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Ilesiu ocBOEHUSsT M CIUTLIHHBI

Ilenpto mpenojaBaHus — JTUCLUILIMHBI ABIsieTcd  (OPMHUPOBAHUE, PaA3BUTHE U
COBEPLICHCTBOBAaHME Yy 00y4aeMbIX MpO(ECCHOHAIbHBIX  KOMIIETEHIMH, IO3BOJISIOLINX
BBIIYCKHUKY OCYIIECTBIATh O(GOPMIIEHHE TEXHUYECKOM IOKYMEHTAlMM Ha Pa3JIMYHbIX CTaIMsIX
pa3pabOTKU MPOEKTa CUCTEMBI AJIEKTPOCHA0KEHHUS 00BEKTOB KalTUTAIbHOTO CTPOUTEIIHCTBA

[TpodeccrnonanbHbIN CTaHAAPTHI:

- «16.147. CneumanuctT MO NPOSKTHPOBAHUIO CHUCTEM DJIIEKTPOCHAOKEHUS OOBEKTOB

KalMUTaJIbHOTO CTPOUTENILCTBA. ),

- «24.089.Cnienayiict B 00J1aCTH JEKTPOTEXHHUECKOTO 00SCIIEYeHUsI aTOMHOM CTaHIIHH,
- «24.033.Crnenuanuct B 006JaCTH KOHTPOJIBHO-U3MEPUTENBHBIX MPUOOPOB U aBTOMATHKHU
aTOMHOM CTaHIUN.

Mecto qnucunmiuabl B ctpykrype OOII BO

JucuumnimHa BXOAUT B MPO(ECCUOHANBHBIN LUK, JUCHUILIMHA [0 BBHIOOPY B CTPYKType
OOII nanpasnenus 13.03.02 — «DneKkTpoIHEPreTUKA U DNEKTPOTEXHUKA.

Hucuunnmna «ABTOMATH3WPOBAHHBIN BIIEKTPUYECKUIN MIPUBOI» dbopmupyer
KOMIIETEHIIMHA BO B3AaUMOCBS3H CO CIEAYIOIIUMU JUCUUIIIIMHAMY U IIPAKTUKAMU:

- Oxkonorus, OOmas »HepreTuka, be30macHOCTh KU3HEACSITENbHOCTH, DIEKTPHUYECKHE
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 3JIEKTpOCHaOXeHus, HerpagunmonHuble U BO30OHOBIIsIEMbIE HCTOUYHUKH
SHEPruM, DJIEKTPUUYECKUE ammapaThl, MUKpPONPOIIECCOPHBIE YCTPOMCTBA YIpPABICHHUS U 3aIlUTHI,
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
ropoqoB, IIpousBojcTBeHHass mpakTUKa (dKCIuTyatannoHHas), [Ipou3BOACTBEHHas MpakKTUKa
(mpennunnomHas), ['ocynapcTBeHHas UTOTOBasi AaTTECTAIHS.

- DIeKTpuYecKre MaIluHbl, DKCILTyaTalusi CHUCTEM JJIEKTPOCHAOXKEHUs, DIEeKTpUUYECKUE
anmapatel, MUKpPONPOIIECCOPHBIE YCTPOICTBA yNpaBICHHWS W  3alUTHI, JIEKTPOIMPHUBO
MIPOM3BOJICTBEHHBIX MAaIllMH M MEXaHW3MOB, [Ipom3BojCTBEHHAss MpakTHKa (dKCIUTyaTallHOHHAs),
[Tpou3BoacTBEHHAS IPAaKTUKA (TIpeAIUILIIOMHAs ), ['0Cy1apcTBeHHAs! HTOTOBAsI aTTECTAIIHSI.

- llpueMHHKE ¥ TIOTpEOHWTENH DSIEKTPUYECKON DHEPTUU CHUCTEM JIIEKTPOCHAOKECHHUS,
DneKTpudecKkue  anmapaThl, MUKpONpPOIIECCOPHBIE YCTPOWCTBA  YIPABICHUS W 3aIUTHI,
DIEKTPONPHUBO]I TPOU3BOJCTBEHHBIX MAIIMH U MEXaHU3MOB, DJIIEKTPOMArHUTHAs! COBMECTUMOCTh U
Ka4yecTBO DJIEKTpodHepruu, lIpeoOpazoBaTenbHbIE YCTPOMCTBA B CHUCTEME 3JIEKTPOCHAOXKEHMS,
[IpousBoacTBEHHAS MpaKTUKa (9KCcTTyaTalinoHHas ), [TpousBoacTBEeHHAS MPaKTHKA
(mpeauIIoMHas).

[Ipu ocBOeHWM [aHHON JWUCHMIUTMHBI CTYAEHT CMOXXET YaCTHYHO IPOJEMOHCTPHPOBATH

TPYI0BbIE QYHKIUU:



- B/02.6. Pa3zpaboTka TEKCTOBOW W TpaPUYECKON UYacTe MPOEKTHOH JTOKYMEHTAIMH
CUCTEMBI 2JIEKTPOCHAOKEHUS 00bEKTOB KalUTAIBHOTO CTPOUTEILCTRA.

- B/01.6.06ecneuenne >xcruryaranun CHU, CA u anmapatypsl CY3 Ha AC .

- A/02.6. KonTtpoas omnepatuBHOTO oOchmyxkuBaHus U pexumMoB DTO u ycTpoiicTB B
coorBercTBUM ¢ TpeboBanusmu JIHA u HT/[ AC,

- C/04.6.0pranuzarus onepatuBHOro oocayxkuBanus 3TO U yCcTpOHCTB ¢ TPOU3BOACTBOM
CJIOKHBIX nepekatoueHnii AC ,

- D/03.6. Pa3paboTka MeponpusTHIA 110 IPOUICHHIO CPOKOB IKCILTyaTaIlliy, MOACPHHU3AIIUN
U TEXHUYEeCKOMY NepeocHameHuto AC .

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

JTUCIHHUILINHBI

B mpouecce ocBoeHUS MaHHOW MUCHMIUIMHBI y CTyIOeHTa (OpPMHUPYIOTCS CIEAYIOIIHe

KOMITETCHIINH:
npodeccuOHaIbHBIE
3anauun
npodecCuoHaIbHO OObexT unu Kon u HanmeHoBaHue NHaukaTopsl TOCTHKEHUS
i AesaTenbHOCTH 00JacTh 3HAHUS KOMIIETEHITUH KOMIETEHIINH
(L)

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

pacuerax u CTaHIINH U MPUHUMAThH YYaCTHE B pa3paboTKu TEXHUYECKOU

MIPOCKTUPOBAHUHU MO/ICTAHIINH; MIPOCKTUPOBAHUHU JIOKYMEHTAIlMd U HOPMATHBHYIO

00BEKTOB AJIEKTPOIHEPTeT | OOBEKTOB 0a3y sl COCTaBICHUS

npohecCHOHANBHO | UYECKUe npodeccuoHanbHOM nH(OPMaLMOHHBIX 0030POB,

i 1edaTenbHOCTU CUCTEMBI U JIeSITEJIbBHOCTH B pEeLieH3ul, OT3bIBOB,

B COOTBETCTBUHU C CeTH; COOTBETCTBUHU C 3aKJIFOUYEHUHN Ha TEXHUYECKYIO

TEXHUYECKUM CHUCTEMBI TEXHUUYECKHUM 33JJaHUEM | JOKYMEHTAIUIO

3aJJaHUEM C ANIEKTPOCHA0XKE | M1 HOPMAaTHUBHO V-1IK-1 Ymers:

HCIIOJIb30BaHUEM HUS TOPOJIOB, TEXHUUYECKOMN OCYIIECTBIISATh B3aUMOJEICTBHE

CTaHJApTHBIX MPOMBILUIEHHBI | JOKYMEHTAIUEH, C IPOEKTHBIMH,

CPEICTB X IpeanpuaTui, | codnronas pa3ivyuHble KOHCTPYKTOPCKUMU

aBTOMAaTHU3ALNHI CEJNbCKOTO TEXHUYECKUE U OpraHu3alusIMu 1

IPOEKTUPOBAHUS; | XO3AHCTBA, HKOJIOTMUYECKHE OpraHu3alusIMu

MIPOBE/ICHHE TPAHCIIOPTHBIX | TpeOOBaHUs M3TOTOBUTENSIMU JIEKTPO-

NpEBApUTENILHOTO | CHCTEM M HX TEXHUUYECKOTO

TEXHUKO- 00BEKTHI 000pyI0BaHUs, BBIOTHSTh

SKOHOMMYECKOTO aHaJIu3 MPOEKTHON

000CHOBaHHUS JIOKYMEHTAIUU

MPOEKTHBIX B-IIK-1 Brnaners:

peneHui HaBBIKAMH MCIOJIb30BaHUS
TUTIOBBIX MPOEKTOB U aHAIH3
MPUMEHUMOCTH YKa3aHHOTO B
MIPOEKTE AIIEKTPO-TEXHUUECKOTO
00opyoBaHus 151 00bEKTa
po¢eCCHOHATBHON
JIeATETbHOCTH

KonTpons Onektpuueckue | [1K-4 Cocoben 3-11K-4 3Hath: Ty1aBHBIE

co0ur0IeHUS CTaHLIMH U cOONIONaTh U OIICHUBATh | CXEMBl M CXEMbl COOCTBEHHBIX

3a/TAaHHBIX MO/ICTAHIIHH; napameTpbl MTyCKOBBIX HYX]T AIEKTPOCTAHIINH,

napameTpoB AIIEKTPOIHEPTET | PEKUMOB 00OPYAOBaHHS | CLIOCOOOB oOecrieueHHs

pPEXUMOB NYECKHE ¢ obecrieueHueM HOPMAJIbHBIX PEKHUMOB PabOTHI




000opyI0BaHUS

CUCTEMBI U
CeTH;

CUCTEMBbI
AJEKTPOCHAOKE
HUS
MIPOMBIIIIICHHBI
X

HIPEANPUATHN U
UX 00BEKThI

CBOCBPEMCHHOI'O 1

0€30IaCHOr0 BKIIFOYECHUS

ero B paboty

000pyIoBaHUs u
MPEIOTBPALICHUS /TN
JUKBUJAIIUTN HEHOPMAJIbHBIX U
aBapUIHBIX PEKUMOB

V-1IK-4 Ymertsn:

BBITIOJIHSTH TPEOOBaHUS
HOPMaTHBHO-TEXHUYECKON

JIOKYMEHTAIIUH,
OpraHu30BBIBAThH u
KOHTPOJHPOBATh nporecc
BBITTOJTHEHHSI pabot
MOYMHEHHBIM  OINEPATUBHBIM
MEPCOHAJIOM CMEHBI IIeXa NpHu
BBOJIC B paboty
TypOOTreHepaTopoB,

TpaHchopMaTopos,

aBTOTPaHCHOPMATOPOB u

HIYHTHPYIOUINX PEaKTOPOB
B-I1K-4 Bnanets:
HaBBIKAMU PabOTHI C

COBPEMEHHBIMU CHCTEMaMH
yIpasieHus, coopa u nepeaadu
JTAHHBIX, MIOCTOSTHHOTO
MOHUTOPHHTA COCTOSIHUA
000pyI0BaHUsl, TAPAMETPOB €TO0
pexuMa

paboTHI M UX aHATU3a

Yuyactue B
pacyerax u
MPOCKTUPOBAHUHU
00BEKTOB
npohecCuoHaIBHO
U IeATeIbHOCTHU
B COOTBETCTBUHU C
TEXHHYSCKUM
3aJJaHUEM C
HCIOJIb30BaHUEM
CTaHJAPTHBIX
CpenCTB
aBTOMAaTHU3aIlN
MIPOEKTUPOBAHMS;
MIPOBE/ICHHE
MpEeABAPUTEIIBHOTO
TEXHHUKO-
SKOHOMHYECKOI0
000CHOBaHHUS
MPOEKTHBIX
peleHuin

DIIEeKTPUUYECKHE
CTaHIINH U
MIOJICTAHITNH;
JJIEKTPOIHEPreT
WYCCKUE
CUCTEMBI U
ceTw,

CUCTEMBbI
AIIEKTPOCHAOKE
HUS
MIPOMBIIIIIICHHBI
X

HNPEANPUATHI U
UX 00BEKTHI

[IK-7.1 Criocoben
aHAIIM3UPOBATh U

PaCCUUThIBATE PCIKUMBI

paboThl, MPUHUMATH
ydacTue B
MPOCKTHUPOBAHNUH,
MOJIEPHU3ALNH 1
PEKOHCTPYKITHH
00BEKTOB
npodeccuoHaNbHOM
JCATCIIBHOCTHU B
COOTBETCTBHUH C

TCXHUYCCKUM 3aJaHUCM.

3-I1K-7.1 3HaTh: OCHOBBI
IIPOSKTUPOBAHUS CHCTEM
AIEKTPOCHAOKEHUS
MPOMBIIIJICHHBIX — MPEANPUATHI
U UX

00BEKTOB; alrOpPUTM BbIOOpa
HOMUHAJTBHBIX HanpsHKeHUH,
BbIOOpa

KOH(pUrypamuu CeTn "
000pyIOBaHUS  IEKTPUUYECKHX
ceTell MpW MX MOJICPHU3AINHA U
PEKOHCTPYKIIHH; METO/IbI
pacuera PEKUMOB

AIIEKTPUUYECKUX ceTeit
MPOMBIIIJICHHBIX  MIPEAPUATHI
U UX 00BEKTOB

V-IIK-7.1 YmerTsb:

IIPOU3BOIUTH BHIOOP
AIIEKTPOOOOPYIOBAHUS

CHCTEM DJICKTPOCHAOKEHUS
MPOMBIIIJICHHBIX  MPEANPUATHI
1 UX 00BEKTOB; PACCUNTHIBATH
TEXHHKO-?KOHOMHYECKHE
MMOKa3aTen CHCTEM
AIIEKTPOCHAOKEHHS; BHIOHMPATH
ONTHMAJILHBIA BAapUAHT CXEMBbI
AIIEKTPUYECKOM CeTH;




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

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

3agaum BOCIINTAHHUS, P€A/IN3YyEMbIC B PaMKaX 0CBOCHMUA JTUCHUILINHDBI
B nponecce ocBOeHMS JaHHOW IUCHHUILIMHBI PEATU3YIOTCS CIEAYIOIIME 3aJa4 BOCIIMTAHUS:

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




bHOC
BOCIIMTAHHUEC

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

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

- popMHUpOBaHUS
IIPOU3BOJICTBEHHOI'O
KOJUIEKTUBU3MA B X0JI€
COBMECTHOTI'O PELICHUS KaK
MOJIeTIbHBIX, TaK U
MPAKTUYECKUX 3ajad, a
TakXe myTeM
MOJIKpEIJICHHE
parroHaIbHO-
TEXHOJIOTHYECKUX HABBIKOB
B3aMMOJICICTBUS B
MPOEKTHOM eI TETbHOCTH
HMOIIMOHAITBHBIM
s pexToM ycrenrHoro
B3aUMO/IEUCTBUS,
OIIYIICHUEM pocTa o0Ien
3¢ (HeKTUBHOCTH TpU
pacnpezeieHun
MPOEKTHBIX 33724 B
COOTBETCTBUU C CHIIBHBIMU
KOMIIETEHTHOCTHBIMHU U
AMOIMOHAITBHBIMU
CBOMCTBAaMHU 4JICHOB
IIPOEKTHOM TPYIIIHI.

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

2. ®opmupoBaHHue
BEPTUKAIBHBIX CBSA3CH U
bopManbHbIX IIpaBUII
JKU3HU TIpU IPOBEJIECHUU
CTYJEHYECKHX KOHKYPCOB



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

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

CTpykTypa u coaepkaHue y4eOHOH TUCHUTIIHHBI

JucnuriuHa u3ydaeTcsi CTyJeHTaMu B 7-oM cemecTpe. O0mmas Tpy10eMKOCTh JUCITUTITMHBI

Kajnennapuplid miian

HaumenoBanue pazjiena (TeMbl) Bupl yueOHOM Attectanus | MakCuMaJIbHBI
JUCITUTUIAHBI JESITEIIBHOCTH pazznena it Oann 3a
o (dac.) (dbopma) pasnen
8| =
5| 3 ST
S & 3 -
o | Z S 9 I
= = g 2 )
c | E| 5| E| B
S| 8] 'S g
M = = =
1 |2 3 4 5 6 7 8 9 3
1 |1 | OcHOBBI JUHAMUKH | 8 2 - 6 | Tecrl 30
ANEKTPONPUBOA
2 | /IBurarenu moCTOSIHHOI'O TOKa 6 - - 6
3 | ACHHXpOHHBIE JIBUTATEIIN 8/2 - - 8
2 | 4 | Yopasnenue snexrponpusogamu | 30 2 8 20 | Tect2 30
5 | OcHoBbl  BbIOOpa  MomHOcTH| 20 - - 20
AJICKTPOABUTATEIISI
Bcero 7212 | 4 | 8/2 60 60
3auer 40
Hroro 100
Coaep:kaHue JIEKIIMOHHOTO Kypca
Ne | Bcero Ne Tema Jexkumu. Y4ebdHo-
TeMbl| YACOB | JIEKIHHU Bonpochl, oTpadaTsiBaeMble HA JIEKIHI MeTOHYEeCKOoe
olecneyeHue

1 2 3 4 5

1 2 1 OCHOBHbIE TIOHSTHS W OCHOBHBIC DJIEMEHTHI dyeKkTponpusoaa | [1, 2,5, 6, 7]
(3I0). Knaccudukamuss tunoB OII. OcHOBHOE ypaBHEHHE
AIIEKTPONPUBOJIA.

4 2 2 OcHoBHbIe TOHSATHS perynupoBanus. Ilokasarenu kawecta | [1, 2, 3, 5, 6,
perynupoBanust yrioBoit ckopoctu OJII.  PerynupoBanue 7]
yraoBoit ckopocty DI MOCTOSITHHOTO TOKa W aCMHXPOHHOTO
OIl.

Bcero 4
IlepeyeHb NPaKTHYECKUX 3aHATHIA He MIPEIYCMOTPEH Y4eOHbIM IJIAHOM
Ilepeuensb 1abopaTopHbIX padoT
Ne Bcero HaumenoBanue j1abopaTopHoii pa6oTsl. 3axaHus, BONPOCHI, Y4eOHo-
TeMbI | YacOB oTpadaTbhiBaeMble Ha JJA0OPATOPHOM 3aHATHH MeTOIHYECKOoe
olecreyeHue
1 2 3 4
4 4 DAeKTponpuBo cucTeMbl « TUPUCTOPHBINH TpeoOpa3oBaTelb - [1, 5, 6]
JIBUTATEIh  IOCTOSHHOTO TOKAa  HE3aBHUCHMOTO  BO30OYXKICHUS




C TOTYMHEHHBIM PETYJIIMPOBAHUEM 10 CKOPOCTH
4 4 OnekrporpuBon  cuctembl  «lIpeoOpazoBarens  4acTOThl - [1,2,5,6]
ACHHXPOHHBIH  JIBUTATelh C  KOPOTKO3AMKHYTBIM  POTOPOM
C PeryIupOBaHUEM TI0 CKOPOCTHY
Bcero 8
Banam/m AJIA CAMOCTOATEJILHOM paﬁoTbl CTYACHTOB
Ne Bcero Bonpocs! 1J1s1 caMOCTOATEJIBLHOTO H3Y4eHHs (3a1aHUA) Yu4eOHo-
TEeMbI | YacoB MeToAnYecKoe
odecmneyeHue
1 2 3 4
1 4 MexaHudecKkne XapaKTePUCTHKU IMPOU3BOACTBEHHBIX MexaHusmoB u | [1, 2,5, 6, 7]
anekTpoaBurareneid. Bpems yckopenust u 3ameienust O11
1 2 [TpukiiagHOoe MPUMEHEHHE OCHOBHOTO YPaBHEHUS AJICKTPOIIPHUBOIA [1,2,5,6,7]
2 4 JlBurarenu mocTOSTHHOTO Toka. Kitaccuukanus 3JIeKTpoABUraTeen 1,5,6,7]
MTOCTOSTHHOTO TOKa 10 Ccrtoco0y Bo30yk1eHus. MexaHn4ecKue u
ANEKTPOMEXAHUYCCKUE XaPAKTEPUCTUKH JBUTATEIICH TOCTOSTHHOTO
toka (JAI1T). Pexxumbl paboThl nBUraTeacii IOCTOSHHOTO TOKA.
2 2 Crioco0bl peryupoBaHusi CKOPOCTH AJIEKTPOIBUTATENICH TOCTOSHHOTO [1,5,6,7]
TOKa
3 4 ACHHXPOHHBIC [BUTaTed IepeMeHHOro Toka. Cxembl Bkarouenus | [1, 2,5, 6, 7]
ACMHXPOHHBIX  JBHTaTeNiel.  MeXaHWYecKHe  XapaKTEePHCTUKH
ACUHXPOHHBIX JBUTATENICH. PeKMMBI aCHHXPOHHBIX JIBUTATENICH.
3 4 Crnoco0Obl peryaupoBaHus CKOPOCTH dJICKTpoiBUraresneii nepementoro | [1, 2,5, 6, 7]
TOKa
4 8 CoBpeMeHHbIE PA30OMKHYTBIE  3aMKHYTHIE CUCTEMBI [1,2,3,4,5,6,
ABTOMATHU3UPOBAHHBIX JICKTPOIPUBOJIOB. 7]
4 6 DNEKTPUYECKHE aNlapaThl U AJIEMEHTHI CUCTEM JICKTPOIPUBO/IA. [1,2,3,4,5,6,
7]
4 6 [IpeoOpaszoBareny ISl MATAHUS U YIIPABJICHUS JICKTPOABUTATEIISIMH. [1,2,3,4,5,6,
7]
5 6 3anaum, penraemMble MPU BBHIOOpPE MOIMHOCTU JBUraTens. HarpeB u [1, 2, 3, 4,
oxJlaxaeHue nBurarencii. Pexxumbl paboTel nBurartesneil. Bwidop 5,6, 7]
MOIIHOCTH  JBurareneil. @opmupoBanue Tpaduka HArpy3Ku
nBuraress. BeiOop ABUraTes mo yCioBUSIM PabOTHI.
5 14 CoBpeMeHHbIE CUCTEMBI ABTOMATH3UPOBAHHBIX AJIEKTPOIIPUBOJOB [1,2,3,4,5,6,
THTIOBBIX TIPOM3BOICTBEHHBIX MEXaHH3MOB 7]
Bcero 60

PacueTrHo-rpajduueckasi padora He MpeIyCMOTPeHa Y4eOHbIM IJIAHOM

Kypcosasi padora He npeaycMOTpeHa Y4eOHbIM IJIAHOM

KypcoBoii npoekT He mpeaycMOTpPeH Y4eOHbIM IJIAHOM

Oobpa3oBaTe/ibHbI€ TEXHOJIOTMH

[Mpu peanuzaiyu y4eOHOro MaTepraia Kypca HCIOIb3yIOTCS pa3indHbie 00pa3oBaTeIbHbIC

TEXHOJIOTUH, CIIOCOOCTBYIOIINE CO3AaHUIO0 aTMOc(epsl CBOOOJHOM M TBOPUECKOH AMCKYCCHM Kak
MEXly IPENoAaBaTeieM U CTyIeHTaMH, TaK U B CTyI€HYECKOU rpynre. Llenbro mpu 3ToM sBIsSeTCS




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

[IpakTyeckas MOArOTOBKA MpH peau3aluy y4eOHOM MUCHUIUIMHBI OPraHU3YeTCs MyTeM
NpOBEACHUST JTAOOPATOPHBIX ~ 3aHATUH, NPEIYCMATPUBAIOIIMX YydYacTHEe OOy4aromuxcs B
BBITIOJTHEHUH  OTJIIENbHBIX JJIEMEHTOB paboT, CBA3aHHBIX C Oynymed npodeccuoHaibHON
NEeSATEIbHOCTBIO.

[TpakTHyeckasi MOArOTOBKA TAK)KE BKIIIOUAET B ceOs 3aHATHUS JICKIIMOHHOTO THUIIA, KOTOPbIE
MpelycMaTpuBalOT Imepenady y4eOHON wuHpopManuu oO0y4aromuMmcs, HeoOXOauMou i
MOCIIEAYIOLIETO BHIMOIHEHUS paboT, CBSI3aHHBIX ¢ Oyayiiei mpodecCHOHaIbHOM NesTeIbHOCTbIO.

AynUTOpHBIE 3aHATHS IPOBOASATCS B BHJE JIGKIMHM, NPAKTUUECKUX 3aHATHH ¢
ucnonbp3oBanueM [IK u xommeiorepHoro mpoektopa. CamocTosTenbHas paboTa CTYIEHTOB
IIPOBOAMTCS IOJI PYKOBOJCTBOM IIpErojaBareiied, ¢ OKa3aHUEM KOHCYJIbTAlMil M IOMOIIU NpU
[IOITOTOBKE K IMPAKTUYECKUM 3aHATHUSM.

(I)OHI[ OLCHOYHbBIX CPEACTB
@OHA OLEHOYHBIX CpPEACTB MO JUCHMIUIMHE O0ecledyrnBaeT IPOBEPKY OCBOCHUS
IUIAHUPYEMbIX pEe3yJlbTaToOB O00ydeHus (KOMIETEHUMH U UX HHIMKATOPOB) IOCPEACTBOM
MEPOTPUSATHIA TEKYLIETO, PYOKHOTO M MPOMEKYTOYHOTO KOHTPOJIS IO AUCIUTUINHE.
Ces3p MeXIy (QOpPMHPYEMBIMH KOMIETCHIUSMH U (opMaMH KOHTPOJS HX OCBOCHUS
IIPEJCTaBICHA B ClIeAyIOLIeH TabnuLe:

Ko u HaumeHnoBaunue
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 Paznen 1 3-I1K-1, Y-IIK-1, B-TIK-1, TectupoBanue
3-1IK-4, V-I1K-4, B-TIK-4, (MMCHMEHHO)
3-11K-7,1, V-TIK-7.1, B-IIK-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
3-11K-4, V-T11K-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 CBOMCTBEHHBI AJIEKTPUIECKOMY MPUBOTY?



6) UTo BBI MOHUMAETE MOJT YIIPABICHHEM 3JIEKTPOIPUBOOM?
7) Kakumu napaMeTpamu XapakTepu3yeTcst JJICKTPOIIPHBO/?
8) Ot 4ero 3aBHCUT CKOPOCTh BPALICHUS JIEKTPOIPHBO/IA?
9) UYro takoe KO PHUIMEHT MMOJIC3HOTO EHCTBUS?

10) KakoBa 001acTh mprMEHCHHS ITPUBOIA?

Texymuii KOHTPOJIb YCIIEBAEMOCTH — 3TO HENPEPBIBHO OCYLIECTBIIIEMBI MOHUTOPUHI
YPOBHsI YCBOEHMsI 3HaHUM U (OpMUpPOBaHMS yMEHUH U HAaBBIKOB B T€UEHUE cemecTpa. Texymui
KOHTPOJIb 3HAHWH, YMEHUI U HABBIKOB CTY/IEHTOB OCYILLIECTBISETCS B X0/1€ YUEOHBIX (ayAUTOPHBIX)
3aHATHH, IPOBOAMMBIX II0 pacnucaHuio. PopmMamMu TEKYLIETO KOHTPOJIA BBICTYNAIOT OIPOCHI Ha
71a00paTOPHBIX 3aHATHIX, IPOBEPKA OTUETOB MO BHIMOJIHEHHBIM JIAOOPATOPHBIM paboTaM.

JlaGopaTopHble pabOThI MPOBOAATCA B Ja0OpAaTOPUU TPAHCIIOPTHBIX yCTpOMCTB. Paboueit
IIPOTPaMMOii PEeyCMOTPEHO BBIMTOJHEHHUE MIECTH JTa00paTOPHBIX PadOT MO CIEAYIOIMIUM TeMaM:

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

- OnektpornpuBoj cucreMsl «TUpUCTOpHBINA mMpeobpa3zoBaTenb - JBUraTeNb MOCTOSHHOIO
TOKa HE3aBUCUMOI0 BO30YKJI€HUS,C IOJUMHEHHBIM PETYJIUPOBAHUEM T10 CKOPOCTHY,

- OnektpornpuBoj cucreMbl «TUpUCTOpHBINA MpeoOpa3zoBaTenb - JBUTaTeNb MOCTOSHHOIO
TOKa HE3aBUCUMOT0 BO30YKJICHHUS C TIOAYNHEHHBIM PETYIUPOBAHUEM 110 HANIPSHKEHUIOY;

- 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 BBIOJHAIOT pa3Hble 1a00paTOpHbIe paOOTHI.

Beinonnenune nabopaTopHOM paboOThl BKIOYAET B ceOs CIEAYIOLIME ITalbl: YCTHBIM Ompoc
[I0 TEOPETHMYECKOMY MaTepuaily Mo Teme JabopaTOpHOH paboThl, BBINOJHEHHE SKCIEPUMEHTA,
CTaTUCTHYECKYI0 O0pabOTKY pe3yjibTaTOB IKCHEpUMEHTa (MpU HEOOXOAMMOCTH), HMOJATOTOBKY MU
3alIUTy MMCBMEHHOTO OTYeTa 1o JabopaTopHOiil padoTe.

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

1. OnumuTe KOHCTPYKIIUIO YCTPOUCTBA, pACCMAaTPUBAEMOT0 B JTAOOpaTOpHOU padoTe.

2. Packpoiite knaccupuKaMio M MapKHUPOBKY paccMaTpUBaeMbIX B Ja0OpaTOpHOW pabote
YCTPOMCTB.

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

4. OnummTe NpeuMyIIECTBa U HEAOCTATKU PacCMaTPUBAEMOI0 YCTPOHCTBA.

5. Packpoiite 06macTh NpUMEHEHUS] paCCMaTPUBAEMOTO YCTPOICTBA.

6. Ilepeuncinre OCHOBHBIE XapaKTEPUCTHUKU PAacCCMaTPUBAEMOI'0 YCTPONCTBA.

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

8. Onumunte OCOOEHHOCTH HACTPOMKM M TEXHMYECKOTO OOCIYKHBAaHUS paccMaTpUBacMOro
YCTPOMCTBA.

9. Onummure KOHCTPYKIUIO J1a00paTOPHOTo CTeH A (IIPH HATTMYUHN )

10. PackpoiiTe nocneroBaTeIbHOCTD BBIITOJHEHUS SKCIIEPUMEHTA.

11. Packpoiite TpeboBaHUs 0€30MaCHOCTH, KOTOpble HEOOXOAMMO COOJIOJATh MPH BHIIOJIHEHUH
JKCIIEPUMEHTA.

Otuer mo nabGoparopHoil pabote odopmisiercs Ha moxarpymnmy. Otder nmo JabopaTOpHOM
paboTe JOKEH coaepkaThb Ha3BaHWE U 1eTb J1a00paTOpHOM paboThl, aMWIMM U HHHUIIHMAJIBI
CTYJICHTOB, BBIIMIOJIHHUBIINX JIa0OpAaTOPHYIO paboTy, KPaTKOE U3JI0)KEHHE OCHOBHBIX MOHSTHUH, CXEMY
71a00paTOpHON YCTAHOBKH, PE3YNbTaThl IKCHEPUMEHTA, UX CTaTHCTUYECKYI0 00paboTKy (mpu
HEeoOXOIMMOCTH), BBIBOJ. BBIBOJ JODKEH XapaKTepU30BaThb PE3yNbTaThl IMPOBEAECHHOTO



HKCHEPUMEHTa, MX COOTBETCTBHUE TEOPETHUECKUM JaHHBIM, NPH HEOOXOTUMOCTH OOBSCHEHHE
MPUYUH PACXOXKIACHUSI.
[To pe3ynbTaTam BHIIOIHEHUS J1JAOOPATOPHON pabOTHI CTYAEHT MOXKET 3apaboTath OT 3 10 5

0aJoB.
IIkana oneHuBaHUs JA00PATOPHBIX padoT
Onenka bannbt
(cranmapTHas) PEUTHUHTOBOMU TpeboBanus
OLICHKHU
5 50 BBICTABJISICTCA CTYACHTY, €CIU OH JIEMOHCTPUPYET CBOOOJHOE

BJIaJICHUE TEOPETUYECKUM MAaTepHalioM IO TeMe J1abopaTOpHOM
paboThl, CAMOCTOSITENILHO IPOBEN HSKCHEPUMEHT M BBINOJIHUII
00paboTKy MOJIyYEHHBIX PE3YIbTaTOB, IPAMOTHO C(HOPMYJINPOBAI
BBIBOJI 10 padoTe

4 4,0 BBICTABIISICTCSL CTY/ACHTY, €CIIM OH JICMOHCTPHPYET BIIAJICHHE
TEOPETUYECKHM MaTepHajoM MO TeMe J1abopaTOpHOH paboThl, B
OoJpIlICii YacTH CaMOCTOSTEIBHO TMPOBEN JKCHCPUMEHT U
BBIIOJTHUIT 00paboTKy HOJTYYCHHBIX pe3yJabTaToB,
CaMOCTOSITEJIFHO ¢(OPMYJIHPOBAJ BEIBOJ 110 paboTe

3 3,0 BBICTABJIIETCSl CTYACHTY, €CIM OH JEMOHCTPHPYET BIIaJCHUE
OonblIell  YacThIO TEOPETHYECKOrO Marepuana [0  TeMe
nabopaTopHOM palbOThl, TPOBEN HSKCIEPUMEHT U  BBIMOIHUII
00pabOTKy  MOJYYCHHBIX  pe3y/lbTaTOB  C  IOMOIIBIO
IpernojaBaTessi, HE CMOT CaMOCTOSITENBHO C(HOPMYIUPOBATH
BBIBO/I 110 padore.

H/3 0 BBICTABJISIETCSl CTY/ICHTY, €CIIM OH HE JASMOHCTPHPYET BIIQJCHUS
OonblIel  YacThIO TEOPETHYECKOrO Marepuana 0  TeMe
nabopaTOpHON pabOTHI, HE CMOT MPOBECTH IKCIIEPUMEHTAIBHYIO
4acTh pabOThI WM 0OPAOOTKY MOJTYYCHHBIX JaHHBIX.

KontponbHas paboTa sBIs€TCS 4aCThO TEKYIIEH yCIIEBAEMOCTH M BBIIOJIHIETCS CTYAEHTOM
caMocCTOsTeNbHO. [Ipy BBIMONIHEHNN KOHTPOJIBHON pabOThI CTYIEHT JIOJKEH BBIMOJHUTD CIIEIYIOLIIe
3aJlaHus:

Jlng  TeXHONOrMYeckoro  OOOpYJAOBaHMS,  OCHAIIEHHOTO  3JEKTPOIPUBOIOM  C
AJIEKTPOABUTaTENIEM MTOCTOSHHOTO TOKA HE3aBUCHUMOI'0 BO30YKIEHUS, TApaMETPbl KOTOPOTO YKa3aHbI
B Ta0muIe, Tpedyercs:

1. Paccuntare ¥ MOCTPOUTH AUArpaMMy CTYIEHYATOro IycKa 3JEKTPOJBUTATEINIS C YUCIOM
cryneneit 3 win 4 no BbiOOpy cryneHta. [Ipu pacuere npunate Us =Usa = 220B u UB = Ugy =
220B. B Ttabmuiue uCHOIBb30BaHbI cleayromue o0o3HaueHus: Py - HOMHHaJIbHas MOIIHOCTb
auratens, KBt; Iy - HOMUHAIBHBIN TOK KOs, A; p - YMCIIO Nap MOJOCOB 3JIeKTpoABUrarens; Ry -
COIIPOTHBIIEHHE 0OMOTKH sikopsi, OM; Ry - conpoTuBieHre 0OMOTKU JTOMOJHUTEIbHBIX TIOIIOCOB,
Owm; Rpg - conpotuBienne oOMoTku Bo30yxaeHus, OM. [lapameTpsl MPUBOIHOTO AJIEKTPOIBUTATENS
BBIOMpAIOTCS U3 TAOIUIBI B COOTBETCTBHUHM C MOCIEAHEN nudpoit Homepa 3a4eTHONW KHUKKU.

2. OmnpenenuTh BETUYMHBI JOMOJHUTEIBHBIX ITYCKOBBIX CONPOTUBJICHHM, BKIOYAEMBIX B
LIENb SIKOPSI IPUBOIHOTO JIEKTPOABUTATES.

TexHUuecKkue NaHHBIE AIIEKTPOJBUTaTENel MOCTOSHHOIO Toka cepun Il ¢ HOMHMHanmbHON
ckopocthio Ily = 1500 o6/mMuH u HOMUHaIBHBIM HampsbkeHnem Uy = 220 B (3HaueHus
COINIPOTHBIIEHUH 0OMOTOK yKa3aHsbl Iipu Temmneparype 15 °C)

| N | Tun | Pu | | p | Ry R | R




Bap. kBT A Om OMm OMm
0 121 0.7 4.3 2 5.33 1.36 824
1 122 1.0 5.9 2 2.97 0.79 440
2 1131 15 8.7 2 1.85 0.501 490
3 1132 2.2 12.0 2 1.06 0.3 412
4 [141 3.2 18.4 4 0.67 0.246 156
5 1142 4.5 25.4 4 0.403 0.17 109
6 I151 6.0 33.0 4 0.34 0.102 132
7 152 8.0 43.0 4 0.198 0.068 101
8 I161 11.0 59.5 4 0.15 0.066 121
9 1162 14.0 73.5 4 0.0875 0.048 100

ATTecTanus pasjena mo AUCHUIIIMHE TPOBOAUTCSA B (hOpMe TeCTUPOBaHUA. TeCT COAEPKUT
16 BompocoB. Ha Bemmosnenue 3amanusi otBogutcs 30 munyT. Tect — 310 dopma KOHTPOIS,
HaIlpaBJieHHAsl Ha TPOBEPKY YPOBHSI OCBOCHHUS KOHTPOIUPYEMOT'O TEOPETUUECKOTO U TPAKTUUECKOTO
Marepuaia Mo JAUJAKTHYECKUM €IMHHUIIAM JUCIMIUIMHBI (TEPMUHOJIOTHYECKUN amnmnapar, OCHOBHBIC
METO/IbI).

[IpuMepHBIii IepeyeHb TECTOBBIX 33/IaHUM:

Tecr -1

1. Eciiu, o1uH ABUraTe/ib NIPUBOJAUT B IBU:KEHHE HECKOJIbKO Pa004UX OPraHoOB TO 3TO:

1) OnuHOYHBIN IPUBOJ;

2) MHoro1BUraTeIbHbIN MPUBO/T;

3) Cnensuuii IpuBoOI;

4) TpaHCMUCCHOHHBIN IIPUBO/IL.

2. OcHOBHOE YpaBHeHHe IBUKEHUsI YJ1eKTPONPUBO/Ia UMeeT BU/:

DM, =M, + Mj= Mco. +J d_W
n ot
dl
Z)Mg:Mc"_M: MC@ +J—
n dt
3)Mg:Mc+M: MC() +d_J
n dt
oM, = M, + my= M0 4 B
n dw

3. Pe)l(I/IMy pa3rona ABUraTtejs COOTBETCTBYET yCJIOBUE:
1y dw_, M50 5 Mg W _g
dt dt dt dt

4. CKOpPOCTHOM XapaKTePUCTUKOM 3JIEKTPONPHBO/Ja HAa3bIBaeTCs 3aBUCHMOCTh BH/IA:

Do=f(M)  dw=f(1) 3JHU=F(1) 4HM=1F(1)

5. Jlns aCHHXPOHHOIO ABUTATEJIsl JKECTKOCTh OyaeT paBHa:
1)p=var<0 2)p = var ZQ 3)p=const<0 4Hp = ©

6. B n1Buraresie nOCTOSIHHOI0 TOKA KECTKOCTH OCTAETCHA MOCTOSIHHOM NpPH:
1) Mi3MeHeHNy HaNpsbKEHUS TUTaHUS;




2) 3MeHeHnn COnpOTUBIICHHSI SIKOPHOM 11CTIH;
3) M3mMeHeHnun noToka Bo30yKACHUS;
4) JInst Bcex MCKYCCTBEHHBIX XapaKTEPUCTHUK.

7. YpaBHeHMe MeXaHMYECKOH XapaKTEePHUCTHKM JBHUrarTejsi NMOCTOSTHHOIO TOKa ¢
HEe3aBUCHMbIM BO30Y:KIeHUEeM UMeeT BU/L:

1)W:i_Rﬂ+Rn_ﬂM 2)w— U R,+R,
kD k@D (K@)Z (K@)Z

3)W:i_Rﬂ+R£l.ﬂM 4)W:L—R}Z+R;'ﬂ|\/|
KO (kD) KD (kD)

8. MexaHH4eCKYI0 XapaKTepUCTHKY BHIA UMeeT:

1) DnekTpompuBOx ¢ JBUTAarejeM IIOCTOSHHOrO Toka ¢
napajieIbHBIM BO30YKICHHEM;

2) DIJeKTpONpHBOJ C JBUTaTeJeM IIOCTOSHHOTO TOKa ¢
[IOCJIe/IOBATEIbHBIM BO30YKICHUEM;

3) D5eKTpONpPUBOJ C ACHHXPOHHBIM JIBUTATENIEM

4) DAeKTPONPHUBO/L C IIArOBBIM JIBUTATENIEM

9. Pe:kMM KOPOTKOTI0 3aMbIKAHHS COOTBETCTBYET YCJIOBHIO:

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

aep. =M osue

azp. azp

10. /JIBurareiabp ¢ BO30yxkJIeHHMeM OT NOCTOSHHBIX MATHUTOB SIBJSIETCS YACTHBIM
ciIy4yaem:

1). JIBuraTens ¢ He3aBUCHUMBIM BO30YKICHUEM;

2). ACHHXPOHHOTO JIBUTATEIs;

3). Buratens ¢ nocienoBaTeIbHBIM BO30YK/IEHUEM;

4) IBuratensi co CMEIIaHHBIM BO30YKICHHEM.

11. PexynepaTuBHOEe TOPMOKEHHE HE peau3yeTcs AJIs:

1) B anexrponpuBoje ¢ ABUTraTeaeM MOCTOSHHOTO TOKA € apasuieIbHbIM BO30YKICHUEM;

2) B onekTponpuBOie ¢ JBHrarelieM IOCTOSHHOTO TOKAa C  TOCJEI0BATEbHBIM
BO30YKICHUEM;

3) B anexTponpuBoe ¢ aCHHXPOHHBIM JIBUTATEIIEM;

4) B anexTponpHuBo/i€ C CHHXPOHHBIM JBUTATEIIEM.

12. I'pannyHasi XapaKTepucTUKA NPEACTABJISIOT CO0O0I:

1) EcTecTBeHHYIO XapaKTepHCTHKY H/ICATH3UPOBAHHOTO JBHIATENsl MOCTOSHHOTO TOKA C
[OCJIeI0BAaTENbHBIM BO30YXACHUEM, OCIIeI0BaTeNbHAs 1IETIb KOTOPOTO HE UMEET CONPOTUBIICHHUS;

2) EcTecTBEHHYI0 XapaKTEpUCTUKY HICATM3UPOBAHHOIO JBUIaTeNs MOCTOSHHOIO TOKa C
HE3aBUCUMbIM B036Y)K)ICHI/IGM, LECIb AKOPSA KOTOPOTO HE UMECT COIMPOTUBIICHUSA

3) EcrecTBEHHYI0 XapaKTEpUCTHKY HACATU3UPOBAHHOIO ACHMHXPOHHOIO IBUIATENs, LENb
poTOpa KOTOPOTO HE UMEET CONPOTUBIICHHUS;

3) EcrecTBeHHYIO0 XapaKTEpPHUCTHKY HACATU3UPOBAHHOIO ACHHXPOHHOTO JBHTATENs, LEMb
cTaTropa KOTOPOro HE UMEET COMPOTUBIICHHUS.




13. CkoubikeHre ACHHXPOHHOI'0 IBUTaTeJIsl ONpeAeaseTcs KaK:
HNP=% )% FTO PH%TO GO
W 20 @ )
14. Ha puc. npeacTaBJieHbI.
1) CkoOpOoCTHBIC XapaKTePUCTUKU  aCHHXPOHHOTO

JIBUTATEIIS;
2)  VYHuBepcalbHblE  XapaKTEPUCTUKU  JABUTATEIs

IIOCTOSIHHOT'O TOKa € IIOCJIE0BATEIbHBIM BO30YKICHHEM;
3) IlepexoHble XapaKTEPUCTUKU ACUHXPOHHOI'O IBUTATENs;

4) Hepexoz[HHe XAPaAKTCPUCTHKHU JABUIAaTCIIsA IIOCTOSAHHOI'O TOKa C IIOCIE€AO0BATCIIBHBIM

BO30YX/ICHHEM;

15.B PEKUME PEKYIIEPATUBHOI'O TOPMOKCHUS ACHHXPOHHOT'0 ABUTATE/IA CKOJbLKCHUIO

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

16. B acHHXpOHHOM JBHTraTeJe ;KECTKOCTh 0CTAETCHA MOCTOSIHHO# Npu:
1) U3menennu HanpsHKEHUs MATAHNUS,

2) 3MeHeHnHU CONpOTUBIIEHUS POTOPA;

3) 3sMeHEeHNHT YacTOTHI;

4) 3mMeHeHnH CONpOTUBIIEHUS CTaTOPA.

Tecr- 2

1. JIaTYnKOM CKOPOCTH SIBJISIETCS:
1) Censcun; 2) Mukpocun; 3) Taxorenepatop; 4)EMkocTHOMU gaTyuk.

2. CeqIbCHH NIPeIHA3HAYEH JIJISA:
1) KonTposns ckopoctu;

2) Kontpous Toka,

3) KonTtpouist MomHoCTH;

4) KoHTpOJIsl yIiia oBOpPOTa

3. Cucrema «l'eneparop-/Burarenb» OCymecTBJIAsIET PperyJupoBaHue
H3MEHEHH S

1) ConpoTuBiIeHUS TJIABHOH 11ETIH;

2) MarHuTHOTO MOTOKA;

3) YacToThl MUTAHUS;

4) TTuTaroero HampsHKCHHUSI.

4. B acuHXpOHHOM JBMraTeje CKOPOCTh X0JIOCTOr0 X012 MeHsIeTCH MpH:
1) I3mMeHeHUH HAPsKEHHS TTUTAHHSL;

2) 3MeHeHnu COpOTUBIIEHUS POTOPA;

3) U3MeHeHnn 4acToTHI;

4) 3mMeHeHUH CONPOTUBIIEHUS CTaTOPA.

U .
5. BeauumuHa 7D B YPABHEHHH MEeXaHMYECKOI XapaKTepUCTUKH ABUTaTe s

MMOCTOAHHOI'O TOKA - 3TO:
1) qacToTa BpalliCHUA UACAITBHOIO XOJOCTOTO XO04a ABUTATEIA

2) HOMHHAJIbHAS YaCTOTA BPAIICHUS IBUTATEIIsI
3) MUHUMAaJIbHAS YaCTOTA BPAILCHUS JIBUTATEIIS

nyTéM



4) MaKCUMaJibHas 4aCTOTa BpAallCHUA IBUTATCIIA

6. PerynupoBanue ckopoctu A/l H3MeHeHHEM YMCJIAa MOJIOCOB MCIOJIb3YeTCs
1) TosbKO /IS ABUTATENCH ¢ (Pa3sHBIM POTOPOM

2) TOJBKO JUIS ABUTATEINICH ¢ KOPOTKO3aMKHYTHIM POTOPOM

3) u s aBurarenei ¢ GpasHbIM POTOPOM, U C KOPOTKO3aMHYTHIM POTOPOM

7. PeryjimpoBaHue CKOPOCTH CHHXPOHHOI'O IBUTATEJIsA OCYIIEeCTBJIAETCS
1) U3menenrneM akTUBHOTO COMPOTUBIICHUS LIETIH;

2) MI3MeHeHneM MUTAOIIETr0 HAIPSHKEHHS,

3) U3meHeHueM peakTUBHOTO COMPOTHUBIICHHUS 1ICTIH;

4) I3MeHEHHEM YacTOThI.

8. IlepuoamyecKHM IepeK/JIIOYEHHMEM [BHraTejisi € [BHIATEJbHOI0 pexXuUMa B
reHepaTOPHBIH peau3yercs:

1) PeocraTHoe perynupoBaHue;

2) PerynupoBanue B cucteMe «I'eHeparop - JBurarenny;

3) PerynupoBaHue ¢ MOMOIIbIO MATHUTHOT'O YCUIIUTEIIS;

4) UMnynbCcHOE peryanpoBaHue.

9. PeryJimpoBaHue ¢ IOMOIIbIO IIYHTHPYIOLET0 CONPOTHBJICHHUS pPeajiu3yercs J1JIs:
1) Isuraresneif HOCTOSIHHOIO TOKA,;

2) ACUHXpPOHHOTIO JABUTaTes;

3) CHUHXpPOHHOTO JBUTATEJIS;

4) Bcex Tunos nBuraresneil.

10. PeryimpoBaHue cKOPOCTH NepeKJIIYeHHeM YUCJIa AP MOJICOB peajin3yercs AJs:
1) JIBuraTesneii mocTOSHHOTO TOKa;

2) JiBuraresnst IOCTOSIHHOTO TOKA ¢ HE3aBUCUMBIM BO30YK/IEHUEM;

3) ACHHXPOHHOTO JIBUTATEIIS;

4) CUHXPOHHOTO JIBUTATEIIS.

11. Ko3¢ppuuueHTOM OTHOCUTEIHHOCTH MNPOJOLKUTEIHLHOCTH padoyero mnepuoaa
XapaKTepu3yercs:

1) [ToBTOPHO — KPaTKOBPEMEHHBIN PEKHM;

2) KpaTkoBpeMeHHBIH pexnuM;

3) JInuTenbHbIi pexum;

4) Bce pexxuMsl.

12. Ko3ppuuueHT 0THOCHTENBHOCTH NPOAOIKHUTEJIBHOCTH Pad0o4yero nepuoia paBeH:

1)g:t7pi Z)g:M; 3= th - 4)g:tp+t0.
tp+t tp t, —to to

13. IIpeacraBiieHHOE CeMEHCTBO XapaKTEPUCTHK COOTBETCTBYeT:

1) PeoctaTHOMY peryaupoBaHHIO CKOPOCTH 3JIEKTPOIIPUBO/IA

2) PerynmpoBaHuIO CKOPOCTH JIEKTPOIPUBOAA U3MEHEHHEM MarHUTHOTO MOTOKA
3) YacToTHOMY PETyJIMPOBAaHHIO CKOPOCTH 3JIEKTPOIIPUBOIA

4) PerynupoBanuto CKOPOCTH
@ IEKTPOIIPUBOAA U3MEHEHUEM MUTAIOLIETO
HapPsSHKEHUS

FerecTrennan




14. IlpeacraBiieHHast XapaKTePUCTHKA COOTBETCTBYeT:

1) Pexxumy pekynepaTuBHOTO TOPMOKEHUS;

2) TopMoXeHHIO0 U3MEHEHUEM MOJISIPHOCTH;

3) IluHaM1uecKOMY TOPMOKECHUIO C UCIIOJIb30BAHUEM JI00ABOYHOTO COMTPOTHBIICHUS;

4) JlunaMru4ecKoMy TOPMOKEHHIO TIPH YCIIOBUU M, aep > M5,

a
eCTeCTBEHHAs

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

1) PerynupoBanue yrioBoii ckopoctu A/l n3MeHEeHnEeM HalpsyKEHUsl Ha CTaTope

2) PEOCTaTHOM CIOCO0€ PEryIMpOBaHuUs YIII0BOM ckopocTu AJ]
3) PerynupoBanue yrinoBoii ckopoctu 3menenneM umciia nap noiitocoB A/l
4) YacToTHOE peryIMpoBaHre CKOPOCTH aCHHXPOHHOTO JABHUIATEIIs

~,LG

11

Al

R,
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16. IlpeacTraBiieHHOe ceMeiicTBO XapaKTepPUCTHK COOTBETCTBYeET:
1) PeoctaTHOMY peryaupoBaHHIO CKOPOCTH 3JIEKTPOIIPUBO/IA
2) PerynupoBaHHIO CKOPOCTH 3JIEKTPONPUBO/Ia H3MEHEHUEM MAarHUTHOTO IOTOKA
3) YacToTHOMY PEryIIMpOBaHHIO0 CKOPOCTH DIEKTPOIIPUBO/IA

4) Per YIUPOBAHUIO CKOPOCTH JJICKTPONIPUBOAA H3MCHCHUECM IMUTAIOIICTO HAIIPSXKCHUA

© -fl Zfl‘ Hom !

('OUHOM




Banbl 3a TeCTUpOBaHUE HAUUCISAIOTCA B COOTBETCTBHHU CO CleIyromIeil Tabuumen

[TpomerxyTouHas aTTecTanus OCyIIECTBIsAETCS B (hopMe 3aueTa.
[IpumepHBIii IepedeHb BOIPOCOB ISl MOATOTOBKH K 3a4eTy:
1. Knaccudukanus 3J1eKTPONPUBOAOB M0 XapaKTepUCTHKE ABUKEHHS, 110 KOJIHYECTBY

HBHFaTeHeﬁ, IO CTCIICHU YIIPABJIACMOCTH.

Ilo pooy moka

DEeKTPONPHUBOJ IOCTOSHHOIO M [IEPEMEHHOI0 TOKA.

Ilo cnocoby pacnpedenenus mexanuyeckou dHepeuu

1) Ipynnosoi DIl oOecrieunBaeT IBIKCHHUE HCIIONHHUTEIBHBIX OPraHOB HECKOJIBKUX
pabounx MallvuH WM HECKOJBKUX UCIIONHUTENBHBIX OPraHOB OJHOM paboueil mamuHbl. [lepenada
MEXaHUYECKOM SHEepruM OT OJHOr0 JBUraTelis K HECKOJbKMM pabodyuM MalluHaMm U eé
pacripenielieHue MeX1y HUMHU IPOU3BOJUTCS C TIOMOIIBIO OAHOM MM HECKOJIBKUX TPAHCMHUCCHUH.

2) UnoueudyanibHwill TPUBOJL 1O CPABHEHUIO C TPYMIIOBBIM 00JIAIACT PSIIOM MPEHMYIIECTB:
MPOU3BOJICTBEHHBIC  TIOMEIIEHUS HE  3arpOMOXKIAIOTCA  TOKEIBIMH  TPAHCMHUCCHSAMU U
NepeaTOuYHbIMU  YCTpOMCTBaMH;  yJIYyYIIAKOTCS  YCIOBMS ~ paboOThl M IOBBILIAETCA
MIPOU3BOIUTEIILHOCTh TPYyZa BCJEICTBHE OOJIETYeHHs YMPaBICHHUS OTACIbHBIMH MEXaHH3MaMH.
WHauBUyanbHBIA 3JIEKTPONPUBO OTJIMYAETCs 0oJiee JIyYIMMU 3HEPreTHYECKUMH TIOKa3aTesIMH.
3HAYUTEIHHO YIPOLIAIOTCS MEXaHMYECKHE Iepeadd, MOBBIIIAETCS TOYHOCTh pabOTHI MPHUBOAA.
ITpu ucnonb3oBanuu uHAMBHAYyadbHOro DIl co3znaroTcs Hambosiee ONAroNnpusITHBIE YCIOBUS AJIS
aBTOMAaTH3alKUy paboThl MAIIMH U TEXHOJIOTHYECKUX TporeccoB. Takoit D11 mmpoko npuMeHseTcs
B CIOXHBIX METAUIOPSKYIIMX CTaHKaX, IPOKATHBIX CTaHaX, »S3KCKaBaTopax, IOJbEMHO-
TPAHCHOPTHBIX MalIUHAX, poOOTaxX U JIp.

3) Bszaumoceszanneii DIl uMeeT 1Ba WIM HECKOIbKO OSJICKTPHUYCCKU WM MEXaHHYCCKH
CBSI3aHHBIX MEXKAY coOoii nBurareneil. [lpumepom B3aumocBszanHoro D11 MOXKET CIyKHUTh IPUBO/]
LIEMHOr0 KOHBeiepa OoJIbLION MPOTSKEHHOCTU. VICIOMHUTENbHBIM OpPraHOM TaKoOro KOHBeiepa
CIy’)KUT 1LIeTb, IPUBOMMAS B JABMKEHHE HECKOJIBKHMH JIBUTATEISIMH, YCTAHOBJICHHBIMU TIO JJTMHE
KoHBeiepa. BsaumocBszanubiii Ol mMpoko NpuMeHseTCs B TPAHCIOPTHBIX YCTAHOBKAX,
OymaroJienaTelbHbIX MallliHAaX, TeKCTHIBHBIX arperarax, MPOKATHBIX CTaHAX METAJLTyprHYeCKOTO
npou3BojacTBa U T.4. OpHOoMl w3  pasHOBHIHOCTEH  B3auMocBsizaHHoro OIl  sBisercs

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




MHOT'OJIBUTATENIbHBIA MPUBOJ — 3TO 3JIEKTPOIIPUBO, B KOTOPOM HECKOJBKO ABHraTeneil paboraror
Ha o01IMii BaJI.

Ilo 6udy Osudicenuss pa3nuyualOT PEeBEPCUBHBIA W HepeBepcuBHBIN DIl mocTymarenbHOro
00 BPAIIATEIILHOTO JABHKCHUS.

1lo cmenenu ynpaenaemocmu

1) meperynupyemblii — Ui TPUBEACHUS B JICHCTBHE HCIOJHHUTEIBHOIO OpraHa paboueit
MallMHbl C OJHOM CKOpPOCTBIO, IIapaMeTpbl IIPUBOJA MEHAIOTCA TOJIBKO B pe3yJbTare
BO3MYUIAIOIINX BO3JACHCTBUN;

2) peryaupyeMsblil - CKOpOCTh pabo4ero opraHa MO>KeT U3MEHAThCS B YKa3aHHBIX Ipezenax,
IapaMeTpsl IPUBOJA MOT'YT MEHATHCS 110J] BO3ACHCTBUEM YIIPABJISAIOUIETO YCTPONCTBA;

3) mporpaMMHO-YIpaBIsI€MbIi — CKOPOCTb BpAICHHUS] HU3MEHSETCS COTJIaCHO HEKOTOpOM
IIPOrpaMMe;

4) cnenAmmii — aBTOMaTHYECKH OTpaOaTHIBAIOIINI MTEpeMEIIeHIe UCTIOHUTEIFHOTO OpraHa
paOoueil MaluMHBl C ONpeNeNEHHOW TOYHOCTBIO B COOTBETCTBUU C IPOMU3BOJIBHO MEHSIOLIMMCS
3aJIaI0LUM CUTHAJIOM;

5) ajganTUBHBIM — aBTOMATHYECKH H30MPAIOLIMM CTPYKTYpY WM IapaMeTpbl CHCTEMBI
yIpaBJICHUSI NPH W3MEHEHUU YCIOBHH pabOThl MAaIIMHBI C LENbI0O BHIPAOOTKH ONTHMAIBHOTO
pexHUMa.

Ilo pody nepeoamounoco ycmpoiicmea

1) PenykTopHbIil, B KOTOPOM »3JIEKTPOABHUIraTeib IEpelacT BpallaTeIbHOE JBH)KEHUE
pabouemy oprany MaIIdHBI Yepe3 PEeAYKTOp

2) be3penykTopHbIil — nepeiaya JBUKEHUS OCYILECTBIIIETCSI HETIOCPEICTBEHHO K paboueMy
oprany, JIn0O 4epe3 nepeaToYHoe YCTPOUCTBO, HE COolepIKaIee peayKTop.

1lo yposnio asmomamuzayuu

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

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

3) ABromaruueckuil. YNpaBisiouile BO3JEHCTBUS BbIpadaThIBalOTCA aBTOMATHUYECKH, O€3
y4dacTus oreparopa.

2. OcHoBHOE YPAaBHECHHEC NBUKCHUSA IJICKTPONPUBOAA 0HOMACCOBOM CHCTEMBI JIJIfl
MOCTOAHHOI0O MOMCHTA HHEPUH.
HpOCTGfII.H@.H MEXaHUYCCKaA CUCTEMa COCTOUT U3 pOTOpa ABUTATCIIA W HETIOCPEACTBCHHO
CBSI3aHHOM C HUM HarpyskKu - pa60qero OpraHa MalIWHBI.

I=Je+ Tnarp

[Oexratenn ’/’/J.L \ Harpy3zka

Puc. 1. Moaensr MexaHMYECKON YacTH

K cucreme Ha puc.l mnpuinoxkeHbl aBa MOMEHTa - JJIEKTPOMAarHUTHBIN MOMEHT M,
pa3BUBAaEMbI JBUraTeieM, W MOMEHT M., CO3JaBaeMbli HArpy3kod, a TaKke IMOTePsIMU
MEXaHMYeCKON 4acTu (TpeHue); KaXkAbli MOMEHT HMMEET CBOI0 BEJIMYMHY U HallpaBJICHHUE.
JIBUKEHUE CUCTEMBI OIIPEEIIIeTCs BTOPBIM 3aKOHOM HbroToHa:

da

7 1)
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I7ie (U- yrioBas CKOPOCTh, J- CyMMapHbIi MOMEHT UHEPLIUU

3. [IpuBeeHHEe MOMEHTOB CTATHYECKOI HATPY3KH, MOMEHTOB MHEPINH H

KEeCTKOCTeM.

OOBIYHO MeXIy ABUTATE]IEM M HArpy3Koi HaXOJIUTCS Kakas-In0o MexXxaHWdecKas repezaua,
T.€. UIMEETCS HECKOJbKO Pa3IMYHBIX BAJIOB CO CBOUMU MOMEHTAMH M CKOpOCTAMHU. {151 cBepeHus
000 peaqbHON CHCTEMBI K MPOCTEHINEH MOJEIH Ha pUC. 2 HYKHO BBIOJTHHUTH PsJl ONEpaIui,
HA3BIBAEMBIX NpuUgedeHue’M MOMEHTOB M MOMEHTOB HWHEPIHUU K HEKOTOPOMY BBIODAaHHOMY B
KauecTBe OCHOBHOI'O Bally, OOBIYHO - K Bayly JABUTaTens. MIHBIMU ClloBaMH, HEKOTOPYIO PEaIbHYIO
MEXaHUYECKYI0 CHUCTEMY, HalmpuMmep, NMOKa3aHHYI0 Ha pPHUC. 2,a, HYKHO 3aMETUTh SKBUBAJICHTHOU
cucremoit (puc. 2,0), Takol, 4TOOBI dTa 3aMeHa HE OTpa3uiIach HA MOBEJACHHH YacTH CUCTEMBI,
OCTaBJICHHOW HEM3MEHHOM (JIBUTATEIs).
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Puc. 2. K npusenenuto M., 11 J,,.p K Bally ABUraTens

HpI/IMeM CICAYIOUC OONYIICHUA: CHUCTEMaA KECTKasd, 0e3 3a30p0OB; MOMCHTBI HHCPIHWH,
OTHOCAIIHECA K OCHOBHBIM BajlaM, HCU3MCHHBI, OTHOCAINIHUECA K IMPOMEKYTOUHBIM BallaM, €CJIHU

. )
TaKue €CTh, paBHbI HYIO; oTHOWEeHUe | =—— u KII/[ nepenaun 77 - 1OCTOSHHBL.
@
M

B peanbHOW W TOPUBEICHHOW CHCTEMAax [OJDKHBI OCTATbCS HEW3MEHHOW MOIIHOCTb,
pa3BuBaemas nBurateiieM M, T.e. B HallleM citydae, KOT/ia MOTepy IMOKPBIBAIOTCS aBHTaTesieM (M
U (D HaIlpaBJIEHbI COTJIACHO):

My @y

=Miw, otkyma M{ = N_lc'v' : 2
n 17

HOTepI/I BCCTIa TTOKPBIBAKOTCA TOH 4acCThIO CUCTCMBI, KOTOpast CO34a€T ABUIKCHUC, IIOITOMY
pu O6paTHOM IMOTOKC MOIMHOCTHU - OT HAarpy3Ku K JABUTATCIIIO

My = Men?

B peanbHON M MpUBENEHHOW CHCTEMax JODKHBI OBITh OJWHAKOBBI 3aMachl KMHETHYECKOMN
SHEpruy, T.€.

2 2 2 ’ 2
Jag(k) " JHaep(DM _ Jag(k) + J Hazp ® — J,Hazp _ JHL;Zp . (3)
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31ech B LENAX YIPOIICHUS MBI HE YYJIHM MOTEpU B IMepeaydax; 3T0 OOBIYHO HE MPUBOAUT K
OOJIBIIMM TIOTPEIIHOCTSIM, €CJIM JTUHAMHUYECKHE PEXHMbl HE HUTPAIOT OIpPEICNSAIONIyI0 pPOJib B
pabote npuBoa.

4. MexaHUYeCKHE XapaKTEePUCTUKH
MowmenTsl M 1 M, MOTYT 3aBUCETh OT BPEMEHH, OT MOJIOKEHUS, OT ckopocTH. Hanbomee
MHTEPECHA U Ba)KHA CBA3b MOMEHTOB M 1 M, co ckopocteio @. 3asucumoctu @(M)u w(M.)

Ha3bIBAIOT MEXAHUYECKUMU XAPAKMEPUCIMUKAMU COOTBETCTBEHHO O8ucameris U Hazpy3Ku
(mexanuszma). MexaHn4ecKrue XapakKTepUCTUKH OyIyT CIYXKUTh OYEHb YAOOHBIM U MOJE3HBIM
WHCTPYMEHTOM IPU aHAIN3€ CTATUYECKUX U JUHAMUYECKUX PEKHUMOB 3JIEKTPOIPUBOIA

w
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Puc. 3. Ilpumep MexaHUYECKHX XapaKTEPUCTUK

[TockobKy Kak MOMEHTBI, TaK U CKOPOCTh MOTYT UMETh Pa3jMuHbIC 3HAKH, MEXaHUYCCKHE
XapaKTEPUCTHKH MOTYT PACIofiaraThCsl B YETHIPEX KBajpaHTax miockocty @ — M. Ha puc. 2.3 B
Ka4yecTBE MpUMepa MOKa3aHbIXapaKTEPUCTUKA aCHHXPOHHOrO nBuratens (M) W TEHTpOOCKHOU
MammHbl (M,). 3HaKW BEJWYUH OIPEACISAIOT, NMPUHSB OJHO W3 HANpPABICHUN JBYDKCHHUS 3a
MOJIOKUTEITBLHOE, HAIPUMED: TI0 YaCOBOW CTPEIIKE- + HIIM BBEPX- + U T.II.

Momenmpui, Hanpasnenuvie NO 08UNCEHUIO (O8UNCYWUE), UMEIOM 3HAK, COBNAOAIOWUL CO
3HaKkom ckopocmu (y4acTOK ay - M), XapakTEepUCTUKU JIBUTATEIS); MOMEHMbl, HANPAGIeHHble
npomue  OBUJICEHUsL  (MOpMOo3swue), UMem 3HAK, NPOMUBONONONCHBIN 3HAKY CKOPOCMU
(OCTaJIbHBIC YYaCTKH XapaKTEPUCTUK

5. Buasl MOMEHTOB, AEHUCTBYIOUIMX B 3JEKTPONPHUBOJE: JIBUXKYLUIME U TOPMO3HBIE.
TuroBbIe CTaTUYECKUE HArPYy3KU: aKTUBHBIE — HArpy3KH I'PY30IOJIBEMHBIX MEXAHU3MOB, YIPYIHX
T€Jl; PEAKTUBHBIE — HArPy3KH CyXOrO, BA3KOIO M CMEIIAHHOI'O TPEHHS, a TaK)K€ BEHTHIIATOPHAs
Harpyska.

MOMEHTBI IPUHATO ACIUTh HA aKTUBHBIE U PEAKTUBHBIE.

Axmugnbie Momenmbl MOTYT OBITh KaK JBIXKYLIUMH, TaK ¥ TOPMO3SILUMH, UX HalpaBiIeHUE
HE 3aBHCHUT OT HalpaBJIE€HUs ABM)KEHUS: MOMEHT, CO3JIaHHBIN 3JIeKTpUYeCcKoil MamnHoi (M Ha puc.
3), MOMEHT, CO3JaHHBIH Tpy3oM, MpyXUHOM U T.. COOTBETCTBYIOLIUE MEXaHUYECKHE
XapaKTePUCTHKU MOTYT pacIoyiaraTbCsl B IIOOOM U3 YEThIpEX KBaJPaHTOB.

Peaxkmuenvie momenmuvr - peaklMs Ha JBIDKEHUE, OHM BCErJa HAIpPAaBJICHBl IIPOTUB
JNBWKEHHs, T.€. BCErJa TOPMO3AIIHME: MOMEHT OT CHJ TpPEHHs, MOMEHT, CO3/1aBacMbli
HeHTpoOe)kHOM MammHoi (M. Ha puc. 3) W T.1. MexaHHYECKHE XapaKTepUCTUKHU BCerna
pacnoiararoTcsi BO BTOPOM M YE€TBEPTOM KBAJIPAHTaX.

dM
MexaHudecKHe XapaKTEPUCTUKH TPHHATO OLEHHMBATH HX oicecmikocmvio B=——. Onu

do

osiBaroT (puc. 4) abcomorHo xectkumu SF=00(1), abcomorno msarkumu S =0(2) Moryr umers
oTpunaTensHyo [ <0(3) uim nonoKuTeabHYIo (4) HKeCTKOCTD.
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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
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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

HaI/I60HB]_HerO OTKJIOHCHUA Ammax K Cpe,[[HeMy 3HAYCHHUHO A(Dﬁa
A = Ay /(Dﬁé = ((Dmax - wmin)/(('omax +(Dmin) '
rac (*OmaxH (Dmln — MAaKCHUMaAJIbBHOC U MUHUMAJIbHOC 3HAYCHUC HepeMeHHOﬁ HpI/I JAHHBIX 3HAYCHHUAX

napamMeTpa UM 3a1at0IICro Curuajia U NpcacjioB U3MCHCHHU A BOSMyH.[GHPIﬁ.

& 0]
Mg
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 PETYJINPOBAHMUS JMana3oHa peryJupoBaHus

Jluanazon pezynuposanusi yrioBOM CKOPOCTH OINPEAENAETCS OTHOIIEHHUEM BO3MOXHBIX

YCTaHOBUBLIMXCSI CKOPOCTEH: MAKCUMAIIBHONU Wyjay K MUHUMAJIBHOW iy
Dm = Wppax /(Dmin .

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

P =i [y g,
rae O; U (;_; COOTBETCTBEHHO YIJIOBBIC CKOPOCTH Ha I-TO¥l U (i-1) CTyNeHsAX peryaupoBaHusl.

OKOHOMUYHOCMb — pecyIuposanusi  XapakTEpU3yeTcsli 3aTpaTaMd Ha COOPY)XKEHHME U
AKCIUTyaTallMi0 3JEKTPONpUBOAA. [IpuMeHeHue peryinupyemMoro »>JIEeKTPONPUBOJA CBA3AHO C
AOHNOJHUTCIBbHBIMA INICPBOHAYAIIBHBIMU 3aTpaTaMU M JKCIUTYaTaHUOHHBIMU paACXOdaMH, KOTOPBIC
JOJIDKHBI OKyrIaTBCfI ITOBBIIIICHUECM HpOI/ISBO)II/ITeHI)HOCTI/I U HaACKHOCTHU pa6OTBI YCTaHOBKI/I, a
TaKXe yJIydIIeHueM KauecTBa mpoayKuuu. [Ipu cpaBHEHHM pa3IMYHBIX CIIOCOOOB PETYIMPOBAHMS
OPUEHTHUPOBOYHOE CYXKIEHHE O 3aTparax MOXKHO COCTaBUTb, OLIEHHBas MaccorabapUTHbIE
IIOKa3aTejIn JOIIOJHHUTECIIBHOI'O O60py,HOBaHI/IH, a SKCIUTYyaTallMUOHHBIC 3aTpPAThI 0 SQHCPTUH — KHZ[,
XapaKTEPU3YIOIIUM MTOTEPH IHEPTUHU

n=R/R,
rac Pl — MOIITHOCTB, HOTpGGHHeMa}I U3 CCTH, P2 — MOIIHOCTH Ha Bally ABUTaTCIIA

CmabunvHocms y21060U CKOpocmu XapakTepU3yeTcs U3MEHEHHEM YIJIOBOM CKOPOCTH NpHU
33JJaHHOM OTKJIOHEHMM MOMEHTAa HAarpy3Ku U TECHO CBSI3aH C MOHATHEM JKECTKOCTH MEXaHMUYECKON
XapakTepucTUKU. Yem Oosbllie KEeCTKOCTh MEXaHHUUECKON XapaKTEpPUCTUKHU JBUTATENs], TEM BbIIIE
CTa0MJIBHOCTh ~ CKOPOCTH  3neKTporpuBoaa. CaMoil  BBICOKOH CTaOMJIBHOCTBIO — 00JaaoT
CHHXPOHHBIE JIBUT'ATEIIH, TaK KaK y HUX ®KeCTKocTh MX [3— 0.




Hanpaenenue pezynuposanus ckopocmu- — ONpPENEIsieT BO3MOXHOCTh YMEHBIICHHE WITH
yBeu4eHHe ¢€ M0 OTHOMICHHIO K HOMHHAILHOMY 3HAUYCHUIO 3aBHCHUT OT CIIOCOOOB PETyIHPOBAHHS.
JIJist IPUBOIOB TIOCTOSIHHOTO TOKA Pa3IMYaiOT OJHO- U IBYX30HHOE PEryIHPOBAHHE.

B mepBoM ciydae peryiMpOBaHHE OCYLICCTBISICTCS MPH MOCTOSIHCTBE MArHUTHOTO MOTOKA
[yTeM U3MEHEHHUs HATPSDKEHUS Ha SIKOPE BHU3 OT HOMHHAIBHOTO 3HaYCHHs. Takoe peryinpoBaHue
Ha3bIBAIOT PErYIMPOBAHUEM C OCTOsTHCTBOM MOoMeHTa ( M = k@ly, O =const).

JIisi TepeBoJa MPHBOJA BO BTOPYIO 30HY YMEHBIIAIOT MArHUTHBIA MOTOK BHTATEIS
(M3MEHSIIOT HAMpPsHKEHHE HA OOMOTKE BO30YKICHUS HUKE HOMUHAIBHOTO), TIPH 3TOM YMEHBIIACTCS

Heperpy3ouHasl CIOCOOHOCTh [BHTaTels Mo MOMEHTY ( Ay =k Ay) M yBEIHYHBACTCS
CKOpOCTh. Takoe peryinpoBaHre Ha3bIBAIOT PETYIUPOBAHUEM C MIOCTOSSHCTBOM MOIIIHOCTH:

U. — IR~ . = R
P=M == <5 kOl =(Uy ~IRy:)1, O = var),

Xapakrepuctuku 1ByX 30H perynupoBanus AIIT ¢ HB npencrasiens Ha puc. 7.3.
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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

MaKCHUMAaJIbHbIM OTKJIIOHCHUEM (D5 OT YCTAHOBHMBIICTIOCA 3HAYCHUSA Wgrip: Kax ImpaBHiIo,
NEepePeryjimpoBaHuc G BbIPpAXKAKOT B OTHOCHUTCIIBHBIX CAMHUIAX UJIN MTPOLCHTAX:

Aol = Azﬂ 100%.

00




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=In A ,
rae A, A - BenMunHA aMIUTUTY/ IEPBOTO M CIICAYIOMIETO 38 HUIM MaKCHMyMa.
Ha puc. 7.4. npeacraBieH BuJ MEPEXOJHOrO Ipoliecca M yKa3aHbl BEJIUYMHA
ObIcTpOAEHCTBUA {5 M IIEpeperyIupoBaHue G .

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 JIT ¢ nocnenoBaTenbHBIM BO30OY)XKICHHEM HMEETCS IOCIeA0BaTEIbHAS
(cepuecHast) 0OMOTKa, KOTOpas BKIIIOUAETCS TMOCIEIOBATEILHO C OOMOTKOW SKOPS
nsurarens (puc. 8.1, B). Takoe BkIItoueHUE MPUBOANT K TOMY, YTO TIOTOK, co3/1aBaeMblii OB,
3aBHCHT OT TOKa JBUTATENs, KOTOPBIA B Mpollecce padOThl M MEPEXOJHBIX IMPOILECCOB




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

4. T co cMemanHbIM BO30YyXaeHHEM. B 3TOM ciydae nBUTaTellb MMEET ABE OOMOTKHU
BO30YKJIEHUs: IOCJIEAOBATEIbHYI0 U MapaJljIeNbHYIO0, U Pe3yJbTHUPYIOIIMH MarHUTHBIA IOTOK
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 st Mexanndeckoi xapakrepuctuku 11T ¢ HB
oets MRy Ly o
kO (kOf (kOF dt
Ecnu Moment npurarens nocrosuubiii, o dM/dt =dly/dt =0, n ypapuenue Mexanuueckoit
XapaKTePUCTHKU JBUTATelNs OyJeT UMETh CIEIYIOIINMA BUI:

_Yy MRy
kO (kOF°
Wnu B npyrom Buae
0=0) —Ao,

rae @g = k—ol — CKOPOCTb UACAJIbHOI'O XOJOCTOI'O X044d.

Bun xapakrepucTuky 1oKaszaH Ha puc. 9, a.
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Puc. 9. EcrecTBenHnsble (a) u MckyccTBeHHbIe (0) Mmexannueckue xapakrepuctuku 11T ¢
HB

DNEKTPOMEXaHUUECKYI0 MEXaHMYECKYI0 XapaKTePUCTHKY MOXXHO IOJIy4YWUTb, MOJICTAaBUB B
MEXaHMYECKYIO XapaKTePUCTHKY IBUTaTeN sl BeipakeHue it Momernta M =KOI :
_Uy 1Ry
W= = .
kO
Kaxnoli XxapakTepuCTUKM MOXET OBIThb OXapaKTepU30BAaHO JBYMsS TOYKAMU: TOUYKOMN
uaeanbHoro  xomocroro xoma (ly=M=0; ®=wmp) n ToOUKOH KOpPOTKOrO 3amMbIKAHHA(

ly=lgciM=Mgc; 0=0)

12. TopMO3HBIE PEKUMBI JABUTATEIIS IIOCTOSIHHOTO TOKA C HE3aBUCHMBIM BO30YXK/I€HHEM
TopMO3HOI peXUM XapaKTepH3yeTCss TeM, YTO CKOPOCTh BpALICHUS M MOMEHT JIBUTATEIs
HUMEIOT pa3Hble 3HAKHU. BhICTPOTa M TOYHOCTh, C KAaKOW OyIYyT MPOTEKaTh MEPEXOIHBIC MPOIECCHI
OCTaHOBKH WJIM pEBEpCa BO MHOTOM OIPEACISIOT MPOM3BOAUTEIBHOCTh MEXaHU3Ma, a WHOTJIA U
Ka4eCTBO BBIPAOATHIBAEMOTO MPOIYKTa. BO3MOXKHBI TpU BapHaHTa IEKTPUIECKOTO TOPMOKCHHUS:
1) pEKyIepaTHBHOE TOPMOXKEHUE,



2) JTUHAMHYECKOE TOPMOKEHUE;
3) TOPMOXKEHUE IIPOTUBOBKIIIOYEHUEM.

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

XOJIOCTOrO XOJa JBUraTells, TO €CTh BBINOJHAETCA yciaoBue O > ®,. IIpu satom DJC nBurarens
cranoBuTcs Gosbine Hanpsukenus cet ( By >Uy), n Tox npurarens mensier nanpasnenue. Ipu

3TOM JBUTATENlb paboTaeT reHepaTopoM U OTHACT PHEPTUI0 B CETh. DJIEKTPOMArHUTHBIH MOMEHT
JBUraTels MPU 3TOM IIPOTHUBOJEHCTBYET BHEIIHEMY BPALIAIOIIEMY MOMEHTY.

JlaHHBI BUJ TOPMOXKEHHUS SIBIIICTCS HauOoiiee HKOHOMHYHBIM, TaK Kak »JHEprus
BO3Bpalaercs B ceTb. IIpuMenenue storo crocoba sBisercs 3(pPeKTUBHBIM SHEProcOeperaromum
CPeACTBOM. OJTOT pEXHUM IIeJIecoo0pa3eH, Korja MpUBOJ padoTaeT ¢ YacTBIMH ITyCKaMU H
ocraHoBkamu. Hampumep, snexkrporpancnopt. Ilpum IBHXKEHHMH NOJ YKJIOH TakKe BO3HUKAIOT
ONaromnpusATHBIC YCIOBHS /Ui BOSHUKHOBEHUS 3TOTO PEKUMA TOPMOKECHHUS.

Cxema BKJIIOYEHHUS JBUraress A [JaHHOIO pekuma IokazaHa Ha puc. 10, a, a
XapaKTEePUCTHKH TPE/ICTaBICHBI Ha puc. 11 (xapakTepuctuka 1).

Hunamuueckoe mopmoosicenue

Heo06xoauMocTh B TaKOM TOPMOXXEHHWH BO3HHKAET, KOTJA MOCIE OTKIIOYECHHUS ABUTATEIs OT
CEeTU €ero SKOpb MPOAOIDKAET BpalIaThCs MO AeHCTBUEM 3amaca KHHeTn4eckoi sHepruu. Eciou mo
TEXHOJIOTUU TpeOyercsi Oosee OBICTPBIA OCTAHOB JBUTATElNsl, YeM BpEMsi OCTAaHOBKM Ha BBIOETE,
UCHOJIb3yeTCsl TMHAMUYECKOE TOPMOXKEHHE.

[lpy nmanHOM cnoco0e TOPMOXEHHS SIKOPh ABHTaTeNls 3aMbBIKAeTCs Ha TOPMO3HOE
COIIPOTHBIIEHHE, a OOMOTKa BO30YXICHMsS OCTAETCS MOAKIIOUEHHOH B CETh Ui CO3JaHMs
TOPMO3HOTO MOMEHTAa. BrpIlpaGaTeiBaeMasi TpHU 5TOM DHEPIUsl MEPEXOJUT B TEIUIOBYIO H
pacceuBaeTcs B OKpY)Karollee MPOoCTPaHCTBO. B 3TOM pexume TOK JABUraTessi MeHseT 3HaK, TaK Kak
OH Ha4yMHaeT MpoTekars noj AevictBuemM DJ[C aBuraress, KOTopas HalpaBieHa BCETJa BCTPEYHO

HaIIPAKCHUIO CCTU

BeJII/IqI/IHy TOPMO3HOI'O COIMPOTUBIICHUA MOYKHO OIIPCACIINUTD U3 Q)OpMYHBI

R,. = @y, ja+ _
40. = 771 g
(1, 1—1,8)M i

HpI/I O9TOM CJIMIIKOM Majlo€ 3HAYCHUC TOPMO3HOI'0O MOMCHTA BCIACT K 3aTATHBAHUA IIpoHEcca
TOPMOKCHHA, a CIIHMIIKOM 6OHLHIOI>’I TOK OTpHULATCIIBHO CKa3bIBACTCA Ha paﬁoTe IIE€TOYHO-
KOJUICKTOPHOTO aImapara ABUraTeis.

Cxema BKJIIOYEHHUS JBUTaTeNs s JaHHOTO peXUMa Ioka3aHa Ha puc. 10, 0, 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 BKIIIOUESHHSI TBUTATENSI B TOPMO3HBIX peKUMax pabOThI
(a-pekymnepaTuBHOE, O-THHAMHYECKOE, B-IPOTHBOBKIIIOUCHHE)




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

TOpMOOfC@Hue npomueo6KjiO4YeHUuem

JIns yMeHbIIEHUs BPEMEHU TOPMOKEHUS WM PEBEPCA MHOTAA MPUMEHSIOT JTAHHBIN PEXUM.
Pea.]'H/I?»aI_[I/IH 9TOro pexnmMa BO3MOXHA Ha pa60TaI0meM ABUTaTeji€ Imnpu CMCHE IOJIAPHOCTHU
MUATAIONIETO HampspkeHus. B aTtom ciywyae nampasienuss DJIC aBurarens U HaNpsOKEHUS CETH
COBIIaacT

Iy =(-Uy— Ey)/Rys,

BennunHa TOpMO3HOTO CONPOTUBIICHUS BEIOUpaeTCs 1o hopmyiie

Ry; = Wy TWp ;.

o (1,1—1,8)M m
TOpMO)KeHI/Ie IMPOTHUBOBKIIIOUCHHUEM IIPHUMCHACTCA B OCHOBHOM JJISL pCBEPCA JABUTATCIIA. HJ’IH

TOYHOTO OCTAaHOBA JBUTATENS JAHHBIM PEKHUM HE YHAO00E€H, TaKk KaKk TPeOyeTCs TOBOJBHO TOYHAS
HaCTpOﬁKa anrmaparypsl 4jid Toro, qT00BI OCTAHOBUTH ABUT'AaTCJIb B TOYKEC Hy.]'IGBOﬁ CKOpPOCTH. Ecin
K€ JBUraTellb HE OTKJIIOYUTH OT CETH, TO OH MEPEHAET B JBUIATEIIbHBIN PEKUM, U B JAJIbHEHIIEM
Pa3roHuTCA 10 HOMUHAIBbHOU CKOpPOCTHU IIpHU HAJIMYIUMKU HOMUHAJIBHOI'O MOMCHTA Ha BaJly ABUI'ATCIIA.
JInst TOYHOM OCTAaHOBKM JABUTATENS UCIOJIB3YETCSA PEKUM JTMHAMAYECKOTO TOPMOKEHUS.

13. PeoctaTHOE peryanpoBaHue YIIIOBOM CKOPOCTHIO IBUTaTeNlel TOCTOSHHOTO 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:

(1)0:



a HAKJIOH XapaKTEPUCTHK A — IR _ MR OyzeT yBeIuYMBaThCs IPONOPIMOHATIBEHO

kD, (kd,)?
R =R,+R,.
U,-I(R,+R,)
(De =
kD

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
TnoKasanel Ha puc. 15. CKOpoCTh UIEaNbHOTO XOIOCTOr0 X0/a @), :kiH pacTeT ¢ yMEHBIICHUEM
@

moToka. Tak KakK TOK KOPOTKOI'o 3aMbIKaHWSA HE€ 3aBUCHUT OT CTCIICHU oca0JIeHus IOJIsg, BCE

o H

OJIEKTPOMEXaHUYECKHE XapAaKTEPHCTHKH IIEPECeKaloTcss B ofHoi Touke [, , =— (cuemyer
Rﬂ

MMOMHHUTh, YTO TOK KOPOTKOTO 3aMBIKAHWS i1 HOPMAJbHBIX MAaIllMH MOXET BO MHOTO pa3

MPEBOCXOIUTH JOITYCTHMbIIT). MOMEHT KopoTkoro 3ambikanms M, , = k1 s D yMmeHbIIaeTCs ¢
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 u3menennu U (B naHHOM citydae E,) TpONOPHHOHATIBLHO U3MEHseTCs auib (D, a Aw
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
11, .
T —— I,
U.-U, ¥
CT. 4B.
a)

Puc. 16. Cxema (a) u xapakTepucTHKH (0) HpH PpEryaupoBaHUU CKOPOCTH JBUTATENS
IIOCTOSIHHOT'O TOKA U3MEHEHUEM HaIPSIKEHUS
YpaBHEHHUsI XapaKTEPUCTHUK:

KU, I(R,+R,)
B C C

6x

rie K =—" - xo>dpdurment nepenaun YII.
U&X
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 =

+o———— +

Y | fEn 1

u; Upgy
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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,

cooTBeTCTBYIOIYIO0 E,»>E,; 1 Oyzner paborarhk B Touke 2. B paccmaTpuBaemoii cxeme @, < @;, TakK
Kak yBenuueHue Ug,, a 3HaUuT U E, BO3MOXHO JIUIIb 32 CYET HEKOTOPOro yMeHblieHus: . Takue
CHCTEMBI HAa3BIBAIOT CTATHYECKUMH, B OTIIMYHUE OT actarideckux, rae Ao =0,

YpaBHEHHE MEXaHUYECKON XapaKTEPUCTUKU B 3aMKHYTOM CHCTEME.

KU; B MRy
c(1+ﬁ) c2(1+ﬁ)
c c

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

[Tyctb TpebyeTcss OorpaHUYUTh MOMEHT, pPa3BHBAEMbIi IBUTATENEM, HEKOTOPOU MpeaenbHON
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
BBITIOJIHSIETCS] aBTOMATUYECKH, €CITM UCTIOIB30BaTh COOTBETCTBYIOIIYIO OOpaTHYIO CBsA3b. B manHOM
cllydae Iefecoo0pa3HoO HCMOIb30BaTh OOPATHYIO CBSI3b MO MOMEHTY HIIM MO TOKY, KOTOPBIA eMy
nponopimoHaieH (@ = const), IpUYeM d5Ta CBs3b JOJDKHA BCTYMAaTh B JCHCTBUE JIUIb TPU
JOCTUKEHHUH TOKOM HEKOTOpPOTO 3a/laHHOTO 3HaueHus. Takue oOpaTHbIe CBSI3M HA3BIBAIOT
HEJIMHENHBIMU WIH CB3IMH ¢ oTceukoil. [Ipocrenmas cxema cucremsl YII-J[ ¢ orpunarensHoOn
00paTHO CBSI3BIO MO TOKY C OTCEUKOM MoKa3aHa Ha puc. 18,a.

W=



U, Uyl yn o|
I
um=n(|{|ﬁpea]{_ rB
u
Uy = @l (1= 1pnas) — an \_____,‘ I,M
o o 0 —
= T Inpe-:'.'
a) 0)

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.
Penme ypaBHeHHE OTHOCUTENBHO (V)| TIOMydHM:
U, M
w = 1

y Ky
T.e. OyZeM HMeTb CEeMEWCTBO MapajUIeNbHBIX XapakTepucTuk (puc. 19,6), orpaHMYeHHBIX
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,£[eM HUMCTb:
U, 1
aM Ko .

Takum 00pa3om, B 3TOM CTPYKTYpe MEXaHHUYECKHUE XapaKTEPUCTHKU MMCIOT BHJ THIEPOOI -
pHuc. 20,6, T.C. CTa6I/IJ'II/IBI/IpyeTC${ MOIIHOCTb, pa3BUBACMasd ABUI'ATCIICM.

[IpuBenenHbIe MpUMEPHI WILTIOCTPUPYIOT OOTaThie BO3MOKHOCTH MOJTYyYEHUS UCKYCCTBEHHBIX
MEXaHMYECKUX XapaKTepUCTUK 000l TpebyeMoil ¢GopMbl MOCPEACTBOM HUCIHOIB30BAaHUS
COOTBETCTBYIOIIUX OOPATHBIX CBSI3CH.

Cnez[yeT OTMCTHUTBh, YTO B CHCTCMC HCTOYHHK TOKa - ABUIAaTC/Ib 3aMbIKAHHC CHCTCMBI
MO3BOJISIET PACTIPOCTPAHUTH YKOHOMHBIN CITOCOO peryaupoBaHus K3MEHEHHUEM MarHUTHOTO IMOTOKa
Ha BCIO oOmacte (J-M, T.e. chenarb peryJupoBaHUE JBYX30HHBIM, C [IUPOKUMHU
(YHKITMOHATTLHBIMHA BO3MOYKHOCTSIMH.

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
Pr=005+01Ps. B Hacrosmee Bpems B KauecTBe BO30yAHTENEHl  HCHONB3YIOTCS

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

13 ypaBHEHWs PAaBHOBECHsS HANPSUKEHHH MO BTOPOMY 3aKOHy OMa MOXKHO COCTaBHTH
ypaBaenne OJIC  Ez—E=1(Rzx+Ry),



rae Ex — DJIC reneparopa, Rz — comporusienus skops reneparopa.

IToxcraBue B 310 ypaBHenue 3Hauenus DJIC E = kOw u toxa meurarens | =M/kO,

MO>HO HAWTH YPABHEHUE MEXaHUYECKON XapaKTEpUCTUKU cuctemsl ['-/1:
_Ezx M(Ra+Rg)
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
COIIPOTHBIICHUIO SIKOPS IBUTATEIISA, TAK KAK MALTHHBI IPUMEPHO OJJMHAKOBOW MOIITHOCTH.

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
HanpspKeHHe conepxut nocrosaayio Uy u mepemenuyro cocrasisitoirue. Hannume mysbcanmii

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:

- Ugo cosa— IR, 1

kO

m \/— . T
rae Uy =—+2U Sin— — cpenHee 3HaYCHUE BBIMPSMICHHOTO HAMPSDKCHHS MPH XOJIOCTOM XOJIe
T m

BBINPSIMATEISI W TIOJHOCTBIO OTKPBITHIX THpucTopax (o=0); U — neiictByromee 3HaueHHit
TMEPEMEHHOT0 HaNpskeHns; M — umcno da3 Bempamurens; Ry =XeMm/2n+Ry+R +R; -

9KBHUBAJICHTHOC COIPOTUBJICHUC ﬂKOpHOﬁ OCIIN, RO’ XO — AKTHBHOC MW PCAKTHBHOC

COIPOTHBIICHHS TpaHchopmaTopa; R| - akTHBHOE CONPOTHBIICHNE CIIAKUBAIOLIETO PEAKTOPA.
MexaHN4YecKyr0  XapaKTEepUCTHKY  CHUCTEMBI TII-I ~ MOXHO IIOJy4YUTh U3
JJIEKTPOMEXAHUYECKOU, BEIPA3UB 3HAYCHHUE TOKA YE€PE3 MOMEHT JBUTATEIIS,
- Ugo COSa MR
kO (kOy
Bun MX mpencraBneH Ha puc. 226. XapakTepUCTUKH HMEIOT MEHBIIYIO KECTKOCTh IO

CPAaBHEHUIO ¢ ecTeCcTBEHHOM MX 3a cYeT JOMOJHUTEIBHBIX CONMPOTUBIECHUHN B IKOpHOU 1enu. [Ipn
Pa3JIMYHBIX yrjlax BKIIOUYEHUs HAKIOH XapaKTEPUCTUK OCTAETCS HEM3MEHHBIM.
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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 UCHIOIB3YIOT OHATHE CKOJIBKEHUS S
Wy —O®

0y
CKopocCTb aCHHXPOHHOT'O JIBUTaTelNs B pabounx pekumax
o=wy(l-5s),
Ie CHHXPOHHAs 4YacTOTa BpAIleHHs MarHuTHoro momsi o =2nf,/p; f— uacrora

S=

MUTAOIICTO HAIIPSKCHUS Ul’ p —9uCI10 1map moJjroCoB.
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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

caenyromue obosHauenus: U; - nepsuuHoe (a3Hoe Hampsbkenue; |; - dasHbiid Tok ctatopa; |,-
IpHUBEJIEHHBIH TOK potopa; X; M X, - HNEPBUYHOE U BTOPUYHOE IPUBEIECHHOE PEAKTHBHbIC
COITPOTUBJICHUA PACCCAHUA, RO u XO - AKTUBHOC MW PCAKTHUBHOC COIIPOTUBJIICHHEC KOHTYpa

HaMaroHm4iuBaHU.
ypaBHeHI/IC MEXaHMYECKOU XapaKTCPHUCTUKHU

_ 2My(+asy)
S/Sy+Ss [s+2as;, |

rae a=R,/Ryys.

Bun Mexannueckoi XapaKTepHCTUKHY TIOKa3aH Ha puc. 24.

IlIpy S<<S; MexaHuYecKas XapaKkTepuCTHKa Oyu3Ka K JIMHEHHOH 3aBUCHMMOCTH
M ~2M,s/s;, a B 06nacTu OONBLINX CKOIBKEHUH ( S>> Sa ) MMEET IHIepOOIMISCKHil XapaKkTep:
M=~2MS;/s. Ilpu S=S; MOMEHT NPHHUMACT MaKCHUMAaJIbHOC 3HA4YCHUE, MPHUYEM B

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, mpu 3TOM CKOpPOCTb JBUTATEIIS paBHA CHHXPOHHOM CKOPOCTH;

2) s=S;; M =My , 4T0o COOTBETCTBYET HOMHHAILHOMY PEXUMY PaOOThI JBUraATEIs;




3) S=Sa;M=Mgy - dSKCTpeMyM MEXaHHYECKOHl XapaKTepHUCTHKUA B JBUTaTEIbHOM

pexKHIME;
4) s=1,M =M; - myck. B 3ToT MOMEHT BpeMeHHU JBUIaTENb Pa3BUBAET IIyCKOBOM MOMEHT;
5 s=-S;;M=—M;; — 9KCTpeMyM MEXaHHYECKOH XapaKTePUCTUKH B TEHEPATOPHOM
pexume.

[Ipu s>1 nBurarens paboTaeT B pekUMe TOPMOXKEHHS MPOTUBOBKIOUeHHEM, ipu 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=21f,1-s)/p
CICOAYECT, UTO IPH IMOCTOAHHOM CTaTHYECKOM HAarpy3o4HoM MOMCEHTC Mc Ha BaJly ABUT'aTCJIA

4acToTa BPALICHUS POTOPA 3aBHCHT OT YacTOTHI NUTAOIICH ceTH fy, 4ucia map moiocoB PH
BEJIMYMHBI CKOJbXeHHs S. Kpome TOro B HOMHMHANBHBIX pexumax paborel BenmuuHa I/1C
ABHTATEINs C1a00 OTIMYAETCS OT BEJIMYMHBI IIUTAIOLIETO HANPSDKEHHUS, I03TOMY

U, = E =4.44fw0,.

H3menenue conpomuenenus pomopa

JlaHHBII cr1oco0 peryimpoBaHUsl CKOPOCTH BO3MOXKEH TOJIBKO JUIsL JIBUTATeNel ¢ (a3HbIM
POTOPOM, T€ UMEETCSI BO3MOKHOCTh M3MEHEHHS BEIIMYMHBI JOOABOYHOTO COMPOTUBIICHHUS POTOPA

Ry - Tlpu 9TOM, Kak CieIyeT U3 BBIPAKEHHN JUISi KPUTUYECKUX MOMEHTA U CKOJBKECHHS, [PH

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.

BenuunHa KpPUTHYECKOTO MOMEHTa IIPM H3MEHEHHU CONPOTUBIICHHS pOTOpa OCTAETCS
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
SHO 7 ex. (Ry,,5=0)
SK ,
SK' _____ R2;(06
!
1 | ; .
SK; L _|_ _ R2u06
| |
|
|
|
|
a 0 B
Puc. 25. UckyccrBennbie MX Al npu RlZZ =var(a), U =var(6), f;=var(s)

Hszmenenue nanpaxcenus Ha cmamope
[Ipn nanHOM crocobe H3MEHsSIeTCsl BEeMMYMHA TNEepPBOW TapMOHMKH HAINpSOKEHHs] cTaTopa
asuratens Ujq =var. Ilpu 3ToM, BeIMYMHA KPUTUYECKOTO CKOJIBKEHHS HE U3MEHSETCs, TO €CTh

Sg =const (puc. 25 0). M3mensercs Benn4YMHa KPUTHYECKOTO MOMEHTA, NIPHYEM CYIIECTBEHHBIM



SIBJSIETCS] TOT (DaKT, YTO BETUUMHA MOMEHTA MU3MEHSETCS MPOMOPIUOHATBHO KBaJIpaTy HAMPSKCHUS
craropa. PerymupoBanue, npu KOTOpoM u3MeHseTcs BenuuuHa Uq  HasbBalOT azoswim.
N3menenne HampspKEHUsT BO3MOXKHO TOJIBKO B CTOPOHY YMEHBIICHHS, TaK KaK MPHU yBEIHMYCHUH
HAIPSDKCHUS IIPH OCTOSHCTBE 4acToThl f; Oyner Bo3pacTaTh BeNMYMHA MAarHUTHOTO IOTOKA. 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.

CormnacHo (opMmyrie, JUIsl CHHXPOHHOM 4YacToThl g =27f1/ P, Npu H3MEHEHMH YaCTOTHI

NUTAIOIICIO HAIPsOKCHUA HA CTAaTope fl =var Oyzaer W3MEHATbCA YacCTOTa BpalCHUS
BPAIIAOIIETOCS MarHUTHOTO MO (. IIpu ymensmenun vactotsl npu U; = CONSt mpoucxoaut

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

HOMHHAJIbHOM. HpI/I YBCIUNYCHUN fl IpOUCXOAUT BO3paCTaHWEC BCIWYHMH MHHAYKTHUBHBIX

conporusinenuii Xz = (L + tz)myé = (L + Ly,)2nf,, uto B CBOKO OuEpesh BEAET K yMEHBLICHHIO
KPHTHYECKHX CKOJIBXKEHHs 1 MOMeHTa (puc. 4.7, B).
[Teperumem Gopmyy mist JIC nBuraTelns, OCTaBUB B JICBOW YaCTH MarHUTHBIN TIOTOK
Oy =
4.44w, f,
Tak Kak 9YHCIO BHTKOB OOMOTKM W, MOCTOSHHO, CTAQHOBHUTCS OYEBHAHBIM, YTO IS
06CCIIeUeH s TOCTOSHHOTO 3HAYEHHS MATHHTHOTO moToka (@ HEOGXOMMMO IOIIEPKUBATH

MOCTOAHHBIM OTHOIIIEHUE U1/ fl, TO €CTh HEOOXOJAMMO OOCCIICUHMTh BBIIIOJHCHHUE 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>(DO ) B »srtux YCIOBUAX

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

Bpanlenus B paboraromiem apurarene. M3 popmynsr mis wactors Bpamenus BMIT ( o, = 2xf, / p)

BUJHO, YTO CJAENaTh 3TO MOXKHO ABYMs crocoOamu: JTHOO M3MEHEHHEM 4YHclia Map IOJI0COB B
OoOMOTKE cTaTopa B CTOPOHY YBEIMYEHHA [, MO0 YMEHBUIEHHEM 4YacTOThl IUTAIOILErO

HAaIIPpSIPKCHUC fl' 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 Bximtouenust AJl (a) u MexaHn4yecKue XapakTepuCTUKH (0) MPpU TOPMOKEHUN
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 XAPAKTCPUCTHUK B PCKUME TOPMOKCHUS. HpI/I TOPMOXCHUU BCA OSHCPIrud
BBIACIIACTCA Ha COIIPOTUBJIICHHUU POTOPA U JOIIOJHUTCIBHOM COIMMPOTHUBIICHUU, IIOOTOMY 3TOT PCIKUM
SABJIACTCA HEOKOHOMUYHBIM.

NU] R ZU] IR

U.~>U, >0,

A[[ M ex. (R

22006
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Puc. 28. Cxema Bkmouenust A/l (a) 1 MexaHUUYECKHE XapaKTEPUCTUKH (0)
MIPU TUHAMHUYECKOM TOPMOKCHHUH

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=(1-5s; )(Aws/AM, +1).
Tak kak Sy <<1, To npubIKEHHO

D = Aws/AM;, +1,

* *
rac A(Da — OTHOCHUTCJIbHAA BCJIIMYMHA HU3MCHCHHA CKOPOCTH, AMC — OTHOCHTCJIbHAsA

BCJIIMYHMHA U3MCHCHUA MOMCHTA.

) HOHy‘ICHHOﬁ (I)OpMy.]'ILI BHUAHO, YTO IIPpHU PABHBIX OTHOCHUTCIIbHBIX OTKIIOHCHHAX yrHOBOﬁ
CKOPOCTH W MOMEHTa Harpy3ku nuama3oH peryaupoBanus D =2:1. [lpu Oonee Hu3KOM
JOIYCTUMOM OTKJIOHEHUH YIVIOBOM CKOPOCTH JIMAIIa30H OKA3BIBACTCS €I1IE MEHBIIIE.

HOTepI/I MOIITHOCTH IMPU pCOCTATHOM PEr'yJIMPOBAHUU CKIIAABIBAOTCA U3 MIEPEMCHHBIX ITOTEPD,
BKJIIOYAIOIMX MOTEPU B MEAM CTATOpa U POTOpPa M BO BHEIIHHUX PE3UCTOPAX POTOPHOM LENH, U
IMOCTOAHHBIX — HC 3aBUCAIIUX OT HAI'PY3KH. C}/MMapHLIC IIOCTOAHHBIC IIOTCPHU B ABUIATCIIC
OCTArOTCA MPUMEPHO OAMHAKOBBIMH HE3aBUCHUMO OT HArpy3KU U CKOPOCTU ABUT'ATCJIA.

QHGKTpOMaFHI/ITHaH 1 MCXaHHUYCCKasaA MOITHOCTH OJIA AH
R, =Ry =Maoxss ; Res = Mo,
OTCHOZIa MOXKHO OIIPEACIIUTDL IIOTEPU B pOTOPE
AR, =Ry - Ry =M(o —60)|% =Mas.

C

~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:




11l

rie Mg, — KpuTHyeckumii MOMEHT HPH CHIDKGHHOM HampspkeHun; Ug — IOHIDKEHHOE
HanpsDKEHUE.

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, HAa KOTOPBIH MOCTYMAaeT Pa3sHOCTh MEXAY 33JaHHBIM M M TEKYIIUM
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
XApaKTEPUCTUKH CXOAATCSA B TOUKE CHHXPOHHOW CKOPOCTH (), IIOITOMY, 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/IFaTCJ'IL IIpU TakKOM CHOCO6C peryjiupoBaHus MOXKCT pa6OTaTB MMPpOAOJIKUTCIIBHOC BpEMA
IIPU YCIIOBUU

I[OHYCTI/IMBII\/’I MOMCHT MO>KHO HaﬁTH, HpI/IpaBHI/IBaﬂ )IOHYCTI/IMI)IC HOTepI/I K HOMUHAJIBHBIM

My oS =Mg oS5

OTKyJa

Mg <Mg

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

JIaHHBIA CIIOCOO pEryJIMpOBaHHMS Heb3sl HNPUMEHAThH JUII MEXaHM3MOB, paboTaIomuX B
IPOJOIDKUTENFHOM DPEXHME paboTe ¢ MOCTOSHHOW Harpy3koil. D(QQEKTUBHBIM OKa3bIBAETCA
UCIIONb30BaHNe (PA30BOTO PEryJIUpPOBAHMS /IS MEXAHM3MOB, Y KOTOPBIX CTATHYECKHII MOMEHT
3aBuCHT OT ckopoctu japuratens My = f(®), manpumep, 11 MPUBOIOB BEHTUIATOPOB, 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:

Zha-s),

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

o=0yl-3)=
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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.

MomenT AJl HpoOHOpUMOHANEH MAarHMTHOMY MOTOKy (O ¥ aKTHBHOH COCTaBIISIOLIEH

BTOPHYHOT'O TOKA |‘2:
M =kOl, cos p,,
rae K —koHCTpykTHBHas noctosHHas AJl; ¢, — yron casura mexny 3/1C 1 TokoM poTopa;
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13 (1)OpMy.]'IbI A MOMCHTA BHJHO, YTO YMCHBIICHHUC MAIHUTHOI'O IIOTOKA, ABJISAIOLICCCH

CJICACTBHUEM YBCIIMYCHUA 4aCTOTHI fl’ IMPUBCACT K BO3paCTaHHUIO IZ’ a CJICAOBATCIIbHO U IIOTCPHL B
poTOope APZ U OJHOBPEMCHHOMY YMCHBIICHHUIO AOIIYCTHUMOI'O MOMCHTA ABUIATCIIA 110 YCJIOBUAM
OXJIQXKJICHUS ABUTraTens. Y MEHBIICHHUE YacCTOTHI IIpU TIOCTOSAHCTBE aMIINIUTYJAbl HAIIPSXKCHUA Ul’

TaK)K€ HE JOIYCTMMO IO YCJIOBUSM HACBIIEHUS MAarHUTHOM CHUCTEMBl MAalIMHBI. I103TOMY
pETyaupOBaHUE CKOPOCTHU IBUTATENSI N3MEHEHUEM YaCTOTHI IIUTAIOLIETO HANIPSHKEHUS IIPU YCIIOBUU
IIOCTOSIHCTBA MOMEHTA [BHUTATelld IPUEMIEMO TOJBKO IIPH OJHOBPEMEHHOM HM3MEHEHUU
aMIUIUTYAbl MHUTAIOMICTO HAMNpPsKCHMSA, TO €CTh BBINOJHCHHH 3aKOHA U1/ f1=const, 4To
o0ecrneurBaeT NPAKTUUECKH IMOCTOSHHBIM MarHUTHBIN MOTOK B IBUTaTelle.

Jlns peanusanuy yKa3aHHOTO 3aKOHA YIIPABJICHUSA MEXIY CETbIO U JBUTaTEIEM BKIIIOYACTCA
npeoOpazoBarens yactothl (ITY), oOecrieumBaromuii OJHOBPEMEHHOE HM3MEHEHHE YacTOThl U
aMIUIUTYbl HANpsoKeHWs Ha asurarene. [IpH MOHMKEHHBIX CKOPOCTSX Yy CaAMOBEHTHIMPYEMBIX
JIBUTATEJIEW YMEHBIIAETCS OTBOJ TEIUIAa B OKPYXAIOIIYI0 Cpely, MOITOMY B TaKMX CIIy4asx
HE00XO0AMMO CHIDKATh JIOIYCTUMBI MOMEHT Ha JIBUraTere.

[Ipy 4YacTOTHOM pEryjaMpoBaHUU IO MpPUYUHAM, OOYCIOBICHHBIMU MEXaHMUYECKON
IIPOYHOCTHIO MOAIIUITHUKOB M DJIEMEHTAMHU POTOpa, MOAHUMATh YacTOTY BBIIIE (ZL5+2,0) fim

[TosTOoMy OCHOBHOUW CIOCOO PETyJIUPOBAHUS CKOPOCTH 3aKIIOUAETCS B YMEHBIICHUU YaCTOTHI
HaTPSIKEHUS.
Jns mocTpoeHUsl NPUMEPHOTO BUJAA MEXaHHMUYECKHX XapaKTepUCTUK mpumeM, uto Ry =0,

TOTrga ypaBHeHI/Ie JJIA KpI/ITI/I'-IeCKOFO MOMEHTA MOXHO HepeHI/IcaTB CJ'IeI[y}OIIII/IM 06p330M:
2
- U7 _ 7! Uy
" 200X, o 2rf L 8r2f2 . f
o Xe 271 fon(Ly +Ly) 87tpf1(L1 L) 1

13 ¢opMysasl BUAHO, YTO KPUTHYECKHH MOMEHT mpH BbimonHeHun 3akoHa U,/ f; =const
ocTa€Tcsl MOCTOSIHHBIM. Y CIIOBHE MPEHEOPEKEHNsI aKTUBHOTO CONPOTUBIIEHUS CTaTOpa KOPPEKTHO
IPH BBICOKHMX CKOPOCTAX ABurarens, korga U; = E;. IIpu HU3KHUX CKOPOCTSX MaJieHNUE HAPSHKEHUS



Ha aKTUBHOM COIIPOTUBJICHUH CTaTopa R, cTaHOBHUTCA COMOCTaBUMO C BEIMYMHOW HANpsKEHHs Ha
3a)KMMax CTaTropa, YyTo MPHBOJHUT K MaJeHUIO MEPErpy304HON COCOOHOCTH ABUraTens Ay, . [

TOro, YTOOBl peamu30BaTh OAMHAKOBYIO TIEPErPY30UHYIO CHOCOOHOCTh MpPH YaCTOTHOM
peryJaupoBaHUd B OOJACTH HM3KUX 4YacTOT BpallleHHs MCIOJB3YIOT Tak HasbiBaeMyr «IR-
KoMnencayuio», KOTOpasl 3aKI4YacTcs B TOM, YTO HAa MaJbIX CKOpPOCTSX JenaeTca ao0aBka

HANPSUKEHHs Ha cTatope, Kommencupyomas AUg, = I7R,.
Jlnara3oH peryiupoBaHUsI CKOPOCTH B Pa3OMKHYTBIX cuctemax cocraBmsier D, =15+20.
B 3aMKHYTBIX cHCTEMaX JHANa30H MOXET OBITh CYIECTBEHHO PACIIMPEH.

-,
I 0 Sidn
ZJIH']TH O\)OHOM |
U, =K(/)
f 71]1 =var,
Al 0
Puc. 34. Cxema Bxiitouenust A/l Puc. 35. Mexanudeckue XapakTEpUCTUKU CUCTEMBI
IIPY YaCTOTHOM PEryJIMPOBAHUU IM4-AJ1

OCHOBHBIE  CIIOKHOCTH, BO3HHMKAIOLIME IIPU peaIu3aldyd YacTOTHOIO  yNPaBICHUS
3aKJII0YA0TCA B CICAYIOLIEM:

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) 3akon U,/ f; =const He sBiseTcst onTUMAIBHBIM, H TPeOyeTcsi KOPPEKTHPOBKA 3aKOHa,

YUYUTBIBAOIAasa M fi Ha BaJly ABHUI'ATCIIA;

4) B AJl Bxomar mapamerpsl X, X;, X5, BeJIMYMHA KOTOPBIX 3aBHCHUT OT CTCICHU

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.

Cymmaphsle notepu B fpurarene AR, coCTOST U3 IBYX COCTaBIISAIOIIUX: TOCTOSHHBIX Al:)const

, HE 3aBUCSNINX OT HArPy3KH, U nepeMeHHbix AP, . 3aBUCAIMX OT Harpy3ku. B aToMm ciydae juis
JBATATEJIS IOCTOSTHHOTO TOKA

AR; = ARyt + AR o = ARy +ARgs + I; Ry ,

rne APy, —notepu B cranu; ARg; — mexanuueckue notepu; 1Ry — notepu B nenu sixopst.

2
y
I[JI}I ACUHXPOHHOI'O ABUTATCIIA

AP, = AP, +ARss +3(12R +1.7R,),




rae 3(IZR, +17R,) - motepu B 0GMOTKaX CTATOPa M POTOPA COOTBETCTBEHHO.

[lepeMeHHBIE MOTEPH TAKXKEe MOJKHO BBIPA3UTh dYepe3 OJIEKTPOMATHUTHBI MOMEHT H
OTHOCHTENIbHYIO CKOPOCTh (MJIH CKOJIbKeHue). st [BUrateneil IOoCTOSHHOrO TOKa He3aBHMCUMOTO
BO30YKICHHS

AR o = Pyi —Rss =M(0p —),
rae Py — onekTpoMarHMTHas MOIIHOCTB, ToTpeOnsemas u3 cetd; Bs; — Mexammdeckas

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

AP = MoS(L+R; /Ry), rie S — CKObIKEHHE ABHraTess.

30. Harpes u oxnaxjaeHue IBurateneit

[Ipomecc AIEKTPOMEXAHUUECKOTO peoOpa3oBaHUs SHEPIrUu COMPOBOXKIACTCS
OJIHOBPEMEHHOM IMOTEpPEe YacTH SHEPrMH B CaMOM MalllMHEe, KOTopas, MpeoOpasysch B TEIUIOBYIO
SHEPTHI0, ONpEJENieT HarpeB e€ 31eMeHTOB. MOIIHOCTh TEIIoBbIX NoTeph APy ompenensercs

Pa3HOCTBHIO MEXAYy MNOTPEONEHHON JABHUraTeseM >3JEKTPHUUECKON HSHEeprueit F’yé U OTIaBaeMoil
MEXaHMYECKOW OJHeprueil Ha Bainy Burarelst Bgy W 3aBHCHT OT KOHKPETHOTO pEXHMa

npeobpaszoBanus sHepruu. [lostomy onpenenenue Gpynxiun APy (t) sBisieTcs onHOM U3 3a1a4 mpH
OLICHKE TEIUIOBOTO COCTOSIHUS MAalllMHbl B KOHKPETHOM pEXHME; BTOPOI 3a/1a4yeil sSBIsSETCS OLEHKa
TeMreparypbl apuraress g .

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:

APs(t)dt = Acdt +Ct,

rae ARy(t) — MOmHOCTB TEIUIOBBIX MOTEPh; A — Temiootaaqa; C — TeII0EMKOCTD JABUIaTENs;

T — MpeBbINIEHHE TEMIIEPATYPhI IBUTATENs HaJl TEMIIEPATYPOil OKpyKatolei cpepl, T= 0y —O;

[Tepenucas (6.1) B onepatopHoii popme

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

MOJyYUM TepelaTOuHy0 (YHKILHUIO, OMHMCHIBAIOIIYI0O AMHAMUYECKUN XapakTep H3MEHEHUs
TEMIIEpaTyphl ABUTATEIIS:

_ P _ ke
Wt(p)_APo(p)_Tip“Ll’

rae K, =1/ A — kospduument nepemaun; T, =C/ A - mOCTOSHHAsS BPEMEHH HArpeBa.

Ha puc. 36 MMpEACTABJICHBI KPUBLIC HAI'PEBA U OXJIAKACHUS JABUTATCIIA.
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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

eé xapakTepu3yroT Koddpuurentom yxyauenus teroornaun B = Al 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 Harpysku ta qepeayeTcsa € nepuogoM OTKIIIOYCHHA MAIIUHBI,

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 BKIOUEHUNH €

ty
s+t

[IpogomxuTensHOCTh OAHOTO HMKIA 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

3aBrcuMocTh MOMeHTa aABurateis or Bpemenn M () HaswiBaeTcs Harpy3o4HOM AuarpaMMoin
JIBUTATEINIsI W SIBISETCS TJIABHOM XapaKTEPUCTUKOM, HMCMIOJb3YEMON NpPH pacu€rax, CBSI3aHHBIX C
BBEIOOPOM MOIIHOCTH 3JieKTpoaBuratesns. OCHOBOM s pacuéTa HArpy30YHBIX JUArpamM SBISIOTCS
vHOpMaIMs O CTATHYECKOM MOMEHTE Ha Kaxiaom otame pabotel M (), HasbBaemyro
HAarpy304HOM IHarpaMMoOM MeXaHU3Ma, U CBEACHUS O XapakTepe IABMXKEHUS DJIEKTPOIIPUBOJA B
TEXHOJIOTHYECKOM TIPOIIECCE, 3aJaBaEMble TaXOrpaMMoii saextponpusoga 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 mownocmu osuecamens npu HeU3MeHHOU Hazpy3Ke
Oco0eHHOCThI0O MEXaHNU3MOB HEIMPEPHIBHOIO JIEHCTBUS SIBISETCS MPOJOJIKUTENBHBIN pPeXUM

paboThl JABUTATENss IPU HEU3MEHHOM cpeaHel cKopocTu (s =CONSt. Ilpm sTtom Bpems

JUHAMHYECKUX PEKUMOB (IIYCK, TOPMOXKEHHE, PEBEpPC) HACTOJIBKO MaJIO MO CPABHEHHUIO C OOIUM




BPEMCHEM pa6OTBI Ha KaXXJIOM BKIIFOYCHHH, YTO CYIICCTBCHHOI'O BJIMAHUA HA HAIrpEeB ABUTaTCIIA
ANHAMHUYCCKUC PCKUMbI HC OKA3bIBAIOT U MPU MOCTPOCHUHU HAIPY30UHBIX JUArpaMM HUX MOXKHO HC

YUYUTHIBAT.
PacuérHbprii MOMEHT ABUTaTEIS MOKHO HAUTHU IO COOTHOIIIEHUIO
Mé > k(;l fi.y
rae kg =11+13 - kodhduuMeHT 3amaca, YYUTHIBAIOWIUIA JIUHAMHYECKHE PEKUMBI

snekrpoasurarens; | fiy — 9KBUBAJICHTHBII MOMCHT Harpy3KH.
Torza pacuéTHyr0 MOIIHOCTH ABUratTesst Py MOXHO onpenenuts o Gpopmysie
Pa = MB(DB.
[To momyueHHOMY 3Hau€HHs MO KaTaJOTy BBIOMpACTCS [BUTATENb OrKaimeir Oonbiien

MOIIIHOCTH U CKOPOCTH, IIOCJI€ 4Yero BbIOpaHHBIA ABHUraTellb MPOBEPSETCS MO MEperpy304HOn
ciocoOHoCcTH. /{7l 3TOro Ha HArpy304HOW AMarpaMme OINpPEAeISIOT yYacTOK MaKCHMAaJIbHOTO

nuHAMHrYecKoro Momenra M 4 max ¥ CPAaBHUBAIOT €T0 C TOITYCTHMBIM MOMEHTOM JIBUTATEIL
Mé.max< Méﬁ.éﬂ' :7\'] Miﬁ )
rae Aj — AOIMYCTHMBIN KO3((HULIUEHT NMeperpy3ku JBUTATENs II0 MOMEHTY, YKa3bIBaeTCs B
MACIIOPTHBIX JAHHBIX HA J{BUTATEb.
Hns JAIIT oObIMHOTO WCIONHEHWS M CHHXPOHHBIX aBurareneit A; =15+25, mna A/l

MaKCUMAaJIbHBIA MOMEHT JABHUTATEIsi MOXKET OBITh MPUHAT paBHBIM KpuTHyeckomy. [Ipu BeiOopa AJ]
¢ K3P Taxxe He00X01MMO IPOBEPUTH JIBUTATEINb IO YCIOBUSAM ITyCKa:

My > M.

50

34. Ilposepka Osucamens no Hazpesy npu nepemeHHol Hazpy3Ke
JiBurarens Oyner paboTarh B JOIMYCTUMOM TEIJIOBOM PEKHUME IIPU BBIIIOJHEHUH YCIOBUS

Toaa <Taii

Ile Tsy; — NEperpeB JABUTaTelss Npu paboTe; Ty — AOMYCTUMBIA IIEPETPEB JBUraTElNsd,
OHpCI[GHﬂGMBIﬁ KJIaCCOM €TI0 U30JIAIHn.

HpOBepKa ABUTATCJId 110 HArpeBy MOKCT 6I)ITI) BBIIIOJIHCHA TIIPSIMBIM @ HWJIM KOCBCHHBIM

MeTonamu. lMcrnonp3oBaHue MpSMOro METOAA TPEANOJaraeT pacuéT U IOCTPOCHHE KPHUBOMU
neperpea T(t) 3a mukn pabotel aBurarens. [IpuMeHeHHE MPAMOrO METOAa TPeOyeT HaIudus

MaTeMaTUYECKON MOJENH TEIJIOBOTO PEXMUMA JIBUTATENS, YTO SBJSAETCS TPYAOEMKOMN 3a7adyel, Tak
KaK TOYHOE ONHMCAHME MPOLECCOB HArpeBa U OXJIAKICHUS IBUTATENsS TOBOJIIBHO ClIokHOE. [IoaTomy
0OBIYHO HCIIOIB3YIOT KOCBEHHBIE METOBI IPOBEPKH, HE Tpedyrouue noctpoenus rpapuxa T(t).

35. Meron cpeHUX NMOTEPH
Meton sBngercs Haubojiee TOYHBIM M yHHUBepcalbHbIM. CyTh METOAA 3aKIIOYaeTcsl B

OIIPEACIICHUN CPECAHUX IMOTECPbh MOIITHOCTHU Apﬁé 3a UK pa6OTBI JABUTATCIIA U COITIOCTABJICHHUEC UX C

HOMHHAJIbHBIMHU ITOTCPSAMU MOIITHOCTHU API”I“I . HJ'ISI MOJIYYCHHA KOHCYHOI'0 COOTHOHMICHUS COCTaBUM

3aKOH COXpaHEHHs DHEPTUHU 3a IHUKJI paboThl B KBa3MYCTAHOBUBIIEMCS pexkuMe. Bc€ BolaeneHHOe
3a LMKJI TETJIO OTBOJAUTCS B OKPYKAIOILYIO CPENy, T.€.

ts
At = [ AP(t)d.
0
Torna cpenHnii meperpes ABUTaTess 3a BpeMsl [IUKJIa '[5 COCTaBJIIET

ts

[To aHanorum HOMHMHAJIbHBIE TOTEPU MOIIHOCTU B JBUTATEJIE OINPENEISIOT €ro AOMYCTUMBII
Harpes



APﬁ‘l
Tai =3
A
[ToacraBuB (6.4) u (6.5) B (6.3) moJy4rM OCHOBHOE pacyETHOE COOTHOIICHHE METOJa
CpeIHUX MOTEPh:
APy < ARy
C yuerom (6.2) u (6.5) MOXHO TOJYYHTH (DOPMYJIUPOBKY METOJA CPEAHUX MOTEPb: E€CIIH
CpeJHsIs 32 IIUKII MOIITHOCTh MOTEPh HE MPEBOCXOANT HOMHUHAIIBHYIO MOIITHOCTh MTOTEPh, TO CPEIAHEE
MIPEBBIIICHIE TEMIIEPATYPbI HE TIPEBBIIIACT JOMYCTUMOE MPEBBIICHUE TEMITEPATYPHI.
Ecin Ha OTHenbHBIX y4yacTKax IMKIA HArpy3ka TMOCTOSHHA, TO CpEIHUE TMOTepU
OIIPENIEIISAIOTCS TI0 PopMyIIe

n
1

HOMHHaﬂBHBIe HOTepI/I MOIIHOCTU ABUTI'ATCIISA OHpeHerHOTCH 110 KaTaJIOKHBIM HaHHBIM II0
dbopmyiie

APy =Py L-mg )/na

MeTOH CpeI[HI/IX HOTepL IIO3BOJISIET OLCHUTH TGHHOBOI‘/’I pe)KI/IM pa6OTBI JABUTATCIIA 110
CpeL[HeMy IMPCBBINICHUIO TeMHepaTypr. B sToM 3akirouaercsa OHpeI[eJ'IéHHa}I IorpCurHoOCTb METOAAa,
TaK KaK MaKCHMaﬂBHBH\/JI HeperpeB OBUTrAaTCIIsI HA OTACJIIBHBIX leaCTKaX OUKJIAa MOXCT HpeBI)IHIaTI)
Tﬁa TouHOCTE OLOCHKM Harp€sa O3THM MCTOAOM TCEM BbIIIC, YCM 60.]1])]_]_[6 pasHuIa MG)K,I[y

BEJIMYMHAMHU [OCTOSIHHOI BpeMeHM HarpeBa [; M JUIMTENIbHOCTbIO Han0ojee MPOAOKUTEIBHOIO

ydacTKa LUKIIa pa6OTI)I JABHUIaTCIIA tié() , TO €CTb MCTOJ BO3MOXHO HCIIOJB30BATHh TOJIBKO IIpH

BBIITOJIHEHUH YCIIOBUS

ty <<T;.

Merton cpennux noreps TpeOyer 3HaHus kpuBoil KII/[ nBurarens B pyHKIMM €ro Harpy3Ku
U [IPEIBAPUTEIILHOTO ONPEACIECHUS TOTEPh HAa KaKJIOM M3 y4aCTKOB HAarpy304HOM AMAarpaMMsbl, 4TO
YCIOXKHSAET PaCyer.

YacTto OKa3bIBAa€TCSl NMPUEMIIEMBIM HCIOJIb30BaHUE METONOB 3KBUBAJICHTHBIX BEJIMYUH,
MO3BOJISIOMIMX TPOBECTH TPOBEPKY JABUTATENsI MO HarpeBy Oonee mpocto. K Takum meronam
OTHOCAT METOJ] S3KBUBAJIECHTHOI'O TOKA, MOMEHTAa U MOILIHOCTH.

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

Ecnu B pesynbrare MOCTPOCHHsI HArpy304YHOM AMArpaMMBbl €CTh JaHHBIE O KPUBBIX TOKa B
(GYHKIMN BpPEeMEHHU, 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 JBUTATENIC BBIICIAIOTCS IOTEPU, PaBHBIE CPEIHMM MOTEPSAM INPH NEPEMEHHOM
rpaduke Harpy3Ku, TO €CTh

_ 2

APss = ARt + 1jaR -

CpenHsisi MOUIHOCTh MOTEPh 3a LUKI IpU NEPEMEHHOM TIpaduKe Harpy3Ku ABUraTens H
MPOJIOIKUTETFHOM PEKUME PAOOTHI

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

g t b+t

[ToncraBuB (6.5) B (6.6) mocie mpeoOpa3zoBaHUil MONYIUM (GOPMYITY ISl ONPEACIICHUS

HKBHUBAJIIEHTHOTO TOKA!

I 12, + 15t +..+ 1 &,
yea
L

WJIH B 00IIIEeM citydae



JIBurarenb NPOXOAUT IO YCIOBUSAM HarpeBa, €I BBIIIOJIHIETCS YCIOBUE

lyea <l

MeToa 5KBUBAJICHTHOTO TOKA UCXOAUT U3 IPEINOI0KEHUS HE3aBUCUMOCTH MTOTEPh B CTAIH U
MEXaHMUYECKUX OT Harpy3kd M IpearoyiaraeT IOCTOSHCTBO COIPOTUBIIEHMS IJVIABHOM LENU
JBUraTelsl Ha BCEX Y4acTKax 3aJaHHOro rpaduxa Harpy3ku. CienoBaTenbHO, KOIrJa HOCTOSHHBIE
IIOTEPU HE SIBJISIFOTCS] TAKOBBIMU (M3MEHEHME HanpspKeHUs Ha AJl) Wiiu COPOTUBIIEHUE HE OCTAETCS
HOCTOSIHHOM BenuuuHON (A/l ¢ r1yOOKuMM mMa3oM B PEXHUME MEPEMEHHOIO CKOJIBXKEHHUs), METO[
SKBHUBAJIEHTHOT'O TOKA MOYKET MPUBECTHU K CYLIECTBEHHBIM ITOTPEILIHOCTSIM.

B psane ciaydaeB oka3bplBaeTcsi yAOOHO MCIONB30BaTh JJIsi MPOBEPKU [0 HarpeBy rpaduk
MOMEHTA, pa3BUBAaEMOr0 JBUTaTeieM, B GyHKIUU BpeMeHU. Eciii moToK 1BUTATeNs MOCTOSHEH, TO
MEXJy MOMEHTOM M TOKOM CYLIECTBYET NpPOINOpLHMOHANIbHAs cBA3b. IloaTOMy oOKa3biBaercs
BO3MOXKHBIM IIPOBEpKA [JBUTATEIl MEMOOOM SKEUBANEHMHO20 MOMeHmMA, KOTOPbIA Ui
CTYIEHYaToro rpaduka BeuuciseTcs no Gopmyine

M. — M2, + M2, +..+ M2, i(Mzt)/t
yea = — n = i)/t
AR AR =
rie  M;,t; — COOTBETCTBEHHO MOMEHT U JUIMTEJIBHOCTH I-Or0 Y4YacTKa Harpy304HOM
l[I/IarpaMMI)I.
HBI/IFaTeHB MMPOXOAUT I10 YCIIOBUAM HArpeBa, €CJIU BBIITOJIHACTCA YCJIOBHUC
Myea < Mg

MeTton MPUMCHACTCA JISI IIPOBCPKU IO HATPEBY BCCX JBUraTesnein Ipu ycCJIOBUU pa6OTI>I C
IIOCTOAHCTBOM IIOTOKA.

Ecau Harpy3o4dHas guarpamMma ABUTATCIId 3a/ldHa B BUIC Fpa(bHKa MOIIHOCTH, TO IIPOBEPKa
ABUTATCIIA 110 HArpeBy MOXET OBITH BBINOJIHCHA HETIOCPCACTBCHHO I10 FpaCI)I/IKy MOIIHOCTH, HO
JIMiIb TOoraa, Koraa MEXAy MOIIHOCTBIO U TOKOM CYHIECTBYCT IpAMasa IMPOINOPHUOHAIBHOCTD, YTO
HMECT MCCTO IIpHU pa60Te ABUTATCIIA C IOCTOAHCTBOM IIOTOKA U CKOPOCTH.

I[J'ISI CTylneH4aToro rpa(bHKa Harpy3ku 5KBUBAJICHTHAA MOIIHOCTDB BBIYUCIISICTCS 110 Q)opMyne

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

P,

yéa

37. IlpoBepka aBuraresnsi 1Mo HarpeBy JUIsl IOBTOPHO-KPATKOBPEMEHHOTO PEKUMa pabOThI
B cnydae, korna apuratens paboTaeT B HOBTOPHO-KPATKOBPEMEHHOM PEXHME IPOBEPKY 110
HarpeBy  MOXXHO  BBINIOJIHATH  YKa3aHHBIMU  BBIIIE  METOJIaMU  [IOCJIE€  IPUBEJIEHUS

MMPOAOJDKUTCIIBHOCTH  BKIITOYCHHA € 4 KOHKPETHOIO pEeXuMa K CTaH)IapTHOfI &

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

lyes = | ¢
yea = lyeas :
ki (e—em )+en
€
M. s = M. s
ye YV ki (e—enm )+en
€
Prea = Fyeas ,

ki(e—em )+em
rie K; = APt/ AR, — k09 dunuent noreps.

Ecnn BenmnumHa NOCTOSHHBIX MOTEPH CYIIECTBEHHO MEHBIIE MEPEMEHHBIX, TO CIAraéMbIM
ki (e—&5 ) MoxHO npeHebpeus, Ipr 5TOM GOPMYIIBI 171 SKBUBAIICHTHBIX BETMYMH YHPOLIAFOTCS.

IIpu npeneOpexxenun noctostHHBIMU moTepsmu (K, <<1) u ucmonp3oBaHMM JBHUraTels,

TIPEHA3HAYEHHOTO JUIS TPOIOJDKUTENHLHOTO peskuMa paboTsl ( €5 =1) , momyunm



lyea = |yéag\/gi Myes = M)’/ééz\/g; Riea= Pyéas\/g-
®opMyIIbl ClIpaBEAIUBLI IPU YCIOBUU MTOCTOSHCTBA TEIUIOOTJA4YM B IIEPUOJ Nay3 (HampuMmep,
ABUTAaTCIIU C IPUHYANUTCIbHBIM OXJ'Ia}K,I[eHI/ICM).

Ha 3agere cryneHT MoxeT 3apadorats ot 24 no 40 6amios.

HIkajabl oneHKH 00pa30BaTEJIbHBIX 10CTHKECHUI

Onenka no 5-
0aJJILHOH HIKAJIE

Cymma
0aJLJ10B

TpeOoBaHMs K 3HAHUSIM HA IK3aMeHe

«3aumenoy

36 +40

BBICTABJIAICTCA CTYACHTY, CCJIM OH IIOJIHO, I'PaMOTHO H oe3
OoIMOOK OTBETWJ Ha BCe BOIIPOCBI, B TOM 4YHUCIEC H
JOITIOJIHUTCIIbHBIC

29 +35

BBICTABIIIETCS CTYJEHTY, €CITU OH 0€3 CYIIECTBEHHBIX OIIMOOK
OTBETWJI HAa BCE BOIIPOCHI, OJHAKO JONYyCKall OTIEJIbHbBIE
HETOYHOCTU WJIM HE JAEMOHCTPUPOBAI JOCTATOYHO TITyOOKOTO
3HaHHUS MaTepHuasa

24 + 28

BBICTABJISICTCA CTYACHTY, €CJIM OH B OTBCTAaX Ha BOIIPOCHI
MMPpOACMOHCTPHUPOBAJI TOJBKO 3HAHHMEC OCHOBHOI'O MaTcpualia,
A0ITyCKaJl CYLIICCTBCHHBIC HETOYHOCTHU B OTBETax,
HCAO0CTAaTOYHO TCXHUYCCKU I'PAMOTHO q)OpMy.]'II/IpOBaJ'I OTBCThI

«He 3aumenoy

menee 24

BBICTABJISICTCS  CTYJICHTY, €CJIM JIOIYCKal HeNpaBUIIbHBIC
OTBCThHI Ha MMOCTABJICHHBIC BOIIPOCHI UJIM HEC CMOI' OTBCTUTH Ha
YacTh BOIIPOCOB, HE CMOT TIOJATBEPAUTh 3HAHHE 3HAYUTEIILHOU
YaCcTH MaTepuaa.




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

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

90-100

85-89

«3aumenoy 75-84

70-74
65-69

60-64

mim O |OwW| >

«He 3aumenoy Memnee 60

YueOHO-MeTOoAN4YeCKOe U MHPOPMALIMOHHOE o0ecriedeHue Y4eOHOH TUCIUTIIUHbI
OcHoBHas1 JInTepaTypa

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

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

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

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

JlomoJiHuTeIbHAS JIUTEpPaTypa

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

5. Enudanos, A.Il. Dnexrponpuon: yueOnuk / A.Il. Enudanos, J.M. Manaiiuyk, A.l.
I'ymuuckuit. — Cankr-IlerepOypr : Jlanp, 2012. — 400 c. — ISBN 978-5-8114-1234-1. —
TexkcT : 2nmeKkTpoHHBIN // DneKTpoHHO-OMONMoTeuHass cuctema <«Jlaww» : [caiit]. — URL:
https://e.lanbook.com/book/3812

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

978-5-8114-1468-0. — TekcT : anekTpoHHbIH // DnekTpoHHO-OMONMMoTeuHast cuctemMa «JlaHby :
[caiiT]. — URL.: https://e.lanbook.com/book/5845

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

MaTepHaJILHO-TeXHl/I‘IeCKOC odecrmeueHue y‘I66HOﬁ JUCIHUIIIIMHBI
JIeKIIMOHHBIE 3aHATHS TPOBOIATCA B aynutopuu Ne 412, ocHaleHHOH MyIbTHMEIUHHBIM
o0opymoBaHUEM.
Jlexuuonnas (ayn.412)
ObopynoBanue:
ABTOMaTH3UpOBaHHOE pabouee MECTO MpernogaBaTeis:
nporieccop —AMD Athlon (tm) 64x2, 3800+2,01 GHz; oneparusHas namsats — 3,50Gb.
JlunensnonHoe 1 cBOOOIHOE MTPOrpaMMHOE obecrieueHre 0011Iero u NpodhecCUOHaILHOTO
Ha3HAYCHUS
Muxkpodon Sven MK-200 nactonsubiii — 1; IIpoexktop Viewsonic;
Dkpan Lumien Eco Picture 180*180 cm HacTeHHBIH.
JIaGopaTtopHble 3aHATUS TPOBOAATCA B JabopaTopHH

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

«Qxkcmnyararuu - [ITCAM  u

BBITIOJIHEHHUS JTAOOPATOPHBIX PadOT.

JIabGoparopus «Qkxcmayararmu [ITCAM n mexannusanuu [T1PTC pabor» (aya.111)
Ob6opynoBanue:
KommiekT 1oKyMeHTalum, MeToJu4ecKoe 00ecieueHHE;
[Togpemuuk Tteneckonmueckuit I1T-7,2 — 1; Anemomerp ACII-3+crenn — 1; OrpaHuuurens
rpy3ononsemuoctd - 1; Creng CKH-2 — 1; Crenn CKH-MII2 — 1; Crena nmpoBepKu yCTpoicTBa
"Baprep" — 1; Tonmmuuomep YT-93 - 1; Verpoiicto "bapeep-1M" - 1;
CreHn i1t MPOBEPKHU M HACTPOWKH OTPAHUYUTEINICH IPy30MOABEMHOCTH — 1;
Crenn a5 MPOBEPKU M HACTPOUKM orpannuuteneit rpyzonoabemHocta ACY OI'TI -1,
VibTpassykoBoi nedekrockon (V/2-12-1) — 1.

Ilepeuenp naboparopHoro 000py10BaHUs NPEACTABICH B Ta0IMIIe

No HaumenoBanue 1abopatopHoit paboTsl Tun nabopaTopHOro
TEMBI obopynoBanus, UHB. No
1 2 3
4 DneKTpOnpUBOJL cUCTEMBI « THUpHUCTOPHBII
npeoOpa3oBarenb - ABUTATENb IIOCTOSTHHOTO TOKA Crenn 2035-C-K
HE3aBUCHMOTO BO30YKICHHUS C PETYIUPOBAHHEM TIO «DJIEKTPOTEXHUKA W OCHOBBI
CKOpPOCTH ANEKTPOHUKHU: DJIEKTPUUECKUE
4 DAEKTPONPHUBOJL CUCTEMBI « TUpHUCTOPHBIIA W MarHWTHBIC IIETIH, OCHOBBI
peoOpa3oBaTelb - TBUTATENb TOCTOSTHHOTO TOKA JIEKTPOHUKH, 3IIEKTPUUYECKHE
HE3aBHCHMOT0 BO30YXICHUS C TOTYUNHEHHBIM 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 -
ACHHXPOHHBIHN TBUTATENb C KOPOTKO3aMKHYTBIM POTOPOM C
PETYIUPOBAHUEM 10 CKOPOCTH
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YuyeOHO-MeToAN4YeCKHe PEKOMEHIAIMHU ISl CTY/IeHTOB

1. Yka3zanus U1s IpOCTyIIMBaHUs JTEKIUI

[lepen HauanoM 3aHATHH BHUMATEIHLHO O3HAKOMUTHCS C yUEOHBIM TUIAHOM IPOBEICHUS
JIEKIUM U CIIMCKOM PEKOMEHAOBAHHOU JINTEPATYPHI.

Ilepen mnocemeHueM O4YEpPENHON JIEKUUMM OCBEXHUTh B IAMATH OCHOBHBIE KOHUEHLUHU
MPONJEHHOTO paHee Marepuaia. [1oAroToBUTH nMpu HEOOXOAUMOCTH BOMPOCH MpemnoaBatento. He
HAJ0 OIacaThCs, YTO BOIPOCHI MOT'YT OBITh MPOCTHIMHU.

Ha nexkuuu OCHOBHOE BHHMaHHE CJeIyeT YAeNsATh He (opMynaM U MaTeMaTUYECKUM
BBIKJIa/IKaM, a COJIEPKaHUIO U3ydaeMbIX BOIIPOCOB, OIIPEIEICHUSIM U TIOCTAHOBKAM 3a]1a4.

B nmpouecce wu3yuyeHHMs JIEKIMOHHOTO Kypca HEOOXOIUMO 110 BO3MOXKHOCTH YacTO
BO3BpAIaThCs K OCHOBHBIM TOHSATHSIM M METOJaM PEUICHHUs 33/1a4 (3/1eCh BO3MOKEH BBHIOOPOUHBIN
KOHTPOJIb 3HAaHUH CTYJIEHTOB).

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

Jns OGonee mnoapoOHOro wu3ydeHuss Kypca cieayer padoTarb C PEKOMEHI0BaHHBIMU
JUTEpPaTypHbIMU UICTOYHUKAMHU U BHOBb IOSBIIIOIIMMUCS UCTOUHUKAMU.

2. YkazaHus 175 ydacTus Ha J1a00paTOPHBIX 3aHATHUSX.

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

[lepen ucnpiTaHWEM aKTHBHO Yy4acTBOBaThb B OOCYXKJIEHHUU C IPENOJABATEIIEM OCHOBHBIX
MOHSTUH, CBSI3aHHBIX C TEMOW 3aHATHS.

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

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

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

[ToaroToBUTH MUCEMEHHBINA OTYET O MPOJCIAHHON padoTe.

3. CamocrosTenbHas paboTa CTYACHTOB OOBIYHO CKJIAJBIBACTCS 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 HEIOCPEACTBEHHO NIEPE] HUM.

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

MeTtoauyeckue peKOMEHAALMH ISl IpenogaBareien

Meroanueckue yka3aHus K MPOBEACHUIO JIEKIINN

.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 ¢ pacImipCHuEM U yr)'[y6J'IeHI/IeM COACPIKaHUA J'ICI(I.II/If/i HU3MCHACTCA MCTOJHUKA HX
MMPOBCACHWA, OCHOBAHHAsd Ha MCIIOJIB30BAHHMU PA3JIMYHOIO0 pOJa CTPYKTYPHO-JIOTMYCCKHX CXEM,
KaXXJass U3 KOTOPBIX UMECT CBOIO COACPIKATCIbHYIO CYTh U Ha3HAUYCHHUEC B IMOCTPOCHUU By30BCKOI>i
JICKIINH. TaK, q)yHKI_[I/IOHaHBHI)Ie CXEMBbI, paCKPbIBAOIIHE JIOTUKY TOI'O UJIM MHOI'O I€Jar oru4ac€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



MOCTPOCHHE  MaTepHuaia, CHOCOOCTBYIOT —TPEBPALICHHUIO JIGKIMH U3  MH(POPMAIMOHHO-
PENpPOAYKTUBHOM B CTPYKTYPHO- HAIETUBAIOIIYIO (WIM MPOOJIEMHO-TIOMCKOBYIO, MJIM 0O30pHO-
TEMaTU4YECKYI0 — B 3aBUCHUMOCTM OT TeMbl). MHEMO3HaKd NpPHUAAIOT JIEKIUH YETKOCTb,
KOHKPETHOCTb, KpaTKOCTh BO BBEICHUU MTOHATUWHOTO anmapara.

Jlexuus — BecbMa 3KOHOMHBIA CIOCO0 M3JI0KEHHUSI OCHOB 3HAHMM, 3aKJIaJIbIBAET OCHOBBI
IIOHUMAaHUs CTYIAEHTaMU CYIIHOCTH 3TUX 3HAHWM, SMOLMOHAJIBbHOE OTHOUIEHUE K 3HAHUAM,
HaIpPaBIIFET MYTU U CIOCOObI MPUOOPETEHUS ITUX 3HAHUH.

OcHoBHasl TuIaKTUYeCKast LeJb JIEKIMU — OPMUPOBAHUE OPUEHTHUPOBOYHOM OCHOBBI JIJIS
MOCJIEAYIOLIET0 YCBOGHUS CTYACHTaMU yueOHOTo MaTepHara.

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

MO’KHO BBIIEINUTH U IPEUMYILECTBA JIEKIUH:

- TBOPYECKOE OOILICHHE JIEKTOPA C ayIUTOPHEH, COTBOPUECTBO, IMOIIMOHAIBHOE
B3aHMOJICHCTBHUE;

- JIeKIIUSl BeChbMa SKOHOMHBIN CIOCOO IMOJNy4eHHs B OOIIEM BHAE OCHOB 3HAHUI; JEKIUS
AKTUBU3UPYET MBICIICHHYIO JEATEIbHOCTb, €CIM XOPOUIO MOHSATAa W BHUMATEIBHO IPOCIYILAHA,
MOATOMY 3ajJaya JIEKTOpa — pa3BUBaTh AKTMBHOE BHUMAHUE CTYJIEHTOB, BbI3bIBATH JBUKEHHE UX
MBICIIU BCJIE]] 32 MBICIIBIO JIEKTOpA.

Ot mactepcTBa mpenojaBareisl 3aBUCUT MaKCUMaJIbHOE HCIOJIb30BAaHUE MMOTEHIMAIBbHBIX
BO3MOXXHOCTEH 3TOW Bemymied (opMbl By30BCKOro oOydenus. Ho mporecc oO0ydeHHs, HAUNHASCh
Ha JICKLIUU, TTPOJIOJIKAETCSA Ha MPAKTUUECKUX 3aHATUAX U YIITYOIseTCs CaMOCTOSITEIbBHONU paboTOM.
B 3aBucuMOCTH OT MecTa B JIGKIIMOHHOM WJIM HPEIMETHOM Y4eOHOM Kypce BBIACISIOT BBOJIHYIO
nekuuo. OHa 3HAKOMUT CTYJEHTOB C LEJIbI0O U HAa3HAYEHUEM Kypca, €ro pojibl0 U MECTOM B
cucTeMe y4eOHBIX AUCUMILTUH. [lanee qaetcst kpaTkuii 0030p Kypca (BexXu pa3BUTHS JaHHON HAYKH,
MMEHA W3BECTHBIX YYEHBIX). B Takol JEeKIUU CTaBATCS HaydHble IPOOJIEMBbI, BBIIBUTAIOTCS
TUIOTE3bl, HAMEYAIOTCS MEPCIEeKTUBBl Pa3BUTHS HAyKU M €€ BKJIaJa B NpakTuKy. Bo BBomHON
JIEKIIUK BAKHO CBS3aTh TEOPETUUYCCKUI MaTepuan ¢ MPAKTHKON Oymymieil paboThl CIEIUAIUCTOB.
Hanee nenecoodpa3Ho pacckazath 00 o0miei MeToauke padoThl Hajl KypcoM, JaTh XapaKTEPUCTUKY
yueOHUKa U y4eOHBIX MOCOOMH, 03HAKOMUTH CIylIaTeNlel ¢ 00s3aTeNbHbBIM CIHCKOM JIUTEPATYpHI,
pacckazatb 00 »5K3aMeHAllMOHHBIX TpeOoBaHusX. [lonoOHOe BBeIeHHE IMOMOraeT CTyAEHTaM
MOJYy4YUTh OOIIee MpeACTaBIEHUE O MpeIMeTe, OPUEHTUPYET UX Ha CUCTEMaTHYECKyI0 paboTy Haj
KOHCIIEKTaMH U JIUTEPATYpPOH, 3HAKOMUT C METOAUKON pabOThI HaJl KYPCOM.

[Ipy moxAroToBKe YKa3aHHOM JeKUUil 1eecoo0pa3Ho y4yecTb MpoOenbl B 3HAHMAX
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 00sacT. Ha UTOrOBOI JIeKITMU MIpenoiaBaTelib
BbIJIETISIET OCHOBHBIE UJIEU Kypca, TIOKa3bIBaeT, KAKUM 00pa30M MOKHO HCII0JIb30BATh MOJTYYEHHbIE
3HaHMWA Ha NpaKTUKE M TPU H3YYEHUU JpYrux AucuuIvivH. [loaBojsTcss MTOrM H3ydeHHs
JMCLUIUIMHBI, TIOKa3bIBae€TCs €€ 3HaueHue B (OPMHUPOBAHMM HAYYHOTO MHPOBO33PEHUS,
00CYX1al0TCsl OCOOCHHOCTH 3a4eTa WM K3aMeHa MO MPeMETY.

Jlexuus-Bu3yanu3anysi BO3HUKIIA KaK Pe3yJIbTaT MONCKA HOBBIX BO3MOYKHOCTEN pealln3alyn
NpUHOMIA  HarasgHocTu.  [lcuxosoro-menarorudyeckve  HCCIIENOBAaHUS — IOKAa3blBalOT, YTO
HarJIsiTHOCTh HE TOJBKO CIOCOOCTBYET 00Jiee YCIEeIIHOMY BOCIPHUATHIO U 3alIOMUHAHHUIO Y4€OHOTO
MaTepuaiga, HO U TIO3BOJISIET NPOHUKHYTH IIIy0)Ke B CYIIECTBO IO3HABaeMbIX SIBJICHHH. IDTO
MPOUCXOJUT 3a c4eT paboThl OOOMX MOJyHIapUi, a HE OJHOTO JIEBOTO, JOTHYECKOIr0, MPUBBIYHO
paboTtatoiiero mpu OCBOGHMHM TOYHBIX HayK. [IpaBoe mosymapue, orBewaroiiee 3a oOpa3HO-
HMOIMOHAIBHOE BOCIIPUATHE NPEIbABIsieMON HH(DOPMAIIMK, HAYUNHACT aKTUBHO pabOTaTh UMEHHO



IpU ee BHU3yaln3zaluuu. BusyannmzoBaHHas JIEKIMsS NPEICTaBIseT COOOH YCTHYIO HH(OpMALHUIO,
mpeoOpa3oBaHHYI0 B BU3YalbHYIO (opmy. Bupeopsin, Oyaydum BOCHPUHSTBIM W OCO3HAHHBIM,
CMOXKET CIIY)KUThb OIIOPOM aJCKBATHBIX MBICICH M IPAKTUYECKUX JercTBuil. IIpenonasareis
JIOJDKEH BBITMOJHUATH TaKUe JEMOHCTPAIIMOHHBIE MaTepHalIbl, TaKUe (OPMBI HATJISAHOCTH, KOTOPBIE
HE TOJBKO JOIOJHSIOT CJIOBECHYIO HH(POPMALMIO, HO CaMM BBICTYHNAIOT HOCUTEISIMHU
cozepkaresibHOM uMHpopManuu. IloaroToBka Takod JEKIMM COCTOMT B PEKOHCTPYMPOBAHUH,
NEPEeKOIUPOBAHUM COJCPKAHUA JIEKLIMU WIM €€ YacTH B BU3YyallbHYIO (hOpMY AJIS MpebsBICHUS
cryaentam yepe3 TCO unu BpyuHyro (claiiibl, IVIEHKH, IUIAHILETHI, YEPTEXKU, PUCYHKH, CXEMBI U
T.J.).

Jlexuus ¢ 3apaHee 3alyIaHUPOBAHHBIMHU OLIMOKaMM aKTUBU3UPOBATH BHUMAHUE CTYIECHTOB;
pa3BUBATh X MBICIUTEIBHYIO JIEATEIBHOCTD; (HOPMUPOBATH YMEHHSI BHICTYIIATh B POJI AKCIIEPTOB,
peneH3eHToB U T.J. [IoaroToBka K JEKIUH C 3apaHee 3alJIaHUPOBAHHBIMU OIIMOKAMH COCTOUT B
TOM, 4YTOOBI 3aJIO)KUTh B HEE OINPEACICHHOE KOJIUYECTBO OMIMOOK COJEepPKATEIbHOTO,
METOAMYECKOI0, TOBEJCHUYECKOr0 XapaKkTepa, X CIUCOK IpernojaBaTeib MPUHOCUT Ha JIEKLUIO U
IpeIbsBIET CTyleHTaM B KoHLe. [logOupatorcs Hanbosee TUIIMYHbIE OIIMOKH, KOTOpPbIE, OOBIYHO,
HE BBIIITYMBAIOTCS, @, KaK Obl, 3aTYIIEBBIBAIOTCS. 3a/laya CTYEHTOB COCTOUT B TOM, YTOOBI IO X0y
JEKIMM OTMeYaTh OIMOKH, (PUKCHPOBATh X Ha MOJIAX U Ha3bIBaTh UX B KoHLE. Ha pa3bop omubok
orBoguTcst 5—10 munyt. Ilpy 3TOM paBUIIbHBIE OTBETHI HA3bIBAIOT U CTYAEHTHI, U IPENOAABATEb.
Takas nexuus oJHOBPEMEHHO BBIMOJIHAET CTUMYJIUPYIOLIYIO, KOHTPOJIbHYIO U AUArHOCTUYECKYIO
(GyHKIHIO, TOMOTasi TUarHOCTUPOBATh TPYAHOCTH YCBOCHHS MPEIBIAYIIETO MaTepHaa.

CTpyKTypa 3aBHUCHUT OT OCOOEHHOCTEH Y4YeOHOro Marepuaia U JUJAKTHYECKOW IIeNH;
JIOJKHA BKJIIOYATh JIEMEHT LIeJIeNoNaranus U 1nojBeeHus UTorop. CTpyKTypa JIEKLIUU COCTOUT U3
TPEX OCHOBHBIX MOMEHTOB: BBOJIHAs YaCTh, OCHOBHAs YaCTh U 3aKJIIOYUTEIbHAS.

BBosHyI0 yacTh JeKIMH 11eeco00pa3HO HAYMHATh C (HOPMYJIUPOBKU €€ TeMbl U IIEJH,
4TOOBI U30€XKaTh ee JAEeKJIApaTUBHOCTH U HEONPEIEICHHOCTU B U3JI0XKeHUn Martepuana. CooOlrieHue
TuTaHa Jiekuuu obecneunBaeT Ha 10-12% OGonee moiaHOEe 3allOMUHAHKE MaTepHana, 9YeM Ha TOU ke
JIEeKUUH, HO 0e3 ornamieHus miaHa. CyliecTByeT MHEHUE, YTO JIEKLUS YAAeTCA WK POBAJIMBAETCS
B niepBble 10 MunyT. [loaTOMYy yMeHue oBIageTh BHUMAHUEM CITylIaTeNIel y’Ke BO BBOJHOW YacCTH
oueHb BaxkHO. Hepenko, 0cOOEHHO B Hayase YTeHHUsS Kypca, CTYJEHTbl HaCTOPOKEHHO BCTPEYArOT
IIpenojaBaTeis, MOATOMY OIBITHBIE JIEKTOPHl HAYMHAIOT BBOJHYIK) YacThb C SIPKUX, MOHSATHBIX
(bakTOB, CBS3aHHBIX C COJEP’KAaHUEM MpeAMEeTa U CIIOCOOHBIX MPOoOy MHTEpEeC K CBOEH JIMYHOCTU U
YUTAEMOH IHUCLUIUIMHE.

B ocHoBHOIl yacTu mpenojaBaTenar0 HEOOXOJUMO M3JIaraTh MaTrepual B COOTBETCTBUH CO
CTPYKTYpOH  JIEKLIMH, YYMTHIBaTh IICUXOJOTMYECKHME OCOOCHHOCTH BOCHPUATHS  JIEKLUH.
HeoOxonuMo MakcuManbHO UCIIONB30BaTh NepBble 15-20 MUHYT — epuoJl «T1y00KOr0» BHUMAHHUS
clyliaresnei, Jajiee HACTyHaroT YTOMJIEHME M CHUKEHHME BHHUMaHUS (MaKCHUMallbHOE IaJieHHe
paborocriocoOHoctu Ha 40-if MunHyTe nekuuu). Hamnbosnee, BaxkHBIM MaTepuan B JICKIIUU JOJKEH
MOBTOPSITHCS, CO3[aBasi HEKOTOPYIO H30BITOYHOCTh Y4eOHOM MH(pOpManuu, Tak Kak KosieOaHus
BHUMAaHMsI POUCXOAT KaX/bple 2-3 MUH y Kaxaoro ciymarens. Llenecoobpa3Ho npeaBapuTenbsHO
paccUMThIBaTh CKOPOCTh Mojaauu uHpopmarmu. CymecTBYIOT MpaBuia nojaun Matepuana. OHu
ONUPAIOTCS Ha TICHXOJOTMYECKYI0 OCOOEHHOCTh YelloBeKa — Bocmpuatue. Bo Bpemsi OCHOBHOMU
4acTH TIOMOTaeT YyAEp KMBaThb BHUMAaHUE CiyllaTesedl BO3BpalleHHE K CTEp)KHEBOM wnuee. B
apceHaie JIeKTopa JOJDKHBI OBbITh CBOM IPHUEMBI: BO3MOXEH IMEpexoJ] Ha UIYTJIUBBIA TOH
M3JI0’KEHUS; MOKHO 3aJ1aTh BOIPOC ayJUTOPUH U MOMPOCUTH JIFOOOTO CTY/I€HTa OTBETUThH HA HETO;
MO>KHO MPOYECTh KaKyr-I100 HUTATy U B 3TO BPEMsl MMO3BOJIUTH CIYIIATENSAM ClIelaTh MUHYTHYIO
TUMHACTUKY JUIsl AJBLIEB U JJaKe TIOTOBOPUTH C COCEIOM; MPUBECTH MHTEPECHBIN (WK Jlaxe Jale
aHEeKJOTHYHBIN) Clydail M3 MPAaKTUKHU, KOTOPBIA BBI3BIBAT Obl JAPYXHBIA CMeX CiylIaTene,



MOMEHTAJIBHO CHUMAJI Y HUX YCTaJIOCTh, 1aBajl Pa3psAKy, BOSMOXXHOCTb U KEJIaHUE BOCIIPUHUMATh
JIEKIIMOHHBIN MaTepua Jajblile, HO OHA JIOJKHA ObITh KOPOTKOW, TAKTUYHON U K MECTY.

TiarenbHO HAaJO MPOAYMATh 3aKJIIOUUTENIBHYIO YacTh JIEKIIMH, IOBTOPUTH €€ MOJIOKEHUS, a
Ha CJENYIOIIEH JIEKIMM HauyaTh MMEHHO C HUX. 3aKJIIOUUTENIbHAs 4YacTh JIEKLUU IPEAIoJiaracr:
IOJIBEICHUE HTOroB; OOOOIIEHHE IPOYUTAHHOIO U YK€ 3HAKOMOIO, U3 CaMOCTOSTEIbHO
M3YYEHHOI'O CTyJE€HTaMH, MaTepuaya, (OpMyJIUpPOBKY BBIBOJOB M T.A. 3A€Ch Mpecieayercs Lelb
OPHEHTUPOBATh CTYAECHTOB Ha CaMOCTOATENIbHYIO paboTy. J{i1st 3TOro Moxer ObITh pEeKOMEHJ0BaHA
auTepatypa MO HU3yyaeMoH mpoOieMaTHKe, pa3bsCHEHO, KakKMe BOINPOCHl BBIHOCATCS Ha
IPAKTUYECKHE 3aHATHS, @ KaKue He0OOXOMMO U3YYUTh CAMOCTOSITEIIBHO.

B camom KoOHIE JEeKIMM ClE€IyeT OTBETHTh Ha BOIPOCHl CTYJIEHTOB, BO3MOXHO
MOCTyNMuUBIIME B (hopMe 3amnucok (0 TaKOH BO3MOXKHOCTH HAJI0 MPEAYNPEIUTh CTYIEHTOB 3apaHee).
Co cryneHTamH, NMPOSBUBIIMMH HHTEPEC K TeME JIEKIIUH, JKEIaTeJbHO MoOeceoBaTh IMOCie ee
OKOHYaHUS, IPUIJIACUTh UX Ha KOHCYJIBTALMIO 711 IPOJODKEHUs pa3roBopa. OTBeuas Ha HaUBHbIE
WIHA HeJlenble BOIPOCHI HAJ0 LIAJUTh CaMOJKOOME CTyleHTa, Majeias O0ecTakTHOCTh MPU 3TOM
MOJKET IIPUBECTH K MOTEpEe KOHTAKTA C ayJUTOpUEH.

Crnenyer TpeboBaTh, 4YTOOBI Ha JIEKLUIO B ayAUTOPHUIO CTYIEHTHl MPUXOAMUIHN 32 HECKOJIBKO
MUHYT 10 ee Havaia. Omas3apiBaTh Ha JIEKIMIO M BXOJUTh B ayJAUTOPHIO IOCJIE JEKTOpa
OOJIBIIMHCTBO OMBITHBIX IpEroaBaTeNeil He paspemaioT. HaunmHas JeKiumo, He pPEeKOMEHIYeTCs
JIeNIaTh JJIUTENbHOE BCTYIIJIEHUE, HE OTHOCSILEECS K TEME JIEKLIUU.

MeTtonnyeckue yka3zaHus K IpOBEACHUIO JJAOOPATOPHBIX 3aHATHM

JlaGoparopHble  3aHATUS UHTETPUPYIOT  TEOPETUKO-METOAOJIOTMYECKHE  3HAHUS U
IPAKTUYECKHE HABBIKHU M YMEHHUS CTYICHTOB B €IUHOM IIpolecce IesTeIbHOCTH Y4eOHO-
HCCIIIOBATENIbCKOrO  XapakTepa. [IpakTHueckd Bce BBINYCKHUKU By3a JIOJDKHBI  OBITh
IOJITOTOBJIEHBI K HCCIIEN0BATEeNbCKOM padote. JlabopaTopHble 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 3aHATHS JODKHBI BECTH CTYACHTOB K JaJIbHEHIEH yriyOleHHOH CaMOCTOSTEIbHON
paboTe, aKkTUBU3MPOBATh UX MBICIUTEIBHYIO JE€ATEIbHOCTh, BOOPYKAaTh METOJIaMHU MPaKTUYECKON
paboTHI.

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

- yrayOJlleHue U 3aKpeIuIeHHe 3HaHHMs TEOPEeTHYECKOro Kypca 3KCIEepUMEHTAIbHOM
IIPOBEPKOH B TAOOPATOPHBIX YCIOBUSAX M3JI0KEHHBIX B JIEKIMAX 3aKOHOB, OJIOKEHUN U POPMYIT;

- NpUOOpPETEHHE HABBIKOB B HAayYHOM OHKCIEPUMEHTUPOBAHHMM, AaHAJIM3E IOJyUYEHHBIX
pE3YJIBTATOB;

- (GopMHUpOBAaHME TEPBUYHBIX HABBIKOB OpraHU3alluy, IUIAHUPOBAHHUS U IPOBEIEHUS
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 Y4€OHBIX MOMEIEHUH 1 HaIn4us o0opyaoBaHus. B 3aBUCMMOCTH OT 3THX
YCJIOBUH MPUMEHSIOT CIIeayIole GOpMbI IPOBEACHNUS J1a00paTOPHBIX 3aHATHI: (GPOHTAIBHYIO, IO
[UKJIaM, WHAMBUIYAIbHYIO M CMEUIaHHYI0 (KOMOMHMpOBaHHYI0). @poHTanbHas ¢dopma
NpoBe/ieHUs] 1a0OpaTOPHBIX 3aHATUN MPEAINoaracT OJHOBPEMEHHOE BBIIOJHEHHE PabOThl BCEMHU
oOyvarormumucs. Ee mpuMmeHeHHe CcmocoOCTByeT Oosiee TIyOOKOMY YCBOCHHMIO YYEOHOTO
MaTepuaia, MOCKOJIbKY TpaHK BBINOJIHEHUS JIa0OpaTOPHBIX pabOT TIIOCTaBI€H B YETKOE
COOTBETCTBHE C JIEKIMSIMH U ynpaxkHeHussMu. [Ipu 3Tom obecrieunBaeTcsi BHICOKMIT METOIUYECKUI
YpOBEHb MpOBEAECHUS paboT, TaK KaK Ha KaXJIOM 3aHITHUM BHUMaHUE IperojaBaTels
COCPEIOTOYUBAETCS JHILIb HA OJHOW padore. OgHako 3Ta Gopma TpedyeT OOJBIIOro KOJUYECTBA



OJHOTHUITHOTO, MHOTJA JOPOTOCTOSIIEro OOOpPYJOBAaHUS M YHUBEPCAIbHBIX CTEHNIOB, a JUIS MX
pasMelieHust - 3HAYUTEIbHBIX Ja0OpaTOpHBIX IUIomanei. MHorma B By3ax HCIOJIB3YyeTCs
OpraHu3anys J1adopaTopHbIX padoT mo rukiaaM. [Ipu 3ToM paboThI JeNATCS HAa HECKOJIBKO IIUKIIOB,
COOTBETCTBYIOLIMX OIpPEACNICHHBIM pa3zesiaM JeKIIMOHHOTO Kypca. B oauH mukn o0beIuHSIIOTCS
3—5 pabotr, ocCyulecTBIs€MbIX, Kak IMpaBWIO, Ha OJHOTUIHBIX cTeHaax. OOyuwarommuecs
BBINOJIHAIOT paboThl 1O rpaduky, Hepexois OT OJHOro IMKiIa K apyromy. IlpuMenutenbHO K
LUKJIOBOM (opMe OpraHu3ally CO3JAK0TCs J1aOOpAaTOpHbIE MPAKTHUKYMbl IO JUCLMILIMHAM,
UMEIOIIMM B IpOorpaMMax 4eTko O00O3HaueHHblE pa3jieiabl [PUMEPHO  OAMHAKOBOM
IPOAOJDKUTEIBHOCTH 10 BpeMeHU. Bysbl, pacnonararomue OOJBIIMMU BO3MOKHOCTSMHU IO
nabopaTopHoii 0a3e, BHEAPAIOT WHAWBUIAYAIBbHYIO (OpMY OpraHuzanuu padoT, MpU KOTOPOU
KaXIbIi CTYACHT BBINIOJHSIET BCE HAMEUCHHBIE MporpaMmoil paboThl B  OIpeaesieHHON
MOCJIeIOBATEIbHOCTH, yCTAaHABIMBaeMON rpadukoM. B 3ToM ciyyae CTYAEHTHI OAHOBPEMEHHO
MOTYT paboTaTh HaJa pa3NU4YHbIMH TeMaMu. Hambosiee yacTo B By3ax HCHOJB3YETCSl CMEIIaHHas
(xoMOMHMpOBaHHas1) (hopMa OpraHu3alMy Ja0OpPATOPHBIX 3aHATHH, MO3BOJIIOIIAS HCIIOJIb30BaTh
IIPEUMYIIECTBA KaXJI0M U3 PACCMOTPEHHBIX BbIIIE (GOPM.

JlaGopaTopHble pPa0OThl BBINOJHAIOTCS CTYAEHTaMH CaMOCTOATENBbHO. JTO 3HAYUT, YTO
IpernoiaBaTeslb U COCTaB yueOHOM y1aboparopuu (kadeapbl) B X0Je 3aHATUS JOJKHBI HE CTOJIBKO
KOHTPOJIMPOBATh, CKOJBKO OCYIIECTBIIATh HAYYHOE W METOAWYECKOE PYKOBOJICTBO JEHCTBUAMHU
oOydatomuxcsi. PykoBoACTBO JIEHCTBUSMU BENETCS TakK, 4TOOBI, C OJHOW CTOPOHBI, 0OCCIICUYUTH
MPOSIBJICHUE WHUIIMATUBBI U CAMOCTOSITEILHOCTH CTY/ICHTOB, a C APYrod, — JAEpKaTh HENPEPHIBHO
B T10JI€ 3peHHsI paboTy KaKJ0T0, JIUIIb B CAMBIX HEOOXOIUMBIX CIYYasX MPUXOAUTH Ha TOMOIIb.

3.Yka3aHus 110 KOHTPOJIIO CAMOCTOSITENIbHOW PabOThl CTYACHTOB

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

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

[lpy npumeHeHuM (POHTAIBHBIX 33aJaHUK BECTH KOJUICKTUBHBIE OOCYKICHHS CO
CTY/ICHTAaMH OCHOBHBIX TEOPETUYECKHX TOJOKCHUH.

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

[Iporpamma coctaBieHa B cootBeTcTBUU ¢ TpeboBanusimu OC HUAY MUDU u yueOHbIM
IUTAHOM OCHOBHOM 00pa3oBaTeNbHOM MporpaMMbl [0 HampaBlieHHI0 noAarotoBku 13.03.02
DNEKTPOIHEPreTHKA U IIEKTPOTEXHUKA.

Pabouyto nporpammy coctasui npodeccop Koo3es P.A.

Penienzent: gouent ['yoaTtenko M.C.

[Iporpamma omobpena Ha 3aceganmu YMKH 13.03.02 DnekrposHepretuka U
AIEKTPOTEXHHUKA.

[Tpencenarens yuebHo-MeToanueckoi komuccuu ['ybarenko M.C.



