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1 Llenb KaHAMAATCKOro aK3amMmeHa

Llenbo kaHOMOAaTCKOro ak3aMeHa SBMsieTCS BbIABIEHWE YPOBHS Bnage-
HUSA conckaTenem y4eHom cTeneHn KaHangara Hayk MUHOCTPaHHbIM S3bIKOM Kak
cpeacTBoM npodeccnoHanbHoro obweHns B Hay4yHom cdepe.

2 O6bLeM 1 copgepxaHue KaHOUAATCKOro 3Kk3aMeHa

O61beM KaHAnaaTCKoro ak3samMmeHa

CewmecTtp UTOIro
TpynoémkocTb, akadem. Yac.
Jlekumu, akadem. yac.

B hopMe NPaKTUYECKON NOATOTOBKU
JlabopatopHble paboTbl, akadem. yac.

B hopMe NPaKTUYECKON NOATOTOBKU
MpakTnyeckne paboTtbl, akadem. 4ac.

B hopMe NPaKTUYECKON NOATOTOBKU

KoHcynbTauun, akadem. yac.

B hopMe NPaKTUYECKON NOATOTOBKU
CamocTodaTencHasa pabota, akadem. 4ac.
B hopMe NPaKTUYECKON NOATOTOBKU

KoHTponb, akadem. 4ac.
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B hOpMeE NPaKTU4ECKOW NOArOTOBKM

Co.qepx(aH ne KaHANAaATCKOro 3Kk3amMmeHa

Pasgen 1 [oBopeHue (Ha kaHOupaTCKOM 3K3aMeHe 3dK3aMeHyeMble
AOJSTKHbI MPOAEMOHCTPUPOBaTL BnageHne noaroToBIE€HHOM MOHOMOMMYEeCKOn
peybto, a TakKe HernoaroToBIEHHOW MOHOOMMYECKOW N ANanorndeckom peybio
B CuMTyauuu ocmuymanbHoOro obueHns B npegenax nporpammMHbix Tpebosa-
HUN).

Pasgen 2 YteHne (Ok3amMeHyemble [OOMMKHbI MPOLEMOHCTPUPOBATL
yMEHMEe 4nTaTb OPUrMHArbHYK NUTEpaTypy Mo COOTBETCTBYIOLLEN HAy4HOM
crneunanbHOCTKN, ONMpPasiCb Ha M3YYeHHbIN A3bIKOBOM MaTepuan, (POHOBble
CTpaHoBeg4yeckue n npoeccmnoHarsbHble 3HaHUA, HaBbIKN S3bIKOBOW N KOHTEK-
CTyarnbHOW Ooraaku).

Pasgen 3 lNucbmMeHHbIM nepeBof (OK3aMeHyeMbiMU OCYLLEeCTBIISIETCH
MMCbMEHHbLIN NepeBo HAay4YHOro TeKCTa Mo COOTBETCTBYIOLLEN HAay4YHOW Crie-
LManbHOCTN afeKBaTHOW CTEMNEHU CIIOXHOCTU, B XOA4Ee KOTOPOro 9K3aMeHye-
Mbl€ OOSTKHbI NPOAEMOHCTPUPOBaTb CMNOCOBHOCTL K Nepeaaye OCHOBHOMO CO-
AEepXXaHUst OpUrMHaNbHOro Tekcta 6e3 CMbICMOBbIX UCKaXXEHWN, cOBnoaeHne
HOPMbl B MCMONb30BaHUN A3blka nNepeBofa, BnageHue TEPMUHOMNOMMYECKON
6ason).

Pasgen 4 Pestome (Ok3ameHyeMble COCTaBrSAT pPe3toMe MpoyvnTaH-
HOro TeKcTa, AEMOHCTPUPYS CNOCOBHOCTL OBNaAeThb YCOBNEHHbIM OO bEMOM
MHOpMaLUKUK, yMEHNEM MPaBUMbHO NPeaCTaBUTb 3TY MHOPMAaLNIO, HaBbIK B
aerne peanumsaumm KOMMYHUKaTMBHOIO HaMepEeHUs, CNOCOBHOCTb K OpraHu3a-
LUK copepkaTenbHOro, form4YHoOro, npaBuibHO CTPYKTYPUPOBAHHOMO BbICKa-
3blBaHUS.).



3 ®dopma npoBedeHMs KaHOAWOATCKOro 3K3aMeHa, OLEeHOYHbIe

cpeacTBa, WKana n Kpyutepmun oueHnBaHuA

KanHgmpartckuin sk3aameH NpoBOaUTCS B YCTHOW U MMCbMEHHOW hopme.
OueHnBaHne pe3ynbTaToB KaHOMOATCKOro 9K3amMeHa OCYLLEeCTBISeTCs

Ha OCHOBe creflyloLle OLleHOYHOW LIKarbI:

OueHMBaHMe Ha KaHAUOATCKOM 3K3aMeHe

TpeboBaHWs K 3HAHUSAM

OueHka

OLEHKa «OTIIMYHO» BbICTABNAETCA NPUKPENEHHOMY nuLy, Ko-
TOPbIN NPOAEMOHCTPUPOBanN rnybokue, ncyepnbiBatoLime 3Ha-
HMUS B COOTBETCTBUM C HacTosLen Nporpammon, rpamoTHOE U
NIOrM4YeCcKn CTPONHOE U3MOXEeHne MmaTepuana npu oTeeTe; CBo-
B6oaHoe BnageHue npogeccnoHanbHO OPUEHTUPOBAHHOM apry-
MeHTaunen 1 NOHATUNHLIM annapaToM Mo Hay4YHoOW creunasb-
HOCTW, @ TakKe BbICOKMIA YPOBEHb KYIbTYypbl PEYMN.

OTINN4YHO

OLeHKa «XOPOLLO» BbICTABNAETCA NPUKPENNEHHOMY Nuuy, Ko-
TOPbIN NPOAEMOHCTPUPOBAN Hanuyne TBepabiX U JOCTaTOYHO
MOSHbIX 3HAHWA B COOTBETCTBMM C HACTOALLEN MPOrpamMmMon,
rpamMoTHOE W1 NOrMYECKU CTPOMHOE U3MNOXEHNe MaTepmnana npu
oTBeTe, Xopouwlee BriageHue npogeccroHarbHO OPUEHTUPO-
BaHHOM apryMeHTaumen n NOHATUNHBLIM annapaTom Nno Hay4yHou
cneumanbHOCTH, U B LENOM BbICOKUIA YPOBEHb KyIbTypbl peyn
(MpY HANWMYUKN HE3HAYUTENbHbIX MOrPELLUHOCTEN).

XOPOLLO

OLEeHKa «y[OBMEeTBOPUTENBHO» BbICTABNAETCA MNPUKPENSeH-
HOMY NULy, KOTOPbIN NPOAEMOHCTPUPOBAN Hanu4ne gocTaToy-
HbIX 3HaHNN B COOTBETCTBUMN C HacTosiwen Nporpammon 1 B Le-
FIOM M3MNOXWI MaTtepman Ha MHOCTPaHHOM $13bIKE, HO NPU 3TOM
nokasasn cnabbi ypoBeHb BnageHusi npoeccmoHansHon Tep-
MUHOMNOrNen, ONyCcTun B U3NOXEHUN MaTepuana CMbICNOBbIE
HETOYHOCTM, a TaKkKe OLMBKN rpaMMaTUYECKOro, NEKCMYECKOro
N CTUNIMCTUYECKOrO Xapakrepa.

yaoBneTBoOpuUTEsibHO

oLieHKa «HeyaoBMeTBOPUTENbHOY BbICTaBNSETCS NPUKpPenseH-
HOMY NMLYY NpY HanNU4Yum rpyobix oLIMOOK B OTBETE, HEMOHUMA-
HMM CYLLIHOCTM M3naraemoro Bonpoca, HETOYHOCTU OTBETOB Ha
AONOSHUTENbHbIE N HAaBOASLLME BOMPOCHI.

HeyaoBNneTBOPUTESIbHO

Bonpochbl K KaHAMAATCKOMY 3K3aMeHY npuBeAeHbl B MPUITOXEeHUM.

Jonyckom K KaHOWOATCKOMY 9K3aMeHy SIBNSETCS BbIMOSIHEHMUE MUCH-
MEHHOro NepeBoa OpPUrMHanNbHOro Hay4YHOro TEKCTa, U34aHHOro 3a pybexom,
No TemMaTuke guccepTaumMoHHOro uccnegosaHust oobemom 15000 nevaTHbIX
3HaKOB U NOJSTYYMBLUMI OLIEHKY «3a4TeHOo». TpeboBaHUsA K ohopmIieHuro ne-

peBoaa npuBegeHbl B NPUITIOXKeHNN.

4 YyeO6HO-MeTOOAMYECKOE WU  uHpoOpMaunoHHOe obecne4vyeHue

3K3aMeHa no y4ye6Hou gucumnimnHe

a) nuteparypa:



1 BenpeBa, T. b. AHrnunUckuUn A3bIK ONA HaAy4yHOro MccrefoBaHUs :
y4yebHo-meToandeckoe nocobue / T.b. Benpesa, .M. 3awmnxmHa, O.B. lMe-
YMHKMHA. - ApxaHrenbck : [ CADY, 2016. - 120 c. - ISBN 978-5-261-01128-
6. — URL.: http://www.studentlibrary.ru/book/ISBN9785261011286.htm| (gata
obpaweHuna: 20.06.2022);

2 AHITIMCKUIA A3bIK ONa acnupaHToB @ ydebHoe nocobue / T. boyka-
peBa, E. Amutpunesa, H.B. MHo3zemueBa [u ap.] ; MnHucTepcTBo obpasoBaHus
n Haykn Poccuinckon ®epepauunmn, OpeHbyprckmin [locygapCTBEHHbIN YHUBEP-
cutet. - OpeHbypr : OI'Y, 2017. - 109 c. - bubnwnorp. B kH. - ISBN 978-5-7410-
1695-4]. — URL: http://biblioclub.ru/index.php?page=book&id=481745 (nata
obpaweHunsa: 20.06.2022);

3 Wolodina L.M. Deutsch fr Doktoranden: yuebHoe nocobue. — Mocksa:
KHAUTY, 2018. — 156 c¢. — ISBN 978-5-7882-2363-6. — URL:
http://www.studentlibrary.ru/book/ISBN9785788223636.html (gata obpatue-
Hus: 20.06.2022);

4 Konockosa, C. E. Hemeukui s3blk AN MarnctpaHToB U acnnMpaHToB
yHuBepcuteToB ['epmaHunsa n EBpona : y4ebHoe nocobue / C. E. .Konockosa. -
PocTtoB H/[] : 3a-Bo KODY, 2008. - 44 c. - ISBN 978-5-9275-0407-7. — URL:
https://www.studentlibrary.ru/book/ISBN9785927504077.html (nata obpalie-
Hus: 20.06.2022);

5 MNytunuHa, J1. B. IHOCTpaHHbIN 3bIk 4Na acnupaHToB (opaHLy3-CKuUin
A3bIK) : ydebHoe nocobue / J1. B. NytunuHa ; MuHucTepctBo 06pasoBaHus u
Haykn Poccuinckon ®enepaunn, OpeHbyprckuin FocyaapCTBEHHbIN YHUBEPCU-
TeT. - OpeHbypr : OI'Y, 2017. - 104 c. - bubnuorp. B kH. - ISBN 978-5-7410-
1647-3. — URL: http://biblioclub.ru/index.php?page=book&id=481790 (pnata
obpalueHusa: 20.06.2022).

0) pecypchbl MH(pOpPMaLMOHHO-TENEeKOMMYHUKaLMOHHOMN cetun
«MHTEepHeT»:

1 KoOHCynbTaHT cTygeHTa. JnekTpoHHast Gubnuoteka TEeXHUYECKOro
BY3a : anekTpoHHO-6ubnuoteuHaa cuctema / OOO «[lonutexpecypc». —
MockBa, [200 — ]. — URL: http://www.studentlibrary.ru. — Pexxum goctyna: ans
aBTOPU3NP. NOSb3oBaTENEMN;

2 HAYYHAA SJIEKTPOHHAA BUBJTIMOTEKA eLIBRARY.RU : 6a3a
AaHHbIx / OO0 «H3Bb». — Mocksa, [200 — ]. — URL: http://elibrary.ru. — Pexxum
AO0CTyna: No NoAnucke;

3 YHuBepcuteTckas bubnmorteka OHNamH : 3NeKTPOHHO-0MbnmoTeyHas
cuctema / OOO «[upekt-Megma». — Mockea, [200 — ]. — URL:
http://www.biblioclub.ru. — Pexxum goctyna: ons aBTopusnp. nosb3oBaTernen;

4 OnekTpoHHasa 6ubnuoteka // Hay4yHo-TexHUYeckas 6ubnmoteka Cnb-

rny : canT. — HoBOKy3HeLK, [200 — ] — URL:
http://library.sibsiu.ru/LibrELibraryFullText.asp. — Pexum goctyna: onsi aBTo-
pu3unp. nofb3oBaTesien. - URL:

https://library.sibsiu.ru/LibrELibraryFull Text.asp;



http://www.studentlibrary.ru/book/ISBN9785261011286.html
http://biblioclub.ru/index.php?page=book&id=481745
http://www.studentlibrary.ru/book/ISBN9785788223636.html
https://www.studentlibrary.ru/book/ISBN9785927504077.html
http://biblioclub.ru/index.php?page=book&id=481790
http://www.studentlibrary.ru/
http://elibrary.ru/
http://www.biblioclub.ru/
https://library.sibsiu.ru/LibrELibraryFullText.asp

5 OneKTpoHHbIN KaTanor : cant / HayyHo-TexHn4yeckas bubnuoteka Cu-
6r’nyY. — HoBokysHeuk, [199 — ]. — URL: http://libr.sibsiu.ru. — URL:
https://libr.sibsiu.ru.

B) NIMLLIEH3UOHHOEe U CBOOOAHO pacrnpocTpaHsieMoe nporpaMmmHoe
obecneyeHue:

— 7-Zip;

— ABBYY FineReader 11,

— Adobe Acrobat Reader.

r) 6asbl AaHHbIX U MHPOPMALMOHHO-CNPaBOYHbIe CUCTEMbI:

1 KoHcynbTaHTlntoc : cnpaBoyHo-npasoBas cuctema / OO0 «HDop-
MaunoHHbIn LeHTp AHBUK». — HoBoky3sHeuk, [199 — |. — Pexxum goctyna: Kom-
NbloTepHas ceTb bBubnmotekn Cunb. roc. MHAYCTP. YH-Ta.;

2 Cuctema APAHT : 3neKkTpoHHbIN MepUoanyecknin CripaBOYHUK /
OO0O «[lMpaBoBou ueHTp «apaHT». — Kemeposo, [200 — ]. — Pexum goctyna:
KOMMbloTEepHast ceTb Cub. roc. HAYCTP. YH-Ta.;

3 TexakcnepT : HdopmaunoHHo-cnpasoyHas cuctema / OO0 «[pynna
komnaHun «Kogekey. — Kemeposo, [200 — ]. — Pexum goctyna: KoMnbiTepHas
ceTb CuB. roc. NHOYCTp. yH-Ta.

6 MaTepunanbHoO-TexHM4Yeckoe ob6ecrneyeHme aK3ameHa no y4yebHom
aucuunnuHe

MaTepuanbHoO-TeXHU4Yeckoe obecrneyeHne KaHAWOATCKOro dK3ameHa
BKMto4aeT y4yebHble ayanTopum anst NpoBeaeHus rpynnoBbIX U UHAMBMAYamb-
HbIX KOHCYNbTauUu, NPOMEXYTOYHOM aTTecTaumm, NOMELLEHNSA AS1si CaMOCTO-
ATENbHOMN paboThbl, OCHALWEHHbIE KOMMbIOTEPHON TEXHUKOW C BO3MOXHOCTbIO
noakntoyeHmnst K cetn «MIHTepHeT» n obecnevyeHmem JOCTyna B 3NIEKTPOHHYIO
NHPOPMaLNMOHHO-06pa3oBaTenbHyO cpeay, HayydHO-TEXHMYECKyto 6ubnmo-
Teky Cuelr'iy.

CocTaBMTEN.:,
npodeccop kadenpsl UNoONorMK - T
AOKTOP KyNeTYPONOr|MK, AOUEHT |\ s g Dk Cepenxos H0.C.

[Mporpamma KaHOMOAaTCKOro ak3amMeHa paccMOTpeHa 1 yTBepXKaeHa Ha
3acegaHuun kadpeapsl dounonornu, npotokon Ne 8 ot «11» mag 2022 r.
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MNMpunoxeHune

1 Becepa Ha MHOCTPAHHOM A3blKe NO BONpPoOcaMm, CBA3aHHbIM C AUC-
CepTauMOHHbIM UCCNeAoOBaHMEM 3K3aMEeHYeMoro, a Takke coumanbHO-
ObITOBOM TeMATUKOMN

B xone 6eceapbl ak3aMmeHyeMble AO0SKHbI NPOAEMOHCTPMPOBaTL Bnaae-
HWe NMOAroTOBIIEHHOM MOHOJOrMYECKOW pPeYblo, a Takke HEenoaroToOBIEHHOMN
MOHOSOMMYECKON N AManorM4eckon peybto B CMTyaumm opuumanbHoro odue-
HUSA B nNpegenax nporpaMmMHbIX TpeboBaHMN.

MpuMepHble Bonpockl Ansa cobecegoBaHUs ¢ ak3aMeHyeMbIM:

1 What leading scholars / scientists represent your area of research in
our country and abroad?

2 What is your scientific supervisor’s area of expertise?

3 What equipment do you use when testing the research conclusions
experimentally?

4 What are your working responsibilities?

5 To what extend has your research direction been explored by other
scholars?

6 Which of the disciplines studied at the university helped you to design
your dissertation research?

7 Have you invented any tools or working techniques, have you got any
technical ideas that could qualify for patenting?

8 What are your interests outside your institution / working enterprise?
What leisure activities do you choose?

2 U3yyarouiee YTeHMe OpUrMHanbHOro TeKcta No COOTBETCTBYHO-
e Hay4yHoOM cneunanbHOCTHU

Ob6bem Tekcta ans maydarowero uteHns — 1000 nevaTHbIX 3HAKOB.
Bpemsa BbinonHeHns — 50 MnuHyT. ®opma NpoBEPKU: MUCbMEHHbIN NepeBo Ha
PYCCKUI S3blK. OQK3aMeHYeMble OEMOHCTPUPYIOT YMEHME YMTaTb OPUTrMHAamb-
HYIO NUTepaTypy Mo COOTBETCTBYIOLLEN HAYYHOM CrneunanbHOCTU, Onupasicb
Ha U3y4YeHHbIVN A3bIKOBOW MaTtepuarn, poHOBble CTpaHoBeaYeckne 1 npodgec-
CUOHarbHble 3HaHNA, HaBbIKU 3bIKOBOW N KOHTEKCTYaribHOM Ooragku.

O6pasel TekcTa 4N N3yyarLero YTeHus

Titanium (Ti) and its alloys are extensively used in aerospace, chemical
and biomedical fields because of their high specific strength, excellent corro-
sion resistance and good compatibility. In recent years, ultrafine-grained (UFG)
materials fabricated by severe plastic deformation (SPD) techniques have be-
come more popular. Previous literature has processed both the microstructure
and the mechanical properties characterization of Ti and its alloys via the SPD
techniques. The submicron grain structure fabricated by the SPD improves the



mechanical properties of titanium and its alloys. Friction stir processing (FSP)
is a SPD technique which is used to modify the surface-microstructure of spec-
imens to achieve the desired properties. This technique is a solid-state metal
processing technique based on the principles of friction stir welding (FSW). In
FSP, a cylindrical rotating tool that consists of a small pin is inserted into the
surface of the material and moved to produce a significant grain refinement via
dynamic recrystallization (DRX), caused by intense plastic deformation. FSP
has been successfully applied on Ti and its alloys to optimize the microstruc-
ture. Following FSP, the grains of Ti and its alloys in the SZ are significantly
refined, which is thought to improve the strength and ductility.

3 NMucbMeHHbIN NepeBoA

OK3aMeHyeMbIMW OCYLLIECTBASIETCA MUCbMEHHbBIA MEPEeBOd HayYHOro
TeKCTa N0 COOTBETCTBYIOLLEN Hay4yHOM cneyunansHocTn oobemom 1000 nevat-
HbIX 3HAKOB aleKBaTHOW CTEMNEHN CINOXHOCTU; B Xo4e paboTbl 9K3aMeHyeMble
AEMOHCTPUPYIOT CMOCOBHOCTb K nepefadye OCHOBHOMO COAEpXaHUs opurun-
HasflbHOro TekcTa 6e3 CMbICITOBbIX UCKaXXeHU, cobntoaeHne HOpMbl B UCMOSb-
30BaHMM fA3blka nepeBoda, BnageHue TepMuHonorndeckon 6ason Hay4yHOM
TeMbl / Hay4HOro HarpasfeHUs.

Ob6paseL NMCbMEHHOro nepesoaa:

The paper begins by reviewing briefly | B Hayane ctatbu npoBognTCs KpaTkuin 0b-
30p 3NEKTPUYECKMX MAaLUWH, NPUMEHSsIe-
MbIX B 9MieKTponpuBoae, npu aTom ocoboe
BHMMaHue yaensieTca anekTpoasurare-
nsaM nepemeHHoro Toka. [lanee ocy-
LecTnsieTcs 0b030p MeToaoB ynpasne-
HUA anekTponpueogamu. MNepen paccmorT-
pPEHVEM pe3ynbTaToB HEJABHMX UCCNEno-
BaHWI B CTaTbe OMMCbIBAOTCSA BaXKHblE UC-

TOopuYeckme oTKpbITUS. B yacTHocTu, npu-

electrical machines for electric drive appli-
cations, focusing on AC driven machines.
The survey then moves on to discuss con-
trol

techniques for drives. It covers the im-

portant historical developments before

concentrating on recent research ad-
vances, particularly contrasting traditional
sensor based schemes with sensorless
methods, complementing and updating
two extensive reviews by Holtz [1], [2], and
recently by Acarnley and Watson [3]. Such
sensorless techniques are the subject of
much active research; just for the 2 year
period 2005-2006 over 130 papers featur-
ing this topic were published in IEEE
Transactions and IET Proceedings alone.

AC electrical machines can be divided into

BOOMUTCHA NPOTUBOMNOCTaBMEHNE OPYr OPYrY
TPagULMOHHBIX CXeM, coaepxalwmx aat-
YMKN, N cxeMm c 6e3aaTYMKOBBIMU METO-
AamMn ynpaBneHusi, OOMOMHEHHbIE U 00-
HOBfEHHblIE ABYMsi O6WMPHBIMKM 0630-
pamn Xonbaa [1], [2], a Takke HegaBHUMU
o63o0pamu AkapHnu n Batcona [3]. Ynoms-
HyTble ©ecceHcopHble MeToabl ynpaBsne-
HUSA ABNAOTCS NPEeAMETOM MHOIMX aKTy-
anbHbIX UCCnegoBaHUW; TOMbKO 3a ABYX-
netHwun nepmog ¢ 2005 no 2006 roa B Xyp-
Hanax |IEEE Transactions n IET Proceed-
ings 6bi1no onybnukosaHo cebiwe 130 cTa-
TeW, NOCBALLEHHbIX JAaHHON TEMAaTUKE.

OneKkTpuyeckne MallnHbl MNepeMeHHOro
TOKa MoryT 6bITb pasgeneHbl Ha aBa 06-
LUMPHbIX Kracca: CUHXPOHHbIE M aCuH-
XPOHHbIE, Ha3blBaKOLMECA TaKkKe WUHAOYK-




two broad classes, synchronous and asyn-
chronous or induction. Their

basic characteristics are described, since
this reflects on the methods for control
which can best be used. It is a particular
contention of this review that good control

methods are based on physical insight into

LMOHHbIMK. B cTaTtbe mnanaratorca nx oc-
HOBHbIE XapaKTEPUCTMKKU, MOCKOSbKY Mo-
cnefHue oTpaxkaroTca Ha meTodax ynpas-
NeHns1, KOTopble MOTyT BbITb HaMMy4LINM
obpasom ucnonb3oBaHbl. Ocoboe BHUMA-
HMe B JaHHOM 0630pe aKLeHTMpyeTCs Ha
TOM, YTO Xopollnme MeToabl yrnpaBneHus
OCHOBbIBAKOTCA Ha MOHUMaHUN ur3nye-
CKnx ocobeHHocTen MmawmnHbl. MatemaTu-
yeckasi UHTepnpeTauus MeToaoB, XOTb U

Heobxoamnma Ana MX NpaBUbHOMO pasBu-
TWS, OQHAKO BPEMEHAMMN OHA MOXET BHO-
CUTb HESICHOCTb B UX NOHMMaHue ¢ pumau-
4YeCKOMW CTOPOHBI.

PaccmaTtpuBaemble  ganee  meToabl
ynpaBneHus, NCnonb3yemble B MallnHax
NMepeMeHHOro Toka, B MEpBYK oyepenp,
CchOKyCMpOBaHbl Ha OCHOBax BEKTOPHOIO
ynpasneHus (BY).

the machine characteristics. Mathematical
treatments, although required for sound
development, can obscure this physical in-
sight at times. Control methods used in AC
machines are next highlighted,
concentrating first on the basics of vector
control (VC).

4 NpocMoTpoOBOE YTEHUE, coCTaBlieHUe pe3tome

[MpOoCMOTPOBOE YTEHME OPUTMHANBHOIO TEKCTA NO Hay4YHOW creumanbHo-
ctn o6vemom 3000 neyaTHbIX 3HAKOB 3aBepLUaAETCAa pe3toMmpyloLLen nepeaa-
Yen n3BnevYeHHoOn NHopMaLnmn Ha pycckom A3bike B 06beme okoro 100 cnos.
Bpemsa BbinonHeHna — 10 MmuHyT. dopma NpoBepKn — yCTHaA nepeada ussre-
YEeHHOW MH(OpMaLNN Ha PYCCKOM NA3blKe. OK3aMeHyeMble COCTaBnsAKT pe-
3l0Me MPOYUTAHHOIO TEKCTa, O4EMOHCTPUPYS CMOCOOHOCTL OBMageTb YCNoB-
NEeHHbIM 00 beMOM MHOPMaLMN, YMEHNEM MPaBUbHO NPeAcTaBuUTb 3Ty WUH-
dopmaumio, HanMyne HaBblka peanu3aumm KOMMYHUKATMBHOMO HamMepeHus,
CMOCOBHOCTL K OpraHMsauumn cogepXXaTesibHOro, IOrMYHoro, NPaBuUiibHO CTPYK-
TYPUPOBAHHOIO BbICKa3blBaHWSI.

A Obpasel TekcTa anst NPOCMOTPOBOIro YTEHUS
AC MACHINE CONTROL PRINCIPLES

A. Background

High performance drive applications usually require a fast torque re-
sponse, with DC drives preferred in the past. The advantages of AC drives
include robustness, compactness, economy, and low maintenance. Previously
torque response control was a problem. Advances in power switching devices,
electronic processing, and control have led to great improvements. Such con-
trollers build upon good steady state. performance and can give excellent tran-
sient behavior. Variable-frequency AC machine control can be divided into sca-



lar and field oriented or VC. Scalar control uses magnitude and frequency con-
trol. VC uses orientation in addition. Variants include direct torque control
(DTC) which also exploits spatial orientation but aims to control current and
hence torque by more directly switching the voltage rather than using PWM [4],

[5].

B. Scalar Control

Scalar control is based on steady state relationships, usually only mag-
nitude and frequency are controlled, not space vector orientation. Making ter-
minal voltage magnitude proportional to frequency results in approximately
constant stator flux, desirable to maximise the capability of the motor. The clas-
sical variable frequency V/f scheme is a scalar control based on this principle,
with voltage boost at low frequency usually introduced to counteract the larger
effect of stator resistance at low speeds. Scalar control, often open-loop apart
from stator current monitoring for fault detection, gives an economical drive
with good behaviour, but transients may not be well controlled. More sophisti-
cated variants can improve behaviour, perhaps with better handling of param-
eter variations, particularly of stator resistance. Buja and Kazmierkowski de-
scribe the evolution of the still widely used scalar control methods and their
progression to VC [14].

C. Vector Control In VC the instantaneous position of voltage, current,
and flux space vectors are controlled, ideally giving correct orientation both in
steady state and during transients. Coordinate transformations (3 phase to 2
or d-g axes) to new field coordinates are a key component of standard VC,
giving a linear relationship between control variables and torque. It is ideally
suited to current control via PWM voltage switching. VC can be introduced by
considering a DC machine. In a DC drive the rotating commutator acts as both
current switch and rotor position sensor. A DC drive is shown in a schematic
diagram in Fig. 2, where ia is often chopper controlled. The commutator main-
tains the main flux and the armature mmf directions to be approximately per-
pendicular under all operational conditions, illustrated by the vector diagram in
Fig. 2. This basic arrangement defines the aim of a VC for a high performance
AC drive, as summarized in (1), where electrical torque is shown as the product
of magnetic flux linkage and current.

Te oy i (1)

Usually the VC separates current into field and torque producing compo-
nents. The perpendicular field system makes the relationships between the
machine variables simple, in principle. The flux is a function of the field (pro-
ducing component) or d-axis current, the torque is proportional to the product
of this flux and the torque (producing component) or g-axis current. If the flux
is established and can be held constant, the torque response is governed by
the current and can be fast and well-controlled.

B Obpaseu, ycTHOro pestome



NMPHUWMMBI YTTIPABJTEHNA MALLWMHAMW NMEPEMEHHOIO TOKA

[ns BbICOKONPOM3BOAUTENbHbIX 3NEKTPONPUBOAOB 0ObIMHO TpebyeTtcs
GbICTpasa peakumsi Ha BO3HUKAKOLWMIA KPYTSALNIA MOMEHT, NOSTOMY B MPOLLIOM
OoTAaBanocb nNpeanoyTeHMe npuMBogam MOCTOAHHOrO Toka. [MpOYHOCTb, KOM-
MaKTHOCTb M HMU3KME 3aTpaTbl HA TEXHMUYECKOE OOCMny)XMBaHME — BOT NMNPENMy-
LLIeCTBa 9NEeKTPONPMBOAOB NEPEMEHHOIO TOKa

YnpasneHne 4acToTHO-perynmpyemMon MallmnHon nepeMeHHOro Toka Mo-
XeT 6bITb KnaccudmunmpoBaHO Ha cKansipHoe N OPUEHTMPOBAHHOE MO MOS0
MaLLUVHbI, Ha3blIBaEMOE TaKXe BEKTOPHLIM (COKpaLLEHHO - BY).

CkansipHoe ynpaBrieHMe OCHOBbIBAETCA Ha pPerynupoBaHnun amnianTyabl
N vYactoTbl. BY Takke genaeT BO3MOXHbIM OpUEHTALUIO MarHUTHOIO NOnsi.

[Mpyn BEKTOPHOM ynpaBfieHUM OCYLLECTBNSAETCS perynmpoBaHMe MrHo-
BEHHbIX NMOMOXEHNN MPOCTPAHCTBEHHbBIX BEKTOPOB HAMNPSPKEHUS!, TOKa M NOTO-
kocuenneHus. ObblvHO BY pasgensieT TOK Ha KOMMNOHEHTbI, co3aaroLme none
N KPYTALWMA MOMEHT. [1pn yCNnoBuKM, YTO MarHUTHbBIA MOXET NOAAEPKMBATLCS
Ha NOCTOSAHHOM YPOBHE, KPYTSALLMA MOMEHT PerynmpyeTcsi C NOMOLLIbIO ToKa U
MOXET ynpaBnsTbCA ObICTPO M XOPOLLO.

Tpeb6oBaHusa kK ohopMneHuro nepesoaa

O6pasel, ohopMneHnst TUTYIbHOrO NUCTa NMCbMEHHOro NepeBoaa

MWHUCTEPCTBO HayKkM 1 BbicLero obpasosaHus Poccunckon denepaunm
depepanbHoe rocygapcTBeHHoe BogpKeTHoe
obpasoBaTenbHOe yypexaeHune Bbicluero obpasoBaHms
«Cnbunpcknin rocygapCTBEHHbIN MHOYCTPUArbHbIA YHUBEPCUTETY

Kadenpa dounonornm

NMMCbMEHHbIA NEPEBOA

AYTEHTUYHOI'O TEKCTA
(Hay4Has cneumanbHOCTb )
Bbinonnun:
[MpoBepwun:
(3auTeHo) (marta) (noanuchb)

HoBoOKy3HeLUK, rog,




OdbopmreHne BTOPOW CTpaHULbl MMCbMEHHOrO NepeBoa

Beepxy nocepeanHe Arial 16 NT NONy>XMpHbIM — Ha3BaHWe paboTbl no-
PYCCKMW.

Moa H1UM B KpyrnbIx ckobkax wpundgtom Arial 16 NT NONY>XMPHbLIM NO-aH-
FMUCKU crneytowas nHopMaums B nocrneaoBaTenibHOCTY:

Asmop. HaseaHue. — >KypHarn (C60pHUK, KHU2a). — I30ameribcmeo, 200,
HOMep 8blirycKa, HoMepa cmpaHuy,.

[anee 4yepes Tpu MHTEpBana naeT nepeBefeHHbIN TEKCT WwpudTom Arial
14 NT NONYXUPHBLIM (MEXCTPOYHbIN MHTepBan — 1,5) ¢ Hymepauuen ab-
3aLes.

CTpaHuubl nepeBoaa OOMKHbI ObiTb NPOHYMEPOBAaHbI.



