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TEMA 1. O6wme BOonpochl
KOMMbIOTEPHOrO MOAENMPOBAHNA

1. Ba3oBble NOHATUA N TEPMMHBI KOMMbBIOTEPHOTO
MOoAenupoBaHua

2. MaTtemaTnyeckoe MoAenvpoBaHue: Leb, KpUTepHK,
3ajauu, CTPYKTypa npouecca

3. OnpegeneHue u MMMaHeHTHble CBOICTBA
MaTemMaTUYecKon Moaenm

4. OCHOBHbIE BMABI MAaTEMaTUYECKUX MOAENENB
TEXHUUYECKUX 3a4a4ax

5. CTpyKTypa maTeMaTU4yeCKOW MOAENU

6. [locTaHoOBKa 3ag43ayM MOAENUPOBaHMA. MeToabl U

CpeacTsa MoaeIMPOBaHUA

2. MaTtemaTuyeckoe MoaenupoBaHue: LeNb, KpUTepuu,
3afa4u, CTPYKTypa npouecca

|.05'\:9KT |- [Cpe,qcrsa coBepL.

Lienb, KpUTEPHK, 334341 MCCNRA0BAHWA,
KPMTEPHH, ACMYCTUMBIE NOTPEWHOCTH
|

‘ Cpepcrea |4.| Mogenb, macwrabel nogobua !

Cpeactea LMemth

|

‘ Cpeacrea —»‘ Pe3ynbTarsl M Ux aHanna
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1. ba3oBble TEPMUHbI KOMMNBLIOTEPHOIO

MOZENMpPOBaHUA
MogenuposaHue, cybbeKT, 06beKT, MoAeNb

MOAENMPOBAHWE 3To uccnenosaHWe CBOMCTB OAHOTMO
obbekTa (Hasbieaemoro OBbLEKT), BbinonHAemoe
MeToAom HabnoaeHU 3a ApyrMm o6bLEKTOM
(HasbiBaembim MOZE/b). Mpu 3TOM TOT, KTO
npeanpuHUMAET TaKOe UCCNef0BaHMe ABNAETCA
cybbekTOM UccnenoBaHMA U HasblBaeTcA
CHNEUMANUCT nnn NCCNEOOBATE/Nb.

Llenn v KpUTeprm OLLEHKW PE3YNbTaTOB A0NMKHbBI BbITb aKTYaNbHBIMU

1. MpHUOPHUTETHbIE HANPABAEHMA PA3BUTMA HAYKM, TEXHONOMMIA M TEXHMKM B POCCHIACKOI
e pepaumm.

2.MepeyeHb KPUTUHECKIMX TEXHONOTMIA Poccuiickoi Peaepauinmn

Yka3 MNpesuaeHTa Poccuiickoit Pepepaumu ot 07.07.2011 r. Ne 899

3. MPUOPUTETHBIE HANPABNEHWMA HAYYHO-TEXHONOTUYECKOTO PasBuTHa Poccuitckoi
depgepaumu.

Ykas MNpesuaenta Poccuiickon Pegepaumm ot 01.12.2016 r. No 642
HayqHOTe XHW4 e CKMe NPOeKThI W MX GUHA HCMP O Ba H1e

Kpome TOro OHK AONHHbI UMETb NPU3HAHHYH 0BLLECTBEHHYIO 3HAYMMOCTb:
IHe proaddeKTUBHOCTb

MartepvanoemkocTb

IKONOTMHHOCTb

HapgxHocTb

Be3onacHocTb

KoHKypeHToCcnocobHoCTL

Kauyectso npoaykTta

NohkWwNE

Co3A,aHMe HOBbIX TEXHUYE CKUX YCTPOICTE, NaTEHTHAA feATe NbHOCTh
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3apaun mogenmposaHus

1. Co3paHue/anantaumus maTemMaTUHECKOW MOLENM K 3a3a4e.

2. NoAroToBKa NnaHa UCCNeaoBaHUil U UCXOAHBIX AaHHbIX.

Bbibop macwTtabos nogobus

. Bbibop MeToa0B MOAENUPOBAHMA

. BblBOp BLIUMCAUTENBHBIX U NMPOTPaMMHbIX CPeACTB

5. Beibop cpeacte 06paboTKKM U aHANM3a NONYYEHHOM
vHbopmaummn

6. Peanunsauma nnaHa uccneaoBaHui.

7. Boipabotka u o6ocHoOBaHME NpeanoKeHuit No
COBepLUeHCTBOBaHUIO 06beKTa

Bow

Uy =—-E + 211,
Uy = Ey — z2ly
Ey=—znly
=+
Uy = lpZ,el?2

Re(z)|h|* + Re(z2)12|* + Re(zq) llp|*
- Re(U; - con(ly))

* 4.1.Mapametpudeckue MM

* MNapameTpuueckne MM npeacTaBAAIOT CTPYKTYPY 06bekTa B BUAe
KOHEYHOro YMcna cocpesoToHeHHbIX MCTOYHMKOB M CTOKOB IHEPTUN.
3T cocpefoTOYEHHbIE UCTOYHMKM M CTOKM OTOMAECTBAAIOTCA CO
CTPYKTYPHO-GYHKUMOHAAbHBIMMK  y3namu obbekta - dasamu,
06MOTKaMM, KOHCTPYKTMBHBIMMK 3/IEMEHTaMM, GYHKLMOHAAbHbIMMW
3NeMeHTaMM, SNEMEHTAMMK INEKTPUYECKUX CxeM U NpoM. [aHHble
y3nel B MM npeactaBAAlOTCA MaTepuanbHbIMKM TOYKaMKM, @ WX
onucaHve B8 MM npou3soguTca ¢ nomolubio O1Y, Bbiparkatowmx
3aKOHbI PU3NKK, MEXAHWKWN, INEKTPOTEXHUKM U NPOY.

$% &' * o+

YposeHb
AeTanu3ayMmn
obbekTa

Mapametpuyecka [lo
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3. OnpegeneHve 1 UMMaHeHTHble cBocTea MM

OnpegeneHne. MaTemaTuyeckas MoaeNb €CTb
NPUBAUIKEHHOE  OTOBpaKEHUE  KaKoro-nnbo
KAacca ABJIEHUI peanbHoro Mupa,
BbINO/IHEHHOE  CPEeACTBAMW  MAaTEMATUYECKOM
CUMBONWKK.

4. OCHOBHbIe BUbl MaTEMATUYECKUX MOAENEN B TEXHUYECKUX
3agauax

C no3uLKii cTeneHu Aetanmsaummn obbeKTa v NPUMEHAEMOro
MATEM3TUYECKOTO annNapaTa UHXEeHEepHbIe MOJenu 06bI4HO
YKNaAbIBAOTCA B KNaccHuKaymio

4.1 NapameTpUyeckne moaenu

4.2. Nonessie mogenun
Maremar | Xapaktepucruka Xapakrepucruka
WYEeCKWA | pewweHua uccneposarens
annapar

4.3. TnbpugHble Mogenu
PacnpepeneHue/aguke  JKCAyaTUPYIOLL

aMM MaTtepranbHoM HWE 3IHEPruK Mexay WA NePCoHan
TouKu (po MaTe pUanbHbIMMU
CTPYKTYPHO- TOUKaMK
ByHKLMOHANBHOT (byHKLMOHANBHBIMKI
oy3na). y3namu) obvekTa
Monesaa MM Do duanyeckon  Y4N Pacnpepenenve/gemike  MpoeKTHpYOLWMA
TOuKK HHE IHE Priuk Mexay nepcoHan
PM3M4ECKMMM TOHKAMN
obvekTa
* 4.2.Nonesble MM
* [onesble MM npeacTasnAaAldT  CTPYKTYPY obbekta B Buae

6ECKOHEYHOro 4WMcna pacnpemenéHHbiX WMCTOYHWMKOB M CTOKOB
3HEPrun. ITM MCTOMHMKM N CTOKM OTOXAECTBAAKTCA C GPU3UYECKMMM
TouyKamMu ob6bekTa. Mx onucaHue B MM NpowW3BOAMTCA C MOMOLLBIO
YU, Bbiparkatowmx 3aKOHb! GU3MKKM, MEXAHWKM, 3NEKTPOTEXHUKN KU
npou.
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MNoneeas mogens MAeanbHOW OAHOPOAHOW
JluHna BeckoHeuYHOo N AnuHbl, 6es notepsb.
MM — tenerpacdHoe ypasHeHue

u =u(x,t)—-TokB

UHHOM NIMHUM.

NUHUK -
u, =u, (x,t)-34Cs u.(x,0)
NUHUK
(yqn) =1y —ooLxLoo, 0LIL oo,
u(x, 0)=0,
(HY) { u(x, O)=xe-, —® < x< o0,

Pa3nunyatoT BHelWHWe, BHYTPEHHWE W BbIXOAHblE
napametpbl MM

BHewHWe napameTpsl/Bo3geiicTena

HEINEEEEE

MM OBbEKTA
BHYTpeHHWe napameTpbl

RN EEE

BbixogHble NapameTpbl/peakumm

U zZ I

o

d d

BHYTpeHHWE NnapameTpbl

= Z+—M
Us | _| T at a (
Uy %MSI Z.. +_
| BbixogHble napameTpsl /
|
|

BxogHble napamerpbl
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4.3.MmbpuaHble MM
MbpugHaa MM NAS

Upp = —Eig + 214l
Uip = —E1g + z1php - \
Uie = *Ew,\‘r ZlL‘IlC \\‘ \\

BA*U(;wlAﬁ»v ==

dneKTpoaBUraTesb aCMHXPOHHbIN

KNemMHan xopooka

U=7+1 —mareMaTHudeckass MoJeJb

6. MocraHoBKa 3a4a4n moAaenupoBaHmuA. MeToabl U cpeacTBa
MOJENUPOBaHNUA

6.1 NocTaHOBKa 334344 MOAENMPOBaHKA
BbluMCAUTENLHBIA @NTOPUTM — COBOKYMNHOCTb A€UCTBUIA Ha L

BblpaeHHnAMMn mMaTemaTM4ecKkon MOAeNn, NO3BONMAKLWEA NPOBEPUTL
€AVWHCTBEHHOCTb PeWweHnAa 3a4a4m U NoAYy4MTb 3TO peeHue

BbluMcAUTENBHDBIN ANTOPHUTM Ha3bIBaeTca yCTOﬁLMBbIMeUWI Manbim
HU3IMEHEHUAM BHELWHWX UKW BHYTPEHHUX NAapamMmeTpoB
maTeMaTU4eCKoM MOogeNM OTBEYAOT Masfible U3MEHEHMA pelweHnA.

COBDK‘[FIHOCTI: 3a4ay4yn MOoAennpoBaHKA, MaTemMaTHU4eCcKon mogenuv 1
VCFOﬁHMBOFO BbIHUCAUTENBbHOIO anropuTMma ABAAeTcA KOppEKTHOFI
NOCTaHOBKOM 3afa4MMmaTeMaTUHecKoro mogennpoBaHmA.
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6.2 OCHOBHbIE METOABI MOAENUPOBAHUA
Pasnuuator ABE& OCHOBHbIX 3a4a4v MmoaennMpoBaHuna
Mpamas 334a4a MOAENUPOBaAHWUA— MOBEPOUHbIA pacyeT 06beKkTa
3TO pacyeT ero peakuuii Ha BHelWHUe BO3AENACTBUSA

1=z
MeTogbl peleHns: MeToapl TMHeHoi anrebpbl, MeToap!
HenuHelHoW anrebpbl, MeToabl peweHus guddepeHumanbHbix
YypPaBHEH MM

O6partHas 3a4a4a MOAENMPOBAHUA— CUHTE3 06beKTa U ero
BHYTPEHHMX NapameTpos Mo 3afaHHbIM KPUTEPUAM KauecTsa
obbekTa

Z=f1)
MeTozbl peleHus: MeToapl BapUaLMOHHOTO UCUMCAEHUA, MeToabI
MMWTALUMOHHOTO MOAENMPOBAHWA, METOAbl ONTUMU3ALIUK

Tema 2. MoaenmpoBaHue MalLWH
NOCTOAHHOIO TOKa

1. MogenunpoBaHue aneKkTpoasuraTenemn
NOCTOAHHOIO TOKa

1.1. MaTtemaTuyeckana Moaenb NeKTpogsuraTens
He3aBMCUMOro BO3ByXKaeHUA

1.2. Pesynbratbl mogenmposBaHna

2. MogenvpoBaHue 3N1eKTPOreHepaTopos
NOCTOAHHOIO TOKA

2.1. MaTtemaTuMyeckas mogens reHepaTtopa
nocnefoBaTesibHOro BO3byKaeHun

2.2. Pe3ynbTaTbl MOAENNPOBAHMA

BenunumHa Ba3oBoe 3HaYEHHE U TEXHHYECKNE AadHHbIe

U, = 220 B — HOMWHaNbHOE HanpAXKeHWe 06MOTKK

I = — = 80 A —TOK KOPOTKOrO 3aMblKaHUA

= 4-5 A — HOMWHaNbLHLIA TOK 0BMOTKH BO36YKAEHUA,
= 2L — yCTaHOBMBILIMFICA TOK B LENV BO3BYKABHUA

@, = 0.144 B6 — HOMWHaNbHOE 3HaYeHWE NOTOKA

My, = ¢yl @, = 35 HM—MOMeEHT KOpOTKOro

3aMbIKaHUA NPU HOMWHA/IbHOM 3HAa4Y€HWUW NOTOKA

2
’[;“ =502 ¢! - yacrota BpaLeHna npu

Wy =
uaeanbHOM XONOCTOM XO4€e U HOMWUHANIbHOM 3HAYeHMH
NoToKa

L
T. = r“ = 0.017 c - nocToAHHaA BPEMEHU Lenu AKOPA,
£

T = L=32. T, - NOCTOAHHAA BPEMEHHM Lenu

Buaﬁymp,eHMﬂ Ty = = 7 - T, — mexaHu4ecKan

NOCTOAHHAA BDEMEHM
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6.3 MaTtemaTuyeckme M NpoOrpaMmMHbIe CPeacTBa MOAENMPOBaHWA

1)CpeacTBa NPOEKTUPOBOYHOM W UCCNEA0BATENBCKON OPUEHTAL MK
CAMPbI Ansys, SolidWorks,Komnac-3D, T-Flex, Elcut

2)CpeacTBa MCCNen0BaTeNbCKOW OPUEHTALUM
MakeTbl maTemaTtuueckoro mogenvposanuaMaple, Mathcad,
MATLAB

3)Cpegacrea aHanmsa, 06paboTku 1 BU3yanm3aummn MHGoOpMaLmMK

- cpegcTBa rpadMYecKon Noaaep»KK1 BolYMCIEHWUA,

- CpeacTBa 3a4@HKuA, MHTEPNONMPOBAHKMA, aNNPOKCMMaLLMHK,
CrNAXXMBaHWA QYHKLUMIA

- CpeacTBa MaTemMaTMYeCcKoro aHanusa MHpopmaummn

- CpejacTBa CTaTUCTMUECKOTO aHanu3a MHbopmauum

- Apyrve cpeacTsa

2.1. MatemaTn4ecKan MOAE/b 3NEeKTPOABUraTeNs He3aBUCMMOrO
BO3byMAeHUA

ur

—=u, —(1+r)i,—w-®

Ty (’fy"f)
dw (Dia—Mc
dt T,
M=id
L:=[[0.,0.],[0.2,0.21],[0.4,0.45],[0.6,0.7],([0.8,0.9],[1.,1.1,[

1.2,1.051,([1.4,1.071,[1.6,1.09]1,[1.8,1.10]1,[2.,1.11]] ;#3anaém
yaIs 1 HaMa:
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0 »n o) . 0 0 10
dla
dt = ww(] tw- (D(la) - (1 +5 n)Ia
deo 1 M 1 v
dt Ty ¢ Ty
M = giqg + P(ia) - ia
Uy = 1iiq
@ = 0(iq)

L:=[[0.,0.],[0.2,0.21],[0.4,0.45],([0.6,0.7],[0.8,0.9],[1.,1.]

,[1.2,1.05],[1.4,1.07],([1.6,1.09],[1.8,1.10],[2.

éM ySNs KPMBOW HaMaTHMYMBAHMS

,1.111]1 ;#3aga
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2.1.MaTtemarudecKan Moae/b reHepaTopa NocNeaoBaTeNsHOro BO36yaeHUA

My > w,M;

gl:=plot([omega(t) ,rn*ia(t) ,ia(t)],t=0..1000,color=[red,blue,bla
ck] ,numpoints=1000, thickness=[1,1,1]) :g2:=plot ([-

M,Mc] ,t=0..1000,color=black,linestyle=[1,3]) :display(gl,g2) ;#"
Crporm 'Tpaduxy "pemenns : "KPaCHL ' - "HACTOTA "BPAlleHNS , "CHMHEM "~ *
HanpskeHME ‘OOMOTKM ‘SKOPS, “4EPHHNE ‘BEPXHII '~ "TOK *HKOPH, ~4EpH!
OYHKTUD ‘- ‘MOMEHRT Mc:, “YEPHED * HICKHMIL  — anexqgggnarmm ‘MOMEHT *

TenepaTo] Mgg'[

0.5

=
_—

0.5
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Tema 3. BeKTOpHOE NPOCTPaHCTBO MOAENEN B
3a4a4ax 3NeKTponpuBeoaa

Kypunun C.MN., flevncos B.H. Tononornueckme acnekrbl TeOpumn
ACMHXPOHHbBIX 3/IEKTPUYECKUX MaWnH. CMONEHCK: M34-BO
«YHusepcym», 2019. - 200 c.

Tononorva — pasgen matemaTuKW, U3yyarowmii Bonpocsl Gopmbl
NPOCTPAHCTB MW FTEOMETPUYECKUX GUryp, NpK nx aedopmaLmax.
Tononorvyeckoe MoaeIMpoBaHUe M3yYaeT BONPOCHI GOpMbl 1
CBOWCTB BEKTOPHOIO NPOCTPaHCTBA MaTeMaTUYECKOM Moae/u
06beKTa, Npu NnpeobpazoBaHUAX ero Hasncos.

Tononoruyeckoe MccnefoBaHWe HaNpaBAeHOHa BbipaboTKy NpaBun
KOPPEKTHOM 3an1McK U NpaBun Npeobpa3oBaHmii MaTeMaTUYECKUX
Mogenei SNeKTPOMEXaHUUECKUX U 31EKTPO3IHEPTeTUYECKUX CUCTEM

1. OcHOBHble NapameTpuyecKue 06bEKTDI: BEKTOP,
MaTpuLa.

2. ToHATME 0 BEKTOPHOM NPOCTPAHCTBE
MaTeMaTUYECKOM MOZENU

3. ba3uMcbl BEKTOPHOrO NPOCTPAHCTBA

4. KeagpatuyHaa ¢opma MOLWHOCTU. MHBApMaHTHOCTb
MOLLHOCTM M MOMEHTA 3N1EKTPUYECKOM MALIWHBI

5. Peanusauma npeobpasosaHuii 6asmcos B A3,

6. lMpeacTaBneHUA o BEKTOPHOM npocTpaHcTee A3 u
ero basucax

7. TloHATME 0 TOMONOrMYECKUX 3anpeTax
MOAENMPOBaHNA
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1. OcHoBHble napameTpnyeckue 06bLEKTLI: BEKTOP, MaTpULa.
JTiobaa Tponka pasHbIX BeANYNH TPEXPA3ZHOM CUCTEMDI B
MaTemaTM4YecKo mogenmn n3obparkaeTcs BEKTOPOM B TPEXMEPHOM
BEKTOPHOM MNPOCTPAHCTBE

Uy in
Us = | Up riS = iB
uC I’C

C
BextopHoe NoANPOCTPaHCTBO. O6nactb BEKTOPHOTO
NPOCTPAHCTBO MEHbLLEN pasMepHOCTH.
2. NoHATHE O BEKTOPHOM NPOCTPAHCTBE MaTemaTyeckoi mogenu Pabouyan obnactb BekTopHOro npocrpaHcrsea. MognpoctpaHcTBo
(Ha NpMmepe maTemaTryeckoit mogenu TpéxdasHoro A3[) BEKTOpHOro npoctpaHctea A3[l, nony4yeHHOE NyTEM NeEpecedeHus
BekTopHOE npocTpaHCcTBO 06MOTKM cTaTopa. MbICAMMOE MHOXKECTBO BEKTOprIX I'IpOCTpaHCTB 06MOTOK CTaTOpa n pOTOpa.

BEKTOPOB 3NEKTPOMArHUTHbIX BEAWYMH (TOKOB, Hanpamenuit, 34C,
noTOKOCUENNEHNUH W T.4.) 06moTku cTatopa. Ocu ABC — dasHbie, ocu af0—
TNABHbLIE UM KAHOHWYECKKe

MognpocTpaHcTeo obecneunBaeT KaHan SJ'IeKTpOMarHMTHOFI 4
SHEDFETMHECKOﬁ CBA3U OGMOTOKUETODE W poTOpa

Snr
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Jlioboin BekTop mokeT BbiTb 3anucaH(onpeaenéH) B niobom basuce
OaHHOMO NPOCTPAHCTBA.

Mpu Hanuuuu y npocTpaHcTe 06X 06NacTe OH TaKKe MOXKET
6bITb 3anucaH B basucax gpyroro npocTparcTea.Takoi obwein
061acTbiO NPOCTPAHCTB S» W «ry» ABNAeTca pabouan 06aacTb.
NpeobpasosBaHme 6a3MCOBNPOM3IBOAUTCA NYTEM GU3UYECKOTO MU
YMO3PUTENBHOTQ BLINOJHEHWA MAaTPUUHbIX ONEpaLLMii.

P . . -
b = Viaxiz - By i, = (Vi2x12) ) ey
irg = M3x12 - Iy b = (M3x12)7" g

NpeoBpasosaHua 6asncoB BEKTOPOB M3MEHAIOT MATPMLLY KBaAPaTUYHO!
bopmbl Z Ha NnopobHyto maTpuuyZy. Npr 3TOM MOLWHOCTM MCXOAHOM U
noaobHol maTpuu, coBNaaaloT

p = (i,Z0) = (ig, Zpig)
370 CBOMCTBO HA3bIBAETCA MHBAPMAHTHOCTBIO MOLLHOCTM NO OTHOLWEHWEK
K 6a3ucam. MHBAPMAHTHOCTLIO MO OTHOLLEHUWIO K Ba3ncam obnagaet u
MOMEHT 3/1eKTPUYECKOW MaLLUMHBI.

M=p (ES'a(MrS' ir))

06

NpeobpasosaHue 6a3ncos BekTopa TOKa, KOTOPOE NPUBOAUT
KBaAPaTUUHYO GOPMY MOLLHOCTM K KAHOHMYECKOMY BUAY, Ha3bIBaeTCA
KaHOoHWuyeckum npeobpazosaHuem 6a3ncoB. KaHOHUYECKoe
npeobpasosaHue H6a3ncos pelwaer 3agady NpUBOAMMOCTU
MaTeMaTUYECKO Moaeny.

6. MpeacTaBneHnA 0 BEKTOPHOM NPOCTPaHCTBE
TpéxdasHoro A3 u ero 6asmncax
BeKkTopHOe npocTpaHcTBO TpéxdasHoro AS[] TpéxmepHO

IA 1 0 0
faec=(0), Aagu=\1), Apg=10
E 0 0 1
B ‘_Wh‘\\c
ie
f‘_/ a
\‘4"3\. ; 1 0 0
= a.=(0]), #,=(1), A,=|0]
\ 0 0 1
\\ c
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