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Mporpammupyembie Nofib30BaTesIbCKUE 3fIeMeHTbI

NMporpammupoBaHMe Nonb3oBaTesIbCKUX 3JIEMEHTOB
ocyLiecTBnseTcA Ha A3blke Julia

Julia — BbICOKOYPOBHEBBI, BbICOKOMPOU3BOANTENBHbIN, ANHAMUYECKUI A3bIK MPOrpaMMUPOBaHUS
ANS HAYYHbIX U MHXXEHEPHbIX pacyeToB

Julia — Free, Open Source, Library-Frendly Software (www.julialang.org)

APM ECA ed |
¥ = e B T & &

‘:'APH CXEMOTEXHIKS #F%¥ Momgyne BECTpOoeHHODCO KoOa Julia (wWww.julialang.ordg)

dain  Bua Hacrpoﬁmlrlpasna PacueT PesyneTaTel CnpaEka

JJ E Fm.é & OunCcTHTE QOKYMEHT

PepakTHpoBaTh WCHOAHBIN Kog

v

SNeMEHTHI
) HacTpoMTE oKpYHEHHE

SKMOPTUPYEMEIE NAPaMETPEI CMCTEMEI
| rl| BelaenuTe Sl .

Ctpoka 1 | KonoHka 1

CoXpaHWTb M3MEHEHWA

OTMeHa




Mporpammupyembie Nofib30BaTesIbCKUE 3fIeMeHTbI

Tunbl NporpaMmMunpyemMbIX 3JIEMEHTOB

L]
[ ] [ ]
Mpor paMMApyeMbIi UCT O4HUK TOKa Mpor paMvMpy MBI UCTOUHUK HanpshXeHus d
porp PY Mpor paMmMipyEMbliA SNEMEHT
\ / J'
Ha3eaHWe BhisbIBAcMOl hyHKLIMKM: I TWN 3NeMeHTa: ||
MzMEHUTE OTMeHa | / WMzZMEHUTE [ﬁ!EHa |

/

DyHKUNSA OrnemMeHT




KrnitoueBble cnoBa
onpegendrowme Ha4yano u

KOHeLU, OYyHKLNK

AIIM

Mporpammupyembie Nofib30BaTesIbCKUE 3fIeMeHTbI

PyHKUMA Ha A3blke Julia

mMa doyHKuum

function|/Source

(C::Floatecd)

if ©t <=

t = mod (t,

0.5

1)

return 1.0

else

return 0.0

end

end

®dyHkumna JOJDKHA
BO3BpaLlaTb 3HadeHue!!!

MporpaMMIpy EMblil UICTOYHUK HaMPSKEHWS

HasBaHWe BhI3bIBEEMON hyHKLIMW: Enurcell

MamerHuTE

CBOHCTBA 3NEMEHTA

2%

OTtmMeHa |

Voltage Dropped [V]

Voltage dynamics

Source




KnoyeBble crnoea
onpeaensioLline Ha4ano un

KOHeL, Onoka anemeHTa
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Mporpammupyembie Nofib30BaTesIbCKUE 3fIeMeHTbI

dneMeHT Ha a3blke Julia

Nma anemeHTa

type

FlectricElementExample| <: ElectricalElement?2

HoMmmHanpHOe conpoTusJieHue: :Floatocd
CreneHb: :Floatoed

ElectricElementExample() = new (1.0, 1.0)

end

KOHCTPYKTOp HYyXXeH ANng nHuumanmsaumm 3HadyeHui CBOUCTB
Ums anemeHma () = new (SHavyeHue ceolicmea P1, ... ,8HadyeHue ceolicmea PN)
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[Mporpammupyembie Nonb3oBaTeibCKUe 3fieMeHTbl

dneMeHT Ha a3blke Julia

OnemMeHT Nma snemeHTa

|

function {]:ﬂElectricElementExampleb(q::Rrray{Float64})

U= qglll - ql2]
R = (abs(U)Ne.CTeneHb| +
I =U /R
return [-1I; 1]

1)

* |e.HoMMHAJIb HO€ COIIPOTHMBJICHNME

end

dyHkuma JOIMKHA Bo3BpalLaTte MaccuB 3Ha4YEHNI
TOKOB B MopTax arieMeHTa COOTBETCTBYHOLLNX
ariemMeHTaM MaccuBa y3noBbIx noteHumnanos!!!

Ob6palleHne K CBOMCTBaM anemMeHTa
anemeHm.Ceolcmeo 3nemMeHma
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Mporpammupyembie Nofib30BaTesIbCKUE 3fIeMeHTbI

dneMeHT Ha a3blke Julia

d,
Twn mena—rra:ll ElectricElementExample D
I:I_ [
[ ] .Iv ] [ ]
a MaMEHHTE OTMEHE

dz a
[por paMMipy EMbliA SNEMEHT ElectricElerMentExample

\ 4

HoMuHaNLHOE _ConpoTHENEHHE |1 I
CTeneHs: |1
MzmeHMTE OTMEHa |




o
gu
-
=

* PacwmnpeHune anemeHTHOW basbl

« [lapameTtpusauyms

* [Nlporpammupyemble NONbL30BaTENLCKMUE 3NEMEHTHI

 PaboTta c noacucremamm

* VMUTaunoHHbIE CXEMBI

* B3anmocssasb mexay anekTpuvyeckumMmm n UMMUTauMOHHbIMU CXemMamm
« ABTOMaTU4YeECKNE CUCTEMbI YrpaBrieHnsa

CopepxaHue




SNeMeHTEI

L| BolaenuTe

CBAZL

[+ OCHOBHEIE 3NEMEHTEI

[+ MonynpoBoaHWKOERIE SNEMEHTHI
[ McTouHMKM

[+] 13MepuTENEHBIN NpUBopk

[=] MIHCTPYMEHTEI COZ0EHWA NOACMCTEN

PaboTta ¢ noacucremamm

KOHTaKT — OCHOBHOM 35IeMEeHT AN co3gaHua nogcucTem

KoHTakTl

KoHTakT

o[+ T}e

Peaucropl

KonpeHaaTopl

. B Y g

VHayKTrBHOCTB1

KoHTakT2

®ain Buo HacTpolikw | Mpaexka PacdeT PesyneTaTel Cnpaska

& OUMCTHTE AoKYMEHT

PeaakTWpoBaTh MCKOAHBIN Koa

v
=1
i
=
i
3
o

YI'IFIEEFJ'IHEMbIﬁ MCTONHME TOKS

N @ Y¥npasnaeMoe HanNpAKeHUe
.. JaTHmKk HaNpAKeHWA

. OaTumk Toka

NOACNCTEMA
MOTOBA K
NCIMOJNb3OBAHUIOM

s

EEETY

HacTpouTb okpy#eHue

SKMOPTHPYEMBIE NEpaMeTPbl CHCTEMBI
L| BolaenuTe -

A 4

OXPAHHT b CHEMY
CONDEHAET CHEMY SKTWEHOMD
AOKYMEHTE B dalin

HacT poiika SKCNopTHPYEMbIX NapaMeT pOB MOLENH

SKNOPTUPYEMBIE INEMEHTEI | KoHTakTel | MepemerHEIE | HacTpoiiky oTobpaerus |

el

| SKCMOPTUPYEMBIA INEMEHTEI |0503HaueHuq|

HesKopTHPYEMBIE SNEMEHTLI

PesucTopl

WHAayKTHBHOCTL 1

+|++

KoHaencaTopl




o
-
=

PaboTta ¢ noacucremamm

HacTtpounka akcnopTupyemMbiX 3fIeMeHTOB

Hacr pofiKa 3KCNopTHPYEMBIX NapaMeT pOB MO EnH 2] x| Hacr polKa 3KCNopPTHPYEMBIX NAPaAMET POB MOLENH 2=

SRMOPTHPYEMBIE IMEMEHTEI I KoHTaKThl | MepeMeEHHEIE | HacTpoiikn oTobpameHa | SKCNOPTHPYEMbIE INEMEHTI I KoHTaKThl | MepemeHtble | HacTpoiikn oTobpareHus |
I | I JKCMOPTHPYEMBIR JNEMEHTEI | OBosHaYeHUs I SKCNOPTUPYEMBIA 3NEMEHTEI I DbosHaYeHns I
— | PeaucTopl R1
= | MHAYKTHBHOCTE 1 L:l

HESKCMOPTHPYEMBIE SNEMEHTEI |:> HesKnopTHPYEMEIE 3NEMEHTEI

+ | KongencaTopl =+ | KoHaeHcaTopl

=+ | PezucTopl

+ | MHaykTHBHOCTEL




o
-
=

Hacr polKa 3KCNopPTHPYEMBIX NAPaAMET POB MOLENH

SKCNOPTHPYEMBIE 3NEMEHTEI KOHTaKThI I MepeneHHBIE | HacTpoliku oTobpakeHa |

HacTponka KOHTakToB

2%

MeTka

Mono#eHne I

i KoHTakTt1

2 KoHTakTt2

cneea - |

Cneea e |

PaboTta ¢ noacucremamm
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MMUTaLMOHHbIE CXeMbl

dnemMeHTHada 6a3a

OCHOBHbIE 3f1eMEHTHI

NcTouHukn curHana

F HauanbHoe sHad4eHHe . " BormTarop

1
[
=
—n
-

NHCTpYMEHTLI (hopMUpoBaHNS

. MCTO4HMK NOCTORHHONO CUrHANS
@ . L noacuncTem
. E TPMEMHME | X | Moayne A

Yacwel -
[
— . . L t : WCTOYHMK BHELWHEr 0 cMrHana
: '-""" MPMEMHUK C BElBoAOM B dakn | XK | MyneminnucaTop

@ MCTOUHMK FEPMOHMUECKOrD CUrHaNa %
_ d/;ﬂ' [ — ¥yt nemrens BelS0a CrHana
MCTOUHMK NEPEMEHHOND CUTHANE )
. f - = I ObpaweH1e
0

I~ WMHTerpaTop

@ MporpaMMMPYEMENi MCTOLHMK CUrHANE J
I : > YeUneHWe " + - MoacucTenma
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MMUTaLMOHHbIE CXeMbl

HanpaBneHHasi U 00beguHAOLWAaA CBA3b

1. HanpaeneHHaA cBA3b =

] CBAsb

Ycounenunel 1 Ycunenunel 3

1 1 1 1

o = | B =

VICTOUHMK NOCT ORHHOIO CrHanal 2 Yanetne3 Mpuentmk1 McTounmK nocT oaHHoro curianal 1 3 YouneHue3 MpuemHnkl

Ycunenune2 YcuneHue2




MMUTaLMOHHbIE CXeMbl

NMporpammupyembin (pyHKLMOHANIbHbIUN 3NE€MEHT

Bxon Bbixon

FuncElementExample

@[_m@ v =F(X)

type FuncElementExample <: SignalFuncElement
al::Floated
aZ::Floated
FuncElementExample () = new (1.0, 1.0)

end

function numPorts (e::FuncElementExample)

return , 1))
end

MaccuB 3Ha4eHu curHanoB Ha BXoae
In — uma maccuBa
Array — ykasblBaeT YTO BXOAHOM NapamMeTp MaccuB

Uncno BXoaHbIX noprtos Yncno BbIXOAHbIX nopTtos

Float64 — Tn anemeHTOB MaccuBa
Pasmep maccusa N — 4mcro BXogHbIX MOPTOB AfiEMEHTA

function (e::FuncElementExample)(t::FlDat64JIn::Array{FlDat64})

—

Out = (In[l]”e.al + In[2]”e.a2)*sin(2*pi*t)

return [Out]

L

end

dyHkums JOJIDKHA Bo3BpaliaTte Maccus
3Ha4YeHUI cMrHarnoB Ha BbiXoae.
Pa3smep maccuea M — 4ncno BbIXOAHbIX
MOPTOB 3rieMEHTA
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MMUTaLMOHHbIE CXeMbl

MporpammupyemMbin 3fieMeHT, onpeaensieMbii ypaBHEHUSIMU

Bxon Bbixon

x—@ . a:S)—Y F(X,Y)=0

EqElementExample

type EgElementExample <: |SignalEquationElement
al::Floated
aZ::Floated
EgElementExample () = new (2.0, 1.5)

end

function numPorts (e::EgElementExample)

return (, 2|
end

Yncno BXoaHbIX noprtos Yncno BbIXOOHLIX noprtos

MaccuB 3Ha4eHUn CUrHanoB Ha BbiXoae
Out — uma maccusa
Array — ykasblBaeT YTO BXOLHOW napamMeTp MaccuB
Float64 — Tnn anemeHTOB MaccuBa
Pasmep maccuBa M — 4ncno BXogHbIX MOPTOB 3fIEMEHTA

function (e::EgElementExample) (t::Float6d, In::Array{Floated},

| Out: :Array{Float64d]))

| I

fl1 = log( e.al + In[2]*0Out[1l] ) + Out[1l]
f2 = log( e.a2 + In[1]*0Outl[2] ) + Out[Z]

lreturn [f1; f2}—

end

®dyHkuma JOJIKHA Bo3BpalLiaTb MacCcuB 3HaYEHUI
paccYnTaHHbIX MO YpaHEHUAM.
Pasmep maccuBa M — 4nCrno BbIXOOHbIX MOPTOB 3fIEMEHTa
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MMUTaLMOHHbIE CXeMbl

OvnHamuka POTOpPAa Ha NOALUNNMHUKAX CKOJIbXXeHUs

F{t)x L,

s | | m — macca potopa
¢Z] % A (Z7]

ﬁl&’v @ (rR

41

¥ Fy, Fy— NpoeKunn BHEWHUX cun
® — YyrnoBasi CKOpoCTb poTopa
A — cTatnyeckuun gucobanaHc
t — Bpems
h, — paananbHbIX 3a30p NOALIMIMHUKA
R — paguyc nogluvnHuKa
L — AnuHa noaLwnnHUKa
YpaBHEHUS OBUKEHUS X, Y — KoopAuHaTbl LleHTpa poTopa
L - AMHaMMn4yeckKkasi BA3KOCTb CMa3Ku

mX = 2R, + MA®’ sinmt +F,

mY = 2R, + MAw’ cosot + F,

Ry, Ry— npoeKkuuu peakuun noALluunHukKa

|
T [~

.’\\\

- -
S C
| ]

N
/’;@_ -

Ene

Peakuun nogwmnHukKa

N

A

oY +2X 3X (XX +YY) }
+

_ 3
RX = uRL [2(h02—X2—Y2)% (hoz_xz —YZ)%

N _ oY 3Y (XX +YY) J
+

RY =—MTERL3[2(h02 _x?2 —YZ)% (hoz e —YZ)%
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MMUTaLMOHHbIE CXeMbl

OvnHamuka poTOpPa Ha NoALWNNMHUKAX CKOJIbXXeHUs. Cucrtema

Signal dynamics Ry Signal dynamics
1,5e-07 3e-05 ]
RN =
5e-08 | [ [ ] Vy 1 5 | te0sHA A A
NN - * A RVANIRIA
- f-\ ‘, % /\ ] \ /\ | :
o_r ‘1 : \.\ e % Y % g__ ,’
INIRAYRA B » RERVAYVERVA
-5e-08 - \ v D — V L 3 [1e05- . v
] \ | \ _' 3 Y ]
Y o i\ \ \
te07 Y v \ 2605 — v, y
] PoTopl MoawnnHMK1
-1.5e-07 - -3e-05 -
= LI L B L R N L LI R Ry L Lo L
0 002 004 006 008 01 0 002 004 006 0,08 0,1
t[s] t [s]
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ImapoauHamideckidllo LWANHWK

MMUTaLMOHHbIE CXeMbl

Moacucrema noAwWMNHUKA

— =)

4):,@

Ry

type TMopomMHaMMYe cEMHAOOMMOEKME <: SignalFuncElement

ImaHa: :Floated

Pamuyec: :Floated

Hnnnnanbﬂﬂﬁ_aaanp::Flnatﬁ&

JuHarMMIecKad EA3KOCTE: :Floatéd

Orpy=Haa cKOpOCTE::Floatéd

TUIpOMMEAMKMYE CEMMIIOMMOEKE () = new(0.02, 0.02, le-5, 1e-3, 300.0)
end

fonction numPorts (2! : TUOpDOOMHEAMIIYEe CEMAIO MDA HAE |
return (4, 2)
end

fonction (=::TUpooMHaMMYe cEMAIIOOMANHEKME) (t: :Floatéd4, Inputs::hrrav{Floatea4})
return ShortBearingReactions (e.mMHa, =.Pammyc, e.HnMHHaanHﬁ_aaanp,
e.0xpy=HafAd CrROpOCTE, =.[MHaMUIecKad EASKOCTE,
Input=[l], Inputs[2], Input=[3], Input=[4])
end

function ShortBearingReaction=(l::Floated4, R::Floatéed4, hi::Floate4d,
omega: :Floated, ma::Floated, X::Floate4d,
Vx::Floated, ¥Y::Floated, Vy::Floated)

= —-mu*pi*R*1"3
sgrt (h0"2 - X2 - Y2}
Iw(X*VE + Y*Vy)
a® | (omega*¥ + 2#*Vx)/(2*b"3) + X*c/b"™5 )
= a¥* | (-omega*X + 2#*Vy)/(2*b"3) + Y*c,/b"™5 )
return [Ex; Ev]

LE:JE'?HU'DJ
Ii

end




NMoacucrtema poTtopa

MMUTaLMOHHbIE CXeMbl
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CopepxaHue

* PacwmnpeHune anemeHTHOW basbl
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* VMUTaunoHHbIE CXEMBI

 B3aumocBA3b MexAay 3NeKTPpUu4eCKUMU U UMUTALUNOHHBIMU CXeMaMu
« ABTOMaTU4YeECKNE CUCTEMbI YrpaBrieHnsa



B3anmocBAa3b MeXxAay 3J1IeKTPpNn4eCKMnMmM n
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—
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MMNTAUNOHHBLIMU CXeMaMU

Yn paBnsAemMble INIeKTpndyeckme NCToOHHUKuU

)

@ [ onekTpunyeckad
cxema

MmuTtaumoHHasa UHT n .
H — epcbve c Ynpaensaemeli UCTOYHKWK TOKA
cxema B3aMMOOenCcTBuS
noacucTem

YnpaBnsaeMslit UCTOUHKMK HanpsiKeHWUA



B3anmocBA3b MeXxAay 3J1IeKTPpNn4eCKMnMmM n

MMNTAUNOHHBLIMU CXeMaMU

daTt4ynkm Toka u HanpsxXeHus

—~
+V_ \ 4
aTYMK HanpaXKeHUA
anekTpunyeckas A P
cxema NuTepdeiic . NmutaymoHHas
> B3anMoOOenNCcTBUA cxema
| NnoacucTem

JaTuvK TOKa




B3anmocBA3b MeXxAay 3J1IeKTPpNn4eCKMnMmM n

o
-
=

MMNTAUNOHHBLIMU CXeMaMU

NMpumep
CeoiicTBa 3NeMENTa e |

CurHan 1 CurHan 2
| e =[5 )
CeolicTEa ObozHaqEHnA
MCeBA0NOCTOAHHEIM MCTOYHMK 1 MyneTHMBMBpaTOP KDMHEKTHM Sink1 CurHan 1

o = Covicrsa nenez T N R N
i iinAmia

el L]

MyTb K AOKYMEHTY NOACACTEMbI IanHbu'& WCTOUHWK.Cf  BRAKYMTE B AOKYMEHT |

CeoiicTBa OBosHaYeHHA | ] \ \ \

. MyTe K AOKYMEHTY NOACMCTEMBI I-Ibll.-1 YNpSENAEMElH. Ct | BRAKYKTE B AOKYMEHT ]

Resistorl 0,92

| Bxon #1 ACTONHME HENpAREHIA | w3 :

| Bbixog #1 L aTHYHK HaNpAKEHWA |— ]

b 0,88

4 0,86 -

I T | T I 1
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ABTOMaTU4YeCKue CUCTeMbl ynpaBJlieHUA

X ANeMeHTapHbIN OCLUUINIATOP

YpaBHeHWEe OBUXKEHUS
mX = —CX—mg

HauyanbHble ycnoBus
m g 1. CocmosiHue nokKosi:

x(0)=0

Xo | ; 2. lNonoxeHue pasHoBecusi:

m
x(0)=x, = _Tg

______________________________
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ABTOMaTU4YeCKue CUCTeMbl ynpaBJlieHUA

AnemMeHTapHbIN ocuunnaTop. Cxema




ABTOMaTN4YeCcKue CUCTeMbl ynpaBneHus

AnNeMeHTapHbIW OCLUNNATOP
C ynpaBnsieMOMU XXeCTKOCTbHO
YpaBHEHME OBUMXEHUA

mX =—C(t)Xx—mg

HadanbHble ycnoBus

c(t)

1. CocmosiHue rNoKosi:
Xaim T L g
x(0)=0
'l | 2. [NlonoxeHue pasHogecusi:

____________________________ -
X(0)=x, = _Tg

3agada ACY: nepeBeCcTn CUCTEMY U3 HaYasribHOro NOMNOXEHUS
paBHOBECUSA X, B HEKOTOPOE 3afaHHoe (LerneBoe) X

aim-

______________________________

MNpumem: m=2 kr; c=50 H/m; g=9,81 M/C?; X i,=X/2

aim



AHM ABTOMaTU4YeckKkue CUCTeMbl ynpaBneHus

ANeMeHTapHbIN OCLUIINIATOP C ynpaBriseMOU XKeCTKOCTbI. Cxema
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P=1240 1=0.1 D=25

ABTOMaTN4YeCcKue CUCTeMbl ynpaBneHus

Pe3ynbTaTbl HACTPOUKM perynsaTopa

P=1240 I=100 D=250 P=12401=0.1 D=250
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