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1. MeToanka oneHKH

Heasto BbimoaHenusi PI'3 saBnsercs ¢opmupoBaHue ymeHHss CBOOOJHO YHTaTh H
IEPEBOIUTh Ha POIHOM SI3bIK OPUTMHAIIBHYIO HAYYHO-UCCIIEA0BATENbCKYIO U IPOPECCHOHATBHYIO
JUTEpaTypy U yMeHHs paboTaTh C MHOS3BIYHON MH(OpMAIeld U3 pa3IUuHbIX UCTOYHUKOB IS
peleHus NpoeCCUOHAIBHBIX U HAYYHO-HUCCIIE0BATENILCKUX 3a/1a4.

[Tpu Bemmonnenuu PI'3 maructpanT AOIKEH MIPOJEMOHCTPUPOBATH:

-3HaHUe OOLIEHAayYHOH, CIIELIUAIbHOM JIKCUKU U TEPMUHOJIOIMH Ha HHOCTPAHHOM SI3BIKE 110
HaIIPaBJICHUIO ITOATOTOBKH;

-yMEHHE UCMOJIb30BATh 3HAHUS SA3bIKA JUIs1 IPO(ECCHOHAIBHOTO MEXAYHAPOIHOTO OOLIECHUS
Y B HAy4YHO-UCCIIEI0BATEIBCKON IEATEIbHOCTH;

-yMEHHE YUTaTh U peepupoBaTh JINTEPATYPy HA HHOCTPAHHOM SI3bIKE;

-yMeHHue paboTaTh ¢ OTPACIEBBIMU CIOBAPSIMU U PA3IMYHBIMU UCTOUHUKAMU HH(pOpMaLUU
B paMKax Npo(heccHOHaIbHO-OPUEHTUPOBAHHON TEMaTHKHU;

-yMEHHE TPOIyIIUPOBATh TEKCTOBBIE MATEPHAIIBI B YCTHOM M MUCHBMEHHOH (hOpME C y4EeTOM
UX CTHJIEBBIX M JKaHPOBBIX OCOOEHHOCTEH C HCHOJIB30BAHHMEM BCIOMOTATEIbHBIX CPENICTB
(Tabmu1, rpadMKOB, IHArPaMM, PEUEBBIX KIIHIIE) Ha 3aJJaHHYI0 NMPO(HECCHOHAIBHYIO TEMY

PI'3 Bxiouaer BBINIOJIHEHHWE TMHMCBMEHHOIO II€PEBOAA OPUTMHAIBHOM CTaTbu C
AHTJIMICKOTO SI3bIKa HAa PYCCKWH, HamucaHue pedepara W COCTABICHHUE TEPMHUHOJIOTHYECKOTO
cioBaps (rioccapusi) o cratee. OObEeM CTaThbU Ui BbINMONHEHUS 3aaanuil PI'3 cocrasnser 25
TBHICSIY TI€YATHBIX 3HAKOB.

Hopsaok Bpimoanenus PI'3

Ha nepéom ’mane wmaructpanT moaOupaeT W3 WHOS3BIYHBIX HCTOYHHKOB (HAyYHBIC
KYpHaJbl, MaTepHajbl MEXIYHAPOAHBIX KOH(EpEeHINH, MpodecCHOHABHBIX CAaiTOB) HAYYHYIO
CTaThlO, CBA3AHHYIO C TEMOUM €ro Hay4yHoro uccienoBanus. CTaThs JOMKHA ObITh AyTEHTUYHOM,
TO €CTh NMPHUHAJUIEkKATh HOCUTEIIO aHTJIUICKOrO sI3bIKa JINOO MPOUTH PEeJaKTypy aBTOPUTETHOTO
AHTJIOSI3IYHOrO M3naTenbeTBa. ['on myOnukanuu — nociaeanue S net. O0muil 00beM TeKkcTa —
25000 neyatHbIX 3HaKoOB (0e3 mpoOenoB). TEKCT MOXKET COCTOATh M3 HECKOJbKUX CTaTeil mim
pasnenoB MoHOTpaduu.

Bmopoii sman: nepeBosl cTaTbu. MarucTpaHT BBIIOJHSET YCTHBIH MEPEBOJl CTAThU.
®parMeHT cTaTbd OOIMKUM OOBEMOM 5 THICAY TMEYATHBIX 3HAKOB (0€3 MpoOesoB) MEPEeBOIUTCS
NUCbMEHHO (TIOJIHBIM MUCHbMEHHBIN NIEPEBONT).

st oBNafeHuss TEPMHHOJIOTHEH MAaruCTPaHT COCTABISIET TEPMHHOJIIOTHYECKHU CIIOBaph
(rnoccapwii) o cratee. O0bEM COCTaBIISIET HE MeHee 15 TepMUHOB.

Tpemuit 3man: MarucTpaHT THIIET aHATUTHYECKU 0030p (critical review) crarbu
o0bemMoM okoJ10 4 — 5 000 meyaTHBIX 3HAKOB Ha aHTIHMICKOM s3bIke. O030p (pedepar) cocTouT u3
TpeX 4JacTeil: BO BBEJCHUS MArHCTPAHT OIMCHIBAET aKTyaJbHOCTh TEMBI, IPOOIIEMBI, METOJIBI; B
OCHOBHOM YacTH MPeJICTaBIIsIeT OCHOBHBIE UJIEH TI0 COJIEP’KAHHIO CTaThU; B BEIBOJIE (POPMYIHPYET
¥ 000CHOBBIBAa€T MHEHHUE O CTAThE.



CTpyKTypHBIME 3JiIeMeHTaMH oT4eTa o PI'3 aBasirores:
- TUTYJIbHBIN JIUCT;
- OpUTHHAIIbHAS CTAThs HA aHTJIMMCKOM S3BIKE CO BCEMH BBIXOJHBIMHU JaHHBIMH (HE MeHee 25
TBHICSIY TIEYATHBIX 3HAKOB);
- IEYaTHBIN BapyaHT NEPEeBO/Ia HA PYCCKOM SI3bIKE (HE MEHEe 5 ThICSY MEeYaTHBIX 3HAKOB);
- MeYaTHbII BapuaHT 0030pa (pedepara) Ha aHTIIMHCKOM s3bIKe (OKOJIO 4-5 ThICAY MEYATHBIX
3HAKOB);
- TEPMUHOJIOTHYECKHU c10Baph (raoccapuii) (He MeHee 15 TepMHHOB).

TpeGoBanusi K npejacraBjaeHuro marepuaios PI'3
Turynensiii uct PI'3 opopmitsiercst mo oOpasity (cM. mpumep ohOopMIICHHS).
CraTbsi Ha aHIJIMICKOM $I3bIKE KOMMPYETCsI U3 aHIVIOS3bIYHOIO MCTOYHHMKA B MCXOJHOM BHUJAE C
TUTYJbHBIM JIUCTOM >KypHaJa.
TuTynpHBIA JUCT NMUCBMEHHOI'O BapHaHTa IepeBoja oopmisiercs mo odpasiy (cM. mpumep
oopmiteHws).
[TepeBo cTaThu Ha PYCCKOM SI3bIKE NMPEACTABIIAETCS B I€YaTHOM BapUaHTE C HOBOM CTPAHMULIBL.
Ananutndeckuit 0030p (pedepaT) Ha aHIIIUHACKOM SI3bIKE pa3MEIIaeTCs ¢ HOBOW CTPAaHUIIBI (CM.
npuMep ohOpMIICHHS).
TepmuHoIOrHYeCKuii ciioBaph 0PopMIIsIeTCst o 00pasity (cM. mpuMep 0hOPMIICHHUS).
[Tomst cnea 2,5, octanbhbie 2. [lpudT Times New Roman 12. MexcTpodHblii HHTEpBa
IIOJIyTOPHBIM.

2. Kputepuu oleHKH

Pabora cunTaercs He BLINOJHEHHOM, €CJIN

BBITIOJIHCH MUChbMEHHBIH MepeBOo] HAYYHOUH CTATHH € AHIJIMMCKOr0 HA PYCCKHMi SI3bIK
meHee 50% TekcTa, B MEPEeBOJE AOMYIICHbI OMIMOKH, BIMSIONIME HA UCKaXEHHE OCHOBHOIO
COACPpIKaHUA aHHOTALUU

coziepkanue pegepara oTpakaeT HE BCe OCHOBHBIE aCIEKThI, YKa3aHHbBIC B HAYYHOI CTaThe;
MMEETCs] HapyllIeHWe CTUJIEBOro o(OpMIIEHHUSI peul; BBICKa3blBAHME HE JIOTUYHO; OTCYTCTBYIOT
CpeACTBa JIOTMUECKOW CBSI3M; UMEIOTCA HapYUIEHUs B MCIOJIb30BAHUU TEPMHUHOB, JTOMYILIECHbBI
rpaMMaTHYeCKUe OIIMOKU, BIMSIONIME Ha TMOHUMAHHE CcoJepkaHus, oQopMIeHHE TeKcTa
pedepara HE COOTBETCTBYET TPEOOBAHUSIM.

Orenka cocrasiseT 0-9 0ayUIoB.

Paborta cunTaercsi BbINOJIHEHHOI HA IOPOTOBOM YPOBHeE, eCJId

BBINOJIHEH MMCbMEHHBII NepeBo/] HAYYHOH CTATBH € AHIVIMHCKOro Ha pycckuii si3bik 50
%- 70 % TekcTa, B TEPEBOJE JOIMYIICHBl OIMMUOKH, BIUSIONIME HA HMCKAKXEHHUE OCHOBHOTO
COJIEp/KaHUsl aHHOTALUH.

coJiep)kaHue pedpepaTa OTPaXKaeT HE BCE aCMEKThI, YKa3aHHbIE B HAYUHO! CTaThe; HapylIeHHE
CTHJIEBOTO O(OPMIIEHHS PEYM BCTPEYArOTCs JOCTAaTOYHO 4YacTO; B OCHOBHOM HE COOJIIO/IEHBI
NPUHSTHIE B SI3bIKE HOPMBI; BBICKa3bIBAHME HE BCEI/Ia JIOTMYHO; UMEIOTCS MHOTOUYHCIIEHHbIE
OIMOKK B HCIOJb30BAHUU CPEJCTB JIOTUYECKOM CBS3M, HUX BBIOOp OrpaHUYEH; HMEIOTCA
HapylIeHUs B HCIOJb30BAHUM TEPMUHOB, 3aTPyJIHSIOIINE MOHMMAaHUE TEKCTa, JOMYUICHBI
rpaMMaTi4ecKue olMOKH, 3aTpyJHSIOIINE TOHUMaHUe TEKCTa, opopMiIeHne TeKcTa pedepaTa He
COOTBETCTBYET TPEOOBAHUSIM.

Ornenka cocrapnsiet 10-13 Gannos.



Pabora cunTaercs BbINOJHEHHO HA 0230BOM YPOBHE, €CJIU

BBITIOJJHEH NMUCbMEHHBbIH MepPeBOJ HAYYHOH CTAThbHM € AHIVIMHCKOrO Ha PYCCKHMH SI3BIK
100% Tekcra; B mnepeBojie €cTh 2-3 OMIMOKM B IPaMMaTUYECKUX KOHCTPYKLUSAX, JIEKCUUECKUX
eANHMIAX, (pa3ax WIM BBIPAKEHUSAX, HE BIUSAIONIMX HA a/IeKBAaTHOCThH IEpelayd OCHOBHOTO
COJIep’KaHusl TEKCTA.

colepkanue pedepara pacKpbIBaeT OTIENbHbIC aCMEKThl HAyYHOW CTaThbU, HMEIOTCA
HApYyLICHUS CTUJIEBOTO O(OPMIICHHS pEuH; BHICKA3bIBAHWE B OCHOBHOM ITOCTPOEHO JIOTHYHO;
UMEIOTCS  OTAENIbHbIE  HEJOCTaTKU  MPU  HUCHOJB30BaHUU  CPEACTB  JIOTHMUECKOM
CBSA3M;  HCIIOJIb3YEMBIM CJOBApHBIM 3almac COOTBETCTBYET IIOCTABIECHHOW 3ajade, OJIHAKO
BCTPEUYAIOTCS HETOYHOCTH B YHNOTPEOJIGHWH TEPMHUHOJIOTHMM; JOMYIIEH psJ I'paMMaTHUYECKHX
OmMOOK, HE 3aTPYAHAIONMX MOHMMAaHHE TEKCTa, UMEIOTCS HE3HAYUTEIbHBIC HApYIICHHUS B
odopmiileHnH TeKCTa pedepara.

Ornenka cocrapmusier 14-16 6annos.

Pabora cunTaercsi BbINOJIHEHHOI HA MPOJABUHYTOM YPOBHE, €CJIH
BBINIOJIHEH aJICKBaTHbIA NMHUCbMEHHbIH TIepPeBOJ HAYYHOH CTAThbH € AHIVIMHCKOrO Ha
pycckuii si3bIk 100% Tekcra 0e3 MCKaKeHUs 3HAYCHHS OCHOBHOIO COJIEp)KaHUs TecTa U 0e3
M3MEHEHUs 3HAYCHHS OTAETbHBIX CJIOB IIPU COXPAHEHUU T'PAMMATHKU PYCCKOTO SI3bIKA.
conepkanue pedepara OoTpakaeT BCE aCICKThI, YKa3aHHBIC B HAYYHOW CTAThE; CTHUIICBOC
opopMIIeHHE peud HE HapyIIEHO; BBICKA3bIBAHHE JIOTUYHO, CPEICTBA JIOTUYECKOW CBSI3U
HCIIOJIB30BAHbI IPABUJIBHO, HWCIOJL3YCMBIC JICKCUYCCKUC W TIPaMMATHUYCCKUC CTPYKTYPLL
OTBEYAIOT I[IOCTABJIIEHHOM KOMMYHUKATHBHOM 3ajauye; JEKCUYECKUe, TpaMMaTHuecKue u
opdorpaduyeckue ommMOKH OTCYTCTBYIOT, OOpMIICHHE TEKCTa pedepara B IMOJHOM OO0bEeMe
COOTBETCTBYET TPEOOBAHUSIM.
Ornenka cocrapisier 17-20 6amos.

TepMuHOIOTHYECKHIi CJI0OBAPb OIIEHWBACTCSA 3aUTEHO / HE 3a4TEHO 10 COOTBETCTBHUIO
OTOOpaHHBIX TEPMHUHOB (TEPMUHOJIOTUYECKUX TPYII) MPOQUII0 HAMpaBIEHUS MOATOTOBKH U
TEME MCCIEA0BAHUSI MAarUCTPAHTA U MOJTHOTE UX MPE/ICTABICHHBIX 3HAYCHU.

3. HIkaJuaa oueHkun

B o06eit onienke no aucuuiuinHe 6amisl 3a PI'3 yuuThIBatoTCs B COOTBETCTBUU C MPaBUIAMH
0aJUIbHO-PEUTUHTOBOM CHCTEMBI, IPUBEIEHHBIMU B paboueil mporpamMme TUCIMILIMHBIL.

A+ | A A- |B+ |B B- [C+ |C C- |D+ |D D- |E FX | F

OTJIMYHO XOopouio YAOBJICTBOPUTCIILHO HCYIOBIJIL.

20-17 16-14 13-10 9-0

4. Tlpumep opopmienus PI'3 mo nucuunimnne
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TRANSLATION

B. CrannapTHbIi alrOpUT™M CKOPOCTHOM ajanTaluu
B HekoTopseIX U3 cTarel, 1Be u3 KoTopbix [ 18, 20] Obun paccMoTpeHsl paHee B pazaenax V-
E, yrBepxnaercs, yro nabmomaremu ¢ @ =0, wu Ki, ko#£0 ycroituuBel npu nepexoje B
TeHEPATOPHBINA PEXKHUM.

Kubota et al. (2002) [13]:Ilpeoracaemcs nabniodamens ¢ koIhpuyuenmamu ycuieHus:

"

. i R
kg=0k—1)| —+a :|

I,
kg (ke — 1wy

- I
by — (K~ R — (k-1 [ 4 a) L,

kag = (k — 1) L,

1. I'ne k=1 (m1s pa3omMkHyThIX cucteM) U k= [ ¢opmyna] ans IBUTaTeIbHOrO H
TEHEPATOPHOTO PEKUMOB, COOTBETCTBEHHO. Bo BTOpom u3 gopmysel (45) crneayer, uro 12<0 B
J0CTaTOYHO Mayioi obmactu rae WI1=0 (oOwsraro [W1|=0,01). HecmoTpsi Ha naHHBIA (aKT,
rpaguKu Ha PHC.5 MOITBEPXKIAIOT, YTO MPH JOCTATOYHO OOJibIIOM 3HaueHHH K1 BO3MOXKHO
HOJIy4eHHEe YCTOMUMBON cucteMbl. HekoTopoe oTiimune pacyeTHBIX MPOLECCOB BEPOSITHEE BCETO
BbI3BaHO HEOObII0M BenmunHoi K1d. Takxke HE0OX0aUMO 3aMeTHTh, uTO (53) HE yI0BIETBOPSET
pe3yabTaTtam (45).

2. Harnefors and Nee (1997) [25]: XapakTepHbIMH TEXHHYECKHUMH OCOOCHHOCTSIMH
peleHts, MPeUI0KEHHOrO0 B JIaHHOW CTaThe SBISIOTCS: Xopoluee jaeMnpupoBaHHe, TOYHAS
OLICHKa NOTOKOCLEIUIEHUS W YCTOWYMBBIE AITOPUTMBlI BBIYMCIEHHUS YacTOThl BpalllEHUS U
napametpoB. [Ipu 3ToM He mpeanonaraercst padbota B r€éHEPATOPHOM pekuMe. XOTs B JaHHOM
QITOpPUTME HE HCIOJB3YEeTCS] CTAHJAPTHBIA CKOPOCTHOW aNrOpUTM aJanTalii, pacCMOTPUM
paboty nanHoit cxembl ipu ¢ = 0. B 3TOM ciyuae A JaHHOM CXEMBbI HE BBHITIONHSAETCS YCIOBHE
MIOJIHOM YCTOWYUBOCTH.

['ne sgn(.) — omeparust onpeaencuus 3uaka, u [(wl)= [W1|/wA, ams W1l|<wWA, ecu
I(w1)=1, To BeIpaxeHuUs nmproOpeTaroT nHO Bua. OnHaKo, 3aMeHsst W1 Ha WI U IpUHUMAs
WA=a, nojay4yaem cieAyolue BhIpaKeHUS:

s (wr|<a. HepaBenctBo aist |1 cripaBeanuBo it 60NIbIIOro Auana3oHa CKOPOCTeH, U He
BBITIOJIHSIETCS TOJIBKO B 007aCTH O0JIBIINX CKOJbKEHHUH. [1pn 3TOM BUJOM3MEHEHHbIE YpaBHEHHUS

JU1s1 KOO (OUITMEHTOB YCUIICHUS YIOBIETBOPSIIOT YCIOBUSM (46).
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INTRODUCTION
Current AC electric drive systems can be divided into two groups. The first group is sensor
electric drive and the second is sensorless electric drive. Sensors which are used in the first group
of electric drive raise the total cost of the system and reduce the reliability. Besides, sensor systems
tend to be used in highly demanding applications. Sensorless systems are becoming more popular
to be used in general industrial application. Sensorless systems improve the reliability and
operability of the system. Consequently, a number of works developing solutions for sensorless

AC electric drive is constantly rising.

1. THE MAIN TYPES OF ESTIMATORS

The paper is devoted to the detailed investigation of full and reduced order observers’
features. Its key issue of the paper is to analyze full and reduced order observers complete
stability conditions. The paper under discussion considers calculating all gain selections to give
the complete stability for all operating conditions of IM.

At the beginning of the paper the authors divide all types of estimators into three main
groups. These groups include model-reference adaptive systems (MRAS), full-order observers
and reduced order observers [1] — [4]. They introduce the key features of each type of estimator.
The authors define a term complete stability as good damping, low noise gain and stable operation
for all modes.

All estimators must provide stable operation and good damping for all operating conditions.
As a result the authors consider group of works giving a range of complete or partial solutions for
proposed problem[8], [9] — [20] . Besides most of all solutions still have a narrow unstable region
for low speeds in regeneration mode. Consequently, the authors claim that developing complete
stable schemes devoid of an unstable region are highly desirable.

Harnefors and Hinkkanen outline all their contributions including six parts. In the paper the
motor parameters (resistance, inductance) are assumed to be perfectly known. This condition
allows us to focus on only calculating of all gain selections to reach the complete stability
operation.

2. THE SIMULATING MODELS

The authors managed to develop a simulating model of IM and vector control system. The
inverse “I”’-model of IM is assumed to develop the simulating model [21]. Vector control system
uses the rotor flux estimation (or stator flux estimation) in synchronous coordinates. In case of
high precision electromagnetic torque or speed control the EMF estimation is also required.

Having developed the IM simulating model the authors move on to reduced order observers.

The equation system of observer and its implementations in synchronous coordinates have been



considered by the authors, also the complete stability condition of the reduced order observer was
analyzed [4]. All gain selections providing the complete stability for reduced order observer have
been obtained.

In addition to the simulating models of observers the article describes all problems connected
with full-order observers. Harnefors and Hinkkanen emphasize different choice of state variables
[5], [14], full-order observer dynamics and its equivalent to reduced-order observer problems. The
authors also calculate all gain selections and describe the adjusting algorithm of full-order observer
in real system.

Moreover, the investigation of open and closed-loop systems properties is conducted [16] —
[23]. In this investigation a slip frequency is supposed to be constant. Circuits shown previously
are subjected to a detailed study. All schemes under investigation appear to have a negligible
unstable region. This effect could be eliminated by means of estimating complete stability
conditions. Harnefors and Hinkkanen suggest a set of approaches to mitigate a regeneration
operation influence.

3. EXPERIMANTAL RESULTS

Finally, the authors pay great attention to conducting an experiment in order to check the
proposed control systems and observers [14]. The main purpose of the experiment was to compare
a vector control system with speed adaptation law and a conventional sensorless electric drive. A
permanent magnet servo-motor is used as loading machine. Proportional - integral controller
is applied to a system [26]. State variables are shown in synchronous coordinate system. \Vector
control technique in this case can use direct field orientation as well as indirect field orientation.
Experiment was divided into three parts, first of all paper points out operation at low speeds, then
operation at higher speeds are introduced and finally this part considers reversal processes at both
low and higher speeds operation. All these transients confirm the operability of developed drive.
Speed reversal processes prove to have complete stability for all operating conditions. All factors

influencing the estimation error are obtained.

CONCLUSION
In conclusion Harnefors and Hinkkanen generalize all results and conclude that all types of

observers are completely stable. All gain selections providing complete stability are obtained.
Furthermore, the authors assert that reduced and full order observers have the equivalent
implementation under assumption of fast current dynamics. All analytical results are verified by
experiment and show good agreement [19].

As far as | am able to judge a stable operation of electric drive with MRAS, full or reduced
order observers depend heavily on the complete stability of all these subsystems for all operating

modes. The most types of estimators become unstable when operating close to regeneration mode



speeds. Hence, reliable solutions for complete stability need to be obtained. Research carried out
in the paper makes stable operation possible. In conclusion I’d like to recommend the paper for all

professionals involved in a field of sensorless AC electric drive.
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Word

Definition

Example

Closed- loop system

IS a system with regulating
variable’s feedback to control the
system condition.

Implementing the
complete stable system
requires closed loop
system developing.

Complete stability

is a property of a system which
means stability for all operating
conditions, good damping at all
speeds, low parameter sensitivity
and noise gaining.

The main complete
stability’s property is a
stable operation for all
operating conditions

Is the property of control system to

The design objective

quench a controlled variable | of the research is good
Damping o§cillations caused by _noisg or | damping

disturbances. Good damping is an

important condition for stable

operation

is a technique using the direct | Traditional vector
Direct field ca_lculat_ing _of field_ space cqntrol_ systems  use

. . orientation via magnetic field | direct field orientation

orientation

sensors or equations of magnetic
field.

technique.

Electromagnetic
torque

is a mechanical force derived from
interaction between stator and rotor
magnetic fields. Electromagnetic

torque stands for result of
electromechanical energy
conversion.

A rated load-torque
was applied between
t=2sandt=4s.

Electromotive force
(EMF)

is a voltage which is produced by
any source of electrical energy.
EMF appears from any source
converting chemical, magnetic,
thermal and other types of energy
into electrical energy. With
reference to magnetic field EMF
could be defined as an
electromagnetic work making a
charge travels across the closed
loop.

The EMF is used to
develop an observer.

Estimation error

is a difference between estimated
and actual values of a controlled
variable. Estimation error is used in
control system to evaluate the
quality of system or its separate
parts.

The estimation- error
dynamics for the
reduced order observer
are found by
subtracting the first
equation from the third
one.




