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JIABOPATOPHAS PABOTA Ne 1
H3yuenne npuemoB padortnl B cucteme Matlab

LHEJIb PABOTEBI: otpaboTaTh HaBBIKM pabOThl B CUCTEME HAYYHBIX HCCIIE-
nosanuii Matlab.

JlocTHKEHHE TOCTABICHHOW IEHM CBA3aHO C HEOOXOJUMOCTHIO PEIICHHS
CIIEYIOIINX 3a/1a4:

— m3y4nTh uHTEepdeiic cucrembr Matlab;

— Hay4IHuThCs paboTtaTh B cucteMe Matlab B pexxume kambkysitopa;

— U3YYHUTHh OKHO PEIAKTOPa/OTIauiKa U BO3MOKHOCTH PaOOTHI B HEM;

— HAYYUTHCS CTPOUTH MPOCTEHIIIHNE TpadUKH.

2. TEOPETMYECKHWE CBEJEHUA

2.1. PabGouee OKHO.

[Tocne 3amycka nporpamMbl Matlab Ha nucnnee koMmbroTepa mosiBisieTcs eé
pabouee OKHO, CojepIKallee MEHIO, TaHeIb UHCTPYMEHTOB C KHOIKaMHU, OKHO pa-
ooueii ooactu Workspase, okno Command History u kKIMeHTCKy 0 4acTh OKHA CO
3HAKOM TIPUTJIAIIEHUS >>, KOTOPOE NMPUHATO Ha3bIBaTh KOMaHAHBIM OKHOM COM-
mand Window cuctremsr Matlab.

Crpoka menro (File, Edit, View u T.1.) BO MHOTOM CXO0Xa C aHaJOTHYHOU
cTtpokoil penaktopa Microsoft Word. PacnonoskeHHBIM HMKE psii MUKTOIpaMM
TaKKe BBITIOJIHSIOT T€ K€ Olepalnu, 4To u B peaakrope Word (3a HCKItOueHUEM
1-o¥i mUKTOTpaMMBI, 3amycKaromier maker SimuLink).

Oxno Command History comepuT mo nmopsaKy BBeAEHHBIC paHee KOMaH-
nel. Pabouas ob6imacte Workspase — aro obmacte mamsatu Matlab, B kotopoii pas-
MEIIECHBI IEPEMEHHBIC CUCTEMBI.

2.2. Pabota B cucteme Matlab B pexxnmMe kanbKyssiTopa

B knuentckoi yactu komanaHoro okHa Command Window Matlab mocne
3HaKa MPUTJIAMIECHUS >> MOYKHO BBOJWTH Pa3JINIHBIC YUCIIA, IMCHA TICPEMEHHBIX U
3HAKU OTEpalrii, YTO B COBOKYITHOCTH COCTAaBIISIET HEKOTOPHIE BBIPAYKEHUS.

OcHoBHBIE apU(METUUYECKUE OTEPAIlMU BBIMOTHSIIOTCS C MOMOIIBIO TPaIu-
IIUOHHBIX 3HaKoB: "+", "-", "*" "/" (neneHue cneBa Hanpaso), "\" (AeneHue cripaBa
HajeBo), "N (BO3BeleHHE B CTEINEHb). MIHTepec MpeicTaBisioT ONepaluu mosJie-
MEHTHOTO YMHOXKeHus u aenenus: " *", "./", "\". 3nak "=" coorBeTcTBYECT OIEpa-
IIUH TIPUCBAaNBaHMSI.

[Tepemennsie B cucteme Matlab — 3To mmerone uMeHa 00BEKTHI, CIIOCO0-
HBIC XpaHUTh HEKOTOPBIC, OOBIYHO pa3HbIC TI0 3HAYCHUIO, TaHHbIC. B 3aBHCHMOCTH
OT JTUX JIAHHBIX MMEPEMEHHBIC MOTYT OBITh YHCIOBBIMU WM CHMBOJIbHBIMH, BEK-
TOPHBIMHU WJIM MAaTPUYHBIMH U T.7. THITBI TIEpEMEHHBIX 3apaHee He JEeKIapUupyroT-
csi. OHM OTPENENAIOTCA BBIPAKCHUEM, 3HaUYE€HUE KOTOPOTO MPUCBAUBACTCS Tepe-
MEHHOM.

Wms mepemenHoO# (ee uaeHTH(PHUKATOP) MOXKET cojaepkaTh He Oojee 31
cumBosa. Mims 110601 mepeMeHHON He JOHKHO COBMAAaTh C UMEHAMH JPYTUX T1e-
PEMEHHBIX, (YHKITUH U TIPOIEAYP CHCTEMBI, T.€. OHO JIOJDKHO OBITh YHUKAIHHBIM.
VIMst TOJDKHO HAYMHATHCS ¢ OYKBBI, MOXET COAEP)KaTh IU(MPBI M CHMBOJI MTOT4YEP-
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KkuBaHus . HemomycTrMo BKJIIOYATh B MIMEHA MEPEMEHHBIX MPOOEITBI U CICIHAb-
HbIE 3HAKH, Harpumep +, -, /.

Haxatue xmaBuiu Enter 3acrasiser cucremy Matlab Berumciauts Beipaxe-
HHE WIH, €CJM OHO HE BBIYHCIISICTCS, MOBTOPUTH €ro. Pe3yiabTar mprcBaHBaeTCs
napametpy "ans", eciau BbIpakeHHE HE ObLIO MPHUCBOCHO KAaKOH —IMO0 mepeMeH-
Hoit (mpumep 1).

IIpumep 1.
>> 243
ans=
3)

WIN
>> a=2+3
a=

5
UYro6s! uHpOpMaLus HE AyOJIMpPOBATaCh HYKHO 3aBEPLIMTh CTPOKY CHMBO-

n.n

jgoM ";", KOTOpBIH O3HA4YaeT KOHel CTpoku (mpumep 2).

IMpumep 2.

>>a=2

a=

2

>> p=4;

>> c=a+h

c=

6

Takum oOpa3zom, B komaHaHoM okHe Matlab mosp3oBarens mMoxer cpasy
MUCaTh KOMaH/Ibl, 00pa3yIoIue OTACIbHBIC BHIYUCICHUS WU LIETYI0 POrPaMMYy.

Komanmoii clc MoxxHO cTepeTh BHIAMMOE COACPKMMOE KOMAaHIHOTO OKHA,
OJIHAKO ATO HE 3aTPOHET COJIEPKUMOTO pabovero MpoCTPaHCTRA.

[To Mepe yBenuueHus pazMmepa padouero npocTpaHcTBa 3HPEeKTUBHOCTD pa-
00Tl Oynet cHukaThcs. [loaToMy, KOrma mucye3aeT HEOOXOJIUMOCTh B XpaHEHUU
psiZia IEPEeMEHHBIX B TEKYIIIEM CEaHCe padOThl, X MOXKHO CTEPETh U3 MaMSITH KOM-
nploTepa KoMaHnou clear umsal ums?2, ynansmooied U3 pabodero MpoCTpaHCTBa
nepeMeHHble ¢ uMeHaMu umsal u umsal. YToObl yaanuTh cpa3y Bce NMEPEMEHHbIE,
HY)KHO HMCITOJIb30BaTh KOMaHny clear.

B cucreme Matlab onpeneneHo Heckoibko 0a30BBIX THIIOB JaHHBIX, KaXK-
JIBIA M3 KOTOPBIX SIBJIICTCS] TEM WJIM MHBIM BHUJOM MaccHBa. JTO O3HAYACT, UTO BCE
nanuble cucreMsl Matlab asasgrorcs maccusamu.

Huxe npuBeneHsl ciocoObl BBOJIa BEKTOPOB (OJHOMEPHBIN MacCHB) M MaT-
pull (IByMEpHBIIl MAaCCHUB).



IIpumep 3. | Ilpumep 4. IIpumep 5. Ipumep 6.
>>a=[134] |>>2a=-0.01:0.3:0.8 | >>a=-1.1:1.9 >>a=[352;456;789]
a= a= a= a=
134 -0.01 0.29 0.59 -1.1-010919| 352
456
789

dopmaT mpencTaBIeHUs YHCET HA SKPaHEe JUCIUICS 110 JKEJIAHUIO MOJIb30Ba-
TEJISI MOKHO PETYJIMpPOBaTh ¢ TOMOIIBI0 KoMaH sl format. Ora komanma onpene-
JSIET JIMIIb (JOPMY BBIBOJIA PE3YJIBTATOB U HE BIUSET HA TOYHOCTH BBIYUCIICHUH, a
Takxke Ha (opMaT TMpeACTaBICHUs U XpaHeHus uncen (B cucteme Matlab Berumc-
JICHHSI BCET/Ia BBITTOJIHSAIOTCS C JBOWHON TOYHOCTHIO).

[To ymonuaHUIO IpH 3arpy3Ke CUCTEMBbI ycTaHaBiuBaeTcs ¢popmar short. O
0TOOpaXkaeT TOJBKO 5 3HAYaIuX JecITUYHBIX Hudp yucna. pyrue hopmaTs mo3-
BOJISIIOT OTOOPa3UTh OOJIbIIEE YHUCIO AECATUYHBIX IU(P WIA UCTIOIB3YIOT HKCIO-
HEHIIMATbHOE MPEJICTaBICHUE YHCET.

Komanda Popmam Ipumep
Jormat .| Ilo ymonyawwmio, cootsercrayer formatshort | 3.1416

format short KopoTtkoe uneno ¢ GrKCHpoBaHHOMi TouKoit: 31416
v 3. ACCATHUHEIX UMGD et
format long ILtHHHOE yucno ¢ quCHpOBaHHoﬁ Toukoit: | 3.14159265358979
s A D ACCATHIHBX WADD e
format short e K0p01'xoe YyMCno ¢ nnanalomcﬁ TOUKOM: 3.1416e+00
eersrreememeeserireen D OCCATHUHBI WADD e
format long e JllmHHoe YHCITO € nnanamucﬁ Toqlcoﬁ 3.141592653589793e+000
115 necatnyHbix uudp

_format short g | "Jlysuwian (hopwa 13 5 Accamaumeix uncp | 3.1416
_formationg g | Tlysuas (hopma u3 15 sccarnunmix unp | 3.14159265358979
formathex | Tlecrnanuarepuanoe wmeno | 400921fbS4442d18
Jformatbank | Kommepuyeckuit popmar L 314
Sformatrat | Paunowamwmoe wncno 1 38e/t3
format + CHMBONMYECKOE OTOGPAXEHHE UMCA: -

NoMoXHUTENLHOe +
OTpHLATEJBHOE -

T ... B S PO
fom'lat oompacl ._l'lonaB.'chuc npoﬁena Mc}lmy C‘Ipoxami ke
format loose BoccraHoBneHue rpofena MEXay CTPOKaMu

dopmat ynciia MOXKHO Takke 3a1aTh B MeHio File B pa3nene Preferences ¢
nomonipro Gyrkiru Numeric Format. Haubosee yacto ucnosib3yemMbiMu 13 12-Tu
BO3MOYKHBIX SBISAIOTCS Gopmarel Short u LOng — kpaTkuii ¥ JIMHHBIA (OPMATHI
qHCell.



IIpumep 7.
Breruncnum 3nauenue Gynkiuu log(4) :
>> log(4)
ans =
1.3863

Ipumep 8.
>> format long
>> log(4)
ans =
1.38629436111989

2.3. Buzyaausauus pe3yiabTaToB Bhluncjenunid. ['padpuxa

I'paduueckue Bo3MOXKHOCTH cucTteMbl Matlab sBistoTCSI MOIIHBIME U pa3HO-
oOpa3HeiMU. B mepByro ouepenpb LenecooOpa3HO HM3YUUTh HauOoJee MpPOCThIE B
UCIIOJIb30BaHUM BO3MOKHOCTH. VX 94acTo Ha3bIBalOT BBICOKOYPOBHEBOH Tpadu-
KOI. DTO Ha3BaHUE OTPAXKAET TOT (PaKT, YTO MOJB30BATENI0 HET HUKAKOI HEO00XO-
JUMOCTH BHUKATh BO BCE TOHKHE U TNIYOOKO CHpSTAHHBIE JETalIH pabOThI C Ipa-
pukoil.

Matlab moka3seiBaeT rpaduueckue OOBEKTHI B CICIUAIBHBIX TPaQUuecKuX
OKHaxX, IMCIOIIMX B 3arojoBKe ciioBo Figure (purypa, n3odpakeHue).

PaccmoTpum nByMepHyro rpaduky. BOT HECKOJNBKO AEMCTBUM, KOTOpPbHIE
MO3BOJIAT 10OUTHCS HEOOXOAUMOMN BU3YyaTU3aAlIUU:

I[EﬁCTBHE ITPUMEPBI
Hocrpouts rpapuxk pynxkmuu ognoi | >> x=0:0.01:2; >>x=[0.523];
BellleCTBEHHO MepeMeHHOMH >> y=sin(X); >>y=[15 2];
1) BBIUMCINT, MacCHB ) 3HadeHuidt | >> plot(x,y) ; >> plot(x,y);

dbyHKIMU U1 3aaHHOTO Habopa apry-
MEHTOB (HJTM 3a/1aTh MAacCUBBI apryMeEH-
Ta ¥ 3HAYCHUN (PYHKIINN)

2) Bb30B (hyHKIMH plot.

IocTpouts nBa U Gosee rpagukos B | >> x=0:0.01:2;

OIHO# cHCTeMe KOOPIMHAT: >> y1=sin(x); y2=cos(x);

komanaa hold on wiu GyHKIMs >> plot(x,y1) >>plot(x,y1,X,y2);
plot(x1,y1,x2,y2,....xn,yn).  Ilocneanss | >> hold on

CTPOUT IrpaUKH pa3HbIM IIBETOM >> plot(x,y2);

IMocrpoutrs K rpaduxos B pasubix | >> plot(x1l,yl); <...>
rpaduuecknx okHax: repen pyukiueit | >> figure; plot(x2,y2); <...>
plot (maumnasi co Bropoii) 3amuchk ko- | >> figure; plot(x3,y3); <...>
maH/sI figure. >> figure; plot(xk,yk);

IHocTpours B oaHOM rpaduyeckoMm | <...>
OKHe, HO HA OTJAeJbHBIX rpaduueckux | >> subplot(2,1,1);
nousx, K rpadpuxos: nepen dynkiueit | >> plot(x1,yl);




plot UCIIOJIb3YETCS dbynkus | >> subplot(2,1,2);
subplot(m,n,p). 3mece M ykaswiBaeT Ha | >> plot(x2,y2);
CKOJILKO YacTeil rpaduueckoe OKHO ae- | <...>

JIMTCS 110 BEPTUKAJIH, N — [0 TOPU30HTA-
JH, a P SIBJIAETCS HOMEpPOM IOJIOKHA, B
KOTOPOM OYJIET CTPOUTHCS IrpaduK.
IMocrpours rpaduk B mossipubix ko- | >> phi=0:0.01:2*pi; r=sin(3*phi);
opauHarax: GyHkius polar. >> polar(phi,r)

C momoInpio KoMau bl POt MOYKHO TakKe peryJInpoBaTh TONIIHHY U BHJT JIH-
HUI U T.IL. (C OCTaJIBHBIMH BapHaHTaMH CHHTaKcuca kKomaHbel Plot MoxHO 03Ha-
KOMHTBCS ¢ momoIieio crpaBku Matlab — menro help).
PaccMoTpuM HEKOTOpBIE KOMaH IbI sl 0(hOPMIICHHUS TpadUKOB MTOCTPOCHHBIX
B okHe Figure.
Hcnonp3ys koManay grid ON MO>KHO HAHECTH U3MEPUTEIIbHYIO CETKY Ha BCIO
00JIaCTh MOCTPOCHUS TpaduKa.
JInst IpOoCTaBIICHHsI PA3IMYHBIX HAAMUCCH HA MOJYYEHHOM PHUCYHKE MpHUMe-
HAIOT QYHKIUU:
title("<mexcm>") — 3aronoBok rpaguka;
xlabel('<mexcm>") — TeKCT BIOJb TOPU3OHTAILHOM OCH;
ylabel('<mexcm>") — TexcT B10OIb BEPTUKATLHOM OCH,
text (x,y,'<mexcm>'") — HaANKUCh B MPOU3BOJILHOM MECTE PHUCYHKA, T1e X,y —
KOOPJAMHATHI TOYKH, C KOTOPO HAYMHAETCS HAIIHCh.
I'paduk MoxxHO coxpanuThb B popmare Matlab ¢ pacuupenuem fig wiu B
npyrom rpadudeckom dopmare.
HykHO OTMETHTB, YTO OKHO Figure uMeeT CBOIO COOCTBEHHYIO CTPOKY Me-
HIO ¥ MTaHeJIb UHCTPYMEHTOB 11 ohopmieHus rpadukoB. OHAKO MPU HATMCAHUH
porpamMm yJ100HO UCIIOIb30BATh KOMAHObL 11 pabOThI ¢ TpaUIeCKUMU OKHAMH.

2.4. Penakrop/oTjaaguuk

PaGora B pexxume kanbkynstopa B cucteme Matlab, HecMotpst Ha 10BONTBHO
3HAYUTEJIbHBIE BO3MOXHOCTH, UMEET CYIIECTBEHHbIC HefocTaTku. [Ipu pemenuun
CEPBhE3HBIX 3a7a4 BO3ZHUKACT HEOOXOIUMOCTb COXPAHEHMS UCIOJIb3YEMBIX MOCIIE-
JIOBAaTEJIbHOCTEW BBIUMCIICHHUM, a Takke UX JalbHeiedn moaudukanuu. NHpIMU
CJIOBaMHU, CYIIECTBYET HEOOXOIUMOCTh MPOrPaMMUPOBAHUS PEIICHUS 3a7a4.

DTO MOXKET MOKa3aThCsl OTXOJ0M OT BaXKHOM LI€JIU, KOTOpasi MpeciaeayeTcs
pa3paboTyuKaMu OOJILITMHCTBA MAaTEMAaTUYECKUX CHUCTEM, — BBIMIOJHEHUSI MaTe-
MAaTUYECKUX BBIYHCIICHUNA 0€3 MCTIOJIB30BAHMS TPATUIIMOHHOTO MPOrpaMMHUpPOBa-
Hus. OIHAKO 3TO HE Tak. MHOKECTBO MaTEMAaTHUECKUX 33/1ad PEIIAETCA B CUCTEME
MATLAB 6e3 nporpammupoBanusi. C HCTIOIB30BAHUEM SI3BIKOB BHICOKOTO YPOBHS
JUTSL KX PEIICHHS TOTPEOOBAIOCH OBl HAITUCATh U OTTECTUPOBATH COTHH MPOTPAMM.

[TporpammupoBanue B cucreme Matlab ssisiercs adhdexTrBHBIM CpeacTBOM
€ pacIHIMpPEeHUs U aJanTallii K pelleHuio crenuduyeckux npoodsem. OHoO peasu-
3yeTcsl ¢ TOMOIIBIO S3bIKA MPOTPAMMHUPOBAHUSI CUCTEMBI. BOJBITMHCTBO 0OBEKTOB
ATOTO $3bIKA, B YACTHOCTU BCE KOMAaHJIbl, ONIepaTophbl U (DYHKIIUH, OTHOBPEMEHHO

8



SBIISAIOTCA OOBEKTAMH BXOJHOTO SI3bIKA OOIIEHUSI C CUCTEMOM B KOMaHHOM PEXKH-
M€ padOTHl.

Tak B yem ke OTJIMYME BXOJHOTO SI3bIKa OT SI3bIKa MporpamMMmupoBanusi? B
OCHOBHOM — B c1toco0e (hukcaiuu co3aaBaeMbIX UMH K0/10B. Ceccru B KOMaHIHOM
pexumMe paboThl HE COXPAHSIOTCS B MaMSITH KOMIIbIOTEpa (BeJeHUE JHEBHUKA HE B
cder). XpaHATCA TOJBKO OMPEEICHUsI CO3JJaHHBIX B XOJI€ UX BBIMOJHEHUS Iepe-
MEHHBIX U (PYHKIUI. A BOT MpOrpamMMbl Ha s3bIKe porpammupoBanus Matlab co-
XPaHAIOTCA B BUJE TEKCTOBBIX M-aiinoB. [Ipu 3ToM MOTyT coxpaHSThCS Kak Iie-
Jble TporpaMMbl B Buje (aiisioB-ciieHapueB (Script-daiinsl, M-creHapuu wim
YIIPABJISAIONIUE TIPOTPAMMBI)), TaK U OTICIIbHBIC MTPOrPAMMHBIE MOAYIH — (DYHK-
mn (daiin-¢pyaknun, M-pyakinuu). Kpome Toro, BaxHO, 9TO MpOrpaMMa MOMKET
MEHSTh CTPYKTYpPY aJTOPUTMOB BBIYHCICHUI B 3aBUCUMOCTU OT BXOJIHBIX JTAHHBIX
U JIaHHBIX, CO3/1aBa€MbIX B XOJI€ BBIYUCIICHUN.

Co3nanue mporpammbl B cucteme Matlab ocymectisercs npu momoinu
BCTPOEHHOT0 peAakTopa/oTiaaaunka. OKHO pejakTopa NOSBIISETCS Ha SKpaHe, eCin
BbI3BaHa komaHaa File>New>M-file u3 pabouero oxHa.

IIpumep 8.
HaiineM KOpHU CHCTEMbI TUHEHHBIX alreOpandyeckux ypaBHEHUM:
2X1 + 3X2 + 4X3 =14

2%X) —Xp —5X3 =-15
X1—2X2 —3X3 =-4

Hanumewm daiin-cuienapuii. [Ipy BerarcieHnn KoOpHed MPUMEHUM OTIEPAIUIO
0o0paTHOrO JIeJICHHUS.

8} C:\MATLABGpS',work',primer.m - |E||5|
File Edt WYew Text Debug Breakpoints ‘Web ‘Window Help un
DEH|iERo o | & Af| 88|33 53| sexE <

1 - a=[2 3 4 2 -1 -5: 1 -2 -3]:

2(=| b=[1l4; -15; -4]:

3 =] x=arb

| | »

[script [Ln3 Cal 8

I

Puc. 1

3amyck MporpaMmbl OCYIIECTBIIETCS U3 PeaKTOpa/OTiaduKka BLIOOpOM
COOTBETCTBYIOIIETrO ITyHKTa MeHto (Debug>Run) wiun Haxxatuem F5 umum ¢ momo-
b0 COOTBETCTBYIOIICH KHOMKY Ha TTAaHEIN HHCTPYMEHTOB (puc.1).
Pe3ynbpTaT BhIUMCICHNS MOKHO YBUJETH B KOMAHIHOM OKHE:
>> X =
3
-4
5
B KoMaHIHOM OKHE TaKKe BBIJIAIOTCS cooOmeHus o0 ommokax B M —(aiine.



3. OBBEKT NCCIIEAJOBAHUN
O0BexToM ucciaenoBauud asisgercd cucrema MATLAB.

4. BATAHUE HA UCCJIEAOBAHUE

1. IToznakomurcs ¢ uatepdericom cuctemel MATLAB.
2. Bo Bcex 3amaHusx TpeOyeTcs 3aHECTH B HEKOTOPYIO NMEPEMEHHYIO 3Hade-

HUS BBIPAXKEHUN IPU 3aJaHHBIX X =-17510° n y=3.17r, 0TOOpa3uTh pe3yjbTaT B

pa3nuyHbIX opmaTtax.

BapHaHT BBIPAKCHHE BapHaHT BBIPAKCHHUE

1. 23 8. :

7= e’ sin v+ 2% cosy E=arctg§."x—sm['j,r)
200% +y 1-x?

2. : : : 9. x+igy
_ st ¥ +sin 2y +sin 3y 1+
=1+

T Jl EI =1+ I ¥ ]_t]_.],?
xttgy
BapHaHT BBIPAYKCHHE BapHaHT BBIPAKCHUEC
3. . . 10. P ,
o = lr-sing)lx+sing] 7= |2 sy + 27 cosy
200x + v
4. 11.
= ¥ -x — 2 3
(=g sin y+e " cosy A=3x{1+x)°(1+2x)

5. — e 12. _

5 = arctg AT smy ATsmy z _1+arcsinf{cos 2y)
|x+siny X-—sin v - 0¥ 437X

6. 2 13.

oo 23 H R=Sh(:’f+1ﬂf)3
x +arcsin{cos 237 |I_]ﬂ-3"|
¥,

7. ' 14, : - - 4
R =ch(x+1n y), i~ 1n ] 7 - lein > +sin 2y + sin 3y)

| 1+sm_}r+sm2y+sm3y
Q.I'
[Ipumeyanue.

sin(z) — cunyc umcna z; €0s(z) — kocunyc uncna z; tan(z) — tanrenc uucina z; asin(z) —
apkcuHyc (B paanaHax, B auana3one oT —z/2 mo x/2); acos(z) — apkkocuHyc (B paanaHax, B
nuanazone or 0 mo 7); atan(z) — apkranreHc (B paauaHax, B nuamna3one ot —z/2 mo x/2);
sinh(z) — runepbonuyeckuii cunyc uucna z; cosh(z) — runepOonuyueckuii KOCHMHYC 4Yucla Z;
tanh(z) — runepGonuueckuii TaHreHe yKcia Z; eXp(z) — sxcronenTa uucia z; 10g(z) — matypais-
HbIH Jorapudm uuncna z; 10910(z) — aecsatuunslii torapudm uucna z; sqrt(z) — kBaapaTHbId KO-
peHb u3 uncna z; abs(z) — MmoayIip uncna Z.
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3. M3yuuth rpaduueckue Bo3moxkHocTu cucteMbl MATLAB. Ucnonb3ys
peIaKkTop/OTAa YUK MTOCTPOUTH TpaPuKK HyHKITHI:

a) yp = f(x)
0) y1=f(xX) u y,="Fy(x) B oqHOM TpaduuecKkoM OKHE U B OJIHOU CUCTEME
KOOpIUHAT,

B)y; = f1(X) U y, = f5(X) B pa3HBIX rpa@ueCKUX OKHAX;

r) yp="f(x) U yo="fy(x) B OIHOM IpaueckoM OKHE, HO Ha OTIEIbHBIX
rpaduuecKux Mmossx.

1! Bee rpaduku 10/DKHBL COEPKATh 3ar0j0BKH, 0003HAUEHUS OCEi, Mac-
mTabHYIO0 CeTKy, 0003HauY€HUsI KPUBBIX. JlJI 3TOTO MCIOJIb30BaTh COOTBETCTBYIO-
mue GYHKIIMY, a He KOMaHIbl HACTPOIKHU okHa Figure.

YroObl MOMETHTH TpaduK B OTUET HY)KHO B TJIABHOM MEHIO OKHa Figure BbI-
opats Edit>Copy Figure, oTkpbITh (haiis oT4eTa U BHIMOJIHUTH KoMaHay Ctrl+V.

Jlanee npuBenensl GyHKUMU Y= f(X) s BAPUAHTOB 3a1aHMUSL:

BaApUAHT GyHKIHN BapUaHT GyHKIHN
1. =X, Y, =2+4X. 8. y1=|X+4, yp =sin(x).
2. y1=lgx, y, =2x. 9. y1:x2+x,y2:x3.
N y1=/x+cos(x), o =x*. 10. yp =e2%% y, —Vx®.
4, y1=x2+2x, Yo = 24X . 11. y1 =5In(x), y, =tg(x).
5. y1=In(x)+/x , yp =cos(x). 12 |y =eX 43, y,=2+X.
6. Y1 =ex+5, Y2 =|X|- 13. y1 = 2x3 + 4x°2 +3, yp =sin(2x).
/. y1=In(x), y, =2%. 14. y1=4""2, yp =x.

5. IOPAOK BBITTOJIHEHU A PABOTBI

1. 3anyctuts cpeny MATLAB (sipisik MATLAB na paGodem crore).

2. Uzyuuts padoty B cucteM MATLAB B pexumMe KaabKyJsITOpa, BBITOJ-
HUB OINKMCaHHBIE B pa3zielie TEOPETUUECKUE CBEACHUSI IPUMEPHI.

3. BeruncnuTh 3HaueHUE apu(PMETHUECKOTO BBIPAKEHUS (B peXKUME KaJIbKYy-
asitopa). OToOpa3uTh pe3ynbTaT B pa3InuHbIX (popmaTax.

4. BpI3BaTh pedakTOp/OTIAAUMK U HCIOJIB3Ys Ipaduueckue BO3ZMOXKHOCTH
cuctembl MATLAB noctpouts rpaduku ykazaHHbIX B 3aJaHUU QYHKIUH.
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6. TPEBOBAHUA K OOOPMJIEHUIO OTYETA

OT4eT J0JKEH colepkKaTh:

1. Ha3Banue u HoMep pabOoThl, 11€JIb paOOTHI.

2. Apudmernueckoe BBHIpOKEHUE W PE3YyJbTAT €ro BBIUUCICHUS B pa3lidy-
HBIX (popmaTax.

3. Tekctsr Script-haiinoB u rpaduku yHKIUN ¢ 3arojloOBKamMu, 0003HAYE-
HUSIMHU OCE€l, MacIITaOHOM CETKOW, 0003HAYEHUSIMU KPUBBIX.

7. KOHTPOJIBHBIE BOITPOCBHI

1. Uto npencrasisier coboit pabouee okno cucrembl MATLAB?
2. 3aueM mpegHazHaueHo kKomaHaHoe okHo Command Window?

3. 3aueM HCTOIB3YETCSI CUMBOJI «;» MPU HAMMMCAHUU TIEPEMEHHBIX, BhIpaXKe-
HUW U T.1.7

4. Kak 3ay1atb BeKTOp?

5. Onumure rpadudeckue Bo3moxkHocTH cuctemMbl MATLAB niis Busyanu-
3allMM IBYMEPHBIX TpadUKoB.

6. 1yt uero Hy>XeH peJakTop/OTaaaUUK?

7. Kakoe pacmmpenne umerot ¢aitnsl cucremsl MATLAB?
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JIABOPATOPHAS PABOTA Ne 2
Co3nanue M-}ailsioB M X UCIOJIb30BAHUE [IJISI PelIeHUs
g pepeHIMAIbHbIX YPABHCHU I

1. HEJIX U 3AJAYU UCCIIEAOBAHUMA:

— TIO3HAaKOMHTBCS C BO3MOXHOCTSIMU IPOTPAMMHUPOBAHHUS B CHCTEME
MATLAB u Hay4yuThCs CO3/1aBaTh MPOCTEHININE MporpaMmbl. JloCTHKeHHE IIo-
CTABJICHHOM 1I€TH CBSI3aHO C HEOOXOUMOCTBIO PEIICHUS CIACAYIONINX 3aa4:

— U3y4uTh penakrop M-daitnos MATLAB,;

— Hay4HThCS HUCIOJIB30BaTh M-(daiinmbl s permieHust muddepeHnnanbHbIX
YPaBHEHUM.

2. TEOPETUYECKHWE CBEJJEHUA

2.1. IIporpammupoBanue B cucreme MATLAB. Co3nanue mpocTedimx
porpamm.

Coznanue nporpammbl B cucteme MATLAB ocymiecTBisieTcs mpu OMOIIU
BCTPOCHHOTO peakTopa/otinaaurka. OKHO peakTopa MOSBISETCS Ha KpaHe, eCilu
BbI3BaHa koManzga File>New>M-file u3 pabouero okHa Wiau Ha)kaTa KHOIKa «0Oe-
JIBIA JTUCT)» HA MaHeNd UHCTPYMEHTOB pabovyero oKHa.

B s3pike MATLAB wumerorcs mporpaMMmbl JByX THIIOB: TaK Ha3bIBaeMble
Script-daiinsr (M-crienapun) ((aia-clieHapyuu WK YIPABISIONIME TPOrPaMMbl) 1
¢dain-gpyakuun (M-¢ynkuun). Bce mporpammbl TOMKHBI MMETh pacIIMpEHHE
UMEH (QaiioB *.M, T.e. UX HEJb3sI PA3TUUUTh IO TUMY (aiiia.

OmnuilieM KX MO cleayroneMy Iany: 1) npeaqHasHayeHue; 2) uCroiab3yeMble
apryMeHThI; 3) OlepupoBaHue C TaHHBIMU; 4) CTPYKTYpa; 5) 3amyckK.

M-cuenapuii:

1. IlpennaznayeH st aBTOMATU3AIMU TIOCIEI0BATEILHOCTH IIAar0B, KOTO-
pbI€ HY>KHO BBITIOJIHSITH MHOTO Pas3.

2. He ucnonb3yeT BXOJHBIX U BBIXOJHBIX apTyYMEHTOB.

3. OnepupyeT ¢ JaHHBIMU U3 paboyelt 001acTH.

4. Ctpyktypa M-cuieHapust B oTianune oT M-GyHKIIUY HE BKIIIOYAET CTPOKY
ornpeneneHus GyHKIUH.

5. 3anyck u3 Penakropa/OTinagunka BBIOOPOM COOTBETCTBYIOIIETO MMYHKTA
menro (Debug>Run) nnmm naxxatuem F5.

M-ynkuus:

1. Ilpennasnadena anst pacumpenust BoamoxHocter si3pika MATLAB (6u0-
JUOTEKU (HYHKIIMHA, TAKETHI TPUKIIATHBIX TIPOTPAMM).

2. Ucmonp3yeT BXOHBIC M BBIXOIHBIE apTyMEHTHI.

3. Ilo yMon4aHWiO, BHYTPEHHUE IEPEMEHHBIC SBIISIOTCS JIOKAJIBLHBIMH I10
OTHOUIEHUIO K (PYHKIIUH.

4. Ctpykrypa:

1) Ctpoka onpeneneHusi GyHKIUU 337aET UMs, KOJHYECTBO U MOPSIOK
CJICIOBAHUS BXOJHBIX M BBIXOJHBIX apTyMEHTOB:

function <ITKB> =<ums ¢pyuxuun>(<IIBB>),
[IKB — nepeueHnb KOHEUHbIX Benn4uH, [IBB — nepeuenbs BXOAHBIX BEJIMYKH.
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Hanpumep: function y = funa(x,a), rae function - kimoueBoe cioBo, ompe-
nenstoriee M-pyHKIMIO; Y - BBIXOAHOHM aprymeHT; funa - ums yukuuu; X, a -
BXOJTHBIC apTyMCHTHI.

Ecmn ¢ynkims nmeer 6osee OJHOTO BBIXOJHOTO apryMEHTa, CIIMCOK BbI-
XOIHBIX apryMCHTOB IIOMEINIAeTCs B KBaapaTHble ckoOku: function [x, y, z] =
funb(t, p, r).

I Ima ¢aiina u uMs QyHKIHMH T0KHBI COBIAIATh.

Ecnu ums daitna u ums GyHKIUU B CTPOKE OMpeesieHns: PYHKIIMNA pa3HEbIE,
TO TIPU 3aIyCKe MCTOJIb3yeTcs umMsl ¢aiiia, a BHyTpeHHee uMs urHopupyercs. Ha
nMeHa M-(yHKIMIA HaJararoTcs Te )K€ OTPaHUYCHUS, YTO U Ha UMEHA TTEPEMEHHBIX
- UX JIJIMHA HE JOJDKHA MpeBHIaTh 31 CHMBOJIA; OHU JOHKHBI HAYMHATHCS C OYK-
BBI; OCTaJbHBIE CUMBOJIBI MOTYT OBITH JIFOOOW KOMOWHaIuen OykB, Iudp U MoA-
YEPKUBAHUU.

2) KoMmMeHTapuii BBIBOJAMTCS Ha 3KpaH mociie 3Haka % B J000M MecTe.
[lepBas ctpoka KoMMeHTapusi oTpaxkaeTrcss B OKHE KOMaHJ, KOTJia MOJb30BaTellb
3amyckaeT komauay help <ums dbyHKIUR>.

3) Tesio pyHKIHM - 3TO IPOIPAMMHBIN KOJI, KOTOPBIN PeaTr3yeT BBIUNCIIC-
HUS Y IPUCBAMBAET 3HAUYCHUSI BBIXOJHBIM apTyMEHTaM.

5. 3anyck n3 OkHa KOMaHJ ¢ OTMCAaHUEM BXOJIHBIX apTYMEHTOB.

Ipumep 1. Jlana pynxkums myfun(a,b), cumraromas cpenneapudmernye-
ckoe nByX uuceln (puc. 1).

Bl CyMATLABGpS  work' . myfun.m =10l x|

File Edit Wiew Text Debug EBreakpoinks Web ‘Window Help

DEE| 2R o | S|(sf | 883 BE BHE| s~

e

1 function y=wyfunia,hj:
2= w=(ath) /2;

w

1| | v

[ rryfiun [Lnz Cal 11
puc. 1
E€ 3anmyck u3 komananoro okHa Command Window:
>>m=7.5;
>>n = 3.342;
>>c = myfun(m, n)
c=05421
>>c = myfun(7.5, 3.342)
c=5.421

OyHKIMA JOJKHA HAXOAUTCS B TEKYIIEN TUpEeKTopruu. IMeHa BXOJIHBIX Iie-
pPEMEHHBIX MOTYT, HO HE O0s3aHbI COBIIA/IaTh C UMEHAMH, YKa3aHHBIMH B CTPOKE
onpeneneHus GyHKIUU.
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[Tpu omepupoBanuu ¢ M-¢aitnaMu MOKHO HCIIOJIB30BATh CIEAYIOIINUE KO-
MaH/Ibl:

- BBIBECTH Ha SKpaH nMeHa (aiioB Tekyiero karaiora: what;
- BBIBECTH Ha dKpaH TekcT M-(aiina fact.m: type fact.

IIpumep 2. Co3aaTs IporpamMmy, MO3BOJISIONIYIO CTPOUTH Ipa@uK QyHKIIUN
y =(X), 3aIaHHBIX TAPAMETPUUYECKUMH (POPMYIIaAMHU:

x = 4¢ 005 sin(t),
y= 0.2¢7 0 sin(2t) .

Bribepem nuamazon m3menenus mapamerpa t ot 0 mo 50 ¢ marom 0.1.
Cuayvana HanumeM M-QyHKIHIO 7151 3aAaHHON QyHKINH (pHC. 2).

8} c\MATLABGpS work myfunl.m® = | O | ﬂ
File Edit ‘iew Text Debug EBreskpoints wWeb ‘Window Help

DSE| 2R~ | S| #F| 88| E0ERE| sk -] x|

function [x,v]=wyfunlit):
%IFunctiu:nn w=d¥exp -0.05%t) . Fsin(t) ry=0.2%exp(-0.1%c) . *3in(2%t)
x=d%¥exp (-0.05*%c) . ¥Fsinitc);

- y=0.2%exp (-0.1%C).%Yain(z2*tL) ;

L o
|

b

1] IE
IS 3| myfunt.m Iprngr.m

[ Pryfunt [Lnz col 2

puc. 2

B nporpamme ucnoinbsdyercs apudmMeTuyeckas oneparus — nodieMeHmHoe
ymuoocenue maccusos (*). OTnuune yka3aHHOW ONepaliy OT CKAJISIPHOTO M BEK-
TOPHOT'O YMHOKEHHsSI BEKTOPOB MOKA3aHO B mpumMepax 1-3.

Oneparus «’» — TPaHCIIOHUPOBAHUE BEKTOPA.

Ipumep 3. Ipumep 4. IIpumep 5.
>>a =[12 3]; >>a=[123]; >>a=[123];
>>p =[2 3 6]; >>h =[2 36]; >>p =[2 3 6];
>>c=a.*b >>c=a*b’ >>c=a’*h
c= c= c=
2618 26 2 3 6
4 6 12
6 9 18

3atem, HaOuMpast COBOKYITHOCTh ONEPaToOpoB, HamuieM M-cyerapuii (puc. 3)
U TIOJTYYUM 2paghux (hyHKyuu.

3amyck Ha BBITIOJIHEHHE M-CIieHapHs OCYIIECTBISIETCS C TTIOMOIIBIO KHOTIKU
Run nmm naxxatuem F5.

A
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8 C:\MATLABGpS work',progr.m Y [m] [
File Edit Yiew Text Debug Breakpoinks ‘Web  Window Help un

DSH| 2R =S Af| 88|35 E | sexl= =
- t=0:0.1:50;
| [=.¥]=wyfunlic);

b x

- ploti{=,¥):grid on

title('Function x=4%exp(-0.05*C).*%zin(t) ;¥y=0.2%exp(-0.1%tL).¥=zin(2%t) ', 'Fontsize', 14d);
- ¥labhel'x', 'Fontzize' , 14);

- vlabel('y','Fontzsize' ,14);

1 L
Sl rfunt.m_ progr.m

L O e
|

|script [LnE Cal 27

puc. 3

2.2. Pemenue nuddepeHInanibHbIX YpaBHEHUN

Cucrema MATLAB nmeeT HECKOIBKO (DYHKIIMM, peaTu3yIONuX YHCICHHbIE
MeTobl PyHre-KyTThl TpeTbero, 4eTBEpTOro, MATOro M IIECTOr0 MOPSIKOB C aB-
TOMAaTUYECKUM BBIOOPOM MIara, JUIsl peieHus quddepeHnnanbHblX YpaBHEHUN U
CUCTEM BBICOKOTO nopsiaka B ¢opme Komm ¢ TaOaMuHBIM U TpaduyecKuM Ipej-
CTaBJICHUEM PE3YJIbTATOB.

PaccmoTpum GyHKIMIO, peanu3yromyo memod Pynee-Kymmut 4-20 nopsioka:

[t, y]=0de45 (‘<ums pynxomu>’, tspan, y0),
rae <ums QyHKOUH> — UM M-(QyHKIHUH, B KOTOPOM BBIYHCISAETCS BEKTOP-
¢bynkuus f(y,t), T.e. IpaBble YaCTH cUCTEMbI JU((hepeHInaIbHbIX YpaBHEHU;
t — MaccuB 3HaUEHUI apryMeHTa, COOTBETCTBYIOUIUX IIIaraM UHTETPUPOBAHUS;
Yy — MaTpula NpOMHTETPUPOBAHHBIX 3HAUECHUN (DA30BBIX NMEPEMEHHBIX, B KOTOPOH
Kbl CTOJOEI] COOTBETCTBYET OAHON M3 NMEPEMEHHBIX COCTOSIHUSA, a CTPOKa CO-
JIEPKUT 3HAYEHUS MEPEMEHHBIX COCTOSIHHS, COOTBETCTBYIOIIUX OMNPEICIIEHHOMY
iary MHTerpupOBaHUS;
tspan — Bektop-ctpoka [tO tfinal], comepkamias nBa 3nadenus: t0 — HavanabHOE
3HavyeHue aprymenra t; tfinal — koneuHoe 3Hadenue aprymenra t;
Y0 — BEKTOp HAYAbHBIX 3HAYCHHI MEPEMEHHBIX COCTOSHUSI.

Texnonorus pemenus: AudepeHnrnaibHbIX YpaBHEHHA TaKOBa:

1. Co3nanue HOBOW (DyHKIIMM, mpeacTaBistomeid coboi M-QyHKIUIO BbI-
YHUCIICHUS MPaBBIX YacTel cucTteMbl nuddepeHnanbHbIX YpaBHEHUH (ypaBHEHHE
0JKHO ObITh B hopme Komn).

2. Bon ¢ysakumu 0de45 (B komangaom okHe Command Window wiu B pe-
nakTope/oTiiaaunke, opopmuB kak M-crieHapuit). @yukuus 0de45 tpedyer, yro-
OBl BEKTOP TIPOU3BOIHBIX ObLT 00513aTEITLHO CTOJIOIIOM.
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IIpumep 6
Jlano ypaBHEHUE
T(t) =—-0.4(T(t)—20), T(0)=90, (1)

KOTOPOE ONUCHIBAET 3aKOH OXJIAXKIEHHUS TENA Pa3orpeToro a0 temmneparypsl 7=90°
¥ MOMEIIEHHOT0 B cpemy Temmeparypsl 7=20°. TpeOyeTcs MOCTPOUTH 3aBHCH-
MOCThH 7(t) Ha UHTEepBajIle BpeMeHHu t €[0;15].

M-dynkius npaBoil yactu ypaBHeHus (1) uMeeT BU, IPEICTaBICHHbIN Ha
puc. 4.

8} C:\MATLABGpS,work' temperature.m - IEllﬂ

File Edit ‘iew Text Debug Ereakpoints ‘Wweb  Window Help

DS |+ =@ = S| #F

1 function dT=temperature(t,T]:

2= dT=5-0.4%T;

1| | »
[temperature [Lr Col 1

8 % | B @ E R E | s

KO IR E

puc. 4

Ha puc. 5 npuBenen M-crieHapuii moctpoeHus rpaduka pynkmun 7(t).

Ha puc. 5:

t- MaccuB 3HaUEHUM apryMEHTa — B HAIIEM CJIy4ae BPEMS MHTETPUPOBAHNS;
T- BEKTOp 3HAYEHUU TEMIIEPATYPHI.

B} 'y MATLABGpS  work',progr_temp.m 10l x|

File Edit View Text Debug Breakpoints web ‘Window Help

Dg”'ﬂ‘ § Bz @A v m‘@‘ﬁ_ﬂ @ﬁ‘@%@@@‘staw:lﬂase ~]
- [t,T]=0ded5 | 'temperature' [0 15],90);

- plotit,T):grid on

- title('T''+0.4 T=5', 'Fontsize', 14):

- ®x1label ('t','Fontsize' 14);

- vlabel('T', 'Fontsize' ,14);

w
4] | »

|script [Ln & Col 1

I

M = ] by =

puc. 5
Pe3ynbTaT BEINIOHEHUS POTpaMMBbl Progr_temp.m npeacraBieHuu Ha puc. 6.
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puc. 6

IIpumep 7

Hano ypasaenue [y dunra, KoTopoe AeMOHCTPUPYET BOSHUKHOBEHHE CTO-
XaCTHUYECKUX KoJeOaHUl s psifia HEIMHEUHBIX 33]1a4, B YACTHOCTH XaOTUYECKYIO
JUHAMUKY LIENH C HEJIMHEHMHOW MHAYKTHUBHOCTBIO WMJIM MPOJOJIbHBIA M3TUO ynpy-
roit 6ayiku. YpaBHEHHE UMEET BUJI

R(t) + kx(t) +x3(t) = Beos(t). (2)

Jlunamuka onpenensercs mapamerpamu K ,B, a Taxke Ha4a bHBIMHU yCIIOBU-
sMu. Bapbupys mapameTpbl, MOKHO HaOJIOJaTh Pa3jIMYHbIE PEXKUMbBI JIBUKEHUS:
OT MEPUOANYECKHUX IO XAaOTHUYECKHUX.

ITIycts x(0)=0, x(0)=25, k=0.3, B=2, te[0;50].

M-¢yHkuus npaBbix yactei ypaBHeHus (2) B popme Ko nmeer Bu:

function dx=duffing(t,x);

dx(1)=x(2);
dx(2)=2*cos(t)-0.3*x(1)-x(1)."3;
dx=dx’; % eexmop dX dondicen Gvimb 6eKMoOpom cmorbyom

[amee npuBeneH TeKCT M-cueHapusi, pe3yiabTarT BBIITOJHEHUS KOTOPOIO
IIPUBEIECH HA pUC. 7!

[t,X]=0de45('duffing’,[0 50],[2.5 0]);

subplot(3,1,1);

plot(t,X(:,1));grid on % cmpoum epagux X(t)

title("X"""+3X+X"3=2cos(t)','"Fontsize’,14);

xlabel(‘t','Fontsize’,14);

ylabel("X','Fontsize',14);

subplot(3,1,2);

plot(t,X(:,2));grid on % cmpoum epagux X (t)

xlabel(‘t','Fontsize’,14);

ylabel("X™','Fontsize",14);

subplot(3,1,3);
plot(X(:,1),X(:,2));grid on % cmpoum epaghux X (X) — pazoswiii nopmpem
axis([-55-55]); % ycmanasnusaem sxcecmrue epanuyvl nousa epaguxa

xlabel("X','Fontsize’,14);
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ylabel("X"",'Fontsize’,14);

3nech t- MaccuB 3HAYEHUN apryMEHTa — B HAIlleM CJIy4ae BpeMsl MHTEIPUPOBAHUS;
X - MaTpulla IPOUHTETPUPOBAHHBIX 3HAYCHUH (ha30BBIX MEPEMEHHBIX X; U X5 .

X"+3X+X*=2cos(t)
4 T T T T

3. OBBEKT NCCIIEAOBAHU
O0bekToM ucciaenoBauud asisercd cucrema MATLAB.

4. 3AJJAHUE HA UCCJIEJOBAHUE

1. IToznakomurcsa ¢ uHtepdeiicom penakropa MATLAB, mo3Bosstoniero
co3naBaTh M-(ailsbl.

2.Coznate M-bynknuio mis Gyakuuu f (x) =3sin(x+0.257) . Haiitu 3Haue-

HUs QYHKIUM HA MpoMexyTke [0;z] ¢ maroM z/10 W MOCTPOUTH ee rpaduk Ha
poMexyTke [-37;3z] ¢ marom z/100.

3. C nomomipio ucnonb3oBanus M-daiinos Harita Y(t) u y (1), 1),y (Y) aud-
(dbepeHIMAIbHBIX YPAaBHEHUN MEPBOTO W BTOPOTO MOPSIKA COOTBETCTBEHHO. JIjist
ypaBHEHUSI BTOPOTO MOPSAKA TMOCTPOUTH B OJHOM TpadUueckoM OKHE Ha OJHOM

rpadudeckom nose rpaduxu Y (t),y(t), a Ha npyrom y (y).
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YpaBHEeHUs BIOUPAIOTCS B COOTBETCTBUU C Tabmuei 1.
Tao6m. 1.

Bapuant YpaBHeHuUe NIepBOTo NopsAjika | YpaBHEHHE BTOPOTO MOPsJIKa

1 1 1

OO N0 |WIN
OO N OB |WIN
OO N®O OB |W N

e
o
e
o
H
o

11

Hanee mpuBenensl nuddepeHnranbuble ypaBHEHUs Ji BapUaHTOB 3ajia-
Hus. HayanbHble yclioBUS U BpeMs MOJICTMPOBAHUS BHIOPATh CAMOCTOSTEIBHO.

YpaBHeHus 1epBOro MOPsAIAKAa:

. 2y—-t-5
Bapuanr 1. y=—"2—-—" y(0)=..., t=tj..1
p Y= y+4 y(0) 0-tn
2
Bapmuanr 2. y‘=2(y;2)2, y()=..., t=tp..t,
t+y-1)
Bapuanr 3. ysint+y'cost =1, y(0) =..., t=tp..1,

Bapuasnr 4. t%y? —Dy+2ty® =0, y(0) =..., t=tg..ty
BapuanT 5. ty'+l=e!, y(0)=..., t=tg..1,

Bapuanr 6. ty+y + y2Int=0, y(0)=..., t=tg..1,
Bapuant 7. y-y-tgt + y2cost=0, y(0)=..., t=tg..ty

2

Bapmuanr 8. y‘+ﬂ:—‘/§, y(0)=..., t=tg..1,
t cos“t

Bapuanr 9. ty‘—4y—t2\/§=0, y(0)=..., t=tp..t,

t
Bapuanr 10. y=———tgy, y(0)=..., t=tg..t
p y cosy ay, y(0) 0-+ln

Bapuanrt 11. y—y'cost = y2 cost(l-sint), y(0)=..., t=tg..ty
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YpaBHeHHS BTOPOT0 MOPSIAKA:
BapuanT 1. y"=t+sint, y'(0)=..., y(0)=..., t=tg..t,
Bapuant 2. ty"=y", y'(0)=..., y(0) =..., t=tp..1,
Bapuant 3. 2ty'y = (y)? +1, y'(0)=..., y(0) =..., t=tg..1,
Bapuanr 4. 1+(y)% =2y, y'(0)=..., y(0)=..., t=tg..t,

Bapuant 5. yy = (y)2 - (¥)3, y () =..., y(0) =..., t=tg..t,
Bapuanrt 6. 23y -3(y)? =4y?, y(0)=..., y(0) =..., t=tg..1,
Bapmuanr 7. w-(y)2 =y?y, v(0) =..., y(0)=..., t=tg..1,
Bapuant 8. yy"—yy'In y=(y)?, y'(0)=..., y(0)=..., t=tg..t,
Bapuant 9. t*y = (y-ty)3, y'(0) =..., y(0) =..., t=tg..1,
Bapwuanr 10. 2(y)? =y"(y-1), y'(©)=..., y(0) =..., t=tg..t,
Bapuanr 11. tyy +H(y)? =3yy’, ¥ (0) =..., y(0) =..., t=tg..ty

5. IOPAJOK BBIITOJIHEHU A PABOTBI

1. 3amyctuth cpeny MATLAB (sipisik MATLAB na pabouem crozne). [lo-
aBuTCca OKHO cpensl MATLAB.

2. 3anyctuth peaaktop M-¢aiinoB. Co3gate M-QyHkuuio st QyHKIUU
f (x) =3sin(x+0.257) .

3. OtkprITh KOMaHAHOEe OkHO Command Window u HalTH 3Ha4YeHUs QyHK-
uu Ha npomexyTtke [0;7] ¢ maroMm z/10. [loctpouts rpaduk GyHKIUU Ha Mpo-
MEXYTKe [-37;37] ¢ marom z/100.

Mo>kHo HanucaTh M-cueHapuil moucka 3Ha4eHUs U MOCTpOeHMs rpaduka
GyHKUIHU.

4. 3anyctuth peaakrop/otiaauuk M-daitnos. Coznate M-dyHKIHIO TpaBOit
4acTH YpaBHEHUS MEPBOTO MOPsIKA U co34aTh M-clieHapuid AJI1 IOMCKA PEIEHUs
y(t) 1 mocTpoenus ero rpaduka.

5. Co3nath M-(hyHKIINIO TTpaBbIX YacTel ypaBHEHHUS BTOPOTO MOPSIIKA U CO-
3nath M-crienapuii s moucka Y (t), y(t),y (Y) u mocTpoeHus: COOTBETCTBYOIINX
rpaduKoB.

6. TPEBOBAHUA K O©OOPMJIEHUIO OTYETA.

OTyeT JOJDKEH coaepKaTh:

1. Ha3zBanue u HoOMep padOThl, LIETb padOTHI.

2. Texkct M-yukuuu st pysakiuu f (x) =3sin(x+0.257) . 3HaueHus: PyHK-
MU Ha TpoMexyTke [0;z] ¢ marom z/10 u rpaduk QYHKIIMHU HA TPOMEKYTKE
[-37;37] ¢ marom z/100.

3. Texct M-dyHKIMM NpaBod 4YacTW ypaBHEHUsI MEPBOTO mopsaka u M-
cueHapus. ['paduk Harinennoro pemenus Y(t).
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4. Texcr M-QyHKIMH TIPaBBIX YacTeW ypaBHEHHS BTOPOTO mopsiaka u M-
creHapus. ['padpuku Haiinenusix ¢pyHkiui y (t),yt), y (y).

7. KOHTPOJIBHBIE BOITPOCHI
1. Yem otnmaaercs M-crienapuit ot M-dyHKimn?
2. C kakoii cTpoku HaunHaeTcs M-QyHKIHs?

3. Onumure GyHKIUIO A1 pereHus AudepeHnanbHbIX YpaBHEHUNH?

22



JIABOPATOPHAS PABOTA Ne 3
Pemenne nuddepeHnnanbHbIX ypaBHeHHI B makere Simulink

1. HEJIN U 3AJAYU NUCCIIEAOBAHUA:

MIO3HAKOMUTBCS C MTAKETOM UMHTAIMOHHOTO MOJAeIupoBanus SimuLink u u3y4utsb
BO3MOXKHOCTH PEIIEHUSI C €ro MoMoIsio nuddepeHuanbHbix ypaBHeHud. [lo-
CTI>KEHHUE TIOCTABIICHHOM 1€ CBSI3aHO C HEOOXOIMMOCTBIO PEIICHHSI CIIEAYIOIINX
3aja4:

— U3y4uTh UHTEep(elic u OnoImMoTeKy 010KOB makera SimuLink;

— HAYYHUTHCS CO3/1aBaTh S — MOJIETH,

— HAY4YUThCS pemaTh audQepeHInaibHbIe YPaBHEHUS C TIOMOIIBIO COCTaB-
JICHHSI UX S — MOJIETICH U C TOMOIIBIO CIIEIIMATBLHOTO PEIIaTesl.

2. TEOPETUYECKHWE CBEJIEHUA

2.1. IMaker Simulink

[Taker sBNISIETCS SAPOM HMHTEPAKTUBHOTO MPOTPAMMHOTO KOMITIEKCA, TIpe/I-
HA3HAYCHHOTO JJII UMHUTAIMOHHOTO MOJICIIMPOBAHMS JTHHEWHBIX M HEITHMHEWHBIX
JTUHAMHYECKUX CUCTEM WM YCTPOMNCTB, MPEICTABJICHHBIX CBOCH (YHKITMOHAIHHOW
OJIOK-CXEMOM, UMEHYEMOH S-MOJIEITBIO FITH TIPOCTO MOJICTIBIO.

Jliist mocTpoeHus QyHKIIMOHAILHOW OJI0K-CXEMBI MOJICIIUPYEMBIX YCTPOHCTB
SimuLink mmeer obmmpHyro O6ubimoTeky Osmoxo SimuLink Library Browser u
yIoOHBIN penakTop O10k-cxem. OH OCHOBaH Ha rpaguyeckoM uHTepderice moyb-
30BaTeNsl U IO CYMIECTBY SBIISCTCS THITMYHBIM CPEJICTBOM BU3YaJIbHOTO MPOrpam-
MUPOBaHUSI.

3amyck makera SimuLink MoXHO mpou3BecTH BHIOpPAaB B IIABHOM OKHE KO-
manay File>New>Model nnn HaxkaB COOTBETCTBYIOIIYIO MUKTOIPaMMY Ha TaHEIN
WHCTPYMCHTOB.

B mepBom ciiydae oTkpoeTcst okHO makera Simulink, B kotopom co3naetcs
S-MOJIeJIb U YTOOBI OTKPBHITH OMOIMOTEKY OJIOKOB HEOOXOAMMO BHIOpATh B MEHIO
9TOro okHa komanay View>Library browser wnu Haxath nukrorpammy Library
Browse.

Bo BTOpOoM ciyuae oTkpoercs Oubiamorexka OmokoB SimuLink Library
Browse u 4To0bl OTKPBITH OKHO, B KOTOPOM OYJIET CO3/1aBaThCsl S-MOJIeTh HE00X0-
nuMo BeIOpaTh B MeHI0 komanay File>New>Model unn nakate mukrorpamMmy
Create a new model.

PaccmoTpum HekoTOpBIE paseisl OnbdanoTekn 010Kk0B makera SimuLink.

1. Pazmen Sourses comepkut OJJOKM — UCTOYHUKH BO3JIEHCTBHMA. bioku nc-
TOYHUKOB BO3JCHCTBUM (CUTHAJIOB) UMEIOT HACTOJBKO OUYEBHUIHBIE 00O3HAYCHUS,
YTO HE MMEET CMbIC/Ia MPUBOJINTD UX HA3BaHUS .

2. Paznen Sinks — comepkuT OJIOKH PErHCTPUPYIONIUX KOMIIOHEHTOB (TIpH-
eMHUKH). Cpeii HUX MOKHO BBIJICJIUTD:

- broku, urparomire pojab CMOTPOBBIX OKOH: SCOPE - BHIBOJUT Tpaduik 3aBHU-
CHUMOCTH BEJIMUYHUHBI, I0[aBaeMOM Ha €ro BX0J1 OT MojenbHoro Bpemenu; XY Graph
- obecreunBaeT MOCTpoeHue rpaduka 3aBUCUMOCTEH OJHOW MOJIETUPYIONEH Be-
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JMYXHBI OT Apyroi; Display - oToOpaskaeT urcieHHOE 3HaYeHNUE BXOTHOW BEIINYH-
HBI,

- brioku a1 coxpaHeHus pe3yabTaToOB:

To file - coxpanenue pe3ynbpraToB MojaeaupoBanus B ¢aitr; To Workspase -
COXpaHseT pe3yabTaThl B padoueM MPOCTPAHCTRBE,

- biok ympasnienust MmonenupoBanuem Stop Simulation, mo3Bonsromuii mpe-
pBaTh MOJCIMPOBAHNE MPHU BBHITIOJHEHUH HEKOTOPBIX YCIOBUH; OJOK cpabaThIBacT
B CJIy4ae, €CJIM Ha €r0 BXOJ MOCTYIAeT HEeHYJIeBOW CUTHAI.

3. Pazgen Continuous coaepKuT repedeHb JMHEHHBIX 0I0KkoB: Integrator -
ujcabHOC MHTETrpHUpyroliee 38eHo; Derivative — nuaeanpHoe muddepeHIHpyoIee
3BeHO; Transfer Fcn - onpeneseHune TMHEHHOTO 3BeHA Yepes 3ananue ero [1dD.

4. Paznen Math Operation comepXut repedeHb OJIOKOB MaTeMaTHYECKUX
omepanuii: Gain — 3BeHO ycmimTenb, SUM — 3BeHO cymmarop; Product - 3BeHo,
OCYIIECTBIISAIONICE TIEpeMHOXEeHHE NBYX BenmuuH; Math Function mossosnser 3a-
JaTh IS TpeoOpa3oBaHUsl BXOJHOTO CHTHAJIA 3JIEMEHTapHbIC HE TPUTOHOMETPH-
YeCKHe W He TUrepOoiuveckre (YHKIUU, TaKWe KaK BBIYUCICHHUE SKCIIOHEHTHI,
HATYPaJIBHOTO U JICCATUYHOTO JIOTapr()MOB, BO3BEICHHE B CTCIICHb, U3BJICUCHHE
KBaJpaTHOTO KOPHs W T.1I.; Trigonometric Function o6ecreunBaer npeodpaszoBa-
HUE BXOJHOTO CHTHAJIa C MOMOIIBI0 OJHOW W3 TPUTOHOMETPUYECKHUX (DYHKIIHN:
sin, cos, tan.

5. Pazmen Signal Routing comepxut mepedeHb OJIOKOB, MPeoOPa3yIOIIHX
CUTHAJI M BcrioMmoratenbHble 0510ku. Cpean HUX Onoku: MUX — BBITIOJIHSIET 00b-
¢IMHCHUE BXOJ/HBIX BEJIMYUH B OJIMH BBIXOJHOW BEeKTOp; DEMUX — BBINOJIHAET 00-
paTHyO (DYHKIHIO — pa3aenseT BXOJHOW BEKTOp HA 3aJaHHOE YMCIIO KOMIIOHCH-
toB; Manual Switch - mo3BoJsiseT BpydYHYIO MepeKItoYaTh BXOJBI C ITOMOIIBIO
JIBOMHOTO II€JTYKa MBIIIH.

5. Pasmen User-Defined Functions mo3BojsieT peaian3oBaTh (BYHKIHH, CO-
3/ITaBa€MbI€ MTOJIb30BATEIICM.

Hcnonb3yst OuOIMOTEKY OJOKOB, IOJIB30BATENIb C IMOMOIIBIO MBIMIN (715
3TOT0 MCIMOJNb3yeTcs TexHonorus Drag-and-Drop (mepeTaiiy 1 BCTaBb) MEPESHOCUT
HY>KHBIC KOMITOHEHTHI C MaJIUTP Ha pabounii cton makera SimuLink u coenuuser
JVHWSIMEA BXOJBI U BBIXOZBI 0I0KOB. TakuM oOpaszom, co3maercs OJOK-cxema CH-
CTEMBbI WJIM YCTPOUCTBA.

Jlyis HACTpOMKHM MapaMeTpoB OJIOKa CIEAyeT MOCie YCTaHOBKM OJOKa JBa-
Kbl IMIEIKHYTh MBIIIBIO Ha ero u3o0pakeHuu. [Ipym 3TOM MOSIBUTCS OKHO Tapa-
METPOB HACTPOMKHU OJIOKA.

YT0oOBI COETUHUTH JIMHUEHN BBIXOJ OJTHOTO OJIOKA CO BXOAOM JIPYyroro HeoO-
XOJUMO TIOJIBECTH KYpCOp K HY)KHOMY BBIXOJy OJIOKA, Ha)KaTh JICBYIO KHOIIKY
MBIIIK U, HE OTIYCKasl KHOIKY, MEPEMECTUTh Kypcop KO BXOJY APYroro OJioKa u
3aTeM OTITYCTHTh KHOIIKY MBIIIIH.

UtoOb1 00pa3oBaTh OTBETBIEHHE OT CYIIECTBYIOMIEH JTUHUHU, HEOOXOIUMO
YCTaHOBMTDH KYPCOP B TOUKY OTBETBJCHHMS, HaaTh KiaBuiry Ctrl u 1eByo KHOIKY
MBIIIY ¥ YACPKUBAS UX HAKATHIMHU MPOBECTH JTUHHUIO.
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2.2. Co3nanue S - Mozieneid B makere SimuLink

PaccmoTpuM co3ganue S — Mojenell cucteM, 0OBEKTOB, MPOLECCOB H T.1.,
KOTOPBIC OMKMCHIBAIOTCS TU(PGEpEeHITNATEHBIMI YPABHCHUSMHU.

IIpumepl

JlaHO ypaBHEHuUe

T(t) =-0.4(T (t)-20), T(0)=90, (1)
KOTOPOE OIKMCHIBAET 3aKOH OXJIAKICHHUS Tea Pa3orpeToro 10 temmeparypsl 7=90°
¥ MOMEIIEHHOT0 B cpemy Temmeparypsl 7=20°. TpeOyeTcs MOCTPOUThH 3aBHCH-
MOCTEH 7(t) Ha UHTEepBajle BpeMeHu t €[0;15].

Jliis moctpoenust cxemsl perienus (puc. 1) (S — moxenu) ypaBuenus (1) B
Simulink ucrone3yercs 6ok Integrator (pasmen Continuous). Ha ero Bxox moma-
eTCs IPOM3BOJIHAS, & HAa BBIXOJIC TMONy4aloT BenuuuHy 7. HayanmsHoe ycioBue 3a-
JaeTcs B OKHE HacTpoiiku Oyioka Integrator B crpoke pemakruposanus Initial con-
dition.

w 1 " |-

Integrator Scope

=]

Constant

33in

puc. 1

brnokn Sum (cymmarop) m Gain (ycwnurens) (pazgen Math Operations)
HEeOoOX0MUMBI 115 popMHUpoBaHus 3HaUeHus T (t) B cooTcTBHM ¢ OJY.

Jl1st mosrydeHusi TOCTOSIHHOTO curHajia 8-1(t) ucrnosb3yercs 6ok Constant
(pa3men Sources).

[Tonyuennoe 3HaueHue T(t) mogaeTcs Ha Bxox Ojoka Scope (pazmen Sinks) -
MpUEMHUK cUTHaiOB. [Ipu OTKpBITHH NaHHOTO OJ0Ka MOSBIsAETCS rpaduk pelie-
Hus (puc. 2). YCTaHOBHTH MacIITaObl OCEH, COOTBETCTBYIOIIHME MOJYICHHOMY pe-
IICHUIO MOYKHO, Ha)KaB KHOIKY Autoscale (mukrorpamMmma ¢ u3o0pakeHneM OMHOK-
Js1).

-1ojx]

File Edit View Insert Tools ‘Window Help

lemcer hEE BE &

a0

B0}
m}-
B0}
|
ant

25



Oxno 6y10ka Scope otoOpakaroriee rpadMKi CUTHAJIOB UMEET OYEHb OTpa-
HUYCHHBIE BO3MOXHOCTH 110 U3MEHEHHIO BHEIITHETO BUIa OKHA U rpadukoB. Dak-
TUYECKH MOXKHO M3MEHSTH JIUIIh MaciTad oToOpakeHus TpaduKoB, a KOMaHIbI
W3MEHEHUS [BETOB JIMHUIA U (pOHA OKHA, TOJIIUHEI JIMHUH, pa3Mepa U TUTIa IpHU §-
TOB U T.II. HEAOCTYIHBL. UTOOBI MOIYIUTH JOCTYI K 3TUM BO3MOXKHOCTSIM HE00X0-
JUMO TIOCTIE TIPOBEJCHHS PAacueTOB OTKPHITH OKHO OJIOKa SCOPE W B KOMAaHIHOM
okae Command Window BBecTH CleAyIONUE KOMAHIbI:

set(0,'ShowHiddenHandles','On’) (2)

set(gcf, ' menubar’, figure’) (3)

[Tocne BBHIMOTHEHUST ATHX KOMAaH] B OKHE OJioka SCOPE TOSBUTCS CTPOKA
meHio (puc.2). Ucnonp3ys komanael mento Edit>Figure Properties, Edit>Axes
Properties u Edit>Current Object Properties MoHO M3MEHUTH BHEIIIHUIA BUJ OKHa,
ocell 1 caMux Tpa)KOB B COOTBETCTBUHU CO CBOMMH TPEOOBAHUSIMH.

YToOBI MIOMECTUTH B OTYET TpeOyeMble rpaduKu HEOOXOMMO B MEHIO OKHA
Scope BeiOpats Edit>Copy Figure.

[lepen BHIMOTHEHHEM PacueTOB HEOOXOIUMO TPEABAPUTEIHHO 33]1aTh BPEMsI
pacdera (BpeMsi MOACITUPOBAHUs). 3a/laHue MMapaMEeTPOB pacueTa BBITIOJHSICTCS B
MeHIO TlaHe I ynpasienus Simulation>Parameters. Bpemst pacuera 3agaercs yka-
3aHUEM HauanbHOro (Start time) u koneunoro (Stop time) 3HayeHuii BpeMeHH pac-
yerta. HagaibHOE Bpemsi, Kak MpaBUJjIo, 3a/1a€TCSl PaBHBIM HYIIIO. BennmunHa koHed-
HOT'O BPEMEHHU 3a/1a€TCs MOJIb30BaTEIeM UCXO/Is U3 YCIOBUH pelraeMoid 3a1a4u.

YroObl aKTHBH3MPOBATH MPOIECC MOJCIMPOBAHUS CO3aHHOW S-MOJEITH
HYXXKHO BbI3BaTh KomaHny Simulation>Start wim nHaxare nukTorpammy Start
simulation Ha maHeM HHCTPYMEHTOB.

Ipumep 2

Hano ypaBHenue [yddunra, koTopoe 1eMOHCTPUPYET BOSHUKHOBEHHUE CTO-
XaCTUYECKUX KOJICOAHMIA JIJIS psijia HeTMHEWHBIX 3a/1a4, B YACTHOCTH XaOTHIECKYIO
JTUHAMUKY IETH ¢ HETMHEHHONW WHIYKTHBHOCTBIO MJIM TIPOAOJBHBIA U3THO YIIPY-
roii 0anku. YpaBHEHHUE UMEET BU/T

R(t) + kx(t) + x3(t) = Beos(t) . (4)
JluHaMuKa ompeaensercs mapamMerpamu K B, a Taxke HadalbHBIMH YCIIOBH-
sMu. Bapbeupyst mapameTpbl, MOXKHO HaOIIIOaTh pa3IHYHbIE PEKUMBI IBUKCHHSL:
OT IEPHUOJUUECKUX 0 XaOTHYCCKHUX.
ITycts x(0)=0, x(0)=25, k=0.3, B=2, te[0;50].
Jlns moctpoeHust cxeMbl perenust (puc. 3) (S — mozaenu) ypaBHenus (4) B
Simulink ucrone3yetcst aBa 6s0ka Integrator (paszagen Continuous).

[,
Y 1 w1

Sine Wave = =

1]

Scope

s

|

Ll

Integrator Integratord |—>
S

Fon @l

| .
Ll
0.3
AN Graph

ain
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puc. 3

Ha Bxox Os0ka Integrator momaercst BTopast mpou3BogHast X(t), a Ha BBIXOJEC
HoJIyJdaeTcsl BeJnuuHa X(t), koTopas mojgaeTcs Ha BxoJ Oyoka Integratorl. Ha BeI-
xoje Osoka Integratorl moyuaercs Benmmunna X(t). Hagansabie ycmoBust x(0), x(0)
3a/1al0TCS B OKHaX HacTpoiku OsokoB Integrator u Integratorl cooTBeTCTBEHHO B
cTpoke pepaktupoBanus Initial condition.

Jlns monyuenus curHana 2c0S(t) mcmonbsyercs 0ok Sine Wave (pasmen
Sources). baok Sine Wave umeer cienyromue Hactporiku: Amplitude — onpenens-
eT aMILIUTYAy CHHYCOHMAalbHOro curHaia; Frequensy (rad/sec) — 3amaer dacrory
KosiebaHuii B paguaHax B cekyHay, Phase (rad) — mo3BossieT yCTaHOBUTH Hayajlb-
Hyo (asy B paguanax. B mamewm ciaygae Amplitude: 2, Frequensy (rad/sec): 1,
Phase (rad): pi/2 (pi - uncno ~= 3.1415926... — cucTreMHas IepeMEeHHAs).

Jlns hopMHpOBaHHs CHTHalma x°(t) mcmons3yercst 6ok Fen (pasmen User-
Defined Functions), KOTopbIii 103BOJIIET BBECTH JIO0YIO CKAISPHYIO (PYHKIIHIO OT
OJIHOTO apryMeHTa, BhIpaxkarollytocs uepe3 craniaptaeie ¢pyHkuuu MATLAB .
Boipaxkenne ¢GyHKIMM BBOAUTCS B OKHE HAcTpoWku Osoka. st o0o3HaueHus
BXOJIHOTO CUTHaa (aprymMeHTa (PyHKIIMH) UCTIOJIb3YETCS] CUMBOJT «U.

[Mony4yennnie 3HaueHus X (t) u X(t) momaroTcst Ha BXosl OJ0ka SCOpe (pas-
nen Sinks). UtoObl ycTaHOBHTH TapaMeTphl ocell OJioka Scope, HeoOXOaMMO Ha
MaHeJIM MHCTPYMEHTOB OKHA 3TOTO OJIOKa HakaTh MUKTOTpamMMy Parameters u Ha
Bkiasike General B oOnactu Axes B nmoje Number of axes yka3aTb KOJWYECTBO
KOOPJIMHATHBIX OCEH (MIOJJOKOH), KOTOPbIe HEOOXOAUMO BBIBECTH B OJHOM OKHE.

Jliis moctpoenus ¢azoBoro moprpera X (X) AY (puc. 5) ucnonb3yercs: 070K
XY Graph. On nMeeT JiBa BX0Jia: Ha TIEPBBIi IMOJACTCS CUTHAJI, 3HAYCHHS KOTOPOTO
OTKJIAJIBIBAIOTCS TI0 TOPU3OHTAIBHOM OCHU Trpaduka, a Ha BTOPOW — MO BEPTUKAIIb-
HOM ocu. B okHe HacTpoiiku ATOro 0J10Ka MOKHO YCTAHOBUTH MPE/IETbl U3MEHEHUN
BXOJIHBIX BEJIMYMH, BHYTPU KOTOPHIX OYAET BBIBOJUTHCA T'padUK 3aBUCUMOCTH
BTOPOU BEJIMYUHBI OT IIEPBOM.

J17is u3MEHEeHUs BHEIIHETO BUIa OKHa U rpadukoB Ojoka XY Graph ucnoss-
3yI0TCSI Takke KoMaHbl (2) u (3), a 1 konupoBaHus rpadyka B OTYET KOMaH/a
Edit>Copy Figure.

NmenHo 3tu KOMaH/bl OBIJIM MCIOJIb30BAHBI AJT IpEACTaBJICHHA Fpa(l)I/IKOB

x () u X(t) (puc. 4) u x(X) (puc.5).
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AY Plot

Y Axis

ey 10 20 0 40 50 5 0 5
puc. 4 puc.5

2.3. Pematens auddepeHnnaabHbpIX YypaBHeHHH B makete SimuLink

B cucteme MATLAB oany u Ty e 3a1a4y MOXKHO pelIaTh [EIbIM PsJIOM
croco00B.

SimuLink nMmeeT cnienuanbHbIi pegakTop auddepeHIranbHbIX ypaBHEHUH,
C MOMOIIBI0 KOTOPOTO MOKHO 3aJaTh cUcTeMy AU epeHIInanbHbIX YpaBHEHUN B
dopme Komu. Jls mosydeHus T0CTyma K peliaTelto Hajao 3arpy3uth (daiin dee (B
koMmaHgHOM okHe Command Window mocie 3Haka HpUrJIalieHus: >> BBECTH KO-
manay dee). B pesyibTare OyeT BhIBEICHO OKHO permaTelis (puc. 6), ¢ mpuMepaMu
MIPUMEHEHUS.

L=

File Edt View Simulation Format Toaols Help

Differantial Equation
Editar

LEE

| deedemo | ‘ deedemoZ | deedemaol deedemod

puc. 6

OrpannunmMcs npuMepoM ¢ umeHem deedemol (KJIMKHEM 10 HEMY MBIIIIBIO).
OH BBIBOJUT OKHO BCErO C ABYMs Ojokamu: 0JIokoM VAP u Oj10KOoM SCOpPE, BBIMOJI-
HAIOIMM poib ocuuiuiorpada. IlepBeiit 010K pemiaer 3ajaHHOe ypaBHeHUE BaH-
nep-llonsi, a BTopoil oTOOpakaeT pelieHue B BUJE BPEMEHHOM 3aBHCHUMOCTH.
JIBOiHOM ImeI4oK Ha Oyioke VAP OTKphIBaeT peaakTop AuQepeHInaIbHbIX ypaB-
HEeHUM. B 3TOM OKHE MOXHO MOJU(UIIUPOBATH PEIIacMble YPaBHEHUS WJIM BBECTHU
HOBEIE.

PaccmoTpum npumeHeHue petatess s MOASTUPOBaHUs MPOIECCOB,
MpEACTaBICHHBIX B IpuMepax 1,2.

IIpumep 3. PaccmoTpum ypaBHenue (1).

Beibepem B mento okna dee kxomanny File>New>Model. B otkpeiBmieecs
okHO miepeHeceM 0ok DEE (puc. 7) u oTtkpoem penaktop muddepeHmaibHbIX
ypaBHEHHMI (BOIHOM miemuok Ha O0joke DEE).
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File Edit View Simulation Format Tools Help

N
DEE Scope

Ready [1o0%s |odeds 4

ST _ioix

Differential Equation Editar ~ [Fen bl

h ame: I T
# of inputs: I 0
First order equations, f[=u): #0
8-0.4701) 90
deddt=
Huriber of states =1 Tatal =1
Output E quations. f=.u):
w1
y=

Help Fiebuild | Unda | Diore

Status: READY

puc. 8

B penakrope DEE B cOOTBETCTBYIOIIMX CTPOKAX peAaKTUPOBAHUS BBEICHO
(puc. 8):

Name: ums OJioka;

# of INputs: KOTMYECTBO BXOHBIX CUTHAJIOB;

First order equations, f(x,u): mpaBas yacth 3agaHHOTO AUDDHEpPEHIINATHHOTO
yYpaBHCHUS;

X0: HauaIbHOE YCIIOBHE;

Output Equations, f(x,u): mepemeHHas1, 3HaYEHUE KOTOPOH HAC HHTEPECYET.

Janee no6apisieM 0ok Scope (pasmen SinkS) s oToOpakeHHs 3aBHCHMO-
ctu T(t) (B Hamem cirydae X(t)), 3amaem Bpems pacueTa (MOJCIUPOBAHHMS), aKTHBH-
3UPYEM MPOLIECC MOJICITUPOBAHUS | T.J.

Ipumep 4

S-Mozenb penieHust ypaBHeHui (4) OyaeT UMETh BHJI, NMPEACTABICHHBIN Ha
puc. 9.
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File Edit Wwiew Simulation Formab  Tools  Help

"r\\. [
Ulr

Sine Wawe DEE Scope

Cruffing

Yy

Ready 100% | [ |odess g

Do _ioix

Differential Equation Editar  [Fon Block syntax]

Mame: I Dwifing

# of inputs: I 1

Firzt arder equations, [[x.u]: 0

wl2)
(T 31 (13 o

dwddt=

MHumber of states = 2 Total =2

Output Equations, fx.u):

X1
y= u[2)

Help Febuild | Undo | [one

Status: READY

puc.10

B penakrtope pemarens (puc. 10) B COOTBETCTBYIOIIUX CTPOKAX PEIAKTHUPOBAHUS
BBEJICHO:

Name: ums 0J10Ka;

# of inputs: KoMYecTBO BXOIHBIX CUTHAJIOB;

First order equations, f(x,u): npaBas JacTth 3aaHHOTO AU(PPEPEHITNATBHOTO
ypaBHeHwus (curHan 2c0s(t) o6o3naunm U(1));

X0: HauaJgbHBIC YCIOBHS;

Output Equations, f(x,u): mepemMeHHbIe, 3HAUCHUS KOTOPBIX HAC HHTEPECYET.

s nonydenus curHama U(1l) T.e. 2cos(t) mcnoaw3yercs 60k Sine Wave
(pa3men Sources).

Janee mobasisiem 6s1oxu Scope, XY Graph (pasaen Sinks) mst otoOpaxeHus
3aBUCHUMOCTEHN X(t), X(t) ¥ X(X) COOTBETCTBEHHO, 3aJlaéM Bpems pacuera (MOACIU-

pOBaHUs1), aKTUBU3UPYEM IMPOLIECC MOJEIUPOBAHUS U T.1.

3. OOBEKT uccieI0BaHus
O0BekToM uccienoBanus ssisercs maker Simulink cucremser MATLAB.
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4. 3amaHue Ha UCCIIETOBAHUE

1. Tlo3Hakomutcs ¢ mHTepdeiicom makera Simulink u ero GuGIMOTEKOM
omoxos SimuLink Library Browser.

2. Coznath S- MOJIENb IIpoliecca OXJIaXKICHUS Tela, MPEICTaBIEHHOTO ypaB-
HEHUEM

T(t) =-0.06(T (t)—10), T(0)=60. (5)

[TocTpouTts 3aBUCUMOCTL T(t) HA UHTEpBaje BpemeHu te[0;100]. Omnpene-
JUTH TEMIIEpATypy TejIa B MOMEHT B BpemeHu t=15 C .

3. BuimonHuTh 3amaHue 2 ¢ MOMOUIbI0 pemiatens auddepeHIuanbHbIX
YPaBHCHUU.

4. Co3nath S- mozenb ypaBHeHus: Jlypdunra (4). Iloctpouts 3aBUCUMOCTU
x (1),x(t), x (). [Tapametpsl Kk ,B, a Takke HavaabHBIC YCIOBHS 110100paTh CAaMOCTO-
ATEIBHO.

5. BeimonHuTh 3amaHue 4 ¢ MOMOWIBIO pemarens JudQepeHInaTbHbIX
YPaBHECHUM.

6. [MomyuuTs Tpaduveckoe pemenue nuddepeHuanbHOT0 ypaBHEHUS Ha
MIPOMEXYTKE t €[0;5].

3 2 2
d—f+o.4d—f+o.2(%j +0.1% 4 0.05x = 2sin(0.251) | (6)
dt dt dt dt
d?x dx
—2 = , J— = , X|’(:0 = 5
dt? | dtl.,

7. C T1OMOIIBIO COCTAaBJICHUS S-Mojenu W pematesss Hadta Y(t) wu
y (1),y(1),y (y) tuddepeHmanibHpIX ypaBHEHHIA IEPBOTO H BTOPOTO MOPSAKA COOT-
BETCTBEHHO. Y PaBHEHUsI BEIOMPAIOTCS B COOTBETCTBUM C TaOIMIEH 1.

Tab6m. 1.
Bapuanr | YpaBHeHMe IePBOro NOPsAKa YpaBHeHHE BTOPOI0 NOPAAKA
S - MOJeJIb ¢ OMOIIbIO S - MOJeJIb ¢ IOMOILUbIO
peruareJist peuiareJst
1 6 6 6 6
2 5 3 5 3)
3 2 2 2 2
4 11 11 11 11
5 4 4 4 4
6 3 3 3 3
7 8 8 8 8
8 7 7 7 7
9 10 10 10 10
10 1 1 1 1
11 9 9 9 9

31




Jlanee mpuBeneHsl auddepeHnanbHble ypaBHEHUST I BapHAHTOB 3aja-
Hus. HayanbHble yCclioBUS U BpeMs MOJEIMPOBAHUS BbIOPATh CAMOCTOSTEIBHO.
YpaBHeHUs 1ePBOro MOPAAKA:

. 2y—-t-5
=——— vy()=.., t=tp..1
2A—y+a y(0) 0--tn

. 2(y+2)?

e
ysint+y'cost =1, y(0) =..., t=tg..1,
t%y2 —Dy+2ty® =0, y(0) =..., t=ty..1,
ty+rl=el, y(0)=..., t=ty..1,

1y

, y(0)=..., t=ty..1,

ty+y+y2Int=0, y(0) =..., t=tg..t,

N o o bk~ w

y-y-tgt+y2cost=0, y(0) =..., t=tg..t,

.2 2y
y+—y=—\/2—, y(0)=..., t=tg..1,
t  cosct

9. ty—4y—t2,[y =0, y(0) =..., t=tg..t,

< t
10. y'=———tgy, y(0)=..., t=tg..t,
cos y

©

11. y—y'cost = y? cost(l—sint), y(0)=..., t=tg..1,

YpaBHeHus BTOPOIO NOPSAKA:
.y =t+sint, y(0)=..., y(0)=..., t=tgy..1,

ty=y, y(0)=..., y(0)=..., t=ty..1,

L 2Ayy = (y‘)2 +1, y(0)=..., y(0)=..., t=ty..t,
C1+(Y)2 =2y, Y (0) =..., Y(0) =..., t=tg..t,
=2 =3 Yy () =..., y0) =..., t=tg..t,
2y S3(y)2 =4y2, y(0) =..., y(0) =..., t=tg..1,
. yy“—(y‘)2 = y2y‘, y(0)=..., y(0)=..., t=tg..t,

. yy“—yy‘lnyz(y‘)z, y'(0)=..., y(0)=..., t=tg..t
. t4y“:(y—ty’)3, y(0)=..., y(0)=..., t=tgy..t,
10. 2(y)? =y"(y-1), y'(0) =..., y(0) =..., t=tg..1,
11. tyy +H(Y)2 =3yy', Y (0) =..., y(0) =..., t=tg..1;

© 0O N O O A W DN P

5. [TIOPAOK BBITIOJIHEHU S PABOTHI

1. 3amyctuts cpeny MATLAB (spisik MATLAB na padouem crone). Ilo-
aBUTCS OKHO cpenbl MATLAB.

2. U3yunth mHTepdeiic makera Simulink u ero OubnmoTeky 010k0B Sim-
uLink Library Browser.
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3. Co3nath S- MOJIeNb Mpoliecca oxXJaaxaeHus Tena (ypaBHeHue (5)) B makete
Simulink. TTonyuuts B okHe Onoka Scope rpaduk 7(t) Ha HHTEpBaJlie BPEMEHHU
t €[0;100]. Jlms1 ompenesnieHus TEMIIEpaTyphsl Tejla B MOMEHT B Bpemernu {=15 C uc-
10J1b30Bath 010K Display.

MpumeyaHue.

[nsi aBTOMaTu4eckon ycTaHOBKM onTMMarnbHoro Macwrtaba ocen 6noka Scope

HeobXxo4MMO Ha NaHenn MHCTPYMEHTOB 3TOro 6roka HaxaTb MUMKTOrpammy c n3obpa-
KeHnem OuHoknA.

4. Co3nath S- mozaens ypaBHeHus Jlydounra (4). [loctpouts 3aBUCHMOCTH
x (1), x(t) 6;moxa Scope, x (X) B okue 010ka XY Graph.

5. Co3nath S- MOJeNb U OMYYuTh Tpaduyeckoe penieHue auddepeHuanb-
HOro ypaBHeHus (6) mpu 3alaHHBIX HAYAIIBHBIX YCIOBHSIX HA MIPOMEKYTKE t €[0;5].

6. C momoripto perrarens Haiitu pemenne 7(t) ypaBuenus (5).

7. C momoristo perrarens Haiita pemenue X(t), x (), x(x) ypaBHenus (4).

8. CocTaBHUTb S- MOJICITb YPAaBHEHHUS TIEPBOTO MOPsiAKa 1 HanTH Y(1).

9. C momomkto perratens Haitu Y(t) ypaBHEHHs IEpPBOTO MOPSIIKA.

10. CocraBuTh S- MOJENb YpPAaBHEHUS BTOPOrO IOpsOKa W HAWTH
y(®),y (1), y ().

11. C momompto perrarens Haitu Y(t), y (1), y(y) ypaBHEHHS BTOPOTO 10-
psnKa.

6. TPEBOBAHUA K OOOPMJIEHUNIO OTYETA
OTueT TOIKEH CoJepKaTh:
1. HazBanue u HoMep pabOoThl, 11€J1b paOOTHI.
2. S — Mopens ypaBHeHus (5), rpadux pynkumu 7(t), 3HaueHue 7(15);
S — Mozenb ypaBHeHus (4) u rpaduku Gynkoui x (), X(t), x (X);
S — MojeNb ypaBHeHus (6) u rpaduk GpyHkmu X(t).
3. OkHa penakTopa pemrarens A AuddepeHnnaibHbX ypaBHeHui (5) u (4)
u rpaduk GyHkun 7t) u rpaduku pynkuui x (t), X(t), % (X) cooTrBeTCTBEHHO.
4. S — Moieny ypaBHEHUH TMEPBOTO U BTOPOTO IMOPSIKA, & TAKKE COOTBET-
crBytorue um perrenus y(t) u y (1), y(t), vy (y).
5. OxHa pegakTopa pematens A auddepeHraIbHbIX YpaBHEHUHA TEPBOTO
U BTOPOTO TOpPsIJIKA, a TaKkke COOTBeTcTBYyMOImMe uM pemrenus Y(t) u y (t), y(t),

y (Y).

7. KOHTPOJIBHBIE BOITPOCHI

1. Ha3oBuTe ocHOBHBIE pa3aeisl oubmmoreku SimuLink Library Browser.

2. Yro Takoe S- Mmozaenb? Kak ee cozgars?

3. Kakue mapameTpbl pelakTHpOBaHUS UMEET OKHO OJ10ka SCope?

4. Kak 3a1ath BpeMs pacueta (BpeMsi MOJIETMPOBaHUS) MOJIENIN?

5. Uto Takoe permiarensd AuddepeHranbHbIX ypaBHeHuH makeTa SimuLink?
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JIABOPATOPHAS PABOTA Ne 4
N3yvenne nakera npukjaaanbix mporpamm Control Toolbox

1. OEJIM U 3AJAYN UCCIIEJOBAHUA:
HAyYUThCS UCCIIE0BATh JUHAMUYECKHE CBOWCTBA JIMHEHHBIX CUCTEM aBTOMaTHYe-
ckoro ympasienus (CAY) ¢ nmomoinpio makeTa MPUKIaTHBIX mporpamm Control
ToolBox cuctemsr MATLAB. JJocTikeHne MOCTaBIEHHOMR 1IENIA CBSI3aHO C HEOO-
XOJIMMOCTBIO PEIICHUS CICIYIONTUX 3a1a4:

- IOCTPOUTH TPaPUKH BO BPEMEHHOMN M 4aCTOTHOU 00JIACTH C TIOMOIIBIO0 WH-
TepakTuBHOTO 0003peBarens LTI Viewer;

- IOCTPOUTH rpapuKu BO BPEMEHHON U YaCTOTHOM 00JIaCTH C OMOIIBIO CO-
otBeTcTBYIONMX (hyHKIMH makeTa Control ToolBox.

1. TEOPETUYECKHWE CBEJJEHUA

Ananus u cunre3 CAY conpskeHbl ¢ 00IbIINM 00bEMOM TEOPETUUYECKUX U
HKCIIEPUMEHTAILHBIX Pa0OT MO MCCIEIOBAHUIO UX JTUHAMUKUA U TOYHOCTH. CHcCTe-
Ma MATLAB sBasiercst ogHoit u3 Hanbosee 3(h(PEeKTUBHBIX IKCIIEPUMEHTATBHBIX
CPEIICTB, MO3BOJIAIONINX B JUAJIOTOBOM PEKUME OBICTPO M HATJISAIHO MOJIy4aTh He-
o0xonuMble onleHkH kadecTBa CAY kak BO BpEMEHHOM, TaKk M B YaCTOTHOM 00Ja-
CTSIX:

1. UccnenoBarh yCTOMYMBOCTh CHCTEMBI YIIPABIEHUs (3amachl yCTOWYMBO-
CTH TI0 aMILIUTY i€ U o ase;

2. WccnenoBaTh Ka4eCTBO MEPEXOHBIX MPOLIECCOB (BU MEPEXOTIHOTO MPO-
1[ecca M ero JJIUTEIbHOCTh, BEIMYNHY TEPEePETyIUPOBAHHS);

3. BeiOpath mapaMeTpsl 3BEHBEB CHCTEMBI, BUJ U XapaKTEPUCTUKHU 0OpaT-
HOW CBSI3M C IENbI0 oOecreueHus: TpeOyeMbIX AMHAMUYECKUX CBOWCTB CHCTEMBI
yIpaBJICHUS.

[IpoctoTa pemieHuss 3amad  ymopaBieHHUS OINpEACNsIeTCs] HaludueM B
MATLAB cnenuaabHOro makera npukiaaHsix mporpamm Control ToolBox.

Jluneiinas CAY mosxet ObITh nipeactarieHa LTI — mogensio (LTI — 00bexT)
U BBOJ e¢ B cpeay makera Control BoamoxkeHn B Tpex ¢opmax — B (hopMe MaTpHII
pocTpaHCcTBa cocTosiHUA (SS - 00bEKT), B BUAE KOIPPUIIMEHTOB YHUCTUTENICH U
3HaMeHaresel nepenaTounbix Gyukiui (TF - 00bekT) U B opMe 3a1aHus HYJICH,
1oJit0coB U ko3 durmenrta nepenaun cuctemsl (ZPK - 00bekT).

[Taker Control mpexacrasisier co6oi MMPoKuii HAOOp (YHKIMN, OCYIIECTB-
nsromux aHanu3 CAY ¢ caMbIX pa3/IMYHBIX TOYEK 3PEHUS U, PEKIE BCErO, ONpe-
JIeJIeHNEe OTKJIMKOB CHCTEMbI Ha BHEIITHUE BO3ACHCTBHSI, KaK BO BPEMEHHOM Tak U B
yacToTHOU obmactu. Kpome toro, maker Control conepxxut LTI Viewer - 0603pe-
Barenb LT| — 00beKTOB, KOTOPHIN MO3BOJSIET B MHTEPAKTUBHOM PEXHUME CTPOUTH
HEO0OXOIMMBbIE JJI aHaJKu3a CUCTEMbI TpadMKi BO BPEMEHHON M 4aCcTOTHOW 00Jia-
CTH, IPUYEM JJI1 HECKOJIKUX CUCTEM CHUHXPOHHO.

Wmenno o6o3pesarens LTI Viewer ucnonsdyercs B makere SimuLink mis
aHanu3a JIMHeMHbIX CAY, IpeACTaBIECHHBIX S — MOJIEJIBIO.

2.1. CpenctBa cuctrempl MATLAB, no3Bositoniie pemarh 3a/1aqu aHaan3a
CAY, npeacraBiieHHOM S — Mojiebio akeTa SimuLink
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Jlna ananuza CAY, npeacTaBleHHBIX S — MOJIEIbI0 HEOOX0AUMBbIEe TpaduKu
BO BPEMEHHON M 4aCTOTHOM OOJIACTH CTOSITCS C IMOMOINBI0 HHTEPAKTUBHOIO 000-
spesatens LTI Viewer.

JIJ1s1 3TOTO HYKHO:

1.  BsiOpaTh B CTPOKE MEHIO OKHa, B KOTOPOM HaxOIMTCS S-MOEb,
nyHkT Tools>Linear analysis. Ilpum »53Ttom oTkpoercss naBa okHa: Mod-
el_Inputs_and_Outputs (puc. 1) u LTI Viewer (puc. 2)

=lolx| =
File Edit Wiew Simulation Format  Tools IEEIEE:
HEID Step Response
1 :
D SES| B .
ns
07
4 s
Input Paint Output Paint éi e

To zpecify the inputs and outputs

of the analysiz madel, 0.2
drag and drop the above blocks @
on the appropriate signal lines.

L . . . . . L L L
0 01 02 03 04 05 0 07 038 09 1
Time (sec)

Select Simulink -» Get Linearized Model to import system

Fl1o0% [ [ lodeds

puc. 1 puc. 2

2. [Moaxmrounts 3eMenTsl INput Point u Output Point (puc. 1) Ha Bxox
Y BBIXOJI 3B€HA WJIK CUCTEMBI (puc. 3a, puc. 30, puc. 3B).

Ipumeuanue.

1. Dnementsr Input Point u Output Point taxke HaxoaATcs B OMOIHMOTEKE
SimuLink Library Browser B pasnene Control System Toolbox.

2. DnemenTs Input Point u Output Point MoXHO MOMECTHUTH B JTFOOOM MECTe
CUCTEMBI.

.7, S R R I Y

0.2s+1
Input Paint Output Point

Transfer Fond

puc. 3a

1 1 1

i . 1
0.085z+1 02541 s _
Output Point

Transfer Fen Transfer Fend  Integrator

puc. 36
1 1
1w b . L w2ty
0.052+1 02241

Input Point Cutput Point
Constant P Transfer Fon Transter Fenq Integrater P Seope

puc. 3B

3. IIpoBectu MomenupoBanue (MeHro Simulation>Start wim kHomka Start
simulation wu Ctrl+T).
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4. BoiOpath B ctpoke MeHIo okHa LTI Viewer (puc. 2) mynkt Simulink>Get
linearized model.

5. Jlanee B KOHTEKCTHOM MeHIO (puc. 4) okna LTI Viewer (ieiakHyTh mpa-
BOM KHOTIKOM MBIIIH B paboueil 001aCTH OKHA) BBIOpATh JIsl TOCTPOCHHUS:

— mepexoaHoi xapakrepuctuku - Plot Types>Step;

— UMITYJIbCHON XapakTtepucTuku - Plot Types>Impulse;

— roporpada Haiiksucra - Plot Types>Nyquist;

— JIA®UX - Plot Types>Bode;
— KapThl pacIoJIOKCHHUS TOJII0COB U HyIel - Plot Types>Pole/Zero.

i

File Edit Simulink Window Help

Ioal#e

Step Response
From: InpLt Poirt To: OutpLt Point
2 - T T

18}
[ v Step
a8 Impulss
Characteristics »  Bods
L Bode Magnitud
14 o ode Magrituds:
s Hyauist
12| F“H”Cfa 2= Hichols
Ul View
g v Singular Value
S T T T Properties... PolefZera
& 1/0 Polefzero
.l 10 Polef
06
04
02
@ , , , \ , \ ,
0 2 4 B B 10 12 14 16
Time (sec)

Select Simulink > Get Linearized Model to impor system.

puc. 4

[Ipumeuanue.
LTI Viewer HacTpoeH Takum obpa3om, YTO Nocre BbIMOSIHEHUSA NYHKTa 4 B OKHE
cpasy nosBnsaeTcsa nepexogHas xapakTepucTuka 3BeHa (CUcTembl).

JIist KaKIoM M3 XapaKTepUCTUK MOKHO Ha MX Tpadukax OTMETUTh HE0OXO-
JHAMBIE [T UCCIIeloBaHus TOYKU. Hampumep, 11 onpeaeneHrst BpEMEHU Peryiu-
pOBaHUsI W TEpeperyaupoBaHus (MEepexojHasi XapaKTepUCTHKA) HYKHO B KOH-
TEKCTHOM MeHI0 BbiOpaTh Characteristics>Setting Time u Characteristics>Peak
Response (puc. 5).

_lox ~laix
File Edit  Simulink  Wwindow  Help File Edit Simulink Window Help
loalee MY

Step Respanse Step Response
From: Input Point To: Output Point From: Input Point To: Output Poirt
T T T T T T

System: lab_tau_11_1
|| [| 10 Input Poirt to Qutput Pairt
! Peak ampltude: 1.82
; Cwershaot (%) 821
[ Attime (zec) 0.397
|

System: lab_tau_11_1

I
I
|
121 12 tau_11_| E
™ | o | 1i0: InpLit Paint to Output Point
E o L i e 3 _ | Settiing Time (sec): 10.5
E_ LT FFE S T EFHAF TR S S et mgy s S r=s==1s E‘l 1 B 3 e
051 1 5 08 H1 1
: Flot Types : .
ned! ! 5 » og! !
I | l [d v Pesk Response | |
04 | | =~ v Settling Time 04 | |
\ N" | Rise Time . :
lormalize
021 1 Steady State 02 1
1 1 | |

' w Full Wigw
0 I I | | | B — 0 | I I | I | I
o 2 &4 B 8 10 1 Properties... B o 2 4 6 8 10 12 14 16

Time (sec) Time (3ec)

Select Simulink -> Get Linearized Model to import system ‘ Flot type changed ‘




puc. 5 puc. 6

Ecnu mpu 3TOM IIEIKHYTh JICBOW KHOIKOM MBIIIM Ha MOSBUBIIUXCS HA Tpa-
(duKe TOUKax, TO MOSIBATCS MOJCKa3Ku (PHUC. 6) CO 3HAUCHUEM BPEMEHHU PETyJIHpO-
Banus (Setting Time (sec)) u nepeperymuposanus (Overshoot (%)).

Hns JIA®UYX u ronorpada HaiikBucta MOXKHO ONpENENIUTh 3arachl YCTOM-
guBoctr 1o amiumryae (Gain Margin (dB)) u nmo ¢ase (Phase Margin (deg)):
Characteristics>Stability (All Crossings).

[Ipu “3MeHEHHH MapaMeTPOB S — MOJIEIH CHCTEMBI HEOOXOAUMO OIISATH IPO-
BECTH MOJICJIMPOBAHUE U BEIOpaTh B cTpoke MeHto okHa LTI Viewer (puc. 2) myHKT
Simulink>Get linearized model. TIpu sToM B okHe LTI Viewer mosBsarcs pe3yiib-
TaThl aHaJIM3a HMCXOMHON CHCTEMBI M CHCTEMbI C M3MCHEHHBIMU IapaMETPaMH.
YroObl yIaauTh HE HYXHBIH rpaduk HEOOXOAMMO BBIOPATh B CTPOKE MEHIO OKHA
LTI Viewer nyukt Edit>Delete Systems, a 3aTemM B NOSBUBIIEMCS OKHE PEIAKTH-
pPOBaHUs BBIOpPATh M3 CIHCKA PE3yJIbTATOB MOJCIMPOBAHKS TOT, KOTOPBIA HYKHO
yJIQJIUTh.

UtoOBbl mOMECTUTHh B OTUET TpeOyeMmble rpaduku HEOOXOAUMO B TJIaBHOM
meHro okHa LTI Viewer Beiopats File>Print to Figure. B riiaBHOM MEHIO OTKpBIB-
mrerocst okHa Figure Beiopats Edit>Copy Figure. OTKpbITh (aiia oTyeTa U BBINOJ-
HHUTHh KOMaHy «BCTaBHTbY», Harpumep Ctrl+V.

2.2. Anamuz CAY, npencrasinerHoit LTI-monensto (LTI — 00BexT) B cpene
nakera Control B Buae ko3¢ HUIIMEHTOB YUCIIUTEICH U 3HAMEHATEIIEH ImepeaaToy-
HbIX pyHKIMil (TF - 00BeKT).

®ynkrus tf(n,m) — cozmaer mMonens nepenaToyHol (YHKIUU 3BE€HA U CH-
CTEMBI B LIEJIOM, 1€ N — BEKTOP KO3 (PUIIMEHTOB YUCIUTENS NEPEAATOUYHON PyHK-
IIUU, M — BEKTOp KOAhOUIIMEHTOB 3HAMEHATES MePeIaTOYHON (DYHKITUH.

Onepayuu ¢ nepedamoynviMu QyHKYUIMU.

+ ¥ - — CJIOXCHHE U BEIYUTaHUE (TTapaJIICIIbHOS COSAMHCHHUC);
* — YMHOKeHUe (ToclieI0BaTeIbHOE COSAMHEHHE);

\ — JIEBOE JIEJIEHUE;

/ — TpaBoe JICTICHHE.

Kpome «apudmernueckux» omnepamuii 1jsi oOpa3oBaHUs TMEpelaTOYHON
(YHKIIMM CHCTEMBI, COCTOSIICH M3 MOCIEIOBATEIBHOIO MM MapaJICILHOTO CO-
CIMHEHHS 3BEHBEB MOTYT WCHOJB30BaThcs (yHKimu Series(wl,w2) u paral-
lel(wl,w2) coorBercTBeHHO, Te¢ W1 M W2 mepenarodHbie (QyHKIHMU MOCIIEI0Ba-
TEJILHO WJIM MApajuIeIbHO COSIMHEHHBIX 3BeHBEB, 3a/IaHHbIe onepatopow tf.

dynkus feedback(w, woc,+1) — npumensiercst uis 0Opa3oBaHus Tiepeaa-
TOYHOW (PYHKIIMHM 3aMKHYTOH CHCTEMBI 10 M3BECTHBIM MEPEAATOYHBIM (QYHKITUSAM
Pa30MKHYTOH CHCTEMbI W U IIeIIH 00OpaTHOM CBs3W WOC. 3HadyeHHe -+ 1 — yka3biBa-
eT Bua oOpaTHOU cBsi3u (-1 — oTpunarenpHas, +1 — monoxutenbHas). B ciayuae
CIMHUYHOM OTPHUIIATEIBHOMN CBSI3M MOYKHO HMCITOJIb30BaTh komanxy feedback(w,1).

®dyukiuu pole(w), zero(w) — mpeaHa3HAYESHBI IS OMPEACIICHUS TIOJIFOCOB 1
HyJIeH miepeaaToYHol GyHKITMN W 3BeHa (CHCTEeMBI), 3aJaHHOi oriepaTopom tf.
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Oynkmus pzmap(w) — mokaspIBaeT PacIoIOKEHUE IOJIFOCOB M HYJIeH Ha
KOMIUIEKCHOM TUIOCKOCTH S TepenaToyHor (QyHKIMKU W 3BeHa (CHCTEMBI), 3aJlaH-
Holt oniepaTopom tf.

JI7ise HaXOXKJCHHUS BPEMCHHBIX OTKIIMKOB Ha BHEIIHUE BO3JCHCTBHS 3BCHA
(cucTeMBbl), MPEICTABICHHOTO MepeIaTOYHON (YHKIMEH W, 3aJJaHHOM OIepaTopoM
tf, mpemycMoTpeHsl GyHKIMU:

impulse(w) — HaxokaeHHe OTKJIHMKA 3BeHa (CHCTEMbI) Ha €IMHUYHOE HM-
MYJIbCHOE BXOJIHOE BO3/ICHCTBUE;

step(w) — HaxOXKICHHE PeaKIMK 3BeHA (CHCTEMbI) Ha SIUHUYHOE CTYICHYA-
TOC BO3JICHCTBUE;

Isim(w,u,t) — onpeencHue peaknuu 3BeHa (CUCTEMBI) Ha BXOJIHOE BO3JICH-
CTBHE IMPOM3BOJIGHON (POPMBI, 33JjaBa€MOE B BHJIC BEKTOpa €ro 3HaYCHUI BO Bpe-
MEHHU.

Jlis npumenenus ¢yakiuu Isim(w,u,t) HeoOXoaumMo mpeaBapUTEILHO 3a-
JaTh BEKTOp 3HAYCHHI BpeMeHH 1, B KOTOPHIX OYAYyT 3aJaHbl 3HAUYCHUS BXOIHOTO
BO3JICHCTBHS, a 3aTeM 3aJaTh COOTBETCTBYIOIINUN BEKTOpP U 3HAYCHUN BXOIHOU Be-
JIMYMHBI B YKa3aHHBIE MOMEHTHI BpEMEHHU.

Crnenyromiasi rpymnmna (GyHKIIUN TPEICTaBISICT B YaCTOTHOW OOJIACTH peak-
IIUIO Ha BHEIITHEE TAPMOHMUYECKOE BO3/CHCTBHE 3BeHA (CUCTEMBI), MPEACTABICHHO-
o repenaTouyHor GyHKIueH W, 3a1anHol orneparopow tf:

bode(w) — ctpouTt rpaduku JIAUX u JIOGUX cucreMsr

nyquist(w) — cTtpouT B KOMIUIEKCHOU Mmiockoctr rpaduk ADX 3BeHa (cH-
CTEMBI).

lNpumeyaHue.

[na Bcex yKa3aHHbIX Bbille rpadUKoOB BbIMOMHATCSA T€ XE& KOMaHAbl KOH-
TEKCTHbIX MEHIO, YTO U B MyHKTe 2.1.

CosnaBarpe u uccienonsarb LTI — mogenu moxuO B KOMaHaHoM okHe Com-
mand Window wunu B pegaktope M-daiinos, HanrcaB M-clieHapuid:

S MATLABBpS work' sys.m ;lgl EI

File Edit view Text Debug Breakpoints ‘web ‘window Help

DS LR~ S| S
-| wl=tf{20,[0.05 L]]

—-| w2=tf{l,[0.2 1]}

-| w3=tfil,[l O]}

- | wd=wl*wi*wi;

subplot(2,1,1):

- bode (wd) ;grid;

- wSi=feedback (wd, 1)

- subplot{2,1,2) ;grid;

- step(wS]:l

@)@|@@Eﬂl@@|9taw:m x|

L I o R o
|

>

dl [

|script [Lng Cal 10

puc. 7
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Ecnu nocne komanasl B M-clieHapu# HE MOCTaBUTH «;», TO €€ pe3yibTar
otoOpasutcs B komanaHoMm okHe Command Window. Tak, B npencraBneHHOM M-
cueHapuu (puc. 7) mocne koMaua B 1,2, 3 u 7 cTpokax He CTOST «;» U IMO3TOMY B
xomanaHoM okHe Command Window mb1 MokeM BUIETh TiepelaTouHbIe (hyHKIIUU
wl, w2, w3, w.

s uccnenoBanust LTI — mozeneit MOXHO MCHONIB30BaTh TaKKe MHTEPAK-
TUBHBIN 00o03peBatens LTI Viewer. Jlins storo B komanauoM okne Command
Window nyxHO BBecTn KomaHmy ltiview. [Tocne BIOTHEHHS KOMAH/IBI HA SKpaHe
nosiBuTcst okHOo LTI Viewer, B koropom HeoOxoauMo BeIOpath File>Import, a 3a-
TEM C TIOMOIIBI0 MBI BRIIEIUTH B criricke \WWorkspase mmena uccrnenyemsix LTI
— MOZENEN.

3. O0beKT uccienoBaHus

OOBEKTOM HCCIIEIOBaHUS SIBISICTCS MMAKeT MPHUKIAAHBIX rporpamm Control
ToolBox cucremsr MATLAB.

4. 3amaHue Ha UCCIIETOBAHUE
JlaHa CTpyKTypHasi CX€MbI CUCTEMBI yIIpaBiieHus (puc. §):

= (1) v (1)

W e N e W3

puc. 8

Heobxoanmo coctaBuTh S- Mojenb U TF - Momens cucTeMbl ynpaBieHUs
(puc. 8), ms KOTOPBIX MOCTPOUTH KapTy MOJIOCOB M HYyJEH 3aMKHYTOH M pa3o-
MKHYTOW CHCTEMBI, IEPEXOAHYI0 XapakTtepuctuky, JIADUX, romorpad HaiixBu-
CTa, a TAKXKE HAWTU PEAKIMUI0 CHUCTEMbl HAa TapMOHMYECKUN BXOJHOM CHUTHAI
X(t) =0.5sin(t) . HaiiTu 3Ha4yeHus MOJIFOCOB M HYJIEHM 3aMKHYTOW M Pa30MKHYTOM CH-

CTEMBI, 3aIlachl 10 aMIUTUTY/IE U 10 (aze, BpeMs PeryJIMPOBaHUS U TIEPEPETYITUPO-
BaHUE.
Ecnu cucmema ne ycmotiuusa, mo nodoopame maxue napamempul (Kod¢-
Guyuenm nepedayu, nOCmMosiHHble 8peMeHU), Umoobbl cucmema oOvlIa YCmoudusa.
[lepenaTounsie (YHKIUU HCCIEAYEMOW CHUCTEMBI BBIOMPAIOTCS COOTBET-
CTBEHHO BapHaHTy 3a1aHus (Tabnuma 1).

Tabm. 1
Bapuant S- MOJEIb TF - monens
1 1 1
2 2 2
3 3 3
4 4 4
5 5 5
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I[anee IMPUBCACHBI IICPCAATOYHBIC q)YHKI_[I/II/I 3BCHBCB CUCTCMBI 1IJIs1 BapHWaH-
TOB 3aJaHUA:

K K
B 1. Wi(s) = L W2(s)= Z2_ W3
apuaHT (s) Toil (s) Teal (s)

1 2 4

T,=15,T,=2,T,=54,T,=25.

=T3S+i, re K, =20, K, =2,

Bapuant 2. WI(s)=T,s+1, W2(s):L, W3(s) = K, , tne K,=2,
s(T,s+1) T,;s+1
K3 =06, T,=0.05, T,=0.8, T, =0.1.
Bapuantr 3. WI(s)=K,(T;s+1), W2(s):L, W3(s):w, re
s(T,s+1) T,s+1
K,=32, K,=16, K, =25, T,=15,T,=5, T, =15, T, =2.
Bapuant 4. WI1(s)=K,, W2(s):w, W3(s):M, rie K, =20,
s(T,s+1) T,5+1
K,=25,T,=15,T,=3,T,=05, T, =14,
B Kl KZ KS
apuant 5. WI(s)= , W2(s)=——2—, W3(s)= , Tne K,=2,
Ts+1 s(T,s+1) T,s+1

K,=0.1, K,=15,T,=2, T,=15, T, =05.

Bapuant 6. WI(s) = Ky : W2(s):w, W3(s) = Ky , rme K, =15,
Ts+1 s(T,s+1) T,5+1
K,=2,K,=7,T,=2,T,=05,T,=3, T,=14.
K K
Bapuant 7. WI(s)=K,(T,s+1), W2(s)=—2—, W3(s)=—"23
p (s) =K, (T;s+1) (s) sT,s+0) () T+l

, Tme K;=5,

K,=15, K, =12, T,=08, T, =05, T, =2.

Bapuanr 8. Wl(s):L, W2(s):TZS+1, W3(s)=w, rae K, =5,
s(T,;s+1) T,s+1 Ts+1
K,=35,T,=05,T,=2, T,=32, T,=15, T, =0.2.
Bapuanr 9. Wl(s):M, W2(s) = Ky : W3(s)=w, roe K, =100,
s(T,s+1) T,s+1 Ts+1
K,=5.6,T,=3,T,=05, T,=25, T,=5, T, =2.
Bapuant 10. Wl(s):L, W2(s)=K,, W3(s)=w, rae K, =0.1,
s(T,;s+1) Ts+1

K,=2, K,=06,T,=2,T,=05, T, =0.1.

5. IOPAJOK BBIITOJIHEHU A PABOTBI
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1. Co3nmath S-MOAeNb 3aJaHHOW CHUCTEMBI ynpaBieHus B makere Simulink
(3memMeHTBI HaxoAATCs B OMOIMOTEKE).

J1st 3TOTO HEOOXOTUMO:

1.1. 3anyctuts cpenry MATLAB (spisik MATLAB Ha paGouem ctode).
[TosiButcst okHO cpeast MATLAB.

1.2. Cosmarp aiin g moxeiaupoBanuss B makere Simulink (menro
File>New>Model). IlosBurcs oxkno makera Simulink, B xoTopoM co3maeTcs S-
MOJIeIb (BCE JalbHEHIINE KOMaHbI OyIyT OTHOCHTHCS K OkHY Simulink).

1.3. Otkpeite OubOmuorexy smementoB Simulink (mento View>Library
browser nim kHomka Library Browser).

1.4. V3 GnokoB, xpausmmxcst B onbamoteke Simulink moctpouts S-mMozensb
(st aTOTO HMCTONB3yeTes TexHonorus Drag-and-Drop (meperamy 1 BCTaBb)).

bnoku Integrator,Derivative, Transfer Fcn s moctpoenust Mmojeneii nuHa-
MHUYECKHX 3BCHBECB HaxoisTcs B paszzaene Continuous, 6ok Gain mns cosznaHus
IPOTIOPIIMOHAIFHOTO 3BEHA U OJIOK SUM JuTst co3/1aHusi cymMmMaTopa B paznene Math
Operations.

Jlia HacTpoMKU mapaMmeTpoB OJIOKa CleAyeT MOCJE YCTaHOBKM OJOKa JBa-
Kbl LEIKHYTh MBIIIBIO Ha €ro u3oOpaxkeHuu. [Ipu 3TOM MOSIBUTCS OKHO Mapa-
METPOB HACTPOIKH OJ0Ka.

YToOBl COEAMHUTD JIMHUEN BBIXOJl OJHOTO OJIOKA CO BXOAOM JIPYroro Heoo-
XOJUMO TIOJIBECTH KypCOp K HYXKHOMY BBIXOJYy OJIOKa, Ha)KaTh JIEBYIO KHOIKY
MBIIIN ¥, HE OTIMYyCKasl KHOMKY, MEPEMECTUTh Kypcop KO BXOIy APYroro Oioka u
3aT€M OTITYCTHTHh KHOTIKY MBIIIH.

2. [lonyuuTh KapTy MOJIFOCOB U HYJIEW (I 3aMKHYTOW M Pa30OMKHYTOU CH-
cteMbl), rogorpad HailikBucra (pazoMkHyTtas cuctema), JIAOUX (pazoMkHyTas
CUCTEMA) U TIEPEXOJIHYIO0 XapaKTePUCTHUKY (3aMKHYyTasi cuctema). OLEeHUTh YCTOM-
YUBOCTh CHUCTEMBI, ONpPEACIUThH 3alachl YCTOWYMBOCTU, BPEMs DPETYJIUPOBaHUS,
nepeperyaupoBaHue.

[Ipumeuanue.

JIi1st OBICTPOTO 3aMBIKAHUS U Pa3MbIKaHUS 0OPATHOM CBSI3U MOXKHO HCIIOJIb-
30BaTh O10ku pazzaena Signal Routing: Manual Switch (6:10k mo3BossieT Bpy4uHYytO
IIEPEKITIOYATh BXObI C TIOMOIIBIO IBOMHOIO mieuka Mol ) 1 Ground (puc. 9)

1 1
st 4 > w1 w1
- 0.05s+1 0.2+ s

Input Point . Cutput Point
P Gain Transfer Fon Transfer Fond Inte grator F

o

flanual Switch | E

Ground

puc. 9
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3. IlonyuuTh peakuuiO CUCTEMbl HA TAPMOHUYECKUN BXOJHOM CHUTHAI
x(t) =0.5sin(t) .

McTOYHMK CHUTHAJIA pealiu3yeTcs ¢ OMOIIbIo 0stoka Sine Wave u HaxoauTcs
B paszene Sources. biok Sine Wave umeer takue Hactpoiiku: Amplitude — ompe-
JeNsgeT aMIUTHTYAy CHHycouaaiasHoro curHana; Frequensy (rad/sec) — 3amaer va-
CTOTY KOJIeOaHUM B paguaHax B CEKyHY.

Jljia mpocMoTpa MePEeXoJHOTO MPoIecca UCTIONB3YEeTCsl MPUEMHUK CUTHAJIOB
- 610k Scope B pasnene Sinks.

[Ipumeuanue.

1. Ins aBTOMAaTUYECKOM yCTaHOBKM ONTHMMAIBHOTO MaciiTaba oced Oioka
Scope HeoO6Xx0IMMO Ha MaHETU UHCTPYMEHTOB 3TOr0 OJI0Ka HaXaTh MUKTOIpPaMMYy
c u300pakeHneM OUHOKIIS.

2. OxHo Onoka Scope oroOpaxkaroiiee rpauKd CHUTHAJIOB MMEET OYEHb
OTpaHUYECHHbIC BO3MOXKHOCTU MO M3MEHEHUIO BHEIIHEr0 BUJA OKHA M TpaduKoB.
dakTHUECKH MOKHO U3MEHATH JIMIIb MaclITad 0TOOpakeHus: rpaKoB, a KOMaH-
JIbl U3MEHEHUS 1[BETOB JMHUM M (OHA OKHA, TONIIMHBI JMHUNA, pa3Mepa U TUla
mpudTOB U T.H. HEAOCTYNHBI. UTOOBI MOJYYUTH NOCTYI K 3THUM BO3MOXKHOCTSIM
HEOOXOJMMO TIOCNIe TPOBEACHUSI PACYETOB OTKPHITH OKHO OJI0OKa SCOPe W B KO-
mangHoM okHe Command Window MATLAB BBecTH clieayIOniue KOMaHIbI:

set(0,'ShowHiddenHandles','On’)

set(gcf,'menubar’,'figure’)

[Tocne BRIMOTHEHUS ITUX KOMaHJ B OKHE OJl0Ka Scope mosiBUTCSL MeHto. Hc-
nosb3yst kKomaHnabl MeHto Edit>Figure Properties, Edit>Axes Properties u
Edit>Current Object Properties MO)KHO U3MEHUTh BHEIIHUWA BHJI OKHA, OCEH U ca-
MUX TPa(UKOB B COOTBETCTBHH CO CBOUMHU TPEOOBAHHSIMH.

4. Co3nate TF - Mogenb cucteMsbl yrpaBiIeHHUS.

Jlns1 TOTO HEOOXOUMO:

4.1. 3anyctuth cpeny MATLAB (spasik MATLAB nHa pabouem crose).
[TosiBuTcst okHO cpeasl MATLAB.

4.2. Co3nars M-oaiin (mento File>New>M-file). TlosBuTcst okHO penakTo-
pa OTIaaunKa, B KOTOPOM co3aercs (ailii-clieHapui.

5. Jlns cuctemsl yripaBieHus npenactasieHHo LTI — Mozaenbio onpenenuTs
HYJIA Y TIOJIFOCHI 3aMKHYTOM U Pa30MKHYTOM NepeaaToOuHON (PYHKIIMHA CUCTEMBI.

[Tony4uuTh KapTy MOJIOCOB U HyJEH (1Sl 3aMKHYTOW M Pa30MKHYTOM CUCTe-
Mbl), rogorpad HailikBucrta (pazoMkHyTtas cucrema), JIAOUYX (pazoMkHyTas cu-
CTeMa), MEPEXOAHYI0 XapaKTePUCTHKY (3aMKHyTasl CHCTEMa) U PEaKIUI0 CUCTEMBI
Ha TAPMOHUYECKOE BXOJIHOE BO3/ICHCTBUE (3aMKHYTAasi CHCTEMA).

O1eHUTh YCTONYMBOCTh CHCTEMBI, OTIPEACTUTH 3amachl YCTOWYUBOCTH, Bpe-
Msl PETyJIUPOBaHUs, IEPEPETYINPOBAHUE.

[Ipumeuanue.

Uto0s1 mocMoTpeTh B kKoMaHgHOM okHe Command Window co3naHHBIE Tie-
penatouHbie (YHKIIMA WIM 3HAYEHUS €€ TMOJIFOCOB/HYJIEH HYXHO IMOCJIE COOTBET-
CTBYIOLIEH KOMAaHJIbl HE CTaBHUTh «;». JlJIsi BbIBOJA 3HAYEHUW INEPEMEHHOWU WIIU
TekcTa B koMaHnHoe okHO Command Window wucmonb3yercss Takke KOMaH[a
disp[<nepemeHHas WK TEKCT B anocTpodax>].
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6. TPEBOBAHUA K OOOPMJIEHUIO OTYETA

OTyeT JOJKEH coaepKaTh:

1. S — MOJIeIb CUCTEMBI YIIPABIEHUS; KAPThl HYJIEH U MOJIIOCOB 3aMKHYTOU U
Pa30MKHYTOM CHCTEMBI, YACTOTHBIE XaPAKTEPUCTUKH M 3HAYEHUS 3aIlacoB YCTOM-
YUBOCTH; IEPEXOJHYIO XapaKTEpUCTHKY M 3HAYEHUSI BPEMEHHU PETYJIUPOBAHUS U
NIEPEPETYIUPOBAHHUS; PEAKLIMIO CUCTEMBI HA TAPMOHUYECKUI BXOJHOW CUTHAJI.

2. Qaiin-cueHapuii co3nanusi TF — Mogenu cuctemsbl yIpaBlICHUS U €€ UC-
CJIEIOBaHUS; 3HAYEHUS HYJIEH U IOJIFOCOB 3aAMKHYTOM M Pa30OMKHYTOW CHCTEMBI,
NIOCTPOCHHBIE B OJHOM rpaduveckoM OkHe Figure: gacToTHbIE, mepexoaHas xa-
PAKTEPUCTUKH, PEAKLUs CHUCTEMBbl HA TAPMOHUYECKUN BXOAHOW CUTHAJI U KapThbl
HYJIEH U TTOJIOCOB 3aMKHYTOM M PA30MKHYTOW CUCTEMbI; 3HAYCHUS 3aI1acOB YCTOM-
YUBOCTH, BPEMEHU PETYJIUPOBAHUS U NEPEPETYIUPOBAHUSL.

7. KOHTPOJIBHBIE BOITPOCBHI

1. Kak nmosiyuuTh 4aCTOTHBIE U BPEMEHHBIE XAPAKTEPUCTUKH JUISI CUCTEMBI
yIpaBJICHUs, IPEACTABICHHON S — MOJIEJIBIO?

2. Kak mosy4uTh 4aCTOTHBIE U BPEMEHHBIE XAPAKTEPUCTUKHU ISl CHCTEMBI
yrpaBieHus, npeacrasieHHon LTI — moaenpro?

3. Kak onpenenuTh 10 3Ha4€HHE BPEMEHU PETYJIMPOBAHUS U MIEPEPETYIHPO-
BaHUE 10 MEPEXOTHON XapaKTepUCTHKe, ModydeHHon B cucteme MATLAB?

4. Kak onpeaenuTts N0 3HAYEHHUS 3al1aCOB YCTOMYMBOCTH IO YACTOTHBIM Xa-
pakTepucTukam, momydyeHHbIM B cucteme MATLAB?
10 ,

5. Kak co3nath nepegaTounyro GyHKIu0 W (s) = OBerl’
Bs+
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JIABOPATOPHBIM ITPAKTUKYM
10 JUCIHHAITIMHE

«OCHOBBI MOJEJIUPOBAHUSA U UCITBITAHUI
IHPUBOPOB U CUCTEM»

(8 cemecTp)
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BBEJAEHUE

B manHOM 12060paTOpHOM MPAKTUKYME PaCCMATPUBACTCS B KOMILJIEKCE 3319

- IPOEKTUPOBAHUS dJIeKTpruecKoro ciezsiero npuBojaa (JCII) noctossHHOrO TOKa;

- MPOCKTHPOBaHUs (hu3mueckoil umutanuonHo cucreMbl (OUC), mpenHazHaueHHOM
TS JTaOOPATOPHO-CTEHIOBBIX UCIIBITAHUN U KCIIEpUMEHTaIbHOM oTpadoTku DCII.

®OUC nomkHa 00eCTIEUYUTh IKCIIEPUMEHTAIBHOE UCCIICIOBAaHUE BIUSHUS HA TUHAMUKY
1 TouHocTh JDCII Takux HeuaeaaTbHOCTEe KUHEMATHYECKON Nepeiauu, KaKk HeKECTKOCTb, Tpe-
HUE, MO(T, MEXaHUYECKUE YIIOPHI, COYIApEHUSI.

OcnoBoit ®UC sBasiercs pusnueckas monaens (PM). DM cuitoBoro DCII peanuzyercs
Ha 0asze MpHUBOJAa MAJIOW MOIIHOCTH, PAOOTAIOIIET0 HA YMEHBIICHHBIC HHEPIIHOHHYIO U CHIIO-
By10 Harpy3ku. ®M mo3BoJISIET YIPOCTUTH U YJCIIEBUTH JIAOOPATOPHO-CTEHAOBBIE UCIBITAHUS
U DKCIIEPUMEHTaNIbHYIO0 0TpaboTKy MolHbIX DCII, Takux, Hapumep, Kak CUIIOBBIE MPUBO/IBI
HaBEJCHMS U CTAOMIIM3aLMN BEICOKOTOYHBIX TEXHUYECKHX KOMILJIEKCOB.

JIJiss JOCTHKEHHMSI TTIOCTABICHHOW 1[eK B Pab0Te MCIONIB3YIOTCS METOABI TEOPHH aBTO-
MaTHYECKOT0 YIPaBJICHUSI, TCOPUHU MOA0OHMS U (U3MUECKOTO U KOMIIBIOTEPHOI'O MOJICIHPOBa-
HUA. JJOCTOBEpHOCTh U aIEKBATHOCTH MOJTYYEHHBIX PE3yIbTAaTOB MOATBEPKIAIOTCS MOICIUPO-
BanueM B cucteMe MATIJIAB.

B npakTtukyme paccMaTpuBaroTCs CIEAYIOIIUE BOIPOCHI.

1. Pacyer 251€MEHTOB CHIIOBOM CHCTEMBI IIPUBOJA, KOTOPBIN IIPENyCMaTPUBAET BbI-
00p MCIOIHUTEIBHOIO JBUTATENS U pacueT peayKTopa.

2. [TocTpoeHne MaTEMaTUYECKOTO ONMCAHUS U CUMYJIUHK-CXEM CHJIOBOW CHUCTEMBbI
npuBoja u 3amMmkHyroro JCII.

3. AHaiu3 nogo6us U MojiydeHUe KpuTepueB o100l CUIIOBOM CUCTEMBI IPUBOJA
u 3aMmkHyToro OCII.

4. @dopmupoBaHUE YCIOBUN IMOMO00US U TOXIECTBEHHOCTH (DYHKIIMOHUPOBAHUS
OCIL

S. dopMHpOBaHUE TEXHUYECKOI'0 33/1aHus Ha pa3paboTky OM.

6. ITouck nmpuemiIeMbIX U IPEIIIOYTUTENBHBIX 110 CJI0KHOCTH pealnu3aliy BapuaH-
ToB OM.

1. Pacuer xoppekTupyemMbix napamerpoB @M.

8. KommnbroTepHoe MOAETUPOBAaHME M COINOCTaBJIEHUE MPOLECCOB (DYHKIIMOHUPO-
BaHus opuruHana 1 ®M npu TUIOBBIX TECTUPYIOLIUX CUTHAJIAX.

9. AHanu3 TouHoctu M.

10. ITonck TEXHUYECKHUX PEIICHUH 3a1auu IpoeKkTupoBanus OM.

11.  Pa3paboTka JMHaMHUYECKOTO Harpy304HOI'0 CTEH/A.
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JIABOPATOPHAS PABOTA Ne 1
Bb100p HCIIOJTHUTEILHOIO ABUIATEJISA M MOJCJIMPOBAHHE
3JIEKTPUYECKOI0 CJIeJsero NpUBoJa NOCTOAHHOI0 TOKA

LEJIb UCCIIEAOBAHUS: oTpaboTKa HaBBIKOB pabOTHI ¢ TAKETaMHU PaCIIUPEHUs CHU-
creMbl MATLAB; skcniepuMeHTaIbHOE UCCIEIOBAHUE JICKTPUUYECKOTO CIHEASIIEro MPUBOAA
(OCII) moCTOSTHHOTO TOKA.

JlocTrkeHHE TTOCTABICHHOM 1€ CBSI3aHO ¢ HEOOXOJMMOCTBIO PEIICHHS CIICTYIOIINX
3aj]1a4;

— pacyer JIEMEHTOB CHJIOBOM CHCTEMbI NMPHUBOJA, KOTOPBIM MPEAyCMAaTPUBAET BBHIOOD
WCIIOJIHUTEJIBHOTO JIBUTATENS M pacyeT pelyKTopa.

— IIOCTPOEHUE MAaTEMaTUYECKOr0 ONMHUCAHMS M CUMYJIHUHK-CXEM CHJIIOBOW CHCTEMBI IPH-
Boja 1 3aMkHyToro JCII.

TEOPETUYECKUWE CBEJEHUA

1.1 ®opmupoBanue TpeOOBAHMI K CIEASIICH CHUCTEME

PaccMoTpuM saexrpuueckuit creasmuit npusog (DCII) MOCTOSHHOTO TOKAa ¢ HE3aBUCUMBIM
BO30YKICHHUEM.

IIpoexktupoanue ICII npousBoauTcst Ha ocHOBe TexHuueckoro 3afanus (T3). B 06-
niem cinydae T3 comepkuT TpeOOBaHUS K YCTOMYUBOCTH, TOUHOCTH, OBICTPOJCHCTBUIO, KOJIE-
OarenpHOCTH, TIepeperyarnpoBanuio. B T3 yka3biBaloTcs orpaHMuYEHHUs MO HANPSDKEHUIO MHTa-
HUS, TOKY, MOMEHTY, MOIIIHOCTH, Macce U rabapuraM KOHCTPYKLHHU, TPEOOBaHHUS K TEXHOJO-
TMYHOCTH, cToMMOCTH M Ap. B T3 3ajmaroTcss XapakTepUCTHKU IOJE3HOrO CUrHajia (Kiacca
BXOJIHBIX CUTHAJIOB) U BO3MYIIAIONINX BO3ACHCTBUMN, a TAKXKe 33JJal0TCS MapaMeTphl MOJIe3HOM
Harpys3Ku.

Paccmotpum npoektupoBanue ICII Ha 0CHOBE CleTyIOIINUX TPeOOBaHMIA:

1) npenenbHbIE XapaKTEPUCTUKH [10JIE3HOIO CUTHAJIA:

- MaKCHMajbHas CKOpocTh: Q. =1.0 pao/ c;

2,
- MakcuManbHoe yckopenue: &, =1.0 pao / c*;

2) TpeGoBaHUE MO TOYHOCTH B PEKUME CIECKEHHUS: MOIYJIb YCTAHOBUBIIECHCS OIIMOKH
HE JIOJKEH MPeBbIaTh 4 Mpas;
3) TpebGoBaHMe 1O OBICTPOICHCTBUIO U KOJIEOATEILHOCTH B PEXKUME NIEPEOPOCKHU:
- BpeMmsl epemMeniieHust Harpy3ku Ha yroi 1.57 pazg (90 rpan) — e 6omee 2 ¢;
- nepeperyianponanue — He 6oiaee 10%.
4) MOMEHT WHEPLIUU HATPy3KH, IPUBEICHHBIN K BaJly JBHTATEIIS
Ju = 30 kr = M?;
5) MOMEHT Harpy3Ku
My =63 H=wM;

2.2 BpIOOp MCHIOTHUTENIBHOTO ABUTATENS

B cunoBeIX creasimux npuBoJax HIMPOKO MPUMEHSIOTCS MCIIOJHUTEIbHbBIE JIBUTATENIN
(M1[]) nocTostHHOTO TOKa ¢ HE3aBUCHUMBIM BO30yxaeHueM. [lapamerpamu, Mo KOTOPHIM BBIOH-
paercst U]1, sBIsitOTCS MOIHOCTh U MOMeHT. CnioxkHoCTh BbiOopa MJI 1 mepeaaToyHoro yucia
penykropa oOyclIOBJI€HA TE€M, YTO YHEPreTUUYECKHUE XapaKTEPUCTHKU CHIIOBOTO CHCTEMBI MpH-
BOJIa OIIPENEISIOTCS HE TOJIBKO MOJIE3HON Harpy3Koi, HO M HHEPLIMOHHOCTBIO pOTOpa ABUraTe-
7S U BpalAIOUIUXcs YacTel peAyKTopa, a TakKe MOMEHTOM COIPOTUBIICHUS JBUKEHHUIO B Me-
XaHn4deckou nepenaye ot U] k Harpyske.

Hcxons u3 noTpeGHOro 3HaUYeHHsI MOTPEOHOM BBIXOHONW MOIIHOCTH, BEIOMpPAEM JIBUTa-
TEJb TMOCTOSTHHOTO ToKa cepur DJIM-20, KOTOpEIi ¢ OONBIINM 3amacoM 00eCTIeYUT OTPadOTKY
CUTHAJIOB U3 33JJaHHOT0 Kilacca. OTMETHM, YTO MAJIOMHEPLIMOHHBIE PEBEPCUBHBIE AIEKTPOIBH-
raTejiyu MOCTOSTHHOTO TOKAa € MOCTOSSHHBIMM MarHUTaMH M TIaJKUM sikopeM cepuu DIM numerot
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BBICOKHE TOYHOCTHBIE XapaKTEPHUCTUKH, OTIMYAIOTCS BBICOKHM OBICTPOACHCTBHEM, MaJbIM
HaNpsDKEHUEM TPOTaHus, HUI3KUM MOMEHTOM UHEPLHUH.
Xapakrepuctuku nBurareneit cepuu 3IM npuBeaeHsl B Tabnumax 1, 2.

Tabmn. 1

TexHnuyeckue xapakrepucTuku asurareas J/AM-10
HomunansHast MOIIHOCTE, BT 90
MoMeHT HOMHUHAIBHBIN, H-M 0,29

nmyckoBoi, H-m 29
HomunanpHas yacTora BpanieHus, 00/MuH 3000
HomunanpHoe Hanpsbxenue, B 27
HomuHaneHbIN TOK, A 5,2
Conpotunenue oOMoTkH sikopst ipu 20°C, Om 0,9
MOMEHT HHEpIUH SKOPS, KT M? 0,000028
WHayKTUBHOCTH OOMOTKH sIKOpst, ['H 0,6*10°°

Tabm. 2

TexHnuyeckue xapakTepucTuku Asurareas J/AM-20
HomuHansHOE HanpskeHWe NUTaHUS 27 B
HomunanpHast MOIIIHOCTH 400 Bt
HomuHnaneHas Tok 25 A
HomuHanbHBIN MOMEHT 1.3 HwM™
HomunaneHas yactora BpaieHus 3000 o6/MuH
MOMEHT MHEpIUHU SIKOPS 0.0003 kr-m?
Conporusienre 00MoTku sikopst ipu 20°C 0.15 Om
DJIEKTPOMArHUTHask MOCTOSIHHAS! BpEMEHU 0.0015 ¢
ITyckoBOI1 MOMEHT 13 Hw™m
YacToTa BpalieHusi X0JI0CTOT0 X0/1a 3900 00/MuH
Koaddunment nporuBod/1C 0.077 B-c/pan
Koaddurnment momenTa aBurarens 0.07 H-m/A

[Ipumeuanue.

B cnyuae HE0OX0aUMOCTH MOXKHO paccyuTaTh HeaocTarome KodhhUiueHTs MOAeTH
N/ Mokaxem, kak onpeaenstoTcs: kodpdunments Ce u Cy B ciydae, €clii OHH HE YKa3aHbI B
nacnopTe Ha aBuratens. Haxonuwm 3nadenne Ce U3 ypaBHEHHUH CTaTUKH, T.€. YCTAHOBUBIIETOCS
peXHMMa BpaIICHHsI ¢ HOMHHAIILHON CKOPOCTHIO

iRy =U —c.2
OTKYy/1a
U—iR,
n

Haxomum 3nauenne Cy. M3 3aBHCHMOCTH JUISl JIBIDKYIIETO MOMEHTa TPH OTCYTCTBUU

CHUJI TPEHHUS

Co =

MBp = Cmlx
OTKyza
— MBP
Cm = —
Iy

IIpuBenem onucanue anexrpoasurarencii 3/IM-14 nu 3/IM-20, koTopoe npeacTaBIeHO
Ha CalTe IPOU3BOAUTEIIS.
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Taom. 3.
XapakTepucTHKH YJIeKTpoABUrareseii cepuu M

Cepus MontHocTb, KBT YacroTa, 00./MUH Hanpsokenue, B KIIJ, %
9IM-10 0.09 3000 27 65
I/M-14 0.18 3000 27 65
IAM-20 0.4 3000 27 65

TEXHUYECKUE XAPAKTEPUCTUKU

Pexxum paboThl TPOIOJKUTEITLHBIH;

Cxema coelMHEHUI ABYXIIPOBOIHAS;

Hcnonunenue BOIOHETIPOHUIIAEMOE MbUIEOPHI3TO3aIIUIICHHOE;
Hamnpsixkenue Tporanus Ha xosioctom xoay 1,5 B, ne 6oee;
Hampasnienue BpaiiieHusi peBepCUBHOE;

Macca DJIM-14 - 7,4 xr; 3]IM-20 - 14 xr

["aGapurtHbie pazmMepsl, MM

DIM-14: 165 x 236; 3AM-20: 190 x 300;

2.3 Pacuér penykropa

JIBurarenu MoCTOSSHHOTO TOKa HEYAOBIETBOPUTEIBHO pabOTAIOT Ha MaJbIX CKOPOCTSX.
Pabounmu pexumamu AJ1 HUX SIBJISIFOTCSI CKOPOCTH MOPSAJIKA ThICSY 000pPOTOB B MUHYTY (COT-
HU pajauaH B cekyHnay). Hampumep, ans nBurareneit cepuu DJIM pabodeil siBnsieTcss 4actoTa
Bpamenus 3000 06/mun (314.16 pan/c).

[ToTpebHble mns cneasiiel cucTeMbl (Hampumep, AJi CUCTEMBbI aBTOMaTHYECKOIrO CO-
IPOBOKICHUSI MAaHEBPEHHON BO3AYIIHOW €M) CKOPOCTH JIeKaT B JMANa3oHe EIMHUI] Pajy/c,
npu 3ToM 1 paa/c cootBercTBYyeT 9.55 00/MuH. [losTOMY Harpyska nNpUCOEAUHSETCS HE HETO-
CPEICTBEHHO K Bally JBHraress, a 4epe3 MEXaHWYECKM pPEeAyKTOp, MMEIOUIMN JTOBOJIBHO
60J1b1110€ TIepeIaTOYHOE OTHOLIEHHE (HECKOJIBKO COTEH).

OTtmeTHM, YTO peAyKTOp MHOTOKPAaTHO YBEIMUYMBAET BpAIIAIOIIUNA MOMEHT, pa3BHBae-
MBIl IPUBOJIOM Ha HArpy3Ke, U MpHU 3TOM YMEHBIIAET BO3MYILEHHUS Ha JABUTATEIb CO CTOPOHBI
Harpy3ku. Takue BO3MyIIEHHs MOTYT ObITh 00YCIIOBJIEHBI, HAIPUMED, CTPENbOOH apTUILIepHii-
CKOI'0 aBTOMATa, yCKaMH PaKeT, IOPbIBAMH BETPA U T.1.

Bripaxkenue 15 nepegaToyHoro 4ucia peayKTopa, 00ecledrBaroero MaKkCuMaibHOe
OBICTPOACICTBHE CUCTEMBI, UMEET BU/I:

n _ Do, . (1)

ONT ~ o ’

Po.maxc.

31€ech: @5y — CKOPOCTH POTOPA JABUIATENS; Pp pr4xc. — MAKCHMalbHas CKOPOCTH I10-

BOpOTa HArpy3KH.
Cornacao ¢opmyne (1), mo macmoptHoi yactore BpamieHus IJIM-20 paccuuThiBaeM

Hepez[aTquoe YUCIIO pe;[yKTopa:
(3000 : 2;:)
L 60 ) g4

I/ICXO,Z[SI us3 HaﬁHCHHOFO O6H_ICPO nepeaAaTOYHOI0 OTHOLICHUSA MEXaHHU4YEeCKOH nepeaavuun, orpe-
ACJIUM YU CJII0O KWHEMATUYCCKUX IMap pEeAYKTOpa C IOMOIIBIO AUarpaMmabI.

o1t

49


https://www.eds-msk.ru/?site_page=motors_catalog&model_id=286#CatalogModelId_286
https://www.eds-msk.ru/?site_page=motors_catalog&model_id=286#CatalogModelId_286
https://www.eds-msk.ru/?site_page=motors_catalog&model_id=286#CatalogModelId_286

ITpu Ig(n) =19(314) =2.50 crenyer npuHATH 06LIEE YMCIO KHHEMATHIECKHX Hap (CTy-
neHei) penykropa N=4.

Onpenenum ko3 dumment mosnesnoro aeicteus peaykropa. KITJI xaxmoi crynenu co-
crapiser 0.95-0.97. Ilpumem 7, =0.95. Torna KIIJ penykropa:

Mo =T Ny = 0.95* ~ 0.815.
Bupl MEXaHHUECKUX PEYKTOPOB Pa3IMUHBIX TUIIOB MIPEICTABICHBI HA PUCYHKE

Paccmorpum MO ¢ynakimonupoBanust M/ B mepexoIHBIX U yCTAHOBUBIIMXCS PEKUMAX
IIpH HYJEBBIX HadaiabHBIX yciaoBusax. MO HMJI ¢ xecTkol KHMHEMaTHYECKOH Iepenadyeil u pe-
TyKTOpoM 0Oe3 mrodTa mpeacTaBiseT co0OM CHUCTEMY OOBIKHOBEHHBIX TU(D(epeHIHMATbHBIX
YpaBHEHHMIA, a TaKXKe aNredpanyecKux ypaBHEHUN U HEPABEHCTB BHJIA

L-ﬂ:U—i-R—Ce-a);
dt

J.d_a):Cm.i_h.a)H_M;
dt

w,=wlqg;
do, _ .
W— )
-U_<uU<u,.

. U
rac U - YIOPAaBJOMIEC HAIIPAKCHHUEC Ha AKOPHOU 06MOTKC, M - HapsHKCHUC UCTOYHUKA MH-

TaHUA, I TOK SKOPA; R, L - akTuBHOE COIIPOTUBJICHUEC U MHAYKTHBHOCTL SAKOPS, COOTBCT-

C C .
CTBEHHO; ¢ - KOO(PPHUIMEHT IPOTHBOAC; M - KOA(PPUIMECHT, ONPEACISIOMNN 3aBUCUMOCTh

J

pa3BUBAEMOI0 MOMEHTA OT TOKa; @, , — YroJ, yIiioBasi CKOpOCTb U IPUBEJECHHBIN K POTO-
py ABUraresis MOMEHT MHEPLUM HArpy3Ku, COOTBETCTBEHHO; h . K03 (ULIMEHT BA3KOrO Tpe-
HUS, a _ [EePENATOYHOE OTHOIIECHHUE PELYKTOPA; M - moment Harpy3ku ( M = const ).

v

Sine Wave

u 1/R W
_r
0\04@—5 IR-s71 cm 113d i
Constant < /
Manual Switch Transfer Fen Gain M.In.d2 Integrator2
-0

@—b time & yv———»

Clock fen Manual Switch1
MATLAB Function

Puc. 1. Simulink-cxema 1/ ¢ BBIX0/IOM 110 CKOPOCTH

B onHOoMaccoBoil Mozenu ABUraTels Harpys3ka XapakTepu3yeTcsl IPUBEACHHBIM K Baly
JIBUTATENII MOMEHTOM MHEPLHHU MOABMXKHBIX YacTeil NMPHBOJA, KOTOPBIM pacCUUTHIBAETCS I10

dbopmyre

[Tapamerprt Simulink-cxembr U/ crnenyromue:
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%l Iapamerper 9/IM-10 u Harpys3ku

R=0.9;

L=0.6*10"-3;

q=1/314;

n=1/q; %mepenaTouHOE OTHOIICHHUE PEAYKTOpa
Ce=0.071,

Cm=0.056;

Jn=30;

Jd=0.000028;

J=Jd+JIn/(n"2); Y%npuBeneHHBII MOMEHT HHEPIUH HATPy3KH
Ktr=0.1;

Mn=63;

Mpr=63/n;  %mpuBeCHHBII MOMEHT CONPOTUBIICHUS HATPY3KH
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JIABOPATOPHAS PABOTA Ne2
MonaeanpoBaHue THHAMUYECKHX UCIIBITAHUI IBUTATEIsI IOCTOSTHHOIO TOKA
B nmakere Simulink

TEOPETUYECKUWE CBEJIEHUA

3ameTuM, YTO MpeACTaBICHHAs BbIIIE JIMHEHHAs: oHOMaccoBas Mojenb M/ yuuteiBaeT
BS3KOC TPEHHE Ha Harpy3Ke, HO HE YUYHTHIBACT Takue (PaKTOPhI KaK HEIKECTKOCTh MEXaHWYe-
CKOM mepeaauu, IIOPT peAyKTOpa, CyXoe TPEHHUE B MIETOYHO-KOJUIEKTOPHOM Y3Ji€ U B Harpy3Ke,
OTrpaHHYEHUE 110 Pa3BUBAEMOMY MOMEHTY.
PaccmoTpum aHanu3 IMHAMUYECKUX XapaKTEpUCTHK JBUTATelsl, pabOTaIOIEro Ha MHEPLHUOH-
HYIO HAarpy3Ky.

A w,paa/c =
T T T T

so0 - 1 | | 1 | | | =

0 0.05 01 0.15 02 025 03 035 04 045 0.
Puc. 2. [Ipumep nepexoiHoro npoiecca no ckopoctu poropa MJJ

Bunno, uro npu nogaue Ha Bxoxa M1 HomuHansHOro Hanpspkenuss U = 27 B potop pas-
TOHSIETCS JI0 yCTaHOBUBIIIEHCst ckopoctu 475 pan/C. Bpems nepexomuoro npomecca 0.041 c.

A ¢.pan s
T T T T T T T T T
Lk

05

| L | | il | | Il |
0 02 04 06 08 1 12 14 16 18 2

Puc. 3. I[Ipumep ocumsiorpaMmsl yriia Harpy3KkH B peKuMe mepedpocku

A w,pagic &
T T T T T T T T
s00 -
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Puc. 4. IIpumep ocuMLIOrpaMMbl YTIIOBOM CKOPOCTH SIKOPSI B PEKUME TIepeOpOCKU

OcumsutorpaMMbl TOKa3bIBAIOT, YTO B PEKUME MEPEOPOCKH MpPH IOJaue Ha SIKOPHYIO
0OMOTKY JABHUTATENI MPSMOYTOJIBHOTO HMITYJIbCa HampsokeHus 27 B pmutenbHOCTRIO 1.75 ¢
Harpys3Ka HoBopaunBaeTcs Ha yroi 2.03 pan (#a yron 115°). Takum 06paszoM, pe3yabTaThl BUp-
TyaJIbHBIX JUHAMHYECKUX HCIBITAHUM JBUraTels MOKA3bIBAIOT, YTO OH CIOCOOEH 00eCreyuTh
3agaHHbIi B T3 pesxuM nepedpoCcKu Harpy3Ku.

BoinonnuMm aHanu3 TUHAMHYECKUX BO3MOXKHOCTEHM CHUJIOBOM CHCTEMBbI MPUBOJAA B pe-
KHUME CIeXKeHUs. PaccMOTpUM OTpabOTKy Pa3OMKHYTHIM NPUBOJIOM SKBHUBAJICHTHOTO CHHYCO-
UJAIBHOTO 3JIEKTPUUYECKOI0 CUTHaNIa (HApsHKEHUS Ha SKOPHOM 0OMOTKE) M OLIEHUM BHOCHUMOE
Harpy)kKeHHBIM JIBHTaTeIeM (pa30BoE 3arma3gpIBaHue.

A 9.pag = w,paglc
T T T T T T T T T

Puc. 5. [Ipumep ocumsuiorpaMMel OTpabOTKH TapMOHUYECKOTO CHTHAJIA!
a) cieBa: cuHuli — BXOJHOW CUTHAIl aMIUIUTYI0# 27 B; KpacHweiii — BBIXOJ 110 YIIIY;
0) cripaBa: CKOPOCTh BpAIllCHHUs Bajia IBUTATEIIS.

3aMeTUM, YTO TMPHU COIMOCTABJICHUU OCIMJIIOTPAMMEI PA3HBIX (U3HUYECKUX BEITHYUH
(HampuMep, HAMPsHKEHHS U YIila) ClelyeT UX HOPMUPOBAaTh, T.€. Mpeodpa3oBaTh K Oe3pasmep-
HOMY BHJTy ITyTEM JCIICHUS Ha XapaKTepHYI0 0a3UCHYIO BEIMYNHY (HApUMep, Ha HAPSHKCHUE
MUTaHK, MAKCUMAJIbHBINA yTOJl TOBOPOTA HATPY3KHU).

[To ociumnorpaMmam CUTHaJIOB Ha BX0oJ€ M Bbixoje M/[ MOXHO OLEHUTh MHEPUUOH-
HOCTb CHJIOBOW CHCTEMBI ITyTE€M pacueTa BHOCHMOTO €i0 ()a30BOro 3ara3/IbIBaHUsl HA YacTOTe
IIOJIE3HOTO TAPMOHUYECKOTO CUTHAJIA.

BbImomHUM OIIEHKY WHEPIMOHHOCTH HATPYXEHHOTO JIBUTAaTelNls, paccuuTaB (ha3oBBIi
CIBHI MO OCHHJUIOIpaMMaM CHTHAJIOB Ha BXoje W Bbixoae M/I. IlycTe mpu BXOAHOM CUTHaje
TUIA YKBUBAJICHTHOW CUHYCOMJIBI BUA

v(t)=1-sin(1-t)

OCUMJIJIOTPaMMbl CUTHAJIOB Ha BXoJ€ U Bbixone MJ[ nmerot Bua

ury ()

~ Us(t) 2l
\/ /)i 2
5\ b / 1 \\
T y
t

v Il
7 a3
/

- -

4
[54]
U s
b=
s
AN
\
N

Puc. 6. DxciepuMeHTanbHOE U3MEpeHue (pa3oBOro cABUra

ITo usmepenusiM otpeskam 0a u Ob paccuutwiBaetcst (asoBwlit capur A@ B rpagycax

10 COOTHOIIEHUAM
Ap 0Oa

360 0b
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2o = 2360
? = ob

Otmetum, uto B 3amkHyTOM OCII (a3zoBoe 3ama3apIBaHuE KOMIIEHCUPYETCSl CpeACTBa-
MU KOPPEKLMH: 3aMbIKAHUEM KOHTYpa YIPaBJIEHUS 10 PEryIMpyeMOl KoopaAuHaTe (T.€. peaiu-
3alMel MpUHIMIA YIPABICHUS MO OTKJIOHEHHIO); MCIIOJIb30BAHUEM 3JIEMEHTOB C JuddepeH-
mupyromumu ceoiictBamu (111 umu ITN/I-perynsitopa, auddepennupyromiero ¢puiabTpa), BBe-
JIEHHEeM MECTHOM oOpaTHOM CBs3M 10 ckopocTu u Ap. CpencrBa koppekiuu B ICII BHOCAT He-
obxomumoe (hazoomnepekeHrne Ha YacTOTe IMOJIE3HOTO CUTHANA. 3aMKHYTBIA BBICOKOTOYHBIM
OCII B paboueii mojoce 4acTOT JAOHKEH UMETh Majiblid ()a30BbIN CIABHUT, KOTOPBIH MOXKET OBITh
yka3zaH B T3. @a30Bblii CABUI MOXKET BBICTYNATh B Kau€CTBE KPUTEPUS TOUHOCTH CIIEIALIETO
MPUBO/JIA.

BriBoabl

1. B pexxume nepebpocku Harpyska moBopaunBaercs Ha yroa 2.03 pax (115 rpan) 3a
Bpems 1.75 ¢, T.e. apurarens 3JIM-20 ¢ 3aganHoi Harpy3Kkoii criocodben odecrieunts 13.

2. B pexxume cnexxeHus: pa30MKHYTBIM MPUBOJI HE CIOCOOEH ¢ MajibiM (ha30BbIM 3aras-
JIbIBAaHUEM OTpadoTaTh 3amaHHbld B T3 rapmonudeckuid curtai nepuoja 6.28 c. BHocumblil
(da30BbIi CABUT HA YACTOTE MOJE3HOro curHana cocrasiseT 6onee 100 rpan. Takum oOpazom,
TpeOyIOTCS 3aMbIKaHUE NPUBO/IA IO PETYIUPYEMOM BEIMYUHE U CUHTE3 PETYJIATOpa.

3AJIAHUE HA PABOTY
1. VI3y4uTh TEOPETUUECKYIO YACTh.
2. O3nakomuTthes ¢ T3 Ha pa3pabdorky DCII.
3. BBINOTHUTH pacyeT CUIIOBOI cUCTEMBI IPUBO/IA:
- BeIOpaTh MJ1 Ha OCHOBE PHEPIETHUECKOTO aHAN3A;
- paccuuTaTh PeayKTOp;
4. Tloctpouth maremaruueckoe omnucanue W[ Tperbero mopsizika ¢ MpUBEIECHHBIMU MO-
MEHTOM WHEPIMH HATPY3KU U MOMEHTOM Harpy3KH.
5. IMoctpouts Simulink-cxemy M/ ¢ BbIX0OM 1O yTiTy (B CX€ME Y4€CTh HAIUYHE PEIyK-
TOpA).
6. BBIMOTHUTH SKCIEPUMEHTAIBHYIO TIPOBEPKY MPABMIIBHOCTH BBIOOpA JABHTATENS M OIle-
HUTh IUHAMUYeckue Bo3MoxHOCcTH W] B perxkxnuMax mepedpOoCKy U CIEKEHHUS.
7. OpopMuUTH OTYET, B KOTOPOM OTPa3UTh TEOPETHUECKHE CBEIECHUS, PE3yJIbTaThl IKCIIe-
PUMEHTANBHOM paboThl (CKPUHIIOTHI OCIMJIIOTPaMM CHUTHAJIOB) C KOMMEHTapUsMHU, MPeIcTa-
BUTH BBIBOJIBI IO padoTe.
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KOHTPOJIBHBIE BOITPOCHI

o

~

9.

. Ha ocHOBe kakux 3akoHOB ¢u3uku ctpoutcs MO dbynkunonupoBanus W]l B mepexo-

HBIX U YCTAaHOBUBLIUXCS PEKUMAX?

. Uro npezacrasister coboit MO dyukunonupoBanus MJ] u ero Simulink-cxema? Kakossr

HAYaJIbHBIC YCIOBUS ()YHKIIMOHHPOBAHHUS?

. Kak OIPCACIIAOTCA MPUBCACHHBIC K Baly ABUIaTCIIA IIapaMETPhI MEXaHUYeCKOM noacCH-

CTEMBI: MOMEHT UHEPLIMU HAarpy3KHU, MOMEHT Harpy3ku?
HazoBute xapakrepHbie pesxkxumbl padboTel DCII?
Kaxossl TpeboBanust T3 Ha npoexktupoBanue ICII1?

. UTO Takoe PKBUBAJICHTHBIN CUHYCOUJAIbHBIA BXOJHOM curHan? Kak oH ompenensercs

110 3a/1aHHbIM B T3 npenenbHbIM 3HaUE€HUSM CKOPOCTH U YCKOPEHUs?

. Kak Be16upaercs NJ1?
. 3aueM HyxeH penykrop? Kak oH paccuuthiBaetcsi? UeMy paBeH Bpamiarouigii MOMEHT

Ha BBIXOJI€ peayKTopa?
Kak nposepsiercs npaBuiIbHOCTh BbIOOpA ABUTaTENs?

10. Kak OIpCaAcCIACTCA CI)&?»OBOG 3ana3abIBaHMC, BHOCHUMOC 3JICMCHTOM aBTOMAaTHYECKOM

CHUCTEMBI?

11. KakoBbl cioco0Obl KOPPEKIMH, IPUMEHSIEMBIE B CIIEASIIUX IpUBOaax?
12. OcummtorpaMMel Kakux curHainoB V]I perucTpupyrorcs i aHajdu3a ero JMHAMUKHU?

Kakwne mokazarenn AUHAMHKU OLICHUBAKOTCA B BUPTYAJIbHOM HUCTIBITATCIIbHOM CTCHI[G?
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JIABOPATOPHAS PABOTA Ne3
AHaJIM3 yCTOMYHMBOCTH JJIEKTPONPHUBO/IA B JIHHEHHOMH 30He B cucteme Matlab

TEOPETUYECKUE CBEJAEHUA
AHanu3 yCTOMYMBOCTH U KayeCTBa PEryJUPOBaHUS 3aMKHYTOM JTMHEHHON CHUCTEMBI B
nakere Simulink BBIMONHSETCS € MOMOIIBI0 TUHAMHYECKUX auarpamm. lloctpoenue aua-
rpaMM, Kak MMPaBUIIO, BKIIOUYAET CJIEAYIOIIKME ONIEpaliu.
1. OTkiIuK BO BpeMEHU:
e step - OTKJIMK Ha €IMHUYHBIN CKa4yOK (IIEpeX0Has XapaKTEPUCTUKA);
e impulse - OTKJIMK Ha €MHUYHBIA UMITYJIBC — UMITYJIbCHASI TIEPEXOIHAs XapaKTe-
puctuka (BecoBasi QyHKITHSA).
2. YacTOTHBIN OTKJIHK:
e bode - quarpamma Boze gacrornoro otkiuka (AUX u ®UX);
e nyquist - quarpamma HaiikBrcra (ADPUX Ha KOMIICKCHOM IJIOCKOCTH);
3. TlocTpoenue KapThl MOJKOCOB U KOPHEH CUCTEMBI.

IToaroroBka Simulink-cxembr DCII k ucnonp3oBaHuio UHCTpyMeHTa Linear Analysis
Tool mpousBomUTCs CienyOUMM 00pa3oM: C MOMOIIBIO MPABON KHOIMKH MBIIIH HABOIUTCS
Kypcop Ha BXOJ, a 3aT€M Ha BbIXOJ CUCTeMbl. B MosBUBIIEMCSI KOHTEKCTHOM MEHIO HaJl0 BbI-
Opate Linear Analysis Points u ycTaHOBUTh COOTBETCTBYIOILIME MAPKEPhl HA BXOJIC U BBIXOJIC
CUCTEMBI.

IIyTh nmd 3amycka npoueaypbl aHaau3a JMHAMHUKA JJUHEMHON CUCTEMBI CIIEYIOLINN:
Analysis/ Control Design/ Linear Analysis.

T 001 J¢
<]
<~
ot = Q0T — P > i e
4
e
T~
<\
<

Puc. 1. Simulink-cxema nuneiinoro 9CII ¢ MmapkepaMu Ha BXOJI€ U BBIXOJIE

HapaMeTpLI CXEMEI CIIeAyronue.

R=0.9;
C=1000000;
g=1/314;
n=1/q;
ce=0.071;
c¢cm=0.056;
L=0.0006;
Jn=30*2;
Jd=0.000028;
J=Jd+Jn/(n"2);
Ktr=0.7;
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ki=0.00013;

kw=0.00001;
File Edit View Display Diagi Simulation | Analysis | Code Tools Help
B-Bleo o Eg@"ﬂé Model Advisor 0 e 2 | @ |~
Model Dependencies 4
| ”"F"Esp‘uw | Compare Simulink XML Files...
3 [PaLinearesP_LACHX Simscape .
Q Performance Tools ’
Requirements Traceability 4
=J Control Design *|  LinearAnalysis. B
=] Parameter Estimation... Frequency Response Estimation
Response Optimization... Control System Designer...
Design Verifier » Control System Tunet..
Coverage N Model Discretizer..
Fixed-Point Tool.. Linearize Block...
. . ; inearizati 1
D o4 ! 510 Specify Selected Block Linearization... _E__.Q
ot Linear Analysis Points ’
\m'l
— L
<<
<7k
\'
Puc. 2. 3anyck uncrpymenra Linear Analysis Tool
Jlorapupmuueckue AUX n @YX npuBosa npeacTaBieHbl Ha pUCYHKE.
f 4 - . - - — o — - :@ 5
Linear Analysis Tool - LinearESP_LACHX - Bode Plot 1 I ——— lﬂm ! m
i LINEAR ANALYSIS Rl FIGURES
Plot Result: { New Bode v
Data Browser @) I Step Plot 1 x] Bode Plot 1 xl
Search workspace variables R~ g
bl Bode Diagram
¥ MATLAB Workspace From: In1 To: Integrator
50 T T T T
HA 5x5dou.. 4 5 U el (i
FH Azu 01-10. | o
He [0:0,0:0;1... g 0
: 2
E Bzu [00.1871] « £ 100
¥ Linear Analysis Workspace ~
= 150
Name ~ Value
€] linsys1 Ixl ss 1200 ==y et S
linsys2 1x1ss
2 0 -
B
¥ Variable Preview o
©
e i e e e It R i
o System: linsys2 ‘
Phase Margin (deg): 10.5 ‘
Delay Margin (sec): 0.00314
-270 = = At frequency (rad/s): 58.5 '4 5
10 10 Closed loop stable? Yes 10 10
Frequency (rad/s)

Puc. 3. 3amac ycroitunBoctu no ¢aze: 10.5 rpan
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~ Gain Margin (d8): 19.2
At frequency (rad/s): 132
Closed loop stable? Yes.

10" 10° 10°
Frequency (rad/s)

Puc. 4. 3anac ycroitunBoctu no ammuryzae: 19.2 nb.

Kapra xopHel xapaKkTepUCTHYECKOTO MHOTOWIEHA Ha KOMIUICKCHON IUIOCKOCTH Tpe-

CTaBJICHA Ha PUCYHKE.

4\ Linear Analysis%ol - LinearESP_LACHX - Pole/Zero Map 1

Search workspace variables P~

|| Name « Value

A 5x5 dou...
Azu [01-10..

-
=

o poeromapr x| |

|~ MATLAB Workspace :

B [0:0,0:0:1...
Bzu [0:01871] ~
¥ Linear Analysis Workspace
Name ~ Value
1€] linsys1 1x1 ss
1€ linsys2 1x1 ss
[ linsys3 Ixdss
¥ Variable Preview

"""""" -2000

Puc. 5. Kapra xopHeil XxapakTepuCTUYECKOTO MHOTOWIEHA Ha KOMIUIEKCHOM MIIOCKOCTH

Real Axis (seconds ).

[TonuHoM 3HaAMeHaTeNsl mepeaaToyHol (YHKIMK 3aMKHYTON CHCTEMBI, COOTBETCTBYIO-
A XapaKTEePUCTHYECKOMY ypaBHEHHUIO (XY) CHCTEMBI, TaKKe HA3bIBAIOT XapaKTepUCTHUE-
ckuMm. [lomroca cuctemsl ABISAIOTCS penieHuss XY. XapakTepuCTUYECKUM MTOJIMHOM TOJIHOCTBIO

¥ OJTHO3HAYHO OTOOpakaeT CBOMCTBA CHCTEMBI IPU CBOOOTHOM JIBHIKECHUH.
Pacnonosxenne kopHel XY UCIBITYyeMOW CUCTEMEBI clieyrolee (puc. 5):

- JIBa KOMIUJIEKCHO-COTIPS)KEHHBIX KOPHSA CJeBa OT I'PaHUIbl YCTOMYMBOCTU (OCh OpIu-

HaT);

- OJIUH JICVCTBUTENbHBIN KOPEHB CIIEBAa OT IPaAHULIbl YCTOMYMBOCTH.
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Takum oOpazom, Bce KopHH XY SBISIOTCS JEBBIMU (MMEIOT OTPHUIATENbHBIC IEHCTBU-
TenbHbIE YacTh). B coorBeTcTBUU ¢ Teopemamu A.M. JlsmyHOBa 00 yCTOMYMBOCTH JTUHEHHOMN
cuctembl 3To o3Hayaet, uto DCII sBisiercs ycroitunBbiM. OJIHAKO OYeHb OIHM3KOE K KoJeha-
TEJIBLHON TpaHUIle YCTOMYMBOCTH pacIioiokeHrne KopHei XV yka3bIBaeT Ha BBICOKYIO KoJieOa-
TEJIBLHOCTh CUCTEMbl M MaJjbl€ 3arachbl YCTOMYMBOCTU. JTO MOATBEPKIACTCA BUIOM IEPEXOI-
HOM ¥ BECOBOU (PyHKITUH.

[To KOpHSIM XapaKTEPUCTUUYECKOTO MOJUHOMA BBIYHMCIIAIOTCS CTENEHb YCTOMYUBOCTH U
CTEeNeHb K0J1e0aTeIbHOCTH, KOTOPbIE XapaKTepU3yIOT 3alachl YCTOMYMBOCTH U KauecTBO Iepe-
XOJTHOTO peXHuMa. ITy WH(OPMALIUIO MOKHO HCIIOJIB30BaTh B MPOLEAYPE ONTHMH3AINHN PETy-
asTopa MeroaoM mrpadHeix ¢yHkiuil. [Ipu aToM mpeanonaraercs, YT0 ONTUMU3ALUS YCIOB-
Hasl, T.C. 33J1aHbl (DYHKIIMOHAJILHBIC OTPAaHUYCHHSI, KOTOPHIE OTPAHHUYMBAIOT JOMYCTUMYIO 00-
JacTh B MPOCTPAHCTBE MapaMeTPOB PEryisTOpa.

OTH orpaHuyYeHUs 00YCIOBIICHBI TPEOOBAHUSMH K TTOKA3ATEIISIM:

- TOYHOCTH CliexeHus abs(e)<=4 mpan;

- crenieHu ycroituuBoctr abs(h)>=0.01

- CTETeHM KoyiebaTeapHOCTH abs(m)<=50;

- YpOBHIO curHaia ynpasieHus abs(U) <=27 B.

[Tpumep.

[Tpumep TekcTa MporpaMmbl YCIOBHOM ONTUMU3aIMK napameTpoB mojaeau DCII msaroro
nopsiaka B cpeae Marnab nan Huxke. [Ipeamonaraercs, uro Simulink-cxema DCII peanu3oBana
B BEKTOPHOU (hOpMeE C UCIIOJIB30BaHUEM BEKTOPOB A, B, K.

k=[1 0 0 kw ki]; %BekTop ko3 dummenToB oopaTHbix cBszeit DCIT
p=eig(A-B*k); %BBIYMCIIEHUE KOPHEHN XapaKTepUCTUYECKOIO MOJTMHOMA

h= - max(real(p)); %BBIYUCIICHUE CTETICHU YCTOMYUBOCTH

m = max(imag(p)/real(p)) %BbIUNCIIEHHE CTETIEHU KOJIeOaTEeTbHOCTH

sim(‘chema’); % 3amyck Simulink-cXeMbl MOJEITUPOBAHMSI IIPUBOA U BBIYHCIIC-

HUS KpUTEpUsi TOYHOCTH

if e > abs(E(end,:))+1000*(3-sign(h-0.01)+sign(m-50)+sign(U(end,:)-27)) %mposepka
BBINOJIHEHUS OTPaHUYEHUN U Ha3HauYeHue mTpados

B cnyuae HapylieHHs OrpaHUYeHMH K MUHUMH3UpYeM LeneBoi pyHKuuu abs(e) mnpu-
OaBinsieTcs 0osbIIas KoOHCTaHTa (mTpad).

3AJIAHUE HA PABOTY
N3yunTh TEOpETHUECKUE CBEIACHUS.
2. TloarotoButs Simulink-cxemy DCII k ucnone3oBanuto uHCTpyMenrta Linear Analysis

=

Tool.

3. Tomyunts HAOOP THIIOBBIX THHAMUYECKHX JUAarpaMM C MOMOIIBI HHCTpyMeHTa Linear
Analysis.

4. BBINOJHUTH aHAJIN3 YCTOWYMBOCTH U KauecTBa peryiauposanus ICII ¢ momomisio nua-
rpamMM.

5. Tlpou3sBecTd ¢ MOMOIIBIO MOJenUpoBaHusi B SIMUliNK sKkCrepuMeHTaIbHYIO TIPOBEPKY
MPAaBWJIBHOCTH BBIBO/IOB, OCHOBAaHHBIX Ha JUarpammax.

6. OueHuTh BIMSHHE M3MEHEHHUS IMapaMeTpoB peryistopa (KodhduuueHToB 0O0paTHBIX

CBsI3€M MO CKOPOCTH M TOKY, KO3(pUIMEHTa YCUJICHHUs B MPAMOM L€M) Ha 3amachl

YCTOMYMBOCTU M KQ4ECTBO PETYIUPOBAHUS B IEPEXOJIHOM PEXUME.

Or1eHUTh BIMSIHAE HaYaJIbHBIX YCIOBUM 1O CKOpocTh Ha (pyHkuonupoBanue DCII.

8. OdopMuThe 0THYET, B KOTOPOM OTPA3UTh TEOPETUUECKUE CBEACHUS, PE3yJIbTaThl HKCIE-
pPUMEHTaNBHON paboThl (CKpUHIIOTH JIADYUYX, nuarpamm, oCHMIIOIPaMM CUTHAJIOB) €
KOMMEHTapUsIMH, IIPEJICTABUTH BBIBOIBI 110 paboTe.

~

KOHTPOJIBHBIE BOITPOCHI
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. KakoBbI TUIIOBBIE CITOCOOBI KOPPEKIIMH, KOTOPBIC IPUMEHSIOT B CIEASIINX MPUBOIAX?

. Kak mpousBoauTcst aHanu3 yCTOMYMBOCTH M KAa4ECTBA PEryJIMPOBAHUA JIMHEHHON CH-
ctembl B makete Simulink?

. Uro mpencrabiser coboit Simulink-cxema DCII, moAroToBICHHAs K HCIOJIb30BAHHUIO
unctpymenta Linear Analysis Tool? KakoBbl HadanbHbIC yCIOBHS (YHKIIMOHHPOBA-
HUSI?

. Kakue xapaxrtepnbie pexxuMbl pabotel DCII cOOTBETCTBYIOT quarpaMmaM BO BPEMEH-
HOM M 9aCTOTHOM o0nacTsx?

. KakoBbl nokazarenu T3 Ha npoektupoBanue ICII MoryT ObITH OLIEHEHBI 110 IUHAMUYE-
CKUM Juarpammam?

. B xakux egunuiax uamepsrorcs senuuuabl Ha JIAUX u @UX?

. B Kkakux emuHHMIIAX HM3MEpAIOTCS BEIMYMHBI Ha rpaduKax MEpexoJHOM U BECOBOI
byHKIMIA?

. OcumiorpaMMbl KaKMX CUTHAJIOB MOTYy4aroT 1pu aHaim3e nuHamuku DCII? Kakue mo-
Ka3aTelu OLICHUBAIOTCSA B BUPTYaJIbHOM HCIBITATEILHOM CTEHE?
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JIABOPATOPHAS PABOTA Ne4
ITapameTpuyeckuii cMHTE3 peryjasTopa B cucreme Matiad

1. TEOPETUYECKUE CBEJIEHUA

1.1 OnTuManbHBI CUHTE3 KO3(PHUIMEHTOB perynasTopa CTaHIAPTHBIMU CPEICTBAMH
cuctembl Matnab

Chopmupyem 3aMKHYTBIM KOHTYp yrpaBienus. Begem B OCII ¢ momomipio JaTdauka
yria riaBHYIO OTpPHUIATEeNbHYI0 OOpAaTHYIO CBA3b IO YTy MOBOpOTa Harpysku. Ilpu stom Oy-
neM nojaratb, yto Bxoa JCII — curnan 3aganus mo yriay Harpysku. Jnst pacmupeHust Bo3-
MoxkHocTel obecnieuenusi T3 BBemem B DCII ¢ mOMOIIBIO COOTBETCTBYIOIINUX JATYUKOB MECT-
HBIC OTPHUIATEIIBHBIC OOpATHBIC CBS3H 110 CKOPOCTH U TOKY.

CornacHo T3 npu onTUMalbHOM CHHTE3€ B PEXKHMaxX MEpeOpOCKU U CIEKEHUs B Kaue-
CTBE TECTUPYIOIIMX BXOJHBIX CUTHAJIOB OYyJe€M HCIIOJIb30BaTh, COOTBETCTBEHHO, CTYIEHUYATHIN
curnan 1.57 pan. Simulink-cxema 3amkayroro DCII TpeTbero mopsiika ¢ OrpaHHYHTEICM
MpE/ICTaBICHA HA PUCYHKE.

L~ Oshibkaor []|
¥ L
o ¢
.57 pan, 90 rpea //L ’—T\‘-J
< | g

Scopeld Sooj
Constantz Pes

= :
@JT ”%E £ ] 2

Sine Wavel /1-L
\J

Puc. 1. Simulink-cxema DCII

PaccMoTpuM onTHMalIbHBIM CUHTE3 PETYJISITOPA B JIMHEMHOM 30HE. Ero MOKHO BBINOJI-
HUTh MO OTIEJIBHOCTH Uil ABYX pabounx pexumoB OCII ¢ ucronb3oBaHUEM CTaHAAPTHOIO
6moka onruMusaruu Signal Constraint.

PaccmotpuM ontumaneHbI cuHTE3 B pexxkuMme nepedpocku. B T3 tpedoBanusa k OCII
10 OBICTPOJICHCTBUIO U KOJIEOATETbHOCTH UMEET BUJL:

- BpeMmsl IiepeMelteHus Harpys3ku Ha yroia 1.57 pax (90 rpan) — ve 6osnee 2 c;

- mepeperynaupoBanue — He 6omee 10%.

[Moaxmouyenue 610ka Signal Constraint k Beixoxy Henuueinoi Momenu ICIT (My # 0)
B peXHMe NepeOpOCKH MOKa3aHO Ha puUcyHke 2. B yactHOM Oosiee mpocTOM ciydae, Korjaa
OCII paboTaeT B MMHEHHON 30He, moaKI0YeHre Ooka Signal Constraint k BeIxoy JTHHEHHO#M
Mojienu npuBoja (mpu My # 0) nokasaHo Ha pucyHke 4.

3

Scoped

1.57 pan, 90 rpan

Constant2

Saopet

Oshibka

it} = 1sin{1*t)

»E':

Sine Wavel

Check Step Response
pet o

Puc. 2. IMogkmrouenue 6oka Signal Constraint x Beixoay ICII B pexume nepedpocku
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12

% Overshoot! o Scti
: : 1 ¢ ' 1 : ing

(1) ]| SEEESERES ,,,,,,,,,,, ......

(1) ;| T ........... ,,,,,,
-, Pl e
... fo i

%Undfershont
a H : -

0 2 4 6 8 10 12 14 16 18 20
Rise time Settling time

Puc 3. Ilpumep cnenndukanum KadecTBa perylupoBaHus B mapamerpax Onoka Signal
Constraint mpu eIMHUYHOM CKadKe HA BXO/I€ CHUCTEMBI

Ha puc. 4 orpe3ku 3a7at0T ciaeayromye TpeOoBaHus K peakiui Ha eAMHUYHOE CTYICH-
qaToe BO3ACHUCTBHC:

- AMIuTyAa MeHblie unu pasHa - 0.01 1o BpemeHM HapacTaHus 5 CEKyHJ, YTO COOT-
BETCTBYET HepoperynupoBanuio (undershoot) B 1 %

- AMmmumTyna usMmensierca B npexpenax mexay 0.9 u 1.2 1o BpeMeHM yCTaHOBIICHUS
(settling time) B 15 cexyHn

- AMminTyna He mpeBbimaet 1.2 10 BpeMeHH YCTaHOBIIEHUS B 15 CeKyH[, 4YTO COOTBET-
CTBYeT nepeperynupoBanuio (overshoot) B 20 %

- AMmintyzaa Haxoautes Mexay 0.99 u 1.01 mocine BpeMeHH yCTaHOBIIEHHUSI, YTO COOT-
BETCTBYET YCTaHOBUBIIEHCS ommokw (settling) B 2 %.

Urobsl ykazaTh HeoOxoaumble mo T3 TpeGoBanus k kadectBy perynupoBanus ICII,
HE0OXOIMMO U3MEHUTDH BpEMS U aMILTUTYIHbIC 3HAUCHUS OTPE3KOB.

&
£
=
=] [—
:'m: 777777
Check Step Response
Characteristics
Scopel Q‘J D
1 - "
‘ 4\ Design Optimization* - LinearESP_optimiz - Time ... @Elﬂ—hj Scope

RESPDNSEU n@%&&&%&ﬁ@n

Design Variables Set: [€] None v 7 |

REQUIREMENTS | FLOTS | OFTIMIZATION | CLOSE |

Uncertain Variables Set: [%] None + | 7~
— - -

- - |

VARIABLES |
Data Browser ® | £ J Time plot 1 Kl

Search works P~ @‘ There is no data for LinearESP_optimiz/Cherk Step Response

v MATLAB Wor... \ _—

Name =
Hc g
o

< »
* Model Warks.. | | : ; :
L 1 % 5 i Update block

Amplitude

e''lH & =" i |7 Mhuekc | ' Total Co— | =) MATLAB— 11-Check SL_ " LineartS— [®/*Design==] R

Puc. 4. ITopkmouenue 61oka Signal Constraint k Bexoay muaeiHoN Monemu DCIT (pu My =
0)
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s 3

4\ Edit Bound = | E] S

Bound: [Step response bound from @ to 1.8 (seconds) v]

Bound parameters

Initialvalue: [ o Final value:
Step time : ljlseconds

Rise time : seconds % Rise:
|

Settling time : seconds % Settling:

% Overshoot: %Undershoot:[ o]

(o= O )|

Puc 5. Cneuuduxanus kadecta peryaupoanus ICII nmpu crynenuatom curnane 1.57 pan

Jlist BeIOOpa W 3aJaHUsl BapbHUPYEMbIX (KOPPEKTHPYEMBIX) MApaMeTpoB PETYIATOpa
Ha/10 HaxkaTh KHOMKYy NOn — nosiBisieTcst okHo Create Design Variables Set (cwm. puc. 4, 6).

Create Design.Variables Set 5
Create Design Variables set: |Design\.’arsl |
Variable Value | Minim...|Maxim...| Scale Variable |Current v... Used By
v ki 0.00013| -Inf Inf |0.0002.|C=1 ] 0.000636... [LinearESP optimiz/Gain3 -
& lew 1e-05 Inf Inf |15258.. Ktr 07  |linearESP optimiz/Gainl0 7]
[« L 00006 |LinearESP optimiz/Gai
LinearESP optimiz/GainG =
R 08 . - .
LinearESP optimiz/Gaing
lce 0.070999... LinearESP optimi in!
Update model variables cm 0.056  |LinearESP optimiz/Gain -
» Variable Detail P Specify expression (e.g, sx or a(3))
Help
Puc 6. 3aganue koppekTupyembIx mapamerpos Ki, kw
| Data Browser @"_J Time plot1 xl
Search workspace varizbles 2
'~ MATLAB Workspace ‘ LinearESP_optimiz/Check Step Response
Characteristics
Name Value B S S e — T — ? ' )
Hc 1000000 - : :
H 6.365%e-...
H1d 2.8000¢-...
Hn 60
H ker 0.7000
H 6.0000€-.. E
Hr 0.9000
Hece 00710
Hem 0.0560
Hki -0.0013
. 00439 2
Hn 314 ~ =
5

'+ Model Workspace (LinearESP_optimiz) |

Name = Value ‘

'+ Design Optimization Workspace |

Name » Value
€] DesignVars 2x1 para... -
& DesignVarsl  2x para... -

¥ Variable Preview

Time (seconds)

Puc. 7. Pe3ynbraT onTUMHU3aLUU pETYAsSTOPA IO IBYM KO3 UIIEHTaM 00paTHBIX CBsI3ei

PesynbTar Heyma4yHOro BHIOOpA HAYATIBHBIX MPUOJIMKEHHI 110 TapaMeTpaM PeryssiTopa
ki, kw mpu ontumuszarmu DCII npeacrasien Ha puc. 7. HalineHHbIe mapaMeTpbl peryssiropa

TpeOYIOT U3MEHEHHUs OISIPHOCTH OOPATHOI CBS3H IO TOKY:
ki = -0.0013 [pan/A]; kw = 0.0439 [c].
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[Tocne yrouHeHUs] HaYaIbHBIX MPUONKEHUN TI0 MapaMeTpaM peryisropa (B m-gaiine
napameTtpoB DCII) B pe3ynbTaTe ONTUMH3AIMN JOCTUTHYTO Tpebyemoe o T3 Bpems perynu-

poBanus He Oojee 2¢ u nepeperyaupoBanue He 6onee 10% npu
ki = 0.0107 [pam/A]; kw = 0.0934 [c].

FIGURE VEW

DESIGN OFTIZATION RESPONSE OFTMIZATION BEdiblag

Design VariblesSet €] Desigvarss ~ .2 [Ztew > St ot " > 3
Evaluate @ g (@ optons.
Uncenan st S tore - | st e (8] oo seecied | Aga ot pt e o came
VARIABLES REQUIREM PLOTS oPTMZATION close
Data Browser ® Time plot 1
Search workspace variables P~
¥ MATLAB Workspace LinearESP_optimiz/Check Step Response
haracteristics
Name Value
¢ 1000000 &
) 6.3654¢- B
I Jd 2.8000e-.
I in 60
I Kir 0.7000
L 6.0000e-. 3
R 08000
I ce 00710
EH em 0.0560
ol |} 00107
I kwe 00934 2
EHn 314 - 2
£
 Model Workspace (LinearESP_optimiz) <
Name Value
~ Design Optimization Workspace
Name Value
®| DesignVars 2x1 para.. =
®| DesignVarsL 2x1 para.. o
¥ Variable Preview
K=
1 12 14 16 18 2
0-007 Tima fearnnrley

Puc. 8. Ilpuemiemslii pe3yabTaT ONTUMHU3ALUHN PErYIsITOpa

[HOPAIOK BBIIIOJIHEHUA PABOTbBI

[TocTpouts Mmoaenb ICII B makere Simulink.
[TocTpouTh rpaduk mepexoaHoro mpoiecca.

O0bsiBuTe epeMenHbie B WOrkspace ¢ HauaJibHbIMH 3HAUCHUSMH.

agrwbdE

3aMeHNTE YUCIOBBIE 3HAUYEHHUS OJIOKOB napaMeTpoOB PETryjIATOPa MOACIIN HA IICPECMCHHBIC

Jlo6asere B Moxenb 010k, Check Step Response Characteristics u3 6ubmorexu Simulink >
Signal Design Optimization > Signal Constraints u MOaKIFOYKUTE €r0 K BHIXOLY CHCTEMBI.

6. Mcnonb3ys HUCXOAHBIE JaHHbIE 3a/JaiiTe JONYCTUMBIE TPAaHUIBI KOPUAOpPA JIBUKEHUS
nepemeHHoil. [ToctpoiiTe rpanuisl Kopuaopa ez komanay Show Plot 3akmagku Bounds.

7. Haxwmute knauiry Response Optimization 3axmaaxu Bounds.

8. HobGaBpTe mepeMeHHBIe perynaropa B cnucok Design Variable Set m 3amaiite 30HY moucka

MEPEMEHHBIX.
9. 3amyctuTe MpOIECC ONTUMHU3ALUH ITAPAMETPOB MOJIEIH 0 PEAKIIHHA CUCTEMBI.

3AJTAHUE

Cxoppektupyiite OCII ¢ nomourpio Onoka, 3agaB TpeOoBaHUs U3 3aaaHud. [lomyuure

PE3YIbTaThl MOACIIMPOBAHUA CPIHTG3PIpOB8.HHOI>i CHUCTCMBI IIPU CTYIICHYATOM CUI'HAJIC Ha BXOAC.

KOHTPOJIbHBIE BOITPOCBHI

1. Kakue mpeumyiiectBa MOXKHO TOJIY4YUTh NpU Hcnoib3oBaHuM Simulink Response

Optimization B pa3pabOTKe CUCTEM aBTOMATHUECKOTO YIPaBICHUs?
2. Kak 3agaercs uenenast pyHkuus B nakere Response Optimization?

3. HO‘ICMy CICAYCT paccMarpuBarb MOBCACHUC MOACIU C OINTHMU3UPOBAHHBIMU

MapaMeTpamu MPHU Pa3HbIX BXOJHBIX BO3IEUCTBUSIX?
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JJABOPATOPHA PABOTA Ne5
MogaeapoBaHue ra3oBoil CHJIIOBOH CHCTEMbI YIIPaBJIeHHUSA

1. OEJIb 11 3BAZTAYU PABOTDI

Iesnb paboThl — 3KCIEPUMEHTAILHOE UCCIIC0BAHUE BIUSHUS HAa AMHAMHUKY U TOYHOCTb
aBTOKoJIeOaTepHOM razoBoil cunoBoi cuctemsl ynpasieHus (I'CCY) amMmiuTyzabl U 4acTOThI
rapMOHUYECKOI'0 BXO/IHOT'O CUTHAIA, a Takxke (PIyKTyalui mnapaMeTpoB CUCTEMBI.

JlocTuKeHue MOCTABIEHHOM LIETH CBSI3aHO C PELLIEHUEM CIEAYIOLUX 3a/1ay:

- IOCTPOEHHE cXeMbI MojenupoBanus peneiinon 'CCY;

- OTIpe/IeJICHNe 3aBUCHUMOCTH aMIUIATYJbl M YacTOThl ABTOKOJEOAaHMH OT MapaMeTpOB
BXOJIHOT'O CUTHaJla U IapaMeTPOB CUCTEMBI;

- moctpoeHue cxembl moaenupoBanus ['CCY ¢ GI0KOM BBIUMCIEHUS aMILTUTYbI U (ha3o-
BOI'0 CABMIa EPBON FAPMOHUKHU BBIXOJHOI'O CUIHAJIA;

- IIOCTPOEHME IKCHEPUMEHTAIbHBIX YacTOTHBIX Xapakrepuctuk I'CCY mo mepBoil rap-
MOHHUKE BBIXOJITHOI'O CUTHAJIa;

- ouenka ToyHoctu ['CCY no ¢a3oBoMy caBUTy, BHOCUMOMY CHCTEMOM Ha 4acTOTE MO-
JI€3HOT'O CUTHAJIa;

- OIICHKA CTEIEHU CrIIaXXuBaHUs ((HUIbTpAliu) BUOPAIIMOHHON COCTABIISIONICH KoJieha-
HU pysist B KOHTYpE TeleypaBieHHs paKkeTo.

2. TEOPETUYECKUE CBEJJEHU A

2.1. BBogunle 3aMedyaHus

ABTOKOJI€0aHHSI, COMTPOBOMKAAIOIINE MPOIECC YIPABICHHS, CBOWCTBEHHBI MHOTUM HEJH-
HEHHBIM CUCTEMaM, B YaCTHOCTH, PeJIEHHBIM, C JJOTMYECKUM YIIPaBJICHUEM U JIp.

K crarnueckuM HEIMHEMHOCTSM PYJIEBOrO IMPUBOJA OTHOCSTCS: OrpaHHueHue (ha30BbIX
KOOPJIMHAT, TUCTEPE3UC B DJIEKTPOMArHUTHOM MOJCHCTEME, CyX0e TpeHUEe U JIIO(T B MeXaHHUYe-
CKOH mozacucreMe U Jp. HenmuHeliHOCTH HETaTUBHO CKa3blBAalOTCA HA JUHAMHUKE M TOUHOCTU PY-
JIEBBIX MPUBOJIOB M MX BIUSHUE CTPEMATCS YMEHBIINTh. 1 3TON Lienu B MPUBOJIE C PEICHHBIM
PEryJsITOPOM OpraHU3yeTcss BUOPALMOHHBINA PEKUM OJJHOTO U3 CIAEAYIOUIUX BUJIOB!

- aBTOKOJIe0aTeIbHbIN;

- IIUPOTHO-UMITYJILCHOM MOYJISILINY;

- CKOJIB3SIIIHNH.

BricokouacToTHbIe KojieOaHusl oOecreunBaroT BUOPAIIMOHHOE CIUIaKUBaHUE M BUOpaly-
OHHYIO JIMHEAPU3ALUI0 HEJIMHENHONW CHCTEMBI 110 MENJIEHHO U3MEHSIOUIEMYCS MTOJIE3HOMY CHI-
Haly. DKBUBAJICHTHAsI B PEXXHUME CIIEKECHUs JIMHEHHAas: CUCTEMa MCIIONb3YyeTcsl JUlsl CUHTE3a 3a-
KOHa ynpasieHus. [Ipy 3TOM HCHOIB3YHOTCS XOpOILIO Pa3BUThIE METOJbI JIMHEWHOH TEOpuH,
HalpuMep, YaCTOTHbIE METO/BI.

[IpakTH4ecku Ba)XHO, YTO B PEJIEUHBIX NPUBOAAX TPAH3UCTOPBI UMITYJIBCHOTO YCHIIUTEIS
MOIIHOCTH Pa0OTaIOT B KIOYEBOM peKUME (“OTKPBIT-3aKPHIT”). DTO B CPAaBHEHUH C JIMHEHHBIM
3aKOHOM YIpaBJIeHUs 00ecreunBaeT BEICOKUI KO3 PUIMEHT MOJIE3HOr0 JeHCTBUS YCUIUTENS U
YIpOIAeT CUCTEMY OXJaxJeHus. Kpome Toro, B rujpaBIndecKuX U ra3oBbIX IPHUBOJAX BHICO-
KOYaCTOTHBIE KOJieOaHMs JaBJIeHUs] U pacxoja pabodero Teja MpensaTCTBYIOT 3aCOPEHHIO JPOC-
cesiell cMoJIaMU M POIYKTaMU TOPEHUS [TOpoXa.

2.2 Oco0eHHOCTH (PYHKIITMOHUPOBAHMS PYJIEBBIX IPUBOIOB

XapakTepHOil 0COOEHHOCTBIO PEJIEUHBIX MPUBOJIOB SBISETCS TO, YTO B HUX BO3ZHUKAIOT
He3aTyXarole CBOOOHbIE EpUoInYecKrue KoaeOaHus, Ha3bIBaeMble aBTOKOJIEOaHUSIMU. ABTO-
Kosie0aHusl SIBJISIFOTCSl YCTAHOBUBILIUMCS MPOIIECCOM, KOTOPBIM BO3HHUKAET B aBTOHOMHOM CHCTe-
Me, KOTJIa BXOJIHOM CUTHAJI OTCYTCTBYET JINOO MpeACTaBIsIeT COOOM MOCTOSHHYIO BEINYHUHY.

JlJ11 MHOTHX peJielHBIX CUCTEM aBTOKOJeOaHUs SBISAIOTCS pabounm pexxumom. [lostomy
IpY MPOEKTUPOBAHUH TaKUX CHCTEM OOJIbIIOE BHUMAHUE YENIAETCS UCCIIEIOBAaHUIO BO3ZHUKAIO-
OIMX B HUX aBTOKojieOaHui. OAHAKO B ra3oBOM pYyJEBOM IMPHBOJIE C MPONOPIHOHATHHBIM
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yIpaBJIEHUEM TaK)KE MOTYT BO3HHMKAaTh aBTOKOJEOaHMs, KOTrJa B HEM HMMEIOTCS JOPT, cyxoe
TpEeHUe, OrpaHUYEHUs KOOPIUHAT (HalpUMep, B Ta30pacpeeIuTeIbHOM YCTPOICTBE).

ABTrokoneOatenbHbI pyneBoil mpuBoj (PII) moxer ObITh ¢ ABYXIO3WUIIMOHHBIM WM
TPEXIO3ULMOHHBIM PEJIEHHBIM yIIPABICHUEM.

u
= :Hj?—»ysm ey v B
YM

noc

Pucynok 1 — ABTokone6arenbublii PII ¢ AByXITO3UIIMOHHBIM YIIPaBICHUEM

Jlnst aBTOKOJIEOATENbHBIX PYJIEBBIX MPUBOAOB XapPaKTEPHO CIEAYIONIEe COOTHOIICHUE
MEXly aMILTUTYI0M aBTOKOJIe0aHUN 1 MaKCUMAaJIbHBIX OTKJIOHEHHE PYJIs (puc. 2)
(4]

—=02..08
Sm L) ’

M"U I I |

Pucynok 2 — OcuusuiorpaMMel OTpaOOTKHU MOJIE3HOTO TAPMOHUYECKOT0 CUTHaJIa aBTOKO-
ne0aTeIbHBIM PYJIEBBIM IIPUBOJOM:

- 3aJJal0IIMI CUTHAJl (KpacHast JIUHHUA);

- KoJieOaHus pyist (CUHSS JTUHHUS).

W3 puc. 2 BugHO, YTO Mpoliecc Ha BBIXOJIE PYJIEBOT0O MPHUBOJA COJEPKUT MOJIE3HYIO MEJI-
JIEHHYIO U aBTOKoJeOaTenbHy0 ObICTpYIO (BUOpAlMOHHYI0) cocTaBistomue. Cuctema otpaba-
THIBA€T IMOJIE3HBIA BXOJHOM CUTHal C (a30BbIM CABUIOM, KOTOPBIM 3aBUCUT OT YacTOTHI U aM-
IUITMTY/BI BXOJHOTO CUTHAJIA.

2.2 TlocTaHOBKa 3a/1la4¥ MOJEIUPOBAHUS TNHAMUYECKUX UCIBITAHUI Ia30BOrO PyJIEBOTO
IpUBOJA

2.2.1 TlocTpoeHue NpUHIMIHATIBLHON CXEMBbI PyJIEBOTO MPUBOAA

[Mpunnunuansuas cxema ['CCY npencrapieHa Ha puc. S.

I"azopacnpenenurensHoe ycrpoictBo (I'PY) 5 peannzoBaHo mo THIy «COIIO-IIAPHK-
3aCJIOHKa». DJIEKTPOHHBIM YCUIIUTENb 6 UMEET TPU COCTABIISIONIUE YACTH:

- YCTPOWCTBO, BBIJICIISIONIEE CUTHAJI PACCOTIaCOBaHUS (Ue - UOC) X

- YCWIMTENb CUTHAJIa PAacCOIJIaCOBAaHUS M0 HANPSKEHUIO (MOXKET OBbITh JIMHEHHBIM J100
peTeiHbIM; JINHEHHBIN YCHINTEIb XapakTepuyercs KodpduirenTom nepegaun K, );

- YCUJIMTEIbh MOIIHOCTH, KOTOPBIA BMECTE C JIEKTPOMArHUTOM 7 00pa3zyeT eAUHYIO -
HAMHUYECKYIO CUCTEMY — JIEKTpOMeXaHn4deckuii mpeodpazosarens (OMII).

OMII ynpasnser I'PY. B npencraBneHHON cxeMe MCIIONb30BaH HEUTPAJIbHBIN 3JIEKTPO-
MarHur.

Pynesoii Tpakt 'CCY umeer a51eKTpHUeCcKyt0 0OpaTHYIO CBs3b. I MOBBIIIEHUS HaJIEXK-
HOCTH TIOTCHIIMOMETP JIaT4YriKa OOPaTHOM CBSI3U CIBOCH.
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‘ K APYTHM

‘ noTpebuTenam
1
1

C____ b

Pucynok 5 — IlpuHnunuanbHas cxema CUCTeMBI: 1 - TeHepaTop rasa; 2 - cOpoCcoBbIil Ki1a-
naH; 3 - pecuBep; 4 - IBUraTelb; 5 - ra30paclpeeIuTeIbHOE YCTPOUCTBO; 6 - YCUITUTENb; 7 -
DJIEKTPOMArHUT; 8 - QUIBTP OUYUCTKU

2.2.2 TlocTpoeHue MaTeMaTH4eCKOro ONMcanus (yHKLMOHUPOBAHUS PYJIEBOro IPUBOAA

[Toctpoum maremarndeckoe onucanne (MO) gynkumonuposanus razosoro PIT B mepe-
XOZHBIX U YCTAHOBUBIIUXCS pexUMax (yHKIMOHMpoBaHus. [Ipu nomymieHun o paBeHCTBE TEM-
nepaTyphl raza B pecuBepe M padodux MOJOCTAX MnoiydaeMm HeiauHeiHoe MO (yHKunoHMpOBa-
Hus peneitHoro PII Bo Bcex BO3MOXKHBIX pexXUMax (pyHKIIMOHUPOBAHUS

d 1

%:m(kkopp RTp‘]ll_kko {a_bF [Ug(t—2'3)]} Py RTleZ_kplS"V);

d 1

dpt2 "W —S X (kko PR, J5, =k {a+bF [Ug(t—T3)]} P2 yRT, 2 —kp,S, V),

dv 1

— =——o(S, (p, — p,) —hV —X);

m an(n(pl P.) nX)

o,

dt

(d_xj :_y(d—xj npu X =£X_;

dt J, dt J, (4)
U@(t)E[_Um’Um]’Vte[tO’tT];
(P ® €] P, P, [V (©) €[V, Vo ] X (®) €[-X, X, ) VE €[t 8 ], )

rac
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du

X, sign(U, —b;) npu dte 0;
FlU.(®)]= dU (6)

X.sign(U, +b;) mpn dte 0;

Ue(t) = Ky (Uex - Kocx(t));
2 [

Pz f° PP 1T Pie g
Yiio = Py Py Py
1 npu &S ;

p

K+1

2
x

Y12,22 =

3nech ucnonb3oBaHsl ob6o3HaueHus: U, , U - BXOAHOWH CHTHAlI M €ro MakCHMalbHOE

3HaueHue; X, X - KOOpJAMHAaTa MOpuIHs npuBoja U 3acioHku I'PY (X =0 npu HeilTpanbHOM

IMOJIOKCHUM IIOPHIHA; X = 0 Ipu HeﬁTpaHBHOM ITOJIOKCHHN U 33.CJ'IOHKI/I); Xm ) Xm - MaKCuMaJlb-

HOC 3HAYCHUE KOOPIUHAT; P, Py, P, - AaBICHHUE ra3a B peCUBEPE M pabOUMX MONOCTAX IIPUBOJA,
coorsercTBenHO; T,,T,, T, - Temneparypa raza B pecuBepe U pabouuX IONOCTAX, COOTBETCTBEH-
HOo; W, - 00bem pabounx mosocrei mpuBoga nmpu X =0; S, - addexTrBHas mI0Ma1b TOPIIHS;
a+b,, a—b, - sakons! usmenenns apoccenupyromnmx orBeperuii [PY; M - npuBeneHHast Mac-
ca mopuHs; h - KO3QQUIMEHT BSI3KOTO TPEHUs; 4 - KOA(PUIIMEHT BOCCTAHOBJIEHUS yAapa Ha
yrnopax npuBoja; 7 - KO3 UIKEHT MO3UIMOHHON Harpy3ku (KECTKOCTh HpPYXHHBI); k, R -

I1OKa3aTecjib a)lI/Ia6aTBI H ra3oBas IOCTOsAHHAA, Ky, KUC - KOB(i)(I)I/II_[I/IeHTBI YCUJICHUA CUTHAJIa

paccoriiacoBaHusA U(g n CurhHajia 06paTHOI71 ceszu U COOTBCTCTBCHHO, 7, - BPEMs 3KBUBA-

oc?

senTHoro 3ana3aeiBanus OMII; (t, —t,) - Bpems KIITMOHHUPOBAHMS, , T .., V_ -mapa-
T p YH p mL2' 'my20 Vm p

MCETPBI I'PAHUIBI pa6oqel71 obmactu CI)Z.BOBOFO MMPpOCTPAHCTBA CUCTCMBIL.

OtMmerumM, uto gaHHOe MO OTpakaeT Kak KPUTHUYECKHUE, TAK U JTOKPUTUUYECKUE PEKUMBI
TeueHus raza depes apoccenu. MO oTpaxkaeT peyeHblid pexxuM pabotsl ['PY ¢ yuerom 30HBI
HEOJIHO3HAYHOCTH (ructepesuca). B PII peann3zoBan mpUHIIUI yIpaBlIeHUs IO OTKJIOHEHUIO, IS
Yero B CHCTEMY BBEJI€HA OTpHUIaTesIbHask 0OpaTHAsl CBSI3b IO MOJIOKEHUIO PYJIS.

B BXomHOTO 3a1aroiiero Bo3zeiicTsus (monesnoro curaana) U, (t) mMoxer GbITh:

- CTyneH4YaThIM (JINOO MPSAMOYTOIbHBIA UMIYJIbC) — B PEKUME MEPEOPOCKHU PyIIs;

- TApMOHUYECKUM — B PEIKUME CIICHKEHUSI.

CunoBas gacte 'CCY MoOxeT ObITH MpeCcTaBiIeHA JTMHEHHON MOJETBI0 B OTKJIOHEHHSIX
OT HEUTPAJILHOTO MOJOKEHHUS, CTPYKTYpHAsi CXeMa KOTOpPOro IMoKa3aHa Ha puc. 6. Ota MoJenb
MMEET CEeIbMOU MOpAIOK. be3 CylecTBeHHON MOTepru TOYHOCTH MPUBOJ MOYXKHO ONKCHIBATH MO-
nenbio 3-ro nopsaka (puc. 7). Yopomennoe MO UCHONB3YIOT IJI UCCIEIOBAaHUS aBTOKOJIeOa-
TEJIBHOTIO PEKMMA U pexruMa OTpabOTKH MOJIE3HOr0 CUTHAIA.
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U e |k ksp ) K, x|, ki(Tp+0)  kyp(Tp+1) . k X
’ p P T,p+1 T7p? +2T;p+1 " kopp[ P 13pP+Top+1[ Ap”| T2pP+T,p+1

kOC

Pucynok 6 — CtpykrypHasa cxema 3aMkHyToil ['CCY ceapMoro mopsijka ¢ mpornopuuo-
HaJbHBIM YIIpaBJICHUEM

Us| 1 Ue - x| ke kyp aX

\4

K.K I

k,p (T,p+1)(Tap’ +2ET, +1)

20s

UOC

Pucynok 7 — Crpykrypnas cxema I'CCVY ¢ peneliHbIM ynpaBlIeHUEM

3necy 0000IIEHHBIE TapaMeTpbl CHUIIOBOI cucteMbl PII onpenenstorcs yepe3 KOHCTPYK-
THUBHBIC U IKCIUTyaTAIIMOHHBIC TTAPAMETPHI IO 3aBUCUMOCTSM

p,c 2508 kS,

W M h
T2 o ' Tn:—H; Tw: — Y el
a’ * a%k,RT," ° 7 akk, [RT, " \ 7 g JMn

2.2.3 Iloctpoenue Simulink-cxembl pysieBoro npuBoia

k, =

Tf2.s+1
Tf1.8+1
Wi
C 1
o - Ny Il D%( | KV tc.3 1 1
— ! - s fr.s+1 11.52H2 5+1 S
ﬂp Switch Gain Switch Relay Transpert Transfer Fend | Transfer Fen2  Transfer Fond
Delay
\/
Kos

Sine Wave Q

Pucynok 8 — Simulink-cxema peneitroit 'CCY ¢ koppeKTUpyroImuM GHUIETPOM

[Tapamerpsr 'CCY cnenyromue.
1. Koadduuunents nepenayu:

Kv=440 1/c - TOOPOTHOCTH CUCTEMBI 110 CKOPOCTH

Kos = 0.25 B/pan - KOO PHUIHEHT 0OpaTHOM CBA3H;

K, =3.26 - K03 QULIMEHT NpeayCUITUTENS;

2. TlocrostHHBIE BpEMEHU MEXaHHMUECKOM MOJICHCTEMBI T'a30BOT0 JIBUTATEIIS:
t1 =11.6e-3 c,
t2 = 0.00349 c;

3. TlocrosiHHBIE BpEMEHU TEPMOJMHAMUYIECKOH ITOICHCTEMBI Ta30BOTO IBUTATEIIS:
tc = 0.0455 ¢;
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tr = 0.0273 c.
4. Tlapametpsl HeWTpanbHOrO OMIT:

1
A
ct:'I
ot
E.I.:H

=

iy

-

[Tapametpsr peneiiHoro 3BeHa Relay cnenyromue.

Bennuunsl mosok pene (mapamerp ¢ = +/- 0.0255 3amaercst B HacTpoiikax 3BeHa Relay),
mMpHUHA neTiy ructepesuca 20 (mapamerp +/- D 3amaercs B mactpoiikax 3Bena Relay) — nox-
OupaeTcst SKCIIEPUMEHTAIBHO JIJIsl TTOJIY4eHHsT aBTOKoJeOanuii amrumurygoit 1o 0.035 pan u va-
crtoror o 100 I'm.

5. MogenupoBaHue snnekTpoMexanudeckoro rnpeodpaszosarens (OMII):

— P —>

B nactpoiike 3Bena Transport Delay 3agaercst BpeMsi 5KBUBAJICHTHOT'O 3aria3/IbIBaHUs
OMII paBHoe e = 1.98e-3 c.
6. ITlapameTpbl KOPPEKTUPYIOMIETO yCTPOWCTBA — WMHTETPHUPYIOMIEro (GribTpa Mmpu da-
ctore BxoaHoro currana 10 'y u yactore aBTokonebanuii 100 'y cnegyromue:
_ 2w 1 _
Tfl = (0.1,..,0.3); =(0.1,..,0.3) 3= 0.0375 ¢;

0

_ 2w 1, _ )
Tf2 —(3..5)w—a_(3..5) %—3 0.01=0.03¢; Tf1>Tf2

Simulink-cxema peneiinoit 'CCVY ¢ 6mokom Beraucienust JIJA®YX mo nepBoit rapMoHu-
K€ BBIXOJIHOT'O CUTHAJIa TPE/ICTaBlIeHa Ha pHC. 9

JIJist KCCIEeAyeMOro pyJaeBoro MpuBOja COOTHONICHHE MKy aMILUTHTYIOH aBTOKOJeOa-
HU pyinisi (4 Tpaj) ¥ MaKCUMAaJbHBIM OTKJIOHEHHeM pyiist (15 rpag) oT HEHTpalTbHOTO MOJIOXKe-
HUS UMeeT BUJ (B paJuaHax):

5, 0.7

5, 02617
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JIABOPATOPHAS PABOTA Ne6
AHaJu3 noAo0usi 3J1eKTPONPUBO/IA NOCTOSHHOIO TOKA

HEJIb PABOTHI:

1. W3ydyeHre METOIMKH OIpeneseHUs] KpUTepueB MOJ00Ms HAa OCHOBE aHalu3a
YpaBHEHUH, OMUCHIBAIOMINX ()YHKITMOHUPOBAHUE CUCTEMBI.

2. [TocTpoenne HOpMalIM30BaHHOTO MaTeMaTrueckoro onucanus (MO) u gpopmupo-
BaHUE YCJIOBHIA MOA00MS (PYHKIIMOHUPOBAHUSI aBTOMATUICCKOM CUCTEMBI.

3. OcBoeHMe METOI0B IPOEKTUPOBAHUS (PU3MUECKON MO CUCTEMBI.

1. TEOPETUYECKUE CBEJIEHUA

1.2 Aganus nogo0us cuCTeMBI

PaccMoTpuM cUITOBYIO MOJCUCTEMY JIEKTPOIPUBOA TOCTOSIHHOTO TOKA, KOTOPBIA MpeI-
Ha3Ha4yeH JUIs MepeMEIleHUs 3BeHa MaHUIYIAUUOHHOro poOorta. Ilomyunm meTtogom ananmsa
ypaBHEHUN Kputepuu noaodus snexrpoasuraress (31). Ha ocHoBe 3Tux KpuTepueB Mpou3Bo-
JIUTCS IPOCKTUPOBaHUE ero duzndeckoit moaenu (ODM).

3amava (HpU3UUECKOrO MOACITMPOBAHUS UCTIBITAHUN D/] Mpu U3MEHEHUH B K- pa3 HHEPIH-
OHHOW HArpy3Kd SBIISETCS MPAKTUYECKH BAXHOH U (HOpMyNHUpyeTcs CIEAYIOUIMM O0pa3oM:
HeoOxoauMo cripoekTupoBaTh @M U ¢ €€ MOMOIIbI0 KCIIEPUMEHTAIBHO UCCIEI0BATh TUHAMU-
yeckue xapakTepuctuku /] B mabopaTopHOM CTEHIE.

OTMeTuM, YTO YMEHBIICHUE HATPY3KU MO3BOJISIET YIPOCTUTH U YACHICBUTH J1abopaTop-
HO-CTEH/IOBbIC UCIIBITAHUSI CUJIOBBIX MPUBOAOB OOJIBIION MOUTHOCTH, KOTOPask MOKET JOCTUTATh
JIECATKOB KWJIOBATT. B TO ke Bpems, U3MEHEHHUE HArpy3Kd B CTOPOHY YBEJIMYEHHS MO3BOJISET
YOPOCTUTh JUHAMUYECKUE UCTIBITAHUSI MUKPOMEXaHUUECKUX CUCTEM.

[TpoexktupoBarnre ®M S]] mpou3BOAUTCS HA OCHOBE YCIOBUH MOJ00MS (yHKITHOHUPO-
BaHus cucteM. [lonydyenue kputepueB mogo0usi OCHOBAHO Ha mpolenypax nocrpoenus MO cu-
cTeMbI B ero HopManu3aiuu. Paccmorpum MO 3/ B mepexoHbIX U YCTAaHOBUBIIUXCS PEXKUMAX,
KOTOpO€ MPENCTaBIsIET cO00M cucteMy TpEX OOBIKHOBEHHBIX NU(D(epeHIInaNIbHbIX ypaBHEHUI
BUJIA

L9 _UiR-C o 39%-C ichw 92_0
dt dt dt

rae U - ynpasmstomee nanpsxerme, U, -U €[-U U 1, 1 - Tox B sxopmoit o6motke; R,

L - akTuBHOE COIIPOTUBJICHUEC U UHAYKTUBHOCTD SAKOPs, COOTBECTCTBCHHO, - yroJ, yrioBas

CKOPOCTb U MOMCHT MHEPILUU AKOPA, COOTBETCTBCHHO, h - KOB(I)(i)I/II_II/ICHT BA3KOI'O TPCHUA, € -

ko3¢ pumeHT npotuso-2/1C; Cu. K03 (HULIMEHT, ONpeAeNSIOUINi 3aBUCUMOCTb Pa3BUBAEMOTO
MOMEHTA OT TOKa.

BBeném Oe3pasmepHble MepeMeHHbIE U IPOU3BEIEM 3aMEHY MCXOJHBIX (a30BBIX KOOP-
JMHAT ¥ BPEMEHU 10 MacIITaOHBIM COOTHOILIEHUSIM:

~

i=i,-l, =0, -0, p=¢,-@, t=t. -7

l;, @5, @5, 1
rue — Oe3pa3MepHble NepeMEHHbIE; — BPEMEHHO HEWU3BECTHBIE
MOCTOSTHHBIE MHOXKUTENH (6a3ucHble BennuuHbl). MO D1 mpeobpaszyeTcs K BULY:

~

I, @, O, T
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i; | di 7 L\ 5
EATEVE R
w; |d@ 7 ~
J._ —~:(Cm|o_)|+(ha)6)a)y
t, )d
Ps d_(p_wﬁ.@,
t, )dr
U6'U€ _Umax’UmaX]

[IpeobOpasyeM moaydeHHbIE ypaBHEHUS K Oe3pa3MepHOMY BUY JIeJICHHEM Ha pa3MEpHBIN
MHOKUTENb. [lomuepkHeM, 4TO BBIOOp Oa3WCHBIX BEIUYHMH MPOW3BOJCH. B 1emsx ympomeHus
MO 1nenecoobpa3Ho Ux BeIOpaTh TaK, YTOOBI MAKCUMAJIBHOE YHCIIO O0e3pa3MEPHBIX KOMIUIICKCOB
napaMeTpoB o0paTwioch B enuHuily. [lycts, Hanpumep,

i, = J. W; = v. t, = L

=— = : =
R C' 7 R
Torna nonydyaem HopmanuzosanHoe MO OII B Buze:

, Q=051 U, =U

B _§ i

dr

dé@ (C,C.L): (h-L) ..
dr ( J-R? J-R)
do _

dr @

Uel[-1 1]

CrenoBarenbHO, JUIsl TOTO, YTOOBI 00ECIEUUTh SKBUBAJIEHTHOCTh HOpMalu30BaHHbIX MO
comnocTaBisieMbIX JJ] He00X0IMMO BBIIIOJIHEHUE YCIOBHM paBEHCTBA ONPEAEISIONUX KPUTEPHUEB
o100 B MOJIEH U OpUTHHAJIE:

C,C.L

% = idem; ;]—:;:idem.

roe " idem~ _ 03HavaeT OJUHAKOBBIN, TOXKIECTBEHHDIN.
BrinonHenue nony4eHHbIX yciioBui noaoous ¢pyukuuonuposanus J11 obecrieunBaet

— 6 (), (1), p(t)
ciITabHOE NO00UE NEPEXOAHBIX IIPOLIECCOB B MoJienH U opuruHaie. Ot-
METHM, YTO Oe3pa3MepHbIE KOMILJIEKCHI TapaMeTPOB

c,C.L hL
M= BT
JR JR
: I, @, ¢
Ha3bIBAIOTCA OIMPCACIIAIOIINMHA KPUTCPHUAMUA HOI[O6I/I$[, 663p33MCpHLIe MEPEMCHHEBIC

— OmpeAensieMbIMU (3aBUCUMBIMH ) KPUTEPHUSIMH TOA00US.
Takum o6pazom, 3amada UcciaeoBaHUsI TUHAMUKU D] B 3aBUCUMOCTH OT 3HAYCHHH Ma-
paMeTpoB ympomaercs, T.K. aHalu3 MPOU3BOJUTCS HA TIJIOCKOCTH JIBYX 000OIIEHHBIX Oe3pas-

T
MCPHBIX MapaMeTpOB 11772 , IPpUYCM KaxKJast TOYKa IJIOCKOCTH COOTBCTCTBYCT HICCTU HMCXOM-

R, L,J,Cg, Cy, N
HBIM pa3MCpHBIM napaMeTpaM .
3KBI/IBaJ'ICHTHBIM YCJ'IOBI/IeM HO,ZL06I/IH SIBJISICTCA yCJ'IOBI/Ie
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/ /1
AN=r'Irx"=1
J J J )

Il
A, (T, TT
rac - UHJAUKATOP HO,Z[O6I/IH; .~ BHAYCHHA KPUTECPUIA B OpyUruHaji€ 1 B MOJEC-
JI, COOTBECTCTBCHHO.

YcnoBust mogo0ust CHCTEM B MacIITaAOHOW (hopMe UMEIOT BU/T
n a —
mm® =1,j=1N.
i=1
/
.

_ Y .
e My = o 7/ — MacuTab BocrpousBeacHus B Mojienu Beiauuudbl ' . tpuxu "/" u "//" co-
i

OTBETCTBYIOT 3HAYCHUSIM BEIMYMHBI B OPUTHHAIIC U B MOJIEIIH.
Ycnosust monodust 11 B MacmtabHoO# popme 3amicu TPUHUMAIOT BUJ]
Mep MeeM, 1: m,m_ _ 1
=1 =

2
mJ mR mJ mR

MacmiTaObl, CBSI3bIBAIONINE 3HAYCHUS IEPEMEHHBIX B MOJICIH U OPUTHHAJIE, IIPH BBIIIOJI-
HEHUHU YCIIOBUM MOJ00US ONIPEACIIAIOTCS CIEIYIOIUM 00pa3oM.

s T VRV
i" =i i =i" i,

B opurunaie o ; sOM o
Iy !
i/_mi// m-:i/ /i//:RU :mR.A
IIO3TOM = I i ' AHAJIOTHMYHO
y i ' o o R//u/ mu
o' u'c/ m,
m, = //:u//c/:m ’
a)O' e ce

g

m=—2%=—__=_%,
t t// L//R/ mR

o

t', LUR" m

Ha ocHOBe nosiy4eHHBIX BbIpaXEHHM AJsi KpUTEPUEB MO100Us, a TaK)Ke MacllITaboB BOC-
MPOU3BENICHUSI B MOJENHU MEepeMEHHBIX opuruHana gopmupyercs T3 Ha npoekTupoBanue OM
ON.

IIpoexTpoBanne pusndeckKod Moae I

Paccmotpum B 061mem Bujie TpeboBanusi kK @M quHAMUYECKON CUCTEMBI.

[Tpouieccy co3manuss M mpenmiecTByeT Tan GOpMUPOBaHUSA U (OpMATU3AINHA COBO-
KYIHOCTHU IPEIBABISEMBIX K HEMl TpeOOBaHUM, KOTOPAast BKJIIOYAET:

1) TpeboBaHus MOTO0US MOICITH OPUTHHAITY;
2) TpeOOBaHMs, OTPAXKAIOIINE CIICIUPHUKY PeaTH3alui MOJICITH;
3) TpeOOBaHMS TOX/ICCTBEHHOCTH HEKOTOPBIX BEIMYMH MOJIEIHA H OPUTHHATA.

Tpebosanun nododus — HEMOCPEICTBEHHO CIENYIOT U3 ONPEIENICHUs OHITHUSI MOJAEIH.
[Tpu Hapymennn 3TUX TpeOOBaHHI HapyllaeTcs B3aHMMHO OJHO3HAYHOE COOTBETCTBHE MEXKIY
IIPOLIECCAaMH B MOJIETIM M OPUTHHAJIE, YTO HE TO3BOJISET JOCTOBEPHO CYIUTH O MPOLIECCAX B OPHU-
TUHAaJe, aHAJIM3UPYs Mpoliecchl PYHKIMOHUPOBAHUS MOJIEIH.

Matematuuecku TpeOOBaHUS TOA00Us CBOIATCS K TPeOOBAaHUIO PaBEHCTBA YUCICHHBIX
3HAYCHUH KPUTEPUEB MO00MS B MOJICTTH U OpUTHHAJIE.

c,CL . hL .
—M=— —idem, — =idem,
R JR
WIN B MacITaOHON (opMe 3arucH
Mew Mee My _1 m,m, -1
2 )
m; Mg m; Mg

().
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Tpeoosanusn cneyupuxu peanuzayuu @M — onpeneIsrOT HEOOXOAUMbBIC OTIHYHS MO-
JIeTM OT OPUTHHAJA, B CHUTY KOTOPBIX SKCIIEPUMEHTHI ¢ Hel 0oJiee JACIIeBhI U YIOOHBI.

[Tpumepamu TpeOoBaHUI crieUUKU CIyKaT: TPEOOBAHUS YMEHBIICHUS Pa3MEPOB MO-
Jiend, €€ MOITHOCTH 110 CPAaBHEHHIO C OPUTHHAJIOM; TpeOOBaHUE 3aMEHBI paboyero Tesa, UCIoJIb-
3yeMOTro B OpuruHaje (rejauid, BOAOpO, aMMHaK, YIISKUCIIbIM Ta3, TOPOXOBOH ra3 u Jap.), bonee
JenEBbIM, 0€30MacHBIM W/WIJIM MEHEE arpeCCUBHBIM MOJICIILHBIM T'a30M, KaK MPAaBUIIO, BO3IYXOM.
Maremarnuecku TpeOoBaHUE CTIEU(PHUKN CBOJUTCS K BBIIOJIHCHUIO YCIOBUH

M. = const
i > 2)

e m, — MaciuTad, onpeaensomui TpedyeMoe N3MEHEHNE HEKOTOPOil BETMYMHBI % g MOJEIN
10 CPAaBHEHUIO C €€ 3HAYECHUEM B OPUTHHAJIE.
Hia D1 tpeboBaHueM CHEHU(PUKU pealnd3alvy SIBISIETCS yYMEHbLICHHE WHEPLHUOHHON
m, =K
Harpy3ku J B k pas, Te. Y , UTO MO3BOJIIET YIPOCTUTh MaKETUPOBAHKUE MPHUBOJA B Jia-
0OpaTOPHBIX YCIOBUSX.

Tpebosanun mosxcoecmeennocmu Hekomopwix eeauuun @M u opuzunana — o0ycnoB-
JIeHbI cneayromuM. YacTo 3HayeHus psAza napaMmeTpoB OpUrMHAIAa HEU3BECTHBI, Hanpumep, He-
W3BECTHBI TOYHBIC 3HAYCHHS KOI(DPHUIMEHTOB ASMII(PUPOBAHUS, PAcX0Ja, BOCCTAHOBICHUS Ha
yrope (Mpu COyJapeHusx) U T.1.. B cuiy 3Toro okaspiBaeTCs HEBO3MOMXHBIM OCYILIECTBUTH MIPO-
BEPKY BBITIOJIHCHUS YCIIOBHH MOA00MS.

Hcnons3oBanue B opuruHane u ®M OJUMHAKOBBIX MaTepHalIOB, pabO4YMX Ccpell, KOH-
CTPYKTUBHOI'O MCIIOJHEHHS Y3JIOB MO3BOJISIET PEAIM30BATH TOXKIAECTBEHHOCTh 3TUX MAPAMETPOB.
B pesynbrare uckitoyaeTcsl HEONPEAEICHHOCTh B YCIOBUAX MMoa00us. B ycnoBusx mogo0ust aTu
napamMeTpsl B3aMMHO COKPAIAIOTCs, a B MacmTabHON (opme 3amucu ycinoBuil momodus mac-
mTad, COOTBETCTBYIOUIMI HEOMpPENeIEHHOMY MapaMeTpy, MPUHUMAeT KOHKPETHOE 3HaueHUe,
paBHOE €UHULIE.

Kpome Toro, TpeboBaHus TOXKIECTBEHHOCTH MIEPEMEHHBIX YaCTO OMPENEsIOTCS He00X0-
JTUMOCTBIO CTHIKOBKM PM C peanbHON armapaTypoid MOJIETUpyeMOon CUCTEMBI (IIPH CO3/IaHUU
MOJIYHATYPHBIX CTeHII0B). OTcroAa ciieyeT HEOOXOAMMOCTh COXPAaHEHUS B MOJIEIH HATYPHBIX
MTHOBEHHBIX 3HAUEHHM MIEPEMEHHBIX, CBS3BIBAIOIINX €€ C PEAIbHBIMU OJIOKaMHU.

Matematuuecku TpeOOBaHHS TOXKAECTBEHHOCTH COCTOSIT B BBINIOJIHEHUN YCIIOBUH

m. :1’ (3)

o o o
e M, — macmTa6, onpenensrommii TpeGOBaHNE TOXKIECTBEHHOCTH HEKOTOPOH BETHUMHBI | B

MOJIETIU U OpUTHHAJIE.
st OI1 TpeGoBaHMEM TOXKIECTBEHHOCTH SIBIISIETCS YCJIOBHE OOECIICUSHHS TTPU MOJIEIHU-

POBaHHUU pCAJILHOTO Macirada BpEMCHU mt = l , 4TO, HAIIPUMEP, CBA3aHO C HCO6XOI[I/IMOCTI>I'0

cThIkOBKM DM ¢ peasibHOM anmapaTypoi B IOJIYHATYPHOM CTEHJIE.

Paccmotpum cunres napamerpo ®M OII.

[Tocne Toro, kak TpeboBaHus, npeabsaBiasieMbie kK ®M, chopmupoBaHbl, IPUCTYNAIOT K
IIPOEKTHpOBaHMIO Mojienu. Ha nepBoM aTane pa3pabaTbiBaloT KOHCTPYKIMIO Moaenu. [Tpu atom
pemiaercsi 3ajada obOecreueHus dkBuUBajIeHTHOCTH MO opuruHaia u ®OM Ha CHMBOIBHOM
ypoBHe. J{J1s 3TOro He0OX0AUMO COXpPaHEHHE B MOJIEIN T'€OMETPUIECKON (POPMBI, KOHCTPYKTHB-
HBIX MIPU3HAKOB OpUTHHAJNA U (PU3HUECKOH CYITHOCTU MPOTEKAIOIINX, B HEM mpolieccoB. Hampu-
Mep, KOHCTPYKIMSI MOJIEIbHOIO MAaHMITYJIATOpA JOJKHA OBITh T€OMETPHUYECKOM KOIMWeH KOH-
CTPYKLIMU OPUTHMHAJIA.

YacTo koHCTpyKTHBHAS peanusamnus @M ocymiecTBiasieTcss myTéM 10paboTKH HEKOTOPOTO
MPOTOTHUIIA MOJENH. B KauecTBe MPOTOTUTIA BEIOUPAIOT KOHCTPYKTUBHO YKBUBAJIEHTHOE UIH J0-
CTaTOYHO OJIM3KO€ K OpUruHaiy usaenue. [Ipu sTom yduuThiBatoT TpeGoBaHUs crienU(UKN pea-
mu3zauun OM, a Takke CTOUMOCTh M IOCTYIHOCTh IpoToTuna. Tak, 1 D/1 B kauecTBe MpPOTO-
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tuna ®M, MoXeT OBITh UCIIOIB30BAaH HATYPHBIN 3JIEKTPOABUraTeIbh C YMEHBIIEHHON B 33JaHHOE
YHCIIO pa3 UHEPLIMOHHOW HArpy3KoHu.

Ha Bropowm a3tamne peamusaruu @M OCylIECTBISIOT pacdeT e€ mapaMeTpoB U MaciTaboB
BOCIIPOM3BEJICHUS IEPEMEHHBIX.

Cucremy COOTHOIICHUH Jisi onpeeneHus: napamerpoB ®M u macmraboB MojeIUpPOBa-
HUS 00pa3yroT:

- ycioBust mojoous (1);

- ycioBus cnenuduky peanmsanuu (2);

- YCJIOBUS TOXKJIeCTBEHHOCTH (3);

K ycnoBusiM, KOTOpblE HAKJIaIbIBAIOT OrpAaHUYEHUS Ha MaclITaObl BOCIPOW3BEACHUS B
®M nepeMeHHBIX, J00aBIAIOT 3aBUCUMOCTH, CBA3BIBAIOIINE MACIITa0bl BOCIPOM3BEACHUS 3THX
MEePEMEHHBIX C MaciTabaMu BOCIPOU3BeACHUS mapameTpoB. Cuctema tpedoBanuii kK ®M D]
MMeEeT BU/T

Mey - Mee - My '(mJ mRZ)_l =1
-1 .

m,-m_-(mymg) " =1,

m, :ks e

m =1 @

-1
m -my-m-=1.
t R
Y
ITocne norapudmupoBaHUs PACUETHOW CHUCTEMBbl COOTHOIIEHHUH IMOJIyYUM CUCTEMY JIU-
HEHHBIX YPABHEHUHN

A-pu=b (5)

T T
e M (bt ) = (lgmy, lgm,...lgm...lgm, ) ~ BEKTOP HEM3BECTHBIX; KOMIIO-
HEHTBI MaTpuIlbl 4 1 BekTopa b - uncna. Cucrema (5) MMEET peleHue, eciu

rang A=rang (A,b) (6)

Venosue (6) — yenosue peanusaiun @M. Ero HapylieHre CBUIETENBCTBYET O TIPOTHBO-
PEYMBOCTH TPeOOBAHMIA, TIPENBABIAEMBIX K ®M, 1 HEBO3MOKHOCTH X COBMECTHOTO BHIMIOJIHE-
HUSL.

Ecrm Fang A= N pemenne cucrems! (5) cylecTByeT 1 eMHCTBEHHO. B 5TOM ciyuae
MCKOMBIE MacIITa0bl ONPEAETISAIOT MYTEM PEIEHHs] CUCTEMBI (5) ¢ TTOCIENYOMUM TTIOTEHIMPOBA-

HUCM KOMITIOHCHT BCKTOpa 'Ll .

Ecmn Fang A<n , pellIeHre CUCTeMBbI (5) CyIIeCTBYET, HO HEe €AMHCTBEHHO. [/ BBI-
JIeJICHUSI €TUHCTBEHHOT'O PEIICHUsI 3HAYCHHUS] HEKOTOPHIX MapaMeTpOB M MacIITabOB 3a7ar0TCs,
HaIpUMep, U3 YCIOBHUS MPOCTOTHI peain3alui 3TuX 3HaueHui B OM.

B 3aBucumocTu OT TOro, Kakue mapameTpbl 33aJ1al0TCsl pa3pabOTYMKOM, a KaKUe PacCUH-
THIBAIOTCS, MOTYYaOT Pa3IudHbIe BapuaHThl peanu3anun @M. Takum oOpa3om, perieHue 3aaa-
yu cuHTe3a OM CBOJIUTCS K TTOMCKY MHOXKECTBA BCEX MPHUEMIIEMBIX BAPUAHTOB MOJIEIH, JJIS KO-
TOPBIX BHIIOTHSETCS ycioBue (6), U BEIOOPY HEKOTOPOTO MPEANOYTUTETHHOTO BAPHAHTA.

[Tocne ympomenuii cuctema (4) BKIIOYAET COOTHOIICHHS

1 -1 _ _ _
Moy MeeMe ™ =k, mm,~ =1, m =m, =k, m, =1.
MHuoxecTtBo napamerpoB @M OII, nomyckaronmx KOppEKIMIO UMEET BUT
{mCM ! mCE’ mR’ mL’ mh}
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COBOKyHHOCTI: BCCX MOAMHOXCECTB JaHHOI'0O MHOXKCCTBA OMPCACIIACT 06mee KOJINYCCTBO

5
BAPUAHTOB MOJIENH, Tpebyromux nepedopa u anamuza N =2° =32,
Pemienue  He  €IMHCTBEHHO, ecniM  JIOMYCTHUTh CBOOOIHBI  BHIOOD

m m m,,m ,m .
CM» PTCEY TR LY TTh  Oprako, yuwmthiBas, uto mpoTtoturioM ®M sBISeTCSs HATYPHBIIA

Moy = Mee = 1
JABUIaTClIb, uenec006pa3H0 ITIOJIOKUTH , HOCKOJIBKy peaJ'II/I?;aI_[I/ISI TAKOT'O BapI/I-
aHTa He TpeOyeT nopadoTok nBurareis. B aTom ciaydae MHOKecTBO mapameTpoB @M, momycka-
120)11150:¢ KOppeKHI/IIO HpI/IHI/IMaeT BUL

{mg, m, m, }

3 ..
KonnuecTBo BapmaHTOB Mojenu, TpeOyrommx nepedopa N=2"=8. [Ipruém mHO-
’KE€CTBO BCEX BO3MOXHBIX BAPUAHTOB MOJICIIA BKIIOYAET CJICIYIOIIUE JIEMEHThI

{my,m_m,}
{mg, m.} {mg,m} {m_,m,}
{mR} mt {m}
{2}

IIpu 3TOoM s BapuaHTa ¢ KOppPEKLUEN OJHOTO MapaMeTpa, HalupuMep, {mR } npen-

nonaraercs, uro I = 1, m, = 1; Juls  BapuaHTa 0e3 KOppeKUuu {Q} -
m,=1m =1 m =1
R L *h U T.00.
[Ipuemnempim BapuantoM @M D/I, i1 KOTOPOro CYIIECTBYET pelleHue CUCTEMBI (4) U

{mg, m, m, }

OHO CAMHCTBCHHOC, ABJIACTCSA BAapUAHT Bl c KOppeKHHeﬁ mapamMeTpoOB . 3Ha-

YeHUs1 MaclITabOB MO0 KOPPEKTHUPYEMBIM ITapaMeTpaM ciieyromue
-1
m, =k, m_=mg, m =k.
[Ipu a3ToM MaciITaObI 110 (Pa30BBIM IEPEMEHHBIM M BPEMEHH CIIEAYIOIIHE:

m m
m=—;m, =—-;m =1
m Mg

u

Bapuantet @M paznuuaroTcsi B 3aBUCUMOCTH OT BbIOOpa MacuiTaba U TIpumem

m

U= 1, 4ro ympomiaer compspkeHHe TNPHBOJA C YIPABISIONICH ammaparypoii, Toraa
-1
m=k-,m,6=1

Takum 06pazom, B YCIOBUSIX, HATPUMED, ABYKPATHOTO yMeHbIeHuss B @M mapamerpa J
BapuaHT Bl npenycmarpuBaer yBenudyenue B 2 paza B ®M napamerpoB R, L u ymeHbiieHue B 2
pa3a mapametpa h. IIpu 3TOoM MacmTabbl MO BpEeMEHH, MO YIIy, O CKOPOCTH — €IUHHUYHEIE.
MacmTab mo TOKy moJiy4aeTcsi HeeqUHUYHBIM (yMeHbIIeHrne B @M OoTHOCHTENHHO OpHUTHHAja
YPOBHS TOKa B 2 pa3a), 4TO MO3BOJIIET cOEperath MpH UCHBITAHUAX PECYPC U3OISAIUU OOMOTOK
portopa.

[TonydeHHble 3HaUYEHUs MACIITa0OB MO3BOJSIOT MO 3HAYCHHSIM MEPEMEHHBIX B MOJIEIH
MpEeCKa3aTh 3HAYCHUS IEPEMEHHBIX B OpUTHHAJIE.
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JIABOPATOPHAS PABOTA Ne7
IIpoexTUpOBaHue M UCNBITAHUA (PU3HYECKUX MO eJIeH
3JIEKTPOINIPHBO/A MOCTOIHHOI0 TOKA

1.1 Bapuant ®M-1

B kauectBe nporotuna ®M OyneM UCIIOIb30BaTh HATYPHBIN 3JEKTPOABUIATENb C YMEHb-
meHHou B 10 pa3 HHEPIIMOHHON Harpy3Kou.

Simulink-cxema DCII, koTopast COOTBETCTBYET JBUTATEINIO (C YUCTOM BSI3KOT'O TPEHHUS), U
BapuanT ®M -1 ¢ koppekuumeii mapamerpos (R, L, h) npeacrasiens Ha puc.1. IIpu sTom

. MacitaObl 110 BpeMEHHU U IO BXOJHOMY HAIPSKEHUIO €IMHUYHBIE.
MoOMEHT uHepUMU Harpy3ku ymeHnsbliieH B 10 pas;

[Mapamerpsr (R, L) yBenuuensr B 10 pa3, kosddumment Bszkoro tpenus (h) —
yMeHbIIeH B 10 pa3, T.e. Tak )K€ Kak U3MEHEH MOMEHT HHEPIIUH;

. Macmiralsl 110 yrily U CKOPOCTH €IMHUYHBIE;

Macmrab no Toky: ypoBeHb Toka B @M ymenbuieH B 10 pas;
Koadduuuent OC no Toxy B ®M ysenmuen B 10 pas.

Sine Wave: H+ E

0.001s+1

1
0.00001s =
s Integrator?
< -

0.043 e

pe’
Km2
Sine Wave1 +

o 1
0.001s+1

Infegrator2

Puc.1. Simulink-cxema cpaBHenus opurunana u ®M (Bapuant GM-1)

CoBnaienne (KOHTPYIHTHOCTH) IKCIIEPUMEHTAIBHBIX OCIHJIJIOTPAMM YIJIOB, CKOPOCTEH

¥ TOKOB B opuruHaie 1 ®M (puc.2 - 4) noaTBepKJaeT NPaBUIBHOCTh pacyeTa KOPPEKTHPYEMbIX
napametrpoB @M u macmTaboB MOJIETUPOBAHUS IEPEMEHHBIX.
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[Ipumeyanue.
CpaBHeHue TokoB opuruHaiga 1 @M Ha ocHMIUIOCKOINE 7 MPOU3BOAMIIOCH C YYETOM HC-
KyccTBeHHOro yBesnnueHus Toka ®M B 10 pas.

1 i L i H i i
0 0.02 0.04 0.06 0.08 01 (1AM 014

Puc.4. OcimmiorpaMMsl TOKOB B opuruHaie 1 ®M (¢ yuemom uckyccmeennozo yeenudeHus
toka @M, peructpupyemoro ocruiuiockonom 7, B 10 pa3)

BbInonMHUM BBIUKCIIEHUE CPEIHEKBAIPATUUECKON OMIMOKN (hPU3UUECKOrO MOJICIUPOBAHUS
110 YIUIy, CKOPOCTH U TOKY NP CHHYCOHUIAJIBHOM.

N[
{\v —» i1 wp Scopel
| -1.064e-17
Sine Wave ip R 1_[ "> >
+ > ur2 >
OpuraHan - AT
Fen1 Integrator1 ! SK
fi
N1 wp STOP
P Stop Simulation1

o

Puc.5 Cxema BBIYMCIIEHHS CPETHEKBAAPATUYHOTO KPUTEPUS AllIIPOKCUMALIAH T10 YTy

CK ommbxu anmpokcuMaiy npeHedpexuMo Majia U 00yCIOBIEH OIIMOKOW MHTErpUpo-
Banus: -1.069e-17 [pan?].
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fily d
r\v —»{in1  w Scopel
| ) -2199e-12
Sine Wave ip A2 1_[
OpwmHan " s T
Fend Integratar1 ' SK
fify
In1  w STOF
P Stop Simulation

Puc.7 Cxema BeIYHCICHUSA CPCAHECKBAAPATUYHOI'O KPUTEPHA alllipOKCUMAIUU 110 CKOPO-
CTH.

CK ommbku anmpokcuManuu npeHedopekuMo Main U 00yCJIOBJIEH OIMOKONW MHTErpUpo-
Banus: -2.199e-12 [pan/c]?.

Puc.8 Omubxka naentudukanuu (CKOpoCTh).

fipy " |:|
r\ P inl W Scope
v pe
! , -2 826e-17
Sine Wave . N 1_ f
0 + » ur2 > S
pWrMHan - T
Fen Integrator1 ) SK
fip
N1 wp STOP
| Stop Simulation1
oM

Puc.9 Cxema BbIUNCIIEHUS CPEIHEKBAIPATUYHOTO KPUTEPUS alllIPOKCUMAIMH 110 TOKY.

CK ommbku anmpokcuMaIiy npeHeope kMo Mal U 00YCIOBIIEH OMIMOKON HHTETpUPO-
Banus: -2.826e-17 [A]%

Puc.9 Ommbka nnentudukanuu (Tok).

W3 npuBeeHHBIX BBIYMCIECHUN BUAHO, YTO 3HAYECHUS YyIia, CKOPOCTH M TOKAa OpUTHHAIIA
u ®M OCII coBnaaaroT.
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1.2 Bapuant ®M-2 ¢ yCKOPEHHBIM MacIITaboM MOJACIUPOBAHUS 110 BPEMEHHU
Bapuaut ®M-2 ¢ xoppexkiueii mapametpos (R, Ce, Us) npencrasien Ha puc.5:
J MacmTab no BX0OAHOMY HAIIPSDKEHUIO €TMHUYHBIH.

MoMmeHT nHepuMH Harpy3ku ymenblieH B 10 pas;

[Mapamerpsr (R, Ce, Us) yBenuuenst B 10 pas;

Macmrab no Bpemenu — yckopeHHsli B 10 pas,

Macmrab no yriy — ymeHbuieHssli B 10 pas;

Macmta0bl 10 CKOPOCTH U TOKY €IMHUYHBIC;

Koadpdpumuents: OC mo yray ysenuues B 10 pas.

h

Integraes

Puc.10. Simulink-cxema cpaBHenust opurunana u ®M (Bapuant OM-2)

[Ipumeuanue.

OcmnorpaMMbl IepeMeHHbIX opurnHana u @M, mpeacTaBlieHHbIE Ha OCIUIUTIOCKOMAX
1, 3, 6 cCpaBHUBAJIUCH € UCKYCCHIBEHHBIM Y8enudeHuem TokKa, CKopoctH, u yria ®M B 10 pas.

CpaBHEHHE OCIMIIJIOTPAMM JKCIEPUMEHTAIbHO TMOJTBEPKIAET MPaBHIBHOCTH pacuera
KOPPEKTUPYEeMbIX TtapameTpoB @M u MacmTaboB MOJICTHPOBAHUS TICPEMEHHBIX.

- i L I {
i} 1 2 3 4 5 B 7 8 El 10

Puc.11. OcummtorpamMma yriioB
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1 i 1 i L
i} o 002 0.03 0.04 005 0.06 o.07 008 0.03 (1A}

Puc.13. OcuusnorpamMmma TOKOB

BrirorHIM BBIYUCIICHUE CPEIHEKBAIPATHUECKON OMMUOKN MeX Ay opuruHaioM u @M 1o
YIIy, CKOPOCTH ¥ TOKY IPU CUHYCOUJIaJIbHOM BXOJIHOM CUTHAJIE.

ol ]
ﬂv Scope
Sine Wave 1
> ut2 Ly E_/-

Fend Integrator Ll SK

In1 - wip STOP
ip

Stop Simulation

Subsystem

Puc.14 Cxema BbIUMCIIEHUS CPEHEKBAIPATUYHOTO KPUTEPHS ANIPOKCUMALIMH 110 YIIIY.

CK ommbKH anmpoKCHMAIHH MPEeHeOPeRNMO Mall U 00YCIOBIEH OMIMOKONH MHTErpHpO-
Banus: 4.272e-7 [pan]?.

fip o ]
> inl w Scopel
Sine Wave ip ” f 0.0004208
. A B —
Subsystem1 o »oun2 P's

1T

Fen1 Integrator sk
fil»

Stop Simulation1

Subsystem

Puc.16 Cxema BeIUMCIIEHUS CPEAHEKBAIPATUIHOTO KPUTEPHS AlIIPOKCUMALIAH 110 CKOPO-
CTH.

W3 npuBeIEeHHBIX BBIUMCIEHUH BUIHO, YTO 3HAYEHMS yrjla, CKOPOCTH M TOKa OpUTMHAaa
u ®M DOCII ¢ Gonbuioii TouHOCTHIO cXx0%kH, CK ommubka mo Moaymio He npesbiaeT 4.208e-4.
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1.3 Bapuant xoppekiuu (R, Ce, Us) HCIONHUTEIBHOTO JABUTATEIsl B YCIOBUAX C YCKO-

pPEHHOTO MacITaba MOJETMPOBAHMS TIO BPEMEHU
JIns MozienpoBaHUs peakUUK HAa €IMHUYHBINA BXOJHOW CUrHal B Mojaenn @M ¢ Koppek-

mueii (R, Ce, Us) mapamerp C,, Tak ke U3MEHsIeTCs - yMeHblnaercs B 10 pa3 (puc.9).

114 1
00000 —_—
D 0.001s+1 0.00001s .IE -
Condgant! Integratar3
Ky Scopeb

‘ Scoped

Scopet

] ‘ T~ L

0.000001s | I_/ s
Integratori Jal [ Integrator2

Kmé

1/(0.001A10)

Puc.20. Simulink-cxema cpaBHenus nBurarens (opuruHaina) u ero ®M

IIpumeuyanmue.
OcumtorpaMMbl TIepeMeHHBIX opuruHana 1 M, mpeacTaBiIeHHbIE HA OCIUIUIOCKOTIAX

CPaBHHUBAIIUCH € UCKyccmeeHHbIM yeenudenuem B OM ckopoctu unrerpupoBanus B 10 pa3 (3a

cYeT yBenn4yeHUs K03 PUIMEHTOB niepenadn naTerpatopos B ®M B 10 pas).
CpaBHeHHE OCIHIIJIOTPAMM YTJIOB, CKOPOCTEeH M TOKOB (puc.21-23) skcriepuMeHTaIbHO

NOJTBEPKJIaeT MPAaBUIBHOCTh pacueTa KOPPEKTUPYEMBIX MapaMeTpoB M MaclliTaboB IO mepe-

MCHHBIM.
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Puc.22. OcuuiorpaMMa CKOpOCTH

0 1] IDS DH U.‘15 0.2 1] I25 03 D.‘35
Puc.23. Ocuminorpamma Toka

BrImoTHUM BBIMHCIICHUE CPEIHEKBAPATHICCKON OMTMOKN MEX Ty opuruaaaom u @M mo
YTIy, CKOPOCTH M TOKY IIPU CTYIIEHYaTOM BXOJIHOM CUTHAJIE.

fi
Scopel
: plin1 wh 1 04563
Constant1 P T v u'2 "= f
OpwruHan Feml Integrator? L SK
P In1 wi»
1 Stop Simulation1

o

Puc.24 Cxema BbIuMCIIEHUS CPEIHEKBAAPATUYHOTO KPUTEPHS alllTPOKCUMAIUH TIO YTIIY.

CK omm6ku: 0.4563 [pan]?.

0sg T T T T

T e

02 i i i i | i i i i
0

Time offset: 0

Puc.25 Ommbka naentudukammu (yrom).

fify
Scopel
1 s—p{In1  wh n w 5798207
Constant1 ! F > ut2 > E[ .

Opurukian Fenl Integrator ki SK

In1 w}
: Stop Simulation1

o]

Puc.26 Cxema BeIUMCICHUS CPCAHCKBAAPATUYHOI'O KPUTCPHUS allIIPOKCUMAIINU I10 TOKY.

CK omm6bku: 6.228e-7 [A]°.
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wiE ; ; ; ! ! ; ; ; !
7 U TR SN SRR SRS RS RIS SN SO SO
F77) SR Y SN SO NN N
% IS T U MRS WO N RSO SN
P11 SRS RN NS PR NSNS RS SR S SN S
g 1I 2 3 ; 5 ; 7 3 5 10
Puc.27 Ommbka naeHTudukanuu (ToK).
BriBoabl
B npouecce uccnenosanust ICII nocrossHHOrO TOKa M ero OM:
o Cocrasiensl Simulink-cxemsr opurunana u ®M;
J [Tonyuensl kputepuu 1noaoous opuruHana 1 @M MeTo10M aHaU3a ypaBHEHUH;
. CdopmynupoBana 3agada npoektupoBanus @M DCII B ycinoBusx macimradupo-
BaHUs WHEPLIMOHHON U CHIJIOBOM HArpy3KH.
. CnpoextrpoBana ®M c ymeHbl1eHHbIM B 10 pa3 MOMEHTOM MHEPLIUU HArpy3KU;
. BrrsiBiieHBI 1Ba IpHEMIIEMBIX BapHaHTa KOppeKuun napamerpoB ®M-1 u ®M-2;
o BrimonHeHo cpaBHeHue ocruiuiorpamm pabotst @M u opuruHana, KOTopoe moj-

TBEPAUIIO NMPABUIBHOCTH MPOEKTUpOBaHUSI OM.
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JIABOPATOPHAA PABOTA Ne8
IIpoexTupoBanue pusnveckoii MoaesH sl JIA0OPATOPHO-CTEHA0BbIX HCIIBITAHUI
CHJIOBOTO MOMEHTHOI'0 IPUBOJA

1. TEOPETUYECKUE CBEJAEHUA

1.1 ITocranoBKa 3amayn

Paccmorpum 3aaqy npoekrupoBanus ¢pusnueckoit mojaenu (OGM) i ucbITaHUI CHITO-
Boro MmomeHTHOro DCII GobIIoit MOITHOCTH, KOTOPHIN peaanu30BaH Ha apurareie cepuu JIbM.
[Ipennonaraercsi, uto @M B cTeHae paboTaeT Ha yMEHBIIEHHYIO B N pa3 OTHOCUTEIBHO OPUTH-
HaJla WHEPUHMOHHYI0 Harpy3ky. [loTpeOHOCT, B (U3NUYECKOM MOAEIUPOBAHUN BO3HUKAET,
HaIpuMep, Ha 3Talle CUHTE3a U SKCIIEPUMEHTAIBHON OTpabOTKM 3aKOHA YNPaBIEHUS CUIIOBBIM
IIPUBOJIOM HaBEJEHUS M CTaOMIIM3alMM, KOTJla MaKeTHBIM oOpasel emie He co3naH. Takoil mon-
XOJ] JIeNIaeT JOCTYIHBIM, YACIIEBIAET U YIPOLIACT IKCIEPUMEHTAIBHYIO OTPaOOTKY U JAUHAMHU-
yeckue ucnbitanus JCIL

MoMeHTHbIE ABUTATENH C MOCTOSSHHBIMM MarHUTaMy MOCTABIIAIOTCS 3apyOeKHBIMU KOM-
nanusimu Danaher Motion/Kollmorgen, Axsys, Moog, Parker, ETEL, Siemens u ap

OAO «Mammnoanmnapat» u OO0 «M3JIMA» (r. MockBa) BHepBble B OT€UECTBEHHON
AIEKTPOTEXHUYECKON TMPOMBIIIIEHHOCTH pa3padoTanu ceputo OeCKOHTAaKTHBIX MOMEHTHBIX
anekrpoasurareneii JJbM, oxBaThIBaONly0 IIMPOKHWM IMANa30H BPallalOIUX MOMEHTOB — OT
0,01 mo 16 H-m.

Puc. 1. O6muii Bua snexrpoasuraresneit cepun JbM

OyHKIIMOHATBHAS CXeMa AJIEKTPUYECKOTO MPUBOJA Ha 0a3e OECKOHTAKTHOTO HCIIOIHH-
TEJIBHOTO JBUTATENS MpEeACTaBleHa Ha PHC. 2.

Cuctem r - : .
HbI OT
TanMep _ﬂl
SysTick |
|

|

|

|

|
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Puc. 2. ®yHk1moHanbpHas cxeMa 3JEKTPUIEeCKOro MpUBo/ia Ha 6a3e OECKOHTAKTHOTO JIBU-
ratessi: CIIIT — cunoBoii moynpoBOJHUKOBBINA TipeoOpazoBarens; JT — gatuuk toka; W] — uc-
MOJHUTENbHBIN aBUTaTenb; 1P — naTuuk nosoxenus poropa

1.2 IIpoextupoBanue Hpu3nyeckoi MOAEIH

Paccmorpum nBa BapmanTa mpoektupoanuss @M DCII, cBszaHHBIE ¢ BELIOOPOM IPOTO-
TUIIA MOJEIIN:

1) mporotum — 3T0 OpUrHHAIBHBIHN aBurarens JJbM-100-0.4-1.5-2;

2) MPOTOTHIT — ATO JIBUTATEIb TOH K€ CEPUH, HO MEHbBIIICH MOIIHOCTH, Harpumep, J{BM-
50-0.04-6-2.

[Tapamerps! /IBM npencraBieHbl HA HHTEPHET-CAaUTE IIPOU3BOJAUTEIICH.

VYuuteiBasg TO, 4TO MoOIHbIE /IBM MMEIOT 3HAUUTENbHYI0 CTOMMOCTbH (IECATKH THIC.p.),
IIOCJICIHAN BapHaHT SBIAETCS NpeAnodTtutenbHbM. [loquepkuem, uro JIbM Manoil MOIIHOCTH
UMEIOT CTOMMOCTb B pa3bl MEHbILYI0, YEM MOIIIHbIE BHICOKOMOMeHTHbIe JIbM. Bribepem B kaue-
ctBe npororuna @M BTOpOI BapUaHT.

3anavya nmpoexktupoBanuss @M paccmaTpuBaeTcs Kak 3ajada CO31aHUs HOBOM TEXHHUYE-
CKOM CHCTEMBI, yJJOBIETBOPSIONICH crcTeMe TpeOOBaHUA:

1) nooobun ynkyuonuposanus B BuIe PaBCHCTBA KPUTEPHEB MMOJO0US B OPUTHHAIIEC U
MOJIeN, TMO0 B BUJIE PaBEHCTBA MHIMKATOPOB MO00US €TUHHIIC

Mem “Mee My _ . m,-My-m _1
m, -ma ’ Mg, - Mg
My -mg 1 mp -m 1
Mg Mg
qu) Usx —1 mK@ Koc My -1
my my

rae M, — macmTad BocmpousBeneHuss B @M HEKOTOpON BETMUYMHBI (X OPUTHHANIA, IPUYEM

m, = Zaw . 31eck UHAECKCaMH “‘op” 0003HaYaeTCst OpUTrHHAI, ‘M~ — MOJIEIb.

Qyp

2) moarcoecmeennocmu yHKYUOHUPOBAHUA OPUTHHATA U MOJICIH B JaHHOM CiIydae —
M0 YPOBHSIM BXO/JHOTO BO3JICHCTBUS U CUTHAJIA OIITMOKU;

3) moarcoecmeennocmu napamempoe opurnHaga U Mojenu (B JaHHOM Cilydae He 3aj1a-
10TCA);

4) cneyugpuku peanuzayuu ®M, xKotopas 00yciI0oBIeHa HEOOXOIUMBIM OTIHYHEM Tapa-
METPOB MOJIEIH OT MapamMeTpoB opuruHana. B wactHoctu, mporotun monaenu JIbM-50 umeer B

JiBa pa3a MEeHbILEE 110 CPABHEHHIO C OPUTMHAIIOM YHCIIO Map nomocos Z, .e. M, =0.5.

[TapameTpsr @M, KOTOpBIE HOMYCKAOT KOPPEKLIHIO B CTEHJIE, CIAEAYIOIINE: HANPSKEHUE
nutanusa U, ko3 duuueHT npoTuBo-3ac Ce , K03GGHULNEHT nepeaadn GuibTpa kd) , Koo purm-
€HT 00paTHOM CBSA3U koc , IOCTOSIHHbIE BPEMEHH (UIIbTpa Tl’ T, , MomenT uHepy HArpy3ku J.
Taxkum 006pa3oM, MHOXKECTBO KOPPEKTHUPYEeMbIX apameTpoB @M umeer Bua

{U,Ce, Kp, Koo T, T ,J}.
B pesynbrare cunteza @M BbIOpaH MpueMIIEMbIi BAPUAHT U PACCUUTAHBI MACIITAOBI 11O
KOPPEKTUPYEMBIM ITapaMeTpaM:
m,=1.5;m, =0.4179; m, =0.3042;
mTl = mTl = rnt’ mKé = mU’ mKTﬁ =m(;1'
[Tpu sToM MacmTaObl BocripousBeaeHus B @M nepeMeHHBIX (BpEMEHH, OIIMOKH, TOKa,
CKOPOCTH, yTJIa) CJIETYIOIINE:
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my =0.5571; me =1; m; =0.7222;
m, =6.4431; m,, =3.5837; My = 2

Paccmotpennslii Bapuant @M obecnieunBaeT crporoe nogodue GyHKIIMOHUPOBAHMUS, T.K.
BBITIOJTHSIOTCSL PABEHCTBA €IUHUIE BCEX MHIUKATOPOB monobus. B @M umeer mecto maciira-
OupoBaHUE YPOBHEW TOKA, CKOPOCTH, yIJia, IPUUEM B YCKOPEHHOM Maciitade BpeMeHHu (yckope-
Hue B 1.8 paza). [Ipu aToM obecrednBaeTcsi TOXKAECTBEHHOCTh TI0 YPOBHSIM BXOJHOTO CUTHAJIA U
CUTHAJIa OUTHOKH.

OTMeTHM, 4TO YCKOPEHHBIM MacmTad 1Mo BpeMeHU OOYCIIOBJICH MEHBIIUM B MOJICIH I10
CPaBHEHMIO C OPUTHHAJIOM YHUCIIOM Map NojtocoB. [IpakTuyecku BakHO, UTO YCKOPEHHBINH Mac-
mTad MPOTEKaHUs MPOLECCOB IMPHU JIAOOPATOPHO-CTEHAOBBIX HCIBITAHUAX COKpAIIaeT BpeMs
CTAaTUCTUYECKUX UCIIBITAHUNA U IKOHOMUT PECypChl IPUBOJIa U CTEHIA.

1.3 CpaBHUTENBHBIN aHANU3 OpUTrHHaia U ero ®M

Kommnbrorepnoe moaenupoBanue Gpynkimonupobanus ICII u ero ®M moareepauio 1o-
CTOBEPHOCTb MOJTYYCHHBIX TEOPETUICCKUX PE3yJIbTaTOB (pUC. 3).

:*’lM = xo'm:.; » paﬂ-"llc

1 4
E
a of i k
B
3
-1 i i i -4 : : ; ;
0 10 20 30 0 5 10 15 20
tg. C ty=tom¢t.c
. €yn= Eomyg . pawc?
- : :
[*]
ER
-
] : :
-1 H H H H H H
0 10 20 30 0 5 10 15
tO:C tL.I:to'mt:c
a) 0)

Puc. 3. Pasron OCII u ero ®M 10 mpeaenbHBIX Ha KIacce BXOAHBIX CHUTHAIOB V
CKOPOCTH M YCKOPEHUS: a) OpUruHai; 0) gpusndeckas MOJEIb

B ciiyuae He0OXOAMMOCTH POBOJUTH UCHBITAHUS B pealbHOM MaclTade BpeMEHHU clie-
IyeT B KadecTBe nporotuna @M HCIonbp30BaTh JBUrareiab ¢ TEM K€ KOJIWYECTBOM Iap IOJIO-
COB, UTO U OPUTHHAJI, TUOO UCIIOJIB30BaTh HEMOCPEICTBEHHO JBUTATENIb-OPUTHHAIL.

[Tyctp 3a mporotun ®M B34T OpUTHMHATIBHBIA JBUTATEIb, KOTOPBIM paboTaeT Ha yMEHb-
LICHHYIO B N pa3 MHEPLUOHHYIO HArpy3Ky. B oTOM ciyyae pacCuMTaHHBIA BapUaHT KOPPEKLUU
O®OM npenycMaTpuBaeT N-KpaTHOE YMEHBIIEHUEM B MOJENN TaKUX MapaMeTpoB Kak: Koddduuu-
€HTa TPOTUBO3/IC, HANpPSDKEHUS NUTaHusA, KoddduuueHta mnepenaun QuIbTpa U MOMEHTA
Harpys3KH.

JlaHHBIN BapuaHT oOecreyuBaeT cTporoe nojgodoue opurunHana u ®M, a takxke Toxzae-
CTBEHHOCTh ()YHKIIMOHHPOBAHUS MOJIEIM OPUTHHAIY MO BPEMEHHU, CKOPOCTHU, YTy, BXOZHOMY
curHainy u omnoke. [Ipu aTom B @M nmeeT MecTo N-KpaTHOE YMEHbIIEHUE YPOBHEH TOKa, Bpa-
HIAIOLIETO U HArpyKarolero MOMEHTOB.
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€M

Puc. 4. OciuinorpaMMbl TOYHOCTHBIX UCHIBITaHUM B pesxxume paszrona JCII no ommodke:
a) opuruHai; 0) ¢puzudeckas MoIeib

1.4 VzydyeHue KOHCTPYKIIMM MEXaHWYECKON MOJCUCTEMBbl aBTOMAaTU3UPOBAHHOTO HArpy-
304YHOr0 CTEH/A

CTteHa cOCTOUT U3 ABYX MOMEHTHBIX nBurateneit JIbM70-0,16-3-2 u JIbBM 120-1,6-0,5-3,
PaCIIOJI0KEHHBIX COOCHO M CBSI3aHHBIX MEXaHMYECKU. KaIplii U3 BUTATENIE UMEET BO3MOXK-
HOCTb (DYHKIMOHHPOBATH B JIBYX PEKUMAX:

- B p&KHME UCTIOJTHUTEIIBHOTO JIBUTATEIS,

- B p&KHMME HArpy304HOTO JIBUTaTels.

[TepexroueHne MEX Ty peKIMAMHE MIPEATIONIATACTCS OCYIIECTRIISTH IPOTPAMMHO.

CreHj; MO3BOJHT 33JaBaTh KMHEMATHUECKHUE MapaMeTpbl HArpy3Kd IyTEM H3MEHEHHS
MOMEHTa MHEPIIUN HATPY3KH — OCYIIECTBIISICTCS C MIOMOIIBI0 U3MEHEHHUST MacCOTa0apUTHBIX Xa-
PaKTEpPUCTUK HABEUIMBAEMOW H3MEHSIEMON HArpy3Ku; HEKECTKOCTh MEXaHHYeCKOW mepenaud
MPEITOJIaracTCs W3MEHSITh C IMMOMOIIBI0 PA3IMYHON TOJIIIUHBI IJIACTHHBI, COSTUHSIONIUI BaJIbl
IIBUTATEJIEH.

[Tapamerpsl cTeHa:

- hccrenyeMblii/Harpysxaromuid asurarens Nel: JIbM70-0,16-3-2

- HarpyXaromuit/uccneayemslit qeurarens Ne2: JIbM 120-1,6-0,5-3

- naTtyuk rojoxxenus poropa: JIMP-JIA190A-3-H-21-05-RS-3-2

- TUII YIIPaBJISIFOIIET0 MUKPOKOHTpoiuepa: 1986BE92Y

3D mopens crenna B makete Solid Works npencraBnena Ha puc. 5.

MameHAewman
MHELMOHHARA
HATpY3Ka

MameHAeManA
HEXECTHOCTE o
MEXAHKMYECKOH

AEM 120-1,6-0,5-3 AemM70-0,16-3-2

Hat4ui
NoNOKEHMA
potopa_1

Puc. 5. 3D-mMonenp MeXaHNYECKON MOJACUCTEMBI aBTOMATH3UPOBAHHOTO HATPY304YHOT O
CTEH/1a

OTnUuuTeNbHON 0COOEHHOCTHIO CTEH/IA SIBJISETCS BHIOOP B KauecTBE OA30BBIX MEXaTPOH-
HBIX MOJYJEH — CHJIOBBIX CHUCTEM C JABYX(a3HbIM U Tpex(a3HbIM HCIOJHUTEIBHBIMU JBHUraTe-
JSMHU. DTO MO3BOJISIET CYMTATh €r0 YHUBEPCAIBHBIM MHCTPYMEHTOM, MO3BOJISIONINM OTpadaThl-
BaTh aJTOPUTMBI YIPAaBICHHUS U UX MHUKPOIPOLIECCOPHYIO PEATU3alUI0 IS Pa3IMYHbIX KOH-
CTPYKTHBHBIX 0COOEHHOCTEH NCIOTHUTENBHBIX JIBUTATENIEH.
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