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OBIIHNE YKA3ZAHUA

JlJis yCTIeIHOTO BBIMOJIHEHUS KOHTPOJIBHON PaOOTHI CTYIACHT JIOJDKEH UMETh
npejcTaBieHue 00 OCHOBHBIX (popmax 3amucu JHUHEWHBIX udGdepeHInanTbHbIX
ypaBHEHUH, NEpeqaTOYHBIX (YHKIIHM, BPEMEHHBIX M YAaCTOTHBIX XapaKTEPUCTHUK
JUMHEWHBIX cUCTEM aBTOMatudeckoro yrpasieHus (CAY), a Takke 03HAKOMUTCS €
OCHOBHBIMU TOHATHSIMHU U ONPEACICHUSIMU TEOPUU aBTOMATUUYECKOTO YIIPAaBIICHMUSL.
[Tpexne, yeM MPUCTYNUTh K BBIIOJIHEHUIO KOHTPOJBHOM PabOThI CTYIEHT JIOJIKEH
U3y4UTh COOTBETCTBYIOIIME pa3fesibl OCHOBHOM [l u 2] M pekoMeHI0BaHHOU
auTepaTypsl [3].

[{esb KOHTPOJIBHON pabOThI — 3aKPENUTh 3HAHUS, MOTYUYEHHBIE CTYJEHTOM IpU
CaMOCTOSITEJIbHOM M3Y4YE€HUH TUCLUILIIHBI.

HeoGxonuMmble depTexxun u rpaduKd BBIIOJHSIOTCS Ha Oenmoi Oymare
CTaHIAPTHBIX pa3MepoB: 297x210 MM ¢ UCIOIB30BAHUEM COBPEMEHHBIX
KOMIBIOTEPHBIX TeXHOJOruil. lloscHUTEeNnbHAs 3amucka MUIIETCS OT PYKH WIU
MaIIMHONMCHO HAa OJIHOM CTOPOHE CTAHJAPTHOrO JIMCTAa aHAJIOTMYHOrO Qopmara.
Bce smucthl 3anmcku, B TOM uMcie Tpaduku UM TaOMMIbl, JOJDKHBI OBITh
COpOILLIIOPOBAHBI U UMETH CIUIOLIHYIO HyMEpalUIO, TIOKa3aHHYIO B PABOM BEPXHEM
yIIIy KaKA0ro aucra. [l 3aMedyaHnii pelieH3eHTa CJIeBa OCTABILIOT MOJISI LIMPUHOU
4 cMm. VcrnipaBneHus o 3aMe4aHusIM JIENat0TCsl Ha YUCTOM 0OOOPOTHOM CTOPOHE JIUCTa
U COMPOBOXKIAIOT HaAMUChIO «PaboTa Hax ommOKamMmy.

KontponbHas pabota coOAepKUT 3aJjaHue, COCTOsILEeE M3 TpexX 3ajad.
[TosicHuTENBHAST 3alMCKa JIOJDKHA COJEpPXKaThb YCJIOBHA W HCXOAHBIC JAHHBIE K
KOKAOM 3aJade COIJIaCHO CBOEMY BapuaHTy. XOJ pELIECHUs 33Ja4d JIOJDKEH
COIPOBOXAATHCA KPATKUMH HMOSCHEHUSIMU C MPUIIOKEHUEM HEOOXOAUMBIX TaOJIHI]
pacyeTHbIX JaHHBIX U rpadukoB. [Toa rpadmkamMu JOHKHO CTOSATH KOHKPETHOE €TI0
HAaMMEHOBAaHHWE, OCH KOOpDAMHAT JIOJDKHBI OBITh IPOMACIITAOMPOBAHBI U
0003HaYEHbl C yKa3aHWEM NPHUHATOM pa3MepHOCTH (PYHKIMU U aprymeHTta. Bce
yepTexku ¢ rpadukaMy BCTABJISIIOTCSL B TIOSICHUTENIbHYIO 3alIMCKY Cpa3y IMocie Tou
CTpaHMIIbI, HA KOTOPOM HMMEETCsl IepBas CChbUIKa Ha Hero. Bce moscHeHus kK
BBINIOJIHEHHOM paboTe, a Takke MPUBOAUMBIE (POPMYJbl JOJKHBI OBITh
pa30opuuBbIMU 17151 uTeHusl. COKpallleHus! CJIOB B TEKCTE, KPOME OOILEPHUHSTHIX,
He jomyckaercs. Takxke He JOMyCKaeTcsl KCEpOKONHPOBAaHUE TEKCTa, IpaduKOB
WJIU PUCYHKOB.

B KOHIIE NOSCHUTENBHOW 3alUCKA PEKOMEHIYETCS NPHUBOJIUTH CIHCOK
VCITOJIb30BAHHOM JINTEPATYpHI.



3AJIAHUE 1

UCCJIEJJOBAHUE ABTOMATUYECKOI'O PET'VJISITOPA
CKOPOCTHU JIBMKVIIETOCS OFBEKTA ITPU BHEILIHNX
BO3IEMCTBUIX, HOCSILMX ITOCTOSHHBIN XAPAKTEP.

B mporiecce BrinonHeHus 3aaHus 1Heo0X01umo:

— IOCTPOUTH CTPYKTYPHYIO CXEMY MOJEIN ABTOMAaTUYECKOIO PEryJsITOpa
CKOPOCTH JBHXKYIIETOCS O0BEKTa C UCIIOJIb30BAHUEM TUTIOBBIX 3BeHBEB CAY

— BBIYMCIIATH [TapaMeTPBI UCIIOJIb3yEMbIX TUIIOBBIX 3BEHBEB;

— OCYLIECTBUTh MCCIEAOBaHHE (PYHKIMOHUPOBAHUS aBTOMATHUECKOIO
perynaropa CKOPOCTH MpPHU BO3IACHCTBUM 3aJaHHBIX BO3MYIIAIOIMIUX (PAKTOPOB,
UCTIONB3YS TSI MOJICITMPOBAHUS IPOTpaMMHEIi poaykt MBTY (MozaemupoBaHue
B  Texamueckux  YcTpoiictBax) winm  maker mporpamMm - «Simulinky
MaTeMatudeckoit cpennl «Matlab systemy.

JUis BBINONHEHUS 3a4aHusg | HEOOXOIMMO HCHOJIB30BaTh CIEAYIOLINE
UCXOJIHBIE JTAHHBIE:

1) VH — 3HA4YCHHUC CKOPOCTH ABUKCHHA 00BEeKTa HAa MOMCHT Hayaya

peryaupoBaHus, KM/4;

2) V, — 3HAUYEHUE 33aJJaHHOW CKOPOCTH JBHKCHUS 00BEKTa, KM/4;
3) K, — cratmueckuil K03(pGHUINEHT YCHICHHUS aleproIUIecKOro 3BEHa B

OCHOBHOM LIEMH PETYJIATOPA, XapaKTEPU3YIOWIHNM B3aWUMOCBS3b MEXKAY TEKYLIUM

3HaYE€HUEM OTKJIOHEHUS AV (aKTHYECKOW CKOpPOCTH V, OT 3aJaHHOH V, H
BEIIMYMHOM U3MEHEHUS AV, PEryIUPYEMO CKOPOCTU B yCTAHOBUBLIEMCS PEXKHME;
4) T, — MOCTOSIHHasi BPEMEHH alepHOANYECKOTO 3BEHAa B OCHOBHOMW IICTIH

peryisaTopa, XapakTepusylolllas HWHEPIUOHHOCTh peaju3allui  YIPaBIISIOIErO
BO3JICHCTBHS, C;

5) T, — mocTosHHAsE BPEMEHH alepHOANYECKOTO 3BEHA B IIEMH OOpaTHON
CBSI3U, XapaKTepU3ylolllass WHEPIMOHHOCTh L€ OOpaTHOW CBS3U YCTPOICTBA
aBTOMATHYECKOI'0 PEryJMpPOBaHMS, C;

6) A — makcumainbHOe mpupamenue AV, ¢paxrtuueckoi ckopocta Vi OT
MEePUOANYECCKHA U3MEHSIIOIIETOCS! BHEIIIHETO BO3MYIIIAIOIIETO BO3ACHCTBUS, KM/,

BapuaHT 3HauYeHMl UCXOMHBIX JAHHBIX IS BBIMOJHEHUS 3aJaHust |
BBIOMpAETCs CTYJEHTOM U3 TabJl. 1 B COOTBETCTBUU C TOCJICIHEN U IIPEANIOCIICIHEH

udpamu cBoero mudpa.



3aKoH M3MEeHEeHHs (PaKTUYECKON CKOpPOCTU qu(t) JBUKEHUSI 00BEKTa UMEET
BUJI clieaytonien PyHKIUu:
V,(t)=V, +AV,(t)+ AV, (t),
rae AV, (1) — u3MeHeHHe (DAKTHYECKOM CKOPOCTH, BBI3BAHHOE IEPUOAMYECKH

WU3MEHSIONMMCS BHEITHUM BO3MYIIAIOIIAM BO3JICUCTBHEM C aMIUATYyAOH A,
KM/Y;

AV,(t) — usMeHeHne (AaKTHYECKOH CKOPOCTH, BBI3BAHHOE DPETYIHMPYIOIIHM

BO3JICICTBHEM allepUOAMYECKOrO 3B€Ha B OCHOBHOM LIENH PETYJIATOPA.

Tabmura 1
nocienHsas nugpa mmppa MIPEANOCIeTHsI Tudpa
Ne CTyZACHTa mmdpa cryneHTa
BapuaHTa V. V. Tl -|-2 A T Kl
0 20 40 1 2 1 2n 0.001
1 25 45 0.8 0.1 1.5 2.5=n | 0.002
2 30 50 0.6 015 |2 3n 0.004
3 35 55 0.5 0.2 2.5 3.5n | 0.006
4 40 60 0.4 025 |3 4n 0.008
) 45 25 0.3 0.3 1 45n | 0.01
6 50 30 0.2 035 |15 S5n 0.012
7 55 35 0.1 0.4 2 5.5=n | 0.014
8 60 40 0.08 (045 |25 67 0.016
9 65 45 0.06 |05 3 6.5n | 0.018

Hcnone3ysi  TpUBENCHHBIE  HIDKE  CTPYKTYPHBIE  CXEMBI  MOJICIH
ABTOMATHUYECKOTO PETYJISATOpPa CKOPOCTH C HCIOJB30BAaHHEM IPOrPAMMHBIX
cpenct Simulink u MBTY, cTyieHT J0/KeH:

— BBIYUCIIUTH CTaTHYECKUM Kod(ppuuumeHT ycwienus K, nenu oOpaTHOM
CBSI3H;

— HaWTH aHAJMTUYECKOE BBIpaKEHHUE I mnepenatodnoit dyukiuu W(p)
3aMKHYTOH CHCTEMBl aBTOMATHYECKOTO PETYJIMPOBaHUS CKOpPOCTH (manee
CUCTEMBI);

— WCHonb3ys mporpamMmubie cpeactBa Simulink wim MBTY, monyduTsb
rpaduku nmepexoaHon GyHKIMH 3aMKHYTON cuctembl N(f) u caemaTh BBIBOIBI 00
YCTOMYHUBOCTHA CUCTEMBI;

— WCHoNib3ys mporpamMmubie cpeactBa Simulink wim MBTY, mnonyduThb

rpaduku Jorapudmudeckoi ammmtyaHodactoTHol L(Igw) u dhazouactaoi ¢(lgm)



XapaKTePUCTUK 3aMKHYTOW CHCTEMbI, W TMOJATBEPJUTH CJCIAHHbIC PAaHEe BBIBOJIBI
00 YyCTOMYMBOCTH 3aMKHYTOW CHCTEMBI,

— TPOM3BECTH OIEHKY OCHOBHBIX IMOKa3aTejell KauecTBa PeryIHpOBaHMUSI
CKOpPOCTH TIPH M3MCHCHUHU IOCTOSHHONH BpeMEHU 71, alepHOJAMYECKOro 3BEHA B
e OOpaTHOM CBSA3M aBTOMATHYECKOI'O PETyJsATOpa CKOPOCTH B CICIYHOIIUX
npenenax: T, i, =0.1-T,; T, o =9 T5;

— BeIBecTH Ha nedaTsb rpaduxu h(t), Hy(m) n ¢p(w);

— TPHUBECTH KpPATKOE TIOACHCHHE XOJa BBINOJHCHUS paboOThl W

c(hOpMYIUPOBATH BBIBOJIBI TT0 PE3YJIbTaTaM MCCIICIOBAHUH.

2. METOAUYECKUE YKA3AHUA K 3AJAHUIO 1

2.1. O01mue cBegeHus

Cucremoit aBromatuueckoro perynupoBanusi (CAP) nHaspiBaeTcs Takas
CUCTEMA, KOTOpPasi B TE€YEHUE JOCTATOYHO JJIUTEILHOTO BPEMEHU ABTOMATHYECKH
NOJAJIEP)KUBAET TpeOyeMoe HEU3MEHHOE 3Hay€HUE HEKOTOpoll (usnyeckomn
BEJIMYUHBI (HampUMep, CKOPOCTH JIMHEWHOTO WJIM YIJOBOTO MepeMENIeHUs
00BbEKTa) B KaKOM-JIMOO MpOIECCe WM H3MEHSET 3TO 3HAUEHUE IO 3a/JaHHOM
nporpamme. CAP, paboratoime Ha HOIJEpKAHUE IIOCTOSHHOTO 3HAYEHUs
pEryaupyeMoOil  BEJIIMYMHBI, HA3bIBAIOT TAaKXK€ CHCTEMaMU  CTAOWJIM3ALHUU
(HanpuMep, CTaOMIIM3aTOPBI HAMIPSKEHUS WIH TOKA).

OOBeKT, mapameTpbl KOTOPOIO MOJIeKAT ABTOMATHYECKOW PpEryJupoBKeE,
Ha3biBaeTcss 00BbekTOM perynupoBanus (OP). B Hamem ciydae, B KadecTBe
JIBUKYLIETOCS OOBEKTa pPEryJMpoBaHHUs MOXKET ObITh TMO0€3/, OTAEIbHBIN
JIOKOMOTHUB WJIY JIH00asi Apyrasi NOJBHKHAS €IMHULIA.

[lapameTrp, 3HaYeHHE KOTOPOTO TpeOyeTcs peryaupoBaTh, Ha3bIBAECTCS
peryiMpyeMol BENMYMHOW. B COOTBETCTBMM ¢ 3aJaHUEM PETYIUPYEMOU
BEJIMUMHOM siBiseTCs (PaKTUUYECKasi CKOPOCTh IBUYKEHUS TIOJBUKHON €IMHHULIBI.

YCTpoHWCTBO,  OCYIIECTBISIIOIIEE  HEMOCPEACTBEHHOE  PETYJIHMPYIOLIEe
BO3JIEICTBHE HAa  OOBEKT  PEryJupoOBaHMs, HA3bIBAIOT  aBTOMATHYECKUM
PEryasiTOpOM, WM MPOCTO PEryJsATOpoM. B HaimeM ciiydae, Mbl UMEEM JIEJI0 C
pEeryisiTOpoM CKOpOCTH. Perynarop, Kak TMpaBUiIO, COAEPKUT CIEAYIOIINE
OCHOBHBIE Y3JIbL:

— U3MEpPUTEIbHOE YCTPOWCTBO, YYBCTBUTENBHBIA 3JIEMEHT KOTOPOTO
pearupyeT Ha (aKTUYECKOE 3HAUYCHUE PETYIUPYEMOI BEIUUHHBI;

— YCUJIMTEJIbHO-TIPe0Opa3oBaTesibHOE YCTPONCTBO, Mpeodpasyromiee (Kak

NpaBujIo, MO JMHEHHOMY 3aKOHY) BXOAHYIO (DU3MYECKYI0 BEJIMYMHY OJHOU



IpUpoibl B (PU3UYECKYI0 BEIMYUHY APYroil mpuUpojbl (Hampumep, mpeodpasyer
MalIyl0 (U3WYECKYI0 BEIMYMHY OJIEKTPUYECKOM MPUPOAsl B  OOJBIIOE
MEXaHUYECKOE BO3/ACUCTBUE), UCTIOIB3YEMYIO MPU (HOPMUPOBAHUH YIIPABIISIONIETO
BO3J/ICIICTBUS HA UCIIOJIHUTEIBHOE YCTPONCTBO;

—  HCHOJIHUTENBHOE YCTPOWCTBO, MPEAHA3HAYEHHOE [JIs1  OKa3aHWs
HEIMOCPEICTBEHHOIO PETYIUPYIOLIEr0 BO3AEUCTBUS HA OOBEKT PErYIUPOBAHHUSL.

Takum o6pazom, CAP ecTb COBOKYITHOCTh aBTOMaTUYECKOTO PETYISATOpA U
peryiMpyeMoro o0beKTa, U MpeacTaBisieT co00il 3aMKHYTYIO CHCTEMY, B KOTOPOU
nepeaaya BO3ICUCTBHUIM OT OAHOTO €€ 3BeHa K APYyromy (BHYTpEHHHE BO3JCHCTBUSA)
OCYILECTBIISIETCS 110 3aMKHYTOMY KOHTYDY.

Ha CAP Moryt noctynarb BHEIIHUE BO3JIEHCTBUS, OCHOBHBIM U3 KOTOPBIX
SBJISIETCS 3aJalolllee BO3JEHCTBHUE, XapaKTepusyroliee TpeOyeMbli (3TaTOHHBIN)
Xapakrep mnporekaHus mnpourecca. OHO NOCTYymaeT OT BHEIIHETO 3aJarolIero
ycTpolicTBa. B HamieMm cilydae 3aAarolllUM BO3JEWCTBUEM SBISECTCS 3aJaHHOE
3HA4YECHUE JIMHENHON CKOPOCTH NIEPEMEILEHHUS [IOABUKHON €AUHULIBI.

CoBokynHocTh 3ajaromiero ycrtporictea u  CAP  oOpasyer cucremy
aBToMarnueckoro ympasieHuss CAY, koTopas B 0OIIeM BHIE MOXET HMETh
HECKOJBKO  Pa3iU4HbIX OOBEKTOB  PEryjIupoBaHMs (HAmpuUMep, CHUCTEMaA
aBTOMAaTUYECKOI'O YIPAaBJICHUs IBUKCHUEM I10€3/10B HA HEKOTOPOM YYacCTKE IIyTH
CAY AII).

K BHemnHuMm Bo3zaeicTBusM Ha CAP OTHOCATCS TakkKe BO3MYILAIOIINAEC
BO3JICCTBHSI Ha OOBEKT PEryJMpoBaHus (HampuMep, U3MEHEHHE COMPOTUBIICHUS

JBM>KCHUIO JIBHDKYILETOCS TTO€3/1a Ha y4acTKaXxX IMyTU ¢ Pa3IMUHbIM MPODUIIEM).

2.2. CmpyKkmypHhasa cxema pezyaamopa CKOpocmu ¢ UCnojib308aHueM

munoeuvix 36envee CAY

B kauectBe OP Oynem moapa3zymeBaTh KOJIECHOE TPAHCIIOPTHOE CPECTBO,
JMHENHOEe TMOCTYyNaTelbHOE JBHKEHHE KOTOPOrOo OCYILIECTBISETCS 3a CYeT
BpaIllaTeJIbHOTO JBHKEHUSI KoJecHbIX map. CrenoBaTesbHO, YyBCTBUTEIbHBIM
AJIIEMEHTOM M3MEHEHHSI CKOPOCTH JBUKEHUSI 00BEKTA MOXKET CITY>KUTh KOJIECO, a B
KaueCTBE  HU3MEPUTEIBHOTO  yCTPOWCTBA  MOXET  CIYXHUTb,  HalpuMep,
npeoOpa3oBareb CKOPOCTH BpalIEHUs! KOJIeca B HAIPSKEHUE MOCTOSIHHOTO TOKa
WJIU 4aCTOTY MEPEMEHHOTO TOKa.

Beenewm crenyroriue 0003HaYCHUS:

K, — koadduimeHT npeodpa3zoBaHusi, CBA3bIBAIOMIMMN JUHEHHYIO CKOPOCTh

V,(t) ¢ yriosoit ckopoctbio @(t) Bpamenus koneca: wlt)=K, -V, (t);



K, — Ko duimeHT npeodpa3zoBaHusi yriI0BOM CKOPOCTH BpalleHHUs Kojeca

8

B HAIpPSDKEHUE HOCTOSHHOTO ToKa: U, (t)=K, -o(t)=K, K, V,(t);

K, — k03dduunent npeoOpa3zoBaHus JIMHEMHON CKOPOCTH B HAIPSHKEHUE

MOCTOSTHHOTO ToKa: U, (t)=K, -V, (t), rae K, =K, -K,.

B KauecTBe YCHIMTEILHO-IIPE0OPA30BATENLHOIO YCTPOMCTBA MOKET CIIYXKHTh
SIEKTPOCHUIIOBAs YCTAHOBKA, YCTAHOBIEHHAs HA TPAHCIIOPTHOM CPEICTBE U
BO3JICHCTBYIOIAS HA TACOBBIA JBHUIATeNb, SBJIAIOMIMNACS HCIIOIHUTEILHBIM
YCTPOUCTBOM, BBINOIHAIONMM (YHKIUH YCKOPEHHS WIM 3aMemieHus (mpu
SJIEKTPUYECKOM PEOCTATHOM TOPMOKEHMH) Bpamienus kojeca. Kosdduimenrt

npeoOpa3oBaHus K., YCUJIMTEIHHO-TIPE0OPa30BaTEIEHOTO yCTpPOHCTBA

YCTaHABJIMBACT CBA3b MEXKIY BEIMYMHOW OTKIOHCHHS AU =U, -U, =K, -(V3 —Vdj)
3Q/IaI0IIETO  BO3JCHCTBM U, OT HM3MEPEHHOTO 3HAYCHHs U, H BCIUYUHOU
TpeOyeMoii cuitbl Taru F, (uim cunoit topmokenus W), a umenno: F, =K -AU.

TsroBBIN IBUTATEIh B PEKUME TATH pealiu3yeT TpedyeMoe 3HaueHHe CHIIbl F, hin
B pexuMe reHepaTopa — TpeOyemoe 3HaueHue cuibl W, oOecrneunBas
COOTBETCTBYIOIIEE M3MEHEHUE CKOPOCTH BpAIlCHHS KoOJIeca B €IWHUITY BPEMEHH
(yckopenue/3amenicHue b).

C 1enpio yrpoIeHus CTPYKTYPHOM CXEMbI PEryJsiTopa CKOPOCTH MTPUHUMAEM
JOTMYIIEHUE O PABEHCTBE aOCOJIIOTHOTO 3HAYCHHUS MPHUPAIIEHUS CKOPOCTH B
CIMHHUILY BPEMEHH D KaK NpH PEryJIHpyeMOM YBEIMYCHUH CKOPOCTH BPAIICHHS
Kojieca, TaK W TPU €€ CHWKCHUU B TIPOIECCE TOPMOXKECHHSI TPaHCIIOPTHOTO

cpeacta. OYEBUIHO, YTO MPHUPAIICHUIO YIIIOBOW CKOPOCTH BpallieHHs KoJjieca b B

€AUHUIY BPEMEHU COOTBETCTBYET IIPUPALIEHUE JTUHEWHONW CKOPOCTH a = %

a

JIns TOBBIIIEHUSI TOYHOCTH PETYJIMPOBAHUS CKOpocTh ABrkeHUs OP Ha
IIPaKTUKE YacCTO BBOJAT TAKyIO 3aBUCUMOCTb MEXK]y BEJIIMYMHON OTKIOHEHUS AV

3HAQUEHMH 3aJaHHOM CKOpOCTH V, OT (akTuueckoil V, u BeamuuHoM D, mpu
KOTOpOW, 4YeM MEHbIIEe BeIWYMHA OTKJIOHEHHs AV, TeM MeHblle Tpedyemoe
3HaueHne D. B kauecTBe mpumepa TpUMEM JIMHEHHYIO 3aBHCHMOCTb:
b(AV)=K-(v,-V,), tme K —  xodpduMEHT  NPOMOPLMOHAIBHOCTH.
CrnenoBaTenbHO, €CIM WM3BECTHA Pa3HOCTh AV, TO MOXHO ONpEAeNUTh OOIIUi
ko3 ¢uuueHT npeoOpa3oBaHusa (ycuwinenus) K, Tpakra, CcOCTOSALIETO U3

YCHWJIMTENIbHO-IPEOOPA30BaTENBHOTO M MCHOJHUTEIBHOTO  YCTPOMCTB, U3

CJICeaAyromero COOTHONICHHUA:



u,-u AU
K-(v,-V,)=AU (AV)=a-K,, oTkyma a=K -TK‘% Koo = KAV,

u a u a

rae K, =—.
TR,

3HadyeHus kod¢pounuenta K, g pa3iuyHbBIX BapuUaHTOB IPHUBEJIEHBI B
Tab1n.1, a Ha puc.]l npuBeneHa o0mIas CTPyKTypHasl cXeMma peryJysitopa CKOpocTH,
KOTOpasi MpeAcCTaBlieHa B  BuAe HaOopa CBSA3aHHBIX MEXAy CoO0oi

(GYHKIIMOHATBHBIX Y3JI0B (0JI0KOB).
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Puc.1. O01as cTpyKTypHasi cxema aBTOMaTHYECKOT0 PETYIATOPa CKOPOCTH

C BpIXO#a 3amaroniero ycrpoucrsa 3Y Ha OJMH HM3 BXOJOB YCTPOMCTBA

cpaBHeHHsT YC TMOCTYyMaeT MNOCTOSIHHOE HampspkeHWe U,, IpONOpIMOHAIIBHOE
3HAUYEHUIO 3aJaHHOM ckopoctu V,. Ha apyroit Bxox ycrtpoiictBa YC nocrynaer

Hanpsokenue U, IPONOPIHOHANBHOE (HaKTUUECKOM ckopocTu aBwxenus V,. C

(j;)
Bhixoga YC curHan ommOku B Buae HampsibkeHus AU, mponopryuoHaaIbHOTO

pasHocTH ckopocteit (V, —qu), NOCTYIAeT Ha COOCTBEHHO PETYISATOP, COCTOSIIMMA

U3 ycuiuTelbHO-TipeoopazoBatenbHoro YII u ucnomnurensHoro MCY yctpoiicTB

¥ KOTOpBIH npeoOpasyeT curnai ook AU B peryampyroniee BO3AEHCTBHE AV,

Ha 00bekT OP, yckopsisi uiau 3aMmensisis €ro JABW)KEHHUE C MHTEHCUBHOCTHIO 8 B
3aBUCUMOCTH OT BEJIWYMHBI M 3HAaKa paccoriiacoBaHus ckopocrei. Cucrema,
IPEACTABICHHAas Ha pUC. 1, OTHOCUTCS K CTaTUYECKUM  CHUCTEMaM
aBTOMAaTUYECKOI'O YNPABJIECHUS, B KOTOPBIX PEryJMPOBAHUE OCYIIECTBIAETCS I10
OTKJIOHEHUIO. JlJII CTATUYECKUX CUCTEM XapaKTEpHa CYIIECTBEHHAs 3aBHCUMOCTH
OLIMOKU PEryJMpoBaHUsl B YCTAHOBUBILEMCS PEKHMME OT 3HAUYEHMSI CTATHUYECKOTO

kodp¢unuenta ycuneHuss K; pa3zoMkHyToll (0€3 0OpaTHOW CBSI3M) CHUCTEMBI
perynupoBanua. C ysennuenmeMm K, ommbka AV =V -V, yMEHBIIAECTCH, a C

YMCHBIICHHUCM — YBCIINYUBACTCA.

[Ipexne, yeM MPUCTYNUTh K aHAJIU3Y Mpollecca PeryJIupoBaHusl U K BbIOOPY



CTpykTypel u mnapamerpoB CAY, ee mpeaBapuTenbHO pa3OMBAIOT Ha
AJIIEMEHTAPHBIE TUIIOBBIE JMHAMUYECKME 3BeHbA. [lpm 3TOM ompenenstor
CTaTUYECKUE U JMHAMHYECKUE XapaKTEPUCTUKH KaxJoro 3BeHa. Kak BUIHO W3
puc.l, kaxnaplii (QyHKIMOHAJIBHBII OJOK HMMEET CBOIO BXOJIHYI0 M BBIXOIHYIO

BennunHy. Tak Kak KkodpduuueHt mnpeoOpasoBanus K, H3MEHSET TOJIBKO

MacmTad NepeMEHHBIX, TO B JAJbHEWIIEM yAOOHEE ONEepUpOBaTh C BXOAHBIMH U
BBIXOJTHBIMM TIEPEMEHHBIMH B MacmTabe ckopoctd. Torga craTudeckas
xapaktepuctuka OP Oyner BbIpakaTh COOOH 3aBHCHMOCTb MEXKIY BBIXOJIHOM
(perynupyeMon) BEIMYMHONM V, ¥ BXOAHOH BEIMYMHOW (PETYIUPYIOLIMM
BO3JIENCTBUEM) AV, =a-t U UMETh BUJ!

V, =V, +AV ,
riae V, — CKOpocTh 0ObEKTa HA MOMEHT Havalla peryJIupoBaHus,

a — TpedyemMoe U3MEHEHHE JTMHEWHON CKOPOCTH B €IMHHUILy BPEMEHH C TEM,
9TOOBl  00ECHEYUTH  COOTBETCTBYIONIEE IIpHpamicHue Cckopoctw AV, B
YCTAaHOBHUBLIEMCS PEKAME PETYIUPOBAHUSL.

Kpome Toro, Ha OP MoxeT nmocTymnarh BHEIIHEE B 00IIEM BHUE MTPOU3BOJIBHO
U3MEHAOIEECs BO3MYLIAIOUIEe BO3JEHCTBUE, OOYCIOBIEHHOE, HalpuMmep,
U3MEHEHHUEM COIIPOTUBIICHUS JBUKEHUIO TPAHCIIOPTHOIO CPEACTBA HA y4acTKax
IyTH C Pa3IMYHbIM MPOQPUIEM, BBI3bIBAIOLIEE U3MEHEHHE (PAKTUUECKON CKOPOCTU
Ha BEJIMYMHY, paBHYr0 AV,. ClenoBareibHO, cTaThyeckas xapakrepuctuka OP
OKOHYATEIILHO MPUMET CIAEIYIOIUMI BU: V, =V, + AV, +AV,.

CrnenoBaTenbHO, pealbHbI 00OBEKT PEryJIMpOBaHUS Mbl MOXEM 3aMEHUTH €ro
MOJZIeJIbI0 B BUJE OJIOKa TeHepaTropa CTyNEHYaTod (PyHKLIHH, T€HEPUPYIOIIEro
MOCTOSIHHBIM CUTHAJI F , YMCIEHHO paBHBIM HAYAIBHONW CKOPOCTH ABHXKYILETOCS

oobekTa V;, U JOBYyX OJIOKOB, peanu3yromuX (QyHKLHIO CYMMHUPOBaHHS BCEX

Bo3nericTBuii. Ha puc.2. mokazana ctpykrypHas cxema mojenu OP.

Puc.2. CtpykrypHas cxema monenu o0bekta peryiaupoBanus (OP)

[Ipexne, yem mnpuctynatb K MOJEIMPOBAHUIO IPOLECCA PEryIUPOBAHUS

CKOPOCTH, HEOOXOIMMO pa3paboTaTh CTPYKTYpPHBIE CXEMBbI MOJENEH OTACIBbHBIX



(I)YHKL[I/IOHaJ'IBHBIX Y3JIOB, BXOJJAIIUX B COCTAB CHCTCMblI dBTOMATHYCCKOIO
yYHpaBJICHUSA C UCITOJB30BAHUEM JJICMCHTAPHBIX TUIIOBBIX JUHAMHWYCCKHUX 3BCHLCB.

JIns ynpoieHnst MOIeTMPOBAaHMS IIPU BBIITOJIHEHUH 3a1aHuUs | CilydalHOE 110
CBOEH mpupoJe Bo3Mymamoomee Bosaerctsue AV, Ha mpouecc nsmxeHus OP,
3aMEHUM CTYNEHYaTOM (YHKIMEH C aMIUIUTYIOW, paBHOM MaKCHMaJIbHOMY €ro
3HAYCHUIO 4. B 3TOM cilyyae CTpyKTypHas cxeMa MOJEIH MCTOYHMKa BB moxer

OBITh TpejACTaBlicHA B BUE 0JIOKa cTyneH4aTon QyHKIUH (puc. 3):

I
|
i & — A=A
I
Puc.3. CrpykrypHas cxema MOJEINH IMOCTOSHHOTO BO3MYILAIOIIETO
BozericTBust (BB)

JIBa rmocienoBaTtenbHO BKIIOYEHHBIX (DYHKIIMOHAIBHBIX OJOKa B IIENH
OoOpaTHOM CBSI3U: YYyBCTBUTCIBHBIN 3eMeHT (UD) M U3MepuTelbHOE YCTPOMCTBO
(MY) MoxxHO OBLIO OBl MPEICTAaBUTH B BHJIC YCHIIUTEIBHOTO OE3MHEPIIMOHHOTO
3B€Ha C KO3 (uIMeHTOM ycuieHus K,, KOTOpbI IO CBOEH CYTH SBISETCA
ko3 dunrenTom ycunenus K & 1iend oOpaTHOM CBSI3M MEXKY BBIXOJIOM M BXOJOM
peryasTopa CKOPOCTH.

Tak kak perynupyemblii OOBEKT 0OJagaeT WHEPIUOHHOCTHIO, T.€. IS
pEryJupyeMoro U3MeHEeHHsI CKOPOCTH TPeOyeTCsl ONPEIETICHHOE BpeMs, TO JUIs ee
ydera B Lelb OOpaTHOW CBSI3M BBOJUM alepUOAMYECKOe (MHEPLUOHHOE) 3BEHO C
NOCTOSIHHOW BpeMEeHH 1, U CcTaThuyecKuM KodpduiueHrom ycuienus K, .
CrpykTypHas cxema OJiOKa, 3aMEIIAIONIEr0 DJEMEHThI IIeN OOpaTHOM CBs3H,

npejcTaBiieHa Ha puc.4.

Puc.4. CtpykrypHas cxema moenu 1ienu oopatHoii cBsizu (OC)

B3auMOCBA3b MeXAy BXOIHBIM U BBIXOAHBIM CHUTHAJIAMU MOJENHU LIENH
o K
0OpaTHOM CBSI3U B ATOM CIIy4ae OMHUCHIBAETCS COOTHOLIEHUEM: V, =V, T—21
2 P+
3HayeHHE IIOCTOSTHHOM BpeMeHH [, BbIOMpaeTca u3 Tabn.l, a 3HaueHue

ko3 duurenta ycuwienuss K, npu MoJaennpoBaHUM peryJisiTopa CKOPOCTH JOKHO



OTIPEJIEISITHCSL PACYETOM W3 yPAaBHEHHS TUHAMUKH aBTOMATHYECKOTO PETYISITOpa
CKOPOCTH, METOJIMKA COCTABIICHUS KOTOPOTO MPUBOUTCS HUKE.

JIBa mocnenoBaTeNbHBIX (DYHKIIMOHATBHBIX OJIOKAa B OCHOBHOHM IeTH
peryinsTopa: ycuinuTenbHo-npeoopasoBatenbHoe (VII) n ucnonaurensaoe (MCY)
yCTPOMCTBA TPEACTABUM B BHJAEC OJHOTO  alepUOJUYSCKOTO 3BEHA C
koopduureHToM  ycuwieHus K,  XapakTepu3yIOIIUM  Pe3yIbTUPYIOIIHA
KOX(PQUIIMEHT YCWICHHs JaHHOW IIeNH, W TIOCTOSIHHOW BpeMeHHu 73, KoTopas
XapaKTepu3yeT HHEPUUOHHOCTh HCIOJHUTEIBHOTO YCTpPOMCTBA. 3HauyeHUs
nepemeHHbIX K, u 77 BelOupatorcs u3s Tadu.l.

3anaroriee ycTpoicTBo (3Y) MOXKeT OBITh NMPEICTABICHO B BUJIE FeHepaTopa
CTYNEeHYaTON (QYHKIMHU C aMIUTUTY0i F, 4uciieHHO paBHOU 3HAYCHHIO 3aaHHON

CKopocTtH V,, puc. S.

Puc. 5. CTpykTypHas cxema MOJENH 3aJatoiero ycrpoiictsa (3VY)

Curnan c Beixoga 3Y moctynaeT Ha OJIMH U3 BXOJIOB YCTPOWCTBA CPaBHEHUS
(YC), peanusyroiero (GyHKIMIO BRIYATAHHS (CPaBHEHUS) JIBYX CHTHAJIOB, pHC. 6.
Ha npyroii Bxog YC nomxkeH moctymarh curHain Vo ¢ Bbixoma Omoka OC,

MOJICJIMPYIONIETO 1eNb OOPaTHOU CBSI3U.

F AN =Y

57 Wag

|
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Puc. 6 CtpykTypHas cxema MOJIeJId YCTPOWCTBA CPAaBHEHUS

2.3. BbiOop napaMeTpoB MaTeMaTH4YeCKOil Mo/IeJIH ABTOMATHYECKOI0

peryjasiTopa CKOpocTH

CocTaBUM  MaTeMaTHMYECKYyl0 MOJENb  PEryJIsiATopa CKOPOCTH  JJIf

YCTAaHOBUBLIETOCA PEKMMA, UCHOJB3Ysl CTPYKTYPY PEryisaropa, npeicTaBICHHYIO



Ha puC.7, Il 4Eero pa3opBEM YCIOBHO LENb OOpAaTHOM CBsI3W (HA PHUCYHKE

OTMEYEHO KpectukoMm). Torma s ckopoctu V, Ha Bbixoge Omoka OP Oyner

CIIPaBEIJIMBO 110 ONPEICIICHUIO CIEAYIOIIEe ypaBHEHHE: V, =V, +AV +AV,.

¥

W YERY. Al W
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Puc.7. CtpykrypHas cxema CAP ckopoCTH Jisl yCTAaHOBUBILIETOCS PEKUMA

W3 cxembl Ha puc. / CIEAyeT, YTo curHain AV, Ha Bxone O0moxa OP paseH:
AV, = K,-(v,-V.), rie V,, =K, V. Iloncrasusas Belpaxenue it V,, B (Gopmyiry
s AV, molyuum: AV, = Kl-(\/3 -K, 'V¢)- B pesynbrare BeIpakeHHE IV,
IPUMET OKOHYATENbHBIN BUI: V, =V, +AV, + Kl-(\/3 -K, -qu). [locnennee ypaBHeHUE

ABJIIETCSI MAaTEMAaTHUYECKOM MOJENIBI0 PAaCCMOTPEHHOIO BBILIE  PEryJsTopa
CKOPOCTM M TMO3BOJISIET OIpEeNeauTh Heu3BecTHbIM mnapamerp K,. Ilocme
HECJIOKHOTO MpeoOpa3oBaHMsl JAHHOE YpPaBHEHHWE MOXHO MPUBECTH K

K,-V,+V +AV,
1+K,-K,

cleayomemMy Buay: vV, =

Pemym nosrydeHHOE ypaBHEHHE OTHOCHUTEIBHO IepeMeHHON K, , yuuTbiBas

4dTO B YCTAHOBHBHICMCA PCKUMC, HCXOAd M3 HASHAYCHHA CaMOI'O0 PCryjTopa,

JTOJIPKHO BBIIIOJIHSATHCSI paBEHCTBO. V¢ =V,, T.C..

V. +AV, 1
V- K,-V,+V, +AV, JoTkyma K, =1+ v,
1+ K, -K, K,

Tak Kak COCTaB M MapamMeTPbl TUMOBBIX 3BEHBEB MOJEIN AaBTOMATUUYECKOIO
peryysitopa CKOPOCTH HaMU ONPEAEIEHBI MOJHOCTbIO, B TOM YHUCJIE BXOAHBIE U
BBIXOJHBIC CHUTHAJIbl Ka)XXJIOr0 3BE€HA, TO MOXHO NPUCTYNUTh K IOCTPOCHUIO
CTpykTypHOU cxeMbl wmoxaenu CAP, omnpeneneHuto Buaa €€ TEpPelaTOuYHOU
GYHKIIMU U TOCJEAYIOIIEMY HCCIEIOBAHUI0O B COOTBETCTBUU C TPEOOBAHUSIMHU

3aganus 1.



2.4. llocTpoeHue U HCCIeI0BAaHUE MO/IeIN ABTOMATHYECKOI0

peryjasiTopa CKOpocTH

CoenuHuB Mexay co0oil Moaenu (yHKIIMOHAJIBHBIX Y3JIOB, MPUBEICHHBIX
Ha pucC. 2 — puc. 6, COCTaBUM MOJIEJIb CUCTEMbBI AaBTOMAaTHYECKOI'O PETYJIUPOBAHUS

CKOpPOCTH ABMXKYIICTOCA 00BEKTa B 06I[I€M BHAC TAK, KdK IIOKA3aHO Ha PHUC. 8.

W, & > W) P i, >

Constant "iL,TDC Transfer Fen

Wy i

Constant! Constant?
W ip)
Transfer Focnd

Puc. 8 CtpykTypHas cxema MOJIeJIM aBTOMaTUYECKOTO PETYIISITOPA CKOPOCTH

B 00IIIEM BHJIE

OO0o3HaueHust OJOKOB Ha MPUBEIEHHOM PHUCYHKE COOTBETCTBYIOT
0003HaYEHUSIM TUIIOBBIX 010KOB «Simulinky, TpuBeCHHBIX HIKE B Ta0M. 2.
CoctaBuMm a1 CTpyKTypHOH Mojnenu 3amkHyTo CAP aHanmuTmyeckoe

BhIpaKeHHUe i ee nepenatouHor Gyrkiuu W(P), 1711 4ero cocTaBuM ypaBHEHHE

JUIs (PAaKTUUECKOM CKOPOCTH Ha BBIXOJI€ CUCTEMBI:
V, =V, =V,) Wi (p) +V, + 4.
YuureiBas, 4to V,, =V, -W,(p), ypaBHEHHUE NOCIIE TOJCTAHOBKH PUMET BH]I:
V, = (V, =V, ‘W, (p)) Wy(p)+V, + 4.
[IpeoOpa3yem NoJlydeHHOE BBIPAKEHHUE K BUAY:
V, -A+W,(p) - W ()] =V, -W,(p) +V, + 4, OTKyna

v _V, Wi (p)+V, +4 .
P 1+W,(p)-Wo(p)

ITepenatounas ¢ynkius W(P) ecTb OTHOIIEHHE BBIXOAHOH BemHMuuHBI Vj K

BXOJHOM V,:
V. +4
W, (p) + i/
W (p)=—2= = 150705 OCJIe IOJICTAaHOBKHU MOJIYYUM
V3 1+W2(p)'wl(p)

OKOHYATCIJIbHO:



K, +VH+A

1+p-T Vv
W(p)=—L
2 1

1+ .
1+p-T, 1+p-T,

JUis  TIOCTpOCHHS MOJETH W TOCIEAYIOIMIET0 MOJCTUPOBAHUS PaOOTHI
CHCTEMBI PEKOMEHyeTCsl UCIoJb30BaTh makeT «Simulinky», Bxomsmuii B «Matlab
systemy wnim maker nporpamm MBTY.

[lepBHYHOE O3HAKOMIIEHHE C OCHOBaMH pPabOThI IPH IOCTPOCHHH U
HCCIIEI0BAaHUMU MOJEIE quHaMUYecKkux cucteM B nakere «Simulink»y wim MBTY
OCYIIECTBIIAETCS B MPOIIECCE BHIMOIHEHUS MPAKTHUECKUX U J1a00paTOPHBIX padoT.

[lpuBenacHHBIE HW)KE  PEKOMCHIAIIMM  HW3J0XKEHBI B IPUIOKECHUU
NPUMEHHUTEIBHO K TakeTy «Simulinky.

[Ipy BBIIIOJIHEHHHM UCCIENOBATEIBCKOW YacTU 3aJaHusl PEKOMEH]YETCs
CJIEIyIOIIas TOCJIEI0BATEIBbHOCTD 3TAIIOB!

— 3amyck maketa nporpamMm «Matlab system» u moctpoenue TpeOyembIx
BPEMEHHBIX M YAaCTOTHBIX XapakTepucTHK HCkomor CAP ¢ moMomipro makera
Control System;

—  IIOCTPOEHME MOJCIHM  3aMKHYTOM  CHCTEMBI  aBTOMAaTHYECKOIO
PErylMpOBaHUsl CKOPOCTU ABMXKYIIETOCS OOBEKTa C HCIOJb30BAHUEM THUIIOBBIX
moyieit makera «Simulinky

— HACTPOMKA mapaMeTpOB MOAECITUPOBAHMUS;

— HACTpOWKa MapamMeTpoB MOJENEH OTIACIbHBIX (DYHKIIMOHAIBHBIX OJOKOB
CUCTEMBI;

— mpoBepka paborocnocodHocTr Monenn CAP ckopoctu aBuxKytierocs
00BEKTa;

— UCcleoBaHue TpeOyeMbIX MoKa3aTeyel kayecTBa paboThl CUCTEMBI.

Jlns moctpoenus rpaduka nepexoaHor Gyrkimu h(t) cucTeMbl ¢ MOMOIIIBIO
naketa Control System wucnonesyercst dynkius Step. Ilpu stom TpedyeTcs
CJIeAyIoIIas OCIEN0BATENbHOCTD ACHCTBUM:

1) B OKHE KOMAaH]l 3aJaeTcsi ONUCAaHUE MepeaaTouyHoOr (QyHKIUU ¢

nomoripio Qynkuun tf (transfer function), xoropoe B Hairem
cilydae pa30MBaeTCs Ha HECKOJIBKO CIIEAYIOUINX LIaros.

1 mar. 3agaHue mMmapaMeTpoB TMEpPeAaToYHOM (YHKIUH TIEPBOTO

0.002

arepuoanuvYeCcKoro 3BeHa, Hanpumep W, (p)=————:
1+ p-0.8



>>sys] = tf([0.002],[0.8 1]).

B nepBoii kBagpaTHON CKOOKE MPOCTABIISIFOTCS MapaMeTpbl YUCIHUTENSA, a BO
BTOpPOIl — mapameTpsl 3HameHatess (KO3 PUIMEHTHI IPpU p B MOPSJIKE YObIBAHUS
crenenu). llpu BBoAEe KOMaHIbl MyTeM HaxkaThd KiaaBumM ENter Ha skpane
BOCTIPOM3BOAUTCA MCKOMas mepeAaaTodHasi GyHKIuUs (IpU 3TOM BMECTO CUMBOJIA p

porpamMma UCIoJb3yeT CHMBOII S).

0.002
08s+1
2 mar. 3aJaHue IapaMeTpOB IMEpeNaToyHON (YHKIIMH BTOPOTO
431
ariepuoauIeCcKoro 3seHa, Harpumep W, (p)=———":
1+p-01

>> sys2=tf([431],[0.1 1]).
B uuciaurene JOJDKHO CTOATH IPCABAPUTCIIBHO BBIYHCIICHHOC 3HAYCHHC
craTudeckoro koddduiuenrta ycunenus: K, nenu obpatHoii cBszu. [locie BBoga

KOMAaHIbI ITOJTYyYUM

3 mar. BBogaum mocienoBaTensHO 3HaUeHUs TapaMeTpoB Vy, V, u A:
>> \/n=45
Vn =45

>>\z=25
Vz =25

>>A=15
A=15
4 mar. Bogum nepenarounyro ¢pynkiuto W(p) cucreMsl

>>SYs = (Sysl+(V, + A)/V,) /[(1+ sys1*sys2) .

HOCJ’IC BBOJAd KOMAHAbI Ha 3KpaHe B OKHC€ KOMaH/JA ITOABHUTCA BBIYUCIICHHOC
3HAUCHHUE MePeAATOYHON PYHKITUU
Transfer function:
0.1488s"2 +1.674 s+ 1.86

0.08s"2+0.9s+1.862

2) CTPOUM MEPEXOHYIO XapAKTEPUCTUKY C TOMOILBIO (PyHKIIMU Step.



>> step(sys).

[Tocne BBOJA naHHOW KOMaH[IbI rpaduK MEepexoAHON (PYHKUIMU BBIBOIUTCS
Ha JKpaH, puc. 9.

Step Response

Amplitude

2.5
Time (sec)

Puc. 9 Ilepexonnas xapakTepruCTHKAa aBTOMATHYECKOTO PETYIIATOPA
CKOPOCTH

Manee crpoum yacTtoTHble xapakrepucTuku CAP ¢ nomompro nakera
Control System, wuCXOQHBIMH JaHHBIMH JJISI MOCTPOCHUS KOTOPBIX SIBIISCTCS
ONHMCAHKNE CUCTEMBI B BUJIE €€ NIOJIyUEHHOM BBIIIE MEPEeJaTOUHON (QYyHKIUHU SYS.

Jlorapudmuueckas ammmutyaHas (JIAUX) u dazosas (JIOUX) yactoTHbIE
XapaKTEPUCTHKH CTPOSTCS ¢ TOMOIIbI0 (yHKImu bode.

>> pode(sys).

[Tocne BBoyma manHou komauabl rpaduku JIAUX u JIOUX BeIBOASATCS Ha
sKpaH, puc. 10.

AmMmutynHo-(pa3oBasi vactoTtHas xapakrepuctuka (ADUX) crpoutcs ¢
NOMOIIEI0 (DyHKIHH NYQUISt.

>> nyquist(sys)

[Tocne BBoma nanHoi komaHbl rpadpuk ADYX BBIBOAUTCA HA 3KpaH, pUC.

11.



Bode Oagam

Magnitude (48]

Phaze (deg)

e ' o' il
Frequency (radfec)

Puc. 10 JIAUX u JI®OYX aBTOMaTHYECKOTO PETYIATOPA CKOPOCTH

NygiktoEgram

BE

=R 33

=33

Imaghany Ank
-

RealAnE

= ) S [

-1 a5

Puc. 11 I'papux AOYX aBTOMAaTHYECCKOT'O PETyIITOpPa CKOPOCTHU

B makete Control System BeIBomsTCS Ha 3KpaH OJHOBPEMEHHO JiBa rpaduka
A®YX (7151 IpOTHUBOIIOJIOKHBIX 3HaUeHUH (Da30BBIX yriioB). B Hamem ciydae, kak
BUIHO U3 Tpaduka JIOUX, Bo BceM quanazoHe U3MEHEHHS 9acTOThI (pa30BbIi yro
UMEET MOJIOKUTENBHOE 3HAUEHHE, CIIe0BaTEeNbHO, HAa puc. 11 BepxHuil rpadux
OTHOCHUTCS K uCKOMOo ADUX.

W3 aHanu3a npuBeIeHHbBIX TPaPUKOB MOXKHO CIEIaTh CJIETYIOIINE BbIBOIbI:

1) cucrema ycroilunBa, Tak Kak NMEPEXOJHON MPOLIECC UMEET 3aTyXarolIuii
xapaktep. BeixonHas BenuuumHa ctpemMutcs K 1 um mocrturaer 3nadenus 1,05 3a
BpEMsl, paBHOE | ¢, YTO XapaKkTepU3yeT JIUTEIbHOCTh IEPEXOTHOTO MPOLECCA;

2) Ga30BBI Yrojd HAaXOJUTCS B IMOJOXKUTEIBLHOW 00JacTH M HMEeT

MaKCHMMyM Ha KpyroBoii yactore 1,5 pan/c, paBusrii 20°.



OCHOBHBIM TapaMeTpoM, KOTOPBIA TpeOyeT HACTpONKU mepen HadajaoM
MojearpoBanus B makere Simulink, sBisercs MIMTENBHOCTH MOJICIUPOBAHHUS,
BBIp@XEHHAs] B CeKyHAaX. J[JIMTEeTbHOCTh MOJIEIMPOBAHUS IMPEACTABIIICT COOOMU
MOJIOKHUTEIIBHOE YHCII0, KOTOPOE 3aaeTCSI B COOTBETCTBYIOIICH CTPOKE 3arojIoBKa

NaHEJIM WHCTPYMEHTOB M JIOJDKHA OBITh paBHO He MeHee 2-3 mepuonoB T,. Ilo

YMOJTYaHUIO 3HAYCHHNE BPEMEHH OKOHYAHUS MOIeTUpoBaHus paBHO 10 cexk.
Hacmpotuixa napamempoe moodeneii omoenvHulx yHKyuoHanbHolx 610k06 CAP.
OcHoBHbBIE TUTIOBBIC 010kH «SiMulinky, Kcoyib3yemMple TIPU BBITIOJTHEHUH 33 [aHUS

pUBEAECHBI B Ta0. 3.

Tabmuna 2
on/n O3HaueHue OJ0Ka a3zBaHue 0JIoKa
Ne n/ 06 0 H e0
1 DNeMEHT, pean3yIoLuil 3aJaHHYI0 I10JIb30BaTEIEM
1. — Transfer Fon
=1 epeJaToOuHyI0 () yHKIIHIO
I DneMeHT 0TOOpaKeHUsl 3HaUE€HUs CUT'HAaJIa BO
2. Scope
BpeMeHu (ocumorpad)
MHOTroBX010BbIH 3JIEMEHT, PEATU3YIOLINN QYHKIINU
3. @ Sum
CJIO’KEHUS U BBIUMTAHUS CUTHAJIOB
4. 1 Corstarit dopmupoBaTesb CUrHala IOCTOSIHHOTO YPOBHS

3amyctuth maket «Simulink» B cpene «Matlab systemy u. ucrons3yst 610ku
«Simulinky», yka3aHHbie B Ta0JI. 2, COOpaTh CTPYKTYPHYIO CXEMY MOJIEIIA CUCTEMBI
ABTOMATHUYECKOTO PETYJIMPOBAHMS CKOPOCTH, KaK MOKa3aHO Ha puc. 12, B3sB 3a

OCHOBY IOCTPOCHUSI CTPYKTYPHYIO CXEMY MOJIEJIM CUCTEMBI, IPEACTABICHHYIO Ha

puc. 8.
AN
= 000z y -'i.,.r,j:-,
25 Wi b e, |
0.8s+1
Constant Transfer Fen Seope
TUTDC TUTH ﬁ--l;l.l;rB
45 1.5

Caonstantl Constant2

431 J
0.1z+1
Transfer Focnd

Puc. 12 CrpykrypHas cxema MOJieJId aBTOMaTUYECKOT0 PETYIMPOBAHUS

CKOPOCTH B mporpamMmHuoii cpezae «Simulink»

JI71st HacTpOMKU MapaMeTpOB aepruoANUYECKUX 3BEHbEB HEOOXOIUMO 33/aTh:



— B ctpoke «Numerator»: — uncienHoe 3HaueHue napamerpa K B Buze [K,]| wmm
[K.;
— B cTpoke «Denominatory: — uyrcneHHbie 3HaueHus KOAPPUIIMEHTOB 3HAMEHATEIIS
nepesaToYHoi (QYHKIMK 3BEHA: MOCTOSHHOW Bpemenu T u 1 B Buze [I, 1] win
I, 1].

HavanbHast ckopocTh V, SBISETCS KOHCTAHTOM M NPEJICTaBIsIET COOOMU

TEKYIYI0 CKOPOCTb JBMXKEHHSI JIOKOMOTHMBA HAa MOMEHT BBIAAYM PETYIATOPY
OUYEPEJHOr0 3a/IaHUs TI0 CKOPOCTH, MOATOMY B KauecTBe (hOpMHUpOBATENSI CUTHAJIA
HAa4yaJIbHOM  CKOPOCTM  MOXHO  HCIOJb30BaTh  (pOpMHUpOBATENh  CHUTHAJIA
IIOCTOSTHHOTO YpOBHS (371eMeHT Ned t1adn. 2).

B kadecTtBe mpuMmepa HauyajgbHasi CKOPOCTb NpPHUHSATAa paBHOM V, =45 Km/4.

JlanHoe 3HaueHHWe ObLIO 3amucaHo B cTpoky «Constant value» oxna HacTpoiiku
napaMeTpoB (POPMHUPOBATEIISI CUTHAJIA TIOCTOSTHHOTO YPOBHS (35ieMeHT Ned tadi. 2)
CMmoienupoBaTh MHEPILMIO LIETTH 0OOPATHON CBS3U MO3BOJISET allePUOINYECKOE
3BEHO TIEPBOTO TMOPSJIKA, KOTOPOE TAaKKE€ HA3bIBAIOT HHEPIMOHHBIM 3BEHOM
IEPBOIO MOpsJIKa (CM. pucC. 4), IUIsl 4Ero NepeaTounHyto (YHKIUIO e 00paTHON
CBSI3U MPEACTaBUM B BHJIE NMEPENAaTOYHON (PYHKIMM arnepruoJUuYecKOro 3BEHa CO

CTaTUYECKUM KO3 ((PUIIMEHTOM yCUIIEHHUS], paBHBIM K>, U IOCTOSSHHOM BpeMeHU 175!

K
W,(p)=——2—.
»(P) T pal

Hanpumep, npu T, =0.09 cex u K, = 431 monens nenu oOpaTHOH CBSA3U

uMeeT B, mpencraBieHHbii Ha puc. 13. Koadbdumument K, npensaputenbHO

V, +AV, 1

. Vv
pacCUMTHIBAETCS 10 paHee BhIBEACHHOU hopmyne K, = 1+T , TIe AV, =4.

[TockonbKy B 11enu 0OpaTHOM CBSI3M CUTHAJI HAMpaBIIeH OT BhIxoaa O1oka OP
K BXxoay ycTtpoiictBa cpaBHeHusi CAP, To i ynmoOcTBa TMOCHEIYIOIMIMX
COeTMHEHMI OJIOK 00OpaTHOM CBSI3M MOKHO pa3BepHyTh Ha 180°, Kak mokasaHo Ha

puc. 13.

431 V-
£-- -+ P
Voe 01541

Transfer Fcn2

Puc. 13. Moaensb 1ieriu 00paTHOM CBS3H
[Ipu 3amaHHBIX B KadyecTBe mpuMepa 3HaueHusx: K, =0.002 u T,=0.8 cek.
MOZeNIb  OJIOKa PpEryJMpOBaHUs, PpPEATU3YIOLIEr0 NEePeAaTOYHYl0 (DYHKIIUIO

W1( p) =K,/ (T1 p +1), NPUMET BUJ, IPEACTaBICHHBIN Ha puc. 14.



0.002 - AV,
0.8s+1

Transfer Fonl

R

Puc. 14. Monensb 6j10Ka peryJIupoBaHus

Ha Bxom Onoka mocTymaeT ympaBJSIONINN CHUTHAN & C BBIXOJa dJIeMEHTa
CpaBHEHHUSI.

brnox  ympaBneHus = mpencTaBisieT  cOOOM  3aJaTYMK  CKOPOCTH,
BbIpabaThIBaOMINK TpeOyemMoe 3HaUeHNEe CKOPOCTH JBMKCHHSI JIOKOMOTHBA — V;, U
ycTpoicTBO cpaBHeHUss YC, cpaBHMBAIOLIEE CHUTHAJ 3a/laTYUKA C CHUTHAJIOM
obpatHoii cBsi3u V., (cM. puc. 12).

Tak kak VB =const, TO B Ka4eCTBE MOJCIN 3aaaTunKa y,Z[O6HO HCIIOJIb30BaTh

anmemeHT Ned Ttabn. 2, B ctpoke «Constant value» oxkHa HacTpOWKH KOTOpPOTO
HEOOXOIMMO YKa3aTh 33JJaHHYIO 110 BAPUAHTY CKOPOCTb.

OtpunarenbHas oOpaTHast cBsizb CAP 3amblkaeTcs npu MNOMOIIM y3ja
CpaBHEHMS, KOTOPHIA (POPMUPYET YIPABISIONINN CUTHAT, TIPEACTABISIONINI OO0
CHTHAJI Pa3HOCTH (PacCcOTIacCOBaHUs) &€ MEXK/Y BBIXOJHBIM CUTHAJIOM V, 3a/IaTYHKa
Y CUTHAJIOM, (JOpMUPYEMBIM LIETIbIO OOpaTHOW CBA3U V,, @ ¢ =V, -V, .

VY3en cpaBHEHUs JIETKO peaanu3oBaTh Ha 3neMeHTe Ne3 Tabi. 2, U3BMEHUB €ro
HACTPOMKU TakuM oOpa3oM, 4ToObl CUTHAN Vo MOCTYIAaad Ha BBIYMTAIOLIUN BXOJ

(co 3HaKOM «—»). Mogens OnoKa yHpaBiICHHS, COACPKAIICTO 3aJaTYMK U y3ell

CpaBHEHUs, IpuBeeHa Ha puc.15. B kauecTBe mpumepa 3aaHa CKOpocTh 25 KM/4.

25 - €
Constant

e

V,.
Puc. 15. Monenp 6510ka ynpaBieHUs

Puc. 13. Monenb 6;10ka YCUITUTEIS e 00OpaTHOM CBS3H
Coeounenue o1oxo6 mooenu CAP
[Tocne BBIMIOTHEHUS BCEX HEOOXOMMMBIX COCAMHCHHH MEXAY MOJCIIMU
OTIIETBHBIX (PYHKITMOHAIBHBIX OJIOKOB, MPEJACTaBICHHBIX Ha puc. 12, uckomas
CUCTEMa aBTOMATHYECKOTO PETyJUPOBAaHUS CKOPOCTH JIOKOMOTHBa OyJer
CHUHTE3UPOBaHa MOJIHOCTHIO. /{7151 IpoBepkH pabOTOCITIOCOOHOCTH U TTOCIICTYIOIIETO
uccienoBanus monydeHHor moxaenu CAP ckopocTd JIOKOMOTHBA HEOOXOIUMO

peryimpyemblii miapameTp V, TOAKIIOYUTH K WHIUKATOPY, B KAYECTBE KOTOPOIO

ClIeyeT UCIojb30BaTh ocuuiuiorpad (amement Ne2 tadi.2).



Jlnst ynpouieHus: OpueHTUpoBaHus B KoHeuHo Mozaenu CAP pekoMeHayercs
AJIEMEHTHI KaXXA0ro (YHKIIMOHAJIBHOTO OJIOKA peryisTopa OKpaliMBaTh B OAMH
YHUKAJIBHBII LIBET, IMOCJE YEro CIEAYET COXPAHUTh CUHTE3UPOBAHHYIO MOJENb Ha
nucke [I9BM. Kpome Toro, nocTpoeHHYI0 MOJIENb CIIEIYET pacledararbh Ha JIUCTE
OyMaru, KOTOPBIH 3aTEM BCTABUTH B MOSICHUTEIBHYIO 3aMKCKY.

HUccneoosanue moodenu cunmeszuposannou CAP ckopocmu 1oxomomusa

Hccnenoanue monenun CAP ckopocTr IBHXKYIIErocs 00beKTa (JIOKOMOTHBA)
IPEJICTaBISIET COOOH CIIEAYIONIYIO MOCIEI0BATEIBHOCTh 0053aTEIbHBIX 3TAIOB!

1) mepuoanyveckoe 3ajJlaHWe HOBBIX 3HAUYCHHM NEPEMEHHOro MapameTpa
Mozaenu 7T,, BIUSIHUE KOTOPOTO Ha pe3ynbTarbl ¢yHKuuoHupoBanuss CAP
TpeOyeTcs MPOaHaIU3uPOBATh CTYICHTY;

2) MOJICITMPOBAHHUE;

3) perucrpanus pe3yJibTaToB;

4) aHaNM3 Pe3yNIbTaTOB U BBIBOJIBL.

Kak cnegyer u3 3agaHus K KOHTPOJIBHOM pabore, mapamerp T, MOXKET
MPUHUMATh TPU 3HAYEHUS: CPEIHEE, MUHUMAJIbHOE U MaKCUMaJIbHOE!

1) T2; 2) T2n1'n; 3) TZmax'

[Ipu mocTpoeHnr MOJIeN B Ka4e€CTBE MTapaMeTPOB alepUOIUYECKIX 3BEHBEB,

BXOJAIINX B PEryssATOp, OBLIM 3a1aHbl cpennue 3HadeHus mapamerpos (K, K,
T, u T,), mod3ToMy IpHU BBIIOJHEHUU IIEPBOIO HCIBITAHUS MOXKHO cpasy

MPUCTYIUTH K MOJICTTUPOBAHMUIO.

Mooenuposanue

Jlist 3ammycka MOACIMPOBaHUS HEOOXOIUMO Ha)KaTh KHOMKY «Starty B maHenw
WHCTpYMEHTOB. Eciam Moaenb aBTOMAaTHYECKOTO peryisTopa CKOPOCTH He
COJIEPKUT OIMMOOK, TO OCTAHOBKA MOJICIMPOBAHUS MPOU30HIET aBTOMATUUYECKHU, B
MPOTUBHOM CJIy4yae CIJIeyeT BPYYHYIO OCTAaHOBUTH MOJICIMPOBAHUE KHOIKOU
«Stop» ¥ MPOBEPUTH KOPPEKTHOCTh CXEMBI MOJIEIH.

Pecucmpayus pesynomamos

JIBOMHBIM IIETYKOM JICBOM KHOTKH MBIIIKM Ha M300pakeHWUu ociusuiorpada
(omeMeHT «SCOpe») Monenu oToOpa3uTh Tpaduk pe3yabTaTOB MOJACIUPOBAHUS,
3aTeM BKJIIOYUTH aBTOMaciiTaOupoBaHue rpaduka, CcAenarh KOMHIO IS
MOCJICTYIOIIEH pacleyaTKi U BCTABKH B MOSCHUTEILHYIO 3aIHCKY .

B oryeTe mo KOHTpOIBHOW paboTe peKOMEHAYEeTCs 0(DOPMUTH BCTABICHHYIO
KOMMI0 rpaduKka: MOJANUCATh Ha3BaHUS OCEH M CIWHUIl WU3MEPCHUS BEIIMYHH,

MOJAMKUCATh Ha3BaHUs TpaduKoB PYHKIUH M caMoro rpaduka, yKa3aTb 3HAUCHUS



napameTpa 1,, P KOTOPBIX MOJY4YEeH AAHHBIA IpaduK Mpouecca peryaupoBaHus

CKOpOCTH.
Ananus pe3yibmamos u 8v1800bl
Lenpto paborer CAP cKOpOCTH JTIOKOMOTHBA SIBISICTCSI OOECIIEUEHHUE €ro
(baKTHYeCKOW CKOPOCTH JBWKCHHS paBHOM 3amaHHOW. K KONMMYeCTBEHHBIM
KpUTEPHUSM OLICHKU KauecTBa peryiaupoBanusi CAP oTHocsTCS:
— MaKcUMaJbHOE a0COJIFOTHOE OTKIIOHEHHUE PETYJINPYEMOI CKOPOCTH:
AV, =V, -V, [km/4];

— MaKCUMaJIbHOE OTHOCUTEJIbHOE OTKJIIOHEHHUE PETYJIMPYEMOIl CKOPOCTH:

oV

AV
f =V—‘f’-100%, [%0],

3

— BPEMs PETYIMPOBAHMs CKOPOCTH t,, [CEK.].

Jl1s BeIUMCIIEHUS TTOKa3aTenen kayecTBa perynupoBanus CAP mo ykazaHHbIM
KpUTEpUSIM HEOOXOAMMO CHauyajla Ha TMOJYy4YeHHbIX Tpadukax 3aBUCUMOCTHU
(aKkTUYIECKO CKOPOCTH JIOKOMOTHBA OT BPEMEHHU JOIMOJHUTEIBHO H300Pa3UTh
napajyieIbHO OCH BPEMEHM JIMHHMIO 33JIaHHOM CKOPOCTH JOKOMOTHBA, 3aTEM C
y4eTOM Maciutaba BeIHYWH, OTJIOKEHHBIX MO KaXIAOW M3 KOOPAMHATHBIX OCEH,
BBIYMCIIUTH 3HAYEHUSI COOTBETCTBYIOIIUX MTOKA3aTENEH.

[Ipumep odopmienus pesyiabraToB oaHoro wucnbitanus CAP ckopoctu

JIOKOMOTHBA MPEJICTaBJICH Ha puc. 16.

dh td (Ed ©

2625

Puc. 16. I'paduk 3aBucumMocTy (HhakTUUECKOI CKOPOCTU ABMXKEHUS JIOKOMOTHBA OT
BpPEMEHHU



1) 3HayeHus nmapamerpoB: T, =0.1 cek; 2) moka3aTeau kadecTsa peryauposanus CAP:

t, =10cex; AV, =0 xaf; &V, = —-100% = 0%
25

W3 npusenenHoro Ha puc. 16 rpaduka ciemayeT, 4YTO aBTOMATHYECKHIi
PEryJIATOP NOJHOCTHI0 KOMIIEHCUPYET NOCTOSIHHOE BIIMSIHUE BHEIIHEW CPEJIBI.
BbeIBOABI IO pe3yibTaTaM BBINOJHEHHOIO 3aJaHUs JOJDKHBI OTBEYAaTh HA

BOIIPOC: KaK BIMAET IapaMerp [, aBTOMAaTHYECKOIO DPEryJsTopa CKOPOCTH Ha

TOYHOCTb PEryJIMPOBaAHUA CKOpOCTI/I? BBIBOI[BI JOJDKHBI OBITh IMOAKPCIIJIICHBI

CCbIJIKaMH Ha COOTBCTCTBYIOIIHC I‘pa(bI/IKI/I.

3ATAHUE 2
NCCIIEJOBAHUE ABTOMATHUYECKOI'O PEI'VJIAATOPA
CKOPOCTHU ABMXVYIIEI'OCA OF'BEKTA I1TPM BHEHIHUX
BO3JIECTBUAX, HOCAIIMX ITEPEMEHHBII XAPAKTEP.

B nporuecce BeinosiHeHus 3a1anus 1HeoOXoaAMMO:

— OTKOPPEKTHPOBATh CTPYKTYPHYIO CXEMY MOJIEIA AaBTOMATHYECKOTO
peryssaTopa CKOPOCTHU ABMXKYIIETOCS OOBEKTa C YyYETOM IMEPEMEHHOr0 XapakTepa
BHEIIIHETO BO3MYIIIAIOIIETO BO3CHCTBUA,

— 3aJ1aTh MMapaMeTPhl UCTOJIb3YEMBIX TUIIOBBIX 3BEHBEB;

— OCYHIECTBUTh HCCie0BaHUuE (YHKIIMOHUPOBAHUS aBTOMATHYECKOIO
peryisaTopa CKOpOCTH MIPU BO3ICUCTBUHU 3aJaHHBIX BO3MYIIAIOIIUX (DAKTOPOB.

Jlns BBIMOJIHEHUS 3a7aHUs 2 HEOOXOJIUMO IOMNOJHHUTEIBHO HCIOJIB30BaTh
CICAYIOIINE HCXOJHBIC JIaHHBIC M3 Tabda. 1 B COOTBETCTBUM C MPEAINOCTSTHEH
udpoii croero mudpa:

1) A — aMIIUTy1a MEPUOAMYECKU U3MEHSIOIIETOCs M0 CHHYCOUIATBHOMY

o .21
3aKOHY BHEIITHETO BO3MYIIAIOIIETO BO3ACHCTBUS AV, = A-sin——-t, KM/4;

B

2) T, — mepuoja U3MEHEHHs BHEIITHETO BO3MYIIAIOIIETO BO3ICHCTRHSI, C.

8

Jlnst Toro 49ToOBI CHCTEMa aBTOMATHYECKOTO YIIPABJICHHS BBIMOJIHSIIA
KayeCTBEHHO CBOM (YHKIIMH B YCIOBHSX MMEPEMEHHOTO BHEUTHETO BO3MYIIAIOIIETO
BO3JICHCTBUSI, OHA JOJDKHA oOmanath cBoiictBaMu CAY ¢ KOMOMHMpPOBaHHBIM
YIPaBJIEHUEM, KaK M0 OTKJIIOHEHHIO, TAK U 110 BO3MYILECHUIO.

Jns  noctpoenus wmoaenu CAY ¢ KOMOMHUPOBAHHBIM  YHPABJICHHUEM
CTaTU4eCKui  KOd(DPUIIMEHT ycuieHus T1end oOpaTHOM CBSI3M  JIOJDKEH
aBTOMATUYECKH HW3MEHAThCA (IOACTPAaMBaThCA MOJ W3MEHSIOUIMECS YCIOBHS

¢dbynkunonupoBanusi CAY) B COOTBETCTBUU C BBIPAKEHUEM:



V,+AV,
K,=1+ v, =1+ v,
Kl Kl

CnepoBatenbHo, monenb CAY 1oibkKHa COJEpKaTh pPACUETHBIM y3en Mo
ABTOMAaTUYECKOMY BBIYHMCICHHIO TEKYyIIero 3HaueHus Kodpdummenra K.
CoOTBETCTBEHHO, MOJIETbh IIeNU OOpaTHOW CBS3M B CTPYKTYPHOM cCXeMe MOJEIH
CAY (cwm. puc. 8) nomxHa BUAOU3MEHUTHCS, & UMEHHO:

UMETh PaCUYETHBIN y3€J IO BEIYUCICHUIO KO3 dunnerTa Ky;

UMeTh (POpMHUpPOBATENb BBIXOAHOTO CHTHaia VOC memu oOpaTHOH CBS3H,
COCTOSIIIUKA W3  MHOXHUTENS,  PEATU3YIONIer0  CISAYIOUYyI  (QYHKIIHIO

IICPEMHOKCHUA.

1
oKV T,
b1y

MOI[GJII; PaCdCTHOIO y3Jj1a I1I0 aBTOMAaTHYCCKOMY BBIYHUCJICHHUIO KOB(l)(i)I/II_II/IGHTa

K, moxxeT umers crenyromui Bug, puc. 17:

| |
| |
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I Bnok K2 S I
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Puc. 17 CtpykTypHas cxema MOAEIN PACYETHOTO y3J1a [0 aBTOMAaTHYECKOMY

BBIYHCIICHUIO KO3 uninenta K,

Jlis  TOCTpOeHMsT 3TOM Monmenu B TporpaMMmHON cpemae  «Simulinky
HE0OXO0IMMO HMCIIOJIb30BaTh cTaHmapTHeie Moayiu «Simulinky, nmpencrasiennsie B
Tabn. 2 u 3.

Tabnuma 3
Ne i/ O6o03Hauenue 010Ka Hazpanue 6110ka
Sine Wave
1. IEI> I'eneparop cuHycoMIaIbHBIX KOJIEOaHUI
) i w L MHOroBX040BBIN IEMEHT, PEeATU3 YOI
Product olepalny YMHOKEHUS U JI€JIEHHs] CUTHAJIOB




Al

Ha puc. 18 npencraBieHa CTpyKTypHasi CX€Ma MOJIEJIM pacue€THOIO y3Ja Ienu
- K 2

Sutn
| gt

obpatHoil cBsa3u CAY, mocTtpoeHHas B COOTBETCTBUH C pUC. 17 B MpOrpaMMHOM

+

cpene «Simulinky.
Vi TAV > mise
J:rndud1

Wy -
Product
0.002

1

Constant3

Constant2
Puc. 18 CtpykTypHas cxema MOJICIIM PaCYETHOTO y3J1a I 00pPaTHOM CBS3H
CAY, noctpoeHHasi B mporpaMmmHoi cpeae «Simulinky.

Jlns Hactpoiiku MHOXuTens Produkt Ha BhIOTHEHHME OINEpaliu JCIICHUS B
CTPOKE HACTPOWKH MapameTpoB 3TOrO OJIOKA YUCIO 2, XapaKTEPU3YIOLIEE YHUCIIO

MHO)KHTGJIeﬁ, HCO6XOI[I/IMO 3aMCHUTHb CUMBOJIOM ACJICHUS */.
MOJCIN CHUCTCMBbI aABTOMATHYCCKOI'O PEryJIMpPOBaHUA CKOPOCTH ABHIKYIICTOCA

C yuetom mogmeneit (cM. puc.8 u puc. 18) CTpouM CTPYKTYPHYIO CXEMY

00BEKTa C UCIIOJIB30BAaHUEM KOMOMHUPOBAHHOTO YIIpaBJieHUs, puc. 19.
0.o0z
ol —o—E ¢
0.8=+1
Corstant Transfer Fend Seoped SGDF'E.._
; LA
45 &+ -
F‘@ L.. ” Frodud?
Constantd | —FQ—P
|'hl|| FProducti Produdt
N 1
Sine Miave
Transfer Fcn Constants
1
=
0.2+ ooz
Constant?

Puc. 19 CrpykrypHas cxema MOJEIN CUCTEMbI aBTOMAaTUYECKOTO

peryJIMpOBaHUS CKOPOCTH JABUKYIIETOCS 00BEKTA C UCTI0JIb30BAHUEM
KOMOWHUPOBAHHOTO YIIPaBJICHUS

B

B kauectBe IMPUMCPHBIX HCXOAHBIX HJAHHBIX ITPHM MOACIHMPOBAHHH IIPOLICCCA

PEryIMpOBaHMs CKOPOCTU UCIOJIB30BAINCH CIEAYIOLINE:
. 7 :
KpyroBasi 4acTOTa reHepaTopa CHHYCOUJANIbHBIX KojeOaHui o = — =1, paz/c;

3aJJaHHasi CKOPOCThb V, = 25 KM/Y;
HaYaJIbHAsI CKOPOCTH V, = 45 KM/4;



aMIUTUTY/a KoneOanuii reHeparopa A=15KM/4;
napamMeTphl anepHOIUISCKUX 3BEHBEB U3 ITpUMeEpa 3a1aHus 1;
Bpemsi MojiesinpoBanus — 20 c.

Pe3synbpTaT MoaenupoBaHus IpeicTaBiieH Ha puc. 20.

Time offset: 0

Puc. 20 I'paduix uamenenus: pakTHUECKOW CKOPOCTH JIBHIKYIIETOCs 00bEKTa

nox ynpasieHneM CAY

I[JBI o0IeryeHus OIOCHKH IIOIPCHIHOCTH PCTYJIUPOBAHHUA CKOPOCTH B CXCMY

monenu CAY n00aBieH pacueTHBIM y3€l ONpPENEIeHHs pasHOCTH AV =V, -V, u

ocmiorpad Scope. Ha puc. 21 npencraBieHbl pe3yibTaThl pabOThl 3TOTO y3J1a B
BUJIe Tpaduka abCOMOTHON MOTPEHTHOCTH AV , KOTOPBINA MO3BOJISIET 00Jiee TOYHO

OLICHUTh MOTPEIIHOCTh (3HAYEHUE OLIMOKN) PEryJIUPOBAHUS CKOPOCTH.

EBX

Tirne ¢

Puc. 21 I'paduk u3smMeHeHUs: TOTPEITHOCTA AV PETYIHPOBAHUS CKOPOCTH



B mpouecce mogenupoBanus pabotsl CAY He0oOXOAMMO BBIBECTH TIpaduKH
(puc. 20 m puc. 21) npu cpeaHeM 3HAUYEHHH NapameTrpa 1, U TpeX 3HAYEHUAX

Kp OBOf HacTOTH: w=2; w="; @=L pan/c
yr . T ) T ’ 2T > *

6 8 ]

[ToBTOpUTH MCCIIEIOBAaHUSA NPU MUHUMAJIbHOM M MAaKCHMaJIbHOM 3HAaY€HUU
napamerpa 7.

[To rpaduxam (puc. 20) ompenensieM BpeMsi peryivpoBaHus tp Ha ypoBHE
0.95-Vy mpu noseimennn ckopoctd wim 1.05-Vy npu NOHMKEHHMHM CKOpPOCTH
OTHOCHUTEJIBHO Ha4YaJIbHOU V4.

[To rpadukam (puc. 21) ompexnenseM aOCOMIOTHYIO AV M OTHOCHUTEIBHYIO
N :?/—V-100% OLITMOKH PeryIHupOBaHUSI.

3

1o pe3ynpTaTaM aHanu3a rpaukoB cHOpMyYIUPOBATH BHIBOJIBI.



