.63)
Uz = - jw2 ®m/A2. (5.64)

[lepenuiem ypaBaenus (5.63) u (5.64) mis Moyneit 1eHCTBYIOIIMX 3HAUCHUH HANPsSKEHUIH
Ha BXOJI€ U BBIXOJIe TpaHCchopMarTopa:

U1 = w1 Om/N2, (5.65)
Uz = W, Om/N2. (5.66)

Pazgenum ypaBuenue (5.65) Ha (5.66):

U1/U2 = wi/ws. (5.67)



[TponoprinonanpHOE cooTHOIIEHUE (5.67) MOXET OBITH HCHOJB30BAHO JIS OMPEICTICHUS
Yuciaa BUTKOB BTOPUYHOM OOMOTKM NHpHW 3aJaHHBIX 3Ha4eHUsAX BxogHoro Ui u BeixoxHoro U:
HaANpsDKEHUHM, 3aJJaHHOM 3HAUY€HUU MaKCUMaJbHOW MHIYKIUU Bm 118 BbiOpaHHOro marepuaina
marautonpososa. 1o popmyne (5.54) onpenenum 4uciio BUTKOB IEPBUYHON 0OMOTKH 110 hopmyie

w1 = U1/(4,44fSBn),
3aTeM, [0ICTaBUM 3HA4Y€HHU 3aaHHbIX HanpskeHud Ui u Uz, a Taxoke HallieHHOE 3HaYeHHE YucIia
BUTKOB MEPBUYHONW OOMOTKH Wi B cooTHouieHue (5.67), u omnpeaenum TpedyemMoe 4uciao BUTKOB
BTOPUYHOU OOMOTKHU W>.

Jlnst mneanpHOro TpaHchopmartopa u3 BbIpaxkeHus (5.65) cimeayer, 4YTO OCHOBHOMU
MarHuTHbIN MOTOK ®m HE 3aBUCUT OT pekuMa paboThl TpaHcpopmaropa, U OmpeAenseTcss TOIbKO
BXOJHBIM HanpspkeHueM Ui, T.e. uist pesxrMa X0JIOCTOro X0Jia U Harpy304HOM peXUME OCHOBHOM
MarHUTHBI MOTOK OCTa&rcsi MOCTOSHHBIM. OTCioga clieyeT, 4YTO MarHUTOABIOKYIIAs CHIIa
nepBUYHON 0OMOTKH F1 OyzeT oHO# U TOM ke B ATUX peKUMAX.

Jia pexuma xonocroro xoaa (lzo = 0) maeanpHOro Tpancopmaropa MOKHO 3amucaTh
COOTHOLLEHUS:

F10 = w1 lio, (5.68)
Fa0 =Wz l20 = 0.

B Harpy3o4HOM pexume cymMMa MarHUTOJBIKYIIUX cull F1o0 1 F2o0 cO3Ma€T TOT jke OCHOBHOM

MarHUTHBIHN NIOTOK, I03TOMY CIIPaBEAJIUBbI BbIPAXKECHHUS:

Fio=Fi+F
WIH
Wi lio=wi |1 + w2 l2. (5.69)
W3 pewienust ypaBaenust (5.69) HaiiieM BEKTOp TOKa NEPBUYHON OOMOTKHU:
l1=1lwo+ I, (5.70)

r7ie BBEJICHO OOO3HAYCHHWE JUIS TMPHUBEIEHHOTO TOKAa (TOK BTOPHUYHOH OOMOTKHM TpPHBENEH K
MePBUYHON OOMOTKE)
I'o=-wz 2/ wi. (5.71)

Y peanbHbIX TpaHCc(HOPMATOPOB 3HAYEHHE TOKA XOJocToro lip HE3HAYUTENBHO II0
CpPaBHEHHMIO C TOKOM B HAarpy304HOM pPEXHME, IMOITOMY UM MOXHO MpeHeOpedb, U BhIpaKEHHUE
(5.70) MOXHO TIPEICTAaBUTH B BUJIE:

li=1%. (5.72)

W3 Beipakenus (5.72) ¢ yuérom (5.71) 3anuiieM COOTHOIIEHUE MJIsi MOIyJeH TOKOB JIBYX

00OMOTOK B Harpy304HOM pEXHUME:
l1/ 12 = w2/ wi. (5.73)

OTMeTuM, YTO COOTHOIIEHUE JJII MOJyJiei TOKOB (5.73) 1m0 CpaBHEHUIO C COOTHOIIECHUEM
Ui MoyJiel HanpsbkeHul (5.67) Oyznet oOpaTHBIM.

Hapucyem BekTopHyto nuarpammy TpaHcpopmartopa. Ha KoMIIeKCHOM miiockocTu
peanusyeM KoMILIeKCHbIe ypaBHeHus (5.59)—(5.62), (5.70) u (5.71) ¢ yu€Tom mOCTpOCHHOH paHee
BEKTOPHOM JAMarpaMMbl JJisi KaTyIIKH C (EeppoMarHUTHBIM cepAedyHukoM (puc. 5.35). [ns
onpeAenéHHOCTH MPUMEM, UTO Harpy3ka TpaHchopMaTropa HOCUT MHAYKTUBHBIN Xapaktep Zy = Iy +
jXu = Z €%, T.e. TOK |2 GyaeT otcTaBaTh 1o (aze oT HanpsvkeHus Uz HA yToOI @a.

[TocTpoeHne BEeKTOPHBIX AMarpamMM TOKAa M HANPsDKEHUS HAYATO C peaau3allid ypaBHEHUs
(5.62), 3atem (5.70), nanee (5.61) (puc. 5.37).



U1 Us1 =X o1 1

[ Un=r 1y

U'= jW1 (I)m/\/Z

-U', =- sz (I)m/\/Z

Puc.
5.37. BexropHas auarpamma TpaHcdopmaropa

Hapucyem cxemy 3amemnienust tpanchopmaropa. Crnemaem 3ameny mnepe (5.63)—(5.67) u
(5.71)—(5.73), a Taxke BOCHOJB3YEMCS CXEMOH 3aMeIIeHUs KaTymKd ¢ (eppoMarHUTHBIM
cepaeyHUKOM (puc. 5.34).

Jlnist IpOCTOTHI JAbHEHITNX BBIKJIAJOK BBEAEM 0003HAYEHUS UISI MOJHBIX KOMIUIEKCHBIX
COIIPOTHUBJIEHUH MEPBUYHOIO U BTOPUYHOTO KOHTYPOB:

Zi=n+tjolea=rn+jXi;Z2=r+joLa=r2+ jXe;
Zer = Ter + [Xer; Zu = Tu + [Xu.

Torna ypaBuenus (5.59) u (5.60) MoxxHO nepenucarb B BUJIE:

Ui =21l + U'y, (5.74)
Zolo+ Zul2+ U2 = 0. (5.75)

B ypaBHenun (5.75) cnemaem 3amensl nepemeHHbix l2 m U2 Ha |2 m Ut ¢ momoursio

COOTHOLIEHUM:
lo =-wil2/wou U2=-wo 't/ wi.
[Tepenumenm ypaBaenwue (5.75) ¢ y4€TOM MOICTAaHOBKH:

-1'2Zowi/wo - 1'2Zywi/wo - U'rwe /wy =0. (5.76)
YMHOKHUM JICBYIO U TPaBYIO YyacTh ypaBHeHus (5.76) Ha qpo0Ob W1/ Wo:
-12Z2 (W1l W2)? - 12 Zs (W1/ W2)? - U'1 = 0. (5.77)

Beeném npuBen€HHBIE KOMIUIEKCHBIE CONTPOTHUBIIEHUS! BTOPUYHOTO KOHTYpPa K MEPBUYHOMY
KOHTYpY:

Z2=-2Zo (Wil W) u Z's = - Zu (W1 / W2)?, (5.78)
C yuérom (5.78) ypaBHEHHUE 1151 BTOPUYHOTO KOHTYpa MPUMET BHL:
Zol'2+ Z' I'2- U1 =0. (5.79)

CocraBuM TIOJIHYIO CHCTEMY YpaBHEHU, 3alucaHHyo U3 ypaBHeHui (5.74), (5.79) u (5.70),
110 KOTOPOM HAapUCyeM CXeMy 3aMelleHus TpanchopmaTopa (puc. 5.38):
Ui=2Z1 I + U4,
Zhl'o+Z'y I - UL =0.



I1 =l + I'2.

Puc. 5.38. Cxema 3amemnienus Tpanchopmaropa

OO6paser 3a1aHui 715 BBIMOJIHEHUS J1a00paTOPHBIX paboT U MPUMEPHBIH MepeueHb BOMPOCOB IS
WX 3aIIUTHI

«Deppope30HAHC HATIPSIKEHUS

L{enb paboThI
HccnenoBanue siBiieHUs eppope3oHaHca HAPSDKEHUS IPU [OCTIe10BATEIbHOM COSAMHEHUH
HEJIMHEHHOM KAaTyIIKM HMHAYKTHUBHOCTH W JIMHEWHOW INEPEMEHHONW €EMKOCTH IIPU HEU3MEHHOMU
4acTOTE MUTAOLIEN CETH.

KpaTKI/Ie TCOPCTUYCCKHUEC CBCACHUS

ONEKTpUYECKHE LENHU, COACPKAIUE HEIMHEHHYI0 WHIYKTHBHYIO KaTyHIKy W JIMHEWHBIN
KOH/JICHCATOp, a TaK)KE LIENH C JUHEHHON MHIYKTUBHON KaTyIIKOW U HEJIMHEHHBIM KOHJIEHCATOPOM
Ha3bIBAIOTCS (hepPpOPE30HAHCHBIMH LensAMU. [l aHanu3a sIBIEHUM B TaKUX IIENSX HCIOJIB3YIOT
rpadpuueckue (WIM AHWIUTUYECKUE) METOAbl pacuyéra IO TMEepBbIM TapMOHMKaM TOKOB U
HaIPsHDKEHUN WIK 110 JEeHCTBYIOIIUM 3Ha4YeHUAM. B Metone pacuéra mo ACUCTBYIOLIUM 3HAYCHUSIM
HECUHYCOMIaJIbHO U3MEHSIONINECS TOKU U HANIPSHKEHUSI 3aMEHSIOT UX SKBUBAJIEHTHBIMU (B CMBICIIE
JEMCTBYIOIMX 3HAUYEHUI) CHHYCOMIAIbHBIMM MEPEMEHHBIMU U HCNONb3YyIOT BAX HennHeHbIX
AJIEMEHTOB JUJIs JEMCTBYIOIMX 3HAYEHUN TOKOB M HAIPSKEHUM.

OcHOBHBIE 3Tallbl pacyéra 3TUM METO/I0OM B IrpauuecKOM BapHaHTe:

1. PacuéTHpIM wuau ONBITHBIM NyTéM mnocTpouTh BAX HenuHelHOro »sieMeHTa IO
nevictByromumM 3HadeHusiM Uno = f(luo).

2. Vcnonb3ysl CUMBOJIMYECKUI METOJI pacuera, IpOM3BOJIBHO, 10 MOJyueHHOH paHee BAX,
3Hasg JeWcTByrolee 3HaueHHe Toka lus (umm HampspkeHust Unps), ONpenenuTh JIeHCTBYIOIINE
3HAYEHUS] HANpPsDKEHUH (MM TOKOB) Ha BCEX 3JIEMEHTaX CXEMbl, BKIIIOYas BXOJHOE HaIpshKeHHE.
[Ipy 5TOM Ha HENMHEWHBIX AJIEMEHTaX YUYWUTHIBaTh CABUTH (a3 Tak ke, KaK Ha aHAJIOTMYHBIX
JMHENHBIX 2JIEMEHTAX.

3. IToBTOPUTH pacuér m. 2 MAThb-CEMb pa3 U MOCTPOUTH Tpedyemyro BAX.

[TpoBeném aHanu3 mocieaoBaTeNbHOW (EppPOpPEe30HAHCHON Lenu,  M300paxEHHOM Ha
pucynke 17.1, a.

Jnis ykazaHHOU 3JekTpuieckoi nenu 3aaana BAX nenuneitnoi katymku Unk(l) (puc. 17.1,
0, kpuBas 1) u 3HayenHwus r, C.

[Moctpoenne BAX Bceii ienm U(l) ocymiecTBisieMm B clienyroneM HOpsIKe:



Puc. 17.1. IlocnenoBarenbHast peppope3oHaHCHAsI LIEb

1. Crpoum BAX nuHelHOro €MKOCTHOTO M PE3UCTUBHOIO 3jiIeMEHTOB. [l 3Toro
IPOM3BOJILHO 337aéM JIEHCTBYIOIEe 3HAaUCHUE TOKA B LIETIM M ONpeAessieM 3HaUeHUs HalpsHKEHUs
Ha éMKocTHOM Uc 1 pesuctuBHOM Uy 351eMeHTax 1o hopmyiam:

1
U.=l—; U, =Ir. (17.1)
oC

Tak xak BAX nuHENHHBIX 371EMEHTOB JIMHEIHA, TO IOCTATOYHO HAWTHU HAIPSLKEHUS IPU JIBYX
3HaYeHUSIX TOKa B 1enu. Hampumep, Ha pucynke 17.1, 6 moctpoenst BAX éMKocTHOTO 31eMeHTa
Uc(l) (rpaduk 2) u pesuctusnoro snementa Ur(l) (rpaduxk 3).

2. Tlocrpoum BAX Bceit e U(l). st 3TOro 3agaauMcsi HECKOJIBKUMH IPOU3BOIBHBIMU
3HaueHWsIMU Toka | (moctaroyHo msAThb-ceMb 3HaueHuid) W w3 rpadukoB Unk(l), Uc(l), U(l)
OIpEelesieM 3HAYCHUS HAIPSOKEHUsS HA PE3UCTUBHOM, €EMKOCTHOM U WHIYKTUBHOM DJIEMEHTaX,
COOTBETCTBYIOIIME KaXAOMY 3HAYECHUIO TOKA.

s ompezneneHus OEHUCTBYIOILIETO 3HAYCHUSA HANPsDKEHUS HA BXOJE LEMU COCTaBUM
ypaBHEHHUS 10 BTOpOMY 3akoHY Kupxroga B KOMIUIEKCHOM BUE

U, +U, +U.=U. (17.2)
Peanuzyem ypaBHenue (17.2) Ha KOMIUIEKCHOU IJTIOCKOCTH JJISI KQXO0TO 33JaHHOTO 3HAUEHUS

TOKa U ompenenum Hampsbkenue U. Ha pucynke 17.2 mpuBeneHbl BEKTOpPHBIE IUArpaMMBbl s
ciyyast Unk > Uc (puc. 17.2, a) u Upk < Uc (puc. 17.2, 6).

1+ 4 . . A
. UCAUHK i
A
UHK UC
U
U, i
»—
'\(P i 0 [0) +1
- o '
0 Ur +1 U \
a) 6)

Puc. 17.2. Bexropusie nuarpammsl ipu Unk > Uc (a) 1 Unk < Uc (0)



[lony4yeHHbIe 3HAYEHHS] BXOJHOTO HAMNPSHKEHUS] U COOTBETCTBYIOIIME UM 3HAUYECHHS TOKOB
3aHocuM B Tabnuity u crpouM BAX Bceit nermn U(I) — rpaduk 4, pucynok 17.1, 6.

Kak BumHO u3 rpaduka 4 pucynka 17.1, 6, pesynprupyromas BAX nenu U(l) umeer N-
obpasnyro ¢opmy. [Ipu cpaBauTeNnbHO MasioM I Ha BAX 1ienu nmeeTcs najgaromuyid ygactok ac. Ha
ATOM y4acTKe C yMeHblleHueM HarpsikeHus U pactér Tok | , a ¢ OBBIIEHHEM HaNpPsHKEHUS TOK
ymenbinaercs. [lagaromuii yyacTok aC COOTBETCTBYET HEYCTOMYHBOMY pPEXHUMY pabOTHI
noclneaoBarenbHON (eppope3oHancHoi 1enu. C yBenudeHueM I manaromuid ydactok Ha BAX
ucuesaer.

Ha pucynke 17.3 ormenbHO mpencraBieHa BAX mocienoBaTenbHON (Geppope30HaHCHOM
nenu U(l) (kpuBas 4, puc. 17.1, 6).

[Ipy HenmpephIBHOM YBEIMYEHUM HampspDKEHUS Ha BXxoae uenu (puc. 17.1, a) or Hyns 1o
3HaueHus Ua TOK IJIaBHO YBEJIMYMBAETCS OT HYJs 10 3HadeHust [ (yuactok Oa, puc. 17.3).

[Tpu JalbHeneM camoM MaJioM YBEJIIMYCHUH BXOJTHOTO HaIPSHKEHUS
U > U, TOK B 1enu H3MEHSETCS CKAa4yKOM OT 3HaueHus la 10 3Hadenwst lf — wabmomaeTcs
TpurrepHbiii 3pdext. 3aTeM ¢ yBeIMYCHHEM HANPSHKEHUS TOK IUTaBHO pactér (yuactok fd, puc.
17.3).

HpI/I YMCHBIICHUN BXOAHOI'O HAIIPSKCHHA TOK IUIABHO YMCHBIIACTCA 0 3HAYCHUSA Ic

(yuactok dc, puc. 17.3).
[pu 3nauennn Hanpspkenus U = Uc TOK CKauykoM yMeHbBIIAeTCs 0 3Ha4eHus Ip ¥ 3aTeM
IaBHO najaet (yuactok b0, puc. 17.3).

>

| | 1, |

Ib a c

Puc. 17.3. BAX mnocnenoBarensHol Gpeppope3onancHoi memu U(I)

CkaukooOpa3zHoe m3MeHeHue Toka (yuactku af, cb) compoBokmaercst M3MeHeHHEeM yriia
caBura (a3 Mexay TOKOM M OOIIMM HampspkeHHeM. B Touke a HampspkeHHe Ha HeJMHEHHOM

VHIyKTUBHOM KaTymike 6onbure Hanpsokenus Ha émkoctu (Unk > Uc), n motomy Tok | orcraer or

nanpsokenuss U (Bektopnas muarpamma Ha puc. 17.2, a). B Touke f nanpsxenue Ha HenuneitHOM
WHAYKTUBHOM KaTylIKe MEHbIIE HANpsDKEHUs Ha €MKOCTH, MOTOMY TOK OINEpekaeT HamnpsKeHue
(BekTOpHas auarpamma Ha puc. 17.2, 0).

deppope30HaHCOM HANPsHKEHUH Ha3bIBAIOT pexXuM padoThl nenu (puc. 17.1, a), npu kKoTopom
nepBas TapMOHMKa TOKa B IIEMM COBMajaeT Mo (aze ¢ HampspKeHHeM HCTOYHMKA IMUTaHUS.
®eppope3oHaHC HaNpsKeHU cooTBeTcTBYeT Touke C Ha BAX Bceit nenu (puc. 17.3), mist koropoit
XapaKTEpHO PAaBEHCTBO HANPSIKEHUN HA HENMHEWHOM KaTylIKe HMHIYKTUBHOCTH M JIMHEHHOU
émkoctu Upk = Uc.

JocTtuub deppope3oHaHca HAIPsHKEHUH MOXKHO IMYTEM U3MEHEHUS HANPsDKEHUS ITH YaCTOTHI
UCTOYHUKA MHUTAaHUS IeNH, a TakkKe MyTEM H3MEHEHHUS EMKOCTH U IapaMeTpoB KaTYIIKH CO
CTaJIbHBIM CEpPACUHUKOM.



CxeMa KOMIIOHEHTHOH IIENU

Cxema KOMITIOHEHTHOM 1enu yis u3Mepenus BAX HenuHeHOW KaTyIlIKu Mpe/IcTaBieHa Ha
pucyHnke 17.4.

A

c (V) HK

- .

Puc. 17.4. Dnexrpudeckas cxema J1abopatopHOi paboThl 1yist uccienoBanus BAX
HEJIMHENHOM KaTyIIKH UHAYKTUBHOCTH

Cxema KOMIIOHEHTHOM TEMH I IPOBEICHUS SKCIIEPUMEHTA MpeCTaBlIeHa Ha pucyHke 17.5.

2
C
||
|

Puc. 17.5. Dnexrpuueckas cxema gaboparopHoit padotsl (R1= 1 kOM, C1=300 HD)

[Topsimok mpoBeneHus padoThI
OCHOBHBIE U3MEPEHUS

1. 3anyctute mporpammy Multisim, cobpate cxemy pucyHka 17.6 uiam OTKpbHITH (aiin
labl7 1 toe.msl10.

XFG1
T |
U T
AC 1e-0090hm % %
NLT_PQ_4_20
AC 10MOhm

Puc. 17.6. Cxema nyist uccnenoBanusi BAX HenMHEWHON KaTyIIKU UHAYKTUBHOCTH



2. JIBaxapl IIEAKHYTh 1m0 HenauHelHou karymke NLT _PQ 4 20, orkpeith Bkaanky Value,
nanee Edit Model. B oTkpriBIIEMCsI OKHE yCTaHOBUTH HACTPOMKH B COOTBETCTBUU C PHUCYHKOM

17.7.
Edit Model (S|

SUBCKTMLT PQ 4 20 MOI1 1 12143

RO 2565 -
L0 56 146m
A0 (6 1) (7O) nlt_pg_4_20_lcpl_0
AL1(78) nlt_pg_4_20_mcore
A2 (93) (8 0)nlt_pg_4_20_lcpl_1
L1910 4.42m
R11042
MODEL nlt_pg_4 20 _lcpl_0 lcouple(num_turns=1.622K)
MODEL nlt_pg_4_20_mcore core(
+ H_array=[-222.22 -51.58 -13.890 13.89 51,58 222.27]
+ B_array=[-1.7-1.5-1011.51.7]
+ area=130u length=74. 15m
+ input_domain=10m fraction=TRLIE mode=1)
.MODEL nlt_pg_4_20_lcpl_1 lcouple{num_turns=282)

.EMDS

l N Criginal model has been changed

[ Reset to default ]I Cancel

]
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Puc. 17.7. IlapameTpbl HENMMHENHON KaTyIIKH

3. OTKpBITH T€HEPATOP, YCTAHOBUTH MMApaMETPhI: THUI CUTHAIA — CHHYCOUIATbHBIN, 4acToTa —

50 I'u, ammutyna — 2 B.
4. I1naBHO W3MEHsISI BEIMUMHY BXOJHOTro HanpsbkeHus ot 2 B no 180 B, 3anucaTh nokazanus

npubopos B Tabnuiy 17.1.

Tabmuma 17.1
Pesynbratel sxcnepumenta. BAX HeTMHEHHOW KaTyIIKA

Unk B
| A

5. Cobpats cxemy pucynka 17.8 wim otkpsITh daiin labl7 2 toe.msl0.

6. OTKpBITh T'€HEPATOP, YCTAHOBUTD MTapaMeTPhl: TUI CUTHAIA — CHHYCOMJAIBHBIHN, 4acTOTa —
50 I'u, ammmntyna — 2 B.

7. OTKpBITH ocIuLiorpad, yCTaHOBUTh MAacuITad MO BPEMEHHM M aMIUIUTYJE JOCTaTOYHO
YIOOHBIN 1711 HAOTIOICHUST CUTHAJIA.

8. BrurounTh MOIENHMPOBAaHWE, B YCTAaHOBUBIIEMCS pEXHME paOOTHI IIETH, YBEIWIHBAs
amMIIUTyy HampsbkeHue Ha Bxoje U ot 2 B no 100 B, naiitu Benmuuny HanpspkeHust Ua, nipu
KOTOPOH MPOUCXOIUT CKauKooOpa3Hoe yBenndeHne Toka ot la 110 If (B COOTBETCTBHH C PHCYHKOM
17.3); cuate nokazanus npubopos B Tadbnuiy 17.2; knonky STOP SIMULATION ne Haxkumath 10

KOHIIa YKCIIepUMEHTA!
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Puc. 17.8. Cxema uccienyemoi 1enu

9. 3arem, TuIaBHO CHIDKas BxoaHoe HanpspkeHue oT 100 B mo 2 B, 3adukcupoBats 3HaueHUS
IepEeMEHHBIX B MOMEHT CKa4K000pa3HOro U3MEHEeHHs ToKa Ic 10 lg; 3amucarh nmokasanus mpuOOpoB
B Tabnuiy 17.2.

Tabmauua 17.2
Pe3ysbTaThl 9KCIIEpUMEHTA

Pexum Vismepero ) I Uc Unk
paboThI B A B B
1 2
2
3
4
5
6
IIpu 7
MOBBILICHUHT
HaTPSDKECHUS 8
9
10
11
12
13
14 100
1 100
[Tpu 2
MTOHKEHU U
HaIPSDKSHUS 3
4




5
6
OI10
7 JIHA
8 TENb
HbIE
9 U3M
10 ¢pe
HUSA
11
12 HAT
13 b
ocl
orpa

MMBbI HAIIPpsPKCHUA B MOMCHTEI:
a) CKauK00Opa3HOro yBeanueHue Toka ot la 70 If;
0) ckaukooOpa3Horo u3mMeHeHust Toka I 110 Ig.

O6paboTka pe3yIbTaTOB U3MEPECHUI

1. ITo marabIM TabmUIEl 17.1 mocTpontsh BAX HeNMHEHHOW KaTYIIKH.

2. Ilo nanubM TaGmuubl 17.2 MOCTPOUTH MOMYYEHHYIO ONBITHBIM MyTéM BAX Bceil nemnu
Usx(l) u Teopetrueckyro 3aBucuMoctb Usx(l). diis moctpoenus teoperndeckoi 3apucumoctu U(I)
ucnons3oBath rpaduku Uuk(l), Ur(l), Uc(l) u popmyty

Usx(1) = | Us(1) — Uc(l) + Ui(1) |. (17.3)

3. [lo mansHbM Tabauuel 17.1 mocTpouTh /BE BEKTOPHBIE JUAarpaMMbl HaNpsOKEHUS: O U
nocie ckadka Toka. [Ipy mocTpoeHnn UCmoab30BaTh METO]] 3ac€UeK: BHIOMPAIOT MAacHITa0bl TOKA U

HAIpPsDKCHUsT M, My; cTposiT Bektop Toka | ; Bektop Hampsokenust Ha émxocTHOM anmemente U
CTpOAT OTCTaroumM 1o (ase or Bektopa Toka | Ha 90° mupkymem u3 komma Bekropa U.

IPOBOJIAT AYTY OKPY)KHOCTH PAJUyCOM, paBHbIM 3HadeHni0 Unk, a 13 Hadana Bekropa U. — myry
OKpPYXHOCTU paguycoM, paBHbIM Uspy; TOuka mepecedeHus OKpYXKHOCTEH MHaéT BepIIMHY
TpeyrojibHuka HanpsbkeHuil. Ha pucynke 17.9 mnpuBenéH npumep IMOCTPOEHHS BEKTOPHOMU
JMarpaMMbl HalpsKEHUN.

lJHK

Puc. 17.9. BexropHas quarpamMma HalpsbKeHUN

[TocTpouTh TEOPETUYECKYI0 BEKTOPHYIO JOHarpaMMy HAOpsOKEHUH Uil pexuma
dbeppope3oHanca HanpsHKeHUH (Touka ¢, puc. 17.3).



4. IMoctpouTs rpaduk 3aBucumoctr Unk(U) mo ganabiv tabmuiml 17.2 (puc. 17.10).

A Uik (V)

AU,

T >

U

Puc. 17.10. IToctpouts rpaduk 3aBucumoctd Upk(U)

PaccmarpuBasi cxeMy pucyHka 17.7 kak cxemy HMPOCTEHIIEro CcTaOuiM3aTropa HampsHKEHUs
IPH CHSITHH BBIXOJHOTO HAMPSDHKCHHUS C HEJIMHEHHOW KATYINIKW WHIYKTHBHOCTH, OIPEACIUTH
KO3 GUIIMEHT cTabunu3anuu o Gopmyse

AU,

Ke= Y | (17.6)

U,

rzie yncnoBsle 3HaueHus Ui, AU 3afaroTes mpernoiaBaTenem.
KoHTpoIibHBIE BOITPOCHI

1. Paccka3zatb X0/ BBIIOJIHEHUS paOOTHI.

2. B Kakux 3JeKTpUUECKUX LEMsIX MOXKET BO3HUKHYTH (peppope30HaHC HANpsHKEHU?

3. [Ipu kakux 3HAYEHUSX MMAPAMETPOB MOKET BOSHUKHYTH (DeppOpE30HaHC HAMPSKEHUIA?

4. 3a cuer yero orinyaercs peanbHas 3aBucumoctb U(l) ot Teoperuueckoii. [loscHUTh 1O
ITOCTPOEHHBIM IpapuKkaM U BEKTOPHBIM JluarpaMMam.

5. ITo pesynprupyromeit BAX mnocTpoiTe 3aBUCUMOCTSD I OT TOKA.

6. B ueM 3axmrouaeTcst CyTh TpurrepHoro g dexra?

7. Ha sxcniepumenTansHoit kpuBoid U(l) yka3aTh TOUKY «pe30HaHCay.

8. IlosgcHUTh MpUHIUI pabOThI MPOCTEUIIIETO CTA0MIN3aTOPA HANIPSHKEHHUS.

O6pazern 3a1aHui 17151 BBITIOJIHEHUS 1a00paTOPHBIX padOT U MPUMEPHBINA IEpeYeHb BOIIPOCOB AJIs
UX 3allUTHI
«Deppope3oHaHC TOKa»
Llens paboThI

HccnenoBanue siBineHus peppope3oHaHca ToKa MpH NMapajuieIbHOM COeTMHEHUN HeTMHEHHOM
KAaTYIIKA UHAYKTUBHOCTH Y JIMHEHHOW NEPEMEHHOW €MKOCTH TP HEM3MEHHOM 4acTOTE MUTAOIIEH

CCTH.

KpaTKI/Ie TCOPCTUUCCKHUEC CBCACHU A



®eppope30HAHC TOKOB BO3HUKAET MPHU MApaLICIIbHOM COCIMHEHUU HEIMHEWHOW KaTyIIKU
HHAYKTUBHOCTU U JIMHEHHOT0 €eMKOCTHOT'O DJIEMEHTA.
[TpoBenem aHaM3 napaieabHOU Geppope30HAHCHON LT, W300pakeHHON Ha pucyHke 18.1,

a.
UA
ull) 3 u.(.)
> . . cll——————=
Yi. i 1
U ——C HK
[o] 0 »I
a) 6)

Puc. 18.1. IlapannenpHas ¢peppope3oHaHCHAS LIETIb

Bonbr-amnepHas XapakTepUCTHKa JIMHEHHOTO EMKOCTHOTO JJIEMEHTa — JTO HpsMasd,
npoxojsAmias 4epe3 Hayano koopawHart (Tpaduk 2 Ha pucynke 18.1, 0) mnapamnensHOU
dbeppopesonancuoit nemu U(I).

Pacuer ocymiecTBisieM B CIEIyIOMIEM MTOPSIKE:

1. 3agaeMcsi HECKOJIBKMMHM ITPOU3BOJIbHBIMU 3HAUEHUSIMU HANPSKEHUs Ha BXOJIE LIETIH.

2. U3 rpadpukoB Unk(luk) u Uc(lc) onpenensem Toku B mapayuienbHbiX BeTBsAX Ic u lnk,
COOTBETCTBYIOIIUE 3a/JaHHBIM 3HAUEHUSAM HaIPSKEHUS.

3. CocraBisieM ypaBHEHHE MO ImepBoMy 3akoHy Kupxrodpa u peanusyem ero Ha
KOMIIJIEKCHON TIOCKOCTH:

i=i, +i. (18.1)
Ha pucynke 18.2 npuBeneHsl BEKTOpHbIE JUarpaMMbl TOKOB JUIs cinydaeB:  lc> luk (puc.

18.2, a) u Ic < luk (puc. 18.2, 6). Tak kak toku | u |, Haxomsrcs B mporuBodase, T TOK B
HEpa3BETBIICHHOMN YacTH LENH Onpejesercs Kak apudmernyeckas pasHocTh luk u lc:

=l —1¢|. (18.2)

4. Ilo 3amaHHBIM 3HAYEHUSM HANpsDKEHUS Ha Bxoje 1enu U U MmosydeHHBIM 3HAYeHUSIM TOKa
Hepas3BeTBiIeHHOU yactu nenu | crpoum BAX U(Il) — rpadux 3 Ha pucynke 18.1, 6.
deppope3oHaHC TOKOB UMEET MECTO TIpH paBeHCTBE TOKOB |c u lnk (Touka ¢ Ha rpaduke 3,
puc. 18.1, 0).
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a) 0)
Puc. 18.2. Beropubie quarpammsbl TokoB: lc > luk (a) u lc < luk (0)
Ha pucynke 18.3 moBropena BAX mapamtensHON Geppope30HaHCHOHN LEMU ¢ YI€TOM TOTO,

4TO B pexuMe ¢eppope3oHaHca ToK | B Hepa3BEeTBICHHOIN YacTH LENM HE CHUKAeTCs J0 HYJs 3a
CYET BBICIIMX TAPMOHUK U aKTUBHOM COCTaBIISIIOIIEH IEPBOM TAPMOHMKH B TOKE |HK.
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Puc. 18.3. BAX mnapamienbHoii ¢peppope3onancHoi meru U(l)

Ecmu cxemy pucynka 18.1, a 3anuThIBaTh OT UCTOYHHKA TOKA, TO MPH TUIABHOM YBEJIWYCHUU
TOKa 3TOTO UCTOYHHUKA OT HYJs 10 3HadeHus | = la, HanpspkeHue OyneT MIaBHO yBEITMYUBATHCS OT
U =0 10 U = Ua (yuacTok oa Ha rpaduke, puc. 18.3).

[Ipu nanbHelinieM He3HAUUTENHHOM YBEIMUYEHHHM TOKAa MCTOYHHMKA HANpsHKEHHWE W3MEHMTCS
ckaukoM ot 3HaueHust Ua 10 3HaueHust Ur, mMocie 3TOro HampspkeHue IiaBHO pacteT (yuactok fd,
puc. 18.3).

[lpy nnaBHOM YMEHBIIEHWH TOKA KMCTOYHHKA HANPSOHKCHWE IUTABHO YMEHBINASTCS JI0
3nauenust Uc (yuactok dc, puc. 18.3), 3aTem ckauykoM yMmeHbIuaercs 1o 3HaueHuss Uk u nanee
IUTaBHO yMeHbIaercs (yaactok Ko, puc. 18.4).

Ecnm nens (puc. 18.1, a) moaxkmo4YuTh K HMCTOYHUKY HANpSDKEHUsT W IUIABHO YBEIWYUTh
HaIpsDKEHHE WMCTOYHMKA, TO TOK HEPAa3BETBJICHHOM YacTH IETM OyIeT W3MEHSAThCS 0e3 CKayKoB B
coorBerctBun ¢ BAX U(l) (puc. 18.3, kpuBas oa c fd). Takum oOpasom, TpurrepHsiii >pdexr B
napauieIbHOW (heppOpPE30HAHCHON KPUBOM MOXHO HAOJIFO/IaTh TOJBKO TPU TMOAKIIOYCHUH IIETH K
UCTOYHHUKY TOKA.

CxeMa KOMIIOHEHTHOM (0041



Cxema KOMITIOHEHTHOM 1enu yisi u3Mepenus BAX HenuHeHOW KaTylKu Mpe/cTaBieHa Ha

pucyHke 18.4.
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Puc. 18.4. Dnexrpudeckas cxema 1abopatopHOi paboThl 1yist uccienoBanus BAX
HEJIMHENHOM KaTyIIKU UHAYKTUBHOCTH

Cxema KOMIOHEHTHOM 1IEMNU JUIsl POBEICHUS SKCIIEPUMEHTA MpeJCTaBiIeHa Ha pucyHke 18.5.

o © 7

Puc. 18.5. Dnekrpudeckas cxema 1a00paTopHOil pabOTHI
(R1= 150 kOm, C1= 300 ud)

[Topsimox mpoBeaeHus paboTh
OCHOBHBIE U3MEPEHUS

1. 3anyctute mporpammy Multisim, cobpate cxemy pucyHka 18.6 miam OTKpbHITH (aiin
lab18 1 toe.msl10.
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Puc. 18.6. Cxema qyist uccnenoBanus BAX HenMHEHHON KaTylIIKA UHAYKTHUBHOCTH



2. JIBaxapl IIEAKHYTh 1m0 HenauHelHou karymke NLT _PQ 4 20, orkpeith Bkaanky Value,
nanee Edit Model. B oTkpriBIIEMCsSI OKHE yCTaHOBUTH HACTPOMKH B COOTBETCTBUH C PUCYHKOM

17.7.
3. JIBOMHBIM HIETYKOM MBIIIM OTKPBITh I'€HEPATOP, YCTAHOBUTH MapaMeTphl: TUIl CUTHAJIA —

CHHYCOUJanbHbIN, yactoTa — 50 ', ammuryna — 2 B.
4. I1naBHO M3MEHSISI BEIMUMHY BXOAHOTrO HampsbkeHus ot 2 B no 180 B, 3anucars nokasanus

npuoopoB B Tadymiy 18.1.

Tabmuma 18.1
Pe3ynbTaThl 3xcniepumenTa. BAX HelMHENHON KaTyIIKU

Unk B

5. Cobpatb cxemy prucyHka 18.7 uian oTkpbITh (aiin labl8 2 toe.ms10.

6. OTKpBITh T€HEPATOP, YCTAHOBUTH MMApaMETPhI: THUI CUTHAJIA — CHHYCOUIAIbHBIN, 4acToTa —
50 I'u, ammutyna — 150 B.

7. OTKpBITH OcimuIorpad, yCTAHOBUTh MACIITa0 MO BPEMEHHM M AMIUIMTYZIE JOCTATOYHO
yIOOHBIN Uil HAOJIFOJCHUS CUTHAJA; OTKPBITh CBOMCTBA MEPEMEHHOr0 pe3rcTopa Ri, ycTaHOBHUTH
IIar U3MEHEHHsI BEIMYKMHBI CONPOTHBIICHHS (BKIaaka value, mapamerp increment) — 1 %.
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Puc. 18.7. Cxema uccnenyemoit 1ienu

8. BKIIOYATH MOJEIMPOBAaHWE; B YCTAHOBHBIIEMCS pEXHME, YMEHbBIIAs BEINYHHY
COIIPOTHUBIIEHUS] IEPEMEHHOT0 PE3UCTOpa C MOMOIIBIO YIPABIAIOMIEH KIaBUIIN, HAWNTH BETUYUHY
TOKa la, IpH KOTOPOM TPOUCXOAUT CKauykooOpazHoe yBenuwdyeHue HampspkeHus oT Ua 1o Ur (B
cooTBeTcTBUM C puc. 18.3); 3amumcarh mokaszaHust npubopoB B Tabiuiy 18.2; xkHomky STOP
SIMULATION He Ha)xuMath 10 KOHIIA SKCTIepUMEHTa!

9. 3areM mJaBHO YBeIMYMBAs BEJIWYMHY CONPOTUBJICHUS IEPEMEHHOIO pEe3UCTOpa C
MIOMOIIIBIO  YIIPABISIIONIEH KJIaBHUIIH, 3a(UKCHpPOBAaTh 3HAYEHUS TIEPEMEHHBIX B MOMEHT
ckaukooOpa3Horo uaMeHenus Hanpsbkenus Uc no Uk; 3ammcars nmokasaHus npuOOpoB B TaOIHUILY
18.2.



I[OHOHHI/ITGJIBHBIG HU3MCPCHUMA

CHATB OCIUJIJIOrpaMMBbl HAIIPSKCHUS B MOMCHTHI:
a) ckaukooOpa3Horo yBenuueHue Hanpspkerus ot Ua 1o Ur;
0) ckaukooOpa3Horo u3meHenust HanpsukeHust Ue 10 Uk.

O0paboTka pe3ynbTaTOB H3MEPEHUN

1. I[To nanabIM TaGauIEl 18.1 mocTpouts BAX HENTMHEHHON KaTYIIIKH.

2. Ilo ganHpM Tabmumbl 18.2 MOCTPOUTH MOIMY4YEHHYIO ONBITHBIM myTéM BAX Bceil memu
I(Usx) u Tteopernueckyto 3aBucuMocTh |(Usx). s moctpoenust Tteopermdeckoil |(Usx)
ucnonps3oBath rpaduku 1(Unk), 1(Uc) u popmyny

Ip(U) = [lux(U) — Ic(U)).
Crienarh aHaIN3 MOJYYEHHBIX 3aBUCHMOCTEHA.

3. Iloctpouth JBE BEKTOPHBIE JAuMArpaMMbl TOKOB /0O M IIOCIE€ CKauKa HaIpsKEHUS.
[TocTpouTh BEKTOPHYIO JUarpammy Juis TOUKH pe30HaHca.

Tabmauua 17.2
Pe3ybTaThl 9KCIIEpUMEHTA

Pexum MsMenetio R1 U | Ic lnk
paboThI p % B A A A
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1. Pacckaszarh X0/ BBIOJIHEHUS pabOTHI.
2. B Kakux 3JIEKTPUYECKHUX IIETSIX MOXKET BOSHUKHYTH SIBJIeHUE (heppope3oHaHca ToKa?
3. Ilpu KaKoM yCJIOBUU MOXET BO3HUKHYTH sIBJIIeHUE (peppope3oHanca Toka?

O0pa3zer 3a1aHuii IS BBITOJIHEHHS 1a00paTOPHBIX padOT M MPUMEPHBIH MepeYeHb BOIPOCOB IS
UX 3aLIUThI
«DNEKTPUIECKOE T0JIE B IIPOBOSIIUX CPEIax)»
OOpa3ser1 3a1aHui JUIs BBIITOJIHEHMSI 1a00paTOPHBIX pabOT U MPUMEPHBIHM NIepedeHb BOIIPOCOB /IS
UX 3aIUTHI
«MarHuTHOE 110JI€ IOCTOSIHHOTO TOKa»
OOpa3zer 3a1aHuii IS BBITOJHEHHS Ta00pAaTOPHBIX padOT M MPUMEPHBIH MTEPEYeHb BOIIPOCOB IS
UX 3aLIUThI
«[ToBepXHOCTHBIH 3P PEKT B IIACTHHE

JlaGoparopnas pabora 1
«MoJienupoBaHue IEKTPOCTATHYECKOTO TOJIS B IPOCTPAHCTBE
BOKPYT IIPOBOJIOB JIBYXIIPOBOIHOM
JIMHUU JJICKTponcpeaas»

[{enb paboThI:
1. Tlomyuuthb KapTHHY O3JIEKTPOCTATUYECKOTO TOJS B METAUIMYECKOM JIUCTE C JBYMS
KPYIJIBIMU KJIEMMaMH (3JIEKTPOJaMH).
2. C momompi0 3TOH KapTUHBI CMOJICIMPOBATh KapTUHY DJIEKTPOCTATHUECKOTO TIIOJIS B
IIPOCTPAHCTBE BOKPYT MPOBOJIOB ABYXIpoBoaHOH JIOII.
3. Ompenenuth HAaIlIpSDKEHHOCTh  AJIEKTPUYECKOTO IOJIsI B TOYKE, 3aJaHHOU
[IPENOIaBaTEIIEM.

Kpatkue TeopeTnueckue cBeJeHUS
I'paduueckoe n300pa>keHUE AEKTPOCTATUIECKOT0 MO (KapTUHA MOJIs)

KaptunHa »s1eKTpocTaTMYECKOro TMOJIE 3TO COBOKYIHOCTbh CHJIOBBIX JIMHUH BeKTOpa
HAIPsOKCHHOCTU  JJICKTPUYCCKOTO T1OJIA En NEPNCHAUKYIIPHBIX K HHM OJSKBUIIOTCHIHUAJIBbHBIX
IIOBEPXHOCTEH.

CunoBas TUHUS BCKTOpa E »sT0 JIMHUMA, TIPOBCACHHAA B IMPOCTPAHCTBE TAaK, YTO B Ka)K)IOﬁ
TOYKE JIMHUM BeKTop E HampaBieH mno kacareiabHON Kk JuHMHM. CuioBble JMHUM BekTopa E
HAQYMHAIOTCA Ha IMOJIOKHUTCJIBHO 3apsKCHHBIX, a4 3aKaHYUBAIOTCA Ha OTPHLATCIBHO 3apsaKCHHBIX
TeJax, CO3/IAl0IIMX T0JIE.

BKBI/IHOTCHHI/IaHBHaH IMOBEPXHOCTHh 3TO IMOBEPXHOCTH, MPOBCIACHHAA B IMPOCTPAHCTBE Tak,
4qyTO B K&)K)]Ofl TOYKE HaHHOI\/'I TIOBCPXHOCTH IMOTCHIIWAII ITIOJIA (0 OOMHAKOB.

HepHeHHI/IKy.]'ISIpHOCTI) CUJIOBBIX JIMHUUA U SKBHUITOTCHIINAJIBHBIX HOBerHOCTeﬁ CIICOyeT U3
dbopmynsi cBsizu Eu ¢

E=-grad o.



KapTuHa 371eKTpoCTaTHUECKOTo MO B IPOCTPAHCTBE BOKPYT IBYX 3aPSKEHHBIX dJIEKTPOIOB
MIPOU3BOJIHLHON (POPMBI

[ToreHnman 3JIEKTPOCTATHYECKOTO TIOJsI B TPOCTPAHCTBE BOKPYT JBYX 3apsHKCHHBIX
AJIEKTPOJIOB, KaK B ciiydae a), Tak u B ciaydae 0) (Puc. 1)ynosnerBopsier ypaBHenuto Jlammaca.
Pemrenust storo muddepeHIMaNbEHOTO  ypaBHEHHS BTOPOrO TOpSAKAa IO  KOOpIUHATAM
OTIPEICIIAIOTCS TPAaHUYHBIMHU YCIIOBUSMHU Ha TpaHUIAX paszjiena cpea. B oboux cimydasx rpaHuma
paszjiena cpel COBIAJAaeT C IMOBEPXHOCTBIO 3JIEKTPoJoB. Ecimu ¢opma, pasMepbl 3JEKTPOIIOB H
PaCCTOSIHUSL MEXKITY JICKTPOIaMU B 000MX CITydasx OJMHAKOBBI, TO TPAHUYHBIC YCIIOBUS B CIyJasx
a) 1 0) OKa3bIBAIOTCS TOXOKUMU. [10X0KMMHU OKA3BIBAIOTCS U KAPTUHBI AIEKTPOCTATUYECKOTO OIS
B 000MX cCiydasiX. A eciH elle W Pa3HOCTH MOTEHIMAJIOB MEXIY 3JEKTPOJaMH OJMHAKOBBI B
CIIy4asix a) v 0), TO KApTUHBI AJIEKTPOCTATUYECKOTO MOl B 000OUX CITydasX OJMHAKOBBI.

—_ a) 3apsHKEHHBIE  DJICKTPOABI  HAXOIATCA B
HENpPOBOSIIEH cpefie (BaKkyyMme, BO3IyXe)
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0) 3apsDKEHHBIE  DJIEKTPOAbl  HAaXOIITCs B
IpoBOAsIIEN cpefe (Hampumep, B AJIEKTPOJIUTE
WIM, KaKk B HacTosIed pabore, 3JIEKTpOAbl M3
- MeTajljla ¢ MaJIbIM YAEJIbHbIM CONPOTHUBICHUEM
\ OKpY)KEHbl METAJIJIMUECKOM cpenoil ¢ OoibIIuM
yZI€IbHBIM CONPOTHUBIIEHUEM )
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Puc. 1. KapTI/IHa QJICKTPOCTATUYCCKOT'O ITOJISA B ITPOCTPAHCTBE MCIKAY ABYMS
3apAKCHHBIMU 3JICKTPOJaMHU.

3akon Oma B nuddepennnanbaoi hopme



DTOT 3aKOH CIPABEIJIUB B JTI000H TOUKE MPOBOJISIICH CPEIbI U 3aITMCHIBACTCS B BUJIC
j=vyE.

3nech
J — BEKTOp IUIOTHOCTH TOKa. B Ka0il TOYKe MPOBOMSIIECH CPeabl TOT BEKTOP HANPABJICH B Ty
CTOPOHY, KyAa JABWXKYTCS (ABUTaMCh Obl) OJOKHUTEIbHbIE 3apAIbl B 3TOM TOYKE, y4acTBYIOIINE B
NpOTEKAaHUM TOKa. B Meramnmyeckoil cpene OTpUIATENbHBIC 3apsabl (CBOOOIHBIE AJICKTPOHBI)
JBUXKYTCSI B OOPaTHYIO CTOPOHY.
Y - yAenabHas MPOBOAUMOCTD CPEJIBL.

U3 3akona Oma B auddepeHInanbHOi (popMe CIIeAyeT, YTO CHIIOBBIC JIMHHU BEKTOpA |
PAcHoI0KEHBI B TPOCTPAHCTBE TaK XKe, KaK CHJIOBBIE JTMHUU BekTopa E.
[Tpu mpoTekaHUM TOKa IMOJIOKUTEIbHBIC 3apsi/ibl B MPOBOAALICH Cpeae IBHKYTCS (IBUTAIHCH Obl)
0 MyTSIM BJIOJIb CHJIOBBIX JIMHUH BeKTOpOB | U E. B Mertammnueckoii cpene 3MeKTpOHbI ABHKYTCS
10 TTYTSIM BJIOJIb CWJIOBBIX JIMHUI BEKTOPOB | U E B 00paTHOM HarpaBJICHUH.

KayecTBeHHOE MOCTPOCHUE KAPTHUHBI AJIEKTPOCTATHYECKOTO MOJIA B
MIPOCTPAHCTBE BOKPYT JIBYX 3aPSKEHHBIX 3JIEKTPOJIOB IMTPOU3BOIHHON (POPMBI

[ToBepXHOCTH 3JIEKTPOJIOB SKBHITOTCHIIHAIBHBL. [103TOMY CHIIOBBIC JUHHHA BEKTOPOB E H |
HAaYMHAIOTCSI HAa MOBEPXHOCTU IOJIOKHUTEIIBHOIO AJIEKTPOJA, a 3aKaHYMBAIOTCS Ha IOBEPXHOCTH
OTPUUATEIBHOTO 3JIEKTPO/JIa, MPUYEM CHUJIOBBIC JIMHUM B HAyajJe WU B KOHIIE MEPHEHIAUKYISIPHBI
MOBEPXHOCTSAM 3JIEKTPOJIOB.

KadecTBeHHO TpeacTaBUTh KAPTHHY CHIIOBBIX JHHUN BEKTOPOB | v E B mpoBojsineit cpene
MOJKHO, €CIIM TMPEACTaBUTh ce0e, M0 KAKUM IyTSAM JBUXKYTCS (ABUTAIUCh OBbl) MOJIOKUTEIHHBIC
3apsapl OT MOJIOKHUTEIBHO 3apsSKEHHOTO JJIEKTpOAA K OTPULATEIIBHOMY, NMPHYEM 3TH IIyTH HE
nepecekarorcs. [locine Toro, Kak KauyeCTBEHHO NPEACTABIICEHO PACIOIOKEHHUE B IPOCTPAHCTBE
CHJIOBBIX JIMHMHW BEKTOPOB | W E, MOXHO TMpeACTaBUTh pPACIOJOKCHHE B MPOCTPAHCTBE
SKBUITOTEHIIMAIBHBIX MMOBEPXHOCTEH KaK MOBEPXHOCTEH, NMEPIEHAUKYISIPHBIX CUJIOBBIM JIMHUSM B
000 TOUKE UX MEepEeceyeHusl.

B HempoBojsmieil cpene (ciydail a) KapTHHA SJIEKTPOCTATHUECKOTO MOJI (COBOKYITHOCTD
CUJIOBBIX JIMHUHM BeKTOpa E 1 SKBUIMIOTEHIIMATBHBIX TOBEPXHOCTEN) OYET TaKOH ke, KaK U B clydae
0), ecnmu Qopma, pazMepsl SJIEKTPOIAOB U PACCTOSHHUS MEXKAY JJIEKTPOJaMU B OOOUX CIIydasx
OJIMHAKOBBI M, KPOME TOTO, OJMHAKOBAa Pa3HOCTh IMOTEHIIMATIOB MEX]Y JJIEKTPOJaMH B 000OMX
cly4asx.

MonenupoBaHue KapTUHBI AIEKTPOCTATHYECKOTO MO B IPOCTPAHCTBE
BOKpYT 1npoBo10B JIDII nmocTossHHOTO TOKa

Kak BHIIHO W3 PUCYHKOB 2 M 3, B TUIOCKOCTH X 3apsDKEHHBIMH «QJIEKTPOJAMN» SBIISIOTCS
ceueHust mpoBoJIoB. To ecThb, ecu aTuaMeTphbl MPOBOJIOB (puc. 2) U AMaMeTpsl KieMM (puc. 3) a
TaKXKe PAaCCTOSHHS MEXIY IMPOBOJIAMHU U KIIEMMaMH OJMHAKOBBI, TO KaPTUHBI SJIEKTPOCTATHYECKUX
noje B IJIOCKOCTM X W B METAJUIMYECKOM JIUCTE€ C KPYIJBIMH KJIEMMaMM OKa3bIBAIOTCS
MOXOKMUMH. A €CIi elle W Pa3HOCTh TOTEHIMAIOB MEXIYy NpPOBOJAMH U MEXIy KIeMMaMHu
OJIMHAKOBA, TO KaPTUHBI MOJIEH B 00OUX CIy4asX OAMHAKOBBL.

Cka3zaHHOE CITPaBEUINBO, €CIIA Pa3Mephl UCTIOIB3YyEMOTO B paboTe METAJUIMIECKOTO JINCTA
BEJIMKH (MHOTO OOJIbIlIE PACCTOSHUS MEXAY KJIeMMaMH), MOCKOJIbKY MBICIIEHHO MPOBEACHHAs B
MPOCTPAHCTBE TIOCKOCTh X OECKOHEYHO BEJIHKA.

Takum oOpa3oM, 3Has KapTUHY 3JIEKTPOCTATUYECKOTO IOJI B METAJUIMYECKOM JIUCTE C
KPYTJIBIMU KJIEMMaMH, MEXIY KOTOPBIMH MPOTEKAET MOCTOSIHHBIN YJIEKTPUUYECKAN TOK, HETPYIHO
IpEeJCTaBUTh (CMOJEIMPOBATH) KapTUHY MOJIA B INIOCKOCTH X . Takoe comocraBieHue OyIeT TeM
JydIne, 4eM OOJIbIlle TeOMETPUIECKHIE Pa3Mephl UCIIOIB3yeMOT0 METANTMIECKOTO JIUCTA.

a)




Puc. 2 CxemaTtudeckoe n3zodpaxenue AByxnpoBoaaoi JIDI1. OquH u3 mpoBoIOB 3apsiKeH
IIOJIOKUTEIIBHO, IPYTOM OTpULIATENbHO. X - OECKOHEYHO 00JIbIlas MIOCKOCTh, MBICJIEHHO
IIPOBEICHHAS NEPIICHAUKYIIPHO npoBoAam. M, IIp - ICTOYHUK U IPUEMHHUK 3JIEKTPUYECKOU
JHEPIuHu.
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Puc. 3. Metaniuueckuii TMCT ¢ KPYIJIBIMHU KJIEMMaMH (3JIEKTPOJIaMu ), MEXAY KOTOPBIMU
IIPOTEKAET NOCTOSTHHBIN JIEKTpUYECKUi TOK. OMH U3 3IEKTPOAOB 3apsKEH MOJIOKHUTEIBHO,
Apyroi orpunarensbHo. OnHa KkjaeMMa [MU(pPOBOro MUJUIMBOJIIBTMETPA IPUCOEIUHEHA K MIEKTPOY,
Ipyras — K 30H1y.

Ecnmu MBI MBICIIEHHO TmiepecedeM JnuHHble mpoBoaa JIDII  moGoit  apyroit
NEPHEHANKYJIIPHOM IPOBOJAM IUIOCKOCTBIO B MECTE, yIAJE€HHOM OT MCTOYHMKA WM NPUEMHHUKA
SHEPIUH, B TOM YHUCIIE TNIOCKOCThIO, 0ECKOHEYHO OJIM3KOH K MIIOCKOCTH X, TO KapTHHA MO B 3TOU
MJIOCKOCTH OyAeT, OYEeBHUIHO, TAaKOM >Ke, KaK B IJIOCKOCTH X . MOXHO TOCTYNUTH TaKXKe
cienyommmM odpasoM. 3Has (GopMy U pa3Mepbl HIKBUMOTEHIIMAIBHBIX MOBEPXHOCTEN B IIOCKOCTH
2, (Te Xe, 9YTO U B METAJNINYECKOM JIMCTE), Mbl MOKEM MBICICHHO «II€PEIBUraTh» IUNIOCKOCTh X
BJOJb TPOBOJAOB, NpeACTaBisis cebe OoOLIyl0 KapTHHY SKBUIOTCHIMAIbHBIX MOBEPXHOCTEH B
IIPOCTPAHCTBE BOKPYT MPOBOJOB.

I/ICCJ’IG}IOB&HH@ OKBHUIIOTCHIHAJIbHBIX HOBerHOCTeﬁ B IINIOCKOCTH METAJINIMYCCKOTO JINCTA C
KpYTJIbIMU KJIICMMaMHU

Jnis BeImoniHEHUs 1abopaTopHOil paboThl codbupaercs cxema (Puc.3). Uepes mockuii
KBaJ[paTHBIN JINCT MTPOBOIHUKA TPOITYCKAETCS TIOCTOSIHHBINA TOK. B IpOBOTHIKE BO3HUKAET
anekTpuyeckoe nojie. C moMOIIbIo IU(PPOBOro MIJUTMBOIBTMETPA U 30HAa U3MEPIETCS
HanpsHKEHUE MEKTy TOUKOH TIJIACTUHBI U OJJHOM KIIeMMOU ucTouHMKa. [lepementas 3011 Takum
00pa3oM, YTOOBI MHJUTMBOJIETMETP MOKA3bIBAJI OJTHO U TO K€ 3HaU€HHE MOTEHIMala, MOKHO



OTBICKAaTh HKBUIIOTEHIIMATbHYIO [IOBEPXHOCTh, TOUHEE — €€ CEUEHHE TOPU30HTAIbHON
MIOBEPXHOCTHIO, 110 KOTOPOi nepemeraercs 30H4. [lomecTuB 30H B TOUKY 1OJIS ¢ APYTUM
MNOTEHIMAJIOM, MO’KHO TaKHUM K€ CIIOCOOOM OTBICKATh APYI'YI0 SKBUIIOTEHIMAIbHYIO [IOBEPXHOCTh
U J1aJIe€ UCCIIEN0BaTh IKBUIIOTEHIIMAIbHBIE TOBEPXHOCTU B METAJUIMUECKOM JIUCTE C KPYTIIBIMU
KJIEMMaMH.

Onpez[eneHI/Ie HaIpsAKCHHOCTHU I10JIA B HpOHSBOHBHOﬁ TOYKE

Uepes TOuKy, 3aJaHHYIO IIperoAaBaTesieM, MPOBEAEM YacTh CUIOBOM JTMHUU BekTopa E. 310
Jyra, MPOXOoAAIas yepe3 3aJaHHYI0 TOUKY MEX1y HalIeHHBIMHU SKBUIIOTECHI[HAIbHBIMU
MOBEPXHOCTAMHM, MEXK/Ty KOTOPBIMH OKa3ajiach 3a/laHHas Touka. HaunHaeTcst gyra Ha OJfHOM U3
SKBHUIOTEHIMAIBHBIX TOBEPXHOCTEH, a 3aKaHYMBAETCS HA IPYTroi MOBEPXHOCTH, IPUUYEM B Hayase
Y B KOHIIE 3Ta Ayra NepreHANKYyIIpHa SKBUIIOTCHIIMAIBHBIM MTOBEPXHOCTIM. PaccTosinre Mexy
MMOBEPXHOCTAMH (JUTHHY yrH) 0003HauuM uepe3 A n. Mickomeril Bektop E B 3aganHOM TOUKe
HAIPaBIICH 10 KacaTeIbHON K N300paKCHHON YaCTU CHIIOBOW TUHUH B CTOPOHY YOBIBAHHS
MOTEHLIKaNA.

Jlyist TpuOIMKEHHOTO OTIPEICTICHHS MO/l BEKTOPA HANPSHKEHHOCTH AJIEKTPUICCKOTO TTOJIS
BOCTIOJIb3yeMCsl IEKapTOBOW CUCTEMOM KOOPAMHAT C HAYaJIoOM B paccMaTpuBaeMoi Touke. B
JIEKapTOBOM cHCTEME KOOpAMHAT C HA4aJOM B pacCCMAaTPUBAEMON TOUKE U OChIO Z, HAIIPABJIEHHON
MEPIEeHIUKYISIPHO SKBUIIOTEHIIUAIBHOM MOBEPXHOCTH, TPOXOIAIICH Yepes 3Ty TOUKy, popmyna
cBs3u E= -grad ¢ mMexy HanpspKEHHOCTBIO TTOJISE ¥ IOTCHITMAIOM 3aIUIIeTCS B BH/IE

E=-2%
0z

W3MeHss MBICIIEHHO PACCTOSIHUE MEXKAY SKBUIIOTCHIIMAIBHBIMU II0BEPXHOCTAMM, I1OTYyYUM
IpUOIMKEHHYIO (POPMYITy JUISl OIIPEIEICHUSI MOAYJISI HAIIPSKEHHOCTH 3JIEKTPUUECKOIO I10JIs B
paccMaTpuBaEMOU TOUKE
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3,[[6(3]5 A ®=@Q2- ¢1 -pPa3sHOCTh NOTCHIINAIOB HOBGpXHOCTCfI, MCKAY KOTOPbIMU
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HaxXOJUTCA pacCMaTpuBacMas TOYKaA.

[Topsinox npoBeneHust paboThI

1. Cobpats cxemy (puc. 3).

2. C nomotpio 1u(ppoBOro MUIMBOJIBTMETPA U 30Ha IPOBEPUTH CUMMETPHIO MOJIS
OTHOCHUTEJIbHO AMaroHajaei KBaJpaTHOrO METAINTIMYECKOTO JIUCTA.

3. DKCIepUMEHTATHFHO HAWTH HECKOJIBKO SKBUITOTCHIINATBHBIX IIOBEPXHOCTEH.
N300pa3uth sKCIiepUMEeHTaIbHbIE TOUKH Ha OymMare B KJIETOUKY.

4. IlepecunTath MOTEHITMAT (BBIOOPOM MTOCTOSTHHOTO CJIaraéMoro) Tak, 4To OBl a)ITOTEHITHA
B [IEHTPE METAITMYECKOr0 JIMCTa OB paBeH HYII0, 0) MOTEHIIMAT OAHON U3 KIIeMM ObLIT paBeH
HYJIIO.

5.M1300pa3uTh cuioBbIe JIMHUH BekTOpa E.

6.Ha ocHOBaHUY MOTYyYEHHBIX PE3YIbTaTOB CMOJEIUPOBATh KAPTUHY AIEKTPOCTATUUECKOTO

OJIsl B IPOCTPAHCTBE BOKPYT MPOBOIOB ABYXHpoBogHOM JIDIL.

7.0npenenuTh HanpsHKEHHOCTD MOJIS B TOUKE, 3aJaHHOM MPENo/1aBaTEIeM.

[Tpu BBIIOTHEHUU MMYHKTa 6 HEOOXOIMMO YUUTHIBATh clieayroiiee. 13 pe3ynbpTaToB
AKCTIEPUMEHTA, TMOJTYyYEHHBIX MPU BBITIOJHEHUN ITyHKTA 3, BUAHO, YTO SKBUTIOTCHITHAIH B
TUIOCKOCTH METAJUIMYECKOTO JIUCTA C KPYTIIBIMU KIIieMMaMU (TIPU OOJBIINX T€OMETPHUIECKUX
pa3Mepax JIMcTa) MpeACTaBIIsAOT cO00M OKpYKHOCTH. LIeHTpbI OKpyKHOCTEH He coBMaatoT
¢ ueHTpamu kiaemM. [locepennue Mexay KiieMMaMy UMEETCS SKBUIIOTEHIIUAb B BUJIE
npsiMoit simanH. [lepeaBurast MBICIIEHHO TIJIOCKOCTh X~ (puc. 2) BIOJIbh MPOBOIOB, YOEaHMCH,



YTO DKBUIIOTCHIMAIBHBIE TOBEPXHOCTU B IPOCTPAHCTBE BOKPYT IPOBOJOB JIBYXIIPOBOIHOM
JIDII npencTaBisioT OO0 MUIMHIPUYECKIE TOBEPXHOCTHU C OCSIMU BJOJIb ITPOBOIOB. OcH
JTUX MOBEPXHOCTEN HE COBMANAIOT C OCSIMH NMPOBOJIOB. [locepenune Mexx 1y MpoBOAaAMH
MMEETCs SKBUITOTECHIMAIbHAS IIOBEPXHOCTD B BUJIE IIJIOCKOCTH, I1APAJUIEIBHON IIPOBOIAM.

JlaGopaTtopHnas pabota 2
«Omnpenenenne KO3PPUIMEHTOB MIEKTPOCTATUIECKON
MHTYKIIUY 1 9YaCTUYHBIX EMKOCTEH B CHCTEME 3apsDKEHHBIX TEIDY

L{enb paboThI
Haiiti 3HaueHns: K03(GUINEHTOB IEKTPOCTATHYECKON MHAYKIIMA M YACTUYHBIX €MKOCTEH
JUTSL TPEX KU TPEXKHIBHOTO Kabeds.

Kpartkue Teopernueckue cBeieHUst

gu 02 i On
2
(2N (28 G @n
Puc. 1. Cucrema 3apspKeHHBIX Tell. 3apspKeHHbIe Teda /,2, ...0, ... N pacrojoXeHbl HeAaIeKo Ipyr

OT Jpyra, B3auMOJEHUCTBYIOT ApYT ¢ aApyroM. ¢ He- OO0 L @ne [ DnoTeHnuanst ted,
01,92........0n - 3apsAabI TEI.

B cucreme 3apspKeHHBIX Tel MOTEHIHAI Ka)XJOrO Tela ONpPENenseTcs HE TOJBKO 3apsaioM
JAHHOTO Tella, HO TaKKe W 3apsjiaMu BCeX OCTaJbHBIX Ted. [Ipu 3TOoM, eciu Ju3IeKTpuyeckKas
NPOHHIIAEMOCTh Cpebl, B KOTOPOH HAaXOIATCA OTH Tela, HE 3aBHCHUT OT HANPSKCHHOCTH
AIIEKTPUUYECKOTO MO (€a = CONSt), TO MOTEHUHUANbl TeJ SBIAIOTCA JIMHEHHBIMM (YHKIHUAMU
3apsiIoB U HA00OPOT. DTO YTBEP)KAEHHE 3alMCBIBAETCS C IOMOIIBIO (hopMyrn, Ha3bIBa€MbIX
dopmynamu Makcesuia (nepBast rpymmna ¢popmya Makcsena):

p1=oa1101+ o122 + ... aiQi + ... a1nQn
@2=o02101+ 02202 + ... 2iQi + ... a2nOn

........... )

on=oant01+ an2Q2 + ... oniQi + ... annn

Otu GopMynbl NPEACTaBISIIOT COOONW CHUCTEMY JUHEHHBIX YpaBHEHHH, e aik — KOA(p(UIHUEHTHI
CBSI3U MEX[Y 3apsi/laMu U NOTEHIMaIaMu Tell. B anekTpoTexHuke 3Tu Kod(ppUuneHTs Ha3bIBalOTCS
MOTEHLHATbHBIMU KOA(PPUITUEHTAMH.

aik ipu | = K — COOCTBEHHBIE TIOTCHIHATIbHBIC KOIPDHUIIUEHTBI,
@ik IpH 1 # K — B3aMHBIE MOTEHIIMAIBHBIE KO PUITUESHTHI.

be3 BeIBOnA: ik = aki .

Bripazus 3apsapl TeI yepe3 MOTEHITMAIBI TEJ, MOJIYyYuM BTOPYIO rpymmmy Gopmyn Makcsemna:

Q1 = pue1 + fre2 + ... fLigi + ... Pingn
Q2 = P11 + foop2 + ... Peigi t ... foneon



Qi = firg1 + Picp2 + ... Siigi + ... Bingn 2
On = Bn1g1 + Pregz + ... Prigi + ... fangn .

Koadduuuentsr cBsizu B 3TuX (GopMmyniax Ha3bIBAKOTCS KOIPPHUIMEHTAMH 3JICKTPOCTATHYECKOU
WHIYKIIHH.

Sik ipu | = K — cobcTBeHHBIE KOI(D(DUIIUEHTHI 2JIEKTPOCTATHUCCKON HHTYKIIHH,

Sik nipu | # K — B3aumubIe K03()OUIHEHTHI AIEKTPOCTATUYCCKOM UHITYKIIUH.

Bes BeiBOgA: Sik = i .

[TepByto u Bropyro rpymmbl popmys MakcBeia MOYKHO 3allucaTh B MAaTPUYHOM BH/IE:

(9) = (a)(a)

@ = (B)e)

Martputibl (o) u () CBSI3aHBI COOTHOIICHHUSIMHU:
B) = ()"
(@) =B

To ectb, ecnum u3BecTHa OJHA W3 MaTpull (o) Wik (f), TO IPYryl0 MOXKHO HaWTH,
TPAHCIOHUPYS COOTBETCTBYIOIIYIO MATPHILY.
Mo>XHO BBIpa3uUTh 3apsabl TeI HE 4Yepe3 MOTeHLMadbl Tel (Kak BO BTOPOM TpyIme), a uepes
pa3HOCTH NOTeHIMaIOB Tesl. COOTBETCTBYIOLIAs CUCTEMA YPABHEHHUM HA3bIBAETCS TPEThEW rpyNIION
dbopmyn Maxkcserna:

g1=C11(p1-0) + C12(p1—¢2) + ... C1i (p1-9i) + ... C1n(P1—¢n)
q2=Ca1(p2— 1) + C22(p2-0) + ... Cai (p2—¢i) + ... Can(p2—¢n)
.......... 3)

On=Cn1(@n— @1) + Cn2(@n—p2) + ... Cni (@n—0i) + ... Can(pn—0) .

KoadduiimeHTs! CBS3H Cik HA3bIBAIOTCS YACTUYHBIMU EMKOCTSIMH.
Cik ipu | = K — cOOCTBEHHBIE YaCTUUHBIE EMKOCTH,
Cik ipH | # K — B3aMMHbBIE YaCTHYHBIE EMKOCTH.

B auaroHasbHBIX 4YJIEHAX ATOM CHCTEMbl YPAaBHEHHUM COJEPIKATCS PA3HOCTH MOTEHIIHAJIOB
COOTBETCTBYIOIIIETO TeJa U MOTEHIIMaNa TOUYKH, COeTMHEHHOM ¢ 3eMIEH (MMOTeHIIUA paBeH HYJIIO).
Bce Tpu rpynmer popmyn MakcBeia cripaBelsTuBbI, €CJIM HOJIb TIOTEHIIMAIa BRIOpaH Ha 3eMIIe WIIH
Ha OECKOHEYHOCTH (B TOYKAX, OECKOHEYHO yIaIEHHBIX OT BCEX 3apsAaoB (i, 02, ... (i, ... (n).
KoaddurmenTst cBsi3u aik , fik, Cik 3aBUCAT OT POPMBI, pa3MEPOB TeJ, OT B3aUMHOT'O PACIIOIOKEHHUS
Ten (OT KOH(PUTYypallMu Tei), OT PACCTOSHUN MEXIy TelamMH, a Takke OT 3HadyeHUus
JIADJIEKTPUYECKOM MTPOHUIIAEMOCTH CPE/Ibl, B KOTOPOM HAaXOMAATCA ATH Tena. To €CTh COBOKYITHOCTD
ITUX KOI(PPUIIMEHTOB SIBISIETCS XapaKTEPUCTUKON TaHHOW KOHKPETHOW CHCTEMBI Tell (TaK ke, Kak
€MKOCTb OJTHOTO WUIA JIBYX OJJMHAKOBBIX TE).

KoadduimeHTs! aik, fik, Cik He H3MEHSATCS (MaJIo U3MEHSITCS), €CIH Tella COSANHUTD PON3BOIHHBIM
00pazoM Mexy coboi 1 3eMIIEH TOHKMMH TTPOBOTHUKAMU ¢ MaJlol EMKOCThIO. Ha 3TOM OCHOBaHBI
AKCIIEPUMEHTAIbHBIE METOIBI OTpeieNieHUsT KO UITUEHTOB.

[Ipu onpenenennu KodPPUIMEHTOB IIEKTPOCTATUISCKON MHIAYKIIMHM OHO W3 TEJ 3apspKAeTCsi, BCE
Jpyrue COEAMHSIOTCS C 3eMJIENH (MX MOTEHIMalbl paBHbI HYN0). [Ipu ompeneneHun 4aCTUUHBIX
E€MKOCTe Bce Tela COeAMHSIOTCS Mexay co0oil (MX MOTEHIHMalbl OJUHAKOBBI), U 3apsKaroTcH,
HaIpUMep, MyTEM MPUCOCTUHEHHS K TIOJIOKUTEIBHOMY TOJItoCy Oarapeu.

B nabGopatopHoii paboTe B KauyecTBE CHCTEMBI 3apSDKCHHBIX TEN HCIOJIB3YIOTCS TPH IKUJIBI
TpEXKUIbHOTO Kabens. [Ipeamnonaraercsi, 94To 3TH KUIBI UMEIOT OOJBIIHE pa3Mephl (AMaMeTphl), a



UX TMpUCOEAMHEHHE K Oarapee WM 3eMJIe OCYHIECTBISETCS TOHKUMHM COEAMHUTEIIbHBIMU
NpOBOJHUKAMH. B 3ToM ciyyae cucTeMbl ypaBHEHHMH B Kaxaou rpymme Qopmyn Makcsenia
BKJIIOYAIOT B c€0s [0 TP ypaBHEHMsI, IPUUYEM B IIPABOIl YaCTU KaXI0TO YPaBHEHUS COAEPIKUTCS 110
TpU ciaraeMmblX. B 3aBucuMoOCTH OT crioco0a COEIMHEHUS KW 3TH YPABHEHMS CYLIECTBEHHBIM
00pa3oM yIpoILaroTCs.

Onpenenenue fik npu 1 =K

1 2

T

Ow

1

Puc. 2 IlpuHnmnuanpHas cxema Jiisl OnpeIeacHus f11 .
1,2,3 — )KWIIbI TPEXIKUIBHOTO KaOes.
[Ipu coenuuenun xuj, kak Ha Puc.2,
0:>0,02<0,03< 0, p1>0, p2=¢3=0.

g: > 0, g1 >0 moromy, 4TO TIepBas JKWUJa MPUCOCIUHEHA K IMOJOXHUTECILHOMY TOJIIOCY Oarapen
(3apspkeHa). @2 = @3 =0 moToMy, 4TO BTOpast M TPEThs KUkl 3a3emiieHbl. (2 < 0, 3 < 0 (HecmoTps
Ha TO, 4TO @2 = @3 =0) mMOTOMY, YTO 3a3eMJICHHBIC BTOpAs M TPEThs KHUJIbl HAXOIATCA OIHM3KO K
3apsSOKEHHOW TMEpBOM JkKujie. DIEKTPOCTATHUUYECKOE TOJie, CYHIECTBYIONIEE BO BCEM MPOCTPAHCTBE
BOKPYT 3apsDKEHHOM MEPBOW JKMIIbI, MHAYLUPYET OTPHULATENbHBIE 3apsiibl HA BTOPOW M TPETbeH
JKUJIe, TIPUTATHBAS MX «U3 3eMin». Ecnu Obl 3a3eMiieHHBIE BTOpas M TPEThS JKUJIbl HAXOAWIUCH
JTAJIEKO OT 3apsDKEHHOW TIEPBOM KHIIBI, UMEN0 ObI MecTo @2 = @3 =0, 02 = (3 =0.

Hcnons3yeM miepBoe ypaBHEHHE BTOpOM Tpymmbl npu N=3, @2 = @3 =0. Bugum, uro npu
BBITTOJIHEHUH YCIIOBUSA @2 = @3 =0 3TO ypaBHEHHE yIIPOCTHIIOCH U IMEET BH]T

g1 = f11 1.
OrTcroma
B11= % . 4)
2]

[Tocnennee crnpaBeIMBO JIMIIbP B CXeMe Ha Puc.2, KOTOpyHO MBI CIEIHaIbHO COOpaimy IJist
AKCIEPUMEHTAJIBLHOTO ONpEeNIeHus f11 .
@1 HaiJieM 10 TOKa3aHHWsAM BOJbTMETpa ( BOJBTMETP MOKa3biBaeT @1 = @1 — 0, Tak kKak oxHa U3
KJIEMM BOJIBTMETpPA 3a3eMJIeHa). (|1 Hal/IeM 110 MOKa3aHUsIM raJibBaHOMETpa. BemrmunHa OTKIOHSHHUS
CTpenKu OAJUTMCTHYECKOTO TrajbBaHOMETpa (YHCIIO JIENICHHH, Ha KOTOPBIE OTKIIOHSETCS CTpEeiKa)
IIPSIMO TIPOIMOPLIMOHAIIBHA 3apsly, IPOLIEANIEMY YEpe3 TaJlbBAHOMETP 3a KOPOTKHM MPOMEKYTOK
BpEMeHH (B 1a0OpaTOPHOI paboTe B MOMEHT 3aMbIKaHuUs Kitova K).
To ecTh 3apsi 1 MOKHO HAHTH MO OTKJIOHEHHIO CTPEJIKH TaJIbBAHOMETpPA MOCIIE €ro IpalynpOBKU
U ONpEACTICHUS XapaKTepPUCTUKU TalbBaHOMETPA, HA3bIBAEMOM IOCTOSIHHAS TaJlbBaHOMETpa. 3Has
g1 4 @1, HaitAeM f11 o popmyie (4).

Onpenenenue fSiknpu 1 #K

— 3 3




Puc. 3. IIpuHnunuanbHas cxema Juisi ONpeaeIeHrs [21
N300pa3um cxemy, TaKylo ke, Kak Ha Puc.2, Ho rajibBaHOMETp IOMeCTUM B Jpyroe mecto (Puc. 3).
B aToii cxeme, Kak u B cxeme, uzoopakenno Ha Puc.2, g1 > 0, 1>0, 2 <0, PB3<0, g1 =p3=
0. Ucnonk3yem BTOpOE ypaBHEHHE BTOPOH rpynmsl ipu N = 3 u ipu @1 = @3 = 0, [Tomyuanm

Q2 =21 1.
lezqu = —M .
2] 2]

[lpu 3amucm mocnexaneir ¢GoOpMysiIbl  BCIOMHUM, 4YTO paHee Mbl OOOCHOBAM HAJH4YWE
oTpHLaTenbHOro 3apsaa gz < 0 Ha BTopoii xuite, eciu (1 > 0.

(1 HaliieM 1O MOKa3aHusAM BoJbTMeTpa. IIpu 3ambikanuu kiaroya B cxeme Ha Puc. 2 u Ha Puc. 3
3apsii NEpPBOM KWIbl (1 32 KOPOTKHMH IPOMEXYTOK BPEMEHU «yHIET Ha 3emuro». llpu sTom
HCUE3HET 3JIeKTpudeckoe mnoisie, uHayuupytomee 3apsn (2 < 0. Takum oOpa3om, B MOMEHT
3aMbIKaHus Kiroda 3apsan 2 < 0 Takxke 3a KOPOTKHH MPOMEXKYTOK BPEMEHHU «YHIET Ha 3EMITIO»
4yepe3 rajlbBaHOMETD.

Kax u 21, Bce fik ipu | # K 0Ka3bIBatOTCsl OTpHLIATEIBHBIMH.

Onpenenenue cik npu 1 = K

1 2 3

T O

1

Puc. 4. HpI/IHI_II/IHI/IaJ'IBHaSI CXEMa I OIIpCACIICHUS C11 -

B cxeme, nzo0paxkenHoii Ha Puc.4, HU OfHA W3 XKWJI HE 3a3EMIIETCS, a BCE JKUIIBI COSIUHSIOTCS
MeXIy co0oii (B ogHy TOUKY). [Ipu aTOM 1 = @2 = @3. [[albBaHOMETp PaCIOIOKEH TAKUM 00pa3oMm,
9TOOBl B MOMEHT 3aMbIKaHUS KJIIOUa Yepe3 HEro MPOXOIWII Ha 3eMIII0 3apsij JUIIh OJHOW MEPBOi
KUITBL.

Hcnonszyem nepByto GopMyIly TpeThell TpyIIbl pu N=3 U TIPH @1 = @2 = @3.

Homyanm O =Cudr,

Ch = i . (6)
2]



Onpenencuue cikpu i £ K

be3s BoiBoa: cikmipu | # K = -fik mpu i #K .
[TosToMy B HalIeM ciiyyae ONPENEIIATh IKCIIEPUMEHTAIBHO cik IpH 1 # K HeT HeoOxoaumocT. OHK
OynyT paBHBI (C 0OpaTHBIM 3HAKOM) KO3 pureHTamMm
Pik nipu 1 # K. Tak kak nocieHue OTpULATEIbHBL, TO cikipu 1 # K > 0.

OrnpezeneHne MOCTOSTHHOM rajbBaHOMETpa (rpajyupoBKa rajibBaHOMETPA)

T_T_ C\D —— C=4ux® <G>

L

Puc. 5. HpI/IHHHHI/IaHBHaH CXeMa JIsd OoNpCaACIICHUA MMOCTOSIHHOM raJlIbBaHOMCTpaA.

B cxeme, nzoOpaxkenHoii Ha Puc. 5, mpu pa3soMKHYTOM KJIl04e Ha KOHJEHCATOPE C W3BECTHOMN
eMKOCThI0 ¢ = 4 mx® wnHakammuBaercs 3apsa (=CU, rome U — HampspbkeHne Ha OOKIJIagKax
KOHJEHCATOpa, U3MEepsieMOe BOJTMETPOM. B MOMEHT 3aMbIKaHMsI KIIt0Ua 3TOT 3aps]l 32 KOPOTKUI
IIPOMEXKYTOK BPEMEHU «YHJET Ha 3eMJII0» 4epe3 TajJbBaHOMETp. BennunHa OTKIOHEHHUS CTPENKU
raibBaHoMeTpa (B JeneHusx mkaiasl) N mpsMo MpomopiHoHaNbHA 3apsjly, MPOIIEAINIEMY Yepes3
raJlbBaHOMETP:

1
N = E q- o J000r0 0AITHCTHYECKOTO raJibBAaHOMETpA.

1
G ko3 dunmeHT npomnoprroHabHOCTH Mexay U N, G — mocrosHHas TanbBaHOMETpa -

XapaKTCPUCTHKA KOHKPETHOTI'O IaJIbBAHOMETpPA.
Ecmu nnst maHHOTO TanpBaHOMeTpa m3BecTHa G, TO 3apsa, MpPOIIEANINI uYepe3 raJbBaHOMET,
MOKHO SKCIICPUMCHTAJIBHO HafITPI, YMHOXUB G Ha yucio Z[eJIeHI/Ifl N, Ha KOTOPbIC OTKJIOHHWJIACH
CTPEJIKAa raJibBaHOMETpA
q = GN.
q

cU
Tak kak B Hamrem ciaydae (=cU, 1o G = N = N B cxeMe Ha Puc.5.

[Tocne onpenenenns G B cxeme Puc.5 3TOT ke raqpBaHOMETp BKIIIOYaeM BO BCE TPEABIIYIIUE
CXEMBI U 3aps], MPOLIeIIINI Yepe3 raibBaHOMETp, onpezensiem 1o Gopmyne q=GN.

Msb1 mpuBenu MO OJHOW TPUHIUIIMATIBLHON cxeme s omnpeaeneHust fi1, f1, ciu. Cruemyer
HAYYUTHCS Ha OCHOBAHUH 3THX CXEM MBICICHHO MPEACTABIATh ce0e MPUHIMIUAIBHbBIE CXEMBbI JIJIs
onpeeNneHust Apyrux KOodQQPUIMEHTOB 3IEKTPOCTATUYECKONM MHAYKLUMU U YaCTUYHBIX €MKOCTEH.
PaccmotpuMm 3TOT mpormecc Ha mpumepe onpexaeneHus fik npu | = K. Umes cxemy Ha Puc.2 mis
ornpezeneHus f11 , MOXKHO MPEACTABUTh CXEMY JJIsl ONPENETICHUS f33, «IIEPETAIINBY» TaJIbBaHOMETP
U KIII0Y, U300paxkeHHble Ha Puc. 2, k Tperbeit xuie. ['opazno yaoOHee MpencTaBUTh CXeMy JUIS
omnpeneneHus f33 , i3MEHUB HoMepa *kuia Ha Puc. 2 : 1 — 3,2 — 2,3 — 1. [Ipumep Takoil cxemsl
npuBeseH Ha Puc. 6.
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Puc. 6. [IpuHIMnmansHas cxema Jjisi OnpeesieHus £33 .

Msg1 paccMoTpenu yHpoIIeHHbIE TPUHIIUIUAIBHBIE CXEMbl, HEOOXOAUMBIC IJII MOHUMAaHHS
pa3’IMYHBIX CHOCOOOB COeAMHEHHs Ten (Kui) JUIsi  SKCIEPUMEHTAIBbHOTO  OMNpeesIeHUs
KOA((HUITMEHTOB JICKTPOCTATHUSCKON HHIYKIIUU ¥ YACTHYHBIX EMKOCTCH.

[Ipun BeIMONHEHHH pPabOTHl HAa CTEHJAE WCIOJB3YIOTCS MPAKTUYECKH TE K€ CXEMbl, HO
pa3IuyYHbIE CIOCOOBI COEAMHEHMSI PEATU3YIOTCS C IMOMOIIBIO IEPEKIIOYAIOIEro YCTpOiCTBa.
Kpome Toro, cuurtaercsi, 4TO 3a3eMJICHHBIM SBJISIETCS KOPIYC CTeHAA (WJIM XOPOIIO MPOBOMASAIIAS
MeTaJuIMuecKas II1Ha).

[Topsinox npoBeneHus paboTh
1. Omnpenenenue NOCTOSHHON TaJIbBAHOMETpA (TpayHpOBKa TralbBAHOMETPA)

CpaBHuBas cxembl, n300pakeHHble Ha Puc 6 u Ha Puc. 7, yoenurecs, uro Ha Puc. 7 nsobpaxena
CXeMa JUIsl ONPENEIEHNS IOCTOSIHHOM TajlbBaHOMETpA. 3Has, 4To ¢ = 4MKD, N3MEPUB BOIBTMETPOM
BCJIIMYUHY U, a C IMOMOMIIBIO TAJILBAHOMETpA BCIUYHUHY N B JCIICHUAX, HaﬁI[HTe IMOCTOSAHHYIO

cU
rampBaHoMeTpa G = —.

N
2. Onpenenenue Pik mpu i =K

Ha ocnoBanuu cxemsl, n300pakxeHHON Ha Puc.2, MBICJIEHHO MpencTaBbTe ceOe NMPUHIUIHAIBHYIO

cXeMy JUIsl ompeneseHus [33 (MOXHO BOCMOJIb30BaThcs cxemoil Ha Puc.6). Cobepute cxemy,

n3zo0paxeHHyro Ha Puc. 8. Puc. 7. Cxema ais onpezeneHust IOCTOSTHHON rajibBaHomeTpa. Puc. 8.
Cxema asst onpenesieHus f33 .

Yo6enutech, uro Ha Puc. 8 m3zoOpakena cxema s ompeneneHus fzz. M3mMepuB ¢ MOMOIIBIO

BOJIbTMETpa BEIMYUHY @3, a C NMOMOIIBbIO rampBanomerpa 3apsn Oz (qz = GN), naiimem fs3 mo

dopmyne [y = &

3
Jns onpenenenus fi11 npeoOpasyeM cxemy, nzoOpaxkeHHyto Ha Puc. 8, ciemyrommm obpazom. C
KJIEMMOM, K KOTOPOU ObliIa MPUCOEUHEHA TPEThS KU, COCIUHSIEM MEPBYIO XKITY. TPEThIO KUITY
NPUCOETUHIEM K KJIeMMe, K KoTopoil Ha Puc. 8, Obla mpucoenuHeHa nepsas sxuia. To ectb, A
onpezeneHus f11 B cxeme, uzoopaxeHHon Ha Puc. 8, ocymectsisiem 3ameny 3« /. Koadpdunuenr

f11 HaxonuM 1o popmyie [, = Y

1

3. OnpenersieM Sik ipu | # K



Ha ocHOBaHUM CXeMbI, H300pakeHHO# Ha Puc.3, MBICJICHHO mpeacTaBbTe ceOe MPUHIUMUAATBLHYIO
cxemy s onpeaeneHus fz1. Codepure cxemy, n3o00paxkeHHy0 Ha Puc.9.

Puc. 9. Cxema s onipeiesieHus f31.

Yo6enurech, uro Ha Puc.9 wm3o0pakena cxema Ui ompeaeneHus fzi. M3mepuB (3 U @1,
oy

1
Jlnsi 9KCHEpUMEHTAJIBHOTO OIPECICHUST OCTaBIIMXCA TATH fik.npu | # K mpu omnpeneneHuu
KaXJ0ro Ko3((uimeHTa BMECTo CXeMbl, H300pakeHHOH Ha Puc.9, coOmpaem cxeMmbl, B KOTOPBIX
OCYLICCTBIIIOTCS 3aMeHbl 3«>i, [<>K. V3MepuB moTeHIMaNbl W 3apsjibl, OCTaBIIUECS IIATh
. . d;
ko3 dunuentos Sik mpu i # K naiinem no popmyne S, = —u.
Py

K03 durmeHt f31 Haiigem o Gopmyse fy =

be3 BeiBOA: fik = fi.

[ToaToMy MOTy4eHHbIE IKCIIEPUMEHTAIIBHO fik IpH | # K ciieiyeT oKpyriuTh Takum 00pa3om, 4TOObI
BBITIOJIHSIJIOCH COOTHOIICHUE Sik = fki.

4. Omnpepenenue cik pu 1 = K.

Ha ocHoBanuu cxemsl, n3o0pakeHHO# Ha Puc. 4, MbIcIeHHO npeacTaBbTe ce0e MPUHIUMIHAIBHYIO
cxeMmy ais onpenenenus csz. Cobepure cxemy, nzoOpaxennyto Ha Puc. 10. Y6enutech, To Ha Puc
10 n300pakeHa cxema Ui OIPECIICHUS C33.

W3mepuB (3 U @3, 4ACTUUHYIO EMKOCTb €33. HAWJEM 110 QOpMyIIE  Cgy = —.

D3
Jnst ompeneneHuss YaCTUYHBIX €MKOCTEM c11 M C22 BMECTO CXeMbl, n3o0pakeHHoi Ha Puc.10,
coOupaeM CXeMbl, B KOTOPBIX OCYILECTBISIOTCSA 3aMeHbl 3«>/ U 3«>2. V3MepuB MOTEHIHANBI U

. g ,.
3apsifibl, OCTABILIKECS [BE YaCTUYHBIC HaiieMm mo ¢popmyre ¢; =— (i=1,2).



- U ——

Puc. 10. Cxema 1151 onipeienieHust €33.

5. Onpenenenue cik mpH i # K

[Tockombky cik ipH | # K = - Bik ipu 1 # K, TO cik ipu | # K HaxoauM, UCTIONBb3Ysl paHee HalICHHBIC
IKCIIEPUMEHTAILHO Sik ipu | #K .

6. Onpenenenne MOTeHIUAIBHBIX K03()()UIINEHTOB.
[Torenuuanbabie KO3QuUIUEHTH HaineM, TpaHcnonupys B cpene MATHCAD wmatpuny (B) c

OKpYTJICHHBIMH fik TIpu | #K .
To ects (o) = (B) ™.

JlaGopaTtopHnast pabora 3
«SIBIIEHME SIIEKTPOMArHUTHOW UHAYKIUU.
KoadduimeHT B3auMHOM HHIYKIIMH JBYX KaTYIIEK»

[ens paboTsr:
CPaBHHUTHh TIOJYy4YCHHBIE TEOPETUYECKH M OKCIEPUMEHTAIbHO 3aBUCUMOCTH Kod(dduinenrta
B3auMHOU MHAYKIIHUU IBYX KAaTYHICK OT paCCTOSIHHA MEKAY KaTylIIKaMH.

[TpuOops! ¥ IPUHAATIEKHOCTH:
CXEMa Ha CTEHJE, ABE KPYIJIble KaTYIIKH, aMIIEPMETD, TAJIbBAHOMETP, CTEPIKEHD C IEICHUSMU AJIS

HU3MCPCHUA PACCTOSAHUA MCKAY KaTylIKaMH, COCIUHUTCIIbHBIC ITIPOBOJHUKHU.

Tabnuna 1. XapakTepucTUKu U3MEPUTEIbHBIX TPUOOPOB

Ha3zBanue Knacc Tounoctu HomunansHoe Yucno nenenui Llena nenenus
pubdopa 3HAUYEHHE (camMBbIX MEJKHUX)

Ax 0
y=—" 100% - mauGoiiee ynmoTpeOUTENHHOE OMpeIeSIeHNE KJIacca TOYHOCTH — Iu(pa Ha TTaHEIH

.
npubopa.

X — U3MepsieMas BeIMYMHA,

AX — abcoutoTHASI TOTPEIIHOCTh U3MEPEHUS,

Xz — HOMHHAQJIBHOE 3HAU€HHE — HauOOoJNblllee 3HAYEHUE BEJIMYMHBI, KOTOPOE MOXKHO
U3MEPUTH TPUOOPOM TIPH JTAHHOM TIOJOKEHUHU TIEpPEeKIIoUaTeNlsi HOMUHAIBHBIX 3HaYeHHd. [Ipm
HAJIMYUU TaKOTO TepeKIouaTesNss HOMUHAIBHBIX 3HAYeHUH He 0JTHO, HECKOJIBKO.




KpaTkue TeopeTnueckre CB€ACHHUSI U OCHOBHBIE pacu€THbIE (POPMYIIBI
3aKOH 3JIEKTPOMarHUTHON MHIYKIIMHU

J1st mpou3BONILHOTO KOHTYpa L

D= B dS — macnummwlii nomox, cyennéunwlii ¢ KoHmypom L,
_ S
B — MarHuTHast MHIYKIUS — OCHOBHASI XapaKTEPUCTHKA, MATHUTHOTO IOJIS B KaKI0M TOUKE
MIPOCTPAHCTBA, I/I€ HAXOAUTCS KOHTYp L.
S — TOBEPXHOCTh, MBICIICHHO HATsAHYyTas Ha KOHTYp L.
t — Bpems.
JIst KaTymku U3 W — BUTKOB

E,o= — d—ltﬂ (1) — 24C unoykyuu 6 kamyuxe,

Y = W-@® — MOTOKOCIETIIEHNE KaTYIIKH.

CyllecTBOBaHKME MATHUTHOTO T10J1s1 (OT/IMYKE OT HyJIsl B, a ClIe10BaTesIbHO, OTJIMYUE OT HyJIS
® u y) MOXeT ObITh OOYCIOBIEHO NPOTEKAHHWEM JIFOOBIX TOKOB, B TOM YHCIIE TOKOB B
OIM3KOPACIONI0KEHHBIX KOHTYPaX U KaTyIIKax.

SIBneHue B3auMHOMN HHAYKIHUHU IBYX KOHTYPOB

PaccmoTrpum gaBa Onmu3ko pacmoioxeHHbIX KoHTypa Li u Lo, mpuuém B koHType Li
MPOTEKAET TOK 1.

[}

/7

7

K

Puc. 1. /Ipa B3anMOAEHCTBYIOIINX KOHTYpA.

[Tpumenum 3axoH (1) k KOHTYpY Lo.

@21 — MarHUTHBIN MOTOK, MPOHU3BIBAIONIUI KOHTYp L2, BO3HMKarOmuUil 32 CYET MPOTEKAHUS
Toka |1 B koHTYpe L.

ITockonbky @21 BO3HUKAET 3a cu€T mpoTekanus Toka li, To ®21 Tem Gosnblie, yueMm Oosnble l1:

Dy =M1 . (2)

3necs M — ko3 punmeHT nponopuroHaabHOCTH MeXay |1 u @21 — KodpPUIMEHT B3aUMHOMN
UHAYKIMU JABYX KOHTypoB. Ero 3HaueHue 3aBucut 0T (op™mbl, pa3MepoB, B3aUMHOIO
pacrojoXKeHUs] KOHTYpPOB, PACCTOSIHMSL MEXAYy HHUMH, a TakkKe OT 3HAu€HUs MAarHUTHOU
MIPOHUIIAEMOCTH CPEJIbl, B KOTOPOM HaXOJATCS 3TU KOHTYPBHI.

B cnyuae, korya Bce 3TU BEJIMUYMHBI HE 3aBHCAT OT BpeMEHU (HEe U3MEHSIOTCS BO BPEMEHH),
M = const. Toraa u3 (1) u (2) umeem (mpu M = const)



To ectp, eciu M He u3meHnsercst Bo Bpemenu, 1o J/]C uHnyknuu B KOHType L2 BO3HHMKaeT
IIpU U3MEHEHUHU TOKa |1 B KoHTYpe L.

SIBiieHME B3aMMHOM MHIAYKLIHH JIBYX KaTYILIEK

PaccmoTpuM 1Be 6IM3KOPACHIONOKEHHbIE KaTyIIKU 1 1 2 ¢ YUCIOM BUTKOB W1 U W2, IPUUEM
B Karyike | mpoTekaert ToK li.
[Ipumenum 3akoH (1') k kaTyike 2
_ ¥y
dt
— IIOTOKOCLIETIJIEHUE KaTYIIKH 2.
I10CKOIIBKY ¥/, BOSHUKAET 3a CUET IpOTeKaHus Toka li, To y,  Tem Gonblue, yem 6osbuie |1

E,o.= — O/1C unoykyuu, 603HUKarOWas 8 Kamyuike 2,

3nech M - K03 GULMEHT IPONOPLHOHAIBHOCTH MEXy [y 1 ¥, — KodDhHIMEHT B3aHMHOM
HHAYKIOHUH OIBYX KaTYIICK. Ero 3Hauenue 3aBUCUT OT (bOpMBI, pPasMEPOB, B3AMMHOI'O PACIIOJIOKCHUA
(koHHI'ypalMK) KATyIIEK, PACCTOSHUS MEXKIAy HUMH, a TaKKe OT 3HAUYEHUS MATHMTHON
MMPpOHUIACMOCTHU CPCAbI, B KOTOpOﬁ Haxo4ATCs KaTyIIKH.

Kpome Toro, M 3aBHCHT OT 4MClIa BHTKOB Karyuiek. B mpocreifiiem ciydae, ecid Bee
BUTKHU KATYIIKH 1 MPAaKTUICCKU OOAUHAKOBLI U BCC BUTKU KATYIIKH 2 MMPAaKTUYICCKU OJUHAKOBLI, TO
M'~wi-wz2- M.

Puc. 2. JIBe B3auMOeHCTBYIOIINE KATYILIKH.

B ciydae, xorja Bce nepednciaeHHbIE BEIMYUHBI, ONpeensomue 3Hauenue M', He 3aBUCAT
OT BpeMeHH (He U3MeHstoTCs BO BpemenH), M' = const. Toraa u3 (1') u (2') umeem (ipu M' = const)

To ectb, ecnu M' He u3mensercs Bo BpeMeHu, To DJIC MHAYKIUU B KaTyIIKe 2 BO3HUKAET
py U3MEHEHUH Toka |1 B kaTyke 1.

[Ipomie Bcero ocyuecTBUTh U3MEHEHME Toka |1 B KaTymke | MOXHO, 3aMbIKas WIH
pasmbikas kmod K B karymke 1. Ilpu 3ambikanuu Kioo4da TOK |1 W3MeHsieTcst 3a KOPOTKHM
IPOMEXKYTOK BPEMEHH OT HyJs JI0 €ro CTallMOHAapHOro 3HauyeHus. VIMeHHO B 3TOT KOpPOTKUil
IPOMEXYTOK BpeMeHHM B Karymike 2 Bo3HMkaeT DJIC MHIYKIMH, M TO KaTylKe 2 NPOTEeKaeT
KpaTKOBPEMEHHBIH TOK 2.

O603HaunM o — MOMEHT 3aMbIKaHMs KJF04a B KaTymike 1, t1 — MOMEHT YCTaHOBJIEHUS B
KaTyIke | cTanroHapHOTo Toka l1.

Huterpupyem o6e yactu (3') mo Bpemenu ot to 110 t1.
ty

Iy
fM'd]l = — fEuH() dt,
0

to

B mo6oit Mmoment Bpemenu, korma E,,,#=0 u BO BTOpOHl Karymike MpOTeKaeT TOK o,
BBINOJIHsETCS 3aK0H OMa.



rae R, - CONpOTHBIIEHHUE KAaTYIIKH 2 BMECTE C TajbBaHOMETpPOM. BoiHecem R, W3 10J 3HaKa
UHTErpaja, noJry4um
t
M, = —R,- f I, dt.
to
Uro npencrasisieT co00i HHTETpall B MPaBOW YaCTH ITOTO BBIPAKEHHS?
BcnoMHUM, YTO M3MEHSIIOIIMIACS BO BPEMEHHU TOK [, MOXKHO 3amucarh B JIFOO0H MOMEHT
BPEMEHHU B BUJIE!
I 44
27 dt’
rzae ( — 3apsj, IPOTEKAIINN Yepes3 MONEePEeYHOe CEUEHUE IIPOBOIA KaTyIIKH 2. B TO ke BpeMs 3TOT
JKe 3apsii MPOTEKaeT yepe3 raibBanomMeTp G, BKIIOYEHHBIHN B 11eTh KaTymku 2. To ecTh nMeeM

Ml = —R, quz= “RyQ

0
M'l; = —R;-1Q|.

3necb Q — 3apsan, OpoLIEAIIUI yepe3 TajdbBaHOMETP 3a BeCh KOPOTKUH INPOMEXKYTOK
Bpemenu t1 — to. OTcrona
R+ 1Q]

L

JUia m3MepeHusl BEJIMYMHBI 3apsijia, MPOIIEAIIEro MO LENd 3a KOPOTKHUM IMPOMEXYTOK
BPEMEHH, HCIIOJIb3YIOTCS OaNIMCTUYECKUE TalbBaHOMETPbl. OTKIOHEEHHE CTPENIKH 3TUX IPUOOPOB
TeM Oonpmie, 4YeM OoJblle 3apsi, <«IPOCKOYMBIIMI» Yepe3 TaJbBAaHOMETP 3a KOPOTKHU
IPOMEKYTOK BPEMEHH.

To ectp

M =

Q] =G - n.

31ech N — OTKIOHEHHE CTPEJIKH rajlbBaHOMETpa (B JCJICHUX IIKaJIbl),
G — k03hHULMEHT MPONOPIHOHATBHOCTH MEXKY N U — IIOCTOSIHHASI TaibBaHOMeTpa. Tenepn
R,Gn

L

Ecnu Gbl ObUIO M3BECTHO COMPOTHBIIEHUE R, , TO, UCIONB3YS 3Ty GOPMYITY, MOXKHO
ObL10 OBl HATH SKcriepuMeHTanbHOe 3HaueHue M'. [lockonbky R, OOBIYHO Mano M TOYHO
€ro U3MEPHUTH JIOCTATOUYHO CJIOKHO, YACTO MOCTYNAIOT CAEAYIOMUM 00pazom. Ob603HaAUMM

C=R,G.

OTa BeNMYMHA SIBJIIETCS XapaKTEPUCTUKON KaTyIIKH 2 BMECTE C rajlbBAHOMETPOM.

Torna

M =

Cn
-
I
®opmasibHO BeIpakeHUe (4) MOXKHO Mepenucarh B BUJIE
M'IL
C= . (5
n
Teneps, ecim u3BecTHA MOCTOsHHASA BemuunHa C, mcnonb3ys Gopmyny (4) MOXHO

Haiitu M. Ho ans toro, 4ro6s! o ¢popmyne (5) onpenenuts C, He0OXO0IUMO HCIIONIb30BATh
JIOTIOJTHUTEIPHO TIOJYyYEHHOE HE HKCIEPUMEHTaIbHO, a TEOpeTHUeCKHU 3HadeHue M' mpu
OJIHOM KOHKPETHOM B3aUMHOM PacCIOJI0KEHUH KaTyIIIEK.

Teopetnuecku BbIUMCIUTH M' Ansi IBYX KPYTJBIX KaTyIIEK, PacHoOJOKEHHBIX Ha
OJIHOI OCH B BO3yX€, MOKHO 110 (hopMyIe:

M'= poJRiRy - f(k) - wy - w,. (6)

3nech py = 41+ 1077 I'n/M — MarHUTHAS OCTOSHHAS,

WU W, — YHCJIO BUTKOB B KaTymkax 1 u 2,

R; u R, — pannycel kaTyuek 1 u 2.

M'=




1

Puc. 3. JIBe B3aumoeiicTByIOIHE OJIM3KO PACIIOIOKCHHBIC KATYITKH Ha OJHOM OCH.

bespasmepHas BennunHa K onpenensercss B3aMMHBIM PACIIOJIOKEHUEM TaKHX KaTyIIeK U
JAETCsl BBIPAXKECHUEM

k2

4R, R,

TR+ (R + Rp?’

3neck h — paccrosiHre MeXIy KaTyIIKaMu.

B pacuérnyro ¢popmyny (6) BXOIUT GYHKIIHS 3TOM BETUUHHBI

(7)

2 2
W= (;-Kk) K-2E ®
flo = (5 ZE. (®)
B oaroit dopmyne k = + Vk2, K — smammraaeckuii MHTErpajg IepBoro poxa, E —

SIUIANTHYECKUM HHTCTpajl BTOPOIro psaaa. ONIUNTHYECKHUE HHTCTPaJibl ABJIAIOTCA (I)YHKL[I/IHMI/I k 2.
Ot Q)YHKHI/II/I XOpomo U3BCCTHBI U 4aCTO IMPUBOJATCS B TaOJIMYHOM BUJC.

Tabnuma 2. 3aBUCHMOCTH OT k? SIUTMINTHYECKHMX WMHTErpajloB mepBoro poga K u
BTOpOro poxaa E.

K2 KK  |E(K) K2 Kk  [E(K) K2 Kk  [E(K)

0 15708 15708 0,41 1,78452] 1,39465 0,81 2,28058 1,1717
0,01] 1,57475 1,56686 0,42 1,79165 1,38988 0,82 2,30523 1,1648
0,02 1,57874) 1,56291 0,43 1,79892 1,38509 0,83 2,33141 1,15779
0,03 158278 1,55895 0,44 1,80633 1,38026 0,84 2,35926) 1,15066
0,04 158687 1,55497 0,45 1,81388 1,3754 0,85 2,38092 1,1434
0,05 1,591 1,55097 0,46 1,82159] 1,37051 0,86 2,42093 1,136
0,06 1,50519] 1,54697 0,47 1,82946) 1,3656 0,87| 2,45534] 1,12845
0,07 1,50042 154294 0,48 1,83749 1,36064 0,88 2,49264) 1,12074
0,08 1,60371 1,53889 0,49 1,84569) 1,36566 0,89 2,53333 1,11286
0,09 1,60805 1,53483 0,5 1,85407 1,35064 0,9 2,57809 1,10477
0,1/ 1,61244] 153076 0,51 1,86264) 1,34559 0,91 2,62777] 1,00648
0,11 1,61689 1,52666 0,52 1,8714) 1,34051 0,92 2,68355 1,08794
0,12 1,62139 152256 0,53 1,88036) 1,33538 0,93 2,74707] 1,07912
0,13 1,62505 151843 0,54 1,88953 1,33022 0,94 2,82075 1,06999
0,14 1,63058 1,51428 0,55 1,89892 1,32502 0,95 2,00834] 1,06047
0,15 1,63526) 1,51012 0,56 1,90855 1,31979 0,96 3,01611 1,0505
0,16] 1,64 150594 0,57 1,91841 1,31451 0,97 3,15587| 1,03995
0,17| 1,64484] 150174 0,58 1,92853 1,30919 0,08 3,35414] 1,02859
0,18 1,64968 1,49753 0,59 1,93891 1,30383 0,99 3,69564] 1,01599
0,19 1,65462 1,49329 0,6 1,94957 1,29843 1 1
0,2 1,65962 1,48903 0,61 1,96052 1,29298
0,21 1,6647 148476 0,62 1,97178 1,28748
0,22 1,66985 1,48047 0,63 1,98337 1,28194
0,23 1,67507 1,47615 0,64 1,953 1,27635
0,24 1,68037] 1,47182 0,65 2,0076 1,27071
0,25 1,68575 1,46746 0,66 2,02028) 1,26501




0,26 1,69121 1,46309 0,67| 2,03337| 1,25926
0,27| 1,69675 1,45869 0,68 2,04689 1,25346
0,28 1,70237| 1,45427 0,69 2,06088 1,24759
0,29 1,70809 1,44983 0,7 2,07536| 1,24167

0,3] 1,71389 1,44536 0,71] 2,09037| 1,23568
0,31] 1,71978 1,44088 0,72 2,10595| 1,22963
0,32| 1,72578| 1,43637 0,73 2,12213| 1,22351
0,33] 1,73186] 1,43183 0,74 2,13897| 1,21732
0,34 1,73806| 1,42727 0,75 2,15652| 1,21106
0,35 1,74435 1,42269 0,76 2,17483| 1,20471
0,36] 1,75075] 1,41808 0,77| 2,19397| 1,19829
0,37] 1,75727] 1,41345 0,78 2,21402] 1,19178
0,38 1,7639 1,40879 0,79 2,23507| 1,18518
0,39 1,77065 1,4041 0,8 2,25721] 1,17849

3.4 TunoBble KOHTPOJIbHBIEC 3aIaHUA IJIA IPOBCACHUSA TECTUPOBAHUSA
DoHJ TECTOBBIX SaI[aHI/Iﬁ MO JUCHHUIINIMHE COACPIKUT TCCTOBBLIC 3a/laHA, PACIIPCACICHHBIC 110
pasaciaM U TeMaM, ¢ YKa3aHUCM UX KOJIMYECTBA U TUIIA.

Crpykrypa (hoHIa TECTOBBIX 3aaHHI 1O TUCITUTUINHE

Komunuectso

TeCTOBBIX Xapakrepucriia Tema B coorBercTBuu ¢ PIIJ]

3aJIaHNH, T3

tunsl T3
5 A
20 B ITaccuBHBIE 4ETBIPEXMOIOCHUKH K-1.1
10 A 5
18 B JIEKTPUIECKUE LETIN TIPH HECHHYCOMIANIBHBIX TIEPUOJMYECKUX HANPSDKEHUSIX U MK-1.1

TOKax

10 A
18 B OnexTpuuecKre GUIbTPEI K-1.1
6 A
18 B I[TepexoaHbIE IPOLECCH B IMHEHHBIX JNEKTPUUECKHX LIEHAX MK-1.1
5 A
18 B Mertopp! pacuéTa HETMHENHBIX ANEKTPUUECKUX 1ENel TOCTOSIHHOTO TOKa K-1.1
5 A
18 B MeToB! pacuéTa MaTHUTHBIX Lieeit MK-1.1
7 A
4 B Mertop! pacuéra HENMHEMHBIX AIEKTPUUECKUX 1INl IEPEMEHHOTO TOKa MK-1.1
4 A
4 B Karymika ¢ (peppoMarHuTHBIM CEepJIeUHHKOM IK-1.1
3 A
3 B OnHodasublit TpanchopMaTop ¢ peppoMarHUTHBIM CEpACHHUKOM IK-1.1
4 A Deppope3oHaHC HAPSIKEHUS IK-1.1




4 B
4 A
4 B deppope3oHaHC ToKa IK-1.1
7 A DNEKTPUUECKOE MOJI€ B MPOBOSIINX Cpeaax IK-1.1
5 A

MarsuTHOE MOJIe TTOCTOSHHOTO TOKa IK-1.1
5 A

OJIeKTpOMarHuTHOE TI0JIe
5 A

[110cKkue 31eKTpOMarHuTHBIE BOTHBI K-1.1
5 A

[ToBepxHOCTHBII AP PEKT B MIacTHHE IK-1.1
A 86

Hroro

B 125

[Tonmubril komrmuiekT OT3 XpaHUTCS B AICKTPOHHONW HH(DOPMAIIMOHHO-00pa30BaTEIIBHON Cpeie
HpI'VIIC u obyvaromuiics UMEeT BOZMOXHOCTh O3HAKOMUTHCS C JIEMOHCTPALIMOHHBIM BapHAHTOM
OT3.

Huxe npuBenen obpazell TUIIOBOTO BapHaHTa UTOTOBOTO TECTa, MPEAYCMOTPEHHOTO paboueit
MPOTPAMMOMN JUCUUILIMHBI.

TECTOBOE 3A4/[AHUE
no xkypcy « Teopemuueckue ocHo6bl YTBEPXIEHO

INEKMPOMEXHUKU»
Bapuanm Ne42

1. SIBnenue deppope3oHaHCa HAMIPSIKEHUIA.
2. CooTHOIIIEHUE MEXKTy aKTHBHOH U IIOJTHONH MOITHOCTSIMH B I[EITU IIEPEMEHHOTO TOKA.
3. OmnpenenuTs i(t) kaccuueckum MetooM, ecid R1=100 Om, R2=50 Om, L=4 T'u, E=150 B.

3amura 1abopaTopHbIX padboT
[Topsimok 3anucu:
1. Bompoc.
2. He mpaBuibHBIN OTBET.



w

[IpaBuIBHBIN OTBET.

Hegepno.

Bepno.

[To Mepe mpoxokAeHus TecTa 2 U 3 MEHSIOTCSI MECTAaMH CITy4aliHbIM 00pa3oM.

ok

HccnenoBaHue nacCUBHOTO 4-X MOJIIOCHUKA
5 BOIIPOCOB

1. Yro Takoe 4-X MOMIOCHUK?
OT0 3aMKHYTasl 3JEKTpUUYECKas LEIb.
OT0 37eKTpUUecKas Lemb JII000H KOHPUTypaluu, UMEOIas YeThbIpe CBOOOIHBIX 3aKUMA.
HenpaBuibHo. 4-X MOJIFOCHUK JTOJIKEH UMETH J1BA BXOAHBIX U J1BA BBIXOJIHBIX 3aKUMa.
[IpaBuibHO.

2. Kaxue cxemsl 3amernienus Bel 3Haete?
"T"-00pa3Has cxema 3aMeIeHUs.
"T", "', "[1"-00pa3Hble CXEeMBbI 3aMEIICHUSI.
HenpaBuiapHo. Baiir 0TBET HEMOIHBIM.
IIpaBumnsHO.

3. VYkaxwure, Kakue ypaBHEHHUS 4-X MOIIOCHUKA COOTBETCTBYIOT MPSMOMY BKIIIOUEHHUIO.
U2 =DUL1 + BI1,; 12 = CU1 + All.
Ul=AU2+BI2; 11 =CU2 + DI2.
HenpasuibHo. DT ypaBHEHUs 4-X MOJIOCHUKA 3allMCaHBbI JIJIsl 0OpPaTHOTO BKIFOYEHMUS.
[IpaBuinbHO.

4. Kakue ombIThI HEOOXOJUMO MPOBECTH ISl ONpeaesieHus] KodPPHUIUEHTOB 4-X IMOJIFOCHUKA

A, B, C, D? Ecnu Bce 31eMeHTBI 4-X TOJIFOCHUKA PE3UCTOPHI.

s onpenenenust koapdumento A, B, C, D HeoOXxoa1MMO MPOBECTH OMBITHI XOJIOCTOTO X0Ja U
IPsIMOM U OOPATHOM BKJTIOYCHHSIX.
s onpenenenus kodpdummuentoB A, B, C, D HEoOX0AMMO TIPOBECTH OIBITHI XOJIOCTOTO XO0/a U
KOPOTKOT'O 3aMbIKaHUS 7S IPSIMOT0 BKIFOUEHUS.
HenpasuibHo. [Ipu ycrnoBum, 4To Bce 31€MEHTHI 4-X MOJIIOCHUKA PE3UCTOPHI U cBUTA (Da3 MEXAy
HaNpPsDKEHUSIMUA M TOKaMM IO3TOMY HET, TO JOCTaTO4HO nposecTH onbIThl XX U K3 Tonbko ams
IPSIMOTO BKJIFOUEHUS.
IIpaBunbHO.

5. Tloka3arb cmocoObl OIpeAeneHUs] MapaMeTpoB CXEM 3aMelleHUss NpPU HU3BECTHBIX

ko dunuentax 4-x nomocHuka A, B, C, D na npumepe "I'"-06pa3zHoii cxeMsl.

[TpoBOAMM OIBIT XOJIOCTOrO X0Aa /sl 00paTHOro BKItoUeHUs: Z2x = C/A; Z2x =722z =71 + 72 =
C/A.
[IpoBOIMM OTBIT KOPOTKOTO 3aMbIKaHU JiJIsi 0OpaTHOTO BKimouenus: Z2k = D/B; Z2k =72z =72 =
D/B.
[IpoBoAMM OMBIT XOJIOCTOrO X0Ja JUIs MpsAMOro BkMtoueHus: Z1x = A/C; Z1x = Z11 =71 + Z2
A/C.
[IpoBoMM OTBIT KOPOTKOTO 3aMbIKaHUs i Tipsimoro BiitoueHus: Zlk = B/D; Z1k = Z11 = Z1
B/D, cnenosarensno: Z1 = B/D; Z2 = A/C - B/D.
Henpasuneho. Jlns ompenenenus koddduuuentoB mpoBoAsaT ombiThl XX u K3 anga mpsmoro
BKJIOYeHUs.5.2. 1.
IIpaBunsHO.

UccnenoBanue MTMHEWHBIX AIEKTPUUECKUX LETIeH
[IPY HECUHYCOUTAJIBHOM BXOJHOM HaIPSKEHUU
10 Bompocos
1. HampspkeHue kakoi (hOpMBI MOXKHO Pa3IoKHTh B psiag Dypre?

Tonbko HaMpsOKEHUS 3aaHHBIC HE TIEPUOINYSCKIMH aHATUTHYECKUMU () YHKITHSIMHU.
Hampsokenue mr060# hopMBbl, TOAYUHSIONIEECS TEPHOTUIECKOMY 3aKOHY.
HeBepHo. 3akoH M3MEHEHUS HANPSHKEHUS JOJDKEH OBITh MEPHOJIMYECKHIM M MOXKET OBITh 3a/1aH HE
TOJIEKO aHATUTUYECKUMU (PYHKIIHSIMH.



[TpaBuiibHO. 3aKOH M3MEHEHHS HAIpPSDKEHUS MOXET ObITh 3a/laH HE TOJbKO aHAIUTUYECKUMH
(GYyHKUIMSAMEU, OH MOKET OBITh IPEJCTABJICH B BUAE I'padUKOB, TAOIHII, OCHMIITIOTPAMM.
2. VYKaxuTe BUIbl CHMMETPUU IIPU pa3iokeHuu B psia Dypre.
CummeTtpust oTHOCUTENBHO ocelt koopauHat [F(x)=F(x+), F(x)=F(-x)] u ux coueranue.
CHMMETpHST OTHOCHTEIBHO OCEH KOOPJIMHAT, OTHOCHTEIBHO Havajga KoopauHat [F(x)=-F(-x)] u ux
COUETaHHE.
Hesepno. Yka3aHbl He Bce BUbI CHMMETPUH.
[MpaBunbHo. F(Xx)=F(x+) - otHOcuTenbHO ocu abiuce, F(x)=F(-X) - OTHOCHUTENLHO OCH OpJWHAT,
F(X)=-F(-X) - oTHOCHTEILHO HaYaIa KOOPAUHAT.
3. VYkazare uneHsl psna @Dypbe (rapMOHHMKH) B 3aBHCHUMOCTH OT BHJAA CUMMETpPUU
pa3ziaraeMplX CUTHAJIOB.
OtH.ocu  abmucc:Bce sin  rapMOHUKU.OTH.OCH  OpJMHAT:IIOCT.COCTAaBJISIIOIIAsl M Bce  Sin
rapMoHUKU.OTH.Hayaia KOOpJAUHAT: BCE COS TAPMOHHUKH.
OtH.ocu abuucc:He4€THBIE Sin TapMOHUKU.OTH.OCH OpPJIMHAT:IIOCT.COCTABISIONIAs M BCE COS
rapMoHukd. OTH.Hayas1a KOOPIUHAT: BCE SN TAPMOHUKHU.
Hegepno.
IIpaBumnsHO.
4. Kak nzo0pakaroTcs rpaduKy TMHEHYATHIX CIICKTPOB?
B Buzie HenpepbIBHOM 3aBUCHMOCTH HAIIPSHKEHUSI UJIM TOKA OT YacTOTHI.
B Buae nuckpeTHOW 3aBUCMMOCTH pa3iokeHHOro B psan Dypbe curHaza B 3aBUCHMOCTH OT
YacTOTBHI.
Hegepho.
Bepmno.
5. Kak nHaiitu neiicTByrollee 3HaUeHHE HECHHYCOUIAIBHOTO HAMpPsDKEHUS, 3a/IaHHOTO B BHJIE
psna ®ypoe?
U=sqrt{sum[Um(k)"2]};  U=sqrt{Um(0)"2+Um(1)"2+Um(2)"2+Um(3)"2+...+Um(k)"2],  rme
Um(K) - amnuiuTyaHbie 3HaYeHUs Hanpspkenus rapmonuk (k=0, 1,2,...).
U=sqrt{sum[U(k)"2]}, rne U(k) - neiictBytomue 3naueHus Hanpspxenus rapmonuk (k=0,1,2,...).
Hesepno. B aToli hopmyrie He XBaTaeT erie 0AHOro COMHOXUTENS 1/sqrt(2).
[TpaBuibHO. [IeiicTByIOIIEE 3HAYEHNE HECUHYCOUAAIBLHOIO TOKA HAaXOAUTCS aHAJIOTMYHO.
6. Kak HaiiTu aKTHBHYIO, PEaKTHBHYIO, TOJHYIO MOIIHOCTH B JJIEKTPUYECKON ILEMU TPH
HECHHYCOMIAJIbHBIX TOKAaX M HAIPsDKEHUSX, €CIIM OHM 3a/aHbl B Buje psaga Pypoe? 3nech
UK, Ik - neiicTByroIme 3HaueHusI.
P=SUM(Uk*Ik*Cos®k), Q=SUM(Uk*Ik*Sin®k), S=SQRT(P*2+Q"2) npu k=1,2,... .
P=SUM(Uk*Ik*Cos®k) npu k=0,1,2,... ; Q=SUM(Uk*Ik*Sin®k), S=U*I npu k=1,2,... rneUmn I -
JNENCTBYIOINE 3HAYCHHUS.
HeBepHo ykazaHbl WHIEKCH: y aKTHMBHOM MOIIHOCTH JOJDKHO ObITh k=0, y peaktuBHON k=I;
HeBepHa (opMyna OmnpeseNeHHs MOJHOM MOIIHOCTH S, 3Ta (opMyia HE YYHUTHIBAET MOIIHOCTb
nckaxenus T.
IIpaBuneHO.
7. Yxkaxure ¢(opmyny ompeaeneHuss kodpduuueHta ¢GopMmbl Ui HamnpsbkeHus (rae V-
JieiicTByoIee 3HaUeHHe, Vep-cpeiHee 3HaueHue)?

Kp=Vep/V
Kp=V/Vep
Hesepno.

Bepno. [Insa cunycouast K = 1.11
8. Vxkaxwure dhopmyiy onpeneneHus KOXPPHUIMEHTa aMIUTUTYIBI U HANpsoDKeHus (rae VM -
max 3HaueHue, V - IeiCcTByolIee 3HaueHue)?

Ka=V/Vm
Ka=Vm/V
Hesepno.

Bepno. [l cunycounst Ka = 1.41
9. Vkaxwure ¢dopmyny ompeneneHuss Kodd. HCKaKeHUs [UIs HampspkeHus (rae V-
JIeiicTB.3HaUeHHUE NePBON TapMOHMKH, V-/IeHCTB.3HaUeHHE)?



Ku=V/V1
Ku=V1/V
HesepHno.
Bepno. g cunycounst Ky = 1
10. Vkaxwute dhopmyny onpeaeneHus kodd.rapmoHuk Kr s HanpsokeHus?
OtHolleHne JEHCTBYIOIIMX 3HAYEHUM BBICIIMX TapMOHUK K JEHCTBYIOIIEMY 3HAUEHUIO BCETO
CUTHAJA.
OTHoleHNe AEUCTBYIOIIMX 3HAUEHUI BBICIIMX FAPMOHUK K JEHCTBYIOIIEMY 3HAYEHUIO OCHOBHOMN
(mepBoii) TApMOHUKH.
Hegepno.
Bepno. Jlna cunycouast K = 0.

HccnenoBanue KaTymku HHIYKTUBHOCTU € (epPOMArHUTHBIM CEPACUHUKOM
5 BOIIPOCOB
1. Ha xakom yyacTke BOJbT-aMIepHoOW xapakrepuctuku (BAX) xaTymika ¢ ¢eppoMarHuTHBIM
CepACYHUKOM OYZET SIPKO BbIPAKEHHBIM HEJTMHENWHBIM 3JIEMEHTOM ?
Ha nauansnom yuactke BAX.
Ha xoneunom yuactke BAX.
HenpasuisHo.
[IpaBuinbHO.
2. Ha xakom ywactke BAX KaTymkud MHIYKTUBHOCTH OyneT HamOOiblIee SKBUBAJICHTHOE
COIPOTHBIICHHUE ?
Ha yuactke nacwimenus BAX.
Ha nayansnom yuyactke BAX.
HenpasuibHo.
[IpaBuinbHO.
3. Ha kakom yuactke BAX Karymku HMHIYKTUBHOCTH C (DEPPOMArHUTHBIM CEPACYHUKOM
Oyzaer HauOoJbIAs SKBUBAJICHTHAs UHAYKTUBHOCTD ?
Ha yuactke nacwimenus BAX.
Ha nauansaoM yuactke BAX.
HenpasuibHo.
IIpaBunbHO.
4. Jlna xakoro yuactka BAX HenmuHeNHOW KaTyIIKHM MHAYKTUBHOCTH 3aBUCHUMOCTH TOKa OT
BpeMeHH OyJieT 6ojiee CHHycoUJallbHa ?
Hnst yuactka HaceiieHust BAX.
Jlng HaganpHOTO yyactka BAX.
HenpasuibHo.
IIpaBuneHO.
5. Jns xakoro yuyactka BAX HenMHEMHON KaTylIKM WHIYKTHUBHOCTH C (eppOMarHUTHBIM
cepAeYHUKOM OyaeT HauOOIBbIINI YroJl MAarHUTHBIX NTOTEPh?
Jns HaganeHOTO yyactka BAX.
Jns yuactka HaceiieHust BAX.

HenpasunsHo.
IIpaBunbHO.
deppope30HaHC HAIPSKEHUS
5 BOIIPOCOB
1. B kakux 3JeKTPUYECKUX IIeTIIX MOKET BOSHUKHYTh sIBJIeHHE (peppope3oHaHca HaNpsKeHUs
?

B nmemax ¢ mapaulelbHO  COEAUMHEHHBIMM  KOHJEHCATOPOM M HEJIMHEWHOW  KaTYyIIKOW
WHAYKTUBHOCTH.
B memax c¢ mocimenoBaTeNbHO COCIMHEHHBIM KOHACHCATOPOM U HEIMHEWHOW KaTYIIKOW
WHAYKTUBHOCTH.

Hesepno.



[IpaBuibHO.

2. Tlpu xakoM ycJIOBHH MOXET BO3ZHUKHYTh SIBJICHHE (DeppOpe30HaHCa HAPSHKEHUS?
Ecrm BAX Oartapen konaeHcaTopoB Oymer KacarenbHOM K BAX HenwHEHHOW KaTyIIKH
WHYKTUBHOCTH B Hayaje KOOPAUHAT.
Ecimn BAX GaTtapen koHaeHcaTOpoB niepecekaeT BAX HENMMHEWHON KaTyIKH HHIYKTUBHOCTH.
HenpasuibHo.
[IpaBuibHO.

3. Kak onpenenuts KpUTHYECKYIO BEIMYNHY €MKOCTH KOHACHCATOPHOU OaTapen?
[IpoBecTn mpsiMyro depe3 Hayajao KOOPAMHAT W MOCIeAHIO Touky BAX HelnnHEeHHOW KaTyllKu
MHAYKTUBHOCTU. llosydeHHyr0 mpsiMyro HcCnoib30Barh kKak BAX eMKOCTHOro »jieMeHra ¢
KPUTHYECKON BEIMYUHON EMKOCTH.
IIpoBectn kacatenbHyto k BAX HenuHEHON KaTylIKd MHAYKTUBHOCTM B TOYKE Hayaja
koopauHatr. llomyueHHyl0 KacaTenbHYIO HCHOJIB30BaTh Kak BAX €MKOCTHOro »3jeMeHTa ¢
KPUTHYECKON BEJIMYMHON EMKOCTH.
Hegepno.
Bepno.

4. Tlpu KaKOM COOTHOIIECHUHM E€MKOCTEH B IIEMU MOXKET HACTYIHTH sIBICHUE (peppope3oHaHca

HanpsHKeHUs?

IIpn eMKOCTH MEHBIIIE KPUTUYECKOM.
[Tpu emKocTH OOJIBIIIE KPUTHICCKOM.
Hegepno.
Bepno.

5. Tlpu tpurepHom 3¢ dekre Kakue U3 MePEUNUCIICHHBIX IEKTPUICCKUX BEIIMYUH H3MEHSIOTCS

CKauKoM?

Tok, cmpur (a3 Mexay BXOJHBIM HANPSHKCHHEM KM TOKOM, BXOJHOC HAINPSOIKCHHE, ITaJICHUE
HaANPSsDKEHUS Ha KaTyIIKe U Ha 0aTapee KOHAEHCATOPOB.
Tok, cnBur a3 MeXAy HalpsHKCHHEM W TOKOM, IMaJicHUE HANpsDKEHHUS Ha KaTylIke W Ha Oarapee
KOH/JIEHCAaTOPOB.
Hegepno.
BepHo.

®deppope3oHaHC ToKa
6 BOIIpOCOB

1. B kakux 3JeKTpUYECKUX LEMSIX MOXKET BOZHUKHYTH SIBJIEHUE (eppope3oHaHca TOKOB?
B onexkTpudeckux 1ensx ¢ I[OCJIENOBATEIbHO COCAVWHEHHBIMM  HEJIMHEMHOW  KaTYIIKON
UHIYKTUBHOCTH U O6aTapeu KOHJEHCAaTOPOB.
B ssiekTprueckux nensax ¢ napauiesIbHO COEAMHEHHBIMY HEJIMHEMHONW KaTyIIKOW HHIYKTUBHOCTH U
6arapen KOHJIEHCATOPOB.
Hegepno.
BepHo.

2. YKaxwuTe yCIOBHUE, IPH KOTOPOM B NApAIICITbHON AIIEKTPHUYECKON eI BO3HUKAET SIBIICHHE

dbeppopezoHaHca Toka.

Korna ammep-BosbTHas XapakTepHUCTHKAa KOHAEHCATOPHOW OaTapeu sBISETCS KacaTelbHON
aMIIEpBOJIbTHOM XapaKTEPUCTUKE HEIMHEWHON KATYIIKU UHYKTUBHOCTH.
Korna ammnep-BonbTHas — XapakTepuUCTUKa  KOHJEHCATOPHOM  Oaraped  mepecekaercss ¢
aMIIEpBOJIbTHOM XapaKTEPUCTUKON HEJTMHENHOM KaTyIIKH UHAYKTUBHOCTH.
Hesepno.
BepHo.

3. Kak ompenenutp BemMYMHY KPUTHYECKOH €MKOCTH, eciu mu3BecTHa BAX HenmuHeiHO

KaTyIIKH UHYKTUBHOCTH?

Heobxoaumo mpoBecTy NpsIMy0 depe3 MepBYI0 U MOCIeHIO Toukn BAX HenMHEHHOW KaTyIIku
WHJIYKTUBHOCTU. [10 HaKIOHY IIPSIMOM ONPEACIIUTD BEIMUNHY KPUTHYECKON €EMKOCTH.
HeoOxoaumo npoBecT kacarenbHyto K BAX HenmuHeHHONW KaTyIIKW UHIYKTUBHOCTHA B HaYaJIbHON
Touke. [10 HaKIOHY KacaTeIbHOHN ONPENEIUTh BEIUUYNHY KPUTUYECKON €EMKOCTH.



HesepHno.
Bepso.

4. Tlpu xaKkoi BeJIMUYNHE EMKOCTHU B IIETI MOYKET BOZHUKHYTH sIBJICHUE eppope3oHaHca Toka?
IIpu BenM4MHE EMKOCTH MEHBIIE KPUTHYECKOM.
[Tpu BenmuurHEe EMKOCTH OO0JIbIIE KPUTUYECKOM.
Hegepno.
Bepno.

5. Kakoil xapakTep HOCUT JIEKTpUYECKas LIeNb 10 CKauKa IIPH MOBBIILICHUN HAPSKEHUS?
NHIyKTUBHBIN.
EMKOCTHBII.
Hegepno.
Bepno.

6. 3a cuer kKakux (PaKTOpOB peajbHAs PE3YNbTUPYIOIIAs XapaKTEPUCTUKA OTIUYAETCS OT

TEOPETUYECKOM?
3a cuer pa3zbpoca XapaKTEpPHCTUK H3-32 HECTAOWJIBHOCTH IapaMETPOB HEIMHEHHOW KaTYIIKU
WHAYKTUBHOCTH M 0aTapen KOHAEHCATOPOB.
3a cyer npeHeOpeKeHUsl aKTUBHBIMU CONPOTUBIICHUSAMHU LENH MPHU MOCTPOCHUH PE3YJIbTUPYIOLIEH
BAX.
Hegepno.
Bepno.
Teopus nons

1. B HekoTtopoii Touke BekTtop E HampaBnen BBepx, Bekrop H or Hac. B kakywo cropony
AJIEKTPOMAarHUTHOE 110JI€ IEPEHOCUT SHEPTUI0 B JAHHOU TOUKE?

a) HampaBo,

0) BBEpX,

B) HaJIEBO,

T') BHU3.

[TpaBUIbHBII OTBET — B) HAJIEBO.

2. Kakue 13 nepeyrcieHHbIX XapaKTEPUCTUK HE OTHOCSTCS K 3JIEKTPUYECKOMY ITOJIIO:
a) E, [B/m]; 0) @, [B6]; B) H, [A/M];

[TpaBunbHbI oTBET - B) H, [A/M]

3. Kakue 13 nepeunciaeHHbIX XapaKTEPUCTUK HE OTHOCSTCS K MArHUTHOMY IOJIIO:

a) E, [B/m]; 0) B, [Tx]; B) H, [A/M]; T) @, [BO] .

[TpaBunbHbIi oTBET - a) E, [B/M]

4. DIEKTPOCTaTHUECKOE TOJI€ CO3/1aeTCS:

a) HEMOJBM)KHBIMHU TEJIAMU C TIEPEMEHHBIM 3apsJIOM;
0) JBYOKYIIVMMUCS 3apsJaMu;

B) HETO/BI)KHBIMU TE€JIAMU C TIOCTOSTHHBIM 3apsI0M;
r) MIPOBOJIHUKAMH C HJIEKTPUYECKHM TOKOM.

HpaBI/IHBHBIfl OTBET - B) HEMMOABMXKHBIMU TE€JIaMU C ITOCTOSAHHBIM 3apaa10M
5. 3akoH KynoHna onpenenser:

a) CHITY B3aUMOJICHCTBHUS MTPOBOTHUKOB C TOKOM;

0) CUITY, ICUCTBYIONIYIO Ha TIPOBOJHUK C TOKOM CO CTOPOHBI MAarHUTHOTO TIOJIS;
B) CHITY B3aUMOJICHCTBHUS TOUEUHBIX 3aps/IOB;

T) HaAMPSKEHHOCTH TMOJISE TOUEYHOTO 3apsija.

[TpaBUIBbHBIN OTBET - CHITY B3aUMOACUCTBUS TOUEUHBIX 3apsi/IOB
6. Enunnna nzmepenust 00beMHOM MIIOTHOCTH 3apsja:

a) K; 6) Kn/m; ) Kn/B; 1) Ki/m®

IIpaBuneusIi otBeT - 1) Ki/m®



7. EnuHuna u3MepeHust JIMHENHOM IIJIOTHOCTH 3apsa:
a) Kn; 6) Kn/m; 8) Kn/B; r) Kn/m?® IpaBunsuerii otser - 6) Kin/m

8. 3akon J[xxoymns-Jlenna B nuddepenimansaoit popme umeer BUI:
a)j=yE6)p=yE®B)p=[EXH],

IIpaBHIBHBIH OTBET - 6) p - YE?

9. BriGepuTte Hanbosee MoaHbIN 0TBET. MarHUTHOE MOJIE CO31aeTCs:

a) HEINOBHKHBIMH ITOCTOSIHHBIMHU 3apsiiaMH;

0) IIPOBOJHUKAMHU C IIEKTPUYECKUM TOKOM;

B) JBIKYILMMUCS 3apsiaMU WU IIEPEMEHHBIM JJIEKTPUYECKUM I10JIEM;
r) IIEPEMEHHBIM JIEKTPUYECKUM I10JIEM.

[IpaBUIBHBIN OTBET - B) ABMKYIIUMHUCS 3apsAaMu WIH IIEPEMEHHBIM JICKTPUUYECKUM TTOJIEM
10. Ctossume BOJIHBI B TUHUUA BO3ZHUKAIOT:

a) B COTJIACOBAHHOM PEXKHUME;

0) IIPH XOJIOCTOM XO/I€ B JIMHHUH C IOTEPSIMU;

B) MIPU KOPOTKOM 3aMbIKaHUU B JIMHUU C TIOTEPSIMH;
r) [P XOJIOCTOM XOJI€ B JTUHHUH 0€3 MOTEPb.

[TpaBUIIbHBII OTBET - I') IPU XOJIOCTOM XOJI€ B IMHUU 0€3 MOTEPb.

11. Kakoii mapamerp paBeH HYJIIO MPU COTIACOBAHHOM pPEXHUME JTMHHOHN JMHHUHU: a)KOd(PPHUIIHESHT
pacnpocTpaHeHus; 0) KOIPPUIMEHT OTpaKEHUS; B)BOJHOBOC COIPOTUBICHHUE;, T) (hasoBas
CKOpOCTb.

[TpaBuIBHBIN OTBET - 0) KOAPGUIIMEHT OTPAKECHHS

12. B n1ByxnpoBOo1HOI BO3AYIIHOM TuHUU 6e3 moTeps mpu yactore 50 'l hazoBast CKOPOCTh paBHa:
a) 30 km/c; 6) 3000 km/c; B) 6000 km/c; 1) 300000 KM/C

[TpaBunbHeIi oTBeT - T') 300000 KM/C

13. B 1ByXnpoBOHOM BO3AYITHOW JIMHUK 03 moTeph npu yactore SO ['11 AyinHa BOTHBI

paBHa:

a) 3000 km; 0) 5000 xMm; B) 6000 kM; 1) 60 kM

[TpaBuibHbI O0TBET - B) 6000 kM

14. Y310M cTosiueit BOJHBI Ha3bIBACTCSA TOUKA, B KOTOPOH HaNpsHKEHUE UM TOK UMEIOT:

a) MOJIOKUTEIIbHOE 3HAUEHUE;

0) MaKCHMaJIbHOE 3HAYCHUE;
B) HYyJIEBOE 3HAUCHHUE;
T) OTpHUIaTeNIbHOE 3HAUYCHHE.

[TpaBUIIbHBII OTBET - B) HYJIEBOE 3HAUYEHUE

15. Bekrop [loliHTHHTa 3a1a€TCSI COOTHOLLICHUEM:

a)p=[Hx B],6) p=[Ex B, 8)p=[ExH],r)p=[HxE]

[MpaBuiabHbI OTBET - B) p = [EXH]

16. Ilnockuii koHTyp miomaneto 100 cM pacnosnokeH NEpHEeHAMKYISPHO CHIIOBBIM JIMHUSAM
OJIHOPOAHOI'0 MarHUTHOTO MoJIs ¢ MHAYKIKMeH B - 0.2 Tin. MarauTHbIN IOTOK B KOHTYPE paBeH:

a) 0.002 B6; 6)20 B6; B) 500 B6; r)5 B6 IIpaBunbHerii otBet - a) 0.002 B6

17. VI3MeHeHue 3HEpPruM 3JIEKTPOMATHUTHOTO IOJII B HEKOTOPOM O0BbEME MOXKHO PacCUMTaTh C

MIOMOIIBIO:
a) 3aKOHA JIEKTPOMAarHuTHON MHIYKIINY;
0) Teopembl Y MoBa-IloitHTHHTa;

B) teopemsl ["aycca;

1") 3aKOHa ITOJIHOT'O TOKaA.



[TpaBuibHBI OTBET - 0) Teopembl Y MoBa-IloitHTHHTa

18. Bekrops! E u H anekTpoMarHuTHOT0 1oJsl NEPIEHIUKYIIPHBL Ipyr Apyry. Uemy paBeH BEKTOD
[Totintuara, eciim H =1,5 A/m, E= 10 B/m?

a) 15 BA/M?; 6) 0.015 BA/M?; B) 66.7 BA/M?; 1) 225 BA/M? TpaBunbHerii otBeT - a) 15 BA/M?

19. I'panueHT noTeHana TOYEYHOTO MOJI0KUTEIBHOTO 3apsiia HallPABJICH:

a) BJIOJIb CUJIOBBIX JIMHUH OT 3apsijia;
0) BJIOJIb CHJIOBBIX JIMHUU K 3apsy;

B) MEPIICHIUKYIISIPHO CHIJIOBOH JINHUH,
T) oA yriioM 45° Kk CUJIOBOM JIMHKH.

[TpaBuIbHBIN OTBET - 0) BIOJIb CUIIOBBIX JIMHUH K 3apsiay
20. CkansipHO€ IPOU3BEJICHUE JIBYX BEKTOPOB UMEET MAaKCUMAJIbHOE 3HAYECHHE:

a) IIPU PACTIONIOKEHUH BEKTOPOB 1o yriioM 90°;
0) IIPU PACTIOTIOKEHUH BEKTOPOB MO/ yriioM 45°%;
B) IIPH PACIIONIOKEHUH BEKTOPOB 101 yriiom 60°;
r) [IPU NAPaJLICIIbHOM PACIIOIOKEHHH BEKTOPOB.

[TpaBUIIbHBII OTBET - T') IPH MAPAIIIEIBHOM PACIIOIOKEHUN BEKTOPOB
21. BexTtopHOE MpOU3BECHHE JBYX BEKTOPOB UMEET MaKCUMAaJIbHOE 3HAUCHHE:

a) IIPU PacIoJIOKEHUU BEKTOPOB 1Mo yriiom 90°;
0) IIPU PacIoJIOKEHUU BEKTOPOB MO yriiom 45°%;
B) IIPU PacIojIOKEHUU BEKTOPOB Mo yriiom 60°;
r) MIPU APAILICIIEHOM PACIIONIOKEHUH BEKTOPOB.

[TpaBUIIbHBII OTBET - @) MPHU PACIIOIOKEHUN BEKTOPOB 101 yriaoM 90°

3.5 TunoBbie KOHTPOJIbHBIE 32/1aHUSI IJIS BHINOJHEHUSI IPOBEPOYHBIX PadoT
KoHTposibHBIE BapuaHTBl 3aJlaHUM  BBUIOKEHBI B DJICKTPOHHOM  HMH(POPMALIMOHHO-
obpazoBarensHoil cpene Upl YIIC, noctymHo# oOyuaroemycs 4yepe3 ero JTUYHbII KaOUHET.
Hwxe npuBenen oOpasell THUMOBBIX BApUAHTOB 3aJaHUN JJIST BBITIOJIHEHHS MPOBEPOUYHBIX
pador.

O0pa3zer] THIOBOTO BapHaHTa MPOBEPOYHON pabOTHI
«MeTtoapl pacuéra HETMHEHHBIX IEKTPUIECKUX ETIel TOCTOSTHHOTO TOKAY

[TosicHUTB CyTh METOJIOB pacd€Ta MPOCTBIX HEIMHEMHBIX LENEN TOCTOSHHOIO TOKA.
1. I'padpuueckure MeToIbl pacyera.

2. AHaIIMTUYECKHUE METOIbI pacyeTa.

3. MopenupoBaHue.

OOpa3zer; THIIOBOTO BapHaHTa MPOBEPOYHON pabOThI
«MeTtoppl pacuéTa MarHUTHBIX LIETICH»

[TosicHUTB CYyTh METOJIOB pacdéTa MPOCTHIX MATHUTHBIX IETEH.

1. 'padmyeckue meroanl pacuera. [Ipsmas u oOpaTHas 3a7a4u Ipu pacuére
HEpa3BETBJIEHHON MarHUTHOM 1ienu. MeToJ1 ABYX Y3JIOB.

2. AHaIIUTUYECKHE METO/IbI pacyeTa.

3. MonenupoBaHue.

OO6pazel TUIOBOTO BapHaHTa MPOBEPOUHON pabOTHI
«MeTobl pacu€Ta HEIMHEWHBIX NIEKTPUUECKUX LENEH TIEPEMEHHOIO TOKa»

[losicHUTB CyTh METOJIOB pacu€Ta HEIMHEUHBIX SJIEKTPUUECKHX LENel TEPEMEHHOTO TOKaA.
1. T'paduuecknii MeTO pacueTa 0O MTHOBEHHBIM 3HAUYCHHUSIM.



no

MeTto1 aHATUTUYECKOW alMpPOKCUMALIUH.

MeTto1 KyCOYHO-TMHEWHOW alPOKCUMALIUH.

4, Merox pacuera TO JACUCTBYIOIIMM 3HAYEHUSM HECHMHYCOWJAIBHBIX HAIPSOHKEHUN |
TOKOB WJIM TI0 UX TIEPBBIM TAPMOHHUKAM.

w

O06pa3zer THIOBOTO BapHaHTa MPOBEPOYHON pabOTHI
«Karymika ¢ peppoOMarHUTHBIM CEPIECIHUKOM)

AHanu3 KaTyIIKd HHIYKTUBHOCTH C (DEpPOMArHUTHBIM CEPACYHUKOM IO JIECHCTBYIOIIUM
3HAYEHUSM TOKA U HAIPSDKEHUSL.

OOpa3er THIOBOTO BapuaHTa MPOBEPOYHOI pabOTHI
«OnnHo(azuelii Tpanchopmarop ¢ peppoOMarHUTHEIM CEPACUHUKOM

Anamu3 oanodazHoro TtpaHchopmaropa ¢ (GEeppOMArHUTHBIM CEPACYHUKOM 1o

HeﬁCTBYIOHIHM 3HAYCHHAM TOKA W HAIIPAKCHUA.

OO6pazel TUIIOBOrO BapuaHTa IPOBEPOUHOM pabOTHI
«Deppope3oHaHC HATTPSIKEHUS»

Ananu3 ¢peppopezoHaHca HaMPsHKEHUN MO JEHCTBYIOIUM 3HAYSHHSIM TOKA U HAPSIKEHHUS.

OOpa3zer THIIOBOTO BapuaHTa MPOBEPOYHON pabOThI
«Deppope30HaHC TOKa»

Ananu3 ¢peppope3oHaHca TOKa MO JSHCTBYIONUM 3HAYCHHUSIM TOKA U HATIPSKCHHS.

OO0pazen TUIIOBOrO BapuaHTa IPOBEPOUHOMN pabOTHI
«MarHuTHOE 10JIe HOCTOSIHHOTO TOKa»
OO6pazen TUIOBOTO BapHaHTa MMPOBEPOUHON pabOTHI
«DNEKTPOMAarHUTHOE TOJIE»

OO6pazen TUIOBOTO BapHaHTa MPOBEPOUHON pabOTHI
«[1nockue 3eKTpOMarHUTHbIE BOJIHBD

1. B Hexotopoit touke BekTtop E Hampasien BBepx, Bektop H or Hac. B kakyro CTOpoHY
AJIEKTPOMAarHUTHOE I0JI€ IEPEHOCUT SHEPTHUIO B JAHHOU TOUKe?

a) HampaBo,

0) BBEpX,

B) HAJIEBO,

T') BHH3.

[TpaBUIIbHBII OTBET — B) HAJIEBO.

2. Kakue 13 nepeyrcieHHbIX XapaKTEPUCTUK HE OTHOCSTCS K 3JIEKTPHUUECKOMY IOJIIO:
a) E, [B/m]; 0) @, [B6]; B) H, [A/M];

[TpaBunbHbIl oTBET - B) H, [A/M]

3. Kakue 13 nepeunciaeHHbIX XapaKTEPUCTHK HE OTHOCATCS K MATHUTHOMY IOJIIO:

a) E, [B/Mm]; 6) B, [Tn]; B) H, [A/M]; T) @, [BO] .

[TpaBunbHEI OTBET - a) E, [B/M]

4. DIIeKTpOCTaTUYECKOE MOJIE CO3/1aeTCs:

a) HEMOJIBUKHBIMH T€IaMU C IEPEMEHHBIM 3apsI0M;

0) JBIOKYIIAMUCS 3apsiaMu;

B) HEMOJIBUYKHBIMH TEJIAMHU C TIOCTOSIHHBIM 3apsS0M;



r) MIPOBOJTHUKAMH C 3JIEKTPUYECKUM TOKOM.
HpaBI/IHBHBII\/'I OTBCT - B) HCMMOABWXXHBIMU TCJIaAMHU C ITOCTOSSHHBIM 3apAa10M
5. 3akoH Kynona onpenenser:

a) CUJTY B3aUMOJICUCTBUS TPOBOJITHUKOB C TOKOM;

0) CHILy, IEHCTBYIOIIYIO Ha MPOBOJIHUK C TOKOM CO CTOPOHBI MArHUTHOTO MOJIS;
B) CHITy B3aUMOJICHCTBUS TOUCUHBIX 3aps/IO0B;

r) HaAMPSKEHHOCTD IM0JISE TOUYEYHOT0 3apsija.

[TpaBUIIbHBII OTBET - CUITY B3aUMOJACUCTBUS TOUEUHBIX 3apsII0B

6. Enqununa nsmepenust 00beMHOM MIIOTHOCTH 3apsijia:

a) Kn; 6) Kn/m; B) Ki/B; 1) Kn/m®

[paBunbusIii otBeT - r) Kn/m?

7. Enununa u3MepeHust JIMHEWHOM IUIOTHOCTH 3apsija:

a) Ku1; 6) Kin/m; B) Ki/B; 1) Ki/m?® [paBusibHblii otset - 6) Ki/m
8. 3akon J[xoyns-Jlenna B quddepennnansHoi GopMe UMEET BHI:
a)j=yE6)p=yE?,B)p=[EXH],

IIpaBunbHsIA oTBET - 6) p - YE?

9. Beibepute Hanbomee MONHBINA OTBET. MarHUTHOE MOJIE CO3/1aeTCsl:

a) HEMOIBIYKHBIMH ITOCTOSIHHBIMH 3apsIaMHU;

0) MIPOBOIHUKAMU C JIEKTPUUECKUM TOKOM;

B) JBUOKYITIMECS 3aps/IaMy WA TIEPEMEHHBIM 3JICKTPHYSCKUM TOJIEM;
T) MIEPEMEHHBIM 3JICKTPHUYCCKHUM ITOJIEM.

[TpaBUIIbHBII OTBET - B) ABMXKYIIMMHUCS 3apsIaMU HIIM IEPEMEHHBIM 3JIEKTPUUECKUM T0JIEM
10. Ctosiurie BOJIHBI B IUHUU BO3HUKAIOT:

a) B COIJIaCOBAHHOM PEXHUME;

0) IIPU XOJIOCTOM XOJZI€ B JIMHUM C IOTEPSIMU;

B) IIPU KOPOTKOM 3aMbIKaHUU B JIMHUU C TIOTEPSIMH;
r) IIPU XOJIOCTOM XO/I€ B JIUHUM 0€3 MOTEPh.

[TpaBHIIbHBII OTBET - I') IPU XOJIOCTOM XOJI€ B IUHUU 0€3 MOTEPb.

11. Kakoit mapameTp paBeH HYIIO MPU COIIACOBAHHOM PEXHUME JUIMHHOM JMHUU: a)Kod3()PUIIHEHT
pactpoctpaHeHus; 0) KOd(DPUIMEHT OTpa)kKeHHUs; B)BOJHOBOE COMPOTUBIEHHE;, T) (a3oBas
CKOPOCTb.

[TpaBuibHBIN OTBET - 0) KOADGUIHMEHT OTpaKEHUSA

12. B 1ByXnpoBOJHOM BO31yLIHOM JIMHUM 63 noTeph npu yactote 50 ' ¢a3zoBast ckopocTh paBHa:
a) 30 km/c; 6) 3000 km/c; B) 6000 km/c; 1) 300000 KM/C

[TpaBunbHbIil oTBeT - ') 300000 KM/C

13. B 1ByxXnpoBOgHOM BO3AYITHOW JIMHUK O3 moTeph npu yactote SO ['11 AyinHa BOJTHBI

paBHa:

a) 3000 xm; 6) 5000 xMm; B) 6000 kM; 1) 60 KM

ITpaBuiibHBI OTBET - B) 6000 kM

14. Y310M cTosiueit BOJHBI Ha3bIBAETCSA TOUYKA, B KOTOPOH HANpsHKEHUE UM TOK UMEIOT:

a) MOJIOKUTEIbHOE 3HAUCHUE;

0) MaKCHMaJIbHOE 3HAYCHUE;
B) HYJIEBOE 3HAYCHMUE;
r) OTPULIATEIILHOE 3HAYEHUE.

[TpaBUIIbHBII OTBET - B) HYJIEBOE 3HAUEHUE
15. Bekrop [loliHTHHTa 3a1a€TCSI COOTHOLLICHUEM:
a)p =[HxB],0)p=[ExB],5)p=[ExH], r)p=[HxE]



[MpaBusbHbI OTBET - B) p = [EXH]

16. Ilnockuii koHTyp muomanapto 100 cM pacnosnokxeH NEpHEeHAMKYISPHO CHIIOBBIM JIMHUSAM
OJIHOPOJAHOI'0 MAarHUTHOTO 1oJIst ¢ UHAYKIKEH B - 0.2 Tin. MarauTHbIN IOTOK B KOHTYPE paBeH:

a) 0.002 B6; 6)20 B6; B) 500 B6; r)5 B6 IIpaBmibHnserii otBert - a) 0.002 B6

17. VI3MeHeHue 3HepruM 3JIeKTPOMATHUTHOIO IOJII B HEKOTOPOM O0bEME MOYKHO PacCUMTaTh C
IIOMOUIBIO:

a) 3aKOHA JJICKTPOMAarHUTHOW UHTYKIIHH;
0) Teopembl Y MoBa-IloitHTHHTa;

B) Teopemsl ["aycca;

r) 3aKOHa I10JIHOTO TOKA.

[TpaBuIIbHEI OTBET - 0) TeopeMbl Y MoBa-IlolHTHHTA

18. Bekrops! E u H anekTpoMarHuTHOT0 1oJ1sl NEpIEeHIUKYISApHBL Ipyr Apyry. Uemy paBeH BEKTOp
[Totintuara, eciim H =1,5 A/m, E= 10 B/m?

a) 15 BA/M?; 6) 0.015 BA/M?; B) 66.7 BA/M?; T) 225 BA/M? TpaBunbHslii oTBeT - a) 15 BA/M?

19. I'pagueHT noTeHMaia TOYEYHOTO OJIOKUTENBHOTO 3apsia HaPaBIICH:

a) BJIOJIb CHUIOBBIX JIMHUM OT 3apsja;
0) BJIOJIb CUJIOBBIX JIMHUM K 3apsLy;

B) MEPICHIUKYIIIPHO CUIIOBOM JIMHUU;
r) o1 yrioM 45° K CHII0BOM JIMHUHU.

[TpaBUIBHEII OTBET - 0) BIOJb CUIIOBBIX JIMHUH K 3apsiay
20. CkansipHO€ IPOU3BEJICHUE JIBYX BEKTOPOB UMEET MaKCUMaJIbHOE 3HAYECHHE:

a) IIPH PACIIONIOKEHUH BEKTOPOB 101 yriiom 90°;
0) P PACIOJI0KEHUU BEKTOPOB MO YriioMm 45°;
B) IIPH PACIIONIOKEHUH BEKTOPOB 101 yriiom 60°;
r) [IPH NAPaJLICIIbHOM PACIIOIOKECHHH BEKTOPOB.

[TpaBUIIbHBII OTBET - I') IPH MAPAIJIEIBHOM PACIIOIOKEHUN BEKTOPOB
21. BexTopHO€ NpOU3BEEHHE JBYX BEKTOPOB UMEET MAKCUMAaJIbHOE 3HAUEHUE:!

a) P PacroJIOKEHUU BEKTOPOB Mo yriiom 90°;
0) MIPU PACTIONOKEHUH BEKTOPOB MO/ yriioM 45°;
B) IIPU PACTIONIOKEHUH BEKTOPOB M0J1 yriioMm 60°;
r) IIPU apayIeIbHOM PACIIONOKEHUH BEKTOPOB.

[TpaBUIBbHBIN OTBET - @) PHU PACIIONOKEHUN BEKTOPOB 1oA yriom 90°

3.6 IlepeyeHb TeOpeTHYECKNX BONPOCOB K 3a4eTy
(175 OLIEHKH 3HAHUM)

1.3axon Kynona. Hanps>keHHOCTB 2JIEKTPOCTaTUYECKOTO MOJIS

2.Hamnps>KeHHOCTB 3JIEKTPOCTaTUYECKOIO M0JIsI, CO3aBAEMOI0 TOUEUHBIM JIEKTPUUECKUM 3apSIOM,
U HaNpsHKEHHOCTH MOJIs, CO3/1aBaeMOro n 3apsiiaMu

3.IToTeHHaI IIEKTPOCTATUYECKOTO MTOJISI. DKBUIIOTEHIIMAIBHBIEC TOBEPXHOCTH

4.I'paduueckoe n3o0pakeHue deKTpocTaTHIeckoro nois. Kapruna momns

5.CBsi3p MEX]ly HaANpsOKEHHOCTBbIO M MOTEHIMAIOM AJIeKTpocTaThyeckoro mnoussd. OmnpezeneHue
HANPSDKEHHOCTH TIOJISL B IPOM3BOJIBHON TOUKE U3 KAPTUHBI OIS

6.IloTOK HanpsKEHHOCTH AJIeKTpocTaTndeckoro noist. Teopema ["aycca 1uist 3IEKTpOCTaTUUECKOTO
MOJIsl B BaKyyMe B MHTErpajibHOU hopme

7.Teopema ['aycca s 3€KTPOCTATUYECKOTO MOJISA B I~

AIIEKTPUYECKON cpeJie B MHTEerpajibHOM popme

8.0neKTpocTaTHuecKoe MoJjie BHYTPHU U HA IOBEPXHOCTH MPOBOJAIIETO TeJa PU OTCYTCTBUH TOKOB



9.IlonApu30BaHHOCTD AURIEKTPUKA. J(nanekTpudeckas BOCHIPUMMYNUBOCTD.

AOGCoMI0THAs M OTHOCHUTENbHAS AUIIEKTPHUECKUE TPOHUIIAEMOCTH

10.Teopema ["'aycca 115t 2J1€KTPOCTATUYECKOTO MOJISI B

BakyyMme B nuddepeHuansHoi popme

11.Teopema I'aycca 115t 37€KTPOCTATUYECKOTO MOJISI B

TUAJICKTPUIECKON cpene B auddepeHnnansuoi hopme

12.YpaBuenus Ilyaccona u Jlannaca st 371€KTpOCTaTHYECKOIO MOJIS B IUIEKTPUUECKOM cpelie
13.I'panrunble yCIOBUS [UISL 3JEKTPOCTATHUYECKOTo mouisi. Teopema €AMHCTBEHHOCTH pPEIEHUs
ypaBHeHult [lyaccona u Jlamaca

14.MeTo[ 3epKaIbHBIX W300pasKEHHUH IS AIEKTPOCTATUIECKOTO OIS

15.XapakTepucTUKH 3JIEKTPUUYECKOTO MO B IpoBosiei cpene. [I1oTHOCTh ToKa U TOK
16.3akon Oma B tuddepentmanpaoit hopme

17.I1epssiit 3akon Kupxroga B nuddepenmansHoit popme

18.3akon JIxxoynsa-Jlenna B nudpepennmanbaon hopme

19.VpaBHenue Jlannaca [ij1sl 37E€KTPUUECKOT0 TOJIS B IPOBOAAIIEH cpeie.

['pannyHbIE YCIOBUSA MIPH MEPEXOE TOKA U3 OJTHOM MPOBOSIICH CPElbl B IPYTYIO

20.Ananorust MeXay 3JIeKTPOCTATUYECKUMHU TOJISIMH B IPOBOJIAIICH Cpesie U B AUIICKTPUKE
21.CooTHo1IEHNE MEXTYy IPOBOJUMOCTHIO U EMKOCTBIO

22.XapaKTepuCTUKN MarHUTHOTO MOJISl IOCTOSIHHOTO TOKA U CBA3b MEXK/Yy HUMU

23.3akon buo-Caapa-Jlamiaca

24.Cuna Amnepa

25.Teopema I'aycca st BEKTOpa MarHUTHOM MHAYKLIUH

26.3aK0H MOJIHOTO TOKa B MHTErpasibHOM 1 quddepeHnunansHoi Gopmax

27.BeKTOpHbIN NOTEHIIMAI MAarHUTHOTO TOJIsA. BhIpakeHre MarHUTHOTO MOTOKA Yepe3 HMUPKYIISIIIHIO
BEKTOPHOT'0 MOTEHIIMAA

28.MaruuTHOE 1oJie B 00J1acTsX, 3aHATHIX U HE3aHSTHIX TOCTOSHHBIMH TOKaMU

29.MarHuTHbI ToTeHuuMan. YpaBHeHue Jlamuiaca JUisi MarHUTHOTO MOTEHIMAla M T'PaHUYHbIE
yCIIOBUS Ha TPaHMIIE pa3ziesia OJHOPOIHBIX U U30TPOIHBIX MarHUTHBIX CPEJl

30.B3auMHOE COOTBETCTBHE JIEKTPOCTATUIECKOTO U MArHUTHOTO TOJIEH

31.IIpuMeHeHne MeTo/1a 3epKaIbHBIX M300paXKeHUH JUIsl pacueTa MarHUTHBIX MOJIeH, co3jaBaeMbIX
JUHEHHBIMU TOKAMH, TPOTEKAIOIUMHU BOJIM3H CTAIBHBIX MacC

32.IlepBoe ypaBHeHHEe MakcBeiia

33.Bropoe ypaBHeHne MakcBesuia

34.YpaBHeHUE HENPEPBIBHOCTH IIJIOTHOCTH ITOJIHOTO TOKA M 3aKOH COXPAaHEHUS 3apsaa

35.Tok cMmerieHus

36.YpaBHenus MakcBesuia B KOMIUIEKCHOU (hopmMe 3anucu

37.Teopema YmoBa-IIoMHTHHTA 1711 MTHOBEHHBIX 3HAYECHHI

38.IlepeHoc sHEPrUM MO JUHUU AIEKTpoIepeaayd

39.I1lepeHoc sHEPrUU MO KOAKCHATHbHOMY Kabemro

40.ITnockast TMHENHO NOIAPU30BaHHASI DJIEKTPOMArHUTHasl BOJIHA B ITPOBOASILEN Cpene
41.MarHuTHbIH MOBEPXHOCTHBINA 3PPEKT B POBOJIAIIEM JIUCTE

42 .3neKTpuUecKuil MOBEPXHOCTHBIHN 3(h(heKT B MPOBOISIIEM JIHCTE

43.OneKTprUuecKHil MOBEPXHOCTHBIN 3(PPEKT B IMITUHAPUIECKOM ITPOBOIE

3.7 IlepevyeHb THMOBBIX MPOCTHIX MPAKTHYECKUX 3aJAHUI K 324eTy
(ISt OLIEHKH YMEHMIA)



Pemmth npaktuyeckue 3agaun Ha Kaxayro teMy. Bemmonmaute PI'P u KP. Pemnts 3amaun no
CTallMOHAPHOMY MarHUTHOMY TOJIIO0. BBIMOIHUTE 1abopaTopHbie pabOTHI.

3.8 IlepeyeHb THMOBBLIX MPAKTHYECKHUX 321aHUI K 3a4eTy
(17151 OTICHKH HABBIKOB M (MJIM) OIIBITA JESITEIIbHOCTH )

1. B nekotopoii Touke Bekrop E HampaBnen BBepx, Bekrop H or Hac. B kakywo cropony
JIEKTPOMAarHUTHOE 110JIE€ IEPEHOCUT SHEPTUIO B JAHHON TOUKE?

a) HampaBo,

0) BBEpX,

B) HAJIEBO,

T') BHU3.

[IpaBUIBHBIN OTBET — B) HAJICBO.

2. Kakue U3 nepedyucieHHbIX XapaKTEPUCTUK HE OTHOCSTCS K 3JIEKTPUYECKOMY ITOJIIO:
a) E, [B/m]; 6) @, [BO]; B) H, [A/M];

[TpaBunbHEI oTBET - B) H, [A/M]

3. Kakue 13 nepeunciaeHHbIX XapaKTEPUCTUK HE OTHOCSTCS K MArHUTHOMY I1OJIIO:

a) E, [B/m]; 6) B, [Tx]; B) H, [A/M]; T) D, [BO] .

[TpaBunbHEI oTBET - a) E, [B/M]

4. DIJIeKTPOCTaTUYECKOE 10JIE CO3/1aeTCs:

a) HEMOJIBIKHBIMH TEJIAMH C TISPEMEHHBIM 3apsIOM;
0) JIBUKYIIUMHECS 3apsIaMu;

B) HEIOIBIKHBIMH TEJIAMH C TIOCTOSIHHBIM 3apsI0M;
T) MIPOBOHUKAMHU C DJIICKTPUUECKUM TOKOM.

HpaBI/IJH)Hl)If/'I OTBET - B) HCIMOABWXXHBIMHU TCJIaMHU C ITOCTOSAHHBIM 3apAa10M
5. 3akon Kynona onpenenser:

a) CUJTY B3aUMOJICUCTBUS TPOBOTHUKOB C TOKOM;

0) CUITY, ACMCTBYIOUIYIO HA IPOBOJHUK C TOKOM CO CTOPOHBI MAarHUTHOTO MOJIS;
B) CUJIY B3aUMOJICMCTBUSI TOUEUHBIX 3aps/I0B;

T) HaIpPsKEHHOCTH T0JI TOYEYHOTO 3aps/a.

[TpaBUIBbHBIN OTBET - CHITy B3aUMOACHCTBUS TOUEUHBIX 3apsi/10B

6. Enunnna nzmepenust 00beMHOM IIIOTHOCTH 3apsja:

a) K; 6) Kn/m; B) Kn/B; 1) Ki/m®

IpaBunsHsIi otBeT - 1) Ki/m®

7. EquHunina n3MepeHust IMHEHHOMN TUIOTHOCTH 3apsija:

a) Ki; 6) Kn/m; B) Ki/B; 1) Ki/m® TpaBunbHEIif otBeT - 6) Ki/m
8. 3akon Jlxxoynsa-Jlenna B tuddepeHmanbHol GopMe UMeeT BUA:
a)j=yE6)p=yE*,B)p=[EXH],

TIpaBHIBHEL OTBET - 6) p - yE?

9. Bribepute Hanbosee MONHbIM 0TBET. MarHUTHOE T0JI€ CO3/1aeTCs:

a) HETOJIBIYKHBIMH ITOCTOSTHHBIMH 3apsIaMHU;

0) MIPOBOTHUKAMU C DJICKTPHUUECKUM TOKOM;

B) JBYOKYIITIMECS 3apsi/IaMy WA TIEPEMEHHBIM JICKTPHYSCKHUM TTOJIEM;
T) MIEPEMEHHBIM 3JICKTPHYCCKHUM ITOJIEM.

[IpaBUIBHBIN OTBET - B) ABMKYIIUMHUCS 3apsSAaMu WIH MIEPEMEHHBIM AJIEKTPUUYECKUM MOJIEM
10. CTosgure BOJHBI B IMHUY BO3HHKAIOT:

a) B COIJIACOBAHHOM PEXHUME;

0) MIPU XOJIOCTOM XO/I€ B JIUHUU C TIOTEPSIMU;



B) MIPU KOPOTKOM 3aMBIKaHUU B JIMHUU C TIOTEPSIMH;

T) P XOJIOCTOM XOJI€ B TUHHUH 0€3 MOTEPh.

[TpaBUIBHBII OTBET - T') IPH XOJIOCTOM XOJI€ B IMHUH O€3 MOTEPh.

11. Kakoit mapameTp paBeH HYIIO MPU COTIACOBAHHOM PEXHUME JUIMHHON TUHUU: a)Kod(uimeHt
pactpoctpaHeHus; 0) KO3 HUIMEHT OTpa)KEHHUs;, B)BOJHOBOE COIPOTHBICHHE; T) ¢dazoBas
CKOPOCTb.

[TpaBunbHBIN OTBET - 0) KOAPHUIIMEHT OTPAKECHHS

12. B 1ByXnpoBOHOM BO3AYITHOM JTMHUK 0e3 moTeph npu yactote 50 1 ha3oBast CKOpocTh paBHa:
a) 30 km/c; 6) 3000 km/c; B) 6000 km/c; 1) 300000 KM™m/C

[TpaBunbHEI oTBeT - T') 300000 KM/C

13. B 1ByXmpoBOIHO# BO3AYIIHOM TMHUU 6€3 moTeph mpu yactote 50 ' ;nmmHa BOTHBI

paBHa:

a) 3000 km; 6) 5000 xMm; B) 6000 kM; 1) 60 kM

[IpaBunbHEbI 0TBET - B) 6000 KM

14. Y310M cTosueil BOJTHBI HAa3bIBACTCS TOUKA, B KOTOPOI HAMPSXKEHUE UITU TOK UMEIOT:

a) [TOJI0KUTEILHOE 3HAYEHHE,
0) MaKCHUMaJIbHOE 3HAUYEHUE;
B) HYJIEBOE 3HAYCHMUE;

r) OTPULIATEIILHOE 3HAYEHUE.

[TpaBUIIbHBII OTBET - B) HYJIEBOE 3HAUEHUE

15. Bextop [loitHTHHTa 3a7a€TCSI COOTHOIICHHEM:
a)p=[HxB],6)p=[ExB],B)p=[ExH],r)p=[HxE]

[TpaBuibHEIA OTBET - B) p = [EXH]

16. Ilnockuii koHTyp mowanso 100 cM pacmonokeH NEepHeHIUKYISIPHO CHIIOBBIM JIMHUSAM
OJIHOPOJIHOI'O MarHUTHOTO 10JiA ¢ uHAYKuuen B - 0.2 Tin. MarHuTHbIN IOTOK B KOHTYPE PABEH:

a) 0.002 Bo; 6)20 B6; B) 500 B6; r)5 B6 IIpaBmibnsrii oTBeT - a) 0.002 B6

17. 3MeHeHue »HEepruM 3JIeKTPOMATHUTHOIO TOJISI B HEKOTOPOM 00BbEME MOKHO paccuuTaTh C

HIOMOIIIBIO:
a) 3aKOHA 3JIEKTPOMAarHuTHOM MHIIYKIINY;
0) TeopeMbl Y MoBa-IloiiHTHHT;

B) Teopemsl ["aycca;

r) 3aKOHa MMOJIHOTO TOKA.

[TpaBuibHBI OTBET - 0) Teopembl Y MoBa-IloitHTHHTa

18. Bekrops! E 1 H anekTpoMarauTHOTO N0JIs NEPIEHIUKYIIAPHBI IpYr Apyry. Uemy paBeH BEKTOD
ITovtaTHara, ecau H =1,5 A/m, E= 10 B/m?

a) 15 BA/M?%; 6) 0.015 BA/M?; B) 66.7 BA/M?; 1) 225 BA/M? TIpaBuiibHbIii oTBeT - a) 15 BA/M?

19. I'paaueHT MOTEHIMAIAa TOYEYHOTO MOJI0KUTEIBHOTO 3aps/ia HalpaBJIEeH:

a) BJIOJTb CUJIOBBIX JIMHHUI OT 3apsjia;
0) BJIOJIb CUJIOBBIX JIMHUN K 3apsIy;

B) MEPIICHIUKYJIIPHO CHJIOBOM JINHUM,
T) o yrioM 45° K CHIIOBOY TUHUH.

[TpaBuIbHBII OTBET - 0) BJIOJIb CUJIOBBIX JIMHUH K 3apsay
20. CkanspHoe NMPOU3BEICHHE JIBYX BEKTOPOB UMEET MAaKCHUMAJIbHOE 3HAUEHHUE:

a) P PacIoJIOKEHUU BEKTOPOB Mo yriiom 90°;
0) P PacIoOJIOKEHUU BEKTOPOB MO Yriiom 45°;
B) P PacroJIOKEHUU BEKTOPOB Mo yriiom 60°;

1") IIpHU MMapalJICJIbHOM PACIIOJIOKCHUU BEKTOPOB.



ITpaBHIIBHBII OTBET - I') TP MAPAIIIEIBHOM PACIIOJIOKEHUN BEKTOPOB

21. BexTopHO€E NPOU3BEIEHHE JBYX BEKTOPOB UMEET MAKCUMAJILHOE 3HAUYEHUE:!

a)
0)
B)
r)

IIPU PACTIOTIOKEHUH BEKTOPOB 1o yriioM 90°;
IIPU PacIoJIOKEHUU BEKTOPOB MO yriiom 45°%;

IIPH PaCcIOJI0KEHUU BEKTOPOB Mo yriiom 60°;

IIpH MapajICJIbHOM PaCIIOIOXKCHNHU BEKTOPOB.

[IpaBUIBHBIN OTBET - &) IPH PACIIOJIOKEHUH BEKTOPOB 1101 yriioM 90°
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.

26.
27.

28.
29.
30.

31.
32.
33.

3.9 IlepeueHb TeopeTHYECKHUX BONMPOCOB K IK3aMeHY
(nIs OTICHKY 3HAHM)

Onpenencaue. YpaBHEHUS YETHIPEXIIOIIOCHUKA ISl IPSIMOTO M OOPATHOTO BKITIOYCHUMN
IlepBrUuHBIE MTapaMETPhl YETHIPEXITOIOCHUKA.

Cxembl 3aMeIeHHs YETHIPEXIOIIOCHUKA. [lapaMeTpbl XO0J0CTOro XoJa W KOPOTKOTO
3aMbIKaHUA YCTBIPCXIIOJIOCHHKA.

Omnpenenenue napaMeTpoB YETHIPEXITOIIOCHHKA.

Bropuunble mapaMeTpbl YETBIPEXTOIIOCHUKA. XapaKTEPUCTUUECKUE CONMPOTUBIICHUS U
MIOCTOSIHHAS TIepEe/IayH YSThIPEXITOIFOCHUKA.

HCpI/IOI[I/I‘-IGCKI/Ie HCCHMHYCONOAJIbHBIC TOKU B JIMHENHEBIX OJICKTPUYCCKUX LCIIAX.
Onpenenenue MEPUOIUYECKUX HECHUHYCOUJAIBHBIX TOKOB M HANPSOKEHWH, HX
n300pakeHHe ¢ MoMOIIbIo psigoB Dypoe.

HekoTtophbie CBOWCTBA MEPHUOJHMUECKUX KPUBBIX, O0IATAIOIINX CHMMETPHEH.
JleiicTByromue 3HaUYeHUs] HECHHYCOHMJAIBHBIX TOKOB W HampsbkeHuil. KoaddummenTs
TapMOHUK, HEJIMHEWHBIX HCKKCHH, CpEIHEeE 3HAUCHUE BEITHYNHBI.

AKTI/IBHaSI, PCaKTUBHAA U ITOJIHAA MOIIHOCTU HCCMHYCONJAJIbHOI'O TOKA.

BrusiHue 351eMeHTOB 1ienu Ha (opMy HECHHYCOHIATBHBIX TOKOB M HAIPSKCHUH.

Pacuer ueneﬁ IIpU HCCUHYCONJAJIbHBIX HCTOUYHHUKAX IMUTAHUA.

Onekrpuueckue GunbTphl. O0IIas XapaKTepUCTHKA U Kiaccudukamnus GUiIbTpoB.
Hepexongle IMpOoNIeCCChI B JIMHENHEIX QJICKTPUYCCKUX LCIIAX.

Omnpenenenue NepexoaHbIX MPOIECCOB. 3aKOHBI KOMMYTAIUH.

He3aBucumrble u 3aBUCHUMBIE HadaJIbHEIE YCJI0BUA.

XapakTepucTu4eckoe ypaBHEHUE, THIT IEPEXOAHOTO Mpoliecca, Bpems IL.I1..

CB00OOAHbIE U IPUHYX/IEHHBIE COCTABIISIONINE TOKOB M HAIIPSKEHUH.

Knaccuueckuit MeTo pacyeTa nepexoaHbIX MPOLECCOB.

Bkirouenune kaTymku nHAYKTUBHOCTH (RL) Ha mocTosiHHOE HanpsiKeHUe.

Bxrouenune karymku nHIyKTUBHOCTH (RL) Ha cuHycounanbHOE HanpsKEHUE.
Bkirouenne nenu (RC) Ha mocTossHHOE HaNpsHKEHUE.

65. Bximrouenue nenu (RC) Ha cunycouiaabHOE HAMPSHKEHUE.

Pa3psin koHIeHcaTOpa yepes3 KaTylKy HHIYKTUBHOCTH.

OnepatopHbIil METO/ pacueTa NepeXxoJHbIX MPOIECCOB.

OmneparopHble CXEMBbl 3aMELICHMsI JJIEMEHTOB ILENM IPU IEPEXOAHBIX IpolEeccax.
3axonsl Oma u Kupxroda B oneparopHoit ¢popme.

Teopema paznoxeHus (GOpMyIIbl pa3noKeHus ), TUIBI TEPEXOTHBIX MTPOIECCOB.

Pacuer mnepexomHBIX NPOLECCOB B JIMHEWHBIX 3J. LEMSIX € INOMOIIBIO HHTErpala
Jroamenst.

OcHOBHbIE BEIMUUHBI, XapaKTEPU3YIOIINEe MarHUTHOE T0JIE.

OcCHOBHBIE XapaKTEPUCTUKH (PePPOMATHUTHBIX MAaTEPHAIIOB.

3akonsl OMa u Kupxroda ams marHuTHbIX Heneil. OCHOBBI HWHXKEHEPHOTO MeETojia
pacuera.

Pacyer Hepa3BeTBICHHBIX MATHUTHBIX LIeTIeH (TpsiMasi M 0OpaTHas 3aJauH).

Pacuer pa3BeTBICHHBIX MATHUTHBIX IieTIeH (MIpsiMasi U oOpaTHAs 3aJaun).

OcHoBHbIE  ompezeneHus, KilacCUPUKAIUs, HETUHEHHbIe JJIEMEHThl U  HX
XapaKTepUCTUKU



34. O0mas XapakTepuCTHKa METOJOB pacueTa HEIMHEHHBIX OJJIICKTPUYCCKUX IICTICH.
[TocnenoBarenbHOE U NapAJUIEIbHOE COEANHEHNE HEIMHENHBIX CONPOTUBIICHUM.

35. O0mas xapakTepucTHKa METOJOB pacyeTa, HEIMHEWHBIX 1eneil. CmenranHoe
COCIMHEHUE HEIIMHEUHBIX CONPOTUBIICHUM.

36. PacueT pa3BeTBICHHON HETMHEHHOM T METOJIOM JIBYX y3JIOB.

37. Craruueckoe u auddepeHnnanbHoe CONMPOTUBICHUS HETMHEHHBIX LIETEH.

38. O06mas xapakTepuCTUKa HEIMHEHHBIX JICMEHTOB.

39. OcHOBHBIE ~ TIpeoOpa3oOBaHUs, OCYHIECTBISEMBIE C  IOMOINBI0  HEITWHEHHBIX
ANEKTPUUYECKUX 1IeTIel TIepEMEHHOTr0 TOKa.

40. . ®uznueckue SBICHHUS B HETUHEHHBIX LIETISX.

41. Tunbl XapakKTEpPUCTUK HENMHEWHBIX CONPOTUBIICHUM.

42. O0mas XxapakTepUCTHKa METOJOB pacyeTa HEIUHEHHBIX OJJIEKTPUYECKUX Lemneit
IIEPEMEHHOI0 TOKA.

43. I'padpuueckuii MeTOJl pacyeTa HEIMHEWHBIX AJNEKTPUUYECKUX LEeneil MmepeMeHHOro ToKa
IIPU HCIOJIb30BAHUU XAPAKTEPUCTUK HEIUHEMHBIX CONPOTUBICHUN JII MIHOBEHHBIX
3HaueHui u(t), i(t), (t), q(t).

44. Meton pacyéra TMO JEWUCTBYIOIIUM 3HAYCHHUSM HECHHYCOWJAJIBHBIX HAMPSDKEHUN U
TOKOB HJIM IO UX TEPBBIM FapMOHUKAM.

45. Karymka c¢ ¢eppoMarHuTHeEIM cepaedyHuKOM. OpmHodasHbli TpaHchopmarop ¢
(beppOMarHUTHBIM CEPJICTHIUKOM.

46. ®eppope3onanc  HampspkeHuid.  Tpurepuerii  3pdexr B MOCIEIOBaTENBHOM
dbeppope3oHaHCHOM TEMH.

47. ®eppope3onanc TokoB. Tpurepnsiii 3 ekt B mapauienbHoN Geppope30HaHCHOM LEmH.

3.10 [lepeyeHb THNOBBIX MPOCTHIX MPAKTHYECKHUX 32/IaHUI K IK3aMeHY
(7S OLIEHKH YMEHMI)

1.Bommonuute PI'P u KP 13 yueGHOro nocodusi.

3anaya Ne4. Pacy€r TMHEMHOr0 NaCCUBHOTO YETHIPEXIIOIIOCHUKA IIPU

[10J1a4€ Ha BXOJl HECUHYCOMIAJIbHOTO EPHUOANUECKOIO HAIPSKEHUS

5.0. 3amaga No5. Pacu€t Tpéxda3Hoil 2MeKTPUUIECKON 1IENMU CUHYCOUATFHOTO TOKA
6.0. 3amaua Ne6. Pacuét nepexoqHoro mpouecca B JINHEHHOW IEKTPUUECKON

L[N MOCTOSIHHOTO TOKa

7.0. 3amaya Ne7. Pacuét nmepexoqHoro mpouecca B JIMHEHHON 2IEKTPUYECKOU

1enu C NoMoIbo uHTerpana roamens

3.11 IlepeyeHb THNOBBIX NPAKTHYECKHUX 32/IaHUI K IK3aMeHY
(11 OTICHKY HABBIKOB U (MUJIN) OIIBITA IESITCILHOCTH)

BeinonHuTh 1 3amuTUTH JabopaTopHbie padboThl Ne 9-18 u3 coopHuKa 1a00paTOpHBIX paboT
no TOD.

Pemuts MPAaKTUYCCKUC 3a/1aY1 Ha KAKIAYIO TEMY.

1. Omnpenenuth He3aBUCHMBIE HavdanbHble ycnoBus, ecnu E=10 B, R=100 Owm, L=1I's, C=10
MKO.



2. L=1T's, C= 10 mx®, R1= R>=100 Om, E=10 B. Onpenenuth HE3aBUCUMBIC ¥ 3aBHCHMBIC
HAvaJgbHBIE YCJOBHS (TOKM W HANpsOKEHUS Ha BCEX OJJIEMEHTaX CXEMbl) B MOMEHT

KOMMYTalluH.

3. Ompenenuth MTHOBEHHOE 3HaueHue Toka, ecim e= 100sinwt + 100sin3wt, R=100 Om, C=10

MKk®D, w=1000 pan/c.

R

—>
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4. MeToanuecKkue MaTepUAaJIbl, ONpeaeaoine Npoueaypy oueHuBaHHs
3HAHUH, YMEHHUIl, HABBIKOB U (MJIH) ONBITA AeATeJIbHOCTH

B Ta6n1/1ue OpUBCACHBI OIMCaHHA Mpoucayp MNpoBCACHUA KOHTPOJIbHO-OUCHOYHBIX
MepOHpI/IHTI/IfI U nmpoucayp OuCHHUBAHUA PE3YJIbTATOB O6y‘ICHI/I$I C IOMOIIIBIO OLCHOYHBIX CPCIACTB B

COOTBETCTBUU C paboyeil mporpaMMoi JUCIUILINHBL.

Onucanus npoueaypsl NIpOBEACHUSA KOHTPOJIbHO-OLICHOYHOT'O MEPOIIPUATUSA U MPOLCAYPbL
OLICHUBAHUSA PE3YJIbTATOB O6yq€HI/I$I

HanmeHnoBanue
OLICHOYHOI'O
cpelcTBa

[IpenonaBatens He MeHe, YeM 3a JBe HeJeNH 10 cpoka 3ammurtel PI'P nomxeH cooOmunTh
KaxaoMy oOydatomemycsi Homep Bapuanta PI'P. 3amanms PI'P BbIIO)KEHBI B 37€KTpOHHON
nHpopmanmonHo-oopazoBaresnsHOi cpene Upl'YIIC, noctymHoii oOydaromemycsi dyepe3 ero
TU4HbIA kKabuHeT. PI'P noypkHa OBITH BHINIOJHEHA B YCTAHOBJICHHBIN IPETIOIaBaTENIEM CPOK U B
COOTBETCTBHM ¢ TpeOoBaHMsMH K odopmieHuto PTP (texcroBoit u rpaduueckoil vacteit),
chopmynupoBanHbiMH B [lonoxkenun «TpeOoBanusi K O(OPMIICHHIO TEKCTOBOH H

PacuerHo-Tpaduueckas
pabota (PT'P)




rpaduueckoii mokyMmeHTanuu. HopMokoHTposb» (B mocienHed penakiuu). PP B
Ha3HAuUeHHBIN CPOK cHaroTcs Ha npoBepky. Ecmu mpemgycmorpena ycrhas 3amuta PTP, To
oOyuatomuiics OOBSICHACT pellleHHe 3a1ad, YKa3aHHBIX IperojaBarelieM, U OTBEYaeT Ha €ro
BOIIPOCHI

[IpenogaBaTens Ha YCTAaHOBOYHOM 3aHATHH JOBOAUT 10 OOYYAIOIIMXCS: TEMBI, KOJUYECTBO
3amaHuid B KOHTpoJbHOW paborte. KoHTpombHas paboTa [omKHA OBITH BBIOJHEHA B
YCTaHOBJICHHBIH CPOK W B COOTBETCTBHM C IpaBWIaMH K O(OpMIIEHHIO (TEKCTOBOH H
rpaduyeckoil 4yacreit), chopmynupoBanHeiMH B [lonmoxenun «TpeGoBaHHs K OGOPMIEHHIO
TEKCTOBOM M rpaduyeckod JOKyMeHTaluu. HOpMOKOHTpONb» B TOCHEIHEH peJaKkIuy.
BeimonHeHHass KOHTpoJbHAsh paboTa mepegaercss Uil  HPOBEPKH MPEIoAaBaTelio B
YCTaHOBIICHHBIE CpPOKU. Ecim KoHTponbHas paboTa BBHINOJHEHAa HE B COOTBETCTBHU C
yKa3aHHUSMH M HE B IIOJTHOM 00beMe, OHa BO3BpaIlaeTcs Ha TOpaboTKy

Kontponbnas pabora

3amuTa 7a00paTOpHBIX pabOT MPOBOAUTCS BO BpeMs J1abopaToOpHBIX 3aHATHH. Bo Bpewms
MPOBEICHUS 3alIUTHl J1a0OpaTOpHON pabOTHl MOJIB30BATHCS YUYECOHUKAMH, CIIPAaBOYHHUKAMH,
KOHCIIEKTaMH JICKIUH, TETPaJsIMA HE Pa3pelIeHo.

[Ipenonasatens Ha JlabopaTopHOil paboTe, MPEANIECTBYIOMIEH 3aHATHIO MTPOBEACHUS 3alUThI
JTa00paToOpHOW paboThl, JOBOAMUT 1O OOYYAIOIIMXCS: HOMEp 3alluIaeMol J1labopaTopHOit
paboThI, BpeMs Ha 3amuTy J1abopaTopHOil paboTEHI.

[IpenonaBaTens nHGOPMUpPYET 00yUAIOMIUXCS O Pe3yiIbTaTaxX 3aIlUTHI JTa00OPaTOPHOU pPabOTHI
cpasy Ioclie e¢ KOHTPOJILHO-OLCHOYHOTO MEPONPHATHS

JlabopaTtopHast padoTa

[TpoBepouHble pabOTHI, PEILYCMOTPEHHBIE Pa0OYel MPOrpaMMOil AUCIMILUIMHBI, TPOBOISATCS
BO BpeMsI IPaKTUUECKUX 3aHATUH. BapuaHToB mpoBepouHON paboTHI 10 TeMe HE MEHee JIBYX.
Bo BpeMmst BBEIMOTHEHHsI TPOBEPOYHON PabOTHI pPa3pelIeHO IOJIB30BATHCA TETPAIIMH UL
NpakTU4ecKuX 3aHATuil. IIpemonaBarens Ha NPAKTHYECKOM 3aHATHH, MPEALIECTBYIOILEM
3aHATHIO NPOBEICHUS NMPOBEPOYHOM pabOTHI, TOBOANT 0 oOydarommxcs TeMy mnpoBepouyHoil | [IpoBepounas pabora
paboTHI, KONUYECTBO 3a/laHNi B MPOBEPOYHON paboTe, BpeMs ee BbinosHeHUs. [IpenonaBaTens
nH(GOpMHUPYET 00YJAIOMNXCS O pe3yIbTaTax MPOBEPKH PabOTHI HA CICAYIOIIEM 3aHATHHU T1OCTIe
MPOBEICHUSI POBEPOYHON pPadOTHI; MPOBEPEHHBIC PpAOOTHI TIPENOJAaBaTEeNIb BO3BPAINACT
obydaromumces

Jlns opraHu3alMu UM MOPOBEIEHUS NPOMEKYTOUHOM aTTECTAllUd COCTABIIIOTCS THUIIOBBIE
KOHTPOJIBHBIC 3aJlaHUs HJIM HWHBIC MaTCpualibl, HGO6XOILI/IMI)IG JJIA  OLCHKHU 3HaHHfI, YMGHHfI,
HABBIKOB U (WJIM) OMBITA EATEIBHOCTH, XapaKTEPU3YIOIIUX ATArbl (POPMHUPOBAHUS KOMIIETEHIIHHA B
IIPOLIECCE OCBOEHUS 00pa30BaTEIbHON IPOrPaMMBI.

[IepeueHb TEOPETHYECKUX BOIPOCOB M TUIIOBBIE NPAKTUYECKHUE 3aJaHUS PA3HOTO YPOBHSA
CIIOKHOCTH I MPOBEJIEHUS MPOMEXKYTOUHOH arrecTanuu oOydaroliyecsl MOJy4yaroT B Hadaje
ceMecTpa dYepe3 JIIeKTPOHHYI HH(opMalmoHHo-o0pazoBatenbHyo cpeny Hpl YIIC (nuunbiid
KaOMHET 00y4aromerocs).

Onucanue npouenyp nNpoBeieHusi MPOMeKYTOUHOH aTTecTauuu B (popMe 3a4eTa
W OLICHMBAHUS Pe3yJIbTATOB 00y4YeHHUS
[Ipy mpoBeneHMH NPOMEXYTOUHOW aTTecTauMu B (opMe 3ayeTa MpernojaBaTelib MOKET
BOCIIOJIb30BAaThCS PE3YIbTaTAMM TEKYLIETO KOHTPOJIS YCIIEBAEMOCTH B TeueHue cemectpa. C 1enbro
HCIIOJIb30BaHUsl PE3yJIbTaTOB TEKYIIET0 KOHTPOJS YCIIEBAEMOCTH, IMpENnojaBaTeslb MOACUUTHIBACT
CPEIHIOI0 OILIEHKY YPOBHS C(OPMHUPOBAHHOCTH KOMIIETEHIMH oOydaromierocs (CymMMa OICHOK,
MOJIyYE€HHBIX 00y4YaIOUIMMCsl, EIUTCS HA YHUCIIO OIIEHOK).

Ikana ¥ KpUTEPUH OLIECHMBAHHS YPOBHS C(POPMHPOBAHHOCTH KOMIIETEHIMI B pe3yJbTaTe
HU3y4eHHUs] JUCHHUILINHBI IPH NIPOBEICHNH MIPOMEKYTOYHON aTTeCTALIUH
B hopMe 3a4eTa Mo pe3yJbTaTaM TeKYILIero KOHTPOJist
(0e3 1ONOJHUTEJIbHOI0 ATTECTAIIMOHHOI0 MCTILITAHUSA)

CpenHsis OLlEHKa ypOBHS
c(hOpMUPOBAHHOCTH KOMITCTCHIUI [lkana onleHUBaHHSA
M0 pPe3yNbTaTaM TEKYIIEr0 KOHTPOIIs

Onenka He MeHee 3,0 W HET HH  OJHOH

o «BadyTCHO»
HCYJOBJICTBOPUTCIbHOU OLCHKH 1O TCKYIIEMY KOHTPOJIIO

Onenka wmenee 3,0 wiM monydeHa XOTs OBl OJIHA
HEYJIOBJIETBOPHUTEIbHAS OLIEHKA M0 TEKYIIeMY KOHTPOJIIO

«HEC 3a4YTCHO»




Ecnm onenka ypoBHS c(hOpMUPOBAHHOCTH KOMITETCHIIMI OOydJaromerocss He COOTBETCTBYET
KpUTEpUSM TIOJNIyUYEHHUsT 3adeTa 0e3 JOIMOJHUTEIBHOTO aTTECTAllMOHHOTO WCHBITAHUS, TO
MIPOMEKYTOUHAsI aTTeCTalusl MPOBOAUTCS B (opMe coOeceqoBaHUs IO MEPEYHI0 TEOPETHUYECKHUX
BOTIPOCOB U TUTIOBBIX MPAKTUYCCKUX 33/1a4 WU B (OPME KOMITBIOTEPHOTO TECTUPOBAHHUS.

[IpomexxyTounast aTTecTaus B opMe 3a4era ¢ MPOBEICHUEM aTTECTAllMOHHOTO HCITBITAaHUS
MIPOXO/UT HA MOCJIEIHEM 3aHATUHU 10 JUCLUIIUHE.

[Ipu mpoBeneHWHM TPOMEKYTOUHOM arTecTanuu B (GopMe KOMITBIOTEPHOTO TECTHPOBAHUS
BapHaHT TECTOBOTO 3amaHus Qopmupyercs u3 (oHAA TECTOBBIX 3aJaHUN IO JUCIHILIAHE
ciIy4aliHbIM 00pa3om, HO ¢ ycioBueM: 50 % 3agaHuil JOMKHBI OBITh 3aJaHUSIMU OTKPBITOTO THIIA U
50 % 3amaHuil — 3aKpHITOrO THUIIA.

Onucanue npoueayp npoBeaeHnsi NPOMeKYTOYHOM aTTecTaunu B popMe 3Kk3aMeHa
U OLICHUBAHUS Pe3yJIbTATOB 00yUeHHUs!
[IpomexyTouHas arrecranus B (popMe 3K3aMeHa IMPOBOJUTCS MyTEM YCTHOTO coOece0BaHus
1o 6uneram win B GopMe KOMIBIOTEPHOTO TECTUPOBAHMUS.

[Ipn mnpoBegeHHHM NPOMEKYTOYHOM arTecTauuu B ¢opMe cobeceoBaHUsS OUIIETHI
COCTABIISIIOTCSL TAKUM 00pa3oM, 4TOOBI KaXKIbI M3 HUX BKIIIOYAJT B ce0sl TEOPETUUIECKHE BOIPOCHI U
MPAKTUYECKHE 3a/1aHus.

buner comepXuT: ABa TEOPETHUECKMX BOIpOca JJs OLEHKM 3HaHui. Teopermueckue
BONPOCHI BBIOMPAIOTCS U3 MEPEUHS BOMPOCOB K HK3aMEHY; /IBa MPAKTHYECKHX 3aJaHHs: OJHO H3
HUX JUIS OLEHKH yMEHUH (BBIOMpAeTCs M3 MEepPEYHs TUIOBBIX MPOCTHIX MPAKTUYECKUX 3aJaHUH K
9K3aMeHy); APYroe MpakTHYeCKOoe 3aJaHue AJs OLEHKM HABBIKOB U (WJIM) OMbITA AEATEIbHOCTH
(BBIOMpAIOTCA U3 NEPEUHS TUIIOBBIX MPAKTUUYECKUX 3aJIJaHUH K DK3aMEHY).

Pacrnipenenennie TeOpeTUUECKUX BOMIPOCOB U MPAKTUYECKUX 3aJaHUI MO HK3aMEHALMOHHBIM
OuiieTaM HaxOJUTCS B 3aKPBITOM JJIsl oO0yyaromuxcs aoctyne. Pa3paboTaHHbI KOMILIEKT OUIETOB
(25-30 OueTOB) HE BBICTABISIETCS B 3JICKTPOHHYIO HH(DOPMAIMOHHO-00Pa30BATEILHYIO CPEdy
HpI'YIIC, a xpanutcs Ha Kadeape-pa3padoTanke HOHIOB OLICHOUYHBIX CPE/ICTB.

Ha sk3amene oOyuaromuiics Oepetr OumeT, 1is NOATOTOBKM OTBETa HA SK3aMEHAIMOHHBIH
Owiet oOyuaromeMycsi OTBOAUTCS BpeMs B mipesenax 45 MunyT. B mporiecce oTBeTa oOyvaromierocs
Ha BOIIPOCHI U 3aJiaHusl OMiieTa, IpenojaBaTeib MOXKET 33/1aBaTh JIOMOJIHUTENIbHBIE BOTIPOCHI.

Kaxnpiii Bompoc/3ajgaHue Owiiera OLIEHUBAETCS MO YEThIPeXOAJUIbHOM cHCTEeMe, a Jaiee
BBIUUCIIICTCS CpellHee apU(PMETHUYECKOe OIEHOK, MOJYYEHHBIX 3a KaXIbli BOMpOC/3aJaHMeE.
Cpennee apupmMeTHUECKOE OLIEHOK OKPYTJISETCS /10 LIEJIOr0 10 IPaBUIaM OKPYTIEHHS

IIpu nmpoBeneHMM NPOMEXYTOUHOM arrecTanuud B (GOpME KOMIIBIOTEPHOTO TECTUPOBAHUS
BapHaHT TECTOBOTO 3agaHus Qopmupyercs u3 (OHIA TECTOBBIX 3aJaHUN TO JUCHUTUINHE
ciyyaitHeIM 00pa3oM, HO ¢ ycinoBueM: 50 % 3aiaHuil JOMKHBI OBITh 33JJaHUSMHU OTKPBITOTO THUMA U
50 % 3amaHuii — 3aKPHITOTO THUIIA.

O0pa3en IK3aMeHALIMOHHOT0 OHJIeTa

DK3aMeHaAnnOHHbIN Oner Ne 1 YTBepx/aio:
no aucuuniauHe «Teopernyeckne 0CHOBbI 3aBenyronmii kadeapoi
JIEKTPOTEXHUKH) « » Upl'YIIC

20__-20__
y4eOHBIHi Tox

1. VpaBHEHHs YETHIPEXIOJIFOCHUKA JIJIS MPSAMOTO U OOpaTHOTrO BKIIOUeHH. [lepBUYHBIC
napaMeTpLI T-IeTI)IpeXl'IO.]'IIOCHI/IKa. CXCMLI 3aMCUICHUA I-IeTBIpeXl'IO.]'IIOCHI/IKa. HapaMeTpLI
XO0JIOCTOTO X0/1a ¥ KOPOTKOTO 3aMbIKaHHsI YEThIPEXITOIFOCHUKA.

2. Kiaccuueckuii METOI pacdera MepexoaHbIX MPOoIeccoB. Pa3obpars Ha mpuMepe
BKJTIOYCHUS KAaTYIIKK MHIYKTUBHOCTH (1iernouku R-L) Ha mocTosIHHOE HanpshKeHHE.

3. 3amaua. OnpenennTs 3aK0H U3MeHeHus1 Toka i(t) , ecim
e =100 + 100sinQt + 50sin2Qt, R=100 Om, C= 10 m®, Q=1000 pan/c.
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