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Ilesiu ocBOEHUSsT M CIUTLIHHBI

[lenbro mpenoaBaHus JUCUUIUIMHBL SBJISIETCS (POPMHUPOBAHUE, Pa3BUTHE U
COBEPILICHCTBOBaHKE y 00ydaeMbIX MPO(EeCCHOHATBHBIX KOMIETEHIUH, TO3BOJISIOIINX
BBIITYCKHHUKY OCYILECTBJIATh O(POpPMIIEHHE TEXHUUECKON JOKYMEHTAIMH Ha Pa3IMYHbIX CTaausAX
pa3pabOTKU MPOEKTA CUCTEMBI JIEKTPOCHAOKEHUSI 00BEKTOB KaTUTAIHHOIO CTPOUTENHCTBA

[TpodheccnoHanbHBIN CTAHAAPTHI:

- «16.147. «Cnenuanuct B 007aCTH MPOSKTUPOBAHUS CUCTEM AJIEKTPOCHAOKEHHUS
00BEKTOB KalIUTAIHHOTO CTPOUTEIHCTBAY,

- «24.089.Cnienayiict B 00J1aCTH JEKTPOTEXHHUECKOTO 00SCIIEYeHUsI aTOMHOM CTaHIIHH,
- «24.033.Crnenuanuct B 06JaCTH KOHTPOJIBHO-U3MEPHUTEIBHBIX TPUOOPOB U ABTOMATHUKH
aTOMHOM CTaHIUN.

Mecto qnucunmiuabl B ctpykrype OOII BO

JucnurnimuHa BXOIUT B PO(ECCHOHANBHBIN UK, TUCIMIUIMHA 110 BBIOOPY B CTPYKTYype
OOII nanpasnenus 13.03.02 — «DneKkTpoIHEPreTUKA U NEKTPOTEXHUKA.

JlucuumiiHa «ABTOMATH3UPOBAHHBIA — AIICKTPUUYCCKUA MPUBOA»  (HOPMHUPYET
KOMIIETEHIIMU BO B3aUMOCBS3H CO CIEAYIOMMNMH JUCHUIUIMHAMU U NTPAKTUKAMUA:

- Okomorust, OOmas sHepreTHka, be30mnacHOCTh KUZHENEATEIbHOCTH, DJIEKTPUUECKHE
CTAaHIIMM W TIOJCTAHIIMU, OJCKTPOIHEPIeTHUSCKUE CHCTEMBI M CeTH, PeneiiHas 3ammra u
aBTOMATHU3AIMSA  DJEKTPOIHEPIeTHYCCKUX  CHUCTEM, TexHuKka  BBICOKMX  HaIPsHKCHHIH,
OnekrpocHaOkeHne, Mexannka, HWmkeHnepHas  rpadguka, OCHOBBI  NPOSKTHPOBAHUS
anekTpooOopynoBanus, [lpueMHHKH U TOTPeOUTENM DIEKTPUYECKOW DHEPTUHM  CHCTEM
anekTpocHaOxeHus, HamexxHocTh 3nekTpocHaOxeHus, IlepCreKTUBHBIE SJIEKTPO-TEXHOJIOTHH,
[TpuMeHEHHE AIEKTPO-TEXHOJIOTHH B TPOMBIIIIICHHOCTH, OCHOBBI AJIeKTpodHepreTukH, [lepenaya u
pacnpesenieHue 3MeKTpudeckoi sHeprun, CBerorexHuka, OCHOBBI 3JCKTPHYECKOTO OCBEIICHHS,
ABTOHOMHBIE MCTOYHHKH 3JIEKTPOCHAOKEHUs, HeTpaauimoHHbIe W BO30OHOBIISIEMbIC MCTOYHUKH
SHEPruM, DJICKTPUUYECKUE amnmaparhl, MHUKpPOIPOIIECCOPHBIE YCTPOWCTBA YIPABIICHUS W 3aIlUTHI,
DAEKTPONPHUBO]I TPOU3BOJCTBEHHBIX MAIIIMH U MEXaHU3MOB, DJIEKTPOMAarHUTHAs COBMECTUMOCTh U
KauecTBO dJeKTposHepruu, I[IpeoOpa3oBarenbHbIE YCTPOMCTBA B CHUCTEME DIEKTPOCHAOKEHMS,
TexHUKO-DKOHOMUYECKHE pacdyeThl B dJEKTpodHepreTrke, OpraHuzanus U (QyHKIHMOHUPOBAHUE
PBIHKOB DJIEKTPUYECKOW OSHEPruu, MOIIMHOCTH M cucTeM ycayr, [IpoekTupoBaHue cHCTEM
ANEKTPOCHAOKEHUS TIPOMBIIUICHHBIX MPEANPUATHI, [IpoeKTHpPOBaHNE CUCTEM 3JIEKTPOCHAOKEHUS
roposioB, IIpom3BojcTBeHHass mpakTUKa (IKCIUTyatannoHHas), [Ipon3BOJICTBEHHAs MPaKTHUKA
(mpenmurmomuas), 'ocyapcTBeHHAs UTOTOBAs ATTECTAITHS.

- DJEKTpUYECKHME MAaIIUHBI, DKCIUTyaTallsi CUCTEM JJIEKTPOCHAOKEHUsS, DIEKTPUUYECKUE
anmapatel, MHUKpPOIPOIIECCOPHBIE YCTPOMCTBA  YNpaBICHUS W  3alIUTH, OJIEKTPOIPHUBOJ
MIPOM3BOJICTBEHHBIX MAIIMH U MEXaHU3MOB, [Ipou3Bo/CTBEHHAs MpaKTUKA (IKCILTyaTallMOHHAS),
[TpousBocTBeHHAs MpakTUKa (MIpeaauIuioMHas), ['ocynapcTBeHHast UTOTOBasi aTTeCTallusl.

- IlpueMHMKM W TOTPEOUTENH SIEKTPUUECKON SHEPTrUU CHUCTEM JJIEKTPOCHAOKEHUS,
DneKTpuuecKue amnmapatbl, MHUKPOIPOLECCOPHbIE YCTPOWCTBA  YNpaBICHHWS U 3alUTHI,
DJIEKTPOIPUBO,T TPOU3BOJICTBECHHBIX MAIIMH U MEXaHU3MOB, DJICKTPOMAarHuTHAsi COBMECTUMOCTh U
Ka4ecTBO dJIEKTpodHepruu, [IpeoOpazoBarenbHBIE yCTPOWCTBA B CHUCTEME 3JICKTPOCHAOKEHUS,
[TpownsBoacTBEHHAS TIPaKTUKA (3KCIUTYaTalinOHHAs ), [TponsBoacTBEHHAS MIPAKTHKA
(npeanuIIOMHas).

[Ipn ocBoeHUW MAHHON AMCHUUILIIMHBI CTYJEHT CMOXET YaCTUYHO MPOJEMOHCTPHUPOBATH
TpYyIOBbIE QYHKIUU:



- B.6. Pa3zpa0boTka OTAeNbHBIX pa3zieno MPOeKTa Ha Pa3IMUHbIX CTAAUIX IPOSKTUPOBAHHMS

CUCTCMBI BHGKTpOCHHG)KeHI/IH 00BEKTOB KAIIUTAILHOTO CTPOUTCIILCTBA,

- B/01.6.06ecneuenue sxcruryaranuu CU, CA u anmapatypst CY3 Ha AC .
- A/02.6. KoHTposb orepaTUBHOTO 00CITykuBaHUs U pexxuMoB DTO U yCTpOHCTB B
cootBetcTBuM ¢ TpeboBanusimu JIHA u HTJ[ AC (TIC 24.089),
- C/04.6.0pranuzarus onepatuBHOro oocayxkuBanus 3TO 1 ycTpoiCTB ¢

IMPOHU3BOJACTBOM

cnoxubix nepexmouenuid AC (T1IC 24.089),
- D/03.6. Pa3zpaboTka MeponpHsATHI IO POJIICHUIO CPOKOB IKCILTyaTalluy,
MojepHu3anuu U Texaudeckomy nepeocHamennio AC (ITC 24.089).

KOMHeTeHIIl/II/I Oﬁy‘lalOl]_leI‘OCﬂ, (l)OpMI/IpyeMI)Ie B pe3yjabTaTe 0CBOCHUA

JTUCIHHUILINHBI

B mnpomecce ocBoeHus MaHHOW JUCUUIUIMHBI y CTyAEHTa (OPMUPYIOTCS CIEAYIOLIUE

KOMITETEHITNH:
npodeccuoHanbHbIe
3anauun
npogeccuoHaIbHO OO0BexT unm Kon n nanmenoBanue WNHauKaTopsl JOCTHKCHHS
i AesaTenbHOCTH 00JacTh 3HAHUS KOMIIETEHITHH KOMIETEHIINH
311D

VYyacrtue B Onektpuueckue | [IK-1 Cnocoben 3-TIK-1 3HaTh: METOIBI

pacducrax u CTaHLINHU 1 MNPpUHHUMATDh Yy4aCTUC B pagpa60TKH TEeXHUYECKON

MPOEKTUPOBAHUU MOJICTAHIUH; MPOEKTUPOBAHUU JOKYMEHTAILIMH ¥ HOPMATUBHYIO

00BEKTOB SJICKTPOSHEPICT 00BEKTOB 6agy JIJISI COCTaBJICHUS

ILIpO(i)eCCI/IOHaJIBHO UYEeCKue npodeccuoHanbHOMI MH(OPMAITHOHHBIX 0630POB,

W IesTeNbHOCTH CHUCTEMBI 1 JIeSATEITLHOCTH B peleHamnii, OT3HIBOB,

B COOTBETCTBUHU C CeTH; COOTBETCTBUHU C AAKITIOUEHYH HA TEXHAYECKYIO

TEXHHYECKUM CUCTEMBI TEXHUYECKUM 3aJaHUEM
JIOKYMEHTAITU IO

3a/IaHHEM C AIIEKTPOCHAOKE | U HOPMATUBHO

HCIIOJIb30BaHUEM HUS TOPOJIOB, TEXHUYECKON Y-IIK-1 Ymers: .

CTaHIapTHBIX MPOMBINUICHHBl | TOKyMEHTaIUeH, OCymecTRAATE B3aHMONCHCTBHE

CpeacTB X TIPENPHUSITHIA, | COOIIOIast pa3IndHbIC C IPOCKTHBIMH,

aBTOMAaTU3alUN CEIIbCKOTO TEXHUYECKUE U KOHCTPYKTOPCKHMHU

[POEKTUPOBAHMS; | XO3AMCTBA, 9KOJIOTUYECKUE OpraHu3alnAMHA 1

HpOBE/ICHHE TPAHCHOPTHBIX | TpeOOBaHMUS Opranuzanusmu

OpeABapUTEIILHOIO | CUCTEM U HX HA3TOTOBUTEIIAMM 3JICKTPO™=

TEXHHUKO- 00BEKTHI TCXHHUYCCKOTO

SKOHOMHUYECKOTO 000pyI0BaHUs, BHIIIOTHSITH

000CHOBaHHUS aHaln3 MPOEKTHOMN

MPOEKTHBIX JIOKyMEHTAITU!

peuieHuin B-IIK-1 Bnaners:
HaBBIKAMH MCTIOJIb30BaHUS
TUIIOBBIX TPOEKTOB M aHATH3
MPUMEHUMOCTH YKa3aHHOTO B
MPOEKTE AIIEKTPO-TEXHUUECKOTO
0bopymoBaHus 151 00BEKTa
npodeccuoHaNBHOMI
NIESATETLHOCTH

Kontposnb Onekrpuueckue | [IK-4 CriocoGen 3-1IK-4 3Hath: rinaBHbIC

COOTIOICHUS CTaHIMH U cOOJII0/1aTh U OIEHWBATh | CXEMBI M CXEMBI COOCTBEHHBIX




3aJaHHBIX MOJICTAaHIUH; napaMeTphbl MyCKOBBIX HYX] AIIEKTPOCTAHIINH,
napameTpoB AIIEKTPOIHEPTET | PEKUMOB 000PYIOBaHUS | CIOCOOOB o0ecrieueHHs
pPEeXUMOB UYeCcKue ¢ obecrnieueHueM HOPMAJIbHBIX PEXKHUMOB PabOTHI
000pyI0BaHUs CHUCTEMBI U CBOEBPEMEHHOTI'0 U obopymoBaHus u
CeTH; 0€e301acHOro BKJIIOYEHHSI | IPEAOTBPAILEHUs U/UIIH
CUCTEMBI ero B paboty JTUKBHJIAIUU HCHOPMAIIbHBIX U
3eKTpocHabke aBapUUHBIX PEKUMOB
HUS V-IIK-4 Y™mers:
MPOMBIIIICHHBI BBITNIOJHATH TPEOOBaHUS
X HOPMAaTUBHO-TEXHUYECKOU
OPEeINpUITHH U JIOKyMEHTaIluH,
X 00BEKTHI OpPraHU30BBIBATH u
KOHTPOJIHUPOBATh nporecc
BBITIOJTHEHUS pabor
MOJYMHEHHBIM  ONEPAaTUBHBIM
MEPCOHAJIOM CMEHBI I1IeXa MpU
BBOJIC B pabory
TypOOTreHepaTopoB,
TpaHcGopMaTopoB,
aBTOTPaHC(POPMATOPOB u
IIYHTUPYIOIINX PEAKTOPOB
B-I1K-4 Bnanerts:
HaBbIKaMU pabOTHI C
COBPEMEHHBIMU CHUCTEMaMHU
yhpaBieHus, cOopa U nepeaauu
JTAHHBIX, MOCTOSTHHOTO
MOHUTOPHUHTA COCTOSITHUS
0o0opy/soBaHus, MapaMeTpoB €ro
pexuma
paboThl U UX aHAIH3a
VYuyacrtue B Onexrpuueckue | [IK-7.1 Cnocoben 3-1IK-7.1 3HaTh: OCHOBBI
pacyerax u CTaHIIUU U aHaJIM3UPOBATH U MIPOCKTUPOBAHUS CUCTEM
MPOEKTUPOBAHUU MOJICTAHINH; PACCUUTHIBATH PEKUMBI | DIIEKTPOCHAOKECHHUSI
00BEKTOB AJIEKTPOIHEPTeT | paboThl, OCYIIECTBIATh MPOMBIIIJICHHBIX  MIPEAPUATHI
npoecCHOHANBHO | UYECKUe MPOEKTUPOBAHUE, U UX
W IesSTeNbHOCTH CHUCTEMBI 1 MOJICPHU3AIUIO U 00BEKTOB; QJITOPUTM BBIOOpA
B COOTBETCTBUU C CeTH; PEKOHCTPYKITHIO HOMHHAJIbHBIX HaNPSKEHUH,
TEXHUYECKUM CHUCTEMBI 00BEKTOB KOH(Urypamuu CeTH u
3a/laHuEM C ANIeKTpOoCcHAOKe | MpodeccuoHaNTbHON 000pyZOBaHUS  IIEKTPUUECKUX
WCIIOJIb30BaHUEM HUS NI TeTbHOCTH. ceTed mpH MX MOJEPHH3AIUU U
CTaHIapTHBIX MPOMBIIIIICHHBI PEKOHCTPYKIIUH; METO/IbI
CPEICTB X pacuera PEKUMOB
aBTOMATH3AINH OPEeINPUITHHA U ANEKTPUYECKUX CETEH
MPOEKTUPOBAHUS;, | UX OOBEKTHI MPOMBIIIJICHHBIX ~ MPEANPUATHI
MPOBEJICHUE 1 UX 00BEKTOB
MIPEABAPUTEIIHLHOTO V-TIIK-7.1 Ymers:
TEXHHKO- MIPOU3BOUTH BEIOOD
9KOHOMMUYECKOTO AIIEKTPOOOOPYTIOBAHUS
000CHOBaHUS CUCTEM 3JIEKTPOCHAOKEHUS
MPOEKTHBIX MPOMBIIIJICHHBIX  MPEANPUATHI
pereHui 1 UX O0BEKTOB; PACCUUTHIBATH

TEXHUKO-9KOHOMHYECKHE
MOKa3aTein
AIIEKTPOCHAOKEHUS;

CHCTEM
BBIOMPATH




OINTUMAaJIbHEIN BapHaHT CXCMbI

AIEKTPUYECKON CeTH;
paccuuTaTh napameTpbl
HOPMAaJIbHbIX U

MIOCJICaBaAPUITHBIX PEXKUMOB

CHUCTEM 3JIEKTPOCHAOKEHUS
B-IIK-7.1 Bnaners HaBbIKAMUA
BEIOOPA AIEKTPOOOOPYIOBAHUS
CUCTEM DJIEKTPOCHAOKEHUs
MPOMBIIIJICHHBIX — MIPEATIPUATHHA
U UX OOBEKTOB; HaBbIKAMU
pacuera TEXHHUKO-
HSKOHOMHUYECKUX  IOKazaresneu
cucreM AIIEKTPOCHAOKEHMUS;
HaBbIKaMU paboThI c
HOPMAaTUBHOM M  CIIPaBOYHOU
JIOKyMEHTaIue; HaBbIKAMU
aHaJl3a pe3y/ibTaTOB pacyera
pPEeKUMOB  pabOTBl  CHUCTEM
ANIEKTPOCHAOXKEHUA  OOBEKTOB
npodeccuoHanbHOM
JIeSITETTbHOCTH

3aﬂa‘-ll’l BOCIINTAHHUS, P€AJIN3yEMbIC B PaAaMKaxX 0CBOCHHUA JUCIHUILINHDBI

Hanpasienune/ | Co3nanue ycjaosuii, | Ucnosib3oBanue BoBiaeuyenue B
neJIn ol0ecrieynBalOIIUX | BOCIUTATEIbHOIO PA3HOIIAHOBYIO
NMOTEeHIHAJIA Y4eOHBIX | BHEYUeOHYI0
AUCHUILINH AeITeJIbHOCTh
IIpodeccuonan | - GopmupoBanue Hcnonbp3oBanue 1.Opranusanus Hay4HoO-
bHOE OTBETCTBEHHOCTH 3a | BOCIIMTATEIBHOTO IPAKTUYECKHUX
BOCIIUTAHME npodeccuoHaNbHbIN | MOTEHIMAa TUCHUIUIMH KOH(EepeHIM, KPYTJIbIX
BBIOOD, npogecCuoHaIbHOI0 CTOJIOB, BCTpEY C
npodecCUOHAbHOE | MOJYJIS AT BEAYUIMMHU CIIEHUATNCTaMU
pasBUTHE U dbopMupoBaHus y MpeANPUATHI
npodeccuoHaIbHbIE | CTYJCHTOB SKOHOMMUYECKOTO CEKTOpa
pewenus (B18) OTBETCTBEHHOCTH 34 CBOE  |[TOPOJIA MO BOIIPOCAM
npodeccuoHaIbHOe TE€XHOJIOTHYECKOI0
pa3BUTHE TOCPEICTBOM muaepcTsa Poccun.
BbIOOpA CTyIEHTaMHU 2. Yyactue B IOATOTOBKE
MHIUBUAYAJIbHBIX nyOauKanui B
00pa30BaTENbHBIX BBICOKOPEUTHHIOBBIX
TPaeKTOPHUH, OPraHU3alluu  |PELIEH3UPYEMBIX HAYUHBIX
CHCTEMBI OOIICHUS MEXKAY |M31aHUIX
BCEMHU yYaCTHUKaAMU
00pa3oBaTeNbHOTO
mporecca, B TOM YUCIIE C
MCII0JIb30BAaHNEM HOBBIX
MH(OPMaLIMOHHBIX
TEXHOJIOTH.
IIpodeccuonan | - popmupoBanue l.Mcnonp3oBanue 1. Opranuzanus
bHOE HAaBbIKOB BOCIIMTATEIBHOTO HAyyHOro Mojxoja W




BOCIIUTAHHE

KOMMYHUKAIHH,
KOMaHJTHOW pabOTHI
u nunepcta (B20)

MOTEHLMaNa JUCIUIINH
npodeccCHoHaTBEHOTO
MOJYJISL JUIsl pa3BUTHUS
HABBIKOB KOMMYHHUKAIIUH,
KOMaHAHON paboThI U
JTUJEPCTBA, TBOPUECKOTO
WHKEHEPHOTO MBIIICHUS,
CTPEMIICHHUS CJIEIOBATh B
po¢eCCHOHAIBHON
JIeATEeTbHOCTH HOpMaM
MOBE/ICHUS,
obecreunBaroIM
HPABCTBEHHBIN XapaKTep
TPYIOBOM ACSITEIBHOCTU U
HECJIY>KeOHOT0 TOBEICHHS,
OTBETCTBEHHOCTH 3a
MPUHSTHIE PELICHUs] Yepe3
MOJITOTOBKY TPYIIOBBIX
KYPCOBBIX paloT 1
MPAKTUYECKUX 3aJaHU,
pelIeHne KecoB,
MIPOXO0KICHUE MPAKTUK U
noarotosky BKP.
2.Mcnonb3oBaHue
BOCIUTATEIHLHOTO
MOTEHIMANa TUCIUILIAH
poeCCHOHAIBHOTO
MOJTYJIS JJISL:

- (hopMupoBaHUs
MIPOU3BOJICTBEHHOTO
KOJUICKTUBHU3MA B X0JI€
COBMECTHOTI'O PEIICHMS KaK
MOJICNIbHBIX, TaK U
MPAKTUYECKHX 3a7ad, a
TaKKe IMmyTeM
MOJAKPEIUICHHE
panroHaIbHO-
TEXHOJIOTHYECKUX HaBBIKOB
B3aNMOJICHCTBHS B
MIPOEKTHOM J1eATENbHOCTH
AMOITMOHAIBHBIM
3¢ (HeKToM yCIenrHoro
B3aMOJCHCTBUS,
OIIYIIIEHHUEM POCTa 001Ien
s pexTUBHOCTH TIPH
pacrnpeneneHun
MIPOEKTHBIX 33/1a4 B
COOTBETCTBUU C CUJILHBIMU
KOMIIETCHTHOCTHBIMHU U
AMOIIMOHAITBHBIMHU
CBOMCTBaMH YJICHOB
MPOEKTHOM TPYIIIbIL.

yyBcTBa «Bce B onHOU
KOMaHJIe» Yepe3 ydacTue
CTYZICHTOB B TPOBEICHHUU
KPYTJIBIX CTOJIOB U
CEeMUHApOB.

2. ®opmupoBaHue
BEPTHKAJIBHBIX CBS3EH U
(bopmManbHBIX IIpaBuJI
KU3HU TIpU TIPOBEICHHUU
CTYACHYECKHX KOHKYPCOB



https://ru.wikipedia.org/wiki/%D0%A2%D0%B2%D0%BE%D1%80%D1%87%D0%B5%D1%81%D1%82%D0%B2%D0%BE

CtpykTypa u coaepkaHue y4eOHOM IUCIUTIIHHBI
JucnurinuHa u3ydaercs cryfaeHTamMu B 9-om cemectpe. OO1mas Tpy10eMKOCTh JUCITUTITMHBI

COCTAaBJIAET 2 3aUETHBIX SAUHMIIEI, /2 aK. Jaca.

Kanenaapubiid mian

HanmenoBanue paznena Byl yueOHOM Atrtectan | MakcuMmai
(Tembl) JIEATEIIbHOCTH ust BHBIN Oayut
o JUCIUILTAHBI (gac.) paszzena | 3apasgen
= ——
g % . o (dopma)
=\ g = B | &
o| & o 9 o
= = 5 2 [®)
- | 5| & E | £
5B S| &
M = = =
1|2 3 4 5 6 7 8 9 10
1 |1 | OcHoBBI JUHAMHKH | 6/2 1 - 6 Tecrl 30
AIEKTPONPUBOA
2 | JIuratrenu  TOCTOSIHHOTO | 6 2 - 4
TOKa
3 | ACHHXPOHHBIE JIBUTATEIIN 6 2 - 4
2 | 4 | YipasneHue 34 2 | 9/2 22 Tect2 30
AIEKTPOTIPUBOIAMH
5 | OcHoBBI BbIOOpa MomHOCcTH| 20 2 - 18
AJIEKTPOABUTATEIISI
Bcero 7212 | 9 | 9/2 54 60
3auver 40
Hroro 100
Conepikanue JIEKIIMOHHOTO Kypca
Ne Bcero Ne TeMma JeKumu. Y4eOHo-
TeMbI | 4ACOB |JIEKIHH Bonpocsl, oTpadaTbiBaemMble HA JIeKIMHU MeTOoHYeCcKoe
o0ecreyeHue
1 2 3 4 5
1 2 1-2 OCHOBHEIE IMOHSTHS 51 OCHOBHEIE anementsl | [1,2,5,6,7]
anektponpuBofa (JI). Kmaccudukamus tumos Il
OcCHOBHOE YpaBHEHHE DJIECKTPONPHUBOAA. MeXaHWYecKue
XapaKTePUCTUKU  TPOM3BOJACTBEHHBIX MEXaHU3MOB U
anekTpoaBurateneil. Bpems yckopenus u 3amesuienns Ol11
2 2 3 Knaccudukarus saekTpoasurareneii moctosaHoro Toka | [1,5, 6, 7]
no cmoco0y BO30OyxkaeHus. MexaHu4yeckue u
JNIEKTPOMEXAaHWYECKUE  XApaKTePUCTHKH  JIBHTaTeNIeH
nocrosiuHoro Toka (/IIT). Pexumsl paboThl nBUTateneit
MTOCTOSTHHOTO TOKa.
3 2 4-5 CxeMsl BKJIFOUEHUS ACHMHXPOHHBIX nsurateneit. | [1, 2,5, 6, 7]
Mexanunueckue XapaKTePUCTHKU ACHHXPOHHBIX
JaBUrareneil. PexxMmbl aCHHXPOHHBIX JIBUTaTeseH.




Ne Bceero Ne Tema JieKUMM. YuebdHo-
Te€MBbI | YACOB |JIEKIIHH Bonpocsl, oTpadaTbiBaeMble HA JIEKIHHT METOANYECKOe
obecneyeHue
4 2 6-7 OcHOBHBIC  TMOHSTHA  peryaupoBaHus. [lokaszarenu | [1, 2, 3,5, 6,
KauyecTBa peryJvpoBaHus  yriaoBoil  ckopoctu Ol 7]
PerynupoBanue yrinosoii ckopoctu D11 mocTossHHOrO Toka
n acuHxpoHHoro OII.
5 1 8 3anmaum, pemaemple MPH BHIOOPE MOIIHOCTH JABUTATEs. [1, 2, 3, 4,
Harpe m oxnaxneHue asuratesneil. Pexxumpl paOoThI 5,6, 7]
JBUTATEJICH. Br16op MOIIIHOCTH JIBUTATENEH.
dopmupoBanue rpaduka HArpy3Ku aBurareis. Bwioop
JIBUTATEIS TIO YCIIOBHSIM PaOOTHI.
Bcero 9
HepequL NMPaAKTHYICCKUX 3aHATHN HE NMpeaAyCMOTPEH y‘lEﬁHI)IM INIAHOM
Ilepeuyensb 1abopaTopHBIX padoT
Ne Bcero HaunmenoBanue 1a6opaTopHoii padoThl. 3a1aHusi, BONIPOCHI, Y4ebHo-
TeMbI | YaCOB oTpadaThiBaeMble HA JJA00PATOPHOM 3aHATHH METOANYECKOe
o0ecrneyeHue
1 2 3 4
4 3 OnekTpornpuBoa cucteMbl «THpUCTOpHBI mpeoOpa3oBarens - [1,5, 6]
JBUTATENh IMOCTOSHHOTO TOKa HE3aBHCUMOTO BO30OYKICHHUS C
PEryJIMPOBAHUEM IO CKOPOCTHY
4 3 OnekTpornpuBoa cucteMbl «THpUCTOpHBI mpeoOpa3oBarens - [1,5, 6]
JBUTATENh ~ MOCTOSHHOTO TOKAa  HE3aBUCHUMOTO  BO30OYKICHUS
C MOJYMHECHHBIM PETYJIMPOBAHUEM I10 HAMTPSKEHHEO»
4 3 OnekrporpuBox  cuctembl  «IIpeoOpazoBarens  4acTOTBl - [1, 2,5, 6]
ACMHXPOHHBIN  JBUTaTeNb C  KOPOTKO3aMKHYTBHIM  POTOPOM
C PeryJIUpPOBAHUEM TI0 CKOPOCTH
Bcero 9
3agaHus 119 CAMOCTOATEILHOM PadoThI CTY/ICHTOB
Ne Bcero Bonpocsl 11 caMOCTOSITEJILHOTO U3YUYeHHs (3aJaHus) YuebdHo-
TeMbI | YaCOB METOANYECKOe
o0ecreueHue
1 2 3 4
1 4 [IpukiiagHOe NpUMEHEHHEe OCHOBHOTO YPaBHEHUS JIEKTPONPUBOJIA [1,2,5,6,7]
2 6 CriocoOBbI peryJIMpoBaHUs CKOPOCTH JIEKTPOJIBUTATEIICH MTOCTOSTHHOTO [1,5,6,7]
TOKa
3 4 CriocoObI peryIupoBaHus CKOPOCTH dJIEKTpOABHraTesel nepemennoro | [1, 2,5, 6, 7]
TOKa
4 8 CoBpeMeHHbIE PA30MKHYTHIE H 3aMKHYTHIE CUCTEMBI [1,2,3,4,5,6,
ABTOMATHU3HPOBAHHBIX DJIEKTPOIIPUBOJIOB. 7]
4 8 DIEeKTPUYECKHE aNMapaThl U 3JIEMEHTHI CUCTEM 3JIEKTPOIPUBO/IA. [1,2,3,4,5,6,
7]
4 6 [IpeobpaszoBarenu sl MUTAHUS U YIIPABICHUS ICKTPOABUTATEIISIMH. [1,2,3,4,5,6,
7]
5 18 CoBpeMeHHbIE CUCTEMBI ABTOMATHU3UPOBAHHBIX AJIEKTPOIPUBOJIOB [1,2,3,4,5,6,




| TUTIOBBIX MPON3BOJACTBEHHBIX MEXaHU3MOB 7]

Bcero 54

Oo0pa3oBaTe/ibHbIE TEXHOJIOTHHI

[1pu peanmzanuu ydyeOHOro MaTepuaia Kypca UCIOIb3YIOTCS Pa3InyHble 00pa3oBaTe/IbHbIC
TEXHOJIOTHH, CIIOCOOCTBYIOIIME CO3JaHUI0 aTMOC(epbl CBOOOIHONW M TBOPYECKON AMCKYCCHH Kak
MCKAY NpCrogaBaTcjicM U CTyICHTaMH, TaK U B CTy,Z[eH‘IeCKOﬁ rpynrie. I_IGJILIO IIpU 3TOM SBJIACTCA
Bpra6OTKa Y CTYACHTOB HAaBBIKOB U KOMHCTCHHHﬁ, IO3BOJIAIOIIUX CaMOCTOATCIBHO BCECTHU
HCCIIE/IOBATEIbCKYIO M HAYYHO-TIEarOrHYecKyro padory.

[IpakTHyeckasi MOArOTOBKA MPH peau3aliy Y4eOHOW MUCIMIUIMHBI OPraHU3yeTcsl MyTeM
HpPOBE/ICHHsT  JTaDOPATOPHBIX — 3aHATHH, NPEIYyCMaTPUBAIOIIMX ydacTHe OOYyYaroluxcs B
BBIIIOJIHCHUH  OTJCJBHBIX JJIEMEHTOB pPaboT, CBS3aHHBIX C Oyaymied mpogecCHOHANTBHOM
AESATEIBHOCTBIO.

[IpakTHyeckas OATOTOBKA TAKXKE BKIIOYAET B CeOs 3aHATHS JICKIIMOHHOTO THIIA, KOTOPHIC
IpeaycMaTpuBalOT —mepefady y4deOHOW HMHpOpManuMu oOydarommMmcs, HEOOXOAUMON i
HIOCJIETYIOIIETO BBIIIOJIHEHUS PadoT, CBA3aHHBIX ¢ Oyaymiel mpodeccroHaNbHOM A TeIbHOCTEIO.

AynuTOpHBIE 3aHATHS MPOBOASATCS B BHJE JIEKIMH, NPAKTUUECKUX 3aHATHH ¢
ucnosnb3oBanueM IIK u kommbrorepHOro mpoektopa. CamocrosiTelibHas padOTa CTYICHTOB
HPOBOJIUTCS TIOJI PYKOBOJCTBOM IIperojaBaTesieli, ¢ OKa3aHWeM KOHCYJIbTAlUi M MMOMOLIU MHPH
HOATOTOBKE K IPAKTUYECKUM 3aHSATUSIM.

DoH/ OLIECHOYHBIX CPEICTB

q)OH[[ OLNCHOYHBIX CPEACTB 110 JUCHUILIJIMHE oOecrieunBaeT IMPOBEPKY OCBOCHUMA
IUIAHUPYEMBIX PE3yJbTaTOB O0O0y4eHMs] (KOMIETEHIMH U MX HMHAUKATOPOB) IOCPEICTBOM
MEPOTPUATHIA TEKYIIETO, PYOKHOTO M MMPOMEKYTOYHOTO KOHTPOJIS IO AUCIUTUINHE.

CBs13b MCKIY (I)OpMI/IpyeMLIMI/I KOMIICTCHLIUAIMHU H (1)OpMaMI/I KOHTPOJII HX OCBOCHUA
MpeJiCTaBjeHa B CeAyIoLIei Tadnuiie:

Ko u HaumMeHoBaHue
WHJIMKATOpa JOCTHKEHUS
KOMIIETEHIIUN

HanmenoBanue
OLIEHOYHOT'O CPEACTBA

Ne | HanmeHoBaHME KOHTPOJIMPYEMBIX
n/m pas3aenoB (TeMbl)

BXo0J1HOM KOHTPOJIb

BOHpOCLI BXOIJHOTI'O

1 Bxo1HOI KOHTPOJIb
KOHTPOJIs (MMMCbMEHHO)

ATTeCTaI_[I/IH pa3aciios, TeKyu_IHﬁ KOHTPOJIb YCIICBACMOCTH

2 Pazgen 1 3-11K-1, V-IIK-1, B-IIK-1, TectupoBanue
3-11K-4, V-T11K-4, B-I1K-4, (MMCHMEHHO)
3-T1IK-7,1, V-IIK-7.1, B-I1IK-7.1

3 Paznmen 2 3-1IK-1, V-IIK-1, B-TIK-1, TectupoBanue
3-1IK-4, V-I1K-4, B-TIK-4, (MMCbMEHHO)

3-11K-7,1, V-TIK-7.1, B-IIK-7.1

[IpomexxkyTouHas arrecTanus

4 3auer 3-I1K-1, Y-IIK-1, B-TIK-1, Bomnpocs! k 3auery
3-11K-4, V-I1K-4, B-TIK-4, (ycTHO)
3-11K-7,1, V-TIK-7.1, B-IIK-7.1

BxonHOI KOHTpONb MpegHa3HA4YeH JUIS BBISBICHHUS MPOOETIOB B 3HAHUSIX CTYIEHTOB U
TOTOBHOCTH MX K TOJYYEHHIO HOBBIX 3HaHWI. OLEHOYHBIE CpPEJCTBA ISl BXOJHOTO KOHTPOJIS
MPEJICTaBISIOT CO00M BOIIPOCHI, KOTOPBIE 33aJIal0TCS CTYJEHTaM B MHUCbMEHHOM opMme.



IlepeyeHnb BOIPOCOB BXOAHOT0 KOHTPOJIS
Bormpocsl BXOAHOTO KOHTPOJISL.
1) Yto Takoe 3IEKTPOABUTATEIb?
2) Kaxkue THIIBI 2JIEKTPOIBUTaTENCH CYIIECTBYIOT?
3) Yro takoe mpuBOa?
4) Kakue BHIBI IPUBOJIOB CYIIECTBYIOT?
5) Kakue npenMyIiecTBa 1 HEJOCTATKHA CBOMCTBEHHBI AJICKTPHISCKOMY IIPUBOY ?
6) Uro BBl MOHUMAETE MO]] YIIPABICHHEM AIICKTPOIPUBOIOM?
7) Kakumu napamerpamu XapakTepu3yeTcs 3JIeKTpOnpuBo?
8) Ot 4ero 3aBHCUT CKOPOCTh BPALICHUS JIEKTPOIPHBO/IA?
9) UYro takoe KOAPPHUIMEHT MMOJIC3HOTO IeHCTBUS?
10) KakoBa 06sacTh MpUMEHEHHS TPUBOIA?

Texkymui KOHTPOJb YCIIEBAEMOCTHM — 3TO HENPEPBIBHO OCYILECTBIIAEMBIA MOHUTOPHHT
YPOBHsI YCBOEHMsI 3HaHUM U (opMUpPOBaHMS yMEHUH U HAaBBIKOB B T€UEHHE cemecTpa. Tekymui
KOHTPOJIb 3HAaHUH, YMEHUI U HABBIKOB CTY/IEHTOB OCYILIECTBISETCS B X0/1€ YUEOHBIX (ayAUTOPHBIX)
3aHATUH, NPOBOJUMBIX 0 pacnucaHuio. PopMaMM TEKYLIEro KOHTPOJIS BBICTYNAIOT ONPOCHI Ha
71a00paTOPHBIX 3aHATHSIX, IPOBEPKA OTUETOB MO BBINOJIHEHHBIM JIAOOPATOPHBIM paboTaM.

JlaGopaTopHble pabOTHI MPOBOAATCA B Ja0OpaTOPUM TPAHCIIOPTHBIX yCTpOMCTB. Paboueit
IIPOrpaMMOil MPEeAYCMOTPEHO BBIIIOJHEHHUE IIECTH JJAOOPATOPHBIX padbOT MO CIEAYIOIIUM TEMaM:

- DnexTponpuBoj, cucreMbl «TUpHUCTOPHBIN npeoOpa3oBaTesb - ABUIATEIb INOCTOSHHOTO
TOKa HE3aBUCUMOT'0 BO30YKICHHUS C PETYIMPOBAHUEM IO CKOPOCTHY;

- OnekrtpornpuBoj cucreMbl «TUpUCTOpHBINA NMpeoOpa3zoBaTeib - JBUTaTeNlb MOCTOSHHOIO
TOKa HE3aBUCUMOI0 BO30YKJI€HUS,C TIOJUNHEHHBIM PETYIUPOBAHUEM T10 CKOPOCTHY,

- OnektpornpuBoj cucreMbl «TUpUCTOpHBINA Mpeobpa3zoBaTenb - JBUTaTeNb MOCTOSHHOIO
TOKa HE3aBUCUMOTI'0 BO30YKJEHUS C MOAUYMHEHHBIM PETYIUPOBAHUEM 110 HANPSDKEHUION;

- OnekrtpornpuBosa cucreMbl «lIpeoOpazoBarenb 4acTOThl - ACHUHXPOHHBIA JABUraTelb C
KOPOTKO3aMKHYTBIM POTOPOM C PETYIMPOBAHUEM 10 CKOPOCTH.

Jln1s BbINOSTHEHUS 1a00paTOPHBIX PaOOT CTYIEHTHI JENSTCA Ha MOArPYIIBI 0 3-4 yenoBeka,
MOATPYIIIBI BBIMOJIHSIOT pa3Hble IaOopaTOpHbIE pabOTHI.

Beinonnenue nabopaTopHOM paboOThl BKIOYAET B ceOs CIEAYIOLIME ITalbl: YCTHBIN Ompoc
[0 TEOPETMYECKOMY MaTepuaily Mo Teme Ja0opaTOpHOH paboThl, BBINOJHEHHE SKCIEPUMEHTA,
CTaTUCTHYECKYI0 O0pabOTKY pe3yibTaTOB HKCHEpUMEHTa (MpH HEOOXOAMMOCTH), MOJATOTOBKY MU
3alIUTy MUCBMEHHOT0 0TuYeTa 1o JabopaTopHoii pabdoTe.

[TprMepHBIii TepeueHb BONPOCOB, 33JaBAEMBIX IIPA YCTHOM OTYETE:

1. OnumuTe KOHCTPYKIMIO YCTPOUCTBA, pACCMAaTPUBAEMOT0 B JTAOOpaTOpHOU padoTe.

2. Packpoiite knaccupuKaMio M MapKHUPOBKY paccMaTpUBaeMbIX B Ja0OpaTOpHOM pabote
YCTPOMCTB.

3. OnumuTe TpUHLKI AEUCTBUS yCTPOWCTBA, pacCMaTpUBAEMOro B 1ab0opaTOpHOi padoTe.

4. OnummTe NpeuMyIIeCTBa U HEAOCTATKU PacCMaTPUBAEMOI0 YCTPOHCTBA.

5. Packpoiite 00acTh NpUMEHEHUS paCCMaTPUBAEMOTO YCTPOICTBA.

6. [lepeuncinre OCHOBHBIE XapaKTEPUCTHUKU PacCMaTPUBAEMOI'0 YCTPONCTBA.

7. Packpoiite, OT KaKMX IapaMeTPOB 3aBUCIT OCHOBHBIE XapaKTEPUCTUKH yCTPOMCTBA.

8. Onumure OCOOEHHOCTH HACTPOMKM M TEXHMYECKOTO OOCIYKHBAaHUS paccMaTpUBaeMOro
YCTPOMCTBA.

9. OnumuTe KOHCTPYKIUIO J1a00paTOPHOTO CTeH A (IIPH HATTMYUHN )

10. PackpoiiTe mocnenoBaTeIbHOCTh BBITTOJTHEHUS SKCIIEPUMEHTA.



11. Packpoiite TpeboBaHUs 0€30MaCHOCTH, KOTOpble HEOOXOAMMO COOJIOAATh MPH BHIIOIHEHUH
HKCIIEPUMEHTA.

Otuer mo mnabGoparopHoil pabote odopmisieTrcs Ha moxarpymnmy. Otdyer mo JabopaTOpHOM
paboTe MOJDKEH CcoAepXaTh Ha3BaHWE W IENb J1a00paTopHOM paboThl, (GaMUIMM M HHUIUAIBI
CTYIICHTOB, BBIIIOJHHBIINX Ja00OPaTOPHYIO padoTy, KPaTKOE M3JI0KEHNE OCHOBHBIX IIOHATHIH, CXEMY
7a00paTOPHOM YCTAaHOBKHM, DE3yJbTaThl AIKCIIEPUMEHTA, MX CTATHCTHYECKYI0 00paboTKy (mpH
HEOOXOJMMOCTH), BBIBOA. BBIBOJ [ODKEH XapaKTepU30BaTh pe3YJbTaThl IPOBEICHHOTO
IKCIIEPUMEHTA, HUX COOTBETCTBHE TEOPETUYECKUM [aHHBIM, NPH HEOOXOAMMOCTH OOBSICHEHHE
INPUYMH PACXOXKICHHUS.

[To pe3ynbTaTam BHIIOIHEHUS J1JAOOPATOPHON PabOTHI CTYAEHT MOXKET 3apaboTath OT 3 10 5

0aJIoB.
IlIkaJia oneHUBaHMsI JIA0OPATOPHBIX PadoT

bamst
PEUTHUHTOBOM
OIICHKH

Oruenka

(cranmapTHas) TpeboBanus

5 5,0

BBICTABIISIETCS. CTYIEHTY, €CIM OH JIEMOHCTPUpPYET CBOOOJIHOE
BJIAJICHHE TEOPETHYECKUM MAaTEepHaIOM I10 TeME JIaOOpaTOpHOU
paboThl, CAMOCTOSITENILHO IPOBEN SKCHEPUMEHT M BBINOJIHUII
00paboTKy MOJIyYEHHBIX PE3YNbTaTOB, IPAMOTHO C(HOPMYJINPOBAI
BBIBOJI 10 paboTe

4,0

BBICTABIIIETCS CTYJEHTY, €CIM OH JEMOHCTPUPYET BIIaJCHUE
TEOPETUUYECKHM MaTepHalioM IO TeMe JIabopaTOpHOU paboThl, B
Oonblllell 4YacTH CaMOCTOSITENIBHO IIPOBEN OKCIEPUMEHT U
BBITIOJTHHII 00paboTKy MOJIY4YE€HHBIX pe3yNbTaTOB,
CaMOCTOSITENILHO C(OPMYITHPOBAI BBIBOJ IO paboTe

3,0

BBICTABJISICTCSl CTY/ACHTY, €CIIM OH JICMOHCTPHPYET BIIAJICHUE
OonblIell YacThIO TEOPETHYECKOTO Marepuaiga 1o  TeMe
nabopatopHoii paboOThl, MPOBEN OSKCHEPUMEHT U BBIMOJHUI
00paboTKy TTOJTYYEHHBIX pe3ynbTaToOB c MTOMOIIIBIO
mpernojaBaTesnisi, HE CMOI CaMOCTOSITeNbHO ChOPMYIHPOBATH
BBIBOJI 11O paboTe.

H/3

BBICTABIIIETCSL CTYJEHTY, €CJIM OH HE JEMOHCTPHUPYET BIaJCHHUS
OosblIed 4YacTbIO TEOPETUYECKOrO MaTepuaga Mo  TeMe
1abopaTopHOil pabOThI, HE CMOT MPOBECTU IKCIEPUMEHTAIBHYIO
4yacTh pabOThl WM 00pabOTKY MOJYyYEHHBIX JaHHBIX.

KOHTpOJ’IBHaH pa60Ta ABIACTCS 4aCThIO TCKYH_Ieﬁ YCIEBAaCMOCTHU U BBIITIOJHACTCA CTYACHTOM

CaMOCTOATCIIBHO. HpI/I BBITTIOJITHCHUH KOHTpOJ’IBHOfI pa6OTBI CTYACHT NOJIKCH BBIIIOJIHUTH CJICAYIOIIHC

3aaHus:

s

TEXHOJIOTHNYCCKOI'O

060py)1013aHH51, OCHAIlICHHOTI'O QJICKTPOIIPHUBOAOM (¢

SJICKTPOABUTATCIIEM IMOCTOAHHOT'O TOKa HE3aBUCUMOI'O BO36Y)K}16HI/I$I, nmapaMeETphl KOTOPOTO YKa3aHbI

B Ta0muIe, Tpedyercs:
1. Paccunrtarh ¥ MOCTPOUTH HArpaMmy CTYNEHYATOrO IyCKa 3JEKTPOJBUIaTeNs C YHCIOM

cryneneit 3 win 4 no BbIOOpy crynenta. I[Ipu pacuere npunare Us =Usa = 220B u UB = Ugy =
220B. B Tabnwmie WHCHONB30BaHBI clieAytomue o0o03HaueHusi: Py - HOMUHANbHAasS MOITHOCTh
nBurarens, KBT; |y - HOMUHAIBHBIN TOK SIKOPS, A; p - YKCJIO Map MOJIIOCOB dIeKTpoaBUraTens; Ry -
COIPOTUBIIEHHE 0OMOTKHU sIKOpst, OM; Ryyp - conmpoTuBieHne 0OMOTKH JOMOJIHUTENBHBIX IOIIOCOB,



Owm; Rg - conporuBienne oOMoTkH Bo30yxaeHus, OM. [lapameTpsl IPUBOIHOTO 3JIEKTPOIBUTATENS
BBIOMPAIOTCS M3 TAOIUIBI B COOTBETCTBUH C MOCIEAHEH (POl HOMepa 3a4eTHON KHUKKH.

2. OmnpenenuTh BEJIWYHHBI JOTOJIHUTEIBHBIX ITYCKOBBIX CONPOTHUBICHHMH, BKIIOYAEMBIX B
LENb SKOPSI IPUBOAHOTO JIEKTPOIBUTATEIIS.

TexHudyeckne AaHHBIC HICKTPOJBHraTelell MOCTOSHHOTO Toka cepuu Il ¢ HOMUHANBHON

ckopocthio Ily = 1500 o6/MuH W HOMHHAJIbHBIM HanpsokeHuem Uy = 220 B (3HaueHus
COMPOTHUBIIECHUH 0OMOTOK yKa3aHsbl 1pu Temmeparype 15 °C)

Ne Tom Py, I, b Ra, Ram, Re,
Bap. kBT A OMm OMm Om
0 1121 0.7 4.3 2 5.33 1.36 824
1 122 1.0 5.9 2 2.97 0.79 440
2 131 15 8.7 2 1.85 0.501 490
3 132 2.2 12.0 2 1.06 0.3 412
4 1141 3.2 18.4 4 0.67 0.246 156
5 1142 4.5 25.4 4 0.403 0.17 109
6 I151 6.0 33.0 4 0.34 0.102 132
7 I152 8.0 43.0 4 0.198 0.068 101
8 161 11.0 59.5 4 0.15 0.066 121
9 162 14.0 73.5 4 0.0875 0.048 100

ATTtectanus pasziena mo JUCHUILIUHE MPOBOAUTCS B (GOpMe TECTUPOBAHUS. TeCT COAEPKUT
16 BompocoB. Ha Beimonnenue 3amanust orBogutcs 30 muHyT. Tect — 31O (opma KOHTpPOIIS,
HaIpaBlIeHHAs! HA MPOBEPKY YPOBHS OCBOCHHSI KOHTPOJIUPYEMOTO TEOPETHUECKOTO U MPAKTUYECKOTO
Marepuaia Mo JUJAKTHYCCKUM CIMHHUIIAM JUCIHMILIMHBI (TEPMUHOJIOTHYECKUN amnmnapar, OCHOBHBIC
METO/Ibl).

IIpuMepHBIii IepeYeHb TECTOBBIX 33 JaHUMN:

Tecr -1

1. Eciiu, o1MH ABUTaTe b MPUBOJAUT B JIBHKEHHE HECKOJIbKO Ppad04uX OPraHoB TO ITO:

1) OauHOYHBIN TPUBOJ;

2) MHoro1BUraTeIbHbIN MPUBO/T;

3) Cnensiuii IpuUBOJ;

4) TpaHCMUCCHOHHBIN TIPUBO/I.

2. OcHoBHOE YPAaBHCHHUE IBHKCHUSA IJICKTPOIIPUBOAA UMECT BU/L:

DM, = M, + M= M0 4 5 W
S n_ At
dl
M, =M, + M= M0 g =
n dt
M, = M, + M;= Mco. | dJ
n dt
4)Me:Mc+1Wj: Mc.o. + di
n dw

3. Pexxumy pa3roHa JBurartesisi COOTBETCTBYeT yCJIOBHeE:

1) dw_, 20 5 Mg 5 M _y
at dt dt dt

4. CKOpPOCTHOI1 XapaKTePUCTUKOM 3J1eKTPONPHBO/Ia HA3bIBAETCSH 3aBMCUMOCTH BH/IA:



Do=Ff(M) NDw=1(1) HU=F(1) 4HM=1f(l)

5. Jlnst aCHHXPOHHOTI0 ABUIaTeJIsl }KECTKOCTH Oy/J1eT paBHAa:
Dp=var<0 2)p = var ZQ 3)p =const<0 4)f = ©

6. B nBurareJie NocTOSIHHOI0 TOKA KECTKOCTH OCTAETCS MOCTOSHHOM NPH:
1) M3MeHeHNy HANPSDKEHUS TUTAHUS;

2) 3MeHeHnHu CONpOTUBIIEHUS IKOPHOH LIETIH;

3) U3meHeHnnn moToka BO30YyKIEHNUS,

4) Jlnst Bcex UCKYCCTBEHHBIX XapaKTEPUCTUK.

7. YpaBHelme MeXaHu4YeCKOoH XaAPaKTEPUCTUKU ABUraTe/iss INMOCTOAHHOIO TOKa C
He3aBUCHMbIM Bosﬁymne}meM HMeeT BUI:

1)W=i_w|\/| 2)W= U _R}Z+Rn.}lM
k@ KD (K@)Z (K(D)2

3)W=i_Rﬂ+R§’1M 4)W=L_Rﬂ+R£z.,qM
KO (k) kD (k)

8. MexaHHYeCKYI0 XapaKTePUCTHKY BH/IA HMeeT:

1) DnekTpompuBOx ¢ JBUTATEJEM IIOCTOSHHOIO TOKa ¢
napajuieIbHbIM BO30YKICHHEM;

2) DIICKTPONPHMBOJ C JIBUrATENIEM IOCTOSHHOIO TOKa C
[IOCJIC/IOBATEIbHBIM BO30YKJICHUEM;

3) DneKTponpuBO C ACHHXPOHHBIM JIBUTATEIEM

4) DIEeKTPOINPHUBO/I C IIATOBBIM JIBUTATEIIEM _ M

9. Pe:kMM KOPOTKOTI0 3aMbIKAHHS COOTBETCTBYET YCJIOBHIO:

1) MHazp. = MHOM. 2) MHazp. =0 3) MHaep. <0 4) MHazp. = Mdeue.

10. /JIBurarenb ¢ BO30yxkIeHMEM OT NOCTOSHHBIX MArHUTOB SIBJSIETCS YACTHBIM
caydaem:

1). [IBurarens ¢ He3aBHCUMBIM BO30YIK/ICHUEM;

2). ACUHXPOHHOTO JIBUTaTelIs;

3). [iBuraTens c nocienoBaTeIbHbIM BO30YKIECHUEM;

4) Jlpurarensi CoO CMEIIaHHBIM BO30YKICHHEM.

11. PekynepaTuBHOEe TOPMOKEHHE HE PeaTu3yeTCs 1JIs:

1) B anexTponpuBojie ¢ ABUraTeneM MOCTOSIHHOTO TOKa C MapajieIbHbIM BO30YKICHHEM;

2) B onekTpompuBojie ¢ JIBUTATeNieM MOCTOSHHOTO TOKA C  MOCIEI0BATEIbHBIM
BO30YKJICHHEM;

3) B snextponpuBoie ¢ aCHHXPOHHBIM JBUTATEIICM;

4) B a1eKTpOonpHUBOJE C CHHXPOHHBIM JBUTATEIIEM.




12. I'panuyHasi XapaKTePUCTUKA NPEACTABJISIOT CO00:

1) ECTGCTBGHHVIO XAPAKTCPUCTUKY HACAIU3UPOBAHHOI'O ABUIATCIA HNOCTOAHHOI'O TOKa C
[OCJIeI0BATENbHBIM BO30YXACHUEM, OCIeI0BaTeNbHAs 1IETIb KOTOPOTO HE UMEET CONPOTUBIICHHUS,

2) EcrecTBEHHYIO0 XapaKTEpUCTUKY WICAIM3HMPOBAHHOIO ABUIATENsl IOCTOSHHOTO TOKa C
HE3aBHCHUMBIM BO30YK/IEHUEM, LIETIb SKOPS KOTOPOrO HE UMEET COMPOTHUBIICHUS;

3) EcTtecTBeHHYIO0 XapaKTEpUCTUKY HICAIM3UPOBAHHOTO ACHHXPOHHOTO JIBUTATENs, LIETb
pOTOpa KOTOPOTO HE UMEET COMIPOTUBIICHUS;

3) EcrtecTBeHHYI0 XapaKTEPUCTUKY HACATM3UPOBAHHOTO ACHHXPOHHOI'O JBUTATEIs, ICIb
CTaTopa KOTOPOTo HE UMEET COIPOTHUBIICHUSI.

13. CKOJ’[]))KQHHC ACHUHXPOHHOI'0 ABUTATEJIA ONIPEaCIaECTCH Kak:
1)(()—@0 2)600-1'6() 3)6()0—60 4)6!)0—0)

(a5 @y w [

14. Ha puc. npeacTaBJieHbI.

1) CKOpOCTHBIE  XapaKTEPUCTUKKA  ACHHXPOHHOIO
BUTATEJIS;

2) VYHuBepcalbHblE  XapaKTEPUCTUKU  JABUTATEIs
MIOCTOSIHHOTO TOKA C TMOCJeI0BaTeIbHBIM BO30YXK/IEHUEM;

3) [lepexoHble XapaKTEPUCTUKH ACHHXPOHHOTO JIBUTATEJIS;

4) IlepexoaHble XapaKTEPUCTHKU IBUTATENs] TMOCTOSHHOIO TOKa C MOCIEAOBATEIbHBIM
BO30YK/ICHHEM;

15.B PEKUME PEKYIIEPATUBHOI'O TOPMOKEHUA ACUHXPOHHOI'O IBUTATE/IA CKOJIbKCHUIO

COOTBETCTBYET yCJI0BHeE:
1)s=0 2)s<0 3)s>0 4)s=1

16. B acHHXpOHHOM JBHTraTeJe ;KECTKOCTh 0CTAETCHA MOCTOSIHHO# Npu:
1) U3meHneHnny HanpsHKEHUs MMTaHUS,

2) 3MeHeHuU CONpOTUBIIEHUS POTOPA;

3) 3sMeHEeHNHT YacTOTHI;

4) 3MeHeHnH CONpPOTHUBIIEHUS CTaTOPA.

Tecr- 2

1. IaTYUKOM CKOPOCTH SABJIACTCH:
1) Cenvcun; 2) Mukpocun; 3) Taxorenepatop; 4)EmMkocTHOMN gaTyuk.

2. CeqlbCHH NPeIHA3HAYEH JJIS:
1) KonTpons ckopoctu;

2) Kontposs Toka;

3) KonTtpouist MonHoCTH;

4) KoHTpoJIsl yriia HOBOPOTa

3. Cucrema «I'eneparop-/lBurarejb» OCyIIeCTBJISICT PperyJHpoOBaHHe MYTEM
U3MEHeHUus!

1) ConpoTuBEHUS TJIaBHOU LIETIH;

2) MarHuTHOTO MOTOKA;

3) YactoTsl nUTaHUS;

4) TTuTaromero HampsHKeHHUS.

4. B acuHXpOHHOM JBMraTeje CKOPOCTh X0JIOCTOr0 X012 MeHsieTcs Mpu:
1) V3meHeHnH HaNpsDKEHUS TTUTaHNUS;
2) 3MeHeHuu COpOTUBIIEHUS POTOPA;



3) 3MeHEeHNH YacTOTHI;
4) VI3MeHeHUH CONPOTUBJICHUS CTaTOpa.

U .
5. BeanmuuHna k_ B YPABHCHUU MEXAHNYECCKOU XaPAKTCPUCTUKHU IBUTATEC/IsA
D

MNOCTOAHHOI'O TOKA - 3TO:
1) qacToTa BpalllCHU NACAJIBHOI'O XOJOCTOIO X04a ABUTATEIA
2) HOMHHaJIbHAaA 4aCTOTa BpalllCHUA ABUTaTCIIA

3) MHUHUMaAJIbHAaA 4aCTOTa BpalllCHUS ABUTATCIIA
4) MaKCUMaJibHas 4aCTOTa BpalllCHUA ABUT'aTCIIA

6. PerynupoBanue ckopoctu A/l u3MeHeHHEM YMCJIA TOJIOCOB MCIIO0JIb3YeTCs
1) TosbKO /IS ABUTATENCH C (Pa3sHBIM POTOPOM
2) TOJBKO JUIS ABUTATENICH ¢ KOPOTKO3aMKHYTHIM POTOPOM
3) u s aBurarenei ¢ GpasHbIM pOTOPOM, U C KOPOTKO3aMHYTHIM POTOPOM

7. PeryiupoBaHue CKOPOCTH CHHXPOHHOT'O IBUTATE/Isl OCYLIECTBIISIETCS
1) 3mMeHeHneM aKTUBHOTO COIPOTHBIICHUSI LICTIH;

2) V3MeHeHneM UTAIOIIEro HaPSHKCHHS,

3) Mi3MeHeHneM peakTUBHOTO COMPOTHUBIICHHS 1ICTIH;

4) 3MeHEeHUEM YacTOThI.

8. IlepuoamyeckuM mNepeKJIIOYEHHEM [BHUTaTeldssi ¢ [BHTaTeJIbHOr0 pexXuMa B
reHepaTOpPHbI peain3yercs:

1) PeocraTHoe perynupoBanue;

2) PerynmupoBanue B cucteme «l'eHepatop - J[Burareiby;

3) PerynupoBanue ¢ TOMOIIbIO MAaTHUTHOTO YCUJIUTEIIS;

4) UMOysbCcHOE peryanpoBaHue.

9. PeryimpoBaHue ¢ IOMOIIbI0O IIYHTHPYIOIIEr0 CONMPOTHBJICHUS Peain3yeTcs JJIs:
1) [IBuratesneii MOCTOSHHOIO TOKA,

2) ACUHXPOHHOTO JBUTATENS;

3) CUHXpOHHOTO JBUTATEIIS;

4) Bcex THIOB JIBUTATENIEH.

10. PeryimpoBaHue CKOPOCTH NMEPeKJII0YEeHHEM YHCJIA AP MOJTI0COB Peain3yeTcs AJs:
1) JIBurarenei MoCTOSHHOTO TOKA;

2) JIBurarenst MOCTOSIHHOTO TOKa ¢ HE3aBUCHMBIM BO30YXK/IEHUEM;

3) ACHHXPOHHOT'O JIBUTATeIIsl;

4) CUHXPOHHOTO JIBUTATEIIS.

11. Ko3¢ppuuueHTOM OTHOCUTEIBHOCTH MNPOJOLKUTEIHLHOCTH Ppadoyero mnepuoaa
XapaKTepu3yercs:

1) [ToBTOPHO — KPaTKOBPEMEHHBIN PEXKKM;

2) KpaTKOBpEMEHHBII peXUM;

3) JInmuTenbHbIi pexuMm;

4) Bce pexxuMsl.

12. Ko3ppuuueHT OTHOCHTENBHOCTH NPOAOLKHUTEJIBHOCTH Pado4yero nepuoia paBeH:

tp+t0 tp tp—to tO



13. IIpeacraBiieHHOE CeMEHCTBO XapaKTEPUCTHK COOTBETCTBYeT:
1) PeoctaTHOMY peryaupoBaHHIO CKOPOCTH JIEKTPOTIPUBOIA

2) PeryimpoBaHuI0 CKOPOCTH JIEKTPOIPUBOIA U3MCHEHHEM MarHUTHOTO OTOKA

3) YacTOTHOMY pEryJIMpOBaHHIO CKOPOCTH DJIICKTPOIIPHUBO/IA

4) PerynupoBaHuIo CKOPOCTH 3JIEKTPOIIPUBOIa U3MEHEHUEM IMUTAIOIIETO HAIPSYKEHUS

a

EcrecTrennas
—

AN M

14. IlpeacraBiieHHasi XapaKTePUCTHKA COOTBETCTBYeT:

1) Pexumy pekynepaTUBHOTO TOPMOKEHMS;

2) TopMOXKeHUIO0 U3MEHEHUEM MOISPHOCTH;

3) AvHaMUYeCcKOMY TOPMOMKEHHIO C UCIIOJIb30BaHUEM JI00aBOYHOIO CONPOTHUBIICHUS;

4) InHaMHYECKOMY TOPMOKEHUIO MIPH YCIOBUU M wacp. > My s,

)
eCTeCTBCHHAS

15. Ha PHUCYHKE IIPpEACTAB/ICHA CXEMA BRKJIIOYCHUSA IBUTATEA IIPHA

1) PerynupoBanue yrioBoii ckopoctu AJ] M3MEHEHHEM HaIpsKEHHsI Ha CTaTope
2) peOCTaTHOM CHOCO0e PEeryJIMpOBaHuUs YII0BOM ckopocTu A/l

3) PerynupoBanue yriioBoii ckopoctu M3smMeHenuem umucia nap noiarocoB A/l

4) YacToTHOE peryIMpoBaHHe CKOPOCTH aCHHXPOHHOTO JBHUIATEIIs

NUl

11

Al

R,

100

16. IlpeacTaBiieHHOE ceMeiiCTBO XapaKTEePUCTHK COOTBETCTBYET:



1) PeoctaTHOMY peryampoBaHHIO CKOPOCTH JIEKTPOTIPUBOIA

2) PerynupoBaHuio CKOPOCTHU AJIEKTPOIPUBOJA U3MEHEHHEM MarHUTHOTO IMOTOKa

3) YacToTHOMY peryarMpoBaHHI0 CKOPOCTH ICKTPONPHUBO/IA

4) PerynupoBaHHIO CKOPOCTHU 3JIEKTPONPUBO/Ia U3MEHEHUEM MTUTAIOIIETO HAIIPSKEHUS

© -fl Zfl‘ Hom '

('OOHOM

bamniel 3a TECTUPOBAHNUEC HAYUCIIAOTCA B COOTBETCTBUHU CO cnez[ylomeﬁ Ta6J'II/II_IeI\/'I

IIpomerxyTouHas aTTecTanus OCyLECTBIsAETCS B (hopMe 3aueTa.
[IpuMepHBIii epeyeHb BOIIPOCOB IS IIOATOTOBKH K 3a4€Ty:
1. Knaccudukanus 3JeKTPONPUBOAOB M0 XapaKTepPUCTHKE ABUKEHHS, 110 KOJIUYECTBY
ABHUrarTeJiei, 1o CTeneH ynpaBJisieMOCTH.

Ilo pooy moka

DIEKTPONPUBO/I IIOCTOSHHOTO M IEPEMEHHOTO TOKA.

Ilo cnocoby pacnpedenenus mexaHuyeckoll SHepauu

1) Ipynnosou DIl oOecrieunBaeT [BWKCHHE HWCIIOJHUTEIBHBIX OPraHOB HECKOJIBKUX
pabouux MalluH WM HECKOJbKUX UCIIOJHUTEIBHBIX OPraHOB OJHONM paboueit mamuHbl. [lepenada
MEXaHUYECKOH OSHEpruM OT OJHOTO JBUTATENs K HECKOJbKAM padOYuM MamuHam # €
pacrpeeieHue MeX 1y HUMHU TIPOU3BOIUTCS C IIOMOIIBIO OJTHOM MJIM HECKOJIBKUX TPAHCMHCCHH.

2) Unousuodyanvhpiti TPUBOJ 10 CPABHEHHIO C IPYIMITOBBIM 00J1a1aeT PSIIOM MPEUMYIICCTB:
MPOU3BOJICTBEHHBIC  TOMEIIECHUS HE  3arPOMOXKIAIOTCS  TSDKEJIBIMH — TPAHCMHUCCHSIMH |
NepeaTOuHbIMA  yCTPOMCTBAMH;  yAyYIIAIOTCS  YCIOBUS ~ pabOTBl W TIOBBIIIACTCS
MIPOU3BO/IUTENILHOCTh TpPYyJa BCJEJICTBHE OOJIErYeHHs] YIpPaBICHHUs OTAEIbHBIMH MEXaHHU3MaMH.
WHauBHyanbHBIA 3JIEKTPOTIPUBOJ OTIIMYAETCS 00JIee JIyUIIMMU SHEPTETHYSCKUMHE TTOKAa3aTeIISIMH.

B MaxkcumanbHBbII
oasI —
Kox | ouenounoro Kpurepun bana R ———
CpeacTBa B
1 2 3 4 5
BBICTABJIACTCS CTYAEHTY, €CIIM OH OTBETHUI 10
MpaBWIbHO Ha 16 BOIIpocoB
BBICTABJIAETCS CTYAECHTY, €CJIU OH OTBETUJ 9
IpaBWIbHO Ha 14-15 Bonpocos
Tecr | TecTupoBanue | BPICTABIACTCA CTYJCHTY, €CIH OH OTBETHII 8
1 1 npaBuiIbHO Ha 12-13 Bonpocos
) )
Tect | TectupoBanue 10-6
2 2 BBICTABIIIETCS CTYIEHTY, €CIIM OH OTBETHJI 7
npaBwibHO Ha 10-11 Bonpocos
BBICTABJIIETCS CTYIEHTY, €CIIU OH OTBETHJI 6
IIPaBWJIBHO Ha 9 BOIIPOCOB
BBICTABIICTCA CTY/ICHTY, CCIM OH OTBETAN |
IIpaBWJIBHO MEHEE, YeEM Ha 9 BoIrpocoB




3HAYUTEIbHO YNPOILIAIOTCS MEXaHUYECKUE IepeJayud, MOBBIIMIAETCS TOYHOCTh pabOThl MPHUBOAA.
[Tpu ucnonb3oBanun uHAMBHIYyadbHOTO Il co3znaroTcs Hambosiee ONAroNpHUSTHBIC YCIOBUS IS
aBTOMATHU3AIMK PAOOTHI MAIlIMH M TEXHOJOTHYECKUX TporeccoB. Takoit DI mupoko nmpuMeHsercs
B CJOXHBIX METAIOPSKYIIUX CTaHKaX, IPOKAaTHBIX CTaHaX, »JKCKaBaTopax, IOJbEMHO-
TPAHCHOPTHBIX MalllMHAX, poOOTax U JIp.

3) Bzaumoceszannviti O] uMeeT aBa WIM HECKOJBKO DJICKTPHUSCKH WIIM MEXaHUYECKH
CBSI3aHHBIX MeXAy coOoii nBurareneil. [lpumepom B3aumocBsa3aHHOro D11 MOKeT CiyKUTh IPUBOJL
LIENHOr0 KOHBeWepa OO0JIbIION MPOTSKEHHOCTU. VICIIONHUTENbHBIM OpraHOM TaKOro KOHBelepa
CILy’)KUT Liellb, IPUBOJMMAs] B IBH)KEHUE HECKOJBKMMM [IBUTaTEIIMU, YCTAHOBJICHHBIMU 110 JJIMHE
KoHBelepa. BsaumocBszannbplii Oll mMpoKO nDpUMEHsETCs B TPAHCIOPTHBIX YCTAaHOBKAX,
OymarojienaTeNIbHbIX MallliHaX, TeKCTHIBHBIX arperarax, MPOKAaTHBIX CTaHAX METAJLTyprU4ecKOro
npousBoAcTBA M T.A. OnHOW W3 pa3sHOBUIHOCTEW B3auMocBsizaHHoro OII  sBisercs
MHOTOJIBUTATENIbHBIA TPUBOJI — 3TO JIEKTPOIIPUBO, B KOTOPOM HECKOJBKO ABHraTeneil paboraror
Ha o01Iuii BaJI.

Ilo 6udy osudicenus Pa3nUUYAIOT PEBEPCUBHBIM W HepeBepcUBHBIM DIl mocTynmaTelbHOTO
1100 BpaIaTENbHOTO ABHKEHHS.

Ilo cmenenu ynpasenisemocmu

1) Heperynupyemblii — Ui NpPUBEAEHUS B JIEHCTBHE HCIOJHHUTEIBHOIO opraHa paboueil
MallMHbl C OJHOM CKOpPOCTbIO, IIapaMeTpbl IPUBOJA MEHSIIOTCS TOJBKO B pe3yjbTare
BO3MYILAIOLIMX BO3/IEHCTBU;

2) perynupyemMblii - CKOPOCTh pabovero opraHa MO>KeT U3MEHATHCS B YKA3aHHBIX Mpezenax,
IapaMeTpsl IPUBOJA MOT'YT MEHATHCS 10J] BO3ACHCTBUEM YIIPABJISAIOUIETO YCTPONCTBA;

3) mporpaMMHO-YIpPaBIsA€MbId — CKOPOCTh BPAIICHHS H3MEHSETCS COTJIACHO HEKOTOpPOM
IIPOrpaMME;

4) cnepsmuii — aBTOMaTHYECKU OTpa0aThIBAIOIINI ITEpEMEILIEHUE UCIIOJHUTEIBHOIO OpraHa
paOoueil MalIMHBI C ONpeNeNEHHOW TOYHOCTBIO B COOTBETCTBUU C IPOU3BOJIBHO MEHSIOIIMMCS
3aJIa0LUM CUTHAJIOM;

5) aganTUBHBIM — aBTOMATMUYECKU M30UPAIOLIUN CTPYKTYpPY MM IMapaMeTpbl CUCTEMBI
yIOpaBiIeHUS NpPU HU3MEHEHMM YCJIOBHM paOOThl MalllMHbI C LEJIbI0 BBIPAOOTKHU ONTUMAIbHOIO
pexHuMa.

Ilo pody nepeoamounoco ycmpoiicmea

1) PenykTopHbIl, B KOTOPOM »3JIEKTPOABHMIraTeib IEpelacT BpallaTelIbHOE JBH)KEHUE
pabodeMy opraHy MallllHbI Uepe3 peayKTop

2) be3penykTopHbIi — nepeiaya JBHKEHUS OCYILECTBIISIETCSI HETTOCPEICTBEHHO K paboueMy
oprasy, 1100 yepe3 nepelaTouHoe YCTPOMCTBO, HE cojiepKalliee peIyKTop.

1lo yposnio aemomamuzayuu

1) HeaBromaTu3upoBaHHBII. YmpaBieHHE OCYyIIECTBIseTcs B pyudHyto. [Ipumensercs B
YCTAHOBKAX MaJIOi MOLIHOCTH, OBITOBOM U METUIIMHCKOIN TEXHUKE.

2) ApromaTtu3upoBaHHBIM. PerynupoBanue mnapaMeTpoB MNPOUCXOJUT ABTOMATHUYECKH,
YIPABJISAIOLINE KOMAaH/bI 3a1al0TCS BPYUHYIO.

3) ABromaTtuueckuil. YTNpaBisionile BO3JECHCTBUS BbIpadaThIBAlOTCA aBTOMATHUECKH, Oe3
y4dacTus oreparopa.

2. OcHoBHOE YPAaBHECHHEC NBUKCHUSA IJICKTPONPUBOAAa 0HOMACCOBOM CHCTEMBI JIJIfl
MOCTOAHHOI0O MOMEHTA HHEPIHUH.
HpOCTCfII.H&SI MCEXaHUYCCKasA CUCTEMa COCTOUT U3 pOTOpa ABUTATCIIA U HETIOCPCACTBCHHO
CBSI3aHHOM C HUM HarpyskKu - pa60qero OpraHa MallINHBI.
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Puc. 1. Moaensr MeEXaHUYECKOH YacTHU

K cucreme Ha puc.l mnpuioxkeHbl ABa MOMEHTa - JJIEKTPOMAarHUTHBII MOMEHT M,
pa3BUBAaEMbli JBUraTeiaeM, W MOMEHT M., CO3JaBaeMblii HAarpy3kod, a TakXe MOTepsIMU
MEXaHMYECKON dYacTu (TpeHue); KaxAbli MOMEHT HMMEET CBOIO BEIMYHHY W HalpaBJCHHE.
JIBH>KEHUE CUCTEMBI OIPEEISAECTCS BTOPBIM 3aKOHOM HbrOTOHA:

+M iMc:Jd—w, 1)
dt

rae @ - yriioBas CKOpoCTb, J- CYMMapHBIﬁ MOMCHT MHCPUUHU

3. IlpuBegeHHEe MOMEHTOB CTATHYECKOIl HATPY3KH, MOMEHTOB HHEPIUHU U

JKeCTKOCTEH.

OOBIYHO MEXy ABUTATE]IEM M HArpy3KoW HaxOJIUTCS Kakasf-InOO MeXaHUYecKas repezaua,
T.€. UMEETC HECKOJBbKO Pa3JIMYHBIX BAJIOB CO CBOMMHM MOMEHTaMM M CKopocTaMHU. [y cBeneHus
m000ii peabHONW CHCTEMbI K MPOCTEHIIel MOAENU Ha pUC. 2 HY)KHO BBIIOJHHUTH PsiJi ONEpallHid,
HA3bIBAEMBIX NpuGedeHueM MOMEHTOB M MOMEHTOB HWHEPLUHMH K HEKOTOPOMY BBIOpAaHHOMY B
KauecTBE OCHOBHOT'O Bally, OOBIYHO - K Bajy JaBurarens. MIHbIMU ClIOBaMU, HEKOTOPYIO PEAbHYIO
MEXaHMUYECKYI0 CHCTEMY, HallpuMep, MMOKa3aHHYI0 Ha pHUC. 2,3, HY)KHO 3aMETUTh DKBUBAJCHTHOMN
cucteMoil (puc. 2,0), Takoi, 4TOOBI 3Ta 3aMEHA HE OTpa3ujach Ha TOBEJACHUH YacTH CUCTEMBI,
OCTaBJICHHOW HEU3MEHHOM (JIBUTATEIs).
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Puc. 2. K npusenenuto M., 1 J,..p K Bally ABHTaTEINs

HpI/IMCM CICAYIOUC NONYLICHUA: CHUCTCMa KECTKasd, oe3 3a30p0OB; MOMCHTHI HHCPIIUH,
OTHOCAIIHUECA K OCHOBHBIM BajlaM, HCU3MCHHBI, OTHOCAIOIHUECA K IMPOMEKYTOUHBIM BajlaM, €CJIU

. 4]
TaKWe €CTh, paBHbI HYJIIO; OTHOIIEHUE | =—— U KHﬂ nepeaayu 77 - mOCTOSTHHHEI.
(0]
M

B peanbHON M NpPUBENCHHONW CUCTEMAaX JOJDKHBI OCTaTbCsl HEU3MEHHOM MOIIHOCTb,
pasBuBaemas nBurareneM Mo, T.e. B HallleM cilydae, KOTAa OTepH MOKPBIBAIOTCS aABUrareneM (M
U () HalpaBJIeHbl COTJIACHO):
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HOTepI/I BCCTa IMOKPBIBAIOTCA TOH 4YacCThIO CHUCTEMBI, KOTOpasd CO34a€T ABHUXKCHUC, IIOOTOMY
npu O6paTHOM IIOTOKC MOIITHOCTHU - OT HAIrpy3KH K ABUI'ATCIIIO

Mé: MCMnl

B peanLHoﬁ u HpHBCHeHHOﬁ CHUCTEMAaxX OOJIXKHBI OBITh OAMHAKOBBI 3aIlaChbl KUHETHYCCKOMN
OHEpPIuu, T.€C.

2 2 ’ 2
J()GCOZ JHameM _ J 5® J naep © , _ ‘]Hazp
5 + 5 = ) + ) wm J nazp = l—2 . (3)

3/1ech B IENAX YIPOINCHUS MBIl HE VYU MOTEPU B Mepeaaydax; 3TO OOBIYHO HE MPUBOJAUT K
OOJIBIIIMM TIOTPEIIHOCTSIM, €CJIM JIMHAMHYECKHE DPEXKHMBI HE HTPAIOT ONPEACISIONIYI0 POJIb B
pabote npuBoa.

4. MexaHuveckne XapaKkTepUuCTUKHU
MowmenTtbl M u M, MOTYT 3aBHCETh OT BpEMEHH, OT MOJI0XKEHUS, OT ckopocTu. Hanbonee
HMHTEpPECHA U Ba)KHA CBA3b MOMEHTOB M U M, CO CKOPOCThIO @ . 3aBUCUMOCTHU o(M)u o(M C)

Ha3bIBAIOT MEXAHUYECKUMU XAPAKMEPUCMUKAMY COOTBETCTBEHHO O8ucamens U Hazpy3Ku
(mexanuzma). MexaHHUECKUE XapAaKTEPUCTHKHU OyIyT CIYKUTh OY€Hb YAOOHBIM U TIOJIE3HBIM
MHCTPYMEHTOM IIPH aHAIHM3€ CTATHYECKUX U AUHAMUYECKUX PEXKHUMOB dIEKTPOIIPUBOIA

w
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Puc. 3. [IpuMep MeXaHNYECKUX XapaKTEPUCTHK

[TockoTbKy KaKk MOMEHTBI, TaK U CKOPOCTh MOTYT MMETh Pa3IUYHbIC 3HAKH, MEXaHUUICCKUE
XapaKTePUCTHKU MOTYT PAcIioaraThCs B YETHIPEX KBaJpaHTax miockoctd « — M. Ha puc. 2.3 B
KauecTBE MpUMepa MOKA3aHbIXapaKTEePUCTUKN aCUHXPOHHOTO nBuratens (M) U UEHTpOOEKHOM
MamwHbl (M,). 3HaKW BEJIWYUH OIPEACIISAIOT, NMPUHSB OJHO W3  HANpPABICHUH JBYIKCHUS 32
MOJIOKUTEIHFHOE, HAPUMED: 110 YaCOBOW CTpEJIKe- + WM BBEpX- + U T.I.

Momenmui, HanpasieHuvle NO OBUNCEHUIO (08UICYWUE), UMEIOM 3HAK, COBNAOAIOWUL CO
3Hakom ckopocmu (y4acTOK @y - M, XapaKTEepUCTUKH JIBUTATENS); MOMEHMbl, HANPAGIeHHblE
npomue  OBUdICEHUs.  (Mopmosawjue), UmMerom 3HAK, NPOMUBONONONCHBIN 3HAKY CKOpPOCMU
(ocTasIbHBIE YYaCTKH XapaKTEPUCTUK

5. Bungsr MOMCHTOB, ﬂeﬁCTByIOHlHX B OJJICKTPOIIPUBOAC: ABWIKXYHMIUMC W TOPMO3HBIC.
TumoBele cTaTUYECKHE Har PY3KH: aKTUBHBIC — HAI'PY3KHU I'PY30INOABEMHBIX MEXAHU3MOB, YIIPYIUX



T€J; PEaKTUBHBIE — HArpy3KH CyXOro, BSI3KOI'O M CMEIIAHHOIO TPEHUS, a TAKK€ BEHTUIISITOPHAS
Harpyska.

MOMEHTBI IPUHATO JENUTh HA AaKTUBHBIE U PEaKTUBHBIE.

AxmueHnvle MOMeHMbL MOTYT OBITh KaK JIBIKYIIUMH, TaK ¥ TOPMO3SIIUMH, UX HAIpPaBICHUE
HE 3aBHCHUT OT HampaBleHUS ABM)KEHUS: MOMEHT, CO3/IaHHBIN 3JIeKTpUUYECKOil MamuHoil (M Ha puc.
3), MOMEHT, CO3[aHHbII Tpy3oM, HpyxkuHOH U T.I. COOTBETCTBYIOLIME MEXAHUYECKUE
XapaKTePUCTUKU MOTYT PacIioyiaraTbCsl B IIOOOM U3 YEThIPEX KBAAPAHTOB.

Peaxmuenvie momenmuvr - peakuus Ha [JBUKEHHME, OHM BCETJa HaIPaBJIEHbl IPOTUB
IBUKEHMSI, T.€. BCerJa TOPMO3AILIME: MOMEHT OT CHJI TpPEHHUs, MOMEHT, CO3/1aBaeMbIil
EeHTpOoOeKHOM MammHON (M, Ha puc. 3) u T1.. MeXaHMYECKHME XapaKTePUCTHKH BCEr/a
pacrojararoTcs BO BTOPOM U YETBEPTOM KBaJIpaHTaxX.

dM
Mexanndeckue XapaKTCPUCTHKU IIPHUHATO OLCHHUBATH HX I#CECmKOCMbIO ﬂ:_. Onn

do

obiBatoT (puc. 4) abcomoTHO x)ectkumu [ =0 (1), abcomorno msrkumu S = 0(2) Moryr umerh
orpunarenbyo S <0(3) uin moaoKUTEIbHYIO (4) )KECTKOCTb.

w
1
1
T
e M

Puc. 4. Mexannueckue XapaKTCPHUCTUKH C pa:«uquoﬁ KCCTKOCTBIO

6. VYcraHoBuBmieecs ABmWKeHHE. lloHsATHE 00 YCTOHYMBOCTH YyCTaHOBHBIIETOCS
aswkenus. ['papuyeckuii 1 aHATUTHYECKUI METO/IbI OIPE/ICIICHHS YyCTONYNBOCTH.

MexaHnueckue XapakTepUCTHKH JIBUTATeNsl U HArpy3KH MO3BOJISIOT ONPEAEIUThb, OyIeT JIu
CTaTUYECKH YCTOWYMB YCTAHOBHUBIUMIHCS PEXHUM, T.€. BEpHETCA JIM CUCTEMa IOCie JAEUCTBUS
T000r0 CIy4aHOro BO3MYIIEHHUS K HCXOAHOMY CTaTHUECKOMY COCTOSIHMIO - pHUC. 5a, WIM He
BEpHeTcs - puc. 5,0.

a) 0)
Puc. 5. K onpenenennto craTiueckor yCTOMYMBOCTH

B mepBom cnyudae (puc. 5a) mokaszaHo, 4TO JI00O€ CIIy4ailHOe, HalpuMep CHHXCHHUE
CKOPOCTH (1 < @ycn) CONPOBOXKIAETCA NPEOOIATaHNEM JBHAKYILETO MOMEHTA M HaJl TOPMO3SIIUM



M., 1 paBHOBECHE BOCCTaHABJIMBACTCS, CUCTEMa BO3BPAIIAETCs B UCXOJHOE COCTOsIHUE. Bo BTOpOM
ciyyae (puc. 5,0) Takoe e CiydailHO€ M3MEHEHHE CKOpPOCTH MPHUBOAUT K MpeodialaHHIo
TOPMO3SIILIEr0 MOMEHTA, 1 PABHOBECHE HE BOCCTAHABIMBACTCS - CUCTEMa CTATUYECKU HEYCTONYMBA.

7. YpaBHEHHE ABM)KEHHUS 3JEKTPOIIPUBOJIA ISl AByXMaccoBoil cuctemsl. [IpeoOpasoBanue
JIByXMacCOBOM CUCTEMBI K OJIHOMAacCOBOI cucTeMeE.
Bo MHoOrumx ciydasx KHHEMaTHuyecKas cxema paboyeidl MalluHbl COJEpPXKUT YIpyrue
AJIEMEHTBHI: JUTMHHBIC BAJIbl, TOPCHOHBI, YIPYTrue MyQThl, TEKCTPOIIHBIE, KAHATHBIC TIEpelaun U JIp. ).
B peanbHBIX cXeMax MHOIAA NPUXOAUTCA YUMUTHIBATH JIIO(THI M 3a30pbl B 3yO4aThIX
neperayax U CoeIuHEHUsX. B 3TuX cilydasx KMHEMaTHYECKYI0 CXEMY HEJb3sl pacCMaTpUBaTh Kak
KECTKYI0  OJHOMAcCOByl0 cucrteMy. B ocobeHHOCTM 3TO  Kacaercsi  BBICOKOTOYHBIX

i M My C My Me I SJICKTPOIIPHUBOI0B u
o) a2 3JIEKTPONPHUBOJIOB, PAabOTAIOIIUX B
HMHTCHCUBHBIX JUHAMHUYCCKUX

Puc.2.9. JIByxMaccoRas KHHEMATHYECKAs CXeMa ¢ ynpyroii casseto  PCKAMaX.

MexaHU4ecKrue CHCTEMBI, B
KOTOPBIX MPUCYTCTBYIOT SIBHO BBIPaXXCHHBIC YIPYTHE 3BEHbS, OOBIYHO NMPUBOJAAT K ABYXMAaCCOBBIM
WITH TPEXMAaCCOBBIM MEXaHUYECKUM CUCTEMaM. Paccmotpum JIBYXMAacCCOBYIO
ANEKTPOMEXaHUYECKYI0 cxeMy (puc.2.9). B Hepa3BeTBICHHONH KMHEMAaTHYECKOW cXemMe OOBIYHO
BBICTISIIOT POTOP JIBUTATEINsT M JKECTKO CBS3aHHBIC C HEM D3JIEMCHTHl KHHEMATHYECKOH IICTIH.
[IpuBoss MOMEHTHI WHEPLUU STUX 3BEHHEB K CKOPOCTH Baja JBHUraTelNs, IMOJYYUM IEPBYIO
Maccy J;. DTa Macca CBsi3aHa TOCPEJICTBOM YIPYToro 3J€MEHTa, UMEIOIIEro KecTKOCcThC, co
BTOpOI1 Maccoit)y, KOTOpyro 00pa3ytoT MOMEHTHI HHEPIMH pab0Yero OpraHa U *KECTKO CBSI3aHHBIX C
HUM OCTaJIbHBIX 3JIEMCHTOB KHHEMAaTHICCKOM IEITH.
Onucanue AByXMaccOBON MEXaHHUECKON CUCTEMBI C YIIPYTUM 3B€HOM Ha OCHOBE YPaBHEHHUS

lelz + szzz B C(ﬂ _(02)2
2 2 2

L=

8. Ob11ue cBeieHus O peryInpoBaHUN

Pecynuposanuem  ckopocTH  Ha3bplBaeTCd  NPUHYAUTEIbHOE  U3MEHEHHE  CKOPOCTH
AJIEKTPONIPUBOAA B 3aBUCUMOCTH OT TpeOOBaHMN TexHOoJoruyeckoro mporecca. Ilonsrue
pEryJlIMpoBaHMsl CKOPOCTHM HE CJEAYyeT CMEIINBaThb C €CTECTBEHHBIM H3MEHEHHEM CKOpPOCTH,
BO3HUKAIOIIUM B 3JIEKTPONPUBOJIAX B CHIIy U3MEHEHUS HArpy3Kd Ha Baly paboTarolieid MalluHbI.
PerynupoBanue CKOpPOCTH OCYIIECTBISETCS OMOJHUTENbHBIM BO3ACHCTBUEM Ha MPUBOJHON
JIBUTATEIIb.

Haub6onee 3¢ hekTUBHBIM C TOUKH 3p€HUS 3aTpaT U BO3ZMOXKHOCTEH SIBIISIETCS SIEKTPUUECKOE
pEryJIMpOBaHKUE, KOTOPOE CEroJHs JOMMHHMPYET HaJ APYTMMHU TUIAMH PEryIMpOBaHUS IOTOKA
MOIIIHOCTH K pabo4yeMy OpraHy HUCIOJIHUTEIbHOTO MEXaHU3Ma.

Kpome perynupoBaHHs CKOPOCTH OT 3JIEKTPOIPHUBOAA B OOIEM Cilydae Takxke Tpedyercs
o0ecreunTh peryJupoBaHME MOMEHTa (TOKa) W TMOJOXKEHHUs. 3ajada peryiupoBaHHE KOOpPJIWHAT
NEKTPONPUBOA PEIIACTCS IPU MIPOEKTUPOBAHUM CUCTEM YIIpaBiieHUs ekTponpusoaoM (CYIII).

PerynupoBanue nensit oObIYHO Ha JIBE TPYMIBI: B PA30MKHYTHIX CHUCTEMAaX M B 3aMKHYTBIX
CHUCTEMax.

Pasomknymule cucTeMbl, Kak MPaBUIIO, HE TPEOYIOT JAaTYUKOB OOPATHBIX CBSA3EH U CIOKHBIX
YIPABISAIOUIMX  YCTPONCTB  (HampuMep, MpOrpaMMHPYEMbIE  JIOTUYECKHE  KOHTPOJUIEPHI).
HengocraTkoM pa3oMKHYTOrOo perylMpOBaHHs SIBISIETCd HHU3Kas TOYHOCTh MMOAJEp’KaHUs
peryaupyeMoil KOOpAMHATBI, YTO YacTO HE MOXET OO0ECHEYHUTh BBINOJHEHHE HEOOXOIUMBIX
TpeOOBaHUI TEXHOJIOTUI TPOU3BOCTRA.

B 3amxuymeix cuctemax pasnauyaroT 1Ba BUAA PETYJIUPOBAHMS: MO OTKJIOHEHHIO M I10
BO3MYyIlIEHHIO. PerynmpoBaHue 1O BO3MYILEHHIO IMPEANOJIAaraeT KOMIIEHCAIIMIO  BIUSHUS
BO3MYIICHUSI Ha PETyIUPYeMYI0 KOOPAHMHATY C TOMOIIbIO MOJOXKUTENbHOW 00paTHOM cBsizu. B
ANEKTPONPUBOJIE NMPUMEHSETCS MEPBBIM TUI PETYIUPOBAaHUS — MO OTKJIOHEHHIO. Vcmonb3zoBaHue



MOJIOKUTEIBHBIX 0OPAaTHBIX CBA3EH YacTO MPHUBOAUT K BOSHUKHOBEHHMIO SIBJICHUSI HEYCTOIHUMUBOCTH,
YTO JeNaeT CHUCTeMYy HepabOTOCIMOCOOHOM, TMOATOMY pEerylMpOBaHUE [0 BO3MYIICHHIO B
HNIEKTPOIIPUBO/IC HE TIPHMEHSIETCSL.

Peanuzanus perynupoBanus tpeOyer BBeaeHuss B DOMC IOMOTHUTEIBHBIX YIPABISIOUINX
ycTpoiicTB. B pasoMKHYTO# cucteme BBOIATCS KOHTAKTOPBI, PeJie, pE3UCTOPHI, PEaKTOPHI U I1.T.

Jlnist OCYIIECTBICHUSI aBTOMAaTUYECKOTO PETYIUPOBAHUS MPETyCMATPUBAIOTCS YIIPaBIIsIEMbIe
npeoOpa3oBaTeNl U PETYNIATOPHI, MO3BOJISIONINE ABTOMATHYECKH O] BO3/EHCTBHEM OOpaTHBIM
CBsI3el M3MEHATH MapaMeTpbl cucTeMbl. Hanbornee mUpPOKO MCHONB3YIOTCS 3JIEKTPOMAIIMHHBIE H
BEHTWIbHBIC YIPaBIsieMble NPEoOpa3oBaTeIM M COOTBETCTBYIOIIME CHCTEMBI 3JIEKTPONPUBOJA:
cucteMa reHepatop — gasurarens (I'-J]); cuctemMa THPUCTOPHBIA (WM TPaH3UCTOPHBIN)
npeobpaszoBarens — asurarens (TII-J]); cucrtema mpeoOpa3oBarenb YacTOTHI — ACHHXPOHHBIN
neuratens (ITU-A/D).

9. ITokazaTenu KauecTBa PEryIMpOBaHUs YIIIOBOM CKOPOCTH 3JEKTPOIPUBOIOB

K nmnokaszarensiMm peryjaupoBaHUsi OTHOCSTCS TOYHOCTb PETYJIMPOBAHMS, IIJIaBHOCTb,
CTaOWJIBHOCTh CKOPOCTH, JOMYCTHMas Harpy3ka MpU pPa3IMYHBIX CKOPOCTSX, JAMHAMUYECKUE
[I0KA3aTeIN KaueCTBAa U 3KOHOMUYHOCTb PEryJIMPOBaHUS.

Tounocms pe2ynuposanuss NEPEMEHHON ONpEAENseTCs BO3MOXHBIMU OTKJIOHEHUSIMU €€ OT
3aJJaHHOTO 3HAYEHUS IMOJI JeHCTBUEM BO3MYIIAOIINX (PaKTOPOB (M3MEHEHHUI HArpy3KH, KoJeOaHus
HampsoKeHus MeTd | 1ip.). llpu perynupoBaHud B pa3oOMKHYTOH CHCTEME MOXKET OBITh HMPHUHSITO
CpelHEee 3HAYEHHE KOOpAMHATBI IMPU M3BECTHBIX IIpelesiaXx M3MEHEHHUS BCEX BO3MYULIAIOIIMX
BozfeicTBuil. [Ipm 3TOM OLIGHKOW TOYHOCTH PETYJIUPOBAHHUS MOXKET CIYKUTh OTHOIICHUE
HauOOJIBIIEr0 OTKJIOHEHUS A®,, K CPEIHEMY 3HAUEHUIO A®gxs

A®ppe = AO gy /mﬁa = (('Orrex - mmin)/(wmax + Q)min) )
II€ Oppgy ¥ Opip — MAKCHMAIBHOE ¥ MUHUMAIIBHOE 3HAYEHUE MIEPEMEHHOM NPH JaHHBIX 3HAYEHHSX

napamMeTpa U 3aaoIcro Curaajia u NpcacjioB U3BMCHCHHU A BOSMYHIGHI/II;'I.

® 0}
Oy
0) — ~ _ ¥
max wcp.max - /1\ A(Dmaxl
O - | — |
min COcp.m:in | |
A(‘DmaxZ
| | M
0
0 Mmin Alcp Mmcvc Mmm MP Mmax
Puc. 7.1. K onpenenenuto moHsITHS Puc. 7.2. K onpenenennto noHATHS
TOYHOCTHU PETYIUPOBAHUS JIMAIa30Ha PEryIHUPOBAHMS

Jluanazon pezcynuposanus YriaoBOM CKOPOCTH ONPEAEISIETCS OTHOIIEHHEM BO3MOXKHBIX

YCTAHOBHUBLIMXCSA CKOPOCTEN: MAKCUMAIIBHON O, K MUHUMAIBHOU ®,
Dco = Wppy /mmin .

Ilnasnocms pezynuposanus XapaKTEpPU3yeT CKA4OK CKOPOCTH TPU TEPEXoje OT JaHHOU
CKOpPOCTH K Omnikaiiieil Bo3MokHOU. [I1aBHOCTH TeM BBIIIE, YeM MEHbINE ITOT cKkadek. E€ MoxkHO
OIICHUTh KO3(P(PUIIMEHTOM TUIABHOCTH PETYJIMPOBAHMS, KOTOPBIA OMPENEISIETCS KaK OTHOIICHUE
JIBYX COCEIHUX 3HAUEHUH YIIIOBBIX CKOPOCTEN MPU PETYJIUPOBAHUU

P = ;@ 4,

rIe O; ¥ O;_; COOTBETCTBEHHO YTJIOBBIE CKOPOCTH Ha I-TOM U (i-1) CTYMEHAX perynmpoBaHusl.




DKOHOMUYHOCMb — pe2yIupo6anus —XapakKTEepU3yeTcs 3arparaMM Ha COOPY)KEHHE U
OKCILIYaTallMi0 3JIEKTPONPHBOAA. I[IpMMEHEHHE PETYIUPYEMOTo JJIEKTPONPHBOAA CBSI3aHO C
JOIOJIHUTEIBHBIMU TIEPBOHAYAILHBIMEM 3aTpaTaMHi M OKCILIYaTallAOHHBIMH PAaCcXOJaMH, KOTOpbIE
JOJDKHBI OKYIIAThCsl MOBBIMICHUEM IPOU3BOIUTEIILHOCTH W HAJIEKHOCTH pabOThl yYCTAHOBKH, a
TaKKe YIIyYIIEHHEM KAuecTBa MPOAYKIUH. [IpH CpaBHEHUHU Pa3lIMYHBIX CIIOCOO0B PETYIMPOBAHMS
OPMEHTHPOBOYHOEC CYKIEHHE O 3aTparax MOKHO COCTaBHMTh, OICHHBAs MaccorabapuTHBIC
[I0Ka3aTely JAOMOJHUTEIBHOr0 000pYI0BaHMs, a SKCIUIyaTallMOHHbIE 3aTpaThl 1Mo 3Heprun — KIT/,
XapaKTEPU3YIOLIUM TIOTEPH SHEPTUU

n=R/R,
rae P, — momHoCTh, moTpebisiemast u3 cet; P, — MOIIHOCTD Ha Baily JABUraTelst

Cmabunvrocms y2n060tl ckopocmu XapaKkTepU3yeTcsi H3MEHEHHEM YIJIOBOH CKOPOCTH TIPH
3a/IaHHOM OTKJIOHCHHHM MOMEHTA Harpy3Kd U TECHO CBSI3aH C MOHSITHUEM JKECTKOCTH MEXaHUYECKOI
XapaKTepUCTHKU. YeM OoJIbIIe KECTKOCTh MEXaHMYECKOW XapaKTePUCTHKH JBHUIATEINIsl, TEM BBIIIC
CTaOWIIBHOCT  CKOPOCTH  JieKTporpuBoaa. (Camoil  BBICOKOHW CTAOWIIBHOCTBIO — 00JaJaroT
CHHXPOHHBIE JIBUT'ATEIIH, TaK KaK y HUX ®KeCcTKocTh MX 3 — 0.

Hanpasnenue pecynuposanus cxopocmu- — ONpenensieT BO3MOXHOCTh YMCHBLICHHE WIIH
YBEJIMUYCHUE €€ 10 OTHOLICHUIO K HOMHHAILHOMY 3HAUCHHIO 3aBUCHT OT CIIOCOOOB PEryIHPOBAHMUSL.
JIJ1si IPUBO/IOB IOCTOSIHHOTO TOKA PA3IMYAl0T OJTHO- U IBYX30HHOE PErYJIUPOBaHHE.

B nepBoMm ciydae peryiupoBaHUE OCYLICCTBIISCTCS MPU IOCTOSIHCTBE MAarHMUTHOTO MOTOKA
IyTeM M3MEHEHHS HANPsHKCHHS Ha SIKOpE BHU3 OT HOMHHAIIBHOTO 3HaueHus. Takoe peryanpoBaHue
HA3BIBAIOT PEryIMPOBaHIEM ¢ rocTosHcTBoM MoMenTa ( M = kO g O =const).

JIns mepeBoja HpPUBOJA BO BTOPYK 30HY YMEHBIIAIOT MArHUTHBIA TIOTOK JBUTATEIs
(M3MEHSIIOT HANpPsDKEHHE Ha 0OMOTKE BO30YXK/ICHUSI HUKE HOMUHAIBHOTO), IIPH 3TOM YMEHBIIACTCSI

Teperpy3o4nas CrocoGHocTh msuratens 1no MomeHty ( Ay v=KO L A,) u yBemmumsaercs

CKOpPOCTb. Takoe peryarpoBaHUE HA3bIBAIOT PETYIMPOBAHUEM C IOCTOSHCTBOM MOIIIHOCTH:

P=w-M =95%Y2-kc‘)| = (U, — IRy)1, O =var).

XapaktepucTuku aByx 30H perynupoBanus AIIT ¢ HB npeacraBnensl Ha puc. 7.3.

M.P, ® .
| 5%,
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Puc. 7.3. XapakTepucTuku IByX 30H Puc. 7.4. lunamuyeckue noka3areinm
perynuposanus JAIIT ¢ HB Ka4yeCTBa PEryJIMpoBaHus

Honycmumas muaecpyska Oeuecamenasmo HauOoJblllee 3HAYEHHE MOMEHTa, KOTOPBII
JBUTATEIb CHOCOOEH JUIMTEIbHO pa3BUBaTh NMpU PabOTE€ Ha PETryIUPOBOYHBIX XapaKTEPUCTHUKAX.
OmnpenensieTcss HArpeBOM JBHUraTelNss U pa3UyaeTcss B 3aBUCHMOCTH OT CIIOCO0a PeryiIupoBaHUsl.
W3MeHeHre CTaTH4ecKOro MOMEHTa OT CKOPOCTH B 3aBUCHMOCTH OT MEXaHHU3Ma MOXET OBITh
Pa3IUYHBIM.

Jlunamuueckue  KadecTBa  DJIGKTPONPUBOAA BO  MHOTHUX  CIy4asiX  ONpPEAENsioT
MIPOU3BOIUTENILHOCTh YCTAHOBKH, M3HOC MEXAaHHMUYECKOro 00OpYJOBaHUS, KadyeCTBO BBITYCKAaeMOM




npoaykiuu. KaduecTBo mepexoaHOro mporecca MOXKHO OLIEHUTb OBICTPOAEHCTBHEM, BEIMUYMHOU
nepeperyIupoBaHus U Koiae0aTeIbHOCTHIO IpoLecca.

Bvicmpooeticmeue omnpenenser OBICTPOTY peakUUH 3JIEKTPOIPUBOAA HAa HU3MEHEHHs
BO3AeHcTBUIl. [7aBHBIM TOKa3aTeneM OBICTPONEHCTBHS, HEMOCPEICTBEHHO BIUSIOMIMM Ha
IIPOU3BOJUTEIIBHOCT MEXAHW3MOB, SBIIETCA BpEMs IIEPEXOJHOI0 Ipolecca WIN BpeMs
peryaupoBaHusa. B aBTOMaTHYeCKMX CHCTEMax PEryJIMpPOBaHUSI ObICTPOICHCTBUE XapaKTEPHU3YIOT
[OKa3aTeasIMM  MEPEXOJHOr0  Ipolecca npu  OTpabOTKE EIUHMYHOIO  CKAayKoOOpa3HOIro
YIPaBIAOLIETro Bo3aeicTBUA. OOBIYHO 1101 BpEMEHEM PETYJIMPOBAHUS IOHUMAIOT BPEMS, KOTOPOE
TpeOyeTcst MPUBOAA ISl TOTO, YTOOBI OTKIIOHEHHUE PEryJIMpyeMOi KOOpAMHATHI HE MpeBbIano 5%
OT 3aJJaHHOT'0 3HAYECHUS.

Ilepepecynuposanue mnpeAcTaBiIseT cOO0H MUHAMHUYECKYIO OMIMOKY M XapaKTepHU3yeTcs

MaKCUMAJIbHBIM OTKJIIOHCHUEM (., OT YCTAHOBUBLICTOCA 3HAYCHHUA O Kak IpaBuHJio,

ono*
HepepeFYHI/IpOBaHI/IC (¢) BBIpa)KaIOT B OTHOCHUTCJIbHBIX CINHUIIAaX NJIN HpOI_[CHTaXI
Aol = AP 10004
Moiip
K0ﬂ€6am€ﬂbHOCMb 3JI€KTpOHpI/IBOI[a SABJIACTCA (baKTOpOM, BIIUAOIIMM Ha TOYHOCTS,
JMHAMUYECKHE HAarpy3kd W KadecTBO TEXHOJIOTUYECKOTo mporecca. E€ oOmuM mokaszarenem
CJ'IY)KI/IT 3HAUYCHUC JIOT" apn(bMqucxoro JACKPEMCHTA SaTyxaHI/IH

A=In ﬁ,
rae A, A, - BeIMYMHA aMIUTUTY]I TIEPBOTO M CJIETYIOIIET0 32 HIM MaKCUMyMa.
Ha puc. 7.4. mnpeacraBiaeH BUJ TMEPEXOJHOTO IIpollecca M yKa3aHbl BEJIMYMHA
OBICTPOJCHCTBUS ty; M IEpEeperyInpOBaHUE G .
10. Knaccudukanus snektpoasurareneii nocrosaaoro tToka (JI1T) mo cnocoly
BO30YXKICHHS
JIIT KOHCTPYKTHBHO COCTOMT W3 JBYX OCHOBHBIX 4YacTed: MOJBMKHOW YacTu (SKOps) U
HETOJBIKHOW YacTH (cTaropa), B KOTOPOH HaxXoOAWMTCS OOMOTKa BO30OYKICHHS IBUTATEIS.
JlBurarenb NHUTAeTCA IOCTOSHHBIM HampshkeHHeM. B 3aBucuMocTu OT crmocoba BKIHOYEHUS
0OMOTKHM BO30YKICHHS PAa3IN4atoT 4 OCHOBHBIX THIIA JIEKTPOABUTATEIEH.
1. HAIIT c¢ He3aBucuMbIM BO30YXkIeHueM (puc. 8.1, a). B manHoMm cmydae

WMCTOYHUKHU MUTAHUS 1IN SIKOPSI IBUTATENS U 1Ien 00MOTKH Bo30yxaeHus (OB) sBasitoTcst
pa3HbIMM, MHOTJA C pPa3HbIM YpOBHEM HampshkKeHHs. B CBA3M ¢ 3TUM NOBEIEHUE TOKa
BO30YKJIEHUS HE 3aBUCUT OT LU SIKOPs (MIPU NPEHEOPEKEHNH BIUSHUEM PEAKIIUU SIKOPS),
YTO TpU HEM3MEHHOCTH TOKAa BO30YXKIEHHUS JelaeT XapaKTepUCTUKU JBUTATENs
JINHEWHBIMU.

2. [Tpu napamiensHOM croco0e BKIIIOYEHHS OOMOTKHM BO30YXKIEHUS M SKOPS
BKJIIOYAIOT B OJIHY CETh MapajiesbHO IpyT Apyry (puc. 8.1, 0). [Ipu ycnoBumn Hamuuus cetu
0ECKOHEUYHOW MOIIHOCTU HAaNpsDKEeHHE Ha 3aKHMaxX OOMOTOK OCTaércs IMOCTOSHHBIM U
xapakrepuctuku HIIT ¢ IIB ananornuynsr xapakrepuctukam JIIT ¢ HB. Iloaromy wacto
orpannunBarotcs paccmotpenueM JIIT ¢ He3aBUCHMBIM BO30YKICHUEM.



Puc. 8.1. Cxembl BKIIIOUEHUS ABUTATENS C HE3aBUCUMBIM (a),
napajuieJabHbIM (0) U IOCIIe10BaTENIbHBIM (B) BO30YKIECHUEM

3. Y JIIT ¢ mocnenoBaTeIbHBIM BO30YKICHHEM HMEETCS IOCIIeI0BaTeIbHAS
(cepuecHast) 0OOMOTKa, KOTOpas BKIIIOYACTCS IIOCJICOBATEILHO C OOMOTKOW SKOPSI
nsurarens (puc. 8.1, B). Takoe BkiItoueHue NpUBOAUT K TOMY, UTO IIOTOK, co3/1aBaeMblii OB,
3aBUCHT OT TOKa JBUTATels, KOTOPBIA B Mpolecce padoThl M MEPEXOJHBIX IMPOILIECCOB
MOJIBepraeTcsi 3HaUUTEIbHBIM U3MEHEHHIM. J{aHHBIM THI ABUraTens o0nanaeT HeIHHEHHOM
MEXaHUYECKOH XapaKTepUCTUKOM.

4. IIIT co cmemaHHbIM BO30YyxzaeHUeM. B 3ToM ciyyae gBurarenb MMeEET JIBE€ OOMOTKHU
BO30YKJIEHUs: TOCJIEA0BAaTEIbHYI0 U MapaJljIeNbHYIO0, U Pe3yJbTHUPYIOIMH MarHUTHBIA IOTOK
CKJIaJIBIBACTCS M3 JIBYX COCTaBISFOIIUX. [ToKITIOUeHNE 1eTn SKOPsI BBIMOHACTCS TaK JKe, KaKk Ha
puc. 8.1, B, a 00OMOTKH BO30YXJIeHUs, Kak Ha puc. 8.1, a, 0.

11. Mexanunueckas u anektpomexannyeckas xapakrepucruku 11T ¢ HB
Oo61iee BelpakeHUst u1sl Mexannuecko xapakrepuctuku JIIT c HB
m:il— MBVZ N Lyz dMm
kO (kOF (kOF dt

Ecmu momenT igurarens nocrosuuslid, 7o dM /dt =dl;/dt =0, u ypaBHeHue MexaHnY€ECKOH

XapPaKTCPUCTHUKU ABUTATECIIA 6yz[eT HUMCTb CJ'IC,ZLYIOH_II/Iﬁ BU:

o=t MRy
kKO (kO)
Wnu B npyrom Buze
0=0)—-Ao,

U.
TaC Wy = —A\L — CKOpOCTL NACAJIBHOTI'O X0OJOCTOIo xoaa.
"7 kO

Bun XapPaKTCPUCTHUKHU ITOKA3aH HaA PUC. 9, a.
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Puc. 9. EcrectBennsie (a) u ucKyccTBeHHbIE (0) Mmexanuueckue xapakrepuctuku AIIT ¢
HB

DJIEKTPOMEXaHUYECKYI0 MEXaHHUYECKYI0 XapaKTePHCTUKY MOXKHO IIOJIYYUTh, IMOJICTABUB B
MEXaHMYECKYIO XapaKTePUCTUKY JBMraTess Beipaxkenue a1 momenta M = kOl :
_ Uy —IRys
kO
Kaxmoit XapakTepUCTHKH MOXKET OBITh OXapaKTepPU30BaHO JIBYMsI TOYKAMH: TOYKOU
upeanbHoro xosmocroro xoma (ly=M =0; ©=®p) ¥ TOYKOH KOPOTKOrO 3aMbIKAHMSI(

ly=loc; M =Mgc;0=0)

12. TopMoO3HBIE peXUMBI ABUTATENS IOCTOSTHHOTO TOKA ¢ HE3aBUCUMBIM BO30YKI€HUEM
TopMO3HON pPEXUM XAPAKTEPU3ZYETCSI TE€M, YTO CKOPOCTHh BPAIICHUS U MOMEHT JBHUIATEINs
MMEIOT pa3Hble 3HAKU. BBICTpOTa M TOYHOCTH, C KaKOW OyAyT MPOTEKaTh MEPEXOHBIC MPOIECCHI
OCTAaHOBKM WJIM PEBEPCA BO MHOI'OM OIPEIECIAIOT MPOU3BOAUTEILHOCTh MEXAHU3MA, a MHOTAA U
KauecTBO BbIPa0aThIBAEMOr0 MPOAYKTa. BO3MOXKHBI TpU BapHaHTa IEKTPUYECKOTO TOPMOKECHHS:

1) pEeKymnepaTUBHOE TOPMOKEHHUE;
2) JTUHAMHYECKOE TOPMOKEHUE;
3) TOPMO’KEHHUE MPOTUBOBKIIFOUEHHUEM.

Pexynepamuenoe mopmoorcenue
Takoil pexuM BO3HUKAET, KOTJa CKOPOCTh JABHUrarenst Oosbllle CKOPOCTh HACAIBHOTO

XOJIOCTOTO XOJa JBUraTels, TO €CTh BBINOJHAECTCA yclIoBHE © > ®q. IIpum stom DJIC nBurarens

cTaHoBuTcs Gonbiue Hanpsbkenus cetd ((Ey >Ug), u Tok nBurarens menser nanpasnenue. Ilpu

3TOM JBUTaTellb paboTaeT reHepaTopoM U OTIAET PHEPIUI0 B CeTh. DJIEKTPOMArHUTHBIH MOMEHT
JBUTATENS MPU ATOM IPOTUBOIEUCTBYET BHELTHEMY BpAIllalOIIEMy MOMEHTY.

JlaHHBI BUJ TOPMOXKEHHUS sIBII€TCS HauOojiee HKOHOMHYHBIM, TaK Kak »JHEprus
BO3Bpaliaercs B ceTb. [IpuMenenune 3toro crnocoba sBisercs 3p¢GeKTUBHBIM dHEprocOeperawimum
CPEACTBOM. OTOT pEXHUM IeJecoo0pa3eH, Korja MNpuBoJ paboTaeT ¢ YacTbIMM IyCKaMU H
ocraHoBKaMu. Hanpumep, snextporpancnopt. Ilpu ABMKEHMHM TMOJA YKJIOH TakX e BO3HHUKAIOT
OJaronpusATHBIE YCIOBHS /U1l BOSHUKHOBEHUS 3TOTO PEKUMA TOPMOKEHHUS.

Cxema BKJIIOYEHHWs JBUTATENSl JJIs JAaHHOTO peXMMa IokazaHa Ha puc. 10, a, a
XapaKTEePUCTHKH TPEICTaBICHBI Ha puc. 11 (xapakTepucTuka 1).

Lunamuueckoe mopmoorcenue

Heo6xoauMocTh B TaKOM TOPMOXEHHUU BO3HHUKAET, KOTJa MOCJe OTKIIOYEHUs ABUraTels OT
CETHU €ro SIKOpb MPOJ0JDKAET BpallaThCs MOJ JSHCTBUEM 3alaca KHHETHYEeCKOW sHepruu. Eciou mo
TEXHOJIOTUU TpeOyercsi Oosee OBICTPBIA OCTAHOB JBUTATElNs, YeM BpeMsi OCTAaHOBKM Ha BbIOere,
UCIOJIb3YETCS] TMHAMUYECKOE TOPMOKEHUE.

[Ipu nanHOM cnoco0e TOPMOXEHHS SIKOph JBHUraTellss 3aMbIKaeTcs Ha TOPMO3HOE
CONPOTHBIIEHUE, a OOMOTKa BO30YXKIEHHUS OCTa€rcs MOAKIOYEHHOM B CETh JUIS CO3JIaHUS
TOPMO3HOTO MOMEHTa. BrlpaGaTbiBaeMasi HpHU 3TOM DHHEPrusi MEPEXOJUT B TEIUIOBYIO H
paccenBaeTcs B OKpYy»Karolllee MPOCTPaHCTBO. B 3TOM pexxrMe TOK JBUTATeNsi MEHSET 3HaK, TaK Kak



OH HAuYMHAET mpoTekaTh noxa AercteueM DJIC nBuraresns, KOTopas HalpaBlieHa BCErjla BCTPEUHO
HaIpPsHKEHUIO CETU

Benu4nHy TOPMO3HOTO COTPOTHBIICHUS MOKHO OIMPENEIUTh U3 POPMYITBI

R.. — W jax _
40. = ye
(1,1 —1,8) M i

[Ipu 3TOM CIUIIKOM Majioe 3Hau€HHEe TOPMO3HOIO MOMEHTA BEJIET K 3aTATMBaHUs Ipolecca
TOPMOXKCHHSI, & CIIMIIKOM OOJIBIION TOK OTPHUIATENIbHO CKa3bIBaeTCsl HAa paboTe IIETOYHO-
KOJUIEKTOPHOT'O amrmapara JIBUraTels.

Cxema BKJIIOYCHHsSI JBUTATENs JJIs JaHHOTO peXMMa TokazaHa Ha puc. 10, 0, a

XapaKTEPUCTUKHU Ha puc. 11 (xapakTepucTuka 2).

+ U, - R - U, +
] E, @T E, @T ﬂ
S — R

LM LM LM

a ‘ 0 ‘ B

Puc. 10. CxeMbl BKIIOUEHHMSI JBUTATENS B TOPMO3HBIX pexXUMax paboThl
(a-pexkynepaTHBHOE, O-TMHAMHYECKOE, B-ITIPOTUBOBKIIIOUYEHHE)

Puc. 11. Mexannueckue xapakrepuctuku JIIIT ¢ HB B TopMO3HBIX pexumax

TOpMOJfC@Hue npomueO6KJaHYeHUeM

Jlig yMeHbIlIeHUs BPEMEHU TOPMOXKEHUS! WK peBepca MHOTAA MPUMEHSIOT JaHHBIA PEXKUM.
Peanusanys 3TOro pexuMma BO3MOKHA Ha pabOTAIOIEM JBUrareje NpH CMEHE IOIAPHOCTH
nuTaroulero HampsbkeHus. B atom cinydae Hanpasnenuss DJIC ngBurarens M HanpsoKeHHUs] CETU
COBIIA/IAET

ly = (-Uy - Ey)/Rys,

BenuunHa TOpMO3HOTO CONTPOTHBIICHUS BbIOMpaeTcs 1o Ghopmye

R, —_ Qoiast®o

o1, — R y -
L1189 M,

TopMorkeHHE IPOTUBOBKIKOYEHHEM IPUMEHSIETCS B OCHOBHOM IS peBepca asurarens. J{is
TOYHOI'O OCTAaHOBA ABUTIAaTCIIsd HAaHHBIM pe)KI/IM HC y}106eH, TaK KakK Tpe6yeTC$I JOBOJIBHO TOYHas
HACTPOMKa aImapaTyphl Ui TOrO, YTOObI OCTAHOBHUTH JBMIATENb B TOUKE HYJIEBOM cKopocTH. Eciu
K€ IBHUIaTcClib HE OTKIKOYUTH OT CECTH, TO OH HepeﬁﬂeT B }IBI/IFaTeHBHBIfI pe)KI/IM, U B HaﬂBHeﬁmeM




Pa3roOHUTCA a0 HOMHHAJIbHOM CKOpPOCTH IIpHU HAIMYWHU HOMHHAJIbHOI'O MOMCHTA Ha BaJly JBUI'aTCIIA.
I[JBI TOYHOM OCTAaHOBKHM JABHTATEIIA HCIOJIB3YCTCA PCXKUM JUHAMUYCCKOTO TOPMOKCHUS.

13. PeocraTHOE peryaupoBaHHe yIJIOBOH CKOPOCTBIO ABUraTeeH MOCTOSIHHOTO TOKa
Peocmammnoe pezynuposanue - camblii TPOCTOH W caMblii HEOJATONPUATHBIA CHOCOO
peryaupoBaHUs CKOPOCTH U (MJIM) MOMEHTa. B SKOpHyIO Lienb MOCIeI0BaTeNbHO, €ClIM MUTaHUe

OCYIIECTBJISIETCS. OT HWCTOYHHMKA HampspbkeHus (puc. 12,a), BKIIIOYAIOTCS JOMOJIHUTENIbHbBIC
PE3UCTOPHI.

*
ml"l

a) 6)

Puc. 12. Cxema (a) u xapakTepucTHKu (0) MpPH PEOCTATHOM pETyIUPOBAHUU JBUTATENS
HE3aBHCUMOTI'0 BO30YXKIEHUS

CKOpOCTL HACAJIBHOI'O XOJIOCTOI'O XO/Jia IIpH UH u @H K BKIIFOUCHHU R@ HC UBMCHUTCA:

_ UH
ko,
a HAKJIOH XapaKTECPUCTUK A, — IR = MR OyZAeT yBeIIMYMBATHCS IPONOPLUOHATILHO
ko, (ko,)?
R =R,+R,.
U,-I(R,+R,)
CO e

e

k®d

B snexTponpuBoje ¢ qBUTaTeneM mocienoBaTenbHoro Bo3oyxaenus npu U=U, (puc. 13,a)

Puc. 13. Cxema (a) u xapakTtepucTuku (0) Mpu peoCTaTHOM pPETYIUPOBAHUU JBUTATENS
MI0CJIe/I0BATEIBHOTO BO30YXK/IEHUS

14. PCFy.TII/IpOBaHI/IC KOOpAWHAT UBMCHCHUCM MAarHuTHOI'O IOTOKA.
Cxema BKIIIOUCHHUS ABUTATCIIA JJIA PEryJIMpoBaHUA CKOPOCTU HU3MCHCHUCM MArHuTHOI'O
IOTOKa NpHUBCICHBI Ha PHUC. 14. ﬂKOpHaﬂ OCIb IBUTATCIIA 0e3 Kakux-11u00 ,I[O6aB0‘{HBIX PE3UCTOPOB

MOAKIOYCHA K HCTOUYHUKY C HAIIPSAKCHHUEM U= UH, a 1Ielb B036Y)K)ICHI/I$I MMUTACTCA OT YCHIIUTCIIA -
BO30yauTeNs B.
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Puc. 14. CxeMa AIIEKTPONPUBOJA C PETyIMPOBAHHEM CKOPOCTH HU3MEHEHHUEM MarHuTHOTO

l:

IIOTOKa

3JI€KTpOMGX8,HI/I‘I€CKI/Ie U MCXaHUYCCKUC XAPAKTCPUCTUKHU ABUTATCIIA IIPU 0CJIa0JICHHH T10JISt

U
IIOKa3aHbI Ha PHUC. 15. CKOpOCTb HnACaJIbHOI'O XOJOCTOro xoaa [ON =_— pacTer c YMCHBIICHUCM
k®

noroka. Tak Kak TOK KOPOTKOI'o 3aMblKaHHA HE 3aBUCUT OT CTCIICHHU ocaa0IeHus I10JIs1, BCC

o H

QJICKTPOMEXAHNYCCKHUEC XAPAKTCPUCTHUKH IICPCCCKAKOTCI B OIHOM TOUYKE IK3 = — (cne):[yeT
Rﬂ

IIOMHUTB, 4YTO TOK KOPOTKOI'O 3aMbIKaHUA JId HOPMAJbHBIX MAIIWMH MOXKET BO MHOIo pas

IIPEBOCXOUTH JOMYCTUMBIN). MoMeHT KopoTtkoro 3ambikanus M, , = kI, @ ymenbiaercs ¢
yYMEHbIIIEHHEM ToToka (puc. 15,0).
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a) 0)

Puc. 15. XapaKTepI/ICTI/IKI/I ABUTATCIIA MOCTOAHHOTO TOKA ITPpH 0C1a0JICHUH OIS

HpI/I IIUTaHUHU SIKOpHOfI OCIHU OT UCTOYHHMKA TOKA M3MCHCHHEC MAarHMTHOI'O ITOTOKA ITO3BOJIACT
peryinupoBatb MOMCHT OT 'MH a0 +MH IIpU BEPTUKAJIBHBIX MCXAHUYCCKHUX XapPAKTCPUCTHUKAX.

15. PerynupoBaHue CKOpOCTH U3MEHEHUEM HAIPSHKEHUS Ha IKOPE
Cxema a1eKTponpuBo/Ia, o0ecreyrBaroIiasi peryJupoBaHue HApsDKEHUs Ha SIKOpe, MoKa3aHa
Ha puc. 16,a. TOT croco0 peryIupoBaHus MPEANOIaraeT UCIOIb30BAaHUE CHIIOBOTO YIPABISIEMOTO
npeoOpa3oBaresi, yCTAaHOBJIEHHAs! MOIIHOCTh KOTOPOI'O MPEBBIIIAET MOIIIHOCTh JIBUTATEIs.

[Tpu uzmenenuu U (B naHHOM ciyyae E,) MpONOPIHOHATIBHO U3MEHseTcs uib g, a Aw
He 3aBucuT OoT U, T.e. CEeMEWCTBO HMCKYCCTBEHHBIX XapaKTEPUCTHK mpu kd® = kD, = c -
napajuieNbHbIe TPSIMbIE ¢ HAKJIOHOM HECKOJIBKO OOJBIIMM Ye€M y €CTECTBEHHON XapaKTepUCTHKU
nBUTATENs, MOCKONbKy R = R, + R, - puc. 16,0; npeanonaraercs, uro YII umeer AByCTOPOHHIOO
IIPOBOANMOCTb.



CT. JB.

Puc. 16. Cxema (a) m xapaktepucTuku (0) Mpu peryJupoBaHHUU CKOPOCTH JBUTATEIS
MMOCTOSIHHOTO TOKA U3MEHEHUEM HAMPSIKEHUS
YpaBHEHUS XapaKTEPUCTHK:
KU, _I(R,l +R,)

c c

=

rie K = —" - xoodduument nepenaun YII.
Uex
CpoiictBa VYII oka3pIBarOT BJMSHHE Ha BHJl XapaKTepPUCTUK. Tak, MpH HCIOIb30BAHUU
npeoOpaszoBareieii ¢ OJHOCTOPOHHEH NpoBoAMMOCTHIO (1>0) XapaKkTEepHCTHKH pacrojiararoTcs
muiib B [ u IV kBazpanTax.

16. Cucrema YII-/I, 3aMKHYyTasi IO CKOPOCTH

Hanuuue B anekTponpuBOe YHIpaBlIseMOTo IMpeoOpazoBaTelsi, MUTAOLIETO SKOPHYIO IENb
nin 1neib BO36y>KI[eHI/I$I, UMCIOIICTO OAMH HWJIHN HECKOJIBKO BXOJOB H AJ0CTATOYHO BBICOKHH
KO3 (UIIMEHT Tepenayu, OTKPHIBACT IIUPOKHE BO3MOXKHOCTH (OPMUPOBAHUSA TpPeOYEeMBIX
HCKYCCTBEHHBIX XapaKTEPUCTUK 3a CYET 3aMbIKAHUA cucmemvl, T.€. TOJAYM Ha BXOJA Kak
3a0aowezo0 cucHania, TaK W CHUTHaNIa OOpaTHOM CBSI3M N0 KOOpAMHATE, KOTopas JIOJDKHA
peryJiIupoBarhbCsl.

Ecnu  KecTKOCTh  XapakTepuUCTUK B  pa3oMkHyTod cucteme YII-J[  okasbiBaercs
HEJ0CTaTOYHOM I KaKOro-aub0 TEXHOJOTMYECKOro IpolLecca, OHa MOXKET OBbITh IOBBIIIEHA
MOCPEACTBOM 3aMBIKaHUSI CUCTEMBI TI0 CKOPOCTH, T.€. MCIIOJIB30BAHUS OMPUYamensbHol 0OpamHoll
C643U TI0 CKOPOCTH - puc. 17,a.
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Puc. 17. Cxema (a) 1 XxapakTepuCTUKH (0) 3JEKTPONPUBOA TOCTOSTHHOTO

TOKa, 3aMKHYTOTO TI0 CKOPOCTH

K pazomknyTOl cucTteme n00aBlieH M3MEPUTENbHBIN opraH - taxoreHepatop TI, curHan
KOTOpOro E7r = y® cpaBHUBAETCS C 3ajaromuM curHaiom U’;, a pazHocth U'; - Yo momaercs Ha
BXOJl mpeoOpaszoBarens (oTpuiarenbHas oOpaTHas CBS3b MO CKOpocTH). bmaromapst atomy DJ1C
npeoOpa3oBaresisi TEMepb OMPENESIETCS HE TOJMbKO 3aJaHUEM, HO U (PAKTUUECKOW CKOPOCTHIO
Bpaimenus. [lycts mpuBoj padoran B 1. 1 (puc. 17,0) a 3aTeM MOMEHT CONPOTUBJICHHS YBETUIHIICS
10 3HaYeHUs1 M,,. B pa3oMKHYTON cxeMe ATOMY U3MEHEHHI0 COOTBETCTBOBAjIA OBl TOUKA 2’, TaK KaK
u3MeHenue M, He mpuBoamio Obl k m3Mmenenuto DJIC mpeoOpaszoBarens. B 3amkHyTO# cucTreme
YMEHBIIIEHNE CKOPOCTH MOBJICYET 3a COO0H POCT BXOAHOTO CUTHAJA




Uex = U,3 - Y0,

T0 ectb £E,, ciuenoBarenbHo, Tpu M., TOpUBOL TEpPEUIET HA XapaKTEPUCTHUKY,
COOTBETCTBYIOIYIO E,»>E,; 1 Oyzner pabotath B Touke 2. B paccmarpuBaeMoii cxeme @, < @, , TaK
Kak yBenuueHue Ug,, a 3HaUUT U E, BO3MOXHO JIUIIb 32 CYET HEKOTOPOro yMeHblleHus: @ . Takue
CHCTEMBI HA3BIBAIOT CTATHYECKUMH, B OTJMYHUE OT acTaTudeckux, rae Ao =0,

YpaBHEHHE MEXaHNYECKON XapaKTEPUCTUKU B 3AMKHYTOM CHCTEME.
KU; B M Rz
Ky )
c

17. Cucrema YII-J] ¢ HenmuHeltHOM 0OpaTHON CBS3BIO IO MOMEHTY.

[Iyctb TpeOyercs OrpaHUYUTh MOMEHT, pa3BHBAeMbli IBUTATENIEM, HEKOTOPOU MpeaenbHON
BEIIMUMHBL Mype.. B cucreme YII-JI 3Ty 3amady mMoxkHO pemuts, cHukas D/1C npeoOpaszopatens
IOpU JOCTHKEHUH MOMEHTOM BEIMYMHBI M,,.. Kak yxe ObLIO IOKa3aHO BBIIIE, 3Ta ONEpaIHs
BBITIOJTHSIETCS] aBTOMAaTUYECKH, €CITM UCIIOJIb30BaTh COOTBETCTBYIONIYIO 0OpaTHYIO CBsi3b. B 1aHHOM
cllydae 11eJ1Ieco00pa3HO HCIOJIb30BaTh OOPATHYIO CBSI3b 110 MOMEHTY MJIU IO TOKY, KOTOpPBI eMy
nponopuuoHaned (@ = const), IpUYEM 5Ta CBs3b JIOJDKHA BCTYNAaTh B JCHCTBUE JIMIIb MPU
JOCTUKEHUH TOKOM HEKOTOpPOrO 3a/laHHOTO 3HaueHus. Takue oOpaTHbIe CBSI3M HA3BIBAIOT
HEJIMHEHHBIMU WIHA CBs3IMM ¢ oTceukou. IIpocreimas cxema cucremsl YII-J[ ¢ orpunarensHOn
00paTHO¥ CBSI3BIO MO TOKY C OTCEYKON MOKa3aHa Ha puc. 18,a.
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K
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Puc. 18. Cxema (a) u xapakTepucTHUKd (0) dJIEKTPONPHUBOAA IOCTOSHHOTO TOKa C
OTPHUIIATETTLHON 00paTHOM CBSI3bIO IO TOKY C OTCEUKON

Ha Bxon ynpapnsemoro npeobpasosarens npu | < |,,., mocTynaer Juib CUrHanl 3aJaHus,
MMOCKOJIBKY CHUTHAJI 0OpaTHOM CBs3U 1O TOKY 3amepT BeHTwieM B (IR, < U,,). [Ipu noctmxeHun
MOMEHTOM BEITUYHMHBI M09 OTpULIaTENbHAS 00paTHAs CBA3b 110 TOKY HAUMHAET JEHCTBOBATS, T.€.

U., = U, -al,

Onmaronapst ueMy CHMXkaercsi E, U pocT MOMeHTa orpaHuunBaercs. M3menenuem U, MokHO
YCTAaHOBUTH TPeOyeMyIO0 XapaKTepucTuky - puc. 18,0, a msmenenuem U,, - 3amaTh HYKHBIU
NpeebHbIA MOMEHT.

18. 3amkHyTas cucTeMa UCTOYHHK TOKA - JBUTATENb

[Tpu nuTaHUu SKOPHOM LIENH OT HEYNpaBIIeMOro HCTOUYHUKA Toka (I=const) sanexkrponpuBo,
KaKk OTMeYajoch, OOJagaeT CBOWCTBOM YIPABISIEMOTO IO IEMH BO3OYXKACHHUS ‘UCTOYHUKA
MOMEHTA”, T.€. UMEET B Pa30MKHYTOH CTPYKTYPE BEPTHUKAJIBHbIE MEXAHUYECKHE XaAPAKTEPUCTUKH.
3T0 00CTOATEIBCTBO OYEHb YAOOHO /71l MOCTPOEHHUS 3aMKHYTBIX CTPYKTYP: UCKIIOUEHUE NEHCTBUS
OJIC BpamieHus TMO3BOJSIET MPOCTO (OPMHUPOBATH JIIOOBIE XAPAKTEPUCTUKU IOCPEACTBOM
WCIOJIb30BaHUsI COOTBETCTBYIOUIMX OOpaTHBIX cBsi3zeil. [lokaxkeM 3TO Ha MpOCTHIX Npumepax. B
cxeme Ha puc. 19,a orpunatensHas oOpaTHas MO0 CKOPOCTH BKJIIOYEHA Ha BO30YIUTENb, UMEIOIUI
XapaKTePUCTHKY C OTpaHUYEHHEM; HAalIOMHUM, YTO YCTaHOBJIEHHAs] MOIIHOCTh BO30YAUTENSI MHOTO
MEHbIIe MOIIMHOCTH ABHrartens. B mpeamonoxenuu, uro xapakrepuctuku @(U;) m U,(U,,) Ha
paboumx yyacTKax JUHEHHbBI, HMEEM:

M = KU,



a) 0)
Puc. 19. Cxema (a) u xapakrepuctuku (0) cCHCTEMbI HICTOYHHK TOKA — JIBUTATEIb, 3aAMKHYTON
0 CKOPOCTH

Uex = U3 - Uoc = U3 - Y.
PemuB ypaBHeHHE OTHOCUTENBHO () |, MOTYyYHM:
U, M
y Ky

T.c. OyAeM UMETh CEeMEMCTBO MapauleNbHbIX XapakTepucTuk (puc. 19,06), orpaHMYEHHBIX
IIOCPEACTBOM XapaKTEPUCTUKHU BO30YAUTENS 3aJaHHON BEIMUMHON MOMEHTA.

Vcnonb30BaB ompuyamenvuylo obpamuylo c643b HO HANPAJICEHU!0 Ha SKOpPEe WIU B
npeneOpexxenuu R, - mo 3JIC Bpamenus - puc. 20,a, moixy4um
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Puc. 20 Cxema (a) u xapakTepucTHKH (0) CUCTEMBI UCTOYHHUK TOKA — JIBUTATEIb, 3aMKHYTON
10 HAMPSHKCHUIO HA SKOPE

OTKYyZAa, MOACTaBUB B YPABHCHHUE IJIs1 MOMCHTA, 6y21€M HUMCETB:
u, 1
aM Ka',

Takum oOpa3oM, B 3TOH CTPYKTYpe MEXaHHYECKHE XapaKTePUCTUKU UMEIOT BUJ runepoosn -
puc. 20,6, T.e. cTabUIU3UpyeTCs MOIIHOCTh, pa3BUBaeMast IBUraTeeM.

[TpuBeneHHbIe MpUMEPHI MIUTIOCTPUPYIOT OOraThle BO3MOXHOCTH MOJTYYEHHUS UCKYCCTBEHHBIX
MEXaHMUYECKHUX XapaKTepUCTUK Jt000i TpedyeMoil ¢GopMbl MOCPENCTBOM HUCIOJIB30BaHUS
COOTBETCTBYIOLINX OOPAaTHBIX CBSA3EH.

Cnenyer OTMETUTb, YTO B CHCTEME HCTOYHUK TOKa - JBUTATeIb 3aMbIKAHUE CHCTEMBI
MO3BOJISIET PACHPOCTPAHUTH YKOHOMHBIN CIOCO0 peryaupoBaHus U3MEHEHHEM MarHUTHOTO MOTOKA
Ha BClO obOmacte @ -M, T.e. cAenaTb pErylMpPOBaHUE JBYX30HHBIM, C HIMPOKHUMHU
(bYHKIIMOHATHLHBIMI BO3MOKHOCTSIMH.

19. Cuctema renepaTop-aBurarenb

[TpunuunuansHast cxema cucremsl [-J[ mpeacraBmena Ha puc.2la. OHa cocTouT U3
npuBoJHOTO JBuratens J[ (aCHHXPOHHBIM WM CUHXPOHHBIM JBUTaTeNb), KOTOPHIH MEXaHUUYECKU
CBsI3aH ¢ reHeparopom nocrossHHoro toka I'. Bemnuuna 3JIC reHepatopa peryiaupyercs IMyTeM



W3MEHEHUs HamNpsDKCHUS Ha OOMOTKE BO30YXKICHHS reHepartopa. SIkops reHepaTopa U JABUTATEIS
ANIEKTPUYECKHU CBS3aHbI APYT C Ipyrom. PerynupyemMbiM nmapaMeTpoMm B JaHHOM CIydae BBICTYIIAET
BenuunHa DJIC nBuratens. s oGecmedeHUss MarHUTHOTO IMOTOKa B JBUTATENIe W TEHEpPATOpe
UCIIONB3YEeTCSl  BO30YyIUTENb, KOTOPBIA mpencrasiser coboit [AIIT wmeHbmedt MomiHocTH
P, =005+01P;. B mHacrosmee BpemMa B KayecTBe BO3OyOUTENCH  HCIIOJIB3YIOTCS

HOJIyIIPOBOIHUKOBBIE IPEOOPA30BATEIIN.

Puc. 21 a. [IpunnunuanbHas cxema CUCTEMBbI Puc. 21 6. Mexannyeckue XapaKTepUCTUKH
I-J1 cucremsl [-]]

W3 ypaBHEHUS pPaBHOBECHs HANpPsDKEHUH IO BTOpPOMY 3akOHy OMa MOXKHO COCTaBUTH
ypasHenue OJIC  Ez—E=1(Rz+Ry),

rne Ex — DJIC reneparopa, Rz — conmpoTuBieHuUs SKOps TeHepaTopa.

IMoacraeuB B 310 ypaBHenue 3HaueHus DJIC E =kOw u Ttoka apurarens |=M/KO,
MO>HO HAUTH YpaBHEHUE MEXaHUYECKON XapaKTepucTUuku cuctemsl I'-/1:
Ex M (Rz + Rx)
W=—F— o av
kO (kO)

Bun mMexaHumdeckux XapakTEpUCTHK MpecTaBieH Ha puc. 21.6. AHanmu3upys MOJy4YEHHOE
ypaBHeHue MX niis cucremsl ['/], MOKHO 3aKIIOUYNUTH, YTO OTHOCUTEIBHOE MMaJICHUE HANIPSIKEHUS B
3TOU CHUCTEME B BABOE BbIIIE (IIpsiMast 2), 4UeM y €CTeCTBEHHOM XapaKTepUCTUKHU ABUTaTeNs (Mpsmas
1). OOycnaBnuBaeTcs 3TO HaJIWMYMEM COINPOTHUBICHUS TEHEparopa, KOTOPOE MPUMEPHO DPABHO
CONPOTHUBJICHUIO SIKOPSI IBUTATENS, TAK KaK MAllIMHbI IPUMEPHO OJMHAKOBON MOIITHOCTH.

OCHOBHBIM JTOCTOMHCTBOM JaHHOTO CIOC00a PEryJIUpOBaHUS SIBISETCS BHICOKAsl MJIABHOCTH
pEeryJIMpOBaHusl CKOPOCTH JIBUTATEIIS.

20. Cucrema TUPUCTOPHBIN TpeoOpazoBaTesb-1BUTATENb

Pa3BuTHe CHIIOBOI AIEKTPOHUKHU IMO3BOJIMIO CO3AAaTh M YCIIEIIHO Pa3BUBATh CTAaTUYECKUE
npeoOpa3oBarenu, Npeodpasyrolire NepeMEeHHOE HapsKeHNE B PEryJIupyeMoe MOCTOSTHHOE.

N3meHeHre BeNWYMHBI MMOCTOSHHOTO HAIpPSDKEHUS OCYLIECTBIISIETCS PEryJIMpOBaHUEM yria
OTKpbIBaHUS BEHTUJIEM B MPOBOJAIIEH YacTH IEPEMEHHOIO HAINpsDKEHHs. BrlnpsmieHHoe

HalpsDKeHHE COJCpPKUT mocTosiHHylo Uy u mepeMeHHyro cocraBisiomue. Hammume mynbcarmii

BBINIPSMIIEHHOT'O HANIPSKEHUS] YXYALIAET YCIOBUSA KOMMYTALUK IBUTATEIEN U YBEJIIMUUBAET MTOTEPU
B HHX, IOATOMY Ha BBIXOJI€ BBINPSIMUTEIIS YACTO YCTAHABIUBAIOT (QUIIBTP, MPEACTABISIONINNA COO0M
peaxkTop, BKIIOYAEMbIH TMOCIEIOBATENILHO C LEMbI0 SIKOpS U OONANAIoONINil TaKUM PEaKTUBHBIM
COMPOTHUBIIEHNEM, KOTOPOE MO3BOJISIET 00ECTICUNTh IOMYCTUMBIA YPOBEHB IYJIbCAIIUN TOKA B SIKOPE
asurarens. JIpyruMm CpeACcTBOM YMEHBIICHUS [YJIbCALMK SIBISETCS HCIOJB30BAHUE CXEM
MOBBIIIEHHOW MYJIBCHOCTH, YTO TIO3BOJISIET 3HAYUTEIbHO YMEHBIIUTh MYJIbCAMH TOKA
BBIMIPSIMIICHHOTO HANPSDKEHUS M TOKA, OJTHAKO TpeOyeT OONBIMX 3aTpar Ha o0opynoBaHue. Cxema
pesepcuBHoro TII nmpeacrasnena Ha puc. 5.7.

YpaBHEHHE DNEKTPOMEXAHUYECKON XapaKTepUCTUKU i cuctemsl TII-J1 umeer cnepyronmi
BUI:

o= Yoo cosa— IR, |
kO




m . T
rne Uy = —J2Uu sin= - cpelHee 3HAYCHHE BBIIPSIMIEHHOTO HAMPSKEHUS TPU XOJOCTOM XOJ€
T m

BBIMPSIMHUTENS. U TIOJHOCTBIO OTKPBIThIX TupucTtopax (o=0); U — geiicTByromiee 3HAYCHHIA
NEPEMEHHOTO HanpskeHuss; M — uucno ¢as Bempsamutens; Ry = Xem/2m+Ry+ R +Ry
OKBHBAJICHTHOE CONPOTUBIICHHE SKOpHOM menu; Ry, Xy — aKTHBHOE H  PEaKTHBHOE

conpoTuBieHus TpaHchopmaropa; R, - akTHBHOE CONPOTHUBIICHUE CTIAKUBAIOLICTO PEAKTOPA.
MexaHN4YeCcKyr0  XAapaKTEpUCTHKY  CHUCTEMBI TII-I  MOXHO IIOJYy4YUTb U3
NEKTPOMEXAHUYECKOM, BBIPA3UB 3HAYECHUE TOKA YEPE3 MOMEHT JIBUraTelIsd,
_Uggcosa MRy
kO (kO

Bux MX mnpexacraBien Ha puc. 220. XapaKTEepUCTHKH HWMEIOT MEHBIIYIO >KECTKOCTh I10
CPAaBHEHUIO ¢ ecTeCTBEHHOM MX 3a CcYeT JONOJHUTEIbHBIX CONPOTUBIECHUN B IKOpHOU nenu. [Ipu
Pa3IMYHBIX yIVIaX BKJIIOUYEHUS HAKJIOH XapaKTEPUCTUK OCTAETCS HEU3MEHHBIM.

~3d -M ®»

HOM

V VY V¥V
WARVARA

Puc. 22a. Cxema Puc. 22 6. Mexanudeckue XapakTepUCTUKU
pesepcuBHoro JII cucremsr TII-]] cucremsl TTI-]1

21. AcuHXpOHHBIN AeKTpoaBUraTend. [IpuHImm padoThl

TpexdazHble  acCMHXpOHHBIE  JIBUraTed  COCTAaBJISIOT  OCHOBY  COBPEMEHHOIO
anektponpusoga. Ot JIIT ux orauvaer npocToTa KOHCTPYKIIMH, HAJEKHOCTh, BBICOKME TEXHHUKO-
SKOHOMMYECKHE IoKa3zaTenu. B Hacrosiiee BpeMs 4YacTOTHbIE INpeoOpa3oBaTead MO3BOJIMIN
clleNnath peryinupoBounsle cBoiictBa A/l Oonee myumumu, yem y 11T ¢ HB.

[To xoHCTpYyKIIMK poTopa AJl pa3ieistoTcss Ha ABUTATEIN U KOPOTKO3aMKHYTBIM POTOPOM
(K3P) u nBurarenu ¢ gaszusiM potopom (PP). Haubonee npocras koncrpykuus y A/l ¢ K3P. Porop
TaKOI'o JIBUTATENsl HE MMEET BBIBOJIOB, TaK KaK €ro 0OMOTKa BHINIOJHEHA B BUJE KOPOTKO3aMKHYTOMN
KJIeTKH (Oenuubst KieTka). Ero oOMOTKa BBIMONHEHA B BHUAE PAJia MEIHBIX WIM aTOMHUHHMEBBIX
CTEpXHEH, pacHOJOKEHHBIX IO IMEPUMETPY CEepACUYHUKA POTOpA, 3aMKHYTble B JBYX CTOPOH
KOPOTKO3aMbIKAIOIIUMHU  KojbllaMH. IIpocToTa KOHCTpYKUMH O0€creduBaeT KM BBICOKYIO
HaJEKHOCTb, IPOCTOTY OOCITYXUBAaHUS U HEBBICOKYIO cTouMocTh. Cxema BkitoueHus: AJ[ CC K3P
IIpesicTaBjIeHa Ha puc. 23, a.

@a3Hblil poTOp MMeeT Tpex(a3zHyl0 OOMOTKY, BBIIOJHEHHYIO IO THUIy OOMOTKHM cCTaTtopa
(puc. 23, 0). OnHU KOHIBI KaTyIIEK COEIMHEHbl B HYJIEBYIO TOUYKY («3Be3la»), a Jpyrue —
MOJKIIIOUYEHbl K KOHTAaKTHBIM KoJjbllaM. Ha Kojblla HaloKeHbl IIETKH, OCYIIECTBISIONINE
CKOJIB3ALINIA KOHTAKT ¢ 0OMOTKOM poTtopa. IIpu Takoil KOHCTPYKIIMK BO3MOXKHO MOJICOEIMHEHHE K
OOMOTKE poTOpa IYCKOBOTO WJIM PEryJIUPOBOYHOIO PpEOCcTara, IO3BOJIAIOIIETO0 MEHSITh
AJIEKTPUUYECKOE CONPOTHUBIICHHUE B LienH poTopa. Takue nBurarenu 6osee CI0XKHBI B U3TOTOBICHUN
U DKCIUTyaTallH, M03TOMY MPUMEHSIOTCS TOJIbKO TaMm, riae npumeHenue A/l ¢ K3P ne obecneuunt
TpeOOBaHUAM B IPUBOY MEXaHU3MA.

Porop AJl orcTaér OT Bpamaromerocs MarHUTHOTO MOJS CTaTopa, KOTOPOE CO3/1aeTcs
0OMOTKOI1 cTaTtopa, TO €CTh BpallleHHE MPOUCXOAUT ACHHXPOHHO. B 3THX yCIOBUAX Bpaliaromeecs
nosie craropa uHaynupyet JIC B 0OMOTKE poTope, Mo AEHCTBUEM KOTOPOTO B POTOPE MPOTEKAET



TOK, KOTOPBI B3aWMOJCHCTBYET C BpamamImMcsi MarHuTHeIM mojeM (BMII), co3nmaBas
Bpalalolii MOMEHT JBUTaTessd. B paboumx pekuMax pa3HHUIAa 4acTOT BpallleHHs CTatopa U
pOTOpa HE BEJIMKA M COCTaBJSIET HECKOJIbKO MpoleHToB. [Ipu paccmoTpenne pabodux MpoLeccoB
AJ1 00BIYHO UCTIONB3YIOT OHATHE CKOJIBKEHUS S
=079

®q
CKopOoCTb aCHHXPOHHOT'O IBUTaTelNs B pabounx pekumax
o=0w,1-9),
IJle CUHXpPOHHAas YacToTa BpAIlEeHWs MAarHUTHOrO moist o, =2xnf,/p; f;— wuacrora

MUTAOUIEro HanpskeHust Uq; P — 4KCIIo Map MOJOCOB.

~U, ~U,
C2 C2

Pl P2 P3

Cl C3 Cl C3

a 0

Puc. 23. Cxema Britouenust acuHXpoHHbIX aABuraresnei ¢ K3P (a) u P (0)

22. MexaHMYEeCKUE XapaKTePUCTUKU ACHHXPOHHOTO ABUTATEIs
JUia BBIBOJA YpaBHEHHs MEXAaHHYECKOM XapakTepUCTUKH AJl MOKHO BOCIOJIb30BaThCS
YIPOIIEHHON CXEMOM 3aMelleHHsl ABUraress, npuBeneHHoW Ha puc. 4.5. Ha cxeme npuHATHI

cnenyromme obo3HaueHus: U, - mepBudHOoe (a3Hoe HanpsbkeHue; |, - das3Hbli Tok ctaropa; |,-
IIPUBEACHHBII TOK poropa; X; U X, - NEPBUYHOE M BTOPUYHOE IPHUBEIECHHOE DPEAKTHBHbBIC
COITPOTUBJICHUA PACCCAHUSA; RO n XO - AKTHUBHOC MW PCAKTHUBHOC COIIPOTUBJIICHHEC KOHTYpa

HaMarHUYMBaHUS.
VYpaBHeHHE MEXaHUUECKON XapaKTepUCTUKH

_ 2M.(1+as;)
S/sy+s, /s +2as,

rae a=R; /R,y .
Bun MmexaHnueckoil XxapakTepruCTUKY NTOKa3aH Ha puc. 24.
IIpy S<<'sS; MexaHudeckas XapakTepUCTUKa OnM3Ka K JIMHEHWHOM 3aBUCUMOCTH
M =~ 2M,s/s;, a B obsacTu GONBIINX CKONBXKEHUH (S >> Sg ) UMeeT TUIEepOOIMUECKUIA XapaKTep:
M~2Mgs,/s. Ilpu S=S; MOMEHT NpPUHMMAECT MaKCHUMalbHOE 3HAYECHUE, IPUYEM B

ABUTAaTCIIbHOM PEKUME COOTBETCTBYIOUICEC 3HAUCHUC KPHUTHYECKOI'O MOMCHTAa MCHBIIC, 4YEM B
reHepaTopHOM.
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Puc. 24. Mexanunueckas xapakrepuctuka A/l ‘

Xapaxtepnble Touku MX A/l
1) s=0; M =0, npu 3TOM CKOPOCTb JIBUTATEIIS] paBHA CHHXPOHHON CKOPOCTH;

2) s=5;; M =My , 4T0 COOTBETCTBYET HOMUHAILHOMY PEKHMY pabOTHI IBUrATEIs;

3) s=s5;M=Mgs - IKCTpeMyM MEXaHHYECKOHl XapaKTEePHCTHKH B JBUTATEIbHOM
pexXUME;

4) s=1;M =My - myck. B 3TOT MOMEHT BpeMeHH JIBUraTelb Pa3BUBACT ITyCKOBOW MOMEHT;

5 s=-s;;M =-M,; — 9KCTpeMyM MEXaHHYECCKOH XapaKTEPUCTHKH B TI'CHEPATOPHOM
pexume.

[Ipu s>1 pBurarenb paboTaeT B PeKMME TOPMOXKEHMSI IPOTUBOBKIOYEHHEM, Npu S <0
MMEET MECTO TeHEPATOPHBIN PEKUM pabOTHI MAPaJIIETBHO C CETHIO.

23. Bimsinue nmapaMeTpoB Ha B MEXaHUYECKOH XapaKTEPUCTHUKU aCHHXPOHHOTO ABUTATEIs.

%] BBIPAXKCHUSA YaCTOTHI BPAIICHUA ACUHXPOHHOI'O ABUTATCIIA

o=2nf;(1-s)/p

CJ'IG)IyeT, qTO HpI/I IIOCTOSIHHOM CTaTHUYCCKOM Hal"py?;O‘{HOM MOMCHTC MC Ha BaJ'Iy JABUTATCIIA
JaCTOTa BpallCHUA POTOPA 3aBUCHUT OT YaCTOTHI HI/ITaIOU_[eI\/‘I CE€THU fl, qucia mnap IOJHCOB pI/I
BECJINYMHBI CKOJBXEHUA S. KpOMe TOr0O B HOMHUHAJIBHBIX PCKUMaAX pa60TI>I BEIIMYHHA 3I[C
ABHUTaTCIIA Cﬂa60 OTIIMYACTCA OT BEJIMYUHBI ITUTAIOIICTO Hapr{)KeHI/ISI, HO:‘)TOMY

H3MeHeHue COﬂpOWlMG]Z@HMﬂ pomopa

JlaHHBIN croco0 peryaupoBaHUsl CKOPOCTH BO3MOXKEH TOJBKO JJIA JABUTaTeNeld ¢ (ha3sHbIM
pPOTOpPOM, T€ UMEETCSI BO3MOKHOCTh U3MEHEHHUS BEIMUMHBI JOOABOUHOTO COMPOTUBIICHHS POTOpPA

RZéTé . HpI/I 9TOM, KaK CJIICOAYCT U3 BBIpa)KeHI/Iﬁ IJIL KPUTHYCCKUX MOMCHTA U CKOJIBXKCHUS, IIPU

BapHalMsIX JaHHOTO TapaMerpa OyIeT H3MEHSAThCS BEIMYMHA CKOJBXKEHHUS, a BeJIMYHhHA
KPUTUYECKOTO MOMEHTa OCTaéTcsd HeW3MeHHOW. JlaHHBIA Crmoco0 peryaupoBaHUsS CKOPOCTH
Ha3bIBAIOT peocmammubim. BUJ NICKYCCTBEHHBIX XapaKTEPUCTUK MMOKa3aH Ha puc. 25, a.

BenuunHa KpUTHUECKOTO MOMEHTA IPU M3MEHEHHH COINPOTUBIICHUS pOTOpa OCTaETCs
HEU3MEHHOM, a BEJTMYMHA KPUTUYECKOTO CKOJIbKEHUS U3MEHSETCS.

[Ipu pganHOM cCmoOcOO€ pEryJMpOBaHUS YBEITWYMBACTCA 3HAYCHHE ITyCKOBOTO MOMEHTA,
JIBUTATEJh HE MEePEerpeBaecTCsi, 0JHAKO CyMMAapHBIE MTOTEPU BO3PACTAIOT, UTO CHIKaeT oommii KI1/I.



a 0 B

Puc. 25. UckycctBennsie MX A/l ipu Rlzz =var(a), U; =var(6), f;=var(B)

Hsmenenue nanpsasxicenus Ha cmamope

[Ipn nmanHOM crocoOe H3MEHSeTCsl BEeNWYMHA TEPBOM TapMOHHKU HANpPSOKEHUS CTaTopa
nasuratens Ujq =var. Ilpu 3ToM, BelHYMHA KPUTUYECKOTO CKOJIBKEHHSI HE M3MEHSETCS, TO €CTh
Sa =const (puc. 25 6). M3MeHsiercs BeaMUMHA KPUTUYECKOTO MOMEHTA, MPUYEM CYIIECTBEHHBIM
SBIIAETCS TOT (PaKT, 4TO BEJIMYMHA MOMEHTA U3MEHSETCS MPOMOPIMOHAIBHO KBaIpaTy HaIPS KEHUS
craropa. PerynupoBaHue, npu KOTOPOM u3MeHsercs BenuuuHa Uj; Ha3bIBalOT ¢hasoswim.

N3menenne HanpshKeHUsT BO3MOYKHO TOJIBKO B CTOPOHY YMEHBIIECHMS, TaK KaK IPU YBEJIMYECHHUH
HAIpPsDKEHUS TIPU TTIOCTOSIHCTBE 4acToThl f; OyJeT Bo3pacTaTh BEIMYMHA MAarHUTHOTO MOTOKA. JTO

B CBOKO oO4YCpCAb HNPHUBCACT K CYICCTBECHHOMY POCTY TOKa HAMAarHu4iuWBaHWUA, KOTOpLIﬁ MOXCT
AOCTUIaTb MW MPEBOCXOJUTH HOMHUHAJIBHOC 3HAYCHHUC TOKa JABUIaTClisd BCJICACTBHUC ABJICHUA
HaCbhIIICHUA MallIMHBI.

Hzmenenue yvacmomoi numaiou;eﬁ cemu.

CoracHo (opmyJie, ISl CHHXPOHHOM 4YacTOThl g =27f1/ P, Mpu W3MEHEHMH YacTOTHI
NWUTAIOIIET0 HANpsDKeHWss Ha cratope fy=var OyaeT H3MEHSThCS YacTOTa BpAICHHS
BPAIIAIOIIETOCS MATHUTHOTO TOJISL @ . [Ipr yMeHbIeHHH 9acToThl ipu U, = CONSt mpOMCXOauT
BO3pPAaCTaHWE MATHHTHOTO [OTOKA, YTO TMPUBOAMT K HACHIICHHIO MAIIMHBI W  OOJBIIOMY
BO3pacTaHusi Toka HamarHnuuBaHus |,. [T03TOMy M3MEHEHHE YaCTOTHI BO3MOXKHO TOJIBKO BBIIIIE

HOMHMHAJIbHOM. HpI/I YBCINYCHHUU fl OpOUCXOAUT BO3paCTaHWEC BCIWYMH HWHAYKTUBHBIX

conporuBiennit X, = (L + L) = (L +L,)2nxf;, 910 B cBO0O O4epenp Benmer K yMeHbLICHHMIO
KPUTUYECKHUX CKOJIbKEHUsI U MOMeHTa (puc. 4.7, B).
ITepenumem dopmyny ans 3JIC nBuratens, oCTaBUB B JI€BOM YaCTH MarHUTHBIH ITOTOK
A U,
0 - .
4.44w, T,
Tak Kkak 4YHMCIO BUTKOB OOMOTKH W, IOCTOSHHO, CTaHOBHUTCS OUYEBUAHBIM, YTO JUIS

obOecrieyeHHs MOCTOSHHOIO 3HA4eHMs MarHuTHoro noroka Og HeoOX0aMMO IOJIEPKUBATH

INOCTOAHHBIM OTHOIICHHUC U1/ fl, TO €CTb H606XOI[I/IMO 00eCIeYnTh BBIIOJIHECHHE 3aKOHA
U,/ f, =const.

24. TopMO3HBIE PEKUMBI ACHHXPOHHOTO JIBUTATEIIS.
Peoxcum pexynepamuenozo mopmosrcenus
JlaHHBII peXUM BO3HHUKACT INPU IPEBBIIMIEHHH YacTOTHl BPAILIECHHS POTOpPAa OTHOCUTEIBHO

CUHXPOHHON 4YacTOThl BpAILEHUS MAarHUTHOTO Moyl cTtaropa ( ®> ®g). B aTux ycnoBusx



JIEKTPOMArHUTHBI MOMEHT JIBUraTessl CTAaHOBUTCSI OTPULIATEIbHBIM, a BbIpadaTbiBacMasi SHEPrus
ornaérca B ceThb. lIpakTUdecku 3TOT PEKUM MOXKHO IOJIYYUTh YMEHBIIMB CUHXPOHHYIO YacTOTY

BpaiieHus B paboratoriem auratene. V3 popmyisl st yactorsl Bpamienus BMIT (o, = 2nf, / p)

BUJHO, YTO CJ€NaTh 3TO MOXHO JBYMsS CIlocOOaMu: TMO0 M3MEHEHHEM 4YHCia Tap IOJIIOCOB B
Oo0OMOTKE cTaTtopa B CTOPOHY YBEIWYeHHS [, JUOO YMEHBIICHHEM 4YacTOTHl MHUTAIOIIErO

HAITPs>KECHUEC fl' 9ToT PEXUM IMPHUMEHAIOT AJId YMCHBIUICHHA YaCTOThI BPAIICHUA IIEPE] TTOJTHOM

OCTaHOBKOH aBuraresns B judrax, 1100 B TeX cilydyasX, KOrja JABHUrareiab padoTaeT Ha aKTHUBHBIN
MOMEHT (HaIlpUMep, B MOJABEMHO-TPAHCIOPTHBIX MallnHax). Cxema BKIIIOUEHUS U MEXaHUYECKHE
XapaKTEPUCTUKYU JIBUraTelld B PEKUME PEKYINEPAaTUBHOTO TOPMOXKEHHS MPEACTABIEHBI HA puC. 26,
a, 0 COOTBETCTBEHHO.

Peowcum mopmooicenus npomusogxiouenuem

PexumM momydaercsi, KOrJla akKTUBHBIM CTaTUYECKUH MOMEHT OOJIblIe, YeM IyCKOBOM 100
IIpU U3MEHEHUM uepefoBaHus (a3 Ha oOpaTHOe, IIPU 3TOM YacTOTa BPALIECHUS MAarHUTHOIO IOJIS
M3MEHSET HaIlpaBJICHUE BPAILlCHWs Ha IPUTUBOIOJIOXKHOE. J[aHHBIM pEeXUM ITO3BOJISAET I0JIY4aTh
OoJiblIIE MOMEHTBI, OJ1aroapsi 4eMy BpeMs TOPMOXKEHMsI CYLLIECTBEHHO yMeHblIaercsa. Ecinu npu
NEPEeKIIIOYeHNN YepefoBaHust (a3 JABHUraTteib BKIIOYHTH TPU CKOPOCTH OJHM3KOM K HYIIO, TO
JBUraTelb NepeiiieT B ABUraTelbHbIM pexuM padoThl IpYroro HampapiieHus BpamieHus. [lpu
TaKOM CIOCOO€ TOPMOKEHHS B JBUTATEJEC BO3HUKAIOT OOJBIIME TOKH, IO3TOMY JAHHBIA PEXKUM
npuMeHsierca Ui asurareneid ¢ OP v BBeneHMEM [ONOJIHUTEIBHOIO COINPOTUBIECHHUS B LEINb
poTOpa I OTPAaHUYEHUSI MAKCUMAJIBHOI'O TOKA JIBUTATEIIS.

NUI ‘

11

r

a 3]

Puc. 26. Cxema Britouenust A/l (a) u
MEXaHUYECKHE XapaKTePUCTUKU (0) MpH peKynepaTUBHOM TOPMOXKEHUHU

b

a

Puc. 27. Cxema Bxmtouenust AJl (a) 1 MexaHW4YecKre XapakKTepUCTUKH (0) MPH TOPMOXKEHUN
ITPOTUBOBKIIIOUEHUEM

B ACUHXPOHHOM ABUTATECIIC C ®P MOMEHT U TOK ABUTATCIIA MOYXXHO PEryJIMpOBaTh BBCACHUCM
B I[ICIIb poTOpa MAOIOJIHUTCIIBHOTO COIIPOTHBJICHUA. HpI/I O9TOM H3MCHACTCA KCECTKOCTb
MCXAaHUYCCKHUX XAPAKTCPUCTHUK B PCKUME TOPMOIKCHUS. HpI/I TOPMOXKCHUU BCA SHCPIrud
BBIICIIACTCA Ha COIIPOTUBJICHHUU POTOpPA U AOITOJTHHUTCIBHOM COIMPOTHUBIICHUHN, IIOOTOMY 3TOT PEXKUM
ABJIACTCA HCOKOHOMUYHBIM.
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Puc. 28. Cxema Bkimtouenust A/l (a) 1 MexaHHUYECKHE XapaKTEPUCTUKH (0)
[IPU TMHAMUYECKOM TOPMOKEHUU

Lunamuueckoe mopmooicernue

OTOT BHUJA TOPMOXKEHHUS HactynmaeT B TpexdasHom AJl mpu OTKIIOYEHHUH €ro OT CETH
MEPEMEHHOTO TOKA U MOAKIIOYEHUH €r0 K UCTOYHUKY MOCTOSIHHOTO TOKa. [Ipu 3TOM MOCTOSIHHBIH
TOK CO3/1aCT HEMOABUKHOE MAarHUTHOE I0JIe CTaTopa. B 3TUX yclnoBUsX B pOTOpE, BpallaroleMcs
no unepuuen, Hapoautcst IJ[C, BO3HUKAET TOK B 0OMOTKE pOTOpa, B3aUMOJECHCTBHUE KOTOPOTO C
MarHUTHBIM T0JIEM IMPUBOAMT K CO3JAaHHI0 TOPMO3HOIO MOMEHTa Ha Bajy JBurareis. B mpouecce
JUHAMUYECKOTO TOPMOXKEHHSI MEXAHUYECKAas DSHEPrusl BPAIIAKOLIMXCA MacC 3JIEKTPOIPUBOJIA
npeodpas3yeTcss B AJIEKTPUUYECKYIO YHEPrHI0, KOTOpash pacXoJyeTcsi Ha HarpeB OOMOTKHU poTopa U
JOTIOJTHUTEIBHBIX PE3UCTOPOB, BKIFOUCHHBIX B 1IeTlb poTopa. [Ipu ckopoctu Omu3koit k Hymo, 3/C
CTAHOBUTCS PAaBHOM HYJIO, TOK IIPEKPALIAETCs, © TOPMO3HON MOMEHT IPONaJaeT.

JIaHHBIA pEXUM MPUMEHSIOT MJI1 TOYHOM OCTAaHOBKHM JjBUrarens. I[loCTOsSHHBIA TOK
MPEOJI0NICBACT JIUIIb AaKTUBHOE COMPOTHBICHHE OOMOTKM CTaTopa, I03TOMY HampsbKeHHe
MMOCTOSIHHOTO TOKa, MOJBOJAMMOE K OOMOTKE CTaTopa MpH JIUHAMHYECKOM TOPMOKEHUH, JOJIKHO
ObITh HIDKE HAMPSOHKEHHs] IEPEMEHHOTO TOKa, COOTBETCTBYIOIIET0 paboTe ABUTATENs, TaK, YTOObI
TOK B OOMOTKE CTaropa HE TMPEBBINIAT HOMUHAJIBLHOTO 3HaueHHs. (CxeMa BKIIOYECHHUS U
MEXaHMYECKHEe XapaKTePUCTUKH TUHAMHYECKOI0 TOPMOKEHUS ITOKa3aHbl Ha puc. 28 a, 6.

25. Peocmammnoe pezynuposanue CKOPOCTH ACHHXPOHHOTO JBUraTeNs

Cxema BrimtoueHuss AJ[ mpu 3ToM croco0Oe peryiupoBaHUs TMpeAcTaBiieHa Ha puc. 29.
PeocraTHble XapaKTEepUCTHKH MOJIy4arOTCsl IMyTE€M BBEIEHUS B LENb poTopa J00aBOYHOIO
conpotusieHus. [Ipu 3TOM ¢ pocTOM CONPOTUBIIEHUS MMAJAET KECTKOCTh MX.

JlonmycTUMBIH Tnamna3oH peryJlnpoBaHusl CKOPOCTH MPH JAHHOM cIlocooe

D=(-5; )(Aws/AM +1).
Tak kak S;;; <<1, TOo mpuOIMKEHHO

D = Awy/AM, +1,

* *
rac A0)6 — OTHOCHUTCJIbHAd BCJIMYMHA H3MCHCHUA CKOPOCTHU, AMC — OTHOCHUTCIIbHAsA

BEJIMYMHA U3MEHEHUSI MOMEHTA.

N3 nmonydyerHoit ¢hopMysbl BUAHO, YTO TIPH PABHBIX OTHOCUTEIHHBIX OTKJIOHEHUSX YIIIOBOU
CKOPOCTM W MOMEHTa Harpy3ku 1uarna3oH peryiaupoBanuss D=2:1. Ilpu Oonee HH3KOM
JONYCTUMOM OTKJIOHEHUU YTIIOBOM CKOPOCTH TMANa30H OKa3bIBAETCA €IIE€ MEHBIIE.

[Torepr MOLIHOCTH IIPU PEOCTATHOM PETYJIMPOBAHUU CKIIAIBIBAIOTCS U3 IEPEMEHHBIX MTOTEPD,
BKJIFOUAIOIIMX MOTEPU B MEIU CTATOpPa W POTOpPA W BO BHENIHUX PE3UCTOPAX POTOPHOM UENH, U
MOCTOSIHHBIX — HE€ 3aBUCAIIMX OT Harpy3ku. CymMapHbl€e MOCTOSIHHBIE TMOTEPU B JIBUrarese
OCTAIOTCSl IPUMEPHO OJMHAKOBBIMU HE3aBUCUMO OT HAarpy3KH U CKOPOCTH JIBUTATENS.

DJNIeKTpOMarHuTHasi U MeXxaHu4ecKasi MOIHOCTH Juist AJ{
P2 =P =Mogsss; R = Mo,

OTCHOZIda MOXHO OIIPEACIIUTL IOTEPHU B POTOPE




APZ = P12 — Piéﬁ = M ((’OC —(D)|%: M(X)CS .
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~U, BunHo, d4ro morepu  IPONOPLUUOHAIBHBI  BEJIIMYUHE
‘I ‘I ‘I CKOJIBJKEHUSI U PACHPEIENAIOTCS IPONOPLUUOHAIBHO OTHOLIECHUIO
CONPOTUBIICHUI potopa JBATATEIIS u 700aBOYHOTO

CONPOTUBIIEHUS B IENH pPOTOpa, MO3TOMY JIBUraTellb MpuU
PEOCTaTHOM PEryJMpPOBAaHUU MOXKET Pa3BUBaTh MOMEHT, PaBHbIM
HOMHHAJILHOMY.

Al HenocrarkamMu peocTaTHOro peryjaupoBaHUsi CKOPOCTU
SBJIAIOTCSL ~ CTYNEHYaTo€  PEeryjJupoBaHUE  CKOPOCTU  H
WCIIONBb30BaHUE  JOMOJHUTEIBHOM  ammapaTypbl, HEBBICOKOE
[,]‘_‘l Ry 06 ObicTpozeiicTBMe ¥ OoNblIME  [OTEpU  OSHEPTUU  TpU

eryJIMPOBAHUMU.
Puc. 29. CxeMma PEryIup
BKJIIOUCHUS JBUTATEIS IIPH

peocTaTHOM croco0e
perynupoBaHus

26. PerynupoBanue yrioBoit ckopoctu AJl u3MeHeHHEM
HanpsDKEHUs Ha CTaTope

[Ipn u3MeHeHUH BETUYMHBI IEPBOIl TAPMOHUKU U3MEHSETCS
BEJIMYMHA KPUTHYECKOI'O MOMEHTA IIPU MOCTOSIHCTBE KPUTUUECKOTO cKoybxkeHus (puc. 2.28). Takoe
U3MEHEHHE JOCTUTAETCs UCIOIb30BaHUEM TUPUCTOPHOIO Ipeodpa3zoBares Hanpsokenus (TIIH).

MaxkcuManbHbIE MOMEHT NpPU YMEHBIIEHUU HAINPSDKEHUS CHMXKAETCs IPONOPLMOHAIBHO
KBa/IpaTy HalpsHKEHUS:

2

U,
— €
Mé.é - Mé |
in
rne Mg, — KpuTHYeCKMHi MOMEHT IpHU CHIDKCHHOM HanpspkeHud; Ua — TOHMKEHHOE
HaIpsKEHUE.

W3 puc. 30 BUIHO, YTO MpeJiesibl peryJupoBaHUsl CKOPOCTH BECbMa OTPAHUYEHBI, Jaxe MpH
BEHTWJISITOPHOM Harpyske.

Jlnis paciimpeHus Auana3zoHa UCIOob3YIOT 3aMKHYThIe ITo ckopocTtu CAP, cTpykTypHas cxema
koTopoil mpezacrasineHa Ha puc. 30. B cocraB Takoit CAP cxomut matumk ckopoctu (BR) wu
PEryasaTOp CKOPOCTH, Ha KOTOPBIA MOCTYMAET Pa3HOCTh MEXKIY 3aJlaHHBIM ®* M TEKYIIUM ©
3Ha4YeHueM ckopocteil. Ha BbIxoJie perynstopa CKOpOCTH BbIpaOaThIBAeTCS CUTHAN, MOJAOIIMNACS
Ha BXOJ CHCTEMbI I/IMHy.]'IBCHO-(l)aSHOFO YIIpaBJICHHUA, KOTOpas BI)Ipa6aTI>IBa€T YIpaBJIAOIMINEC
umnynbebl Juis TIIH. OcoOGeHHOCTh Takoro perylupoBaHUS 3aKiIO¥aeTcs B TOM, UYTO BCe

XapPaAKTCPUCTHKU CXOIATCA B TOUKE CHHXpOHHOﬁ CKOpPOCTH (), IIO3TOMY, YEM MCHBIIIC CKOPOCTh,

TEM BBIIIIE€ CKOJIbXKEHUE U 0OJIbIle TOTEPH B JIBUTATENNe. MeXaHUYeCKHe XapaKTepUCTUKH JIBUTATENs
npu (pa3oBoM yrnpasieHuH B 3aMKHYToil CAP ckopocTu npezacrasieHsl Ha puc. 31.

~U,
o* a |Yn
—~g = PC [ CUDY £ S
-0 U, =var
BR Al

Puc. 30. CrpykTypHas cxema 3aMKHYTOH Puc. 31. MexaHnueckue




CAP cxopoctu A/l ipu pa3oBOM yrpaBlieHUH xapaktepuctuku CAP ckopoctu AJl npu
¢$a30BOM ynpaBICHUH

JIBUraTens mpu TakoM CIOCOOE PErylIMpOBaHUS MOXKET padoTaTh MPOJIOJIKHTEIBHOE BpEeMs
IpH YCIOBUU

JIOIyCTHMBII MOMEHT MOKHO HAiTH, IPUPaBHUBAs JOIYCTUMbIE HOTEPH K HOMUHAIBHBIM

My @S =M @S

OTKyJa

M S

e < Mo —
all 1 S

Kpusast nonmyctumoro MoMeHTa Mo HarpeBy npejcraBieHa Ha puc.5.11.

JlaHHBI CrOCcOO peryaupoBaHUs HEIb3s MPUMEHSTHh IS MEXaHU3MOB, pa0OTalOMUX B
MPOJOJKUTEIFHOM peXHUMe paboTe C TMOCTOSHHON Harpy3koil. DQQEKTUBHBIM OKa3bIBAETCSA
UCIOJIb30BaHUE (Ha30BOTO PETYIUPOBAHUS IS MEXaHHU3MOB, Yy KOTOPBIX CTaTUYCCKUH MOMEHT
3aBHCUT OT CKopocTH asurarenss My = f(®), Hanpumep, 11 IPUBOJOB BEHTHJIATOPOB, HACOCOB,

KOMIIPECCOPOB. DTOT CIOCOO Tak)Ke MPUMEHHM, KOTJa JIBUTATeNb paboTaeT Ha IMOHMKEHHBIX
CKOpOCTSIX Majoe BpeMsi OTHOCHTEIbHO BCEro LUKJIA paboThl, Hanpumep, TudTsl. B 3TOM ciiyuyae
3aBBILIEHHE YCTAHOBIECHHON MOIIHOCTHU JABUTaTENsI HEBEIUKO.

JlocTouHCTBOM (ha30BOr0O YIpaBieHUs sABIseTCS 0ojiee HU3Kas CTOMMOCTh IpeoOpa3oBaTelis
(TIIH) B cpaBHeHuu ¢ npeodpasoparenem 4yactoTsl (I1Y) paBHONM MOLIHOCTH, YTO MO3BOJISIET IS
yKa3aHHbIX MEXaHM3MOB O00eCHeuuTh NPUEMIIEMOE KaueCTBO TEXHOJIOTMYECKOro mporecca 0e3
JIOTIOJIHUTENbHBIX 3aTparT.

27. I3MeHeHue uncia nap rnojrocoB aCUHXPOHHOI'O JABUTaTels
W3 BeIpa>keHus U1 yriaoBoit ckopoctu A/JL:

w=wo<1—s)=2L;1<1—s),

BHUJHO, 4YTO PEryJUpOBaHUE CKOPOCTH MOXKHO OCYILECTBIATh M3MEHEHUEM YHUCIA Iap
MIOJIFOCOB P OOMOTKHM cTaTopa ABHratens. Tak Kak JaHHas BEIMYMHA MOKET OBITh TOJIBKO LIEIBIM
YHCIJIOM, PETYJIINPOBAHUE CKOPOCTH OKA3bIBAETCS CTYNEHYATHIM.

Jlji naHHOTO BUJA PETyIUpOBaHuUs U3roTaBinBaoTcs MHOrockopoctHele AJ ¢ K3P. B mazax
CepAeyHMKa cTaTopa pa3MemamT 700 JBe  He3aBUCHUMBbIE OOMOTKM, JHOO  OAHY
MIOJIFOCHONIEPEKIIIOUAEMYIO.

PaznuuatoT B€ OCHOBHBIE CXEeMbl IepekiaroueHus. Cxema «3Be3/a/qBoiiHas 3Be3aa» (puc.
32, I-1l) obGecrieunBaeT perynupoBaHHE C IMOCTOSHCTBOM MOMEHTA. Takyro cXeMy ILelIecoo0pazHo
IIPUMEHSTh B JIEKTPOIIPUBOJE C IMOCTOSHHO ACUCTBYIOIIMM MOMEHTOM HAarpy3kH IpU U3MEHEHUU
yacToThl BpamieHus. Cxema «3Be3na/3Be3na» (puc.32, I-11l) Taxkxe ma€t nBykpaTHOe M3MEHEHHE
qyclla Map IMOJIIOCOB, OAHAKO PEryJIMPOBAHUE MPOUCXOIUT IMPHU MOCTOSHCTBE MOIIHOCTH, TO €CTh
P MEPEKITIOYCHUH Ha MOBBIIIEHHYI0 CKOPOCTh MOMEHT YMEHbBIIAETCS B JIBa pa3a. Takue cXxembl
pa3syMHO MPUMEHSTH B IPUBO/AX, TJI€ MOMEHT COIPOTHBIIEHHUSI OOPAaTHO MPOMOPIUOHAIEH YacTOTe
BpaleHus. Mexannuyeckue xapakTepucTuku A/l mpu peryaupoBaHun CKOPOCTH U3MEHEHHEM YHCIIa
nap IJII0COB MPEACTABIEHBI HA pUc. 33.

MHorockopoctHele AJ] MHMPOKO NPHUMEHSUINCh B JJIEKTPONPHUBOAAX, JIONMYCKAFOIIHAX
CTYIEHYaToe PEeryJIMpOBaHUE YaCTOTHI BpallleHHUs (MpHBOJa JU(PTOB, BEHTHJIATOPOB, CTAHKOB).
JIOCTOMHCTBOM TaKoro croco0a siBiIsieTcs COXpaHEeHNE BBICOKMX SKOHOMUYECKUX MOKa3aTelnel npu
IIEPEX0/I€ C OJHOW YacTOThl BPALLEHUS HA JPYIyl0, TaK KaK Ha BCEX CTYNEHSAX MEPEKIIOUEHUS
oomotkn crtatopa KIIJ wu xkodpduimeHT MOIIHOCTH MABUTATENS OCTAIOTCS MPAKTUYECKU
HEU3MEHHBIMU
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Puc. 32. Cxemsl coenuHenus KatymeyHsix rpynn | Puc. 33. Mexanuueckue xapaktepuctuku A/l
00MOTOK cTaTopa MIPU NIEPEKITIOYECHUH YHCIIA Tap MOJFOCOB

28. YacTtoTHOE peryaupoBaHue CKOPOCTH ACUHXPOHHOTO JIBUTATENIS

CylecTBylOT CHCTEMBI CKaJISIPHOTO, BEKTOPHOIO VYIPABICHHS M CUCTEMBI HIPSIMOro
yIIpaBJIeHUs! MOMEHTOM. BpIOOp crmocoba M MpHuHIUNA YIIPaBICHUS ONPEACISeTCS COBOKYITHOCTHIO
CTaTUYECKUX, TUHAMUYECKHUX U SHEPTeTUYECKUX TPEOOBaHUI K ACHHXPOHHOMY 3JIEKTPOIIPUBOY.

[TpuHmn CKaJISIPHOTO yIIpaBICHUS YaCTOTHO-PETYIUPYEMOTO ACUHXPOHHOTO
3JIEKTPOIPUBO/Ia OCHOBAH HA U3MEHEHHUU YaCTOThI ¥ TEKYIIMX 3HAUEHUI MOyJiel rnepeMeHHbIX A/l
(HampsKEHU, MAarHUTHOTO MOTOKA, MOTOKOCLETIJICHUI U TOKOB LIETIel ABUraTess). DTOT NPUHIUI
aBIgeTCs Hauboyiee paclpoCTpaHEHHBIM B CBSI3U C TEM, YTO €My CBONCTBEHHA TEXHHYECKas
IIPOCTOTa U3MEPEHUS U PEryIupoBaHusl nepeMeHHbIX AJl, a Tak ke BO3MOKHOCTb IOCTPOEHUS
Pa30MKHYTBIX CHUCTEM YIPABIECHUS CKOPOCThIO. OCHOBHOW HEIOCTATOK 3aKIIFOYAETCS B TPYAHOCTH
peai3allii KeJAeMbIX 3aKOHOB PETyJHMpOBAaHUSA CKOPOCTM W MoMeHTa AJ] B JuHaAMHYECKHX
pexuMax.

[IpyHIMI BEKTOPHOTO YNPaBICHUS CBA3aH KaK C K3MEHEHUEM YacTOThl U TEKYIIMX 3HAUCHUMN
nepeMeHHbIX AJl, Tak ¥ ¢ B3aMMHOM OpUEHTAalUMEHd MX BEKTOPOB B MOJSPHOM WIM JEKApTOBOU
cUCTeME KoopAMHAT. braromapss KOHTPOJIO IOJIOKEHUS YIJIOB MEPEMEHHBIX TaKOW crocod
obecrieynBaeT MnoyiHoe ynpasieHue AJl Kak B CTaTHUECKUX, TaK U B AUHAMHUYECKUX PEXHMAX, YTO
JAET 3aMETHOE YIy4dlIEHUWE KayecTBa NEPEXOAHBIX IMPOLECCOB MO CPaBHEHUIO CO CKAJISPHBIM
YIPABICHUEM.

CucreMbl IPSIMOTO YIIPABJIEHNUS MOMEHTOM SIBJISIIOTCS POJIOJKEHUEM U Pa3BUTHEM CHCTEM
BEKTOPHOTO yIIpaBJIeHUs. 3ajadeidl MpsSMOro YIpPaBIeHHS MOMEHTOM SBIsieTCs oOecreyeHue
OBICTPOM peaKIMHU SJIEKTPOMArHUTHOTO MOMEHTA JBUTATENsl Ha YIpaBJsiollee Bo3jaeicTBhe. B
OTJIMYME OT BEKTOPHOTI'O YIPABJICHHUS, TJI€ U3MEHEHHE MOMEHTA IPOU3BOIUTCS IIyTEM BO3JAEHCTBUSA
Ha TOK CTaTopa, B CUCTEME C MPSIMBIM yIPaBICHHEM MOMEHTOM YIPABIISEMOI BEIUUYUHON SIBIISETCS
ITOTOKOCILICTUIEHUE CTaTOPA.

[IpeoOpa3zoBaren 4acTOThl, IMpelHAa3HAUYEHHbIE JMJIi YacTOTHO-perynupyembix All,
MOMIPA3JENAIOTCS MO TUMNY CBSI3W C TUTaromiel ceTelo Ha HemocpeacTtBeHnble 1Y (HITY) u
nByx3seHHble [TH ([IITY) ¢ npomMexyTOYHBIM 3B€HOM MOCTOSIHHOTO MJIM [IEPEMEHHOT0 TOKa.

Moment AJl HponopuMOHaZeH MAarHuTHOMY MOToKy O M aKTHMBHOM COCTaBISIOIIEH

BTOPHYHOTO TOKa |,
M =kOl, cos ¢,,
rae k — koHcTpykTuBHas nocrosiHHas AJl; ¢, — yroa casura Mexay 9/1C 1 TokoM poTopa;
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4 K3 (1)OpMy.]'II)I AJi1 MOMCHTa BHUAHO, YTO YMCHBIICHHC MArHWMTHOT'O ITIOTOKA, SABJIAIOMICCCS

COSQ, =

CJICACTBHUEM YBCIIMYCHUA 4aCTOTHI fl, MMPUBCACT K BO3pACTaHUIO |2 , 4 CJICIOBATCIIbBHO U IOTEPH B
poTope APZ U OJHOBPEMCHHOMY YMCHBIICHHUIO AOIIYCTHUMOI'O MOMCHTA ABUIATCIIA IO YCJIOBHUAM



OXJTaAXACHUA ABUTATCIIA. VYMEHbIIIEHHE YacTOTHI IIpHU NOCTOSAHCTBEC aMIUIMTYJAbl HAIPSKCHUS Ul’

TAK)K€ HE JOIYCTMMO II0 YCIIOBUSAM HACBIIIEHUS MAarHUTHOM CHUCTEMBI MAalIMHBL IIO3TOMY
PETYJIMPOBAHME CKOPOCTH JBUTATENS N3MEHEHUEM YACTOTHI IIUTAOLIETO HANPSKEHUS IIPH YCIIOBUU
IIOCTOSIHCTBA MOMEHTAa [JBUTATelsl INPUEMIIEMO TOJBKO IIPU OJHOBPEMEHHOM HM3MEHCHHUH
aMIUIUTYZbl THTAIOLIETO HANpsDKEHUs, TO €CTh BbINOMHeHuH 3akoHa U/ fy=const, uro

o0ecrnieurBaeT MPAKTUUECKH IMOCTOSHHBIM MarHUTHBIN MOTOK B IBUTaTElE.

JUia peanv3anvy yKa3aHHOT'O 3aKOHA YIPABICHUS MEX]Y CETbIO M JIBUTaTENIEM BKIIIOUAETCS
npeoOpaszoBarens yactoThl (1Y), obecneunBamomuii OIHOBPEMEHHOE WM3MEHEHHE 4YacTOThl U
aMIUTUTYIbl HampsokeHus Ha JBuraresne. [IpU MOHMKEHHBIX CKOPOCTSIX Y CaMOBEHTHIIMPYEMBIX
JBUTATE]C YMEHBIIAeTCs OTBOJ TEIUIa B OKPYKAIOIIYI0 Cpely, MOATOMY B TaKUX CIydasx
HE0OXOIMMO CHUXATh JIOITYCTUMBI MOMEHT Ha JIBUTATEIIE.

[Ipy 4YacTOTHOM peryjJMpoOBaHUU IO MPUYUHAM, OOYCIOBICHHBIMU MEXaHHYECKOI

IPOYHOCTBIO MOJUIMIHAKOB M JIEMEHTAMH POTOpa, MOXHUMATh dacTory Bhime (L5+2,0) i
H03TOMy OCHOBHOﬁ CHOCO6 perJII/IpOBaHI/Iﬂ CKOpOCTI/I 3aKJII0494acTCdad B YMCHI)H_ICHI/H/I qaCTOThbI
HaIpsOKCHHS.
JInst mocTpoeHHsT NPUMEPHOTO BHJAa MEXAaHMYECKHX XapaKTepUCTUK HpumeM, 4ro R, =0,
TOoraa ypaBHeHI/Ie JJIA KpI/ITI/ILIeCKOFO MOMECHTA MOXHO HepeHI/IcaTL CHGHYIOHII/IM 06pa30M:
U2 U2 U2 U, Y
1 1 1 —K.| 2
“ K| =
1

= _ _
200Ks - 2™ gon(, ) BT (1)
P p

W3 ¢dopmynsl BUAHO, YTO KPUTUYECKUI MOMEHT IIpH BhIOMHEeHUH 3akoHa U,/ f; =const
OCTaETCs MOCTOSHHBIM. Y CIIOBHE MPEHEOPEKEHHS AKTHBHOTO COMPOTUBIICHHSI CTATOPA KOPPEKTHO
IPU BBICOKHX CKOPOCTSX ABurarens, korna U; = E;. [Ipu HU3KUX CKOPOCTSX MajieHUe HAPSHKEHHS
Ha aKTUBHOM COHpOTI/IBJIeHI/II/I CTaTOpa Rl CTAaHOBUTCS COITOCTABUMO C BCHHqHHOﬁ HaHpﬂ)KeHHfI Ha
3a)KMMax CTaropa, 4TO MPUBOAUT K MAJCHHUIO MEPErpy30YHOM CIOCOOHOCTH aBHrartens Ay, . Jis

TOr0, 4YTOOBl pEaJu30BaThb OJMHAKOBYIO IIEPErpPy30UHYI0 CIIOCOOHOCTb IPU YacCTOTHOM
perylIupoBaHuM B O0JacTH HHU3KUX YACTOT BpAIICHHUS HCIONb3YIOT Tak Ha3biBaemylo «IR-
KoMneHncayuio», KOTOpasl 3akKJo4yaercs B TOM, YTO Ha MaJlbIX CKOPOCTSX Jejaercs 100aBKa

2
HaNpsDKeHHs Ha cTaTope, kommneHncupyromas AU g, = I7R;.
Jlnama3zoH peryjaupoBaHUs CKOPOCTH B Pa30OMKHYTHIX cucTeMax coctaBiser D, =15+20.
B 3aMKHYTBIX cHcTeMax AMaNa3oH MOKET OBbITh CYIIECTBEHHO PACIIUPEH.

~U,
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Puc. 34. Cxema Britouenust A/l Puc. 35. MexaHnudeckue XapaKTEPUCTHUKUA CHCTEMBI
[IPY YaCTOTHOM PEryJIUpPOBAHUU IT49-A

OCHOBHBIC ~ CJIIO)KHOCTH, BO3HHUKAIONIME TMPH pPEaM3alldd  YaCTOTHOTO  YIPaBJICHUS
3aKITI0YAIOTCS B CIICAYIOIIEM:




1) nnsa monyuenus B cucteMax ITY-AJ[ cBOMCTB aHAIOTHYHBIX (MU JaKe TPEBOCXOJISIINX )
corictBa cuctem TII- AIIT HeoOxonumo nmoiydeHrne HHPOPMaIUH O pa3InyHbIX apameTpax AJl;

2) cHUCTeMBl SBISIOTCS CUJIBHO HEIMHEWHBIMH M JUIl IOJYyYEHHMsS BBICOKOKAUYECTBEHHBIX
CHCTEM HEOOXOMMO BBOJIUTH 3BEHbSI, KOMIICHCUPYIOIINE HETMHEHHOCTh 00bEKTa PEryIMpOBaHUS;

3) 3akon U,/ f; =const He sBisIeTCS ONTUMANBHBIM, U TpeOyeTcs KOPPEKTHPOBKA 3aKOHA,

YUYHUTbIBArOmasa M fi Ha Bally ABUTATCJIA,

4) B AJl Bxomar mapamerpel X,, X, X'Z, BEJIMYMHA KOTOPBIX 3aBUCUT OT CTEHEHU
HACHIIICHUS] MAIIMHbBI HEJIUHEIHO. KpoMe 3Toro m3MeHsI0TCs 3Ha4eHUs] aKTUBHBIX COIPOTUBIICHUI
craropa ¥ pOTOpa MPH M3MEHEHUH TeMIIepaTypbl OOMOTOK JBUTATENs, YTO TAaKXKe HEOOXOIUMO
YUUTHIBATH.

HecmoTpss Ha yKka3aHHBIE CJOXHOCTH, COBPEMEHHBIE YaCTOTHBIC IPHBOJBI YCIICUIHO
(GYHKIIMOHHUPYIOT, 00ecIieunBasi BHICOKOE KaueCTBO MPOIEcca PEryINPOBaHUs CKOPOCTH.

29 . Ilotepu 3HEPrUM B AIEKTPOABUTATETIC

Jns TnpaBWIBHOM OLEHKHM TEIUIOBOIO pEXHUMa JIBUTaTeNEd BaXHEUIIMM  SIBIIAETCS
HaxOXXJICHHE TOTepb HHEPruu, OOYCIIOBIMBAIOIIMX HArpeB, Ha Pa3IMYHBIX dTarax padodero
Mepuo/Ia.

CyMmmapHbie otepu B apuraresie AP COCTOST U3 IBYX COCTABIISIOIINX: MOCTOSHHBIX AP, .

, HC 3aBUCAIINUX OT HAI'PY3KH, U IICPEMCHHBIX APvar , 3aBUCAIINHNX OT HArpy3KH. B stom ciryvdac s
ABUTATCISI ITIOCTOAHHOI'O TOKA
_ _ 2
AR, = AP+ AP, = APy + ARy + IyRy ,

var i

Rys — norepu B uenu sxops.

2
rae APy —motepu B ctann; ARj; — Mexanndeckue norepu; |

Jnsi aCHHXPOHHOTO JIBUTATEIS
_ 2 25
AR, = AP,y +ARss +3(I7R, +1,R;),
2 20
rae 3(17R;+1,°R,) - morepu B 06MOTKax cTaTopa M poTOpa COOTBETCTBEHHO.

[lepeMeHHBIC TOTEPH TAKKE MOXKHO BBIPA3UTh 4Yepe3 DJICKTPOMArHUTHBIA MOMEHT |
OTHOCHTEJBHYIO CKOPOCTh (MM CKOJIbXKeHHe). [y ABUTaTeneil mocTOSHHOIO TOKa HE3aBUCHMOTO
BO30YKICHHS

AI:)var = P)’/i - Piéﬁ =M ((DO —w),
rie Py — omekTpoMarHuTHas MONIHOCTH, moTpebisemas u3 cetn; Rj — Mexanmueckas

MOIITHOCTH Ha BaJly ABHUT'ATCIIA.
I[J'ISI ACUHXPOHHOI'0 ABUTATCIIA

AP,

o = ML+ R, /R,), Tl S — CKOJBKEHUE TBUTATENS.

30. Harpes u oxyiaxjieHue ABUTATENEH

[Ipouece 3JIEKTPOMEXAHUYECKOTO npeoOpa3oBaHus JHEpPrUU COIIPOBOXKAAETCS
OJIHOBPEMEHHOM MOTEpPEN YacTH PHEPTHUH B CaMOM MalllMHe, KOTopas, mpeo0pasysich B TEIIOBYIO
JHEPIUI0, ONpEECIAeT HarpeB €€ dJIEMEHTOB. MOIIHOCTH TEIUIOBBIX NOTEph AP, ompenensercs

Pa3HOCTBHIO MEXAYy MNOTPEONEHHON ABHraTeNeM >SJIEKTPHUECKON HSHEpruei Pyé U OTIAaBacMOU
MEXaHWYECKOW OJHeprueil Ha Baldy JBUrateis Pg W 3aBUCHT OT KOHKPETHOTO pEKHUMA
npeoOpazoBanus 3Heprun. Ilosromy onpenenenne Gynknun APy (t) sBisieTcs oxHON U3 33134 PH
OLICHKE TETUIOBOI'O COCTOSIHMSI MAILIMHBI B KOHKPETHOM PEXHUME; BTOPOH 3a7auell sIBISETCS OI[EHKA
TeMIepaTypbl nBurarens ©g; .

Teopuss HarpeBa mpuU pEIICHWH 3a1ad dDIEKTPOIPHBOAA Oa3upyeTcss Ha CIEAYIOIIUX
JTOMYIICHUSX

- JBUTATelIb pacCMaTPUBAETCS KaK OJHOPOJHOE TeJlo, HMewIlee OeCKOHEUHYIO
TEIJIONPOBOTHOCTb;



- TEIUIoOT/Jaya BO BHEIIHIOI Cpeay MpOoNOpHHOHAIbHA TMEPBONM CTENEHU Pa3HOCTH
TeMIIepaTyp ABUraTelNsl U OKPYKAIOILIEeH Cpe/Ibl;

- TeMIIepaTypa OXJIaXIaolIel cpebl OCTOSHHA.

[Ipu yka3zaHHBIX JIOMYIIEHUSIX ypaBHEHHE OajlaHCa TEIUIOBOW SHEPIMU B JBUTaTeNe Oyaer
UMETh CIICAYIOIUN BU:

APy (t)dt = Atdt + Cdt,

rae APRy(t) — MOLIHOCTB TEIIOBBIX OTEPh; A — Temtootaaya; C — TeMI0EMKOCTb IBUTaTENs;

T — MPEBBIIICHUE TEMIIEPATYPhl ABUTATeNs HaJl TEMIIEPATYpOi OKpyXkaromei cpeabl, T= 0y — Oy

[Tepenucas (6.1) B oneparopHoii popme

ARy (p) = At(p) +Cpt(p),

MOJIYYUM TIEPEIATOYHYI0 (DYHKIUIO, OMUCHIBAIOIIYIO JTUHAMUYECKHI XapakTep H3MEHCHHS
TeMIIepaTyphl IBUTATEIIS:

_wp) ok,
WT(p)_APo(p)_Tip+1’

rae kK, =1/ A — xosdduupent nepegayu; T, =C/A - mocrosiHHasi BpeMEHH Harpena.

Ha pHuc. 36 IpeaACTaBJICHbI KPHUBLIC HAI'PEBA U OXJIAXKACHUA ABUTATCIIA.
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Puc. 36. I'paduixu nmporieccoB HarpeBa M OXJIAXKACHUS TBUTATEIS

3HaueHue MOCTOSHHOM BPEMEHHU HarpeBa B IIpeleiax OJHOW CEpUHM MOXKET MeHAThes oT 10
MUH 710 2-3 4acoB B 3aBUCUMOCTHU OT rabapUTOB JBUTATES.

[lepenatounass Qynkuust (6.2) cnpaBemmuBa, ecnu mapameTpel 4 u  C  ocralTcs
HEU3MEHHBIMH. Y CaMOBEHTUJIMPYEMBIX JBHUraTelIel TEIUIO0TJauya 3aBUCUT OT CKOPOCTHU POTOpa U

eé XapakTepusyT KodpUIIMEHTOM YXyaiIeHns Teriootaaun B = A/A.

31. Knaccudukanus pexxuMoB pabOThI ABUraTesel 1Mo HarpeBy

Bo3moxHble pexumbl  paOOTBHl  3JIEKTPONPHUBOJIOB OTJIMYAIOTCS MHOT00Opa3veM 1o
XapakTepy M JUIMTEIbHOCTH LUKJIOB, 3HAUEHUSAM Harpy3o0K, yCIOBUSAM OXJIAXAEHUS U T.J., IOITOMY
M3TOTOBJICHHE JBUTaTeNIed s KaXKJ0ro U3 PEKUMOB He 1enecoodpasHo. Ha ocHoBanuu ananmusa
peasbHBIX PEKUMOB BBIIENEH CIEUUANbHBIA KJIacC PEeXHMOB — HOMMHAIBHBIE PEXUMBI, JUIS
KOTOPBIX IPOEKTUPYIOTCS U U3TOTOBIISIFOTCS] CEpUIHBIE JBUTATENH.

I'OCT 183-74 (2001) mpenycmaTpuBaeT § HOMHUHAIBHBIX PEXHMOB, KOTOpPBIE HMEIOT
ob6o3nauenus S1-S8. Hwke maHa kpaTkas XapaKTepHCTHKA YaCTO BCTPEUAIOIIUXCS PEKIMOB.

1. IIpoooasicumenvhvlii HOMUHATBHBIN pexkuM (S1) — 370 pexxum paboOTHl PU HEM3MEHHON
Harpyske, MpOJOJDKAIOMIMICS J0 TeX TOop, MOKa MPEBBIIIEHUs TeMIepaTyp Bcex dYacTel
AIEKTPUYECKON MallIMHBI HE IOCTUTHYT YCTaHOBUBLIMXCA 3HaueHUi (puc. 37,a).

2. KpamkospemenHuvlii HOMAHAIBHBIN pexxuM (S2) pabOThI — 3TO TaKOW PEXUM, IPU KOTOPOM

IIEpUOJ, HEU3MEHHOM HOMHUHAJIBHON Harpys3ku ly depemyercst ¢ IEpUoAOM OTKIHOYEHMsI MAlllUHBI,
IIPU ATOM 3a BpeMs pabOThI ABUraTeNlb HE YCIIEBA€T HArpeThCsl A0 YCTAHOBMBILEHCS TEMIIEpaTyphl,

a 3a Bpems TMay3bl OXJaXJIaeTcss 10 TeMImepaTypsl OKpyxkawlmieid cpeasl (puc.37,0).
[TponomxurensHOCTS TIeproa BkmrodeHust N nomwkaa coctaisats 10, 30, 60 umu 90 MunyT.




3. Tlosmopno-kpamkospemerHvlli HOMUHAIBHBIA peXuM (S3) paboOThl — 3TO TaKOM PEXKUM,
IpU KOTOPOM TIEPUOIbI HEM3MEHHOW HOMUHATBHON HAarpy3KH YepPEeAyIOTCS ¢ TIEpUOIaMU Tay3, IPu
4éM BO BpeMs paboThl TeMIlepaTypa He JOCTUTAeT YCTAHOBUBIIEHCS, a 32 BpeMsl Nay3 JABUraTeNlb HE
YCIIEBAET OCTHITH J0 TEMIIEPATYPhl OKpYKaroleu cpeasl (puc. 37,8). DTOT pexuM padbOThI IPUHATO
XapaKTepU30BaTh MPOJIOJDKUTEIBHOCTh BKIIOYCHUH €
e= 2
ty +1t

[IponomxurenpsHOCTh OHOrO HMKIA cocTaBisger 10 muH. CTaHaapTHbIE 3HAUEHUS € MOTYT
coctaBiatk 0,15; 0,25; 0,40 u 0,60.

or, AP, AP,
P® p re N ey
P P
®)CT T
0 ®YCT7—7777:::; - ®YCT*‘********"*
AP ® \
®oc |
‘ NS AP
®oc ®Oc*’********"*
= >
l, t f, t, t
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Puc. 37. I'padpukr MOLITHOCTH U TEMITEPATYPHI JAJIs1 HOMUHAIBHBIX PEKUMOB
(a — nUTENBHBIN, 6 — KPAaTKOBPEMEHHBIH, B — MOBTOPHO-KPATKOBPEMEHHBIN )

Pexxumbl S1- S3 SBISIOTCSI OCHOBHBIMH HOMUHAJIBHBIE JJAHHBIC JUISl KOTOPBIX BKIIFOUAIOTCS B
NacropT MAaIIMHBI ¥ KaTtanord. PexumMer S4- S8 npu3BaHbl yIPOCTUTH 3a/1a4y SKBUBAICHTHPOBAHHUS
MPOM3BOJIEHOTO PEKUMa HOMUHAJIBHOMY.

4. [TosmopHo-KpamkospemeHHblll HOMUHAIBHBIN PEXUM paboTh ¢ wacmuimu nyckamu (S4). B
TOM pEeXHME, B OTIMYHE OT S3, IyCKOBBIE IMOTEPU OKAa3bIBAIOT CYIIECTBEHHOE BIMSHUE HA
MPEBBIIICHUE TEMITEPATYPhl YaCTeH MAIIHHBI.

5. IosmopHo-kpamxospemenHbiti HOMAHAIBHBIA PEXUM pabOTBI € YaCmbiMU NYCKAMU U
anexkmpuyeckum mopmodxcenuem. To xe, uto u S4. JIOMONHUTENHPHO K TOTEPSM IPH ITyCKax
YYHUTBIBAIOTCS TOTEPH TPH TOPMOKEHHSX.

6. Ilepemeocarowuiica pexum padbotel (S6). Otmuyaercs or S3 TeM, 4TO BO BpeMms Tay3
JBHUTATENb HE OTKIFOYAETCS, a MPOA0IDKAET paboTaTh BXOIOCTYIO.

7. [Ilepemencarowuiicss pexum ¢ uacmoimu pesepcamu (ST) npu  snexmpuueckom
mopmodicenuu. To xe 4ro u S6 ¢ yu4€ToM TOTeph NPHU YacThIX peBepcax JBUTATENs, KOTOpPHIE
OKa3bIBAIOT CYIIECTBEHHOE BIUSHIE HA HATPEB MAITMHEI.

8. Ilepemedsicarowuiicss pexuM ¢ 0gyms u bonee wacmomamu epawenusi (S8). To ke 4To U
S7, Tonpko nBUTATENH PabOTAET HA IBYX M 00Jiee YCTAHOBHBIIUXCS CKOPOCTSIX.

32. Pacuér MOIIHOCTH U NPOBEPKA [0 HArPEBY JABUTATEINS ISl NPOOOAHNCUMENLHO20 PEHCUMA
pabomwl
B cooTBeTCTBUM C ypaBHEHHUEM [BUXKEHHUS SJICKTPONPHUBOAA JJISI OJJHOMACCOBOM CHCTEMBI
MOMEHT JBUTATeNsl Ha pa3IUYHbIX JTamax paboThl OINpeaenseTcsl TEeKYIIMMH 3HA4YeHUSIMU
CTaTUYECKON U JUHAMHYECKOW HArpy3KHU AJIEKTPOIPUBOIA:
M (t) = Mc(t)+Jz%—?.

3aBHCHMOCTh MOMEHTA JIBUTaTelisi oT BpeMeHu M (t) HasbiBaeTCs HArpy304HOM JuUarpaMMmoin
JIBUTATENS] U SBIISIETCS] TVIABHOM XapaKTEPUCTUKOM, MCIOJIb3yeMOM NpPH pacu€rax, CBS3AHHBIX C
BBIOOPOM MOIIHOCTH 3neKTpoaBuraresns. OCHOBOM JUIsl pacuéTa Harpy30UHBIX AUArpaMM SIBISIOTCS
uHbOpMAIlMSE O CTATHYECKOM MOMEHTe Ha Kaxaom odrtame pabotst M (t), HassBaemyro



Harpy304HOM AMarpaMMoi MeXaHW3Ma, U CBEJECHHUS O XapaKTepe IBUKEHHS AJIEKTPONPUBOAA B
TEXHOJIOTMYECKOM TIPOIIecce, 3aJaBaeMble TaXOrpaMMoi 3ekTporpuBoaa o(t) .
[Tpon3BOACTBEHHBIX MEXAHU3MOB C TOYKHU 3pPEHHUS PEXKHUMOB PpadOThl 3JIEKTPONPUBOAA
pa3neNsoT Ha JBE TPYIIBL: MEXaHU3MbI HEMPEPHIBHOTO M MEXaHW3MBbI ITUKIUYECKOTO JCHCTBHSL.
CoO0TBETCTBEHHO UMEIOT OCOOEHHOCTH ¥ METOAMKH BHIOOpA U MPOBEPKU JIBUTATElIsl HA HArPeB.

33. Pacuém mownocmu osueamens npu HeusMeHHOU Hazpy3Ke

OCOOEHHOCTBIO MEXAaHU3MOB HENPEPHIBHOTO AECUCTBUS SBIISAETCS MPOMOJIKUTEIbHBIN PEXUM
pa®oThl 1BUTATENS IPH HEU3MEHHOM CpeIHeH CKOpPOCTH Mz =CONnst. Ilpm »TOoM Bpems
JMHAMUYECKUX PEXHUMOB (IIyCK, TOPMOKEHHE, PEeBEpPC) HACTOIBKO Majo MO CPABHEHHUIO C OOIIMM

BPEMCHEM pa6OTBI Ha KaXXJIOM BKJIIFOYCHHH, YTO CYIICCTBCHHOI'O BJIMAHUA HA HArpeB ABUTATCIIA
ANMHAMHUYCCKUC PC)KUMbBI HC OKAa3bIBAIOT MU IPU IMMOCTPOCHUHU HAI'PY30UHBIX JUArpaMM HUX MOXKHO HC

YYHUTHIBATH.

PacuérHplii MOMEHT IBHTATEISI MOKHO HAWTH IO COOTHOIIICHHIO

Mg 2kl 4y,

raue kg =11+13 - xo3pduimeHT 3amaca, YYUTHIBAIOIIUNA JUHAMHYECKHE PEKUMBI
AJIEKTPOIBUTATEIS, I fly — OKBUBAICHTHBIA MOMEHT HArPy3KH.

Torma pacu€THyI0 MOIIHOCTh ABUTATENST Py MOYKHO OMpeneuTh 1Mo GhopmyIie

Ps = M;05.

[lo momyueHHOMY 3Hau€HHMs MO KaTajory BbIOMpaeTcs ABUrareib OJrpkaiiied Oonbliei
MOIIIHOCTH U CKOpOCTH, IIOCJI€ 4YEro BbIOpaHHBI JBHUraTellb IPOBEPSIETCS IO MEpPEerpy304HOM
crocoOHOCTH. [l 3TOro Ha Harpy304HOW AMarpamMme OIpeNeNsioT y4acTOK MAaKCHMAlIbHOTO

AVNHAMHUYCCKOI'O MOMCHTA Mé max " CPAaBHUBAIOT €ro €C JOMMYCTUMbIM MOMCHTOM JIBUTATCIIA
M <M,

4.max aaan = 7VI M,
rae Ay — JOMYCTHMBIA KO3(DOUIMEHT meperpy3ku JIBHUraTelis 0 MOMEHTY, YKa3bIBacTCs B

(1]
MacIOPTHBIX JTAHHBIX Ha JIBUTATENb.

Has JIIIT oOblYHOrO HCIOJNHEHHMS] W CHHXPOHHBIX nBurarened A; =15+25, mia AJl
MaKCHMaJIbHBI MOMEHT JBUTATENS MOKET OBITh MPUHSAT paBHBIM KpuTHueckomy. [Ipu Bei6opa A/l
¢ K3P Takxe He0OX0IMMO MPOBEPUTH JBUTATEIND 110 YCIOBUSAM ITyCKa:

Méé.'l' > Mc.'l' .

34. Ilposepka dsucamens no Hazpesy npu nepemeHHol Hazpy3Ke

JIBuratens OyaeT paboTath B IOMYCTHMOM TEIUIOBOM PEKHUME MPHU BBHITIOJIHEHUH YCIIOBHS

Toaa <Taii

II€ Tsy — MEperpeB JBUraTens Hpu padoTe; Tyy — JOIMYCTHUMBIA MEperpeB JBUTraTens,
ONpeesIEMbII KJIaCCOM €T0 M3O0JISIIIH.

[IpoBepka naBuTaTenss MO HArpeBY MOXKET OBITh BBIMOJHEHA TMPSIMBIM HJIM KOCBEHHBIM
Merogamu. Hcmonb3oBaHHE MPSIMOTO METOAA MPEANojaraerT pacuy€éT M MOCTPOEHUE KpPUBOU
neperpeBa t(t) 3a muka paboThl aBUTaTeNs. [I[pUuMEeHEHHE MPSIMOro MeToja TPeOyeT HaIHdus
MaTeMaTUYeCKOW MOJENH TEIJIOBOTO PEKUMA JIBUTATENs, UTO SBISIETCA TPYNOEMKOW 3aauei, Tak
KaK TOYHOE OINHUCAHHE MPOIECCOB HarpeBa W OXJIAKIEHHUS JIBUTATENS TOBOJIBHO cliokHOE. [loaTomy
OOBIYHO MCITOJIB3YIOT KOCBEHHBIE METO/IBI TPOBEPKH, HE TpeOyromue moctpoenus rpaduka t(t).

35. Meron cpeHUX MOTEPH
MeTOJI SBISIETCA HauOoJiee TOYHBIM H YHUBCPCAJIbHBIM. CYTI) METOJa 3aKJIK4YacTCsa B

OIMPECACIICHUN CPCAHUX IMOTCPh MOIITHOCTHU Apﬁé 3a UK pa6OTBI JABUTaTCIIsL U COITIOCTAaBJICHHUE UX C



HOMUHAJIBHBIMU TIOTEpsiMH MOITHOCTH APy, . JIist mosrydeHns: KOHEYHOTO COOTHOIICHHS COCTAaBHM

3aKOH COXpAHEHHUs PHEPTUU 3a IMKJ padoThl B KBa3MyCTAaHOBUBIIEMCS pexume. Bcé BbineneHHOe
3a OUKJI TETUIO OTBOAUTCS B OKPYKAIOILYIO Cpeny, T.€.

ts
Atgats = [AP(t)dt.
0

Torna cpeaHuii meperpes ABUraTens 3a Bpems 1ukia ty cocrapmser
t.
o AP APﬁa
oo = [t = 0.
o Al A
Ilo aHanorum HOMHMHAJIBHBIE IIOTEPU MOIIHOCTH B JBUTATEJE ONPEACIAIOT €ro JAOIMYCTUMBIN
Harpes

APy

all A

[ToncraBuB (6.4) u (6.5) B (6.3) moJIydM OCHOBHOE pacy€THOE COOTHOIICHHE METOJa
CpeIHUX MOTEPh:

APys < ARy

C yuerom (6.2) u (6.5) MOXHO TOJYYUTH (POPMYIMPOBKY METOJIA CPEIHUX IMOTEPh: €CIH
CpEIHSS 32 IUKJI MOIIHOCTh TIOTEPh HE MPEBOCXOAUT HOMUHAIILHYIO MOIITHOCTh IMIOTEPh, TO CPEIIHEES
MIPEBBIIICHUE TEMIIEPATYPHI HE MPEBBIMIACT TOMYCTUMOE IMPEBBIIICHUE TEMITCPATYPHI.

Ecnmu Ha oOTHenpHBIX ydYacTKax IUMKJIA Harpy3ka IIOCTOSIHHA, TO CpPEIHHE IOTepU

onpenensores no Gopmyse

n
1

T

HomuHanpHbIC TTOTEpHU MOLTHOCTH JBUTATENS OMPEISIAIOTCS MO KaTaJ0KHBIM JIAaHHBIM I10
dbopmyite

APy =Py L=mpm )i

MGTOI[ CpeI[HI/IX HOTepI) IIO3BOJISIET OLCHUTH TGHHOBOﬁ pe)KI/IM pa6OTBI ABUTATCIIA 110
CpeIHeMY MPEBBIICHUIO TeMIEpaTyphl. B 3ToM 3akitouaeTcs onpeaenéHHas HOrpelHoCTh METO/Ia,
TaK KakK MaKCHMaHLHBIi/JI neperpeB ABHUTATEIIsI HA OTACIBbHBIX y‘IaCTKaX OUKJIA MOXCT HpeBBIIHaTI:
Tsz. LTOYHOCTH OILIGHKM HarpeBa OSTUM METOJOM TEM BBIIIE, YeM OOJbIIe pasHUIA MEXIY

BEJIMYMHAMU MTOCTOSIHHOM BpEeMEHHM HarpeBa ; U JUIMTEIBHOCTBIO Hambosee MpOAO0KUTENEHOIO
ydacTka IuKJIa paboTel aBurarens ti;; , TO €CTh METOJ BO3MOXKHO HCIIOJIb30BaTh TOJBKO IPH

BBITIOTHEHUH YCIIOBUS

ty <<T;.

Meton cpennux noreps TpeOyet 3HaHus KpuBoil KII/| qBurarens B pyHKIMH €ro Harpy3Ku
158 HpC}IBapI/ITeJ'II)HOFO onpe):[eneHI/m HOTepB Ha KaXXI0M U3 y‘IaCTKOB Hle"py?;O‘IHOﬁ I[I/Ial'”paMMI)I, qTo0
YCIOXKHSET pacyér.

LIaCTO OKa3bIBACTCA HpI/IeMJ'IeMI)IM HUCIIOJIB30BaHUC MECTOJ0B OJOKBHUBAJICHTHBIX BCJIIMYUH,
MO3BOJISIIOIIMX TPOBECTH MPOBEPKY JABHraTeNs MO HarpeBy Oojee mpocTto. K Takum meTtomam
OTHOCAT METOA 3KBHUBAJICHTHOI'O TOKa, MOMEHTA 1 MOIIIHOCTH.

36. MeTo/1bl 5KBUBAJICHTHBIX BEJIMYHH: TOKA, MOMEHTA, MOIIIHOCTH

Ecnn B pesynbrare IMOCTPOECHHs HArPY30YHOM AMArpaMMBbl €CTh JAHHBIE O KPUBBIX TOKA B
(GyHKIIUM BpEMEHH, TO INPU HEKOTOPBIX YCIOBUSX MOXKHO IPOBECTU IPOBEPKY IBUTATENS IO
HarpeBy 0e3 BBIUMCIIEHUS MOTEPh, BOCIOIb30BABIINCH METOJOM SKBUBAJIEHTHOTO TOKA.

[ToTepu B nBUraTene MOKHO pacCMaTpuBaTh KaK CyMMY ITOCTOSIHHBIX IIOTEPh, HE 3aBUCAIINX
OT HAarpy3KH, U IEPEMEHHBIX ITOTEPb, ONPEAEIAEMBIX HATPY3KOH.

OKBUBAJICHTHBII TOK — 3TO TaKOM HEU3MEHSIOIIMHCA TOK, MpH paboTe ¢ KOTOPHIM B
JJIEKTPUYECKOM JBUTATENIC BBIICIAIOTCS IOTEPU, PABHBIE CPEIHHMM IOTEPSAM IPHU IEPEMEHHOM
rpaduke Harpy3KkH, TO €CTh



2

AR5 = APponst + 15eaR -

CpenHsisi MOIIHOCTH IOTEPh 3a LUK MPU NEPEeMEHHOM TIpaduKe Harpy3kd IBUTATeNs U
MIPOJIOIDKUTEITHLHOM peXXUME pabOThI

AP, = ARt + AR, +... + AR,

" t, b+t

[ToxcraBuB (6.5) B (6.6) mocie mpeoOpazoBaHUi TOMYyIUM (HOpPMYITy i ONpeAeTCHUS

AKBUBAJICHTHOT'O TOKA:

2 2 2
| I+ 1L+ 10t

JIBuraTenb NpoXOaUT IO YCIOBHUSAM HarpeBa, €Ciu BBIIOJIHIAETCS YCIOBUE

lyea <1

Meroa 3KBHBaJIEHTHOTO TOKA UCXOJUT U3 MPEANOI0KEHNUSI HE3aBUCUMOCTH TIOTEPh B CTAJIU U
MEXaHMYECKUX OT Harpy3kd M I[pearoiaraeT IOCTOSHCTBO COIPOTUBJICHHS TIJIABHOM LENu
JBUTATENsl HAa BCEX ydacTKax 3aJaHHOro rpaduka Harpys3ku. CreqoBarenbHO, KOTAa MOCTOSHHbBIC
[IOTEPU HE SIBJISIFOTCS] TAKOBBIMU (M3MEHEHME HampsbkeHUs Ha AJl) Wiiu cCONpOTUBJIEHUE HE OCTAETCS
MOCTOSIHHOM BenuuuHOU (AJ] ¢ riyOoOKMM Ma3oM B peXHME MEPEMEHHOIO CKOJIBXEHHUS), METO]
SKBHUBAJIEHTHOI'O TOKA MOKET MPUBECTHU K CYLIECTBEHHBIM OTPEIIHOCTSIM.

B pspe ciaywyaeB okaspiBaeTcs yAOOHO HMCIOJB30BaTh AJSl MPOBEPKU MO HarpeBy rpadux
MOMEHTA, pa3BUBAaEMOr0 JIBUTaTe]eM, B (DYHKIIMK BpeMeHH. Eciu moTok ABUTATENst IOCTOSTHEH, TO
MEXJy MOMEHTOM M TOKOM CYIIECTBYET MpPOINOPLHOHANIbHAA CBA3b. [lo3TOMY OKa3bIBaeTcs
BO3MOXXHBIM [IPOBEpPKA JIBUTaTeNsl MemoOOM IKEUBANEHMHO20 MOMEHMA, KOTOPBIA IS
CTyIeH4aToro rpaduka BerauciseTcs no popmyie

2 2 2 n
yea = P : M)/t
Rl i=1
rme  M;,t. — COOTBETCTBEHHO MOMEHT W JUIMTEIBHOCTH I-Or0 yd4acTKa Harpy304HOM
JMarpaMMBl.
JIBUTATEb TIPOXOIHT 110 YCIOBHUAM HArpeBa, €CJIM BHIMOIHIETCS YCIOBHE
M..s <M

yéa = Wi
MCTOI[ MNPUMCHACTCA JISI IIPOBCPKU IO HATPEBY BCCX I[BHFaTeJ'IefI Ipu yCJIOBUU pa6OTI>I C
IIOCTOSIHCTBOM IIOTOKA.

Ecmu Harpy3odHas auarpamMma ABUTATCIIA 3a/laHa B BUIC Fpa(bI/IKa MOIITHOCTH, TO IMPOBEPKa
ABUTATCIIA IO HArp€By MOXKET 6I)ITI) BBIITIOJIHEHA HEIMMOCPCACTBCHHO I10 Fpa(i)I/IKy MOIIIHOCTH, HO
JIMiIb TOoraa, Koraa MEXAy MOIIHOCTBIO U TOKOM CYHIECTBYCT IpAMasa MPOINOPHUOHAIBHOCTb, YTO
HMECT MCCTO IpHU pa60Te ABUTATCIIA C IIOCTOAHCTBOM IIOTOKA U CKOPOCTH.

I[J'IH CTylIeH4YaToro Fpa(bHKa Harpy3kKu 3KBUBaJICHTHAS MOIMHOCTB BBIYHUCIACTCA 11O Q)OpMyHe

|2t + 12t +..0 2,
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R
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37. IlpoBepka aBUraTesnsi MO HArpeBy JUIsl IOBTOPHO-KPATKOBPEMEHHOTO PEKMMa PabOThI
B cnyuae, korna nsuratens paboTaeT B MOBTOPHO-KPATKOBPEMEHHOM PEXKUME MPOBEPKY 110
HarpeBy  MOXXHO  BBINIOJIHATH  YKa3aHHBIMU  BBIIIE  METOJIaMU  [OCJIE€  IPUBEIEHUS

MMPpOAOJIKUTCIIBHOCTH  BKIIFOYCHHA € I KOHKPETHOIO peXKuMa K CTaH)IapTHOfI i

OKBHUBaJICHTHBIC 3HAYCHHS BEIIMYUH BEIYUCIISIOTCS I10 (I)OpMYJ'IaM
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Ecnu BenuumHa MOCTOSHHBIX MOTEPh CYHIECTBEHHO MEHbILE NMEPEMEHHBIX, TO CJIaraeéMbIM
Ki (e—€;3; ) MOKHO mpeHeOpeyb, IPH ATOM (POPMYIIBI JIJIs SKBUBAICHTHBIX BEJMYUH YIIPOIIAFOTCS.

IIpn mpeneOpexeHHH TOCTOSHHBIMU TOTepsiMH (K; <<1) M HUCIIOIb30BaHUM JBHTraTels,
[PEHAZHAYECHHOTO JIJIS TIPOIOJDKUTENLHOTO pexkuma paboTel ( €4 =1) , momydnm
lyea = |yéa.s\/g s Myes = Myéa.s\/g s Prea = Pyéa.s\/E .
®opmyIbl cripaBeAIMBEI IPU YCIOBUHU TIOCTOSHCTBA TEIUIOOTIAuM B IIEPHOJ Nay3 (Hampumep,
JIBUTATENN C MPUHYAUTEIBHBIM OXJIAXKICHUEM ).

Ha 3auere cryneHT moxet 3apadorars ot 24 10 40 Gamios.

HIxanbl OLICHKH Oﬁpa3OBaTeJIl)H]>IX IIOCTI/DKCHI/Iﬁ

Ouenka no 5- Cymma

w TpeOoBaHus K 3HAHUSM HA IK3aMeHe
0aVILHOU IIKAJIe 0aJ1710B

BBICTABIIIETCSl CTYIEHTY, €CIIM OH IIOJIHO, TPaMOTHO U 0e3
36 +40 | ommbOOK OTBETHJI Ha BCE BOINPOCH, B TOM YHCIEC U
JIOTIOTHATEIILHBIC

BBICTABJIAICTCA CTYACHTY, €CJIM OH 0e3 CYIICCTBCHHBIX omuboK
OTBCTUJI HA BCC BOIPOCHI, OAHAKO JOMYCKal OTACIBbHLIC
HCTOYHOCTH WJIM HC ACMOHCTPUPOBAI JOCTATOUHO FJ'I}’60KOFO
3HaHUW MaTCpHralia

«3aumenor 29-+35

BBICTABJISICTCA CTYIAEHTY, €CIM OH B OTBETaX Ha BOIPOCHI
IIPOJEMOHCTPUPOBAJI TOJNBKO 3HAHWE OCHOBHOI'O MaTepHaia,
JIOIIyCKaJl ~ CYLICCTBEHHBIE  HETOYHOCTM B OTBETAX,
HEJ0CTAaTOYHO TEXHUYECKU I'PaMOTHO (POPMYJIUPOBAIT OTBETHI

24 + 28

BBICTABJISICTCSl  CTYJICHTY, €CJIM JIONMYCKal HENpPaBUIIbHBIC
OTBCTHI Ha MMOCTABJICHHBIC BOIIPOCHI UJIM HEC CMOI' OTBCTUTH Ha
YacTh BOIIPOCOB, HE CMOT TOATBEPAUTh 3HAHHE 3HAYUTEIILHOU
YacTH MaTepuaa.

«He 3aumenoy meHee 24




HroroBasi omeHka MpeacTaBisieT coO00W cymMmy OaioB, 3apaOOTaHHBIX CTYJIEHTOM IpH
BHITIOTHEHUH 3aJ]aHUl B paMKax TeKyIlero, pyoexxHoro (o paszaenamM) U MPOMEKYTOYHOTO
KOHTpPOJISI ¥ BBICTABIISIETCS B COOTBETCTBMM C [lojio)keHHMEM O KpeIUTHO-MOAYJIHHOW CHCTEME B
COOTBETCTBHUU CO CIEAYIOLIEH KAJION:

O1eHKa 110 5-0aJUILHOM IIKajle Cymma 0OanioB 3a pa3ziessl U Oueunka ECTS
3a4er

90-100

85-89

«3aumenoy 75-84

70-74
65-69

60-64

mim O |OwW| >

«He 3aumenoy Memnee 60

YueOHO-MeTOoAN4YeCKOe U MHPOPMALIMOHHOE o0ecriedeHue Y4eOHOH TUCIUTIIUHbI
OcHoBHas1 JInTepaTypa

1. Bacunswes, b. FO. ABTOMaTu3upoBaHHbBIN AJIEKTPONPUBOJ MAIlllMH U YCTAaHOBOK T'OPHOTO
npou3BojcTBa : yueOHuk / b. 10. Bacunse. — Cankr-IlerepOypr : Jlans, 2020. — 144 c. — ISBN
978-5-8114-4420-5. — TekcT: ayeKTpoHHBIN // JlaHb : 3JIEKTPOHHO-OMOIMOTEYHAs cHCTeMa. —
URL.: https://e.lanbook.com/book/139295

2. ®ponos, FO. M. Perynupyemblii acCHHXPOHHBIN AJIEKTPONPUBOJ : yueOHoe mocodue / FO.
M. ®ponos, B. I1. lllenskun. — 2-e u3zn., crep. — Cankr-IletepOypr : Jlanp, 2018. — 464 c. —

ISBN 978-5-8114-2177-0. — Texkct : anekTpoHHbIH // JIaHb : 371€KTPOHHO-OMOIMOTEUHas CHCTEMA.
— URL: https://e.lanbook.com/book/102251

3. ®dypcos, B.b. MoaenupoBanue 31eKkTponpuBoa: yaeoHoe mocobue / B.b. @ypcoB. — 2-
e u3n., uctp. u npon. — Cankr-IlerepOypr : Jlanp, 2019. — 220 ¢. — ISBN 978-5-8114-3566-1. —
TexkcT : 2nmeKkTpoHHBIN // DneKTpoHHO-OMONMoTeuHass cuctema <«Jlaww» : [caiit]. — URL:
https://e.lanbook.com/book/121467

JlomoJiHuTeIbHAS JIUTEpPaTypa

4. ®ponos, FO.M. IlpoekTrpoBaHHEe 3IIEKTPONPUBOAA MPOMBIIUICHHBIX MEXaHU3MOB :
yaebnoe nmocodue / FO.M. ®ponos, B.I1. llenskun. — Cankt-IletepOypr: Jlans, 2014. — 448 c.
— ISBN 978-5-8114-1571-7. — TeKcCT : SNEKTPOHHBIN / DIEKTPOHHO-OMOIHOTEYHAsT CHCTEMa
«Jlanmpy : [caitr]. — URL.: https://e.lanbook.com/book/44766

5. Enudanos, A.Il. Dnexrponpuson: yueOHuk / A.Il. Enudanos, J.M. Manaituyk, A.T.
I'ymuuckuit. — Cankr-IlerepOypr : Jlanp, 2012. — 400 c. — ISBN 978-5-8114-1234-1. —
TexkcT : »neKkTpoHHBIN // DneKTpoHHO-OMONMoTeuHass cuctema <«Jlaww» : [caiit]. — URL:
https://e.lanbook.com/book/3812

6. Hukurenko, I'.B. DnekTponpruBoa mpon3BOJICTBEHHBIX MEXaHU3MOB: yueOHoe mocobue /
I".B. Hukurenko. — 2-e u3na., ucnp. u gon. — Cankr-IlerepOypr : Jlanp, 2013. — 208 c. — ISBN

978-5-8114-1468-0. — TekcT : 3IEKTPOHHBIN // DIEKTPOHHO-OMOMMOTEUHasT cucTtemMa «JIaHby :
[caiiT]. — URL.: https://e.lanbook.com/book/5845

7. ®ponos, 0. M. COopHHK 3a7a9 U TPUMEPOB PEHICHUH IO AJICKTPUUECKOMY MPUBOIY :
yuebnoe nocobue / 0. M. ®@ponos, B. [1. Hlenskun. — Canxr-IlerepOypr : Jlans, 2012. — 368 c.
— ISBN 978-5-8114-1141-2. — TekcT : »1neKTpoHHBIHN // JlaHb : 3JIEKTPOHHO-OMOIMOTEUHAs
cucrema. — URL: https://e.lanbook.com/book/3185
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IIporpammuoe obecneuenne nu UnrepHeT-pecypcni:
8. http://www.elecab.ru/dvig.shtml. CnpaBouynuK 35eKTpUKa U SHEPrEeTHKA.
9. https://docplan.ru/list0.htm. I'ocynapctBennsie crannaptsl. baza TOCT ot OI'YII
"Crangaptuadopm"”
10. https://docplan.ru/list2.htm. basza HopMaTHBHO-TEXHHYECKUX JOKYMEHTOB.

MaTepHaJILHO-TeXHl/I‘IGCKOG odecrmeueHue y‘leﬁHOﬁ JUCIHUIIIIMHBI
JIeKIIMOHHBIE 3aHATHS TPOBOIATCA B aynutopuu Ne 412, ocHaleHHOH MyIbTHMEIUHHBIM
o0opymoBaHUEM.
Jlexuuonnas (ayn.412)
ObopynoBanue:
ABTOMaTH3UpPOBAaHHOE paboyuee MECTO MPEIo1aBaTes:
nporieccop —AMD Athlon (tm) 64x2, 3800+2,01 GHz; oneparusHas namsats — 3,50Gb.
JluneH3noHHOE U CBOOOTHOE TIPOTrPaMMHOE OOecTIedeHrE 00IIEero u MpoheCCHOHATLHOTO
HaznaueHus: MS Windows, MS Office Professional, Kaspersky Security;
Muxkpodon Sven MK-200 nactonsubiii — 1; IIpoexktop Viewsonic;
Dkpan Lumien Eco Picture 180*180 cm HacTeHHBIH.
JlaGopaTtopHble 3aHATUS TPOBOIATCA B JabopaTopuu

mexaam3anuu [IPTC pabor» Nelll, ocHamieHHO# 1a0OpaTOPHBIMU YCTAHOBKAMHU W CTCHIIAMH ISt

«Qxkcmnyararuu - [ITCAM  u

BBITIOJIHEHHUS JTAOOPATOPHBIX PadOT.

JIabGoparopus «Qxcmayaraiwmu [ITCJAM n mexaunsarwmu [IPTC pador» (ayn.111)
Ob6opynoBanue:
KommiekT 1oKyMeHTalum, MeToJu4ecKoe 00ecieueHHE;
[Togpemuuk Tteneckonmueckuit I1T-7,2 — 1; Anemomerp ACII-3+crenn — 1; OrpaHuuurens
rpy3onoasemuoctd - 1; Creng CKH-2 — 1; Crenn CKH-MII2 — 1; Crena nmpoBepKu ycTpoiicTBa
"Baprep" — 1; Tonmmuuomep YT-93 - 1; Verpoiicto "bapeep-1M" - 1;
CreHn i1t MPOBEPKHU M HACTPOWKH OTPAHUYUTEINICH IPy30MOABEMHOCTH — 1;
Crenn a5 MPOBEPKU M HACTPOUKM orpannuuteneit rpyzonoabemHocta ACY OI'TI -1,
VibTpassykoBoi nedekrockon (V/2-12-1) — 1.

Ilepeuenp nabopaTopHOro 000pyI0BaHUS MPEACTABIEH B TA0IULE

No HaumenoBanue 1abopatopHoit paboTsl Tun nabopaTopHOro
TEMBI obopynoBanus, UHB. No
1 2 3
4 DneKTpOnpUBOJL cUCTEMBI « THUpHUCTOPHBII
npeoOpa3oBarenb - ABUTATENb IIOCTOSTHHOTO TOKA Crenn 2035-C-K
HE3aBUCHMOTO BO30YXK/ICHHUS C PETYIUPOBAHHEM TI0 «DJIEKTPOTEXHUKA W OCHOBBI
CKOpPOCTH ANEKTPOHUKHU: DJIEKTPUUECKUE
4 DAEKTPONPHUBOJL CUCTEMBI « TUpHUCTOPHBIIA W MarHWTHBIC IIETIH, OCHOBBI
npeoOpa3oBaTelb - IBUTATENb MOCTOSIHHOTO TOKa JIEKTPOHUKH, 3IIEKTPUUYECKHE
HE3aBHCUMOTO BO30YXKICHUS C TTOTIMHEHHBIM MaIllMHBl W TIPUBOJ» HWHB. Ne
PETYJIIMPOBAHUEM 10 CKOPOCTH) 410124000001
4 DNEKTPONPHUBO]T CUCTEMBI « T UpHUCTOPHBIIA
peoOpa3oBaTelb - IBUTATENb TOCTOSTHHOTO TOKA
HE3aBHCHMOT'O BO30YXICHHS C TTOTYNHEHHBIM
pEeryIMpOBaHUEM 110 HANIPSHKEHUIO)
4 DnexTpornpuBo cuctemsl «IIpeodpa3oBarens 4acTOTHI -
ACHHXPOHHBIH JIBUTATENh C KOPOTKO3aMKHYTBIM POTOPOM C
PETYIUPOBAHUEM 10 CKOPOCTH

21.]'[5[ HU3YUCHUS JUCHUIIIMHBI UCIIOJB3YIOTCA 3JICKTPOHHEBIC OMOINOTEKM:
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- JIeKTpOHHO-0nOmmoTeyHas cuctema HUAY MU®DU (cBuaeTensCcTBO O rOCy1apCTBEHHON
peructpanmu 6a3pl maHHbIx Ne 2012620735 ot 01.08.2012 r.) Ge3 orpaHuuYeHUs: KOJIUYECTBA
MOJIb30BaTesel U 6e3 OrpaHuYeHHs CPOKa HCIIOIb30BAHUS PECYPCOB;

- DJIGKTPOHHO-OMONmMoTeuHas cucrema «KoHCymbTaHT cTyAeHTa»  (0OMmIECTBO €
OTpaHUYCHHOM O0TBETCTBEHHOCTHIO «llomurexpecypcy). Jorosop Ne 12-21-910 ot 16.07.2021 r. Ha
IIPEIOCTABIIEHUE  JIOCTYIIa K OJJIGKTPOHHOW OuOIMoTeke K KomIuiekTaM «MeauiuHa.
3apaBooxpanenue. bazoBas koiuekuusy, «Kuuru uzgarenscrBa «PeHuke», «M3narenbckuil 1oM
MOMWN», «Knuru n3narenscrsa «lIpocnex»: «MlHOCTpanHbIe A3bIKWY. .. 110 31.08.2022 1.5

- DJICKTPOHHO-0MOMoTeYHas cucrema «AnOyke» (moroBop Ne 09-21-910 ot 02.07.2021 1.)
Ha npenocrasieHue goctyna no 31.08.2022 r.;

- JJIEKTPOHHO-OMONMMoTeuHas cucrema «Jlaup» (moroBop Ne 10-21-910 ot 16.07.2021 r.
TOJIbKO Ha KHUTH U3JIaTelnbCTBA «JIaHb») Ha mpemoctaBieHue poctyna mo 31.08.2022 r.;

- DIEKTPOHHO-OnbOIMoTeyHas cucrema «Jlauby (moroop Ne 11-21-910 ot 16.07.2021 r. Ha
KHHUTU JPYTUX W3/1aTeNbCTB-MAPTHEPOB M3AaTeNbCcTBa «JIaHb») Ha MpeqocTaBiIeHHE JOCTyMa I0
31.08.2022 r.;

- 3NIeKTPOHHO-OuGnHoTeyHas cuctema «FOPAMTY (moroBop Ne 13-21-910 ot 30.08.2021
I.) Ha npepocTaBieHue gocrymna mno 31.08.2022 r.;

- DJIEKTPOHHO-0ubMMoTeyHas cucremMa «Koncynbprant Bpaua» (morosop Ne 590KB/05-2021
ot 01.06.2021 r.) na mpenocraBienue gocryna mo 06.08. 2022 r.;

- 3NIeKTpoHHO-OuOMHnoTeunas cucrema «BOOK.ru» (moroBop Ne 56 ot 21.06.2021 r.) Ha
npenocrasiieHue goctymna no 31.08.2022 r.;

- Hay4Has dJeKTpoHHas oubanoreka «elibrary» (morosop Ne SU-353/2022 ot 14.12.2021
r.) Ha mpeaocTrasiieHue gocryna mo 31.12. 2022 r.

- MEXIyHapoIHbIM oHnaliH pecypc ProQuest (moroBop Ne 19-21-910 or 18.10.2021r.) Ha
npeaocrasienue gocrymna mo 30.11. 2022 r.

YueOHO-MeToAN4YeCKHe PEKOMEHIAIMHU ISl CTY/ICHTOB

1. Ykazanust 17151 IpOCTyIIMBAHUS JICKITUN

[lepen HauanmoM 3aHSATHH BHUMATEILHO O3HAKOMHUTHLCS C YUCOHBIM ITUIAHOM IPOBEICHUS
JIEKIUI U CIIMCKOM PEKOMEHJA0BAHHOU JINTEPATYPHI.

[lepen mocemieHneM OYEPETHON JIEKIUHM OCBEXHUTh B TAMATH OCHOBHBIC KOHIIEHIIUU
MPONJEHHOTO paHee Marepuaina. [IoAroToBUTH Mpu HEOOXOAUMOCTH BOMPOCH! MpemnoiaBatento. He
HaJI0 OMAacaThCsl, 9YTO BOMPOCH MOT'YT OBITH IPOCTHIMHU.

Ha nexkuuu OCHOBHOE BHHMaHHE CJEIyeT YAeNsATh He (opMmynaM U MaTeMaTUYECKUM
BBIKJIaJIKaM, a COJIEPKAHUIO U3y4aeMbIX BOIIPOCOB, ONPEAEICHUSAM U TOCTAHOBKAM 3a]1ay.

B mpormecce wu3yueHus JEKIMOHHOTO Kypca HEOOXOAMMO IO BO3MOXKHOCTH YacTo
BO3BPAIATHCSI K OCHOBHBIM MOHSTHSM M METOJIaM pPeIIeHUs 3a/1a4 (37€Ch BO3MOKEH BBIOOPOUYHBIHA
KOHTPOJIb 3HAaHUH CTYJIEHTOB).

KenaTrenpbHO HCMONB30BaTh KOHCHEKTHI JIEKIUWA, B KOTOPBIX HCIIONB3YETCS MPUHSATAs
MpernoiaBaTesieM cucTeMa 0003HauYeHUH.

Jns OGonee moapoOHOro H3ydeHHs Kypca cleayeT paboTaTh € PEKOMEHIOBAaHHBIMU
JUTEpPaTypHIMU UCTOYHUKAMU U BHOBb MOSIBIISIOIIUMHUCS UICTOUHUKAMHU.

2. YkazaHus 175 y9acTus Ha JTa0OpaTOPHBIX 3aHATHUSX.

[lepen mocemieHueM YSICHUTH TeMy J1aDOpaTOPHOTO 3aHATHS U CAMOCTOSTEIHHO HU3YYHTh
CBSI3aHHBIC C HEH MOHATHUS U METOJUKY IIPOBEICHUSI HCTIBITAHUS 10 METOIMYECKOMY YKA3aHHUIO.

[lepen ucnbiTaHMEM aKTUBHO yYacTBOBAaTh B OOCYKJIEHWM C TIPETOJIaBaTelIeM OCHOBHBIX
MOHATUM, CBI3aHHEBIX C TEMOU 3aHSATHA.

B nporecce ucneiTanus CTporo co6Ir01aTh MpaBuiia TEXHUKHA 0€30MTaCHOCTH.

[Tocne ucmbITaHUS MO BO3MOXXHOCTH CaMOCTOSITENILHO MPOBOAUTH 00pabOTKY pe3ylbTaToB
AKCIIEPUMEHTA JJ0 OKOHYATEIIHHOTO UTOTa U CJIeNIaTh BBIBOJ IO paboTe.

B koHI1e 3aHATHS TpU HEOOXOIUMOCTHU BBISICHUTD Y MPEINO/IaBaTENs HESICHBIE BOIIPOCHI.



[ToAroTOBUTH MUCHMEHHBIN OTYET O MPOJICTAHHON padoTe.

3. CamocrosTenbHas paboTa CTYACHTOB OOBIYHO CKJIQIBIBACTCSI W3 HECKOJBKHX
COCTAaBIISIONINX

- paboTa ¢ TeKkcTamMu: yueOHUKaMHU, HCTOPUYCCKUMU TEPBOMCTOYHHKAMHU, JOTIOJTHUTEIHHON
JUTEPaTypOi, B TOM YHCJIC MaTeprajaMy HHTEPHETA, a TAK)KE MPOPadOTKa KOHCIIEKTOB JICKITH;

- HalKCaHMe JI0KJIa0B, pedeparos;

- MOJITOTOBKA K MPAKTUYECKUM 3aHSATHUSIM;

- IOJITOTOBKA K 3a4E€Ty HEMOCPEACTBEHHO MEPE]l HUM.

Takum oOpa3oMm, camMOCTOATENbHAass paboTa CTYIACHTOB SBISCTCS  HEOOXOIUMBIM
KOMITOHCHTOM TTOJTYYCHHSI IOTHOIEHHOTO BBICIIETO 00pa30BaHUsI.

MeToanyeckue peKOMEHAANUH I IpenogaBareaen

Meroaunueckue yka3aHus K IPOBEACHUIO JIEKIUN

Jlexuus — Urpaet BaKHEHIIYIO pOJib B OpraHU3aluy yueOHOro mpoliecca, OJHaKO, OHA He
MOXET OCTaBaTbCsl B COBPEMEHHBIX YCIOBHMSX HEHW3MEHHOH, HU IO COAECPKAHUIO, HHU IO
HAMpPaBIEHHOCTH, HU 110 opMe.

B cBsi3u ¢ pacmmpeHueM U yriiyoJleHHEM COAEp KaHMS JEKIUN M3MEHSIeTCS METOIMKA HX
IIPOBEJICHUS, OCHOBaHHAsi HAa HMCIOJb30BAaHUU PA3JIMYHOIO POJA CTPYKTYPHO-JIOTUYECKHX CXEM,
Ka)KJasi U3 KOTOPBIX UMEET CBOIO COJIEPHKATEIbHYIO CYTh M Ha3HAUYE€HUE B ITOCTPOCHUU BY30BCKOM
nexkiyun. Tak, yHKIMOHATBHBIE CXEMBI, PACKPBIBAIOIINE JIOTUKY TOTO WJIM WHOTO MEAarorHiecKoro
mpouecca, SBJIEHMS, IO3BOJSIOT MpUAaTh JIEKUMHU JIEMOHCTPALMOHHO-PA3BUBAIOLIUN WM
yCTaHOBOYHO-HALIETUBAONINI  XxapakTep. [IpuHIMNMAanbHBIE CXEMBI, OTpa)aromue OJI0YHOe
MOCTPOCHHE MaTepuana, CIOCOOCTBYIOT MPEBPALICHUIO JIGKIMH U3  MHPOPMAIMOHHO-
PENPOAYKTUBHON B CTPYKTYpPHO- HAIEIMBAIOINYIO (HJIXM MPOOIEMHO-TIOMCKOBYIO, WU 0030pHO-
TEMaTUYEeCKYl0 — B 3aBHUCHUMOCTH OT TeMbl). MHEMO3HaKd MPHUAAIOT JEKIUH YETKOCTb,
KOHKPETHOCTb, KPaTKOCTh BO BBEJICHUU MTOHATUMHOIO anmapara.

Jlexuusi — BechbMa SKOHOMHBIN CIOCOO W3JIOKEHHUS OCHOB 3HAHUM, 3aKJIaJbIBAET OCHOBBI
MOHUMAaHUS CTYJEHTAaMHU CYLIHOCTU JTHX 3HAHWUW, AMOLIMOHAJIBHOE OTHOILIEHUE K 3HAHUAM,
HaIpaBJIeT MYTH U CIOCOObI MPUOOPETEHUS ITUX 3HAHUH.

OcHOBHas TuAaKTHYecKast Lelb JeKIMU — (opMUpoBaHHE OPUEHTHPOBOUYHONW OCHOBBI JIJIsI
MOCJIEeTYIOIIEr0 YCBOGHUS CTyIeHTaMU y4eOHOro MaTepuaia.

Jlexuust, xak QopMa MpernojaBaHusi B BhICHIEM Y4eOHOM 3aBEeIEHUM, OOJajaeT psAaoM
¢byHKuIui: 00yJaroas; BOCHUTHIBAIOIIAS; Pa3BUBAIOIIAs; HHPOPMAaTHBHASL.

MO0>KHO BBIICIUTH U IPEUMYILECTBA JIEKINH:

- TBOpPUYECKOE OOILIEHNUE JIEKTOpa C ayIMTOpUEl, COTBOPUYECTBO, IMOLIMOHAIILHOE
B3aNMMO/ICHCTBHE;

- JIEKIIUSl BeChbMa SKOHOMHBIN CIIOCOO IMOJy4eHHs B OOIEM BHJAE OCHOB 3HAHWI; JEKIUS
aKTUBU3HMPYET MBICICHHYIO JIE€ATEIbHOCTh, €CIM XOPOLIO IMOHSATAa W BHUMATEIbHO MPOCIYIIaHa,
MOATOMY 3ajJaya JIEKTOpa — pa3BUBaTh AKTMBHOE BHUMAaHUE CTYJIEHTOB, BbI3bIBATh JABUKEHUE MX
MBICIIM BCJIE]] 32 MBICIIBIO JIEKTOPA.

Ot mactepcTBa mpenojaBareis 3aBUCUT MaKCUMaJIbHOE HCIOJIb30BaHUE MOTEHIUAIBHBIX
BO3MOKHOCTEH 3TOi Bemymiei Gpopmbl By3oBckoro o0yuenus. Ho mpouecc oOyueHusi, HAaUMHAACh
Ha JICKIIUH, TIPOJIOJDKAETCS Ha MPAKTUUECKHUX 3aHATHUAX U YIIIYOJISIETCSI CAMOCTOSATEIILHON pabOTOM.
B 3aBucHMOCTH OT MecTa B JIGKIIMOHHOM WJIM HPEIMETHOM Y4eOHOM Kypce BBIAEISIOT BBOJIHYIO
nexuuto. OHa 3HAKOMUT CTYACHTOB C II€JIbI0 U Ha3HAYeHHEM Kypca, €ro poJibl0 U MECTOM B
cucreMe yueOHBIX AUCUMILUINH. [lanee qaercs kpaTkuii 0630p Kypca (BeXH pa3BUTHS JaHHOW HayKH,
MMEHAa M3BECTHBIX Y4YEeHBIX). B Takoil Jiekuuu CTaBsTCS Hay4yHble MPOOJEMBI, BBIJBUTAIOTCS



TUIOTE3bl, HAMEYAIOTCS IEPCIEKTUBBl PAa3BUTHS HAyKW M €€ BKJIaJa B NPAKTUKY. Bo BBOIHOM
JICKIIMM Ba)KHO CBS3aTh TEOPETHUYECKHM MaTepuan ¢ MpakTHKOW Oymymiel paboThl CIEHUAINCTOB.
Jlanee nenecoobpazHo paccka3aTh 00 00Iei MeTouke paboThl HaJl KYpCOM, AaTh XapaKTEePUCTHUKY
yueOHMKa U y4eOHBIX MMOCOOUH, 03HAKOMHTH CITyIIaTesei ¢ 00s3aTeIbHBIM CIIUCKOM JINTEPaTyphI,
pacckazatb 00 »5K3aMEHAllMOHHbIX TpeOoBaHusaxX. IlonoOHOe BBereHHE NIOMOraeTr CTyIeHTaM
HOJy4YUTh OOlIee MpeACTaBIEHUE O MpeIMEeTe, OPUEHTUPYET UX Ha CUCTEMaTHYECKyI0 paboTy Haj
KOHCIIEKTaMU U JIUTEPATYPOM, 3HAKOMUT C METOAUKON PabOThI HaJl KYpCOM.

IIpy mnoxaroToBke YKa3aHHOM JeKUUH 1enecoo0pa3Ho y4yecTb MpoOenbl B 3HAHMAX
CTY/ICHTOB, BBISBJICHHbIE HA CEMHUHApPCKUX 3aHATHSAX, B IIpolLecce (PPOHTAIbHBIX ONPOCOB M, KaK
MUHHMYM, JaTh UM YCTQHOBKY Ha IIyTH YCTpaHEHHsS TMpOOENIoB, a TaKkKe JalbHeiIee
YCOBEPILIEHCTBOBAaHUE CBOEH MOJATOTOBKH B JJaHHOW o0siacTu. Ha MTOroBOi iKUK nperogaBaTeib
BBIJICJIIET OCHOBHBIE U/ICU Kypca, OKa3bIBAET, KAKUM 00pa30oM MOKHO HMCIIOJIb30BaTh MOIy4YEHHbIE
3HaHMA Ha [pPAKTUKE M NpPU H3YYEHUU JPYTUX AucUUIUIMH. [loaBonsTcs WTOrM H3ydeHHUs
JUCLUIUIMHBL, TI0OKa3bIBAE€TCS €€ 3HaueHue B (OPMHUPOBAHMU HAYYHOIO MHMPOBO33PEHMUS,
00CYX1al0TCsl OCOOEHHOCTH 3a4eTa WM 3K3aMEHa 10 IpeaAMETY.

Jlexuusi-Bu3yanu3anus BO3HUKIIA KaK pe3yJIbTaT MOMCKa HOBBIX BO3MOKHOCTEH pean3aluun
OpUHIUNA  HarsiiHocTH.  Ilcuxosioro-negaroruyeckue  UCCIEAOBAaHUS — [OKAa3blBAIOT,  UTO
HarJSITHOCTh HE TOJIKO CIIOCOOCTBYET 0oJiee YCIIeITHOMY BOCHPUSATHIO U 3aIIOMHUHAHUIO YI€OHOTO
MaTepuaia, HO M MO3BOJSET MPOHUKHYTh TJIyO)Ke€ B CYIIECTBO ITO3HABAEMBIX SIBJICHUU. OTO
MPOUCXOIUT 33 CUeT paboThl 000MX MOMyIIApHUiA, a HE OJHOTO JIEBOTO, JOTHYECKOTO, MPUBBIYHO
paboTaromiero mpu OCBOCHHWM TOYHBIX HayK. [IpaBoe momymapue, oTBedaromiee 3a 0OpaszHO-
SMOLMOHAIBHOE BOCIPUATHE NPEAbiBIsieMOl HH(DOpMAIMK, HAYUNHAET aKTUBHO pabOTaThb UMEHHO
IpU ee BHU3yaln3aluuu. BusyannzoBaHHas JIeKUMs HpPEACTaBIseT COOOH YCTHYI HH(OpMALHUIO,
npeoOpa3oBaHHYI0 B BU3yalbHYIO (opMmy. Buzaeopsn, Oyaydu BOCHPUHATHIM U OCO3HAHHBIM,
CMOXET CIYXXMTb OIOPOH aJeKBAaTHBIX MbICIEH M mpakTHueckux naeiictBuil. IlpenonaBarens
JIOJDKEH BBITIOJHUATH TaKUe JEMOHCTPAIIMOHHBIE MaTepHAIIbl, TaKue (OPMBI HATIISAHOCTH, KOTOPBIE
HE TOJbKO JIOTOJIHAIOT CJIOBECHYI0 MH(OpPMAalMIO, HO CaMHU BBICTYHAlOT HOCHUTEISMHU
cozepkaTesnibHONM MH(popmanuu. IloaroroBka TakoW JIEKIIMM COCTOMT B PEKOHCTPYHMPOBAaHUH,
MEPEKOJIMPOBAHNN COJEPKAHUS JIEKLIIMU WM €€ YacTU B BU3YyalbHYI0 (HOpMY JUIsl MPEAbSBICHUSL
cryaentam yepe3 TCO unu BpyuHyro (Claiiibl, IUIEHKH, TUIAHIIETHI, YePTEKH, PUCYHKH, CXEMbI U
T.1.).

Jlexuust ¢ 3apaHee 3alVIaHUPOBAHHBIMU OIIMOKAMU aKTUBU3UPOBATh BHUMAHHUE CTYAEHTOB;
pa3BUBATh X MBICIUTENBHYIO AEATEIBHOCTh; (HOPMUPOBATH YMEHHSI BBICTYIIATh B POJIM IKCIIEPTOB,
penieH3eHToB U T.J. [oIroToBKa K JIEKIMM C 3apaHee 3allJaHHPOBAHHBIMU OIIMOKAaMH COCTOUT B
TOM, 4YTOOBI 3aJOXKUThb B HEE OMNPEIAEICHHOE KOJIMYECTBO OIIMOOK COAepKaTeIbHOro,
METOJIMYECKOT0, TMOBEJEHUYECKOI0 XapaKTepa, X CIHMCOK MPEenojiaBareib MIPUHOCUT Ha JIEKIHUIO U
MpeNbABISET CTyAeHTaM B KoHIe. [logOupatorcs Haubosee TUIIMYHBIE OMIMOKH, KOTOPbIE, OOBIUHO,
HE BBIMSYMBAIOTCS, a, KaK Obl, 3aTYIIEBBIBAIOTCS. 3a/1aya CTYJEHTOB COCTOUT B TOM, YTOOBI 10 XOAY
JIEKIIMM OTMeYaTh OIMOKH, (PUKCHPOBATh X Ha MOJIAX M Ha3bIBaTh UX B KoHIE. Ha pa3bop omubok
orBoguTcst 5—10 munyT. IIpn 3TOM NpaBUIIBHBIE OTBETHI HA3BIBAIOT U CTYJEHTHI, U NIPENOIABATENb.
Takas nexkuus OJHOBPEMEHHO BBINOJIHAET CTUMYJIHMPYIOIIYIO, KOHTPOJIBHYIO U JIHarHOCTUYECKYIO
(byHKIIMIO, TOMOTasi TUarHOCTUPOBATh TPYAHOCTH YCBOCHUS MPEIBIAYIIET0 MaTepHaa.

CTpyKTypa 3aBHUCHUT OT OCOOEHHOCTEH Y4YeOHOro Marepuasa ¥ JUJAKTHYECKOW IIeNH;
JOJKHA BKJIIOYATh 3JIEMEHT LeJIeNoIaraHusl U MmojiBe/IeHust UToroB. CTpyKTypa JIEKIIUH COCTOUT U3
TpPeX OCHOBHBIX MOMEHTOB: BBOJIHASI YaCTh, OCHOBHAS YacTh U 3aKJIIOUNTENbHAS.

BBoaHyI0 yacTh JeKIMH 1eI1eco00pa3HO HAauMHATH C (OPMYJIUPOBKH €€ TeMbl U IIeNH,
4TOOBI M30€XKaTh ee ACKJIapaTUBHOCTH M HEONPEAEICHHOCTH B U3JI0XKeHUN Marepuaia. CooOrieHne



1aHa Jekiuu obecrneunBaeT Ha 10-12% Ooniee monHOE 3aMmOMUHAHUE MaTepHalia, 4eM Ha TOH ke
JIeKIMH, HO Oe3 ornamieHus miana. CylecTByeT MHEHHE, YTO JICKIHs yIaeTCsl WM MPOBaTUBACTCS
B niepBbie 10 MunyT. [To3TOMy ymMeHue OBNaieTh BHUMAHHEM CIIyIIaTeNel y)Ke BO BBOAHON YacTu
o4YeHb BakHO. Hepenko, ocoOeHHO B Hayaje YTEHHs Kypca, CTYACHThI HACTOPOKEHHO BCTPEUYAIOT
MpenojaBaTesis, MOATOMY OIBITHBIE JIEKTOPhl HAYMHAIOT BBOJHYIO YacTh C SIPKUX, MOHSATHBIX
(bakTOB, CBSI3aHHBIX C COJAEPKAHUEM IPeaMeTa U CIOCOOHBIX MPOOY MHTEpEC K CBOEH JIMYHOCTU U
YUTAEMOI IHUCIUIUIHHE.

B ocHOBHOIl yacTu mpernojaBareno HEOOXOAMMO H3JaraTh MaTepuan B COOTBETCTBUHU CO
CTPYKTYpOHl  JIEKIIMH, YYUTHIBATh IICHUXOJIOTUYECKHE OCOOEHHOCTU BOCIPHUSATHS  JICKIUH.
Heo06x0a1Mo0 MakCHUMaIbHO HCIIONIB30BATh MepBbie 15-20 MUHYT — Iepuo] «ri1yOOKOT0» BHUMAHUS
CIIylIaTeNel, jJajee HACcTyNaloT YTOMJICHHE M CHIDKEHHE BHUMaHMA (MaKCHMaJbHOE NaJieHUe
pabortocriocobHocT Ha 40-if MuHyTe Neknuun). Hanbosee, BaKHBII MaTepHuan B JICKIIUU JTOJIKCH
MOBTOPATHCS, CO3/1aBasi HEKOTOPYIO M30BITOYHOCTH yueOHOH WH(pOpManuu, Tak Kak KoyeOaHus
BHUMaHUS MPOUCXOMAAT Kaxple 2-3 MUH y Kaxaoro ciuymartens. Llenecoodpa3Ho npeaBaputeabHO
paccuuThIBaTh CKOpPOCTh mogaun umHpopmanuu. CyliecTBYIOT IpaBuia nojaayu marepuana. OHu
OMUPAIOTCS Ha ICUXOJOTMYECKYI0 OCOOCHHOCTh 4ejoBeka — Bocmpusitue. Bo Bpems OCHOBHOM
YacTU TOMOTaeT yAep)KHBaTh BHUMaHUE CiyllaTelneil BO3BpallleHHEe K CTep:KHEeBOW uaee. B
apceHaje JIEKTOpa [OJDKHBI OBITh CBOM IPHEMBI: BO3MOXEH II€PEXO0Jl Ha IIYTJIMBBIA TOH
M3JI0KEHHUS; MOXKHO 3a/1aTh BOIPOC ayAMTOPUHU U TIOMPOCHUTH JIFOOOTO CTY/IEHTA OTBETUTH HA HETO;
MOJKHO TPOYECTh KaKyI0-JIMOO IMUTATy U B 3TO BPEMs IO3BOJIUTH CIYIIATENSIM CIENAaTh MUHYTHYIO
TMMHACTHKY JUIS TTAJIbIIEB M JIa)Ke TIOTOBOPUTH C COCEIOM; IPUBECTH MHTEPECHBIN (MM JTaKe Jarle
aHeKJIOTUYHBINA) CIy4ail W3 MPaKTUKH, KOTOPBIA BBI3BIBA OBl JAPYXKHBIM CMEX CIyIIaTeNnei,
MOMEHTAJIbHO CHUMAJ Y HUX YCTaJlOCTh, aBajl Pa3psiKy, BO3MOKHOCTh U KeJlaHUE BOCIIPUHUMATh
JEKUMOHHBIA MaTepual Jalbllie, HO OHA JOJKHA OBITh KOPOTKOM, TAKTUYHON U K MECTY.

TimarenbHO HAJO MPOAYMATh 3aKIIOUYUTENBHYIO YacTh JIEKIIMH, IOBTOPUTH €€ MOJIOKEHHUS, a
Ha CIIEAYIOMIeH JIEKIMH HayaTb MMEHHO C HUX. 3aKIIOYUTEIbHAs 4YacTh JICKIUHU TPEAIOJIaraer:
MOJIBEICHUE HWTOTOB; OOOOIIEHWE MPOYUTAHHOTO U YK€ 3HAKOMOTO, U3 CaMOCTOSTEIHHO
M3Y4YEHHOI'O CTYy/A€HTaMH, Marepuaia, popMyIupOBKY BBIBOJOB U T.JI. 31€Ch IMpecienyeTcs Lemlb
OpPHEHTHUPOBATh CTYACHTOB Ha CAMOCTOATENBHYIO padoTy. [l 3TOro MoXkeT OBITh peKOMEHJ0BaHA
auTepatypa MO U3yyaeMol mpoOieMaTHKe, pa3bsCHEHO, KakKhe BOMPOCHI BBIHOCATCS Ha
CEeMUHApPCKHE 3aHATHs, a KaKue He0OXOAMMO U3YYHUTh CAMOCTOSITENBHO.

B camom KoOHIE JeKUMH cJlelyeT OTBETHTh Ha BOIPOCHl CTYIEHTOB, BO3MOXHO
MOCTYMUBLIME B (hopMe 3aMnCcOoK (0 TaKOH BO3MOXHOCTH HaJl0 NPEAYNPEAUTh CTYICHTOB 3apaHee).
Co cryneHTamM, NMPOSBUBIIMMM HMHTEPEC K TeMe JIEKIUH, JKeIaTelbHO MoOeceoBaTh IMocie ee
OKOHYaHUSsI, IPUTIIACUTH UX Ha KOHCYIBTAIUIO JJIsl IPOIOIDKeHHS pa3roBopa. OTBevast Ha HauBHBIE
WIM HEJemNble BOMPOCHl HAJ0 IIAJUTh CaMOJIIoOMe CTyAEHTa, Majellnasi OeCTaKTHOCTh MPU 3TOM
MOJKET MPUBECTH K TIOTEPE KOHTAKTA C ayJUTOPUEH.

Crnenyet TpeboBaTh, 4TOOBI Ha JIEKLHUIO B ayJIUTOPUIO CTYIEHTHI MIPUXOAUIN 32 HECKOJIBKO
MUHYT 10 ee Havaja. Omas3apiBaTh Ha JIEKIMIO W BXOJAUTh B ayJUTOPUIO TIOCIE JIEKTOpa
OOJIBIIMHCTBO OMBITHBIX IperojaBaTeneii He paspemiaioT. HaunHas JeKiuio, He peKOMEHIyeTcs
JieNaTh JUINTEIbHOE BCTYIUIEHUE, HE OTHOCSIIEECS K TeMe JIEKLIUH.

Metoanueckue yka3zaHHsl K IPOBEJCHUIO JTa00paTOPHBIX 3aHATUH

JlaGopaTopHbIE 3aHATHS HMHTETPUPYIOT  TEOPETUKO-METOJNOJIOTUYECKAE 3HAHHUS U
MPAaKTUYECKHE HAaBBIKH W YMEHHUS CTYICHTOB B €IUHOM IMpoIecce NesTeTbHOCTH Y4eOHO-
MCCIIEIOBATENIbCKOTO ~ XapakTepa. [IpakTHUecKM BCe BBIMYCKHUKH By3a JIOJDKHBI  OBITh
MOATOTOBJICHBI K HCCIIeIOBATEIbCKON paboTe. JlabopaTopHbie pabOThI MMEIOT OCOOCHHO SIPKO
BBIPQKEHHYIO CIEIU(PHUKY B 3aBHUCUMOCTH OT KOHKPETHOW crneuuanu3zauuu. Ha maGopaTtopHbix



3aHATUAX OJHON M3 3P (PEeKTUBHBIX (HOpM paboTHI SABISETCS COBMECTHas rpymmoBas padora. Takue
MPAKTUYECKHE 3aHATHUS JOJDKHBI BECTH CTYICHTOB K JalbHEHIIEH yriayOIeHHOW caMOCTOSTebHON
paboTe, aKTUBU3UPOBATh MX MBICIUTEIBHYIO JAEATEIbHOCTh, BOOPYKAaTh METOJAAMHU MPAKTHUECKON
paboTHL.

[TpoBeneHuem 1a00paTOPHBIX 3aHATHH CO CTYACHTAMH JOCTUTAIOTCS CIEIYIOIIUE LIETH:

- yrayOJlleHue U 3aKpeIUIEHHUE 3HaHUs TEOPETUYECKOro Kypca HKCIEpUMEHTAIbHOM
IIPOBEPKOM B J1JAOOPATOPHBIX YCIOBUAX U3JI0KEHHBIX B JIEKIHUAX 3aKOHOB, IIOJOKEHUNA U POpPMYII;

- IpUOOpPETEHHE HABBIKOB B HAayYHOM OHKCIEPUMEHTUPOBAHUM, AHAJIM3E I10JyUYEHHbIX
pE3yJIbTaTOB;

- (QopMupoBaHME NEPBUYHBIX HABBIKOB OpraHU3alMM, IJIAHWPOBAHUS M TPOBEICHUS
Hay4HbIX MCCIICIOBAHUM.

@opMbl  OpraHu3alK JIAOOPATOPHOTO 3aHITUS 3aBHCAT, NPEXKIE BCEro, OT 4YHCIa
CTY/IGHTOB, COJepKaHUs M 0OBbeMa MPOrpaMMHOTO MaTepuana, Yuciia J1adopaTOpHBIX padoT, a
TakXe 0T BMECTUMOCTH y4eOHBIX NMOMELIEHUI U Hanuuus o0opyaoBaHus. B 3aBucMMOCTH OT 3THX
YCIIOBHH NPUMEHAIOT cieayrouue GopMbl IPOBEACHUS Ja00paTOPHBIX 3aHATUI: GPOHTAIBHYIO, IO
LUKJIaM, WHAMBUIYAIbHYI0 M CMEUIaHHyI0 (KOMOMHMpOBaHHYI00). @poHTtanbHas (opma
IIpOBe/IeHUs JTaOOPAaTOPHBIX 3aHATUH MpEAIoaraeT OJHOBPEMEHHOE BBIMOJIHEHUE PabOThl BCEMU
oOyuatomumucsi. Ee npuMeHeHHe crocoOcTByeT Oojiee TIIyOOKOMY YCBOGHHIO Y4eOHOTO
MaTepuaia, IOCKOJIBbKY TpaduK BBITOJHEHHUS JIAOOPATOPHBIX pPAa0OT IOCTAaBICH B YETKOE
COOTBETCTBHE C JIEKIMSIMU U ynpakHeHussMu. [Ipu aTom obecrieunBaeTcsi BHICOKMI METOAMYECKUN
YpOBEHb MpOBEACHUS paboT, TaKk KaK Ha KaXJIOM 3aHITUM BHUMAaHHUE I[pernojaBaTess
COCPE0TOYUBACTCS JHILIb HA OJHOW padore. OxgHako 3Ta Gopma TpeOyeT OOJBIIOro KOJIUYECTBA
OJHOTUIIHOTO, MHOIJA JOPOrOCTOSIIEro OOOpYJOBAaHUS M YHUBEPCAIbHBIX CTEHNIOB, a JUIS MX
pasMellleHlsl - 3HAYUTENbHbIX JaOopaTOpHbIX Iulomane. VHorma B By3ax MCIOJB3YyeTCs
opraHu3anys J1adopaTopHbIX padoT no nukiaaM. [Ipu 3Tom paboTh! JesATCS HAa HECKOJIBKO IIUKIIOB,
COOTBETCTBYIOLIMX OIPECNICHHBIM pa3zesiaM JIeKIIHOHHOTO Kypca. B oauH mukin o0beTuHSIIOTCS
3—5 paboT, OCYIIECTBISEMBIX, Kak IMPaBWIO, HAa OJHOTHIHBIX cTeHmax. OOyuaromuecs
BBITMIOJHAIOT paboThI MO rpaduKy, NEpexols OT OJHOT0 LHMKIAa K Apyromy. lIpuMeHuTENnbHO K
LIUKIOBOW (opMe OpraHu3aluy CO3/al0Tcsd J1a0OpaTOPHBIE NPAKTHUKYMbl [0 JHUCHUIUIMHAM,
UMEIOIIMM B IporpaMMax 4YeTko o0OO3HaueHHbIe pa3feiabl MPUMEPHO  OAMHAKOBOU
NPOJOIDKUTEIBHOCTH 1O BpeMeHU. Bys3bl, pacrnonararomuye OOJBIIMMH BO3MOXHOCTSIMHM TI0
nabopaTopHoil 0a3e, BHEAPAIOT WHAMBUIYAIbHYIO (GOpMY OpraHuzanuu padoT, MpU KOTOPOH
KaX/Iblii CTYAEHT BBINOJHJET BCE HAMEUYEHHbIE MpPOrpaMMoil paboTbl B  OmNpeeNeHHON
MOCJIe/I0BATENbHOCTH, yCTaHaBIMBaeMol rpadukoM. B 3ToMm ciyyae CTyAEHTHI OJHOBPEMEHHO
MOryT paboTaTh HajJ pa3lInyHbIMU Temamu. Hambornee yacto B By3axX HCHOJIB3YETCSl CMELIaHHAas
(xomMOuHUpOBaHHasA) (opMa OopraHU3alUU J1a0OPATOPHBIX 3aHATUN, MO3BOJISAIONIAS MCIOJb30BAThH
MPEUMYIIECTBA KaKJJOU U3 PACCMOTPEHHBIX BbIIIE (HOPM.

JlaGoparopHble pabOThl BBHIMOJIHSIOTCS CTYAEHTaMU CaMOCTOSITENIbHO. OJTO 3HAYUT, YTO
IpernoiaBaTeslb U COCTaB yueOHOM slaboparopuu (kadeapsl) B Xoje 3aHATUS JOJDKHBI HE CTOJIBKO
KOHTPOJIMPOBaTh, CKOJBKO OCYLIECTBIISITH HAYyYHOE M METOJUYECKOE PYKOBOJCTBO JEHCTBUAMH
oOyyaromuxcs. PykoBoACTBO AEHCTBUSIMM BeJETCsl TaK, YTOOBI, C OJHOW CTOPOHBI, 0OECHIEYUThH
IIPOSIBJIEHNE WHULMATUBBI U CAMOCTOSTEIBHOCTH CTYJEHTOB, a C IPYroi, — Jep’KaTh HENPEPHIBHO
B I10JI€ 3pEHUS padOTy KaXkJI0T0, JTUIIb B CAMBIX HEOOXOIUMBIX CIIydasx MPUXOJUTh HA TOMOLIb.

3.Yka3zaHus 10 KOHTPOJIIIO CAMOCTOSITENIbHON pabOThI CTYIEHTOB

[To ycmoTpenuio mpemnojaBaTelis 3aJaHUE Ha CaMOCTOSITENIbHYI0 DPabOTy MOXKET OBITh
WHUBUAYAIBHBIM HIN (PPOHTATBHBIM.



[Ipy wWcmoNb30BaHUM WHAMBUAYAIBHBIX 3aJaHUl TpeOOBaTh OT CTYACHTAa MHCHMEHHBIN
OTYET O MpOAETIaHHOI pabdorTe.

[Ipy npumeHeHUM (POHTATBHBIX 3aJaHUN BECTH KOJUICKTHBHBIE OOCYXAEHUS CO
CTYACHTAaMH OCHOBHBIX TCOPCTHIYCCKUX MTOJI0KCHUH.

C 1enpl0 KOHTPOJIS KauecTBa BBINOJHEHHS CAMOCTOSITENIBHOM paboThl  TpeOoBaTh
WHMBUIYaIbHbIC OTYETHI (JIOMYyCTHMO BMECTO MMCBMEHHOTO OTYETa NPUMEHSITh UHIUBUAYaTbHbIC
KOHTPOJIbHBIE BOIIPOCHI).

[Tporpamma cocraBieHa B coorBercTBuu ¢ TpedoBanmsivu OC HUAY MUOU u yuebHbIM
IUIAHOM OCHOBHOM 00pa3oBaTeNbHOM IporpaMMbl I10 HampaBiieHUWI0 noAarotoBku 13.03.02

BHGKTPOBHCPFCTI/IKa " DJICKTPOTEXHUKA.
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