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1. IIEPEYEHb IIJIAHUPYEMBIX PE3VJIIBTATOB OBYYEHUA 11O
JUCIHUIVIMHE, COOTHECEHHBIX C IIVIAHUPYEMBIMH PE3YJIbBTATAMMU
OCBOEHUA OBPA30OBATEJBHOM NPOT'PAMMBI

Buj 1eAATeJbHOCTH BBILYCKHHUKA
JucuumiimHa — OXBaTbIBa€T KPYr  BOIPOCOB, OTHOCSIIMXCA K  IPOM3BOJICTBEHHO-
TEXHOJIOTUYECKOMY BHJYy IMPO(ECCHOHAIBHOW AEATENIbHOCTH BBIIYCKHHUKAa B COOTBETCTBUHU C
KOMIIETEHIIUSIMU U BUJJAMU JI€ATEIbHOCTH, YKa3aHHBIMU B Y4EOHOM ILJIAHE.
eab AMCHUIIHHBI
@opMHUpOBaHNE 3HAHUM 3aKOHOB DJIEKTPOTEXHUKH, dJIEKTPOTEXHUUECKON TEPMUHOJIOTHH
U CHUMBOJIMKM; 3HAHHWE CBOWCTB U (U3MYECKUX IPOLECCOB, NPOMCXOIAIINX B JIEKTPUUECKUX
MallMHax; IEMEHTHOH 0a3bl 3JEKTPOHHUKH, IPUMEHSIEMOI B PpeoOpa30BaTEIbHBIX yCTPOHCTBAX
JUIsL IMTaHUS MIEKTPOIPUBOIOB ITOABEMHO-TPAHCIIOPTHBIX, CTPOUTENBHBIX, JOPOKHBIX MAIIUH U
000py10BaHUs.
3agauu AMCHHUILINHBI
ObecreunTh TEOPETUYECKYIO U IMPAKTHUYECKYK MOJArOTOBKY 00YYaroIIUXCsi B 00J1acTH
JNEKTPOTEXHUKM M JJIEKTPOHMKM JJII HMX COBMECTHOIO Y4YacTUs B COCTaBE KOJUIEKTHBA
UCIIOJIHUTENIEH IO TEXHUYECKOMY OOECHEUEHHI0 Pa3pabOTKU U SKCIUTyaTallUU JIEKTPUUECKUX
4acTedl U MEXAaHHU3MOB B IOIABEMHO-TPAHCIOPTHBIX, CTPOUTEIbHBIX, JOPOKHBIX MallMHAX U
000pyI0BaHUU.

Kona Conep:xanue IlepeyeHb MIAHUPYEMBIX Pe3yJbTATOB
KOMIIeTEHIIUH KOMIIeTeHIUI o0y4yeHHsl O JUCHHILIMHE
1 2 3
OK-1 CrnocoGHOCTh K | 3HATH:
a0CTPaKTHOMY MBIIIICHUIO, — OCHOBHBIE METO/ABI  aHajW3a M pacyera
AHAIN3Y, CHHTE3Y JIMHEMHBIX U HEJIMHEHNHBIX AJEKTPUUECKUX U

MarHUTHBIX LENeH;
yMeThb:

— COCTaBJIATb MATEMATHYCCKHUC MOIACIN IJIA
ONpCACIICHUA MapaMETPOB JJICKTPHUYCCKUX

Herne;
BJIAJETh:
— HaBBIKAMH AKCIIEPUMEHTAIBHOIO
onpeeneHus XapaKTEPUCTUK
[IapaMeTpPOB  JJIEKTPUYECKUX MAIIUH U
AIIEKTPOHHBIX puOopoB u ux
KOMITBIOTEPHOTO HCCIIEN0BaHUSA 1o
MaTE€MaTHYECKUM MOJIESIM
[1K-10 Cnoco6HOCTb 3HATh:
pa3pabaTeIBaTh — YCTPOMCTBO WM  IPUHIOUI  JEHCTBUSA
TEXHOJIOTHYECKYIO ANIEKTPUYECKUX MAIIIVH;
JOKYMCHTAIH IO VI | yMeTh:
NpOU3BOACTBA, — 10 3aJaHHbIM TapameTpaM BbIOMpPATh
MOACpHHU3alNH, JJIEKTPUYECKUE W DJIEKTPOHHBIC almaparsbl
JKCILTyaTalluu, g TEXHUYECKOI'O O6CJ‘Iy>KI/IBaHI/IH
TCXHUICCKOTO pemonTa HazeMHBIX TTC u 060pynoBanus
00CIIy’)KMBaHHA U PEMOHTA | pliajgerh:
Ha3CMHBIX  TPaHCIIOPTHO- — MeToJaMHM pacueTa i BbeIOopa THIA
TEXHOJIOTHYCCKUX CPCIACTB AIEKTPOJABUIATEIIEH, armaparoB
U MX TEXHOJOTUYECKOIO MU yIIpaBICHHS " 3QIATHI
000py10BaHHs AJIEKTPOOOOPYIOBAHUS




[1CK-2,7 Croco0HOCTE 3HATH:
pa3pabaThiBaTh — IapaMeTrpbl, XapaKTepPUCTUKH OCHOBHBIX
TEXHOJIOTUYECKYIO THUIIOB DJIEKTPUYECKUX MALIWH;
JOKYMEHTALUIO0 I | yMeTh:
IPpOHU3BOACTBA, — 1o 3aJIJaHHBIM napamMeTrpam u
MOJZIEpHHU3ALINH, XapaKkTepUCTUKAM pacCcUHUTHIBATh
JKCILTyaTallnu, JJICKTPUYECKUE LIEIIH,
TEXHUYECKOI0

00CITy’)KMBaHHsA W PEMOHTA | BjageTh:

CPCACTE  MCXaHU3allMH U — HaBBbIKAMH COOPKH IJIEKTPHUECKUX CXEM
aBTOMaTHU3alUU MOJABEMHO-
TPAHCIIOPTHBIX,
CTPOUTEJIBHBIX U
JIOPOKHBIX paboT

2. MECTO JUCHUILUIMHBI B CTPYKTYPE OBPA3OBATEJILHOM

IHPOI'PAMMBI

Juctumauaa b1.5.20.09 DnekTpoTexHuKa, JIEKTPOHUKA U AJICKTPOIIPUBOI OTHOCHTCS K
0a30BBIM JUCIHUIIIMHAM.

JucuumnnuHa DNeKTPOTEeXHUKA, JIEKTPOHHUKA U AIEKTPONPUBO]] Oa3upyercs Ha 3HAHUSX,
MOJIYYCHHBIX TIPH W3YYCHHHM TaKUX YYCOHBIX IUCIMIUINH, KaK: MaTeMaTHKa, (U3UKa, XUMHUS,

MaTCPUAJIOBCACHUC.
OCHOBBIBAsICh Ha HN3YUCHUU MNEPCUNCIICHHBIX JHUCITHUIIIINH, 3J’I€KTp OTCXHHKA,
QJICKTPOHUKA U  JJICKTPpONPUBOA  MPCACTABIACT OCHOBY I  HW3YUCHUA  JUCHUILINH:

DneKTpooOOPYAOBaHUE TIOHEMHO-TPAHCIIOPTHBIX, CTPOUTENBHBIX, JOPOXKHBIX CPEJICTB U
obOopynoBanus, McnpiTaHus MOABEMHO-TPAHCIIOPTHBIX, CTPOUTEIBHBIX, JTOPOKHBIX CPEICTB U
000pyT0BaHUs.

Takoe cucTeMHOE MEXIMCUUIUIMHAPDHOE M3YYEHHE HaANpaBiI€HO Ha JOCTHKEHUE
tpedyemoro ®I'OC ypoBHS MOATOTOBKH MO KBATU(UKAIIUU CIICITUATICT

3. PACHPEJEJIEHUE OB BbEMA JTUCHUIIJIMHBI

3.1. Pacnpenesnenne od0beMa IMCUMILIMHBI 0 dopMam 00yUeHH st

Tpyooemkocmp oucyuniunst 8 yacax
Buo
Kypcosasn
. npomedicym
—~ g 3 paboma :
) S $ (npoexm) OuHOIL
Dopma o 5 3 % 2 > | ammecmay
& > 3 S S KOHMPOJIbH
o0yuenusn © 3 2 5 £ uu
S 3 & 2 3 3 as paboma,
2 g 2 g 22 = g epepam (aK3aMeH,
g > ) 2 s 3 §8= g 3 pegepam, 3auem)
.| 8| s | §| § |55 §§§8 | g% PIP
S| 3] 3|2 8|S 3&F| &¢
<O~ T | 8 |S& OR8 | ©OR%

1 2 3 4 5 6 7 8 9 10 11
Ounas 2 | 4 |18 | 68 | 34 | 34 - 76 2Kp 9K3aMeH
3aouHasn 3 - | 180 | 10 4 6 - 161 2kp 9K3aMeH
3aounas - - - - - - - - - -
(yckopeHHoOe
o0OyueHue)

OuHo-3204Hast - - - - - - - - - -




3.2.

Pacnpenesienne o0beMa JMCHUILIHHBI

N0 BHAAM YYeOHBIX 3aHATHH H

TPYAOEMKOCTH
em.u. 6 Pacnpeoenenue
Tpyoo- UHMEPaKmueHoIl, no cemecmpam,
Buo yueonuvix zanamuii eMKOCmb | aKMUGHOU, UHHO8A- uac
(uac.) UUUOHHOU hopmaXx, 4
(uac.)
1 2 3 4
|. KonrakTHas padora 00y4aomuxcsi ¢
npemnojaanBareeM (Bcero) 68 20 68
Jlexumu (JIk) 34 10 34
Jlaboparopusbie pacotsl (JIP) 34 10 34
KonTtponbsHas pabora + - +
I'pynnoBsie (MHAMBUAYaJIbHBIE) KOHCYJIBTALUN + - +
I1.CamocTosiTeIbHAS paboTa 00y4aOIINXCS 76 ) 76
(CP)
INoxroroBka K J1abopaTopHLIM paboTam 25 - 25
ITonroroBka K 3K3aMEHY B TCUCHHE CEMECTpa 25 - 25
BrimonHeHNE KOHTPOIBHOM paboTHI 26 - 26
111, lIpomexkyTOUYHAS aTTECTANMS YK3aMCH 36 - 36
O61as Tpy10€MKOCTh AUCLUILINHEL, Yac. 180 - 180
3ad. el 5 - 5

4. COAEP) KAHUE JUCIIUIIJINHBI

4.1. PacnipeesieHue pa3iesioB IMCUMILUIMHBI 10 BUIaM Y4eOHbIX 3aHATHI

- 1JIsl OYHO# (pOpMBI 00YUCHHS:

Buowi yueonwvix 3anamuii, 6kniouasn
o camocmoamenvhyo paoomy
B odyuarouwuxca u mpyooemKocme;
pas- Haumenosanue Tpyooem- (uac.)
dena u pazoena u Kocmb, VueORbIE 3ARAMUA canocmon
membol mema OUCYURIUHBL (uac.) menvas
Jo— nadopamopuvie paboma
pabompi ooyuaro-
wuxcs
1 2 3 4 5 6
1. DJIeKTpuYecKHe u 40 8 15 17
MATHUTHBIE LeNU
1.1. | Dnektpuyeckue enu 11 2 5) 4
MOCTOSIHHOTO TOKa
1.2. | Dnekrpuueckue enu 11 2 5) 4
MIEPEMEHHOTO TOKa
1.3. | TpexdasHble  dIEKTPUUECKUE 11 2 5 4
1enu
1.4. | MaruuTHsle 11enu 7 2 - 5
2. TpanchopmaTopsl 15 2 4 9
2.1. | Tpancdopmaropsl 15 2 4 9
3. MamuHbI NOCTOSIHHOTO TOKA 19 4 4 11
3.1. | YcrpoiicTBoO U PUHIINI 11 2 4 3)




JIEHCTBHUS MaIlIUH ITOCTOSHHOIO
toka. [lpuHmun  peicTBus
reLeparopa. [TpunIMn
JNIEUCTBUS IBUTATENS.

3.2

DIIEKTPOABUKYILAS CUjla
SIKOPsI Y 3JIEKTPOMAarHUTHBIN
MOMEHT. MarauTHas 11enb
MaIIUHBI IOCTOSHHOTO TOKA.
Peakuus sxopsi. Kommyranus B
MalldHaX IOCTOSHHOI'O TOKA.
CxeMBbl BKIIIOUYCHHST MallllH
IIOCTOSHHOT'O TOKa
MapajijIeIbHOr0 U CMEIIAHHOTO
BO30YKICHMUSL.

ACI/IHXI)OHHLIG MalllMHbI

20

(o3}

S

10

4.1.

YcTpoiicTBo TpexdazHon
ACUHXPOHHOMN MAIIUHBI.
[Tonyuenue BpAILIAKOLIETOCS
MarHMUTHOTO TOJNsA.  Pexumbl
paboThI TpexdazHon
ACMHXPOHHOI MaimuHbl. Pexxum
nBurareins. Pexum reseparopa.
Pexxum  31meKTpOMarHUTHOTO
TOpMO3a

10

SN

4.2.

MOMCHT
MalllUHBbI.

DNeKTpOMarHUTHBIN
ACUHXPOHHOMN
3aBHCHUMOCTh
3JIEKTPOMArHUTHOTO MOMEHTa
OT CKOJIbKeHMs. MexaHnueckas
XapaKTePUCTUKA ACUHXPOHHOTO
neurarenss.  Ilyck B xox
ACHHXPOHHOTO JIBATATEIIS.
Hcnonp3oBaHue aBuraresicii c
YIy4YLICHHBIMU MTYCKOBBIMU
CBOMCTBaAMH

4.3.

PerynupoBanue YaCTOTBI
BpAILICHUS ACUHXPOHHBIX
JIBUTATENEH. Topmo3zHbIe
PEXHUMBI pabOThI ACHHXPOHHBIX
MalluH. Koadpunuent
MOIIHOCTH ACMHXPOHHOTO
JIBUTATENIsl U €r0 3aBUCHUMOCTh
OT Harpy3ku Ha  Baly

JIBUTATENS.

CI/IHXPOHHBIG MaIIUHbI

13

©

5.1

YcerpolicTBo " MPUHIIAI
[[GI>'ICTBPISI CHUHXPOHHBIX MalllWH.
[Mpunnun  paboter u  DJIC

CUHXPOHHOTO reHeparopa.
[TpuHIHI paboTsl
CHUHXPOHHOTO JABUTATECIIA.
Kparkas KJaccuukanus




CHHXPOHHBIX MammH. Cxema
3aMelleH s CHHXPOHHOTO
reHeparopa. VrioBble
XapaKTePUCTHKH CHHXPOHHOTO
reHeparopa. OcHOBHBIC
XapaKTEPUCTHKH CHHXPOHHOTO
reHeparopa. [TapasnnenbHast
pabora CHHXPOHHBIX
I'eHEepPaTOpOB.

5.2.

Cxema 3aMCIICHHS "
ypaBHEHUE AIEKTPUIECKOTO
paBHOBecHsl  IleMU  CTaTopa
CUHXPOHHOT'O JIBUTATENIS.
VriaoBas ®W  MeXaHWYECKas
XapaKTEPUCTUKA CUHXPOHHOTO
JIBATATEIS. Pabouune
XapPaKTEPUCTUKH CHHXPOHHOTO
neurarens. CriocoObl Tycka B
X0JI CHHXPOHHOTO JIBUTaTEJIsl.
Ilyck B x0@ ¢ IOMOIIBIO
Pa3rOHHOTO JIBUTATEIIS.
ACUHXpOHHBII C€HOCOO IycCKa.
YacToTHbII ITYCK.
Mexannueckas
XapaKTePUCTHKA.
TOPMO>KEHHE.

YacrotHOE

OcHOBBI 2J1eKTPONIPUBOJA

12

w

©

6.1.

OO6mmue CBEICHUS 00
ANEKTPONPUBOJE. VYcnosus,
OTpejieNIsAoNMe BBHIOOP THIIA
IJEKTPOABUTATES.
VYnpasnenue
3JIEKTPONPUBOIAMU

12

OCHOBBI 3J1eKTPOHUKH

25

11

7.1.

Knaccudukanus
MOJIYTIPOBOTHUKOBBIX
npubOpOB.
[TonynpoBoTHMKOBBIE
PE3UCTOPHI.
[TonynpoBOIHUKOBBIE  TUOJIBI.
bunonsipueie TPaH3UCTOPBI.
[Tonessie TPAH3HUCTOPBHI.
Tupucropsl

7.2.

Heynpasnsembie "
YIIPaBJISIEMBbIE BBIIPSIMUTEIH

7.3.

VYeunurenu AIEKTPUUECKUX
CUTHAJIOB. Yceunurenu Ha
OMTOJIAPHBIX TPAH3UCTOPAX

7.4.

NmvnynecHass wu  1mudpoBast
TEXHUKA

UTOro

144

34

34

76




- 1JI1 32049HO# (pOpMBI 00YUCHHS:

No
pas-
odenau
memul

Haumenosanue
pazoena u
mema OuCUUNIUHbL

Tpyooem-
Kocmb,

(uac.)

Buowt yueonwvix 3anamuil, éxnrouan
camocmosmensbHyo pabomy
odyuarowuxca u mpyooemKocmey,

(uac.)

yueoOHbvle 3aHAmMUSA

neKyuu

nabdopamopHsle
pabomol

camocmosn
menbHasn
paboma
odyuaro-
wuxca*

[y

2

5

6

dJleKTPUYeCKHUe "
MATrHUTHBIE HeNH

34

33

1.1.

DNeKTpUYECKUe
MOCTOSTHHOTO TOKa

[eImr

8,25

0,25

8

1.2.

DNeKTpUYECKUE
MIEPEMEHHOT'0 TOKa

1 (1041

8,25

0,25

1.3.

Tpexdaszupie  snekTpuuecKue
enu

8,25

0,25

1.4.

MarnuTHsle Lienu

9,25

0,25

Tpancdopmartopsl

16,25

0,25

13

2.1.

Tpanchopmaropsl

16,25

0,25

13

MaimmuHbI NOCTOSIHHOT0 TOKA

19,5

0,5

19

3.1.

YcTpoicTBo u IIPUHLINIL
JEUCTBHSI MAlllMH MOCTOSTHHOTO
Toka. IlpuHmun  geWicrBus
reHeparopa. [TpuaIMI
JEUCTBHS IBUTaTEIs.

10,25

0,25

10

3.2.

DNeKTpOABMKYIIAs cuja
SAKOpSL Y DJIEKTPOMArHUTHBIN
MOMEHT. MarHuTHas 1enb
MAIIMHbI TIOCTOSIHHOTO TOKA.
Peaxnus axops. Kommyranus B
MalIMHAX NOCTOSHHOTO TOKA.
CxeMbl BKIIIOUEHUS MaIlIiH
MIOCTOSIHHOTO TOKa
[apajyIeIbHOrO U CMELIaHHOTO
BO30YKJICHUSL.

9,25

0,25

ACI/IHXPOHHBIC MalIUuHbI

26,75

0,75

26

4.1.

YcTpoiicTBo TpexdazHon
ACHHXPOHHOH MAIWHBI.
[Tonyuenune BpallaroLerocs
MarHMTHOrO TmoJisA.  Pexumsl
paboThI TpexdazHon
ACMHXPOHHOM MallvHbL. Pexum
nsurareisi. Pexxum reseparopa.
Pexum AIIEKTPOMArHUTHOIO
TOpPMO3a

8,25

0,25

4.2.

DJIEKTPOMarHuTHBIN
ACUHXPOHHOMN
3aBUCHMOCTh
3JEKTPOMArHUTHOIO MOMEHTA
OT CKOJIbKEHHsI. MeXaHnueckast

MOMCHT
MallluHBbI.

9,25

0,25




XapaKTepUCTUKA ACUHXPOHHOTO
neurarens.  Ilyck B xox

ACUHXPOHHOTO JIBUTATEIIS.
Hcmonnp30Banue aBUTATENICH C
YITY4IICHHBIMHA MTYCKOBBIMU
CBOMCTBaMH
4.3. | PerynupoBanue 4aCTOTHI 9,25 0,25 9
BpaIICHUS ACMHXPOHHBIX
JIBUTaTEIEH. Topmo3zHbie
PEXKHUMBI pabOThI ACHHXPOHHBIX
MaIIT1H. Koaddurment
MOIIHOCTH ACHHXPOHHOTO
JIBUTATENII U €ro 3aBHCUMOCTh
oT Harpy3Ku Ha Bay
JIBUTATEIIS.
5. CHHXPOHHBbIE MAIIIMHBI 19,5 0,5 19
5.1. | YcrpoiicTtBo Hu MIPUHLIUI 9,25 0,25 9
JNCUCTBUS CHHXPOHHBIX MAIIIHH.
[Mpunmun  paboter u  J/C
CUHXPOHHOTO reHeparopa.
[TpuHIHI paboThI
CUHXPOHHOTO JIBUTATEIs.
Kparkas KJaccuukanus
CUHXPOHHBIX MammH. Cxema
3aMelICHUS CUHXPOHHOTO
reHeparopa. VYrnossie
XapaKTePUCTHKU CHUHXPOHHOTO
re’eparopa. OcHoBHbIE
XapaKTePUCTHKU CHUHXPOHHOTO
reLeparopa. [TapannensHas
pabota CUHXPOHHBIX
TCHEPaTOPOB.
5.2. CxeMa 3aMeIleHN Hu 10,25 0,25 10
ypaBHECHHE IEKTPUIECKOTO
paBHOBECHsI  IIeMH  CTaTopa
CUHXPOHHOTO JIBUTATES.
VriaoBas W MeXaHHYeCKas
XapaKTePUCTHKA CHHXPOHHOTO
JIIBUTATENS. Pabouune
XapaKTePUCTHKU CHHXPOHHOTO
neurarens. CrmocoObl mycka B
XOJl CHHXPOHHOTO JIBUTATEIIS.
Ilyck B Xx0m ¢ IOMOIIBIO
Pa3roOHHOTO JIBUTATES.
ACHHXPOHHBIA CIIOCOO TycCKa.
YacToTHbIN MyCK.
Mexanuueckas
xapaktepuctuka.  YactoTHoe
TOPMOXKEHHE.
6. OCHOBBI 2JIEKTPONPHUBOA 24,6 0,6 24
6.1. | OOmue CBEJICHUS 00 24,6 0,6 24

AJIEKTPOIIPUBO/IE. Ycnosus,




OTpeeAIoNre BHIOOP THMA
AJIEKTPOBUTATEIIS.
VYnpasnenue
ANEKTPOIPUBOIAMH

7. OCHOBBI YJIEKTPOHUKH 30,4 0,4 3 27

7.1. | Knaccuduxamms 7,1 0,1 - 7
ITOJIYITPOBOTHUKOBBIX
puOOpOB.
[TonynpoBoAHHKOBBIE
PE3UCTOPBHI.
[TonynpoBOITHUKOBBIE  TUOABI.
bunonspueie TPaH3UCTOPHI.
[Tonessie TPAH3HUCTOPBHI.
Tupucropsl

7.2. | HeynpaBnsembie u 10,1 0,1 3 7
VIIPABIISIEMbIC BBITTPSIMUTEITN

7.3. | Ycunurenu BJIEKTPUUECKUX 7,1 0,1 - 7
CUTHAJIOB. Ycunurenu Ha
OMITOJISIPHBIX TPAH3HCTOPAX

7.4. | UmmynbcHass u  1mudpoas 6,1 0,1 - 6
TEXHHKa

UTOIo 171 4 6 161

4.2. CopeprxaHue JMCOHUILIMHBI, CTPYKTYPHPOBAaHHOE 110 pa3/iesiaM U TeMaM

Pasznen 1. JulekTpryecKue H MATHUTHBIC LENH
Tema 1.1. DnekTpUyecKue HeNH MOCTOSTHHOIO TOKA

1.1. DuekTpHYecKasi nenb H ee 3JIeMeHTBI

B snexTpoTexHuKe paccMaTpUBaeTCs YCTPOWCTBO U MPHUHLMII I€HCTBUSI OCHOBHBIX 3JIEKTPOTEXHUUYECKHX
YCTPOKMCTB, HCIONB3YyEMBIX B OBITY W TMPOMBIIUIEHHOCTH. YTOOBI 3JEKTPOTEXHHUUYECKOE YCTPOWCTBO
pabotano, mobKHA OBITH CO37aHa JIIEKTpUYECKas IeNb, 3aJada KOTOPOW MepelaTh dSIEKTPHYECKYIO
SHEPTUI0 3TOMY YCTPOICTBY U 00ECIIEUUTh EMy TPEeOYEeMBbIil PeKUM PadOTHI.

OJEeKTPUUECKON LENbl0 HA3bIBAETCS COBOKYMHOCTb YCTPOHCTB M OOBEKTOB, OOpasyloUIMX IyTh IS
QJICKTPUYCCKOr'0 TOKaA, 3JICKTPOMArHUTHBLIC IMPONLCCCHI B KOTOPBIX MOIYT OBITh OIMCAHBLI C IIOMOIIBIO
NOHATHH 00 31eKkTprueckoM Toke, DAC (351eKTpOoABMKYILAS CHIa) U DIIEKTPUUYECKOM HaNpPSDKEHHH.

Jns aHanm3a W pacueTa dJIeKTpUYecKas LeNnb rpaduuecKd NPEACTaBISETCS B BUAE INIEKTPHUECKON
CXEMBI, CoJIepKalllell yCIoOBHbIE 0003HAYEHUS €€ JIEMEHTOB U CIIOCOOBI UX COCAMHEHHS. DICKTpUIECKas
CXeMa TPOCTEHIIel 3JIeKTPUYECKOW Ienr, OO0ecreunBaronieil paboTy OCBETHUTENIbHOM ammapaTypsl,
npesncTasieHa Ha puc. 1.1.

Bce ycrpolicTBa M 00BEKTHI, BXOJSIIHE B COCTAB AJIEKTPUIECKOH IEMH, MOTYT OBbITh pa3JielieHbl Ha TPU
TPYIIIIBL:

1) UcTOYHMKY 37IeKTpUIECKOil SHEpTuu (TUTaHUs).

OOuMM CBOMCTBOM BCEX MCTOYHHUKOB MUTAHUS SBJISIETCS peoOpa3oBaHue Kakoro-mubo BUAa SHEPTHU B
JNEeKTPUYECKyto. VICTOUHMKH, B KOTOPBIX MPOUCXOAWUT MPEoOpa3OBaHHE HEINEKTPUUECKON SHEPTHH B
3NIEKTPUYECKYIO, HAa3bIBAIOTCA MEPBUYHBIMH HCTOYHHUKAMH. BTOpHYHBIE HCTOUYHHUKM — 3TO TaKue
WUCTOYHUKH, Y KOTOPbIX M Ha BXOJIE, M Ha BBIXOJE — OJJEKTPUYECKas O3HEprusl (Hampumep,
BBINIPSIMUTEIIbHBIE YCTPOUCTBA).

2) IloTpebutenu dIEKTPUIECKON SHEPTHUH.

OOuM CBOMCTBOM BCeX MOTpeOUTENel SBIsETCS NPeoOpa3OBaHUE DIIEKTPOIHEPTHH B IPYTHE BUJBI
SHeprum (HalpuMep, HarpeBaTeIbHbIN Mpruoop). IHOTIa TOTpeONTENN HA3bIBAIOT HATPY3KOH.

3) BcnomoraTenbHble 3J€MEHTHI LENM: COEIMHHUTENbHBIE IIPOBOJA, KOMMYTAIMOHHAs almaparypa,
anmaparypa 3alluTbl, U3MEPUTENIbHBIE TPUOOpPHI U T.O., 0€3 KOTOPBIX peajbHas Lenb HE padoTaer.
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- Bce osnemeHTBI 1menmM  OXBau€Hbl  OJHHUM
3JIEKTPOMarHUTHBIM MpolieccoM. B anekTpuueckoit cxeme Ha puc. 1.1 smekTpuueckas 3HEprusi oT
uctounnka D/IC E, obnamaroriero BHyTPEHHHM CONPOTHBIECHUEM I g, C TTOMOIIBIO BCIIOMOTATEIBHBIX
JMIEMEHTOB LEMM TepelaloTcsi uepe3 PperyJupoBOYHBI peoctaT R Kk  moTpeOutensM (Harpyske):
aneKTpudeckuM nammnodkam EL ; u E L ,.

1.2. OcHOBHBIE OHATHS M ONPeAeeHus ISl JIeKTPUIECKOH menu

s pacueTa u aHanu3a peanbHas JIEKTPUYECKas Helb MPeACTaBIsieTcs] rpad)uuecKu B BUAE PacUeTHON
JNEKTPUYECKON CXeMBI (CXeMBbl 3aMelieHus ). B 3Toil cxeme peaibHbIE AIIEMEHTHI HEMH U300pakatoTcs
YCIIOBHBIMU O0O3HAYEHUSIMM, IIPUYEM BCIIOMOTATENIbHBIC 3JIEMEHTHI LIEMIH OOBIYHO HE M300pakaroTcs, a
€CJIM CONPOTHUBIICHUE COCIMHUTENIBHBIX IPOBOJOB HAMHOI'O MEHBILIE CONPOTHUBICHUS APYTHUX 3JIEMEHTOB
LEeNH, ero He YYHUTHIBAIOT. VICTOWHMK muTaHus mokaspiBaeTcs kak uctouHuk JJIC E ¢ BHyTpeHHUM
comnpoTusieHreM 10, peasbHble MOTPEOUTETH HIEKTPUUECKOW 3HEPrHH MOCTOSHHOIO TOKA 3aMEHSIOTCS
UX DJJIEKTPUYECKMMHU MapamMeTpaMu: akTHBHbIMH compoTtusieHusaMu R1, R2,....Rn. C nomoursio
COIIPOTHBIICHUS R YUUTBIBAIOT CIIOCOOHOCTH PEallbHOTO BJIEMEHTA LENH HeoOpaTHMO MpeoOpa3oBBIBATH
3JIEKTPOIHEPTHUIO B APYTUE BUJIbI, HAIPUMEP, TETUIOBYIO WM JYUHCTYIO.

[Tpm >TUX ycmoBusix cxema Ha puc. 1.1 MoxeT OBITH MpeAcCTaBIeHa B BHJIE PACUETHON SIEKTPUIECKON
cxeMbl (puc. 1.2), B koTopoit ectb ucrounuk nuranus ¢ IC E u BHyTpeHHuM conportusienuem 10, a
noTpeduTeNnu 3IEKTPUYECKOU SHEPruu: PEryaupoBOYHbIN peoctar R, JJIEKTPUYECKUE
namnouku EL1 u EL2 3ameHeHbI aKTUBHBIMH conporuieansmMu R,R1 u R2.

m

Uctounnk 3/1C Ha anexTpudeckoit cxeme (puc. 1.2) MoxeT ObITh 3aMEHEH MCTOYHMKOM HarpspkeHus U
MpUYEM  YCIIOBHOE MIOJIOKUTENBHOE HampaBieHne  HamnpsbkeHus U uMcTOuHHMKA — 3a1aeTcs
MIPOTUBOIIONIOKHBIM HampasieHuto J1C.

IIpu pacuete B cxeme MEKTPUUECKOH IIETH BBIJIENSIOT HECKOJIBKO OCHOBHBIX 3JIEMEHTOB.

BeTBb anekTpuueckoif 1eny (CXeMbl) — y4acTOK LIETH ¢ OJHUM UM TeM kK€ TOKOM. BeTBb MOXKET COCTOSATh
U3 OJHOTO WJIM HECKOJBKHX IOCIEIOBATENbHO COSAMHEHHBIX 3JeMeHToB. Cxema Ha puc. 1.2 umeer Tpu
BETBH: BETBb bma, B KOTOPYIO BKIIIOUEHBI 3JIEMEHTHI I o, E , R 1 B KoTOpO#i BOo3HMKaeT TOK | ; BeTBB ab ¢
37eMeHTOM R | ¥ TokoM | 1; BeTBE anb ¢ snemenToM R , 1 TokoM | ».

V3ei1 aMeKTpU4ecKoi 1enu (CXembl) — MECTO COeUHEHHs TpexX U Oosiee BeTBeil. B cxeme Ha puc. 1.2 —
IBa y3na a u b. BerBu, mpucoequHEHHblE K OAHOM Mape Y3JI0B, HA3bIBAlOT MNapaJlIeIbHBIMH.
Comporusnienns R ; u R ; (puc. 1.2) HaXoaaTCsl B TapallIeIbHBIX BETBSIX.

KonTyp — m1000#1 3aMKHYTBIN ITyTh, TPOXOAIMINI IO HECKOJBKAM BeTBAM. B cxeme Ha puc. 1.2 MOXHO
BBIICTHUTH TpU KoHTYypa: | —bmab; Il — anba; 11l — manbm, Ha cxeme cTpelkoii TOKa3bIBAIOT HAIIPABICHHE
00x0/1a KOHTYDA.

VYcnoBHble monokuTenbHbIe HampasieHus JJIC MCTOYHMKOB MWTaHWSI, TOKOB BO BCEX BETBSX,
HaNpsDKEHUH MEXAY y3JlaMH M Ha 3@KUMax dJIEMEHTOB LenHd HeoOXOoAWMO 3aJaTh Uil NpaBHIBLHON
3allMCH YpaBHEHUI, ONMUCBHIBAIOIIMX MPOLECCHl B AJIEKTPUUECKOM IIenmM MU ee sneMeHTax. Ha cxeme
(puc. 1.2) cTpenkamu ykakeM MOJIOKUTENbHbIe HanpaBierus J/]C, HanpsHKeHHd U TOKOB:

a) st D/IC MCTOYHWKOB — MPOW3BOIBHO, HO TMPH 3TOM CIIEAYyeT YYHUTHIBaTh, YTO TMOIIOC (3aKHUM
WCTOYHHUKA), K KOTOPOMY HampasiieHa CTpelKa, uMeeT Ooyiee BBICOKMH MOTEHLIHA MO OTHOLICHHIO K
Jpyromy IOJIOCY;

0) 171 TOKOB B BETBSIX, coAeprkamux uctoannku J/[C — coBmamaromumu ¢ Hanpasieranem 3/1C; Bo Bcex
JIPYTHUX BETBSIX IPOU3BOJIBHO;

B) JUIS HANPSDKEHHUH — COBIIAAAIONIMMU C HAlpaBJIEHHEM TOKA B BETBU MJIM DJIEMEHTA LICIIH.

Bce anexTpudeckue Nenu JeNATCs Ha IMHEHBIE H HEJIMHEIHBIE.

DNEMEHT 2JEKTPUIECKON LENH, TapaMETPhl KOTOPOTO (CONPOTHBIICHUE U JIp.) HE 3aBUCAT OT TOKa B HEM,
Ha3bIBAIOT JIMHEHHBIM, HAIIPUMEP dJIEKTPOIIEYb.
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HenuHelHbIil 51eMEHT, HalpuMep JaMIla HakajJWBaHWS, UMEET COINPOTUBICHHUE, BEJIMYMHA KOTOPOIO
YBEIUYMBAETCS NPHU MOBBIILICHUN HAIIPSDKCHUS, & CJIEA0BATEIBHO U TOKA, IOJIBOAUMOrO K JIAMIIOYKE.
CrnenoBaTeNnbHO, B TMHEHHON NIEKTPUUECKON LMK BCE AIEMEHTHI — JIMHEHHbBIE, a HEIMHEWHON HA3BIBAIOT
3IEKTPUIECKYIO IEITh, COACPIKAIIYIO XOTS OBl OJMH HEJIMHEHHBIN JJIEMEHT.

1.3. OcHOBHbBIE 3aKOHDI LeNel MOCTOSTHHOI0 TOKA

Pacder m aHanmM3 3JIEKTPUYECKUX IIETel IPOM3BOIUTCS C MCIOJIB30BaHMEM 3akoHa Owma, TEpPBOTO H
BTOpOoro 3akoHOB Kwupxroda. Ha ocCHOBE 3THUX 3aKOHOB YCTaHABJIMBACTCS B3aUMOCBS3b MEKIY
3HaYEHUSMH TOKOB, HampspkeHud, DJ[C Bceil SIeKTpHYecKOW Iemr W OTHENBHBIX €€ YYacTKOB U
rapaMeTpaMu 3JIEMEHTOB, BXOSIINX B COCTaB 3TOM 1IETH.

3akoH OMa 17151 y4acTKa Lenu

CootHomienue Mexny TokoM |, Hanpsbkenuem U R u comportuBienueM R ydactka ab snektpuyeckoit
(017 (pnlc. 1.3) BeIpaxaetcs 3akoHoM Oma

B stoMm ciiyqae UR=RI — Ha3bIBalOT HaNpsHKSHUEM WM TIAJICHUEM HalpsKeHUs Ha pe3uctope R, a R
— TOKOM B pesuctope R.

[Ipu pacdere >neKTpUUECKUX IeMeil HHOTIa yI00HEe TT0Ih30BATHCA HE COMPOTHUBICHNEM R, a BenmmunHOH
00paTHOH CONPOTHBIICHUIO, T.€. JICKTPUICCKON TIPOBOIUMOCTHIO:

B sToMm ciydae 3akon Oma /1 yyacTKa IIeTH 3aIlUIIeTCs B BUE:

I=Ug.

3akon Oma nJi Beell nenu

OT1oT 3akoH ompenenser 3aBucumocth Mexay OJIC E uctounuka mnuTaHuMS C  BHYTPEHHUM

conporuBnenuem r0 (puc. 1.3),  Tokowm | aekTpudeckoii  menu W OOMIMM  SKBUBAJICHTHBIM
-E_ E

comporuBienneM RI=r0+R Bceiinen u Fs o+R

CroxHast AIIEeKTpUYEcKasi IeMb CONEPKUT, KaK MPABHJIO, HECKOJBKO BETBEH, B KOTOPBIE MOTYT OBITh

BKJIFOYCHBI CBOM HCTOYHHKHM IIHUTAHUS M PEXKUM €€ paboThl HE MOXKET OBITh OIHCAH TOJIBKO 3aKOHOM OMa.

Ho 3T0 MOXHO BBHINOJIHUTE HA OCHOBaHMHM TIEPBOIO M BTOPOTO 3aKOHOB Kwupxroda, sBIstomImxcs

CJICZICTBUEM 3aKOHA COXPAHEHUS IHEPTUW.

IlepsBsIiii 3axkon Kupxroga

B nr060M y311e 37eKTprUecKol ey aaredpanyeckas CyMMa TOKOB paBHa HYJIIO

2 I =0
= ,

T7Ie M — 9MCII0 BETBEH MOAKIIIOUEHHBIX K Y3IIy.

[Ipu 3anmcu ypaBHEeHU 1o nepBoMy 3akoHy Kupxroda Toku, HanpaBieHHBIE K Y3y, OEpYT CO 3HAKOM
«WTIOC», a TOKW, HalpaBiieHHBIE OT y3Jla — CO 3HAaKOM «MuHyc». Hampumep, mis y3ma a (cm.
puc. 1.2)[-11-12=0.

Bropoii 3axon Kupxroga

B moboMm 3aMKHYTOM KOHType OJJIEKTpUYecKoil wnenu anredpamyeckas cymma OJJIC paBHa
anredpanveckoi cymMMe MmaeHNi HalpsDKeHU Ha BCEX ero yJacTKax

2E =2 Ryl =2 Uy

= = K=

rae N — YHUCIIO HWCTOYHUKOB QJC B KOHTYPE;
m— YHCII0 3JIEMEHTOB c conporuBieHueM RK B KOHTYpE;
Uk=RKkIk — nanpsikeHue niu maeHIe HaIIPpsHKEHNS Ha K-M aj1eMeHTe KOHTypa.

s cxemsl (puc. 1.2) 3anmumem ypaBHeHue 1o BTopoMy 3akoHy Kupxroga: E=UR+UI.
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Ecnu B »iexTpudeckoi ey BKIIOYCHBI WCTOYHHKM HaIpsDKCHHH, TO BTOpoi 3akoH Kwupxroda
(dbopMynupyeTcs B CIEeIyIOmEeM BUe: anredpandeckas cCyMMa HalpshDKeHHHA Ha BCEX dJIEMEHTaX KOHTDY,
BKuI0o4ast uctouHuku J/IC paBHa HyIIO

U, =0
=i .

I[Tpu 3anucyu ypaBHEHHH IO BTOpoMy 3akoHy Kupxroda Heo6xoaumo:

1) 3amaTh yCIOBHBIE MONOKUTEIbHBIC HanpaBieHus IJIC, TOKOB ¥ HANPSHKESHUIA;

2) BbIOpaTh HaIpaBJieHHE 00X0/1a KOHTYpa, Il KOTOPOTO 3alKMChIBACTCS YPaBHEHHE,

3) 3amucarh ypaBHEHHE, MOJB3YSICh OMHONM W3 (OPMYIMPOBOK BTOpOro 3akoHa Kupxroda, mpuuem
cliaracMmble, BXOJSIIUE B YpPaBHEHUE, OCPYT CO 3HAKOM «ILTIOC», €CJIM MX YCJIOBHBIC MOJOXHUTEIbHBIC
HaIpaBJICHHsI COBMAIAIOT ¢ 00X00M KOHTYPA, U CO 3HAKOM «MHHYCY, €CJI OHU MPOTHBOTIOIOKHBL.
3anumiem ypasHenus 1o 11 3akony Kupxroda 11 KOHTYpOB 35ieKTpruueckoii cxemsl (puc. 1.2):

koHtyp |: E=RI+R1I1+r0I,

kouTyp II: R1I11+R212=0,

koutyp IlI: E=RI+R212+r0l.

B neticTByromied nenu 3IEKTPUYECKAsl SHEPrUsl UCTOYHHKA MHUTAHUS NpeoOpasyercss B IPYTrue BUIBI
sHepruu. Ha yuacTke menu ¢ comporuBicHueM R B TeueHue Bpemenu tnpu Ttoke | pacxomyercs
ANIEKTpUIECKast SHEPTHUS

W=I2Rt.

CkopocTb TpeoOpa3oBaHusl AJIEKTPUYECKONH DHEPTHH B JPYTUE BHUIBI MPEACTABISIET AIIEKTPUYECKYIO

MOIIIHOCTE

W
P=—_=IR=UI .
t W3 3akoHa COXpaHEHUs SHEPTHM CJICIYET, YTO MOIIHOCTh UCTOYHHUKOB IUTAHUS B JIFOOOM

MOMEHT BPEMEHH paBHa CyMME MOIITHOCTEH, pacXoAyeMoi Ha BCeX Y4acTKax IIeIH.

TEI=3 'R

OTO COOTHOIICHNE HA3bIBAIOT YpaBHEHHEM OaslaHca MolnHocTel. [Ipu cocraBieHnn ypaBHeHHs OanaHca
MOIITHOCTEH CJIeyeT y4ecTh, YTO €CiHM nedcTBUTenbHbIe HampaBieHuss OJC W Toka HCTOYHUKA
coBmamarot, To  uctounmk OJ[C  paboraeT B pexWMe  WCTOYHMKA  THUTAHUA, U
npoussenenue El moacrasmsror B (1.8) co 3nakom mumoc. Ecom He coBmagaror, To uctouHuk IJC
paboTaeT B pexuMe MOTPEeOHUTENs dIEKTPpUIecKor sHeprun, u npousBeaenue El moacrasmsior B (1.8) co
3HaKOM MUHYC. /|71 1eru, moka3anHo# Ha puc. 1.2 ypaBHeHHe OanaHca MOIIHOCTEH 3alUIIeTCs B BUAE:
ElI=12(r0+R)+I112R1+122R2.

Ilpu pacdere ONEKTPUYECKHX IENEH HWCIONB3YIOTCS  OMNpEJCNICHHBIE €AMHUIBI  M3MEPCHUSI.
DNeKTpUYeCcKuil TOK u3MepsieTcs B amrepax (A), HanpsbkeHHe — B BoJIbTax (B), compoTruBnenne — B omax
(Om), momHOCTH — B BarTax (BT), anexTpuyeckas sHeprus — Barr-dac (Bt-wyac) u mpoBoanMOCTbE — B
cumencax (Cm)

Kpome OCHOBHBIX €IWHHII HCHOJB3YIOT Oojee Menkue W Ooyiee KPYHHBIE EIUHHUIBI HM3MEpPEeHUs:
mumuamnep (1 MA = 10-3 A), kutoamnep (1 kA = 103 A), mwumBoist (1 MB = 10-3 B), xunoBosbT
(1 kB = 103 B), kunoom (1 kOm = 103 Om), meraom (1 MOwm = 106 Om), xunosart (1 kBt = 103 Br),
kunoBarT-dac (1 kBr-gac = 103 BarT-uac).

1.6. Pe:kumbl padoTHI 3J1eKTPHYECKON enu

[Ipy moAKIIOYEHUH K WCTOYHUKY NMUTAHMS PA3IMYHOTO KOJMYECTBA MOTPEOUTENCH MM M3MEHEHHS HX
napamMeTpoB OyAyT U3MEHSThCS BETMYMHBI HANPSHKEHUH, TOKOB U MOIIHOCTEH B 3JIEKTPUYECKOW IETH, OT
3HAYCHUH KOTOPBIX 3aBUCHT PEXKHUM pabOTHI LIENH U €€ IIEMEHTOB.

PeanbHas snekTpuyeckas [emb  MOXET ObITh TpeACTaBI€HAa B BHUJIE AaKTUBHOTO M MAaCCHBHOTO

a
- S

ME
) i

T

- R.=R
0 i
I T 11

JBYXIIOJIFOCHUKOB .* b
JIByXIIOIIIOCHUKOM Ha3BIBAIOT IIE€TIb, KOTOPAsi COCIUHACTCS C BHEIIHEH OTHOCHTEIBHO HEE YaCThIO LU
yepes /1Ba BBIBOJA a U b — momtoca. AKTUBHBIN IBYXIIONIOCHUK COACPKUT UCTOUHUKH IEKTPHYECKON
JHEPTrUH, 4 IACCUBHBIN IBYXITOIIOCHUK UX HE COACPXKHUT. [l pacdera Lenel ¢ IByXIOIIOCHUKAMU
peasbHble aKTUBHBIE U IIACCUBHBIE JIEMEHTBI LIETIH IPEACTAaBIIOTCS cxeMaMu 3amelneHust. Cxema
3aMelleHNs MTaCCUBHOTO ABYXMOItocHUKA I1 nmpencraBnsiercs B BUAE €ro BXOAHOIO CONPOTUBIICHUS

_u

I .Cxema 3aMEIICHNsI aKTHBHOTO JIBYXITOJIFOCHHUKA A TIPEACTABIAETCS SKBUBAJICHTHBIM HCTOYHUKOM
¢ O/1C E , 1 BHyTpEeHHUM COIIPOTHBIICHUEM [ g,, HATPY3KOH AJIs1 KOTOPOTO SIBIISIETCS BXOIHOE

X
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COIIPOTHBIICHHE TIACCHBHOTO ABYXMOMOCHUKA R = R ;. Pesxxum paboTsl anexktprdeckoii memnu (puc. 1.23)
OTIpeIeTIsIeTCS] N3MEHEHUSIMH ITapaMeTPOB IMAaCCUBHOTO ABYXTIOIIOCHUKA, B OOIIEM CIydae BETUIHHON
comnpoTuBleHHs1 Harpy3KkH R . [Ipn aHanm3e 3JeKTpHUUECcKO e pacCMaTPUBAIOT CIICAYIOIINE PEKUMBI
paboThI: X0JIOCTOTO X013, HOMHHAJIBHBIN, KOPOTKOTO 3aMbIKAaHHS U COTIacoBaHHbIN. PaboTa akTHBHOTO
JIBYXTIOFOCHUKA TIOJT HArPY3KOH R ;; ompenensercs ero BoIbT-aMIepHOU (BHEIIHEH) XapaKTePUCTUKOH,
ypaBHeHue kotopoii (1.10) xns manxoi nenw 3ammmeTcs B Bug U =E ,— I rg,.
OTa BONBT-aMIIepHas XapaKTepUCTUKA CTPOUTCS MO ABYM Touykam 1 u 2 (puc. 1.24), COOTBETCTBYIOIINM
peKHMaM XOJIOCTOTO X0/1a ¥ KOPOTKOTO 3aMBIKaHWSL.
1. Pe:xuM X0J10€TOr0 X012
B sTOM pexxnme ¢ momonipto Kiroda SA Harpyska R, oTkimouaercst oT ucToYHMKa nutanus (puc. 1.23). B
9TOM cllyyae TOK B Harpy3ke CTaHOBHUTCS PaBHBIM HYJIO, M Kak cleayeT u3 cooTHomeHus (1.12)
HalpsDKeHHe Ha 3axuMax ab craHoButcs paBHBIM OJIC E , m Ha3pIBacTCS HANpPSOKEHHEM XOJIOCTOTO
xoma U .
U=U=E.,.

U

I
B

U 3

2

0 | Es I
111

2. PeskuM KOPOTKOI0 3aMbIKAHMUS

B atom pexume ximod SA B cxeme dekTpudeckoit nenu (puc. 1.23) 3aMkHyT, a conpotusieHue Ru=0. B
9TOM cityyae HanpspkeHne U Ha 3axumMax ab cTaHOBHTCS paBHBIM HyJio, T.K. U=IRH, a ypaBHenue (1.12)
BOJIbT-aMITIEPHON XapaKTEPUCTHUKN MOXHO 3aIlucaTh B BUJIE

(1.13)
I= Ix.z =

EE

I,

3HavyeHue TOKa KOPOTKOI'0 3aMbIKaHMs IK.3 COOTBETCTBYET T.2 Ha BOJIbT-aMIIEPHON XapaKTEePUCTHUKE
AHanm3 3TUX ABYX PEKHMOB ITOKA3bIBAET, YTO IIPH PacUeTe MEKTPUUECKUX LIENeH apaMeTpbl aKTUBHOTO
JIByxmontocHuKa Es v 103 MoryT OBITH OmpeneneHbl Mo pe3yibTaTaM pPEXHMOB XOJIOCTOTO XOJIa U

KOPOTKOTI'O 3aMbIKAHUS:

Es=Uxx; L.

[Ipu wu3MeHEeHuMM TOKa B mpenenax ¥ aKTUBHOW JIBYXTIONIOCHUK (IKBHUBAJICHTHBIA HCTOYHUK)
OTJIa€T PHEPIrHI0 BO BHEIIHIOIO Lienb (y4acTok | BoJbT-aMIepHON xapakTepucTuku Ha puc. 1.24). Ilpu
tokel<0 (yuactok II) MCTOYHWK TMONyYaeT SHEPrHI0 M3 BHEIIHEW Ienu, T.e. paboTaeT B peXHUME
NOTpeOUTENs INEKTPHYECKON JHEPruu. DTO MPOW3OWJIET, €Clii K 3aXuMaM ab JBYXITOJIOCHUKA
MIPUCOE/IMHEHA BHENIHSS 1eTb ¢ ucrounnkamu nuranus. [Tpu nanpsokennn U<0 (yuacrok 1) pesuctopsr
AKTUBHOTO JIBYXIIOJIOCHUKA MOTPEOIAIOT SHEPTHIO UCTOYHUKOB U3 BHEUIHEH LIETH U CaMOr0 aKTHBHOTO
JIBYXITOJIIOCHUKA.

3. HoMuHaJBLHBIA pexuM

HomuHaneHBIA peXUM 3JIEKTPUYECKON LeMu 00ecleunBaeT TEXHWYECKUE MapaMeTphl Kak OTAEIbHBIX
2JIEMEHTOB, TaK M BCEH LIENM, YKa3aHHBIE B TEXHUYECKOW JOKYMEHTAIVH, B CIIPABOYHON JTUTEpAType WIN
Ha camMoM naneMeHTe. i pa3HBIX SIEKTPOTEXHHUUECKHUX YCTPOMCTB YKa3bIBAIOT CBOM HOMHHAJILHBIE
napameTpbl. OMHAKO TPU OCHOBHBIX MapaMeTpa YKa3bIBAIOTCS TMPAKTUYECKH BCETr/a: HOMHHAIBHOE
HanpsbkeHne UHOM, HOMHHAIbHAs MOITHOCTh PHOM M HOMHMHaNBHBIN TOK [HOM.

PaboTa akTHBHOTO JBYXIOJIIOCHHUKA MO/ HArpy3K0i B HOMHHAIBHOM PEKUME ONpeJIeNIeTCs YpaBHEHHEM
(1.12), 3anmmcanHOM 11T HOMUHAIBHBIX TIapaMETPOB

(1.15)

Unom=E>—Tnomr0s.

Ha  BompT-aMrmepHOM  XapakTEpHCTHKE  OTO  ypPaBHEHHE  ONpEmeseTcs  TOYKoH 3 ¢
napameTpamu UHoM u [HOM.

4. CornacoBaHHBIH pe:KUM

CornacoBaHHBIM PEXUM 3JEKTPUYECKOW Ilenmu O0OecredrnBaeT MAaKCHMalbHYI0 Tepefady aKTHBHOM
MOIIHOCTA OT HCTOYHHKA MUTaHUS K moTpeOutemo. OmpemenuM mMapaMeTpbl 3IEKTPUYECKON Iern
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(puc. 1.23), obecrieunBaromue MOJYICHHUE COTJIACOBAHHOTO pexxuMa. [lpu moaxiroueHnn Harpy3ku RH k
aKTHBHOMY JIBYXIIONIOCHUKY (puc. 1.23) B HEll BO3HHKAET TOK

1= T
t.+R,
HpI/I 9TOM Ha Harpy3ke€ BbBIACINUTCA aKTHUBHasA MOIIHOCTD
E2
P=TR,=—2> _R_
(rOB + RH)
Onpenenum COOTHONICHHE MEXKITY CONIPOTHBIICHUEM Harpy3ku RH u BHYTPEHHUM

COIIPOTHUBJICHUEM I'03 3KBHUBAJICHTHOI'O HNCTOYHHKA SI[C, npu KOTOpOM B COIMPOTHUBJICHUU
HarpyzKH Ru BBIACIIETCA MaKCUMaJIbHasd MOHIIHOCTH IIPpWM HCEU3MCHHBIX 3HAYCHHUAX Eou r03. C 3TOU
[ENTBI0 OTMPEIeNINM TIEPBYIO IPOU3BOIHYIO P 1o RH u mpupaBHsIeM ee K HyIO:

&P _ [t +R,JE*-2(t,+R,RE’  E’

dr, (r.+R, ) (r.+R,)

3 (ri_Ri)zo

Tak kak BbIpaXKCHHE B 3HaMeHaTelne — KOHEYHOe, TO, OTOpachiBas He MMeroliee (pU3MIecKoro cMbIciia
pewenne Re=—103, moay4nM, dYTO 3HAYCHHWE CONPOTUBICHUS HArpy3KH, COIJIACOBAHHOE C
COIIPOTHBJICHUEM HCTOYHHMKA MOXKHO HAWTH BTOPYIO NPOM3BOAHYIO M YOEOWTHCS B TOM, YTO OHA
d’p J

<
OTpUIlaTebHA [dRi , IO3TOMY COOTHOIIIEHHE COOTBETCTBYeT MakcuMymy ¢yHkmu P=F(RH).
IMoncrasus (1.17) B (1.16), moday4nm 3HaYCHHWE MAaKCUMalbHOH MOIIHOCTH, KOTOPas MOXKET BbIACJICHA B

P

— E3
Harpyske RH o,
[lome3Hast MOIITHOCTB, BHIJIEISIOIIASCS B HATpYy3Ke, onpeaenseTrcs ypasHeHueM (1.16). IlonHast akTuBHAsS
MOIIIHOCTDB, BBIACIAACMAs aKTUBHBIM JIBYXIIOJIHOCHUKOM,

E2

L.+R,

P .=E]I=

Koaddumnuent noneznoro aeicTBus
(1.19)

1

eci Ru=r03, To M~ 0.5,

JIs MOIIHBIX DIEKTPOTEXHUYECKUX YCTpOMcTB Takoe Hm3koe 3Hauenwme KIIJ[ memomyctumo. Ho B
AJIEKTPOHHBIX YCTPONCTBaX M CXeMax, TIe BennduHa P uamepsiercs B mmuumBartaxX, ¢ Hu3kuM KII/|
MOJKHO HE CUHTAThCS, TTOCKOJBKY B ATOM peXUMe 00ecreurnBaeTcsi MaKCUMallbHasl repeiada MOIIHOCTH
Ha Harpy3Ky.

Tema 1.2. JnekTpuYecKHe 1N MePEeMEHHOT0 TOKA

BBenenmne

BonbmHCTBO MOTpeOHUTENeH 3IEKTPUUYSCKOW SHEPrUM padoTaeT Ha IEepEeMEHHOM Toke. B Hactosiee
BpeMSI II0YTU BCA BHGKTqueCKaH 3Heprm[ BBIpa6aTBIBaeTC$I B BUIC 3Hepr1/m HepeMeHHOFO TOKa. 9T0
OOBSCHSICTCS TIPEHMYIECTBOM TPOW3BOJICTBA M PACIpENeNeHns 3TOi dHeprum. llepeMeHHBIH TOK
MOJTy4alOT Ha AJIEKTPOCTAHIMAX, MPeoOpasysi ¢ IMOMOIIbI0 T€HEPAaTOPOB MEXAHHUYECKYH) SHEPTHI0 B
IJeKTpUIecKyr0. (OCHOBHOE TMPEUMYIECTBO IEPEMEHHOTO TOKAa TII0 CPAaBHEHHIO C TIOCTOSHHBIM
3aKJTIOYAETCSI B BO3MOKHOCTH € TTOMOIIBI0 TPAaHC(OPMATOPOB TOBBIIATH HIIN TIOHMKATh HAPSDKEHUE, C
MUHUMAIIGHBIMH TIOTEPSIMUA TIEpEAaBaTh JIEKTPUUECKYI0 SHEPrui0 Ha OONbIIME pacCTOSHUS, B
Tpex(}a3HbIX UCTOYHUKAX MUTAHMUA TOJIy4aTh Cpasy JIBa HAIPsDKEHUs: JTuHeiHoe u ¢a3Hoe. Kpome Toro,
TeHEepPaTOphl M JIBUTATEHM IIEPEMEHHOTO TOKa OoJiee MPOCTHI IO YCTPOWCTBY, HanekHEHl B paboTe u
MPOILE B HKCITYaTalUU [0 CPABHEHUIO C MAIIMHAMU MTOCTOSHHOTO TOKA.

B amexkTpuueckux NemnsaxX MEPeMEHHOTO0 TOKa HAW0OJee YacTO WCIOJB3YIOT CHHYCOMIATbHYI (GOopMy,
XapaKTePU3YIOIIYIOCS TE€M, YTO BCE TOKH W HANPSHKCHHS SIBISIOTCA CHHYCOMIAIBHBIMH (DYHKIHUAMHU
BpeMeHHU. B renepaTopax mepeMeHHOro Toka rmonydaroT 9J]C, H3MEHSIONYIOCS BO BPEMEHH 110 3aKOHY
CHHYCa, M TEM CaMbIM OOECIICYMBAIOT HAWOOJEe BHITOJHBIA HKCIUTyaTallMOHHBIA pPEXUM pabOTHI
9JIEKTPUYECKUX YCTaHOBOK. Kpome TOro, cuHycoumaibHas (Gopma TOKa W HAMPSHKSHHS ITO3BOJIIET
MIPOU3BOINUTH TOYHBIN pacUueT IEKTPUUCCKUX IIETICH ¢ MCIIONh30BaHUEM METO/Ia KOMIUICKCHBIX YHCET H
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MPHOIKEHHBINA pacyeT Ha OCHOBE METOJIa BEKTOPHBIX AuarpaMm. [Ipu 3Tom mis pacdera HCIOMB3YIOTCS
3akoHel OMa u Kupxroda, Ho 3amucaHHbIe B BEKTOPHOM HITH KOMIUIEKCHOH (opme.

1. CriocoObI ipeAcTaBIICHU CHHYCOMATBHBIX TOKOB, HanpskeHui, J/1C

B coBpeMeHHOI TeXHHKE MIMPOKO HMCIOJB3YIOT Pa3HOOOpaszHble MO (GopMe MEpEeMEHHbIE TOKH U
HaNPsOKEHUS: CHHYCOUAAbHBIC, TIPSIMOYTOJIBHBIE, TPEYTONbHEIE U Ap. 3HaUeHHe ToKa, Hanpsukerns, DJC
B II000I MOMEHT BPEMEHH t Ha3bIBA€TCS MTHOBEHHBIM 3HAYEHWEM W 0003HAYAeTCS MaJIBIMHA CTPOYHBIMHU
OyKBaMH, COOTBETCTBEHHO

i=i(t); u=u(t); e =e(t).

Toxwu, nanpspkerust u D/]C, MTrHOBEHHbBIE 3HAYEHHUSI KOTOPBIX MOBTOPSIOTCS Yepe3 paBHBIC MPOMEKYTKH
BpPEMEHH, Ha3bIBAIOT MEPHOANYECKHMH, a HAHMMEHBIIUI MPOMEXYTOK BPEMEHH, Yepe3 KOTOPBIA 3TH
MOBTOPEHHS IPOUCXOAAT, HA3BIBAIOT IEPHOAOM T.

Ecnn xpuBas W3MEHEHHS TNEPUOIUYECKOTO TOKA OINHCHIBACTCA CHHYCOHMJIOW, TO TOK HA3BIBAIOT
CHUHYCOUJANbHBIM. Ecii KprBasi OTIIMYaeTCsl OT CHHYCOHUIBI, TO TOK HECHHYCOUAATbHBIMN.

B mpombllmeHHBIX MacmTadax 3JeKTpUYecKass JHEPTUsl MPOU3ZBOAUTCS, MEpeAaeTcss M PacxoIyeTcs
MOTPEOUTENSIMH B BUJIE CHHYCOHUIATHHBIX TOKOB, HanpspxeHu 1 DJC,

IIpu pacdere W aHanmW3e DSIEKTPUUECKUX IMEMEH NPUMEHSIOT HECKONBKO CIMOCOOOB MPEICTaBICHUS
CUHYCOUOAJIBHBIX 3JICKTPUYCCKUX BCIIUYMH.

1.1. AHanuTHYeCKHi cr10co0

Jns Toxa i(t) = Im sin(ot + i),
JUTSL HATTPSDKEHUS u(t) = Um sin (ot +yu),
st DJIC e(t) = Em sin (ot +ye),

B ypaBaenusix (2.1 — 2.3) o603Ha4eHO:
Im, Um, Em — ammuiuty el Toka, Hanpsbkenus, DJ1C;
3Ha4YCHHE B CKOOKax — (pasa (mosHas daza);
Vi, yu, ye — HadanbHas ¢aza Toka, Hanpspkerns, JC;
® — TUKJINYECKas 4acToTa, ® = 2mf;
f —uacrora, f=1/T; T — nepuos.
Benuuunsr i, Im — u3mepsitores B ammnepax, Beauunusl U, Um, e, Em — B BosbTax; Benmuunaa T (niepro)
u3MepsieTcs B cekyHaax (c); yacrora f — B repuax (I'm), nukiInMyeckas 4acToTa ® HMEET pa3MEpHOCTb
pan/c. 3HaueHHs Ha4YalIbHBIX (a3 i, yu, e MOTYT U3MEPSITHCS B pajiiaHax WK rpajaycax. Bemmuuna i,
YU, e 3aBUCHT OT Hayana otrcyera BpeMeHnu t = 0. [lonmoxurenbHoe 3HAUEHHME OTKJIA/BIBAETCS BIIEBO,
OTpHLIATENILHOE — BIIPABO.
1.2. BpeMeHHas auarpamma
BpemenHast nuarpamma IpeacTaBisieT Tpauueckoe H300pakeHHe CHUHYCOWAAIbHON BEJIMYUHBI B
3aJaHHOM Macirabe B 3aBUCHMOCTH OT BpeMeHH (puc. 2.1).
i(t) = Im sin(ot - yi).

1

In
\ t | Un \o
0 t | . \
1w \_ I
v A

I'paduuecknn  cuHycoMIaIbHBIE BEIMYMHBI HM300paKalOTCsl B BUAE BPAILAIOIIEroCs  BEKTOpa
Ilpennonaraercsi BpallleHHE MPOTHUB YACOBOM CTPEJIKM C YAaCTOTOW BpalleHus ®. BennunHa BekTOopa B
3alaHHOM MacITade MpeICTaBIsIeT aMIUIMTYJHOe 3HadeHHue. lIpoekius Ha BEepPTHKAIBHYIO OCh €CTh
MI'HOBEHHOE 3HaY€HHE BEITUYNHBI.

COBOKYITHOCTh BEKTOPOB, N300paKaroIX CHHYCOUIAbHbIC BEJIMYMHBI (TOK, Hanpspkenue, /1C) oaHoit
Y TOM € 4aCTOThl Ha3bIBAIOT BEKTOPHOM AUArpaMMoil.

BekTopHbIe BETMYMHBI OTMEYAIOTCSA TOUKOW HaJ COOTBETCTBYIOLMMHU NTEPEMEHHBIMH.

Hcnonp30BaHue BEKTOPHBIX JUArpaMM IO3BOJISIET CYIIECTBEHHO YNPOCHTh aHAIN3 LIETIEH MEpEeMEHHOIr0o
TOKa, CAEJIaTh €ro MPOCThIM U HATJISIAHBIM.

B ocHoBe rpadoaHanuTHYecKOro crmocoba aHajdM3a Lened MEPEeMEHHOTO TOKa JIEKHT MOCTPOCHHUE
BEKTOPHBIX AUATPAMM.

16



A\
i1(t) = Im1 sin(ot); i2(t) = Im2 sin(wt + y2). i(t) =
IlepBrrit 3akoH Kupxroda BEIIOMHSETCS TSI MTHOBEHHBIX 3HAYECHUI TOKOB!
i(t) = i1(t) +i2(t) = Im1 sin(wt) + Im2 sin(wt - y2) = Im sin(ot + y).
[TpupaBHUBaeM MPOEKIMY Ha BEPTUKAIBGHYIO U TOPU30HTAJIbHEIE OcH (pHc. 2.4):
(2.4) Im sin y = Im2 sin y2;
(2.5) Im cos y = Im2 cos y2 + Im1;

Iu Lucosy
Puc. 2.4
U3 paBencts (2.4 — 2.5) nonydaem
tous = 1,z siny,
Locoay, +1 :

7 z
I, = ‘\]ImZ sy + Lz comyy + Iy )™

1.4. AHaIMTHYECKUHN METOJI C HCHOIb30BaHUEM KOMITIEKCHBIX YHCEN
+

’

CunycounanbHpiii TOK i(t) = I sin(wt + ) MOXHO TIpEACTAaBUTh KOMIUIEKCHBIM YHCIOM [p Ha
KOMILIEKCHOM IJIOCKOCTH (puc. 2.5)

fm=1me",

rJie aMIUIATYy1a TOKa [y — MOJyIb, a yroi y, SBISIONHICS HadaJlbHOW (a30ii, — apryMeHT KOMIUIEKCHOTO
TOKa.

Hcnonp30BaHne KOMIUIEKCHON (POPMBI IpeACTaBIEHHS TO3BOJISIET 3aMEHUTh TEOMETPHUYECKUE OTIEPALIUH
HaJ BEKTOpaMM anreOpandecKMM{ OIlepanusMH HaJ KOMIUIEKCHBIMH 4YMCIaMU. B pesymbrare 3TOTO K
aHaNM3y Lenel MepeMEeHHOT0 TOKa MOTYT ObITh NMPUMEHEHbI BCE METOJbl aHajHM3a LeNeil MOCTOSHHOTO
toka. [logpoOHee 3TOT MeTox OyAeT pacCCMOTPEH HIKE.

2. JleiicTBytOI1IeE 3HAUEHNE IEPEMEHHOT0 TOKA 1 HAPSKEHHS

Jns cpaBHEHUs 1EHCTBUM MIOCTOSIHHOTO U IIEPEMEHHOI0 TOKOB BBOJAT IOHATHE JIEUCTBYIOILIEE 3HAUCHNE
MIEPEMEHHOr0 TOKa. JlefcTByolee 3HaUEHNE TIEPEMEHHOTO TOKA YUCIIEHHO PaBHO TaKOMY IOCTOSSHHOMY
TOKY, TIPH KOTOPOM 3a BpeMs paBHOE OJJHOMY IIEpHOIy B MIPOBOJHUKE C CONMPOTUBIEHNEM R BeIensercs
TaKoe k€ KOJINYECTBO TEIJIOBOI SHEPTUH, KaK ¥ MPH MEPEMEHHOM TOKE.

OnpenenuM KOJIMYECTBO SHEPTUH, BBIACIAEMOM 3a MEpUOJ B MPOBOJHHUKE C CONPOTUBIEHHEM R mis
Ka)KI0T0 U3 TOKOB U IIPUPABHSEM HX.

1) nepenteHHLIT TOK 2) TIOCTOAHHBI TOK
— B —
—_—
ift) I

T
Q. = [i(hRdt

0 T N
Q_=TRT

M3 (2.6) cnenyer:

fﬁ(t)rdt—ﬁRT- —1= |1 fiz(t)dt— Ly
v | Ty N

ﬂﬂﬂ I000H 13 CHUHYCOUAAJIbHBIX BCJIMYUH IMOJTy4acM
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Y CoBMITHCH, UYTO BCE U3MEPHUTENBHBIC TIPHOOPHI TOKA3BIBAIOT JACHCTBYOMMKE 3HaUeHUs1. Hanpumep, 220

B — neiicTyroliiee 3HaUeHHE, TOTIa u(t)= 2202 sin et .

3. DneMeHTHI 3JeKTPUIECKOH el CHHYCOHIATBHOTO TOKa
ConpoTuBIIeHHs B LI TIEPEMEHHOT'0 TOKa

B memnsix mepeMeHHOT0 TOKa BBIIENAIOT CIEAYIOIINE BUABI COMPOTUBIICHHH.

AKTHBHOE. AKTHBHBIM Ha3bIBAIOT COIMPOTUBIICHNE PE3UCTOPA. Y CJIOBHOE 0003HAUCHHE

R
—L

Enuannielt m3mepenust comportuBierus sBiasercs Om. ConpoTHBIIEHHE pe3UCTOpa HE 3aBHCHT OT
JacTOTBHI.

PeaktuBHOE. B pasgene peakTUBHBIE BBIIEISAIOT TPH BHAa CONPOTUBICHUN: WHAYKTUBHOE XL u
€MKOCTHOE XC M COOCTBEHHO peakTwBHOE. /[JIsI WHAYKTHBHOTO COTPOTHBIIEHUS BBIIIE ObLIa IMONyYeHa
¢opmyna X, =oL. EnuHnneil w3MepeHHs HHIYKTUBHOTO COMPOTHBICHHA Takxke sBisercss Ow.
Benuuuna XL TMHEHO 3aBUCUT OT YaCTOTHI.

JIsi eMKOCTHOTO COMPOTHBIICHUS Bbile Obuta mosydeHa ¢opmyna Xc =1/ oC. Exununeit usmepeHus
€MKOCTHOTO compoTuBlieHust sBiusiercs Owm. Bemnumra XC 3aBHCHT OT 4YacTOTBI IO 0OOpaTHO-
MPONOPLIMOHAIIBHOMY 3aKOHY. IIpOoCTO pEakTHBHBIM CONPOTHMBICHUEM LENM HA3bIBAIOT BEJIMYHUHY
X= X|_ - Xc.

[Tonnoe conpotusienue. [IoMHBIM CONPOTUBICHUEM LI HA3bIBAKOT BEIHUUUHY

(2.28) z=RP+(x;-x)°

W3 3TOTO COOTHOIICHHS CIEMyeT, 9TO conpoTuBieHus Z, R 1 X 00pa3yroT TpeyronsHuK: Z — TUIOTEHY3a,
R u X — xarersl. s ynoOcTBa B 3TOM TPEYroJbHUKE PACCMATPHUBAIOT YTOJ (), KOTOPBIA OMPEICIISIOT
YpaBHEHHUEM

(2.29) o = arctg((X. - X¢) / R),

Y Ha3BIBAIOT yTiIoM capura ¢a3. C y4eToM HET0 MOXKHO JJaTh JIOTIOTHATENBHBIE CBA3H
(2.30) R=2Zcos o,

(2.31) X =1Zsin o.

NHayKTUBHOCTH

Boxkpyr BCSIKOro MpOBOHKUKA ¢ TOKOM 00pa3yeTcsi MATHUTHOE T10JI€, KOTOPOE XapaKTePU3yeTCs BEKTOPOM
MarHUTHOW MHAYKIMU B 1 MarHuTHeIM noToKoM @:
o= Iﬁ x dS

3
Ecnu monme 00pa3yroT HECKONBKO (W) MPOBOIHUKOB C OJWHAKOBHEIM TOKOM, TO HCIOJB3YIOT TOHSTHE
MOTOKOCIHCTIIICHHS \f

y=w O.
OTHOIIEHHE TOTOKOCLEIUICHHSI K TOKY, KOTOPBIH €ro c0o3/1aeT Ha3bIBalOT MHAYKTUBHOCTBIO KaTYLIKH
L=vy/i
[Ipy wu3MeHeHMHM BO BpEMEHH NOTOKOCLEIUIEHUS corjacHo 3akoHy @apanes BosHukaer O/C
CaMOMHJIyKIIUU
eL =-dy/dt.
C yueroMm cooTHomerus (2.8) ans el momydaem
ee=-L-di/dt

Ota D/IC Bcernma mpensTCTBYeT U3MEHEHHUIO TOKa (3akoH Jlenia). [loaromy, 9ToOBI Yepe3 MpOBOTHUKU
BCE BpEMsI TEK TOK, HEOOXOJIMMO K TIPOBOJIHUKAM MPHKIIAILIBATH KOMIICHCUPYIOIIIEe HAPSHKEHUE

U_ = -eL.
Comnocrasisist ypaBHeHus (2.9) u (2.10) momydaem
u.=L-di/dt

OTO COOTHOIICHHE SBISCTCA aHajgoroM 3akoHa Owma e MHAYKTHUBHOCTH. KOHCTI)YKTI/IBHO
WHAYKTUBHOCTDH BBIMIOJHACTCSA B BUJC KAaTYyHIKKU C IPOBOJOM.

YcnoBHOE 0003HAYCHUE WHIYKTUBHOCTH

L
— Y Y

Karymka ¢ mpoBomoM KpoMme CBOWCTBAa CO37aBaTh MAarHUTHOE TMIOJIe O0JIafaeT aKTHUBHBIM
cornpoTuBieHrueM R.
YcnoBHOE 0003HAYCHHE PEATBHON WHAYKTHBHOCTH.

L« R«
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Enunauneit namepenus nHAyKTuBHOCTH sBisieTcs ['enpu (I'H). YacTo UCTIONB3yIOT NPpOOHBIE ¢ TMHUIIBI
1 mx[u=10"° I'm; 1 Mx['H = 102 In.
EmMxocTh
Bce nmpoBOAHMKH C 3IEKTPHYECKHM 3apsiIOM CO3[AI0T BIIEKTPUYECKOE IMoJie. XapaKTEePUCTUKOM 3TOro
TOJISL  ABIMSETCS PA3HOCTh MOTEHIHMAIOB (HAmNpsDKEHHE). OJIEKTPUUYECKYI0 €MKOCTh OMPEAEISIOT
OTHOIIIEHHEM 3apsi/ia IPOBOJHIKA K HAIPSKEHHIO
C=Q/Uc.
C y4eToM COOTHOIICHHS
i=dQ/dt
nojy4aeM GopMyiy CBSI3U TOKa C HaNpsbKEHHEM
i=C- duc / dt.
Jnst ymobcTBa ee HHTErpUPYIOT U TTOTyJaroT
uc=1/C-[idt.
OTO COOTHOIIIEHUE SIBIISETCS aHaJI0roM 3akoHa OMa 11l EeMKOCTH.
KOHCTpYKTHBHO €MKOCTBH BEITIONHSETCS B BHJE JBYX MPOBOAHHUKOB PAa3/IEICHHBIX CIOEM IHAIIEKTPHKA.
®dopma MPOBOAHUKOB MOXKET OBITh IIOCKOH, TPyOUaTOM, IIapoodpa3Hoii U JIp.
EnuHuiiet u3sMepeHust eMKOCTH SIBJIIeTCs dapaja;
1® = 1Kn/ 1B = 1Kynon / 1BonsT.
Oxkazanoch, 9ro (hapanma sBIseTCS OONBINONW EIWHUIICH, HalpuMep, €MKOCTh 3€MHOTO Iapa paBHa
=~ 0,7 ©. [TosTOMY HaIe BCEro UCIONB3YIOT JpOOHBIC 3HAYCHUS
1 1® =10 @, (n® — nuxodapaa);
1 50 =10"° ®, (1® — Hanodapana);
1 Mx® = 10"° @, (Mx® — Muxpodapaa).

C
Y ci1oBHBEIM 0003HaYEHUEM EMKOCTH SIBIISIETCS CUMBOJI '
4. OCHOBHBIE CBOWCTBA MPOCTEHIIINX LIETIEH IEPEMEHHOTO TOKa
IIpocreiimne nenu — Lenu, COAEPKAINE OANH JIEMEHT.

1. YuacTok nenu, coaepkauiuii AKTHBHOE CONPOTUBJIEHHE
— it

uit) R

3aganuMcs N3MEHEHHUEM TOKA B PE3UCTOPE TI0 CHHYCOUJAIEHOMY 3aKOHY

i(t) = Inr Sin(ot + ).

Bocmnonesyemcst 3akonom OMa J1Jisi MTHOBEHHBIX 3HAYE€HHH TOKA M HATPSOKEHUS

u(t) =Ri(t)

U TIOJTyYUM

U(t) =R IR Sin((Dt + \V,)

®dopmaibHas 3aUch CHHYCOUIAFHOTO HANIPSHKCHUSI IMEET BUJT

u(t) = Upr sin(ot + )

Coornomrenust (2.13) u (2.14) OyayT paBHBI ecnu OyIyT BBIIIOJHEHBI YCIOBHs PaBEHCTBA aMIUIUTYA H
¢a3

UmR =R ImRa

Yu = Vi

CootHomenne (2.15) MokeT OBITh 3aMMCAHO I JECHCTBYIOIINX 3HAYCHUN

UR =R IR-

CootHomrenue (2.16) mokaspiBaet, 4To (ha3bl HANPSDKEHHUS M TOKA B pe3UCTOpe coBmanaroT. [ paduuecku

STQ IMpEACTABJICHO Ha BpeMeHHOﬁ ayarpaMmMme 1 Ha KOMIIIGKCHOM INIOCKOCTH
ul

u(t)
A0
0 \ / ot
oy

2. Y4acTOK IIenH, CoAepIKaIil HaeaaTbHyI0 HHIYKTHBHOCTD
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i(t)

w(t) ) ¢ e

3aganuM U3MEHEHHE TOKa B MHIYKTHBHOCTH 110 CHHYCOUAAJIBHOMY 3aKOHY

i(t) = I Sin(ot + ;).

Hcnonp3yeM ypaBHEHHUE CBSI3U MEKIY TOKOM U HANpPsHKEHHUEM B MHTYKTUBHOCTH

u=L-di/dt

u moayuum U (t) = oL - I, cos(ot + ).

3aMeHHNM COS Ha Sin ¥ MOTYYUM

UL (t) = oL - Iy, sin(ot + y; + 90°).

dopmarbHas 3aKUCh CHHYCOUIAIBHOIO HAPSIKCHUS UMEET BU

uL(t) = Up sin(ot + yy).

CootHomrenust (2.18) u (2.19) OyayT paBHBI €CiiH BBITIOJTHIETCS YCIOBHUE PaBEHCTBA aMILIUTYA U (a3

UnL = oL - I,

vy = i+ 90°.

YpaBHEHHE MOXKHO NIEpENUCATh IJis1 JEUCTBYIOIIUX 3HAYEHUN

U|_ = oL - I|_.

VYpasaernne (2.21) moka3biBaeT, 4To ¢a3a TOKa B HHAYKTUBHOCTH OTCTaeT OT (a3bl HanmpspkeHus Ha 90°.
Bemnmunny X, = oL B ypaBHenuu (2.20) Ha3pIBalOT WHAYKTUBHBIM CONpPOTHBIEHHEM. EnuHuIel ero
n3Mepenus siBisiercs OM. ['padudecku ainekTpruyecKre MpoLecch B MHAYKTHBHOCTH MPEACTABICHBI HA

U,i y
U
0 t o
NZEEIE
/2
1

3. YuacTok nenu, cogep:kaluii EMKOCTh
—

—

C
u(t) _—

j-—
3aHaHI/IM N3MCHCHUEC TOKAa B EMKOCTHU 110 CUHYCONJAJIbHOMY 3aKOHY

i(t) = Inc Sin(ot + ;).

Hcnonb3yeM ypaBHEHHEM CBSI3U MEXI1Y TOKOM M HalpsDKEHHUEM B eMKOCTH

uc=1/C-Jidt,

unonyduMm  Uc =1/ (0C) - Ine (-cos(ot + ).

3ameHHM —COS Ha Sin

Uc =1/ (0C) - Iyc sin(wt + y; - 90°).

dopmaibHas 3aUch CHHYCOUIAFHOTO HANIPSHKCHUSI IMEET BUJT

Uc = Upc Sin(ot + y).

CootHomrenust (2.23) u (2.24) OyayT paBHBI €CIIH BBINIOJIHIETCS YCIOBHUE PaBEHCTBA aMIUIUTYA U (a3

Unc =1/(0C) - Inc,

vy = Vi - 90°.

VYpaBHenue (2.25) MOKHO TiepenucaTh AJisl IeHCTBYIOIUX 3HAUCHUH

UC: 1 /((DC) . Ic.

VYpaBuenue (2.26) mokaszpiBaer, 4To (pa3a HampsHDKEHUS] B €MKOCTH OTcTaeT oT (a3bl Toka Ha 90°.
Bemnunny Xc = 1/ (0C) B ypaBHeHHu (2.25) Ha3pIBalOT EMKOCTHBIM COIPOTHBIICHUEM NN H U3MEPSIOT
ero B Omax. ['paduuecku anekTpuyeckrue NpoLecchl B EMKOCTH MPEACTaBIeHbI Ha puc. 2.13, 2.14.

u,i
KT N

/2

U

M3 3TOT0 COOTHOIIICHUS CIIEAYET, 9TO CONpOTUBICHUS Z, R 1 X 00pa3yroT TpeyroiabHuK: Z — THIIOTEHY3a,
R u X — xaretsl. [ ymoOCTBa B 3TOM TPEYroJbHUKE PACCMaTPUBAIOT YIOJd ¢, KOTOPBIH OMPEACIAIOT
ypaBHEHUEM

¢ = arctg((X. - Xc) /' R),
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Y Ha3bIBAIOT yriIoM capura ¢ga3. C y4eToM HEro MOKHO JaTh JIOTIOJTHUTEIIBHBIC CBS3H
R =2Zcos o,

X =1Zsin o.

7. Henb ¢ mocjienoBaTeIbHbIM COCIMHEHUEM 3JIEMEHTOB

IIpoBenem aHamm3 pabOTHI IEKTPUICCKOM IETIH ¢ MTOCIIeIOBATEIBPHBIM COCTMHEHUEM deMeHToB R, L, C.
I R L C

e Y
UR UL UC

U

P

[MomoxxuM, 4uro B 3TOM 3amade 3amanbl BenumuumHbl R, L, C, wactora f, Hampsbkenue U. TpeOyercs
ONpeeITh TOK B IEMM W HaNpsHKeHHE Ha d3JeMeHTax lenu. V3 cBoicTBa MOcCienoBaTeIbHOIO
COEMHEHMsI CIIeIyeT, YTO TOK BO BCEX DJJIEMEHTax IeNMM OJMHAKOBBIA. 3amada pa3OuBaeTcss Ha Pl
3TamoB.

1. Onpenenenne CONPOTUBICHUM.

PeaxtuBHBIE conpoTuBeHNs 31eMeHToB L 1 C HaxoauM o dhopMynam

Xe=oL, Xc=1/0C, ® = 2xf.

IlonHOE CONPOTUBIEHKE LIENIA PABHO

z=JR*+ (x, -x.)°

yroJi caBura ¢a3 paBeH

¢ =arctg((Xc - Xc) / R),

2. Haxoxxnenue Toka. Tok B 1ienu HaXoUTCs 10 3aKkoHy OMa

1=U/Z yi=y,+o.

@®a3pl TOKAa M HAIIPSDKEHUS OTIINYIAIOTCS HA Yroad §.

3. Pacuer HanpspkeHui Ha aneMeHTax. Hanpspkenus Ha seMeHTax onpenessoTes o GopMynaM
Ur=IR, ywr=vi,;

UL = IX0 ya = wi+ 90°;

UC = Xc, Ve = Vi - 90°.

Jlst HanpsbKeHUE BBINIOJHSCTCS BTOpoit 3akoH Kupxroda B BekropHoii hopme.

U = UR + UL + Uc.

4. Ananu3 pacueTHbIX JaHHBIX. B 3aBucumoctn ot BenmuuH L u C B popmynie (2.42) BO3MOKHBI
caemyromue BapuaHThl: X > Xc; XL < Xc; XL = Xc.

s Bapuanta X > Xc yron ¢ > 0, U > Uc. Tok oTcTaet ot HanpspkeHus Ha yroiu ¢. Llens umeer
aKTUBHO-WHAYKTHUBHBINA Xapaktep. BekTopHas quarpamMma HanpsbkeHuid umeet Buj (puc. 2.16).

I
s Bapuanra X < X¢ yroa ¢ <0, U_ < Uc. Tok onepexaer HanpspkeHue Ha yroi ¢. Llens numeet
aKTHBHO-EMKOCTHBII XapakTep. BekTopHas auarpamma HanpspkeHuit umeet Buj (puc. 2.17).

, UL[
Uk

Huns Bapuanta X = Xc yron ¢ =0, U = Uc. Tok coBnanaet ¢ HanpsbkeHueM. Llernbs nMeeT akTUBHBIN
xapaktep. [TonHoe conpoTuBiieHre z=R HauMeHbIIee U3 BCEX BO3MOXHBIX 3HaUeHUN X | U Xc.
BekropHas quarpaMma HanpsbkeHui uMeet Bun (puc. 2.18).

OroT pexkuM HaszbiBaeTcs pe3onaHc Hanpsbkenuit (U = Uc). Hanpsoxenns na anementax UL u Uc MoryT
3HAYUTENBHO MPEBBIIATH BXOJHOE HaNpSKEHHE.

TIpumep.

U=220B,f=50T1, R=220M, L = 350 My, C = 28,9 mx®.
Xe=oL=2afL=2-3,14-50-0,35=110 Om;

Xc=1/0C=1/2nafC)=110 Om;
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Z=R=220mM,0=0,1=U/R=220/22=10 A, y, = v;;

U =Uc=1X.=10-110=1100 B.

B npusenennom npumepe U 1 Ue npeBbIIalOT BXOJHOE HANPSIKEHUE B 5 pas.

8. llens ¢ mapanieabHbIM COeANHEHNEM JIEMEHTOB

IIpoBenem aHanmm3 pabOTHI AIIEKTPHUECKON IIEMH C TapajUIeIbHBIM coemnHeHneM aneMmeHToB R, L, C.

PaccmoTpuMm crieyromnyro cxemy.
1

P S—
z

Ru R:

Ll L Il-l- (&
ITomoxxum, uro 3amansl BenwmuuHBI R;, R, L, C, wacrora f m BxomHoe Hampsbkenme U. TpeOyercs
OTIPENICJINTh TOKH B BETBSX U TOK BCEH LETIH.
B nanHol cxeme nBe BeTBU. COrjacHO CBOMCTBY HapajuIeIbHOIO COEIWHEHMs, HaNpsDKEHHE Ha BCex
BETBAX MapaJljIeIbHON e OAMHAKOBOE, €CIIH MPeHeOpedb COMPOTUBIEHUEM MOIBOISIINX TPOBOIOB.
3agaua pa3duBaeTCs Ha Psiz 3TAoOB
1. Onpenenenue CONPOTUBICHUI BETBEH.
PeaktuBHbIe conpotuBneHus neMenToB L u C onpenernseM o hopMyiiam
Xi=olL,Xc=1/wC, o =2xf.
[lonHOE CONpPOTUBJICHHUE BETBEI paBHbI

o2 2 |
Z = R1+XL,ZQ= R%-l—XE,

COOTBETCTBYIOIIUE UM YIJIbI ciBUTA (ha3
o1 = arctg(X, / Ry), @, = arctg(Xc / Ry).
2. HaxokJieHrne TOKOB B BETBSIX.
Toxu B BETBSIX HAXOATCS 110 3aK0oHY OMa
L=U/Zy, yia =y + ¢, Lb=U/Z; yip = yy + 2.
3. Haxoxenue Toka BCceil Lenu.
Tok Bcell nenu MOXeT ObITh HaWJCH HECKOJIBKUMH METOAaMH: rpaduuecKkuM, METOJAOM MOIIHOCTEH,
METOIOM MPOEKITHI 1 METOJOM ITPOBOUMOCTEH.
UYamie Bcero UCHOJNB3YIOT METOJ MPOEKUMA M MeToi mpoBoauMocTeil. B Merone mpoekuuii Tox I u
I, packiiagpiBaloTCS TIO J[BE€ OPTOTOHAIBHBIC COCTABISIFOIINE aKTUBHYIO M peakTuBHYIO. OCh aKTHBHOI
COCTaBJISIIONIEH coBmagaer ¢ BekTopoM HampspkeHus U. Och  peakTHBHOM  COCTaBIISIONICH
nepnenauKyapua sexropy U (puc. 2.20).

U

U

AKTI/IBHI)IC COCTAaBJISIFOIIIMEC TOKOB paBHBI
lia =11 cos @1, I, = 15 cos @y,

Ia = Ila + |2a-
PeaktuBHbIe cocTaBsomue TOKOB paBHbl |1, = 13 8in ¢y, |5, = 15 Sin @y,
I, =i, - L.

B nocnenHem ypaBHEHMM B3SAT 3HaK MHHYC, IIOCKOJBKY cocTaBistomue I, (MHIyKTUBHas) u
I, (eMKOCTHas1) HanpaBJIEHbI B pa3sHble CTOPOHBI OT ocu U.
TIonHBIA TOK HAXOOUTCS U3 YPABHEHHUU

1= I+12

¢ = arctg(I, / I,).

B Merome mpOBOOUMOCTEH TakKe HCIIONB3YETCSl pPA3IOKCHWE Ha aKTUBHBIE U PCaKTUBHBIC
coctapittontue. Mcmons3ys ypasaenue (2.30) akTHBHBIC COCTABIISIONINE TOKOB 3aIMCHIBAIOTCS B BUIC
Ri_gR
Z Z

Ila =

=Ug,

rae uepes g1 = R;/Z;> 0603HaueHA BelMUMHA HA3BAHHAS AKTMBHON HPOBOIMMOCTBIO MEPBOIl BETBH.
AHaJIOTHYHBIM 00pa30M MOITY4YUM
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U, R R
I, =L cosq = —2x—2=-U=2
Z3 Z3 Z5
rae g; = Ry / Z,%; a Benuumny g = @) + g, HA36IBAIOT aKTHBHOM POBOIMMOCTEIO BCEi LIETIH.
Hcnone3ys ypaBHenue (2.3 1) 3amuiiemM peakTHBHBIC COCTABIISIONINE TOKOB
U x X
I, =T cosq =—x-E=U=L=TUb,
o zZ

=Ug,

I, =
rome b;u b,— peakTHBHBIE IIPOBOAUMOCTH BeTBell by = X / Z:2 by=Xc!Zi Nas peaKTUBHOM
MIPOBOAMMOCTH BCEH 1IETIH UMEEM
b= b]_ - bz.
B sToM ypaBHEeHHH B3ST 3HAK MHHYC, U3 TeX kK€ COOOpakeHWH, Kak W B ypaBHeHHH BenmunHa Toka I u
YTOJI () HAXOAATCS U3 COoTHOMIeHn! (2.45) u (2.46).
4. AHanu3 pacyeTHBIX TaHHBIX.
B 3aBHCHMOCTH OT COOTHOLICHHSI PEaKTHBHBIX MPOBOIMMOCTEH by 1 b, BO3MOXKHBI TpU BapuanTa: by > by;
b1 < bz, bl = bz.
Jns Bapuanta by > b, umeem Iy, > 15, ¢ > 0. Llermb uMeeT aKTUBHO-UHAYKTHBHBIN XapakTep. BekTopHas
AuarpamMmma n3o0paxkeHa Ha pUcC

U

IIpu b; < b, Toku Iy, < lp, ¢ <0. Llenb uMeeT akTHBHO-EMKOCTHBIN XapakTep. BekTopHas nuarpamma
1300paxeHa Ha PHC.

%]

I > In
Ecmu by =b,, 10 Ijp =1y, ¢ =0. Llens nMeeT 4MCTO aKTHBHOE CONPOTHBICHHE. TOK MOTpeOIseMbli
LEMbI0 OT UCTOYHUKA HAaUMEHBLIUN. DTOT PEKHUM HA3bIBAETCSl PE30HAHC TOKOB. BeKkTOpHas quarpaMma
n3o00pakeHa Ha puc. 2.23.

IPZ = 1p1

Tema 1.3. Tpexdazuble dieKTPUUECKHE IENH

OcHOBHBIE IOHATHS M ONIPeeTeHHUs

TpexdaszHas 1enb sBIsIETCS 4YacTHBIM CIy4aeM MHOTO(MA3HBIX CHCTEM JJIEKTPHUYECKHUX IIEeTeH,
MIPEJICTABIISIONINX COO0H COBOKYMHOCTH AJIEKTPHUYECKUX IIETIeH, B KOTOPBIX JEHCTBYIOT CHHYCOHIaIbHBIE
OIC opuHaKoBOH dYacTOTH, OTIMUaromuyecs Mo ¢a3e oxHa OT APYrod M co3JaBaeMble OOIIUM
MCTOYHUKOM SHEPTHH.

Kaxyro u3 dwacteit MHOro(ha3HOW CHCTEMBI, XapaKTEPHU3YIOUIYIOCS OJMHAKOBBIM TOKOM, MPHUHSTO
Ha3bBaTh (a3oi. Takum oOpasom, moHsTHE "(asza" UMeeT B MEKTPOTEXHHUKE [Ba 3HAUEHHS: IEPBOE —
apryMeHT CHHYCOHMJAIbHO HW3MEHSAIOLIEHCS BEIMYMHBI, BTOPOE€ — 4YacTh MHOTO()a3HOW CHCTEMBI
nekTpudecknx 1meneid. llemm B 3aBHCHMMOCTH OT KoimuecTBa (a3 Has3bIBAIOT JBYX(a3HBIMH,
Tpexdha3HbIMH, MeCcTU(HAZHBIMA U T.1I.

Tpexdaszueie 1enn — Haumboliee pacHpoCTpaHEHHBIE B COBPEMEHHOH JJIEKTPOIHEPreTHKe. JTO
00BsICHAETCA PAIOM HX INPEUMYILECTB IO CPABHEHHIO KaK C ONHO(MA3HBIMH, TaK U C JPYTUMHU
MHOT0(a3HbIMH LIEISIMU:

9KOHOMHYHOCTH MTPOM3BOJICTBA H MEPEAayy YHEPTUH 10 CPABHEHHIO C OTHO(A3HBIMU LIETISIMH;
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BO3MOKHOCTh CPAaBHHUTEIBHO TMPOCTOTO TOIYYEHHS KPYTrOBOTO BPAIIAIOMIETOCSs MAarHUTHOTO IO,
HEOOXOIMMOTO IS TpeX(ha3HOTO aCHHXPOHHOTO IBUTATENS;
BO3MOXHOCTb TOJYYCHHUS B OJHOW YCTAaHOBKE ABYX OKCIUTyaTallHOHHBIX HANpsKeHUH — (asHOro U
JIMHEHHOTO.
TpexdazHas 1enb COCTOMT M3 TPEX OCHOBHBIX DJJIEMEHTOB: TpeX(a3zHOro TeHepaTopa, B KOTOPOM
MeXaHW4ecKas SHeprusi mpeobpasyercs B JIIEKTpUUecKyro ¢ Tpexdasznoit cuctemoint IJIC; nmHuUM
nepeaayn co BceM HEeOOXOTUMBIM 000pYAOBaHHEM; MPUEMHHUKOB (TOTpeOHUTENeH), KOTOPBIE MOTYT OBIThH
Kak TpexdaszHbiMu (HanmpuMep, Tpex(asHbie aCHHXPOHHBIC TBUTATENH), TaK U OMHO(MAa3HBIMH (HAIIpUMED,
JIaMTIBl HAKaJIBaHWUA).
Tpexdazueiii TeHepaTop MpencTaBisier coOO CHHXPOHHYIO MAallMHY JIBYX THIIOB: TypOoreHepaTtop u
TH/IPOTEHEPATOP. Mogens TpexdazHOro reHeparopa cxeMaTHUecKH n3o0paxena Ha puc. 3.1.

Coh

Ha cratope 1 reHeparopa pa3zmerniaercss 0OMOTKa 2, COCTOAIIAs W3 TPEX YacTel WM, KaK WX MPUHATO
Ha3bIBaTh, (a3. OOMOTKH (a3 pacmojararoTcsi Ha CTaTope TaKUM 00pa3oM, YTOOBI MX MAarHUTHBIE OCH
OBLIM CABUHYTHI B MPOCTPAHCTBE OTHOCHTEILHO APYr apyra Ha yroa 2w/ 3, T.e. Ha 120°. Ha puc. 3.1
Kaxnaas ¢a3a OOMOTKM cTaTopa YCJIOBHO T[OKa3aHa COCTOSIIEH W3 onHOro BHUTKAa. Hawama a3
ob6o3nauensl OykBamMu A, B n C, a xoHmer — X, Y, Z. Porop 3 mpencraBnsieT coOOH ANEKTPOMArHUT,
BO30Y/1aeMbIil IOCTOSTHHBIM TOKOM OOMOTKH BO30YX/IeHUS 4, pacIiojioKEHHON Ha poTOpe.

[Tpu Bpaimenun poTopa TypOUHON ¢ PaBHOMEPHOM CKOPOCTBIO B OOMOTKax (ha3 cTaropa WHIYKTHPYIOTCS
MEPUOIUYECKA H3MEHAIINECs cuHyconganbible OJIC ONMHAKOBOW YacTOTBl M aMIUIUTYIbI, HO
oTIMYaroIuMecs APYr oT Apyra no ¢ase Ha 120° BcieacTBUE UX IPOCTPAHCTBEHHOTO CMEICHHUSI.

Ha cxeme 0OMOTKY (uiu (ha3y) HCTOYHHKA MUTAHUS U300paKaroT Kak MOKa3aHo Ha puc. 3.2.

3a ycnoBHOe nosoxkuTenbHoe Hanpasienne D/JC B kaxnoi ¢dase NpUHUMAIOT HANIPABICHUE OT KOHLA K
Hayamy. OOBIYHO MHIYKTHpOBaHHbIE B oOMoTKax crtaropa O/JC MMEIT OJMHAKOBBIE AMIUIMTYIBI H
CABHHYTHI 1O (ha3e OTHOCHUTENBHO JpYyr Jpyra Ha OAuH M TOT ke yron 120°. Takas cucrema DJIC
Ha3bIBACTCA CHMMeTpPI‘IHOfI.

A Y
o .
E. * E: *
(&) a) B c )] B

Tpexdaznas cummerpuuHas cucrema DJ]C Moxer u3o0paxarscs rpadUKamMH, TPUTOHOMETPUIECKUMHU
(GYHKUMSAMH, BEKTOPaMHU B QYHKLIUSMH KOMILIEKCHOTO IIEPEMEHHOTO.
I'paduky MrHOBEHHBIX 3HaYeHUH Tpexda3Hoi cummerpudHoit cucteMbl JJIC mokaszansl Ha puc. 3.3.
Ecmn D/1C oxnoit ¢as3el (Hanpumep, ¢asbl A) MPHUHATH 32 UCXOJHYIO M CUUTATh €€ HavyalbHyIo (azy
paBHOMW HYJIIO, TO BBIPAXKEHUSI MTHOBEHHBIX 3HaueHHH DJIC MOXKHO 3amucaTh B BUJE

ea=EnsSinot,

eg=Ensin(ot—120°),

ec=Enpsin(ot—240°)=E ,sin(ot+120°).
W3 rpaduka MrHOBeHHBIX 3HaueHuH (puc 3.3) cnemyer

epategtec= 0
Kowmmnekcnsle neiictByromue 3/1C Oy1yT UMeTh BbIpaKEHUS:
EA=Ene!”=En(1+j0),

Eg=Ene "2 =E (-1/2-j NE/z),
Ec=Ene " =E (- 1/2+] ﬁE/z).
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Bekrophas nuarpamma tpexdasnoit cummerpuunoii cucremsl JJ]C nokaszana Ha puc 3.4a.

+1 +1
B £
‘\lm '\\m
He///\\“s _He///\\\s
Ee Es £ Ee

aj &)
Ha nuarpamme puc. 3.4a Bektop E o HampapiieH BepTHKAIbHO, TaK Kak IpM pacdeTe TpeX(hasHbIX lerneit
MIPUHATO HATPABISTh BEPTHKAIBHO BBEPX OCh JACWCTBUTENFHBIX BEWYHH. V3 BEKTOPHBIX AHArpaMM pHUC
3.4 cnenyer, 4To IS CAMMETPHUYHOM Tpex(a3Hol CUCTeMbl reoMeTprueckas cymma Bektopos DJIC Bcex
(a3 paBHa HYJIIO:
(3.4) Ea+Eg+Ec=0.
Cucremy D/IC, B koTopoit /IC daser B orcraer mo daze ot D/IC daszer A, a 3JIC das3er C 1o daze — ot
OJC d¢a3el B, Ha3pIBalOT CcHCTEMOW NPSMOM MOCICHOBATSILHOCTH. ECIM M3MEHHTH HampaBiCHHE
BpallleHus] pOTOpa reHepaTopa, TO MOCIeA0BaTENFHOCTE a3 u3MeHnuTcs (puc. 3.40) u Oymer Ha3bpIBATHCS
oOpaTHOI.
[MocnenoBatensHOCTh (a3 oOmpeenseT HampaBlieHWe BpalleHus TpexdasHeix gBurateneit. Jlis
ompeeeHUs MOC/IEA0BaTEIBHOCTH (Da3 UMEIOTCS CICIUaIbHbBIC PUOOPHI — (ha30yKa3aTeH.
B niepuon 3apoxaenus Tpexda3zHbIX CUCTEM UMEINCH MOMBITKA UCIIONF30BaTh HECBSI3aHHYIO CHCTEMY, B
KOTOpO# (pa3bl 0OMOTKH TeHepaTopa He ObLTH 3JIEKTPHYECKH COCIMHEHBI MEXKAY co00il M kKaxmas ¢asza
COEJIMHANACh CO CBOMM IPHEMHHKOM ABYMs mpoBomamu (puc. 3.5). Takue cuctemsl HE HOIYUMIN
MPUMEHEHUs] BCIEACTBHE WX HEIKOHOMHYHOCTH: [UIsi COEJWHEHHs TeHeparopa C IPHUEMHHKOM
TpeOOBaAIOCH MECTh MPOBOAOB (puc. 3.5)
Bonee coBepimieHHBIMH W SKOHOMHYHBIMH SIBIISIIOTCSI CBSI3aHHBIC II€MH, B KOTOPBIX (a3zbl OOMOTKH
JNEKTPHYECKH COCJUHEHBl MEXJy co00d. CylIecTBYIOT pas3iIHyHble CIIOCOOBI CoeluHeHus (a3
Tpex(a3HbIX WCTOYHHKOB TMTaHWs U TpexdasHeIX TMOTpedurenei smexTpodHeprun. HambGonee
pacrpocTpaHeHHBIMH SIBIISIFOTCSl coeTUHEeHus "3Be3aa" u "TpeyronbHuK”. [Ipu 3TOM crocob coeTuHeHus
¢a3 ucrouHnkoB W a3z morpebuteneid B Tpex(asHBIX CHUCTEMax MOTYT ObITh paznuuHbIMH. Dazbl
WCTOYHWKA OOBIYHO coenuHeHbI "3Be3fon", (a3wl morpeOuTeneil coequHsrOTCS MO0 "3Be3moin”, mudo

"TpeyroJbHUKOM".

L
A a

T En U{ Z

X
Ec/ Z Y\P\'\‘\AEB Ze Ly )
6! i) [ b

CoennHenue (a3 renepaTopa u NpueMHUKA 3Be3/10i

Ilpu  coemuHenwe a3  oOMOTKM  reHepaTopa (Wi  TpaHcopmaropa)  3BE3IOM  HX
koHUBI X, Y 1 Z coequHSAIOT B OAHY o0Omy0 TO4uky N, Ha3piBaeMyl0 HEHTpaJbHOH TOUKOM (WK
HelTpanpio) (puc. 3.6). Konusl a3 npueMHUKoB (Z 5, Z b, Z ;) TakKe COSAUHSIOT B OAHY TOUKy N . Takoe
COCJIMHCHNE HA3bIBACTCS COCAMHCHHE 3BE3/1A.

)
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IMpoBomaA—a,B—b uC—c, coemunsronue Havama (a3 reHepaTtopa ¥ NPUEMHHKA, HA3BIBAIOTCS
muHeWHbIME, TpoBoa N—N, coegmHsromuii  Touky N reHeparopa ¢ TOYKOIl N MpHEMHHUKA,
HEUTPAJIbHBIM.

Tpexdasznas 11enb ¢ HEUTPAIBHBIM MMPOBOAOM OYAET YEeTHIPEXIPOBOAHOMN, O0€3 HEHTPAIBHOTO MPOBOJA —
TPEXIIPOBOAHOM.

B Tpexdasznpix memax paznuvaroT (asHple W JuHEHHBIe HampsokeHus. daznoe Hampsbkenue U ¢ —
HanpsOKEHUE MEKIY HadajloM M KOHIOM (ha3bl WIM MEXAy JIMHCHHBIM IPOBOJAOM U HEUTPAJbIO
(Ua,Ug,Ucy wucrounuka; U,, Up, U,y npuemnuka). Eciu compoTHBIEHHEM IPOBOJOB MOXHO
nperebpeyb, TO ¢a3HOE HANMpPsOKEHHE B TPUEMHHUKE CYMATAIOT TakUM JkKe, KaKk W B HCTOYHHKE.
(Ua=U,,Ug=U,Uc=U,). 3a ycroBHO TMOJOXKHUTEIbHBIC HampaBieHuss (a3HbIX HAIPSHKCHUH
MPUHUMAIOT HAMpPaBJICHUS OT Havaja K KoHITy (a3.

Jluneitnoe wHampsokenue (U ) — HampshkeHHE MKy JIMHCHHBIMH TPOBOJAAMH HIH  MEXKIY
onHonMeHHbIME BbIBojamu pasHbix a3 (U ag, Ugc, Uca). YCIOBHO TONOXUTEIbHBIC HANPABJICHUS
JIMHCHHBIX HAIMpPSDKEHUH TPUHATHL OT TOYEK, COOTBETCTBYIOIIUX TIEPBOMY HHACKCY, K TOYKaM
COOTBETCTBYIOIIIUM BTOPOMY WHEKCY (puc. 3.6).

Ilo ananoruu ¢ Gpa3HBIMU ¥ TUHEHHBIMH HAIIPSDKEHUSMH Pa3INYaloT Takke (ha3Hble U TMHEHHBIC TOKH:
dasnbie (I ¢) — 3T0 ToKM B (hazax reHepaTopa U NPUEMHHUKOB.

JIuneiinbie (| ) — TOKHM B TMHEHHBIX IPOBO/IAX.

[Ipu coennueHnn B 3Be31y (a3HbIC U IMHEIHBIE TOKA PABHBI

(35) | o= I JI-

Tok, mpoTeKarouii B HERTpaIbHOM IPOBOJE, 0003HaAUaOT | .

ITo mepBomy 3akony Kupxroda s veiirpanpsroit Toukr N (N ) iMeeM B KOMIUIEKCHO#H (hopme

(3.6) . [y=1a+tig+tic.

N

&)

B cooTBeTcTBHM ¢ BHIOpAaHHBIMHU YCIIOBHBIMH TIOJIOKUTEIHFHBIMUA HAIPAaBIECHUSAME (Pa3HBIX W JTMHEHHBIX
HANPSDKCHHH MOXKHO 3aIlMCaTh yPaBHCHHS [I0 BTOPOMY 3aKOHY Kupxroda.

UAB:UA_UB; Ugc=Ug—Ug; UCA:UC_UA-

CornacHoO 3TUM BBIp2XEHHSM Ha pUC. 3.7a TIOCTpOeHAa BEKTOpHAs aUarpaMma, U3 KOTOPOW BHUIHO, YTO
MpH  CHAMMETPUYHOW cucteMe (Da3HBIX HaINpsDKEHWH CHcTeMa JIMHEWHBIX HANpsHKSHHH TOXe
cummeTpudHa:U g, U gc, U ca paBHBI 110 BEIMYUHE U CIABUHYTHI 10 ()a3e OTHOCUTENBHO JIPYT JApyra Ha
120° (obmee  ob6osHaueHue U ), ©  OmepexarT, COOTBETCTBEHHO, BEKTOPHl  (a3HBIX
Hanpspkenuit U o, Ug, U, (U o) Ha yroma 30°.

JeiicTByronye 3HaYeHHs JTMHEWHBIX HANpPSDKEHHHA MOXKHO OMNpPENeNUTh rpadu-uyecKd MO BEKTOPHOU
Jnuarpamme wid mo gpopmyie (3.8), koTopas cieayer U3 TpEyrojbHUKa, 00pa30BaHHOTO BEKTOPAMH JIBYX
(ha3HBIX ¥ OJHOTO JIMHEHHOTO HATPSKEHIIA:

U ;= 2U 4c0s30°

wm U= "‘E Uo.

[penycmorpennsie 'OCToM nmHelHbIe M (ha3HbIE HANPSHKCHUS JUIS [elleld HU3KOTO HaNpsKEHUs
CBSI3aHBI MEXK1y OO0 COOTHOLICHUSIMHU:

U ;=660B ;U ,=380B;

U 7=380B; U ¢=220B;

U;=220B; U ,=127B.

Bekrophyto auarpammy yJOOHO BBIIIOJHHTE Tomorpaguueckor (puc. 3.70), Toraa Kaxmol TOUKe Lenu
COOTBETCTBYET OIpEIeNeHHas TOYKa Ha AuarpaMMe. BekTop, mpoBemeHHBIH MEXIy ABYMS TOYKaMU
TormorpaduvIeckoil JuarpaMMbl, BBIpaXKaeT MO BeIHYMHE M (pase HampspKeHHsT MEXITY OJHOWMEHHBIMH
TOYKAMH LETH.

Knaccudukaliius npueMHHKOB B Tpexha3HOM Lenu

[IpuemMHMKH, BKIIIOYaeMble B TpeX(a3HyO II€Mb, MOI'YT ObITh 100 OAHO(MA3HBIMHU, JINOO TpeX(ha3HBIMU.
K ogHO(a3HBIM IpHEMHUKaM OTHOCSTCS JIEKTPHUUECKHE JIAMITB HAKAJIMBAHHUS U APYTHE OCBETUTENBLHBIC
npuOOpbI, pa3IMnuHble OBITOBBIE MPUOOPHI, onHOMa3HbIe ABUraredn U T.0. K Tpex¢azHbIM NpuEeMHHUKAM
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OTHOCATCS TpexQasHble ACUHXPOHHBIC JBUTaTeNH W WHIYKIHOHHBIE Tedd. OOBIYHO KOMIUICKCHBIC
conporuBieHus (a3 Tpex(asHbIX IPUEMHUKOB PABHBI MEXKTY COOOM:

Za = Zb = Zc = Ze".
Takue MpUEeMHHKH Ha3bIBalOT CUMMETPUYHBIMU. ECiM 3TO yclOBHE HE BBIMOIHSIETCS, TO MPHUEMHHUKH
Ha3bIBAIOT HECUMMETPUYHBIMU. [Ipu 3tom, ecmu Z, = Z, = Z;, TO Tpex(a3Hblii MPUEMHHK HA3bIBAIOT
PaBHOMEPHBIM, €CITH Py = Py = (¢, TO OTHOPOTHBIM.
YeTpIpexXnpoBOAHAS JIEKTpUUYECKas LeTb
s pacuera TpexdasHOH ey MPUMEHUMBI BCE METO/IBI, FICTIONIb3YEMBIE IS pacdeTa JTMHEHHBIX IeTIeH.
OOBIYHO CONPOTHBIICHUS IPOBOJIOB M BHYTPEHHEE CONPOTHUBIICHHE TeHepaTopa MEHbIIE CONMPOTUBICHUI
MPUEMHHUKOB, TIOITOMY JUIS YIPOILIEHHUS pacueToB Takux Iienel (ecau He TpeOyercs: Oomnbplasi TOYHOCTD)
COIIPOTHBIICHUSI MPOBOJAOB MOXHO He yuuThiBaThb (Z; =0, Zy=0). Torma ¢a3nbie HanpspKeHUs
npuemanka U, Upu U;OynyT paBHBI COOTBETCTBEHHO (Da3HBIM HANPSHKCHUSM HUCTOYHHUKA
3NEKTPUYECKOH 3Heprun(reHepaTopa Wi BTOPHYHON 00MOTKH TpaHchopmaropa), T.e. U, = Ua; Up = Usg;
U, = Uc. Ecnu mosiHbIe KOMILJIGKCHBIC COMPOTHUBIICHUS (ha3 MpUEMHHUKA paBHbI Z, = Zy = Z., TO TOKH B
KKI0H (paze MOXKHO OMPENETHUTh Mo GopMyiaMm
Ll:Ua/Za; ib:I’Jb/Zb; ic:rjc/;c-
B cootBercTBHU € mepBbIM 3akoHOM Kupxroda Tox B HEHTpasHOM POBOIE
IN:1a+ib+icziA+iB+1C-
CumMmeTpryHas Harpy3ka mpueMHUKa
[Tpu cuMMETpHYHOH cHUCTeMe HANpsHKeHWH W CUMMETPHYHOHN Harpyske, korna Z, = Z, = Z;, T.e. Korjaa
Ri=Ry=Rc=Ryu X=X, =X;=Xy, OhasHple TOKM paBHBl 10 3HAYEHUIO M YIJIbl ciaBura ¢as
OJTUHAKOBBI
| = Ib:I = |¢=U¢/Zq,,
®a = @b = @c = @ = arctg (Xy/Ry).
ITocTponB BeKTOpHYIO AHAarpaMMy TOKOB [isl CHMMETPHYHOTO NPUEMHUKa (pUc. 3.8), JIETKO yCTaHOBHUTS,
YTO TeOMeTpHYEcKas CyMMa TPeX BEKTOPOB TOKa paBHa HyJo: I, + Iy + I, = 0. Cenosarensho, B cryuae
CUMMETPUYHOUW HArpy3KH TOK B HEHTpaibHOM mpoBoJie Iy = 0, moaToMy He00X0AUMOCTh B HEUTPaTbHOM
MPOBOJIE OTIAaeT.

HecummeTpuyHasi HAarpy3Ka npMeMHUKA
IIpu cumMmeTpu4HON cHCTeMe HampsOKeHHH W HECUMMETPUYHOW Harpyske, Korga Z,#Zy,#Zcu
(pa1 # Qb # Qc TOKH B (pazax moTpeduTess pasIniHbl U OIPEEISIOTCS 1o 3aKkoHy Oma

=U,/ Zs; Iy =Up/ Zy; I UC/Z
TOK B HeifTpasbHOM NpoBojie Iy paBeH reomeTpuyeckoil cymme (pasHbIX TOKOB
IN:ia‘f‘ib“‘Ic.
Hanpsoxenunst 6ynyT U, = Ua; Up = U, U = Ug, Ug = Uy / "‘E , Oyaromapst HEUTpaTbHOMY MPOBOIY MIPH
ZN =0.
CrenoBaresbHO, HEUTPAIBHBIN POBOJL 00ECTIEUNBAET CUMMETPHUIO (ha3HBIX HANPSLKEHUH NPUEMHHKA TIPU
HECUMMETPUYHOUN Harpys3Ke.
IToaToMy B YETHIPEXIIPOBOAHYIO CETh BKIIIOYAIOT OJHO(A3HbIE HECHMMETPHYHBIE HArpy3KH, HAIpUMED,
SNIEKTPUYECKUE JIaMITbl HakanuBaHWs. Pexum paboThl Kaxaol (a3pl Harpy3Kd, HaxXOISIIEHCS MOJ
HEM3MEHHBIM (ha3HBIM HaNpsHKEHUEM TeHepaTopa, He Oy/IET 3aBUCETh OT PeXUMa pabOThI IpyTrux (das.
BeKTopHaif\ JuarpaMMa Ipu HECHMMETPUYHOM Harpyske nprBeaeHa Ha puc. 3.9

TpexmnpoBogHas dIEKTpUYECKas IIETb
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Cxema coeqMHEHHS MCTOYHWKA M TPUEMHHUKA 3Be370H 0e3 HEeHTpaJbHOTO MPOBOJAA TMPUBEICHA HA PHC.
3.10.

A
M
T

:
In

T | Tea U{

Puc. 3.10

IIpn cummerpuuHON Harpyske, Koraa Z,=Zy=Zc.=Z, HaNpsKEHUE MEKAY HEHTpanbHONU TOYKOH
uctoyHrka N ¥ HEHTpaJIbHOM TOYKOH MpueMHHKa n paBHO HYJ0, Uny = 0.

CooTHonieHHe Mex1y (a3sHBIMH W JIMHEHHBIMH HANPSHKCHUSMH TPHEMHHUKA TaKKe PaBHO "‘-E, T.€.

Uop=Ujy/ "‘E , a Toku B (azax ompenpemstorcs mo TeM ke Gopmyinam (3.12, 3.13), yro u s
YeThIPEXIIPOBOAHOM 1ienu. B cilyuyae cMMMETpHYHOTO MIPUEMHHKA TOCTATOYHO ONPEAEIUTH TOK TOJIBKO B
onHo#t u3 das. Caeur a3 Mex 1y TOKOM M COOTBETCTBYIOIIMM HampspkeHueM ¢ = arctg (X / R).

[Tpu HEecumMMeTpHYHOH Harpyske Z, # Z, # Z, MeXIly HEHTpaTbHBIMH TOYKAMH MPUEMHUKA M UCTOYHUKA
3JIEKTPOIHEPIUM BO3HUKAET HAIPsUKEHHUE cMeleHus HeiTpanu Up.

s onpeneneHus HANPsDKEHUS CMEIIEHUsI HEWTpanyd MOKHO BOCIOJIB30BaThCs (POpMYIIOH MEXY3JI0BOTO
HamnpsKeHUs, Tak Kak cxema puc 3.10 mpencrasisieT co0oi cXxeMy ¢ IByMs y3JIaMH,

(3.14)

_ YU, +Y, U + YU,

Y +Y,+Y.

rne: Yo=1/2Z5 Yy=112p; Y. =1/ Z, — xoMITIeKCH IPOBOAMMOCTEH (ha3 HArpy3KH.

OueBUAHO, YTO TEIEPh HANpPsDKEHUS Ha (a3ax NpUeMHUKaA OyAyT OTIMYaThCs ApYr OT aApyra. M3 Broporo
3axona Kupxroda crenyer, 410

U

(3.15) Ua:UA'UnN; Ub:UB'UnN; Uc:UC‘UnN-
3Has dasHble HANPSDKEHUS IPUEMHAKA, MOXKHO ONPEJIENHUTH (asHbIE TOKK:
(3.16) L=Us/Z:=Y Uy L=Up/ Z, =Y, Up; . =Uc / Zc = Y. Ue.

Bekropel  (asHBIX  HaAmNpsHKEHWH  MOXKHO — OMpPEAENHTh  Tpaduyeckw, TIOCTPOUMB  BEKTOPHYIO
(Tonorpaduueckyro) quarpammy Qa3HbIX HanpsbKeHui uctouHuka nutanus u Ugy (puc. 3.11).

ITpy u3MeHeHUH BEIMYMHBI (MK XapakTepa) (a3HbIX CONMPOTUBIICHUH HANPSHKEHHE CMEIEHHH HelTpau
Uy MOXKET HM3MEHATHCS B IIMPOKUX mpenenax. [lpw 3Tom HeWTpadbHas Toyka NPUEMHMKAa N Ha
JMarpaMMe MOJKET 3aHHMAaTh Pa3HbIE TOJIOKEHNs, a ha3Hble Hanpsokerus npuemunka U,, Uy u U MoryT
OTIIMYATHCS APYT OT Apyra BeCbMa CYHIECTBEHHO.

Takum 00pa3oM, NpU CHUMMETPHUYHOM Harpy3Ke HEHTpajbHBIN IMPOBOJ MOXKHO YIalUTh M 3TO HE
noenusieT Ha (azHple HANpsDKEHWS NpPUEMHHKA. [IpM HECMMMETPUYHOW HArpy3ke M OTCYTCTBHH
HEUTPabHOTO TPOBOJA (a3Hble HANPSDKEHHUsT HArpy3Kd YK€ HE CBS3aHBI JKECTKO € (ha3HBIMH
HanpsOKEHUSIMM Te€HepaTopa, TaKk Kak Ha Harpy3Ky BO3AEHCTBYIOT TOJIBKO JIMHEWHBIE HaIpPSKEHUS
reieparopa. HecuMmMeTpuuHas Harpy3ka B TaKHX YCJIOBHSIX BBI3BIBAET HECHMMETpPHUIO €€ (a3HbIX
nanpsxennii U,, Up, Uy M cMelneHue ee HEHTpaIbHOI TOYKM N M3 LEHTPA TPEyrodbHUKA HATIPSKEHHUIl
(CMGLHCHI/IAG HEeUTpam).

Hanpasnenue cMelieHdss HEWTpany 3aBUCHT OT IIOCIEIOBATEIBHOCTH (a3 CHUCTEMBbI M XapakTepa
Harpy3KHu.

TToaTOMY HEHTpPaTBHBIN MPOBO HEOOXOIMM VIS TOTO, YTOOBI:

BBIPABHHUBATH (Da3HBIC HANPSDKEHUSI TPUEMHHUKA IPYU HECUMMETPUYHOM HArpys3Ke;

INOJKIYaTh K Tpexcba3H0171 OCIn O,I[HO(I)&SHLIC NPUCMHUKNU C HOMHUHAJIBHBIM HAIMPS)KCHHUCM B ﬁ pas
MCHBIIIE HOMUHAJILHOI'O JIMHEHHOTO HaIIpsKCHUS CCTH.
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CrnexyeT UMeTh B BHIY, YTO B IIETIb HEHTPAJIHHOTO MPOBOJA HENB3Sl CTABUTH MPEIOXPAHHUTENb, TaK KaK
MEperopaHre TMPENOXpPAaHHUTENS TPUBEIAET K pa3pelBy HEUTPANIBHOTO TIPOBOJIA U  TOSBICHHUIO
3HAYUTEIHHBIX MEPCHAINPSDKCHUH Ha (Da3ax Harpy3KH.

Coenunenue (pa3 reHepaTOPa U MPHEMHUKA TPEYTrOJIbHHKOM

[Ipu coenquHeHNN UCTOYHWKA MMUTAHUS TPEYTONbHUKOM (puc. 3.12) xonen X omHOM (ha3pl cOeTHHSAETCS C
HagayioM B BTOpO# da3bl, koHEN Y BTOPO (a3bl — ¢ HadagoMm C TpeTber (a3bl, KOHEN TpeThel (a3pl Z —
¢ HavyasioM niepBoil (asel A. Hawama A, B u C ¢a3 moaxioyaroTcsi ¢ MOMOIIbI0 TPEeX MPOBOAOB K

IIPUECMHHKaM.
A(Z) i
Tee  [Ues
i
JrfIBE ‘ I |

Coennnenne (a3 UCTOYHUKA B 3aMKHYTHIN TPEYTOJIBHUK BO3MOXHO TIpHu cuMMeTpuaHoi cucteme D/C,
TaK Kak

Ea+Eg+Ec=0.

Ecnu coenuneHre 0OMOTOK TPEYTOJILHUKOM BBIIIOJHEHO HEMPAaBUIBHO, T.€. B OAHY TOYKY COEIWHEHBI
KOHIIbI WM Haudana AByX ¢a3, To cymmapHas DJ[C B KOHType TpeyrojbHHKa OTIMYAETCS OT HyJIS U IO
00MOTKaM MpPOTEeKaeT OONBIION TOK. DTO aBapUHHBIA PEKUM IJIsi UCTOYHWUKOB MHTAHHS, U MOITOMY
HEZIOIYyCTUM.

HanpsbkeHne Mexzmy KOHIOM M HadainoM (as3bl IPU COCITUHEHUH TPEYTOJBHUKOM — 3TO HampsbKEHHE
MeXIy JUHEWHbIMH TpoBoaaMu. [lo3ToMy mpu coeaMHEHUU TPEYTroNbHUKOM JIMHEHHOe HaIpshKeHue
paBHO (Pa3HOMY HAIPSIKECHHUIO.

U n= Uq;.

[MpeneOperasi CONpOTHUBICHUEM JIMHEWHBIX MPOBOAOB, JIMHEHHBIE HAMPSKEHUS MOTPEOUTETS] MOXKHO
MIPUPABHATH JTUHEHHBIM HanpspkeHUsIM uctouHuka nutanus: Uy = Uag, Upe = Upe, Uea = Uca. Tlo dazam
Zav, Zoc, Zea TPUEMHHKA TIPOTEKAIOT (ha3HbIE TOKH Igp, Ine ¥ Ica. YCII0BHOE MOJIOKUTENBHOE HANpaBIEHHE
dasmbix Hanpsokennit Uy, Upe ' Ug, cOBIATaeT ¢ MONOKMTENBHBIM HATIPABICHHEM (Da3HBIX TOKOB.
Y CII0BHOE MOJIOKUTEIBHOE HANPABIeHHe TMHEHHBIX TOKOB Ia, Ig 1 Ic mpunsTO OT MCTOUHMKOB MUTAHMS K
NPUEMHHUKY.

B ommmume oOT coeauHEHHMs 3BE3OM NpPU COEIMHEHWH TPEYroJIbHUKOM (a3sHble TOKH HE PpaBHBI
JmHeI‘/'}HI)IM. Toku B (pa3ax nmpueMHHUKA OMPEALIIIOTCS 110 GopMyiaMm

Ialb = Uap / Za; Ibc = ch | Zy; Ica = Uca [ Ze,.

JluHeliHbIE TOKM MOXKHO ONpENeNuTh 1Mo (a3HbIM, COCTABHB ypaBHEHHUS IO IepBoMy 3akoHy Kupxroga
JUTst y3710B a, b 1 ¢ (puc 3.12)

Ia = Tap - Icas Ie = Inc - Tabs Ic = lca - Ihe

CH0XHB JIEBBIC U MPaBbIe YaCTH CUCTEMBI ypaBHeHui, (3.20), moryunum

iA + 13 + 1C = 0,

T.e. CyMMa KOMIUJIEKCOB JIMHEHHBIX TOKOB paBHA HYJII0 KaKk TNPH CHMMETPUYHON, TaKk W TpH
HECUMMETPUYHOUN Harpys3Ke.

CuMMeTpUYHAs HATPY3KAa NPUEMHHKA

IIpu cuMMeTpUYHON Harpyske ‘

(322) Zab = Zbc = an = Zew,

T.€. Zap = Zoe = Zca = Z, Qab = Poc = Pea = §.

Tak kak nuHelHble (OHU ke (asHbie) HanpsbkeHUus Upg, Ugc, Uca CUMMETpUYHEL, TO U (pa3HbIE TOKU
00pa3yloT CHMMETPHYHYIO CHCTEMY

Lab = Uab / Zav; Toc = Ubc / Zic; Ica = Uca / Zca

AOCoOTHBIE 3HAYEHHUS MX PaBHBI, a CIIBUTHU 10 (a3e OTHOCUTENBHO IPYT Apyra cocTaBisioT 120°.
JIunelinpie TOKH

Ia = Tap - Icas I8 = Toc - Lo Ic = lca - Inc;

00pa3yIoT Takke CUMMETPUYHYIO CUCTEMY TOKOB (puc.3.13, 3.14).
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e Tse

Puc. 3.13
Ha BektopHoii muarpamme (puc. 3.14) ¢a3Hbpie TOKH OTCTalOT OT (Da3HBIX HANPDHKEHUH HAa yrol @

(momaraem, 4to (a3pl MpHEMHHKA SIBISIOTCS HHAYKTUBHBIMH, T.e. @ > 0°). 31mech MNpPUHATO, YTO
HanpsokeHne Uag IMeeT HyneByro (a3y. M3 nmuarpammsbl ciiefyeT, 9To JF000W JIMHEHHBIA TOK OObIe

¢dazHorO B "‘-E pas. JIuneitneiii Tok 15 oTcTaeT mo dase ot dazHoro Toka Iy Ha yrom 30°, Ha 3TOT Ke yron

otcraer Ig ot I, Ic ot g
Takum 00pa3oM, NMPU COSAMHCHUU TPEYTOJbHUKOM JICHCTBYIOIIEEC 3HAYCHHE JIMHEWHOTO TOKAa IIpH

; NER i = Ug: 1, =3
CHMMETPUYHOMN HArpysKe B pa3 Gosblie AeicTByOIIEro 3HaueHus (asuoro Toka u Uy = Ug,; Iy =

lo.
IIpu paBHOMepHOW Harpy3ke ¢a3 pacdeT TpexdazHOW IEeNH COSAMHEHHOW TPEYTOJHHUKOM, MOXKHO
CBECTH K pacueTy OAHOH (a3bl.

®aznoe Hanpsokenue Ug = Uy, ®@asueiii Tok I = Ug / Zo, muHelHHBIH TOK Ij ="‘~E lp, yron cupura mo
daze ¢ = arctg (Xo / Ro).

HecummeTpuyuHasi Harpy3ka npueMHUKA
B o61em ciyuae npu HECUMMETPUUHON HArpY3Ke Zap 7 Zpe # Zea. OOBIYHO OHA BO3HHMKAET IPH IMUTAHUU
ot Tpex(daszHoit cetn omHo(dazHBIX MpHUeMHUKOB. Hampumep, ans Harpys3ku, puc. 3.15, dasHeie TOKH,
yrisl casura ¢as u GpasHple MOUHOCTH OyayT B O0LIEM CIlydae pasIuYHbIMH.

In

a

BekTopHas auarpaMma Juis ciiydasi, Korja B ¢ase ab uMeeTcs akTHBHAs Harpyska, B ¢aze bc — akTUBHO-
WHIYKTUBHAs, a B a3e ca — akTUBHO-EMKOCTHAs IpHBeJieHa Ha puc. 3.16, Tomorpadudeckasi ruarpamma

—Ha puc. 3.17.
urss

HOCTpoeHI/Ie BCKTOPOB HHHeﬁHBIX TOKOB IMPOU3BCACHO B COOTBCTCTBUU C BBIPAKCHUAMU
In = L - Lea; Ig = I - L Ic = Ica = I
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Takum 00pa3oM, MPH HECUMMETPHUHOH HATrpy3Ke CHMMETPHs (ha3sHBIX TOKOB Iz, Ipe, Ica Hapymraercs,
nosToMy nuHeitHble TOKH I, Ig, Ic MOXHO ompenenuTh TONBKO pacyeToM IO BHIMIETIPHBEIECHHBIM
ypaBHeHusM (3.20) uian HalTH rpadUIecKuM MyTeM U3 BEKTOPHBIX Auarpamm (puc. 3.16, 3.17).
BaxxHo#t ocobeHHOCTBIO coennHeHus (pa3 MpueMHUKA TPEYTrOJILHUKOM SIBJISIETCS TO, YTO MPU U3MEHEHUHU
COIIPOTHBIICHUS ONHON u3 (ha3 pexxuM paboThl ApYrux (a3 ocTaeTcs HEM3MEHHBIM, TaK KaK JHMHEHHbIE
HaNpsDKEHUSI TeHepaTopa SBISIOTCS MOCTOSHHBIMH. ByleT M3MEHSTBCS TONBKO TOK AaHHOW (a3el U
JIMHCHHBIC TOKM B IPOBOJAX JIMHHM, COCIAMHEHHBIX C 3TOH (ha3oil. [loaToMy cxema COeqMHEHUS
TPEYTrOJIBLHUKOM LIMPOKO HCIIOIB3YETCs Ul BKIIOUCHNUS HECUMMETPUYHOMN HAarPY3KH.
Ipu pacueTe I HECUMMETPUYHOM HArPy3KU CHAYasIa ONPe/IeNSIOT 3HaYeH s (Da3HbIX TOKOB lap, Ipc, Ica M
COOTBETCTBYIOIIME UM CIBUTU (a3 (Qap, Qpe, Pca- 3ATEM ONPEACISIOT JTHHEHHBIE TOKH C TMOMOIIBIO
ypaBHeHuit (3.20) B KOMIUIEKCHOW (hopMe MK C TIOMOIIBI0 BEKTOPHBIX nuarpamm (puc. 3.16, 3.17).
MormHOCTE Tpex$a3HO [IenH, ee pacyeT U H3IMEepeHue
B Tpex¢asHbix memsx, Tak ke Kak ¥ B 0JHO(A3HBIX, MOJIB3YIOTCS OHATHAMHU aKTUBHOW, PEAKTUBHOU U
IIOJIHOM MOIIHOCTEM.
CoenunHeHne OTpeOUTENEH 3BE301
B of0mem ciydyae HECUMMETPUYHOW HArpy3Kd akTHBHAs MOIIHOCTH TpeX(a3HOro MpHEeMHHKAa paBHA
CyMMe aKTUBHBIX MOIITHOCTEH OTAENbHBIX (a3
P= Pa + IDb + Pc,
I'ne
(3.24 P, = U, I, cos @,; Py, = Uy Iy cos @p; Pe = U | cos ¢c;
Ua, Up, Ug; Iy, 1y, | — da3ubie HanpshkeHUS U TOKH;
(Pa; P, Q¢ — YIIIBI cABUTA (a3 MEKAY HANPSHKEHUEM U TOKOM.
PeakTrBHAs MOIIIHOCTH COOTBETCTBEHHO paBHA AreOpandecKoi CyMMe PEaKTUBHBIX MOILITHOCTEH
OTIIeNbHBIX (a3
Q=Qa+Qp+Qq
rae
Qa = U, Iz sin @5; Qp = Uy Iy sin ¢p; Qc = U | sin @
ITonHas MOLIHOCTB OTAEIBHBIX (a3
Sa = Ua Ia; Sb = Ub Ib; Sc = Uc Ic-
[MomHast MomTHOCTH Tpex(}azHOTo MPUEMHUKA

S= P Q7

IIpu cummerpuunoit cucreme Hanpsokenwidn (U, =Up,=U,=Ug) U cUMMETpUYHOH Harpyske
(la=lh=l=le; @Ga=@Pp=0.=¢) asupie MomHOCTH paBHbl P,=P,=P,=Pg=Ug lp COS ¢;
Qa=Qr=Qc=Qq = Uy lop sin o.
AKTHBHAasI MOIITHOCTh CHMMETPHUYHOTO TpeX(Ha3HOro MpueMHHUKa

P=3Ps=3Ug lp COS o.
AHaJIOTMYHO BBIPAXKACTCS U PEAKTUBHAS MOIIHOCTh

Q=3Qp=3Ug Iy sin o.
[TonHas MoITHOCTH

S=38®:3U®|®.
Orcroza ciemyeT, 9To B Tpex(a3HOM ey IpH CHMMETPUIHON CHUCTEME HAMPSHKECHUH M CHMMETPUIHOM
Harpy3Ke J0CTaTOYHO M3MEPUTH MOIIIHOCTh OJTHOH (pa3bl U yTPOUTH Pe3yJIbTar.
CoenuHeHne MoTpeOuTeNel TPEYroIbHUKOM
B obmem ciydae HECHMMETPUYHON HArpy3KH aKTHBHAs MOITHOCTh Tpex(a3sHOro mpHeMHUKa paBHA
CyMMe aKTHBHBIX MOIITHOCTEH OT/AENbHBIX (a3
P= Pab + Pbc + Pcaa

rae
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Pab = Uap lab €08 @ap; Poe = Upe loe €08 @pc; Pea = Uca lca €OS @ca;
Uab, Une, Uca; lans loey leca — da3HBIC HaPSDKEHUS U TOKH;
©ap, Phes Pca — YTIIBI CABUTA (ha3 MEXKTY HAMTPSDKCHUEM U TOKOM.
PeakTrBHAasE MOIIHOCTH COOTBETCTBEHHO paBHA alreOpanveckodl CyMME pPEaKTUBHBIX MOIIHOCTEH
OTHENBHBIX (ha3
Q = Qab + ch + Qcay
rae
Qab = Uap lap SIn @ap; Qo = Upe loe SIN @pe; Qca = Uca lea SIN @ea
IToxHAs MOITHOCTH OTACIBHEIX (a3
Sab = Uab Iab; Sbc = ch Ibc; Sca = Uca Ica-

[MosmHas MOIITHOCTH TpeX(a3HOTO MPUSMHHKA

S=./P*+Q*
I[Mpu cummerpuunoii cucteme HanpspkeHUH (Uyp = Upe = Ui =Ugp) W cHMMETpUYHOW Harpyske
(Lo =loc = lca = lo; @ap = Qe = Pca = @) (ha3Hble MOITHOCTH paBHBI Py = Py = Py = Pg = Ug g COS @
Qab = Qbe = Qca = Qo = Ug o SIN @.
AKTHBHAsI MOIITHOCTh CHMMETPUYHOTO TPeX(Ha3HOro MpUeMHHUKA
P=3Ps =3 Uy lp cos o.
AHaJOTHYHO BBIPAXKAETCA U PEAKTUBHAS MOITHOCTh
Q:3Q¢=3Uq3 |qJSiIl(p.
ITonHast MOIITHOCTH
S:3S®:3U¢> I(I).
Tak kak 3a HOMUHAJIbHbIC BEJIUYMHBI OOBIYHO TPUHUMAIOT JIMHEHHBIC HANIPSKEHUS U TOKH, TO MOLTHOCTH
yaoOHeH BeIpakaTh yepe3 TuHeiHbie Benunuuubl Uy u .

Ilpu coeauueHnu (a3 CUMMETPUYHOTO TMpHEeMHHKA 3Be3m0i Ugp = Uy / "‘E, lp = Iy, mpu coegmaeHUN

tpeyroiabHukoM Ug = Up, 1o = I/ "‘E [TosTOMYy HE3aBHCHMO OT CXEMbI COEOUHEHHs (a3 MpUEeMHHUKa
AKTUBHAs MOLIHOCTb NP CUMMETPHYHOI Harpy3Ke onpenenseTcs oJHON U ToH ke GopMysoin

P= "‘EUH I cos .
riae U u [ — nuHeiiHOe HanpspkeHUe U TOK; cos @ — (Ba3HbIi.
OO0b1uHO uHIeKcH "1" 1 """ He yKa3bIBaOT U POpMyJia IPHHUMAET BT

( P= 3 Ulcos o.
COOTBETCTBEHHO PEaKTHBHASI MOLIIHOCTh
Q= "‘E U I sin @.

U IIOJIHAsI MOIITHOCTH
s=3y)

[Ipu 5TOM HaJ0 NOMHHTB, YTO YTOJN (@ SIBJISETCS yIJIOM cIBUTa (a3 mMexny (a3sHbIMH HANPSKEHUEM U
TOKOM, M, YTO INpPH HEU3MEHEHHOM JIMHEMHOM HANpsKECHUM, TEpPEKIovas MPUEMHUK CO 3Be3]bl B
TPEYTOJIBHHUK €r0 MOITHOCTh YBETTMYMBaeTcs B Tpu paza A P =Y 3P.

Tema 1.4. MarHuTHbIC e

Besikuii 3eKTPOMarHUT COCTOMT M3 CTAIBHOTO CepACYHNKA — MAarHUTONPOBOIAa M HAMOTAaHHON Ha HETrO
KaTYIIKH ¢ BATKAMHU H30JIMPOBAHHOM MIPOBOJIOKH, 110 KOTOPOH MPOXOAUT IEKTPHUECKHHA TOK.
COBOKYMHOCTh HECKOJBKHX YYaCTKOB: (peppOMarHuWTHHIX (CTanb) U He)EeppPOMAarHUTHHIX (BO3AYX), IO
KOTOPBIM 3aMBIKAIOTCS TNHUW MarHUTHOTO TIOTOKA, COCTABIISIIOT MArHUTHYIO TICTIb.

1. 3aK0H NOJIHOIO TOKA

B ocHOBe pacyera MarHUTHBIX LeTIeH JISKUT 3aKOH ITOJIHOTO ToKa (pHc. 4.3)

§Hdi=chosoulL=ZI

rne: H —  HampskKeHHOCTP ~ MAarHUTHOTO  MOJAS B JaHHOM  TOYKE  IPOCTPAHCTBA;
dL - JJIEMEHT JUTHHBI 3aMKHYTOTO KOHTYpa L;
o — yron MEXKITY HaIpaBJICHUSIMU BEKTOPOB Hy dL ;

- anre6panqec1<a${ CyMMa TOKOB, MPOHU3BIBAIOIIUX KOHTYD L.
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Puc. 3. 3akoH moiaHOrO TOKA

Tok I, mporu3bIBatonuii KOHTYp L cumMTaeTcsi MOJOKUTEIBHBIM, €CIIH MPUHATOS HampaBlIeHHE 00Xxo0Ja
KOHTYpa M HampaBlieHHEe 3TOTO TOKA CBSI3aHbI MMPABHIIOM MPABOXOJI0BOTO BHHTA (OypaBUHKa).
IIpuMeHeHHEe 3aKOHA MOJHOI0 TOKA JUIS pacyeTa MArHUTHBIX Lemneii

PaccMoTpuM mIpOCTEHINyF0 MAarHUTHYIO II€Tlb, BHITIOJHCHHYIO B BHJIE KOJIbIIA TOPOHJIA U3 OJHOPOHOTO
Marepuana (puc. 4).

71
4=

Puc. 4. KonbrieBast MarauTHas 1enb

O6moTka nmeer W BHTKOB M OOTekaeTcst TOKOM [. MarHWTHBIE TWHUM BHYTPH KOJbBIA MPEACTABISIOT
€000l KOHIIEHTPUYECKHE OKPYXKHOCTH ¢ eHTpoB Touke O. [IpumennM k koHTYpy C,, COBIagaronieMy ¢
OJIHOM M3 MarHWTHBIX JIMHUH, MPOXOJAIIAX B MarHUTOIPOBOJIC, 3aKOH MOJIHOTO TOKa. [Ipu atom Oynem
CUHTaTh:

H u dU cosnanarot, caemoBarenbHo o = 0;

BenrurHa HX BO Bcex TOUKax KOHTypa OAMHAKOBA;

CyMMa TOKOB, IIPOHU3bIBAIOIIUX KOHTYp, paBHa [W.

Torma

fH cosadL=H,fdL=H,L, = TW

OTtcrona
Iw IwW
H =—=
Lx 27 I, [ A /M],
rie L,— JUIMHA KOHTYpa, BIOJIb KOTOPOTO BEJIOCH WHTETPUPOBAHUE;

Iy — pailyC OKPYXHOCTH.

BexTop H BHyTpHM KOJIbIIa 3aBHCHT OT PAaCCTOSIHHA Ty. Ecimu o — mmpuHa Kojbla << d, To 3Ta pa3HHIa
Mex 1y 3HaueHusMu H B mpenenax cep/ieyHrka He Benvka. [Ipu 3ToM B pacder MOMyCTUMO MPUHSTD IS
BCETO TOIIEPEYHOT0 CEYCHISI MATHUTOIPOBOA OHO 3HAUYCHNE HAMIPSHKEHHOCTH MAarHUTHOTO TTOJIS:
Ho,=1W/L,

rae L — nnuHa cpenHeit MarHUTHON JIMHUH.

2. 3akon OMa 1Isi MATHUTHOM nenu. JInHeliHbIe M HeJIMHeHbIe MATHUTHBIE CONPOTHBJICHHS

B KOJIBIICBOM MarHUTONPOBOE C PABHOMEPHOM 0OMOTKOMW BCE 10JI€ KOHIICHTPUPYETCS BHYTPH KOJIbIIA.
Onpe/enuM B 3TOM CITydae MATHUTHBIN MIOTOK B MATHUTOIIPOBO/IE C PACIIPEICIICHHON 0OMOTKOM.

Hcxons n3 cootnomennit @ = B, S u B, = p, Hep, momyunm

®=B,S=mH,S.

*)
Iw TIWwW F
@=pnS- =" ="
MTTIOR,
WS

MarautHeii notok @ 3aBucuT OT npousBeAeHuss IW =F, xoropoe TONy4uI0 Ha3BaHUE

MarauTonBrokyIen cuisl (MJIC).

Benwuuny L/ (u, S) =R, — TOpuHATO Ha3BaTh MAarHUTHBIM COMPOTHUBICHHEM MAarHUTOMPOBOAa (10

QHAJIOTUH C AJICKTPHUYECKUM conpoTBieHueMr = L /y S).

MaruuTHOEe CONPOTHRBIICHHE BO3Ayxa (3a30pOB) JIMHEWHOE, T.K. W, = L, = const. Marautaoe

COIIPOTHUBJIEHUE CEePJIEYHNKA HEJTMHENHO — |1, 3aBUCHUT OT B.

Ecnu namaranuuBaromyto cuiy F, ynonoouts aeticteuro D/1C, OyaeT moiy4eHo COOTHOIIEHHE, TIOX0Kee

Ha BeIpakeHHe 3akoHa OMa JIJIs IIeMH MMOCTOSHHOTO TOKa. B ¢Bs3m ¢ 3TuM Gopmyy (¥) IpHHATO HAa3BaTh
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3akoHOM Oma i MarHuTHOW 1enu. CliemyeT OTOBOPHTHCS, YTO 3Ta aHajlorus — (opMmayibHas, a
(m3rgecKas CyIHOCTb MPOIECCOB B AIEKTPUUECKUX W MAaTHUTHBIX METISIX Pa3jINdHa.

3. @eppoMarHuTHbIE MATEPHUAJILI M HX CBOMCTBA

W3BecTHO, 4TO MarHWTHas MPOHUIAEMOCTh I, (PEPPOMATHUTHBIX MAaTEPUAIIOB MEPEMEHHAs BEIMYMHA U
3aBUCHT OT B. D10 BiedeT 3a co00i HEMOCTOSHCTBO MAarHWTHOTO CONPOTHBIEHHS R, W 3HAYUTETHHO
YCIIO)KHSAET pacueThl MarHWTHBIX mereid. llodToMy mms pacuera MarHWTHBIX IIeTIeH, COIEpIKaIIX
(heppOMarHUTHBIC YYacTKH, HEOOXOIUMO pPacIojiaraTh KPUBBIMH HaMarHUYWBAHUS, TPEICTABIISIONIMU
co00it 3aBucumocth B = f(H). DTr 3aBHCHMOCTH MOMy4al0T AKCIEPUMEHTAIEHBIM ITYTEM — HCIIBITAHHEM
3aMKHYTBHIX MarHUTOIIPOBOJIOB C paclpeaeieHHOH 0OMOTKOMA.

[lepBoHayambHOMY HaMarHWYMBaHUIO O00paslla COOTBETCTBYET KpHWBas [|, Ha3blBaemass KPHUBOM
NEePBOHAYANLHOTO HAMAr HHHBAHUS (puc. b).

Puc. 5. 3aBucumocts B(H) — metns rucrepesnca

Eciu oOpaseny moxaBeprare IMKIMYECKOMY HAMAarHMYMBAaHUIO TPU H3MEHEHUH HAaINpPsHKEHHOCTU
MarHuTHOTO nonsg B mpexaenax +Hy mo —Hy, To rpadux Oyaer mpeacTaBisiTh 3aMKHYTYIO KPHUBYIO,
W3BECTHYIO IOJ] HA3BaHUEM IETIU THCTEPE3UCa.

Ecnu mpomecc HMKINYECKOTO HAMAarHUYUBAHUS TOBTOPATH ISl TIOCTENEHHO YBEJIWYHBAIOIINXCS
3HaYeHUH HaNpsKEHHOCTH MarHWTHOIO MOJsI, TO MOXHO MOJY4YUTh CEMEWCTBO IETeNb TUCTepe3uca, U
TaK Ha3bIBAEMYIO MPEAEIbHYIO METI0 TUCTEPE3UCca, KOTOPOI COOTBETCTBYET U3BMEHEHHUE HAIPSX)KEHHOCTH
MarHuTHOTO TONst B mpeaenax OT +Hpax 10 —Hmax, yBemmuenue H cBepx Hpy,x He moBieuer 3a coboit
yBEJIMYEHHE IUIOUIaAM MeTNu Tucrepesuca. I[lpenenbHas meTnisa rUcTepe3uca OIpeneNnseT 3HadeHHe
OCTaTOYHOM MarHWTHOW MHIYKIIMM M KodpueTuBHOU cuibl H.. KpuBas, coenuHsonias BepIInHbl IETENb
TUCTEPE3UCa, HA3bIBACTCSI OCHOBHOM KPUBOM HaMarHUYMBAaHUS. DTU KPUBbIE MPUBOASTCS B CHPABOYHBIX
PYKOBOJICTBAxX M UCIOJB3YIOTCS B pacdeTaX MarHUTHBIX IIETIEH.

[Mpouecc MUKINYECKOro MepeMarHnauBaHus TpeOyeT 3aTpaThl SHEPTUH, KaK U3BECTHO U3 Kypca (HU3UKH,
MPOMOPIUOHATILHON MITOIIAIN NIETIN TUCTEPE3UCa.

B cBS3M ¢ 3TUM MarHWTONPOBOJIBI 3JEKTPOTEXHUYECKUX YCTPOMCTB, pabOTAIOMIMX B YCIOBHSX
HETPEPHIBHOTO TEepeMarHuunBaHus (HampuMep TpaHchopMaTopsl), IEeJIecO00pa3HO BHIMONHATH W3
(heppOMarHUTHBIX MaTEpPHaJOB, HMEIONINX Y3KYI0 TETI0 ructepesnca (Ha puc. 4.6, kxpussie [1). Takue
(heppOMarHUTHEIE MaTepHalIbl HA3bIBAIOT MATHUTOMSATKUMH (JINCTOBAsI DIIEKTPOTEXHUYECKAs CTAllb U PSIT
CIENMAITBHBIX CTIABOB, HANPUMED MIEPMAaJIION, COCTOSIINI U3 HUKEJIA, jKeJe3a U APYTUX KOMIIOHEHTOB).

Puc. 6. [letnu rucrepesrca MarHUTOMSTUX (KPUBBIC (1) 1 MATHUTOTBEPABIX (KPUBBIE 0) MaTEpPHAIOB

i M3roTOBNEHHS TOCTOSIHHBIX MAarHUTOB PEKOMEH/IYETCS! NCTIOIb30BaTh (PeppOMarHUTHRIE MaTepHalIbl
C IIUPOKOH TeTiiel rucrepe3nca (KpUBbIE 0), IMEIOMIUX OOJBIITYI0 OCTATOYHYIO WHIYKIHIO U OOJBIIYIO
KO3PIETUBHYIO cuily. Takue geppoMarHUTHbIE MaTepHalbl Ha3bIBAIOT MArHUTOTBEPABIME (PsiJl CIUIABOB
*Kelesa ¢ Bolb(hpaMoM, XpOMOM U aIlOMUHUEM).

Pasnen 2. Tpancopmatopsl

Tema 2.1. TpancopmaTtopsl

Jlek1ust IpOXOAUT B MHTEPAKTUBHOM (hopMe: M3ydeHHE yCTpolicTBa Ha MakeTe( 2 yac)

1. HazHauyeHnue 1 00,1aCTH NPUMEHEHHSA

TpanchopMaTopoM Ha3bIBAIOT CTATHIECKOE DJIEKTPOMArHUTHOE YCTPOHCTBO, MMEIOIIEE IBE UIIH OOJIbIIIee
YUCIIO WHIYKTUBHO-CBSI3aHHBIX OOMOTOK W TMIpeIHa3HAYeHHOE Js TpeoOpa3oBaHHsA IOCPEACTBOM
3NEKTPOMArHUTHONW WHAYKIMH OJHOW (IEPBUYHON) CHCTEMBI IEPEMEHHOTO TOKa B APYTYIO (BTOPHYHYIO)
CHCTEMY NepeMEHHOT0 ToKa. TpaHchopMaTOphl LIMPOKO MCTIONB3YIOTCS B IPOMBILUIEHHOCTH U OBITY A7
Pa3IMYHBIX LETIEH.

1. Jlna nepenaun M pactpeneneHus SIeKTPUUECKON SJHEPTHH.
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OOBIUHO Ha IEKTPOCTAHIUAX T€HEPATOPhI IEPEMEHHOI'0 TOKA BBIPAaOaTHIBAIOT AJIECKTPUUECKYIO 3HEPTHIO
npu HanpspkeHun 6-24 kB, a mepemaBaTh 3JEKTPOIHEPTUIO Ha JaJbHUE PACCTOSIHUS BBITOJHO IpU
3HAYUTENbHO Oombimx Hanpspkenusx (110, 220, 330, 400, 500, u 750 kB). [loaromy Ha kaxmoit
9NEKTPOCTAHIMH YCTAHABIMBAIOT TPAaHC(HOPMATOPHI, OCYLIECTBISIONINE MOBIIICHAE HATPSIKCHHUS.
Pacnpenenenue 3meKTpUYECKON SHEPIUM MEXIY HPOMBIIUICHHBIMH MPEANPUATUIME, HaceIEHHBIMU
INYHKTaMHM, B TOPOAAX M CEJIbCKMX MECTHOCTSX, @ TAaKKe BHYTPHU IPOMBIIIICHHBIX HPEATPUATHUI
MPOM3BOJMUTCS IO BO3AYIIHBIM U KaOeNbHBIM JIMHUSIM, Npu Hanpsbkenun 220, 110, 35, 20, 10 u 6 kB.
CrnenoBaresibHO, BO BCEX DPACHPEACIUTENbHBIX y37aX NOJDKHBI OBITh YCTAaHOBJIEHBI TPaHC(HOPMATOpH,
MTOHIKAOIIHE HanpspkeHue 1o BenumanHbl 220, 380 u 660 B (puc. 1.1)

faneparep  Bscoxobousrnaz Jaboderas Yexobas
24eKTpO- AR FAEXTPO- SUMUR FHEKTPO- WIS et
aranqud nepeda 'u nepedayu |
A, 500-220-110x 8 0x 8 24,
Pobonuarssiai [lowu warowud rgaﬂzgp’d- -
TPane Papmar paHcpaomargp Ja- e o
» nod '/';M'r?ﬂ({w/ noderandits | o

Puc. 1

2. lns obOecniedeHus HY)KHOW CXEMBl BKIIOUCHHS BEHTWIEH B NPEoOPa30BaTENbHBIX YCTPOWCTBAX H
COIJIACOBAHMsI HANPSDKECHUS Ha BBIXOJE U BXoAe npeodpasoBareis. TpancdopmaTopsl, IpuMeHIEMBbIE 115
9THX IIeJIel, Ha3bIBAIOTCS MPeoOpa3oBaTEILHBIMH.

3. Ang  pa3nuyHBIX TEXHOJOTMUYECKUX IeJei: cBapku (CBapodYHBIE TpaHCHOPMATOPBI), THTAHUS
AIIEKTPOTEPMHUUECKUX YCTAHOBOK (AJIEKTPOTIEUHBIE TPaHC(HOPMATOPHI) U AP.

4. lns muTaHusl pa3iiMYHBIX LENed paguoannapaTypbl, JJIEKTPOHHON anmaparypbl, YCTPOHCTB CBSI3U U
ABTOMATHKH, 3JICKTPOOBITOBBIX MIPUOOPOB, ISl Pa3/IeieHus ANEKTPHUYECKHX METeH Pa3TUIHBIX AIEMEHTOB
YKa3aHHbIX YCTPOWCTB, IJISl COTIACOBAHMUS HANIPSHKEHUS U TIP.

5. Iyis BKIIIOYCHHS JJICKTPOM3MEPHUTEIIbHBIX TMPUOOPOB M HEKOTOPBIX ammaparoB (pejie W Jp.) B
3JEKTPUYECKHE LIEMH BBICOKOTO HANPSHKEHUS WIIM K€ B IIETH, IO KOTOPBIM MPOXOAAT OOJBIINE TOKH, C
LEJIBI0 PaCIIMPEHUs MPEesioB U3MepeHHus U obecneueHus aieKkTpodezonacTHocTU. TpaHchopMaTopsl,
NpUMEHSEMBbIE 75 THX LeNeH, Ha3bIBalOTCSI U3MEPUTEIILHBIMHU.

Knaccudukanmio TpanchopMaTopoB MOKHO MIPOU3BECTH 11O HECKOJIBKUM MPU3HAKAM:

1. Ilo Ha3HaueHUIO TpaHCc(HOPMATOPHI PA3IEIAIOT HAa CHIJIOBBIE OOILIET0 M CHELMAIBHOIO HMPUMEHEHHUS.
CunoBsle TpaHc(hOpMaTOpsl OOMIETO MPUMEHEHHUS! UCHOIB3YIOTCS B JIMHUSX MEpeJadd U paclpeneeHus
anexTpodHeprun. /s pesxkuMa ux paboThl XapakTepHa 4acToTa mepeMeHHoro Toka 50 'y u oueHs Manbie
OTKJIOHEHHS TIEPBUYHOTO W BTOPHUYHOTO HANPSHKEHUI OT HOMUHAIBHBIX 3HaueHuid. K Tpanchopmaropam
CHEUMAIBHOIO Ha3HAYEHUSI OTHOCSTCS CUIJIOBBIE CIIELMajIbHbIC (II€YHbIE, BHINPSIMUTEILHBIE, CBAPOYHBIE,
pamuoTpancGOpMaTOpbl), H3MEPUTENBHBIC W UCIIBITATENIbHBIE TPaHCPOPMATOPHI, TpaHCHOPMATOPBI ISt
npeoOpazoBanus uncna ¢as, popmsl kpusoii D/IC, 9acToTHI U T.1I.

2.1lo Buay oOxJaxIeHH — C BO3AYIIHBIM (CyxHe TpaHC(HOPMATOPbl) M MACISHBIM (MacisHbIE
TpaHchOPMATOPBI) OXJIAKICHUEM.

3. Io unciy a3 Ha nepBUYHOM cTOpOHE — otHO(Da3HBIE U TPEX(Da3HEIe.

4. Tlo ¢popme MarHUTONPOBOIAa — CTEPKHEBBIE, OPOHEBBIE, TOPOUAATBHBIE.

5. Ilo unciy 06MoTOK Ha (hazy — IByXOOMOTOUHBIE, TPEXOOMOTOUHBIE, MHOTOOOMOTOYHBIE (Oosiee TPEX
00MOTOK).

6. [To KOHCTPYKIIMK OOMOTOK — C KOHIICHTPUYECKUMH U YepeAYyIOIIUMUCS (JIMCKOBBIMH) OOMOTKaMHU.

2. llpuHumn neictBus Tpanchopmaropa

OJeKTpOMarHuTHas cxeMa oJHO(a3HOr0 JBYXOOMOTOUHOI'O TPaHC(POPMATOPa COCTOHUT U3 IBYX OOMOTOK
(puc. 2), pa3MeleHHBIX Ha 3aMKHYTOM MAarHUTOINPOBOJIE, KOTOPBIA BBHITIONHEH U3 (peppOMarHUTHOTO
Mmatepuaia. [IpuMeHenne (eppoMarHUTHOTO MarHUTOIPOBOJA TO3BOJISIET YCHIIUTH 3JEKTPOMArHUTHYIO
CBSI3b MEXIY 0OMOTKaMH, T.€. yMEHBIINTh MATHUTHOE COMIPOTHBIICHUE KOHTYPA, [0 KOTOPOMY MPOXOAUT
MarHUTHBIH TOTOK TpaHcdopmaropa. [lepBudnyto 0OMOTKY 1 MOAKIIOUAIOT K MCTOYHUKY IEPEMEHHOTO
TOKa — DJJICKTPUYSCKOW CETH C HalpsHKeHHEM ceTH U;. K BTOpUYHOW OOMOTKE 2 MPHUCOCAHHSIIOT
COIIPOTHBJICHUE HATPY3KH ZH.

OOMOTKy 0oJiee BBICOKOTO HANpsOKCHUS Ha3bIBAIOT OOMOTKOM BbIcIIero HampspkeHus (BH), a mHum3koro
HampspKeHUsT — oOMoTkoM Husmiero Hampspkenus (HH). Haganma m xomier oOMmotkm BH o6o3Hauaror
OykBamu A u X; oomotku HH — OykBamu a u x.
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IIpy mOAKIIOYEHUN K CETH B TEPBHYHON OOMOTKE BO3HHKAET IEPEMEHHBIM TOK i, KOTOPBIA CO3MAET
MEPEMEHHBIM MAarHUTHBIM MOTOK @, 3amblKaromuiics no marHuronposoay. llotrok @ wmHAynupyer B
00enx oomMoTkax nepemennsie C — e; U €; MPONOPIHOHATBHBIE, COTJIACHO 3aKOHY MakcBelia, 9nciam
BUTKOB W1 U W7 COOTBETCTBYIOLICH OOMOTKHM M CKOPOCTH U3MeHeHus notoka dd/dt.

J

a £ If—_"—"‘ﬁ a ._ii.
3 ¥ z
q&’/ T "zf i |1
1
A [} 1 X
-~ B
@
Puc. 2
Takum o6pa3om, MrHOBeHHBIE 3HaUeHN D/{C, HHAYIIMpOBaHHbBIE B KAXKI0W OOMOTKE.
dd dd
€ =W, — € =-W, —
dt : di
CrneioBaTeNIbHO, OTHOIICHWE MIHOBEHHBIX U jaedcTBywomux OJIC B 00MOTKax omnpesensercs
BBIPaXEHUEM
(1) E1/E2261/92:W1/WZ.

Ecnn mnpeneOpeusr mafeHWsAMHA HaNpsDKEHWsT B OOMOTKax TpaHc(opmaropa, KOTOpble OOBIYHO HE
npeBbImaoT 3-5 % oT HoMuHaNBHBIX 3HaueHuit U, u Uy, u cuutats E1=U; u E;=U,, To nomyunm

(2) U1/U2:W1/W2.

CrnemoBaTenbHO, MOAOWUPAas COOTBETCTBYIOIIMM 00pa3oM 4YHCIIa BHTKOB OOMOTOK, TNPH 3aJaHHOM
HanpspbkeHur U; MOXHO MOJMY4UTh xKenaemoe HanpspbkeHue U,. Ecnn HeoOX0ArMO TOBBICUTH BTOPHYHOE
HanpsDKEHUE, TO YHCIO BUTKOB W, OepyT Oonblllie 4uClia Wj; TakOW TpaHcOpMaTop Ha3bIBAIOT
nosbimaromuM. Eciam tpeGyercst ymeHbIuTh HanpspkeHue Uy, TO YHCIO BUTKOB W, O€pYT MEHBILINM Wi,
Takou TpaHchOopMaTOp HA3BIBAIOT MOHMKAIOLIHIM.

Otnomenne 3/IC E,, obmotku Bhicuiero Hanpsbkenus: kK DJIC E,,; 0OMOTKH HU3IIETO HanpspKEHUs (MU

OTHOILIIEHNE ux qucen BUTKOB) Ha3bIBAIOT ko3 pumenTom TpaHchopMaLuu
n= EBH = WBH
Em Wi .

Koadduruent n Bceraa 00sblie ¢IUHUIIBL

B cucremax mepemadun W pacmpeleNieHus JHEPTUM B PAle CIlydaeB NPHUMEHSIOT TPEXOOMOTOUYHBIC
TpaHcOpMaTOphl, a B YCTPOWCTBAX PATUODIEKTPOHHKH H aBTOMATHKH — MHOTOOOMOTOYHBIC
TpaHchopmaTopsl. B Takux TpaHchopMaTOopax Ha MarHUTOMPOBOJIE Pa3MEIIAIOT TPH WK OOJIbIIee YHCIO
W30JIIPOBAHHBIX JIPYT OT JIpyra OOMOTOK, YTO MA€T BO3MOXKHOCTH INPH MUTAHWW OJHON W3 OOMOTOK
NOJy4aTh ABa WK OoJbluee Yuciao pa3nuusbix Hanpsbkenuil (Uz, Us, Uy u T.1.) 101 31ekTpocHaOXeHus
JIBYX WM OOJNBINEro 4Wcia Tpynn morpedutesneil. B TpexoOMOTOYHBIX CHIIOBBIX TpaHchopMaTopax
pa3iryaioT 0OMOTKH BhICIIETO, HU3mIero u cpenHero (CH) HanpsoxeHus.

B rtpanchopmarope mnpeoOpaszyroTcs TOJBKO HANpSHDKEHUST M TOKM. MOIIHOCTH K€  ocTaércs
NPUOU3UTEIHHO TIOCTOSHHOM (OHAa HECKOJIBKO YMEHBINAETCS W3-32 BHYTPEHHHMX NOTEPh JHEPrUM B
Tpanchopmarope). CreoBaTebHO, TIOTHAS MOIIHOCTH MOTpebIsseMas U3 CeTu

Si=Ul,

MPAaKTUYECKU TIOTHOCTHIO BhIeseTcs Ha Harpy3ke S;=U; 1 =S, =U, ;.

OTcrofia CIIEAYIOT COOTHOIICHHSI MEXJY TOKAMH M HANpPsHKCHUSMH Ha TEPBHYHON W BTOPHYHOMN
oObMoTKax TpaHcgopMaTopa.

(4) U1/U2:|2/|1:W1/W2:n.

[Ipu yMeHbIIEHNH BTOPUYHOTO HAPSDKEHUS B N Pa3 MO CPABHEHUIO C MEPBUYHBIM, TOK i BO BTOPUYHOM
00MOTKE COOTBETCTBEHHO YBEIIMYUTCS B N Pa3.

TpancdopmaTop MokeT paboTaTh TOJBKO B ILEMAX IMEPEeMEHHOro Toka. Eciu mepBHYHYI0 OOMOTKY
TpaHchopMaTopa MOAKIIOYUTh K HCTOYHHUKY MOCTOSIHHOTO TOKa, TO B €r0 MarHUTONPOBOJAE 00paszyeTcs
MAarHUTHBIM TOTOK, MOCTOSAHHBIA BO BPEMEHU MO BEJIWYMHE W HampapiieHUio. [loaTomy B mepBUYHON U
BTOPUYHOM OOMOTKax B yCTaHOBMBIIEMCS pexkuMe He uuayuupyiotcs DJIC, a, ciemoBarenbHO, He
nepenaéTcst IeKTpUUYecKas SHEprus W3 MEPBUYHOM LEMM BO BTOPUUYHYIO. TakoW pexuM omaceH s
TpaHnchopmaropa, Tak Kak u3-3a orcyrcteus DJIC E; B mepsuunoii oomorke Tok I; = U;/R; BecbMa
OOJBIION.

BaxubeiM  cBoHcTBOM  TpaHcopmaropa, HCIONB3yeMBIM B  YCTPOHCTBax  aBTOMAaTUKA U
PaMOAIEKTPOHHKH, SIBJISIETCS CIIOCOOHOCTh €ro MPeoOpa3oBBIBATh COMPOTHUBICHHE HArpy3ku. Ecnmu x
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WCTOYHHKY TMEPEMEHHOTO TOKa MOAKIIOYNTH HArpy3Ky C compoTuBiieHHMeM R uepe3 Tpanchopmartop c

Kod(hpuIreHTOM TpaHCchOpMaIHH n, TO TUTS (=014 HMCTOYHHKA
2
Rr=521%P—22%—122R%112R
I I

rae: P;— MomHocTh, morpebnsieMas TpaHC(OPMATOPOM OT KMCTOYHHKA IEPEeMEHHOTO TOKa, BT;

P,=LRw~E _ MOIITHOCTb, TOTpebsieMast Harpy3Kol ¢ COMpOTHBIeHHEM R oT TpancdopmaTopa.

TakuM 06pa3oM, TpaHC(OPMATOP HM3MEHACT 3HAUCHHE CONMPOTHMBICHHS Harpysku R B n”pas. DTo
CBOICTBO MIMPOKO WCIIONB3YETCSI TIpU pa3padOTKe DIEKTPHUECKHX CXEM JUIS  COTJIaCOBaHUS
COTIPOTHBIICHUH HATPY3KH C BHYTPEHHUM CONPOTHBIEHUEM HCTOYHUKOB JIEKTPUIECKON SHEPTHH.

3. YcrpoiicTBo TpancgopmMaTopos

MarnutHass cucremMa. B 3aBHUCUMOCTH OT KOH(UIypalii MarHUTHOW CHUCTEMBI, TPaHCPOPMATOPHI
MTOApAa3CIIIOT Ha CTepKHEeBEIe (puc. 1.3, a), 6poreBsie (puc.1.3, 6) u ToponmansHbIe (puc. 3, B).
CTep)xHEM Ha3bIBAIOT 4YacTh MarHUTOINPOBOJA, HAa KOTOPOW pasmemiaroT oOMotku (puc. 3; 2). Yacts
MarHUTONPOBO/A, HA KOTOPOH OOMOTKH OTCYTCTBYIOT, Ha3bIBatOT ApMoM (puc. 3; 1). TpancdopmaTopsl
0OMNBIION W cpeaHel MOITHOCTH OOBIYHO BEITIONHSIOT CTepKHEBBIMA. OHM HMMEOT JIYYIIHE YCIOBHS
OXJKICHHS U MEHBIITYIO MacCy, YeM OpOHEBBIE.

U/l
¢}/?riz 7/1 3 4 4
va .

Puc. 3

Jlst yMEHBIIIEHMsSI TOTEPh OT BUXPEBBIX TOKOB, MAarHUTOIIPOBOABI TpaHc(hopMaTopor (puc. 3) coouparoT
Y3 U30JIMPOBAHHBIX JINCTOB 3JIEKTPOTEXHUUECKOHM cTayu ToauuHou 0,28-0,5 mm npu yactore 50 ',
TpancdopMaTopbl Maiol MOITHOCTH ¥ MHKPOTPaHC(HOPMATOPHI YaCTO BBIMOJIHIIOT OPOHEBBIMH, TaK Kak
OHM UMEIOT 0oJiee HHU3KYI0 CTOMMOCTH IO CPaBHEHHIO CO CTEP)KHEBBIMH TpaHC(POpMATOpaMH H3-3a
MEHBIIETO YHCIa KAaTYIIeK W YOPOLIECHUS COOPKH M M3roTOBICHMA. [IpUMEHSIOT TakKe W MaJOMOIIHbIE
TpaHc(hOpPMATOPBl CTEPKHEBOTO THUIA C OAHOW WM OBYMs Karymikamu (puc. 3; 3). Ilpemmymectso
TOPOUAATBHBIX TPAHCPOPMATOPOB — OTCYTCTBHE B MAarHUTHOW cucteme (puc. 3; 4) BO3IyNIHBIX 3a30POB,
YTO 3HAYUTENHFHO YMEHBIIAET MArHUTHOE COIIPOTHBIIEHNE MarHUTONpoBoja. B TpancdopmaTopax manoi
MOIIHOCTH MarHUTONPOBOJ COOMPArOT M3 ITamMnoBbIX iacTul 11-, I11- u O- ob6pa3Hoii popmsl (puc. 4, a,
0, B).

[upokoe mpUMEHEHUE TMONYYHIM MAarHHTOIPOBOJIBI, HABUTHIC W3 Y3KOW JICHTBI AJIEKTPOTEXHUYECKOM
CTaJIM WJIM U3 CTICUATIbHBIX XKEJIE30HUKEJIEBBIX CIIABOB THIIA epMailIoi. X MOXKHO MCIIOIB30BATh IS
CTEPIKHEBBIX, OPOHEBBIX, TOPOUAANBHBIX U TPEX(A3HBIX TPaHCPOPMATOPOB

MOHOJUTHOCTS KOHCTPYKIMH JICHTOYHOI'O MarHMTONPOBOAA oOOeclieunBaeTcss MyTéM MPUMEHEHUS
KJICIOILUX JIAKOB U SMaJeH.

M tpancdopmaTtopos, padoratommx npu yactore 400 u 500 ['u, MarHUTONPOBOABI BBHIIONHSIOT U3
CHENUAITBEHBIX COPTOB AJIEKTPOTEXHUYECKOHN CTaM C MaJbIMU YACIbHBIMU MOTEPSMH MPH MOBBIIIIEHHON
4acToTe, a TAKKE M3 KEJIC30HUKENIEBbIX CIUIABOB TUIIA NMEPMAIION, KOTOPhIE UMEIOT OOJIbIINE HAYATBbHYIO
¥ MaKCHUMJIbHYIO MarHUTHbIE NMPOHHULAEMOCTH M TO3BOJSIIOT MOJYYHTh MAarHUTHBIE TONA C OOJBIION
WHAYKIMEH TIPU CPaBHUTEIHHO c1aboil Hampspk€HHOCcTH. Tommuba muctoB coctasmser 0.2; 0,15; 0.1 u
0.08 mm. Ilpu uwactorax 6omeel(0-20 kI MarHUTONPOBOIBI TPECCYIOT M3 MOPOIIKOBBIX MaTEpHAIIOB
(MarHUTOUANIEKTPUKOB U (PEPPUTOB).

Obmotku. B coBpemeHHBIX TpaHCopMaTopax mepBuuHylo (puc. 5; 1) u Bropuunymwo (puc. 1.5; 3, 4, 5)
OOMOTKH CTpEMSITCS PACIIONIOKUTH JIJIsl JIydllieldd MarHUTHOM CBSI3U Kak MOXHO OJIMDKE OJHY K JPYTOH.
[Ipu 3TOM Ha KaXAOM CTep)KHE MaraurtonpoBoia (puc. 5; 2) pasmemaror o0e oOMOTKH JHOO
KOHIIGHTPUYECKH — OJHY TOBepx Apyroi (puc. 1.5 a), 1100 B BHIE HECKOJBKHX TUCKOBBIX KaTYIIEK,
gepeayrommecss 10 BBICOTE CTepkHA (puc. 5 ©6). B mepBom ciydae OOMOTKHM Ha3BIBAIOT
KOHLIEHTPUYECKUMHU, BO BTOPOM — YepeayroIuMucs. B cuiioBbIx TpaHchopmaropax 0ObIYHO IPUMEHSIOT
KOHIICHTPUUECKHE OOMOTKH, MpHUéM ONMKe K CTEepKHAM pacrnonaraior ooMotrky HH, tpeOyromeit
MEHbIIIeH U30JIALMH OTHOCUTEIILHO OCTOBA TpaHchopMaTopa, a CHapyu — ooMotky BH.

B tpanchopmaTopax Majmoi MOIIHOCTH M MHKPOTpaHCHOpMATOpax MCIHOIB3YIOT OJHOCIOWHBIC U
MHOTOCJIOWHBIE OOMOTKH W3 KPYIJIOTO NPOBOAA C SMAaJieBOW MM XJIOMYaTOOyMaKHOH H3O0ISLHEH,
KOTOpble HaMaTBIBAIOT Ha TWIb3Y WIM Ha KapKac W3 3JEKTpOKapToHa (puc. 1.5; a); MexXOy closMu
IIPOBOJIOB IIPOKJIAABIBAIOT U3OJIALMIO U3 KaOEIbHOM OyMaru WiM TKaHU.
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Puc. 5

B wmmkporpanchopMaropax dYacTO BBITOJHSIIOT W3 alOMHHHEBOW (onbru tommmaoi 30-20 MKM.
W3onsmuelt 31ech CIy>KUT OKHCHas TUIEHKa (ONBIH, KOTOpas o0iagaeT JOCTAaTOYHOH TEMIOEMKOCTEIO,
TEIIOTIPOBOHOCTHIO U MOXKET BBIIEPKUBATh pabouee HanpspkeHue 10 100 B.

4. Uneann3upoBaHHblii TpancdopMaTop

Juis BBISICHEHHUSI CYITHOCTH (PM3MYECKUX MPOILECCOB, MPOUCXOIAIINX B TpaHchopMaTrope, pacCMOTPUM
WICaNM3UPOBAHHBIA TpaHCPOPMATOP, Y KOTOPOTO MarHUTHHIA MOTOK @ MOTHOCTHIO 3aMBIKAETCS IO
CTAIbHOMY MAarHUTOIIPOBOAY W CIEIUICH C 00eMMH OOMOTKAaMH, a TOTEPH B CTall OTCYTCTBYIOT. K
nepBUYHOM  oOMOTKe  TpaHcopmaropa  (puc. 6, a) TOABOAMTCS  CHHYCOHJAIbHOE

nanpsokerne M = Un S0 9t Graronaps gemy 1o 910ii 06MOTKe IPOXOAUT MEPEMEHHbIH TOK, CO3IaOIMil
TIepPEeMEHHBII MarHUTHBINA TIOTOK. [lepeMeHHBIH MOTOK HaBOUT B 00MOTKax Tpanchopmaropa I(C

d . 4P
e =—W — =-W; —

1 1 2 2

dt : dt
B pexxuMe X010CTOro Xoja ILelb BTOPUYHON 0OMOTKH pa3oMKHYTa U TOK 1,=0. [Ipu 3TOM Ij1s1 KOHTYypa
MEePBUYHOM 0OMOTKY TpaHchopmaropa

. do
u =yR;+w, —

(6) dt |
r7ie: U3 — MTHOBEHHOE 3HaYeHHE TIPUIIOKEHHOTO K IEPBUYHON 0OMOTKE HATIPSHKEHHSL.
YpasHenne (6) crpaBeaIUBO, €CIU MPHUHSTH, YTO HE TOJBHKO i,=0, HO W OTCYTCTBYIOT IOTEPH B CTallH
MarHUTONpoBoAa (OT BHUXPEBHIX TOKOB W THUCTEpe3Hca); HMHA4Ye OTU TOTEPH JOJDKHBI OBUIM OB
YUUTBIBATbCA B BHJIE MOTEPh OT TOKA, MPOXOMAIIETO MO 3aMKHYTONH HAaKOPOTKO BTOPUYHON OOMOTKE C
OOJBIIMM aKTUBHBI COTIPOTUBIICHUEM

do
€ =—W, —
Beoas B dopmyny (1.6) 3Hauenme 3SC dt | umgynupyemoit B mepBuuHON 06MOTKE
MepEMEHHBIM MarHUTHBIM MTOTOKOM, M TIPeHeOperas MaJJeHHeM HalpsDKeHHUsT B aKTUBHOM CONPOTHUBIICHUU
MepBUYHOM 0OMOTKH 1;R; M3-32 €ro ManocTH, morydaem u +e,=0,

T.€. HaNpsDKCHUE, NMPWIOKEHHON K MEPBUYHONH OOMOTKE, MPAKTHYECKH MOJHOCTHIO YPaBHOBEIIMBACTCS
WHAYIUPOBaHHOH B 3T0M 06MoTKe D/IC.

Ecin mnuTaioliee HANPSKEHHE U; — M3MEHAETCS M0 CHHYCOMIANBHOMY 3aKOHy 1~ U, sin (’Dt, TO
MarHUTHBIM TIOTOK TaKKe€ W3MEHSETCS CHHYCOMJAIBHO, OTCTaBag Mo ¢ase OT HPUIOKEHHOTO

HanpskeHus Ha yroia 90°,

U o .
® = [ 2L dt= 1 [sin et dt = ~®,, coswt+ C = ®,, sin| ot ——
W, Wy " " 2)

Mo:xHO MoKa3aTh, YTO MOCTOSIHHASI MHTETPUPOBAHUA B ycTaHOBUBILEMCs pexume C=0.
Cas3b Mexay 9J1C 1 MarHUTHBIM IOTOKOM OTIPEACIISETCS U3 YPaBHEHUS

€ =—wW, %[@m sin[cd: - gﬂ =-w, oD, co{od: - g] =2nfw, @, co{cot —g]

B =27/ Q0 yim s JIEACTBYIOMIETO

U BbIpaxaeTcs i amrumutyaHoro 3uadeHus DJIC dopmymoit
3HaYCHUS POPMyIIOi

YuuTeiBas CHHYCOWIAIBHBIA XapakTep W3MeHeHms Hampspkerwms Wy U OJIC e;, ypaBHenue (7) MOXKHO
MIPEJICTABUTh B KOMIUIEKCHOH (popme:

38



le + El =0

VYpaBuenne (9) cnpaBemIuBO I HACATH3HMPOBAHHOTO TpaHchopmaTopa, B KOTOPOM IPEHEOPEKUMO
MaJI0 aKTUBHOE COMPOTHBIICHHE OOMOTOK M OTCYTCTBYIOT IOTEPH B CTauW MarHuTomnpoBoaa. OmHako,
HECMOTPS Ha NPUHATHIC JOMYIICHHS, OHO MPABUIBHO ONPE/CIISICT CYIIHOCTh KAUSCTBECHHBIX MPOIECCOB,
MPOUCXOJSIUX B TpaHchopmarope, U MOITOMY SBISETCS OJHUM H3 (YHIAMEHTAJIBHBIX B TCOPUU
3NEKTpUIecKUX MaiuH. KolmnvecTBeHHbIE ONIMOKY, BEI3BAaHHBIC UCATH3aIUeH TpaHChopMaTopa, MOXKHO
BCEr/ia JIOBOJILHO JICTKO TIOACYUTATD.

[IpenmonokuB, YTO HACBHIIICHHE B CTad TpaHchopMaropa OTCYTCTBYET U BECh MAarHUTHBIH TOTOK
3aMBIKAETCSl IO CTaJbHOMY MAarHUTONPOBOAY, MOXHO CYHTaTh TOK TEPBUYHONH OOMOTKH
WICATM3UPOBAHHOTO TpaHchopMaropa MPSMO MPOMOPIHOHATBLHBIM MAarHHTHOMY TMOTOKY. B cBsizu ¢
3TUM, Ha BEKTOPHOMW Juarpamme Meau3UPOBaHHOTO TpaHC(OpMAaTopa B PEKUME XOJIOCTOro xoja (puc
1.6 ,6) TOK XOJOCTOro Xoma l1q H306paXEH BEKTOPOM, COBIAIAIONIM MO HAIPABICHHIO C BEKTOPOM

MarHutHOro notoka. Pm. Ha ool ke nuarpamme Bektopel OJIC E; n Hanpsbxenuss Uj mokas3aHbl B

mpoTHBO(A3e B COOTBETCTBHM C ypaBHEHHEM 9), a BEKTOP MATHHTHOTO MOTOKAa Pm ormepekacT BEKTOP
OJIC na 90°. IlocKONBKY MAarHMUTHBI MOTOK HE HMEET ﬂeﬁCTBYIOHleFO 3HAYE€HUs, HA OuarpaMme
TNOKa3aHO €ro aMIUIMTyJHOe 3HaueHue. Tam jxe mnokasaH Bekrop J/C E, coBnanaroumit mo ¢ase ¢
BekTopoM E;, Tak xak DJIC E; MHAyIHpyeTCs TeM ke caMbIM MAarHHTHBIM MOTOKOM, 4TO ¥ E;, 1 MoseT
OBITH OIpeesieHa o hopMyJie

E,=444 D,

[Ipu pabore mox HArpy3KOH IS MEPBUYHON OOMOTKH HACATU3NPOBAHHOTO TpaHchopMaTopa MOXKHO
HamycaTh ypaBHEHHE
do, Ao, d
+W =
dt dt dt
riae: @; u @, — moTOKM, co3/IaBaeMble TOKAaMH TIEPBUYHOMN ¥ BTOPUIHONH OOMOTOK.

W =W —

€ =W — d — (@ +@;)
O6o3Ha9asi, Kak ¥ IIPH XOJIOCTOM XOJI€, dt , TIOJTy4JaemM
U, +e = 0,
T.€. TaKO€ JK€ COOTHOIIEHHE, YTO U MPHU XOJIOCTOM Xone. OueBHIHO, €CIU MEPBUYHOE HAIPSDKEHUE TPU
Harpy3Ke HJeallM3uPOBaHHOTO TpaHchopMaTopa ocTaéTcst Hem3MeHHbIM, To Benmunaa DJ[C e; Takas xe,
Kak " mpH XoxoctoM xoze. CienoBaTenbHO, pe3yIbTHPYIOMIUI MOTOK MPH HAarpy3ke paBeH MOTOKY IMpH
XOJIOCTOM XOJI€e:
@, + O, = Dy,
WA B KOMIUIEKCHOH popme
(I)ml + (I)mQ = (I)mEI,
HeusmeHHOCT, MAarHUTHOTO MOTOKA MPHU MEPEXOAE OT PEXUMa XOJOCTOrO XOAa K PeXUMY Harpysku
ABJSIETCSl BayKHEWIIEM CBOMCTBOM TpaHcopmaTopa. M3 3TOro CBOWCTBa CIEAYEeT 3aKOH PaBHOBECHUS
marautoasmkymux cwit (MJIC) B Tpanchopmarope:
FE+F = Fm,
rae: F1 u F, — MJIC, co3naBaemble IEPBUYHON U BTOPHYHOM OOMOTKAMH TpaHC(OpMaTopa MpH Harpy3Ke;
Fi0 — MJIC, co3naBaemasi mnepBUYHON OOMOTKOH IPH XOJIOCTOM XOJIE.
[Ipu nepemenHoM ToKe onepupyrot ¢ ammuutyaamu M/IC; npu sTom u3 (12) cneayer, uto

Il = IIU +| - 12[—2]
W
N |
Jns sarnsagHocTH ypaBHEeHHE (13) MOYKHO TIPEICTABUTH HHAYE:
L iy
Li=Ip+I
rae: - Harpy3odHasi COCTaBJISIONIAasl TOKAa IMEPBHYHOW OOMOTKM (TIPUBEIEHHBIN TOK

Harpy3Ku).

Takum obpazom, MIIC, co3naBaemas TokoMm I'; paBHa 10 BeTMUYMHE W MPOTHUBOMOJNIOKHA 10 (aze MIC
BTOPHYHON 0OMOTKH, T.€. KomrieHcHpyeT MJIC BTOpHIHONH 0OMOTKH. ITO 00yClIaBINBaeT HEM3MEHHOCTh
MarHUTHOIO IIOTOKa TpaHcopmaTopa. BexkropHas auarpamma uieaau3upoOBaHHOTO TpaHcdopmaTopa,
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paboTaromero ¢ Harpy3kou, mokaszaHa Ha (puc. 6, B). MOIIHOCTH, HArpy3049HON COCTABIISIFOIICH
MIEPBUYHOTO TOKA paBHA MOIITHOCTH, OT/ITaBaeMO TpaHC(HOPMATOPOM HArpy3Ke, Tak KaKk
ILE, cosp, = IQ[EJEZ{EJ cosg, =L,E, cosgp,

Wy W, )
CrnenoBaTeNibHO, Harpy3o4Hasl COCTaBistomas Toka [; He Tonbko ypaBHOBemmmBaer MJIC BropuyHOU
00MOTKaMH, HO W 00ecCleurBaeT MOCTYIUICHHE B TpaHC(HOPMATOp W3 CETH MOIIHOCTH, OTJaBACMOM
MPUEMHUKY 3JIEKTPHUECKON YHEPTHH, TIOJKITIOYEHHOMY K BTOPHYHOW 0OMOTKE.
OCHOBHBIE 3aKOHOMEPHOCTH padOTHl WACATM3UPOBAHHOTO TpaHCPOpMATOpa CHpPaBEUIUBBEI W IS
pCABHBIX TPAHCHOPMATOPOB.
5. HamarHn4MBaImui TOK ¥ TOK X0J0CTOI0 X012
HamaramuuBatomuii Tox. Bennaunaa n oopMa ToKa X0JI0CTOTO X0/1a OTIPENEISIOTCS MATHUTHBIM IIOTOKOM
TpaHcopMaropa M CBOMCTBAMHU €r0 MarHUTHOW CHCTEMBI. BBIllie MMOKa3aHO, YTO MArHUTHBIH TOTOK

M3MeHseTcss BO BpeMeHH cuaycommansho: O Pusn @t o ero  ammmmryma ompememsercs IJIC:
E
o, = _ =
4,44 fow,

Tak kak npu xonoctoM xoae IC npakTUUECKU paBHA HANPSLDKCHUIO, TO 3HAYEHHE MAarHUTHOTO MOTOKA
OTIPECIIACTCS HAMIPSDKEHUEM NIEPBUYHON OOMOTKH, €€ YMCIIOM BUTKOB M YaCTOTOM.

CBoiicTBAa MarHWTHOM CHCTEMBI TpaHC(oOpMaTropa ONWCHIBAIOTCS B OCHOBHOM  MAarHUTHOU
XapaKTePUCTUKOHN, MpeICTaBIAomel coboil rpadudeckoe H300paKEHHE 3aBHCHMOCTH MAarHHUTHOTO
noroka @ or MZIC tpanchopmaropa F nnu HamaranuuBaromiero toka I, nponopiuonansaoro MJIC.
AxTHMBHAs COCTaBIIAIOIIAs TOKa XojocToro xona. HamarmuuuBarommii Tok I, siBIsieTcss riaBHOM
COCTaBJIAIONIEH TOKa X0J0CTOro xozaa tpanchopmaTopa lip. DTOT TOK sABIAETCA PEaKTHBHBIM, T.€. I, =ligp.
OpHako peanbHBIH TpaHCHOPMATOP B PEKUME XOJIIOCTOTO XO0JIa MOTPEOIIAET OT UCTOYHUKA TTEPEMEHHOTO
TOKa HEKOTOPYIO AaKTHUBHYIO MOIIHOCTh, TaK Kak NpU IHEpPEeMEHHOM MarHWTHOM IIOTOKE B CTaJbHOM
MarHUTONPOBO/E BO3HHUKAIOT MOTEPU YHEPTUU OT TUCTEPE3UCa U BUXPEBBIX TOKOB (MAarHUTHBIE ITOTEPH

AP,). IToaToMy TOK X0J0CTOTO X072 l1p TOMDKEH UMETH €Ie ¥ aKTUBHYIO COCTABJISFOIIYIO Lip, = &P,/ Ul,
KOoTopasi o0ecredrBaeT MoCTyIUICHHE B MIEPBUYHYI0 OOMOTKY MOITHOCTH, KOMIIEHCHPYIOIIEH MarHUTHbBIE
noTepH (JACKTPUISCKUMH MOTEPSIMHU B MEPBUYHON OOMOTKE B 3TOM pPEKHMME MOXKHO IPEeHEOpedh M3-3a
MaJIOCTH TOKa X0J0CTOro Xo). Clie1oBaTeIbHO, TOK XOJIOCTOTO X0/1a

Lo=1, +1 Ly = I3 + 12
P
(16) 10 = fop 0 ppppyy lio iop + Lina

OObIYHO NPH BBHIOIHEHUH MarHUTONPOBOAA TPaHC(HOPMATOPa U3 JIMCTOBOH IEKTPOTEXHUUECKON CTaU
tommuuo# 0,28-0,50 MM u wactoTe 50 I'1 akTHBHAS COCTaBIIAIONIAst TOKA 10, HE TipeBbImaet 10% ot Toka
l10, TOPTOMY OHa OKa3bIBAaET BEChMa MaJlo€ BIMAHME HA 3HaYCHHE TOK XOJIOCTOro X0/a (M3MEHSET ero He
Oonee uem Ha 1%). DopMa KpUBOH TOKa XOJOCTOTO XO/Aa OMNpPEAETSIETCS B OCHOBHOM KpPHBOM
HaMarHWYHMBAIOIIETr0 TOKA.

Paznea 3. MalmnHbI NOCTOAHHOIO TOKA

Tema 3.1. YcTpoiicTBO M NPUHIUN AefCTBHSA MAIIMH MOCTOSTHHOTO Toka. IlpmHmum peiicTBus
reHepartopa. lIpuHuun neiicTBus ABUraTes.

Jlexums IpoXoaUT B MHTEPAKTUBHOM (opme : pa3dop ycTpolicTBa Ha MakeTe (2 Jac)

1. YcTpoiicTBO MAIIMH MOCTOSHHOTO TOKA

DNEeKTPOTEXHNYECKasT TPOMBIIUIEHHOCT, B HACTOSIIEE BPEMs BBIMYCKAET AIIEKTPHUUECKHE MAIITHHbI
MOCTOSIHHOTO TOKAa JIIsl pabOThl B PAa3NUYHBIX ycioBusix. Ha pucynke (1) mpuBeneHbI MpOJIOIBHBIN U
MOTIEPEYHBIN pa3pe3 MaIlMHbl HOPMAJIbHOIO HCIOJHEHMs. MalinHa OCTOSTHHOTO TOKa COCTOMT U3 2—X
OCHOBHBIX YacTeW: HEMOJBMKHOW — cTaTopa M Bpaujaroliiecs — skops. Mexay HUMU BCErja UMeEEeTcA
BO3IyILIHBIHA 3a30D.

 m— —

Pucynok 1— JIITT B paspese

40



Cratop, SBIAIOIIMNACS MHAYKTOPOM, T.€. TaKOH 4acThl0 MAlIMHBI, B KOTOPOM HaBOJIUTCS MarHUTHOE
10JIe, COCTOMT M3 CTaHuHBI I, rmaBHBIX 2 W no0aBo4HBIX 3 moatocoB. K cTatopy OTHOCSTCS Takxe
MOJIINITHUKOBBIE IIUTHL 7 ¢ monmmnHukamMu 11. Ha cratope kpemnsTcs meTo4Hblid anmnapaTt 9 1 kopoOka
BEIBOJIOB 10.

SIKOph COCTOMT W3 CepleYHHMKa sSKOpsS 4 W KOJUIeKTopa 8, HaCaKeHHBIX Ha Bal 6. B MammHax c
CaMOBEHTWISIIINEN Ha BaTy KPENMUTCS BEHTHIIATOp 12.

CranuHa — CIyXHUT B KaUeCTBE MarHUTOIIPOBOJA U OAHOBPEMEHHO SIBJIIETCS KOHCTPYKTUBHOH OCHOBOH,
K KOTOPOH KpemsTcs IJaBHbIE M A00AaBOYHBIE IOJOCHI M IOMIIMIHHUKOBBIE MKTH. OHA IpeacTaBisieT
€000 MONBIN MWIMHAP, OTIUTHIN WM CBapEHHBIN M3 Yyr'yHa WIX CTand. Y KPYMHBIX MalllH CTaHWHA
Jenaercss pazbeMHOM. Ha kopabmsx anst ymoOcTBa oOCTy)KMBaHUSI M PEMOHTa MPHUMEHSIOTCS TaKKe
MaIlMHBl C TIOBOPOTHOW CTaHWHOW. YacTh CTaHWHBI, MO KOTOPOH 3aMBIKAIOTCS MarHUTHBIE MOTOKH
IJIABHBIX U JJ0OOABOYHBIX IIOJIIOCOB, Ha3bIBaeTcs ApMoM 1. Bmecte co crannHoil oTnuBaroTes jiamnsl 13 s
KpeIJIeHHs1 MaliHbl K GyHaaMeHTy. Ha cTaHuHe ycTaHaBiMBaeTCs OJWH MM HECKOJIBKO PHIMOB 14 mist
noabeMa MallnHbI.

I'J1aBHbIe 110JII0CHI IPEAHA3HAUEHB! U CO3JaHUsl B MAllMHE MAarHUTHOTO IOTOKAa HE0O0XOIUMOMN
BeMYWHBIL. [ TaBHBIM momoc (pUCyHOK 1.5) coCcTOUT U3 ceplieyHnKa 1 U KaTylmek 0OMOTOK BO30YXKICHUS
2,3. Co cTOpOHBI, OOpalIeHHON K SIKOPIO, CEPJCYHHK 3aKaHUYMBACTCS TOIIOCHBIM HAKOHEUYHHKOM 4, C
MOMOIIBI0 KOTOPOro odecrieunBaeTcs TpedyeMoe pacrpeesieHue MarHUTHONH MHIYKIHMU B BO3AYIIHOM
3a3ope.

Pucynoxk 2.

CepevHUK MOJII0COB HAOUpaeTcs W3 JHCTOB JIIEKTPOTEXHHYEeCKoW cramu Ttommmuoi 0,5+1,0 mMwm.,
MOKPBITHIX M30JSIIIMOHHBIM JIAKOM JUI YMEHBIIEHHS TOTeph OT BHUXPEBBIX TOKOB, BBI3BAHHBIX
MyJbCaIlied MAarHUTHOTO MOTOKA M3—3a 3y04aToCcTH SKOps. JIUCTBI CTall CIIPECCOBBIBAIOT U CKPETLISIOT
mmtbkaMu. Katymku oOMOTOK BO30YXKICHHS HAMAaTHIBAIOTCS HAa W3OJIMPYIONIMHM Kapkac 5, a 3areM
HaJIEBAIOTCS Ha cepedHUK. [Io OTHOIIEHUIO K 0OMOTKE SIKOpsi OOMOTKH BO30YKJICHHSI MOT'YT BKITFOYATHCS
napaienbHO WK MoclieloBaTenbHo. KaTymky napaniensHOH OOMOTKH 2 COCTOSIT W3 OOJBLIOrO Yuciia
BUTKOB IIPOBOJIA MaJloro cedeHus. KaTymiku mociieoBaTeNbHON 0OMOTKHM 3 COCTOAT M3 MaJIOTO YHciia
BUTKOB TPOBOJIa OOJBIIOIO CEYEHUS, MO KOTOPHIM MPOXOAUT OONBIION TOK sikops. st yimydineHus
M3OJIALIMN KAaTYIIKH KOMITAYHIUPYIOT, T.€. MPOIMUTHIBAIOT HM3OJSAIMOHHBIMU JIaKaMHu (KOMITayHJaMH) B
BaKyyMe IIpH TOBBIIIIEHHOH TeMIiepaType, a 3aTeM CyIIaT B CIelHalbHbIX nedax. [lomoc B cobpanHOM
BUJIE KPETIUTCS K CTaHWHE OonTami 6.

Jo0aBouHble TMOJIOCHI CITyKAT JJIsl  YJIYYIICHHS KOMMYTAallMd MaIlUHBI, T.e. 00eCIeYnBaroT
0e3BICKpOBYIO PabOTy MIETOK W KoJuleKTopa. OHHM COCTOSIT W3 CepJeYHWKa | W IMOJIFOCHOM KaTyIIKH 5
(pucyHok 1.6) 1 ycTaHaBIMBAIOTCS MEXY TIaBHBIMHU IOJIIOCAMH MO JINHUH T€OMETPUYECKOH HEUTpaH.
CeplieuHUK MMEET HAKOHEYHHUK 2 orpe/iesieHHO# (hopmbl. KaTyiika H3rotaBiuBaeTcs U3 MOJIOCOBOH MeIn
0OJBIIOTO CEYeHHs, TaK KaK OHA BKIIIOYAETCS MOCIEIOBATENbHO B IIETb SIKOPS W MO HEW MPOXOIUT
Oonpmoi Tok. BenuumHa 3a30pa 8 MeXIy MOJIOCOM M SKOPEM PErylupyercsl MpH Hamajake paboThl
MalIMHbl C TIOMOIIBI0 MAarHUTHBIX W HEMAarHWTHBIX TPOKIAIOK 4 MeXIy TOJIIOCOM W CTaHUHOM.
JloGaBo4HbBIE MOJIIOCHI KPEISTCS K CTaHUHE OoaTamMu 3.

Axopb COCTOMT U3 cepleUHNKA MarHUTOIIPOBOAA, OOMOTKH 5, Bana 6 U KOHCTPYKTUBHBIX JeTanei IiIsl ux
KpEIUICHUSI.

CepieyHUK SIKOPS TIPENICTaBIIeT CO00M CTaTbHOW HWIMHApP, HaOpaHHBIA W3 IITAMIIOBAHHBIX JIMCTOB
UIEKTPOTEXHUUECKON cTanmu TomuuHoN 0,5 MM, KOTOpblE H30JUPYIOTCS APYr OT Jpyra JakoM js
YMEHBIIEHUS MMOTEPh OT BUXPEBBIX TOKOB.

B mmcrax mrammyroTcs massl UL pa3MeNIeHUs] B HUX OOMOTKH SKOPS M OTBEPCTHS JIJISl HACAKUBAaHUS
CEp/ICUHUKA Ha BaJl AKOps, VISl CTSDKHBIX IIIWICK U 0CeBOM BeHTWSILMU. [TakeT xenes3a sKopsl KpenurTes
Ha BaJy INMOHKOW, a C TOPIOB CTSATUBACTCS HAXKUMHBIMU KOJIbLIaMU. B OoNbIIMX MammHax SKOpPb
COCTOMT U3 HECKOJBKUX MAaKETOB IITAMIIOBAHHBIX JHCTOB, MEXKY KOTOPBIMU JENAIOTCSA MTPOMEXYTKH A
JY4IIero OXJaKISHHS MaIlWHbBI (pagnaibHas BeHTWIIINA). YacTh cepleyHrKa SIKOps, 3aHATas Ima3amu,
Ha3bIBaeTCsI 3yOLIOBOI 30HOM.
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O0MOTKa SIKOPH BBHIMTONHACTCS M3 U30JMPOBAHHOTO MPOBOAA KPYTJIIOTO WM MPSMOYTOJIBHOTO CeYeHHs.
OHa COCTOMT W3 OTAENBHBIX DJIEMEHTOB — CeKiui (pucyHOK 1.8), 0O0pa3oBaHHBIX W3 OJHOTO WU
HECKOJIbKMX BHUTKOB.

Cekuun M3roTaBinuBaroTcs Mo mabiaoHaMm. YacTh cekuuu 1, 3ajmoKeHHas B IMa3bl CEPACUYHUKA SKOPS,
Ha3bIBaeTCs MMAa30BOM WM aKTHBHON 4YacThio. YacTh CeKUWU 2, pacrlojOXeHHas BHE CEepACYHHKA — B
BO3/yX€ W COeTUHSIONIAs aKTUBHBIE YaCTH, Ha3bIBAETCS JIOOOBOM YacThiO (J1000BbIe coennHeHus ). KoHIbI
CEeKLUH MPUIMAUBAIOTCS K KOJIJIEKTOPHBIM IUTacTHHAM. [l KpemsieHHsl CeKIMH B IMa3zax MPUMEHSIOTCS
JIEpPEBSIHHbBIE, TETHHAKCOBBIE WM TEKCTOJIMTOBBIE KIMHBS. KpoMe BHTKOBOHM M30JAIMKM OOMOTKAa MMEET
Ma30BYI0 HW3OJANHI0 OT cepledHrKka. JIoOOBBIE YaCTH 3aKpeIUITIOTCA C ITOMOIIBIO MPOBOJIOYHOTO
OaHgaxa.

ONEeKTPOM3OMSUUOHHbIE ~ MaTepualibl, NpPUMEHAEMbIE IS HW30JSIMH  OOMOTOK, II0  CTENECHH
TEPMOCTOUKOCTH JAEJSATCS Ha KIACcChl, KOTOPBIE JOITyCKAIOT OMpeAeNeHHYI0 TeMIlepaTypy Harpesa. B
MaIlIMHAX TTOCTOSIHHOTO TOKa MPUMEHSIOTCS B 0CHOBHOM Kiacchl A, B, C u H. Komnekrop (pucynok 1.9)
HaOupaeTcs n3 METHBIX TUIACTHH |, M30IMPOBaHHEIX APYT OT ApPyra U OT Bajia, HA KOTOPOM OH KPEMHTCS, C
MMOMOIIIPI0 MHUKAaHWUTOBBIX TPOKIAMoK 8 W MamkeT 5,7. CocTOpoHBI, 0OpalieHHOW K Bally, TUIACTHHBI
UMEIOT (OpMY JACTOYKHHOTO XBOCTa 2. B 1Ba KOHYCcOOOpa3HBIX yTIyOJIeHHsT KOIJIEKTOPA BCTABIISIOTCS
M30JINPOBAaHHbIE HAXUMHbBIE KOHYCHI 3,4, KOTOpBIE CTATMBAIOT KOJJIEKTOPHBIE IUIACTUHBI B OCEBOM Harl-
paBineHnn. B coOpaHHOM BHAE KOJUIEKTOP CIIPECCOBBIBAIOT B TOPSYEM COCTOSIHHH, IIOCTE YEro
00TaYMBAIOT JUTA TIPUIAHHS €My CTPOTO IFITMHApHYecKol Gopmbel. B 3aBucHMOCTH OT pa3mepa SKOps U
KOJUIGKTOPA KOHIBI CEKIIMH OOMOTKH BIIaWBAIOTCA B KOJUIEKTOPHBIE TJIACTHHBI HEMOCPEIACTBEHHO HIIU
yepes CIHelu

Koanekrop (pucynok 1.9) HabupaeTcs M3 MEAHBIX IUIACTUH [, M30IMPOBAHHBIX APYT OT Apyra U OT Baja,
Ha KOTOPOM OH KpENHUTCS, C TOMOINBIO MHKAHUTOBBIX MpOKIanoK 8 u mamwxkeT 5,7. CocTopoHBI,
oOpalieHHO! K Bally, IJIACTUHBI HMEIOT (POPMY JTACTOUYKHHOTO XBOCTA 2.

B nBa koHYCc000pa3HbBIX yriyOiaeHHs KOJJIEKTOpa BCTABIAIOTCS M30JUPOBAaHHBIE HAXKIMHBIE KOHYCHI 3,4,
KOTOpBIE CTATHBAIOT KOJUIEKTOPHBIE TUIACTHHEI B OCEBOM HampaBlieHHWH. B coOpaHHOM BHIIE KOJUIEKTOD
CIIPECCOBBIBAIOT B TOPSYEM COCTOSIHMHM, IIOCIIE 4Yero oOTauyMBalOT JUIs TpPUAAHUS €My CTPOTrO
nuIMHIpUYeckoi (opMbl. B 3aBHcHMOCTH OT pa3mepa SKOpS M KOJUIEKTOpa KOHIIBI CEKIUH OOMOTKHU
BIIAWBAIOTCS B KOJUIEKTOPHBIE IIACTUHBI HEMOCPEICTBEHHO WM 4Yepe3 CIeNUaNbHbIE MEIHbIe
coemHeHHs — neTymku 9. KonnekTop jxecTKo KpermuTcsl Ha Baly poTopa pSAAOM C CEpACYHUKOM SKOPS.
IlleToyHoe VCTPOICTBO— TIpeAHAa3HAYECHO i OOecreueHHs OJIIEKTPUYECKOH CBS3U  MEKIY
HETNOJIBUKHBIMU 3)KMMaMH, COSJAMHEHHBIMH C BHEIIHEH IeThi0, W BpAaIaoIIeiicss 0OMOTKON sSKOps
(aepe3 xomiekTop) (

OHo cocroWT M3 IETOK 1, mieTkoaepxareneil 3, manbleB S5, TpaBepchl 6 W COEAMHUTENBHBIX IIWH.
HemocpeacTBeHHBI KOHTaKT € KOJUIEKTOpoM 2 wuMeeT 1meTka. OHa BBIMONHAETCS OOBIYHO U3
CIeIMabHBIM 00pa3oM 00paboTaHHOW cMecH yriisg, TpapuTa W JPYrHX KOMIIOHEHTOB B BHJIE
NPSMOYTOJILHON MPHU3MEI U ITOMeNIaeTcsi B 00oiMy metkoaepxkarens 4. llletka MoxkeT mepeMemaTbes B
o0oiiMe B paauaibHOM MO OTHOUICHWIO K KOJUIEKTOPY HAMpaBiICHWH W IS TUIOTHOTO MpPHJIETaHUs
MPWKUMAeTCcd K HEMY NpYKUHOW depe3 HaxxuMHOM peryar. llleTkomepxarenu kpemsTcs K naipLam 5,
KOTOpBIE 33JIENIbIBAIOTCS B TpaBepcy 6 depes N30ISIUOHHbIE BTYIKK 7. Ha ofHOM manbiie MOXKeT OBITh OT
2 1o 10 meTox, KOTOPBIE I paBHOMEPHOTO U3HOCA KOJUIEKTOPA PaclojiaraloTcsi Ha ero MOBEPXHOCTH B
[IAXMAaTHOM IIOPSAKE W COEIUHSIOTCA C NaJblaMM METHBIMH TMOKMMH TPOCHKaMHu. UHWCIIO TMalibLeB
BCEIZla PaBHO YMCIIy TJIaBHBIX MOJIOCOB. [lanblpl, NMEIOLIME ONMHAKOBYIO MOJIIPHOCTb, COEAMHSAIOTCS
MOCPEACTBOM COETUHHUTEIHHON IIMHBI, OT KOTOPOH JIeNaeTcsi OTBOJ B KIIEMHYIO KOPOOKY MAITHbI WIIA K
00MOTKE JIOTIOJIHUTEIBHOTO TOJIIOCA.

TpaBepca MOXET KpENMUTbCS K MOJIIUIHMKOBBIM IIWTaM, CTAaHMHE WIM (QYHAAaMEHTHOM ILTUTE.
Kpermienre no3BossieT moBOpadrnBaTh BCIO CHCTEMY IMIETOK OTHOCUTEIHHO CTAHUHBL.

Knemnasi_kopo0Oka. B kxiemMHOW KOpoOKe yCTaHABIMBACTCS HW3OJISAIIMOHHAS TAHENb C KIEMMaMH, K
KOTOPBIM MOACOEIUHSIOTCS BBIBOABI OOMOTOK MAIMHBI AJISl COSAMHEHHS C BHELIHEH 3JIEKTPHYECKON
CETBIO.

2. lIpyHIUN JeliCTBUA MALIHUH MOCTOSIHHOTO TOKA

DONeKTpUYeCKUMH MalllMHaM{ Ha3bIBAIOTCS yCTPOWCTBA, NMpeIHAa3HA4YeHHbBIE TSI MPeoOpa3oBaHUs
MEXaHMUYECKON SHEPTHH BPALICHHUS B 3JICKTPUIECKYIO (TeHEpaTOp) M HA00OPOT, AMEKTPHUYECKYIO SHEPTHIO
B MEXaHMYCCKYH (nBurarenb). PaboTa 3JMEKTpHUYECKOW MAaIIMHBI OCHOBaHA HAa CJIMHCTBE 3aKOHA
JIEKTPOMArHUTHON HHIIYKIINH U 3aKOHA 3JIEKTPOMArHUTHBIX CHIL.
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BosbMeM ycTpoiicTBO, cocTosilee U3 JABYX MAarHUTHBIX TMOJIOCOB CO3/AIONIMX MOCTOSHHOE MAarHHTHOE
ToJIe, U SIKOPST — CTANTLHOTO IHJIMH/PA C YIOKEHHBIM Ha HEM BUTKOM W3 3JICKTPOIPOBOTHOTO MaTepHaa.
KoHI1pI BUTKA MPUCOSAMHEHBI K ABYM METAUIMYSCKUM IMOJYKOJIbIIaM, U30JIMPOBAHHBIM JIPYT OT JApyra u
ot Basa. [lodykonbiia CONMPUKACAIOTCsl C HEMOABMKHBIMH IIETKAMH, COSAMHCHHBIMU C BHEIIHEH IEIbI0
(pucynok 1.1).

Pucynok 8

IIpu BpamieHuu SKOPs. B COOTBETCTBUU € 3aKOHOM JIEKTPOMAarHUTHON MHIYKIUU B IIPOBOJAHMKAX BUTKA
ab u cd mpu mepecedeHn UIMHU MAarHUTHOTO Tois OyaeT uHAykTupoBathess IJC, KoTopas Ipu HATMYUH
CTaJIGHOTO NWJIMHIIpa paBHa € = BLV,

rae  V —JInHeHHas CKOPOCTh ABWKEHHUS IPOBOJAHUKA OTHOCUTEIBHO MarHUTHOTO HOJIS;

B — uHayKIIMsA MarHUTHOTO TIOJIS;

L — nnuHa akTUBHOM 4acTH BUTKA.

Hampasnenust 3/IC B mpoBogamkax ab u cd ompenensercs mo mpaBuiy npaBoil pyku. [lo xkoHTypy
abcd st DJIC cxIaaBIBAIOTCS M, TAK KAK BEPXHUH W HIDKHHEA MPOBOJHUKH HAXOMATCSH B OJUHAKOBBIX
MarHMTHBIX ycinoBusx, To D/1C BuTka Oyaer

e.=2e_.

5 »

v
Takum 00pa3oMm, B JaHHBIX YCIOBHSX XapakTep H3MeHeHuss Bo BpeMeHH OJ[C B NMPOBOJIHHUKE MPH
BpalleHUU OIpPEACNIAeTCd XapaKTepoM pacopeleieHusl MHAYKIUU B 3a3ope. PacmpepeneHue ee 1o
OKPY>KHOCTH SIKOpSI HEPABHOMEPHOE, TaK KaK MarHUTHOE CONpOTUBIeHUE Ryl moToky paznuunoe. [lox
MOJIF0OCaMU MHAYKIKSA B mMeeT mMakcuManbHOe 3HA4Y€HHE, B MPOMEXKYTKE MEX]y MOJIIOCAMH MHIYKITUS
YMEHBILIACTCS, JIOCTUTasl Ha JIMHUM (g HyJeBoro 3HaueHus (pucyHok 1.2,a). Jluaus dd, mpoxozsinas
yepe3 LEHTP SIKOPsI BIIOJIb MOJIFOCOB, HA3bIBAETCS MPOJOIBHOM OChIO MAILIKHBI, & JIUHUA (, IPOXOAsIIas
yepe3 IEHTpP SKOps MOCpelrHEe MEXIy TONIOCaMH, Ha3blBaeTCs IMONepedHoil ockio. Ilomepeunyro ock
TaKXK€ Ha3bIBAIOT IN€OMETPUYECKON HeWTpasibto. YacTb OKPYKHOCTH SKOpS, NPUXOIAILYOCS Ha OIUH
TIOJTFOC, Ha3bIBAET MOJIFOCHBIM JIEJICHHEM U 0003HAYArOT T.

Pucynok 9

Ilpu BpameHuu sKOpsi 4Yepe3 Kakaple Mojao0opoTa TMpoBOTHWUKH ab m cd OKa3wpIBarOTCS B TOJE
MIPOTHUBOITOJIOKHBIX TOMOCOB. [loaToMmy HampaBimenne DJIC B HUX MEHSETCS HA MPOTHBOIIOJIOMKHOE.
Takum 0Opa3oM, IpH BpAILEHUHU KOs B BUTKE MHAYKTUpyeTcs nepemenHas JJC (pucynok 1.2,0). ns
MOJIYYCHHSI BO BHEIIHEW IIEMH ITOCTOSHHOTO TOKA YCTAHABIMBAIOT CIEIUANBHBIA TEPEKIIOYATENb,
Ha3bIBaeMbIH KOJUIEKTOpOM. IIpoBoaHuky ab u cd MpUCOETUHSIOTCS K HOIYKOJbIAM, M30JIMPOBAHHBIM
JIpyr oT japyra u oT Bana. [lomykoiybna (IDIACTHHBI KOJJIEKTOPA) COMPHKACAKOTCS C HEIOJBIKHBIMU
IIeTKaM#, COCAMHEHHBIMH C BHemmHell menbio. [lpu BpameHnn sSKops Kaxaas W3 MIETOK Oynaer
COTIPUKACATLCS TOJBKO C TOW KOJJISKTOPHOW TUTACTUHONM W COOTBETCTBEHHO TOJBKO C TEM U3
MIPOBOJTHUKOB, KOTOPBIA HAXOAMUTCS TOJ MOMIOCOM AaHHOM monspHoctd. Hampasnenue 3/IC B BUTKe
U3MEHSETCS HAa JUHUU TEOMETPUUYECKOW HEUTpadu W B 3TO *KE MOMEHT MPOUCXOIUT MEPEKIIOUYCHHE
moJsiykoJjier| K metkaM A u B. B pesynbpTaTe MoispHOCTH IIETOK B MPOLIECCE paOdOThI MAIIMHBI OCTAETCS
Hem3MmeHHoW, a DJIC W TOK BO BHEWMIHEH IIEMH CTAHOBSITCS IOCTOSHHBIMH II0 HAIpPAaBICHUIO W
MepeMeHHbIM» 10 BeinunHe (pucyHOk 1.3). Takum 00pa3oM, KOJUIEKTOp UTpaeT PoJib MEXaHUYECKOTO
MEPeKIItoYaTesisi CTOPOH BUTKA K IICTKAM, T.C. SIBJISICTCS BBIIPAMHUTEIeM. YTOOBI CraauTh IMYJIbCAIIUIO
OJIC m Toka BO BHEIIHEH IENH, Ha SKOPE pacIojiaralOT HECKOJIBKO BHUTKOB, MPHUCOCAMHEHHBIX K
COOTBETCTBYIOIIUM TMapaM KOJUICKTOPHBIX IJIACTUH M CABUHYTBHIX OTHOCUTENBHO Jpyr Apyra Ha
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HeKOoTOpbIH yroi. [IpakTudecku yxxe npu 16 BUTKaxX Ha sSIKOpe MyJIbCAIlMXA TOKA CTAHOBSITCA HE3aMETHBIMU
Y TOK BO BHEIITHEH IENH MOXXHO CYHTAThH MOCTOSHHBIMHI HE TOJBKO 110 HAPABJICHHUIO, HO U IO BEJINIHHE.
Takum 00pa3oM, MBI TOTYYHIIU TEHEPATOP TOCTOSTHHOTO TOKA.

e

>

(<]
1

t

=
T = ‘L'—j

Pucynok 10
PaccMoTpuM paboTy maHHOW CHCTEMBI B peXUMe ABUTaTeNs. ECiM K meTkaM NpUIoXKUTh HANPsSHKCHHE
BHEIIHETO MCTOYHHKA 3JIEKTPOIHEPTUH, TO B BUTKE MOTEUET TOK. COTIacHO 3aKOHY 3JIEKTPOMArHUTHBIX
CHJT Ha KQX]IyI0 CTOPOHY BUTKa Oy/ET JACHCTBOBATh CHila

Fiy =Bii.
OTH CUJIBI CO3aAYT BpAIAOIINl MOMEHT
M=Fgy A,
[Tox meiicTBHEM 3TOrO MOMEHTA SIKOPb HAYHET BpaIlaThCs, MPEOJ0JieBasi MOMEHT CONPOTHBICHUS Ha
Baiy. [lociie mpoxokIeH!s: CTOPOHAMH BUTKA JIMHUM T€OMETPUUYCCKON HEUTpan OHH MOMAJAl0T B 30HY
MOJIFOCA ITPOTUBOMOJIOKHOU MONsIpHOCTH. HO B 3TO k€ BpeMsl B HUX HM3MEHSETCS U HaIpaBiICHUE TOKa,
YTO OCYIIECTBIISIETCS C MOMOIIBIO KOJUIEKTOpa. B pe3ynbTrare HanmpaBieHHEe MOMEHTA OCTACTCS MPEKHUM,
U SIKOpb OYJET BpalllaThCs B TOM JK€ HANpaBiICHHH. B 3TOM cilyyae KOJUICKTOP BBINOJHSCT POJIb HMH-
BEpTOpa — MPeoOpa3oBaTes MOCTOSIHHOTO TOKA B TIEPEMEHHBIN
1. IlpuHumn AelicTBUSI reHepaTopa.
[IpocTeiimuii TeHEpaTOp MOKHO MPEJCTAaBUTh B BUJC BUTKA, BPAIIAIOIICTOCSs B MarHUTHOM moJjie (puc.
1.4, a, 6). KoHIIBI BUTKa BBIBEJCHBI HA [[BE IUIACTUHBI KOJUIEKTOpa. K KOJIEKTOpHBIM ILTACTHHAM
MPIKUMAIOTCS. HEMOABMKHBIE IIETKH, K KOTOPBIM MOAKIIOYAETCS BHEIIHSAS LIETIb.
[Mpunnun paboThl TeHEparopa OCHOBAaH Ha SBJICHUU JJIEKTPOMATHMTHOM WHAYKIMH. [lyCTh BHTOK
MPUBOJIUTCS BO Bpall€HUWE OT BHEIIHEro NpuBOAHOTrO jaBurarens [/]. IIpoBOJIHUKKM aKTHUBHON YacTu
BUTKA IEPECEKAIOT MATHUTHOE IMOJI€ U B HUX IO 3aKOHY 3JIEKTPOMATHUTHOM MHAYKLMH HABOIATCA
OJIC e, u €,, HaIpaBJICHHE KOTOPHIX OINPEACNACTCS IO
IIpaBUILy IIPaBOMl pyKHU.
[Ipu BpalleHMM BHUTKAa IO HANPAaBJICHUIO JBHKEHUS
YacOBOM CTPENIKM B BEPXHEM MPOBOAHUKE, HAXOIALIEMCS
moja ceBepHbIM TomtocoM, J/IC HampaBieHa OT Hac, a B
HIDKHEM, HaXOJSAIIEMCS MO/ F0KHBIM TOJTIOCOM, — K HaM.
Ilo xony Butka OJIC cKIanbIBaOTCs, pPE3yIbTHPYIOMIAS
DJIC e =e;—ey.
Ecnu BHewiHss 1ienb 3aMKHYTa, TO MO HEM MOTEYeT TOK,
HaANPaBJICHHBIA OT HIDKHEH MIETKM K TOTPEOMTEN0 W OT HEro — K BepxXHeW mierke. HinkHss mieTka
OKa3bIBAETCA MOJOXKUTEIbHBIM BEIBOJIOM I'€HEPATOPa, @ BEPXHSASI — OTpulaTeIbHbIM. [Ipu moBopoTe BUTKA
Ha 180° MpOBOMHUKY W3 30HBI OJTHOTO IOJIFOCA MTEPEXOAAT B 30HY JAPYroro mnojiroca u HanpasiaeHue JJ[C
B HUX U3MeHseTcs Ha oOpaTtHoe. OTHOBPEMEHHO BEPXHsS KOJICKTOPHAS IJIACTHHA BXOJUT B KOHTAKT C
HIKHEH IIETKOW, a HIDKHSS — ¢ BEpXHEH, HallpaBieHUe TOKA BO BHEIIHEH Ilenu He u3MeHseTcsa. Takum
00pa3oM, KOJUICKTOPHBIC IUIACTUHBI HE TOJIBKO OOCCIEYMBAIOT COCIWHEHWE BpAIIaloIero BUTKA C
BHEIITHEH TETIhI0, HO M BBITIONHSIOT POJIh MEPEKITIOYAIONIEroCs YCTPOMCTBA, T. €. SBIISIFOTCS MPOCTEHIITAM
MEXaHUYECKUM BBIIPSIMUTEIIEM.
2.2, llpuHumn aeiicTBUS ABUTATENS

To xe ycTpoHCTBO paboTaeT B peXKUME ICKTPUIECKOro aBuraress (puc. 1.5), eciu K meTkam moaBecTr
MOCTOSTHHOE HampspkeHue. [lox peictBuem HanpspkeHus U depes MeTKH, TUIAaCTHHBI KOJUIEKTOPa U BUTOK
notedeT TOK I. [To 3aKkOHY SJICKTPOMArHUTHON CHibl (3aKOH AMIepa) B3aUMOJCHCTBHE TOKAa |
MarHuTHOTO  1ojisi B co3maetr  cuiy f, koropass  HampaBieHa TeprneHIUKyJsipHo 1. HampaBieHue
cuitel f onpeziensieTcss mpaBuIIoM JeBoi pyku (puc. 1.5): Ha BepXHUIA MPOBOJHUK CHJIA JCHCTBYET BIPABO,
Ha HIDKHUM — BJIEeBO. DJTa mapa CUJ CO3JacT Bpalllaloliuii MOMEHT MBp, MOBOpAYMBAIOIIUMNA BUTOK IO
yacoBoi crpenke. IIpu nepexojie BEpXHEro NPOBOAHKUKA B 30HY IOJKHOIO IOJIFOCA, & HIKHETO — B 30HY
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CEBCPHOT'O ITOJIIOCAa KOHIIBI ITPOBOJAHUKOB U COCUHCHHBIC C HUMU KOJIJICKTOPHBIC IIACTUHBI BCTYIIAIOT B

KOHTAKT CO LETKAMU IPYTOH MOJSIPHOCTH.
HampaBnenue Toka B NPOBOJHMKAX BHUTKA H3MEHSETCS Ha IPOTHBOIIOJIIOKHOE, a HalpaBieHHE
cui f,MoMeHTa MBp M TOKa BO BHEIIHEH IleNH HE M3MEHseTCsS. BUTOK HempepbIBHO OyneT BpamiaThes B
MarHUTHOM II0JI€ ¥ MOXKET ITPUBOJNTH BO BpallleHHe Basl pabodero Mmexanm3ma (PM).

Takum 00pa3oM, KOJUIEKTOpP B PEKMME JBUTATEINSl HE TOJBKO OOecreyrBaeT KOHTAKT BHEIIHEH Lemu C
BUTKOM, HO ¥ BBIIOJNHAET (PYHKIMIO MEXaHMUECKOTO MHBEPTOpPA, T.€. MpeoOpa3yeT MOCTOSHHBIA TOK BO
BHEIIHEH LIENH B IEPEMEHHBINA TOK B BUTKE.

PaccMmoTpenune npuHIMNa ASHCTBHS MOKA3bIBAET, YTO MAIIMHA TOCTOSTHHOT'O TOKa MOXKET padoTaTh Kak B
pEeKUME TeHepaTopa, TaK U B PEKUME JABHUTaTEs, T. €. 001aaeT CBOHCTBOM 0OPaTUMOCTH.
IIporuBoaeiicTByomuii MoMeHT U npoTuBO-I/IC.

IIpu paboTe MalIMHBI B PEKUME I'€HEpaTopa MO 3aMKHYTOM BHELIHEH LEMU U BUTKY OOMOTKH SKODPS
MPOTEKAeT TOK, HaIpaBJICHHE KOTOPOro coBmanaeT ¢ HamnpasiaeHueM DJC (puc. 1.4,6), B3auMmonaeiicTpue
TOKa C MarHUTHBIM IIOJIEM IIOJIFOCOB CO3JA€T MOMEHTM, HalpaBICHHBI B paccMaTpUBAaeMOM CIIydae
MPOTUB YacOBOM cCTpenku. Tak Kak MNPWIOKEHHBIA K BHUTKY BpAalAIOLIUA MOMEHT MPUBOJHOIO
JIBUTaTeNs Mep HanpaBiieH MO0 YacOBOHM CTpelike, TO BO3HMKAIOUIMN NPH PadoTe TeHepaTopa MOMEHT
Ha3bIBAETCS POTUBOACHCTBYIOIUM MOMEHTOM Mnp. 110 cyniecTBy BOSHUKHOBEHUE Mnp — 3TO peakuus
MalllMHBl Ha BO3JEICTBUME BHEIIHET0o MOMEHTa Mep, a (u3nyeckas NpUpoja MPOTHBOAEHCTBYIOIETO
MOMEHTa Ta K€, YTO M BpAalalolIero MOMEHTa y JBUraTelsi. B ycTaHOBUBIIEMCS pekuMe pabOThI
reHeparopa Mexny Mep u Mnp ycraHaBiuBaeTcsl paBHOBecue U Mep=Mnp.

ITpu paboTe MalIMHBI B PEXKHUME ABHUIATeNs MPOBOJHHUKH SKOPS MEPECEKAIOT MArHUTHOE MOJE U B HUX
HaBogurcst OJC (puc. 1.5,0). Ee HampaBienue ompenensercs IO NpaBwily IpaBoil pyku. B
paccMaTpuBaeMOM Cllydyae OHa HarpaBjieHa MPOTHB TOKA M, CIE€NOBATEIbHO, HABCTPEUY MPHIOKEHHOMY
HamnpspkeHuro ceti U i mosToMy HazbiBaeTcst mpoTuBo-231C Enp. dusndeckas mpupoaa npoTuo-2/1C ta
xe, uro u OJIC reHeparopa. B  ycraHoBuBmIEMCS ~— pexuMe ~ pabOTBl  JBUTATENs
Mmexay Enp u U ycranaBnuBaeTcs paBHOBECHE M MOYKHO CUMTATh, uTo ENp= U .

Takum o00pa3om, Nmpu pabOTE MAaIIMHBI IOCTOSIHHOTO TOKa B JIFOOOM PEKUME BO BpPAIIAOIIMXCS
npoBogHukax HaBogutcsa J/C £ 1 BO3HUKAaeT MOMEHT M, HO POJIb X B Pa3HbIX PEXKUMaX Pa3IUdHasl.

Tema 3.2. DJIeKTPOABHKYIIAS CHJIA AKOPS U 3JIEKTPOMATHUTHBII MOMeHT. MarHuTHas uenb
MAIIMHBLI MOCTOSIHHOI0 TOKa. Peaknus sikops. KoMMyTanusi B MallIMHAX MOCTOSIHHOIO TOKA.
CxeMbl BKJIIOYEHHUS MAIIMH MOCTOSIHHOT0 TOKA NMaPa/LIeJIbHOT0 U CMEIIAHHOT0 BO30Y:KIeHHs.

aﬂeKTPOJIBI/DKyH.IaH CHJIa AKOPHA U 3JIeKTp0M3FHHTHBIﬁ MOMEHT

B cooTBeTCTBUM € 3aKOHOM 3JIEKTPOMAarHUTHOW WHAYKIMU B Ka)KJIOM OTAEIHHOM MPOBOJHUKE OOMOTKH
SAKOPS HE3aBHCHUMO OT pekrMa paboThl MalMHbL, HHAYKTHpYeTcs D1C

e, =BJlV

rie ey — IC npou3BOIBLHO B3STOTO MPOBOJIHUKA OOMOTKH SIKOPS;

By — MarauTHas MHIYKIUS B MECTE pa3MEIIeHHs JAHHOTO TPOBOTHHKA;

L— mmuHa skops;

V — nuHeiHas CKOPOCTh ABMKEHMSI IPOBOAHUKA.
Pacnipenenenne MHAyKIMM B BO3AYIIHOM 3a30p€ Ha OJHOM IIOJIOCHOM JIEJIEHHU T UMEET MPHUMEPHO
TpanenuuAaIbHEIN XapakTep (pUcyHOK 1), mostomy st onpeneneHuss 3J1C ymoOHO BOCTIOIB30BaTHCS
CpPEeTHUM 3HAYEHHEM MarHUTHOM MHIYKIMH, NPUHSIB €ro paBHBIM BeIcOTe mpsMoyroisHuka AB'C'l ¢
OCHOBaHHUEM T, IUIOMIAL KOTOPOTo paBHa miomany ¢urypst ABC/] (cM. puCcyHOK )

B, =1?‘[Bxcit
Torna cpenuee 3nauenue 3/1C, MHAYKTHPYEMOM B OJHOM ITPOBOTHUKE PABHO
Ecp =BplV
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OOMOTKa SKOPSI COCTOMT M3 N NPOBOJHHKOB, OJHAKO, Kak ObLIO Ioka3aHO Bbime, IJIC oOMOTKH Ha
3aknMax sakops paBHa DJ{C oxHOI mapainienbHOM BETBH, B KOTOPYIO BXOAUT N/2a mociieoBaTebHO coe-
JIMHCHHBIX MPOBOAHUKOB. [ToaTromy D/1C 0OMOTKH SIKOPS

N N
E=E,= Ecp -Z=BCPIV-Z
Td,n
p=22
e 60

— JIMHEHAs CKOPOCTh BPAILAIONIETOCS SIKOPS;
N — yacToTa BpalleHus AKOpsi, 00/MHH;

M, —nuametp sKopsi.

JmiHy OKpY>KHOCTH SIKOPSI MOYKHO BBIPA3UTh

=27
Torna
7-2p-n
V=—
60
[Moncrasus 3HaueHue V B popmyny 1 3AC nomydnm
N N
E=Ea= ECP .ZzBCP[V.Z

3nech npousseneHue I°7=S npeacTaBiseT coOOH MIIOMAAb, KOTOPYIO MPOHU3BIBAET MarHUTHBINA MOTOK O
B,-t1=B,-S=®
oA ogHUM nojtocoM. [lostomy ~% 24
N
LD Ry oue
Cnenosatenpho ~ 60a
PN _
rae 60a
— JUIA JaHHOW MaIlMHBI €CTh BEJIMUMHA ITOCTOSIHHASL.

OTtcrona E=C,dn

Takum o6pasom, DJIC MammMHbBl, WHIYKTHpyeMas B IPOBOJHUKAX OOMOTKM SIKOpS 3aBHCHUT OT
MarHUTHOTO MOTOKA M YaCTOTHI BpalleHus sKopsl. M3MeHsst ux, Mo>kHO u3MeHTh Beanuuny JO/1C.

B cooTBeTCcTBUM C 3aKOHOM 3JIEKTPOMArHUTHBIX CHJI HA KaXKIBIH OTJEIBHBIN POBOJHUK OOMOTKH SIKOPS
HE3aBUCHMO OT PEXHMMa pabOThl MAIIMHBI ACHCTBYET CHJIA paBHAs

Jx =B; :1-iy
rne  fy— cuna geiicTByromas Ha MPOU3BOJIBHO B3ATHIN MPOBOJHUK OOMOTKH SIKOPS;
By — MarHuTHasI HHIYKIMSI B MECTE Pa3MEIICHHUsI JTaHHOTO MIPOBOIHHKA;
L — qutiHa akTHBHOM CTOPOHBI TIPOBOJIHUKA SIKOPS;
ia— TOK CEKITMH STKOPSL.
Cuna fy coszmaet Ha Basy MalllMHBI MOMEHT, KOTOPBIH paBeH

Alxzfx'J Aa

_a — . ] . 1 v —
9 B, -l-1; 5
B peanbHOM MamvHe MOJ| KaKAbIM MoJdHcoM Haxoiutcst N/2p mpoBOJHUKOB, OATOMY OOLIMH MOMEHT
OyzieT paBeH cCyMMe BCeX MOMEHTOB, CO3/JaBAEMBIX KaXKJIBIM MPOBOJHUKOM IT0][ MOJIIOCOM YMHOKEHHBIM
Ha YMCIIO TIOJFOCOB 2p
N
N, N 2
e Ar (
M,=2p (M =2pl, (B, | B:
%=1 =1 [Ipu g0CcTaTOYHO OOJBIIOM YKCIIE MPOBOJHUKOB BEIMYHHA CyMMbI — *=!
paBHa CpeIHeMy 3HAUYeHHI0 HMHAYKUUHB., yMHOXX€HHOMy Ha YHCIO TPOBOJHHMKOB IIOA OIHHUM
HOJTIOCHBIM J€IEHHEM
.)X
2p -
N
(B,=B =
oo 2
Xl (-2t
rae no a"ajgoruu ¢ DJC

e

B, =1?j.3za'r
0
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Kpowme Toro, n3BecTHo, 4to

A
2 24
[ToxcraBum BbIpaskeHUs B (POPMYJTy MOMEHTA
I N
M, =2pl2e . Hap

g%
2a: 2 % 2p

B stom BBIPpaXCHUHU MOXHO 3aMCHUTH

B,lt=B_, -S=® umnd,=2pr

OTKy/a

Ha=

2pt
5

Toraa MOMEHT MalllMHBI OYIET

N
‘1{“=7i-a'1“'¢

TIe
PN
5 =C M
~Znr-a
— JJIs I[ElHHOfI MAalIuHbI BEJIMYKMHA ITIOCTOsIHHAA, 3aBHUCAIIIAsA OT KOHCprKHI/II/I.
CiegoBaTeIbHO
M,=C,-1,-9D.

Taxum O6p330M, M3 TOJYYCHHOI'O BBIPpA)XCHHUA BHIUM, 4YTO SHGKTpOMaFHI/ITHI)Iﬁ MOMCHT MallIMHbI
IMOCTOAHHOT'O TOKA 3aBUCUT OT TOKa B IKOPE, MAIrHUTHOI'O ITOTOKA U IIOCTOSHHOM BEJINYNHBI CM.

4. MarauTHasi enb MAIIMHbI MOCTOSIHHOTO TOKA
st mosydeHUsl B MAIlllMHE TIOCTOSIHHOTO TOKAa HOMHHAJBHBIX JIAHHBIX B HEH HEOOXOIUMO HaJIMYHe
MarHuTHOTO TmoTOKa . TpeOyemas BenMYMHA MAarHUTHOTO IIOTOKA MOXET OBITH OIpelelieHa U3
(hopMyITBI

E

cn
MarHuTHBIM MOTOK B MAallIMHAX OCTOSIHHOT'O TOKA CO3J1a€TCs MO AEHCTBUEM
marautoaBmwkymei cunbl (MJIC) 0OMOTOK BO30YXKJEHHS TJIABHBIX IIOJFOCOB. MAarHUTHBIH TOTOK
3aMBIKAeTCSI B MAIIMHE MEXIy Pa3HOMMEHHBIMU IIOJIFOCAMHU IO ONPEAEICHHOMY MYTH, KOTOPBII
Ha3bIBAETCSI MArHUTHOM 1emnbio MamuHbl.Ha pucynke 1.25 mokaszaHa MarHuTHas LEMb Mapbl MOJIOCOB
YETBIPEXTIONIOCHON MamnHbl. MarauTHas IIeTb MAaIluHBl OOBIYHO CHMMETPUYHA W HMMEET IIITh
XapaKTepHbIX OMHOPOIHBIX YYaCTKOB: TJaBHbIe mooca hy,, BO3AyIIHBIH 3a30pd, 3yOusl skops h,,
cepaecunvk sikops |, w crammny |, mammeel. T0TOK, co3maBacMblii KaXIbIM U3 TMOJIOCOB,, JCIUTCS
OTHOCHUTENFHO TPOJOJIFHOW OCH TIONII0CAa Ha JBE YacTH, 00pa3yrollne BMECTe C COCETHHMH IONI0CAMU
JIBA OJIMHAKOBBIX MAarHUTHBIX KOHTypa. YMCIIO TaKuX KOHTYpOB paBHO uYHcCIy ToitocoB. Pacuer
MarHMTHOW IENHM MAIIMHBI MMOCTOSHHOTO TOKa 3akiodaercs B onpeneneHnu MJIC, HeoOxomumon mmst
CO3/IaHHUS TI0JT TTOJTFOCAMH MaIIHBI OCHOBHOT'O MarHUTHOTO TIOTOKA TpeOyeMoil Benn4uHbl. Pacuer BeayT
OOBIYHO HAa OJHY Tapy IIOJIOCOB BBHIY CHMMETPHYHOCTH MAITUHBL MAarHUTHYIO Il MOXHO
paccyuTaTh Ha OCHOBE 3aKOHA MOJHOTO TOKA JIJIsl CpeIHEH MAarHUTHON JIMHUU

§Hdl =31
rac H HAIMpsKEHHOCTh MAarHUTHOT'O T10JIA;

dl _ 3JIEMEHT JIJIMHBI MarHUTHOMN JIMHWH,

Z] — MOJHBIA TOK, OXBaThIBAEMBIIi MAarHUTHOH JTUHUECH.
IIpennonoxuB, 4TO HA MPOTSHKEHUH KaXKJIOTO oJHOpoAHOro ydyactka H mocTosiHHa, 3aMEHsIEM HMHTErpai
CYMMOM
ZH;‘.-Z,‘;ZI =F,
roe  Hy— HanpssKeHHOCTh MATHUTHOTO TIOJIST B KaK/IOM OJTHOPOJTHOM yUJacTKeE;
lx — cpenHss AMHA OHOPOIHOTO YJIACTKA;
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Fo — moaas MJIC mapsl moIr0coB, IeHCTBYIOMAS B KOHTYPE TIETTH.
Takum o6pazom, obmyro MJIC, nedcTByrOm[yl0 B KOHTYpe, MOXHO MpencTaBuTh cymmon MJIC,
HEOOXOIUMBIX JJIsl TPOBEACHHUSI MATHUTHOTO MOTOKA HA 3a1aHHBIX Y4acTKaX
Fy=F +F;+F, +F +F, =

=H,2l,+H,2l,-K,+H,2h, +H ], +H,,

Koaddumment K; yautsiBaeT Bo3pacTaHue CpeqHero BO3AYIITHOTO 3a30pa, Ha3biBaeTcsl K03 pumreHTOM
BO3YIIHOTO 3a30pa (koaduuenrom Kaprepa) u pasen 1,1+1,5. Benmuunny HanpsbkeHHOCTH OIS B K—
OM y9aCTKe MOYKHO OTPEAETUTH 110 POopMyIIe

rae By — MHAyKIMA MarHUTHOTO TOJIS B YYAaCTKE;
Uk — MarHuTHas NPOHULIAEMOCTh y4acTKa.
st ygacTkoB u3 peppomMarHuTHbIX MatepuanoB Hy HaxoauTcs mo KpuBbiM Hamaruuuusanus B =T (H),
TaK Kak JUlsl HUX g4 = valr.
WNupyxuuio By ompenenstor mo BemuunHe noToka My U CeUeHUI0 ydacTka Sy
Dy

B’r‘.=_
Sy

k
[ToncraBuB HaiineHHble 3HaueHuss Hywu ly B popmyny obmeir MIAC nmonyunm nomxyro MJC mapbt
nomocoB.PacuetHoe 3Hauenme MJIC Bo30yxmeHHs 3aBUCHUT OT TOToKa @, KOTOPBHIH HEOOXOIUMO
C03JaTh B MAIlMHE. 3a7aBasiCh PA3NMYHBIMU 3HAYEHHUSIMH OCHOBHOrO MoToKa, Hampumep 0,5@, 0,75,
1,00, 1,250 moxHO paccuntaTh cooTBercTBytonme uM MJIC oOMOTKM BO30YXKAEHUS W TIOCTPOUTH

rpaduyecku 3aBucumocts @ = f (F,) .

OTa 3aBUCUMOCTH (pHC.2) HOCUT Ha3BaHWE XapaKTCPUCTUKH HaMarHUYWBaHWS MamuHbl. CTemneHb
HACBHIIIIEHUS MarHUTHOH CHCTEMBI MAIllMHBI XapakTepuzyercss Ko3(pQHUIMEHTOM HACBINIEHUS, KOTOPHIH
HaXOJUTCS PacUETHBIM ITyTEM HJIM U3 KPUBOH HaMarHMYMBAaHUS

F, AC
K T e

F. JAB
Koadduument naceimenns i pa3auyHbIX MalliH HaXoAUTcs B npeaenax 1,25+1,75. Xapakrepucruka
HaMarHWYMBAaHMA, BBIPOKEHHAS B APYroM Macmtabe, MpecTaBiseT co00il XapakTepUCTHKY XOJIOCTOTO
xoma MammHBIE,= f (l,), T.e. 3aBucumocts DJIC OT TOKa BO3OYKIEHHS TPU TIOCTOSHHON YacToTe
BpauieHus N = const .
5. Peakius sikops
[Ipu paboTte MamMHBI MMOCTOSIHHOTO TOKa B pexume xosoctoro xona (I, =0) Tok B 0OMOTKe sKOps
NPaKTUYECKH OTCYTCTBYET M B MAarHUTHOW LIeNIM MAalluMHBl JeiictByerT numb oaHa MJC oOMoOTKH
B030yxaeHusi F,. MarHutHoe 1oje MalluHbI B 3TOM Clly4yae SIBISETCS CHMMETPUYHBIM OTHOCHUTEIHHO
MIOJIFOCOB ¥ HE 3aBUCUT OT HAIIPABIICHUS BPAILEHHUS MAIIMHBI U PACIIOIIOKEHHUS IIETOK Ha KOJJIEKTOpe
OOMoTKa BO30YKICHHMS SBISETCS COCPEJOTOYCHHOM Ha TIJIaBHBIX IOJIIOCAX M JII00as 3aMKHyTas
MarHuTHasl JIMHUS OCHOBHOT'O MOTOKA OXBATBHIBAET BCIO CyMMY TOKOB 0OMOTKH. M/IC Takoit oOMOTKH B
Mpejienax TOJIOCHOTO JIeNIEHUs TIOCTOSTHHA © - paBHa Fo/t (puc. 1.6). Pacmpenenenne wmarHuTHOH
WHAYKIWHU TIOJS BAOJIb OKPYKHOCTH SIKOPSI 3aBUCUT OT BEJIMYMHBI BO3AYIIHOTO 3a30pa M MPUOIMKEHHO
MoKa3aHo Ha puc. 1.0.
[Ipu Harpy3ke MammHBI IO 0OMOTKE AKOPS MPOTEKAaeT TOK, KOTOPBIH CO3/1aeT COOCTBEHHOE MarHWTHOE
noje. [loaTOMy MarHMTHBIM TOTOK B BO3AYIIHOM 3a30p€ M MPOCTPAHCTBEHHOE paclpe/esieHne
MarHUTHOTO TIOJII NpPU Harpy3ke MalluHbl OyJeT ONpEeAessThCS COBMECTHBIM HaMarHUYUBAIOLIIIM
JICICTBHEM TIOJIOCOB M sKOps. MAarHMTHBIM TOTOK W pacHpelesieHue pe3yiIbTHPYIOIIEro IMojis B
BO3IYITHOM 3a30pe OyayT yXe HWHBIMH, 4eM Mpu xojioctoM xone. BoszaeiicrBue MJIC sikops F, Ha
OCHOBHOE MarHMTHOE I10JI€ MAIIMHBI Ha3bIBAETCS pEAKLEH SKOpS.
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Kax BuIHO M3 3TOTO pHUCYHKA TOJI€ TPY HArpy3Ke CMEIIAeTCs 0 HAIllPaBIEHUIO BPAIIEHUsI B TeHEpaTope
(I') u mpoTHB HampaBJICHHsI BparieHus B asurarene (M), pactpenessch HECUMMETPHIHO OTHOCHTEILHO
ocu momocoB. [log HaberaromuMm KpaeM MoOJIOCa TeHepaTropa Mojie ociabisieTcs, a Mmoj cOeraromym
ycunuBaeTcs. B nBuratensHoOM pekume HaoOopoT. Ilox Bo3medcTBHEM MOMEPEYHOH peakuuu sSKOps
¢usndeckas HewTpanp (T.e. AeiicTBuTeNbHAA, Ha KoTopod B=0) cMmemraercs Ha HEKOTOpHIA yroi P u
3aHMMaeT TOJIOKeHHEe MM . Y  COBpeMEHHBIX MAIlMH C J00aBOYHBIMH IIONIOCAMH  IIETKH
YCTaHABIUBAIOTCS HAa reoMeTprudeckor Heiltpanu. OnHAaKO BCIEACTBHE HETOYHON YCTAHOBKH IIETOYHON
TpaBepChl MOXKET UMETh MECTO HEKOTOPBIM CIABHI IIETOK OTHOCHUTEIHLHO reOMETpHUYecKor HeWTpanu. B
3TOM CiIy4Yae pachpelelieHHe TOKOB SKOpPS OTHOCHTENBHO TJIABHBIX IIOJIFOCOB  CTAHOBHTCS
HECUMMETPHUYHBIM

MJC sixops F,, HampaBlIeHHYI0 Bcerja Mo JIMHUH IIETOK, MOXXHO pa3[elUTh Ha MBE COCTAaBIISIOLIME:
nonepeynyrwokr,,, HampapleHHy!0 1O OCH (O, OOpasyloIlyl0 TIONEPEYHYI0 PpEAKLHUIO SKOpS U
NpOJONBHYIO F g, HanpaBlieHHYIO BAOJL OcH (d, co3maromy o MPO0IBHYIO peakiuto skopsi. [Ipu ciBure
IIETOK C HEHTpanu B HANpaBJIEHWH BpalieHus sikops nponosnbHas MJIC skops reHeparopa JIeHCTBYeET
HaBcTpeuy MJIC BO30yXmeHUs, T.e. pa3MarHMYUBAET MAIIWHY; IPU CIIBUTE IIETOK MPOTHB BpAIICHUS
neiictByer cormacHo ¢ MJIC B030yxknmeHus, T.e. HAMarHMYMBAeT MAIIWHy. B JIBUTAaTENBHOM peXHMe
nojy4aeTcst oOpaTHasi KapTHHA.

[Ipu cnBure METOK C TEOMETPUIECKOW HEHTpaau BOSHHMKAET TAK)KE PEeakIus JOOABOYHBIX IOIIOCOB. B
reHepaTopax OHa BO3JaeT pa3MarHWYMBAIOMIMNA 3PQEKT MPH CABUTE IIETOK IO HATIPABICHUIO BPAIICHUS
SAKOpS ¥ HaMarHWYHMBAIOUIME — IPH CIBUTE MPOTHB BpalleHus skops. Jlo6aBouHbIe MONIOCAa B 3TOM
ClIydya€ HAUMHAIOT YaCTUYHO BBIMIOJHATH POJIb INIABHBIX ITOJIFOCOB.

TakuMm 00pazom, 1Mo AEUCTBUEM PEAKITUH SKOPS MPOUCXOANT M3MEHEHHE MAarHUTHOTO TTOTOKA MAaITUHBI
U TmepepacnpeziesieHie Mol B BO3JYLUIHOM 3a30pe. DTO OKa3blBaeT BIMSIHME Ha MTHOBEHHBIE 3HAUEHHUS
OJIC. oTaenbHBIX CeKIMid sKOps W pe3ynbrupyromyto DJC ero oomorku. [[is ycTpaHeHHsS BPEIHOTO
BIMSIHYSI PEAKIIAU SIKOPSI Ha pa00Ty MaITUHBI UCTIONIB3YIOTCS 100aBOYHBIE TIOTIOCH, TTOCIEI0OBATEbHAS
KOMIIEHCAIIMOHHAST OOMOTKH.

6. KOMMyTaIII/I'il B MAaIlIMHAX IMOCTOAHHOI0O TOKA

[Mpu BpamieHu SKOpsi CEKIMM OOMOTKH HENPEPhIBHO IMEPEXOST W3 OJHOHM MapajielbHOH BETBU B
JIPYTYIO U B HUX IIPOMCXOANT M3MEHEHHE HampaBieHus Toka. IIporecc nepeximoueHus: CeKIUu U3 OJHON
MapauleIbHOM BETBH B JIPYIYI0 Ha3bIBAaeTCsl KOMMYyTalued. B mmpokoM cwmeicae cioBa TOJ
KOMMYTallM€l MOHMMAIOT COBOKYITHOCTH SIBJICHHH, CBS3aHHBIX C M3MCHEHHEM HAIIPABIICHUS TOKa B
CeKLIMAX TPHU MEPEexXo]e UX W3 OJHOM MapajuleIbHON BETBM B APYTYIO, U Mepeaadeil Toka depe3 CKOJIb-
3N KOHTAKT MEXYy KOJUIEKTOPOM U IIeTKoH. [Iponeccsl, BO3HUKAIOIIKE MPU 3TOM B CEKIMAX M MOJ
IIeTKaMM, Ha3bIBAIOTCS KOMMYTAalIMOHHBIMU. [lepexmrodaeMas cekUus Ha3blBaeTCd KOMMYTHPYEMOH, a

BpeMsi B TEUEHUE KOTOPOTO IPOMCXOJUT MPOLECC KOMMYTAallMM — TEepUoJOM KoMmmyTtauu T.
KoMMmyTariyio paccMOTpUM Ha IIPUMEPE MPOCTOH METIeBOH 0OMOTKH

a) t=0 6) 0<t<T, B): =L

Puc.1 — KoMMyTarius mpocToif meTaeBoil 0OMOTKH — TPOIECC TEPEKITFOUCHUS OTHON CEKITHH

Iporiecc mepekiroueHus OHON CEKIMM MOKa3aH Ha puc.| MPHU YCIOBUM, YTO IMUpPUHA MIETOK b, paBHa
HIMPUHE KOJUIEKTOPHOW IUIAaCTHHBI Dy B peanbHO#l MalinHe IieTka mepekpbiBaeT HECKOIbKO IUIACTHH U
Mpoliecc KOMMYTAIMKU MIPOUCXOANUT CPa3y B HECKOJIBKUX CEKIMSIX. 3a BpeMsl MEPEKIIOUCHHUS CUIIa TOKA B
KOPOTKO3aMKHYTOU (KOMMYTHPYIOIICH) CEKIIMH HM3MEHSCTCS OT 3HAUCHHS Iy IO TOTO JKE 3HAYCHUSA B
OOpaTHOM HAmNpaBICHHH T.e. OT +iI0 —i,. YCTAHOBUM 3aKOH H3MCHEHHS KOMMYTAIIMOHHOTO TOKa,
MIPUYUHBI U CIEICTBUS €ro m3MeHeHus. [Ipu BpaleHnu KoJuleKTopa TiacTiHa | mocteneHHo cOeraer co
IIETKH, a IIaCTHHA 2 Ha0eraeT Ha MICTKY, IPOUCXOIUT 3aMbIKAaHHE CEKIIUU IIETKOM Yepe3 KOJICKTOPHBIC
macTuHs | 1 2 HakopoTko. 711 KOHTypa KOPOTKO3aMKHYTOM CEKITHH MOKHO COCTaBHUTh ypaBHeHUE DJ1C
1o BTopoMy 3akoHy Kupxroda.

Ye=>iR;
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rae Ze _ cymma DJIC HHAYKTHPYEMBIX B KOMMYTHPYEMOU CEKITHH

| — TOK B KOMMYTHPYEMO# CEKIIHH ;

Ry— axTBHOE compoTtuBienne K-ro ygacTka KOHTypa.

B kommyTtupyemoit cekiuu uHaykTupyetrcs DJ(C caMOMHAYKIIMM €, BbI3BaHHAS W3MECHEHHEM TOKa B
cekuun, OJIC B3aMMOWHIYKIIUH €y, BBI3BAaHHAS WM3MEHEHHEM TOKa B COCEIHHUX OJHOBPEMEHHO
KOMMYTHPYEMBIX CeKIMAX, KommyTupytomeil D/1C e, BO3HUKAIOIIEH B CEKIHH 3a CUET IepeceueHus ee
PE3YJIBTUPYIOIIMM TI0JIEM WIIH TTOJIEM J00aBOYHBIX MOMOCOB. KpoMe Toro Bo3HUKAaeT TpaHCpopMaTopHast
O/1C e,, BbI3BaHHAs MyJbcaliel BO BpEMEHH MarHUTHOTO MOTOKa D M3—3a 3y0UaToCTH SIKOPSI.

OpnnHako OHa Maja U ee B JaJbHEHIIIeM He YIUTHIBAEM.

Cymmy D/1C caMOMHAYKITNY U B3aUMOUHAYKIIMU HA3bIBAIOT peakTuBHOM DJ[C

ep =er + ey

OHa paBHa

= —(:Lc +M, _")é =—L, é
dt

LY

€p
rie L. WHAYKTUBHOCTbH CEKIIWH
M.~ B3auMHasi HHIYKTHBHOCTH CEKIIHH;
Ly=L +M; —s>KBHBaJICHTHAS UHIYKTUBHOCTh CCKIUH.
Ilo 3akony Jlenma peaktuBHas DJIC HampaBieHa TakUM 00pa3oM, YTOOBI MPEMSITCTBOBATh U3MEHEHUIO
TOKa B KOMMYTHPYEMOU CEKIIHH.
OJIC ey MOKeT IelCTBOBATh KaK COIIACHO C €p, TAK M BCTPEYHO. JTO 3aBUCHUT OT HAIIPABJICHHs BHEIIIHETO
MAarauTHOrO I10JIs1 B 30HC KOMMYTAaluu, TO €CTh

Ye=e,te,

AKTUBHOE COIPOTHBIICHHE MIETOYHOTO KOHTaKTa 3HAYUTENBHO OOJBbIIE JPYTUX CONPOTHBICHUN KOHTYpa
KOPOTKO3aMKHYTOU cekuuu. [loaTomy Jjuist ynpoienust OyJeM YYUTHIBATh TOJIBKO CONMPOTHBICHUS R, 1
R — KOHTaKTHBIE CONPOTHUBIICHHS COETAIOIIETO 1 HAOETaIOIIero Kpaes meTku. Toraa

Ze =, te, = ZIRM1 - zszl
ITo mepBomy 3akony Kupxroda ams y3moB A u B MmoxxHO 3anmcarts

=Ry L,=1,—1.
Pemast cOBMECTHO ypaBHEHHS MOIYyYUM
P S D

a
Ru;l + ‘RW: R‘u] o F Ru‘:

Ilepexonubie comportusieHus R, u Ry, 00paTHO NpomopuuoHaNbHBI IJIOMAASIM KacaHMs ILIETKH C

KOJUICKTOPHBIMU IIJIACTUHAMU U, €CJIW Y4YC€CTb, YTO O5TU IUIOMAAX H3MCHANOTCA HNPONOPLHUOHAIBHO
BPEMCHU KOMMYTAIUH, TO IOJYUYHUM

S T,
Ra=R, —%= E_.
T

s &
Ru@:Ru‘-S:::R,“T*,

I'me R, — conmpoTuBIEHUE MEPEXOTHOTO KOHTAKTA BCEH MTOBEPXHOCTH MIETKH ;
S, — MOJIHAS TUIOIA b KOHTAKTA IIETKU C KOJUIEKTOPOM
Sty Syp — MIIoMAAM cOeTaronero u HaberarIero KOHTaKkTa MIETOK ¢ KOJIEKTOPOM;
Tk — nepuoa KOMMYTALIHH ;
{— TpOMeKyTOK BpeMEHH OT Hadaja KOMMYTAIIUH.
[oxacrasnsis 3nauenue R, u R, » B ypaBHeHue, Haliiem

i= i,,(1—2 TL\’I+ %(Tk —t).

A K/ wt i

Amnanusupys ypaBHeHHs BUIUM, 4TO eciu komMmyTtupyromas DJIC ey, Oyner pasHa peaktuBHoi D/1C €, u
HampaBlieHa HABCTPEUy €i, TO BTOpasi COCTABIIAIONIAs KOMMYTAIlMOHHOM CHJIBI TOKa OyAET paBHA HYIIO,

De

TaK Kak =0 u cuia Toka OyeT U3MEHSTHCS 0 JIMHEHHOMY 3aKOHY

i=51-2i}=g
7
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I'padux sToit QyHKIMHU TpeacTaBieH Ha puc.2. TOkW iy U 1, TEKyIIUe Yepe3 KOJUICKTOPHBIC TUIACTUHBI
U3MEHSIOTCS BO BPEMEHHU JHHEHHO. KoMMyTanusi ¢ TakuM XapakTepoM M3MEHEHHs TOKOB Ha3bIBAETCS
npsiMorHeHOM. [IM0THOCTE TOKa IO Beel Tuiomaay OyAeT OAMHAKOBOH. DTo Hanbosee OnaronpusTHas
KOMMYyTalusl.
De . y :
[Ipu = 0 TOK B CEKIHMH | MPEICTABISIET CyMMY IBYX COCTaBISIOIIMX: JIMHEWHOTO TOKa I, M Tak
. . e
Ha3bIBa€MOr0o 100aBOYHOTO TOKa KOMMYTALUH |, OIIPEAEIIEMOr0 BETMUUHON .
IIpu e,<e, no6aBoYHAs CHNa TOKa I, HAKJIAIbIBasCh Ha CHIy TOKa JMHEHHOH KoMMyTauud i, Oyzmer
3a/Iep’)KMBaTh N3MEHEHHE TOKAa B CEKIMH M OHA CHayana OyJleT M3MEHSAThCS MeuieHHee (KpuBast | puc.3),
yeM IpH JIMHEWHONM KOMMyTauuu. Takoil mpouecc M3MEHEHMsI CHIIBI TOKa B KOMMYTHUPYEMOW CEKLUU
Ha3bIBaeTCs 3aMEUICHHOM KpUBOJNMHEHHON KommyTanued. OHa XapakTepu3yeTcs HepaBHOMEPHBIM
pacrpeneneHreM Toka oA meTkoi. [lox cOeraromum KpaeM METKH MIOTHOCTh OyneT Oolblie, YeM poj
HaberarommM. JTO MPHUBENET K HCKPOOOPa30BaHUIO Ha KOJIIEKTOPE.
IIpu e,>e, n0o6aBOYHAasl CHIa TOKA i, HAKIAJbIBAsCh Ha I,0y[€T YCKOPSTh M3MEHEHHE TOKa | B CEKIMH H
npolecc KOMMYTAllMK TOWAET ObIcTpee, YeM IpH JTUHEeWHoW koMMmyTtanuu (kpuBas 2 puc.3). Taxas
KOMMYTAITUsI Ha3bIBAETCSl YCKOPEHHOW KPUBOJMHEHHON KOoMMyTalueil. B aToM cirydae mo0aBO4HEII TOK
OyzeT yBenMuYMBaTh IUIOTHOCTH TOKA IO/ HAOETAIOIMM KpaeM LIETKH M YMEHbILIATh MOJ COeraroLuM,
co3laBasi HEPaBHOMEPHYIO IUIOTHOCTH TOKa. OTO TakkKe NPUBOJUT K HMCKPOOOpa3oBaHHIO Ha
koyuiekTope. Takum 00pa3oMm, COCTOSIHUE KOMMYTAalMH ONPEAEISIeTCs, TJaBHBIM 00pa3oM, 3HaYCHUEM
TOKa I, BEJIMYMHA KOTOPOTrO 3aBUCHT OT cymmapHoit DJIC ¥ CONMPOTHBIICHHS MEPEXOJHOIO KOHTAKTA
metku Ry,
B cootserctBuu ¢ Hopmamu (I'OCT 183-74) uckpeHre Ha KOJIEKTOPE ANIEKTPUUECKON MalluHBI TOJKHO
OLIGHUBATHCS MO CTETIEHU UCKPEHHS MO COETAIOIIUM KpaeM INETKH U 110 IIKaje (KjJaccaM KOMMYTAIMH).
DNeKTpUUeCKie MallHHBLIpeAHa3HAYeHHbIE AT PaOOThl B JUIMTEIBHOM DPEXKHUME, NPU HOMUHAIBHON
Harpy3Ke JIOJDKHBI TIPaKTHYECKH pa0doTaTh 0e3 MCKpeHus (JOMyCTHMasi CTETIeHb HCKPEHUS TOJDKHA OBITh
He Bbime 1 Y2 ). Y osnexTpuueckux MamuH, paOOTalOMMX B KPAaTKOBPEMEHHOM U IMOBTOPHO-
KPaTKOBPEMEHHOM PEXUMaX, IPU HOMHHAIBHOW HArpy3Ke MOXKET OBITh JIOMYIEHA CTENEHb MCKPEHUs (
KJIACC KOMMYTAIIHH)
B kpymHBIX MammHaxXx Ha OOJNBIIYIO CHIIy TOKAa JOCKA 3a)KUMOB OTCYTCTBYET W BBIBOJIHBIC KOHIIBI
NPUKPEIUISIIOT K HUKHEH 4acTH CTaHMHBI MALIMHBL, IPUYEM BBIBOJHBIC KOHILIBI ITOCIEI0BATEIBHON LEMH
BBITIOJTHSIOT B BUJIE IIMH, a MapajuIebHON — B BUE Kabenel ¢ HAKOHEUHHKAMU; BBIBOJISAT 3aKHM SIKODSI
A1, 3axum komneHcanuoHHOM oOmotkm K2, m 1112, ypaBHuTenpHOi oOMoTkM Y1uY2 u apyrux
CHeUHaIbHBIX OOMOTOK.

Pa3znen 4. ACHHXPOHHBIE MAIIIUHBI

Tema 4.1. VYcrpoiictBo Tpexda3Hoii acuHXxpoHHOH MammHbl. [logydenwe Bpamaromerocs
MATHUTHOTO mojs. PexuMbl pagoTbl Tpexda3Hoii acHHXpPOHHON MalluHbl. Pexum aBuraress.
Pe:xum renepatopa. Peskum 2J1eKTPOMAarHUTHOTO TOPMO3a

Jlexums npoxXoauT B MHTEPAaKTUBHOH (opme: yctpotictBo TAM Ha makete ( 2 yac)

YcrpoiicTBo TPéX(azHO AaCHHXPOHHOI MAILIMHBI

HenopprokHast yacTh MalMHbBI HA3bIBAETCSI CTATOP, MOABMKHASL — poTop. CepJIeuHHK cTaTopa HabupaeTcs
U3 JINCTOBOM AJIEKTPOTEXHUYECKON CTANIM U 3alpECCOBBIBAETCS B cTaHWHY. Ha puc. 1 mokasan cepaeyHuK
craropa B coope. Cranuna (1) BBIIONHSAETCS JIMTOM, N3 HEMarHUTHOTO MaTepuaia. Yaie BCEro CTaHUHY
BBIMIOJTHSIOT M3 4YyryHa WIM amoMuHUs. Ha BHyTpeHHe# IMOBEpXHOCTH JUCTOB (2), M3 KOTOPBIX
BBITIOJIHACTCS] CEPJICYHUK CTaTopa, UMEIOTCS 11a3bl, B KOTOpBIE 3akiaasiBaeTcs TpéxdasHas oomoTka (3).
OOMoTKa cTaropa BBIIOJNHSAETCS B OCHOBHOM W3 HM30JMPOBAHHOTO MEIHOIO IPOBOJAA KPYIJIOTO HIIH
NPSMOYTOJILHOTO CEUCHUS, PEKE — M3 aTFOMUHUSL.

OOMOTKa cTaTOpa COCTOUT U3 TPEX OT/ICNIBbHBIX YacTel, Ha3biBaeMbIx (hazamu. Havana da3 o0o3HavaroTCs
OykBamu C 1, C», C3, KOHIIBI —C 4, Cs, Co. Hauama m koHIBI (ha3 BBIBEJCHBI HAa KIEMMHHK (puc. 2.a),
3aKpeIUICHHBIN Ha craHnHe. OOMOTKA CTaTOpa MOXKET OBITh COSAMHEHA TI0 cxeMe 3Be3fa (puc. 2.2.0) uim
TpeyroibHUK (puc. 2.2.B). BBIOOp cXeMbl coemMHEHHS OOMOTKHM CTaTopa 3aBHCHUT OT JIMHEHHOTO
HANpPsOKEHUS CETH M MACMOPTHBIX JAHHBIX JBUTATeNs. B macmopte TpéxdaszHOro IBUTATENS 3aMal0TCs
JMHEHHBIE HANIPSHKEHUS CETH M cXeMa coefnHeHns oOMoTku ctatopa. Hanpumep, 660/380, Y/A. anHbii
JIIBATATENIL MOYKHO BKIIFOYAaTh B ceTh ¢ U ;= 660B mo cxeme 3Be3nma unu B ceth ¢ U ,=380B — mo cxeme
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TPEYroJIbHUK. OCHOBHOE Ha3HAYCHUE OOMOTKHU craTopa — CO3JaHUC B MAallIMHE BpaIlaromero MarHuTHOT'O
I10JIA

Cepneuynuk poropa (puc 3.0) HaOupaeTcs U3 JIUCTOB FICKTPOTCXHUUCCKOM CTallU, HA BHEIIHEH CTOPOHE
KOTOPBIX MMEIOTCS 1a3bl, B KOTOPBIE 3aKiabIBaeTCs 0OMOTKa poTopa. OOMOTKa poTopa OBIBaeT ABYX
BUJIOB: KOPOTKO3aMKHYTasi 1 ¢pazHasa. COOTBETCTBEHHO 3TOMY ACHHXPOHHBIC IBUTaTENM OBIBAIOT C

KOPOTKO3aMKHYTBIM POTOPOM U q)aSHI)IM pPOTOPOM (C KOHTAKTHBIMHU KOJ'IBIIaMI/I).
1 2 o ?

KopoTko3amkHyTass 0OMoTKa (puc. 3) pOoTOpa COCTOMT M3 CTEPIKHEH 3, KOTOPBIE 3aKJIaIbIBAIOTCS B Ma3bl
cepacuHrka poropa. C TOPLOB 3TH CTEPKHHU 3aMBIKAIOTCSI TOPLEBHIMH KoibllamMu 4. Takas oOMOTKa
HamOMUHaeT ‘“‘Oenmybe KoNeco” W Ha3bIBalOT €€ Tuma “‘Oennubeid kietkn” (puc. 3.a). Jpurartems ¢
KOPOTKO3aMKHYTBIM POTOPOM HC€ HMCECT IIOJABMIXHBIX KOHTAKTOB. 3a cuéT PTOro TakKue JABUTI'aTCIIN
00agaroT BHICOKON HaJ&KHOCThIO. OOMOTKAa POTOpa BBIMOJHSETCS M3 MEAW, aJIOMHHUS, JATyHU H
JIPYTHX MaTE€pPHAaJIOB.

HonmuBo-Jl00pOoBOIBCKUH TIEPBBIM CO3/Ia) JIBUTATelh C KOPOTKO3AaMKHYTBIM POTOPOM M HCCIIENOBANI €ro
cBoiicTBa. OH BBISICHWJ, YTO y TaKMX JABHUraTelled €CTh OYeHb CEePbE3HBIA HEIOCTATOK — OrpaHMYEHHBIN
MmyckoBoli MomeHT. JlonmnBo-J{0OpOBONBCKMIT Ha3BaJl MPUYMHY 3TOTO HEJOCTaTka — CHIIBHO
3aKOpOUYEHHBIN poTop. VM ke ObLTa Mpe/iokeHa KOHCTPYKIHS JBUTATENs ¢ ()a3HBIM POTOPOM.

Ha puc. 4 mpuBeneH BUj acHHXPOHHON MamMHBI ¢ (a3HBIM pOTOpOM B paspese: | — craHwHa, 2 —
00MOTKa cTaTopa, 3 — poTop, 4 — KOHTAKTHBIC KOJIBLIA, 5 — IICTKH.

VY (azroro poropa 0OMOTKa BEIIONHAETCA TPEX(Ha3HOM, aHATOTHYHO OOMOTKE CTaTOpa, C TEM K€ YHCIIOM
nap MoJirocoB. BUTKM OOMOTKH 3aKJIabIBAIOTCS B Ma3bl CEPACYHUKA POTOPA M COCTUHSIOTCS 1O CXEeMe
3Be3na. KoHIbl kax ol (a3bl COSNMHSIOTCS ¢ KOHTAKTHBIMHM KOJIBLIAMH, 3aKPEIUIEHHBIMH Ha Bayy
poTopa, u Yyepe3 MIETKY BBIBOJSTCS BO BHEITHIOIO 1€, KOHTaKTHBIE KOJbIAa U3TOTABIMBAIOT U3 JIATYHU
WIN CTaJId, OHM JIOJDKHBI OBITh M30JIMPOBAHBI IPYT OT Apyra U OT Baja. B kadecTBe MIETOK MCHONB3YIOT
MeTaHJ’IOI‘pa(bI/ITOBBIe H_IéTKI/I, KOTOPBIC MNMPMKXHUMAIKOTCA K KOHTAKTHBIM KOJIBIIaM C IIOMOIIBIO IIPYXKWH
mETKoIepXKaTenel, 3aKpeIUIEHHBIX HEIMOJIBM)KHO B KopIyce MamuHbl. Ha puc. 5 npuBeseHo yclioBHOe

Ha puc. 6 npuBeneH BUI aCHHXPOHHOW MaITMHBI C KOPOTKO3aMKHYTHIM POTOPOM B paspese: | — craHuHa,
2 — ceplIeYHUK cTaTtopa, 3 — 00MOTKa cTaTropa, 4 — CepJCYHUK POTOPA ¢ KOPOTKO3aMKHYTOH 0OMOTKOM, 5
— BaJl.

Ha muTke MammHbl, 3aKpeIUIEHHOM Ha CTaHWHe, mpuBomasatcs aadueie: P, U, 1 ,,n,, a Takke THn
MaIluHbI.

P . — 3To HOMUHaJIBHAS TOJIE3HAS] MOIITHOCTH (Ha BaIy)

U, u |, — HOMHHAJbHbIC 3HAYCHUS JTUHEHHOTO HAMPSDKEHHS U TOKA JUTS YKA3aHHON CXEMBI COCMHEHHUS.
Hanpumep, 380/220, Y/A, | . Y/1 A,

N, — HOMHWHAIIbHAS YaCTOTa BpaIlleHHs B 00/MHH.
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Twun mamyHel, HapuMep, 3a1al B Buae 4AH315S8. 3To acuaxpoHHBIN IBUTATENh (A) 4eTBEPTON ceprum

3amuIEHHOro ucnonHenus. Eciu 6ykBa H orcyTcTBYeT, TO ABUTaTeNb 3aKPHITOrO NCIOIHEHUS.

315 — BbIcOTa OCH BpallleHHS B MM;

S — ycTaHOBOYHBIE pa3Mephl (OHHU 3a/1aI0TCS B CIIPAaBOYHHUKE);

8 — 4nCII0 MOMOCOB MAaIINHEI.

3. IlonyyeHnue Bpamaerocss MAarHUTHOI'O MOJIsI

YcnoBust Nogy4eHUs:

HaJIN4Me HE MEHee JIByX 0OMOTOK;

TOKH B OOMOTKaX JOJKHBI OTIMYAThCA 10 (ase

ocr OOMOTOK JOJIKHBI OBITH CMEIIEHBI B IPOCTPAHCTBE.

B Tpéxdaznoit mammHe npu ofHO# mape momocoB (P =1) ocu OOMOTOK JOJKHBI
OBITH CMEIEHBI B MTPOCTpaHCTBe Ha yroux 120°, mpu AByx mapax momocoB (P = 2) ocu
0OMOTOK JIOJKHBI OBITH CMEIICHBI B IPOCTpaHCTBE Ha yroi 60° u T.1.

B'PaccMOTPUM MAarHMTHOE TIOJe, KOTOPOE CO3JaéTCi C MOMOIIBI0 TPEX(a3HOil
o0OMOTKH, mMerImed omHy mapy mnomocoB (P=1) (puc.7). Ocu obmorok (a3
CMELICHBI B IPOCTPaHCTBE Ha yroi 120° u co3gaBaeMble UMU MarHUTHBIC HHITYKIUU
otaenbHbIX ¢a3 (B A, B g, B ¢) cMmeliensl B mpocTpaHcTBe TOXE Ha yroa 120°.
MarauTtHsle WHAYKIAW TIONIEH, cO3/IaBaeMble KakaoW (a3oi, Kak W HampsDKEeHUs,

MOIBEIEHHBIE K 3TUM (pa3am, ABISIOTCS CHHYCOUJAIBHBIMH U OTIMYAIOTCS 10 ¢aze Ha yrox 120°.

[punsB HavyanbHYIO (Ga3y HHAYKIUH B Ga3e A (¢ ») paBHOI HYIIIO, MOYKHO 3aITHCaTh:

Ba=Bnsin(ot),

Bg=Bsin(ot—120°),

Bc=Bpsin(mt—240°).

MarnuTHass HHAYKUOHUS Pe3yJIbTUPYIOIIET0 MAarHUTHOTO TOJS ONpEeAessieTcsl BEKTOPHOH CyMMON 3THX

B=B, + By +Bg.

TPEX MAarHUTHBIX UHIYKIUH.
Kak ciemyer u3 puc. 2.8, MarHuTHas HHOYKUUS B pe3ynbTUpPYIOMIEr0 MarHUTHOTO TOJSI MAalldHbI
BpalllaeTCsi, OCTaBasCh HEM3MCHHOH M0 BelnW4MHE. TakuMm oOpa3om, TpéxdasHas 0OMOTKa craropa
co3maéT B MallMHe KpyroBOe Bpallaiolieecss MarHUTHoOe mosie. HampapieHue BpamieHHss MarHUTHOTO
TIOJIs 3aBUCHUT OT NOPsIIKa yepeaoBanus ¢a3. BenuunHa pe3ynbTHpyroieil MarHUTHOW MHIYKIUU
B=3/2xB,,.

YacroTa BpaliCHUA MarHuTHOI'O I1OJIA N o 3aBUCUT OT YaCTOTHI CETU f 1 4yucCJjia 1ap rnmojJroCOB MarHuTHOro
noJs P .

ne=(60f)/p, [06/MuH].

O6paTI/ITe BHUMAHUEC, YTO YaCTOTa Bpall€HUA MArdHuTHOTO II0JId HE 3aBUCUT OT PpEKUMa pa6OTI)I
ACHHXPOHHOM MAaIllMHbI U €€ Harpy3KHu.

Ilpn ananmse pabOTHl aCHHXPOHHOH MAIIMHBI YacTO MCIOJB3YIOT IMOHITHE O CKOPOCTH BpAIICHUS
MarHUTHOTO MOJISI ® o, KOTOPast ONpeesieTcss COOTHOLICHUEM:

®o=(2nf)/p=mno 30, [pan/cek]

4. Pe:xnmbl padoThl TpéxgazHoil aCHHXPOHHONH MAIMHBI

ACHHXpOHHAsl MallMHa MOXeT padoTaTh B PEXHUMax [IBUraTelsi, FeHepaTopa U HIIEKTPOMArHUTHOTO
TOpPMO3a.

Pexxum nBurartesis

OTOT peXUM CIYXUT A NpeoOpa3oBaHUsl TOTPEOISIEMOM M3 CETH 3JIEKTPUYECKOHM OJHEPrud B
MEXaHHUYECKYIO.

Ilyctp oOMOTKa craTopa CO3MaéT MArHWTHOE TIOJIe, BpAaIAIONIeecss C YacTOTOW N B yKa3aHHOM
HanpasieHnH (puc. 9). OT1o mosie OyneT HABOOUTH COIJVIACHO 3aKOHY 3JIEKTPOMArHUTHOW MHIYKIHWU B
oomotke portopa D/IC. Hampasnenne D/C ompenensiercs Mo mpaBwily MPaBOd PYKH M IOKa3aHO Ha
PUCYHKE (CI/IHOBBIG JJMHUM JOJIXKHBbI BXOAUTH B JIaAOHb, a 60HBIHOﬁ najeiy HY>XXHO HaIlpaBUTh II0
HaNpaBJICHUIO ABIKCHUS MPOBOJHHMKA, T.€. POTOPA, OTHOCHUTENFHO MAarHWTHOTO moisi). B oOMoTke
poTopa TOSIBUTCSI TOK, HalpaBlIeHHE KOTOPOro NpuUMeM coBmagaommM c HamnpasieHuem OJ[C. B
pe3ynbTaTe B3aMMOJEHCTBUS OOMOTKH POTOpa ¢ TOKOM U BPAIIAIOLIErocss MArHUTHOIO IOJISI BO3HUKAET
3JeKTpoMarHuTHas cuia F . HanpasieHue cunbl onpeaersiercs: o NpaBuiLy JIEBOH pyKu (CHUIIOBBIE IUHUU
JOJDKHBI BXOJIUTH B JIaJJOHb, YETHIpE Naliblla — IO HANpaBICHUIO TOKa B 00MOTKe poropa). B manHOM
pexume (puc. 9) dIeKTpoOMarHUTHas CHJIA CO3MAacT BpaIlaroIMii MOMEHT, IOJA NEHCTBHEM KOTOPOTO
poTOp HayHET Bpamateesi ¢ yacToToin . HampapneHue BpallleHHsI pOTOpa COBIAJNAeT C HaIpaBICHUEM
BpalleHHs] MarHUTHOTO Mojs. YToObl M3MEHHWTh HaNpaBICHHE BpaILIEHUS pPOTOpa (pEeBEpCHPOBATH
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JIBUTATEIb), HY)KHO W3MEHWTL HalpaBJICHUE BpallleHWs MarHuTHOro mois. [lis peBepca nBuratens
HY»KHO H3MEHUTD MOPSIOK YepeToBaHus (a3 MmoABeAEHHOTO HANPSDKEHHUS, T.€. IEPEKIFOYUTh JBe (asbl.
[Tycts mon meHCTBHEM 3JEKTPOMArHUTHOTO MOMEHTa POTOp Hayasl BPAIIAaThCS C YaCTOTOH BpalleHHS
MarHuTHOTrO moist (N =N ). [Ipu sToM B 0O6motke potopa D/C E , Oymer paBHa Hymo. Tok B 0OMOTKe
poropa | ,= 0, smekTpoMarauTHEI MOMEHT M TOXKe CTaHeT paBHBIM HYIIO. 3a CUET 3TOTO POTOpP CTAHET
Bpamiathcsl MeJieHHee, B 00MOoTKe potopa nosButcs IJC, Tok. BO3HHUKHET 3JIeKTpOMAarHUTHBIIT MOMEHT.
Takum 00pa3oM, B peXHMe ABHTATeNss poTop OyIeT BpallaThCsi HECHHXPOHHO C MAarHUTHBIM IIOJIEM.
Uacrora BpalieHus: poTopa OyIeT U3MEHAThCS NMPU U3MEHEHHH Harpy3ku Ha Banmy. OTciojia MosSBHIOCH
Ha3BaHME JIBUTATENS — AaCHHXPOHHBIA (HECMHXPOHHBIN). [Ipy yBenmMueHH HArpy3Kd Ha Bally JBHraTelb
JOJDKEH pa3BHBaTh OOJIBIIMH BpalIalOIMi MOMEHT, a 3TO MPOUCXOIUT TPH CHIKCHUU YacTOTHI
BpalleHusi poTopa. B oTinume oT 4acTOTHl BpalICHUs! pOTOpA YacTOTa BpallleHHss MarHUTHOTO TOJISL He
3aBHCUT OT Harpy3kd. Js cpaBHEHHs 4YacTOTHI BpAIlCHHs MArHUTHOTO MO Ng M POTOpa N BBEJIU
KOA(PQUITUCHT, KOTOPBIM Ha3BadM CKOJBKEHUEM U 0003Haumwin OykBoil S. CKOJNBKEHHE MOXET
U3MEPSTHCSI B OTHOCUTEIBHBIX CIMHHLIAX U B IPOIICHTAX.

S=(ng=n)/neuma S=[(ng—n)/ngy] 100% .

IIpu mycke B xom acwHXpoHHOro pmBuraredsin=0,S=1. B pexume HICATHHOTO XOJOCTOTO
xoma N =ng, S =0. Takum 00pa3om, B pSKUME JABUTATEIIS CKOJIBKCHHE U3MEHSAETCS B IpeIesax:

0<S<1.

ITpu paboTe aCHHXPOHHBIX JBHUTaTeIel B HOMHHAIEHOM PEXKHME:

Si=(2+5%.

B pexumMe peaibHOro XOJIOCTOTO X0/1a ACHHXPOHHBIX JIBUTATEINCH:

S«x=(0,2+0,7)%.

Pe:xxum reneparopa

DTOT peXUM CITY>KUAT I TPE0OPa30BaHNS MEXAaHHUECKOW SHEPTUHU B IJEKTPHUYECKYIO, T.€. ACHHXPOHHAS
MaIllfHa JIOJDKHA Pa3BUBATh Ha Baly TOPMO3HOH MOMEHT M OTAAaBaTh B CETh JJIEKTPUUECKYIO SHEPTHIO.
ACHWHXpOHHAs MallliHa TEPEXOJUT B PEXKUM I'eHeparopa, €CcliM pOTOp HAYMHAeT BpallaThCs ObICTpee
MarHuTHOTO TOJst (N> Ng). DTOT PEKUM MOXKET HACTYIUTh, HAIIPUMEDP, MPH PETYIUPOBAHHU YaACTOTHI
BpallleHus! poTopa.

ITycte N> n . IIpu aToM u3MeHuTCS (IO CPaBHEHHUIO C peKMMOM JBurareis) Hanpasienne J/1C u Toka
poTOpa, a TaKkKe W3MEHHTCSl HalpaBleHHE DJIEKTPOMAarHUTHOW CHJIBI U BJIEKTPOMAarHUTHOTO MOMEHTa
(puc. 10). MamHa HayMHAET pa3BUBaTh HAa Bally TOPMO3HOW MOMEHT (IOTpPEeOIIIeT MEXaHHUYECKYIO
SHEPTHI0) U BO3BPAIAET B CETh JEKTPUUECKYIO SHEPTHIO (M3MEHHUIIOCH HaNpaBJIeHHE TOKAa POTOpa, T.e.
HarpaBJIeHHE NIepe/Iavun dIEKTPUICCKOW SHEPTUH).

IIpun>n, S=0.

IIpun—>+w,S——o0.

Takum 00pazom, B pexkKHMe TeHepaTopa CKOIbKEHNE H3MEHSETCS B IIPE/Ieax:

0>S>-o0.

Pe:kuM 3/1eKTPOMATrHUTHOTO TOPMO32a

OTOT pexuM padOThl HACTYIIAET, €CJIM POTOP W MAarHUTHOE TIOJIe BPAIAlOTCs B Pa3HbIe CTOPOHBI. DTOT
peKuM pabOThl MMEET MECTO TIPU peBepce ACHHXPOHHOTO JIBUTATEINs, KOTJIa W3MEHSIOT MOPSIOK
yepenoBaHus (a3, T.. U3MEHSETCS HampaBlieHWE BpPalleHUs] MarHUTHOTO IOJA, a POTOp 1O MHEPLUHU
BpalIaeTcs B IPEKHEM HaIlPaBIICHUH.

Cormacuao puc. 11 snexTpoMarauTHas cwmia OyAeT co37aBaTh TOPMO3HOM AJIEKTPOMArHUTHBIA MOMEHT,
noJ IeficTBUEM KOTOPOro OyAeT CHIKAThCSl 4aCTOTa BPAaIIEHHUs] pOTOpa, a 3aTeM MPOU30UIET peBepc.

B pexxume 31eKTpOMarHUTHOIO TOPMO3a MallMHA TOTPEOJsieT MEXaHHMYECKYI0 3HEPrHio, pa3BUBas Ha
BaIy TOPMO3HOH MOMEHT, W OJIHOBPEMEHHO MOTPEOJIIET M3 CETH DIIEKTPUYECKYI0 3Heprur. Bces srta
SHEprus UIET HA HATPEB MaIIUHBL.

Ipun=ny S=1.

Ipun——00,S—>+w.

Takum 06pa3oM, B pekKUMe 3JIEKTPOMAarHUTHOTO TOPMO3a CKOJIbKEHUE N3MEHSETCS B TIpeerax:
0<S<ow.

Tema  4.2. DJeKTPOMATHMTHBIi  MOMEHT  ACHHXPOHHOW  MamMHbL.  3aBHCUMOCTH
3J1eKTPOMATHUTHOTO MOMEHTA OT CKOJIbKeHHusl. MexaHnyeckasi XapaKTePHUCTHKA ACHHXPOHHOTO
asurartessi. Ilyck B X071 acCHHXpOHHOTo ABUrarens. Mcnonab3oBanue ABUTaTEIEH ¢ YIyYIlIEeHHBIMH
MyCKOBBIMH CBOICTBAMH
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DJ1eKTPOMATHUTHBIA MOMEHT ACHHXPOHHOI MAIIMHbBI

DJNEKTPOMArHUTHBIA MOMEHT BO3HHKACT MPH HAIWYMM MAarHUTHOTO TIOJsI, CO3/IaBaeMOro OOMOTKOM
cTaTopa, U TOKa B OOMOTKE poTopa. MOXHO MOKa3aTh, YTO 3JIEKTPOMATHUTHBIH MOMEHT ONPEICIISIETCS
COOTHOIIIEHUEM:

M=C ® | ,cosy .

Co3xagat ¥¥2_ 3 o p
3necs: X V2 — KOHCTPYKTHUBHBIN KO3 PHULNEHT;
we=2nflp - CKOpOCTh BpalleHns MarHUTHOTO TOJIST;
Yo — CIBUT 10 thaze MEXITy 2J1C u TOKOM poTtopa;

| ,COSy , — akTHBHAs COCTaBIIAIOIIAs TOKa pOTOPA.

Takum 00pa3oM, BelIWYMHA 3IEKTPOMArHUTHOTO MOMEHTA 3aBHCUT OT PE3YJIbTHUPYIOIIETO MarHUTHOTO
nosist @ ¥ aKTUBHOM COCTABIISIIOLIEH TOKA poTopa.

Ha puc. 12 mnpuBeneHo mNOsSCHEHHE BIMSIHUA COSY , HA BEJIWYMHY OHJIEKTPOMAarHUTHOTO MOMEHTA!
a) y = 0°, (cosy,=1);06) y,=90°, (cosy ,=0).

Kak cremyer u3 puc. 12.a, ecmu y ,=0°, B co3gaHWd 3IEKTPOMArHUTHOTO MOMEHTa YYacTBYIOT BCE
MPOBOJHUKH OOMOTKH pOTOpa, T.€. MOMEHT MMeeT Hambosbiiee 3HaueHue. Ecmu v ,= 90° (puc. 12.6),
pe3ynbTUpYIOIIAs DJIEKTPOMAarHUTHAs CUJIa © MOMEHT PaBHbI HYJIIO.

B pexume aBuMraress npu U3MEHEHUH HArpy3KH Ha Baly M3MEHSETCS 4acTOTa BpAILEHHsI POTOpa, 4TO
NPUBOIUT K M3MEHEHHUIO CKOJBKEHMS, 4aCTOThl TOKAa POTOPA, WHAYKTHBHOI'O CONPOTHUBIICHHS POTOpa
UCOSY ,. B pesynbprare usmensercsa Bpamiaromuil MomeHT. Ha puc. 13 mpuBeneHO MOsSICHEHUE BIMSHUSA
WHJAYKTUBHOTO CONPOTHBIICHUS POTOpa Ha Yroi \,: a) npu S=1 (myck B xom); 0) mpu S<1 (mocie
pasrona). Haubonpsmme 3Hauenus 3/IC u dacToTra TOKa poTopa MMEIOT B MOMEHT ITyCcKa B XOJ, KOTJa
ckoibxenue S = 1. [Ipu atom f,= 14, X ;> >R 5, yron y , 6musok k 90° (puc. 13.a).

3a cyeT Masoro COSY , B MOMEHT ITycKa B X0/l aCHHXPOHHBIE ABUTATEIN UMEIOT OTPaHUYEHHBIN ITyCKOBOM
MoOMeHT. KpaTHOCTb ITyCKOBOI'O MOMEHTA (110 CPABHEHHIO C HOMUHAJIBHBIM) Y HUX COCTABIISIET

My M=0,8+1,8.

[Mpudyem Oomnpiie TUPPHI OTHOCATCS K JBUTATEIsIM CIIEHUATBHOW KOHCTPYKIUH C YIIyYIICHHBIMH
MYCKOBBIMH CBOMCTBaMH.

Ilo mepe pasroHa poTOpa JBUTaTeNisi YacToTa TOKa POTOpa MAaAaeT, YMEHBIIAETCS HHAYKTHBHOE
COMPOTHUBJICHUE POTOpa X ;5 U Yroi ¥ , yMeHbInaercs (puc. 13.0). DTO UPHUBOAMT K YBEIMYCHUIO
BpaIlaolero MOMEHTA U AajbHEeHIIEMy Pa3TOHY JABUTaTeEs.

IloncraBuM B BBIpaXEHHE Ul 3JICKTPOMArHUTHOTO MOMEHTA COOTHOLIEHHS s |, COSy,u D,
MOJIy4EeHHbIE paHee:

E,S cosyp =2 o E
BT R ey Rivexy *Tvaawnt
Tornma
v = ¢ EiER »S
4,44 k1 f[R 4+ (SX2) ]
I/ICHOJ'IL3y$I COOTHOIIICHUC
Ei_waks_
E, wyk, '™

rae: K, — ko3 uuueHT TpancopManin aCHHXPOHHONH MalIuHBL.
Bsipasum E ;= E 1/ Kk,,, aE,mnpupaBaseM k Hanpsokenuto U ,, mojaBeneHHOMYy K OOMOTKE cTaTopa
(E1=U ). B pesynbraTe MOAyYMM APYTO€ BBIPAKEHHE IS DJIEKTPOMATHUTHOTO MOMEHTA, KOTOPOE
yI00HO MCIIONIB30BATh IIPU aHaJIM3e Pa0OThI MAIIMHEI, TPY TIOCTPOCHUH €€ XapaKTEPUCTUK
*)
vzc Y 'R S

TR (SX)
W3 momydeHHOTo BBIpaXXeHHS I 3JIEKTPOMAarHUTHOTO MOMEHTA CIIEAyeT, YTO OH CHJIBHO 3aBHCHUT OT
noasenenHoro Hanpskenus (M~ U,%). [lpu CcHWKeHMM, HanmpuMep, HampsokeHus Ha  10%,
3JIEKTPOMATHUTHBI MOMeHT cHmsutes Ha 19% (M~ (0,9U,)?=0.81U ,%). Dro sBIsieTcs OXHEM H3
HEJOCTAaTKOB AaCHHXPOHHBIX JBUTaTelel, TaK Kak TMPUBOJUT Ha MPOW3BOACTBE K CHIDKEHHIO
MPOU3BOAUTEIHHOCTH TPY/a U YBEITUYCHHUIO Opaka.

55



7. 3aBHCUMOCTD 31eKTPOMATHUTHOI'O MOMEHTA 0T CKOJIbKEHM S
BripaxkeHue A5 31€KTpOMarHUTHOTO MOMeHTa (*) crpaBeAsMBO I JII0OOTO pekuMa pabdOThl U MOXKET
OBITH HCIIOJIB30BAaHO [UIsl TOCTPOSHHSI 3aBUCHMOCTH MOMEHTa OT CKOJBXCHUS TPH W3MEHEHUH
IOCJIEHETO OT + 00 JI0 — 00
PaccmoTpuM dacTh 3TOH XapakTEepUCTUKH, COOTBETCTBYIOLIAs PEXKUMY JIBUTATENS, T.€. IIPU CKOJIbKEHHH,
usMensitomemcs: ot 1 1o 0. O603HaYMM MOMEHT, pa3BMBAacMBbIil JBUraTeieM npu mycke B xon (S=1)
KaK M ;yc. CKombKeHHE, NPH KOTOPOM MOMEHT JOCTUTaeT HaMOOJIBIIErO0 3HAYEHMs, HA3bIBAIOT
KPUTHYECKUM CKOJIBKEHUEM S ,, a HanOOIbIIEEe 3HAYEHHE MOMEHTA — KPUTHYECKUM MOMEHTOM M .
OTHOIIEHHE KPUTHYECKOTO MOMEHTa K HOMHHAJbHOMY Ha3bIBAIOT IIEPErpy30YHOH CIOCOOHOCTHIO
JBUTATEIS
Mo/ M =A=2+3.
W3 ananusa popmyiisl (*) Ha MAKCUMYM MOYKHO TOJTyYHTh COOTHOIEHHs Uit M, 1 S
P VTR

Kp M 2% 5 ’ Kp .
Kputnueckuii MOMEHT HE 3aBUCHT OT aKTUBHOT'O CONPOTHUBIICHHUS POTOPA, HO 3aBUCUT OT MOJBEIECHHOTO
HanpspkeHust. [Ipu ymenbmenun U | cHUKaeTcs eperpy3ouHasi CHOCOOHOCTh ACHHXPOHHOTO JIBHTATEIS.
W3 Beipaxenus (*), pasgenuB M Ha M ,, MOXHO NOIyuuTh (OPMYIy, M3BECTHYIO MOJ Ha3BaHHEM
«bopmyna Kioccay, ynobuyro mist moctpoenuss M =1(S) .

M 2

M, S/Sicp+Sip/S

Eciu B 3ty dopmyny moxactaBuTh BMecTo M M S HOMHHANIbHBIC 3HAYCHHMS MOMEHTA M CKOJBKCHUS
(M, uS,), TO MOXHO TIOJIy9UTh COOTHOIIICHHE JUTS pacyeTa KPUTHIECKOTO CKOJBbKECHHUSL.

Sep = Su (?bi N —1J.

VYuacTok XapakTepucTuku (puc. 14), Ha KOTOPOM CKOJIbkeHHE H3MeHseTcst oT 0 10 S ,, COOTBETCTBYET
yCTOMUMBON paboTe saBuraTenss. Ha 3ToM ywacTke pacmojaraercs TOYKa HOMHUHAIBHOTO pPEXHMa
(M, S,). B npenenax m3menenus: ckonbxeHust oT 0 10 S, UI3MEHEHHE HArpy3KH Ha BaJly JABUraTess
OyZleT MPUBOANUTH K MU3MEHEHHUIO YaCTOTHI BPAIICHUSI POTOPA, M3MEHEHHUIO CKOJIBKECHUS M BPAIIAIOIIETO
MomeHTa. C yBeMueHHEeM MOMEHTA Harpy3kd Ha Bally YacTOTa BPAIIECHUS POTOpPa CTAHET MEHBIIE, UTO
MIPUBEJIET K YBEIMUYEHUIO CKOJBKEHHUS M AJIEKTPOMArHUTHOTO (Bpalmaromiero) MoMmeHnrta. Ecim MoMeHT
Harpy3KH{ NPEBBICUT KPUTHYECKUH MOMEHT, TO JIBUTATEb OCTAHOBUTCS.

VY4acToKk XapaKTepUCTHKH, HAa KOTOPOM CKOJIb)KEHHE M3MEHsieTcd OT S, 10 1, COOTBETCTBYET
HEYCTOWUYMBOW paboTe ABHTraTelNss. ITOT YIaCTOK XapaKTEPUCTHUKHU ABUTATENb MTPOXOANT IIPH ITYCKE B X0
Y TIpY TOPMOXKECHHUMU.

Mexanuyeckas XapaKTepUCTHKA ACHHXPOHHOI0 ABUTaTe s

Ilon MexaHn4ecKkol XapaKTEpUCTHKOW MPUHATO MOHMMATh 3aBHCHMOCTh YacTOTHI BpAIEHHS POTOpa B
(GYHKIMU OT 3MeKTpoMaruutHoro momenta N =f (M) . Dty xapakrepucTuky (puc. 15) MOXXHO MOTYUYHTh,
ucnosb3ys 3aBucuMocth M =f(S) u mepecuntaB yacToTy BpallleHHs pOTOpa MPU Pa3HbIX 3HAYCHUSIX
CKOJIbKEHUS.

n

! 2

ol A
Puc. 15
Tak kak S=(No—n)/no, orctogan=no(1—S). Hamomuum, uro N = (60f)/p — ywacrora BpareHus
MarHuTHOTO TOJIS.
VYuactok 1-3 cooTBeTCTBYyeT ycTOHuMBOW pabote, yyacTok 3-4 — HeycroiumBoili paborte. Touka 1
COOTBETCTBYET MJICAJIbHOMY XOJOCTOMY XOAy JBHrareinsi, kormanN=n, Toduka 2 COOTBETCTBYET
HOMHHAJIbHOMY peXuMy paOoThl naBurarens, ee koopauHatel M, mn,. Touka 3 cooTBeTCTBYeT
KPUTHYECKOMY MOMeHTY M, U KPUTHYECKOM 4YacToTe BpaiieHusa N,.,. Touka 4 COOTBETCTBYET
IIyCKOBOMY MOMEHTY ABHraress M ;y... MeXaHH4ecKyl0 XapaKTepUCTHKY MOKHO pacCUMTaTh U
HOCTPOUTB 10 MAaCHOPTHBIM JaHHBIM. Touka 1:
no=(60f)/p,
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rue: p — YHCIIO nap IIOJIOCOB MaIllUHBbI;
f —uacroTa ceTu.
Touka 2 c¢ koopauHatamu N, u M,. HomuHanmpHas wacToTa BpalleHHs N, 3aJaeTcs B MacropTe.
HomuHaneHBIE MOMEHT paccUMTHIBaeTCs 1Mo hopmyIie:
M, =955 P—H{L=HM}

n, | o6/ MH
3aech: P, — HOMHHAaIBbHAS MOIHOCTH (MOLIHOCTh Ha Baly).
Touka 3 ¢ koopauHaTamu M ;N ,. Kputndeckuii MomMeHT paccumuteiBaeTcs no opmyne M ,=M ,A.
fa2

ITeperpy3ouHas ciocOOHOCTB A 3aJaeTcsl B macHnopTe ABUratens N ,=No(1—Sy,), Sp = S (X 1)
, Su=(Nng¢—ny)/Ny— HOMUHAEHOE CKOJIBbKEHHE.
Touka 4 umeer koopauHatel N =0 u M =M . [IyckOBOM MOMEHT BBIYHUCIIAIOT IO OpMyIIe
M nycx(: M H}\’ NycK»
rae: A uycx — KPaTHOCTB ITyCKOBOI'O MOMEHTA 331a€TCsl B 1ACIOPTE.
ACHWHXPOHHBIE JBUTATEIH MMEIOT JKECTKYI0O MEXaHWYECKYI0 XapaKTepUCTHUKY, T.K. 4acTOTa BpaIICHUS
portopa (y4acTtok 1-3) mMalo 3aBHCHT OT HAarpy3KH Ha Baxy. DTO OJTHO U3 JJOCTOMHCTB 3TUX JIBUTATEIICH.
ITyck B X011 ACHHXPOHHOT'0 ABUTATEJISI
B MomenT mycka B xon N =0, T.e. ckonbxenne S = 1. T.x. TOkK B 0OMOTKaX poTOpa U CTaTopa 3aBUCAT OT
CKOJIB)KEHUSI U BO3PAcTalOT MPU €ro yBEIMYCHHH, ITyCKOBOW TOK ABUraresns B 5 + 8 pa3 Oomblie ero
HOMHUHAJIBHOTO TOKa
I nyex=(5+8) 1.
Kak paccmarpuBanoch panee, u3-3a 0ombiioii yactotel DJIC poTopa acHHXpOHHBIE TBUTATEIN WMEIOT
OTPaHUYECHHBINA TyCKOBOM MOMEHT
Myyex=(0,8+1,8) M.
Hdns mycka B Xoa aBUratens HeoOXoAnMo, 4TOOBI pa3BHBAEMBIH UM ITyCKOBOW MOMEHT MpEBBIIIAs
MOMEHT Harpy3kd Ha Bajly. B 3aBHCMMOCTH OT MOIIHOCTH MCTOYHHUKOB HHUTAaHHUS M YCIOBHUH ITycKa
UCTIONIB3YIOT Pa3Hble CHOCOOBI MyCKa, KOTOphIE MPECIeAYIOT IENU: YMEHBIICHHE MYyCKOBOI'O TOKa H
yBeJTMYEHHE TyCKOBOT'O MOMEHTA.
PaznuuatroT cienyroniye cnocoObl Mycka B X0 aCHHXPOHHBIX JBUraTejeil: mpsMoe BKIIOUEHHE B LIElb,
MYCK MPHU MOHM)KEHHOM HAaIlpsDKEHUH, PEOCTaTHBIA MYCK, MCIIOJIb30BAHUE JBUTATENICH C YIIy4YIIEHHBIMH
IIyCKOBBIMHM CBOMCTBaMH.
IIpsimoe BKiIIOYEHHE B CETh
OTo caMblii MPOCTOW M caMblil JemeBbl crnoco0 mycka. Ha aBurarens BpydHYIO WM C IOMOLIBIO
JUCTAHIIMOHHOTO YTPaBICHUsI TIOJAeTCsl HOMWHAIbHOE HampspkeHue. [IpsMoe BKIIOUEHHE B CETh
JIOITyCKAeTCsI, €CIIM MOIIHOCTD JIBUTATellsl He TpeBbIaeT 5% OT MOIIHOCTH TpaHcdopmaTopa, eciiu OT
HEro MHUTaeTcs M OCBETUTENbHAas ceTh. OrpaHMYeHHE MO MOIIHOCTH OOBSICHSAETCS OpOCKaMH TOKa B
MOMEHT IIyCKa, 4YTO TMPHUBOAUT K CHIKCHUIO HaNpsDKEHUs Ha 3aKHMax BTOPHYHBIX OOMOTOK
TpaHncpopmaropa. Eciu ot Tpanchopmaropa He TUTAETCs OCBETUTEbHASL CETh, TO TPSMOE BKITIOUEHUE B
CeTb MOXXHO TNPHUMEHSTH Ui JBUraTejei, MOIIHOCTh KOTOPbIX HE mpeBblmaeT 25% OT MOIIHOCTH
TpaHcopmaTopa.
IMyck npu NOHMKEHHOM HANPSI:KEHU T
3TOT cnocob MPUMEHSAIOT NPU MyCKe B XOA MOLUHbIX ABUraTenel, ANa KOTOPbIX HeAOMYyCTUMO npamoe
BK/lOYeHMe B ceTb. [INA MOHMMKEHMA NOABOAMMOro K OBMOTKe CTaTopa HanpAXeHWA WCNonb3yloT
Jpocceny M MOoHIKaromue aBrorpancopmartopsl. Ilocie mycka B xoq Ha 0OMOTKY cTaropa MmoJxaercs
HanpspkeHue ceTu.lloHmkeHne HanpspKeHHsT TPOU3BOIAT C LENBI0 YMEHBIICHHUS ITYCKOBOTO TOKa, HO
OJTHOBPEMEHHO, KaK 3TO clieayeT U3 puc. 17 u 17.06, NpoucxoIuT yMeHbIIIeHHe MTyCKOBOro MoMeHTa. Eciu

HanpsDKEHUE MpU IMyCKE IMOHU3HUTH B '\/5 pa3, MyCKOBOW MOMEHT moHu3uTcs B 3 pasza. [loatomy 3ToT
CHoco0 Mmycka MOXKHO MPUMEHSTH TOJIBKO MPHU OTCYTCTBMH HArpy3kd Ha Bally, T.€. B PEXKHME XOJIOCTOTO
XoJa.

Ecny, corylacHO NacOpTHBIM JaHHBIM, ABUraTeNb JOJKEH BKIIFOYAThCS B CETh II0 CXEME TPEYrOJIbHUK, TO
JUTSL CHIDKCHUS ITyCKOBOTO TOKA Ha BpeMsI ITycKa B X0 0OMOTKY CTaTOpa BKJIIOUYAIOT IO CXEME 3Be3/a.
OcHOBHBIE HENOCTaTKH 3TOro crocoba MycKa: BBICOKas CTOMMOCTb ITyCKOBOW ammapaTypbl |
HEBO3MOJKHOCTb ITyCKa C Harpy3Koi Ha Bally.

PeocTaTHBI MyCK aCHHXPOHHBIX ABUTaTes el

OTOT cnocold NPUMEHSIOT NMPU TSHKENBIX YCIOBUS MyCKa, T.. MpU OONBIION Harpys3ke Ha Bamy. s
PEOCTaTHOTO IIycKa HCIIOJIB3YIOT ACHUHXPOHHBIE JBUTaTesld ¢ (a3HbIM pOTOPOM, B I€Nb POTOpa
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BKIIIOYAETCA ITyCKOBOM peocraT. PeocTtaTHBId TMyCK CIYXHUT Ui yBETHYEHHS ITYCKOBOTO MOMEHTA.
OOHOBPEMEHHO TMPOUCXOAWT YMEHBIIEHHE ITyCKOBOTo ToKa aBurarens. Ilo mepe pasroHa mBuraremns
MyCKOBOM PeOoCTaT BHIBOJUTCS M TOCIE OKOHUAHUS Mycka OOMOTKa POTOpa OKAa3bIBACTCS 3aMKHYTOMN

HAaKOPOTKO.

==

a
Puc. 19
B moment mycka B xom (puc. 19.a) B memp poTopa BBEAEH TOJIHOCTHIO ITyCKOBOW peocTar
(Ruyexs=Ruyexit Ruyex2), and gero xontaktsl pene K ; u K, pasomxnytel. IIpu sToM aBurarens Oyzer
3alycKaTbCs 1O Xapakrepuctuke 3 (puc. 19.0) mon neiictBueM myckoBoro MoMmeHTa M ,y... Ilpu
3aJlaHHOIl Harpy3ke Ha Bally W BBEIEHHOM peocTare R ;yc3 Pa3roH 3akoHYMTCS B Touke A. Jlna
JABHEUIIIETO pa3roHa ABUTATENs HYKHO 3aMKHYTHh KOHTAKTHI K 1, IPH 3TOM CONPOTHBIIEHUE ITyCKOBOTO
peocTaTa CHU3UTCS JI0 R ;yc2 M PasroH OyJeT MpoJo/KaThCs MO XapakTepucTuke 2 no Touku B . Ilpu
3aMbIKaHMU KOHTAaKTOB K ,, mmyckoBoii peoctat OyaeT MoaHOCTbIO BhIBEIEH (R 1y« = 0) U OKOHUATENbHBII
pasroH ABUTATENs OyOeT MPOIOIDKATHCA II0 €r0 €CTECTBEHHOH MEXaHWYeCKOH XapakTepucTuke 1 u
3aKOHYMTCS B Touke C .
Kputnueckoe cKoibKeHUE paBHO:
IJISL €CTECTBEHHOM XapaKTePUCTHKH S 1~ R of X 5;
IS HICKYCCTBEHHOM XapaKTePUCTUKH S 3~ (R 2+ R ;ycis) / X
[TyckoBOH MOMEHT JJIsl ICKYCCTBEHHOM XapaKTEPUCTUKH MOKHO paccuuTats 1o popmyne Kiocca
M _2M,

WS el 1+ 1S (3
3ajaBasch HEOOXOJMMON BEIMYMHONW ITyCKOBOIO MOMEHTA, MOKHO BBIYHCIUTD S ,3 M BEIUYUHY
MYCKOBOT'O CONPOTHBIICHUS
S«vpo _R>
S1<p3 R2+Rnycx3 .
Hcnonb3oBaHue ABUTATENEH ¢ YIYYIIEHHBIMHU YCKOBBIMY CBOHCTBAMU
CrpeMiieHHE COBMECTUTH JOCTOMHCTBA ACHHXPOHHBIX JIBUTATENlell C KOPOTKO3aMKHYTHIM POTOPOM
(BBICOKasI HAJEXKHOCTH) M (Pa3HBIM POTOPOM (OONBIINON MYCKOBOW MOMEHT) MPUBEIO K CO3JAHHUI0 ITHUX
neuraresneir. OHU UMEIOT KOPOTKO3aMKHYTYIO OOMOTKY pOTOpa CIeUaIbHON KOHCTpYKIned. Paznudator
JIBUTATEIN ¢ 0OMOTKOM pOTOpa B BUJE IBOMHOMN «Oenndbei kieTku» (puc.20.a) u ¢ riry0oKuM ma3oM
Y nBuratens ¢ NIBOMHOW «Oenu4Ybell KIIETKONW» Ha POTOpE 3aKIaAbIBAETCS JBE KOPOTKO3aMKHYTHIC
oOMoTku. OOMOTKa 1 BBINOJHAET POJIb ITyCKOBOM, a OOMOTKa 2 siBisieTcss pabodueid. s momydeHus
TIOBBIIICHHOTO ITTYCKOBOTO MOMEHTa ITycKOBasi OOMOTKa JIoJbKHA 007ajnath OONBIIUM  aKTHBHBIM
COIIPOTHBIICHHEM, 4YeM pabouas oOMorka. [losTomy oOMoTka 1 BBIONHSETCS W3 MaTepuaia C
MOBBIIIICHHBIM YIETHHBIM CONPOTHBIICHUEM (J1aTyHb), 4eM oOMoTKa 2 (Menb). CeueHHe MPOBOJAHHUKOB,
00pa3ylomux IMycKoBYH0 OOMOTKY, MeHbIe, 4YeM y paboueil 0OMOTKH. 3a CUET 3TOTO IOBBIIIACTCS
AKTUBHOE CONPOTHBIICHHE ITYCKOBOI OOMOTKH.
Pabouass oOMOTKa, pacrojiokeHHasi TIIyO)Ke, OXBaThIBAaeTCS OOJBIIMM MArHUTHBIM TIOTOKOM, YeM
myckoBas. [lo3TOMy WHAYKTHBHOE COMPOTHBICHHE paboueli OOMOTKM 3HAYUTENBHO OOJBIIE, YeM
MMyCKOBOM. 3a CYeT 3TOr0 B MOMEHT ITyCKa B XOJ, KOTJa 4acTOTa TOKa pOTOpa HWMEeeT HamOoIbliee
3HaueHWe, TOK B paboueii oOMOTKe, Kak cieayeT u3 3akoHa Owma, OyJer HeOONBIINM M B CO3JaHHUU
MMyCKOBOTO MOMEHTa OYyJIET y4aCTBOBAaTh B OCHOBHOM ITyCKOBasi OOMOTKa, MMEHoIasi 0OJIbIIIOe aKTHBHOE
compotuBneHne. [lo Mepe pasroHa ABWraTens dYacToTa TOKa poOTOpa TMajaeT, yMEHbIIaeTci |
WHJIyKTHBHOE COTIPOTHUBIICHHE OOMOTOK POTOpPA, 3TO MPHUBOJUT K YBEJIMYCHUIO TOKA B pabouell 00MOTKe,
3a CUET 3TOTO B CO3/IaHWU BPAIAIOIIETO MOMEHTa OyJeT y4acTBOBaTh, B OCHOBHOM, pabouasi 0OMOTKa.
T.k. oHa o0JNajaeT MaJbIM aKTHBHBIM CONPOTUBIICHHEM, ECTCCTBCHHAS MEXaHUUECKasl XapaKTePHUCTHKA
nBurarens OyneT JKeCTKOM.
AHanornyHasi KapTuHa HaOIroaeTcst y ABUraTens ¢ riyookum mazoM (puc. 20.0). [myOokuii crepkeHb
00MOTKH (1) MOXKHO MPEJICTABUTH B BUJE HECKOJIBKHX MPOBOIHUKOB, PACIIOIIOKEHHBIX 110 BBICOTE Ta3a.
3a cuer BBHICOKOW YacTOTHI TOKAa B OOMOTKE pOTOpa B MOMEHT ITyCKa B XOJ NMPOUCXOIUT «BHITECHEHUE
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TOKa K MOBEPXHOCTH IIPOBOJHHKA». 32 CUET 3TOr0 B CO3/aHHM ITYCKOBOI'O MOMEHTA y4acTBYET TOJBKO
BEPXHUH CIIOH MPOBOJHUKOB OOMOTKH poropa. CedeHne BEPXHETO CIIOSI 3HAUYUTENFHO MEHBIIE CEUCHUS
BCETO MpoBoAHUKA. [loaToMy mpu mycke B X0l OOMOTKa pOTOpa 00JIaAaeT MOBBIIICHHBIM aKTHBHBIM
COIIPOTHBIICHUEM, JBUraTeIb Pa3BUBAET MOBBILICHHBINA MyCKOBO MoMeHT. [lo Mepe pasroHa aBurares
IUIOTHOCTH TOKA TI0 CEYCHHIO NMPOBOAHUKOB OOMOTKH POTOpPA BHIPABHUBAETCS, CONPOTHUBICHHE OOMOTKH
pOTOpa CHIKAETCH.

B memom »3TH ABUTAaTENHM MMEIOT KECTKHE MEXaHWYECKHE XapaKTEPUCTHUKH, MOBBIMICHHBIH MYCKOBON
MOMEHT M MEHBINYI0 KpPaTHOCTh ITyCKOBOTO TOKAa, YeM JBUTaTeIH C KOPOTKO3aMKHYTBHIM POTOPOM
OOBIYHOM KOHCTPYKITHEH.

Tema 4.3. PerynupoBaHme 4acTOTHI BpalleHHs aCHHXPOHHBIX ABUTaTesei. TopMoO3HBIe pesKUMBbI
padoThl ACHMHXPOHHBIX MamMH. Ko3g@uumeHT MOLIHOCTH ACHHXPOHHOIO [BHUraTelisi M ero
3aBHCHMOCTb OT HATPY3KH HA Bajly ABUIaTes.

PeryiupoBanune 4acToThI BpaleHUus] AaCHHXPOHHBIX ABUraTeIei

[Ipn paboTe MHOTMX MEXaHH3MOB, INPHBOJSIIUXCS BO BpAaIlCHHE ACHHXPOHHBIMH [BHUTATEIISIMH, B
COOTBETCTBHHU C TEXHOJIOTMYECKUMH TPeOOBAaHUSIMHU BO3HHKAET HEOOXOIUMOCTh PEryJIMpoOBaTh CKOPOCTh
BpAIIEHHsI ITUX MeXaHH3MOB. CHOCOOBI peryIHpoBaHUs YacTOTHI (CKOPOCTH) BPAIIEHHS aCHHXPOHHBIX
JIBUTATENIeH PaCKPhIBACT COOTHOIICHHUE:

Nn=(1-S)ne<=(1-S)60f/p.

Ortcroza cienyer, 4To NpHU 3aJaHHON Harpy3ke Ha Bajly 4acTOTY BPAILIEHUs] POTOPa MOXKHO PETYJIUPOBATh:
U3MEHCHUEM CKOJIBKCHUS,

U3MEHEHUEM YHCJIa N1ap TOJIOCOB;

W3MEHEHUEM YaCTOTHI UCTOUYHHMKA MTUTAHUSL.

H3meHenue cKOJIbKEHUS

OTOT c1ocod HCIONb3YIOT B NPUBOJIE TEX MEXAHW3MOB, Il YCTAHOBJIECHBI aCHHXPOHHbIE ABHTATEIH C
¢azupiM poropoM. Hampumep, B mpuBOAe MOIXBEMHO-TPAHCIIOPTHBIX MaminH. B 1ens (aszHoro poropa
BBOJIUTCS PETYJIMPOBOYHBIA peocTaT. YBEIHMUCHHE aKTUBHOTO CONPOTUBIICHUS POTOpa HE BIMSET Ha
BEJIMYNHY KPUTHUECKOTO MOMEHTA, HO YBETMUMBAET KPUTUYECKOE CKONIbXeHHe (puc. 21).

Ha puc. 21 mnpuBemeHbl MeXaHMYECKHE XapaKTEPHCTHKH ACHHXPOHHOTO [BHTATENsl IIPH pPa3HBIX
CONPOTHUBIIEHUSIX PEryaupoBouHoro peocrara R ;3> R ,,>0, R ,1=0.

Puc. 21

Kak crmemgyer m3 puc. 21 mpu 3TOM cmocobe MOXKHO TONYYHUTH OONBIIONW AMANa3oH peryInpOBaHUS
4acTOTHI BPaLIeHUs B CTOPOHY HOHIKeHH. OCHOBHBIE HEIOCTATKH 3TOTO criocoda:

U3-3a OoybIIMX MOTEPh HA PETYIMPOBOYHOM PEOCTaTe CHUXKAETCS KOA(PQHUIMEHT MOJIE3HOTO JIEHCTBYS,
T.€. ClI0OCO0 HEIKOHOMUYIHBIH.

MexaHnyeckasi XapakTepUCTUKAa aCHHXPOHHOI'O JIBUTATellsl C YBEJIUYCHUEM aKTHBHOTO COMPOTHBIICHUS
pOTOpa CTAHOBUTCS MATYE, T.€. CHIDKAETCS YCTOWYHBOCTH PAOOTHI ABUTATEIIS.

HeBo3MO0XHO TUIaBHO PETyIMPOBATh YACTOTY BPALICHUS.

W3-3a mepedncineHHBIX HEIOCTaTKOB 3TOT CHOCOO MPUMEHSIOT JUIS KPAaTKOBPEMEHHOTO CHU)KCHUS
YaCTOTHI BpallleHUsI.

HN3MeHeHMe YKciIa AP MOJTI0COB

Ot1u ABUraTesn (MHOIOCKOPOCTHBIC) UMEIOT 00Jiee CI0XKHYI0 OOMOTKY CTaTOpPa, IO3BOJISIOIIYIO0 H3MEHATh
e YHuCIIO TMap TOJIOCOB, M KOPOTKO3aMKHYThIH porop. [Ipum paboTe acHHXPOHHOTO JBUTATENs
HE0OX0AMMO, YTOOBI OOMOTKH pOTOpa M CTAaTOpa WMEIH OJWHAKOBOE YHCIIO Tap ITOJFOCOB. TOJBKO
KOPOTKO3aMKHYTHIIl POTOp CIIOCOOEH aBTOMATHYECKH MPHOOpPETaTh TO YK€ YHCJIO Tap IONIOCOB, YTO U
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moyie  cTaropa. MHOTOCKOPOCTHBIE [BUTATEIM HAlUIM IIHPOKOE TMpPHMEHEHHE B TPUBOJIE
METAIIOPEKYIINX CTaHKOB. Harmmm npuMeHeHne ABYX, TPEX M YETHIPEX CKOPOCTHBIC ABUTATEIH.

Ha puc. 22 nokazana cxema COeAMHEHHS ¥ MarHUTHOE IOJIE CTaTOpa JIBUTATEIS MIPU MOCIIEI0BATEIEHOM
(6) u mapayiensHOM (2) COSTUHEHUU TTOTYOOMOTOK.

Y JBYXCKOPOCTHOTO ABHUTATENs 0OMOTKa KaKIOW ha3pl COCTOUT U3 JABYX IMOIyoOMOTOK. Brirouas mx
MOCIIEIOBATENFHO WM MMapauIeTbHO MOYKHO B 2 pa3za U3MEHITH YUCIIO Map TOIIOCOB.

VY 4eThIpeXCKOPOCTHOTO JBHTaTelsl Ha CTaTOpe AOJDKHO Pa3MEIIAThCS ABE HE3aBUCHUMBIE OOMOTKH C
pasHBIM YKCIOM Tap momocoB. Kaxkmas w3 oOMOTOK IMO3BONISIET B /IBa pa3za HM3MEHATh YHCIIO Tap
nomocoB. Hanpumep, y aBurartens, pabotaromero or cetd ¢ vactotoit f =50 ', co cnemyrommMu
gacrotamu BpameHus 3000/1500/1000/500 [06/MuH]| ¢ MOMONIBIO OAHONH M3 OOMOTOK CTaTOpa MOXKHO
MoJTy4uTh yacToTy Bpamienus 3000 o6/mun u 1500 06/MuH (ipu 3toMm P =1 u p = 2). C moMoIipio Apyrou
13 0OMOTOK MOYKHO TOJTy4HTh 4acToTy Bpamienus 1000 06/mMuu u 500 06/mun (ipr 3Tom p =3 u p = 6).
[Tpu mepekiroueHNH Yucia map MOJIIOCOB W3MEHSIETCS M MarHUTHBIA MOTOK B 3a30pe, YTO HMPUBOIHUT K
U3MEHEHHIO KpHuTHYecKoro momeHrta M, (puc. 23.6). Ecim mpu u3MeHEHMM 4YMCIa Hap II0JIIOCOB
OTHOBPEMEHHO W3MEHSTh W TOABENCHHOE HAMpSHKEHHWE, TO KPUTHYCCKHA MOMEHT MOMKET OCTaThCs
Heu3MeHHBIM (puc..23.a). [loaToMy npu 3TOM criocoOe peryianpoBaHHUS MOTYT OBITH TIOJYYCHBI BA BHIA
ceMeiCcTBa MEXaHUYECKUX XapaKTepUCTHK (puc. 23).

HocronHcTBa 3TOTO Crioco0a peryIpOBaHMs: COXPAHEHHE YKECTKOCTH MEXaHHYECKUX XapaKTEPUCTHK,
Beicokmii K.I1.J[. HemocTaTtku: cTymenvaroe perynupoBaHue, O0ibIIne radapuThl U OOJbIIas CTOMMOCTh
JIBUTATEIIS.

Puc. 23

H3meHnenue 4acTOTHl HCTOYHMKA NUTAHMSA

B kadecTBe TakMX WCTOYHHUKOB NHTaHUs B HACTOSIIEE BpeMsi Hayalld HAXOAWUTh NpPUMEHEHHUE
npeoOpaszoBatenn yactoTel (I1Y), BeImomHSEMble Ha MOIIHBIX IIOJYIPOBOJHHUKOBBIX HpubOpax —
tuprcropax. 13 ypasaenus tpanchopmartoproir DJIC U 1= 4,44w K ,f @ cnemyer, 4To aist coXpaHeHHs
HEM3MEHHBIM MAarHUTHOTO MOTOKA, T.€. JJIsSi COXpPAaHEHWs Ieperpy30YHON CIIOCOOHOCTH JIBUTATE,
HEO0OXOAMMO BMECTE C YaCTOTOM M3MEHSTh U JEHCTBYIOIIEE 3HAUCHHUE MTOABEICHHOTO HampsokeHud. [lpu
BbITIONTHEHHH cooTHommenus U o/ f,=U" /" ,, kpuTHueckuii MOMEHT HE H3MEHSETCS M IOJIy4aeTCs
CEMEWCTBO MEXaHWYECKU XapaKTEPUCTHK, TIPEACTaBICHHOE Ha puC. 24.

Puc. 24. Mexann4eckue XapakKTePUCTUKH MTPH YACTOTHOM PETYIHPOBAHUN

HocTtouHcTBa 3TOr0 crnocoda: MIaBHOE PEryIMPOBAaHHE, BO3MOKHOCTD MOBBIIATh U MOHMXKATh YaCTOTY
BpalleHUsl, COXPAHEHHE JKECTKOCTH MEXAaHUYECKUX XapaKTePUCTHK, SKOHOMHUYHOCTh. (OCHOBHOM
HEJIOCTATOK — TpedyeTcst Mpeodpa3oBaTellb YacTOThI, T.€. JIOTIOHUTEIbHbIC KalTUTAIbHbIC BIOKEHHSL.
TopMO3HbBIE PEKUMBI ACHHXPOHHBIX MAILIUH

[Ipu paboTe MHOTHX MPOU3BOACTBEHHBIX MEXaHU3MOB BO3HHKAECT HEOOXOIUMOCTh B OBICTPOH OCTAaHOBKE
(Topmoxxernn) paBurarens. s 3TOM HETM IMHPOKO HCHOJB3YIOTCS MEXaHHYeCKHe TopMo3a, HO
ACHHXPOHHAs MallliHa MOXKET cama BBIMTOJHSITH PYHKIIMH TOPMO3HOTO YCTPOMCTBa, paboTasi B OJTHOM H3
TOPMO3HBIX PEKUMOB. [Ipr 3TOM MexaHHUECKHEe TOPMO3a UCIIOIB3YIOTCS KaK 3allacHble WK aBapUMHEIE,
a TaKXKe JJIs yAEepKAaHUS MEXAHU3Ma B HENOIB)KHOM COCTOSIHUU.

PaznuuaroT crnenyronige TOPMO3HBIE PEKHUMbBI  ACMHXPOHHBIX MAIIUH:TE€HEPATOPHOE TOPMOXKEHHUE;
JUHAMHUYECKOE TOPMOKEHHUE; TOPMOXKEHNE MPOTHBOBKIIOYEHHUEM.

I'enepaTopHOe TOpMOKEeHHE
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MaiuuHa nepexoauT B peKUM I'eHepaTopa, eciid N > N g, T.€. €CJIM POTOp BpalaeTcs: ObIcTpee MArHUTHOT'O
HOJIs. DTOT PEKUM MOKET HACTYIIUTh NP PETYIUPOBAHUU CKOPOCTH BPALICHUS YBEINUCHUEM YHCTIa 1ap
MOJIFOCOB WJIM YMEHBIIEHWEM YacTOTHl HCTOYHHMKA MUTAaHUS, a TaKke B MOAbEMHO-TPAHCIOPTHBIX
MaIlIMHaX MpH OITyCKaHWM Ipy3a, KOT/Aa MO AeMCTBUEM CHIIBI TSXKECTH Ipy3a pOTOp HAYMHAET BPaIllaThCs
ObICTpEee MarHUTHOTO TOJISL.

B pexume reseparopa W3MEHSETCS] HAIpaBJIEHHE 3JIEKTPOMAarHUTHOTO MOMEHTA, T.€. OH CTaHOBMTCS
TOPMO3HBIM, IO/ JCHCTBUEM YEr0 IPOUCXOAUT OBICTPOE CHIKEHHE CKOPOCTH BpaiieHus. OTHOBpEeMEHHO
u3Mensiercsi (aza Toka B OOMOTKE CTaTopa, YTO NPHUBOAUT K H3MEHEHHUIO HAalpaBliCHHUs I[epetadu
NIEKTPUIECKOM sHepruu. B pexumMe reHepaTopa NpoUCXOIUT BO3BPAT 3HEPTHH B CETh.

Ha puc. 25 nmpencraBieHbl MEXaHMYECKHE XApAaKTEPUCTUKU MpPHU T€HEPATOPHOM TOPMOKEHHH 32 CHET
OIyCKaHHs Tpy3a (a) ¥ HOHWKEHUH YaCTOThI HCTOYHKKA nuTanus (0).

Ilycte aBuraTens ¢ 3aaHHON HArpy3KoW Ha Baiy pabotain B Touke A (puc. 25.a). Ecnu mox aeiictBueM
OITyCKaeMoro Tpy3a poTOp HauyHeT BpallaThcsl ObICTpee MAarHUTHOTO IMOJISL M padovas TOYKa MOMaiacT B
Touky B, TO N ;> N, MammHa OyJeT pa3BUBAaTh TOPMO3HOH MOMEHT M 4acTOTa BPAIUEHHUS CHU3UTCS 1O
BEJIMYMHBI MEHbIIEH N g. OIHO M3 JAOCTOMHCTB I'€HEPATOPHOTO TOPMOXKEHHS Y ACHHXPOHHBIX MAallWH
3aKJII0OYaeTCsl B TOM, YTO MEPEXO/]l B PEKUM T€HepaTopa MPOUCXOJUT aBTOMATHYECKH, KaK TOIBKO POTOP
HauMHAET BpamaTrbcsi OBICTpEe MAarHUTHOTO MOJS. OTO 3allMIIaeT AaCHHXPOHHBIC [BUTATENIH OT
aBapuiiHON CUTyalMy, KOTOpas MOKET HACTYNUTh Y [BUTaTesiell NMOCTOSIHHOTO TOKa. ACHHXPOHHBIE
JIBUTaTE€IN HE MOTYT TMOWTH B pa3HOC. MakcuMmalpHas 4acToTa BpallleHUs pPOTOopa OTpaHUYUBAETCS
YacTOTOW BpallleHHss MarHUTHOTO moiisi. [lycTh aBurarens paboTaeT ¢ 3aJaHHOW HAarpy3KOW Ha Bajly B
touke A xapaktepuctuku 1 (puc. 25.0). [lpu cHIKEHHH 9acTOTHl MCTOYHUKA MHUTAHUS pabodas TOUKa
JIoibkHa TepedTi B Touky C xapakrepuctuku 2. Ho ecnm N, okaxkercss OOJNbIIe HOBOM TOHIKEHHON
YaCTOTHI BpAILICHHS MAarHUTHOTO TOJIA N o, TO MAlllMHA W3 TOYKU A TIEpeXoauT B TOuKy B, paboras Ha
yuactke B—Ng, B pexxume reHepaTopa. 3a CYEeT 3TOr0 IPOUCXOAUT OBICTPOE CHM)KEHHE YAaCTOTHI
Bpauenusi. Ha ydactke N o,— C mammaa paboTaeT B peKMME ABHUIaTeNs, HO MPOUCXOOUT AalbHEHInee
YMEHbBIIIEHHE YacTOThl BpAIIEHHS POTOpa, TMOKA BPAIIAIONIUN MOMEHT HE CTaHET pPaBHBIM MOMEHTY
Harpy3ku (1. C). HoBoe cocTossHME paBHOBECHS C 3aJlaHHOW Harpys3koil HacTymaeT B Touke C.
I'eHepaTopHOE TOPMOXKEHHE SIBIISIETCS CaMblM OSKOHOMHYHBIM  PEXHUMOM, T.K. IPOHUCXOAUT
npeoOpa3oBaHNEe MEXaHMYECKOM SHEPrHH B 3JIEKTPUYECKYI0 M BO3BpaT JHEpruu B ceTb. OgHMM U3
JIOCTOWHCTB 3TOTO TOPMO3HOTO PEXKHMMA SBISIETCS €r0 CaMOIIPOM3BOJIBHOE TIOSIBICHUE, T.€. He TpeOyeTrcs
HHUKaKasi KOHTPOJIHUPYIOLIas anmnaparypa

JAuHamMHnuyeckoe TOpMoOKEHHE

OTOT TOPMO3HOW PEXKUM UCIOJIB3YeTCS Il TOYHONM OCTAaHOBKM MOIIMHBIX jABurarteneid. Ha Bpems
TOPMOKECHHUSI OOMOTKa CTaTOpa OTKJIIOYAETCSl OT CETH MEPEMEHHOT0 HANPSDKEHHS M MOJKII0YaeTCs U
WCTOYHHUKY C TIOCTOSHHbIM HamnpsbkeHueM. Ilpum stom oOMoTKa craTtopa OyzeT co3gaBaTh HOCTOSHHOE
HEMOJBMWKHOE MarHuTHoe mosie. [Ipu BpalieHuu poTopa OTHOCHTEIBHO 3TOTO MArHUTHOTO TOJIS
u3MeHsercss Hampasinenne OJJIC u ToOka poTOpa, HYTO MPHUBEAET K HU3MEHEHHIO HaIlpaBlICHUS
JIEKTPOMAarHUTHOTO MOMEHTA, T.€. OH CTaHET TOPMO3HBIM. [lox nelicTBHEM 3TOr0 MOMEHTa MPOUCXOAUT
TopMOkeHue. VI3MeHsist BeIMYMHY [T0JIBEACHHOI0 K 0OMOTKE CTaTOpa HANPSDKEHUSI, MOKHO PETyJIUpOBaTh
BpeMsi TOpMOXeHHsI. OCHOBHBIM JOCTOMHCTBOM 3TOTO TOPMO3HOTO PEXHUMa SIBISIETCS TOYHAS OCTaHOBKA.
[locrosiHHOE HaNpsHKEHNWE MOXHO MOJBOJAUTH K OOMOTKE CTaTopa TOJIBKO Ha BpeMsi TopmoxkeHus. [locne
OCTAaHOBKM [JBUraTeib HY)KHO OTKJIIOYUTH OT CETHM HOCTOSHHOTO Toka. Ha puc. 26 moka3aHbl CXeMBI
BKJIFOUEHHUS] ACHHXPOHHOTO JBUTATENsI W MEXaHWYECKHWE XapaKTePUCTUKH TIPU JIHHAMHYECKOM
topmokenuu. [lycte aBurarens padoraer ¢ Harpy3koil B Touke A. IIpm momaue Ha 0OMOTKY craropa
MOCTOSIHHOTO HAIIPsDKEHUs paboyasi TOUuKa nepeieT n3 Touku A B TOUKY B TOpMO3HOH XapaKTepUCTHKH
Ilox neiicTBHEM TOPMO3HOTO 3JIEKTPOMATHUTHOTO MOMEHTa OyJeT MPOWCXOAWTH CHIDKEHHE YacTOTHI
BpameHusi A0 moysHoM octaHoBkH (Touka (). OCHOBHBIE HEAOCTATKH AMHAMHUYECKOTO TOPMOKEHUS:
HEOOXOIUM HCTOYHHUK IOCTOSTHHOTO TOKa W HEAKOHOMUYHOCTb.

TopMorkeHHe IPOTHBOBKIIOYECHHEM

OTOT TOPMO3HOH PEKUM BO3HUKAET INPH pEBEpCE JBUTATEld, a TAKKE IIHPOKO MCIOJIb3YETCS UL
ObicTpoli ocTaHOBKM JBuratens. Ha puc. 27 mpeacTaBieHbl MEXaHHYECKHE XapaKTEPHUCTUKH
ACHHXPOHHOTO JIBUTATElNsl MPH TOPMOKEHHM MPOTHUBOBKIIOUEHUH A mpsmoro (1) m oOpatHoro (2)
nopsaka uepemoBanus (a3, Ilycte aBuratesib ¢ Harpy3kod Ha Baiay pabotan B Touke A. s
TOPMOJKCHUS IBUTATENS HY)KHO M3MEHHTH TOPSIOK depeoBaHus (a3, T.e. MepeKmounTsb a8e (aspl. [Ipu
9TOM pabouas Touka mnepeiiner B Touky B (puc. 27). Ha yuactke B —C mammHa paboTaer B pexume
3NEKTPOMAarHUTHOTO TOPMO3a, pa3BHBas TOPMO3HOM MOMEHT, IOJ JEHCTBHEM KOTOPOTO IMPOUCXOAWUT
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OBICTpOE CHIDKEHHE CKOpOCTH 10 HyJds. B Touke C pBuratens HY)XHO OTKIIIOYHTH OT CETH, MHAaue
MPOU30UIET peEBEPC.

JIOCTOMHCTBOM 3TOTO TOPMO3HOTO PEKMMA SBJISICTCS OBICTPOE TOPMOXKEHHE, T.K. TOPMO3HOW MOMEHT
JICHCTBYET HA BCEM TOPMO3HOM myTH. Hemocrartku: OONbIIME TOKM W TOTEPH B OOMOTKaxX IpHU
TOPMOKEHWH, HEO0OXOIMMa amnmaparypa, KOHTPOJIHPYIOMmash CKOPOCTh BpAIICHHWS W OTKIIOYAIOIIAs
JIBUTATEIh OT CETH NPH €ro OCTaHOBKe. Eciam B mpHBOAe MeXaHW3Ma IBUTATENb 9YacTo paboTaer B
peKHMe peBepca, MPUXOUTCS 3aBBIIIATH €TI0 MOIIHOCTh M3-32 OOJIBIINX MOTEPh MOITHOCTH.
Ko3¢gdpuuueHT MOIIHOCTH ACHHXPOHHOI0 ABUTaTe/ s M €r0 3aBUCUMOCTH OT HATPY3KH HA BaJIy
Koaddurment MonutHoCcTH ONpenenseTcss COOTHOMCHUEM

b5
cosqp =L =

B
S PP+ ,
rae: P 1, Q 1, S — akTHBHAs, peakTHBHAS M MOJHASI MOIIHOCTD ABHUTATEIIS.
P 1= P +A P )
rae: P ; — MomHOCTE Ha Baity (TI0JIe3HasT MOIIHOCTH;
AP — MOIHOCTH TOTEPE.
A P:AP3H+APCT+A Pmexy
rae: A P ,, — anextpudeckue norepu (IOTepu Ha HarpeB 0OMOTOK);
AP ., —morepu B ctanu (IOTepU Ha HArPEB CEPICYHUKA);
AP \ex — MEXaHHYECKHUE TTOTEPH.
Onekrpuueckue norepu A P, 3aBUCAT OT TOKOB B 0OMOTKaX M BO3PAcTalOT MPU YBEIWYCHUU HATrPYy3KH
Ha Baiy. [loTepu B cTaju He 3aBUCAT OT HArPy3KH Ha Bally, a 3aBUCAT OT IOJBEIACHHOTO K OOMOTKE
CTaTOpa HANPSDKEHHUS.
MexaHuueckue MOTEPHU OTHOCATCA K IOCTOAHHBIM IMOTCPSIM.
B HomuHAIBHOM pexume COSQ ,= 0,75+ 0,95, cose .= 0,08+ 0,15.
CHmxeHne COSQ x, OOBSICHACTCS TeM, 4TO akTuBHAs MOITHOCTh Mana (P 1x,,=AP ,;+ AP .;+ AP ;). a
peakTHBHAs MOIIHOCTH Q ; OCTaeTCs TaKOM )K€, KaK M B HOMUHAJIBHOM PEXUME.
Ha puc. 28 mokazana 3aBUCUMOCTH KO QHUIMEHTa MOITHOCTA ACHHXPOHHOTO JIBUTaTENsl OT HArpy3Ky Ha
Bauty. [Ipu GonbIoii HeOrpy3ke aCHHXPOHHOTO JIBUTATENsl OH UMEET HU3KUN KOI((PHUIIMEHT MOIIHOCTH,
YTO SKOHOMHYECKH HEBBITOJTHO.
Jns moBbILIeHHs COSQ IIPU MaJOW Harpy3ke pPEKOMEHIYETCs IOHMXXATh ITOJBEICHHOE K JBUTATEIlO
HanpspkeHue. [Ipu 9ToM yMeHbIAaeTcsl peaKTHBHAS MOITHOCTbD, 8 KOAQQHUIMEHT MOIIHOCTH TTOBBIIIAETCSI
Pa3znesn S. CHHXpPOHHBIE MAIIIMHBI

Tema 5.1. YcTpoiicTBO M NPUHIUN AelicTBUS CHHXPOHHBIX MamiH. IIpunmun padorsr n 31C
CHHXPOHHOTO0 reHeparopa. Ilpuauun paéorsl cuHXpOHHOT 0 ABUraTens. Kparkas kinaccupuxanus
CHHXPOHHBIX MamiH. CxeMa 3aMellleHHs] CHHXPOHHOI'O TeHepaTopa. YIJI0Bble XapaKTePHCTHKH
CHHXPOHHOrO reHeparopa. OCHOBHbIC XapaKTePHCTHKH CHHXPOHHOIO0 reHeparopa. IlapannensHas
patoTa CHHXPOHHBIX FeHepPaTOpPOB.

Jlexus mpoXoIuT B MHTEPaKTUBHOHN (opme: pazdop maketa CM (2 gac)

1. YcTpoiicTBO M NPUHIUN AeHCTBUSA CHHXPOHHBIX MAIINH

CHHXpOHHBIC MAIIMHbI 00PaTHMBbI, MOT'YT pa0d0OTaTh B JIByX PEXKHUMaxX: B PEKUME I'eHepaTopa U B
pexxnme nBurarens. CocTosST M3 JABYX OCHOBHBIX YacTeil: HEMOJBIKHOTO cTaTopa (SIKops) W poTopa
(uHOYKTOpA).

Crarop Tpexda3HOl CHHXPOHHOW MAIlIMHBI aHAJOTWYEH CTaTopy Tpex(a3zHOro acHHXPOHHOTO
neurarensi. OH cOCTOMT W3 Koprmyca (IMIIMHAPUYECKOTO CepAeYHHKa, HAaOpaHHOTO W3 OTIENbHBIX
TUTACTHH 3JIEKTPOTEXHUIECKOH CTalH) U Tpex(pa3sHoi OOMOTKH, YIOKEHHOHN B a3bl CEpICUHUKA.

PoTopsl CHHXpPOHHBIX MamMH OBIBAIOT JBYX THUIIOB: SBHOMOMOCHOTO (puc.l4.l,a) wu
HessBHOTIONMIOCHOTO  (puc.14.1,0) wucmonHeHns. PoTop CHHXpOHHONW MAaIIMHBI TIPEICTABISACT COOOM
3JIEKTPOMAarHUT IOCTOSIHHOTO TOKa, KOTOPBIM CO3JaeT MAarHUTHOE IIOJ€, Bpallarolleecss BMECTe ¢
potopom. Porop nmeeT oOMOTKY Bo30YxkneHus (puc.14.1,4), kotopas yepe3 CIICIUAIbHBIC KOHTAKTHBIC
KOJbIIA THMTAETCS TOCTOSHHBIM TOKOM OT BBIIPAMUTENS WM OT TeHepaTopa IMOCTOSHHOTO TOKa,
HA3bIBAEMOT'O BO30OYAUTEIIEM.

Ha puc.14.1 uzobpaxensl: 1 — Banm MamMHbBI, 2 — MOJIOCHBIH CEpIEYHHK; 3 — TOIIOCHBIN
HaKOHEYHUK; 4 — 00MOTKa BO3OY)KJICHHS, 5 — TOJTHAS ITyCKOBasi 0OMOTKa; 6 — a3kl B HESIBHOIIOIIOCHOM

portope. Ha puc.14.1 mokazaHa 11 [BUTATENS yCKOBasi, a JJIs TeHepaTopa yCIOKOUTEIbHas 0OMOTKa 5.
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Puc.14.1.
PoTops! sBHOMIOMIOCHOTO HCTIONHEHUS (prc.14.1,a) IPUMEHSIOTCS B MalllMHAX, pa0OTAIONINX MTPH
gyacToTe BparieHus He Oosee 1500 o6/MuH. [y OBICTPOXOAHBIX MAIIMH MPUMEHSIOT HESBHOIIOIFOCHBIC
poTopsL, Tipu 7 > 1500 06/muH (puc.14.1,0).

2. lTpunuun padotsl U IJC cMHXPOHHOTO reHepaTopa

[IpuHiun gelcTBUS CHHXPOHHBIX MAIlMH OCHOBAH HA SIBICHUU 3JICKTPOMAarHUTHON HHAYKIHH.

[Monyuenue Tpexdasznoii cucrembl IJIC Ha 3a)kMMax 0OMOTKH CTaTOpa CUHXPOHHOI'O FeHepaTopa
0b10 00BsicHeHO B T4 (cM. puc.4.1). OOMOTKa BO30YXKICHUS CO3/1a€T HEMOABIKHBIA OTHOCHTEIHHO
pOTOpa OCHOBHOM MAarHMTHBIA HNOTOK @Dy, paclpeAesiCHHbI B BO3AYLIHOM 3a30p€ MEXIY CTaTOPOM H
POTOPOM TIO CHHYCOHMJAIbHOMY 3aKkoHy. [Ipu BpaiieHuu poTopa MoToK P BpamlaeTcsi BMECTe ¢ HUM U
nepecekaeT 0OMOTKH ctaTopa. [lpu 3Tom B 00MoTKax craTopa nHAynupyercs Tpexdasnas cucrema D/IC.
JHeiictBytomee 3HaueHne kaxaou ¢aznoit 3/1C
E,=E,=44fwk, @,

rae W, — 9KCJIO BUTKOB (ha3HON 0OMOTKH cTatopa; K,; — 00MOTOUYHBIH KOI(DPHUITHEHT; f; -
HaBOJMMas 4acToTa.
®aznbie DAC E4, Ep, Ec paBHBI 110 3HAYEHHUIO M OTCTAIOT APYT OT Apyra 1o ¢ase Ha yrou 120°.
Obwmotka, B kotopod OJIC wHIynMpyercss OCHOBHBIM MAarHHTHBIM ITOTOKOM, Ha3bIBAETCS
oomomxotl sikopsi. [103TOMy y CHHXPOHHBIX MallliH 00MOTKa CTaTopa sSBJIseTCs 00MOTKOM sikopst. Eciu k
3TOIl 0OMOTKE MpHCOeIMHEHA Harpy3Ka, TO O Hell mpoTeKaeT ToK |,, CO3Aaroniiidi MarHuTHBIA TOTOK @,
Bo3zneiicTBre MarHUTHOTO MOTOKA AKOps @D, HA OCHOBHON MarHMTHBIN TOTOK Py HA3BIBACTCS peaxyuetl
5AKOpsi VI 3BHUCHUT OT XapakTepa Harpy3KH, T.e. OT yria casura $as mexxay 9J1C u TokoM cratopa.
MarHuTHBIH TOTOK SIKOpsl @, cO3AaeTCs TOKaMu Tpex (a3 1 BpaliaeTcs ¢ 4acTOTOH
nl = 60 fl/ p ’
T.. C TOW K€ Y4AaCTOTOM, YTO MU OCHOBHOM MAarHUTHBIA MOTOK. Pe3ynpTUpYIOIINI MarHUTHBIN MTOTOK B
BO3IYIIHOM 3a30pe @s, paBHBIA CyMME OCHOBHOT'O MTOTOKA M IMTOTOKA KOS
(Ds= Do + D),
BpaIlaeTcsi ¢ CHHXPOHHON CKOPOCTBIO. DTOT IMOTOK, KaK M OCHOBHOW, HEMOJBMXEH OTHOCHTEIHHO
poTopa.
Hanpasnenue Bpamaromierocs moToka craTopa BCErJa COBIAJAET C HAIpaBIEHUEM MOTOKA TOU
(a3bl, TOK B KOTOPOU B TAHHBI MOMEHT BPEMEHH MaKCUMajIbHBIH.
CunxpoHnuoli mMawiuHol Ha3BIBAE€TCS MalllMHA TEPEMEHHOTO TOKa, 4acToTa BpAIIeHHS pOTOpa
KOTOpOW 3aBHCUT OT YaCTOTHI MUTAIOIIEH CETH, T.€. YaCTOTHI BPAIIEHNUsI MarHUTHOTO MOJIS.

3. Hp]/l]-llll/ll'[ paﬁOTbI CHHXPOHHOI'O ABUIaTEC/JIsA

Ecnu 00MOTKY cTaTOpa CHHXPOHHOTO JIBUTATEINS BKIFOUUTH B CETh TpeX(a3HOro TOKa, TO BHYTPH

CcTaTopa BO3HMKAeT Bpallarolieecss MarHuTHoe moje. [Ipm mogade MOCTOSHHOTO TOKa B OOMOTKY
BO30YX/ICHUS POTOpPa BOSHUKAET MarHUTHOE TIOJIE MTOJIFOCOB POTOPA.
[IpuHIMIT neHCTBUS CUHXPOHHOTO JBHUraTeNis OCHOBAaH Ha SBJICHUW MPHUTSHKCHHUS PAa3HOMMEHHBIX
MTOJTFOCOB JIBYX MAarHUTHBIX Tojiei — cratopa W potopa (puc.14.2). Ho, HecMoTps Ha Hamudue
BPAIIAOIIETrocss MarHUTHOTO TIOJSI CTaTOpa, POTOp OYJET OCTaBATHCS HETOABHKHBIM. DTO OOBSICHIETCS
TEM, YTO CHIIbI B3aMMOJCWUCTBUS MEXy IOJIOCAaMH BPAINAIONICTOoCs IMOJs M IOJIF0CaMu pOoTopa OyAyT
HampaBleHBl TMOOYEPENHO TO B OOHY, TO B  Apyryio cropoHy. Ilostomy potop, obmamaromruit
ONpEJICICHHON Maccoil, a cJeJoBaTeNbHO, M HHEPIMEH, HE MOXKET TPOHYThCS C MEcCTa W Pa3BUTh
HEOOXOMMYIO YaCTOTY BpAIICHUS.
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OTcyTcTBHE HAayaJbHOI'O IIYCKOBOI'O MOMEHTa SIBJseTCA OOJBIIMM HEJOCTAaTKOM CHHXPOHHBIX
nsurateneil. CI0XKHOCTh ITyCKa CHHXPOHHBIX JBUraTeled COCTOMT B TOM, YTO HY)KHO IPEIBAPUTEIIBHO
OCYIIECTBUTH PasrOH POTOpa 0 CHHXPOHHOH WIIM MOYTH CHHXPOHHOM 4acTOTHI BpamieHus. Tonbko B
9TOM Cllyyae HaYHyT B3aUMOJICHCTBOBATH MOIIOCHI BPAIIAIOIIETOCs MATHUTHOTO MOJISI M ITOJIFOCH POTOPA,
B PE3yJIbTaTe YEro POTOP BOMIET B CUHXPOHU3M, U OyZAET BpalIaThCs C TOHM )K€ YaCTOTOM BPAILCHUS, UTO
U ToJe, T.e. cMHXpoHHO. Ha puc.14.2 mokazano, 4To moJie cratopa @, ABISETCS BEIyIINM, a IT0JIe pOTopa
@ — Be1OMBIM. D5, — IOTOK B BO3AYLIHOM 3a30p€.

Ecnmu x Bamy poTopa NpHIOKUTh MEXaHMUYECKYIO Harpys3Ky, KOTOpasi CO34aeT MOMEHT
compoTuBIeHus M,, OCh TIOJIOCa POTOPAa CMECTHUTHCA B CTOPOHY OTCTaBaHWsA Ha yron & (puc.14.2). Otor
yron 6 Ha3BaH yenoM Ha2py3Ku CUHXPOHHOW MAalllNHBI.

4. KpaTkas kiaccupukanusi CHHXPOHHBIX MaIMH

CuHXpOHHBIE MAIIMHBI Pa3eISIOTCS Ha TeHepaTophl, IBUTAaTeNId U KOMIIeHCaTopbl. KoHCTpyKuuns
CHHXPOHHBIX T€HEPATOPOB ONPENEIIAETCS B OCHOBHOM THIIOM IIPHUBOJHOIO JABUIATEIIS.

B 3aBUCHMOCTH OT 4acTOTHI BPAILICHHsI M TUIA IPUBOTHOTO IBUTATEIISI TEHEPATOPHI MOAPA3ICIISIOT Ha!
Typ6oreneparopsl, ObicTpoxoaHsle 1, = 3000, 1500 06/MuH, p = 1 nnm 2. Momnocts P = 150, 300, 500,
800, 1000 MBT. [IpuBoasTCcs BO BpallleHHE MTapOBBIMU TYpOUHAMU;

THIPOTreHEePaTOPhbl — MPUBOAATCS BO BpallleHUE THAPOTYpOUHAMH, TUXOXOJHBIC, MHOTOIIOJIIOCHBIE (P>6),
ny = 60+500 o6/MunH. MomHocTs P = 500 MBT — Kpacuosipckas [DC, P = 250 MBt — bparckas ['OC.
O6mas momurHOCTE bparckoit 'DC 250 MBT x 18 arperatos = 4500 MBT, mpu U; = 15 kB u ;=15 x4,
JU3eNbreHepaTopsl cpenHei MomHocTH Ha #n; = 500 + 1500 00/MUH — TPUBOASTCS BO BpallcHHE
JBUTaTENSIMA BHYTPEHHETO CTOPaHHUS,

CUHXpOHHBIE IBUT'ATEIH — BBIOIHIIOTCS MHOTOIONIOCHBIMU. [TprMeEHsItOTCS 1Sl IPUBOJIa MEXaHM3MOB,
paboTaroIIKX ¢ IMOCTOSHHOW U MepeMeHHOM 4acToToil Bpamenus P = 10, 15, 20 MBt. Ha aBmaHnocnax
UCTIONB3YIOT peryiupyemble apuratenu P = 40 MBT, koTopsie BpamiaroT rpeOHbIe BUHTHL. JIBUrarenu,
KpOME€ MEXaHMYECKOH MOIIHOCTM MOTYT BBIIABaTh PEAKTUBHYIO C OMNEPEKAIOIIUM TOKOM C ILIEJbIO
yIIy4IIeHUs COS¢ CETH.

CHHXpOHHBIE KOMIIEHCATOPBI — 3TO CHHXPOHHBIC JBHTAaTeNH, paboTailolHe Ha XOJOCTOM XO.Iy, MpH
pEeryIMpoBaHUU TOKa BO30yxknaeHus. IlpuMeHstoTcs UIsi TPOM3BOJACTBA PEAKTHBHOM (€MKOCTHO)
MOIIHOCTH, C LIEJIBIO YIIy4IlIeHUs COS¢ CETH, BhIpaBHUBaHuUs Hanpsikenus. P, = 50, 75, 100 MBr.

Bce CI' mogpasgensioTcs Ha HESIBHONOJIIOCHBIE (TypOoreHnepatopsl ¢ pacnpeznenenHoi OB) u
SIBHOTIOJIIOCHBIE (THMAPOTeHEPaTOPHI C cocpenoToueHHon O

5. Cxema 3aMenieHUs1 CHHXPOHHOIO TeHepaTopa
Jns ympoleHus aHann3a CHHXPOHHOTO TeHeparopa Oy/ieM CYHTaTh, YTO MBI MMEEM MAIINHy C
HESBHOBBIPXKEHHBIMH TOFOCaMHU. [Ipy TakoM OMyIIEeHNH MOKHO CUMTATh, YTO B MAaIlTMHE CYIIECTBYET
TPU MATHUTHBIX TOTOKA, M300paKCHHBIX Ha CXEME 3aMeIIeHUs CHHXPOHHOro reHeparopa (puc.14.3),
KBl U3 KOTOPBIX MNPSMO MPOMOPIIMOHAICH COOTBETCTBYOLIEH MarHuToaBIkyei cuie (lw=F):
OCHOBHOH MAarHuTHBI MOTOK @, mpsmo mnponopunonaneH MJIC oOMOTKM BO30YXAEHUs, MOTOKH
paccesanus @, n peakuuu skopsa @, npsamo nponopuuoHanbHel MJIC 06MOTKM cTaTOopa M NOTOKY B
BO3IIYIIHOM 3a30pe Ds.

C uenpl0 BBISBICHHA CBOWCTB CHHXPOHHOTO TE€HEpPATOpa MOXKHO COCTAaBUTh YPaBHEHHE IO
BTOpOMY 3aKkoHY Kupxroda st ienu craropa MalidHbl.

[on neiicteuem MJIC oOMOTKH BO30Y>KICHHS BO3HHWKAE€T OCHOBHOW MArHUTHBIA MOTOK @,
KOTOPBIM B Kax10# (pase oOMoTKHU cTaropas unaykrupyercs D/C Ey (puc.14.3):
— B 0OMOTKe BO30YKICHUS

U ->wl ->a&;

— B 00MOTKe cTaTropa

a0, —>E,=4,44wk fD,.

a o6 1

€, =—W,

Tok craropa |, BeI3BIBaCT B aKTHBHOM compoTuBicHHH R, (a3pl cratopa majgeHWe HANPSIKCHUS
U, =E, =R, I, . MIC o6motku cratopa W,l, Bo30y*kzaaer motok paccesaus @,, KOTOPbIM B 0OMOTKE

cratopa uaaykTHUpyeTcs 3/1C caMOMHIYKITHH

E =-jX1,,
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rae X,=wlL, — WHIyKTUBHOC CONpPOTHBIICHKE, OOYCIOBICHHOC IOJNeM paccesHus; L, —

WHIYKTUBHOCTb, 00YCJIOBJICHHAS MTOJIEM PACCESHHSL.

Kak usBectno, M/IC oOMOTKH cTaTopa BO30YKAA€TCSA MAarHUTHBIM MTOTOKOM @, IO/ ACHCTBUEM
KOTOPOTO W3MEHSETCS Pe3yIbTUPYIOIIEe MTOJIe MAITHHBIL.

SIBneHue peakuuud SIKOpsi MOKHO yuecTh, BBeAs B ypaBHeHue JJ[C E,, MHAYKTUPYEMYIO B
00MOTKE SIKOpSl — CTaTOpa MOJIEM SIKOPS

E :_jxal.a’

a

rae X, =ol, - uHaykTMBHOE CONPOTHBIEHHE, OOYCIOBICHHOE MOJEM peakuuu sKops; L, —

WHIyKTHBHOCTh, 00YCIIOBJICHHAS MTOJIEM PEAKIIUU SIKOPS.

Peaxius sikopst — ato Bozaeiictue M/IC cratopa na MJIC poTopa.

Bripaszum BelliecKka3zaHHOE C MOMOIBIO ypaBHeHHH. OOMOTKa BO30YXaeHHsI 1 0OMOTKa cTaTopa
reHepaTopa CO37ar0T MarHUTHBIE oI, KoTopble HaBoaaT J/1C. B o6MoTke BO30y IeHNS:
OB->wl —>ad,

B 00MOTKE cTaTopa:

00 £ —adawk i,

e, =—W,

dd, . o
—>e =-W,——>FE =—]X_I_,
: dt
OC—-wl, > +—>E =—jX |,
—>E, =R,
I[lo Bropomy 3akoHy Kupxroda 3amuceiBaeTCs ypaBHEHHE 3JICKTPHUECKOTO PABHOBECHS
CHHXPOHHOI'O I'€HEepaTopa:
U=E+E,+E,+E, =E, — jX,I,— X[, +R,I, =
=E,— jX.I.+R[I;
rae X=X, + X, X,= oL, X, = ol,; Ra<< X..

MarHuTHbIe TOTOKH 0OMOTKH Bo30yxaeHus (OB) @y u oomMoTku craropa (OC) @, cknaipiBasich
00pa3yIoT pe3ybTHPYIONIHIA TIOTOK B BO3IYIIIHOM 3a30pe

O, =D, +D,.
B naHHOM cnydae mpennosioKeHWe HE3aBUCHMOCTH MArHUTHBIX MOTOKOB JaeT BO3MOXHOCTb
MOHATH BIUSHHUE BCeX (PAKTOPOB Ha pabOTy CHHXPOHHOTO FeHepaTopa.

6. Yrii0BbIe XapaKTepUCTHKH CHHXPOHHOI0 FeHepaTopa
3JeKTpOMarHuTHasi MOIIHOCTh HESIBHOIIOJIOCHOTO I'eHeparopa mpu R, = O:

P =%sin9,
X

c

rae @— yron mexay Bekropamu U u Ej,.
Jns1 SsBHOMOJIIOCHOTO TE€HEpaTOpa:
2
mUE, . mU°| 1 1.

P,=P =——-sin0+——| ———1sin26,

X, 2 ] X,
§I(S X, =X, + X, — CHHXPOHHOC MHIYKTHBHOE CONPOTHBIICHHE SBHOIOJIIOCHOTO IeHepaTopa o
norepevHoit ocu; X, =X, 4+ X — CHHXPOHHOC HHIYKTHBHOC COIPOTHBICHHE SBHOIOIFOCHOTO

reHepaTopa o MpoJ0JIbHON OCH.
Pa3jieniB BoIpaKeHNHE MOLIHOCTEH IeHEpaTopa Ha CHHXPOHHYIO YTJIOBYO CKOPOCTh
2m, 2
a)l = = —
60 p
r1e  p— YHCIIO [ap MOJIIOCOB, MOIYYUM BHIPAKEHUE HIIEKTPOMATHUTHBIX MOMEHTOB:
HESIBHOIIOJIFOCHOTO TeHeparopa
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P mU.E,

M=—2="1"10gin@, Hv;
a)l a)lXc
SBHOITIOJIFKOCHOT'O I'€HEpaTopa
P E, mU*( 1 1 ).
M=—2= mU sin@ + — ——|sin 26, Hwm.
o, a)lxd 20, | X, X,

AHanu3 BeIpaXKEHUSI MOMEHTA SIBHOIIOJIIOCHOT'O TeHEPaTOpa MOKa3bIBAET, YTO SIEKTPOMATHUTHBIM
MOMEHT SIBHOIIOJTFOCHOTO TeHEpaTopa MMEET IBE COCTABJIAIONINE: OdHA U3 HUX M, TIPEACTABIIICT COOOM
OCHOBHYIO COCTAaBIIIOIIYIO 3JEKTPOMATHUTHOTO MOMEHTA, a APYras — PEaKTHBHYIO COCTABIISIOLIYIO
MoMeHTa M,

M, =M, + M

MOC,, 3aBucuT oT U u DJIC Ey, T.e. OT BO30ykJIeHUs TreHeparopa. M, He 3aBUCUT OT BO3OYKAEHUS U
JeHCTBYeT aXke B HEBO30YKICHHOM T'€HEpaTope.

Bpamaromuiit MOMEHT SIBHOIIOJIFOCHOM CUHXPOHHON MAIMHBI U €€ MOIIHOCTh MPOMOPIIMOHAIBHBI
CHHYCY yTJla CJIBUTa MEXIY OCSMH IOJIIOCOB POTOpa U PE3yIbTHPYIONIEr0 MarHUTHOTO TIOJISl MAaIlIUHBI.

7. OCHOBHBbIE XapaAKTePUCTUKHM CHHXPOHHOI'0 FeHepaTopa
OCHOBHBIMHM XapaKTEpUCTHKAMH T'eHepaTopa SBJAIOTCS: XapaKTepUCTHKA XOJIOCTOrO Xoja,
BHELIHSSA U PETYIUPOBOYHAs.
Eo=f(ls) U=1l.) le = f{lo)
Eo

XapaKkTepucTHKa XOJIOCTOrO X0/[a BBIPaXKaeT MarHUTHbBIC CBOWCTBA reHepatopa: Ey = f(l,) wim @,
= f(l,). ®opma xapakTepuCTHKH OOYCIIOBJEHA SIBIICHHEM HACBILICHUS MarHUTHOW cucTeMbl. Her
MIPOTIOPIIMOHATEHOCTH MEeXAY Fo u |, i @q u |, (puc.14.4,a).

Buewmneii xapaxmepucmuxou Ha3bIBaeTCsl 3aBHUCUMOCTD U = f(l,) mpu n = const u cosp =
const, cHATOW TPU HEU3MEHHOM TOKE BO30YKICHHMS W TMPH YUCTO aKTUBHOW R, wHIyKkTHBHOW L U
emkocTHOU C Harpy3kax (puc.14.4,0).

HoMuHaneHbIM H3MEHEHHEM HampsbkeHus reHepatopa AU,,, Ha3bIBaeTCsi M3MEHEHHE Harpsi-
JKEHMS TIPY U3MEHEHUHU Harpy3KH OT HyJIsI 10 HOMHUHAJIBHOM NIPY HEM3MEHHOM TOKE BO30YKICHHUS
oY 1000,

HOM

PerynupoBounas xapakrepuctuka l, = f(l,) npu U = constu  f = const. XapakTepucTuKy MoKa3bIBaIoOT,
KaK HaJo u3MeHsTh 1., aro0sr obecrieunts U = const mpu 1,=U, (puc.14.4,B).

8. [lapansiesbHas padoTa CHHXPOHHBIX T€HEPATOPOB

PaznngaroT onnHOYHYIO (aBTOHOMHYIO) pabOTy TeHEepaTopoB M MapajuIeNIbHYI0 paboTy T€HEpaTOpOB.
ABTOHOMHAas1 paboTa BCTPEYAETCS CPABHUTEIBHO PEIKO: CTPOUKH, cesio. Ha KpyIHBIX 3IEKTPOCTaHIUIX
TeHepaTophl PadOTAIOT NapaIIEIbHO TIPH YCIOBUU:

Ucrs = Ucr — paBeHCTBa HaNPsHKSHUH CUHXPOHHBIX TEHEPATOPOB;

fer; =fery — paBeHCTBA YACTOT MITH PABEHCTBO YaCTOT BPAIIECHUS,

ABCcr; = ABCcr; — omuHAKOBOTO YepeaoBaHus ¢as.

PaBeHCTBO HANPsHKEHUN JOCTUTASTCS MMyTEM PETYJIMPOBAHUS TOKa BO30YK/ICHUS , & PABEHCTBO YaCTOT —
MyTeM pEryJINpPOBaHMUS YacTOTHl BpaIleHWs pOTopa TeHepaTopa. Ha craHmmm dYacToTa BpamieHus
M3MEHSETCS 3a CUeT M3MEHEHHS YacTOTHI BPAIICHNS TAPOBOM WIIM TUAPABIMYECKON TYpOUH, T. €. 32 CUET
W3MEHEHUS YaCTOTHI BPAILICHUS MPUBOTHOTO JIBUTATEIIS.

Tema 5.2. Cxema 3aMelieHUs U YPABHEHHUE 3JICKTPUYECCKOI0 paBHOBECHS LICIIA CTaTOpa
CHHXPOHHOI'0 ABUIraTE . YriaoBas 1 MexaHHYeCKasa XapPaKTEePUCTUKA CHHXPOHHOI'O ABUTIaTEJIs.
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Pabouue xapakTepuCTUKH CHHXPOHHOTI0 ABUraTtesi. Croco0bl Mycka B X0\ CHHXPOHHOIO
asurartes. Ilyck B X0/ ¢ MOMOIIBIO PAa3rOHHOIO ABUTaTe/Isl. ACHHXPOHHBIH cocod mycka.
YacToTHbIN Myck. MexaHnvecKasi XapakTepucTHKa. YacTOTHOe TOPMOsKeHHe.

Cxema 3aMellleHHSI W YpPaBHeHHe JJIeKTPHYECKOI0 PABHOBeCHs IeNH CTATOPA CHHXPOHHOTO
ABUTATEJSI

CunxpoHHas MammHa ooparuma. [losToMy ecnu k 00MOTKe cTaTopa MOABECTH TpexdazHoe HaNpsLKEHHE,
TO TOKM OOMOTKH SIKOpSI CO3/IayT Bpallarolieecsl MarHuTHoe molie. Eciii Teneph poTop pa3BepHYTH JI0
CUHXPOHHOW YacTOTHI BPAIICHUSI TTOCTOPOHHUM JIBHTATEIEM, TO YCTAHOBUTCS MATHUTHAS CBSI3b MEXITY
noJieM sikops (craropa) u nosiem poropa N S.

[MonrocHast cuctema poropa OyAeT yBIEKaThCs BpaIAOIIUMCS MAarHUTHBIM IIOJIEM CTaTopa, U POTOp
OyzeT BpaIaThCes ¢ TOH ke YaeTOTON BpaIIeHUs, YTO U MOJIe CTATOPa, T.€. CHHXPOHHO.

CxeMa 3aMelICHUS] IBUTATENs] COCTOMT M3 TeX JK€ DJIEMEHTOB, UYTO M CXeMa reHepaTtopa, HO B HeEW
M3MCHSETCS YCIOBHO-TIOJIOKUTEIBHOE HampaBieHue Toka (puc.14.5), a ypaBHEHHE 3JIEKTPHUUECKOIO
paBHOBECHS IICMU CTATOPA:

U =E+JXI + jXpla +RI..
Ecmu X, =X, +X, toU, =E,+ jX_I,+RI,, a Tak kak R,<<X., to U, =E,+ jX_I,, Torna
TOK CTaTtopa OyAeT paBeH
i = U,-E,
T Tix.
HecmoTpst Ha To, 4TO ABHrarenb pabOTaeT C MEXaHMYECKOH Harpy3Kod Ha Bajly, MOXKHO H3MEHSThH

noTpedIIsieMblil U3 CETH TOK IIyTeM M3MEHEHHUs TOKa BO30YKIeHHUs ¢ u3MeHeHneM |, usmensercs @y u K.
A u3meHeHne Ey NpuBOIUT K U3MeHeHu1o |, MunuMansHoe 3Hauenue |, momyvaercs Toraa koraa COS¢ =
1.

B co3mannu MarHUTHOrO MOTOKa BO3AYIIHOTO 3a30pa s ABUraTelsl IPUHUMAIOT y4acTHe Kak 0OMOTKa
cratopa @,, Tak 1 oOMoTKa potopa Dg. Jlons ydacTust TO¥ uiam HHOM 0OMOTKHY B co3/1aHuU @D 5 3aBUCUT OT
BEJIMYMHBI TOKA 3TUX OOMOTOK.

c

YrioBas 1 MeXaHMYeCKasl XapaKTePUCTHKA CHHXPOHHOI'0 ABUTaTeJIsl
B nBurarene (Tak ke, Kak ¥ B TeHEpaTOpe) B3aMMOAEHCTBUEM TOKA CTaTOpPa C MarHUTHBIM TIOJIEM
portopa co3naercsi M,,, HO B OTJINYHE OT FreHepaTopa 3TOT MOMEHT B JIBUTaTeNIe SIBJIETCS BPALIAOIIUM

Lo MY ing.

n_,“ n-=f(M)

— e

/

I
I
- ]
020 3q , 90 0 M. M

3aBUCUMOCTh M, ABUTATENsI OT HArpy3Ku € - 3TO yrioBas xapakTepuctuka (puc.14.6), oHa aHaIOTHYHA
YIJIOBOW XapaKTepUCTHKE TeHepaTopa. [IpW W3MEHEeHHWsX Harpy3KH y JBUraTens MeHsercss yroia 0.
Homunanensiit 6, = 20+30 . MakcUMabHBIA yroil HAarpy3KH paBeH Gnax = 90 °.

Yacrora BpalleHHus poTopa 7, BCETja paBHa CHHXPOHHOMN YacTOTe BPAIICHUS

_sot,
P

a moromy rpaduk n, = f(M) nmeer Buxa npsmoit muaun (puc.14.7), napauienbHOR IpsMOii ocu adbciuce, U
HAa3bIBAETCS MEXAHUYECKOU XapaKmepucmuKkol CUHXPOHHOTO IBUraTels.

VYpaBHEeHHE MOMEHTa JBUTaTels MOJOOHO ypaBHEHHIO MOMEHTa IeHeparopa, T.C. peaKTHBHas
COCTABIISIIONIAs MOMEHTA H3MEHSETCS POIOPLUUOHAIBHO CHHYCY 26.

Mpu 6 = 90°, 3y -Y:E wm,

- Ha3BIBACTCS nepezpy30YHOl CNOCOOHOCMbIO
max
X, M

=1, =2+23

HoM

npurarens. U3 BBIpAXXCHUA MAKCHUMAJIbBHOI'O MOMCHTa CJIEAYECT, YTO MOMCHT Ha Bally CHHXPOHHOI'O
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JIBUTATENS] TIPOTIOPIIMOHANIEH TIEPBOI CTETIEHN HANPSKEHUS, B OTIIMYUE OT aCHHXPOHHOTO JIBUTATENS, Y
KOTOPOTO MOMEHT IPOTMOPIIMOHANICH KBaApary HampsbkeHus. V3 3Toro ciemyer, 9TO CHHXPOHHBIC
JIBUTATEIN MEHEE YyBCTBUTENIbHBI K U3MEHEHUIO HATIPSDKECHUS, YeM aCUHXPOHHBIE.

Paboune xapakTepUCTHKH CHHXPOHHOTO ABUTaTeIsl

PaGoune xapakTepuCTUKM CHHXpOHHOTO jBuratens (puc.14.8) mnpexacraBiasioT coboit
3aBHCHMOCTH YaCTOThI BPAIIICHUs POTOpA #p, TOKA B 0OMOTKe cTtaropa |,, MOIIHOCTH Ha BXOJIC IBHTATEIsS
P, nonesnoro momenta M,, cose u KIIJ| 7 ot mone3Hoit MomHocTy Ha Bainy P,. I1oae3HbIil MOMEHT Ha

o P
BaJly JIBUraTeNlsl HAXOIUTCS B CIIEYIOIIEH 3aBUCUMOCTH OT P, M, = —2.
1)

1

n
g | o
P;
coso
M-
KpuBas C0S¢ 3 cpiT Mz xapaktepa BO30YXIeHHS ABHUraTens (HETOBO30YXKICHUE WIH

nepeBo30yKIACH DeKUME F)J(’(pnocm:ro xoza. Ecnu mpu xoi0cToM xoze COS¢ = 1, TO pH YBEIHYCHUN
Harpy3ku COS¢ ymeHblnaercs (puc.14.8P-

Bennumnna Toka B 0OMOTKE CTaTopa JBUraTelsl paBHA
__h
* mu,cose
U3 3T0r0 BBIpaXKEHUS BUIHO, YTO TOK |, C yBenmuueHHeM Harpy3ku P, pacteT ObIcTpee, YeM MOITHOCTD Py,
BCJIE/ICTBHE YMEHBIIIEHUs COS (puc.14.8).

Cnoco0bl mycKa B X0/ CHUHXPOHHOIO IBUTATENS

[IpakTHyeckoe MpUMEHEHNE UMEIOT TPH CIIOCO0a ITycKa BXOJ CHHXPOHHBIX JBHUTATeNel: MyCK B
XO/JI TIOCPEJICTBOM BCIIOMOTaTEIbHOTO (Pa3rOHHOTO) ABUTaTelNs, ACHHXPOHHBIN 1 YaCTOTHBIH IyCK.
IIyck B X011 ¢ MOMOLIbIO PA3rOHHOI0 ABUIATEsI

[Ipu Takom crocobe IMycka CHHXPOHHBIH JBUTAaTElh HMEET Ha OJHOM Baly CIIEIUATbHBII
IIyCKOBOM JIBUraTelb, KOTOPBIA PAa3rOHSET €ro 10 CHUHXPOHHON 4YacTOThl BpallcHUs, NPU KOTOPOU
MIPOMCXOANT CHHXPOHU3ALIMS JBUTATENS C CEThIO. B KauecTBe pa3srOHHOTO ABUraTelis MIPUMEHAETCS Jalle
BCEr0 ACHHXPOHHBIA JBUTATelh CPABHUTEIHFHO MAJIOH MOIIHOCTH, WMEIOMIEro OONBIIYI0 YacTOTy
BpameHus. [loaToMmy pasroHHBIN ABHraTenb PasTOHAET Ha HECKOJLKO OOJIBIIYIO YaCTOTY BpAaIllCHUsI
CHHXPOHHOM ckopocTH. Ilocie 3Toro pasroHHbBIN JBUTATENh OTKIIOYAETCS OT CETH, arperar HauWHaeT
3aMeJUIAThCS, MPOXOAs IUIABHO 4Yepe3 CHHXPOHHYIO CKOPOCTh, YTO IO3BOJISIET MPOBECTH B HYXHBIN
MOMEHT BKITIOUCHHE CHUHXPOHHOTO IBUTATENS B CETh

Hepnocratkom manHOTO criocoba SBIsIeTCS HEBO3MOKHOCTD ITyCKa JABUTATENS IO HATPY3KOH, T.K.
HEepalOHAJIbHO WMETh ITyCKOBOM ABHMrarenb OONBIION MOIIHOCTH, YJOPOXKAIOUIMA M YCIOXKHSIOMINN
yCcTaHOBKY. Ilyck ¢ moMolIpi0 pa3roHHOro ABHUraTels NMPUMEHSETCA PeAKo, T.K. pa3sTOHHBIM ABUraTellb
WCIIOJIB3YETCA TOIBKO MPH ITyCKeE.
ACHHXPOHHBIH crocod mycka

PacnipocTpanenune mosydms1 Tak Ha3bIBa€MBI ACHHXPOHHBIN ITyCK CHHXPOHHOTO ABUrarens. Jis
OCYIIECTBJICHHSI ACHHXPOHHOTO ITyCKa POTOpP CHHXPOHHOTO JBHTaTeNsi CHaOXKaeTcs CrHennaIbHON
MyCKOBOH KOPOTKO3aMKHYTOH OOMOTKOH M3 MEIHBIX MJIH OPOH30BBIX CTEP)KHEH THIA OCINYbEeH KICTKU
ACHHXPOHHOTO KOPOTKO3aMKHyTOoro asurareist (puc.14.1,5). Ilyck pBurarens ocCyLIecTBISIETCS
cienyroImuM oopasoM (puc.14.5).

Brauasie 00MOTKa BO30YKICHHS CHHXPOHHOI'O JIBHraTells 3aMbIKacTCs Ha mmyckoBoii peoctar (TP
Ha puc.14.5), comporuBnenne kotoporo B 10-15 pa3 Oonblne, 4YeM CONPOTHBIECHHE OOMOTKH
BO30YKICHUS (€CIM OCTaBUTh OOMOTKY BO30YXACHUS pa30MKHYTOH, TO B HEH MPH ITyCKe BPAILAIOIINMCS
moyieM craropa Oymer HaBoawtcs 3HaumrenbHas OJIC, omacHas i wm3oisuu). llpw BKITFOYCHUH
00OMOTKH cTaTOpa Ha Tpex(a3Hoe HANPsHKEHUE JBUraTelb 32 CYET KOPOTKO3aMKHYTOW 0OMOTKH HAYMHAET
pabotats Kak acMHXpoHHBIA. Korga yactora BpallleHHs pOTOpa ABUTATEIsl TOCTUraeTcs npuMepHo 95%
CHHXPOHHBIH YacTOTBHl BpAIICHHUs MOJS cTaTopa n;, MyckoBod peocrtatr IIP oTkmiouaror, a 0OMOTKY
BO30YX/I€HHSI pOTOpa BKJIIOYAIOT HAa MOCTOsHHOE HampsbkeHne Uy Tak Kak Temepb 4acToTa BpalleHUs
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HOJIsI cTaTOpa OTIMYAETCs] HE3HAYMTEJIBHO OT YacTOThI IOJIS BPAILAIOLIErocsl poTopa, MOJIOCH! MoJei
CTaTopa U poTOpa BCTYNAIOT BO B3aMMOJEHCTBHUE, ABUIaTENIb BTSATHBAETCS B CHHXPOHU3M M HAaYMHAET
paboTaTh KaK CHHXPOHHBIH.

B pabouem, T.e. B CHHXpDOHHOM, PEXHME TOKH B IyCKOBOW KOPOTKO3aMKHYTOH OOMOTKE HE
BO3HMKAIOT ¥ OHA B pab0OTe ABUraTessl HE y4acTBYeT.

ITyckoBoe conpotusnenue [IP, BkatoyaemMoe B LIENb pOTOPa, UTPAET IPUMEPHO TY K€ POJib, UTO U
MYCKOBOH peocTar Mpu ImMycke 0OBIYHBIX aCHHXPOHHBIX ABHTareiei ¢ hasHeiM poTopoM (puc.14.7,a,0).
Ha puc.14.9 nokazaHel MeXaHHYECKHE XapaKTEPUCTHKH CHHXPOHHOI'O MABMIATeNs IMPH Pa3IMYHbIX
COTIPOTHBIICHHSIX ITyCKOBON 0OOMOTKH, T1e KpuBasi 1 oTpaxkaeT oOJerYeHHbIN MyCcK, a KpUBble 2 U 3 — AIis
TSDKETIBIX MYCKOBBIX ycoBuil. [Ipu 3TOM HY>KHO B 00OMX CIy4asx OOECIEUUTh HE TOJNBKO TpeOyemyro
BEJIMYHMHY ITyCKOBOTO MOMEHTa M, HO 1 HEOOXOUMYIO BEIMYMHY TaK Ha3bIBAEMOT0 BXOJHOI'O MOMEHTA
M,,, CIIOCOOCTBYIOLIETO CHHXPOHM3ALMHU ABHUIaTens ¢ ceThio. [lox mociegHUM MOHHMMArT MOMEHT,
pa3BUBaeMBbIii IBUTaTEeNeM NpH 95% CHHXPOHHOW YacTOTHI BpallleHHsI, T.€. PH CKonbxeHun S=5%. s
KpUBOM 1 BXOJHONH MOMEHT 3HAYUTEIBHO OOJbINe, YeM s KpuBoi 2 um 3. OTCroAa cjlemyer, 4To
CHHXPOHHBIE JBUTATENH, Pa3BUBAIOIINAE TPU MYyCKe OONBIION ITyCcKOBOH MOMeHT M,, M,; UMEroT
MEHBIIINNA BXOJHOH MOMEHT, T.€. TPYJAHEee CHHXPOHU3UPYIOTCS C ceThio (puc.14.9).

B 00MOTKY BO30YKIEHHMSI IBUTATENS, TIOCJIE TOTO KaK OH JOCTHraeT YacTOTHI BPAIICHUS, COCTABIISIFOIIEH
npumMepHO 95% cHHXPOHHOMH, MOJAETCs TIOCTOSIHHBINA TOK.

ITyck CHHXpPOHHOT'O ABHUTaTeNs MOXKHO OOJIETYUTh IIyTeM MPUMEHEHHS aCHHXPOHHO-YaCTOTHOTO crioco0a
nycka, puc.14.10. Ilpu Ha3zBaHHOM mycke 0OMoTKa cratopa C/I muraeTcs oT mpeodpa3oBaTessi YaCTOTHI.
HpI/I ACUHXPOHHO-YaCTOTHOM IIYCKE JABUTaTCJIb BXOJUT B CHMHXPOHU3M IIPHU MaJbIX HaCTOTaAX W MaJbIX
HaNPsOKEHUSAX TUTaromel cetd. B 3Tom cimydae OpocoK IMyCKOBOTo Toka Mckimrodaercs. Ha puc.14.10
II0OKa3aHO CEMENCTBO MEXAHUYECKUX XapAKTEPUCTHUK IIPH ACHHXPOHHO-YACTOTHOM IIyCKE M PAa3IUYHBIX
3HAUCHHUAX YaCTOTHI muTaromieit cratop cetu 10, 20, 30, 40, 50 I'n. [Tyck ocymiecTBIseTcs MpU HATIYXO
BKJIFOYEHHOM CTaTHYECKOM BO30yAUTEE.

-

1 £n

n 2l 1 A,

YacTOTHBIN MMyCK, MEXaHMYeCKasi XapaKTePUCTHKA U YACTOTHOE TOPMOKeHUe

CUHXpOHHBIM ABHUTraTeNb MOXKET OBITH MYIIEH B XOJ METOJOM YacTOTHOIO ITycKa, KOTJa 4YacToTa
NOJBOJUMOTO K HEMY IpPH ITyCKEe HanpsDKEHHs IIaBHO M3MEHSIOTCS OT HyJsS OO0 HOMUHAJIBHOTO IS
JTAHHOTO JIBUTATeNs 3HadeHud. [Ipu 3TOM aBUTaTENb BpallaeTcs CUHXPOHHO B T€YEHHE BCEro Nepuoja
MmycKa.
[Ipu mycke 1o 3TOMy METOAY JABHIaTeNb MOJy4aeT MUTAHWE OT MCTOYHHMKA OECKOHEYHOH MOIIHOCTH,
HanpsOKEHUE U 9acTOTa KOTOPOTO M3MEHSIOTCS MMPOTIOPIMOHATIBEHO
U
— =const "
f
B sTOM cilyyae MarHuTHBIN OTOK B CTaTOPE BCETJa NMOCTOSHHBIN. /{1151 N3MEHEHUs WM PeryJIHpOBAHUS
4acToThI BpameHus: poropa CJI 10CTaTOYHO U3MEHEHHs YaCTOThl HCTOYHHMKA HanpspkeHus f, onxHako, s
coxpaHeHus1 K03 (dUIMEeHTa MOIIHOCTH U MEPErpy304HON CIIOCOOHOCTH JIBUTATENS M JUIsi 00eCTIeYeHUs
BeIcokoro 3HaueHus KII[, HeoOxoauMo 0THOBpEeMEHHO U3MEHSTH U HaNpsbKeHue ucrouynuka U,
YacToTHBIN MyCK 3HAYUTEIBHO OOJerdaer IyCK IBUTATelNs, TaK KaK MPAKTUYECKW YIpasaHsSeT OpocKu
MMyCKOBOTO TOKa, T.€. MCKJIIOYAeT BCE ITYCKOBbIE NEpPErpy3kd, a 3HAYNT, YBEIWYMBAECT HAJECKHOCTH
ITyCKOBOHM omeparnuy W, B KOHEYHOM cdueTe, yBenmmuumBaeT cpok cimyxkOer CJI. Ilyckaercs CJ| mpwm
YacTOTHOM IYCKE C IMOJIKIIOYEHHBIM IOJYMPOBOJHUKOBBIM BO30yIUTENEM, IIyCKOBas CXe€Ma B 3TOM
Cllydyae yIpoLIaeTcsl U HaXOAUT Bce Oolbliiee IPUMEHEHHE.
[lycTp LMK 4YaCTOTHOIO PErYJIMPOBaHMUsS - IycKa W TOPMOXKEHMsS HauMHAETCsl € IIpoliecca IIycka
JIBUraTelNsl YBEIWYCHUEM HANpPSHKCHHS W YacTOTHl MPH BKIIOYEHHOM HAa YacTOTHBIM MpeoOpa3oBaTenb
HETOABMKHOTO BUratens, puc.14.11 touka 0. Bo30yxnenue C/] He3aBUCHMOE OT MOJIyTIPOBOTHUKOBOTO

BeIpsiMuTena. C BO3pacTaHUEM YacTOTHI, T.€. IMapaMmeTpa PeryaupoBaHus ¢, O = fl/ f,, moment CJI

PacTeT, MpU HCIIOABUIKXHOM POTOPC. KOI‘I[EI MOMCHT HAOCTUIHCT U IPCBBICUT 3HAYCHUC pPABHOC CTa-

TUYECKOMY MOMEHTY, Touka 1 puc.14.11, nBuratens HauHeT pazOer. B Tol rpaHMYHON TOYKE, KaK U BO
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Bcell paccMOTpeHHOM oOactu HenoapkHoro CJI, yactoTa, HaBoauMas B AeMiiepHoi 00MOTKE poTopa,
paBHA YacTOTE MUTAOIIEH CTAaTOP CETH, TaK KaK 4acToTa BpamieHus poropa #, = 0. MoMeHT TporaHus
CJl maunHaeTcs Torjaa korma M, > M.,

UeMm 1utaBHEe M MEIJICHHEE MPOU3BOAUTCS TPOTAHHME C MECTa, TeM BepHee myckaemblit CJ] Bxomut B
CHHXPOHHU3M C ceTblo. JlampHeilmee pa3BopayuBaHie POTOpa 10 HEOOXOIUMON YaCTOTHI BPAIICHUS YKE
HE TIPEACTaBISET 3aTPy THEHIIA.

B touxke 1, puc.14.11, nactynaer cuaxponusanus C/] c ceTbio, rie MyCKOBOl MOMEHT paBeH BXOJHOMY
M, =M,,. C nagpHEHIITM TIOBBIIIICHUEM HAIPSHKCHIS M 9aCTOTHI MMUTAOIICH CETH, H300paskaromiasi TOUKa
n, M, nepexost ¢ oxHO# Mexanudeckoi xapakrepuctuku CJI n = f(M) Ha apyryro, onuieT B MIOCKOCTH
MEXaHUYECKUX XapaKTePUCTUK BEPTUKAIBHYIO MpsMyto, puc.l4.11, nias koTopod Bpems SBIAETCA
napamerpoM. Korjma HanpsbkeHHE M 4acToTa JTOCTUTHET HEOOXOIUMOTO 1O YCJIOBUSM IyCKa 3HAYCHUS,
HanpuMep npu o = 1, TpaekTopus wu300paxkaromiel TOYkH #, M BBIXOJAUT Ha COOTBETCTBYIOIIYIO
MEXaHHYEeCKYI0 XapaKTepUCTHUKY JaBHraTens B Touke 2. Tpaekropueii, n3o00pa)karomeld TOYKHA MpH
YaCTOTHOM IIyCKe, SBIETCI OTpe30oK 1-2 mo ocu opaunar. Ha 53ToM myck 3akaHyuBaeTcss U
M300pakarolas ToYka 2 epeMeIiaeTcs 1o ook Mexanndeckoi xapaktepuctuke CJI, Ha Kakoi 4acTOT
€ paboTaeT IBUTATEIIb.

Uro xacaeTcs TOPMOXKEHHsI, TO CHIDKEHHE 000OPOTOB CHHXPOHHOTO NIBUTaTeNs OyneT MpOXOAUTH 10 TOH
JKC XapaKTCPUCTUKE, HO B O6paTHOM HalpaBJICHUU. C mocTeneHHpIM YMCHBUICHHUEM YaCTOTHL HHTa}OHICﬁ
ceTu OyJIeT YMEHBIIATHCS U 9acTOTa BPAIlleHUs POTOpa

Pa3znen 6. OcHOBBI 3J1IeKTPONPUBOAA.
Tema 6.1. O0mme cBeeHus 00 3JIeKTPONPHUBO/AE. Y CJI0BHS, ONpeAessoIne BbIOOP THIA
3J1eKTPOJABUraTeJisi. Y IpaBJieHUe 3JIeKTPONPUBOIAMHU

1. O0uue cBegeHus 00 JIEKTPONPUBO/IE

Onexmponpugooom  Has3blBaeICs  JJIEKTpOMEXaHMYeCKas  CHCTeMa,  cocTosas U3
ANEKTPOABHTaTENs (MM HECKOJNBKUX OJIIEKTPOJBUTATENEH), IMepeaaToyHOro MexaHu3Ma K paboueit
MaIlIMHE U BCEU anmnapaTypsl AJIs yIIPaBJICHUS dJIEKTPOABUTATENIEM.

OCHOBHBIM 3JIEMEHTOM 3JIEKTPONPHBOAA SBISIETCA 3JIEKTPOABHUraTeNb. JIEKTPOJBUTATEND
JIOJIKEH HE TOJIBKO UMETh JIOCTaTOYHYIO MOIIHOCTH JJIsl IPEOI0JIEHNSI MOMEHTA COIPOTUBIEHUS pabodeit
MaIIMHbI, HO TAaK)K€ OCYIIECTBIATh IyCK MPHBOAA M NMPEOJOJEBATh KPATKOBPEMEHHBIE MEXaHHUUECKUE
neperpy3ku. DJIEMEHTHl CUCTEMbl YNpPAaBICHUSI MPHUBOAOM JOJDKHBI 0OECIEeYMBAaTh PEBEPCHPOBAHUE U
peryavpoBaHHe YacTOTHl  BpalleHHs pabouyux MamdH B  COOTBETCTBHM C  TpeOOBaHHUSIMU
TEXHOJIOTMYECKOTO MPOLECCA, 3aJaHHOE BPEMs ITyCKa U TOPMOKEHHS.

ONEeKTpONpUBOABI MPOU3BOJACTBEHHBIX MAIIMH JAEIATCS HA PErylIHpyEeMbIE U HEPErYIHpYyEMBIE.
YacroTa BpallleHHs] HEPETYIHPYEeMOro MPHUBOJA NMPH HEU3MEHHOM HANpsSHKEHUH MHTAIOLIEH CeTH u
MOCTOSTHHOM Harpy3Ke Ha Baiy aBurartess (M = CONSt) mpakTHYECKH OCTAETCS TOCTOSTHHOM.

B perynupyeMpIx NpuBOJax 4acToTa BpallEHHs MPUHYIUTEIHHO U3MEHSAETCs (peryimpyercs) B
OTIpeJIeJIEHHBIX MpejiefiaX B COOTBETCTBHH € TPEOOBAHHUSIMHU MPOU3BOACTBEHHOTO Tiporiecca. [Ipumenenue
peryarpyeMbIX TPUBOJIOB BMECTO HEPETYIUPYEMbIX B OONBIIMHCTBE CIydaeB oOecriedmBaeT Oolee
OnmaronpusTHO€ NPOTEKaHHE TEXHOJOIMYECKOTO TMpolecca, YIydllaeT TEXHUYECKHe IO0Ka3aTelH
MCIIOJIb30BaHMS YCTAHOBJIIEHHOTO 000pYyI0BaHUs, CIOCOOCTBYET MOBBIILIEHHUIO KAUECTBA MPOAYKIHH.

OCHOBHBIMH TEXHHYECKUMH MTOKA3aTESIMH PETYTUPOBAHUS YACTOTHI BPAIIEHUS SIBIIAIOTCA:
JIUana3oH pPeryJupOBaHUsl, NPEACTABIAIONIMA COOOH OTHOIIEHHE MAaKCHUMAaJbHOM CKOpOCTH K
(BBIpaxaercs B BuAe otHomenus 2:1; 5:1 u T.11.);

YHUCIIO YacCTOT BpALICHHS 7, KOTOPOE MOXXHO TOJYYHTh B JAHHOM JMAala30HE PETyIUPOBAHUS: YeM
0O0JIBIIIe YHCIIO /71, TEM BBIIIE MIABHOCTH PETYINPOBAHIS,

HaIpaBJI€HUE PEryJIMpPOBAaHHA, T.€. BO3MOXKHOCTH IIOJIyYEHHUS YacTOTHl BpAIEHUS, IPEBBIIIAIONIYIO
OCHOBHYIO 4YacToTy (peryJupOBaHHE BBEpX), M YaCTOTHl BpAIIEHHs, MEHBIIE OCHOBHOW YacTOTHI
(perynupoBaHue BHU3);

CTaOMIIBHOCTH PaOOTHI MPU 3HAYUTENBHBIX KOICOAHUAX HATPY3KH;

Ha/IeKHOCTh 3KCIUTyaTalli U YA00CTBO 00CITYKUBAHHUSI.

K 5KOHOMHYECKHM ITOKa3aTeNsiM CHUCTEMBI PEryJIMPOBAHUS OTHOCSTCS: NMEPBOHAYAIBHBIC KalUTAJIBHBIC
3aTpaThl ¥ SKCILUTyaTallMOHHbIE PACXOAbI (BKIIOUAs IJIATY 32 3JIEKTPOIHEPIHIO).

[Ipeobpa3oBanue HIIEKTPUUYECKOM HSHEPTUM B MEXaHHUYECKYI0 pabOTy COMPOBOXKAACTCS MOSBICHUEM
HOTEPb, KOTOPbIE BBIACISIOTCA B BUAE TEIUIa B OOMOTKAaX M MarHUTONPOBOJAE IIBUTATElNs U BBI3BIBAIOT
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MOBBIIIICHUE TeMIieparypbl ero dacteil. C pocTOM Harpy3ku MOTEpPH B JABHTaTelle YBEIMYWBACTCS, U
TeMIIepaTypa ero HarpeBa MoBbImaeTca. Hawmbomee MOMycTHMOE MOBBHIIIEHHE TeMIIEpaTyphl JBHUTATEIs
OOBIYHO OIPaHUYMBACTCS TEIUIOEMKOCTHIO TMPUMEHSCMBIX H30JSIIIMOHHBIX MAaTepPHalIOB, IOCKOJIBKY
JIpyrue MaTepuayibl (METaJUIbl), UCTIONB3yeMbIC B JBUraTelie, CIIOCOOHBI BBIICPKHUBATh 0OJIEe BBICOKHE
TEMIIEPATYPHI.

TemnepaTypa HarpeBa IBUTATENS 3aBUCHT HE TOJBKO OT €ro IMapaMeTpoB W HArpy3Kd, HO M OT
TEMIIEpaTypsl OKpyXKaromen cpeabl 6,,,. HoMuHanbHY:0 MOLIHOCTH ABHUIaTelel 3aBOBI-M3TOTOBUTENIN
onpenenstor, npuauMas 6,,=+35C. Ilpu 3TOM YCIOBUM MAaKCHMAJIbHO [OIyCTHMOE IIPEBBIILICHUE
TEeMIIEPaTyphl JBUTATENS HAJ TEMIIEPATYpPOH OKPY KAOIIIEH Cpebl

T()on = ez)an _eu,q; :1000 _35° = 650C

HoMuHanpHOM MOIIHOCTH JBHUTrATEIs P,,, OHpCI[eJ'IﬂeMOfI YCIIOBUAMHU HarpeBa, COOTBETCTBYCT
HOMUHAJIbHBIA MOMEHT JBUTraTess M,. OTOT MOMEHT Yy BCEX JBUTATENIC MEHBIIE MaKCHMAaJbHOI'O
MOMCHTa MmaXa KOTOpBIﬁ JABHUI'aTCIIb crocooeH pa3BuBaTb 10 CBOUM DOJICKTPOMAarHuTHbBIM U
SJICKTPOMEXAHNYECKUM cBoiicTBaM. OTHOIIIEHHE MaKCHMaJIbHOTO

K.M = Mmax / MH
WJIH KpUTHYECKOoro Momenta M,
K =M / M

M Kp H

XapaKTepH3yeT MEXaHUUECKYIO [IEPerpy304HyI0 CIOCOOHOCTh BUraTens, K, .

Kputepuii meperpy304Hoii crocoOHOCTH YacTO HMMEET pellaroliee 3HAa4eHHWe ITIpU BBIOOpE
SJIEKTPOJBHUTATENS JUIA MPOU3BOACTBEHHBIX MEXAHH3MOB, PEKHM pabOThl KOTOPBIX XapaKTepH3yeTCs
3HAYUTETbHBIMU TOTYKAMH, HAOPOCAMHU HATPY3KH.

YT10Obl YCTAHOBUTH COOTBETCTBHE BBIOMPAEMOrO JBHUTATENs YCIOBHSAM HAarpeBa, HEOOXOIHMMO
umeth rpaduk momHoctd P=f(t), momenra M=f(t) wim Toka |=f(t) Ha Bamy mBUraTens 3a MOJHBIN MK
pabotsl MamuHbI t,. [Iogo0HBIE AMAarpaMMBbl HAa3bIBAIOT HAZPY3OUHBIMU OUASDAMMAMU HIEKTPOIIPUBOIA.
Temmeparypa, 0 KOTOPOM JBHratrellb HAarpeBaeTcs B Mporecce paboThl, OMPEAENISeTCs B MEPBYIO
o4epesib €ro Harpy3ouHoM auarpamMmoi. IlokasaTenu CTENEHH MCIOIb30BaHMS DIIEKTPOIBHIATENIS
SBJIAETCS HAMBBICIIASA TEMIIEPATYPA, 10 KOTOPON OH HarpeBAETCs B YCIOBHUSX DKCIUTyaTAI[MU TIPH JAHHOM
pexume paboTel. Eciii Temmiepatypa HarpeBa ABUTATENs MPUOIMKAETCS K MIPEISIBHO JOMYCTUMOMN, HO HE
HPEBBIIIAET €€, TO ITO MOKA3BIBAET, YTO B TOM PEKUME PaOOTHI IBUIATENb UCIIOIb3YETCS TIOJTHOCTBIO.

DJIEKTPOIIPUBO/I ONPEAEISIET CO00 YPOBEHb CHIIOBOM 3JIEKTPOBOOPY)KEHHOCTH TPEIIPHUITHS U
SIBJIICTCSI OCHOBHBIM (DaKTOPOM B YBEJIHUCHUH TIPOM3BOUTEIBHOCTH TPY/IA.

2. YcioBus, onpenensiiomye BoIOOp THIIA JJIEKTPOABUTATEIS

Br16op anekrponBurarencii kK pabOYMM MallMHAM M UCTIOJHHUTEIHHBIM MEXaHH3MaM IMPOU3BOAMTCS 10
CJEAYIOLIUM MapamMeTpaM:

M0 POJIy TOKa W HAIPSIKEHHIO - POJ] TOKA MIOCTOSIHHBINA WM TIepeMEHHBIH; HarpsbkeHue Tpexdasznoe 127,
220, 380, 500 (1000), 3000, 6000 u 10000 B, a moctostarOTO 110, 220, 400 B, (800 B);

M0 YacTOTe BpAIICHUs - HAauOoJee MPOCTHIM M HAJEKHBIM CIIOCOOOM COYJICHEHHS JBUTATENs ¢ pabodei
MAIIIMHOM SIBIIIETCS HETIOCPEACTBEHHOE COSTMHEHHE ITPH MOMOIIHA MY(THI TN PEAYKTOPA;

M0 YCJIOBHSAM OKPY’KaloIIel cpelbl BO MHOTHX Cllydasx aTMocdepa, B KOTOPOW MPUXOIUTCS paboTaTh
JIBUTATEIIO0, COACPKUT OOJIBIIOE KOJIMYESCTBO ML, BIIATH, FA30B, TAPOB KUCIIOT, B3PHIBOOMIACHON CMECH.
IIpyu Hamuuuu B3pHIBOONACHOM CMECH B OKpPYXAaIOLIEH cpele, BOSHUKIIAS B JBUraTeie MCKpa MOXKET
BbI3BaTh B3pbIB. [lo3TOMy nMOomkHa OBITH MpemLyCMOTpEHa 3aliuTa ABUTaTeNleid OT BPEIHOTO BIMSHHS
atMocdepsl U 3aluTa Cpeibl OT B3PbIBA MTPH KCKPOOOPA30BaHUAX B ABUTaTENIsIX. B COOTBETCTBHM C 3TUM
W3TOTaBIMBAIOTCSA  JIBUTATENM  OTKPBHITOTO, 3alIHMIICHHOTO, 3aKpPBITOTO H  B3PHIBOOE30MACHOTO
HCITOJTHCHUI

a) OTKpBITbIC, HE HMMEIOIIUE CICHHMAIbHBIX MPUCIOCOOICHUH IS MPEAOXPAaHCHHS OT CAy4YaiHOIo
MPUKOCHOBEHUSI K TOKOBEAYIIUM 4YaCTSAM, a TaKXke ISl MPelOTBpalllcHHUs MOMaJaHus MOCTOPOHHUX
MPEAMETOB BHYTPh ABUTATENS;

0) 3amMIIECHHBIC, WMEIOIINE IPUCIOCOOICHHE OT CIyYalHBIX NMPUKOCHOBEHHH K BpaIIalOIIAMCS H
TOKOBEIYIIUM 4YacTsM, a TaKXKe Ul MPeJOTBPAILCHUS TOMAJaHUi MOCTOPOHHUX MPEAMETOB BHYTDb
JIBUTaTEI,;
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B) 3aKpbIThe, CHaOXEHHble OOKOBBIMH KpBIIIKAMH, KOTOpBIE TMPHIIETAIOT K KOPIYCy IUIOTHO, HaKe
repMeTHdecku. JlBurarenn STOrO0 THIA 3allWIICEHH OT MPOHUKHOBEHHS TBUIH W3BHE. 3aKPBITHIC
JOBUTATENI JCNATCS Ha KaTeTOpPHU: 3aKpBIThle HEBEHTHIUpPYEMbIe, 3aKpBIThIE C HE3aBHCUMON
BEHTHJISIIMEH, TEPMETUYECKH 3aKPBIThIE, KOPIIYC KOTOPHIX CHA0XKEH CHEIHMaTbHBIMU YIUIOTHUTEISIMH He
MPOIYCKAIOIINX BHYTPh ABUTATEIS BJard B T€UeHHE 4 4acOB MPH MOIHOM MOTPYKEHHUH €T0 B BOJY;

r) B3pbIBOOE30macHble (B3PBIBO3ANIUINEHHBIE), CHAOKEHHBIE CHEIHAIbHBIMH KOXXyXaMH, KOTOpBIC
BBIJICPKUBAIOT AABJICHWE TPU B3PbIBE Ta30B WM MapoB BHYTPW JABUTATENS W HE MEPEJArOT IUTAMEHH
B3pBIBa B OKPYKAIOIIYIO €T0 B3PBIBOOIIACHYIO CPELy.

ITo xapakTepy u BelWYWHE Harpy3kd. BrIOOp smeKTponBuTaTeNs MO XapaKTepy W BEIHYUHE HATPy3KH
MPOM3BOJMTCS B 3aBUCUMOCTH OT MOIIHOCTH H PeXHMa paboThl paboueii MallnHbI.

[TpaBunbHBINA BBHIOOp 3MEKTPOABUTATEINSI OOYCIABIMBACT JTOCTHKEHHE BO BCEX €T0 YaCTSIX HOPMAaJbHOM
JIOITYCTAMOM TeMITepaTypsl pu paboTe ero mo rpaduky, 3aJaHHOMY pabodeid MalInHOM.

MoUIHOCTh 3JEeKTPOABHIaTeNs [0JDKHA OBITh BbIOpaHa HamOosiee ONMM3KOW K MOIIHOCTH padoueit
MaIllMHbI, paBHOH wuiau Ha 5-10% OoJibllle €ro HOMUHAJIBLHOW MOIIHOCTH. JlJIMTeNbHAs Neperpys3ka
HEJOMyCTUMa, T.K. 3TO TMPUBOAUT K PE3KOMY COKPAIIIEHHIO CpOKa ero ciyxO0wl. Hemorpyska neurarens
IMPUBOAUT K IMOHUKCHHUIO COS(D U HCOOUCIIOJIb30BAHHWIO €T0 MOMHIHOCTH, YTO OTPULATCIIBHO BJIMACT Ha
paboTy DNMEKTPOYCTAHOBKH B IIEIIOM.

Ilo xapaktepy Harpy3kud pa0O4YMX MalllMH M MEXaHM3MOB Pa3IMYaroT CICAYIOUIUE PEKHUMBI PaOOTHI
3JIEKTPOJIBUTATEIICH:

MIPOJOJDKUATENBHBIN (C IIOCTOSHHOW U TIEpEMEHHON HAarpy3Koh);

KpaTKOBPEMEHHBII;

IIOBTOPHO-KPATKOBPEMEHHBII.

IlpooonrcumenvHvim HA3BIBAIOT TAKOW PEXUM padOTHI BUTATENS, TMPH KOTOPOM TEMIIepaTypa BCeX
YacTell AIEKTPOIBHIaTeNls NOCTUTAeT YCTAHOBHBINETOCS 3Ha4yeHHs 7, (PHC.l), a MOLIHOCTh ABUraTeNs
OTIpeAeTSIOT 1o hopMyne B KBT:

P
_ 7 max.p.m.
Pde - '
1,
riae max.p.y. — MAKCHMaJIbHas MOIIHOCTh Ha Baily paboued mMarmuuel, KBT; 7, — KI1JI nmepenaun, 7 —
TeMIiepaTypa.
Ecnu MotHoCTh paboyeit MaliMHbI HEU3BECTHA, TO MOIIIHOCTD JIBUTATENS ONPECIISIOT 10 (hopMyJie:
F -9
P()(f = 06—' KBm !
1027 n,
rae Fo — cuna, pa3BuBaemas anektpoasurarenem, kI', H, nomanuneix cun, I n.c. = 735,5 Bm; 9 —

CKOPOCTh JBW)KEHHUS MexaHu3Ma, padoueil mamwabl, m/c; 77, — KIIJ| pabouert mammunsr;, 7, — KILJ]
nepeaayn.

MOIIHOCTE 3JEKTPOABUTATENS IJI1 TPOJOJDKUTEIHFHOIO pexuma padoThl ¢ TEPEeMEHHOW Harpys3Kou
MOKET OBITH HaliJicHa 10 3KBHBAJICHTHLEIM 3HAYCHUSIM TOKA, MOII[HOCTH WA MOMEHTA, B 3aBUCHUMOCTH OT
TOTO, B YeM BBIpaXeH rpavk Harpy3Ku paboyeil MaIIrHbI

Br10upaTh MOIIHOCTH JBHUTATENsl UCXOMS U3 CPEIHEH Harpy3Kd HENb3s, MOCKOJBKY TEIJIOBBIE MOTEPU B
00OMOTKE JBUTATEINS 3aBUCUT OT KBaJipaTa TOKa HAarpy3KH. /[Buraresb, BRIOpAHHBIN 110 CPEHEN HArpy3Ke
OyzeT meperpeBaThCsl.

Ha npakTuke MpUMEHSIOT NPUOIMKEHHBIE METOJbI IPOBEPKH JBHraTelicd Ha HarpeBaHWe, U3 KOTOPBIX
0oJee MPOCTHIM SBISETCS METO] SKBUBAIICHTHBIX (CPEIHEKBAPAaTUYHBIX ) BEIMYHH 10 puc.16.2:

Pt +Pt, + Pt + Pt + Pt
t o+t +t+t, T

P?KB =
Bri6panHbIi IBUTATENH YIOBIECTBOPSAET YCIOBUSM HArpeBa, €Clin

P,.< P,

IIpoBepka nBuraTenss Ha TEPErpy30YHYI0 CIOCOOHOCTh 3aKIIOYACTCS B CPABHCHUH MAaKCHMAaIbHOTO
MOMEHTAa 10 TpaduKy Harpy3Kd ¢ MaKCUMaJIbHBIM MOMEHTOM, Pa3BUBACMbIM JIBUTATCIICM.

3nas M,,, BBIOPAaHHOTO ABUTATEIIS, OTIPEIACIISIIOT

Mmax = K.\I MIO,\I

Y CPaBHUBAIOT €T0 C MAKCUMAaJIBbHBIM MOMEHTOM TpaduKka Harpy3Ku

M[O,\I 2 M max/ K.\I .

Ecmu M, nBuratens meHbie M,,,, Harpy3Ku, TO HEOOXOIUMO B3STh IBUTATENb OOJIBIICH MOIITHOCTH.
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[Mpu TsDKENBIX MycKax MPOBOJIST MPOBEPKY JBUTATEIS 110 ITyCKOBOMY MOMEHTY
MH = M1 / Kny
rae Ky, K, — TJAHHBIE TI0 CTIPAaBOYHUKY.
[Mon xpamxogpemennvim pesxcumom pabomvl TOHHMACTCS TaKOW PEXHUM, KOrAa B pabOuYHMil MEepuoj
TeMmIieparypa JBUTATEN HE YCIIeBaeT JOCTUTHYTh YCTAHOBHBILIETOCS 3HAYCHUS, a Tay3a HACTOJIbKO
JUTMHHA, YTO JTIOCTATOYHA JUIA OXJIXKACHUS IBUTATENS 0 TeMIIepaTyphbl OKpykaromei cpensl (puc.16.3),
a MOITHOCTH JIBUTATENIs OMPEENISICTCS TI0 YPaBHCHHUIO:

2 2
Pt +Pt,
t,+t,

rne P, P,— MOLIHOCTb NpH IycKe U paboTe 1o rpaguKy HarpyskH, a t, u t, — Bpems mycka 1 paGoThI.

[TpOMBIIIIEHHOCTh ~ BBIMYCKAeT CIELWAlbHBbIE JBUTATENd Ui KPaTKOBPEMEHHOTO peXuMa C
MIPOIOJDKATENHHOCTRIO pabounx mepruoaos 15, 30, 60 u 90 muH.

Iloemopno - kpamxogpemennwiti pexcum. [lpy TaHHOM peXUME IBUTATENlb HU B OJHOM W3 pabouymMx
MEPHUOJ0B HE HAI'PCBACTCA OO YCTAHOBUBIICTOCHA 3HAYCHUA TECMIICPATYPhI, B BO BpEMs 11ay3 HC YyCIICBACT
OXJIAIUTRCS 10 TEMITEPATypPhl OKpYXKaromiel cpesl (puc..4).

IToBTOPHO-KPAaTKOBPEMEHHBIN PEXUM PabOThI XapaKTepU3yeTcs NPOIODKUTENFHOCTBIO BKIIIOYEHUS B Y0!

t
I11B% :t—p~100%’

rie t, — BpeMs paboTsl; t, — BpeMs paboThI 3a LUKIL.

[IpoMBINUIEHHOCTH BhIMYCKAeT crieuuanbHblie apuratenu ¢ [1B 0,15; 0,25; 0,40 u 0,60.
J71st MOBTOPHO-KPAaTKOBPEMEHHOTO PEXHMa MOIITHOCTh PACCUHUTHIBAETCS IO (hOpMYyIIE:

2 2 2 2. 2. 2
Pt +Pt,+Pt,+Pt, +P't. + Pt,
t+t, +t +t, +t -t
KOF,I[a pacquHa;[ HB OTJINYaACTCA OT CTaH,Z[apTHOFO 3Ha4YCHUA, TOraa Haﬁ,[[eHHafI 10 Harpy30q—
HOfI ILI/Ial"paMMe MOIIIHOCTBb HepeCC‘II/ITBIBaeTCSI 110 (1)0pMyJ1e:

IIB =-*%,

pacu t

a I1B,,.,o OepeTcs u3 crpaBOYHUKA, OJkaiiiiee K pacyeTHoMy. Jlanmee mo AaHHBIM cripaBouHUKa [18]
MOJKET OBITh 1T0JI00paH JBUTATENb 10 HAWJICHHON MOIIIHOCTH P;a s U onwxaimuMm [1B.

3arem MIPOBOJAT IMMPOBCPKY ABUTATCIIA HA IEPETPY30UYHYTO CITOCOOHOCT:

P
PH Z max ’
K

,w
PSP,

P, .=k, -P > PW,
TO €CTh MAaKCUMAIIbHOW MOIIHOCTH PaboUeii MalTiHEI.

ITo crioco0y BEHTWIALIMY pa3IUdaloT:

— JBHUraTelii C €CTECTBEHHBIM OXJIAKICHHEM, HE HMMEIONIUE CIEHUANbHBIX IPUCIIOCOOJECHUM Is
YCHJICHUS TEIJIOOTIauH;

— JIBUTATEH C CAMOBEHTHIIAIMEH, MMEIOIINE CIEINATbHBIA BEHTWISATOP, HACAKCHHBINM HA BaJl IBUTATEIS
U TpeIHAa3HAYCHHBIM M YCHJICHHS TCIUIOOTAAYH; y 3aKPBIThIX, TaK Ha3bIBAEMBIX 00yBaeMBbIX
JIBUTATEJICH, TOT BEHTUISATOP PACIOI0KEH CHAPY KM U IIOKPBIT 3aIIUTHBIM KOXKYXOM;

— JIBUTATEIM C HE3aBUCHUMBIM OXJIXKJCHHEM (IIPOAyBacMbIC); OXJAXKIAIONIMKA BO3AyX IMOJNAETCS B
JIBUTATEIH 110 BO3yXOMPOBOJY C MOMOIIIBIO IIOCTOPOHHETO BEHTHIISATOPA.

3. YnpagJiieHne 3JIeKTPONPHBOAAMHA
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Ilox  ympaBrmeHHWEM  JIEKTPONPHBOJAMH  TOHUMAIOT  OCYIIECTBICHHE IyCKa, TOPMOXECHHE,
peBepcUpOBaHne, TPUHYIUTEIFHOE H3MEHEHNE YacTOTHl BpallleHUs WK MOAAepKaHNe €€ Ha 3aJaHHOM
YpOBHE.

VYnpasneHue SIEKTPONPUBOJAMH HPOM3BOAMTCS PA3NUYHOTO POJa TEXHUUECKUMH YCTPOHCTBAMH —
amnmapataM¥ yIpaBlieHUs. ATmapaThl YIPABICHUS W CBS3BIBAIOIINE WX DJIEKTPUUECKHE LENMH COBMECTHO
00pa3yroT AIMEKTPOCXEMBI YIIPABICHUS.

B cxemax ympaBieHus: pa3IHyaroT:

1) rmaBHBIE 3JEKTPUYECKHE IIETH, N0 KOTOPBIM JJIEKTPOIHEPTHS TepefaeTcs OT IMUTAIOMIeH CeTH K
00MOTKaM MPUBOTHOTO BUTATEIS;

2) uenM ympaBieHHs, TPU MOMOIIM KOTOPBIX OCYLIECTBISIETCS 3JEKTPOCBSA3b MEXIy amnmnapaTaMu
yIpaBlieHHs U 00€CTIeUnBACTCS IIOCIIEA0BATEIBHOCTD HX PaOOTHI.

Kaxxmoe m3 TEXHUYECKHX YCTPOWCTB, MPUMEHSEMBIX B CXEMax YIPaBIECHHUS, MOXXET OBITh OTHECEHO K
OJTHOM M3 CIEAYIOUINX TPYIIIL:

1) KOMMYTAallMOHHBIC allnapaTbl 4 BKIIOYCHUSA MW OTKIIOYCHHA TJIABHBIX JJICKTPUUYCCKHUX Hel’[eﬁ:
PYOWIBHUKH, aBTOMATHI, BBEIKITIOUATENN, KOHTAKTOPHI U T.1I.;

2) perynupymollie ammaparbl, HallpHIMep, PEeoCTaThl, APOCCETN W JPYTHe YCTPOWCTBA JUIA W3MEHEHUS
BCJIMYMHBI TOKA B LCIIAX ABUTATCIIA,

3) pene — npuOOpBI, pearupyrolMe Ha U3MeHeHHe Kakod naubo (usmueckoit Benmmuunbl (I,U,o,t°) u
cpabaTsIBarolye (T.€. 3aMbIKAIOIINE U Pa3MbIKAIOIINE CBOM KOHTAKTHI);

4) KOMaHZOamNmapaThl: KHOMKH, KOMaHIOKOHTPOJUIEPHI, YHUBEPCAIBHBIE TMEPEKII0YaTeNd, MyTEeBbIe U
KOHEYHBIE BEIKITFOYATEIH.

B 3aBucuMoOCTH OT croco0a MPHUBEACHUS B JICHCTBHE KOMMYTAIMOHHBIX M PETYJUPYIONIMX ariapaToB
pa3INyaoT pydHOE, JUCTAHITMOHHOE W aBTOMAaTHIECKOE YIIpaBIeHHE.

[Ipu pydHOM ympaBiIeHHH HW3MEHEHHE IOJIOKCHHS KOMMYTAIIMOHHBIX W PETYIHPYIONINX allapaToB
MIPOM3BOJMTCS 32 CYET MYCKYJIBHOM CHIIBI YeTIOBEKa.

IIpy NHUCTaHIIMOHHOM YIPABJICHMM HW3MEHEHHUE II0J0KEHHUS KOMMYTALMOHHBIX M PETYIMPYIOLIUX
anmapaToB  MPOU3BOJAUTCA CHJIOH TATH  3JEKTPOMArHWTOB, BCIOMOTATENBHBIX  JBUTATEIEH,
IMHEBMAaTUYCCKUX, THAPABIIMYCCKUX U APYTUX YCTpOﬁCTB.

HpI/I ABTOMATUYCCKOM YIIPABJICHUN HW3MCHCHHS IIOJIOKCHHA PA3JIMYHBIX aIllapaTOB B TJIABHBIX MECIIAX
yIpaBJeHHs, OIpeIelIeHHas TOCIe0BaTeIbHOCTh W TEMIIT HX padOThl O00ECTEUMBAIOTCS IETISIMU
yrpaBieHus, Ho 0e3 yJacTus 4eloBeka (HadalibHas KOMaH/a JTAeTCs BPYyYHYIO).

B QJICKTPUYCCKUEC CXEMBI YIpaBJICHUA BXOOAT TaKXE DJICMEHTHI 6JIOKI/IpOBKI/I u 3alHThI
AJIEKTPOIBUTATETICH.

briokupoBouHBIE yCTPOHCTBA MTpeTHA3HAYESHBI JIJIS:

NPEZOTBPAICHHS ITyCKa UIIA OCTAHOBA DIICKTPOJIBUTATEIIS;

obecrieyeHus OnpeIelIeHHON TOCIeI0BATEIFHOCTH OTIepaInii;

OTKJIFOUEHUS JIBUTATEIS TIPH TOCTIKEHUH paboueiil MallTuHON OTpeIeTICHHbBIX TOJIOKEHHH.

3aHII/ITHI)Ie YCTpOﬁCTBa IIPpUBOOATCA B HeﬁCTBHe IIp BO3HUKHOBCHHU HCHOPMAJIBbHBIX PEKUMOB!
MEPETpPy3Kax, KOPOTKUX 3aMbIKaHHUAX, HCUYE3HOBEHHUI WM 3HAYUTEIHBHOM ITOHWKEHUH HaIIps’KEHUA B
MUTAIOLIEN CETH U JIp.

3ammTa OCyeCTBIAETC:

IJIAaBKUMHU IIPEAOXPAHUTEIIIMU,

ClI€UaJIbHBIMH  PEJIC, KOHTPOJIUPYIOIIUMHU PEXKUM paGOTI)I OJICKTPOYCTAHOBKM W AaBTOMATHUYCCKHU
MOJAIOIIUMH UMITYJIEC Ha OTKJIFOUEHHE JABUTATEIIS.

Pa3nen 7. OCHOBBI 2JIEKTPOHUKH.

Tema 7.1. Knmaccnduxkanus moJynpoBoAHUKOBBIX NPu60POB. Ilo1ynpoBoAHNKOBEIE PE3UCTOPBI.
IoaynpoBogHUKOBbIE TUOIBI.

Jleknms MPOXOUT B MHTEPAKTUBHOHN (popMe: 0a300p 1 H3yUEHHE YCTPONCTBATIONYIPOBOTHUKOBBIX
npubopoB (2 yac)

DNEKTPOHUKA — 3TO 00JIACTh ICKTPOTCXHUKH, U3ydarolias (pu3ndecKue BICHHS B 3JICKTPOHHBIX
mprOOpax U UCIOIH30BAHUE ITUX MPUOOPOB B IPOMBIIILICHHOCTH.
OnekmporHbIM HPUOOPOM SIBISIETCSA IPUOOP, B KOTOPOM 3JIEKTPHUUECKasi TPOBOJANMOCTD OCYIIECTBIISIETCS
MOCPEACTBOM 3JIEKTPOHOB MIJIM MOHOB, IBIKYITUXCS B BAKyyMe, ra3e WM MOJYIIPOBOIHUKE.
OnuH W3 OCHOBHBIX CBOWCTB JJICKTPOHHBIX MPHOOPOB SBISIETCS HEIMHEWHOCTh HMX BOJITAMIIEPHBIX
XapaKTEePHUCTHUK.
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JpyruM Ba)XHBIM CBONCTBOM OOJBIIOW TPYIIBI DIEKTPOHHBIX TNPHOOPOB SIBISETCS 3aBUCHMOCTB
MPOTEKAIONINX B HHUX IIPOIIECCOB OT BHEIIHETO BO3JCHCTBHS: TEIUIa, CBETA, CXKATHSA, PACTSDKEHUS,
3MEKTPOMArHUTHOTO TIOJS U T. 1.

Hcnonb3oBaHue B MPOMBIIUIEHHOCTH 3JEKTPOHUKH CIIOCOOCTBYET IMOBBIIMICHUIO MPOH3BOAUTEILHOCTH
TpyZda " yIaydllIeHne YCIOBUN paboThI.

CaMpIMH Ba)XHBIMHU TTONYTIPOBOJHUKOBBIMH MaTepHalaM{ SIBIAIOTCA 3alUCh MEAH, CEJeH, TepMaHHi,
KPEMHHUH, a TaKKe apCeHU]T TaJIIHsL.

Kaaccnpuxaums noynpoBoaHUKOBBIX NPU60POB

B a1exTpoHMKE HCIONB3YIOT OOJIBIIOE YUCIO PA3THYHBIX THIIOB MOJTYMPOBOAHUKOBEIX mpubopos (I1I),
KOTOpbIe MOXHO pa3enuTh Ha Heckonbko Tpymm: 1) IIIT pesuctopsr; 2) IIIT auonsr; 3) OumnonspHble
TPaH3UCTOPEI; 4) MOJIEBBIE TPAH3UCTOPHL; 5) THPUCTOPHI

IHoynpoBoAHUKOBBIE PE3UCTOPHI

ITIT pesuctopom sBusiercst [1I1 mpuGop ¢ AByMsS BHIBOZaMH, B KOTOPOM HCIIOJIB3YETCSl 3aBHCUMOCTD
ANIEKTPUYECKOTO COMPOTHBIICHUSI MOIYIPOBOHUKA OT NpuiioxkeHnHoro Hanpsokenus (R = f(U)).

B TIIT pesuctopax mpumenstor IIIT (wamme kpemHuuii Si), paBHOMEPHO JETHPOBAHHBIA MPUMECIMH
(mermpoBaTh — COENWHATH). B 3aBUCMMOCTH OT THNA MPUMECH YHAeTcd NOIYYUTh pPa3InIHbIE
3aBucuMocTu R ot U.

IHoynpoBoAHMKOBBIE THOAbI

[TomynpoBOHUKOBBIM JTHOJIOM HA3bIBAaCTCS MPUOOP C OAHHM P-N MEPEX0J0M, MMEIOIIUM J[Ba BBHIBOJA,
HPOITYCKAIOIIUM TOK B OTHOM HampaBieHUH (BEHTHIb). VI3rOTOBISIFOTCS TMOIBI M3 KPEMHS Si ¥ TepMaHus
Ge. Bee Il guozp! aeasTes Ha IBa KJIacca: TOYEUYHBIE U INTIOCKOCTHEIE.

B ToueuHoM nuoAe UCMIONB3yeTCs MIACTHHKA Te€PMaHUs WM KPEMHHUSI C DJICKTPOIMPOBOJHOCTHIO N-THUIIA.
C mnacTHHOWM compuKacaeTcsl 3a0CTPEHHAs! CTalbHAs MPOBOJIOYKA, oOpasyromias P-N-Tiepexoj] B MecTe
KOHTAaKTa.

B mimockocTHRIX  amomax  p-n-mepexon  oOpasyercs aByms [l ¢ pasnuYHBIMH - TUIIAMU
3JIEKTPOTIPOBOTHOCTH.

B ocHoBe aeiicTBus Bcex coBpeMmeHHbIX [II1 BeHTHUIIEH JIEKUT CBOMCTBO ONHOCTOPOHHEN MPOBOIUMOCTH
3JIEKTPOHHO-IBIPOYHOTO TIEPEX0/1a, 00yCIAaBINBAIOIIEE €TI0 BRITIPSIMILIIONICE TSHCTBUE.

OCHOBHBIMH MapaMeTPaMHU TOYCHTHBIX U INTIOCKOCTHBIX TUOIOB SBIISIOTCS:

- npsamoit Tok quona 1, (mpu U, =1-2B);

- MaKCHMaJIbHBIH JOITYyCTUMBIN NPAMOM TOK 1, ax;

- MaKCHMaJbHOE J0IycTuMOoe 00paTHoe HanpskeHHe U g, max;

- oOpartHsIit Tok 1uona 1., (pu Uggp max )-

Tema 7.2. bunoaspusie Tpanzuctopsl. IloneBbie Tpan3ncTopbl. TUpHCTOPHI.

Bunonapusim  mpanzucmopom  HazpiBaeTcsi Tpubop ¢ AByMs  p-N-  mepexoiamu,
MpeHA3HAYCHHBIA 711 YCUJICHHUS M T€HEPHUPOBAHHS SJEKTPHUECKUX KONEOAHWH, W IPeNCTaBIISIOIINI
co0oH MIacTUHY KPEMHHUSI WIIM TePMaHUs, COCTOSIILYIO U3 Tpex obnacTteld. FiMeet Tpu BbIBOJA.

Tepmun "OUMONISAPHBINA" CBA3aH ¢ HATMYMEM ABYX Pa3IMYHBIX THIIOB HOCHUTENEH 3apsijia - 3JEKTPOHOB U

JIBIPOK.
K K
Nn-n- h-n-n
3 3
Puc. 1.

TpaH3ucTopsl P-N-p U H-p-T TUIA PABHOLIEHHBI 10 CBOMM MapaMeTrpam, puc..l. Tpansuctops! p-n-p tuna
IPUMEHSIOTCS Yallle, I0TOMY YTO OHH IIPOILE B U3TOTOBJICHUU.

Y OWNOJSIpHBIX TPAaH3UCTOPOB CpEeNHUI cJoM Has3bBaeTcs Oazou. OOUH KpallHUH CIOW SBIAETCS
MCTOYHUKOM HOCHUTENICH 3apsioB, CO3AAIONIMN TOK MpHOOpa, HA3BIBACTCS IMUMMMEPOM, & APYTOH CIIOH,
IPUHUMAOLIUN 3apsibl, IOCTYMAOUINE OT 3MUTTEpa, — KOALIeKmopoM. JBIpKku B P-N-p TpaH3UCTOpE
CO3/IAOIINE SMHUTTEPHBIA TOK, U3 00JAaCTH SMUTTEpA MOMAAAIOT B N-001acTh 0a3bl, OTTyMa OONbIIas MX
yacth (95-99%) mpoxoaut B p-o0iacTb K KOJUIEKTOpPY, 00pasyst KoJieKTOpHBIA TOK |y . OcrtanbHbie
IBIPKH 00pa3yloT Tok 0assl |5, Texkymuii yepe3 6a3zy b. Ha puc.17.2. npeacrasiieH TpaH3ucTop P-N-p TUma.
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Tpan3ucTop MOXKHO paccMaTpHBaTh KaK COCIMHECHHE ABYX  AWOMO0B (puc.17.2). KomnekTopHEI muona
paboTaet B 00paTHOM HamNpaBICHHUH JJISl SIIEKTPOHOB 0a3bl, HO HE IS ABIPOK. JIBIPKH, OCTYIIAOTNE U3
SMUTTEPA, MOMAAI0T B JICKTPUUYECKOE IMOJIE KOJUICKTOPA U MPUTATUBAIOTCS UM.

Ha BBICOKOOMHOM Harpy304HOM COIIPOTHBJICHHH B IICTIH KOJUICKTOpPA CO3/aeTCs MaJICHUE HAIPSKCHUYS,
MHOTO Oompiiee U,; , T.e. MPOUCXOMUT yCHUIICHHE HampspkeHus. Takum o0pa3oM, TPaH3UCTOP SIBISAETCS
yeunutenbHbM [T mprbopom.

1 1

[N} [N

3aBucumocts l; = f(Uy) mpum U,, = const HaseiBaeTcs BXOAHON WM 0a30BOM XapaKTepUCTHKOM
TpausucTopa, puc.17.3,a. 3asucumocts Iy = f(U,,) mpu l; = const Ha3wIBArOTCS €ro BBIXOAHBIMU
(KOJIEeKTOPHBIMH) XapakTepucTukamu (puc.17.3,0).
bunomnsipusie Tpanzuctops! ABsitoTcs 111 ycnnuTenbHBIMU U KITFOUEBBIMU NPHOOPaMU YHHUBEPCAIBLHOTO
Ha3zHaueHUs. [IpUMEHSI0TCS B yCHIINTEISIX, TeHepaTopax, IOTHUYECKUX 1 UMITYJIbCUBHBIX CXEMax.
IMoneBble TPAaH3UCTOPBI

[loneBbIM TpaH3UCTOPOM Ha3bIBae€TCS NPUOOpP, B KOTOPOM TOK 4epe3 KaHajd YIpaBiseTcs
NIEKTPUYECKUM II0JIEM, BO3ZHHKAIOIIUM C HPWIOKEHHEM HAINPSDKECHUS MEXIY 3aTBOPOM M HCTOKOM.
YcTpoiicTBo TpaH3ucTopa, puc.17.4,a u yciaoBHoe n3o0paxkenue N-tuma, puc.17.4,6

BonbrammnepHbie XapaKTEpUCTHKH TIOJIEBOTO TpaH3MCTOpa ¢ KaHalaMu N-TUMa M300pakeHbl Ha
puc.17.5,a — BEIXOAHBIE, O-TIepeX0THAS.
Kanan — 3710 00:1acTh B TpaH3UCTOPE, COMPOTUBIICHHE KOTOPOTO 3aBUCHT OT MOTEHIMAala Ha 3aTBOpE.
3ameopom Ha3BIBAETCSI ANEKTPOI, CIY AL ISl pETyIUPOBaHUs ITOTIEPEYHOTO CEUCHUS KaHaa.
Hcmoxom — Ha3pIBa€TCsl SIEKTPOA, U3 KOTOPOT'O B KaHAJI BXOAAT OCHOBHBIC HOCUTEIIN 3apsa.
Cmokom — Ha3bIBaeTCs AIIEKTPOI, Yepe3 KOTOPBIH OCHOBHBIE HOCUTEIIH 3apsa YXOAIT U3 KaHaa.
B TpaH3ucTope ¢ KaHaioOM N-THNAa OCHOBHBIMH HOCHTEISIMH 3apsiia B KaHaje SBISIOTCS 3JEKTPOHBI,
KOTOpbIE JBMXKYTCS BAOJH KaHala OT WUCTOKAa C HHU3KMM TMOTEHIMAJIOM K CTOKY ¢ 0ojiee BBICOKHUM
MOTEHITNAIOM, 00pa3ys TOK cToka l.
Mesxay 3aTBOPOM M UCTOKOM mpuiioxkeHo Usjy, 3ammparomiee N-p-miepexoll, 00pa3oBaHHBIA N-001acThIO
KaHaJla B P-00JIaCThIO 3aTBOpa. B moneBoM TpaH3ucTope N-Tuna npuioxkeHHoe Hampsokenue Ucy > 0 u
U 33U <0.
B moneBoM TpaH3MCTOpPE HOCUTENH 3apsia OAHOTO 3Haka (- wiu +) nmpoxoaT mo [111 kanamy.
[ToneBble TpaH3UCTOPHI SBISAIOTCS HU3KOYACTOTHBIMU MPHOOpaMH M MOTYT paboTaTh Ha 4YacTOTax JIo
HECKOJBbKMX Merarepu. IIpuMeHsIoT HMX B YCHIMTENBHBIX KacKalaX C BbBICOKUM BBIXOJHBIM
COIIPOTHUBIICHUEM, KIIFOUEBBIX M JIOTHYECKUX cXeMaxX. V3roTOBISIOTCA U3 KPEMHHUSL.
Tupucropsl
Tupucmopom Ha3bIBaeTCs dneKTponpeodpazoBatenbHelii I111 mpubop ¢ Tpems u 6onee P-n mepexoaamu,
B BAX KOTOpOro MMeeTcs y4acTOK OTpULATEIbHOro AudQepeHInanb-HOro CONPOTUBICHHUS U, KOTOPBIT
ucrosb3yercs Ui nepexmodenus. Ha puc.17.6 npencrasieHsl cTpykrypa — a, BAX — 0 1 yciioBHOe
0003Ha4YeHNE THPUCTOPA — B.
OTtpunarenbHOE CONPOTUBIICHUE - CONPOTUBICHUE HEITMHEWHOTO MPOBOJHHMKA, B KOTOPOM YBEINYEHHUE
HanpsDKEHUs BBI3BIBAET YMEHBIIEHHE TOKa, W, HA000poT. OTpHuuaTeIbHOe CONPOTUBICHUE HMPOBOAHUKA
o0JaaeT magaroniel XxapaKTepuCTHKOM.
Tupucrop IIIl mnpubop, cTpykTypsl p-N-p-n  -THma, copepkamuii Tpu p-n-nepexona. OHu
M3TOTAaBIUBAIOTCS U3 KPEMHHUS M UMEIOT YETHIPE CIIOST: P1-N1-P2-Na.

Mexy 3THMH CIIOSIMH BO3HWKailoT Tpu pP-h-mepexoma: I1;, Il,, Il;. CompoTuBieHne OTKPBITHIX
nepexo10B [1; u [1; He3HAUUTENBHBI, TO3TOMY MTOYTH BCe HMEIOIIee HanpshkeHne U, MPUIIokKeHO K
[lpu noswiienun U,, 4to nocturaercss ysenumuenueM JJIC uctounumka nurtanus £, TOK BEHTHISA
YBEJIMUUBAETCs HE3HAUUTeNbHO, Noka U, He mpHONM3UTCS K HEKOTOPOMY KPUTHUYECKOMY 3HAUYCHHIO,
PAaBHOMY HaIPSHKEHHIO IPSAMOTo Ipo0ost U6
[Tocne 3TOro MpPOUCXOAUT JTAaBUHOOOpPA3HOE YBEIWYECHHE YHCIIa HOCUTECH 3apsia 3a CUeT JIaBUHHOTO
YMHOXEHHs HocuTenel B mepexoe [, apmKymmMcs 31ekTpoHamMu U asipkamu. C yBeTMUEHHEM 4Yuclia
HocuTene Tok B mepexope I, ObicTpo HapacTaeT, majeHue HampshkeHUs Ha R, yBenuuuBaercs,
HamnpspkeHue Ha BeaTmwie U, mamaer (2-i 3akon Kupxroda B neiicteun).
[Iponecc naBuHOOOPa3HOTO yBEIMUYCHHUS YMCIIa HOCUTENEH 3apaia 3aBepiaercsi mpodoem mepexoxna I,.
ITocne mpo6os U, camxaercs mo 0,5-1 B. Ilpu manereiimeMm ypenuuenuu S/C E, nnu ymMeHbIICHUN R,
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TOK B Ipo0OOE HapacTacT B COOTBETCTBUHU C BEPTHKAIHHBIM ydacTKoM BAX. Takoit mpo0oii He BEI3BIBACT
paspymenus mnepexoma Il,. Ilpm ymeHbpIIeHWHM TOKa A0 HYJIS BOCCTaHABIMBAETCS BBICOKOE
compoTuBieHne nepexoaa [I,. Bpems BoccTaHOBIEHHS CONMPOTUBIICHHS ATOTO MEpPEXoja IMOcie CHITUS
HanpsbkeHus coctaBnger 10-30 Mkcek.

Hanpsoxenne mpo6ost Uppos, TPU KOTOPOM HAYMHAETCS JJABUHOOOPA3HOE HapacTaHHWE TOKA, MOXKET ObITh
CHIDKEHO NT0OaBJICHHEM TPETHETO YIPABISIONIETO 3JIEKTPOAa K CIOI0 P, MATAEMOTO OT HE3aBUCHMOTO
HCTOYHMKA HanpsokeHus E,. B kakoif Mepe cHmkaercss nmpo6uBHoe HampsbkeHue Unp,; TIpH pocTe ToKa
ynpasieHus |, mokassiBaeT rpaQyk XapaKTEpUCTHKH, IIPECTaBICHHBIN Ha puc.17.6.

TupnucTtopsl TPUMEHSIOT B YHPABISEMBIX BBIIPSIMHTEISIX H HWHBEpTOpax. I[IpOMBIIIIIEHHOCTHIO
BBIITYCKAIOTCS TUPUCTOPHI Ha TokK 10 2000 A 1 HanmpsbkeHHeM BKIIFOUEHHsI WM paMoro mpobos va 100-
4000 B.

Tema 7.3. HeynpasJisieMble U ynpaBJisieMble BHIIPSIMHUTEIH
[MpocTediinii  BHIIPSIMUTENL ~ MpPEACTaBIsSeT COOOH  BEeHTWIb  (9JEMEHT C  OJHOCTOPOHHEH

HpOBOI[I/IMOCTI)}O), BKIJIFOUCHHBIM mocjIea0BaTCejibHo € TPHUECMHHUKOM IIOCTOAHHOIO TOKa B CETb
IEPEMECHHOI'0 TOKaA.

Ha puc.17.7. npencraBieHa OAHOTAaKTHAs OAHOIONYINEPHOAHAS CXEMa BBIIPSIMUTENI — a U
BBITIPAMIICH HaI_’I_pH)KCHI/IC - 0. BBIHpS[MJICHHOG HAMpsKECHUC  ABJICTCA  MYJBCHPYIOIIHM.
Beimpsmure nadrBaetcs yctpdiictso, npeobpasyromiee nepeMeHHble TOKUM B TOKH, MPOTEKAIOIIME B

OJIHOM HRIIPaBIICRY}
OnHoll U3 CXeM

IPAMHATEIIA, Toga@n_p@eT VI\QGHI)HIC HyﬂbcaHHﬁ, ABJIACTCA ABYXNOJYIICpHUOAHAA

unnn

Hanpapnenue Toka yepe3 Harpy3Ky OJHO M TO )K€, KaK B IIEPBYIO, TaK M BO BTOPYIO MOJIOBUHY MEPHO/A,

MOATOMY Ha Harpy3ke 00pa3yroTcs IOYBOIHBI HAIPSHKEHUS! OJTHOTO U TOTO e 3Haka, puc.17.8,0.
3HAaYUTENbHO MEHBIINE IyJIbCALUM HMEIOT TpexdasHble cXeMbl BbIIpsAMIICHHUS. TpexdazHbiid

BBINIPSIMUTENIb MOXET OBITh BBINOJHEH IO OJHO- WJIM JABYXIOJIYHNEPHOJHOH cXeMme, B 3TOM CiIydae

MyJBCAIIMA YMEHBIIAIOTCS.

Bropoii nyts ymenbmenus mynbcanun U,,,, — ucnonp3oBanne dekTpudeckux ¢uibrpos. Ha puc.17.9.

n300paKeHbl, HEKOTOPBIE, CXEMBI CTIIAKUBAIOIINX (HUILTPOB.

B kauectBe (UIBTPOB B CXEeMy BKJIIOYAOT KOHJEGHCATOP NapaJUIe]bHO Harpy3ke WIH
WHAYKTUBHYIO KaTYIIKy TOCJIEI0BaTeIbHO C HArpy3koi. OHEpreTHYecKOoW OCHOBOW pPalOTHI 3THX
(GUIBTPOB SBISIOTCA HAKOIUIEHUE SHEPTUH €MKOCTBIO WIIM HHAYKTUBHOCTBIO, B MOMEHTHI BpEMEHH, KOT1a
BO3pacTaeT HANPSHKEHHE WM TOK B Harpy3Ke WJIM KOT/Ia MPOUCXOAHT OTAada HAKOIUIEHHOW SHEPTHH B
Harpy3ky npu cnajge U wm | u 3ame[yieHne 3Toro craja.

CriaxuBaromuM GUIBTPOM Ha3bIBAETCA yCTPOMCTBO, MpeAHAa3HAYEHHOE sl YMEHBLICHUS TIEpEeMEHHON
COCTABJISIIONIEH BBIIPAMIIEHHOTO HAMIPSHKEHUS. MOKHO PETYJIMPOBATh 3HAYCHUS BHIXOJHBIX HANPSDKEHUI.

R

Ynpaensembim Ha3pIBaeTCS TaKOW BBIIPSIMHUTENb, Y KOTOPOTO NMPH HEM3MEHHOM BXOMHOM U, MOXHO
perynupoBath U, 3a cueT M3MEHEHHs BpPEeMEHH NPOXOXKIEHHS TOKa yepe3 BeHTHIb. Ha puc.17.10.
n300pakeHa cxeMa YIIpaBIIIeMOTO BBITIPSIMHUTENS HA THPUCTOPAX — a U JHarpaMMbl HaIlpsDKEHUS — 0.
[IpuHIMIT AEWCTBUS YIPABISEMBIX BBIIPSIMHUTENICH OTIMYAETCS OT HEYNPABISIEMBIX TOJIBKO TEM, YTO
nepexiroueHue (a3 BRIIPSIMUTENS MIPOUCXOAUT HE B MOMEHT paBeHcTBa (azHeix JJIC, a mo3ke Ha yroi
3arma3/IbIBaHus «.
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Ha pwuc. mpencraBneH ympaBisieMbId BBHIIPSMUTENb, COOpaHHBIA MO ABYXIOIYHNEPHUOMHON cXeme ¢
BBIBOJIOM CpeAHEW TOYKHM TpaHcopmaropa. B cxemy BiiItoueHBI THPHUCTOpHI /[ u /[2, MOMEHTHI HX
OTKpBIBAHUS ONPEAETAIOTCS MOMEHTOM I0Jadl Ha YNPaBISIOMIKME 3JIEKTPOABI IMOJIOKUTEIBHBIX
YIPABJIAIOUIMX UMITYJIbCOB HAIPSKEHHUS Uy, UK Uy, ECTIM UMITyTIbC 1, TTIO1aH Ha TUPUCTOp /[/ B MOMEHT
t;, TO OH OTKpOETCS € 3aJIepIKKOM BO BpEMEHH OTHOCUTEIbHO MOMeHTa t = 0, To ecTh co ciBUTOM 110 (haze
Ha yroi o = @t. YT0a ¢, BRIPQXXEHHBIA B AIIEKTPUUECKUX TPaycax, HA3bIBACTCS V2loM YNpPAGIeHUs.
Vhpapnsionye UMIYIbChl U, W U,, HMEIOT MEPHOJA CIEAOBAHUs, DPaBHBII IepUOIy
BEITIPSMIICHHOTO HANpsOKEHHWS. YTOI « MOXHO MEHATh B IMUPOKHX TpeAenax. B ympaBiseMbix
BBIIPSAMUTENAX I[0Jlada MOJOKUTENbHBIX YIPABISAIOMIMX HMITYJbCOB Ha VYIPABISAIONIME 3JIEKTPOIBI
TUPHUCTOpPA OCYIIECTBISETCS MPU TMOMOIIM CHUCTEM yIpaBieHus. s 4eTKoro MOMEHTa BKJIIOYEHHUS
THPHUCTOPOB YIPABISAIOIINE UMITYIBCHI JOJDKHBI UIMETh KpyToi nepeaanii ¢ppoHT (puc.17.10,0).

Tema 7.4. YcuiauTen 3JIeKTPHYECKUX CUTHAJIOB. Y CHJIMTEH HA OMIOJSIPHBIX TPAH3MCTOPax

Ycunumenamu Ha3bIBAIOTCSl YCTPOICTBA, NMpEJHA3HAUCHHBIC AJISI YCUJICHUs CIa0bIX 3JIEKTPOCUTHAIOB C
YCIOBHEM COXpaHeHHs HUX (OpPMBI, 3a CUeT ONOJIHWUTENIFHOIO MCTOYHMKA 3HEPrUH, IHUTAIOIIETO
YCHIIUTED.

Takue ycTpoiicTBa HEOOXOAMMBI B CX€MaX aBTOMATHYECKOTO YNPaBICHHS, B M3MEPHUTEIBHON TEXHHUKE,
TeJIeMexXaHHuKe, paguoTexHuke. [Ipubopamu, ympapisiOUIMIMH MOITHOCTBIO BHYTPHU YCHIJIMTENS, MOTYT
OBITH TPAH3UCTOPHl MJIM DBJICKTPOHHBIE JIAMIIBI, B COOTBETCTBHMHM C 4YEM OJJIEKTPOHHBIE YCHUIIUTEIH
MOAPA3AEIAIOTCS Ha MOJIyIIPOBOJHUKOBBIE U JIAMIIOBBIE.

CBoiicTBa yCHIINTENST XapaKTEPU3YIOTCS, MPEX/IE BCEro, KOXPPUINEHTAMH YCHICHHS 10 HAIPSHKEHHUIO,
TOKY, MOIITHOCTH:

K. = U BbIX = K = BbIX
u - 1 [ 1
U 6x 6x
K. = Psbzx _ 6bIX ~ 6bIX K K
P P - U I - Rure

ox ox | ax
B GonpmmHCTBE ciiyyaeB yCUJICHHS CUTHAIIA, 1aBa€MO€ OJJHUM TPaH3UCTOPOM WJIH JIAMIION, OKa3bIBAETCS
HEJIOCTATOYHBIM, IT03TOMY HCIIONB3YIOT HECKOJIbKO CTYIEHEH YCHIICHUS, Ha3bIBACMBIX KacKaJaMu.
Koaddunmentsl ycuneHuss MHOTOKACKaJHBIX YCWINTENEH paBHBI MPOU3BEICHUIO KOA(POHUIIMEHTOB
YCUJICHUS OT/AEIBHBIX KacKaoB, T.€.
K, =K K, Ky

OcHOBHBIE CBS3M MEXIy KackagaMd B  TPAH3UCTOPHBIX  YCHIIMTENSIX: €MKOCTHasd,
TpaHchopmaTopHasi, raibBaHn4ecKast (depe3 pe3uctop R).
Hepenxo B ycuimTeNnsx 4acTh BBIXOJHOTO HAIPSKCHUS WM TOKa IMOJAIOT 4Yepe3 KaKyr-ITHOO IIelb
o0paTHO Ha BXxoxa ycunureis. [loatoMy obpammoii c653bi0 B TEXHUKE NPUHITO Ha3bIBAaTh BO3JEHCTBUE
BBIXOJHOHM BEIWYHMHBI YCTPOUCTBA Ha ee BXOX. IIpn 3ToM KOA(QPHULIMEHT yCUIIEHHSI MOXKET CTaTh OOJIblIe
WM MEHbIIIE, YeM 0e3 o0paTHoit cBs3u. ClieayeT pa3indarh 00OpaTHYIO CBSA3b OTPHUIIATEIBHYIO, €CIIH OHA
HanpaBJieHa MPOTHUB BXOJHOW BENWYMHBI, B MPOTHBHOM CIy4ae OHa MOJOXHUTENbHA. B 3IEKTPOHHBIX
YCUJIMTENAX oOpaTHasl CBsA3b NMPUMEHSETCS AJIS MOJABICHUS HCKAaXEHUH (OpMBI KpUBOW CHTHaja MpH
YCUJICHHH, JUIS yBeIWYeHHS KOd(hQUIMCHTa yCHICHMs, Hanpumep, Ha puc.17.11 wn3zo0paxkeHa
CTPYKTYpHasl cXeMa YCHIIMTENsl ¢ oOpaTHOW CBS3bIO MO HamnpshkeHuto. OOpaTHasi CBSI3b TAKKE MOXKET

OBITH TIO TOKY.
‘U’
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Yeuaurenan Ha OUMOJISIPHBIX TPAH3UCTOPAX

TpaH3uCTOpHBIE YCHIIUTEIH BKIIFOYAIOTCS 110 TPEM OCHOBHBIM CXE€MaM B 3aBUCHMOCTH OT BBIOOpa 00IIEero
JNIEKTPOJA YCWINTENBHOIO KacKana, T.€. 3JIEKTPOAd, BXOIAIIEIO OJHOBPEMEHHO BO BXOAHYIO H
BBIXOJHYIO TenH ycunutens. OOmuiA 2IeKTPo OOBITHO 3a3eMIISIeTCA.

CxemBbl ycwiuTelleli Ha TpaH3UCTOpax OBIBAIOT: ¢ oOIIel 0a30i, ¢ OOIIMM KOJUIGKTOPOM U C OOIIUM
smurTepoM. Cxema ¢ OOLIMM 3MUTTEPOM HPEANOYTUTEIbHEE APYTUX CXEM INpH OOJbIIEM YCHUICHUHU
MOIITHOCTH U ToKa (puc.17.12).

Ha puc.17.13 mpeacraBieHbl ceMEMCTBO BBIXOIHBIX XapaKTEPUCTHK TPAH3UCTOPA C HATPY30UHOM
IpSIMOM.

TexHuuecKH BBINOJHO IMOIY4aTh IIOCTOSIHHBIH TOK 0as3bl OT HMCTOYHHMKA KOJIJIEKTOPHOIO
HanpsDKEHUSI, T.€. MCIIOIb30BaTh JIMIIb OJWH UCTOYHUK nuTanus. Ha puc.17.12 nokasana mpocrasi cxema
C ISTUTEISIMU HanpsbkeHus Ry, u Ry, Tie yepes R,; momaercs Tok Ha 0a3y TpaH3UCTOpa.

Pabora cxembl cTaHOBHUTCS MOHATHOM MPHU PACCMOTPEHUH CEMENUCTBA KPUBBIX, Il COIJIACHO YPaBHEHUIO
U., =U - I,R.. 3rauenne U,, npu paznuyHpix |y HaXOAATCS MPH MOMOIIH HATPY309HOUW MPAMOH, KOTOpas
nepeceKkaeT ceMeHCTBO XapaKTePUCTHK.

[Tyrem 3amanus onpeaeneHHOro Toka 0a3bl |; mpu momomn pesuctopa R,; hukcupyercs pabodast Touka A4
Ha Harpy304HOW NpsSMON — TOYKA MEPECEYEHUs] ITOU MPSMOH C COOTBETCTBYIOLIEH XapaKTEPHUCTUKOU
ToKa 0a3bl. Pabovas ToUKa ompenenseT TOK KOJUIEKTOpa U HAlpsHKEHUE Ha YYaCTKe KOJJIEKTOP-IMUTTEP.
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YcunuBaeMblil CUTHAN TIOJaeTca Ha BXOJ, T.€. uepe3 KoHjaeHcatop C; Ha 6a3y. KonmeHcatop HyxeH Ais
pazjierneHust merneil nuTaHus u curHana. CuH(ba3HO ¢ TIepeMEHHBIM HamnpspkeHueM curHama Uy
M3MEHSIeTCS TOK 0a3bl, a CleAO0BaTeNbHO, M MOJOKEHHE padouyell TOUKM Ha HArpy30YHOH MpPSIMOii
(manpumep, Mexny Ay U A,). C nomimpio npoekiui yyactka 4; - 4, Ha och abcuucc U OCh OpPAUHAT
ONPEAEISIOT YCUJIEHHOE NEPEMEHHOE HANpSHKEHWE M YCWIICHHBIM TepeMeHHbId Tok. llepeMenHoe
HanpsyKEeHUE MOCTyNaeT Ha BBIXOAHBIE BBIBOJBI depe3 KoHJeHcatop C,. B Touke B HacTymaeT pexuMm
HachlLeHnsd, a B Touke C — pexXuM OTCeuku (3amupanue) TpaHsucropa. [lostomy pabGouast Touka He
JIOJKHA 3aXOUTH B 3TH 00JIaCTH, WHAYE TIOJIYYaeTCs yCUJICHUE C CHIIbHBIMU MCKa)KEHUSIMHU.

IIpu mr06om crocobe BKITIOUEHHUS TPAH3UCTOPHOTO YCHIIMTENS BO3HUKAET OOpaTHAsi CBSI3b Uepe3 BETBb
001I1ero 3IeKTPoa.

Haznauenue emxoctu C,, myHTUpyomeil R, — IpomyckaTs NepeMeHHYI0 COCTABIIIIOLLYI0 SMUTTEPHOIO
TOKa [IOMHUMO COIIPOTUBJIEHUS R,.

Tema 7.5. UmnynbcHas u nudpoBasi TeXHMKA

HNmnyabcHbIe yeTpoiicTBa 3TO AUCKPeTHBIE YCTPOIiCTBA.
MHorue paguoTeXHUYECKHE YCTPOUCTBa paboTalOT B MPEPHIBUCTOM (MMITyJILCHOM) PEXUME. DIIEMEHTHI
3TUX YCTPONCTB U MPOXOSIIUE B HUX POLECCHI COCTABIIAIOT COAEPKAHUE UMITYJIbCHOM TEXHUKHU.
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NMiynbcHas TEXHHWKA COCTaBIsIeT 0a3y paJHOJIOKAIlM M TENEBHICHUS, MPUMEHSIETCS B aBTOMAaTHKE,
BBIYMCIIUTEIHHON TEXHUKE, MHOTOKAaHAIBHON PafliOCBs3H, PAANOU3MEPEHUSAX H T.1I.

Hcnonb3oBaHue METOJ0B UMITYJIBCHOH (JMCKPETHOM) TEXHUKHU MO3BOJISIET pelaTh OOJBIIONW KpPyT 3a1ad,
COBEpPILIEHCTBOBATh CIOCOOBI KOHTPOJISI M TEXHOJIOTHIO TMPOM3BOACTBA CAMBIX Pa3iIMYHBIX OTpaciiei
MIPOMBIIIUIEHHOCTH.

K uMITyT5CHBIM (IUCKPETHBIM) YCTPOWCTBAM OTHOCSTCS:

MMITYJICHBIC YCHIIUTENH, CBSI3aHHBIE C aBTOMATHKOH (BeimonHstoTes Ha [1I1 mpubopax);
MyJBTUBHOpDATOpPHl ~ —  pENaKCAlMOHHBIE  TEHEpaTopbl,  BHIPA0ATHIBAIONINE  AJIEKTPHUYECKHE
HerapMOHMYeCKHe KojeOaHus Oim3Kkre 1o hopMe K IPSIMOYTOIBHBIM;

TPUITEPBI — YCTPONCTBA, UMEIOIIUE OJHO WM JBa YCTOMYMBBIX COCTOSIHUM. M3 3TUX COCTOSIHUE TpUTTEp
BBIBOJMTCS BHEIIHUM 3aIlyCKAIOIINM CUTHAJIOM (MHOT/Ia TPUITEPHI Ha3bIBAIOT CITyCKOBBIM YCTPOHCTBOM);
OJIOKMHT-TEHEpAaTOPhl — ATO PeTaKCAIlMOHHBIE TE€HEpaTOPHl HErapMOHWYECKHX KOJICOaHW C CHIBHOU
WHIyKTHBHOW 00paTHOH CBS3BIO;

JIMHEWHbIe YCTpOoicTBa MpeoOpa3oBaHMsI UMITYJIbCOB;

HEJIMHEHHBIC YCTPONHCTBA HMITYJIHCOB - KIFOYEBBIE CXEMBI WITH TIPOIIE KITFOYH.

IlapamMeTpshl U XapaKTePUCTHKU UMIYJIbCHBIX CHTHAJIOB

[Tog uMIynTECOM MOHMUMAETCS KPaTKOBPEMEHHBIC OTKIOHEHHE HANPSHKCHUS WM TOKa OT HEKOTOPOro
MOCTOSTHHOTO YPOBHS, B YaCTHOCTH OT HYJIEBOTO.

Wmnynecsl  MOTYT  OBITB:  NIPSMOYTOJIBHBIE,  TPEYTOJBHBIE, MPSIMOYTOJNBHBIE  JBYIOJISPHBIE,
TpamnenenaabHble, SKCroHeHnuanbHeie. CyliecTByeT JBa BHIA HWMITYJILCOB: BHICOUMITYJIBCHl —
KpaTkoBpeMeHHOe m3MeHeHrne U u | B 1emsx MOCTOSIHHOTO TOKa; PaJluOUMITYJIECHl — KPaTKOBPEMEHHOE
H3MEHCHUS CHHYCOMIAIbHBIX U U .

PaznuyaroT MMIyIbCHl TOJOKUTENBHOM W OTPHLATEIBHON MOJSPHOCTH, a TaKXke JABYXCTOPOHHHE
(pazHomoMNsIpHBIE) UMITYJIBCEH. B UMITynbCHOM TexHHMKEe Hauboliee Y4acTo MCIMOIB3yeTCs MPSMOYTOIbHEIC
umMnynaschl. Ha puc.18.1 m300paxkeHpl: a) — MPSMOYTONBHBIE HMITYJIBCHI M 0) — TPSIMOYTOJIBHBIC
JIBYTIOJISIPHBIE.

Ha puc.18.1,a m300pakeH peaslbHBIA TPSIMOYTONBHBIA UMIYyJbC M HA HEM IIOKA3aHbBI: JIUTEIHLHOCTD
MMITyJIbCa 1, — 5TO BpeMsi MPOXOXKJICHHS MMITyIbca (C, MC, MKC, HC — HaHoc = 107°c); ammiuTyma —
Haubonpmee 3HaueHue U, wm |,; may3a — Bpems may3ssl l,; mepuoJi MOBTOPEHHsS] UMITyIbCOB — T, C;

BenMunHa oopartHas nepuony //T = f, 'l Ha3pIBaeTCsl 4aCTOTON MMOBTOPESHUSI UMITYJIbCOB.
1

< I

IMox (poHTOM MOHMMAIOT OOKOBYHO CTOPOHY HMMITyJabca. PasznuyaroT mepeaHuid W 3aaHUN (POHTHI
3ajHUil HA3BIBAIOT CHAJOM WK Cpe3oM. JITUTeNbHOCTh mepenHero (poHTa ONpenenseT Bpems
HapacTaHWs MMITylbca f, , a JIHTENbHOCTH 3agHero (poHTa - Bpems cmajga uMmyinbca t.. KpyrusHa
¢ponTa (cpesa), B/c — 310 oTHOMIEHUE

s _Us
tfi’
MomutHocTs B uMiynbce, BT:
p W
tu
KoadduiueHT 3amnonHeHus:
t T -t
=t=—>2<]
T T

Bemnunna 06paTHa51 KO3(1)(1)I/II_[I/ICHTy 3aIOJIHCHUA HAa3bIBACTCSA CKBA)KHOCTHIO UMITYJILCOB:

=1=I>L

vy ot
CpeI[H}I}I MOIITHOCTh UMITYJIbCA - 9TO DHEPTHUS W, BeIEJIEHHAS B LIEIH 3a epuos clieq0BaHus, OTHECEHHAA
K JJINTCIIBHOCTHU nepuo;[a TI
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T.€. CPEIHSS MOIIHOCTH B (] pa3 MEHBIIIE MOIIIHOCTH B MMITYJIbCE.

TpaH3uCTOPHBIN KJIIOY

OnHUM U3 OCHOBHBIX 3JIEMEHTOB UMITYJIbCHOU U ITU(POBOM TEXHUKH SIBIISICTCS KIIFOUEBOE YCTPOUCTBO.
KirtoueBoe ycTpoicTBO (KIIOYM) CIy>KaT mjIs KOMMyTanud (TIEpeKIIOYeHrs) Ienel Harpy3kd MOoJ
BO3II€I710TBPICM BHCHIHUX YIIPABJIAONIUX CUTHAJIOB. Karoun BXOIAT B KAQUECTBC OTACJIBHBIX DJICMCHTOB B
COCTaB CJIOKHBIX YCTPOWCTB - TPUITEPOB, MYJIbTHBHOpAaTOpoB U T.a. Cxema Kitoya Ha OWUIOISPHOM
TpaH3ucTope N-pP-n tuma n3odpakeHa Ha puc.18.2.

B pexume orceuxu (ko 3akpeit) I =0, I, = 1, U, # E,, puc.17.13, Touka C.

B pexumMe HachieHUs (KIFOY OTKPBIT) TP TTOJIOKUTEIBHOM MoTeHIuane 6a3pl, Touka B .
TpaH3UCTOPHBIN KIFOY MOXKET HaXOJUTCS B OJTHOM W3 JBYX COCTOSIHWH: BBIKIFOYEHO, KOT/Ia TPAH3HUCTOP
3aKpBIT U KII0Y Pa30MKHYT, U BKJIFOYEHO, KOT/Ia TPAH3UCTOP OTKPHIT U KITIOY 3aMKHYT.

Jns ananuza pa®oThl Kifoua Ha CEMEHCTBO BBIXOJHBIX XapaKTEPUCTHK HAHOCST HArpy304HYIO IPSAMYIO,
COOTBETCTBYIOIIYIO ONPEEIEHHOMY CONPOTHBIIEHUIO PE3UCTOpa Rk M TepeceKaromlylo KOOpJAHHATHBIC
ocu B Toukax E, u E, / R,, puc.17.13.

[Ipu u3meneHun 06a30BOrO TOKa i; paboyas TOYKa, MEpeMENIaeTCs BIOJIb ATOH HPSAMOii, ompeaenss B
KK MOMEHT BPEMEHH KOJUIEKTOPHEIN TOK |, HampsbkeHne U,, MeXIy KOJJIEKTOPOM — SMUTTEPOM
U pexXuM pabOTHl TPaH3UCTOPA.

Tpurrepsl

3arnmoMuHarOIMKe JIEMEHTHI - TPUITEPHI C IBYMSI YCTOHYHUBBIMHU COCTOSHUSIMHU.

Tpurrep — 3JM€KTpOHHasl cXeMma, UMeEIollasl J1Ba YyCTOMUUBBIX CTALlMOHAPHBIX COCTOSHUS; MEPEXOAbl U3
OJTHOTO COCTOSIHHUS B IPYro€ M 0OpaTHO COBEPIAETCS MO JEHCTBHEM 3aITyCKAIOIINX UMITYJIbCOB.

Ha puc.18.3 u3o0paxkeHpurrep — 3IEMEHT C JIBYMsI YCTOHYMBBIMU COCTOSIHUSIMU: a) — 0003HaueHue; 0) —
cXeMa; B) — pas3jeibHblE BXOABl C TaJbBAaHWYECKOH CBA3bIO; T') — pabouas XapaKTEpUCTHKA.
3arnoMuHarOmMe 3BEHbS MOTYT OBITH M3TOTOBJICHBI B BuAE TpUrrepoB. CxemMa COCTOUT U3 IBYX
OJIMHAKOBBIX TPAaH3UCTOPHBIX KacKaJioB, paboTarommx B pexuMme nepekimoueHus. O6a kackanga
COEIIMHEHBI MEXIly cO00H uepe3 pe3ucTopel R; u R, Tak, yTo 6a3a oHOTO TpaH3UCTOpa BO3OYKIaeTcs
MOTEHIIMAJIOM KOJUIEKTOPA APYroro TpaH3UCTOpa 3amepT — 3aKpPbIT, HAXOAUTCS B peXUMe OoTceukd. Torna
6aza 7, mpucoemuHuTca yepe3 R, m R; K TMOJIOXHUTENTPHOMY TOJIOCY HMCTOYHHKA W TpaH3ucTop 1,
OTIHpaeTcs — OTKPBIBAETCS, HAXOAUTCS B pexkuMe HachimeHus. Komaextop 7, oka3pIBaeTcs MOA HU3KUM
OCTaTOYHBIM HampspkeHueM Uy, o, KOoTOpoe uepe3 Rz, Rs obecneunBaer 3anupanue 7;. 9T0 cTabMIbHOE
cocrosnue (7; — 3amupaHue — OTceYKa, 1, — OTNUpPAHHE — PEXKUM HACHILICHHUS) aBTOMATHUYECKH
COXpaHseTcs py Hammune curHaia 1 Ha Beixone ¥, u curHana 0 Ha BeIxone V5.

Bo3MOKHBIM U Takke CTaOMIIBHBIM SIBIISIETCSI U 00pPaTHOE COCTOSIHUE, T.K. cXeMa cuMMmeTpuyHa. [losTomy
cxeMa UMeeT Ha3BaHue "'C IByMsl yCTOMYUBBIMH COCTOSTHUSIMU' .

Tpurrep MoXeT mepekitouaTcs MPH TOMOIIM CHTHAja, IMojaBaeMoro Ha 6a3y Tpansucropa. Ilycts T
3amnepT, a 1, He 3anept. Eciau noxats Ha Bxoa X, OTpUIIaTEIbHbIN CUTHAIN, TO T3 3alMPaETCsl, €r0 BHICOKUI
NOTEHIHAN KoJJieKTopa oTkpoeT 73. HesHaunrtenbHoe octaTouHoe HampsbkeHue 1) dyepe3 R, moctymaer
Ha 0azy 75, T, ocTaercs 3amepThIM HM3-3a OTPUIATEIFHOTO HANPSKEHUS cMelleHns (TI0JjaBaeMoro 4epes
pesuctop Rg), naxe eciau Ha BXoI X, y’Ke HE MOAACTCs HUKAKOTO OTPHUIIATEILHOTO CHTHAA.
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JIByXCTOpDOHHSISI CBSI3b YCHJIMBAET IPOLIECC MEPEeKII0UeHus, BO30yKIaeMblii M3BHE, TaK YTO TPHUITEP
oueHb ObIcTpo "ompokuasiBaeTcs' B Apyroe coctosHue. Konmencaropel C; n C, YCKOPSAIOT MPOIECC
onpokuapiBanus. B crabunbnom coctosiHum C; u C, He BBIIONHSAIOT HUKAKOH (QyHKINH.

OtpunarensHoe HapsbKEHUE HAa BXOAE X1 MOXKET MEPEKIIIOUNUTh CXEMY B UCXOTHOE COCTOSTHHE.
HemocpenctBenHoe ympasieHue depe3 BXOAbl X; 1 X; HEBO3MOXKHO, T.K. JaK€ B T€ WHTEPBAJIbl BpEMEHH,
KOTZla YHPaBISIONINX HMMITYJIECOB HET, BO3MOXKHO Bo3jelicTBhHe momex. Ecimm Obl HampsoKeHHE B 3TH
MHTEpBaJIbl BpeMEHH OBbLIO paBHO HYJIO, TO 00a TpaH3uCcTopa ObUTH OBl 3alePTHI, a MPH MOJIOKUTEIHHOM
HANPSHKEHUH - OTHEPTHL.

Mudposbie cxeMbl

3HavyeHue aBTOMaTU3aluKu OrpoMHO. OHa OCBOOOXKIACT yeloBeKa OT (pu3MyYeckodl M OAHOOOpasHOM
YMCTBEHHOH pabOThl H MO3BOJSIET €My 3aHUMAaThCsi TBOPYECKHMM TPYZOM. BbimonHeHune
aBTOMATHU3UPOBAHHBIX MPOTPaMM YIIPABIEHHUS CBA3aHO C M3MEPEHUSMH W BBIYHCIUTENHHBIMUA Olepa-
UM,

VYnpasieHue — 3TO TPOILECC, MPU KOTOPOM OJJHA HIIM HECKOJIBKO BEIMYMH B KAaueCTBE BXOIHBIX
OTpesieNiieT Ha OCHOBE 3a/laHHBIX 3aKOHOMEPHOCTEH BBIXOAHBIE BENWYWHBL. lIpm aBTOMaTHYeCKOM
VIpaBIeHUH BCE MPOIECCH MPOUCXOAAT 0e3 ydacTHs YellOBEeKa, JaKe €CId TMepBOHAYAIbHBIN CHTHAI
MOCHIJIAETCS] BPYUYHYIO.

[Tpu TakoM THIE yIpaBIeHHs MPUXOAUTCSI YacTO MPUHUMAThH JIOTHYecKue perrenus. Llemecoodpazno npu
3TOM HCIIONB30BaTh IMUQPPOBEIE AaHHBIE. OYEeHbh MPOCTO MOXHO TEXHHUYECKH DPEaJH30BaTh IBOCUHBIC
yncina. O6e nBoeunbie muppsl 0 u 1 MOTYT HageKHO XapaKTepu30BaTh JBa (UIUUECKUX COCTOSHUS
00BbEKTa, 4YTO JIETKO OCYHNIECTBUTH INPH TIOMOLIM 3JEKTPOMEXAHMUYECKHX WM  DIIEKTPOHHBIX
nepexmoyaTenei (cM. Tadi. 1).

Tabnuna 1

JBonuHas mudpa 0 1
KOHTaKTHOE peJie Pa30OMKHYT 3aMKHYT
TPaH3HCTOP HE ITPOBOAUT MPOBOJIUT
HaIpsHKeHUE MaJioe (IOYTH HYJIEBOE) BBICOKOE
TOK MaJblif (I0YTH HyJeBOil) GopIIoN
COTIPOTHBIICHHE HU3K0E BBICOKOE

B cxemax YIpaBJICHUA MCIIOJIB3YCTCA IMOCJICA0BATCIILHBIC, MMapalJICJIbHBIC MWW II0CICA0BATCIILHO-
napauiCJIbHbIC COCANHCHUS KOHTAKTOB:

N T

C yBenuuYeHWEM 4YKcia KOHTAaKTOB IS MONTYYEHHUs HECKOJBKUX BBIXOJHBIX CHUTHAJIOB NPHU 3aJaHHBIX
BXOJHBIX CHTHajJax 3aTpyAHsETcS NpOoIecC BHIOOpa YNPaBISIOMMX cXeM. KpeanbHyo mOMOIIH
OKa3bIBaeT MPH STOM anredpa JIoruku (anredpa nepexitroueHuii). OHa SBISETCS BETBBIO MaTeMaTUIeCKOM
JIOTUKU U UCIOJB3YETCA YTBEPKACHUAMHU "MCTUHHO" M "IMOXKHO". DTH MOHATHS TOXE MOXHO BBIPAa3HUTh
yepes /IBa COCTOSTHUA NepeKiIoueHus (cM. Tad..2).

AnreOpa JIOTUKH OTHCBHIBAET JIMIIb (QYHKIUIO CXEMbI, a HE e¢ TEeXHHUYECKYI0 peanm3anuio. [1ockonbky
3]1eCh JIOTHKa CHMBOJIOB IPUMEHSETCS NIPH PELICHUH Npo0JIeM MepeKIIOYeHNs], CXeMBbI, padoTa KOTOPBIX
MOJKET OBITh ONKCAaHa IPY TOMOIIHN aNreOphl JIOTUKH, HA3bIBAIOTCS TAKXKe JOTMYECKUMH cXxeMaMu. Beioop
MIPaBUIBHOM U3 JIBYX BO3MOXKHOCTEH OCYIECTBIISETCS MPU ITOMOIIN JIBYX3HAYHOU JIOTUKU. JIByX3HauHas

JIOTHKA TIOPOXKE MHOTO3HaYHOM JIOTHKH, HO BBIpa3HUTEIbHEE.
Tabnuna 2.

JBonunas uudpa 0 1

KonTakr Pa3oMkHyT 3aMKHYT

Jlormueckoe yTBepKAeHNE JloxHo HctunHO

Pemenue Her Ha

OcHoBOW yCTpOHCTB LU(PpPOBOH 00paOOTKM WHGPOPMALUK: BBIYUCIUTEIBHBIX MAaIlWH, HU(PPOBBIX
MU3MEPUTENBHBIX MPUOOPOB M YCTPOMCTB aBTOMAaTHKH — SIBISIIOTCSI JIOTHYECKHE DJIEMEHTBI BMECTE C
3a[IOMHHAIOIINMHI YCTPOHCTBAMHU.

Jlorudeckue 3JIeMEHTHI BBIIMOHSIOT IPOCTEHIIINE JIOTHYECKUE OIepallii Hal IIU(PpoBoi nHGOpMAIIHEH, a
3aIIOMUHAIOIINE IEMEHTHI CITYKaT [T €€ XpaHEeHHsI.
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Muxponpoyeccop — 310 Oonblmas wHTeTpanbHas (menpHas, eauHas) cxema (bUC), peammsyromas
jJorudeckne (Mepeximoyaroniie) u apudmerndeckne omnepanud, QYHKOAA KOTOPOH 3aJaHHBI
MPOrPaMMHBIM ITyTEM.

Muxkporpoliieccop YHUBEPCAICH B TOM CMBICIE, YTO 3aMEHIET MHOXECTBO crenuannzupoBadisix bUC,
KOTOPBIE OPUEHTUPOBAHBI HA CTPOTO ONPEACICHHBIN U OTPaHUYEHHBIA KPYT OIEpaLui.

CHavana TepBBIE WHTETpPAbHBIE CXEMBl OBLIM TEpPEeKITIOYaoIUMU cxemaMu. [Ipu wmcmonb30BaHuN
WHTETPAILHBIX CXEM NPUMEHSIACh JUOAHO-TpaH3ucTopHas Jsoruka (JTJI), TpaH3uCTOpHBINA KIIFOY,
Tpurrep M T.A. M3 3T0# NOTHKH CHOPMHUPOBAIOCH OYECHD PACIIPOCTPAHEHHOE B HAIle BPEMsI CEMEHCTBO
JIOTHYECKHUX CXEM, Ha3bIBaeMOe TPaH3UCTOpHO-TpaH3ucTopHas jgoruka (TTJI).

XapaktepubiM it TTJI sBasercs HanuuuMe Ha BXOJIE CXEMBI MHOTO3MUTTEPHOIO TPaH3UCTOPA.
OCHOBHBIM KOHCTPYKTHUBHBIM 3JICMEHTOM siBJIsieTcs cxema HE-U.

WHTEeTrpanbHble MEKPOCXEMBI ITOCTABIISIOTCS B CTAaHAAPTHHIX (YHU(HIIMPOBAHHBIX) Kopmycax. Umcio
pa3MeInaeMbIX CXeM OTPaHMYUBACTCS HE 00BEMOM, a HaJIMYMeM JHIlb 14 BBIBOJOB Ha Koxyxe. Cymma
BXOJOB M BBIXOAOB C Y4YE€TOM [ABYX MNUTAOOIUX IIPOBOJOB C pa60‘II/IM HaIrpsOKEHUEM HE JIOJDKHA
MpeBHIIaTh Yrcio 14. DTo 00ycinaBIMBaeT CTaHJApTHBIE KOMOMHAIIMY JIOTHYECKUX CXEM C Pa3IMIHBIM
YHUCIIOM BXOJIOB B OJTHOM KOXKyXe

4.3. JlabopaTopHble padoThI

Buo
3anamus 6
N Homep ) Obven unmepaxmusvuoﬁ,
i pasoena Haumenosanue nabopamopuoii pabomaul (wac.) aKmMueHoll,
OUCUUNTIUHBL UHHOBAUUOHHOU
dpopmax,
(uac.)
1 1. ITaccruBHBIE 2IIEMEHTHI 3JIEKTPUYECKUX LIETIEH 1 (1 gac)
Nsyuenue ycTpoiicTtBa
JJIEMEHTOB
2 1 AKTHBHBIE 3JIEMEHTHI SJIEKTPUUECKHX IeTel 1 -
3 1. HccenenoBanue JMHEHHBIX DIEKTPUUYECKHUX LENER 3 -
MOCTOSIHHOT'O TOKa
4 1. HccnenoBaHne  aMIUIMTYAHBIX W (a30BbIX 5 -
COOTHOIIIeHHH B nocienoBarensHol RLC- nenu
5 1. HccnenoBanue pexxuMoOB paboOThl  TpexdazHoi 4 (3 gaca)
ANIEKTPUYECKOH 1IeTTN CHHYCOMAAIBHOTO TOKa IpU Paccmotpenue
coeZlMHEeHNH (a3 IPUEMHHUKA 110 CXEME «3BE3/1a PEXKUMOB PabOTHI Ha
TUIaKaTax
6 2. Hccnenoranue ogHodasHoro Tpanchopmaropa 4 (3 gaca)
(0T) Pa36op makera OT
7 3 HccnenoBanue reHepaTopa MOCTOSIHHOTO TOKa 4 -
8 4, Hccnenopanme  Tpexda3HOTO  aCHHXPOHHOTO 4 -
JIBUTATENIS] ¢ KOPOTKO3aMKHYTBIM POTOPOM
9 7. HccnenoBanne BOIbT-aMIIEPHBIX XapaKTEPUCTHK 4 (3 gaca)
MOJIYTPOBOJTHUKOBBIX JINOJIOB Nzydenne ycrpoiicTsa
MOJTYIPOBOHUKOBBIX
npubopoB
10 7. MastoMoIHbIH 0gHO(A3HBIA BEIIPSIMHUTEIb 4 -
HUTOro 34 10

4.4. CemuHapbl/ NIpaKTHYECKHE 3aHATUSA
Y4eOHBIM IIIaHOM HE MPEAYCMOTPEHO
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4.5. KoHTpo/1bHbIE MEPONIPUATHS.

Konrtponbaass padora Nel Amamn3 u pacder IWHEHHBIX DSJICKTPUICCKUX IIENEH IMOCTOSHHOTO M
TIEPEMEHHOTO TOKa

Lens: 3akperuieHHe OOyYarOIIMMKCS OCHOBHBIX pa3/ielioB Kypca, a TakKe NpOBEpKa CTEeleHH
YCBOGHUS TEOPETHYECKOTO MaTeprana JUCIUIIIINHBI

Crpykrypa: KoHTposnbHas pabora 10/DKHA OBITh BBHIIOJIHEHA B BHIE PAacCUETHO-TIOSICHUTEIBHOMN
3aIMCKH U YepTeXell INMEKTPUUECKHUX CXEM COTTIaCHO 33JaHHIO.

OcHoBHast TemaTuka: JIMHEHHbIE 53JEKTPUUYECKHE ILIENU IPEACTABISIIOT COO0M COBOKYIHOCTb
YCTPOMCTB, MpelHAa3HAuYCHHBIX [UId TEHepaluy, Iepefadd, NpeoOpa3oBaHusl U IMOTpeOIeHus
aNeKTpuyecKoi sHeprun. [lpucTymas kK peleHuro 3aJaun aHajdu3a dIeKTPHYECKHUX ILereil, Heo0X0IuMO
UMETh MPEICTABICHUS O BHEITHUX XapaKTEPUCTHKAX M PEKUMax paOOThl TEHEPUPYIOIINX U MPUEMHBIX
YCTPOMCTB, a Takke 00 MX YCIOBHBIX Ipa)MYecKUX M CHUMBOJBHBIX 00O3HaueHHsX. Crexyer 3HATh
OCHOBHBIE 3aKOHBI U CBOMCTBA JIMHEHHBIX AIEKTPUUECKUX LEIIEH.

[MpeamonaraeTcs, 4To 3a/a4M, BHIIOJIHEHHBIE HA 3Ty TEMY, TIO3BOJIST MPHOOPECTH HABBIKM aHATN3a
JIMHEHHBIX ANEKTPUYECKHUX LEneH.

PexoMeHayembIii 00beM: 5-7 cTpaHHUIl PYKOITUCHOTO TEKCTa MITH TEKCTOBOI YacTH BEHITIOJTHEHHON Ha
kommbiorepe B opmare ODF (I'OCT P MCO/ MDOK 2630 — 2010) , mmubo B dopmare MSOffise
2003,2007,2010

Konrtponbnast padora Ne2. Pacyer MOIIHOCTH M BBIOOD THIA SJIEKTPUYECKOTO JBHTATENS JUIS
npuBoJia pabouero MexaHu3ma

Lens: TlomyunTh HaBBIKH pacdeTa MOIIHOCTH BJIEKTPOABUTATENs Ui OOECIeYeHUs] BBICOKOM
MIPOU3BOAUTEIHHOCTH, HAJEKHOCTH M TOYHOCTH PAOOTHI MPOU3BOJCTBEHHBIX MEXaHU3MOB

Crpykrypa: KonTtponbHas paGora nomkHa OBITh BBIIIOJHEHAa B BHIE PACUETHO-TIOSICHUTEIBHON
3aIMCKHU U YEPTEXKEH COrJIacHO 3aJaHHIO.

Bgenenue.

1. Be1bop anexrponBurarens

1.1. IlpenBapuTenbHbIiA BBIOOD.

1.2. [IpoBepka Ha Meperpy304HyI0 CIIOCOOHOCTb.

1.3. [locTpoenne MexaHHMUECKOI XapaKTePUCTUKH JBUTATEIS.
2. Be16op mpoBo10B.

3. Bri6op anmaparoB ynpaBieHHUS U 3aLUTHI.

4. PacdeT MOIIHOCTH KOMIICHCHUPYIOIIET0 YCTPOHCTRA.

5. BbIOOp 3IIEKTpUUYECKOM CXeMBI YITpaBIeHHS.

6. 3ammTHOE 3a3eMIICHUE (3aHYJICHUE) DIIEKTPOIBUTATES.

I'paduueckast yacth paboOThl COCTOUT M3 YETHIPEX JHCTOB (opmara A4, Ha KOTOPBIX JOJDKHBI OBITh
MIPEICTABIICHBI:

- TpauK Harpy3Kd MPOU3BOJICTBEHHOro Mexanu3ma M=f(t);
- MexaHuuecKas xapakrepuctuka asurarens M=f(s), n=f(M);
- CXeMa yTPaBJICHUS AJIEKTPOIBUTATEIIEM;

- cXeMa 3a3eMJIeHHUs (3aHyJICHNUS) AIEKTPOABUTATEIS.

OcHoOBHas TeMaTHKa:

Pacder WHOWBHUIYaTbHOTO OJJIEKTPOABUTATENHLHOTO yeTpoiictBa (DY) pabodyero mexanm3ma
HAYMHAETCSl C O3HAKOMJICHHS C TEXHOJOTMYECKHM IPOLECCOM U €ro OCOOCHHOCTSMH, KOTOPhIE MOTYT
CYLIECTBEHHO BIMATH Ha NPHHUMaeMble pemeHus. llpum BeIOOpe HEOOXOAWMO YUYUTHIBATH, YTO IS
JTAHHOTO TPYBO/A TOJXOAUT ACHHXPOHHBIN IBUTATENh C KOPOTKO3AMKHYTBIM POTOPOM. YTIpaBIIEHHUE UM
MO’KHO IIPOU3BOAUTH € IIOMOLIBIO MAaTHUTHOTO ITyCKaTells (PEBEPCUBHOIO WIN HEPEBEPCUBHOIO).

Bo BBeneHnn OOOCHOBBIBaETCS OCOOCHHOCTH 3JEKTPOINPUBOJA CTPOUTENBHO-IOPOKHBIX MAIlWH,
KpaTKo IIPUBOJAUTCS IEPEUCHb OCHOBHBIX BOIIPOCOB, PELIAEMbIX B KOHTPOJBHOH paboTe, crocoObl M
METO/bI UX PELICHUS.

B Tekcte KOHTpOABHOH paboOTBl OOBACHIETCS XOI PEUICHUS pPacCMaTpPUBAEMBIX BOIPOCOB C
yKa3aHHEM MPUMEHSEMBIX METOI0B, (GOPMYI U CCHUIOK HA HCTOYHHKH.

IIpu paccMoTpeHMH Kakoro-imbo BOIIpoca JOJDKEH ObITh JaH IPUMEp pacueTa, a Ul OCTaJlbHBIX
AHAJIOTUYHBIX CIIy4aeB Pe3yNbTaThl CBOAATCS B TAaOJHILy.
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Pexomenayembiii 00bem: 20-30 cTpaHHIl PYKOIMCHOTO TeKcTa wid 18 - 22 cTpaHHUIbl TEKCTOBOMH
YaCTH BBIIOJHEHHOH Ha KommbioTepe B ¢opmare ODF (I'OCT P MCO/ MOBK 2630 — 2010) , aubo B
dopmare MSOffise 2003,2007,2010

Brigaua 3amaHus, mpueM W 3allMTa KOHTPOJBHBIX pPa0OT TPOBOJUTCS B COOTBETCTBUU C
KaJIeHIapHBIM Y4eOHBIM TpaduKOM

Ounenka Kpurepun oueHKu KOHTPOJIbHOMH PadoThI

OTIINYHO KonTponbkHas paboTta clilaHa B TEpBbIC JIBE HEACTH 3alUT. B KOHTpOJILHOM
paboTe BCe 3aJaHMs BBITIOJHEHBI MPABHIBLHO M B MOJIHOM oObeMe. PemieHus
3ama4 CcoAep)KaT TMOSICHEHWS K pacdyeraM. BBIUWCIEHWs TpHUBENEHBI B
pa3BEepHYTOM BHUJIC, ApPTyMCHTUPOBAHBI, COACPKAT rpauKu. DICKTPUICCKUES
CXEMBI BBINIOJIHEHBI B COOTBeTCTBHM ¢ TpeOoBanusmMu ECKJI. Jlan mosHBIM
OTBET Ha KOHTPOJBHBIN BOIPOC.

XOPOIIIO KonTponpHas pabora cmaHa ¢ TPeThIO O YETBEPTYIO HENENH 3allUT WIH
KOHTPOJIbHAsE paboTa COACPKUT HEOOJBIIME HETOYHOCTH B O(QOpMIICHUM H
pacyeTax WIHM HET MOJHOTO OTBETa Ha KOHTPOJIBHEIN BOIIPOC.
YIOBJIETBOPUTEIHHO KontponbHas paboTta caaHa BHE CpoKa IpHEMa KOHTPOJIBHBIX padoOT, HO BO
BpeMs SK3aMEHAIIMOHHON CECCHH WJIH COJEPXKHUT 3HAYUTEIHHOE KOIUIECTBO
omn6ok, uin 30 % 3amanuii He BBITOJIHEHO

HEYIO0BJIETBOpUTENIbHO | KoHTponbHas paboTa He cllana B yCTaHOBJIEHHbIN cpok uimu 50 % 3anaHuil He
BEITIOJTHEHO

5. MATPHUIIA COOTHECEHUSI PA3IEJIOB YUYEBHOM JUCIUILJIMHBI K
®OPMUPYEMBIM B HUX KOMIIETEHIIUAM N OLNEHKE PE3YJIbTATOB
OCBOEHMSA JUCIIAITJIMHBI

Komnemenuyuu Komnemenuusn Buo
Kon-e0 X t 6” Ouenka
No, naumenosan yacoe | OK-1 | IIK-10 | IICK-2,7 | komn. op HAC | YUEOHBIX pe3ynbmamos
Pa3oenoe OuCyUnIuHbl sanamun
1 2 3 4 5 6 7 8 9
1. DNeKTpUYecKue | 39 + + + 3 13 JIk, JIP, Kp
MAarHuTHBIC 1IeTTH CP 9K3aMEH
2. TpanchopmaTopsl 11 * + + 3 3,7 HKéJPSI P, JK3aMeH
3. MamuHel [OCTOSHHOTO + JIk,
ToKa 16 + + 3 5,3 JIP.CP SK3aMeH
4. ACHHXPOHHBIE MAIlIUHBI 25 * + + 3 8,3 HK&Q P, 3K3aMEeH
5 CuHXpOHHBIE MAITHHBI 12 + + + 3 4 JIx,CP 9K3aMeH
6. OCHOBBI 3JICKTPONIPUBOIA 11 + + + 3 3,7 JIk, CP Kp, DK3aMEeH
7. OCHOBBI DJIEKTPOHHUKHU 30 * + + 3 10 HK&Q P, JK3aMeH
6cezo uacos 144 48 48 48 3 48

6. NEPEYEHb YYEBHO-METOAUYECKOI'O OBECIHEYEHUA JIJIsd
CAMOCTOSATEJBbHOM PABOTHI OBYUAIOIUXCS 1O JUCIHUIIJIUHE
1. Turos, M. II. Dnekrporexauka: Yuebuuk. / M.IL.Turos, I'. A. Bonsmanun. 2 — u3a., UCp. U
nomn. — bparck: 'OY BIIO «bpl'Y», 2010. — 356 c.
2. benoyc A.W. IlonynpoBoaHukOBas cuiioBas 3jekTponuka. bemoyc A.U., Edumenko C.A.,
Typuesnua A.C. - Mocksa: Texunocdepa, 2013. - 216 ¢.+12 ¢ uB. Bk1
3. bonbmanun I'. A. TeopeTnyeckre OCHOBBI AEKTPOTEXHUKU. B 2-x u. Y. 1.: YyebHOEe mocodue. /
I'. A. bonpmanun. — bparck: bpI'Y, 2005. — 433 c.
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7. HIEPEYEHb OCHOBHOM M JOMOJHUTEJIBHOM JIUTEPATYPBI,
HEOBXOJINMOMU J1JIs1 OCBOEHUA JUCHUITJINHBI

Ne

Haumenosanue uzoanusn

Buo
3aus-
mus

Konuuecmeo
IKZEMNJIAPOB 6
oubnuomexe,
IIT.

Oobecneuern-
Hocmo,
(3k3./ yei.)

2

3

4

5

OcHoBHas JInTEepaTypa

HBanos U.M. DneKTpOTEXHUKA U OCHOBBI 3JICKTPOHUKHU:
yueOnuk / W. W. UBanos, I'. W. ConoseeB, B. 4.
®pomoB. - 8-¢ m3d., mepepadb. m pom. - CaHKT-
IleTepOypr: Jlans, 2016. - 736 c.
https://e.lanbook.com/book/71749#book name

JIk, JIP,
kp, CP

OP

1,0

Tutos, M. II. Dnexrporexuuka: Yueouuk. / M.I1.Turos,
I'. A. bonpmanus. 2 — u3M., uctp. u nom. — bparck: [OY
BIIO «bpI'V», 2010. — 356 c.
http://ecat.brstu.ru/catalog/Yueoun1e%201%20y4eOH0-
Meroanueckne%20mocodus/Oueprernka%20-
%20ABToMaTKa/boabmanna%20I".A.%202aeKTpoTeX
guka.Yueonuk.2010.pdf

JIk, JIP,
kp, CP

219+
OP

1,0

ATabexoB I. n. Teopernueckue OCHOBBI
9NIEKTPOTEXHUKHU. JIMHEWHbIE SIEKTPUYECKHE LIEeMH:
Y4ebnoe mocobue s By30B / I.J1.Atabekos. - 7-e u3n.,
crepeotun. — Cankr-IlerepOypr: Jlans, 2009. — 592 c.
https://e.lanbook.com/reader/book/90/#4

JIk, JIP,
CP

6+
OP

1,0

Kamman M. M. Dnektpudeckre MamuHel: yuyeOHUK / M.
M. Kamman. — 8-e m3x., crepeorun. — M.: Akanemus,
2008. — 496 c.

JIk, JIP,
kp, CP

98

1,0

JlonoJiHuTE/IbHASI JTUTEPaTypa

Benoyc AN ITonynpoBoaHUKOBasK CUJIOBast
anextponuka./ bemoyc AU., Edumenxko C.A,
Typuesua A.C. - Mocksa: Texnochepa, 2013. - 216
c.t+12¢ I1B. BKII
http://biblioclub.ru/index.php?page=book_red&id=2737
83&sr=1

JIk, JIP,
CP

OP

1,0

Bonpmanun I.A. Teopernueckue OCHOBBI
JJNIEKTPOTEXHUKU:  METOAMYECKHE  YKa3aHus 10
BBIIIOJIHEHUIO nabopaTopHBIX pabor Ha
KOMITBIOTEPU3UPOBAHHOM 000pyI0OBaHUU
/T'.A.bonbmanuH. - bparck: bpl'Y, 2011.-119 ¢

JIP, CP

203

1,0

I''A.bonpmianne, ONEKTPOTEXHUKA U DICKTPOHHKA.
UccrnenoBanne »IEKTPUYECKUX MAIIMH B CHCTEMax
JNEKTPOCHAOXKEHUSI:  METOJUYECKUE  YKa3zaHHs K
BBHINOJIHEHNIO JlabopaTopHeix pabotr/ ['.A.bonbmanus,
10.A Kopntioxun. — bparck: M3a-so bpl'Y, 2013. - 96 c.

JIP,CP

274

1,0

bonpmianun T A. Teopernyeckue  OCHOBBI
9eKTpoTexHUKHU. B 2-x 4. Y. 1.: YueOHoe nmocodue. / I'.
A. bonpmanus. — bparck: bpl'Y, 2005. — 433 c.

JIk, JIP,
CP

S7

1,0

bonpmanun, . A. DnekTpoTexHUKa U DICKTPOHHUKA.
Pacder MoOmHOCTH ¥ BBIOOp THTIA DIECKTPUIECKOTO
IBUTATENSl JUIA  TPUBOAA pabodero MexaHH3Ma:
METOJAMYECKHUE YKa3aHUS K BBITOJHEHUIO KOHTPOJbHOMN
padotsl / I'. A. Boabiranun, H. A. Acranenko. - Bparck:

bpI'Y, 2013. - 46 c.

kp, CP

251

1,0
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http://ecat.brstu.ru/catalog/Учебные%20и%20учебно-методические%20пособия/Энергетика%20-%20Автоматика/Большанин%20Г.А.%20Электротехника.Учебник.2010.pdf
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http://irbis.brstu.ru/CGI/irbis64r_15/cgiirbis_64.exe?LNG=&Z21ID=&I21DBN=BOOK&P21DBN=BOOK&S21STN=1&S21REF=1&S21FMT=fullwebr&C21COM=S&S21CNR=10&S21P01=0&S21P02=1&S21P03=A=&S21STR=%D0%91%D0%BE%D0%BB%D1%8C%D1%88%D0%B0%D0%BD%D0%B8%D0%BD%2C%20%D0%93%2E%20%D0%90%2E

8. HHEPEYEHD PECYPCOB NHO®POPMAIIMOHHO -
TEJEKOMMYHHUKAIIMOHHOU CETH «<MHTEPHET» HEOBXO/JUMBIX
JJIs1 OCBOEHUSA JUCHOUITJIMHBI

1.OnexTponHbIii Katanor 6ubnuoreku bpl'y
http://irbis.brstu.ru/CGl/irbis64r_15/cqiirbis_64.exe?LNG=&C21COM=F&I21DBN=BOOK&P
21DBN=BOOK&S21CNR=&7211D=.

2. DnekTponHas oubiauoreka bpl'yY

http://ecat.brstu.ru/catalog .

3. DIIeKTpOHHO-OMOIMOTEeUHAs CUCTeMa «Y HUBEpCUTETCKasi Onbamoreka online»
http://biblioclub.ru .

4. DnekTpoHHO-0nbIMoTeuHas cuctema «M3narenbeTBo «JIaHby

http://e.lanbook.com .

5. Uadopmarmonnas cucrema "EnquHoe OKHO JocTyna K 00pa3oBaTeIbHbIM pecypcam”
http://window.edu.ru .

6. Hayunas snexrponnas 6ubnmoreka eLIBRARY.RU http://elibrary.ru .

7. Yuupepcurerckas unpopmarmonnas cuctema POCCHUSA (YUC POCCHUA)
https://uisrussia.msu.ru/ .

8. HanimonanbHast 3nekTponHas oubimoreka HOb
http://xn--90ax2c.xn--plai/how-to-search /.

9. METOAUYECKHUE YKA3AHHUS JJISI OBYYAIOLIUXCSI IO OCBOEHHUIO
T CHUTIINHBI

9.1. Meroanuyeckne yka3aHusl VI O00y4aIOIIUMXCH MO BBINOJHEHUIO J1a00pPaTOPHBIX
padoT/ ceMMHAPOB /IPAKTHYECKUX PadoT

JlabopaTopHas padora Ne 1 IlaccuBHBIe 3J1eMeHTHI JJIeKTPUYECKHUX Leneii

JlaboparopHast paboTa TPOBOTUTCS B MHTEPAKTHUBHON (hopMe: ¢ pa300pOM KOHKPETHBIX CHUTYaIlui
(1 gac).
[lenb paOOTHI: O3HAKOMJICHHE C YCTPOWCTBOM, IMapaMeTpaMH U CBOMCTBAMH PE3UCTUBHBIX, EMKOCTHBIX U
WHAYKTUBHBIX DJIEMEHTOB, JKCIEpUMEHTAJIbHAs MpOBEpKa MPHHIMUIIOB NpeoOpa3oBaHUs ITaCCUBHBIX
JIBYXIIOJIOCHUKOB.
TopsiioK BEINOJHEHUS:
Pesucmoput u pezucmusHnvie 08yxXnooCHuUKY
1. U3meputb conpoTtuBienus pesuctopoB R1..., RS. Pe3ynbraTel u3mepeHnii 1 HOMUHAIILHBIC 3HAYCHUS
COTIPOTHBJICHHUH 3aHECTH B TaOMUILy 1.
2. Ionp3ysich JaHHBIMH TAOJAIBI 1, pacCUUTATH COMPOTHBIICHUSI IBYXIIOIIOCHUKOB.,
3. CKOMMYTHpOBaTh JBYXIIONIOCHUKHU, H3MEPUTh HUX COMNPOTHUBICHUS U CONOCTABUTH PE3YyJbTATHI
U3MEPEHUS U PaCUETHBIE TaHHBIE.

Tabnuna 1

Conpotusienus, kOm R1 R2 R3 R4 R5

2.Konoencamopul

1. U3meputs emroct kKoHneHcatopoB Cl,..., C4. Pe3ynbraThl U3MEpeHU U HOMHUHAIILHBIC 3HAYCHUS
E€MKOCTEH 3aHECTH B TaOJIUILy, ODOPMHB €€ aHAJIOTUYHO Ta0I. 1.

2. llonmp3ysick naHHBIMA Ta0J1.2, pacCUNTaTh SKBHUBAJIEHTHBIE €eMKOCTH JIBYXITOJIFOCHUKOB.

3. CKOMMYTHPOBATh JBYXIOJIIOCHUKH, H3MEPUTh MX EMKOCTH U COMOCTABUTH PE3yNbTaThl U3MEPEHUN U
BBIYHCIICHUH.

3. UnoykmueHbie s1eMenmol

3.1.PacuntaTh WHIYKTUBHOCTH »djemeHTa L1 ¢ omHoit w® aByMsT 0OOMOTKamH, BKIIOYCHHBIMH
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nocienoBaTenpHo.  IIpon3BecT M3MEpEHHS COOTBETCTBYIOIIMX —HHAYKTHBHOCTEH, COIOCTaBUTbH
pe3ynbTaThl U3BMEPEHUN.
3.2. 3MepuTh MHIYKTUBHOCTH 3JEMEHTOB , .YSCHUTH BIMSHUE MarHUTOIIPOBOZAA HA BENTUTHY
WHIyKTHBHOCTH, OLICHUTH BEIWYMHY MAarHUTHOH MPOHULIAEMOCTH.
®Dopma 0TUETHOCTH:
Pesynprar BeIONHEHHs paboThl mpencraBisiercss u odopmisiercs B ¢dopme ordera. B oruere mo
nabopatopHol paboTe AOIKHBI COIEPKATHCS CICTYIOUINE TYyHKTHI:
1. Pesucmusnvie anemenmoi
1.1. CxeMBbI 3KCTIEpUMEHTA
1.2. Pe3ynbTatel m3MepeHuil conpoTuBieHuit (Tabdm. 1)
1.3. PacueT conpoTHBIeHHI ABYXIOIIOCHUKOB M PE3YJIbTaThl H3MEPEHUI
2. Konoencamopui
2.1. CxeMblI SKCIIEpUMEHTA
2.2. Pe3ynbTathl u3MepeHuit eMkocteit (Tabd:mn.1)
2.3. Pacuet conpoTUBIEHUI BYXIOIIOCHUKOB U PE3yIbTaThl U3MEPEHU I
3. UnOykmueHbie s1emenmol
3.1. CxeMblI 5KcIIeprMeHTa
3.2. Pe3ynbTaThl U3MEPEHMI M pPacyeTOB MHAYKTUBHOCTEH 3JIEMEHTa, BBHITOJHEHHOIO Ha KOJBIIEBOM
MarHUTOIPOBOJE.
3.3. BBINOMHUTH W3MEpPEeHWE WHAYKTHBHOCTEW KaTyIIeK WHIYKTUBHOCTEH 0€3 MarHHTONpPOBOJA U C
6pOHCBI)IM MarauToInpoBOI0OM.
BriBojb1 110 pabore.
3agaHus A7l CAMOCTOSATEIbHON PaboThL:
N3yunTs TEeopeTnyeckuit Matepuain no teme 1.1. paszgena 1.
OcHoBHas IuTEpaTypa
[1,2,3]
JononHurenpHas auTepaTypa

[6.8]

KoHTpodabHbIE BOIIPOCHI JISI CAMOIPOBEPKH:

1. Kakue 31eMeHTBI AIeKTPHYECKHX MeTIel OTHOCATCS K TacCHBHBIM? Kaknumu cBoiicTBamMu 0011a/1at0T 3TH
3JIEMEHTHI?

2. JlafiTe omnpeneneHre MOHITHIO «UCATHHBINA MACCUBHEIN 3JIEMEHT». Ha3aBUTE MapaMeTPhl UCATHHBIX
2J1EMEHTOB.

3. Kak u3MeHuTCS HanpspKEeHUE Ha 3apsHKCHHOM KOHJIEHCATOpE, €CIIU MapajljIeIbHO K HEMY HOKITIOUUTh
He3apsHKeHHBIH KOH/AeHCaTOp?

4. HazoBuTE BO3MOXKHBIE CIIOCOOBI PETYTUPOBAHMS HHAYKTUBHOCTH (€MKOCTH)?

JlabopaTopHas paGora Ne 2 AKTHBHBIE JJ1€MEHTHI JJIeKTPUYECKUX Lernei

[lenb paboThl: M3yueHue cBoicTB nCTOUHUKOB DJIC ¥ HCTOYHMKOB TOKa

TlopsA0K BHIMOTHEHUS:

1. Ucmounux 3/]C

1.1. K rme3maM MHEMOHWYECKOH cxembl ucTouHHKa OJC MOAKIIOYUTH H3MEPUTENIBHBIC MPHUOOPHI
(BOMBTMETP M aMITEPMETD).

1.2. 3MmeHnsist COMpOTUBIICHUE HATPY3KHU, CHATH BHELIHIOK XapaKTEPUCTUKY UAcaNbHOro uctounuka J/C
( )

1.3. CHATh BHEIIHHME XapaKTepUCTHKM HcTouHMKa OJIC 1 ABYX KOHEUHBIX 3HAUEHHUH BHYTPEHHETO
CONPOTHUBJICHUS.

1.4. Iloctpouts BAX ucrounuka S/1C.

2. Ucmoynux moka

2.1. K rHe3maM MHEMOHHYECKOW CXEMbl HCTOYHHMKA TOKA IOJAKIIOUUTh H3MEPHUTEIbHBIE TPUOOPHI
(BOJIBTMETP W aMIIEPMETP).

2.2. YCTaHOBUTH PEKUM HICATHLHOTO MCTOYHHMKA TOKa ( ).MI3MeHsisl cOnmpOoTHUBIIEHHUE HATPY3KHA OT
HYJIsl (KOPOTKOE 3aMBIKaHKE) 10 MAKCUMAJIHHOTO, CHSITh BHEIIHIOK XapaKTEPUCTUKY UCTOYHHKA TOKA.
2.3. CHATb BHEIIHHE XapaKTEPUCTUKU HCTOYHUKA TOKA IJI1 JBYX KOHEUHBIX 3HAUCHUU BHYTPECHHEU
MIPOBOIMMOCTH.

2.4. IToctponth BAX mcTouHmKa TOKA.

3. Bzaummnvie npeobpazosanus UCMOYHUKO8 2NeKMPULeCcKoll dHepauu
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Ilo ykazanuio mpemomaBateisi MPOW3BECTH MpeoOpa3oBanus ncrounnka JJ[C B DKBUBAICHTHBIN
HMCTOYHHK TOKA, U HA00OPOT.
®dopma 0T4ETHOCTH:
Pesynbrar BEIMONHEHUs Pa0OTHI mpejactaBisgercs W odopmisercs B ¢opme oTueta. B oruere mo
nabopatopHo paboTe JOJKHBI COIEPHKATHCS CIECTYIONINE TYHKTHI:
1. Uccnenosanne ucrouankoB J/IC (cxema, Tabmura pe3ynstatoB, BAX).
2. HccrenoBanue UCTOYHUKOB TOKA (cXeMma, Tabiuia pe3ynsraTos, BAX).
3. DKBUBAJICHTHBIE TIPEOOPA30BAHMS HCTOTHUKOB JICKTPUICCKON SHEPIHH.
4. BeiBoas! o pabore.
3ajiaHus i1 CaMOCTOSATEIEHON PaboThL:
N3yunTe TEeopeTnyeckuit Matepuain no teme 1.1. pasznena 1.

OcHoBHas IuTEpaTypa
[1,2,3]
JlononHuTENBHAS IATEPATypa
[6.8]
KoHTposibHbIE BONPOCHI /ISl CAMOIPOBEPKH:
1. B kakux ciy4asx mpu pacdere IeTieid HCTOYHHUKH IeKTPUIECKON YJHEPTHUH 1eTIeco00pa3HO
MPEACTABISATH B BUAE ncTouHuKa DJIC, B KakuX - B BUAEC UICTOYHUKA TOKa?
2. llpuBenuTe MpUMEPHI pealbHBIX HCTOYHUKOB 3JIEKTPHUYECKON SHEPTHHU, CBOMCTBA KOTOPBIX OIU3KU K
cBoiicTBaM ucTouHnkKoB DJ[C (MCTOYHMKA TOKA)
3. OTpaxaeT 1M MpeICTaBICHUE HCTOYHUKA dIECKTPUUECKON SHEPTHH B BUE HIACATBHOTO HCTOYHHKA
TOKa peabHbII 3HEpreTHUeCKUi Mpolecc BHYTpHU nCTouHUKA. [Tlogemy?
4. Bo3MOXHO JIM SKBUBAJEHTHPOBaHUE HJleaNbHbIX UCTOYHUKOB D/IC u Toka?

JlaGopaTopHas pa6ora Ne 3 UcciienoBaHue JTHHEHHBIX JJIeKTPHYECKHUX LeNeil MOCTOSIHHOIO TOKA

enb paboThl: BBIABIEHHE CTENEHH COOTBETCTBHSI aHAIUTHYECKHX M OKCIEPUMEHTAIBHBIX METO/0B
aHaJIN3a JIMHENHBIX 3JIEKTPUUECKUX LENEN MOCTOSHHOIO TOKa
[TopsiIOK BBINOJIHEHHUS:
1. ITo Benmumnam E; u E, u mapamerpam R;, Ry, R3, Ry, Rs u Rg, yka3anHbIM Ha 1abopaTtopHOl maHenm
WM TIpernojaBaTeieM, Ui SJICKTPUYSCKON 1IN, CXeMa KOTOpPO# mNpuBeicHa Ha puc.l ompenaennTh
WMCTUHHBIC HAIIPABJICHUS ¥ PACCUUTATh BEJIMUMHBI TOKOB BO BCEX BETBSAX JaHHOH IICTIH.

JlJ1s 3TOTO HCIIONIB30BaTh METOJ KOHTYPHBIX TOKOB M METOJ| Y3JIOBBIX MOTEHIHAIIOB. Pe3ympraTs

pacueToB BHECTH B TaOJI. 1.

Tabmuna 1
PeS’y]lbmambl B8bIYUCTEHUL U M3M€p€HT/H; MOKO6 6 6emesix uenu
Cnocob Iy, Iy, I3, 14, s, ls,
onpeodenenust A A A A A A

MeTton KOHTYPHBIX TOKOB

MeTton Y3JI0BBIX TOTCHIIUAJIOB

MeTon 5KBUBaJIEHTHOTO FeHepaTopa

N3mepeno

31ech u qanee WHASKCAIUS TOKOB MIPUHUMAETCS COBIIAIAIONICH ¢ MHACKCAITUEH Pe3UCTOPOB.
2. CKOMMYTHPOBATh Ha Ja0OPAaTOPHOU MaHENIH IEKTPUUECKYIO 1€, CXeMa KOTOPOi NMPHUBE/IeHA Ha PHUC.
1. M3meputh TOKM MU paccuuTarh Mo 3akoHy Oma HampsokeHHs Ha ydacTkax uemnu. llomyueHHble
pe3ybTAThl 3aHECTH B MIEPBYIO CTPOKY TabJI. 2 U B MOCIICTHIO CTPOKY Tab. 1.
Tabnuna 2
Peszynomamor usmepenuii

E | E M T T T T T U [ U [ U | U | Us [ s

B A B

0

0

3. HUckirounts U3 uccnemyemoit rienu nctognuk J/[C E,, 3aMKHYB HAKOPOTKO 00Pa30BaBIITUIACS pa3phIB.
W3MepuTh TOKM B BETBSX W pAcCUMTATh HANPSHKEHUS HA ydYacTKax Ienu. [lodydeHHbIe pe3yJbTaThl
3aHECTH BO BTOPYIO CTPOKY Ta0m. 2.
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4. BoCCTaHOBHTH I1€TIh, BKITIOUHNTHh HCTOYHHUK D/[C E,. VIcKIIounTh U3 HecleayeMo 1enu uetoaHuk 9J[C
E}, 3aMKHYB HAaKOPOTKO 00pa30BaBIIMICS Pa3pbiB. MI3MEPHUTh TOKH B BETBAX U PACCUUTATh HANPSKCHHS
Ha yJacTKax Iernu. Pe3ynbTaThl U3MEPEHUN 3aHECTH B TPETHIO CTPOKY Tabi1. 2. BoccTaHOBUTS 11€TIb.

5. Ilo nanHbIM Tabn. 2 MPOBEPUTH CIPABEUIMBOCTh 3aKOHOB Kupxroda u mpuHIMIA CYHEpHO3UIHH
(MeToa HaJIOXKEHU).

6. MeToaoM SKBHBAJICHTHOIO I'€HEpaTopa ONpPEAC/IMThL TOK B BETBU C pe3ucropoM Rg. s storo,
Pa30OMKHYB YKa3aHHYI0 BETBb, HW3MCEPHUTh HampsbkeHue xosoctoro xoma (DJC 3KBUBaJIGHTHOTO
reHeparopa) W, 3aMKHYB HAKOPOTKO PE3HUCTOp Rs, M3MepHUTh TOK KOPOTKOTO 3aMbIKaHHS. Pe3yibTaTh
BBEIYHICIICHHS 3aHECTH B Ta0. 1.

7. llpuHSAB MOTCHIMAT B y3J€ a PAaBHBIM HYJIO, M3MEPUTh IOTEHIMAT B OCTAJBHBIX y3JaX IICTIH.
Pesynbrate M3MEPEHUIA 3aHECTH B
Tabm. 3.

8. [lpuHsSB MOTEHIMAN y3Jla @ PaBHBIM HYIIO, MONB3ysAch 3HaueHusmu K3, E; u gaHHbIMH Ta0m. 3.2,
paccuuTaTh MOTCHIIMANBI Y3JI0B UCCIIeyeMOit 1enu. Pe3ybrarhl pacuera 3aHecTd B Ta0. 3.3.

Tabmuna 3
P€3yﬂbmambl UsMeperusl u 6bl4UCIeHUAl NOMEHYUAN06 Y3108
Cnocoo
onpeoenenus Pa Po Pe Pa Pe ?Pr
B B B B B B
W3mepeHo 0
Brrurcineno 0

9. o maHHBIM TabJ. 3 MOCTPOUTH MOTCHIIMATIBHYIO AHArpaMmy Juts Koutypa abcdefa nccnemnyemoii rienu
(puc. 1).

10. CoctaBuTh H6anaHc MOLTHOCTEHN IS HCCIeyeMOH Lenn

11. CocraBure OanaHc MOIIHOCTEH NpH W3MEHEHHOM pe3ucTope Rj;, mpenBapuTeNsHO ONpeaeTuB
BEJIMYMHY MOCJIETHETO Yepes3 MaJieHUe HapsDKEHUs Ha HEM, KOTOPOe HE00X0IMMO U3MEPHUTh

PopMa OTYETHOCTH:

Pesynprar BeImonHEeHHs paboThl mpencrasisiercss U odopmisiercs B ¢dopme ordera. B oruere mo
nabopaTtopHOl paboTe AOJKHBI COIEPKATHCS CIEIYIOLUINE TYHKTHI:

1. Lens paboOTHL.

2. Cxema 37eKTpUIeCKOM eI .

3. Tabnu1pl pe3yabTaTOB U3MEPEHHUI M PACUETOB 110 IIPOrpaMMe paboThI.

4. Pabouue GpopmyJIbL.
5
6
7

. IlorennmanpHas quarpamma.
. Banancel MomtHoCTEN.
. BerBoztet o pabore.
3ajiaHus JIIsl CaMOCTOSTENILHON paboThL:
W3yunts TeopeTnuecknii Mmarepuain no teme 1.1 pasnena 1.
OcHoOBHas nUTEpaTypa
[1,2,3]
JononHuTenpHad auTepaTypa
[6.8]

KoHTponbHbIE BOMIPOCH [JIs CAMOIIPOBEPKH:

1. ChopmynupyiiTe MPUHIMITBI TOCTPOSHHUS MaTEMATHIECKUX MOJIENEN ATEKTPHUECKUX HIeTei.

2. Chopmynupyiite npuHuun cynepnozuiun. Kakosa ero o0nacts npumenenus? [louemy?

3. JlaiiTe KpaTKyr0 XapaKTEpHUCTHKY METOJAM pacyeTa JIMHEHHBIX JJIEKTPUYECKHX LIENEeH MOCTOSHHOTO
TOKa.

4. OxapakTepu3yHTe 3JI€MEHThI TUHEHHBIX ANEKTPUUECKUX IEneH.

5. Uto Takoe 3KBUBAJICHTHBINA reHEpaTop?

6. Kak wW3MeHATCS HampaBleHHs TOKOB B BETBSIX HCCIIEIyeMON IMENMW NPH W3MEHEHWUH BEITUYHHBI
pesuctopa Rz ?

JladopaTopHass paGora Ne 4 MHccienoBanue aMIUIMTYAHBIX M (a30BbIX COOTHOIEHUH B
nocjenoBareabHoii RLC - menn
[{eap paGoTHI: MCCIEIOBAHNE PEXUMOB IENH TMPH PA3TUIHBIX COOTHOIIEHUSX MEXIYy PEaKTUBHBIMU
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COTNPOTHUBJICHUSMU; TTOIYICHHE aMIDIUTYIHO - M (pa309aCTOTHBIX XapaKTCPUCTHK.
TlopsimoK BEITOTHEHMS
1. O3HaKOMUTBCS ¢ 000PYIOBAaHUEM, BXOJISIIMM B COCTaB 3KCIIEPUMEHTATILHON AJICKTPUUECKON LIEn

[TapamMeTpsl 37€MEHTOB SKCHEPUMEHTAILHON ANEKTPUUYCCKONM LIEMU JIOJDKHBI XapaKTepHU30BaThCA
cnenyromumMu BenmunHaMu: L=100mI"; C=0,22mx®. Benmnmuuna gobaBouHoro pesucropa R, 3amaercs
npenonaBareneM ot 0 mo 3300m.

DNEMEHTHI ¢ TAKUMU TTapaMeTpaMy MOTYT OBITh B3AThI H3 HA0Opa 3JIeMEHTHOH 0a3bl JIa0OpaTOPHOTO
crerna. Ho, kak mpaBuito, KOTUYEeCTBEHHAs OllEHKa MX MapaMeTpoB TpeOyeT yTouHeHus. B Takom ciydae
HEOOXOMIMO BBIITOJIHUTH CIEAYIOMINE ACHCTBUS.

1.1. yig 3KCHIepUMEHTAIBLHOTO ONPENEICHUS apaMeTPOB KaTYIIKH UHAYKTUBHOCTH COOPATh IICTb,
CXeMa KOTOpOW TMpHUBEJCHA HA pHUC. 2, BKJIKYMB B HEE BOJBTMETP (COOTBETCTBYIOUIUE THE3/a
KOHHEKTOpa). [IpeacTaBuTh Ienh MPeroAaBaTeIto Iy IPOBEPKH.

1.2. Tlomkmo4yuTh COOPAaHHYHO OJIIEKTPUYCCKYIO II€Mlh K WCTOYHUKY CHHYCOHMJAIBHOTO TOKAa.
VYcranoBute BxoaHoe Hampsbkenue U=5B u wactory f=1kl'u. V3mepurh akTHBHOE W PEaKTHBHOE

WHAYKTUBHOC COIPOTHUBJICHUS KaTYIIKH HHIYKTUBHOCTHU RL n XL .

OTKJIIOYUTE CTEH] OT CETH.
1.3. Paccunrarts CO6CTBCHHy}O WHAYKTUBHOCTb KaTyIIKU UHAYKTHBHOCTH 110 (bopMyJIe
=X
24
1.4. Anst 3KCTIEPUMEHTAIBHOTO OTpeIeNIeHIs] eMKOCTH KOHJEHCATOpa coOpaTh LeMb, CXeMa KOTOpOH
IpUBEACHA Ha pHC. 3, BKJIIOYMB B HEE BOJBTMETP (COOTBETCTBYIOIIME THE3Ja KOHHEKTOPa). [IpencraButh
LeTb IPENOoJaBaTeNtO AJIsl IPOBEPKH.
1.5. TonmkirounTh cOOpaHHYIO BJIEKTPHYECKYIO LeNb K HCTOYHHKY CHHYCOHJAIBHOTO TOKA.
VYcranoButs BxomHoe Hampspkenne U=5B wu gactory f=1kl'u. M3meputh peakTHBHOE EMKOCTHOE

COIIPOTHUBJICHU KOHZACHCATOpA XC OTKIIIOYUTH CTCHA OT CCTH.

1.6. Paccunrarh eMKOCTb KOHIEHCaTOpa 110 hopmyme: 1
C

Ipumeuanue. BeauuuHy akTHBHOTO COMPOTHBIICHHUS KATYIIKH WHIYKTHBHOCTH, BXOJAIIIEH B COCTaB
SKCIIEPUMEHTANBHOM 3JeKTpUIecKor 1enH, R MOXXHO U3MEPUTh U MYJTbTUMETPOM.

2. Tlo 3amgaHHBIM TIApaMeTpaM dJIEKTPUYECKON I pPacCYUTaTh PE30HAHCHYIO YacTOTYy,
XapaKTEPUCTHYECKOE COMPOTUBIICHUE U TIOOPOTHOCTh PE30HAHCHOTO KOHTYPA.

3. PaccunTaTh aMIUIMTYIHO-4aCTOTHBIE M (ha30-4aCTOTHYIO XapaKTEPHUCTHUKH IIETH, 3a/1aBasch 5-6
3HAYEHUSIMHM YaCTOTHI TaK, YTOOBI pPE30HAHCHAs YaCTOTa HAXOAMWIACh TPHUMEPHO IMOCPEIUHE HTOTO
uHTepBasia. HanpsokeHre HCTOYHHMKA 3JIEKTPUUECKON SHEPTHH CHHYCOUIAIBLHOTO TOKA MPUHSTH PaBHBIM
5B (U =5B).

IMpumeuanue. Konaencarop cuutath Hiaealn3upOBaHHBIM

Pe3ynbTarhl pacyeToB HEOOXOUMO OGOPMHUTH B BH/IE TAOMHIIEI 1.

Tabmuna 1
Teopemulteacue PE3OHAHCHbIE XapAKMEPUCMUKU
Ux f: XL: XC9 Xa Rnom RL, Zv Iv URL URnonv UL: UC, o,
B|ITu | Om Om Om Om Om Om A B B B B rpaj.

4. Cobpatb cxeMy 3KCIIEPUMEHTAIBHOMN AJIEKTpUIecKOi Lenu (puc. 1), BKIIOYMB B Hee B Ka4eCTBE
M3MEPHUTETBHBIX PUOOPOB COOTBETCTBYIOIIHNE THE3a KOHHEKTOpa. [1o/icoeAMHNT K BHEITHUM KJIEMMaM
HENH PeryInupyeMblii HCTOUHHUK CHHYCOMIAIBHOTO HAPSHKEHHS M YCTAaHOBUTH ero mapameTpsl: U =58,

f = f,. [pexssaBuTs cOGpanHyIO LEMB MPETIONABATENIO JUIS IPOBEPKH.

5. IlonaTh HaNpsXKEeHUE Ha BHEIIHUE KJIEMMBbI SKCIIEPUMEHTAIILHON 3JIEKTPUUECKON 1IENHU, BKIIOUYNUTD
BUPTYaJIbHBIC TPUOOPHI W 10 TOKa3aHuio (asomerpa Oojiee TOYHO HACTPOUTH PEXKHM PE30HAHCA
HalpsDKCHUH, W3MEHSIS YacTOTy MPWIOKEHHOTO HampspkeHus. CpaBHHUTH OKCIICPUMEHTAIBHYIO
PE30HAHCHYIO YaCTOTY C PacCyETHOM.

3auKcUpOBaTh MMOKA3aHUS BUPTYAITHHBIX MPUOOPOB U 3aHECTU UX B TAOIHITY 2.

6. Perynmupys u ¢pukcupys 4acTOThI, yKa3aHHBIC B TaOIUIE 1, ONpeaeuTh TOKa3aHus BUPTYaTbHBIX
3JIEKTPOU3MEPHUTEIHHBIX IPHOOPOB M 3aHECTH MX B TAOIHUITY 2.

Tabmuna 2
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Peszynomamer usmeperuil pe3oHanCHbIX XAPAKMeEPUCTNUK

U, B f, X, R,‘]Ul‘l! RL! Z, I, URL URuonr UC, (p,
T Om OmMm OmMm Om A B B B rpan.

7. CpaBHUTP pe3yJbTaTHl pacyeTa U H3MEPEHH.
8. Ilo pesynpraTam pacuera ¥ M3MEPEHHMH IOCTPOUTH YaCTOTHBIE Xapakrepuctuku R, € , X € ,

X € X€, 7€ 1 o€ .
9. ITo pe3yabTaTaM pacueTa U H3MEPEHHI MOCTPOUTh pe30HaHCHbIC XapakTepucThku | € : Ud¢ u

U. €

10. ITocTpouts B MaciTabe BEKTOPHBIE AMArPaMMBI I PEKUMOB: f < f,, f=f H f > f,.

11. ChopmynupoBaTh BEIBOJKI 110 paboTe.
PopmMa OTYETHOCTH:
Pesynbprar BBIMONHEHUS pabOTHl TpeAcTaBiseTcss W odopmisieTcs B ¢opme ordera. B oruere mo
nabopatopHoii paboTe AOJKHBI COIEPKATHCS CIECTYIONINE TYHKTHI:
1. Lenp paboTsr.
2. Cxema 3KCIepUMEHTA.
3. Pe3ynbTaThl U3MEpEHHS BEIMYMHBI aKTHBHOTO COIIPOTHBIICHUS KATYIIKH UHTyKTUBHOCTH.
4. Pacuer pe30HAHCHOI 4acTOTHI, XapaKTEPUCTHUECKOIO CONPOTUBICHUS U JOOPOTHOCTH PE30HAHCHOTO
KOHTYpa.
5. TaOauIbl pe3ysibTaTOB BEIYUCICHUN U H3MEPEHHIM.
6. Pabouwne hopMysL.
7. HYacTOTHBIE XapaKTEPUCTUKH.
8. Pe3oHaHCHBIC XapaKTEPUCTHUKH.
9. BexTopHbIe TUarpamMmel.
10. BeiBOEL.
3ajaHus IS CaMOCTOSTEILHON paboThL:
Nzyunts TEOpeTndeckuii matepuan no teme 1.2 paznena 1.
OcHoBHas IMTEpaTypa
[1,2,3]
JononHuTenpHasd aurepaTypa
[6.8]

KoHTpOIbHBIE BOIPOCHI JUIS CAMOTPOBEPKH:

1. KakoBbI BO3MOXKHBIE IPUUUHBI HECOBIAJICHHS PE3Y/IbTATOB pacyeTa U IKCIePUMEHTa?

2. B yeM onacHOCTh pe30HaHCa HANPSKCHUN B SJHEPTeTUUYECKUX YCTPOHCTBaxX?

3. J[aiite ompeaeneHue TNOHATUSAM  “Xapakmepucmuyeckoe CcOnpomueneHue Koumypa” WU
“0oopomnocme konmypa”. KakoBbl WX BEIMUUHBI JIJIS ICCIIeIOBaHHOW Bamu 1ienu?

4. TlokaxxuTe BHJ PE3OHAHCHBIX XaPAKTEPUCTHK, €CJIH PEryJupyeMbIM (AKTOPOM  SIBIISETCS
WHIYKTUBHOCTB (€MKOCTB ).

JlabopaTopHas padoTa Ne S5 UcciienoBaHue pe:xxMMOB padoTsl Tpex(a3Hoil JIeKTpUYecKoil menu
CHHYCONAJIBHOI0 TOKA NIPH coefuHeHNH (a3 NPHEeMHHUKA 0 cXeMe «3Be31a»

JlaGoparopHast paboTa NPOBOIMTCS B MHTEPAKTUBHON (opMe: ¢ pa300poM KOHKPETHBIX CHUTyalui
(3 gaca).

[{enb paboTHI: W3ydeHWE CHUMMETPUYHBIX W HECUMMETPUYHBIX PEXKHUMOB pabOThl  Tpex(azHbIX
ANIEKTPUYECKUX ILeTed NMpu COeOUHEHMH (a3 MPUEMHHKOB IO cXeMme ‘‘3Be3fa’.
IlopA10K BBIOJIHEHMYS:

1. CoOpaTh cuMMeTpHYHYIO TpeX(a3zHYI0 TPEXIPOBOIHYIO 3JIEKTPHUECKYIO LIETh Za =2,=71,

B kauectBe (ha3HBIX Harpy3oK CIEIYeT HCIIOIb30BaTh PE3UCTOPHl C OJMHAKOBHIMH aKTHBHBIMHU
COTIPOTHUBIICHHUSIMH.

[IpencraBuTh HETb AJIS1 IPOBEPKH MIPETIOAABATEIIIO.

2. V3MepuTh ¢ MOMOINBI0 BUPTYAIbHBIX AJICKTPOU3ZMEPHUTEIHHBIX MPUOOPOB WIH MYJIBTHUMETPOB
¢dasuple (MIMHEWHBIE) TOKW, (asHble W JIMHEHHbIC HANPSHKCHUS, a TAKKE HANpsDKEHWE CMEIICHHs
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HelTpany. BeIYMCIUTE COMMPOTHRIICHUS HAIPY30K (a3. Pe3ysbraThl H3MEPEHHUM ¥ BBIYUCICHUN 3aHECTH B
Tabmmiy 3.1.
3. VYCTaHOBUTh HECHMMETPHYHYIO OJHOPOJIHYIO (OJUHAKOBBIA Xxapaktep (a3HBIX Harpy3oK)

Harpysky g_a #Z, #Z, W NOBTOPUTL U3MEPEHUs W BbluMcIeHHs 1.2, Pe3ynprathl usmepenuii u
BBIUMCIICHUN 3aHECTH B TaOIMHUITyl.

Tabnuna 1
Xapaxkmepucmuku u napamempul mpexgazHoil mpexnposoonoii
I7IeKMPUYECKOoll yenu
Pesrcumot USMEPEHO Buiuucneno
padomut Uss [ Upc [Ues (U [UJU [ U [ L] 1 | L z, 1z | z
uenu B A Om

CHMMeTpUYHAs Harpy3Ka
Hecummerpuu.
OJIHOPOJIHAsI Harpy3Ka
Hecummerpuu.

HEOAHOPOAHAS HAarpyska

OOp5IB pa3HOTO MPOBOAA

Kopotkoe 3ambikanue ¢a3sl

4. YcTaHOBUTh HECUMMETPUYHYIO HEOJHOPOAHYIO HAarpys3Ky, BKIOUMB B (a3y C KOHIEHcaTop U
MOBTOPUTH U3MEPEHHS U BHIYMCIICHUS I1.2. Pe3ybTaThl H3MepeHuil U BBIYHCIICHUH 3aHECTH B TaOmuIy 1.

5. YCTaHOBUTH CHMMETPUYHYIO HArpy3Ky (a3.

6. OTKJIFOYUTH OJUH K3 (Pa3HBIX MPOBOAOB U MOBTOPUTH U3MEPEHUS M BBIYUCIICHUS 11.2. Pe3ynbpraTsl
3aHeCTH B Tabmuiy 1.

7. BoccTaHOBUTH Tpex(azHyIO TPEXIPOBOIHYIO IICTIb.

8. BBIMOMHUTE KOPOTKOE 3aMbIKaHUE OMHOW M3 (a3 W MOBTOPUTH W3MEPEHHS M BBIYHCICHHS 11.2.
Pe3ynbraTe! 3aHecT B Tabnuiryl.

9. Ilo nanHBIM TaOIUIBI | MOCTPOUTH BEKTOPHBIE JUATPAMMBbI HANPSHKEHUH M TOKOB IS KaXJI0TO
pekuMa paboThI LIETIH, YKa3aHHOTO B TaONHIIE.

10. IoakimrounTh MI€ATM3UPOBAHHBIN (HEe O0JIaaroIIuii COMPOTHBICHNEM) HEHTpaIbHBINA MPOBOI,
Kak mMoka3zaHo Ha puc. 2. ConmpoTHBIEHHWE HEHTPalTbHOTO MPOBOJA B JAHHOM CIIydae OTCYTCTBYET
¢, =0.

11. YcTaHOBUTH CUMMETPUYHYIO Harpy3ky. M3Meputs JinHeliHble U (a3Hble HanpsbKeHus, (asHele
(IMHEliHBIE) TOKM M TOK B HEWTPaIbHOM MPOBOJIC. BBIUMCINTG BETWYWHBI COMPOTHBICHHN (a3HBIX
Harpy3ok. Pe3ynbrarhl n3MepeHHi U BRIYUCICHUM 3aHECTH B Ta0HILy 2.

12. YCTaHOBUTh HECUMMETPUUYHYIO OJJHOPOJIHYIO Harpy3Ky M MOBTOPUTH U3MEPEHHS U BBIYMCICHUS
m.11. Pe3ynpTaTsl 3aHeCcTH B TAOIUITY 2.

13. YCTaHOBUTHP HECUMMETPHYHYIO HEOJHOPOJHYIO HArpy3Ky M TOBTOPUTH W3MEpPEHUs u
Beruucienus 1.11. PesynbraTel 3anectu B Tabuuy 2.

14. YcraHOBUTH CUMMETPHUYHYIO HAarpy3Ky Qas.

15. OrxiarounTh OAMH W3 (a3HBIX IMPOBOJOB W TOBTOPUTH W3MEPEHHs] W BbUUCIeHHS I.11.
Pesynbrarel 3anectn B Ta0. 2.

16. Ilo ganHBIM TabJ. 2 MOCTPOMTH BEKTOPHBIE OUArpaMMbl HANPSHKCHUH M TOKOB JJIsI KaXIOTO
pexnmMa paboThI LIEMH, YKa3aHHOTO B TaOIHUIIE.

Tabnuna 2
Xapaxkmepucmuxu u napamempul mpexgaznoii uemuvipexnposoonoii yenu npu Zy=0
Pesrcumnt H3MEPEHO Buotuucneno
padomy Ug [Upcl Uy U JU JU T T T 0 [z, |7 | 27
uenu B A Om

CHMMeTpUYHas Harpy3Ka
HecumMerpud.oqHOpogHAs Harpy3Ka
HecnmMerpud. HeoqHOpOHAS HATPy3Ka
OOpBIB (ha3HOrO MPoBoIa

17. ChopmynupoBats BEIBOIBI IO padoTe.
®opmMa OTYETHOCTH:
Pesynprar BBINONHEHHS pabOTHI mpeacTaBisiercs M odopmisercs B ¢opme ordera. B ordere mo
nabopaTtopHOl paboTe AOIKHBI CONEPKATHCS CIECTYIOUINE TYHKTHI:
1. Lenp paboThl.

93



2. Cxema dKCIepUMEHTATBLHOM ICKTPUICCKON TICTIH.
3. Tabmu1p! pe3ynbTaTOB H3MEPEHUH U BEIYUCICHUH 110 IPOTrpamMMe padoTEHI.
4. Paboune popmMybL.
5. BekTopHbIe quarpaMMbl HAIIPSDKEHUH U TOKOB, BHITIOJTHEHHBIC B MACIIITA0€ O MPOrpaMMe paOoThl.
6. BriBogiwI 110 paboTe
3aaHus A caMOCTOSATENEHON PaboThI:
N3yunts TEOpeTndeckuii Matepuan no teme 1.3 paznena 1.
OcHOBHas JHTEpaTypa
[1,2,3]
JlomoTHUTENBEHAS JIUTEPATypa

[6.8]

KoHTposabHbIe BOIPOCH ISl CAMOIIPOBEPKU:

1. Ha3Batb 00nacTu mpuMEHEHHs! TPEXIPOBOAHBIX U YETHIPEXMPOBOIHBIX TPeX(a3HBIX LEHEH.

2. KakoBo HazHaueHHe HEUTpaIHLHOTO MpoBoaa?

3. KakoBbl OCHOBHbBIC COOTHOLICHHS MEXAy (a3sHbIMH M JTHUHEHHBIMH HANPSKCHUSIMH M TOKaMH IIPH
Pa3IMYHBIX PEeXKUMax paOdOTHI TpeX(pa3zHOU IETH.

4. TTosicHUTD MOPSAZOK ITOCTPOEHUS BEKTOPHBIX TUAarpaMM TOKOB M HAIPSKEHHI.

5. Kak onpenenuts xapaktep Ga3HbIX HArPY30K 110 BEKTOPHBIM AXarpaMMaM TOKOB M HaIPsDKEHUT?

JladopaTopHas padora Ne 6 HcciaenoBanue ogqnogasnoro rpancdopmartopa
JlaboparopHast paboTa TPOBOIUTCS B MHTCPAKTHUBHON (hopMe: ¢ pa300pOM KOHKPETHBIX CHUTYaIlUui
(3 gaca).

[lenb paboTel: O3HAKOMUTHCS € YCTPOWCTBOM U MPHUHIIUIIOM JCHCTBHS 0MHO(DA3HOTO TpaHCHOpMATOpA.
ONBITHBIM ITyTEM HCCIIEIOBATh PaboTy TpaHc(hoOpMaTopa Ha XOJIOCTOM XOJy, IPU KOPOTKOM 3aMbIKAHUU
W 1oJ1 Harpy3Kkoii. [TocTpouTh paboure XapakTepPUCTHKH.
[TopsAaoK BBIIOJHEHMUS:
1. Onwim xonocmozo xooa

1. O3HaKOMUTHCS ¢ 000PYIOBAaHHEM, UCTIONB3YIOIIUMCS B CEPUH SKCIIEPUMEHTOB 10
HCCIIEIOBAHUIO OJIHO(A3HOTO TpaHchopMaTopa.

2. Y0enuThes, 4TO yCTPOHCTBA, UCIIOIb3yEMbIE B 3KCIICPUMEHTE, OTKJIFOUCHBI OT CETH
AIEKTPOTIMTAHUS.

3. CoenMHUTH THE3/1a 3aIUTHOTO 3a3EMIICHMS "@" YCTPOWCTB, UCIOJIB3YEMBIX B 3KCIIEPUMEHTE,
c ruezntom "PE" aBTOoTpanchopmaropa Al (moxymnp 318.1).

4. CoeAMHUTH IEKTPUUECKUM IIHYPOM MTPUOOPHYIO BUIIKY dJeKTponuTanus «220B»
aBroTrpaHcdopmaropa Al (Moayias 318.1) ¢ po3erkoii oHO(a3HOM TPEXITPOBOIHOM ANEKTPUIECCKON CETH
nuTanus HanpsbkeHueM 220B (BeImoHsIeTCS penoaBaTesiem).

5. CoemMHUTH amnmaparypy B COOTBETCTBHUH C DIECKTPUICCKON CXEMOU COSAMHECHIM,
n300pakeHHOM Ha puc. 1.

6. K BropnuHoif 00MOTKE TpaHchopMaTopa MOAKIIOUYUT BOJIBTMETD.

7. lloBepHYTH peryMpoBOYHYIO PYKOSTKY aBToTpanchopmaropa Al (moayns 318.1) B kpaiinee
MIPOTHB YAaCOBON CTPENKH MOJIOKEHHE.

8. Bxitounts Beikirouarenu «CEThy 010koB, 3a1eiiCTBOBAaHHBIX B SKCIIEPUMEHTE.

9. AKTHBH3UPOBaTh MyJIbTUMETPHI O0Ka P1 (Momyns 508.2), 3aneiicTBoBaHHBIE B
JKCIIEPUMEHTE.

10. Bpamast perymupoBoO4HYIO PyKOATKY aBToTpanchopmaropa Al(moayns 318.1), ycTaHOBUTH
HOMHUHAJIbHOE HANPsDKEHUE HA MIEPBUYHON 0OMOTKE TpaHC(GOpMaTOpa U BHIIIOJIHUTH U3MEPEHHE Ha
BTOPUYHOI 0OMOTKE.

11. Orxirounts BeIkodaTen «CEThy 0710K0B, 3a7¢iiCTBOBAaHHBIX B DKCIICPUMEHTE.

12. Tlo dhopmyie —————— paccuuTarh K03 PUIHUEHT TpaHCPOPMAIIH UCCIIELyEMOTO
Tpanchopmaropa.

13. BxirounTts Beikmouarenu «CEThy 010k0B, 3a1eiiCTBOBaHHBIX B SKCIIEPHUMEHTE.

14. AxtuBusupoBarb MynbTHMETpel Onoka Pl(momyms 508.2), 3aneiicTBOBaHHBIE B
JKCIEPUMEHTE.
15. Bpamas peryimmpoBOYHYIO PYKOSATKY aBTorpanchopmaropa Al(momyms  318.1), u3MEHSTH
HanpsbkeHune U Ha BBIBOJAX NEPBHYHOW M BTOPUYHOW OOMOTOK HCHBITYEMOTO OAHO(A3ZHOTO
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Tpanchopmaropa B amamazone 0...220B u 3aHectn mokazanus BoiabTMeTpa Pl.1 (Hampspkenue U) u
amriepmerpa P1.2 (tok lp mepBuuHOW OOMOTKM TpaHChOpMaropa), a TakKe BaTTMETpa W BapMeTpa
mameputenss P2 (momyms 507.2) — aktuBHas Py u peaktuBHas Qp MOIIHOCTH, MOTpeOiseMble
TpaHchOpMaTOPOM B TaOIHILY
16. OtxmounTs BeIKIIouaTein «CEThy 6510k0B, 3aeiiICTBOBAaHHBIX B DKCIICPUMEHTE.
17. Ucnionp3ysa mamnable TaOMWIBl 1.1, BEIYMCIHTH COOTBETCTBYIOIIHME HampspkeHnio U
3HA4YEHUs KOAPPHUINEHTa MOIIHOCTH 10 hopmyIie

P

70 ;

VP +Qy’°

3aHecuTe TOMy4YeHHBIE Pe3yIbTaThl B TA0IHILY 1.

18. Hcnonw3yst manHeie Tabmumpl 1.1, TMOCTPOUTH XapaKTEPUCTHKH XOJIOCTOTO XOJa
lo=Ff(U), Po=F(U), cospo=F(U) onnodaznoro tpanchopmaropa.

2. Paboma oonoghasznoco mparcghopmamopa ¢ Hacpy3xkou

1. Ybeautbcs, 94TO YCTPOWMCTBA, MCIMOIB3YyeMble B J3KCIIEPUMEHTE, OTKIIOUEHBI OT CEeTH
3JIEKTPOIIUTAHUSI.

cos g, =

" "

2. CoenuHHUTH THE3/1a 3AIIUTHOTO 3a3EMIJICHUS YCTPOMCTB, HCIONB3YEMBIX B
JKcrepuMenTe, ¢ THe3noM "PE" aBrotpanchopmaropa Al (Mmoxyns 318.1).

3. CoenuHHTH 3JEKTPUYECKUM IIHYPOM TPUOOPHYIO BWIKY 3ieKTpormuTaHus «220B»
aBroTpancopmaropa Al(momyns 318.1) ¢ poseTkoil oaHO(A3HOW TPEXNMPOBOIHOM
ANEKTPHYECKOH ceTH MUTaHus HanpspbkeHueM 220B (BBIOIHSACTCS MPEroaBaTeieM).

4. CoeouHuTh amnmapaTypy B COOTBETCTBHHM C JJIEKTPUYECKOH CXEMOW COEOUHEHUM,
n300pakeHHOi Ha puc. 1.6.

Pa3oMKHYTH BBIBOABI BTOPHYHON OOMOTKH TpaHC(OpMAaTopa W MOAKIIOYHUTH K HUM B
KayecTBe Harpys3ku jgononHurenbubiii peocrar R2 (R ~1400 Owm), Bomsrmerp P3 wu
amnepmerp P4. [lonydeHHyI0 cXeMy SKCIEpUMEHTa MOXKHO MPEJCTaBUTh YKPYIHEHO Tak,
Kak MoKa3aHo Ha puc. 1.7.

5. IloBepHYTh perymupoBOYHYIO PYKOSATKY aBToTpaHcopmaropa Al(momyns 318.1) B
KpaifHee MPOTHB YaCOBOH CTPEJIKH MOJIOKEHHUE.

6. B tpexdasznoii TpaHcopmaropHoit rpymme A2 (moxyinb 347.1) mepexiouaresieMm
YCTAHOBUTH JKEJaeMO€ HOMHMHAJIBHOE BTOPHMYHOE HaNpshDKeHUe TpaHcdopmaropa,
Harnpumep, 127 B.

7. YCcTaHOBUTH CyMMapHOe compoTuBienue peocrata A13 (moxynes 323.3) paBaeiM 100
Owm.

8. PaccunraTh HOMUHAJIBHBIN TOK BTOPUYHON OOMOTKH TpaHc(opMaTopa 1o ¢popmy

I — Szj).}«o.u
2nom U v
rae S, ,,, — HOMHHaIbHAs MOUIHOCTH (asbl TpaHchopmatopa, pasHas 80 BA; u,, =~ —

YCTaHOBJICHHOE Ha 0JIoKe A2 HOMUHAJIbHOE HAIPSDKEHUE BTOPUYHON 0OMOTKH TpaHcdopMaropa.

9. I/ICHOJ'IB3y5[ HW3BECTHBIN I2H0M Hn 3aJaHHBIC 3HAYCHUS ﬁ , pacCunuTaThb |2 oo ypaBHCHHUIO |, =41, .

3anucarhb NOoJTy4eHHbIe 3Ha4eHus B Tabm. 1.3.

10. YcTanoBuTs HauboMblIEE CONPOTHUBIEHUE peocTaTa R2, MCIIONB3yOMIErocs B KauecTBe Harpy3Ku.

11. Bxitounts Beikirodatenu «CEThy 010koB, 3a71eiicCTBOBaHHBIX B SKCIIEPUMEHTE.

12. AxTuBH3UpOBaTH MyJIBTHMETPHI 0s10Ka P1(Momyns 508.2), a Takxke BaTTMETp U BapMETP U3MEPHUTEIS

P2 (moxyns 507.2), 3aneiicTBOBaHHBIE B SKCIIEPUMEHTE.

13. YMeHbIIasi CONMpPOTUBIIEHHE HArpy304HOro peocrata R2, ycraHaBauBaTh MOOYEPETHO TAOIMYHBIC

3Ha4YeHUs [, CHATH MOKa3aHus IPUOOPOB U 3amucaTh uX B Ta0i. 2. [Ipu npoBe/ieHnH OIbITa HATIPSIKEHNE

Ha 3KUMax NMEPBHYHON 00MOTKH TpaHchopMaTopa cleyeT MmoaaepKuBaTh Heu3MeHHbIM U, z=const.

14. OtxrounTts Boikmodarenn «CEThy 0110koB, 3a/1eiCTBOBAaHHBIX B DKCIICPUMEHTE.

15. Ins mocTpoerns pabounx XapakTePUCTUK BBIUMCIUTD IO YPAaBHEHUSM:

cosg, = L
S Ul

i P,=U,l,cosp,> TIe cosg, =1;

P u,I _
2.100% = —2-2-100%: AU, =22 =Yz .100%-

(T

20
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rae Uy — HanpshKeHHe Ha 3aKUMax BTOPUIHOM 00MOTKH TpaHcdopmaropa ipu [ =0. PesynpTaTst

3aHecTH B TalII. 2
Tabauya 1

U, B
U,, B
lo, MA
Po, BT
Qo, BT
COS @y

Tabauya 2

M3MEPEHO BBIUKCIIEHO

ﬂ |1 Iz U2 Pl Cosgp Pz n AU P

A A B Bt Br % %

0.25
0.5
0.75
1.0

16. 1o mannbIM TaONUIBI 2 HOCTPOUTH pabovMe XapaKTEPUCTUKU TpaHchopmaropa: U, = f @

n="1(p), cosp, =G, AU,=@ .

17. TlocTponTh BHELIHIOI XapaKTEePUCTHKY U, = f (,

18. Cnenath BBIBOJIBI 110 paboTe
dopma oT4eTHOCTH:
Pesynprar BBIONHEHMS pabOTHI mpeacTaBisiercs W odopmisercss B ¢opme ordera. B ordere mo
nabopatopHoii paboTe JOJKHBI COJIEPKATHCS CIIETYIONINE TYHKTHI:

1. HaumenoBanue paboTHLI.

2. lens paboTsL.

3. Cxema OKCIIEPUMEHTANBHOW YCTAaHOBKH JUIsl BBIIOJHEHHUS OIBITA XOJOCTOTO X012
Tpanchopmaropa.

4. Tabnuia n3MepeHnit 1 BEIYUCICHUH Pe3yIbTaToOB OIbITa XOJIOCTOTO X0/1a TpaHcdopmaropa.

5. Paboune ¢popmyisl Uit 00pabOTKH pe3yaIbTaTOB OMbITA XOJIOCTOTO X0/Ia TpaHCPOpMaTopa.

6. Xapakrepuctuku xojiocroro xona lo=Ff(U), Py=F(U), cospo=Ff(U).

7. CxeMa KCIICpUMEHTAIBHON YCTaHOBKHU ISl BHIIIOJHEHHS OIBITA MO HCCIEIOBAHHUIO PabOTHI
TpaHcdopmaTopa ¢ Harpy3Koii.

8. Tabmuia U3MepeHUil U BRIYUCICHUI PE3yJIbTaTOB MCCICA0BAaHUS pabOThl TpaHCcopMaropa ¢
Harpy3Kom.

9. PabGoune ¢opmynsl 1 00paboOTKH pe3ysbTaTOB MCCIEAO0BaHUs paboThl TpaHcopmaropa ¢
Harpy3Kou.

10. PaGoume xapakTepucTuku oaHodasHoro Tpancpopmatopa U, = f {3‘:, n="~1(p),

Cosp, = f ¢:’ AU, = 6:

11. Bremmnsisa xapakrepuctuka Tpancpopmaropa U, = f (, :

12. BeiBOABI.
3ajiaHus JIIsl CaMOCTOSTENILHON paboThL:
N3yunts TeopeTnueckuii Mmarepuain no teme 2.1. pazaena 2.
OcHoBHas IuTEpaTypa
[1,2,4]
JlononHuTenpHas auTepaTypa

[7]

KoHTposabHbIe BONPOCH! A7 CAMOIIPOBEPKHU:

1. KakoBo HazHnadyenue Tpanchopmaropa?

2. OOBsicHUTE IPUHLIMI ACHCTBUA TpaHCPopMaTopa.

3. Jlns gero npenHa3zHaueH OMBIT XOJIOCTOTO X0/a Tpanchopmaropa?
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4. Yro HaszbiBaeTcs K03 PuireHTOM TpaHchopMaIuu?

5. Jlnst 9ero mpenHa3HaueH OMBIT KOPOTKOTO 3aMbIKaHus Tpanchopmaropa?

6. Ha3oBuTe mpuuuHBI OTEPh MOIIIHOCTH B TpaHC(oOpMaTope.

7. Kakyro MOIITHOCTh U3MEPEHU BaTTMETP, BKIIOYCHHBIN B IEPBUYHYIO IIETIh TpaHCHOpPMATOpa, B OIBITE
XOJIOCTOTO XO/Ia, B OMBITE KOPOTKOTO 3aMbIKAHHUS?

8. Kakum 00pa3oM yMEHBIIAIOT TMOTEPH MOITHOCTH B CTalH TpaHCc(hopMarTopa 3a CUeT THUCTepe3uca H
BUXPEBBIX TOKOB?

9. Uto Takoe BHENIHSA XapakTeprucTuka Tpanchopmaropa? [loscHuTe ee BU.

JlabopaTopHas padora Ne 7 UcciienoBanue reHepaTropa nocTOSTHHOT0 TOKA

[lenb paGoTbl: O3HAKOMUTHCS C YCTPOWCTBOM M NPHHILUIIOM ACHCTBHS I'€HEpaTOpa IOCTOSIHHOTO TOKA
CMEILIAHHOTO BO30Y)KICHMS; NPUOOPECTH HaBBIKM B COOpPKE CXEMbl; HKCIEPUMEHTAJIbHBIM IIyTEM
HOJY4YUTh OCHOBHBIE XapaKTEPUCTUKU I'€HepaTopa IpH PasIndHbIX criocodax BO30yKICHUS.

IIopsiHOK BBIIOJIHEHHUS:

1. YOenuThcs, 4TO YCTPOHCTBA, UCIIOIb3YEMbIE B SKCIIEPUMEHTE, OTKIFOUYCHBI OT CETH JICKTPOIUTAHUS.
2. CoOpaTh 2MEeKTPUUYECKYI0 CXeMY COSIMHEHUN TeTUIOBOH 3aIIUTHI MAIIHBI IIEPEMEHHOTO ToKa (puc. 1).

"

3. CoeauHUTh THE3JA 3AIUUTHOIO 3a3€MJICHUS " YCTpOHCTB, UCHOJB3YEMBIX B 3KCIEPUMEHTE, C
rae3noM "PE" Tpexdasnoro ucrounuka nuranus G1 (moayns 201.2).
4. CoenvHUTH amnmapaTypy B COOTBETCTBUU C DJJEKTPUYECKOM CXeMOW COeAMHEHUH TIeHepaTtopa
MOCTOSTHHOTO TOKA HE3aBHCUMOTO BO30YKACHHS, N300pakeHHOH Ha puc. 2.6.
5. Iepekmouatenu pexuma pabotsl ucrounuka G2 (Mmoxyns 206.1), Bozdoyautens G3 (moayns 209.2) u
BbIKTIOUaTene A6, A8 (moxynu 301.1) yctanoBuTh B nonoxxenue "PYYH.".
6. PerymmpoBounble pykosTku uctouHuka G2 (momyme 206.1) u Bo3Oyamrens G3 (momyms 209.2)
MOBEPHYTH NPOTUB YACOBOM CTPEJIKM A0 YIOPA.
7. B tpexdazHoii TpanchopmaropHoir rpynme A2 (Moxyns 347.1) yCTaHOBHTH HOMHUHAJIBHOE
HanpspKeHUe BTOPUYHBIX 0OMOTOK TpaHchopMaTopoB paBHbM 230 B.
8. YcranoButs B Kaxao# ¢ase peocrata A9 (moxyns 307.1) conporusnenus, paBasie § Om.
9. Bxmtounts TymOnepbl «CETb» Beikmouareneit A6 u A8 (Momymm 301.1), Gioka MyIbTHMETPOB
P1(moxyns 508.2), ykazarens gactoTsl Bpaienus P3 (moxyns 506.2).
10. AxTuBM3UpOBaTH MyJIbTUMETPHI O10Ka P1(Momynp 508.2), 3aneiicTBOBaHHBIE B 3KCTIEPUMEHTE.
11. Bitounts Beikirodatens A8 (moxyns 301.1) kaomnkoit «BKJIDy.
12. Bxmounts ucrounuk Gl(momynp 201.2). O Hanmuuuu HanpsokeHHH (a3 Ha €ro BBIXOJE JIOJDKHEI
CUTHAJIN3UPOBATH CBETALIUECS JIAMIIOUKH.
13. Bxmrounts Beikitouaress «CETby Bo30ynutens G3 (moxyns 209.2), u Bpamas ero peryJupoBOYHYIO
PYKOSITKY, YCTAaHOBUTH Ha €T0 BBIXOJIe HallpsbkeHue paBHbIM 20 B.
14. Bximrounts Beikimouatens A6 (Moxyis 301.1) xknonkoit «BKJI». IIpu atom nBurarens M1 nomxen
HayaTh BpalaThCsl.
15. Haxars kuonky "BKJL." Bo3Oyaurenst G3 (momyns 209.2). Asurarens M1 (mogyne 102.1) npu aTom
JIOJKEH MEPEeUTH U3 ACHHXPOHHOTO B CHHXPOHHBIN PEXXUM PabOTHI C CETHIO.
16. OtxinrounTts Beikiovatesb A8 (Moxyis 301.1) knomkoit «OTKIDy».
17. Brmtounts Beikirouatens "CETD" u naxkats knonky "BKJL" ucrounnka G2 (Momyns 206.1).
18. [lnaBHO W MOCTymaTEeNBHO Bpalllas PEryJMPOBOYHYIO PYKOSATKY UctouHMka G2 (Momynb 206.1),
U3MEHATh TOK B030OyxkaeHusi lp reneparopa G4 (momyms 101.2) B nmamazone 0...0,2 A u 3aHecTn
noka3anusi amnepmerpa P1.1 (tokx lp) u BompTMmerpa P1.2 (BHAC E, reneparopa G4) B Tabmumy 2.1
(Bocxosiiiiasi BETBb, 0003HaueHHAast B Ta0J. 2.1 CUMBOJIOM —>).
19. IInaBHO M TWOCTyHaTenbHO Bpallas PEryJMpPOBOYHYIO PYKOSTKY HCTOYHHKAa G2, M3MEHSTH TOK
BO30yxaeHus lp reneparopa G4 (momynas 101.2) B auamazone 0,2...0 A u 3aHecTH IOKa3aHUS
amnepmerpa P1.1 (tok lz) u BometMmerpa P1.2 (3JIC Eq renepatopa G4) B Tabnuiy 1 (HUCXO/s1Iasi BETBb,
0003HaueHHas B Ta0M. 2.1 CUMBOJIOM <—).

Tabauya 1.

Ig, A
Ey B
%
Ey B
E
20. ITo 3aBepueHnH >KcrmepuMeHTa y uctodHnka G2 (momyns 206.1) moBepHYTh pEryIHpOBOYHYIO
PYKOSITKY NMPOTHUB YacOBOM CTPEIKH N0 ymnopa, HaxkaTh KHONKY "OTKIL" M OTKIIOYMTH BBIKJIIOYATENH
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"CETbB". Otxmounts BeIKTIOUaTedh A6 (Momyns 301.1) maxartwmem kHomku "OTKIL". OTkmounTh
ucrounuk G1 (Momyns 201.2) HaxaTHeM Ha KHONKY — I'pUO, ¥ MOCIEAYIONIMM OTKIFOUCHHEM KIIIoYa —
BeIKItovarens. Otkmounts Beikmoyarens "CETbH" Bo3Oynutens G3 (momyns 209.2), BeikiarouaTenein A6
u A8 (mogymu 301.1), 6moka mynberumerpoB P1 (Momyns 508.2) u ykaszarens 4acToThl BpamieHust P3
(Momyns 506.2). 21. Ucnons3ys pe3yabTatsl Tabi. 2.1, MOCTPOUTH HCKOMYIO XapaKTEPHUCTHKY XOJIOCTOTO
xoma Eo=f(lp).
22. CoeauHUTh amnmapaTypy B COOTBETCTBUH C JJEKTPUYECKOM CXEMOW COEIMHEHHWH TeHeparopa
MOCTOSTHHOTO TOKA C TapaJjIeIbHBIM BO30YKACHHEM, H300pakeHHOH Ha puc. 2.7 (BapuaHT 1).
23. Tepexirouatenu pexuMma padbotel Bo3Oymutenst G3 (momyns 209.2) um BhIkmtouaTeneit A6 u A8
(momymu 301.1) ycraHoBuTh B osioxenue "PYUH.".
24. PerynupoBounble pyKosTku Bo3Oymutenst G3 (momyns 209.2) mOBepHYTh MPOTHUB YaCOBOW CTPETIKH
JI0 yIopa.
25. PerynupoBouHble pyKOSTKH akTUBHOHM Harpy3ku A10 (moaynb 306.1) ycTaHoBUTE B osioxkHue "0".
26. B Tpexdaznoii Tpanchopmarophoii rpynme A2 (Momynp 347.1)  yCcTaHOBUTH HOMHUHAJIBHOE
HanpsDKEeHNE BTOPUYHBIX 00MOTOK TpaHchopmaTopo paBHeIM 230 B.
27. YcraHOBUTH B Kaxao# ¢asze peoctata A9 (momyns 307.1) conporuBnenue § Om.
28. YcraHOBUTH cymMMapHoOe compoTuBieHue peocrata Al3 (momyns 323.3), paBueiM 200 Om u
3aKOPOTHUTH €T0 IPOBOAHUKOM.
29. Bxmouuts TymMOnep «CETby» Beikmrouareneit A6 u A8 (moxymu 301.1), 6moka mynsTuMerpoB Pl
(Momynb 508.2), ykazarens yacToTsl BpamieHus P3 (mogyns 506.2).
30. AKTUBU3UPOBATH MYJILTUMETpPHI O11oka P1 (Moaynb 508.2), 3aneiicTBOBaHHBIE B 9KCIIEPUMEHTE.
31. Bxorounts BeikmodaTens A8 (Momymns 301.1) kaomko#t «BKJDy.
32. Bxurouuth uctounuk Gl(momyns 201.2). O Hamuuuu HampsokeHHH (a3 Ha €ro BBIXOJE JIOJDKHEI
CUTHAJIM3UPOBATh CBETAIIUECS JTaMIIOUKH.
33. Bxamtounts Beikirodatens «CETby Bozoymutens G3 (moxymns 209.2), u Bpaimas ero peryaIupoBOYHYIO
PYKOSITKY, YCTAaHOBUTH Ha €T0 BHIXOJIE HamnpsbkeHue paBHbIM 20 B.
34. Bxmiounts BbIKIIOHaTenb A6 (Mmoaynp 301.1) xHomkoit «BKJI». Ilpu stom nasurarens Ml
(Momynp102.1) momKeH HadaTh BpaIIaThCs U CTpeNka ykasarens 4acToTel P3 (momymns 506.2) momkHa
OTKJIOHUTHCS BIPABO.
35. Haxarp kaonky "BKJL" Bo3Oynurenst G3 (moaynb 209.2). [Asurarens M1 (Moxyns 102.1) nmpu 3ToM
JIOJKEH TIeperTH U3 aCMHXPOHHOTO B CHHXPOHHBIM peXuM paboTsl ¢ ceThio. YacTtoTa ero BpamieHus N
nokHA noctuyb 1500 00/MuH.
36. Otxmrounts BbIKITIOUaTenb A8 (momyne 301.1) kaomkoit «OTKJI». B pesynbrare renepartop
nocrostHHOTO ToKa G4 (Moaynb 101.2) momkeH caMOBO30YIUTHCA.
37. llepememntas perynmpoBouYHble pyKosTKHM Harpy3kum Al0 (Momymp 306.1) mo dHacoBoW cCTpelnke,
u3MeHATh TOK | Harpy3ku reaepatopa G4 (momynb 101.2) u 3anectn nokasanus ammepmerpa P1.1(tok I)
u BonbT™MeTpa P1.2 (nanpsokenue U sikopHoit 00MoTkH reHepatopaG4) B Tabmimiry 2.2.
38. Ilepenectu 3akopoTKy ¢ peoctara Al3 (Mmoaynps 323.3) Ha akTuBHYI0 Harpy3ky A10 (moxyns 306.1)
39. VYmensbmas compotuBieHue peocrtata Al3 (momymp 323.3) 1m0 Hyns, TPOAOIKUTH 3aHOCHUTH
noka3anusi ammnepmerpa P1.1(tok |) u BomsT™merpa P1.2 (manpspkenne U sikopHO 0OMOTKHM reHepaTopa
G4) B Tabnuiy 2.2.

Tabruya 2

I, A
U, B
40. OrxurounTh BeIKIIOYaTENh A6 (Momyns 301.1) Haxkatuem kaornku "OTKIL". [IBurarens M1
(Momyns 102.1) momKkeH OCTaHOBUTHCS.
41. Haxxats kHonky "OTKJL" Bo30yauresns G3 (moaynb 209.2).
42. Haxatp xkHotiky «OTKJI» nctounnka G1 (Mmomyns 201.2) u Beikimrouareneid A6 u A8 (mogynu 301.1).
43. CoenuHUTH ammaparypy B COOTBETCTBHM C JJIEKTPUUYECKOM CXEeMOM COEAMHEHHH TeHepaTtopa
MTOCTOSTHHOT'O TOKa C TapaJuIeIbHBIM BO30YKICHUEM, H300pakeHHOU Ha puc. 2.8 (BapwaHT 2).
44. YcTaHOBHUTH cONpOTUBIIEHUS peocTaTa Bo30yxkaenus All (momymns 308.1) u peocrara Al3 (Momyns
323.3), paBHbiMU 0 OM.
45.YcTaHoBuTh B Kaxk0i (aze peoctara A9 (moayas 307.1) conporusienue 8 Om.
46. PerynmupoBoUYHbIe pyKOSTKA akTHBHOU Harpy3ku A10 (Mmomynbs 306.1) ycranoBuTh B mostoxenue "0".
47. Bxmounts Beikmtouatens A8 (Moxayns 301.1) kaomkoit «BKJD».
48. Haxars xHotKy «BKJI» Ha nctounuke G1 (Momyns 201.2).
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49. BxirounTs BeIKITIOUaTeTh A6 kHOTTKOH «BKJI». [Ipu aTOM nurarens M1 gomKeH Ha4aTh BPamaThes
U CTpenKa ykasarens 4actoTel P3 (Momymns 506.2) momkHa OTKIIOHUTHCS BIIPABO.
50. Haxatp xHonky "BKJL." Bo3Oyautens G3 (momyns 506.2) Iurarens M1 (Moxyns 102.1) mpu 3Tom
JOJDKEH TEePEUTH M3 aCHHXPOHHOTO B CHHXPOHHBIN peXUM paboThl ¢ ceThlo. YacToTa ero BpameHus N
nopKHa noctuyb 1500 MuH/MUH.
51. Otxmrounts BeIKTIOUaTe b A8 (Momyms 301.1) kmomkoit «OTKJI». B pesymprate reneparop
noctosiHHOro ToKa G4 (Momyne 101.2) momkeH caMOBO30yIUTHCA.
52. VcranoButh HanpsbkeHue U sikopHOH oOMoTkm reHeparopa G4 (moxyms 101.2), Hampumep Ha
ypoBHe 90 B, m3mensist conpotuBieHust peoctara Bo3OyxaeHus All (momyms 308.1) u peocrata Al3
(Momyns 323.3)
53. Ilepemeras peryaupoBOYHBIE PYKOSITKH akTUBHOW Harpy3ku A10 (momyns 306.1) u mogmep:KuBast
MyTeM U3MEHEHHsI COMPOTHBIIEHUS peoctara Bo30yxaeHus All (momxyns 308.1) u peocrara Al3 (Momyns
323.3) manpsokenue U skopHOW OOMOTKM HEM3MEHHbIM W paBHbIM 90B, usmeHsaTh Tok |, skopHOU
obmotku reHeparopa G4 (moxyne 101.2) u 3aHectn mokazanus ammepmerpoB P1.1 (tok 1) u P1.2 (Tox
I3) B Tabmuiry 2.3.

Tabruya 3

I, A
Iy A

54. Tlo 3aBepiIEHUH SKCIIEPUMEHTa OTKIIOYUTH BbIKMIouaTenb A6 (Moaynp 301.1) HaxkaTneM KHONKH
"OTKIJL". Otxmounts uctouynuk Gl (Momyns 201.2) HaxkaTueM Ha KHOIKY — TpHO, U MOCIEIyIOIUM
OTKJIFOUEHHEeM Kiroua — BeIKIroUarens. Otkmounts Beikmodatens "CETH" Bozoymurens G3 (Momyns
506.2), Beikimrouareneid A6 u A8 (moxynu 301.1), 61oka mynsTumMeTrpoB P1 (Moxyns 508.2) u ykazarens
gacToThl Bpamenus P3 (moxyns 506.2).
55. Ucnonb3ys manHbie Tabm. 2.2 u a0, 2.3, TOCTPOUTH:

— BuemHo0 Xapakrepuctuky U = f (1) mpu n = const, 1z = const (ta6m. 2);

— perynupoBouHyto xapakrepuctuky |z = f (I) mpu n = const, U = const (Tat6u. 3).
56. Cnenatb BBIBOJIBI IO PadoTe.
DopmMa OTYETHOCTH:
Pesynbrar BBIMONTHEHUS pabOTHI TpeAcTaBisieTcss W odopmisieTcss B gopMe ordeta. B oruere mo
nabopatopHoii paboTe JOJKHBI COJIEPKATHCS CIIETYIONINE TYHKTHI:
. HaumenoBanue paGoThI.
. Henp paboTsl.
. CXeMBbl SKCTIEpIMEHTAITBHBIX YCTAHOBOK JIJIsl KCCIIEJIOBAHHS T€HEPAaTOPa MOCTOSHHOTO TOKA.
. TaOnuusl pe3ynpTaToOB U3MEPEHUM, TIOTYUYE€HHbBIX IPH UCCIICAOBAHUN T'€HEPATOpa MOCTOSHHOTO TOKA.
. XapaKkTepuCcTHKa X0JIOCTOr0 X0/1a reHepaTopa moctossHHoro Toka Eqo=f(1z).
. BHewnsis xapakTepucTika renepaTopa MOCTOSHHOIO TOKA U = f

. PerynupoBouHas XapakTepicTHKa FeHepaTopa MOCTOSHHOTO TOKA | = f

AN N OO AW~

. BEIBOJIBL.
3agaHus s CaMOCTOSTEIbHON paboThI:
Wzyuuth Teoperndeckuii MaTepuai 1o teme 3.1. pazmena 3.

OcHoOBHas aUTEpaTypa
[1,2,4]
JononHuTenpHad auTepaTypa
[7]

KonTposbHbIE BOOPOCH [Tl CAMONPOBEPKHU:

1. HazoBruTe OCHOBHBIE YaCTH MAIMHBI IOCTOSIHHOTO TOKA U YKaXXUTEC UX HA3BHAYCHHUC.
. KakoBo ycTpoiicTBO 1 Ha3HAYEHHUE KOJJIEKTOPA ¥ TEHEPATOPOB MOCTOSHHOTO TOKA?
. Kakue criocoOb1 BO30ykIeHUS MPUMEHSIOT B MaIlIHAX TOCTOSIHHOTO TOKA?
. Kak ycrpoen renepatop ¢ caMoBo30yxieHHEM?
. Kak mpoucxoaut nporniece camMoBo30yKIeHUs TeHepaTopa MOCTOSTHHOTO TOKa?
. Kakumu xapakTepucTUKaMu ONPEACNIIIOTCS CBOMCTBA reHepaTopa MOCTOSTHHOTO TOKa?
. [louemy BHemIHHE XapaKTEPUCTUKH T€HEPATOPa CMEIIAHHOTO BO30YKACHHUS TPU COTIIACHOM H
BCTPEYHOM BKIFOUECHHH OOMOTOK BO30YKICHUS OTIMYAIOTCS?

~N N DN bW
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8. [Touemy perynupoBOYHAs XapaKTEPUCTHKA MPU YBEJIIMYCHUHM HATPY3KH MMEET BO3PACTAIOIIUI
xapaxrep?
9. Hanmmute ypaBaenue ais DJ[C 0OMOTKY SKOpS U HANIPSDKCHUS Ha 3aKUMax reHeparopa?

JladopaTopHass _padora Ne 8 MWccaenoBanue Tpexda3HOro AacCHHXPOHHOTO JABHUTaTelsl C
KOPOTKO3aMKHYTbIM POTOPOM

[lenp paGoTel: O3HAKOMHUTHECA C YCTPOHCTBOM M TPUHIIUIIOM IEHCTBUS Tpex(pa3zHOro aCHHXPOHHOTO
JIBUTATES] C KOPOTKO3aMKHYTBIM  POTOPOM; IPHOOPECTH MPAKTHUYSCKUE HABBIKU B COOPKE CXEMBI
YCTaHOBKH; TTOCTPOUTH pab0YHe N MEXaHUIECKYIO XapaKTEePUCTHKH.

TlopsA0K BRIMOTHEHUS:

1. Yb6emutbcs, UTO YCTPOMCTBAa, HCHONB3yeMble B OKCIEPUMEHTE, OTKIIOYEHBI OT CETH
NIEKTPOIUTAHHUS.

2. CobOpaTh JJEKTPHUECKYIO CXEMY TEIUIOBOW 3alllUThl MalIMHBI MEPEMEHHOro Toka (puc. 1),
coenunuB rHe3na TK Ha 6nokax M1 (Monyns 102.1) u G1 (mogyns 201.2) .

n n

3. CoenuHUTh THE3Ja 3aIlIUTHOIO 3a3€MJICHUS YCTPOMCTB, HCIOJIB3YEMBIX B
akcnepuMenTe, ¢ rHe3noM "PE" tpexdasznoro ncrounuka nutanus G1 (momyns 201.2) .

4. CoOpaTb DdJIEKTPHYECKYI0 CXeMy JIsi CHITHS PabOYMX XapaKTEepPUCTHK Tpex(azHOro
ACHHXPOHHOTO JIBUTATEINsl C KOPOTKO3aMKHYTHIM pOTOpOM (pHc. 3.4).

5. Peoctar A9 (Mmoxymns 307.1) mocTaBUTh B HYJIEBOE MOJIOKEHUE 110 BceM (hazam Q= 0/.

6. [IpenbsaBUTH cxemy AJIsl IPOBEPKH MPETOAaBaTENIo.

7. llepexitouarenu pexxuMa padoTel uctouHnka G2 (Moxyns 206.1) u Berkimrodarens A6 (MOIyIb
301.1) ycranoButh B monoxkenue «PYUH.».

8. PerymupoBounyto pykositky uctounuka G2 (momyns 206.1) moBepHYTh IO ymopa MPOTHB
YacOBOM CTPEJIKH, & PETyJIMPOBOYHbIE PYKOSATKM aKTHBHOM Harpy3ku A10 (moxynp 306.1) — ycTaHOBUTH
0% OT MakCUMaNbHOI'O 3HAYECHUSI.

9. B tpexdaszHoii TpancopmaTopHoil rpymme A2 (Moayib 347.1) yCTaHOBUTH HOMHHAIBHOE
NepBUYHOE  HampspbkeHue — TpaHchopmaropa 230B, HOMHHalIbHOE  BTOPUYHOE  HANpsHKEHUE
Tparcdopmaropa 220B.

10. Bruitounts xkHOnKH «CETb» 010x0B A6 (Momyns 301.1), Onox myneTuMeTpoB P1 (Momyib
508.2) 1 akTHBHPOBATh MYJIBTUMETPHI, U3MEpHUTENHh MolHocTel P2 (Momyns 507.2), yka3zaTenb 4acTOTHI
Bpamenus P3 (moxyns 506.2).

11. Brimrounts ucrounuk G1 (momymns 201.2). O Hanuuuy HanpspKeHWH Ha BBIXOZE MCTOYHHKA
JTOJKHBI CUTHAJIM3UPOBATH CBETSIINECS JIAMIIOYKH.

12. 3anyctute neurarens M1 (Moaynpl102.1) wnaxatuem kHomku «BKJL» Beikmrouarens A6
(Mmomyns 301.1).

13. Haxats kHotiky "BKJL" ucrtounuka G2 (Mmoayns 206.1)

14. Bpamass peryiupoBOYHyI0 pykosTKy wucrounmka G2 (Momyms 206.1), ycTraHOBHTH
HOMHHAJIbHOE HampspkeHHe Ha 00MoTKe Bo30y»kaeHus reneparopa 220B.

15. Bpamas peryaupoBOYHBIE PYKOSTKH akTHBHOW Harpy3ku Al0 (Moxyns 306.1) — u3MeHsTH
3HaueHne akTUBHOW Harpy3ku 0% mo 100% , ¢ mrarom 10%.

Jst Ka)Kmoro 3HaYeHUsT aKTHBHOM HATpPYy3KH 3aIlUCHIBAThH MOKa3aHUSA MpUOOpoB B Tabiwmiy 3.4
(onbiTHBIE HaHHBIE). [IpHOOpPBI PErUCTPUPYIOT CIETYIOUINE BEINYHUHBL:

Bonemmemp P4 — nuneiinoe Hanpspkenue U; Ha ctaTopHOM 00MoTKH nBurarens M1.

Amnepmemp P1.1 — Tox |, ctaTopHO#M 00MOTKH aBuTaTes M1;

Bammmemp u éapmemp — COOTBETCTBEHHO aKTHUBHYIO P13 M peakTuBHy0 Q1; MOLIHOCTH OJHOMN
¢azbl nurarens M1;

Ykazamenv ywacmomsl 8pawenuss — 9acToTy BpalieHus N, neurarens M1;

Amnepmemp P1.2 u eonemmemp P1.3 — coorBercTBeHHO TOK |, m Hampspkenue U, sikopHOit
oOMoTKH reHepaTtopa M2,

15. Tlo 3aBepieHnu skcrepuMenTta HakaTh KHONkH «OTKJD» Boikiarouaress A6 u ncrounnka G1.

16. OtxmrounTts BeikIouaTenu «CETby 0mokos A6, P1, P2, P3.

17. PerynupoBo4Hble PyKOSITKH akTUBHOUM Harpy3ku Al0 yctaHOBUTH B nosioxkenue — 0%.

18. HMcnonp3ys ONbITHBIE AaHHBIE TAONUIBI 1, BEIYMCIUTD I Ka)XKJOIO 3HAYEHUs HAIPSIKEHUS
U, , B pacuerHble BeTMUYWHBI TTOJIE3HOW aKTHBHOW MOIMHOCTH P,, BT ,momHo# moTpebiseMoit u3 cetu
akTUBHOH MomHocTu P;, BT, monesnoro Mmexanmueckoro Mmomenta M,, H.M, ko3¢ ¢uinmenTa MOIIHOCTH

100



COS®, CKOIBbXCHUI S U KOS(l)(i)I/ILII/ICHTa IIOJIE3HOI'O ,Z[CfICTBPIﬂ 77 ACMHXPOHHOI'0 ABUTATCIIA C
KOPOTKO3aMKHYTBIM POTOPOM I10 Q)OpMyj'IaM:

P,=1U,; PL=3P; M, = 9,55&; COS(DZL; s = m.loo%;
k R +Q)7 "
n= L) .100%, TAe N; — YaCTOTa BPAIICHHA MArHHTHOTO MO, paBHas 1500 06/MuH.

1
3aHecTH MOy4YeHHBIE Pe3yIbTaThl B Ta0nuIly | (pacdeTHbIE NaHHBIE).
Tabauya 1
Pa, % 0 20 30 40 50 60 70 80 90 100

OnbITHBIC JaHHBIE

U, B
I3, A
P117 BT

Qu1, Bap

n,, 06/MuH
I A
U, B

PacuerHblc naHHbBIC

P2, Bt
Pl7 BT

Mz, H-m

cos @

s, %

n, %

19. Hcnonp3ys maHHble TAOMUIBI | , MOCTPOMTH B MaciiTabe Ha OJHOM rpaduke padouue
xapakrepuctuku 1, =Ff(P,), P1=f(P,), n,=f(P,), s=f(P,), n=f(P,), cosp=f(P,), M,=f(P,) tpexdasnoro
ACHUHXPOHHOTO JIBUTATEJNsI C KOPOTKO3aMKHYTHIM POTOPOM.

20. Hcrnonwb3ys pgaHHble TaOmuipel 1, TOCTpOWTH pabovMii  y4acTOK MEXaHWYECKOH
xapakrepuctuku N = f (M) acuHXpoHHOTO JBHTATENs.

21. CaenaTh BBIBOJBI 11O paboTe.
®opma OTYETHOCTH:

Pesynprar BeIONHEHHs paboThl mpencrasisiercss u odopmisercs B ¢opme ordera. B oryere mo
nabopaTtopHOl paboTe JOJKHBI COEPKATHCS CIETYIOUINE TYHKTHI:
1. HammenoBanue paboTHI.
2. llenms paboTHI.
3. Cxema 3KCIepUMEHTAIbHON YCTaHOBKH ISl KCCIIEOBAHMSI ACHHXPOHHOTO JABHUIATEIS.
4. Tabmura pe3yaIbTaTOB H3MEPECHHUM W BEIYUCIICHUN.
5. Paboune hopMysl.
6. Paboune xapakrepuctuku acuuaxponHoro asuratens |,=f(P,), P1=f(P,), n,=f(P,), s=f(P,), n=f(P,),
COS(D:f(Pz), Mzzf(Pz).
7. MexaHnudeckasi XapaKTepHUCTHKA aCHHXPOHHOTO asuratens N = f (M).
8. BeBOZIBI.
3agaHus A7 CaMOCTOSTEIBHON paboThL:
M3yuuTh TeopeTHdecKuii MaTepuai mo teme 4.1. pazgena 4.
OcHoBHas IUTEpaTypa
[1,2,4]
JlononHHTENBHAS TUTEPATYpa

[7]
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KoHTpoJIbHEIC BOIPOCHI JIJIsl CAMOIIPOBEPKH:

1. O0BsIcCHUTE KOHCTPYKIHIO KOPOTKO3aMKHYTOTO ACHHXPOHHOTO JIBUTATEIIs.

2. UTo Takoe CKOJIbKCHHE ACHHXPOHHOTO iaBHratens’ Kakoil nuama3oH W3MEHEHHS CKOJBKCHUS Y
ACUHXPOHHOTO JIBUTATEIIS?

3. Kak ocymiecTBisieTcsi peBepcHpOBaHNE aCHHXPOHHBIX JBUTATENEH Tpex(hazHOro Toka?

4. Kakuie XapakTEepPUCTHKN aCHHXPOHHOTO JBUTATEIS HA3BIBAOTCS pabounmMu?

5. Kakumu crioco0aMu MOXKHO PEryJIHMpOBaTh YaCTOTY BPAICHHSI ACHHXPOHHOTO JIBUTATEIS?

6. 300pa3uTe MeXaHMYECKYIO XapaKTEPUCTHKY aCHHXPOHHOTO JIBUTATEIIS.

7. OT 4ero 3aBHCHUT BpAIAIOIINH MOMEHT aCHHXPOHHOTO JIBUTATENsI?

8. Kakue BubI MOTEPh UMEIOT MECTO B ACHHXPOHHBIX JIBUTaTEIIsAX?

JlaGopaTopHasi paboTta Ne 9 HccaenoBanue BOJIbT-aMIIE€PHBIX XapaKkTepPUCTHK
MOJIyNPOBOIHUKOBBIX IHOI0B

JlaboparopHasi paboTa TPOBOIUTCS B MHTCPAKTHUBHOH (hopMe: ¢ pa300pOM KOHKPETHBIX CHUTYaIlUi
(3 gaca).

[lenb paboThI: 03HAKOMUTHCS C MPUHIIMIIOM Pa0OThI, OCHOBHBIMH XapaKTEPUCTHKAMU U TIPUMECHEHHEM
NOJYIPOBOAHUKOBBIX ~ JHOAOB: BBIIPAMUTENIBHOTO OHOAa, crabuiaurpoHa, auona LloTtkum wu
CBETOHM3IIYYAIOIIEro 11oa.

IIopsiHOK BBIIOJIHEHHUS:

1. Dxcnepumenmanvroe ucciedoganue GoINPAMUMENIbLHO20 0U00a

1. CoOpatb cxemy ISl UCCIIEIOBaHUS BRIIPIMHTENBHOTO quoaa VD1 Ha mocrostHHOM Toke. COeTMHUTD
nepeMbIukoi THe3aa X2 u X6. J{ins u3MepeHus: BRIXOAHOTO Toka Mexay rHezgamMu X1 um X10 BKIIOUHUTH
MUWJUIHAMIIEpMETp Ha npezene usmepenus 100 MA

( 100), aus U3MEpeHUsI aHOTHOTO HAIPSHKEHHST MKy rHe3qaMu X3 u X 15 BKIIOYHTH MYJIbTHMETD B
peKUME W3MEpPEHHs NOCTOSHHOTO HampsbkeHus: (puc.®). BKIIOUNTH NUTaHME CTEHAA UM YCTAHOBUTh
nepexiouaTeab SAl B MOZUIHIO « + ».

2. CHATBH BOJNITAMIIEPHYIO XapaKTEPUCTUKY BBIIPAMUTENBHOTO JH0Ja HA MOCTOSIHHOM TOKE CHadaja s
NpsSMOH, a 3aTeM 0OpaTHOI BETBH, yCTAaHOBUB NepekiIouaTeabSA]l cHavana B MO3ULHUIO « + », a 3aTEM B
MO3UIINIO « - ». YBEIWYNBAs BXOJHOE HAIPSKEHUE C TIOMOIIBIo moTeHImomerpa RP1 ot 0, u3mepsTs Tok
W HallpspKeHue Ha nuoje. Pe3ynbrarel u3MepeHuit 3aHecTd B Ta0. 2 U 3 .BBIKITIOYUTD 3JIEKTPONTUTAHHUE.
Ycranosuts notenuuometp RP1 B HyneBoe nosnoxeHue.

Dopma mabruywl 2

B
MA

Dopma mabnuywvl 3

3. o mosry4eHHBIM 3HAYEHUSM TOCTPOUTH BOJIHTAMIIEPHYIO XapaKTEPUCTUKY BBIIPSIMUTEIBHOTO THOJIA.
2. Dxcnepumenmanvroe ucciedosanue ouooa Lllommxul. CodbpaTh cXeMy sl HCCIEIOBAHUS THO0JIA

[Iortkm VD2 na nocrossaHOM ToKe. COeTUHUTE TIepeMbIakoi rHe3na X3 u X7. Bemonauts .. 3.1.1.,
3.1.2.u 3.1.3. nna nuona lortkn. CpaBHUTH BOJIBTaMIIEPHBIE XapaKTEPUCTUKHU BBITPSIMUTEIBHOIO
quona u quona IHloTTku Dopma mabauywl 4

,B
MA

Dopma mabauyst 5

3. Uccreoosanue anusnus 6enudunbl HANPANICEHUS HA CGEMOU3TYHaIoOuem OUo0e Ha C8eMO8yI0 SIMUCCUIO
1. CoOpatb cxemy nis uccienoBanus ceroanona VD3 Ha moctosHHOM TOKe. [loAKITIOUNTE MTUTAaHUE
MOJYJIsI TUOJIOB TepekmoyareneM SAl B MO3HMIHUIO « + » W YBEIWYHBAs MOJOKUTEIBHOE BXOJHOE
HanpspbkeHue oT 0 ¢ momomblo moteHnmomerpa RP1, u3MepsATs HampshpkeHHE Ha CBETOIUONE M TOK
CBETOIMONA. YCTAaHOBUTh MPH 3TOM CTENCHb CBETOM3ITYUCHUS (orcytcTBYyeT, cnaboe,
cpenHeecHiibHOE). Pe3ynbpTarhl 3aHeCTH B Ta0JL.6.

102



Dopma mabauywt 6
CeTom3y4yeHne

4. Dxcnepumenmanvhoe ucciedosanue cmadbuIumpona
1. CobOpats cxemMy Juist uccaenoBanus cradmintponaV D4 Ha nmoctosHHOM Toke. COSTUHUTD MTEPEMBIYKON
rae3na X5 u X9. Bommonnuth nyHKTH 3.1.2. A7 cTabunuTpoHa.
PesynbraTel n3MepeHuii 3aHecTH B Ta0II. 7.
BrIkiTtounTh 35eKTponUTaHue. Y CTaHOBUTH noTeHnuomMerp RP1 B HyneBoe monoxeHue.
Dopma mabauyvl 7

B
MA

2. Ilo noy4eHHBIM 3HAYEHUSM ITOCTPOUTH BOJIBTAMIICPHYIO XapaKTEPUCTUKY CTAOMIUTPOHA, OTIPEIEIIUTh
HanpspKeHUe CTaOUITM3aIK U BETMYUHY TU(PEpEeHINATEHOTO COMTPOTHBIICHUS

3. CoOparp cxeMy MapaMeTpUYECKOro cTaOMiIN3aTopa HANpsDKEHHSA. BKIIOYHTH THTaHWE CTEHIA |
YCTaHOBUTH MepeKiodaTens SAl B MOZUIUIO «  ».

4. W3mensis BenW4YMHY BXOAHOTO HampspkeHHst oT 0 ¢ momompto moreHnuomerpa RP1 - cHATH
3aBUCHMOCTH BEJIMYMHBI BBIXOJHOTO HANPSDKEHHS OT BEITHMYWHBI BXOAHOTO HANPSIKEHUS

Pesynbrare! 3aHecTy B Ta0INI.6.

Dopma mabauyvl 8

5. Onpenenuts KO3QPULMEHT cTabuau3auny  crabuin3aTropa Ha yyacTKe CTaOMIU3alMu:

PopMa OTYETHOCTH:
Pesynbrar BeImonmHEeHHs1 paboThl mpencrasisercss u odopmisiercs B ¢opme ordera. B oruere mo
nabopatopHoli paboTe JOJKHBI COJIEPKATHCS CIETYIONINE TYHKTHI:
1. HaumenoBanue paboTsl
2. lenp paboTsl
3. KpaTtkue TeopeTnueckue cBeACHUS 00 UCCIIeyeMbIX MTOTYIPOBOJHUKOBBIX MPHOOpax
4. DreKTpUUecKre CXEMBI TPOBEIACHHS SKCIIEPUMEHTOB.
5. Tabnuipl pe3yabTaTOB SKCIIEPUMEHTOB
6. BoapramnepHble XapaKTepUCTUKU HCCIIEAOBAHHBIX ITOJIYTIPOBOIHUKOBBIX IPHOOPOB
7. BBIBOZIBI O CBOMCTBAaX MCCIIEAOBAHHBIX MPHUOOPOB
3agaHus A CaMOCTOATEIbHON pabOoTHI:
W3yunts TeopeTnuecknii Mmarepuai no teme 7.1 pasnena 7.
OcHoBHas nuTeparypa
[1,2]
JononHuTenpHas IuTeparypa

[5]

KOHTDOHI)HBIC BOIIPOCHI JUISI CAMOIIPOBEPKH.

1. Yem oTIM4aIOTCS MOTYIPOBOJHUKH THITA P U N?

2. Kakumu cBoiicTBaMu oOiagaet p-n mepexon?

3. O0wsacuute Bux BAX p-n nepexona.

4. Tloscaure Bun BAX crabunurpona. KakoBa MoJIpHOCTh HAIPSDKEHUS B HOPMAIbHOM PEKHME
paboTsl crabunutpona?
B uem oTimume BRIIPSIMUTENBHOTO uona U quona [llortkn?
Kaxumu mapameTpamu XapakTepu3yeTcs CTa0MIATPOH?
Kak pabortaer mapamerpuueckuii ctabwnm3arop HampstkeHus? s dero HykeH OaiacTHBIN
pesuctop?

No o
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8. Kak u3MeHHUTCS HaNpsDKEHWE CTa0MITN3aTOpa HAIIPSDKEHHUS TP TTOBBIIIICHUH TEMITEPATYPHI?
9. UYro takoe ko3 punmeHT cradunuzanuu? Kakoii ero pusnyeckuit cMbIci?
10. Ot yero 3aBUCHUT SIPKOCTb CBEUCHUsI CBETOAMOAA?

JladopaTopHas padora Ne 10 MajioMoumHbIii 0q1HO(a3HbIIi BHITPAMHUTEb
[lenb paGoTHI: O3HAKOMJICHWE C MPUHOHUIIOM paboThl M M3YYEHHE CXEMOTEXHHKH OJHO(pa3HOTrO
MOCTOBOTO  JIBYXITOJIy[IEpHOIHOTO BBHINPSIMHUTENS, M3MEPEHHE €ro BBIXOAHBIX IAPaMETPOB W CHATHE
XapaKTePUCTHUK.
[Mops 10K BBHINOTHEHHS:
1. OsnakoMuTbcsi Cc JnabopatopHOW ycraHoBkod. IlogrotoButrs k padore Moaynb «OnaHOa3HBINA
BBITIPSIMUTEIb» W U3MEPHUTEIBHBIE TPHOOPHI (MOTYTTh MYJIBTHMETPOB Ha nipefene  « 1000 » u moxynms
MU3MEPUTENBHBIN).
2. YcTaHoBUTH nepekitouaresb SAS B mosuiuio «0». YcTtaHoBUTH TyMOJiep SA2 B BEPXHIOI MO3UIIUIO,
TymOiep SA3 - B HIDKHIOIO TO3WIUIO. BKIIOYUTH 3NEKTPONMUTAHWE CTEHAA W MOXIYJS (BBIKIIOYATEINb
SALl). Bxtounts ocripuiorpad.
3. YCTaHOBUTH CONPOTHBIICHUE HArpy3Kd IO YKa3aHUIO IPENoJaBaTeis, W CHATh OCHWILIOIPaMMEI
BXOJTHOTO, BBIXOJTHOTO HANPSDKCHUH U HANPSDKEHUI Ha AHOJE.
4. IlpousBecTy U3MEPEHHUS:

—  TUTAOIIETO HANPSKSHHS (meticTByrOIIICE 3HAUCHNE);

—  BBIIPSAMJICHHOTO HalIPsDKCHUS  (CpeaHee 3HauCHUE);

— TepeMEHHOHN COCTaBJISIIONIEH BBIXOJHOTO HANPSHKCHUS

—  aMIUIATYJIl 0OpaTHOTO HANpsKEHUS Ha BEHTUJIE (o ocuumorpamMme);

— TOKa HAarpy3KH
—  TOKa BEHTHJIS
5. Pe3ynbTaThl M3MEpEHHUI W BEIYUCICHHBIX TAPAMETPOB BBIITPSIMUATESI 3aHECTH B TaOI. 1.
®dopma Taduis 1
Tlapamempoi 00HOPazH020 MOCMOB020 BbinpsaMumens be3 Qurbmpa

B B B B MA MA

T 3 T 3 T 2 T 2

Tpumeuanue: Koagppuyuenm nynvcayuii onpederums no gopmyne:

6. C nomouipio nepexmoyarens SAS, U3MEHsA CONPOTUBICHUE HArpy3Kd OT HYJS (XOJIOCTOH XO.) /10
MaKCHUMaJIbHOW BEJIMYWHBI, CHATh BHEIIHUE XapaKTEPUCTUKU BBITPSIMUTEINS 0e3 dubTpa,
3aTeM C €MKOCTHBIM, WHJYKTUBHBIM M WHIYKTHBHO-€MKOCTHBIM (pribTpaMu. BKItOUeHHE eMKOCTHOTO
¢ubTpa BBHIIONHUTE TyMONepoM SA3, nHaAyKTHBHOrO QuibTpa - TymOnepom SA2. Ilpu 3ToM cpaBHUTH
3 PEKTUBHOCTh CTIAXHBAHUS €MKOCTHOTO (HUIbTpa C Pa3IMUHBIMU 3HAUYEHUSIMH €MKOCTH (HIbTpa
(Tymbep SA4 B nozunusix «1» u «2»). Pe3ynbTarhl n3MepeHuii 3anectu B Ta01.2
7. CHATb OCHWJUIOIPAaMMBI BBIXOJHOT'O HANpsDKEHHS MPU XOJIOCTOM XOJAE€ M Uil OJHOTO M3 3HAaYCHUI
Harpy3kd INpH BKIIOYEHHOM (QHUILTPE (110 YCMOTPEHUIO OpUrajpbl)

@opma mabauyst 2

Buewnue xapakmepucmuku 00HOQA3H020 MOCMOB020 BLINPAMUMENS

C=0,L=0 C =50 mxd C =100 mxd
Harpyska
q q q

B A B B A B B A B
0
1
2
3
4
5
6

(DODMEI OTYCTHOCTH
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Pesynbrar BBIONHEHMS paboTHI mpenctaBisiercss u odopmisercs B ¢opMme ordera. B oruere 1o
nabopaTopHOM paboTe JOKHBI CONEPIKATHCS CIEAYIOIIHE TyHKTHI:
Ienb paboThl.
Kpatkue Teopernueckue cBeicHUs 00 UCCIEAYEMBIX BBITIPSIMHUTESIX
DneKTpuyecKas cxema IMpoBeIeHHUs SKCIIEPUMEHTOB.
TabmuIs! pe3ynbTaToOB SKCIIEPUMEHTOB.
OciiorpaMMbl HallpsDKEHUH.
Bremrane xapakTepUCTHKH BBITIPSIMHUTEIIS.
AHanu3 MOTy4YeHHBIX PE3yIbTaTOB.
3ajiaHus i1 CaMOCTOSATEIEHON PaboThL:
N3yunTe TEOpETHYECKUI MaTepuan no TeMe 7.2 paszaena 7.
OcHOBHas JHTEpaTypa
[1. 2]
JononHuTenpHasa aurepaTypa

[5]

NogkrwbdE

KoHTponbHBIE BOIIPOCHI JUIS CAMOIPOBEPKH:

1. Kakue ¢yHKIMH B BBIIPSIMUTENIAX BBINOJHSAIOT CHIOBOW TpaHchopMaTop, OJOK JTUOIOB U
CriaxuBaromuil GuiabTp? B Kakux ciaydasx HET HEOOXOOUMOCTH B CHIOBOM TpaHC(OpMaTope
CTIIaXXHUBArOIeM GuibTpe?

2. l3MeHuWTCs JHM TONSAPHOCTh BBIXOJHOTO HANPSDKEHHS BBIMPSMHTENS TIPH  HW3MEHEHUU
MOJKITIOUCHHS BBIBOJIOB MEPBUYHOM U BTOPUYHOM 00MOTOK TpaHcopmaropa?

3. Kakoii ¢umeTtp u3 wHccrnenyeMbix B JabopaTopHOW paboTe obecrednmBaeT —IOyYeHUE
HaMMEHBIIET0 KO3 QHIIMEeHTa MyIbCaui U HoYeMy?

4. Tloyemy ycioBusl pabOTBI TUOJOB B BBIIPSIMUTENE C EMKOCTHBIM (DPUIIBTPOM CUMTAIOTCS Oojee
TSDKEIBIMHE, YeM B BRIIpsiMuTene 0e3 puiabTpa?

5. Kakme mapaMeTpsl BEHTWJIEH OrpaHUYMBAIOT MOIIHOCTH BbIOpsAMuUTens? Onpexpenure
MaKCHUMAaJIbHYIO BBIXOJHYIO MOIIHOCTH MOCTOBOTO BBIIIPSAMHUTENS,, B KOTOPOM HCIIOJIB30BAHBI
nuonsl /1 25-4.

6. Kaxum TpeGoBaHMAM JOJDKHBI yIOBIETBOPATEH ANOBI B HCCiIeAyeMoM Bamu Beinpsimutene?

OT 4ero 3aBUCHT CTEIEHb CTIAKUBAHUS BBIXOJHOTO TOKA?
8. BriBeauTe MPUONTHKEHHOE COOTHOIICHUE MEXAY NEHCTBYIONIMM 3HAYEHUEM BXOJHOTO TOKAa M

BBINPSIMIICHHBIM TOKOM.

~

9.2. MeToauueckue YKa3aHUuA 110 BBINMOJIHCHUIO KOHTPOJBbHBIX paﬁoT

KonTpoabhas padora Nel AHAJM3 ¥ pacyeT JHHEHHBIX JJIEKTPUYECKHUX Hemneil MOCTOAHHOIO H
nepeMeHHOr0 TOKa

[lep paboTHI: 3aKperuieHHEe CTyIEHTaMH OCHOBHBIX pa3lielioB Kypca, a TakXKe IPOBEpKa CTENeHU
YCBOEHUS TEOPETUUECKOTO MaTeprana JUCIUILINHEIL.

3ananue:

3amaga 1. [lig nuHEHHOW 3JEKTPUYECKON 1M TIOCTOSHHOTO TOKa, CXeMa KOTOPOil COTJIacCHO BapHaHTy
3aJaHus omperessieTcss U3 TaOJMIBl, [0 33JaHHBIM B YKa3aHHOW TaOnulle BETUYMHAM BBIIOJIHHUTH
CleTyroIee.

1.1. CocraBuTh Ha OCHOBaHHMHM 3aKOHOB Kupxroda cucremy ypaBHEHHH JJIsl pacueTa TOKOB B BETBSIX
AIIEKTPUIECKOH LenH (MaTeMaTHIECKyI0 MOJIEIB).

1.2. OnpenenuTh TOKH BO BCEX BETBSX AJIEKTPUUCCKOU IIETH.

1.3. Ompenenuth OKa3aHUue BOJILTMETPA.

1.4. CocTaBuTh OaJlaHC MOIITHOCTEH JJIST HCXOTHOM JCKTPUICCKON TISTIH.

1.5. IToctpouts B Maciitabe MOTEHIUATBHYIO IUarpaMMy AJIsl BHELIIHETO KOHTYpa

3amaya 2. [ns omHOoda3zHOW JTHMHEHHOM 3JIEKTPUYECKOH LENU CHHYCOMIAIBHOIO TOKa, CXeMa KOTOPOH
OIIpeJieJIAeTCs COINIaCHO BapUaHTy I10 TAOJHIlEe U IO AAHHBIM, NIPEICTABICHHBIM B yKa3aHHOW TaOiule,
BBITIOJTHUTH CIIEAYIOLIEE.

2.1. Ha ocHoBanum 3akoH0B Kupxroda coctaBuTh MaTeMaTH4ECKyI0 MOAEIb IS ONPEACICHUS TOKOB BO
BCEX BETBSIX LIEIIH.
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2.2. OnpenenuTs ASHCTBYIOIINE 3HAYEHUSI TOKOB B BETBAX IEIH, BOCIIOJIF30BABIINCH OJJHUM U3 METOJIOB
pacuera JUHEUHBIX JIEKTPUUECKUX ILIeTICH.
2.3. Onpenenuth ASHCTBYIOLINE 3HAUEHUS MAJCHUM HANpPsDKEHUN HAa KaKAOM 3JIEMEHTE dJIEKTPUUYECKON
LEMH.
2.4. OnpenenuTh MOKa3aHHUE JICKTPOMAarHUTHOTO BOJIBTMETPA.
2.5. Onpenenuts IOKa3aHKUE IEKTPOIUHAMHYCCKOTO BATTMETPA.
2.6. CoctaBuTh OanaHchl aKTUBHOM, PEAKTUBHOM M TIOJHOW MOLTHOCTEH.
2.7. IlocTpouTh B MacIiTade BEKTOPHBIC JUArpaMMBbl TOKOB U HAIIPSDKCHHM.
3amaga 3. [ua TpexdaszHOW AIEKTPUYECKON MEeNnd CHHYCOWJAIBHOTO TOKa MO 3aJaHHBIM B TaOmwIe
napaMeTpaM Harpy3ku ¥ JUHEHHOMY HalpsKeHHUIO OIPEENIUTh CAEAYIOIee.
1. Beruucnuts ¢a3Hble 1 TMHEHHBIE TOKH.
2. JIns 9eThIpeXIIPOBOIHOM TSN OTIPEICINTh TOK B HEHTPAILHOM TIPOBOJIE.
3. OnmpenenuTh aKTUBHYIO MOIIHOCTh BO BCEH IeTH U B KXo (aze OTAeTBHO.
4. IloctpouTs B MaciiTabe 1uarpaMMy TOKOB M HANPSKEHHH.
PopmMa OTYETHOCTH:
1. CryneHTsI 09HOU (HOPMBI 00YUIEHHS TEKCTOBYIO YaCTh KOHTPOIBHOW PabOTHI MOTYT BHITIONHSTH B BUE
PYKOIIMCHOTO TeKcTa Ha OenbIX nucTax Gopmarta A4 Win BBIIOTHUTH Ha KoMIbloTepe B ¢popmare ODF
(TOCT P UCO/ MBK 2630 — 2010), 1160 B hopmate MSOffise 2003. st cTyaeHTOB 3a049HO#M (HOpPMBI
00y4JeHus TOMyCKaeTCs BHIITOIIHEHNE KOHTPOIBHBIX Pa00T B 0OBIKHOBEHHOW YIEHUIECKON TeTpay.
2. bykBeHHbIe, TH(POBHI
e W rpaduueckue 0O003HAUCHHS, PUCYHKH, XapaKTEePUCTUKU, CXEMBI, TUArpaMMbl JOJDKHBI OBITh
BBHITIOJTHEHBI C COOJIOJICHWEM YCTaHOBJIIEHHBIX B EIWHOW CcHCTEMOW KOHCTPYKTOPCKOH ITOKYMEHTAIUU
(ECKH) ycmoBHBIMU rpaduuecKUMU 0003HAYCHHSIM.
3. Bce rpaduueckre H300paxkeHHs JOJDKHBI OBITh BBITIOJHEHBI C IMOMOIIBK) COOTBETCTBYIOIIMX
YepTEKHBIX MHCTPYMEHTOB B PAIlMOHAIBHOM JIJISI BOCIIPHATHS MaciiTabe.
4. bykBennple u TpaduyecKkue W300paKeHHUsT JOJDKHBI COOTBETCTBOBATH OOIIETIPUHSATOW B
3IEKTPOTEXHUKE CUMBOJIHMKE.
5. B xogne penrenust 000N U3 MpeuiaraeMbIX 3/1€Ch 3aj1a4 HE cIelyeT W3MEHSTh OJHAXKIbl MPUHSTHIC
HampaBlieHUs] TOKOB M HANPSHKEHWH Ha yYacTKaX OJIEKTPUYECKUX IIeTell, MapKUPOBKY Y3JIOB,
COTPOTHUBIIEHUH M HCTOYHHUKOB 3JIEKTPUYECKOW SHEPrHH, a Takke Npoune 0003HAYEHUs, 3aJaHHBIE
WCXOJHBIMH JTaHHBIMHU.
6. Pacuer kakmoil HMCKOMOW BENMYMHBI CIIEyeT BBIMONHATH CHadala B OOIIEM BHUAE, a 3aTeM B
MOJTyYeHHYIO0 TakKuM 00pa3oM (popMyIiry TOJCTaBUTH YMCIEHHBIC 3HAYCHHUS W MPUBECTH OKOHYATEIHHBIN
pe3yabTaT ¢ yKazaHUEM €JMHHIl U3MEPEHHUS.
7. Bce OCHOBHBIE JTambl pemieHHs] JOJDKHBI OBITH IMOAPOOHO TOSCHEHBI PAacYeTHHIMH (HOPMYJIaMH,
cxeMmamu, rpadukamu, JuarpaMMaMu.
8. BeIYHCIIEHNUS TOTKHBI OBITH BHIITOTHEHBI C TOYHOCTHIO JI0 TPEThel 3Havalei nugpel.
9. KoHeuHbIe pe3yJIbTaThl 33124 JIOJKHBI OBITh BBIJICJIEHBI M3 OOIIETO TEKCTA.
10. OTHOCHUTENBHAS IOTPEUTHOCTD BHIYUCICHUN HE JOJDKHA MPEBIATh 5%.
3ajiaHus JIIs CaMOCTOSTENILHON paboThL:
M3yuuTh TEOpETHIECKUN MaTepHal 1o pazaeny 1
OcHoBHas nuTEparypa
[1,2]
JononHuTenpHad auTepaTypa
[5.7]

KonTpoabHas padora Ne2  PacuyeT MOIHOCTH U BHIOOP THIIA 3JIEKTPOABUIATEIHHOTO
YCTPOHCTBA EPEMEHHOI0 TOKA I MPHUBOAA padoyero MexaHu3sMa

Llenb padotel:  IlodyunTh HaBBIKM pacueTa MOLIHOCTH 3JEKTPOJABHUraTess AJisi o0ecreueHns BEICOKOH
IIPOU3BOJAUTENBHOCTH, HAIE)KHOCTU M TOYHOCTU pabOoThI IPOU3BOJCTBEHHBIX MEXaHU3MOB

3aganue: Mo 3aJaHHOMY IpadMKy Harpy3KH MPOU3BOJACTBEHHOI'O MEXaHU3M, YACTOTE BpAaILCHHUS,
YCIIOBHUIO IYCKa JIBUTATENS, YCIOBUIO MPOKJIAAKH U MaTepHaly IUTAIONINX IPOBOJOB PACCUUTATh U
BBIOPATh JIEMEHTHI MIEKTPONPHBOAA K pabodeMy MEXaHU3MY.

IlopA10K BBIOJIHEHMYS:

1. Beibop anekTpoaBUTaTens

1.1 IlpenBaputenbHbIN BHIOOD

1.2. IIpoBepka aBHUTATEINS HA TIEPETPY30UHYIO CITIOCOOHOCTD
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1.3. IlocTpoeHne MEXaHUUECKON XapaKTEPUCTUKH IEKTPOIBUTATEIIS

2. Bwi6op mpoBo10B

3. BeiOop anmapatoB ynpaBJIeHHsI U 3aIIUTHI

4. PacueT MOIIHOCTH KOMIIEHCHUPYIOLIETO YyCTPOMCTBA

5. BIOOp 251eKTprUYecKoil cXeMbl yIpaBieHus Tpexda3HbIM aCHHXPOHHBIM ABUTaTEIeM

6. [Ipumepsl cocTaBineHns anropuT™Ma (HyHKITHOHUPOBAHUS

7. 3amuTHOE 3a3eMJIEHHE (3aHyJIEHNE) IBUraTeNs

PopmMa OTYETHOCTH:

Kontponbnas paboTa noyKkHa OBITH BBIIOJHEHA B BUAE PACUETHO-TIOSICHUTENFHON 3alUCKU M YepTexen
COIJIACHO 33/IaHUIO.

Bo BBemeHmn 000CHOBBIBaeTCS OCOOCHHOCTH JJIEKTPONPHBOAA CTPOUTENBHO-IOPOKHBIX MAIIWH,
KpaTKoO IIPUBOAUTCS IEPEUCHb OCHOBHBIX BOINPOCOB, PEIIAeMbIX B KOHTPOJBHOH paboTe, CrocoObl U
METO/BI X PELICHUSI.

B Tekcre KOHTpPOJBHOW pPabOTHl OOBSACHSETCS XOA PELICHUS pacCMaTPUBAEMBIX BOIPOCOB C
yKa3aHHEM NPUMEHSEMBIX METOI0B, (YOPMYIT U CCBUIOK HAa HCTOYHHKH.

IIpu paccMoTpeHHH Kakoro-nubo BOIpoca IOJDKEH OBITh JaH MPHUMEp pacyeTa, a Uil OCTaJbHBIX
AHAJIOTUYHBIX CIIy4aeB Pe3yJbTaThl CBOASATCS B TaOJHIL.

[losicHuTenbHAS 3alMCKa KOHTPOJBHOM pabOThl NOJDKHA MMETh HyMeEpaluio IJaB, maparpados,
Ta0JIML, PUCYHKOB U CIIMCOK UCTOUYHHUKOB.

I'paduyeckas 4acTh pabOTBHI COCTOMT M3 YETHIpEX JTHCTOB (hopmara A4, Ha KOTOPHIX JOJDKHBI OBITH
NPECTABICHBI:

- TpaMK HArPy3KH MPOU3BOICTBEHHOTO Mexanu3ma M=f(t);

- MeXaHuuecKas xapakrepuctuka asurarens M=f(s), n=f(M);

- CX€Ma yIpaBIICHHsI JJIEKTPOIBUTATEIIEM;

- cCXeMa 3a3eMJIeHUS (3aHyJIEHHUS ) AIEKTPOIBUTATETIS.

Bce wueprexkm M cxXembl BBINOJNHSIOTCS  COTJIACHO — yCTaHOBJIEHHBIM ExaumHONW  cucTeMoit
koHcTpykTOpckoit qokymenTanuu (ECKJI) ycnoBHbIME rpaduuecKUMHU 0003HAYCHUSIM.

O0beM paboTel — 20-30 cTpaHHUI] PYKOITUCHOTO TEKCTa MK 18 - 22 CTpaHUIIBI TEKCTOBOW YacTH
BBINIOJIHEHHOM Ha koMnbioTepe B ¢popmare ODF (I'OCT P UCO/ M3K 2630 — 2010) , nmubo B ¢popmare
MSOffise 2003.
3ajaHus IS CaMOCTOSTEILHON paboThL:

N3yunts TeOpeTHUecKuil MaTepual no pasaenam 4. 6
OcHoBHas IMTepaTypa
[1,2,4]
JononHurenpHas auTepaTypa

[9]

KoHTposIbHBIE BOIIPOCHI JUIsl CAMOTIPOBEPKH

CTpyKTypHas cxema 3JeKTPOIPHUBOAA.

Harpyzounas nuarpamma.

OcHOBHBIE peXUMBI pabOTHI ABUTATENS B DJIEKTPOIIPHBOJE.
HomuHanbsHast MOIITHOCTD JABHUTATEINS.

Bri6op Tumna neurarens.

MeToap! pacyeTa MOILIHOCTH JBUTATENS.

Br160op MOIIHOCTH IBUTATENS TSI 33]JAHHOTO PEXIMA.
MexaHnuecKre XapaKTePUCTHKH JBUTaTeIIeH.
[Teperpy3ounasi cnocOOHOCTB JBUTATEIS.

0. Anmapatbl ynpaBiieHUsI.

11. YcTpoHCTBO MarHUTHOTO ITyCKATETIsl.

12. Anmapatbl 3aLIUTHI.

13. BriOop TemioBoro peJie.

14. Br16op mipemoxpaHuTes.

15. Ha3znaueHue cXxeMbl yIpaBICHUSL.

16. [IpoBona u xabenn.

17. PacueT cedeHHs MPOBOJIOB.

18. 3amuTHOE 3a3eMiIeHHE.

19. 3ammTHOE 3aHyNEHUE.

HBOO~No>O~wWDNE
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10. IEPEYEHb MHOOPMALIMOHHLIX TEXHOJIOT M1, UCTIOJIL3YEMBIX
MPU OCYIECTBJEHUU OBPA30OBATEJBHOI'O ITPOLIECCA MO
JTUCHUIIMHE

1. Microsoft Imagine Premium (OC Windows 7 Professional);

2. Microsoft Office 2007 Russian Academic OPEN No Level

3. Kaspersky Endpoint Security anst 6usneca - Pacimpennsiii Russian Edition. 1000-1499 Node 1
year Educational Renewal License;

4. OpenOffice

5. LibreOffice

6. Adobe Reader

11. OMACAHUE MATEPUAJIBHO-TEXHUYECKOM BA3bI, HEOEXOJIUMOMN
JJISA OCYIIECTBJIEHUSA OBPA3OBATEJIBHOT'O ITPOLHECCA 11O

JANCHUITJIMHE
Buo Haumenosanue Ilepeuens ocnoenozo Ne JIP
3aHAmMUA ayoumopuu 00opyoosanus B
1 2 3 4
JIk JlaGopatopust Teopernueckux | [lmakatsl. -
OCHOB DJIEKTPOTEXHUKHU DJIeKTPOTEXHUUECKHE
H3JEIIUs. Maketsl
AIIEKTPUYECKHUX MAalIHH.
JIP JlaGopatopust TEOpeTUYECKUX | YueOHO-1abopaTopHbIe NeNe 1-8
OCHOB 3JIEKTPOTEXHUKH crerasl D0301-CK
JIP JlaGopatopust ~ u3MepuTeabHOU | YueOHO-Ta0opaTOpHBIA CTEH]I NeNe 9 -10
TEXHUKHU u cunoBeix | OUCOC-1-H-P
mpeoOpa3oBareneit Ocmmutorpag C1-60
Kp UuraneHbiid 3a1 Ne3 Oo6opynoBanue 15- -
CPU 5000/RAM 2Gb/HDD
(Monurop TFT 19 LG 1953S-
SF);npuarep HP  LaserJet
P3005
CP UuraneHbii 3a1 Ne3 Oo6opynoBanue 15- -

CPU 5000/RAM 2Gb/HDD
(Mounutop TFT 19 LG 1953S-
SF);mpuntep HP  LaserJet
P3005

IIpnaoxenne 1

®OHJA ONEHOYHBIX CPEACTB AJId TPOBEJEHUSA

IMPOMEXYTOUYHOM ATTECTAIIMUA OBYYAIOIIUXCH IO

JUCIHUIJIINHE
1. Onucanue ¢GoHIa OLIEHOYHBIX CPeACTB (MACHoPT)
Ne
KOMIIeTEH Jurevent Pa3nen Tema POC
KOMIIETEeHIIM U
19707
OK-1 Cooco0Hocte K | 1. Onextpuueckue | 1.1. Dmekrpudeckue | DK3aMeHAIIMOHHBIE
abCTpaKTHOMY W MarHUTHBIE IIEMTH | [IEMH TOCTOSTHHOT'O BOTIPOCHI
MBIILIEHHUIO, TOKa NeNe 1...8
aHATH3Y, CHHTE3Y 1.2. Onexktpuueckrue | ODK3aMeHAIMOHHBIE
LETH IEPEMEHHOTO BOIIPOCHI
TOKa NeNe 9...16
1.3. Tpexdasnsie OK3aMEHAllMOHHbBIE
UIEKTPUIECKHE BOIIPOCHI
Lenu NeNe 17...20
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1.4. Maruurnsle
Lenu

DK3aMeHalMOHHbIE
BOIIPOCHI
NoNe 21...23

2.
Tpancdopmarops

2.1.
Tpancdopmaropsr

DK3aMeHaIMOHHEIE
BOIIPOCHI
NeNe 24,25

3. Mamnns!
IMOCTOSIHHOT'O TOKA

3.1. YcrpoiictBo u
MIPUHIIUT ICHCTBUS
MaIlIFH IOCTOSHHOT'O
Toka. [Tpunnun
JICHUCTBUSA
reHeparopa.
[TpuHimn geicTeus
JIBUTATEIIS

OK3aMeHaIlHOHHBIN
Borpoc Ne 26

3.2.
DIIEKTPOABMKYLIAS
cuia sIKops U
3JIEKTPOMATrHUTHBIN
MOMEHT. MarauTHas
eI MAITHHEI
IIOCTOSSHHOTO TOKA.
Peakuus sikops.
KommyTtanus B
MalllHaX
IMOCTOSSHHOTO TOKA.
CxeMBbI BKITFOUCHUS
MaIlIMH ITOCTOSSHHOTO
TOKa NapajuieIbHOrO
M CMELIAHHOT'O
BO30YXKICHHUSI.

DK3aMeHaIMOHHEIE
BOIMPOCHI
NeNe 27...29

4. ACUHXPOHHEIE
MaIluHbBI

4.1. YcrpolicTBo
TpexdazHoi
ACUHXPOHHOMN
MaIVHBI.
ITonyuyenue
BpaIlaoIerocs
MarHuTHOTO IOJIS.
Pexumbl paboTh
TpexdazHoi
ACUHXPOHHOM
MamuHbl. Pexum
naBurareist. Pexxum
resepaTopa. Pexum
JIEKTPOMArHUTHOTO
TOpMO3a

OK3aMeHallMOHHBIE
BOIIPOCHI
NeNe 30,31

4.2,
DIIeKTPOMarHUTHBIN
MOMEHT
ACHHXPOHHOM
MaIlIMHEL.
3aBHCHUMOCTh
AJIIEKTPOMArHUTHOTO
MOMEHTa OT
CKOJIBKECHUS.
Mexannueckas
XapaKTEePUCTHKA
ACHHXPOHHOTO

DK3aMeHAIOHHEIE
BOIIPOCHI
NoNe 32...34
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neuratens. [lyck B
XO0J] aCHHXPOHHOT'O
JIBUTATEIIS.
HUcnonb3oBanue
JIBHTATEIICH C
YIIy4lICHHBIMA
ITyCKOBBIMU
CBOMCTBaMU

4.3. PerynupoBanue
YaCTOTHI BpaIleHUs
ACHHXPOHHBIX
JIBUTaTENEH.
TopMoO3HbBIE PEKUMBI
paboThI
ACUHXPOHHBIX
MaIlIHH.
Koaddpumment
MOIIHOCTH
ACHHXPOHHOTO
JIBUTATEJIS K €r0
3aBHCHMOCTH OT
Harpy3KHy Ha Balry
JIBUTATETIS.

DK3aMeHaMOHHBIA
Borpoc Ne 35

5. CHHXpOHHBIE
MaIluHBI

5.1. YcrpoiicTBo u
MPUHLINN I€UCTBUA

CUHXPOHHBIX MAIlIWH.

[TpuanIAT pabOTHI M
9J1C curXpOHHOTO
reHepaTopa.
[TpuanUn paboThl
CUHXPOHHOTO
neuratens. Kparkas
KIJIACCU(UKAITHS

CUHXPOHHBIX MalllH.

CxeMa 3aMeleHus
CHHXPOHHOTO
reHepaTopa.
YraoBwie
XapaKTEePUCTUKH
CHUHXPOHHOTO
reHeparopa.
OcHOBHbBIE
XapaKTEePUCTUKH
CHUHXPOHHOTO
reHeparopa.
[TapannensHas
paboTa CHHXPOHHBIX
TEHEPATOPOB.

DK3aMeHaIMOHHEIE
BOIPOCHI
NoNe 36...39

5.2. Cxema
3aMeIIeHNs U
ypaBHEHUE
AIEKTPUIECKOTO
paBHOBECHUS LICTIA
craTopa
CHHXPOHHOTO
aBUrarteis. Yriosas
1 MeXaHu4JecKas

DK3aMeHAIMOHHEIE
BOIPOCHI
NoNe 40...42
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XapaKTepPUCTHKA
CHHXPOHHOTO
nsurareist. Pabouue
XapaKTEPUCTUKH
CHHXPOHHOTO
nsurarensi. CnocoObl
MmycKa B XOJT
CUHXPOHHOTO
neuratens. Ilyck B
XOJI C IIOMOIIEI0
Pa3roHHOTO
IIBUTATEI.
ACWHXPOHHBIH
Croco0 Iycka.
HacTOTHBIH OycCK.

Mexanuueckas
XapaKTepUCTHUKA.
YacroTHOE
TOPMOXKEHHE.
6. OcHOBEI 6.1. O6mue DK3aMeHaIMOHHbBIE
AIEKTPOIPUBOAA CBeJIcHUs 00 BOIIPOCHI
3IEKTPOINPUBOAE. NoNe 43...45
YcmoBus,
OTIPEICTISIONTNE
BBIOOp THTIA
AJIEKTPOIBUTATETIS.
Yupasnenue
AIIEKTPONIPHUBOAAMHU
7. OCHOBBI 7.1. Knaccudukamus | Dx3aMeHaAIMOHHBIC
AIEKTPOHUKH MOJTYTIPOBOJHUKOBBI | BOIIPOCHI
X pHOOPOB. NoNe 46...48
[TonynpoBOIHUKOBBI
€ PEe3UCTOPHI.
[TonynpoBOTHUKOBBI
€ JUOTBI.
Bunonspusie
TPaH3UCTOPEHI.
ITonesbie
TPaH3UCTOPEI.
Tupucropsl
7.2. HeymipaBisiemble | DK3aMEHAITMOHHBIN
1 yIIpaBJisieMble BOIIPOC
BBIIPSIMUTENN Ne 49
7.3. Ycunurenun DK3aMEeHALIMOHHBII
ANEKTPUIECKHUX Bompoc Ne 50
CHUTHAJIOB.
Ycunutenu Ha
OUIOISAPHBIX
TPaH3UCTOPAX
7.4. UmnynscHas u DK3aMEHAIIMOHHBIN
nuQpoBas TEXHUKA Bonpoc Ne 51
IK-10 Cnoco6HOCTH 1. Onextpudeckue | 1.1. Dmekrpudeckue | DK3aMEHAITMOHHBIE
pa3pabaThiBaTh Y MarHuTHBIE TIETIH | [EMH MOCTOSHHOTO BOTIPOCHI
TEXHOJIOTHUYECKYIO TOKa NeNe 1...8
JIOKYMEHTALUIO J1JIs 1.2. DnexTpuueckue | DK3aMEHAIMOHHBIC
MIPOM3BO/CTBA, [IENH IEPEMEHHOTO BOTIPOCHI
MOJICPHU3ALINH, TOKa NeNe 9...16
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IKCILTyaTaluy,
TEXHUYECKOTO
0o0CITyXUBaHHUS U
PEMOHTa Ha3eMHBIX
TPaHCIOPTHO-
TEXHOJIOTHYECKUX
CpeACTB H  UX
TEXHOJIOTHYECKOTO
1 000pyTOBaHHS

1.3. Tpexdasnsie
JNEKTPHUYECKUE
Lenu

DK3aMeHalMOHHbIE
BOIIPOCHI
NeNe 17...20

1.4. Maruurnsle
Lenu

DK3aMeHaIMOHHEIE
BOIIPOCHI
NeNe 21...23

2.
TpancdopmaTopsl

2.1.
TpancdopmaTopsl

DK3aMeHaMOHHEIE
BOIIPOCHI
NeNe 24,25

3. MammuHe!
IMOCTOSITHHOT'O TOKA

3.1. YcrpoiicTBo 1
MIPUHIIUT ICHCTBUS
MalIlIiH IIOCTOSHHOT'O
Toka. [Tpunnun
JeUCTBUS
reHeparopa.
[Ipunuun necTBus
JIBUTATEIIS

DK3aMeHaMOHHbBIA
Bompoc Ne 26

3.2.
DIEeKTPOABIKYIIIAS
cuia sIKops U
3JIEKTPOMATrHUTHBIN
MOMEHT. MaruuTtHas
eI MAITHHEI
TIOCTOSSHHOTO TOKA.
Peakuus sikops.
KommyTrarus B
MaIlllHaX
IMOCTOSIHHOT'O TOKA.
CxeMBbl BKIIFOUEHUS
MaIlIMH ITOCTOSSHHOTO
TOKa MapajlienbHOTO
M CMEILIAHHOT'O
BO30YXKICHHUS.

DK3aMeHaIMOHHEIE
BOIPOCHI
NeNe 27...29

4. ACUHXPOHHEIE
MaIluHbBI

4.1. YcrpolicTBo
TpexdazHoi
ACHHXPOHHOMN
MaIlUHBI.
ITomyuenue
BpAIaOIIEroCs
MarHuTHOTO IOJIS.
Pesxxumebl paboThl
TpexdazHoi
ACHHXPOHHOM
MamuHbl. Pexum
nsurareis. Pexxum
reseparopa. Pexum
JIEKTPOMArHUTHOTO
TOpMO3a

OK3aMeHallMOHHBIE
BOIIPOCHI
NeNe 30,31

4.2.
DIIeKTPOMarHUTHBIH
MOMEHT
ACUHXPOHHOM
MaIIIIHEI.
3aBUCUMOCTh
ANEKTPOMATHUTHOTO
MOMEHTA OT
CKOJIB)KCHUSI.

DK3aMeHAIOHHEIE
BOIIPOCHI
NeNe 32...34
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Mexannueckas
XapaKTepUCTUKA
ACHHXPOHHOTO
neuratens. [Iyck B
XO0JI aCHHXPOHHOT'O
JIBATATEIIS.
Hcnonb3oBanue
JBUTaTeNel ¢
YIIy4IICHHBIMA
MTyCKOBBIMH
CBOMCTBaMH

4.3. PerynupoBanue
YacTOThI BpalLlCHUS
ACUHXPOHHBIX
JBUTATEJICH.
Topmo3HbIE PEKUMBI
paboThI
ACUHXPOHHBIX
MaIlyH.
Koadpdumment
MOIIIHOCTH
ACHHXPOHHOTO
JBUTATENs U €T0
3aBHCHMOCTH OT
Harpy3Kku Ha Bairy
JIBUraTesl.

DK3aMeHaMOHHbBIA
Bompoc Ne 35

5. CuHXpOHHEBIE
MaIluHbI

5.1. YcrpoiictBo 1
MPUHLINN 1€UCTBUA

CUHXPOHHBIX MAIlIWH.

[TpuanIUT pabOTH M
9J1C curXpOHHOTO
reHeparopa.
[TpuanUn paboThl
CUHXPOHHOTO
neuratens. Kparkas
KIJIACCU(UKAITHS

CUHXPOHHBIX MAllIWH.

CxeMa 3aMeleHus
CHHXPOHHOTO
re’epaTopa.
Yrioseie
XapaKTepI/ICTI/IKI/I
CHHXPOHHOTO
re’epaTopa.
OcHOBHbBIE
XapaKTEePUCTUKH
CHHXPOHHOTO
re’epaTopa.
[TapamnensHas
paboTa CHHXPOHHBIX
TEHEPATOPOB.

DK3aMeHaMOHHbIE
BOIPOCHI
NoNe 36...39

5.2. Cxema
3aMelleHns U
ypaBHEHUE
3JIEKTPUIECKOT0
paBHOBECHS LICITH
craTopa

DK3aMeHaMOHHbIE
BOIPOCHI
NoNe 40...42
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CUHXPOHHOTO
aBUrareis. Yriosas
¥ MEXaHUYECKas
XapaKTepUCTUKA
CHHXPOHHOTO
nsurareis. Paboune
XapaKTePUCTUKH
CUHXPOHHOTO
nsurarensi. CnocoObl
IIyCKa B XOJT
CUHXPOHHOTO
neuratens. Ilyck B
X0/l C IIOMOIIILIO
pPa3roOHHOTO
JIBUTATEIS.
ACHHXPOHHBIN
Croco0 Iycka.
YHacTOTHBIN MyCK.
Mexanndeckas
XapaKTepUCTHUKA.
YacToTHOC
TOPMO>XKEHHE.

6. OCHOBBEI
AJIEKTPONPUBOJIA

6.1. O0mue
cBesieHus 00
3JIEKTPOTIPUBO/IE.
VcnoBus,
OTIpEeIeIISIONIE
BBIOOp THTIA
3JIEKTPO/IBUTATEIS.
VYnpasnenue
AIIEKTPOIPUBOIAMU

OK3aMeHaIHOHHEIE
BOIIPOCHI
NeNe 43...45

7. OCHOBEI
AIEKTPOHUKH

7.1. Knaccudukanus
MOJYIPOBOAHUKOBBI
X IpHOOPOB.
[TonynpoBOTHUKOBBI
€ PE3UCTOPBHI.
[TonynpoBOAHUKOBBI
€ THO/BI.
bunonapusie
TPaH3UCTOPEI.
IToneseie
TPaH3UCTOPEHI.
Tupucropsl

DK3aMeHaIMOHHEIE
BOMPOCHI
NeNe 46...48

7.2. HeynipaBnsemsble
U yIpaBisieMble
BBINPSIMUTENN

DK3aMEHAMOHHBIN
BOTIPOC
Ne 49

7.3. Ycunurenn
ANMEKTPUUECKHUX
CHTHAJIOB.
Vcunmurenn Ha
OHIONSIPHBIX
TPAH3UCTOPAX

OK3aMeHAIIMOHHBIH
Bompoc Ne 50

7.4. ImnynscHas U
1 poBast TEXHUKA

DK3aMeHaMOHHBIA
Borpoc Ne 51

[1CK-2,7

Croco0GHOCTh
pa3padaThIBaTh
TEXHOJIOTHYECKYIO

1. DnekTpudeckue
¥ MarHUTHBIE LETIN

1.1. DOnextpuueckue
[[ENH TIOCTOSIHHOTO
TOKa

DK3aMeHaIIMOHHBIC
BOTIPOCHI
NeNe 1...8
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JOKYMEHTALHIO TS
IPON3BO/ICTBA,
MOJIepHU3AIINHY,
9KCIUTyaTallly,
TEeXHUIECKOTO
oOCIyXUBaHUSI |
peMOHTa  CPEACTB
MeXaHU3alun u
aBTOMATH3ALUH
MObEMHO-
TPAHCHOPTHBIX,
CTPOUTENBHBIX |
JIOPOXKHBIX paboT

1.2. DnekTpuueckue
e TIEPEMEHHOTO
TOKa

DK3aMeHalMOHHbIE
BOIIPOCHI
NeNe 9...16

1.3. Tpexdazusie
HIICKTPUUECKHUE
LeH

DK3aMeHaIMOHHEIE
BOIIPOCHI
NeNe 17...20

1.4. MaruutHsie
LETTH

DK3aMeHaMOHHEIE
BOIIPOCHI
NeNe 21...23

2.
TpancdopmaTopsl

2.1.
TpancdopmaTopsl

DK3aMeHaMOHHbIE
BOIIPOCHI
NoNe 24,25

3. MammHsb!
IOCTOSIHHOT'O TOKA

3.1. YcrpoiicTBo 1
MPUHLIAN I€UCTBUA
MalIlIyH IIOCTOSHHOTO
Toka. [IpuHiun
JeUCTBUS
reHeparopa.
[Ipunuun necTBus
JBHUTATEIIS

DK3aMeHaMOHHbBIA
Bompoc Ne 26

3.2.
DIEeKTPOABIKYIIIAS
cuja sIKops U
3JIEKTPOMATrHUTHBIN
MOMEHT. MaruuTtHas
eI MAITHHEI
ITOCTOSSHHOT'O TOKA.
Peakuus sikops.
KommyTtanus B
MaIlllHaX
IMOCTOSIHHOI'O TOKA.
CxeMbl BKIIFOUEHUS
MaIlIMH ITOCTOSSHHOTO
TOKa MapajuienbHOTO
M CMELIAHHOT'O
BO30YXKICHHUS.

DK3aMeHaIMOHHEIE
BOIPOCHI
NeNe 27...29

4. ACHHXPOHHEIE
MaIuHbBI

4.1. YcrpolicTBo
TpexdazHoi
ACHHXPOHHOM
MaIlWHBI.
ITomyuenue
BpAIaOIIETrOCs
MarHuTHOTO IOJIs.
Pesxxumebl paboThI
TpexdazHoi
ACHHXPOHHOM
MamuHbl. Pexunm
nsurareis. Pexxum
reseparopa. Pexum
JIEKTPOMArHUTHOTO
TOpMO3a

DK3aMeHAI[MOHHbBIE
BOIPOCHI
NeNe 30,31

4.2.
DIIeKTPOMarHUTHBIH
MOMEHT
ACUHXPOHHOM
MaIIIIHEI.
3aBUCHUMOCTh

DK3aMeHaMOHHbIE
BOIIPOCHI
NeNe 32...34
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3JIEKTPOMAarHUTHOTO
MOMEHTA OT
CKOJIBKEHUS.
MexaHuueckas
XapaKTepUCTUKA
ACUHXPOHHOTO
nsurarens. Ilyck B
X0J1 ACUHXPOHHOT'O
JIBATATEIIS.
Hcnonb3oBanue
JBUTaTeNel ¢
YIIy4IICHHBIMA
IIyCKOBBIMH
CBOMCTBaMH

4.3. PerynupoBanue
YacTOThI BpalleHUs
ACUHXPOHHBIX
JBUTATEJICH.
Topmo3HbIE PEKUMBI
paboThI
ACUHXPOHHBIX
MaIlyH.
Koadpdumment
MOIIIHOCTH
ACHHXPOHHOTO
JBUTATENS U €T0
3aBHCHMOCTH OT
Harpy3Ku Ha Balry
JIBUraTeIsl.

OK3aMeHalMOHHBIH
Borpoc Ne 35

5. CHHXpOHHBIE
MaIluHbBI

5.1. YcrpoiictBo 1
MPUHLINN I€UCTBUA
CHHXPOHHBIX MaIlTiH.
[TpuanIAT pabOTH M
9J1C curXpOHHOTO
reHeparopa.
[TpurnUT paboTHI
CHHXPOHHOTO
npurarens. Kpatkas
KJIACCU(PUKAITIS
CHHXPOHHBIX MalllFH.
CxeMa 3aMerIeHus
CHHXPOHHOTO
reHepaTopa.
YrioBeie
XapaKTePUCTUKHI
CHUHXPOHHOT'O
reHepaTopa.
OcHOBHEIE
XapaKTePUCTUKHI
CHHXPOHHOTO
reHepaTopa.
[TapannensHas
paboTa CHHXPOHHBIX
TEHEPaTOPOB.

OK3aMeHallMOHHBIE
BOIIPOCHI
NeNe 36...39

5.2. Cxema
3aMEIEHNs U
ypaBHEHUE

DK3aMeHaMOHHbIE
BOIIPOCHI
NoNe 40...42
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ANEKTPUIECKOTO
paBHOBECHS LICTIH
craTopa
CUHXPOHHOTO
aBUrareis. Yriosas
A MeXaHHYeCKast
XapaKTepPUCTHKA
CUHXPOHHOTO
nsurareis. Paboune
XapaKTePUCTUKH
CUHXPOHHOTO
nsurarensi. CnocoOb!
ITycKa B XOJT
CHHXPOHHOTO
neuratens. [lyck B
XOJI C IOMOIIIBIO
pPasroOHHOTO
JIIBUTATEI.
ACHHXpPOHHBIN
Croco0 Iycka.
YacToTHBIN

nyck. Mexanuueckas
XapaKTepPUCTUKA.
YacToTHOC
TOPMO>XKEHHE.

6. OCHOBBI
3JIEKTPONPUBOIA

6.1. O0mme
cBejieHus 00
3JIEKTPOTIPUBO/IE.
VcnoBus,
OIIpeIeIISIOINe
BBIOOp THTIA
3JIEKTPO/IBUTATEIS.
VYnpasnenue
AIIEKTPOIPUBOIAMU

DK3aMeHAIMOHHbIE
BOIPOCHI
NeNe 43...45

7. OCHOBEI
AIEKTPOHUKH

7.1. Knaccudukanus
MOJYIPOBOAHUKOBBI
X TIpUOOPOB.
[TonynpoBOIHUKOBBI
€ PE3UCTOPHI.
[TomynpoBOJHUKOBBI
€ JTHO/BI.
bunonspusie
TPaH3UCTOPEI.
Iloneseie
TPaH3UCTOPEHI.
Tupucropsl

DK3aMeHaIMOHHEIE
BOTMPOCHI
NoNe 46...48

7.2. HeynipaBnsemsble
U yIpaBisieMble
BBITIPSIMHUTENTN

DK3aMEHALMOHHBIN
BOTIPOC
Ne 49

7.3. Ycunurenu
AEKTPUIECKHUX
CHTHAJIOB.
Vcunmurenn Ha
OUTIONIAPHBIX
TPaH3UCTOPAX

DK3aMeHaMOHHBIA
Bormpoc Ne 50

7.4. UmnynbcHas 1

OK3aMeHaIIHOHHEIN
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| nuQpoBas TEXHUKA | Bonpoc Ne 51

2. JKk3aMeHAllMOHHbIE BONPOCHI

Ne
n/n

KoMnerennun

Kon

Onpenenenne

9K3AMEHAIIMOHHBIE
BOITPOCHI

Ne n

HAaNMMECHOBaHHE

pasaena

1

2

3

4

5

OK-1

Crnioco6HOCTB K
a0CTpaKTHOMY
MBIIJICHHUIO, aHATH3Y,
CHHTE3Y

1. DmekTprUyecKas menb U €¢ SJICMEHTHL.
OCHOBHBIC TIOHSATHS W ONPEICICHUS
JUTSI DIIEKTPUYIECKOU TICTIH.

2. 3akoH OMa 7151 yJacTKa Ienu. 3aKOoH
Owma Juis Beei enu

3. IlepBeIii 1 BTOpo# 3akoHbl Kupxroda

4, DneKTpruyecKas enb c
MOCJIEIOBATELHBIM, TapaUICIbHBIM |
CMELIaHHBIM COCIUHEHUEM DJIEMEHTOB

5. Hcrounuku TOKa U OJIC B
MEKTPUUECKUX IIETIIX

6. PexuMbl pabOTHI ANEKTPUIECKOM
enu

7. PacueT »9JNEKTPUYECKOH  Iiemu ¢
OIHUM MCTOYHUKOM IUTAHUSA

8. Pacuer pa3BeTBICHHOM
3JIEKTPUYECKON WEMU C HECKOJIbKUMU
UCTOYHUKaMU IIUTaHUA METOAO0M
KOHTYPHBIX TOKOB

9. Crioco0b! MPEACTABICHUSA
CHUHYCOMJIAJIbHBIX TOKOB, HANPSKCHHIA,

SJIC.

10. NeitctByromee u cpemHee 3HAUYCHUS
MEPEeMEHHOTO TOKa,  HANPSHKEHUS |
S/IC.

11. DneMeHTH SJEKTPUUECCKON IEMHU
CHUHYCOUJIATBHOTO TOKa:
conporuBnenne (R), HWHIYKTUBHOCTH
(L), emxocTh (©).

12. Ilemp ¢ mocaemoOBaTEILHBIM
coequHenneM RLC- snemeHTOB

13. Hemns c napasuienbHBIM
coequaenreM RLC -anemeHToB

14. IloBbrIEHNE kod(pummenTa
MOIIHOCTHU B AJIEKTPUUECKOHN e

15. KommueKkcHbI (CHMBOIHYECKUN )
METOH pacuera nemnen
CHUHYCOUWJIAJIbHOTO TOKA

16. 3akonmst Oma u Kupxropa B
KOMIUIEKCHOH popme

17. YeTsipeXnpoBOaHAS dIECKTPUICCKAs

ICTIb: CUMMETpHUYHAasA n
HCCUMMCETpHUYHAA Harpyska
IMPpUCMHHUKA.

18 Coenunenue ¢a3 reHeparopa H
MPUEMHHKA TI0 CXEME «TPEYTOJBHUK)

19. Coenunenue Qa3 mnpHeMHUKA IO
cxeme «TPEYTOIBHHUKY:

1.

BHGKTPI/IFIGCKI/IC n
MAaravTHBIC LICTIN
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CHMMETpPUYHAs M  HECUMMETpPHYHAsS
Harpyska

20. Coeaunenue (a3 reHeparopa H
NpUEMHHKAa 10 CXeMe «3Be3la C
HEWTPAILHBIM MPOBOIOMY

21. MarHuTHOE TIOJIC U €T0 TapaMeTphl.
MarHuTHbIC TICTTH

22. 3akoH moysHOro Toka. 3akoH Owma
1] MAarHUTHOM e

23. deppOMarHUTHBIC MaTepUajbl U UX
CBOICTBA

24. YCTpOWCTBO W TNpPUHLIUN ACHCTBHA | 2.
TpaHchopMaTopoB Tpancdopmaropb
25. Wneann3npoBaHHBIH

Tpancdopmarop. Hamarmumuuparorimii

TOK M TOK XOJIOCTOT'O X0J1a

26. YCTpOWCTBO M TPUHIMN IEHCTBUS | 3. Marmmusel
MalliH MOCTOSHHOTO ToKa. [IpWHIHI | TOCTOSITHHOTO
JlefcTBUA reLeparopa. ITpuniun | Toka

IEUCTBUSA NBUTATEIIS

27. DNeKTpOABUKYIIAs cuia SIKOpS |
AIIEKTPOMArHUTHBIN MOMEHT.
MaruuTtHas e1b MalllMHbI
HOCTOSIHHOTO TOKA.

28. Peakmus skops. Kommyrtamus B
MalllMHaXxX MMOCTOAHHOI'O TOKA.

29. CxeMbl BKIIOYEHUS  MalIUH
MOCTOSIHHOTO TOKAa MapajuieIbHOTO |
CMEIIaHHOTO BO30YKICHUS

30. YcrpoiicTBo TpexdazHoii
ACHHXPOHHOM MamuHel. IlosnydyeHue
BpAILAOLIET0Cs] MAarHUTHOTO MOJIS.

31. Pexumbr paboTel TpexdazHOU
ACMHXPOHHOMW MAaIllMHBI.

32. DIeKTpOMarHUTHBIH MOMEHT |
ACHHXPOHHOW MAIlIMHbBI

33. Mexanuyeckas XapaKTEpPHCTHKa
ACHHXPOHHOTO JIBUTATEJIS.

34. Ilyck B XOI aACHHXPOHHBIX
JIBATATEIICH

35. PerynupoBaHue 4acTOTHI BpallleHHS
ACHHXPOHHBIX JIBUTAaTeJNeH.

4. AcCUHXpOHHBIE
MaIIUHBI

36. YCTpo#CcTBO M NPUHIUI JACHCTBHUS
CHUHXPOHHBIX MAIIMH

37. Kpatkas KJ1accu(pUKaIHs
CHUHXPOHHBIX MalluH. Cxema
3aMelIeHHUs] CHHXPOHHOTO FeHepaTopa.

38. VYrnossie XapaKTEepUCTUKH
CHHXPOHHOTO TeHepaTopa. OCHOBHBIE
XapaKTEePUCTUKI CHHXPOHHOT'O
re’eparopa.

39. IMapannenbHas paboTa CHHXPOHHBIX
reHepaTopoB.

40. VrioBas 5 MeXaHH4YEeCKast
XapaKTepUCTHKA CHUHXPOHHOTO
qeuratens. Paboure XapakTepHUCTHKH

5.  CunXpoHHBIE
MaIluHbI
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CUHXPOHHOI'O ABUTATCJIA.

41. CoocoOel  mycka B XOf
CHHXPOHHOTO JIBUTATEJIS.

42. YactoTHOE
CHHXPOHHOTO JIBUTATEIS

TOPMOKCHHUC

43. OO0mue CBEIECHUS 00
DIIEKTPOIIPUBOJIE.

44, Ycnosus, ONpEACISIONINE BHIOOD
THUTIA JICKTPOABUTATEIIS.

45. YrpasieHue 3JIeKTPOIPUBOIAMHI

6. OCHOBBI
JIIEKTPOIPUBOIA

46. TlodynpoBOJIHUKOBBIE PE3HCTOPHI,
JTUOJTBI, THPUCTOPBI

47. bunosnsipHble TPAaH3UCTOPHI

48. TloneBsle TPAaH3UCTOPHI

49. Heympammsiemple W yIpaBlsieMble
BBINIPSIMUTENN

50. VYeunurenu
CHTHAJIOB Ha
TPaH3HCTOPAX

ANIEKTPUIECKUX
OUITOSIPHBIX

51. UmnynbcHas 1 iudpoBasi TEXHUKA

7. OCHOBBI
ANEKTPOHHUKHU

[K-10

CrocoOHOCTh
pa3pabaTbiBaTh
TEXHOJIOTHYECKYIO
JOKYMEHTAIIHIO JJIs
MPOU3BOJICTBA,
MOJIEpPHHU3AIINH,
9KCIUTyaTallWH,
TEXHUYECKOTO
00CITyKUBaHUS U
PEMOHTA Ha3eMHBIX
TPaHCIOPTHO-
TEXHOJOTHUECKHX
CPECTB U UX
TEXHOJIOTHYECKOTO U
o0opyoBaHUs

1. DNeKTpUYECKas LICTb U €€ SJICMEHTHI.
OCHOBHBIE TIOHATUSI W OIPEICIICHUS
JUISL SJIEKTPUYECKOH 1eTH.

2. 3akon OMa JyIs yJacTKa e, 3aKoH
OmMa U1 BCEH 1IeTn

3. IlepBsIii u BTOpoii 3akoHB Kupxroda

4, DneKTpryecKas LEb c
MOCJIETOBATEIHHBIM, TapaUICIbHBIM |
CMEIIIAHHBIM COEIUHEHNEM DIIEMEHTOB

5. Hcroynwkn TOKa WU OIC B
ANEKTPUIECKUX TIETISIX

6. Pexumbl paboOTBl BIIEKTPUYECKOM
enu

7. Pacuer »sneKTpU4ecKoi nenu ¢
OJIHUM HUCTOYHUKOM ITUTAHUS
8. Pacuer Pa3BETBICHHOM

3JIEKTPUYECKON 1ENU C HECKOJIbKHUMU

UCTOYHUKAMH  [UTAaHUSA  METOJIOM
KOHTYPHBIX TOKOB
9. Crioco0Obr Mpe/ICTaBICHUS

CHUHYCOMJIATIbHBIX TOKOB, HalpsKEHWH,
OJC.

10. JTeitctByromee u cpejHee 3HAYCHUS
IMEPEMCHHOI'O TOKa, HaIlpsKEHUA U

3C

11. DnemeHTBHl 3NEKTPUYECKOH Lenu
CHHYCOHUIATBHOTO TOKa:
conporupnerne (R), HWHIYKTUBHOCTH
(L), emkocTH Q).

12. Ilenmp ¢ mocaemoBaTeILHBIM
coeaunenneM RLC- anemenToB

13. Lems c napajuieIbHbIM
coenunenneM RLC -snemenToB

14. IloBsIenne ko3¢ Ppumenrta

MOIITHOCTH B BHCKT’pI/I‘lCCKOﬁ OCIH

15. KowmruriekCHBINH (CHMBOJIMYCCKII)

1.
OJIIEKTpUYECKUE U
MarHuTHbIE LEeTH
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METOI pacuera Herei
CHHYCOHJIAJTHHOTO TOKa

16. 3akomsi Oma u Kupxroda B
KOMIUICKCHOH hopme

17. YeTblpexmpoBogHas dJIEKTpUIecKast

ICTb: CUMMETpHUYHAasA n
HECUMMCETpHUYHAA Harpyska
MMPpUCMHHUKA.

18 Coenunenue (a3 reHeparopa Hu
MPUEMHHKA TI0 CXEME «TPEYTOIBHUK)

19. Coenunenne Qa3 mnpHeMHHUKA IO

cxeme «TPEYTOJIBHUK:
CHMMETpPUYHAs M  HECHMMETpPHYHAs
Harpyska

20. Coenunenue (a3 reHeparopa WU
NpUEMHHKA 10 CXEeMEe «3Be3la C
HEHUTPAILHBIM MPOBOIOMY

21. MarHuTHOE TI0JIe U €T0 MapaMeTphl.
MaruuTHbIe LIenU

22. 3akoH moyHOro Toka. 3akoH Oma
1. MArHUTHOM LIeTTH

23. deppoMarHUTHEIE MaTepUaIbl U UX
CBONCTBA

24. YCTpOWCTBO W TPUHLUN ACHCTBHA | 2.
TpaHcPOpMaTOPOB TpanchopmaTopsl
25. Wneann3npoBaHHBIH

tpancopmarop. Hamarmuuuparorimii

TOK ¥ TOK XOJIOCTOTO X0/1a

26. YCTpOWCTBO M MPUHIMIN JEHCTBUS | 3. Marmmusel
MAaIlllMH MOCTOSHHOIO ToKa. I[IpWHIHUI | IOCTOSIHHOTO
JleficTBUA reHeparopa. IIpuHuun | Toka

JIEWCTBUSA IBATATEIS

27. DNeKTpOIBIKYIIAs CUla SIKOpSl |
AIIEKTPOMArHUTHBIN MOMEHT.
MarunuTtHas 113313 MAaIIuHBI
HOCTOSIHHOTO TOKA.

28. Peakums sxops. Kommyramus B
MalllMHaX MOCTOSIHHOTO TOKA.

29. CxeMbl BKIIOYEHUS  MallWH
MOCTOSTHHOTO TOKa MMapajuieIbHOTO U
CMEIIaHHOTO BO30YKJICHUS

30. YcrpoiicTBo TpexdazHoii
ACUHXpOHHOM MamuHel. [lomydenue
BpaIIAIOUIErocss MArHUTHOTO TOJISL.

31. Pexumbl pabotel TpexdazHoOU
ACUHXPOHHOMW MalllMHBI.

32. DIeKTpOMAarHUTHBIH MOMEHT |
ACHHXPOHHOW MalTHHBI

33. Mexanuueckas XapaKTEpPHCTHKA
ACHHXPOHHOTO JIBUTATEJIS.

34, Ilyck B XOI AacHHXPOHHBIX
JIBATATEIICH

35. PerynupoBaHne 4acTOTHI BpallleHUS
ACHHXPOHHBIX JIBUTaTeJIeH

4. AcUHXpOHHBIE
MaIluHbI

36. YcTpoicTBO W MPUHIMIT ACHCTBUS
CHUHXPOHHBIX MallIHH

5. CuHXpOHHBIE
MaIIHHBI

121



37. Kpatkas KJ1acCU(UKaAIHS
CHHXPOHHBIX MAIIHH. Cxema
3aMelIeHNs] CHHXPOHHOIO TeHepaTopa.

38. VYrioBeie XapaKTePUCTUKU
CHHXPOHHOro reHeparopa. OCHOBHBIC

XapaKTePUCTUKH CHHXPOHHOTO
reHeparopa

39. IlapannenbHas paboTa CHHXPOHHBIX
reHepaTopOB.

40. VYmioBas W MeXaHHYECKas
XapaKTepUCTHKA CHHXPOHHOT'O

JABUTIaTCIIA. Paboune XapaKTCPUCTHUKHU
CHUHXPOHHOI'O IBHUI'aTCJIA.

41. Coocobel  mycka B
CHUHXPOHHOI'O ABUT'aTCJIA.

XO.I

42. YacrtoTHOE
CUHXPOHHOTO JIBUTATEJISI

TOPMOKEHUE

43, Oo6mue CBEJICHUS 00
AJIEKTPONIPUBOJIE.

44, VYcnosusi, ONpeAemsiomue BbIOOD
THIIA JICKTPOBUIATEIIs

45. YrpasneHne 3JeKTPOIPUBOIAMH

6. OCHOBBEI
3NIEKTPOTIPUBO/IA

46. IloaxynpoBOAHUKOBBIE PE3HCTOPHI,
JIMOIbI, THPUCTOPBI

47. bunonsipHBIe TPaH3UCTOPHI

48. TloneBble TPaH3UCTOPHI

49. HeynpaBisieMble W YIpaBisieMble
BBIITPSIMUTENH

50. VYceunurenu
CUTHAJIOB Ha
TPAH3UCTOPAX

ANEKTPHYECKUX
OUITONSIPHBIX

51. UmnynbcHas 1 iudpoBasi TEXHUKA

7. OCHOBBEI
3NEKTPOHUKHU

IHCK-
2,7

CriocoOHOCTh
pa3pabaTbiBaTh
TEXHOJIOTHYECKYIO
JOKYMEHTAIIHIO
MIPOU3BO/ICTBA,
MOJICpHHU3AIINH,
9KCILTyaTallHH,
TEXHUYECKOTO
00CITyKHBaHHS
peMoHTa
MeXaHU3aIun
aBTOMaTH3AI[HH
MOIbEMHO-
TPaHCHOPTHBIX,
CTPOUTENHHBIX
JOPOXKHBIX paboT

IS

u

CpencTB

u

1. DnexTpuyeckas eTb U €€ JEeMEHTHI.
OCHOBHBIE TOHSTHS M ONPEIACICHUS
JUISL BJIEKTPUYECKOM 1eTH.

2. 3axon OMa JyIs ydacTKa e, 3aKoH
Oma 1151 Bcer 1enu

3. IlepBriii u Bropo# 3akoHsl Kupxroda

4, DeKTpudecKast LETb c
MTOCJICTOBATEIHHBIM, TapaUICTEHEIM |
CMEIIAHHLIM COeIUHEHUEM DIEMEHTOB

5. Hcroynmkn TOKa WU OIC B
DIEKTPUICCKUX TETSX

6. Pexumbl paboOTBl BIIEKTPUYECKON
enu

7. Pacuer osyekTpuyeckol — menu ¢
OJIHUM MCTOYHHKOM IHUTaHUS
8. Pacuer pa3BETBIEHHON

BJICKT'pI/I‘lCCKOﬁ Oenmu ¢ HECKOJIBKHMHU

UCTOYHUKAMHM  IMTAaHUS  METOIOM
KOHTYpHBIX TOKOB
9. CriocoOsr MIpeJICTaBICHUS

CI/IHYCOI/II[ELHLHBIX TOKOB, Hal'[pﬂ)KeHHfI,
(el

10. [eiicTyromiee u cpeamee 3HAYCHHS
MEPEMEHHOTO TOKA,  HANpPSKCHUS |

1.
SHCKTPI/I‘ICCKI/Ie n
Mar"avmTHBIC IICTIN

122



OJC.

11. DmeMeHTH SJIEKTPUICCKOW IIEIH
CHUHYCOUJIATTBHOTO TOKa:
conporuBneHue (R), HHIYKTUBHOCTh
(L), emkocTH (C).

12. Ilemp ¢ mocaemoBaTenbHBIM
coequHenueM RLC- snemeHTOB

13. Hens c napasienbHbIM
coenunenneM RLC -anemenToB

14, [ToBbIICHHE koa pummenTa
MOIIHOCTY B 3JIEKTPUYECKOM LIEITU

15. KoMmIuieKkCHbIH (CHMBOIHYSCKHUH )
METO/1 pacuera nerneu
CHUHYCOUJIATIBHOTO TOKa

16. 3akomst Oma u Kupxropa B
KOMILJIEKCHOH hopMme

17. YeTbipeXnpoBOAHAS AIEKTPUIECKAS

LIETb: CHMMETpUYHAs u
HECUMMETPUYHAS Harpyska
MIPUEMHUKA.

18 Coenunenue ¢a3 TreHepaTopa H
NPUEMHHKA TI0 CXEME «TPEYTOJIbHUK»

19. Coenunenne Qa3 npuUeMHHUKA IO
cxeme «TPEYTOJILHUKY:
CUMMETpHYHAsT ¥  HECUMMETPUYHAsS
Harpyska

20. Coenunenue (a3 reHeparopa WU
NpHEMHHKAa TI0 CXeMe «3Be3ma C
HEWTPAJILHBIM MIPOBOJIOMY

21. MarHuTHOE I0JIe U €ro MapameTphl.
MaruuTHbIe LIENH

22. 3akoH 1moiHOro Ttoka. 3akoH Owma
JUISI MArHUTHOM LenH

23. deppOMarHUTHBIC MaTepUajbl U UX
CBONCTBa

24. YCTpOWCTBO M TPUHIMIN JIEHCTBUS | 2.
TpaHchopMaTopoB TpancdopmaTopsr
25. Wneann3npoBaHHBIH

Tparcopmarop. Hamarmuuuparormii

TOK M TOK X0JIOCTOI'O X0J1a

26. YCTpOWCTBO WM NpUHLIUN AEHCTBHA | 3. MarmmmHbt
MAaIllUH ITOCTOSIHHOTO TOKa. [IpHHIMUI | HOCTOSIHHOTO
JneiictBusi  redeparopa.  IlpuHinum | Toka

HCfICTBHSI JABHUIaTCIIA

27. DNEeKTPOJBWKYIIAS CHNa KOSl |
3JIEKTPOMAarHUTHBIH MOMEHT.
MarnuTHas b MaI1HbI
MTOCTOSTHHOT'O TOKA.

28. Peakius skops. Kommyranus B
MallMHAX MOCTOSHHOTO TOKA.

29. CxeMbl BKIIOYEHUS  MallUH
MOCTOSTHHOTO TOKa MAapajUIebHOTO U
CMEIITaHHOTO BO30YXICHISI

30. YerpoiicTBo TpexdazHoi
aCHHXpOHHOM MamuHel. [lomydeHue
BpAIAIONIErocss MArHUTHOTO TTOJIS.

4, AcuHXpOHHBIC
MAIIIUHBI
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31. Pexumbl paboTel TpexdazHoii
ACMHXPOHHON MAaIlIMHBI.

32. DICKTPOMAarHUTHBIA MOMEHT U
ACHHXPOHHOW MAITHHBI

33. Mexanuyeckas XapaKTEPHCTHKa
ACHHXPOHHOTO JIBUTaTElsl.

34. Tlyck B XOI AaCHHXPOHHBIX
JBUTaTesei

35. PerynupoBaHue 4acTOTHI BpalllCHUS
ACHHXPOHHBIX JIBUTATElEH.

36. YCTpo#CTBO M IPUHIUI ACHCTBUS
CHHXPOHHBIX MAIlMH

37. Kpatkas KJaccupUKaus
CHHXPOHHBIX MaIIvH. Cxema
3aMelIeHNs] CHHXPOHHOI'O TeHepaTopa.

38. YrnoBele XapaKTePUCTUKH
CHHXPOHHOro reHeparopa. OCHOBHBIC
XapaKTePUCTUKH CHHXPOHHOTO
reHeparopa.

39. [NapamiensHast paboTa CHHXPOHHBIX
TeHEPATOPOB.

40. VrioBas u MeXaHHYeCKast
XapaKTePUCTHKA CHHXPOHHOTO
neurarens. PaOoune XapaKkTepUCTUKU
CUHXPOHHOTO JIBUTATEs.

5.  CunxpoHHBIC
MaIIIUHBI

41. Crioco0sbl IycKa B XOx

CHHXPOHHOTO JIBUTATEJISL.

42. YacToTHOE TOPMOXKEHHUE

CHHXPOHHOTO JIBUTATEIS

43. OO0mne CBEICHUS 00 | 6. OCHOBEI
AJIEKTPONPUBOJIE. 3JIEKTPOTIPUBO/IA
44. YcnoBus, ONpeAeNsIonIe BHIOOP

THUTIA SJIEKTPOABUTATEIIS.

45. YrpasieHue 3JeKTpOIpUBOAAMH

46. IlonynpoBOJHUKOBBIC PE3UCTOPHI, | 7. OcHOBBI
JTUOJTBI, THPHUCTOPHI AIEKTPOHUKHU

47. bunonsipHble TPAaH3UCTOPHI

48. lloneBble TPAH3UCTOPEI

49. HeynpaBisieMble U YIpaBlsieMble
BBIIPSIMUTENHN

50. Ycunurenn 3NEKTPUIECKHUX
CUTHAJIOB Ha OUIOJISPHBIX
TPaH3UCTOPAX

51. UmnynbcHast 1 nubpoBasi TEXHUKA

3. Onucanne nNoKasaresjeil M KpUTEPHEB OLCHUBAHNS KOMIIETCHIUH

IToxa3zarenun

Ounenka Kpurepun

3HaThL
OK-1:

T1K-10:

OCHOBHEIC METOJBI aHaJIu3a
U pacyeTa JIMHEHHBIX U
HETTMHEHHBIX JJICKTPUICCKIX
W MarHUTHBIX IETEH;

OTJIMYHO U IEMOHCTPHUPYET:

MaTepuana;

OneHka «OTIUYHO
ciydae, eCiau OOYJaroIIuiics TIIyOOKO |
MPOYHO YCBOWJI MPOTPAMMHBIH MaTepral

- BCECTOpPOHHEE 3HAHWE MPOTrPaMMHOTO

- YMCHHC TIPAaBUJIBHOTO TPHUMCHCHUA
OCHOBHEIX ITOJIOKCHUI MMpOrpaMMHOI 0O
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I[ICK-2,7:
— TIIapaMeTpbl,  KOHCTPYKLHIO,
XapaKTCPpHUCTUKHU OCHOBHBIX|

OCHOBHBIE METO/BI aHAJIN3a U
pacudera JINHEVHBIX 5|
HEJIMHEHHBIX 3JIEKTPUUYECKUX
W MarHUTHBIX LIETIE;

MaTepuana;
- BJIas€eT BCEMHU
MOJMyYEHHBIMH B XOJIe
MIPOrpaMMHOI0 MaTepuana.

HaBBIKaMH,
HU3YyUCHUA

OTIpE/IETICHUST XapPaKTEPUCTHK
U TIapaMETPOB NEKTPUIECKHX

MallluH u OJICKTPOHHBIX
IpuOOPOB u UX
KOMITEIOTEPHOTO

WCCIICTIOBaHUS 1o

MaATCMATHYCCKUM MOJC/IAM

THIOB 3EKTPHUECKHX MAIIHH OneHka  «XOpOIIO» BBICTABICTCA B
1 5IEKTPOTIPHBO/IOB ciyuae, ecnu oOyyaromuiics
YMerh JEMOHCTPHPYET:
OK-1: X0poIIo - HEJOCTaTOYHO  TMOJHOE  3HAHHE
— COCTaBISITh MaTeMaTHYeCKHUE TPOrpaMMHOT0 MaTepHaia,
MOJCIN Jjs ONpeAcIcHUs - IPHUMEHCHHUE C HCCYH.IGCTBGHHLIMI:I
MAPAMETPOB  HIEKTPHYECKHX omMOKaMHd  OCHOBHBIX  IIOJIOKCHHMH
Hereit; MPOTrpaMMHOT0 MaTepuaa
I1K-10:
—  paccuUMTBIBATh DJIEKTPHUYECCKHUE
LenH 1o sazanHpny] YAOBACTBOPHTEILHO
TapaMeTpan; Ornenka «YIOBJIETBOPUTEIHHO
MCK-2.7: BBICTABIIACTCA B ciyvae, eciu
—  paccUMTBIBATh JJIEKTPHUYECKHC oOygaromuica AACMOHCTpHPYCT
Herm o — YacTUYHOE  3HAHWE  MPOTPaMMHOTO
XAPAKTEPHCTHKAM; MaTepuaiga; HEOTHOKpPATHO JIOMycKal
Baajers OHNOKH B OTBETE
OK-1:
—  HaBBIKAMH
9KCIIEPUMEHTAITLHOTO
OTIpEIeIICHUS
XapaKTEPUCTUK u
MapamMeTpoB BIEKTPUUECKUX
MalliH ¥ 3JIEKTPOHHBIX
puOOpoB 171 170'¢
KOMITBIOTEPHOTO
WCCIIeIOBaHHUS o
MaTeMaTHYECKUM MOJEIISIM
I1K-10:
—  HaBBIKAMH
9KCIIEPUMEHTATLHOTO
OTIpENeNICHUs XapaKTePUCTHUK
U TIapaMeTPOB AIEKTPUUECKUX
MamuH - W SJICKTPOHHBIX Ouenka «HEYJIOBJIETBOPUTEIHLHOY
npHOOpPOB; HEY/J0OBJIETBOPUTENb | BBICTABIIAETCS B Clydae, €CIH YpOBEHb
[CK-2,7: HO BJIaJICHHS TPOTPAMMHBIM MaTEPUAIOM HE
—  HaBbIKaMu OTBeYaer TpeOOBaHUSIM; BCE
SKCHIEPUMEHTATIbLHOTO BBIIIEYKa3aHHBIE Pa3/ielibl HE YCBOCHBL.

4. MeToanuyeckne MaTepuaJibl, onpeaeJsoime nNpoueaypbl OleHNBAHUA 3HAHUI,
YMEHHUIi, HABBIKOB H ONBITA JeSITeJIbHOCTH
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JucuunnnHa DIeKTPOTEXHUKA, 3MEKTPOHUKA M IEKTPONPUBOJ HAlpasieHa Ha (GOpPMHUPOBaHHE
3HAaHUH 3aKOHOB 3JIEKTPOTEXHUKH, IEKTPOTEXHUUECKOH TEPMUHOIOTMN ¥ CUMBOJIMKH; 3HAaHUE CBOWUCTB U
(U3NUECKUX MPOLECCOB, MPOUCXOIAIIUX B JICKTPHUUECKUX MAIIMHAX, 3JEMEHTHOU 0a3bl 3JEKTPOHUKH,
NpUMeHseMOl B MpeoOpa3oBaTelbHBIX YCTPOWCTBAX Uil MUTAHUS 3JIEKTPONPUBOIOB MOJBEMHO-
TPAHCHOPTHBIX, CTPOUTENBHBIX, JOPOKHBIX MAIIMH M O0OpYNOBaHHUS; HA MOJIyYEHHE TEOPETUUECKUX
3HaHUH U MIPAKTHUECKHUX HABBIKOB JUIS X JaJIbHEHUIIETO NCIOIb30BAaHMS B IPAKTUUECKOM IEATEIBHOCTH.

N3ydenne nucuuIuIMHEl DJIEKTPOTEXHHKA, JIEKTPOHUKA U AIEKTPOIPUBOJ TPETyCMaTPHUBAET:

- JIEKLIHH,

- nmabopaTopHbIE paObOTHI;

- KOHTPOJIbHEIE paOOTEHI;

- CaMOCTOSITENBHYIO PaboTy;
- 9K3aMEH.

B xone ocoenus pazzmena 1 «OneKTpuuecKue M MarHUTHBIE LENW» CTYACHTHI JOJDKHBI YSICHHTh
OCHOBHBIE METO/Ibl aHAJM3a U pacueTa JIMHEHHBIX U HETMHEHHBIX JJIEKTPUIECKUX U MarHUTHBIX LETICH.

B xome ocoenms pasgena 2 «TpaHcdopmaTopbl» CTYAEHTHl [OJDKHBI 3HAaTh Ha3HA4YeHHE,
KOHCTPYKLHIO, IPUHIIMII AeHCTBUS TpaHC(HOPMATOPOB.

B xome ocBoeHusi pazgena 3 «MamiMHBI IIOCTOSIHHOTO TOKa» CTYIEHTbl JOJDKHBI HM3Y4HUTh
KOHCTPYKIMIO W TPHUHIMII JEHCTBUS TeHepaTopa M JBUTaTeNsl IOCTOSHHOTO TOKa, 3HAaTh HX
XapaKTEPUCTUKU U CXEMBbI BKIIOUECHHS.

B xone ocoenust pazaena 4 «ACHHXPOHHBIE MAIIMHBD) CTYIEHTHI JOJIKHBI YSICHUTh YCTPOKCTBO,
OpUHIMIT pabOThl, PEKUMBI PabOTBl ACHHXPOHHBIX MAIIWH; 3HATh CIIOCOOBI IyCKa ACHHXPOHHBIX
JBUTATENIe W CIOCOOBI PETYyIUPOBAHUS WX 4YacTOTHl BpalICHUs;, 3HATh paboule XapaKTEPUCTHKU
ACHMHXPOHHBIX JBUraTee U UX BIMSIHUE HAa paOOTy aCHHXPOHHBIX ABUIAaTENEH B 3IEKTPOIPUBOIAX.

B xone u3yuenus paszgena 5 «CHHXPOHHBIE MAallMHBDY CTYACHTHI TOJKHBI OCBOUTH YCTPOMCTBO U
MPUHLMI JCWCTBHUS CHHXPOHHBIX TE€HEPaTOpOB W CHHXPOHHBIX JBUTATENeW; 3HAaTh YCIOBHUS
napajjieNbHONM  paOOThl CHHXPOHHBIX T€HEPATOPOB M OCOOCHHOCTH HCIOJB30BAaHHUA CHHXPOHHBIX
JBUTaTEJIEN.

B xone ocBoenus pazmena 6 «OCHOBBI 3JEKTPONPUBOAA» CTYIEHTHI JOJDKHBI 3HAaTh OCHOBHBIE
CBEJICHUS 00 DIIEKTPONPHUBOIAX M YCIOBHSIX, ONMPEACISIONINX BBIOOP THMA DIIEKTPOJIBUTATENS, a TAKKe
NOJTy4atoT HH(OpMAIHIO 00 YCIOBHAX YIIPABICHHS JIEKTPONPUBOIAMU.

B xome ocBoenust pasgena 7 «OCHOBBI 3JEKTPOHHMKH» CTYJACHTHI JIOJDKHBI HAYYUTHCS
OpPUECHTUPOBATHCS B OCHOBHBIX JJIEKTPOHHBIX YCTPOWCTBAaX, MPUMEHIEMBIX B TNpeoOpazoBaTeisx s
MUTaHUs SIEKTPOIPUBOJIOB, 3HATH X 3JIEMEHTHYIO 0a3y, KOHCTPYKUHIO, IPUHLUIBI paOOThI.

HeoOxonumo oBnaseTh HaBHIKAMH W YMEHHSMH HPUMEHEHUS HM3YYEHHBIX METOJOB Ui HX
JTAbHENIIIETO NCIIOIB30BaHMS B MPAKTUUECKON AESITEIbHOCTH, IPUMEHEHHUS U pealn3aliy TeX WIH UHBIX
MPOEKTOB B KOHKPETHBIX CUTYaLUsX.

B mponecce n3yueHHs AMCUUILIMHBI PEKOMEHIYETCS Ha IEPBOM JTare oOpaTWTh BHUMAaHUE HA
OCHOBHBIE 3aKOHBI (PH3HKH, MATEMATUICCKUH MOHATUIHBINA anmapar.

OBrnazneHne KIFOYEBHIMU TMOHATHSMHU SABIISETCS OCHOBOW JJISl YCIIEHTHOTO YCBOEHHS pPabOTHI BCEX
(YHKIMOHAIBHBIX YCTPOHCTB, MALIMH 1 000pYI0BaHUsI B O0JIACTH JIEKTPOTEXHUKU M AJIEKTPOHHKH.

[Ipu noAroToBKE K SK3aMeHy PEKOMEHAYETCSl 0C000€ BHUMAaHKE YACIUTD CIICAYIOIIUM BOIIPOCAM:

1. DnexkTpudeckas menb u ee 3MeMeHThl. OCHOBHBIE TIOHATHS W OMPENENICHUS U AJIEKTPHUECKOM
Lenu

2. 3akon OMa ana ydactka uenu. 3akoH Oma s Bcelt enu

3. IlepesIii 1 BTOpO# 3akoHbl Kupxroda

4. DnexTpuuecKkash IENb C IOCIEJOBATEIbHBIM, MapajUIeIbHBIM M CMEIIAHHBIM COEIHHEHHEM
JIEMEHTOB

5. Uctouamku Toka 1 D/1C B MEKTpHUECKUX LEMAX

6. PesxuMb1 paboTHI DIIEKTPUIECKOH TN

7. Pacdet aeKTpUUECKOi LENHU ¢ OHUM UCTOYHUKOM IMHUTaHUSA

8. PacueT pa3BEeTBICHHON 3JEKTPUYECKON IIEMHM C HECKONBKUMM HMCTOYHMKAMH MUTaHHUS METOJOM
KOHTYPHBIX TOKOB

9. CniocoOBblI peACTaBIICHHUS CHHYCOMIANBHBIX TOKOB, HanpsokeHui, D/1C

10. JTeiicTByrolee 1 cpeHee 3HAUCHHS IEPEMEHHOTO TOKa, Hanpsvkerust 1 DJC

11. DreMeHTBI 3NIEKTPUYECKO LEeNH CHHYCOMAAIbHOrO ToKa: compoTusicHue (R), HHIYKTHBHOCTH
(L), emxocts (C).
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12. Lens ¢ mocaenoBarensHbiM coequaenneM RLC- snemenToB

13. Llens ¢ napamienbabiM coenunenrneM RLC -3emeHTOB

14. TloBbitienue k03¢puIeHTa MOITHOCTH B 3JIEKTPUUECKON LeTH

15. . KommuiekcHbIH (CHMBOJIIMYECKUI) METOJI pacieTa Lerneld CHHYCOMIAIBHOTO TOKa

16. 3akonsr OMa 1 Kupxroda B KOMIUIEKCHOH Gopme

17. UYetplpexmpoBoHas dIIEKTpUYECKas IIeTh: CHMMETPHUYHAS W  HECHMMETPWUYHAs Harpyska
MPUEMHHKA.

18 Coennnenue (a3 reHepaTopa v MPUEMHUKA TI0 CXEME «TPEyTrOIbHUK»

19. Coenunenne ¢a3 NpreMHHUKA 110 CXeME  «TPEyTOJIbHUK»: CHMMETPUYHAs U HECUMMETPpHUYIHAS
Harpyska

20. CoenuHenue (a3 reHepaTopa U MPHUEMHHUKA 10 CXEME «3Be3/a ¢ HEUTPaIbHBIM IPOBOJIOM»

21. MarautHoe ToJIe ¥ €Tro mapaMeTpsl. MarHuTHBIE TSN

22. 3aK0H IMOJIHOro ToKa. 3akoH OMa i1 MarHUTHOM LHenu

23. ®eppoMarHuTHEIE MaTepUalbl U UX CBOMCTBA

24. YcTpOoHCTBO M MPUHITHI JeHCTBHA TpaHC(HOPMAaTOPOB

25. U neanu3upoBaHHbIi TpaHchopmaTop. HamarHmauBaromuii TOK ¥ TOK XOJIOCTOTO X0/1a

26. YCTpOHCTBO M NMIPUHIMI JEHCTBHS MaIlMH HOCTOSIHHOTO ToKa. [IpuHIMI IeHCTBUS reHepaTopa.
[IpuHIMD AeUCTBUS IBUTATENS

27. DIeKTpOABMKYINAsl CHIa SKOPSI W DIIEKTPOMATHUTHBI MOMEHT. MarHUTHas Ienb MAaIluHBI
MOCTOSTHHOT'O TOKA.

28. Peaxnus sikopsi. KomMmyTanus B MalmmHaxX MOCTOSIHHOTO TOKA.

29. CxeMbI BKIIFOUEHUS MaIINH ITOCTOSHHOTO TOKA MapauIeIbHOT0 U CMEIIAaHHOTO BO30YKISHUS

30. YcrpoiictBo Tpexda3HOW acHMHXpPOHHOW MamiuHbL. [lodydeHue BpaIaroIIErocss MarHHUTHOTO
TOJISI.

31. Pexxumel paboTsl Tpexa3zHOW aCHHXPOHHOW MAIIAHBI

32. DneKTpOMarHUTHBI MOMEHT M aCHHXPOHHOUN MaIlliHBI

33. MexaHunueckas XapaKTepUCTHKa aCHHXPOHHOTO JIBUTATEIS.

34. Tlyck B X0/1 aCHHXPOHHBIX JBHTaTENIeH

35. PerynupoBaHue 9acTOTHI BPAIllEHUs] aCHHXPOHHBIX JBUTATENCH.

36. YCTpOWCTBO M MIPHHIMIT ICHCTBHS CHHXPOHHBIX MAIINH

37. Kparkas knaccudukanys CHHXpOHHBIX MainH. CxeMa 3aMelleHrs CHHXPOHHOTO TeHepaTopa.

38. YTrnoBble XapaKTepUCTHUKU CHHXPOHHOTO reHepaTopa. OCHOBHBIE XapaKTEPUCTUKA CHHXPOHHOTO
reHeparopa.

39. NapannensHas paboTa CHHXPOHHBIX T€HEPATOPOB.

40. YrioBasg U MeXxaHWUYECKas XapaKTePUCTHKAa CHHXPOHHOTO JBUTaTens. Paboune XapakTepuCTHKU
CHHXPOHHOTO JIBUTATEISI.

41. Crioco0bl MycKa B X0 CHHXPOHHOTO JIBUTaTelIsl.

42. YacToTHOE TOPMOKEHUE CHHXPOHHOTO JIBUTATEIIS

43. Obmue cBeneHus 00 IEKTPOIPUBO/IE.

44, YcnoBus, ONpeAeIIAIONMe BEIOOP TUIIA 3JIEKTPOIBUTATEIIS.

45. YrpaBieHue 3IeKTPONIPHUBOIAMHI

46. ITorynnpOBOTHUKOBBIE PE3UCTOPBI,  JHOMABI, TAPUCTOPHI

47. bunosisipHbIe TPAH3UCTOPHI

48. IloneBsie TPaH3UCTOPHI

49. HeymnpaBnsiemble U yIpaBisieMble BBITPIMUTEIH

50. Ycunurenu 3MeKTPUUECKUX CUTHAJIOB Ha OMITONISIPHBIX TPAH3UCTOPAX

51. UmnynbcHas u nudpoBasi TEXHUKA

B npomnecce mpoBeneHust 1ab0paTopHbIX padOT MPOMCXOIUT 3aKperieHne 3HaHWH, (OpMHUpOBaHNE
YMEHUII W HAaBBIKOB pEaIM3alMH MPEJCTABICHUS 00 JIEKTPUYECKMX M MAarHUTHBIX —LEMsX,
TpaHcpopMaTropax, CHHXPOHHBIX, ACHHXPOHHBIX MAIlIMH, MAIIMH TIOCTOSHHOTO TOKa, OCHOBax
3JIEKTPOTPUBO/IA M OCHOBAX DJIEKTPOHUKH.

CamocToATeNnbHY0 PadoTy HEOOXOAMMO HAUMHATD C U3YUEHHS TEOPETHUECKOTO MaTepuana.

B npouecce KOHCynbTaMM C NpenojaBaTeleM HEOOXOIUMO BBIICHUTH BCE HEIOHSTHEBIC,
BBI3BIBAIOIIIE COMHEHHS BOIIPOCHI.

Pabora ¢ nuTeparypoil SBISETCS BAKHEHIIMM DJIEMEHTOM B TOJIYICHHHM 3HAHWHA 110 JUCIIHILINHE.
[Ipexne Bcero, HEOOXOAMMO BOCIIOJIB30BAThCS CIIMCKOM PEKOMEHIYEMOW MO JaHHOW AWUCIMIUIMHE
JTUTEPaATYPHIL.

127



[IpenycMoTpeHO TpOBENICHHE AyJAUTOPHBIX 3aHATHH B HMHTEPAKTHBHOW (opme (B BHIE JICKIHH-
JIUCKYCCHH, JEKIIUH-Oecebl, JEKIUU C Pa3dopoM KOHKPETHBIX CHTyalWd, MPOCMOTP M OOCYXKICHHE
BUJICOMATEPUAIIOB) B COYCTAHUY C BHEAYTUTOPHON paOOTOM.

IIpuioxenne 2

AHHOTAIUA
padoueil mporpaMMbl TUCUMILIMHBI

DJIEKTPOTEXHHKA, 3JIEKTPOHUKA M IJIEKTPONPHUBOI

1. Heas u 321244 JMCHUTLIMHBI

Ilenpr0  W3ydeHHMs  AUCHUIUIMHBI  ABJSIETCS:  (POPMHPOBAHME  3HAHUM  3aKOHOB
JJIIEKTPOTEXHUKH, DIJIEKTPOTEXHUYECKOM TEPMUHOJIOTMM M CUMBOJIMKH;, 3HAHHUE CBOWCTB U
(Gu3NYECKUX TPOLECCOB, TMPOUCXOMAIIMX B AJIEKTPUUYECKUX MAIUHAX; 3JEMEHTHON 0a3bl
AIIEKTPOHUKHM, TPUMEHSEeMOM B  MNpeoOpa3oBaTeNbHBIX  yCTPOMCTBAX I MUTaHUS
JJIEKTPOIIPUBOJOB  MOABEMHO-TPAHCIIOPTHBIX,  CTPOUTEIBHBIX, JOPOXHBIX  MAllMH U
00opyToBaHUs.

3anaueil U3ydeHus AUCLUUIUIMHBI ABJSIETCA: 00ECHeUUTh TEOPETUUECKYI0 U MPAKTHUECKYIO
MOJATOTOBKY OOy4Yaromuxcsi B 00JacTU 3JIEKTPOTEXHUKH U AJIEKTPOHUKHU ISl UX COBMECTHOTO
y4acTHs B COCTaBE KOJUIEKTHBA UCIIOJIHUTENECH MO0 TEXHUYECKOMY 00ECIeYeHHI0 pa3paboTKu U
JKCIUTyaTalluy  JJEKTPUYECKUX 4YacTed M  MEXaHW3MOB B  IOJBEMHO-TPAHCIOPTHBIX,
CTPOUTENBHBIX, IOPOKHBIX MAIIMHAX U 000PYAOBAaHHH.

2. CTpyKTypa IMCHHUIIUHBI
2.1 Pacnpenenenue TpPyAOEMKOCTH TO OTACIBbHBIM BHAaM YYEOHBIX 3aHSITHH, BKJIIOYas
camocTosTeNnbHYI0 padory: JIk-34 yac.; JIP-34 gac.; CP-76 yac.
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OO0mmas TpyA0eMKOCTh JUCIHUIUIMHBI cocTaBisieT 180 yacoB, 5 3aueTHBIX €TUHUIIBI

2.2 OCHOBHBIE pa3AeIibl AUCIUTUIMHBL:

1 - DnexTpuvecKkre 1 MarHUTHBIE IIETIH
2 - Tpancdopmaropsl

3 - MammHbl MOCTOSIHHOTO TOKA

4 - ACHHXPOHHBIC MAIIIUHBI

5 - CUHXpOHHbIE MaIlIMHBI

6 - OCHOBBI 2JICKTPONIPUBOIA

7 - OCHOBBI 2JIEKTPOHUKH

3. [lnanupyemble pe3yJibTaThl 00yueHUs (MepevyeHb KOMIeTeHIIUI)
[Tpouecc u3yueHus: AMCUUILIMHBI HAaNpaBiieH Ha (POpMHUpPOBAHHE CIEAYIONINX KOMIETEHIIHIA:

OK-1 Crioco6HOCTh K aOCTPaKTHOMY MBIIIJICHUIO, aHATTN3Y, CHHTE3Y

[TK-10 CnocoOHOCTh pa3pabaThiBaTh TEXHOJIOTHYECKYIO JOKYMEHTAIUIO IS TPOU3BOJICTBA,
MOJIEpHU3ALMH, SKCILTyaTallii, TEXHUYECKOI0 00CITYKBaHUS U PEMOHTA Ha3€MHBIX
TPAHCIIOPTHO-TEXHOJIIOTUYECKUX CPEJICTB U MX TEXHOJIOTHMUECKOTO U 000PYyI10BaHUS

[1CK-2,7 CriocoOHOCTBIO  pa3pabaThiBaTh TEXHOJIOTMYECKYIO JOKYMEHTAIHIO IS
MPOU3BOJICTBA, MOJEPHU3ALIMU, SKCIUTyaTallud, TEXHUYECKOro OOCITYXMUBAaHUS M PEMOHTA
CPEICTB MEXaHM3alUd M AaBTOMATHU3AlMM IOJbEMHO-TPAHCIOPTHBIX, CTPOUTENBHBIX U
JIOPOKHBIX paboT

3. Buja npoMeskyTOYHOM aTTeCTALMM: SK3aMEH
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IIpunaoxenune 3

IlIpomoxkon o 0ononneHuAX u U3MeHeHUAX 6 padoueil npozpamme
na 20__ -20 YueoHwlit 200

1. B pabGouyro nporpamMmmy 1o AUCUUIUIMHE BHOCSTCS CIEAYIONINE JONOTHECHUS:

2. B pabouyto nmporpaMmy 1o AUCUUIIIMHE BHOCSATCS CIEAYIOIIUE U3MEHEHUS:

[Tporoxon 3acemanus kadenpst Ne OT «__ » 20 r.,
(paspabomyux)

3aBenyromuii kageapoit

(noonucs) (®.1.0.)
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[IporpaMma cocTaBieHa B COOTBETCTBHH C (pemepalbHBIM  TOCYIapCTBEHHBIM
00pa3zoBaTeNbHBIM CTaHIAPTOM BBICIIEro 0O0pa3oBaHus 1o crenuanbHocTu 23.05.01 HazemHusle

TpaHCHOPTHO-TeXHOJornyeckue cpeactra ot 11.08.2016r. Ne 1022

ajasi_Haoopa 2016 roaa: u yueObnpiM miaHomMm ®PI'BOY BO «bpl'V» mna 3aounoii Gopmbl

o0yuenus ot «03» urons 2018r. Ne 413

A Habopa 2017 roaa: u yuebusimMu mianamMu OI'BOY BO «bpl'Y» nmist ounoit ¢opmer
o0ydenust ot «03» umronst 2018r. Ne 413, nnsa 3aounoi popmbr 0OydeHus: oT«03» uronst 2018r.

Ne 413

Acranenko H.A. ct.npenonaBatens kapeapsl Dud

Pabouas mporpamma paccMoTpeHa U yTBEpKACHA Ha 3aceaHuu Kadeapsl Dud

OoT «__ » nekabpsa 2018 r., mporokos Ne

3aBenyromnuii kageapoit Dud 10.H.Bynaros
COT'JTIACOBAHO:

H.o. 3aBenyromero kadenpoit CIM K.H.®urypa
HupexTop Oubanorexn T.®. CotHuk

Pabouas nporpammMa o100peHa MeTouueckoit komuccueit ®OuA

OT «___ » _ jJexadps 2018 r., mpoTokon No

[Ipencenarens METOANYECKON KOMUCCUU (DaKyTbTETA A.J1.YnpsHOB
COI''TACOBAHO:

Havansauk

y4e0HO-METOIMUECKOTO YIpaBICHUS I'.I1. Hexesen

Perucrpanmonnsiii Ne
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