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[MepeyeHb Hay4HbIX cneunanbHOCTEN N HanpaBneHHocTen (npodunen):
1.6.21 «["eoakonornsa»
Cpok obyyeHus: 3 roga
2.6.17 «MaTtepunanosegeHme»
Cpok 0byyeHus: 4 roga
2.6.1 «MeTannosegeHne n Tepmmyeckas obpaboTka MeTansioB 1 CnyiaBoB»
Cpok obyyeHus: 4 roga
2.6.2 «MeTannyprus YepHbix, LBETHbIX U peaKknx MeTasnsioB»
Cpok obyyeHus: 4 roga
2.6.4 «ObpaboTka MeTannoB AaBreHNeEM»
Cpok obyyeHus: 4 roga



1 Llenb 3K3amMeHa no y4yebHoOM gucumnnunHe

Llenbio ak3ameHa no yyebOHOM AUCUMMNNHE $BMASETCA OLEeHMBaHue
pesynbTaToB OCBOEHUS acnnpaHTaMn y4ebHOM ANCLUNIINHLI.

2 MnaHnpyemMble pe3ynbTaTbl OCBOEHUA Y4€OHOW AUCLUMNIINHBI

Mpouecc n3yyeHuss y4ebHON ANCUUNMNHBI HanpaBneH Ha OOCTMXKEHUE
crnegyrLwmx obpasoBaTenbHbIX pe3yfbTaToB:

Koa v HammeHoBaHue OP2

MnaHupyemble pe3ynbTaTtbl 06y4YeHuUs

OP2: ncnonb3yeT COBpEMEHHbIE METOAbI U
TEXHOSIOrMMN Hay4YHON KOMMYHUKaLMN Ha
rocya4apCTBEHHOM U MHOCTPAHHOM S3blKax

— 3HaTb: 0bLeynoTpebnTensHylo,
obLLeHay4YHY0 1 TEPMUHOMNOMMYECKYHO
NEKCUKY NHOCTPAHHOrO A3blka (HEe MeHee
3000 eanHuL); rpaMmmaTUyeckme
0COBEHHOCTN OpPUrMHanNbHbIX HayYHbIX
TEKCTOB Ha MHOCTPaHHOM $13bIKE; OCHOBHbIE
npaBuna nepesoga Hay4HO-TEXHUYECKON
nuTepaTypbl C UHOCTPAHHOTO A3blka Ha
PYCCKUMA..

— YMETb: YNTaTb U NOHUMATb OPUTMHASbHYHO
Hay4HYI0 NuTepaTypy No cneumanbHOCTU U1
0GPOpPMIIATbL U3BIIEYEHHYIO N3 MHOCTPAHHbLIX
NCTOYHMKOB MHpOpMaLNIo B BUAE
nepeBoaa; UCMNonb3oBaTh pPasfnnyHbIe
dopMbl 1 BUABI YCTHOW U MMCbMEHHOWN
KOMMYHMKaLMM Ha POOHOM MU UHOCTPAHHOM
A3blKax B HAY4YHOWN OeATENbHOCTY;
aHanM3npoBaTtb M BbibpaTb cnocobbl
06paboTkn Hay4yHOM MHPOpMaLMK Ha
MHOCTPAHHOM S3bIKE N U3NOXEHUNA €€
coaep)aHust Ha POgHOM..

3 O6bem n copepkaHme aK3ameHa no yyebHou gucumunrinHe

O61bem 3Kk3amMeHa no y4ye6Hou AUCLUMNIINHE

CemecTp / KypcC

UTOIro 2 cemecmp

TpyAoEMKOCTb | akadem. yac.

18 18

Nekuunn, akadem. yac.

0

B popme npakTn4eckom NoLroToBKn

JTabopaTopHble paboTbl, akadem. yac.

B popme npakTn4eckom NoLroToBKM

[MpakTnyeckmne 3aHAaTUA, akadem. Yac.

B dhopme npakTn4eckom NoLroToBKn

KypcoBas paboTa / npoekT, akadem. yac.

B dpopme npakTn4eckom NoLroToBKM

KoHcynbTaumm, akadem. yac.

B (popme npakTuyeckom noaroToBKU

CamocTtosaTenbHasa paboTta, akadem. yac.

B (popme npakTuyeckom noaroToBKU

KoHTponb, akadem. yac.
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B dhopMe npakTU4eckom NoaroToBKn \ 0 \ 0

CopaepxaHue aKk3ameHa no y4yebHoOM ancUUnIinHe

Pasgen 1 oBopeHue (Ha kaHOuMOaTCKOM 9K3aMeHe 3K3aMeHyemble
AOIMKHbI NPOAEMOHCTPUPOBAaTb BnageHne noarotToBlEHHON MOHOJSIOMMYECKOW
peyblo, a TakKe HenoaroTOBIEHHOM MOHOMOMMYEeCcCKon W Ouarnornyeckou
peybd B cuUTyaumm oduumnanbHoro oblieHuss B npegenax nporpaMMHbIX
TpeboBaHuin);

Pasgen 2 4teHne (Ok3aMeHyemble [OOMMKHbI MNPOLEMOHCTPUPOBATH
YMEHWEe 4YuTaTb OPUTMHANbHYK NMTepaTypy MO HanpasfeHu MNOoArOTOBKWU,
OnMpaschb Ha U3y4YeHHbIN A3bIKOBOW MaTepuars, (pOHOBblIE CTpaHOoBegYeCKue n
npoeccuoHarnbHble 3HaHUA, HaBblkM A3bIKOBOM W KOHTEKCTyarbHOW
aoragkn);

Pasgen 3 lNcbMeHHbIM nepeBo (OK3aMeHyeMbIMU OCYLLLECTBNSETCSA
MMCbMEHHbIA NEepeBO Hay4yHOro TeKCTa MO HanpaBfeHU MNOArOTOBKU
afeKkBaTHOM CTENeHU CIIOXKHOCTU, B XOA4E KOTOPOro 9K3aMeHyemble LOSMKHbI
NPOAEMOHCTPUPOBaTb CMOCOOHOCTL K nepedadye OCHOBHOMO COAep)KaHus
OpPUIMHAaNbHOrO TeKCcTa Be3 CMbICNOBbLIX UCKaXXeHUW, cobniogeHme HopMbl B
NCNoNbL30BaHMN A3blka NepeBoaa, BnageHne TepMmHoniorndeckon 6asonm);

Pasgen 4 Pestome (Ok3ameHyemMble  COCTaBnAT pes3tome
NPOYNTAHHOIO TEeKCTa, AEMOHCTPMPYS CNOCOBHOCTb OBMadeTb YCOBNEHHbIM
obbemoM  uHdOpMauuM, YMEHMEM  MpaBufibHO  MNpeacTaBuUTb 3Ty
MHJOOPMaLMIO, HaBbIK B erne peanusauum KOMMYHUKaATMBHOIO HaMepeHus,
CNOCOBOHOCTb K OpraHusaumm copepXxaTenbHoro, fornM4yHoro, npasusibHO
CTPYKTYPUPOBAHHOIO BbiCKa3blBaHUS).

4 dopma npoBefeHUs 3K3amMeHa MO Y4YeOHOW AucuUnnuHe,
OLIeHOYHbIe CpeAcCTBa, LWKara u KpuTepumn oueHMBaHuA

4 dopma npoBefeHUs 3K3amMeHa MO Y4YeOHOW AucuUnnuHe,
OLIeHOYHbIe CpeAcTBa, WKara u KpuTepumn oueHMBaHuA

OK3aMeH no y4yebHon ancumnimHe «MHOCTpaHHbIN S3blk» NPOBOAUTCS B
YCTHOM U MNUCbMEHHOM opMe, NO3BOSIAWEN OUEeHUTbL pesyribTaTthl
OCBOEHMS y4EeOHOW ONCUNNIINHDI.

OueHuBaHne  pe3ynbTaToB  OCBOEHUSI  y4ebHOM  AUCUUMNIUHBI
OCYLLECTBNAETCA Ha OCHOBE crieayowen OLEHOYHON LWKanbl:

OueHuBaHue dCnnpaHToOB Ha 3K3aMeHe

TpeboBaHus K 3HaHUSIM OueHka

OueHka «OTNNYHOY» BbICTABMAETCS acnupaHTy, ecnv oH rnyboko OT/IMYHO
M NPOYHO YCBOWI MpPOrpamMMHbIA MaTepuarn, McYepnbiBatoLle,
nocnefoBaTenbHO, Y€TKO W NOrMYecku ero manaraet, ymeeT
TECHO yBSA3bIBaTb TEOPUIO C NPaKTMKOM, CBOOBOAHO crnpaBnsieTcs
C 3agayYamu, BompocamMum W OpYrMMM BuAaMu NPUMEHEHUS




TpeboBaHMs K 3HAHUAM OueHka

3HaHW, MpuUYemM He 3aTpygHseTcas C  OTBETOM  Mpwu
BMOOM3MEHEHMN 3aJaHuiA, WUCMonb3yeT B OTBETe Marepwan
pasnuyHon nuTepaTypbl, NpaBUbHO OBGOCHOBLIBAET MPUHSTOE
HecTaHAapTHOe pelleHune, BnageeT npueMamMu BbINOSTHEHUS
npakTU4ecknx 3agay no OopMMpoBaHNO 0b6pasoBaTerbHbIX
pe3ynbTaToB.

OueHKa «XOpoLLO» BbICTaBMNSIETCA acnupaHTy, eCnv OH TBepado XOPOLLIO
3HaeT maTtepuan, rpamMoTHO M MO CYyLLEeCTBY W3naraeT ero, He
Jonyckasi CyLeCTBEHHbIX HETOYHOCTEN B OTBETE Ha BOMpPOC,
NpaBUIIbHO MPUMEHSIET TeOopeTUYEecKMe MOSIOXKEHUS  Npu
PEeLleHnN MpaKTUYeCKMX BOMPOCOB W 3ajady, Brageet
Heo6XoANMbIMU HaBblKaMy U NpUeMaMM UX BbINOSTHEHWS.

OueHKka «y[OOBMNeTBOPUTENbHO» BbICTABNSAETCA acnupaHTy, | YOOBNETBOPUTENBHO
€CNn OH MMEET 3HaHUS TONbKO OCHOBHOIO MaTepuana, HO He
yCcBOWI €ero aeTanei, OomnyckaeT HEeTOYHOCTM, HedoCTaTo4YHO
npaBurbHble (OPMYIMPOBKNA, WCMbITLIBAET CIIOXHOCTU Mpw
BbINOMHEHMN NpaKTUYECKUX paboT M 3aTpydHseTcs CBSA3aTb
TEOPUIO BOMPOCaA C NPaKTUKOMN.

OueHKka «HeyOoBeTBOPUTENBHO» BbICTABMAAETCA acnupaHTy, | HeyaoBMeTBOPUTENBHO
KOTOpPbIA He 3HaeT 3HaYuTenbHOW YacTu nporpamMmMHOro
mMaTepuana, HeyBepeHHO OoTBeYaeT, AonyckaeT cepbesHble
OWNBKM, HEe MMeeT NpeacTaBfeHUn MO MeToauKe BbINOSHEHWS
NpaKTU4eCcKom paboThbl. Kak npasuno, OLeHKa
«HEeyOooBNeTBOPUTENBbHO» CTaBUTCA acnupaHTam, KOTopble He
MOTryT NPOLOIMKUTL 00y4eHne 6e3 AoONOSTHUTENbHbBIX 3aHATUM MO
AaHHOM y4ebHOM OMCumnnIvHe.

Bonpocbl K 3K3aMeHy No y4yeOGHOW AucuumnnvHe npuBeAeHbl B
NPUIIOXEHUMN.

5 YyeOHO-MeTOgM4YeCcKoe U  UnHGOpPMaLNOHHOEe obecrneyeHune
3K3aMeHa no y4ye6Hou gucuuniuvHe

a) nuteparypa:

1 Benpesa, T. b. AHMUNCKMA A3bIK AN HAy4yHOro MUCCrneaoBaHus
y4yebHo-meToamndeckoe nocobue / T.b. Benpesa, .M. 3awunxmHa, O.B. le-
YMHKMHA. - ApxaHrenbck : 4 CA®Y, 2016. - 120 c. - ISBN 978-5-261-01128-
6. — URL: http://www.studentlibrary.ru/book/ISBN9785261011286.html (gaTta
obpaweHunsa: 01.05.2024);

2 AHMUNCKUA  A3bIK  ONa  acnvpaHToB : ydebHoe nocobue / T.
boukapeBa, E. Omutpmesa, H.B. WNHosemueBa [ gp.] ; MuHuctepcTtso
obpasoBaHna un  Haykm  Poccunckon — depepaumm,  OpeHOyprckum
[ocypapcTBeHHbIM YHuBepcuteT. - Openbypr : OIY, 2017. - 109 c. -
Bubnuorp. B KH. - ISBN 978-5-7410-1695-4. - URL:
http://biblioclub.ru/index.php?page=book&id=481745 (mata obpawieHus:
01.05.2024);




3 Wolodina L.M. Deutsch fr Doktoranden: y4e6bHOe nocobue. —
Mocksa: KHUTY, 2018. — 156 c. — ISBN 978-5-7882-2363-6. — URL:
http://www.studentlibrary.ru/book/ISBN9785788223636.html (naTa
obpaweHunsa: 01.05.2024);

4 KonockoBa, C. E. HemeUKnin A3bIK AN MarMcTpaHTOB M acnupaHToB
yHuBepcuteToB 'epmaHus n Eepona : yuebHoe nocobue / C. E. Konockosa. -
PoctoB H/[] : N3a-Bo KODY, 2008. - 44 c. - ISBN 978-5-9275-0407-7. — URL.:
https://www.studentlibrary.ru/book/ISBN9785927504077.html (naTa
obpaweHunsa: 01.05.2024);

5 MNyTtunuHa, J1. B. 'HOCTpaHHbIN A3bIK A4N1s1 acnMpaHToB (dpaHLy3CKUI
A3blK) : y4ebHoe nocobue / J1. B. lNytunuHa ; MuHucTepcTBo obpasoBaHus U
Haykn  Poccuickon  ®epepaumn, OpeHOyprckuin  [ocyaapCTBEHHbIN
YHusepcuteT. - 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
(nata obpalteHus: 01.05.2024).

6) pecypchbl WH¢popMaLMOHHO-TENTIEKOMMYHUKaLMOHHOMN cetn
«AHTepHeT»:

1 KOHCynbTaHT CTydeHTa : 3neKTpoHHO-6ubnunoteyHaa cucrema /

000 «KOHCYNbTAHT CTYOEHTA». — MockBa, [200 — ]. — URL:

http://www.studentlibrary.ru. — Pexum pgoctyna: gna  aBTopusup.
nonb3oBaTeneun;
2JIAHb : oanekTpoHHO-6MONMOTEYHAa cuctema . [Konnekums

«UHxeHepHo-TexHnyeckne Haykmy] / OO0 «M3paTtenbcTtBo JIAHb». — CaHKT-
MeTtepObypr, [200 — ]. — URL: http://e.lanbook.com. — Pexum goctyna: ans
aBTOPU3NP. Nosfib3oBaTenen;

3 HAYYHAA SJIEKTPOHHAA BUBITMOTEKA eLIBRARY.RU : 6a3a
AaHHbIx / OO0 «H3Bb». — Mocksa, [200 — ]. — URL: http://elibrary.ru. — Pexxum
AocTyna: no Noanucke;

4 ObpasoBaTtenbHas nnatgopma HOPAUT / OO0 «3nekTpoHHoe
nsgatenscteo KOPANT». — Mocksa, [200 — ]. — URL: https://urait.ru. — Pexum
AocTtyna: ong aBTopusnp. nonb3oBaTenen;

5 YHuBepcuteTckas 6ubnnoteka oHNamH : 3NekKTpoHHO-6MbnnoTeyHas
cuctema / OOO «[Oupekt-Meamna». — Mockea, [200 — ]. — URL:
https://biblioclub.ru. — Pexum goctyna: ons aBTopu3up. nonb3oBaTenen. —
URL: http://www.biblioclub.ru;

6 OnekTpoHHaa 6ubnuoteka // Hay4dHoO-TexHu4yeckass GubnunoTteka

Cuelr’ny . camt. —  HoBokysHeuk, [2000 - ]. - URL:
http://library.sibsiu.ru/LibrELibraryFullText.asp. — Pexum pgocrtyna: ans
aBTOpPU3NP. nonb3oBaTenen. - URL.:

https://library.sibsiu.ru/LibrELibraryFullText.asp;

7 ONeKkTpoHHble nepuoguyeckne uspgauma UIBUC : yHuBepcarnbHas
6asa gaHHbix / OO0 «MBUC». — Mockea, [200 — ]. — URL: http://eivis.ru. —
Pexunm goctyna: no noanucke;




8 OneKTpoHHbIN KaTanor : cant / Hay4dHo-TexHuveckass 6Gubnuorteka
Cuelr'ny. — HosokysHeuk, [199 — ]. — URL: http://libr.sibsiu.ru. — URL:
https://libr.sibsiu.ru.

B) NMLEH3UOHHOE U CBOOOAHO pacnpocTpaHAemoe nporpaMmmMmHoe
obecneyeHune:

— 7-Zip;

— ABBYY FineReader;

— ABBYY Lingvo;

— Adobe Acrobat Reader;

— Astra Linux Special Edition;

— Kaspersky Endpoint Security;

— Microsoft Office;

— Microsoft Windows;

— OnlyOffice;

— P7-Ochunc.

r) 6asbl AaHHbIX U MH(POPMALIMOHHO-CMPaBOYHbI€ CUCTEMbI:

1 TAPAHT : cnpaBouyHo-npaBoBasa cucrema / OOO «[1paBoBon LEHTP
«lapaHT». — KemepoBo, [200 — ]. — Pexunm poctyna: KOMMbIOTEPHAs CeTb
Cu0. roc. nHgycTtp. yH-Ta.;

2 KoHcynbTaHTlInoc  :  cnpaBoyHo-npaBoBasi cuctema [/ OO0
«MHpopmaumoHHbin ueHTp AHBUK». — HoBoky3Heuk, [199 — ]|. — Pexum
A0oCTyna: KoMMbloTEPHas ceTb bmbnmnotekn Cub. roc. HAYCTP. YH-Ta.;

3 TexakcnepT : WHGOpPMaUMOHHO-cnpaBodHass cuctema / OOO
«'pynna komnaHun «Kopekc». — Kemeposo, [200 — ]. — Pexum poctyna:
KoMmnbtoTepHas ceTb Cnb. roc. MHOYCTP. YH-Ta.

6 MaTepuanbHO-TeXHM4YeCKoe obecneyeHme 3K3ameHa no y4yebHom
ANCLUUNIINHE

MaTepuanbHO-TEXHMYECKoe obecneyeHne 3K3ameHa  BKMA4YaeT
y4yebHble ayauTopun Ona npoBedeHuUs TpynnoBbiX W MHOMBUOYASTbHbIX
KOHCYIbTauuHn, MNPOMEXYTOYHOM artTecrtauun, nomMeLleHuns ans
caMoCTOAATENbHON pPaboTbl, OCHALUEHHbIE KOMMLIOTEPHOW TEXHUKOW C
BO3MOXXHOCTbIO NOoAKMoYeHUs K ceTn «HTepHeT» n obecneyeHmem gocrtyna
B  ONEKTPOHHYK WMHGOPMaUMOHHO-ObpasoBaTesibHyl0  cpedy, Hay4yHo-
TexHunyeckyto bubnmoteky Cnolrny.

[Mporpamma nNpPoOMeXyTOYHOM aTTecTaumMm no y4yebHOM AucuUnuHe
COCTaBfneHa B COOTBETCTBMM C ¢peaepanbHbIMU rocyaapCTBEHHbIMU
TpeboBaHMAMU K CTPYKType nporpaMmm MOArOTOBKM HAyYHbIX M Hay4HO-
nefjarormyeckmx Kagpos B acnnpaHType, YCIOBUAM UX peanu3aunmn, cpokam
OCBOEHNA 3TUX MNporpaMm C Y4eTOM pas3nnyHbix ¢GopMm 0byyeHus,
obpa3oBaTenbHbIX TEXHOMOMMN U OCOBEHHOCTEN OTAENbHbIX KaTeropum
acnupaHToB, yTBepXxaeHHbiMU [Npukazom MwuHMUCTEpPCTBaA HaykM M BbICLLErO
obpasoBaHna Poccuinckon ®enepaunm ot 20 oktadpa 2021 r. Ne 951.



Cocrtasutenb(u):
npodeccop CepenkoB KOpuin Cepreesud (kadpegpa punonorun).

MporpaMmMa NpPoMeXXyTO4YHOW aTTecTaumMm paccMOTpeHa 1 yTBepXaeHa
Ha 3acedaHuu kadeapbl.

CornacoBaHa:
AoLUeHT Kadeapbl
MHOCTPaHHbIX A3blkoB Ky3bacckoro
ryMaHUTapHO-Negarormyeckoro
NHCTUTYTa KemepoBCKOro rocyaapCTBEHHOMO
yHMBEpcUTETa
KaHOuOaT negarorm4eckux

&~

HayK, JOLEHT - | O.B. Cokonoea

AOIMKHOCTb, CTENEHb, 3BaHNE noanuncb NHUUManbl, haMmunms
cneuvanncTa B COOTBETCTBYHOLLEN
obnactn Hayku



MpunoxeHune

1 Bbecega Ha MWHOCTPaHHOM SA3blKeé MO BOMPOCaM, CBSiI3aHHbIM C
HanpaBneHMeM MNOAroTOBKM M Hay4yHOM paboToMm 3K3amMeHyemoro, a
TaKXe coumnanbHO-0bITOBOMU TEMAaTUKOMN

B xone 6ecenbl ak3ameHyeMble OOSTKHbI NPOAEMOHCTPUpOBATh BrnageHue
NOArOTOBNEHHOMW MOHOJSIOMMYECKOMW peyblo, a Takke HenoaroToBNEHHOW
MOHOJSIOTMYECKOM W AONanorm4eckon peybio B CcUTyaumm oduumanbHOro
obLeHns B npeaenax nporpaMMHbIX TpeboBaHUN.

MNpumepHble Bonpockl Ans 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 N3yvarollee YTeHMe OPUrMHaNbLHOro TeKCTa No HanpaBreHUo
NOArOTOBKM

O6bem TekcTa gna unsyyvarowero 4reHns — 1000 neyaTHbIX 3HaKoB. Bpems
BbiNnonHeHna — 50 MuHyT. PopmMa NPOBEPKU: MMCbMEHHbIN NepeBo Ha
PYCCKUI A3bIK. DK3aMeHYyeMble JEMOHCTPUPYIOT YMEHME YnTaTb
OpUrMHarsbHy0 ninTepaTypy No HanpasfeHuo NoAroTOBKU, ONMUpasch Ha
N3y4YeHHbIN A3bIKOBOW MaTepuars, poHOBble CTpaHoBed4ecKne u
npodeccrnoHarnbHble 3HaHNSA, HaBbIKN SI3bIKOBOM M KOHTEKCTYyaribHOW OOoragku.

O6pasey, TekcTa A5 n3yvaroLero YTeHus

Titanium (Ti) and its alloys are extensively used in aerospace, chemical and
biomedical fields because of their high specific strength, excellent corrosion
resistance and good compatibility. In recent years, ultrafine-grained (UFG)
materials fabricated by severe plastic deformation (SPD) techniques have
become 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 specimens 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 microstructure. 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 NnepeBoa

OK3aMeHyeMbIMU OCYLLECTBIISETCA MUCbMEHHbIM NepeBO Hay4YHOro TeKcTa
no HanpaBneHmo noarotoBkn o6bemom 1000 neyaTHbIX 3HAKOB a4eKBaTHON
CTEMEHN CINOXHOCTK; B Xxode paboTbl 9K3aMeHyemble OEMOHCTPUPYHOT
CMOCOBHOCTb K Nepefade OCHOBHOIO coepXXaHus OpurMHanbHoOro Tekcta 6e3s
CMBbICIOBbIX WCKaXXeHU, cobnogeHne HOPMbl B UCMOMb30BaHUU  A3blka
nepesoja, BnageHve TepMmnHosiormyeckon 6asom Hay4yHou Tembl / Hay4yHOro
HanpaBneHus.

Ob6pasel NMCbMEHHOro nepesoaa:

The paper begins by reviewing briefly | B Hayane crtatbum npoBogmutca KpaTkuin

, , . . 0630p 3NEKTPUYECKNX MaLUWH,
electrical machines for electric drive

NPUMEHSAEMbIX B 3neKTponpuBoae, npwu

applications, focusing on AC driven |3aToM o0coboe BHMMaHWe ypensdeTcs

anekTpoABuratenam MnepemMeHHOro Toka.
Hanee ocyuwectenseTcs o630p MeTOAoB
ynpaBneHus anektponpusogamu. lNepen
paccMOTpeHMEM pe3ynbTaToB HedaBHUX
nccnegoBaHMn B CTaTbe OMUCHLIBAOTCS
BaXHble UCTOpUYeckme OTKpbiTUsa. B
4YacTHOCTH, npuBoanTCS
NPOTMBONOCTaBNEHNE Apyr Apyry
TPagUUMOHHBIX  CXeM,  coepXalimx
Aatynkn, M cxem C 6e3gaTtynmkoBbiMU
MeToAamMu ynpaBneHus, JONOMHEHHbIE U

machines. The survey then moves on to
discuss control

techniques for drives. It covers the

important historical developments before

concentrating on recent research

advances, particularly contrasting

traditional sensor based schemes with

sensorless methods, complementing and | o6HoBnEHHLIE ABYMS oOLIMpPHBIMK
updating two extensive reviews by Holtz obsopamut Xonbaa [1], [2], a Taloke
HegaBHMMKW  ob3opamu  AKapHnu w1
[1], [2], and recently by Acarnley and | BatcoHa [3]. YnomaHyTble 6ecceHCOopHbIe
Watson [3]. Such sensorless techniques MeTons! ynpasneHn: ABNAOTCA
npegMmeTom MHOMNX aKTyarnbHbIX

are the subject of much active research;
just for the 2 year period 2005-2006 over
130 papers featuring this topic were
published in IEEE Transactions and IET

nccrnenoBaHMn, TONbKO 3a ABYXJIETHUW
nepuoa ¢ 2005 no 2006 rog B XypHanax
IEEE Transactions n IET Proceedings
6110 onybnmkosaHo csbiwe 130 ctaTen,
NOCBSILLEHHbIX JAaHHON TEMaTUKE.

OIEKTPUYECKME MaLUNHbI NEPEMEHHOIo




Proceedings alone. AC  electrical | Toka MoryT 6bITb pasgeneHbl Ha ABa
OOWMPHBIX  Knacca: CUHXPOHHbIE U
aCUHXPOHHbIE, HasblBalOLWMECA Takke
classes, synchronous and asynchronous | MHOYKUMOHHbIMWU. B cTaTtbe wmanaratotcd
nx OCHOBHbIE XapaKTepUCTUKM,
MOCKOMbKY MOcCnegHne oTpaxalTcsa Ha
basic characteristics are described, since | MeTogax ynpaBneHus, KoTopble MOryT
ObITb HaUny4Lwmm obpaszom
ncnonb3oBaHbl. Ocoboe BHMMaHME B
which can best be used. It is a particular | naHHOM 00630pe akueHTUpyeTCs Ha TOM,
4TO Xopowwne MeToAdbl  YyhpaBreHus
OCHOBbIBaOTCH Ha NMOHMMaHNN
methods are based on physical insight | pusnyecknx ocobeHHOCTEN  MaLUWHBI.
MaTtemaTnyeckas NMHTepnpeTaums
METOAOB, XOTb M Heobxoguma gnsa wux
Mathematical treatments, although | npaBunbHoOro pasBuUTuS, oJHaKo
BpeMeHaMn  OHa  MOXeT  BHOCUTb
HEACHOCTb B WX  MOHMMaHWe C
obscure this physical insight at times. | fpnsnyeckon CTOpoOHbI.
PaccmaTtpuBaemble  ganee  meTogbl
ynpaBneHus, ncrnosnb3yemMble B MallMHaXx
are next highlighted, nepeMeHHOro Toka, B NepByl oyepenb,
CPOKYyCMpOBaHbl Ha OCHOBaxX BEKTOPHOro
ynpaBsneHus (BY).

machines can be divided into two broad

or induction. Their

this reflects on the methods for control

contention of this review that good control

into the machine characteristics.

required for sound development, can

Control methods used in AC machines

concentrating first on the basics of vector
control (VC).

4 MpocMoOTpPOBOE YTEeHUe, COCTaBrieHMe pe3loMe

[MpOoCMOTPOBOE YTEHME OPUTMHANBHOIO TEKCTa NO HanpaBfeHNO NOArOTOBKN
o6bemom 3000 nevaTHbIX 3HAKOB 3aBepLUAETCs pe3toMuUpytoLlen nepegadven
n3Brie4eHHon mHpopmaumm Ha pycckom s3bike B o6beme okorio 100 cnos.
Bpema BbinonHeHna — 10 muHyT. dOopmMa nNpOBEPKM — YCTHasA nepenada
N3BMI€YEHHON MH(OPMaLMMN Ha PYCCKOM A3blKe. DK3aMeHYyeMble COCTaBMSAOT
pes3tloMe MPOYMTAHHOrO TEeKCTa, [AEMOHCTPUPYst CnocoBHOCTbL OBnageTb
YCNOBJIEHHbIM 06BLEMOM WMHGOPMAaUUK, YMEHUEM NPaBUMbHO NPEeAcCTaBUTb
9Ty WHQOpPMAaLMIO, HanuyMe HaBblka peanun3aunm KOMMYHUKaTUBHOIO
HaMepeHus, CrnOoCOOHOCTb K OpraHu3auun coaepXXaTefibHOro, IIOrnM4Horo,
NpPaBuIibHO CTPYKTYPUPOBAHHOIO BblCKa3bIBaHUSI.

A Obpasel TekcTa Ang NPOCMOTPOBOro YTEHMUS

AC MACHINE CONTROL PRINCIPLES

A. Background

High performance drive applications usually require a fast torque response, 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 controllers build upon good steady



state. performance and can give excellent transient behavior. Variable-frequency
AC machine control can be divided into scalar and field oriented or VC. Scalar
control uses magnitude and frequency control. 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 magnitude and
frequency are controlled, not space vector orientation. Making terminal voltage
magnitude proportional to frequency results in approximately constant stator flux,
desirable to maximise the capability of the motor. The classical 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 sophisticated variants can improve behaviour, perhaps
with better handling of parameter variations, particularly of stator resistance. Buja
and Kazmierkowski describe 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-q 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 maintains the main flux and the armature mmf
directions to be approximately perpendicular 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 xyi (1)

Usually the VC separates current into field and torque producing components. The
perpendicular field system makes the relationships between the machine variables
simple, in principle. The flux is a function of the field (producing 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 O6paseL, ycTHOro pestome

NMPNHUMMNbLI YTIPABJIIEHUA MAWMHAMW NMEPEMEHHOTIO TOKA



[ns BbICOKONPOM3BOAUTENbHbLIX 3MEeKTponpmMBoaoB 0bblYHO TpebyeTcs ObicTpas
peakumsi Ha BO3HMKAKOLWMWA KPYTALWMIA MOMEHT, NO3TOMY B MPOLUIIOM OTAaBariocb
npeanoyYTeHne NpuBoL4aM MOCTOAHHOMO Toka. MpPOYHOCTb, KOMMNAKTHOCTb U HU3KME
3aTpaTbl Ha TexHu4eckoe obcnyxmBaHMe — BOT NPeENMYyLLLECTBA 3MEKTPONPUBOLOB
nepemMeHHOro Toka

YnpaBneHne 4acTOTHO-perynmpyemMon MalluMHON NepeMeHHOro Toka MOXeT ObITb
KnaccnuumpoBaHO Ha CKansipHoe WM OPUEHTUPOBAHHOE MO MOS0  MalUWHbI,
Ha3blBaeMoe Takke BEKTOPHbIM (CoKpaLleHHo - BY).

CKanﬂpHoe ynpasrieHne OCHOBbIBaeTCA Ha perynmposaHumn amnnntygbl w”
yacToTbl. BY Takke genaeTt BO3MOXHbIM opuneHTauunto MarHMTHOro nonA.

Mpn BEKTOPHOM YynNpaBfEHUN OCYLLUECTBISETCA pPerynupoBaHMe MrHOBEHHbIX
NOSIOXKEHUN NPOCTPAHCTBEHHbBIX BEKTOPOB HAMpPsXKeHUs, ToOKa U NOTOKOCLIENSIEHUSI.
O6blyHO BY pasgensieT TOK Ha KOMMOHEHTbl, cOo3jalolime rnone un KpyTAwun
MOMEHT. [1pn ycnoBuun, 4TO MarHUTHBLIN MOXET NoaaepXuBaTbCs Ha MOCTOSIHHOM
YPOBHE, KPYTALUNUIA MOMEHT PErynMpyeTcs C NOMOLLbLIO TOKa U MOXET ynpaBnaTbCA
ObICTPO 1 XOPOLLIO.



