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Ilesiu ocBOEHUSsT M CIUTLIHHBI

[lenbro mpenoaBaHus JUCUUIUIMHBIL SBJISIETCS (POPMHUPOBAHUE, Pa3BUTHE U
COBEPILICHCTBOBaHME y 00ydaeMbIX MPO(PECCHOHATBHBIX KOMIETEHIUH, TO3BOISIOIINX
BBIITYCKHHUKY OCYILECTBJIATh O(POpPMIIEHHE TEXHUUECKON JOKYMEHTAIMH Ha Pa3IMYHbIX CTaausAX
pa3pabOTKU MPOEKTa CUCTEMBI AJIEKTPOCHA0KEHHUS 00BEKTOB KalTUTAIbHOTO CTPOUTEIIHCTBA

[TpodheccnoHanbHBIN CTAHAAPTHI:

- «16.147. «Crenuanuct 1o NpoeKTUPOBAHHUIO CUCTEM AJIEKTPOCHA0KEeHH 00BEKTOB

KalUTaJIbHOTO CTPOUTEIBCTBANY,

- «24.089.Crnienmayivct B 00J1aCTH 3JEKTPOTEXHHUECKOTO 00ECIIEYeHUsI aTOMHOM CTaHIIHH,
- «24.033.Crnenuanuct B 006JaCTH KOHTPOJIBHO-U3MEPHUTEIBHBIX TPUOOPOB U AaBTOMATUKH
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.

JuctummmHa «ABTOMAaTU3UPOBAHHBIN AJIEKTPUICCKHIA MPUBOI» (OPMUPYET KOMITCTCHITHH
BO B3aMMOCBSI3H CO CIICAYIONUMU JUCIUTUTMHAMA U TPAKTHKAMHU:

- Okomorust, OOmas sHepreTHka, be30mnacHOCTh KU3ZHENEATEIbHOCTH, DJIEKTPUUECKHE
CTAaHIIMM W TIOJCTAHIMH, OJCKTPOIHEPreTHUECKUE CHUCTEeMBI M CeTH, PeneiiHas 3ammra u
aBTOMATHU3AIMSA  DJCKTPOIHEPIETHYCCKUX  CHUCTEM, TexHuKka  BBICOKMX  HaIpPsHKCHHH,
OnekrpocHaOkeHne, Mexannka, HWmkenepHas  rpaduka, OCHOBBI  NPOSKTHPOBAHUS
anekTpooOopynoBanusi, [IpueMHHMKH U  TOTPeOUTENH  AIEKTPUYECKOM DHEPTHH  CHUCTEM
anekTpocHaOxeHus, HamexxHocTh 3nekTpocHaOxeHus, IlepCreKTHBHBIE SJIEKTPO-TEXHOJIOTHH,
[TpuMeHEHHE AIEKTPO-TEXHOJIOTHH B TPOMBIIIIICHHOCTH, OCHOBBI AJIeKTpodHepreTukH, [lepenaya u
pacmpesenieHue 3MeKTpuueckoi sHeprun, CBerorexHuka, OCHOBBI 3JEKTPHUYECKOTO OCBEIICHHS,
ABTOHOMHBIE MCTOYHHKH 3JIEKTPOCHAOKEHUs, HeTpaauiimoHHbIE 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 DIEKTPOCHAOKEHUS,
TexHUKO-DKOHOMUYECKHE pacdyeThl B dJEKTpodHepreTrke, OpraHuzanus U (QyHKIHMOHUPOBAHUE
PBIHKOB DJIEKTPUYECKOW OSHEPruu, MOIIMHOCTH M cucTeM ycayr, [IpoekTupoBaHue cucTeM
ANEKTPOCHAOKEHHS TIPOMBILIUICHHBIX Mpeanpusatii, [IpoekTupoBanne cUCTeM 3JIeKTPOCHAOKEHUS
roposioB, IIpom3BojcTBeHHas mpakTUKa (IKCIUTyatannoHHas), [Ipou3BOJCTBEHHAs MPaKTHUKA
(mpenurmomuas), 'ocyapcTBeHHAs UTOTOBAs ATTECTAITHS.

- DJEKTpUYECKHME MAIIUHBI, DKCIUTyaTalsl CUCTEM JJIEKTPOCHAOKEHUsS, DIEKTPUUECKUE
anmapatel, MHUKpPOIPOIIECCOPHBIE YCTPOMCTBA YNPABICHHWS W  3alUTHI, JICKTPOIPHBOJ]
MIPOM3BOJICTBEHHBIX MAIIMH U MEXaHU3MOB, [Ipou3Bo/CTBEHHAsl MpaKTUKA (IKCILTyaTallMOHHAS),
[TpousBoacTBEeHHAs MpaKTUKa (MIpeaurioMHas), ['ocyapcTBeHHas UTOTOBasi aTTecTallusl.

- IlpueMHMKM W TOTPEeOUTENU DIEKTPHUECKONH SHEPTrUU CHUCTEM DJIEKTPOCHAOKEHUS,
DneKTpuuecKue amnmapatbl, MHUKPOIPOLECCOPHbIE YCTPOWCTBA  YNpaBICHHWS U 3alUTHI,
DJEKTPOIPUBO,T TPOU3BOJICTBECHHBIX MAIIMH U MEXaHU3MOB, DJICKTPOMAarHuTHAsi COBMECTUMOCTh U
Ka4ecTBO dJIeKTpodHepruu, [IpeoOpazoBarenbHBIE yCTPOWCTBA B CHUCTEME 3JICKTPOCHAOKEHUS,
[TpownsBocTBEHHAS MPaKTUKA (9KCTUTYaTallnoOHHAs ), [TponsBoacTBEHHAS MIPAKTHKA
(npeanuIIOMHas).

[Ipn ocBoeHUW MAHHON AMCHUUIIIMHBI CTYJEHT CMOXET YaCTUYHO MPOJEMOHCTPHUPOBATH
TPYIOBBIE (QYHKIIUU:



- B/02.6. Pa3paboTka TekcTOBO# U rpaduueckoil yacTeil MpOEKTHOM TOKYMEHTAIIU!

CUCTCMBI 3JI€KTpOCH3.6)K€HI/I$I 00BEKTOB KAIIUTAJILHOTO CTPOUTCIILCTBA

- B/01.6.06ecneuenue sxcruryaranuu CU, CA u anmapatypst CY3 Ha AC .

- A/02.6. KoHTpoJb ontepaTUBHOTO 00CIyXKHBaHUSA U pekUMOB DTO 1 yCTpONCTB B
cootBercTBUM ¢ TpeboBanusmu JIHA u HT/[ AC,
- C/04.6.0pranuzaius onepatuBHOro oocayxuBanus 3TO U yCcTpOHCTB ¢ TPOU3BOACTBOM
CJIOKHBIX nepekiatodeHuit AC ,
- D/03.6. Pa3zpaboTka MeponpHATHI IO IPOJICHUIO CPOKOB AKCILTyaTaIlii, MOJEPHU3AINH
U TEXHUYECKOMY nepeocHaeHuto AC .

KOMHeTeHIIl/II/I Oﬁy‘lalOllleI‘OCﬂ, (l)OpMI/IpyeMl)Ie B pe3yjabTaTe 0CBOCHUA

AUCHUIIIMHBI

B mpouecce ocBoeHUs aHHOW MUCHMIUIMHBI y CTyIAeHTa (HOpPMUPYIOTCS CIEAYIOIIHe

KOMITCTSHITHH:
npodeccuOHaIbHBIE
3anauu
npohecCuoHaNBHO OObexT unu Kon u HaumeHnoBaHue WNHanKkaTopsl JOCTUKEHHUS
il 1eATeNbHOCTH 00J1acTh 3HAHUSA KOMIICTCHITHH KOMTICTCHITHH
(3LLA)

VYuyacrtue B Onektpuueckue | [IK-1 Cnocoben 3-TIK-1 3HaTbh: METOIBI

pacuerax u CTaHIINH U MPUHUMAThH YYaCTHE B pa3paboTKu TEXHUYECKOU

MPOEKTUPOBAHUU MIOJICTAHITNH; MIPOSKTUPOBAHUU JIOKYMEHTAI[UU ¥ HOPMATHUBHYIO

00BEKTOB AIEKTPOIHEPreT | OOBEKTOB 0a3y i cOCTaBIECHUS

po(heCCHOHANILHO | HYECKUE poQeCCHOHAIBHON WH(OPMAIIMOHHBIX 0030POB,

i 1edaTenbHOCTH CUCTEMBI U JESITEIbHOCTH B peleH3ui, OT3hIBOB,

B COOTBETCTBHH C CeTH; COOTBETCTBHUH C 3aKITIOYCHUN HAa TEXHUYECKYIO

TEXHUYECKUM CUCTEMBbI TEXHUYECKUM 33J]aHUEM | JOKYMEHTAIIHIO

3aJJaHUEM C AJIEKTPOCHAOKE | U HOPMATUBHO V-IIK-1 Ym™mers:

UCIIOJIb30BaHUEM HUS TOPOJIOB, TEXHUUYECKOM OCYIIECTBIISATh B3aUMOJCHCTBIE

CTaH/IAPTHBIX MPOMBINIJICHHBI | IOKYMEHTAIIEH, C TIPOCKTHBIMH,

CpEenCTB X TIPENpUATUi, | cOOMI0Ias pa3InuHbIe KOHCTPYKTOPCKUMH

aBTOMATH3AIUN CEITbCKOTO TEXHHYECKUEC U OpTaHHU3AIUSIMHI H

MPOEKTUPOBAHUS;, | XO3SIHCTBA, HKOJIOTHYECKHE OpraHu3aIsIMI

MIPOBEJICHHE TPAHCHOPTHBIX | TpeOOBaHUS M3TOTOBHUTENSIMU DJIEKTPO-

MpeIBapUTENLHOTO | CUCTEM H  HUX TEXHUYECKOT O

TEXHUKO- 00BEKTHI 000py/10BaHUs, BBITIOIHSTh

9KOHOMHUYECKOTO aHaJn3 MPOEKTHOMN

000CHOBaHUS JIOKYMEHTaIu1

IIPOEKTHBIX B-TIK-1 Bnanets:

perIeHui HABBIKAMU MCIIOTH30BaHUS
TUIIOBBIX TPOEKTOB M aHATH3
MPUMEHUMOCTH YKa3aHHOTO B
MIPOEKTE AMEKTPO-TEXHUUECKOTO
00opymoBaHus 7151 00BEKTa
npodeccHoHaNBHOMI
JIeSITETTHHOCTH

Kontposnb Onexrpuueckue | [IK-4 CriocoGen 3-1IK-4 3HaTh: rinaBHbIC

cOOIIOICHUS CTaHIIMH U cOOJTIOIaTh U OIICHUBATh | CXEMbl M CXEMBI COOCTBEHHBIX

3a/IaHHBIX MOJICTAHIUH; napaMeTpsl MyCKOBBIX HYX] AIIEKTPOCTAHIINH,

napamMeTpoB AJIIEKTPOIHEPTET | PEKUMOB 000pYAOBaHUS | CITOCOOOB obecrieueHus




pPEXUMOB UYeCcKue ¢ obecrnieueHueM HOPMAJIbHBIX PEKHUMOB PabOTHI
obopymoBaHus CHUCTEMBI 1 CBOCBPEMEHHOTO H obopynoBaHus u
CeTH; 0€301acHOTO BKIIIOUCHHS | TIPEIOTBpAICHUS /WU
CHUCTEMBI ero B paboty JTUKBHUJIAIUU HCHOPMAJIbHBIX U
3eKTpocHabke aBapUUHBIX PEKUMOB
HUS V-IIK-4 Y™mets:
MPOMBIIIIEHHBI BBITNIOJHATH TPEOOBaHUS
X HOPMAaTUBHO-TEXHUYECKOU
OPEeIpUITHI U JIOKyMEHTallUH,
UX 00BEKTHI OpPTraHU30BBIBATH u
KOHTPOJIHUPOBATh nporecc
BBITIOJTHEHUS pabor
MOJYMHEHHBIM  ONEpPAaTUBHBIM
MEPCOHAJIOM CMEHBI IIeXa IpHU
BBOJIC B pabory
TypOOTeHEPaTOPOB,
TpaHcGopMaTopoB,
aBTOTPaHC(POPMATOPOB u
IIYHTUPYIOIINX PEaKTOPOB
B-I1K-4 Bnanets:
HABbIKaMU pabOTHI C
COBPEMEHHBIMHU CUCTEeMaMHU
yhpaBieHus, cOopa U nepeaadu
JTAHHBIX, MOCTOSTHHOTO
MOHHUTOPHHTA COCTOSIHUS
000pyI0BaHUs, TAPAMETPOB €r0
pexuMa
paboThl U UX aHAIK3a
VYuyacrtue B Onekrpuueckue | [IK-7.1 Cnocoben 3-1IK-7.1 3HaTh: OCHOBBI
pacueTax u CTaHIIUU U AHATM3UPOBATH U MIPOSKTUPOBAHUS CUCTEM
MPOEKTUPOBAHUU MOJICTAHIUH; PACCUUTHIBATD PEKUMBI | DIIEKTPOCHAOKECHHUS
00BEKTOB AJIEKTPOIHEPTET | pabOThI, IPUHUMATH MPOMBIIIJICHHBIX  MTPEAPUATHI
npoecCHOHANBHO | UYECKUe ydacTue B U UX
i 1eaTeIbHOCTH CUCTEMBI U MIPOSKTHUPOBAHHH, 00BEKTOB; QJITOPUTM  BBIOOpA
B COOTBETCTBUHU C CceTH; MOJIEPHH3AIUH U HOMHHAIBHBIX HaATNPSDKEHUH,
TEXHHYECKUM CUCTEMBI PEKOHCTPYKITUU BBIOOpAa KOH(HTYparuu CeTH H
3a/IaHUEM C AIIEKTPOCHAOKE | OOBEKTOB 000pyOBaHUS  IIEKTPUUECKUX
HCIIOJIb30BaHUEM HUS npoQeCCHOHAIBHON CeTe MpU WX MOJCPHH3AIUU H
CTaHIapTHBIX MPOMBINUICHHBl | IEATEIBHOCTH B PEKOHCTPYKITUH; METO/TBI
CpelCTB X COOTBETCTBUU C pacuera PEKUMOB
aBTOMATH3AINH OPEINPUATHA U | TEXHUYECKUM 3a/IaHueM. | DJIEKTPUUYECKUX ceTel
MPOSKTUPOBAHUS, | HX OOBEKTHI MPOMBIIIJICHHBIX  MIPEAPUATHI
MIPOBE/ICHHE U UX 00BEKTOB
MIPEABAPUTEIILHOTO V-TIIK-7.1 Ymers:
TEXHHKO- IIPOU3BOIUTH BEIOOP
SKOHOMHUYECKOTO AIIEKTPOOOOPYTIOBAHUS
000CHOBaHUS CHCTEM DJICKTPOCHAOKEHUS
MPOEKTHBIX MPOMBIIIJICHHBIX  MPEANPUATHI
penIeHui 1 UX 00BEKTOB; PACCUNTHIBATH

TEXHUKO-D)KOHOMHUYECKHUE

MMOKa3aTen CHCTEM
AIIEKTPOCHAOKEHHS; BHIOHMPATH
ONTHMAJILHBIA BAapUAHT CXEMBbI
AIIEKTPUYECKOM CEeTH;




paccuuTHIBaTh napameTphl
HOPMAJIbHBIX U
MOCJICaBAPUIHBIX PEKUMOB
CHUCTEM 3JIEKTPOCHAOKEHUS
00BbEKTOB TIPOo(hecCHOHATLHOM
JIeATEeILHOCTH; paboTaTh C
HOPMAaTHUBHOM U CIIPABOYHOM
JIOKYMEHTALUEH.

B-IIK-7.1 Bnaners HaBbIKAMUA
BEIOOPA AIEKTPOOOOPYIOBAHUS
CUCTEM 3JIEKTPOCHAOKEHUs
MPOMBIIIJICHHBIX — MIPEATIPUATHHA
U UX OOBEKTOB; HaBbIKAMU
pacuera TEXHHUKO-
SKOHOMHUYECKUX  IOKazaresneu
cucreM AIIEKTPOCHAOKEHUS;
HaBbIKaMU paboThI c
HOPMAaTHUBHOM M  CIIPaBOYHOU
JIOKyMEHTaIuel; HaBbIKAMU
aHaJl3a pe3y/ibTaTOB pacyera
pPEeKUMOB  pabOTBl  CHUCTEM
ANEKTPOCHAOXKEHUA  OOBEKTOB
npodeccnoHanbHOMI
JIESITSIIBHOCTH

3agaumn BOCIINTAHHUS, P€CAIN3YEMbBIC B PaAMKaX 0CBOCHHUA JUCIHUILINHDBI
B nponecce ocBOeHMS JaHHOW IUCHHUILIMHBI PEATU3YIOTCS CIEAYIOIIME 3aJa4 BOCIIMTAHUS:

Hanpassenue/ | Co3nanue ycjaosuii, | Ucnosb3oBanue BoBiaeuenue B
neJIn ol0ecrieynBaOIIUX | BOCHIUTATEIbHOIO PA3HOILIAHOBYIO
MOTEeHIHAJIA yY4eOHBIX | BHEYUeOHYI0
AUCHUILINH AeTeJIbHOCTh
Ipodeccuonan | - popmupoBanue Hcnons3oBanue 1.Opranunsanus Hay4HO-
bHOE OTBETCTBEHHOCTH 3a | BOCIHUTATEIbHOTO MPaKTUYECKUX
BOCIIHTAHHE npodecCHOHATIBHBIN | MOTEHIMAaNa TUCIHUILINH KOH(epeHINH, KPYTIIbIX
BBIOOD, npodeccuoHaIbHOTO CTOJIOB, BCTpEY C
npodecCUOHAbHOE | MOJYJIS AT BEAYUIMMHU CIIEHUATNCTaMU
pa3BUTHE U dbopMupoBaHus y MIpeANPUATHI
npodeccuoHaIbHbIE | CTYJCHTOB 9KOHOMMUYECKOTO CEKTOpa
pewenus (B18) OTBETCTBEHHOCTH 34 CBOE  |[TOPOJIA MO BOIIPOCAM
npodeccuoHaIbHOe TE€XHOJIOTHYECKOI0
pa3BUTHE TOCPEICTBOM nuaepcTsa Poccun.
BbIOOpA CTyEHTaMU 2. Yyactue B IOATOTOBKE
MHIUBUAYAJIbHBIX nyOauKanui B
00pa30BaTEeNbHBIX BBICOKOPEUTHHIOBBIX
TPAeKTOPHUH, OPraHU3aluu  |PELIEH3UPYEMBIX HAYUHBIX
CHCTEMBI OOIICHUS MEXKAY |M3IaHUIX
BCEMHU yYaCTHUKaAMU
00pa3oBaTeNbHOTO
mporecca, B TOM YUCIIE C
MCII0JIb30BAaHNEM HOBBIX
MH(OPMaLIMOHHBIX
TEXHOJIOTHA.
IIpodeccuonan | - popmupoBanue 1 .Mcnone3oBanue 1. Opranuzanus




bHOC
BOCIIMTAHHUEC

HaBBIKOB
KOMMYHHKAITIH,
KOMaH/THOW pabOThI
u muaepctsa (B20)

BOCIUTATEIHLHOTO
MOTEHIIMAaNa TUCITUTLIAH
po¢eCCHOHAIIBHOTO
MOAYJIS AJI Pa3BUTHS
HABbIKOB KOMMYHUKAIIUH,
KOMaHAHON paboThI U
JUEPCTBA, TBOPUECKOTO
WHXKEHEPHOTO MBILICHUS,
CTpEeMJICHHS CIIeI0BaTh B
npodecCHOHATBLHOM
JESITEIIBHOCTH HOpMaM
MOBEJICHUS,
o0ecreunBaroIuM
HPaBCTBEHHBIN XapaKTep
TPYIOBOH AESITETLHOCTU U
HECITY’)KeOHOTO ITOBEICHUS,
OTBETCTBEHHOCTH 32
MIPUHSTHIC PEIICHUS Yepe3
MOJITOTOBKY IPYIIOBBIX
KYPCOBBIX paloT 1
MPAKTUYECKUX 3aaHHH,
pELIEHHE KEWCOB,
MIPOXOXKACHUE MTPAKTHK U
noarorosky BKP.
2.Mcnonbp3oBaHue
BOCITUTATEIbHOTO
MOTEHIMAA TUCIUILIAH
npodeccnoHaIbHOTO
MOJYJISL JUISL:

- popMHUpOBaHUS
IIPOU3BOJICTBEHHOI'O
KOJUIEKTUBU3MA B X0JI€
COBMECTHOTI'O PELICHUS KaK
MOJIeTIbHBIX, TaK U
MPAKTUYECKUX 3ajad, a
TakXe myTeM
MOJIKpEIJICHHE
parroHaIbHO-
TEXHOJIOTHYECKUX HABBIKOB
B3aMMOJICICTBUS B
MPOEKTHOM eI TETbHOCTH
HMOIIMOHAITBHBIM
s pexToM ycrenrHoro
B3aUMOJICUCTBUS,
OIIYIICHUEM pocTa o0Ien
3¢ (HeKTUBHOCTH TpU
pacnpezeieHun
MPOEKTHBIX 33724 B
COOTBETCTBUU C CHIIbHBIMH
KOMIIETEHTHOCTHBIMHU U
AMOIMOHAITBHBIMU
CBOMCTBAaMHU 4JICHOB
IIPOEKTHOM TPYIIIHI.

HAay4yHOro  MoAXoJa H
yyBcTBa «Bce B onHOHN
KOMaHZIe» Yepe3 ydacTHe
CTYJIEHTOB B IIPOBEIACHHUU
KPYTJIBIX CTOJIOB U
CEMUHapOB.

2. ®opmupoBaHHue
BEPTUKAIBHBIX CBSA3CH U
bopManbHbIX IIpaBUII
JKU3HU TIpU IPOBEJIECHUU
CTYJEHYECKHX 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 cojep:KaHue Y4eOHOH TUCUUIIIHHBI

JucuumuiHa u3ydaercs CTyJeHTaMu B 7-oM cemecTpe. O0mas Tpy10eMKOCTh AUCIUTUINHBI

COCTAaBJIAET 2 3a4ETHBIX €OUHMIILI, {2 aK. Jaca.

Kanenaapubiid mian

HanmenoBanue paszneina Bunpl yueOHOM Artrectauust | MakcuMaibHbl
(Tembr) NEeATEeTbHOCTH pasnena i GaJ 3a
- JUCITUATLINHBI (uac.) (popma) paszznen
5| =
5| 2 502 o
£ 5 £l 5| 8
ol Z o 9
4 = = 2 O
s | 5| 5] E| 5
S| 8| g
Al E| 5| B
1|2 3 4 5 6 7 8 9 10
1 |1 | OcHoBbI JUHAMUKH | 6 4 - Tecrl 30
3JICKTPONIPUBOJIA
2 | JIpuratenu  moctossHHOTO | 4 2 - 2
TOKa
3 | ACHHXPOHHBIE IBUTaTEIN 6/4 | 4 - 2
2 | 4 | Yopasnenue 36/2 | 4 16 16 | Tecr2 30
AJICKTPOTIPUBOIAMHI
5 | OcuoBsl BbiOOpa MomHoctu| 20/2 | 2 - 18
DJICKTPOJIBUTATEIIS
Bcero 72/8 | 16 | 16/8 40 60
3auer 40
Hroro 100
Conepskanue JJEKIIMOHHOTO Kypca
Ne | Beero Ne Tema Jexkuuu. Y4eOHO-
TEMBbI| YacoB | JEeKIHHU Bonpocsl, oTpadaTsiBaemMble Ha JIEKIHH MeTOoHYeCcKoe
o0ecreyeHue
1 2 3 4 5
1 4 1-2 OCHOBHbIE TIOHSTHS W OCHOBHBIC DJIEMEHTHI dyiekTponpusoaa | [1, 2,5, 6, 7]
(3I0). Knaccudukamuss tunoB OII. OcHOBHOE ypaBHEHHE
AIIEKTPONPUBOJIA. MexaHnyeckue XapaKTePUCTHKU
MPOW3BOJICTBEHHBIX MEXAaHW3MOB U  JJICKTPOJIBHTATEIICH.
Bpewms yckopenus u 3amennenus Ol
2 2 3 Knaccudukarus snekTpoaBurateneii mocrossuaoro Toka mo | [1, 5, 6, 7]
croco0y BO30YKICHHUSI. Mexanunueckue u
AIEKTPOMEXAaHHIECKUE XapaKTePUCTUKH JIBUTATEJICH
nocrossHHoro Toka ([IIT). Pexwumbl paOGoThl nBuUraTeneit
MTOCTOSTHHOTO TOKa.
3 4 4-5 CxeMbI BKJIIOUEHHUS ACUHXPOHHBIX nsurareneit. | [1, 2,5, 6, 7]
MexaHW4YeCKre XapaKTEePUCTUKA aCUHXPOHHBIX JIBUTATEIICH.
PexuMbl aCHHXPOHHBIX JIBUTATENICH.




4 4 6-7 OcHoBHbIE MOHATHS perynupoBanus. Ilokasarenm kawecta | [1, 2, 3, 5, 6,
peryiupoBaHus yrioBoi ckopoctu OJII.  PerynupoBanue 7]
yriioBoit ckopoctd DI MOCTOAHHOTO TOKa W aCHHXPOHHOTO
OIl.

5 2 8 3amaun, pemaeMble MPU BHIOOPE MOIUTHOCTH JIBUTATEJN. [1, 2, 3, 4,
Harpes u oxunaxknenue nBurareneid. Pexxumbl paboThI 5,6,7]
JIBUTATEJICH. Bri6op MOIITHOCTH JBUTATENEH.
dopmupoBanue TpadukKa HaArpy3ku aBurarens. Bwioop
JIBUTATEJIS TI0 YCIOBHUSM PaOOTHI.

Bcero 16
IlepeyeHb NPaKTHYECKUX 3aHATHIA He MIPETYCMOTPEH Y4eOHBIM IJIAHOM
Ilepeuyenn 1abopaTopHBIX padoT
Ne Bcero HanmenoBanue 1a6opaTopHoii padoTbl. 3a1aHusi, BONPOCHI, Y4ebHo-
TeMbI | YaCOB oTpadaTbiBaeMble Ha JJA0OPATOPHOM 3aHATHH MeTOIHYEeCKOoe
odecrevyeHue
1 2 3 4
4 4 OnektponpuBoa cucreMbl «TUPUCTOpHBIA mpeoOpa3oBarenp - [1, 5, 6]
JIBUTATENIb MMOCTOSIHHOTO TOKa HE3aBUCHMOTO BO30YXKICHHS C
PETYIIMPOBAHUEM 10 CKOPOCTH
4 4 DnekTponpuBo cucteMbl « THPUCTOPHBIN Mpeodpa3oBaTesp - [1, 5, 6]
JIBUTATENIb  TOCTOSSHHOTO TOKA  HE3aBUCUMOTO  BO30YXKICHHUS
C MOJYNHEHHBIM PETYJIHMPOBAHUEM 110 CKOPOCTH
4 4 OnektpornpuBoa cucteMbl «THpUCTOpHBI mpeoOpa3oBarens - [1,5, 6]
JBUTATENh  MOCTOSHHOTO TOKAa  HE3aBUCHUMOTO  BO30YKICHUS
C MOJYMHECHHBIM PETYJIMPOBAHUEM I10 HAMTPSKEHUEO»
4 4 OnekrponpuBon — cuctembl  «[IpeoOpa3oBarens  4acTOThI - [1, 2,5, 6]
ACUHXPOHHBI  JBUTaTeNb C  KOPOTKO3aMKHYTBHIM  POTOPOM
C PeryJIUpOBaHUEM TI0 CKOPOCTH
Bcero 16
3agaHus 119 CAMOCTOATEILHOM PadoThI CTY/ICHTOB
Ne Bcero Bonpocsl 115 caMOCTOSITEILHOIO U3YUYeHUs (3a1aHusl) YuebHo-
TeMBbI | 4YacoB MeTOANYecKoe
odecneyeHue

1 2 3 4

1 2 [IpukiiagHOe NpUMEHEHHEe OCHOBHOTO YPaBHEHUS JIEKTPONPUBOJIA [1,2,5,6,7]

2 2 Crioco0bI perynupoBaHusi CKOPOCTH AJIEKTPOIBUTATENICH MTOCTOSHHOTO [1,5,6,7]

TOKa
3 2 CriocoObI peryIupoBaHus CKOPOCTH JIEKTpoABHraTesel nepemennoro | [1, 2,5, 6, 7]
TOKa
4 6 CoBpeMeHHbIE PA30MKHYTHIE H 3aMKHYTHIE CHCTEMBI [1,2,3,4,5,6,
ABTOMATHU3HPOBAHHBIX DJIEKTPOIIPUBOJIOB. 7]
4 6 DIEeKTPUYECKHE anMapaThl U 3JIEMEHTHI CUCTEM 3JIEKTPOIIPUBO/IA. [1,2,3,4,5,6,
7]
4 4 [IpeobpaszoBarenu sl MUTAHUS U YIIPABICHUS SICKTPOABUTATEIISIMH. [1,2,3,4,5,6,
7]




18 CoBpeMeHHBIE CUCTEMBI ABTOMATH3UPOBAHHBIX AJIEKTPOIIPHUBOIOB [1,2,3,4,5,6,
THUITIOBBIX HpOI/I3BOI[CTBCHHI>IX MCXAaHHU3MOB 7]

Bcero 40

PacuerHo-rpadpuueckasi padbora He MpexyCMOTPEHAa Y4eOHBIM IJIAHOM
KypcoBasi padoTa He npeaycMoTpeHa Y4eOHbIM IJIAHOM

KprOBOﬁ MPOECKT HE MPEAYCMOTPEH y‘leﬁHblM IJIAaHOM

Oo0pa3oBaTebHbIE TEXHOJIOTHHI

[Tpu peanuzanuu yueOHOro Marepuaiga Kypca UCIOIb3YIOTCS pa3IMyHble 00pa3oBaTeIbHbIC
TEXHOJIOTUH, CIIOCOOCTBYIOIINE CO3AaHUIO0 aTMOc(epsl CBOOOIHOM M TBOPUECKOH AMCKYCCHM Kak
MEXy MPEToaBaTelIeM U CTYACHTaMH, TaK U B CTyJeHUECKOH rpynme. Llenbo npu 3ToM siBiisieTcs
BBIpa0OTKa y CTYACHTOB HAaBBIKOB M KOMIIETEHLHUH, MO3BOJISIIOIIUX CaMOCTOSITENIbHO BECTH
HCCIIEIOBATENBCKYIO U HAYYHO-TIEAarorn4eckyro padory.

[TpakTiyeckasi MOArOTOBKA MpU peaau3aluy y4eOHOW AMCUUILIMHBI OPTaHU3yeTCs MyTeM
MPOBEJCHUSI  JIa0OPATOPHBIX 3aHATUH, MPEAyCMATPUBAIOIIMX ydacTHE OOyyarommxcs B
BBITIOJIHCHUHM  OTACJIBHBIX 3JIEMEHTOB pPa0OT, CBSI3aHHBIX C Oynymiedl mnpodeccrnoHaIbHOM
JESITENIbHOCTBIO.

[IpakTHyeckas MOArOTOBKA TAaKXKe BKJIIOYACT B CeOS 3aHATHUS JIGKIMOHHOTO THUIA, KOTOPHIE
peaycCMaTpuBalOT —Tmepefady y4deOHoi uMHpOpManmuu oOydarommMmcsi, HEOOXOOUMON  uis
MOCIIEAYIOIIETO BHIMOIHEHHS paboT, CBSI3aHHBIX ¢ Oyayiiel mpodecCHOHaIbHOM NesSTENbHOCTDIO.

AynuTOpHBIE 3aHATHS TMPOBOASATCS B BHJE JIGKIMH, NPAKTHUECKUX 3aHATHH ¢
ucnons3oBanueM [IK u kommbiorepHoro mpoekropa. CamocrosiTenbHas paboTa CTYAECHTOB
MPOBOAMTCS TOJI PYKOBOJCTBOM IIperojaBaTeNielf, ¢ OKa3aHHMEM KOHCYIbTAllMil W MOMOINU TpHU
MOATOTOBKE K MPAKTUYECKUM 3aHSATHUSIM.

DOoH/I OLICHOYHBIX CPECTB

CDOH)I ONCHOYHBIX CPEACTB 1O JUCHUILIJIMHE oOecrieunBaeT IMPOBEPKY OCBOCHUMA
IUIAHUPYEMBIX PE3yJabTaTOB O0OydeHHs (KOMIETEHUMH M HUX MHIUKATOPOB) TOCPEICTBOM
MepOHpI/ISITI/Iﬁ TCKYyHICTO, py6e>KHor0 " IPpOMCEKYTOUYHOTO KOHTPOJIA 110 JUCIUTIIIINHEC.

CBs13b MCKIAY (I)OpMI/IpyeMLIMI/I KOMIICTCHIIUAMU H q)OpMaMI/I KOHTpPOJII HUX OCBOCHHUA
MMpeaACTaBJICHA B cnenyfomeﬁ Ta6n1/1ue:

Koza u HaumenoBanme
WHJIMKATOpa JOCTHKEHUS
KOMIIETEHIIUIA

Ne | HanmeHoBaHME KOHTPOJIUPYEMBIX HanmenoBanue

n/m pas3aenoB (TeMbl)

OILICHOYHOI'0O CpCACTBA

Bxo/1HOW KOHTPOJIb

BOHpOCLI BXOIJHOTI'O

1 Bxo1HOI KOHTPOJIb
KOHTPOJIs (MMCbMEHHO)

ATTCCTE[I_[I/ISI PasaciioB, TCKYH_II/Iﬁ KOHTPOJIb YCIICBACMOCTH

2 Pazgen 1 3-I1K-1, V-IIK-1, B-IIK-1, TectupoBanue
3-11K-4, YV-IIK-4, B-I1K-4, (TMCbMEHHO)
3-T11K-7,1, Y-IIK-7.1, B-TIK-7.1

3 Pazgen 2 3-T1IK-1, V-IIK-1, B-TIK-1, TectupoBanue
3-11K-4, V-T1K-4, B-I1K-4, (MMCbMEHHO)

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

[IpomexxkyTouHas arrecTanus

4 3auer 3-I1K-1, Y-TIK-1, B-TIK-1, Bomnpocsl k 3auery




3-TIK-4, V-IIK-4, B-TIK-4, (ycTHO)
3-TIK-7,1, Y-TIK-7.1, B-TIK-7.1

BxonHo# KOHTpONb MpeqHa3HAYEH JUIS BBISBICHHUS MPOOEIOB B 3HAHUSIX CTYJICHTOB U
TOTOBHOCTH MX K IOJYYEHHMIO HOBBIX 3HaHMI. OIEHOYHBIE CpEACTBA JUIsI BXOJIHOTO KOHTPOJIS
MPEJICTaBIISIOT CO00 BOIPOCHI, KOTOPBIE 33aJIal0TCS CTYJEHTaM B MUCbMEHHOI (opme.

Ilepeyenb BOPOCOB BXOAHOI0 KOHTPOJIS
Borpocs!l BXOAHOTO KOHTPOJIS.
1) Yto Takoe 3JIEKTPOABUraTEIb?
2) Kakue THIIBI 3JICKTPOIBUraTEINCH CYILIECTBYIOT?
3) Yro takoe mpuBOa?
4) Kakue BHIBI IPUBOJIOB CYIIECTBYIOT?
5) Kakue npenMyIiecTBa 1 HEJOCTATKH CBOMCTBEHHBI JJICKTPHYSCKOMY TIPHBO.LY?
6) Yro BBI MOHMMAETE MO/ YIIPABICHUEM JJICKTPOIPUBOIOM?
7) Kakumu napaMeTpamu XapakTepu3yeTcst JJICKTPOIPHBO/?
8) Ot 4ero 3aBHCUT CKOPOCTH BPALICHUS JIEKTPOIPHBO/IA?
9) Yro takoe KOAPPHUIIMEHT MMOJIE3HOTO ICHCTBUSA?
10) KakoBa 06sacTh mprMeHEHHsI TPUBOIA?

Texylmuii KOHTPOJIb YCIIEBAEMOCTH — 3TO HENPEPHIBHO OCYLIECTBIIIEMBII MOHUTOPUHI
YPOBHS YCBOGHMS 3HAHMHA M (OPMHUPOBAHMS YMEHHH M HABBIKOB B TE€UEHHUE cemecTpa. Tekylui
KOHTPOJIb 3HAaHHWH, YMEHUH U HaBBIKOB CTY/IEHTOB OCYIIECTBIISIETCS B X0/I€ YUEOHBIX (ayAMTOPHBIX)
3aHATHH, IPOBOAMMBIX II0 pacnucaHuio. PopmamMu TEKYLIETO KOHTPOJIA BBICTYNAIOT OIPOCHI Ha
71a00paTOPHBIX 3aHATHIX, POBEPKA OTUYETOB MO BHIMOJIHEHHBIM JIAOOPATOPHBIM paboTaM.

JlaGopatopHbie pabOTHI MPOBOAATCA B Ja0OpaTOpPUU TPAHCIOPTHBIX YCTpoucTB. Paboueit
IIPOrpaMMOil MPEAYCMOTPEHO BBIIIOJHEHHUE IIECTH JJAOOPaTOPHBIX padOT MO CIEAYIOIIUM TEMaM:

- DnexTponpuBoj, cucreMbl «TUpUCTOPHBIN npeoOpa3oBaTesb - JBUIATEIb IMOCTOSHHOTO
TOKa HE3aBUCUMOTI'0 BO30YXKIEHHUS C PETyIMPOBAaHUEM IO CKOPOCTUY;

- OnektpornpuBoj cucteMbl «TUpUCTOpHBIA MpeoOpazoBaTenb - JBUTATeNb MOCTOSHHOIO
TOKa HE3aBUCUMOT'0 BO30YK/JIEHUS,C TIOJYNHEHHBIM PETYIUPOBAHUEM IO CKOPOCTHY,

- OnektpornpuBoj cucteMbl «TUpHCTOpHBIA MpeoOpa3zoBaTeib - JBUTATENb MOCTOSHHOIO
TOKa HE3aBUCHUMOT0 BO30YK/IEHUS C MOJYUHEHHBIM PETYIMPOBAHUEM I10 HAMIPSKEHUIOY,

- OnekrtponpuBosa cucreMbl «lIpeobpazoBarenb 4YacTOThl - ACHMHXPOHHBIA JABUTaTelb C
KOPOTKO3aMKHYTBIM POTOPOM C PETYIMPOBAHUEM 110 CKOPOCTH.

Jl1s BbINOSTHEHUS 1a00paTOPHBIX PadOT CTYIEHTHI JENSTCA Ha MOArPYIIBI 0 3-4 yenoBeka,
MOJIrPYIIIBI BBIMOJHSIOT pa3Hble J1abopaTopHble PaOOTHI.

Beinonnenune nabopaTopHOM pabOThl BKIOYAET B ce0s CIEAYIOLIME ITalbl: YCTHBIN Ompoc
[0 TEOPETMYECKOMY MaTepuaily Mo Teme Ja0opaTOpHOH paboThl, BBINOJHEHHE SKCIEPUMEHTA,
CTaTUCTHYECKYI0 O0pabOTKY pe3yjibTaTOB HKCHEpUMEHTa (IIpU HEOOXOIMMOCTH), MOATOTOBKY U
3alIUTY MMCBMEHHOTO OTuYeTa 1o JabopaTopHoii pabdoTe.

IIpuMepHBIii epedeHs BOIPOCOB, 33/1aBAEMBIX IIPH YCTHOM OTYETE:!

1. OnumuTe KOHCTPYKITUIO YCTPOUCTBA, pACCMAaTPUBAEMOT0 B JTAOOpAaTOPHOU padoTe.

2. Packpoiite knaccupuUKaIMI0O M MapKHPOBKY pacCMaTpUBAeMbIX B JabOpaTOpHOW paboTe
YCTPOMCTB.

3. OnuimTe NPUHIMI JeWCTBUS YCTPOUCTBA, pacCMaTpUBaeMoro B 1abopaTopHOi padoTe.

4. OnummTe NpeuMyIIeCTBa U HEAOCTATKU PacCMaTPUBAEMOI'0 YCTPOHCTBA.

5. Packpoiite 06nacTh NpUMEHEHHs pacCMaTPUBAEMOT0 YCTPOICTBA.

6. Ilepeuncinre OCHOBHBIE XapaKTEPUCTUKU PACCMAaTPUBAEMOI0 YCTPONUCTBA.



7. Packpoiite, OT KaKMX IIapaMETPOB 3aBUCAT OCHOBHBIE XapaKTEPUCTUKH YCTPOUCTBA.

8. Onumure OCOOCHHOCTHM HACTPOMKH M TEXHHYECKOrO OOCITYKMBAHUS PacCCMaTPUBAEMOTO
YCTPOMCTBA.

9. OnummTe KOHCTPYKLUIO JIADOPaTOPHOTO CTeH A (IIPHU HAIWYHHN)

10. PackpoiiTe nocie0BaTeNbHOCTh BBIIIOIHEHUS YKCIIEPUMEHTA.

11. Packpoiite TpeboBaHUS 0€30IaCHOCTH, KOTOpble HEOOXOJMMO COOJIIOJATh MPH BBIIOJHEHUU
JKCIIEPUMEHTA.

Otuer no naboparopHoil paboTte odopmissercss Ha nmoarpymniy. OTder no gabopaTOpHOR
paboTe JOJDKEH colepXaTh Ha3BaHME W 1eNb J1a0OpaTOpHOM paboThl, (aMMIMM M HHULUAIIBI
CTY/ICHTOB, BBIITOJIHUBIINX JTJAOOPAaTOPHYIO pabOTy, KPaTKOE U3JI0KEHHE OCHOBHBIX MOHATUH, CXeMY
1abopaTOpHON YCTAaHOBKH, PE3YJbTAaThl IKCIEPUMEHTa, WX CTAaTHCTUYECKYH 00paboTky (mpu
HEOOXO/JMMOCTH), BBIBOJ. BBIBOJ [OMKEH XapakTepu3oBaTh pPe3ylbTaThl IPOBEIECHHOTO
HKCHEPUMEHTa, MX COOTBETCTBHE TEOPETHUECKUM JaHHBIM, NPH HEOOXOJUMOCTH OOBSCHEHHE
IIPUYUH PACXOKICHHUS.

ITo pe3ynbraTam BHIIOIHEHUS J1JAOOPATOPHON pabOThI CTYAEHT MOXKET 3apaboTaTh OT 3 110 5

6aoB.
IlIkaJia oueHUBaHUs J1A0OPATOPHBIX PadoOT

banns
PEUTHUHTOBOM
OIICHKH

OrneHka

(crannmapTHas) TpeboBanus

5 50

BBICTABJISIETCSl CTYIEHTY, €CIM OH JIEMOHCTPUPYET CBOOOIHOE
BJIJICHUE TEOPETHUECKUM MATEepPHAJIOM [0 TEME JIaOOpaTOpHOU
paboThI, CaMOCTOSATEIBLHO MPOBET OSKCICPUMEHT W BBITTOTHILI
00pabOTKY MOIYYEHHBIX PE3YIbTATOB, IPAMOTHO C(HOPMYITUPOBAIT
BBIBOJI 110 paboTe

4,0

BBICTABIIIETCS CTYJIEHTY, €CIM OH JEMOHCTPHUPYET BIAJCHHE
TEOPETUYECKUM MAaTepHajoM 10 TeMe J1abopaTOpHOH paboThl, B
Oonbllleld YacTH CaMOCTOSITENIbHO TPOBEN OKCIEPUMEHT U
BBITTOJTHHJT 00paboTKy MOJTy4YEHHBIX pe3yJbTaTOB,
CaMOCTOSITENIbHO cPOPMYITUPOBAJ BBIBOJ 1O paboTe

3,0

BBICTABIIIETCS CTYJEHTY, €CIM OH JEMOHCTPHUPYET BIAJCHHE
Oonpllleld YacThbl0 TEOPETHUECKOTO MaTepuaia T0 TeMe
mabopaTopHOM palbOThl, TPOBEN DKCIEPUMEHT |  BBITOTHHII
00pabOTKy  TONYYEHHBIX  pEe3yJIbTaTOB c MTOMOIIIBIO
npernoiaBaTensi, HE CMOT CaMOCTOSTEIbHO C(HOPMYIHPOBATH
BBIBOJI IO paboTe.

H/3

BBICTABIIICTCSL CTYJEHTY, €CIIM OH HE NEMOHCTPHUPYET BIaJCHHUS
OosblIed 4YacTbIO TEOPETUYECKOr0 MaTepuaga 1o  TeMe
71a0opaTOpHOIl pabOThI, HE CMOT MPOBECTU SKCIIEPUMEHTAIBHYIO
4yacTh pabOThl WM 00pabOTKY NOJYyYEHHBIX JaHHBIX.

KOHTpOJ’IBHaSI pa60Ta ABJISACTCS 4aCThIO T@Kymeﬁ YCI€EBAEMOCTHU U BBIMMOJIHACTCA CTYACHTOM

CaMOCTOSATECIIbHO. HpI/I BBITIOJITHEHUHN KOHTpOJ’IBHOfI pa60TLI CTYACHT OOJIKECH BBIIIOJIHUTE CICAYIOIINUEC

3aaHus:

Jlotst

TCEXHOJIOTMYECKOI'O

060py;[0BaH1/151, OCHaIlICHHOTI'O SJICKTPOIIPHUBOJIOM C

AJIEKTPOBUTATENIEM IMOCTOSHHOTO TOKAa HE3aBUCHUMOT0 BO30YKICHUS, ITApaMeTPhl KOTOPOTO YKa3aHbI
B Tabnuie, TpedyeTcs:




1. Paccuurtarh ¥ MOCTPOUTH TMArpamMMy CTYNEHYATOrO MyCKa 3JIEKTPOJBUTATEINS C YUCIOM
cryneneit 3 wim 4 no BbIOOpy crynenra. Ilpu pacuere npunare Us =Usa = 220B u UB = Ugy =
220B. B Ttabnwie WMCHONB30BaHBI ClieAytomue o0o03HaueHusi: Py - HOMUHANBHAsS MOIIHOCTH
nsuratens, KBT; |y - HOMuHanbHBIN TOK SIKOps, A; p - YUCIIO Map MOJIOCOB AJIEKTpoaBUrarens; Ry -
COIIPOTHBIIEHHE 0OMOTKHU sikopsi, OM; Ryyp - conpoTuBieHre 0OMOTKU JTOMOJIHUTEIbHBIX OIOCOB,
Owm; Rp - conporuBnenne o0OMoTkH Bo30yxneHus, Om. IlapameTpbl IPUBOIHOTO 3JICKTPOABUTATEIIS
BBIOMPAIOTCS U3 TaOJUIBI B COOTBETCTBUU C TOCHIeIHEH TU(poit HOMepa 3a4€THON KHIIKKH.

2. Onpenenuth BEJIUMYMHBI JOMOJHUTEIBHBIX IMYCKOBBIX COMPOTHUBJICHUN, BKJIIOYAEMbBIX B
LETb SIKOPSI MPUBOAHOTO AJIEKTPOABUTATEIIA.

TexHUuYecKrue NaHHbIE AIEKTPOIBUraTENIC IMOCTOSAHHOTO TOoKa cepuu Il ¢ HOMUHAIBbHOU

ckopocthio Il = 1500 o0/MuH m HOMUHAIBHBIM Hampspkeaunem Uy = 220 B (3HaueHus
COIPOTUBIICHUH 0OMOTOK yKa3aHsI 1pH Temieparype 15 °C)

Ne Tu Py, I, b Ra, Rum, Rg,
Bap. kBt A OmMm OmMm Om
0 21 0.7 4.3 2 5.33 1.36 824
1 1122 1.0 5.9 2 2.97 0.79 440
2 31 1.5 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
6 151 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 1162 14.0 735 4 0.0875 0.048 100

ATTecranys pasjena mo AWCHUILUIMHE MPOBOAMTCS B (popMe TecTHpoBaHUs. TecT COmep uT
16 BompocoB. Ha Bemonnenue 3amanusi otBogutcs 30 muHyT. Tect — 3T0 dopma KOHTPOIS,
HaIpaBJIEHHAsl Ha MPOBEPKY YPOBHS OCBOEHMSI KOHTPOJIUPYEMOTO TEOPETHUECKOTO M MPAKTHIECKOTO
MaTepuaia Mo JUAAKTHYECKUM €AMHMIIAM JUCLUUIUIMHBI (TEPMUHOJIOTMYECKUN amnmapaT, OCHOBHBIE
METO/IBI).

IIpuMepHBIii IEpeYeHDb TECTOBBIX 3aJaHUMN:

Tecr -1

1. Eciin, o1MH ABHraTe/ib MPUBOAUT B IBHKEHUE HECKOJIbKO Pa004uX OPraHoB TO 3TO:
1) OauHOYHBIN TPUBOJ;

2) MHoroBUraTeNbHbIN PUBOI;

3) Cnensiiuii IpyUBOJ;

4) TpaHCMHUCCHOHHBIH TPUBOJ.

2. OcHOBHOE YPABHEHHE ABUKCHUSA JJICKTPONIPUBOAA UMECT BUI:

DM, = M, + M= M0 4 5 W
- 7 dt
dl
M, =M, + M= M0 g =
n dt
YM, = M, + p= M0 &
7 dt
HM, = M, + M;= Mco. | dJ

o dw



3. Pexxumy pa3roHa JBurartesisi COOTBETCTBYeT yCJIOBHeE:

dw dw dw dw _
1) 2V _ 2)—>0 3)—<0 4) — =0
) 1 ) )dt )Olt

4. CKOpOCTHOI XapaKTePUCTUKOI 3JIEKTPONPUBO/IA HA3LIBAETCS 3ABUCMMOCTH BH/IA:

Do=f(M) Dw=1(1) 3HU=F(1) 4HM=f(l)

5. I[.J'Iﬂ ACHUHXPOHHOI'O ABUTATEJH JKECTKOCTD 6y11eT paBHa:
Dp=var<0 2)p = var ZQ 3)p =const<0 4)p = o

6. B nBurareJiie mocTOSIHHOI0 TOKA KECTKOCTH OCTAETCS MOCTOSHHOM NPH:
1) Vi3MeHeHUH HANPsKECHUS TUTAHUSL;

2) 3MeHeHnHu CONpOTUBIIEHUS IKOPHOH LIETIH;

3) U3meHeHnnn moToka BO30YyKIECHNUS;

4) 1511 BcexX UCKYCCTBEHHBIX XapaKTEPUCTHK.

7. YpaBHe}me MeXaHu4eCcKoM XAPaKTEePUCTUKU ABUraTe/iss INOCTOSAHHOI0O TOKa C
He3aBUCHMbIM B036y)KIIeHI/IeM HMeeT BU:

1)W=i_R}l+Rn.}lM 2)W= U _R}1+Rn.}z
kD KD (K@)Z (K(D)Z

3)W=i_Rﬂ+R§’1M 4)W=L_RH+R;.;1M
KO (k) kD (k)

8. MexaHH4eCKYI0 XapaKTepHUCTUKY BH/Ia UMeeT:

1) OmnexrtponpuBOoj C JBUTAaTeleM IIOCTOSHHOIO TOKa C
napajuieNbHbIM BO30YKIEHUEM;

2) DIIEKTPONPHMBOJ C JIBUTATENIEM IOCTOSHHOTO TOKa C
[0CJIe/10BATENbHBIM BO30YK/ICHUEM;

3) DIeKTpOnpUBO C ACUHHXPOHHBIM JIBUTATEIIEM

4) DIEeKTPONPHUBO/I C IIIATOBBIM JIBUTATETIEM

2

9. Pexxum KOPOTKOI'0 3aMbIKaAHUA COOTBETCTBYET YCJIOBUIO:

1) MHaep. = MHOM. 2) MHaep. =0 3) MHazp. <0 4) Mﬁaep. = M()eue.

10. JIBurareanb ¢ BO30y;KAe€HHEM OT IOCTOSSHHBIX MArHHTOB SIBJSICTCH YACTHBIM
cay4aem:

1). [IBuraTens ¢ He3aBUCUMBIM BO30YK/ICHHEM:;

2). ACUHXPOHHOTO JIBUTaTelIs;

3). [iBuratens c nocienoBaTeIbHbIM BO30YKICHUEM;

4) [Iurarensi co CMEIIaHHBIM BO30YXIEHUEM.




11. PexynepaTuBHOE TOPMOKEHHUE He peau3yeTcs JJIs:

1) B anexTponpuBoje ¢ ABUraTeaeM MOCTOSIHHOTO TOKA C MapajIeIbHBIM BO30YKICHHEM;

2) B onekTpompuBojie ¢ JIBUTATElieM MOCTOSHHOTO TOKA C  MOCIEI0BATEIbHBIM
BO30VKIIEHUEM,

3) B anektponpuBojie ¢ aCHHXPOHHBIM JIBUTATENIEM;

4) B a1eKTponpHUBOJE C CHHXPOHHBIM JBUTATEIIEM.

12. I'pannyHasi XapaKTepuCcTHKA NPEACTABJISAIOT CO0O0N:

1) EcTecTBeHHYIO XapaKTePHCTHKY HJICATH3UPOBAHHOIO JBHIATENsl MOCTOSHHOTO TOKA C
I0CJIe/10BATENbHBIM BO30YXK/IEHUEM, IOCIEI0BATENbHAS 1Iellb KOTOPOr0 HE UMEET COIPOTHBIICHUS;

2) EcTecTBEHHYIO XapaKTEpUCTUKY HICATM3MPOBAHHOIO JABUIaTENsl MOCTOSHHOTO TOKa C
HE3aBUCHMBIM BO30YXAE€HUEM, LIEIb SIKOPSI KOTOPOI'O HE UMEET CONPOTUBIICHUS;

3) EcrecTBEHHYIO XapaKTEpUCTHKY HACATU3UPOBAHHOIO ACHUHXPOHHOIO JBUIATENs, LEINb
poTOpa KOTOPOro HE UMEET CONPOTUBIICHHUS;

3) EcrecTBEHHYI0 XapaKTEpUCTHKY HACATU3UPOBAHHOIO ACHUHXPOHHOI'O JBUIATENs, LEIb
cTaTropa KOTOPOro HE UMEET CONPOTUBIICHUS.

13. CxkoubikeHre ACHHXPOHHOTI0 IBUTaTeJIsl ONpPeaeasieTcs KaK:
1)(0—(00 2)a)o+6() 3)600—(0 4)a)o—a)
(00 CUO w Q)O

14. Ha puc. npeacrabiieHbl.

1) CKOpOCTHbIC  XapaKTePUCTHKH _ACHHXPOHHOIO
JIBUTATEIIS;

2) YHuBepcaJbHble  XapaKTEePUCTHKH  JBUraTess
IIOCTOSIHHOT'O TOKA C IOCJIEI0BATENbHBIM BO30YK/IEHUEM;

3) IlepexoHble XapaKTEPUCTUKNA ACUHXPOHHOT'O JIBUTATEIs;

4) TlepexoiHbIe XapaKTEPUCTUKU JBUTATEINS TOCTOSIHHOTO TOKa C IOCJIEIOBATEIbHBIM
BO30YXKICHHUEM;

15. B pe:kume pekynepaTuBHOI0 TOPMOKEHHSI ACHHXPOHHOTO IBUTATeJIsl CKOJIbKEHHIO

COOTBETCTBYCET yCJIOBHE:
1)s=0 2)s<0 3)s>0 4)s=1

16. B acHHXPOHHOM JIBHraTeJie *KECTKOCTh 0CTAETCsl OCTOSIHHOM Mpu:
1) 3MeHeHnun HanpsKeHUs! MUTAHUS;

2) I3MeHeHnn CONpOTUBIICHUS POTOPA;

3) H3mMeHEeHNHU YacTOThI;

4) 3MeHeHHnn CONPOTUBIIEHHS CTaTOPA.

Tecr- 2

1. JlaTuMKOM CKOPOCTH SAABJISIETCH
1) Cenbcun; 2) Mukpocun; 3) Taxorenepatop; 4) EMKOCTHO# maTyuk.

2. CesibCHH NpeAHA3HAYEH JIS:
1) KonTposns ckopoctu;

2) KonTposns Toka;

3) KoHTposist MOLIHOCTH;

4) KoHTpoJist yriia moBopoTa

3. Cucrema «Il'enepaTop-/lBurare/iib» ocCylecTBjIsieT peryJiMpoBaHue MYTEM
U3MEHEeHUus!
1) ConpoTHBIIEHHS TJIABHOM IIETIH;



2) MarauTHOTO TIOTOKA;
3) YacTtoThl nUTaHUS;
4) Iurtaroniero HanpsKEHHUS.

4. B aCHHXpPOHHOM /JIBHraTeJ/ie CKOPOCTh X0JI0CTOI0 X012 MeHsIeTcs MPH:
1) 3MeHeHun HanpsKeHUs! MUTAHUS;

2) I3MeHeHnu cONpOTUBIICHUS POTOPA;

3) U3MeHeHUHU 9acTOTHI,

4) VI3MeHeHUH CONIPOTHUBIICHUS CTATOPA.

U N
5. Beanuuna o B YPABHEHHH MeXaHMYeCKOl XapaKTepUCTHKH ABUIATeJIs
@

MNOCTOAHHOI'O TOKA - 3TO:
1) JacToTa BpalllCHU NACAJIBHOI'O XOJOCTOIO X0 4a ABUTATEIA
2) HOMHHaJIbHAaA 4aCTOTa BpalllCHUA ABUTaTCIIA
3) MHUHUMAJIbHAA 4aCTOTa Bpalll€HUA ABUTaTECIIA
4) MaKCHUMaAJIbHAs 4aCTOTA BpalllCHUA ABUTATCIIA

6. PeryaupoBanue ckopoctu A/l H3MeHeHHeM YHCJIA NOJTHCOB HCI0JIb3YyeTCs
1) TOnBKO /I ABUTATENCH ¢ (ha3HBIM POTOPOM

2) TOJBKO JUIS ABUTATENICH ¢ KOPOTKO3aMKHYTBIM POTOPOM

3) wu s aBurarenei ¢ GpasHbIM pOTOPOM, U C KOPOTKO3aMHYTHIM POTOPOM

7. PeryiupoBaHue cKOPOCTH CHHXPOHHOIO IBUIaTeJIsl OCYLeCTBJISIeTCS
1) 3MeHeHneM akTUBHOIO CONIPOTUBIICHMS LIETIN;

2) I3MeHeHneM MUTAIOIIEro HalpsHKEHUS;

3) U3meHeHneM peakTUBHOTO COMTPOTHUBIICHHUS 1ICTIH;

4) I3MEeHeHHeM YacTOThI.

8. IlepuoamyecKkMM mNEpPeKJIIOYCHHEM [IBHraTe/ss ¢ [BHraTeJlbHOr0 pexXuMa B
reHepaTopHbI peajin3yercs:

1) PeoctatHoe perynupoBaHue;

2) PerynupoBanue B cucteMe «I'enepatop - JBurarensy;

3) PerynupoBaHue ¢ MOMOIIIbIO MArHUTHOTO YCUIIUTEIIS;

4) UMnynbcHOE peryanpoBaHue.

9. Pery/impoBaHue ¢ NOMOIIbLI0O IIYHTHPYIOIIEr0 CONMPOTUBJIEHUS Peain3yercs JJIs:
1) [IBurareneii MOCTOSHHOIO TOKA,

2) ACUHXpPOHHOTIO JABUTaTENs;

3) CHUHXpPOHHOTO JBUTATEJIS;

4) Bcex Tunos nBurareneil.

10. PerysinpoBaHue cKOPOCTH NepeK/JIIYeHHeM YHCIa Map NoJI0COB peajausyercs AJs:
1) JIBuraresneil mOCTOSTHHOTO TOKa;

2) IBuratesi TOCTOSIHHOTO TOKa C HE3aBUCUMBIM BO30YKIEHHEM;

3) ACHHXPOHHOTO JIBUTATEIIS;

4) CUHXPOHHOTO JIBUTATEIIS.

11. Ko3¢ppuumeHTOM OTHOCHUTEJIBLHOCTH TNPOAO/LKUTEJbHOCTH padovyero mnepuoaa
XapaKTepu3yercs:

1) [ToBTOPHO — KPaTKOBPEMEHHBIN PEXKHM;

2) KpaTKOBpEMEHHBII peXHM;

3) JlnmuTenbHbIi pexum;




4) Bce pexxumsl.

12. Ko3¢ppuumeHT 0THOCHTEIBHOCTH NPOAO/LKHTEJIBHOCTH Padoyero nepuoia paBeH:

1)g=7tp J. 2)8:7tp+t01 3)5:7tp 1 4)82M

tp +1 t, tp —t to

13. IIpeacraBiieHHOE CeMeCTBO XaPAKTEPUCTHK COOTBETCTBYET:

1) PeoctaTHOMY peryampoBaHHIO CKOPOCTH 3JIEKTPOIIPUBO/IA

2) PerynnpoBaHHIO CKOPOCTH AJICKTPOIPHBO/Ia U3MEHCHUEM MAarHUTHOTO MTOTOKa

3) YacTOTHOMY PEryJIupOBAaHUIO CKOPOCTH 3JIEKTPOIIPUBO/IA

4) PerynupoBaHHIO CKOPOCTH JIEKTPOIIPUBOA U3MEHEHUEM ITUTAIOLIET0 HANPsKEHUs

a0}

EcrtecTBeHHast
—

VN M

14. IlpeacraBieHHasi XapaKTePUCTHKA COOTBETCTBYeT:

1) Pexumy pexkynepaTUBHOTO TOPMOKEHMS;

2) TopMOXeHHUIO0 U3MEHEHUEM MOISPHOCTH;

3) AuHaMUYeCcCKOMY TOPMOMKEHHIO C MCIIOJIb30BAaHUEM J100aBOYHOTO COMPOTUBIICHUS;

4) IlnHaMHueCcKOMY TOPMOKEHUIO IIPH YCIOBUU M wacp, > My s,

a
ecTecTBEHHAs

15. Ha pucyHke npeacraBjieHa cxeMa BKJIIOYEHHUs ABUTATe/Is IPH

1) PerynupoBanue yrioBoii ckopoctu A/l H3MEHEHHEM HalpsHKEHUs Ha CTaTope
2) peocTaTHOM croco0e PeryIupoBaHus YIrioBoil ckopoctu AJ]

3) PerynupoBanue yrinoBoit ckopoctu M3meHnenneM uwcia nap noitocoB AJl
4) YacTOTHOE peryJupoBaHHe CKOPOCTH AaCHHXPOHHOTO JIBUTATEIIS

NUI



16. IIpencraBiieHHOE ceMeliCTBO XapaAKTEPUCTUK COOTBETCTBYeT:

1) PeoctaTHOMY peryaupoBaHHIO CKOPOCTH JIEKTPOTIPUBOIA

2) PerynupoBaHuiO CKOPOCTH AJIEKTPONPUBOJA U3MEHEHHEM MarHUTHOTO IMOTOKA

3) YacToTHOMY peryarMpOBaHHI0 CKOPOCTH AJIICKTPOIIPUBO/IA

4) PerynupoBaHHIO CKOPOCTH 3JIEKTPONPUBOJIa U3MEHEHUEM MTUTAIOIIETO HAMPSKEHUS

o -fl :jl‘ Hom !

(DOHOM

bamnmel 3a TCCTUPOBAHHUEC HAYUCIIAIOTCA B COOTBETCTBUHU CO CHCIIYIOHIef/'I Ta6JII/III€I\/JI

IIpomerxyTouHas aTTecTanys OCyLECTBIsAETCS B (hopMe 3aueTa.
[IpuMepHBIii epeyeHpb BOIIPOCOB IS IIOATOTOBKY K 3a4€eTy:
1. Knaccudukanus 3JeKTPONPUBOAOB M0 XapaKTepPUCTHKE ABUKEHHS, 110 KOJIUYECTBY

HBHFaTeﬂeﬁ, 110 CTCIICHU YIIPABJISACMOCTH.

Ilo pooy moka

DNEKTPOIPHUBO/I HOCTOSHHOTO U TIEPEMEHHOT0 TOKA.

Ilo cnocoby pacnpedenenus mexanuyeckou dHepeuu

1) Ipynnosou DIl obecrnieunBaeT IBWKCHHE HCIIOJHUTEIBHBIX OPraHOB HECKOJBKUX
pabounx MallvuH WM HECKOJIBKUX UCIIONHUTEIBHBIX OPraHOB OJHON paboueit mamuHbl. [lepenada
MEXaHUYECKOH SHEPruM OT OJHOrO JBUTATENII K HECKOJbKAM pa0o4YMM MalluHaM u  e€
pacripesielieHue MeX 1y HUMH TIPOU3BOJUTCS C TIOMOIIBIO OHOM MITM HECKOJIBKUX TPAHCMHUCCHH.

2) UnousudyanvHulii IPUBOJL 1O CPABHEHHUIO C TPYIIOBBIM 00JaIaeT PAIOM MPEHMYIICCTB:
MPOU3BOJICTBEHHBIE  TIOMEIIEHUS HE  3arpOMOXKIAIOTCS  TSOKEIBIMA  TPAHCMHUCCHSIMU U

NepeaTOuHbIMU  YCTpOMCTBaMH;  yJIyYIIAKOTCS  YCIOBMS ~ paboThl M TOBBILIAETCA
B MaxkcumanbHBbII
oasI —
Koa | ouenouHnoro Kpurepun Bana R ———
CpeacTBa B
1 2 3 4 5

BBICTABJIACTCS CTYAEHTY, €CIIM OH OTBETHUI 10
MpaBWIbHO Ha 16 BOIIpocoB
BBICTABJIAETCS CTYAEHTY, €CIIM 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 BBICTABIIAETCS CTYIEHTY, €CJIU OH OTBETHJ 7
npaBwibHO Ha 10-11 Bonpocos
BBICTABJIIETCS CTYIEHTY, €CIIU OH OTBETHJI 6
IIPaBWJIBHO Ha 9 BONPOCOB
BBICTABIICTCA CTY/ICHTY, CCIM OH OTBETAN |
IIpaBWJIBHO MEHEE, YeEM Ha 9 BoIrpocoB




IIPOU3BOIUTENILHOCTh TpPYyJa BCJEICTBUE OOJIETYEHHs YIPABICHHS OTAEIbHBIMH MEXaHHU3MaMH.
WHanBUyanbHBIA 3IEKTPOIPUBO OTIIMYAETCs 0oJiee JIyUIIMMU SHEPreTHYECKUMH TTOKa3aTeIsIMH.
3HAYUTEIbHO YNPOILIAKOTCS MEXaHUYECKUE Iepeayud, MOBBIIIAETCS TOYHOCTh pabOThI MPHUBOAA.
[Tpu ucnonp3oBanuu uHAMBHAYadbHOrO Ol cozmaroTcs Hambosiee OIArONPHSTHBIC YCIOBUS IS
aBTOMaTH3alKUy paboThl MAIIMH U TEXHOJIOrMYecKux mnpouecco. Takoil DI mmpoko npumeHseTcs
B CJOXHBIX METAIOPSKYIIUX CTaHKaX, IPOKAaTHBIX CTaHaX, »JKCKaBaTopaX, IOJbEMHO-
TPAHCHOPTHBIX MalllMHAX, podoTax u Jp.

3) Bzaumoceszannviti O] uMeeT aBa WIM HECKOJBKO DIICKTPHUSCKH WIIM MEXaHUYECKH
CBSI3aHHBIX MeXAy coOoi nBurareneil. [lpumepom B3aumocBszanHoro D11 MOXKeET ClyKUTh IPUBOJ
LIEMTHOT0 KOHBeHepa OoJIbLION MPOTSKEHHOCTU. VICIOMHUTENbHBIM OpPraHOM TaKOro KOHBeHepa
CIIY’)KHUT Liellb, IPUBOJUMAsI B IBUJKEHUE HECKOJBKUMM JIBUraTENsIMU, YCTAHOBJIEHHBIMU 110 JJIMHE
KoHBelepa. BsaumocBszannbiii OIl mmpoko mnpuMeHsieTcs B TPaHCHOPTHBIX —YCTaHOBKaXx,
OymarojienaTeNIbHbIX MallliHaX, TeKCTHIBHBIX arperarax, MPOKAaTHBIX CTaHAaX METAJIyprU4ecKOro
npou3BoacTBa u  T.4. OnHOW W3 pasHOBUAHOCTEW B3amMocBs3aHHoro Ol sBusercs
MHOTOJIBUTATENIbHBIA TPUBOJI — 3TO JIEKTPOIIPUBO, B KOTOPOM HECKOJIBKO ABHraTeneil paboraror
Ha o01Inii BaI.

Ilo 6udy osudicenus Pa3nUUAIOT PEBEPCUBHBIM W HepeBepCUBHBIM DIl mocTynmaTelbHOTO
7100 BpaIaTeNbHOTO ABHKEHHUSL.

1lo cmenenu ynpaeniemocmu

1) Heperynupyemblii — Ui NpPUBEAEHUS B JIEHCTBHE HCIOJHUTEIBHOIO opraHa paboueil
MallMHbl C OJHOM CKOpPOCTBIO, NapaMeTpbl IPHUBOJA MEHSAIOTCS TOJBKO B pe3ysbTare
BO3MYILAIOLIUX BO3/IEHCTBUN;

2) perynupyemMblil - CKOPOCTh paboUero opraHa MO>KeT U3MEHSTHCS B YKA3aHHBIX Mpejenax,
IapaMeTpsl IPUBOJA MOT'YT MEHATHCS 110J] BO3AEHCTBUEM YIIPABIISAIOLIETO YCTPONCTBA;

3) mporpaMMHO-YIpPaBIsA€MbId — CKOPOCTh BpAICHHUS H3MEHSETCS COTJIACHO HEKOTOpOM
IIPOrpaMME;

4) cnepsmuii — aBTOMaTHYECKH OTpa0aThIBAIOIIUHN [TEPEMELLIEHUE UCIIOJIHUTEIBHOIO OpraHa
paOoueil MalIMHBI C ONpeNeNEHHOW TOYHOCTBIO B COOTBETCTBUU C IPOU3BOJIBHO MEHSIOIIMMCS
3aJIaI0LUM CUTHAJIOM;

5) ajmanTuUBHBIM — aBTOMATHYECKH H30MPAIOLIMM CTPYKTYpY WM IapaMeTpbl CHCTEMBI
YIOpaBJIEHUS MpPU HU3MEHEHMM YCIOBHM paOOThl MalllMHBI C LEJIbI0 BBIPAOOTKH ONTUMAJIbHOTO
pexuMa.

Ilo pody nepedamounoco ycmpoiicmea

1) PenykTopHbIl, B KOTOPOM »3JIEKTPOABHMIraTeib IEpelacT BpallaTeIbHOE JBH)KEHUE
pabodeMy opraHy MallllHbI Yepe3 peayKTop

2) be3penykTopHbIi — nepeiaya JBHKEHUS OCYILECTBIISIETCS] HETTOCPEICTBEHHO K paboueMy
oprasy, 1160 yepe3 nepelaTouHoe yCTPOMCTBO, HE coiepKalliee peayKTop.

1lo yposnio aemomamuzayuu

1) HeaBromaTu3upoBaHHBIN. YmpaBieHHE OCYIIECTBISETCS B pyuHyto. [lpumensierca B
YCTaHOBKAX MaJIOi MOLIHOCTH, OBITOBOM U METUIIMHCKOIN TEXHUKE.

2) ApromaTu3upOBaHHBIM. PerynupoBaHue mnapaMeTpoB MPOUCXOJUT ABTOMATHYECKH,
YIPABJISAIOUINE KOMAaH/bI 3a1al0TCS BPYUHYIO.

3) ABromaTuueckuil. YTNpaBisionile BO3JEHCTBUS BbIpadaThIBAlOTCA aBTOMAaTHUECKH, Oe3
y4dacTus oleparopa.

2. OcHOBHO€ YpaBHeHHE JIBHKEHUS IJIeKTPONPUBOIA OTHOMACCOBOI CHCTEMBI JIJIsI
MOCTOSIHHOTO MOMEHTA HHEPUMH.
[Ipocreiimass mMexaHuuyeckass CUCTEMa COCTOMT W3 pOTOpa ABUTATeNls U HENOCPEACTBEHHO
CBSI3aHHOM C HUM Harpy3KHd - pabouyero opraHa MalifHebl.
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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 dacTu (TpeHue); KaXKAbli MOMEHT HMMEET CBOI0 BEJIMYMHY U HallpaBJICHHUE.
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 HaxXOJIUTCS Kakas-InOo MeXaHUYecKas repezaua,
T.€. UMEETCS HECKOJIBbKO Pa3JIMYHBIX BAJIOB CO CBOUMU MOMEHTaMM U CKOpOCTAMHU. {151 cBeneHus
m000ii peabHONW CHCTEMbI K MPOCTEHIIel MOAENU Ha pUC. 2 HY)KHO BBIIOJHHUTH PsiJi ONEpallHid,
HA3BIBAEMBIX npuUGedeHueM MOMEHTOB M MOMEHTOB HWHEPLUU K HEKOTOPOMY BBIOpaHHOMY B
KauecTBE OCHOBHOT'O Bally, OOBIYHO - K Baly ABUratelns. MIHbIMU ClIO0BaMH, HEKOTOPYIO pEalbHYIO
MEXaHMUYECKYI0 CHCTEMY, HallpuMep, MMOKa3aHHYI0 Ha pHUC. 2,3, HY)KHO 3aMETUTh DKBUBAJCHTHOMN
cucteMoil (puc. 2,0), Takoil, 4TOOBI Ta 3aMEHA HE OTpa3ujach Ha MOBEJICHUU YAaCTU CHCTEMBI,
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 3a30pOB; MOMCHTBI HHCPIINUH,
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 TNpUBENCHHONW CUCTEMAaX JOJDKHBI OCTaTbCS HEW3MEHHON MOIIHOCTb,
pasBuBaemas asurareneM Mo, T.e. B HallleM cilydae, KOrAa OTepH MOKPBIBAIOTCS aABUrareneM (M
U () HalpaBJIeHbl COTJIACHO):
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HOTepI/I BCCTa IMOKPBIBAIOTCA TOH 4YacCThIO CHUCTEMBI, KOTOpas CO34acT ABMIXCHUC, 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 IENSX YIPOIICHUS Mbl HE YWIM MOTEPU B Mepeaadax; 3TO OOBIYHO HE MPUBOAMUT K
OOJIBLIIMM TIOTPEIIHOCTSIM, €CJIM JUHAMUYCCKHE PEKHMbI HE WUTPAIOT OIPEICIISIONIYI0 pPOJib 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 IUHAMUYECKUX PEXKHUMOB 3JIEKTPOIIPUBOIA

w
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Puc. 3. [Ipumep MeXaHUYECKUX XapaKTEPUCTUK

[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 aCUHXPOHHOro apuratens (M) U UeHTpOoOeKHOM
MamwHbl (M,). 3HaKW BEJIWYUH OIPEACIISAIOT, NMPUHSB OJHO W3  HANpPABICHUH JBYIKCHUS 32
MOJIOKUTEIHFHOE, HAPUMED: 110 YaCOBOW CTpEJIKe- + WM BBEpX- + U T.I.

Momenmui, HanpasieHHvle O OBUNCEHUIO (08UMCYWUE), UMEIOM 3HAK, COBNAOAIOWUL CO
3Hakom ckopocmu (y4acTOK @y - M, XapaKTEepUCTUKH JIBUTATENS); MOMEHMbl, HANPAGIEeHHblE
npomue  OBUdICEHUs.  (Mopmosawjue), UmMerom 3HAK, NPOMUBONONONCHBIN 3HAKY CKOpPOCMU
(ocTasIbHBIE YYaCTKH XapaKTEPUCTUK

5. Bungsr MOMCHTOB, ﬂeﬁCTByIOHlHX B OJJICKTPOIIPUBOAC: ABWIKXYHMIUMC W TOPMO3HBIC.
TumoBsle cTaTHYECKHUE Harpys3ku:. aKTUBHBIC — HArpy3KH I'py30IIOABEMHBIX MCXAHU3MOB, YIIPYI'UX



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

MOMEHTBI IPUHATO JENUTh HA AaKTUBHBIE U PEaKTUBHbIC.

AxmueHnvle MOMeHMbL MOTYT OBITh KaK JIBIKYIIUMH, TaK U TOPMO3SIINMHE, UX HAMPABICHHUE
HE 3aBHCHUT OT HampaBleHUS ABM)KEHUS: MOMEHT, CO3/IaHHBIN 3JIeKTpUUYECKOil MamuHoil (M Ha puc.
3), MOMEHT, CO3JaHHBII Tpy3oMm, nOpyxuHONM U T.1. COOTBETCTBYIOIIME MEXAHUYECKUE
XapaKTePUCTUKU MOTYT PacIioyiaraTbCsl B IIOOOM U3 YEThIpEX KBaJPaHTOB.

Peaxmuenvie momenmuvr - peakuus Ha [JBUKEHHME, OHM BCETJa HaIPaBJIEHbl IPOTUB
IBUKEHMSI, T.€. BCerJa TOPMO3AILIME: MOMEHT OT CHJI TpPEHHUs, MOMEHT, CO3/1aBaeMbIil
EeHTpoOekHOM MammHoi (M, Ha puc. 3) u T1.. MeXaHHYECKHME XapaKTePUCTHKH BCEra
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
orpunarenbayo 3 <0(3) win moaoKUTEIbHYIO (4) )KECTKOCTb.

w
1
1
T
e M

Puc. 4. Mexannueckue XapaKTCPHUCTUKU C paSHHqHOﬁ 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 YCTOWYHMB YCTAaHOBMBILMICS PEXKUM, T.€. BEPHETCA JIM CHCTEMa IOcie JEeHCTBHS
T000r0 CIy4aHOro BO3MYIIEHHUS K HCXOAHOMY CTaTHUECKOMY COCTOSIHMIO - pHUC. 5a, WIM He
BEpHeTcs - puc. 5,0.

a) 0)
Puc. 5. K onpenenennto craTH4ecKoi 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 BOCCTAHABIIMBACTCSI, CUCTEMa BO3BpAIAETCs B UCXOAHOE cocTosiHMe. Bo BTopom
ciyyae (puc. 5,0) Takoe e CiydailHO€ M3MEHEHHE CKOpPOCTH MPHUBOAUT K MpeodialaHHIo
TOPMO3SIILIEr0 MOMEHTA, M PABHOBECHE HE BOCCTAHABIMBACTCS - CUCTEMa CTAaTUYECKU HEYCTONYMBA.

7. YpaBHEHHE BUKECHHUS JIEKTPONIPUBOJA ISl ABYXMAaccoBoii cucremsl. [IpeodpasoBanue
JIByXMacCOBOM CUCTEMBI K OJIHOMAacCOBOI cucTeMeE.
Bo MHorumx ciydasx KHHEMaTHuyeckas cxema paboyeil MalluHbl COJCPKHUT YIpYyrue
AJIEMEHTBHI: JUTMHHBIC BAJIbl, TOPCHOHBI, YIPYTrue MyQThl, TEKCTPOIIHBIE, KAHATHBIC TIEpelaun U JIp. ).
B peanbHbIX cxemMax MHOTJA HPUXOAMTCS YUMUTBHIBATH JIIO(THI M 3a30pbl B 3yO4aThIX
neperayax U CoeIuHEHUsX. B 3TuX cilydasx KMHEMaTHYECKYI0 CXEMY HEJb3sl pacCMaTpUBaTh Kak
KECTKYI0  OJIHOMAacCOByl0 cucrteMy. B ocobeHHOCTM 3TO  Kacaercsi  BBICOKOTOYHBIX

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

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

MexaHU4ecKrue CHCTEMBI, B
KOTOPBIX MPUCYTCTBYIOT SIBHO BBIp@KEHHBIC YIPYTUE 3BEHBS, OOBIYHO MPUBOASAT K JBYXMACCOBBIM
WITH TPEXMAaCCOBBIM MEXaHUYECKUM CUCTEMaM. Paccmotpum JIBYXMAacCCOBYIO
ANEKTPOMEXaHUYECKYI0 cxeMy (puc.2.9). B Hepa3BeTBICHHONW KHHEMAaTHYECKOW CXeMe OOBIYHO
BBICTISIIOT POTOP JIBUTATEINsT M JKECTKO CBS3aHHBIC C HEM D3JIEMCHTHl KHHEMATHYECKOH IICTIH.
[IpuBoss MOMEHTHI WHEPLUHUU STUX 3BEHBEB K CKOPOCTH Bajla ABUTaTels, MOJIYYHM IEPBYIO
Maccy J;. DTa Macca CBsi3aHa TOCPEJICTBOM YIPYTOro 3J€MEHTa, UMEIOIIEro KecTKOocThC, co
BTOpOI1 Maccoit)y, KOTOpyro 00pa3ytoT MOMEHTHI HHEPIMH pab0Yero OpraHa U *KECTKO CBSI3aHHBIX C
HUM OCTaJIbHBIX 3JICMCHTOB KHHEMATHUICCKOM TIEITH.
Onucanue AByXMaccOBON MEXaHHUECKON CUCTEMBI C YIIPYTUM 3B€HOM Ha OCHOBE YPaBHEHHUS

lelz + szzz B C(ﬂ _(02)2
2 2 2
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8. Ob11ue cBeieHus O peryInpoBaHUN

Pecynuposanuem  ckopocTH  Ha3bplBaeTCd  NPUHYAUTEIbHOE  U3MEHEHHE  CKOPOCTH
AJIEKTPONIPUBOAA B 3aBUCUMOCTH OT TpeOOBaHMN TexHOoJoruyeckoro mporecca. Ilonsrue
pEryJIMpoBaHMsl CKOPOCTHM HE CJEAYEeT CMEIIMBAaTh C €CTECTBEHHBIM H3MEHEHUEM CKOpOCTH,
BO3HUKAIOIIUM B 3JIEKTPONPUBOJIAX B CHIIy U3MEHEHHUS HAarpy3kd Ha Bally paOoTarouieil MalluHBI.
PerynupoBanue CKOpPOCTH OCYIIECTBISETCS OMOJHUTENbHBIM BO3ACHCTBUEM Ha MPUBOJHON
JIBUTATEIIb.

Haub6onee 3¢ hekTUBHBIM C TOUKH 3pEHUS 3aTPaT U BO3ZMOKHOCTEH SABIISETCS JIEKTPUUECKOE
pEryJInpoBaHME, KOTOPOE CEroJHs JOMMHHUPYET HaJ APYTMMHU TUIIAMHU PEryJIMpOBaHUS IOTOKA
MOIIIHOCTH K pabo4yeMy OpraHy HUCIOJIHUTEIbHOTO MEXaHU3Ma.

Kpome perynupoBaHHs CKOPOCTH OT 3JIEKTPOIPHUBOAA B OOIEM Cilydae Takxke Tpedyercs
o0ecreunTh peryJdpoBaHWEe MOMEHTA (TOKa) M TOJIOKEHHUS. 3ajada peryMpoBaHHE 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 AATYUKOB OOPATHBIX CBSI3€H M CIOKHBIX
YIPABISAIOUIMX  YCTPONCTB  (HampuMep, MpOrpaMMHPYEMbIE  JIOTUYECKHE  KOHTPOJUIEPHI).
HengocraTkoM pa3oMKHYTOrOo perylMpOBaHHs SIBISIETCd HHU3Kas TOYHOCTh MMOAJEp’KaHUs
peryaupyeMoil KOOpAMHATBI, YTO YacTO HE MOXKET OO0ECHEeYHTh BBINOJHEHHE HEO0OXOIMMBbIX
TpeOOBaHUI TEXHOJOTUN TPOU3BOICTBA.

B 3amxuymeix cuctemax pasnauyaroT 1Ba BUAA PETYJIUPOBAHMS: MO OTKJIOHEHHIO M I10
BO3MYyIlIEHHIO. PerynmpoBaHue 1O BO3MYILEHHIO IMPEANOJIAaraeT KOMIIEHCAIIMIO  BIUSHUS
BO3MYIICHUSI Ha PETyIUPYyeMyI0 KOOPAMHATY C TOMOUIbIO MOJOXHUTEIbHON oOpaTHOW cBs3u. B
ANEKTPONPUBOJIE NMPUMEHSETCS MEPBbIM TUIl PETYIUPOBAaHUSA — MO OTKJIOHEHHIO. Vcmonb3oBaHue



MOJIOKUTEIBHBIX 0OpATHBIX CBA3EH 4acTO MPUBOAUT K BOSHUKHOBEHHIO SIBJICHUSI HEYCTOWYMBOCTH,
YTO JeNlaeT CHCTeMYy HepabOTOCHOCOOHOM, IOATOMY peryJlMpoBaHHE IO BO3MYIICHUIO B
ANEKTPONPUBOJIE HE TPUMEHSETCS.

Peanuzamust perynupoBanust tpedyetr BBefeHuss B DOMC NOMOJHUTENBHBIX YIPABISIIOIIUX
yCTpoicTB. B pa3oMKHYTON cUCTeMe BBOJSTCS KOHTAKTOPBI, Pelie, pe3UCTOPhI, PEaKTOPHI U I1.T.

JUig ocyliecTBIEHUS! aBTOMaTUYECKOIO PETyJIMPOBAHUS IPELyCMAaTPUBAIOTCS YIIpaBIIsieMble
peoOpa3oBaTeiny U PEryjasTOphl, MO3BOJSIONIME aBTOMATHYECKH IOJ BO3JCiCTBHEM OOpaTHBIM
CBsI3€M M3MEHATH NapaMeTpbl cucreMbl. Hanbosee mMpoKo KCIONIb3YIOTCS AIEKTPOMAIIMHHBIE U
BEHTWJIbHBIC YIIPaBIII€MbIE MPEOOpa3oBaTeId M COOTBETCTBYIOIIME CHCTEMBI 3JEKTPOIPHBOJIA!
cucrema TreHeparop — nBuratens (I-J]); cucremMa THUPUCTOPHBIA (MU TPAH3UCTOPHBIN)
npeobpaszoBarens — asurarens (TII-J]); cucrtema mpeoOpa3oBarenb YacTOTHI — ACHHXPOHHBIN
neuratens (ITU-A/D).

9. ITokazaTenu KauecTBa pPeryJIMpOBaHUs YIIIOBOM CKOPOCTH IEKTPOIPUBOIOB

K nmnokaszarensiMm peryjaupoBaHUsl OTHOCSTCSI TOYHOCTb PEryJIMpPOBaHMs, IJIABHOCTb,
CTaOWJIBHOCTh CKOPOCTH, JOMYCTHMas Harpy3ka MpU pPa3IMYHBIX CKOPOCTSX, JAMHAMUYECKUE
[I0KA3aTeIN KaueCTBAa U 3KOHOMUYHOCTb PEryJIMPOBaHUS.

Tounocmwv pecynuposanus TEPEMEHHON OINpeaenseTcs] BO3MOXKHBIMH OTKJIOHEHHSIMH €€ OT
3aJIaHHOT'O 3HAYEHMsI MOJI IEHCTBUEM BO3MYILAIOIIKX (DAaKTOPOB (U3MEHEHUM HArpy3kH, KoueOaHus
HampsoKeHus MeTd | 1ip.). llpu perynupoBaHud B pa3oOMKHYTOH CHCTEME MOXKET OBITh HMPHUHSITO
CpelHee 3HAYEHHE KOOpJAMHATBI INPU H3BECTHBIX IIpelenax M3MEHEHMsI BCEX BO3MYILAIOLIUX
Bo3feicTBuil. [lpm 3TOM OLIEHKOW TOYHOCTH PEryJIHpPOBAHHUS MOXKET CIY)XUTh 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 UM 3aa0IIcro Curuajia U NpcacjioB USMCHCHH A BOSMyHleHHfI.

® 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

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

Ilnasnocms pezynuposanusi XapakTEpPU3yeT CKA4OK CKOPOCTH TPU TEpPEXoje OT JaHHOU
CKOpPOCTH K Omnikaiiieil Bo3MokHOU. [I1aBHOCTH TeM BBIIIE, YeM MEHbINE ITOT cKkadek. E€ MoxkHO
OIICHUTh KO3(P(GUIIMEHTOM TUIABHOCTH PETYIHPOBAHMS, KOTOPBIA OMpEIEISIETCS KaK OTHOIICHUE
JIBYX COCEIHUX 3HAUEHUH YIIJIOBBIX CKOPOCTEHU IPU PEryIUPOBAHUU

P = ;@ 4,

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




DKOHOMUYHOCMb — Pe2yIupo6anus —XapakTepU3yeTcs 3aTparaMd  Ha  COOPY)KEHHE |
OKCIUTYaTallMi0 3JIEKTPONPHUBOAA. IIpHMEHCHHE PETYIMPYEMOT0 JJIEKTPONPUBOIA CBA3aHO C
JOIOJIHUTEIBHBIMU TIEPBOHAYAILHBIMEM 3aTpaTaMHi M OKCILIYaTallAOHHBIMH PAaCcXOJaMH, KOTOpbIE
JOJDKHBI OKYIIAThCsl MOBBIMICHUEM IPOU3BOIUTEIILHOCTH W HAJIEKHOCTH pabOThl yYCTAHOBKH, a
TaKKe YIIYYIIEHHEM KauecTBa MPOAYKUHMH. [Ipy CpaBHEHUH Pa3IUYHBIX CIIOCOOOB PErYJIMPOBAHUS
OPMEHTHPOBOYHOEC CYKIEHHE O 3aTparax MOKHO COCTaBHMTh, OICHHBAs MaccorabapuTHBIC
[I0Ka3aTely JAOMOJHUTEIBHOr0 000pYI0BaHMs, a SKCIUIyaTallMOHHbIE 3aTpaThl 1Mo 3Heprun — KIT/,
XapaKTEPU3YIOLIMM TIOTEPH SHEPTUH

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 OoJibIiIe )KECTKOCTh MEXaHMYECKOH XapaKTePUCTUKHU JIBUTATENS,, TEM BBIIIC
CTaOWIIBHOCT  CKOPOCTH  JieKTporpuBoaa. (Camoil  BBICOKOHW CTAOWIIBHOCTBIO — 00JaJaroT
CHHXPOHHBIE JIBUT'ATEIIH, TaK KaK y HUX ®KeCcTKocTh MX 3 — 0.

Hanpasnenue pecynuposanus cxopocmu- — ONpeneisieT BO3MOXXHOCTh YMCHBLICHHE WIIH
yBEJIMUYCHUE €€ TI0 OTHOUICHUIO K HOMHHAIBHOMY 3HAUYEHHIO 3aBUCHUT OT CIIOCOOOB PEryIHUpPOBAHMUSL.
JIJ1si IPUBO/IOB IOCTOSIHHOTO TOKA PA3IMYAl0T OJTHO- U IBYX30HHOE PErYJIUPOBaHHE.

B niepBoM ciydae peryiupoBaHUE OCYLICCTBIISCTCS MPU TOCTOSHCTBE MarHMUTHOTO TOTOKA
IyTeM M3MEHEHHs HAIPsHKEHHS Ha SIKOPE BHU3 OT HOMHUHAIBHOTO 3HaueHus. Takoe peryaupoBaHue
HA3BIBAIOT PEryIMPOBaHIEM ¢ rocTosHcTBoM MoMenTa ( M = kO g O =const).

JIns mepeBoja HpPUBOJA BO BTOPYK 30HY YMEHBIIAIOT MArHUTHBIA TIOTOK JBUTATEIs
(M3MEHSIOT HANpPsDKEHHE Ha 00MOTKE BO30YK/ICHHS HI)KE HOMUHAIBHOT'0), TPU 3TOM YMEHBILACTCS
Teperpy3o4Has CrocoGHoCTh mBuratens 1o Momenty (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 JAIIT ¢ HB npencraBnens! Ha puc. 7.3.

M.P, ® .
| 5%,

I 30Ha I 3010 e
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O 0 rp tmc‘:,\‘l rnn‘rxl 4
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 IIPUMEHSIETCS B OCHOBHOM JUIS peBepca asurarens. J{is
TOYHOI'O OCTAaHOBA ABUTIAaTCIIsd HAaHHBIM pe)KI/IM HC y}106eH, TaK KakK Tpe6yeTC$I JOBOJIBHO TOYHAasA
HACTPOMKa aImapaTyphl Ui TOrO, YTOObI OCTAHOBHUTH JBMIATENb B TOUKE HYJIEBOM cKopocTH. Eciu
K€ IBHUIaTcCjib HE OTKIKOYUTH OT CETH, TO OH Hepeﬁ}leT B }IBHFaTeHBHBIfI pe)KI/IM, U B }IaJ'IBHeI\/’IIHeM




Pa3roOHUTCA a0 HOMHHAJIbHOM CKOpPOCTH IIpHU HATMYUKW HOMUHAJIBHOI'O MOMCHTA HA BaJly ABHUIaTCIIA.
I[JBI TOYHOM OCTAaHOBKHM JABHTATEIIA HCIOJIB3YCTCA PCXKUM JUHAMUYCCKOTO TOPMOKCHUS.

13. PeocTaTtHOe peryianpoBaHue yriioBOM CKOPOCTHIO IBUraTesiel MOCTOSHHOTO 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) 0)
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 MCXAaHUYCCKUC XAPAKTCPUCTHUKU JABUTATCIIA IIPH ocCJ1a0JICHHH 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

QJICKTPOMEXAHUYCCKHUEC XaAPAKTCPUCTHUKH IICPCCCKAKOTCA B OAHOHU TOYKC 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 XAPAKTCPHUCTUKAX.

15. PerynupoBaHue CKOpOCTH U3MEHEHUEM HAIPSHKEHUS Ha IKOPE
Cxema a1eKTponpuBo/Ia, o0ecreyrBaroIiasi peryJupoBaHue HApsDKEHUs Ha SIKOpe, MoKa3aHa
Ha puc. 16,a. ITOT crmoco0 peryIupoBaHUs MPEANOIAraeT UCIOIh30BaHIE CHIIOBOTO YIIPABISIEMOTO
npeoOpa3oBaresi, yCTAHOBJICHHAsI MOIIHOCTh KOTOPOT'O MPEBBIIIAET MOIIIHOCTh JIBUTATEIIs.

[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 U, a 3Ha4uT u E, BO3MOXXHO JIMIIIb 32 CYET HEKOTOPOTO YMEHbIIEHUs @ . Takue
CHCTEMBI Ha3bIBAIOT CTATUYECKUMH, B OTIMYME OT acTarndeckux, rae Aw =0,

YpaBHeHHE MEXaHUYECKOM XapaKTEPUCTUKHU B 3aMKHYTOM CUCTEME.
KU; B M Rz
Ky )
c

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

[TycTh TpeOyeTcst orpaHUYUTh MOMEHT, Pa3BUBACMbIid JABUTATENIEM, HEKOTOPOH MpeaeabHOM
BEIIMUMHBL Mype.. B cucreme YII-JI 3Ty 3amady mMoxkHO pemuts, cHukas D/1C npeoOpaszopatens
IOpU JOCTHKEHUM MOMEHTOM BEIWYMHBI M,,.. Kak yxe ObLIO IOKa3aHO BBIIIE, 3Ta ONEpaIHs
BBITIOJTHSIETCS] aBTOMAaTUYECKH, €CITM UCIIOJIb30BaTh COOTBETCTBYIONIYIO 0OpaTHYIO CBsi3b. B 1aHHOM
cilydae Iesiecoo0pa3HO HMCIOJb30BaTh OOPATHYIO CBSA3b 10 MOMEHTY HJIM TIO TOKY, KOTOPBIH eMy
nponopuuoHanien (@ = const), IpUYEM 3Ta CBs3b JIOJDKHA BCTYNAaTh B JCHCTBUE JIMIb MPU
JOCTHDKCHHM TOKOM HEKOTOPOro 3aJaHHOrO 3HayeHus. Takue oOpaTHBIE CBS3M HA3bIBAIOT
HEJIMHEHHBIMU WIHA CBs3AMM ¢ oTceukoil. IIpocrenmas cxema cucremsl YII-JI[ ¢ orpunarensHoOn
00paTHOM CBSI3BIO MO TOKY C OTCEUKOM MoKa3zaHa Ha puc. 18,a.

w=
K
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a) 0)

Puc. 18. Cxema (a) u xapakTepucTHKd (0) 3JIEKTPONPHUBOAA IOCTOSIHHOTO 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 BEITUYHUHBI M09 OTpUILIaTENbHAS 00paTHAas CBA3b 110 TOKY HAUMHAET JEHCTBOBATS, T.€.

U., = U, -al,

Onmaronapst ueMy CHMXkaercsi E, U pocT MOMeHTa orpaHuunBaercs. M3menenuem U, MokHO
YCTAaHOBUTH TpeOyeMyl0 XapaKTepucTtuky - puc. 18,0, a msmenenuem U,, - 3amaTh HYKHBIN
NpeebHbIA MOMEHT.

18. 3amkHyTas cucTeMa UCTOYHHK TOKA - JBUTATENb

[Tpu nuTaHUu SKOPHOW LIEMH OT HEYNpPaBJIIEMOro HCTOYHHMKA ToKa (|=const) sanexkrponpuBo/,
KaKk OTMeYajoch, OOJagaeT CBOWCTBOM YIPABISIEMOTO IO IEMH BO3OYXKACHHUS ‘UCTOYHUKA
MOMEHTA”, T.€. IMEET B Pa30MKHYTOM CTPYKTYpPE BEPTUKAJIBbHBIE MEXAHUYECKHE XAPAKTEPUCTUKH.
3T0 00CTOATEIBCTBO OYEHb YAOOHO JIJIsl OCTPOEHUS 3aMKHYTBIX CTPYKTYp: UCKIIOUEHUE NEHCTBUS
OJIC BpamieHus TMO3BOJSIET MPOCTO (OPMHUPOBATH JIIOOBIE XAPAKTEPUCTUKU IOCPEACTBOM
HCIIOJIb30BAaHUSI COOTBETCTBYIOIIMX OOpaTHBIX cBsized. [lokakeM 3TO Ha MPOCTHIX Npumepax. B
cxeme Ha puc. 19,a orpunatensHas oOpaTHas 10 CKOPOCTH BKJIIOUEHA HA BO30YAMTENb, MMEIOLIHI
XapaKTePUCTHKY C OTpaHUYEHHEM; HAalIOMHUM, YTO YCTaHOBJIEHHAs] MOIIHOCTh BO30YAUTENSI MHOTO
MEHBIIe MOINHOCTH 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) cHCTEMbI UICTOYHHUK TOKA — JIBUTATENb, 3aMKHYTON
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 xapakTepucTHKu (0) CHUCTEMbI UCTOYHHUK TOKA — JIBUTATEIb, 3aMKHYTON
10 HANPSHKEHHIO Ha SIKOpe

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. cTabUIM3UpPyeTCs MOIIHOCTh, pa3BUBaeMasl IBUraTesieM.

[IpuBeneHHbIe MPUMEPHI UIUTIOCTPUPYIOT OOraThle BO3MOKHOCTH MOJIYYEHHSI MICKYCCTBEHHBIX
MEXaHMUYECKHUX XapaKTepUCTUK Jt000i TpedyeMoil ¢GopMbl MOCPENCTBOM HUCIOJIB30BaHUS
COOTBETCTBYIOLINX OOPAaTHBIX CBSA3EH.

Cnenyer OTMETUTb, YTO B CHCTEME HCTOYHUK TOKa - JBUTATelIb 3aMbIKAHUE CHCTEMBbI
MO3BOJISIET PACHPOCTPAHUTH SKOHOMHBIN CIIOCO0 peryaupoBaHUs U3MEHEHHEM MarHUTHOTO MOTOKA
Ha BClO obOmacte @ -M, T.e. cAenaTb pErylMpPOBaHUE JBYX30HHBIM, C HIMPOKHUMHU
(bYHKIIMOHATHLHBIMI BO3MOKHOCTSIMH.

19. Cucrema renepatop-aBurarenb

[TpunuunuansHast cxema cucremsl [-J[ mpeacraBmena Ha puc.2la. OHa cocTouT U3
npuBoJHOro nBuratens J[ (aCMHXpPOHHBIM WM CUHXPOHHBIA JABUTaTENb), KOTOPHIA MEXaHUYECKU
CBsI3aH ¢ reHeparopom nocrossHHoro toka I'. Bemnuuna 3JIC reHepatopa peryiaupyercs IMyTeM



W3MEHEHUs HanpsDKCHUS Ha OOMOTKE BO30YXKICHHS reHepartopa. SIkops reHepaTopa U JABUTATEIS
ANIEKTPUYECKHU CBSI3aHbI APYT C Apyrom. PerynupyembiM nmapaMeTpoM B JaHHOM CIy4yae BBICTYIAET
BenuunHa DJIC nBuratens. s oGecmedeHUss MarHUTHOTO IMOTOKa B JBUTATENIe W TEHEpPATOpe
UCIIONIB3YETCS  BO30YIUTENb, KOTOPBIM mpenctaBiusier coborr JIIIT MeHbInedd MouIHOCTH
P, =005+01P;. B mHacrosmee BpeMsa B KadyecTBE BO30yAMTENEeH  HCHOJB3YIOTCS

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 DJIC  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,
MOHO HAUTH YpaBHEHUE MEXaHUYECKON XapaKTEepUCTUKHU cuctemsl ['-/1;
Ex M (Rz + Rx)
W=—F— o av
kO (kO)

Bun mMexaHndeckux XapakTEepUCTHK MpeacTaBieH Ha puc. 21.6. AHanu3upys NOIYy4EHHOE
ypaBHeHue MX niis cucremsl ['/], MOKHO 3aKIIOUYNUTH, YTO OTHOCUTEIBHOE MMaJICHUE HANIPSIKEHUS B
ATOU CHUCTEME B BABOE BbIIIE (IIpsiMast 2), 4YeM Yy €CTeCTBEHHOM XapaKTEepUCTUKU JBUTATENS (TpsMast
1). OOycnaBnmuBaeTcs 3TO HAJIWMYMEM COIMPOTHBICHUS TEHEparopa, KOTOPOE MPUMEPHO pPaBHO
CONPOTHUBJICHUIO SIKOPSI IBUTATENS, TAK KaK MAllIMHbI IPUMEPHO OJMHAKOBON MOIITHOCTH.

OCHOBHBIM JTOCTOMHCTBOM JaHHOTO CIOCO0a PEerylUpOBaHUS SIBIISIETCS BBHICOKAs TIABHOCTH
pEeryJIMpOBaHusl CKOPOCTH JIBUTATEIIS.

20. Cucrema TUPUCTOPHBIN TpeoOpazoBaTesb-1BUTATENb

Pa3BuTHe CHIIOBOI AIEKTPOHUKHU IMO3BOJIMIO CO3AAaTh M YCIIEIIHO Pa3BUBATh CTAaTUYECKUE
npeoOpa3oBareu, Npeodpasyrolre NepeMEHHOE HapsHKEHNUE B PEryJInpyeMoe MOCTOSHHOE.

N3meHeHre BeNWYMHBI MMOCTOSHHOTO HAIpPSDKEHUS OCYLIECTBIISIETCS PEryJIMpOBaHUEM yria
OTKpbIBaHUS BEHTWIEH B MPOBOJAIIEH YacTH IEPEMEHHOIO HaIpsDKEHHA. 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 3aMelleHHs] ABUrareis, npuBeleHHoW Ha puc. 4.5. Ha cxeme npuHATHI

cnenyromme obo3HaueHus: U, - mepBudHOoe (a3Hoe HanpsbkeHue; |, - das3Hbli Tok ctaropa; |,-
IIPUBEACHHBI TOK poropa; X; U X, - NEPBUYHOE M BTOPUYHOE IPHUBEIECHHOE DPEAKTHBHbBIC
COITPOTUBJICHUA PACCCAHUA, 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 mexannueckol XapaKTepHCTUKHY TIOKa3aH Ha puc. 24.
IIpy S<<'sS; MexaHudeckas XapakTepUCTUKa OnM3Ka K JIMHEHWHOM 3aBUCUMOCTH
M =~ 2M,s/s;, a B obmacTu GONBIINX CKONBXKEHUH (S >> Sg ) UMeeT THIEepOOIMUECKHUI XapaKTep:
M~2Mgs,/s. Ilpu S=S; MOMEHT NpPUHMMAECT MaKCHUMalbHOE 3HAYECHUE, IPUYEM B

ABUTAaTCIIBHOM PCEXKUME COOTBETCTBYIOIICC 3HAYCHHUEC KPUTHYCCKOTO MOMCHTAa MCHLIOIC, 4YCM B
reHepaTopHOM.
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Puc. 24. Mexanunueckas xapakrepuctuka AJl ‘

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 PeKUME TOPMOXKEHMSI IPOTUBOBKIIOUEHHEM, npu S <0
MMEET MECTO TeHEPATOPHBIN PEKUM pabOTHI MapaJUIETIHHO 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 OTJIIMHACTCA OT BEJIMYUHBI ITUTAOIIICTO HaHpﬂ)KeHI/H[, HOSTOMY

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)

H3menenue nanpsagcenus Ha cmamope

[Ipn nmanHOM crocoOe M3MEHsSeTCsl BENUYMHA TMEPBOW TapMOHHMKH HAINPSOKEHHsS CTaTopa
nsurarens Uq =var. IIpu sToM, BenMuMHA KPUTUYECKOTO CKOJIBXEHHS HE MU3MEHSETCS, TO €CTh
Sa =const (puc. 25 6). M3MeHsiercs BeaMUMHA KPUTUYECKOTO MOMEHTA, MPUYEM CYIIECTBEHHBIM
SBIIAETCS TOT (PaKT, UTO BEIMUMHA MOMEHTA U3MEHSETCS MPOMOPIHOHATBHO KBaApaTy HAMPSHKEHUS
craropa. PerynupoBaHue, npu KOTOPOM u3MeHsercs BenuuuHa Uj; Ha3bIBalOT ¢hasoswim.
W3MmeHeHre HanpspKeHUsT BO3MOXKHO TOJBKO B CTOPOHY YMEHBLICHMS, TaK Kak IpPHU YBEIMYEHUU
HAIpPsDKEHUS TIPU TTIOCTOSIHCTBE 4acToThl f; OyJeT Bo3pacTaTh BEIMYMHA MAarHUTHOTO MOTOKA. JTO

B CBOKO oO4Yepeab NPHUBCACT K CYIECTBECHHOMY POCTY TOKa HaAMarHW4WBaHUA, KOTOprﬁ 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 W3MEHEHHH 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 HamarHuuuBaHus |,. [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).
Iepenumem dopmyny st JIC nBuratens, oCTaBUB B J1€BOM YaCTH MarHUTHBIH IOTOK
A U,
0 - .
4.44w, T,
Tak Kkak 4YHMCIO BUTKOB OOMOTKH W, IOCTOSHHO, CTaHOBHUTCS OUYEBUAHBIM, YTO JUIS

obOecrieyeHHs MOCTOSHHOIO 3HA4€HHMs MarHuTHoro mnortoka Og HE0OX0AMMO TOJIEPKUBATH

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

24. TopMO3HBIE PEKUMBI ACHHXPOHHOTO JIBUTATEIIS.
Peoxcum pexynepamuenozo mopmosrcenus
JIaHHBII peXUM BO3HHUKAECT NPU IPEBBIILICHHH YacCTOTHI BPALICHUS POTOPAa OTHOCHUTEIBHO

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



JIEKTPOMArHUTHBIT MOMEHT JIBUraTessl CTAaHOBUTCSI OTPULATENIBHBIM, a BbIpadaTbiBacMasi SHEpPrus
oTnaérca B ceThb. IIpakTU4ecKH 3TOT PEKUM MOXKHO IOIYYUTh YMEHBIIMB CHHXPOHHYIO 4acTOTY

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 aBurarens B judrax, 1100 B TeX ciyyasx, KOrJa JBUrarelb paboTaeT Ha aKTHBHBIM
MOMEHT (HaIlpUMep, B MOJABEMHO-TPAHCIOPTHBIX MallnHax). CxeMa BKIIIOUYEHUS 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 oOpaTHOeE, NMPH 3TOM YACTOTa BPALIEHHUS MAarHUTHOTO IOJIS
M3MEHSET HaIlPaBJICHUE BPAICHUS HA IPUTHBOIOJIOXKHOE. JIaHHBIM PEXUM IO3BOJSAET I0JIy4aTh
OoJiblIIE MOMEHTBI, OJ1aroapsi 4eMy BpeMs TOPMOXKEHMsI CYLLIECTBEHHO yMeHblIaercsa. Ecinu npu
NEPEeKIIOYeHNN YepefoBaHus (a3 JABHraTteib BKIIOYHTH TPU CKOPOCTH OJHM3KOM K HYIIO, TO
JBUraTelb Hepeiiier B ABUraTelbHBIA peXUM paOOThl APYroro HampaBieHus BpauieHus. Ilpu
TaKOM CIOCOO€ TOPMOKEHHS B JBUTATEJEC BO3HUKAIOT OOJBIIME TOKH, IO3TOMY JAHHBIA PEXKUM
npuMensiercad Ui asurarened ¢ @P v BBecHHMEM NONOJHUTEIBHOTO CONPOTHUBIIEHUS B LEIb
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 MOKHO PCTYJINPOBATHL BBEACHUCM
B I[ICIIb poTOpa MAOIOJIHUTCIIBHOTO COIIPOTHBJICHUA. HpI/I O9TOM H3MCHACTCA KCECTKOCTb
MCXAaHUYCCKHUX XAPAKTCPUCTHUK B PCKUME TOPMOIKCHUS. HpI/I TOPMOXKCHUU BCA SHCPIrud
BBIACIIACTCA Ha COIIPOTUBJIICHUU POTOPA U AOIIOJHUTECIBHOM COIMPOTHUBICHUHN, IIOOTOMY 3TOT PEKUM
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
MEPEMEHHOT0 TOKA U MOJAKIIOYEHUH €r0 K UCTOYHUKY MOCTOSIHHOTO TOKA. [Ipu 3TOM MOCTOSIHHBIIM
TOK CO3/1aCT HEMOABUKHOE MAarHUTHOE I0JIe CTaTopa. B 3TUX yclnoBUsX B pOTOpE, BpallaroleMcs
o uHepnuen, Hapogutcs JJIC, BO3HHKAeT TOK B OOMOTKE pOTOpa, B3aUMOJICHCTBHE KOTOPOTO C
MAarHUTHBIM T0JIEM MPUBOAMT K CO3JAaHUI0 TOPMO3HOIO MOMEHTa Ha Bajly JBHrareis. B mpouecce
JUHAMUYECKOTO TOPMOXKEHHSI MEXAHUYECKAas DSHEPrusl BPAIIAKOLIMXCA MacC 3JIEKTPOIPUBOJIA
npeodpazyeTcss B AJIEKTPUUYECKYIO SHEPTHIO, KOTOpas pacXoJyeTcss Ha HarpeB OOMOTKH pOTopa U
JOTIOJTHUTEIBHBIX PE3UCTOPOB, BKIFOUEHHBIX B IeMb poTopa. [Ipu ckopoctu Oimu3koii k Hymo, 31C
CTAHOBUTCS PAaBHOM HYJIO, TOK IIPEKPALIAETCs, © TOPMO3HON MOMEHT IPONaJaeT.

JIaHHBIA pEXUM MPUMEHSIOT i1 TOYHOM OCTAaHOBKM JABUrarTeis. [IOCTOSIHHBIA TOK
MPEOJ0NEBACT JIUIIb AaKTUBHOE COMPOTHBICHHE OOMOTKH CTAaTropa, I03TOMY HampsKeHUE
MMOCTOSIHHOTO TOKa, MOJBOJAMMOE K OOMOTKE CTaTopa MpH JIUHAMHYECKOM TOPMOKEHUH, JOJIKHO
ObITh HIDKE HAIMPSIKEHHUs] IEPEMEHHOTO TOKa, COOTBETCTBYIOIIETO paboTe IBUTATelNs, TaK, YTOOBI
TOK B OOMOTKE CTaropa HE TPEBBIMIA] HOMHUHAJIBLHOTO 3HadeHus. (Cxema BKIIIOYEHUSA W
MEXaHMYECKHEe XapaKTePUCTUKH TUHAMHYECKOI0 TOPMOKEHUS ITOKa3aHbl Ha puc. 28 a, 6.

25. Peocmammnoe pezynuposanue CKOPOCTH ACHHXPOHHOTO JBUraTeNs

Cxema BrimoueHus AJ[ mpu 3ToM croco0Oe peryiupoBaHUs TMpecTaBiieHa Ha puc. 29.
PeocraTHble XapaKTEepUCTHKH MOJy4arOTCs IIyTEM BBEAEHHS B IeNb pPOTOpa J00aBOYHOTO
conpotusieHus. [Ipu 3TOM ¢ pocTOM CONPOTUBIIEHUS MMAJAET KECTKOCTh MX.

JlonmycTUMBII Tuana3oH peryJupoBaHus CKOPOCTH IIPU JAHHOM cIlocooe

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

D = Awy/AM, +1,

* *
rac A0)6 — OTHOCHUTCJIbHAAd BCJIMYMHA H3MCHCHUA CKOPOCTH; AMC — OTHOCHUTCIIbHAsA

BEJIMYMHA U3MEHEHUSI MOMEHTA.

N3 nmonydyerHoit ¢hopMysbl BUAHO, YTO TIPH PABHBIX OTHOCUTEIHHBIX OTKJIOHEHUSX YIIIOBOU
CKOPOCTM W MOMEHTa Harpy3ku 1uarna3oH peryiaupoBanuss D=2:1. [lpu Oonee HH3KOM
JONYCTUMOM OTKJIOHEHUU YTIIOBOM CKOPOCTH JTIMANA30H OKA3bIBAECTCS €IIE MEHBIIIE.

[Torepr MOLIHOCTH IIPU PEOCTATHOM PETYJIMPOBAHUU CKIIAIBIBAIOTCS U3 IEPEMEHHBIX MTOTEPD,
BKJIFOYAIOIIMX MOTEPU B MEIU CTATOpPa U POTOpPA M BO BHENIHUX PE3UCTOPAX POTOPHOW LEMH, U
MOCTOSIHHBIX — HE€ 3aBUCAIIMX OT Harpy3ku. CymMMapHble NOCTOSIHHbIE TMOTEPU B JBUTATENE
OCTAIOTCSl IPUMEPHO OJMHAKOBBIMU HE3aBUCUMO OT HAarpy3KH U CKOPOCTH JIBUTATENS.

DJNIeKTpOMarHuTHasi U MeXxaHu4ecKasi MOIHOCTH Juist AJ{
F’12:Py] =Mw Ps = Mo,

Aeios » i
OTCIOJIa MOKHO OIPEIEIUTh MOTEPH B POTOPE
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~U, BunHo, d4ro morepu  IPONOPLUUOHAIBHBI  BEJIIMYUHE
‘I ‘I ‘I CKOJIBJKEHUSI U PACHPEIENAIOTCS IPONOPLUUOHAIBHO OTHOLIECHUIO
CONPOTUBIICHUI potopa JBATATEIIS u 700aBOYHOTO

CONPOTUBIICHUSI B IENH pPOTOpa, I[O3TOMY JBHraTelb Mpu
pPEOCTaTHOM PEryJMpOBAaHUU MOXKET pa3BUBaTh MOMEHT, PaBHBIN
HOMHHAJILHOMY.

Al HenocrarkamMu peocTaTHOro peryjaupoBaHUsi CKOPOCTU
SBJIAIOTCSL ~ CTYNEHYaTo€  PEeryjJupoBaHUE  CKOPOCTU  H
WCIIONBb30BaHUE  JOMOJHUTEIBHOM  ammapaTypbl, HEBBICOKOE
[,]‘_‘l Ry 06 ObicTpozeiicTBME W OoNblIME  MOTEpU  DSHEPTUU  TpU

eryJIMPOBAHUMU.
Puc. 29. CxeMma PEryIup
BKJIIOUCHUS JBUTATEIS IIPH

peocTaTHOM croco0e
perynupoBaHus

26. PerynupoBanue yrioBoil ckopoctd AJl u3MeHeHueM
HanpsDKEHUs Ha CTaTope

[Ipn u3MeHeHUH BETUYMHBI IEPBOIl TAPMOHUKU U3MEHSETCS
BEJIMYMHA KPUTHUYECKOI'O MOMEHTA IIPU MOCTOSIHCTBE KPUTUUECKOT0 cKoybxkeHus (puc. 2.28). Takoe
M3MEHEHUE JOCTUTAETCs UCIOIb30BaHUEM TUPUCTOPHOIO IpeodpaszoBareis HanpsokeHus (TITH).

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 Mpeeibl peryJupoBaHusl CKOPOCTH BECbMa OTPAHUYEHBI, Jake IMpu
BEHTWJISITOPHOM Harpyske.

Jlnis paciimpeHus Auana3zoHa UCIOob3YIOT 3aMKHYThIe ITo ckopocTtu CAP, cTpykTypHas cxema
koTopoil mpezacrasineHa Ha puc. 30. B cocraB Takoit CAP cxonut garuuk ckopoctu (BR) u
PEryasTOp 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>IBaeT YIpaBJIAOIINEC
umnynbebl Juis TIIH. OcoOGeHHOCTh Takoro peryjiMpoBaHUs 3aKiIl04aeTcss B TOM, UYTO BCE
XapaKTEPUCTUKH CXOASTCSA B TOUKE CHHXPOHHOW CKOPOCTH (), OTOMY, YeM MEHBbIIE CKOPOCTb,

TEM BBIIIE CKOJIbXKEHUE U 0OJIbIle MTOTEPH B IBUTATENE. MeXaHUYeCKHe XapaKTePUCTUKH JIBUTaTesI
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 CcrOcO0 peryaupoBaHUs HENb3s MPUMEHSITH I MEXaHW3MOB, pa0OTaIOIUX B
MPOJOJKUTEIFHOM peXHUMe paboTe € IMOCTOSAHHON Harpy3koi. D(PQPEeKTUBHBIM OKa3bIBaETCS
UCIOJIb30BaHUE (Ha30BOTO PETYIUPOBAHUS IS MEXaHHU3MOB, Yy KOTOPBIX CTaTUYCCKUH MOMEHT
3aBHCUT OT CKopocTH apurarenss My = f(®), Hanpumep, 1UIs IPUBOJOB BEHTHJIATOPOB, HACOCOB,

KOMIIPECCOPOB. DTOT CIOCOO TaKkKe MPUMEHUM, KOT/Ia JBUTATENb paboTaeT Ha MOHMKEHHBIX
CKOpOCTSIX Majoe BpeMsi OTHOCHTEIbHO BCEro LUKJIA paboThl, Hanpumep, TudTsl. B 3TOM ciiyuyae
3aBBIIIEHUE YCTAHOBICHHON MOIIHOCTH JABUTATENsI HEBEJIUKO.

JlocTouHCTBOM (ha30BOr0O YIpaBieHUs sABIseTCS 0ojiee HU3Kas CTOMMOCTh IpeoOpa3oBaTelis
(TITH) B cpaBHeHnu ¢ npeodOpazoBareneM dactoTsl (IIH) paBHONH MONTHOCTH, YTO MO3BOJISET IS
yKa3aHHbIX MEXaHM3MOB OOECHEeuUTbh IpPUEMIIEMOE KauecTBO TEXHOJIOTMYECKOro Imporecca 06e3
JIOTIOJIHUTENbHBIX 3aTparT.

27. I3MeHeHue uncia nap rnojrocoB aCUHXPOHHOI'O JABUTaTels
W3 BeIpaskeHus JUIst yri1oBoi ckopoctu A/L:

w=wo<1—s)=2L;1<1—s),

BHUJHO, 4YTO PEryJUpOBaHUE CKOPOCTH MOXKHO OCYILECTBIATh M3MEHEHUEM YHUCIA Iap
MIOJIFOCOB P OOMOTKHM cTaTopa ABHrartens. Tak Kak JaHHAas BEJIMYHMHA MOXET OBbITh TOJBKO ILIEJIBIM
YHCIJIOM, PETYJIINPOBAHUE CKOPOCTH OKA3bIBAETCS CTYNEHYATHIM.

Jli naHHOTO BUJA PEryIMpOBaHuUs N3roTaBinBatoTcs 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/zBe3na» (puc.32, I-1ll) Taxkxe ma€tr nBykpaTHOE M3MEHEHHE
qyclla Map IMOJIFOCOB, OJHAKO PEryJIMPOBAaHUE MPOUCXOIUT MPHU MOCTOSHCTBE MOIIHOCTH, TO €CTh
P MEPEKITIOYCHUH Ha MOBBIIIEHHYI0 CKOPOCTh MOMEHT YMEHbBIIAETCS B JIBa pa3a. Takue cXxembl
pa3syMHO MPUMEHSTH B IPUBOJAAX, TJI€ MOMEHT CONPOTHBIIEHUS] OOPATHO MPOMOPLUOHAIEH YacTOTe
BpaleHus. Mexannyeckue xapakTepucTuku A/l npu peryampoBaHuu CKOPOCTH U3MEHEHHEM YHClia
nap IJII0COB MPEACTABIEHBI HA pUc. 33.

MHorockopoctHsle  AJl MHPOKO NPHUMEHSUINCh B 3JIEKTPONPHUBOJAX, JOMYCKAFOIIHUX
CTYIEHYaToe PEryJIMpOBaHUE YaCTOThl BpallleHUs (MpHBoJa JU(PTOB, BEHTHIIATOPOB, CTAHKOB).
JIOCTOMHCTBOM TaKoro croco0a siBiIsieTcs COXpaHEeHNE BBICOKMX SKOHOMUYECKUX MOKa3aTelnel npu
IIEPEXO0/I€ C OAHOM YacTOThl BPALLEHUS HA JPYIyl0, TaK KaK Ha BCEX CTYNEHSAX MNEPEKIIOYEHHUS
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 peryaMpoBaHrue CKOPOCTH ACHHXPOHHOTO JIBUTATENIS

CyliecTBylOT CHCTEMBI CKaJIsIPHOTO, BEKTOPHOTO YIPABJIEHUS H CHCTEMBI MPSIMOTO
yIIpaBJIeHUs! MOMEHTOM. BpIOOp crmocoba M MpHuHIUNA YIIPaBICHUS ONPEACISeTCS COBOKYITHOCTHIO
CTaTUYECKUX, TUHAMUYECKHUX U SHEPTeTUYECKUX TPEOOBaHUI K aCHHXPOHHOMY AJIEKTPOIPUBOLY.

[TpuHmn CKaJISIPHOTO yIIpaBICHUS YaCTOTHO-PETYIUPYEMOTO ACUHXPOHHOTO
3JIEKTPOIPUBO/Ia OCHOBAH HA U3MEHEHUU YaCTOThl M TEKYIIMX 3HAUEHUI MOyJiel nepeMeHHbIX A/l
(HampsKEHUM, MAarHUTHOTO MTOTOKA, OTOKOCLETIJIEHUM U TOKOB LIeTIel ABUraTesis). DTOT IPUHIIUIL
aBIgeTCs Hauboyiee paclpoCTpaHEHHBIM B CBSI3U C TEM, YTO €My CBONCTBEHHA TEXHHYECKas
IIPOCTOTAa U3MEPEHUS U PEryIupoBaHus NepeMeHHbIX AJl, a Tak ke BO3MOYKHOCTb IOCTPOEHUS
Pa30MKHYTBIX CHUCTEM YNPABIECHUSI CKOPOCThIO. OCHOBHOM HEIOCTAaTOK 3aKJIKOYAETCsl B TPYJAHOCTU
peai3allii KeJAeMbIX 3aKOHOB PETyJHMpOBAaHUSA CKOPOCTM W MoMeHTa AJ] B JuHaAMHYECKHX
pexuMax.

[IpuHIMI BEKTOPHOTO YNpPaBICHUS CBA3aH KaK C U3MEHEHUEM YacTOThl U TEKYIIMX 3HAUCHUHN
nepeMeHHbIX AJl, Tak ¥ ¢ B3aMMHOM OpUEHTAalUMEHd MX BEKTOPOB B MOJSPHOM WIM JEKApTOBOU
cUCTeME KoopAMHAT. braromapss KOHTPOJIO IOJIOKEHUS YIJIOB MEPEMEHHBIX TaKOW crocod
obecrnieunBaeT MoiaHoe ympasieHne AJl Kak B CTATUYECKHX, TaK U B TUHAMUYECKHX PEKUMAaX, 4TO
JAET 3aMETHOE YIy4dlIEHUWE KayecTBa NEPEXOAHBIX IMPOLECCOB MO CPaBHEHUIO CO CKAJISPHBIM
YIPABICHUEM.

CucreMbl IPSIMOTO YIIPABJIEHNUS MOMEHTOM SIBJISIIOTCS POJIOJKEHUEM U Pa3BUTHEM CHCTEM
BEKTOPHOTO yIIpaBJIeHUs. 3ajadeidl NpsSMOro YHpaBiIeHHS MOMEHTOM SBJseTcs oOecledeHue
OBICTPOM peaKIMHU SJIEKTPOMArHUTHOTO MOMEHTA JBUTATENsl Ha YIpaBJsiollee Bo3jaeicTBhe. B
OTJIMYHE OT BEKTOPHOI'O YIPaBJICHHUS, TJ1€ NU3MEHEHHE MOMEHTA IIPOU3BOJUTCS IIyTEM BO3JEHCTBUSA
Ha TOK CTaTopa, B CUCTEME C MPSMBIM YIIPaBICHUEM MOMEHTOM YIPaBIsEMON BEIMYMHOMN SBIISETCS
ITOTOKOCILICTUIEHUE CTaTOPA.

[IpeoOpa3zoBaren 4acTOThl, IMpelHAa3HAUYEHHbIE JMJIi YacTOTHO-perynupyembix All,
MOMIPA3JENAIOTCS MO TUMNY CBSI3W C TUTaromiel ceTelo Ha HemocpeacTtBeHnble 1Y (HITY) u
nByx3seHHble [TH ([IITY) ¢ mpoMeKyTOUHBIM 3B€HOM MOCTOSIHHOT'O MJIM ITEPEMEHHOT0 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 BHJHO, YTO YMCHBIICHHMC MArHUTHOI'O IIOTOKA, SABJIAIOLICCCA

COSQ, =

CJICACTBHUEM YBCIIMYCHUA 4aCTOTHI fl, MMPUBCACT K BO3pACTaHUIO |2 , 4 CJICIOBATCIIbBHO U IOTEPH B
poTope APZ U OJHOBPEMCHHOMY YMCHBIICHHUIO AOIIYCTHUMOI'O MOMCHTA ABUTATCIIA 110 YCJIOBUAM



OXJTaAXACHUA ABUTATCIIA. VYMEHbIIIEHHE YaCTOTHI Ipru NOCTOAHCTBEC aMINIMTYJAbl HAIPSKCHUSA Ul’

TAK)K€ HE JOIYCTMMO II0 YCIIOBUSAM HACBIIIEHUS MAarHUTHOM CHUCTEMBI MAalIMHBL IIO3TOMY
PETYJIMPOBAHME CKOPOCTH JIBUTATENSA N3MEHEHHEM YaCTOThI MM TAKOIIErO HANIPSHKEHHS IIPU YCIIOBUH
IIOCTOSIHCTBA MOMEHTAa [JBUTaTelsl IPUEMIIEMO TOJIBKO IIPH OJHOBPEMEHHOM H3MEHEHUU
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 (IIY), obecneumBaromuii OJHOBPEMEHHOE H3MEHEHHME 4YacTOThl U
aMIUTUTYIbl HampsokeHus Ha JBuraresne. [IpU MOHMKEHHBIX CKOPOCTSIX Y CaMOBEHTHIIMPYEMBIX
JBUTATEIC YMEHBIIAeTCsl OTBOJA TeIla B OKPYXKAIOIIYI0 Cpeny, MOITOMY B TaKHUX CIydasx
HE0OXOIMMO CHUXATh JIOMTYCTUMBIA 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/IH CKOpOCTI/I 3aKJII04YacTCdad B YMCHI)HIGHI/H/I JaCTOThI
HaIpsOKCHHS.
JInst mocTpoeHHs: NPUMEPHOTO BHJAA MEXAaHWYECKHX XapaKTepPUCTUK HpuMeM, 4to 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)
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N3 ¢dopmynsl BUAHO, YTO KPUTUYECKUI MOMEHT IpH BbINOMHEHUM 3akoHa U,/ f; =const
OCTaETCsl MOCTOSHHBIM. Y CIIOBHE MPEHEOPEKEHHSI aKTHBHOTO COMPOTUBIICHUSI CTATOPA KOPPEKTHO
IPU BBICOKHX CKOPOCTSX ABurarens, korna U; = E;. [Ipu HU3KUX CKOPOCTSX MajieHUe HAPSHKEHHS
Ha aKTUBHOM COHpOTI/IBJIeHI/II/I CTaTOpa Rl CTAaHOBUTCS COITIOCTABUMO C BeHI/I‘-IPIHOfI HaHpﬂ)KeHI/Iﬂ Ha
3a)KMMax CTaropa, 4TO MPUBOAUT K MAJCHHIO MEPErpy30YHOM CIOCOOHOCTH ABUTATES Ay, . Jist

TOr0, 4YTOOBl pEaJu30BaThb OJMHAKOBYIO IIEPErpPy30UHYI0 CIIOCOOHOCTb IPU YacCTOTHOM
perylIupoBaHuM B O0JaCTH HHU3KUX YACTOT BpAIICHHUS HCIONB3YIOT Tak HasbiBaeMyw «IR-
KoMneHncayuio», KOTOpasl 3aKJIo4yaeTcs B TOM, YTO Ha MaJIbIX CKOPOCTSAX JeNaeTcsl J100aBKa

2
HaNpsDKeHHs Ha cTaTope, kommneHncupyromas AU g, = I7R;.
Jlnama3zoH peryjaupoBaHUs CKOPOCTH B Pa30OMKHYTHIX cucTeMax coctaBiser D, =15+20.
B 3aMKHYTBIX cHcTeMax AMANa3o0H MOXKET ObITh CYIIECTBEHHO PACIIUPEH.

~U,
L1 1., 0 ST
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I, U, =var,
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Puc. 34. Cxema Britouenust A/l Puc. 35. Mexannueckue XapakTEPUCTUKH CHCTEMBI
[IPY YaCTOTHOM PEryJIUpPOBAHUU IT49-A

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




1) nnsa monyuenus B cucreMax [TU-AJ[ cBOMCTB aHAIOTWYHBIX (MM JaKe TPEBOCXOJISIIIHX )
corictBa cuctem TII- ATIT HeoO6xonumo noaydeHrne HHpopMaIuu o pa3iuyHbIX napamerpax A/Jl;

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

3) 3akon U,/ f, =const He sBIsIETCS ONTUMANBHBIM, U TpeOyeTcss KOPPEKTUPOBKA 3aKOHA,

YUYHUTbIBArOmasa M fi Ha Bally ABUTATCJIA,

4) B AJl Bxomar mapamerpel X,, X, X'Z, BEJIMYMHA KOTOPBIX 3aBUCUT OT CTEHEHU
HACBIICHUS] MAIIMHbBI HEJIMHEIHO. KpoMe 3Toro m3MeHsI0TCs 3Ha4YeHNsI aKTUBHBIX COIPOTHBIICHHUH
craropa ¥ poOTOpa MPH M3MEHEHUH TEeMIIEpaTypbl OOMOTOK IBUTATEINsA, YTO TaKKe HEOOXOAMMO
YUUTHIBATH.

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

29 . Ilotepu 3HEPrUM B AIEKTPOABUTATETIC

Jns  npaBWIBHOM OLEHKHA TEIUIOBOIO PEXMMA JBHUIaTelIe BaXHEWUILIMM  SIBIISECTCS
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 , 3aBUCAINHNX OT HArpy3KH. B stom cirydac i
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 JIBUTATENS
_ 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 MOXHO BBIPA3UTh YeEpe3 3JICKTPOMArHUTHBIA MOMEHT |
OTHOCHTEJBHYIO CKOPOCTh (MM CKOJIbXKeHHe). [y ABUTaTeneil mocTOSHHOIO TOKa HE3aBUCHMOTO
BO30YKICHHS

AI:)var = P)’/i - Piéﬁ =M ((DO —w),
rae Py — omekTpoMarHuTHas MONIHOCTB, motpebnsemas u3 cetn; Ri — 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
TeMIIepaTypbl 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.

o

@ycrl Y
|
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T =
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Puc. 36. I'paduixu nmporieccoB HarpeBa M OXJIAXKACHUS TBUTATEIS

3HaueHue MOCTOSHHOM BPEMEHU HarpeBa B IIpeleiax OJHOW CEpUM 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 KodpHUIIMEHTOM yXyalIeHns Teiootnaun B = A/A.

31. Knaccudukanus pexxuMoB pabOThI ABUraTesel 1Mo HarpeBy

Bo3moxHble pexumbl  paOOTBHl  3JIEKTPONPHUBOJIOB OTJIMYAIOTCS MHOT00Opa3veM 1o
XapakTepy M JUIMTEIbHOCTH LUKJIOB, 3HAUEHUSM Harpy3o0K, yCIOBUSAM OXJIAXAECHUS U T.A., TOITOMY
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 PEXHUMOB, 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
a) 6) B)

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 3yeKTpoaBUratesniss. OCHOBOM JUIst pacuéTa Harpy304HBIX AUArpaMM sIBISIOTCS
uHbOpMAIlMSE O CTATHIECKOM MOMEHTe Ha Kaxaom odrtarme paborer M (1), HassBaemyro



Harpy304HOM AMarpaMMoi MeXaHW3Ma, U CBEJECHHUS O XapaKTepe IBUKEHHS AJIEKTPONPUBOAA B
TEXHOJIOTUYECKOM TIpoIiecce, 3a/[aBaeMble TaXxorpaMMoit aekrpornpuBoaa o(t) .
[Tpon3BOACTBEHHBIX MEXAHU3MOB C TOYKHU 3pPEHHUS PEXKHUMOB PpadOThl 3JIEKTPONPUBOAA
pa3neNoT Ha JBE TPYIIBL: MEXaHU3MbI HEMPEPHIBHOTO M MEXAHH3MBI ITUKIUYECKOTO JCHCTBHSL.
CoO0TBETCTBEHHO UMEIOT OCOOEHHOCTH ¥ METOAMKH BHIOOpA U MPOBEPKH JIBUTATENSI HA HATPEB.

33. Pacuém mowHocmu oguecamensi npu HeU3MeHHOU Hazpy3Ke
Oco0eHHOCThI0O MEXaHU3MOB HEIMPEPHIBHOIO JIEHCTBUS SIBJISETCS MPOJOJIKUTEIBbHBIM PexUM

pa®oThl 1BUTATENS IPH HEU3MEHHOM CpeIHeH CKOpPOCTH Mz =CONnst. Ilpm »TOoM Bpems
JMHAMUYECKUX PEXHUMOB (IIyCK, TOPMOKEHHE, PEBEPC) HACTOIBKO M0 MO CPaBHEHUIO ¢ OOIIMM

BPEMCHEM pa6OTBI Ha KaXXJIOM BKIIIOYCHHH, YTO CYIICCTBCHHOI'O BJIMAHUA HA HArpC€B ABUIaTCIIA
ANMHAMHUYCCKUC PC)KUMbBI HC OKAa3bIBAIOT MU IPU IMMOCTPOCHUHU HAI'PY30UHBIX JUArpaMM HUX MOXKHO HC

YYHUTHIBATH.
PacuéTHprii MOMEHT IBHTATEIIS MOKHO HAWTH IO COOTHOIIICHHIO
Mg 2kl 4y,
raue kg =11+13 - xo3pduimeHT 3amaca, YYUTHIBAIOIIUNA JUHAMHYECKHE PEKUMBI
AJIEKTPOIBUTATEIS, I fly — OKBUBAICHTHBIA MOMEHT HarpPy3KH.
Torma pacu€THyI0 MOIIHOCTh ABUTATENST Py MOYKHO OMpeneuTh 1Mo GhopmyIie
Ps = M;05.

[lo momyueHHOMY 3Hau€HHs MO KaTalory BbBIOMpaeTcs JBUraresb Onukaiimei Oosbliel
MOIIIHOCTH U CKOpOCTH, IIOCJI€ 4YEro BbIOpaHHBI JBHUraTellb IPOBEPSIETCS IO MEpPEerpy304HOM
cniocoOHocTH. [l 3TOro Ha HAarpy3o4HOW AMarpamMme OINpPEeNeNsioT y4acTOK MAaKCHMalbHOTO

JAUHAMHUYCCKOI'O MOMCHTA Mé max ¥ CPaBHHUBAIOT €TO C N1OIIYCTUMBIM MOMCHTOM ABHUIATCILA
M max < Maaari =2 My

&.max aa.am i o

rae Ay — JOMYCTUMBIA KOA(PQHUIMEHT Meperpy3Ku IBUTATEINS 110 MOMEHTY, YKa3bIBaeTCs B
MacIOPTHBIX JTAHHBIX Ha JIBUTATENb.

Has JIIIT oOblYHOrO HCIOJNHEHHMS] W CHHXPOHHBIX nBurarened A; =15+25, mia AJl
MaKCHUMaJbHBI MOMEHT JABUTATENS MOKET OBITh MPUHSAT paBHBIM kputndeckomy. [Ipu BeiOopa AJ]
¢ K3P Takxe He0OX0IMMO MPOBEPUTH JBUTATEIND 110 YCIOBUSAM ITyCKa:

Méé.'l' > Mc.'l' .

34. Ilposepka 0sucamens no Hazpesy npu nepemeHHolU Hazpy3Ke

JIBuratens OyaeT paboTath B IOMYCTHMOM TEIUIOBOM PEKHUME MPHU BBHITIOJIHEHUH YCIIOBHS

Toaa <Taii

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

[IpoBepka naBuUTaTenss MO HArpeBY MOXET OBITh BBIMOJHEHA MPSIMBIM WIHW 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 MOJIENIM TEIJIOBOTO PEKUMa JIBUTaTeNsl, UTO SIBISIETCA TPYNOEMKOM 3aaueil, Tak
KaK TOYHOE OINHUCAHHE MPOIECCOB HarpeBa W OXJIAKIEHHUS JIBUTATENS TOBOJIBHO cliokHOE. [loaTomy
OOBIYHO MCITOJIB3YIOT KOCBEHHBIE METO/IbI ITPOBEPKH, HE Tpebyromue moctpoenus rpadpuka 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



HOMHHAJIbHBIMHU NTOTCPSIMU MOIIHOCTU Apm . I[HSI MOJIY4CHHUA KOHCHYHOI'0O COOTHOMICHUS COCTaBUM

3aKOH COXpAHEHHUs PHEPTUU 3a IMKJI padOThl B KBa3UyCTAaHOBUBIIEMCS pexume. Beé BbinenenHoe
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 (DOPMYIUPOBKY METOJA CPEAHUX MOTEPb: €CIIU
CpEeIHSIS 32 IUKJI MOIIIHOCTh TIOTEPh HE MPEBOCXOAUT HOMUHAIbHYIO MOIITHOCTh TIOTEPh, TO CPEIHEES
MIPEBBIIICHUE TEMIIEPATYPHI HE MPEBBIMIACT TOMYCTUMOE IMPEBBIIICHUE TEMITCPATYPHI.

Ecnmu Ha oOTHenpHBIX ydYacTKax IMKJIA Harpy3ka IIOCTOSHHA, TO CpEIHUE IOTEpH

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 MPEBBIIECHUIO TeMIEpaTyphl. B 3ToM 3akitouaeTcs onpeaenéHHas IorpeurHocTh METo/1a,
TaK KakK MaKCHMaHLHBIi/JI neperpeB ABHUTATEIIsI HA OTACIBbHBIX y‘IaCTKaX OUKJIA MOXCT HpeBBIIHaTI:
Tsz. 1TOYHOCTH OILIGHKM HAarpeBa OSTUM METOJOM TEM BBIIIE, YeM OOJbIIe pasHUIlA MEXIY

BEJIMYMHAMHU TTOCTOSTHHOM BpeMEHHW HarpeBa T; U JUIMTENbHOCTBIO Hanbosee MpOAOoKUTEEHOTO
ydacTka IuKJIa paboTel aBurarens ti;; , TO €CTh METOJ BO3MOXKHO HCIIOJIb30BaTh TOJBKO IPH

BBINIOJIHEHUH YCIIOBUS
ty <<T;.

Merton cpennux noteps Tpedyer 3HaHus kpuBoil KII/[ nurarens B GyHKIMU €ro HAarpy3KH
U [IPE/IBAPUTENILHOTO ONpEeNIEHUs MOTEPh Ha Ka)KJIOM M3 YyU4aCTKOB Harpy304HOI AMarpaMMsbl, 4TO
YCIIOJKHSIET Pacyer.

Yacto oka3bIBaeTCsi NPUEMIIEMBIM HCIOJIb30BAHUE METOJOB JKBHUBAJEHTHBIX BEIWYMH,
MO3BOJIAIOMIMX TPOBECTH NPOBEPKY JBUTaTelst Mo HarpeBy Oonee mpocrto. K Takum meronam
OTHOCSIT METO/1 SKBUBAJIEHTHOIO TOKAa, MOMEHTAa ¥ MOIITHOCTH.

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

Ecnu B pesynbrare MOCTPOCHHsS HArpy30YHOM AMArpaMMBbl €CThb JAaHHBIE O KPUBBIX TOKa B
(GyHKIIUM BpEMEHH, TO INPU HEKOTOPBIX YCIOBUSX MOXKHO IPOBECTU IPOBEPKY IBUTATENS IO
HarpeBy 0e3 BBIUMCIIEHUS TOTEPh, BOCIOIb30BABIINCH METOJIOM SKBUBAJIEHTHOT'O TOKA.

[ToTepu B aBUraresie MOKHO pacCMaTpUBATh KAK CYMMY ITOCTOSIHHBIX ITOTEPb, HE 3aBUCSIIHAX
OT HAarpy3KH, U IEPEMEHHBIX ITOTEPb, ONPEAEIAEMBIX HATPY3KOH.

OKBUBAJICHTHBIII TOK — 3TO TaKOM HEU3MEHSIOIIMKCA TOK, MpH paboTe C 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 mpeoOpazoBaHuil TOMYyIrM (HOPMYITY Jisi OIpEIeTCHHS

AKBUBAJICHTHOT'O TOKA:

2 2 2
| I+ 1L+ 10t

JIBuraTenb NpoOXOJUT IO YCIOBHUSM HarpeBa, €CJIv BBIIOJIHIETCS YCIOBUE

lyea <1

Meroa 3KBHBaJIEHTHOTO TOKA UCXOJUT U3 MPEANOI0KEHNUSI HE3aBUCUMOCTH TIOTEPh B CTAJIU U
MEXaHMYECKUX OT Harpy3kd M I[pearoiaraeT IOCTOSHCTBO COIPOTUBJICHHS TIJIABHOM LENu
JIBUTATENsl HAa BCEX yYacTKax 3aJaHHOro rpaduka Harpy3ku. CrienoBaTelbHO, KOTJa MOCTOSIHHBIC
[IOTEPU HE SIBJISIFOTCS] TAKOBBIMU (M3MEHEHME HampsbkeHUs Ha AJl) Wiiu cCONpOTUBJIEHUE HE OCTAETCS
MOCTOSIHHOM Benu4yuHON (AJ] ¢ riyOOKMM Ma3oM B peXHME MEPEMEHHOIO CKOJIBXKEHHUS), METO]
SKBHUBAJIEHTHOT'O TOKA MOYKET MPUBECTHU K CYIIECTBEHHBIM MOTPEIIHOCTSIM.

B pspe ciaywyaeB okaspiBaeTcs yAOOHO HMCIOJB30BaTh AJSl MPOBEPKU MO HarpeBy rpadux
MOMEHTA, pa3BUBAaEMOr0 JIBUTaTe]eM, B (yHKIUU BpeMeHU. Eciii MOTOK IBUTATENS TOCTOSIHEH, TO
MEXJy MOMEHTOM M TOKOM CYIIECTBYET HpPONOPLUOHANBbHAS CBsA3b. llo3TOMy oOKa3biBaeTcs
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 TIPOXOJIHT 110 YCIOBHSAM HArpeBa, €CJIM BBITOIHIETCS YCIOBUE
M..s <M

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

Ecmu Harpy3o4dHas guarpamMma ABUTATCIIA 3a/laHa B BUIC I‘pa(l)I/IKa MOIITHOCTH, TO ITPOBEPKa
ABUTATCIIA IO HArp€By MOXKET 6I)ITI) BBIITIOJIHCHA HEIMMOCPECACTBECHHO I10 rpa(bI/IKy MOIITHOCTH, HO
JIMiIb TOoraa, Koraa MEXAy MOIIHOCTBIO U TOKOM CYHIECTBYCT IpAMasa MPOINOPHUOHAIBHOCTb, YTO
HMECT MCCTO IpHU pa60Te ABUTATCIIA C MOCTOAHCTBOM ITOTOKA U CKOPOCTH.

I[J'IH CTylIeH4YaToro Fpa(l)I/IKa Harpy3kKu 3KBUBaJICHTHAS MOIMHOCTB BBIYHUCIACTCA 11O (I)OpMyne

|2t + 12t +..0 2,
t+t, +o+t,

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 [lojo)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 :
yauebnoe 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. Dnexrponpuon: yueOnuk / A.Il. Enudanos, J.M. Manaiiuyk, A.l.
I'ymuuckuit. — Cankr-IlerepOypr : Jlanp, 2012. — 400 c. — ISBN 978-5-8114-1234-1. —
TexkcT : 2nmeKkTpoHHBIN // 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 : anekTpoHHbIH // DnekTpoHHO-OMONMMoTeuHast cuctemMa «JlaHby :
[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 namsts — 3,50Gh.
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 «Qxcmayaraimu [ITCAM 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 npoBepKu 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 BO30YKICHHUS C PETYIUPOBAHHEM TIO «DJIEKTPOTEXHUKA W OCHOBBI
CKOpPOCTH ANEKTPOHUKHU: DJIEKTPUUECKUE
4 DAEKTPONPHUBOJL CUCTEMBI « TUpHUCTOPHBIIA W MarHWTHBIC IIETIH, OCHOBBI
peoOpa3oBaTelb - TBUTATENb TOCTOSTHHOTO 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
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YuyeOHO-MeToAN4YeCKHe PEKOMEHIAIMHU ISl CTY/IeHTOB

1. Yka3zanus U1s IpOCTyIIMBaHUs JTEKIUI

[lepen HauanoM 3aHATHH BHUMATEIHLHO O3HAKOMUTHCS C yUEOHBIM TUIAHOM IPOBEICHUS
JIEKIUM U CIIMCKOM PEKOMEHJAOBAHHOM JIMTEPATYPHI.

Ilepen mocemieHueM O4YEpPEIHON JIEKIIMM OCBEXHTh B NAMATH OCHOBHBIE KOHUEHIUU
MPONJEHHOTO paHee Marepuaia. [1oAroToBUTH nMpu HEOOXOAUMOCTH BOMPOCH MpemnoaBatento. He
HAJ0 OIacaThCs, YTO BOIPOCHI MOT'YT OBITh MPOCTHIMHU.

Ha nexkuuu OCHOBHOE BHHMMaHHE CJEIyeT YAEHATh He (opMmynaM U MaTeMaTUYECKUM
BBIKJIa/IKaM, a COJEPKaHUIO N3Y4aeMbIX BOIIPOCOB, OIIPEIEICHUSIM U TIOCTAHOBKAM 33]1a4.

B nmpouecce wu3yuyeHHMs JIEKIMOHHOTO Kypca HEOOXOIUMO 110 BO3MOXKHOCTH YacTO
BO3BpAIaThCA K OCHOBHBIM IOHATHSIM U METOJAaM pElIeHus 3a7au (37€ch BO3MOKEH BbIOOPOUHBII
KOHTPOJIb 3HAaHUH CTYJIEHTOB).

KenarenbHO HCIIOJIB30BATh KOHCIIEKTHI JIEKIIMHA, B KOTOPBIX MCIOJIB3YETCA IPHUHSATAs
npernojaBaTesieM cucreMa 0003HaYeHHIH.

Jns OGonee mnoapoOHOro wu3ydeHuss Kypca cieayer padoTarb C PEKOMEHI0BaHHBIMU
JUTEpaTypHbIMU UCTOYHUKAMU U BHOBb MOSBIISIOIIUMHUCS UICTOUHUKAMHU.

2. YKkazaHus A7 ydacTus Ha J1a00paTOPHBIX 3aHATHUSAX.

[lepen mocemieHueM ysCHUTh TeMY J1a0OpaTOPHOTO 3aHATUS U CaMOCTOSTENbHO HU3YUMTh
CBSI3aHHBIE C HEW NOHATHSA U METOJUKY IIPOBEIECHNUS UCIIBITAHUS 110 METOIMYECKOMY YKa3aHUIO.

[lepen ncnpiTaHWEM aKTHBHO y4acTBOBaThb B OOCYXKJIEHHUU C IPENOJABATEIIEM OCHOBHBIX
MOHSATHUH, CBSI3aHHBIX C TEMOW 3aHATHS.

B mporiecce ucnbiTaHus cTPOro co601aTh MpaBUiia TEXHUKH O€30MaCHOCTH.

[Tocne ucmbITaHUs MO BO3MOXXHOCTH CaMOCTOSITENIbHO MPOBOAUTH 00pabOTKY pe3ylbTaToB
HKCIIEPUMEHTA JJ0 OKOHYATEIBHOTO UTOTa U CJIeNIaTh BBIBOJ IO paboTe.

B koHIIe 3aHATHS TpU HEOOXOIUMOCTHU BBISICHUTD Y MPENOIaBaTENsI HESCHBIE BOIIPOCHI.

[ToaroToBUTH MUCEMEHHBINA OTYET O MPOJCIAHHON padoTe.

3. CamocrosTenbHas paboTa CTYACHTOB OOBIYHO CKJIQIBIBACTCS W3  HECKOJBKHX
COCTaBJISIOLINX:

- paboTa ¢ TeKCTaMU: y4eOHMKaMH, HCTOPUYECKUMU NTEPBOMCTOYHUKAMHU, JOTOTHUTEIbHON
JTUTEPaTypoOid, B TOM YHCIIe MaTepruaIaMi MHTEPHETa, a Takke MpopaboTKa KOHCTIEKTOB JIEKIIUA;

- HallMcaHue JI0KJIa/10B, pedeparos;

- MIOJrOTOBKA K MPAKTUYECKUM 3aHATHUSIM;

- IOATOTOBKA K 3a4€Ty HENOCPEACTBEHHO NIEPE] HUM.

Takum oOpa3oMm, camocTOATeNbHAasE paldoTa CTYJAEHTOB SIBIAETCS  HEOOXOIWMBIM
KOMITOHEHTOM TMOJIyYEeHHsI TOJTHOLEHHOTO BBICIIET0 00pa30BaHusl.

MeTtoauyeckue peKOMEHAALMH ISl IpenogaBareien

Meroanueckue yka3aHus K MPOBEACHUIO JEKIUN

.HCKI_II/IH — Urpaetr BamHeﬁmy}o POJib B OpraHnu3alin y‘-ICGHOI‘O nponecca, OAHaKoO, OHAa HE
MOKCT OCTaBaTbCd B COBPCMCHHBLIX YCJIOBUAX HCHSMCHHOﬁ, HU 110 COACPXKAHWUIO, HU IO
HaAMpPaBIEHHOCTH, HU 1O opMe.

B cBs3u ¢ pacImipCHuEM U yr)'[y6J'IeHI/IeM COACPIKaHUA J'ICI(I.II/If/i HU3MCHACTCA MCTOAMKA HX
MMPOBCACHWA, OCHOBAHHAsd Ha MCIIOJIB30BAHHMU PA3JIMYHOIO0 pOJa CTPYKTYPHO-JIOTMYCCKHX CXEM,
KaXXJass U3 KOTOPBIX UMECT CBOIO COACPIKATCIbHYIO CYTh U Ha3HAUYCHHUEC B IMOCTPOCHUU By30BCKOI>i
JICKIINH. TaK, q)yHKI_[I/IOHaHBHI)Ie CXEMBbI, PAaCKPBIBAIOIIHE JIOTUKY TOI'0O UJIKW MHOI'0 NEAarorun4€CKoro
mponecca, SBJICHHA, IMO3BOJJAIOT TMPUAATh JICKIHUN )IeMOHCTpaIII/IOHHO-pa3BI/IBaIOHII/II\/’I HIJIN
yCTaHOBO‘-IHO-HaLICJ'II/IBaIOIJ_II/Iﬁ XapakKkTep. HpI/IHI_II/IHI/IaHBHBIC CXCMbI, OTpaXarImue 0104HOE



MOCTPOCHHE  MaTepHuaia, CHOCOOCTBYIOT —TPEBPALICHHUIO JIGKIMH U3  MH(POPMAIMOHHO-
PENpOaYKTUBHOM B CTPYKTYPHO- HAIETUBAIOIIYIO (WIM MPOOJIEMHO-TIOMCKOBYIO, MJIM 0O30pHO-
TEMaTU4YECKYl0 — B 3aBUCHUMOCTM OT TeMbl). MHEMO3HaKkM MpPHUAAIOT JIEKIUH YETKOCTb,
KOHKPETHOCTb, KpaTKOCTh BO BBEICHUU MTOHATUWHOTO anmapara.

Jlexuuss — BecbMa SKOHOMHBIA CIOCOO H3JIOKEHUS OCHOB 3HAHUM, 3aKJIaJbIBAET OCHOBBI
[IOHUMAaHUS CTYAEHTaMU CYIIHOCTU STUX 3HAHWM, 3MOLMOHAJIBHOE OTHOLIEHUWE K 3HAHMAM,
HaIpPaBIIFET MYTU U CIOCOObI MPUOOPETEHUS ITUX 3HAHUH.

OcHoBHasl TuIaKTUYeCKast LeJb JIEKIMU — OPMUPOBAHUE OPUEHTHUPOBOYHOM OCHOBBI JIJIS
MOCIICAYIOIIEr0 YCBOCHUS CTYJCHTaMU y4eOHOro MaTepHara.

Jlexnmsi, xkak (opma NpernoAaBaHus B BbICHIEM y4eOHOM 3aBeJCHUH, O0IagaeT psIOM
¢byHKuui: 00yJaromas; BOCIUTHIBAIOIAS; Pa3BUBAIOIIAs; HHPOPMATHUBHASL.

MO’KHO BBIIEINUTH U IPEUMYILECTBA JIEKIUH:

- TBOpYECKOE OOILICHHE JIEKTOpa C ayIUTOPHEN, COTBOPUECTBO, SIMOIIMOHAILHOE
B3aHMOJICHCTBHUE;

- JIEKIIUSI BEChbMa SKOHOMHBIN CIIOCOO IMOJIydeHHs B OOIEM BHJE OCHOB 3HAHUIl; JEKIUs
AKTUBU3UPYET MBICIICHHYIO JEATEIbHOCTb, €CIM XOPOUIO MOHSATAa W BHUMATEIBHO IPOCIYILAHA,
MIO3TOMY 3ajJaya JIEKTOpa — pa3BUBaTh AKTMBHOE BHUMAHUE CTYJIEHTOB, BbI3bIBAaTh ABUKEHUE MX
MBICIIU BCJIE]] 32 MBICIIBIO JIEKTOpA.

Ot mactepcTBa MpenojaBareisl 3aBUCUT MaKCUMalIbHOE MCIOJb30BaHUE MOTEHIUAIbHbBIX
BO3MOXXHOCTEH 3TOW Bemymied (opMbl By30BCKOro oOydenus. Ho mporecc oO0ydeHHs, HAUNHASCh
Ha JICKIIUU, TTPOJIOJDKAETCA Ha MPAKTUUECKUX 3aHATHUSAX U YIIIYOJISIETCSl CAMOCTOATEIbHON paboTOM.
B 3aBucuMOCTH OT MecTa B JIGKIIMOHHOM WJIM IMPEIMETHOM Y4eOHOM Kypce BBIAETSIOT BBOJIHYIO
nekuuo. OHa 3HAKOMUT CTYJEHTOB C LEJIbI0O U HAa3HAYEHUEM Kypca, €ro pojibl0 U MECTOM B
cucteMme yueOHBIX AuCUMILINH. [lanee qaercs kpaTkuii 0630p Kypca (BeXH pa3BUTHS JaHHOW HAyKH,
MMEHA W3BECTHBIX YYEHBIX). B Takod JEeKIUU CTaBATCA Hay4YHbIE MPOOJIEMbI, BBIIBHTAIOTCS
TUIOTE3bl, HAMEYAIOTCS MEPCIEeKTUBBl Pa3BUTHS HAyKU M €€ BKJIaJa B NpakTuKy. Bo BBomHON
JIEKIIMM Ba)KHO CBSI3aTh TEOPETHUYECKUU MaTepual ¢ MPaKTUKOW Oynymieil paboThl CHElUaInucTOB.
Hanee nenecoodpasHo pacckazarh 00 o01iel MeToanke padoThl HajJl KypCOM, JaTh XapaKTEPUCTUKY
yueOHUKa U y4eOHBIX MOCOOMH, 03HAKOMUTH CIylIaTeNlel ¢ 00s3aTeNbHbBIM CIHCKOM JIUTEPATYpHI,
pacckazatb 00 »5K3aMeHAllMOHHBIX TpeOoBaHusx. I[lonoOHOe BBeleHHWE NOMOraeT CTyJIeHTaM
MOJy4YUTh OOIlIee MpEeACTaBIEHUE O MpEeIMEeTe, OPUEHTUPYET UX Ha CHCTEMAaTHYeCKylo paboTy Hal
KOHCIIEKTaMH U JIUTEPATYpPOH, 3HAKOMUT C METOAUKON pabOThI HaJl KYPCOM.

[Ipy moxAroToBKe YKa3aHHOM JeKUUil 1eecoo0pa3Ho y4yecTb MpoOenbl B 3HAHMAX
CTY/IEHTOB, BBISIBIICHHBIE Ha NMPaKTHUECKUX 3aHATUAX, B Ipolecce (GPOHTAIbHBIX OMPOCOB M, KaK
MUHUMYM, JaTh KM YCTaHOBKY Ha IIyTH YCTpaHEHHUs MpoOesoB, a Takxke JanbHeiiiee
YCOBEPIIIEHCTBOBAaHUE CBOEH MOJATOTOBKH B JIaHHOM 00sacT. Ha UTOrOBOI JIeKITMU MIpenoiaBaTelib
BbIJIETISIET OCHOBHBIE HJIEU Kypca, OKa3bIBAeT, KAKUM 00pa3oM MOKHO HCIIOJIb30BATh MOTYYEHHbIE
3HaHHWA Ha MpakTUKE W TpU H3YYEHHH Jpyrux AucuuiuinH. [loaBoAasTcs WTOrM HM3ydeHUs
JMCLUIUIMHBI, TIOKa3bIBae€TCs €€ 3HaueHue B (OPMHUPOBAHMM HAYYHOTO MHPOBO33PEHUS,
00CYX1al0TCsl 0OCOOCHHOCTH 3a4eTa MM 3K3aMeHa 10 IpeaMETY.

Jlexuus-Bu3yanu3anys BO3HUKIIA KaK Pe3yabTaT IIOUCKA HOBBIX BO3MOXKHOCTEW peann3anuu
NpUHOMIA  HarasgHocTu.  [lcuxosoro-menarorudyeckve  HCCIIENOBAaHUS — IOKAa3blBalOT, YTO
HarJIsiTHOCTh HE TOJBKO CIOCOOCTBYET 0oJiee yCIEeIHOMY BOCIPHUATHIO U 3alIOMUHAHUIO y4eOHOTO
MaTepuaiga, HO U TO3BOJISIET NPOHUKHYTHh TIJIy0Ke B CYIIECTBO IO3HABAEMBIX SBJIEHUH. ITO
MPOUCXOJUT 3a c4eT paboThl OOOMX MOJyHIapUi, a HE OJHOTO JIEBOTO, JOTHYECKOIr0, MPUBBIYHO
paboTatoiiero mpu OCBOGHMHM TOYHBIX HayK. [IpaBoe mosymapue, orBewaroiiee 3a oOpa3HO-
HMOIIMOHAIBHOE BOCIIPUATHE NPEAbABIsieMON HH(OpMAIK, HAUNHAET aKTUBHO pabOTaTh UMEHHO



IpU ee BHU3yaln3zaluuu. BusyannmzoBaHHas JIEKIMsS NPEICTaBIseT COOOH YCTHYIO HH(OpMALHUIO,
mpeoOpa3oBaHHYI0 B BU3YalbHYIO (opmy. Bupeopsin, Oyaydum BOCHPUHSTBIM W OCO3HAHHBIM,
CMOXKET CIIY)KUTb OIIOPOM aJCKBATHBIX MBICIECHM M IPAKTUYECKUX JercTBuil. IIpenonasareins
JIOJDKEH BBIMOJHUTH TaKUe JEMOHCTPAIIMOHHBIE MaTepHallbl, TaKhe (OPMBI HATTSAHOCTH, KOTOPBIS
HE TOJBKO JOIOJHSIOT CJIOBECHYIO HH(POPMALMIO, HO CaMM BBICTYHNAIOT HOCUTEISIMHU
cozepxkarenbHOM uMHpopManuu. IloaroToBka Takod JEKIMM COCTOMT B PEKOHCTPYMPOBAHUU,
[EPEKOAUPOBAHUM COJICPKAHUA JIEKLIMU UM €€ YaCTH B BU3YaJbHYI (GOpPMY Ul NpEeAbsABICHUS
cryaentam yepe3 TCO unu BpyuHyro (claiiibl, IVIEHKH, IUIAHILETHI, YEPTEXKU, PUCYHKH, CXEMBI U
T.J.).

Jlekumst ¢ 3apaHee 3alVIaHUPOBAHHBIMU OIIMOKAMU aKTUBU3UPOBATh BHUMAHHUE CTY/ACHTOB;
pa3BUBATh UX MBICIHUTEIBHYIO ACATEIbHOCTD; (POPMUPOBATH YMEHUS BBICTYIIATh B POJIA SKCIIEPTOB,
peneH3eHToB U T.J. [IoaroToBka K JEKIUH C 3apaHee 3alJIaHUPOBAHHBIMU OIIMOKAMH COCTOUT B
TOM, 4YTOOBI 3aJIO)KUTh B HEE ONPEACICHHOE KOJIUYECTBO OMIMOOK COJEpIKATEIbHOTO,
METOAMYECKOTr0, TOBEJCHUYECKOr0 XapaKkTepa, X CIMCOK IPerojaBaTellb IPUHOCUT Ha JIEKLHUIO U
IpeIbsBIET CTyleHTaM B KoHLe. [logOupatorcs Hanbosee TUIIMYHbIE OIIMOKH, KOTOpPbIE, OOBIYHO,
HE BBIIITYMBAIOTCS, @, KaK Obl, 3aTYyIIEBBIBAIOTCS. 3a/1a4ya CTYJJEHTOB COCTOUT B TOM, YTOOBI IO XOY
JeKIMM OTMeYaTh OIMOKH, (PUKCHPOBATh UX HA MOJSIX U Ha3bIBaTh MX B KoHIE. Ha pa3z6op ommbok
orBoguTcst 5—10 munyt. Ilpy 3TOM paBUIIbHBIE OTBETHI HA3bIBAIOT U CTYAEHTHI, U IPENOAABATEb.
Taxas nexuus OJHOBPEMEHHO BBINOJIHAET CTUMYIMPYIOIIYIO, KOHTPOJIBHYIO U JIMarHOCTUYECKYIO
(GyHKINIO, TOMOTasi TUarHOCTUPOBATh TPYAHOCTH YCBOCHHS MPEIBIAYIIETO MaTepHaa.

CTpyKTypa 3aBHUCHUT OT OCOOEHHOCTEH Y4YeOHOro Marepuaia U JUJAKTHYECKOW IIeNH;
JI0OJKHA BKJIHOYATh JIEMEHT LIeJIeNoaraHus U 1nojBefieHus UToroB. CTpyKTypa JEKIUH COCTOUT U3
TPEX OCHOBHBIX MOMEHTOB: BBOJHAsI YaCTh, OCHOBHAS YaCTh U 3aKJIIOYUTEIbHAS.

BBosHyI0 yacTh JeKIMH 11eeco00pa3HO HAYMHATh C (HOPMYJIUPOBKU €€ TeMbl U IIEJH,
4TOOBI U30€XKaTh ee JAEeKJIApaTUBHOCTH U HEONPEIEICHHOCTU B U3JI0XKeHUn Martepuana. CooOlrieHue
TuTaHa Jiekuuu obecneunBaeT Ha 10-12% Oonee moiaHOE 3alIOMUHAHKE MaTepUaia, YeM Ha TOW XKe
JIEeKUUH, HO 0e3 ornamieHus miaHa. CyliecTByeT MHEHUE, YTO JIEKLUS YAAeTCA WK POBAJIMBAETCS
B niepBbie 10 MunyT. [loaTOMY yMeHHe OBlIaieTh BHUMAaHUEM CIylIaTeNnell y)kKe BO BBOAHOM YacTu
oueHb BaxkHO. Hepenko, 0ocoOOEHHO B Hayane YTeHUsS Kypca, CTYJIEHThl HACTOPOKEHHO BCTPEYAIOT
IIpenojaBaTeis, MOATOMY OIBITHBIE JIEKTOPHl HAYMHAIOT BBOJHYIK) YacThb C SIPKUX, MOHSATHBIX
(bakTOB, CBS3aHHBIX C COJEP’KAaHUEM MpeAMEeTa U CIIOCOOHBIX MPOoOy MHTEpEeC K CBOEH JIMYHOCTU U
YUTAEMOH IHUCLUIUIMHE.

B ocHoBHOIl yacTu mpenojaBaTear0 HEOOXOJUMO M3JIaraTh MaTrepual B COOTBETCTBUU CO
CTPYKTYpOH  JIEKLIMH, YYMTHIBaTh IICUXOJOTMYECKHME OCOOCHHOCTH BOCHPUATHS  JIEKLUH.
HeoOxonuMo MakcuManbHO UCIIONB30BaTh NepBble 15-20 MUHYT — epuoJl «T1y00KOro» BHUMAaHUS
clyliaresnei, Aajee HAcTyHaroT YTOMJIEHME M CHUKEHHME BHHUMaHUS (MaKCHUMallbHOE IMaJieHue
paborocriocoOHoctu Ha 40-if MunHyTe nekuuu). Hamnbosnee, BaxkHBIM MaTepuan B JICKIIUU JOJKEH
MOBTOPSITHCS, CO3[aBasi HEKOTOPYIO H30BITOYHOCTh Y4eOHOM MH(pOpManuu, Tak Kak KosieOaHus
BHUMAaHMS MPOUCXOIAT KaXble 2-3 MUH y Kaxaoro ciymarens. Llenecoo6pazHo npeaBapuTenbsHO
paccUMThIBaTh CKOPOCTh Mojaauu uHpopmarmu. CymecTBYIOT MpaBuia nojaun Matepuana. OHu
ONUPAIOTCS Ha TICHXOJOTMYECKYI0 OCOOEHHOCTh YelloBeKa — Bocmpuatue. Bo Bpemsi OCHOBHOMU
4acTH TIOMOTaeT yJAep)KMBaTb BHUMAaHHUE CiyllaTeledl BO3BpalleHME K CTEp)KHEBOM unuee. B
apceHaie JIeKTopa JOJDKHBI OBbITh CBOM IPHEMBI: BO3MOXEH IMEpexo] Ha UIYTJIUBBIA TOH
M3JI0’KEHUS; MOKHO 3aJ1aTh BOIPOC ayJUTOPUH U MOMPOCUTH JIFOOOTO CTY/I€HTa OTBETUThH HA HETO;
MO>KHO MPOYECTh KaKyr-I100 HUTATy U B 3TO BpPeMsl MMO3BOJIUTH CIIYHIATENSM ClIeNaTh MUHYTHYIO
TMMHACTUKY JUISl AJIBLIEB U JJa)Ke TIOTOBOPHUTH C COCEOM; IPUBECTH MHTEPECHBIN (MM JaXKe yalle
aHEeKJOTHYHBIN) Clydail M3 MPAaKTUKHU, KOTOPBIA BBI3BIBAT Obl JAPYXHBIA CMeX CiylIaTene,



MOMEHTAJIBHO CHUMAJI Y HUX YCTaJIOCTb, JaBajl pPa3psKy, BO3MOKHOCTb U KEJIaHUE BOCIIPUHUMATh
JIEKIIMOHHBIN MaTepua Jajblile, HO OHA J0JDKHA OBITh KOPOTKOM, TAKTUYHON M K MECTY.

TiarenbHO HAaJO MPOAYMATh 3aKJIIOUUTENIBHYIO YacTh JIEKIIMH, IOBTOPUTH €€ MOJIOKEHUS, a
Ha CJENYyIOIIeH JIEKIMM HayaTh MMEHHO C HUX. 3aKIIOYMTEIbHAs 4acTh JIEKIMM NpeArosaraer:
[IOJIBEICHUE WTOroB; OOOOIIEHHE IIPOYUTAHHOIO M YyXKE 3HAKOMOIO, H3 CaMOCTOSTENIBHO
M3YYEHHOI'O CTyJE€HTaMH, MaTepuaya, (OpMyJIUpPOBKY BBIBOJOB M T.A. 3A€Ch Mpecieayercs Lelb
OPHEHTUPOBATh CTYACHTOB Ha CaMOCTOATENIbHYIO padoTy. [ 3TOro MoxxeTr ObITh pEKOMEHJ0BaHA
auTepatypa IO HU3ydaeMoM mpoOieMaTHKe, pa3bsCHEHO, KaKhue BOIPOCHI BBIHOCATCS Ha
IIPAKTUYECKHE 3aHATH, @ KaKue He0OOXOUMO U3YYUTh CAMOCTOSTEIIBHO.

B camom KoOHIE JEeKIMM ClE€IyeT OTBETHTh Ha BOIPOCHl CTYJIEHTOB, BO3MOXHO
MOCTYMUBIIME B (hopMe 3amucoK (O TaKOH BO3MOXXHOCTH HAJIO NPEAYNPEAUTh CTYICHTOB 3apaHee).
Co cTymeHTamH, NMPOSBUBIIMMH HHTEPEC K TeMe JIEKIUH, JKEIaTeJbHO MoOeceoBaTh IMOCie ee
OKOHYaHUS, IPUIJIACUTh UX Ha KOHCYJIBTALMIO 711 IPOJODKEHUs pa3roBopa. OTBeuas Ha HaUBHbIE
WINA HeJleNble BOMPOCHI HAJ0 LIAJUTh CaMOJIOOHE CTyJeHTa, Majeiias 0ecTakKTHOCTh MPH 3TOM
MOJKET IIPUBECTH K MOTEpe KOHTAKTa C ayJUTOPUEH.

Crnenyer TpeboBaTh, 4YTOOBI Ha JIEKLUIO B ayAUTOPHUIO CTYIEHTHl MPUXOAMUIHN 32 HECKOJIBKO
MUHYT 10 ee Havaja. Omas3apiBaTh Ha JIEKIMIO M BXOJAUTh B ayJAUTOPUIO IIOCIE JIEKTOpa
OOJIBIIMHCTBO OMBITHBIX IperojaBaTenieil He paspemaioT. HaunmHas JeKIuio, He PeKOMEHIYeTCs
JIeNIaTh JJIUTENbHOE BCTYIIJIEHUE, HE OTHOCSILEECS K TEME JIEKLIUU.

MeTtonnyeckue yka3zaHus K IpOBEACHUIO JJAOOPATOPHBIX 3aHATHM

JlaGoparopHble  3aHATUS UHTETPUPYIOT  TEOPETHUKO-METOAOJIOTMYECKHE 3HAHUS U
IPAKTUYECKHE HABBIKU M YMEHHUS CTYICHTOB B €IUMHOM IIpOLECCE JEATEILHOCTH Yy4eOHO-
HCCIIIOBATENIbCKOrO  XapakTepa. [IpakTHueckd Bce BBINYCKHUKU By3a JIOJDKHBI  OBITh
MOJITOTOBJIEHBI K HCCIIEJOBATENIbCKOM pabote. JlabopaTopHble pabOThl MMEIOT OCOOEHHO SIPKO
BBIPQ)KEHHYIO CHEIU(HUKY B 3aBUCUMOCTH OT KOHKpPETHOM crneuuanu3auuu. Ha mabGopaTtopHbIx
3aHATUAX OJHON M3 d(P(PEKTUBHBIX (HOpM paboTHI SABISETCS COBMECTHAs rpymmoBas padora. Takue
MPAKTUYECKHUE 3aHATHS JODKHBI BECTH CTYACHTOB K JaJIbHEHIEH yriyOleHHOH CaMOCTOSTEIbHON
paboTe, aKkTUBU3UPOBATh MX MBICIUTEIBHYIO JI€ATEIbHOCTh, BOOPYKaTh METOJAMHU MPAKTUUECKOM
paboTHI.

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

- yrayOJlleHue U 3aKpeIuIeHHe 3HaHHMs TEOPEeTHYECKOro Kypca 3KCIEepUMEHTAIbHOM
IIPOBEPKOH B TAOOPATOPHBIX YCIOBUSAX U3JI0KEHHBIX B JIEKIHUAX 3aKOHOB, OJIOKEHUNA U POPMYIT;

- NpUOOpPETEHHE HABBHIKOB B HAayYHOM OHKCIEPUMEHTUPOBAHHM, aAHAJIM3E IOJyYEHHBIX
pE3YJIBTATOB;

- (GopMHUpOBAaHME TEPBUYHBIX HABBIKOB OpraHU3alluy, IUIAHUPOBAHHUS U IPOBEIEHUS
Hay4HBIX MCCIICTOBAHUMN.

@opMbl OpraHu3alMM J1abOpaTOPHOTO 3aHATHUS 3aBUCAT, MPEXKIE BCEro, OT YHUCIA
CTYJEHTOB, COJIep’KaHus U o0beMa MPOrpaMMHOI0 MaTepuana, 4ucia J1abopaTOpHBIX padoT, a
TakXke 0T BMECTUMOCTH Y4€OHBIX MOMEIEHUH 1 HaIn4us o0opyaoBaHus. B 3aBUCMMOCTH OT 3THX
YCIOBUI MPUMEHSIOT ClEAyIonHe GopMbl IPOBeIEHUS T1a00PaTOPHBIX 3aHATHI: (PPOHTANBHYIO, 110
IUKJIaM, WHAMBUIYalbHYI0O M CMEUIaHHYI0 (KOMOMHHMpOBaHHYI0). @poHTanbHas ¢dopma
NpoBe/ieHUs] 1a0OpaTOPHBIX 3aHATUN MPEAINoaracT OJHOBPEMEHHOE BBIIOJHEHHE PabOThl BCEMHU
oOyuarormumucs. Ee mpumeHeHne cmocoOCTByeT Oosiee TayOOKOMY YCBOEHHIO Y4eOHOTO
MaTepuana, IOCKOJIbKY TpaUK BBHINOJIHEHUS JIa0OpaTOPHBIX pabOT TOCTaBJIeH B YETKOE
COOTBETCTBHE C JIEKIMSIMH U ynpaxkHeHussMu. [Ipu 3Tom obecrieunBaeTcsi BHICOKMIT METOIUYECKUI
YpOBEHb TMpOBEACHUS paboT, TaK KaKk Ha KaXJIOM 3aHSITHM BHUMaHHE I[pernojaBaTess
COCPEIOTOYMBAETCS JIHUIIb HA OoJHOU padore. OxgHako 3Ta Gopma TpeOyeT OOJBIIOro KOJIMYeCTBa



OJHOTHUITHOTO, MHOTJA JOPOTOCTOSIIEro OOOpPYJOBAaHUS M YHUBEPCAIbHBIX CTEHNIOB, a JUIS MX
pasMelieHusl - 3HAYUTENbHBIX Ja0OpaTOpHBIX IUIomazei. VHorma B By3ax HCIONB3YyeTCs
opraHu3aiys J1adopaTopHbIX padoT mo mukiaaM. [Ipu 3TomM paboThI AeNATCS HA HECKOJIBKO LIUKJIIOB,
COOTBETCTBYIOLIMX OIpPEACNICHHBIM pa3zesiaM JeKIIMOHHOTO Kypca. B oauH mukn o0beIuHSIIOTCS
3—5 pabotr, ocCyulecTBIs€MbIX, Kak IMpaBWIO, Ha OJHOTUIHBIX cTeHaax. OOyuwarommuecs
BBINOJIHAIOT paboThl MO rpaduky, HepexoAs OT OJHOro HMKiIa K apyromy. IlpumenutenbHO K
LUKJIOBOM (opMe OpraHu3aluy CO3JAKTCs J1a0OpaTOpHbIE MPAKTHUKYMbl IO JUCLMILIMHAM,
UMEIOIIMM B IpOorpaMMax 4eTko O00O3HaueHHblE pa3jieiabl [PUMEPHO  OAMHAKOBOM
IPOJOJDKUTEIBHOCTH 10 BpeMeHU. By3bl, pacrnonaratromuye OOJbIIMMH BO3MOXHOCTSIMM IO
nabopaTopHoii 0a3e, BHEOPAIOT WHAWBUAYAIBHYIO (OpPMY OpraHuzanuu padoT, MpU KOTOPOU
KaXIbIi CTYACHT BBINIOJHSIET BCE HAMEUCHHBIE MporpaMmoil paboThl B  OIpeaesieHHON
MOCTIeIOBATEIbHOCTH, yCTaHABIMBaeMOW rpadukoM. B 3ToM ciyyae CTyAEHTHI OJHOBPEMEHHO
MOTYT paboTaTh HaJa Pa3TU4YHbIMH TeMaMu. Hambosee 4acTo B By3ax HCIIOJIB3YETCS CMEIIaHHAs
(xoMOMHMpOBaHHas1) (hopMa OpraHu3alMy Ja0OpPATOPHBIX 3aHATHH, MO3BOJIIOIIAS HCIIOJIb30BaTh
IIPEUMYIIECTBA KaXJI0M U3 PACCMOTPEHHBIX BbIIIE (GOPM.

JlaGopaTopHble pPa0OThl BBIMOJHSIOTCS CTYACHTAMH CaMOCTOSATENBHO. DTO 3HAYUT, YTO
IperoiaBaTeslb U COCTaB yueOHOMU s1aboparopuu (kadeapbl) B XoJ€ 3aHATHS JODKHBI HE CTOJIBKO
KOHTPOJIMPOBATh, CKOJBKO OCYIIECTBIIATh HAYYHOE W METOAWYECKOE PYKOBOJICTBO JEHCTBUAMHU
oOydaromuxcsi. PyKoBOACTBO NEHCTBUSMHU BEIETCS TaK, YTOOBI, C OJHOW CTOPOHBI, OOCCIICUYUTH
MPOSIBJICHUE WHUIIMATUBBI U CAMOCTOSITEIbHOCTH CTYACHTOB, a C APYroid, — JAepKaTh HENPEPHIBHO
B T10JI€ 3peHHsI paboTy KaKJ0T0, JIUIIb B CAMBIX HEOOXOIUMBIX CIYYasX MPUXOAUTH Ha TOMOIIb.

3.Yka3aHus 110 KOHTPOJIIO CAMOCTOSITENIbHONU PabOThI CTYAEHTOB

ITo ycMmoTpenuio mpemnogaBatrens 3aJaHME Ha CAMOCTOSITENIbHYIO paboTy MOXeT ObITh
VH/IMBUYAJIbHBIM WIIA (PPOHTAIILHBIM.

[Ipy ucnoNb30BaHMM WHAMBUIYAJIBHBIX 3aJaHUM TpeOoBaTh OT CTYAEHTAa MHChMEHHBbIHI
OTYET O MPOAEIaHHON paldoTe.

[lpy npumeHeHuM (POHTATBHBIX 3aJaHUN BECTH KOJUICKTHBHBIE OOCYXAEHHUS CO
CTY/ICHTAaMH OCHOBHBIX TEOPETUYECKHUX TTOJOKECHUH.

C menpi0 KOHTPOJS KadyecTBa BBHIMOJIHEHUS CaMOCTOSTENbHOW paboThl TpeboBaTh
WH/MBU/yaJIbHBIE OTYETHI (JOMYCTUMO BMECTO MHUCbMEHHOI'O OTYeTa MPUMEHITh UHIUBUAYaIbHbIE
KOHTPOJIbHBIE BOIIPOCHI).

[Tporpamma cocraBieHa B cootBeTcTBUU ¢ TpeboBanusmu OC HUAY MUODU u yuebHbBIM
IUTAHOM OCHOBHOM 00pa3oBaTeNbHOM MporpaMMbl [0 HampaBiieHHI0 noAarotoBku 13.03.02

DNEKTPOIHEPreTHKA U IIEKTPOTEXHUKA.
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