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IHesu ocBOEHUA TUCHUIIIHUHBI

[enbto npenosaBaHus JUCHUILTUHBL SBJSETCS POPMUPOBAHUE, PA3BUTHE U
COBEpIICHCTBOBaHUE y 00ydaeMbIX MPO(hecCHOHATBLHBIX KOMIETSHIIUN, TTO3BOJISIONIUX
BBIIYCKHUKY OCYIIECTBIIATH OOPMIICHHE TEXHUUYECKOM TOKYMEHTAlUU Ha PAa3TUYHbBIX CTAAMIX
pa3paboTKH MPOEKTa CUCTEMBI 3JIEKTPOCHAOKEHUS 00bEKTOB KAIUTAITHHOTO CTPOUTEIILCTBA

[TpodeccuoHaIbHBIN CTaHIAPTHI:

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

- «24.089.Crienianuct B 00JIaCTH 3JEKTPOTEXHHUUECKOTO O0SCTIICUCHUsI aTOMHOUM CTaHIIUNY,

- «24.033.Cnenayiict B 00J1aCTH KOHTPOJIBHO-U3MEPHUTEIIBHBIX TPHOOPOB M aBTOMATUKH
ATOMHOW CTaHLUW.

Mecto qnucuumiiuebl B ctpykrype OOII BO

JucuumirHa BXOIUT B MPO(ECCHOHATBHBIN MUK, AUCLIUIUIMHA 10 BEIOOPY B CTPYKTYpe
OOII nanpanenus 13.03.02 — «DnekTpodHEpreTUKa M JEKTPOTEXHUKAY.

JucuumnimHa «ABTOMaTU3UPOBAHHBIHN 3JIEKTPUYECKAN TPUBOI» (POPMHUPYET KOMIIETCHIIMH
BO B3aMMOCBSI3U CO CJIEAYIOIIUMHU AUCHUIUIMHAMU U IPAKTUKAMMU:

- Okomorust, OOmas sHepreTHka, be30mnacHOCTh KUZHENEATEIBHOCTH, DJIEKTPUUECKHE
CTaHUMU W TOACTAaHIMH, OJIEKTPOIHEPreTHUecKue cucteMbl U cerd, PeneliHas 3amurta u
aBTOMATH3alMsA  DJIEKTPOIHEPTeTHUECKUX  CHUCTeM,  T[eXHHKa  BBICOKMX  HaNpPsKCHHH,
OnexkrpocHabxxenue, MexaHuka, MuxeHepHas  rpadguka, OCHOBBI  IPOEKTHPOBAHUS
anekTpooOopynoBanusi, IlpueMHUKM W  TOTpPEOMTENH  DIEKTPUYECKOH HSHEPIMU  CHUCTEM
anekTpocHaOxeHus, HanexxHocts anekrpocHaOxenus, IlepcrnekTHBHBIE 3JIEKTPO-TEXHOJIOTHH,
[TpuMeHeHHe AIIeKTPO-TEXHOIOTUH B IPOMBIIITICHHOCTH, OCHOBBI 3J1€KTpodHepreTuky, Ilepenaya u
pacripesieieHue 3MIeKTpuueckoi 3Hepruu, CeroTexHHKa, OCHOBBI 3JIEKTPUYECKOIO OCBEILEHHS,
ABTOHOMHBIE MCTOYHHMKH 3JEKTpOCcHaOKeHMs, HeTpaaununoHHbie 1 BO30OHOBISIEMbIE MCTOYHHUKH
SHEpruu, DJIEKTpUUECKUe ammaparbl, MUKpPOIPOLECCOPHbIE YCTPONCTBA YNPABICHUS U 3aIMTHI,
DEeKTPONIPHUBO/] MPOU3BOACTBEHHBIX MAIIMH U MEXaHU3MOB, JJIEKTPOMAarHUTHAs! COBMECTHMOCTD U
Ka4yecTBO 3JIeKTposHepruu, llpeoOpazoBaTenbHble YCTpOCTBA B CHUCTEME 3JIEKTPOCHAOKEHMS,
TexHUKO-IPKOHOMHUYECKHE pacueThl B AJEKTpodHepretuke, OpraHmzanus U (QYHKIHOHHUPOBAHKE
PBIHKOB 3JIEKTPUYECKOW HSHEPruH, MOILIHOCTH M cucteM yciuyr, [IpoekTupoBaHue cucteM
AIIEKTPOCHAOKEHUST MTPOMBIIIIICHHBIX MpeanpusaTiii, [IpoekTupoBaHue CUCTEM AIIEKTPOCHAOKEHHUS
roponoB, IIpom3BojacTBeHHass mNpakTUKa (IKCIUTyaTalMoHHast), IIpou3BOACTBEHHas NpPaKTHUKA
(mpennumomHas), ['ocymapcTBeHHast HTOTOBAs ATTECTAITHS.

- DIeKTpUYeCKUe MallUHbI, DKCIUTyaTallus CUCTEM DJIEKTPOCHAOXKEHUS, DIEKTpUUYECKHE
ammaparbl, MUKPOIIPOIIECCOPHBIE YCTPOWCTBA  YMPABICHHWS ©  3aAIIUTHL, DJIEKTPOIPHUBO
MIPOM3BOJICTBEHHBIX MAaIIMH M MeXaHU3MOB, [Ipom3BoacTBEeHHass MpakTHKa (3KCIUTyaTallMOHHas),
[Tpou3BoacTBEHHAS IPAaKTUKA (TIpeAIUILIOMHAs ), ['ocy1apcTBeHHAsI HTOTOBas aTTECTAITHSI.

- IlpueMHMKM ¥ TOTpeOMUTENM DSIEKTPUUYECKON HHEPrUU CHUCTEM 3JIEKTPOCHAOKEHHUS,
DneKkTpudeckue anmapaThl, MUKpONpPOIIECCOPHBIE YCTPOWCTBA  YIPABICHUS W 3aIUTHI,
DEeKTPONPHUBO/] MPOU3BOACTBEHHBIX MAIIMH U MEXaHU3MOB, DJIEKTPOMarHuTHas: COBMECTUMOCTh U
KauecTBO dJeKTposHepruu, IIpeoOpazoBarenbHble yCTPOWCTBA B CUCTEME 3JIEKTPOCHAOKEHUS,
[Tpou3sBoacTBEHHAs MIPaKTHKA (9KcIUTyaTallMOHHAs ), [TpousBocTBEeHHAs IPaKTUKa
(mpenaumIoOMHas).

[Ipr ocBoeHWM [aHHON IWUCHHIUTMHBI CTYAEHT CMOXXET YaCTHYHO IPOJEMOHCTPHPOBATH
TPYAOBBIE () YHKIIHH:

- B/02.6. Pa3paboTka TekcTOoBOM U rpaduueckoil yacteit MpOEKTHOM TOKYMEHTaIlu!
CHCTEMBI DJIEKTPOCHA0KEHUST 00BEKTOB KaITUTATHHOTO CTPOUTEIHCTBA

- B/01.6.06ecneuenue sxcrnyatanuu CHU, CA u anmapatypst CY3 Ha AC .

- A/02.6. KoHnTpounb onepatuBHOro odciayxuBanus U pexxumoB DTO u ycTpoiicTB B
cootBeTcTBUM ¢ TpeboBanusimu JIHA u HTJI AC,

- C/04.6.0pranuzanus onepatuBHOro oociayxusanus 3TO u ycTpoicTB ¢ MPOU3BOJCTBOM
CIIOXHBIX nepexiiroueHnii AC |



- D/03.6. Pa3zpaboTka MeponpHsATHII TIO IPOJICHUIO CPOKOB AIKCILTyaTaIlMi, MOJICPHU3AINH
U TEXHUYeCKOMY nepeocHameHnto AC .

Komnerennuu odyyaromerocsi, popmupyembie B pe3yjibTaTe 0CBOEHUS

JAMCIUIIJINHBI
B mnpomecce ocBoeHUst NaHHOW JUCHUIUIMHBI y CTyAEHTa (OPMUPYIOTCA CIEAYIOLIUE
KOMITETEHITHH:
npodeccuoHanbHbIe
3anauu
npoheccuoHaIbHO OObexT unu Kon u HanmenoBaHue WNuanKaTopsl JOCTUKEHHUS
I AeSTenbHOCTH 00J1acTh 3HAHUS KOMIIETCHIINH KOMITETEHITHH
€110y
VYuyacrtue B Onektpuueckue | [IK-1 Cnocoben 3-T1IK-1 3HaTb: METOIBI
pacuerax u CTaHIIMH U MPUHUMAThH YYacCTHE B pa3paboTKu TEXHUYECKOU
POEKTUPOBAHUU MOJICTAHINH; MIPOSKTUPOBAHUH JIOKYMEHTAIIUU ¥ HOPMATHUBHYIO
00BEKTOB JIEKTPOIHEPreT | OOBEKTOB 0a3y [Uig COCTaBIICHUS
po(heCCHOHANILHO | HYECKUE poQeCCHOHAIBHON WH(OPMAIIMOHHBIX 0030POB,
i 1edaTenbHOCTH CUCTEMBI U JESITEIbHOCTH B peleH3ui, OT3hIBOB,
B COOTBETCTBUHU C CeTH; COOTBETCTBUHU C 3aKJIFOYEHUHN Ha TEXHUYECKYIO
TEXHUYECKUM CUCTEMBbI TEXHUUYECKUM 33JJaHUEM | JOKYMEHTAIIHIO
3aJJaHUEM C AJIEKTPOCHAOKE | U HOPMATUBHO V-IIK-1 Y™mers:
HCIIOJIb30BaHUEM HUS TOPOJIOB, TEXHUYECKOM OCYIIECTBIISITh B3aUMOJCICTBIE
CTaH/IaPTHBIX MPOMBINIJICHHBI | IOKYMEHTAIICH, C TIPOCKTHBIMH,
CpeaCTB X IPeNpUATUi, | coONI0Ias pa3inuHbIe KOHCTPYKTOPCKUMH
aBTOMAaTH3alUU CEJIbCKOTO TEXHHYECKUEC U OpTaHU3aAIUSIMU
MPOEKTUPOBAHUS;, | XO3AHCTBA, HKOJIOTHYECKHE OpraHu3aIsIMI
MIPOBEJICHHE TPAHCHOPTHBIX | TpeOOBaHUS M3TOTOBUTEISIMU JIEKTPO-
NPEIBapUTEILHOTO | CUCTEM H  HUX TEXHHYECKOTO
TEXHUKO- 00BEKThI 000py10BaHus, BBIIIOIHSTh
9KOHOMMUYECKOTO aHaJn3 MPOEKTHOMN
000CHOBaHUS JIOKyMEHTaIluu
IIPOEKTHBIX B-IIK-1 Bnanets:
penIeHui HABBIKAMU WCIIOTH30BaHUS
TUTIOBBIX MPOEKTOB U aHAIH3
MPUMEHUMOCTH YKa3aHHOTO B
IIPOEKTE IEKTPO-TEXHUUECKOTO
00opynoBaHus 1151 00BEKTa
npodeccnoHaNbHOMI
JIESITEIIbBHOCTH
Kontpoinb Onexrpuueckue | [IK-4 Crioco6en 3-1IK-4 3HaTh: rinaBHbIE
COOIIOICHUS CTaHIMH U coOJIIOIaTh U OTIICHUBATH | CXEMBI M CXEMBI COOCTBEHHBIX
3a/laHHBIX MOJICTAHINH; napaMeTpsl MyCKOBBIX HYX] AIIEKTPOCTAHIINH,
napameTpoB AJIIEKTPOIHEPTET | PEKUMOB 000OpYAOBaHUS | CITOCOOOB obecrieueHus
PEXUMOB NYECKUE ¢ obecrieueHueM HOPMAJIbHBIX PEKUMOB PaOOTHI
o0opynoBaHus CUCTEMBI U CBOEBPEMEHHOTO U 00opyIoBaHuUs "
CeTH; 0€301MacHOT0 BKJIIOYCHHSI | MPEAOTBPAILCHUS U/UIH
CUCTEMBbI ero B paboty JUKBHJIAIUN HCHOPMAJIBHBIX U
3IIEKTPOCHAOXKE aBapUIHBIX PEKUMOB
HUSA V-IIK-4 Ymers:
MIPOMBIIIIICHHBI BBITIOJHATH TPEOOBaHUS
X HOPMAaTUBHO-TEXHUYECKOM

IPEANPUATHN U
X O0BEKTHI

JOKYMCHTAIlUH,
OpraHrU30BbIBATH u




KOHTPOJIMPOBATH nporiecc
BBIIOJIHEHHUS pabor
MOJYMHEHHBIM  ONEPaTUBHBIM
NEPCOHAJIOM CMEHBI 1IeXa IMpH
BBOJIC B pabory
TypOOTeHEPaTOPOB,

TpaHc(hopMaToOpoOB,

aBTOTpaHCHOPMATOPOB u

IIYHTHPYIOIIUX PEAKTOPOB
B-11K-4 Bnagers:
HaBBIKAMH PaOOTHI C

COBPEMEHHBIMU cUCTEeMaMu
yhpaBiieHus, coopa U nepeaadu

JAHHBIX, MOCTOSIHHOTO
MOHHUTOPHHTA COCTOSIHUS

00opyoBaHus, MapaMeTpoOB €ro
pexumMa
paboOTHI M UX aHATU3A

Yuyactue B
pacueTax u
MPOEKTUPOBAHUH
00BEKTOB
po¢eCCHOHAIBHO
U 1esITeTbHOCTH
B COOTBETCTBHUH C
TEXHUYECKAM
3aJJaHUEM C
HCIOJIb30BaHUEM
CTaHIapTHBIX
CpEICTB
aBTOMAaTH3aluU
MIPOCKTUPOBAHUS;
MIPOBE/ICHHE
MpeABAPUTEIILHOTO
TEXHHUKO-
SKOHOMHYECKOT0
000CHOBaHMS
MPOEKTHBIX
peleHni

DIIEKTpUUYECKHE
CTaHIINH U
MOJICTAHIUH;
AJIIEKTPOIHEPTET
UYeCcKue
CHUCTEMBI 1
CeTH;

CHUCTEMBI
3JIEKTpOCHAOKE
HUS
MPOMBIIIIICHHBI
X

NPEANPUATHI U
UX O0BEKTHI

[TK-7.1 Cnocoben
AHATM3UPOBATH U
PacCUYUTHIBATD PEKUMBI
paboThl, IPUHUMATH
ydacTue B
MIPOSKTHUPOBAHHH,
MOJICpPHU3AIUH U
PEKOHCTPYKITUT
00BEKTOB
poQeCCHOHAIBHON
JESITETILHOCTH B
COOTBETCTBUHU C

TCXHUYCCKHUM 3a1aHUCM.

3-1IK-7.1 3HaTh: OCHOBBI
IIPOEKTUPOBAHUS CUCTEM
3JIEKTPOCHAOKEHUS
MPOMBIIUICHHBIX  TPEANPHUATHN
U UX

00BEKTOB; alNropuT™M BbIOOpa
HOMUHAJIBHBIX HanpsHKeHUH,
BbIOOpa KOH(Urypauuu CETH U
000pyIOBaHUS  BIEKTPUUYECKHX
ceTel Mpu MX MOJICPHU3AIMH U
PEKOHCTPYKILIHH; METO/1bI
pacuera PEKUMOB
AIIEKTPUUYECKHUX CEeTel
MPOMBIIIICHHBIX  TPEATNPHUSITHN
U UX 0OBEKTOB

V-IIK-7.1 Ymers:

POU3BOJIUTH BEIOOD
AIEKTPOOOOPYIOBAHUS

CHCTEM DJICKTPOCHA0XKEHUS
MPOMBIIIICHHBIX  TPEANPHUATHN
U X 00BEKTOB; PaCCUUTHIBATh
TEXHUKO-3KOHOMHUYECKUE
noKa3areiu CUCTEM
ANIEKTPOCHAOXKEHUS;  BbIOMpATh
ONTUMAJIbHBIA BapUaHT CXEMBbI
AIIEKTPUYECKON CeTH;
paccuuThHIBaTh napamMmeTpsl
HOpPMAaJIbHBIX U
ITOCJIEABAPUIHBIX PEKMMOB
CHCTEM DJICKTPOCHA0XKEHUS
00BbeKTOB TIPO(heCcCHOHATEHOM
JesITebHOCTH; paboTaTh ¢
HOPMAaTUBHOM U CIIPABOYHOMN
JIOKYMEHTALUEH.

B-IIK-7.1 Bnagers HaBBIKAaMHU
BbIOOpA 3IEKTPOOOOPYIOBAHHS




u

pacuera
HKOHOMUYECKUX
CUCTEM
HaBbIKaMU
HOPMAaTUBHOM U
JIOKYMEHTAIUEH;
aHaJlM3a pe3y/lbTaTOB pacyera
PEXKUMOB
AEKTPOCHAOKEHUS
npo¢eCCHOHAIBHON
JIEeATEITbHOCTH

CHCTEM DJICKTPOCHAOKEHUS
IIPOMBILUICHHBIX  IPEANPUATUN

uX OOBEKTOB; HAaBBIKAMU
TEXHUKO-
roKas3aresen
AJIEKTPOCHAOKEHNS,
paboThl c
CIIPaBOYHOM

HaBbIKaMH

CHCTEM
00BEKTOB

paboThI

33[[3‘11/1 BOCIIUTAHUSI, P€AJIN3YEMBIC B PaMKaxX 0CBOCHUA JUCIHUIIINHDbI

B nporiecce ocBoOeHMS JaHHOW JUCHUIUIMHBI PEATU3YIOTCA CIIE]T

YIOUC 3a1a41 BOCIIMTAHHUA:

Hcnoan3oBanue Bosieuenue B
Hanpasae | Co3nanue yciaoBuid, BOCIIUTATEJIbHOIO Pa3HOILIAHOBYIO
HHe/Hean | o0ecneYHBAIOIINX NMOTEHIHAJIA y4eOHbIX BHEY4eOHYI0
AUCHUILINH AeATeJIbHOCTh
IMpodeccun | - popmupoBanue Hcnonb3oBanue 1.Opranusanus Hay4HO-
OHAJIbHOE | OTBETCTBEHHOCTH 3@ | BOCHHMTATEIbHOI'O MOTEHIIMANA |IPAKTHUYECKUX
BOCIIMTAHU | IPOPECCUOHATBHBIN | AMCUUIUINH KOH(pepeHINH, KPYTJIbIX
e BBIOOD, poeCCHOHATBHOTO MOAYJS  [CTOJIOB, BCTPEY C
npodeccuoHanbHoe | Ui GOPMUPOBAHUS Y BEYUIMMHU CIIELUATNCTaMU
pa3BUTHE U CTYJEHTOB OTBETCTBEHHOCTH 3a |MPEAIPUATUI
npodeccuoHaIbHbIE | CBOE MPOGECCHOHATIBHOE 9KOHOMMUYECKOT0 CEKTOpa
pemienus (B18) pa3BUTHE TIOCPEICTBOM ropoja 1o BOIpocam
BbIOOpA CTyIEHTaMU TE€XHOJIOTMYECKOI0
MHIUBUAYaJIbHbBIX muaepcTsa Poccun.
00pa3oBaTeNbHBIX TPAEKTOPUH, |2. YyacTue B MOATOTOBKE
OpraHMU3al1 CUCTEMBI nyOauKanui B
OOIIEHUS] MEX/y BCEMU BBICOKOPEUTHHIOBBIX
y4aCTHUKAMHU PeLeH3UPYEMBIX HAYUHBIX
00pa3oBaTeNbHOrO NPOIlEcca, B [M3AAHUAX
TOM YHCIIE C UCTOIb30BAaHUEM
HOBBIX HH(OPMAIIMOHHBIX
TEXHOJIOTHH.
IMpodeccn | - popmupoBanue 1.Ucnonp3oBanne 1. Opranuzanus
OHAJIbHOE | HABBIKOB BOCIUTATEIbHOIO MOTEHIIMANAa | HAYYHOTO  MOAXO0Ja U
BOCIIUTAHU | KOMMYHHUKAIWH, JUCLUILINH qyBcTBa «Bce B onHOM
e KOMaHAHON paboThl | MpodecCHnOHaTbHOTO MOIYJIS KOMaHJIe» 4epe3 ydacTHe

u uaepcrsa (B20)

JUIsl pa3BUTHS HaBBIKOB
KOMMYHMKAIUU, KOMaHJHOU
paboThI U TUIEPCTBA,
TBOPYECKOTO MHKEHEPHOTO
MBIILIJIEHNS, CTPEMIICHUS
CJIeJIOBATh B
npodeccroHanbHOI
JeSITeIbHOCTH HOpMaM
MOBEJICHHSI, 00ECTIEYMBAIOILIUM
HPaBCTBEHHBIN XapaKTeEP
TPYAOBOH JEATEIbHOCTU U

CTYJEHTOB B IPOBEICHHUU
KpPYTJBIX CTOJIOB u
CEMHUHApOB.

2. ®opmupoBaHHE
BEPTUKAJIBHBIX CBSI3eH H
(hopMaTbHBIX MpaBUII
XKU3HU TIpU TPOBEIECHUH
CTYJEHUYECKHX 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

HECTy>KeOHOTO TTOBEJICHUS,
OTBETCTBEHHOCTH 32 MPUHSTHIC
pelIeHus 4yepe3 MOATr0TOBKY
TPYIIOBBIX KYPCOBBIX paboT H
MPaKTUYECKUX 3aJaHui,
pELIECHHE KEWCOB,
MIPOXO’KJCHHUE MTPAKTUK U
noarorosky BKP.
2.Wcnonp30Banue
BOCIIUTATEILHOTO MOTECHIIHAJIA
TUCIUILTAH
po(heCCUOHATTEHOTO MOYJIS
TUISL:

- (hopMupoBaHHS
MIPOU3BOJICTBEHHOTO
KOJIJIEKTUBH3MA B X0JI€
COBMECTHOT'O pPEUICHHS KaK
MOJICTIbHBIX, TaK H
MPAKTUYECKHX 3a/1a4, a TAKXKE
MyTEM TOJKPETIICHHUE
paloHaIbHO-
TEXHOJOTHYECKUX HABBIKOB
B3aUMOJICHCTBUS B MPOEKTHOM
NEeSATETbHOCTH YMOLIUMOHATBHBIM
3¢ (HeKToM yCIenrHoro
B3aUMOJICHCTBUSA, OILYIIICHUEM
pocra o0mieit 3pdexTuBHOCTH
P pacipeeieHun
MPOEKTHBIX 3a/1a4 B
COOTBETCTBUH C CUIILHBIMU
KOMITETEHTHOCTHBIMU U
SMOIIMOHAIBHBIMU CBOWCTBAMU
YIEHOB NPOEKTHOM I'PYMIBL.

Crtpykrypa u coaepxkaHue y4eOHOW AUCHUIIIHHBI

JucnuninHa n3ydaercs CTy/IeHTaMu B /-oM cemectpe. O01ias TpyJ0eMKOCTh TUCIUIUINHBI
COCTaBJISICT 2 3a4€THBIX €JMHUILIBI, /2 aK. yaca.

KanengapHbiil iian

Haumenoanue pasnena Bunsr yaeOHoiA ATttectanus | MakCUMaJIbHBI
(Tempr) JeSITeIbHOCTH paznena i 6amn 3a
o JTUCHUTUTUHBI (uac.) (popma) paznen
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1 |1 | OcHOBEI TAHAMUKHA 6 4 - 2 Tecrl 30
DIIEKTPOTIPUBOJA
2 | IBuratenu MocTOsIHHOTO | 4 2 - 2
TOKa




3 | ACHHXpOHHBIC ABHUTATEIN 6/4 4 - 2
2 |4 | Yopasnenue 36/2 | 4 16 16 | Tect2 30
JIEKTPONPUBOIAMU
5 | OcHoBbl BeiOOpa MmomHOcTH| 20/2 | 2 - 18
JJIEKTPOABUTATENS

Bcero 72/8 | 16 | 16/8 40 60

3auer 40

Hroro 100

Conep:kaHue JIEKIIHOHHOTO Kypca
Ne | Bcero Ne Tema Jexkuuu. Yyeono-
TeMbl| YACOB | JIEKIHH Bonpochl, oTpadaTsiBaeMble Ha JIEKIHH MeTOIHYEeCKOoe
ob0ecrieyeHue

1 2 3 4 5)

1 4 1-2 OCHOBHBIC TOHSTHSI U OCHOBHBIE AJIEMEHTHI iekTponpusoaa | [1, 2,5, 6, 7]
(3I1). Kmaccudukanus tumnoB OII. OcHOBHOE ypaBHEHHE
AIIEKTPOTIPUBO/IA. Mexanuueckue XapaKTePUCTHKU
MIPOU3BOJICTBEHHBIX MEXAaHW3MOB U  JJICKTPOJBHTATEIICH.

Bpewms yckopenus u 3amemnenus OI1

2 2 3 Knaccudukanust siaexkTpoBUrareiacii mocTOSHHOTO TOKa I10 [1,5,6,7]
croco0y BO30YXKICHUSI. Mexanuueckue u
JIEKTPOMEXAHUYECKUE XapaKTePUCTHKU JBUTATENeH
noctossHHoro Ttoka (JIIT). Pexxumsl paboThl nBurarenei
MOCTOSTHHOTO TOKA.

3 4 4-5 CxeMsl BKJIFOUEHUS ACMHXPOHHBIX nsurateneit. | [1, 2,5, 6, 7]
MexaHu4yecKkue XapakTepUCTUKU ACUHXPOHHBIX JIBUTATENECH.

PesxuMbl aCHHXPOHHBIX JIBUTATENECH.

4 4 6-7 OcHoBHbIE TOHATHS peryaupoBanus. Ilokaszatenu kadectBa | [1, 2, 3,5, 6,
perynupoBanusi yriaoBoi ckopoctu OIl.  PerynupoBanue 7]
yriaoBoi ckopoctu DIl MOCTOSHHOrO TOKa U ACHMHXPOHHOTO
OIl.

5 2 8 3amaun, peliaemMple MPU BBIOOPE MOIIHOCTH JABUTATEINS. [1, 2, 3, 4,
Harpes u oxnaxnenue napurateneid. Pexumbl paboThI 5,6, 7]
JBUTaTeJICH. Bri6op MOIIIHOCTH JBUTaTENCH.
®opmupoBaHue rpaduka Harpy3ku ABurareis. Bpioop
JIBUTATENS TI0 YCIOBHSM pabOTHI.

Bcero 16
IlepeyeHb NpPaKTUYECKUX 3AHATHIA He MPEAYCMOTPEH Y4eOHbIM IJIAHOM
IlepedeHb 1a00paTOPHBIX padoT
. Y4eOHO-
Ne Bcero HanmenoBanue 1a6opaTopHoii padoThl. 3a1aHus1, BONPOCHI, MeTONHIeCKoe
TEeMbI | 4acoB orpadaTrbiBaemMble HAa JJA0OPAaTOPHOM 3aHATHH
olecneyeHue
1 2 3 4
4 4 DJekTponpuBo cucTeMbl «THPUCTOPHBIN mpeoOpa3zoBareib - [1,5, 6]
JIBUTATENh TMOCTOSHHOTO TOKa HE3aBUCUMOTO BO3OYXKICHHS C
PEryJIMPOBAHUEM TT0 CKOPOCTH)
4 4 DAeKTponpuBoJ cucTeMbl « TUPUCTOPHBINH TpeoOpa3oBaTelp - [1, 5, 6]
JBUTATEh  TOCTOSHHOTO TOKAa  HE3aBHUCHUMOTO  BO30YXKICHUS
C TIOJTYMHEHHBIM PETYIHPOBAHUEM IO CKOPOCTH)
4 4 DekTponpuBo cucTeMbl «THPUCTOPHBIN mpeoOpa3zoBareipb - [1,5, 6]
JBUTATE€Nh  TMOCTOSHHOTO TOKAa HE3aBHUCHUMOTO  BO3OYKICHUS




C TIOJTYMHECHHBIM PETYJIMPOBAHUEM I10 HAMPSIKCHHIO)
4 4 OnekrporpuBon  cuctembl  «lIpeoOpazoBarens  4acTOThl - [1,2,5,6]
ACUHXPOHHBIH  JBUTATeIb C  KOPOTKO3aMKHYTBIM  POTOPOM
C PeryIupOBaHUEM TI0 CKOPOCTHY
Bcero 16
3aI[aHl/Iﬂ AJIA CAMOCTOATEJILHOM paﬁoTbl CTYACHTOB
YuebHo-
Ne Bcero
Temul | 1acon Bomnpocsl 111 caMOCTOSITEILHOTO U3YUYeHUs (3a1aHusl) MeTOoauYecKoe
o0ecrneyeHue
1 2 3 4
1 2 [TpukiiagHoe MpUMEHEHHE OCHOBHOTO YPaBHEHUS AJICKTPOIIPHUBOIA [1,2,5,6,7]
2 2 Crnoco0bl peryIupoBaHus CKOPOCTH DIICKTPOIBUraTeIeH [1,5,6,7]
ITOCTOSIHHOT'O TOKAa
3 2 CriocoOsI peryIupoBaHust CKOPOCTH IJIEKTPOJIBUTATEIIEH [1,2,5,6,7]
MIEPEMEHHOI'0 TOKA
4 6 CoBpeMeHHBIE Pa30MKHYTBIE M 3AMKHYTHIE CHCTEMBI [1,2,3,4,5,6,7]
ABTOMATHU3MPOBAHHBIX JICKTPOIIPHUBOJIOB.
4 6 DJIEKTPUYECKUE aIlapaThl U AJIEMEHTBI CUCTEM AJIEKTPOIIPUBOJIA. [1,2,3,4,5,6,7]
4 4 [IpeoOpazoBareny i MUTaHKS M yripaBJieHus ekrpoasurarensmu. | [1, 2,3, 4,5, 6, 7]
5 18 CoBpeMeHHBIE CUCTEMbI aBTOMATH3WPOBAHHBIX AJIEKTPOIIPHUBOIOB [1,2,3,4,5,6,7]
THTIOBBIX TIPON3BOJCTBCHHBIX MEXaHH3MOB
Bcero 40

PacuerHo-rpadpuyeckasi padbora He MpexyCMOTPEHAa Y4eOHBIM IJIAHOM
KypcoBasi padoTa He npeaycMOTpeHa y4eOHbIM IJIAHOM

KypcoBoii npoexT He npeAycMOTpeH Y4eOHBbIM IJIAHOM

OoOpa3oBare/ibHbIE TEXHOJIOTMH

[Tpu peanuzanumn yuyeOHOro Marepuaga Kypca UCHOIb3YIOTCSA pa3IMuHble 00pa30BaTEIbHbIC
TEXHOJIOTUH, CIIOCOOCTBYIOIUE CO3JAHUI0 aTMOC(epbl CBOOOAHONW M TBOPYECKOW TUCKYCCHU Kak
MCXKAY NpernogaBaTcjieM U CTyJ€HTaMH, TaK U B CTYI[CH‘ICCKOI\/'I rpyme. LIGJ'II)IO IIpU 3TOM SABJIIACTCA
BbIPA0OTKA Yy CTYAEHTOB HABBIKOB U KOMIETEHIMH, IO3BOJSIOIINX CAMOCTOATENIBHO BECTU
UCCIIEI0BATEIbCKYIO U HAYYHO-IIEJArOTHYECKYIO paboTy.

[TpakTryeckas MOJArOTOBKA MpH peaau3alMy y4eOHOM JUCLUIUIMHBI OPraHU3yeTCsl MyTeM
MpPOBEJEHUSI J1a0OpAaTOPHBIX 3aHATUH, MpPEAyCMaTpPHUBAIOIIMX ydyacTHE OOyyarommxcs B
BBIIIOJTHEHUM  OTJENIBHBIX 3JIEMEHTOB paloT, CBs3aHHBIX C Oynymed npodeccruoHanbHON
JEATENbHOCTBIO.

[TpakTHyeckas MOJArOTOBKA TAaKXe BKJIIOYAET B ceOs 3aHATHUS JIGKLIMOHHOTO TUIA, KOTOPbIE
IpelycMaTpuBaloT mepenadyy y4deOHOH HHpopManuu o00ydarolmuMcs, HEoOXOIuMOM  [is
HOCJIEAYIOIETO BBINOIHEHUS paboT, CBA3aHHBIX ¢ OyayIeil MpodeccHoHaIbHOMN NeSITENbHOCTBIO.

AynUTOpHBIE 3aHATHS MPOBOASTCS B BHJE JIEKIHMH, NPAKTUUECKUX 3aHATHH ¢
ucnons3zopanueM IIK u xommbrorepHOro mnpoekropa. CamocrositenbHas paboTa CTYAEHTOB
IIPOBOJUTCS O] PYKOBOJCTBOM IIpeNojaBaTeliel, ¢ OKa3aHUEM KOHCYJIbTallMd M IOMOIIM IpU
MOJIrOTOBKE K MPAKTUYECKUM 3aHATHSIM.

DOoH/ OLIECHOYHBIX CPECTB
(DOH,Z[ ONCHOYHBIX CPCACTB 1O JUCHUILIJIMHE obecreynBaeT IPOBEPKY OCBOCHUMA
IUTAHUPYEMBIX Pe3yJabTaTOB O0O0ydeHHs (KOMIETEHUMH U HUX HHIUKATOPOB) TOCPEICTBOM
MCpOHpI/ISITI/Iﬁ TCKYHICTO, pY6C)KHOFO " IPpOMCIKYTOUYHOTO KOHTPOJIA 110 JUCIHUIIIIMHEC.




Csa3p Mexay (GOpMUPYEMBIMH KOMIETEHIMSMH W (GopMaMH KOHTPOJS HX OCBOCHHUS
NpeJCTaBJIeHa B CleAyIoel Tadnuie:

Kox n HaumeHoBanue
WH]JIUKATOpa JOCTHUKEHUS
KOMIIETEHIINH

HanmenoBanue
OIIEHOYHOTO CPEJICTBA

Ne | HammeHOBaHUE KOHTPOJIUPYEMBIX
n/m pasnesnoB (TeMbl)

Bxo/1HOM KOHTPOJIb

BOHpOCBI BXOAHOI'O

1 BxoiHOM KOHTPOJIb
KOHTPOJIs (IIMCbMEHHO)

ATTeCTaI_[I/IH Pas3acioB, TCKYH_[I/Iﬁ KOHTPOJIb YCIICBACMOCTH

2 Pazpnen 1 3-I1K-1, V-IIK-1, B-IIK-1, TectupoBanue
3-11K-4, V-I1K-4, B-I1K-4, (TMCBMEHHO)
3-11K-7,1, Y-IIK-7.1, B-TIK-7.1

3 Pasnen 2 3-I1K-1, Y-IIK-1, B-IIK-1, TecTupoBanue
3-1IK-4, V-IIK-4, B-1IK-4, (IMCbMEHHO)

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

HpOMC)KYTOLIHaﬂ arTecranus

4 3auer 3-1IK-1, V-IIK-1, B-TIK-1, Bompocs! k 3auety
3-11K-4, V-I1IK-4, B-I1K-4, (ycTHO)
3-11K-7,1, Y-IIK-7.1, B-TIIK-7.1

BXOZ[HOﬁ KOHTPOJIb IMPCAHA3HAYCH IJIsI BBIABJIICHUSA HpO6€JIOB B 3HAHUAX CTYACHTOB U
FOTOBHOCTH HUX K IMOJYYCHHIO HOBBIX 3HAHHM. OLIGHOLIHI)IC cpeacrtBa il BXOJHOI'O KOHTPOJIA
npeaAcCTaBJIAOT coboit BOIIPOCHI, KOTOPBIC 3a1a0TCA CTYACHTAM B MMMCbMEHHOM (I)opMe.

IlepeyeHb BONPOCOB BXOIHOTO KOHTPOJIS
Bormpocs! BXOAHOTO KOHTPOJIS.
1) Yro Takoe 3JIEKTPOABUIaTENb?
2) Kaxkue THIIBI 2JIEKTPOIBUTaTENICH CYIIECTBYIOT?
3) Yro Takoe mpuBOa?
4) Kaxkue BUIBI IPUBOJIOB CYIIECTBYIOT?
5) Kakue npenMyIiecTBa 1 HeJOCTATKH CBOMCTBEHHBI JICKTPHYECKOMY TIPHBO.TY?
6) UTo BBI MOHUMAETE MMOJT YIIPABICHUEM 3JIEKTPOIPUBOIOM?
7) Kakumu napamerpamu XapakTepu3yeTcs 3JIeKTpOnpuBo?
8) Ot vero 3aBUCUT CKOPOCTh BPAIIICHUS JIEKTPONPHBO/IA?
9) UYro Takoe K03 (HHUIMEHT MOTE3HOTO ASHCTBUSA?
10) KakoBa 00sacTh MprMEHEHHsI TPUBOIA?

Texkymuii KOHTPOJb YCIIEBAEMOCTH — 3TO HENPEPBIBHO OCYIIECTBISIEMbI MOHUTOPHHT
YPOBHSI YCBOEHUS 3HAHUM M (OpMUPOBaHUS YMEHUU M HABBIKOB B TE€UEHHE ceMmecTpa. TeKymui
KOHTPOJIb 3HAaHUH, YMEHUH U HABBIKOB CTY/IEHTOB OCYIIECTBIISIETCS B X0JI€ YUEOHBIX (2yTUTOPHBIX)
3aHSATHH, MPOBOIUMBIX IO pacmucaHuio. PopMamMu TEKYIIETO KOHTPOJIS BBICTYIAIOT OMPOCHI HA
71a00paTOPHBIX 3aHATHIX, IPOBEPKA OTUETOB MO BBIMOJIHEHHBIM JJAOOPATOPHBIM paboTaM.

JlaGoparopHble pabOThl MPOBOAATCA B JIAOOPATOPUM TPAHCIOPTHBIX YCTPOHCTB. Paboueit
IIPOrpaMMOil pelycCMOTPEHO BBIMOJHEHHE MIECTH Ja00PaTOPHBIX PadOT MO CIEAYIOIIUM TeMaM:

- DnexTponpuBoa cucteMbl «THpHCTOPHBIA TpeoOpa3oBaTeNb - JBHTaTelh IMOCTOSHHOTO
TOKa HE3aBUCUMOT'0 BO30YKJICHUS C PEryJIMPOBAaHUEM IO CKOPOCTUY;

- DnekTpornpuBoj cucteMbl « THPUCTOPHBINA MpeoOpa3oBaTeib - JBUTATENh IMOCTOSHHOTO
TOKa HE3aBUCUMOT'0 BO30YK/JICHUS,C TIOJYNHEHHBIM PETYIUPOBAHUEM IO CKOPOCTHY,

- DnektpornpuBoj cucteMbl « THPUCTOPHBINA MpeoOpa3oBaTeb - JIBUTATENb IMOCTOSHHOTO
TOKa HE3aBUCUMOT'0 BO30YK/ICHUS C MOAYMHEHHBIM PETYJIHMPOBAHNEM 10 HAMPSKEHUIO;

- DOnextpornpuBoj cucteMbl «[IpeoOpa3zoBarenb YacTOTHI - ACHHXPOHHBIA JIBUTATENh C
KOPOTKO3aMKHYTBIM POTOPOM C PEr'YJIMPOBAHUEM 1O CKOPOCTHY.

J11s1 BBITTONTHEHMST TAOOPATOPHBIX PabOT CTYICHTHI ENSATCS Ha MOATPYIIIEI 10 3-4 4eloBeKa,
MOJIPYIIIBI BRIMOJIHAIOT pa3Hble J1a00paToOpHbIe PaOOTHI.



BrimonaeHne 1abopatopHOil pabOThl BKIIOYAET B ¢e€0s CIEAYIOIIME ATArbl: YCTHBINM OMpPOC
[0 TEOPETHMYECKOMY MaTepuansy 1Mo Teme JabopaTOpHON pabOTHI, BBIMOJHEHHE SKCIIEPUMEHTA,
CTAaTUCTUYECKYI0 00pabOTKy pe3yibTaTOB 3KCHEpHMeHTa (MpH HEOOXOMAMMOCTH), TOJATOTOBKY M
3alIUTY MMCBMEHHOTO OTYeTa 1o JabopaTopHoii pabdoTe.

[TpumepHBIii TepeueHb BOMPOCOB, 33JaBAEMBIX IIPU YCTHOM OTYETE:

1. OnummuTe KOHCTPYKIIUIO YCTPOMCTBA, paCCMaTPUBAEMOr0 B Ta0OpaTopHOi padoTe.

2. PackpoiiTe kiaccupuKaludio M MapKUPOBKY paccMaTpUBAaEMbIX B JlabopaTopHOW paboTe
YCTPOMCTB.

3. OnumuTe TPUHIUI ACHCTBUS yCTPOMCTBA, pacCCMAaTPHUBAEMOrO B JIAOOPATOPHOM padoTe.

4. OnummTe MperuMyIlecTBa U HEAOCTAaTKU PacCMaTPUBAEMOI'0 YCTPOUCTBA.

5. Packpoiite 00macTh NPUMEHEHHS paCCMaTPUBAEMOT0 YCTPOICTBA.

6. [lepeuncnure OCHOBHBIE XapaKTEPUCTHUKU PaCCMaTPUBAEMOI'0 YCTPOUCTBA.

7. Packpoiite, OT KaKuX mapaMeTpOB 3aBUCAT OCHOBHBIE XapaKTEPUCTHKH YCTPONUCTBA.

8. Onwumure OCOOEHHOCTH HACTPOMKHM M TEXHHUYECKOTO OOCITYyKHBaHUS paccMaTpHUBAEMOTo
YCTPOMCTBA.

9. OnumuTe KOHCTPYKIUIO J1a00paTOPHOTO cTeHaa (IPH HAJTUYUH )

10. PackpoiiTe nocie1oBaTeIbHOCTb BBIIIOJIHEHUS SKCIIEPUMEHTA.

11. Packpoiite TpeboBaHusi 0€30MaCHOCTH, KOTOPbIE HEOOXOJUMO COOIIOATh MPHU BBHIOJIHEHUU
HKCIIEPUMEHTA.

Otuer mo mabopaTopHOil pabdore odopmisiercs Ha moArpymmy. OTyeT mo nabopaTopHON
paboTe MOJDKEH CoAepXaTh Ha3BaHWE W IIeNb J1a0OpaTOpHOW paboThl, (aMHINM W HHUIUAIIBI
CTYZICHTOB, BBIMIOJIHHUBIINX JIA0OPATOPHYIO paboTy, KPaTKOE U3JI0)KEHHE OCHOBHBIX MOHSITHIH, CXEMY
1a00paTOpPHON yCTAaHOBKH, pE3yJbTaThl JKCIEPHUMEHTA, HMX CTAaTUCTHYECKYI0 00paboTKy (mpu
HE0OXOMMOCTH), BBIBOJ. BBIBOJ JODKEH XapaKTepU30BaThb PE3YNbTaThl MPOBEACHHOTO
OKCIEPUMEHTa, MX COOTBETCTBHE TEOPETHUECKUM JaHHBIM, TPH HEOOXOTUMOCTH OOBSCHEHHE
MIPUYUH PACXOXKICHHUS.

ITo pe3ynbraTam BBINOIHEHUS J1a00paTOPHOI pabOThI CTYIEHT MOXKET 3apaboTath oT 3 110 5
6aos.

IlIkaJia oneHUBaHNs J1A0OPATOPHBIX padoT

Ouenka
(crangapTHas)

banns
PEUTHUHTOBOM
OLICHKU

TpeboBanus

5

50

BBICTABJISIETCSl CTYIEHTY, €CIM OH JIEMOHCTPUPYET CBOOOTHOE
BJIQJICHUE TEOPETUYECKUM MaTepHaioM Mo TeMme J1abopaTOpHOM
paboTBI, CaMOCTOSATEIHLHO TPOBET JKCICPUMEHT W BBITOJHUI
00paboTKy MOTYYEHHBIX PE3yIbTaTOB, IPAMOTHO c(hOpMyITHpPOBAT
BBIBOJI 110 paboTe

4,0

BBICTABIIIETCS CTYJEHTY, €CIM OH JEMOHCTPHUPYET BIAJCHHE
TEOPETHUECKUM MaTepHalioM Mo TeMe JabopaTOpHON padOThI, B
Oonbllleld YacTH CaMOCTOSITENIbHO TPOBEN OKCIEPUMEHT U
BBITTOJTHIJT 00paboTKy MOJTYYEHHBIX pe3yJIbTaToB,
CaMOCTOSITENIbHO cQOPMYITUPOBAJ BBIBOJ 1O paboTe

3,0

BBICTABIIICTCSA CTYJIEHTY, €CIIH OH JEMOHCTPHPYET BIIAJCHHE
Oonpllleld YacThbl0 TEOPETHUECKOro MaTrepuana To  TeMe
nabopaToOpHOM pabOThI, TPOBEN DKCIEPUMEHT |  BBITOTHII
00paboOTKy  TONYYEHHBIX  PEe3YJIbTaTOB C TIOMOIIIBIO
npernojiaBaTensi, HE CMOT CaMOCTOSTEIbHO C(HOPMYITHPOBATH
BBIBOJI IO paboTe.

H/3

BBICTABJISICTCA CTYACHTY, €CJIM OH HE ACMOHCTPUPYCT BJIAJCHUA
Oonplell  YacThl0 TEOPETUYECKOTO Marepuaiga 1o  TeMe
nabopaTtopHoil pabOThl, HE CMOI' IPOBECTH IKCIEPUMEHTAILHYIO
4acTh pabOTHl MJIM 00pAaOOTKY NOJTYUECHHBIX JTaHHBIX.




ATtTecTanus pasjena mo AUCHUIIIMHE MPOBOAUTCSA B (OpMe TECTUPOBaHUSA. TeCT COAEPKUT
16 BompocoB. Ha Bemmosnnenue 3amanus otBogutcs 30 munyr. Tect — 310 dopma KOHTPOI,
HaIlpaBJICHHAsl Ha IPOBEPKY YPOBHSI OCBOEHHUSI KOHTPOJIUPYEMOI'O TEOPETUUECKOTO U IPAKTUYECKOTO
Marepuaia Mo JAUJaKTHYECKUM €JIMHUIIAM JUCLUMIUIMHBI (TEPMUHOJIOTMYECKUN amnmnapar, OCHOBHbBIE
METO/IbI).

IIpuMepHBIii IEpeYeHb TECTOBBIX 3aJaHUMN:

Tecr - 1

1. Eciiu, o1MH ABUraTe/ib MPUBOAUT B IBUKEHUE HECKOJIbLKO Pa004UX OPraHoB TO 3TO:

1) OnMHOYHBINA TPUBOJI;

2) MHoro1BUraTeIbHbIi MPUBO/T;

3) Cnensuuit IpuBoOI;

4) TpaHCMUCCHOHHBIN IIPUBO/I.

2. OcHOBHOE YpaBHeHHe IBUKEHUsI 3JIeKTPONPUBO/IA HMeeT BH/:

M, =M, + b= MO 4 g W
S n o dt
dl
)M, = M, + M= Meco. AL
n dt
= g+ ag = Mo @I
n dt
BM, = M, + M; = Mc.o. 4 d_J
n dw
3. Pe:xxumy pa3roHa ABUraTeJisi COOTBETCTBYET yCJIOBHE:
1 dw_, M50 5 Mg W _y
dt dt dt

4. CKOpOCTHOﬁ xapaKTepnchcoifl SJICKTPONPUBO/AAa HA3bIBACTCH 3aBUCUMOCTH BH/Aa:

Do=f(M)  Jw=f(1) 3IU=F(1) 4HM=F(1)

5. JInsl aCHHXPOHHOIO ABUTATEJIsl KECTKOCTh OyaeT paBHa:
1)p=var<0 2)p = var ig 3)p=const<0 4B = ©

6. B nBuraresie mocTOSIHHOI0 TOKA KECTKOCTH OCTAETCSA MOCTOSHHOM NPH:
1) N3Menenun HanpsHKEHUST DUTAHUS

2) I3mMeHeHnU CONPOTUBIICHUS IKOPHOM LIenH;

3) N3MeHeHnu MoToKa BO30YKICHMS,

4) Ins Bcex MCKYCCTBEHHBIX XapaKTEPUCTHUK.

7. YpaBHeHHMe MeEXaHMYECKOM XapaKTEPHUCTUKM /JABHUrare/si NMOCTOSTHHOIO TOKa ¢
He3aBUCUMBbIM BO30Y:KIeHUEM UMeeT BU/L:

Do Y _Re+Ru Do Y _RutRu,
KD K@ (kD) (K@)
3)W=i—Rﬂ+R;'ﬂM 4)W:L_R3+R;-ﬂ
kD (K@) kD (KCD)




8. MexaHH4YeCKYI0 XapaKTePUCTUKY BHIA UMeeT:

1) DnekTpompuBOx ¢ JBUTATe]eM IIOCTOSHHOrO TOoKa ¢
napajuieIbHbIM BO30YKICHHEM;

2) DIIEKTPONPHBOJA C JIBUIAaTENIEM IIOCTOSHHOTO TOKa C
IIOCJIC/IOBATEIbHBIM BO30YXICHUEM,

3) DIeKTpOnpUBO C ACMHXPOHHBIM JIBUTATEIEM

4) DACKTPONIPUBO/Y C IIIATOBBIM JIBUTATEIIEM

9. PeskuM KOPOTKOI0 3aMbIKAHUSI COOTBETCTBYET YCJIOBHIO:

1)MH MHOM 2) MH =0 3)Mna2p <0 4) MH

azp. =M osuz

azp. = azp.

10. /IBurarenb ¢ BO30yXkIeHHMEM OT NOCTOSHHBIX MATHUTOB SIBJSIETCS YACTHBIM
caydaem:

1). IBuraTens ¢ He3aBUCUMBIM BO30YIK/ICHHEM;

2). ACHHXPOHHOT'O JIBUTATE;

3). JlBuratens ¢ nocie10BaTEIbHBIM BO30YKIEHUEM;

4) [IBuraressi co CMEIIaHHBIM BO30YK/ICHUEM.

11. PekynepaTuBHOe TOPMOKEHUE HE PeaTU3yeTCs IJIf:

1) B anexrponpuBoje ¢ ABUTraTeaeM OCTOSHHOIO TOKA € apajuleIbHbIM BO30YKICHUEM;

2) B omekTponpuBOie ¢ JBHrarelieM IOCTOSHHOTO TOKA C  TIOCJIEI0BATEbHBIM
BO30YKIECHUEM:

3) B anexTponpuBoe ¢ aCHHXPOHHBIM JIBUTaTEIIEM;

4) B anexTponpHuBo€ C CHHXPOHHBIM JBUTATEIIEM.

12. I'pannyHasi XapaKTepucTUKA NPEACTABJISIOT CO0O0I:

1) EcTecTBeHHYIO XapaKTEPHCTHKY HICATH3UPOBAHHOTO JBHIATENsl MOCTOSHHOIO TOKA C
[OCJIeI0BATENbHBIM BO30YXACHUEM, IOCIIeI0BaTeNbHAs 1IETIb KOTOPOTrO HE UMEET CONPOTUBIIEHUS;

2) EcTtecTBeHHYI0 XapaKTEPUCTUKY HACATM3HMPOBAHHOIO ABHUraTessl MOCTOSHHOTO TOKa C
HE3aBUCUMbIM BO36y>KI[eHI/IeM, LCIb AKOPA KOTOPOTO HE UMCCT COIMPOTUBIICHUSA

3) EcTecTBeHHYIO XapaKTEpUCTUKY HACAIU3MPOBAHHOTO ACHMHXPOHHOTO ABHUraTels, LElb
poTOpa KOTOPOTO HE UMEET CONPOTUBIICHHUS;

3) EcTecTBeHHYIO XapaKTEpPUCTUKY HI€AIN3UPOBAHHOTO ACHHXPOHHOI'O JBMraTess, Ielb
CTaTopa KOTOPOro HE UMEET COMPOTUBIICHHUS.

13. CkoJibikeHre aCHHXPOHHOIO IBUTATeJIsl ONpeaessieTcsl Kak:
1)(0—(00 2)0)0+a) 3)(00—60 4)(00—0)
) ) @ )

14. Ha puc. npeacTaBjieHbl:

1) CkopocCTHBIE XapaKTePUCTUKU  aCHHXPOHHOTO
JIBUTATEIIS;

2) VYHuBepcalbHble  XapaKTEPUCTUKU  JBUTATENS
MTOCTOSIHHOTO TOKA C MOCJIEeI0BaTENbHBIM BO30YK/IEHUEM;

3) IlepexoHbIe XapaKTEPUCTUKNA ACUHXPOHHOTO JIBUTATEIs;

4) TlepexonHble XapaKTEPUCTHKU IBUTATENs] IMOCTOSIHHOIO TOKa C MOCIEA0BATEIbHBIM
BO30YXJICHHEM;

15. B pe:xumMe peKynepaTuBHOI0 TOPMOKEHUSI ACHHXPOHHOI0 JIBUTATeNs CKOJIbKEHHU IO
COOTBETCTBYeET yCJIOBHE:

1)s=0 2)s<0 3)s>0 4)s=1



16. B acCHHXpPOHHOM JIBHraTeJie KECTKOCTh OCTAETCSl MOCTOSIHHOM Mpu:
1) U3menennu HanpspKEHUS TATAHNUS,

2) 3MeHeHun COnpoTUBIICHHS POTOPA;

3) U3MeHeHNH YacTOThI;

4) VI3MeHeHUH COTIPOTUBJICHUS CTaTopa.

Tect- 2
1. IaTYUKOM CKOPOCTH SIBJISAETCH:
1) Cenbcun; 2) Mukpocun; 3) Taxorenepatop; 4) EMKOCTHO# maTyuk.

2. CeJIbCHH NIPeIHA3ZHAYEH 1JISA:
1) KonTposns ckopoctu;

2) Konrtpous Toka,

3) Kontpouist MOLIHOCTH;

4) KoHTpoJIst yriia moBopoTa

3. Cucrema «I'eHeparop-/IBuraresp» OCylIeCTBJISCT PperyJupoOBaHHe IYTEM
U3MeHeHusl

1) ConpoTuBiIeHUs IJIaBHOH 11ETIH;

2) MarHuTHOTo MOTOKa;

3) YacTOThI MUTAHUS;

4) TTuTaroero HampsHKCHUSI.

4. B acHHXpOHHOM JBMraTeje CKOPOCTh X0JI0CTOI0 X012 MeHsIeTCs IPHU:
1) I3MeHeHuu HanpsKEeHUs! TMTaHus;

2) 3MeHeHuU CONpOTUBIIEHUS POTOPA;

3) U3MeHEeHUH YacTOTHI;

4) 3MeHeHUH CONpPOTUBIIEHUS CTaTOPA.

U .
5. BeauuuHa s B YPABHEHHH MEeXaHMYeCKOI XapaKTepUCTUKH ABUTaTeIs

MOCTOAHHOI'0 TOKA - 3TO:
1) uacrora BpallleHHs H/ICaTbHOIO XOJIOCTOr0 X0/1a JIBUTATEIs]
2) HOMHHAJIbHAS YaCTOTA BPAIICHUS IBUTATEIsI
3) MUHHMMaIbHAs YaCTOTa BPALICHHS ABUTATEIS
4) MakcuMallbHasl 4acTOTa BPAIICHHS IBUTATEIIS

6. PeryaupoBanme ckopoctu A/l H3MEHeHHEM YHCJIA MOJTOCOB HCI0JIb3YyeTCs
1) Tosbko /Ui IBUTATENCH ¢ (Pa3HBIM POTOPOM

2) TONBKO JUIs IBUTATEINCH ¢ KOPOTKO3aMKHYTBIM POTOPOM

3) W [uis ABUTATENEH ¢ Pa3sHBIM POTOPOM, U C KOPOTKO3aMHYTHIM POTOPOM

7. PeryjupoBaHue CKOPOCTH CHHXPOHHOT'O IBUTATE/Isl OCYLIECTBIISIETCS
1) U3MeHeHneM aKTHBHOTO CONTPOTUBIICHUS LIETIH;

2) V3MeHeHneM UTAIOIIETr0 HAPSHKEHHMS

3) 3MeHeHneM peakTHBHOTO COMPOTHUBIICHUS LIETH;

4) 3MeHeHHEeM YacTOThI.

8. IlepuoauyeckuM mnepeK/JOYEHHEM BHUraTejsi C JIBUraTeJIbHOI0 pexXuMa B
reHepaToOpHbI peaau3yercs:

1) PeocraTHoe perynupoBaHue;

2) PerynupoBanue B cucteme «I'eHeparop - JIBurarensby;

3) PerynupoBanue ¢ TOMOIIBbIO MAarHUTHOTO YCHUITUTEIS;



4) UMnynbCcHOE peryanpoBaHue.

9. PeryimpoBaHue ¢ IOMOIIbI0O HIYHTHPYIOIIEr0 CONMPOTUBJICHUS Peain3yeTcs JJIs:
1) [IBurarerneii MOCTOSHHOIO TOKA,

2) ACUHXpPOHHOTO JIBUTATEJIs;

3) CUHXpOHHOTO JIBUTATEJIs;

4) Bcex TUIOB ABUTATENEH.

10. PeryJnpoBaHue CKOPOCTH NepeKJIIOYEeHHEM YN /1A AP MOJIICOB peajn3yercs 1JIs:
1) JIBuraTesneii mocTOSTHHOTO TOKa,;

2) JIBurarensi OCTOSTHHOTO TOKA C HE3aBUCUMBIM BO30YKICHUEM;

3) ACHHXPOHHOTO JIBUTATEIIS;

4) CUHXPOHHOT'O JIBUTATEIS.

11. Ko3¢ppuuueHTOM OTHOCUTEIBHOCTH MNPOJOLKHUTEIHLHOCTH padoyero mnepuojaa
XapakTepu3yercs:

1) [ToBTOPHO — KPATKOBPEMEHHBIN PEXKKM;

2) KpaTKoBpeMEHHBIH pEKUM;

3) JnuTenbHbIi pexum;

4) Bce pexxumsl.

12. Ko punueHT OTHOCHTEIBHOCTH MPOJOIKUTETBLHOCTH Pad0ovyero nepuoa paBeH:

1)g:t7pi Z)EZM; <) P th - 4)g:tp+t0.
o tp Tl t

13. IIpeacraBiieHHOE CeMeiiCTBO XapaAKTEePUCTHK COOTBETCTBYeT:

1) PeoctatHOMY peryanpoBaHHIO CKOPOCTH 3JIEKTPOIIPUBO/IA

2) PerynupoBaHHIO CKOPOCTH AJICKTPOIPHUBO/Ia U3MEHCHUEM MAarHUTHOIO MOTOKA

3) YacTOTHOMY PETyJIUPOBAHUIO CKOPOCTH 3JIEKTPOIIPUBO/Ia

4) PerynupoBaHHIO CKOPOCTH JIEKTPOIIPUBOAA U3MEHEHUEM MUTAIOLIETO HANPSKEHUs

(0]

EcrecTrennas
—

AN M

14. IlpeacraBiieHHasi XapaKTePUCTHKA COOTBETCTBYeT:

1) Pexumy pekynepaTUBHOTO TOPMOKEHHUS;

2) TopMOXeHHUIO0 U3MEHEHUEM MOISPHOCTH;

3) lnHaM1uecKOMY TOPMOXKEHUIO C UCTIOJIb30BAHUEM JI00aBOYHOTO COMTPOTHBICHUS;

4) JlnHaMU4I€CKOMY TOPMOYKEHHUIO TIPH yCIioBUK M, acp > M, .,

a
ecrecTBeHHas

15. Ha pucynke npeacrabjeHa cxema




BKJIIOYEHHS IBUTaTesl IPH
1) PerynupoBanue yrioBoil ckopoctu A/l n3MEHEHNEM HalpsKEHUS Ha CTaTope
2) pEOCTaTHOM CITOc00€e PEryIMPOBAHUS YIIIOBOH CKOpocTH A/l

3) PerynupoBanue yrinoBoit ckopoctu M3menenueM umciia nap noitoco AJl

4) YacToTHOE peryIMpoBaHHe CKOPOCTH aCHHXPOHHOTO JABHUIATEIIs

NUI
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Al

R,

100

16. IIpencraBiieHHOe ceMeliCTBO XapaKTEPUCTHK COOTBETCTBYET:

1) PeoctaTHOMY peryaupoBaHUIO CKOPOCTH AIIEKTPOIIPUBO/IA

2) PerynupoBaHUIO CKOPOCTH 3JEKTPOINPUBOA U3MEHEHMEM MarHUTHOI'O IIOTOKA

3) YacToTHOMY PEeryJMpOBaHHIO CKOPOCTH JIEKTPOIIPHUBOJIA

4) PerynupoBaHuio CKOPOCTH 3JEKTPOIIPUBOIa U3MEHEHUEM MUTAIOIIET0 HAIPSKEHUS

Q] f‘l :fj‘ HOM '
‘/‘1 <f1‘ HOM

O)OHOM




banel 3a TecTupoBaHUE HAYUCIISIOTCS B COOTBETCTBHH CO CIICAYIONIEH TaOIHIICH
[TpomerxyTouHas aTTecTalus OCyLIECTBIsAETCS B (hopMe 3aueTa.
[IpuMepHBIii mepeyeHpb BOIIPOCOB ISl HOJATOTOBKH K 3a4€Ty:

1. Knaccudukanus 3JeKTPONPUBOAOB M0 XapaAKTePUCTHKE ABUKEHHS, 110 KOJIHYECTBY
ABHUrarteJieil, o CTeneHu ynpaBJisieMOCTH.

Ilo pooy moka

DIIEKTPONPUBO/ IOCTOSTHHOTO U IIEPEMEHHOTO TOKA.

Ilo cnocoby pacnpedenenus mexanuyeckou dHepeuu

1) Ipynnosou DIl obecrnieunBaeT IBW)KCHHE HCIOJHUTEIBHBIX OPraHOB HECKOJIBKUX
paboynx MallWH WIA HECKOJIbKUX MCIOJHUTEIbHBIX OPraHoOB OJHOW paboueit mamuHsbl. [lepenaua
MEXaHUYECKOM SHEpruM OT OJHOTO0 JBUTATENII K HECKOJbKMM pabdoYuM MamuHaMm u eé
pacnpeneneHne MeXy HUMHU IIPOU3BOIUTCS C IIOMOIIbIO OAHOW UM HECKOJIBKHUX TPAHCMHUCCHUH.

2) Unousudyanvhsiti TPUBOJ IO CPABHEHHIO C IPYIMIIOBBIM 00J1a1aeT PSAJIOM MPEUMYIICCTB:
MIPOU3BOJCTBEHHBIE  I[OMELIEHUS HE  3arpOMOXKIAKOTCA  TSKEIBIMM  TPAHCMUCCHUSAMH U
[IEpEeJaTOYHBIMU  YCTPOMCTBAMH;  YJIy4YIIAKOTCA  YCJIOBUS  pabOTBl M TIOBBIIIAETCS
MIPOU3BOJIUTENIBHOCTh TPYZAa BCIEICTBUE OOJErdyeHUs YNpaBlICHUS OTACIbHBIMH MEXaHU3MAaMHU.
WHanBHUyanbHBIA 3JIEKTPOIPUBO OTIIMYAETCS 00Jiee JIyUIIMMU SHEPreTHYECKUMH TTOKa3aTeIsIMH.
3HAUUTENBHO YIPOIIAIOTCS MEXaHHMYeCKHE MepeJadyd, TMOBBIIIAETCS TOYHOCTh PabOThI MPHUBOJA.
[Tpu ucnonp3oBanuu uHAMBHIYaTbHOTO Ol co3maroTcs Hambosiee ONArONPHSITHBIC YCIOBUS IS
aBTOMATH3alMK PaOOTHI MAIIMH U TEXHOJIOTHYECKHX rnpoieccoB. Takoit D11 mupoko npumeHsercs
B CIOXHBIX METAUIOPEXKYIIUX CTAaHKAaX, IPOKAaTHBIX CTAaHAaX, »JKCKaBaropax, I[OABbEMHO-
TPAHCIIOPTHBIX MalINHAX, poOOTax u Jp.

3) Bzaumocsszannviti O] uMeeT aBa WIM HECKOJIBKO DIICKTPHUSCKH WIIM MEXaHUYECKH
CBSI3aHHBIX MEXKIy coOoii nBurateneil. [Ipumepom B3anuMocBsizaHHOTO D11 MOXKET CIIyKUTh HPUBOJ]
LIENHOr0 KOHBelepa OO0JIbLION MPOTSKEHHOCTU. VICTIONHUTENbHBIM OpraHOM TaKOro KOHBelepa
CILYKUT Lelb, IPUBOANMAs B JBUKEHUE HECKOJBKUMU JBUTATENSIMU, YCTAHOBIECHHBIMU IO JJIMHE
KoHBelepa. Bsaumocsizannbpiii OIl mupoko mnpuUMEHsieTcs B TPAaHCHOPTHBIX YCTaHOBKaXx,
OymarojieniaTeIbHbIX MalllMHAX, TeKCTHIILHBIX arperarax, MPOKAaTHBIX CTaHaX METAJTyprUYecKOro
npou3BojacTBa u  T.J. OmHOW W3 pasHOBUAHOCTEHM B3auMocBsi3aHHoro OIl  sBisercs
MHOTO/IBUTATENbHBIN MPUBOJ — 3TO SJIEKTPOMPHUBOJ, B KOTOPOM HECKOJBKO JIBUTaTelel paboTaroT
Ha o0Imuii BaJ.

Ilo 6udy oOsudicenus pa3nndalOT PEeBEPCUBHBIM M HepeBepcuBHBINH OIl mocTymaTenbHOro
00 BpaIaTEIBHOTO ABUKEHUSI.

Ilo cmenenu ynpasnsemocmu

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




1) Heperynmupyemblii — JJIs MPUBEACHHUS B JCHCTBHE HCIOJHUTEIBLHOTO OpraHa paboueit
MalllMHbl C OJHOM CKOpPOCTBHIO, IMapaMeTpbl MPUBOAA MEHSIOTCS TOJBKO B  PE3YJbTATe
BO3MYIIAIOIINX BO3JCHCTBUN;

2) peryaupyeMslii - CKOPOCTh pabodero opraHa MOKeT U3MEHATHCSA B YKa3aHHBIX Ipezenax,
rapameTpsl IPUBOAA MOT'YT MEHSTHCS 1101 BO3/IEMCTBUEM YIIPABIIAIOIIETO YCTPOICTBA;

3) mporpaMMHO-YIpPaBIsI€MbIi — CKOPOCTb BpAICHHUS] HU3MEHSETCS COTJIAaCHO HEKOTOpOM
[porpamme;

4) cnensAmuii — aBTOMaTHYECKH OTpaOaTHIBAIOIINI MTEpeMEIeHHe UCTIOHUTEFHOTO OpraHa
pabodeil MalIMHBI C ONPEeAENEHHOW TOYHOCTHIO B COOTBETCTBHH C MPOHM3BOJIBHO MEHSIOIIMMCS
3a/1al0IIMM CUTHAJIOM;

5) ajanTUBHBII — aBTOMAaTMYECKHM M30MPAIOUIMI CTPYKTYpY WJIHM HapaMeTpbl CHUCTEMBbI
yIOpaBlIeHUS MPU HM3MEHEHHM YCJIOBHM paOOThl MAlMHBI C LEJIbI0 BBIPAOOTKH ONTUMAJIbLHOTO
pexuMma.

Ilo pody nepedamournoco ycmpoiicmea

1) PenykTopHblii, B KOTOpPOM 3JEKTPOJBUIaTE]b IEPENACT BPALIATEIBHOE JIBUIKEHUE
paboyeMy oprany MalllHbI Yepe3 peayKTop

2) Be3penyKkTopHBIi — mepenaya JBHKEHUS! OCYILECTBIISICTCSI HETIOCPEICTBEHHO K paboueMy
oprany, 1u00 yepes3 nepeiaTouHoe YCTPOMCTBO, HE coiepKaliee peayKTop.

Ilo yposnio asmomamuzayuu

1) HeaBromaTu3uMpOBaHHBIN. YMpaBieHHE OCYIIECTBISETCs B pyuHyro. [Ipumensercs B
YCTaHOBKAX MajlOi MOITHOCTH, OBITOBOM U MEIUIITMHCKOM TEXHUKE.

2) ABromaTH3upOBaHHBIA. PerynupoBaHue mapaMeTpoB MPOUCXOTUT AaBTOMATHYECKH,
YIPaBJIAIOIME KOMaH bl 3aJJal0TCS BPYYHYIO.

3) ABromaTtuueckuil. YTMpaBisioniye BO3JCHUCTBUS BbIpadaThIBAlOTCA aBTOMATHUECKH, Oe3
y4acTHs oIepaTopa.

2. OcHoBHOE YPaBHECHHE NBUKCHUSA IJICKTPONIPUBOIa 0JHOMACCOBOM CHCTEMBI I
MOCTOAHHOI'0O MOMCHTA HHEPIHUH.
HpOCTeI\/JIIHaH MCXaHHUYCCKasA CUCTEMA COCTOMT M3 pOoTOpa ABUTATCIIA W HEIIOCPCACTBCHHO
CBSI3aHHOM C HUM Harpysku - pa60qero OpraHa MalllMHBI.

J=Jpg+ Jxarp
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—— Harpyzka

Newrarens '/'/u \

M ® M,

Puc. 1. Monenp MexaHMYECKOI YacTH

K cucreme na puc.l mnpuioxkeHbl JJBa MOMEHTa - DJJIGKTPOMAarHUTHBIM MOMEHT M,
pa3BUBaeMbIll JBUTATEIEM, M MOMEHT M., cO31aBaeMblii HAarpy3ko, a TakXKe IOTEpPSAMHU
MEXaHWYECKOM 4YacTu (TpPeHHE); KaKIbIi MOMEHT HMEET CBOIO BEIIMYMHY W HAlpaBIICHHE.
JIBM>KeHUE CUCTEMBI OIIPEEIAEeTCs BTOPBIM 3aKOHOM HbrOoTOHA:

+M +M, = J%,

r7e (0- yrioBas CKOPOCTh, J- CyMMapHbI MOMEHT UHEPLIUU

3. [lpuBeseHHEe MOMEHTOB CTATHYECKOI HATPY3KH, MOMEHTOB HHEPIUH H

JKECTKOCTEH.

OOBIYHO MeXIy ABUTATE]IEM M HArpy3KoW HaxoJUTCS Kakas-In0o MexaHWYecKas repezaua,
T.€. UMEETCA HECKOJIBKO PA3JIMYHBIX BaJOB CO CBOUMU MOMEHTAMH U CKOpOCTAMH. [l cBeAeHUs
000 peasbHON CHCTEMbI K MpPOCTEHIIel MOAENU Ha pUC. 2 HY)KHO BBIIOJHHUTH PsiJi ONEpaluii,
Ha3bIBAEMBIX HpuUGeodeHueM MOMEHTOB W MOMEHTOB MHEPLUUMH K HEKOTOPOMY BBIOpaHHOMY B
KayecTBE OCHOBHOTI'O Bally, OOBIYHO - K Bajy JABurareins. MIHpIMU cl0BaMM, HEKOTOPYIO pealbHYIO
MEXaHUUYECKYI0 CHCTEMY, HAIlpUMEp, MMOKAa3aHHYI0 Ha pUC. 2,3, HY)KHO 3aMETUTh 3KBUBAJIECHTHON

1)



cucteMoit (puc. 2,0), Takoi, 4TOOBI 3Ta 3aM€Ha HE OTpa3ujach Ha MOBEJICHUU YaCTU CHCTEMBI,
OCTaBJICHHOW HEU3MEHHOM (JIBUTaTess).
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Puc. 2. K npusenenuto M., 1 J,..p K Bally ABUraTes
[Ipumem crenyromye TOMYIICHUS: CUCTEMa JKECTKas, 0e3 3a30pOB; MOMEHTBHI WHEPIIUU,
OTHOCAINMECS K OCHOBHBIM BajlaM, HEM3MEHHBI, OTHOCSIIHECS K MPOMEXKYTOYHBIM BajlaM, €CIIH

. (0]
TaKMe €CTh, PaBHBI HYIII0; oTHOIIeHHE | =—— u KIIJI nmepenaun 77 - OCTOSHHEL
[y
B peanbHON M TPUBENEHHOM CHCTEMAX JO/DKHBI OCTAThCS HEU3MEHHOM MOIIHOCTE,
pasBuBaemas aurareieM M, T.e. B HaleM ciiydae, KOTaa OTePH MOKPLIBAIOTCs aBurarenem (M
U () HAIPaBJIEHbI COIJIACHO):

Moy, My

— ! -
=Mlw, orkyma M{=—"—. (2)
n 177
[Torepu Bcerza MOKPHIBAIOTCS TOH YacTbIO CHCTEMBI, KOTOPAsi CO3/1aeT JIBHXKCHHE, OITOMY
pU 0OPATHOM HOTOKE MOIIHOCTH - OT HArpy3KH K [BUrATEIIIO

r Mew 77

c=— .
I

B peanpHOW M mpuBeneHHON CUCTEMaxX JOJKHBI ObITh OJUHAKOBBI 3amachl KHHETHYECKOH
SHEpruy, T.€.

2 2 2 ’ 2
J pe® +JHa2p(DM _J()S(D +JHaep ® _JHaep

6 !

5 5 5 5 170171 JHaep _i—2 . (3)
3/1ech B IENSX YIPOIICHUS MBI HE YWIH MOTEPU B Mepeaadax; 3TO OOBIYHO HE MPUBOAHUT K

OOJBIIUM TIOTPEUTHOCTSAM, €CITH TUHAMHYECKHE DPEKHMMbI HE WIPAIOT OMPEICINSAIONIYI0 pOlib B

pabote npuBoja.

4. MexaHHYeCKHE XapaKTePUCTUKH

MowmenTtbl M u M, MOTYT 3aBHCETh OT BpEMEHH, OT MOJI0XKEHUS, OT ckopocTu. Hanbonee

MHTEpPECHA U BaXKHa CBsA3b MOMEHTOB M U M, CO CKOPOCTBIO (V. 3aBUCUMOCTH o(M)u a)(l\/lc)

Ha3bIBAIOT MEXAHUUECKUMU XAPAKMEPUCUKAMU COOTBETCTBEHHO dguzamens N Hacpy3Ku
(mexanuszma). MexaHU4ecKrue XapaKTepUCTUKH OyIyT CIYXUTh OYEHb YAOOHBIM U MOJIE3HBIM
MHCTPYMEHTOM IIPU aHAJIM3E CTATUYECKUX U JUHAMUYECKUX PEXXMMOB IEKTPONPHUBOJA

w
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Puc. 3. HpI/IMCp MCXAaHUYCCKUX XAPAKTCPUCTHUK



[TockonbKy Kak MOMEHTHI, TaK U CKOPOCTh MOTYT MMETh Pa3JIUYHbIC 3HAKH, MEXaHUYECKUE
XapaKTePUCTHKU MOTYT paclojiaraThCsl B YEThIpeX KBaJpaHTax miockoctd @ — M. Ha puc. 2.3 B
KayecTBE MpuMepa MOKa3aHbIXapaKTePUCTUKA AaCHHXPOHHOro nBurarens (M) W IEeHTpOOeKHOU
MamMHbl (M,). 3HaKuW BEJIUYUH OIpPENENSAIOT, NMPUHSB OJHO W3  HANpPAaBICHUUN [BIKEHHUS 3a
ITOJIOKUTEIBHOE, HAIIPUMEP: 110 YaCOBOM CTpeJIKe- + WK BBEPX- + U T.II.

Momenmui, HanpasieHuvie NO 08UNCEHUIO (08UdICYWUE), UMEIOM 3HAK, COBNAOAIOWUL CO
3HaKom ckopocmu (Yy4acTOK @y - M, XapaKTEepUCTHKH JIBUTATENS); MOMEHMbl, HANPAGIEHHbLE
npomue  O8udCeHUs (mopmoszsawue), UMelom 3HAK, NPOMUBONONONCHBIU 3HAKY CKOPOCMU
(ocTasIbHBIE YYaCTKH XapaKTEPUCTHK

5. Buasl MOMEHTOB, AEHUCTBYIOUIMX B 3JEKTPONPHUBOJE: IBUKYLIME W TOPMO3HBIE.
TunoBble cTaTUyecKue Harpy3Ku: aKTUBHBIE — HArpy3KH IPY30I10IbEMHBIX MEXAHHU3MOB, YIIPYTUX
Te€J; pPEaKTUBHbIE — HArpy3KHU CyXOro, BSI3KOI'O M CMEIIAHHOTO TPEHUS, a TaKKe€ BEHTUISITOPHAS
Harpyska.

MOMEHTBI IPUHATO JEIUTh HA AKTUBHBIE U PEaKTUBHbIC.

Axmugnbie MoMenmbl MOTYT OBITh KaK ABIDKYLIMMH, TaK ¥ TOPMO3SIILIUMH, UX HAIpaBICHUE
HE 3aBHCHUT OT HalpaBleHUS ABMKEHUS: MOMEHT, CO3/IaHHBIN 3JIeKTpUYECcKOil MamuHoil (M Ha puc.
3), MOMEHT, CO3JaHHBI Tpy3oM, NpyxkuHONM U T.1. COOTBETCTBYIOIIME MEXaHUYECKUE
XapaKTePUCTHKU MOTYT PacIoyiaraTbCsl B IIOOOM U3 YEThIPEX KBaJIPaHTOB.

Peaxmuenvie momenmuvr - peakuus Ha JBUKEHHE, OHM BCErJa HaIpPaBJICHbl IPOTUB
IBUKEHMSI, T.€. BCerJa TOPMO3AILIME: MOMEHT OT CHJI TpPEHHUs, MOMEHT, CO3/1aBaeMbIil
LHEeHTpoOexxHOM MamuHOi (M, Ha puc. 3) u T1.. MexaHUYeCKHUE XapaKTEpUCTHKU BCerjaa
pacrojararTcs BO BTOPOM U YETBEPTOM KBaJIpaHTaXx.

dM
MexaHu4yeckue XApPaKTCPUCTUKU IIPHHATO OLCHHUBATBL HUX IHCECMKOCMbIO ﬂ:_. Onn

do

owBaroT (puc. 4) abcomorno xectkumu fF=00(1), abcomorno markumu S =0(2) moryr umers
orpunarenbuyro [<0(3) uim nonokuTENLHYIO (4) KECTKOCTD.

w
1
1
T3
e M

Puc. 4. Mexanndeckue XapakTEepUCTUKU C Pa3IMYHON )KECTKOCTHIO
6. VYcraHoBuBlieecs aBWKeHHe. IlloHsTHE 00 YCTOHYMBOCTH YCTaHOBUBLIETOCS
nBukeHus. ['padrueckuil 1 aHaTUTUUECKUN METO/IbI ONPE/IENIEHUS] YCTONYUBOCTH.

MexaHnueckue XapakTepUCTHKH JIBUTATENsl U HArpy3KH MO3BOJISIOT ONPEAEIUTh, OyIeT JIu
CTaTUYECKN YCTOWYMB YCTAHOBUBIIMMCS PEXKHUM, T.€. BEPHETCA JIM CHCTEMA IIOCIE ACUCTBUSA
T000r0 CIy4alHOro BO3MYIIEHHUS K HMCXOJAHOMY CTaTHUECKOMY COCTOSIHMIO - pHUC. 5a, WIM He
BepHeTcs - puc. 5,0.



Puc. 5. K onpenenenuto craTi4ecKoi yCTOMYMBOCTH
B mepBom cnyuae (puc. 5a) mokaszaHo, 4TO JO0O€ CIIy4ailHOE, HAlpuUMep CHIKCHHE
CKOPOCTHU (1 < @Wyem) CONPOBOKAAETCA IMPe0dIalaHeM JABUKYILEr0O MOMEHTa M HaJl TOPMO3SLIUM
M., u paBHOBECHE BOCCTaHABIMBACTCS, CCTEMa BO3BPAILAETCS B UCXOJIHOE cocTosiHue. Bo BTOpoM
ciyyae (puc. 5,0) Takoe e CiydailHO€ M3MEHEHHE CKOpPOCTH MPHUBOAMUT K MpeodialaHHIo
TOPMO3AIIEr0 MOMEHTA, 1 PABHOBECHE HE BOCCTAHABIIMBAETCS - CUCTEMA CTATUYECKU HEYCTOMYHNBA.
7. YpaBHEHHE IBHKCHHUS JIEKTPOIIPUBOJA ISl ABYXMAaccoBoi cucremsl. [IpeodpasoBanue
JIByXMAacCCOBOW CHUCTEMBI K OJIHOMACCOBOI cucTeMe.
Bo MHOrmx ciydasx KHHEMaTHUeCKash cxema paldoyeil MaIluHBI COJCPKHUT YIPYyTHe
AJIEMEHTHI: JTMHHBIE BaJIbl, TOPCUOHBI, YIIPYrue My Thl, TEKCTPOIIHbIE, KAHATHBIC MTepeladu U Ip.).
B peanbHBIX cxeMax HMHOTAA NPUXOAMTCS YYHUTHIBATH JIO(THI M 3a30pbl B 3yO4aThIX
nepenavyax M CoequHEHUsX. B 3THUX cilydasx KMHEMaTHYECKYI0 CXEMY Helb3sl pacCMaTpUBaTh Kak
KECTKYI0  OJIHOMAacCOBYIO cHCTeMy. B  0COOGHHOCTM 3TO  Kacaercsi BBICOKOTOYHBIX

i M My C My Me I QJICKTPOIIPUBOIOB u
o @z AJIEKTPONPUBOJOB, pabOTAIOIINX B
MHTEHCUBHBIX JTMHAMUYECKHUX

Puc.2.9. JIsyxMaccorasa KHHEMaTHYECKas CXeMa ¢ ynpyroii ceasero  PCIKHAMax.
MexaHnuueckue CUCTCMBI, B

KOTOPBIX MPUCYTCTBYIOT SIBHO BBIPaXEHHBIEC YIIPYTUE 3BEHbS, OOBIYHO MPUBOAST K JBYXMACCOBBIM
WIH TPEXMaCCOBBIM MEXaHHYECKUM CHUCTEMaM. Paccmotpum JIByXMAaCCOBYIO
AJIEKTPOMEXaHUUECKyl0 cxemy (puc.2.9). B Hepa3BeTBICHHOW KHHEMAaTHYECKOW cXxemMe OOBIYHO
BBIICTISIIOT POTOP JBUTATENsi M JKECTKO CBS3aHHBIE C HEM DJEMEHTHl KHHEMaTHUYeCKOW IIeTH.
HpI/IBOI[ﬂ MOMCHTBI HMHCPHOUHU OTHUX 3BCHBCB K CKOPOCTH BaJla ABUIaTciid, IMMOJIYYHM IICPBYIO
Maccy Ji. DTa Macca cBsi3aHa IOCPEJCTBOM YIPYroro 3JIEMEHTa, MMEKIIEro ecTtkocTeoC, co
BTOPO Maccoiilz, KOTOPYO 00pa3yr0T MOMEHThI HHEPIIMH pa00vero opraHa U *KECTKO CBSI3aHHBIX C
HUM OCTaJbHBIX 2JIEMEHTOB KHHEMAaTHUYECKOM EMH.

OnucaHue AByXMaccOBOM MEXaHHUYECKON CUCTEMBI C YIIPYTUM 3B€HOM Ha OCHOBE YPAaBHEHMUS

‘Ilmlz + Jza’zz _ C(¢1 _¢2)2 .
2 2 2
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8. O0mue cBesieH!s! O peryJInpoBaHUH

Pecynuposanuem  CKOpOCTHM  Ha3bIBae€TCS  MNPUHYAWUTEIbHOE  HM3MEHEHHE  CKOPOCTHU
AJIEKTPONIPUBOAA B 3aBUCUMOCTH OT TpeOOBaHMN TexXHOJOormyeckoro mporecca. IloHstue
pEryJlupoBaHMsl CKOPOCTHM HE CJEAYeT CMEIIMBAaTh C €CTECTBEHHBIM H3MEHEHHUEM CKOpOCTH,
BO3HHUKAIOIIUM B 3JIEKTPONPUBOJIAX B CHIIy U3MEHEHHUS HAarpy3kd Ha Bally paOoTarouiei MalluHbI.
PerynupoBanue CKOpPOCTH OCYIIECTBISETCS OMOJHUTENbHBIM BO3ACHCTBUEM Ha MPUBOIHON
JIBUTATEIb.

HaunbGonee r¢pexTHBHBIM C TOUKU 3pEHHUS 3aTPaT U BO3MOXKHOCTEH SIBIISIETCS DJICKTPHUECKOE
pEryJIMpoBaHKUE, KOTOPOE CEroJHsS JOMMHHUPYET HaJ APYTMMH TUIIAMHU PEryJIUpOBaHUS IOTOKA
MOIIIHOCTH K pabo4yeMy OpraHy HUCIOJIHUTEILHOTO MEXaHU3Ma.



Kpome perynupoBaHus CKOPOCTH OT 3JEKTPONpPHUBOJA B OOIIEM cllydyae Takke TpedyeTcs
o0ecneunTh peryimpoBaHHE MOMEHTa (TOKAa) W TOJOKEHHWs. 3a/lada peryaupoBaHUE KOOpIUHAT
AJICKTPOINPUBO/IA PEIIACTCS MTPU MTPOSKTUPOBAHUH CUCTEM YIIpaBieHus diekTporpuBoom (CYIII).

PerynupoBanue nenst oObIYHO Ha JIBE IPYMIbI: B PA30MKHYTBIX CUCTEMAX M B 3aMKHYTBIX
CUCTEMAX.

Pasomxnymule cucteMpl, Kak IpaBUiIo, HE TPEOYIOT JaTYMKOB OOPATHBIX CBSI3E€H U CIIOKHBIX
VIOPaBISIOIUX  YCTPOMCTB  (HAmpumep, NporpaMMHUpyeMble JIOTUYECKHE  KOHTPOJUIEPHI).
HenocraTkoM pa3OMKHYTOrO peryjlMpoBaHMs SIBISIETCA HH3Kas TOYHOCTb  IOJAJEP’KaHUS
perylupyeMol KOOPAMHATBHI, YTO YacTO HE MOXET OO0ECleYUTh BBIIIOJIHEHHE HEOOXOAMMBIX
TpeOOBaHUI TEXHOJIOTUN TPOU3BOJICTBA.

B 3amknymeix cuctemax pasiM4YarOT Ba BUAA PEryJUPOBAHUA: II0 OTKIOHEHHMIO U IIO
BO3MYILIEHUIO. PeryaupoBaHue 10 BO3MYIUEHHUIO MPEANOJaraeT KOMIICHCALMIO  BIMSHUSA
BO3MYIIEHUS HA PEryJupyeMyl0 KOOPAMHATY C IMOMOIIbIO TMOJOXKUTEIbHON 00paTHOM cBsizu. B
3JEKTPOINPUBOJIE PUMEHSETCSA MEPBbIA TUIl PETyJMPOBAaHUA — IO OTKJIOHEHHIO. Mcnonb3oBaHue
II0JIOKUTEIBHBIX OOpATHBIX CBA3EH 4acTO MPUBOAUT K BOSHUKHOBEHMIO SBJICHUS HEYCTOWYMBOCTH,
YTO JIeJIaeT CUCTEMY HepabOTOCHOCOOHON, IMOATOMY pEryjiHpOBaHUE 110 BO3MYLICHHIO B
3JIEKTPOINIPUBOJIE HE IIPUMEHSIETCS.

Peanuzanus perynupoBanus TpeOyeT BBeneHUss B OMC JOMONMHUTEIBHBIX YIPABISIOMIUX
YCTPOMCTB. B pa3soMKHYTOM cHCTEME BBOASTCS KOHTAKTOPBI, PEJIe, PE3UCTOPHI, PEAKTOPHI U I1.T.

JInst ocyliecTBIEHHs] aBTOMATUYECKOTO PEryJIupOBaHUs MPeyCMaTpPUBAIOTCS YIPABISIEMbIE
npeoOpa3oBaTeid M PEryJSTOPHI, MO3BOJSIOIMINE aBTOMATHYECKH TIOJ BO3ACUCTBHEM OOPAaTHBIM
CBsI3€M M3MEHATH MapaMeTpbl cucTeMbl. Hambosee MHpPOKO KCIONB3YIOTCS AJIEKTPOMAIIMHHBIE U
BEHTWJIbHBIE YIPABIIIEMbIE IMPEoOpa3oBaTead M COOTBETCTBYIOIHME CHCTEMbI 3JIEKTPOIPHUBOJA!
cucrema TreHeparop — nBuratens (I-J]); cucremMa THUPUCTOPHBIA (MU TPAH3UCTOPHBIN)
npeobpaszoBarens — asurarens (TII-]]); cucrtema mpeoOpa3oBarenb 4acTOTHI — ACHHXPOHHBIN
neuratens (ITU-A/D).

9. Ilokazarenu KayecTBa peryJIMpoOBaHus YIJIOBOM CKOPOCTH JIEKTPOIIPUBOIOB

K nokaszarenssM peryiaMpoBaHUsT OTHOCSTCS TOYHOCTb PETyJIMpPOBAHUS, IJIABHOCTD,
CTa0MJIBHOCTh CKOPOCTH, JONYCTHMas Harpys3ka IpH pPa3JIMYHbIX CKOPOCTSX, JAWHAMHUYECKHUE
[OKa3aTeIN KauecTBa U SKOHOMUYHOCTb PETYJIUPOBAHHUS.

Tounocmv pecynuposanus TEPEMEHHON OINPENEIAETCS BO3MOXKHBIMU OTKJIOHEHUSAMH €€ OT
3aJJaHHOTO 3HA4YEHUs O] JCHCTBHEM BO3MYLIAOIIUX (AaKTOPOB (M3MEHEHHMH Harpys3Ku, KOJeOaHus
HanpsDKeHUs MeTH U 1p.). I[Ipu perynupoBaHMM B Pa3OMKHYTOM CHUCTEME MOXET OBITh NMPUHSATO
CpeAHee 3HAYCHHE KOOPAMHATHl INPH HU3BECTHBIX IpEAeIax H3MEHEHHMs BCEX BO3MYIIAIOIIUX
Bo3aeiCcTBUI. IIpM STOM OLIEHKOW TOYHOCTH pETYJIMPOBAHMUS MOXKET CIY)KMTh OTHOILICHHE
HanOOIBIIETO OTKIOHEHHST A®ppa, K CPEIHEMY 3HAUCHUIO AWys

A(Dmax" = A(’)max /(’)ﬁé = ((Dmax - O)min)/((’)max +('0min) )
rac (DmaXI/I (Dmm — MAKCUMAJIbHOC 1 MUHUMAJIBbHOC 3HAYCHUC HepeMeHHOfI HpI/I JTAHHBIX 3HAYCHUAX

rapaMeTpa Wiy 3aJJalollero CUrHajla U MpeesioB M3MEHEHUs! BO3MYIIEHUH.
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Puc. 7.1. K onpenenenuro noHATHS Puc. 7.2. K onpeneneHuto moHATHS
TOYHOCTHU peI‘y.]II/IPOBaHI/ISI auaria3doHa perJII/IpOBaHI/IH

Juanason pecynupoéanus YriloBOM CKOPOCTH OINPEACIAETCS OTHOIIEHUEM BO3MOXKHBIX

YCTaHOBUBIIUXCS CKOPOCTEN: MAKCUMAIBHON W, K MUHUMAIBHOU My
Dy, = Ormax / Oy -

IInasnocms pecynupoearus XapaKTEpU3yeT CKadOK CKOPOCTH IIPU IEPeXole OT JaHHOU
CKOpPOCTH K OJpkaiiieil Bo3M0okHOM. [11aBHOCTE TeM Bblllle, YEM MEHbILE 3TOT cKadek. E€ MoxHO
OLEHUTh KO3()(PULMEHTOM IUIABHOCTU PETyJIUpPOBaHMs, KOTOPBIA ONpeessercs Kak OTHOIIEHUE
JBYX COCEIHHUX 3HAYCHUH YIJIOBBIX CKOPOCTEH IIPH PEryJINPOBAaHUU

P =0/ oy,
rae ; U ()_; COOTBETCTBEHHO YTJIOBBbIE CKOPOCTH Ha I-ToM U (I-1) CTYIEHSAX peryinpoBaHusl.

ODKOHOMUYHOCIb — pe2yIupoeanusi XapaKTepU3yeTCsl 3aTpaTlaMd Ha COOpPYKEHHE U
JKCIUIyaTalUI0 JJEeKTponpuBoja. I[IpuMeHeHue peryampyemMoro 3JEeKTPONPUBOAA CBSI3aHO C
JOIIOJIHATEIBHBIMU [IEPBOHAYAIBHBIMU 3aTPaTaMHM M JKCIULYaTallMOHHBIMHM PacXoJaMH, KOTOPbIE
JOJKHBl OKYINAThCsl TOBBIIIEHUEM IPOU3BOAMTEIBHOCTH W HAJEKHOCTH pabOThl yCTAaHOBKH, a
TaK)Ke YJIydIIEHHEM KauecTBa MPOAYKIHMH. [Ipy cpaBHEHUH Pa3IUUHBIX CIIOCOOOB PEryIHMpPOBAHHS
OPMEHTUPOBOYHOE CYXJEHHE O 3aTpaTax MOYKHO COCTaBUTh, OLIEHUBAas MaccorabapuTHbIE
[IOKAa3aTeIH JOIMOJIHUTENBHOIO 000pyI0BaHMs, a 3KCIUIyaTallMOHHbIE 3aTpathl 1o sHeprun — KI1/],
XapaKTEPU3YIOLIUM IIOTEPU SHEPTUH

n=R/R,
rae B — momHoCTh, TOTpebsiemast u3 ceti; P, — MomHOCTS Ha Bany aBuratesst

CmabunbHocmy y2no06ou ckopocmu XapakTepU3yeTcsi U3MEHEHUEM YIJIOBOH CKOPOCTU IpU
3aJJaHHOM OTKJIOHEHMHM MOMEHTA HArPY3KH U TECHO CBS3aH C IOHATHUEM JKECTKOCTH MEXAHUYECKON
XapaKTepUCTUKHU. YeM OoJiblIe KECTKOCTh MEXaHUUYECKON XapaKTepUCTHKH JIBUTATENs, TEM BbILIE
CTaOMJIBHOCTh CKOPOCTH  3JeKTporpuBoga. Camoi  BBICOKOM  CTaOMJIBHOCTBIO — 00IamaroT
CHHXPOHHBIC JIBUTATEIIH, TaK KaK Y HUX )KeCcTKocTb MX B — 0.

Hanpaenenue pezcynuposanus ckopocmu- — OIPENENsCT BO3MOXKHOCTb YMEHBIICHUE WIIH
yBeJIMYeHUE €€ 0 OTHOLIEHUIO0 K HOMUHAJIbHOMY 3HAUEHHUIO 3aBUCUT OT CIIOCOOOB PEryIMpPOBAHUS.
JU14 IpUBOIOB MOCTOSTHHOTO TOKA Pa3IN4aloT OJHO- U JBYX30HHOE PETYJINPOBAHHUE.

B mepBom ciydae peryiaMpoBaHHE OCYIIECTBIAETCS IPHU MOCTOSHCTBE MArHUTHOIO IOTOKA
IIyT€M U3MCHEHHs HANPSDKCHMS Ha sIKOPE BHU3 OT HOMUHAJIBHOIO 3HaYeHMs. Takoe peryimpoBaHue
HAa3BIBAIOT PErYJIUPOBAHUEM C TIOCTOSIHCTBOM MoMeHTa ( M = kOIV, 0= const).

JUia mepeBoja IPHUBOJA BO BTOPYIO 30HY YMEHBUIAIOT MATHUTHBIA IOTOK JBUTATEIsS
(U3MEHAIOT HaNpsDKEHHE Ha 0OMOTKE BO30YKJECHUS HUXKE HOMHHAIBHOTO), IPU TOM YMEHBIIIAeTCs
Heperpy304Hasl CIOCOOHOCTh JBUraresis MO MOMEHTY ( Ay =kO ! A|) W yBEIMYUBAETCA
CKOpPOCTh. Takoe perynupoBaHue Ha3bIBAIOT PETYIMPOBAHUEM C IIOCTOSHCTBOM MOIIIHOCTH:

Uy IRs A
P =M == 25 kOl = Uy ~ IRy:)1, O = var).

XapakTepucTuku AByx 30H perynupoBanus JI1T ¢ HB npeacrasnenst Ha puc. 7.3.
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Puc. 7.3. XapakTepuCTUKHU ABYX 30H Puc. 7.4. lunamuyeckue noxkasaTeiau
perynuposanus JAIIT ¢ HB Ka4yeCTBA peryIMpoBaHus

Honycmumas nacpyska Oeucamenssmo HauOoOJbIlIee 3HAYEHUE MOMEHTA, KOTOPBIH
JBUTaTeNlb CIOCOOCH JUIMTENBbHO Pa3BUBATh NPU pabOTe HA PETyIUPOBOYHBIX XapaKTEPUCTHKAX.
OmnpenensieTcss HarpeBOM JBUTaTellss M Pa3M4aeTcsl B 3aBUCUMOCTH OT CIOCO0a PeryjaupOBaHUs.
N3MeHeHne cTaTU4ecKoro MOMEHTa OT CKOPOCTH B 3aBUCHUMOCTH OT MCXaHU3Ma MOKCT OBITH
Pa3IUYHbIM.

Jlunamuueckue  KadecTBa  DJIEKTPONPUBOAA BO  MHOTHMX  ClydasX  ONpPEAENsIoT
IIPOU3BOIUTENILHOCTh YCTAHOBKHU, U3HOC MEXaHHYECKOro 00OpYyIOBaHUS, KAUYECTBO BBIIYCKaeMOH
npoaykuuu. KayecTBo mepexoJHOro mpouecca MOXHO OLEHUTh ObICTPOJIEHCTBUEM, BEITUYMHOMN
nepeperyMpoBaHus U Koae0aTeaIbHOCThIO MpoLecca.

bvicmpooeiicmeue onpenenser OBICTPOTY pPEAKLIUH DICKTPOIPHUBOJA HA HM3MEHEHUS
Bo3zAelcTBUil. [71aBHBIM T1OKa3aTeneM OBICTPOAEHCTBHS, HEMOCPEJCTBEHHO BIUSIOIIMM Ha
IMPOU3BOJUTCIIBHOCTE MEXAHU3MOB, ABJIICTCA BpCMA IMICPEXOJHOI0 IIpomecca MWW BpPEMs
peryiaupoBaHusa. B aBTOMaTHuYecKMX cUCTeMax PEryJIMpOBaHUS ObICTPOJEHCTBUE XapaKTEPHU3YIOT
MOKa3aTeNsIMH  MEPeXOJHOro Ipolecca IpH  OTPadOTKE EAMHUYHOTO  CKavYKOOOpa3HOTro
yIpaBJsitoLiero Bo3aencTBus. OObIUHO MO/ BPEMEHEM PEryJIMPOBAaHUS OHUMAIOT BpeMsi, KOTOpOe
TpeOyeTcst MpUBOJIa sl TOTO, YTOOBI OTKJIOHEHHE PEryIHpyeMol KOOPAUHATHI He MpeBbimano 5%
OT 3aJJaHHOT'O 3HAYEHUS.

Ilepepecynuposanue TnpencTaBiseT COOOM AMHAMHUYECKYIO OIIMOKY M XapaKTepU3yeTcs

MAaKCHUMAJIbHbIM OTKJIIOHCHUEM (D5 OT YCTAHOBHMBLICTIOCA 3HAYCHUA (OFLRE Kax IIpaBuHJIo,

NEPEPETYIUPOBAHNE O BBIPAXKAIOT B OTHOCUTEIIBHBIX €AMHUIIAX UJIW IIPOLEHTAaX:

Ao, = APmax 10096
ono
KOﬂe6ameﬂbHocmb SHGKTPOHPI/IBOI[a SIBJIACTCA CI)aKTOpOM, BIUAKOINIMM Ha TOYHOCTD,
JIMHAMUYECKHE HArPy3KM M KadecTBO TEXHOIOTMYECKOro mnpolecca. BE oOmmuM IoKazareneM
C.]-Iy)KI/IT 3HAUYCHUC JIOFapI/I(I)MI/ILIeCKOFO I[ereMeHTa 3aTyxaHI/IH

7L=InAl

rae A, A - BenMuMHA aMIUIUTY/I IEPBOTO M CIICAYIONIETO 38 HUIM MaKCHMyMa.
Ha puc. 7.4. mnpencraBieH BHJ NEPEXOJHOr0 Ipoliecca MW yKa3aHbl BEJIMYMHA
ObicTpozeiicTBUA ty U epeperynupoBaHue G .

10. Knaccudukanus snexrpoasurareneit moctossaaoro tToka (J11T) mo cnocoby
BO30YKICHUS
JIIT KOHCTPYKTMBHO COCTOMT W3 JIBYX OCHOBHBIX 4YacTe: MOJABMXHOW YacTH (SKOps) U
HEMOJBIKHOW YacTH (cTaropa), B KOTOPOM HaxoAWUTCs OOMOTKa BO30OYXKAECHHS JIBUTATEIS.
JlBurarenb NHUTAeTCs IOCTOSHHBIM HampspkeHHeM. B 3aBucumocTH 0T cmoco0a BKIIIOUEHUS
O0OMOTKHM BO30YXKJEHUS PAa3IN4atoT 4 OCHOBHBIX THIIA JIEKTPOABUraTeNeH.




1. HAIIT c¢ nHe3aBucumbIM BO30YyXkaeHueM (puc. 8.1, a). B manHoMm cmydae
MCTOYHMKH MUTAHUA LENH SIKOPS JIBUTATENs U Llenu 0OMOTKH Bo30yxaerus (OB) sBistorcs
pa3sHbIMH, MHOTJA C Pa3HbBIM YPOBHEM HampspkeHHs. B cBA3M ¢ 3TMM NOBEJEHHME TOKa
BO30YKJICHHSI HE 3aBHCUT OT LIEMH SKOPs (IpU MpeHeOPEeKEHNH BIMSHUEM PEaKLUH SKOps),
YTO TpU HEU3MEHHOCTH TOKAa BO30YXKIEHHS JelaeT XapaKTepUCTUKU JBUTaTels
JINHENHBIMU.

2. [Ipu mapamienbHOM crocoOe BKJIIOYEHHsS OOMOTKH BO3OYKICHHSI U SKOPS
BKJIIOYAIOT B OJIHY CETh MapajuiesbHO IpyT apyry (puc. 8.1, 0). [Ipu ycnoBum Hamuuus cetu
OECKOHEYHOU MOITHOCTU HAMNpsOKEHHE Ha 3aKMMax OOMOTOK OCTAa€Tcs MOCTOSIHHBIM H
xapaktepuctuku JIIT c¢ [IB ananorununsl xapaktepuctukam IIT ¢ HB. ITostomy uvacto
orpannunBaiorcsi paccmotpenueM AT ¢ He3aBUCHMBIM BO30YKICHUEM.

. 0, g,

- + q

Puc. 8.1. CxeMbl BKJIFOUECHHS ABUTATEIIS C HE3aBUCHUMBIM (),
napauienbHbeIM (0) U oCeI0BaTENbHBIM (B) BO30YKICHHEM

3. Y JIIT ¢ nocnenoBaTenbHBIM BO30YXKJIEHHEM HMEETCS TMOCIEI0BaTeIbHas
(cepuecHasi) oOMOTKa, KOTOpas BKIIIOYAETCS IOCIEI0BaTEIbHO C OOMOTKOM sIKOps
nsurarens (puc. 8.1, B). Takoe BkIItoueHHE NPUBOAUT K TOMY, YTO IIOTOK, co3/1aBaeMblii OB,
3aBUCUT OT TOKa JIBUTATeNs, KOTOPBIH B mpolrecce paboThl M IMEPEXOJHBIX MPOLIECCOB
MI0/IBEpraeTcsl 3HaUUTEIbHBIM U3MEHEHUIM. J{aHHBIM THI ABUraTens o0nanaeT HeIMHEHHON
MEXaHUYECKON XapaKTEPUCTUKOM.

4. IIIT co cmemaHHbIM BO30yxzaeHueM. B sToMm ciiydae nBuratenp MMeeT JABE OOMOTKH
BO30YKJIEHHs: TOCIIEA0BAaTENbHYI0 U MapajlIeNbHYI0, U Pe3yJbTUPYIOIIUH MarHUTHBIM IMOTOK
CKJIa/IbIBaeTCsl U3 JABYX cocTaBistomux. [loakaoueHre nenu sKopsi BBINOJNHSETCA TakK K€, KaK Ha
puc. 8.1, B, a 00MOTKM BO30YX1eHHsI, Kak Ha puc. 8.1, a, 0.

11. Mexanundeckas u anexkrpomexannueckas xapakrepucrtuku JIIIT ¢ HB
Oom1ee BelpaxkeHus 17151 MexaHndyeckoi xapakrepuctuku AT ¢ HB
o-Uy MRy Ly o
kO (kOf (kOF dt
Ecnu MomenT nurarens nocrosuubiit, o dM/dt =dly/dt =0, u ypapuenue Mexanuueckoit
XapaKTepUCTHKH JBUTaTeNs Oy/IeT UMETh CIEAYIOIIMUNA BUI:

o=t -Miy
kO (kOY

W B npyrom Bune
0=0y—Ao,




U.
IIe My =—Z — CKOPOCTb U/ICAIBHOTO XOJIOCTOr0 X0/1a.
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Bup xapaktepucTrky nokasas Ha puc. 9, a.
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Puc. 9. EcrectBennsie (a) 1 HCKyccTBeHHBIE (0) MexaHuveckue xapakrepuctuku AI1T ¢
HB

DJIEKTPOMEXaHUYECKYI0 MEXaHUYECKYI0 XapaKTePUCTHKY MOXKHO MOJYYUTh, MOJCTABUB B
MEXaHUUYECKYIO XapaKTepPUCTHKY JABUTATENs BeipaxeHue st momerta M =KOI :
_Uy— IRy
0= = .
kO
Kaxmoif XapakTepHUCTHKA MOXET ObITh OXapaKTePH30BAaHO [BYMsI TOYKAMHU: TOYKON
uaeanbHoro xomocroro xoma (ly=M=0; ®=0p) 1 TOUKOH KOPOTKOro 3ambIKaHMI(

12. TopMO3HBIE PEKUMBI JBUTATEIS TOCTOSTHHOTO TOKA ¢ HE3aBUCUMBIM BO30YKIEHUEM
TOpPMO3HON PEXUM XAPAKTEPU3YETCSI TEM, YTO CKOPOCTHh BPAILEHUS U MOMEHT IBUIATEIIS
MMEIOT pa3Hble 3HAKH. BhICTpoTa M TOYHOCTH, ¢ KAaKOW OyAyT MpOTEKAaTh MEPEXOJIHBIE MPOLECCHI
OCTAaHOBKM HJIM PEBEPCA BO MHOI'OM OIIPEIEISAIOT MPOU3BOAUTEIBHOCTh MEXAHU3Ma, a UHOTAA U
KauecTBO BhIPabaThIBAEMOro MPOoAYyKTa. Bo3MOXXHBI TpH BapraHTa 3JIEKTPUUECKOTO TOPMOKEHUS:

1) pEKyIepaTUBHOE TOPMOIKEHHE;
2) JTMHAMUYECKOE TOPMOKEHHE;
3) TOPMOKEHHE TIPOTUBOBKIIFOUCHHEM.

Pexynepamuenoe mopmoorcenue
Takoil pexuM BO3HUKAET, KOTJa CKOPOCTh MABHUTaTeist OoJblle CKOPOCTh HUACATBHOTO

XOJIOCTOTO XOJa JBHUraTells, TO €CTh BBINOJHAETCA yclnoBue > ®g. IIpu stom DJC nBurarens
CTAaHOBUTCS OOJIbIlIE HANpPSKEHUs ceTu ( Ey >Uy), 1 Tok aBurarens MeHseT HanpasieHue. [Ipu

3TOM JBUTaTellb paboTaeT reHepaTopoM U OTNAeT YHEPIUI0 B CeTh. DJIEKTPOMArHUTHBIH MOMEHT
JIBUTATENS MPU ATOM IPOTUBOIEHCTBYET BHEIIHEMY BpAIllalOIIEMy MOMEHTY.

JlaHHBI BUJA TOPMOXKEHHUS SIBIIs€TCS HauOojiee HSKOHOMHYHBIM, TaK Kak »JHEprus
BO3Bpaliaercs B ceTb. [IpuMenenune 3toro crnocoOa sBisiercs 3G(HEeKTUBHBIM 3HEProcOeperammmum
CPEACTBOM. OTOT pEXHUM IieJecoo0pa3eH, Korjaa MNpUBoJ paboTaeT ¢ YacTbIMM IyCKaMU H
octaHoBKaMu. Hampumep, snexktporpancnopt. [lpu ABMXKEHHMH MO YKJIOH TakKXe BO3HHUKAIOT
OJaronpusATHBIE YCIOBUSA 111 BOSHUKHOBEHHS 3TOTO PEKUMA TOPMOKEHHUS.

Cxema BKJIIOYECHMS JBHrarelsl Ui JaHHOTO peXuMma Toka3aHa Ha puc. 10, a, a
XapaKTepUCTHKH MpeCTaBIeHbl Ha puc. 11 (xapakrepuctuka 1).

Hunamuueckoe mopmoosicenue

HeoOxonuMocTh B TaKOM TOPMOKEHMHM BO3HHMKAET, KOTJA MOCJIE OTKIIOYEHHS JIBUTaTeNs OT
CETH €ro SKOPb MPOJOJDKAET BpaIlaThCs MOJA ASHCTBUEM 3amaca KUHETUYECKOW sHepruu. Eciau no
TEXHOJIOTHU TpeOyeTcsi Gosiee OBICTPHIN OCTAaHOB JBUTATEINsI, YeM BpPEMsS OCTAaHOBKM Ha BHIOETE,
HCIOJIb3YETCS] TUHAMUYECKOE TOPMOKEHUE.



[Ipu ganHOM cmoco0e TOPMOXKEHMsI SKOpPb JBUTATENsl 3aMblKaeTcs Ha TOPMO3HOE
CONPOTUBIICHUE, a OOMOTKa BO30YXKIEHHUS OCTaéTcs TMOAKIIOYCHHOH B CETh JUIS CO3JIaHUS
TOPMO3HOTO MOMEHTa. BreIpabaTbiBaeMas 0HpU 3TOM DSHEPrUs NEPEeXOJUT B TEIUIOBYIO H
pacceuBaeTcs B OKpy’Karoliee NpOoCTPaHCTBO. B 3TOM pekrme TOK ABUTATEINsI MEHSET 3HAK, TaK KaK
OH HauWMHAeT IpoTeKaTh nox nedctueM DJIC nBurarens, KoTopas HampaBjieHa BCErJa BCTPEUHO

HAIIpsKCHUIO CCTH
BenuurHy TOPMO3HOTO COTMPOTHBIICHUS MOKHO ONPEICITUTH U3 (POPMYITBI
R.. = o, jas _R.
a.0. = . y:
(1,1+1,8M,
HpI/I O9TOM CJIIMIIKOM MajJIO€ 3HAYCHHUE TOPMO3HOI'O MOMCHTA BCACT K 3aTATMBaHUA IIpoLECCa
TOPMOXKCHHSI, & CIIMIIKOM OOJIBIION TOK OTPHUIATENIbHO CKa3bIBaeTCsl HAa paboTe IIETOYHO-

KOJIJICKTOPHOT'O arapara JIBUTaTels.
Cxema BKJIIOYCHHSI JBUTATENS JUIS JTAHHOTO pEXMMa TokazaHa Ha puc. 10, 0, a

XapaKTEPUCTUKHU Ha puc. 11 (xapakTepucTuka 2).

+ U, - R - U, +
I, E, @T E, QT !
_— -_ -_— R‘[

a ‘ 0 ‘ B
Puc. 10. CxeMmbl BKIIOYEHHMSI IBUTATENSI B TOPMO3HBIX pexXUMax paboThl
(a-pexkynepaTHBHOE, O-TMHAMHYECKOE, B-IIPOTUBOBKIIIOUEHHE)

Puc. 11. Mexannueckue xapakrepuctuku JAIIT ¢ HB B TopMO3HBIX pexxumax

TopmoofceHue npomueO6KJIHYEeHUEM
Z[J'ISI YMCHBIICHUS BPEMCHU TOPMOXKCHUA UK PEBEPCA MHOTAA NPUMCHAKOT ,HaHHBIfI PCKUM.
Peaﬂmaum{ 9TOro pexuMa BO3MOXHA Ha pa60TaIOHICM ABUTATCJIC MpU CMCHE TMOJIAPHOCTHU
MUTAOIICTO HAIPSAKCHUS. B stom CJIydac HallpaBJICHUSA 3I[C ABUTATCIIA U HAIIPSKCHUA CCTHU
COBIAJAET
Iy =(-Uy—Ey)/Rys,
Bemnunna TOPMO3HOT'O COTPOTUBJICHU A BBI6I/IpaCTCSI 10 (I)OpMyJIC
R.. —_ Qoi=T® _p
0.i. ) y -
TOpMO)KeHI/Ie MMPOTHUBOBKIOYCHUEM IIPUMCHACTCA B OCHOBHOM JJIsI pEBEPCA ABUTATECIIA. ,HJ'I?I
TOYHOI'0O OCTAaHOBA ABUTATCIIA JAHHBIM PCXKHUM HE yIIO6eH, TaK KakK Tpe6yeTc;[ JOBOJIBHO TOYHAas




HACTpOIKa armaparypsl Ui TOro, YTOObl OCTAaHOBUTH JIBUTATENb B TOUKE HYJIEBOI ckopocTH. Ecimu
e JIBUTATENb HE OTKJIIOYUTH OT CETH, TO OH MEpPEeUJIeT B ABUTATEIbHBINA PEKUM, U B JAalIbHEHIlIEM
Pa3roOHUTCS 1O HOMUHAJIBHON CKOPOCTH MPU HAIUYUU HOMHUHAJILHOTO MOMEHTA Ha BaJly JABUTaTEs.
J1J1st TOYHOM OCTAHOBKH JIBUTATENSI UCIIOIB3YETCS PEKUM TMHAMUYECKOTO TOPMOKECHHUS.

13. PeocraTHOE perynupoBaHue yrIOBOW CKOPOCTBIO JIBUTATENEH TOCTOSHHOTO TOKa

Peocmamnoe pecynuposanue - caMblii TPOCTOM M caMblii HEOJArONPHUATHBIA CIOCO0
pEeryJaupoBaHusi CKOPOCTU U (MJIM) MOMEHTA. B AKOpHYIO 1lenb mociieJoBaTeIbHO, €CIU MUTAHHUE
OCYILIECTBIISICTCSl OT HWCTOYHMKAa HampspkeHus (puc. 12,a), BKIIOYAIOTCA JOMOJHUTEIbHBIC
PE3UCTOPHI.

*
ml"l

a) 6)

Puc. 12. Cxema (a) u xapakTepucTHUKu (0) MpH PEOCTaTHOM pETyIUPOBAHUU JBUTATENS
HE3aBHCUMOTI'0 BO30YXKIEHUS

CkopocTb uaeasbHOro xojocroro xoaa npu U, u @, u BmoueHnn Ry He u3MEHUTCS:

UH
(DO = ,
ko,
d HAaKJIOH XapaKTCPUCTHUK A(D — ﬂ — MR 6y,HeT YBeJII/IqI/IBaTBCH IpoInopuruoHaJIbHO
ko, (ko,)?
R =R,+R,.
UH —1 (R}l + Rg)
W, =
k®d

B snexTponpuBoje ¢ qBUTaTeneM mocienoBaTenbHoOro Bo30yxaenus npu U=U, (puc. 13,a)

Puc. 13. Cxema (a) u XapakTepUCTUKH (0) MpPU PEOCTATHOM PEryJMpOBAHUM JBHUraTess
MOCJIEI0BATEIBHOTO BO30OYKICHUS
14. PerynupoBanue KOOpJUHAT U3MEHEHUEM MarHUTHOI'O MIOTOKA.

CxeMa BKITIOUSHUS ABUTATCIIA JJId PEryJIMpoBaHUA CKOPOCTU HU3MCHCHUCM MArHuTHOI'O
MOTOKA MpHUBE/IeHbI Ha puc. 14. SIkopHas nens ABuraress 0e3 Kakux-Inbo 100aBOUHBIX PE3UCTOPOB
MOAKIIOYCHA K HCTOUYHHUKY C HAIIPSAXKCHHUEM U= UH, a IICIb B036Y)K)ICHI/I$I MMUTACTCA OT YCHIIUTCIIA -
BO30yuTeNs B.



Puc. 14. Cxema 31€eKTponpHUBOJA C PEryJIMPOBAHUEM CKOPOCTH W3MEHEHHEM MAarHUTHOIO
MOTOKA
DNEeKTPOMEXaHUYECKHE U MEXaHUYECKHE XapaKTEePUCTUKH JBUTATEIS IPU OCIA0JICHUH TOJIS

U
IIOKa3aHbI Ha PUC. 15. CKOpOCTb HnACaJIbHOI'O XOJOCTOro xXxoaa W =_" pacTeT ¢ YMCHBIICHUECM
k®

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

o H

QJICKTPOMEXAHUYCCKHUEC XAPAKTCPUCTHUKH IICPECCKAKOTCA B OJHOM TOYKE IK3 - (cne):[yeT
A

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

IPEBOCXOIHUTH JOIYCTHMBIT). MomeHT koporkoro 3ambikanust M ., = ki, ,@ ymenbmaercs ¢
yYMEHbIIIEHHEM ToToka (puc. 15,0).

@
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a) 0)

Puc. 15. XapakrepucTuku JBUTaTeNsi HOCTOSSHHOTO TOKA MPU OCIa0IeHUH OIS
IIpu nuTaHUM SKOPHOM LIENIH OT UCTOYHHMKA TOKA N3MEHEHHE MarHUTHOTO IOTOKA MO3BOJISET
pEryJInpoBaTh MOMEHT OT -M,, 10 +M, IpyU BEPTUKAIbHBIX MEXaHUYECKUX XaPAaKTEPUCTHUKAX.
15. PerynupoBaHue CKOPOCTH U3MEHEHUEM HAIIPSHKEHUS Ha SIKOPE
Cxema 371eKTpoIpuBO/a, 00eceuynBaroIas peryJIupoBaHie HanpsHKeHUs Ha SIKOpe, ToKa3aHa
Ha puc. 16,a. 3TOT crtocol peryaupoBaHus MPeANoaaraeT UCIoJIb30BaHUE CUIIOBOTO YIIPABIISIEMOTO
npeoOpa3oBaresis, yCTAaHOBJIEHHAs! MOIIHOCTb KOTOPOTO MPEBBIIIAET MOIIHOCTD ABUTaTes.

ITpu u3menenuu U (B 1aHHOM ciyyae E,) IpONOPLUOHATIBHO U3MEHseTes Juiib (D, a Aw
He 3aBUCUT OT U, T.e. CeMEHCTBO HCKYCCTBEHHBIX XapaKTepUCTUK Npu kP = kP, = c -
napajuieNIbHbIe TPSIMBbIE ¢ HAKIIOHOM HECKOJBKO OOJBIINM YeM Yy €CTECTBEHHOW XapaKTePHCTUKU
ABUraTens, nockoibky R = R, + R, - puc. 16,06; npeanonaraercs, yro YII umeer AByCTOPOHHIOIO
MIPOBOTUMOCTb.



CT. JB.

Puc. 16. Cxema (a) m xapaktepucTuku (0) Mpu peryJupoBaHHUU CKOPOCTH JBUTATEIS
MMOCTOSIHHOTO TOKA U3MEHEHUEM HAMPSIKEHUS
YpaBHEHUS XapaKTEPUCTHK:

w_Kng I(R,+R,)
c c
rne K =—" - xosddurment nepenaun YII.

6X
CpoiictBa VYII oka3pIBalOT BJMSHHE Ha BHJI XapaKTePUCTUK. Tak, MpH HCHOJIb30BAHUH
npeoOpaszoBareieii ¢ OJHOCTOPOHHEH NpoBoAMMOCTHIO (1>0) XapaKkTEepHCTHKH pacrojiararoTcs
muiib B [ u IV kBazpanTax.

16. Cuctema VII-]I, 3aMKHyTas IO CKOPOCTU

Hanuuue B asieKTponpuBOjE YIpPaBIIIEMOIo IpeoOpa3oBaTelsl, MUTAOLIETO SKOPHYIO LENb
WIN 1enb BO30YXIEHHUS, UMEIOUIEr0 OJWH WM HECKOJIbKO BXOJIOB U JOCTATOYHO BBICOKUI
KOO(QQHUIHUEHT Tepenayn, OTKPHIBAET UIMPOKHE BO3MOXXHOCTH (OPMHUPOBAHUS TpeOyeMbIX
HUCKYCCTBEHHBIX XapaKTEPUCTUK 3a CUET 3AMbIKAHUS Ccucmemvl, T.€. IOAAYM Ha BXOJ Kak
3a0arowezo cucHania, TaK W CUTHaja oOOpaTHOM CBSI3M IO KOOpAMHATE, KOTOopas JOJIKHA
peryampoBarhbCsl.

Ecnmu  KecTKOoCThb  XapakTEepUCTUK B  pasoMkHyroM cucreme YII-JI  oka3biBaeTcs
HE/OCTaTOYHON JUIsI KAaKOro-JmOO TEXHOJIOTMYECKOTO Ipolecca, OHAa MOKET OBITh IOBBIIIEHA
MIOCPEACTBOM 3aMbIKaHUSI CUCTEMBI IO CKOPOCTH, T.€. UCIIOJIb30BAHUS OmpuyamensHol oopamHotl
€631 TI0 CKOPOCTH - puc. 17,a.
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Puc. 17. Cxema (a) u xapakTepucTUKH (0) AIEKTPONPUBOAA TOCTOSHHOTO

TOKAa, 3aMKHYTOT'O TI0 CKOPOCTH

K pazomknyTOli cucreme n00aBieH M3MEPHUTENbHBIM opraH - taxoreHepatop TI, curnan
KOTOporo E7r = ym CpaBHHUBAeTCs ¢ 3ajaroluM curdainom U';, a pazHocTh U'; - Yo mopaercs Ha
BXOJ TIpeoOpazoBarens (oTpuiatesnbHas oOpaTHas CBsi3b MO CkopocTH). brmaromapst satomy D/1C
npeoOpa3oBareliss TeHepb ONpeAessieTcss He TOJNbKO 3aJaHueM, HO U (PaKTHYECKOH CKOpPOCTBIO
Bpaiuenus. [lycts npuBoj padoran B 1. 1 (puc. 17,0) a 3aT€eM MOMEHT CONPOTUBJICHUS YBETUUMIICS
10 3HaueHust M.;. B pa3oMKHYTO#l cxemMe 3TOMy H3MEHEHHIO COOTBETCTBOBAJIA ObI TOUKA 2’, TaK KaK
n3mMeHenue M, He mpuBoamio Okl k m3MeHeHuto DJIC mpeoOpazoBarens. B 3aMmkHyTOM cucteme
YMEHBIIIEHUE CKOPOCTH MOBJIEYET 32 cOO0M POCT BXOJAHOTO CUTHANA




Uex = U,3 - Y0,

T0 ectb £E,, ciuenoBarenbHo, Tpu M., TOpUBOL TEpPEUIET HA XapaKTEPUCTHUKY,
COOTBETCTBYIOIYIO E,»>E,; u Oyzner pabotarh B Touke 2. B paccmarpuBaemoii cxeme @, < ®@;, Tak
kak yBenuueHue U, a 3Ha4uT 1 E, BO3MOXXHO JIMIIIb 32 CYET HEKOTOPOTO YMEHbIIEHUs . Takue
CHCTEMBI Ha3bIBAIOT CTATUYECKUMH, B OTJIMYME OT acTathuueckux, riue Ao =0,

YpaBHeHHE MEXaHUYECKOW XapaKTEPUCTUKHU B 3aMKHYTOM CUCTEME.

o KU, MRy
ql+ ﬁ) A1+ ﬁ)
C C

17. Cucrema YII-]| c HelMHEWHOW OOPAaTHOM CBSA3BIO 10 MOMEHTY.

[Tycts TpeOyeTcsi OrpaHUYUTh MOMEHT, Pa3BHUBAEMbIi JBUTaTelIeM, HEKOTOPOH MpeaesibHON
BeJINUUHBI M,pe0.. B cucreme YII-JI 3Ty 3amauy moxHo pemnts, cHuxkasd DJ1C npeobpasosarens
OpU JOCTHKEHHUM MOMEHTOM BEIMYMHBI M,,e9. Kak yke ObLIO IOKa3aHO BbIIE, 3Ta ONepanus
BBITIOJTHSIETCS] aBTOMAaTUYECKH, €CJIM UCIIOJIb30BaTh COOTBETCTBYIOIIYIO 00paTHYIO CBs3b. B nanHOM
cllydae IeJIeCOO00pa3HO HCIONIb30BaTh OOPATHYIO CBSI3b 10 MOMEHTY WIIU IO TOKY, KOTOPBIH eMy
npornopunoHaneH (@ = const), Ipu4eM 5Ta CBS3b JOJDKHA BCTyNaThb B JIEWCTBUE JIMUIb IPH
JOCTI)KEHHH TOKOM HEKOTOPOro 3aJaHHOro 3HadeHus. Takue oOpaTHbIE CBSI3M HA3bIBAIOT
HEJTMHEHNHBIMU WIH CBs3AMH ¢ oTceukoil. [Ipocreitmas cxema cuctemsl YII-J[ ¢ orpunarensHoit
00paTHO¥ CBSI3BIO IO TOKY C OTCEUKOW MOKa3aHa Ha puc. 18,a.

{:1& WM,

- i Inpe-:'.'
a) 0)
Puc. 18. Cxema (a) m xapakrepucTuku (0) O3JIEKTPONpPHUBOJA IOCTOSIHHOIO TOKa C
OTPHLIATENILHOW 0OPAaTHOMN CBSI3bIO IO TOKY C OTCEUKON
Ha Bxon ympasnsiemoro npeo6pasosarens npu | < |,,.o mocTymaer numpe cCHrHan 3aiaHus,
MIOCKOJIBKY CUTHaJ 0OpaTHO# cBsi3u mo Toky 3ameptT BeHTwieM B (IR, < U,,). Ilpu noctuwxkenun
MOMEHTOM BEJIMYUHBI M09 OTPHLIATENbHAS 0OpaTHAas CBA3b 10 TOKY HAYMHAET JACHCTBOBATH, T.€.
Usp = U, - al,
Omarogaps yeMy cHuxkaetrcs E, U pocT MOMeHTa orpaHuunBaercs. 3menennem U, MOXHO
YCTAaHOBUTH TPeOyeMyIO0 XapaKTepucTuky - puc. 18,0, a msmenenuem U,, - 3amaTh HYKHBIA
IIpeIeIbHBIA MOMEHT.

18. 3amkHyTas cucTeMa UCTOYHHK TOKA - ABUTATENb

[Ipu nuTaHuy SKOPHOMU LIENU OT HEYNPaBIAEMOro HCTOYHHKA TOKa (1=CONSt) anexkTponpuBo,
KaK OTMeyanoch, 005aJaeT CBOWCTBOM YIPAaBISEMOro MO MLEMu BO30YXKJIEHHS ‘‘MCTOYHHUKA
MOMEHTA”, T.€. UMEET B PA30MKHYTOW CTPYKTYpE BEPTHKAIbHBIE MEXaHUYECKHE XaPaKTCPUCTHKH.
3T0 00CTOATENHCTBO OYEHD YIOOHO ISl TOCTPOEHUS 3aMKHYTBIX CTPYKTYp: UCKIIOUEHHE JIeHCTBUS
OJIC Bpamenuss TO3BOJSIET TPOCTO (GOPMHUPOBATH JIOOBIE XapaKTEPUCTUKU TOCPEICTBOM
HCIOJIb30BaHUSI COOTBETCTBYIOIIUX OOpaTHbIX cBs3ed. ITokaskeM 3TO Ha MPOCTHIX MpuMepax. B
cxeme Ha puc. 19,a oTpuiarenbHast 00paTHas MO CKOPOCTH BKIIIOUYEHA HA BO30YIUTETh, MMEIOIIHMA
XapaKTePUCTHKY C OTPaHUYEHHEM; HATIOMHUM, YTO YCTAaHOBIIEHHAS MOIIHOCTh BO30YAUTEINSI MHOTO
MEHBIIIE MOIIHOCTH ABHTareis. B mpeamonoxkenuu, uto xapakrepuctuku d(U,) u Uy(U,) Ha
pabounx y4yacTKax JTUHEHHBI, HMEEM:

M = KUy,



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

Uex = U3 - Uoc = U3 - Y.
Penme ypaBHeHHE OTHOCUTENBHO (U, TIOIydHM:
Uu, M
o=—=—- ’
y Ky
T.C. 6y,Z[CM HUMETb CEMEHCTBO napajiCIbHbIX XapaKTCPHUCTHUK (pI/IC. 19,6), OIrpaHU4Y€HHBIX
MOCPEJICTBOM XapaKTEPUCTUKU BO3OYAUTEINS 3aJaHHON BEJIMUMHON MOMEHTA.
Hcnonb30BaB ompuyamenvHyro o00OpamHyio c613b NO HANpAXCeHur0 Ha SKOpe WIH B

npeHebpexxenuu R, - mo 3/1C Bpamenus - puc. 20,a, morydum

U, =U, —aE =U, - O‘Alm ~U, —a'Mo
_| &)J
uac
u, Uﬁx(_ u
o * M
a) 0)

Puc. 20 Cxema (a) u xapakTepucTHKH (0) CUCTEMBI UCTOYHHUK TOKA — JIBUTATEIb, 3aMKHYTON
10 HAMPSHKCHUIO HA SKOPE

OTKYJla, T0ICTaBUB B YPaBHEHME ISl MOMEHTA, OyJIEM UMETh:
U, 1
aM Ko .

Takum oOpa3oM, B 3TOH CTPYKTYpe MEXaHHYECKHE XapaKTePUCTUKU UMEIOT BUJ runepoosn -
puc. 20,0, T.e. CTaOMIU3UPYETCS MOIIHOCTD, pa3BUBaeMast IBUTATEIIEM.

[IpuBeneHHbIe MPUMEPHI UIUTIOCTPUPYIOT OOraThle BO3MOKHOCTH MOJIYYEHHSI MICKYCCTBEHHBIX
MEXaHMUYECKUX XapaKTEepUCTUK 000N TpebyeMoil (opMbl TMOCPEACTBOM HCIOJb30BAaHUS
COOTBETCTBYIOLINX OOPAaTHBIX CBSA3EH.

Cnenyer OTMETUTb, YTO B CHCTEME HCTOYHUK TOKa - JBUTATeIb 3aMbIKAHUE CHCTEMBI
MO3BOJISIET PACHPOCTPAHUTH SKOHOMHBIN CIIOCO0 peryaupoBaHUs U3MEHEHHEM MarHUTHOTO MOTOKA
Ha Bclo oOmacth (W-M, T.e. cAenaTth pEryJupOBaHUE [BYX30HHBIM, C MIMPOKUMH
(bYHKIIMOHATHLHBIMI BO3MOKHOCTSIMH.

19. Cucrema reHepaTop-IBUTaTENb

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



M3MEHEHHUS HampshHKeHUs Ha 0OMOTKE BO30YXKIEHUS TeHeparopa. SIkopsi reHepaTopa U JBUTATENs
ANIEKTPUYECKHU CBSI3aHbI APYT C Apyrom. PerynupyembiM nmapaMeTpoM B JaHHOM CIy4yae BBICTYIAET
BenuunHa DJIC nBuratens. s oGecmedeHUss MarHUTHOTO IMOTOKa B JBUTATENIe W TEHEpPATOpe
UCIIONIB3YETCSl  BO30YyIUTENb, KOTOPBIH mpenctaBisier coboii  JIIIT MeHbIned MolrHOCTH
Pr=005+01Ps. B Hacrosmee Bpems B KauecTBe BO30yAuUTENeHl  HCHONIB3YIOTCS

HOJIyIIPOBOIHUKOBBIE IPEOOPA30BATEIIN.
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Puc. 21 a. [IpunnunuanbHas cxema CUCTEMBbI Puc. 21 6. Mexannyeckue XapaKTepUCTUKH
I-J1 cucremsl [-]]

U3 ypaBHEHHWsI PaBHOBECHs HANPSHKEHHUI MO BTOPOMY 3akoHY OMa MOKHO COCTABHThH
ypaBuenue OJJIC Ez—E=1(Rzx+Ry),

rne Ex — DJIC reneparopa, Rz — comporueienus skops reneparopa.

IToxcraBuB B 310 ypaBHenue 3Hauenus DJIC E = kOm u Toka neuratens | =M/ kO ,

MO>HO HAUTH YpaBHEHUE MEXaHUYECKON XapaKTEPUCTUKU cucTeMsbl ['-/1;
_ EA M (RA"' RA)
kO (kOF

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

OCHOBHBIM JTOCTOMHCTBOM JaHHOTO CIIOCO0a PEerylUpOBaHUS SIBIISIETCS BBICOKAs TUIABHOCTh
pEeryJIMpOBaHusl CKOPOCTH JIBUTATEIIS.

20. Cucrema TUPUCTOPHBIN TpeoOpazoBaTesb-1BUTATENb

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

N3meHeHne BeNWYMHBI MMOCTOSHHOTO HAIPSDKEHUS OCYLIECTBIISIETCS PEryJIMpOBaHUEM yria
OTKpbIBaHUS BEHTWIEH B MPOBOJAIIEH YacTH IEPEMEHHOIO HaIpsDKEHHA. BrlnpsmieHHOe

HaIMpsKCHUC COLCPKUT IMMOCTOAHHYIO Ud U NICPEMCHHYIO COCTaBJIAIOMIUC. Hanuuue nynbcaunﬁ

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:

(D:Udo cosPc—IRy
kO




m . T
rae Uyo =—+/2U SIn— — cpennee 3HaYeHHE BHIIPSAMICHHOTO HAINPSDKCHUSI IPH XOJIOCTOM XOJIE
s m

BBIIPSAMUTENS M TIOJHOCTBIO OTKpHIThIX TupucTopax (a=0); U - neiictByromee 3HaueHuit
TMEPEMEHHOT0 HaNpsKeHus; M — umcno da3 Bempamurens; Ry =Xem/2n+Ry+R +R; -

OKBHUBAJICHTHOC COIIPOTHUBJICHUC HKOpHOfI eI, RO, XO — AKTHBHOC W PCaKTHBHOC

COIPOTHBIICHHS TpaHCchopmaTopa; R| - akTHBHOE CONPOTHBIICHNE CIIAKUBAIOLICTO PEAKTOPA.
MexaHN4YeCcKyr0  XAapaKTEpUCTHKY  CHUCTEMBI TII-I  MOXHO IIOJYy4YUTb U3
NEKTPOMEXAHUYECKOM, BBIPA3UB 3HAYECHUE TOKA YEPE3 MOMEHT JIBUraTelIsd,
o Ugo COSa. MRy
kO (kOy
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
AJl 00BIYHO UCHIONB3YIOT OHATUE CKOJIBKEHUS S
Wy —O®
s=—0—.
)

CKopOoCTb aCHHXPOHHOT'O IBUTaTelNs B pabounx pekumax
o=ny1-9),
rJ¢ CHHXPOHHAas 4YacTOTa BpALIEHHWs MarHUTHOro mnons oy =27f;/p; f;— uacrora

MUTAOIICTO HAIPSKCHUS Ul’ p — YHMCJIO Iap IMOJKOCOB.

~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

caenyromue obozHayenus: U; - mepBuuHoe (aszHoe Hampspkenue; |, - dasHbli Tok craropa; |, -
HpUBEJCHHbIM TOK poTopa; X; M X, - NEPBUYHOE U BTOPUYHOE IIPHBEAECHHOE PEAKTHBHBIE
COITPOTUBJICHUA PACCCAHUA, RO u XO - AKTHUBHOC MW PCAKTHUBHOC COIIPOTUBJIICHHEC KOHTYpa

HaMarHUYMBaHUS.
VYpaBHeHHE MEXaHUUECKON XapaKTepUCTUKH

_ 2My(+as;)
s/ss+ss /s+2as;

rie a=R /R,.
Bun mexannueckol XapaKTepHCTUKHY TIOKa3aH Ha puc. 24.
Ilpy S<<S; MexaHWYeCKas XapaKTEpUCTHKAa OJM3Ka K JIMHEHHOM 3aBHCHMMOCTH

M ~2M,S/s;, a B 061acTn OONBIINX CKOMBKEHHI ( S >>Sa ) MMeeT IHIepOoIHIeCK il XapaKkTep:
M=~2M,S;/s. Tlpu S=S; MOMEHT NPHHUMACT MaKCHMaJIbHOEC 3HA4YECHUE, MPHYEM B

ABUTAaTCIIBHOM PCEXKUME COOTBETCTBYIOIICC 3HAYCHHUEC KPUTHYCCKOTO MOMCHTAa MCHLIOIC, 4YCM B
reHepaTopHOM.



M.,

Puc. 24. Mexanunueckas xapakrepuctuka AJl ‘

Xapaxtepnble Touku MX A/l
1) s=0; M =0, mpu 3TOM CKOPOCTb JBUTATEIIS paBHA CHHXPOHHOM CKOPOCTH;

2) S=S;; M =M , 4T0 COOTBETCTBYET HOMHHATBHOMY PEXKUMY PaOOTHI IBUTATEIIS;

3) S=S;M=May - dSKcTpeMyM MeXaHMYECKOH XapaKTEPUCTHKHA B JBUTaTeIbHOM
pexume;

4) s=1 M =M; - myck. B 3TOT MOMEHT BpeMEHH JBHTaTellb PA3BUBACT ITyCKOBOH MOMEHT;

5) s=-S;;M=-My; — 9KCTpeMyM MEXaHHUYECKOH XapaKTEPUCTUKU B TI'€HEPATOPHOM
pexume.

[lpu S>1 aBuratens paboTaeT B peKMME TOPMOXKEHHUS MPOTHBOBKIIOUEHHEM, ipu 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=2mf,1-s)/p
CJICAYECT, UTO MPH MOCTOAHHOM CTATUYCCKOM HArpy3o4HoM MOMCHTC MC Ha Baly ABUTATCIIA

JaCTOTa BpallCHUA POTOPA 3aBUCHUT OT YaCTOTHI MUTAIOIIEH CEeTH fl’ qucia mnap IOJHCOB pI/I

BEJINYUHBl CKOJIBXKEHUS S. KpOMe TOr0O B HOMHUHAJIBHBIX PCKUMaAX pa60TBI BCIIMYHNHA 3]_—[(3
JABHUIaTCIIA ¢71a00 OTINYAETCSA OT BEIUYHUHEI IMUTAOIICTO HAITPSAXKCHUA, TIOOTOMY

Ul = El = 444 flwloo .
Hszmenenue conpomuelienus pomopa

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

RZ'EiTé . 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. VckyccrBennbie MX Al ipu Rlzz =var(a), Uy =var(6), f; =var(s)

H3menenue nanpsagcenus Ha cmamope

[Ipn nmanHOM crocoOe M3MEHsSeTCsl BENUYMHA TMEPBOW TapMOHHMKH HAINPSOKEHHsS CTaTopa
asurarens Ujg =var. Ilpu 3ToM, BeIMYMHA KPUTHYECKOTO CKOJBKEHUS HE M3MEHseTCs, TO €CTb
Sg =const (puc. 25 0). M3mensieTcs BennunHa KPUTHYECKOTO MOMEHTA, NIPHYEM CYILECTBEHHBIM
SBIIAETCS TOT (PaKT, UTO BEIMUMHA MOMEHTA U3MEHSETCS MPOMOPIHOHATBHO KBaApaTy HAMPSHKEHUS
craropa. PerymupoBanue, mnpu KOTOpoM u3MeHseTcs BenuuuHa U HasbIBalOT  azoewim.
W3MmeHeHre HanpspKeHUsT BO3MOXKHO TOJBKO B CTOPOHY YMEHBLICHMS, TaK Kak IpPHU YBEIMYEHUU
HAIPSHKCHUS [P [TOCTOSHCTBE 4acTOThl f; OyzmeT Bo3pacTaTh BEIMYMHA MAarHUTHOTO IIOTOKA. 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.

CornacHo (GopMyine, IS CHHXPOHHOM 4YacToThl ) =27f1/ P, NpH U3MEHEHHWM YacTOTBI
NUTAlOLIETO HANMpsDKEHHWsT Ha cratope fp=var Oymer HW3MEHSATbCS dYacTOTAa BPAILICHHS
BPAILAIOLIEroCsl MarHUTHOIO nons g . IIpu ymeHbmenun gactorsl npu U; = CONSt mpoucxoaur
BO3pACTAHME MArHUTHOTO IMOTOKA, YTO MPHMBOJMT K HACBHINIEHUIO MAIIMHBI W GOJBIIOMY
BO3pACTaHMs TOKa HamarHuuuBauus |ly. [103TOMy M3MEHEHHE 4acTOTHI BO3MOYKHO TOJBKO BBIIIE

HOMUHaIbHOH. [lpum yBemudennmu f; mHpoMcxomuT BoO3pacTaHWEe BEMMYMH WHAYKTHBHBIX

conporusienuit Xz = (L + L‘Z)O)yé = (L, + L,)2nf,, uto B CBOI0O OdYepemp BEAET K YMEHBLICHHIO
KPUTUYECKHUX CKOJIbKEHUsI U MOMeHTa (puc. 4.7, B).
[Tepernuiem opmyny mist DJIC aBuraress, OCTaBUB B JIEBOM YaCTH MarHUTHBIN OTOK
Op=— DL
4.44w, f,
Tak Kak 9YHCIO BHTKOB OOMOTKM W, MOCTOSHHO, CTAQHOBHUTCS OYEBHAHBIM, YTO IS

oOecrieyeHns IOCTOSHHOIO 3HAYEeHWS MArHUTHOTO IOTOKa OO HCO6XO}II/IMO MoAACPKUBATH

IIOCTOAHHBIM OTHOIIICHHUC Ullf , TO €CTb HGO6XOI[I/IMO 00ecleynuTh BBIIOJIHEHHE 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 ( W>@®g). B aTux ycnosusx



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

BpaileHus B paboraromem apurarene. U3 popmyisl s gactotsl Bpamenus BMIT ( oy = 27f; / p)

BUJHO, YTO CJ€NaTh 3TO MOXHO JBYMsS CIlocOOaMu: TMO0 M3MEHEHHEM 4YHCia Tap IOJIIOCOB B
OOMOTKE cTaTopa B CTOPOHY YBEIMYEHHUs [, MO0 YMEHBIIEHHEM YaCTOTHl IHUTAIOIIETO

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
no unepuuei, Hapoautcst IJ[C, BO3HUKAET TOK B OOMOTKE pOTOpa, B3aUMOICHCTBHUE 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= (1— Sm )(A(Da/AMC +1) .

Tak kak Sy <<1, To mpuGmmwKEHHO

D = Aws/AM,, +1,

rie A®y; — OTHOCHTe/NbHAs BENMUMHA H3MEHEHHs ckopoctd; AM. — oTHOCHTenBHas

BEJIMYMHA U3MEHEHHUS MOMEHTA.

N3 nmonydyerHoit ¢hopMysbl BUAHO, YTO TIPH PABHBIX OTHOCUTEIHHBIX OTKJIOHEHUSX YIIIOBOU
CKOPOCTH W MOMEHTa Harpy3ku nuama3oH perynupoBanus D =2:1. [lpu Oomnee Hu3KOM
JOMyCTUMOM OTKJIOHEHHH YTIIOBOM CKOPOCTH JIMANa30H OKa3bIBAETCS €NI¢ MEHbIIIE.

[Torepu MOLTHOCTH NMPH PEOCTATHOM PETYIUPOBAHUH CKIIA/IBIBAIOTCS U3 IEPEMEHHBIX MOTEPb,
BKJIFOYAIOIIMX MOTEPU B MEAM CTATOpa W POTOpPa M BO BHEIIHHUX PE3UCTOPAaX POTOPHOU LENH, U
MOCTOSIHHBIX — HE€ 3aBUCAIUX OT Harpy3kd. CyMmMMmapHble TOCTOSHHBIE IMOTEpPU B JBUTaTele
OCTarOTCA MPUMEPHO OJMHAKOBBIMH HE3aBHUCHUMO OT HArpy3Ku U CKOPOCTU ABUTATCJIA.

DJEeKTpPOMAarHUTHAS U MEXaHU4ecKasi MOITHOCTH 1uist AJ]

R, =R =Moyss ; B =Mo,

OTCHOZIda MOXKHO OIIPEACIIUTL IOTEPU 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.
Mge =M e '
: U~
1
rac Mé.é — KpI/ITI/I‘IeCKI/Iﬁ MOMCHT IIPpH CHHXXCHHOM HAIIPAKCHUH, Ué — IIOHMHKCHHOC
HaIIpsKCHHUE.

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
PEryasaTOp CKOPOCTH, Ha KOTOPBIA MOCTYMAET Pa3HOCTh MEXIY 3aJaHHBIM ®* H 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 CXOAATCSA B TOUKE CHHXPOHHOW CKOPOCTH (), OTOMY, YEM MEHBIIE 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
IIpU yCIOBUU

HOHYCTHMBIﬁ MOMCHT MO>XXHO HaﬁTH, HpI/IpaBHI/IBaﬂ I[OHYCTI/IMBIC HOTepI/I K HOMHUHAJIBHBIM
My @S=Mg @Sy
OTKyJa

M.. <M Siii

& n o

Kpusast nonmyctumoro MoMeHTa Mo HarpeBy npejcraBieHa Ha puc.5.11.

JlanHbIi croco0 peryaupoBaHUs HENb3sl NMPUMEHATH Ui MEXaHU3MOB, palOOTaloUINX B
MPOJOJKUTEIFHOM peXHUMe paboTe € IMOCTOSAHHON Harpy3koi. D(PQPEeKTUBHBIM OKa3bIBaETCS
UCTOJIb30BaHUE (Pa30BOTO PEryIMPOBAaHUS IS MEXAaHH3MOB, y KOTOPBIX CTaTHYECKHUH MOMEHT
3aBUCHT OT ckopoctu asurarens Mg = f (), nanpumep, 11 IPUBOIOB BEHTHIATOPOB, 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:

Zha-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

o=0yl-93)=
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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 HpomopLMOHANEeH MarHUTHOMY HOToKy O U aKTHBHOM COCTaBISAIONIeH

BTOPHYHOT'O TOKA |‘2:
M =kOl, cosp,,

rae K — kKoHCTpyKTHBHas moctosHHas AJl; ¢, — yroxn casura mexay 3/1C 1 TokoM poTopa;
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4 K3 (1)OpMy.]'II)I AJi1 MOMCHTa BHJHO, YTO YMCHBIICHHMC MArHUTHOI'O IIOTOKA, SABJIAIOLICCCA

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



OXJTaAXACHUA ABUTATCIIA. VYMEHbIIIEHHE YaCTOTHI Ipru NOCTOAHCTBEC aMINIMTYJAbl HAIPSKCHUSA Ul'

TaK)K€ HE JOMYCTUMO II0 YCJIOBUAM HACBILIEHUS MAarHUTHOW CHUCTEMbl MAlIUHBL. MO3TOMY
peryanpoBaHue CKOPOCTH ABUTATENSI U3MEHEHUEM YaCTOTHI UTAIOIIETO HANIPSDKEHUA IIPU YCIOBUH
IIOCTOSIHCTBA MOMEHTA [BHUrareiss IPUEMIEMO TOJBKO IIPU OJHOBPEMEHHOM HU3MEHEHUU
aMILUIATyAbl MOUTAIOIICIO HAIpPsHKCHHUS, TO €CTh BBIIIOJIHCHHUH 3aKOHa U1/ flzconst, 4TO

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 pEryjJHMpoOBaHUU IO MpPUYUHAM, OOYCIOBICHHBIMU MEXaHHYECKOM
MPOYHOCTHIO MOIIMITHUKOB M 3JIEMEHTaMH POTOpa, MOJHMMATh YacCTOTY BBIIIE (1,5+2,0) fim

HOBTOMy OCHOBHOI1 CIT0CO0 peryjiupoBaHusad CKOPOCTHU 3aKI04YacTCd B YMCHBIICHHWH YaCTOThI
HaIIPsOKCHUS.
JIns mOCTpOeHUs! NPUMEPHOTO BUJAA MEXaHHMUYECKUX XapaKTepUCTUK mpumeM, yto R =0,
TOrJa YpaBHCHUC AJII KPUTUYCCKOT'O MOMCHTA MOKHO IICPCIIUCATh CICAYIOIHUM 06paBOMZ
2
-V U7 _ U} _K, U,
e 2¢2
2, X 4 2nf 'y 8mtf ' f
IEAY e T 1
2 0 fi2n(Ly + Lp) Tl(L1+L2)

W3 ¢opmynsl BUIHO, YTO KPUTHYECKUH MOMEHT INPH BBITOJHEHHWH 3aKOHA U1/ fl =const
ocTaéTcsl MOCTOSIHHBIM. Y CIIOBHE NMPEHEOPEKEHUSI aKTUBHOTO CONPOTUBIICHUSI CTaTOpa KOPPEKTHO
IPH BBICOKUX CKOpOCTsX ABurarensd, korga U; = E; . [Ipu Hu3KkuX cKOpOCTSX NajieHue HaNpsuKeHUs

Ha aKTUBHOM COIIPOTUBJICHUH cTaTopa R, cTaHOBUTCA CONMOCTaBUMO C BEIMYMHON HANpsKEHHs Ha
3aKMMax CTaTopa, YTO HMPUBOJUT K IAJCHUIO NEPErpy304HON CIOCOOHOCTH ABUTaTens Ay, . [

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

HANpPsHKEHUs Ha cTaTope, kKomneHcupyromas AUg, = |12R1
JlnanaszoH peryjiupoBaHUsl CKOPOCTH B Pa3sOMKHYTBIX cucremax cocrtapiser D, =15+20.
B 3aMKHYTBIX CHCTEMax JMAMa30H MOKET OBbITh CYIIECTBEHHO PACIIHPEH.

~U,
L1 1., 0 ST
U i onow |
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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) zakon U,/ f; =const He siBsiercst onTUMANIBHEIM, U TPeOyeTCs KOPPEKTHPOBKA 3aKOHA,

HUTBIBAroas Mz na Ban JABHUIaTCIIA,
n >

4) B Al Bxomar mnapamerpbl Xg, X;, X,, BeJIMYMHA KOTOPHIX 3aBHUCUT OT CTENCHU

HACBIIICHNS MAIIMHBI HEMMHENHO. KpoMe 3TOro n3MeHs0Tcs 3HaU€HUsI aKTUBHBIX COIPOTHUBIICHUM
cTatopa W poTopa MpH H3MEHEHUHM TEMIIepaTypbl OOMOTOK JBHTAaTElNs, YTO TAaKKEe HEOOXOIMMO
YUUTHIBATH.

HecmoTrpsi Ha yka3aHHBIE CIOKHOCTH, COBPEMEHHBIE YAaCTOTHBIE MPUBOJBI YCHEIIHO
GyHKIIMOHUPYIOT, oOecreyrBasi BBICOKOE KaueCTBO MpoIlecca PEryJIupoBaHus 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.

CymmapHsle notepu B gBurarene AP, cOCTOAT U3 ABYX COCTABIIAIONINX: MOCTOSHHBIX AF’COnst

, HC 3aBUCAIINUX OT HAI'PY3KH, U IICPEMCHHBIX AR,ar, 3aBUCAIINX OT HAI'PY3KH. B sTom cirydac i

JIBUTATENA IIOCTOSHHOTO TOKa
— _ 2
APZ - AI:z:onst + AF3/ar - APﬁ(‘) + Apléﬁ + |y Ry g

rae APy, — notepu B cranu; ABs; — MexaHHdYecKue moTepH; IZRS-,Z — IOTEPH B LIETHU SIKOPSL.

2
I[J'I}I aCI/IHXpOHHOFO JABUTATCIIA
AP, = AP, +ARss +3(12R +17R,),

rie 3(|12R1 +1 22 R,) - morepu B 06MOTKax cTaTopa u pOTOpa COOTBETCTBEHHO.

HepeMeHHHe IMOTCPU TAKKE MOXHO BBIPpAa3uTb 4YCPEC3 SHGKTpOMaFHI/ITHHﬁ MOMCHT H
OTHOCHUTCIIBHYIO CKOPOCTb (I/IJ'II/I CKOJ'IB)KGHI/IC). I[J'IH ,I[BPIFaTeJ'Ieﬁ IIOCTOAHHOI'O TOKa HE3aBHCHUMOI'O

BO30YKICHHS
AR = Pyi —Rx =M (030 —w),
rae Pyé — JJIEKTPOMATHHUTHAS MOIIHOCTh, TMOTpebisieMast U3 cetH; Bgy — MexaHudeckas

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

APR,. = MoS(L+ R, /R,), rie S — CKOb)KEHHE ABHraTess.

30. Harpes u oxyiaxjieHue ABUTATENEH

[Ipouece 3JIEKTPOMEXAHUYECKOTO npeoOpa3oBaHus JHEpPrUU COIIPOBOXKAAETCS
OJIHOBPEMEHHOM MOTEpPEN YacTH PHEPTHUH B CaMOM MalllMHe, KOTopas, mpeo0pasysich B TEIIOBYIO
SHEPIHUIO, ONpeJesseT HarpeB €€ 3JIeMEHTOB. MOLIHOCTh TemIoBbIX HoTepb ARy ompenensercs

Pa3HOCTBHIO MEXAYy MNOTPEONEHHON ABHraTeNeM >SJIEKTPHUECKON HSHEpruei Pyé U OTIAaBacMOU

MEXaHUYECKOW OdHeprueil Ha Bany jBurarels Rgg ¥ 3aBHCHT OT KOHKPETHOIO peXHMa
npeobpaszoBanus SHepruu. [lostomy onpenenenue Gpynkiuu APy(t) sBistercs oxHol U3 3a1a4 pH
OILICHKE TEIUIOBOTO COCTOSIHUS MAIllMHBI B KOHKPETHOM PEXHME; BTOPOH 3a/1adueil SBIsSeTCs OIeHKa
TeMreparypsl apurarens g .

Teopuss HarpeBa mpuU pEIICHWH 3a1ad dDIEKTPOIPHBOAA Oa3upyeTcss Ha CIEAYIOIIUX
JONYIIEHUAX:

- JABUTATCIIb  paCCMATpUBACTCA KakK OJHOPOAHOC TEJIO, HMCIOIICC 6CCKOHCLIHyIO
TCIIJIOMPOBOAHOCTD,



- 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:

ARy(t)dt = Adt +Cdt,

rae ARy(t) — MOImHOCTB TEIIOBHIX IOTEPh; A — TemnooTaada; C — TeIII0EMKOCTh ABHIATEIIs;

T — [peBbINIEHUE TEMIIEPATYPhI IBUIaTENs HaJl TEMIIEPATYPOil OKpysKatolei cpepl, T= 0y —O;

[Tepenucas (6.1) B oneparopHoii popme

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

MOJIYYUM TIEPEIATOYHYI0 (DYHKIUIO, OMUCHIBAIOIIYIO JTUHAMUYECKHI XapakTep H3MEHCHHS
TeMIepaTypsl JBUTATEI:

_up) _ ki
Wf(p)_APo(p)_T.'pH’

rme k. =1/ A — ko> unuent nepenaun; 1. =C/ A - mocTossHHAs BpeMEHH HarpeBa.
T p i p p

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

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

Ilepenarounas ¢yukuus (6.2) cnpaBemnuBa, eciau mnapamerpsl 4 u  C  ocrarTcs
HEU3MEHHBIMH. Y CaMOBEHTUJIMPYEMBIX JBHUraTelIel TEIUIO0TJauya 3aBUCUT OT CKOPOCTHU POTOpa U
eé xapakTepH3yIoT Kod(puuuenToM yxyamenus temootnadn B = Al 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

HepHoJl HEM3MEHHOM HOMHHAIIBHOM Harpys3ku [j uepemyercst ¢ meprofoM OTKIIOYEHHS MAalIWHB,
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 MPOIOJDKUTEIIEHOCTh BKIIIOYCHUN €
_ G
ts +1;

[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¥7 77777777
0 ®YCT7—7777:::; - ®YCT*‘********"*
AP ® \
®oc_
‘ NS AP
®oc ®Oc*’********"*
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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. Pacu€r MOIIHOCTH U IPOBEPKA [0 HATPEBY JABUTATENS TSl NPOOOINCUMENLHOLO PEeNCUMA

pabomwl
B cooTBeTCTBHMM C ypaBHEHHMEM JBHKEHHS SJIEKTPOIPHUBOAA U1l OJHOMACCOBOW CHCTEMBI

MOMEHT [BUTATeNIl Ha pa3jIMYHBIX JTanax paboThl ONpenensercs TEeKyIIUMH 3HaueHUsIMU
CTaTUYECKOM M TMHAMMYECKOW HArPYy3KH JIEKTPONPHUBOJIA!

M(t)=l\/|c(t)+J2C;—cto.

3aBrCHMMOCTH MOMeHTa JBuraTes oT BpemMenun M (t) HaspiBaeTcst Harpy304HOMN JUarpaMMon
JIBUTATENS] U SBIISIETCS] TVIABHOM XapaKTEPUCTUKOM, MCIOJIb3yeMOM NpPH pacu€rax, CBS3AHHBIX C
BBIOOPOM MOIIHOCTH 3yeKTpoaBUratesniss. OCHOBOM JUIst pacuéTa Harpy304HBIX AUArpaMM sIBISIOTCS
uHPOPMAlMs O CTaTHYECKOM MOMEHTe Ha KaxkaoMm otane paborel M (1), HasbBaemyro



Harpy304HOM AMarpaMMoi MeXaHW3Ma, U CBEJECHHUS O XapaKTepe IBUKEHHS AJIEKTPONPUBOAA B
TEXHOJIOTHYECKOM TPOIIECCE, 3aJaBaeMBbIe TaXOrpaMMoii sektpornpuBoga 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

paboThl JABUTaTENs NP HEU3MEHHOH cpenHel CKOpocTH (s =CONSt. Ilpu sToM 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

YUIHUTHIBAT.
PacuéTHbIil MOMEHT IBUraTess MOKHO HAWTH 110 COOTHOILICHUIO
My >kl 4y,
rne  k.=11+13 - koddouumenT 3amaca, yUHTHIBAIOMIMH JHHAMHYECKHE PEKUMBI

QJICKTPOABUTATCIIA, I ﬁ.y — DKBUBAJICHTHBI MOMEHT Harpysku.
TOFI[a paC‘-IéTHYIO MOIITHOCTH ABUTATCIIA Pé MOKHO OIIPCACINUTD 110 (1)0pMyJIe
Pa == Mémé'
IIo MOJIYYCHHOMY 3HAYCHHUA I10 KaTaJIOTy BBI6I/IpaeTCH ABUT'aTCJIb 6JIH)I(aI>’IHIeI>’I 60J'II>I.H€I>1

MOIIIHOCTH W CKOPOCTH, TOCIE Yero BBIOPAHHBIM JBUTATENh IMPOBEPSETCS MO MEPErpy304HOM
crocobHocTu. s 3TOro Ha HArpy304HOW AMarpaMMe OMPEAeNIOT Y4acTOK MaKCHUMAalIbHOTO

nunamuueckoro MomenTa My nay Y CPABHHBAIOT €10 C 0MyCTHMBIM MOMEHTOM JIBHTATeNs
Mimax <Maz =M Mg,
rae Aj — AOIYCTHMBINH KOI((HULHUEHT neperpy3ku JBUTaTels 10 MOMEHTY, YKa3bIBaeTCs B
MACIIOPTHBIX JAHHBIX HA J{BUTATEb.
Jns JAIIT oObIYHOTO WCIONHEHWS M CHHXPOHHBIX aBurareneit A; =15+25, mna A/l

MaKCUMaJIbHbIf MOMEHT JABHUraTelsi MOXKET ObITh MPUHAT paBHBIM KpuTHueckomy. [Ipu Bei6opa AJ]
¢ K3P taxxe HeoOX01uMO MTPOBEPUTH ABUTaTEIb MO YCIOBUSAM ITyCKa:

Méﬁ.'l’ > MC.T :

34. Ilposepra ogueamens no nacpegy npu nepemeHHol Hazpy3sKe
JlBurarens Oyner paboTarh B JOMMYCTUMOM TEIJIOBOM PEKUME IIPU BBIIIOJHEHUH YCIOBUS

Toaa <Taii

Tle Tsy; — NEperpeB JABUTATENs NpU paboTe; Ty — AOMYCTUMBIA IEPETPEB JBUraTeNs,
OHpCI[CHSIGMBIfI KJIaCCOM €TI0 N30JIA1UH.

HpOBCpKa ABUTATCIIA 110 HArpeBy MOKCET 6BITI) BBITIOJIHCHA IIPSMBIM MW KOCBCHHBIM
METOAdaMMU. Hcnonb3oBanue npaMoro Meroga Ipeamnojaract pacqéT U TIOCTPOCHUC KpHBOﬁ
neperpesa T(t) 3a mukn paGorel aBurarens. [IpuMeHeHHE MPAMOrO METOAA TPeOyeT HaIuuus
MaTeMaTHYeCKOU MOZCIIN TCIIJIOBOI'O PCKHUMaA ABUTATECIISA, UTO ABJIACTCA TPYﬂOéMKOﬁ 33.,[[&‘-16171, TakK

KaK TOYHOE OINHCAHME MPOLECCOB HarpeBa M OXJIAKJICHUS IBUTATENS TOBOJIBHO cllokHOE. [loaTtomy
OOBIYHO HCIIOIB3YIOT KOCBEHHBIE METOBI IPOBEPKH, HE Tpedyromue nmoctpoenus rpapuxa 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
Aty = [ APt
0

Torna cpenHuii neperpes ABUrarTess 3a BpeMs LKA td COCTaBJIACT

Ilo anasoruu HOMHUHAJIBHBIE MOTEPU MOIIHOCTU B JABHUraTelle ONPEIENAIOT ero JOMyCTUMBIN
Harpes

AP;

Tegi A

all A

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

APy < AP

mn
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
IIPEBLIIIEHUE TEMIIEPATYPBI HE IIPEBBILIACT JOIIYCTUMOE IIPEBLILIEHUE TEMIIEPATYPEL.
Ecnmu Ha oOTHenpHBIX ydYacTKax IMKJIA Harpy3ka IIOCTOSHHA, TO CpEIHUE IOTEpH
onpenensores no Gopmyse

n
1

Homunansurie IMOTCPHU MOIIHOCTHU ABHUIATCIIA OMPCACIIANOTCA IO KAaTaJIOKHBIM AAHHBIM I10
dbopmyite

AP =Py (-mp )/ mp

MGTOI[ CpeI[HI/IX HOTCpI) IIO3BOJISIET OLCHUTH TGHJIOBOfI pC)KI/IM pa6OTBI ABUTATCIIA 110
CpCAHEMY IIPCBBIIICHUIO TEMIICPATYPhI. B sToM 3akirouaercs onpez[enéHHaﬂ IorpCurHoOCTb METOAAa,
TaK KakK MaKCHMaHBHBIi/JI neperpeB ABHUTATEIIsI HA OTACIBbHBIX y‘IaCTKaX OUKJIA MOXCT HpeBBIIHaTI:
‘Cﬁé. TouyHOCTE OLCHKM HaArpe€Ba 3THM MCETOAOM TCM BBIIIC, YEM 6OJ'IBH_IC padHua MCKAyY

BEJIUMYMHAMH MOCTOSHHOM BPEMCHH HarpcBa TI 1 AJIUTCIBHOCTBIO HanOoJee MMPpOAOJIKUTCIIBHOTO

ydacTKa LUKIIa pa6OTBI JABHUIaTCIIA t‘lé‘lf) , TO €CTb MCTOJ BO3MOXHO HCIOJB30BATH TOJIBKO IIpH

BBIITOJIHCHHUU YCIIOBUA
ty <<T;.

Merton cpennux noteps Tpedyer 3HaHus kpuBoil KII/[ nurarens B GyHKIMU €ro HAarpy3KH
nu HpCJIBapI/ITeJ'II)HOFO OHpGI[GJ'IGHI/Ifl HOTepB Ha KaXXI0M U3 y‘IaCTKOB Hﬂl’”pyBOLIHOI\/JI I[I/Ial"paMMBI, qTo
YCIIOXKHSET PACUET.

qaCTO OKa3bIBACTCs HpI/IeMJ'IeMI)IM HUCIIOJIB30BaHUC MECTOJ0B OJOKBHUBAJICHTHBIX BCJIINYHNH,
MO3BOJIAIOIIUX TPOBCCTHU IHPOBCPKY ABUTATCIISI 11O HArpeBY 60.]'[6‘6 IIpOCTO. K Ttakum METOAaM
OTHOCAT METOA 3KBUBAJICHTHOI'O TOKa, MOMEHTA U 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
APys = ARt + 1jaR -
CpenHsisi MOIIHOCTH IOTEPh 3a LUK MPU NEPEeMEHHOM TIpaduKe Harpy3kd IBUTATeNs U
MPOJIOKUTEIIEHOM PEXXHME pabOThI
AP = ARt + AR, +..+ AR,
" t+t,.. 4t

[ToxcraBuB (6.5) B (6.6) mocie mpeoOpazoBaHuil TOMYyIrM (HOPMYITY Jisi OIpEIeTCHHS
AKBUBAJICHTHOT'O TOKA:

2 2 2
I+ 5t + 4 1t

lyea t,

HBI/IFaTeHB IMpOXOaUT 110 YCIIOBUSM HArpeBa, C€CJIN BBIITOJIHACTCS YCHOBI/IC

lyea < Iy

MeTOI[ OKBUBAJICHTHOI'O TOKAa UCXOAUT U3 IMPCAIIOJIOKCHUA HE3AaBUCUMOCTH IMOTEPh B CTAJIU U
MECXAHUYCCKUX OT Harpy3KI/I nu HpeIIHOJIaI“aeT ITIOCTOAHCTBO COHpOTI/IBHeHI/Iﬂ FJI.‘:lBHOI‘/’I uenu
ABUTaTCJIsdI Ha BCEX yIIaCTKaX 3aJaHHOI'O rpa(bI/IKa HarpySKI/I. CHCﬂOBaTeHBHO, Koraga IMOCTOAHHBIC
HOTEPH HE ABJISIOTCS TAKOBBIMU (M3MEHEHHE HANpsyKeHUst Ha AJl) WM CONPOTHBIIEHUE HE OCTAETCS
HOCTOSHHON BenuuuHOM (AJ] ¢ riuybOKMM Ma3oM B PEXKHME MEPEMEHHOIO CKOJBKEHHS), METOJ
3KBUBAJICHTHOI'O TOKA MOXECT HpI/IBeCTI/I K CyHIeCTBeHHI)IM HOI‘peIHHOCTSIM.

B paac CﬂyqaeB OKa3bIBACTCA y,[[O6HO HCIIOJIb30BaTh JId IIPOBCPKHU IIO0 HaneBy rpa(I)I/IK
MOMCHTa, paSBHBaeMOFO JABUI'aTCICEM, B q)yHKHI/H/I BpeMeHI/I. ECJII/I IIOTOK ABHUIareiisd 1noCToOsAHEH, TO
Me)KI[y MOMCHTOM MU TOKOM CyH_[eCTByeT [MpornopuruoHajlibHas CBA3b. HOSTOMY OKa3bIBACTCs
BO3MO>XXHBIM HpOBepKa ABUTaTCIIsL MemOC)OM IK6UBAJIIEHMHO2O0 MoMeHma, KOTOpI)If/'I JJIA
CTyHquaTOFO rpa(bI/IKa BBIUYHCIIACTCA 110 (1)OpMyJIe

M. — M2, + M2, +..+ M2, i(Mzt)/t
yea = — n = i)/t
AN AR =
rie  M;,t; — CcOOTBETCTBEHHO MOMEHT U JUIMTEIBHOCTH I-Or0 Yy4YacTKa Harpy30YHOM
Z[I/IarpaMMbI.
Z[BI/IFaTeHB MMPpOXOAUT I10 YCIIOBUSAM HArpeBa, €CJIU BbIITOJIHACTCA YCIOBHUC
Myes < Mg

Merton MNPUMCHACTCA JISI IIPOBCPKU IO HATPEBY BCCX JBUTaTEIIEH Ipu yCJIOBUU pa6OTI>I C
IIOCTOAHCTBOM IIOTOKA.

Ecau Harpy3o4dHas guarpamMma ABUTATCIIA 3a/laHa B BUIC I‘pa(l)I/IKa MOIITHOCTH, TO ITPOBEPKa
ABUTATCIIA IO HArp€By MOXKET OBITH BBINOJIHECHA HETIOCPCACTBCHHO I10 rpaq)m(y MOIIHOCTH, 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 I‘pa(bHKa Harpy3kKu 3KBUBaJICHTHAS MOIMHOCTB BBIYHUCIACTCA 11O (I)OpMyne

12, + 15, +.. 1 &,
b+t +o4t,

P,

yéa

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 € 4 KOHKPETHOIO pEeXHMa K CTaH)IapTHOfI Eiii

OKBHUBaJICHTHBIC 3HAYCHHS BEIIMYUH BEIYUCIISIOTCS I10 (I)OpMYJ'IaM



€

yea = lyeac
ki(e—em )+em
€
M,z = Myas ;
ye YN ki (e e )+eq
€
Pyéa = Pyéag )

ki(e—em )+en
e K; = APt/ AR, — K09 dunuent noreps.

Ecnu BenuumHa MOCTOSHHBIX MOTEPh CYHIECTBEHHO MEHbILE NMEPEMEHHBIX, TO CJIaraeéMbIM
ki (e—€p ) MOXHO IpeHeOpeds, pK 5TOM (GOPMYJIBI JUIS SKBUBAIEHTHBIX BEIMYMH YIIPOLIAKOTCS.

IIpn npeneOpexkeHnu nocrosiHHbIME noTepsiMu (K, <<1) ¥ wucnonp3oBaHMM JBUTATEIS,
IPEeIHA3HAYEHHOTO IS IPOIOJDKMTENBHOTO peskuma paboTel ( €5 =1) , momyunm
lyea= |yéag\/5; Myes = Myéas\/gi Rrea= Pyéag\/g-
®opmyIbl cripaBeAIMBEI IPU YCIOBUHU TIOCTOSHCTBA TEIUIOOTIAuM B IIEPHOJ Nay3 (Hampumep,
JIBUTATENN C MPUHYAUTEIBHBIM OXJIAXKICHUEM ).

Ha 3auere cryneHT moxet 3apadborars oT 24 10 40 Gamios.

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

Ouenka no 5- Cymma

. TpeGoBaHus K 3HAHUSIM HA JK3aMeHe
0aJJILHOM LIKAJIE 0aJ1J10B

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

BBICTABIIIETCS CTYJCHTY, €CITU OH 0€3 CYIIECTBEHHBIX OIIMOOK
OTBETHJI Ha BCE BOIPOCHI, OJHAKO JONYyCKall OTIEJIbHbIE
HETOYHOCTH WM HE JAEMOHCTPHUPOBAI JOCTATOYHO TIyOOKOTO
3HaHHUS MaTepuasa

«3aumenor 29-+35

BBICTABJISICTCA CTYACHTY, €CJIM OH B OTBETAaX Ha BOIIPOCHI
NpoOACMOHCTPHUPOBAII TOJIBKO 3HAHUC OCHOBHOI'O MaTepualia,
JA0ITyCKaJl CYIICCTBCHHLIC HETOYHOCTHU B OTBETAax,
HEAOCTATOYHO TCXHUYCCKU I'PAMOTHO (I)OpMy.]'II/IpOBaJ'I OTBCThI

24 + 28

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

«He 3aumenoy menee 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 6asuioB 3a pa3ieibl 1 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. Bacunbes, b. FO. ABTOMaTu3upoBaHHbBIN AIEKTPONPUBOJ MAIllMH U YCTAaHOBOK T'OPHOTO
npou3BojcTBa : yueOHuk / b. 1O0. Bacunbes. — Cankr-IlerepOypr : Jlans, 2020. — 144 c. — ISBN
978-5-8114-4420-5. — Texkcr: 21eKTpoHHBIN // JlaHb : 3IIEKTPOHHO-OMOIIMOTEYHAsT CUCTEMa. —
URL.: https://e.lanbook.com/book/139295

2. ®ponos, FO. M. PerynupyeMslii acCHHXPOHHBIH AJIEKTPONpUBOJ : yueObHoe nocodue / 1O.
M. ®ponos, B. I1. lllenskun. — 2-e usn., crep. — Cankr-IletepOypr : Jlanp, 2018. — 464 c. —
ISBN 978-5-8114-2177-0. — Texkcr : anmekTpoHHbIH // JIaHb : 371€KTPOHHO-OMOIMOTEUHAs CHCTEMA.
— URL.: https://e.lanbook.com/book/102251

3. ®dypcos, B.b. MoaenupoBanue 31eKTponpuBoa: yaeoHoe mocobue / B.b. dypcoB. — 2-
e u3x., uctp. u ngon. — Caunkr-IlerepOypr : Jlanp, 2019. — 220 c¢. — ISBN 978-5-8114-3566-1. —
TekcT : 2IeKTpOHHBIN //  DneKTpoHHO-OMOIMoTeuHas cuctema «Jlamwy @ [caiit]. — URL:
https://e.lanbook.com/book/121467

JlomoJiHuTeIbHAS JIUTEpPaTypa

4. ®ponos, FO.M. IlpoexTrpoBaHHE >IIEKTPONPUBOAA MPOMBIIUICHHBIX MEXaHU3MOB !
yuebHoe nocoodue / FO.M. ®ponos, B.II. lllensxun. — Cankr-IlerepOypr: Jlans, 2014. — 448 c.
— ISBN 978-5-8114-1571-7. — TeKcCT : SNEKTPOHHBIN / DNEKTPOHHO-OMOIMOTEYHAsT CHCTEMa
«Jlanby : [caiit]. — URL: https://e.lanbook.com/book/44766

5. Enudanos, A.Il. Dnexrponpuson: yuebnuk / A.Il. Enudanos, JILM. Manaituyk, A.T.
I'ymunckuit. — Cankr-IlerepOypr : Jlanp, 2012. — 400 c. — ISBN 978-5-8114-1234-1. —
TekcT : 2NEeKTPOHHBIN //  DNeKTpoHHO-OMOMMOTeYHass cucrema «Jlawb» : [caiitr]. — URL:
https://e.lanbook.com/book/3812

6. Hukurenko, I'.B. DnekTponpruBo MpOM3BOICTBEHHBIX MEXaHU3MOB: ydeOHOe Tocobue /
I".B. Hukurtenko. — 2-e u3na., ucnp. u gon. — Canxt-IletrepOypr : Jlanp, 2013. — 208 c. — ISBN
978-5-8114-1468-0. — TekcT : anekTpoHHbIH // DnekTpoHHO-OMONMMoTeuHast cuctema «JlaHby :
[caiit]. — URL: https://e.lanbook.com/book/5845

7. ®ponos, 0. M. COopHHK 3a7a4 ¥ TPUMEPOB PEHICHUH IO JICKTPUUECKOMY MPUBOIY :
yuebnoe nocobue / 0. M. ®@ponos, B. [1. Hlenskun. — Canxt-IlerepOypr : Jlans, 2012. — 368 c.
— ISBN 978-5-8114-1141-2. — TekcT : 2NeKTpOHHBIHA // JlaHb : 3JIEKTPOHHO-OMOIHOTEUHAs
cucrema. — URL: https://e.lanbook.com/book/3185

IIporpammuoe odecneuenune u UnrepHer-pecypceni:
8. http://www.elecab.ru/dvig.shtml. CnpaBounuK 35eKTpUKa U SHEPrEeTHKA.
9. https://docplan.ru/list0.htm. I'ocynapctBennsie crannaptsl. baza TOCT ot OI'YII
"Crangaptuadopm”
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10. https://docplan.ru/list2.htm. ba3za HopMaTHBHO-TEXHHYECKUX JOKYMEHTOB.

MarepuajbHO-TEXHHYECKOE O0ecneyeHue y41eOHOH TUCUUILTMHBI

JIeKIIMOHHBIE 3aHATHS TPOBOIATCA B aynutopuu Ne 412, ocHaleHHOH MyIbTHMEIUHHBIM
000pyI0BaHUEM.

Jlexnuonnas (ayn.412)

O6opynoBanue:

ABTOMAaTU3MPOBaHHOE pabodee MECTO MPEro1aBaTeNs:

nporeccop —~AMD Athlon (tm) 64x2, 3800+2,01 GHz; oneparusHas mamsts — 3,50Gb.
JluueH3noHHoe U CBOOOTHOE MPOrpaMMHOE oOecTiedeHre 00Iero u mpohecCHOHaILHOTO
Ha3HAYCHUS,

Muxpodon Sven MK-200 nacronsubiii — 1; [Ipoextop Viewsonic;

Dkpan Lumien Eco Picture 180*180 cm HacTEHHBIA.

JlaboparopHble 3aHsATHS TpoBoAsTcss B jaboparopum «Ikcmnyaranuu [ITCIAM wu
Mexanuzaruu [IPTC pa6or» Nelll, ocHameHHO# 1a00paTOPHBIMU YCTAHOBKAMHU W CTEHIAAMU IS
BEITIOJTHEHUS JTA0OPATOPHBIX PadoT.

Jlaboparopus «kcrnyaranuu [ITC/AIM u mexanuzaimu [TPTC pabor» (ayn.111)
O6opynoBanue:
KoMIuiekT nokymMeHTaluu, MeToan4eckoe o0ecreueHue;
[Monwemuuk Tteneckommueckud I[1T-7,2 — 1; Anemomerp ACI[-3+crenn — 1; OrpanwuuTenb
rpy3onoabeMHocT - 1; Ctrenn CKH-2 — 1; Crenn CKH-MII2 — 1; Cteng npoBepku ycTpolcTBa
"Bapeep" — 1; Tonmmmuomep YT-93 - 1; YerpoiictBo "bapeep-1M" - 1;
Crenp 11t IPOBEPKH U HACTPOMKHU OTpaHUUYUTENEH TPy30M0oaAbeMHOCTH — 1;
Crenp 1151 IPOBEPKH U HACTPOIKU orpaHuuuTeneit rpysonoabeMuoctu ACY OI'Tl -1,
VibTpassykoBoi nedexrockon (V/2-12-1) — 1.

Ilepedens maboparopHoro 000pyI0BaHUs MPEACTABICH B TAOINIE

Ne HaumenoBaHue 1a60paTopHOi paboTh Tun naboparopHoro
TEMBI obopynoBanusi, UHB. No

1 2 3

4 OnexTponpuBo] cuctembl « TUpHCTOpHBIN
npeoOpa3oBarenb - ABUTATENb IOCTOSIHHOTO TOKa Crenp 2095-C-K
HE3aBUCHMOTI'0 BO30YXKACHHUS C pEryIUpPOBaHHEM IO «DNEKTPOTEXHUKA M OCHOBBI
CKOPOCTH» OJICKTPOHHUKHU: IDJICKTPHYCCKUC

4 OnexTponpuBo] cucteMbl « TUpHCTOpHBIN U MarHuTHbIE LEMH, OCHOBBI

npeoOpa3oBarenb - ABUTATENb IOCTOSTHHOTO TOKa
HE3aBHCUMOTO BO30YXKICHUS C TTOTIMHEHHBIM
pPEryJIupoOBaHUEM IO CKOPOCTH»

4 ONEeKTPONPUBOJ CUCTEMBI « TUpHUCTOPHBIM
npeoOpa3oBarenb - ABUTATENb IOCTOSIHHOTO TOKa
HE3aBUCHMOTI'0 BO30YXKAECHHUS C MOAYMHEHHBIM
pEryIupoBaHUEM [0 HANPSKECHUIO)

4 Onextponpuso] cuctemsl «IIpeobpazoBarenb 4acTOTHI -
ACUHXPOHHBIH JIBUTaTeNlb C KOPOTKO3aMKHYTBIM POTOPOM C

pPEryJIupOBaHUEM IO CKOPOCTH»

OJICKTPOHHKH, OJICKTPHYCCKUC

MalluHbl U MPHUBOA» HHB. No
410124000001

quﬁHo-MeTozmqecmle PCKOMECHIANIMUA NJIA CTYACHTOB

1. Ykazanus Ui NpoCTyIIMBaHUs JEKIUN

Hepe)l HA4ajJOM 3aHATHII BHUMATEIHHO O3HAKOMUTHCS C y'-Ie6HI)IM IIJIAaHOM IIPOBCACHUA

JIEKIIUM U CIIMCKOM pCKOMeHHOBaHHOﬁ JINTCPATYPHI.

Ilepen mnocemeHMEM OYEPEAHON JIEKIIMM OCBEXKWUTh B MaMATH OCHOBHBIE KOHIIENIUU
MPONJIEHHOTO paHee Marepuana. [1oAroToBUTH Mpu HEOOXOAUMOCTH BOMPOCH MpemnoaaBatento. He

HaJI0 OI1acaThCsl, YTO BOIPOCHI MOT'YT OBITh MPOCTHIMHU.



https://docplan.ru/list2.htm

Ha nexkuuu OCHOBHOE BHHMMaHHE CJEIyeT YAENATh He (opMmynaM U MaTeMaTUYECKUM
BBIKJIQJIKaM, a COJICPKaHUI0 U3Y9aeMbIX BOIIPOCOB, OMPEIEICHHUSIM U TOCTAHOBKAM 33]1a4.

B mnpomecce wu3ydeHus JIEKIMOHHOTO Kypca HEOOXOAMMO 10 BO3MOXHOCTH YacTo
BO3BpallaThbCA K OCHOBHBIM INOHATHAM W MCTOAAaM PCHICHUA 3aaa4d (3,[[er BO3MOXCEH BBI60pO‘IHbII>'I
KOHTPOJIb 3HAHUH CTYJIEHTOB).

JKenmarenbHO MCHONB30BaTh KOHCIIEKTBI JIEKIIMM, B KOTOPBIX HCIIOJIB3YETCS IPUHATAs
npernojaBaTesieM cucreMa 0003HaYeHHI.

Jns OGonee moapoOHOro W3y4eHHs Kypca cienyer paboTarh ¢ pPEeKOMEHIOBAaHHBIMHU
JTUTEPaTypHBIMU HCTOYHUKAMU U BHOBBH MOSBIISIOUIUMUCS HCTOYHUKAMH.

2. YkazaHus A7 ydacTus Ha 1a00paTOPHBIX 3aHATHUSAX.

[lepen mocermeHueM YSICHUTh TeMy JIaDOpaTOPHOTO 3aHATHUS U CAMOCTOSTEIBHO WU3YYHTh
CBSI3aHHBIC C HEW MOHATHS U METOJUKY IIPOBEICHUS UCIIBITAHUS IO METOIMYECKOMY YKa3aHUIO.

Hepe):[ HCIIBITAHUCM AKTUBHO Y4YaCTBOBATH B OGCy)KI[CHI/II/I C IperogaBaTcjiceM OCHOBHBIX
MOHATHM, CBA3AHHBIX C TEMOW 3aHATHUS.

B nporiecce ucnbITaHUs CTPOro COOMIOAATh TPpaBUila TEXHUKN O€30MacCHOCTH.

[Tocne ucnbpITaHUs MO BO3MOXXHOCTH CaMOCTOSITENIbHO MPOBOAUTH 00pabOTKY pe3ysbTaToB
HKCHEPUMEHTA JI0 OKOHYATEILHOTO UTOTA U CIeNaTh BHIBOJ 10 padoTe.

B koHIIe 3aHATHS TpU HEOOXOIUMOCTHU BBISICHUTD Y MPENO/IaBaTeNsl HEICHBIE BOIIPOCHI.

[ToaroToBUTH MMCEMEHHBINA OTYET O MPOJCIAHHON padoTe.

3. CamocrosiTenbHas paboTa CTYACHTOB OOBIYHO CKJIQIbIBACTCSI W3 HECKOJBKHX
COCTABIISFOLIHX

- paboTa ¢ TeKCTaMu: y4eOHMKaMU, UCTOPUYECKUMU MTEPBOUCTOYHUKAMHU, TOTOTHUTEILHON
JUTEPaTypoi, B TOM YHCIJIE MaTepraIaMu HHTEPHETA, a TAKXKE MPOPa00TKa KOHCIIEKTOB JICKIUH;

- HallMcaHue JI0KJIa/10B, pedeparos;

- IOATOTOBKA K MPAKTHUYCCKUM 3aHATHAM,

- IOITOTOBKA K 3a4€Ty HEMOCPECTBEHHO MEPe]] HUM.

Takum oOpa3om, camocTOsTEeNIbHAsE paboTa CTYIEHTOB SIBJISICTCS  HEOOXOIUMBIM
KOMITOHEHTOM TMOJIY4YEeHHsI TOTHOIEHHOTO BBICIIETO 00pa30BaHUsl.

MeTtoanyeckue peKoMeHAaluu /I npenoaaBaresie

Meroanueckue yka3aHus K IPOBEICHUIO JICKITHI

Jlexnust — UTpaeT BaXKHEHIIIYIO POJIb B OPTaHU3aIMK y4eOHOTO MpoIecca, OHaKo, OHA HE
MOJKET OCTaBaTbCs B COBPEMEHHBIX YCIOBUSX HEU3MEHHOW, HU 10 COJEpPXNAHUIO, HU IO
HaIpaBJIEHHOCTH, HU 10 (hopMme.

B cBs3u ¢ pacmupeHueM U yriiyOjieHHEeM COAEp)KaHus JICKIUH U3MEHSEeTCs METOJIUKa UX
MMpOBCACHUA, OCHOBAaHHAd Ha MCIIOJIB30BAHHMU PA3JIMYHOIO0 pOJa CTPYKTYPHO-JIOTMYCCKHX CXEM,
KaX/1as U3 KOTOPbIX UMEET CBOIO COJEPKAaTEeNbHYIO CyTh U Ha3HAYCHHE B MOCTPOCHUM BY30BCKOM
JICKIIUH. TaK, q)YHKIII/IOHaHI)HI)IC CXEMbI, PaCKPbIBAOIIHE JIOTUKY TOI'O UJIKW MHOI'0 NEAaroru4€CKoro
mporecca, SBJIEHUS, TO3BOJISIOT MPHIATh JIEKIUH JIEMOHCTPALMOHHO-Pa3BUBAIOIIMN  WIH
YCTaHOBOYHO-HAllENMBAIOIMN XapakTep. [IpuHIUNMANbHBIE CXEMBbI, OTpakarouue OJ0YHOe
MIOCTPOCHHE  MaTepHuaiga, CHOCOOCTBYIOT —TNPEBPALICHHI0 JIEKIMH U3  MH()OPMAIMOHHO-
PENPOAYKTUBHON B CTPYKTYpPHO- HAIEJIMBAIOIIYIO (WM IPOOJIEMHO-TIOMCKOBYIO, WM O0030pHO-
TEMaTUYeCKyl0 — B 3aBUCUMOCTH OT TeMbl). MHEMO3HaKu MNPUAAIOT JIEKIUH YETKOCTh,
KOHKPETHOCTb, KPATKOCTb BO BBECACHUHN MMOHATHITHOTO armapara.

Jlexuust — BecbMa SKOHOMHBIN CHOCOO M3JI0XKEHHsT OCHOB 3HAHUi, 3aKJIaJbIBAa€T OCHOBBI
IMOHUMaHHUA CTYACHTAMH CYIIHOCTH OJOTHX 3HaHI/II71, SMOIIMOHAJIBHOE€ OTHOIICHUE K 3HAHUAM,
HaMpaBJsieT MyTH U CIIOCOOBI MPUOOPETEHUS STUX 3HAHHM.

OcHoBHasl TuaKTU4ecKast 1eJb JIEKIMH — GOPMUPOBAHNE OPUEHTHUPOBOYHOM OCHOBBI JJIst
MOCJIeTYIOIIEr0 YCBOGHUS CTyIeHTaMU y4eOHOro MaTepuaia.

Jlexuus, xak ¢opma MNpenojaBaHUs B BBICIHIEM y4eOHOM 3aBElNEHHH, 00JalaeT psIoM
¢byHKuui: 00yJaronas; BOCHUTHIBAIOIIAS; Pa3BUBAIOIAs; HHPOPMATHUBHASL.

MosxHO0 BBIJICIIMUTE U IPCUMYIICCTBA JICKIIUN:

- TBOpUECKOE OOLICHHE JIEKTOpa C ayIUTOPHEN, COTBOPUECTBO, SIMOIIMOHAIEHOE
B3aNMOJIECHCTBHE;



- JIEKIIUS BechbMa SKOHOMHBIN CIOCOO IMOJIydeHHs B OOIEM BHJE OCHOB 3HAHUIL; JIEKIUs
AKTUBU3UPYET MBICIICHHYIO JEATEIbHOCTh, €CIU XOpPOILIO TMOHSATAa W BHUMATEIBHO MPOCIYILAHA,
[IOATOMY 3ajJaya JIEKTOpa — pa3BUBaTh aKTMBHOE BHUMAaHUE CTYJIEHTOB, BBI3bIBATh JABUKEHUE MX
MBICJIA BCJIE]T 3a MBICIIBIO JIEKTOPA.

Ot MacrepcTBa IpenojaBarelis 3aBUCUT MAaKCUMAJIbHOE MCIIOJIb30BAaHUE MOTEHIMAIbHBIX
BO3MOXXHOCTEH 3TOW Bemyiied (hopMbl By30BCKOro odydenus. Ho mpouecc oO0ydeHHs, HAUNHASCh
Ha JIEKIINH, TPOJOJHKAETCS HA MPAKTUYECKUX 3aHATHIX U YIIIyOJIseTCsl CaMOCTOSITEIbHOM paboTOM!.
B 3aBucuMocTu OT MecTa B JEKIIMOHHOM WJIM TMPEAMETHOM Y4€OHOM KYpCE€ BBIACISIOT BBOJHYIO
nexkuuo. OHa 3HAKOMUT CTYJEHTOB C LEIbI0O U HAa3HAYEHUEM Kypca, €ro pojibl0 U MECTOM B
cucreMme yueOHBIX AucUMILINH. [lanee qaercs kpaTkuii 0630p Kypca (BeXu pa3BUTHS JaHHOW HAyKH,
MMEHA W3BECTHBIX YYEHBIX). B Takod JEKIWMU CTaBATCS HAy4YHBbIE MPOOJIEMBI, BBIIBUTAIOTCS
TUIIOTE3bl, HAMEUAIOTCS IEPCIEKTUBbl Pa3BUTHS HAyKHM M €€ BKJIaJla B IPakTUKy. Bo BBOAHOM
JIEKIIUU BAXKHO CBS3aTh TEOPETUUYCCKUN MaTepual ¢ MPAKTHKOW Oymymied paboThl CHEIHATUCTOB.
Janee nenecoo0pa3Ho pacckazath 00 o0IIel MeToAuKe paboThl HaJ KypCOM, JaTh XapaKTePUCTUKY
yueOHMKA U Y4eOHBIX MMOCOOUH, 03HAKOMUTH CIyIIaTelIel ¢ 00sI3aTeIbHBIM CITUCKOM JIUTEPATYPHI,
pacckazaTh 00 5SK3aMEHAIMOHHBIX TpeboBaHusix. [logoOHOE BBeJEHHE IOMOTraeT CTYACHTaM
MOJIYYUTh OOIIee MPEJCTABICHUE O MPEAMETe, OPUSHTHPYET WX HA CHUCTEMATHUYECKYIO padoTy Hal
KOHCIIEKTaMU U JIUTEPATypPOM, SHAKOMHUT C METOJMKOI pabOThI HAJl KypCOM.

[Ipy TOATOTOBKE YKa3aHHOW JICKIUH I1e1ecoo0pa3Ho y4ecTh NPOOENbl B 3HAHHSIX
CTYJCHTOB, BBISBIICHHBIE Ha MPAKTHUECKUX 3aHATHUSX, B Mpollecce PPOHTAIBHBIX OMPOCOB U, KaK
MUHMMYM, JaTh WM YCTaHOBKY Ha IIyTH YCTpaHEHUs TIpoOeJoB, a TakkKe JalibHeHIIee
YCOBEPILIEHCTBOBAHUE CBOEH MOJATOTOBKHU B TJaHHOW oOnacTu. Ha UTOroBo# JIeKIUM IpernoaaBaTeib
BBIJICJISIET OCHOBHBIE HJIEH KypCa, TTOKA3bIBAET, KAKUM 00pa30M MOXKHO HCIOJIb30BaTh MOJYYCHHBIC
3HaHUS Ha IMpPaKTHUKE W MpU HU3YYEHUU ApYruX AucuuiuidH. IlogBoastcss uTOorM wu3ydyeHus
JTUCIWIUIAHBI, TIOKa3bIBacTCSI €€ 3HaueHHe B (OPMUPOBAHMHM HAYyYHOTO MHPOBO33PCHUS,
00CYXKIar0TCsi 0COOCHHOCTH 3a4eTa WM AK3aMEeHa IO MPEAMETY.

Jlekuus-Bu3yanu3anysi BO3HUKIIA KaK pe3yJIbTaT MOUCKAa HOBBIX BO3MOXHOCTEH peaIn3aliu
MpUHLUIIA  HamSAHOCTU.  [lcMXxonoro-nefarornyeckue  MCCIENOBaHUs — [OKAa3bIBAKOT,  YTO
HarJISITHOCTh HE TOJBKO CIIOCOOCTBYET 0oJiee YCIICITHOMY BOCIIPUATHIO U 3aIIOMHHAHUIO YIEOHOTO
MaTepuaiga, HO U TO3BOJISIET MPOHUKHYTHh TIJIy0Ke B CYIIECTBO IO3HABAEMBIX SIBICHUN. ITO
MIPOUCXOJUT 3a cYeT PaboThl OOOWMX TOJYyIIApWiA, a HE OJHOTO JICBOTO, JOTHYECKOTrO, TMPUBBIYHO
paboTaroiiero mpu OCBOGHMHM TOYHBIX HayK. [IpaBoe momymapue, oTBewaroiiee 3a oOpa3HO-
SMOIIMOHAIIBHOE BOCIIPUATHE TIPEABSBISIEMON HHPOPMAIINK, HAUMHAET aKTUBHO pab0OTaTh UMEHHO
IpU ee BU3yanu3aluu. Busyanu3zoBaHHas JIEKIHs MPEACTaBIseT cO0OW yCTHYHO HWH(pOpMAIIHUIO,
npeoOpa3oBaHHYI0 B BU3yalbHYIO (opmy. Bumeopsan, Oyaydd BOCHPUHATHIM W OCO3HAHHBIM,
CMOXET CIIYXUThb OIOPOM aJEeKBATHBIX MBICIEH M NpakTUdeckux nerctBuil. [IpenonmaBarens
JIOJKEH BBITIONHUTH TaKUE JEMOHCTPAIIMOHHBIE MaTepuaibl, Takue (HOPMbI HATJISITHOCTH, KOTOPHIE
HE TOJNBKO JOMOJHAIOT CJIOBECHYIO MH(OpPMAIHMIO, HO CaMU BBICTYNAIOT HOCHUTEISIMU
conepxarenbHo WH(oOpmaruu. IloaroroBka Takoil JEKIMH COCTOUT B PEKOHCTPYUPOBAHUU,
MEPEKOIMPOBAHUN COJEPKAHUS JIEKIIMU WM €€ YacTU B BU3YaNbHYIO (pOpMY HAJsi MpedbsBICHUS
crynentam yepe3 TCO wiu BpydHYIO (CIai/bl, MJIEHKH, IUIAHIIETHI, YEPTEKU, PUCYHKHU, CXEMBbI U
T.1.).

Jlexuus ¢ 3apaHee 3aIIaHUPOBAHHBIMU OIMMOKAMH aKTHBH3WPOBATh BHUMAHHUE CTYACHTOB;
pa3BUBATh MX MBICIUTENBHYIO NESTEIBHOCTh; (POPMHUPOBATH YMEHHUS BBICTYIIATh B POJIA SKCIIEPTOB,
pereH3eHToB U T.1. [loAroToBKa K JIEKIMH ¢ 3apaHee 3alyIaHUPOBAHHBIMHU OIMMOKAMHU COCTOHT B
TOM, 4YTOOBI 3aJ0XUTh B HEE OMNpPEIEICHHOE KOJMYECTBO OIMOOK COAEpKATEIHHOTO,
METOJIMYECKOTO, MOBEAEHYECKOT0 XapaKTepa, UX CIUCOK MPENoJaBaTellb MPUHOCUT Ha JICKIUIO U
MpeIbSBISET CTyAeHTaM B KoHIle. [logbupatorcs Hanbonee THIMMYHBIE OMIHOKH, KOTOPBIE, OOBIYHO,
HE BBITITYMBAIOTCS, &, KaK OB, 3aTYIIEBBIBAIOTCS. 3a7a4a CTYJIEHTOB COCTOUT B TOM, YTOOBI TIO X0y
JIEKIIMK OTMEYaTh OIUOKY, PUKCUPOBATH WX HA MOJSAX U Ha3bIBaTh WX B KoHIlE. Ha pa30op omubok
otBoauTCA 5—10 MunyT. [Ipr 3TOM NpaBUIBHBIE OTBETHI HA3bIBAIOT U CTYACHTHI, U MPENOIaBATENb.
Takas nexuusi OJHOBPEMEHHO BBIMOJHAET CTUMYJIUPYIOIIYI0, KOHTPOJBHYIO U IMarHOCTHYECKYIO
(GyHKIHIO, TOMOTasi AMArHOCTUPOBATH TPYAHOCTH YCBOCHUS MPEIBIIYIIETO MaTepHaia.



CTpyKTypa 3aBHUCHUT OT OCOOCHHOCTEH Y4YeOHOro Marepuasa W JIUJAKTHYCCKOW IIeNIH;
JIOJDKHA BKJIIOYATh 3JIEMEHT LEJIENIONIaraHusl U MojiBeieHUsl UTOroB. CTpyKTypa JIEKIIMM COCTOUT U3
TPEX OCHOBHBIX MOMEHTOB: BBOJHAsI YaCTh, OCHOBHAS YaCTh U 3aKIIOYUTEIbHAS.

BBoaHyto uacTh JeKIMM IenecooOpa3HO HauyMHATH C (HOPMYTUPOBKU €€ TeMbl U IIEIH,
4TOOBI U30€XKaTh €€ JAEKJIApaTUBHOCTH U HEONPEIEICHHOCTU B U3J10XKeHnn Marepuana. CooliieHue
ru1aHa Jiekuuu obecneunBaeT Ha 10-12% OGonee moiaHOe 3alIOMUHAHKE MaTepUana, 9YeM Ha TOU ke
JEeKIUH, HO Oe3 ornameHus miaaHa. CylecTByeT MHEHHE, YTO JIEKIHs yAaeTCsl WiIM IpOBaIuBaeTCs
B niepBble 10 MunyT. Ilo3TOMY yMEHHE OBlIaieTh BHUMAHUEM CIIylIaTeNel YK€ BO BBOAHOM 4acTu
oueHb BakHO. Hepenko, ocoOeHHO B Hayaje YTeHMs Kypca, CTYAEHThl HAaCTOPOKEHHO BCTPEYAIOT
IIPEIoiaBaTessi, O3TOMY OIBITHBIE JIGKTOPhl HAYMHAIOT BBOJIHYIO 4YacTh C SPKUX, MOHSATHBIX
(baKTOB, CBSI3aHHBIX C COJEP)KAHHEM IpPEAMETa U CIIOCOOHBIX MPOOY MHTEpPEC K CBOCH JIMYHOCTU U
YUTAEMOM JUCLUILINHE.

B ocHOBHO# uYacT mpernojaBaTeNio HEOOXOIUMO H3JIaraTb MaTrepuajl B COOTBETCTBHUU CO
CTPYKTYpOM  JIEKLIMM, YYMUTBIBATh IICUXOJOTMYECKHME OCOOCHHOCTH BOCHPUATHS  JIEKLUH.
Heo6x0a1Mo MakcHMabHO HCIIONB30BaTh MepBbie 15-20 MUHYT — Iepuo] «ri1yOOKOT0» BHUMAHUS
cllyluaTesei, jajgee HAacTylnaloT YTOMJIEHME M CHI)KEHHE BHUMaHMS (MaKCHMaJbHOE NaJIeHUE
pabortocniocobHocT Ha 40-if MuHyTe neknuun). Hanbosee, BaXHBII MaTepHuan B JICKIIUU JOJIKCH
MIOBTOPATHCS, CO3/1aBasi HEKOTOPYIO HM30BITOYHOCTh yuyeOHOM MH(pOpManuu, Tak Kak KoyieOaHus
BHUMAaHUS MPOUCXOJIAT Kaxable 2-3 MUH y Kaxkaoro ciymatens. LlenecooOpa3Ho npeasapuTenbHO
paccuMThIBaTh CKOPOCTh Nnojaauu uHpopmanuu. CymecTBYIOT HpaBuia nojayu Matepuana. OHu
ONMPAIOTCS Ha ICUXOJOTMYECKYI0 OCOOEHHOCTh ueloBeKa — Bochpusatue. Bo Bpemsi oCHOBHOM
YacTH IIOMOTraeT YAEp)KMBAaTh BHUMaHME CiyllaTeneldl BO3BpallleHHMEe K CTEep)KHEBOW wuiee. B
apceHaie JIeKTopa JOJDKHBI OBbITh CBOM IIPUEMBI: BO3MOXEH IE€pPEX0J] Ha UIYTJIUBBIA TOH
U3JI0KEHHUS; MOXKHO 3a/1aTh BOIPOC ayJAUTOPUHU U MOIMPOCUTH JIFOOOrO CTY/IE€HTa OTBETUTHh Ha HEro;
MOJKHO TPOYECTh KaKyI0-JIMOO IUTATY U B 3TO BPEMs IO3BOJIUTH CIYIIATENSIM CIENAaTh MUHYTHYIO
ITMMHACTHKY JUIS MaJIbIEB U Ja)K€ NOTOBOPUTH C COCEAOM; IPUBECTU MHTEPECHBIN (MM axe yalie
AaHEKJOTUYHBIN) Cilydal U3 NPAaKTUKH, KOTOPBIA BbI3bIBANT Obl IPYXKHBIH CMEX CiylIaTesneH,
MOMEHTAJILHO CHUMAJl Y HUX YCTaJIOCTh, AaBajl Pa3psAaKy, BOZMOKHOCTh U jKeJIaHWE BOCIIPUHUMATh
JIEKIIMOHHBINA MaTepHa Jajbliie, HO OHA JOJDKHA OBITh KOPOTKOM, TAKTHYHON M K MECTY.

TiaTenbHO HAAO NPOAYMATh 3AKIIOYUTEIbHYIO YacTh JEKIHH, IOBTOPUTH €€ MOJIOKEHUS, a
Ha CJENyIOIIeH JIEKIMM HayaTh MMEHHO C HUX. 3aKIIYMTENIbHAs 4acTh JIEKIMM MpeArosaraer:
MOJIBEICHUE HTOrOB; OO0OOIIEHHE MPOYUTAHHOTO U YK€ 3HAKOMOIO, U3 CaMOCTOSITEIbHO
U3Y4YEHHOI'O CTy/AE€HTaMH, Marepuaia, (popMyIMpoBKY BBIBOJOB U T.H. 31€Ch IpecieayeTcs Leb
OpPHEHTUPOBATh CTYACHTOB Ha CAMOCTOATENBbHYIO padoTy. [ 3TOro MoxxeT ObITh pEeKOMEHJ0BaHA
auTepaTypa IO H3yyaeMoW MpoOJeMaTHKe, pa3bsSCHEHO, KaKue BOIPOCHI BBIHOCITCS Ha
MPAKTUYECKHE 3aHATH, a KaKue He0OOXOMMO U3YUUTh CAMOCTOSTEIBHO.

B camom KoOHIlE JeKIMM CleIyeT OTBETHTh Ha BONPOCHl CTYJIEHTOB, BO3MOXHO
MOCTYMUBLINE B (hopMe 3aMncoK (0 TaKoH BO3MOMXHOCTH HaJl0 NPEAYNPEAUTh CTYICHTOB 3apaHee).
Co cryneHTamu, NpOSBUBIIMMU HMHTEpPEC K TEME JIEKIMH, >KEJIaTelIbHO Mo0eceaoBaTh MOcie ee
OKOHYaHUs, MPUTTACUTh UX Ha KOHCYJIbTAIMIO JJIs POJIOJKEHUs pa3roBopa. OTBedas Ha HalBHbIE
WIM HEJemnble BOIMPOCHl HAJ0 IIAJUTh CaMOoJIIoOMe CTYyAEHTa, Majellias 0€CTaKTHOCTh MpPU 3TOM
MOJKET IIPUBECTHU K ITOTEPE KOHTAKTA C ayJUTOPUEH.

Crnenyet TpeboBaTh, 4TOOBI Ha JIEKLHUIO B ayJUTOPUIO CTYIEHTHI MPUXOJWIN 32 HECKOJIBKO
MUHYT J0 ee Havaja. Omas3apiBaTh Ha JIEKIMIO W BXOJAUTh B ayJUTOPUIO TIOCIE JIEKTOpa
OOJIBIIMHCTBO OIBITHBIX IpernojaBaTeniell He paspematroT. HaumHas nekiuio, He peKOMEHAYeTCs
JeNIaTh JJIMTENBHOE BCTYIIJIEHUE, HE OTHOCSILEECS K TEME JIEKLINH.

MeTtoauueckue yka3aHusl K MPOBEACHUIO TAOOPATOPHBIX 3aHITHH

JlaGopaTopHble  3aHATUS MHTETPUPYIOT  TEOPETUKO-METOJIOJIOTUYECKHE 3HAHUS U
MPaKTUYECKHE HAaBBIKM W YMEHHUS CTYJIEHTOB B €IMHOM IIpoliecce esSTENbHOCTH Yy4eOHO-
HCCIIEIOBATENCKOTO  XapakTepa. [IpakTHuecku Bce BBIMYCKHUKH By3a JIOJDKHBI  OBITh
MMOATOTOBJICHBI K HCCIIEOBATEIhCKON pabote. JlabopaTopHbie pabOThl MMEIOT OCOOCHHO SIPKO
BBIPQKEHHYIO CIEIU(PHUKY B 3aBHUCUMOCTH OT KOHKPETHOW crneuuanu3zauuu. Ha maGopaTtopHbix
3aHATUSX OJHOU U3 3P deKTUBHBIX (OpM palbOTHI SIBISIETCS COBMECTHas Irpymmnosas padora. Takue
MPAKTUYECKHE 3aHATHS JODKHBI BECTH CTYACHTOB K JaJibHEHIIeH yriyOieHHONH caMOCTOSTEIbHON



paboTe, aKTUBU3UPOBATh UX MBICIUTEIBHYIO NEATEIbHOCTh, BOOPYKAaTh METOJIaMHU MPAKTUYECKOU
paboTHI.

[TpoBenennem 1abOpaTOPHBIX 3aHATHI CO CTYI€HTaMU JOCTUTAIOTCS CIAEAYIONINE LIEH:

- yrayOleHue W 3aKpeIuieHHe 3HaHHS TEOPETHYECKOro Kypca AKCIEePUMEHTAIbHOM
MIPOBEPKOH B JIaOOPATOPHBIX YCIOBUAX M3JI0KEHHBIX B JIEKIIUAX 3aKOHOB, MOJIOXKEHUN U HOPMYIT;

- MpUOOpPETEHHE HABBHIKOB B HAyYHOM OJKCIEPUMEHTUPOBAHHMM, AHAJIHM3E IOJYYCHHBIX
PE3yNbTaTOB;

- (QopMHpOoBaHME NEPBUYHBIX HABBIKOB OpraHU3alMM, IUIAHUPOBAHHUS M TPOBEICHHS
HAYYHBIX UCCIICJIOBAHUA.

@opMbl  OpraHu3alMM J1a0OpATOPHOTO 3aHATUS 3aBUCAT, IMPEXKIE BCEro, OT 4YHUCIA
CTY/IGHTOB, COJepKaHUs M 0OBeMa MPOrpaMMHOTO MaTepuana, Yuciia JIadopaTOpHBIX padoT, a
TaK)Xe€ OT BMECTUMOCTH Y4e€OHBIX MOMENICHUI U Hajauuusg o0opynoBaHus. B 3aBUCUMOCTH OT 3THX
YCIIOBHIA MPUMEHSIOT Cieaytone GopMbl IPOBEACHUS Ta00pAaTOPHBIX 3aHATHI: (POHTAIBHYIO, IO
IUKIaM, WHAUBUAYAJIbHYI0O U CMEIIaHHYI0 (KOoMOMHHMpOBaHHYI0). @DpoHTanbHas ¢opma
MpOBeICHUsT TaOOPATOPHBIX 3aHATUN MPEAIOJIaraeT OJHOBPEMEHHOE BBIMOJIHEHUE PaOOThI BCEMHU
oOyvaronumucs. Ee mnpumeHeHne cmocoOCTByeT Oosiee TiIyOOKOMY YCBOEHHIO Y4eOHOTO
MaTepuanga, MOCKOIbKY TpauK BBIMOJIHEHUS JIA0OPATOPHBIX pabOT TIIOCTaBICH B YETKOE
COOTBETCTBHE C JIEKIMSIMH U yrnpakHeHusiMu. [Ipu sTomM obecrieurBaeTcsi BBICOKUN METOAMYECKUN
YpOBEHb TIPOBEIEHHs paboOT, TaK Kak Ha KaXIOM 3aHATHM BHUMAaHHE IIPEITOIaBaTEls
COCpEeOTOYMBACTCS JIHIb Ha ofgHOU padbore. OaHako 3Ta popma TpedyeT OONBLIOr0 KOJIWYECTBA
OJHOTHUITHOTO, MHOTJA JOPOTOCTOSIIEr0 OOOPYJOBAaHUS W YHUBEPCAIBHBIX CTEHIIOB, a JJS HX
pa3MelieHusl - 3HAYUTENbHBIX JabOpaTOpHBIX MUIomanei. MHorma B By3ax HCHOJIb3yeTcs
opraHu3aIys J1adopaTopHbIX padoT mo nukiaaM. [Ipu 3ToM paboOThI IeNATCS HA HECKOIBKO IIUKIIOB,
COOTBETCTBYIOIIUX OMPEIECICHHBIM pa3jielaM JEKIIMOHHOTO Kypca. B oquH nuki oObeAuHSIOTCS
3—5 pabor, OCYIIECTBIsEMBIX, KaK IMPaBWIO, HA OJHOTHMHBIX creHAax. OOydaromuecs
BBITIOJHSIOT pa0oOTHI MO rpaduKy, Mepexolis OT OJHOTO LHUKIAa K Apyromy. [IpuMeHUTENbHO K
IIUKJIOBOM (OopMe OpraHU3alli CO3JAIOTCS JIA0OpPAaTOPHBIE MPAKTHKYMBI TI0 JUCIHILIHHAM,
UMEIOIUM B MpOrpaMMax 4YeTKO OOO3HAUYEHHbIE  pa3felibl MPUMEPHO  OJUHAKOBOU
MPOJOIDKUTEIFHOCTH TI0 BpeMeHH. By3bl, pacrnonararomuye OOJBIIUMH BO3MOXHOCTSIMH  TI0
nabopatopHoit 06asze, BHEIPSIOT WHAMBHAYaTbHYIO (OpPMY OpraHu3aluu padoT, MpuU KOTOPOU
K@XIbI CTYACHT BBINIOJHSIET BCE HAMEUYEHHBIE MPOTpaMMOil paboThl B  OIpeleNeHHOU
MOCJIe/I0BATENbHOCTH, yCTaHaBIMBaeMoOl rpadukoM. B 3ToMm ciyyae CTyAEHTHI OJHOBPEMEHHO
MOTYT paboTaTh HaJa Pa3TUYHBIMH TeMaMu. Hambosiee 4acTo B By3ax HCIOJB3YETCS CMEIIaHHas
(xoMOMHMpOBaHHas1) (opMa OpraHu3aly Ja00PATOPHBIX 3aHATHH, MO3BOJAIOIIAS HCIOIL30BaTh
PEUMYIIEeCTBa KaXKI0W U3 PACCMOTPEHHBIX BBIIIE (POPM.

JlaGopaTopHble pPaOOTHl BBIMOJHSIOTCS CTYACHTAaMH CaMOCTOSATENBHO. DTO 3HAYUT, YTO
npernojaBaTesib U cocTaB yueOHOH J1abopaTopuu (Kadeapsl) B X0J1€ 3aHATHS JOJIKHBI HE CTOJBKO
KOHTPOJIMPOBATh, CKOJBKO OCYIIECTBIIATh HAYYHOE M METOAMYECKOE PYKOBOJACTBO JIEHCTBUAMHU
oOyuvaroruxcsi. PykoBOACTBO JEHCTBUSAMH BEIETCA TakK, YTOOBI, C OJHON CTOPOHBI, 00ECIEUYUThH
MPOSIBJICHNE WHUIIMATUBBI U CAMOCTOSITEIbHOCTH CTYAEHTOB, a C APYrod, — JAepKaTh HENPEPHIBHO
B TI0JI€ 3peHHsI pabOTy KaXKI0To0, JIUIIb B CAMBIX HEOOXOIUMBIX CIyYasX MPUXOIUTH Ha TIOMOIIb.

3.Vka3aHus 110 KOHTPOJIIO CAMOCTOSITENIbHON PaOOThI CTYAEHTOB

[To ycMoTpeHuio mpernojaBaTelis 3aJaHU€ Ha CaMOCTOSITENIbHYI0 DPabOTy MOXKET ObITh
WHIUBUAYAIBHBIM W (DPOHTATHHBIM.

[lpr wcroNB30BaHNHM WHAWBUAYAIBHBIX 3aaHUi TpeOOBaTh OT CTYJACHTAa MHCHMEHHBIN
OTYEeT O MpoAeTIaHHo pabore.

[lpy npumeHeHUM (POHTATBHBIX 3aJaHUH BECTH KOJUICKTHBHBIE OOCYXICHUS CO
CTY/IEHTaMH OCHOBHBIX TEOPETUYECKHX MOJIO0KESHUH.

C 1penpl0 KOHTPOJISI KayecTBa BBIMOJIHEHHMS] CaMOCTOSITENIbHOM paboThl TpeboBaTh
WH/IMBUyAJIbHBIE OTYETHI (JOMYCTUMO BMECTO MUCHbMEHHOTO OTYeTa NPUMEHSITh MHIUBUAYalbHbIE
KOHTPOJIbHBIE BOIIPOCHI).



[Iporpamma coctaBieHa B coorBeTcTBUU ¢ TpeboBanmsimu OC HUAY MUDU u yueOHBIM
IUTAHOM OCHOBHOM 00pa3oBaTelNbHON NpOrpaMMbl 10 HampaBieHuio moarotoBku 13.03.02
DEKTPOIHEPTETHKA U IJICKTPOTEXHHUKA.

Pabouyro nporpammy cocrasui npodeccop Koo3es P.A.

Penensent: nouenr ['ydbarenko M.C.

[Iporpamma omgobpena Ha 3acemanmun  YMKH 13.03.02 Dnekrtposnepretuka u
ANEKTPOTEXHUKA.

[Ipencenarens yuedHO-MeToanyeckoit komuccuu ['yoarenko M.C.



