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JlaBGopaTtopHas pabota Ne4
MporpammupoBaHne gemxeHun Tuna SPLINE

Llens paboTbl: 3HAaKoMCTBO C BMOOM nepemelleHns ¢ 6nokom SPLINE,
HacTporika N 0COBEHHOCTM NPOrpaMMUPOBaHNS TNAAKNX TIMHWNA.

1. TeopeTnyeckas 4actb
B aTon nabopaTtopHon paboTe n3yyarTcst cneayoLlime aneMeHTbl:
1. Pabota c 6nokamu SPLINE;
2. NporpammupoBaHmne 6rokoB SPLINE ¢ nomoLpto BCTpoeHHOro hopmMynsipa.

1.1. Pabota ¢ 6nokamu SPLINE. KoHuenuus
Ha camom pene nporpammupoBaHMe poBOTOB, KOHEYHO Ke, He
OrpaHu4YMBaEeTCs  MPOCTbIMU  JIMHEAHBIMA U KPYrOBbIMW  MEepeMeLLEeHUSIMU.
TexHonormm Npou3BOACTBa U CrOXHble AeTanu TpebyloT nporpamMmMmpoBaHus Tak
Ha3blBaeMbIX CIOXHbIX TPAEeKTOPUI, TO €CTb KOHTYPOB, KOTOPbIE HE MPOCTO MOXHO
peanu3oBatb B BUAEe KOMOMHaALMN KOMaHA TPaekTopum.

Puc. 1.1. ABuxeHune no tuny Spline

C 6onblWKUM TPyAOM CIOXHbIE TPAEKTOPUM MOXHO BOCMPOM3BECTU MyTEM
crnaxvBaHusl OTAenbHbIX NepemelleHuii. B aTom cnyyae, ogHaKo, TOYKM AOMKHbI
NnporpamMMmMpoBaTbCs 3a MNPeAenoM TpaekTopumu (3TU TOYKM MOTyT ObiTb Takke
HeOOCTYMHbl UMM HaxoauTbCA Ha Aetanu). Kpome TOro, AnNs Kaxaow 3anucu
nepeMeLleHnst  KOHTYP  CITIaXUBaHUSA  LOIDKEH  afjanTupoBaTtbCd  NyTEM
NPOAOIMKUTENBHOIO TECTUPOBAHMS, YTOObI MOMyYUTb TOYHYK TpaekToputo. [pu
onpefeneHHbIXx 06cToATENbCTBaX abCONOTHO TOYHAsS peanu3aunsi O4eHb CITOXHOM
TPaeKkTopun CO CIMaXeHHbIMM KOMaHAaMu OTAenbHbIX 3anucein  BoobLue
HeBO3MOXHa. [pn OTHOCUTENBHO NPOCTbLIX KOHTYpax 3TOT METOA XOTb M BO3MOXEH,
HO npu Gonee CNoXHbIX KOHTYpax ero peanusauusi 3aTpyaHeHa, a U3-3a CIULLKOM
OOonbLUMX BPEMEHHbBIX 3aTpaT, Npexae BCero, He3KOHOMMUYHA.



Puc. 1.2. N3orHyTast TpaeKkTopusi co crnaxeHHbiMu asvxkeHunamn LIN (nesas)
W n3orHyTas Tpaektopusa ¢ 6rnokom Spline (npasas)

Mpenmylectsa HoOBOro nnaHvposaHusa TpaekTopun (6nok SPLINE, SPTP,
SLIN, SCIRC, SPL):

1. TpaekTopus 3agaeTcs TOYKaMu, KOTOpble nexart Ha TpaekTopun. MoxHO
11erko co3faTb Xenaemyto TpaekTopuio.

2. 3anporpaMmMupoBaHHasi CKOPOCTb MOALEPXKMBaeTCA nydle, 4Yem npu
00OblYHbIX BMAax [ABWXeHUs. CHWKeHune CKOPOCTW MNPOUCXOAWT TOMbKO B
HeMHoro4mcrneHHbIx cnyyasx. Kpome Ttoro, B ©6rnokax CP-Spline moryt 6biTb
onpefeneHsl cneyunanbHble NMOCTOAHHbIE AManasoHbl NepeMeLLeHunid, BPEMEHHON
OnoK, YyCrNOBHbIN OCTaHOB.

3. Xopa TpaekTopun Bcerga ogvHaKoB, HE3ABMCUMMO OT KOPPEKLMU, CKOPOCTU
unn yckopenus. 4. Bbicokas TOYHOCTb BbINMOMHEHUS KPYroBbIX KOHTYPOB W Y3KMX
paaunycos.

Hoeoe nnaHuposaHue mpaekmopuu 03Hayaem rniaHupo8aHue mpaekmopuu ¢
omdernbHbIMU riepemeuwjeHusiMu Spline u Spline. Yka3aHHble 30echb npeumywiecmea
OMHOCSAMCS K CMapoMy MiaHUupo8aHUo mpaekmopuu ¢ KomaHOamu rnepemeuseHust
PTP, LIN u CIRC.

1.2. MNepemeLluerHne Spline

CambIM pa3HOCTOPOHHMM ABWxeHneM Spline aBnsieTca 6nok Spline. briok
Spline no3BonseT 06bEANHATL HECKOMNBKO ABMXKEHWUI B 04HO 06LLee ABwxeHue. briok
Spline NnaHnpyeTcs 1 BbINOMNHAETCA CUCTEMON ynpaBrneHns poboTom kak 1 3anuce
OBWKEHU.

TpaeKkTopus NPOXoauT POBHO Yepes3 HECKOMNBbKO TOYEK

Spline (6nok Spline) gormkeH npeacTaBnaTe COOON TPAEKTOPUIO NpoLiecca.

[BwxeHus, KoTopble MOryT pacnonaratecs B 6roke Spline, HasbiBalTCA
cermeHTamu Spline. VIx HacTpoka BbINOMHAETCA NO OTAENBbHOCTU.

Bnok CP-Spline MmoxeT Bkntovatb B cebs cermeHTsl SPL, SLIN n SCIRC (puc.
1.3).



SPLINE

SPL P1

SLIN P2

SPL P3
SCIRC P4 PS5
SPL Ps
ENDSPLINE

Puc. 1.3

Bnok PTP-Spline gomkeH cogepxaTb TONbKO cermeHTbl SPTP.

DTP_SPLINE
SPTP P1
SPTP P2
SPTP P3
ENDSPLINE

Puc. 1.4

Kpome 6nokoB Spline, cywectByeT BO3MOXHOCTb MPOrpaMMUpPOBaHNA
oTtaenbHbix asxkeHun Spline: SLIN, SCIRC 1 SPTP. Mpumep SLIN

SPLINE
SLIN P1
ENDSPLINE

[ sLin ;1 |

Puc. 1.5

Mpumep SPTP
PTP_SPLINE
SPTP P1
ENDSPLINE

| seTe P1 |

Puc. 1.6

BHUMAHUWE! Bo3amoxHO cenaxkugaHue Mexdy ecemMu KoMbuHayusimu 6710K08
Spline u oduHo4HbIMU Spline.

1.2. MporpammnpoBaHme 6nokoB Spline ¢ NOMOLLIbI0 BCTPOEHHBLIX hopMynsipoB

HdononHutenbHo K oTaenbHbiM  3anucam ¢ SPTP, SLIN, SCRIC wu
OTHOCMTENbHBLIM NepeMeLLeHnam goctyneH «b6nok SPLINE».

Bnok SPLINE paccmaTtpuBaeTcs 1 nraHnpyeTcs Kak oTAenbHoe nepemMelleHme
CO «CIMOXHOW TpaekTopuem».

Mmetotca 2 Buaa 6nokoB SPLINE:

Brnok CP-SPLINE Spline c nepemelueHnsmu CP (SPL, SLIN, SCIRC)



Bnok PTP-SPLINE: Spline ¢ nepemeLleHnsiM1 UCKITIOYNTENBHO B OCEBOW 30HE
(Tonbko SPTP)

Bnok SPLINE — aT1o 3anunck nepemelteHus ¢ TOOL, BASE n IPO_MODE, Ho
pa3HbIMU CKOPOCTAMU N YCKOPEHUSIMU B OTAENbHbIX CErMEHTaX.

Tpaektopusa nnaHupyeTcs 4Yepe3 Bce TOYKM, TakMMm 06pasom, Mpoxopa
BbINOSHSIETCS Yepes3 BCe TOUKM.

MonHbIN pacyeT TpaekTopuu BLINONHAETCA npeaBapuTensHo. B pesynbtate
N3BECTEH BECb XO[ TPAEKTOpUM W OHa MOXET ObiTb ONTMManbHO pa3melleHa B
pesynbTaTe NnaHNMpoBaHWsa B paboyen 30He ocew.

TpaekTtopun C O4YeHb Y3KUMW KOHTypamu Bcerga NpUMBOAAT K CHWXKEHWIO
CKOPOCTW, NOCKOSbKY OCU po6oTa SIBNSIHOTCS OrpaHUYMBalOLLIMMUN 3NIEMEHTaMMU.

BHyTpu 6rioka Spline crnaxvBaHusi He TpebyeTcs, NOCKONbKY Yepes Bce

JononHMTenbHO MOXHO KOHMUIYpUpoBaTh Takne yHKUMMK, KaK «NOCTOSAHHAs
CKOpPOCTb» U «pMKCMpoBaHHOE BpeMs».

KonuyectBo cermeHTOB B 6110ke OrpaHUYeHO TONMbKO 06bEMOM NamMATK.

Kpome cermeHTOB nepemelleHns 6rok Spline moxeT cogepxaTtb criegyloLme
3MNEeMeHTbI: BCTPOEHHbIE KOMaHAbl N3 TEXHOMOrMYECKNX MakeToB, pacrnonaraipowue
dyHKUMsIMK Spline; KOMMEHTapWK 1 NycTble CTPOKU.

Bnok Spline He MoOXeT cogepxaTb WHbIX KOMaHZ, Hanpumep, KOMaHz
pacnpefeneHus nepeMeHHbIX UIN NIOTMYECKUX KOMaH.

BHUMAHMWE! HayanbHasi moyka 6rioka Spline ssensiemcsi nocriedHeli moykoul
neped 6riokom Spline. Llenesasi moyka 6r10ka Spline sienissemcsi nocrnedHel moykol
8 b6510ke Spline. briok Spline He Moxem UHULUUPOB8amMb 0CMaHo8 rnpedeapumeribHol
npoueodyphbi.

1.3. Mpodgunb ckopocTel aBumxkeHun Spline

Xop TpaeKkTopuu Bceraa oguHakoB, HE3aBUCKMMO OT KOPPEKLMMU, CKOPOCTU Unn
YCKOPEHUS.

Cuctema ynpaeneHuss pobOTOM yxXe npu  MMAaHUPOBAHWM  y4uTbiBAET
dusmyeckne rpaHvLbl poboTa.

Po6oT aBmxeTca B paMkax 3anporpamMMUpPOBAHHON CKOPOCTM C HambornbLuewn
BO3MOXXHOW CKOPOCTbI0, LONYCKAEMOMN ero (puanyeckumu rpaHuLiamu.

OT0 ABNSAETCH NPEVMMYLLECTBOM B CPAaBHEHWUM C TPAAWULIMOHHBIMU OBUMXKEHNAMMN
LIN n CIRC, ana koTopbix u3an4yeckue rpaHuiubl Npyv  NAaHUPOBAHUN He
YUYUTbIBAKOTCS.

OTn rpaHnLbl HAYMHAOT OEWCTBOBaTb NWLIb MPU BbINOSIHEHUN ABWXEHWS, B
onpefeneHHbIX Cyvasx Bbi3blBasi OCTaHOB CUCTEMBI.

K cnyyasm, B KOTOpbIX TpebOyeTCA CHWMXEHWe CKOPOCTU OO0 3HAYeHUs HuKe
3anporpaMMUpPOBaAHHOIO, OTHOCATCA  MpeXAae BCEero:  BbIPAXEHHble  Yribl;
3HauYUTENbHAs NepeopueHTauust; 3HauYMTenbHble NepeMeLLeHUs AOMNONMHUTENbHbIX
ocel; Bbnnau obnacTei CUHIYNSPHOCTMY.

BHUMAHUWE! CHuxeHusi ckopocmu e8udy 3HaqyumesibHoU repeopueHmayuu
MOXHO usbexampb Ornsi ceameHmos Spline, ebibpas KOHMPOIbL opueHmMayuu bes
opueHmauuu.

CHwuxeHue ckopocTtu o 0 mpovcxoaumT:



B Crneaylolmx ApYr 3a APYroM TOYKax C OAMHAKOBbIMW KoopauHaTamu; B
cnepytrowwmx apyr 3a gpyrom cermeHtax SLIN n/vnm SCIRC. MpuunHa: HenocTosiHHOE
HanpaBrieHne BeKTopa CKOPOCTMU.

P1 P2

P3

Puc. 1.7. TouHbI ocTaHoB Ha P2

Ha nepexogax SLIN-SCIRC ckopocTtb Takke nagaeT go 0, ecnu npsimas
TaHreHumanbHO MepexoauT B OKPYXKHOCTb, MOCKOMbKY OKPYXHOCTb B OTNMYME OT
NPsSIMbIX UCKPUBIIEHa.

P1 P2 P3

—

Puc. 1.8. ToyHbI ocTaHoB Ha P2

MckntoyeHuna

1. Ecnum cermeHTbl SLIN cneaytoT gpyr 3a gpyrom, obpasys npamyo, u
npu 3TOM OpUEHTALMN CErMEHTOB PAaBHOMEPHO MEHSATCA, TO CKOPOCTb He
CHUXKaeTcA.

P1 P2 P3

Puc. 1.9. MNpoxoxaeHne P2 6e3 To4HOro octaHoBa

2. Ha nepexoge SCIRC-SCIRC ckopocTb He CHWXaeTcs, ecnm oba KpyroBbIx
KOHTYypa UMEeKT OAMH N TOT Xe UEeHTp U OJJ,I/IHaKOBbIVI pagunyc, a TakKkKe ecnu
opueHTauun paBHoMepHO MeHsitoTcs. (TpyaHo nogdaeTcs oby4yeHuto, Nno3aTomy
crnepyeT paccymTbiBaTb U NPOrpaMMmMpoBaTh TOYKN).

BHUMAHMUE! Kpyaoebie KOHMypbi ¢ OOHUM U MeM XXe UeHMpPOM U 0OUHAKO8bIM
paduycom uHoz2da npozpamMmupyomcsi Ors MosTy4YeHUs1 Kpy208bix KOHmypos = 360 °.
Bonee npocmoli 603MOXHOCMbIO 18715€MCS IPO2paMMUpO8aHue yarna Kpyaa.

CHUWXEHME CKOPOCTM B pesyribTaTe HepaBHOMEPHOIO NPOrpaMMUPOBaHMS



1. Mpu HepaBHOMEPHOM pacrpeaeneHn U3MeHeHUiA OpUeHTaLMU/[ONONHUTENbHBIX
ocell OTHOCUTENbHO AeKapTOBOW AJIMHbI AYr1 3a4acTyH BO3HUKAET HexenaTesbHoe
CHWXXeHMWe ckopocTU. Mpumep HepaBHOMEPHOTO pacnpeieneHus:

;HauvaneHas Touxa Spline

{xo0, yo, z0, a0, B0, C 0}
SPLINE
; 0,1° [lepeopuMeHETAUMA HA 1 MM OexapT. OVTH
SPL {(x o, y 100, z 0, A 10, B 0, C o}
; 1° TMlepeopMeHTalMA Ha 1 MM OeRapT. OyTH
SPL {x 0, y 110, z O, A 20, B 0, C 0}
; 0,055° [lepsopMeHTaAlMA Ha 1 MM OSXapT. OYTH
SPL {x 0, y 310, z 0, A 31, B 0, C 0}
ENDSPLINE

Puc. 1.10

BHVMAHME! 1. lNMonoxeHne B AekapTOBbIX KOOpAMHATaX, OpWeHTauus wu
OONONHUTENbHbIE OCU MPUBA3aHbl APYr K ApPYry MOCPeACTBOM reoMeTpuyeckoro
NnaHMpOBaHWS.

2. Mpwu npoxoxaeHnn Ha TCP Boonb OeKapToOBOKW KacaTernbHOM K TpaekTopum
Spline opueHTauma n JononHUTENbHbIE OCK TakkKe BpalwawTca (B pesynbrarte
NPUBS3KM) aBTOMAaTUYECKM M HAaobopOoT (B YACTHOCTM, Kak MpaBWio, MPOUCXOANT
NONHas UHTEPNONAUMSA BCEX rpaHuL, CerMmeHTa).

3. MHorve HexenaTernbHble CHWKEHUSA OEeKapTOBOW CKOPOCTU HeoGXoauMbl
(obycnoBneHbl NPMBSA3KON), YTOOLI Cneaylolwme 3anporpaMMMpoBaHHbIE 3HAYeHUS
Obiny  cobniopeHsl: pbiBki opueHTauum ($JERK.ORI), yckopeHus opueHTaumm
($ACC.ORI1) u ckopoctu opueHTtauum ($VEL.ORI1).

2. [pun HepaBHOMEPHOM pacnpefeneHny nyTen opueHTauum no 4EKapToBOMY
nyTv (4nvHa Ayry) 3a4acTyio opueHTaums gomkHa ObiTb yCKopeHa Ui 3amearneHa,
YTO, KaK NPaBuMNo, CBA3aHO C OOSMbLUMMM PbIBKAMW OPUEHTALIMM.

2. B pesynbtaTe npu HEPaBHOMEPHOM pacnpegeneHun nytu vaule
NMPOUCXOAMUT CHMXKEHME CKOPOCTU, YeM MNpPW paBHOMEPHOM (MPOMOPLMOHANBHOM)
pacnpefeneHuy nyTen opueHTaumu.

3. Tpun cunbHOM pbiBKE MOXET BO3HVKHYTb BUGpauns poboTa n ero pyku.

OTKNOUUTE KOHTPONb OpMEeHTaLuu NoCpeacTBOM BCTPOEHHOro dopmynspa
mnn KRL.

| $or1_TYPE - #1GNORE |

Mpumep paBHOMEPHOIO pacrnpeaeneHns:



; HagansxHas Touwra Spline

pTP {x 0, YO, Z0, AQ, BO, C 0}

SPLINE

; 0,1° [epeopueHTauMA Ha 1| MM OexKapT. OYTH
sPL {x 0, ¥ 100, z O, A 10, B 0, C 0}

; 0,1° [lepeOPUEETAUMA Ha 1 MM OeKapT. OYTH
SPL {x 0, y 110, z 0, A 11, B 0, C ¢}

; 0,1° [epeopMeHTaUMA Ha 1 MM OeKapT. OVTH
sPL {x 0, y 310, z 0, A 31, B 0, C 0}
ENDSPLINE

C 3anporpaMMUpOBaHHON opueHTauuen

NNNIPZZIIINN

D —
B)——s

Pwuc. 1.11. C 3anporpammupoBaHHoi opueHTaumen: 1 - 3anporpaMmMmpoBaHHoe
MONOXEHWe C COOTBETCTBYIOLLIE OpUeHTaumen; 2 - UHTepnonMpoBaHHOE NOMOXeHne

Bes 3anporpaMMnpoBaHHON OpueHTaLum

AN LA NI

(D) e
@

Puc. 1.12. bes 3anporpammMmmpoBaHHON opueHTaummn: 1 -
3anporpaMM1poBaHHOE MOMOXEHUE C COOTBETCTBYHOLLIEN OpueHTaumen; 2 -
MHTEPMNONUPOBaAHHOE MOOXEHWE; 3 - 3anporpaMMUPOBaHHOE MOJOXKEHNE C

COOTBETCTBYHLLEV OPUEHTALMNEN, OPUEHTALUSA KOTOPOro HE MPUHMMaeTCs

BHVUMAHUWE!
3avacTylo nporpaMMmupyeTcs psg TOYeK C  OTHOCUTENbHO HebonbLivMm
paccTtosiHMem. Ho nHTepec npeacrtaBnsieT, B OCHOBHOM, iekapToBa TpaekTopus (X,
y, z). OgHako Spline nHTepnonupyeT 1 3anporpamMmMUpPOBaHHY0 OpUEHTaUMIo, YTO
MOXET MpUBECTM K CHWXKEHW ckopocTu. [losTomy B JgaHHOM crniydae
npeanoYTUTENBLHO BbiOpaTh Bo BCTpoeHHoM dopmynsipe IGNORE.
1.4. ameHeHus B 6rnokax Spline



M3ameHeHre No3numMmn TOYKN:

Ecnn BHyTpM Gnoka Spline cmellaeTcss Touka, TpaeKTopus MW3MEHSAETCH
MaKCMMyM B 2 CErMeHTax [0 3TON TOYKMN U B 2 CErMeHTax Mocre Hee.

Manble coBurn Tovek, kak NpaBumo, He MPUBOAAT K U3MEHEHUIO TPaeKTopuu.
OpHako, npu cnefoBaHMU OpYr 3a APYroM OYeHb AMMHHBIX M OYeHb KOPOTKMUX
CErMeHTOB He3HauuTeNbHbIE U3BMEHEHMS MOTYT UMETb OYEHb CEpPbe3HOE AeNCTBIE.

Vi3meHeHne Tuna cermeHTa:

Ecnu cermeHT SPL 3ameHsieTca cermeHTom SLIN nnm HaobopoT, TpaekTopus
N3MEHSIeTCH B NPEALIECTBYIOLLEM M B NMOCMeayLWeM CErMeHTax.

Mpumep 1. VicxogHasa TpaekTopus

SPLINE
SPL P
SpL P2
PL P3
IPL P

SCIRC PS5, P&
EPL P7
SLIN P8

ENDIPLINE

B cpaBHeHWMM C UCXOQHOW TpaeKkTopueln cMellaeTcst ogHa Tovka: CmellaeTcs
P3. B cBs13n ¢ aTMM n3MeHsieTcst Tpaektopusa B cermeHtax P1 - P2, P2 - P3 n P3 -
P4. CermeHT P4 - P5 B aToM criyyae He nameHsieTcs, Tak kak oH oTHocutest K SCIRC
1 onpegensaeT KpyroByko TPaeKTopuio.



B cpaBHeHMM C CXO4HOW TpaekTopuen M3MeHseTCs TUN cermeHTa: B ncxogHom
TpaekTopun nameHeH Tun cermeHTa P2 - P3 ¢ SPL Ha SLIN. NameHsieTcsa TpaekTopus
B cermeHTax P1 - P2, P2 - P3n P3 - P4.

TP PO
SPLINK
8rL Pl
SPL p2
SLIN p2
2L P4
SCIRC P&, PE
=29, P2
SLIN PR
ENDAPLING

Mpumep 2. NicxoaHas TpaeKkTopus:

P1 P2
: N

P3 P4 P5
L B4 :

SPLINE SPL (X 100, Y O, ...)
9% (X 103, Y 0)

9L (X 104, Y 0)

SPL (X 204, Y O}ENDEPLINE

B cpaBHeHUM C MCXOOHOW TpaeKkTopuen cMmeLLaeTcs ogHa Todka:



SPL {X 100, Y O,
SPL (X 102, ¥ 1)
SPL {X 104, Y 0)

SPL (X 204, Y 0)

Cwmelaetcs P3.

B cBSI3M C 3TUM U3MEHSIETCSA TPAEKTOPUSI BO BCEX NMOKa3aHHbIX CErMEeHTaXx.

Tak kak cermeHTbl P2 - P3 n P3 - P4 aBngatoTca o4eHb KOPOTKUMU, @ CETMEHTbI
P1 - P2 n P4 - P5 o4yeHb AnWHHbIMK, HEGOMbLIOE CMELLEHNE NPUBOAMUT K CUMbHOMY
n3MeHeHuto Tpaektopun. Cnocob yCTpaHeHMs: paccTofHMe Mexay TOodkamu
pacnpegenuTte Gonee paBHOMEPHO; MpsSIMble (32 WUCKMIOYEHWEM O4YE€Hb KOPOTKUX
npsIMbIX) NporpaMmupoBaThb kak cermeHTbl SLIN.

1.5. MporpammupoBaHue 6rokoB CP-SPLINE ¢ NoMOLLbH0 BCTPOEHHbIX
dopmynsapos

Brnok CP-SPLINE

@ _ap, Wi

BcTpoeHHbin hopmynsip 6noka CP-Spline: 1 - Mmsa 6noka Spline; 2 - CONT:
crnaxusaHue Lenesomn Touku; 3 - [lekapToBa CKOpOCTb; 4 - Mima 3anucu
OaHHbIX NepeMeLLeHns

Cuctema aBTomatuyecku 3agaet ums. Mima moxeT ObITe nepesanucaHo. [ns
pedakTMpoBaHUS  [aHHbIX  NepemMeLLeHus  KOCHYTbCs  cTpenku.  OTkpoeTcs
COOTBETCTBYHOLLEe OKHO onuun. Ecniv BTopon napameTtp CONT [nycTo] BbInonHseTcs
TOYHbLIV NOABOA B LIENeBylo TOYKy. [lekapToBa CKOPOCTb MPUHMMAaeT AuanasoH oT
0,0012 mlc.

Mmsa 3anucu AaHHbIX nepemelleHns. Cuctema asToMaTnyecku 3agaeTt ums.
Nma moxeT OblTb nepesanucaHo. [ns pedakTMpoBaHUs AaHHbIX MepemeLleHus
KOCHYTbCA cTpenkn. OTKpoeTCsi COOTBETCTBYIOLLEE OKHO OMUMN.



‘togl bz

(3)—— TOOI_DATA[1] I - ' lquRAME - ——-{z)

| peims

OkHo onuun Ppenmbl (6nok CP- n PTP-Spline)

Mos. Onuncaxune

1. BbiGpaTb MHCTPYMEHT.

Unu: Ecnu otobpaxaetcsa True B none BHewHuin TCP: BbIOpaTb UHCTPYMEHT:
[1]...[16]

2. Bbibpatb 6a3y.

Unn: Ecnn otobpaxaetca True B none BHewnun TCP: BbiGpath
CTaumoHapHbIN MHCTPYMeEHT: [1] ... [32]

3. Pexum nHTepnonaumnm:

False: WHCTpyMEHT CMOHTMpOBaH Ha YyCTaHOBOYHOM naHue. True:
MHCTPYMEHT SIBNSIETCA CTauMOHaPHbIM.
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OkHo onuuun MapameTpbl nepemelleHus (6rok CP-Spline)



Tabnuua 1. Onucanne okHa MNapameTpbl NnepemeLLleHns

Moanums Onwncaxve

1 CKOpOCTb OCU. ITO 3HAYEHNE COOTHOCUTCH C YKa3aHHbIM B
TeXHNYEeCKNUX gaHHbIX MakCuMaribHbIM 3Ha4Y€HUEM.
1...100 %

2 OceBoe yckopeHue. 3T0 3Ha4YeHne COOTHOCUTCSH C YKa3aHHbIM B
TeXHNYEeCKNUX AaHHbIX MakCuMarbHbIM 3Ha4Y€HUEM.

. 100 %
3 PbiBOK pegykTopa. PbIBOK (TONYOK) 0O3Ha4YaeT N3MEHEHNE YCKOPEHWSI.

370 3HaYeHne CoOOTHOCUTCH C YKa3aHHbIM B TEXHUYECKUX OAaHHbIX
MaKCcMalibHbIM 3Ha4YeHUeMm.

. 100 %
4 BbibpaTtb KOHTPOMb OpreHTauuu:
5 BbibpaTtb 6a30Byt0 CUCTEMY KOHTPOMS OpUEeHTaLmMu:

[aHHbI napameTp BNMSAET Tonbko Ha cermeHTbl SCIRC (npu Hanu4mu)

6 OT0 none oTobpaxkaeTcs TOMBLKO NPY YCIIOBUM, YTO BO BCTPOEHHOM
dopmyniape 6bina BeibpaHa onums CONT.

PaccTtosiHne [0 LieneBon TO4kKU, Ha KOTOPOW CriaXvuBaHue HauYMHaeTcs
paHbLue BCero.

PaccTosHne moxeT ObITb MakcmanbsHO paBHO NOCNEeAHEMY CErMEHTY
B Spline. Ecnn umeeTcs ToNbKO OAWH CENMEHT, PAcCTOSHUE MOXET
COCTaBMATb He Gonee NONOBWHbI ANWHBLI cermeHTa. Ecnu 3geck 6yget
BBeAeHO bornbluee 3Ha4YeHne OHO UTHOPUPYETCSH, U NCMONb3yeTcs
MakcuMarnbHoe 3HaveHue.

MporpammupoBanne B 6noke CP-SPLINE
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BcTtpoeHHbIi popmynsip CermeHT CP-Spline




Mo ymMonyaHuto 0TOGpaXKaroTCsi He BCe MOoJst BCTPOEHHOro dropmynspa. Ons
BKIIOYEHUS] U BLIKMIOYEHVS MHAMKaUMKM Mornei npegycMoTpeHa kHonka CmeHa
napamMeTpa.

Mo3numna OnucaHue
1 Bua nepemelenmna SPL, SLIN namn SCIRC
2 Tonbko gns SCIRC: Mima Bcnomorate/ibHOM TOYKM

Cuctema aBTOMATMYECKU 3a4aeT umsa. ma moxet 6bITb nepesanuncaHo.

3 Nms uenesoi Toukn. CucTema aBTOMATMYECKM 3a4aeT umMmsa. Mms MoKeT BbiTb
nepesanucaHo.

[na pepakTMpoBaHUA AaHHbIX TOYKM KOCHYTbCA cTpenku. OTKpoeTtca
COOTBETCTBYHOLLEE OKHO OMLUM.

4 [eKkapToBa CKOpocCTb

Mo ymonyaHuio Ansa cermeHTa gencTByeT 3HauyeHue 610ka Spline.

Mpu HEOHXOAMMOCTU 34ECh MOXKHO NPUCBOUTL CErMEHTY ocoboe 3HauveHue.
OHo byaeT aencTBoBaTb TOIbKO A1A AAHHOTO CerMeHTa.

0,001-2 m/c

5 Mms 3anncu faHHbIX nepemelleHmsa. CucTemMa aBTOMaTUYECKM 3a43eT UMA.
Mmsa moxeT 6bITb nepesanuncaHo.

Mo ymon4aHuio AN cermeHTa AeicTeyeT 3HadeHune 610Ka Spline.

Mpu HEOBXOAMMOCTM 34eCb MOXKHO NPUCBOUTD CEFMEHTY 0COBbIE 3HAaUYEHUA.
OHu 6yayT AeicTBOBaTb TO/LKO A/1A AaHHOrO CEerMeHTa.

[na pefakTMpoBaHUA SaHHbIX KOCHYTbCA CTpenku. OTKpoeTca
COOTBETCTBYIOLLLEE OKHO OMUUMN.

6 Yron Kkpyra
[JocTynHo ToNbKO B TOM cayyae, ecnu 6bin BbIbpaH Bug nepemetteHnsa SCIRC.

-9999° ... +9999°




Ecnu 3apaetca 3HaueHne meHblue -400° uamn 6onbwe +400°, To Npu
COXpaHeHUWN BCTPOEHHOTro popmynspa NOABAAETCA 3aMpPOC Ha
noATBepKAEHNE NN OTKNIOHEHME BBEAEHHOIO 3HAYEHMA.

7 MM#A 3anucK AaHHbIX C 1OTMYECKUMM napameTpamu. Cuctema
aBTOMaTMYeCKM 3adaeT uma. Mmsa moxkeT 6biTb nepesanucaHo. [na
pefaKTMPOBaHUA AAHHbIX KOCHYTLCA CTpenku. OTKPOeTCA COOTBETCTBYOLLee
OKHO onuuu.

MporpammupoBaHne 6nokoB PTP-SPLINE ¢ nomowbio  BCTPOEHHbIX
(POpPMYNAPOB BbINOMHAETCA aHanorm4yHo onNMcaHHOMY BbiLLEe GrOKy.



2. NpakTnyeckas 4YacTb

YkasaHua no TexHuke 6GesonacHocTu: Bbl  gomkHbl nepen  paboTon
NpoTECTUPOBaTb  Kaxayl nporpamMMmy. TecTMpoBaHME nNporpaMMbl  Bcerga
BbINOMHAETCA OAMHAKOBO:

T1 lMNMpoTecTupyrTe cBoto nporpammy B pexume T1 co ckopocTbto Ao 100 %.

T2 TlpoTecTupyiTe CBOKW nporpammy B pexume T2 nostanHo [Jo
MaKCMManbHOW CKOPOCTW, yKasaHHou npenogasatenem (% wunu m/c). CkopocTb
yBeNnuuMBanTe Bcerga ¢ HeOOnNbLUMMM NpUpaLLEHUAMN, TaK Kak TPAeKToOpust MOXeT
MEHATLCH B 3aBMCMMOCTM OT CKOPOCTM.

AUT Tenepb Bbl MOXeTe UCMNonb3oBaTb CBOK Mporpammy B pexume AUT go
NPOTECTUPOBAHHON MaKCUMarbHOM CKOPOCTU.

3apgava 1

Y A

\ 4

1. 3akpenutb WTUET B 3axBarTe.

2. 3akpenute 6naHK B COOTBETCTBYIOLLEM 32XMMHOM NpUcnocobneHunn.

3. CospanTte nporpammy Paper_Spline_().

4. 3anporpammupyiTe poboTa Tak, 4Tobbl LITUGT NepemeLancs no 3agaHHom
TpaekTopun. CHayana opyMeHTauumio 3axBaTta He HYXXHO MpUHMMaTb BO BHUMaHWe.

5. MpoTecTnpyinTe CBOI NporpamMmmy.



3apava 2

INVER

-
MpoBonoyHbIA KOHTYp Spline
1. 3akpenuTe NpoyLUMHY B 3axBare.

2. Cozpante HoByto nporpammy Wire_Spline ().

3. 3anporpammupynte poboTa Tak, 4TOObI MpoywuMHa nepemellanacb Mo
NpoBONIOYHOMY KOHTYpy Spline. B gaHHOM cnyyae HanpaeneHwe opueHTauum
OOIDKHO YYMThLIBATbCS B KaXkOoW Touke, 4TOObl u3bexaTb CTONKHOBEHMS. YTOObI
peanu3oBatb NoBOpoT Ha 360°, MoxeT noTpeboBaTLCH BTATMBaHNE B NPOBOMOYHbLIN
KOHTYP C Y€ BBUHYEHHbIM MHCTPYMEHTOM. 4. [1poTecTupyiite CBOI NporpaMmy.

KoHTpornbHble BONPOCHI

1. Kakas npobrnema BO3HMKaeT BO BpeMsi MPOrpaMMMUPOBAHUS  CIOXHbIX
TPAEKTOPUIA CO CrMaXXeHHbIMU KOMaHA4aMu OTAENbHbIX 3anucen?

2. Kak nporpammupyetca 6nok SPLINE wn obpabaTtbiBaetcsa cuctemon
ynpasnexHmsa?

3. Korga B 6nokax SPLINE cHmxaeTcsi ckopocTb?
4. Korga ckopocTb CHuKaeTcs BnnoTb Ao 07



