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HUTY "MUCuC" 21.04.2021, mpotoxoin Ne 30

Pabouas nmporpamma oo0peHa Ha 3aceJaHun

Kadenpa snexrposnepreruxu u djiekrporexuuku (Hosorponukmii ¢pusiman)

ITpoTtoxon ot 09.06.2022 r., Ne6

PykoBoguTens nonpasneneHus K.I.H., foueHT Maxupuna P.E.



1. HEJIX OCBOEHUA

1.1 | Llenn ocBOEHMS AUCIUIUIHHEL COPMHUPOBATH y 00yUaIOIIerocs yMeHHEe CO3AaHNs U UCCIEAOBaHNS JIF000H
JNMEKTPUYECKON MAIIUHBI - IEKTPOMEXaHUUECKOTO MpeoOpa30BaHus SHEPTHU.

1.2 | 3agaun: U3y4UTH 3aKOHBI TEKTPOMEXaHUIECKOTO NTPeoOpa30oBaHus SHEPTUH, YPaBHEHUS 0000IIEHHOM MallTMHBI, KOTOPbIE
MOAYEPKUBAIOT OOIHOCTh PA3JINYHBIX MEKTPUUECKUX MAIINH, TEOPUIO U KOHCTPYKIIMU OT/ENbHBIX BUJIOB
SNEKTPUIECKIX MAIIHH.

2. MECTO B CTPYKTYPE OBPA3OBATEJILHOM ITPOT'PAMMBI

Bnox OIT: b1.B

2.1 TpeboBanus k npeuBalPuTenbﬂoﬁ NOAr0TOBKE 00y4ar01Ierocs:

2.1.1 |Teopernueckue OCHOBBI NEKTPOTEXHUKH

2.1.2 | IIpoeKTHBI TOAX0/1 B TEXHUKE

2.1.3 | ®dusnka

2.2 Jucuuninubl (MOIY/IHM) U MPAKTHKH, VIS KOTOPBIX 0CBOEHHE JAHHON AUCUMIJIMHBI (MOIYJIs1) HEOOX0IUMO KaK
NnpealecTByIIee:

2.2.1 | KoMmbroTepHOE MOJICIUPOBAHKE AIIEKTPOIIPHUBOJIOB

222 MaremMarudeckoe MOACINPOBAHUC CUCTEM aBTOMATHUKHU

2.2.3 | IIpousBojACTBEHHAs IPAKTHKA MO HOIYYCHHIO IPO(ECCHOHATBHBIX YMEHHU U ONBITa TPO(ECCHOHABHOI AeATeIBHOCTH

2.2.4 | CunoBas 2IEKTpOHHUKA

2.2.5 |Teopus 31eKTPONPHUBOIA

2.2.6 | OOwiast >HEpreTUKa

2.2.7 |IIpoekTupOBaHUE NEKTPOTEXHUIECKUX YCTPOICTB

2.2.8 | CAIIP ycTpOHCTB MEKTPOHUKU

2.2.9 | Cucrems! yIpaBieHHs IEKTPOIPUBOIOB

2.2.10 |DnexTpocHaOXEeHUE M aBTOMATU3AINS MEKTPOIHEPTETHIECKUX CUCTEM

2.2.11 | ABTomaru3anusi METaTyprUIeCKOro MPOU3BOICTBA

2.2.12 | ABTomMaTu3anus TEXHOJOTHYECKUX MPOIIECCOB

2.2.13 | ABTOMaTU3UPOBAHHBIN 3JIEKTPOIIPUBOJL B TEXHOIOTUAX

2.2.14 | ABToMaTU3MpOBaHHBIN ANEKTPOIIPUBO]] TUIIOBBIX TPOU3BOJICTBEHHBIX MEXaHU3MOB

2.2.15 |IloaroToBka K mpoIeaype 3alIUThl U 3aIIUTa BEITYCKHON KBATH()HUKAIMOHHOH padoTHI

2.2.16 |llpeanurioMHas IpaKTHKA

2.2.17 |IlporpammHOe obecnieueHre KOHTPOJIIIEPOB

2.2.18 |IIpoMbIlUIEHHBIE CETH

3. PE3YJIbTATBI OBYUYEHUS IO JUCIUITIJIMHE, COOTHECEHHBIE C ®OPMUPYEMbBIMHA
KOMIIETEHIIUSIMHA

IK-2: Cnocobden MPOEKTUPOBATH CUCTEMbI JICKTPONMPUBO/JIAa U ABTOMATU3UPOBAHHLIC CUCTEMbI YIIPABJIECHUA C
HCII0Jb30BAHUEM ].ll/lq)pOBBIX TEeXHOJIOTHii

3HaTh:

[IK-2-31 oco6eHHOCTH KOHCTPYKIUH, YPaBHEHHSI, CXEMBI 3aMEIICHUS U XapaKTePUCTUKHI PA3IHYHBIX JIEKTPHUECKUX JBUraTENICH

OIIK-3: Cnoco6en OCyHIECTBJIATH MOACIUPOBAHUE, AHAJINU3 H IKCIIEPUMEHTHI B LEJIAX ITPOBEACHUA A€TAJTBHOIO
HCCJICA0OBAHNA /IJIA PCIICHUA 3a1a4 B IIpO(l)eCCI/lOHa.HbHOﬁ OﬁﬂaCTl/l, HCIIO0Jb30BATH METO/AbI AHAJINA3Aa U MOACTHPOBAHUA
ICEKTPHICCKHUX nenei u WICKTPUYECCKUX MAIIIVNH

3HaTh:

OIIK-3-31 npuHIMIT JEHCTBHSI COBPEMEHHBIX THIIOB IEKTPUUYESCKUX MAITUH

IIK-2: Cnioco0eH NpoeKTUPOBATH CHCTEMBbI JJIEKTPONIPUBO/AA H ABTOMATU3MPOBAHHbIE CUCTEMbI YIIPABJICHHS €
HCNOJIb30BaHUeM HU(POBLIX TEXHOJIOTHH

Ymerb:

ITK-2-Y1 06pabaTbIBaTh pe3yabTaThl SKCTIEPUMEHTATBHBIX UCCICAOBAHUH C IIENTBIO MMOCTPOCHHS OCHOBHBIX XapaKTEPHCTHK
SNIEKTPUUYECKUX MAIIUH U TPAHC(HOPMATOPOB

OIIK-3: CnocodeH ocyliecTBJISITh MOJEIUPOBAHNE, AHATU3 U IKCIIEPUMEHThI B Lie/IX POBEAeHHs 1eTa/IbHOI0
HCC/IeI0BAHMSI /151 pellieHHsl 32/1a4 B Po(ecCHOHAIBHOI 00J1aCTH, HCIOIB30BATH METOABI AHAIN32 M MOIEJNPOBAHUS
9JIeKTPHYECKHX Lenel 1 31eKTPHIeCKHX MAIIHH




YMmerb:

OIIK-3-Y1 cocTaBiasTh IpocTeHIINe KOHCTPYKTUBHBIC U JIEKTPHUECKUE CXEMBI 3aMEIIEeHHs MEKTPUUCCKUX MAIINH U
TpaHc(popMaTopoB

IIK-2: Cnioco0eH NMpoeKTUPOBATH CHCTEMBbI JJIEKTPONPUBOAA U ABTOMATU3MPOBAHHbIE CUCTEMBbI YIIPABJIEHHS €
HCIO0JIb30BAHNEM HU(PPOBHIX TEXHOJIOTHIA

Baagern:

[IK-2-B1 mMeToaukamMu ONTUMHU3ALMY TPU IPOESKTUPOBAHUH IEKTPUUYECKUX MAIIUH

OIIK-3: CriocodeH ocylecTBISITh MOIETHPOBAHNE, AHAJU3 M IKCIIEPUMEHTHI B IEJIAX MPOBEIEHHS 1€TAJIBHOTO
HCCJIeIOBAHNS JJIS1 PellieHUs 3a1a4 B MpodeccHoHAIbHOH 00,1aCTH, HCIOJIb30BATH METOIbI AHAJIN3Aa H MOeTMPOBAHUS
JJIeKTPUYECKHUX Lienell U JIeKTPUYEeCKUX MAIMH

Baanernb:

OIIK-3-B1 HaBbIKaMH 371€MEHTAPHBIX PACUETOB M UCCIIEIOBAHMS AIEKTPUIECKUX MAIIUH

4. CTPYKTYPA U COJAEPKAHMUE

Kon HaunmenoBanue pasnesioB u | Cemectp | YacoB | ®opmupyemsie | Jlutepatypa | Ilpumeuanne KM Boinoan
3aHATHSA TeM /BUA 3aHATHS/ / Kype HHIMKATOPHI H 91 sieMble
KOMIeTeH Ml pecypchbl padoThI
Pa3nen 1. Beenenne,
OCHOBHbIE IOHATHUS

1.1 Ponp snexTpuuecKkux MaiuH. 5 3 OIIK-3-31 J.1 KM1,K P1
OO01re BopocCh OIIK-3-V1 JI1.2J12.1 M2
npeoOpa3oBaHus OIIK-3-B1 IIK- 2.2
3JIEKTPOMEXAaHUUECKOTO 2-31 TIK-2-V1 JI2.3713.1
npeoOpa3oBaHus TTIK-2-B1
sHepru. /JIex/

1.2 Nzydenune cxeM 0OMOTOK 5 2 OIIK-3-31 JI1.1J12.1 KMI1,K
MmamunH. D /C OIIK-3-Y1 J12.3 M2
00MoTKH.COCTaBIISIIOIIHE OIIK-3-B1 IIK- J12.4J13.1
MarHuTHOTO 1oJis. Beimaua 2-31 TIK-2-VY1
3a/1aHUs Ha KypCOBOE [IK-2-B1
npoektupoBanue. /I1p/

1.3 WHCTpyKTa)X 1O TEXHUKE 5 2 OIIK-3-31 JI3.1 KM1,K
Oe3omacHocTH. 3ydeHue OIIK-3-V1 M2
nabopaTopHOTO OIIK-3-B1 IIK-
obopynosanus. /J1a6/ 2-31 TIK-2-V1

[IK-2-B1

1.4 3aKOHBI: NEKTPOMArHUTHOM 5 9 OIIK-3-31 JI1.2J12.3 KM1,K
nHIykmu, Kupxroga, OIIK-3-Y1 JI2.5713.1 M2
oJiHoro Toka, Oma s OIIK-3-B1 IIK-

MarHuTHOM 1ernu, Amrepa, 2-31 T1IK-2-V1
3aKOHBI 3JIEKTPOMEXAHUKH. TIK-2-B1
DIEKTPOMArHUTHBIE CUITBI U

MOMEHTHI B 2NEKTPUYECKUX

MamuHax. [Torepu u

KIIA. /Cp/

Pazpea 2.

TpanchopmaTopbl




2.1

Haznauenwue u obnactu
MPUMEHCHUS
TpanchopMmaTopa.
YeTpoiicTBo, MpUHIUI
JieiicTBus U paboune
MPOLIECCH 0THO(DA3HOTO
TpaHcdopmaropa. Cxema
3aMeIeHHs
JIBYXOOMOTOYHOT'O
TpanchopMmaTopa.
HamaranumBaromuii TOK 1
TOK XOJIOCTOTO XOJ1a.
YpaBHEHHs HATIPSHKCHUS
TpanchopmaTopa u
BEKTOpHAsI AHarpamMma.
Tpexdasuprii
TpaHncdopmarop. I pymmsr
COeANHEHHS 0OMOTOK
TpanchopmaTopa.
V3MeHeHne BTOPUIHOTO
HAIMPSDKCHUS U BHEITHHUE
XapPaKTEePUCTUKH.
Koaddunuent noaesnoro
JIeHCTBUS
TpaHcdopmaropa. /Jlex/

14

OIIK-3-31
OIIK-3-Y1
OIIK-3-B1 IIK-
2-31 [IK-2-V1
I1K-2-B1

JI.1J12.1
J12.2J13.1

KMI,K
M2

2.2

Pacuer mapamerpoB
TpaHcdopmaropa. Pacuer
CXEMBI 3aMCIICHUS
tpanchopmaropa. Pacuer
napaMeTpoB KOPOTKOTO
3aMBIKaHUS H XOJIOCTOTO
xoxa. Pacder oOMoTOK
BBICOKOT'O 1 HU3KOTO
Hanpsokenus. /TIp/

OIIK-3-31
OIIK-3-Y1
OIIK-3-B1 IIK-
2-31 IIK-2-V1
I1K-2-B1

JI1.1J12.1
2.3
J12.4]13.1

KMI,K
M2

23

Uccnenosanune
JIByXOOMOTOYHOTO
TpexdazHoro
TpanchopMaTopa mnpu
CUMMETPHYHOHN Harpyske.
Uccnenoanue
napamiensHOl paboThl
0IHO(a3HBIX
Tpancdopmaropos /J1ad/

OIIK-3-31
OIIK-3-V1
OIIK-3-B1 IIK-
2-31 [IK-2-V1
I1K-2-B1

J3.1

KM1.,K
M2

2.4

Brlmonnenne KkypcoBoro
npoekta. CrienuanbHbIe
TpaHchopMaTopkl. TermioBoit
PEKUM

Tpancdopmaropa. /Cp/

14

OIIK-3-31
OIIK-3-Y1
OIIK-3-B1 IIK-
2-31 IIK-2-V1
IIK-2-B1

JI1.1J12.1
2.2

KMI,K
M2

Pa3gen 3. DnexkTpuyeckue
MANIMHBI IePEMEHHOT0
ToKa




3.1

OCHOBHBIE BBl MAILIUH
MIEPEMEHHOTO TOKa.
KonctpykTnBHOE
HCTIOTHEHHE 0OMOTOK
MIEPEMEHHOTO TOKa.
MarsuToABHKYILIUE CUIIBI
00MOTOK TIEpEeMEHHOTO TOKA.
Bpamaromeecst MarHuTHOE
noJie. DNEeKTPOABHKYILUE
CHIIBI B 0OMOTKaX
nepeMeHHOro Toka. CXeMbl
006M0TOK DM MNepeMeHHOT0
Toka. HazHaueHune u obmacTu
MIPUMEHEHUST ACHHXPOHHBIX
MamuH (AM). YcTpoiicTBo
MPUHIUI JeHCTBUST AM.
Pabora AM npu
3aTOPMOKCHHOM
porope.Cxema 3aMelieHus u
BEKTOpHas quarpamma AM.
Mexannyeckue
XapaKTEPUCTUKU
ACUHXPOHHOTO JIBUTATENs
(AJ). PaGoune
xapakrepuctuku AJl. ITyck
AJl. PerynupoBaHue 4acTOThI
BpaweHus: A/l 1 n3mMeHeHue
HaIpaBJICHUS

BpaweHus. Hasnayenue u
001acTH IPUMEHEHHS
CHHXPOHHBIX MamyH (CM).
YerpoicTBO U PUHIUI
nericreust CM. Pabora
CHUHXPOHHOI'0 T€HepaTopa
(CT) B pexuMe XOII0CTOTO
X0JIa U B PSKUME HArpy3KH.
BekropHas quarpamma
CHHXPOHHOTO T'eHepaTopa.
BHemHne u peryanpoBoYHEIE
xapaxtepuctuku CI.
[MapannensHas pabora CI' ¢
CeThI0. AKTUBHAS MOIITHOCTD
U 3J1€KTPOMAarHUTHBIN
MOMeHT. CTaTuueckas
ycroiunBocts CI.
CHUHXPOHHBIN JBUTATENb
(CH). Pabouue
xapakrepuctuku CJI. ITyck
CJ1. PerynupoBaHue 4aCTOThI
Bpammenus CJI. /Jlex/

20

OIIK-3-31
OIIK-3-Y1
OIIK-3-B1 IIK-
2-31 [IK-2-V1
I1K-2-B1

JI.1J12.1
J12.2J13.1

KMI,K
M2

32

Pacuer mamuH nepemeHHoro
TOKa. Be1OOp riaBHBIX
pa3MepoB.

Pacuer o6moTOK. Pacuer
MarHMTHOM cucteMsbl. Pacuer
apaMeTpoOB JABUraTENsL.
Pacuer noreps.Pacuer
pabounx XapakTepUCTHUK.
Pacuer myckoBbIX 1
xapaxrepuctuk /I1p/

12

OIIK-3-31
OIIK-3-Y1
OIIK-3-B1 IIK-
2-31 [IK-2-V1
I1K-2-B1

2.3
J12.4J13.1

KM1,K
M2

33

HccnenoBanue
ACHHXPOHHOTO JIBUTATEIISI C
(hasHbIM U
KOPOTKO3aMKHYTHIM
potopom. UccrnenoBanue
CHHXPOHHOH MaIiuuHeL. /J1a6/

16

OIIK-3-31
OIIK-3-Y1
OIIK-3-B1 IIK-
2-31 IIK-2-V1
IIK-2-B1

J3.1

KMI,K
M2




34

Beinonnenne KypcoBoro
npoekra. KopoTko3aMkHyThIe
AJl ¢ MOBBILIEHHBIM
IIyCKOBBIM MOMEHTOM:
JIBUTATEIN C IBOMHOMI
OennYbel KIIETKOM,
TITyOOKOTIa3HbIE IBUTATEINH.
CUHXPOHHBII KOMIIEHCATOP.
BeimonHeH#ne KypcoBoro
MIPOEKTa IO PacdeTy
ACHHXPOHHOTO JIBUTIaTEJIs.

/Cp/

70

OIIK-3-31
OIIK-3-Y1
OIIK-3-B1 IIK-
2-31 [IK-2-V1
I1K-2-B1

JI.1J12.1

KMI,K
M2

Pa3gen 4. DnexTpuyeckue
MAaIIUHBbI NOCTOSAHHOI'O
TOKa

4.1

YerpoicTBO UM IPUHIUI
JIeCTBUS MaLMHBI
noctostHHOTO Toka (MIIT).
Pexum reneparopa. Pesxum
nBuratens. OCHOBHbIE
HIIEKTPOMAarHUTHEIE
cootHomenust B MIIT: DJIC
SIKOpS1, TIEKTPOMArHUTHBIN
MOMEHT U 3JIEKTPOMAarHUTHast
MmomrHocTs. O6MoTkn MIIT.
Kommyranus B MIIT.
Knaccugukarms I'TIT mo
croco0y BO30YKIeHHS.
['eneparop ¢ HE3aBUCUMBIM,
napaienbHbIM,
MOCJIEOBATEIBHBIM 1
CMEIIaHHBIM BO30YKICHHEM:
CXeMBI BKJIIOUEHHs, paboune
XapaKTEePUCTUKU.
[MapamrensHas padota
TeHepaTopa MOCTOSHHOTO
TOKA C CEeThIO.
Knaccugukarms AT mo
croco0y BO30YKIeHHUS.
O06paTuMOCTh MaIlIuH
noctostHHOro Toka. JIIIT
HE3aBUCHMBIM,
napaienbHbIM,
MOCJIeI0BAaTENbHBIM 1
CMEIIaHHBIM BO30Y)KICHHEM:
CXEeMBbI BKITIOUCHUS, paboune
xapakrepucruku. [lorepu u
K03 (UITUEHT TOIE3HOTO
nericrBus. [Tyck JIIT.
PerynupoBanue 4acToTsl
BpAIleHUs] 1 U3MEHEHUE
HanpaBJICHUsI BpallleHUs Bajla
JIIT. /Jlex/

14

OIIK-3-31
OIIK-3-Y1
OIIK-3-B1 IIK-
2-31 [IK-2-V1
I1K-2-B1

JIT.1J12.1J13.
1J13.2

KM1.,K
M2

4.2

OOMOTKH MaIlIiH
IMOCTOSIHHOTO
toka.Ilocrpoenue
XapaKTepUCTHK TeHepaTOPOB
M MAIlIMH IIOCTOSIHHOTO TOKA.
Pacuer nmyckoBoii auarpaMMebl
JIBATATENS IIOCTOSTHHOTO
toxka. /TIp/

12

OIIK-3-31
OIIK-3-Y1
OIIK-3-B1 IIK-
2-31 IIK-2-V1
IIK-2-Bl1

JI1.1J12.1
2.2
J12.4J13.1
JI13.2

KMI,K
M2

4.3

Uccnenosanue nBurartens
IIOCTOSIHHOI'O TOKa
HE3aBHUCHMOTIO
BO30YKaeHus. /J1ad/

OIIK-3-31
OIIK-3-Y1
OIIK-3-B1 IIK-
2-31 IIK-2-V1
I1K-2-B1

JI3.1J13.2

KMI,K
M2




4.4 Ocobennoctu mycka AIIT 5 40 OI1K-3-31 JIT.1J12.1 KMI1,K
napajuieJIbHOTO, OIIK-3-V1 J12.2 M2
MOCJIEI0BATEIHHOTO U OIIK-3-B1 IIK- JI2.3J13.1
CMEIIaHHOTO BO30YKICHHS. 2-31 [IK-2-V1 J3.2
CreranpHble MalIuHbI T1IK-2-B1
MOCTOSTHHOTO TOKa?
3aBepreHne 0pOpMIICHAS H
3alIUTa KypcoBOrO
mpoekra. /Cp/

4.5 [ToaroroBka u caaua 5 36 OIIK-3-31 KM1
sK3aMeHa /JK3aMeH/ OIIK-3-V1

OIIK-3-B1 IIK-
2-31 [IK-2-Y1
I1K-2-B1
5. ®POHJ OIEHOYHBIX MATEPHUAJIOB
5.1. KouTpoJibHble MeponpusiTusi (KOHTPOJIbHAs padoTa, TecT, KOJUIOKBUYM, 3K3aMeH M T.II), BONPOCHI sl
CaMOCTOSITEIHHOM MOATOTOBKH
Kon KontponsHoe 1};{0165;601\“’16 B
KM MepOTpHATHE It pEl OTIPOCHI JUTS TIOATOTOBKHU
KOMIICTEHITNH
KM1 DK3aMeH Bompocsl k 9K3aMeny

1. [TpuHIUI ASHCTBHS ANEKTPUICSCKUX MaIluH. TpeOoBaHus,
TpeIbSIBISIEMBIC K IEKTPHUCCKUM MAIIIHAM.

2. Haznauenue, ycTpolCTBO, IPUHLIMII €HCTBUS
TpaHchopMaTopoB.

3. BekropHas quarpamma Tpanc(hopMaTopa ¢ aKTHBHO-
UHIYKTUBHOW HAarpy3Kou.

4. Cxema 3aMelleHHsl peanbHoro Tpanchopmaropa. [lapamerpst
CX€MBI 3aMELICHHS.

5. OnBIT XOJIOCTOTO X0J1a TpaHchopMaTopa.

6. OmnbIT KOPOTKOTO 3aMBIKaHUS TpaHCHOpPMATOpA.

7. BHemHue xapakTepucTHKy TpaHchopMaropa.

8. OHeprermyeckas auarpamma tpaacopmaropa. KII/Q
TpaHcdopmaropa.

9. I'pymmbl coenuHeHHss 0OMOTOK Tpex(ha3HbIX
TpaHc(hOpMaTopoB.

10. [MapannensHast pabota TpexdaszHbIX TPAHCPOPMATOPOB.

11. Astotpancdopmarop.

12. KoHcTpykTHBHAs cxeMa U yCTPONUCTBO MAIMH IEPEMEHHOTO
TOKa.

13. IMpuHIUT BRINOTHEHNS MHOTO(A3HBIX 00MOTOK MAIlUH
HEPEMEHHOT0 TOKa.

14. Pacuer MarHUTHOMW LeMH MalIMHBI IEPEMEHHOTO TOKA.

15. MJIC 0OMOTOK MEepeMEHHOTO TOKa.

16. MarsutHoe noje 3J1eKTPUYECKOW MalIUHbI IIEPEMEHHOIO
TOKA.

17. DIeKTPOIBIKYIIHE CHIIBI, HHIYIHpYyeMble B 0OMOTKaX
HEePEMEHHOTO TOKA.

18. Ha3nauenue u npuHUUI AEHCTBUS ACUHXPOHHBIX MAIlIMH.
19. YerpolicTBO 1 006s1acTH IPUMEHEHHST ACHHXPOHHBIX MAIlIUH.
20. Cxema 3aMelleHUs] aCUHXPOHHOM MamuHbl. ITapamerpst
CXEMBbI 3aMeIIeHHS.

21. PaboTa acMHXpOHHOI! MalIMHBI IPU BpalIalOLIEMCsS POTOPE.
22. OHepreTuyeckas auarpaMma acUHXpOoHHOU MamuHbl. KITJ]
ACUHXPOHHOU MallIWHBL.

23. DIEeKTPOMAarHUTHBIT MOMEHT aCHHXPOHHON MAIIIMHBI.

24. BexropHas nuarpamMmma acMHXpPOHHOW MAaIlIMHBI.

25. MexaHuueckue XapakTepUCTUKU ACUHXPOHHOTO JIBUTATENs.
MaxkcuManbHbIA U IyCKOBOX MOMEHT.

26. PaGoune xapakTepuCTUKU aCHHXPOHHOTO JBUTATENs.

27. ITyck acCMHXpOHHOT'O JABUTraTElsl.

28. PerynupoBanue 4acTOThI BpallleHUs] ACUHXPOHHBIX
JIBUTATEJICH.

29. I'eHepaTopHBIil peXUM aCMHXPOHHOU MAaIIHHBI.




30. KOHCTpYKTHBHOE MCIIOJHEHUE CUHXPOHHBIX MAalllUH.
[IpuHUUn qeACTBUSI CHHXPOHHOM MaIINHbI.

31. MarauTHoOe ToJIe CHHXPOHHBIX MAaIlliH IPH X0JIOCTOM XOJe.
XapaKkTepuCcTHKA XOJIOCTOTO X0/,

32. MarsuTHoe nojie CHHXPOHHBIX MalIHH NPU Harpyske.
Peaxnun sikopsi.

33. Peakuus sxopsi B HEIBHOIOJIIOCHON MallluiHE

34, Peakuus sxops B sIBHONOJIOCHOW MallllHE.

35. BHemnue u peryaMpoBoYHbIe XapaKTEPUCTUKUA CHHXPOHHBIX
TeHEepaTopOB.

36. BekropHbie muarpaMMbl HESIBHOTIOTFOCHBIX CHHXPOHHBIX
TeHEpaTOPOB.

37. BekropHble 1uarpaMMsl SIBHOIOJIIOCHBIX CHHXPOHHBIX
TeHEepaTopOB.

38. VcnoBus BKIIOYEHHUSI CHHXPOHHBIX T'€HEPATOPOB Ha
napajulelIbHy0 padoTy ¢ ceTbio. CriocoObl CHHXPOHH3AIHH.

39. PerynupoBanue peakTHBHOII MOUTHOCTH CHHXPOHHOTO
TeHepaTopa, padoTaloIIero mapayuienbHo ceThio. U -00pa3Hbie
XapaKTepUCTUKH.

40. MOLTHOCTB U JIEKTPOMAarHUTHBIA MOMEHT CUHXPOHHOMH
MAIIMHEL YTI0Bas XapaKTepHCTHKA.

41. [IpuHuMn necTBUs CUHXPOHHBIX JABUrarenei. BekropHsie
JMarpaMMbl CHHXPOHHOTO JIBUTaTeJsl.

42. VYrnoBas XxapakTepuCTUKa CUHXPOHHBIX JBHUTaTEINICH.

43. Paboune xapakTepUCTHKN CHHXPOHHBIX JBUTATENEH.

44. PerynupoBanue 4acTOTHI BpallleHUs] CHHXPOHHBIX
nBurateneil. Ilyck CHHXpOHHOTO IBUTaTeNsl.

45. Y CTpoHCTBO KOJUIEKTOPHBIX MAIIUH [OCTOSIHHOTO TOKA.
46. OOMOTKH SIKOpSI MAIlIH ITOCTOSIHHOTO TOKA.

47. [TpuunHbl nckpeHust Ha KojulekTope. CrocoObl ymydIeHus
KOMMYTAIIIH.

48. [IpuHIMnI necTBUs MalIUH MTOCTOSIHHOTO TOKa. PexuM -
TeHepaTop.

49. [IpyHIMN OEHCTBUS MAIIMH MOCTOSSHHOTO TOKa. Pexum -
JIBUTATEIh.

50. PaboTa MalIMH MOCTOSHHOTO TOKA MPU XOJIOCTOM XOJE.
51. [Tosie MamyH MOCTOSIHHOTO TOKa MpU Harpyske. Peakiust
SAKOPSI.

52. Crioco0bl BO30YKICHUST MAIlIMH ITOCTOSTHHOTO TOKA.

53. XapakTepUCTUKH IeHepaTopa MOCTOSHHOTO TOKA.

54. XapaKTepUCTUKU JBUraTessl IOCTOSHHOIO TOKa.

55. Crioco0bl peryupoBaHus CKOPOCTH JBHTATENEH
MOCTOSTHHOTO TOKA.

56. Crioco0bl ImycKa ABUraTens MOCTOSHHOTO TOKa.

KM2

Tembl TOKNAm0B IO
CaMOCTOSATCIIHLHON
pabore

HpI/IMCpLI TEMBI JOKJIAJI0B 10 CaMOCTOSITEIbHOM pa60Te:

1) 3aK0oHBI IEKTPOMEXAHUKH

2) [ToTepy B 3NMEKTPUUYECKUX MAIIMHAX W KOAPQUIIUCHT MTOJIE3HOTO
JeictBus

3) CrieranbsHbIe TpaHC(HOPMATOPEHI

4) TenoBo# pexxuM TpanchopmaTopa

5) KopoTkozamkHyTbIE AJ] C TOBBIIIEHHBIM ITyCKOBBIM MOMEHTOM
6) ACHHXpOHHBIE ABHUTATEIH C JIBOHHOM Oennabeil KIeTKoiH

7) ACHHXpOHHBIE TTyOOKOTIA3HBIC BUTATEIH

8) CHUHXpOHHBIN KOMIICHCATOD

9) OcoOGEeHHOCTH ITycKa JIBUTATEIIs TOCTOSTHHOTO TOKa MapaJlIeNIbHOTO,
MOCIIEI0OBATEIIFHOTO M CMEIITAHHOTO BO30YXKICHUS

10) CrieriaiibHbIe MAIIMHBI TIOCTOSTHHOTO TOKA

5.2. Ilepeyenn padoT, BbINOJIHSIE

MBbIX 110 JUCIHUILJINHE (

KypcoBast padora, Kypcosoii npoekr, PI'P, Pedepat, JIP, IIP u 1.11.)

Kon
paboTsl

HasBanue
padoTsI

[IpoBepsiembie
WHIUKATOPBI
KOMITETEHIIUH

Copnep:xaHue pabOTHI

Pl

Kypcogoii nmpoekr

KypcoBoii mpoeKT NMeeT LeTbI0 03HAKOMHUTh 00y4JaroIuX ¢
COBPEMEHHOMU NPAKTUKONH M METOJUKON IIPOEKTUPOBAHUS
JJIEKTPUYECKUX MAILIUH.

3agayaMu MPOEKTUPOBAHUS ABIAIOTCA: 00yUeHUE IPUMEHSTh
[I0JIy4E€HHbIE 3HaHUs NIPU PELIEHUH PeabHOM 3a/1aul; Pa3BUTh HABBIKU




CaMOCTOSATENbHOU PabOThI U CAMOCTOSATENFHOTO MPUHSITHS PELICHHUH.
Tema kypcoBoro npoekra: "Pacdyer aCHHXpOHHOTO ABUraTess"
HcxonHbie TaHHBIE HA MPOSKTUPOBAHKE BKITIOYAIOT CIICAYIOIIUE
WCXOJIHBIC TAaHHBIC: TUII IBUTATEIsI, HOMHHAIbHAS MOIIHOCTD,
HOMHHAJIFHOE HATIPSDKCHUE U YacTOTA MUTAIOIICH CeTH, YHCIIO map
nosirocoB, KITJI, ko3¢ GuimeHT MOIHOCTH.

PacueTHO-NOsAICHUTENBHAS 3aIIHCKa KYPCOBOTO MPOEKTa JOJDKHA
COJEPKaTh:

TUTynbHBIN TUCT

3agaHue Ha KypCOBOH IPOEKT

Copeprxanue

BBenenune

PacuerHas uacTb, B KOTOPYIO BXOAUT:

Br100p raBHBIX pa3MepoB

Pacuer 3y0110BO# 30HBI 1 0OMOTKH CTAaTOpa

Br16op Bo3mymmrHOTO 3330pa

Pacuer potopa

Pacuer MmarHuTHOM cucTembl

Pacuer mapamerpoB nBurarens A1 HOMHUHAJIBHOTO peXHMa
Pacuer noreps B nBUTaTENne

[TapameTps! 1 JaHHBIE XOJIOCTOTO X0Ja

Pacyer pabounx xapakTepHUCTHK

PacueT mycKkoBBIX U XapaKTEPUCTHK

3aKIro4eHue

CHHCOK HCTIOJIb30BAHHBIX UCTOYHUKOB

[Ipunoxxenus

IIpuMepHbIe BONIPOCHL AJIS 3aILUTHI KYPCOBOIO IIPOEKTa

1. Kakne snekTprdecKre MaIliHbI SBIIAIOTCS OCHOBHBIM HCTIOTHEHHEM
MIEPEIHCIICHHBIX eANHBIX CePUI AIEKTPUIECKUX MAIIHH?

2. Ha 6a3e KaKkuX 3JIEKTPUYECKUX MAIIUH IPOEKTHPYIOT U U3TOTOBIISIOT
MOAN(HKALUY TEKTPUIECKUX MAIIHH?

3. Kaxne MomuduKaussMi MOTYT OBITh Y aCHHXPOHHBIX JIBHTaTEINeH?
4. Kaxkue pa3mepbl OTHOCATCS K TJIABHBIM pa3MepaM 3IEeKTPHUSCKUX
MallIMH IePEMEHHOTO TOKa?

5. IlpuBenure GpopMyiry pacdeTHOH (BHYTpEHHE) MOIITHOCTH
AIIEKTPUIECKO MAIIMHEI EPEMEHHOTO TOKA.

6. UeMm orpaHHuYUBaeTCs 0XKUIAEMOE MOBBIIIEHHE TEMIIEPaTyphl
AKTHBHBIX 4acTeH EKTPUYECKON MaIIuHbI?

7. HazoBuTe 1Ba OCHOBHBIX CTI0C00a pacdyéra U MPOSKTHPOBAHUS
JNIEKTPUUYECKUX MAIIUH U MOSICHUTE UX CYIHOCTb.

8. IlosicHuTE TepMHH — BBICOTA OCU BPAILEHHsI YEKTPUIECKON MAIIUHBI
9. IlpuBennTe GopMysTy IS ONIPEACTICHAS MOIITHOCTH JJIEKTPUICCKOM
MAIIHBL

10. Yemy npomnopioHaied TMHAMUYEeCKUIl MOMEHT HHEPLIUU
JNIEKTPUYECKON MAIINHBI?

11. Yemy nponopuyoHalleH y aCHHXPOHHBIX JIBUTATEIIEH, HAarpeB
0OMOTKH IpH ITycKe?

12. Kak u3MeHsieTcss OTHOCUTEIIBHBIM TOK XOJIOCTOTO X0/a MpH MycKe
ANIEKTPUYECKON MAIlIUHBI?

13. Yto npencrasinser cobo0if cepus IEKTPUIECKUX MAIIHH?

14. Yto 1omKHBI OBITH PETYCMOTPEHO B CEPHH DIIEKTPUUECKON
MalINHBI 71 BceX HEOOXOIMMBIX YacTOT BPAICHHS 1 HAPSKEHUN?
15. C xakoll [UINHOW CEpAECUHUKA BBIIOIHSIETCS Y MAIIUH IOCTOSIHHOIO
TOKa KaXKABIA TUTIOpasMep?

16. Kakoit Hapy»KHBIf TaMEeTp UMEIOT y MalllMH ePEeMEHHOTO TOKa
JICTHI CTATOPa OHOTO ¥ TOTO K THUITOpa3Mepa IPH Pa3HBIX YHCIIaX
HOJIOCOB?

17. Yem ompeniensercs yiaydlleHUE TEXHUKO-D3KOHOMUYECKUX
noKazaTesel MPOEKTUPYEMBIX AMEKTPUIECKUX MAIIUH?

18. HazoBUTE OCHOBHBIE [TOKA3aTENN U CBOICTBA HEOPraHUYECKUX
BOJIOKHHUCTBIX MaTe€pHaIOB, OCHOBA KOTOPBIX — CTEKIOBOJIOKHO HIIH
acOecr.

19. HazoBuTe OCHOBHBIE IIOKA3aTENN U CBOWCTBA CIIOASHBIX
MaTepuaoB, 0asHPYIONINXCS Ha IUITAHON WM APOOIEHHOH citofe.
20. Ha3oBuTe OCHOBHBIE TIOKAa3aTeNU U CBOICTBA IIICHOUHBIX U




OyMa)KHBIX H30JIALHOHHBIX MATEPUAIOB U3 CHHTETHYECKUX CMOIL.

21. IlpuBeauTe OCHOBHBIE BCIOMOTaTENbHbBIE MATEPHUAIIBL,
HCTIONTB3yeMBIE JUIS MEXaHHIECKOTO

KpeIUIeHNs! 0OOMOTOK MIIH OTEIBHBIX COOPOUHBIX SHHUIL
JNEKTPUUECKUX MAIINH

22. C yero Ha4YMHAETCS KOHCTPYUPOBAHHUE OOIINX BUIOB
ANIEKTPUUECKUX MAIIUH?

23. Yem ompenensercs TPyJA0EMKOCTb H3TOTOBICHUS HMEKTPUIECKIX
MaruH?

24. Kakyie OCHOBHBIC HICIIOJTHEHHS 110 CTETICHHN 3aIUTHI SBIIIOTCS Y
MAIIIFH IePEeMEHHOTO TOKa?

25. C yero HauMHAIOT Pa3pabOTKy KOHCTPYKLUUH MAIIMH MIEPEMEHHOTO
TOKa (KpOME aCHHXPOHHBIX JIBUTaTeNei ¢ (ha3HbIM POTOPOM) 10
JTAHHBIM JJIEKTPOMAarHUTHOTO pacdera’?

26. C uero HAYMHAIOT Pa3pabOTKy KOHCTPYKIMU MAIIUH MOCTOSHHOTO
TOKa?

27. Uemy paBHO MpeAeIbHO JOIYCKaeMOe MPEBBILICHHE TEMIIepaTyphl
00MOTOK 3IEKTPUYECKUX MAIIMH JUIS KJlacca HarpeBOCTOMKOCTH
n3oJsiiu B?

28. YeMy paBHO MPEAENBHO JOMYCKAEMOE MPEBBIIEHHE TEMIIEPATYPhI
00MOTOK 3JIEKTPUIECKUX MAIIHMH JUIA KJlacca HarpeBOCTOWKOCTH
u3osuu F?

29. YeMy paBHO MPEAENBHO AOMYCKAaEMOE MPEBBIIIEHUE TEMIIEPATyPhl
00MOTOK JIEKTPUYECKUX MAIIIHMH JUIA Kilacca HarpeBOCTOUKOCTH
nzossiuu H?

30. YUemy paBHBI IpeNIeNIbHO JOMYCKaeMble TEMIIEPaTYphI
U30JISILIMOHHBIX MAaTEPHAJIOB Pa3INYHbIX KJIACCOB HArPEBOCTONKOCTH
n30JA1Un?

31. Yemy paBHBI IpeIeIbHO JOITyCKaeMbIe TEMIIEPATyphI
U30JISIIMOHHBIX MAaTEPHAIOB Pa3INUHbIX KJIACCOB 0OMOTOK
AIEKTPUIECKUX MAIIHH?

32. Yemy paBHO MaKCHUMaJIbHO JIOIIYCTUMOE OTHOIICHHE
KOHCTPYKTUBHOM JUTMHBI CepACYHUKA

CTaTopa K BHyTPEHHEMY AUaMeTpy CepAedyHuKa cTatopa?

33. Kaxk BeIOMpaeTcst BO3LYIIHBII 3a30p MEXIY CTATOPOM H POTOpOM?
34. Yemy paBHa JUIMHA CepleUYHHKA poTopa?

35. YeMy paBHO cpeiHEe 3HAUEHUE MAarHUTHOM MHIYKIIMH B 3yOLax
craropa?

36. Uemy paBHBI HOTEPH B OOMOTKE CTATOPa IIPH MaKCHMAIBHON
JIOTIYCTUMOH Temneparype?

37. Uemy paBeH yAeIbHBIN TEIIOBOM ITOTOK OT MOTEPh B AKTUBHOU
gacTH 0OMOTKH U OT NTOTEPh

B CTaJI, OTHECEHHBIX K BHYTPEHHEH MOBEPXHOCTH OXJIAXKICHHS
aKTHBHOM yacTu craropa?

38. UeMy paBHO ITpeBHIIICHNE TEMIIEPaTypbl BHYTPEHHEH ITOBEPXHOCTH
AKTUBHOM 4acCTH CTATOPa HaJl TEMIEPATYpOH BO3AyXa BHYTPU MAllUHbI?
39. Yemy paBHa Macca KOHCTPYKIIMOHHBIX MaTe€pUaoOB ABUTATENs?
40. Yemy paBeH AUHAMUYECKUII MOMEHT MHEPLIMU KOPOTKO3aMKHYTOTO
potopa?

5.3. OueHo4Hble MaTepuabl, HCNOJIb3yeMble IS IK3aMeHa (onucanue OWJIeToB, TECTOB M T.II.)

OK3aMeHaINOHHBIN OMIIET 10 IUCIMILUIMHE BKIIIOYACT B ce0s 1Ba TEOPETHUECKUX BOIPOCH! M 339y 10 TeMaM, H3JI0KEHHBIM B 4
pasnene gannoit PIT/I. buners! xpansrTcs Ha kadenpe U yTBEpXK/ICHBI €€ 3aBEIyIOIHM.

ITpumeps! 3a1au Ha SK3aMEH:

3agava 1. Tpexda3sublii cioBoii noHmkaomui Tpancopmarop Suom=1000 kBA, HOMUHATIBHOE HALIPSDKECHUE IEPBHYHOM
oomotku Ulnom=10 kB, HoMuHanbHOE HanpsbkeHue BropuaHoi 00MoTkn U2HoM=0,4 kB, HanpspkeHUs KOPOTKOTO 3aMbIKAHUS
Uxk3=8 %, Tok xosocroro xona Ixx=2 %, notepu xonocroro xona Pxx=3 kBt, notepu kopoTkoro 3ameikanus Px3=10 kBT,
cos®2=0,8. [lepBuuHas 1 BTOPUYIHAS OOMOTKHU COEIUHEHEI B «3Be3y». Ompenenuts ko3 GUIeHT TpaHcHopMaluy U mapaMeTpsl
CXEMBI 3aMELICHUSL.

3amaga 2. [y aCHHXPOHHOTO JBHTATeNs ¢ (ha3HBIM POTOPOM CO CIEAYIOIINMH HOMHHAIBHBIMY JaHHBIMU: PHOM=30 KBT;
Unom=380 B; nuoM=725 06/mun; [1aomM=71,6 A; r1=0,136 Om; x1=0,225 Owm; [2HO0M=74,3 A; E2HOM=257 B; 1r2=0,0593 OMm;
x2=0,174 Owm; ko3¢ ¢urrenT Tpanchopmarmu HanpspkeHust ke=1,41 paccuutaTh U IOCTPOUTh MEXaHHUUCCKHE U
AIIEKTPOMEXaHIMUIECKUE XapaKTEPUCTHKA

3amava 3. [yt aCHHXPOHHOTO JBHUTATeNs ¢ (hpa3HBIM POTOPOM CO CICAYIOIIMMH HOMHHAIBHBIMA TaHHBIMU: PHOM=22 KBT;




Unom=380 B; nHoM=965 06/mun; [1aom=55 A; r1=0,19 Om; x1=0,31 Om; [2HOM=61 A; E2HOM=225 B; 12=0,066 OM; x2=0,23
Owm; ko3 duIreHT TpaHchopMaluy HapshKeHns ke=1,6 onpeaenuTh BEITHYNHY MyCKOBOTO CONMPOTHBICHHUS JJIsI 00eCTICUCHHUS
HOPMAJTLHBIX YCIIOBUH ITycKa 0€3 Harpy3KH.

3anmaua 4. ACHHXpOHHBIN 1BUTATEND C (hazHbIM poTopoM Tuna MTF412-8 umeer cnenyromye HOMUHaIbHbBIE AaHHbIe: PHOM=26
kBt; Unom=380/220 B; nnom=715 06/mun; r1=0,182 Om; x1=0,313 Om; [2H0M=68 A; E2HOM=266 B; 12=0,095 OM; x2=0,231 Om;
k03¢ unueHT TpaHcopmanuy HanpsokeHUH ke=2,03. OnpenenuTs BEMYHHBI ITyCKOBBIX CONPOTHBIICHUH 1 TOCTPOUTH ITyCKOBYIO
JarpaMmmy JUIs ycka B 4 CTYIEHH.

3agaua 5. AcunxpoHHbli nBuratens Tuna MTKH211-6 umeer cienyromue napamerpsl: PHoM=11 kBt; UlHoM=380 B; nHom =920
06/Mun; [JTHOM=0,82; cosJrHOM=0,78; r1=0,415 Om; x1=0,467 Om; 12'=0,824 Om; x2'=0,708 Om. Onpenenute noTepu B
HOMHHAJIBHOM PEeXHME.

3amaga 6. JIBuraTens MoCTOSHHOTO TOKA C HE3aBUCHMBIM BO30YXICHHEM IIPHBOANT BO BpallleHHE IO IbEMHYIO Jiebenky. PHOM=25
kBT; Unom=220 B; [nom=132 A; naHom=1500 06/muH; Rst cym=0,0828 Om. ITocTpouTs MEXaHUUECKYIO H IEKTPOMEXAaHHUECKYIO
XapaKTEePUCTHKU.

3amaua 7. J{nsa gBuratens MOCTOSHHOTO TOKa ¢ HE3aBUCUMBIM BO30YKICHHEM ¢ HOMUHAIBHBIMU JaHHBIMU: PHOM=9 KBT;
Unom=220 B; ITnom=48 A; nHoM=900 06/MuH; Rst cym=0,348 Om. PaccuuTaTh MyCKOBBIE COMPOTUBIEHUS 11 HOPMaJIbHBIX
ycaoBui mycka. Yncno cryneHeld BBIOpaTh CaMOCTOSITEIIBHO

IIpuMepsl BOIPOCOB U 3aJaHUH KOMIIBIOTEPHOTO TECTUPOBAHUS

Bparmmaromasicst 4acTb 3JIeKTpOIBUTaTEeNsl Ha3bIBACTCS:
cTaTop

WHAYKTOP

SKOPb

poTop

IosicHuTe, Ha KaKOM (PU3NYECKOM ABIEHUU OCHOBAH MPHHIUI PabOThI AMEKTPOABUTATENS, KaK IpeoOpa3oBaTes MeKTPUIECKOH
SHEPrHU B MEXAHUYECKYIO

SBJICHHE B3aNMOJICHCTBHUS TPOBOIHNKOB C TOKOM W MAarHUTHOTO TI0JIS (IIPaBHIIO «JIEBOH PYKH»)

SBJICHHE BO3HIUKHOBEHHSI BOKPYT IIPOBOIHUKA C TOKOM MarHUTHOTO TT0JIS (IIPaBHIIO «OypaBUHMKay)

SIBJIEHHE MEKTPOMArHUTHON MHAYKIMHU (IIPABHUIIO «IIPABOH PYKH»)

INosicHuTe, Ha KaKOM (PU3NIECKOM SBICHHH OCHOBAH IPHHIMUI PAOOTHI MEKTPUIECKOTO TeHepaTopa, Kak mpeoopa3oBaTesst
MEXaHMYECKOM SHEPIUU B JIEKTPUYECKYIO

SBJIEHHE B3aUMOJIEHCTBUS TPOBOJHUKOB C TOKOM U MATHUTHOTO MOJIs (IIPaBUIIO «JIEBOH PYKH»)

SBJICHHE BO3HIUKHOBEHHS BOKPYT ITPOBOIHMKA C TOKOM MarHUTHOTO TI0JIA (TIPaBHIIO «OypaBUMKay)

SBJICHHE IEKTPOMAarHUTHON WHAYKITNHU (IIPABHIIO «IIPABOH PYKH»)

IMosicanTe, Ha KakoM (QPU3UUECKOM SBIICHHH OCHOBAH IPHHIIUI pabOTE 0OMOTOK BO30OYXKICHHUS SIEKTPHYECKUX MAIIINH,
IpeAHa3HAYEeHHBIX UL CO3JaHUs MarHUTHBIX IOJIEH

ABJIEHHE B3aUMOJICHCTBUS IPOBOJHUKOB C TOKOM U MAaTHUTHOTO NOJIS (IPaBUIIO «JIEBOH PYKH»)

SIBJICHUE BO3HUKHOBEHHSI BOKPYT IPOBOJHUKA C TOKOM MarHUTHOTO IOJIS (IPaBIIO «OypaBUUKay

SIBJICHHE IEKTPOMarHUTHOH WHIYKITHHA (IIPABIJIO «IIPABOH PYKH»)

VYcnoBus napaiensHoi paboThl TpaHC(HOPMATOPOB

PaBEHCTBO BTOPUYHBIX HANPSDKEHUH U 4acTOT

HAXOJWUTCS B OJJTHOM MOMEIICHUH ¥ OBITh PAa3IMIHON MOIIHOCTH

BTOPUYHBIC HAMIPSDKEHUS PaBHBI, MPUHAUISKAT K OHOM rpymie, oquHakoBble UXX
onuHakoBble UXX, paBHbIE 10 MOLIHOCTH

[epeuncnuTe cIOCOOBI PEryNUPOBKH TOKA B CBAPOYHBIX TpaHCc(opMaTopax
W3MEHEHNEM NEPBUYHOTO HAIPSHKCHUS

M3MEHECHHUSM YHCIIa BUTKOB BTOPUYHON 0OMOTKH

U3MEHCHHEM aKTUBHOTO CONIPOTHUBICHHS

W3MEHEHNEM MHJIYKTUBHOTO COIIPOTHUBIICHHS

U3MEHEHHEM EMKOCTHOTO COIPOTHBIICHHUS

06sacTs MpuMeHeHHs TpaHchopMaToOpa

JUISL N3MEPEHHUSI MOITHOCTH

JUTSL I3MEHEHHS MOIITHOCTH

JUIS I3MCHEHHS HANPSKCHUS

JUISL U3MEHEHHMS! HaNPsDKEHUSI C COXPAHEHHEM 4acTOT




JJIA U3SMCHCHUA 4aCTOT

Yem orimyaercs TpanchopMaTop oT aBToTpaHcopmartopa?
KOJIMYECTBOM OOMOTOK

OTCYTCTBHEM DJIEKTPUUECKON CBSI3U MEXKIYy OOMOTKaMH
TOJIIIMHON JTUCTOB MarHUTOIPOBOJ

MarHUTHBIM IIOTOKOM

4acTOTOM

CKOJIBKO CTepKHEH uMeeT TpexdasHblii TpanchopmaTop?
OJIUH

JBa

TpH

1IecThb

Kaxkyro 3aBUCHMOCTb YCTaHABIMBACT BHELIHSS XapaKTepUCTUKa TpaHchopmaropa?
U2=f(12)

UL=f(11)

12={(12)

U1=£(U2)

U2=f(U1)

B pesxume X0JI0CTOro X0/1a UeMy paBeH TOK B MEPBUYHON 00MOTKe TpaHchopmaTtopa?
HOMHHAITLHOMY

50% OT HOMHHAJILHOTO

2-3%0T HOMUHAJILHOTO

TOK OTCYTCTBYET

TOKY BO BTOPHYIHOH OOMOTKE

Yro cocraBiser akTUBHYIO 4acTh TpaHchopmaropa?
MarHuTOIIPOBOA M OOMOTKH

BBOJIHOE YCTPOMCTBO

nepBUYHAs 0OMOTKA

Harpyska
KOpIIyC

Eciu W1 — 4ncio BUTKOB TEpBHYHONM 0OMOTKH, @ W2 — YUCIIO BUTKOB BTOPUYHON OOMOTKH, TO TPAHC(HOPMATOD ABISIETCS
IIOHM>KAroIIMM, Korja:

WI>W2

WIi<W2

WI1+W2=0

WI1=W2

Eciu W1 — 4nciio BUTKOB TEpBHYHONM 0OMOTKH, @ W2 — YHCIIO BUTKOB BTOPUYHO OOMOTKH, TO TPaHC(HOPMATOD ABISIETCS
IIOBBIIIAOIIMM, KOrjga:

WI>W2

WIi<W2

WI1+W2=0

WI1=W2

Ha xakoMm 3aKoHE OCHOBaH MPHUHIIKI AeHCTBUA TpaHchopmaTopa:
3akoH OMa

3akoH Jxoynsa-Jlenna

3aKOH JIEKTPOMArHUTHOW MHIYKLIUH

3akoH Kynona

MarnutonpoBoJ TpaHcpopMaTopa U3TOTOBIISIETCS U3:
AIIOMUHUS

ANIEKTPOTEXHUYUECKOM CTaIn

Meau

qyryHa

Kakue moTepu MOIIHOCTH B CHJIOBOM TpaHC(OpMATOPE 3aBUCST OT €r0 Harpy3Ku
MOTEPH C CEPACUHUKE

HOTEPH B 0OMOTKaX

o00a BHIa 3aBUCAT

o00a BHa HE 3aBUCIT




Kaxue notepu MOIIHOCTH B CUJIOBOM TpaHC(HOpMATOpPE HE 3aBUCST OT €ro Harpy3Ku:
MOTEPH C CEPICUHHKE

MOTEPH B OOMOTKAX

o0a BHa 3aBUCAT

00a BU1a HE 3aBUCST

VYkaxure BeTMUUHY, KOTOpast ONIpe/ielisieT MHIYKTUBHOE CONPOTHBRIICHNE TpaHchopMaTopa:
TOK XOJIOCTOI'O X0/

MOTEPHU XOJIOCTOTO X0Aa

HaIpspKEHHUE KOPOTKOTO 3aMBIKaHHUS

MOTepU KOPOTKOTO 3aMbIKAHUS

Ykaxure BCJIMYMHY, KOTOpPasg ONpeaACIACT aKTUBHOC COIIPOTUBJIICHUC Tpchq)opMaTopa:
TOK XOJIOCTOT'O X0O1a

IMOTEPU XOJOCTOI'0 X0Ja

HalpsH>KCHUEC KOPOTKOT'O 3aMbIKaHU

IMOTEPU KOPOTKOI'O 3aMbIKaHUA

YkakuTe BelNU4UHY, KOTOpast ONpeAenseT UHAYKTUBHYIO IPOBOAUMOCTh TpaHc(hopMaTopa:
TOK X0JIOCTOI'O X0/1a

HOTEPH XOJIOCTOTO X044

HaIMpsDKEHUE KOPOTKOIO 3aMbIKAHUS

HOTEPH KOPOTKOI'O 3aMbIKaHHs

Croco6 coequHeHNs 00MOTOK Tpex(a3Horo TpaHchopmaTopa U (pa3oBbIA CABUT MEXIY BEKTOPAMH BEICOKOTO M HU3KOTO
HaIpsUKEHUH BIMSET Ha:

IPYIILy COeANHEHNsI 0OMOTOK TpaHChopMaTopa

norepu B TpaHchopmaTope

MarHuTHBIA IOTOK B CepACIHUKE

CH0oCOo0 PerynupoBaHus HAMPSKEHUS

Ykaxure BO3MOKHOE YHCIIO TPYIII COSANHEHUsT 0OMOTOK TpanchopMaTopa:
3

5

10

12

Enunuieil i3aMepeHnsi MarHUTHOTO MOTOKA B Cep/IeUHUKe TpaHc(hopMaTopa sBIsSeTCs:
Awmnep

Bebep

AwMriep/mMeTp

Tecna

Envnuneit usmMepenuss HaMarHu4uBaloIei cuiibl 0OMOTOK TpaHchopMaTopa sBIseTCs:
Awmrniep

Bebep

Awmrnep/metp

Tecna

N3menenne ko3¢ dunueHTa TpaHc(HOPMALUIH PErYIHPYyeMOro TpaHC(hOpPMaTOpa OCYIIECTBIACTCS:
W3MEHEHHEM YHCJIa BUTKOB OOMOTKH BBICOKOTO HaIPSHKCHUS

M3MEHEHHEM YHCIIa BUTKOB OOMOTKH HU3KOTO HATIPSIKECHUS

M3MEHCHHEM HAMarHWIeHHOCTH CEepACTHUKA

W3MEHEHUEM CII0Cc00a COeqUHEHUS] O0OMOTOK

AsroTpaHC(HOpPMATOp OTINYACTCS OT TpaHCHOpMATOpa TEM, YTO:
perynupoBaHue TpaHc(hopMaTopa OCYLIECTBISIETCSl AaBTOMAaTHYECKU
OTJINYAeTCs Cnocob CoeMHEHUS 0OMOTOK

MMEET MEHBIIHE MOTEPH MOLHOCTH

MMEETCSI JIEKTPUYECKast CBsI3b MKy OOMOTKaMH

VYKakuTe MPaBUIbHOE 3HAYCHUE MTOTEPh MOITHOCTH B JAByX0OMoTO4YHOM TpaHchopmarope 10/0,4 kB Su=160 kBA dPx=0,31 kBt
dPx=2,27 kBT nipu ero pabdote ¢ koapdunuentrom 3arpy3ku k3=0,7:

1,42 xBt

2,58 kBt

2,42 kBt

1,9 kBt




Kakyro 3aBUCHMOCTb YCTaHaBJIMBAET CKOPOCTHAS XapaKTEPUCTHKA ACHHXPOHHOTO JABUraTess?
TOKa CTaTopa OT MOJIE3HOH MOITHOCTH

CKOPOCTH BpAICHHUS OT CKOIBKCHHS

TOKA POTOpA OT MOJIE3HOH MOIIHOCTH

HaIIPSDKEHUS. OT MOLIHOCTH

HET [IPaBHJIBHOTO OTBETA

Kakumu napamerpamu onpeaemnstoTcs MyCKOBbIE CBOMCTBA JBUTATENs
3HaYEHHUEM ITYCKOBOT'O TOKA M MOMEHTA

3HaYEHHEM HOMHMHAJIBHOIO TOKAa K MOMEHTA

CKOJIbKEHHUEM U CKOPOCTBIO BpaIlleHUs

KIg 1 cosdP

3HaYCHHEM HOMHMHAJIBLHOTO TOKA M MOIITHOCTH

Kak M0XHO U3MEHHTBH CKOPOCTh BPAIICHHUs aCHHXPOHHOTO ABUTATENA C (ha3HBIM POTOpOM?
WU3MEHEHUEM HaNpsHKEHUS

HU3MEHEHUEM 4aCTOThI TOKa pOTOpa

U3MEHEHUEM JABICHUS HA KOHTAKTHBIE KOJIbIA

MU3MEHEHUEM COIIPOTHUBIIEHHS B LIENIU POTOPA

WU3MEHEHUEM HalpasJIeHHs TOKa

MoxeT T pOTOp aCHHXPOHHOTO ABUTATENS BPAIaThCsl CHHXPOHHO C MATHUTHBIM II0JIEM cTaTopa?
MOJKET

HE MOXET

MOXeT, 0e3 Harpy3KH

MOJKET IIPH HU3KUX 000poTax

MOJKET IIPH HU3KHX 4acTOTax

ACHHXPOHHBII JIBUraTeNb Ha3bIBACTCS] ACHHXPOHHBIM M3-3a HECOBIA/ICHUS CKOPOCTEH BpallleHHS:
MarHUTHOT'O TOJISt CTATOPa ¥ MAarHUTHOTO T10JIsl POTOpa

pPOTOpa M €ro MarHUTHOTO OIS

pPOTOpa M MarHUTHOTO TOJIS CTaTopa

cTaTopa u poTopa

Ecnmu HOMUHATBHAS 9acTOTa BpallleHUs aCHHXPOHHOTO MBUTaTeNss nHoM=1420 006/MHH, TO YaCTOTa BpaIlleHHsS MAaTHUTHOTO ITOJIS
COCTaBIISAET:

3000 o6/mMuH

600 06/MuH

1500 06/mMun

750 06/MuH

JlBurarens ¢ GpasHEIM POTOPOM OTIMYAETCS OT ABUTATENS C KOPOTKO3aMKHYTHIM POTOPOM
HAJIMYMEM KOHTAKTHBIX KOJIell ¥ IIETOK

HaJIMYMEM 1a30B sl OXJIaXKACHUS

YHCIIOM KaTyILEK cTaTopa

CXeMOil MOJKITIOYeHHsI OOMOTKH CTaTOpa

Hanpagsienue BpalieHusi MArHUTHOT'O 1107151 aCUHXPOHHOI'O JIBUTATENs 3aBUCUT OT:
HOpPSIIKa YepenoBaHus (a3 HAIPSDKEHMS cTaTopa

BEJIMYMHBI [10JIBOJIUMOIO TOKA

BEJINYMHBI [10JIBOJIUMOTO HANPSKEHUS

YacTOTHI IIUTAIOIIEH CETU

MakcumaibHas 4acTOTa BPalleHHss MArHUTHOTO HOJISI aCHHXPOHHOTO JIBUraTes P NpoMbIluIeHHOH yactore 50 ' cocraBser
1000 06/MuH
6000 00/MuH
1500 06/Mun
3000 o6/MuH

Jlns co3maHus Bpamaronierocss MAarHUTHOTO MOJISE aCHHXPOHHOTO JABUTATENs HEOOXOIUMBI CIICYIOIINE YCIOBHUS:
HaJIM4ue OZHONH OOMOTKH M BKJIFOUEHHMS €€ B CETh IEPEMEHHOIO TOKa

HPOCTPAHCTBEHHBIH CABUT TPeX 0OMOTOK M (pa30BbIil CABUT NEPEMEHHBIX TOKOB B HUX

MPOCTPAHCTBEHHBIH CIBHT TPEX OOMOTOK M BKJIIOUYEHHE UX B IIEIb MOCTOSHHOTO TOKA

BKJIIOYEHHE OOMOTKH CTaTOPa B CETh Tpex(a3HOTOo TOKA, a pOTOPa B IEIb NOCTOSHHOTO TOKA

ITpu mycke acHHXPOHHOTO JIBUTATEIs IIEPEKITIOYEHIEM CTaTOPHOH 0OMOTKH CO 3B€3/IbI Ha TPEYTOJIBHUK ITyCKOBOX MOMEHT IO
CPaBHEHMIO C MOMEHTOM IIPU NPSMOM ITyCKE IIPU OJJUHAKOBOM HAIPSKEHUH CETH:
YMEHBILIUTCA B pa3a




YBEIMYUTCS B pa3a
YMEHBIINTCA B 3 pa3a
YMEHBIIUTCS B 2 pa3a

Harpy3ky acHHXpOHHOTO reHeparopa, paboTaloIIero napauieIbHO C CEThI0 MOKHO YBEIHYUTS!
YBEIIMYEHNEM YaCTOTHI BPALICHHS IPUBOAHOTO JBUTATEIS

YMEHBIIIEHHEM JaCTOTHI BPALICHHSI IPHUBOIHOTO JABUTATENS

OTKITIOUCHHEM IIPUBOJIHOTO JBUIATEISA

YMEHbBIIEHUEM HANPSHKEHHS CETH

O0OMOTKa BO30YXKICHHUS, PACIIOIIOKCHHAS HA POTOPE CHHXPOHHON MAIIUHBI, TIOAKIIOYACTCS K HCTOYHUKY:
MOCTOSIHHOTO TOKA

OPSIMOYTOJIBHBIX HMITYJIbCOB

Tpex(pa3zHOTO HANPSIKEHHS

01HO(a3HOTO CHHYCOUIATEHOTO TOKA

OOMoOTKa cTaTopa CHHXPOHHOTO JIBUTATEIS ITOAKIIOYAaeTCS K HCTOYHUKY:
MOCTOSTHHOTO TOKa

PSMOYTOJIBHBIX UMITYJIECOB

Tpex(}azHOTO HAPSIKCHUS

01HO(a3HOTO CHHYCOMAANBEHOTO TOKa

YkaxuTe HEeBEpHOE yTBEPKACHHUE O XapaKTEPHUCTHKE CHHXPOHHOI MallInHbL:

Yy CHHXPOHHOM MaIIWHBI 9aCTOTa BPAIICHHUS HE 3aBUCHT OT YaCTOTHI TOKA C CETH

00MOTKa BO30YXICHHUS MTUTACTCS IIOCTOSTHHBIM TOKOM U PacIiojoXKeHa Ha PoTope

pOTOp ObIBaET HESIBHOIOMIOCHBIM (TYpOOTeHEepaTop) U SIBHOMOIIOCHBIM (THIPOT€HEPaTop)
CKOPOCTbH BpAI[CHHsI POTOPA COBNAJAET CO CKOPOCTHIO BPAIICHHS MO

YeM oTiIMHAETCS TEHEPaTOp MOCTOSHHOTO TOKA OT JABUraTesIs IIOCTOSIHHOTO TOKa?
BHCLLIHUM BHIIOM

OTCYTCTBHEM KOJUIEKTOP

00MOTKaMH SIKOPS

JIBUraTeNb MOTPeOIseT IHEPIHIO a TeHePaTop BeIpabaThIBacT

JIBUraTeNb He UMeeT JOMOJIHUTEIBHbIX IIOII0COB

B 1yem 0coOeHHOCTS ITycKa JBHUTaTeNs HOCTOSHHOTO TOKa

B POTOPHYIO 1IeNb HEOOXO0ANMO BKJIIOUUTH JJ0OaBOYHOE CONPOTHBICHHE
HaMpsDKEHUE €ro MOCTOSHHO IOBBIIIAETCS

JIBUTATEIb IPEABAPUTEIHHO HEOOXOANMO IIPHBECTH B IBIKCHUE

Ha BpeMs ITycKa OTKJIIOUUTh MIETOYHBIA MEXaHU3M

Ha BpeMsI ITyCKa OTKIIOYNTH OOMOTKY BO30OYK/ICHUS

Ha3znauenue TaxoreHepaTopa IOCTOSHHOTO TOKa

Juia reHepupoBanus DJC Maioil Belnn4uHbI

JUTSL I3MEPEHUS AIIEKTPHUYESCKIX CUTHATIOB

JUISL I3MEPEHNUS YacTOTHI BPAIICHHUS 110 BETMYMHE BEIXOJHOTO HAIPSKECHHS
JUIS U3MEpPEHHs TapaMeTpOB JABUTaTeNeit

JUIsl TEHEPUPOBAHNUS IEPEMEHHOTO TOKA

Kakoe BustHIe 0Ka3bIBaeT peakius sIKOps Ha paboTy CHHXPOHHOM MaIIUHBI?
yXyJIIaeT CBOMCTBA MaIlIMHBI

HE OKa3bIBaeT BIUSHUE

yAy4IIaeT KadecTBa MaITHHBI

BeJIeT K IeperpeBy

YBEIIMYNBAET 000POTHI

Haznauenmne CHHXpOHHOTO KOMIIEHCATOPa
JUTSL IOTPEOJICHNH PEaKTUBHON MOIITHOCTH
JUTSE KOMITCHCUPOBAHUS aKTHBHOW MOIITHOCTH
JUTS TEHEPUPOBAHUS PEAKTHBHON MOIITHOCTH
JUIS TIOBBIILICHUS HANPSDKEHUS B CETH

JUTSl TEHEPUPOBAHUST aKTUBHOM MOITHOCTH

Peakius sskopst CHHXpOHHOTO T€HepaTopa, paboTaromero Ha YHCTO aKTUBHYIO Harpy3Ky, SIBISIETCS:
MIPOA0JIbHO-HAaMarHUYMBaoLEeH

MOTIepEeYHO

MIPOI0JIbHO-pa3MarHUYMBaIOLIECH

MoTnepeYHO—HaMarHMYUBaroIei




Jlnst obecrieueHus IOCTOSTHCTBA HAPSDKEHHST TOK BO30YX/ICHHUSI CHHXPOHHOTO TeHepaTopa IpH yBEINYCHUH aKTHBHO-HHYyKTHBHOM
HarpysKu CIeLyeT:

YMEHBIIIATh

YBENINUUBATh

OCTaBIISITh HOCTOSTHHBIM

YBEJIMUMBATEH HACTOJIBKO 7K€, KaK ¥ IIPH YUCTO aKTHBHOM Harpyske

PerynupoBaHue akTHBHON MOIITHOCTH CHHXPOHHOTO TeHEPATOpPa, Pa0OTAFOLIETO MAPAIUIEIEHO C MOLIHOM CEThIO, IPOBOAUTCS:
M3MEHEHHEM TOKa BO30YKICHHUS reHepaTropa

W3MEHEHHEeM MOMEHTA MPUBOJIHOTO JBUTATENIS

W3MCHCHUEM HANPSHKCHUS

U3MEHEHHEM K03 duIeHTa MOIITHOCTH

PerynupoBaHue peakTUBHOI MOILITHOCTH CHHXPOHHOT'O TeHEpaTopa, paboTAOIIEro MapalIebHO C MOIIHON CEeThI0, TPOBOIUTCS:
M3MEHEHNEM TOKa BO30y)XIEHHUS reHepaTopa

M3MEHEHHEM MOMEHTA IIPOBOIHOTO JIBUTATEIIS

U3MEHCHHEM HaNpSHKECHUS

W3MEHEHHEM YacTOThI BPAILIEHHS IIPUBOJHOTO JIBUTATEIIS

[Ipn acHEXPOHHOM ITyCKE CHHXPOHHOTO ABHTATEsI 0OMOTKY BO30YKICHUS:

OCTaBJISIFOT PA30MKHYTOM;

3aMBIKAIOT Ha CONpPOTHBIICHUE B 10 pa3 GoJbIe CONPOTHBICHUS 0OMOTKU BO30OYK/ICHUS
3aMBIKAIOT HAKOPOTKO

3aMBIKAIOT Ha CONpOTHBIEeHHE B 50 pa3 OobIIe CONMPOTHBICHUS OOMOTKH BO30Y KICHHS

DNEKTPOMArHUTHBI MOMEHT CHHXPOHHOTO JIBUTATENIsl CO3/1aeTCsl:
WHIYKTUBHOM COCTaBIISIONIEH TOKA, IKOPS

ITOJIHBIM TOKOM

aKTHMBHOM COCTaBJISIOIIECH TOK

€MKOCTHOM COCTaBJISIFOIIIEH TOKa

UTo nmoHUMaeTCsl MO peakiyei sIKopsi CHHXPOHHON MallIiuHbI?
BO3/Ie/CTBHE MarHUTHOTO T10JIs1 pOTOpa Ha TOK CTaTopa
Bo3zzaecTBre M/IC poTopa Ha MarHUTHOE I1OJIE CTaToOpa
BO3JIEHCTBHE MaTrHUTHOTO II0JIs1 CTaTOPa Ha TOK BO30YXKICHUS
Bo3zeiictBrue MJIC craTopa Ha MarHUTHOE MOJIE pOTOpa

Kaxas gacTh CHHXpOHHOM MaIllMHBI Ha3bIBAETCS SIKOpEM?

poTtop

MarHuTOIPOBOJ

3TOT TEPMHUH HCIIOJIB3YIOT TOJIBKO B MAIIMHAX IOCTOSIHHOTO TOKA
cTaTop

KaxkoBa wactora nuTaromien ceTu, eciii poTop CHHXPOHHOW MAIIMHBI C BYMs TapaMH MOJIFOCOB BpalaeTcsi co ckopocThio 6000
00/MuH?

100

50

250

200

150

Ot uero 3asucut KIIJI anekrpudyeckoil MamuHe1?
OT HEPBUYHOTO HAMPSKEHUS

OT BEIMYHMHBI IOTEPH B CTAIIU U MEAU

OT BEJIMYMHBI CKOJIbXKECHUS

OT CKOPOCTHU BPalICHUS

OT HaIlpaBJIEHHs BPaLlICHUS

J1J1s 9ero CIy>KUT KOJUIEKTOP B MAIlIMHAX TIOCTOSIHHOTO TOKa? J{JIst KperyieHus: 0OMOTOK POTOp
JUTSL BBIIPSIMIICHUS TIEPEMEHHOTO TOK

JUISl KOHTAKTa CO IETOYHBIM MEXaHU3MOM.

JUTSL COSZIMHEHMSI POTOPHOW M CTATOPHOH OOMOTKH.

JUISL LIEHTPOBKH SIKOPS

SkopeM Ha3bIBaeTCA:
BpaIaiomasics 9acTh IeKTPHIECKOI MaITHHBI
9acTh 2JIEKTPHUUECKON MaIIMHBL, B 0OMOTKe KoTopoii HaBoauTtces D/C




9acTh MEKTPUIECKON MAIINHBI, 0OMOTKA KOTOPOH CO3/1aeT OCHOBHOI MarHUTHBII MOTOK
HETO/BIYKHASL YACTh MEKTPUUECKOM MallMHBI

HuayxropoMm Ha3bIBaeTCs:

Bpallaromasics 4acTb 3IeKTPUIECcKOil MallHBbI

YacTh NMEKTPUUECKOH MAIIMHBI, B 00MOTKE KOTOpO# HaBojurcst 3J]C

Y4acTh AEKTPUIECCKON MAIINHEI, 0OMOTKa KOTOPOH CO31aeT OCHOBHOW MAarHUTHBIN ITOTOK
HENOABUKHAS 4aCTh 3JIEKTPUUECKON MAIIUHBI

OCHOBHOW MarHUTHBIN MOTOK MAaIIMHBI [IOCTOSTHHOTO TOKA CO3JA€TCs:

00MOTKOH BO30YXICHNS 0OMOTKOH SKOPS

00MOTKOM 100aBOYHBIX MTOJOCOB KOMIIEHCALMOHHONM OOMOTKON

OCHOBHOI MarHUTHBIH MMOTOK MAIIMHBI TIOCTOSTHHOTO TOKA PETyJIUPYETCs K3MEHEHHEM:
TOKA SIKOPSI COTIPOTUBIICHUS IIEITH KOS

TOKa BO30Y)KJIEHUS TOJISIPHOCTH HAMIPSIKEHUS

[[{eTo4HO-KOIEKTOPHBIN y3€J1 reHepaTopa MOCTOSTHHOTO TOKA CIIY>KUT JIJIS:
BelnpsamieHus DJ1C

nosimeHus KIT/{ Mammab

MO/1JIep>KaHUS HAMPABJICHUS U BRIPABHUBAHUS BEIMYMHBI MOMEHTA
TOJIIePKaHSI TTOJISIPHOCTH M BEIPABHUBAHUS BETTMUUHBI HATIPSKSHUS

Yro Takoe 00paTUMOCTh MalIMH OCTOSIHHOTO TOKa?

MOJKET BpaIlaThCs B IIOOYIO CTOPOHY

MOXeT paboTaTh Ha JTIOOOM TOKE

MO>KeT paboTaTh Kak FeHepaTOPHOM, TaK U B ABUTATEIbHOM PEXUME
MO>KeT paboTaTh Ha JTI000M HaIPsKEHUN

MOXeT paboTaTh Ha 000N MOITHOCTH

B reneparope nocTosHHOTO TOKa HE3aBUCHMOTO BO30Y>K/ICHUS IIPH ILETKaX, YCTAHOBJICHHBIX 110 JIMHUM T€OMETPHYECKOH
HEWUTpay, P IMOCTOSHHBIX TOKE BO3OY)KICHHS M CKOPOCTH BPAIICHUS IIPUBOTHOTO JBUTATENS HANPsDKEHUE IPH POCTE TOKa
AKOPSI:

YMEHbIIAeTCsl;

YBEIIM4NBACTCS;

OCTaeTCs MMOCTOSHHBIM;

HECKOJIBKO YBEINYUBACTCS.

JlobaBouHbIE MOJIFOCa B TEHEPATOPE MOCTOSIHHOTO TOKA CTaBST JUIS:
YBEIMYEHUS TOPMO3HOTO MOMEHTA;

YIy4UIEHUS] KOMMYTALUU;

YMEHBIIEHHS METAJUIOEMKOCTH;

JUIS IOMOILY IJIaBHBIM IIOJIFOCAM.

YacroTa BpallieHusl IBUTATENS TIOCTOSHHOTO TOKA MapaslieIbHOTO BO30YK/ICHUS NPH YMEHBIIEHUH MAarHUTHOTO MTOTOKA:
YBCINYUBACTCHA,

0CTaeTCs MOCTOSIHHOM;

YMEHbILAETCS;

OCTaeTcs MOYTH MOCTOSIHHOM.

Yacrora BpamicHus ABUTATCIII MOCTOAHHOTO TOKA MapaljieIbHOTO BO36y)K,HeHI/I}I TIpU YBECJIMYCHNHU COMPOTUBJICHUSA, BKIIOYECHHOTO B
SIKOPHYIO 1Eb:

YBCINYUBACTCA,

0OCTaeTCs MOCTOSTHHOM;

YMEHbILAETCS;

J100aBOYHOE CONMPOTHBIICHUE HE BIMSET HA YaCTOTY BpAIllCHUS

Ykaxure criocoObl yIyqlIeHNs] KOMMYTAIUK B MallIMHAX OCTOSTHHOTO TOKA
BKJIFOYCHHE 100aBOYHOTO PE3UCTOPA B LIEMb SKOPS

MPUMEHEHUE CIICIUATBEHBIX CXeM 0OMOTKH STKOPS

MPUMEHEHHUE MIETOK C TIOBBIIICHHBIM MEPEXOTHBIM COMTPOTUBICHUEM
NpUMEHEHUE T00AaBOYHBIX MOJIFOCOB

YCTaHOBKA IIETOK Ha (PU3NYECKyI0 HEHTpah




5.4. MeToauka OLIeHKH 0CBOCHHS NUCHMILIMHBI (Moay/1s, npakTuku. HAP)

OrmeHka KypCcOBOTO IIPOEKTa ABIISETCSA KOMIIIEKCHOH. IIpu 3TOM y4nuThIBaroTCS ciaemyromue GakTophl: aKTyalbHOCTh BEIOpaHHON
TEMBI; JIOTUYHOCTh METOJJMKH pacyeTra; CBOOOJHOE BIaJeHHE METOANKOMN pacyera; KyJIbTypa o(pOpMIICHHS MOSCHUTENBHOIM
3aITUCKH; CaMOCTOSATEIBHOCTE BEIBOJIOB. Bce 3TO0 CyMMUpYeTCs B HITOTOBYIO OICHKY.

OreHKa pe3ynbTaToOB 3aMIUTH KYPCOBOTO NMPOEKTA OCYIIECTBISETCS 10 OATBHON CHCTEME («OTIMIHOY, «XOPOIIOY,
«YHOBJIIETBOPUTEIILHOY, KHEYIOBIECTBOPHTEILHO).

O1eHKa «OTIMYHO» BBICTABIIETCS, KOT/Ia paboTa COAEpKUT IPaMOTHO U3JI0XKEHHYIO PAaCUETHYIO 0a3y, XapaKTepu3yeTcs
OTCYTCTBHEM OIIMOOK B pacyueTax, JIOTHIHBIM H MOCIIEIOBATEIHHBIM H3JI0KEHIEM MaTepHaa B MOSCHUTENBHON 9acTH. [Ipwu 3amure
paboTh! 00yJaromuMiics MOKA3bIBAET TITyOOKHE 3HAHUS BOIIPOCOB TEMBI; CBOOOJHO OTIEPHUPYET PACUETHBIMHU JAaHHBIMH; JIETKO
OTBEYAET Ha ITOCTABJICHHBIC BOIPOCHI.

O1eHKa «XOPOII0» BEICTABIIACTCS, KOTAA pab0oTa COJIEPIKUT IPaMOTHO U3JI0KEHHYIO PACUeTHYIO 0a3y, XapaKTepu3yeTcs
OTCYTCTBHEM OIIMOOK B pacueTax, IOTHIHBIM H IOCIICIOBATEIIFHBIM H3JI0KEHIEM MaTepHala B HOSCHUTENbHON 9acTh.[ | [Ipn
3amuTe paboThl 00YYaIOIIUIACS MMOKA3bIBAET 3HAHUS BOIIPOCOB TEMBI; 0€3 0COOBIX 3aTpYAHEHUI OTBEYAET Ha IOCTABICHHbIE
BOIIPOCHI.

Or1eHKa «yJIOBIETBOPUTEIBHOY» BEICTABIIAETCS, KOT/Ia paboTa COEPIKUT PAcUeTHYIO 0a3y, XapaKTepu3yeTcs HaATHIHEM OTIEeTbHBIX
ommuobok B pacderax. [Ipu 3ammre 00ydaromuiics MposBIsLeT HEYBEPEHHOCTD, TOKA3bIBACT C1aboe 3HAHNUE BOIIPOCOB TEMEI, HE 1aeT
HOJIHOTO, apTYMEHTHPOBAHHOTO OTBETA HA 33aHHBIC BOIPOCHI.

O1eHKa «HEYIOBIETBOPUTEIHHO» BBICTABIISAECTCS, KOT/IAa pab0oTa HE COAEPKUT PacUETHYIO 0a3y, HE OTBEYaeT TPEOOBAHMSM,
M3JI0’KCHHBIM B METOIMYECKUX YKAa3aHHIX, UIMECT 3HAUNTEeNIbHBIC ONIMOKY B pacdeTax. [Ipu 3ammre oOydaromuiics 3aTpyqHIeTcs
OTBEYaTh Ha IIOCTaBJICHHBIC BOIIPOCHI 110 TEME, HE 3HAET TEOPHHU BOIIPOCA, IIPH OTBETE JOMYCKAET CYIECTBEHHBIC OLINOKH.
[TpoxoskieHre KOHTPOJIBHOTO MEPOIPHUATHS 110 3AIUTE KyPCOBOTO IIPOEKTa CUUTACTCS BBHIITOJHEHHBIM YCIICIITHO, €CIIH TIPH €T0
OIICHWBAHMH TTOJTyUeHa OIICHKA HE HIDKE «YOBICTBOPUTEIHHOY.

Kpurepun oneHrBaHUS OTBETa Ha JK3aMEHe

O1eHKa «OTJIMYHOY BBICTABIISAETCS, KOT/1a 00YJaIOIIMNACS IEMOHCTPUPYET CUCTEMHBIE TEOPETUUECKUE 3HAHMUS, BIIAIEET
TEPMHHOJIOTHEH, IeflaeT apryMEHTHPOBAHHEBIE BEIBOBI M 000OIIECHNS, IPHBOAUT IIPUMEPHI, TTOKa3bIBacT CBOOOTHOE BIIaICHHE
MOHOJIOTHYECKOH Pedblo U CHOCOOHOCTh OBICTPO PEearupoBaTh Ha yTOUYHSIOIIUE BOIIPOCHI.

O1eHKa «XOPOII0» BBICTABIISACTCS, KOTAa 00yJaromuiicss JTeMOHCTPUPYET POYHBIC TEOPETHYECCKHE 3HAHUS, BIAJEeT
TEPMHHOJIOTHEH, JleflaeT apryMEHTHPOBAHHEBIE BBIBOBI H 0000IICHNS, IPHBOANT IIPUMEPHI, HO TIPH 3TOM JIeJIaeT HECYIICCTBCHHEIC
OIIHOKH, KOTOPBIE OBICTPO UCTIPABISIET CAMOCTOSTENBHO WIIH [IPU He3HAYUTEIBHON KOPPEKIIUH IIPEHOAaBaTEIEM.

O1eHKa «yIOBIETBOPUTENBHOY» BBICTABISIETCS, KOTa 00yJaroIuiics HermyOoKue TeOpeTUUeCKHe 3HaHUs, IPOSIBIISAET clIabo
c(opMUpOBaHHBIC HABBIKM aHAIIM3a SBICHUI W IPOIECCOB, HEOCTATOYHOE YMEHHUE JeTaTh apryMEHTHPOBAaHHEIC BHIBOJIBI 1
HPUBOIMUTE IPUMEPHI, TOKA3BIBAET HE JOCTATOYHO CBOOOAHOE BIIaJICHHE TEPMUHOIOTHEH, TOTHIHOCTBIO U ITOCTIEI0BATEIEHOCTHIO
U3JI0KEHNUS, JeNaeT OUIMOKH, KOTOPbIE MOXKET UCTIPABUTH TOJIBKO NPHU KOPPEKLUUH MPEroaaBaTeieM.

O1eHKa «HEYIOBIETBOPUTEIBHO» BBICTABIIAETCS, KOT/Ia 00yJalomuiicsa JEMOHCTPUPYET HE3HAHNE TEOPETUUECKUX OCHOB MpeaMeTa,
HE yMeeT JelaTh apryMEHTHPOBAaHHbBIE BHIBObI U IPUBOAUTE IIPUMEPDI, HE BIIAICET TEPMUHOIOTUEH, IPOSIBIIIET OTCYTCTBUE
JIOTUYHOCTH U TOCEA0BATENEHOCTHIO U3JIOKECHUS, AENAeT OMIMOKH, KOTOPhIE HE MOXKET UCIIPABUTh AaXe MPH KOPPEKIIUH
IpernojaaBaTeneM.

ITpoxoxxeHre KOHTPOJIILHOTO MEPONPHUSTHS IO C1ade IK3aMEHa CUMTAETCSI BBINOJIHEHHBIM YCIIEIIHO, €CIIH IIPU €0 OLIEHUBAHUYU
MOJIy4€HA OLICHKA HE HIKE «YIOBIECTBOPUTEIBHOY.

6. YHEBHO-METOAWYECKOE U HH®OPMAIIMOHHOE OBECIIEYEHME

6.1. Pexomenayemas iureparypa

6.1.1. OcHoBHas JIMTEpaTypa

ABTOpBI, COCTAaBUTENH 3ariaBue Bubnuoreka W3natenscTBO, TOJ, AI1. aapec
JI1.1 |Komsuos M.II. OnexTpHUUecKre MaIIHHHI : Mocksa: HOpaiit, 2012,
y4eOHUK [T OaKalaBpOB
JI1.2 | Kynossia B.B. OCHOBBI Hosocubupck: HI'TY, 2014,
ANEKTPOMEXAHNIECKOTO http://biblioclub.ru/index.php?
npeoOpa30BaHUs SHEPTHH : page=book&id=435979
YU4eOHHK
6.1.2. /lonosiHuTEIBHAS JIUTEPATYpPa
ABTOpBI, COCTaBUTEIHN 3arnaBue Bubmmoreka M3parenscTBO, TOM, 3I11. aapec
JI2.1 | Kombrnos M.II. DNEKTPUYECKUE MALTUHBL: Mocksa: Beicmras mkoa, 2006,
y4eOHUK
JI2.2 | Kauman M.M. DJEeKTpUYECKUE MALITHHBIL: Mocksa: Bercmi. mkoia, 1983,
Y4eOHHK
JI2.3 | B.M. UrnaroBuy, DNEKTPUYECKUE MALTUHBI U Tomck : U3gatensctBo ToMckoro
II.C. Poiiz TpanchopMaTopsl: yaeOHOe MOJIUTEXHUIECKOTO YHUBepcHuTeTa, 2013,
nocobue http://biblioclub.ru/index.php?

page=book&id=442095




ABTOpBI, COCTAaBUTENH

3arnaBue

Bubaunoreka M3parenscTBoO, rOf, 3I1. aapec

JI2.4 |Ilapamonosa B. OnexTpuuecKre MaIIHHHI Mocksa : Ansraup MI'ABT, 2014,
cOOpHUK 3a7a4 http://biblioclub.ru/index.php?
page=book&id=430516
JI2.5 |B.f.becnanos, DNEKTPUYECKUE MALTUHBI: Mocksa: Axkagemus, 2010,
H.®.Kotenenen yueOHOe ocobue
6.1.3. MeTtoanueckue pa3padoTKku
ABTOpBI, COCTaBUTEIHN 3arnaBue bubnuorexa WznarenbcTBo, TOA, 311. azipec
JI3.1 |M.H. [laBbiakuH, DNEKTPOTEXHUKA U H® HUTY «MHUCuCp, 2013,
C.H.BbackoB anexTpoHuka: JlabopaTopHsIi http://elibrary.misis.ru; www.nf.misis.ru
OPaKTHKyM
JI3.2 |Cocr. P.E.Maxupuna |HccnenoBaHue craTHYECKUX Opck: OI'TH, 2002,
XapaKTEPUCTHK JIBHTATEIIS
MOCTOSTHHOTO TOKa
HE3aBHCHMOTO BO30YKACHUS:
METOIUYECKEe YKa3aHHs K
BBITTOJIHEHHIO J1A00PaTOPHOIt
paboTs
6.3 IlepeueHb MPOrpaMMHOro odecnevdeHust
I1.1 |IIO Anrusmupyc Kaspersky Endpoint Security mist 6u3neca-Pammpennsiii Rus Edition 150 -249 Node 1y EDU RNW Lic.
1.2 |10 MATLAB & Simulink
1.3 |I1O DjVu Solo 3.1
1.4 |IIO Microsoft Visual Studio 2010 Ultimate
I1.5 |10 WinDjView 2.0.2
I1.6 | I1IO Microsoft Teams
I1.7 |IIO Microsoft Office 2007 Russian Academic OpenLicensePack NoLevel Acdmc
1.8 |I1O Mathcad 14.0 University Classroom Perpetual
1.9 | Windows Server Standart 2012R2 Russian OLP NL AcademicEdition 2Proc.
6.4. Tlepeyens MHPOPMANMOHHBIX CHPABOYHBIX CHCTEM H MPOdecCHOHAIBHBIX 023 TaHHBIX
N.1 |http://elmech.mpei.ac.ru/em/index.html - aeKTpOHHBIN yIeOHUK «DNEKTPUIESCKUE MAIIUHBD)
o http://www.center.eneral.ru/products.html — nmpoaykmus 3aBo1oB Poccun, MpoU3BOISIIIUX IEKTPHUUSCKHE MAITUHEI 1
’ TPaHCHOPMATOPEI
N.3 |https://www.electromechanics.ru - caift "DnekTpomexanuka"
7. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE
Ayn. | Hasnauenne OcuHarenne
113 Vuebnass maboparopus (kommbloTepHsiid | Kommbrotep B coope , 13 mT.

KJacc)

IIpoexTop BenQ MP 776, 1 wrt.

Oxkpan HacteHHslit PROCOLOR 150x200, 1 mT.
Kommyrarop D-Link 16 mopT, 1 mir.

Ilongec s mpoekropa, 1 wir.

Cron yueHnueckui, 3 mir.

Cryn yyennueckuit, 14 mr.

Kpecno komnsroreproe, 12 mr.

CroJ1 KOMIIBIOTEPHBIN, 12 1mIT.

Hocka yuennueckas, 1 mr.
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VYuebHas maboparopust

Kommexr 71a00paTOPHOTO o0opynoBaHHs TUTS
HCCICIOBAaHUA W HANaAKW  DJICKTPUYECKUX  IIemei
21013400130, 1.

Kommuiexr 71a60paTOpPHOTO obopynoBaHus ISt
HCCICNIOBAaHWA W HAJNagKW  DJCKTPUYECKWX  Iiemei
21013400131, 1.

Komnnekr  yueOHOro  oOopymoBaHMs  JUIi  M3Y4YEHHS
aeKTpuieckux npruBoaoB 34.2.3.0206, 1 mT.

Kommzekr ydeOHOro  0o0opymOBaHUS OIS H3YYCHUS
aNeKTpudecKkux npuBoaoB 34.2.3.0207, 1 mr.

Crenp n1a00paTOPHBIH JUTSE H3YUYCHUS OCHOB
aBTOMAaTH3aI[UH MIPOU3BOJICTBA, TIPOrPaMMHPOBAHUS
TIPOMBILIICHHBIX KOHTPOJIEPOB u yIIpaBIeHUS
TexHonorunyeckumu oobekrtamu 21013400079, 1 wr.

Crenp nabopaTOpHBIH JUTSE HU3Y4EHUS OCHOB
aBTOMAaTH3aIuH MIPOU3BOJICTBA, MPOTPaMMHUPOBAHHS
MIPOMBIIUICHHBIX KOHTPOJIEPOB u yOpPaBICHUS

TexHosiornyeckumMu oosekramu 21013400080, 1T,

CreHpn 51abopaTOpHBIN JUIA W3y4eHHWS IPOrPaMMHPOBAHHS
MuKpokoHTpoaepos [IM-JIM. 21013400116, 1 .

Crenp naGopaTopHbIil JUli M3ydeHHs NPOrpaMMHPOBaHUS
MuUKpokoHTposuiepoB [IM-JIM. 21013400117, 1 w.

CreHpn 51abopaToOpHBIN JUIA HM3y4eHHWS INPOrPaMMHPOBAHHUS
MUKpokoHTposutepoB [IM-JIM. 21013400118, 1 mT.

Crenp naGopaTopHBIN Ul M3yd4eHHs NPOrpaMMHPOBaHMS
MUKpokoHTposuiepos [IM-JIM. 21013400119, 1 wT.

Crenn  nabGoparopHbli  "ABTOMAaTHKa  Ha  OCHOBE
MPOrPaMMHUPYEMOTO KOHTpOJLIepa Siemens S7"
21013400120, 1 mT.

Crenn  naboparopHblii  "ABTOMAaTHKa  Ha  OCHOBE
MIPOrpaMMHUPYEMOTO KOHTpoOJuIepa Siemens S7"
21013400121, 1 mt.

CreHn maOopaToOpHBIM AT HM3YdEHHS OCHOB IM(POBOH
texHukn "OcHOBBI nudposoil Texmumku" 21013400126, 1
IT.

CreHn ma®opaTOpHBIM AT HM3Y4EHHS OCHOB IM(POBOH
texHukn "OcHOBBI mudposoil Texmmku" 21013400127, 1
IT.

Crenn 11abOpaTOpHBIA JUIT M3y4eHHS OCHOB LHU(PPOBOI
texHukn "OcHOBBI mmdpoBoit Texmmku" 21013400128, 1
IIT.

Crenn 11a0OpaTOpHBIA JUII HM3y4EHHUS OCHOB LHU(POBOI
texHukd "OcHOBBI nmoposoil Texumku" 21013400129, 1
IIT.

Crenn  naGopaTOpHBIA Ui U3y4YEeHUs CHJIOBOM
JNEKTPOHUKU u npeoOpa3oBarelb TEXHHKU
"ITpeobpa3zoBarensHas Texauka" 21013400122, 1 mT.

Crenn  mabopaTOpHBIH Ul U3y4YEeHUs CHJIOBOM
ANEKTPOHUKU u npeobpa3oBartenb TEXHHUKU
"IIpeobpasoBarenbHast Texauka" 21013400123, 1 mr.

Crern  mabopaTOpHBIH JUTS HU3Y4EHUS CHJIOBOM
ANMEKTPOHUKU u npeoOpa3oBarens TEXHHUKU
"IIpeoOpa3oBatenpHast Texuuka" 21013400123, 1 wir.

Crenn  mabopaTOpHBIA TUTSt HU3Y4EHUS CHJIOBOM
SNIEKTPOHUKU u npeoOpa3oBarTens TEXHHUKH

"IIpeoOpazoBarenbHas TexHuka" 21013400125, 1 .
Ocuwmnorpagp FLK-123/001, 1 mT.

Ocumnorpadp GOS-620 FG, 1 mr.

Kommuiexr y4eOHOTro obopynoBaHus TUIIOBO
"I[IporpammupoBanre Mukpokontpoiuiepos "IIM-JIM" | 4
pabounx mecta 21013400269, 1 .

Crannus nasuibHast TopMoBo3aymiHas lukey-852d+, 1 mT.
Cron yueHHYeckui, 25 mr.

Cryn yueHn4eckuid, 26 mr.

Hocka yuennueckas, 1 mr.

8. METOANYECKHE YKA3AHUSA 1JIAA OBYYAIOIIUXCA




B npouecce n3ydeHns AUCHUILTHHEI BBIACISIOT Ba BUIA CAMOCTOSTENBHON pabOTHL: ayTUTOpHAs U BHEAyAUTOPHAs. AyTUTOpHAs
CaMOCTOSITENIbHAS Pad0Ta MO TUCHUILUIMHE BBIIOJIHICTCS Ha yIeOHBIX 3aHATHAX 1101 PYKOBOACTBOM IIPEIO1aBaTEes.
BHeaynuropHas caMocTosITeNnbHAs padoTa - IaHupyeMas yaeOHast padoTa 00yJaroIiuMCsl, BBITOJIHAEMast BO BHEAYIUTOPHOE
BpeMsI [0 33/IaHHI0 U [IPU METOANYECKOM PYKOBOJICTBE MIPEMOAaBaTeNs, HO 0€3 ero HeNOCPEACTBEHHOTO yJacTHsI.
CamocrosTenbHas padoTa, He peyCMOTpEeHHast IPOrpaMMOi ydeOHON IMCIMITIIMHBL, PACKPHIBAIOIIEH 1 KOHKPETU3UPYIOLIEH ee
coJiepyKaHue, OCYIECTBIIAETCS 00yJalOMUMCs HHUIIMATHUBHO, C LEbIO PeaTi3allil COOCTBEHHBIX YU€OHBIX 1 HAyYHBIX HHTEPECOB.
st 6omee 3 PeKTHBHOTO BBITIOIHEHUS CAMOCTOSTENEHOH pabOoTHI IO TUCIUIIIMHE IIPEIoAaBaTelb PEKOMEHAYET HCTOUHHUKHA JUIS
paboTHI, XapaKTepu3yeT Hauboee paloHAIBHYI0 METOIUKY CAMOCTOATENBHOM paboThI, IEMOHCTPUPYET paHee BHIIOTHCHHBIE
oOyuaromMucs paboThl U T. 1. Bupl 3a1annii 1711 BHEayANTOPHOI CaMOCTOSITENILHON paboThl, UX COZIEp)KaHUE U XapaKTep MOTyT
MMETh BapHaTHBHEIHN U T} depeHInpoBaHHbIN XapaKTep, YIUTHIBATh HHANBHIYaJIbHBIE 0COOEHHOCTH 00YJaIOIIerocs.
CamocTrosTenbHas paboTa MOXKET OCYIIECTBIATHCA HHANBUIYATbHO WM TPYIIIAMH CTYJICHTOB online ¥ Ha 3aHATHAX B
3aBHCHMOCTH OT IIeHU, 00beMa, KOHKPETHOH TEMaTHKU CaMOCTOSTENbHON pabOThI, YPOBHS CI0KHOCTH. KOHTpOIb pe3ynbTaToB
BHEAYMTOPHOH CaMOCTOSITEILHOM pabOTHI OCYIIECTBISIETCS B IIPEJIENaxX BPEMEHH, OTBEICHHOTO Ha 00s13aTelIbHbIC yueOHbIe
3aHATHSA 110 TUCIUIDIMHE Ha MPAKTHYECKUX , JAOOPaTOPHBIX 3aHATHIX.




