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Ilesiu ocBOEHUSsT M CIUTLIHHBI

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

[TpodheccnoHanbHBIN CTAHAAPTHI:

-«16.147. CneuuaqucT MO TNPOCKTUPOBAHUIO CHCTEM 3JIEKTPOCHAOKEHHS OOBEKTOB

KalHUTaJIbHOTO CTPOUTENIHCTBAY;

- «24.089.Cnienayiict B 00J1aCTH JEKTPOTEXHHUECKOTO 00SCIIEYeHUsI aTOMHOM CTaHIIHH,
- «24.033.Crnenuanuct B 006JaCTH KOHTPOJIBHO-U3MEPHUTEIBHBIX TPUOOPOB U AaBTOMATUKH
aTOMHOM CTaHIUN.

Mecto qnucunmiuabl B ctpykrype OOII BO

JlucuuruiiHa BXOIUT B MPO(ECCHOHAIBHBIA UK, AUCIUILIAHA TI0 BBIOOPY B CTPYKTYpE
OOII nanpasnenus 13.03.02 — «DneKTpoIHEPreTUKA U DNEKTPOTEXHUKA.

Jlucuuiiaa «ABTOMATU3UPOBAHHBIN 3JICKTPUYECKUN MPUBO» (HOPMUPYET KOMIIETCHIIUU
BO B3aMMOCBSI3U CO CICAYIOIIMMU JUCIUTUIMHAMY U TIPAKTHKAMH:

- Oxkonorusi, OOmiasi sHepreTuka, be3omacHOCTh KHU3HENEATENBHOCTH, DIEKTPUUYECKUE
CTAaHIIMM W TIOJCTAHIIMU, OJEKTPOIHEPreTHUECKUEe CHCTeMbl M ceTH, Peneiinas 3ammra u
aBTOMATH3alMsA  DJIEKTPOIHEPTeTHUECKUX  CHUCTeM,  T[eXHHKa  BBICOKMX  HaNpPsKCHHH,
OnexTpocHabxxeHue, Mexanuka, MmwxkenepHas  rpaduxa, OCHOBBI  NPOEKTUPOBAHUS
anekTpooOopynoBanusi, IlpueMHUKM W  TOTpPEOHTENH  DIEKTPUYECKOH HHEPrHMU  CHUCTEM
anekTpocHaOxenus, HanexxHocts snekrpocHaOxenus, IlepcreKTHBHBIE 3JIEKTPO-TEXHOJIOTHH,
[IpumeHeHue 31eKTPO-TEXHOIOTUI B MPOMBIIITIEHHOCTH, OCHOBBI AsieKTposHepreTuku, [lepenaya u
pacnpezeneHue 3neKTpuueckoil sHepruu, CBerorexHuka, OCHOBBI 3JEKTPUUECKOTO OCBELICHHUS,
ABTOHOMHBIE MCTOYHHMKH 3JICKTPOCHAOKeHMs, HeTpauiinoOHHbIE U BO30OHOBIISIEMbIC MCTOYHHUKH
SHEpruu, DJIEKTpUUECKUe ammapartbl, MUKpONpPOIECCOPHbIE YCTPONCTBA YNPABICHUS W 3aIMTHI,
DNEeKTPONIPHUBO/] IPOU3BOACTBEHHBIX MAIIMH U MEXaHU3MOB, DJIEKTPOMArHUTHAsi COBMECTUMOCTD U
Ka4ecTBO DJEKTpodHepruH, lIpeoOpazoBaTenbHBIE YCTPOICTBA B CHUCTEME JJIEKTPOCHAOKEHHS,
TexXHUKO-IKOHOMHYECKHE pPacdeThl B 3JeKTpodHepreTuke, OpraHuzanuss u (QYHKIIMOHHPOBAHHE
PBIHKOB DJIEKTPUYECKOW JHEPruH, MOITHOCTH M CHCTeM Yyciyr, [IpoekTupoBaHHE CHCTEM
AIIEKTPOCHA0KEHHS MTPOMBIIIIEHHBIX MpeanpusaTiii, [IpoekTupoBaHne CUCTEM AIIEKTPOCHAOKEHHUS
roponoB, IIpomsBojacTBeHHass mNpakTUKa (IKCIUTyaTalMoHHast), I[Ipon3BOACTBEHHas NpPaKTHUKA
(mpennumiomMHas), 'ocygapcTBeHHast HTOroOBast aTTeCTaIUS.

- DIEeKTpUYeCcKHe MAallUHbI, DKCIUTyaTallus CHUCTEM HJIEKTPOCHAOKEHUS, DIEKTpUUYECKHE
anmapatbl, MHUKpPOIIPOIIECCOPHbIE YCTPONCTBA YNPABICHHS M 3aIUUThI, JIEKTPONPHUBO]
MIPOM3BOJICTBEHHBIX MAaIllMH M MEXaHW3MOB, [Ipom3BojCTBEHHAss MpakTHKa (dKCIUTyaTallHOHHAs),
[Tpou3BoacTBEeHHAS IPAaKTUKA (TIpeAIUILIIOMHAs ), ['oCy1apcTBeHHAs! HTOTOBAs ATTECTAITHUSI.

- llpueMHHKE ¥ TIOTpEOHWTENH DSIEKTPUYECKON DHEPTUU CHUCTEM JIIEKTPOCHAOKECHHUS,
DneKTpudecKkue  anmapaThl, MUKpONpPOIIECCOPHBIE YCTPOWCTBA  YIPABICHUS W 3aIUTHI,
DNEeKTPONPHUBO/] MPOU3BOACTBEHHBIX MAIIMH U MEXaHU3MOB, DJIEKTPOMarHuTHasE COBMECTUMOCTh U
Ka4yecTBO DJIEKTpodHepruu, lIpeoOpazoBaTenbHbIE YCTPOMCTBA B CHUCTEME 3JIEKTPOCHAOXKEHMS,
[Tpou3sBoacTBEeHHAs MPaKTHKa (9KcIUTyaTallMOHHAs ), [TpousBoacTBEeHHAS MPaKTHKA
(mpenaumnIoOMHasn).

[Ipu ocBOeHWM [aHHON JWUCHMIUTMHBI CTYAEHT CMOXXET YaCTHYHO IPOJEMOHCTPHPOBATH

TPYI0BbIE QYHKIUU:



- B/02.6. Pa3zpaboTka TekcTOBOW U rpaduyeckoil yacTeil MpOeKTHON JOKYMEHTAI[MH CHCTEMbI

ANEKTPOCHAOKEHHS 0OBEKTOB KAMMTAIHLHOTO CTPOUTEIIBCTBA.

- B/01.6.06ecneuenue sxcruryaramun CU, CA u anmapatyps CY3 Ha AC .

- A/02.6. KoHTposb orepaTUBHOTO 00CITykMBaHUs U pexxuMoB DTO U yCTpOHCTB B
coorBercTBUM ¢ TpeboBanusmu JIHA u HT/] AC .

- C/04.6.0pranuzanus onepatuBHOro oocaykuanuss 9TO U yCcTpoHCTB ¢ TPOU3BOIACTBOM

CIIOKHBIX nepekatoueHuii AC .

- D/03.6. Pa3zpaboTka MeponpusaTUii IO MPOAJICHUIO CPOKOB IKCIUTyaTaIliy, MOJICPHU3AIUN 1

TexHU4ecKkoMy nepeocHaunienmio AC..

Komnerenuuu odyuaromerocsi, popmupyembie B pe3yjibTaTe 0CBOEHUS

JTUCIHUILINHBI

B mpouecce ocBoeHUs aHHOW MUCHMIUIMHBI y CTyAeHTa (OpPMUPYIOTCS CIEAYIOIIHe

KOMIIETCHIINH:
npodeccuoHabHBIC
3agaumn
po¢eCCHOHAIBHO OOBeKT Wi Kox n HauMeHOBaHUE WNHaukaTophl TOCTHKCHUS
W IeATeIIbHOCTH 00J1aCTh 3HAHMS KOMIIETCHITNH KOMITCTCHIINH
(1110
Yyactue B Onektpuueckue | [IK-1 Cmocoben 3-T1K-1 3HAaTh: METOIBI
pacucrax u CTaHIIUU U MNPpUHHUMATh Yy4aCTUC B pagpa6OTKH TEeXHUYECKON
IMPOCKTUPOBAHNHA NOACTaHIIMH, IMPOCKTUPOBAHNHA JOKYMEHTAUUN U HOPMATUBHYIO
00BEKTOB 3JICKTPOIHEPIreT | OOBEKTOB 6a3y JUIs COCTaBIICHHS
EIpO(l)CCCI/IOHaJIBHO HYeCcKue poQeCCHOHAIBHON MH(OPMALHOHHBIX 0630POB,
1 IeATeIbHOCTH CHCTEMBI B JIeITCIIbHOCTH B .
pEleH3Hii, OT3hIBOB,
B COOTBETCTBUH C CeTH, COOTBETCTBHUU C .
3aKJIIOUYEHUHN Ha TEXHUYECKYIO
TEXHHYECKUM CHCTEMBI TEXHHYECKHUM 3aJJaHHEM
JIOKYMEHTAIHIO
3aJlaHUEM C AJIIEKTPOCHAOXKE | U HOPMATHBHO .
HCTIOJIb30BAaHUEM HUS FOPOJIOB, TEXHUYECKON Y-IIK-1 Yuers: .
CTaHJAPTHBIX MPOMBINIUICHHBI | JJOKyMEHTAITUEH, OCYIICCTBILATE B3aHMOACHCTBHC
CpenCTB X MIPEINPHUATHH, | cOOMI0Iast pa3TuIHbIC C IPOCKTHBIMH,
aBTOMAaTU3ALUHU CENBbCKOTO TEXHUYECKUE U KOHCTPYKTOPCKHMH
IPOCKTHPOBAHUS;, | XO35i{CTBa, IKOJIOTHUYECKUE OpraHu3alisIMU 1
POBEICHIE TPAHCIOPTHBIX | TpeOOBaHMUS OpraHu3alnsAMA
NpEABAPUTEIBHOTO | CHCTEM M HX H3TOTOBUTEIIAMHA 3JICKTPO=
TEXHHKO- O00BEKTEI TEXHUYECKOI'0
SKOHOMHUYECKOTO 000py0BaHNs, BHIOTHSITH
000CHOBaHUS aHaJIu3 MIPOEKTHON
MPOEKTHBIX JIOKYMEHTAIuU
pemeHui B-I1K-1 Bnanerts:
HaBBIKAMH MCTIOJIb30BaHUS
TUTIOBBIX MPOEKTOB U aHAJIN3
MPUMEHUMOCTH YKa3aHHOTO B
MIPOEKTE AIEKTPO-TEXHUIECKOTO
obopymoBaHus i1 00bEKTa
po¢eCCHOHATBHON
JIeSITeIIbHOCTH
KonTpomns Onexktpuueckue | [1K-4 Cocoben 3-T1IK-4 3HaTh: r1aBHBIC
COOJTI0 ICHHS CTaHIIUU U COOJII0/IaTh U OIIEHUBATh | CXEMbl M CXEMBI COOCTBEHHBIX
3aJaHHBIX TTOJICTAHIINH; napameTphl MTyCKOBBIX HYX]T AJIEKTPOCTAHIINH,




napameTpoB AJICKTPOIHEPIET | PEKUMOB 000pYAOBaHUSI | CITOCOOOB obecrieueHus
pEXHUMOB NYECKUE ¢ obecrieueHuemM HOPMAJIbHBIX PEXHMOB pabOTHI
o0opynoBaHus CUCTEMBI U CBOEBPEMEHHOTO U 00opyaoBaHus u
CeTH; 0€30MacHOTO BKJIIOUEHHS | IPEIOTBPAILCHHS U/ WIH
CUCTEMBbI ero B padbory JUKBUJIALIUU HEHOPMAJIbHBIX U
AIIEKTPOCHAOXKE aBapUUHBIX PEKUMOB
HUS V-11IK-4 Ymers:
MIPOMBIIIIICHHBI BBINOJIHATH TPeOOBaHMUS
X HOPMAaTUBHO-TEXHUUECKOI
OPEIIPUATHIA U JOKYMEHTAIUH,
UX 00BEKThI OpraHU30BBIBATH u
KOHTPOJMPOBATh nporecc
BBITIOJTHEHUS pabor
MOMYUHEHHBIM  ONEPATUBHBIM
MEPCOHAIIOM CMEHBI LieXa IpHU
BBOJIC B paboty
TypOOTeHepaTopoB,
TpanchopmMaTopoB,
aBTOTpaHCPOpPMaTOPOB u
IIYHTUPYIOIIMX PEAKTOPOB
B-I1K-4 Bnanets:
HaBBIKAMHU pabOTHI C
COBPEMEHHBIMU CUCTEMaMHU
yrpasieHus, coopa u nepeaadu
JAHHBIX, MOCTOSTHHOTO
MOHHUTOPHUHTA COCTOSTHUS
000pyI0BaHUs, TAPaMETPOB €ro
pexuMa
paboTHI ¥ UX aHATU3a
VYyacTue B Onexrpudeckue | [IK-7.1 Cnocoben 3-TIK-7.1 3HaTh: OCHOBBI
pacuerax u CTaHIINH U aHAIU3UPOBATH U MPOEKTUPOBAHUS CUCTEM
IPOEKTHPOBAHUHT TIOJICTaHITNH, PAaCCUHUTHIBATD PEKUMBI | DJIEKTPOCHAOKEHUS
00BEKTOB ANIEKTPOIHEPreT | pabOThl, MPUHUMATh MPOMBIIIJICHHBIX ~ MPEANPUATHI
MpOPECCHOHAIBHO | MUECKHUE ydacTHe B U UX
I 1esTeNnbHOCTH CHCTEMBI U POEKTHPOBAHNUH, 00BEKTOB; alrOpPUTM BbIOOpa
B COOTBETCTBHH C | CETH; MOJICpHU3AIUH U HOMHWHAJTbHBIX HaNPSOKEHUH,
TEXHUYECKUM CHCTEMBI PEKOHCTPYKIIMH BbIOOpa
3a/laHueM C AIIEKTPOCHAOKE | OOBEKTOB KOH(Urypauuu CeTH u
UCIIO0JIb30BaHUEM HUS npodeccuoHaIbHON 000pyIOBaHUS  IEKTPUUYECKHX
CTaHJAPTHBIX NPOMBIIIJICHHBI | IEATEIILHOCTH B ceTell MpU MX MOJICPHU3AINHA U
CpeACTB X COOTBETCTBUHU C PEKOHCTPYKIIHH; METO/1bI
aBTOMATH3AIUU NPEINPUSTHA U | TEXHHYECKUM 33/laHUeM. | pacyera PEKUMOB
IPOEKTHUPOBAHUS; | UX OOBEKTHI AIIEKTPUUYECKUX CeTel
poBe/IeHUE MPOMBIIIJICHHBIX ~ MPEANPUATHI
IpeBapUTEITLHOTO U X 0O0OBEKTOB
TEXHHUKO- V-IIK-7.1 YMers:
HKOHOMHUYECKOTO IPOU3BOJIUTH BEIOOD
000CHOBaHHUS AIIEKTPOOOOPYIOBAHUS
MPOEKTHBIX CHCTEM DJIEKTPOCHA0KEHUS
peleHui MPOMBIIIJICHHBIX  MPEANPUATHI

" ux O6’BGKTOB; pacCuUUuThIBATh
TEXHUKO-IKOHOMHYECKHE
MOKa3aTein
AIIEKTPOCHAOKEHUS;

CHCTEM
BBIOMPATH




OINTUMAaJIbHEIN BapHaHT CXCMbI

AIEKTPUYECKON CeTH;
paccuuTHIBaTh napameTpsl
HOPMAaJIbHBIX U

nocieaBapuiHbIX PEXUMOB
cucreM ANIEKTPOCHAOKEHUS
00BEKTOB  MPOQECCHOHATBHON
NIEeSTeNbHOCTH;  paboTath ¢
HOPMAaTUBHOW H  CHPaBOYHOH
JIOKYMEHTALUEH.

B-IIK-7.1 Bnaners HaBBIKAMUA
BEIOOPA AIEKTPOOOOPYIOBAHUS
CHCTEM 3JICKTPOCHAOKEHUS
MPOMBIIUICHHBIX — TPEANPUITUHN

U UX OOBEKTOB; HAaBBIKAMU
pacuera TEXHHUKO-
DKOHOMHYECKUX  ITOKa3areneu
cucTeM AIIEKTPOCHAOKEHUS;
HaBbIKaMU paboThI c
HOPMAaTUBHOM M  CIIPaBOYHOMU
JIOKyMEHTaluen; HaBbIKaMU

aHaJIn3a PpE3yJIbTATOB pacyeTa

PSKUMOB  pabOTBl  CHUCTEM
ANEKTPOCHAOXKEHUA  OOBEKTOB
npoeCCUOHATLHON
JIESITSIIBHOCTH

3aﬂa‘-ll’l BOCIINTAHHUS, P€AJIN3YyEMbIC B PaAMKaxX 0CBOCHHUA JUCIHUILINHDBI

B nmpomecce o0cBOeHMST JTaHHOW JAUCUUILIAHBI

peau3yroTCsl  CICAYIOIIUE 3aJ1a4u

BOCIIUTaHMS:
Hanpassenue/ | Co3nanue ycjaoBuii, | Ucnosib3oBanue Bosieyenue B
neJin ol0ecrieynBalOIIUX | BOCIIUTATEIbHOIO Pa3HOILIAHOBYIO
NMOTEeHIHAJIA y4eOHbIX | BHEYUeOHY10
AUCHUILINH NAeATeJIbHOCTD
Ipodeccuonan | - popmupoBanue Hcnons3oBanue 1.Opranuzanust Hay4Ho-
bHOE OTBETCTBEHHOCTH 3a | BOCIIMTATEIBHOTO IIPAKTUYECKUX
BOCIIUTAHME npodeccuoHaNbHbIN | MOTEHIHMAa TUCHUILUIMH KOH(EepeHIHH, KPYTJIbIX
BBIOOD, npo¢eCCHOHATBHOIO MOAYJNS |[CTOJIOB, BCTPEY C
npodeccuonanbHoe | g GOPMHUPOBAHUS Y BEIYLIUMHU
pa3BUTHE U CTYJEHTOB OTBETCTBEHHOCTH |CIIELIMATIUCTAMHU
npodeccuoHanbHble | 3a CBOE€ MPOPECCHOHATIBHOE  [IPEAIpUITUN
pewenus (B18) pa3BUTHE TOCPELNCTBOM HSKOHOMHUYECKOIO CEKTOpa

BbIOOpA CTyIEHTaMU
WH/IUBUTYaJIbHBIX
00pazoBaTeNnbHBIX

ropojia o Bonpocam
TEXHOJIOTHYECKOTO
munepcra Poccun.

TPaeKTOPH, OpraHu3aluu
CHUCTEMBI OOIICHUS MEXKTY
BCEMH YYaCTHUKAMH
00pa3zoBaTenbHOTO MpoIiecca,
B TOM YHCJIIE C
HCIIOJIL30BAHUEM HOBBIX
WH(OPMAaIIMOHHBIX

2. YyacTue B IOJTrOTOBKE
nyOonuKanuii B
BBICOKOPEHTUHTOBBIX
PELeH3UPYEMBIX
HAYYHBIX U3JaHUAX




TEXHOJIOTHUH.

IIpogeccuonan
bHOE
BOCIIUTAHHE

- (hopmupoBaHue
HaBbIKOB
KOMMYHHKAIIHH,
KOMaHIHOU paboThI
u muaepcrtsa (B20)

1.Mcnons3oBanue
BOCIUTATEIHHOTO
NOTEHLMaNa JUCLUILINH
npoecCuoHaNBEHOTO MOIYJIS
JUIS Pa3BUTHS HABBIKOB
KOMMYHHKAIUH, KOMaHIHON
paboThI U JINJAEPCTBA,
TBOPUYECKOTO MHKEHEPHOTO
MBILICHUS, CTPEMIICHUS
CJIEIOBATh B
podecCHOHATLHOM
JESITEIIBHOCTH HOpMaM
MOBEJICHHUS,
o0ecreunBaroIuM
HPaBCTBEHHBIN XapaKTep
TPYJOBOH AESITETLHOCTU U
HECITY’)KeOHOTO ITOBEJICHUS,
OTBETCTBEHHOCTH 32
NPUHATHIC PEIICHUS Yepes
MOJITOTOBKY IPYIIOBBIX
KYPCOBBIX paloT 1
MPAKTUYECKUX 3aTaHHH,
pELIEHHE KEWCOB,
MIPOXOXKIACHHUE MPAKTHK U
noarorosky BKP.
2.Mcnonbs3oBanue
BOCIIUTATEIbHOTO
MOTEHIIMaja TUCIUIUINH
po(hecCuOHATBHOTO MOAYJIS
TUTST:

- (opmupoBaHus
IIPOU3BOJICTBEHHOTO
KOJJIEKTUBU3MA B X0J1€
COBMECTHOTI'O PEeIIEHUs KaK
MOJIENTEHBIX, TaK U
IPAaKTUYECKHX 3a/1a4, a TAKKe
IyTE€M MOJIKpEIICHHE
panroHaIbHO-
TEXHOJIOTUYECKNX HABHIKOB
B3aUMO/IEICTBUS B
MPOEKTHOM JIEeSATEIbHOCTH
HMOLMOHAIBHBIM (P (eKTOM
YCIIEIIHOTO B3aUMOJACHCTBUS,
OIIYIICHUEM pocTa o0Iei
3¢ (HeKTUBHOCTH TpU
pacnpeieieHny IPOEKTHBIX
3aj]a4 B COOTBETCTBUU C
CHIIBHBIMA
KOMITIETEHTHOCTHBIMU U
AMOIMOHATEHBIMA
CBOWCTBaMH 4JICHOB
ITPOEKTHOM IPYIIIHIL.

1. Opranuzanus
Hay4HOro TMoOAXoxa u
yyBcTBa «Bce B onHOHU
KOMaH/JIe» yepes
ydyacTHUE CTYIEHTOB B
IPOBEACHUN  KPYIJIBIX
CTOJIOB U CEMUHApOB.

2. ®opmupoBaHHE
BEPTUKAJIBHBIX CBSI3EU U

(dbopManbHBIX  TPaBUI
YKU3HU NpU MPOBEACHUU
CTYJIEHYECKHUX
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

CrtpykTypa u coaepkaHue y4eOHOM IUCIUTIIHHBI
JucnurinuHa u3ydaercs cryfaeHTamMu B 9-om cemectpe. OO1mas Tpy10eMKOCTh JUCITUTITMHBI
COCTAaBJIAET 2 3aUETHBIX SAUHMIIEI, /2 aK. Jaca.

Kanennapublid miian

HanmenoBanue paznena Byl yueOHOM Atrtectan | MakcuMmai
(Tembl) JIEATEIIbHOCTH ust BHBIN Oayut
o JUACIUATUIMHEI (gac.) pasnmena 3a pasnuen
= ——
g % . o (dpopma)
= 2 = | £ | £
2| = e | & =
gl 2] | &
3| 5] ¢| & | °
M = = =
1|2 3 4 5 6 7 8 9 10
1 |1 | OcHOBEI MHAMUKH | 6/2 1 - 6 Tecrl 30
AJIEKTPOTIPUBOA
2 | [IBurarenn = IOCTOSHHOrO | 6 2 - 4
TOKa
3 | ACUHXPOHHBIC JIBUTATEIIN 6 2 - 4
2 | 4 | YopasneHue 34 2 | 9/2 22 Tect2 30
AJICKTPONPUBOIAMU
5 | OcHoBbl BeIOOpa MomHOCTH| 20 2 - 18
AJICKTPOJIBUTATEIIS
Bcero 7212 | 9 9/2 54 60
3auer 40
Hroro 100
Conepskanue JJEKIIMOHHOTO Kypca
Ne Bcero Ne Tema Jgexuumn. YuebHo-
TeMBbI | YACOB |JIEKIIUH Bonpocsl, oTpadaTbiBaemMble HA JIEKIHHU METOANYECKOe
o0ecreueHue
1 2 3 4 5
1 2 1-2 OCHOBHEBIE MMOHSITUSA u OCHOBHBIE anementsl | [1,2,5,6,7]
anektponpuBoga (DI). Krnaccuduxanus tumo DIl
OcHOBHOE ypaBHEHHE >IEKTPOIpHBOJaa. MexaHudyeckue
XapaKTePUCTUKU  TPOM3BOJICTBCHHBIX MEXaHH3MOB U
anekTpoaBurateneid. Bpems yckopenus u 3ameienus Ol1
2 2 3 Knaccudukaius saekTpoasurareneii moctosuHoro Toka | [1,5, 6, 7]
no cmnoco0y Bo30yxaeHus. MexaHuuecKkue U
DJIEKTPOMEXAHUYCCKUE  XAPAKTEPUCTUKH  JIBUTATEIeH
nocrosiuHoro Toka (/IIT). Pexumsl paboThl nBurareneit
ITOCTOSTHHOT'O TOKA.
3 2 4-5 CxeMbI BKJIIOUEHHUSA ACUHXPOHHBIX nsurareneit. | [1, 2,5, 6, 7]
MexaHn4ecKkne XapaKTePUCTUKU ACHHXPOHHBIX
JIBUTaTeseil. PexuMbl aCHHXPOHHBIX JIBUTATEIIEH.
4 2 6-7 OcHOBHBIE  TMOHSTHS  peryaupoBanus. I[lokaszaremu | [1, 2, 3,5, 6,
KauecTBa perylupoBaHusi yriaoBod ckopoctu  OIL 7]
PerynupoBanue yriosoi ckopocty 11 mocTossHHOro TOKa
1 acuHxpoHHoro OII.
5 1 8 3amaun, pemaeMble MPU BBIOOPE MOITHOCTH JIBUTATEINsL. [1, 2, 3, 4,




Ne Bcero Ne Tema Jeknun. YyedHo-
Te€MBbI | YACOB |JIEKIIHH Bonpocsl, oTpadaTbiBaeMble HA JIEKIHU METOANYECKOe
obecreueHue
HarpeB u oxnaxknenue apurateneil. Pexxumbl paboOThI 5,6,7]
JIBUTaTEJICH. Br16op MOIIIHOCTH JIBUTaTENIEH.
®opmupoBanue rpaduka Harpy3ku aBuraress. Buioop
JIBUTATEJIS TI0 YCIOBHUSM PaOOTHI.
Bcero 9
HepequL NMPaAKTHYICCKUX 3aHATHN HE NMpeaxycCMOTpPEH y‘lEﬁHI)IM IJIAHOM
Ilepeuenb 1abopaTOpHBIX padboT
Ne Bcero HaumenoBanmue j1adbopaTopHoii padoTbl. 3ajaHusi, BOPOCHI, Y4ebHo-
TeMbI | YaCOB oTpadaThiBaeMble Ha JIA00PATOPHOM 3aHATHH METOANYECKOe
obecreueHue
1 2 3 4
4 3 OnekrponpuBoa cucreMbl «TUPUCTOpHBIA TMpeoOpa3oBareny - [1, 5, 6]
JIBUTATENIb MOCTOSIHHOTO TOKa HE3aBUCHMOTO BO30YXKICHHS C
PETYIHMPOBAHUEM 10 CKOPOCTH
4 3 OnekTpornpuBoa cucteMbl «THpUCTOpHBI mpeoOpa3oBarens - [1,5, 6]
JBUTATENh  MOCTOSHHOTO TOKAa  HE3aBHUCHUMOTO  BO30YXKICHUS
C MOJYMHECHHBIM PETYJIMPOBAHUEM I10 HAMTPSKEHUEO»
4 3 OnexrtponpuBog — cuctembl  «lIpeoOpasoBarens  4actoTel - [1, 2,5, 6]
ACHHXPOHHBIH  JIBUTATEIb C  KOPOTKO3aMKHYTBIM  POTOPOM
C PeryJIUpOBaHUEM TI0 CKOPOCTH
Bcero 9
3aganus I CAaMOCTOSITEJIbHOM PAa00ThI CTYACHTOB
Ne Bcero Bonpocsl 11 caMOCTOATEIBLHOI0 U3YUYeHus (3aJaHusl) YuebHo-
TeMbI | YaCOB METOANYECKOe
o0ecreueHue
1 2 3 4
1 4 [IpukiiagHOe NpUMEHEHHEe OCHOBHOTO YPaBHEHUS JIEKTPONPUBOJIA [1,2,5,6,7]
2 6 CriocoOBbI peryJIMpoBaHUs CKOPOCTH JIEKTPOJIBUTATEIICH MTOCTOSTHHOTO [1,5,6,7]
TOKa
3 4 CriocoObI peryIupoBaHus CKOPOCTH JIEKTpOABHraTesel nepemennoro | [1, 2,5, 6, 7]
TOKa
4 8 CoBpeMeHHbIE PA30OMKHYTBIE U 3aMKHYTBIE CUCTEMBI [1,2,3,4,5,6,
ABTOMATHU3MPOBAHHBIX JICKTPOITPHBOJIOB. 7]
4 8 DIEeKTPUYECKHE aNMapaThl U 3JIEMEHTHI CUCTEM 3JIEKTPOIPUBO/A. [1,2,3,4,5,6,
7]
4 6 [Ipeobpa3zoBarenu sl MUTAHUS U YIIPABICHUS ICKTPOABUTATEIISIMH. [1,2,3,4,5,6,
7]
5 18 CoBpeMeHHbIE CUCTEMBI ABTOMATHU3UPOBAHHBIX AJIEKTPOIPUBOJOB [1,2,3,4,5,6,
THTTOBBIX TIPOM3BOICTBEHHBIX MEXaHH3MOB 7]
Bcero 54

OoOpa3oBaTe/ibHbIE TEXHOJIOTMH
HpI/I pcajm3anuun y‘-IC6HOl“0 MaTepHrajia Kypca UCIHOJIB3YHOTCA Pa3JIMYHBIC OGp&SOB&TGJ’ILHHC
TEXHOJIOTUH, CIIOCOOCTBYIOIINE CO3AaHUIO0 aTMOc(epsl CBOOOIHOM M TBOPUECKOH AMCKYCCHM Kak

MCXKAY NpEernogaBaTcjieM U CTyJ€HTaMH, TaK 1 B CTy,)IeH‘—IeCKOI\/'I rpy1e. HGJ'H)IO IIPpU 3TOM SABJIACTCA




BbIpaOOTKa y CTYAEHTOB HABBIKOB W KOMIIETEHIMH, IO3BOJIAIONIMX CaMOCTOSTEIILHO BECTH
HCCIIEIOBATEIBCKYIO U HAYYHO-TIEIarOTHIECKYIO paboTy.

[IpakTyeckas MOArOTOBKA MpH peau3aluy y4eOHOM MUCHUIUIMHBI OPraHU3YeTCs MyTeM
NpoBeACHUST  JTAOOPAaTOPHBIX ~ 3aHATHH, NPEAyCMATPUBAIOIIMX ydyacTHe OOy4aromuxcs B
BBITIOJTHEHUH  OTJIIENbHBIX JJIEMEHTOB paboT, CBA3aHHBIX C Oynymed npodeccuoHaibHON
NEeSATEIbHOCTBIO.

[TpakTHyeckasi MOArOTOBKA TAK)KE BKIIIOUAET B ceOs 3aHATHUS JICKIIMOHHOTO THUIIA, KOTOPbIE
IpelycMaTpuBaloT mepenadyy ydeOHOM wuHpOpManuu O0OydaromUMCs, HEOOXOAUMOW s
MOCIIEAYIOLIETO BHIMOIHEHUS paboT, CBSI3aHHBIX ¢ Oyayiiei mpodecCHOHaIbHOM NesTeIbHOCTbIO.

AynUTOpHBIE 3aHATHS IPOBOASATCS B BHJE JIGKIMHM, NPAKTUUECKUX 3aHATHH ¢
ucnonb3oBanueM [IK u xommerorepHoro mpoektopa. CamocTtosdTenbHas paboTa CTYICHTOB
IIPOBOAMTCS OJl PYKOBOJCTBOM IIpenojaBaTesiel, ¢ OKa3aHUEM KOHCYJIbTallMil M IOMOIUM IpU
[IOITOTOBKE K IMPAKTUYECKUM 3aHATHUSM.

q)OHIl OLCHOYHbBLIX CPEACTB

@OHA OLEHOYHBIX CpPEACTB MO JUCHMIUIMHE O0ecledyrnBaeT IPOBEPKY OCBOCHUS
IUIAHUPYEMbIX PpEe3yJlbTaTOB O0ydyeHUs (KOMIETEHUMH M UX HMHJIUKATOPOB) IOCPEICTBOM
MEPOTPUSATHIA TEKYLIETO, PYOKHOTO M MPOMEKYTOYHOTO KOHTPOJIS IO AUCIUTUINHE.

Ces3p MeXIy (QOpPMHPYEMBIMH KOMIETCHIUSMH U (opMaMH KOHTPOJS HX OCBOCHUS
IIPEJCTaBICHA B ClIeAyIOLIeH TabnuLe:

Ko u HaumMeHnoBaunue
WHJIMKATOpa JOCTHKEHUS
KOMIIETEHIIUH

HanmenoBanue
OLIEHOYHOTO CPEACTBA

Ne | HammeHOBaHHE KOHTPOJIUPYEMBIX
n/m paszuesnoB (TeMbI)

BxoaHoi KOHTPOJIb

Bonpocsr BxoaHOro

1 Bxo0HO# KOHTpPOJIB
KOHTPOJISA (TMCbMEHHO)

ATTrecranys pas3/ienoB, TEKYIIMM KOHTPOJIb YCIIEBAEMOCTH

2 Paznmen 1 3-1IK-1, V-IIK-1, B-TIK-1, TectupoBanue
3-1IK-4, V-I1K-4, B-TIK-4, (MMCHMEHHO)
3-T1IK-7,1, V-IIK-7.1, B-I1IK-7.1

3 Paznen 2 3-I1K-1, V-IIK-1, B-TIK-1, TectupoBanwue
3-11K-4, V-T11K-4, B-I1K-4, (MMCHMEHHO)

3-11K-7,1, V-TIK-7.1, B-I1K-7.1

HpOMe)KYTOLIHaH aTTeCTanusAa

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

BxoaHON KOHTpOJIb MpeAHa3HA4YeH Ui BBIABICHHUS MPOOETIOB B 3HAHUAX CTYIEHTOB U
TOTOBHOCTH MX K IOJYYEHHMIO HOBBIX 3HaHMil. OLEHOYHBIE CpEACTBA UIsl BXOJHOTO KOHTPOJIS
MIPEJICTaBISIIOT CO00M BOIPOCHI, KOTOPBIE 33aJIal0TCS CTYJEHTaM B MHUCbMEHHOM (opme.

Ilepeyensb BONMPOCOB BXOHOT0 KOHTPOJIS
Bormnpocs! BXogAHOTO KOHTPOJIS.
1) Yro Takoe 3JIeKTPOBUraTEIIb?
2) Kaxwue THIIBI 2JIEKTpOIBUTaTENEH CYIIECTBYIOT?
3) Yro Takoe mpuBoa?
4) Kakue BUIBI IPUBOJIOB CYIIECTBYIOT?
5) Kakue npenmyiecTBa 1 HEIOCTATKH CBOWCTBEHHBI YJIEKTPUIECKOMY ITPUBOLY?



6) UTo BBI MOHUMAETE MOJT YIIPABICHHEM 3JIEKTPOIPUBOOM?
7) Kakumu napaMeTpamu XapakTepu3yeTcst JJICKTPOIIPHBO/?
8) Ot 4ero 3aBHCUT CKOPOCTh BPALICHUS JIEKTPOIPHBO/IA?
9) Yro takoe KOAPPHUIMEHT MMOJIE3HOTO ICHCTBUSA?

10) KakoBa 061acTh mprMeHEHHs TPUBOIA?

Texymuii KOHTPOJIb YCIIEBAEMOCTH — 3TO HENPEPBIBHO OCYLIECTBIIIEMBI MOHUTOPUHI
YPOBHsI YCBOEHMsI 3HaHUM U (OpMUpPOBaHMS yMEHUH U HAaBBIKOB B T€UEHUE cemecTpa. Texymui
KOHTPOJIb 3HAaHUH, YMEHUI U HABBIKOB CTY/IEHTOB OCYIIECTBIISIETCS B X0/€ YUeOHBIX (ayAMTOPHBIX)
3aHATHH, IPOBOAMMBIX II0 pacnucaHuio. PopmMamMu TEKYLIETO KOHTPOJIA BBICTYNAIOT OIPOCHI Ha
71a00paTOPHBIX 3aHATHIX, IPOBEPKA OTUETOB MO BHIMOJIHEHHBIM JIAOOPATOPHBIM paboTaM.

JlaGopatopHble pabOTHI MPOBOAATCA B Ja0OpaTOpPUU TPAHCIOPTHHIX YCTpoucTB. Paboueit
IPOrPaMMOil IPEyCMOTPEHO BBIMIOJHEHHE HIECTH TAa00PaTOPHBIX PadOT MO CICAYIOIIUM TeMaM:

- DnextponpuBoa cucteMbl «TupucTopHBI mpeoOpa3oBaTeNb - JABUraTeib MOCTOSHHOTO
TOKa HE3aBUCUMOI'0 BO30YKIECHHUS C PEryJIMPOBAaHUEM IO CKOPOCTUY;

- OnekrtpornpuBoj cucreMsl «TUpHCTOpHBIA MpeoOpazoBaTenb - JBUTATENb MOCTOSHHOIO
TOKa HE3aBUCUMOI0 BO30YKJI€HUS,C IOJUMHEHHBIM PETYJIUPOBAHUEM T10 CKOPOCTHY,

- OnektpornpuBoj cucreMbl «TUpUCTOpHBINA MpeoOpa3zoBaTenb - JBUTaTeNb MOCTOSHHOIO
TOKa HE3aBHCUMOT0 BO30YKJICHHUS C TIOAYUHEHHBIM PETYJIHMPOBAHNEM I10 HAMIPSHKCHUION;

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

Jl1s BIOSTHEHUS 1a00paTOPHBIX PA0OT CTYIEHTHI JeNATCA Ha NOArPYIIBI 10 3-4 yenoBeka,
HOJIPYIIIBI BBIOJIHAIOT pa3Hble 1a00paTopHble PaOOTHI.

Beinonnenune nabopaTopHOM paboOThl BKIOYAET B ceOs CIEAYIOLIME ITalbl: YCTHBIM Ompoc
[0 TEOPETMYECKOMY MaTepuany o Teme J1abopaTOpHOM paldoThbl, BHIIOJIHEHUE 3KCIIEPHUMEHTA,
CTaTUCTHYECKYI0 O0pabOTKY pPEe3y/ibTaTOB HKCIEPUMEHTA (IIPU HEOOXOJUMOCTH), MOATOTOBKY H
3alIUTy MMCBMEHHOTO OTYeTa 1o JabopaTopHOiil padoTe.

IIpuMepHBIii IepeYeHb BOIIPOCOB, 33/1aBAEMBIX IIPH YCTHOM OTYETE:!

1. OnumuTe KOHCTPYKIIUIO YCTPOMCTBA, pacCCMAaTPUBAEMOTO B JIA0OpATOPHOM padorTe.

2. Packpoiite kiaccupuUKaMi0O M MapKHUPOBKY paccMaTpUBaeMbIX B JabOpaTOpHOM pabote
YCTPOMCTB.

3. OnuumTe NpUHIMI JeWCTBUS YCTPONCTBA, paccMaTpUBaeMoOro B 1abopaTopHO# paboTe.

4. OnummTe NpeuMylIecTBa U HEAOCTATKU PACCMAaTPUBAEMOIO YCTPOMCTBA.

5. Packpoiite o6nacTh NpUMEHEHHs pacCMaTPUBAEMOI0 YCTPOICTBA.

6. Ilepeuncinre OCHOBHBIE XapaKTEPUCTHUKU PAacCCMaTPUBAEMOI'0 YCTPONCTBA.

7. Packpoiite, OT KaKMX apaMeTPOB 3aBUCIT OCHOBHBIE XapaKTEPUCTUKH YCTPOICTBA.

8. Onumunre OCOOEHHOCTH HACTPOMKHM M TEXHMUYECKOTO OOCIIy)KMBaHHS paccMaTpUBaEMOro
YCTPOMCTBA.

9. OnummuTe KOHCTPYKIUIO J1a00paTOPHOro cTeH A (IIpH HAJTUYUN )

10. PackpoiiTe nocneroBaTeIbHOCTD BBIITOJHEHUS SKCIIEPUMEHTA.

11. Packpoiite TpeboBaHUs 0€30IMaCHOCTH, KOTOpble HEOOXOIMMO COOJIIOJAaTh MPHU BBHITOJHEHUU
JKCIIEPUMEHTA.

Otuer mo nabGoparopHoil pabote odopmisiercss Ha moarpymiy. OTder mo JabopaTOpHOM
paboTe JOKEH coaepkaThb Ha3BaHWE U 1eTb J1a00paTOpHOM paboThl, aMWIMM U HHHUIIHMAJIBI
CTYJCHTOB, BHIMIOJIHUBIINX JIA0OPATOPHYIO pabOTy, KPaTKOE U3JI0KEHHE OCHOBHBIX MOHATHI, CXeMY
1ab0paTOpHON YCTAaHOBKH, PE3YyNbTAaThl IKCIEPUMEHTA, WX CTaTHCTUYECKyl0 00paboTKy (mpu
HEeoOXOIMMOCTH), BBIBOJ. BBIBOJ JODKEH XapaKTepU30BaThb PE3yNbTaThl IMPOBEAECHHOTO



OKCIICPUMCHTA, HUX COOTBCTCTBHUC TCOPCTUUYCCKUM JaHHBIM, IIPU HGOGXOIII/IMOCTI/I 00BsICHEHHE

IIPUYMH PACXOXKICHHUS.

[To pe3ynbTaTam BHIOIHEHUS J1AOOPATOPHON pabOTHI CTYAEHT MOXKET 3apaboTaTh OT 3 110 5

OaJlJIoB.

IIkana oneHuBaHUs JA00PATOPHBIX padoT

Ouenka
(cranmapTHas)

bamsl
PEUTHUHTOBOM
OIICHKHU

TpeboBanus

5

5,0

BBICTABIISIETCS. CTYIEHTY, €CIM OH JEMOHCTPUpPYET CBOOOJIHOE
BJIaJICHUE TEOPETUYECKUM MaTepHalioM IO TeMe J1abopaTOpHOM
palboThbl, CAMOCTOSITEILHO IPOBEN HSKCHEPUMEHT M BBINOJIHUII
00paboTKy MOJIyYEHHBIX PE3YIbTAaTOB, IPAMOTHO C(HOPMYJINPOBAI
BBIBOJI 10 padoTe

4,0

BBICTABJIICTCS CTYJEHTY, €CIM OH JEMOHCTPUPYET BIIAJCHUE
TEOPETUUYECKHM MaTepHalioM IO TeMe JIabopaTOpHOU paboThl, B
OonbllIe 4YacTH CaMOCTOSITENIbHO IPOBEN SKCIEPUMEHT U
BBITIOJTHHII 00paboTKy MOJIY4YE€HHBIX pe3yNbTaTOB,
CaMOCTOSITENILHO C(OPMYITHPOBAI BBIBOJ IO paboTe

3,0

BBICTABJISICTCSl CTYJACHTY, €CIM OH JICMOHCTPHPYET BIIAJICHUE
Oonplieil YacThI0 TEOPETHYECKOTO Marepuaiga 1o  TeMe
1a0opaTOpHOil PabOThI, MPOBEN SKCICPHUMEHT U  BBIMOJIHUII
00paboTKy MOJTYYEHHBIX pe3ynbTaToOB c MTOMOIIIBIO
npernojiaBaTessi, HE CMOT CaMOCTOSTEIbHO C(HOPMYIHPOBATH
BBIBOJI 11O paboTe.

H/3

BBICTABJISIETCSA CTYACHTY, €CJIM OH HE JIEMOHCTPUPYET BIAJCHUS
Oonblllell YacTbl0 TEOPETHMUECKOI0 MaTepuaiga 10 TeMe
nabopatopHoit paboThl, HE CMOT MPOBECTH IKCIIEPHUMEHTAIHHYIO
4acTh pabOTHI I 00paOOTKY NOJTYYCHHBIX TaHHBIX.

KOHTpOJ’IBHaH pa60Ta ABIACTCSA 4aCTbhIO TCKYH_Ieﬁ YCIEBAaCMOCTHU U BBIITIOJIHACTCA CTYACHTOM
CaMOCTOATCIIBHO. HpI/I BBITTIOJITHCHUH KOHTpOJ’IBHOfI pa6OTH CTYACHT NOJIKCH BBIIIOJIHUTH CJICAYHOIIUC

3aaHus:

s

TEXHOJIOTHNYCCKOI'O

060p}’I[OBaHI/Ifl, OCHAIIICHHOTI'O QJICKTPOIIPHUBOAOM (¢

QJICKTPOABUTATCIIEM IMOCTOSAHHOT'O TOKa HE3aBUCUMOI'O B036Y)KI[€HI/I$I, nmapaMeETpbl KOTOPOTO YKa3aHbI

B Ta0iuIe, Tpedyercs:

1. Paccunrarh ¥ MOCTPOUTH IUArpamMmy CTYIEHYATOrO IyCKa JIEKTPOJBUTATENS C YHUCIOM

cryneneit 3 win 4 no BbIOOpy cryneHra. Ilpu pacuere npunate Us =Usa = 220B u UB = Ugy =
220B. B Ttabnmie uCHOIB30BaHBI cleAyromue o0o3HaueHusi: Py - HOMUHaANbHAas MOIIHOCTH
nBurarens, KBT; |y - HOMUHANBHBIN TOK SIKOpA, A; p - UKCJIO Map MOJIICOB deKTpoaBuratens; Ry -
COIIPOTHBIIEHHE 0OMOTKHU sikopsi, OM; Ry - conpoTuBieHre 0OMOTKH JTOMIOJHUTEIbHBIX TOIIOCOB,
Owm; Rg - conpotuBnenue o0OMoTkH Bo30yxneHus, Om. [lapameTpbl TPUBOAHOTO JIEKTPOIBUTATEIIS
BBIOMPAIOTCS U3 TAOJIUIBI B COOTBETCTBUU C TIOCHIeIHEN 1TU(poit HOMepa 3a4€THON KHIKKH.

2. OmpenenuTh BEIUMYHMHBI JIOMOJHUTEIBHBIX ITYCKOBBIX COIMPOTHBIICHHUM, BKIIFOYAEMBIX B
IETIb STKOPSI IPUBOTHOTO JIEKTPOABUTATEIIA.

TexHuueckrne TaHHbIE AJIEKTPOJBHUIaTeNIe MOCTOAHHOTO TOoKa cepud Il ¢ HOMHHaANIBHON

ckopocthio Ily = 1500 o6/mMuH u HoMUHaNbHBIM Hampsbkennem Uy = 220 B (3HaueHus
COINIPOTHBIIEHUH 0OMOTOK yKa3aHsbl Iipu Temmneparype 15 °C)

Ne Tom Py, I, b Ry, R, R,
Bap. kBT A Om OMm OmMm

0 21 0.7 4.3 2 5.33 1.36 824




1 122 1.0 59 2 2.97 0.79 440
2 1131 15 8.7 2 1.85 0.501 490
3 132 2.2 12.0 2 1.06 0.3 412
4 141 3.2 18.4 4 0.67 0.246 156
5 1142 45 254 4 0.403 0.17 109
6 I151 6.0 33.0 4 0.34 0.102 132
7 152 8.0 43.0 4 0.198 0.068 101
8 I161 11.0 59.5 4 0.15 0.066 121
9 [162 14.0 73.5 4 0.0875 0.048 100

ATTecranus pasjena Mo JAUCLUILUIMHE MPOBOAUTCSA B (popMe TecTHpoBaHuUs. TecT comepx uT
16 BompocoB. Ha Beimosinenue 3amanus otBogurca 30 munyr. Tect — 310 dopma KOHTpOI,
HAIIPABJICHHAs HA NIPOBEPKY YPOBHS OCBOCHMSI KOHTPOJIUPYEMOIO TEOPETUYECKOTO U MPAKTUYECKOTO
MaTepuajga Mo AUJAKTUYECKUM €JUMHMLAM JUCLUIUIMHBI (TEPMHUHOJIOTMYECKUH armnapaT, OCHOBHbIE
METO/IbI).

IIpuMepHBIii IepeYeHb TECTOBBIX 33 JaHUMN:

Tecr -1

1. Eciiu, o1MH ABUraTe b MPUBOJAUT B IBHKEHHE HECKOJIbKO pad04uX OPraHoB TO 3TO:
1) OnMMHOYHBIN TPUBOSI;

2) MHoro1BUraTeIbHbIi MPUBO/T;

3) Cnensmuii IpUBOI;

4) TpaHCMUCCHOHHBIN TIPUBO/I.

2. OcHOBHOE YPaBHCHHE IBHKCHUS IJICKTPOIIPUBOAA UMECT BU/L:

VM, =M, + M=% 43 W
s
dl
M, =M, + M=% vy =
n dt
= ag = MO, B
n dt
4)M@:MC+M: Mc.().+di
n dw

3. Pexxumy pa3rona JBurartesisi COOTBETCTBYeT yCJIOBHE:

1) A™ 50 3™ <o 4 M =0
dt dt dt dt
4. CKOpPOCTHOM XapaKTEePUCTHKOM JICKTPONPHBO/AA HA3bIBAETCHA 3aBUCHMOCTH BH/IA:
Dw=1(M) 2w = 1(1) 3u = (1) HM = (1)

5. lnst aCHHXPOHHOTI0 ABUIaTeJIsl }KECTKOCTH Oy/J1eT paBHAa:

)p=var<0 2)B=var _0  3)f=const<0 4)f=

6. B nBuraresie nOCTOSIHHOI0 TOKA KECTKOCTH OCTAETCA MOCTOSIHHOM NMPH:
1) U3MeHeHUH HANPSHKCHUS TUTAHUS;

2) 3MeHeHuH COnpOTUBIICHUS SIKOPHOU LIETIH;

3) 3MeHeHuun notoka Bo30yXKIEeHNUS;

4) Jlnst Bcex UCKYCCTBEHHBIX XapaKTEPUCTUK.




7. YpaBHeHHMe MeEXaHMYECKOH XapaKTEePHUCTUKHM [JABHUrarTe]si NMOCTOSTHHOIO TOKa ¢
HE3aBMCHUMbIM B0O30Y:KIeHHeM UMeeT BU/L:

Dy RFRL 2y . YRR
kD KD (xk® )2 (K(D )2

OTCINL PR Y T LI PR Y
k> (ko ) k0 (k@ )

8. MexaHH4YeCKYI0 XapaKTePUCTUKY BHIA NMeeT:

1) DieKTpomnpuBOA C JBUTATENEM IIOCTOSIHHOrO TOKa ¢ ™
napajuieIbHbIM BO30YKIEHUEM;

2) DIIEKTPONPHBOJA C JIBUIATENIEM IIOCTOSHHOTO TOKa C
[OCJIeIOBATEIbHBIM BO30YKICHUEM;

3) DneKTpOonpUBO C ACHHXPOHHBIM JIBUTATEIEM

4) DEeKTPONPHUBO/I C IIATOBBIM JIBUTATEIEM _ M

9. PeskMM KOPOTKOI0 3aMbIKAHHSI COOTBETCTBYET YCJIOBHIO:
Dwm, )m, =0 3)M

HoM . Hazp <0 4) M nazp . =M oeue .

2p Hazp .

10. JBurarejnb ¢ BO30y:KIeHHEM OT MOCTOSSHHBIX MATHHUTOB SIBJISIETCH YACTHBIM
caydaem:

1). JIBuratens ¢ He3aBUCUMbIM BO30YKICHHEM;

2). ACUHXPOHHOTO JIBUraTelIs;

3). JlBuratens ¢ mocienoBaTeIbHBIM BO30YKIEHUEM;

4) Jlpurarensi CoO CMEIIaHHBIM BO30YKICHHEM.

11. PekynepaTuBHOEe TOPMOKEHHE HE PeaTu3yeTCs 1JIs:

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

2) B onekTpompuBozie ¢ JIBUTATENeM MOCTOSHHOTO TOKA C  TOCIEIO0BATEIbHBIM
BO30Y)KJICHHEM;

3) B snexTponpuBoie ¢ aCHHXPOHHBIM JBUTATEIIEM;

4) B snexTponprBo/i€ C CHHXPOHHBIM JBUTaTENIEM.

12. I'pannyHasi XapaKTepHuCTHKA NPEACTABIAIOT CO0O0N:

1) ECTGCTBGHHVIO XAPAKTCPUCTUKY HMACAIUIUPOBAHHOI'O JABUIATC/IA ITIOCTOAHHOI'O TOKa C
1ocJe/10BaTelbHbIM BO30YXK/IEHUEM, IOCIeI0BATENbHAS 1Iellb KOTOPOro HE UMEET CONPOTHUBIICHUS,

2) EcrecTBEHHYIO XapaKTEpUCTUKY HICATM3UPOBAHHOIO JBHUraTessl MOCTOSHHOTO TOKa C
HE3aBUCHMBIM BO30YX/I€HUEM, LIEMb SKOPsI KOTOPOr'O HE HMEET CONPOTUBIIECHUS;

3) EcTtecTBeHHYI0 XapaKTEPUCTHUKY HWICATM3UPOBAHHOTO ACHHXPOHHOTO JBUTATENS, IICThH
pOTOpa KOTOPOTO HE UMEET COITPOTUBIICHUS;

3) EctecTBeHHYI0 XapaKTEPHUCTHUKY HACATM3HPOBAHHOTO ACHHXPOHHOIO IBHUTATEIs, IEIb
CTaTopa KOTOPOT0 HE UMEET CONTPOTUBIICHUS.

13. CxoJbikeHre aCHHXPOHHOIO ABUTATEJ/Isl ONpeAe/sieTcsl KaK:
1)0)—0)0 2)0)0+a) 3)600—0) 4)0)0—0)

(2 w, (2] (o)




14. Ha puc. npeacTaBJIeHbI.

1) CKOpOCTHBIE  XapaKTEPUCTUKHA _ ACHHXPOHHOIO
JIBUTATEIIS;

2) VYHuBepcalbHblE  XapaKTEPUCTUKU  JABUTATEIs
IIOCTOSIHHOT'O TOKa € IIOCJIEI0BATEIbHBIM BO30YKICHHEM;

3) IlepexoHble XapaKTEPUCTUKU ACUHXPOHHOI'O IBUTATENs;

4) IlepexonHble XapaKTEPUCTUKU BUraTelss HNOCTOSHHOIO TOKa C IOCIEI0BaTEIbHBIM
BO30YKICHHEM;

15. B pe:xxume peKynepaTuBHOI0 TOPMOKEHHUSI ACHHXPOHHOTI'0 IBUTATEIsI CKOJIbKEHUIO

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

16. B acHHXpPOHHOM JBHTaTeJ/Ie }KECTKOCTh 0CTAETCSsl MOCTOSTHHOM TPH:
1) 3MeHeHun HanpsKeHUs! MUTAHUS;

2) 3MeHeHuu COpOTUBIIEHUS POTOPA;

3) 3MeHeHnr 9acTOTHI,

4) 3MeHeHuH COMPOTHUBIICHUS CTATOPA.

Tecr- 2

1. laTYUKOM CKOPOCTH SIBJISETCS:
1) Cenbcun;  2) Muxpocun; 3) Taxorenepatop; 4) EMKOCTHO# maTyuk.

2. CeibCHH TIpPeIHA3HAYEH J1JIs:
1) Kontposst ckopocTu;

2) KonTposns Toka;

3) KoHTpoJ1st MOLITHOCTH;

4) KoHTpoJis yriia moBopoTa

3. Cucrema «I'eHeparop-/Burarenp» OCyllecTBJIsSIeT PperyJupoBaHHe MYTEM
U3MEHEeHUs

1) ConpoTuBIEHUS TJIABHOU 1IETIN;

2) MarHuTHOTO MOTOKA;

3) YacToTsl mUTAHUS;

4) TIuTaero HampsHKeHU.

4. B acHHXpPOHHOM JBUTaTeJIe CKOPOCTh X0JI0CTOI0 X012 MEHSIeTCS MPH:
1) 3MeHEeHNH HANPSOKEHUS TIHTAHNS;

2) I3MeHeHHH COPOTHBIICHUS POTOPA,

3) H3MeHEeHNHU YacTOThI;

4) VI3MeHeHHH COMPOTUBIICHHS CTATOPA.

U .
5. Beimuuna —B YPAaBHCHHUU MEXAHUYICCKOU XaPAKTCPUCTUKHU IBUTATECIISA
kD

MOCTOAAHHOI'O TOKA - 3TO:
1) HacToTa BpalliICHUA UACAJIBbHOIO XOJOCTOTO X0Ja ABUTATEIA

2) HOMHHAJIbHAS YaCTOTA BPALICHUS BUTATEIsI
3) MUHUMAaJbHAs YaCTOTA BPAILCHUS ABUTATEIS
4) MakcUMalbHasl 4aCTOTa BPAIICHHS IBUTATEIIS

6. PerynupoBanme ckopoctu A/l M13MeHeHHEM YHCJIA MOJIOCOB MCIO0Jb3YeTCH
1) TonbKO /IS ABUTATENCH ¢ (ha3HBIM POTOPOM



2) TOJBKO JUIS JABUTATEINICH ¢ KOPOTKO3aMKHYTBIM POTOPOM
3) W i ABUTATENEH ¢ Pa3sHBIM POTOPOM, U C KOPOTKO3aMHYTHIM POTOPOM

7. PeryiupoBaHue CKOPOCTH CHHXPOHHOTO JIBUTaTeJIsl OCYLIECTBJISIETCS
1) 3MeHeHHEM aKTHBHOTO COIIPOTUBIICHUS LSTIH;

2) VI3MeHeHueM MUTAOIIEro HaITPSHKEHIS,

3) U3MeHeHneM peaKTHBHOTO COMTPOTHUBIICHUS LICTIH;

4) I3MCHEHHEM YacTOTBhI.

8. IlepuoamyeckumM mnepeK/JOYEHHEM BHUTaTeJsi C JBUIaTeJIbHOI0 pexXMMa B
reHepaTOPHbII peau3yercs:

1) PeocraTHoe perynupoBaHue;

2) PerynmupoBanue B cucteme «I eHeparop - JIBurarenby;

3) PerynupoBanue ¢ MOMOILbIO MAarHUTHOTO YCUJIUTEIS;

4) UMnyibCcHOE peryanpoBaHue.

9. Pery/impoBaHue ¢ NIOMOLIbI0 IIYHTHPYIOLIEr0 CONPOTHBJICHUS PeaIM3yeTcs 1JIs:
1) [IBuraresneii MOCTOSHHOIO TOKA,

2) ACHHXpOHHOTO JIBUTATEJIs;

3) CUHXpOHHOTO JBUTATEIIS;

4) Bcex THIIOB IBUTATENIEH.

10. PeryimpoBaHue CKOPOCTH MepeKJIIYeHHEM YUCJIA AP MOJICOB peain3yeTcs AJs:
1) JIBurarenei MOCTOSHHOTO TOKA;

2) JiBuraresnst MOCTOSIHHOTO TOKa C HE3aBUCHUMBIM BO30YKIEHUEM;

3) ACHUHXPOHHOTO JIBUTATEIIS;

4) CUHXPOHHOTO JIBUTaTells.

11. Ko3¢ppuumeHTOM OTHOCHUTEJIHLHOCTH TNPOAO/LKUTEIbHOCTH padodyero mnepuojaa
XapakTepu3yercs:

1) IToBTOPHO — KPATKOBPEMEHHBIN PEKUM;

2) KpaTKoBpeMEHHBII pexuM;

3) JInuTenbHBIA pexuMm;

4) Bce pexxumsl.

12. Ko3¢gpuuueHT 0THOCHTEJIbHOCTH NPOAOLKHUTEIbHOCTH Pabouero nepuoia paBeH:
+1
0
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13. IIpeacraBjieHHOE CeMECTBO XapAKTEPUCTUK COOTBETCTBYET:

1) PeoctaTHOMY perynupoBaHUIO CKOPOCTH AIIEKTPOIIPUBO/IA

2) PGFVJ'II/IDOBaHI/IIO CKOPOCTH DJICKTPOIIPHUBOAd USMCHCHUECM MArHUTHOI'O IIOTOKA

3) YacTOTHOMY peryIHpOBaHHIO CKOPOCTH AIICKTPOIIPUBO/IA

4) PerynupoBaHHIO CKOPOCTH AJIEKTPOTIPUBO/Ia U3MEHEHUEM TTUTAIOIIETO HAIPSHKEHUS

o

FerecTrennan




14. IlpeacraBieHHast XapaKTePUCTHKA COOTBETCTBYeT:

1) Pexxumy pexynepaTuBHOTO TOPMOKCHUS;

2) TopMOXEHUIO0 U3MEHEHUEM MOJISPHOCTH;

3) AuHaMUYeCcCKOMY TOPMOXKEHHIO C UCIIOJIb30BaHUEM JI00aBOYHOTO CONPOTHUBIICHUS;

4) lnHamMir4ecKOMy TOPMOXCHHIO TIPH YCTOBHH M . > M

a
€CTeCTBEHHAs

15. Ha pucyHke npeacraB/ieHa cXxeMa BKJIIOYEHUs] ABUTaTeIsl IPU

1) PerynupoBanue yrioBoii ckopoctu A/l n3MeHEHnEeM HalpsyKEHUsl Ha CTaTope

2) PEOCTaTHOM CHOCO0€ PEryIMpOBaHuUs YIII0BOM ckopocTu AJ]
3) PerynupoBanue yrinoBoii ckopoctu 3menenneM umciia nap noiitocoB A/l
4) YacToTHOE peryaMpoBaHre CKOPOCTH aCHHXPOHHOTO JABHUIATEIIs

~,LG

11
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16. IlpeacTraBiieHHOe ceMeiicTBO XapaKTepPUCTHK COOTBETCTBYeET:
1) PeoctaTHOMY perynupoBaHUIO CKOPOCTH JIEKTPOTPUBOIA

2) PerynupoBaHHIO CKOPOCTH 3JIEKTPONPUBO/Ia H3MEHEHUEM MAarHUTHOTO OTOKa

3) YacToTHOMY peryarMpoBaHHI) CKOPOCTH AIEKTPONIPHBO/IA

4) PerynupoBaHHIO CKOPOCTH JIEKTPOIIPUBOAA U3MEHEHUEM MMUTAIOLIETO HANPSKEHUS

® \fl :j]‘ HOM '

Oyyon 1 J1nom




baniel 3a TecTupoBaHrE HAYUCIISIOTCS B COOTBETCTBUH CO CIIEIYIONIEH TaOIHIIeH

[TpomerxyTouHas aTTecTalus OCYLIECTBISAETCS B (hopMe 3aueTa.
[IpumepHBIii TepedeHb BONPOCOB sl MOATOTOBKH K 3a4eTy:
1. Knaccudukanus 3JeKTPONPUBOAOB M0 XapaKTepUCTHKE ABUKEHHS, 110 KOJIHYECTBY

HBHFaTeHeﬁ, IO CTCIICHU YIIPABJIACMOCTH.

Ilo pody moka

DNEKTPOIPUBO/L IOCTOSTHHOI'O U IIEPEMEHHOT0 TOKA.

Ilo cnocoby pacnpedenenus mexanuyeckou dHepeuu

1) Ipynnosou DIl obecrneunBaeT IBW)KCHHE HCIOJHUTEIBHBIX OPraHOB HECKOJBKUX
pabounx MalvH WM HECKOJIBKUX UCIIONHUTEIBHBIX OPraHOB OJHOM paboueil mamuHbl. [lepenada
MEXaHMYECKON OJHEepruM OT OJHOrO JBHUraTelis K HECKOJbKMM pabo4yuM MamuHaM U eé
pacnpezesieHue MeX1y HUMU ITPOU3BOJUTCS C IOMOILBIO OJTHON WJIM HECKOJIBKHUX TPAHCMUCCHIA.

2) UnousudyanvHulii IPUBOJL TIO CPABHEHHUIO C TPYIIOBBIM 00JaIaeT PAIOM MPEHMYIICCTB:
IIPOM3BOJICTBEHHBIE  MOMELICHHUSI HE  3arpOMOXKJIAIOTCA  TSDKEIBIMU — TPAHCMUCCHSIMH U
MepelaTOYHBIMU ~ YCTPOMCTBAMH;  YIY4YIIAIOTCA  YCJIOBUS ~ pabOThl M TIOBBIIIAETCS
IIPOU3BOJUTENIBHOCTh TPYZAa BCIEICTBUE OOJErY€HUs YIPABIEHUS OTACIbHBIMU MEXaHU3MAMHU.
NuauBuayanbHbIN 3JEKTPONPHUBOJ OTIIMYAETCS OoJiee TyUYIIMMH YHEPreTHYECKUMHU MOKa3aTeNIIMU.
3HAUUTENBHO YIPOIIAIOTCS MEXaHUYECKHE IepeadM, MOBBIIIAETCS TOYHOCTh PabOThl NMPUBOJA.
[Ipu ucnonb3oBanuu uHAUBUAYyanbHOro DIl co3matoTcss Hambosee OiaronpusiTHbIE YCIOBHS IS
aBTOMATH3alMK pabOThl MAIIMH U TEXHOJIOIMYECKUX IpoueccoB. Takoil 11 mupoko npumeHnsercs
B CJOXHBIX METAIOPSKYIIUX CTaHKaX, IMPOKATHBIX CTaHaX, »JKCKaBaTopax, MOJbEMHO-
TPaHCIOPTHBIX MalIMHAX, poOOTax u Jp.

3) Bzaumocsszannwiti D1 vMeeT aBa WIM HECKOJIBKO DJICKTPHUSCKH HIIM MEXaHUYECKH
CBSI3aHHBIX MEXAy coOoii nBurareneil. [lpumepom B3aumocBszanHoro D11 MOXKET CITyKHUTh IPUBO]
LIEMHOT0 KOHBeliepa OO0JIBIION MPOTSHXKEHHOCTU. VICTIOMHUTENBHBIM OPraHOM TaKOTO KOHBelepa
CILY’)KUT LI€llb, IPUBOJUMAs B IBUKEHUE HECKOJBKUMHM JIBUraTENsIMU, YCTAaHOBIIEHHBIMU 110 JJIMHE
KoHBelepa. Bsammocszannbiii OIl mupoko mpUMeHsieTcs B TPAaHCHOPTHBIX YCTaHOBKaX,
OymarojienaTeNIbHbIX MallliHAaX, TeKCTHIBHBIX arperarax, MPOKAaTHBIX CTaHAaX METAJLTyprH4ecKOTO
mpousBojcTBa M T.J. OpmHONW U3 pa3HOBUAHOCTEW B3aumMmocBs3aHHoro DIl  saBisercs
MHOTO/IBUTATENbHBIN MPUBOJ — 3TO 3JIEKTPOIPHUBOJ, B KOTOPOM HECKOJIBKO JIBUraTesiel paboTaroT
Ha OOIIMii BaJl.

Ilo 6udy Osudicenuss pa3nuyualOT PEeBEPCUBHBIA W HepeBepcuBHBIN Ol mocTymarensHOro
100 BpaIaTeNIbHOTO ABHKEHHUSL.

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




Ilo cmenenu ynpaensemocmu

1) Heperynupyemblii — JUIs NPUBEACHUS B JIEHCTBHE HCIOIHHUTEIBHOIO OopraHa paboueit
MallMHbBl C OJHOM CKOPOCTBIO, IIapaMeTpbl IIPUBOJA MEHAIOTCA TOJNBKO B pe3yJbTare
BO3MYUIAIOIINX BO3JACHCTBUN;

2) peryaupyeMslil - CKOpoCTh pabodero opraHa MO>KeT U3MEHAThCS B YKa3aHHBIX Ipezenax,
rapameTpsl IIPUBOAA MOT'YT MEHSTBCS 110JI BO3EUCTBUEM YIIPABIIAIOIIETO YCTPOMCTBA;

3) mporpaMMHO-YIIpaBisieMblii — CKOPOCTb BPALLEHHUS HU3MEHSETCS COINIACHO HEKOTOPOii
IIporpamme;

4) cnenAmuii — aBTOMaTHYECKU OTpa0aThIBAIOIIUI [TEpEMEIEHUE UCIIOIHUTEIBHOIO OpraHa
paOoueil MalMHBl C ONpeNeNEHHOW TOYHOCTBIO B COOTBETCTBUU C NPOU3BOJIBHO MEHSIOLIMMCS
3a/1al0IIUM CUTHAJIOM;

5) ajganTUBHBIM — aBTOMATMYECKH H30MPAIOLIMH CTPYKTYpY WM IapaMeTpbl CHCTEMBI
yIpaBJICHUSI TPH W3MEHEHUU YCIOBHH pabOThl MAaIIMHBI C LENbI0 BHIPAOOTKH ONTHMAIIBHOTO
pexHuMa.

Ilo pody nepedamounoco ycmpoiicmea

1) PenykTopHbIl, B KOTOPOM »3JIEKTPOABMIraTeib IEPENacT BpallaTeIbHOE JBH)KEHUE
pabouemy oprany MalIdHBI Yepe3 peayKTOp

2) be3penykTopHbIil — nepeiaya JBUKEHUS OCYILECTBIIIETCSI HETIOCPEICTBEHHO K paboueMy
oprasy, 1100 uepe3 IepelaTOuHOe YCTPOHCTBO, HE COJEPIKaIIee PELyKTOopP.

1lo yposnio asmomamuzayuu

1) HeaBromaTu3upoBaHHBIM. YmpaBieHHE OCYIIECTBISETCS B pyuHyto. [lpumensierca B
YCTaHOBKAX MaJIOi MOLIHOCTH, OBITOBOM U METUIIMHCKOM TEXHUKE.

2) Apromartu3upoBaHHBIM. PerynupoBaHue mnapaMeTpoB IPOUCXOJUT ABTOMATHYECKH,
YIIPABJIAIOUIME KOMAH/IbI 3a/1al0TCS BPYUYHYIO.

3) ABromaruueckuil. YNpaBisionile BO3JEHCTBUS BbIpadaThIBalOTCA aBTOMATHUYECKH, O€3
y4acTus oreparopa.

2. OcHoBHOE YPaBHECHHE NBUKCHUSA IJICKTPONPUBOIa 0JHOMACCOBOM CHCTEMBI J1JIf
MNOCTOAHHOI'0O MOMCHTA HHEPILHUH.
HpOCTeﬁmaﬂ MCXaHHUYCCKaA CHUCTEMA COCTOUT M3 POTOpa ABUIATCIIA M HCEIOCPCIACTBCHHO
CBSI3aHHOM C HUM HarpyskKu - pa60qero OpraHa MalIWHBI.

I=Je+ Tnarp

Aeuratens ’/’/ 1t \ Harpyzka

Puc. 1. Moaenp MEXaHUYECKON YaCTU

K cucreme Ha puc.l mnpuioxkeHbl J1Ba MOMEHTAa - OJJIEKTPOMAarHUTHBIA MOMEHT M,
pa3BUBAaEMbIM JBUrareieM, W MOMEHT M., CO3JaBaeMblii HAarpy3kod, a TakXke IOTepsIMHU
MEXaHMUYeCKON 4acTu (TpeHue); KaXkAbli MOMEHT HMMEET CBOI0 BEJIMYMHY U HallpaBJICHHUE.
JIBUKEHUE CUCTEMBI OIIPEEIIIeTCs BTOPBIM 3aKOHOM HbroToHa:

dw
tM £M_ =J—, (1)
dt

I7ie @ - yII0Bas CKOPOCTh, J- CyMMapHbIi MOMEHT UHEPLIUU



3. [IpuBeeHHEe MOMEHTOB CTATHYECKOI HATPY3KH, MOMEHTOB HHEPIINH H

JKeCTKOCTeH.

OOBIYHO MEXIy ABUTATEIEM M HATPY3KOW HAXOIUTCS Kakas-TnOO MEeXxaHWYecKas mepeaaya,
T.€. UMEETCS HECKOJIbKO Pa3IMYHBIX BaJOB CO CBOMMU MOMEHTAMU M CKOpocTsMH. Jljis cBeAeHus
000 peaqbHON CHCTEMBI K MPOCTEHINEH MOJEIH Ha pUC. 2 HYKHO BBIOJIHHUTH PsJl ONEpaIui,
HA3bIBAEMBIX npugedeHueM MOMEHTOB M MOMEHTOB HHEPLUU K HEKOTOPOMY BBIOpaHHOMY B
KauyecTBE OCHOBHOT'O Bally, OOBIYHO - K Bajy JABurateis. MIHbIMU Cl0BaMH, HEKOTOPYIO pEalbHYIO
MEXaHUYECKYI0 CHCTEMY, HallpuMep, MMOKa3aHHYI0 Ha pHUC. 2,3, HY)KHO 3aMETUTh SKBHUBAJCHTHOMN
cucremoit (puc. 2,0), Takod, YTOOBI 3Ta 3aMeHa HE OTpa3uiach Ha MOBEACHUM YaCTH CHUCTEMBI,
OCTaBJICHHOW HEU3MEHHOM (JIBUTaTess).
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Puc. 2. K npusenenuto M., 1 J,., K Bally ABHraTEINs

HpI/IMeM CICAYIOUC NONYLICHUA: CHUCTEMa KECTKasd, 0e3 3a30pOB; MOMCHTBI HHCPUHUU,
OTHOCAIIHUECA K OCHOBHBIM BajlaM, HCU3MCHHBI, OTHOCAINHUECA K IPOMEKYTOUHBIM BallaM, €CJIHU

2]
TAaKHEC €CTh, paBHbI HYJIFO; OTHOILICHHNC i=—mu KHI[ nepcaadu 77 - NOCTOAHHLI.

@

B peaHBHOﬁ u HpHBeHeHHOﬁ CHCTeMax JOJLKHBI OCTaThbCS HEU3MEHHOM MOIIIHOCTD,
pa3BuBacMas ABUIaT€jiEM M w , T.€. B HAIIEM CJIydac, KOorja nNoTepu MOKPBIBAIOTCA ABUTATCIIEM (M
U @ HalIPaBJICHLI COI‘J'IaCHO)Z

CM M

M
=M o, OTKygza M, = —". 2)
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HOTGpI/I BCCTa IMOKPBIBAIOTCA TOH YaCThIO CHUCTEMBI, KOTOpasd CO34acT ABHUIKCHUC, ITOOTOMY
npu O6paTHOM IIOTOKE MOIITHOCTHU - OT HAIrpy3KH K ABUT'ATCIIIO

B peanpHOW M mpuBeneHHON CHUCTEMaxX JOJKHBI OBITh OJUHAKOBBI 3amachl KHHETHYECKON
JHEpruy, T.€.

(O]
08 06 Haep Haep
+ = + WM J' = . 3)

3/1ech B LENAX YIPOIICHUs Mbl HE Y4JIHM MOTEpU B Iepeaydax; 3T0 OOBIYHO HE MPUBOAUT K
OOJIBIIMM TIOTPEIIHOCTSM, €CIIM JUHAMHUYECKHE PEeXHMMbl HE HUTPAIOT OIpPENeNSIONIyl0 pPOJib B
pabote npuBoa.



4. MexaHuveckne XapaKTepuCTUKHA
MowmenTtst M 1 M, MOTYT 3aBHCETh OT BPEMEHH, OT MOJIOKEHUS, OT ckopocTH. Hanbomee
WHTEpPECHA U BaXKHA CBs3b MOMEHTOB M 1 M, CO CKOPOCTBIO @ . 3aBUCUMOCTH @ (M) U @ (M )

Ha3bIBAIOT MEXAHUYECKUMU XAPAKMEPUCIMUKAMU COOTBETCTBEHHO 08uUcameris U Hazpy3Ku
(mexanuszma). MexaHn4ecKrue XapaKTepUCTUKH OyIyT CIYXKUTh OYEHb YAOOHBIM U MOJE3HBIM
WHCTPYMEHTOM IPU aHAIN3€ CTATUYECKUX U JUHAMUYECKUX PEKHUMOB 3JIEKTPOIPUBOIA

w

I

I v

Puc. 3. Ilpumep MexaHUYECKHX XapaKTEPUCTUK

[TockobKy Kak MOMEHTBI, TaK U CKOPOCTh MOTYT UMETh pPa3jMuHbIC 3HAKH, MEXaHUYCCKHE
XapaKTEPUCTHKH MOTYT PACIONaraThCsl B YETHIPEX KBAJIpaHTaxX IJIOCKOCTH o — M . Ha puc. 2.3 B
KauecTBE MPUMEpa MOKA3aHBIXapaKTECPUCTUKN ACUHXPOHHOTO jaBuratesis (M) W TEeHTPOOEIKHOM
MamuHbl (M.). 3HaKW BEIWMYHMH OINPEACNISIOT, MPUHSIB OJHO W3  HAIpaBICHUN ABWKEHUS 3a
ITOJIOKUTEIBHOE, HAIIPUMEP: 110 YaCOBOM CTpeJKe- + WK BBEPX- + U T.II.

Momenmsi, HanpasieHuvle NO OBUICEHUIO (08UdICYUUE), UMEIOM 3HAK, COBNAOAIOWUL CO
3HaKom ckopocmu (y9acTOK ay - M), XapaKkTEepUCTUKH JBHUTATEIISA); MOMEHMbl, HANPAGIEHHbIE
npomue  OBUdCEHUs. (MopMo3suue), UMelom 3HAK, NPOMUBONOJIONCHBIL 3HAKY CKOPOCMU
(oCTaJIbHBIE YYaCTKH XapaKTCPUCTUK

5. Buasl MOMEHTOB, AEWCTBYIOUIMX B 3JEKTPONPHUBOJE: JIBUXKYLUIME U TOPMO3HBIE.
TuroBble CTaTU4ECKUE HAarpy3KU: aKTUBHBIE — HArpy3KH I'PYy30IOJIBEMHBIX MEXAHU3MOB, YIPYIHX
T€Jl; PEAKTUBHBIE — HArPy3KH CYXOrO, BA3KOIO M CMEIIAHHOI'O TPEHHS, a TaK)K€ BEHTHIIATOPHAs
Harpyska.

MOMEHTBI IPUHATO ACJIUTh HA aKTUBHBIE U PEAKTUBHBIE.

Axmugnbie Momenmbl MOTYT OBITh KaK JBMXKYLIUMH, TaK ¥ TOPMO3SILUMH, UX HalpaBieHUE
HE 3aBHCHUT OT HalpaBJI€HUs ABM)KEHUS: MOMEHT, CO3JIaHHBIN 3JIeKTpUYeCcKoil MamnHoi (M Ha puc.
3), MOMEHT, CO3JaHHBIH Tpy3oM, MpyXUHOM U T.. COOTBETCTBYIOIIUE MEXaHUYECKHE
XapaKTePUCTHKU MOTYT pacIoyiaraTbCsl B IIOOOM M3 YEThIpEX KBaJPaHTOB.

Peaxkmuenvie momenmuvr - peaklMs Ha JBIDKEHUE, OHM BCErJa HAIpPAaBJICHBl IIPOTUB
JIBIKEHUs, T.€. BCErJa TOPMO3AIIME: MOMEHT OT CHJ TPEHHs, MOMEHT, CO3/1aBacMblii
HeHTpoOe)kHOM MammHoi (M. Ha puc. 3) W T.1. MexaHHYECKHE XapaKTEepUCTUKH BCerna
pacrnoJiararoTcsi BO BTOPOM M Y€TBEPTOM KBaJIPAaHTaXx.

dMm
MexaHndecKkne XapaKTePUCTUKU MPUHATO OICHWUBATh WX dcecmkocmvio B =——. OHH
dw

ObIBatoT (puc. 4) aGCOMOTHO KECTKUMHU B = » (1), aOcomoTHO MITKUMH S = 0 (2) MOTYT UMETh
orpunarenbuyto A <0(3) Wiu nNonoXKUTENbHYIO (4) )KECTKOCTb.



o
)
1
T3
L "

Puc. 4. Mexann4eckue XapakKTEPUCTUKHU C PA3IMYHON KECTKOCTHIO

6. YcranoBuBmieecs aBwkeHue. lloHsATHE 00 YCTOMYMBOCTH YCTaHOBHBIIETOCS
aswxeHus. ['papuyecknii 1 aHaATUTHYECKUHA METO/IbI ONPE/ICIICHHSI yCTONYNBOCTH.

MexaHn4eckue XapakTepUCTUKU JIBUTATENSI U HATPY3KU IO3BOJISIOT ONPEACINUTh, OyIeT Jn
CTaTU4YCCKU yCTOfI‘IPIB YCTaHOBHBMHﬁCH PCKUM, T.C. BCPHCTCA JIM CHUCTCMaA IIOCIIC HeﬁCTBHH
Tr000r0 CIy4aifHOro BO3MYILICHHS K HCXOJHOMY CTaTHYECKOMY COCTOSIHHIO - PHUC. 5a, WIN He
BepHeTcs - puc. 5,0.

a) 0)
Puc. 5. K onpenenenuto cTaTuyecKol yCTONYMBOCTH

B mnepBom cnyuae (puc. 5a) mokaszaHo, yTo JH00O€ CiydaiiHOe, HallpuMep CHI)KEHHE
CKOPOCTH (@1 < (W) COMPOBOKAAETCA NMPE0OIalaHuEM JIBHKYILET0O MOMEHTa M HaJl TOPMO3AIIMM
M., 1 paBHOBECHE BOCCTAHABJIMBACTCSI, CHCTEMa BO3BpAIIAeTCsl B UCXOIHOE cocTosiHME. Bo BTopom
ciydae (puc. 5,0) Takoe ke cilydailHOE H3MEHEHHME CKOPOCTH MHPHUBOJUT K IMpeodsiaJaHuio
TOPMO3SIIEr0 MOMEHTA, M PABHOBECHE HE BOCCTAHABIIMBACTCS - CUCTEMa CTaTUIECKH HEYCTONYNBA.

7. YpaBHEHHE ABM)KEHUS 3JIEKTPOIIPUBO/IA JUIsl ABYXMaccoBoi cuctemsl. [IpeoOpasoBanue
JIBYXMAaCCOBOW CHCTEMBI K OJHOMACCOBOM CUCTEME.
Bo MHormx ciydasx KHHEMaTHuecKas cxema paboyeil MalluHBl COJCPKHUT YIpYyrue
AJIEMEHTHI: TMHHBIE BaJIbl, TOPCUOHBI, YIIPYriue My Thl, TEKCTPOITHbIE, KAHATHBIE MEepeladu U Jp.).
B peanbHBIX cxemMax HHOTAA NPUXOAMUTCS YUUTBHIBATH JIOQTBI M 3a30pbl B 3y04aThIX
neperavyax M coeuHEHUsX. B 3THX cilydasx KMHEMaTHYECKYI0 CXEMY HEeJb3sl pacCMaTpUBaTh Kak
KECTKYI0  OJIHOMAacCOBYIO cucteMy. B 0coOeHHOCTH 3TO  Kacaercsi  BBICOKOTOYHBIX

i M My C My Mec I SJICKTPOIIPHUBOJI0OB u
o) s 3JIEKTPONPUBOJIOB, PabOTAIONIMX B
HMHTCHCUBHBIX JANHAMHUYECKUX

Pnc.2.9. JIByxmaccogas KHHEMaTHYECKas CXEMA ¢ yNpyrod cesspio  PEKHAMaAX.

MexaHudeckue CHCTEMBI, B



KOTOPBIX TPUCYTCTBYIOT SIBHO BBIPQXKCHHBIC YIIPYTHE 3BE€HBS, OOBIYHO MPUBOJAT K ABYXMACCOBBIM
HIIn TPEXMACCOBBIM MCEXaHNYCCKUM CUCTEMaM. PaCCMOTpI/IM ABYXMACCOBYIO
AJIEKTPOMEXaHHUeCKylo cxemy (puc.2.9). B Hepa3BeTBICHHONW KHHEMAaTHYECKOW cXemMe OOBIYHO
BBLACIAAKOT POTOP ABUTaTClid U KCECTKO CBA3AHHBIC C HEM BJICMCHTBI KHUHEMaTHUYECKOU Ieru.
[IpuBOAST MOMEHTHI WHEPIMU 3THUX 3BEHHEB K CKOPOCTH Baja JBUTATENS, MOJYYHM IEPBYIO
Maccy J;. DTa macca CBsi3aHa MOCPEJICTBOM YIPYroro 3J€MEHTa, UMEIOUIEro KecTKocThC, co
BTOPOI Maccoitly, KOTOPY0 00pa3yr0oT MOMEHTBI HHEPIIUU pad0vYero OpraHa u )KEeCTKO CBSI3aHHBIX C
HUM OCTAJILHBIX DJIEMEHTOB KHMHEMATUYECKOU oeru.

Onwucanue AByXMacCOBOM MEXaHUYECKOW CHCTEMBI C YIIPYTUM 3BEHOM Ha OCHOBE YpPaBHEHUS

J1a)12 + szj _ C(¢’1 _(Dz)z
2 2 2

L=

8. O6mue cBeICHNS O PETYJIUPOBAHUHI

Pecynuposanuem  ckopocTH  Ha3plBaeTCd  NPUHYAUTEIBHOE  M3MEHEHHE  CKOPOCTH
ANEKTPONPUBOZA B 3aBUCUMOCTH OT TpeOoBaHMI TexHOJOruueckoro rmnpouecca. llonarue
pEryJIMpOBaHMsI CKOPOCTHM HE CIEAYEeT CMEIINBATh C €CTECTBEHHBIM H3MEHEHUEM CKOpOCTH,
BO3HUKAIOIIUM B 3JIEKTPONPHUBOJAX B CUIYy U3MEHEHHs HArpy3Kd Ha Bally paOOTalolIeil MallluHBI.
PerynupoBanue CKOpPOCTH OCYIIECTBISETCS JOMNOJIHUTEIbHBIM BO3JACHCTBUEM HA MPUBOIAHOMN
JIBUTATEIb.

Haunbonee 3¢ (eKTUBHBIM ¢ TOUKH 3pEHHSI 3aTPAT U BO3MOKHOCTEH SIBIISICTCS DJIEKTPHUECKOE
peryiupoBaHue, KOTOPOE CEroJHs JOMHUHHUPYET Haj APYTMMHU TUIAMHU PEryIUpOBaHUS IMOTOKA
MOILHOCTH K pabo4YeMy OpraHy HCIIOJIHUTEIbHOTO MEXaHU3Ma.

Kpome perynupoBaHus CKOPOCTH OT 3JEKTPONpPHUBOJA B OOIIEM cllydae Takxke Tpedyercs
00eCTIeYnTh pEeryJupoBaHHEe MOMEHTa (TOKa) M TOJOXKEHHWs. 3ajada peryInpoBaHHE KOOPAWHAT
ANEKTPONPUBOIA PEIIACTCS IPU MPOSKTUPOBAHUU CUCTEM YIpaBiieHus anekrponpuBoaoM (CYIII).

PerynupoBanue nensit oObIYHO Ha JIBE IPYMIbI: B PA30MKHYTBIX CUCTEMAX U B 3aMKHYTBIX
CUCTEMax.

Pasomxnymole cucTeMpl, Kak MpaBUIo, HE TPEOYIOT JaTYMKOB OOPAaTHBIX CBSI3E€H M CIIOKHBIX
YIPaBISIOUIMX  YCTPOHCTB  (Hampumep, MpOrpaMMHUpyeMble JIOTUYECKHE  KOHTPOJUIEPHI).
HenocraTkoM  pa3oMKHYTOrOo perylMpoBaHHs SIBISIETCd HHU3Kas TOYHOCTb MOAJEp’KaHUs
peryaupyeMoil KOOpAMHATBl, YTO YacTO HE MOXKET O0ECHeYnTh BBIIOJHEHHE HEO0OXOIMMBbIX
TpeOOBaHUI TEXHOJIOTUN IPOU3BOJICTBA.

B 3amxnymeix cucremax pasinyaioT JABa BUAA PETYIMPOBAHUA: IO OTKJIOHEHHIO M IO
BO3MYILIEHUIO. PerynupoBaHue 1O BO3MYILEHHIO MPEANOJIAraeT KOMIIEHCAIMIO  BIUSHUS
BO3MYUIICHUSI Ha PETyIUPYeMYI KOOpPAMHATY C TOMOUIbIO MOJOXHUTEIbHON oOpaTHOW cBs3u. B
ANEKTPONPUBOJIE NMPUMEHSETCS MEPBbIM TUIl PETYIUPOBaHUS — MO OTKJIOHEHHIO. Vcmnonb3oBaHue
MOJIOKUTETBHBIX OOPAaTHBIX CBsI3€il 4acTO MPUBOJIUT K BO3HUKHOBEHHIO SIBJICHUS HEYCTOMUMBOCTH,
YTO JIeJIaeT CUCTEMY HepaOOTOCHOCOOHON, IMOATOMY pEryjIMpOBaHUE 110 BO3MYLICHHIO B
NEKTPONPUBOJE HE TPUMEHSETCS.

Peanuzamust perynmupoBanusi Tpedyetr BBefeHUss B DOMC MOMOJHUTETBHBIX YIPABISIIOITUX
YCTPOUCTB. B pa3oMKHYTO! crCTEME BBOAATCSI KOHTAKTOPBI, PEJIE, PE3UCTOPBI, PEAKTOPHI U IL.T.

Jlis ocyliecTBIE€HUS! aBTOMAaTUYECKOIO PETyIMPOBAaHUS IPETyCMAaTPUBAIOTCS YIIpaBIIsieMble
npeoOpa3oBaTesid M PEryJIsATOPbI, MO3BOJSIOIINE aBTOMATHYECKU IOJ BO3ACUCTBHEM OOPAaTHBIM
CBSI3eM M3MEHATh mapaMeTpbl cucteMbl. Hanbosee mHMpOKO KCMONB3YIOTCS AJIEKTPOMAIIMHHBIE U
BEHTWJIbHBIE YIPaBIII€Mble MPEoOpa3oBaTead M COOTBETCTBYIOIIHME CHCTEMBI 3JIEKTPOIPHUBOJIA!
cucrema reHeparop — gBurarens (I'-[I); cucrema THPUCTOPHBIM (WM TPAaH3UCTOPHBIN)
npeoOpazoBarens — pasuratenb (TII-I]); cuctema mpeoOpazoBarenb YacTOTHl — ACHHXPOHHBIN
nsuratens (ITH-AD).

9. IlokazaTenu kadecTBa PEryJIMPOBAHUS YIIIOBOM CKOPOCTH 3JIEKTPONPHUBOIOB
K mnokasarensm PEryjIupoBaHusA OTHOCATCA TOYHOCTb PETYJIHMPOBAHHA, IIJIABHOCTD,
CTaOMJIBHOCTh CKOPOCTH, JONMYCTHMas Harpys3ka IpH pPa3JIMYHbIX CKOPOCTSX, JAWHAMHUYECKHUE
IMOKAa3aTCJIn Kau€CTBA U DKOHOMHUYHOCTL PEr'yJIMPOBAHUSA.



Tounocmo pezynupoeanusi IEPEMEHHON ONPENENAECTCS BO3MOXHBIMU OTKJIOHEHUSIMHU €€ OT
3aJJaHHOTO 3HAYEHUS IMOJI JCHCTBHEM BO3MYLIAOIUX (aKTOPOB (M3MEHEHUN HArpy3KH, KojleOaHus
HampspKeHus MeTd u 1ip.). Ilpu perynupoBaHuu B pa3oOMKHYTOH CHCTEME MOXKET ObITh HMPHUHSTO
CpelHEee 3HAYEHUE KOOpJAMHATBI IIPU H3BECTHBIX IIpeleiax M3MEHEHMsI BCEX BO3MYILAIOIIUX
Bo3neucTBUM. Ilpu 3TOM OLEHKOW TOYHOCTH PpETyJIMPOBAHUS MOXET CIYKUTh OTHOILECHHE

HauOOIBIIEr0 OTKIOHEHHS A o mx K CPEAHEMY 3HAUCHUIO A ® 4

AO e = AO oy /wﬁa:(wmax = O pin )/(Comax +wmin)’
rae o, 1 o, — MaKCUMaJIbHOC U MUHMMAJIBHOE 3HAYCHUE NIEPEMEHHOMN IIPU JAaHHBIX 3HAYECHUX
napamMeTpa UM 3a1at0IICro Curuajia U NpcacjioB U3MCHCHHU A BO3MyH.[GHPIfI.
o 0]
Oy
max wcp.max - %Ammaxl
O - | — |—
min COcp.m:in | | A
(‘DmaxZ
| | M
0
0 Mmin Alcp Mmcvc Mmm MP Mmax
Puc. 7.1. K onpenenenuto noHsATus Puc. 7.2. K onpenenenuto noHATus
TOYHOCTH PEryJIMPOBAHUS Auaria3oHa peryJInpoOBaHUsd

Huanazon peeyrupoeanus yrioBOM CKOPOCTH OIPENENSAETCsl OTHOIIEHHUEM BO3MOKHBIX
YCTAHOBUBLIMXCS CKOPOCTEH: MAaKCUMAIBHOW o ,, K MUHUMAJIBbHOH o

Dw = (DTTHX /(Dm'n
Ilnasnocms pezynuposanusi XapakTEPU3yeT CKAYOK CKOPOCTHM IIPU IEPEXOJ€ OT JaHHOU
CKOpPOCTH K Omipkaiimeil Bo3aMo)kHOH. [11aBHOCTH TeM BhIllIE, YeM MEHbINe 9TOT cKkadek. E€ MoxkHO
OIICHUTh KO3(P(UIMEHTOM TUIABHOCTH PETYIMPOBAHMS, KOTOPBIA OMpENEISIETCs KaK OTHOIICHUE
JIBYX COCEIHUX 3HAUEHUH YIIJIOBBIX CKOPOCTEHN IPU PEryIUPOBAHUU
¢ =0 /o,
Ie o, ¥ o, , COOTBETCTBEHHO YIJIOBbIE CKOPOCTH Ha I-ToM U (i-1) CTyMeHAX peryiupoBaHus.

ODKOHOMUYHOCMb — pecyIupo6anus — XapaKTepu3yeTcs 3aTpaTaMH Ha COOpPY)XEHHE WU
IKCITyaTaIluio0 dJICKTPONpPHUBOAa. [IpUMEHEHUEe peryaupyeMoro >JEKTPONPUBOAA CBSI3aHO C
AOHNOJHUTCIBbHBIMA INICPBOHAYAIIBHBIMU 3aTpaTaMU M JKCIUTYaTaHUOHHBIMU paACXOdaMH, KOTOPBIC
AOJDKHBI OKYINATBCA MOBBIMICHUCM HPOU3BOAHUTCIBHOCTH W HAACKHOCTHU pa6OTBI YCTaHOBKH, a
TaKKe YIydIIeHHEeM KauecTBa MPOAYKIHMH. [Ipr cpaBHEHUH Pa3IUYHBIX CIIOCOOOB PETYIIHPOBAHUS
OPHEHTUPOBOYHOE CYXJCHHE O 3aTpaTax MOXKHO COCTaBHTh, OIICGHHBAs Maccora0apuTHBIE
IIoKas3aTejiin AOIMOJHUTECIBHOI'O O60py,HOBaHI/IH, a SKCIUTYyaTallMUOHHBIC 3aTpPAThI 0 SQHCPTUH — KHZ[,
XapaKTePU3YIOIIUM MTOTEPH YHEPTHH

n="P, /P,
rae P1 — MOIITHOCTB, HOTpeGHHCMaﬂ U3 CCTH, P2 — MOIIHOCTH Ha Bally ABUTaTCIIA

CmabunvHocms y21060U CKOpocmu XapakTepU3yeTcs U3MEHEHHEM YIJIOBOM CKOPOCTH NpHU
3a/IaHHOM OTKJIOHEHMH MOMEHTA Harpy3kH U TECHO CBSI3aH C MOHSATHUEM KECTKOCTH MEXaHMYECKOU
XapaKTEePUCTUKUA. UeM OO0bIle )KECTKOCTh MEXaHUYECKON XapaKTEPUCTUKU JIBUTATENSI, TEM BBIIIE
CTaOUIIBHOCTh  CKOpPOCTH  dJeKTporpuBoja. (CaMoil BBICOKOW CTaOMIBHOCTBIO  00JIagaroT
CUHXPOHHBIE IBUTATEIH, TaK KaK y HUX KECTKOCTb MX B — o .




Hanpasnenue peecynuposanus cxopocmu- — onpeneisieT BO3MOKHOCTb YMEHBIIECHHE WIH
yBeNIM4YeHue e€ 1Mo OTHOUICHUIO K HOMHUHAJIBHOMY 3HaYE€HHUIO 3aBHCUT OT CIIOCOOOB PETyIUPOBAHHMS.
J1Jis IpUBOJIOB MOCTOSIHHOTO TOKA Pa3iNyaloT OJHO- U JBYX30HHOE PETYINPOBAHHE.

B nepBom ciyuae peryiampoBaHHE OCYIIECTBISETCS IPU MOCTOSHCTBE MarHUTHOIO IOTOKA
MyTeM U3MEHEHUsI HANPSHKEHUs Ha sIKOpe BHU3 OT HOMUHAJIBHOTO 3HaYeHUs. Takoe peryiupoBaHue
Ha3bIBAIOT PEryJIUPOBAHMEM C IIOCTOAHCTBOM MOMeHTa (M = kO 1,, O = const ).

JUia nepeBoja NpHUBOJA BO BTOPYIO 30HY YMEHBIIAIOT MAarHUTHBIA NOTOK JBUIATENs
(M3MEHSIOT HaMpsbKeHHE Ha 0OMOTKE BO30YKICHHS HI)KE HOMUHAIIBHOTO), IPU 3TOM YMEHbILIAETCS
neperpy304Has CrnocoOHOCTh JABHWraTenss Mo MoMeHTy (i, 4= kO { A, ) W yBeauuuBaercs
CKOpPOCTb. Takoe peryarpoBaHUE HA3bIBAIOT PETYIMPOBAHUEM C IOCTOSHCTBOM MOIIIHOCTH:

U, - IR, . )
P=o-M=—"—"2 k01 =(U, - 1R;)I,O =var ).
kO
Xapakrepuctuku 1ByX 30H perynupoBanus AIIT ¢ HB npencrasiens Ha puc. 7.3.

MP, o N
| A 5%,
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Puc. 7.3. XapakTepucTuku IByX 30H Puc. 7.4. lunamuyeckue noxkasaTeiau
peryaupoBanus AT ¢ HB Ka4yeCTBA PEryJIMpoBaHus

Honycmumas nacpyska Oeueamenasmo HauOoOJbIlIee 3HAYEHHE MOMEHTa, KOTOPBIH
JIBUTATENIh CIOCOOEH JUIMTENIbHO pa3BUBATh MpU pabOTe Ha PEryJUPOBOYHBIX XAPAKTEPUCTUKAX.
OmnpenensieTcss HarpeBOM JBHUraTeNss U pa3dyaeTcsl B 3aBUCUMOCTH OT CIIOCO0a peryiIupoBaHUsl.
N3MeHeHne cTaTHd4ecKoro MOMEHTa OT CKOPOCTH B 3aBUCHUMOCTH OT MCXaHH3Ma MOXKCT OBITH
pa3IUYHbIM.

Jlunamuueckue — KadecTBa  DJIEKTPONPUBOAA BO  MHOTHUX  CAydasX  ONpEAENsioT
MIPOU3BO/IUTENILHOCTh YCTAHOBKH, M3HOC MEXaHHMUYECKOro 00OpYJOBaHUS, KayeCTBO BBITYCKAaeMOMH
npoaykiuu. KayecTBo mepexoHOro mpoiecca MOXHO OLIEHHUTh OBICTPOAEHCTBHEM, BEIMYMHOU
nepeperyaupoBaHus U Koiae0aTeIbHOCThIO MpoLecca.

Bvicmpooeticmeue omnpenenser OBICTPOTY peakUUU JJIEKTPONPHUBOAA HA U3MEHEHHs
Bo3zelcTBUil. [7aBHBIM TOKa3aTeneM OBICTPONEHCTBHS, HEMOCPEJCTBEHHO BIUSIOIIMM Ha
IMPOU3BOJUTCIIBHOCTE MEXAHU3MOB, ABJIICTCA BpPEMA IMCPCXOAHOro Imponecca HIM BpeMA
peryiaupoBaHusa. B aBTOMaTMuYecKMX cUCTeMax PEryJIMpOBaHUS ObICTPOJEHCTBUE XapaKTEPHU3YIOT
MOKa3aTeIsIMM  [IEPEXOJHOr0  mporecca INpu  OTpabOTKE E€IUHMYHOIO  CKAa4KoOOpa3HOro
YIIpaBIISIONIETr0 Bo3AeUCTBUA. OOBIUHO MO BPEMEHEM PETYIHMPOBaHMs TOHUMAIOT BpeMs, KOTOpoe
TpeOyeTcst MpUBOJIa JUIsl TOTO, YTOOBI OTKJIOHEHHE PEryIMpyeMoi KOOPAUHATHI He MpeBbimano 5%
OT 33JIaHHOT'O 3HAYEHUS.

Ilepepecynuposanue mnpencTaBisgeT COOOH AMHAMHUYECKYIO OIIMOKY U XapaKTepU3yeTcs

MaKCUMAJIbHBIM OTKJIOHCHHEM © OT YCTAHOBUBIICTOCA 3HAYCHHUA © 4, - Kax ImpaBHiIo,

max ono
NEepePEryjimpoBaHuC o BBIPAXKAKOT B OTHOCHUTCIIBHBIX CAMHUIAX UJIN MTPOLCHTAX:

. Ao
A® | = ——2—-100 % .
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Konebamenvnocmos  3nextpornpuBoja sABIsSeTCS (AKTOPOM, BIHUSAIONIUM Ha TOYHOCTD,
JUHAMHYECKHE HArpy3KH M KadeCTBO TEXHOJIOTMYECKOro mporecca. E€ oOmmMm mokazarenem
CIIY>)KUT 3HaY€HUE JIOTapu(PMUUECKOT0o JEeKPEMEHTa 3aTyXaHus

A =1In i,
AZ
rae A;, A, - BCIWYMHA aMIIJIMTY]l IIEPBOTO U CICAYIOIIECTO 38 HUM MaKCUMyMa.
Ha puc. 7.4. npexacraBieH BHJ MEPEXOJHOrO0 TMpolecca M yKa3aHbl BEIMYMHA
OBICTPOICUCTBUS t, U IICPEPETyIUpPOBAHUC o .

10. Knaccudukarus snexrpoasurareneii noctossaHoro Toka (311T) mo ciocody
BO30YKICHHS
JIIT KOHCTPYKTHBHO COCTOMT W3 JBYX OCHOBHBIX 4YacTed: IOJBHMXHOW YacTu (SIKOps) U
HEMOJBI)KHOW YacTH (cTaropa), B KOTOPOM HaxoAMTCS OOMOTKa BO30YXKAECHHs [JIBUTATEI.
JIBUraTenb NHTAETCS IOCTOSHHBIM HAaIpsDKEHHEM. B 3aBUCMMOCTH OT croco0a BKIIOYCHHUS
O0OMOTKH BO30YXXJEHUS PA3IN4atoT 4 OCHOBHBIX THIIA JIEKTPOABUraTENCH.
1. HIIT c¢ He3aBucuMbIM BO30YyXKIeHueM (puc. 8.1, a). B manHoM ciydae

HMCTOYHHUKH MMUTAHMS IIENH SKOPS IBUTATENS U 1IeNd 0OMOTKH Bo30yxaeHus (OB) sBistoTcst
pa3HBIMHU, MHOT/A C Pa3HbIM YpPOBHEM HAIpsKEHUs. B CBSI3M ¢ 3TUM MOBEIEHHE TOKa
BO30Y>KJCHHS HE 3aBUCUT OT IIEMH SKOPs (MIPU MPEeHEOPEKEHUH BIUSHUEM PEAKIIUU SIKOPS),
YTO TIPU HEU3MEHHOCTH TOKa BO30YXICHHUS JIeJaeT XapaKTePUCTUKU JBUTATEIA
JIMHEHHBIMH.

2. [Tpu mapamiensHOM croco0e BKIIOYEHUS OOMOTKHM BO30YXKIEHHUS M SKOPS
BKJIIOYAIOT B OJIHY CETh NapajulesbHO Apyr Apyry (puc. 8.1, 6). Ilpu ycnoBuu Hau4us ceTu
0ECKOHEUHOW MOIIHOCTH HAaNpsOKEHHE Ha 3aKHMaxX OOMOTOK OCTarcs IMOCTOSHHBIM U
xapakrepuctuku JAIIT ¢ IIB ananornunel xapakrepuctukam IIT ¢ HB. Iloaromy wacto
orpannuuBarorcs paccmorpenueM JIIT ¢ He3aBuCHMBIM BO30YXI€HUEM.

Puc. 8.1. CxeMbI BKIIFOUEHHUS JBUTATENS C HE3aBUCUMBIM (a),
napajuieabHbIM (0) U ocse1I0BaTeNIbHBIM (B) BO30YKICHHEM

3. Y JIIT ¢ mocnenoBaTenbHBIM BO30Y)KJIEHHEM HMEETCS IOCIEI0BaTeIbHAS
(cepuecHast) 0OMOTKa, KOTOpas BKIIIOUAETCS TMOCIEIOBATEILHO C OOMOTKOW SKOPS
nsurarens (puc. 8.1, B). Takoe BkIItoueHUE MPUBOANT K TOMY, YTO TIOTOK, co3/1aBaeMblii OB,
3aBUCHT OT TOKa JBUTATENs, KOTOPBIA B Tpollecce padOThl U MEPEXOIHBIX IMPOIIECCOB




MOJIBEpPraeTcsi 3HAUUTEIHHBIM U3MEHEHHsIM. J[aHHBIM THIT ABUTATENs 001a/1aeT HETHHEHHON
MEXaHUYECKOU XapaKTEPUCTUKOM.

4. T co cMemanHbIM BO30YyXaeHHEM. B 3TOM ciydae nBUTaTellb MMEET ABE OOMOTKHU
BO30YKJICHMs: TOCIEA0BAaTEIbHYI0 U NapaJlIelbHYI0, U Pe3yJbTUPYIOIIUHA MarHUTHBIM IMOTOK
CKJIa/IbIBA€TCsl U3 JABYX cocTaBisromuX. [loakiatoueHne nenu sSKopsi BBINOJNHSETCA TakK K€, KaK Ha
puc. 8.1, B, a 00OMOTKHM BO30YX/I€HHS, Kak Ha puc. 8.1, a, 0.

11. Mexanuueckas u snekrpoMexanndeckas xapakrepuctuku 1T ¢ HB
O6miee BeIpaxkeHus sl Mexanndeckoi xapakrepuctuku 1T ¢ HB
oYy MRy Ly dM
kO (k0)" (kO)" dt
Ecin MOMEHT iBUTATENS TOCTOSHHBIN, TO dM /dt = dl ,/dt = 0 , U YPABHEHHE MEXAHUYECKOM

XapaKTEPUCTUKU JBUTATENS OyAeT UMETh CICTYIOITUN BU/I:

Uy MRy
kO (ko)

Wnu B npyrom Buae

U,
rae o, = — — CKOPOCTb UACAIIBHOI'O XOJIOCTOI'O X014d.
kO

Bun xapaktepucTuku mokasaH Ha puc. 9, a.
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Puc. 9. EctectBennsbie (a) 1 uckyccTBeHHble (0) mexanndeckue xapakrepuctuku JIIIT ¢

HB

DNEKTPOMEXaHUUECKYI0 MEXaHMYECKYI0 XapaKTePUCTHKY MOXXHO IOJIy4YWUTb, MOJICTAaBUB B
MEXaHUYECKYIO XapaKTEPUCTUKY JIBUTATEIS BBIPAXKEHHUE 11 MOMEHTA M = kOl

_U..—IR.,Z

w - A

kO
Kaxnoli XxapakTepuCTUKM MOXET OBIThb OXapaKTepU30BAaHO JBYMsS TOYKAMU: TOUYKOM
UIEATBLHOr0  X0J0CTOro xoaa (ly=M =0; ©=0y) H TOYKOH KOPOTKOIO 3aMbIKaHMsI(

1o = 1 0):0.)

y=leg M =M

éc. ;

12. TopMO3HBIE PEKUMBI JABUTATEIIS IIOCTOSIHHOTO TOKA C HE3aBUCHMBIM BO30YXK/I€HHEM
TopMO3HOI peKUM XapaKTEpH3YeTCsi TeM, YTO CKOPOCTh BpPAIICHHS M MOMEHT JBUTaTEs
UMEIOT pa3Hble 3HaKHU. BhICTPOTa W TOYHOCTB, C KaKOW OyIyT MpPOTEKaTh MEPEXOHbIC MPOIECCHI
OCTaHOBKH WJIM pEBEpCa BO MHOTOM OIPEACISIOT MPOM3BOAUTEIBHOCTh MEXaHU3Ma, a WHOTJIA U
Ka4eCTBO BbIPa0ATHIBAEMOTO MPOIYKTa. BO3MOXHBI TpU BapHaHTA IEKTPUIECKOTO TOPMOKEHHUSI:
1) pEKyIepaTHBHOE TOPMOXKEHUE,



2) JTUHAMHYECKOE TOPMOKEHUE;
3) TOPMOXKEHUE IIPOTUBOBKIIIOYCHUEM.

Pexynepamuenoe mopmoorcenue
Takolt pexuM BO3HHKAET, KOTJa CKOPOCTh JBUTATENsl OOJBIIE CKOPOCTh HICAIBHOTO

XOJIOCTOTO XO0Jla JIBUraTellsd, TO €CTh BBINOJHAETCS YCIOBUE o > o . IIpu atom DJAC nBuratens
CTaHOBMTCS OOJIbIIE HampsoKeHust ceTu (Ey > U ), M TOK ABUrartess MeHseT Hampasienue. [lpu

3TOM JBUTATENlb paboTaeT reHepaTopoM U OTHACT PHEPTUI0 B CETh. DJIEKTPOMArHUTHBIH MOMEHT
JBUraTess MpU 3TOM POTUBOAEHCTBYET BHEIIHEMY BPAIIAIOIEMY MOMEHTY.

JlaHHBI BUJ TOPMOXKEHHUS SIBIIICTCS HauOoiiee HKOHOMHYHBIM, TaK Kak »JHEprus
BO3Bpalaercs B ceThb. [IpuMenenne 3toro crnocoda sBiseTcs 3pGEKTUBHBIM SHEProcOeperarmum
CPeACTBOM. OJTOT pEXHUM IIeJIecoo0pa3eH, Korja MpUBOJ padoTaeT ¢ YacTBIMH ITyCKaMU H
ocrtaHoBkamu. Hampumep, snexrporpanHcnopt. IIpum IBHMKEHHH MOJA YKJIOH TakXKe BO3HUKAIOT
ONaronpusATHBIC YCIOBHSA Ui BOSHUKHOBEHHS 3TOTO PEKUMA TOPMOKECHHUS.

Cxema BKJIIOYEHHUS JBUraress A [JaHHOIO pekuma IokazaHa Ha puc. 10, a, a
XapaKTepUCTHUKU NpeAcTaBieHbl Ha puc. 11 (xapakrepucruka 1).

Hunamuueckoe mopmoosicenue

Heo6XxoauMocTh B TaKOM TOPMOXXEHHH BO3HUKAET, KOTJA IOCJIE OTKIIOYCHHUS JBUTATEINS OT
CEeTU €ero SKOpb MPOAOIDKAET BpalIaThCs MO AeHCTBUEM 3amaca KHHeTn4eckoi sHepruu. Eciou mo
TEXHOJIOTUU TpedyeTcss 0ojee OBICTPBI OCTAHOB JIBUTATENs, YeM BpPEMs OCTAaHOBKH Ha BBIOETE,
UCHOJIb3yeTCsl TMHAMUYECKOE TOPMOXKEHHE.

[lpu nmaHHOM crnoco0e TOPMOXEHHS SIKOPh JABHTATeNsl 3aMbIKAeTCs Ha TOPMO3HOE
COIIPOTHBIIEHHE, a OOMOTKa BO30YXICHMsS OCTAETCS MOAKIIOUEHHOH B CETh Ui CO3JaHMs
TOPMO3HOTO MOMEHTAa. BpIipaGaTeiBaeMasi TpU O5TOM DHEPrusl MNEPEeXOAWT B TEIUIOBYI0 U
pacceuBaeTcs B OKpY)Karolllee MPOCTPAHCTBO. B 3TOM pexkume TOK ABUraTesss MEHseT 3HaK, TaKk Kak
OH Ha4yMHaeT MpoTekars noj AevictBuemM DJ[C aBuraress, KOTopas HalpaBieHa BCETJa BCTPEYHO
HaNpsOHKEHUIO CETH

Iy = (U, -E))/Ryy = —E (R, +R,, ).
BennuuHy TOPMO3HOTO CONPOTUBIIEHUS MOXKHO OIPEAETUTb U3 (hOpMYJIbl
D ofae "R

R. =
@Gl =18 M,

a.0.

g

[Ipu 3TOM CIMIIKOM Majloe 3Hau€HHE TOPMO3HOIO MOMEHTA BEJET K 3aTSITMBaHus Mpoliecca
TOPMOXKEHMsI, a CJIMIIKOM OOJBIIOM TOK OTpUIATEIbHO CKa3blBaeTCsl Ha paboTe IIETOYHO-
KOJIJIEKTOPHOT'O armapara JBUTraTels.

Cxema BKJIIOYEHHUS [JBUraTens JUIsl JaHHOTO peXuMa TIoka3aHa Ha puc. 10, 6, a
XapaKTepuCTHKU Ha puc. 11 (xapakrepuctuka 2).

R . U, n
e
15{ Eﬂ 15[ A [{r
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a | 6 | B
Puc. 10. CxeMbl BKITIOYESHHSI TBUTATENSI B TOPMO3HBIX peKUMax padOThI
(a-pekymnepaTuBHOE, O-THHAMHYECKOE, B-IPOTHBOBKIIIOUCHHE)




Puc. 11. Mexanuueckue xapakrepuctuku JIIT ¢ HB B TopmMo3HBIX pexxumax

Topmooicenue npomuosKiItOueHuem

JIst yMEHbIIIEHUs] BPEMEHN TOPMOKEHHUs WM peBEepCa MHOIA NIPUMEHSIOT JaHHBIM PEXKUM.
Peanuzanus 3TOro pexuma BO3MOXHA Ha paboTarolleM JBUraTelie MpU CMEHE MOJSPHOCTU
nuTarouiero HampsbkeHus. B atom cnyuae Hanpasnenuss DJIC aBurarenss ¥ HampsoKEHUs! CETU
COBIIAJIAET

ly =(-Uy - Ey)/Ryy,

BennunHa TOpMO3HOTO CONPOTUBIICHUS BEIOUpaeTcs 1o Gpopmyiie

(O] + ®

0.fa+

= —-R,.
Ll =18 M,

TOpMO)KeHI/Ie IMPOTHUBOBKIIIOUCHHUEM IIPUMCHACTCS B OCHOBHOM IJIs1 PCBEPCA ABUTATCIIA. I[J'ISI
TOYHOI'O OCTAaHOBA ABUIATCIII dAaHHBIM pe>1<1/1M HEC y1106eH, TaK KakK Tpe6yeTcsl JOBOJIBHO TOYHAasA
HaCTpOﬁKa anrmaparypsl 4jid Toro, IlTO6bI OCTAaHOBUTH ABUT'ATCIIb B TOUYKEC HYHGBOﬁ CKOpPOCTH. Ecim
K€ ABHUIrareilib HE OTKJIIOYUTH OT CE€THU, TO OH HepeﬁﬂeT B IIBI/II“aTeJII)HHﬁ pe)KI/IM, U B IIEUILHGﬁHIGM
Pa3roHuTCA 10 HOMHWHAIBHOU CKOpPOCTHU IIpHU HAJIMYIUMKU HOMUHAJIBHOI'O MOMCHTA Ha BaJly ABUI'ATCIIA.
HJISI TO‘IHOI71 OCTAHOBKH OBUT'ATCIIA I/ICHOJII)?;yeTCSI pe>1<1/1M JTUHAMHWYCCKOI'O TOpMO)KCHI/IiL

R

o..

13. PeocTaTtHOE peryianpoBaHue YrIIOBOW CKOPOCTHIO IBUTATENE MOCTOSIHHOTO TOKa

Peocmamnoe pecynuposanue - caMblii TPOCTOM M caMblil HEOJIArONMPHUATHBIN CIOCO0
pEryJIUpOBaHMsI CKOPOCTH U (WJIM) MOMEHTa. B SKOpHYIO Ilenb MOCIeq0BaTeNbHO, €ClIM MUTaHHe
OCYIIECTBJISIETCS. OT WCTOYHHMKA HampspkeHus (puc. 12,a), BKIIIOYAIOTCS JOMOJTHUTEIbHBIC
PE3UCTOPBHI.

*
ml"l

a) 0)

Puc. 12. Cxema (a) u xapakTepucTHKH (0) MpH PEOCTATHOM pETyIUPOBAHUM JIBUTATEIIS
HE3aBHCUMOTI'0 BO30YXKICHHUS

CkopocTb uaeanbHOro xojocroro xoaa npu U, n @, u Bximouennu Ry He U3MEHUTCS:

(,002 ,



a HaKJIOH XapakTepucTuk ., _ * _ MR Gyner yBennuuBaThCsi HPOMOPLHHOHATBEHO
ko, (ko) 2
R = R,+R,.
U,-I(R,+R,)

F

®, =

k@
B snextponpuBoe ¢ gBuraTenem nociaeaoBaresibHoro Bo3oyxaenus npu U=U, (puc. 13,a)

Puc. 13. Cxema (a) u xapaktepucTuku (0) mMpu peOCTaTHOM pPETyIUPOBAHUU ABUTATENS
IIOCJIEZI0BATEIBHOTO BO30YKICHUS

14. PerynupoBaHue KOOpJMHAT U3MEHEHUEM MarHUTHOI'O MIOTOKA.

Cxema BKIIIOYEHMS JBUraTens i PEryIMpPOBaHUS CKOPOCTH H3MEHEHMEM MAarHUTHOIO
IIOTOKA MpUBEAEHBI Ha puc. 14. SIkopHas nens apuratens 0e3 Kakux-1ubo J00aBOUHBIX PE3UCTOPOB
MOJIKJII0YEHA K UCTOYHUKY ¢ HanpsbkeHueM U = U, a nenb Bo30yXJeHUS MUTAETCSA OT YCUIIUTENS -
BO3OyauTens B.

Puc. 14. Cxema 351eKTpOIpUBOa C PETYIUPOBAHUEM CKOPOCTH M3MEHEHHUEM MAarHUTHOTO
MOTOKA

9HeKTpOMeXaHI/I‘leCKI/Ie U MCXAaHUYCCKUC XAPAKTCPUCTHUKU ABUTATCIIA IIPU OCJIa0JICHHH TIOJISt

U
nokaszaHsl Ha puc. 15. CKopocTh UI€aNBHOIO XOJOCTOrO X0Ja , - —“ PacTeT ¢ yMEHbIICHHEM
ko
MoToka. Tak Kak TOK KOPOTKOTO 3aMbIKaHHsl HE 3aBHCUT OT CTENEeHHU OCIalIeHHs MO, BCe

U
3JIEKTPOMEXAHWYECKUE XapaKTEPHCTHKH IePeceKaroTcss B OJHOM Touke [, = —— (cuemyer

A

IIOMHUTB, YTO TOK KOPOTKOI'O 3aMBbIKaHUA JId HOPMAJbHBIX MAIlWMH MOXET BO MHOI'o pas

IPEBOCXOANUTh JOIMYCTUMBIN). MOMEHT KOPOTKOIO 3aMbIKaHUs M = kI, @ YyMEHBIIAECTCA C

.3

yYMEHbIIIEHUEM MOTOKa (puc. 15,0).
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Puc. 15. XapakrepucTuku JBUATATENSI TOCTOSTHHOTO TOKA MPU OCTIAOJICHUH TTOJISI

IIpy nuTaHuM SKOPHOM LIENU OT UCTOYHUKA TOKA U3MEHEHHE MAarHUTHOT'O IIOTOKA IO3BOJISET
peryaupoBaTb MOMEHT OT -M,, 10 +M,, NIpyu BEpTUKAIBHBIX MEXAHUYECKUX XapaKTEPUCTUKAX.

15. PerynupoBaHue CKOPOCTH U3MEHEHHEM HAIPSHKEHUS Ha SIKOPe
Cxema 3JIeKTpoIpuBOAa, 00ECIIEYMBAIOIAs PETYIUPOBAHNE HATIPSHKCHUS HA SIKOpE, MOKa3aHa
Ha puc. 16,a. TOT crocol peryaupoBaHus MPEANOIAraeT UCIOIb30BaHIE CHIIOBOTO YIIPaBIsIeMOrO
peoOpa3oBaresi, yCTAHOBICHHAS] MOIITHOCTh KOTOPOT'O MIPEBBIIIACT MOIIHOCTH JIBUTATEIIS.

[Tpu uzmenennu U (B naHHOM ciy4dae E,) IPONOPIHUOHATIBEHO U3MEHSIETCS UL @ ; ,a A®
He 3aBucutr oT U, T.e. CeMEMCTBO HCKYCCTBEHHBIX XapakTEPUCTHUK npu kd = kD, = c -
napajuieNibHbIe MPSIMbIE C HAKIOHOM HECKOJIBKO OOJBIIMM Ye€M Yy €CTECTBEHHOH XapaKTepUCTHKU
JBUTATENS, MMOCKOJBKY R = R, + R, - puc. 16,0; npeanonaraercs, uro YII uMeeT IBYCTOPOHHIOIO
MPOBOANMOCTb.

. E e
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T —— I,
U.-U, ¥
CT. 4B.
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Puc. 16. Cxema (a) u xapakTepucTHKH (0) HpH PpEryaupoBaHUU CKOPOCTH JBUTATENS
IIOCTOSIHHOT'O TOKA U3MEHEHUEM HaIPSIKEHUS
YpaBHEHHUsI XapaKTEPUCTHUK:

68X

KU I(R,+R,)

=
C C

rae K = Lo kodpuuueHt nepenaun YII.
UBX
CpoiictBa VYII oka3pIBaloT BJIMSHHE Ha BMJI XapaKTepUCTUK. Tak, NMpH HCHOIb30BAHUU
npeoOpa3oBaresieil ¢ OJHOCTOpOHHEH mpoBoauMOCThIO (1>0) xapakTepHUCTHKH pacroyaraiorcs
vk B [ u IV kBanpanTax.

16. Cuctema VYII-]1, 3aMKHyTas 0 CKOPOCTH

Hanuuue B anekTponpuBoje yHIpaBiiieMOTro IpeoOpazoBaTelsi, MUTAIOLIETO SKOPHYIO IENb
WIA Uenb BO30YXICHHS, MMEIOLIEro OJUH WM HECKOJBKO BXOJOB M JOCTAaTOYHO BBICOKHMMH
KO3 (UIMEHT Tmepenayd, OTKpPbhIBAaeT IIHPOKHE BO3MOKHOCTH (OPMHUPOBAHUS TpPeOyeMBbIX
HCKYCCTBEHHBIX XapaKTEPUCTUK 3a CYET 3AMbIKAHUA Ccucmemvl, T.€. TOJAYd Ha BXOJA Kak
3adarowe2o0 cucHania, TaK W CHUTHala oOOpaTHOM CBSI3M 1O KOOpAWHATE, KOTopas JOJDKHA
pEryInpOBaThCs.



Ecnu  kecTkoCcTh  XapakTEepUCTUK B  pasoMkHyTtoM cucreme YII-JI  oka3biBaeTcs
HC,Z[OCTaTOqHOﬁ JJIA KaKOFO-JII/I6O TCXHOJIOTMYCCKOTO IIpomecca, OHa MOXKCT GBITB IIOBBIIIICHA
MOCPEACTBOM 3aMbIKaHUSI CUCTEMBI TI0 CKOPOCTH, T.€. HCIIOJIb30BAHUS OMpUuyamensHol oopamHoll
C653U TI0 CKOPOCTH - puc. 17,a.

o

17 =
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Oi‘% E = M @
a) 0)

Puc. 17. Cxema (a) u xapakTepucTUKH (0) JIEKTPOIIPUBOA IIOCTOSHHOTO

TOKA, 3aMKHYTOTI'O TI0 CKOPOCTH

K pazomknyTO# cucteme mo0aBieH M3MEPHUTENBbHBIM OpraH - TaxoreHeparop TI', curnan
KOTOporo Err = y® cpaBHUBAeTcs ¢ 3ajaroluM curdaioMm U’;, a pazHocth U'; - y® mopaercs Ha
BXOJ IpeoOpazoBareis (oTpuliatesbHas oOpaTHas CBsi3b Mo ckopocTu). brmaromapst stomy 3/1C
npeoOpaszoBarens Temepb OMpelesieTcss He TOJbKO 3aJaHueM, HO U (PAaKTHUECKOH CKOPOCTHIO
Bpamenus. [lycts nmpuBoz padoran B 1. 1 (puc. 17,0) a 3aTeM MOMEHT CONPOTHBIICHUS YBEITHYMIICS
1o 3HaueHus M,,. B pa3oMKHYTOI cxeme 3TOMYy U3MEHEHHIO COOTBETCTBOBAIA OBl TOUKA 2°, TaK KaK
n3MeHenue M, He mpuBoamwiio Obl kK m3Mmenenuto DJ[C mpeoOpaszoBarens. B 3aMkHyTO#H cucTreme
YMEHBILIEHUE CKOPOCTHU TMOBJIEYET 32 COOON POCT BXOJHOIO CUTHAJIA

ng = U,3 - Y(D,
T0 ectb E,, cnemoBarenbHO, nOpu M, TpPUBOA TEpeHIeT HAa XapaKTEPUCTHKY,

COOTBETCTBYIOIIYIO E,,>FE,; u Oyner padorats B Touke 2. B paccmarpuBaemoii cxeme o , < @ |, Tak
kak yBenuueHue U,,, a 3HAUuT U E, BO3MOXKHO JIMIIb 33 CYET HEKOTOPOTO YMEHbIeHHs @ . Takue

CHUCTEMBI HA3BIBAIOT CTATUYECCKUMHU, B OTJIMUYHE OT ACTATUUYECKUX, TJ€e Aw = 0 .
ypaBHeHI/IC MEXaHHYECKOU XapaKTCPUCTUKU B SaMKHYTOfI CHCTCMC.

KU! MRy
® = -
Ky Ky
o1+ —) c(l+—)
C C

17. Cucrema YII-]I c HenuHEWHON 00paTHOM CBSA3BIO 110 MOMEHTY.

ITycth TpeOyeTcsi OrpaHUYUTh MOMEHT, Pa3BUBAEMbIi JBUraTeiaeM, HEKOTOPOH MpeaesibHON
BeJIMYUHBI M,peo.. B cucreme VII-JI 5Ty 3amady moxHO pemuts, cHuxkas D/]C mpeobpasosaress
IpU JIOCTHKEHMM MOMEHTOM BEIMYMHBI M,,e0. Kak yxe ObIIO mOKa3aHO BhINIE, 3Ta onepanus
BBITIOJTHSAETCS] aBTOMAaTUYECKH, €CJIU UCII0JIb30BAaTh COOTBETCTBYIOIIYIO 00paTHYIO CBs3b. B n1anHOM
cllyyae 1esIecoo0pa3HoO MCI0JIb30BaTh OOPAaTHYIO CBSI3b MO MOMEHTY WIH IO TOKY, KOTOPBIH eMy
npornopunoHaiel (@ = const), IpU4eM 3Ta CBS3b JIOJDKHA BCTyNaTh B JIEHCTBUE JIMIIb MpU
JOCTH)KEHHMH TOKOM HEKOTOPOIo 3aJlaHHOro 3HaueHHs. Takue oOpaTHbIE CBS3M HAa3bIBAIOT
HEJIMHENHBIMU WIH CB3IMH ¢ oTceukoil. [Ipocrenmas cxema cucremsl YII-J[ ¢ orpunarensHoOn
00paTHOM CBSI3bIO IO TOKY C OTCEUKOMN MOKa3aHa Ha puc. 18,a.
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Puc. 18. Cxema (a) m xapaktepuctuku (0) OSIEKTPONPHBOJA TOCTOSHHOTO TOKa C
OTpHUIATENILHON 00pAaTHON CBSA3BIO MO TOKY C OTCEUYKOM

Ha Bxox ynpasnsemoro npeo6paszosarens npu | < l,,. mocrynaer Juiib CUrHal 3aJaHus,
MMOCKOJIBKY CHUTHAJI 0OpaTHOM CBs3W 1Mo TOKY 3amepT BeHTwiIeM B (IR, < U,,). [Ipu moctmxeHun
MOMEHTOM BEITMYHHBI M09 OTpULIATEIbHAS 00paTHAas CBsI3b 110 TOKY HAUMHAET JIeiiCTBOBATS, T.€.

Uex = U3 - al!

Omarojapsa yeMy cHuxaetrcs E, U pocT MOMeHTa orpanuuuBaercs. 3menenuem U, MOXXHO
YCTaHOBUTh TPEOYEMYIO XapakTepucTukKy - puc. 18,0, a mamenenuem U,, - 3agaTh HYKHBIH
npeieIbHbI MOMEHT.

18. 3amkHyTas cucTeMa UCTOYHHUK TOKA - ABUTATENb

IIpu nuTaHUu SKOPHOW LIEMH OT HEYNpPaBJIIEMOro HCTOYHHMKA ToKa (|=const) sanexkrponpuBo/,
KaKk OTMEYasoch, OOJagaeT CBOWCTBOM VIPABISIEMOTO II0 ILEMH BO3OYXKACHHUS ‘“UCTOYHUKA
MOMEHTA”, T.€. UMEET B Pa30MKHYTOM CTPYKTYpPE BEPTHUKAJIBHBIE MEXaHUYECKHE XapaKTEPUCTHUKH.
3T0 00CTOATENHCTBO OYECHD YIOOHO ISl TIOCTPOCHUS 3aMKHYTHIX CTPYKTYP: HCKIIOYCHNE ACUCTBUS
OJIC BpaiieHuss MO3BOJSET MPOCTO (OPMHUPOBATH JIIOOBIE XaPAaKTEPUCTUKU IOCPEACTBOM
HCIIOJIb30BaHUsl COOTBETCTBYIOIIMX OOpaTHbIX cBsized. [lokaxkeM 3TO Ha MpoCTHIX Npumepax. B
cxeme Ha puc. 19,a orpunatenpHas oOpaTHas 110 CKOPOCTH BKJIIOUEHA HA BO30YAMTENb, UMEIOLIHI
XapaKTePUCTHKY C OTPAHUYCHUEM; HATIOMHUM, YTO YCTaHOBJICHHASI MOIIHOCTH BO30YIHUTENSI MHOTO
MEHbBIIIE MOIIHOCTH [BHrarens. B mpeamonoxkenun, uro xapakrepuctukun @(U;) u Uy (U,) Ha

pabourx y4yacTKax JTUHEHHBI, UMEEM:
M = KU,

a) 0)
Puc. 19. Cxema (a) u xapaktepucTuku (0) CHCTEMBbl HCTOYHUK TOKA — JIBUTATEIb, 3aMKHYTON
10 CKOPOCTH

Uy =U;-U,. = U; - yo.
PemmB ypaBHEHHE OTHOCUTENBHO @ , TIOTYYHM:
U M

w = el —_ i)
/4 Ky
T.C. 6y):[eM MMETh CEMEMCTBO MapaJUICIbHBIX XapaKTEPUCTUK (pI/IC. 19,6), OIrpaHUYEHHBIX

MTOCPEJICTBOM XapaKTEPUCTUKH BO3OYAUTEINS 3aJaHHON BEIMUYMHON MOMEHTA.




Hcnonb3oBaB ompuyamenvuylo obpammuylo c643b NO HANpsJCeHUr0 Ha SKOpe WIU B
npenedpexxenuu R, - mo J1C Bpamenus - puc. 20,a, moIy4nm
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Puc. 20 Cxema (a) u xapakTepucTHKH (0) CHCTEMbl HCTOYHUK TOKA — JIBUTATEeIb, 3aMKHYTON
0 HAIMPSHKCHUIO HA SKOPE

OTKYZAa4, [I0OACTAaBUB B YPABHCHUC JJIs1 MOMCHTA, 6y,Z[eM HUMCTb:
U 1

2
w = —

a'M Ka'

Takum 00pa3oM, B 3TOH CTPYKTYpEe MEXaHHYECKHE XapaKTEPUCTUKUA UMEIOT BHJ TUIEpOOI -
puc. 20,0, T.e. cTabUIM3UPYETCsl MOIIHOCTh, pa3BUBaeMasi IBUTaTEIIEM.

[IpuBeneHHbIE TPUMEPHI WILTIOCTPUPYIOT O0raThle BO3MOKHOCTH HOJYYEHUS! HCKYCCTBEHHBIX
MEXaHUYECKUX XapaKTEepUCTHK J1000i TpeOyemol (OpMBI OCPEACTBOM HCIOJIb30BAHUSA
COOTBETCTBYIOLINX OOPAaTHBIX CBS3CH.

Cnenyer OTMETUTb, YTO B CHCTEME HCTOYHUK TOKAa - JBUIATEIb 3aMBIKAHUE CHCTEMBI
MIO3BOJISIET PACIPOCTPAHUTH 3KOHOMHBIN CIIOCO0 PEryJIMpOBaHMsI U3MEHEHUEM MAarHUTHOTO TOTOKA
Ha BClO oOmactb @ -M, T.e. chenarb peryaupoBaHUE [BYX30HHBIM, C LIMPOKUMU
(yHKIMOHATIHLHBIMH BO3MOKHOCTSIMH.

19. Cucrema renepaTop-aBurarens

[TpunuunuanbHast cxema cuctemsl [-J[ mpeacraBmena Ha puc.2la. OHa cocTOUT U3
NpUBOAHOTO JBUratens /| (aCHHXPOHHBIM WM CHUHXPOHHBIA JBHUraTesb), KOTOPbI MeXaHUYeCKU
CBsI3aH ¢ reHeparopom mnocrositHHoro Ttoka I'. Bennumna 3JIC renepatopa peryjiaupyercst myTem
M3MEHEHMs HalpsDKEHUs Ha 0OMOTKE BO30YX/IeHUs reHeparopa. SIKopsi reHepaTopa M ABUraTess
ANEKTPUYECKH CBSI3aHBI IPYT € APYyroM. PerynupyembiM nmapaMeTpoM B JaHHOM CIy4yae BBICTYIAET
BenmmunHa DJIC nBuratens. [lns obecriedeHuss MarHMUTHOTO TOTOKAa B JIBUTATENe M Te€HEpaTope
WCIIONB3YEeTCs  BO30YyIUTENh, KOTOPBIA mpencraBiser coboit [IIT wmeHbmed MomiHoCTH
P, =0,05+01P,. B Hacrosimee BpeMa B KadecTBe BO30yquTeNEH  HCIOJIb3YIOTCS

10JIYTIPOBOJIHUKOBBIE NTpeo0pa3oBaTeu.
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Puc. 21 a. [IppuHIHMnuanbHas cxema CHCTEMBI Puc. 21 6. MexaHnuueckue XapaKTepUCTHUKU
-1 cuctemsl [-]]

W3 ypaBHEHUsI paBHOBECHs HANpPsOKEHUH MO BTOpoMy 3akoHY OMa MOXHO COCTaBHUTH
ypaBuenue JJ[C Ex—E=1(Rz+Ry),



rae E; —OJIC reneparopa, R; — CONPOTUBIICHUS SIKOPS T€HEpaTOpa.

[ToacraBuB B 310 ypaBHenue 3HaueHus OJIC E =kOwo u TOka aBuratenss | =M /kO ,
MO>HO HAWTH YPABHEHUE MEXaHUYECKON XapaKTEpUCTUKU cuctemsl ['-/1:
Ex M (Rz+Ry)

kO (kO )

Bun mMexaHudeckux XapakTEpHUCTHK MpeacTaBieH Ha puc. 21.6. AHanuzupys MOJIy4eHHOE
ypaBHeHre MX i cuctemsl '/, MOXKHO 3aKJIFOYHUTh, YTO OTHOCUTENILHOE I1a/IEHUE HANpPSKEHUS B
9TOW CHUCTEME B BABOE BbIIIE (IIpsiMast 2), YEM Yy €CTECTBEHHOMN XapaKTEpUCTUKU JBUTaTeNs (mpsMas
1). OGycnaBnuBaeTcs 3TO HaJMYMEM CONPOTHUBICHMS TI'€HEpPATopa, KOTOPOE IPUMEPHO PaBHO
COIIPOTHBIIEHUIO KOSl IBUrATENs, TAK KAK MAIIMHbI IPUMEPHO OJIMHAKOBOM MOIIHOCTH.

OCHOBHBIM JJOCTOMHCTBOM J@HHOI'O Croco0a peryjavpoBaHUs SBISETCS BBICOKas IUIABHOCTb
pEryJIMpOBaHMsI CKOPOCTHU JABUTATEISL.

20. Cucrema TUPUCTOPHBIIN peoOpa3oBaTesb-IBUTATENb

Pa3BuTHe CHIIOBOI 3JEKTPOHHMKH ITO3BOJIMIO CO3/aTh M YCIICIIHO pPa3BUBATh CTATHYECKUE
npeoOpazoBareny, Ipeodpasyolye IePeMEHHOE HAPSHKEHUE B PETyIUPYEMOE TOCTOSIHHOE.

V3meHeHNe BEIMYHMHBI MMOCTOSHHOTO HANpPSDKEHUS OCYLIECTBISICTCS PETYJIMPOBAHHEM Yriia
OTKpPBIBaHUSI BEHTHJICH B TPOBOIMIICH YacTH NEPEMEHHOTO HAampspKeHUs. BeImpsiMieHHOE
HANpSODKCHUE COJIEPXKUT TIOCTOSHHYI0 U, W TMEpeMeHHYIO cocTaBisromue. Hamuume mynbcanuid

BBIIPSAMJICHHOTO HAIIPSKEHUS YXYALIAET YCIOBUS KOMMYTALMM JIBUTaTeNIed U YBEJIMUHUBAET IOTEPU
B HUX, IIOATOMY Ha BBIXOJIE BBIIPSAMHUTENS 4aCTO YCTAaHABIMBAIOT GUIBTP, IPEACTABIAIOMINNA OO0
peaxkTop, BKJIIOYaeMbIH IOCJIENI0BATEIILHO C LIEMbIO SIKOPS U OOJAJaIoOUIMil TaKUM pPEaKTUBHBIM
COIPOTUBIIEHUEM, KOTOPOE MO3BOJISIET OOECIEUUTh JOMYCTUMbIN YPOBEHB MyJIbCAIIUN TOKA B AKOPE
nBurarens. Jpyrum CpeiacTBOM YMEHbBIIEHHS IyJIbCAllUi  SBISETCS HCIOJIb30BAaHUE CXEM
MOBBIIIEHHOW IYJIbCHOCTH, YTO TIO3BOJSET 3HAYUTEIBHO YMEHBUIUTh IYJbCALMM  TOKa
BBITIPSIMJICHHOTO HAMPSDKEHUS U TOKA, OAHAKO TpedyeT OOJbIINX 3aTpar Ha 0bopynoBanue. Cxema
pesepcuBHoro TII npencrasnena Ha puc. 5.7.

YpaBHEHHE AIEKTPOMEXAHUYECKON XapaKTepUCTUKU 1t cucteMbl TII-/] umeer cienyronui
BH/I:

U, cos o — IRy

o = N ’
kO

m s
rone U, = —\/;U sin — — CcpeaHee 3HAa4YCHME BBIIPIMICHHOIO HAIPsHKCHUS IIPH XOJOCTOM XOI€

s m
BBIIIPSIMUTENSI U TOJHOCTBIO OTKPBITBIX THPHCTOpPaX (o =0); U — JCHCTBYIOIIECE 3HAYCHHIA
IEPEMEHHOTO HANPSHKEHUSA; m — 4YMCIO (a3 BBIIPAMUTENS; R, = Xom/2m+ Ry + R + Ry -
DKBUBAJICHTHOEC CONPOTHUBIICHUE SKOPHOM Lenu; Ry, Xy  — AaKIMBHOE U PEaKTHUBHOE

COIPOTHUBIIEHUS TpaHC(hOpMaTopa; R, - aKTUBHOE COMPOTHUBIIEHUE CTIIAKUBAIOIIETO PEaKTOpa.

MexaHn4eckyro XapPAKTEPUCTHUKY CHCTEMBI TII-/1 MOKHO MOJIYYUTh n3
JJIEKTPOMEXAHUYECKON, BBIPA3UB 3HAYECHHUE TOKA YEPE3 MOMEHT JIBUTATENA,
Cos a MR

o0 = Yo ~ — yz .
kO (kO )
Bun MX mpencraBneH Ha puc. 226. XapakTepUCTUKH HMEIOT MEHBIIYIO KECTKOCTh IO
CPAaBHEHUIO ¢ ecTeCcTBEHHOM MX 3a cYeT JOMOJHUTEIBHBIX CONMPOTUBIECHUHN B IKOpHOU 1enu. [Ipn

PAa3JIMUHBIX yIJIaX BKIFOYCHHA HAKJIOH XapaKTCPUCTHUK OCTa€TCs HEU3MEHHBIM.
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Puc. 22a. Cxema Puc. 22 6. MexaHnuyeckme XapaKTepUCTHKH
pesepcuBHoro DI cucremsr TII-]] cuctembl TTI-]1

21. AcuHxpoHHBIH 3nekTpoaBuraTeny. [Tpunuun paboTsl

Tpexdaznble  acHHXpOHHBIE  JIBUTaTeld  COCTABJISIOT  OCHOBY  COBPEMEHHOIO
anektponpusoga. Ot JAIIT ux orauyaer npocToTa KOHCTPYKIIMH, HAJEKHOCTb, BHICOKME TEXHHUKO-
HSKOHOMMYECKHE ToKa3zaTenu. B Hacrosiiee BpeMs 4YacTOTHBIE MPeoOpa3oBaTeiad MO3BOJIUIN
cenaTh peryaupoBouHbie cBoiictBa AJl Oonee myumumu, yem y AI1T ¢ HB.

[lo koHcTpyKMU poTopa A/l paznenstorcs Ha JBUraTeIN U KOPOTKO3aMKHYTBIM POTOPOM
(K3P) u gBurarenu ¢ pazusim poropom (PP). Haubonee npocras koncrpykuus y A/l ¢ K3P. Porop
TaKOTo JIBUTATENISl HE MMEET BBIBOJIOB, TaK KaK €ro 0OMOTKa BHITIOJHEHA B BUJE KOPOTKO3aMKHYTON
KJIeTKH (Oennubsi kieTka). Ero oOMoTKa BBITIONIHEHA B BUJE PsA/lda MEAHBIX WU aTFOMHUHHUEBBIX
CTEp)KHEU, PpACIOIIOKEHHBIX IO MEPUMETPY CEpIACYHMKAa pOTOpa, 3aMKHYThlE B JBYX CTOPOH
KOPOTKO3aMBIKAIOIIMMHU ~ KoibIaMH. IIpocToTa KOHCTPYKUIMH O0ECIEYMBA€T WM  BBICOKYIO
Ha/IeXHOCTb, POCTOTY OOCITY’)KHBaHUS U HEBBICOKYIO cTouMocTh. Cxema BkimtoueHus AJl CC K3P
IpesicTaBjIeHa Ha puc. 23, a.

®Da3Hblii poTOop UMeeT Tpex(aszHyr0 OOMOTKY, BBIIOJHEHHYIO MO THUIy OOMOTKH CTaTopa
(puc. 23, 0). OnHM KOHIIBI KaTyIIEK COEAMHEHBI B HYJEBYIO TOYKY («3Be37a»), a Ipyrue —
MOAKJIIOUEHbl K KOHTaKTHbIM KojblaM. Ha kosblla HalOXKEHbl WIETKH, OCYLIECTBISAIOIINE
CKOJIB3SIIIIMHA KOHTaKT ¢ 0OMOTKOM poropa. IIpu Takolt KOHCTPYKIIMM BO3MOXHO IOJICOEAMHEHUE K
OOMOTKE pOTOpa IYCKOBOI'O MJIM PETryJIUpPOBOYHOIO peocTaTa, IO3BOJISIOIIETO MEHSTh
ANIEKTPUYECKOE COTIPOTUBIIEHUE B LIeNH poTopa. Takue aBurarenu 0ojiee CI0KHBI B U3rOTOBJIEHUN
U SKCIUTyaTalluy, 0TOMY IPUMEHSIOTCS TOJbKO TaM, rae npumenenue AJl ¢ K3P He obecneunt
TpeOOBaHUSAM B IPUBOY MEXaHHU3MA.

Potop A/l OTCTa€r OT BpallaroOIIErocs MAarHUTHOTO MOJS CTaTopa, KOTOPOE CO3AaeTcs
0OMOTKOI1 cTaTtopa, TO €CTh BpallleHHE MPOUCXOAUT ACHHXPOHHO. B 3THX yCIOBUAX Bpaliaromeecs
nosie craropa uHaymupyet IJIC B 0OMOTKe poTope, Moj AEHCTBUEM KOTOPOTO B POTOPE MPOTEKAET
TOK, KOTOpBIM B3aMMOAEHMCTBYET C BpamlalImuMmcs MarHuTHeiM mojeMm (BMII), co3naBas
Bpalllaloliuii MOMEHT JBurarens. B pabouux pexumax pasHUIla 4acTOT BpalleHHs cTaTopa U
poTopa He BelIMKa U COCTaBJIAET HECKOJBbKO MpoleHTOB. IIpu paccMoTpeHue pabodux MpoLeccoB
AJl 00bIYHO UCTIOIB3YIOT OHATHE CKOJIBKEHUS S
s = (DO -

®o
CKopocCTb aCHHXPOHHOT'O JIBUTaTelNs B pabounx pekumax
®o=0n,1-:s),
I7I€ CHHXPOHHas YacTOoTa BpAIICHHWs MAarHUTHOIO MOJNd o, = 2nf, / p; f;— dYacroTa

MUTAIOIICTO HAIPSKCHUA U ; p — YHUCJIO IMap IIOJIKCOB.
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Puc. 23. Cxema BruirroueHust acuHxpoHHbIX neurareneit ¢ K3P (a) u ©P (6)

22. MexaHMUYeCKUe XapaKTEPUCTHKN ACHHXPOHHOTO JIBUTATEIst
JUid BBIBOJA YpaBHEHHs MEXaHWYECKOM XapaKTepUCTUKH AJl MOKHO BOCIOJIb30BaThCS
YIPOIIEHHON CXEMOM 3aMelIeHUs] ABUrarTeis, NpuBeleHHoOW Ha puc. 4.5. Ha cxeme NpuHATHI

crenytomue o003HaueHus: U, - IepBUYHOE (a3HOEe HampspKeHue; |, - Ga3Hblii TOK cTaTropa; |, -
IIPUBEJCHHBIM TOK poTOpa; X, W X, - NEPBUYHOE U BTOPUYHOE IPHUBEJCHHOE DPEAKTUBHBIE
CONPOTHBIIEHUSI paccestHusl; R, M X, - AKTUBHOE U pEaKTUBHOE COINPOTHUBIIEHWE KOHTYypa

HaMaroHm4iuBaHU.
ypaBHeHI/IC MEXaHMYECKOU XapaKTCPHUCTUKHU

2M (1 +as,)

sl/s,+s, s+ 2as,
rae a =R, /R, .
Bun MmexaHnueckoi XxapaKTepUCTUKHY TIOKa3aH Ha puc. 24.
Ilpu s << s, MexaHWYeCKas XapaKTepUCTHKAa ONn3Ka K JIMHEHHOW 3aBHCUMOCTH
M

Q

2M ,s/s,, a B 001acTH OOJNBIINX CKOJIBXKEHUN ( s >> s, ) UMEET TUIIEPOOIMUECKUIl XapakTep:

14

M 2M s, Is. HpI/I S =S, MOMCHT IIPUHUMACT MAKCUMAJIIbHOC 3HAYCHHUC, IIpUUCM B

e
JBUTaTEIbHOM PEKMME COOTBETCTBYIOIEE 3HAUYCHHE KPUTHYECKOTO MOMEHTAa MEHBIIE, YeM B
TeHEepPaTOPHOM.

M

M.

K.0

Puc. 24. Mexanunueckas xapakrepuctiuka AJl ‘

XapakrtepHble Toukn MX AJl:
1) s =0; M =0, IpU 3TOM CKOPOCTb JIBUTATEJIS] paBHA CHHXPOHHON CKOPOCTH;

2) s=s;;M =M, 4TO COOTBETCTBYET HOMUHAIILHOMY PEXUMY paOOThI JIBUTATEIIS;




3) s=s,;M =M,; - OKCTpPEMyM MEXaHHYECKOH XapaKTEePUCTHUKH B JBUTATEILHOM

peXHUME;
4) s=1;M = M, -IycK. B 3TOT MOMEHT BpeMeHH JBHUTaTeb Pa3BUBAET ITyCKOBOW MOMEHT;
5 s=-s,;M =-M,, — OKCTPEMYM MEXaHHYECKOH XapaKTepPUCTUKH B T'CHEPATOPHOM
peXHUME.

[Ipu s >1 paBurarenb paboTaeT B peKUME TOPMOXKEHHSI MPOTUBOBKIIOYEHHEM, MPU s < 0
MMEEeT MECTO IeHEPATOPHBII pexkUM pabOThI MapaUIEIBbHO C CETHIO.

23. Biiusinue napaMeTpoB Ha BUJ MEXaHUYECKOH XapaKTePUCTHUKU aCHHXPOHHOTO ABUTaTeIs.

s BBIPAXXCHHUA YaCTOThI BpAICHUSA ACUHXPOHHOI'O ABUTATCIIA
o=2nf,(1-s)/p
CICOAYECT, UTO IPH IMOCTOAHHOM CTaTHYECKOM HAarpy3o4HoM MOMCEHTC M . Ha Bajly IBUI'aTCJId

JaCTOoTa BpalICHUA pOTOpPAa 3aBUCHUT OT YaCTOThI MMUTAIONIEH CEeTH f,, gACIa map IIOJFOCOB p U

BEJIMYMHBI CKOJBXKEHHs s. Kpome TOro B HOMHMHANBHBIX pexumax paborel BenmuuHa I/1C
JBUraTesns ciabo OTINYAeTCs OT BEJIMUMHBI MUTAIOLIETO HAPSKEHUS, TI0ITOMY

U,=E, =44 fw0, .

Hzmenenue conpomuénenus pomopa

JlaHHBINA c1IOCOO peryaupoBaHMsi CKOPOCTH BO3MOXKEH TOJBKO JJIS ABUraTeneil ¢ ¢asHbIM
POTOPOM, T€ UMEETCSI BO3MOKHOCTh M3MEHEHHS BEIIMYMHBI JOOABOYHOTO COMPOTUBIICHHUS POTOPA
R, - IIpu 3TOM, Kak CllefyeT U3 BBIPAXCHMM Ul KPUTUYECKMX MOMEHTA U CKOJIBXCHHS, IIPH
BapHallMsX JaHHOrO mapaMerpa OyJIeT HM3MEHAThCS BEIMYMHA CKOJIbKEHHUS, a BEJIMYMHA
KPUTHYECKOI'O MOMEHTa OCTaéTcs HEU3MEHHOW. JlaHHBIM crocod peryJnpoBaHUs CKOPOCTU
Ha3bIBAIOT peocmamubimM. BUJ HCKYCCTBEHHBIX XapaKTEPUCTHUK IT0OKa3aH Ha puc. 25, a.

BennunHa KpPUTHYECKOTO MOMEHTa I[PU U3MEHEHUM COIPOTUBIIEHHS POTOpPAa OCTAETCA
HEHU3MEHHOM, a BEJINYNHA KPUTUYECKOTO CKOJIbKEHUS U3MEHAETCS.

IIpu panHOM crnoco0e peryaupoBaHMsl YBEIUYMBAETCS 3HAYEHHE ITYCKOBOI'O MOMEHTAa,

JIBUTATEJb HE NIEPErPeEBACTCSI, OJHAKO CyMMAapHBIE ITOTEPU BO3PACTAIOT, UTO CHMKaeT oommid K11/

S
o O ex. (Ry,,5=0)
S, ,
SK' _____ R2;(06
!
‘\ K
) | | ’
SKZ, L _|_ _ R2u06
| |
| |
|
\
a 0 B
Puc. 25. Mckyccrennbie MX Al ipu R,y = var (a), U, = var (6), f, = var (B)

Hszmenenue nanpaxcenus Ha cmamope
[Ipn nanHOM crocobe H3MEHsSIeTCsl BEeMMYMHA TNEepPBOW TapMOHMKH HAINpSOKEHHs] cTaTopa
asurarenst U, = var . [Ipy 5TOM, BenMYMHA KPUTHYECKOTO CKOJIBKECHHS HE M3MEHSETCS, TO €CTh

sg = const (puc. 25 0). U3MeHseTcs BenMMYMHA KPUTHUYECKOTO MOMEHTA, MPUYEM CYIIECTBEHHBIM

é



SIBJSIETCS] TOT (DaKT, YTO BETUUMHA MOMEHTA MU3MEHSETCS MPOMOPIUOHATBHO KBaJIpaTy HAMPSKCHUS
craropa. PerynupoBaHue, Ipu KOTOPOM H3MEHSIETCS BEIMYMHA U, Ha3bIBAIOT ()aA306biM.
N3menenne HampspKEHUsT BO3MOXKHO TOJIBKO B CTOPOHY YMEHBIICHHS, TaK KaK MPHU yBEIHMYCHUH
HaMpsDKEHUs NIPU NOCTOSIHCTBE YacTOThl f; OyAeT BO3pacTaTh BEJIMYMHA MAarHUTHOIO MOTOKA. DTO
B CBOIO Ouepeab MPUBEACT K CYIIECTBEHHOMY POCTY TOKa HAMArHUYMBAHHS, KOTOPBIA MOXKET
JOCTHTaTh W TPEBOCXOJIUTh HOMHHAJIBHOE 3HAYEHWE TOKA JBUTATENS BCIICICTBHUE SIBJICHUS
HACBIIIEHHS MAIlIMHBL.

H3menenue wacmomol numaroweli cemu.

CornacHo Qopmyse, 1isi CUHXPOHHOM 4YacTOTBl o, = 2nf; / p, MPU U3MEHEHUU YACTOTHI

MMUTAOIICTO HAIIPAKCHHUA Ha CTATOpC fl = var 6YIIGT HU3MCHATHCA YaCTOTa BpaAlICHUA
Bpalaromerocss MarHuTHoOro nojrst o, . HpI/I YMCHBIICHNX 4aCTOThI IIPH U, = const IIPOHUCXOIUT

BO3paCTaHUC MArduTHOrO IIOTOKA, YTO HNPHUBOAUT K HACBIICHHUIO MAallMHbBI U 60JILH_IOMy
BO3pacCTaHusl TOKAa HaMarHn4uBaHUA |o . HOC—)TOMy U3MCHCHHUEC YaCTOThl BO3MOXHO TOJIBKO BBIIIC

HOMMHAIBHOW. [lpum yBenuyeHMHM f, IPOUCXOOUT BO3PACTAHUE BEJIMYMH HWHAYKTUBHBIX
CONPOTUBICHUN X, = (L, + L,)oy = (L, + L,)2xf,, 9TO B CBOIO OYePe/b BEACT K YMCHBIICHHIO
KPUTHYECKHUX CKOJIbKEHUSI U MOMeHTa (puc. 4.7, B).
[Teperumem Gopmyy mist JIC nBuraTelns, OCTaBUB B JICBOW YaCTH MarHUTHBIN TIOTOK
U
A 1
0,=—"—.
4.44 w, T,

Tak kak 4YMCIO BUTKOB OOMOTKM w, IIOCTOSIHHO, CTaHOBUTCS OYEBHMJHBIM, YTO JJIs

obecriedeHHss IOCTOSHHOIO 3HAYEHUs MArHUTHOIO MOTOKa O HEOOXOAUMMO NOAJEPKHBATH

IIOCTOSAHHBIM OTHOIICHHEC U1/ f,, TO €CTb HCO6XOIII/IMO 00€eCIICYNTh BBIINOJIHCHHE 3aKOHA

U,/ f, = const

24. TopMO3HBIE PeKUMBbI ACHHXPOHHOTO JABUTATEIS.
Peorxcum pexynepamugnozo mopmosrcenus
JlaHHBIN peXUM BO3HHUKAET NPU MPEBBIIIEHHMH YacTOThl BpAIllEHUS POTOpa OTHOCUTEIBHO

CI/IHXpOHHOI>'I YJaCTOThl BpaAlICHHUA MArHuTHOIO TIIOJIA CTaTopa ((D > o, ) B »srtux YCIOBUAX

3JIEKTPOMArHUTHBI MOMEHT JIBUTaTessl CTAHOBUTCS OTPHUIIATENbHBIM, a BbIpabaThiBacMasi SHEPrus
oTnaérca B ceThb. lIpakTUdecKn 3TOT PEeKMM MOXKHO IOJYYUTh YMEHBIIMB CHHXPOHHYIO YacCTOTY

BpanieHus B pabotatoniem asuratesie. M3 dopmysel ans yactotsl BparieHust BMIT (o, = 2=f, / p)

BUJHO, YTO CJAENaTh 3TO MOXKHO ABYMs crocoOamu: JTHOO M3MEHEHHEM 4YHclia Map IOJI0COB B
oOMOTKE cTaropa B CTOPOHY YBEIWYEHHUS p, JUOO YMEHBIIEHWEM 4YacTOThl MHUTAIOIIETO

HaIpsODKCHUE | . 9TO0T PCXKUM IPUMCHAOT JIs1 YMCHBIICHHUA YaCTOTBHI BpAlICHUA ITICPECI TIOJIHOM

OCTaHOBKOH ABUTrarenis B JUQTax, IM00 B TEX Cllydasx, KOTJa ABUTaTeidb paboTaeT Ha aKTUBHBIN
MOMEHT (HampuMep, B MOJABEMHO-TPAHCIIOPTHBIX MalIMHax). Cxema BKIIOUEHHUS U MEXaHUYeCKHe
XapaKTePUCTUKU JIBUraTelsd B PE&KUME PEKYINEpaTUBHOTO TOPMOXKEHHS MPEACTABIEHBI Ha pHC. 26,
a, 0 COOTBETCTBEHHO.

Peorcum mopmooicenus npomusoekiiouenuem

PexxuM mosydaeTcsl, KOrja akTUBHBIA CTaTHUECKUI MOMEHT OoJjibllle, YeM IyCKOBOW JIMOO
IIpU U3MEHEHUU 4eperoBaHUs (a3 Ha 0OpaTHOE, MPU STOM YACTOTa BpPALICHHS MAarHUTHOTO MOJIS
U3MEHSET HaIpaBJICHUE BPAlllCHUs Ha IPUTUBOIIOIOXKHOE. JlaHHBIM PEXUM IO3BOJISAET I0JIy4aTh
00JbIIEe MOMEHTHI, OJarogapsi 4emy BpeMsi TOPMOKEHUS CYIIECTBEHHO yMeHbliaerca. Eciu mpu
NEPEeKIIOYeHNN YepefoBaHust (a3 JABUrateiab BKIIOYHTH IPU CKOPOCTH OJHM3KOM K HYINIO, TO
JBUTATEIb NEpeJeT B ABUTATEIbHBIM PEXUM pabOThl JIPYroro HampaBieHus BpauieHus. [lpu
TAaKOM croco0e TOPMOXKEHHUsI B JIBUTATENIe BO3HUKAIOT OOJBIINE TOKH, IMO3TOMY JAHHBIH PEXUM
npuMensiercsa ana apurareneid ¢ OP w BBeAeHMEM JOMOJHUTEIBHOTO CONPOTHBIICHHS B LEIb
poTOpa AJId OTPaHUYEHUSI MAKCUMAJIbHOI'O TOKA JABUTATEIIs.
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Puc. 26. Cxema Bxmtouenust A/l (a) u
MEXaHHYECKHUE XapaKTePUCTHUKH (0) MPU peKyNnepaTuBHOM TOPMOXKEHUHI
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Puc. 27. Cxema Bxmouenust AJl (a) u MexaHW4YecKUe XapakTepUCTUKH (0) MpU TOPMOKEHUU
MIPOTHUBOBKITIOUYCHUEM

B ACUHXPOHHOM ABUIATECJIC C ®P MOMEHT H TOK ABUTATCIIA MOKHO pETyJIUpPOBaTh BBEACHUCM
B OCIIb POTOpa MJOIIOJHUTCIBHOI'O COIIPOTHUBJICHHA. HpI/I 9TOM HU3MCHACTCA IKCECTKOCTH
MCXAaHUYCCKHUX XAPaKTCPHUCTHUK B PCKHUME TOPMOKCHHUA. HpI/I TOPMOXCHHUU BCA OSHCPIrud
BBIACIIACTCA Ha COIIPOTUBJIICHHUU POTOPA U JOIIOJHUTCIBHOM COIMMPOTHUBIICHUU, IIOOTOMY 3TOT PCIKUM
SABJIACTCA HEOKOHOMUYHBIM.
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Puc. 28. Cxema Bkmouenust A/l (a) 1 MexaHUUYECKHE XapaKTEPUCTUKH (0)
MIPU AUHAMHUYECKOM TOPMOKCHUH

Junamuyeckoe mopmodxcenue

OTOT BHJ TOPMOXKEHHUS HacTynaeT B TpexdasHom AJl mpu OTKIIOYEHHUH €ro OT CETU
[IEPEMEHHOI0 TOKA U MOAKIIOYEHUHU €r0 K UCTOYHUKY IOCTOSHHOIO TOKA. IIpy 3TOM MOCTOSIHHBIN
TOK CO3JaCT HEMOJBIKHOE MarHUTHOE IIOJIE CTaTOpa. B 3THX yCIIOBUSAX B pOTOPE, BPAILAIOIIEMCS
no uHepuuen, HaBoautcs DJIC, BO3HMKAaeT TOK B OOMOTKE poTOpa, B3auMOJEHCTBHE KOTOPOIO ¢
MarHuTHBIM T0JIEM IIPUBOJAMT K CO3JaHMI0 TOPMO3HOIO MOMEHTAa Ha Bajly JBHMrarens. B mpouecce
JUHAMHAYECKOI0 TOPMOXKECHHUS MEXAHHMUYECKas DJHEPIHs BpalIaOIUXCs MacC JJIEKTPOIpPUBOAA
npeoOpa3yeTcsl B JIEKTPUUECKY0 YHEPIHI0, KOTOpask pacXxoqyeTcs Ha HarpeB oOMOTKH poTopa U




JOTIOJTHUTEBHBIX PE3UCTOPOB, BKIIOUEHHBIX B IeMb poTopa. [Ipu ckopoctu 6m3koii k Hymo, 3/1C
CTAaHOBUTCSI PABHOM HYJIIO, TOK MPEKpAIIaeTcs, K TOPMO3HON MOMEHT MPOMNaaaeT.

JIaHHBIA pEeXUM TPUMEHSIOT MJI1 TOYHOM OCTAaHOBKM JABUTaTess. [lOCTOSIHHBIA TOK
MPEOJIONICBACT JIUIIh AKTUBHOE COMPOTHBICHHE OOMOTKH CTAaTopa, IOITOMY HamlpsKEHUE
MIOCTOSIHHOTO TOKa, MOABOJUMOE K OOMOTKE CTatopa MpH JUHAMHYECKOM TOPMOXKEHHH, JOJHKHO
6BITB HUIKC HAIIPSOKCHUA IICPCMEHHOI'O TOKA, COOTBETCTBYIOIICTO pa60Te JABUraTCiid, Tak, LITO6I:I
TOK B OOMOTKE cTaropa HE IMpeBbIIIA]l HOMHHAIBHOTO 3HadeHus. (CxeMa BKIIOYEHHSA U
MEXaHHYECKUE XapaKTePUCTUKH TUHAMUYECKOTO TOPMOKEHHS TTOKa3aHkl Ha puc. 28 a, 0.

25. Peocmammnoe pezynuposanue CKOPOCTU aCHHXPOHHOT'O JABUTaTEIsI

Cxema BrmodeHust AJ] mpu 3TOoM cmocobe peryaupoBaHus MpelCcTaBieHa Ha puc. 29.
PeoctatHble XapaKTepUCTUKM TMOMY4YalOTCS IyTeM BBEIEHUS B Ielb pOTOpa J00aBOUYHOTO
conpotusieHus. [Ipu 3TOM ¢ poCTOM COPOTUBIIEHHS NAJAET KECTKOCTh MX.

JlomycTUMBIi 1HMara3oH peryjupoBaHusl CKOPOCTH MPHU JAHHOM crioco0e

D=(-5; )Aw,/AM_ +1) .

Tak kak s, << 1, TO NPHOJIMKEHHO
D=Aw,/AM +1,

rac A(Da — OTHOCHUTCJIbHAA BCJIIMYMHA HU3MCHCHHA CKOPOCTH, Al\/l: — OTHOCHTCJIbHAsA

BEJINYMHA U3MEHEHUS MOMEHTA.

W3 nonyyeHHOHN (opMysbl BUAHO, YTO MPH PAaBHBIX OTHOCUTENBHBIX OTKIOHEHMSIX YIJIOBOH
CKOPOCTM W MOMEHTa Harpy3Kd [Juana3oH peryaupoBaHus D =2:1. [lpu Oonee Hu3koM
JOIYCTUMOM OTKJIOHEHUH YIVIOBOM CKOPOCTH JIMAIIa30H OKA3BIBACTCS €I1IE MEHBIIIE.

IToTepu MOLIHOCTH ITPU PEOCTATHOM PETYIMPOBAHUU CKIIAJIBIBAIOTCS U3 IEPEMEHHBIX IIOTEPD,
BKJIIOYAIOIMX MOTEPU B MEAM CTATOpa U POTOpPa M BO BHEIIHHUX PE3UCTOPAX POTOPHOM LENH, U
IIOCTOSIHHBIX — HE 3aBUCAIIMX OT Harpy3ku. CyMMapHbIe IIOCTOSIHHBIE IIOTEpPU B JIBUraTelIe
OCTAIOTCSI IPUMEPHO OJAMHAKOBBIMU HE3aBUCUMO OT HArPy3KH U CKOPOCTH JBUTATEIIA.

DNEKTpOMAarHuTHAsE U MEXaHUYECKask MOIHOCTH 11 A
P, =P, =Moo ; P,s =Mo,

12 yi fieioe ! 138

OTCHOZIa MOXKHO OIIPEACIIUTDL IIOTEPU B pOTOPE

(0]
AP, = P, - P :M(coc—co)| “=Mo,s.
(DC

~U, Bunso, d4ro moTepu  IPONOPHUOHAIBHBI  BEJIMYMHE
‘I ‘I ‘I CKOJIBXKCHUSA U PACHPEIENIAI0OTCA MPONOPLIUOHAIBHO OTHOLIECHHUIO
CONPOTUBIICHUI poTopa JIBATATEIIS u N00aBOYHOTO

CONPOTHUBIIEHUS B LEMM pPOTOpa, IO3TOMY JBHUraTellb IIpU
PEOCTaTHOM PETYJIMPOBAaHUM MOXET pa3BUBaThb MOMEHT, PaBHBIM
HOMHMHAJIBHOMY.

Al HenocraTkamMmu peocTaTHOrO pEeryjaupoBaHUS CKOPOCTH
SABJIAIOTCSL ~ CTYNEHYaTO€  PEryJupoOBaHUE  CKOPOCTH W
WCIIOJIb30BaHNE  JIOTIOJHUTEIBHOW  ammapaTypbl, HEBBICOKOE
[l]:, Ry 05 ObicTponeiicTBue W OOJbIIME  TOTEPU  DHEPrUM  TpHU

eryIUPOBAHUN.
Puc. 29. Cxema PEryIHp
BKJIFOYEHUS] JBUTATENSI TPHU

peocTaTHOM criocobe
perynupoBaHuUs

26. PerynmmpoBanme yrioBoil ckopoctd AJl u3MeHeHueM
HaIpPsDKEHUS Ha CTaTope

[Ipn u3MeHeHUH BETUYUHBI IEPBOI TapMOHUKU U3MEHSETCS
BEJIMYMHA KPUTHYECKOT'O MOMEHTA MPU MOCTOSIHCTBE KPUTHUECKOT0 cKobxkeHus (puc. 2.28). Takoe
M3MEHEHHE JOCTUTAaeTCsl NCIOIb30BaHUEM TUPUCTOPHOTO Mpeodpa3zoBarens HanpsoxeHus (TITH).

MakcuManbHbli MOMEHT IPU YMEHBUICHMM HANpPSIKEHHUS CHUXKAETCS IPONOPLHMOHAIBHO
KBaJIpaTy HalpsHKEHUS:




M, =M, £
ée é !
U ifi
raze M e KpI/ITI/I‘IeCKI/Iﬁ MOMCHT IIpM CHHXXCHHOM HAaIIPsOKCHUH, U ¢ — IOHUIKCHHOC
HaIpsOKEHUE.

N3 puc. 30 BUIHO, YTO MpeAesbl PEryIupoBaHusl CKOPOCTH BEChbMa OTPAaHUYEHBI, JaXke MPHU
BEHTUJIITOPHOM Harpyske.

Jlnia paciiupenust [uana3zoHa UCIoNIb3YI0T 3aMKHYThIE 110 ckopocTu CAP, cTpykTypHas cxema
Kotopoil mpencraBieHa Ha puc. 30. B cocraB Takoit CAP cxomut ngatumk ckopoctu (BR) u
PETYIIATOP CKOPOCTH, Ha KOTOPBIH MOCTYMAaeT Pa3sHOCTh MEXAY 33JaHHBIM o* M TEKYIIUM o
3HaYeHHEeM ckopocTeil. Ha BbIxoze perymistopa cKOpOCTH BbIpaOaThIBAa€TCsS CUTHAI, MOJAIOIIUNCS
Ha BXOH4 CHCTEMbI I/IMHYJIBCHO-(baBHOI‘O YIIpaBJICHHA, KOTOpas BBIpa6aTBIBaeT YIpaBJIAOIINC
umnynscel Juist TITH. OcoOeHHOCTh Takoro peryaupoBaHUsl 3aKJIOYaeTcsi B TOM, 4YTO BCE
XapaKTePUCTHKU CXOMAATCS B TOUYKE CUHXPOHHOW CKOPOCTH o , TO3TOMY, YEM MEHBIIE CKOPOCTb,

TEM BBIIIIE CKOJIbXKEHUE U 0OJIbIlIe TOTEPH B IBUTATENE. MeXaHUYEeCKHe XapaKTePUCTUKH JIBUraTesl
npu ¢azoBoM ynpasieHuH B 3aMkHyToi CAP ckopoctu npezcrasiensl Ha puc. 31.

| s
~U
o* o Ui
—~g = PC [ CUDY £ S
- U, =var
BR Al

Puc. 31. Mexannueckue
xapakrepuctuku CAP ckopoctn A/l mpu
($ha30BOM yIpaBICHUU

Puc. 30. CrpykrypHas cxema 3aMKHYTOH
CAP ckopoctu A/l npu (pa3oBom ynpaBieHUn

Z[BI/IFaTeJ'IL IIpU TakKOM criocooe peryjiupoBaHus MOXKCT pa6OTaTB MMPpOAOJIKUTCIIBHOC BpEMA

IIpU YCIIOBUHU
AP, < AP,y

I[OHyCTHMBIfI MOMCHT MOXHO HaﬁTI/I, HpI/IpaBHI/IBaSI JIOHYCTI/IMI)IC HOTepI/I K HOMHUHAJIbBHBIM

M .. o)OS:M,M ,S

afi in 0vin '

OTKyJa

Kpusas nonmyctumMoro MoMeHTa o HarpeBy npejcraBieHa Ha puc.S.11.

JlaHHBIN CcrOCOO peryaupoBaHUsl HENb3s MPUMEHSATH I MEXaHH3MOB, paOOTalIMMX B
MPOJOJKUTENIFHOM peXHMe paboTe ¢ TMOCTOSHHON Harpy3koi. D(PQPEeKTUBHBIM OKa3bIBaeTCS
WCIIOIb30BaHUE (PA30BOTO PEryTUPOBAHUS IS MEXAaHU3MOB, Y KOTOPBIX CTATHYECKUM MOMEHT
3aBHCHUT OT CKOPOCTH JABUrareis My = f (o), Hampumep, AJIs IPHUBOJOB BEHTHIATOPOB, HACOCOB,

KOMIIPECCOPOB. DTOT CMOCOO TakKe MPUMEHUM, KOI/la JBUTaTellb paboTaeT Ha MOHMKEHHBIX
CKOPOCTSIX MaJjloe BpeMsl OTHOCHUTEIBHO BCEro LMKJIAa paboThl, Hampumep, JUPThl. B 3TOM ciyuae
3aBBILIEHNE YCTAHOBICHHON MOIIIHOCTH JABUTATENS HEBEIINKO.

JlocTronHCcTBOM (ha30BOTO YIpABJICHUS SIBIAETCS Oojee HU3KAash CTOMMOCTh IpeoOpa3oBaTes
(TITH) B cpaBHeHuu ¢ npeobpazoBareneM yactoTsl (IIH) paBHON MOLIHOCTH, YTO MO3BOJISET TS



YKa3aHHBIX MECXaHHU3MOB 00eCIeYnThb MMPUEMIIEMOC KAa4YC€CTBO TEXHOJIOTHYCCKOI'O IIpomecca oe3
AONOJHHUTCIIBHBIX 3aTpar.

27. I3MeHeHue uncia nap rnojrocoB aCUHXPOHHOI'O JABUTaTEls
N3 BbIpaxenus aJist yriioBoi ckopoctu AJl:

2nf,

o=0,l1-5)= 1-s5),

BUJIHO, YTO PETyJIUPOBAaHUE CKOPOCTH MOXXHO OCYIIECTBISTh H3MEHEHUEM 4YHUCIa Map
MIOJIFOCOB P OOMOTKHM cTaTtopa ABUrateins. Tak Kak AaHHAs BEIWYMHA MOXKET OBITh TOJIBKO IIENTBIM
YHCIIOM, PErYJINPOBAHUE CKOPOCTH OKA3bIBAECTCS CTYIEHYATHIM.

JU1 1aHHOTO BUJA PEryIupOBaHus U3roTaBinBatoTcsa MHOrockopoctHele AJl ¢ K3P. B nmazax
CepleuHMKa CcTaropa pa3MmemarT Jubo JABe He3aBUCHMbIe OOMOTKH, JHOO  OJIHY
II0JIFOCHOIIEPEKIIIOUAEMY1O.

PaznuyaroT nBe OcHOBHBIE cxeMbl HepekitoueHus. CxeMa «3Be3fa//IBoiHas 3Be3/a» (puc.
32, I-1l) obecnieunBaeT perynupoBaHue C MOCTOSHCTBOM MOMEHTa. Takyro cxemy IienecooOpa3Ho
MPUMEHSTh B 3JIEKTPOIIPUBO/JIE C MOCTOSHHO ACUCTBYIOIIMM MOMEHTOM HAarpy3KH Mpu U3MEHEHUU
gacToThl BpamieHus. Cxema «3Be3na/3Be3na» (puc.32, I-1ll) taxke ma€r aBykpaTHOEe M3MEHCHHE
qyclia Map MOJIF0OCOB, OJHAKO PEryIUPOBAaHUE MPOUCXOIUT MPH MOCTOSHCTBE MOIIHOCTH, TO €CTh
IIpU MEPEKIIOYEHUH Ha MOBBIIIEHHYI0 CKOPOCTh MOMEHT YMEHbBIIAETCS B JiBa pa3a. Takue cxembl
pa3yMHO MPUMEHSTH B IPUBOJAX, IJI€ MOMEHT COMPOTUBIEHHUS 0OpaTHO MPOMOPIIHOHAIECH YacTOTe
BpalleHus. Mexannyeckue xapakTepuctuku A/l npu peryampoBaHuu CKOPOCTH U3MEHEHHEM YHClia
nap IJII0COB MPEACTaBIEHBI Ha puc. 33.

MHuorockopoctble AJ[ MIMPOKO NPUMEHSINCh B 3IIEKTPONPUBOAAX, JIOMYCKAIOIIHUX
CTYIIEHYAaTOEe PEryJupOBaHHUE YaCTOTHI BpallleHUs (MpuBOAa JU(PTOB, BEHTUISATOPOB, CTAHKOB).
JIOCTOMHCTBOM TaKoOro croco0a sIBISIETCS COXPAHEHNE BBICOKMX AKOHOMUYECKUX IOKa3aTesel npu
Mepexo/ie ¢ OJHOW YacTOThl BpalllEeHUS Ha JIPYTYIO, TaK Kak Ha BCEX CTYNEHSAX MEPEKIIOYCHHUS
ooMoTku craropa KIIJI u kodpduIMEHT MOIMHOCTH JBUTATENsI OCTAIOTCS IPAKTUYCCKU
HEU3MEHHBIMU
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Puc. 32. Cxemsbl coearHeHUst KaTylieuHslx Tpymnm | Puc. 33. Mexanuueckue xapakTepucTuku Al
00MOTOK cTaTopa IIpY NEPEKITOYEHUH YHCIIa T1ap TOJ0COB

28. YacTOTHOE peryIMpoBaHUE CKOPOCTU aCUHXPOHHOTO JIBUTaTEIs

CyliecTByrOT CHCTEMBI CKaJIsIPHOTO, BEKTOPHOTO YIPABJIECHUS W CHCTEMBI MPSIMOTO
yIpaBJIeHUs MOMEHTOM. BbIOop croco0a v mpuHIMNIA yIPaBICHUs ONPENENIeTCs] COBOKYITHOCTBIO
CTaTUYECKUX, TUHAMUYECKHUX U SHEPTeTUYECKUX TPeOOBaHUI K aCHHXPOHHOMY AJIEKTPONPUBOY.

[TpuHIMN CKAJIIPHOTO YIPABIICHUS YaCTOTHO-PETYIUPYEMOTO ACUHXPOHHOT'O
AJEKTPONPUBOJAa OCHOBAH Ha U3MEHEHUH YaCTOThI M TEKYIINX 3HAYECHUI MOAysel nepeMeHHbIX AJ]
(HanpsKEHWM, MarHUTHOT'O MTOTOKA, OTOKOCLETIJIEHUHM U TOKOB LIETIEH ABUraTesis). DTOT IPUHLIKIL
ABIIgeTCs Hauboyiee pacrnpoCcTpaHEHHBIM B CBSI3U C TEM, YTO €My CBONCTBEHHA TEXHHYECKas
IIPOCTOTa M3MEPEHUS M PEryIupoBaHus nepeMeHHbIX AJl, a Tak ke BO3MOYKHOCTb IOCTPOEHUS
Pa30MKHYTBIX CHUCTEM YTIpaBJIeHHs] CKOPOCThbI0. OCHOBHOWM HENOCTATOK 3aKJIIOYaeTcs B TPYIHOCTH



peanu3aluy KEeIaeMblX 3aKOHOB PETYJIMPOBAHUS CKOPOCTH M MOMeHTa AJl B JTMHaMHYECKHX
peXUMaXx.

[IpuHIMIT BEKTOPHOTO YNPABIECHUS CBA3aH KaK C I3MEHEHHEM YacTOThI U TEKYIIUX 3HAYECHHU
nepeMeHHbIX AJl, Tak ¥ ¢ B3aMMHOW OpUEHTAIMEd MX BEKTOPOB B MOJSPHOM WM JEKapTOBOU
cucTeMe KoopauHaT. braromapss KOHTPOJIIO TMOJIOKEHHS YIJIOB MEPEMEHHBIX TaKoW CIocod
obecrieynBaeT MoyiHoe ynpasiieHue A/l Kak B CTaTHYECKUX, TaK M B IUHAMHUYECKUX PEKHMAX, 4TO
NAET 3aMETHOE YJIy4YlIEHUWE KayecTBa NEPEXOAHBIX MPOLECCOB MO CPaBHEHUIO CO CKaJISPHBIM
YIIPaBJICHUEM.

Cuctembl IpsIMOrO yIpaBiI€HUS MOMEHTOM SIBJISIFOTCS ITPOJIOJKEHUEM U Pa3BUTHUEM CUCTEM
BEKTOPHOI'O yMpaBieHUs. 3ajadeil MpsMOro YIpPaBIIEHUS MOMEHTOM SIBIIsieTCS oOecredeHue
OBICTPOH peaKkIMi IEKTPOMArHUTHOIO MOMEHTA JIBUTATeNsl Ha YIpasisioliee BozjciicTBue. B
OTJINYME OT BEKTOPHOI'O YIPABJICHHUS, I/I€ U3MEHEHUE MOMEHTA ITPOU3BOAUTCS IIyTEM BO3ICHCTBUSA
Ha TOK CTaTopa, B CUCTEME C MPSMBIM YIIPaBICHUEM MOMEHTOM YIPABISEMON BEIMYMHOMN SIBIISETCS
MTOTOKOCIIETUIEHHE CTaTopA.

[IpeoOpa3zoBareny 4acTOThl, IIpEIHAa3HAYEHHbIE JMJI1 4YacTOTHO-peryiupyembix All,
MOAPA3ACIAIOTCSA IO THUIy CBS3W C MHTAOIICH ceThio Ha HemocpenctBennole [MU (HITY) wu
nByx3seHHble [TH (1Y) ¢ npoMeKyTOUHBIM 3BEHOM MOCTOSIHHOI'O MJIM IIEPEMEHHOT0 TOKA.

Mowment AJl npomnopuuoHalieH MarHUTHOMY MOTOKY O W aKTUBHOW COCTAaBIISFOLIECH

BTOPMYHOTO TOKA |, :
M =kOlI,cos ¢,,
rie k — KOHCTpYKTUBHas nocrosinHas AJl; ¢, — yroa casura Mexay 9/1C u TokoM poTopa;

R,

YR + (57

13 (1)OpMy.]'IbI A MOMCHTA BHJHO, YTO YMCHBIICHHUC MAIHUTHOI'O IIOTOKA, ABJISAIOLICCCH

cos ¢, =

CJICACTBUEM YBCIIMYCHMS 4aCTOThI f, , IIPUBCACT K BO3PACTAHUIO |, , a CJICAOBATCILHO U IIOTCPh B
poTope AP, W OJHOBPEMEHHOMY YMCHBIICHHUIO AOIMYCTUMOTO MOMCHTaA ABUTaTEJId II0 YCIIOBUAM
OXJIQXKJICHUS ABUTraTens. Y MEHBIICHHUE YacCTOTHI Py MNOCTOAHCTBE aAMIUIATYAbI HalpPsXKEHUAA U,

TAaKXXE€ HC OO0IYCTUMO TIIO YCIIOBUSM HACBINICHUA MarHMTHOM CHCTEMBbl MAaIlIHHbI. MO3TOMY
PEryjinpoOBaHUC CKOPOCTU ABUTATCIIA USMCHCHUEM YaCTOTHI IUTAKOIICTO HAIIPSIKCHUS ITPU YCIIOBUU
MMOCTOAHCTBA MOMCHTA JABUTAaTCIId IMPUCMIIEMO TOJBKO TIpH OJHOBPEMCHHOM U3MCHCHHUU
AMIUIATYAbl MHUTAIOIICTO HAIIPsOKCHHUS, TO €CTh BBIIIOJTHCHHMM 3aKoHa U,/ f; =const , 4YTO

oOecrieunBaer IMPaKTUYICCKHU MOCTOSIHHBLIM MarHUTHEINA IIOTOK B JABHUTATECIIC.

Jlnia peanu3anuy yKa3aHHOTO 3aKOHA YIPABICHUS MEXIY CETbIO M JBHUTaTelleM BKIIIOUAETCS
npeoOpazoBarens yactothl (ITY), oOecrieumBaromuii OJHOBPEMEHHOE HM3MEHEHHE YacTOThl U
aMIUTUTYIbl HAaNpsDKeHUsT Ha JaBuratene. [IpW NMOHMKEHHBIX CKOPOCTSX Y CaMOBEHTUIIMPYEMBIX
JIBUTATEJIE YMEHBIIACTCA OTBOJ TEIJIa B OKPYXAIOIIYIO Cpeay, MOAITOMY B TaKHX Ciydasx
HE0OXOIMMO CHUXATh JIOMYCTUMBI MOMEHT Ha JIBUTaTelle.

[Ipy 4YacTOTHOM pEryjauMpoBaHUM IO MpPUYUHAM, OOYCIOBICHHBIMU MEXaHMUYECKOMN
MPOYHOCTHIO MOJIIMITHUKOB M 3JEMEHTaMH pPOTOpa, MOJHMMATh 4YacToTy Bbime (1,5+2,0) f, .
[TosTOMy OCHOBHOH CITOCOO PEryIMpPOBaHUS CKOPOCTH 3aKIIOYAeTCS B YMEHBIICHHH YacCTOTHI
HaTPSIKEHUS.

JUisi MOCTpOEHUs] MPUMEPHOTO BUIa MEXAHWYECKMX XapaKTepUCTHK MPUMEM, YTO R, =0,
TOT/Ia ypaBHEHHE /TSI KPUTHIECKOTO MOMEHTA MOYKHO IEePErrcaTh CIeIYIONIM 00pa3oM:

v U, U/ _ U/ e (Y

© . 2nf , 22 A
200Xe 2 fan, ) BN L
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)4 & (bOpMy'J'IBI BHUJIHO, YTO KpI/ITI/I‘-ICCKI/Iﬁ MOMCHT IIPH BBINIOJHCHHH 3aKOHaA U,/ f, = const
OCTa€TCs IMOCTOSHHEIM. Y CIIOBHE HpeHere)KCHI/I}I AKTUBHOI'O COIIPOTUBJICHHUA CTATOpPa KOPPEKTHO
IIPpHU BBICOKUX CKOPOCTAX ABUTraTelid, Korga U, = E, . HpI/I HU3KHUX CKOPOCTAX MaACHUC HAIIPSXKCHUA



HAa aKTMBHOM COIIPOTUBJIEHUM CTaTOpa R, CTAHOBUTCS COIIOCTAaBUMO C BEJIMUYMHOW HANpsSKEHUS Ha
3aKMMax CTaTopa, 4TO MPUBOJIUT K MAJCHUIO NEPErpy304YHOM CocoOHOCTH ABUratens i, . s

TOro, YTOOBl peamu30BaTh OAMHAKOBYIO TIEPErPY30UHYIO CHOCOOHOCTh MpPH YaCTOTHOM
peryaupoBaHUd B OOJACTH HM3KUX 4YacTOT BpallleHWs MCIOJb3YIOT Tak HasbiBaeMyr «IR-
KoMnencayuio», KOTOpasl 3aKI4YacTcs B TOM, YTO HAa MaJbIX CKOpPOCTSX JenaeTca ao0aBka

HaINpsHKEHMS HA CTATOPE, KOMIIEHCHpYomas AU o, = IR, .
Jlnana3oH peryinupoBaHHUsl CKOPOCTH B Pa30MKHYTBIX CUCTEMAax COCTaBiseT D =15 + 20 .
B 3aMKHYTBIX cHCTeMax AMANa3oH MOXKET OBITh CYIIECTBEHHO PACIIMPEH.
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Puc. 34. Cxema Bxiitouenust A/l Puc. 35. Mexanudeckue XapakTEpUCTUKU CUCTEMBI
IIPY YaCTOTHOM PEryJIMPOBAHUU IM4-AJ1

OCHOBHBIE  CIIOKHOCTH, BO3HHMKAIOLIME IIPU peaIu3aldyd YacTOTHOIO  yNPaBICHUS
3aKJIIOYAI0TCA B CIEIYIOLIEM:

1) nns nonydenust B cucremax [IY-AJl cBOMCTB aHANOTMYHBIX (WK Ja)Ke MPEBOCXOISIINX)
corictBa cuctem TII- ATIT HeoOxomumo noaydeHrne nH(popMaum o pa3mnyHbx napamerpax A/Jl;

2) cuCTeMBbl SIBISIOTCS CUJIBHO HEIMHEHHBIMH M JUI IOJYYEHHS BbICOKOKaUeCTBEHHBIX
CUCTEM HEOOXO0JIMMO BBOJIUTH 3BEHbSI, KOMIEHCUPYIOIINE HETMHEHHOCTh O0BbEKTa PEryIMpPOBaHMS;

3) 3aKOH U,/ f, = const HE SBJISETCS ONTUMAIbHBIM, U TpeOyeTCs] KOPPEKTHPOBKA 3aKOHa,

YYHTBIBAIOIIAsA M ; Ha BaJly ABHATATENS,

4) B AJl BXo#AT mapamerpel X ., X,, X,,

BCJINMYNHA KOTOPBIX 3aBUCUT OT CTCIICHU

HaCbIIICHUA MAalllMHbI HEJIUHEWHO. KpOMe 9TOI'0 USMCHAIOTCA 3HAYCHHUA aKTHBHBIX COHpOTI/IBJ'ICHI/Iﬁ
cratopa U poTOpa HpHU U3MCHCHHU TCMIICPATYPhI 00MOTOK JABUTATCIIsA, YTO TaKXKE H€O6XOI[I/IMO
YYUTHIBATD.

HCCMOTpfl Ha YKa3aHHBIC CJIOKHOCTH, COBPEMCHHBIC YAaCTOTHBIC MPUBOABLI YCIICIIHO
(bYHKHHOHHPYIOT, o0OecrneunBasi BEICOKOE KaueCTBO nponecca peryjampoBaHus CKOPOCTH.

29 . [loTepu sHEPruM B IIEKTPOJABUTATEINE

Jns TmpaBWIBHOM OLEHKHA TEIJIOBOIO PEXMMA JBHUIaTelIe BaXHEWUIIHMM  SIBISETCS
HaXOXJEHUE TOTEPh HHEPrHH, OOYCIOBIMBAIOIIMX HArpeB, Ha Pa3lWYHBIX dTamax paboyero
Mepuo/a.

CyMMapHBbIe IOTEpHU B IBUTATENIE AP, COCTOAT U3 JBYX COCTABISIOIIMX: IOCTOSIHHBIX AP

const

, HC 3aBHUCAIIUX OT HArpy3ku, U NICPEMECHHBIX AP 3aBUCAIINX OT HArpy3KH. B stom cirydac s

var

JABHUTIaTCJIsd IOCTOSAHHOI'O TOKa

AP = AP, + AP, = AP, + AP,

136

2
const +1 y Ry

yz?

r7e AP, — IOTEPH B CTalM; AP, — MEXaHHYECKHE [IOTEPH; | R, — IOTEPH B LEH SKOPSL.

I[J'I}I ACUHXPOHHOI'O ABUTATCIIA
2 24"
APy = AP, + AP, +3(I; R, + 1, R,),

a6




rae 3(1/R, + 1, R,) - HOTepU B 0OOMOTKAaxX CTaTOpa M POTOPA COOTBETCTBEHHO.
[lepeMEHHBIE TOTEPH TAKKE MOKHO BBIPA3UTh 4YEPE3 OJIEKTPOMATHUTHBIA MOMEHT H
OTHOCHTEIBHYIO CKOPOCTh (MJIM CKOIbXkeHue). s ABurareneii MOCTOSHHOTO TOKA HE3aBHCHMOTO
BO30YKICHHS

APvar = P)’/i - Piéﬁ =M (mo - ),

rac Pyé — JJICKTPOMAaruuTHasgd MOIIHOCTD, HOTpC6H$IeMa$I n3 CCTHU, Piéé — MCXaHHUYCCKas

MOIIHOCTDb Ha BaJly ABUI'aTCIIA.
,Z[JISI ACUHXPOHHOI'0 ABUTATCIIA

AP, =Moo s(l+R,/ R'Z) , € s — CKOJIb)XCHUEC JBUTATEIA.

30. Harpes u oxnaxjaeHue IBurateneit

[Ipomecc AIEKTPOMEXAHUUECKOTO peoOpa3oBaHUs SHEPIrUu COMPOBOXKIACTCS
OJIHOBPEMEHHOM IMOTEpPEe YacTH SHEPrMH B CaMOM MalllMHEe, KOTopas, MpeoOpasysch B TEIUIOBYIO
SHEPIHUI0, ONpe/essieT HarpeB e€ 3J1eMEHTOB. MOIIHOCTh TEMJIOBBIX MOTEPh AP, ONpeAessercs

Pa3sHOCTBIO MEXKIY IOTPEONEHHON [BUTaTeleM O>JIEKTPUYECKOM BHEpruei Py, M OTHaBaeMOM
MEXaHMYECKON »HSHeprueidl Ha Baly JABMrarens P,, U 3aBUCUT OT KOHKPETHOIO pEeXHUMa

npeoOpa3oBanus sHepruu. [lostomy onpenenenre GyHKIUN AP, (t) SABISETCA OJAHOM M3 3a7a4 Ipu
OLICHKE TEIUIOBOI'O0 COCTOSHMS MAIIMHBI B KOHKPETHOM PEXHUME; BTOPOH 3a7a4el SBIIAECTCS OLCHKA
TEeMIIepaTyphl ABUTaTeNsd O ,, .

Teopuss HarpeBa mnpu pelICHMHM 3aJad JJIEKTPOIPUBOAA Oa3upyeTcss Ha CIEAYIOUIMX
JOIYILEHUSX:

- JIBUTaTelIb paccMaTpUBAaeTCsl Kak OJHOPOJHOE TEJo, MMeloIee OeCKOHEUYHYIO
TEIIONPOBOJHOCTB;

- TEIIOOTJa4a BO BHEIIHIOK Cpeay IPONOPLMOHAIbHA IIEPBOM CTEIEHH PAa3HOCTH
TEMIIEPATYP ABUTATEISA U OKPYKAIOLIEN Cpebl;

- TEMIIEPATYPA OXJIAXKIAIOLIEN CPEbl IOCTOSTHHA.

IIpu yxa3zaHHBIX JONYIIEHUSIX ypaBHEHHE OajlaHCca TEIUIOBOM SHEPruM B JBUTratene Oyjaer
VMMETh CIEAYIOINN BUA:

AP, (t)dt = Azdt + Cdt ,

IZle APy (t) — MOIIHOCTb TEIUIOBBIX MOTEPh; A — TemiooTaada; C — TeIIOEMKOCTb IBUraTes;

T — HPCBBINICHUC TEMIICPATYPhI ABUTATCIIA HAL TeMHepaTypoﬁ Oprx(anmeﬁ CpeIbl, 1 =0, -0,

[Tepenucas (6.1) B onepatopHoii popme

APy (p) = At(p)+Cp t(p)

MOJIYYUM TepeaTOYHy0 (DYHKIUIO, OMUCHIBAIOIIYIO JTWHAMUYECKHI XapakTep H3MEHEHHS
TEMIIEPATYPHI JIBUTATEIIS:

k
W (p) - t(p) _ .
AP, (p) T,p+1

rae k, =1/ A —koapduureHT nepegauu; T, = C / A - IOCTOSIHHAsI BpEMEHU Harpesa.
Ha puc. 36 npencraBiieHbl KpUBbIE HArPEBa U OXJIAXKICHUS ABUTaTEINs.
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Puc. 36. I'paduixu mporieccoB HarpeBa M OXJIAXKACHUS TBUTATEIIS

3HaueHue MOCTOSHHOM BPEMEHU HarpeBa B IIpeleiax OJHOW CepuHM MOXKET MeHAThcs oT 10
MUH J10 2-3 4acOB B 3aBUCUMOCTH OT IrabapuTOB JBUTaTEIIs.

[lepenatounass Qynkmust (6.2) cnpaBemmBa, eciu mapameTpel 4 u  C  ocralTces
HEM3MEHHBIMH. Y CaMOBEHTWJIMPYEMbIX IBUIaTelIed TEII00TJauya 3aBUCUT OT CKOPOCTU POTOpa U

e€ XapakTepu3yoT KOdPUIUEHTOM yXyIIICHHS TeIJI00TAaYd B, = A,/ A .

31. Knaccuduxaims pexumoB pabOThl ABUTATENEH 110 HATPEBY

Bo3moxHble pexumbl  paOOTBl  3JIEKTPONPHUBOJIOB OTJIMYAIOTCA MHOroOOpasveM 110
XapakTepy U JUIUTENbHOCTH IMKIIOB, 3HAYEHUSM HArpy30K, YCIOBUSM OXJIXKICHUS U T.H., IO3TOMY
M3rOTOBJICHHUE JIBUTATeNIeH AJIs KaKJOro U3 PEeXUMOB He LieraecoodpazHo. Ha ocHoBanuu aHanmsa
pEaIbHBIX PEXKHUMOB BBIIEICH CIEHUANbHBIA KJIacc PEKUMOB — HOMHUHAJIbHBIC PEKUMBI, IS
KOTOPBIX MPOSKTUPYIOTCA U U3TOTOBJISIOTCS CEPUNHBIC IBUTATEIIH.

I'OCT 183-74 (2001) mpemycmaTpuBaeT 8 HOMHHAJIBHBIX PEKUMOB, KOTOPbIE HMEIOT
obo3nauenus S1-S8. Hmke maHa kpaTkas XapaKTepHCTHKA YaCTO BCTPEUAIOIIUXCS PEKIMOB.

1. IIpooonsicumenvHolii HOMMHATIBHBIN pexuM (S1) — 3T0 peskuM pabOTHI IPH HEU3MEHHOH
Harpyske, MpOJOJDKAIOMIMICS /10 TeX TIOop, IMOKa IPEBBILIEHUS TeMIepaTyp BCeX dYacTel
AIEKTPUYECKOM MaITMHBI HE IOCTUTHYT YCTaHOBUBIINXCA 3HaueHUH (puc. 37,a).

2. Kpamxkospemennviii HOMUHAIBHBIN pekuM (S2) pabOThl — 3TO TaKOW PEXKHM, IPH KOTOPOM

nepuon HEHM3MEHHON HOMHHAIbHOMN Harpys3kKu t; 4€peayercs ¢ MepuoJOoM OTKIIOUYCHHA MAIIWHBI,

IIPU 3TOM 3a BpeMs pabOThl IBUTATENb HE YCIEBAeT HarpeThCs 10 YCTaHOBUBIIEHCS TeMIEpaTyphl,
a 3a BpeMs Tay3bl OXJAXKIAeTcs JO TeMIepaTypbl OKpyxaromieid cpensl (puc.37,0).
[TponomxkutensHOCTh Neproaa BkatoueHust N gomxaa coctanars 10, 30, 60 niamn 90 MuHYT.

3. Ilosmopno-kpamkoepemenHblii HOMUHATBHBIA pexkuM (S3) paboTBl — 3TO TAaKOH PEXUM,
IIPY KOTOPOM TIEPUOJIBI HEU3MEHHOW HOMUHAJIBHON HArpy3KH YEPEAYIOTCS C IEPUOAAMH May3, IPU
4€M BO BpeMsi pabOThl TeMIIEpaTypa He JOCTUTAeT YCTAHOBUBILEHCS, a 32 BpeMs I1ay3 JABUraTeNlb He
yCIIEBAET OCTHITH /10 TEMIIEPATYphl OKpYKaromien cpessl (puc. 37,8). DTOT pexuM pabOThI MPUHITO
XapaKTepU30BaTh MPOJOJIKUTEIIBHOCTh BKIOYEHUN ¢

L

ty + 1,

[IpogomxuTensHOCTh OAHOTO HUKIA cocTaBnsgeT 10 muH. CTaHAapTHBIC 3HAUYEHUS & MOTYT
coctaBiath 0,15; 0,25; 0,40 u 0,60.
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Puc. 37. I'papuk MOLITHOCTH U TEMITEPATYPHI JAJIs1 HOMUHAIBHBIX PEKUMOB
(a — nUTENbHBIN, 6 — KPAaTKOBPEMEHHBIH, B — IOBTOPHO-KPATKOBPEMEHHBIN )

Pexxumpbr S1- S3 SBISIOTCS OCHOBHBIMH HOMHUHAJIBHBIC TAHHBIE JUISI KOTOPBIX BKIIIOYAIOTCS B
MacropT MAIIWHBI U KaTanoru. PexxumMer S4- S8 mpu3BaHbl yIIPOCTHTD 3a/1a4y 3KBUBAJICHTHPOBAHUS
MIPOU3BOJILHOTO PEKUMA HOMUHAIBHOMY.

4. [TosmopHo-KpamkospemeHHblll HOMUHAIBHBIN PEXUM paboTh ¢ wacmuimu nyckamu (S4). B
TOM PEKUME, B OTIMYHME OT S3, MYCKOBBIC MOTEPH OKAa3bIBAIOT CYIIECTBCHHOE BIIMSHUE Ha
MIPEBBIIICHHE TEMIIEPATyPhl YaCTeH MaIluHbI.

5. IloémopHo-kpamkogpemeHHblll HOMUHAIBHBIN PEXUM PaOOTBI ¢ YaCmMbIMU NYCKAMU U
anexkmpuueckum mopmodxcenuem. To xe, yto u S4. JIOMONHUTENHPHO K TOTEPSM IpPH ITyCKax
YYUTBIBAKOTCS OTEPH IIPH TOPMOIKCHHSIX.

6. Ilepemescarowuiica pexum padbotel (S6). Otmugaercs or S3 TeM, 4TO BO BpeMms May3
JIBUTaTeIb HE OTKIIIOYAETCS, a TIPOJI0JIKAET paboTaTh BXOJIOCTYIO.

7. [Ilepemencarowuiicss pexum ¢ uacmoimu pesepcamu (ST) npu  snexmpuueckom
mopmodcernuu. To xe 4ro U S6 ¢ yu€TOM MOTEpPh NMPU YACTHIX pEBEpcax JBUTATENsI, KOTOPBIC
OKa3bIBAIOT CYIICCTBCHHOE BIIMSIHUE HA HATPEB MAIIUHBI.

8. Ilepemedicarowuticss pexuM ¢ osyms u 6oaee uacmomamu epawerus (S8). To ke 4To H
S7, Tonpko nBUTATENb PabOTACT HA IBYX M 00Jiee YCTAHOBHBIIUXCS CKOPOCTSIX.

32. Pacuér MOIIHOCTH U IPOBEPKA [0 HATPEBY JABUTATEINS ISl HPOOOAHNCUMENLHO20 PEHCUMA
pabomuwl
B cooTBeTcTBHM ¢ ypaBHEHHEM JABUKEHHUS JJIEKTPOIPHUBOAA U1l OJHOMACCOBOW CHCTEMBI
MOMEHT JBUTATeNsl Ha pa3IUYHbIX OJTamax paboThl OMpeaenseTcsl TEeKYIUIMMH 3HA4YeHUSIMU
CTaTUYECKON M JUHAMUYECKOW HArpy3KHU AJIEKTPOIPUBO/IA:
do
M@t)=M (t)+J, —.
dt
3aBUCHUMOCTh MOMEHTA JIBUTATENsl OT BpEMEHU M (t) Ha3bIBA€TCsl Harpy304HOM AMarpaMMon
JBATATENS] U SBIISIETCS TVIABHOM XapaKTEPUCTUKOM, MCIOJIb3YyeMOM NpPH pacd€rax, CBS3AHHBIX C
BBEIOOPOM MOIIHOCTH 3JieKTpoaBuratesns. OCHOBOM s pacuéTa HArpy30YHBIX JUArpamM SBISIOTCS
uH(popMalvg O CTaTUYECKOM MOMEHTe Ha KaXIOM »JTane paboThl M  (t), Ha3bIBAEMYIO
HAarpy304HOM IHarpaMMoOM MeXaHU3Ma, U CBEACHUS O XapakTepe IABMXKEHUS DJIEKTPOIIPUBOJA B
TEXHOJIOTMYECKOM IIPOLIECCE, 3aaBAEMBbIE TAXOTPAMMOM JIEKTPONPUBOAA o (t) .

HpOI/ISBO,Z[CTBeHHBIX MCXAaHU3MOB C TOYKH 3pPCHUSA PCIKUMOB pa6OTLI QJICKTPOIIpHUBOIa
pasacIAI0OT Ha ABC I'PYIINbI: MEXaHU3Mbl HCIIPECPBIBHOTO U MCXAHU3MbI HUKIINYCCKOI'O )IefICTBI/IS{.
COOTBETCTBEHHO UMEIOT OCOOCHHOCTH U MCTOJHUKH BBI60pa U IPOBCPKU ABUTATCIISL HAa HAT'PCB.

33. Pacuém mowHocmu 0guecamensi npu HeUMeHHOU Hazpy3Ke




OCOOEHHOCTBIO MEXAHU3MOB HENPEPBIBHOTO AEHCTBUS SIBIISETCS MPOMOJIKHUTEIBHBIN PEXUM
pa®oThl [JBUTATENS IPH HEU3MEHHOM CpelHeH CKOpPOCTH o, = const . Ilpum 3TOM Bpems
JMHAMUYECKUX PEXHUMOB (IIyCK, TOPMOKEHHE, PEBEPC) HACTOIBKO M0 MO CPaBHEHUIO C OOIIMM

BPEMCHEM pa6OTBI Ha KaXXJIOM BKIIFOYCHHH, YTO CYIICCTBCHHOI'O BJIMAHUA HA HArpC€B ABUIaTCIIA
ANHAMHUYCCKUC PCKUMbBI HC OKA3bIBAIOT M IMPU MMOCTPOCHUHU HAI'PY30UHBIX JUArpaMM HUX MOXKHO HC

YYUTBIBAT.
PacuéTHbIil MOMEHT ABUTATESI MOYKHO HAWTHU IO COOTHOILIEHUIO
M=k o,
rie k., =11+13 - ko3 (UIIMEHT 3amaca, YYHTHIBAIONUN TUHAMHUYECKHE DPEKUMBI
AJEKTPOJIBUTATENS; | hy SKBUBAJIEHTHBIA MOMEHT Harpy3KH.

Torma pacu€THyr0 MOIIHOCTH ABUTATENSI P, MOXHO ONPEICIUTH 10 popmyrie
Py =M, o,.
[Io monmyuyeHHOMY 3Hau€HUsl O KaTajory BBIOMpAeTcs OBUTATeNnb Onkaiiiei Oosblieit

MOIIIHOCTH W CKOPOCTH, IIOCJIC€ 4Yero BHIOpaHHBIA JBHraTeNb MPOBEPSETCS MO MEpPerpy304HON
crocobHocTu. [l 3TOro Ha HArpy304HOW AMarpaMMe ONPEAeNIOT Y4acTOK MaKCHUMAalIbHOTO

JUHAMHYECKOro MOMEHTa M . " CPAaBHUBAIOT €0 €C JOMMYCTUMbIM MOMCHTOM JIBUT'aTCIISA

4 max
Mimax <Mam =24 Mg
rae A, — JOMYCTHUMBbIA KO3()OUIMEHT meperpy3ku JIBHUraTelis 0 MOMEHTY, YKa3bIBacTCs B

MacCIOPTHBIX JAHHBIX HA JIBUTATENb.
Has JJIIT oOpIYHOrO MCIOJHEHHMS W CHHXPOHHBIX IBUrarened i, =15+25, mia AJl

MaKCUMaJIbHBIA MOMEHT JABUTIATCIISA MOXKET OBITH IIPUHAT PaBHBIM KPUTHYCCKOMY. HpI/I BBI60pa AI[
¢ K3P Taxxe He00X0IMMO IPOBEPUTH JIBUTATEINb MO YCIOBUSAM ITyCKa:
M.. >M ci

aa.l

34. Ilposepka osueamens no Hazpesy Npu NEPemMenHoll Hazpy3sKe

Jlpurarens Oyaet paboTath B JOIMYCTUMOM TEIUIOBOM PEKUME P BBITIOJIHCHUN YCIOBUS
Toan <Tari

rIe t,, — [eperpeB IBUTATENs MpH pabore; t, — AOMYCTHMBIA MEPErpeB JBUraTels,

OHpC,Z[eHSIeMHﬁ KJI1aCCOM €T0 U30JIAII1H.

HpOBepKa ABUTATCIIA 110 HArpeBy MOKCET OBITH BBIIIOJIHEHA IMpsAMBIM HWJIM KOCBCHHBIM
MeToaamMu. lcmoab3oBaHue npsaMoro Meroda IpeamnoJaract pvaéT U TIOCTPOCHUC KpPIBOfI
neperpensa t(t) 3a UK pa6OTBI JABUTATCIIA. HpI/IMeHeHI/Ie npsaMoro Meroaa Tpe6yeT HaJIn4uA

MAaTeMaTUYECKOM MOJENH TEMJIOBOTO PEXUMA JIBUTATENS, YTO SBJIAETCS TPYAOEMKOM 3aJadeu, Tak
KaK TOYHOE OIHCAHME MPOLECCOB HArpeBa U OXJIAKICHUS IBUTATENS TOBOJIBHO ClIokKHOE. [loaTomy
OOBIYHO HCIIOIB3YIOT KOCBEHHBIE METO/IbI TPOBEPKH, HE TPEOYIOIINE OCTPOEHUs Tpaduka t(t) .

35. Meron cpeHUX NMOTEPH
Meton sBnsercs Haubojiee TOYHBIM M yHHBepcalibHbIM. CyTh METOAA 3aKIIOYaeTcsl B

ONPCACIICHUH CPEeAHUX ITOTEPh MOIIHOCTH AP, 3a IIMKJI pa6OTBI JABUTATCIIA U COITIOCTABJIICHHUE UX C

HOMHMHAaJIbHBIMH NOTEPSIMH MOIIHOCTHU AP, . I[J'IH MOJIYYCHHUSA KOHCYHOI'0 COOTHOMICHUS COCTaBUM

|
3aKOH COXPAHCHUSA SHCPIrUU 3a HUKII pa6OTLI B KBA3WYCTAHOBUBIICMCA PCIKUME. Bcé BrigenenHoe

3a LMKJI TETJIO OTBOJAUTCS B OKPYKAIOILYIO CPENy, T.€.

ty

At_.t :jAP(t)dt.

fio "6
0

Torma Cpe,Z[HI/Iﬁ NEeperpeB ABUTATCIIA 3a BpCMs LUKIIA tb COCTaBJIACT

t
° AP AP,
Thy = [—dt = —=.

o Aty A




[To anayornu HOMUHAJIBHBIE TIOTEPU MOIIHOCTH B JABHTaTelNie ONPEICISIOT €ro JOMYyCTUMBIN
Harpes
_ APﬁi
A
[ToacraBuB (6.4) u (6.5) B (6.3) moJlydM OCHOBHOE pacy€THOE COOTHOIICHHE METOJa
CPeIHUX MOTEPh:
APﬁé < Apﬁi

Taii

C yuerom (6.2) u (6.5) MOXHO TOJYYHTH (DOPMYJIHUPOBKY METOJA CPEAHUX MOTEPb: €CIIH
CpeIHsIs 32 IIUKII MOIITHOCTh MOTEPh HE MPEBOCXOANT HOMHUHAIIBHYIO MOIITHOCTh MTOTEPh, TO CPEIAHEE
MIPEBBIIICHUE TEMIIEPATYPHI HE MPEBBIIIACT TOMYCTUMOE MPEBBILICHUE TEMIIEPATYPHI.

Ecin Ha oOTHenpHBIX ydyacTKax IMKIA HArpy3ka TMOCTOSHHA, TO CpEIHUE IMOTepU
orpeensoTcs no Gpopmyse
n
AP = APt It .
1
HomuHanbHbIE TIOTEPH MOITHOCTH JIBUTATENSl OMPEICIISIOTCS O KaTaJlOKHBIM JaHHBIM TI0
dbopmyne

APgp =Py (Q=mg )/ng

MeTon CcpeaHUX TOTeph IO3BOJSET OICHHTH TEIUIOBOW PEKHUM DPAOOTHI JIBUTATEINsS IIO
CpeIHEMY MPEBBIICHUIO TeMIEpaTyphl. B 3TOM 3akitouaeTcs onpeaenéHHas IorpeurHocTh MeTo/1a,
TaK KaKk MaKCUMaJbHBIN MEpPEeTrpeB ABUTATENS HA OTACIBHBIX YYacTKaX IHKJIA MOXET IPEBHIIIATh

Ths TouHOCTH OLOCHKM Harp€sa 3THM MCTOAOM TCEM BbIIIC, YCM OoublIIe padHua MCEKAY
BEJIMYMHAMH TOCTOSHHOMN BpEMCHHM HarpeBa T, H JJIUTCIbHOCTBIO HaunOoJjee MMPpOAOJIKUTCIIBHOT'O
ydacTKa LUKIIa pa6OTI)I AaBurarens t,, , TO €CTb METOI BO3MOXHO HCIIOJIB30BAaTh TOJBKO IIPH

BBIITOJIHCHHUU YCIIOBUA

ty << T, .

Merton cpennux noreps TpeOyer 3HaHus kpuBoil KII/[ nBurarens B pyHKIMM €ro Harpy3Ku
U [IPEIBAPUTEIILHOTO ONPEACIECHNUS TOTEPh HAa KaKJIOM M3 y4aCTKOB Harpy304HOH AMAarpaMMsbl, 4TO
YCIOXKHSAET PaCyer.

YacTto oOKa3bIBaeTCAd INPUEMIIEMBIM HCIIOJIB30BAHUE METOJOB HKBUBAJICHTHBIX BEIUYMH,
MO3BOJISIIOIIMX TIPOBECTH NPOBEPKY JBHratens mo HarpeBy Oosiee mpocto. K Takum mertonam
OTHOCAT METOJ] SKBUBAJICHTHOI'O TOKA, MOMEHTAa U MOILIHOCTH.

36. MeTonbl 5KBUBAJICHTHBIX BEJIUYHH: TOKa, MOMEHTA, MOIIHOCTH

Ecnu B pesynbrare MOCTPOCHHsI HArpy30YHOM AMArpaMMBbl €CTh JaHHBIE O KPUBBIX TOKa B
(GYHKIMH BpPEMEHHU, TO IMPH HEKOTOPBIX YCIOBHSAX MOXKHO IPOBECTU MPOBEPKY ABUraTelns IO
HarpeBy 0€3 BBIYMCIIEHUS IOTEPh, BOCIOJIb30BaBIINCH METOOM SKBUBAJIEHTHOTO TOKA.

ITorepu B ABUrareiie MOKHO pacCMaTpUBaTh KaAK CYMMY IIOCTOSIHHBIX ITOTEPb, HE 3aBUCSIINX
OT HAarpy3KH, U IEPEMEHHBIX ITOTEPb, ONPEAEIAEMbIX HATPY3KOH.

OKBHUBAJCHTHBIM TOK — 3TO TAaKOM HEM3MEHSIOLIWIiCS TOK, Impu paboTe ¢ KOTOPHIM B
JJIEKTPUYECKOM JBUTATENIE BBIIEIAIOTCS IOTEPU, PaBHBIE CPEIHMM MOTEPSAM INPH NEPEMEHHOM

rpaduke Harpy3Ku, TO €CTh

2
APy = APy + 1R

const yéa
CpenHsisi MOUTHOCTh MOTEPh 3a LUKI IpPU MEPEeMEHHOM TIpaduKe Harpy3Ku ABHUraTens |
MMPpOAOJIKUTCIIBHOM PCIKHUME paGOTBI
_ APt + AP,t, + .. + AP t,

AP

t,+ e 1,

[ToacraBuB (6.5) B (6.6) mocie mpeoOpa3zoBaHUil MOMYIUM (GOPMYITY ISl ONPEACIICHUS
HKBHBAJIEHTHOTO TOKA:

2 2 2
L+t +. + 1t

t

n

o
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HBI/IFaTeJ'IB IIPOXOAUT I10 YCIIOBUAM HaArp€Ba, €CJIU BBIIIOJIHACTCA YCIIOBUE
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MeTo/1 SKBUBaJIGHTHOI'O TOKA UCXOJUT U3 MPEATNION0KEHHUSI HE3aBUCUMOCTHU IIOTEPD B CTAIU U
MEXaHUYECKUX OT Harpy3kd U IpearnosaraeT I[OCTOSHCTBO CONPOTUBIICHUS TIJIABHOW Lienu
JBUTaTeNsl HA BCEX YYacTKax 3aaHHOro rpaduka Harpy3ku. CiemoBaTenbHO, KOTJa MOCTOSHHBIC
IIOTEPU HE SBJIAIOTCS TAKOBBIMU (M3MEHEHUE HanpspkeHUs Ha AJl) Win conpoTHBIIEHHE HE OCTaéTcs
MOCTOSTHHOM BennunHOU (A/] ¢ riyOOKuMM ma3oM B PeXHME MEPEeMEHHOTO CKOJIBKEHHs), METO]
HKBUBAJIEHTHOI'O TOKA MOXET IIPUBECTH K CYLLIECTBEHHBIM ITOTPELIHOCTSIM.

B psane cinydaeB oxa3piBaeTcsi yAOOHO MCIIONB30BaTh JIsi MPOBEPKU MO HArpeBy rpaduk
MOMEHTA, pa3BUBAaEMOro JBUraresieM, B GyHKIMU BpeMeHU. Eciin moTok JBUrarens nocTOsHEH, TO
MEXJYy MOMEHTOM M TOKOM CYIIECTBYET NpPONOpLUUOHAIbHAs CBA3b. I[lo3TOMy oOKa3bIBaeTcs
BO3MOXKHBIM IIPOBEpKa [JBUTATENsl MemoOOM OIKEUBANEHMHO20 MOMEHmMA, KOTOPbIA Ui
CTYIEHYATOTro rpaduka BeIYUCIsETCS 1Mo hopmyre

> (M),

Myéé - L+t +.. 4+t - i1

rine ™M iy — COOTBETCTBCHHO MOMCHT H JJIMTCIbHOCTH i-oro y4qacCTKa Harpy3qu0171
AuarpaMmal.

I[BI/IFaTeJII) IMPOXOAUT I10 YCIIOBUAM HArpeBa, €CJIU BBIIIOJIHACTCA YCIOBHC

Mya = Mg

yeéa
MeTton npuMeHsieTcsl s MPOBEPKHU [0 HAarpeBy BCEX JIBUraTeNied MpU YCIOBUH pabOThl €
IIOCTOSTHCTBOM IIOTOKA.

Ecnu Harpy3ounasi quarpaMma JBUTaTeNs 3aaHa B BUJE TpaduKa MOITHOCTH, TO MPOBEpKa
JBUraTelsi M0 HAarpeBYy MOXeET ObITh BBINOJIHEHA HEMOCPEACTBEHHO MO IpadUKy MOIIHOCTH, HO
JUIIb TOTJA, KOI/Ia MEXYy MOIIHOCTBIO M TOKOM CYHIECTBYET IpsiMasi MPONOPLUOHAIBHOCTD, YTO
UMeeT MECTO IpH paboTe ABUraTess ¢ MOCTOSIHCTBOM ITOTOKA M CKOPOCTH.

Jlns ctynenyaroro rpaduka Harpy3Ku SKBUBAJICHTHAs: MOIHOCTh BBIYMCIISETCS O (hopMyIie

2 2 2
b ot + 0t + 0t
L+t +. 4t

n

37. IlpoBepka ABUraTesns IO HarpeBy i HOBTOPHO-KPATKOBPEMEHHOTO peKUMa padoThI

B cnydae, koria npuratens paboTaeT B IOBTOPHO-KPATKOBPEMEHHOM PEXUME MPOBEPKY IO
HarpeBy MOJKHO  BBIIOJHATH  YKa3aHHBIMU  BBbIIE  METOAAMU  IOCJE€  TPUBEACHUS
IIPOJOJDKUTEIBHOCTH  BKJIIOUEHUS ¢ JUII  KOHKPETHOIO peXHMMa K CTaHJApTHOM &

OKBHUBAJICHTHBIC 3HAYCHHS BEITMYUH BEIYUCIISIOTCS 10 q)OpMy.]'IaM

g
Ves = lyea : o ;
le—gg )+e

Myea = My k(e—ey Jreg
Pea =P 8
R (emey Ve
rae k; = AP, /AP, — KO3(QUIUEHT NOTEPD.

Eciy BenuumHa NMOCTOSHHBIX NOTEPH CYIIECTBEHHO MEHBIIE MEPEMEHHBIX, TO CIaraéMbIM
ki (¢ — &5 ) MOXHO IpeHeOpeub, IPH TOM (POPMYIIbI IS SKBUBAJIEHTHBIX BETUUMH YIPOILAIOTCS.



[Ipu npeHeOpe eHUM TMOCTOSHHBIMU TOTEPSIMU (k, << 1) M HUCIOJb30BAaHUM JBUTaTes,

MpeIHa3HAYEHHOTO JUIsl TPOJIOJKUTENILHOTO pexnuma paboThl ( ¢

\/;;Myéa =M

'yéa = I)’/éé.s

‘/; Pyea = Py,

Vel ¢

=1) , HOJY4YUM

Ve.

€. &

@®opmyJbl cripaBeAJIUBEI IPU YCIOBUU MTOCTOSHCTBA TEIUIOOTJA4M B TIEpUOJ 1ay3 (Hampumep,
JBUTATENIH C IPUHYAUTEIbHBIM OXJIAXKICHUEM).

Ha 3auere cTtyneHT MoxeT 3apabotath oT 24 10 40 Gamios.

IIkaJabl OLleHKH 00pa30BaATEJIbHBIX J10CTHKEHU I

OneHka mno 5-
0aVILHOM IIKAaJIe

Cymma
0aJ1710B

TpeOoBaHMsI K 3HAHUSIM HA IK3aMeHe

«3aumenoy

36 +40

BBICTABJIAACTCA CTYACHTY, €CJIIM OH IIOJIHO, I'PaMOTHO H 0e3
OIIMOOK OTBETHJI Ha BCE BOIIPOCBI, B TOM 4YHUCIIC U
JOITIOJIHUTCIIbHBIC

29 +35

BBICTABJIAICTCA CTYACHTY, €CJIM OH 0e3 CYHICCTBCHHBIX omuboK
OTBCTUJTI HA BCC BOIPOCHI, OAHAKO JOMYCKal OTACIBbHLIC
HCTOYHOCTH WJIM HC ACMOHCTPUPOBAI JOCTATOYHO FJI}’6OKOFO
3HAaHHA MaTCpHrajia

24 + 28

BBICTABJIAICTCA CTYIAEHTY, €CIIM OH B OTBETaX Ha BOIPOCHI
IIPOJEMOHCTPUPOBAJI TOJBKO 3HAHWE OCHOBHOI'O MaTepHaa,
JOIIyCKaJl ~ CYLICCTBEHHBIE  HETOYHOCTM B OTBETAX,
HEJ0CTAaTOYHO TEXHUYECKU I'PaMOTHO (POPMYJIUPOBAI OTBETHI

«He 3aumenoy

meHee 24

BBICTAaBJISICTCA CTYHACHTY, C€CJIM OOIIYCKaJl HCIIPABUJIIBHBIC
OTBCTHI HA IMOCTABJICHHLIC BOIIPOCHI HJIM HC CMOI' OTBECTUTL HaA
YaCTb BOIPOCOB, HC CMOI' MOATBECPAUTE 3HAHHUC 3HAYUTEIILHOM
JaCTH MaTepuraia.




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

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

90-100

85-89

«3aumenoy 75-84

70-74
65-69

60-64

mim O |OwW| >

«He 3aumenoy Memnee 60
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URL.: https://e.lanbook.com/book/139295

2. ®ponos, FO. M. Perynupyemblii acCHHXPOHHBIN AJIEKTPONPUBOJ : yueOHoe mocodue / FO.
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IIporpammuoe obecneuenne nu UnrepHeT-pecypcni:
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MaTepHaJILHO-TeXHl/I‘IeCKOG odecrmeueHue y‘I66HOﬁ JUCIHUIIIIMHBI

JIeKIIMOHHBIE 3aHATHS TPOBOIATCA B aynutopuu Ne 412, ocHaleHHOH MyIbTHMEIUHHBIM
o0opymoBaHUEM.

JlexnmonHag (ayn.412)

O6opynoBanue:

ABTOMaTH3UpPOBAaHHOE pabouee MECTO MpernoaBaTelis:

nporeccop —AMD Athlon (tm) 64x2, 3800+2,01 GHz; oneparusHas namsats — 3,50Gb.

JInneH3snoHHOE U CBOOOJHOE TpOrpaMMHOE obecrieyeHre 001Iero u npohecCuoHaIbLHOTO
Ha3HAYCHUS,

Muxkpodon Sven MK-200 nactonsubiii — 1; IIpoektop Viewsonic;

Dkpan Lumien Eco Picture 180*180 cm HacTeHHBIH.

JlaGopaTtopHble 3aHATUS TPOBOIATCA B JabopaTopuu

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

«Qxkcmnyararuu - [ITCAM  u

BBITIOJIHEHHUS JTAOOPATOPHBIX PadOT.

JIa6oparopusa «Dxcmayartamuu IITCAM u mexanusaimu IHIPTC pabor» (aym.111)

Ob6opynoBanue:

KommiekT 1oKyMeHTanum, MeToIn4eckoe ooecreueHme;

[Togpemuuk Teneckonuueckuit [1T-7,2 — 1; Anemomerp ACII-3+crenn — 1; OrpaHuuurens
rpy3onoasemuoctd - 1; Creng CKH-2 — 1; Crenn CKH-MII2 — 1; Crena nmpoBepKu ycTpoiicTBa
"Baprep" — 1; Tonmmuuomep YT-93 - 1; Verpoiicto "bapeep-1M" - 1;

CreHn i1l MPOBEPKU M HACTPOUKH OTPAHUYUTEINCH IPy30MOABEMHOCTH — 1;

Crenn Ans IPOBEPKU M HACTPOUKM orpaHnuuteneit rpyzonoabemHocta ACY OI'TI -1,

VnbTpa3zBykoBoit aedexrockomn (Y2-12-1) — 1.

Ilepeuenp nabopaTopHOro 000pyI0BaHUS MPEACTABIEH B TA0IULE

No HaumenoBanue 1abopatopHoit paboTsl Tun nabopaTopHOro
TEMBI obopynoBanus, UHB. No
1 2 3
4 DneKTpOnpUBOJL cUCTEMBI « THUpHUCTOPHBII
npeoOpa3oBarenb - ABUTATENb IIOCTOSTHHOTO TOKA Crenn 2035-C-K
HE3aBUCHMOTO BO30YXK/ICHHUS C PETYIUPOBAHHEM TI0 «DJIEKTPOTEXHUKA W OCHOBBI
CKOpPOCTH ANEKTPOHUKHU: DJIEKTPUUECKUE
4 DAEKTPONPHUBOJL CUCTEMBI « TUpHUCTOPHBIIA W MarHWTHBIC IIETIH, OCHOBBI
npeoOpa3oBaTelb - IBUTATENb MOCTOSIHHOTO TOKa JIEKTPOHUKH, 3IIEKTPUUYECKHE
HE3aBHCUMOTO BO30YXKICHUS C TTOTIMHEHHBIM MaIllMHBl W TIPUBOJ» HWHB. Ne
PETYJIIMPOBAHUEM 10 CKOPOCTH) 410124000001
4 DNEKTPONPHUBO]T CUCTEMBI « T UpHUCTOPHBIIA
peoOpa3oBaTelb - IBUTATENb TOCTOSTHHOTO TOKA
HE3aBHCHMOT'O BO30YXICHHS C TTOTYNHEHHBIM
pEeryIMpOBaHUEM 110 HANIPSHKEHUIO)
4 DnexTpornpuBo cuctemsl «IIpeodpa3oBarens 4acTOTHI -
ACHHXPOHHBIH JIBUTATENh C KOPOTKO3aMKHYTBIM POTOPOM C
PETYIUPOBAHUEM 10 CKOPOCTH
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YuyeOHO-MeToAN4YeCKHe PEKOMEHIAIMHU ISl CTY/IeHTOB

1. Yka3zanus U1s IpOCTyIIMBaHUs JTEKIUI

[lepen HauanoM 3aHSATHH BHUMATEIHLHO O3HAKOMHUTHCS C Y4€OHBIM IUTAHOM IMPOBEACHUS
JIEKIUM U CIIMCKOM PEKOMEHJAOBAHHOM JIMTEPATYPHI.

Ilepen mnocemeHueM O4YEpPENHON JIEKUUMM OCBEXHUTh B IAMATH OCHOBHBIE KOHUEHLUHU
MPONJEHHOTO paHee Marepuaia. [1oAroToBUTH nMpu HEOOXOAUMOCTH BOMPOCH MpemnoaBatento. He
HAJI0 OTacaThCsl, 4YTO BOMPOCH MOT'YT OBITH IPOCTHIMHU.

Ha nexkuuu OCHOBHOE BHHMMaHHE CJEIyeT YAEHATh He (opMmynaM U MaTeMaTUYECKUM
BBIKJIa/IKaM, a COJIEPKaHUIO U3ydaeMbIX BOIIPOCOB, OIIPEIEICHUSIM U TIOCTAHOBKAM 3a]1a4.

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

KenarenpbHO HCIIOJIB30BATh KOHCHEKTHI JIEKUMH, B KOTOPBIX MCIIONB3YETCS IPUHSTAS
npernojaBaTesieM cucreMa 0003HaYeHHIH.

Jns OGonee mnoapoOHOro wu3ydeHUs Kypca cieayeT paboTaTb € PEKOMEHAOBAaHHBIMU
JUTEpaTypHbIMU UCTOYHUKAMU U BHOBb MOSBIISIOIIUMHUCS UICTOUHUKAMHU.

2. YkazaHus 175 ydacTus Ha J1a00paTOPHBIX 3aHATHUSX.

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

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

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

[Tocne ucmbITaHUS MO BO3MOXHOCTH CAMOCTOSITENIBHO MPOBOAUTH 00PaOOTKY pe3ylbTaToB
HKCIIEPUMEHTA JJ0 OKOHYATEIBHOTO UTOTa U CJIeNIaTh BBIBOJ IO paboTe.

B koHIIe 3aHATHS TpU HEOOXOIUMOCTHU BBISICHUTD Y MPEINO/IaBaTENs HESACHBIE BOIIPOCHI.

[ToaroToBUTH MUCEMEHHBINA OTYET O MPOJCIAHHON padoTe.

3. CamocrosiTenbHass paboTa CTYACHTOB OOBIYHO CKJIQJIBIBACTCS W3  HECKOJIBKHX
COCTaBJISIOLINX:

- paboTa ¢ TeKCTaMH: yueOHMKaMHU, UCTOPUYECKUMU TTEPBOMCTOYHUKAMHU, JOTIOIHUTEIBHON
JTUTEPaTypoOid, B TOM YHCIIe MaTepruaIaMi MHTEPHETa, a Takke MpopaboTKa KOHCTIEKTOB JIEKIIUA;

- HallMcaHue JI0KJIa/10B, pedeparos;

- MIOJrOTOBKA K MPAKTUYECKUM 3aHATHUSIM;

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

Takum oOpa3oMm, camocCTOATENbHass paboTa CTYIACHTOB SIBISIETCA  HEOOXOIUMBIM
KOMITOHEHTOM TMOJIyYEeHHsI TOJTHOLEHHOTO BBICIIET0 00pa30BaHusl.

MeTtoauyeckue peKOMEHAALMH Il IIpenogaBaTesien

Meroanueckue yka3aHus K MPOBEACHUIO JEKIUN

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

B cBs3u ¢ pacIMpCHUuEM U yTJ'Iy6JICHI/ICM COACPpIKaHUA J'ICKI_II/II\/'I HU3MCHACTCA MCTOAMKA HX
MMPOBCACHWA, OCHOBAHHAsd Ha MCIIOJIB30BAHHMU PA3JIMYHOIO0 pOJa CTPYKTYPHO-JIOTMYCCKHX CXEM,
KaXXJass U3 KOTOPBIX UMECT CBOIO COACPIKATCIbHYIO CYTh U Ha3HAUYCHHUEC B IMOCTPOCHUU By30BCKOI>i
JICKIINH. TaK, q)yHKI_[I/IOHaJ'IBHI)Ie CXEMbI, PACKPBIBAIOINHE JIOTUKY TOI'O UJIW MHOI'O IEJAroru4€CKoro
mponecca, SBJICHHA, IMO3BOJJAIOT TMPUAATh JICKIHUN )IeMOHCTpaIII/IOHHO-pa3BI/IBaIOHII/II\/'I NI
yCTaHOBO‘-IHO-HaLICJ'II/IBaIOIJ_II/Iﬁ XapakKkTep. HpI/IHI_II/IHI/IaHBHBIC CXCMbI, OTpaXarImue 0104HOE



MIOCTPOCHHE  MaTepHuaia, CHOCOOCTBYIOT —TPEBPALCHHIO JIEKIUH W3  HH(POPMALUOHHO-
PENpOaYKTUBHOM B CTPYKTYPHO- HAIETUBAIOIIYIO (WIM MPOOJIEMHO-TIOMCKOBYIO, MJIM 0O30pHO-
TEMaTU4YECKYI0 — B 3aBUCHUMOCTM OT TeMbl). MHEMO3HaKd NpPHUAAIOT JIEKIUH YETKOCTb,
KOHKPETHOCTb, KpaTKOCTh BO BBEICHUU MTOHATUWHOTO anmapara.

Jlexuuss — BecbMa SKOHOMHBIA CIOCOO H3JIOKEHUS OCHOB 3HAHUM, 3aKJIaJbIBAET OCHOBBI
IIOHUMAaHUs CTYIAEHTaMU CYIIHOCTH 3TUX 3HAHWM, SMOLMOHAJIBbHOE OTHOUIEHUE K 3HAHUAM,
HaIpPaBIIFET MYTU U CIOCOObI MPUOOPETEHUS ITUX 3HAHUH.

OcHoBHasl TuaKTU4ecKas 1eJb JIEKIMH — OPMUPOBAHNUE OPUECHTHUPOBOUHON OCHOBBI IS
MOCIICAYIOIIEr0 YCBOCHUS CTYJCHTaMU y4eOHOro MaTepHara.

Jlexumst, xkak Qopma mpernoaaBaHusi B BhICHIEM Y4eOHOM 3aBEICHUM, OOJaJaeT psAaOM
¢byHKuui: 00yJaromas; BOCIUTHIBAIOIAS; Pa3BUBAIOIIAs; HHPOPMATHUBHASL.

MO’KHO BBIIEINUTH U IPEUMYILECTBA JIEKIUH:

- TBOpYECKOE OOIICHHE JIEKTOPA C ayTUTOPHEN, COTBOPUECTBO, SIMOIIMOHAIEHOE
B3aHMOJICHCTBHUE;

- JIeKIIUSl BeChbMa SKOHOMHBIN CIOCOO IMOJNy4eHHs B OOIIEM BHAE OCHOB 3HAHUI; JEKIUS
AKTUBU3UPYET MBICIICHHYIO JEATEIbHOCTb, €CIM XOPOUIO MOHSATAa W BHUMATEIBHO IPOCIYILAHA,
MIO3TOMY 3ajJaya JIEKTOpa — pa3BUBaTh aKTMBHOE BHUMAHUE CTYJIEHTOB, BbI3bIBAaTh JABUKEHUE MX
MBICIIU BCJIE]] 32 MBICIIBIO JIEKTOpA.

Ot mactepcTBa mpenojaBareisl 3aBUCUT MaKCUMaJIbHOE HCIOJIb30BAaHUE MMOTEHIMAIBbHBIX
BO3MOXXHOCTEH 3TOW Bemymied (GopMbl By30BCcKoro oOydenus. Ho mpormecc oOydeHus, HAUMHASICH
Ha JICKIIUU, TTPOJIOJDKAETCA Ha MPAKTUUECKUX 3aHATHUSAX U YIIIYOJISIETCSl CAMOCTOATEIbHON paboTOM.
B 3aBucuMOCTH OT MecTa B JIGKIIMOHHOM WJIM HPEIMETHOM Y4eOHOM Kypce BBIACISIOT BBOJIHYIO
nekuuto. OHa 3HAKOMUT CTYJIEHTOB C LEJIbI0O M HA3HAYEHUEM Kypca, €ro pojbl0 U MECTOM B
cucteMme yueOHBIX AuCUMILINH. [lanee qaercs kpaTkuii 0630p Kypca (BeXH pa3BUTHS JaHHOW HAyKH,
MMEHA W3BECTHBIX YYEHBIX). B Takol JEeKIUU CTaBATCS HaydHble IPOOJIEMBbI, BBIIBUTAIOTCS
TUIOTE3bl, HAMEYAIOTCS MEPCIEeKTUBBl Pa3BUTHS HAyKU M €€ BKJIaJa B NpakTuKy. Bo BBomHON
JIEKIIMM Ba)KHO CBSI3aTh TEOPETUUYECKUU MaTepual ¢ MPaKTUKOW Oymymieil paboThl CIEHUaIuCTOB.
Hanee nenecoodpa3Ho pacckazath 00 o0miei MeToauke padoThl Hajl KypcoM, JaTh XapaKTEPUCTUKY
yueOHUKa U y4eOHBIX MOCOOMH, 03HAKOMUTH CIylIaTeNlel ¢ 00s3aTeNbHbBIM CIHCKOM JIUTEPATYpHI,
pacckazatb 00 »5K3aMeHAllMOHHBIX TpeOoBaHusx. I[lonoOHOe BBeleHHWE NOMOraeT CTyJIeHTaM
MOJYy4YUTh OOIIee MpeACTaBIEHUE O MpeIMeTe, OPUEHTUPYET UX Ha CUCTEMaTHYECKyI0 paboTy Haj
KOHCIIEKTaMH U JIUTEPATYpPOH, 3HAKOMUT C METOAUKON pabOThI HaJl KYPCOM.

[Ipy moxAroToBKe YKa3aHHOM JEeKUUH 1eIecoo0pa3Ho ydecTb MpoOenabl B 3HAHUAX
CTY/ICHTOB, BBISIBJICHHBIE Ha NMPAKTHUECKUX 3aHATHAX, B Ipolecce (POHTAIBHBIX OMPOCOB M, Kak
MUHUMYM, JaTh KM YCTaHOBKY Ha IIyTH YCTpaHEHHUs MpoOesoB, a Takxke JanbHeiiiee
YCOBEPIIIEHCTBOBAaHUE CBOEH MOJATOTOBKH B JIaHHOM 00s1acTu. Ha MTOroBO# JNeKInu npernojgaBaTeib
BbIJIETISIET OCHOBHBIE HJIEU Kypca, OKa3bIBAeT, KAKUM 00pa3oM MOKHO HCIIOJIb30BATh MOTYYEHHbIE
3HaHMWA Ha NpaKTUKE M TPU H3YYEHUU JpYrux AucuuIvivH. [loaBojsTcss MTOrM H3ydeHHs
JUCLUIUIMHBL, TIOKa3bIBa€TCsS €€ 3HaueHHue B (OPMHUPOBAHUU HAYUYHOTO MHPOBO33PEHMUS,
00CYX1al0TCsl 0OCOOCHHOCTH 3a4eTa MM 3K3aMeHa 10 IpeaMETY.

Jlexuus-Bu3yanu3anysi BO3HUKIIA KaK Pe3yJIbTaT MONCKA HOBBIX BO3MOYKHOCTEN pealln3alyn
NpUHOMIA  HarasgHocTu.  [lcuxosoro-menarorudyeckve  HCCIIENOBAaHUS — IOKAa3blBalOT, YTO
HarJIsiTHOCTh HE TOJBKO CIOCOOCTBYET 00Jiee YCIEeIIHOMY BOCIPHUSTHIO U 3alIOMUHAHUIO Y4eOHOTO
MaTepuaiga, HO U TIO3BOJISIET NPOHUKHYTH IIIy0)Ke B CYIIECTBO IO3HABaeMbIX SIBJICHHH. IDTO
MPOUCXOJUT 3a c4eT paboThl OOOMX MOJyHIapUi, a HE OJHOTO JIEBOTO, JOTHYECKOIr0, MPUBBIYHO
paboTatoiiero mpu OCBOGHMHM TOYHbIX HayK. [IpaBoe momymiapue, oTBeuaroliee 3a 0Opa3HoO-
HMOIMOHAIBHOE BOCIIPUATHE NPEIbABIsieMON HH(DOPMAIIMK, HAYUNHACT aKTUBHO pabOTaTh UMEHHO



IpU ee BHU3yaln3zaluuu. BusyannmzoBaHHas JIEKIMsS NPEICTaBIseT COOOH YCTHYIO HH(OpMALHUIO,
mpeoOpa3oBaHHYI0 B BU3YalbHYIO (GopMy. Buaeopsa, Oyaydu BOCHPUHSATBIM W OCO3HAHHBIM,
CMOXKET CIIY)KUTb OIIOPOM aJCKBATHBIX MBICIECHM M IPAKTUYECKUX JercTBuil. IIpenonasareins
JIOJDKEH BBITMOJHUATH TaKUe JEMOHCTPAIIMOHHBIE MaTepHalIbl, TaKUe (OPMBI HATJISAHOCTH, KOTOPBIE
HE TOJBKO JOIOJHSIOT CJIOBECHYIO HH(POPMALMIO, HO CaMHU BBICTYNAIOT HOCHUTENISAMHU
cozepxkarenbHOM uMHpopManuu. IloaroToBka Takod JEKIMM COCTOMT B PEKOHCTPYMPOBAHUU,
NEPEeKOIUPOBAHUM COJCPKAHUA JIEKLIMU WIM €€ YacTH B BU3YyallbHYIO (hOpMY AJIS MpebsBICHUS
cryaentam yepe3 TCO unu BpyuHyro (Claiiibl, IUIEHKH, IUIAHIIETHI, YePTEXH, PUCYHKH, CXEMbI U
T.J.).

Jlekumst ¢ 3apaHee 3alVIaHUPOBAHHBIMU OIIMOKAMU aKTUBU3UPOBATh BHUMAHHUE CTY/ACHTOB;
pa3BUBATh X MBICIUTEIBHYIO JIEATEIBHOCTD; (HOPMUPOBATH YMEHHSI BHICTYIIATh B POJI AKCIIEPTOB,
penieH3eHToB U T.J. [ToaroToBKa K JIEKIMH C 3apaHee 3allJIaHUPOBAaHHBIMU OIIMOKAMHU COCTOWT B
TOM, 4YTOOBI 3aJIO)KUTh B HEE ONPEACICHHOE KOJIUYECTBO OMIMOOK COJEpIKATEIbHOTO,
METOAMYECKOI0, TOBEJCHUYECKOr0 XapaKkTepa, X CIUCOK IpernojaBaTeib MPUHOCUT Ha JIEKLUIO U
IpeabsBIIsAeT CTyieHTaM B KoHLe. [logOuparorcs Hanbosiee TUIIMYHBIE OLIMOKH, KOTOpPbIE, OOBIUHO,
HE BBIIITYMBAIOTCS, @, KaK Obl, 3aTYyIIEBBIBAIOTCS. 3a/1a4ya CTYJJEHTOB COCTOUT B TOM, YTOOBI IO XOY
JEKIMM OTMeYaTh OIMOKH, (PUKCHPOBATh X Ha MOJIAX U Ha3bIBaTh UX B KoHLE. Ha pa3bop omubok
orBoguTcst 5—10 munyT. Ilpy 3TOM NpaBUIIbHBIE OTBETHI HA3BIBAIOT U CTYACHTHI, U MIPENO1aBATENb.
Taxas nexuus OJHOBPEMEHHO BBINOJIHAET CTUMYIMPYIOIIYIO, KOHTPOJIBHYIO U JIMarHOCTUYECKYIO
(GyHKIHIO, TOMOTasi TUarHOCTUPOBATh TPYAHOCTH YCBOCHHS MPEIBIAYIIETO MaTepHaa.

CTpyKTypa 3aBHUCHUT OT OCOOEHHOCTEH Y4YeOHOro Marepuaia U JUJAKTHYECKOW IIeNH;
JI0JKHA BKJIHOYATh 3JIEMEHT ILieJIeNoIaraHus U 1nojBeeHus UToroB. CTpyKTypa JEKIUH COCTOUT U3
TPEX OCHOBHBIX MOMEHTOB: BBOJIHAs YaCTh, OCHOBHAs YaCTh U 3aKJIIOYUTEIbHAS.

BBosHyI0 yacTh JeKIMH 11eeco00pa3HO HAYMHATh C (HOPMYJIUPOBKU €€ TeMbl U IIEJH,
4TO0ObI U30€XKaTh ee AEKJIapaTUBHOCTH M HEONPEAEICHHOCTH B U3JI0’KeHUH MaTepuana. CoobiieHue
TuTaHa Jiekuuu obecneunBaeT Ha 10-12% OGonee moiaHOEe 3allOMUHAHKE MaTepHana, 9YeM Ha TOU ke
JIEeKUUH, HO 0e3 ornamieHus miaHa. CyliecTByeT MHEHUE, YTO JIEKLUS YAAeTCA WK POBAJIMBAETCS
B niepBbie 10 MunyT. [loaTOMYy yMeHue oBia/leTh BHUMAHUEM CIIyIIATENIeH yKe BO BBOJHOW 4YacTu
oueHb BaxkHO. Hepenko, 0cOOEHHO B Hayase YTeHHUsS Kypca, CTYJEHTbl HaCTOPOKEHHO BCTPEYArOT
IIpenojaBaTeis, MOATOMY OIBITHBIE JIEKTOPHl HAYMHAIOT BBOJHYIK) YacThb C SIPKUX, MOHSATHBIX
(bakTOoB, CBSI3aHHBIX C COJEPKAHHEM MpeMeTa U CIOCOOHBIX MPOOY MHTEpEC K CBOEH JIMYHOCTH U
YUTAEMOH IHUCLUIUIMHE.

B ocHoBHOIl yacTu mpenojaBaTenar0 HEOOXOJUMO M3JIaraTh MaTrepual B COOTBETCTBUH CO
CTPYKTYpOH  JIEKLIMH, YYMTHIBaTh IICUXOJOTMYECKHME OCOOCHHOCTH BOCHPUATHS  JIEKLUH.
HeoOxonuMo MakcuManbHO UCIIONB30BATH NepBble 15-20 MUHYT — epuoJl «Tr1y00KOro» BHUMaHUS
clyliaresnei, Jajiee HACTyHaroT YTOMJIEHME M CHUKEHHME BHHUMaHUS (MaKCHUMallbHOE IaJieHHe
paborocriocoOHoctu Ha 40-if MunHyTe nekuuu). Hamnbosnee, BaxkHBIM MaTepuan B JICKIIUU JOJKEH
MOBTOPATHCS, CO3[aBasi HEKOTOPYIO M30BITOYHOCTh y4eOHON HMH(OpMaIMH, Tak Kak KoJjeOaHus
BHUMAaHMS MPOUCXOIAT KaXble 2-3 MUH y Kaxaoro ciymarens. Llenecoo6pazHo npeaBapuTenbsHO
paccUMThIBaTh CKOPOCTh Mojaauu uHpopmarmu. CymecTBYIOT MpaBuia nojaun Matepuana. OHu
ONUPAIOTCS Ha TICHXOJOTMYECKYI0 OCOOEHHOCTh YelloBeKa — Bocmpuatue. Bo Bpems oCHOBHOMU
4acTH TIOMOTaeT yJAep)KMBaTb BHUMAaHHUE CiyllaTeledl BO3BpalleHME K CTEp)KHEBOM unuee. B
apceHaie JIeKTopa JOJDKHBI OBbITh CBOM IPHUEMBI: BO3MOXEH IMEpexoJ] Ha UIYTJIUBBIA TOH
M3JI0’KEHUS; MOKHO 3aJ1aTh BOIPOC ayJUTOPUH U MOIMPOCUTH JIFOOOTO CTYyA€HTa OTBETUTH Ha HETO;
MO>KHO MPOYECTh KaKyr-I100 HUTATy U B 3TO BpPeMsl MMO3BOJIUTH CIIYHIATENSM ClIeNaTh MUHYTHYIO
TUMHACTUKY JUIsl AJBLIEB U JJaKe TIOTOBOPUTH C COCEIOM; MPUBECTH MHTEPECHBIN (WK Jlaxe Jale
aHEeKJOTUYHBIN) Cly4ail M3 MPAaKTUKHU, KOTOPBIM BBI3BIBAN Obl JAPYXKHBIH CMeX CIylaTesiew,



MOMEHTAJIBHO CHUMAJI Y HUX YCTaJIOCTb, JaBajl pPa3psKy, BO3MOKHOCTb U KEJIaHUE BOCIIPUHUMATh
JIEKIIMOHHBIN MaTepua Jajblile, HO OHA JIOJKHA ObITh KOPOTKOW, TAKTUYHON U K MECTY.

TiarenbHO HaJO MPOAYMATh 3aKJIIOUUTENIBHYIO YacTh JIEKIIMH, [IOBTOPUTH €€ MOJIOKEHMS, a
Ha CJENYyIOIIeH JIEKIMM HayaTh MMEHHO C HUX. 3aKIIOYMTEIbHAs 4acTh JIEKIMM NpeArosaraer:
IOJIBEICHUE HTOroB; OOOOIIEHHE IPOYUTAHHOIO U YK€ 3HAKOMOIO, U3 CaMOCTOSTEIbHO
M3YYEHHOI'O CTyJE€HTaMH, MaTepuaya, (OpMyJIUpPOBKY BBIBOJOB M T.A. 3A€Ch Mpecieayercs Lelb
OPHEHTUPOBATh CTYACHTOB Ha CaMOCTOATENBbHYIO padoTy. [ 3TOro Moxer ObITh pEeKOMEH0BaHA
auTepatypa MO HU3yyaeMoH mpoOieMaTHKe, pa3bsCHEHO, KakKMe BOINPOCHl BBIHOCATCS Ha
IIPAKTUYECKHE 3aHATH, @ KaKue He0OOXOUMO U3YYUTh CAMOCTOSTEIIBHO.

B camom KoHIlE JeKIMM ClEIyeT OTBETUTb Ha BOIPOCHI CTYAEHTOB, BO3MOKHO
MOCTYMUBIIME B (hopMe 3amucoK (O TaKOH BO3MOXXHOCTH HAJIO NPEAYNPEAUTh CTYICHTOB 3apaHee).
Co cryneHTamH, NMPOSBUBIIMMH HHTEPEC K TeME JIEKIIUH, JKEIaTeJbHO MoOeceoBaTh IMOCie ee
OKOHYaHUS, IPUIJIACUTh UX HA KOHCYJIBTALIMIO /ISl IPOJIOJIKEHHS pa3roBopa. OTBevast Ha HAaUBHbIE
WINA HeJleNble BOMPOCHI HAJ0 LIAJUTh CaMOJIOOHE CTyJeHTa, Majeiias 0ecTakKTHOCTh MPH 3TOM
MOJKET IIPUBECTH K MOTEpEe KOHTAKTA C ayJUTOpUEH.

Crnenyer TpeboBaTh, 4YTOOBI Ha JIEKLUIO B ayAUTOPHUIO CTYIEHTHl MPUXOAMUIHN 32 HECKOJIBKO
MUHYT 10 ee Hayaja. Omnas3apiBaThb Ha JIEKIMIO W BXOAUTh B AyJUTOPUIO IIOCIE JIEKTOpA
OOJIBIIMHCTBO OMBITHBIX IpEroaBaTeNeil He paspemaioT. HaunmHas JeKiumo, He pPEeKOMEHIYeTCs
JIeNIaTh JJIUTENbHOE BCTYIIJIEHUE, HE OTHOCSILEECS K TEME JIEKLIUU.

MeTtonnyeckue yka3zaHusi K IpOBEACHUIO JJAOOPaTOPHBIX 3aHATHH

JlaGoparopHble  3aHATUS UHTETPUPYIOT  TEOPETHUKO-METOAOJIOTMYECKHE 3HAHUS U
IPAKTUYECKHE HABBIKHU M YMEHHUS CTYICHTOB B €IUHOM IIpolecce IesTeIbHOCTH Y4eOHO-
HCCIIIOBATENIbCKOrO  XapakTepa. [IpakTHueckd Bce BBINYCKHUKU By3a JIOJDKHBI  OBITh
MOJIrOTOBJIEHBI K HCCIIEN0BaTEeNIbCKOM padote. JlabopaTtopHble pabOThl MMEIOT OCOOEHHO SIPKO
BBIPQKEHHYIO CIEIU(PHUKY B 3aBHUCUMOCTH OT KOHKpETHOW crneuuanu3zauuu. Ha maGopaTtopHbix
3aHATUAX OJHON M3 d(P(PEKTUBHBIX (HOpM paboTHI SABISETCS COBMECTHAs rpymmoBas padora. Takue
MPAKTUYECKHUE 3aHSATHS JODKHBI BECTH CTYJCHTOB K JalbHEHIICH YriyOIeHHOW CaMOCTOSTEIbHON
paboTe, aKkTUBU3MPOBATh UX MBICIUTEIBHYIO JE€ATEIbHOCTh, BOOPYKAaTh METOJIaMHU MPaKTUYECKON
paboTHI.

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

- yrayOleHue U 3aKpeIuIeHHEe 3HaHHMs TEOpPEeTHYECKOro Kypca HKCHEpUMEHTAIbHOM
IIPOBEPKOH B TAOOPATOPHBIX YCIOBUSAX U3JI0KEHHBIX B JIEKIHUAX 3aKOHOB, OJIOKEHUNA U POPMYIT;

- NpUOOpPETEHHE HABBIKOB B HAayYHOM OHKCIEPUMEHTUPOBAHHMM, AaHAJIM3E IOJyUYEHHBIX
pE3YJIBTATOB;

- (opMHUpOBaHME TEPBUYHBIX HABBIKOB OpraHU3allMy, IUIAHUPOBAHUS U IPOBEICHUS
Hay4HBIX MCCIICTOBAHUMN.

@opMbl OpraHu3alMM J1abOpaTOPHOTO 3aHATHUS 3aBUCAT, MPEXKIE BCEro, OT YHUCIA
CTYJEHTOB, COJIep’KaHusl U 00beMa MPOrpaMMHOI0 MaTepuana, 4ucia J1abopaTOpHBIX paboT, a
TakXke 0T BMECTUMOCTH y4eOHBIX MOMEIEHUH 1 HaIn4usg o0opyoBaHus. B 3aBUCUMOCTH OT 3TUX
YCIOBUI MPUMEHSIOT ClEAyIonHe GopMbl IPOBeIEHUS T1a00PaTOPHBIX 3aHATHI: (PPOHTANBHYIO, 110
[UKJIaM, WHAMBUIYAIbHYIO M CMEUIaHHYI0 (KOMOMHMpOBaHHYI0). @poHTanbHas ¢dopma
NpoBe/ieHUs] Ta0OpaTOPHBIX 3aHATUN MPENINoaracT OJHOBPEMEHHOE BBIOJHEHHE PAa0OThl BCEMHU
oOyuarormumucs. Ee mpumeHeHne cmocoOCTByeT Oosiee TayOOKOMY YCBOEHHIO Y4eOHOTO
MaTepuaia, MOCKOJIbKY TpaHK BBINOJIHEHUS JIa0OpaTOPHBIX pabOT TIIOCTaBI€H B YETKOE
COOTBETCTBHE C JIEKIMSIMH U ynpaxkHeHussMu. [Ipu 3Tom obecrieunBaeTcsi BHICOKMIT METOIUYECKUI
YpOBEHb MpOBEACHUS paboT, TaK KaKk Ha KaXJIOM 3aHATHM BHUMaHHE I[pernojaBaTess
COCPEIOTOYUBAETCS JHILIb HA OJHOW padore. OgHako 3Ta Gopma TpedyeT OOJBIIOro KOJUYECTBA



OJHOTHUITHOTO, MHOTJA JOPOTOCTOSIIEro OOOpPYJOBAaHUS M YHUBEPCAIbHBIX CTEHNIOB, a JUIS MX
pasMelieHnsT - 3HAYUTEIbHBIX Ja0OpaTOpHBIX IUIomanei. VHorma B By3ax HCIONB3yeTcs
OpraHu3anys J1adopaTopHbIX padoT mo rukiaaM. [Ipu 3ToM paboThI JeNATCS HAa HECKOJIBKO IIUKIIOB,
COOTBETCTBYIOLIMX OIpPEACNICHHBIM pa3zesiaM JeKIIMOHHOTO Kypca. B oauH mukn o0beIuHSIIOTCS
3—5 pabotr, ocyulecTBIsieMbIX, Kak IpaBWIO, Ha OJHOTHUIHBIX cTeHaax. OOyuarommecs
BBINOJIHAIOT paboThl MO rpaduky, HepexoAs OT OJHOro HMKiIa K apyromy. IlpumenutenbHO K
LUKJIOBOM (opMe OpraHu3ally CO3JAK0TCs J1aOOpAaTOpHbIE MPAKTHUKYMbl IO JUCLMILIMHAM,
UMEIOIIMM B IpOrpaMMax 4YeTKo O0OO3HAueHHbIE  pa3/ienbl  [PUMEPHO  OMHAKOBOM
IPOJOJDKUTEIBHOCTH 10 BpeMeHU. By3bl, pacrnonaratromuye OOJbIIMMH BO3MOXHOCTSIMM IO
nabopaTopHoii 0a3e, BHEAPAIOT WHAWBUIAYAIBbHYIO (OpMY OpraHuzanuu padoT, MpU KOTOPOU
KaXIbIi CTYACHT BBINIOJHSIET BCE HAMEUCHHBIE MporpaMmoil paboThl B  OIpeaesieHHON
MOCTIeIOBATEIbHOCTH, yCTaHABIMBaeMOW rpadukoM. B 3ToM ciyyae CTYyAEHTBHI OJHOBPEMEHHO
MOTYT paboTaTh HaJa pa3NU4YHbIMH TeMaMu. Hambosiee yacTo B By3ax HCHOJB3YETCSl CMEIIaHHas
(xoMOMHMpOBaHHas1) (hopMa OpraHu3alMy Ja0OpPATOPHBIX 3aHATHH, MO3BOJIIOIIAS HCIIOJIb30BaTh
IIPEUMYIIECTBA KaXI0M U3 PACCMOTPEHHBIX BhILIE (POPM.

JlaGopaTopHble pPa0OThl BBIMOJHSIOTCS CTYACHTAMH CaMOCTOSATENBHO. DTO 3HAYUT, YTO
IpernoiaBaTeslb U COCTaB yueOHOM y1aboparopuu (kadeapbl) B X0Je 3aHATUS JOJKHBI HE CTOJIBKO
KOHTPOJIMPOBATh, CKOJBKO OCYIIECTBIISATh HAYYHOE W METOANYECKOE PYKOBOACTBO JIEHCTBHAMHU
oOydaromuxcsi. PyKoBOACTBO NEHCTBUSMHU BEIETCS TaK, YTOOBI, C OJHOW CTOPOHBI, OOCCIICUYUTH
MPOSIBJICHUE WHUIIMATUBBI U CAMOCTOSITEILHOCTH CTY/ICHTOB, a C APYrod, — JAEpKaTh HENPEPHIBHO
B TI0JI€ 3peHHsI paboTy KaXK0T0, JIUIIb B CAMBIX HEOOXOIMMBIX CITy4asX MPUXOJAUTH HAa TOMOII.

3.Yka3aHus 110 KOHTPOJIIO CAMOCTOSITENIbHONU PabOThI CTYAEHTOB

[To ycMmoTpeHuio mpemnojaBarens 3aJaHHE Ha CaMOCTOSTENbHYIO pPabOTy MOXKET ObITh
VH/IMBUYAJIbHBIM WIIA (PPOHTAIILHBIM.

[Ipy ucnoNb30BaHMM WHAMBUIYAJIBHBIX 3aJaHUM TpeOoBaTh OT CTYAEHTAa MHChMEHHBbIHI
OTYET O IPOAEIaHHON padoTe.

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

C menpi0 KOHTPOJS KadyecTBa BBHIMOJIHEHUS CaMOCTOSTENbHOW paboThl TpeboBaTh
WH/IMBUyaJIbHBIE OTYETHI (JJOMYCTUMO BMECTO MHCbMEHHOI'0 OTYeTa NPUMEHATh UHIUBUAYalIbHbIE
KOHTPOJIbHBIE BOIIPOCHI).

[Tporpamma cocraBieHa B cootBeTcTBUU ¢ TpeboBanusiMu OC HUAY MUOU u yuebHbIM
IUTAHOM OCHOBHOM 00pa3oBaTeNbHOM MporpaMMbl [0 HampaBlieHHI0 noAarotoBku 13.03.02
DNEKTPOIHEPTETUKA U DIEKTPOTEXHUKA.

Pa6ouyto nporpammy coctasui npodeccop Koo3es P.A.

Peuensent: nouent ['ybarenko M.C.

[Iporpamma omo6pena ©Ha 3aceganun  YMKH 13.03.02 DOnekrtposHepretnka u
ANEKTPOTEXHUKA.

[Ipencenarens yueOHO-MeTOonUueckor komuccuu ['ydbarenko M.C.



