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JIner akryaamzanuu pado4eil mporpaMmbl

Pabouast mporpamMma rnepecMoTpeHa, 00CykaeHa U 0100peHa s peanuzanuu B 2023 - 2024
y4eOHOM Oy Ha 3aceaHuu Kapeapsl ABTOMATHU3UPOBAHHOTO JIEKTPOIPUBOIA U

[Ipotokom ot 20 r. Ne

3aB. kadeapoii A.A. Huxornaes

Pabouas mporpamMma rnepecMoTpeHa, 00CykaeHa 1 0100peHa s peanusaruu B 2024 - 2025
y4eOHOM oy Ha 3aceaHuu Kapeapsl ABTOMATHU3UPOBAHHOTO JIEKTPOIPUBOIA U

IIporokomor 20 1. Ne

3aB. kadeapoii A.A. Hukonaes




1 Ilesin ocBOEHMSI IMCUMILTUHBI (MOIYJISA)
LlensiMu OCBOEGHUS ITUCHUIUIUHBI «METOAONOrHS M METOJbl HAay4YHOTO HCCIEIOBaHUS»
SBIIIIOTCS:  Pa3BUTHE Yy CTYJASHTOB JIMYHOCTHBIX KauyecTB, a Takke (OPMUPOBAHUE

po¢eCCUOHAIBHBIX KOMIETEHITUH B cOOTBETCTBHH ¢ TpeboBanusimu @I'OC BO 1o cienuaibHOCTH
15.04.06 MexaTpoHuka u poOOTOTEXHHKA.

2 MecTo TUCHUIJIMHBI (MOYJIsI) B CTPYKTYpe 00pa3oBaTe/ibHOIi MPOrpaMmbl

Juctumimaa MeToIoIorust 1 METOAbl HAYYHOTO MCCIIEI0BAaHUSI BXOJHUT B YaCTh Y4eOHOTO
w1aHa GopMUPYEMYIO yUaCTHUKaMU 00pa30BaTeIbHbIX OTHOIICHUH 00pa30BaTeIbHON MPOTPaMMBbI.

JIist u3ydeHust TUCIUILIIMHBI HEOOXOIUMBI 3HAHUS (YMEHUS, BIaJACHUS ), CPOPMUpPOBAHHBIC B
pe3ynbTaTe U3y4eHus! JUCLMILTUH/ TPaKTUK:

Anrebpa JJIOTUKHM U OCHOBBI AUCKPETHOM TEXHUKHU

dusuka

CunoBast 2JIEKTPOHMKA

TeopeTnueckne OCHOBBI JIEKTPOTEXHUKHU

MarepuanoBeieHHE U TEXHOJIOTUS KOHCTPYKIIMOHHBIX MaTEPUAJIOB

3HaHus (yMEHUs, BJIAJICHUS), MOJIYYEHHbIE IPU HM3YyYCHUU JaHHOW AUCUUIUIUHBI OyIyT
HEOOXOAUMBI JIJIsl U3YUSHHST TUCIUTUINH/TIPAKTHK:

JlonosHUTEIBHBIE IVIaBBI MATEMATUKH B DJIEKTPOIHEPTETUKE U DIIEKTPOTEXHUKE

MonenupoBaHHe NIEKTPOTEXHUUECKUX KOMILIEKCOB U CUCTEM

[ToaroToBka K mporeaype 3auiiThl ¥ 3alIUTa BHITYCKHOW KBATH()UKAMOHHONW pabOTHI

3 KoMmnerenuuun odyyarouierocsi, popMupyemMbie B pe3yJbTaTe 0CBOECHHUS

AUCHHILIMHBI (MOAYJISA) U INIAHUPYEMbIe pe3yJibTaThl 00y4YeHUs1

B pesynbrate ocBOeHMs IUCHMIUIMHBI (MOAyns) «MeTomosnorus ¥ MeETOAbl HAaydyHOTO
HCCIIEIOBaHM 00yJaroUuiics JOHKEeH 001a1aTh CIeyIOIIUMHA KOMIETEHIIUSIMU:

KOI[ HHIUKaATopa I/IHI[I/IKaTop JOCTHXKECHUA KOMIICTCHIIN

VYK-1 CrnocoGeH ocCymIecTBIsATh KPUTUYECKUI aHaIW3 MNpOOJIEMHBIX CUTyalluii Ha OCHOBE
CHCTEMHOTO MOJIX0/1a, BRIPa0aThIBATh CTPATETHIO JICHCTBHI

YK-1.1 AHanu3upyeT MpOOJEMHYIO CHTYaIlMl0 KaK CHCTEMY, BBIABIAS €€
COCTaBJISIFOLINE U CBA3U MEXKIY HUMHU
YK-1.2 Kputnuecku orieHuBaeT HaJIG)KHOCTh UCTOYHUKOB HH(pOpMaIuu, paboTaeT ¢

OPOTUBOPEYMBON HHGpOpMaLKell U3 pa3HbIX HCTOYHUKOB, OIpeIenseT
npoOensl B HMHPOPMALMKM, HEOOXOAUMOM MJisi pEIIeHHUs] MPOOJIEMHON
CUTYallUH, U IPOEKTUPYET NPOLIECCHI 110 UX YCTPAHEHUIO

YK-1.3 Pa3zpa0aTbIiBaeT U colep)KaTeIbHO apryMEHTUPYET CTpPATEeTHI0 peIleHUs
npoOJIeMHOI CHTyallMd Ha OCHOBE CHUCTEMHOTO W MEXTUCIHILTHHAPHOTO
NOJIXO/0B; CTPOMT CIEHAPUM PpEAIN3aLUU  CTPATETuu, ONpeaAesss
BO3MOYKHBIE PHCKH ¥ IIPEIaras yTH UX YCTPAHEHUS

VYK-6 CriocobeH omnpenensiTe M peaqn30BbIBaTh NMPHOPUTETHl COOCTBEHHOW MAEATENbHOCTH M
CIOCOOBI €€ COBEPILIEHCTBOBAHMS HA OCHOBE CAMOOIIEHKHU

YK-6.1 Omnpenensier o0Opa3oBaTeNbHbIC NOTPeOHOCTH u CIOCOO0BI
COBEpIICHCTBOBAHUSA COOCTBEHHOH (B TOM uHcie MNPOPecCHOHATBHOMN)
JeSITeIbHOCTH Ha OCHOBE CAMOOIICHKH

YK-6.2 BriOupaer u peanusyer ¢ UCHOJIb30BAaHUEM MHCTPYMEHTOB HENPEPHIBHOTO
00pa3oBaHUs BO3MOXXHOCTH Pa3BHTHUS POPECCHOHATHLHBIX KOMITETCHIINN U
COLIMAJIbHBIX HABBIKOB




VK-6.3

BricTpanBaer rHOKYI0 TNpOPECCHOHAIBHYIO TPACKTOPHIO C  YYETOM
HAKOIUICHHOTO OMbITa TPOGECCHOHATBHONU JESTEIBHOCTH, JTUHAMUYHO
U3MEHSIONINXCS TPEOOBAHMI PhIHKA TPY/Ia U CTPATETUH JJMYHOTO PA3BUTHS

OIIK-1 Cnoocoben

(bOpMyanOBaTB e MW 3aJa4ru HCCICOOBAHNs, BBIABIIATHL IIPUOPUTETHL

peleHus 3a7a4, BHIOUPaTh KPUTEPUH OICHKH

OIlK-1.1 Hcnonp3yeT MeToapl HAYYHOTO HCCIACAOBAHHS IS PEIICHHS MpobiemM
COBPEMEHHOM SHEPTreTUKHU
OIIK-1.2 Crocoben ¢QopmynupoBaTh KpuTepuu OuIEHKH 3(deKkTuBHOCTH MyTei

PCIICHUS IOCTABJICHHBIX 3a1a4

OIIK-2 Crioco6eH MpuMEHSATh COBPEMEHHBIE METO/IbI UCCIICIOBAHMS, OIIEHUBATH U TIPEICTABIIATD
pPE3yIbTAThI BRIIOJIHESHHON pabOThI

OIIK-2.1 BreiOupaer W TpUMEHSET COBPEMEHHbIE METOABl TEOPETUYECKHX U
JKCIIEPUMEHTAIBHBIX HCCIENOBAHUNA C YYETOM aBTOMAaTU3UPOBAHHBIX U
KOMIIbIOTEPHBIX CPEJCTB

OIIK-2.2 OneHuBaeT M MPEJCTABISAET PE3yJIbTAaThl BHIMOJIHEHHOW pabOThl B BUIE

OTYCTOB U HPGSGHTaHI/Iﬁ

[IK-16 Cnocoben PYKOBOAUTHL MPOCKTAMU IO CO3JaHHUIO KOMIIJICKCHBIX CHCTEM Ha OCHOBC
AHAIMTHUKN OOJILIIMX JAaHHBIX B pa3JIMYHBIX OTPACJIAX CO CTOPOHBI 3aKa34HKa

I1K-16.1

PykoBOIUT MpoeKkTaMu MO MOCTPOSHUIO KOMILJIEKCHBIX CHCTEM Ha OCHOBE
AQHAJUTUKU OOJIBIIUX JAHHBIX B PA3JIMYHBI OTPACISAX CO CTOPOHBI 3aKa3UnKa
3HaeT: METOAOJIOTHIO U MPUHIUIIBI PYKOBOJICTBA MPOEKTAMU 110 CO3aHHIO,
MO/JIEPKKE U UCIIOIH30BAHUIO KOMIUIEKCHBIX CUCTEM Ha OCHOBE aHAIMTHKHU
OOJBIINX JAaHHBIX CO CTOPOHBI 3aKa34nKa; CeuuKy chep u oTpaciei, s
KOTOPBIX PEaTU3yeTCsl MPOCKT MO aHAJIUTUKE OOJBIITNX JTAHHBIX.

Ymeer: pemarbh 3aaud [0 PYKOBOJCTBY KOJUICKTUBHOM MPOEKTHOM
JeSATEIbHOCTBIO I CO3JaHus, MOJACPIKKH U UCTIOIB30BaHMUS KOMIUIEKCHBIX
CHUCTEM Ha OCHOBE AaHAJUTHKHU OOJIBIIUX JAHHBIX CO CTOPOHBI 3aKa3uHKa;
BBISIBIIATH HEOOJBINME MO MacmTaly TPOEKThl AHAJIUTHKH, KOTOpPHIE
MOTEHIIMAIbHO MOTYT MPEACTaBIATh MHTEPEC IS psAna Moapa3aencHuil /
CIyX0O WM 17 OpraHu3aluy B IL€JIOM; BBISBIATH O0JIACTH J€JIOBOM
JEATEIbHOCTH, KOTOpblE MOTEHUMATIbHO MOTYT MOJIYYUTh OTAA4y OT
AHAJTUTUKU

NMeer mpakTUYECKUU OMBIT: PYKOBOJACTBO MPOEKTAMH IO IMOCTPOEHUIO
KOMILUIEKCHBIX CHCTEM Ha OCHOBE aHAJUTUKH OOJNBIIMX JaHHBIX B
Pa3IMYHBIX OTPACISAX CO CTOPOHBI 3aKa34MKa




4. CTpyKTYypa, 00bEM M cOlep KaHNe TUCHUTITHHBI (MOTYJIs1)
OO01mast Tpy10eMKOCTh TUCITUTUIMHBI COCTaBIsIET 3 3a4eTHRIX efannanil 108 akas. yacoB, B TOM 4ucIe:

— KOHTaKkTHas pabora — 35,1 akaj. 4acos:

— ayauTopHas — 32 aKaj. 9acoB;

— BHeayauTopHas — 3,1 akaj. 4acos;

— caMocTosTenbHas paboTta — 37,2 akaj1. 4acos;

— B (hopme mpakTHueckoi moarotToBku — 0 akaz. vac;

— MOATOTOBKA K dK3aMeHy — 35,7 akaj. dac

dopma aTTecTalnu - IK3aMEH

AynutopHas e
. KOHTaKTHas paboTa E = dopma TeKyniero
=
B aKaJ. Jacax o Bun KOHTPOJISt
Pazgen/ Tema 3 (B axaz. vacax) £ . P
S & © | camocrosTenbHOM | ycneBaeMOCTH U Koz xomnereHmu
JUCLUATUINHBI 5 £ .
@) 5 2 & paboThI MIPOMEKYTOUHOM
nmab. | IpaxT.
Tlek. p z' arTecTaluu
3aH. 3aH. | U &
1. Metononorus HAYYHOTO
HCCIIEOBAHUS
CamocrosTenpHOe N
., | OTIOpHBIIl KOHCTIEKT
u3ydeHue yueOHon .
1.1 HayuHoe wuccienoBaHue JUTEPaTyphI JICKILHH.
: e N PaTyPHI, Mpakruueckue |YK-1.1
Kak (opMa TO3HaBaTEIbHOI 2 2 MOJrOTOBKA K
3aHATHUS, TIPOBEPKA
JeSTeTHHOCTH. BBITIOJTHEHUIO
. KOHCIIEKTa MO
NPaKTHYECKOU .
JTAHHOH TeMe.
padoThI
CamocrosTenpHOE
U3y4yeHue yueOHoi .
1.2 MeTtononoruueckue Y Y OnopHbIN KOHCTIEKT
JATEPaTypBHI, .
OCHOBBI JIeKIHH, VK -1.2
. 1 1 1 2 MOJTOTOBKA K
HAyYHO-HCCIICA0BATEIbCKON NpaKkTHYecKas
BBITIOJTHEHATO
JeSTETHHOCTH. . paboTa
MPaKTUYECKON
paboTsI
CamocrosTenpHOE
u3ydyeHue yueOHoi .
HTEDATVDbL OnopHbIi KOHCIEKT
1.3 Dramsl  opraHuM3anuu paTypbl, JIeKLUA, VK- 1.3, VK- 6.1
1 1 2 MOJTOTOBKA K
HAYYHOTO MCCJIEIOBAHUS MpaKkTUYecKas
BBIMOJIHEHUIO
. paboTa
MIPaKTHYECKON
paboThI
Uroro no pazaeny 4 2 6
2. Meronpt HAy4YHOTO
WCCIICIOBAHUS
CamocTosiTensHOe .
J3VHCHHE VaeGHOM OnopHbIi KOHCIIEKT
v yd JIEKIIUH. YK-6.2,
2.1 Knaccudpuxanus u JIUTEPATYpBI,
IIpaxTuyeckue
XapaKTEepUCTUKA meTonoB| 1 2 221 4 HOATOTOBKA K
3anstus, nposepka |[TK-16.1
HCCIICIOBAHUS BBITOJIHEHUIO
. KOHCIIEKTa MO
MIPaKTHYECKON .
JTAHHOH TeMe
paboTsI




CamocrosTenbHOE
H3yueHHe yueOHou

OnopHBIA KOHCIIEKT

JIUTEPATyPhI .
2.2 DKCIEPUMEHT KaK METOJ PaType!, JIEKINH, VK-6.3
2 4 MIOJTOTOBKA K
HAYYHOTO HMCCIIeIOBAHHUS MpaKTHIeCKast
BBITIOJTHEHUIO
. pabora
MIPaKTHYECKON
paboThI
CamocrosTenbHOE
n3ydeHue yaeOHon .
i i OnopHBI KOHCIIEKT
2.3 MaremaTH4yecKoe JIUTEpaTypBhl, .
JIEKLUH, OIlK-1.1
MOJICIIMPOBAHUE KaK METOJ] 2 2 4 MOJITOTOBKA K
HpaKTHIECKast
HAYYHOTO HCCIICIOBAHHUS. BBITIOJTHEHUIO aGora
NIPaKTUYECKOU p
padoThI
HUtoro mo pazneny 6 421 12
3. U3yueHue METOMOB HAYYHOTO
HCCIIENIOBAHUS, HCIONB3YeMBIX B
JNEKTPOTEXHUKE, HAa  OpUMEpe
9KCIIEPUMEHTATBHBIX u
TEOPETHYESCKUX HCCIIeIOBaHUIMA
PEKUMOB padoThI
JNIEKTPONPUBOIOB B COCTaBe
nabopatopuii Kadeapbl
3.1 JeranbHble
CamocrosTenpHOe
9KCIIEPUMEHTAIbHBIE u N .
u3ydeHune yueOHo# | OmopHbIi KOHCIIEKT
TEOPETHUECKUE HCCIICTOBAHUS . J—
HepexofHbIX IIPOLECCOB IIPH DaTypEL : OIlK-1.2
4 5 8 Ionroroska IIpaxkrngeckue
MPSIMOM MYCKa aCHHXPOHHOTO .
AyAUTOPHOH 3aHATHUS, TIPOBEPKA
IBHTATENs]  C  TOMOIIBIO N
KOHTPOJIGHOW | TOMAIITHETO 3aaHusl
CIEIHATN3UPOBAHHOTO aGoTe
HU3MEPHUTEHFHOTO KOMIUIEKCA. p
1
3.2 JleTampHBIX
IKCIIEPUMEHTAbHBIE u CaMOCTOSITETbHO
TEOPETHYECKUE HCCIIeIOBAHMS n3ydeHue yaeOHoi | OmopHBI KOHCIIEKT
PEXMMOB  pabOThl  CHCTEMBI ) 5 112 JIUTEPaTyphI, JIEKIHA. OIIK-2.1, OIIK-2.2
"TII-JIITHB" c ' TIOATOTOBKA K IIpakTrueckue
HCTIOb30BAHUEM NPaKTUIECKON 3aHSTHUS
CHEHaTN3UPOBAHHOTO pabote
H3MEPHUTEFHOTO KOMIUIEKCA.
HWtoro no paszeny 6 10 19,2
4. 3auer
o VK-1.1, YK-1.2, VK-1.3,
MOCTOATCIbH
aMoCTO en6 oe VK-6.1,
n3ydeHue yaeOHon
413 L ytenme y4 3 VK-6.2,YK-6.3,01TK-1.1,
. ayeT. JINTEPATYPHBI aqyeT
. C‘; EIZTPOB’ OIIK-1.2, OTIK-2.1.,
o OIIK-2.2
JICKITAH.
HUTtoro mo pazneny
Uroro 3a cemectp 16 16/21 | 37,2 SK3aMeH
Htoro no aucuuruivie 16 16/21 | 37,2 JK3aMeH




5 O0pa3oBaTe/bHbIE TEXHOJIOTHH

JUia  peanu3anuMu  OpeAyCMOTPEHHBIX BHJIOB y4eOHOHM paboThl B  KadyecTBe
00pa3oBaTEeNbHBIX TEXHOJOTHH B NPENOJaBaHUU JUCHUIUIUHBI «METOM0JIOTUS W METOMbI
HAy4yHOT'O0 MCCIEAOBAHUA» HUCIOIB3YIOTCS TPAJULUOHHAS M MOJYJIBHO - KOMIIETEHTHOCTHAs
TEXHOJIOTHUH.

[lepenaua HEOOXOIMMBIX TEOPETUYECKUX 3HAHMM M (OPMHUPOBAHHE OCHOBHBIX
MIPEACTABICHUMN 110 KypCcy «MeTOoH0JI0THs U METObl HAyYHOTO HMCCIEHOBAaHUA» IIPOUCXOAUT C
UCIOJIb30BAHUEM MYJIbTUMEAUHHOT0 000pYyOBaHUS.

Jleku TPOXOJAT B TPAAMLMOHHOM ¢opme U B GdopMe JIeKUUH-BU3yaIN3aLU.
IIpoBenenne  neKUMH-BU3YyaIM3allMii  CONPOBOXKIACTCA  PA3BEPHYTBIM  WIM  KPaTKUM
KOMMEHTHUPOBAaHUEM IPOCMATPUBAEMBIX BU3YaJIbHBIX MAaTEPUAIOB — OIOPHBIX KOHCIIEKTOB.
Tpaguumonnas ¢opma JIeKUUH CONPOBOXKAACTCS H3JI0KEHHEM OCHOBHBIX TEOPETUUYECKUX
3HAHMW JUIsl O3HAKOMJICHMsSI M H3Y4YCHMs, OCHOBHBIE MOMEHTBHI JIEKIIMOHHBIX 3aHATUI
KOHcHeKTupytorcs. OTnaenabHble TEMbl MpEUlaratoTcsl JUIsl CaMOCTOSATEIbHOIO HU3YYEHHUS C
00s13aTeNIbHBIM COCTABJICHUEM KOHCIEKTA (KOHTPOJIUPYETCS).

[Tpu npoBeeHNM TPAKTUUECKUX 3aHITUIX UCIIOJIb3YIOTCA paboTa B KOMaH/E U METO/IbI
IT. YacTp npakTHUECKUX 3aHATUH BBIIOJIHACTCS BUPTYaIbHO (MMUTALMOHHOE MOJECIMPOBAHKE)
OpuraiaMu CTYJICHTOB U3 2—3 YEJIOBEK.

B kauecTBe OLICHOYHBIX CPEICTB HA MIPOTSKEHUH CEMECTPA UCIIOJIB3YIOTCA: AyAUTOPHbIE
KOHTPOJIbHBIE PA0OTHI, TOMAIIHUE 32 /IaHHS.

CamocrosTenbHas paboTa CTUMYJIMPYET CTYJEHTOB B MPOLIECCE NOATOTOBKU JTOMAIIHUX
3a/IaHMM, 1P PELICHUM 337a4 Ha NPAKTUYECKUX 3aHATHAX, MPU HNOATOTOBKE K KOHTPOJBHBIM
paboTaM U UTOTOBOM aTTECTALMH.

6 YuedHO-MeTOIHUYECKOE 00ecTiedeHre CAMOCTOSITETbHOI padoThI 00yYaromuxcs
[IpencraBneno B mpuioxeHn# 1.

7 OneHoYHbIe cpecTBA VIS IPOBeAeHUsI MPOMEKYTOYHOM aTTecTAluM
[IpencraBieHbl B IPHIIOKEHUH 2.

8 YueOHo-MeTOAMYecKOe U HH(POPMAIMOHHOE 00ecTieYeHre THCITUTITHHBI (MOTYJIs1)

a) OcHoBHas auTEparypa:

1. BaymrapTaH, M. 1. Hay4Hoe no3HaHue 1 HaydyHOE 3HaHUE : yueOHoe mocobue / M. U.
Baymraprtan. — KemepoBo : Ky3['TY mmenn T.®D. I'opbauea, 2016. — 60 c.— Tekcr:
ANEKTPOHHBIH // Jlanb : 3JIEKTPOHHO-OMOIMOTEeYHas cUcTeMa. — URL:
https://e.lanbook.com/book/115095 (mata ob6parmienus: 01.06.2022). — Pexum mocryma: st
aBTOpU3. I10JIb30BATEIEH.

2. lOnaes, U. B. Mcropust HAayKu U TEXHUKHU: DIIEKTPOIHEPTeTHKA M JJIEKTPOTEXHUKA
yaeonoe nocodue / U. B. FOnaes, U. B. I'nymko, T. M. 3yeBa. — Cankr-IletepOypr : Jlaub,
2019. — 340 c. — ISBN 978-5-8114-3738-2. — Tekcr: oanextponHsiid // Jlanb
aJIeKTpoHHO-OuOmoteynass cucrema. — URL: https://e.lanbook.com/book/123677 (nara
obpamienus: 01.06.2022). — Pexxum gocTyma: s aBTOPHU3. MOJIB30BATEIEH.

0) lonoJiHMTEILHAS JIUTEpaTypa:

1. burees B.A. OCHOBBI METAJUTYPIUYECKOTO POU3BOICTBA : yueOHuK / B. A. burees, K.
H. Bnosun, B. M. Konokonbies [u np.] ; mox obmel penakuueit B. M. KonokomnbiieBa. — 2-e
n3n., crep. — Cankt-IlerepOypr : Jlanb, 2020. — 616 ¢. — ISBN 978-5-8114-4960-6. — Tekcr :
anekTponueli  // JlaHp : AIIEKTPOHHO-OnMOMmoreynass  cucrema. —  URL:
https://e.lanbook.com/book/129223 (nata ob6pamienus: 01.06.2022). — Pexum mocryma: st
aBTOpU3. I0JIb30BATEIEH.



2. Bectauk FOxHO-Ypansckoro rocynapctBeHHoro ynusepcurera. Cepusi: KoMnbloTepHble TEXHOJIOTHH,
ynpaBieHue, paauodsiektponnka. — 2017, — Ne 4, — C. 122-133. — ISSN 1991-976X. — Tekcr :
anekTpoHHbii // Jlanb @ anekTpoHHO-OMONMMoTeunas cucrema. — URL: https://e.lanbook.com/journal/2545
(mata obparenus: 01.06.2022). — Pexwum gocTyma: ajs aBTOPH3. M0JIb30BaTEIIEH.

3. Bectuuk IOxHO-Ypanbsckoro rocyaapctseHHoro yausepcurera. Cepusi: DHepretrka. — 2016.
— Ne 2, — C. 35-46. — ISSN 1990-8512. — Tekcr : snexktpoHHbIi // JIaHb : 3IeKTPOHHO-OMOIHOTEYHAS
cucrema. — URL: https://e.lanbook.com/journal/2560 (nara oopamenus: 01.06.2022). — Pexum gocrymna:
JUIsL aBTOPU3. TTOJTH30BATEIICH.

B) MeToan4ecKkne yKa3aHus:
1. Meroauueckue pEeKOMEHIAIMM II0 IMOJArOTOBKE K MPAKTHYECKOH paboTe NpEeNCTaBICHBI B
MPUIIOKEHUH 3.

r) [Iporpammuoe odecnieuenne u UHTEpHET-pecypceh:

IIporpammHoe ob0ecnieyeHue

Haumenosanue [10 Ne morosopa Cpoxk neiicTBUS JTULEH3UH
DIIEKTPOHHBIE

[IIAKATBI TIO K-278-11 or 15.07.2011 6eCCpOUHO
TUCIUILINHE

"DIIeKTPOTEXHUKA"

7Zip CBOOOIHO OeCCpPOUHO
FAR Manager CBOOOJTHO OEeCCPOUHO
Adobe Reader CBOOOJTHO 0eCcCpOUHO
MathCAD v.15

Education J1-1662-13 ot 22.11.2013 0eccpouHo
University Edition

MathWorks

MathLab v.2014 |K-89-14 o1 08.12.2014 OeccpouHo
Classroom License

IIpodeccnonanbubie 0a3bl JAHHBIX M HH(POPMAIMOHHBIE CIPABOYHBIEC CHCTEMBbI

HasBanue xypca CchUIKa
OnexkTpoHHas 0a3a nepuoauuecKux u3nanuii East
View Information Services, OO0 «MBUC»

HanmonaneHas mH(poOpManmoHHO-aHAIUTHYECKAs

https://dlib.eastview.com/

cucreMa — Poccuiickuit wunmekc Hayunoro|URL: https://elibrary.ru/project_risc.asp
nutupoBanus (PHI)
MexnyHaponHas pedepatuBHas u

http://scopus.com
IIOJJHOTCKCTOBAsA CIIpaBOYHas1 Oasa JAaHHBIX

OnexkTpoHHbIe pecypchl oubnmoreku MI'TY um.
I'.1. Hocoa
Poccuiickas  ['ocymapctBeHHass — OuGnmoTexa.
Karanoru

9 MaTepHaJIbHO-TEXHHYECKOE o0ecneyeHne TUCHMILITHHBI (MOLYJIs1)

https://magtu.informsystema.ru/Marc.html?locale=ru

https://www.rsl.ru/ru/4readers/catalogues/

MaTepI/IaJILHO-TCXHI/I‘-ICCKOC obecrnieucHue JUCIMITIIIMHBI BKJIIHOYACT:



JlekunoHHast ayJqUTOpHs: MyJIbTHUMEIUIHBIC CpPEACTBA XpaHCHUsS, Mepefayd |
npecTaBieHns THGOopMaIu

KommnbroTepHblit Kiacc: nepcoHaibHbie KoMIbloTephl ¢ makerom MS Office, Beixomom B
HHTepHeT W ¢ JOCTYIIOM B DICKTPOHHYIO HH(MOPMAIMOHHO-00pa30BaTEIbHYIO CpEIy
YHUBEPCHTETA

AyauTopun Uil CaMOCTOSTENILHOW PabOThl: KOMIBIOTEPHBIC KJIACCHI; YHTAIBHBIC 3AJIbI
OnOIMOTEeKH, TepcoHaNbHBIe KoMmIbloTephbl ¢ nakerom MS Office, Beixomom B MHTEpHET U ¢
JOCTYIIOM B 3JICKTPOHHYIO HHPOPMALMOHHO-00pa30BaTEIbHYIO CPEly YHUBEPCUTETA.

IIpunoxenne 1 «Y4eOHo-MeTOAMYECKOE 0OOecledeHHEe CAMOCTOATE/ILHOM PadoThl 00y4Yal0IIMXCSD)

Ananuz CYIICCTBYIOIIUX MCTOAHUK pacyCTa NapaMCTpPOB CXEMbI 3aMCIICHUA HAa OCHOBAHWHU IMMACIIOPTHBIX
JaHHBIX!

1. Meronbl MPOBENCHUS FKCIIEPUMEHTOB TIEPEXOTHBIX TPOIECCOB HANPSOKEHUS U Toka Al.
MeTtop! IpsiMOro Mycka U cBo0o1HOro BhiOera A/Jl.

[Tepexonnbie npouecchl B A/l mpu mpsiMOM Iycke ¥ B CBOOOTHOM BBIOETE.

[TapameTpsl cxembl 3amerenus A/l

Omnpenenenre yTOYHEHHBIX 3HaYeHUI akTUBHOTO conpoTuBieHus (Rs, R’y), uanyktuBHoctu (Ls,
Lm).

Pacuer cxemnbl 3amemenus A/l.

Paspabotka momenmu AJ] B makere Matlab Simulink

ok wN

~No

Omnucanue IIpOrpaMMHO-aIIIIapaTHOro KOMIIICKCA AJIA UCCIICJOBAHUSA IICPEXOAHBIX ITPOUCCCOB a C LEJIbIO
OKCIICPUMCHTAJIbHOT'O OIIPCACIICHUS ITapaMETPOB CXCMbI 3aMCIIICHUA aJl:

Ornucanue cxeMbl JJA0OPaTOPHON YCTAaHOBKH.

Cusartue xapakrepuctuk A/l

Mertoap! pacueTa mapaMeTpoB JIBUTATEIS.

Cxewmsl 3amenienus. Onpenienenue nmapaMeTpoB cxembl 3amenieHust A/l Ha OCHOBaHUHT
HKCIEPUMEHTATBHBIX JaHHBIX.

CHsTHE OCIMIITOTPAMM HAIPSKEHUH U TOKOB

Pacder moTokocHeniennii mojst poTopa u CTaTropa.

7. OmnpezneneHue MEXaHUYECKOW MMOCTOSHHOW BpeMeH!

o

o o

Hpuﬂomeﬂne 2 «OneHo4YHbIE cpeacrea aJisl NpoBEeACHUS HpOMe)KyTO'lHOﬁ arrecranmumn

Kon HWnankarop qocTuxeHns
OneHo4HbIE CpeACTBa

HHANKATOpa KOMIICTEeHIINU

VK-1: Cnocoben ocywecmenams Kpumu4eckuti aHaiu3 npooieMHblX Cumyayull Ha OCHO8e CUCEMHO20 N00X00d,

svipabamvleams cmpamezuio 0eucmeauil

YK-1.1 VYK-1.1: Anamuzupyer IIpumepHbIe BONPOCHI IS IPOMEKYTOYHOM aTTeCTALMH
MPOOIEMHYIO CUTYAIIHIO KaK 1. Tlapametpsl cxembl 3amemnieHust AJl.
CHCTEMY, BBISIBIISIS €€ 2. OrmpeneneHue yTOYHEHHBIX 3HAUYSHNI aKTHBHOTO
COCTABJIIOILNE U CBSI3U MEXIY conporusierns (Rs, R’r), uanykrusroctu (Ls, Lm).
HUMH 3. Pacuer cxembl 3amermenust AJl.

YK-1.2 VYK-1.2: Kputngaeckn 1. Crenmduka uccienoBaHuii, UCIIOTb3YEMBIX B
OLICHMBAET HAJIEKHOCTh NEKTPOTEXHUKE.
MCTOYHUKOB HH(OpMALIUH, 2. DMmmpuyecKre METOIbl HCCIIe0BaHMs: HaOoneHue,
paboTaeT ¢ IPOTHBOPEUHBOI 9KCHEPHUMEHT.
nHpopmaIen u3 pasHbIX 3. DKcrepHUMeHTaJIbHbIE METOABI B AJIEKTPOTEXHUKE (00IHid
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MCTOYHUKOB, OIIPEACIISIET
po0enbl B THPOPMAIUH,
HEOOXOIMMOH IS peIeHHS
poOIeMHON CUTYalluu, U
HPOEKTUPYET IPOLECCHI MO HX
YCTPaHCHHUIO

0030p).
4. DKcriepuMeHTAIBHBIE U TEOPETHIECKIE UCCIICTOBAHMUS
HEPEXOAHBIX POLECCOB IBUTATEILS

VK-1.3

VYK-1.3: PazpabateiBaet
COZIepIKATEIbHO apIyMEHTHPYET
CTpaTeTuIo PeLIeHUs
npoOsIeMHON CUTYyalluy Ha
OCHOBE CHCTEMHOI'0 U
MEKANCIUIUTTHAPHOTO
TMIO/IXOJIOB; CTPOMT CLIEHAPHUHU
peanu3aniy CTpaTeruy,
oIpenessisi BO3MOXKHBIC PUCKH
npejyiaras IyTH UX YCTpaHESHHs

1. HayuHoe nccnenoBanne Kak popMa IT03HaBaTEIEHOM
JIEATEIbHOCTH.

Kitaccndukanys Hay4qHBIX HCCIIEJOBAHHMN.

Dtarbl HayYHO-HMCCIIE0BATENECKON Pa0OTHI.
[TonsTHe HayyHOTO METOAA.

Ao

VK-6: Cnocoben onpedenamo u peanuzo8viéams npuopumemsi COOCMEEHHOU 0eamenbHOCMU U CHOco0Obl ee
COBEPUIEHCTNBOBAHUSL HA OCHOBE CAMOOYEHKU

VK-6.1

VYK-6.1: Onpenensier
o0Opa3oBaTeibHbBIC TOTPEOHOCTH
Y CIIOCOOBI COBEPLICHCTBOBAHUS
cOOCTBEHHOH (B TOM 4YHUCIIE
npo¢eCCHOHATBHON)
JIeITeIbHOCTH Ha OCHOBE
CaMOOIICHKH

Lo

OTarbl OpraHu3anyy HayqHOTO HCCIIEIOBAHMS.
Llenm mayuHOTO HCcnenoBanus. [IoHATHE HAYYHOTO 3HAHMS.
3. Omnwmcanue cxeMbl 1a0OpPaTOPHON YCTAaHOBKH.

N

VK-6.2

YK-6.2: BoiOupaer u peanusyer
C UCIIOJIb30BaHUEM
HHCTPYMEHTOB HEPEPHIBHOTO
00pa30BaHus BO3MOXKHOCTH
pa3BHUTHS POPECCUOHATBHBIX
KOMIICTEHIUH U COLUATbHBIX
HaBBIKOB

1. Cuarue xapaxtepuctuk AJl.
2. Meronsl pacyera napaMeTpoB JIBUraTellsl.

YK-6.3

YK-6.3: BeicTpanBaeTr ruOKyto
npodeccroHanbHyI0
TPAEKTOPHIO C yYETOM
HaKOIUIEHHOTO OTBITa
npodeccruoHanbHON
JIeSITETIbHOCTH, JUHAMUYHO
M3MEHSIOIUXCS TpeOOBaHUH
PBIHKA TPY/ZIa U CTPAaTETUH
JIMYHOTO Pa3BUTHS

1. Omnucanue nporpaMMHO-aNMapaTHOroO KOMILIEKca JUIst
HCCIIEI0BaHNUS MIEPEXOIHBIX TpoleccoB A/l

2. Cxewmsl 3amenenus. OnpenesieHne napamMmeTrpoB CXeMbl
3amMerneHust AJl Ha OCHOBaHUH SKCIIEPUMEHTAIBHBIX
JTAaHHBIX.

OIIK-1: Cnocoben ¢popmynupogams yenu u 3a0ay

Kpumepuu oyeHKu

u MCCﬂe()OGLZHuﬂ, BblA6JIAIMb npuopunientvl peuleHus 361()(1’{, 6bl6upamb

OIIK-1.1 OIIK-1.1: Ucnonp3yet MeTObI 1. DkcnepuMeHT Kak METOJ] HAyYHOTO MCCIICAOBAHUSL.
HAyYHOTO MCCIICIOBAHUS IS 2. MaremaTrdyeckoe MOIETUPOBAHIE KaK METO HAYIHOTO
pemeHus mpodiemM HCCJIEIOBAHMS
COBPEMCHHOW YHEPTETHKH 3. VHOyKTHBHO-IEAYKTUBHBIC METOIBI HCCIICIOBAHMS:

COETMHEHHBIN METOJ] CXOJICTBA U Pa3IMIMsl, METOJT OCTaTKOB.

OIIK-1.2 OIIK-1.2: Crocoben 1. Meroas! IpoBeACHNS YKCTIEPUMEHTOB TIEPEXOTHBIX

(hopMyTupOBaTh KPUTEPUN
oreHKH 3¢ dexkTuBHOCTH MyTEH
pelIeHns MOCTaBICHHBIX 3a/1a4

MIPOIIECCOB HAMPsDKEHNS U Toka AJl.

MeToas! IpsAMOTO ITycKa U cBoOoxHOTO BeIOeTa A/l

3. Tepexonmubie npouecchl B AJ] npu npsiMOoM IyCKe U B
cBOOOIHOM BBIOETE.

N

OIIK-2: Cnocoben npumensms cogpemeHibie Memoobl UCCIE008AHUS, OYEHUBAMb U NPEOCMABIAMb PEe3yIbmambl
BbINOIHEHHOU PaOOMbl

OIIK-2.1

OIIK-2.1: Beibupaet u
IPUMEHSET COBPEMEHHbBIE
METO/Ibl TEOPETUYECKUX U
SKCIEPUMEHTAIbHBIX
UCCIIEIOBAHUH C yYETOM
ABTOMAaTH3HPOBAaHHBIX U

1. CHATHE OCIIIUIOTPaMM HaNpsDKEHHH U TOKOB
2. Pacder moTokocCHEIIICHHA OISI POTOPA U CTAaTOPA.
3. OmpenerneHue MeXaHHYECKOHM TOCTOSHHOM BpEMEHU
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KOMIIBIOTCPHLBIX CPEACTB

OIIK-2.2

OIIK-2.2: OueauBaer u
MIPEACTABIIACT Pe3yIbTaThI
BBITTOJTHEHHOH PaOOTHI B BUIE
OTYETOB U NPE3EHTALUN

1. DOxcnepuMeHTaJIbHBIC H TEOPETUICSCKUE UCCIICOBAHNUS
pexxumoB paboTs! cuctemsl « TTI-IIIT-HB»
2. Pazpabotka momemu A/l B makete Matlab Simulink

[IK-16 CnocoGeH pyKOBOAUTH MPOSKTaMH IO CO3/IaHHII0 KOMIIEKCHBIX CHCTEM Ha OCHOBE aHAMTHKH OONBIINX JaHHBIX B
Pa3NINYHBIX OTPACISIX CO CTOPOHBI 3aKa3yHKa

I1K-16.1

PykoBoaut mpoexkramu 1o
MIOCTPOCHHUIO KOMITIIEKCHBIX
CHCTEM Ha OCHOBE aHAJIUTHKU
OOJIBIIKNX TAHHBIX B Pa3THYHBI
OTpacIIsiX CO CTOPOHBI
3aKaz4yrKa

3HaeT: METOAOJIOTHIO U
MPUHLMUITEI PYKOBOJICTBA
MPOEKTaMH IO CO3JJaHHIO,
MOZIEPIKKE U MUCTIONIE30BAHUIO
KOMIUTEKCHBIX CHCTEM Ha
OCHOBE aHAIUTUKHU OOJBIITUX
JTAaHHBIX CO CTOPOHBI 3aKa34YHKa,
cnennuuky chep u oTpaciei,
JUISL KOTOPBIX pean3yercs
MPOEKT M0 aHAJIUTHKE OOJBIITIX
JIAHHBIX.

YMeer: pemiats 3a1a44 110
PYKOBOJCTBY KOJUIEKTUBHOM
MIPOEKTHOM NEeATETHHOCTHIO IS
CO3IaHMSA, TIOAICPKKH U
HCIIOJIE30BAHUS KOMIUICKCHBIX
CHCTEM Ha OCHOBE aHAJIUTUKU
OONBIHX TAHHBIX CO CTOPOHEI
3aKa34MKa; BEISBIATH
HEOOJIBINIKE TT0 MACIITA0y
MPOEKTHI aHATUTHKHU, KOTOPbIE
MOTEHIHAJIbHO MOTYT
NPEJICTABIATh HHTEPEC AJISI psia
NO/Ipa3/ieIeH i / ciyx0 uim
JUISL OPraHU3alnH B 1IEJI0M;
BBISIBIISITH 00JTaCTH JEIOBOM
JIeSITeTbHOCTH, KOTOPEIC
MOTSHIAATBHO MOTYT MOJIYYHTh
OTHa4y OT aHAIUTHUKU

Mmeer npakTUYECKUIA OTIBIT:
PYKOBOJICTBO ITPOEKTaMH IO
MOCTPOCHHUIO KOMIIJIEKCHBIX
CHCTEM Ha OCHOBE aHAJIMTHKU
OOJIBIINX JTAHHBIX B PA3JIMYHBIX
OTpACIIsIX CO CTOPOHBI
3aKaz4rKa

IIpumepHbIe BONPOCHI IPOMEKYTOYHOM aTTeCTAlluH

1. [TepeuncnuTe CTPYKTYpHBIC €AWHHUIBI HAYTHOTO
HalnpaBJICHHS.

2. W3mepeHue u ero BUABL.

3. ITonaTHe ONTUMU3AIOHHON 3a/1auu.

4. O00CHOBaHME aKTyaIbHOCTH TEMbI

Haquo-I/IccneszaTenchoﬁ pa6OTI>I.

5. XapakTepuCTHKN pabo4yero MecTa IKCIepruMeHTaTopa.
6. Buzbl onTHMU3aIMOHHBIX 3a/1a4.

7. I'mnoresa uccnenoBaHU.

8. Buzibl COBOKYITHOCTH U3MEPEHUH.

9. MeToap! penieHue 3a/1a4 JMHEHHON ONTUMHU3ALUH.

10. Hayunast HOBU3HA U €€ DIIEMEHTHL.

11. [TonsiTne MOBEpUTEIBHON BEPOSITHOCTH N3MEPEHUSL.

12. Mertoas! penieHue 3a1a4 LEJIOUYHUCICHHON ONTUMU3aLUU.
13. Oranbsl Hay4YHO-UCCIIEe0BAaTEIbCKOM pabOoTHI.

14. OnpezneneHre MUHUMAJIBHOTO KOJIMYECTBA U3MEPEHUH.

0) Ilopsanok nmpoBeAeHUs1 MPOMEKYTOUHON ATTECTALUM, MOKA3ATEeJIM U KPUTEPUHU OLIEHMBAHUSA:

HpOMe)KYTO'-IHaH arrecranusa 1mo JUCIHHMIIIIMHE ((MGTO)IOJ'IOFI/I?I 1 METOJbl HAYYHOI'O HCCIICIOBAHUSA
BKIIFOYACT TCOPETUUCCKUC BOIIPOCHI, ITO3BOJJIAIOIINC OLICHUTDL YPOBCHL YCBOCHU OGy‘-IElIOH_II/IMI/ICSI 3HaHI/II71, n

MIPaKTUYECKHE 3a/1aHus, BBISABIIAIONINE CTEIEHb C(HOPMUPOBAHHOCTH YMEHUHN U BIIaJICHU.
IToxa3aTenu U KPUTEPUH OLCHUBAHHUSA 3alIMTHI J1a00PATOPHBIX PAa0d0T U JOKJIA/10B:

— Ha OIEHKY «O0TJHW4YHO» (5 OamioB) — oOyyaroluiicss JIEeMOHCTPUPYET BBICOKUH YPOBEHb
c(OPMHPOBAHHOCTU KOMIIETEHIMI, BCECTOPOHHEE, CHUCTEMAaTHYeCKoe U IIIyOOKOoe 3HaHME Y4eOHOro
MaTepuasa, CBOOOJHO BBIMOJHIET MPAaKTHUYECKUE 3aJaHusi, CBOOOJHO ONMEpUpPYET 3HAHUSIMH, YMEHUSIMH,

NPUMCHACT UX B CUTyallUIAX MOBBIIICHHOHN CIIOKHOCTH.
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— Ha OLEHKY «xopomo» (4 Oamra) — oOyyaromuiicss JOEeMOHCTPUPYET CpeIHUl ypOBEHb
chOPMUPOBAHHOCTH  KOMIIETEHLIUHA: OCHOBHBIE 3HAaHWSA, YMEHHsS OCBOEHBI, HO JOMYCKAIOTCS
HE3HAYUTENIbHBIC OMTMOKH, HETOYHOCTH, 3aTPYAHEHUS MIPH aHATMTHYECKUX OTIEPAIHSX, IEPEHOCE 3HAHUH U
YMEHHI Ha HOBbIE, HECTaHJAPTHHIE CUTYAIIUH.

— Ha OIICHKY «YyHAOBJIETBOPUTEIbHO» (3 Oama) — oOy4aromuiicsi JEeMOHCTPUPYET IMOPOTOBBIN
ypoBeHb C(HOPMUPOBAHHOCTH KOMIIETEHLUN: B X0JI¢ KOHTPOJIbHBIX MEPOIPHUATHI TOMYCKalOTCA OMIMOKH,
NPOSIBJISIETCS.  OTCYTCTBUE OTACNBHBIX 3HAHWH, YMEHHH, HABBIKOB, OOYYAlOIIMNCS WCIBITHIBACT
3HAYUTENIbHbIE 3aTPYJHEHUS MPH ONEPUPOBAHUU 3HAHMSIMH M YMEHHUSIMH IpPU MX MEPEHOCE Ha HOBbBIE
CHUTYyallUH.

— Ha OLICHKY «HeY/JA0BJIeTBOPUTEILHO» (2 Oaia) — o0yJaronuiics J1eMOHCTPUPYET 3HAHUS He OoJiee
20% TeopeTHYecKoro MaTepualia, JOMYyCKaeT CyHIeCTBEHHBbIE OMIMOKH, HE MOXeT IoKa3aTb
MHTEJUJIEKTYaJIbHbIE HABBIKU PELIEHUS MPOCTHIX 3a/1a4.

— Ha OLEHKY «HEYI0BJIeTBOPUTEeNbHO» (1 Oamr) — oOydaromuiicss He MOXKET MOKa3aTh 3HAHUS Ha
YpOBHE BOCHPOU3BECHUS U 00BsCHEHUSI MH(POPMAIUU, HE MOXET MOKa3aTh WHTEIIEKTYaJbHbIE HABBIKU
peleH st MPOCTHIX 3ajad.
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METOJUYECKHUE YKA3ZAHUA
no ancuunaunHe «MeToa0N0rUA U METOAbI HAYYHOrO UCCNEA0BaAHUAY

Paznen qucuuniaunbl «3yyeHne MeTo10B NMPOBeIeHNUs IKCIEPUMEHTAIBHBIX HCCJIeI0BAHUI
pe:xXxuMoB  padoThl  JIEKTPONPHUBOAOB  IMEPEMEHHOI0 TOKa ¢  MCHOJb30BaHHEM
OBICTPO/IEiCTBYIONIEr0 MHOTOKAHAJBLHOTO PEerucTpaTopa 3JeKTpuYecKux curnajios PIC-3,
NMpeIHA3HAYEHHOT0 /1JIsl 3AIIUCH MTHOBEHHBIX 3HAYEHUI TOKOB M HATIPSAKEHU D)

B pamkax mnpakTH4eCKMX 3aHATUH MO JAHHOMY pas3ieny JUCLMIUIMHBI MaruCTpaHThI
OCYILIECTBISIIOT HCCIENOBAHUE METONOB IIPOBENEHUSA DKCIEPUMEHTOB IIEPEXOIHBIX IPOLIECCOB
HaNpsDKSHUS ¥ TOKa MPU IPSIMOM ITyCKe aCHHXPOHHOTO JaBurarens 5,5 kBT B coctaBe nabopaTtopHon
ycTaHoBKH B 125 ayn. kadenpbl aBTOMAaTH3UPOBAHHOTO JIEKTponpuBoaa u MexatpoHuku ®I'BOY
BO «MI'TY wmm. I'M. HocoBay». Jlns BBIIONHEHHS 3allMCH MIHOBEHHBIX 3HAQYCHUM TOKOB U
HaNPSHKCHUH HCIOJB3YeTCsl CIEeNUATM3UPOBAHHBIA MPOrPAMMHO-ANIIAPATHRI KOMIUIEKC Ha 0ase
OBICTPOJCHCTBYIOIEIO MHOIOKaHAJIBHOIO pErucTpaTopa 3JeKTpudeckux curHaioB POC-3
npou3BojacTtBa  Kommanuun — «lIpocopr —  Cucremb». JlaHHBI ~ KOMIUIEKC  SIBJISIETCS
CIELMAIM3UPOBAHHBIM CPEJICTBOM JUISL 3alMCH DJEKTPUYECKUX CHUTHAJIOB B IPOMBIIUIEHHBIX
AJIEKTPOYCTAHOBKAX, HCIOJb3yeMbId HAayYHBIMH KOJUIGKTUBAMH Kadeapbl Tpu MPOBEICHHUU
X03/I0TOBOPHBIX Hay4yHO-UCCIe10BaTeIbCKUX padboT. Perucrparop POC-3 BrintoueH B opumanabHbIi
nepeyeHb cpeActB uzmepeHuid P®. Ha OCHOBaHMM MOJYYEHHBIX SKCHEPUMEHTAIBHBIX TAHHBIX
MarucTpaHThl OCYIIECTBIIAIOT pacyeT apaMeTPOB CXEMBbI 3aMEILEHUS UCCIIEyEMOI0 aCHHXPOHHOTO
JBUTATENsl 10 CHEUMAIU3UPOBAHHON METOAMKE, OMNMCAHME KOTOpPOW MPHUBEACHO B JIAHHBIX
METOAMYECKOM yKa3aHMM. [locie BBIMONHEHUS 3KCIEPUMEHTAJbHOW M pacuyeTHOW 4acTH paboThl
MarucTpaHTbl TOTOBAT OTYET O MPOJIEIaHHON paboTe U 3alLMUIAIOT €ro Ha OJHOM M3 MPaKTUYECKUX
3aHATHH.

1. AHAJIN3 CYHIECTBYIOIIUX METOJAUK PACYETA TAPAMETPOB CXEMbI
SAMEINEHUA HA OCHOBAHHUU IMTACITIOPTHBIX TAHHBIX

B HacTosiiee BpeMsi KOMIBIOTEPHOE MOJCIMPOBAHHE SIBISICTCS MOIIHBIM HHCTPYMEHTOM
UCCIICIOBAHMSI PEKUMOB PA0OTHI AJIEKTPOIPUBO/IA M MTO3BOJISIET PELINTh MHOTHE 33J[a4YH, CBSI3aHHBIC
c paboTOii AIIEKTPONPHBOIOB B YCTAaHOBUBIIMXCS W TEPEXOIHBIX peknmax. [Ipm mccrmemoBaHum
PSKUMOB pabOThl JBUTATENCH MEPEMEHHOTO TOKa TPUMEHSIOTCS pa3lIMdHbIe TPUKIAIHbIC
nporpamMmbl. OIHUM U3 LIMPOKO HCIOJIB3YEMbIX HPOrPAMMHBIX MPOAYKTOB siBisiercst Matlab co
CpelncTBaMu BH3yalibHOTO MojenupoBanus Simulink.

[Tpu pacdere mapaMeTpoOB CXEMbI 3aMEIICHHsI ACHHXPOHHOW MAIIWHBI B KAYECTBE JOCTYIHBIX
UCXOJHBIX JaHHBIX SIBJIAIOTCS TacMOpPTHBIE JlaHHBIe: HOMHUHalIbHOe HampspkeHne Uy [B]
HOMHUHAJIbHASI MOITHOCTH Py [KBT], HOMUHaNBbHAs CKOPOCTh BpamieHus N, [00/MUH|, HOMUHATIBHBINA
KO3 (OULHUEHT MOJE3HOro AEHCTBUS #u [%0], HOMMHANBHBIMN KOA((UIHMEHT MOIIHOCTH COSQPx, TOK
cratopa |, [A], kpatHOCTB myckoBoro Toka ik [lu/lx], KpaTHOCTH TycKOBOTO MOMeHTa Mk [Mn/My],
KPAaTHOCTh MAKCHMAJIBHOTO MOMEHTa Mmax [Mmax/My], MOMEHT WHepuuu IBUTATENs Ju [Kr-m2,
HOMHUHAJbHAs dacToTa HampspkeHus mutaromed cerm fy [I'm]. OcranpHble mapaMeTpsl
PacCUMTHIBAIOTCS HA OCHOBAHMH 3THX JaHHBIX [1, 2].

CymiecTByIoIIre HHXCHEPHBIE METOIMKH OTPE/IeICHHs apaMeTpoB cxeM 3amenienns A/l [3-
5] He 00MagaOT TOCTATOYHON TOYHOCTHIO, T.K. B MX PaCUeTe HCIOJIb3YIOTCS KOHCTPYKTHBHBIC
K03(Q(OUIIMEHTHI W TepeMEHHbIE, 3HA4eHUs KOTOPBIX NPUHHMAIOTCS NPUOIMKEHHO, 4YTO B
OOJIBIITMHCTBE CIYYaeB MPUBOAUT K 3HAYUTEIHHON MOTPEIIHOCTH [2, 6, 7]. B COOTBETCTBUHU C ITHM,
aKTyaJIbHOM 3ajaueil sBIsETCS pa3padOTKa YCOBEPIICHCTBOBAHHOW METOJMKH pPacdeTa CXEMbI
3amemieHnss AJ[ Ha OCHOBaHMM W3BECTHBIX MACMOPTHBIX JAHHBIX M JIOMOJHUTEIBHBIX
IKCTIEPUMEHTAIBHBIX JTAHHBIX MCCIIEIYeMOTO JBHIATells, MOJYYEHHBIX C HCIOJIB30BaHUEM
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CHEIHATM3UPOBAHHOIO M3MEPUTEIHLHOTO0 KOMIUIEKCA. 3afadell MpUMEHEHHUs JaHHOTO KOMILIeKca
SIBJISIETCS 3AIMCh MEPEXOIHBIX MPOLIECCOB B UccaeyeMoM A/l pu BBITOTHEHUHU MPOCTHIX TECTOBBIX
WCIIBITAHUHM, TAaKUX KaK: TMPsIMOM Imyck AJ] ¢ TOCIIeIyIoNuM CHATHEM HAMPSHKEHUSI CO CBOOOIHBIM
BbIOerom. Ha ocHOBaHMYU MOJYYEHHBIX JAHHBIX B JAJbHEHIIEM OLIEHUBACTCS CKOPOCThH 3aTyXaHHs
MarHMUTHOTO TMOJSI W M3MEHEHHME YacTOThl KoJeOaHuil (a3HOTO HaIpsHKEHUS, H3MEPEHHOIo
OTHOCHUTEIILHO MHUTAIONICH CeTH W OTKIOUYeHHOW oOMoTkoi crtatropa AJl. C umcmonp3oBaHUEM
HOJTy4eHHOH MH(OpManuu Ha OCHOBAaHMU Pa3pabOTaHHON METOMUKHU ONPEICISIOTCS YTOYHCHHBIC
3Ha4YCHMs aKTUBHOTO conpoTuBiieHus (Rs, R’r), muagykruBHoCTH (Ls, Lm). Kpome Toro, Ha ocHOBaHuHU
aHaJlM3a OTKJIOHEHUS MUTAIOLIEro HaNpsHKEHUS U aMIUIMTYAbl Opocka Toka AJl ompenenstoTcs
napameTpsl nuTatomen cetu 0,4 kB Rs u Ls ipu npsimom mycke.

Kak Obulo cka3zaHO paHee, B HACTOsILEE BpeMs IPU MaTEMaTHUYECKOM MOJEIMPOBAHUU
ANEKTPONPUBOJOB Ha 0a3e AaCHMHXPOHHBIX JBUTATeNell i1 OmpeleieHUs MapaMeTpoB CXeM
3amenieHust AJl MCoab3yeTcs yIpOILEHHbIE UHKEHEPHbBIE METOJUKH, [TO3BOJISIFOIINE OIPENEIUTh
3HAYEHHUS! aKTUBHBIX COMPOTUBJICHUM M MHAYKTUBHOCTEH OOMOTOK MO JOCTYHHBIM HOMHUHAJIbHBIM
JaHHBIM ~ JJICKTPUUYECKON MamwuHbl. Hambonee pacrnpocTpaHCHHOW — SIBJISETCS  METOJAHMKA
npeactaBieHHas B ydyeOHom mocoomn C.I'. I'epman-I'ankuH «KoMrbroTepHOE MOACIMPOBAHUE
NOJYPOBOIHUKOBBIX cucteM B Matlab 6.0» [8].

B nanHOll Meronuke napamerpnl cxembl 3amemieHuss AJl (puc. 1) ¢ KOPOTKO3aMKHYTBHIM
POTOPOM OIpeeseTCs] B HECKOJIBKO ITAIOB.

Ha nepBom 3Tamne HaXoAsTCs yriaoBble CKOPOCTH BPAIICHHUS:

n, -
= g (1)

n,-m )

30
Z[anee PACCUUTBIBAIOTCA HOMUHAJIBHBIC CKOJIBXKCHUC U SHGKTpOMaFHI/ITHHﬁ MOMCHT:

s = s=m). (3)

» (4)

3areM NpUHUMAETCS 3HaYeHHE KOHCTPYKTUBHOTO KOo3((pHIIMEeHTa B 1Uala30HE:

_ . b =1.02-1,05.
c=1+ ~ (5)

! L

m

[[anee PACCUHUTBIBACTCA MPUBEACHHOC aKTUBHOC COIIPOTHUBIICHUEC POTOpA:
R

= P, +AP,, _
r (1= g2 6
3:(1-s )i *-1° (6)
P, + AP,
3-10-((1-s )/s )

n

Ha crnenyromieM sTamne pacCUUTHIBAIOTCS MEXaHUYECKUE TIOTEPH U MOTEPU aKTUBHOM
MOIIHOCTH B 00MOTKe crartopa: AP, =0,01- Py;

AP, ~3-U, -1, -cos® - (1-n) - (7)
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3areM Ha OCHOBAaHUHU PACCYMTAHHOTO 3HAYCHUS APy ONpeiessieM aKTUBHOE COMPOTHUBIICHHE
00OMOTKH cTaropa:

Rs= (Uy/\B)-cosq-(1-n) — (8)
IH
_C2 ‘R APMeX
"3

[IpuBeneHHass UHAYKTUBHOCTb PACCESHUSI CTATOPA U POTOPA OMPEIEAETCS KaK:
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1s = Llr = ) (9)

Ha 3axknro4uTesbHOM dTarie BhINOJIHAETCA pacyeT MHAYKTUBHOCTU CTAaTOpa, NPUBEICHHON
MHJYKTUBHOCTU POTOPA U MHIYKTUBHOCTH KOHTYpa HAMarHM4MBaHUS:

L=Ll'=y /5" ) x (10)
2n- fy \/’
x 1 ; (11)
1-(cosg)’ ~(2/3)- (2 f-M__ -5 }(p-S -1 (U [ F)

Lm:Ls_Lls'
Rs wWqs Lls Llr (w-wr)Wqr R'r
e A RS
i <i'dr
lVds tds Lm Vdr=0
«d
Rs wWds Lls Ulr (w-wr)Wdr  pgrp
- ’
qus las Lm tar V'gr=0

«q»

Puc. 1 Cxema 3amemienus A/l

B npyroii Metoanke, mpeacTaBiIeHHOW B nuTeparype «MozeanpoBaHHe 3JIEKTPONPUBOIA B
Simulink» [9], atans! Beraucnenuii ananorudnsl popmynam (1)-(6), (8)-(11).
Takke Kak W B MPEIbLAyIIEM CiIydae KOHCTPYKTHBHBIH KO3(DdUIMEHT ¢ 3amaercs B
nnarmasone (5) st mpeIBapuTeIFHOTO pacdeTa mapaMeTpoB CXEMbI 3aMEIICHHS.
B otimume ot meroauku Nel MmexaHu4yeckue NQTEPH PACCHHTBIBAIOTCS:
AP =P (" -1)

(12)

mex H
6

n

[Tocne pacdera Bcex MHAYKTHBHOCTEW, MPOU3BOAMTCS CPAaBHEHWE MOJNYYCHHBIX 3HAUCHHH C
MEPBOHAYAIILHOTO BHIOpAaHHBIMHM BelUYMHAMH. Jlajee BBINOJIHIAIOTCS HEOOXOAMMbIE YTOUHEHHUS.
OOBIYHO 3a HECKOJIbKO HUTEpalMid yIaeTcs JTOCTUYh COBMNAJIEHHE TNPHUHITOIO M PACCUYUTAHHOTO
3Ha4eHUH KOHCTPYKTHUBHOIO K03 dunmenra.

B kauecTBe TpeTheil METOIMKH PAacCCMOTPEHA METOAMKA, MTPEICTABIICHHAS B MATEMAaTHIECKOM
nakere Matlab Simulink [10, 11]. B 610ke roToBoii nMuTanmonHoit monenu AJl (puc. 2) 1ocTymnHo
JMAJIOTOBOE OKHO 3aJaHUsl HOMHUHAJIBHBIX MapaMeTpOB aCHHXPOHHOH MammHbl (puc. 3):
HOoMUHaTBbHOE Hampsbkenne Uy [B] (Vn), HOMuHaIbHAs CKOpOCTh BpateHus Ny [00/muH] (Nn),
K03 ULIMEHT Mose3HOoTo aercTBus 4 [%], Koadduimert mourHoct cos® (pf), Tok craropa lu[A]
(In), kpatHOCTH TycKOBOTO TOKa Ik [ln/ lu] (ISt/In), kpaTHOCTH myckOBOro MomeHTa Mk [Mu/My]
(Tst/Tn), KpaTHOCTh MaKCUMAIBLHOTO MOMEHTAa Mmax [Mmax/Mx] (Tbr/Tn), HomunanpHas wactora f
[Tu] (Fn), HOMUHAIBHBIA 3JICKTPOMAarHUTHBIM MoMmeHT My [H-m] (Tn), cuHXpOHHas CKOPOCTh
Bpamienus No [06/muH] (NS).

B nporpaMmMe MHIYKTUBHOCTb pacCeMBaHUs OOMOTKH cTaTopa Lis mpuHuMaeTcst mpuoOIMKeHHO
pPaBHOM WHAYKTUBHOCTH paccenBaHusi oOMOTkH potopa (Lis = Lir1). DnexTpudeckue mapamerpbl
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JIIBUTATENS: Tn, In, pf, Ist, lor, Tst 3amaroTcs Ha OCHOBAHMM MACIMOPTHBIX AaHHBIX AJl. Dt
napameTpsl (POPMUPYIOT TOJISI AUAJIOTOBOTO OKHa «Specificationsy, u onpeaessitoTcs MporpaMmMoin
KaK BXOJTHBIC JTAHHBIE.
s HAXO0XJICHUS 3HAYCHUI Rs, Lis, Ru, Lin, Lm
JTNAJIOTOBOM OKHE
«power AsynchronousMachineParams» ucnonbs3zyercs gpynkius «Optimizer Toolbox  Isqnonliny.
B Hell peanu3oBaH alrOpUTM pPEIICHWS MHOTOKPHTEPHWHOW 3a/Ja4d ONTHMM3ALUHU IEJIEeBBIX
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byHKUMI f1(x), f2(x), f3(x), fa(x), npeacTaBnsowme cobot OTHOCUTENIbHbIE OTKAOHEHWUA NACMOPTHbIX
DaHHbIX Tn, In, pf, lst OT pacyeTHbix 3HauveHwnit T(sn), I(sn), pf(sn) u Ils(sn) NP HOMMHaNbHOM
CKONIbXKEHUM Suom(Sn).

fx)= T, TG, — min; (13)
T,
f (X) — In _I(Sn) > min; (14)
2 /
0= pf =pf(s.)  in (15)
pf
f(x)= e —1(1) — min, (16)

4 /

st

rae X = [Rs, Lm, Rr1, Lirt, Lis] — uicrmonb3yembie Ha i-0ff UTepaliuyl MPOMEXYTOUYHBIC MapaMeTPhICXeMbI
3amenieHust AJl.

Pe3ysbTaThl pacdeTa mapaMeTpoB cxeMmbl 3amenieHus AJl B matematrueckoM makere MatlabSimulink
2017a MOXHO YBHIICTh B JMAIOTOBOM OKHe TporpammMHoro nakera Matlab (puc. 3).

>

m

Sl Units

Puc. 2 HMMuTanyonHas MoJIenb AI[ IJIg OIIPEACIICHUS 0OMOTOYHBIX JaHHBIX IBUT'aTCIIA

OnHMM W3 CephEe3HBIX HEIOCTATKOB CYIISCTBYIOMIMX METOJIUK pacueTa MapaMeTPOB CXEMBI
3aMeIIeHUS] ACHHXPOHHOTO ABUTATEINs SIBIISIETCS UCIIOIb30BaHHE KOHCTPYKTHBHBIX KOA(D(DUIIMEHTOB,
3HAYEHUS KOTOPHIX IPUHUMAIOTCS 0€3 JIOJDKHOTO 000CHOBaHMsI. Takue yIpoIeHHs] MOTYT IPUBECTH
K 3HQUMMBIM MOTPEIIHOCTSIM PacyeToB.

CpaBHUTENBHBIN aHATU3 Pe3yabTATOB pacueTa mapaMeTpPoOB CXeMbl 3aMeIICHUSIaCHHXPOHHOTO
JBUTATENSl TIO CYIMECTBYIOIIMM METOJWKAM IIOKa3aj, YTO JUara30Hbl W3MEHEHUsS 3HaueHUI
COMPOTUBICHUN W HMHIYKTUBHOCTEW MPHU HCIOJIB30BAHUU KPAMHUX BETUYHMH KOHCTPYKTHBHOTO
Kod(purmenTa ¢ SIBISIOTCS 3HAYUTESIIBHBIMU

- JUTsl aKTUBHOTO corpoTuBiieHus cratopa (Rs, Om) cocraBun: 1,543..2,224 u 0,681;

- 715 mpuBeaieHHOTo compotuiienus poropa(R’r, Om): 0,6843..1,753 u 1,0687,

- st uaaykTHBHOCTH ctatopa (Ls, I'u): 0,1076.. 0,12219 u 0,01459;

- 1711 ”HAYKTUBHOCTH HamarunuuBanus (Lm, ['n): 0,1056..0,120 u 0,0144.

I[To oroit mnpuumHe ObUTa pa3paboTaHa YCOBEPIICHCTBOBAHHAS METOJMKA OIPEACICHUS
nmapaMeTpoB cxeMbl 3amemieHus AJl, To3Bonsomass HAa OCHOBE HECIOXKHBIX HW3MEPEHHM
ANEKTPUUYECKUX TTAPaMETPOB JIBUTATENSA, ONPEIEISITh 3HAYCHHSI COTIPOTUBIICHUS U MHTYKTUBHOCTEH C
JIOCTaTOYHOM TOYHOCTHIO.
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4] power_AsynchronousMachineParams = E'
Presets  Options ~

Specifications Block Parameters
Preset: Nominal power, voltage (line-ling), and frequency.
Nominal line-to-fine rms voltage vnon (380 5500 380 50)

Nominal frequency n(Ezy 50 Stator resistance and inductance [ Rs(ochm) Lis(H) ]

Nominl {fullfoad) line current 115 122440.001983]

Norminal (fullload) mechanical torque o (36708 Cage 1 resistance and inductance [Rr1' (ohm) Lirt' (H) |

[1.753 0.002055]
Synchronous speed Ns(zom (1500

Cage 2 resistance and inductance [ Rr2 (ohm) Lir2 (H) |
[1.7610.001983]

Norninal (full load) mechanical speed Norrom 1430

Starting current to nominal current ratio Tse/In T
Mutual inductance Lm (H):

Starting torque to ful load torque ratio Tev/Tn 0106

Breakdown torque to full load torque ratio  Toz/Tn 25 Pole pairs

Nominal power factor pf(s)  [66 2

ck parameters Applyto selected block Help Close

Puc. 3 JlnanoroBoe okHO nporpaMmHoro nakera Matlab Simulink ¢ macropTHsIME TapaMeTpaMu
ACHHXPOHHOTO JIBUTATEIIS

2. OIIMCAHUME ITPOI'PAMMHO-AIIIIAPATHOI'O KOMILIEKCA JIVIS1 UCCIIEJOBAHUSA
HEPEXOJIHBIX ITPOLHECCOB A/l C HEJIBIO OKCITEPUMEHTAJIBHOI'O
OIIPEAEJIEHUA ITAPAMETPOB CXEMbI 3BAMEIIEHUA Al

Jlig nony4yeHust He0OXOUMBIX SKCIIEPUMEHTAIIBHBIX JaHHBIX ObLI CO3/1aH JIAOOPaTOPHBIN CTEH/I,C
IIOMOLIBIO0 KOTOPOI'O BBIMOIHSIIOCH UCCIIEI0OBAaHUE ITPOLIECCOB MIPSIMOTO ITyCKa U CHSITHSI HAIPSKEHUS
Ha oOMoTKe cTaropa AJl ¢ KOpoTKo3aMKHYThIM poTopoM. CTena Bkitoyaet B ce0si: 1) AJl 5,5 kBt
(tun AUP112M4VY3 (tabum. 1) [5] ¢ MexaHMYECKO# HArpy3Koil ¢ OOJIBIINM MOMEHTOM WHEPILUH; 2)
peructpatop aJekTpuueckux curnanoB POC-3; 3) tokossie kiernu tuna APPA 30T.

Tab6nuna 1
OcHOBHBIE XapaKTEPUCTUKH HcciaexyemMoro Al
ANP112M4VY3
[TacniopTHBIC TaHHBIE 3HaueHue
HomunansHOE 380
Hanpsbkenue Uy, B
HomunanpHas 55
MOIIHOCTH Py, KBT '
CKOpOCTh BpalleHus Ny,
pOCTh Bpatl " 1430
00/MuH.
KoaddurmenT nonesHoro aecTus
o 85,5
Huy, 70
Koaduiuent MmoutHocTH, cosg 0,86
Tox craropa |y, A 11,26
KpatHOoCTh IycKOBOTO TOKA Ik, 7
In/ 1y
KpaTHOCTh ITyCKOBOTO MOMEHTa Mk, 9
Min/Mxy
KpatHocTh MakcHMaIBHOTO
MOMEHTA Mmax, 2,5
Mmax/Mu
MoMmeHT HHEPIUHU
pumn 0,019
JlBurarens Js, Kr-M

Cxema nabopaTopHON YCTaHOBKH, Ha KOTOPOW MPOU3BOJWINCH UCIIBITAHUS, NPEACTaBlIeHa HapuC.
4 (a) u (0).

IIpoBenenue skcrnepuMeHTa MPEAYCMaTpUBaIO PETUCTPALMIO MIHOBEHHBIX 3HAYEHHH TOKOB U
HanpspKeHNH acuHXpoHHoro asurarens tuna AMP112M4V3. 3anucs MrHOBEHHBIX 3HAYEHHU
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OCYIIECTBIISUTACH  MPH  TIOMOIMM  OBICTPOJCHCTBYIONIETO  MHOTOKAaHAJIBHOTO  PETUCTpaTOpa
anektpuueckux curnainoB POC-3 ¢pupmer [IPOCODT (r. Exatepundypr) (puc. 5) [12, 13, 14]. ns
HM3MEPEHHS TOKOB 0OMOTKH cTatopa A/l HCTIOIB30BaIMCh NMEPEHOCHBIE TOKOBBIE Kieny Tuna APPA
30T na Ga3e maTuukoB XoJuIa.

R8ag n0ug ggq,

= =
[+ wv et

Puc. 4 JTaGopaTopHas ycTaHOBKa ¢ uccieayeMbiM AJ]

B xo11e mpoBeieHus SKCIepUMEHTATBHBIX HCCIIEIOBaHUI OBUIH 3aIMCaHBI TEPEXO0THBIE IPOIIECCHI
W3MEHEHUS MTHOBEHHBIX 3HAYCHHWH JIMHEWHBIX HAMpPSDKEHUW CeTH, HANpsHKEHUH Ha KOHTAKTaxX
MarHUTHOTO ITyCKaTessl, a TaKXKe JIMHEHHBIX HANPSHKCHUH W TOKOB OOMOTKH ctatopa A/l mis aByx
pexxumoB: 1) mpsimoro mycka A/Jl; 2) cHATHS HanpspKeHUs: ¢ 00MOTKU ctatopa A/l ¢ mocneayronmm
cBOOOIHBIM BBIOETOM (pHcC. 7 1 8). 3amucaHHble OCHULIOTPAMMBbI HMIIOPTHPOBAIKCH B MaTe-
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Puc. 5 MuorokananbHbIi peructpatop POC-3
B TIEPEHOCHOM HCITOJTHEHUH

el 1
o = =
Wy Wy
L1
. LI
KM . i .
- 2 el —"2 u\l-s_ [E 5, Al
e w, _ E}u"'- T
—
1 —f
N
L — — | E'HUF:
()—}_ ( }—} ()—} I'aJ'IbEa-h PervctpaTop
TAT TAZ TAT [S . HUHECkow || p3C-3
} LI Pa3IBA3EH
P3C-3
Wis W g
L

. ]
3BM co cneysansHaim

nporoarm KA 0SeCneYEHHEM

Puc. 6 Dnextpuueckas cxema 1a00paTOpPHOM yCTaHOBKU
c uccnenyemeiM A/l Tuna ANP112M4VY3

Mmatndeckuii maker Matlab-Simulink, rae moaBepramuch manbHeiimeir oopaborke. ITomydeHHbIe
IKCIIEPUMEHTAJLHBIC JIAHHBIC WCIIOJIB3YIOTCS B YCOBEPIICHCTBOBAHHOW METOJHMKE pacdera
napaMeTpoB cxeMbl 3amereHus A/Jl.

2. ONPEJIEJIEHUE ITAPAMETPOB CXEMBbI 3AMEILEHVS AJl HA OCHOBAHUM
SKCIEPUMEHTAJILHBIX JTAHHBIX HA OCHOBAHNM YCOBEPIIIECTBOBAHHOM
METOJIUKU

J1J1s TOBBIIIIEHUS] TOUHOCTH pacueTa MapaMmeTpoB cXeMbl 3aMelieHust A/l mpu n3BeCTHBIX ACIIOPTHBIX
JAHHBIX HEOOXOIUMO HMCIOJIb30BaTh JOMOJTHUTEIbHBIC SKCIIEPUMEHTAIbHBIE JaHHBIC, B Ka4ECTBE
KOTOPBIX MOTYT BBICTYHaTh OCIMJIJIOTPAMMBI TOKOB M HalpspKeHHd oOMOTOK crtatopa AJl mpu
MPSMOM MYCKE U CHATUM HAIIPSKEHUS.

OcrumiorpaMmel, TIPEACTaBICHHBIE HA PUC. 7, MOTYT OBITh HCIIOJIB30BAHBI IS ONPEIACIICHUS
napameTpoB nutaroiieit cetu 0,4 kB, a UMEHHO — SKBUBAJICHTHBIX 3HAYEHHU aKTUBHOTO COMPOTUBIICHUS
Rcu unayktuBHOCTH Lc, 32 cdyeT aHanm3a BETMYMHBI OTKIOHEHUS HAMIPSHKEHHSI CeTH AUy max (PUC. 7, @)
TIPU U3BECTHOM MaKCUMAILHOM aMILTUTY/IE TTYCKOBOT'O TOKa CTaTopa Ismmax (PUC. 7, T). OCHUILIOrpaMMBI
MT'HOBEHHBIX 3HAYCHHH JIMHEHHBIX HANPsDKEHUH Ha 00MOTKe ctatopa (puc. 10, a), 3anmucaHHble Tpu
otxiroueHnu AJl ot muratoreii cetu 0,4 kB, MOTyT OBITh HCITONIB30BAHBI SIS OTIPEIEIICHUS TIOCTOSTHHON
BPEMEHM 3aTyXaHUsI MAarHUTHOIO MOJII aCHHXPOHHOIO ABUraTens 15, HA OCHOBAaHUHM KOTOPOW MOKHO
JI0CTOBEPHO ompenenuTh napameTpbl Tsu Tv. OcummaorpaMMbl Ugane(t) (puc. 10, 6) mMoryr

22



HCTIOJIH30BATHCS JIJIS1 IOCTOBEPHOM OIICHKH MEXaHWYECKON TIOCTOSTHHON BPEMEHU 7 yiex ¥ KOO PHUITEHTA
BsI3KOTO TpeHHsI KvF, OT KOTOPOTO 3aBUCAT MeXxaHndeckue motepu AJl APyex.

C 1enpio aHaiIM3a UCCIEAOBAHMS MpoIecca 3aTyXaHusi MAarHUTHOTO 1ojisi AJl OBLIO BBIIIOJIHEHO
mocliefioBatelbHOe  MpeoOpa3oBaHUE  CTPYKTYPHOM  CXeMbl  aCHHXPOHHOTO  JBHUTaTes,
npencraBieHHoil Ha puc. 9. Ha mepBom stame Obuta BbIJENEHA YacTh CTPYKTYPHOM CXEMBI,
oTBevaromas 3a (opMupoBaHHe MOTOKOCIENJIeHne ctaropa s (puc. 10). HeoOxoaumo oTMeTHTS,
YTO [P  HUCIOJb30BAaHUU  CTPYKTypHOM cxembl AJl, 1OCTpOEHHOH Ha OCHOBaHHUHU
muddepeHraIbHbpIX ypaBHeHHH B KoopaumHartax O-g [15, 16], mmeroT Mecto aBa KOHTYpa
(opMHPOBaHHUS COCTABIAIOIIMX TOTOKOCLEIJIEHUS CTaTOPA Ysd U Ysq C OZIMHAKOBBIMHU [TapaMeTpaMu
U TIOCTOSHHBIMH BpeMeHH. 10 3TOW NpUYWHE IJIs TOJYYEHHs SKBHBAJICHTHOW IEPENATOYHON
¢ynknun Wokg(S), onucsiBaromeil 13MeHeHHEe MarHUTHOTO 1o AJl IpH CHATUH HanpsiKeHHs C

0OMOTKH craropa, ObLIa PacCMOTPECH OAMH TOJIBKO KOHTYpP (l)OpMI/IpOBaHI/ISI COCTaBJIAIOUICH Vs
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MrHoBeHHbIe 3HAYEHIS
JIHHEITHBIX HaTIPSLAeHIT
00MOTKH cTaTOpa

U,

A

S l d Fa o

i S

0 1

uy. B Mruosennsie sHayenust Hanpsekemini na  °
KOHTAKTaX MaruuTHoro mycxareast KM

6)0

-200}

400

I

N 1 I i
600 I 5 3 7]

b
B
(2]

Puc. 8 Ocuunnorpammsl Haps>KEHUS IPU CHATHU
HaNpsDKEHUs1 C OOMOTKH CTaTopa
Orarbl IpeoOpa3zoBaHus CTPYKTYPHOM CXEMBI IPE/ICTABIICHBI HIDKE.
HcxonHast SKBUBaJICHTHAsI TiepeaaTouHasi (pyHKIUS UTsl CTPYKTYpHO# cxembl Ha puc. 10 umeer
CHEAYIOIIUN BUL:
[ ( 2, ) )

r.lr T, T - s+l
Lo — )
Wy RoR) (17)
o Ugls) 2o )
7.1 | sk (T +T)-5+1
S r R~R r S
\ s

rae 75 = Ls/Rs u Tr = Li/Rr — mocTosiHHBIC BpEMEHH IISTTH CTAaTOpa U pOTOpa.
[Tocne mpoBemeHuss HEOOXOMUMBIX MPEOOPa3OBaHUNM M HMCKIIOUEHHUS  HE3HAYUMBIX
COCTABIISIFOIINX TIOJMHOMOB YHCIIHTENS W 3HAMEHATENS BUJ| MEPEIATOYHON (PYHKIIUH MOXKET OBITh

YHOPOLICH:
(> -s)/(R-R) L ) (o 2y ) )
"~ - +_S-(T-s+1)| Ts‘l Rs‘|Ts‘Tr— 7|_$+1|
T -s+1 R r | k K Rr'RS) )
_ L) _ i
W (S)_ — 5
3KB (1\( Lz\ ( \
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(1) | Le o2

Tos+1+l  [I= ™+l s [(7-s41)s

r |R|| R|

N A R A Y

(T.+T,)-s+1

Ls . R-Rl
r s)

s +(T +T)-s+1

r

S

(18)

Hcxons u3 Beipakenus (19) ckopocTh 3aTyxaHuss MarHuTHOTO 1ojst AJ] Oyner ompeaensThes
CyMMapHbIM 3HAaY€HHEM IOCTOSHHBIX BPEMEHM cTaropa u portopa Isu Ir. Benencrsue Toro, 4ro B
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cTpykTypHOii cxeme A/l (puc. 9) mpuCyTCTBYIOT 2 MapajuieNbHbIX KOHTYpa pacyeTa COCTABIISIONIHX Ysd U
Ysq, PE3YIBTUPYIOIIAs ITOCTOSIHHAS BPEMEHH 3aTyXaHWsi MAarHUTHOTO TOJIST JOJDKHA OMPEIEIIATHCS
CJIETYIOIIUM 00pa3oMm:

(T o+T, (19)

T
’ 2

B nanpHeiinieM, npu U3BECTHOM XapaKTepe N3MEHEHHUS HANIPsSOKEHU Ha 00OMoTKe ctaTtopa A/l mpu
OTKJIIOYEHUU JBUTaTells OT IUTAIOLIEH ceTu (puc. 8, a) MOKHO OIpEesIuTh IKCICPUMEHTAIbHOEC
sHaueHue 713okcn. st mccnemyemoro AJl 3HadeHue  730kcr 0,387 c¢. MUsmenenue
IIOTOKOCLICIUIEHUS sd B JAHHOM CJIydae UMEeT XapakTep, IpecTaBiIeHHbI Ha puc. 11.Heobxoaumo
OTMETHTb, YTO IIPU U3BECTHOM 735KCII. BO3MOXKEH 00siee TOUHBIN pacyeT MOCTOSHHBIX BpeMeHH Tsu
T.

Cxema 3amewienus nurawoueii cetu AJ[ mpeacrasinena Ha puc. 12. J{nsg ydera mapameTpoB
peaJIbHOM MUTAOIIEN CETH CXEMY IOCIEA0BATEIBHO € UACAIbHBIMA HCTOYHUKAMU HanpsKeHUsUAc,
UBc, Uce BKITFOUEHBI aKTUBHBIE COMPOTHBIICHUS Rc 1 MHAYKTUBHOCTH Lc. B 3TOM cnydae nuHeliHbIe
HanpsKeHus Ha 0OMOTKe craTtopa A/l UaBs M UBc.s MOTYT OBITh OIIPE/IETICHBI KaK:

JUAB.S = UAB4c _IsALcS _IsARc +I5BLcS +IsBRc

) (20)

LUBC.S = uBC.c _IsBLcS _IsBRc + IsCLcS + IsCRc

r€ UAB.c M UBC.c — JIMHEHHBIE HAIIPSYKEHUS U€aTbHOIO UCTOYHUKA.
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x
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Puc. 9. Ucxonnas crpykrypHas cxema AJl, ncrionp3yemast 11l MaTeMaTHIeCKONH MOICIH
IIEPEXOIHBIX MTPOLIECCOB

HUCCICAYEMOI'O ABHUTaTCIIA

r idr

—>|
idr

yds

Puc. 10. Mcxoanast yacTh CTpyKTypHOU cxeMbl AJl, BeIOpaHHast Ui AadbHEUIINX peoOpazoBaHUii
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Puc. 11 I'paduk u3MeHeHus: MOTOKOCUEIUICHUS Ysd
nipu otkiroueHnn AJl ot nuraromeii cetu 0,4 kB

VgBe. UBCe. Neye I'.x Vge:. ey

‘«’\f\ A
aWaT *’LE ‘
) r- {(’ _>L ‘

Y (:

PE

Puc. 12 Cxema 3amernienus nutatomeit cetu AJl

3nauyeHus Rcu Le MoryT ObITh IpUOIMKEHHO OTpeJiesIeHbl Ha OCHOBAaHMM M3BECTHBIX 3HAUYEHUIl
MaKCUMAaJIbHOTO OTKJIOHEHHUSI HANPSKEHUSI AUspmax U MAKCHUMAJIBHOM aMIUIMTY/bl IIYCKOBOT'O TOKa
Ism.max, OMIPEACITSIEMBIX M3 3KCIIEPUMEHTAIBHBIX OCHMIIJIOIPAMM HANpsDKEHHS W TOKa cTaTtopa Ipu
npsimoMm nycke AJl (puc. 7, aur):

L= Au (21)

R.~0,1X,=0,1-2xf,,, -L,. (22)

Paccunrannbie mapametpsl nutaromei cetu 0,4 kB mpuBenens! B Tabm. 2. Ta6muma 2

[Mapamerpsr nuratomieii cetu 0,4 kB

HﬂHMeHOBaHHeHapaMﬁTpa 3HaueHUe

HomunansHoe HanpsbkeHne cetd Unur 380 B

HoMuHansHas 9acToTa CeTH fruom 50T

DKBUBAJIEHTHOE aKTUBHOE

conpotusienue Re 0,0276 Om
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‘ DKBUBAJICHTHAS MHIYKTUBHOCTH L¢ ‘ 0,8785 mI'n

Jlanee ObLI BBHINOJHEH aHAIN3 MEPEXOJHBIX MPOIECCOB M3MEHEHHS (Da3HBIX HANpPSIKEHUH Ha
KOHTaKTax KOMMYTAI[HOHHOT'O ariapara B pexume cBo0oHoro Beidoera AJl (puc. 8).
da3Hble HAMPSHKEHHS Ha KOHTAKTaX KOMMYTAIHOHHOTO armapata (puc. 13) MoXHO onpeeIuThKaK:
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[ua (t) = uca () — usa (t)

J uKB (t) = uCB (t) - uSB (t) * (23)

[UKC (t) =ucc (t)—ug ()

Uca
Uia
Us
. U
Ukc . Ucs
. —— Uss .
U Weew Wr Uke

Puc. 13 Inarpamma tpexdazusix BekTopoB cetu 380 B
¥ OOMOTKH cTaTropa

Ha ocHoBaHuM aHanu3a MTHOBEHHBIX 3HAYEHUI HAIIPSDKEHUN Ha pUC. 14 MOXHO OTMETUTH, UTO
U3MEHEHHE NepHoAa KojJeOaHM MTHOBEHHBIX HANPSKEHUH B MEKKOHTAKTHOM IPOMEXKYTKE Uk,
UkB, UKC, NOJIyYEHHBIX IIPU IPOBEICHUM 3KCIIEPUMEHTAIbHBIX MCCICIOBAHUM, 3aBUCAT OT TEMIIA
3ameaneHust ckopoctu A/l npu cBoOoxHOM BeIOere (puc. 13). B mponecce 3aTyxaHusi MarHUTHOTO
MoJIsi TEepUoJl KoJieOaHWH MIHOBEHHBIX HANPSHKCHHH B MEXKKOHTAKTHOM MpOMexyTKe Uk(t)
yMmeHbI1aercs. Ha ocHOBaHMM JaHHOW SKCIEPUMEHTATbHOW HMH(OPMAIMM MOXHO OIpPENeIuTh
MEXaHUYECKYIO TIOCTOSIHHYIO BPEMEHHU Tvex U K03 GuIeHT Bsizkoro Tpenus Kvr. Hike npencrasnena
MOCJIEI0BATEIBHOCTh HAX 0K I€HUS TapaMeTPOB Tyex U Kvr.

Uk. B ! !

| i
T1 T2 T3 T1=T2>T3

100 |-
300
200

100 | AUk©)
Y

0

-100

=200

400 +

500 =

Puc. 14 OcuwinorpaMma H3MEHEHUs HAIIPSHKEHUS CTAaTOpa MOCiE OTKIYEHHUSI MATHUTHOTO
mycKaTens

Ilepuon coOCcTBEHHBIX KOJIEOAHUI HANpPsKEHUsI HA KOHTAKTax KOMMYTallMOHHOTO anmnapaTa AUk
sBygeTcs (PyHKIMEH pa3HOCTH MOCTOSHHOW YIJIOBOW YacTOThI HANpSKEHUS MUTAIOLIEH CeTH wo U
M3MEHSIIONIENcs TpU CBOOOJHOM BbIOETe 3JIEeKTPUUECKOI YriloBoi ckopocTu potopa A/l wr:
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Teober-=f(Aw), (24)

rae Aw=wo— wr= wWo— Wm'Pn, Wm— MeXaHN4YeCKaa yrnosaa CKOpPOCTb POTOpa.
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[Tpu cBoOoaHOM BBIOETE TpadUK H3MEHEHHSI CKOPOCTH POTOpa (MEXaHUYECKOMN U DJIICKTPUIECKOM )
UMEET alepHOAMYECKUN XapakTep W 3aBHCUT OT MEXaHHYECKOM IOCTOSHHOW BpemMeHu AJl
Twex=Js/FvF, 9TO MOXHO JI0Ka3aTh, BBIMIOJIHUB MPE00Pa30BaHUs CTPYKTYPHON CXEMBI MeXaHHUYESCKON
yactu asurareis (puc. 14).

F.. [«
Tvr v
Te DNy wWm Wr
1/)ss » P, ——
A
~Tm
—Q,ii Wr
. AT | wr
JZ
s+

Puc. 15. I[IpeobpazoBanne MEXaHMYECKOW YacTH
CTPYKTYpHOU cxeMbl AJ]
W3meHneHue yrioBoit 4acToThl BpaleHus: potopa AJl mpu cBOOOJHOM BbIOETE OMUCHIBACTCS
CIIeIyIOLIMM BbipakeHueM [1]:

W (t) =w e Ve (25)
r 0
[ToxacraBuB ganHOE BhIpaxkeHue B hopmyay (26), momyunm:
Aw=w, -we M S -(1-e ), (26)
[Tocre BBIMOTHEHHBIX MPEOOPa30BaHUi BBIPAKCHUE ISl IEPUOIa COOCTBEHHBIX KOJIeOaHuit
UMEeT BUJI:
O _ 1 _ 2 :L . (27)
cober. Aw(t) w, - (1- e*t/TMex
cober.(t) )
BeimonHuB npeodpazoBanue BeipakeHHs (28) OTHOCHTENBHO Tyiex, TOTYUHM:
Tmex = [ -1 NE (28)

! 2Tt |

In| 1—#|

cobcT.

\ ® )

rae Teoser(t) - TPAGUK, TONTYICHHBIH Ha OCHOBE 3KCIIEPHUMEHTABHBIX OcITorpaMm Uk(t); t — Bpems,
OTCUUTHIBAEMOE C MOMEHTA CHATHSI HANPSDKEHUSI ¢ 0OMOTKH cTaropa A/,

CtpykTypHas cxema OJI0Ka IO3TAIMHOTO ONPEACTICHUS MEXaHUUECKON TTOCTOSTHHOW BPEMEHHU 7 viex
Ha OCHOBE YKCIEPHUMEHTAIBHBIX TaHHBIX B cpene Matlab-Simulink mpusenena Ha puc. 16.

100y CpedHee

apugmemuyecko
1 Vkabc e ’
RMS 3.
1

U epeHyuaneHo
Augpepepery;

e36eHo C

> |azial Fh

cbpoc

@yHKyuA 1

Bnok onpedeneHus
MomeHma nepexoda

Yepes Hoslb

1/50
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Time

Puc. 16 CtpykrypHas cxema 0Jioka omnpeeieHus
MEXaHUYECKON ITOCTOSIHHON BpEMEHU

I'padviky U3MEHEHHsI CHTHAIOB HA TIPOMEKYTOUHBIX JTAaxX BBIYUCICHUS T yex TPEIACTABICHBIHA
puc. 17.
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Hns uccnenyemoro A/l 3HaueHHe MEXaHUYECKON MOCTOSHHOW BpEMEHH PaBHO Twex = 9 c. Ilpu
M3BECTHOM MOMEHTE MHEPUHHU Js C MCHOJIb30BaHUEM BBIPKEHUS Tyex=Js/FvF MOXKHO OIpenennTh
kod(purmenT Bsa3koro TpeHus Kyr.

Ha ocHoBaHuM IpOBENEHHBIX UCCIEAOBAHUN IO ONPEIEICHHUIO IIOCTOSSHHBIX BPEMEHU 3aTyXaHHUS
MarHMTHOTO TOJI U MEXaHUYEeCKOW MOCTOSTHHON BpeMeHHu AJl Bo3MOXkHO OoJsiee TOUHO OMpeeiiaTh
IapaMeTpbl CXEMbI 3aMELICHHS] ACHHXPOHHOI'O IBUTATENsl C KOPOTKO3aMKHYTBIM POTOPOM.

B ocHoBe pazpaboTaHHON METOAMKHU pacuera napameTpoB A/l 1eXuT MeToauKka, mpeasioskeHHas B
y4eOHOM ocoouun Cr. I'epmana-T"ankuna «KoMmnbroTepHoE  MOJEIMPOBAHUE
MOJTYITPOBOJTHUKOBBIX crcTeM B Matlab 6.0» [2]. B otnnuue oT anropuTma pacdera napameTpoB IO
dopmynam (1) — (12) BeIMOTHSIETCS YTOYHEHHOE OMPECIICHUE OJHOTO M3 YEThIpEX mapaMeTpoB Rs,
Ls, R’F, L’r c HUCHONB30BAHMEM IIOCTOSTHHOM BpeMeHH 713, MOJYyYeHHOM Ha OCHOBE aHaliu3a
SKCIIEPUMEHTANILHBIX JaHHbIX. Harmpumep, BeIpaskeHue 1 yTOUHOro pacuera Rs UMeeT ciemyrommit
BU/I:

R, = L, . (29)
2T, /R
L,

Ha ocnoBanuu Beipaxenus (20) aHaoruuHbIM 00pa3oM MOTYT ObITh BBIPaXKCHBI mapamMeTpbl Ls,R 't
ulL ’r.

YTouHeHHOE 3HaUeHHE KOOPPUIIUEHTA BI3KOTO TPEHUS onpeensercs no Gopmyse

I:VF :JZ |Tmex . (30)

[TapameTpbl MUTAIOIICH CETH PACCUUTHIBAIOTCS HA OCHOBAHUU BhIpakeHui (21-24).
B Tabn. 3 npuBenens mapamerpsl cxembl 3amenieHus AJl AUP112M4VY3, paccuntanHbie Ha
ocHoBaHMU MeToK NelNel-3, a Taxke ¢ MPUMEHEHUEM YCOBEPIICHCTBOBAHHON METOTUKH.

Tabanma 3
PesynbTathl pacueTa napaMeTpoB cXxeMbl 3aMerieHus A/l

Meroavka pacuera napameTpoB AJJ

HanmenoBanue

napamerpa Meronuka/Meroauka/Metoaukaly coBepiil.

1 2 3 METOIMKA

1. AKTUBHOE
COMpPOT. 1,610 1,543 2,224 0,5670
cratopa Rs, Om
2. AKTHBHOE
MIPUBEJICHHOE
CONpOT. poTOpa
R ’r, OMm
3.
WunykrusHocts| 0,12219 | 0,12219 | 0,1076 0,2094
cratopa Ls, ['n
4,
IIpuBeneHHas
HWHJIYKT. pOTOpa
L ,r, I'n
5. Uuaykr.
HaMmard. Lm, I'un
6. CyM. MOMEHT
I/IHepHI/II/IZJHB , | 0,4397 0,4397 0,4397 0,4397

KI'"'M

0,6843 | 0,6843 1,753 0,5514

0,12219 | 0,12219 | 0,1076 | 0,2094

0,12 0,12 0,1056 | 0,2057
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CpaBHUTENBHBII aHAN3 MEPEXOIHBIX MPOIECCOB, MOJYYEHHBIX HA MAaTEMaTUYECKOW MOJETHU C
HUCIIOJIb30OBAHUCM TIApaMETPOB CXCMbI 3aMCIICHUSA AI[, ONpCACIICHHLIX 110 CYICCTBYIOIIUM
MeroaukaMm pacuera NeNel-3 (puc. 18), mokaspIBaeT, 4YTO OCHHJIJIOTPAMMBI W3MEHEHHUS TOKOB W
HaNpsHKEHUH CYIIECTBEHHO OTJIMYAIOTCS OT PealIbHBIX I'paMKOB, MOJYUYECHHBIX HA JICHCTBYIOIIEM
naboparopHoMm creHae. B cBoro ouepens, paspaboTaHHAs METOAMKA pacdeTa MapaMeTpoOB CXEMBbI
3aMEIIEHUS] ACHHXPOHHOI'O JIBUTATeNsl JAeT XOPOIIEe COBIAJECHHUE PE3yIbTaTOB MAaTEMaTHYECKOIO

MOACIIMPOBAHUS U PCATIBHBIX ITPOLECCOB.
Otan 1 Otan 2 Otan 3
B . . N " U, gdt

60Q

L
—

50Q

e T B M A T 400 il

V
30q M

g

200

100

-100
50 0

200
-100

-300

TcpberT,, ¢ 8)
-400

E
a

0.8]

0.6

0.4

r) a) e)

)

Tyct=Tmex=9,4 ¢

- I Otan

X)

Puc. 17. BpeMeHHbIe [uarpaMMbl H3MEHEHHS HAIIPSDKEHUI Ha pa3IMYHbIX dTalax pacuera
MEXaHUYECKOH MOCTOSIHHON BPEMEHH (@ - UCXOAHBINA CUTHAJ HANPSKEHUS] Ha KOHTaKTax
KOMMYTAIIMOHHOTO arrapara; 0 - eificTByIolee 3HaUeHHE HANPSHKEHUS; B - Ope/IeJIeHHe CUTHalla
MTPOU3BOHON JIEHCTBYIOIIETO 3HAYEHUS; T - OIIPEIEIICHNE ITepeX01a IPOU3BOAHON JEHCTBYIOLIETO
3HA4YEHHUs HANPSHKEHUS Yyepe3 HOJIb; /1 - ONpeesieHne epruoia cCOOCTBEHHbBIX KosleOaHui
HaMpsDKEHUs; € — rpaduk U3MEHEeHHs! Iepro/ia COOCTBEHHBIX KOJIeOaHUN HAPsKEHUS Ha
KOHTaKTaX KOMMYTAllHOHHOIO allapara; K - ONpeleIeHNe MEXaHMUYECKON TTOCTOSIHHON BPEMEHH )
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Mertoauka pacuera

Meroauka pacuera

Meroamka pacuera

PaspaGoranHnas
YCOBEPILICHCTBOBAHHAS

3KCﬂCpHMCHTaﬂbele

napametpoB AJ] Nel napametpoB AJl Ne2 napametpoB AJ] Ne3 MeTOANKa pacyeTa OCLHILIOrPaMMBI
napametpos AJl
Mr HbIE 3HAYCHUS TOKOR 00MOTKH cTaTopa A/l npn npsiMoMm nycke
is, A is, A o is, A is, A is, A
100} 100, 100
501 504 50
0 o - 0
-50{ 50 -50
100 | -100} -10
BT 15 3 ge [P [ 15w | P 7 [T T
MruoBenHble 3HAYCHHS THHEHHBIX HANPSKeHUH 00MOTKH CTAT CHSITHH|HATIPSIZKEHH ST

(g)a AJl npu

us, B us, us, us,

400)
200)
0
-200
-400|

0 1 2 3 1c g | 2 3 =l Ay Lk 1 Z 3

Z tc 2
MrHoBeHHbIe 3HAYEHHS HaNpPsiZKeHHH HA KOHTAKTaX mycKare st KM NPH CHATHH HANIPSIZKEHUs!

ug, B

2000

ug, B
i

200!

100

ug, B
400

ug, B
400

ug, B
400

100/ 200 200
ok

2004

400,
0 2 3 ige

Puc. 18. CpaBHUTENBHBIN aHATH3 TEPEXOJHBIX POILIECCOB MPH MPSAMOM Irycke A/l u 3aTyxaHuu
MAarHUuTHOTO ITOJISt

3 U3YUEHUE METOAOB HAYYHOI'O MCCJIEJOBAHNMA, UCIIOJIB3YEMbBIX B
OJIEKTPOTEXHUKE, HA  IIPUMEPE  JETAJIbHbIX  OKCIIEPMUMEHTAJIbHBIX
UCCJIEJOBAHUN PEXXMMOB PABOTBI CUCTEMBI TII-AIITHB

Ilenbto BBIMONHEHUS J1aOOPAaTOPHOUW pPabOTHI SABISETCS HSKCHEPUMEHTAIbHOE H3ydeHHE
HAay4yHOTO MCCIEIOBAHMS, HCIOJIB3YEMBIX B DJJEKTPOTEXHHMKE, Ha IPUMEpPE JETalbHBIX
AKCIIEPUMEHTAJIBHBIX HCCie10BaHul pexumoB padoTs! cuctems! TII-AITTHB.

JlaGopaTopHbIii CTEH ] BKIIOYAET B ceOsl: aCHHXpOHHBIN aBuratenb M1 momHuocTeio 3 kBT;
JIBUraTelb MOCTOSTHHOTO Toka M2 MomHocThIo 7,2 KBT, coegnHeHHBII My(QTOBBIM COETMHEHUEM C
ACUHXPOHHBIM JIBUraTeJeM; PEerucTparop sJeKTpuueckux curHanoB POC-3; mpeobpaszoBaTenb
gactotel UZ1; THpuCTOpHBI ipeoOpazoBarens UZ2.

HpI/IHI_[I/IHI/IaJ'ILHaH cxXeMma
19.

J'Ia60paT0pH0fI YCTaHOBKH IMpeacTaBJICHA Ha

pPHUCYHKE

XapaKkTepuCTUKU CTEH/Ia IIPUBEJICHBI B Ta0IuUIE 4.
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PucyHOK 19 — MpUHUMNMaNbHan 3NeKTpUYecKas cxema 1abopaTopHoOro cteHaa
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Tabnuma 4 - Texanueckue mapaMmeTpsl 000pyA0BaHHE TA0OPATOPHOTO CTEH 1A

IIpeoGpa3zoBaresb yacTorhl UZ1

Tupucropublii npeodpasoBaresnp UZ2

Tun — SIMOVEERT 6SE7021-3EB-61-ZUBx
=380-480 B
[Bx=145A
Ussix = 0-(380-480) B
FBoix = 0-500 I'a
IBeix = 13.2 A (Mc=vae-136% neperp. 3a 1
MUH)
IBbIx = 12 A (Mc=vae-150% neperp. 3a 1
MHH)
LR1 - 0.913 mI'x Ha da3y

Tun — SIMOREG DC MASTER 6RA7013-
6DV6.2-0-Z
Ussix = 0-420 B
Im=15A
U030 =0-325 B
InBo30=3 A
LR2 = 0,913 mI'H Ha dazy

DJIeKTPOABUTraTE/Ib IlepeMeHHOro Toka M1

JIeKTPOABUTATEb MOCTOSIHHOIO TOKa M2

Tuno AMTK-112
Un =380B
Pu=3xBrnu

=960 o6/MuH

In=7A
Mu = 29.8 Hm
cose = 0,79
ki = 83%
Jas = 0,0309 xkI'm2
In/Ila = 5,9
Mn/MHu = 2,2
Mgk/MH = 2,6

Tun — IIBCT-62
Uun=220B
Pu=7,2 kBt In/Imax
= 36/14,4 A
nu/ nmax = 1500/3600 00/mMun
kix = 90%
Ra=0,15 Om
R =0,06 Om
Jns =0,26 xI'm2
OOMoTKa BO3OYKICHHUS
Usn=220B
Isa =0,56 A
Ros = 325 Om

JaTuyuk ckopoctu Bl

Taxorenepatop BR

Tun — DGS66-AAK01024
Unur = 4-6 B dc
Yucio umir/o06 = 1024
Hpaiisep - TTL

nu =3000 06/Mun
kpyrusHa — 0,03 B/o6
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PucyHok 20 — JTabopaTopHas yCcTaHOBKa

[TpoBeneHue sKcepuMEHTa MpeayCMaTPUBAET PErUCTPALIMI0 MTHOBEHHBIX 3HAYEHU TOKOB
W HanpsDKeHWH aBurareis mocrossHHoro toka tuna [IBCT-62. 3amuch MrHOBEHHBIX 3HAYCHUN
OCYIIECTBIISICTCS TIPU TOMOIIA OBICTPOACHUCTBYIOIIETO PETHCTPATOPa DJICKTPUUECKUX CHUTHAIOB
POC-3 ¢upmsl IlpocodT (r. ExatepunOypr) (pucyHok 21). OCHOBHBIE XapaKTEpUCTHKH Ipudopa

Mpe/ICTaBJIeHbI B TabmuIe 5.

Pucynok 21 — Buemnuii Bux POC-3 B nepeHOCHOM HCTIOJIHEHUH
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Tabnuma 5 - OcCHOBHBIE TEXHUYECKHUE XapPaKTEPUCTUKU

KomndecTBO aHAIOTOBBIX BXOAHBIX KaHAIOB* 2-64
KonraecTBo MUCKPETHBIX BXOIHBIX KaHATIOB™ 24-240 (256**)
Paspsannocts AL 16

YacroTa AUCKPETU3AIMH IS KaKIOT0 KaHaja:
10 10 kI'tr (200 Tuk/mep)

- 16 xaHaioB

10 5 kI'tp (100 Tuk/mep)
- 32 xaHana

1o 2 k['1; (40 Tuk/miep)
- 64 xanana

OcHOBHasl MPUBEJCHHAS IMOTPEIIHOCTh PErUCTpaIluu
He 6onee 0,4%
AQHAJIOTOBBIX CUTHAJIOB

Bpewms peructpanuu aBapuiiHOTo pexxuma no 1y
Bpewms peructpanuu npegaBapuitHOTo pexuma or0,1 1024 c
MaxkcuManbHBIA PETUCTPUPYEMBINA TOK 200 A
MaxkcuManabHOE PETUCTPUPYEMOE HATIPSKEHHE 600 B
I"abapuTHbIE pa3mepsl 0JI0KA ATCKTPOHUKH 196x170x287 Mmm
["abapuTHbIE pa3mMepbl 6J10Ka KIIEMHBIX COSTUHEHUI 500x200x120 Mmm

Peructpatopsr nudpossie POC-3 npenHasHaueHsl s U3MEPEHHUI B OJHO- U Tpex(ha3HbIX
ANEKTPUUYECKUX CETAX TOKa, HAMPsDKEHU, (0a30BOT0 CABHUIa, MOIHOCTH, KOO GUIIUEHTA MOIITHOCTH
U YacTOThl B OIpE/IEICHHbIE MOMEHTHl BPEMEHU M PErucTpaliy 3TUX U3MEpPEHUH B IUTATHBIX U
aBapUMHBIX  CUTyalUsX (perucrpaumsi  «3JIEeKTPUUYECKHX  COOBITHH») B 00OpyAOBaHUU
sHepreTudyeckux  o0wbekToB. POC-3 - 3TO0  NPOEKTHO-KOMIIOHYEMBIH,  MpOrpaMMHO-
KOHQUrypupyeMblif, MoaynbHbli, |IBM-, PC-coBMecTHMBbII NpPOMBIIIJIEHHBI KOHTPOJIED,
coJieprKallii MOJIyJIM BBOJIa/BbIBO/Ia aHAJIOTOBBIX M JMCKPETHBIX CUTHAJIIOB, KOMMYHHUKAI[MOHHBIE
Moaynu. POC-3 ocymiecTBisieT B peaibHOM BpeMEHHU U3MepeHue, coop, oopadotky. POC-3 cocrout
u3 0JIOKa 3JEKTPOHUKH U OJITHOTO WIJIM HECKOJBKUX OJIOKOB KJIEMMHBIX coequHHTeneid. B Omoke
KJIEMMHBIX COEJIMHUTEEeH YCTaHaBIMBAIOTCS ABYXKaHAJIbHbIE MOJYJIM HOpMalU3allMl BXOIHOTO
aHAJIOTOBOTO CUTHAJA U 24X-KaHaJbHBIE IJIaThl TalbBaHUYECKON Pa3BsA3KH JTUCKPETHBIX CUTHAJIOB.
[IpeaycmoTpeHa BO3MOKHOCTD OBICTPOI CMEHBI BXOTHBIX aHAJIOTOBBIX MOJTyJIeH. bIOK anekTpoHuKH
obecrieynBaeT MpeoOpa3oBaHNEe aHAJIOTOBBIX CUTHAJIOB B HHU(POBBIE M JAIbHEHIIYI0 00pabOTKY B
COOTBETCTBUM C 3aJI0KEHHOW IporpamMmoil. HacTtora JUCKpPETH3alMM PETUCTPUPYEMBIX CHUTHAIOB
3ajaeTcs mojb3oBaTeneM. llpenenbHoe 3Ha4YeHHE ATOro mapameTpa OOpaTHO MPOMOPIHMOHATIBHO
KOJMYECTBY UCIOJIb3YEMBIX aHAJIOTOBBIX KaHAJIOB.

[Tpu pabore ¢ perucrparopom PIC-3 3agarorcs kak 001mast JTUTEIFHOCTh OCIMIITIOTPAMMBI,

TaK U OTACIIbHO JJIUTCIIBHOCTHU npe;[aBapI/IﬁHoro, aBapHﬁHOFO u HOCHeaBapHﬁHOPO peiKuma, a
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TaKe KOJMUYECTBO COXPAHSAEMBIX 3amuceld 00 aBapusix, MPOUCXOIAIIUX MOAPsA. MOMEHT Hadaia
aBapuu (PUKCUPYETCs M0 BceMy HAOOPYy CUTHAJIOB (aHAJIOTOBBIM HJIA TUCKPETHBIM).
OcHOBHBIE QYHKIIUU PETUCTPATOpPA:

1) ocumutorpapupoBaHue TEKYIIMX HOPMAIbHBIX U aBapuiHbIX pexumoB (cuctema PAC);

2) perucTpanus TUCKPETHBIX CUTHAJIOB peJIeiiHOM 3amuThl 1 aBToMaTuku (P3A);

3) 3allyCK perucTpalyy aBapUHOrO pexuma MPOU3BOJIUTCS aBTOMATHYECKH IpH
BO3HHUKHOBEHHUU JII000H U3 CIEAYIOUIMX IPUYUNH:!

— OTKJIOHEHHE B JIIO0YIO0 CTOPOHY OT YCTaBKH CUTHaJa B JJIOOOM aHAJIOTOBOM KaHAJIE;

— OTKJIOHEHHE B JIIOOYI0 CTOPOHY OT YCTaBKHM BBIYHMCISIEMOTO CHTHaja (4acToTa, MOIIHOCTH,
COTIPOTHUBJICHHUS, TOKH MPSIMON, OOpaTHOM, HYJIEBOM MOCIEA0BATEIIBHOCTEH, HANPSHKEHUS MPSIMOH,
00paTHO#, HYJIEBOH MOCIE0BATEIIBHOCTEH);

— cpabaThIBaHHE JTFOOOTO JUCKPETHOTO KaHAJIA;

— OJIHOBPEMEHHOE cpabaThIBaHUE HECKOIBKUX JUCKPETHBIX KaHAJIOB MO JIOTUKE «I»;

4) obpaboTka mH(MOpPMALUKM B pPEallbHOM BPEMEHHM, HUKIMYECKYI0 3amuch HMHGOpManuu Ha
HOCHUTENb C 3aLIMTON OT BHIOOPOYHOIO YAAJEHUS; ® IOCTPOECHUE BEKTOPHBIX JUArpaMM B pPEKHUME
pEaIbHOTO BPEMEHH;

5) BBIUMCJICHHE aKTUBHOM, PEAKTUBHOM U MOJIHOW MOIIIHOCTEH, CHMMETPUYHBIX COCTABIISIONIUX
TOKOB ¥ HaIlpsHKEHUMN, 4YaCTOTHI;

6) BBIUMCIICHUE CONPOTUBIICHUHN JIMHUU; * CUHXPOHM3ALUI0 BpeMeHU o mporokosam SNTP,
IRIG-B

7) BCTPOEHHas MPOrpaMMHO-aINapaTHas CaMOIUarHOCTHKA;

8) BeleHUE CYTOUHBIX apXUBOB YCPEIHEHHBIX U3MEPSIEMbIX U BBIUYUCIIIEMbIX BEIUUNH;

9) BBIBOJA MH(OpPMALIMK Ha TUCIUIEH U IPUHTEP C YETKOM MPUBA3KON 110 BPEMEHU;

10)o0MeH uHGpoOpManMed ¢ BHEIIHMMM YCTpOilcTBaMu, Iepenadya HHGOpManuu B IEHTP
00paboTKH (yrnpaBieHus);

11)mepeaaya aBapUUHBIX OCIMIUIOTPaMM Ha (hi3lI-HakonuTenb yepe3 nopt USB;

12)nepenava naHHelx B ACY TII:

- 1o nporokoiry ctaggaapra OPC DA,

— o npotokoiny cranaapta IEC 60870-5-104,

- 1o npotokony crangapra IEC 61850-8-1 (MMS),

— 1o npotokony cragaapra C37.118.1-2011 (CMIIP, CBN);

13)aBTOMaTHueCcKas KOHBepTalus ¢ailioB aBapuitHbIX ociiorpaMM B popmar COMTRADE.

BxomaeiMu curnamamu mist POC-3 aBagrores:
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- (a3Hbple WM Mex(da3Hble HANPSHKEHUS C JACUCTBYIOUIMM HOMHUHAJIBHBIM 3HAYEHUEM
HanpspbkeHus UH;

- TOKH OT U3MEPHUTEIbHBIX TPaHC(POPMATOPOB TOKA UM JPYTUX UCTOYHUKOB C JICHCTBYIOIIUM
HOMMHAJIBHBIM 3HaueHueM IH = 1 wim 5 A (3agaéres mepembrukoii Ha miate MC2);

- JUCKPETHbIE CUTHAJBI THUIA "CyXOW KOHTAaKT peje" OT yCTPOWCTB pENeHHOM 3aluThl U

aBTomaTuku (P3A) wiu notenuuan 220 B (3amaércs nepembrukamu Ha wiate DISO24).

HOQHEOK BbiNoJIHEHUA QaGOTbI:

HccnenoBanus BKIIIOYAOT B ¢e€0s1 YETHIPE OMBITA 10 PErUCTPAIl MTHOBEHHBIX 3HAUEHUHTOKOB
u Hanpspkenui JAIIT:

1 /JIByxkonTypHas CAP

11 bes narpysku

1.2 C HaGpocoM Harpys3Ku
2 Pa3zomknyras CAP

2.1 bes narpysku

2.2 C nabpocom Harpy3ku

J171s1 BBITTOSTHEHUST HEOOXOIUMO:

1) CoOpath IEKTPUUYECKYIO CXEMY CTEH/Ia COTJIACHO PHUCYHKY 19.

2) Toaxkmrounts POC 3 B 1emnsp, cornacHo pucyHKy 19. TokoBbIe 32)KUMBI TIOAKIFOYAKOTCS Yepe3
myHTel. Hymeparus knemm POC i moaKIIFOUeHUH K CTEHTY YKa3aHa Ha pucyHke 19.

3) VYOeautncst B MpaBUIBHOCTH Mo K0ueHUi. [TogaTe nuTanue Ha CTEHI.

4) 3anyctuth POC 3. 3amycTuTh IBUraTelb.

5) st onbiToB 1.2 U 2.2 KpaTKOBPEMEHHO 3allyCTUTh HArPY30UHBIN arperaT Uil WMHTALUH
Habpoca U CHATHUS Harpy3Ku.

6) OtkmrounTh JBUrarenb. JlaHHbIE 3HAYEHHH TOKOB M HANPSHKCHUH COXPAHSIOTCS

ABTOMAaTU4YCCKHU Ha HOCHUTCIIb.

Pe3yabTaThl JKCIIEpUMEHTAJIBHBIX HCCIEI0BAHUI MEPEXOTHBIX MPOLECCOB TOKA U
HANPSKEHUs TPU MPSIMOM MyCKe U CBOOOHOM BhI0ere
PesynpratamMu n3mMepeHmil ABISUINCh MaCCHBBI MTHOBEHHBIX 3HAYEHU TOKOB U HANIPSKEHUM,
KOTOpBIE OBLTH UMIIOPTUPOBAHBI B TiporpamMHyto cpeay Matlab Simulink. B mporpammHoii cpene ¢
MOMOIIBIO MoOjeeld OJOKOB HM3MEpeHus: ObUla CMOJENMpoBaHa jabopaTropHas YCTaHOBKA IS

uccnenoanus mycka AIIT (pucynox 22).
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PucyHok 22 — Mogaenb B nporpammHoit cpege Matlab Simulink.

HpI/I IIOMOIIH I[aHHOﬁ MOZCIIN IMOJIYYCHBI 3HAYCHNA TOKOB U HaHpﬂ)KeHI/Iﬁ COorj1aCHO
IIOCTAaBJICHHBIM 3aJa4aM.
Bce ITYCKH BBIITOJIHAKOTCA OT 3aaTUYUKa NHTCHCUBHOCTHU

Omnmpit 1 - pa3rod 1 TOpMOKCHHEC ABUI'ATCIIA IIOCT TOKA OT 3aAaTUMKa HHTCHCUBHOCTH

nByxkoHTYpHOI CAP cropoctu 6€3 HaOpoca Harpy3KHu.

“FUab, B i ‘

| *®[Utg,B

100 - L / . L YT
B B s 0 Ren TIagaveTps T

5 10 15

a) MI3MeHeHre MIHOBEHHBIX 3HAYEHU I JIMHEHHOTO HANPSDKEHUS Ha BXO/I€ BBIPSMUTEIS
npeoOpa3oBaTelis YaCTOTHI
0) M3meHeHne HanpsbKeHUs Tpeodpa3oBaTests YacTOTHI
B) lI3MeHeHue BRINPSMIIEHHOTO HaNpsHKEHUS! MUTAHUS JBUTATENS

r) HampskeHue Ha BbIX0Jle TaxoreHeparopa
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_If, A

sk lac, A

Aktusauwma Windows

is 20 B

1) M3MeHeHne 3HaueHUsT TOKA Ha BXOJIE BBIIPSMUTEIIS
e) 3meHneHue 3HaueHUs: TOKa 0OMOTKU BO30YKACHHS

e) HM3MeHeHue 3HaueHus TOKa MUTaHU SAKOPA
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OmngpIT 2 — Pa3rod 1 TOPMOKEHUEC ABUTATCIIA ITOCT TOKA OT 3aAaTYMKa HHTCHCUBHOCTH

nBYXKOHTYpHOH CAP ckopoCTH ¢ TUTaBHBIM HAOPOCOM Harpy3KH.

o[ Uab, B b ' { | utB

Utg, B r

> ; e : - e T o o
a) M3MeHeHre MTHOBEHHBIX 3HAYEHUH JIMHEHHOTO HAMPSHKEHUS HA BXOJIE BRIMPSIMUTEIIS
npeoOpaszoBarTess 4aCTOThI
0) M3meHeHune HanpsKeHHsI TpeoOpa3oBaTes 4aCcTOThI
B) lI3MeHeHue BRIPSMIICHHOTO HAPsHKEHUS TUTAHUS JBUTATENS

r) Hampsbkenue Ha BbIXOJIE TaxoreHepaTopa

B ia | [ [ [ [ " |

1 e 1 L 1
15 20 25 35 40 tic

1) 3meHeHue 3HaueHusl TOKa Ha BXO/JI€ BBIPSAMUTEIS
e) 3meHeHne 3HaueHNs TOKa 0OMOTKU BO30YXKACHUS

C) HM3MeHeHne 3HaUCHUS TOKA ITUTaHUI SAKOps
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OmngiT 3 — Pa3roH ABUraTesd NOCT TOKA OT 3aJaTUYMKa HHTCHCUBHOCTU U TOPMOKCHUC HA

cB0OOTHOM BbIOeTe pazoMkHyTOi CAP ckopoctu 6e3 Harpy3Kku.

) 1e 2« X 3 P a5 % G s 5 10 15 20 3 4 as 0 tc s

a) I3MeHeHre MrHOBEHHBIX 3HAYCHUH JTMHEHHOTO HAMPSHKECHHS Ha BXOJIE BBITPSIMHUTEIIS
peoOpa3oBaTess 9acTOTHI
0) M3MeHeHne HaMPsHKEHKsT IPe0Opa3oBaTesis YaCTOTHI
B) MI3MeHeHue BBIMPSIMICHHOTO HAMIPSKSHUS TUTAHUS IBUTATEISI

r) HampsbxkeHnue Ha BBIXOJIE TaxoreHepaTopa

If,A |

| lac, A | é

W EC s

II) M3MeHeHne 3HaYeHMS TOKA Ha BXOAE BBIIIPAMUTCIIA

C) H3MeHeHUe 3HAaUCHUS TOKA OOMOTKH B036y)K,Z[CHI/ISI

¢) 3meHeHue 3HaUEHUS TOKA MUTaHUS SIKOPSI
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OmngpIT 4 — Pa3ro” ABUraTeysd IIOCT TOKA OT 3aJaTYWKa MHTCHCUBHOCTU U TOPMOKCHUC HA

cB00OHOM BbIOETE pazoMkHyTOil CAP ckopocTH ¢ mIaBHBIM HAOPOCOM HArpPy3KH.

Uab, B

ude, B | | i [ ' [ | o[ Ute, B

1 15 2 3 4 45 5% t,C 55 5 10 15 2 25 Pa3aen, llapamgry 4 5L, C s

a) MI3MeHeHre MTHOBEHHBIX 3HAUE€HUI IMHEHHOTO HANpsKEHUs Ha BXOJI€ BBIIPSAMUTEIS
npeoOpa3zoBaTessi 4aCTOThI
0) 3MeHeHune HanpsKeHUs! peoOpa3oBaTesisi 4aCTOThI
B) lI3MeHeHue BRIPSAMIIEHHOTO HAPsSKEHUS! TUTAHUS JBUTATENS

r) HanpspkeHnne Ha BbIXOJIE TaxoreHeparopa

I, A

77777 ) —

1 2 X 4 s0o t,C

II) M3MeHeHne 3HaueHUS TOKA Ha BXOJIE BBIIIPAMUTECIIA
C) W3MeHeHue 3HAaUCHUS TOKA OOMOTKH B036Y)KILCHI/I$I

¢) 3MeHeHne 3HaUeHUS TOKA TUTaAHUS SIKOPS
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