Pa3paborka IINI—perysasitopa a5 ABHKeHUs 0 JuHnM podora Lego Ev3 ¢
HCIOJIb30BAHMEM NporpaMmmHoii 6udanoreku RubiRobotLib na Posix—

cosmectumoit OC



BBenenue

JlanHast kypcoBas pabora mocsinieHa paszpabotke [TW]l-perynsitopa s
nBKeHUs 1o JuHuM pobora Lego EV3 ¢ wucnonb3oBaHueM mporpaMMHOM
oubnuorexu RubiRobotLib Ha Posix-coBmectumoit OC.

AKTYaJIbHOCTh TEMbI KyPCOBOI pabOTHI CBS3aHA C MHTEHCUBHBIM Pa3BUTHUEM
pOOOTOTEXHUKH KaK B CTpaHe, TaKk U BO BcEM Mupe. ExxeromHo mpoBonsarcs
pa3nuYHble COPEBHOBAaHMS MO poOoTtoTexHuke. CaMblii MOMYISPHBIA BUJ
COpPEBHOBAHMI 10 POOOTOTEXHUKE — 3TO e€37a podoTa no smaun. [IN]] — perynstop
oOecrieynBaeT HAWIYUIIYI0 PE3yJbTaTUBHOCTb MPOXOXKIEHUS Tpacchl. A
oubnuorexa RubiRobotLib B cBsi3ke ¢ npoekTom ev3dev, mpeaocTaBiisieT BBICOKHIA
dbyHKIMOHAT U yA0OCTBO B mporpammupoBanuu pobotoB Lego EV3. Takum
o0Opa3oM gaHHas pa3paboTKa MOKAKET YPOBEHb BO3MOKHOCTEW poOOTa B JaHHOM
BHUJIE COPEBHOBAHHII.

Heabto KypcoBoit paboThl sBisieTcs paspadorka [ — perynsropa s
JBrKeHus tuHuK podota Lego EV3 ¢ nucnons3oBaHreM nporpaMmMHoON OMOIMOTEKH
RubiRobotLib na Posix-coBmectumoii OC.

3apaun:

1)  O3HakOMUTBCS ¢ HEOOXOAMMOM JOKYMEHTalKel o npoekTy ev3idev u
nporpammHoi oubmmoreke RubiRobotLib.

2) V3yuuTh OpUHIUIBI  TOPONOPUHUOHAIBHOTO, HMHTErPAJIbHOTO U
i pepeHInaTbLHOTO PETyIUPOBAHU.

3) PazpaGorare mnostamHo IIMJ[ — perynsatop ¢ HCHOJIB30BAaHHEM
oubnuorexkn RubiRobotLib HanvcanHo moa A3bIK MPOrpaMMUPOBAHUSL BEICOKOTO
ypoBHs Free Pascal qyist e3a61 o nunum podota Lego EV3.

4)  Pazpabortarh TMHEHWHBIN aJITOPUTM C MIPOIEAYPHON OpraHu3auei ajs
MPOXO0XKACHUA MOJUroHa «MacTtep» B ocHOBe KoTOoporo jexut [T1]] — perynstop u

MPOTECTUPOBATH JAHHBIN aITOPUTM, BIIUTHIN B poOOTa HA onuroHe «Mactepy.



1.Teopernuecknii ocHoBbl IIN/I-perynupoBanus
1.1 Ocnossl IIU]] peryiupoBanust

OcHoBHast 3amaua — paspaborars [IWUJ] perymstop. s 3TOro Hy»X.HO
oOpaTtuThCs K Matematuke. T. k. ocHOBBI [11]] perynmupoBanus onmrcanbl IMEHHO €€
dbopmynamu.

[TN/1 peryasatop — 3T0O COBOKYITHOCTb IIPONOPLIMOHATIBHOI0, UHTErPAJILHOIO
u nuddepeHmanbHOro peryiasaTopo. Kaxapiii U3 HUX, OTBEYAET 3a ONpeAeIEHHbIE
onuuu. OCHOBHBIM CUMUTAETCS MPOMOPIUOHAIBHOE 3BE€HO T.K. JJIs IIOOOH CUCTEMBI
BAXKHO OBICTpOJIEHCTBUE, UTO U 0OecnieuuBaet 11 — perynsarop.

Jiist Toro, utoOs1 paspadotats [IU]] — perynstop u BHEApUTH €TO B poboTa,
HeoOxoauMo 3Hath npuHuunbsl [IU]J] — perynaupoBaHuss U Kak COBOKYIHOCTb
PEryJIATOPOB, U KAK KAKJ10€ OTAEIBHOE 3BEHO.

AU/ -peryasitop:

1) IIponopuuoHaJbHBIN PEryJasToOp
P(t) = Ky, * e(t) (1)

e

K, - koadpurmeHT nponopiirioHaIbHBIN;

e(t) — 3HaueHHEe OMOKH pacCcorIacCOBAHMUS.

[TponopIMOHANBHBIN  PETYIATOP HE HMEET «IaMsTH», CJEI0BaTEeIbHO,
3HAYCHUE BBIXOJHOTO CHUTHAJIa HE 3aBUCUT OT TPEIBIIYIIETO COCTOSHHS BCEH
CHUCTEMBI. OIMMOKAa PAcCOIIaCOBaHMS HA TEKYIIEH WTEparv, YMHOXXEHHAas Ha
KO3(pPUIMEHT NPONOPIMOHANBHBINA, MEPeJacTCss Ha BbIXOA. BBIXOMHOUN cHrHal
KOMITCHCHPYET OTKJIOHEHUE peryiupyeMoro nmapamerpa. CUTHAI TeM OOJIbIIe, YeM
Oonbire omubka paccoriacoBanus. [Ipu ommbke paBHoit 0, CUTHA HA BBIXO/IE TOXKE
paseH 0.

[IponopuroHanbHask COCTABIISIIONIAS HE CIOCOOHA KOMIIEHCHUPOBAThH OIIMOKY



nomHOCThI0. Beixognoii curnan B K, pa3 Oombmie ommbku. Ecim ommbOka
paccoracoBanus paBHa 0, TO U BBIXOAHOW CUTHal perynaropa paseH 0. A Torna u
KOMIIEHCUPOBATh HEYEM.

[losToMy B MNpONOPIMOHANBHBIX PETYIATOpPaX BCErAa CYIIECTBYET TakK
Ha3zbIBaeMas CTaTU4ecKas OMMoKa. ITo OeCUnCIeHHbIC HE3HAYNTEIbHbBIE KOJIeOaHus
YMEHBIIIUTH KOTOPHIE MOXKHO 3a cueT yBenndeHus kodddurmenta Kp, Ho 3170 MOxeT
MPUBECTU K CHUKEHUIO YCTOMUMBOCTHU CHCTEMBI M Jake K aBTOKosneOaHusam. I1 —
perynsaTop He cnoco0eH N30aBUTHCSI OT CTATUYECKOM OIMIMOKHU, OH JIMIIbL CIIOCOOEH
cHenaTh €€ HE3HAUUTEIbHOM.

Henocrarku:

a)  HaJIUM4Me CTAaTUYECKOM OMMOKHU PETyIUpPOBAHMUS;

b)  HEBBICOKAsl yCTOMYMBOCTD MPHU yBEIMUECHUU KOIPPUIIUEHTA.

IIpeumyuiecraa:

a)  Bbicokas CKOpOCTb peryaupoBaHus. Peakiusi mponopuroOHAIBHOTO
perynaropa Ha OIIMOKY paccorylacOBaHUsI OrpaHUYeHa TOJBKO BpEMEHEM
JIMCKPETU3AINI CUCTEMBI.

Perynstoper, paboraromue TOJBKO TIO MPOTOPIUOHAIHHOMY 3aKOHY,
MPUMEHSIOT PEIKO TaK KaK CTaTUYecKas OlMOKa CUJIbHO BIUSET Ha YCTOMYHUBOCTD
Bceil cucteMsl, 1a u [1 — perynsitop craruyueH, OH He MOACTpanuBaeTCs MoJ] 3HAYCHUE
MPENbLAYIUX ONTMOOK HA MPEABITYIIUX UTEPALIHSIX.

I'naBHasgs 3agaya nponopuuoHajdbHON cocraiaswomein B ITH/]
peryJjfitope — NOBBLICUTH ObLICTPOIEliCTBHE.

2)  HHTerpupymouias cocTaBjisomas

1(t) = K; [e(t)dt (2)

ITponopumonaneHa uHTErpasly oOWMOKM paccomtacoBaHus. C  ydyerom

BPEMEHHOU TUCKPETHOCTU PETYIATOPA MOKHO HAITUCATh TaK:



I(H)=1I(t_) + K; *e(t) 3)

rae

Ki — xorddunimenT naTerpupoBaHus;

e(t) — 3HaueHue OMMOKHU pPaccorIacoOBaHMUs;

I(t.)) — 3TO 3HAYEHME UHTETPUPYIOLLETO 3BEHA HA MPEAbITYIIEH UTEpALUU.

Ommbka paccoriacoBaHusl yMHOXKAETCSl Ha KOAGGUIIMEHT 1 MpUOaBIseTCs K
NpeabIAyIIEMY 3HAaYEHUI0 WHTErPUPYIOUIEro 3BeHa. T. €. BBIXOAHOW CHrHajll Bce
BpEeMsI HAaKaIlJIMBAE€TCSl U CO BPEMEHEM YBEJIMYMBAET CBOE BO3ACHCTBHE HA OOBEKT.
Taxum oOpa3om, omrbka paccorIacoBaHUs MOJHOCTBIO KOMIIEHCUPYETCA Jaxe MPU
MaJbIX 3HaYeHUsAX omMOKU U kodp¢uuuenta Ki. B ycTtaHoBuUBIIEMCS COCTOSSHUU
BBIXOJHOM CHUTHAJl PETYISTOpa IOJHOCThIO 00ECIeunBaeTCs HHTErpUPYIOLICH
COCTAaBJISIIOIICH.

Hepocrarkmu:

a)  HU3KOE OBICTPONEHCTBUE;

b)  mocpeACTBEHHas yCTOWYHUBOCTD.

JlocTonHCcTBA:

a)  CnocoOHOCTh MOJHOCTHIO KOMIIEHCUPOBAThH OIMUOKY PacCOITIacCOBaHUS
(cTarnyecKkylo) npu JII0OoM K03PPUIUEHTE YCUIICHUS.

Ha mnpakTuke 4acTto UCIHONb3YIOT HUHTETPUPYIOLIUE PETYISATOPHI (TOJIBKO
UHTETPUPYIONIAsl  COCTaBISIONIasl) UM MPONOPLUMOHATBHO-UHTErPUPYIOIIHIE
(MHTErpupyIoLas U NPONOPLHOHAIIbHAS COCTABIISIOIINE).

I'maBHass 3amaya uHTerpupyromero 3seHa B IIHU/] peryasitope —
KOMIIEHCAIIMSI CTATHYECKOW OmMHOKH, o0ecrnmeyeHHe BbICOKOWI TOYHOCTH
peryJupoBaHusl.

3) JuddepeHnupyomas cocTaB/siiomas



D(0)=K g*de(t)/dt (4)

D(t)=Kg*(e(t)-e(t_1)) (5)

rae

K4 — ko3¢ puuuent nud¢epeHunpoBanmus;

e(t) — 3HaueHMe OIIUOKH PACcCOIJIaCOBAHUSA;

e(t.1) — 3HaueHHe OIMOKHU PaccorIacOBAHUA HA MPeAbIAyleil HTepaunu.

Huddepenuupyromas  cocTaBifOmias  NPONOPLUUOHATIBHA  CKOPOCTH
W3MEHEHMsI OmuOKH paccornacoBanms. CBOeoOpa3HBI MOKA3aTellb YCKOPCHHUS
ommnbku paccornacoBanus. AuddepeHuupyromas cocTapisiomas MpeacKa3biBacT
OTKJIOHEHUSI PETYIHPYyeMOro napaMerpa B OyAyllleM W MPOTUBOACHCTBYET 3TOMY
oTkJIOHEeHWt0. Kak mpaBuiio, oHa KOMIICHCUPYET 3ama3/bIBaHMs, BO3JEHCTBUS
pErynaTropa Ha OOBEKT U MOBBIIIAET YCTOUYUBOCTH CUCTEMBI.

OHa  MOKa3bIBaeT, HACKOJIHLKO  M3MEHWIOCh  3HAYEHHUE  OUIMOKH
paccornacoBaHus 3a OJIHY BPEMEHHYIO €AMHUILY JUCKPETHOCTH PETYISATOPA.

PerynstopoB, COCTOSIIIMX U3 €IUHCTBEHHOTO TUDPEepeHIIUPYIONIEro 3BeHa,
He ObIBaeT, T. K. Auddepenupyroiiee 3BeHO 0€3 APYTUX HE Ha YTO HE CIIOCOOHO.

I'nmaBuas 3amaya muddepenumupyromero 3seHa B I/l peryasTope —

IIOBBILIICHHUE yCTOﬁqHBOCTH.

1.2 Hcnoab3yeMblii HHCTPYMEHTAPHU

st pa3paboTKM TMpUIIOKEHUs HeoOxoauma 1atdopma, B KauyecTBe
m1aTGopMBbl JUIsl pazpabaTbiBaeMOro NpujiokeHus Oblia BeiOpana Linux nmogoOHas
cucrema, nogaepxusatomias POSIX crangapt KOTOpBIH, sBIsieTCS IaTQOPMEHHO-
HE3aBUCHMBIM CUCTEMHBIM UHTEP(ENCOM AJ11 KOMIBIOTEPHOT'O OKPYKEHHUSL.

1) POSIX - o310 crammapr IEEE, onuceBatomumii CUCTEMHBIE
uHTep(dEeNchl A7 OTKPBITHIX OINEPAllMOHHBIX CHUCTEM, B TOM 4YHCIE OOO0JIOUKH,

YTWINTHI U UHCTpyMeHTapuu. Tak ke, cornacHo POSIX, crannapTu3npoBaHHBIMU



ABIIAIOTCSL 3a7aud  oOecredyeHusi O€30MacHOCTH, 3a/Jaud PeasbHOr0 BPEMEHH,
MpoLecChl aIMUHUCTPUPOBAHUS, CETeBble (PYHKIMU M 00paboTKa TpaH3aKIUH.
Cranpapt 6azupyercst Ha UNIX-cucremax.

3anaum Posix:

1)  Omnpenenenrie W yHUUKAMs  UHTEpPEHCOB B  Mpolecce
MIPOCKTUPOBAHMSI, @ HE B MOMEHT UX peaTn3aIlny.

2)  OOnerueHue IMepeHoca KoAa MPUKIAIHBIX TMPOTpaMM Ha JIpyrue
1aT(OPMBI.

3)  Omnpenenenne HEOOXOIUMOTO MUHUMYMa UHTEP(PEHCOB MPUKIATHBIX
nporpamMm JJis YBEJIWYEHUSI CKOPOCTH CO3/aHMs, OJOOpEHUss U YTBEPKIACHHUS
JIOKyMEHTAITUH.

4)  CoxpaHeHHe U yU€T BCEX TJIaBHBIX, CO3/IAHHBIX PaHEEe U UCTOIb3YEeMbIX
MPUKJIATHBIX TIPOTPAMM.

5)  PazButue CTaHIApPTOB B HapaBJICHUN obecrieueHus
KOMMYHUKAIIMOHHBIX CETeH, pacrpeesieHus OOpaOOTKM JaHHBIX U 3allUTHI
uH(popManuu.

2) IIporpammuas 0ub.auorexa RubiRobotLib. IIpoexT ev3dev

RubiRobot — »3T0 mnporpammuas OubnMOTEeka, HAMUCaHHAs TIOJA S3BIK
MPOrpaMMHUPOBaHMs BBICOKOTO ypoBHS Free Pascal, mo3Bossromiasi BBITIOJHSTH
OTPOMHOE KOJIMYECTBO MAaHUTYJIALHM ¢ poboToM Ha matdopme Ev3, miis coznanus
Pa3IUYHBIX AITOPUTMOB TTOBECHUSI.

JlanHass OMOIHMOTEKA IEIMKOM M IOJHOCTBIO 3aBHCHT OT IpoekTa ev3dev.
Ev3dev — 3T0 mpoeKT, KOTOPBIM MO3BOJISIET HAKaTUTh MPOIIMBKY B Buae Linux
Debian na Onox Lego Ev3. IHMeHHO [aHHasg NpOLIMBKA [O3BOJSET
POrpaMMHUpPOBaTh poOOTa Ha 0o0Jiee MPUKIATHOM YpPOBHE, HWCIIONB3YS S3BIKH
nmporpaMMHupoBaHus. YctaHoBUB Ha Onok Ev3 nmuctpubytuB Linux Debian
nocpeactsoM microSD kapTel U yTridThl Etcher, n moctaBUB COOTBETCTBYIOIIEE
[1I0 RubiRobotManager na IIK mnox ynpasiennem OC Linux, MOXHO

B3aMMOJIEUCTBOBATh C POOOTOM C TOMOIIBIO Ssh-ceccuii, TporpaMMmupys Hu



KOMITUJIUPYS BCE MPOrpaMMbl MPSMUKOM Ha camoMm Onoke Ev3, dro tak xe
oOecrieunBaeT KOM(POPT B pazpabOTKe pa3IuYHBIX AITOPUTMOB MOBEIEHUS POOOTAa.

JlokyMeHTaius mo OubIMOTEKE HAXOIUThCS HA OUIIMAIBHOM CaiiTe aBTopa:
http://rubirobot.ru/. B naHHOW MOKyMEHTAlMM OMHMCAHBI BCE BO3MOXHOCTH IIO
WHULMAJIU3alUd MOJyJied poboTa (CEpBONMPUBOJOB, PA3NMYHBIX JIaTYUKOB), MO
GYHKIUSIM ¥ BO3MOYKHOCTSIM KOHTPOJISI MOJYJISIMH U HEOOJIbIIass HHCTPYKIIHS TIO
YCTaHOBKE BCETO HEOOXOUMOTO JIJIs Hayasa dKCILTyaTaluu.

3)  Free Pascal

Free Pascal, Taxxe usBectsiii kak FPC (free pascal compiler) - cBo6oanO
pacnpocTpaHsieMblii B UCXOAHBIX TEKCTaX 32-pa3psliHbI KpoccIuiaTpOpMEeHHbIN
KoMnwsITop s3bpika Pascal.

Pascal - 510 uyumcTo mnpoueAypHBIM SA3BIK NPOTPAMMHUPOBAHUSA, YACTO
HCIIOIB3YIOIIUICS /Il 00y4YeHHUs CTPYKTYPHOMY IIPOTrpaMMUPOBAHMUIO.

Oc00EHHOCTSIMU S3bIKA SIBJISIIOTCS CTPOTasl THUMHU3ALMS U HAIMYUE CPEICTB
CTPYKTYpHOTO (ITpolielypHOro) mporpaMmmupoBanus. Pascal Obu1 oqHUM U3 EpBBIX
TaKuX SI3bIKOB.

4) Lego Ev3

Lego Ev3 — BbIYMCIHUTENBHBIN 0JIOK, y KOTOPOTO UMEETCsl arm Ipoieccop, 8
Pa3bEMOB JIsl MOJIKJIFOYEHHE MOJTYJIeH (CEpBOMPUBOIOB U PA3IUYHBIX JATYMKOB),
He OOJIbIION YEPHO-0EIBIM MUCIUICH ¢ KIIABUINIAMHU yIpaBJieHUs, usb BBIXOH IS
noAkIroueHus wifi ananrepa u pazbeéM g microSD KapTOUKH.

JlaHHbI OJI0K pacpoCTpaHEH BO BCEM MUPE, UMEHHO Ha HEM IMOJIABIIAIONIEE
OOJIBIIMHCTBO YYaCTBYIOT HA COPEBHOBAHMSIX MO poOoTOTEXHUKE. He mMeeT sSiBHbIX

KOHKYPEHTOB.

1.3 IIpunuoun nacrpoiiku IINU]] — peryasitopa

[N ] — perynsiTop B pa3HbIX CIy4Yasx MOXKET padoTaTh O-Pa3HOMY, XOTb OH U

oueHb 3(pPexTruBeH, Bcs 3(PPEKTUBHOCTE MOXKET YyJIETyduTbcsi B Mur. Iloatomy,

Ka4yecTBO perynupoBanus [IN]/] perynasiTopoB B 3HAUMTEIBHOW MEpE 3aBUCUT OT



TOTO, HACKOJBKO ONTHUMAIbHO BBIOpaHBI K03 duimentsl. Koaddbummentsr [TN]]
pEryisTopa OnpeestoTCa Ha MPaKTUKe IMyTeM SKCIIEPUMEHTAIBLHOTO 0100pa.

Cocrasasomme 1A/ peryasitopa HacCTpauBaKwTCH O0TAE/NbHO:

o Otxmrouaercst uarerpupytoriee(ki) u quddepenmupyromee(kd) 3BeHbs
u BeIOMpaeTcs koddduiment nponopuronanbHoro(kp) 3eena. Eciau perymstop
MIPONOPIUOHATIBHO-UHTETpUPYIONUN (0TCyTCTBYeT AuddepeHIupyoiee 3BeH0),
TO JOOMBAIOTCS MOJHOTO OTCYTCTBHS KOJI€OaHUI HA MEPEXOTHON XapaKTEPUCTHKE.
[Ipn HacTpoiike perynsropa Ha BBICOKOE OBICTPOACHCTBUE KOJIEOAHUS MOTYT
octatbcs. WX MOXHO MOMNBITaThCS CKOMIEHCUPOBATH AU(PHEPEHIUPYIOIIUM
3BEHOM.

a) Manee  moaxmowaercs — auddepeHuupyromee  3BeHo.  Ero
ko3¢ purieHTOM cTpemsaTcs yOopaTh KoseOaHus napameTpa peryiaupoBanus. Eciu
HE yJIaeTCs, TO YMEHBIIAIOT MPOTOPIUOHAIBHBIA KOADPUITUEHT.

b)  3a cuer UHTErpuUpyroIIero 3BeHa YOHpPAaIOT OCTATOYHYIO OIIMOKY
paccoriacoBaHHsl.

Hacrpoiika [N/ perynsaropa HOCUT UTEPAIMOHHBIA XapakTep. T.e. MyHKThI
noadopa Ko3)PUIMEHTOB MOTYT MHOTOKPATHO MOBTOPSITHCS 10 TEX MOP, MOKa HE
OyJeT TOCTUTHYT NMPUEMIIEMbBINA PE3yIbTaT.

bnarogapss BBICOKMM  XapakTepucTukaM W yHuBepcaiabHOocTH [IM]]
PErYISATOPHI IUPOKO MPUMEHSIOTCS B CUCTEMAax aBTOMAaTU3aluy TPOU3BOCTBA.

O6mas popmyna ITU/I — peryasropa:

PID = K, * e(t) + Ly + Ki * e(t) + Ka* (e(t) - e(t-1)) (6)

Takum oOpa3zom, uHpopmanus o6 ocHoBax IINJ] — perynupoBanus u

HEO0OX0IMMOM 000pYIOBaHUH, JOKyMeHTamus o mpoekre ev3dev m RubiRobotLib

IJIaBHO MOJBOAMT K Hauany pa3pabotku camoro [THU]] — perymnstopa.



2. Pa3paborka M 3KcnepuMeHTaJbHOEe Mcnogb3oBanue TN —

peryjasiTtopa

2.1 TloaroroBka k paspadorke IINU]I — peryasitopa

Jlns noarotroBku k pazpadotke [T ][ — perynsaropa HeoOX0IUMO YCTaHOBUTH U
HACTPOUTH MPOILIUBKY OT mpoekTa ev3dev Ha BeuucauTeNbHBIA 070k Lego Ev3.
(Bcst HEeoOxomumasi mHGopMalys 00 yCTaHOBKE MPOUIMBKH HAaXOAUTHCS HA CaiTe
aBTOpa 6ubamoreku rubirobot.ru). [locie ycTaHOBKY MPOIIMBKYA MOAKIIOYUTH OJI0K
Lego Ev3 nmo USB nopty, uiau no 6ecnpoBOTHOMY COEIUHEHUIO, €CIIM €CTh TaKas
BO3MOXXHOCTb. OTKPBITh Cpelly pa3padoTku ¢ nogaepxkoit FPC.

JIyist Havana Hy>KHO MHUIIMAIM3UPOBaTh Moayau Oubmuoreku RubiRobotLib
JUIsL TOTO, YTOOBI TOSIBUIACH BO3MOXKHOCTH IPOU3BOAUTH MAHUIYJSALUUA C

JaTauKaMu pooora. (puc. 1).

uses uev3 // OCHOBHOW MOOYNb
.crt
,rubiroMotors // nopoepka MOTOPOB W PYNEBOrO YNPaENEHWA
,rubiroSensors // nopoepwka OaTYMKOE
Juevidevices

Puc. 1. Maunmanusanus Moaynen.

Wuunpanu3anmss BceX HEOOXOAMMBIX MEPEMEHHBIX, KOTOpble OymayT
3axenicTBoBaHbl B peanmsauun 1IW/[ — perymaropa. MoxHO cpa3y Hpoaymarhb
cTpykrypy anroputma [I1]] — perynupoBanus, MOXHO MO X0y, J0OABIsATH HOBBIE

nepeMenHbie. (Puc. 2).

var gray,i,t:integer;
colresultl,v,colresult2:integer;
LMspeed, RMspeed , LMV, RMV: integer;
err:Longint;
kp,ki,up,it,itold,LV,RV:double;
leftc, rightc:TEv3ColorSensor;
leftMotor, rightMotor:TEv3LargeMotor;

Puc. 2. Muunmanu3anus nepeMeHHbIX. (B T. 4. nepeMeHHbIX Tuna TEv3).



Crout Ha maHHOM dTarne oOpaTUTh BHUMAaHWE Ha HIDKHHUE TIEPEMEHHBIC, Y
kotopeix ykazaH Ttun TEv3ColorSesor u TEv3LargeMotor. 210 mnepBbie
MexaHu3Mbl 0ubanorexkn RubiRobotLib, koTopbie HEOOX0AMMO UCHOIB30BATh NSt
JanbHeHIIe paboThl C CEpPBOMPUBOAAMH U TATYNKAMHU.

st Toro, uto 0w hyHKIMM porpaMMHoi Oubnuoreku RubiRobotLib 6butn
WHUIIMATU3UPOBAHBI U 3apadoTaid HEOOXOAMMO B HadaJie IPOrpaMMbl HEOOXOTHMO
nponucath ev3init(); 9To cBoero poja WHHUIMATU3AIMSA CaMOW OMOIUOTEKH U €€
¢bynkuwmii B FPC.

Jlns Toro, 4ToOBI POOOT €3/IUJI 10 JIMHUHU, HEOOXOAUMBI CJICTYIOIINE MOTYJIH:

a)  JIBa motopa (O0JBIIUX WIH CPETHUX ).

b)  JIBa maruuka 1BeTa, KOTOpbIE CIOCOOHBI pabOTaTh B ABYX PEXHUMaX,
CUMTBHIBATh I[BET, CYUTHIBATh APKOCTH (0T 0 mo 100). [ns peanusanuu ajaropurma
€316l 0 4Y€pHOU JMHUM, Oosiee Y3PPEeKTUBHO OyIEeT MCMOIB30BaTh BTOPOH PEXUM
(maT4MK OCBEIIEHHOCTH).

st Toro, 4ToOBl POOOT €31MJI, HEOOXOAMMO, MO0 MHUMO HMMEIOUIUXCA U
MOJK/IIOYEHHBIX B COOTBETCTBYIOIIME pazbEéMbl MOJIYJEH, TU CaMble MOIYIU

MHUIMaIn3upoBath. (Puc. 3).

1)

ev3init(['2", 3
leftc:=TEv3ColorSensor.create( };
rightc:=TEv3ColorSensor.create('2'});

leftMotor:=TEv3LargeMotor.create( ¥;
rightMotor:=TEv3LargeMotor.create('7');

Puc. 3. Maunmanu3zanus OMOIUOTEKH U TaTYUKOB(ITIOPTOB).

Tak ’xe MOXHO Hamucarth NPOCTYI0 (GYHKIMIO JBWKEHUS poOOTa TOf
Ha3zBaHueM move. Ilepen TemoM mporpaMMbl Hy)KHO €€ MHULMaIu3upoBars. (Puc.
4). MoxHo o0oiTuch 1 0e3 He€. B 3T0il (hyHKIMK ONMCaH METO/ epeadu MOTOpa,

MOIIDHOCTH.



function move(VLeft, VRight:double; Ti:integer):integer;
begin

leftMotor.Run(VLeft);

rightMotor.Run{VRight);

delay(Ti);
end;

Puc. 4. Unuunanuzanust GyHKIIUA MOVE.

JIBMKEHUE MOTOPOB OCYHIECTBISIETCS C TOMOIIBIO BCIIOMOTaTEIbHOTO
napaMmeTrpa Run(MouHOCTh), KOTOPBIN MUIIETCA Yepe3 TOUKY.

[locneqnee pneiicTBME B MOATOTOBKE K HAMKMCAHUIO MPOTPAMMBbI, 3TO
CUMTHIBAHUE TOKA3aHUM C JAaTYMKOB OCBEIIEHHOCTU. DTOrO0 MOXKHO JOCTHYb C

nomotibio napamerpa reflect. (Puc. 5).

J S WHWUMANW3AUWA 3HAYEHWA APKOCTH NONYUYEHHOE OATUMKAMW CEETA
colresultl:=leftc.reflect;
colresult2:=rightc.reflect;

writeln| ,colresultl);
writeln| ,colresult2);

S ----WHWUWaNK3aUuMa 3HaYeHWA CKOpPOCTH MoTopoe oT @ po 100
LMspeed:=leftMotor.currentSpeed;
writeln| , LMspeed);
RMspeed:=rightMotor.currentSpeed;
writeln( . RMspeed);

Puc. 5. CuutsiBaHMe NOKa3aHUU C TaTYUKOB.

BI)IBOI[I/ITL SHAYCHHA HNATYHKOB Ha SKpaH HC 065{33TGJ'II)HO, HO O5TO O4YCHb

ITOJIC3HO B IIJIAHC OTJIAAKHU ITPOI'paMMBI.

2.2 Jransl pazpadorku IIU/I-perynasTopa

Hnst pazpabotku [IM]] — perynaropa Hy>KHa BBICTPOUTH ONPEICTEHHBIN
nostanubii wiad. [INJ] — peryisstop — 3TO COBOKYIHOCTB TPEX PEryJIATOPOB.
CooTtBeTcTBEHHO, Ay pa3zpaboTku U peanusauuu [1IUJ] — perynstopa, mo Mumo,
noHnnmanus npuHuunos [IW][ peryinpoBaHus, Kak COBOKYITHOCTh TPEX 3BEHBEB,
TaKk W 1O OTAEIbHOCTH, HEOOXOAMMO TaK e pa3paldaThiBaTh M PETYIATOP,
IIO3JIEMEHTHO.

DTAMHOCTH TAKOBA:



a) [IponnopuHOHAIBHBIN PETYIISTOD;
b)  IIponopuroHaTbHO-UHTETPAIBHBIA PETYISATOP;

c)  IlponopunoHanbHO-UHTErPATBHO-IU(PPEPEHIIUANBHBINA PETYISATOP.

2.3 Paszpadorka IIU/I-peryasitopa

1) Peanusaunusi NponopuHOHAJIBLHOIO PeryJsaTopa

Jiist  peanuzanuu  NPONOPUMOHAIBHO  pEryidaropa  HEOOXOAMMO
WHUIIMATN3UpoBaTh nepeMmennbie (Puc. 6), kotopbie OyAayT OoTBe4aTh 3a OMIMOKY
paccoriacoBaHusi, KO3(PQPUIUEHT MNPONOPLUHUOHATBHOTO 3BE€HA M MOIIHOCTb, C

KOTOpOM OyayT paborarh aBuratend. (err, kp, v).

vi=32T;
err:=0;
kp:= ;

Puc. 6. Muunmanu3zanus nepemennbix 11 — perynsitopa

Jlanee HEOOXOOMMO WHULMAIM3UPOBATh 3HAUYEHHE C CAMHUX JIaTYUKOB.
WNubIiMu crioBaMu, MOMYYUTh 3TH 3Ha4YCHUs. B He0OX0oauMol 1Jis €311kl 110 YE€PHOM
JUHUU M Tpoxoja mnoiuroHa «Mactep» KOHCTPYKIMU pPoOOTa, UMEIOTCS JBa
JTATYMKA OCBEIIEHHOCTH, KOTOPBIE ObLIM MPHUCBOEHBI IBYM IepeMeHHbIM: colresult]
u colresult2 (JleBblii u mpaBblii COOTBETCTBEHHO). M nBa OONBIIUX MOTOpaA, C
KOTOPBIX  JOJDKHO  cuuThiBaTh  MoIlmHOCTh. (LMSpeed, RMSpeed). Ilo
HEOOXOJMMOCTH MOKHO BBIBOJUTH 3HAYEHHsI JATYUKOB U MOTOPOB B JAMCILICH

poborta, 1u60 kommnberoTepa. (Puc. 7).

e MHMUMATASANMA SHAYSHMA SPROCTHM MONyHSHHOS AATUMKAMA CBETd
colresultl:=leftc.reflect;
colresult2 i
writeln('n : ' ,colresultl);
writeln('n ', colresult2);

/] ———-Mamyamisa s c v MoTopos or 0 mo 100
LMspeed:=leftMo ;
writeln('c T5 pa: ', LMspeed);
EMspeed:=rightMotor.currentSpeed;
writeln('CropoCTs NPaBOTO MOTOPA:

', RMspeed);

Puc 7. MHunuanu3anus 3Ha4€HUM, CYUTHIBAEMBIX C JaTUMKOB.



Jlanee HeoOxomumo peanu3oBaTh cam II — perymstop. Hawate crout c
olIMOKHU paccoriacoBanus. B ciydyae ¢ po60ToM, KOTOPBIN OYyAET €3AUTh 10 YEPHOI
JUHUM, OWIMOKON paccorjacoBaHusi OyJeT SBIATbCA pa3HULA JaTYHUKOB
ocBelIEHHOCTU. Ecnu 3HaueHue ¢ 3TUX JaTYUKOB PaBHBI IPYr-Ipyry, TO U OMIMOKa
Oynet paBHa HyJ10. Eciiv 3HaUeHMs ¢ JaTYMKOB OyAyT pa3HuUlla, TO U olmuodKa Oyaer
UMETh ONpPENEIEHHOE 3HAUCHHE, KOTOPOe Oy/leT yBEIU4YHMBaTh CHUILY IIPOTHUBIICHUS
3TOM camoil ommuOke. 3amucath 3TO CTOMT Tak: err:=(colresultl-colresult2);
Brluntaem u3 3Ha4€HUM NIEPBOTO TaTYMKa. 3HAYEHUS BTOPOTO.

Jlanee HeoOXOOUMO TMOACTaBUTH BCE BBIIIECKAa3aHHOE B  (OpMyIy,
ONMHMCAHHYIO B TEOPETUYECKOM yYacTu. 3HaueHue K, MHUIMaIU3UPOBAHO €lI€ MpH
OOBSIBJIEHUN ITUX CaMbIX [IEPEMEHHBIX.

[ToncraBuB dopmy B ¢dopmyny, HEOOXOAUMO, UYTOOBI PE3yNbTAT ITOU
(GbopMyIIbl MEHST MOILIHOCTh CAMHX MOTOPOB. YTO ObI pOOOT MOHMMAII, KOTJIa eMY
HY’)KHO IIOBOpauyMBaTh HaJ€BO, a KOrja HampaBo. Bc€ 3TOM MOKHO 3amucaTh B

HECKOJIBKO CTpouekK. (puc. 8).

err:=(colresultl-colresultl2) ;
LV:=v+ (kp*err) ;

RV:=v- (kp*err) ;

move (LV,BV,0) ;

Puc. 8. Mexanuswm II - perynupoBaHusi.

[Tocme mpoenbiBaHus BBIIECONUCAHHBIX JECUCTBUM, IPU BBIXOJIU U3 IUKIIA,
cleayeT OCTaHOBUTH MOTOPBI. [[uki HEoOXoauMo co3maTh OCCKOHEUHBIM, €CIH
pobOTy HEOOXOAUMO €3UTh MO 3aMKHYTOMY Kpyry. BBIXOI W3 ITMKJIa MOXXHO
3amporpaMMUpOBaTh Ha HaxkaTue Kakou-mubo kiaBuinu. [lomnas peanuzarus 11 —

perynsaropa. (Puc. 9).



d

Puc 9. I1 — perynsarop.

2)  Peanu3anms nponopuMoOHAIbHO-UHTEIPAJIBHOIO pPeryjasaTopa
st [TN — perynsitopa, HE0OOX0IUMO MHHUITUAIM3UPOBATH HECKOJIBKO HOBBIX
nepemeHHbix (it, itold, ki). It — 3HaueHue Bcel mHTerpanbHOro 3BeHa. Itold —
3HaUYE€HWE MHTETPAIHHOTO 3BEHA Ha mpeapiaymen utepamuu. Ki — koaddurment

unrerpupoBanus. (Puc. 10).

ki:= H

Puc. 10. Ilepemennsie qis [IU — perynsitopa.

OmmbKka paccoriiacoBaHusi BBIYUCISIETCS TeM, ke crocodoM, 4to u B Il —
peryiIaTope, W B TOCICAYIOIMMX MOJCPHHU3AIUIX pEeryJsaTopa, Crocod eé
BBIUHCIICHUS OCTAHETCS HEU3MEHHBIM.

Jlanee HeoOXOAMMO MOJYyYEHHbBIE 3HAYEHHs MOACTaBUTh B (opmyiy u

nepenath 3HaueHust 3Tol GhopmyJibl B camu nBuratens. (Puc. 11).



err:=(colresultl-colresultl);
it:r=itold+ki*err;

/LW :=v+ (kp*err+ (itold+ki*err) ) ;
LV:=v+ (kp*err+ (itold+it)) ;
//RV:=v— (kp*err+ (itold+ki*err)) ;
EV:=v-(kp*err+(itold+it)) ;

/ /move (LV,RV, 0) ;
leftMotor.Run(LV) ;
rightMcoctor.Run (REV) ;

itold:=it;

Puc 11. Mexanusm [I1 — perynsropa.

[Tocne mexanuszma I — perynaropa HEOOXOAWMO OCTAHOBUTH MOTOPHI.
[ukn Tor *e urto u B Il — perynstope, nukn OyAeT Tak K€ HE M3MEHEH 10
peaM3aluy JJUHEHMHOr0 aJropruT™Ma Jjisl MPOXOKAEHUS Tpacchl «MacTtepy, T. K. TaM
B XOJ MIET mpouenypHas peanusauus. Peanuzauus [ — perymstopa ueankom.

(Puc. 12).

Puc 12. IIN — perynsTop.



Ocranock peanu3oBaTh ToOcienHee 3BeHO, nuddepennuanbHoe. Ha stom
aTare 3aKkaH4uBaeTcs pazpadorka camoro [N ]l — perynsrtopa.
Jlisi Hadanma BHOBB CIIEAyeT JOIMOJHHUTH CIHCOK YK€ CYIIECTBYIOIIHX

nepemeHHbIX HOBBIMHU (kd, errold).

Puc 13. Ilepemennsie IT1]] — perynstopa.

Kd — koappunment nuddepenunponanus, errold — ommbka Ha npeapayIiei
UTEPALIH.
[Tocne wHUIMANHM3aMKU BCEX NEPEMEHHBIX BHOBbH JOMOJHSEM MEXaHHU3M

perynstopa. Ha stor pa3 mobaBmsem muddepenimupyromee 38eHo. W mepemaém

3HAYEHHE BCETO PETryJIATOpa Ha MOITHOCTh MOTOPOB. (Puc. 14).

err:=(colresultl-colresult2);

//writeln('err=", err);

pt:=kp*err;

it:=itold+ki*err;

dt :=kd* (err-errold) ;

v+ (kp*err+ (itold+ki*err) +kd* (err—errold)) ;
(pt+it+dt) ;

vriteln('Lv="', LV);

v— (kp*err+ (itold+ki*err)'+kd* (err—errold));
RV:=v- (pt+it+dt) ;

//writeln ('RV="', RV);

//move (LV,RV, 0) ;

leftMotor.Run (LV) ;

rightMotor.Run (RV) ;

itold:=it;

//writeln('it="', it);

errold:=err;

//writeln('errold=", errold);

//delay (200) ;

Puc. 14. Mexanusm [TN/] — perynupoBaHnusi.

Jlist ynoOcTBa JKenaTebHO paciucaTh 0 OTACIBHOCTH KOKIYI0 (hopMydy, a
MO3E MPOCTO CIIOXHUTHh MOJYyUYEHHBIE Pe3yJbTaThl TPEX GOpMysd M mepenaTh UX
MoTopaMm. Tak ’ke B KOHIIE BCeX JEHCTBUU HEOOXOIWMO HE 3a0bIBaTh Mepe
MPUCBAaNBATh 3HAUYCHNE TIEPEMEHHBIX it, errold 1 0OCTaHOBUTH MOTOPHI 1O BBIXOAY U3

nukita. Peanuzanms [TN /] — perynstopa nenukom (puc. 15.)



end

Puc. 15. IIN ] — peryasarop.
2.4 Pa3pa0doTka JUHEIHOr0 AJrOPUTMA IJI POXOKACHUS MOJTUTOHOB

[Tocne pazpabotku [T1]] — perynsitopa, €ro MOXKHO HHTETPUPOBATH B JTHO00H
JUHEHHBIA aaToOpuTM, JUIsl JI000M Tpaccel mocpenctBoMm mpouenyp. [N —
PEryIsSTOp OOECHEUYUT BBICOKYIO PE3YJbTATUBHOCTh HA Tpaccax, MpU I'PaMOTHOM
noa0ope Ko3(pPUIMEHTOB peryIupoBaHusl.

Jlist Hagasio clefyeT B3SITh BBIIICONMMCAHHBIA MEXaHU3M PEryJupOBaHUS U
3aKIIOYUTh B TpOLEAype. APryMEHTaMH JTOH TpoIeaypbl OyAyT SBIATHCS,
MOIIIHOCTh JBUTaTENeH, Tpu kKodddumuenta perymupoBanus (kp, ki, kd) u Bpems
BBITIOJIHEHUS Tpouenyphl. [locnennuil apryMeHT BapuaTHUBEH, MOSTOMY CO3/aTh
CIelyeT JBE MPOLEAYphl, OJIHA C KIIFOUEBBIM TapaAMETPOM BPEMEHH, a JIpyrasi HeT.

(Puc. 16, 17).



Puc 16. ITpouenypa I[11]] — perynupoBaHus ¢ mapameTpOM BPEMEHHU.

Puc. 17. Ilpouenypa [1N]] — perynupoBanus 0e3 napameTpa BpEMEHH.

Ecnmm y mponeaypsl ¢ mapamMeTpoM BpPEMEHH, BPEMS SBJISCTCS YCIOBHEM
3aBEpIICHUS TPOIEAYPhl, TO Yy TMpoIeaypsl 0e3 JTOro mnapameTpa HYKHO
pa3paboTath Apyroil MexaHu3M e€ 3aBepIiicHre. MexaHu3M, KOTOPBIH Obl TOBBIIIAI
s dexTuBHOCTH poOOTa Ha MHOOOM Tpacce.

Ecnmu paccMmoTpers Tpaccy monmrona «Mactep» MOXXKHO YBHUIETh MECTa,
KOTOpBIE TPU MaJeHIIMX KoJieOaHMUsIX, TPU MaJeuieil ommoke, poOoT Oyaer

MPOXOJUThH HE CTAOUIILHO, 0COOCHHO Ha OOJBIINX CKOpOCTSX. (puc. 19).



' —_—

MapuipyT ans keteropun “Mactep'

Puc. 19. I[Tonuron «Mactep».

Oto mepekpéctku. Ecnu poOOT mpu maneiiiieM OTKIOHEHHWU BOWIET Ha
JAaHHBIN YYaCTOK, TO €T0 TPSXHET, UTO MOXKET MPUBECTH K BBIJIETY C Tpacchl. Takue
y4acTku 3¢(HEKTUBHO MPOXOAUTH OTKIIOYAs JaTUMKU. J{J1st 3TOro noqoiér neppas
poLeaypa CO BPEMEHEM, JaTYMKU OTKIIOUYUTh MOXKHO, TEepellaB MapameTpam
peryJIMpoBaHUs 3HAYEHUS paBHbIE HYIO. Peryistop npocto He OyaeT pearupoBathb
Ha Kakue-1100 3HaUY€HHUs JaTYMKOB OCBEIIEHHOCTH, YTO M HEOOXOAUMO Ha TaHHOM
y4acTKe, He TOBOPs 00 pEeKYpCUBHOM yuacTke (T/i€ IBeTa JIMHUU U (POHA MEHSIOTCS
MECTaMH).

VY nepBoro naTyuka JUIIb OJAUH CEPhE3HBIN HEAOCTATOK, KaK HE CTPAHHO OH
SIBIISIETCS] ¥ €70 IPEUMYIIECTBOM, 3TO MapaMeTp BpeMeHU. Ha HEeKOTOpBIX yyacTKax
Tpacchl 3TO camblii A(O(PEKTUBHBIA MEXaHU3M, HO TPU KAKUX-IUOO CIIOKHBIX
y4acTKaxX Tpacchl (MepeKpECTOK, peBEPCHsl), HEOOXOAUMO OMPEAENATh, YTO POOOT
BOIIEN HA JAHHBIM y4YacTOK, M B IENSIX O€30MacHOCTH, MPOWUTH €r0 OTKIIIOUWB
naTdyuky. B 3TOM ciyuae BeIcTynaeT BTopasi IpoLeaypa, yCIOBUEM BbIX0ja KOTOPOH
SBIISICTCS] HAXOXKJIEHUS IBYX JIATYMKOB HAa YEPHOM IIBETE, TaK pOOOT MOHUMAET, YTO
OH HaxOJUThCS Ha MEPEeKPECTKE WM Ha peBEpcUpOBaHHOM yuacTke. [Ipu Bxozae Ha
JAHHBIN ydacTok mporienypa pidalgo 3aBepinaercs u anroputMm UAET najbiie. A
nainplie OyneT Hy’KHO BHOBB BBI3BaTh MPOLIEAYPY € TapaMeTpOM BPEMEHU Ha OYEHb
KOPOTKHUH CTPOK, MepeAaB mapamMeTpaM peryjaupoBanus Hyau. Tak poOOT mpoieTuT
JAHHBIM y4acCTOK POBHO M 0€3 pucKa BbUIETa 3a Tpaccy. MOXHO co3/1aTh OAHY

MpoIeAYpPY C JABYMsI YCIOBUSIMU BbIxoJia. Takasi mpoueaypa OyieT BapuaTuBHA, HO



3TO Ha MOPSAOK MOXKET 3aIyTaTh, U HEOJArOMPHUITHO CKA3aThCsA HA YUTA0CIbHOCTH
Y TIOHUMAaHHUH KOJa.

Cnenyer OTMETHTB, YTO NOKa OJHA MpOUEeaypa JIUHEWHOrO alropuTMa
BBIIIOJIHAETCS, APYTHE KIYT. DTO HE aCUHXPOHHBIN BbI30B. ClIe10BATENBHO, HYKHO
IPAMOTHO pACCTABJATh BBIIICONMCAHHBIM NPOLEAYPbl W YUYWUTHIBATH YCIIOBUS
BBIX0/1a U3 ATUX CaMBbIX IPOLENYP, NHAYE OHU MOTYT IPUBECTHU K BBUIETY C TPACCHI.

(Puc. 20).

pidtime (
{fpidtime | '/ Sapamew

fipidtime | f/PazpameH

] I;_I'i .II':; -

fipidtime (100, 0.1
/fpidtime (80, 0.
pidtims (20,

writeln("111111111
fipidtime (80,0.22

pidtime (20,

Puc. 20. He acuHXpOHHBIA BBI30B MPOLEAYpP JIUHEWHOrO aJIrOpUTMa

MMPOXOXKACHUA I1IOJIMT'OHA.

Crnenyomye TpoLeayphbl, KOTOpble HEOOXOAWMO pa3paborarh, ATO
MpOLIETypbl MOBOPOTA HApaBo U HajeBo. [Iporpammuas 6ubamnorexa RubiRibotLib
MO3BOJIIET COBEPILATh MOBOPOTHI MO 00OpOTaM MOTOPOB, MO TpagycaMm M IO
BPEMEHM, HO ITH BCE MEXAHU3MbI HE BBLICISAIOTCS XOpOIIeH CTaOUIBHOCTBIO, BE/lb
ec poOOT 3aiAET Ha KAaKOM-TMOO0 YYacTOK HE MPSMO, @ UyTh HAUCKOCOK, TO pOOOT
MOXKET Tepe pYyJIuTh U BBUIETETb C Tpacchl. Jlas 3TOro HyXHO BHOBB
BOCIOJIb30BaThCsl JATUYUKAMU OCBEIIEHHOCTH. MexXaHu3M JOBOJBHO IpocT. B
3aBHCHMOCTH OT HampaBJeHHs MOBOPOTA, CYUTHIBATH JHOO MO MpaBOMYy, JTUOO MO
JI€BOMY JaTYMKY 3HAU€HUS M CO3JaTh JUHEIHYI0 mpouenaypy nosopora. (Puc. 21,

22).



procedure povright2(direct:double; speed:integer);
begin

Rule.Run(direct,speed) ;

repeat
colresult2:=rightc.reflect;
WriteLn('Wwhilelll111");

until (colresult2 <=15);

Rule.Run(direct,15);

repeat
colresult2:=rightc.reflect;
WriteLn('While222222");
until (colresult2 >=c0);

leftMotor.Stop(2) ;
rightMotor.Stop(2);

end;

Puc. 22. TIpoueaypa noBopoTa Hampaso.

procedure povleft(direct:double; speed:integer);
begi
Ry

.Run (direct,speed) ;

repeat
colresultl:=lefte.reflect;
Writeln('Wghilelllll BN
until (colresultl >=55);

R
until (colresultl <=15);

Rule.Run(direct,15);

leftMotor.Stop (2) 7
zightMotor.Stop(2) ;

end;
procedure povleftl(direct:double; speed:integer);

begin
Rule.Run (direct, speed) ;

lefemMotor.stop(2) ;
rightMotor.Stop(2) ;

end;

Puc. 21. ITpouieaypsl HOBOpOTa HAJEBO.

BapuatuBHOCTh JaHHBIX HpOUEAYp KOJIEOJIETCS OT HAIPABJICHUS U OT TOTO,
Kakoi natyuk Oyzaer BeaymuM. Ho olHO3HAYHBIM IPEUMYIIECTBOM ATHX MPOLIETYP
SBJISIETCSI TOUHOCTh MOBOPOTOB. POOOT BCTAaET pOBHO (JaTUMKAMM MEXIY YEPHOM
JIUHUHN).

Ilocne pa3paboTKu BBILIETIEPEYUCIICHHBIX IIPOLEY]D HYXXHO
CKOH(UTYypUpOBaTh CaM JIMHEWHBIA alrOpuTM H3 3TUX caMmbiXx npoueayp. U
nono0paTh mpuemieMble KO3(PGUIMEHTH PETyIUpOBaHUs UIA KaKJIOr0 ydacTka

Ttpaccel. (Puc. 22, 23).



pidtime (35, . Ly ):
pidtime (50, . 52, Y

pidtime (30, B B ' ) ://Very Good
pidtime (50, . i1, )
pidalgo (40, . P
leftMotor.RunTurn (- ,30);
rightMotor.RunTurn (= L300 ;

Ev3.Sleep( )
povleft(- 20

pidalgo(40, . )5
pidtime (40, . 00
rightMotor.Stop(2);
leftMotor.Stop(2);
writeln('PID===3");

povleft (- ;3007
//rightMotor.RunDeg (230, 30) ;

pidtime (35, ; . ; );
//pidtime(35,0.1,0.00015,1,3500);
Rule.RunTime (0,550,50) ;
Ev3.sleep(550) ;
Rule.RunTime (50, ,80);
Ev3.Sleep(230) ;
Rule.RunTime (0, 250
Ev3.sleep( ):
pidalgo(s0, . 1)
pidtime (50, ’ L )
//BEv3.Sleep(1000);
povrightl( e
pidalgo(40, . 1)
pidtime (40, , .1, )
povright2( ,30) 7
pidalgo(co, . . ):
pidtime (20, . P
povleftl (- £30);
Ev3.Sleep( )
pidtime (50, ; . . )y;

Puc. 22. JIuHeWHBIM alrOpuT™M MPOXOXKACHUS MOoJauroHa «Mactep» ¢

ucnoJyibzoBanuem 1 IN]J[ — perynsaropa.

pidtime (50, . r r )

leftMotor.RunTurn ( ,34);
rightMotor.RunTurn { ,30)
Ev3.sleep( )

pidtime (30, , , . )
leftMotor .RunTurn ( ,20);
rightMotor.RunTurn { L00)
//pidtime (100,0.22,0.0043,5.4,1600);
Ev3.sleep( )
pidalgo (G0, , , ):
pidtime (20, . ,L1,80);

povright2( ;200

pidtime (55, . , , )

//leftMotor.Stop (0);
rightMotor.Stop(0) ;
Ev3.Sleep( ):
end.

Puc. 23. JIuHeWHBIM alropuT™M MPOXOXKACHUS IMoJuroHa «Macrep» c

ucnons3oBanuem [N/ — perymaropa.

Pe3ynbrar naHHOrO ajJropuTMa, YCHEUIHbIM MPOXO0Jl TPACChl HA KAaTErOpHUIO
«Mactep» (Puc. 19) 3a 30 ¢ Hebonbium cekyna. U 3to ne npeaen. JlokazarenbcTBa
MpoXoJa HAaXOJATCSI B JIGHTE HOBOCTeW aBTopa OubOmmoreku RubiRobotLib,

rubirobot.ru. (Puc. 24).



Jenta nopoctei

Puc. 24. J[loka3zarenbcTBO pabOTOCIOCOOHOCTH MPOrpaMMbl Ha caiTe

rubirobot.ru.

Koneunbléi pesynbrar mnosioxuTenbHbld. Pa3zpabotka TIWU]] — perynstopa
3aBEpIICHA YCIIEIIHA, a JIMHENHBIA aJTOPUTM C MPOLEAYPHOU OpPraHU3alue EMKO
WTIOCTpUpYyeT padoTocnocoOHocTh W mpeBocxonactBo [N — perynsrtopoB 1o

OTHOUIEHUIO K IPYTUM B PpOOOTOTEXHUKE.



3akjroueHue

B pamkax nanHoii kypcoBoi paboTsl ObutH paspadortans [ITN ] — perynsitop ¢
UUKJINYECKON OpraHu3aluen, JIMHEWHBIM aJrOPUTM IS YCIIEIHOTO IIPOXOKICHUS
noiurona «Mactep» ¢ mpoueaypHol KoHuUrypauued u BHEAPEHHBIM B
npoieaypHyto cocrapistonryto [T/ — perynaropom na POXIX-coBmectumoit OC.

[TIpu npoextupoBke I — perynsaropa akueHT Aenajics Ha YCTOMYMBOCTD
peryiaaropa B OKcIUlyatanuu. Ha uuTaOenbHOCTh W MOHMMAaHUE KaKJIou
cocraBisiromien  mexanusma [IMJ[ — perynupoBanusa. Ilpu mnpoekTtupoBku
JUHEWHOrO0 aJITOpUTMa JEJIalicd aKUEHT Ha YHUBEPCAJIbHOCTb MPOUEAYPHOU
peanu3anuy MeEXaHu3Ma Mo/ JII000H MOJUTOH U JI00YI0 TPAcCy ¢ BO3MOXHOCTBIO €€
JnanpHenme mMonudukanuu. JlaHHBIM anropuT™M, MEXaHU3M YUTa0elIeH U OYCHb
MPOCT B OCBOCHUH, YTO B CBOIO OYEPEH MO3BOJIUT HAUYMHAIOIIEMY MPOrPAMMUCTY
Jerko pazoOpartbcsi B mpunnmmax [IMJ[ — perynupoBanwsi ¥ OCBOUTH 4YacTh
HEe0OXO0IUMBIX (GYHKIUN TporpaMMmHoi Oubiamoreku RubiRobotLib, Takue kak,
nepejaya MOIIHOCTH B MOTOPBI, CUMTHIBAHUS MOKA3aHUM C TaTYUKOB U MOTOPOB,
pyJIeBO# ympaBiieHue /il y100CTBa B IOBOPOTAX U T. 1.

B wutore, B COOTBETCTBMM C TIOCTABJICHHOW 3ajayeid, ObLI JOCTUTHYT
pe3ynbTar, a uMeHHo: paszpabotath [IM]] — perynsitopa st IBUXXEHUS JIUHUU
po6ota Lego EV3 ¢ ucnons3oBanuem nporpammuoi 6udiamnoreku RubiRobotLib Ha
Posix-coBmectumoii OC. Ilocne pazpaboTKu, TPOIEMOHCTPUPOBAHHO HA TIpUMEpe
MIOJIMTOHA U YHUBEPCAIBHOIO JIMHEWHOTO AJITOPUTMA C MPOLEIYPHOU pealn3auen
MIPOXOXKIEHUSA ITOT0 MOJUTOoHA ¢ ucronb3oBanueM [ 1N/ — perynstopa. Pe3ynbrar B
30 ¢ HeOonBIIMM CEeKYH]I Oojiee 4eM MpHUMENeM, €CIi OpaTh B YYET, 4TO 3ajaya
CTOSIJIa HE B MPOXOXKJICHHUM IIOJUMIOHA HA CKOpPOCThb, a B aemoHcrpauuu [T —

peryisiTopa.
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