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MeTtoauuecke peKOMEHIalu AJIs1 BBIMOJTHEHUS CaMOCTOSATENbHON pabOThI CTYIEHTOB

o mucoumuimae OI1.02 DJIEKTPOTEXHUKA 1 DJIEKTPOHUKA, sBiusromieiicss 4acThIO
MIporpamMMbl MOATOTOBKM CHEUANIKMCTOB CPEIHEro 3BeHa no creuuanbHocTH: 23.02.01
Opranuzanus nepeBo3oK U ynpasJjieHHe Ha TPaHcHopTe (M0 BUIAM)

Meronuueckiue peKOMEHJALMH MO BBITOJIHEHHIO CaMOCTOSTEIbHOM pPabOThl aJpecOBaHBI
CTyZAEHTaM OYHON (OPMBI OOYUCHHS.

Meronuueckue  pEeKOMEHJIAlWM  BKJIOYAlOT B cedsfd  1enb, 3aJadd, MEpeyeHb
oOpasoBarenbHbIX pe3ynbTaTtoB, 3asBiaeHHBIX PI'OC CIIO, obecnieyeHune 3aHATHS, KPATKHUE
METOJIMYECKHE MaTepuaibl MO TEeME, BOMPOCHI IJisi 3aKPEIUIeHUS MU UHCTPYKIHUIO T10
BBITIOJTHEHHUIO, METO/IMKY aHAJIN3a PE3yJIbTaTOB, MOPSIOK MPOAETaHHONW PadOTHI.

OnoOpeHo Ha 3acelaHuM I[HUKIOBOM KOMHUCCHHM OOHIENpPOeCcCUOHANBHBIX, €CTECTBEHHO-
Hay4YHBIX U MAaTEMaTUYECKUX JTUCITUILINH
ITporokos Ne 7 ot «19» mas 2023 r.

PaccMmoTtpena Ha 3acenannu MeToIM4ecKOro CoBeTa
ITporokos Ne® oT «24» mas 2023 r.

PexomMennioBana k yrBepxaeHuto llegarornueckum copeTroMm
IIpoTokon Ne§ ot «25» mas 2023 r.



BBEJIEHUE

Meronuueckie  peKOMEHJAlMA 10  BHEAYJUTOPHOW  CaMOCTOSTENIbHOH  paboTe
obyuarommuxcs pazpadotansl B cooTBeTcTBUU ¢ PI'OC CIIO nmna cnernumansHocty 23.02.01
Opranuzaius NepeBO30K U yIpaBlieHUE HA TPAHCHOPTE (110 BUIAM).

[lenapt0 peKOMEHIAUMK SBISETCA OKa3aHWE METOJWYECKON IMOMOIIHA OOy4YaroIIMMCs
Opyd  CaMOCTOSITEJIbHOM  OCBOGHMM  Y4eOHOro  Marepuaia IO  JUCHMIUIMHE
QJIEKTPOTEXHUKA UM JJIEKTPOHUKA npenogaBatensiM MpU OpraHU3alud
BHEAYJIUTOPHON CaMOCTOSITENIbHON padoTe.

B pesynbTaTe BBITIOJHEHHS 33JlaHUNA CAMOCTOSITEILHOM paOOThl MO JUCHUILTAHE
IJIEKTPOTEXHHUKA U DJIEKTPOHUKA olyuaromiye J0KHbBI

ymemp:
— NIPOU3BOJUTH PACUET ITAPAMETPOB JICKTPUUECKUX LENEH;

— coOupaTh 3JIEKTPUUECKHE CXEMBI U MIPOBEPSATH UX padoTy;

— 4dTaTh M CcOOMpaTh MPOCTEHIIHE CXEMbl C HCIOJIb30BAHUEM MOJIYIPOBOJHUKOBBIX
pUOOPOB;

— OMNpEAENITh TUII MUKPOCXEMBI 10 MaPKUPOBKE;

3HATh:

— METOJIbl MPeoOpa30BaHUsl INEKTPUUECKON SHEPTUH, CYUIHOCTh (PM3HMUYECKUX IPOIECCOB,
IIPOUCXOJISIIINX B ANEKTPUYECKUX U MATHUTHBIX LEIAX, OPSAIOK pacuera ux napaMeTpoB;

- npeoOpa3zoBaHHUe EPEMEHHOIO TOKa B OCTOSIHHBIN;

— YCHJICHUE U T€HEPUPOBAHUE JIEKTPUUECKUX CUTHAIIOB.

BueaynutopHas camocTosATeNnbHas paboTa BBIMOTHSAETCS OOYYAIOIIMMUCS TOCIe
M3YYEHHUS COOTBETCTBYIOIIUX TEM JUCHUIUIMHBI C 1eIbl0  (OPMUPOBAHUSI yMEHUU
WCMOJIb30BaTh HOPMATHMBHYIO, CHPAaBOYHYID W CHEHHAIBHYIO JIMTEpPATypy MJisl TOUCKA
uHdopmaruu, GOPMHPOBAHUS CAMOCTOSTEIHLHOCTH MBIIIJIEHUSI, TBOPUYECKOTO MOJX0Ja K
pelIaeMbIM MPAKTUYECKUM 3a/1a4aM.

KoHTponb pe3ynbTaToB BHEAYJIUTOPHOW CaMOCTOSATEIHLHON paboThl 00ydaromuxcs
OCYIIECTBIISIETCS B Tpe/iejiaX BPEMEHHU, OTBEICHHOTO Ha 00s3aTelIbHbIC YUCOHBIC 3aHATHS U
MOXET MPOXOJIUTh B MUCHMEHHOW, YCTHOW WM CMEIIaHHOW ¢dopme ¢ MpeacTaBICHUEM

MPOJTyKTa TBOPUECKOM JIEATETLHOCTH 00yUYarOIIerocs.



Texymuii KOHTPOJIb CAMOCTOSITENBHOM (BHEAYIUTOPHOMN) pabOThI, 00yUaIOIIHUXCS 10

nporpamMme yu4eOHOW TUCIUATLTAHBI

OI1.02 JIEKTPOTEXHUKA U JIEKTPOHUKA

JJISl CIIeIMAJIBLHOCTH

23.02.01 Opranusanus nNepeBo3oK U ynpasJjieHHe Ha TpaHcHopTe (10 BUAaM) —

33 gyaca

Paznen, Tema

Buj zaganus

Yacpl,
OTBEIEHH
ble Ha
BBINOJIHEH
e
3aaHus

dDopMa KOHTPOJIA

Beenenue

IIpopaboTka KOHCIIEKTOB 3aHATHA, YyYeOHBIX
WU3AaHun u crieruaibHOM TEXHUYECKOMN
mutepaTypsl. [IoAroToBka kK onpocy mno Teme:

Kontpons ycBoenus
3HAHUM MPOBOJUTCA
B (hopme
TECTHPOBAHUS U
KOHTPOJIBHBIX PadoT.

Paznean 1.
JIEKTPOTEXHUKA

21

Tema 1.1. DnexTpuueckoe
noie

IIpopaboTka KOHCMEKTOB 3aHATHA, Y4eOHBIX
W3IaHUN u crernuaibHOM TEXHUYECKOMN
JUTEepaTyphl, pelleHne 3a1a4 U yHpaXHEeHUH Mo
teme. [lpumepnas Temaruka: Ilomstue 006
ANIEKTPUIECKOM I10JI€. DIEKTPUUECKUE 3apsbl.
OCHOBHBIE  XapaKTEPUCTUKU  IJIEKTPUYECKOTO
TOJIS: HaTPSKEHHOCTb, INEKTPUUECKUIM
NOTCHLIHA, 3NIEKTPUIECKOE HanpsDKEHHE,
€MHULIBI H3MEpEHHUS. Judnextpuueckas
MpOBOAUMOCT. KoHAEHCATOpHI. DJeKTpUuecKas
€MKOCTb KOHEHCATOpa, EANHHIIBI H3MEPEHUSL.
CoemHeHHE KOHAEHCATOPOB B Oarapeu.

KonTpons ycBoenus
3HaHUI NPOBOAUTCA
B (hopme
TECTUPOBAHUS U
KOHTPOJIBHBIX padoT.

Tema 1.2. DnexTpudeckue
IIEMU TIOCTOSTHHOTO TOKA

IIpopaboTka KOHCIICKTOB 3aHATHSA, YYEOHBIX
W3IaHUHN u crernuaibHON TEXHUYECKOM
JUTEPATYpPBl, PEIICHUE 33Ja4 U YIPaKHEHHU IO
teme. [lpumepHas Ttemaruka: OIEKTPUUCCKUN
TOK, HalpaBJICHUE U CHJIA TOKA, INIOTHOCTh TOKA,
equHuLBl u3MepeHus. 3akoH OMa i ydacTka
ey oe3 SJIC. ConpoTtuBieHue "
MIPOBOJIUMOCTH, SIIUHUIIBI U3MEPCHHUS.
3aBUCUMOCTh CONPOTHUBJICHUS OT TEMIIEPATYpPHI.
[ToHsiTHE O MTMHEUHBIX U HETMHEWHBIX dJIEMEHTaXx.
OCHOBHBIE 3JIEMEHTBHI JJIEKTPUUECKHUX IIETICH.
3akon Oma s 3aMkHyTOW wenu. Paborta wu
MOIIHOCTh  3JEKTPUUYECKOr0 TOKa, EIIMHULIBI
mmMmepenns. [IpeoOpazoBanme  AIEKTPUUCCKOH
SHEPTUH B TEIUIOBYIO. 3akoH [ xoymnsa-Jlenna.
IlocnenoBarenbHOE  COEOUHEHUE  PE3UCTOPOB.
3akoH Oma, D53KBUBAJIEHTHOE COMPOTHUBIICHUE,
pacnipenenenue  HanpsbkeHul.  [lapannensHoe
COEIMHEHHE PE3UCTOPOB. 3akoH Owma,
SKBUBAJICHTHOE COIPOTUBICHUE, PaCIpeleIcHUE
ToKOB. [lepBniii 3akoH Kupxroda.

Brmonxenue u
3alnATa
nabopaToOpHBIX
pabor.

Tema 1.3. DnekTpoMarHeTn3m

[IpopaboTka KOHCIIEKTOB 3aHATHS, Y4YCOHBIX
HU3JTaHUHN u CHeUaIbHOR TEXHHUYCCKOU
JUTEPATYpPBl, PEelICHHE 3a7a4 U YIPaKHEHHUH 10
TEME. [Tpumepnas TeMaTHKa: ITonsiTue
MarHuTHOTO TOJsI, TpadUIecKoe H300paKCHUC
MarHuTHBIX  IIOJICH  IIOCTOSHHOI'O  MAarHuTra,
MIPOBOJTHUKA C TOKOM, KPYTOBOT'O TOKA, KaTYIIIKH C
TOKOM. MHEMOHHYECKHE TpaBWia: MPaBOTO
BUHTA, TMpaBod pyku. MaruutHele MOJIIOCA.

KonTpoins ycBoeHus
3HAHUN MPOBOJUTCA
B popme
TECTUPOBAHUS U
KOHTPOJIbHBIX padoT.




XapakTepuCTUKH MarHUTHOTO TMOJISi: MarHUTHBIN
MOTOK, MAarHWTHAas WHAYKIHA, HaIPsDKEHHOCTh
MarHuTHOTO TIOJIS, MAarHWTHas MPOHHUIIAEMOCTb,
€AVHNLBI U3MepeHHd. JleiicTBMe MarHuTHOTrO
MoJIsi Ha TPOBOJHHUK C TOKOM. MHEMOHHYECKOe
MpaBWio  JIeBOH  pyku.  DeppoMarHuTHbIE
Matepuansl. ['ucrepesuc. DieKTpoOMarHUTHas
nHayknus. 3axoH Jlenna. J[BrkeHue MpoBOIHUKA

B MarduTHOM moJe. 2J1C AHAYKIIAU.
MHeMOHMYECKOE  TPaBWJIO  MPABOM  PYKH.
CaMOUHIYKIHS, B3aUMOWHTYKITHS.

WHAYKTUBHOCTb, €AMHAIIEI H3MEPEHMSL.

Tema 1.4. DnexTpuueckue
ey NepEMEHHOr0 TOKa

[IpopaboTka KOHCIICKTOB 3aHATHSA, YYCOHBIX
U31aHUMN u crnenuaabHOM TEeXHUYESCKOMN
JTUTEpaTyphl, pelleHne 3a1a4 U YIPaXHEHHHA 110
teme. Ilpumepnas  temaruka: IlomyueHue
MEPEeMEHHOTO OJHO(A3HOIO TOKa, BOJIHOBAs W
BEKTOpHAs JUArpaMMbl CHHYCOHUIaIbHOTO TOKA.
[lapameTppl  MEPEMEHHOTO  CHHYCOMAAIHHOTO
TOKa: MTHOBEHHOE, aMIUIUTYIHOE, ICUCTBYIOIICE,
CpelHee 3HAYCHUS; YacTOTa, YIJIOBas 4YacToTa,
nepuon,  HadampHas — ¢aza, caBur  (as.
OnekTpuyeckass IeMb IEePEeMEHHOr0 TOKa C
AKTUBHBIM COTIPOTUBJICHUEM, BEKTOPHBIC
JuarpaMMbl HampspDkeHU u Toka. 3akoH Owa,
aKTUBHOE COIPOTHBIICHWE, aKTUBHAS MOIIHOCTb,
SIMHUIIBI M3MEPEHHS. DJIEKTpHUecKas IIeThb
MIePEMEHHOTO TOKa c WHIYKTUBHOCTBIO,
BEKTOPHBIE JHarpaMMbl HaIpsDKEHWH H  TOKa.
3akon Owma, UWHIYKTUBHOE CONPOTUBIICHUE,
peaKkTHBHAS MOITHOCTbD, EUHUIIBI U3MEPCHUS.
OnekTpuyeckass IeMb IEePEeMEHHOr0 TOKa C
€MKOCTBIO, BEKTOPHBIE IHArpaMMbl HampsyKeHUN
u Toka. 3akoH Oma, eMKOCTHOE COMPOTHBIICHUE,
peaKTUBHAS MOIIHOCTh. OIEKTPHUYECKas IIeTlh
MEPEeMEHHOT0  TOKa C  TOCJeI0BaTeIbHBIM
COCIMHEHHUEM DJIEMEHTOB, BEKTOPHBIE JHATPAMMBI
HampsokeHH u  Toka. 3akoH Owma, monHOE
COTIPOTHUBJICHHE, MOJIHAs MOIIHOCTb,
KO3 GUITUEHT MOIITHOCTH, SIUHHIIBI H3MEPEHUSI.

Brinonuenue u
3aluTa
mabopPaTOPHBIX
pabor.

Tema 1.5. Tpexda3zuble nenu

IIpopaboTka KOHCIICKTOB 3aHATHS, YYEOHBIX
U3JaHUHI u CIIEUATIEHON TEXHUYECKOH
JTUTEpaTyphl, pellieHne 3a1a4 U YIPaXKHEHUU IO
teme. Ilpumepnas  tematuka: Ilomydenue
TpexdazHoro TOKa, OPUHITUI ~ JCUCTBUS
MPOCTEHILIEro TpexdazHoTo reHeparopa.
CoenuHenne oOMOTOK Tpex¢a3zHOro reHeparopa
«3Be37101», (asHble W JIMHEHHBIC HANPSHKCHHUS,

BEKTOPHBIE JIrarpaMmbl HaNpsOKEHUH.
CoenuHenne oOMOTOK Tpex¢a3zHOro reHeparopa
«TpPEeyroibHUKOM»,  (a3Hble ¥ JTHHEHHbIE
HaIIpsKCHUA, BCKTOPHBIC AuarpamMmbl

HanpspkeHuil. CoelMHEHHE HArpy3KU «3BE3I0W».
BekropHble auarpaMmbl HaIpsDKEHUM U TOKOB.
CummMmeTpuyHas 1 HECUMMETPUYHAS Harpy3Ka Mpu
COeIMHEHUH «3Be370i» (COOTHOIICHUE MEXIY
¢asHEIMH W JUHCWHBIMH  TOKamH.  Poib
HEUTpallbHOTO  MOpPOBOJAa MPH  COEAUHEHUU
Harpy3Ku «3BE3I0M». CummeTpuyHas "
HECHUMMETpUYHAsI Harpy3ka IpH COCIUHEHUU
«TPEYrOJIbHUKOM). CooTHol1lleHHE MEXTY

Brmonnenue u
3aIuTa
1ab0paTOPHBIX
pabor.




(ha3HBIMH U JINHEWHBIMU TOKAMH.

Tema 1.6. TparnchopmaTopsr

IIpopaboTka KOHCIIEKTOB 3aHATHS, YYCOHBIX
W30AHUN u CIIeIHAJILHOI TEXHUYECKO
JUTEPATYPHI, PEIICHHUE 3a7ad W YIPKHCHHH TI0

TeMeE. [Tpumepnas TeMaTHKa: Buast
TpaHchopMaTopoB. YCTPOHCTBO 0OIHO(DA3HOTO
TpaHcopmaTopa. ITpunun JIEUCTBHUS
omxHO(a3HOTO TpanchopmMaropa. Pexxnmbt
XO0JOCTOTO XO0Aa M KOPOTKOTO  3aMbIKaHHS
0IHO(a3HOTO Tpanchopmaropa. KT
TpaHc(hOpPMaTOPOB.

Beinonnenue u
3aIuUTa
n1a00paTOPHBIX
pabor.

Tema 1.7. DnexTpuueckue
U3MEPEHUS

IIpopaboTka KOHCIIEKTOB 3aHATHA, YyYeOHBIX
W3AaHun 51 CIIeuanbHON TEXHUYECKOMN
JUTEpaTypsl, pelleHne 3a1a4 U yHpaXHEHUH Mo
Teme. IlpumepHas TemaTuka: YCTpOMCTBO,
MIPUHLIUIT JeHCTBUS npubopoB
MarHUTO3JIEKTPUUECKON CUCTEMBI, IPUMEHEHUE.
YCTpoiicTBO, TMPUHIMII — ACWCTBUS MPUOOPOB
ANEKTPOMAarHUTHOW  CHUCTEMBI,  MPUMEHEHHUE.
YCTpoWCTBO, NpPUHIOMI JIEHCTBUST  MPUOOPOB
ANIEKTPOIMHAMUYECKO W (peppoMarHUTHOU
CUCTEM, [IPUMEHEHHUE. ITorpemnocts
U3MEPUTENBHBIX  MPHOOPOB. VYcnoBHbIE
0003HaYeHNs HA MIKaaX 3IEeKTPOU3MEPUTEIHHBIX
prOOpPOB

Brimonnenue u
3alUTa
mabopPaTOPHBIX
pabor.

Tema 1.8. DnexTpuueckue
MallrHbI HEPEMEHHOI'O0 TOKA

IIpopaboTka KOHCMEKTOB 3aHATHSA, Y4EOHBIX
W3IaHUN u crernuaibHOM TEXHUYECKOMN
JUTEPATyphl, pelIeHHE 3a7ad M YNPaKHEHUH IO
teme. IlpumepHast Temaruka: YCTpPOHCTBO U
OCHOBHBIE JIEMEHTBl KOHCTPYKIIMU Tpex(azHoro
ACUHXPOHHOTI'0 ABUTraTeId C KOPOTKO3aMKHYTBIM U
¢azHEIM  pOTOpOM. [lpunnun  pedictBus
Tpexda3Horo aACHHXPOHHOTO JIBUTATEIIA.
Mexanndeckass u pabouas XapaKTEPUCTUKU
ACHHXPOHHOTO JBHraTeis. YCIOBHA IIycKa U
METOABl PEryJIMpPOBaHMSA 4YacTOTHl BpAaLICHUS
ACHHXPOHHOTO  JBUTATENs, pPEBEPCHUpPOBAHHE.

Brmonxenue u
3al[UTa
nabopaTopHBIX
pabor.

Tema 1.9. DnexTpudeckue
MaIIMHBI IIOCTOSSHHOTO TOKa

Oxpana Tpyna npu SKCILTyaTaIluu
AIEKTPOJBUTATEIICH.

IIpopaboTka KOHCIICKTOB 3aHSTHS, Y4YCOHBIX
W3TaHUHN u CIIeIHaJIbHOMN TEXHUYECKOM

JUTEPATYpPBl, PEIICHUE 337a4 U YIPaKHEHHU IO
teme. [IpumepHas TemaTuka: Y CTpPONUCTBO MallluH
MOCTOSIHHOTO TOoKa. [IpMHIMNO AEHCTBHUS MallliH
MMOCTOSTHHOTO TOKa. [ eHepaTopbl TOCTOSTHHOTO
TOKa, HE3aBHUCHMOE, IIOCJIEIOBATEIILHOC,
nmapajyielbHOE W CMEIIAaHHOE BO30YXKICHUE.
Crioco6s1 3aIrycka 3JIEKTPOIBUTATETS
MOCTOSIHHOTO TOKa M PEryJIUPOBAHHE YaCTOTHI
BpaIlCHMUSL. Mexannueckue u paboune
XapaKTEPUCTHKH JIBUTATEIIS TIOCTOSTHHOTO TOKA

Brmmonnenue u
3aIuTa
1ab0pPaTOPHBIX
pabor.

Tema 1.10.
OCHOBEI 3JICKTPONPHUBO/IA

IIpopaboTka KOHCIIEKTOB 3aHATHS, Y4YCOHBIX
W31aHuN u CIIeUaIbHOM TEXHUYECKOU
JTUTEPATYPHI, PEIICHUE 3a7ad W YIPAKHEHHUHA I10
teme. Ilpumepnas Ttematuka: Iloaroroska
pedepatoB 1m0  TEeMaM, yCTaHABIMBACMBIM
MperoaaBareieM WHIUBUAyaIbHO. [loHsTHe 00
anekTponpuBoAe. HarpeBaHue u oOXJaxIcHHUE
3NIEKTPOJBHTATENCH, UX pexuM paboTel. BeiOop
MOIIIHOCTU. PeneiHO-KOHTaKTHOE  YIpaBiCHUE
3JIEKTPOJIBUTaTENEM. IlonsTue 00

Kontpons ycBoenust
3HAHUN MPOBOJUTCA
B (hopme
TECTUPOBAHUS U
KOHTPOJIBHBIX Pa0oT.




aneKkTponpuBone. HarpeBanne u oXJaxaeHHE
3JIEKTPOJBHTaTEIcH, UX pexuM padoThl. BrOOp
MOIIIHOCTU. PeneiHO-KOHTaKTHOE — YIpaBiICHUE
SJIEKTPOJIBUTATEIIEM.

Tema 1.11. Ilepenava u
pacmpeneneHue
ANEKTPUIECCKON SHEPTUN

IIpopaboTka KOHCIIEKTOB 3aHATHA, YyYeOHBIX
W31aHuN u CIIEUAJIbHOMN TEXHUYECKOU
JTUTEPATYypPBhl, PEeIICHUE 3a7ad U YIpakKHEHHH Mo
teme. Hasnauenne, kmaccuuxanust 1 yCTpoHCTBO
ANEKTPUYECKUX CETEH, MPOBOJOB MO AOMYCTUMOU
MOTepU HANPSOKEHUS, W 1O  JOMYCTUMOMY
HarpeBy. CnocoObl y4era ©  JKOHOMHHU
AIIEKTPOIHEPTUH. 3aIUTHOE 3a3eMIICHHE.

KoHntposns ycBoeHust
3HAHUM MPOBOJUTCA
B popme
TECTHPOBAHUS U
KOHTPOJIBHBEIX PadoT.

Pa3nes 2. DiiekTpoHUKa

11

Tema 2.1.
ITonynpoBoJHUKOBEIE
npuOOpHI

[IpopaboTka KOHCIICKTOB 3aHATHSA, YYCOHBIX
A3TaHAMN 15| CHenuaIbHON TEXHHUYICCKOU
JTUTEpaTyphl, pelleHne 3a1a4 U YIPaXHEHHH IO
teme. [lpumepnas Temaruka: CoOCTBEHHas U
MPUMECHAs IPOBOIUMOCTH TIOIYIIPOBOTHUKOB.

IIpunnun geiictBust p-—n-nepexona. I[lpuHuun
EHCTBUSA MOJIYIIPOBOHUKOBOTO IHoja,
BOJIbTaMIIEpHAsI XapaKTepUCTUKA.
Knaccuduxkarms, Ha3HA4YEeHUE, napaMeTpbl
MOJIYIIPOBOTHUKOBBIX JIMOJIOB, YCIIOBHEIE
0003HaYCHHUSA. YCTPOWCTBO, MPHUHIUI JCHCTBUS
ounomsiporo  Tpamsucropa. Krnaccudukamnms
TPaH3UCTOPOB, YCIOBHBIE 0003HaueHus. [loHsTHE
0  THPHUCTOpAX, YCIIOBHEIE 0003HaYEHMS.
[HomynpoBoAHUKOBEIE TPHOOPEI C BHYTPEHHUM
doroadpdexrom (dhoTtope3ucTopsl, (POTOTUOIBL,
(hOTOTPaH3UCTOPBI, (hOTOTUPUCTOPBI),
CBETOJINOIbI, 0003HAUEHUS, 00JIACTh IPUMEHEHUS

Brmonunenue u
3aIuTa
nabopaToOpHBIX
pabor.

Tema 2.2. InTerpanbHble
CXEMBI MHUKPO3JIEKTPOHHKH

[IpopaboTka KOHCIEKTOB 3aHATHSA, Y4YEOHBIX
U3JaHUNI u CIIEUAJIEHON TEXHUYECKOH
JTUTEPATYpPHl, PEIICHUE 3a7a4 U YIPAKHEHHHA 110
teMe: HasHaueHwe, KOHCTPYKIUS, TpPUMEHEHHE
WHTETPAIEHBIX MUKPOCXEM

KoHTposb ycBoeHHS
3HAHUH MTPOBOAUTCS
B popme
TECTUPOBAHUS U
KOHTPOJIbHBIX PadoT.

Tema 2.3.
[Ipubops! u ycrpoiicTra
WHINKALUH

IIpopaboTka KOHCIICKTOB 3aHATHSA, YYEOHBIX
W3TaHUHN u crernuaabHON TEXHUYECKOM
JUTEPATYpPBl, PEIICHUE 337a4 U YIpaKHEHU Mo
teMe: OOmas XapakTepUCTHUKA W KIacCH(PHUKAIHS
WHJIMKATOPHBIX nprbopoB. Ocimiiorpadel

Beinonnenue u
3aIuTa
1abopaTOPHBIX
pabor.

Tewma 2.4. Beimpsmurenu u
CTaOMIIN3aTOPBI

[MpopaboTka KOHCIIEKTOB 3aHSATHS, Yy4eOHBIX
M3aHuI u CIeIUaIbHON TEXHUYECKOU
JUTEpaTypsl, pPelIeHne 3a/a4 U YHIPaXHEHUH IO
teme. llpumepnass temaruka: HasHaueHue u
kinaccupukauus Beipsmureneid. CTpyKTypHas
cxema BBIITPSIMUTEIA. OnnodasHblii
OTHOTIOYNEPHUOAHBIM  BBIIPSIMHUTENB:  CXEMa,
OpUHOMI AeHcTBHUA, npuMeHeHune. OnHodazHbIN
JIBYXIIOJYTIEPUOAHBIA  BBIIPSIMHUTENb.  CXEMA,
NpUHIMI jgelcTBus, npumeHeHne. OnHodazHbIN
MOCTOBOM  BBINIPSIMHTENh:  CXE€Ma, IPHHIIUI
JIeHCTBYS, MIPUMEHEHHUE. Crnaxusaromme
¢uneTpel.  Ilpocreiimast cxema crabunmzaropa
HaIpsOKEHUsI.

Beinonnenue u
3aImTa
11a00paTOPHBIX
pabor.

Tema 2.5. DneKTpOHHEIC
YCHITUTENN

IIpopaboTka KOHCIIEKTOB 3aHATHSA, YYCOHBIX
HA3TaHAHN u CHeuaIbHOH TEXHHUYCCKOU
JUTEPATYPHI, PEIICHUE 3aad W YIPAKHEHHHA I10
Teme: OCHOBHBIC TIOHSTHSI W XapaKTEPUCTHKH
YCWIUTENILHOTO  Kackama. OOpaTHbIE  CBS3H.
Vceunmurenn HU3KOM YacTOTHI, ITOCTOSIHHOI'O TOKA.

Brinmonuenue u
3amura
1a00paTOPHBIX
pabor.




NmiynscHBIE 1 H30UpaTeNbHbIC YCUITUTETH

Tema 2.6. DIeKTpOHHEIC IIpopaboTka KOHCIIEKTOB 3aHATHS, YYCOHBIX
TeHEepaTOPhI W3JIaHUI u CHeMaabHON TEXHUYECKOU KonTpoins ycBoeHUs
nurepatypsl. [IpumepHaa temaruka: [loaroroska 3HAHUN MPOBOJUTCA
pedeparoB TO TeMaMm, YCTaHABIMBAaEMBbIM 2 B (hopme
MpenoaBaTeiaeM WHIMBH]TY AJTLHO. TECTUPOBAHUSI U
ABTOTCHEPATOpPHl. YCIOBUSA CaMOBO30YKICHHS KOHTPOJIBHBIX padoT.
TeHepaToOpOB
Tewma 2.7. Mukponpoueccopsr | [IpopaboTka KOHCIIEKTOB 3aHATHA, YyYeOHBIX
u MUKpo-OBM U3JaHUH u cIeluanabHOI TEXHUYECKOU

auteparypsl. [IpumepHas temartuka: [loaroroska
pedeparoB TO TeMaMm, YCTaHABIMBAaEMBbIM
mpenojiaBareieM HHAMBUAyanbHO. HazHauenwue,
(GYHKIIMM ~ MHKPOTPOIIECCOPOB.  APXUTEKTypa

Kountpons ycBoenust
3HAHUM MPOBOJUTCA
2 B (hopme
TECTUPOBAHUS U

MHKPOIIPOLIECCOPOB. Opranunszanus a0o0THI
porpon p P It p KOHTPOJIBHBIX padoT.
nepcoHana mo padbore ¢ Mukpo-9BM Ha ocHOBe
MUKpOTIpoIieccopa Ha KEJIC3HOAOPOKHOM
TPaHCIIOPTE

OO01mue MoJI02KEeHUA 0 CAMOCTOSITE/IbHOM padoTe CTYIeHTOB
M0 «JJEKTPOTEXHUKE U FJIEKTPOHUKE»

OOmmii 00beM BpEeMEHH, OTBOJUMBIA Ha BHEAYAUTOPHYID CAMOCTOSTEIbHYIO
paboTy, MpeaCcTaBiIsieT cOO0M pa3HUILy MEXAY MaKCUMaldbHOM M 00si3aTebHOW y4eOHOM
Harpy3Koil, OTBEACHHOW Ha M3yYECHHUE Y4E€OHOW IUCUUIUIMHBI WIH MPOQPECCHOHATBHOIO
Moayis. GI'OC mo JucUHUIUIMHE MpeayCMaTpUBAET OCBOCHHME CICAYIOMMX OOIUX M
PO ECCUOHAIBHBIX KOMIIETEHIIUH:

OK 01. BreiOupate cmocoObl pemieHus 3aaad  Opo(ecCHOHANBHON  AesTEeNbHOCTU
IIPUMEHUTENBHO K Pa3JINYHbIM KOHTEKCTaM;

OK 02. Hcnonb3oBaTh COBPEMEHHBIE CpEACTBA IOMCKA, aHaiuW3a W WHTEpHpeTanuu
uH(pOopMaluu U NHPOPMAIIMOHHBIE TEXHOJIOTUH ISl BHIIIOJIHEHUS 3a]1a4 MPo(eCcCUOHAIbHON
NEeSATENBHOCTH;

OK 03. IInaaupoBath U peayiM30BBIBATh COOCTBEHHOE MPO(ECCHOHATBHOE U JIMYHOCTHOE
pa3BUTHE, MPEANPUHUMATENBCKYIO  JEATENbHOCTh B  NpodeccHoHaIbHOU  cdepe,
MCIOJIb30BaTh 3HAHUS MO (PUHAHCOBOW I'PaMOTHOCTH B Pa3JIMYHbBIX )KU3HEHHBIX CUTYalUsX;
OK 04. O} dexTrBHO B3aUMOAECUCTBOBATh U padOTATh B KOJJIEKTUBE U KOMaH/IE;

IIK 1.1. BpimosHATH onepauuv IO OCYIIECTBICHUIO IEPEBO30YHOIO Ipolecca ¢
MIPUMEHEHUEM COBPEMEHHBIX WH()OPMAITMOHHBIX TEXHOJIOTHI YITPaBICHUS TIEPEBO3KAMH.
IIK 1.2. Opranu3oBbiBaTh padOTy MepcoHana no odecrneyeHno 0e30MacHOCTH MEPEBO30K U
BBIOOPY ONTHUMAJIBHBIX PEIICHUN TPH padoTax B YCIOBHUSAX HECTAHIAPTHBIX M aBapUHHBIX
CUTYaLUH.

IIK 2.2. OGecrieunBaTh 0€30IaCHOCTH ABMIKCHHS M peniaTh IpodecCHOHAIbHBIC 3aJ1aud
MOCPE/ICTBOM MTPUMEHEHUSI HOPMATUBHO-TIPABOBBIX IOKYMEHTOB.

MK 2.3. Opranu3oBbiBaTh pabOTy NEpPCOHANa MO TEXHOJOTUYECKOMY OOCITYyKUBAHUIO
MIEPEBO30YHOIO IpoLiecca.

CamocTtosiTenbHass padoTa Mo «IDIEKTPOTEXHUKE U JJIEKTPOHUKE» — 3TO YIPABISEMBIii
IPOLECC CaMOCTOSTENIbHON JI€ATENbHOCTH CTYAEHTOB, OOECIEUMBAIOLINI pean3alnio
Hesel u 3a7a4 1o OBJIAJICHUIO0 HEOOXOIMMBIM O0BEMOM 3HAHHM, YMEHUIN U HABBIKOB, OTIBITA
TBOpPUYECKON pabOThl M pPa3BUTHIO TPO(ECCHOHATBHBIX HHTEIEKTYalIbHO-BOJIEBbIX,
HPaBCTBEHHBIX KayecTB Oyayulero cnenuanucta. CamocrosTenbHas paboTa CTYJEHTOB IO




Kypcy «DIEKTPOTEXHHUKA U AJIEKTPOHUKA» SIBISIETCS BAXKHOM COCTaBHOM 4YacThio ydeOHO-
BOCIHUTATEIBHOTO MPOIECCa U UMEET LIEbI0: 3aKPENUTh U YIIIyOUTh 3HAHMS, MOTYYCHHbBIE
HA TEOPETUYECKUX U TMPAKTHUYECKUX 3aHATUAX; BBINOJIHUTH KOHTPOJIBHOE 3aJaHuE
(KOHTPOJIBHYIO PpaboTy); TEOPETHUECKYIO TOJTOTOBKY K TMPAKTUYECKUM 3aHSITHUSIM;
MOJATOTOBUTBCS K TOpEACTosAmeMy  3au€Ty [0  JAWCHUIUIMHE,  (OpMHpPOBAThH
CaMOCTOSTENbHOCTh M MHUIIMATUBY B MOMCKE W MPUOOPETECHUH 3HAHUMN, a TAaKXKEe YMEHUS U
HABBIKM 00pabOTKH pe3yabTaToB HabOmoaeHui. OCHOBHBIM M MPEUMYIIECTBEHHBIM BHIOM
CaMOCTOATENIbHOM padOThl CTYACHTOB SIBJIETCS KX padoTa C PEKOMEHJOBaHHOM
JUTEPATYpOii, HapaBJIEHHAas HA OCBOEHWE MporpaMmbl kypca. CamocTosATenbHas padoTa
JOJKHA HOCHTh CHCTEMATHYECKUI M HENPEPBIBHBIM XapakTep B TEUEHHE BCErO CEMECTPA
(mepuoga mexay cObopamu). Bpemst nisi caMOCTOSITENbHOW pPabOThI OTBOJIUTCA KaKIbIM
CTYJIEHTOM, UCXOJs U3 (PAaKTUYECKOrO YpOBHS 3HAHWW, YMEHUN U HABBIKOB MO Kypcy. [lpu
3TOM Ha Pa30BOE€ M3y4YEHHE y4eOHOIr0 MaTepuaa JKeJaTelIbHO BBIAECIATH HE MEHEE OJHOIO
yaca. Bwimensior qBa BUsla CaMOCTOSTENbHON padOThI:
- ayIUTOpHAsl, BBINOJIHSAETCS HAa 3aHATUAX MOJ PYKOBOJCTBOM IpENOAAaBaTENsl U IO €ro
3a/IaHHIO; - BHEAYJIUTOPHAs!, BBIIIOIHAETCS CTYJIEHTOM IO 33JaHHI0 IpernojaBaress, Ho 0e3
€r0 HEIOCPEICTBEHHOI'O YYACTHSI.

OcHOBHBIE BH[bl ayJUTOPHOW CAMOCTOSITENBHOW pabOThl CTYACHTOB NpPH H3YYECHHH
JTUCHUTUIAHBI « DJIEKTPOTEXHUKA U AIEKTPOHUKA:
- OTBETHI Ha MPOOJIEMHBIE BOIIPOCHI MPETOAaBaTEs;
- popMyIIHpPOBKA BOIIPOCOB CTYAEHTaM, PENOAaBaTENIO;
- BBINIOJIHEHUE TUCbMEHHBIX 3aJaHUM, TECTUPOBAHUE;
- BBITIOJIHEHUE TBOPUECKUX PadOT;

- BBICTYIUIEHHE C COOOIIEHUEM 10 HOBOMY MaTepHaly;
- KOHCTIEKTUPOBaHUE, paboTa ¢ KHUTOM;
- BBITIOJIHEHHE J1a00pPaTOPHBIX PadoT.

OcHOBHbIE BUABI BHEAYJUTOPHON CaMOCTOATEIBHON pabOThl CTYIEHTOB MPH H3yYECHUH
TUCHUTUIAHBI « DJIEKTPOTEXHUKA U AIEKTPOHUKA:
- paboTa ¢ yueOHHUKOM;
- KOHCIIEKTUPOBAHUE OTAEIBHOTO BOIIPOCA MPOUIEHHON TEMBI,
- paboTa co CpaBOYHOM JIUTEPATYPOil;
- MOJATrOTOBKA COOOIEHUI K BBICTYIUICHUIO HA YPOKE;
- MOJTOTOBKA pedepaTos;
-COCTAaBJICHUE KPOCCBOPJIOB;
- peuieHue 3a1ay;
- U3TOTOBJICHUE HATJISIHBIX TOCOOUH, MPUOOPOB;
- ucnojp3oBanue MutepHera.

CamocTosiTenbHast paboTa CTyA€HTOB IPOBOAUTCS C 1I€IIBIO:
-CUCTEMATHU3alNH U 3aKPEIJICHUS MOJYYEHHBIX 3HAHUN U TPAKTHYECKUX YMEHHUN U HABBIKOB
CTYJICHTOB;
- YIIIyOJIeHUS ¥ PACIIUPEHUS TEOPETHUCCKUX 3HAHUM;
- (opmupoBaHus yMEHUI HCIOJB30BaTh CHEIUAIBHYIO, CIPABOYHYIO JIUTEPATYPY,
WNurepHer;
- Ppa3BUTHS TO3HABATENBHBIX CIOCOOHOCTEH W AaKTUBHOCTH CTYACHTOB, TBOPYECKOM
WHULIMATUBBI, CAMOCTOATENbHOCTH, OTBETCTBEHHOCTH U OPraHU30BaHHOCTH;
- (OpMUPOBAHUS CAMOCTOSITEIbHOCTH MBILIUICHUS, CIIOCOOHOCTEH K CaMOpa3BUTHIO,
CaMOCOBEPILIEHCTBOBAHUIO I CAMOpEATN3allu;
- pa3BUTHS  MCCIIEOBATENbCKUX  3HaHUW. JlUMUT BpemMeHu [  MOPOBEICHUS
CaMOCTOSITENIbHOM ~ pabOThl  CTYNEHTOB  ayJUTOPHO  OTBOJMUTCS  IMpENojiaBareieM
HEMOCPEACTBEHHO Ha YpOKe, Ui KaXIOoro BHJa paboThl ompeneneHHblil. Bpems Ha
BHEAYAUTOPHYIO CaMOCTOSITENIbHYI0 padoTy cTyneHToB Oepercs B pacuere 30% oT Bcero
y4eOHOr0 BpPEMEHM, OTBEJCHHOIO Ha HM3y4YeHHE AUCLHMILIUHBL. DTO cOCTaBiseT 39 yacos
OcHOBHOII (OpMOI KOHTpOJIE 3a CaMOCTOATENbHOM paboTOM CTyJdeHTa SIBISIOTCS
pakTUYeCKue U JabopaTopHble 3aHATUSA, UX 3anuTa. KoHTposibHbIe paboThl, MPOBOIUMBIE B



cootBetrcTBUM ¢ KTII 1 paboueii mporpaMMoi TUCHUIIIIMHBI, SIBJISIIOTCA BaXXHBIM CPEJICTBOM
MIPOBEPKU ypPOBHS 3HAHWW, YMEHUW W HaBBIKOB. MaccoBoil (popMO¥l KOHTPOJIS SIBISIFOTCS
3a4eThl U 3K3aMeHbl. KputepusMu OLIEHKH pe3yJIbTATOB BHEAYJIUTOPHOM CaMOCTOSTEIbHOU
paboThI CTYJIEHTA SIBIISIOTCS:

- YPOBEHb OCBOEHUS CTYACHTOM y4eOHOT0 MaTepuraa;

- YMEHHE CTYICHTA UCIIOJIb30BATh TEOPETUUECKUE 3HAHUS IIPU PEUICHUH 3a/1aY;

- 000CHOBAHHOCTb U YETKOCTh U3JIOKEHHUS OTBETA;

- oopMIICHHE MaTepHalia B COOTBETCTBHH C TPEOOBAHHUSIMH.

CamocrosTe/ibHas pa60Ta CTYACHTOB IIPHU U3YYCHHUH HOBOI'0O MaTEpHajia

PaGoty mo QopMupoBaHUI0 yMEHHUH, OOECHEUYMBAIOIIUX CAMOCTOSITEILHOE H3Y4YEHUE
CTYJIEHTOM HOBOT'O Marepuaja, Hy)KHO HauyuMHaTh Ha ypoke. MOXHO MNpEeIIOKUTh Tpymme
CaMOCTOSATENIbHO W3Y4YUTh TOT WJIM WHOM Marepuan yuyeOHuKa. [[ns mpoBeneHHs Takou
paboThl, BO-NePBBIX, MPEMOIaBaATENb JODKEH OBITh YOCKICH, YTO KaXK/BIA CTYIEHT TOTOB K
HEl, BO-BTOPBIX, CTYACHT JOJDKEH 3HATh, YTO KOHKPETHO OH JOJDKEH 3HaTh U YMETh IOCIE
mpoBeeHus 3Tor paboThl. CucTeMOl MpeaBapUTENbHBIX 3aJJaHUM, YCTHBIX M MUChMEHHBIX
VOPAKHEHUH  TPEroJaBaTelto ClelyeT  TOATOTOBHUTh  HEOOXOIUMYIO 0a3zy,
00ecneunBaroIIy0 CaMOCTOSITENIbHOCTh B 3TON pabote. CrienuanbHble BOIIPOCHI U 3aaHus,
OpPUEHTHPYIOIINE CTYACHTOB U BEIyIIME K KOHEUYHOU LIeJU JaHHOM padoThl, 3apaHee MOMXKHO
HamucaTh Ha JOCKe (WM MpoeuupoBaTh Ha 3KpaH). [Ipu Hamuyuu BOMPOCOB B y4EOHHKE
MOXHO IPOCTO YKa3aTh, HA KaKUE€ BOIPOCHI CTYJEHT JIOJDKEH YMETh OTBETHUTh, HU3YYUB
naHHbli Matepuan. Cpeau BONpPOCOB K pabOTE MOXKHO MpeuiaraTb M Takue, OTBETa Ha
KOTOpPbIE HEMOCPEICTBEHHO HET B YYEOHHKE, U T[O3TOMY TpeOYIOTCS HEKOTOpbIE
pPa3MBIIUICHHS CTyAeHTa. BO3M0KHO, HE BCE CTYJEHTHI CYMEIOT OTBETUTh HAa HUX. (JHaKo,
KaKJasi CaMOCTOSITeNIbHAsi padoTa MO0 M3yYEHHIO HOBOIO Marepuasa JI0JDKHA 00s3aTelbHO
3aBepIIATbCS MPOBEPKOM MOHUMaHUS M3ydeHHOro. JKenaTenbHO, 4TOOBI CaAMOCTOSITENBHO
W3YYEHHBII Ha ypoke Marepuasn ObUl M 3aKpeIuleH 37ech ke. B 3ToMm ciiydae noma ero
MPUJETCS MOBTOPSATH JUIIb OTACIBHBIM CTYJEHTAaM, U MEPErpy3KH JTOMAIIHUMU 3aJJaHUSIMU
He Oynet. Bonpoc o TOM, CKOJIbKO BpEMEHH MPUIECTCS TPATUTh HA BHIMOJHEHUE JOMAIITHETO
3a/1aHusl, BO MHOTOM 3aBUCHUT OT TOT'O, KaK MOHST CTyJEHTOM MaTepual Ha YPOKE U KaK OH
3aKperuieH. A 3TO, B CBOIO OYepe/b, 00ECIEUMBACTCS HAJIMYHUEM Y CTYJAEHTOB YMEHHUH H
HaBBIKOB CaMOCTOSITEJIbHOW pabOThl M  HAaBBIKOB ydyeOHoOro tpyna. Heobxommmo
palMOHAIBHO BBIACIUTH MaTepuan [JIsl CAMOCTOSATEIBLHOTO HM3YyYEHHs B COYETAHUU C
apyrumu popMamu padoThI.

CamocTosiTesibHast pad0Ta CTYJICHTOB MPH PellIeHUH 32124

B mucuumiuiiHe 53MEKTPOTEXHHKA CIEAYET YICIUTh BHHUMAHHUE JJICKTPUYECKUM IIETISIM
MMOCTOSTHHOT'O TOKa, MAarHUTHBIM IIETSAM, LIETSIM MEPEMEHHOTO TOKa M TpeX(ha3HbIM IICTISM.
Hamo OBIT BHUMATENBHBIM MPH pacuére JIO00H DISKTPHUECCKONW Ienu W YMEHUEM
npuMeHuTh 3akoHbl OMA, Kupxroda s 5>7IeKTpUYECKUX IIeneld MOCTOSHHOTO U
MEPEMEHHOr0 TOK al MAarHUTHBIX liened. B mpouecce U3ydeHus AUCHMIUIMHBI HApSIAY C
HEKOTOPBIMU TEOPETUYECKUMH CBEACHUSMHU CTYACHTHl OBJIAJIEBAIOT OINPEACICHHBIMU
npueMamu perreHus 3agad. OObBIYHO ¢ TaKMMHU MpHEMaMM 3HAKOMHT CaM IperojaBaTelib,
ITOKa3bIBas PEIICHHE 3a7ad HOBOTO oOpasia. Hanbonee r3(ppekTUBHBIM MPH STOM SBIISICTCS
TaKOW MOJAXOJ, IMPHU KOTOPOM MPENOAABATENDL PACKPBIBAECT IEPE]l CTYACHTAMH TEXHOJIOTHIO
pellieHusl 3aJayd, TOKAa3bIBAET, YEM MOTHUBHUPOBAHO IPHMEHECHHE HEKOTOPOro METOoHAa
pelieHns, 4eM 00yCIIOBIICH BRIOOP TOTO WIJIM HHOTO ITyTH.

PaboTa Hax 3agadeii TOKE MOKET OBITh OJTHOCTHIO CAMOCTOSITEIBHON PabOTOM CTY/IEHTOB.
OHa npecneayeT HECKOIbKO 1ETEH:

- TPOAOIKUTH (HOPMHUPOBAHME YMEHHHA CAMOCTOSTEIHHO H3ydaTh TEKCT, KOTOPBIM B
JTAHHOM CJTy4dae MpeJICTaBIsIeT cOO0M 3a1auy;

- OOY4HTh PACCYKICHUSIM;



- 00y4uTh 0OPMIICHHUIO PEIICHUs 3a]1a4.
K tomy »xe cryaeHTsl OyayT 3HaTh, 4YTO y HHUX HMeEeTcs o0pasel pacCyXIeHUN u
odopmIieHus 3a1a4H, K KOTOPOMY OHH MOTYT OOpaTUThCS TIPU PEIICHUHU APYTroH 3aauu Win
IpU TIPOBEPKE MPaBUWIBHOCTH CBOETO pelleHus. HempeMeHHBIM YCIOBHEM YCBOSHHUSI HOBBIX
TEOPETUYECKUX CBEJACHUM U OBJIAJCHUS HOBBIMU TPUEMaMH pELICHUS 3a7ad SBISETCS
BBITMIOJTHCHUE CTYACHTAMH TPEHUPOBOYHBIX YIPAKHEHUI, B X0JIe KOTOPOTO MPHOOPETCHHBIE
3HAHUSA CTAHOBATCS TOJHBIM JOCTOSHUEM CTyJAeHTOB. Kak M3BECTHO, CYIIECTBYIOT JBE
dbopMBI OpraHu3alMyd TakOM TPEHUPOBOUHOM paboThl - (poHTanmbHas pabora u
camocTosTenbHas padora. @poHTanbHas paboTa - 3TO TPATUIIMOHHAS, TABHO CIIOXKHUBIIASCS
dopma. CxeMaTHUECKH €€ MOKHO OMUCATh TaK: OJUH U3 CTYACHTOB BBINOJHAET 33/1aHHE HA
JIOCKE, OCTaJIbHBIC BBIMIOJIHAIOT 3TO K€ 3aJaHue B Terpamsx. CamocrosiTenbHas pabora
CTYJCHTOB Ha YPOKE COCTOWUT B BBHITIOJHCHHH 0€3 MOMOIIM IMPETOoaBaTeNIsi U TOBAPHUIICH
HEKOTOPOTo 3aJaHus. BoJbIre BO3MOXHOCTU Ui OATOTOBKH CTYIACHTOB K TBOPUYECKOMY
TPYAy W CaMOCTOSTEIHLHOMY IOMOJHCHHUIO 3HAHUH WMEET CaMOCTOSITEIbHOE BBIOJHEHUE
3agaHuii. B 3ToM ciydae cTygaeHT 0e3 KakKo-ambo IOMOIM JOKEH HAMETHTh ITyTH
peIIeHus, TPaBIIIBHO BHITIOJHUTH BCE MMOCTPOCHMSI, MPeoOpa3oBaHusl, BEHIYUCICHUS U T. . B
TakOM CJy4yae MbICIb CTyJeHTa paboTaeT HauOosiee uHTEeHCMBHO. OH mpuoOpeTaeT
MPAKTUYECKH HAaBBIK pa0OTHI B CHUTyalldd, C KOTOPOW €My HEOJHOKPATHO MPUJIETCS
CTaJIKUBATHCS B TOCIEIYIONIEH TPYIOBOM NeaTebHOCTU. BMmecTe ¢ TeM camocTosTenbHas
paboTa CTYJEHTOB HMEET M CBOM HEIOCTAaTKU. YCHIMA CTYJEHTa MOTYT OKa3aTbCs
HAIpPacHBIMH W HE TPUBECTH K pPe3ynbTaTy, €CIM OH HEAOCTATOYHO TOATOTOBIEH K
pEIICHUIO0 TOoCTaBJIeHHON 3amaun. CTyIEHT HE CIBIIIUT KOMMEHTapUeB K pEUICHUIo, a
pacCyXJIeHUs, KOTOPhIE OH MPOBOIUT MBICICHHO, MOTYT OBITh HE BCETAa MPABUIBLHBIMH U
JAOCTATOYHO TOJHBIMH, TPHUEM BO3MOKHOCTH OOHAPYXUTh 3TO CTYyICHT HEe uMmeeT. BooOire
MIPU CaMOCTOSITEJIbHOM BBIMIOJHEHUU 3aJaHU MBICIHUTENBHBIE MPOIECCHl HE MOTYT OBIThH
MPOKOHTPOJIMPOBAHBI mpernojaaBareieM. [1oaToMy make BEpHBI OTBET MOXKET OKa3aThCs
ciydaiiHbiM.  McnpaBnenune ommOOK, JOMYIICHHBIX TIPH CaMOCTOSTENbHON paboTe,
MPOUCXOJUT B XOJIE €€ MPOBEPKU MO OKOHYaHWUU Bced paboThl. [lonTOMy, BBIMOMHSA
yIpaXHEHHE CaMOCTOSITENBHO, CTY/ICHT, HE YCBOMBIIHNI MaTepHall, MOXKET MOBTOPSITH OJHY
U Ty e OIMHUOKY OT MpUMepa K MpUMeEpy, U HEBOJIHHO 3aKPEMUTh HEMPABWIHHBINA aJTOPUTM.

CamocTosiTesibHAasi pad0Ta CTYJICHTOB NMPH BbINOJHEHUU IPAKTHYECKUX PadoT

BolnonHeHne MpakTHYEeCKUX padoT SBISETCS MPOBEPKOM 3HAHUN CTYIEHTOB 11O
onpeneneHHo TeMe. CTyAeHT MOHKEH CaMOCTOSITENbHO PEUIUTh CBOIO IMPAKTUYECKYIO
paboty, ohOpMUTH U 3aUTUTUTH €E.

BrlnonHeHne npakTHYecKux padoT HAuMHAETCA MOCIIe ONpeiesieHns HOMepa BapuaHTa (1o
KypHaiy). 3agaHus, KOTOpPble HEOOXOAMMO BBHINIOJHWATH TIO JaHHOMY BapHUaHTYy,
BBHIOMPAIOTCS U3 TMEpedHs, MPUBEACHHOTO B MPUMEPHONW TEMAaTUKE MPAKTUYECKUX PadOT
(mpaktuueckux 3amaHuit). CTyIEeHT MOKEH MPOSBUTh MAKCUMYM CaMOCTOSITEbHOCTH.
OdopmiienHast mpakTudeckass padbora (TMpakTHYECKOE 3aJaHUE) CIAaeTCs MPENoIaBaTelto.
CTyAeHThl, HE MOJYYUBIIUE 3a4€T 3a MPAKTUYECKYIO0 padoTy (IMpakTUYECKOE 3aJaHue), K
craade 3a4éTa Mo Kypcy He gomyckaroTcs. [Ipaktudeckas pabora (mpakTHUeCKOe 3aJaHue)
opopmisiercs Ha mctax dopmara A4 (210-297 mm). Bua npeacrtaBieHuss mpakTHUIECKOM
paboThI - PYKOITUCHBIN WM MAITMHOIIMCHBIN OMPEACISICTCS CTYACHTOM, UCXO/Is U3 JIMYHBIX
CKJIOHHOCTEW U BO3MOKHOCTeH. Ob11ee TpeOoBaHNE K pyKOMMCHBIM pab0TaM — OHU JIOJKHBI
OBITb YMTAEMbI, T.C. JOCTYNMHBIMU JII TPOYTCHHUS JPYTUMHU JIIOJABMHU U HE COJICpPKaTh
HEOJHO3HAYHO BOCIpuHUMaeMbIX OykB. Ilpu mpencraBieHuMH paOOThl B MAITMHOMHUCHOM
BUJIe HEOOXOJMMO BBIJICPKMBATH CIEAYIONINE MapaMeTPhl TEKCTOBOTO IMPOIEccopa: TOJIS:
BEpXHEe — 2 CM; HWXKHee — 2 cM; JieBoe — 2,5 cM; mpaBoe — 1,5 cMm; nepemi€r — 0 cwm;
KOJOHTUTYJBI — 1,25 cMm; mpudt — Times New Roman; Beicota mpudra — 14; opueHTaius
CTpaHUIIbl — KHIXKHAS; OTCTyN ab3ana — 1,25 cM; MEKCTPOYHOE PaCCTOSIHUE — OJIMHAPHOE;
BbIpABHUBAHWE — MO IIUPHUHE; CTHJIb TEKCTa — OOBIYHBIA. 3aJaHusi M MX pPEIICHUS
(He3aBUCUMO OT BapuaHTa OQOpMIICHMs) H3JararoTcs (HE OCTaBJsisd IYCThbie CTPOKH)



MOCJIEIOBATENbHO, HAa OJIHOM CTOpPOHE KaXIoW cTpaHulpbl. [Ipu OTCYTCTBUU pelieHUs
u3NaraTth 3aJlaHue He 00s3aTeNbHO, T.K. OHO 3aBEIOMO HE BBINOJHEHO. Bce crpaHuIibl,
UCKJIIOYass TUTYJbHBIA JUCT, HymepytoTca. OOpazell TUTYJIBHOIO JIMCTAa KOHTPOJBHOTO
3a/laHusl IPUBEJICH B MPUJIOKEHUU |; MpakTUYecKor paboThl — B mpuiiokeHuu 2. OqHoM U3
¢dbopM OKkazaHUsS MOMOIIU CTYIEHTAaM B CaMOCTOATEIHHOM H3yUYEHHUH y4eOHOTO MaTepuaia
ABJISIIOTCS.  KOHCYJIbTAllMW, MPOBOJMMBIE IMpenojaaBaTeneM. Kaxapli mpenoaaBaTeb
COCTaBIISICT pacHUCaHue KOHCYJbTAIMM ¢ YKa3aHHUEM JIHEH, YacoB, MECTa UX MPOBEICHUS U
KOHCYJBTUPYIOIIETO NpenoaaBatens. JlonoJHUTENbHOE BpeMs POBEACHHUS KOHCYIbTAlUN
IpernojaBaTesiMd MO0 KypCy clieyeT yTOuHsATh. [locelienre KOHCylbTallui CTYyJEHTaMu
no6poBosnbHOE. KoOHCynbTalMu NPOBOMATCA HMHAUBUAYadbHBIC. WX 1EnsIMH SBISIOTCS
pPa3bACHEHHE BOMPOCOB, BO3HUKAIOIIUX Y OOyYaeMbIX NPU CAMOCTOSITEIBHOM H3yUYECHHUH
y4eOHOTO Marepuaia M TOJITOTOBKE KOHTPOJBHOM padoThl (KOHTPOJBHOTO 3a/aHus),
yrayOleHne W 3aKperieHHe 3HaHWW MO OTAEIBHBIM BONPOCAM M TeMaM Kypca, OKa3aHue
METOIMYECKON MOMOIIM B BHIOOpE pallMOHAIBHBIX METO/IOB CAMOCTOSITENbHOM padoThl. [1pu
HeoOXxoauMocTu (MO MPOCKOE CTApOCThl yYeOHOW TPYyMIbl) MOTYT TPOBOIUTHCS H
rpynmoBbie KOHCynabTanuu. Cremyer TakKe OTMETUTh, YTO MO 3aJaHUsIM KOHTPOJIBHOMN
paboThl (KOHTPOJIBHOTO 3aJaHusi), TPeOyIOIIMM TPOBENEHUS CJIOXKHBIX BBIYUCICHUH,
1[eeco00pa3HO  HCIOJB30BaTh  COOTBETCTBYIOIIME  MPUKIAAHBIE MPOTpaMMbI ISt
MEPCOHAILHOTO KOMITbIOTEpa (Hampumep, TabmuuHblii mporeccop Microsoft Excel).
KoppekTHoe mnpuMeHeHHE TaKuX IpPOrpaMM IO3BOJIUT CIKOHOMHUTH BpeMsl M H30eXaTh
BO3MOXKHBIX OIIMOOK B BBIYMCIICHUSAX.

OOmue cBeneHus O BBHIMOJIHEHUH, ohOPMIICHMM M 3amuTe 3aaanus. llepex tem, kak
OPUCTYIUTh K PEHICHUIO 3afaHusl, HEOOXOAMMO IOBTOPUTH OCHOBHBIE TEOPETUYECKUE
MOJIOKEHUSI DJEKTPOTEXHUKH M METOMABI pacyeTa dDIEKTPUUECKHX I[ened JaHHON
npakTuyeckor padoTsl. [lociie mpopabOTKM MaTepuaaoB JEKIHM, MPAKTUYECKUX 3aHITHHN U
COOTBETCTBYIOIINX PA3/I€JIOB VICOHUKOB CIEIYET MPOBEPUTH CBOHM 3HAHUS IO KOHTPOJIBHBIM
BOIIPOCAM M pa300paTh MPUBEACHHBIE HIDKE METOINYECKHE PEKOMEHIAIHN. BapuaHnTel cxem
W 3aJ]aHull yKa3aHbl B npwiokeHusix. [locie BeimomHeHus 3amanus ohopmisieTcsi OTYET B
COOTBETCTBUH C TPEOOBAHUAMU K O(DOPMIICHUIO MOSACHUTENBHBIX 3alMCOK U Tpaduueckux
0003Ha4YeHUH, TpuMep 0POPMIIEHHUS] TUTYJIBHOIO JINCTA MOSCHUTENIBHOM 3alMCKU TPUBEICH
B MpwiIoxkeHuu. Kaxaplid aTan pacyeTra JIOJDKEH COMPOBOXAATHCS KPATKUMHU MOSICHEHUSMH.
BekTopHble 1uarpaMMbl ClIeyET BBITOJHITH C YKa3aHUEM U COOJII0ICHUEM MaciiTada (1iu
Ha MUJUTUMETPOBOM Oymare). Pe3ynbrarsl uccienoBanuii JOKHBI ObITh TPOAHATU3UPOBAHBI
U OOBSICHEHBI. 3aJlaHMe CHAETCA Ha MPOBEPKY MPEMOAABATENIO0 B CPOKHU, OIMpPEICICHHBIE
rpadukoM yuebHoOro mpouecca. [IpaBunbHO BBITIONHEHHOE 3amaHue 3ammmaetcs. [Ipu
3aIUTE CTYACHT JIOJKEH ObITh TOTOBBIM K OTBETY Ha KOHTPOJIbHBIE BOIIPOCHI, IPUBEICHHbBIE
B pasnese, K OTBETY Ha JI0OO0H BOIMPOC MO pacueTy Ieneil MepeMEeHHOTO TOKa, a TaKkKe K
pacyeTy MPOCTHIX AIEKTPUUECKUX CXEM U MOCTPOCHUIO BEKTOPHBIX TUArpaMM.

OCHOBHBIMU 3aKOHaMH, OIPEACITSAIOIIUMU pacuem INeKMPUUecKol yenu, SBISIOTCS
3akoHbl Kupxroda.

Ha ocHoBe 3akonoB Kupxroga paspaboran psig OpakTHUECKUX METOJIOB pacuema
NEeKMPU4eCcKUx yeneu MnNOCMOAHHO20 MOKA, TIO3BOJSIONUX COKPATHTh BBIYUCICHUS
MIPH pacyeTe CIOKHBIX CXEM.

CylI11eCTBEHHO YIPOCTUTH BBIYMCIICHUS, @ B HEKOTOPBIX CIy4asiX U CHU3UTh TPYJOEMKOCTb
pacyera, BO3MOXKHO € IOMOIIBI0 IKBHBAJICHTHBIX NPE00Pa30BAHMUA CXEMBI.

[IpeoOpa3ytoT  mapaieNbHblE U MOCJIENOBATENIbHbIE  COCOUHEHHS]  DJIEMEHTOB,
COCIMHEHHE «3BE37a» B SKBUBAJICHTHBIM «TPEYTrOJIbLHUK» U HA000pOT. OCYIIECTBISIOT
3aMEHYy HMCTOYHHMKA TOKAa SKBUBAICHTHBIM HCTOYHUKOM JDJIC. Memoodom skeueanenmmvix
npeobpazosanuii TEOPETUUECKH MOXKHO PACCUUTATh JHO0YIO LIETb, U IIPU STOM HCIOJIb30BaTh
MPOCThIE BBIUMCIUTEIbHBIE CPeCTBA. M ke onpenenuts TOK B KaKOH-IMOO0 OJTHOM BETBH,
0e3 pacuera TOKOB APYTUX yYACTKOB LIETH.

IIpumepbl  pacdera  JIMHEMHBIX  JJEKTPUYECKUX  LENed  ITOCTOSTHHOIO  TOKa
C UCIIOJIb30BAaHUEM Memo0a IKEUBANEHMHbIX NPeoOpa308aHuti TATIOBBIX CXE€M COEIUHEHMUS
MCTOYHUKOB U MOTpeOUTENeH SHEPTUH, IPUBEACHBI pacueTHbIE (HOPMYJIbI.



IIpumeps! pacuéra.

3amaua 1. [{ns uenu (puc.l), onpeaennTs 3KBUBAJIEHTHOE COMPOTUBIEHHE OTHOCUTEIHHO
BXOJIHBIX 32)KUMOB a—g, €CJIM U3BECTHO: Ry =R, = 0,5 OM, R3 =8 OM, Ry =Rs=1 OM, R4 =
12 Om, R; =15 ggM Rs =2 OM, Ry =10 Om, R;;= 20 Om.

Puc. 1
Penienue
Haunewm sxseusanenmuvie  npeobpazosariusi CXeMbI C BETBU HauOosee  yaaJeHHOMN

OT UCTOYHHKA, T.€. OT 3aKMMOB a-g:

Ryy = Ro + Rip=10+20-30 Oxt; Ry, = PRy 3015 0
Ry+R, 30+15

Ry = Rg + Riy=2+10-12 On: Ry =ReRs 122120
Rs Ry 12412

Ris =Ry +Rs + Ry=6+1+1=80m; R = Rs - Ris ,ﬁ—,ﬁr On:
Ry+Ris 8+

R, = R, + Ry + R, =0.5+4+0,5=5 Om.

3anaqa 2. OHpC,ZIeJIHTI) OKBHUBAJICHTHOC COIIPOTHUBJICHHUC OTHOCUTCIIbHO 3a’KHNMOB d—b,

eCJII/IRR] =R,=Ry=R4 =RRg - Rq=10 OM (puc.2, a).
! 1 I e

Puc. 2
Pemenue

[IpeoOpasyeM coelMHEeHNE «TPEYTOIbHUKY f-d-c B 9KBUBAJIIEHTHYIO «3Be3ay». Omnpenensiem
BEJIMYMHBI TPE0OPa30BaHHBIX COMPOTUBIIEHUN (pHC. 2, 0):

o ycrnoButo 3a1a4u BETMYMHBI BCEX COMPOTUBIICHUN PABHbI, a 3HAUUT:
R; =R;=R,=3.33 0

Ha mnpeoOpa3oBaHHON cXeMe MOMYYHJIM TapayieIbHOEe COSAMHEHHE BETBEH MEXKIY
y3J1aMH e—b, TOTZ1a K6UEAIeHMHOEe CONPOMUGIeHUE PABHO:
R, - (R +Ry) (R +Rg) _ (333 +.10)'(3,33+10) 6,67 On.

(R, +Ry)+(R; +Rs) (333+10)+(333+10)

" TOTJIa 9K8UBATIEHMHOE conpomuenenue UCXOTHON CXEMBI NpECTaBISIeT

IIOCJIIECAOBATCIIbHOC COCOANHCHUC COHDOTHBHGHHﬁ:
R, =R +R;+R,=10+333+6,67=20 Om.

Pac4yer nocisieqoBareibHOM HeNU MEPEMEHHOT0 TOKA.

3agaua 6.

DnekTpuyeckas 1elb, IOKAa3aHHAasT Ha PHCYHKE, MHUTAaeTCA OT HCTOYHUKA
cuHyconaanbHoro Toka ¢ yactorod 200 I'm m Hampstbxkennem 120 B. Jlano: R =4 Ow,
L=6,37 mI'n, C =159 Mx®.

Bpruncnuth TOK B 1LI€TH, HANPsDKEHUS HA BCEX Y4YacTKaxX, aKTUBHYIO, PEAKTUBHYIO, U
MOJIHYI0 MOIIHOCTU. [IOCTpOUTH BEKTOPHYIO IHArpamMmy, TPEYroJbHUKHA CONPOTUBICHUN U
MOIITHOCTEH.



O

AHAJIN3 U pelleHue 3a1a4n
1. Beruucienue conpoTUBICHUN yYaCTKOB U BCEH 11eMU

NHIyKTUBHOE pEaKTUBHOE COHpOTI/IBJ'IeHI/Ie
Xy =2nf L =2x3,14x200%6,37- 10 Om.
EMKOCTHOE peakTUBHOE CONPOTUBIICHHE
Xc=1/2nfC)=1/(2%3,14x200x159-10° ) Owm.
PeakTrBHOE ¥ OJIHOE CONMPOTUBJICHUS BCEH IIENU:

X=X, -Xe=30M Z="R'+X? =+4* 13" =5 O
2. Briunciaenue Toka M HapsOKCHUH HA y9acTKaX IEIH
Toxk B nenu
I=U/Z=120/5A.
HarmpsokeHus Ha ydacTKax:
U =RI=96B;U,=X.1=192B; U;=X-1=120B.
3. Beruucienne MOIHOCTEN
AKTHBHAs MOIIHOCTD
P=RI[*=U, 1=2304 Br.
PeaxkTHBHBIE MOIITHOCTH:
QL =X, I’=U, 1=4608 BAp; Qc = Xc I’ = U 1 = 2880 BAp.
ITonHast MOITHOCTH ETIN

$=TUI=/P? +(Q - Qc)’ =2880 o

W3 TpeyroiapHUKa ONpEeAeNuM BEIUYHUHY MOJHOIO CONMPOTHUBICHUS Z U yroy (a3oBOro
CIBHTA O

Z=R? + (X -Xc)? =5 Owm:

L_XC

X 3 .
p= arctg = arctgi =37
CrnenoBaTenbHO, B JAHHOM LIENH TOK OTCTAET Mo (ha3e OT HANpPSKEHUS Ha yroid ¢. 3Has

BEJIMUMHY TOKA [, ompenennmM MOIIHOCTH JIJ1s1 OTAEIbHBIX 3JIEMEHTOB U BCEH LIETIH.
P =2304 Bt; Oy =4608 BAp; Qc =2880 BAp.
S=+P* +(QL-Qc)”

TpeyronpHuk MmomHocted B macmrabde: B 1 cm — 1000 Bt (BAp); (BA), moctpoum
(puc. 6 9.0) Ha OCHOBE BBIPRKEHHS U151 MIOJTHOW MOIIIHOCTH
S =P+ (Qu- Qo).

BriObepem Macmitad ajisi TOKa W HampsOKEHUs] U CTPOMM BEKTOPHYIO JUarpammy.
BeKTOpHaH TarpaMMa HarpspDKeHUH CTPOMTCS Ha OCHOBE BTOporo 3akoHa Kupxroda mis
JaHHOM LIETH
U=U,+U,+U..

IIpy mocnenoBaTebHOM COEJMHEHUM DJIEMEHTOB MOCTPOEHUE AMArpaMMbl HAYHHAIOT €
BEKTOpa TOKa I, 1O OTHOIIEHWIO K KOTOPOMY OPHUEHTHPYIOTCS BEKTOpA HANpPSHKEHUM Ha
& y4aCTKax LEINHU: HANPSHKEHUE Ha aKTUBHOM CONMpOTuBiIeHuH U, coBmagaer
; C HUM II0 HaIpaBJIEHWIO, HANPSDKEHUE HA UHIAYKTUBHOCTU U, omepekaer
L] = [lz €ro Ha 90°, Ha emxoctu oTcraeT Ha 90°. [TonHoe HanpsbkeHue U cTpouTes

) »L KaK UX BEKTOpHAasi CymMMa.
I[MapaanenbHoe  coeqMHEeHHWEe  KATYIIKH  HHAYKTHBHOCTH U
=—=¢ 3" kommeHcaTopa




Pacuer mpous3BOAMTCS HAa OCHOBAaHWU IIOCTPOEHUS BEKTOPHOM AWarpaMMbl, IpU €€
NOCTPOEHUM HavaibHas ¢aza HanpsokeHus (o) BblOupaercss paBHodt 0. B BetBH C
KOHJIEHCATOPOM BEKTOp TOKa OyIeT omepekarh HalpshkeHue Ha yroil ¢;. B BeTBu c

KAaTyIIKOM BEKTOP TOKa OyAET OTCTaBaTh OT HANPSKEHUS HA YOI .

Toku B BETBSIX paCCUUTHIBAIOTCS IO POPMYJIaM:
L7

IZ%)' {2 2
! Z, Ly =R+ X,

= areco, .
@ Z,)

L?

I =— 3
Pz, 7, =R+ X,

= areco R .
@, : z. .

I[J'DI ONpCACICHNA BCIINYMWHDBI O6H.[€FO TOKa I, MOXHO BOCIIOJBb30BATECA HCCKOJIBKHMU

crocobamu:
a) I'padmyecku, noCTpOMB B MaclITade BEKTOPHYIO IUarpamMmmy;
0) AHATUTHYECKH (UCTIOJIBb3YS TEOPEMY KOCUHYCOB):

[=\I}+1}+21,-1,-cos(p, — o,

©=arct 1, 'Si”-’/@%f+fz - Sin(@, )
1, -costo, )+ 1, -costo, )}

B) MeTo/10M TpeyrojibHUKa TOKOB:
Kaxnpii TOK packinaaplBa€TCd Ha AaKTUBHYK) COCTAaBJISIIOIIYIO
cocTaBisromyro (I,)

F?
Pq p1
"a? ~
L=1,+1, I,=1,+1,

I,=1costo,) 1,,=1, -cos(y,)
I,=1-sin(9, ) 1,=1I, sinf0,)

5 1.

Jns Hax oK JIeHUS O6H_[€FO TOKa HYXHO CJIOXXHTBb BCKTOpaA ip ta

I=1+1,=1, +1Ta2+[pi +}p2

(I) u peakTHBHYIO

JUisg omnpeneneHuss BEIWYMHBI OOIIErO0 TOKA BEKTOPA IEPECTABISAIOTCS TaKUM 00pasoM,
YTOOBI AKTUBHBIE YACTH TOKOB COCTABIISIM OJIMH KaTeT TPEYroJIbHHUKA, a PEaKTUBHBIC YaCTH

BTOPOI KareT. OOIIUA TOK — TUIIOTEHY3a.

OnpenenuTh BETUINHY 00IIETO TOKA MOXHO UCTIOIB3Ys TeopeMy [ludaropa:

I= \/(zm + 1, )+ (1, +1, )



{fal + faQ ]
P = arecos f

r) MeToa MpoBOIUMOCTEH:

Haxoaum akTuBHYIO0 (g), peaktuBHYIO (b) 1 moaHyto (y) MpOBOJUMOCTh BETBEH:

R -4
g =—=7 b= =

R X,
g =TTibh =%
Z Z
2 2
Ly =R+ X
1
2 2
¥.=AE Tl :Z_;

HaXOI[I/IM BKBI/IBaHeHTHyI'O HpOBOI[I/IMOCTB 1ICIIn.
=818, by=0b+by;

- 1
FYa =& Jr‘532 = ?f

R,=g. 232: 7 Xy=by 232—73
Y2 >
o
J = = E"v A )‘
Z, Y3
(2]
©=arceos — |;
L5
3agava 7.

Pacuer napaienpbHOM LEny NEPEMEHHOTO TOKA.
JlaHa nmapajuienbHasl Ielb NEPEMEHHOr0 ToKa: R, =24 0wma; R, =300mM; X, =32 S, =430 BA.

OnpenenuTs napaMeTpsl LENMU U TOCTPOUTH BEKTOPHYIO THArPAMMY.

Xl-l

Ry

OHpCI{CJ’IHeM IIOJIHBIC COIIPOTHUBJICHUA BETBEU

Z,=R? + (X,,_X )% =242+ 322 =4/1600 =40 Om
Z,= yFE =30 =300m

; =1*%z,= 16*30=480 BA

i =2=%_120B

u 2
=—2t=2=3A

Z

s, =12 ¥7, =9 * 40 = 360 Br

o x

— A=A 32
Sin o, =fts =2 =08
Cosay=72=2=1

. b A,

Sine, ==2"2= ()

Z,
Iy =L *Cose; =3%0,6=1,8A
Ip; =1, *Sine, =3%0,8=24 A



;=L *Cosa;=4*1=4A

Ip; =L *Sine,=4*0=0A
pL=1*R,=9%24=216Brt

=1} *R, =16 * 30 =480 Bt

P= 216 +480=696 Br
QI.:QKLL_QXEIZ(IE*HLL)_(O): *32:288]33.]3
Q: = Quz — Quez = 0 Bap

Q=0, +q, =288 Bap
S=1*U=6,36 * 120 =763,2 Bt

S =P+ Q* =+/696% + 2887 = 753,2 Bt

L= 1,6+4=58A

L= 24+0=24A

= + L)+ (Ipy + Ip,)? =,/34.64+ 576 =304 = 6,36 A

[ens TpexdazHOro MNEPEeMEHHOTO0 TOKa COCTOMT M3 Tpex(a3HOTrO HMCTOYHHUKA THUTAHUS,
Tpex($a3zHOro MOTPEOUTENS U MIPOBOIHUKOB JTUHUU CBSI3U MEXKIYy HUMHU.
CummeTpuuHbli Tpexdas3Hbli HCTOYHUK MUTAHUS MOXHO TMPEICTaBUTh B BHUJIE TpeX
0HO(a3HBIX UCTOYHUKOB, pa0OTAIONIUX HA OJHOM YaCTOTE C OJITMHAKOBBIM HANPSKEHUEM U
MMEIOIINX BpeMeHHOM yrou casura (a3 120°. 3Tu UCTOYHUKUA MOTYT COCAUHATHLCS 3BE3A0U
WJIA TPEYTOJIbHUKOM.
[Ipu coenvHeHHMH 3BE3/10M YCIOBHBIE Hauyaja (a3 HCMOIB3YIOT ISl MOJKIIOYEHUS TPEX
JTUHENHBIX MpoBOoAHUKOB A, B, C, a KOHIBI (a3 00BEAUHSIOT B OJJHY TOYKY, Ha3bIBAEMYIO
HEUTpalbHOM  TOYKOM  WCTOYHMKA  TUTaHus  (Tpexda3sHoro  reHeparopa WU
tpancdopmaropa). K 3Toli Touke MOXKET MOAKIIOYaThCA HeWTpanbHbld poBog N. Cxema
coeMHEeHUs a3 UCTOUHMKA TUTAHUS 3BE3/I0M MPUBEICHA Ha PUCYHKE a.

Hanpspkenue Mexay JUHEWHBIM W HEWTpaJbHBIM IPOBOJAMHM Ha3biBaeTCs (a3HbIM, a
MEXAY JIMHEHHBIMU TPOBOJAMU — JINHEWHBIM.

S
L B s
. i
[,f.\.:j_ 123
= L
oN oC

Puc. Cxemsbl coenuaenust a3 MCTOUHUKA TUTAHUS: a — 3BE€3/10M; O — TPEYTOJIbHUKOM

B komrutekcHoM (hopMme 3anucu BeIpakeHUs 11l (Pa3sHbIX HaNpsS KEHUN UMEIOT BUJ:
U=UB U=Ué"B U=Usf"nB
CoOTBETCTBYIOLINE UM JIMHEHHBIE HAIPSKEHUS MPU COSUHEHUH 3BE3/0M:

Ue=U,-U=Uée" B, Up=U-U=Ue"B,

Ues=U-U=Ué™ B.

3necs Up — monynp (a3zHoOro HaAnpsDKeHHS HMCTOYHWKA muTaHus, a Un — MOAyJb
JUHEHHOTO HampsbkeHusa. B cummerpuuHoil TpéxdaszHol cucrteme, npu coenuHeHuu ¢as
HMCTOYHMKA 3BE3/I0W, MEXKIY 3TUMHU HANIPSIKEHUSIMHU €CTh B3aUMOCBS3b:

U, =30,

[Ipu BxitoueHun ¢a3 TPEYroJbHUKOM (a3HbIE WMCTOYHUKHA TUTAHUS COCIUHSIOT
MOCJIeI0BATEIbHO B 3aMKHYThHIH KOHTYp (PUCYHOK 1, ).

N3 Touek 00beIMHEHNS UICTOYHUKOB MEXAY COOOM BBIBOASTCS TP JMHEHHBIX MPOBOAA A,
B, C, unymme x Harpyske. 13 pucynka 1, 6 BUIHO, 4TO BBIBOJBI (ha3HBIX HCTOYHHKOB
NOJKJIIOYEHbl K JIMHEHHBIM MPOBOJHUKAM, a, CJEJ0BAaTENIbHO, MpU coeauHeHuu ¢a3


http://electricalschool.info/main/osnovy/583-trekhfaznyjj-peremennyjj-tok.html
http://electricalschool.info/spravochnik/electroteh/771-raschet-cepejj-peremennogo-toka.html
http://electricalschool.info/spravochnik/electroteh/

UCTOYHUKA TPEYrOJIbHUKOM (pa3HbIE HAPSKEHUS paBHBI JIMHENHHBIM. HelTpanbHblil poBoa
B 3TOM CJIy4ae OTCYTCTBYET.

K tpexda3zHoMy HCTOUHHMKY MOXKET MOAKIOYAThCS Harpyska. Ilo BennuumHe u xapakrepy
Tpé€x(da3Hast Harpy3Kka ObIBA€T CHMMETPUYHON U HECUMMETPUYHOM.

B cmydae cuMMeTpHUYHON Harpy3kd KOMIUJIGKCHBIE CONPOTUBJIICHHS BceX TpEX a3
OJIMHAKOBBI, & €CJIM ATH COMPOTUBIICHUS PA3IIUYHBL, TO HAarpy3Ka HECUMMETPUYHAsL.

[Tpu moOom xapakTepe Harpy3ku TpéxdasHas akTUBHAS U PEAKTHBHAs MOIHOCTU PaBHBI
COOTBETCTBEHHO CyYMME€ AaKTHBHBIX M PEAKTUBHBIX MOIIHOCTEH OTHeNbHBIX (a3. [
OIpeJeeHus STUX MOLIHOCTEN (ha3 MOXKHO BOCIIOJIb30BAThCS BHIPAKEHUEM
Sy =Upl,=F +j0,
rae Ud,ld, — xommieke HanpspKeHUS W CONPSHKEHHBIA KOMIUIEKC TOKa Ha (a3e Harpys3KH;
P¢, Q¢ — akTUBHAs U peakTUBHAS MOILIHOCTHU B (ha3e Harpy3KH.

Tpéxdasznas akruBHas MomHOCTE: P = Pa + Pb + Pc
Tpéxdasznas peaktuBHast MoutHOCTE: Q = Qa + Qb + Qc
Tpéxdaznas nosHas MOLUTHOCTB!

§ =P+

Ha da3zax Harpy3ku HaXxoJsAT TUHEHHBIC HAPSDKCHHS UCTOYHNKA TUTaHUs. Da3HbIC TOKU B
Harpy3ke ompelessioT ¢ MoMolbio 3akoHa Oma jis ydactka nenu Ip = Ud/zd, rne U —
(da3Hoe HamnpspDKeHHWE Ha Harpyske (COOTBETCTBYIOIEE JMHEHHOE HaNpsHKEHHE MCTOYHUKA
MUTaHuA); Z(§ — MOJTHOE CONMPOTUBJICHUE COOTBETCTBYIOMICH (ha3bl HATPY3KH.

Tokn B MMHEHHBIX TPOBOJAX OMPEACIAIOT depe3 (Da3HbIle Ha OCHOBAHWUHU TEPBOTO 3aKOHA
Kupxroda nis kaxxaoro yzia

i_a :E:&_L:: if:‘ :{ﬁ\c =i

Labs ii‘ zir::_{&:

3agaua 15. O6MoTKH Tpex(a3HOro reHepaTopa COSIUHEHBI MO0 cxeme ‘“3Be3na’, 3.1.C. B
Hux 220 B. IlocTpouTh BEKTOPHBIE AMArPaMMBbl U ONPEACTUTD JTUHEUHBIC HANPSKEHUS IS
CXEeMbl COEMHEHUS, B KOTOPOW B OJHOM Touke cxoasaTcs: a) X Y Z0) X BZB) X B C.
Hauana oomotok — A,B,C, xonupsl oomotok — X,Y,Z. IIpuHsaTh Harpy3ky Ha reHeparope
PaBHOM HYIIIO.
a) Jlis 1aHHOM CXeMbl COCUHEHHUs BEKTOpHAs auarpamma OyJeT BBITJISACTH CISAYIOIINM

obOpa3zom

A A
I Uca Uss
X 1Y Y
]
/ z \ z °
c B c Usc B

JIuHenHbIe HANPSDKCHNUS B TAHHOM CITy4ae OyIyT paBHBI M OPEICIISATECS KaK
0) Tax kak oOmorka BY mnoakitoueHa HayaloM B HEUTpaJbHYI0 TOYKY, TO BEKTOP

HanpsKEHHUST OKa3bIBACTCA MOBEPHYTHIM Ha 180 OTHOCUTEIHFHO HOPMAJIBHOTO MOJIOKEHHUS.
A

JIuHeliHble HANIPSKEHUS B JAHHOM TIpUMepe OyIyT Pa3HBIMH 110 3HAYECHUIO

Ucs =/3U,; =380 B


http://electricalschool.info/main/osnovy/1227-zakon-oma-dlja-uchastka-cepi.html

B) B maHHOM cilydae OTHOCHTEIbHO HOPMAJBLHOTO IOJIOXKECHHS MOBEPHYTHI BEKTOpa JBYX
o0MoTOK — BY u CZ.

A

T

Kak u B mpenpiayeM npumepe, TMHEHHbIE HAPSKEHNs He Oy1yT paBHbI

Uzy =3U; = 380 B

3agaua 16.

K 3axxumam npueMHHKa MOJACOeNUHEH TpeX(a3HbIil reHepaTop, Kak MOKa3aHO Ha CXEMe.
OnpenenuTs TMOKa3aHus ammnepMeTrpoB Aj,A, u das3Hsie TokH, 3Has, uro U,=380B, R=50
Om, x;=35 Om.

A I

OnpenenuM KOMIUIEKCHBIE 3HAUEHUSI CONMPOTUBIIEHUS (ISl yI0OCTBa BBIYMCIECHUN Oynem

MIEPEBOJIUTH B TIOKA3aTEIbHYIO (DOPMY)
Zy,=R+jx; =50 +j35 =61/*° Om

Zg =R =500m

Zo = jx; = 35e/°° Om

Hanpspxenus B pazax Oynet paBHO

U, =% =12208

N
Uy =220e 71208

U, =220e/120B

U, 220 .
i —j33
4=, = groms = 361e7F A
. U 220e77120 _
lg=——=———=44e77120 7
B, 50 €
Us 2208120 .
£- =6.200/%0 A

=7~ 38T

Toku B pazax ==
Tox B HeWTpambHOM TPOBOJE paBeH (I ynoOCTBa CIIOKEHHUS CHayajia MepeBeleM W3
MoKasaTeIbHOU (GOPMBI B allreOpandecKyo, a 3aTeM Hao00poT)
Iy=1I,+1Ig+ I, =1(-326+j1,55) + (3,58 — j2,55) + (0,97 — j6.21)
=1,29 —j7,21 = 7,32e 7804

COOTBETCTBEHHO, ITOKA3AHUS aMIIEPMETPOB OYAYT CIIEAYIOIMMU:
IAI = !A =3.61A

I,=1Iy=732A
3agaua 17.


http://electroandi.ru/toe/peremennyj-sinusoidalnyj-tok.html

K 3axumam mnpuemMHHKa, MNOJACOEAMHEH Tpex(a3Hbli TeHepaTop, OOMOTKH KOTOPOIO
COEMHEHBI TI0 CXeME «TpeyroibHUK». Onpenenuts (a3Hble U TUHEHHBIE TOKH, TOKA3aHUs

BOJIBTMETPA, 3Has, YTO JIMHEHOoe HanpshbkeHue paBHo 220 B, R=25 Owm, x;=x=10 Owm.
A Ia

B Ts R Tec

Kak u B npenpiaynien 3agaye, B NEPBYO OUEPEIb ONPEAETUM KOMILIEKCHI COITPOTUBICHUN
Z,;5=25—j10=27e722 0m

Zge = 250M

Zcy =25+ 10 = 27¢/%% Om
da3Hoe HaNPSHKEHKE MPU JaHHOM COESIMHEHUU OYJET paBHO JUHEHHOMY, CJI€I0BATEIBHO
U,z =220e3B
Ugr =220e7°°B
Upy = 220130 B
DasHbIe TOKH IIDH HECHMMETPUYHOUN HArpy3Ke HE PaBHBI
U, 2208

fig==2=——>5=12815e"2 A
AE T Z.s 27ei22

_ Uge  220e7/%°
BC ™z, 25

=88e /04

Ucs 2208730

_Zca _ 128
lea=7_. = Z7gz = 815e/A

Jlist onpenieneHust JIMHEWHBIX TOKOB MpEICTaBUM (pa3Hble TOKU B anredpanyeckoi ¢opme
KOMIIJIEKCHOT'O YUCIIa
[y =1l —Ics=1(~1.33+j8.04) — (—133+j5.88) =j2.16 4

fg=1Igc—I,5=(-1.43 —j7.87) — (—1.33+8.04) = —0.1—j15.91 4

fe=1Ics—Igc=(-1.33+/8.04) — (-1.43—7.87)=0.1—j13.754
CyMMa TMHEHHBIX TOKOB

fy+1g+1-=j2.16+ (—0.1—j15.91) + (0.1 —j13.75) = 0

PaBeHCTBO HyII0 CyMMBbI JMHEHHBIX TOKOB SIBISIETCS CBOMCTBOM 000U TpéxdazHoi
CHUCTEMBI.

UtoOBI ompeenTh MoKa3aHusl BOJIBTMETPA, HAWIEM CyMMY TaJICHUN HaNpsOKEHUS HA X U
R B cooTBeTCTBYIOMIMX OOMOTKAX.

U, =Ica(x;) + fgcR = (—1.33 +j5.88) = j10 + (—1.43 — j7.87) = 25

= (—58.8 —j13.3) 4+ (—35.75 — j196.75) = —94.55 — j210.05 = 230e/%°

=230B

Pacuer MarHuTHOM LENH

MarHuTHOM HeNnbK HAa3bIBAIOT COBOKYIHOCTbH TEJ WM CPE, MO KOTOPBIM 3aMBIKACTCS
MarHUTHBIN MMOTOK.

[Ipu pacuere MarHUTHOM 1IETIH PENIACTCS OJHA U3 ABYX 3a/a4 - mpsMasi win oopatHas. [Ipu
pELIeHUH TPSIMOM 3a7a4d JTOJDKHBI ObITh JaHbl: MArHUTHBIA MOTOK B paboyeM BO3AYIIHOM
3a30pe, pa3Mepbl MAarHMTONpoOBOJAa U  Marepuajl  MarHuronposojga. Marepuan
MarHuTONPOBOAA  3aJaeTCs B BHUJE KPUBOW HaMarHMYMBaHUs. HeoOXoIMMoO ompeaenuTh
HAMATHMYMBAIOIIYIO CUJTY KATYIIKH.



[Ipu pemiennn oOpaTHOW 3a7auM 3aJaHbl HAMArHWUYMBAIOUIAs CUja, pa3Mepbl U MaTepual
MarHuTonpoBoaa. Heo6xoamumo HaiiTh MATHUTHBIN MOTOK B paGoyeM BO3AYIIHOM 3a30pe

[Ipsmas 3amada. JlaHo: mOTOK B paGodeM BosayimmHOM 3azope Pgs, pasMepbl MarHUTHON

uenu, KpuBas HamarHuuuBanusi mMarepuana B (H).  HaliTu: HamarHm4mBamomniyr cuily
katymku (IW).

3aKOHBI 1JII MATHUTHOM LENH

Kak B snekTpuyeckod Lenu cuja TOKAa 3aBHUCUT OT NPUJIOKEHHOIO HANPSKEHUS U OT
CONPOTHUBJIEHUS, OKa3bIBAEMOI'0 3JIEMEHTAMU 1€MW, TaK U B MAarHUTHOW LEMU MarHUTHBIN
NOTOK @ 3aBUCHUT OT IMPUJIOKEHHOM MAarHUTOJBIOKYIIEH CHJIBI (M.JI.C.) YACIIEHHO paBHOM 1,

w
Y OT CONPOTHUBIIEHUS R MArHUTHOMY ITOTOKY: D= o (1)
M

MarautHoe COmpoTUBIIEHUE Ry OmpenenstoT B 3aBUCUMOCTH ,OT JUTHHBI CHJIOBBIX TVHANA [

(M), IIOMAH TOMEPEYHOr0 CEUSHHsI CUIOBOrO MOTOKa S (M°) M aGCOTIOTHON MArHHTHOM
/

— @

H,S

[lepserit 3akon  Kupxroda Yo=0 (3)

nponunaemoctu u, (B6/A.m): R, =

Anre6pa1/1qec1<aﬂ CYMMa MAI'dHUTHBIX IIOTOKOB B Y3JIC MAaIrHUTOIIPOBOJAA PpaBHA HYJIIO.

Bropoii 3akon Kupxroda
DF=>U,=>H1 (4)
AnreOpandeckas cymMma TaJeHU MarHUTHOTO HaNpsKEHUsI BAOJb 3aMKHYTOTO KOHTYypa
paBHa anredpandeckoir cymMmme MJIC, nelicTBYIOIIMX B KOHTYPE

3akoH OMa
UM :@'RM (5)
l
I'ne R (6)
TS ﬂoﬂS
3aKOH MOJHOr0 TOKAa - OJWH W3 OCHOBHBIX 3aKOHOB JJICKTPOMATHUTHOTO IIOJIS.

YcraHaBnMBaeT B3aMMOCBS3b MEXKIY MATHUTHOW CUJIOM M BEJIMYMHOW TOKA, MPOXOJSIIETO
yepe3 MOBEpXHOCTh. [loJl TMOJHBIM TOKOM TOHMMAeTCs anredpanyeckasi CymMma TOKOB,
MPOHU3BIBAIOIINX [MOBEPXHOCTh, OTPAHMYEHHYIO 3aMKHYTBIM KOHTYpOoM. PaccMoTpum
IJIOCKOCTh, 4YE€PE3 KOTOPYK NEPIEHAUKYIAPHO K HEUW IPOXOJHUT MPOBOA C TOKOM .
Hanpsixennocts H MarHuTHOTO MOJISE HA PacCTOSHUM a OT LIEHTpa npoBojaa pasHa H = B/,
= I/(2ma), otkyaa tok I = H2na = HL. [Ipou3Benenne Hanpsi;KEeHHOCTH MarHUTHOTO TIOJS U
JUTMHBl MarHUTHOM JIMHUM L = 2ma - HEe 4YTO MHOE, KaK MarHUTOJABWXKYyIias cuia F,.
IToBepXHOCTh, OrpaHUYECHHYIO MAarHUTHOW JIMHUEH, IIPOHU3BIBAECT TOJILKO TOK I, mosromy
anreOpanueckasi cyMmma TOKOB paBHa camoMy Toky XI;, = 1. Orcrona XI; = F,. D10 1 ectb
AHAJIMTUYECKOE BBIPAXKEHHUE 3aKOHA MOJIHOTO TOKAa. HaMaramumBaromas cuiia B1oJib KOHTypa
paBHa MOJIHOMY TOKY, MPOXOJAIIEMY CKBO3b IIOBEPXHOCTh, OTPAHUYEHHYIO 3TUM KOHTYpPOM.
B obmiem ciiydae Hanmpss>KEHHOCTH MOJIS Ha Pa3IMYHBIX YYaCTKaX MAarHUTHOW JIMHUUA MOXKET
MMETh pa3HbIe 3HAYCHHWSA, M TOTJla HAMarHW4YMBaromas cujia OyAeT paBHA CyMMe
HAMarHAYMUBAIOIIUX CUJT KaXI0N JTUHUN
--------- FM = H1L1+H2L2+ H3L3+. ..

o 7, 3agaua Nel8.
) 2 VA Bananue. JlaHa MarHWTHas [EMb HMX 3JCKTPOTEXHHUECKOMN
4 CTaJli, U300pa’keHHasi Ha pUCyHKe. MarHuTHas 11enb COCTOUT U3
x4 xs TpPEX OJHOPOJHBIX Y4acTKOB 1; 2; 3. OmnpenenuTs 4UCIO BUTKOB
Riseiling i karymku, econ: © = (A+43,5) B6; X, =(b+6)cem; Xo = (B +
},”‘-’:‘gz 8)CM X3=(A+b+20)cem; Xy=(A+B+6)cm;
vy LA v 4{ Xs=(b+B+6)cm; Xg= (A + 15) cm; X;= (b + 6) c™m; 5=
1k (0,5tA)cem; I=(A+5)A.



javascript:;

2.

JlaHa MarHuTHas 1EMb U3 AIEKTPOTEXHUYECKON cTanu. Llernb cocTout us3 Tpex OZTHOPOJTHBIX
y4yacTKoB. Pa3Mepsl L€y JaHBl HAa PUCYHKe B MM. MaruuTHeli notoxk @ = 43,2 -10™ B6.
OnpenenuTs YUCIIO BUTKOB KaTylIKH, eciid X = 6 cM; X, = 8 cm; X5=20 cm; X, =6 cm; X
=6cM; X¢= 15 cm; X7=6 cmMm;

[=0,5cm.
OHpeI[eJ'IHeM IIomaab IMOMnCpeIYHOro CCUCHUA KaXKI0T0 y4acCTKa.
S =X,-X,
S =X, - X,=(6-102)-(6-107)=36-10" 17 (6cM = 6-107 m);
S, =X, X,
S, =X,-X,=8107-6-107 =48-10"»*(8cM = 8- 107 m);
S; =5,

S, =S,=36-10"»" (BO3AYIIHBIH 3a30D).
OmnpenensieM MarHUTHYIO UHAYKIIMIO Ha K&KJOM y9acTKe

5 -2
Sl
@& 43,2-10*
e
5-2
S2
—4
P
S3
@ 43,210
=—=——=1,2Tn
S, 36-10

3. Ilo KpuBBIM HaMarHWU4YMBaHUS JJIs JINCTOBOW 3JIEKTPOTEXHUUYECKON CTalu OMpeAessieM
HaIpPsHKEHHOCTh MEPBOT0 U BTOPOro ydactkoB: H; =1000 A/m; H,= 500 A/m.
4. Hanpsi>K€EHHOCTh B BO3TYIITHOM 3a30p€
H, -5 =L_7 ~1-10°4/ m
Uy, 4710

5. CocTaBisieM ypaBHEHHUE MO 3aKOHY IMOJHOTO TOKA I MATHUTHOW LIETIH

IW=H\l +H,l +H.L
6. OnpenernseM CpeIHIOK JJIMHY KaXKI0r0 y4acTKa

[, =20+3+9+4+3+19,5=54,5cm =0,545nm;

L=4+9+4=17cm=0,17nm;

l;,=0,5cm=0,5- 107
7. OnpenesnisieM Yuciio BUTKOB

6 -2
W:Hlll+Hjl2+H3l3 =1000 0,545+500 05,17+1 10”-0,5-10 — 1126 BUTKOB

Pacuer Tpancopmaropa

TpancpopmaTop — 3TO CTATUUECKOE JIEKTPOMArHUTHOE YCTPOMCTBO, UMEIOIIEE IBE WU
0oJiee MHAYKTHUBHO CBSI3AHHBIC 0OMOTKHU Ha KaKoOM-JIL00 MarHuTOMpPOBOAE U
MpeHa3HAYCHHOE JJIs TIPEe0Opa30BaHUs MOCPEACTBOM ICKTPOMATHUTHOW MHAYKITUN OJTHOM
WIM HECKOJBKUX CHUCTEM (HANpPSHKEHUN)IIEPEMEHHOTO TOKA B OJIHY MJIM HECKOJBKO JIPYTUX
cUCTeM (HampsOKeHUI), 0€3 U3MEHEHHS 9acTOTHI.

Tpanchopmarop ocyiecTBisieT NpeoOpa3zoBaHUE NEPEMEHHOTO HAIPSKEHUS B CaMbIX
Pa3IUYHBIX 00JACTSIX MPUMEHEHHUS - FJIEKTPOIHEPTETUKE, DIIEKTPOHUKE U PATUOTEXHUKE.


https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D0%B4%D1%83%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BE%D0%BF%D1%80%D0%BE%D0%B2%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BC%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BD%D0%B0%D1%8F_%D0%B8%D0%BD%D0%B4%D1%83%D0%BA%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B5%D0%BC%D0%B5%D0%BD%D0%BD%D1%8B%D0%B9_%D1%82%D0%BE%D0%BA
https://ru.wikipedia.org/wiki/%D0%A7%D0%B0%D1%81%D1%82%D0%BE%D1%82%D0%B0_%D1%81%D0%B5%D1%82%D0%B8

KoHCTpykTUBHO TpaHCHOpMATOpP MOMKET COCTOATH M3 OJIHOM (aBTOTpaHcPOpMaTop) WU
HECKOJBKHX W30JIMPOBAHHBIX MPOBOJOYHBIX, JIMOO JIEHTOYHBIX OOMOTOK (KaTyIIEK),
OXBAaThIBAEMbIX  OOIIMM  MAarHUTHBIM  TOTOKOM, HaMOTaHHbBIX, KaK  IPaBUJIO,
Ha MarHUTOIPOBOI (CEPJIEUYHUK) U3 PEPPOMArHUTHOTO MAarHUTO-MSITKOTO MaTepHaia.

2

i
=3

+ ;:::

1

1 .

UIHO()a3HbIU IBYXOOMOTOUHBII TpaHChopMaTop

B mpomecce pabGoTel omgHO(aA3HOTO JABYXOOMOTOYHOTO TpaHchopMaropa B  €ro
MarHUTONPOBOJIE HABOJUTCS NEPEMEHHBIM MarHuTHBIA MOTOK. OCHOBHAsi 4acTb 3TOTO
noroka ®D,.. (MakcuMaldbHOE 3HA4YE€HHUE), CIEIUILICh C OOMOTKOM TpaHchopmaTopa,
MHIYKTHPYIOT B HUX nepemeHHble D/[C, neMCTBYIOMNE 3HAYECHNSI KOTOPBIX ONPEIEIIIOTCS:
JUIS IEPBUYHON OOMOTKU E, =4,44-®D,_ - f,- o,
JUIsl BTOPUYHOU OOMOTKU E, =4,44-®D, - f,- w,,
I7I€ f, 4acTOTa MEPEMEHHOr0 TOKa, ['1;

@, U ,- 9YUCJI0 BUTKOB IIEPBUYHON U BTOPUYHON OOMOTOK TpaHcpopmaTopa.

MakcuManbHOE 3HaU€HUEe OCHOBHOI'O MarHUTHOT'O ITI0OTOKA, Bb
czjmax = B : QCT ) kC

max

rie B_, - MAaKCUMaJIbHOE 3HAYEHUE MAarHUTHOW MHAYKIIMU B CTEP’KHE MarHUTOMPOBO/JIA;

O, - TUIOIIAb TIOTIEPEYHOTO CEUCHUSI CTEPKHS TpaHcPopMaTopa, M

k. - x03(h(dUIMEHT 3aMoJHEHUSI MarHUTOIPOBOJIA CTANIbI0, KOTOPBIA YUUTHIBACT
TOJIIUHY W3OJALMOHHBIX MPOCIOEK MEXIY IMIACTUHAMM SJIEKTPOTEXHUYECKOW CTaiu, Mpu
TOJIIUHE TIaCTUH
0.5 MM 1 006b1uHO MpuHUMaeTcs 0.95.

Koydduumnent Tpanchopmanmnu tpanchopmatopa - 5TO BeIUYHHA, BBIpaXaromas
peoOpa3oBaTEbHYI0 XapaKTEPUCTUKY TpaHchopMaTopa OTHOCHUTEIBHO KaKOro-HUOYIb
napameTpa JIEKTPUIECKOM ey (HaMPsHKEHUs, TOKa, COIPOTUBIICHUS U T. 11.).

Kosdbdummentom tpanchopmanmu (K) HazpiBaeTcsi OTHOIICHHE HanpsbkeHus: oomMoTkn BH
K HanpsokeHnto ooMotku HH nipu xonoctom xone Tpancdopmaropa:

e (Weg | | B2E \iz Urn
\Pag ) \fmm) Umm

[Ipu mpoekTupoBaHuM TpaHC(HPOPMATOPOB OCHOBHBIM TIAPAMETPOM  SBJISIETCS  €TO
MOITHOCTh. MIMeHHO oHa ompenensier rabaputbl TpaHnchopmartopa. IIpu 3TOM OCHOBHBIM
onpenensronuM (paxkropom OyaeT MoIHas MOIITHOCTh, OT/IaBaeMasi B Harpy3Ky:

S,=U,-1,

MOJIHAsE MOUTHOCTh MEPBUYHON OOMOTKU S ,=U, - I,
rae U, - HanpsbKeHHe MepBUYHON 00MOTKH, B;

U, - HalpshKEHUE BTOPUYHON 0OMOTKH, B;

I, - TOK IEpBUYHON OOMOTKH, A;

I, - TOK BTOPUYHOU OOMOTKH, A.

HomuHaneHbIE TOKM TIEPBHYHOM M BTOPHUYHOM OOMOTOK ompenenuM u3 (Gopmysisl
HOMUHAIBHOW MOITHOCTH TpaHchopMaTopa:
SI-[ = UEHIEH F UIHIII{;


https://ru.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D1%82%D1%80%D0%B0%D0%BD%D1%81%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BE%D0%BF%D1%80%D0%BE%D0%B2%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%A4%D0%B5%D1%80%D1%80%D0%BE%D0%BC%D0%B0%D0%B3%D0%BD%D0%B5%D1%82%D0%B8%D0%B7%D0%BC
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%8D%D1%80%D1%86%D0%B8%D1%82%D0%B8%D0%B2%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%A2%D1%80%D0%B0%D0%BD%D1%81%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%82%D0%BE%D1%80

KoaddummenT monesnoro nerictBust Tpanchopmaropa (K.IL.1), KaK U B IPYTAX MOITHBIX
YCTpPOMCTBAxX, SBIAETCS OJHUM U3 BaxHemmx mapameTpoB. KIIJ[ Tpanchopmaropa
OMpeNeNseTCsl KaK OTHOIICHHE aKTUBHON MOIIHOCTH TEPEMEHHOr0 TOKa, MOTpelisieMoit
Harpy3Koil K akTUBHOW MOLIHOCTH, MOTPEOJIAEMON OT 31eKTpoceTH. DopMyiia ONpeaesieHUs
KI1JT 3aIUCBIBACTCS CICAYIOMINM 00pa3oM:
£ B Ul cos @

E+H +FAgq, Ul cosgg+Fg, +5
rae Pc - moTepH B CepCIHUKE TpaHchopmMaropa (IMHAMUYECKUE U CTATUYECKHUE);

Fyme =13 713 - oTepH B €0 0GMOTKAX;

rp=nt—g
»' - aKTMBHOE CONPOTHBIICHHE BCEX OOMOTOK TpaHc(hopMaTopa, IPUBEAEHHOE K
BTOPHUYHOM LEIN.

Harpy3oynasi cioco0HOCTH TPaHC(HOPMATOPOB

Harpy3ouHoil crmocoOHOCTBIO TpaHCHOPMATOPOB HA3BIBAETCS COBOKYIMHOCTD JIOMYCTUMBIX
Harpy3o0Kk © Teperpy3ok tpaHchopmaTtopa. WCXOIHBIM pEXKUMOM JJIS  OINPEICIICHHUS
Harpy304HOM CHOCOOHOCTU SIBIISIETCSI HOMHUHAJIBHBIM PEXUM padbOThl TpaHchopmaTopa Ha
OCHOBHOM OTBETBJICHUU NPHU HOMHUHAJIBHBIX YCIIOBUSIX MECTA YCTAHOBKM M OXJIAXIAIOIIEH
Cpelbl, ONPEAEIAEMBIX COOTBETCTBYIOIIUM CTaHIAPTOM WM TEXHUUYECKUMU YCIOBUSMU.

JIOITyCTUMBIM  PEXXKMMOM HArpy3KH HA3bIBAETCA PEXKUM MPOJOHKUTEIIBHON HArpy3Ku
TpaHchopmaropa, Mpu KOTOPOM pACUYETHBIM H3HOC HM3OJISIIUM OOMOTOK OT HarpeBa He
MPEBBIIIAET U3HOCA, COOTBETCTBYIOIIETO HOMUHAILHOMY PEeXXUMYy paboThl. [leperpy3odHbiM
CUMTAETCS TAKOM PEXKUM, MPU KOTOPOM PACUETHBIM M3HOC M3OJISIUUA MPEBOCXOIUT HU3HOC,
COOTBETCTBYIOIINI HOMUHATLHOMY PEXKUMY PaOOTHI.

OcHoBaHueM JIJIsi OTPAaHUYEHHBIX BO BPEMEHM HArpy3ok padboThl TpaHchopmaTtopa, B TOM
YUCJIE€ U BbIIIE HOMUHAJIBHOM, SIBISIETCS HEMOJIHAS Harpys3ka TpaHcdopmaTopa B MEpUO,
MPEILIECTBYOIMUN AOMYCTUMOW HArpy3Ke, M IOHWKEHHAas TeMIlepaTrypa OXJIaXKIaroLen
cpenasbl (BO3AyxXa WU BOBI).

B peanpHbIX yClOBUSIX TpaHCPOpMaTOp MOKET paboTaTh HE TOJBKO B HOMHUHAJIBHOM
pexunme. )_—[JISII OIICHKM CTENEHW €ro 3arpy3kd MO TOKY HCIHOJIb3yeTcss KOA(PGUIIUECHT

.

Harpy3ku 2H

rae oy - HOMUHAIBHBIM BBIXOJAHOW TOK TpaHcdopmaropa. Torma TOK BTOPHYHOMN
0OMOTKH MOHO 3alucaTh CICAYIOIIUM 00pa3oM:
L= Bhy

ITociie mOACTaHOBKH 3TOTO BBIPAKECHUS B (bopMyny KII/, BeIpaxkeHre NI BBIYUCIIEHUS
KIIJT TDchg)IODMaTODBI MIPUHUMAET CJICTYIOIIUM BU] C yueTOM K03 (UIIMEHTA HATPY3KHU:
p= Lgrosd _
UsBhigros@+ 5+ 8lg 1
3aBucumocts KIIJI or Harpy3ku. 3agaBasch 3HaueHHEM KOI(PPUIIMEHTA HATPy3KH
tpancdopmaropa ot 0 10 1 MokHO TTocTpouTth rpaduk 3aBucumocT KIIJ[ oT Harpy3ku.
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3asucumocts KITI TnanchoomatonoB n ot Harnvi3ku B

IIpu B = 0 mone3nas mourHOcT, W KIIJ] paBHbl Hymo. C yBeIMYEHHEM OTIaBAEMOM
MourHoctu KIIJ[ yBenuumBaercsi, Tak Kak B SHEPreTUYECKOM OallaHCe YMEHBIIAeTCs
YAEIbHOE 3HAYCHHE MArHUTHBIX MOTEPh B CTAJIM, UMEIOLIMUX IOCTOSIHHOE 3HadyeHue. [lpu
HEKOTOPOM 3HaueHUU P KpuBas KIIJ[ mocturaer makcmmyma, TOCIIE€ Yero HaYMHACT
YMEHBIIATHCS C YBEJIMYEHUEM HArpy3Kd. [[pHUrHON 3TOro ABISETCS CUIBHOE YBEIWUYCHHE
ANEKTPUUECKUX MOTEPh B 0OMOTKAX, BO3PACTAIONINX MPOMOPIIMOHAIBLHO KBapaTy TOKa, T. €.
IPOMOPIMOHAILHO P, B TO BpeMs KaK IIOJIE3HAS MOLIHOCTb P, BO3PACTAET TOJNBKO
POMOPIIMOHATILHO 3.

MakcumanbHoe 3HaueHue KIIJ B Tpancdopmaropax OONBIIOW MOIIHOCTH JOCTUTAET
BechMa BbICOKUX MpenenoB (0,98—0,99).

3agaua 19.
Tpexdaznsiii TpaHchopMaTop UMeeT cieayromue mapameTpsol: Syoy = 1000 kBA;, Upory =
10kB; Upyorp = 0,4xB; motepu B cranmu  Pcer = 2,45kBm; notepu B 00MOTKaX Posy nom =
12,2 KBm [lepBruunas 0OMOTKa COC/IMHEHA TPEYTOJILHUKOM, BTOPUMHAL 3B63):[OI/I Ceuenue
MarauTonpoBoga Q = 450 CM aMIUIMTYyJla MarHUTHOW WHAYKUuUM B, = 1,571, yacToTa
toka cetd 50 I'u. Or TpaHC(bopMaTopa NOTpeOIseTCSl aKTUBHAS MOIIHOCTh P, = 810 kBm,
pu K03p(PULUEeHTe MOITHOCTH cos@, = 0,9. OnpenenuTs:

- HOMUHAJIbHBIE TOKH B OOMOTKaX;

- KO3 PUUMEHT HArpy3Ku TpaHnchopmaropa f;

- TOKH B OOMOTKE IIpH (PaKTUYECKON HArpy3Ke;

- ¢aznasie DJ1C, HaBoIMMBIE B OOMOTKA;

- YHCJIO BUTKOB B 0OMOTKAX;

- KIIJI TpancdopmaTopa mpyu HOMHUHAJIBHON HAarpy3Ku;

- KIIJI rpancdopmaTopa mpu pakTUueCKON HArpy3Ku

1. HomuHanpHbBIE TOKH B 0OMOTKAX

_ Suou 107 -10°

HOM] - JUHOMI
, Sy 10°

HOM?2 ~— \EUHOMZ
2. Koaddunment narpysku Tpancopmaropa

F,

B= S coso.

Hom “€OSP,
3. Toxu B 00OMOTKE Tipu (PAKTUIECKOM HATpy3Ke
11 =:8'1H0M1; ]2 =ﬂ'1HOM2
4. ®azseie JJIC, nHaBoguMble B o0OMOTKax. IlepBuuHBIE OOMOTKM COCAMHEHBI B
TPEYTOJbHUK, & BTOPUYHBIE - B 3BE3]ly, OITOMY IpeHeOperas MmajJcHUEM HaNpsHKeHUs B
MEePBUYHON OOMOTKE, CUUTAEM

U
Eo U o s Ero #Usnon (aﬂﬂA)(% onaY)

5. Hucno BUTKOB B 0OMOTKax

o, = Ly
4,44-f-B -0

3necy O =450 cv® wn 0,045

6. KII/] Tpanchopmaropa npu HOMHUHAIBHOM HAarpy3Ke
_ Suou cosp, -100

o = Scose, + P+ P ow

7. KILJ TpaHC(popMaTopa npu (pakTHUECKOI Harpy3Ke




B-Syon - cos @, -100

B-Scos@, +Fop+ B - Pog yous
3axaua 20.

Tpexdaszusiii TpanchopMaTop UMeeT caeayromue napameTpsl: Syoy = 1000 kBA;, Uyoyy =
10kB; Upyorp = 0,4xB; otepu B ctranmu  Pcer = 2,45kBm; notepu B 00MOTKaX Posy nou =
12,2 xBm. [lepBuuHast 0OMOTKa COCTMHEHA TPEYTONLHUKOM, BTOPHIHAS 3B63,ZLOI/I Ceuenue
MaruuTonposoga O = 450 cM’, aMIUTMTYJa MACHATHONW MHAyKIMH B, = 1,571, dacToTa
toka cetd 50 I'm. Or Tpchq)opMaTopa noTpeOIsieTCsl aKTUBHAsE MOIIHOCTh P, = 810 kBm,
npu ko3¢ uLmeHTe MOITHOCTH cos@, = 0,9. OnpenenuTs:

- HOMUHAJIbHBIE TOKU B 0OMOTKAX;

- k03 uImeHT Harpy3ku Tpanchopmartopa f;

- TOKM B OOMOTKE MpH (HaKTUIECKOM HATPy3KE;

- ¢aznasie DJIC, HaBoIMMBIE B OOMOTKA;

- YUCJIO BUTKOB B 0OMOTKAX;

- KIIJI TpancdopmaTopa mpu HOMHUHAJIBHOM Harpy3KHu;

- KIIJI tpancdopmaTopa mpu pakTUYECKONH Harpy3Ku

1. HomuHanbHbBIE TOKHM B 0OMOTKAX

7 _Suou 10> 1000-10° _sgd - [ = Suou -10° 1000-10’

1M BUyy 1,73-10000 Coee UL, 1,73-400

2. Koaddunuent narpysku Tpancopmaropa

g B 810 _
Syou “cosp, 1000-0,9
3. Toku B 00OMOTKeE TpH (HaKTUUECKON HArpy3Ke

L =61, =09-58=524; I,=-1,,,,=0,9-1445=13004
4. ®azupie OJIC, HaBoguMmble B 0OOMOTKax. IlepBuuHBIE OOMOTKM COEIMHEHBI B
TPEYTOJIbHUK, @ BTOPUYHBIE - B 3BE3]ly, MOATOMY IMpeHeOperas MajJeHueM HampspKEeHUs B
MEPBUYHON OOMOTKE, CUUTAEM

Nuom =

=14454

b

E .y ~U, 0, =10000B; E,, ~U, 0, (UHOMJ 290 _ 5308

B ) L3

5. Yucno BUTKOB B 0OMOTKaX
o E, _ 10000 _
' 4,44.f-B -O 4,44-50-1,5-0,045
3necy O =450 cv® nn 0,045
6. KIII TpanchopmaTopa npy HOMUHAJIBLHOM Harpy3Ke
p o Suoy 03100 100009100 g0 4,
Scosg, + P+ Py o 1000-0,9+2,45+12,2
7. KI1JI TpanchopmaTopa nipu pakTUUECKON HArpy3Ke
B Syop -€OS@,-100 0,9-1000-0,9-100
B-Scos@,+ P+ 2P o 0,9-1000-0,9+2,45+0,9%-12,2

=98,5%

Muom =

Pac4er ayiekTpryecKkux ABUraresei

J{BUraTe/ I MOCTOSTHHOI'0 TOKA

JIBuraTenu MOCTOSSHHOTO TOKa 00JIalatoT OOJIbIION TIIyOMHOW PEeryJMpOBaHUs YaCTOTHI
BpallleHUsT W COXPaHSIOT BO BCEM JUana3oHE PEryJIMpoOBaHUS BBICOKUN KOA(D(UIIUEHT
MoJIe3HOro JiecTBua. HecMoTpst Ha TO, YTO MpU TPATULIMOHHONW KOHCTPYKIIMU OHU B 2 — 3
pasa I0pOKe aCHHXPOHHBIX JBUTATENIEW C KOPOTKO3aMKHYTBIM POTOPOM HX NMPUMEHSIOT BO
BCEX TEX CiaydasxX, KOrJa HX CBOMCTBA MMEKIOT pelaromee 3HadeHue. Jlpurarenn
MOCTOSIHHOTO TOKAa HaxXOASAT NPUMEHEHUE B METalioo0pabaThIBAaIOIIMX CTaHKaX, C HX
MOMOIIBIO IPUBOASTCS B JIEUCTBHUE MPOKATHBIE CTAaHbI (CAIOMHTH U OroMUHTH). KpaHoBbIe
JBUraTelId HaxXONAT IPUMEHEHUWE B NPUBOAAX PAa3JIMYHBIX MOABEMHBIX MEXaHU3MOB.
JIBurareny MoCTOSSHHOIO TOKa IMIMPOKO MCHOJIB3YIOTCS B JJIIEKTPUUYECKON TSTE, HAPUMED, HA



MarucTpajbHbIX 3JEKTPOBO3aX, B KadecTBE padouMX JBUTaTelied Ha TEIJoBO3ax, Ha
MPUTOPOJIHBIX AJIEKTPONOE3/1aX, B METPONOJUTEHAaX, Ha TpaMmBasX, Tpoyieidycax u T.n.
JIBuraTenu noCTOSSHHOTO TOKA UCIOJIB3YIOT ISl IPUBO/Ia BO BpalleHHe IpeOHbIX BUHTOB Ha
MOpckux cynax. OHM HCHOJB3YIOTCA B aBTOMOOWJISIX, TPaKTOpax, CaMoJIETax W APYTHX
JIETATEIbHBIX alllapaTax, I1e UMEETCS MMTaHUE Ha TTIOCTOSIHHOM TOKE.

B MammnHax nmocTOSSHHOTO TOKa UMEETCS IIETOYHO-KOJUIEKTOPHBIN y3€7, KOTOPBIN SIBISETCS
MEXaHHUYECKUM TpeoOpa3oBareneM. Uepe3 KOJJIEKTOP U IIETKH OCYIIECTBIISIETCS CBA3b
paboyeit 0OMOTKH (OOMOTKH SIKOPS) C 3JIEKTPUUECKONW HArpy3KOM, €ClIu MalluHa SBISETCS
TEHEPATOPOM, WJIM C ICTOYHUKOM MUTAHUS, €CJIM MAalllMHA SIBJSETCS JBUTATEIEM.

Pabouast 0OMOTKa pacmonokeHa Ha BpalaroIIeics YacTi MaIIUHbI - SKOpE, U Ha3bIBAaeTCs
00MOTKO# AKOpPA. DTa 0OMOTKA COCTOUT U3 CEKIUH, OMPEEICHHBIM 00pa30M YI0KEHHBIX
Ha CEPJICUYHUKE SKOPS U MPUCOEANHEHHBIX K KOJUIEKTODPY.

OOMoOTKa sIKOpsS TPEACTaBIsACT COOOM 3aMKHYTYIO CHUCTEMY TMPOBOJAHUKOB U
BBITIOJIHSIETCS  ABYXCIONWHON. Cekuuu OOMOTKA MOTYT OBITh OJHOBHTKOBBIMU WM
MHOTOBUTKOBBIMU. OOMOTKH SIKOPSI MOTYT OBITh BOJIHOBBIMU M METJIECBBIMHU, HNPOCTHIMH,
CJIO’KHBIMU M1 KOMOMHUPOBAHHBIMH.

s BeipaBHuBaHus JJIC mapasnienbHbIX BeTBeH OOMOTKM wiM BbIpaBHUBaHUS DJ[C
MPOCTBIX OOMOTOK, COCTaBIIIOIIMX CIIOXKHYIO OOMOTKY, B OOMOTKax MPHUMEHSIOT
YPaBHUTEIbHBIE COCTUHEHUS.

OHAC oOmotku sikopss £Eg nponopyuonarbha OCHOBHOMY MAarHUTHOMY IOTOKY
BO30yk/1eHUsI @ U 4acTOTE BpPAILLEHUSA 1

E,=c,-®-n
rie ¢, - KOd(PQUIKUEHT, ONpeaAeNseMblii KOHCTPYKIIMEH OOMOTKMU SIKOPS: YHUCIOM Tap
MIOJIFOCOB p, KOJIMYECTBOM Ma30BbIX CTOPOH (ITPOBOJHUKOB) N, COCTaBISIOUMX OOMOTKY, U
YHUCJIOM TapaslieNIbHbIX BETBEU B 0OMOTKE, a
c =2 N
° 60a
DJIEKTPOMArHUTHbIA MOMEHT M, BO3HUKAIOIIUM HA SKOpE MPU MPOXOKIAECHUU TOKa [, MO
obmotke sikops, H - M,
M=c, @1,
r71€ ¢y - KO3 PULMEHT, OnpenensieMblii KOHCTPYKLIHEH OOMOTKH SIKOPSI
_ PN
2ra
DJIEKTPOMAarHuTHBII MOMEHT MAIlIMHBI MTOCTOSHHOTO TOKa M MpsIMO MPONOPLUUOHAIECH
AIIEKTPOMArHuTHOU MotHocTu P,y = Eg. Ig n 00paTHO POMOPIIMOHATIEH YacTOTE BpAIlllCHUS
AKOpA 1
9,55-P,,
n

OCHOBHOW MarHUTHBIM TOTOK, BO30OYXIAIOIMIUA MAITUHY MOCTOSTHHOTO TOKa, CO3/1aeTCs
oOMOTKOM BO30YykJeHus. B 3aBucuMocTd OT cnoco0a BKIIOYEHHS 3TOM OOMOTKH
OTHOCUTEIILHO OOMOTKH SIKOPS, MAIIMHBI TIOCTOSSHHOTO TOKa Pa3JeNsiOTCs Ha MAaITUHBI
HE3aBUCUMOTO0, MapaJIEIbHOT0, MTOCIEI0BATEILHOIO U CMEIIAHHOTO BO30Y K aeHus (puc. 1).
Cnoco0 BO30YXJ€HHMS B 3HAUUTEIBHOW CTENEHM BIMSET HAa CBOMCTBA T'€HEPATOPOB H
JBUTATEJIEN TTOCTOSIHHOTO TOKA.

CM
M =

Puc.1 Cioco0b1 BO30YX/1€HNS MaIIUH
MIOCTOSIHHOT'O TOKA:!

el
0B2 a - He3aBUCHUMOE; O — MapajieIbHOE;
o B — IIOCJICAOBATCIBHOC, I' - CMCHIIIAHHOC
0B 0B1

6

~




JIns1 nBUraTenen moCTOSSHHOTO TOKA YPABHEHNE HANIPSIKEHUN UMEET BUJL:
U=E,+1,-> r+AU,
1.e. DJIC Eg4 unaynupyemas B 0OMOTKE SKOPS, MEHbIIIE MOJABOMMOr0 HanpspkeHus: U Ha
BEJIMYMHY BHYTPEHHETO IMAJICHUS HATIPSKEHUS B LIETIU SIKOPA [, -Zr . OTcrona Tok sikopst
_ U-FE A
A ZI"
MoOMEHT Ha Bay JBUTATENS, T. €. IIOJIE3HbI MOMEHT,
P.
M,=M—-M,=9,55"2L
n
rae My - MOMEHT X0J10CTOro xoaa; P, - moiyie3Has MOIIHOCTh JIBUTATEIs,
B=R-n

1

n - KIIJI qBuraresms.
KoaddurmeHnT nosie3Horo AeHCTBUS MAIIMHBI TOCTOSSHHOTO TOKA

B, 2P
77 === — =
B B+yP
re Y P - CyMMapHEIE OTEPH B MaIlIHHE.
[Torepu MOIIHOCTH B 0OMOTKaX BO30YKJIEHUSI K B OOMOTKAX SIKOPSI pACCUUTBIBAIOTCS;

_ 2 .
AP}ZHOM = R}Y 'IﬂHOM ’

[Ipouecc myck s JBUrareisi MOCTOSHHOTO TOKa SIBIsieTCsl HauOosee OTBETCTBEHHBIM.
HavanpHbIl TyCKOBOM TOK JBUTATENS IPU HEMTOCPEACTBEHHOM €T0 BKIIFOUEHUU B CETh MOXKET
JOCTUraTh OINACHbIX JUIA JBUraTells 3HAUYeHUH, HapylalommMx padoTy MHIETOYHO-
KOJUIEKTOPHOTO y3Jla M CIIOCOOHOTO BBI3BATh «KPYIOBOW OrOHBY» Ha Koiuiekrope. Kpome
TOr0, TaKOM TOK CO3/1a€T 4YpPE3MEpPHO OOJIBIIOW IMYCKOBOM MOMEHT, OKa3bIBAIOIIUNA Ha
BpAaILlAlOLUECs] YacTU 3JIEKTPONPUBO/A YAAPHOE BO3JIEHCTBUE, CIOCOOHOE MEXaHUYECKU
pa3pymuth ux. JlJIsi OrpaHUYeHusT MyCKOBOIO TOKA B JIBUTAaTENb BKJIIOYAKOT ITYCKOBBIE
peocTaThl, COMPOTHUBIIEHUS KOTOPBIX PACCUUTHIBAIOTCA MO (hOopMyIIE:
R, :;jﬂ_(Rﬂ —Ry)
AHOM
APy =Ry-1 ;

3apaua 21. /[Burarenb NOCTOSSHHOIO TOKa C MOCJEIOBATEIbHBIM BO30YKIEHUEM pabOTaeT
OoT ceTu HamnpsbkeHueM Un = 220 B. HoMuHalbHBIA Bpamaronuid MoMeHT M = 75 H-m,
HOMMHAJIbHASl YaCTOTa BPALUEHUS n,,,, = 102006/ mun ; COIPOTUBIEHUE OOMOTKHU SIKOpst Ra =

0,4 Om; conportuBiieHrne oOMOTKU BO30yxneHus Reé = 0,3 Om; nomunansubii KIIJ 7, =
81,5%.
Onpeneaurs:
- HOMHUHAJBHYIO MOIIHOCTh Ha BaJIy JBUTATENSI U MOIIHOCTb, TOTPEOJIIEMYIO U3 CETH MpHU
HOMUHAQJIBHOW Harpys3kKe;
- HOMMHAJIbHBIN TOK ABUTATEIS;
- poTuBo - DJIC 1 ANEKTPOMArHUTHYIO MOIIIHOCTh (MOIIHOCTD, TIEPEIaBaCMYI0 Ha SIKOPb);
- TOTEPH B ABUTATEJE MPU HOMUHAJIBHON HArpy3Ke M COMPOTUBJIEHUE ITYCKOBOI'O PEOCTATA,
MIpU KOTOPOM IyCKOBOM TOK MPEBbBIIIAET HOMUHAJIBHBIN B 2 pasa.
Pemennue.
HoMunanbHasi MOITHOCTh Ha BaJly ABUTATENS

_ M yor Muon

P rion = 9550
75-1020
2HOM — W = 8KkBm

P
2. lloTpebnsemast MOIITHOCTH B, = —22oM%

HOM



P 8
Proy = 2H0M=081 =9,8xBm

HOM

o P
3. HomuHaneHbI TOK ABUATATENs /,,,, = —4o%
HOM

L= Py _ 981000 _ . o,
Usors 220
HalineHHblil TOK IBJISI€TCS TOKOM OOMOTOK SIKOPSI U BO3OYKIEHUS [, =1, =44,54
4. Ilpotuso - DJIC, HaBoguMast B 0OMOTKE sIKOps onpenensiercs, £E=U,, — (R, + R,) -1,
E=U, —(R,+R,) -1, =220—(0,4+0,3)-44,5=188,8B
5. DnekTpoMarauTHasi MOIHOCTb P, = E-1,,,,
P, =E-1,,, =188,8-44,5=8, 4xBm
6. MarauTHble 1 MEXaHUYECKUE NTOTEPU AP, + AP, =P, —
AP, +AP,.. =P, —P,.., =84—8=0,4xBm
7. Ilotepu B 0OMOTKaxX SKOPsI U BO30OYKICHUS:
AP gyony =Ry -1 }ZZHOM
AP o =Ry - Lpons = 0,4-44,5 =792 Bm
AP,=R,-I;
AP,=R,-1,=0,3-44,5=595Bm
8. CymMMapHsbI€ IOTEPU MOIHOCTH B IBUTATEIIE
ZPHOM =P\ yors — Pariou
> Poow = Prrios = Pryioys =9,8—8=1,8kBm
9. ConpoTuBiEHNE MYCKOBOIO peocTara

P

2HOM

R, :UIJ#_(R;J +RB)

2I}IHOM
R =Yuow _(p g y=—229 _(04+0,3)=1,770m
21 om 2-44,5

Pacyer aCHHXPOHHBIX ABHIraTe e

ACUHXPOHHBIN AJIEKTPOJIBUraTElb - TBYXOOMOTOUHBIN 3JIEKTPUUECKUN JBUTATENb, OJTHA U3
OOMOTOK KOTOpPOTO MHUTAaeTCsl OT CETU IEPEMEHHOrO HAmpsyKEHUs, a JApyras 3aMKHyTa
HaKOPOTKO WJIA HA CONPOTUBIICHHUE.

ACHHXPOHHBIE JBUTAaTENId HAXOMIT IIMPOKOE NpUMEHEHHEe B xo3sictee. [lo pa3HbIM
TaHHBIM, OKoJIo 70% Bcel AIEKTPUUYECKOM HSHEPTHH, IMpeodpa3syeMoil B MEXaHHUYECKYIO
BpallaTeJIbHOIO WM  MOCTYNaTelbHOTO JBHXKEHHUS, MOTPEOISeTCS aCMHXPOHHBIMH
AIEKTPOJABUTATEIISIMM.

[IIlupokoe NpUMEHEHNE ACUHXPOHHBIX JBUIATENEH CBA3aHO C MPOCTOTOW UX KOHCTPYKLHUH,

€€ TEXHOJOTHMYHOCThI0O U MHUHHMMAJbHBIMU 3aTpaTaMHM B DKCIUTyaTallUH, IO CPABHEHUIO C
IPYTMMHM BUJAMH DJIEKTPUYECKMX MAIIWH, TAaKUX KaK JABUTaTEId IIOCTOSIHHOIO TOKAa,
CUHXPOHHBIMM JBUTATEISIMHA U T.1.
Tpexdas3uplii  aCHHXPOHHBIA  DJCKTPOJBHUraTeIbh,  TPATUIIMOHHOTO  HMCIOJHEHUS,
BBITIOJHSIOLIETO BpallaTeIbHOE JABMKEHNE (KOHCTPYKIIMS TaKOTO JBUTATENs BIEpBbIE Oblia
npemoxkena M.O. [onuBo-/loOpoBosibckum B 1889 romy) cocToUT U3 JIBYX OCHOBHBIX
YacTel: HEMOABMKHOI'O CTaTOPA U BPAILAIOLIErocs poTopa.

Cratop COCTOMT U3 CTaHWHBI, B KOTOPYIO BIIPECCOBAH CEPJCYHUK CTaTtopa —
MarHuTONPOBOJ CTAaToOpa C paclhpeaeseHHod oOMoTkod. Ha3zHaueHue cepaeyHUKa —
CO3[IJaHHE BPAILAIOLIETOCS MarHUTHOTO IMOJSA. MarHuTonpoBOJ COCTOUT U3 IITAMIIOBAHHBIX,
M30JIMPOBAHHBIX JIPYI OT Jpyra JIMCTOB 3JEKTPOTEXHMUYECKON H30TPONMHOM (B KPYIHBIX
MaliMHaX — AaHW30TPOIHOM) CTalM, TOJIIMHOW (B 3aBUCUMOCTH OT pa3sMEPOB H
HEO0OXOUMBIX MapaMeTpoB MamuHbl) oT 0,28 10 1MM.



CepaeuHuK poTopa ABUTaTelNisl, aHAJIOTMYHO CEPACUHUKY cTatopa, Habupaercs U3 JUCTOB
ANEeKTpoTeXHU4YeCKod cTamu. OOMOTKM pOTOpPOB OBIBAIOT KOPOTKO3aMKHYTHIE, W3
AJIOMUHUEBOIO JIUThS, U (a3Hble, KOTOPbIEC, aHAJOTUYHO OOMOTKE CTATOpPa, BBHIITOJIHEHBI U3
W30JIMPOBAHHOTO MEIHOTO MPOBOJA, KOHIBI OOMOTOK BBIBOJSTCS HAa KOHTAKTHBIE KOJIbLIA,
3aKpEIUICHHbIE Ha Bajie poTOpa, Jajee, MOCPEICTBOM LIETOYHOIO KOHTaKTa, K OOMOTKE
pPOTOpa MOYHO NOJKJIIOYUTH ITyCKOBOM PEOCTAT.

ACHHXpDOHHBIE JBUTATEJIM B CHIy psla JOCTOMHCTB (OTHOCHTENbHAS JICIIECBH3HA,
BBICOKHE DHEPreTHMYECKHUEe TOKa3aTeld, IMPOCTOTa OOCIYy)XHBaHHs) SBISIOTCA Haubolee
pPacIpOCTPaHEHHBIMU CPEIM BCEX DJIEKTPUUECKHUX MAIlWH. B KOJMYECTBEHHOM OTHOILIECHUU
OHM COCTaBISIIOT OKOJO 90 % Bcero mapka MallMH B HapoOJAHOM XO3SHCTBE, a IO
YCTAHOBJIEHHOW MOIITHOCTH — OKOJIO 55 %.

CaMbIM pacrpOCTpaHEHHBIM JIBUTATENIEM ITPOMBIIUIEHHBIX 3JIEKTPOIPUBOAOB SIBIISIETCS
TpEx(a3HbIi AaCHHXPOHHBIN IBUTATEIH C KOPOTKO3aMKHYTBIM POTOPOM.

[IpuMeHEHNE YaCTOTHO-PETYJIUPYEMOTO ACHHXPOHHOTO AJIEKTPONPUBOAA B MEXAHU3MAX
MOILEMHO-TPAHCTIOPTHOTO 000pyAOBaHus ABIAETCA d()(PEKTUBHBIM METOAOM IOBBIIICHUS
TEXHOJIOTHYHOCTH MPOU3BOJICTBA. VCIIONb30BaHNE TAKKX MTPUBOIOB MTO3BOJISET:

1) 3naumtenbHo (H0 40 %) CHU3UTH HHEPromoTpebieHHe KpaHa, 4YTO OCOOEHHO
aKTyaJIbHO MPU MOCTOSIHHO PACTYIIMX Tapr(ax Ha S3HEPrOHOCUTEIH;

2) OCyILIECTBUTh Pa3rOH M TOPMOKEHUE JBUTATENs IUIABHO, MO JIMHEWHOMY 3aKOHY OT
BPEMEHH, NIIPU BAPBUPOBAHUU BPEMEHEM pa3rOHA M BPEMEHEM TOPMOXKEHHUS OT JOJIEH
CeKyHbI 10 50 MuH;

3) mnoBbICUTH KOM(OpPTHBIE I[OKa3aTeIM MpU JBWXKEHMHM KpaHa U JIOJTOBEYHOCTh
MEXaHUYECKOT0 000pyI0BaHuUs O1aroAapsi MIIaBHOCTH MEPEXOAHBIX IMPOLIECCOB,

4) 3aIUTUTH ABUTATENlb OT MEPErpy30K IO TOKY, MEPErpeBa, yTeUeK Ha 3eMIII0 U OT
OOpBIBOB B LIEMSX MUTAHUS JABUTATENEH;

5) CHHU3UTH IKCIUTyaTAllMOHHBIE PAcXoAbl HA KalWTaJIbHBIM PEMOHT 0OOpYJIOBaHUS 3a
CYET 3HAYMUTEIBHOTO CHUKEHUS AMHAMUYECKHMX HArpy30K B DJIEMEHTaX KHHEMaTH4eCKOU
LEIN;

6) U3MEHATh CKOPOCTU M YCKOPEHHMS ABMKEHUS MEXAHM3MOB KpaHa MPUMEHUTENBHO K
KOHKPETHBIM TEXHOJIOTUYECKUM 3a/1a4aM.

D¢ PeKTUBHOCTD U 3KOHOMHYHOCTh TaKUX 3JIEKTPOIPHUBOJOB B 3HAUUTEIBHON CTENEHU
3aBUCUT OT MPABUIBHOCTH BbIOOpAa HOMHUHAJIBHBIX MMAPAMETPOB MX OCHOBHBIX 3JIEMEHTOB,
T.€. IBUTATEIIsl U IpeoOpa3oBaTelis YacTOTHI.

[IpyHIMN IENCTBUSI AaCHHXPOHHOW MAIMHBI COCTOUT B CIIEIYIOIIEM: OJWH U3 DJIEMEHTOB
MallMHbI — CTAaTOP UCIMOJIB3YETCs ISl CO3AaHMs, ABUKYILETOCs C ONPEIEIEHHON CKOPOCThIO
MAarHuTHOTO I0JIsI, @ B 3aMKHYTBIX ITPOBOJSALIMX MACCUBHBIX KOHTYpPAX JPYroro 3JIEMEHTa —
potopa HaBoasaTcs DJIC, BbI3bIBAIOININE MPOTEKAHUE TOKOB U 00pa3oBaHKUE CUJI (MOMEHTHI)
IIpM HUX B3aHUMOJECHCTBHUM C MarHUTHBIM MoJieM. Bce 3TH sBJIIEHHS HMMEIOT MECTO MNpHU
HECUHXPOHHOM (AaCMHXPOHHOM) JBHKEHHWH POTOpPAa OTHOCUTENIBHO MOJS, 4YTO M JAJIO0
MallMHaM TaKOI'0 TUIA HA3BaHUE —ACUHXPOHHbIE .

CraTop OOBIYHO BBHIMOJIHEH B BUJE HECKOJIBKHX, PACIIOJIOKEHHBIX B Ma3axX, KaTylIek, a
pOTOp — B BHUIIE «OeNMUbeil KIETKW» (KOPOTKO3aMKHYTBIM pPOTOp) MM B BUJIE HECKOJIBKUX
Karyuek (QasHblii poTOp), KOTOPBHIE COEIMHEHBl MEX]y COOOW, BBIBEICHBI HA KOJIbIIA,
pacmojoKeHHbIe Ha Baly, U, C TOMOIIBIO CKOJIB3SIIMX 1O HUM IIETOK, MOTYT OBITh
3aMKHYTBI Ha BHEILIHUE PE3UCTOPHI.

Hecmotps Ha mpocTOTy PU3NYECKUX SBICHUN U MaTePHAIM3YIOUIMX UX KOHCTPYKTHBOB
ITOJIHOE MAaTEMATUYECKOE OMHUCAHKE MPOLIECCOB B ACUHXPOHHOM MAaIllMHE BECbMA CIIOXKHO.

CuHXpoHHas yrioBas cKOpocThb npu nutanuud oT ceTH f;= 50 'y cuHxpoHHas yacToTa
BpameHuss MoxkeT ObiTe 3000, 1500, 1000, 750, 600... o0/MHH B 3aBUCHMOCTH OT
KOHCTPYKIMY MalIMHbI (4MCIIa ap MOJOCOB P).

ACHHXPOHHBII AJIEKTPOITPUBO/, KaK U 3JIEKTPOIPUBOJ MOCTOSTHHOT'O TOKa, MOXKET padOTaTh
B JIBUTATEJIbHOM U TPEX TOPMO3HBIX PEKUMAX C TAKUM K€, KaK B JIEKTPOINPHUBOAE OCTOSHHOIO
TOKa, pacrpe/ielieHueM MOTOKOB 3Hepruu (puc.1).
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Puc. 1. Mexanuueckas XApaKTCPHUCTHKA aCHHXpOHHOﬁ MalllTMHbI

Kak cnenyet u3 puc. 1, mo Mepe yBeIWUYEHHUS] MOMEHTA COMPOTUBJICHUSI YBEIUYMBACTCS
CKOJIb)KEHHE MAIlMHbl W  pa3BUBacMbli  MOMEHT. IIpy HEKOTOPOM KPUTHYECKOM
CKOJIbKEHUM Sgp, MOMEHT JIBUTATEIIS
JIOCTUTACT MAKCUMAJIBHOIO (I KPUTHYECKOTO0) 3HAYCHUS — Mp. KéctrocTb
MEXaHUYECKON XapaKTepUCTUKU aCHHXPOHHBIX JBUTATElEeW MepeMeHHa: Ha pabdodem
yuacTtke s = 0...5xp: b <0, a ipu Vas'2>V2s,p72 — monoxutenpHa: b < 0.

CrnemuduueckuM  SIBISETCS  PEXUM JUHAMHYECKOTO0  TOPMOXKEHHsl, KOTOpOeE
MIPEICTABISIET COOOI0 TEHEPATOPHBIA PEKUM OTKIIOYEHHOTO OT CETH MEPEMEHHOr0 TOKa
ACHHXPOHHOTO JIBUTATEJIsI, K CTATOPY KOTOPOTO MOJBEACH MOCTOSHHBIA TOK /,. ITOT peKUM
MIPUMEHSETCS B pAJIe CIy4aeB, KOTJa Mocjae OTKIIOUCHHUS JABUTATEIN OT CETH TpedyeTcs ero
OBICTpast OCTaHOBKA 0e3 peBepca.

[locTosiHHBI TOK, MOJBOJUMBIM K OOMOTKE cCTaTtopa, 00pa3yeT HEMOJBUXKHOE B
npoctpancTBe mosie. [Ipu BpaieHnn poropa B €ro 0OMOTKE HaBOJIUTCS MEpeMEHHas JJIC,
MoJ JIEWCTBUEM KOTOPOM TMPOTEKAET MEPEMEHHBIM TOK. OJTOT TOK CO3HAET TAaKkKe
HEMOABMYKHOE MOJIE.

CxutazibIBasich, MoJis CTaTOpa U poTopa o0Opa3yroT pe3yJbTUPYIONIEe MoJie, KOTOPOE MPHU
B3aMMOJEHUCTBUUA C TOKOM POTOpa CO3MAET TOPMO3HOM MOMEHT. DHEPIHs, MOCTYMAOIIAS C
BaJla JIBUTATEJIsI, PACCEUBAETCS MPU STOM B CONPOTUBIICHUSIX POTOPHOM LIETIH.

DopMyJIbl VIS pac4eTa MeXaHUYeCKO XapaKTEePUCTUKU ACHHXPOHHOTO IBUTaTe A
OmnpenensieTcss HOMUHAIBHOE CKOJIbXEHUE 1o (popMyie
"~ Nyou
n; .
Kputnueckoe ckoiIbKeHHe ornpeaensemM 1o hopmysie

Sip = S,y (KM + K —1),

TAC s, — KPUTHYCCKOC CKOJIbKCHUC,

Suom =

Mmax
K, = 2/ — KPaTHOCTb MakcHMaNLHOIO MOMEHT.
H
B pesynbrare mpeoOpa3oBaHMsl SICKTPUYECKON HSHEPTMH B MEXaHUYECKYIO HA Bally

ACUHXPOHHOTO JIBUTATENISI BOBHUKAET MOJIE3HBIA MOMEHT
M, =9550 22
n,
r7e M,— MOJIE3HBIM MOMEHT Ha Bajly ABUraress, Hw;
P, — MOIIHOCTbH Ha BaJly ABUTATENs, KBT;
n,— 9acToTa BpaIIeHUs poTopa, 00/MHUH.

Bpamiaromuii MOMEHT B aCHHXPOHHOM JIBHTATEJIE 3aBHCHT OT CKOJIBKCHUS S U
onpenensiercs o Gopmyne Kiocca



— max
M, =——"0—

S S
rae M, — MngCI/IMaJIBHblf/'I MOMEHT, HwMm;
Sgp — KDUTHUECKOE CKOJIBKEHHUE, COOTBETCTBYET MAKCUMaJIbHOMY MOMEHTY.
YacToTy BpallleHus1 poTopa orpeaesnseM 1o Gopmye
n,=n (1-s).
Ha ocnoBe ¢popmyn Kitocca u onpesenenns 4acToThl BpallleHUs pOTopa MPH pa3IndHbIX
3HAQYEHUS CKOJBXEHHsSI MOXKHO OIPEAEIUTh BpallalOAi MOMEHT U ITIOCTPOUTH

MEXaHUYECKYI0 XapaKTepucTuky n,(M) acuHXpoHHOTO pBuTarens. JlaHHbIE pacueTa
3aHOCUM B TaOJUILy.

Tabauya 1-JlaHHbIE 1JI51 TIOCTPOEHUSI MEXAHUYECKOH XapaKTePUCTHKH
S 0 Suow 10,05 | s, (0,1 {02 (04 (06 (08 |10
n,, 00/MUH

M, Hm

it g

Q¥
Hyr——=—<=

Agp—————

M, M, M. M

MexaHuueckas XAPAKTCPUCTHKA ACHMHXPOHHOI'O ABUT'ATCILA

3apaua 22. Tpexdas3Hplii aCHHXPOHHBIN JBHUTaTelh C KOPOTKO3aMKHYTBIM POTOPOM
nutaercs ot cetu ¢ Uy = 380 B mipu /= 50 I'u. [lapamerpsr aeuratens: Pu = 14 kBT, na =
960 06/muH, coseH = 0,85, nu = 0,88, KpaTHOCTH MaKcUMaILHOTO MOMeHTa kM = 1,8.
OnpenenuTh: HOMUHAIBHBIM TOK B (a3ze OOMOTKM cTaTopa, 4YHCIO Tap TOJIICOB,
HOMUHAJIBHOE CKOJIB)KCHUE, HOMHMHAJIBHBII MOMEHT Ha Baly, KPUTHUUYECKUH MOMEHT,
KPUTHUYECKOE CKOJIb)KEHHE U TOCTPOUTh MEXAHUYECKYIO XapaKTEPUCTUKY JIBUTATEIIS.
Pemenue. HomuHansHas MOIIHOCTD, TOTpeOIsieMast U3 CETU
P, =Pu/nmu=14/0,88 =16 kBT.
HomuHnanbHbIM TOK, TOTPEOISIEMBIN U3 CETH

K 16-10° i

1

3, cosgp, /3380085

Huco nmap noarocoB

p=60f/n=60x50/1000 = 3,

rae n; = 1000 — cuHXpOHHAS YacTOTa BpallleHus, OIrKaiiias K HOMMHAJIBHON 4acTOTe
nH = 960 00/MuH.

HomunanbHOE CKONMBXKEHNE

sH = (n; - nH) / n; = (1000 - 960) / 1000 = 0,04

HoMmuHanpHEIA MOMEHT Ha BaJIY JIBUTATEIS

30 30

Kputnuecknit MOMEHT
Mk =kMm x Mu = 1,8 x 139,3 =250,7 Hem.
Kpurtnueckoe ckonp)XeHrne HaXoauM TmoactaBuB M = MH, s = sH 1 Mk / MH = kM.

[T C— i 5 [ ] —
o = ’I"w"*n t "'..Illl:krd""rt_lz "":1: ="'11llk1ur ' "-.I'rkrﬁ-'l I)= ﬂﬂ"[]:ﬁ + 418" 1:' =0132
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JIJisi MOCTpOEHUsSI MEXaHMYECKOW XapaKTEpUCTHKU JABUTaTeNs ¢ momoibio n = (nl - s)
OTIpeIeNIUM XapaKTepHbIe TOUKH: TOuka xoyioctoro xona s = 0, n = 1000 o6/mun, M = 0,
TOYkKa HOMHHaJIbHOTO pexkuma sH = 0,04, nH = 960 06/mMuH, MH = 139,3 H-M u Touka
KpUTHUYECKOTO pexknma sk = 0,132,
n, = 868 06/muH, Mk =250,7 H- M.

JIJ1s1 TOUKH ITYCKOBOI'O PEKUMa SIT = 1, n=0 HaxXxoanuM
Z M 2-250,7

M, = == =65 Hm
S Sn 032 1
5o w 1 0132

[To mody4YeHHBIM JAHHBIM CTPOST MEXaHUYECKYIO0 XapaKTepUCTUKY aBurarend. s Ooree
TOYHOIO TOCTPOEHUSI MEXAHMYECKOW XApPAKTEPUCTUKH CIEAYET YBEJIWYUTh YHCIIO
pacyeTHBIX TOYEK M I 33JaHHBIX CKOJBXKEHHM ONpPENeIuTh MOMEHTBI WU YacTOTYy
BpALCHUS.

3agaua 23.  Tpexdasubeiii AJl ¢ xopoTko3aMKHYTHIM potopom Tumna 4A100S2VY3 mo
KAaTaJIOTy UMEeT HOMUHAJIBHBIE JaHHbIe: nosne3Has 4 kBT; yacroTy Bpamienus poropa 2880
o6/mun; KIIJI 86,5%; xoaddunmuent momrHoctu 0,89; KpaTHOCTH IyCKOBOIO TOKa 7,5;
KPAaTHOCTh MaKCUMaJIbHOTO MOMEHTA 2,5; KpaTHOCTh IIyCKOBOro MOMeHTa 2,0, HanpspKEHne
cetu 220/330. TpeOyeTcsi omnpeAenuTb: BBHICOTY OCH BpalleHUs, YUCIO TOJIIOCOB 2D,
CKOJIB)KCHHUE IPY HOMUHAJIBHOW Harpy3ke Syon, MOMEHT Ha Bally Mpoym U MaKCUMAaJIbHBIN
MOMEHT M,y MOTPEOIISIEMYIO IBUTATENIEM U3 CETH AKTUBHYIO MOIIHOCTD P oy, CyMMapHbIe
TOTEpH TIPH HOMUHAIBHOH HAarpyske » P, HOMHHAIBHBIH /,,,, W IyCKOBOWH TOKH [, B

MATAOIIEH CeTH MPHU COSAUHEHUH OOMOTOK CTaTOPa «3BE3/I0N « U «TPEYTrOJILHUKOMY).
Pemenmne.

4A100S2Y3. B o0o3HaueHuu THUMIOpa3Mepa JBUTATENsT UUQPBI, CTOAIIUME MOCTe
o0o3HaueHus 4A, yKa3bIBalOT Ha BHICOTY OCH BpaileHus, T.e. 7= 100 Mmm.

Crnenyromasi uudpa, yka3blBaeT Ha YHUCIO Hap MOJKCOB, T.e. 2p = 2; NPHU 4YacToTe
nepemeHHoro Ttoka 50 I'm 3ToMy 4MCIly IOJFOCOB COOTBETCTBYET CHHXPOHHAs 4acToTa
BpauieHus n; = 3000 06/MuH.

CkoNbX€HUE TMpPU HOMHUHAJIBHOM HArpy3ke ONpPEAeNsIeTCSI HOMHHAJIbHOM YacTOTOM
BpaLIEHUs] POTOPA JBUTATEIS

5, Mo 3000-2880 o 404
n, 3000

MomeHT Ha Baiy aABurarens (MOJE3HbII MOMEHT JABHUTaTesisi) MPU HOMHUHAIbHOU

Harpyske, T.e. Ipyu HOMUHAJIbHOM YacTtoTe BpatieHus 2880 06/MuH.

P
M, =9,55-AL :9,55-M =13,26H - m
n, 2880
Ha4vayibHbIM TyCKOBON MOMEHT
M,=M,,, (ﬂj =13,26-2=26,52H -
HOM

MakcuManbHbli (KPUTHYECKUI) MOMEHT JBHUTATels ONpEeseTcs] o Meperpy30uHoi
CIIOCOOHOCTH

Mm X
Mmax = MHOM[ -
HOM
HomunanbHblil TOK B (pazHOI 0OMOTKE cTaTopa
Poy 400
Liyon = = =
My U, Myons *COS @y, 3-220-0,865-0,89
m () - 4UCIO0 (a3 B 0OMOTKE pOTOpa WK CTaTOpa
[ToTpebnsiemass ABUTATENIeM M3 CETH AKTHUBHAS MOILHOCTH B PEXUME HOMHUHAIBHOM
Harpy3Ku

]213,26-2,5 =33,15H - m

7,9Hm



10.

P 4
Py =M = —— =4,6xBm
Nuore 0,865
CyMMapHbIe IOTEpH JBUraTesIs IPY HOMMHAJIBHOM Harpy3Ke

> P=PRuy—P,, =46-40=0,6kBm

JIMHEWHBIN TOK cTaTopa:

IIPY COCTMHEHNUU «3BE3/I01»
I,=1=1794

IIPU COEJIMHU «TPEYTOIBHUKOM

I, =3-1,=1,73-7,9=13,54
HyCK IJIEKTPOABHUTATEIA C (l)a3OBbIM POTOPOM

[lyck nBuratenss B X0J4 MpPEeAyCMAaTPUBAET CO3/JaHUE OOJBIIOrO IMYyCKOBOTO MOMEHTa IpHU
HEOOJBIIIOM ITyCKOBOM TOKE U, CIIE€AOBATENIbHO, ITPU HEOOJIbIIOM MAJCHUN HANIPSHKEHUS MIPU
nycke. [lpu 3ToM MOXKeT TpebOOBaThCs IUIABHBIN MYCK, MOBBIIICHHBIA MyCKOBOM MOMEHT U
T. O.
Ha nmpakTrke npuMeHsIIOTCS CIeAYIOIINEe CIIOCOOBI MycKa:

e  HEMOCPEICTBEHHOE MPUCOEANHEHNE K CETH - IPSIMOM MYCK;

e  TIOHIKCHUE HAIPSHKEHUS TPU MYCKE;

e  BKJIIOYCHHUE COMPOTHUBJICHHS B I[N POTOPA B JBUTATENSIX C (Da30BBIM POTOPOM.

Puc. Bxirouenue
ACHHXPOHHOTO
QJICKTPOABUTATCIIA C (1)8.30BLIM
pOTOpPOM:

a) CXE€Ma BKIOYCHU A,

0) MEXaHUYECKHE
XapPAKTCPUCTHUKHU IIPHU ITYCKE;
R1, R2 - ctynenu
conpotuBnennii, K1.1, K1.2,
K2.1, K2.2 - KOHTaKTHI
I[BI/IFaTCJ'IB HMCCT KOHTAKTHBIC KOJIbIId, KOTOPBIC ITO3BOJIAIOT Bl IEPEKITI0YaTeIIst
IycKe 100aBoYHbIe conpoTuBiIcHUs R u R,.

B Hauane mycka BKJIIOUYEHbI 0O0€ CTYIEHU CONPOTUBIEHUH, MPU ATOM IMOJIy4aeTcs
HauOOJIbIIMKA MYyCKOBOM MOMEHT My, pa3roH MNPOUCXOAUT N0 MEXaHUYECKOU
XapaKTEpPUCTHKE |, yacToTa BpallleHUs] YBEJIMYNUBAETCS, HO HE JOCTUIaeT HOMUHAJIBHON U B
TOYKE O MPOUCXOIUT OTKIIFOUEHHE NIEPBOM CTYNEHU COMPOTHUBICHUM R; KOHTposuiepom npu
3aMbIKaHUU KOHTakToB K ; 1 K ».

[Ipr OCTOSTHHOM 4YacTOTE BPALIECHUSA NPOUCXOAUT YBEIMYEHUE IIyCKOBOIO MOMEHTA 10
M..1, ¥ CHOBa pa3roH MO XapakTEePUCTHKE 2 ¢ 0oJiee BICOKOM YacTOTON BpalleHus. B Touke
0 oTkIirouaeTcst BTopas cryneHb R, comporusnenuii kontaktamu K, u K, u npoucxoaut
MEepexo]l Ha €CTECTBEHHYI0 MEXaHMYECKyl0 xapakTepucTuky 3. [amee pabora nBurarens
MIPOMCXOAUT NIPU HOMMUHAJIBHOW YacTOTE BPALUECHUSA Npoy U IPU HOMUHAIBHOM MOMEHTE
Mtuowm.

IIpn mycke nBuraresst NPOUCXOAUT HE TOJBKO YMEHBIIEHHE ITyCKOBBIX TOKOB, HO M

YBEJIIMYEHUE IIYCKOBOI'O MOMEHTA, YTO BAXKHO ISl JBUIATElICH, KOTOPBIE
BKJIIOUYAIOTCSA TOJ1 Harpy3KoH (pa3iudHble TPAaHCIOPTHBIE MPUCTIOCOOTICHHUS
Y MallIWHBI).

3agaya 24. [l acCHHXpOHHOIO JBUTATeNs C (pa3HbIM POTOPOM, JaHHbIE

KM3 KOTOPOTO MPUBEJEHBI B Ta0a.1, HOMUHAIBHAsT MOIIHOCTh Py, = 15 kBT,
Tilu

®  HOMMHAJBHOE CKOJIBXEHHE Syom = 5%, IMeperpy3ouHasi CioCOOHOCTD A, =

iz 2,1, ugmcno momrocoB 2p. Tpebyercs paccuuTaTh COMPOTUBICHUS

Thot1

- PE3UCTOPOB TPEXCTYIEHYATOro ImyckoBoro peoctata 1P (puc. ).

Taob2



Pemenne.
HomunanbHas yactora BpaleHus
Nyonr =M =S400,) = 750(1—0,05) = 71206 / mum
HoMmunanapHBINE MOMEHT JIBUTATEIS

P
M,,, =9,55 mm _g 5515000 54,1,
HoM Myons 712

HpI/IHI/IMaCM 3HAYCHUEC MOMCHTA HCpCKHIO‘—ICHHﬁ, paBHBIM HOMHWHAJIBHOMY
M, =1,0M,,,, =1,0-201=201Hu
4. OTHOUIEHUE HAYAIbHOTO ITYCKOBOT'O MOMCHTA K MOMCHTY HepCKJ'IIOLIeHI/Iﬁ IMIPpUHUMACM

i My,
M

2
5. HayanpHbIN MyCKOBOW MOMEHT
M,=M,-A=201-2,1=422Hn

M 422 o
T.e. ——=——=0,7; 3TO MO3BOJIIET INPUMEHUTH AHAIUTUYECKUHU METOJ pacyera Co-

M__ 3201
MPOTUBIICHU ITyCKOBOTO PEOCTATA.
6. ConpoTuBIIEHNE pEe3UCTOpA TpeTher cTyreHu [1P
R s =R, (A=) = 0,37-(2,1—1) =0,40m
7. ConpoTuBIIEHNE pEe3UCTOpa BTOpOi ctynenu [1P
R o5 = R4 =0,4-2,1=0,840m
8. ConpoTHUBIIEHHE PE3UCTOPA IEPBOI1 CTYTIEHU
Rt = Ryopar =0,84-2,1=1,760m
9. Conporusnenue [1P Ha nepBoit cTyneHu
R R o051+ Ryops + Rypps = 0,4+0,84+1,76 =30ma

et — X q0m1 - TOB2
10. Conportusnenune 1P Ha BTOpO# cTyneHu
R R 052 + Ryops = 0,84+1,76 =2,60ma

1 — M qop2
11. Conporusnenue 1P Ha TpeTheli cTyneHn
Rpps = Rp53 =1,76 =1,760ma

CamocTosiTe/IbHbIE paﬁoTbI H MHAUBUAYAJbHBIC 3aJaHUsA, TCCTbl — BH/bI paﬁ()Tl)I,
oﬁecneanammne IMMOBBIIICHUEC YPOBHA CaMOCTOSITEJIbHOM ACATCJIbHOCTH CTYICHTOB

Haubonee pacnpoctpanenHoit  ¢opmoii  paboThl, 00ECIEeYUBAIONICH  IMOBBIIIICHUE
CaMOCTOSITENIPHOM JIeATENbHOCTU CTYICHTOB, SIBISIOTCS CaMOCTOSITENbHBIE pPabOThl U
MHIUBUyallbHbIEe 3afaHus. [lo cBoeMy NHMIAaKTHUYECKOMY HAa3HAYEHUIO CaMOCTOSTEIbHBIC
paboThl M UHAUBUIYaJIbHBIC 3aJaHKsI MOXKHO pa3OMTh Ha JIBa OCHOBHBIX BHJIa: 00ydaroliue
W KOHTpoJupyromue. Ha ypokax »53JIEKTpOTEXHMKE U DJIEKTPOHUKE pa3paboTaH psij
CaMOCTOSATENbHBIX pa0OT W MHAMBUAYAJIbHBIX 3aJaHUN pa3HbIX BUAOB. OHU COCTaBISIOT
OUJAKTUYECKHE MaTepuaibl, KOTOPbIE SBISIOTCS COCTaBHOW 4YacThblO KOMIUIEKCHOTO
METOAMYECKOro 00ecreueHrs AUCIHUIUIMHBL. TecThl 00ecneunBatoT HHPOPMALIUIO MO PAILY
KauyeCTBEHHBIX XapaKTEPUCTUK 3HAHUM W YMEHMH CTyIEHTOB. TecToBble 3aJaHUsl YI0OHO
MCIIOJIb30BaTh MPHU OPraHU3allii CaMOCTOSITENIbHON paboThl B peXKUME CAaMOKOHTPOJIS, MPU
MOBTOPEHUH Y4eOHOro marepuaina. TecToBble 3aJaHus C BBIOOPOM OTBETOB OCOOEHHO
LEHHBI TEM, UYTO KaXKJIOMY CTYJEHTY AAe€TCS BO3MOXHOCTh YETKO MpPEJCTaBUTH cede 00beM
00s13aTeNbHBIX TPeOOBaHUI K OBJAJCHUIO 3HAHUSIMHU MO TeMe (HECKOJIbKMM TeMaM, Bcei
JUCLMILIMHE), OOBEKTUBHO OLEHUTh CBOM YCIIEXM, MOJIYYUTh KOHKPETHBIE yKa3aHUs IS
JOTIOJIHUTEIHbHON ¥ MHIUBUIYaIbHOU PaOOTHI.

JlabopaTopHble 3aHATHS CTY/IEHTOB



[lenpr0o 1a0OPATOPHOTO MPAKTHUKYMa MO BJEKTPOMEXAHUKE SBISETCS 3aKpEIJIeHUE
TEOPETUUECKUX 3HAHUI, OJYUYEHHBIX Ha JIEKIUSIX U PE3YIbTaTe CaMOCTOSITENIbHON padoTHhl,
a Takke MpUoOpEeTEeHUE HABBIKOB B MCCIIEIOBAHUU 3JeKTpuueckux ieneil. [loka cryneHt
TOJBKO CO CTOPOHBI CIEOUT 3a IKCIIEPUMEHTOM, BOCIPOU3BOJUMBIM JPYIUM, OHO MOXKET
OCTaBaThCS EMY UYXKJIbIM, TAJIEKUM, €€ HETOCTAaTOYHO MOHATHBIM. Hano nate cTyaeHTy B
pyKu mpudop, MOCTaBUTH €r0 JUIOM K JIUIy ¢ caMuM 3kcriepumeHToMm. Cam, ydacTBys B
ONBITHBIX MCCJIEIOBaHUAX, HAOII0Jasi M BOCIPOU3BOAS SKCIEPUMEHT, CAMOCTOSTEIBHO
NBITAsICh BBIICHUTH 3aBUCUMOCTb MEXIY HHMH, IPEOJO0JIEBAS] BCTPEUAOIIUECS TPYIHOCTH,
CTYyIEHT YCBauWBAaE€T TBEPXKE, OTUETIIUBEE, CO3HATEIIbHEE OCHOBHBIE MOHATHUS WM 3aKOHBI
AIIEKTPOTEXHUKHU, OT HETIOJHBIX M HETOYHBIX 3HAHUN MPUXOAUT K OoJiee MOJHBIM U Oojee
TOYHBIM. TOJBKO IMyTEM BBIMOJHEHUS JIAOOPATOPHBIX pabOT MOKHO O3HAKOMUTH CTYJEHTOB
C (U3MYECKUMH HU3MEPEHUSIMHU U METOJIaMU HaXOXKIACHUS (PU3NYECKUX TMOCTOSHHBIX.
CryaeHTsl, mnOpoxois JaOOpaTOpPHYH  MPAKTHKy, HPUOOPETAIOT  «TPaMOTHOCTHY,
MO3BOJIIOLIYI0 UM YBEPEHHEE CIEAUTH 3a OINBITAMU YUYUTENs, HE OTHOCUTCS K HHM, KaK K
«(pokycam», KOTOpBIE BCEIIENO 3aBUCAT OT JIOBKOCTH U YMEHHS dKCIepuMeHTaTopa. Bmecte
C TEM y CTYACHTOB CO3JAIOTCS CYXACHHS 00 OKPYXAIOLIUX SIBJICHUAX, HA KOTOPbIE OHU
CMOTPAT y’K€ CBOMMHU IJ1a3aMH, a4 HE CKBO3b IIPU3MY UY>KHX CJIOB. 3HaHHs CTYJIEHTOB 4acTO
(opMalIbHBI, HOCAT OTBJIEYECHHBIA XapaKTep, OTOPBAaHbI OT BCErO0 TOrO, YTO OKPYKAET
CTYJACHTOB B NPAKTUYECKON KHU3HU. YBEPEHHO (POPMYIUPYS 3aKOHBI AIEKTPOTEXHUKU U
NOMHSI pa3jM4yHbIE OINpEAENCHUsI, OHM YacTO HE YMEIOT OOBACHUTH CAMBIX HPOCTHIX
(¢u3MYeCcKuX SIBJIICHUW, NPUMEHUTh HW3BECTHBIE UM 3aKOHbBI JJISl pa3pelICHUs] YaCTHBIX
npobsieM. OTCYTCTBYET CaMOCTOSITEIbHOCTh MBICIM U JeHCTBUA. Te mpodeccruoHanbHbIe
YepThl, KOTOPbIE MPHUBHOCAT C COOOM JIabOpaTOpHBIE 3aHATHS B BOCIPHUATHE CTYICHTAMH
ABJICHUM, CTAHOBATCS HAJECKHBIM OpYIUEM B M3ydyaeMoi npodeccuu. Pacmupss u yrimyosss
0a3y CcaMOCTOSITENIbHBIX PA0OT CTYJIEHTOB, Mbl CyMEEM IPEOJOJIETh pa3pblB TEOPUU U
MPAKTUKH, CAEIAaeM JJIA CTYJEHTOB 00JIe€ OUYEBHJIHOM CBS3b, KOTOpAsk CYLIECTBYET MEXKIY
HayKOH M TEXHUKOM, O0Jiee 0OUEBUAHONW OCHOBHYIO BaXKHEHIITYIO MBICIb, YTO U3y4aeMble UMH
3aKOHBI, SIBIIIOTCS OTOOPAKEHHEM pealbHOM, OKPYXKAIOIIeW Hac IeHCTBUTEIHLHOCTH.
[IpunaBasi psgy 1a0opaTOPHBIX Pa0OT TEXHUUYECKYHO HAINpPaBIECHHOCTb, MBI T€M CaMbIM
yriayOsisieM 3HaHUs CTYICHTOB, PaCUIMPEHUs UX KPYTo30p.

Tonbko npu NpaBUIBLHO OPraHU30BAHHBIX U CUCTEMATUUYECKU MPOBOJUMBIX J1a00PaTOPHBIX
3aHATUSX CTYJEHTBl MPUOOPETAOT MHOTHE pPa3HOOOpa3Hble YMEHUS M HaBBIKH IO
MOCTAaHOBKE U TEXHUKE DKCIIEPUMEHTA B 00paIlleHNU ¢ MpUOOpaMu, BeICHUH HAOIIOICHUN U
m3mepeHuid. CaMOCTOsITeNIbHBIE JTa0OpaTOPHBIE 3aHSTHUSL SBISIOTCS OJHUM U3 Ba)KHEUIIIHUX
CpencTB 00yyeHHUsi CTYIEHTOB. B mpoiecce camMoCTOSATENbHOM MPAaKTUYECKOW pPadOThI
CTYJECHTBI Pa3BUBAIOT OPTraHbl CBOMX YYBCTB M MOBBIIIAIOT CBOIO HabtogaTebHOCTh. Camu,
MPOJIEbIBasl OMBITHI, MPOU3BO/I HAOIIOJAEHUS, U3MEPEHHUS], TPOObI, BHUMATENIbHO CIEAs 3a
MIPOUCXOSIIIUMHE SIBIICHUSMH, OOyMbIBasi KaKIbIi mar B padoTe, CTYACHTHl Pa3BUBAIOT
CIIOCOOHOCTH JIOTHYECKOTO MBILIUICHUS, NPUYYaloTCid TiyOXe TMPOHUKATh B SIBICHUS
MPUPObI, OTJIMYATh TJIaBHOE U CYIIECTBEHHOE OT BTOPOCTENEHHOro W ciydaiiHoro. Ilpu
MPOBEICHUH KaXKIOr0 3KCIEPUMEHTa CTYyJIEHTaM, IPeXAe BCEro, JOJKHA OBITh SCHA LIETh
ero. Pabotra mpoBOOUTCS MO MHCTPYKUMHU, JAHHOW NpernojaBareieM; IUIaH U TOPSAJIOK
paboThl MOTYT COCTaBJSTHCA MPU AKTUBHOM YYAaCTHHM CTYJIEHTOB; pa3palOTKa IUIaHA U
nopsiika paboThl MOXKET ObITh MpeAoCTaBlIeHa caMHM CTyAeHTOM. llpu moctaHoBke
71a00paTOPHBIX padOT HAJIO MPAKTUKOBATH BCE MpUEMBI. JTabopaTopHbie pabOThI MPOBOASTCS
cTyAeHTaMH Ha cTeHnax. CTyleHThl COOMPAIOT CXEMY CaMOCTOSITENIbHO MO METOJUYECKUM
yKazaHusAM K JsabopaTopHoil paborte. IlpenmonmaBarenb, mpoBepuB ee, AaeT J00pO Ha
skcriepuMeHT. Ecin cxema coOpaHa HE BEpPHO, TO C MOMOIIBIO MPENOJaBaTeNsl CTYICHTHI
YCTPAHSAIOT OMIMOKM M TOJBKO IIOCJIE€ JTOT0 CHUMAIOT IOKa3aHUsl. IIpaBunbpHO
OpPraHU30BAHHBIE M YMEJIO MPOBOAMMEBIE JIAOOPATOPHBIC 3aHATHS OKa3bIBAIOT HA CTYJCHTOB
OTPOMHOE BOCHHUTATENbHOE BIHMSHUE. BocnuThiBasg B KaXJAOM CTYACHTE JUYHYIO
OTBETCTBEHHOCTb 3a IMOPYYEHHOE JE€JI0, OHU BMECTE C TEM OCYIIECTBIISIIOT 33Ja4y pa3BUTHUS
NPOYHBIX HABBIKOB KOJUIEKTUBHON pabOThl, MO3BOJISIIOT MPUBUTH CTYJEHTAaM LIEHHbIE
HaBBIKM 110 KYJIbTYpE TPYya.



CocraBJ/ieHue npe3eHTauuu

IIpe3enTanus (OT aHMIMICKOTO CJIOBA - MPEACTABICHHUE) — 3TO HA0OP LIBETHBIX KAPTUHOK-
CIIaliIOB Ha OMpPEIEICHHYIO TeMy, KOTOpBI XpaHUTCs B ¢ailie cnenuanbHoro ¢opmara
pacumpenueMm PP. Tepmun «mpeseHTanus» (MHOT/IA TOBOPAT «CJIAaI-(PUIIbM») CBA3BIBAIOT,
MpeXIe BCEro, ¢ MHPOPMAIMOHHBIMH M PEKJIAMHBIMH (YHKIHSIMU KapTUHOK, KOTOPHIC
paccuuTaHbl Ha ONPEACIICHHYIO KaTErOpHUI0 3puTesei (1oJib30BaTenei).

VYiauHas v KaduecTBEHHasi Mpe3eHTalusi OyJeT BIMATh Ha Balll MOJOXKUTEIbHBIA MMHUJIK.
[Ipe3eHTanusi — 53TO BU3WTHAsg KapTOyKa. OJTa TEXHOJOIHUS [O3BOJSIET BU3YaJIbHO
BOCIIPUHUMATH Baily pa0boTy. JIto6asi TeXHOJIOTHSI, B TOM YMCII€ U CO3/IaHHUE MPE3CHTAIHH,
KOMITBIOTEPHOW WJIU APYrOil, MUMEET CBOU MPABUIIA, IPUHIIUIIBL, [IPUEMBI.

Hano moHumaTe, 4TO Mpe3eHTalus — 3TO HE OTYET O MPOAEIIAHHOM paboTe, K KOTOPOl MbI
NABHO TPUBBIKIM W KOTOPBIE HAYyYMJIUCh COCTaBIATh. He3aBUCMMO OT HOCUTENEH, Ha
KOTOPBIX OHA BBINOJHEHA, MPE3CHTAlMs BKIOYAaeT B C€0Sl M HEKOTOPBIE 3JIEMEHTHI
OTYETHOCTH (CTAaTUCTHYECKUE JAHHBIE), U JIEMEHTHI aHAJIN3a, SKCIIEPTHON OLEHKH, a TaKkKe
— MPOTHO3UPOBAHMUSI, TIEPCIIEKTUBHOIO IJIAHUPOBAHUS M MHOTO€ APYrO€, YTO 3aBHCUT OT
KOHKPETHBIX LIeJIed 1 3a7a4. YTO Takoe KOMITbIOTEpHAs PE3CHTAUA?

MyabTHMeAUHHAA KOMIIIOTEPHAA MPE3eHTALUA — ITO:

- TMHAMUYECKHUM CHHTE3 TEKCTa, N300paKEeHNUs, 3BYKa,;

- SIPKUE€ U JOXOTYUBBIC 00pa3bI;

- caMble COBPEMEHHbBIE MTPOrpaMMHBIE TEXHOJIOTHHN HHTEep(deiica;

- UHTEPAKTUBHBIA KOHTAKT JOKJIAIUHUKA C IEMOHCTPALIMOHHBIM MATEPUATIOM;

- MOOMJIBHOCTh U KOMITAKTHOCTh HH(OPMALIMOHHBIX HOCUTENEN U 000pYy10BaHHUS;

- CIMIOCOOHOCTh K OOHOBJICHHIO, JIOTIOJIHEHUIO U alallTallud UH(popMaIuu;

- HEBBICOKASI CTOMMOCTb.

[ToAroTOBIEHHYIO MPE3CHTAIMI0 MOXXHO BBIMYCTUTh W OTAEIBHBIM MEYATHBIM H3JIaHHEM,
0o(OpMHUB €ro COOTBETCTBYIOIIMM O0pa3oM, a MOXXHO NpPEJICTaBUTh B BHJIE aBTOPCKOIO
ANEKTPOHHOTO M3AaHus. Eciii ecTh BO3MOKHOCTh, MOKHO ONyOJIMKOBATh MPE3EHTAIUIO Ha
CTpaHMIAX XYPHAJIOB U T'a3eT WA BBICTABUTh Ha cauT B MHTepHeT-npocTpaHcTBe. B yem
JIOCTOMHCTBO Tpe3eHTaIui?

IHocaexoBarenbHOCTh M3JI0KeHUsA. [Ipy nmomomy crnaiaoB, CMEHSIOIKMX APYT Apyra Ha
DKpaHe, yAepaTh BHHMaHHUE ayIUTOPHHM TOpa3fo Jierde, dyeMm Oeras ¢ YKa3Kod MEx
pa3BeIIaHHBIX [0 BCEMy 3ally IUIakaToB. B oTiauumMe Xe OT OOBIYHBIX CIIaiJIoB,
MPOIYCKAEMBIX 4Yepe3 AUANPOEKTOP, KOMIBIOTEPHBIE MO3BOJSIOT OBICTPO BEPHYTHCH K
JH000MYy U3 YK€ PAaCCMOTPEHHBIX BOMPOCOB WM BOBCE M3MEHUTH MOCIEA0BATEIBHOCThH
W3JI0KEHHUS.

Koncnexkr. Ilpe3eHTannsi — 3TO HE TOJIBKO TO, YTO BHUJIUT U CIHBIIIAT ayAUTOPHUS, HO U
3aMETKHU ISl BBICTYMAIOMIEro: O YeM He 3a0bITh, KaK PAacCTaBUTh AKIEHTHI. DTH 3aMETKH
BHUJIHBI TOJIBKO JOKJIAAYUKY: OHU BBIBOJSATCS HA DKPaH yIPABJISIOLIETO KOMITBIOTEPA.

MyabTumenuiinbie 3¢ dexrni. Craiipl mpe3eHTaIuu - He MPOCTO M300pakeHne. B HeM,
Kak ¥ B JIIOOOM KOMIIBIOTEPHOM JTOKYMEHTE, MOTYT OBITh DJIEMEHThl aHUMAIlUU, ayJIuo- U
BUJIe0(hparMeHThI

10 3¢ (pexTUBHBIX COBETOB KaK MPABUIIHHO JEIaTh MPE3CHTAIIHIO.

Konupyemocts. Konnn 371eKTpOHHON MpE3eHTAUMU CO3IAF0TCS MTHOBEHHO M HMYEM HE
OTJIMYAIOTCA OT opuruHana. [Ipu xenaHuu ciaylmiaTeny MOTYT MOJYYUTh BCE MOKa3aHHBIE
MaTepuabl. TpancnopradeabHocTh. MaTepuan ¢ npe3eHTalue ropa3io KOMIAKTHEE
CBEpTKA IUIAKATOB W rOPa3/io MEHBIIE MTOCTPAAAET OT YACTBIX MYTEIIECTBUNM TO HA OJHO, TO
Ha Jpyroe «meponpusTue». bosee Toro, (aitnm mpe3eHTanMM MOXKHO TepeciaTh T0
AIIEKTPOHHOM MOYTE, a €CIM €CTh HEOOXOAMMOCTh M 000pYAOBaHUE - U BOBCE MEPEHECTU
BBICTYIUIEHUE B VIHTEPHET M HE TPAaTUTh BPEMSI HA PA3bE3IbI».

JTanbl padoThl HAI MPe3eHTAlUuel

IToaroroBka



[logroToBka Tmpe3eHTAlMM HAayWMHAETCAs C IUlaHMpoBaHud. B o0miem Buge 3tanbl
NEePBOHAYAIBHOMN MOATOTOBKH BBITJISIIAT TaK.

Omnpenesienne coJep:KaHusl NpPe3eHTAIMM, TeMATHKA, LeJeBoe U 3PHUTEJIbCKOe
(yuraTesibckoe) HazHadeHnuwe. OrpejelieHHE YCIOBUM, KOTOpPbIE MOMOTYT OO€CIeuUTb
paboTy Hax mMpe3eHTaIueH. N3ydyeHne TeopeTHyecKkoro marepuaia MO TEXHOJOTUHU
KOMITBIOTEPHOM Mpe3eHTAIH, YTOYHEHUE BO3MOKHOCTEW BEPCUU MPOTPaMMBbI, UMEIOIIECHCS
y Bac.

Pa3pabGoTka Mogeu U CTPYKTYpPHI npe3eHTauuu. OnpeeneHue Mexanu3mMa padoTsl Haj
HEW.

Pabotas Haj co3maHueM Mpe3eHTALMHU, CIETYEeT MOMHUTH O BO3PACTHBIX OCOOCHHOCTSIX U
MHTEpecax TOM KaTeropuu IMoJib30BaTesei, KOTOPOil agpecoBaH Ball MpoaykT. Onpeaenure,
KaKue IIeJIM Bbl CTABUTE M pEIIaeTe B Mpoliecce padOThl: Mpe3eHTalus JH0HKHA TOMOYb B
pEIIeHNN KOHKPETHBIX MPO(ECCUOHANBHBIX 3a/1a4. B 3aBUCHMOCTH OT TOTO, KaKMX UMEHHO -
BbI OyJIeTe BBICTPAUBATh 3PUTEIILHBIN PSI.

CHayana Bpl MOXeTe 3a(pUKCHUPOBATH BEChb XOJ PaOOTHI C MOMOIIBIO PYYKH U OyMmaru.
TmarenpHo  oOgymaiiTe M pacnMIIMTE — COAEp)KaHWe  Mpe3eHTauud.  Pemwure
MYJbTUMEAUNHYIO YacTh MPE3EHTAMHU: KOJUYECTBO CIAW0B, rpauuecKkux U300pakeHuH,
auarpamMM, CKaHUPOBAaHHBIX W300pa)KEHUH, CCBHUJIOK Ha HWHTEPHET-PECYpPCHI, 3BYKOBBIX
¢aiinoB, BUACOPOIUKOB U T.1.

1 mar. Henenonaranue. OrmnpezaenseM, ¢ Kakoil LENbi0 Mbl IPOBOJUM IPE3ECHTALUIO.
Hanpumep
e [Ipe3eHTanus Kak UToroBas ¢opMa oT4eTa O Ballel JESITEIbHOCTH.

o [Ipe3eHTanus kak 00y4aromias TEXHOIOTHsl.

o [Ipe3eHTarus Kak CpeICTBO MPUBJICUYCHHUS K YTCHHIO.

2 mar. Ayauropusi M 3aja4u. B 3aBucuMOCTH OT TOro, KOMY aJpecoBaHa Ipe3eHTaLNs,
ornpezensieM u ee 3anaun. Hampumep.

e OTUeT 0 MPAKTUYECKOU paboTe
e CooO1ieHue HOBOro MaTepuana
e [Ipe3eHTOBaTH KypCOBOM, JUILNIOMHBIN ITPOEKT
o [IpeseHTtarus yis IpeACTaBICHUS IOKJIaa Ha KOHPEpPEHIIUN
3 mar. [Ipeamer npe3eHTanuu (4To nMpe3eHTyeM?).

4 mar. MoaeaupoBanue u cTpykrypa. Korna Mel permiu, 4To UMEHHO Oy/IE€T COCTaBIATh
CoJiep)KaHuEe TMPE3eHTAINH, TOATOTOBICHHBIA MaTepual HaJ0 CHCTEMaTHU3HpOBaTh U
«YTIaKOBaTh» B OT/ENIbHBIE OJIOKH, KOTOPhIE OYIyT COCTOATHh M3 COOCTBEHHO TEKCTa (TOJIBKO
HeOoIbIIOro Mo 00beMy!), cxem, rpaduxkoB, Tadbull, poTorpaduii u T.1.

5 mar. JyeMeHTbl, JIOMOJHSIIOIIHE CO/ep:KaHHe TMpPe3eHTAUH, TOXe TpeOyroT
MIPOTyMBIBaHUS 3apaHee.

o MnmoctpaTuBHBINA psn. WnmocTpanuu THMA «KapTUHKa», (HOTOUIUTIOCTPAIIUH, CXEMBI,
KapTUHBI, TpaduKH, TAOIHIIBI, JHATPAMMBI, BUICOPOIUKH.
¢ 3ByKOBOM psia. My3bIKalbHOE HIIM PEUEBOE CONMPOBOXKIECHUE, 3BYKOBBIE A(P(EKTHI.

e AHUMAITMOHHBIN psiA. DTO KapTUHKU C JBUKCHHEM: (DUTYPKH, «OXKHUBIIHE» CXEMBI U
«pacTyIIue» AuarpaMMel.

e [[BeroBas ramma. OOmHMII TOH W IBETHBIE 3aCTaBKW, WUIIOCTPAIUU, JTUHUU JTOJDKHBI
COUYETAThCSI MEXKIY COO0M U HE IPOTHBOPEUYUTH CMBICITY U HACTPOSHHIO TIPE3CHTAIINH.

o IlIpudToroii psa. BeiOpars mpudThl *KeaaTelbHO, HE YBICKAICh UX 3aTCHIMBOCTHIO U
pasHooOpazuem. Yem Oombilie pa3HbIX MPUPTOB BBl HCIOJIB3YETE, TEM TPYIAHEE
BOCIIPUHUMAIOTCS BamM ciaiael. OIHAKO HAIO MPOAYMaTh IMIPUGPTOBBIC BBIACICHUS, UX
MNOJYMHEHHOCTh U JIOTHKY. CTHJIb OCHOBHOrO mipudra Toke BaxkeH. B mobOom ciyuae
BbIOpaHHbIE BaMU HIPUPTHI JOJKHBI JIETKO BOCIPUHUMATHCS Ha TIEPBBIN B3TJIS.
e Crnieunanbuble 3pdextol. Bo3amoxkHocTr crienphPexToB Bbl YBUIUTE NMPHU 3HAKOMCTBE C
nporpaMmoii. Baxxno, yToObI B Balliell mpe3eHTallMd OHU HE OTBJIEKAJIM BHUMaHueE Ha ce0s, a
JUIIb YCUJIMBANIM IJ1aBHOE. ECTECTBEHHO, KKl CHEIUANUCT OYJET U3MEHSTh AJIEMEHThI
coJiep KaHus IPE3EHTAIMH, YTO- TO UCKIIIOYATh UM BHOCUTH CBOE.



HexoTopele mpaBuiia opranu3anuy MaTepuania B Ipe3eHTalUU.
[Toaua: kak Mpe3eHTOBaTh U TOTOBUTHCS.

1. [lenTp BHUMaHMs Ha Jokiaauuka. Heo0XoquMo MOHUMATh - HA MPE3EHTALMIO JIHOIU
NPUIUIA BBICIyIIaTh BAC, 2 HE MPOYUTATh BMECTE C BAMHU HAJNMUCH Ha BamMx crangax. He
MOJICOBBIBAUTE UM IMPE3ECHTALMIO. ECIM BbI MOKA3bIBAETE HOBBIW MPOIYKT - MOKAXKUTE HOBBIN
npoaykT. Eciiu Bbl Mpe3eHTyeTe HOBBIM CTAaHOK - MOKaxute ero dotorpaduu. Eciu Bam
HEYero Mokas3aTh, UJIM MOKa3aTh YTO-TO B )KUBYIO OYEHB CIIOKHO, COOEPHUTE MPE3CHTAIUIO. U
3antoMHuTE: Ilpe3eHTanus — 3T0 BbI M Balll PaccKa3, TO, YTO MOKA3bIBACTCH HA CTEHE -
3TO AONOJIHUTEIbHbIE MATEPHAJIBI.
2. Hpunnun "10/20/30". BroepBble 3TO MPHUHIMII OMHMCAH KAaMUTAIUCTOM CHIMKOHOBOM
nonusbl, ['aem KaBacku. CyTh npunImna:
- 10 cimaitnoB B pe3eHTAalnH;
- 20 MEHYT BpEMEHH Ha IIPE3CHTALIUIO;
- 30-M mpudToM HaOpaH TEKCT Ha ClIaiax.

3. 'maBHO€ BHMMaHuE r1aBHbIM BemaM. Onpenenute 10 rnaBHBIX UaeH, MBICIEH, BHIBOJIOB,
KOTOPBIE Bbl XOTUTE JOHECTH JI0 CIYIIATEJIEH U HA OCHOBAHUY HUX COCTABbTE MPE3CHTALHUIO.
Hu B xoem ciyyae He BKJIIOYAWTE B MPE3EHTAIMIO JOMOJHUTENbHYI0 MH(OpMaIUo - ei
MECTO B pa3aTOUYHOM MaTepuaje Ju0o B Bamux cioBax. Ha cnaiigax g0HO OBITh TOJIBKO
camoe riaaBHoe. Korya roroButech K Mpe3eHTAIllMU YyBCTBYWTE ceOsl MPOAABIIOM TOTO, YTO
BBl IIpe3eHTyeTe. Bamm uaeu, MbICIH, BBIBOJBI - 3TO Ball TOBap, OT TOIO KaK BBl €ro
IIPE3EHTYETE, 3aBUCUT Balll yCIEX.
KOHTEHT: 4TO npe3eHTOBATb.
4. Ilpe3enTanus - 3T0 He NOKyMeHT. Beerna cnenyiite npaswiy: lIpe3enranuu s nenaro B
PowerPoint, a mokymentsl B Word. XoTuTe IOHECTH N0 CAyIIATEeNIeM TEKCT JIOKJIana,
BKJIIOUUTE €ro B otTnenbHbii Word-daitn u mpukpenute K gokiany. B mpesenTanuio
BKJIIOYAWTE TOJILKO Ty MH(OpMAIMIO, KOTOpas MOMOKET CIYIIATENsIM JIy4Ille BOCHPHUHSTH
MaTepurall.
5. Undopmanus, a He naHHble. Bel 3Haere, yemM naHHBIE OTJIMYAIOTCS OT HUH(poOpMmanuu?
JanHble - 3TO0 Habop uudp, (akToB, OHM HE MNPUTOAHBI JJI TPUHATUS PELICHHUS.
Nudopmamusi - 510 mnpopaboTaHHBIE JaHHBIC, MPEACTABICHHBIE B YIOOHOM IS
BOCIIPUSTHUS BUJIE, JIJIsl TPUHATHUS perienus. Tabmuna ¢ kydyei nudp 1 Ha3BaHUSIMU KOJIOHOK
B IIPE3CHTAIIMU - OTO JaHHBIC, a He MHopManus s npuHsATUs peiieHus. Uupopmarueit
JUISL pa3MeNIeHus] B MPE3eHTAIlMd MOXKET ObITh JuarpaMma, Ha KOTOPOM ObLI0-ObI BHUIIHO
pa3HUIly MEXAY KaKUMH-TO TMOKazaTensaMu. J(uarpammy Hazmo nmoamnucaTth. BeIBOA: €Ciu Mbl
XOTHM, 4YTOOBI Halla Mpe3eHTalus OblIa TOHSTHOM, MOCTYMHOM W KauyeCTBEHHOW MBI
BKJIFOYAaeM B He€ UCKITIOYUTENHHO HH(POpMAIINIO, a HE JaHHbIC.
6. ToroBelii cnaii. ITO claij CIYXUT IJIs JIyUIIEro 3aioMUHaHus Matepuana. [lostomy
BCET/Ia JIeJIaliTe UTOTOBBIN CJaii, B KOTOPOM BbI (DUKCUpPYyETEe BHUMAHUE JIIOJICH Ha TJIaBHOM
«COOOUICHUW», KOTOPOE Bbl XOTUTE JOHECTH JI0 ciyliaTesneld cBoeil nmpeseHrtanueil. Eciu B
MPE3CHTALIMA HECKOJIBKO TEM, JEJAUTE UTOTOBBIM CJAW] MOCIE KAKION U3 TEM, 4 B KOHIIE
MIPE3EHTAlUN CIEJaiTe CyMMapHbIi HMTOroBbIA cnaig - 310 Ha 100% mno3BosuT Bam
obecrieynTh BOCIPHUATHE AayJUTOpPUEH TJIABHBIX MOMEHTOB Ballleld Mpe3eHTallUHU.
Buzyanuzanus: Kak Jiydille BCEro nokasarb TO, YTO MPE3ECHTYEHIb.
7. IlpaBmmo — «Cxema, pHCYHOK, rpaduk, Tabmuia, TeKCT». UIMEHHO B Takoi
nocienoBareabHocTH. Kak TOiabko Bbl CHOPMYIUMPOBAIM TO, YTO XOTHUTE AOHECTHU [0
CIyLIaTENEN B KAKOM-TO KOHKPETHOM Cllaiijie, CHayaja ImoJJyManTe, a Kak 3TO NPeJICTABUTh B
Buae cxembl? He momywaercs, Kak cxeMmy, MOAyMaiTe, KaK IOKa3aTb 3TO PUCYHKOM,
rpadukom, Tadmutei. Mcrnonp3yiTe TEKCT B MPE3CHTAIUAX, TOJIBKO €CIIM BCE MPEbIyIINe
croco0bl 0TOOpakeHust HHGOPMAITUU BaM HE TI0IOILIH.
8. IlpaBuno «5 oObekTOB Ha criaiine». He HyXHO co3nmaBarh kaily Ha criaiine. Uenosek
CIIOCOOEH OJHOBPEMEHHO MOMHUTHL 7 =+ 2 »snemeHToB. [loaTOMy mnpu pasMeleHuu
uH(pOpMallMK Ha ClIaliJie cTapaitech, 4TOOBI B CyMMe CJaill coiepskai BCEro 5 3JeMEHTOB.
Ecau »sTo cxema, TO mompoOyiTe ymnpocTtuth €€ a0 5 snemeHToB. He mnomyumiioch -
IpYNIUPYUTE DSJIEMEHThl TakK, 4YTOObl BHU3yaJlbHO B CXEME€ BBIJIEISIOCH S5 OJIOKOB.



NucTpyMeHT: YTO OMOTaeT B CO37IaHUU pe3eHTaIUH.
9. Microsoft Power Point. [Ipoctas u ymoOHas mporpamma craja €ABa-Jd HE JIy4IIUM
CIIOCOOOM SIPKO M TIOHSITHO JIOHECTH CBOU WJEU WM JOCTHXKEHUS N0 JII000H ayJTuTOpPHUU.
Ecniu Bbl ymeere moisib3oBaThess Word, TO AJis Bac HE COCTAaBUT TpyjAa pa3o0OpaThCs ¢
PowerPoint. Ilpu co3manuu mpeseHTanuu ucnonb3yite KopmopaTuBHbIE MIa0IOHBI A
PowerPoin. Ha caiite YouTube.com mo 3ampocy «PowerPoint» BBl HalijeTe OrpoMHoOe
KOJIMYeCTBO  oOydaromero  BHaeo Mo  paboTe ¢ JaHHOW  MPOTpaMMOM.
10. Onna kaptunka 3amenser 1000 cnoB. [Ipu moAroToBKe Mpe3eHTAMU BaM MOHAT00SITCS
kapTuHku. Vcnons3yiTe cepBuchl norcka kaptuHok Google.Images u Snnexc.Kaptunku
U TOTO, YTOOBI HaTH HEOOXOIMMYIO BaM KapTUHKY. [IpocTo BBOAMTE B CTPOKY IOMCKa
Ha3BaHUE TOrO, YTO BaM HEOOXOJIMMO, M CHCTEMa MPEUIOKUT BaM Pa3jM4HbIC BapUaHThI
H300paKEHUM.

OTH JAeciITh MPOCTBIX W JIEWCTBEHHBIX COBETOB M IMPaBHUJ IMOMOIYT CO3/1aBaTh
KaueCTBEHHbIE IIpe3eHTalu U 3((HEKTUBHO UX MPE3EHTOBATH. [l 3aKperyieHus mpeiaraio
BaM HEOOJBIIYIO CXEMy, KOTOPYIO MOXHO pacreyaTaTb U HCHOJIb30BaTh MPHU MOIATOTOBKE
MPE3EeHTAlUM, WM MPOCTO MOBECUTh HAa CTEHY, YTOOBI JIyYllle 3allOMHUTH HPUHLUIIBI
2 PEeKTUBHOMN TTPE3CHTAIIUH.
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