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BCTYII

BypxnuBuii po3BUTOK 3aco0iB 00poOKku iHGoOpMallli, MiABUILEHHS PpIBHI
aBTOMATHU3aIlli MPOLECiB BUPOOHUIITBA 1 KEPYBAHHS MPUBOIUTH IO 3POCTAHHS POl
JIOACHKOTO YMHHUKA. J[711 e(eKTUBHOTO PO3B'SI3KY 3a7au OIepaTtopy HEoOXiITHO
MPEICTaBUTH BETUKUN 00'eM 1H(OpMAIll B 3pyYHOMY Ui HHOTO BUJL 3 33JaHOIO
TOYHICTIO B peaIbHOMY MacITabi gacy.

Y 1mux yMmoBax OJHI€I 3 OCHOBHMX IIpoOJieM cTae opraizallis epeKTHBHOI
iHpopMmariitnoi B3aemoxii moauHu 3 EOM. HaiiGineim emMHe Ta HarsiiHe
IpeACTaBICHHS BeNUKUX 00’eMIB JaHUX 3abesneuye TpadiuyHa Qopma, ska
JT03BOJISIE TIPOBECTH BI3yalIbHY OIIHKY PE3yJIbTaTiB OOYMCIICHHS, BHECTH HEOOX1/IHI
KOPEKTUBU , BIAIOpaTH 3 NPEACTaBICHOIO Marepially JaHl s IMOCTiAYHYoi
MamuHHOI 00poOku. Komm’rorepHa  rpadika m03BOJIsSE CYTTEBO 30UIBIIUTH
MIPOITYCKHY CIIPOMOJKHICTh 1H(OpPMAIIITHOTO KaHally, 4yepe3 SIKUW 3A1MCHIOEThCS
JIBOXCTOPOHHIM 3B'I30K KOPUCTYyBaya 1 KoM 'toTepa. Poub 1 3HaueHHs rpadiyHoro
MPEJICTABIICHHS PE3yJIbTaTIB OOUYUCICHb B MPOMHUCIOBOCTI Ta HAYKOBO-IOCIIAHIN
MIPAKTHULIl HETIEPEPBHO 3POCTAE.

Komm’torepHa rpadika  xapakTepu3ye HOBHM  eTal  3aCTOCYBaHHS
KOMIT'IOTepiB Uil 00poOku iHdopmalii 1 3abe3nedye HE TUIbKU IM1ABUIIEHHS
HAa0YHOCTI OTPUMAHUX pE3yJIbTaTIB, ajie 1 MOXKJIMBOCTI BHUPIIICHHS MPUHIUIOBO
HOBUX  3aJa4, K, HalNpuKIaJd, TEOMETPUYHE  MOJCIIOBaHHS, JU3aliH,
MYJIbTUIUTIKAIIS,, aBTOMATH3allisl POEKTYBaJIbHUX POOIT.

Pons mammunoi rpadiku (MI) sk onniei 3 ocHoBHuX migcucteM CAIIP
3HaYyHa, TOMY IO TUIBKM BOHA JI0O3BOJISIE B YMOBax CY4YacCHOTO PIBHS PO3BHUTKY
OOYHCITIOBAILHOT ~ TEXHIKM  peali3yBaTH  HaWOLIbIle  TPUUHATHY A
IPOEKTYBAJIbHUKA TEXHOJIOTII0 aBTOMAaTH30BaHOTO MpoeKTyBaHHA. Lle mocsraerscs
3aBASKA 3a0€3MEUYEHHIO 3BUYHOI ISl HbOrO rpadiuHoi QOopMHU CHUIKYBaHHS 13
CUCTEMOIO SIK IpH BBeACHHI 3aBgaHb B EOM, Tak 1 mpu OILIHII pe3yJbTaTiB
aBTOMATH30BaHOTO MpoekTyBaHHs. Came BkiItoueHHs  3aco0iB MIT y CAIIP
nepeTBoproe EOM AiiicHO B IHCTpYMEHT NPOEKTYBaJbHUKA, 3HAYHO CHPOIIYE HOMY
JOCTYTI 10 3HaHb, 3aKkiajeHuM B EOM y BuU/ll aBTOMAaTUYHUX MPOEKTHUX MPOLIEAYP
1 JOBIIKOBUX JaHWX, [O3BOJIIE AaBTOMATH3yBaTH BUKOHAHHS TPYIOMICTKUX
KpPECISPCHKUX 1 PO3PaxXyHKOBO- rpaiyHUX POOIT.

[Ilupoke 3acTocyBaHHS METOJIIB KOMIT IOTEpHOI Tpadiku [JIs  pillleHHS
IHKEHEPHUX, E€KOHOMIUHHUX, IOCIITHUX, KOHCTPYKTOPCHKHX Ta JAU3alHEPCHKUX
3aad  OOYMOBIJIIOE HEOOXIJHICTh BUBYEHHS CyYaCHUMH (PaxiBIIMH OCHOB
KOMII FOT€PHOI Ipadiku.

B nHaBuanpbHOMY MOCIOHWKY TpPUBEIEHI OCHOBHI BIJIOMOCTI PO JBOX Ta
TPHOXBUMIpHY Tpadiky, iX OCHOBHUX aJTOpUTMax Ta MPOIEAypax, MPUKIAIN
PO3B’SI3KY TUIIOBUX 3a7ay.



1. Metoau Ta anropurmMu (opMyBaHHSA KOHTYPHHUX 300paKeHb
1.1. EnemenTu rpagiuHux 300paxxeHb

['padiuni 300pakeHHs GOpPMYIOThCS 3 BUKOPUCTAHHSIM MPUMITHUBIB.

[lpumiTBaMu B MamMHHIN Tpadill NOpPUIAHATO BBa)KAaTH HaWMEHII,
HEMOJIIbHI 3 TOYKM 30py MPHUKIAJHUX TMporpaMm, rpadiuHi eIeMEeHTH, M0
BUKOPHUCTOBYIOTBCSI B SKOCTI 0a30BHX [JI1 TOOYJIOBM OUIBII  CKJIQJHHUX
300pakeHb. B amapaTHux 3aco0ax MammHHOI Tpadiku reHeparis rpadiaHux
IIPUMITHUBIB 31HCHIOETHCS CHEIIaIbHUMHU OJIOKaMU, SIKi TOMIKCEIbHO (HOPMYIOThH
300pakeHHs rpadiyHoOro eJIeMEHTA.

['padiyniMu  OpUMITHBAMU MOXJIMBO BBaXalOTh TaKi €JIEMEHTH, IS
re’epanii SKUX B almapaTHUX YU INPOrpaMHUX 3aco0ax BBOJAATH KOMaH[IH, IO iX
1IEHTU(PIKYIOTb.

B 3anexxHocTi Bii 001acTi 3aCTOCYBaHHSI BU3HAYAIOTh HAOIp MPUMITHBIB, SIKI
HalOUIbII JAOUIIBHO 3aCTOCYBAaTH AJIA (popMyBaHHs rpadiuHux 300pakeHb. Tak,
HaIPUKJIAJ, B MAIIMHOOYIBHUX KPECICHHIX HAWOUIbII MOMMPEHUMH € BIAPI3KH
NpSIMUX , TyTU KT Ta angaBiTHO-UU(POBI CUMBOJIH.

B nesikux 3acToCyBaHHSIX B SIKOCTI IpaiyHUX MPUMITHUBIB 3aCTOCOBYIOTh LILITY
MHOXHUHY 3B’S3aHUX MIXK COOOI0 rpaiuHUX €JIEMEHTIB, SIKI BUBHAYAIOTh 00 €KT
U1 1neHTudikarii.

[TpuMiTHBH TOIIISIOTHCS HA TEOMETPUYHI (TOYKH, BIJIPI3KU MPSMUX, JIaMaHi,
JyTY KPUBUX, YACTUHU IMOBEPXOHbD); TEKCTOBI 1 CUMBOJIbHI (MapKepH).

Po3pi3HstoTh anmapaTHuii, TPOrpaMHHU Ta MNpPOTpaMHO-amapaTHUM  PiBHI
(bopMyBaHHS IPUMITHUBIB.

@Di3MYHUM MPUMITHBOM HA3UBAIOTh TpadiuHUN €IEMEHT, JJIs TeHepallii SKoro
B rpapiyHOMY OPUCTPOI € BIANOBIIHUN anapaTHU OJok. B OuIbIIOCTI cuctemM
MalIMHHOT Tpaiky amapaTHO peaji3yloTh TakKl MPUMITHUBH, SIK TOYKA, BIJIPI30K
MpsIMO1, JJaMaHa JIiHis, PSAOK TEKCTy , Ayra Ta iH.

JloriyHUM MPUMITHUBOM HAa3MBAIOTh rpadiyHUN €JEMEHT, 1O € €JIeMEHTAPHUM
00'eKTOM KOHKpeTHOi mnporpamu . llpuknanamu JOTIYHUX OPUMITHBIB MOXKYTh
CIIYKUTH HAaUIIPOCTILI1 TEOMETPUYHI (ITypu: TPUKYTHUK, KBaApaT, 0araTOKyTHUK,
napasesnenines, KOHyc, KyJjs, HIIHAP, YaCTUHA JOBIJILHOI MOBEPXHI 1 1H.

[Ipu mporpaMHo-amapatHii peanizailii TPUMITHUBIB HA MPOTPAMHOMY pPiBHI
BUKOHYIOTBCSI IMIJATOTOBYl PO3PAXyHKU , MICHS SIKAX TEPETAEThCs KepyBaHHS
BIJIMOBITHOMY arapaTHOMY BY3Ily, SIKMW 3aBEpIIye TeHepallito HEeOoOXiTHOTO
rpadiuHoro enemeHTa. Tak, HampuKiIaa, MpU 3aMoBHEHI 00JacTi, OOMEXKEHOi
MOJIITOHOM, IPOrPaMHUM IUISIXOM BU3HAYAIOTh TPAHUIIl KOHTYPY, a arnapaTHUM —
3aMOBHEHHS M1K HUMH.

[IpumiTuB 3aa€eThCs:

e [apamMeTpamH, fKi BHU3HAYaOTh Horo ¢GopMmy, po3Mipu 1 Micue
po3TalryBaHHS;



® BI3yaJbHUMH BJIACTUBOCTSMHU, SIKI BU3HAYAIOTh WOTO BUJUMICTB, KOJIp,
SICKPaBICTh, JMHAMIYHI BJIACTUBOCTI, THUII 1 TOBIIUHY JIiHIN;

® CTaTycoM, SIKMi BH3HA4a€ BITHOILIEHHS 0 PI3HUX OMEpaliil , TAKUX 5K
BUJTYYCHHSI, TIEPETBOPEHHS, BKA31BKU CBITIIOBUM IIEPOM.

® DPEXKUMOM 3aHECEHHS B BiJeomam'siTh (PEKUMU 3aMilllEHHS, HAKJIaJaHHS,
3BOPOTHE YATAHHS Ta 1H.) .

['padiuna cuctema BKIIIOYa€e 3aco0u 11 00’ eqHAHHSA NpUMITHUBIB. HasBHICTH
CTPYKTYPOBaHUX JaHUX JO3BOJISIE OTPUMATH 13 OOMeEXeHoro Habopy 0a3oBHX
€JIEMEHTIB JIOCTaTHBO BEIUKY KUIBKICTHh BHAIB Ta MPOEKLIA 300paxeHb.
CrpotyeTbcst 3aMiHa, TOBOPOT Ta MEPEMIIICHHS K OKPEeMUX (PparMeHTiB , TaK 1
BChOTO 300paxkeHHS. CTPYKTypHI 3B'S3KM MDK TpaiuHUMU JAHUMH 3HAYHO
MOJIETHIYIOTh MPOLEC IMOIIYKY Ta imentudikamii  iHQOpMaIi, a TaKOX
dbopMyBaHHS JWHAMIYHHX 300pakeHb. OCTaHHE TOSCHIOETHCS THUM, IO TPHU
(opMyBaHHI 300paxeHb, 110 BIATBOPIOIOTh PyX, HA €KpaHl MOSBISIIOTHCA TUIBKU
JIEKUJIbKa HOBUX €JIEMEHTIB, a MOBHA 3MiHa BIIOYAEThCS uepe3 ACSKUM 1HTepBal
qyacy, SKUW BHU3HAYAETHCS MIBUAKICTIO pyXy 300pakeHHS Ta PoO3MipamH MOJIs
BUBOJYy. ToMy IMiTaiit0 pyxy 3IIACHIOIOTH MHUISXOM (OPMYBaHHS HOBHX
dbparmMeHTiB npu 30epiraHH1 CTaATUYHUX (PparMeHTiB 63 3MiH.

Po3pi3HAI0TH Taki CTPYKTYpPHI OAMHMIN , K MPUMITHB, rpadiyHUN €JIEMEHT,
rpadiuauii 00’ €KT, rpadiYHUN CErMEHT.

['padiuHUM €1eMEHTOM HAa3UBAETHCS YIOPSA0YEHA COBOKYITHICTh TPUMITHUBIB
OJIHOTO M TOTO XK€ THUIy. 3p0O3yMisio, 110 IrpadiyHUNA €JIEMEHT MOXKE CKJIagaTUCh
BCHOI'0 3 OJJTHOTO MPUMITHBA.

['padpiunuM 0O0’€KTOM HA3UMBAETHCS COBOKYIIHICTh MPUMITHBIB , SIKI MAlOTh
OJIHAKOB1 BI3yaJibHI BJIACTMBOCTI Ta CTaTyC 1 1ACHTH(IKYIOTbCS OJTHUM IMEHEM.
[Ipu dhopmyBanHi rpadiuHoro o0’ekTa BiAnagae HEOOXITHICTh B 3MiHI PEXKHUMIB
poGoTu rpadiyHOro KOHTposiepa (amapaTHUX OJOKIB), SIKI BIJANOBIJIAIOTH 3a
Bi3yaJibH1 BJIACTUBOCTI.

OCKUJIbKH 300pa)K€HHS MOXE CKJIQJaTUCh 3 TMPUMITHBIB PI3HOTO THUITY, TO
BBOJISITh TOHATTS CETMEHTA, KWW BU3HAYAETHCS SK COBOKYMHICTH TpadiyHHX
enemeHTiB. PiBHIO cermMeHTa B MOBax IMporpaMyBaHHs BIJIOBIZAE Taka
KOHCTPYKIIisl, SIK TIpoLeaypa.

BukoHytoun rpymyBaHHs MPUMITHUBIB B IOWMEHOBAHI CETMEHTH , POTPAMICT
MOX€ CEJICKTUBHO 3MIHIOBATH OKpPEMi YaCTMHU MOBHOTO 300pa)K€HHS HUISTXOM
BUJTYYEHHS YU MOAM]IKAILIll CETMEHTY

['padiyni e1eMEHTH € CHHTaKCUYHUMHU 00’ €KTamMu (omuc TpadiyHUX AaHUX), B
TOH 4ac, sIK CErMEHTH - CEMaHTUYHUMU (3B 30K rpadiuyHuX JAHUX), HAIPUKIIA],
Oy B, KPECAEHHS.

KoHTposnbHi 3anuTaHHS.

1. SIKi CTPYKTYpHI €JI€MEHTH 300payKeHb MOKJIMBO BBXXATH TpaPiyHUMHU
MPUMITHBAMH ?



2. UuM BIAPI3HAIOTHCS JIOTTYHI TPUMITUBH BiJl (Pi3UUHUX ?

3. Axumu aTpubyTamu 3a1ar0Thesl rpadiuHi TPUMITUBH ?

4. Yum 00yMOBIICHO BBEACHHS CTPYKTYPHHUX OJIMHUIIL TUITY TpadidHmii
00’€KT, rpadiuHU CErMEHT ?

1.2. MeToau ta anropurMu GopMyBaHHS BEKTOPIB

Binpizku npsMuX B COBOKYMHOCTI TpaiyHUX MPUMITHBIB MalOTh HaWOUIbIITY
nuToMy Bary. B 3B’s3Ky 3 UM mpu po3poO1i rpadiuHUX MPUCTPOIB aJITOPUTMAM
JHIMHOT IHTEPIOJISIIT PUIIAIOTE OCOOJIUBY yBary.

[Ipu BUOOP1 alrOpUTMy OCHOBHUMH KPHUTEPISIMHU € MIBUAKOIIA (HOPMYBaHHS
KPOKOBOi TpaekTopli, moxuOKa 1HTEPIOJIIOBaHHS, OOYHMCIIIOBAIIbHA CKJIAIHICTH ,
TUl (OopMyBaHHSI KPOKOBOI TpaekTopii ( mporpamMHuil, amapaTHH, MpOrpaMHO-
amapaTHHi).

Cepen cmocoOiB 3aBAaHHS BIAPI3KIB MNPSMUX B MAaIIMHHIA rpadim
HaOUIBIIOTO MOIIMPEHHS HAOYIU HACTYIIHI:

a) KOOpJAMHATaMH IMOYATKOBOI Ta KIHLIEBOI TOUkH (puc.l.1 ,a);

0) nmpupoctamu koopauHar ( puc. 1.1,0).

B npyromy cmoco6i BEKTOp 3aJa€TbCs MOYATKOBOIO TOYKOIO Ta MPUPOCTAMU
AX Ta AY BEKTOpa, Kl BU3HAYAIOTh KIHIIEBY TOUKY.

B 3anexHocTi Big THUIY (POPMOBAHUX KPOKOBUX IMEPEMILIEHb HA JUCKPETHIN
OPSMOKYTHIN CITI PO3PI3HSIOTh ITOPUTMHU 3 YOTHPHOX Ta BOCHMHUBEKTOPHOIO
HaIpaBJIEHICTIO KPOKOBHUX NPUPOCTIB. B mepmiux anropurMax BUKOPUCTOBYIOTh
CHUIbHI KPOKM 1O BEJCHIN Ta Beaydiil KOOpAWHATAX, a B JPYIHX CIIbHI KPOKH.
ANropuT™MH 3 YOTUPHOXBEKTOPHOI HAIPABICHICTIO  KPOKOBHX IPHUPOCTIB
3a0€3MeuyloTh TMOXUOKY 1HTEPIIOJIOBAHHS, sIKa HE TMepeBepIIrye KpPOKY
JTUCKPETHU3allii, a 3 BOCbMUBEKTOPHOIO HAIIPABJICHHICTIO- BJ[BIUl MEHIITY.

binbicTh METOIB JIIHIMHOTO 1HTEPIIOIIOBAHHS OPIEHTOBAHO AJI1 (POPMYBAHHS
TPAEKTOPii B OJHOMY 3 KBaJpPaHTIB MPSIMOKYTHOI CHUCTeMH KoopauHaT. [Ipum
(opMyBaHHI TpaekTopii B OyJb-IKOMY KBaJpaHTI BUKOPUCTOBYIOTH CIELIaJIbHI
MPUHOMH MEPEKIIIOUEHHS] 3HAKIB 3MIHHHX.

JliHiifiHE 1HTEpNOJIIOBaHHS MICTUTH JiBa €Talu: IUKJI MIATOTOBKH 1 LMK
IHTEpIIOIIOBaHHA. Y IMKJl MiATOTOBKY BHU3HAYAIOTh Ma)XOPUTAPHICTh BiApi3Ka
MpsAMO1, a TaKOXX HOro OpIEHTALII0 MO BIAHOLIEHHIO 10 KOOPJAWHATHUX OCEH, 10
JI03BOJISIE BCTAHOBUTH, B SIKOMY 3 OKTAHTIB PO3MIIIEHO 33JIaHUK BIIPI30K MPSMOI.
Y mukal  1HTEPIONIOBAaHHS 3a QITOPUTMIYHUMH  3aJICKHOCTSMH  3HAXOISATh
3HAYEHHS KPOKOBUX MPHUPOCTIB, 3MIMCHIOIOTH 1X BHIAUYy 1 aHAMI3YIOTh 3aKIHYCHHS
dbopMyBaHHS TPAEKTOPIi.

Cepen meroniB (opmMyBaHHS BiAPI3KIB MPSMUX HAWOIIBIIOTO MOUTUPEHHS
3HAWIIIIA METOJI CHMETPUYHOTO THTETpaTopa, “mpsMuii’” METOM, METO ITU(POBOTO
nudepeHIIiHOTO aHaAII3aTOpPy, METO]T OI[IHIOBAJIHOI (DYHKIIII.

3rifHo “mpsAMOro” MeTOAy KOOPAMHATH TOYOK TPAEKTOPIi 3HAXOIATH 3
BIJIOMOT'O PIBHSIHHS MPSIMOT:
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8 JII
FBX C
CT2 4_@@ 1 Faux
2l
R R 114 —
—LT
KK

Puc.1.2. ®yHkuioHaJbHa cXxeMa ABIIKOBOr0 NOMHOXKyBa4ya

Puc.1.3. Yacosa niarpama po00oTH TPhOXPO3PSIAHOIO ABiHKOBOIO
JIYHIbHUKA
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f(x,) -f(x

F(x)= F(xy)+ 1) (x-xy),
X, =X,

ne f(xy), f(X2)- 3Hauenns ¢yHkii B 0a30BMX Toukax X; Xp Ilijcramisioun B
npUBEACHE PIBHSIHHS X 3HAXOATh 3HAUYE€HHS (DYHKIIII.

HeoOxiqHicTh BUKOHAHHS “‘JOBruX’ oOIEpalii , 10 BU3HAYA€ IIBUIKOIIIO
(dbopMyBaHHS BEKTOPiB, CYTTEBO OOMEKYE 3aCTOCYBAHHS METOTY.

OckinpKy peanmizallisi omeparii IJICHHS BUMAarae 3HAYHOTO Yacy, TO MpH
BUKOPHUCTaHHI MPOrpaMHUX 3aco0iB OMepaliio IIJICHHS 3aMiHSIIOTh JPYTUMHU
TISIMUA.

[Tpu BukopuctanHi Metony 1udpoBoro audepenuiinoro aHamizaropa (LIIA)
BimHOMIEHHS P=AY/A X 3HaX0oaiTh B UKJII MiATOTOBKH , a ONIEPAIIiI0 MHOKCHHS
Ha X 3aMiHSIOTh HAKOMMYYIOYUM TTiICYMOBYBaHHSIM . O4EBHUIHO, IO TIPH
AX >AY P<0. flkmo B pe3ylnbTaTi HAaKOMHYYIOYOTO IiJCYMOBYBaHHS
onepanga AY/AX mae Miciie CUTHAII TIEPENOBHEHHS JIJIS LILJI01 YaCTUHU YHUCIIa, TO
70 TIOTOYHOTO 3HayeHHs Y n00aBisioTh oauHuito. lloroune 3HauenHs X
30UTBIITYIOTH HA OJIMHUIIIO B KOKHOMY TaKTi.

I[Ipu A X <A V 3HaxonsaTh BigHOMIEHHA AX/AY 1 BHUKOHYIOTH paHillie
nepepaxoBaHi il , ajie BXe 31 3MIHOIO KOOP/IMHAT.

[Toxubka iHTEpHONALII MpH peaizallii METOAy  MOXE J0CSIraThd KpOKy
TUCKpeTh3amii i 3aBkKau ogHoro 3HaKy . [loxmOKy MOXKHA 3MCHIIUTH , SKIIO
3mictutu Ha 0,5 piBEeHb BIIJTIKY.

B wmeroxmi  uudpoBoro - mumdepenuiitHoro  anamizatopy  (LIJIA)
BUKOPUCTOBYETHCSI TAaKOXk MapaMeTpUYHE 3aBJaHHs BIApI3Ka MPSAMOi, TOMY TaKl
JHIAHI IHTEPHOJIATOPH HAa3UBAIOTh MapaMETPUUHUMMU.

Posrnsnemo peanmizamito metony [[JIA 3 BUKOpPUCTAaHHSIM B SIKOCTI 0a30BO1
MiKpoorepallii -MiKpoonepairito Ji40u. B SKoCcTi OCHOBHOTO peani3ylodyoro By3ia
B JIaHOMY BHWIAJKy 3aCTOCOBYIOTh JIBINKOBHUI TIOMHOXKYyBay, Ha3Ba SIKOTO
BU3HAYAETHCSI BUKOHAHHSAM OCTaHHIM (DYHKIIIT BUY:

fBHX:fBX(KK/2n) )
ne KK- 3HaueHHs Kepyro4yoro Koay, N-po3psaAHiCTh MOMHOKYBaYa , f g ,foux
-3HaYCHHsI BIJMOBIAHO BXIiAHOT Ta BHUXIJIHOI YaCTOTH OIMOPHOI IMIYJbCHOI
MOCJI1IOBHOCTI.

Cnponiena (yHKI[IOHATbHA CXeMa JBIMKOBOTO MOMHOXKYBada MpHUBEACHA Ha
puc. 1.2 . JIBiiikoBuii momHoxyBau /I 3ab6e3neuye nepeTBOPEHHS YIIPaBIISIOYOTO
xomy KK B KinbKicTh iMITysIbCiB, ki popMyroThes Ha Horo Buxoni 3a T= 2" Takris
NI ()78

JIBIKOBUI TOMHOXYBau BKJIIOYa€ NBiiikoBUM JumiabHUK CT2 Ta JOriyHy
CXeMy, JI0 CKiany sKkoi BXouarh eneMmeHTH [ ta enement ABO. 3a nwuki
nepepaxyHky jiuninpHuka CT2 Ha #oro Buxomax Oyne copmoBaHi IMIYJIbCHI
nociigoBHOCTI(puc. 1.3), KITBKICTh IMITyJBCIB B SKHUX JOPIBHIOIOTH CTETCHSIM
NBIHOK( yTBOPIOIOTH JBIMKOBI po3psiau). OAWMHWYHI 3HAYECHHS PO3PSAiIB
kepytouoro koay KK mo3Bonstore poOOTy BIAMOBIAHMX eleMeHTiB [, 110
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0OYMOBIJIIOE TIPOXOJUKEHHS Ha iX BHXIJ IMIIYJIbCHUX IOCTIJOBHOCTEH , SKi
reHepyoThcsl Ha Buxojax jiuwibHuka. Enement ABO 3abesneuye o0’ eaHaHHS
IMIYJILCHUX TOCTIIOBHOCTEH B Buximumii notik F,,,. 3a T= 2" TakriB Ha BHXO.I
JBINKOBOTO MOMHOXYBauda Oyne cpopmoBano KK immyssciB.

B nanoMy migxoii BHKOPUCTOBYETHCS JOMOMDKHA 3MiHHa - 4Yac T, sKHii
BHU3HAUYAETHCS IIMKIJIOM MEPEPaxyHKy JBIMKOBOTO TOMHOKyBaya.

CrtpykTypHa cxeMa MapaMeTpUYHOTO JIHIMHOTO 1HTEPIONSITOpa MpUBEACHA
Ha puc.l.4. IHTEepnonsATOp BKIIOYAE JBA PETICTPH i 30epiraHHs MPHUPOCTIB
3aJ1aHOTO BEKTOpa, AKl € KepyrounMu komamu jist JII, a Takoxx ABa IBIMKOBHUX
noMHokyBada. OcranHi 32 2" TakTiB (JOPMYIOTh Ha CBOIX BHXOJaX KiJIBKICTh
IMITYJIBCIB, SIK1 PIBHI 33/ITaHUM TIPUPOCTAM.

Ha puc.1.5 npuBenenuii npukiaag ¢GopMyBaHHS IapaMETPUUYHUM JIIHIHHUM
IHTEPIIOIATOPOM BiApi3ka mpsmoi 3 A X=5, AYV=3 .

[IpuBenenuii mapaMeTpU4YHUN JTIHIMHUN 1HTEPHOJATOPp (QOpMye BIJIPI3KU
npsMOi, HE3aJEeKHO Bix iX MOBKMHH, 3a 2" TakTiB, IO HE € JOLIIBHMM. Yac
IHTEpIIOIIOBAaHHS MOJKHA 3MEHIIUTH 32 PaxyHOK HOpMalli3alii - OJHOYACHOTO
30UTbIIEHHSI BUXIJIHUX MPUPOCTIB B 33JaHe 4YuciIOo pas3iB. llpu 1mpomy mHUKI
IHTEPIOJIOBaHHS 3MEHIIYIOTh B CTUIBKH K Pa3iB.

Po3ristHyTHii migxig OpIEHTOBAaHMU Ha amapaTHy peasi3allilo, Mae JT0CUTh
BHCOKY IIBUAKO/IIO, ajie C)OPMOBAHI TPAEKTOPIi MAIOTh MOTaHy 3rJa/KEHICTh 3a
paxyHOK MOXXJIMBOTO (OpPMYyBaHHS TOPH3OHTAIBHHUX, BEPTHKAIBHUX Ta
JiaroHanbHUX KpokiB. [Toxubka 1HTepnotoBaHHS BU3HAYAETHCSI HEPIBHOMIPHICTIO
HAJXO/DKEHHS IMITYJIbCiB Ha Buxoal JY , muckpeTHUM xapakTtepoM (popMyBaHHS
TPAEKTOPII 1 MPOTNOPIIIAHA PO3PATHOCTI IHTEPHOISATOPA.

3rilH0 aJIrOpUTMYy CHUMETPUYHOrO IHTErpaTopa OOUYMCIEHHS I1HTErpary
BUKOHYEThCSI IPUOIU3HO, IIJISXOM J0/aBaHHs ( Hampukiaa o merony Einepa) .
[Tpu 11bOMyY 0OUHCTTIOIOTHCS:

AX(I*A)=D AXIN =(AX/N)i, i=0,1,...,N
i

AY(i*At)=D AY/N =(AY/N)i, i=0,1,...,N .

ko HEOOX1AHO 3a0€3MEeYUTH PEKUM KPECIEHHS 3 MOCTIMHOI MIBUJKICTIO
(WBUAKICTH TeHepaiii BEKTopa 3alieUTh BIJl WOTO JOBXHHH), po3Mmip N
NMOBUHHUHN JIOpiBHIOBATH J10BXKUHI L BekTopa. Ilpote 1 mpu inmomy 3HavenHi N
Oyne oTpuMmaHa MpaBWIbHA JOBXKHMHA BekTopa (miciss N KpPOKIB JOCITarOThCs
po3mipu AX Ta AY He3zanexHo Bif 3HadueHHs N). Omxe, L MoxkHa npuOJIM3HO
Bupaszutu yepes N.

3 iHmoro 00Ky, 3HadeHHs1 N MOBUHHO OyTH BUOpaHO TakuM, 100 KpOKU 1Mo A X
(i*At) Ta AY(i*At) Oynu MeHIIe po3Mmipy TiKceNna , OCKUIBKH JIMIIC B IIbOMY
BUIAJKY BEKTOp OyJe BUIISJaTH fAK CYyIUIbHA JIHIA. Jlana ymoBa
32/I0BOJIBHSETHCSA, SKIIO PO3MIp KPOKY MEHINE OJIHIE] OJMHMII pacTpa. 3BIICH
MO>KHA ofiep>kaTu yMoBY Juist Bu3HaueHHd NI AX/N<I ta A V/N<I,
abo N>max (| AX |,| AV ).
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Puc.1.4. CTpykTypHa cXeMa NapaMeTPUYHOIr0 JIiHEHHOIro
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Puc.1.5. llpukaan ¢popmyBaHHs Biapizka npsiMol nmapaMeTpU4HUM

JiHIHHUM iHTepNnoJaATOpOM
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u>0
Ax, Ay
XiYi A
| u<o
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Puc.1.6.®@opmupoBaHHs OLiHHBAJIBHOI

byHxuii
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[ToxuOka mnpuBENEHOr0 METOAY INOJIArae B TOMY, IO HpUpocTHAX, AY
HeoOximHo aumTH Ha N. JlimeHHS MOXHa 3aMIHUTH 3CYBOM, SIKIIO NPUUHITH
BenuuuHy N piBHIN OfHIET 31 CTENEHIB ABIUKU. Y I[bOMY BHUITAJIKy OJIEPKYEMO
yMOBY N:2Iogmax(| AX || Ay |).

3aranbHUM NPUAOMOM JUISI BCIX 1HTEPHOJIATOPIB, IO MPALIOIOTH 32 METOJAOM
OIIHIOBAJIbHOI (DYHKIIIT, € aHaI3 3HAKIB OILIHIOBAJILHOI (DYHKIIII, HA OCHOBI SIKOTO
pPOOJIATH KPOK 3a TIEI0 UM 1HIIOK KOOPAWHATOIO 3 MOAANBIIMM PO3PAXYHKOM ii
HOBOTO 3HAYEHHS 1 KOPEKIII€I0 BIAMOBIAHOI KOOPAUHATH MOTOYHOT TOUKH.

Hexaii HeoOXiZHO TPOIHTEPIIONIOBATH BIAPI3OK MpsAMOi, sKa 3a/JaHa
npupoctamu AX |1 Ay mo ocsix koopauHat ( auB. puc 1 .6 ).

Skmo Touka LrpaeKTopi'i 3HAaXOAUThCs BUllle Bif mpsimoi OA, TO OLlIHIOBaJbHA
dbynkmis U>0 1 HacTynmHHUI KpOK HEOOX1JHO BHUKOHYBATH IO OC1 X; SKIIO TOYKa
3HAXOAUThCS HWXKYe BiJ wi€i mpsamoi, To U<O 1 HacTymHHIl KpPOK HEOOXiIHO
BUKOHYBATH 110 oci Y. TakuMm BUMoOram BifnoBijiae (YHKIIIS BUIY

Ui=tga; - tga, ne tgai=yilxi;
tga = Ayl AX; X;,yi — MOTOYHI KOOpAMHATH (POPMOBAHOI TPAEKTOPII.
Toni Ui=yi/xi- AYIAX=(Y; AX - X; Ay )| X; AX .

Ockinpkn 100YTOK Xj AX — IOJATHIA 1 He BIIMBAE HA 3HaK Ujj, 3SHAMECHHUKOM

Ipo0y MOXHA 3HEXTyBaTH. TakuM YHHOM,
Ui=(yidx-x 4y). (1.1)

BuznaurmMo HOBE 3HaUEHHS OI[IHIOBAJILHOI (DYHKIIIT MPU BUKOHAHI KPOKY IO OCi
X .V upoMy BUNAIKY Xjr1 = Xj+1. Ilicas migctanoBku B (1.1) 3HaUeHHS A0S Xivp
OJIEPKUMO

Uirgj= VidX - Ay (Xi+1)=yi AX - Ayx; - Ay = Ujj + AX.

[Ticnst xpoky 1o oci y mpu U<O0 oxepkyemo HOBe 3HaueHHS Yi+1 =Y; +1. Toxmi

HOBE 3HAYEHHS OL[IHIOBAIBHOI (PYHKIIIT
U, 1= AX(yi +1)- AyXi =Axyi + AX - AyXi ,a00 U; 1= Uij +AX.

[TouaTkoBe 3HAYEHHS OIIHIOBAIBHOI (PYHKIT OEpyTh TaKuM, IO JOPIBHIOE
HYJTIO.

HaBenenuii anroputM Mae 4OTUPUBEKTOPHY OPIEHTAIII0 KPOKOBUX MPUPOCTIB
1 3a0e3neuye MOXuOKy, He OLIBIITY BiJl KPOKY 1HTEPIIOIIOBAHHS.

[ToxuOKy 1HTEpIIONIOBAHHS MOKHAa 3MEHIIUTH, SKIIO BUKOPHUCTOBYBATH
JlaroHajibHI KPOKOB1 MPUPOCTU. Takuil TUI MPUPOCTY TPAKTYIOTh K OJHOYACHE
TOPU30HTAJbHE Ta BEPTUKAIBbHE IepeMilieHHs. BpaxoByrouwm BKazaHe ITICTSA
TAaKOro KPOKY HOBE 3HAYEHHS OL[IHIOBAJIBHOI (DYHKIIIT BUBHAYAETHCA K

Ui+s 1= Uij +AX-AY.

HenynpboBe mouaTKOBE 3HAUEHHS  OLIHIOBANBHOI  (QYHKIIT  J03BOJIAE
BIJICUMETPYBaTH MOXUOKH 1HTEPIOJIIOBAHHS, 110 3MeHIye ii BaBivi. Ha puc. 1.7, a
npuBeAeHa HEBIACUMETPOBA KPOKOBA TPAEKTOPIA. 3a PAXyHOK PO3MIIIECHHS
J1arOHaJIbHOTO KPOKOBOI'O MPUPOCTY MOCEpPEArH] HU(POBOro cermMeHTa Mnoxuoka
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IHTeproNIOBaHHA &, 3aMiHIOEThCA HA 1Bl :6° Ta &  (muB. Puc. 1.7, 0), saxi
3HAYHO MEHIIII BiJ] BUX1THOI.

3 ¢opmymu (1.1) BuAHO, 11O 3HAYEHHS OLIHIOBAIBHOT (PYHKIII BH3HAYA€E
MOXMOKY 1HTEpIIoNoBaHHs. Bka3zaHe BUKOPHCTOBYETHCA B alroputMi ToMcCoOHa,
3TiITHO SIKOTO BHU3HAYAETHCS OLIHIOBAIbHA (YHKIIS IS JBOX MOXKIMBUX
KPOKOBHUX MEPEMIIIEHb.

JIiicHMIT KPOK BUKOHYETHCA B TOMY HAIPSMKY, J€ 3HAUCHHS OIIHIOBAJILHOI
G yHKIIIT MEHIIIe.

Anroputm Tomrncona 3a0e3nedye MaKCUMalbHY TOYHICTh IHTEPIOJIIOBAHHS,
OJIHaK MOTpedye BHU3HAYEHHS BIJpa3y JIBOX OIIHIOBAJbHMX (PYHKIIIH, III0 B CBOIO
Yyepry Mo3HavyaeTbes Ha HOro 00UMCITIOBANIbHIN CKIIAIHOCTI.

3riiHo 3 BiJOMUM ajaropuTtMoMm bpe3eHxema 3Ha4Ye€HHS KPOKOBHUX MPHUPOCTIB
BU3HAYAIOTHCS 32 3HAKOM OIIHIOBAJIBHOI (PYHKIII1, SIKy PO3paxOBYIOTH BiJIITOBITHO
110 BUPA31B:

Uo: 2N -M

Ui + 2(N-M) , sixmro U; 20
Uir =

Ui+ 2N , axmo Ui<O

ne N,M - BigmoBigHO OUIbIlIe 1 MEHIIE 3HAYEHHS MPUPOCTIB Biapizka. [luki
IHTEpHOJIOBAaHHS 3aKIHYyeTbcs micas Bugaul M KpOKOBHX MpHUPOCTIB. SKIIO
Ui<O , To BHUKOHY€TbCA KpPOK MO BeIydid KOOpJAMHATI, a MpH Ui >0 -
KOMOIHOBaHUN KPOK IO 000X KoopJuHaTax. AnroputMm bpesenxema 3abesmneuye
MIHIMAJIbHY TOXUOKY IHTEpIIOJIOBAHHSA, 110 JIOPIBHIOE TIOJIOBHUHI KPOKY
JTUCKpETH3allii, ajic BUMarae 301IbIIEHHS IMOYaTKOBUX omepaHaiB BaBiyi. Lle B
pAIl  BUNAIKIB MPU3BOAUTHL IO HEOOXIAHOCTI POOOTH 31 CjloBaMH, SKi
MEePEBUINYIOTH PO3PSAAHY CITKY mporiecopa. Lleit HepomiK JiKBIJOBAaHO B aJlTOPUTMI
[leryxa, OOigHuKa. 3HAYEHHA OLIHIOBAJIbHOI (PYHKIITI B 1LbOMY BHUIAAKY
PO3paxoBYETHCS 3T1AHO PopMyI:

Up= [M/2]

U, + (M-N) , ko U;<0,
Uis1 =

U+ N saxmo U; 0.

SAxmo U;>=0, TO BHUKOHYETbCS KpPOKOBE TEPEMIIICHHS MO BeayYld
KOOpAuHaTi. B iHIIOMY BUITaJKy BUKOHY€ETHCS JlarOHAJIbHE MEePEMIIICHHS. AHaTI3
KIHI[S 1HTEPIIOJIIOBAHHS HE BIIPIZHAETHCS BI1J BKA3aHOI MPOIEAYPH AITOPUTMY
bpesenxema.

[aTepIOIOt0Ul MPUCTPOi POPMYIOTH aIPECH TOUOK TPAEKTOPIT B TUCKPETHOMY
KoopauHaTHOMY Tipoctopi . Ha pwuc.1.8 mpuBeneHa QyHKIiOHAIBHA CcXema
I IKJTFOYEHHS 1HTEPIOJIATOpPA .
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Puc. 1.7 3meHieHHs NOXUOKHU IHTEPIOTIOBAHHSA 32 PAXYHOK CUMETPYBaHHS
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Anpecu TOYOK TpaekTopii (HOPMYIOTh JBa KOOPAWMHATHUX JIYMIIBHHKA.
ITouaTkoBa TOYKa Xuows Y nou. 3AHOCUTHCA B BIJIMOBIJHI KOOPAWHATHI
JIYAIBHUKUA B LMKl MIATOTOBKM 1 BH3HAYa€ IX BUXIOHMN cTaH. Bxka3ana
MIKpooIiepallisi ~ oTpuMana Ha3By  mnosumiroBaHHsi. [lpu  dopmyBaHHI
IHTEPIIOJIATOPOM  KPOKOBOi  TpPA€KTOpli CTaH KOOPAWHATHHUX JIYMIBHUKIB
3MIHIOETHCSI IHKPEMEHTHO 1 BU3HAYA€ aIpecy KOMIpKH Bigeomam'sti. s KOKHOI
TOYKH TPAEKTOPii BU3HAYAIOTH KON KOJIBOPY , SIKHA BUCTABISETHCA HA IIHHY
naHuX Bigeomam'sTi. J{s Aesikux pesKMMIB 3aIiC B BiI€ONIaM'sSiTh OJIOKY€ETHCS.

KoHTposbHI 3anuTaHHs.

1. B yoMy noJsraroTh CyTTEBI HEJOIIKU MIPSIMOTO METO/1a IHTEPIIOIIOBAHHS ?
2. 3a skuit yac GpopMyeThCs BIAPI30K NPSIMOI MapaMeTPUIHUM JITHIMHUM
IHTEPIIOJIATOPOM ?

3. laiiTe NOPIBHSJIbHY XapaKTEPUCTUKY TOYHOCTI METO/IB JIHIIHOTO
IHTEPIOJIIOBAHHS.

4. SAxi1 6a30Bi onepallii BAKOHYIOTbCS MPU peai3alii MPUBEIEHUX METO/IIB
JIHIAHOTO 1HTEPIOJIIOBAHHS?

5. BukoHaiiTe NOpIBHSUIBHUM aHAIII3 BIJOMHX aJTOPUTMIB J1HIHHOTO
IHTEPIOJIOBaHHS IO METOAY OL[IHIOBAIBHOI (PYHKIIII.

6. SIlxuM yMHOM (POPMYIOTH Pi3HI THUIIA BEKTOPIB - CYLIIbHI, IITPUXOBI,
IITPUXITYHKTUPHI ?

1.3. Metoau Ta aaropurMu (popMyBaHHSI KPUBHX JAPYroro nopsjaKky
1.3.1. Koao

JHyrn ki1 , gk 1 BIAPI3KM HPSIMUX , BIJHOCATH A0 HAHOUIbII MOIIMPEHUX
rpaiyHUX NPUMITHBIB.
IcHye pekinibka METOAIB 3aBAaHHS BUXIJHUX JIaHUX JJISI  KPYrOBOTO
IHTEPIOJIIOBAHHS.
Opni€ero 3 MOXIMBUX (OPM ONUCY KOJIA € 3aBJaHHA il B MOJSPHIN cUCTEMi
KOOpJMHAT
X=X.+R COS Q,
Y=Y.+R SIN Q,

ne X, Y- KOOpJuHATH IIeHTpa KoJia, R-paaiyc komna, Q- MoIspHUIL KYT.

HaifuacTiime BKa3yloThb HampsIMOK pyXy (3a YW TPOTH TOAMHHUKOBOIO
CTPIUJIKOI0), TIPUPOCTH KOOPAMHAT IMOYATKOBOI Ta KIHIIEBOI TOYKM JYTH KOJia
BIJTHOCHO MOTO IIEHTPY, @ TAaKOK KOOPJAMHATH MOYATKOBOI TOYKU yTU B €KpaHHIN
cucremi koopauHar (puc. 1.9. ).
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[Ipu peanizaiiii KOJOBOTO IHTEPIIOIIOBAHHS HEOOX1THO BpaXOBYBaTH:

1. Kono € cumerpuyHoro (iryporo, 1o J03BOJSIE CYTTEBO CKOPOTUTH 4Yac
OOYHCIICHHS, OCKUIBKM JIsi OTPHMaHHS BCiX TOYOK KOjJa JOCHTH
chopMyBaTH X JHIIE IS OJJHOTO OKTAHTA.

2. HeoOxiaHO MPOBOIUTH aHAJII3 TEPEXOy Yepe3 TPAHUILIl OKTAHTIB, OCKUTBKU
Ipu  I[bOMY 3MIHIOETBCS HAINpaBIEHHS KPOKOBUX MPUPOCTIB  (AUB.
puc.1.10. ).

3. 3a paxyHOK MOXHUOKHU 1HTEPIIONIOBAHHS, a TAKOK OKPYIJIEHb MIPH BU3HAYEHI
MIOYAaTKOBOI Ta KIHIIEBOI TOYOK JYTHM ICHYE HWMOBIPHICTH HE IOIMaJaHHS B
KIHIIEBY TOYKY JyI'H, 110 OOYMOBJIIOE HEOOXIJHICTb BEJCHHS B
OOYHUCITIOBAJILHUNM  TMPOIIEC PEKUMY JIOBEJICHHS B KIHIIEBY TOUKY AYTH.

Posrasiuemo npouenypy gopMyBaHHS KoJia B MOJISIPHIM CUCTEM1 KOOPAUHAT.

OcCKinbKU AJ11 OOYHMCIIEHHS! KOOPAUHAT TOYOK Koja X, Y HeoOXiAHO 3a7aBaTH
JUCKPETHI 3HAYEHHS MOJIIPHOTO KyTa, TO BHHHMKA€e MpoOjeMa palioHaJIbHOro
oOpaHHsI KPOKY MPHUPOCTY 11boro KyTa - AQ. Ilpu mamomy kpori yac noOymaoBu
KOJia 30UIBIIYETHCS, ane 3a0e3MeuyeTbCsl BUCOKAa TOYHICTh BIATBOPEHHS KOJa.
[Ipn Benukomy 3HaueHHI AQ SKICTb BIATBOPEHHS MOTIPIIYETHCS, ajleé dYac
noOy0BH 3MEHITY€ThCS.

Buxoasunm 3 AWCKPETHOI CTPYKTypH pacTpa, MOXHa CTBEPIKYyBaTH, IO
MiHIMaJIbHA BIJICTaHb MIXX CYCIIHIMU TOYKaMH KOJa HE MOXe OyTH MEHIIUM Bij
1. OTxe BCl TOUKHU KoJia, 0€3 MPOMmycKiB, OyAyTh BIATBOPEHI, 32 YMOBH, III0 KPOK
MPUPOCTY MOJSIPHOTO KyTa oduparuMeThes i3 ymoBu: A Q=1/R.

Jlns ckopodeHHs yacy (OpMyBaHHS Koja 13 OOYHMCIIOBAIBHOI MPOIEAYpHU
O0a’kaHO BUKJTFOYUTH TPOMI3Ke 00uncieHHs Tpuronomerpuaaux ¢pyakmin COS Q
ta SIN Q. /{751 uboro o0yucauMo 4eproBy i+1 TOUKy KOja y BUTJISII:

Xi+1=R COS (Q+AQ),
Yix1=R SIN (Q+AQ).

[Ticnst 3amiHu OTpUMAEMO:

Xisg=Xc+(Xi-X)COS AQ- (Yi-Y)SIN AQ
Yir=Y+H(Xi-X)SIN AQ- (Yi-Y)COSAQ .

OTpuMaHi peKypeHTH1 CIIBBIHOIIEHHS JIJI JAHOTO MiAXOAY 3a0e3MeuyroTh
MaKCHUMAaJIbHY IMIBHJKICTh 004HMCiIeHb , Tak sk 3HadeHHI SIN AQ ta COS AQ
PO3PaxOBYIOTHCS JIMIIIE OJTUH Pa3.

3riTHO TPSIMOTO METOy KOOPAMHATH TOUOK TPAEKTOPIi KOJIa BU3HAYAIOTHCS 3
BUKOPUCTAHHSM BHPa3y BUIY:

X*+V?= R,
ne X, Y- moTouHl TOUKHU Koja, a R-ioro pamiyc. [lpu X>=V 3Hauenns abcuucu
MTOCJTIIOBHO 301IBIIYIOTh Ha OJMHUITIO, @ OPJAMHATY OOUUCITIOITH 10 (hopmyiti
Y=\/_ RZ—XZ, apu X<Y i MOTOYHOTO Y 0OUMCIIIOIOThH 3HAUYCHHS X=\/_ R%-

2 . . . . .
V*.  TloxuOka iHTepIOIIOBaHHS BH3HAYAETHCS KITBKICTIO PO3PSAIiB, BIIBEACHUX
JUTsl OOYMCIIEHHS ,a TAKOX CIIOCOOOM OKPYTJICHHS.
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BignocHa ckimagHICTh  OOYMCIIEHB CYTTEBO OOMEXY€E  3aCTOCYBaHHS
PUBEACHUX METO/IB.

TpaekTopiro Koa MokHA cPOPMYBATH HUIAXOM i1 MPEJCTABICHHS CYKYIHICTIO
xopa. [ToxuOka iIHTEpHOIIOBaHHS BU3HAYAETHCS KUTBKICTIO XOP/, SIKI OyJH B3STI
TUTSI aIPOKCHMAITIi.

JIJis esiKuX 3acTOCYBaHb TaKHil METOJ € MIPUIHATHUM, HAIIPUKJIaI IPH poOOTI
3 KOJaMH B TPbOXBHUMIpHOMY cepenoBuii. OgHak  Koia, moOymoBaHl 3a
JIOTIOMOTOI0 XOP/I HE € IOCTaTHbO 3TJIa[KCHUMH.

Jns peamizamii  QyHKIII KOJOBOTO 1HTEPIIONIOBAHHS HAWOUIBII YacTo
BUKOPUCTOBYIOTh METOJ OLIHIOBaIbHOI (GyHKII . Bua oriHoBaapHOi (PyHKINT
BUOMPAIOTh TAKMM YMHOM, 11100 BCEPUIMHI Ta 3a KOJOM BOHA Mayia MPOTHIICKHI
3HaKM, a Ha CaMOMY KOJIi- Hy/llboBe. TakuM BUMOTaM BiMoOBiAae GYHKIIISI BUTY:

U= X*+Y* R

[Tpu U>0 ( puc. 1.11) BUKOHYIOTH 1HTEPNOIALIMHUA KPOK B3IOBXK ocl Y , a
npu U<O - B3moBxk oci X. [licng kpoky mo oci X HOBE 3HAYEHHS OI[iHIOBAIBHOI
(QyHKLII 3HAXOIATH, MiACTaBIAO4M B (Gopmyiy Wi Uj 3amicTe X; BEIUYUHY
Xis=Xi+1.

Toni Uisyj=(Xi+1)* + Y3 R%= X?+Y?- R%4+2X+1= Uj+2X;+1.

[Ticnss kpoky 1o oci Y HOBE 3HAUEHHS OLIHIOBAJILHOI (YHKII MOKHA
BU3HAYUTH, MiAcTaBUBIIN Y popmyiy ans U 3amicts Y BenuuuHy Yin=Yi-1.
Tonmi 3HayeHHs OLIHIOBaJIbHOI (QYHKIIT micas Kpoky mo oci Y, Oyne
JOPIBHIOBATH

Ui =Xi+ ( Yi-1)- R>= U;-2Y+1.

Takum 4yuHOM, micasi KpoKy Mo oci X J0 3HAa4Y€HHs OLIHIOBAJbHOI (PYHKIIT
HeoOXiaHO AojaT BenuuuHy 2X;+1 , a micisa kpoky o oci Y Bennuuny -2Yi+1.
Takum ywHOM, y OyAb-SIKOMY BHUIAAKYy IOAAETHCS OIWUHUIA 1 TPSIMUN YA
nonoBHsUIbHUM ko1 BenmuuH 2X; 2Y;. Ilicas mporo HEoOXigHO CKOperyBaTH
3Ha4YeHHS Xj, Y I oaepkaHHs Xy =Xi+1, Yi1=Yi-1.

[Ipu peamizamii anroOpuTMy 3 BOCBMHUBEKTOPHOIO OpPIEHTAIIEI0 KPOKOBHX
MPUPOCTIB JIIarOHAIBHUNA KPOK (DOPMYIOTH IIIIXOM OJTHOYACHOTO €JIEMEHTAPHOTO
nepeMilieHdss mo o0oM KoopauHaTaM. B 1bOoMy BHIMaJKy HOBE 3HAYCHHS
OI[IHIOBAJIbHO1 (DYHKIIIT OOUHCIIIOIOTE TIO POPMYIIi:

Ui+1,j:: Uij+2Xi+1-2Yi+1: Uij+2(Xi -Yi)+2.

Ha nmpakTtuii MmHUpPOKOro MOMIUPEHHS HaO0yB  alIrOpPUTM  KOJOBOTO
iHTepnooBaHHs cniBpodOiTHuka (ipmu IBM bpesenxema . Ilpu (opmyBanHi
KojJla B JAPYrOMYy OKTaHTI B HANpPsIMKy TOAWHHUKOBOI CTPUIKHM BUKOHYIOTHCS
HACTYITHI JIii:

U=:3-2R, X:=0, Y:=R.

Axkmo U<O0 , 1o Ui=U+4X+6, X=:X+1. B nporunexHoMy BHUIIAIKY
U:=U+4(X;-Y;)+10, X:=X+1, Y:=Y-1.

Bxkazani n1ii BUKOHYIOTH 10 (hopMyBaHHS KIHIIEBOT TOUYKHA OKTAHTA.

[IpuBeneHi peKypeHTHI BUPA3U I PO3PAXyHKY OIIHIOBAILHO1T (DyHKIIIT
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MOKa3yI0Th, 110 3 O0YMCIIOBAIBHOTO MPOIECY BUKIIIOUEHI “OBr1” omnepariii, 10
00yYMOBJIIOIOTh BUCOKY MPOAYKTUBHICTh METOJTY , & TAKOK MOXKJIMBICTh anapaTHOi
peasizarii.

PosrisHeMo pexuM TOBOJKH B KIHIIEBY TOUKY AyTH . [[71s mepimoro kBajpanTta
MO>KJTUBI JIBa BUMAJIKH, K1 MpuBeeH] Ha puc. 1.12

v A _»\ Y A
N

450 45° \1

a) > %)
X X

v

Puc. 1.12. /loBeeHHs1 B KiHIIeBY TOUYKY AyT'H

B apyromy oktanTi (puc.l.12, a) kpokoBa TpaekTopis (opMyeThCs
FOPU30OHTAIPHUMU  Ta  JlarOHAJILHUMU  (KOMOIHOBaHMMH)  KPOKOBUMU
npupoctaMu. BpaxoByrouu, 110 Ji1arOHaJbHUWA MPUPICT BKIIOYAE MEPEMIILICHHS
mo oci X, TO MOHa KOHCTaTyBaTH, 110 BCl €JIEMEHTApHI KPOKHU JI0 TOUKU X=Y
BKJIFOUAIOTh TIEPEMIIICHHS TI0 OCl adciuc. 3BIAKK BUILIMBAE, 110 NMpU (popmMyBaHH1
TPAEKTOPIi rapaHTOBaHO OyJe NOCATHYTO KOOpPAMHATY XK, a JOBEACHHS Oyne
HEOOX1JHE 10 KOOpJUHATH YK.

AHanoriyHO MOYKHA TMOKa3aTu, Mo Ipu (GopMyBaHHI AYTH B MEPIIOMY OKTAHTI
JOBEJIEHHIO MIJJIAra€e KoopanHaTa XK.

KoHTposbHI 3anuTaHHS.
[TpuBeniTh XapakTepHi 0COOIUBOCTI KOJIOBOT'O IHTEPIOJIIOBAHHS.
SAxi popmu 3aBAaHHS YT Kid BaM BiAOMI ?
JlaiiTe NOPIBHSUIbHY XapaKTEPUCTUKY aJrOPUTMIB (POPMYBaHHS KiJl.
Yum 00yMoBIIeHa HEOOX1THICTh TOBEJACHHS B KIHIIEBY TOUKY TyTH ?
[TosicHITh, YoMy (popMyIH 1711 pO3paxXyHKY TOUOK TPAEKTOPIi KOJia Pi3HI Npu
PI3HHMX HaIpsiMKax o0xony.

bW E

1.3.2. [Tapaboaa

. . 2 . .
Jlnsa mapabomiyHOrO iHTEpHoJsiTopa y=X  OIIHIOBaJIbHA (YHKIIS Mae
2 . .
BUTIAA ;=X — Y,. BoHa n03BoJs€ BiZOOpasuTH 3aICKHICTB, 300paeHy Ha
puc . 1.13.

[Ipn U >0 BHUKOHYIOTH KpoOK 10 oci X, a mpu U<O0 - o oci Y. Ilicnst kpoky 1o
oci X HOBE 3HAYEHHs OI[IHIOBAJILHOI (DYHKIIIT pO3PaXOBYIOTh 3T1AHO BUPA3y
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U>0

U<o0

[

v

Puc. 1.13. IlpuHniun napaGoIiYHOTO IHTEPIIOTIOBAHHS 32 METOJOM OIIHIOBAIBHOT
byHKIii

Y=A/X

U<0 U>=0

Xi, Yn

[
>

X

Puc. 1.14. ®opmyBaHHs OLIHIOBAIBHOT GYHKLIT pH TinepOoiyHin
THTEPIOJIALIT

A

U<0
b
\ 4 >
< > X

Puc.1.15. ®opmyBaHHS OLIHIOBATBHOT PYHKIIIT PU eMNTHUYHIN 1HTEPIOIALIT
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2
Uiy = (Xi+1) - yi =U; + 2Xi +1.
[Ipy BuUKOHAHHI KpPOKYy B3AOBXK Ocli Y  3HA4YCHHS OIIHIOBAJIbHOI (YHKIII]

BU3HAYAIOTh SIK
2
U =X _(yi +1) =U,; -1
TakuM yuHOM, MapabOTIYHUN IHTEPHOIATOP - L€ KOJOBHM 1HTEPIOIATOP 3
OJTHUM 320JIOKOBAaHUM OJIOKOM JUISl PO3PaxXyHKY OLIIHIOBAIBHOI (DYHKIIII.

KonTponbHi 3anuTanHs.
1. Yuwm Biapi3HseTbCA MapadoliyHe IHTEPIOIIOBAHHS BiJl KOJIOBOTO?
2. Sk BuOpaTd mMOYATKOBE 3HAYEHHS OI[IHIOBAJIBHOI (QYHKIT I
1apaboJIiYHOTO 1HTEPIOJIIOBAHHS ?

1.3.3. I'imep6oJia

[NnepOouniuHuii iHTEpHIONATOP peamnizye GyHkIio Bugy A=XY.
OuiHroBasibHA (QYHKITIS ISl HBOTO MA€ CITYIOUUNA BU
Uij = XiYi -A.

[Tpu U>=0 BukoHyeTbcsa Kpok 1o oci Y (puc.1.14 ), a mpu U<O -kpok mo oci
X, npuaomy X+ Xitl, a Yi+1=Y-1. Ilicns kpoky 1o oci X HOBE 3HAYEHHS
OI[IHIOBAJIbHOIT (DYHKIIIT OOUUCITIOETHCS SIK

Uiy j= Uijt Y,
a micist Kpoky nmo oci Y -
Uijn=Uij- Xi.

Axio o6xiy rinepOonu Oyae TPOTUIICKHUM JI0 PO3TIISTHYTOTO BUMIAAKY, TOOTO
Xis1tXi-1, a  Yi=Yj+l, TO 3MIHUTBCI Ha TPOTUIICKHE KOPETYBaHHS
OIIHIOBAJILHOT (PYHKITIT.

[Ipu peanizamii anrOpuTMiB 3 BOCBMUBEKTOPHOIO OPIEHTAIIEI0 KPOKOBHX
OPUPOCTIB, TPHU JlarOHAJILHOMY TEPEMINICHHI HOBE 3HAYEHHS OI[IHIOBAJIBHOI
(GyHKLIT Ma€e BUTTIS;

Uis1jr1= Uit Y- X,

KoHTpoJbHI 3anuTaHHS.
1. Ha3zsiTh 00Js1acTi 3aCTOCYBaHHS T1epOOIIYHOT THTEPIIOJISIII.
2. 3HaWITh 3HAYCHHS OIIHIOBAIBbHOI (YHKINT A pi3HUX 0O0XO/iB
rinepooJu.

1.3.4. Eainc

PiBHSIHHSA emiTica B OJISIPHINA CUCTEMI KOOPMHAT MA€ BUTJIS] :
X=acosQ,
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Y=DbsinQ,
ne a,b - po3Mipu erirnca no ocax X ta Y BianoBigHo. CTOCOBHO IpoIeAypH
dbopMyBaHHS ellirca CIpaBeJINB1 YC1 OJMOKEHHS, PO3ITISHYTI HpU MOOYIO0BI
KOJia, 3 BpaxXyBaHHSM HACTYITHUX OCOOJIMBOCTEH :
* OMIOPHUM (PPAarMEHTOM € TOUYKA OJTHOTO 3 KBAJPAHTIB ;
* IS eJTiTICa IOBKUHA pajiyc- Bektopa Ri=,/ (X%+Y?%) 1ixpox mpupocry
noJisipHoro kyta A Q; =1/R € 3MIHHUMH Ta MOBUHHI OOYHCIIOBATUCS Ha
KOXXHOMY KPOTIIi.
Posrasmemo ¢hopMyBaHHS e1irica 3a METOJIOM OIIHIOBAJIbHOI (PYHKITII.
PiBHsIHHS emitica Ma€e HACTYITHUIA BUI:
XCla?+Y?[b?=1 abo X°b*+Y*a’=a’b’.
OmintoBanbHa QYHKIIIS
Ui= Xb*+Y%a*-a’h’
3a emirncom (puc. 1.15) Mae nogaTHe 3HaUYCHHS, BCepeuHI HOro - Big emHe. Jis
nepioro kBaapanta 1npu U;>=0 BUKOHyeTbCs KpOK 110 oc1 Y 1 Yi1=Y-1,
a mpu U;;<0- kpok o oci X. IIpu npomy Xi=Xi+1.
[Ticns kpoky mo oci Y
U= X5 0b%(Y-1)? a*a’h’= b*X?+a’Y4+2aY +a*-a’h’=U;+2a° Y +a’.
AHaNOT14HO MO>KHA MOKAa3aTH, 110 MiCJii BUKOHAHHS KPOKY MO oci X HOBE
3HAYEHHA OLIHIOBAIbHOI PYHKIIi OyJ1€ MaTH BUJ
Ui+11j=Uij+2b2Xi +b?.
[IpuBeneHi Gpopmyau NOKa3yrTh, IO MIC/I KOKHOIO KPOKY HEOOX1HO
BUKOHYBATH OIEPaIlito MHOXKEHHS , 1[0 CYTTEBO OOMEKY€E IBHIKO/TIFO
(bopMyBaHHS KPOKOBOI TPAEKTOPII.
KoHTpoJbHI 3anuTaHHS.
1 Ha3BiTh XapakTepHi 0OCOOJIMBOCTI €MINTHYHOTO IHTEPIOTIOBAHHS.
3. SIki MeToau 3aCTOCOBYIOTH ISl €IINTUYHOTO 1HTEPITOTIOBAHHS ?
4. JlaWiTe MOPIBHSUIbHY XapaKTEPUCTUKY KOJIOBOTO Ta €IINTHYHOTO
IHTEPITOIIOBAHHS 32 METOJIOM OIIHIOBAIBHOI (PyHKIIII.

1.4. InTepnoJsAinia Ta aNpOKCUMALlisi KPUBHUX JI0BIJILHOTO THILY
1.4.1. ®opmu 3aBAaHHA KPUBHUX

B 3agayax MammmHHOTO TPOEKTYBaHHS 3HAWNIIM 1B (OpPMH 3aBIaHHS
KpUBUX- aHATITHYHA Ta TTapaMeTPUYHA.

AnanitnyHa Qopma nependadye 3aBJaHHS KPUBOI B B BUIJISAL PIBHAHHSA
Y=F(X) 3 BUKOpUCTaHHSM 3BUYAHHUX OJJHO3HAYHUX (PYHKIIIH.

®dopma O1IBIIOCTI 00’€KTIB B TEXHII HE 3aJICKUTh Bl CUCTEMH KOOpPJHMHAT.
Sx110 HEOOX1THO BITHOBUTH KPUBY 200 MOBEPXHIO IO MHOKMHI OKPEMHX TOUYOK,
OTPUMAHUX B pe3yJIbTaTi BUMIPIOBaHb Ha MOJIENI, TO BaXKJIMBUM (AKTOPOM , SIKUI
BU3Ha4ae popmy 00’ekTa, Oyje CIIBBIIHOMICHHS M CAMUMU ITUMHU TOYKAMH, a
HE MDK TOYKaMH 1 SIKOIO-HEOyAb JOBUIBHO BUOPAHOIO CHCTEMOIO KoopauHaT. B
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0araThboX 3aCTOCYBaHHSIX HEOOX1HO, 11100 BUOIp CUCTEMU KOOPJUHAT HE BIUIMBAB
Ha ¢popmy. Kpim Toro, GopMu 1H)KEHEPHUX 00’ €KTIB MOXKYTh MAaTU BEPTHUKAJbHI
notuyHi. Skmo Taka ¢opma Oyna O mpeacTaBieHa 3BUYAHOIO (DYHKITIEIO BUIY
Y=F(x), TO HasgBHICTP BEpPTHUKAJIbHUX JOTHUYHUX 3pOOMIO O HEMOMKIHUBOIO
ampokcumariito 1iei ¢opmu OararowreHamu. Ciig BiIMITHTH, IO KPHBI Ta
MOBEPXHI B MalIMHHIM rpadilli 4acTo € HEMJIOCKMMH a00  3aMKHYTHMH, IO
B3araji He J1a€ MOXJIMBICTD 1X MPEICTaBUTH B BUIIISIAI GyHKIINA. Tomy, BaXXIuBy
pOJIb Biirpae mpeAcTaBieHHS (OpPMHU B MapaMeTpUYHOMY BHJI, KOJU KpHUBa Ha
IJIOMIMHI TIpecTaBiieHa He PyHkiero Buay Y=F(x), a maporw dynkiiin X=X(t),
Y=Y (t) Bix mapameTpa t.

[TapameTpuuna popma 103BOJIsE JIIKBIYBaTH BKazaHl Henodiku. Kpim toro,
181 pynkmii X=X(t), Y=Y(t) MoXyTh OyTH BUKOpHUCTaH1 K (QYHKIT yIpaBIiHHS
JUTSL BIAKJIOHSIFOYO1 CHUCTEMHU €JIEKTPOHHO-TIPOMEHEBOI TPyOKU abo cepBOCHCTEMHU
rpadormnobyayBaya.

Jlnst opMyBaHHS KPUBHUX BHUKOPHCTOBYIOTH METOJHM IHTEPIIONIOBAHHS Ta
arpokcumariii. 3ajada IHTEPNOJALIl 3BOJUTHCS JI0 3HAXOMKEHHS JESKOL
aHAIITUYHOI (PYHKIIi, sIKA TOYHO MPOXOJIUThH yepe3 3afaHl Touku. B OaraTpox
BUIAKax copMoBaHa 3a 0a30BUMHU TOYKAMHU KPUBA € HEJJOCTATHHO 3T/ KEHOIO,
Hanpukiaa, Mae€ XBWIACTICTb. [IOHATTS TOYHOCTI Mg OUIBIIOCTI 3agad
IHTEPaKTUBHOIO KOHCTPYIOBaHHsI O0’€KTIB HE Mae ceHcy. [[ns Hux o0cobinBO
BAXKIMBOIO € (opma o0’ekTa, HOro 3riIaJKEHHICTb. B 1pboMy BHUNAAKYy
3aCTOCOBYIOTh METOJAM anpoOKCUMAIlil, HiJ SKUMU PO3YyMIIOTh 3HAXOJKEHHS IO
COBOKYMHOCTI 0a30BHX TOYOK Takoi (yHKIIIi, siIka MPOXOJUTh B Oe3mocepenHiit
OJIM3BKOCTI BiJ 3aJaHUX TOYOK. 3ajada ampoKCHMaIllli BHUHHUKA€E MPHU 3aMiHi
KpPHUBOIi, 3a7aHO0i PIBHSAHHAMH (DYHKIIIH CKJIaIHOT MPUPOJU (HAMPHUKIIAL, 3 TOUYKU
30py IIBUAKOCTI pO3paxyHKy i 3HA4eHb 1 TOXIJHUX, I1HTErpyBaHHA,
nudepeHITiFoBaHHS ) 1HIIIOK KPUBOIO, OJM3BKOI0 0 33J1aHO1, PIBHSHHS SKO1 O1IBII
MPOCTI.

KpuBy MOXIIMBO OOy TyBaTH MUTSIXOM:

- IHTEpIIOJIIOBaHHAM 200 anpOKCUMAIIIEIO TI0 TOUKaM;

- nedopmarriero KpuBOi (epeMillleHHs] TOUKH, 3MiHa TOJIIHOMA);

- 00YMCIIEHHAM €KBIJIICTAaHTH J0 3a/1aHOi KPUBOI;

- (opMyBaHHAM PO3IMKHYTOTO a00 3aMKHYTOrO KOHTYpPY 3 BIApi3KiB a0o0

JyT K11 Ha TUIOIKHI,

- 00YMCIIEHHAM KOHIYHUX TIEPETHHIB (eirnc, nmapadomna i T.1.);

- 0OYHUCIICHHAM MEPETUHY MTOBEPXOHB;

- CIIOJTYYEHHSM KPUBHX.

KoHTposnbHi 3anuTaHHS.
1. B akux BUMajKax BUKOPUCTOBYIOTh aHATITHYHE Ta MapaMEeTPUUHE 3aBIaHHs
KpUBUX ?
2. UuM 1HTEpHIOIIOBaHHS BIAPI3HAETHCS Bl apoKCUMallii ?
3. Slkumu MeToaamMu MOXJIMBO TTOOYTyBaTH KPUBY ?
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1.4.2. InTepnoasiniiini meroau Jlarpan:ka ta HeroTtona

Jlo HaWOUTBIT TPOCTUX IHTEPHOJAIIAHAX TIOJIHOMIB BITHOCATH IOJIHOM
Jlarpanxa.

Hexaii 3agano n+1 TO4oK (X,,Y,), (X, ,¥1)-- (X,,Y,) Ha KOOPIMHATHIN IUIOLIMHI,
IpUIOMY X, < X;,,i = 0,n. [HTEepHoNIsIiiHMI TToTiHOM Jlarpanxa n-ro cTerneHs s
JTAHOT MHOXXHUHU TOYOK Ma€ BI/IFJI}II[

y = Zn: X XO (X X 1)(X X|+1) (X_Xn)

) (X —X; 1)(X X|+1) (X| _Xn)
Bizememo 1t mpukitay n=1. Tomi micis miACTaHOBKA B (POPMYITYy MaEMO

)i V-

_ X=X 4 X—X, "
X, — X, X =Xy

VY pe3ynbrari OTpUMaHO PIBHSIHHS BIJpi3Ka MPAMOi JiHIi, SKa 3’ €IHYE TOYKU
(Xo:¥o) 1 (% ¥o)-

[Tominom Jlarpanka — 1 HE €aUHUN OaraTousieH, SKHH BiJNOBIIA€ 3ajadi
IHTEpIIOIIOBaHHSA. Y  JIMCHOCTI 1ICHY€ HECKIHYEHHO ©Oarato BiJIOBIIHUX
OaraTtousieHiB, aje OararousieH Jlarpanya eAMHUN OaraTousieH CTEIEHI N, SIKUK €
po3Bs3koM 3ajmavi. PazoM 3 nuM iHTepnosswiiiHuil meton Jlarpanxka wmae
ICTOTHUMA HENOJIK, OCKUIBKM CTeliHb OararowieHa Jlarpanxka BimoBiJae
KUTBKOCTI BYy37iB (MiHyc 1) 1 Oyap-sika cnopo0a MOKpAIIUTH  TOYHICTh
anmpoKcUMallli NUIIXOM 30UTBIICHHS] KUIBKOCTI BY3JIIB BUKJIMKAE 301IBIICHHS
CTENeHs MOoJIIHOMA. SIKIIO CTeMiHb MOJiHOMA OUIBIINN 5, TO KpUBIH 3’ SBIISE€THCS
“XBWISICTICTB, sika ojepxana Ha3By edekty Pynre - Mepeit. Takum yuHOM,
HEMOJXXJIUBO JOCSTHYTH TOYKOBOI 30DKHOCTI KpuBoi P(x) mo f(x) nuisixom
30UTBIIIEHHS KIIBKOCT1 PIBHOMIPHO PO3TOICHUX BY3JIB.

XBWIACTICTh 3BUYAWHO HE € TNpUIycTUMOr0. OIuH 13 MOMJIMBUX MUISXIB
pO3B’s3yBaHHS 1€l MPOOJIEMHU TOJATAE B PO3OUTTI IHTEPBAY [ X,,X,]| Ha KUIbKa
MIJIHTEPBAIIB 1 ‘‘CKIICIOBaHHI” KIUIBKOX OaratouwleHiB Jlarpanka HU3bKUX
CTETEHIB, KOXHUU 3 SKHUX amnpoKCUMye 3ajaHy (YyHKIIIO Ha OJHOMY 3
nigiaTepBaiiB. Ilpu npoMy MoOXHaA HOCATTH OyAb-sIKOI TOYHOCTI, aj€ LIHOIO
MOXJIMBOI Heu(pepeHIiioBaHOCTI 00’ eHaHOT (DYHKIIIT B ICSIKUX By3JIax.

[Ipu piBHOMIpHIN guckpeTu3amii (Ax=const) 3py4yHO KOPHCTYBAaTHUCS
iHTepronsAiiiHo dopmynoro Hetotona. I1[o6 3ammcatu dopmyny Herotona
BBEJIEMO MOHATTS MPO Pi3HUI QYHKIII].

Hexaii 3amani 3HaueHHs aprymenry a, a+h, a+2h,a+3h, ... i Bignosimni
3HaueHHs ¢QyHKUIi.  Bunumemo 3HayeHHs aprymMeHty 1  QYHKIIl JBOMa
KoJoHKaMu. [loTiM KOXXHE YHCIO APyroi KOJOHKH, TMOYMWHAIOYM 3 TEpIIOoi,
BIJIHIMEMO 3 HAcTymHoro uucia. Opepxumo mnepuri pizHUIl QyHKIIT 1 nepury 3
HUX MMo3HaunuMo 4epe3 Af(a) . 3uHaiimeHi pi3HUIlN 3aMHCYEMO B TPETIO KOJIOHKY.
AHaNOriyHO MO MepIIMX PI3HULAX CKiagaemo aApyri. llepiry 3 npyrux pi3HULb
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2 . . . .o
no3Haynmo cuMBosioM A“f(a). IlomiOHO CKIamarOTBCS TPETi PI3HMIN 1 T.1I.
[aTepnonsmiiina popmyna HetoToHa Mae HaCTyHUN BU]T

(x—a)(x—a—h)
2'h?

A ¥@)+...

f(x)=f(a) + X%’J‘ Af(d) +

4 (x=a)(x—a-h)(x-a-2h)
3h?

A Z(a)+

3ayBaxuMo, 10 NOJIIHOM HpIOTOHa TPEeTHOro MNOPSAAKY B MOPIBHSIHHI 3
nojgiHoMm HproToHa gpyroro HOPSAAKY J103BOJISIE MMIJBULIUTH TOYHICTH
BiTHOBJIEHHS juie B 1,5 pas.

I[Ipu  BBeneHi HOBUX BY3JiB TMpuBeAeHAa ¢GopMyna ORI 3pydHA IS
OOYHCIIEHHS, UMM 3allMC 1HTEPHOALIiHOrO OaraTtouwieHa y ¢opmi Jlarpanxa,
TOMY IO JTOJaBaHHS HOBUX BY3JIIB 1HTEPIOALIT COPUYHUHSIE OOUHUCIECHHS TIIbKU
HOBUX JIOJAHKIB, 110 JOOaBIAIOTHCA A0 TUX, AKI OyJIM OOYMCIIEHI 3 MEHILIUM
yucioM By3iiB. Ilpu BukopuctanHi ¢popmu Jlarpanxa B 1ii cutyauii moTpioHO
BUKOHYBATH BCl OOYMCIICHHS 3HOBY.

KoHTposnbHI 3anuTaHHS.

1. Axwuii 13 IHTEPNOIALINHUX TOJIHOMIB Ma€ HAMMEHIITUHN CTEITIHb?
2. B yomy nmossraroTh HeAoiKKu MeToaa Jlarpanxka ?

3. B skux Bumagkax 3py4HO BUKOPHUCTOBYBaTH MeTo] HeroToHa ?
4. Sk ynuknytu edexry Pynre-Mepeii ?

1.4.3 Anpoxcumaniss KpuBux MeToaoM be3be

Ha mpaktuii € psng 3amad, B sSIKMX HEOOXITHO HE TOYHE HAOJWIKEHHS, a
3riaajkeHe (QopMyBaHHA (Irypu, IO alpoOKCUMYyeE BXiAHI JAaHi, TOOTO KOJIU
BJIACTUBOCTI anmpoOKCUMAIlii B LIJIOMY Ba)KJIMBIIII TOYHOCTI HAOIMKEHHS 1 KOJIH
BUMOTH, SIKI TIPEa SBISIIOTECA 00’€KTYy, IIO0 TMPOEKTYETHCS, HE MOXKYTh OYyTH
JOCTAaTHBO MPOCTO BUPAXKEHI MATEMATUYHO.

JlocuTh THTOBa 3ajlaya Ma€ MicCIle B MPOIECi MPOEKTYBaHHS aBTOMOO1IIB.
Bona 3akirodaerbcs B 3HAXOMKEHHI MaTeMaTHYHOIO TMPEACTABICHHS IS
MaJIOHKa Y4 TIMHSHOT MOJIE, 10 11 3aMpoTNoHyBaB Au3aiiHep. B boMy BUIMTAIKy
HEMOXXJIMBO BHW3HAYUTH “Halikpamie” HaOmDKeHHA. SKicTh HaOIMKEHHS
3QJIEKUTh TOJOBHUM YMHOM BiJ JAyMKH jau3aiiHepa. OTxke, JOTIYHO
BUKOPUCTOBYBaTH  IHTEPAKTUBHUM  METOJ, II0 JO3BOJSE  KOPUCTyBady
€KCIIEpUMEHTYBATH 3 PI3HOMAHITTAM (POpM, TPUUOMY B1Jl HBOTO HE MOTPEOYETHCS
HISIKMX 3HaHb NPO BUKOPHCTaHI MareMaThyHli MeTtoau. [IpoekTyBaHHS TakuMm
CIIOCOOOM 3HAYHO MOJIETIIYETHCS, SKIIO € MOXIJIMUBICTh KEpyBaT (POPMOIO KPUBOI
3a JOTMOMOIOI0 3MIHM HEBEJIMKOi KUIBKOCTI MapameTpiB, OCOOJMBO, SKILO IIi
napameTpu 3a/1aBaT B rpa)iyHOMY BUTJISAIL.



27

Po3po6neno 1mimuii  psa METOMIB IS aBialliiiHOi, aBTOMOOLIBHOI Ta
CyIHOOY1BEJIbHOI TMTPOMUCIIOBOCTI, HAMOUIBIII TMOMIUPEHUM CEPEll KX € METO]I
besbe, 1110 BUKOPUCTOBYE alpoKcuMalliro 0aratowieHaMmu bepHiTeiina.

3amicTh 0€3MOCepeIHbOr0  BUKOPHUCTOBYBAHHS TOUYOK, JUJIsl  3aBIAHHS
OaraTousieHa, BUKOPUCTOBYIOTh MHOXXUHY TOUOK-OPIEHTHPIB.

Axmo (Xo,Yo), (X1,Y1), ... , (XmYn) — BKazaHi TOYKH- OPIEHTUPH, TO
BIMOBITHUI OaratowieH be3be BU3HAYAETHCS SIK

Py(t) =néocmi t'(1-)™X;

P,(t) = CZZOCmit "1-)™Y;

m !

ne Cp =
i1 (m-i) !

Octanusi popmynia JOCTaTHHO CKJIa/JHA, TOMY Ha MPAKTHUI]l BUKOPUCTOBYIOTh

BUPA3 BUILLY:
Cm =Cpa + Cra'™.

bararounenu be3be MaroTh Taki BIACTUBOCTI:
P(0) = Bo. P(1) = Pry
IIpn t=0,1.

Bxkazane Bu3Hauae Te, 0 KpuBa be3be MpoXoauTh Yepe3 Mepiry Ta OCTaHHIO
TOYKH -OPIEHTHUPIB.

SAxio BUKOPHUCTOBYBAaTH Au(EpEeHIliiHE YHCIICHHS, TO MOKHA MOKa3aTH, IO
kpuBa besbe po3MilieHa BcepeAuHI OMyKJI0i OOOJIOHKM MHOXKHHHM TOYOK-
opieHTUpiB. Haxun HOTHYHMX BEKTOPIB B KpalHIX TOYKAaX KPWBOiI CIIBHAAAE 3
HaXHUJIOM BIJITOBIIHO TIEPIIOT Ta OCTAaHHKLOI JIAHOK JaMaHoi be3be.

bararounenn be3be 3a10BONBHAIOTH Teopemi Beepiirpacca, ToOTO BOHU
PIBHOMIPHO 3XOJSThCA 10 AIPOKCUMYI0UO01 (DYHKIIII 3 pOCTOM m.

He nmBnsunce Ha Il ITO3WTHBHI SIKOCTI, OaraTtowieHW be3pe HIKOIM HE
BUKOPUCTOBYBAJIKMCH IIUPOKO 1Jisi NMOOYAOBH ampoOKCHUMAIlil 3 MIHIMAJIbHOO
HOpMOIO BiaxuiieHHd. [IpuunHa y ToMy, 1mo Gararowienn besbe nyke MOBUIBHO
3XOAAThCS y PiBHOMIpHIA Hopwmi. OpHak nisi OaratouieHiB be3be T0CTaTHBO
MPOCTO, MOPIBHSIHO 3 IHIIMMHA METOAAaMH, HAMUCATH MPOTPaAMHU.

B mpotieci iHTEpaKTUBHOTO KOHCTPYIOBAHHSI HE CTABUTHCS 3a7a4a TOYHOCTI, a
noTpeOyeThest 3aci0 kKepyBaHHS (HOPMOTO.

[IpakTHUHE KOHCTPYIOBAHHS 32 METOAOM be3be Take.

CroyaTKy KOHCTPYKTOP BPYYHY POOHTH MaTIOHOK Oa)kaHoi KpuBoi. [ToTiM BiH
BKa3ye€ Ha BEPIIMHU JaMaHOI KPWBOi, SIKa €, MO CYyTi, NEPIIUM HAOIMKEHHSIM.
HactynmHuii KpoK CKIAma€eThCs B TEPEMINICHHI BEPIIMH TAKUM YHUHOM, 100
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MOCTYIMOBO TOKPAIIUTH HAOMMKEHHsA. KO0 HEOoOXiJHO, JesIKi BEpUIMHU
BUIAIAIOTECS YU TOJAFOTHCS HOBI.

KonTponbHi 3anuTanHs.

1. YuM BU3HAUYAETHCS CTEMiHb MojiiHOMa be3ne ?

2. Ha3BiTh xapakTepHi 0COOIMBOCTI anpokcuMaliii besbe .

3. SIk mpaKkTUYHO 3/1IHCHIOETHCS allPOKCHUMAIlis KpUBUX 3a MeToAoM besbe ?

4. TlopiBHANTE OOYUCTIOBAIBHY CKJIAIHICTh IHTEPIIOIIOBAHHS 32 METOJIOM
Jlarpanska Ta ampoOKCUMAILi0 32 METOJIOM be3be.

1.4.4 . CniaiiHoBa iHTEePIOJISIITis

Metoau ampokcumariii (yHKIIM 3a JOMOMOTOK CIUIaiHIB, 3alpONOHOBaHI
Briepuie B 40-X pokax, oAepKaju IHPOKE MOMIMUPEHHS JUIIE OCTAHHIM YaCOM.

OCHOBHUMI HEJOJIK THTEPHOIAMINHUX OaraTOWICHIB SIK anapaTa HaOJIMKEHHS
(yHKLIA, 3aCTOCOBYBAaHOTO JUIS BIJHOBJIICHHS JUCKPETH30BAaHUX CHUTHAJIB,
MoJISira€ B TOMY, L0 MOBOJDKEHHS IUX OaraTO4YwIEHIB B OKpY3l AKOICh TOYKHU
BHU3HAYA€E iXHE MOBOPKEHHS B LIVIOMY. SIKILIO TOCHIKYBaHUW CUTHAI HA PI3HUX
IUISTHKaX Ma€ pI3HUM XapakTep , HampUKiIaJ Ha OJHIM MIISHLI MOCTIMHUH, a
MOTIM KPYTO 3MEHIIyeThbcsi abo 3poctae 1 T.J0. , TO BHUKOPUCTAHHS
IHTEPHOJSALIMHUX ~OaraTowieHIB MPUUHITHUX PE3YNbTAaTIB HE Ja€c. Y TaKux
BUIIAJIKaX Kpale KOPUCTYBATUCS CIUIAHAMU.

AHrmiiceke cloBo spline o3Hayae «rHydka peika». Taky peiky
BUKOPHUCTOBYIOTh Y SIKOCTI THYYKOTI'O JIeKajla PU KPECIEHHI MJIOCKUX KPUBUX IO
ONOPHUX TOYKAX.

OcHOBHa 171es1 3aCTOCYBaHHS CIUIaliHIB MOJIATA€ B HACTYITHOMY.

[HTEpBas, Ha SKOMY BIJHOBIIOIOTH (YHKIIIO PO30MBAIOTh HAa MiAIHTEPBAIH
(puc.1.16), Ha KO)KHOMY 3 SIKUW (DYHKIIIIO 33/1aI0Th MOJIHOMOM JIOCTaTHBO

P(t2)

P (tl) 2 P (t5)
P(ts)

P(ts)

v

t1 t {3 ts t5

Puc. 1.16. BigHOBJIeHHSI CUTHAJIY 32 J0IOMOIOK0
CILIaliHIB
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HU3BKOTO CTETEH1 1 3a0e3MedyroTh HEMepPepPBHICTh KPUBOI B TOUKAX “‘CKIICHKH”
IIUISIXOM TIPUPIBHSHHS 3HAYCHB MOJIHOMIB Ha MeXax mifiHTepBaiiB. [lpu npomy
BaYKJIMBOIO YMOBOIO € TaKOK HEMEPEPBHICTh IEKUIBKOX MOX1THUX.

TakuMm ynHOM, crutaitHoM P, Ha3MBaIOTh CyKymHICTh OaraTouneHiB Ppj cTynens
1, 3aJIaHUX Ha 1-TOMY KpOIll JTUCKPETH3allii ,5Ki 3aI0BOJBHSAIOTh YMOBI

Pni(ti)=Png-1y(ti),
TOOTO CTYHEHS h CIUIaiH- (PyHKLISIMH, CKJIQACHUMH 3 «IIMATOYKIB» OaraTo4JIeHiB
JAQHOTO CTYMEHS, M0 CIOJYy4YeHl Tak, o0 (QYHKIlA, MO yTBOpwWiacs, Oyia
Oe3mepepBHOIO 1 Majia JAEKIJIbKa HETIEPEPBHUX MOX1THUX.

TakuMm YHMHOM, CIUTAMH € KyCOYHO-TOJIHOMIaNbHOW (¢yHKII€w. Cruiaiin
HYJIbOBOTO CTENeHsI 301raeThCs 31 CXI1IYaCTO-1HTEPIIOILOBAHOKW (YHKIIE, a
CILJIaliH TMEPIIOro CTENeHs - 13 JIHIMHO-IHTepnojboBaHow. Cllijl 3a3HAYMUTH, 110
CIUIaiHM Jpyroro 1 OUIbII BHCOKOTO CTEMeHs He OyayTh 30iratucs 3
IHTEPIOIAIIMHIMU TTOJIIHOMaMH BIIMIOBITHUX CTEIEHIB.

Bigomo, 110 xoiu ogHOpIAHUN OpycC 3aKpINMUTH B JABOX JOBUIBHMX TOYKaXx 1
HaJaTh MOro OcCl 3aJaHuid HaXWwi y IUX Toukax, To ¢opma KpuBOoi Opyca
OTHUCYETHCA MOJIHOM TPETHOTO CTEIMEHS.

[Tpunyctumo, 1o KyoiuHa nmapadona, 3a7aHa B mapaMmeTpudHii popmi

P(t) :a3t3+3.2t2+alt+ao ,
POXOUTh uepe3 181 Touku P(t;) 1 P(tp), y sKMX B1IOMI 3HAYEHHS TTOX1THUX P/(tl)
1 P/(tz). Ile o3Hauvae, 1m0 3a7aHi YOTUPH HEOOXITHUX 1 JOCTATHIX YMOBH IS
BU3HAYEHHS! YOTHPHOX HEBIJOMUX KOE(DILIEHTIB y MPUBEAECHOMY BHIIE BHUpa3i.
Lleli GaratowieH 1HOAI HA3UBAIOTh KyOIYHHM IHTEPHOJALINHUM OaraTo4JIeHOM
Epwmira.

[TapameTpudHe TpeaCTaBICHHS KPUBOI Ma€ Ty IepeBary, 0 MOXKHA BHOpaTH
JOBUIBHUI Jianma3oH 3MIHM mapamerpa. Jlns mpocToTd 00YMCIIOBANIBHOIO
mporecy OyaemMo BBakaTd, IO THapaMeTp t y MeXax KOXXHOTO CerMeHTa
3MIHIOETBCS B giana3oHi Big 0 mo 1 ( 0< t< 1).

HeBaxko moMiTHUTH, 110

P(O):ao, P(l): dp ta; + a+ as.

Busnaunmo moxinny P/(t).

P/(t):3 agt2+232t+al.
3B1CH BUILIMBAE, IO
P/(O): di, P/(l): 3 azt2a,ta;

3 npuBeACHUX BUPA3iB JIEIKO BU3HAYUTH HEBIIOMI 4 ,d; , d, 3.
ao- P(0), a;= P(0), a,= 3[P(1) -P(0)] -4 P'(0)- P/(1), as=2[P(0) - P(1)]+ P'(0)+ P'(1).
PosrnsnyTa npouenypa BUKOHYETHCS JUIsl KOXKHOI Mapy 3aJaHUX TOYOK KPHUBOI.
Tak, BU3HauMBIIM KyO1uHY napadoiy Mixk Toukamu P(t;) 1 P(ty) Ha iHTepBami t, t3
JUISl 3HAXOJ/DKEHHSI HACTYMHOI Takoi  Jyr'W KpUBOi Ha 1HTepBalli t,t3 HE0OX1IHO
Ha MEXI1 IHTepBally (TOYKa tp) MPUPIBHATU 3HAYEHHS K caMUX (DYHKIIIH , TakK 1
iX mepIIrX NOXITHUX, TOOTO BUKOHATH “‘CKJIICIOBAHHS .

3naiinemo Bupa3 s KyOiuHoi kpuBoi X(t) y ¢dopmi Epmita B maTpuuHii
(dbopMi, AKIIO B1IOMI KIHIIEBI TOUKH 1 IOTUYHI BEKTOPA 10 KPUBOI Y IUX TOUKAX.
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Busnaunmo, mo P1, P4 - touku , R1, R4 - moruuHi.
X(0) = Py X(1) =P 4
X(O) = R1x X(l) = R4x
Y
do
X(t) = [t%, 4, t, 1] a1
dz
az
-/

abo
XO=TCx (),
e T=[t 4 t, 1],
C= [3.0, di, do, 3.3],

X(0) = P, = [0,0,0,1] C,,
X(1) = Psc=[1,1,1,1] Cy,
X’(t) = [3t% 2t, 1, 0] C,,
X’(O) = 1zlx = [0’0’110] CX;
X’(1) = Rux=[3,2,1,0] C,.

Py 0,0,0,1
P, 1,111
R 0,0,1,0
R4 3,2,1,0

[lepeBepTatoun MaTpHIlro po3mipoMm 4X4, OTpUMy€eEMO

2,-2,1, 1 P,

sz '3, 3, '2, -1 P4 Mh th.
0,0, 1,0 R,
1, 1, 0, OJ LRy

My, — Ha3uBaeThcs Matpulero Epmita, Gy, — reomerpuuanm BektropoM EpmiTa.
[TincraBuBmm Cy B (*) , oTpuMaemo:
X(t) = TMG.
3naiinemo n1o0yToxk TM:
TM = (282-3t°+1) (-2t°+3t%) (t>-2t+1) (t*-1).
ITepemHoxyroun 11l Bupa3 cupana Ha Gy, OTPUMAEMO:
X(t) = TMiGhy = Pix(283-3t%+1)+P 4y (-263+3t%) + Ry, (12-27+1) + Ry (°-19).
Yor1upu orpuManux GyHKIIIT 1HOI HA3UBAIOTHCA (PYHKITISIMU CIIPSIAKEHOCTI.
3a gomomoror mepmux ABoX (yHKIN BU3HAYarOThbesl Touku P; 1 Py, a 3a

JIOTIOMOTOI0 PEIITH OTPUMAEMO 3IUIaJKeHe 00’ eiHanHs. [[puuomy, yuM OUTbIINIA
JOTUYHUIN BEKTOp, TUM KPYTIIlIa cama KpUBa.
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Jlo HemoNMiKIB TaKoro IIAXOAYy BapTO BIJHECTH HEOOXITHICTh 3aBIaHHS
HNOXIAHUX Yy By31ax . J[st IXHbOro 0OUNCIEHHS] BAKOPUCTOBYIOTh Psifi IIXOAIB.

Haii6inpie mpocTo BHKOPUCTOBYBATH 3aMICTh MOXIAHMX iXHI HaOMMXKeHi
3HAaYeHHS, OTpPUMAaHi B pe3yibTaTi IHIIKUX ampokcuMmanid. Hampukman, mis
KOXKHOTO By3JIa 3a 3HAQUYEHHSMHU (YHKIH y HalOmmkuux 2m By3nax OyayeTbes
OaraTtowieH cTemeHi 2m+1, MOXigHI $SKOTO TMOTIM BHUKOPUCTOBYIOTHCS IS
noOy/I0BY €pMITOBOTO CILIaiiHa.

Po3po6ieno miaxin, BIAMOBIZHO O SKOTO TMOXiJHI B NMPOMIKHUX TOYKaX
3HAXOJATh IUIAXOM PIILIEHHS MAaTPUYHOIO PIBHSAHHS BUAY:

4100.... P;(tz) 3(P(ta)-P(tr))- P'(ty)
14100... P/(t3) 3(P(ts)-P(t2))
01410...|* P'(t,) = 3(P(ts)-P(ts))
...0014 P(t,.) 3(P(t)-P(tr2))- P'(t) .

[Tigxig Oa3yeTbcsi Ha PIBHOCTI HA MeXKax IHTEPBAJIB MEpPIIMH 1 APYTHX
MOXIIHUX. 3 TPHUBEIECHOIO0 MAaTPUYHOTO BHUpa3y 3HAXOJATh MOXIJHI, MOJAaHI
JAPYro0 MAaTPULEIO B JIBIA YaCTUHI PIBHAHHS. TakuM YMHOM, y TaHOMY MIJIXOJ1
B SIKOCT1 BHUXIJIHMX 3aJ]al0ThCs BC1 0a30B1 TOUKH, Yepe3 SIKI MPOXOJAUTh KPUBA, a
TaKO’X ITOX1HI B IOYATKOBIN 1 KIHIIEBIM TOYKaX.

[HI11 MeToaM BW3HAYCHHS BIJACYTHIX IMapaMeTpiB IS MOOYIOBM CILIaliHIB
0a3yloTbCA Ha HAaKJIAJIEHHI JESKUX JOJAaTKOBHUX YMOB, IO MPHU3BOIUTH JI0
HEOOX1THOCT1 PIIIEHHS! CUCTEMU PIBHSHD, III0 BUPAXKAE 1[I YMOBH.

[Tpu 3aBnanH1 kpuBoi y hopmi be3be BUKOPUCTOBYIOTHCS YOTHPU TOUYKH P,
Pz,Pg,P4( pHuc. 1. 17)

P,

Puc. 1.17. 3naxomkeHHs moxiguux 3a meroaoM be3ne

JloTnyH1 BEeKTOpU y KIHIIEBUX TOYKax 3adaroThbes Biapizkamu PiP,, P3P, 1
PO3pPaxOBYIOTHCS HACTYITHUM YUHOM:
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R1=3(P,-P1) = P’(0),
R4 = 3(P4-P3) = P’(l)

P 1, 0,0, 0 P

Gh= Pz = O, O, O, 1 Pz :Mhbi_
R; -3,3,00 Ps
R4 0, 0,-3, 3 P,

Lle cniBBigHOMIEHHS MK MaTpuiieto Epmita G Ta reOMETpUYHOIO MaTPHUIICIO
besnwe. [liacTraBnsitoun oTpuMaHi 3Ha4Y€HHs, 3HAXOAUMO:
X(t) = TMhGh = TMhMbi
[Toznaunmo no0yToxk MMy sik M 1 otpumaemo Bupaz  X(t) = TMGy, koTpuit
3apa3 mae popmy besbe .

-1, 3,-3, 1
My = 3,6, 3,0
-3, 3,0, 0
1, 0,0, 0

®opMma be3be BUKOPUCTOBYETHCS y MAalIMHHIN rpadill YacTime, HiK (opma
Epwmita . [IpuunHotO 11bOMY € :
-1o-Tepiie, y Bunajaky ¢gopmu Epmita 70TUYHI BEKTOPH MOBUHHI 33/1aBaTUCS Y
aBHOMY BUTTIsIAL. Y popmi be3be noTHUHI HAXOAATH “lIOKaTopom”;
- mo-zpyre , y GopMi be3be 4OTHPU TOUKH 3a7ar0Th BUIYKJINI 0araTOKyTHUK,
10 MOKHA BUKOHATH TYMOBOIO HUTKOIO.
3uaiigemo X = TM,Gy.
X = TMyGp, = (1-t)°P;+3t(t-1)°P,+3t(1-t)P3+t°P,
MoskHa nmokazatu, 0 cyma BCiX Koe(dilieHTiB 011 t 1opiBHIOE 1, 1110 BU3HAYA€e
ONTUMAJILHE CEPEJIHE 3HAUEHHS JIJIs1 YOTUPHhOX KEPYIOUUX TOYOK.
VY 3aranbHOMY BHUIAJKy, KOJM B MOMeHTH udacy ¢ =0, 1, 2, ... 3agano
JTUCKPETHI BUIJIIKM CUTHANY Xq, X1, Xp,..., CIUIAH-(YHKIUS, 110 BIJHOBIIIOE
JTVCKPETU30BAHHUI CUTHAJ, N-OW CTYNEHS Ma€ BUJ

sn(g):% Zx Bo(z-i),

ne By(e)-neskuii crnaitn crenens n (B-crnaitn [llenOepra), sskuii HA3UBAETHCSIH
sapoM crutaiina. Dynkiis By (&) 3a1aeThest HACTYITHUM YHHOM:

Bn(s)=k“zj (-1)MCE ()",

¢" mpu & >0,

0 mpm ¢ <0,
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k
n+1

ne Cr., -uucio cronydeHs 13 (n+1) mo k.

[Tpu mepexo/i BiJ IHTEPHOALIT OaraTouseHaMH 0 1HTEPIIOJSIIT CIUTaliHaMuU
nepecmayoTbes ABl mium. [lepmra, me mokpamiaHds SKOCTI HAOIMKEHHS: TIPH
OJIHAKOBUX OOYHMCIIIOBAJIbBHMX BHUTpaTax aOCOMIOTHI TOXMOKH 1HTEPIOAIi
CIIalHaMHM MEHII, YMM T[IOXWOKM 1HTEpIoAlli OararouileHaMu, a Ipu
OJIHAKOBUX MOXMUOKAX 3MEHIIYeThbCA 00ciar oOuucieHb. CruiallHu JA03BOJISIOTH
YHUKHYTH OCHWJUIIIUA. s pimeHHs 3a1a4i 301KHOCTI HAKJIAJarThC OUIBII
cnabKi BUMOTH, 4YHMM Yy BUIAJKy OaraTouseHiB. J[pyra 1enp - pi3Ke 3MEHIIIECHHS
00YHCITIOBAJILHUX BUTpPAT, OCKUIBKH MPHU MOOYAOB1 aJTOPUTMIB PIIICHHS 3ajad ,
TaK 1 MNOpU MOJAJbIIiA pPoOOTI 3 aNMpOKCMMAaHTaMH BHUKOPHUCTOBYIOTHCS
OaraTouJIeHH HEBUCOKHUX CTEMeHiB abo iHII enemeHTapHi GyHkuii. [Ipu poborti 31
CIuUIaitHaMu MOKHAa  BHKOPHCTOBYBATHU abo KyCOYHO-0aratousieHHe
npencTaBieHHs, a00 MpeacTaBieHHs depe3 OasucHi QyHKMII. Y mepimomy
BUMAAKY JOCSTA€ThCSl HAWOLIbIIA EKOHOMISI apu(PpMETUYHUX Omeparlii, aie
HE0OX1HO 30epiraTtu Benukuid 00’eM iHpopmalii npo O6aratounenu. B npyromy
BUIIAJIKy MAa€MO 3BOPOTHE.

KoHTposnbHi 3anuTaHHS.
1. B yomy mossiraroTh nepeBaru CIulalHOBOT IHTEPIIOJAIT MO BiIHOIICHHIO
710 1HTeproJIsLii o meroxy Jlarpanxa ?

2. Slka MiHIMajgbHA CTEMIHb IMOJIHOMAa BHKOPUCTOBYETHCS B CIUIAHHOBIN

1HTepIosAIi ?

3. B yomy BigMIHHICTh OOYHMCIIOBAJIBLHOTO IIpoliecy mnpu (GopMyBaHHI

kpuBHux €pmirta Ta besbe ?

4. Sxkumu HUSXamMu 3HaXOIATh IMOXIJHI Ha TPAaHULSX I1HTEPBAIIB NpH

CIUTAaHOBIM 1HTEPHOJISIIIT 7
5. ki uisi nepeciiayroThCs IPH MEePEXo/il Bl IHTEPIIOJLIT OararoujieHaMu
710 IHTEPIOJISLIT CIUTaliHAMHU ?

1.5. YcyHeHHs eekTy aia3MHIy BeKTOPHUX I'PAHULb IOJIIrOHIB

B miporieci po3ropranHs B pactp rpadiyHux 00pa3iB BUHUKAIOTh CIIOTBOPEHHS
B 300paXE€HHI BEKTOpiB, pedep OaraTOKyTHUKIB, SKI OTpPUMaId Ha3BYy
cTtyniHyatoro edekry uyu edekry amiasunry . OCHOBHa NpUYMHA HOTO MOSBU
MOJISITa€ B TOMY, 10 KOJBOPOBI I'PaHUIIl 00'€KTIB MalOTh CYIUIbHY IPUPOAY, TOI
SK pacTpOB1 MPUCTPOT BIOOpaKEHHS JUCKPETHI.

B MamuHHINi rpadim 3HalIUIM BUKOPUCTAHHS JIBA OCHOBHI METOJIM YCYHEHHS
crymninyacroro edexty. [lepiuit i3 HUX — METOJ pacTepu3allii — MOB'I3aHUH 31
30UTbLIEHHSIM ~AMCKpeTH3alii mig 4ac (GOopMyBaHHS 300paxeHb, IO Ja€
MOXKJIUBICTh BpaxoByBaTH JApiOHI jerani 300paxeHHs. B 1pomy BHUManKy
OOYHUCITIOIOTH PACTP 3 BUIIIOIO PO3IUILHOIO 3/IaTHICTIO, @ B1IOOPAXKAIOTh Y
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BIIMOBIAHOCTI 3  PO3JAUIBHOK  3JaTHICTIO  MPHUCTPOIB  BiIOOpakKeHH,
BUKOPHCTOBYIOUH YCEPETHEHHS.

Henomik 1poro MeToy moJjsirae B BENUKIM OOUMCIIOBAIbHIN CKIAJHOCTI, sIKa
3QJICKUTH BIJ PO3AUIBHOT 3aTHOCTI KOOPAMHATHOTO IIPOCTOPY, OCKUIBKH 31
30UIBIIICHHSAM JIIHIMHMX PO3MIpIB 300pakeHHS B # pasiB, HOro Ivioia
36imbIIyeThest y n° pasis. IlpakTHano, 11t aHiManii criern 3 gactortoro 100, mo
MicTuTh 01u3bk0o 200 THC. TPUKYTHUKIB, 30UIBIICHHS AUCKpeTH3alii B 16 pasiB
BUMarae TeXHIYHUX 3aco0iB 3 mBuakoxiero 16 GFLOPS. Bpaxopyrwouwm, 110
MiKOBa MPOJYKTUBHICTh cydacHUX mporiecopiB He nepesunrye 100 MFLOPS |
Taka MPOIYKTUBHICTh HE JOCSXKHA HABITh IJIS CyJacHHUX TpadiyHUX CTaHITIH.

3riIHO 3 APYTUM METOJIOM YCYHEHHSI CTYITIHYACTOCTI, MIKCEIb PO3TIISIIA€ThCS
HE SK YMOBHa TOYKa, a SIK CKIHYeHa obOyacth . MeToq Oa3yeTbcsi Ha 3rOpTI
¢ynkuii. st 3rmamKkyBaHas OepyTh 3TOPTKY CHTHAJIB JUIsl 300paKeHHS 3 SIpOoM
3rOpTKH, a pe3yJabTaT BUKOPUCTOBYIOTH JJI1 BU3HAUEHHS aTpUOYTIB MIKCEIS.

Sk QyHKIIIIO 3rOPTKH 4YaCTO BUKOPUCTOBYIOTH MPSIMOKYTHY ¢GyHKIII0 h(Xx) , 0 <x
< 1. 3a 1onomMororw Hei OTPUMYIOTh 3aJ0BUIbHI PE3YNbTATH, XO0Ua TPUKYTHUN Ta
rayCCOBChKUM (DUIBTPH AIOTh 111€ O1IBII SIKICHE 3TJ1a/)KyBaHHS .

MeTon 3ropTku MOPIBHSHO 3 METOJOM pacTepu3allli jJae Kparile 3riapKeHe
300paKEHHs, aje XapaKTEepU3ye€TbCsl 3HAYHO OUIBIION  OO0YHCIIIOBAIHLHOIO
CKJIQIHICTIO.

B MammuHIA Tpadimi HaWOIBIIONO0 MPAKTUYHOTO 3aCTOCYBaHHS HaOyB

OKpEeMUM BUMAJ0K METOIY 3TOPTKH, SIKUI MOJISTa€E y BCTAHOBJIEHHI 1HTEHCUBHOCTI
KOJIbOPY IMIKCEJIsI MPOMOPIIIMHO IO Ti€l HOro 4YacTUHU, IO BIATUHAETHCS
BiZIpi3koM mipsiMoi (puc. 1.18. )

1 2 3 4 5

Puc.1.18. YcyHeHHs epexTy anuma3uHry BEKTOPHOI
TpaHuIll

Anroput™ A. Pya B mpoleci BU3HAYEHHS 1HTEHCUBHOCTI KOJBOPY MIKCEINS
BpPaxoBY€ IUIONII ABOX CYMDKHHUX MIKCEJIIB — OCHOBHOT'O Ta JIOMOMDKHOrO. [Tpu
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[bOMY OOYMCIIIOBAJIbHUN MPOLIEC BU3HAUYEHHS KOOPAMHAT Ta IHTEHCHBHOCTEM
KOJIbOPY TOYOK PO3AUICHUH. AJTOpPUTM Ja€ MPUIATHI pe3yJIbTaTH, aje BUMAarae
BHUKOHAHHS «JIOBI'UX» OMEpallii, 110 CYTTEBO 0OMEXKY€e HOr0 BUKOPUCTAHHS.

JIOUTBHIIIMM € METO/I, 110 0a3y€eThCsl Ha MEPEXOAl BiA IHTEPHOJSAIIT Biapi3Ka
npsiIMOi 32 3HAYEHHSIMH MOTO MPHUPOCTIB A0 IHTEPHOJAIIl 3a MapaMmMeTpamMu, II0
BHU3HAUYAIOTHCSA IHTEHCUBHICTIO KOJIbOPY KIHIIEBUX TOYOK.

H. Iittyero Ta JI. YOTKiHCOHY, 1110 3aMTPONIOHYBAIN BKa3aHUN MIAXI] , HE
BJIAJIOCh BCTAHOBHUTHU OJIHO3HAYHY BIMOBIIHICTD 3 OJIHUM 13 BIZIOMHUX aJrOPUTMIB
IHTEPIOJIALIT 32 METOOM OILIIHIOBAIBHOT (DYHKIII.

OmuiHroBaiabHa (QYHKIIISI BU3HAYA€ TOXUOKY MIXK 1I€aJIbHUM BIAPI3KOM MPSIMO1
Ta il KPOKOBOIO TpaeKTOpi€r0. JloBeneHo, 1110 MOIYJIb OIlIHIOBaJIbHOI (PYHKIIIT B 3a-
JaHIA TOYIll JOPIBHIOE IUIONII Ti€i YACTUHU JUCKPETH, 110 BIATHHAETHCS
B1JIP13KOM IPSIMO].

BcranoBuMO  B3a€MO3B'S30K  MDK ~ 3HAYEHHSIM  OLIIHIOBAIbHOT  (PyHKIIIT
BU3HAYEHHSI TOYOK BIJIpi3Ka MPSIMOi B TUCKPETHOMY KOOPAMHATHOMY IPOCTOPI 31
3HAYEHHSM 1X IHTEHCUBHOCTEH KOJIBOPY.

Hexail Bigpi30K OpsMOi B NEPIIOMY OKTaHTI 3aJ1a€ThCA CBOIMHU OunbIIUM M Ta
MeHmuM N npupoctamu Ha KOOpAMHATHIHN ocl. BiioMo, 1110 KpOKOBI epeMilIeHHS
BCIX BIJIPI3KIB NMPSAMHUX 3 IpUpocTamMu nM 1a nM 1IeHTUYHI 1 TOBTOPIOIOTHCA YEPE3
M TaKTiB, A€ n — IIJIC YHUCIIO.

Axmo Iy - 3HaYeHHS IHTEHCUBHOCTI KOJIBOPY, 3 SKUM HEOOXIJHO BiATBOPUTH
BIAPI30K MpsAMOI, TO JJs BU3HAYCHHs HEBioMoro mapamerpa  Ix nams
IHTEPIOIIOBaHHS BIpi3Ka MPAMOi, CKIAJEMO MPOTIOPIIIIO

N/M=lI K /l M .

3Binku  [k=N*ly/ M= ly*k, ne — K-kyToBuii koedilieHT HAXHITy IPSIMOT.
Takum 9YMHOM, 1HTEPIOIIOBAHHS Bipi3ka mpsamMoi 3 mapamerpamu M ta N MoxkHa
3BECTH JIO IHTEPIIOIIOBaHHS 3a M TakTiB BiJipi3Ka npsiMoi 3 mapamerpamu Iy ta Ik.

HaligominbHime 3a aiaropuTM I1HTEPIOIIOBAHHS BUKOPUCTAaTH aJITOPUTM
OLIIHIOBAJIbHOT (yHKIIT , po3pobsenuid [leryxom A.M, O6ignuxkom JI.T. Ile
MOSICHIOETHCSI TUM, IO IHTEHCHBHICTh KOJIbOPY IMOYATKOBOI Ta KIHIEBOI TOYOK
Tpa€ekTopii TOBUHHA TOPIBHIOBATU Iy /2, OCKIJIBKU BIAPI30K MPSMOI MPOXOAMTH
yepe3 LIEHTPU BKAa3aHUX TOYOK. 3a3HAUEHY YMOBY 3a0e3neuye BUOpaHuil 0a30BuUil
QJITOPUTM.

KoHTposnbHi 3anuTaHHs.
1. SIxi ocHOBHI MAXOIH 10 YCYHEHHS e(PEeKTy alia3uHTy BaM BijioMi ?
2. Sk 3MIACHIOETHCS YCYHEHHS €(eKTy allia3uHTy 3 BUKOPUCTAHHSIM METOIY
OIIHIOBAJIbHOT (hyHKIIIT ?
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2. IIpouexypu MmammHHOI rpadiku
2.1 A¢inni neperBopeHHst

AiHHI epeTBOPEHHS 3HAXOIATh HIMPOKE 3aCTOCYBAHHS B 3aJ]a4ax MAIIMHHOI
rpadiku. HaiiOinpmoro mnomupeHHs HaOylId 4YacTKOBI BHUMAAKK —adiHHUX
MEPETBOPEHD: 3CYB, TOBOPOT, MACIITA0yBaHHS.

Hexait y muionuHi 3a1ana moyaTkoBa cucrema koopauHaT 0XV 1 gesika HOBa
cuctema koopauHat 0; X; Y;. Toai mepeTBopeHHSs, K1 MOJATAIOTh Y TOMY, 1100 Y
BIJMOBIAHICTG TOUIll P miommHu craBUTHCA TOUka P, sika B HOBIM CHCTEMI Mae€
TaKi caMi KOOpJIMHATH, 110 i Touka P y nmoyaTKoBii, Ha3UBaIOThCA aQiHHUMHU.

OcHOBHI BiIacTUBOCTI a)IHHUX MTEPETBOPECHbD:

1. MHOXWHa TOYOK, SIKa B MOYATKOBIM CUCTEM1 KOOPJIMHAT 33/I0BOJIBHSIE JCSIKE
PIBHSIHHS, TIEPEXOJUTh Y MHOXHHY TOYOK, KOOPJIWHATH SKUX Yy HOBIH CHCTEMI
3aJI0BOJILHSIOTH Take caMe piBHSAHHS. Tak, mpsiMa mepexouTh y MpsMy, TUIOIIHHA
y IUIOIIUHY.

2. BinHomieHHs miony i 00’eMiB TeOMeTpUUHUX (PIryp 30epiraeThes.

3. 30epiraeThcs MPOCTE CIIBBIIHOMIEHHS TPHOX TOUOK.

4. IcHy€e enuHE MEPETBOPEHHS TUIOLIMHY, 110 IEPEBOJAUTH TPIUKY TOYOK, SIKI HE
HaJeXaTh OJHIM NPsMid, y HOBY TPIMKY TOYOK, SIKI TAKOX HE HAJIEKATh MPSMIN.

5. SIxmio movyaTtkoBa Ta HOBa CUCTEMH KOOPJAMHAT € JEKapTOBUMHU 3
OJIHAKOBUMU OJIMHUYHUMHU BIJIPI3KaMU IO OCSX, TO MPHU MEPETBOPEHHSX
30epiraroTbcs BCl METPUYHI BIACTUBOCTI TEOMETPUIHUX (PIryp.

Ha puc. 2.1 300pakeHi T€OMETPUYHI CIIBBIJHOIICHHS MDK MOYaTKOBOIO
cuctemoro OXYi cucremoro 0X;Y;, sKy ojepXaiu TMpH MOBOPOTI MOYATKOBOI
CUCTEMH Ha KYT Q.

3a 10noMOroro CIiBBIAHOIIEHb HA PUC. 2.1 0AEpKYEMO CUCTEMY PIBHSIHb

X;=Xcosa + Ysinga,
Y. =Ycosa - Xsina,
AKY MOXHa 300pa3uTH B MAaTPUUHOMY BUTJISIL:
[X1 Y1 ]=[x Y] cosa Sina
-Sina  coSa

[Ipy 1DOBOpPOTI 300paKEHHS HE 3aBXKIU  OJEPXKYIOTh  I[IJIOYUCIOBI
KOOPJIMHATH, 10 MPUBOAUTH 10 HEOOXIAHOCTI iX OKPYTJICHHS.

OyHKIIIOHATBHUM ~ METOJ  TOBOPOTY  300pa)KeHHS  BHUKJIIOYAE 3
OO0YHCITIOBAJILHOTO MPOLIECY BUKOHAHHS CHUHYCHO-KOCHHYCHHMX I€PETBOPEHb Ta
«JIOBTHX)» OIIEpaIliii.

CyTHICTh METOMY TOJISITA€ B HACTYITHOMY.

JexaproBa momuHa 1 1 BianoBigHa i cuctema koopauHat XOVY yTBOpeHa
IJIONIMHOIO E€KpaHy I1HAMKATOpY 300pa)keHHs, a JaeKapToBa IUiomuHa 2 1
BIAMOBIAHA 1 cuUcTeMa KOOpAWHAT X0 mommnor0 MaTpHuiii
CBITJIOUYTJIMBUX €JIEMEHTIB (puc.2.2).



Y1 o P(x,y)=P(x1,y1) X1

g
:

X COSx

y sina

4
XSiha

y cosa

Puc. 2.1. IloBOpoT cCTEMHU KOOPAUHAT

Az(xll ,yll)

S V1

: Ag(xLyl)
A X1
\\\\'_.-' X
XM~

Ag

Puc. 2.2.®yHkuioHaJbHUI METO TMOBOPOTY
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B nouarkoBuii MOMEHT yacy Touka Al 3 koopaunatamu X1,Y1 BimoOpakaeThCs
Ha eKpaHi iHAMKaTOpy. MaTpuls CBITIOUYTIMBUX €JIEMEHTIB, IKY TOBEPHYTO IO
BiZHOIICHHIO 10 GKPaHy Ha KYT A ¢, CIPHIMAE TOYKY B CHCTEMi KOOPAMHAT X'
0! Yl, M0 BIJHOIIIEHHIO JI0 SKOi OCTaHHS MAa€ KOOPIMHATH Xll,yll. OueBuHO,
o BigoOpakaoun Ha expaHi TO4Ky 3 KoopamHatamm X 1,Y'l, 3milicHoeTBCS
MIOBOPOT BUXIJIHOI TOYKH Ha KyT A ¢ B cuctemi koopauHat XOVY. Bukonyrouu
BKa3aHy TMpoIeAypy /i BCIX TOYOK 300paKEeHHs, 3a 4Yac OJHOIr0 KaJpy
3MIIMCHIOETHCSI TOBOPOT 300paKEHHS HA KYTA ¢ .

3a paxyHOK IOBTOPEHHS Tpolecy n pasiB, ne n=¢/A ¢, 3a0e3medyeTbes
MIOBOPOT 300paKEHHS Ha 33JIaHUU KyT ¢ .

OckiIbKM BUXIJHA Ta HOBAa CHCTEeMH KOOpPAMHAT € MPSIMOKYTHUMHU
JIEKapTOBUMHU 3 OJHAKOBMMHU OJMHMYHHUMHM BIJpPI3KAMH 1O OCSIM, TO TIpH
NepETBOPEHHI 30€pIiratoThCsl BC1 METPUYHI BIIACTUBOCTI TE€OMETPUIHUX (PITYP.

Henoinik (yHKIIOHaTbHOTO METOAY MOBOPOTY MOJIATAE y BIJHOCHO BEJIMKIN
MOXHOLI TEPETBOPEHHS.

[Ipn MacmTaOyBaHHI 3A1MCHIOIOTH 30UIBIIEHHS a00 3MEHLIEHHS pO3MIpIB
300paKeHHsI 3T1IHO 3 IEPETBOPEHHIMH BUIY

Kx 0
[x'y']=xy] |0 Ky,

ne Ky, Ky -macmTabHi koedinieHTn.
IIpn K,=Ky=K 3xiiicHIO€TbCA TE€pPEeTBOPEHHS NOAIOHOCTI. 300pakeHHS
30utbiyeThes B K pasiB npu K>1 1 3menmryerbes npu K<1 .
Touka 3CyBa€Tbcsl JOJIaBaHHAM JI0 KOXXHOT KOOPJUHATU TOYKH JOJATHOI abo
B1/1'€MHOI KOHCTAHTH:

[x’y'1]=[xy1] |1 01
010 |,
mn 1

7ie M,N - 3HaYEHHS TapaMETPiB 3CYBY.

KoHTpoJbHI 3anuTaHHS.

=

ki nepeTBOpeHHS BIAHOCATH 10 aiHHUX?

Ski OCHOBHI1 BJIaCTUBOCTI a)iHHUX MEPETBOPEHB?

3. IlpuBenite popmynu A MOBOPOTY TOUKH 300pa)KE€HHS HA KYT @ MPOTH
T'OJIMHHUKOBOI CTPLIIKH.

4. Un MOXIHMBE CYMIIIEHHS B OJHIN MpoIeaypl pi3HUX THUMIB adiHHUX
MEepPETBOPEHD?

5. Sk opraHi3yeThCs CKPOJMHT BiKHA 300paskeHHS ?

N
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2.2. AIropuT™MHM BiJICIKaHHSI BEKTOPIB

OO6nacTh CUCTEMH KOOPAHMHAT, B SIKI (POPMYETHCS 300pakKeHHS AJi1 BUBOY Ha
rpadiuHi 3acobu, HA3MBAETHCA BIKHOM, a OOJAcTh MNPUKIATHOI CHCTEMHU
KOOpJIMHAT, Ha SIKY B1IOOpaXKa€eThCs BIKHO, - 001ACTIO 1HAUKAILIII.

BincikanHsa — omepartis, Sika BiIKUAA€ YaCTUHY 300pakeHHS, 10 JICKHUTH 1034
BikHOM. MOro MO’KHA BUKOHYBATH K [0 HEPETBOPEHHS 300paXKEHHS, TaK i IicIs
HbOTO. BijcikaHHS, sik€ BHUKOHYIOTh JI0 BijoOpakeHHs, 3a0e3neuye €KOHOMIKO
4acy 3a paxyHOK TOT0, III0 HEBUIUMI JIIHII HE MiAJSATal0Th NePEeTBOPEHHAM. SKIIO
CTOPOHM BiKHA TMOXWJII BIAHOCHO KOOPJIWHATHHX OCEH, TO aJIrOPUTM BiJICIKaHHS
noTpedye BITHOCHO CKJAIHUX OOYHCIICHb, TOMY BiJICIKAHHS HEBUIUMHUX YaCTHH
MOBEPHYTOTO 300pakKe€HHS BUKOHYIOTH MICJIsl B1IOOpaKEHHS.

Axmo 300pakeHHs 3a/la€ThCAd  SIK  CIHCOK TOYOK, TO KOXKHAa TOYKa
300paKy€ThCS UM BIJKHIAETHCA B 3aJEKHOCTI BIJ pe3yjbTaTy MOPIBHSAHHA Il
KOOpAMHAT 3 KOOpJAUWHATaMH O0JacTl 1HAUKAIlL. SAKIo 300pakeHHs 3a1a€ThCs SIK
MHOXMHa BIJIPI3KIB MpsAMHX, 3anada OyJe CKIagHow. BikHO Ha3MBaeThCs
pPEryJsipHUM , SIKIIO BOHO Mae (QopMy HNpsIMOKYTHUKA 31 CTOPOHAMH, SKl
napasnenbHi OCSIM KOOPAMHAT €KpaHa.

BpaxoByroun, mo a8 ¢GopmyBaHHS TpadiuHUX 300pa)k€eHb HalyacTille
BUKOPUCTOBYIOTHCA BIJIPI3KM NPSIMUX, PO3IJISHEMO BIACIKAHHS BKa3aHOIO THUIA
PUMITHUBIB.

Bnaciigok Toro, mo o0jacTh 1HAWKAII, SK TMpaBwio, Mae GopmMy
NPSIMOKYTHHKA, BIJIPI3KY HAJICKUThH HE OUTBII SIK OJIHA BUAMMA YaCTHHA.

Jlns peaimizanii BiACIKaHHS HEOOX1THO 3HAWTH KOOPJAMHATH TOUYKH IEPETHUHY
CTOpIH BIKHA 3 BIJIPI3KOM 1 BIJKMHYTH Ty MOr0 YacTHHY, sIKa 3HAXOJUTHCS 3a
BIKHOM.

B mammHHi#N rpadini HalOUIbI YacTO BUKOPUCTOBYIOTHCS MPSAMOKYTHI BIKHA,
AK1 33J1al0ThCS PIBHSHHSAMH iX CTOpIH (puc. 2.3 ).

X=X,, X=X,
V=V, V=V,.

[lincTaBnsitoun B piBHSHHS Biapizka npsMoi Y=kX+b 3nauenns X, ,X
3HaXOJIATh OPJIMHATH MIEPETUHY BIJIMOBIHO 3 JIIBOIO Ta MPABOIO T'PAHUIIMU BIKHA.
AHAJIOTIYHO 3HAXOMATH 1 TOYKHU MEPETHHY 3 BEPXHBOIO Ta HIKHBOIO TPAHUIISIMH
BikHA. JIJ1s1 1TbOTO B PIBHSHHS MPSIMOT iCTaBISIOTH BiIOM1 3Ha4YeHHS Y, Y, .

Binpizku npsMux MOXKyTh MTOBHICTIO 3HAXOJIUTUCHh BCEPUANHI a00 30BHI BIKHA.
JIist Takux BUMAJAKIB PO3B’SI3yBaTH CHUCTEMY pIBHSHb HEIOIUIbHO. B3zarami
PEKOMEHIYEThCSI OOUMCITIOBATH TIEPETUH BiApi3ka NPsIMOi 3 BIKHOM B OCTAHHIO
4epry, OCKUIBKH JIJIS IIbOTO HEOOXiTHO BEIUKUN 00’ €M PO3paxyHKIB.

[IpoBecTn TecTyBaHHS MOBHOI BUIMMOCTI UM HEBUIAMMOCTI BIJPI3KiB MOXHA
3a nonomororo anroputmy . Koena 1 A. CazeprneHnna.
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Puc.2.3 Po3mimenns Bipi3KiB nmpsiMux BiJHOCHO BikHAa

P2

’ .\0 /

P1 0// Pm2 C

Puc. 2.4 Peanizanis BincikaHHs 3rilHO aJiropuTMy AiJIeHHS Biapizka
NOMO0JIaM
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Bin rpyHTy€eThCS Ha TOMY, III0 KOXKEH BIJPI30K YU MOBHICTIO JIG)KUTh B MEXKax
o6J1acTi iHaUKAIlli, Y4 MOro MOYKHA PO3JUIMTH Tak, 100 OJiHa 3 HOro YacTUH Oyia
MOBHICTIO BIAKWHYTA.

Jliis mepeBipku Ha BIJCIKaHHS TPaHMIN 00JacTi 1HAMUKAIIT TPOBOASATH TakK, 100
BOHU JUIMAJIH TIOJIE, Ha IKOMY 3HAXOAUTHCS 300pakeHHs, Ha JIeB’ATh MMiJ00IacTe.
KoxHiil 3 HMX NOPUCBOIOIOTH YOTUPHUPO3psSAHMMA Koi. Llel koa MpUCBOIOIOTH
KIHIIEBHUM TOYKaM BiJIpi3Ka, SKUIl 3HAXOAUTHCA Y BIATOBITHUX M100TACTAX:

1001 1000 1010
0001 0000 0010
0101 0100 0110

OpauHUL y BIATMOBITHUX PO3pAIaX KOy O3HAYAIOTh: y MEPIIOMY — TOYKa HaJl
BEPXHIM KpaeM 00JIaCcTi 1HAMKAIIIT; y IPYroMy — TOUYKa IiJ] HUKHIM KpaeM 00J1acTi
IHIUKALIli; Y TPEThOMY — TOYKa MPaBOPYY B1J 00JACTI 1HAUKALIII; Y YETBEPTOMY —
TOYKa 3J11Ba B1Jl JJIBOTO Kparo 00JIacTi IHIMKAIII].

Po3risiHeMo XxapakTepHi BUMA/IKH.

1. YoTupboXpo3psiiHi KOJIM TPAaHUYHUX TOYOK BiIpi3Ka npsamoi AB, axuii
MOBHICTIO HaJICKUTh BIKHY(pHC.2.3), HYJIbOBI.

TakuM dYMHOM, SKIIO YOTHPUPO3PSIAHI KOAU [JIsi 000X KIHIIIB BiJpi3Ka
JOPIBHIOIOTH HYJIO, TO B1JIPI30K MTOBHICTIO JICKUTh B 00J1aCTI 1HIUKAITI].

2. YoTupbhoXpo3psAHi KOJU TPAHUYHUX TOUYOK BiJIpi3Ka MPSIMOT, IKUH
PO3MIIIIEHUH TI0 OJHY 13 CTOpiH BikHA ( puc. 2.3. Biapizok QL.), criBnanarmoTs .
J1J1st BCTAaHOBJICHHSI BKa3aHOTO JIOCTATHHO BUKOHATH OIEPaIliio JIOTTYHOTO
MHOKEHHS ITUX TBOX KOJIIB, sIKA JJISI BKA3aHOTO BUMAJKY 1aCTh HCHYIHOBHUI
pe3ybTart.

3. YoTupbhOXpO3psiiHI KOJIM TPAHUYHUX TOYOK BIJpi3Ka MPSAMOI, KM YaCTKOBO
3HaXOJUThCS B obisacTi iHaAuKamii ( puc. 2.3 , Biapizku KD,HZ) He cniBnanaroTh.
Tomy, pe3yabTat JOTiYHOTO MHOYKEHHS WX KOAIB JaCTh HYJILOBUI Pe3yJIbTar.

JIns BKa3aHOTO BUMAAKYy HEOOX1JHO BUKOHATH BiJicikaHHs. KoopauHaT TOUku
BiJIpi3Ka, KA HAJICKUTH OJIHIN 13 TPAHUIIH BIKHA, 3HAXOMSTH 13 PIBHSIHHS BIIpi3Ka
y=k*x+b miiIcTaHOBKOIO B HHOTO BIAMOBITHUX KOOPAMHAT IPAHUIHUX TOUYOK BIKHA
1 3HAXOJ[KEHHSIM HEB1JIOMOi KOOPAMHATH.

Jlns Bigpizka HZ 3naxonsath Touky mepetuny F , ska miimTh BiApi30K Ha JBa
criBcTaBHUX. Hamami 71 KOKHOTO OTPUMAHOTO BiJpi3Ka BUKOHYEMO aJITOPUTM
Koena-Casepnenna. B pesynbrari ananizy Biipi3ok FZ BigkumaeTses.

Haii6inpin ckmagauM JJIs BiJICIKAHHS € BHUIIQJIOK, KOJHM BIJIPI30K MPSMOi JIBIY1
nepeTuHae rpanuili BikHa (puc. 2.3 , Biapizok KD). B upboMy BUnaaxky aaroputm
Koena-Cazepienia BUKOHY€EThCSI 11 TPhOX CHiBcTaBHUX BijpizkiB -KE,EP,PD.
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4. Sxuio BIAPI3OK MOpsIMOI JICKHUTh 3a OONACTIO BiKHA 1 MPU I[bOMY HOTO
IrpaHUYHI TOYKA HE HaJIe)KaThb OJTHAKOBHUM mifgobnactsam (puc. 2.3 , Bizpizok SV),
TO Pe3yJIbTaT JIOTIYHOTO MHOKEHHs YOTHPHOXPO3PSIAHUX KOMIB JACTh HYIBOBHI
pesynbrat. [ BU3HAUEHHS MOBHOI BUAMMOCTI HEOOXITHO MEPEBIpSTH 3HAYCHHS
KOJIIB 000X KIHIIIB OKPEMO.

OpauH 13 NUIAXIB BU3HAYEHHS TOYKH MEPETHUHY BiJIpi3Ka MPsIMOI 3 TPAHUIISIMU
BIKHA 3BOJMTBCS JI0 BUPIIICHHS CHUCTEMU PIBHSAHb, SIKa BKJIIOYAE  PIBHSHHSA
32/IaHOTO BiJIpi3Ka MPsIMO1 Ta BIAPI3KIB, K1 € TPaHUYHUMM 1)1 BikHA. [Ipu nbomy
BUKOHYIOTBCSI OIepallii MHOKCHHSI YM JIJICHHS, peami3almis sSKUX BHUMAararoTh
OOYHMCITIOBAILHUX 3ac00iB, Ta BEIMKUX 3arpaT dYacy. Bka3aHOTO MOKIMBO
VHUKHYTH, SKIIO peai3yBaTH JBIMKOBUN TMOIIYK TaKOTO TEPETUHY IIITXOM
TICHHS 3aJaHoro Bifpizka momojaMm. JlileHHS Ha 2 eKBIBAJICHTHO 3CYBY
oTiepaH/a Ha OJIMH PO3PSIT B CTOPOHY PO3PSIIB 3 MEHIIIOK Baroko.

AnroputmMm O0yB 3anponoHoBaHuil CrpynoM 1 CazepiieHIoM 1 BKIIIOYa€ B cede
ciniBcoctaBHuM  anroputM Koena-Casepienga. AJTOPUTM BUKOPHUCTOBYETHCS
toai, ko anroputm Koena-CasepneHaa He JaB MO3UTHBHUX PE3YJIbTATIB Ha
peIMEeT MPUHAISKHOCTI BiJIpi3Ka BIKHY a00 MO0 pO3TalllyBaHHS 32 BIKHOM.

B amropurmi  BiAciKaHHS ~ METOJOM  JUICHHS  BIJpi3Ka  IOMOJIaM
BUKOPUCTOBYIOTHCSI KOAM KIHIIEBUX TOYOK BiJIpi3Ka 1 MEPEBIPKH, SKI BUSBISIOTH
MOBHY BHUJUMICTh BIAPI3KIB, HAMPHUKIAA BIAPI30K a Ha puc.2.4, 1 TpUBIAJIbHY
HEBUIMMICTD BiAPi3KiB, HAIPUKIaa BiAPi30K b Ha puc.2.4

Ti BiApI3KH, SK1 32 TONOMOTOK TaKHUX IMPOCTUX MEPEBIPOK HE MOKHA BIAHECTH
JI0 OJTHO1 3 JIBOX KaTeropiil, po30MBalOThCA Ha JB1 piBHI yacTUHU. KoopauHaTu
CEpEeHbOI TOUYKH PO30UTTS 00paxoBYIOThCS 3a (popMyIaMu:

Xm:(X2+X1) / 2,
sz(Y2+Y1) /2.

AHaNoriyHi Aii 3aCTOCOBYIOTHCS 10 KOKHUX OJIEPAHUX IOJOBHH BiJPI3KIB
70 TUX Tip, TIOKM He OyJe BUSBJICHO NMEPETHH 3 OJHIEI0 13 CTOPIH BiKHA abo
JIOBXKHHA Bi/Ipi3Ka, 10 PO3TIIAIA€ThCS, CTaHE 3aHAATO Majioko, TOOTO, TOKU BOHA
HE TIEPETBOPUTHCA B TOUKY. KibKICTh KPOKIB JAHOTO aJIfOPUTMY JOPIBHIOE log;
N, e N —moB)KHHA BiAPI3KY.

Jlanuii MeTo MpOTIOCTPOBaHUH Ha pHUKIaAl Biapizka ¢ ( puc. 2.4 ). Touka
P1 3anmam’siToByeThbCsI, SIK OTOYHA BHAMMA TOYKA, a BIJAPI3OK C pO3OMBAETHCS
nonoysiaM Toukoro Pml. Bigpizok P2Pml Bimkupmaerbes, sk HEBUIUMUM, a
Bipizok P1Pml po30uBaerscs momonam Toukor Pm?2. Biapizok PmlPm?2
BIJIKUJIA€THCS, a B BIKHI 3aiuIIaeThes Biapizok Pl Pm2 Tomy, mio nmepeBipka no
anroputMmy Koena-Cazepienna BUSBIISE, 0 JaHUM BIAPI30K MOBHICTIO JIGKUTH B
oOJ1acT1 1HaUKAaI.

KonTpospHi 3aniuTanHs.
1. B domy nossrae npouenypa BiCIKaHHS ?
2. Yum oOymoOBIIeHa MMOsIBa METO/1a AUJIEHHS BiApi3Ka mornoiam ?
3. Sxi aii Bu£KoHyeThCs 3r11HO MeTona Koena-Cazepnenna ?
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2.3. AIropuTMu BiJICIKAHHS TEKTY

TexcT MOXHA BIJCIKATH OJHUM 3 JEKUTBKOX CIIOCOOIB.

SIKII0 KOXKHY JIITEpY MPEACTABIATA B BHUIJISAI HAOOPY KOPOTKHX BiJIpPi3KiB
MPSAMUX JiHIN (IITPUXiB),TO MO’KHA BUKOHATH OTIEPAIlii0 BiJICIKAHHS HAJl KOKHUM
BijpizkoM. Takuii miaxing 3abesneuye m00pi pesynbratu (puc. 2.5, a), ane BiH
AyXe MOBUTbHUHN 1 HECYMICHUH 13 3BUYaifHIMH arlapaTHUMU T€HEpaTOpaMHu JIiTep.

Mo:xHa BBaKaTH JIITEpH 00’ €KTaMU, SIKI HE JUIATHCS Ta BIACIKATH PAIOK JITEP
3 ToyHicTIO N0 jitepu. KoxkHa mdiTepa ysSIBHO 3aKJIIOYAETHCS B MPSIMOKYTHUK.
Jlesika TouKa 111€1 KOMIpKH — IIEHTP a00 OJIUH 3 KYTIB — Y3TOKY€EThCS 3 BIKHOM :
AKIIO TOYKA BCEPEEH] , TO JITepa MATIOEThCS. MOXKHA Y3rOAUTH 3 BIKHOM BCIO
KOMIpKY JiTepu abo ii aiaroHanssb. SKIo Komipka abo ii JaiaroHaigb IIJIKOM
BXOJATH JIO BIKHA- JIiITepa MaJO€ThCs, HaBnmaku - Hi. Ha puc.2.5, 0,c moka3zaHi
pe3yabTath PoOOTHM LMX JABOX MIAXOMIB: puc.2.5,0 - BIJICIKAHHS JITEPU IO
HWKHBOMY KyTy KOMIPKH ; puc.2.5,c -BIACIKAHHA 1O KOMIpII JITEpH.
BiacikaHHg 1o KyTOBIM TOYIl Ta KOMIpLI/ JlaroHajl J1a€ OJHAKOBHM pe3ysbTatr
TIIBKH TOJ1, KOJM KOMIPKa HE MEPETUHAETHCA 3 BIKHOM. Buibll TOro, BiACIKaHHS
10 KOMIPIII JIITEPU Ta BIACIKAHHS MO 1i J1aroHall €KBIBaJIGHTHI TIJILKU TO1, KOJIU
CTOpPOHM KOMIPKHM MapajenbHl cTopoHaMm BikHA. I[lpu BijacikaHHI HEOOX1IHO
BpPaxOBYBAaTH BCIO KOMIPKY JiTepH ( AlaroHajl HEAOCTATHBO).

Tperiii, HaUOUIBIIT TPOCTUHN MIAX1J IO BIICIKAHHS TEKCTY MOJISTa€ B TOMY, 1110
BECh PAJIOK JITEP BBAKAETHCSA 00’ €KTOM, 110 HE AUIUTHCS 1 200 BECh MOKA3Y€ETHCA,
ab6o He mokazyerbes ( puc. 2.5, m). [lpu npoMy migxoai HEOOXITHO y3roJKyBaTH
3 BIKHOM a00 JesKy TOYKY MpPSIMOKYTHHKA, SKHUH OXOIUTIOE PsAOK, abo Bech
MPSIMOKYTHHK.

KoHTpoJbHI 3anuTaHHS.
1. IlepeuucniTb OCHOBHI MiAXOU J0 BIJICIKAHHS TEKCTY.
2. Komu exBiBasIeHTH1 BiZICIKaHHS IO KOMIpIIi JIITEPH Ta BIACIKAHHS 1O ii
miaro”anm ?
3. B doMy momsiratoTh HEJOMIKU BiJICIKAHHS TEKCTY MPU BEKTOPHOMY
3aBlaHH1 OYKB ?

2.4. AaropuTt™Mu 3ani0BHEHHS 00J1acTeid, 00MesKeHUX MOJTIHOMAMU

Opniero 3 HAWOUIBII TONIMPEHMX 3ajJad MAIIMHHOI Tpadiku € 3aaada
BU3HAYCHHSI 1 3aTIOBHEHHS BHYTPIIIHHOI YACTUHU KOHTYPY

[Iporenypa 3amOBHEHHS TOJIATAE Y BU3HAYEHH] aJpeC BCIX BHYTPIIIHIX TOYOK
o0iacti, OOMEXEHOi KOHTYpOM 1 Yy BCTAHOBJIEHI ii BIANOBIJHUM IIKCeEJIaM
3a3JJaHOTO KOJIbOPY, TOOTO TIO BH3HAYEHHUM aJpecaM B BiJieONmaM'siTh 3alHUCyIOTh
KO KOJbOPY.
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Puc. 2.5. Pi3ni mixxoam 10 BiICiKaHHSI TEKCTY
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3anoBHEHHS MPOBOJATH Mijl KyTaMu, KpaTHUMH 45°, OCKUIbKU TIIBKU B LILOMY
BUMAJKYy OyIyTh BIICYTHI ‘“‘TOUKH-TIpocikaHHs . OcCTaHHI MalTh Miclie 3a
paxyHOK 3MIIICHHS TOYaTKy BEKTOPY, 10 MPUBOIUTH J0 MPOIMYCKY TOYOK 00J1acTi
pu (OpMyBaHHI JlarOHAJILHUX KPOKIiB (UB. puc.2.6.).

3amavuy 3alOBHEHHS PO3B'A3YIOTh PI3HUMHU CIIOCOOAMHU, SIK1 MOJUISIOTH Ha JBa
BEJIMKUX KJIACH.

[lepmmii 3 HUX nepenbdavyae HAsBHICTb TOYHOTO OMUCY KOHTYpy. [Ipu upomy
BU3HAYCHHS YACTUH IUIOUIMHH, K1 JIeKaTh y cepeAuHi obnacti, 0a3yeThcsi Ha
aHaji3l pIBHSAHb, SKI 3aJal0Th BIAMOBIAHI JiHII. MeToau Jpyroro Kiacy
nependayaroTh BiIOOpaKeHHSI 3alI0BHIOBAHOTO KOHTYPY Ha JUCKPETHY IUIOMIUHY 1
BU3HAYCHHS BHYTPIIIHHOI YaCTHHHM OOJACTI Ha OCHOBI 3HA4Y€HBb SICKPABOCTI IIK
CEJIiB.

3anoBHeHHs 00JacTi Mo Mipi GOopMyBaHHS KOHTYPY, SIKUH ii 0OMexye, moJsrae

B cliiyrouoMmy ( puc.2.7.):

1. ITpoBOATE YMOBHY 0a3MCHY JIHIIO, SIKA, SIK PABUJIO, MOJLIsI€ 00JIAaCTh HA 2
YACTHHH.

2. DOpMYIOTh TOUYKH TPAEKTOPII KOHTYPY JO MOSIBU KPOKOBOTO MPUPOCTY B
HaANpsMKY 0a3MCHOT JIiHi1.

3. Big 6a3ucHOi diHIT MPOBOASITH BEPTUKAIBHUI (TOPU3OHTAIBLHUI) BEKTOP 10
BHU3HAYECHOI TOYKHM TPAEKTOPii (MOXKIMBE TAaKOXK 3allOBHEHHSI BEKTOPOM 3
xyroM Haxmiy 45°). It K0XKHOT TOUKH BEKTOPa BCTAHOBIIIOKOTH KOJIIp.

4. J1ii 2-3 moBTOPIOIOTH JI0 3aIIOBHEHHS MIEPIIIOT YACTHHH 00JIACTI.

5. [ii 2-4 BUKOHYIOTb JIJIsl HUKHBOI YaCTUHU KOHTYPY.

be3yMoBHO, 110 0a3ucHa JiHIS MOXe Matu o0y dopmy abo Haxwi, ale
HalOIbII JOIIBHO BHKOPUCTOBYBAaTHM I LBOIO TOPU3OHTAIBHUN a0o
BEPTUKAJbHUNA BEKTOp, OCKUIBKM B I[bOMY BHIIQJIKy OOUYMCIIOBAJIbHI 3aTpaTu
OyI1yTh HAMMEHIIII.

MeTroan 3amoBHEHHS MOKHA NOAUIATH B 3aJCKHOCTI Bl TOr0, SKUH
MIPUHIINAIT 3aCTOCOBYETHCS ISl BCTAHOBJICHHS BHYTPINIHIX TOYOK 0araTOKyTHHUKA.
VY neskux anropuTMax 3aCTOCOBYETHCS TEpeBIpKa Ha TMapHICTh, B 1HIIHUX
KpUTEPiil 3B'SI3HOCTI.

ANTOpUTMHU 3allOBHEHHA 00JIacTi, B SKHUX 3aCTOCOBYIOTh IE€pPEBIpKY Ha
NapHICTh, 0a3ylOThCs HA TOMY, IO JOBUIbHA TIpsiMa TEpeTUHAE Oyab-sSKy
3aMKHEHY KpHUBY TMapHY KIIbKICTh pasiB. SIKIIo BIOMO, IO TepIiia TodKa
BIJIMTOB1AHOT JIHIT JICKUTH 32 KOHTYPOM, TO, BUKOHABIIM 00X1]T ITi€1 JIIHI1, MIJIIXOM
BiJ[paXyBaHb KIJbKOCTI TEPETUHIB MOKHAa BCTAHOBHUTH, SKI caMe€ ii BIIPI3KH
pPO3MIIIEHI B 00acTi. SIKIIO YUCIIO MEPETUHIB HEMApHE, TO BIAMOBIIHUHN BIAPI3OK
po3MmilieHui y BHYTpimHIN obnacti /Biapisku AB 1 CD nHa puc.2.8/, B iHIIOMY
BUIAJIKY - 103a obJacTio /Biapizok BC/.

Sk npaBuit0, BBOAATH JTONOMIKHY 3MiHHY 3 HYJIBOBHM TIOYAaTKOBHM CTaHOM.
[Ipu KOXKHOMY NEPETHHY KOHTYPY CKaHYIOUHMM BIJPI3KOM MPSIMOi CTaH 3MIHHOI
MIHSIIOTh Ha IPOTUJIeKHUM ( puc. 2.9).
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Puc. 2.6. IlosiBa TO4OK-nIpOCiKaHHA

BGKTOpI/I 3aIlIOBHCHHAA

v

BasucHa iHis

Puc. 2.7. 3anoBHeHHs 00/1aCTi, 00MeKEHOI KOHTYPOM, 110 Mipi
1oro (popmMyBaHHA

Puc. 2.8. BusHauyeHHsI TPaHHIi KOHTYPA N0 KPUTEPil0
MAPHOCTI
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Puc.2.9. ®opmyBanus craniB 3MiHHoiI T npu
CKaHyBaHHI 00J1acTi

U1
oIl
T2

Puc. 2.10. BusznauenHs HAagBHOCTI
AOTUYHHUX 10 KOHTYPY

N
[ NS\

o
Iy

Puc. 2.11 Bu3zHayeHHs KpUTHYHHUX CUTYyalill 3a
KUIBKICTIO NEPEeTHHIB KOHTYPA 3i CKAHYI0YHM Biipi3KoM
NpsAMOIL

C F

Puc. 2.12. ®opmyBaHHs CIIUCKY Y€pProBoOCTi
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B pas3i, konu cKkaHylOUYuid BIJIPI30K MPSAMOI € TOTUYHUM JI0 KOHTYPY, ajJrOPUTM
HE JIa€ MpaBUJILHUN pe3yJIbTaT, OCKUIbKU JOTUK MOKE 3JI1ACHIOBATUCH KlJIbKOMa
toukaMu. OCTaHHE BKa3y€e Ha HEOOXITHICTh BUSIBJICHHS TOUOK-TOTHKY .

Y 1mpoMy BHMAAKYy MOXXHA BHUKOHYBAaTH aHaji3 3a JIBOMa JOTIOMIKHUMH
npsmumu JIT1 1 JITI2 (puc.2.10), po3mMimeHuMu Hax 1 TiJ CKAaHYIOUYUM BiIPI3KOM
OIl, sxuii BUKOPUCTOBYIOTH IJIsl MEPEBIPKM HA MapHICTh. SIKIIO OfHAa 3 LHUX
NpsIMUX HE TIEPETUHAE KOHTYpP OUI TOUKH MEPETHHY, 1I€ 03Havae, 1o Bigpizok Ol
€ TOTUIHUM.

BuszHaunTty KpUTHYHI CHUTyaIlli MOXJIMBO TaKOX 3a KUIBKICTIO TEPETHHIB
CKaHYIYOTO BijIpi3ka MpsiMoi 3 KOHTypoM ( puc.2.11). SIKIo KiTbKICTh MEPETUHIB
A I CYCITHIX PSAKIB HE CINIBIAJA€, TO HEOOXITHO BUKOHATH JIOJATKOBHUMN
aHaJji3 Ha IpeaMeT OOpOOKH HEIITaTHOI CUTYAIIii.

PosrnsaemMo MeTon 1 BIAMOBIAHUN HOMY alIlOPUTM 3allOBHEHHS 00J1acTi,
00OMEXEHO1 CTOpOHaMHM OaraTOKYyTHHKA, 110 BUKOPUCTOBYE MPHUHIIMII MApPHOCTI.
bynemo BBaxkaTu, IO CTOPOHM OaraTOKyTHUKA 3a/JaHi KOOPAMHATAMM BEpPLIMH
OaraTOKyTHHUKA X;j, Vi, AKUM BIJINOB1Ja€ MaKCUMaJIbHE 3HAYEHHS ¥ a00 MiHIMaJIbHE
3HAYeHHS X, SIKIIO CTOPOHA TOPU3OHTANbHA, a TaKOX MPUPOCTH AX, Ay s
BH3HAYCHHS KOOPJWHAT 1HIIIOI BEPITHHHU.

[lepmiM  KpOKOM  alropuTMy € COPTYBaHHS CTOpPIH  BIANOBIAHO [0
MaKCUMaJbHUX 3HAYEHb Yi , & MPU IXHII PIBHOCTI MO MIHIMyMY Xij. Y BHUIAIKY
PIBHOCTI 1 Xj BUKOPHUCTOBYIOTBbCS 3HaueHHs AX, a mnotiMm Ay. Ilpu mpomy
BUOUPAETHCS CTOPOHA 3 HAUMEHIIMM alireOpaiyHuM 3HAYEHHSIM. Y pe3ylbTari
OJIEPKYEMO YTIOPSIIKOBAHUN CIIMCOK CTOPIH KOHTYPY - CIUCOK YEProOBOCTI.

Jpyruit Kpok aJlrOpUTMy BUKOHYETHCS JIJIA BCIX CYMIKHHX CTOPIH CIIHCKY 3
OJIHAKOBUMH 3HAYEHHSMHU Y, IO BIJANOBIJIa€ JOKAIBHOMY Makcumymy. Yepes
BEpIIMHY OaraTOKyTHHKA, IO BIANOBIAAE€ IIUM CTOPOHAM, MPOBOJUTHCS MpsMa,
napasienbHa oci X, 1 BU3HAYAIOThCA TOUKH ii MEPETUHY 3 1HITUMHU CTOPOHAMH, IO
pO3TalloBaHi B CIKCKY BHILE MpoaHali3oBaHuX. JlaHi mpsmi NOAUIAIOTH KOHTYP
Ha MPOIIAPKH, 110 MICTATh mapHe yuciao mex. KoxkHoMy mporapky BiANOBIIa€e
cHenlajJbHUui CIUCOK, Ha3BaHUM MOTOYHUM, 110 MICTUTh Mexi. st opmyBaHHS
MOTOYHOT'O CIIUCKY CIIMCOK Y€ProBOCTI BKIKOYAE MITKU TPHOX THUIIIB.

Mitka M1 Bu3Hauae 4yuCaO MEXK, MEPEAaHUX 13 CIIUCKY YEPTOBOCTI B MOTOYHHMA
CIIMCOK: JBI - SKIIO TOYKHU BIJNMOBIAAE MAaKCUMyMy; OJHA - SIKIIO BOHA HE €
MaKCUMYMOM; OUIbII ABOX, SKIIO OJHOMY 3HAYEHHIO ) BIJAIMOBIJIA€ O1IBII OJTHOTO
MaKCHUMYMY.

Mitka M2 ciayuTh N7 BBEJACHHS B TIOTOYHHUI CIUCOK HACTYITHOI Mapu Mex
TIPY Mepexo/i B HACTYIHUIA POIIAPOK. 1i 3HAUYEHHS BiNOBifac 3HAYEHHIO Y, PH
KOTpOMY IIell mepexiJ MOBUHHHMMA BimOyTHCS. 3a3HAaYCHUMHU MITKAMH MITSATh
MepII CTOPOHHU 31 CIIUCKY Y€PTOBOCTI, 13 SIKUMU MTEPETUHAIOTHCS MPSAMI, POBECH1
4yepe3 BePIIMHHA 0araTOKyTHHKA, 1110 € JIOKaJTbHUMU MaKCUMyMaMH

MiTtka M3 BHU3HAYa€ YUCIIO HOBUX MEX, JIO SIKUX MPOBAIUTHLCS 3BEPTAaHHS MPH
3aBepILEeHHI pOOOTH 3 MOTOYHOIO Mexero. Tabi. unocTpye GOpMyBaHHS CIUCKY
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YEpProBOCTI 1 MITOK JJisl OJIEpKaHHS MMOTOYHOr'O CIUCKY Ha MPUKJIaIl GpparMeHTa
obJacti, mpuBeAeHO1 Ha puc. 2.12.

Taoauns 2.1.
Omnunc mex
Cropona: | X Y X Y Mirka 1 [Mitka2 |MiTka .
AB X, Va XB-XA Ve-Va 2 Vb 1
AC X4 Vi [Xe-Xa V-V |1 — 0
DC Xo | Vb [Xe-Xp V-V |2 — 0
DE Xn Vo o [ Xe-Xn Ve-Vn |1 — 1
EF Xe Ve XF-XE Ve-Ve 1 — 1

TpeTiM KpPOKOM aJaropuTMmy € 0e3mocepe/IHE 3alIOBHEHHS 00J1acTi MOCTIOBHO
JUTSL KOSKHOTO Tipornapky. lleit mporec moynHaeThesl 3 MEPIIOT Mapyu MEX CIHCKY
4eproBocTi HUISIXOM  (OpMyBaHHS 1 OOHOBJIEHHS [IOTOYHOTO  CIHCKY,
BUKOPUCTOBYIOUM HAasiBHI MITKH, IO JO3BOJIAIOTH BUIAISATHA 1 BKJIIOYATH HOBI
Mexil.  Opranizamiss TOTOYHOTO CIHCKY Jla€ MOXJIMBICTH peani3yBaTH s
KOKHOTO TPOIIAPKy MNPUHIMUII MAapHOCTI, y 3B'S3Ky 3 THUM, IO BCl JIOKQJIbHI
MaKCUMyMH BU3HaueHl. HeoOXiAHO BIJ3HAYWUTH, IO NPUBEACHUN aJITOPUTM HE
BPaxOBY€ HAsBHICTh TOPU30HTAIBHUX CTOpPIH OaraTOKYTHHKA. [Ipote
MoAuQiKalisl alropuTMy JUIsl ypaxyBaHHS LUX CHUTyallidi HE Mae€ 1CTOTHUX
TPYAHOCTEH.

3anoBHEHHsI 00JIaCTI 3a KPUTEPIEM 3B'SI3BHOCTI BUMAarae HasgBHOCTI MiKcela-
3aTpaBKH, SIKUN PO3MILLEHUN BCEpPEANHI KOHTYPY.

Jlst #ioro 3aBAaHHS iICHY€E JEKUTbKa 3ac0o0iB. Y psijii peKUMIB BiH MOXe OyTH
3aJlaHuid orepaTopoM. Y IHINUX BUIMAJKAX Y SKOCTI 3aTPaBOYHOTO TTiKCeNla MOXKHA
B3STH TOYKY, Oe3mocepeHhO0 CyMiXHY 3 mikceraem koHTypy. Illo crocyerbes
3aBIaHHSA KOHTYpPY, TO BiH, K MPaBUJIO, BU3HAYAETHCS CYKYMHICTIO TOYOK
MOEJIEMEHTHOIO €KBIBaJ€HTa 300paKeHHs. Y BHUNAAKY 3aBAAaHHS KOHTYpY
0araTOKyTHUKOM TIONEPEIHBO 3AIMCHIOETBCA NpoLEaypa OJEpKaHHS HOro
MOEJIEMEHTHOIO0 €KBIBaJ€HTa 3a JOIMOMOrOI0 reHepaTopa BeKTopiB. bymemo
BBAJKATH, IO KOHTYpP Ta 3aTPABOYHUI MIKCEJ 3r€HEPOBAHI.

HalinpocTimmii peKypCUBHUI alrOpUTM MOJSATa€E B PO3TISAAl  HYOTHPHOX
CYCIJIHIX JI0 3aTPaBOYHOTO IMIKCENa €JIEMEHTIB Ha MPEIMET IXHbOI MPUHATIEAKHOCTI
KOHTYpY (puc. 2.13 ). Ilikcenu, 110 HE HAJIE)KATh KOHTYPY, Y CBOIO Y€PTy MOXKYTh
BUKOPHUCTOBYBATHCS B SIKOCTI 3aTPABOYHUX.

PosrisHyTHii anroputM mpu CBOiM 30BHINIHIA MPOCTOTI MOTpedye 3HAYHOTO
oOcsary obuucnenb. lle moB'sizaHo B mepiny udepry 3 IyOJIOBaHHSAM pPO3IIISILY
CYCIJIHIX €JIEMEHTIB ISl CYCITHIX 3aTPaBOYHUX TIKCEIEH.

AJbTEepHATUBHUN HEPEKYPCUBHUI alFOPUTM TMOJSTa€e B HACTYIHOMY.
[lounHatoun 3 3aTpaBouyHOro mikcena( puc. 2.14.) NpoBOAMUTHCS aHaNli3 Ha
NPUHAJICKHICTD TKCeJed KOHTYPY, II0 3HAXOASTHCS BIIBO, a MOTIM YNPaBO Bif
3aTPaBOYHOTO 3 OJHOYacHUM 3adapOyBaHHsAM. Jlami 3MIMCHIOETHCS TIepexia Ha
HI>KHIO CTOPOHY 3 TIOBTOPEHHSM Ipoueaypu. Llen mpouec nmpoaoBxKyeTbCs 10
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Touka-“3aTpaBka”

r

Puc. 2.13.3ano0BHeHHs1 00J1aCTi pEKYPCHBHUM AJTOPUTMOM

Puc.2.14 3anoBHeHHsI 00,1aCTi, 00MeKEHOI KOHTYPOM 10 KPUTEPir0

i

Puc.2.15. 3aBpaHHs TOYOK —“3aTPABOK” 1JIs1 HEBUITYKJIOTO
KOHTYPY
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MOBHOTO 3allOBHEHHS HMKHBOI BiJl 3aTPABOYHOrO IIKCEJa YaCTUHU OOJacTI.
[ToTiM TPOBOIUTHCS 3aMIOBHEHHS BEPXHbOI YACTUHU 001aCTi.

VY BuMajaKy 3allOBHEHHS HEBUIYKIIUX 00JacTeld HEOOX1THO peai3yBaTu CTeK, Yy
AKOMYy OyayTh 30epiraTucs TIKCENIH, pO3TalloBaHI MOOIM3y MAaKCUMYyMIB 1
MIHIMyMIB KOHTYDpY. 3a3HaueHl MIKCEeNM BHUKOPUCTOBYIOTBCS B SIKOCTI
3aTpaBOYHUX, IMOCIIJOBHO 3YUTYIOTbCA 31 cTeka.  Od4eBHAHO, MO 3aJaya
O0OYHMCIICHHS ITUX IMIKCENIEeH HEe CKJIala€ 0COOTMBUX MPOOIIEM.

Ha puc. 2.15 npuBenenuii mpukiiaa 3aBJaHHs KUTPKOX 3aTPABOYHHX ITIKCETIB
JUTSI HEBUITYKJIMX KOHTYPIB.
KoHTpoiibHi 3anuTaHHs.
1. B yomy npu4nHa NosBU TOYOK-TIPOCIKaHHS ?
2. Sk 3HaxoAATh JOTHYHI 10 KOHTYpPY ?
3. TlopiBHslTe IIBUIAKOJIIO aJTOPUTMIB 10 KPHUTEPil0 3B'SI3HOCTI Ta
MapHOCTI
4. B sxux BUMaAKax HEOOX1THO JEKiIbKa TOYOK- 3aTpaBiICHHS ?

4. MeToau mo0y/10BH MOBEPXOHb

VY peanbHHUX cHCTEeMaxX MOJCIIOBAHHSA OO'€KTIB 1 CIIEH HOCUTH l€papXiuHHMA
xapakTtep. BepxHi piBHI MaioTh OUIbII KOHIIENITYaJlbHUN XapakTep, a HIKHI
3B'13aH1 3 0e3MnocepeHiM MATEeMATHYHUM MPEACTABICHHSIM MPUMITHBIB, IO
CKJIaZal0Th 00'€KTH 1 clieHH. MO>XHa YMOBHO BUAUIMTH 30BHIIIHE 1 BHYTPIIIHE
MPEJCTaBICHHS O0'€KTIB 'y CHCTEeMI TeHepalii peadiCTUYHUX 300pa’KeHb.
30BHIIIIHE MPEICTABIECHHS MOK€ OyTH IOCUTh BUCOKOPIBHEBUM 1 BU3HAYAETHCH,
SK TPaBUJIO, MPUKIATHOIO CIPSIMOBAHICTIO CUCTEMH. BOHO BHKOpPHUCTOBYETHCS
MPUKIAAHUMU IPOrpaMicTaMu JiJisl pO3pOOKHU CLIEHAPIiB 1 MONOBHEHHS 0a3 JaHUX.
BuytpimmHe mnpenctaBieHHST 00'€KTIB  peani3yeTbes, SK TPaBUiIo, dYepes
HU3BKOPIBHEBI MPUMITHBH, BUKOPUCTOBYBAHI Ha BCIX €Tarax KOHBEEpa TeHepallii
peanicTUYHUX 300pakeHb. J[0 TakuM TPHUMITHUBIB BIAHOCATH IJIOCKUH TOJITOH
(3BUUaiiHO 4-CTOPOHHIN), TPUKYTHUK, CHMBOJI, BEKTOP.

VY OUIBIIOCTI CUCTEM BUKOPHUCTOBYETHCS MPEJCTABICHHS 00'€KTIB Ha PIBHI
IIOJIITOHIB, IO BIANOBIAHAM YHHOM BH3HA4a€ IMIAXOOM [0 TEXHOJOIII
Bi3yaumi3amii. Ha »kanb, BU3Ha4YCHHS CKJIQJIHUX O00'€KTIB, OCOOJMBO IPHUPOIHOTO
MOXO/DKEHHS, Yepe3 HU3bKOPIBHEBl MPUMITUBU JOCUTh TPOMIZIKO 1 HE 3aBXKAU
JIa€ BUCOKUH CTYIIHb peaizMy .

VY SKOCTI NPUMITUBIB OLIBII BUCOKOTO PIBHS MOXYTh OyTH BUKOPHCTaHI
napaMeTpuyHl CIUJIaliHU, 110 JO3BOJIAIOTh NPEACTaBIATH O00'€KTH Yy BHI
CYKyNHOCT1 (parMeHTiB KPUBOMIHIMHUX MOBepXOoHb. OnHak Oe3nocepeaHs
Bi3yasti3ailisl CIUIalHIB 3IITOBXYEThCS 3 MPOOJIEMOIO PO3POOKH CIEHiaIbHUX
ANrOpUTMIB 1 amapaTHUX 3aco0iB. Tomy 3BHYAHO BUKOPHUCTOBYETHCS
JIEKOMITO3HIIIsI CTUTaliHA Ha TOJITOHU (TPUKYTHHUKHW) A0 a00 B TIpOIIec Bizyai3allii
. Y CAIIP mammuHOOymyBaHHS MOXKE€ OyTH BUKOPUCTAHWM I1HINMUN MiAXid, 1€
ckiagHi 00'ektH  (HOpMYIOThCS 00'€HAHHSIM, TEPETUHAHHSIM, HAKJIAICHHIM
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IpPOCTUX O00'€MHUX NPUMITHBIB, TakuxX SK cdepu, KyOW, MWINHIPH W 1HII
(KOHCTPYKTUBHA Te€OMETpIis CYIIbHUX TuIT). Bizyamizamis Takux o0O0'€KTiB 3a
JIOTIOMOTOI0 amapaTypu MOKe poOUTHCS Oe3mocepeHbo, 0e3 JAEKOMIIO3HUIlli Ha
noJiironu . [lpu nbomMy nocsraeThcsi BUCOKa TMHAMIYHICTB 300pakeHb, He0OX11Ha
JUTA TIATPUMKH IHTEPAKTUBHOTO MPOIIECY MPOCKTYyBaHHS.

Y cuHTE31 pealicTHYHUX 300pakeHb CKJIQJHY TMpoOJIeMy TIPEICTaBIIsIE
MOJIETIIOBaHHS MPUPOJHUX 00'€KTIB, TAKHX SIK XMapH, MICIIEBICTb, (10pa, BOTOHb
1 pe3ynbTatu O10JOTIYHUX TMpoleciB. BUCOKUI cTemiHb CKJIagHOCTI OO0'€KTIB,
HAsSBHICTH JAPIOHUX JIeTAJICH OPOIKY€E MPOOJIEMHU IXHBOTO OMUCH 1 30€pEKECHHS B
0a31 manux. Buxig i3 1iei cuTyarlii BUBHaYCHUN BUKOPUCTAHHSM IPOIETYPHHUX
CTOXaCTUYHUX Mojened . Y 0a3l JaHuX BU3HAYaeTbcs 3arajibHa (opma 3a
JIOTIOMOT'OI0 TOYHOT'O BU3HAYEHHS JEKUIBKOX KJIIOYOBUX MapameTpiB, Jaii Jis
BIJITBOPEHHSI HEOOXIAHUX JeTajel BUKOPHCTOBYETHCS CTOXACTHMUHUU IMPOIIEC.
TouHiCTh BIITBOPEHHS HE € YK€ BAKIMBUM, TOJIOBHE - OJIEpKaHHS Bi3yalbHO
NPUUHATHUX PE3yJbTaTiB . /ISl KOXKHOro Kiacy 00'€KTiB ICHYIOTh CBOI MiAXOAH
70 CTBOPEHHS TMPOLEAYPHUX CTOXACTUYHMX MOJEJCH, 10 1HTEHCHUBHO
PO3BUBAIOTHCA.

3.1. IIpeacraB/ieHHsI MOBEPXHi MOJIrOHAJIBLHOK CiTKOIO

[lomronansHa ciTKa ABJISE€ COOOK CYKYNHICTh pebep, BEPUIMH 1
OararokyTHUKIB. BepmmHu  3'eqHyroThCs  peOpamu, a  0araTOKyTHUKH
PO3IIISIAIOTHCS SIK TOCIHIIOBHOCTI pebep abo BepmmH. CiTKy MOKHa 3a7aBaTH
JeKUIbKoMa pi3HUMHU criocoOamu .IlpukiiamHomMy mporpaMmicty BapTo oOpaTH
crociO, KUK HaMOUIBII MAXOAUTh JJIs Horo 3amayi. 3po3yMisno, B OJIHIN 3aj1adi
MO’K€ 3 OJJHAKOBUM YCIIIXOM BUKOPHCTOBYBATHCh OJpa3y JE€KUJIbKa MPECTaBICHb
: JUIS 30BHINIHBOI TMam'siTi, BHYTPIIIHBOTO BUKOPUCTAHHSA 1 KopucTyBada. [lis
OLIIHKY LUX MPECTaBIEHb BUKOPUCTOBYIOTHCA HACTYIIHI KPUTEPIT :

e O0'em noTpiOHOT Mam'sTI.
JlerkicTh ineHTHdIKALIT pedep .
JlerkicTh ineHTH(DIKAIT OaraTOKyTHUKIB, IKMM HaJICKHUTh JaHe Peopo.
JlerkicTh mpoLeaypH MOUIYKY BEPILUH, 1110 YTBOPIOIOThH pedpo.
JlerkicTh BU3HA4YEHHS BCIX pedep, 0 YTBOPIOIOTh 0araTOKyTHHK.
JlerkicTh OTpUMaHHs 300paXe€HHS OJIITOHAJIBHOI CITKH.
JlerkicTp 3HAXO/PKEHHS TOMHUJIOK B  TIPEICTaBIICHHI (HAMpUKIa,
BIJICYTHICTB peOpa, BEpIIMHU YU 0araTOKyTHHUKA).

B 3arampHOMy BUNAAKy, YMM OUIbII $SIBHO BHPAXEHl 3aJI€KHOCTI MIX
0araToKyTHUKaMH, BEpIIMHAMH 1 peOpaMu, TUM IMIBHUIUIE BUKOHYIOTH OIeparii
HaJl HUMU 1 TUM OljIbIIe mam'siTi noTpeldye BIAMOBIHE MpeIcTaBiIeHH. B neskux
BUMAJKax pedpa MOJMITOHAIBHUX CITOK € CHUIBHUMU IS OUIBII YUM JBOX
OaraTokyTHUKIB (puc. 3.1.).

PosrisitHeMo Tpu HaiOUIbII NOMKUPEHT CIOCO0Y OMUCY MOJITOHATBHUX CITOK.
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Puc. 3.1. MuoxuHna
0araTOKyTHHKIB 3i CIIJIbHUM
pedopom

1.5IBHE 3aBmaHHs OAaraTOKyTHUKIB.

KoxeHn OaraTOKyTHMK MOXHa TMOJATH Yy BUIJIAMI CHUCKY KOOPAMHAT HOro

BEPILUH:
P=((X1,Y1,21),(X2,Y2,Z22),...,(XN,YN,ZN)).

Bepmman 3amaM'sTOBYIOTBCSI B TOMY HOPSAKY, B SKOMY BOHH 3yCTPI4arOThCs
npu 00XO0Jl HaBKoJIO OaraTokyTHHKa. IIpy 1mpoMmy BCl MOCHIAOBHI BEPIIMHU
0araToKyTHUKA, a TaKOX MepIla 1 OCTaHHS 3'€AHYIOThCS peOpamu. i KOKHOTO
OKpeMoro OaraTOKyTHHKa JaHui crnoci0 3amucy € eQeKTUBHUM, ajie i
MOJIITOHAIBHOI CITKM Ja€ BEJIMKI BTPAaTW MaM'sATl BHACIIAOK JyOJFOBaHHS
iH(popMalii Npo KOOPAMHATH CHUIBHUX BEPIIMH. BUIbII TOro, SBHOTO OMHUCY
CHUTBHUX pebep 1 BepUIMH MPOCTO He IcHye. Hampukian, momryk BCiX
0araToKyTHUKIB $KI MalOTh CIIUIbHY BEPIIHUHY, MOTpeOye TOPIBHSHHS TPIAOK
KOOpAMHAT  OJHOrO  OaraTOKyTHMKa 3  TpidKaMH  KOOpJAUHAT  pEIITH
OararokyTHukiB. HaitOGunbim edexTuBHMI c1OCI0 BUKOHATH TaKe MOPIBHSIHHS
MoJiArae B COPTyBaHHI BCiX N KOOPAMHATHUX TPIAOK : JJIA IOTO MOTPIOHO B
kpariomy Bumnaaky NeLog2+N nopiBHsHb. Ajie i TOJI iCHye HeOe3neKa Toro, 110
OlHA 1 Ta > BEpIIMHA BHACIIJIOK MOMMWJIOK OKPYIJIEHHS MOXE€ B PIZHHX
0araToOKyTHUKAaX MaTd pi3HI 3HAY€HHS KOOPAMHAT, TOMY BIpHAa BIJIMOBIIHICTh
Moxke OyTu He 3HaijeHa. [losironanbHa ciTka 300paKyeThbCsl IIIIXOM KPECICHHS
pebep KOKHOro 0araTOKyTHHKA, ajie 11e MPU3BOIUTH 10 TOTO, IO CHiIBHI pedpa
MAaJIIOIOThCS JBIUl - 110 OJHOMY pa3y AJid KOKHOIrO 3 0ararokyTHUKIB. Okpemuii
0araToKyTHUK 300paXXy€ThCsl TPUBIAIBHO.

2. 3aBiaHHs 0araTOKyTHUKIB 3a JOTMOMOTOIO MOKaXYHKIB .

[Ipu BUKOpHCTaHHI IIHOTO MPEACTABICHHS KOXEH BY30JI MOJITOHAIBHOT CITKU
3amaM'aTOBY€TbCS ~ JIMIIE  OJMH  pa3 B CHOUCKY BepuiMH V=
(X1L,Y1,Z21),....(XN,YN,ZN)). bararokyTHukK BU3HAYAETHCS CIIUCKOM
MOKa)X4YMKiB (200 1HAEKCIB) B CHUCKY BEpIIMH. baraTOKyTHHK CKIJIaJeHUd 3
BepmmH 3, 5, 7 1 10 uporo cnucky npeacrasienuit sk P = (3,5,7,10). Ha puc. 3.2
HaBEJCHUI MPUKJIaa TAaKOTO MpeacTaBieHHs. BoHo mae psii nepeBar B
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Puc. 3.2. 3aBnaHus
V1] P1 P2 V3 0araTOKyTHHUKIB 3a

JIOTIOMOT OO TTOKAXKYUKIB

V = (VL1,V2,V3,V4) = (X1,Y1,Z1),...,(X4,Y4,Z4)),
P1=(1,24), P2=(4,2,3).

MOPIBHSIHHI 3 SBHUM 3aBJaHHSM OaraToKyTHHKIB. OCKUIbKM KOXKHa BEpILIHUHA
0araTOKyTHHUKa 3alaM'sTOBYETbCS TIIbKU OJIMH Pa3, BAAEThCSA 30€perTtd 3HaUHUN
00'eM mam'sarti. KpimM Toro, KoopuHaTH BEPIIMHU MOKHA JIETKO 3MIHIOBaTH. AJie
BCE I[€ HE MPOCTO 3HAXOAUTH OAraTOKyTHUKH 3 CHUIBHUMH pedpamH; OCTAaHHI
MpU 300pa’KE€HHI BCl€l MOJITOHAIBHOI (Birypu MamoroTbea naBidvi. i mpobiemu
MO>KHa BUPIIINUTH, SKIIO POOUTH ONMUC pedep B ABHOMY BUTJISIII.
3. SIBHe 3aBnaHHs pedep

B upoMy mpenctaBieHHI € CIHMCOK BEpIIMH V, OJHAK, OyJeMO pO3risiaTH
Tenep OaraTOKyTHUK HE SK CIUCOK IOKa)XYMKIB Ha CIIMCOK BEpIIMH, a SK
CYKYIIHICTh TOKQ)XYMKIB Ha €JIEMEHTU CIHCKy pebep, B sKOoMy pebpa
3yCTpivuaroThes Juile oauH pa3. Koxhe peOpo B cnucky pebep BKkazye Ha JBI
BEPILMHYU B CIMCKY BEPILIUH, 10 BU3HAYAIOTh 1€ PeOpo, a TAKOK Ha OJUH YU JIBA
0araTOKyTHUKa, SIKAM 1€ peOpo HaleXuThb. TakMM YHMHOM MH OIHCYEMO
6araroxkytnuk sik P = (El,..,.EN), a pe6po sx E = (V1,V2,P1,P2). fkmo pebpo
HAJICXKUTh JIUIIE OJHOMY OaratokyTHuKy, To abo P1 a6o P2 - mycre. Ha puc.3.3
MPUBEIEHUMN IPUKIIA] TAKOTO NPEICTABICHHS.

V2 V = (V1,V2,V3,V4) =
((X1,Y1,Z1),...,(X4,Y4,Z4)),
El E2 El=(V1V2P1L),
V1 V3 E2 = (V2,V3,P2,L),
E3=(V3,V4,P2L),
P1 P2 E4 = (V4,V2,P1,P2),
E4 E5 = (V4,V1,P1,L),
E 3 P1 = (E1,E4,E5),
P2 = (E2,E3,E4).
4

Puc. 3.3. fIBHe 3aBnanHs pebep MOJIrOHAIBHOI CITKH
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[Ipu sBHOMY 3aBiaHHI pebep MOJITOHaJbHA CITKA 300paKYETHCA ILIIXOM
KpECJICHHs He BCIX 0araroKyTHHKIB, a BCiX pebep. B pe3ynbTaTi BHa€eThCs
3armo6irTu 0araTOKpaTHOMY KPECJIEHHIO CIUIbHUX pedep. OKkpemi OaraToKyTHUKH
IIPU LIbOMY TaK0X 300paKyIOThCS TOCUTH MPOCTO.

B nesxux Bumaakax pedpa MmoiiroHaaIbHUX CITOK € CIIUTBHUMH JJI OUTBIIT YUM
nBox OaraTokyTHHKIB (puc. 3.1). PosrnsHemMo, Hampukiam, BHUIIATOK B
Kaprorpadii, KoJIu Taki mIpo3iUIH, K 001acTi, paloHH 1 T.J., OMUCYIOTHCS
MO’KE HaJle)KaTH OJJTHOYACHO KUTPKOM OaraTOKyTHHKaM. SIKIIO BpaxyBaTH MOJLT
MICT Ha pailoHH, BUOOpYl AUISHKH TO II€ YMUCIIO ICTOTHO 3pOocTe. AHAJIOTIYHO B
JESKUX TPUMIPHUX MPUCTOCYBAHHSAX, TaKUX, SIK OMHC CTPYKTYPU METATIYHOIO
cioro, pebpa 1HOII HajeX)aTb TPhOM OaraToKyTHUKam. J[JIs Takux BHUITAJIKIB
onmucu pedep MOXyTb OyTH PO3MIKMPEHi, IM00 BKJIOYUTH BUIBHE YHCIIO
0araTOKyTHUKIB :

E=(V1 V2, Pl P2,..PN).

B xonHOMy 3 LMX MpEeACTaBi€Hb 3aJadya BU3HAYECHHsS pedep, IHIUACHTHHX
BEpILIKHI, HE € TPOCTOI0 - JJIS ii pO3B'A3aHHS HEOOXIAHO TepedpaTtu Bce pedpa.
3BUYaifHO, [UIsI BHU3HAYCHHS TAaKUX BIJHOIIEHb MOXXHAa O€3MOCepeTHBO
BUKOPHUCTOBYBATU JIOAATKOBY 1H(POpMAILiIO.

Hanpuknan, B MPECTaBIICHHI, 3aIPOINIOHOBAHOMY bomrapTom,
BUKOPHUCTOBYETHCS PO3LIUPEHUN OMHC pedep, M0 BKIOYAE MOKAKYUKUA Ha JBa
CyCiHIX peOpa KOKHOrO 0araTOKyTHUKA, a TaKOX OMHUC BEPIIWH, IO BKJIIOYAE
MOKaXXYHK Ha (JI0BUIbHE) peOpo, IHIUIEHTHE BEPIIIHUHI.

[Ipu poGoTi 3 GaraTOKyTHUKaMH BUKOPUCTOBYIOTh PIBHSHHS TUIOIIMHH, JI€
JIEKUTH OAraTOKyTHUK.
PiBHSIHHA IUIOMIMHU B TPOCTOPI Ma€ BHUJ Ax+By+Cz+D=0. [ns
3aBAaHHS TUIONIUHU JOCTATHBO TPHOX TOYOK.

SIx11o 3a1aHo 3 TOUKH, TO MAEMO CUCTEMY P1BHSHbD:

AX1+By1+C21+D=O,
AX2+By2+C22+D=O,
AX3+By3+C23+D:0.

SKII0 TpU TOYKHU HE KOJIIHEApHI, TO PIBHSAHHS Ma€ po3B 30K BigHOCHO A, B,C
ta D, 4KII0 NpPUCBOITH sIKe-HEOyAb 3HAYEHHS OJHOMY 3 KOE(QILIEHTIB.
Hanpuknan, npunyctumo , mjo D=1 1 po3B’sikeMo cucTeMy piBHSAHbD.

binbin paiioHanbHe pillIeHHsSI TPYHTYETHCS Ha TOMY, 110, KO Touku P1, P2,
P3 1(x,y, z) 3HaXOIATbCSI B OJHIN TIJIOLIUHI, TO

Ax+By+Cz+D=0,
AX1+By1+C21+D:0,
AX2+By2+C22+D:O,
AX3+By3+C23+D:O .
J1y1st BKa3aHO1 CHCTEMH PIBHSIHB 3aIUIIEMO:
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XY Z1
X]_Y]_Z]_l =0.
XY 2, 1
X3Y3Z;3 1

JleTepMiHaHT MOXHA MPEACTABUTU Y BUTIISIL

Yi1Z;1 Xi1Z;1 Xi1Y:1 Xi1Y12Z,
X|Y22Z,1) -Y | XoZ,1) +Z| X;Y,1 |- | XY, Z;| =0.
Y3231 X3Z31 X3Y31l X3 Y323

3BiJIKM BUIUIMBaE, mo HeBigoMmi koedimientn A, B, C 1 D m0opiBHIOIOTH
BIIMOBITHUM JieTepMiHaHTaM. OOYUCIIEHHSI OCTaHHIX JO3BOJISE€ JOCTATHHO JIETKO
3aJ1aTH TIOMIMHY B KOOPJIUHATHOMY ITPOCTOPI.

KoHTpoJbHI 3anUTaHHS.

1. JlaiiTe MOPIBHSJIBHY XapaKTEPUCTUKY PI3HUX (POPM 3aBIaHHS MOIITOHAIBHOL
CITKH.

2. SIkuit OCHOBHUI HEJIOJIIK MPEICTABIICHHS MTOBEPXHI MOJIITOHAIBHOIO CITKOIO ?

3.YuM BHU3HAYAETHCA TOYHICTH IMPEACTABICHHS IOBEPXHI IOJITOHAIBHOIO
CITKOIO ?

4. SIkuM YMHOM 33Ja€ThCS TUIOMINHA ?

3.2. @axkTypHi n1o0y10BH

B MamunHIl rpadimi (GakTyporo Ha3WBarOTh JIeTali3alio No0y10BA MOBEPXHI.
Haii6151p1110r0 pO3MOBCIOIKEHHS] OTPUMAJIM HACTYIHI JIBa CIIOCOOM JeTalti3allii.

[lepmmii nonsirae B TOMy, 1110 Ha PiBHY MOBEPXHIO HAHOCATH paHIlIe 3aJaHUMN
Bi3epyHOK. Ilicisi bOro moBepxHs BCE OJHO 3AJIMIIAETHCS PiBHOIO. HakiaganHs
BI3€pyHKa Ha PIBHY T[OBEPXHIO BHUKOHYETHCA 3a JONOMOIOK  (PYHKII]
BiJI0OpaKEHHSI.

Hpyruit cnoci6 geramizaifii 3akKIIOYa€ThCS Yy CTBOPEHHI HEPIBHOCTEH Ha
nmoBepXHi. Taki MIOPCTKI MOBEPXHI Peasli3ylOThCS HUISIXOM BHECEHHS 3MIHH Y
napaMmeTpH, KOTpi 3a/1at0Th MOBEPXHIO.

Brnepiie Meron Asii HaHECEHHsI BI3epyHKa Ha TOBEPXHIO 3alpPOINOHYBaB
Kermyur.

['onoBHUM NpHM HAaHECEHHI Ha TOBEPXHIO € BIJOOpaXEHHS, TOMY B JAHOMY
BUIIAJIKY 3aJlaya IPUBOJUTHCS 10 MEPETBOPEHHIO CUCTEMHU KOOPIMHAT.
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Ao MadoOHOK 3aJaHuUi B NOPSIMOKYTHIM cucTeMi KoopauHat (u,w), a
MOBEPXHS B JIPYTidl NMPAMOKYTHINA cucteMi koopauHaT (Q,(), TO Il HAaHECEHHS
MaJIIOHKa Ha TTOBEPXHIO TpeOa 3HANTH 4M 3a1aTH (PYHKITIIO BIMOOpaKEHHS OJTHOTO
IPOCTOPY Ha APYTHM.

Q=f(uw), ¢=g(uw),

au u=r(Q) W=S(Q).

3BHyaiiHO, Xoua ¥ HEoOOB’SI3KOBO, mepeadadaeTbcs, IO  (QYHKIISA
BiloOpakeHHs JiHiMHA: Q = Au + B, ¢ = Cw + D, ne xoedimieatu A,B,C,.D
3HAXOAATh 3 CHIBBIIHONIEHHS MiX JBOMa BIJIOMHUMH TOYKaMH B CHCTEMax
KOOPJIMHAT.

Po3risiHEMO KOHKPETHUM PUKIIAL.

BizepyHok sBisie cO00I0 TPOCTYy CITKY 3 MpSAMHUX, SKI THEPETUHAIOTHCS
(puc.3.4) . IlapameTpuuHe NpeaCTaBICHHA OKTaHTH cepu:

X =sinQ sing,
Y = coso,
Z = cosQ sing.

Hexait gpynkiris BimoOpaxxeHHs JiHilHA, TOOTO
Q=Au+B,o=Cw+D
1 KyTH Bi3epyHKa MEPEXOATh B KyTH OKTaHTa
u=0,w=0 nmpu Q=0, ¢ =1/2,
u=1,w=0 npu Q="7/2, ¢p = 7/2,
u=0,w=1 npu Q=0, ¢ = 1/4,
u=1,w=1 npu Q="n/2, ¢ = /4.

3Binku A=n/2,B=0
C=-n/4,D =n/2,r00t0 Q=un/2, ¢ =7n/2 - tw/4 .

3BOpOTHE MepeTBOpeHHs Mae Bua  u = Q/(n/2) , w = (1t/2-¢)/ 4.

VY 1mpoMy MeTOAI MallOHOK HAHOCUTHCA Ha PIBHY IMOBEPXHIO, 1 BOHA MICHA
IbOT0 3JIUIIAETHCS PiBHOIO. [ Toro mo0 moBepXHs 3AaBajacsi HEPIBHOIO,
MOXHa BiAU@pyBatu Qororpadiro HEperyasapHOIO (akTyporo 1 BigoOpaszutu ii
Ha TIOBEPXHIO.

brnik Oynye HOBY TOBEPXHIO, KOTpa Ma€ BUIJIS HEPIBHOI, 3aMUCYIOUYH Yy
HarpaBieHHs HopMaJi GyHKIio o0ypenHs P(u,w).

B sixocTi P MOHA BUKOPUCTOBYBATH Maike KOXKHY (PYHKIIIO, B SIKiil IPUCYTHI
YaCTKOBI MOX1/IHI.

OaHuM 3 OCTaHHIX METOJIB OyAyBaHHS HEpEeryJspHOCTe O0a3yloThCs Ha
¢pakTanpHuX TMOBepxHAX. DpakTasbHa TOBEpXHS OyAyeTbCS 3 BUIAAKOBO
3a/laHUX TIOJITOHAJLHUX YK OINMOMIMIHAJBHUX TIOBEPXOHb. 3a JOMOMOTOIO
(dpakTadbHUX MMOBEPXOHb MAJIIOBAIKCS MPUPOJIHI 00’€KTH — KaMiHHS, JEpeBa,
XMapH.
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Puc. 3.4. ®opmyBaHHs OBEPXHI
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KoHTposibHI 3anuTaHHS.

1. Sy ¢yHKIIF0 HAROUIBII TOIIIBHO BUOpATH 1715 GYHKIIIT BiZoOpaXkeHHS ?
2. Sx3amaerbcs (akTypHa ciTka ?

3. SIxi MeToau 3aCTOCOBYIOTH ISl TOOYJOBH IIUPOXOBATUX MMOBEPXOHbB ?
3.3. ®opmyBaHHs NapaMeTPUYHHUX OiKyOiYHUX MOBEPXOHb

bukyOuyH1 MoBepxH1 3a1aI0ThCS KYOIYHUMHM PIBHSHHSIMU B1Jl IBOX 3MIHHUX
s 1 t. 3miHrOOUM 00MBa MapameTpu Bij 0 10 1, BUBHAYarOTh BC1 TOUKH HA YaCTHHI
MTOBEPXHI.
Bynem BUKOpHCTOBYBATH PIBHSHHS JUTS X&
x(s,t) = an St +ay,5°tP+ay55°t+ay.S8°
+ayS°t +80)S tP A S tHa,S”
+a31$t3 +8.325t2 +as33St +az,S
+aut® +agt® +agst +ag,

3amnuiieM Horo B Ok 3py4Hii hopmi: X(st) =SCxT', ne
S=[s3s2s1], T=[t3t2t1], ¢ T' mo3HAYye TPAHCIOHOBAHY MATPHLIO T.
[IpuBeneHuii 3anmuc Ha3WBaIOTh aNreOpaiyHO  (OPMOIO  MPEACTABICHHS,
ockutbku Cx 3amae koediuieHTH O01KyO1yHOrO OararousneHna. Icuyrors Takox Cy u
Cz , sixi Bu3Ha4atoTh KoeddimieHtu y(s,t) Ta z(s,t).

50 o s £-4 Jlist CZi(S) s=0.1
ﬁij < Jns p(t) t=0.1
d, ()

yi(t) m #(t) e rpanmunmvm Toukamu s
puBux O6(S). At B As BHOHPAIOTHCS JOBITBHO.

Ium MeHI 3HaYEHHS 3a3HAYeHUX NapameTpiB, TUM
TP TOYHO OyAe BHU3HaueHa (opma MOBEpPXHI U
y () M OuTBIINI 00’ €M 00UMCIICHB OY/1e HEOOX1THO.

H

KoHTposibHi 3anuTaHHs.

1. TlpuBenith piBHAHHS 0iKyOi4HOT TOBEPXHI.
2. YuM BHU3HAYAETHCS TOUHICTD 3aBJIaHHs O1KyOIYHOI MOBEpPXHi?
3. Sk dpopmyeTbes OiKyOIUHMN KyCOK MOBEPXHI ?
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4. MeToau no0y10BU peaicTHYHNX TPHOXBUMiPHHUX 300paKeHb.
4.1. OCHOBHI THIIH NEPCNIEKTUBHUX 300Pa:KeHb.

Opnne 3 oOMexeHb, sSIKe BJIACTUBE MOJICIIOBAHHIO TPUBUMIPHUX OO'€KTIB
MOJIATAaE B TOMY, L0 MOKAa3yBaTH iX JOBOJUTHCSA HA IUIOCKOMY, IBOXBUMIPHOMY
exkpani. O0'eMH1 nOucIiei ICHYIOTh, ajie, TIOKM 3YCTPITH iX MOKHa TUIBKUA B
JTOCIITHUITBKUX J1TA00paTOpisX.

Jlns BimoOpakeHHS TPUBUMIPHOTO OO0'€KTa Ha JBOXBUMIPHUH €kpaH a0o
IHIIMI 30BHIIIHIN TPUCTPIA BUKOPUCTOBYETHCS MaTEMaTUYHE NIEPETBOPEHHS, SIKE
HA3UBAETHCS TMPOEKIIIOBaHHIM. TOUKH, 1110 BU3HAYAIOTh BIAPI3KHU MPSMUX, KPUBI
1 1HII1 €JIEMEHTH B1IOOPAKAIOThCS HA IBOXMIPHY IUIOLIUHY,

Ile mocsiraeTbcs HACTYITHUM YHWHOM. YsBHA MPOEKIHA IUIOUIMHA, SKY
Ha3UBaIOTh KAPTUHHOIO TUIOLIMHOKO, PO3MILIYIOTh MIK 00'€KTOM 1 CIIOCTEpIrayem,
NEePHEHANKYIJIAPHO HANpsAMKY norisay. [IpoBoasThCS MpoeKLiiHl JiHIT Bl TOUYOK
o0'ekta 10 coctepirada. Touku, i€ 1l JiHIi IepEeTUHAIOTh KAPTUHHY IUIOLIUHY, €
BIJIMOBIIHUMH TOYKAaMH Tpoekuii. [[ns kommn'toTepa BIIHOCHO JIETKO OOYMCIHMTH
1l nepetuHaHHsA. OTpuUMaBIIM TOYKM HA KAPTUHHINA IUIOIIMHI, JIETKO NEPEHECTH
pe3yibTyroue 300pakKeHHS Ha €KpaH. bulblnr Toro, 3MIHIOIOYH MicIie
po3TalllyBaHHsI CIIOCTEpiraya 1 3HOBY BHKOHABIIM MPOEKIIIOBAHHS, MOXKHA
oJiepKaTH BUAM 00'€KTa 3 PI3HUX CTOPIH.

[Ipoexiii po3AUISIOTh HA JBA PI3HUX KJIACH: MapalielibHi 1 nepcnektuBHi. [lpu
napajieTbHOMY TMPOEKIIIOBAaHHI MPOEKINNHI JiHIl WIyTh MapaielbHO MOy
coctepiraya. Ilpu mepCcleKTUBHOMY TPOEKIIOBaHHI 11 JIiHII YMOBHO
MEepeTUHAIThC B oWl crnocrepiraya. OcTaHHIA MIAXiA CTBOPIOE  e(eKT
CKOPOYEHHS, KOJIM PO3MIP MPOEKI1i 3MEHIIY€EThCSA MO Mipi 30UIbIIEHHS BIJICTaHI
BUXIJHOTO 00'€eKkTa [0 MNPOEKUIHHOI IMIOMMHU. [lepcnekTuBHI MpOeKIli
BUTJISIIAIOTH OUIBII PEaICTUYHO, YAM IapaelibHi.

MaiivHH1 nepCieKTUBHI 300pakKeHHs MOUISIOTHCS HA BUIM MO O3HAKaM, SIK1
XapaKTepU3yTh CTYIMiHb HAOJMKEHHS iXHBOTO CHpPUHAMAaHHS IO CIPUIMaHHS
peanbHUX O00'€KTIB, HANPUKIQJ TaKuM, SK HasSBHICTb HEBUIUMHX JIIHIMH,
300pakeHHsI HAIMIBTOHIB, TiHEH. B CyKymHOCTI 3 BUKOPHUCTaHUMHU TEXHIYHUMU
3aco0aMu BOHU BU3HAYAIOTh SKICTh BIATBOPIOBAHUX 300paKEeHb.

OcHOBHI BIWIH NePCNEKTUBHUX 300paskeHb. /[0 HUX BIIHOCATHCS KapKacH1
( mpoTOBi) , KOHTYPHI Ta HAMIBTIHBOBI 300paxkeHHs. Ha pi3HUX cTamisx mporecy
MPOCKTYBaHHS HEOOXITHI PI3HOMAaHITHI BUAM TepcreKThBU. Hampukmam, s
OI[IHKA OCTATOYHOTO MPOEKTHOTO PIIICHHS BUKOPUCTOBYIOTH HAWOUIBII SIKICHE
NEPCHEKTUBHE 300pakKeHHs, a JUIsl KOperyBaHHS KOHCTPYKIi B mporuect ii

IpOTOBE TepcreKkTuBHE 300paxeHHs. CyyacHl pacTpoBl KOJIbOPOBI AMCIUIE B
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KOMIUIEKCI 3 BIAMOBIAHUMU OOYHMCITIOBAIBHUMM 3aco0aMU 1 MPOrpaMHUM
3a0€3MEeUCHHM JI03BOJISIIOTH BIATBOPIOBATH HAMIBTIHBOBI KOJIBOPOBI 300paKeHHSI
3 BIACHUMH Ta MaJTal0UUMHU TIHIMHU.

Kapkacni mawunni nepcnekmugni 306padicenHs CKIaNalOTbCd 3 CYKYIMHOCTI
JiHIA TpadiyHOi MOAENl BiITBOPIOBAHOTO 00'€KTY, BKIIOYAIOYM 1 HEBUANMI 3
naHoi Touku 30py. OO’eMHICTH 300pa)Xe€HOTO TIPOCTOPY 3aCHOBaHA Ha
MEePCIEKTUBHOMY €(EeKTi, IO CTBOPIOE UIIO31F0 TMOWHU 300payKeHHS
Henomnikom npoToBuX 300pa’keHb € MPO30PICTh 00'€KTIB, TaK SIK BIATBOPIOIOTHCS
BC1 JIIHIT BCIX 300paKeHUX 00'€KTIB.

Peanizariss 11poro BUAY NEPCHEKTUBHUX 300pa’K€Hb BHUMAarae HalMEHIIMX
BUTPAT MAaIIMHHUX pecypciB. BiaTBOPIOIOTBCS JPOTOBI  300pak€eHHs Ha
rpadonodyaoBayax 1, B OCHOBHOMY, Ha BEKTOPHHMX Tpa(iuyHUX JIUCIUICSX.
Haiibispiie po3MoBCIOKEHHS BOHM OTpPUMajid B I1HTEPAKTHUBHUX TpadiuHUX
cUcTeMax Ha 0a3l BEKTOPHHUX JAMCILIEIB.

KoHTypHi 300pak€HHA 3 YCYHEHUMH HEBUAMMHUMH JIHIIMH CKJIaJAalOThCA 3
BHUJIMMHUX 3 JAHOT TOUYKH 30pY JIHIA rpapiyHUX MOJENEH BIATBOPIOBAHUX O0'€KTIB.
Ha Hux He 300paxkeH! miHII a00 BIAPI3KA JiHIA OO0'€KTIB, 3aKpHUTI iXHIMHU
MOBEPXHSIMHU a00 MOBEpPXHSMM IHIIMX 00'ekTiB. Taki MalMHHI 300pa’kKeHHA
BUMAaraloThb 3HaA4YHOTrO 0O0cCATy OOYHMCIEHb, 10 3pOCTae MPUOJIU3HO B
KBaJpaTUYHIA 3aJE€KHOCTI 1O Mipl 30UIBIIEHHS CKJIAQAHOCTI 1 KUIBKOCTI
BIITBOPIOBaHUX 00'ekTiB. KOHTYpHI NEPCHEKTUBHI 300pa)K€HHS B OCHOBHOMY
OJIEP)KYIOTh Ha BEKTOPHUX JHUCIUIESX JUIsl OILIHKKA MPOMDKHHX Pe3yJbTaTiB
poeKTyBaHHs a00 Ha rpadornodyaoBavyax aig (GiKCyBaHHS BapiaHTIB MPOESKTHUX
pIIICHB.

HamiBTiHbOBI TEpPCHEKTHUBHI 300pa)KCHHS XapaKTepU3YIOThCS BiIITBOPEHHSIM
TUTBKM BUJAMMHUX TIOBEPXOHb 3 Tpajalli€l0 iXHbOI SICKPaBOCTI . SICKpaBiCTh
KOHKPETHOT MOBEPXHI 3aJICKUTH BiJ ii po3TantyBaHHs BIJHOCHO JIXKEpela CBITIA 1
cnoctepiraya (TOYKH 30py), Bl TOHY (KOJIbOPY) camMoi MOBEpXHI, ii BiIOMBarO4Oi
BJIACTUBOCTI 1 pAly 1HIIMX YMHHHUKIB. HamiBTIHbOBI MEPCHEKTUBHI 300paKeHHS
XapaKTEePU3YyIThCS BUCOKOK PEATICTUYHICTIO 1 BIJOOPaXatOThCs MPUCTPOSIMUA B
AKUX € MOJIMBICTh YIPaBJISATH 1HTEHCUBHICTIO B1JIOOPa)KEHHSI BIATBOPIOBAHOTO
MacuBy TOYOK. Hampukian, BOHM BIATBOPIOIOTHCA PACTPOBUMH TUCIUICSIMHU 3
rpajaifi€ro SICKpaBOCTI Ha KOXKHIM BIATBOpIOBaHIA Toulll abo0 Tpymi TOYOK
300paxeHHs TiHEW TOJIMIIyE HAOYHICTh HAIMIBTIHBOBUX 300pa)K€Hb 1 O3BOJIE
OUIbLI SKICHO BIJITBOPIOBAaTH IUIACTUKY CHOpYH, iXHIO (opMmy, B3aeMHe
pO3TalllyBaHHS.

HamiBTiHbOBI 300pa’kKeHHS OJEPKYIOTHCS MO PI3HOMAHITHUM TE€OMETPUYHUM
cXeMaM, IO XapaKTepHU3YIOThCs MEPeayCiM PpO3TallyBaHHSAM JKEpesia CBITJA.
Camuii poCTHi BapiaHT - KOJIM JIKEPENO CBITJA CIIBMAJAE 3 TOYKOIO 30py. [Ipu
IIbOMY SICKPaBICTh YaCTHH MOBEPXOHb HE 3aJICKUTD BiJ] IXHBOI BIJICTaHI O TOYKU
30py, HE BpaxoBYIOThCS (pakTypa 1 TOH TOBepxHI. binbin ckiamHa cxema
NpUITyCKa€e HasBHICTh JIXKEpeENa CBITJIA, SIKE HE CHIBHOAAAIOTh 3 TOYKOK 30Dy, 1
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BpPaxoBY€ BIJICTaHb BiJ HHOTO J10 00'ekTiB. T1 % akTOpH BILUIUBAIOTH 1 HA AKICTh
KOJIbOPOBHX TEPCIEKTUBHUX 300paKeHb.

KonTponbHi 3anuTanHs.

1. B yomy pi3HUI MiX MapaieIbHUM Ta IEPCIeKTUBHUM
MPOEKIIIOBAaHHSM ?

2. JlaiiTe XapakTepuUCTUKY OOUHCTIOBATILHUX 3aTpaT sl PI3HUX BU/IIB
NEPCHEKTUBHUX 300paKEHb.

3. SIx mocsiraeThes 11103151 00'eMHOCT1 MpU POopMyBaHH1 HAITIBTOHOBUX
300pakeHp ?

4. Ha3BiTh 00J1aCTi 3aCTOCYBaHHSI P13HUX BUJIIB EPCIEKTUBHUX 300paKEHb.

4.2. OcHOBHI Mo/1€eJIi OCBIT/JICHHS.

Mopeinb OCBITIEHHS 1Ie MaTEMAaTUYHE NPEICTABICHHS (PI3UYHUX BIACTUBOCTEN
JDKEpell CBITJIa Ta  TOBEPXOHb, a TaKOX iX B3aEMHOTO po3MimieHHs. s
MOJICJIIOBAHHSI OCBITJICHHSI TPHOXBUMIPHHX OO’€KTIB BHKOPUCTOBYIOTHCA PI3HI
MOJIEJIl OCBITJICHHS.

[Ipocta ™Momenb OCBITJIEHHST 0a3yeThbcsi Ha OOYHUCIEHHI 1HTEHCHBHOCTI
B1IOUTOr0 O0’€KTOM CBITJAa TOYKOBOTO JKepena. BinOuTra cBiTia o0’ €KToOM
Moxe Oytu nudy3sHum abo azepkanbHUM. Jludy3He BIIOUTTS Mae Miclle MHpH
PIBHOMIPDHOMY PO3CIIOBaHHI CBITJIA, 32 PaXyHOK YOTO CTBOPIOETHCS 1IHO31s, IO
MOBEPXHS Ma€ OJIHAKOBY SCKPABICTh HE3aNEKHO BiA KyTa orisiay. PoscisHe
CBITJIO MPAKTUYHO 3aBXK]IM MIPUCYTHE B PeasIbHINl 0OOCTaHOBIII.

CBITJIO TOYKOBOTO JDKEpesia BiIOMBAETHCS BiJ 1J€AJIbHOIO pO3CioBava I10
3aKOHY KocuHyciB JlamGepra

I= 1, *kg* cos Q,
ne I - IHTEeHCUBHICTH JKepelia CBIT/a, [- IHTEHCUBHICTh BIOUTOrO CBITIA, Ky-
koediieHT audy3Horo BIAOUTTSA, Q- KyT MDK HampaBlI€HHAM CBITJIA Ta
HOPMAJIJTIO JIO MIOBEPXHI.

[Ipu ocBiTJIEHHI 00’€KTa TOYKOBUM JIPKEPEJIOM Ha HHOTO MAaJa€ TAKOXK 1 CBITIO
Bil cyciaHix o0’ektiB. Ili cBimio Oyae poscisHuM. [ oO4ucieHHs
IHTEHCUBHOCTI PO3CISIHOTO CBITJIa BUKOPUCTOBYEThCS (popMyria BUY:

I= If +1 kyc0sQ ,
ne l,- IHTCHCHBHICTH PO3CISHOTO CBITNIA, K,- KoedimieHT audy3HOTro
BiJIOOpaXE€HHS PO3CITHOTO CBITJIA(BKa3aHUM KOS(IIIEHT 3MIHIOETHCS BiJl HYJIS 10
OJIMHHUITI ).

[HTEeHCUBHICTH CBITIa 3BOPOTHO MPOIOPIIiitHA KBAApATy BIACTaHI J0 JHKEpena.
Jlyist BpaxyBaHHsI I1I€1 BIJICTaH1 BBOJSATH KOC(IIIEHT , AKUH BH3HAYAE BiJICTAHb BiJ
IIEHTpa MPOEKIIii 10 00’ ekTa. SIKIO MEHTP MPOESKIIIT JISKUTh OJIU3BKO 10 00’ €KTY,
TO MmapamMeTp 1/d? 3miHIO€TBCS yK€ IMIBUIKO, 10 MNPUBOAUTH A0 3HAYHOTO
nepenajay iHTEHCUBHOCTI. B 3B'SI3Ky 3 IIUM B pO3paxyHKOBIM (opmyii
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I= Ik, +1 kgcosQ/( d+k)
BHKOPHCTOBYIOTh HE 3BOPOTHY KBaipaTW4Hy 3aiexHicts 1/d° , a miniiie
saryxanus 1/ (d+K), ne K- koncranTa.

JI3epkanbpHO BiZOHUTE CBITIO HE po3citoeTbesa. KyT BiZOUTTS #oro Bix i1eanbHOT
MOBEPXHI JOPIBHIOE KYTy NaAiHHI. B m00oMy I1HIIOMY IMOJIOXKEHHI CHOCTEpirad
He OauuTh A3epkanbHO BimOuTe cBitino. [lpu n3epkaibHOMY BiIOMTTI MarOTh
Miciie OiKH.

dopmyna , sika BpaxoBY€ K J3EPKaIbHO BiAOWUTE, Tak 1 AUQPY3HE CBITIO, Ma€
BUTJISI:

1= Itky +1 kgcosQ/( Q + kqcos” (1)/(d+K),
ne Ks- koHCTaHTa, sika BU3HAYAETHCSI €KCIEPUMEHTANIbHO, I- KyT MiK BEKTOPOM
BIIONTOrO MPOMEHSI Ta BEKTOPOM CIOCTepiraya, n- CTEMiHb, sIKa alpOKCUMYE
IIPOCTOPOBE PO3IOIICHHS J3EPKaIbHO BIIOUTOIO CBITIIA.

B mMamunHil rpadiii Taka MOJeNb Ha3uBa€ThCs GyHKIIE 3adapOOByBaHHS 1
BUKOPHUCTOBYETHCS JUISI PO3PAXYHKY 1HTEHCUBHOCTI TOHY .

Skimo € JekiuIbka JKepen CBiTia, TO €(eKT, SKUHA BOHU CTBOPIOIOTH,
cymyerhbcsi. OOUMCIIOBAIbHA CKJIAAHICTh aQJITOPUTMY MOOYJOBH OO €KTY 3
BUKOPHUCTAHHAM TPOCTOT MOJIEI OCBITICHHS JAOCUTH BUCOKa. [Ipu KompopoBOMy
300pakeHl pPO3paxyHOK IHTEHCHBHOCTI MJIi KOXXHOTO KOMIIOHEHTY KOJbOPY
BUKOHYETHCS OKPEMO, 10 PUBOJIUTH JIO CYTTEBUX OOUMCITIOBATBHUX 3aTpart. s
CIPOIICHHS PO3pPaXyHKy I1HTEHCHMBHOCTI KOJbOPY B TOYKax 0O’ €KTIB
BUKOPHCTOBY€ETHCS 1HTEPHOJIALIIS.

KoHTposbHI 3anuTaHHS.
JlaiiTe XapakTepuCTUKY IIPOCTOT MOJIEI1 OCBITJIICHHS.
[TpuBenite hopmynu Ajis po3paxyHKy IHTEHCUBHOCTI PO3CISIHOTO CBITIIA.
3. IlpuBenits ¢dopmynay s IHTEHCHMBHOCTI CBITJa , sIKa BpPaxoOBY€E SK
J3epKaIbHO BIIOUTE, TaK 1 AM(y3HE CBITIO.
4. Sk BpaxOBYETHCS CBITIIO BiJ IEKUIBKOX JKEpE ?

N =

4.3. Pennepunr I'ypo ta ®@onra

[Ipomiec BiaTBOpeHHs (Bizyanizallii) 00’ekTa ab0 CIEHUM HA3UBAETHCA

peHaepuHrom (Bim ~ aHriidcekoro  “rendering”-  BIATBOpPEHHs, Iepenaya
Bi3yaJizarlii).
Pennepunr - 1e OOYHMCIEHHS JUIsi KOXKHOTO IMKCEeNIs 300pakKeHHS

iHdopmalli mpo #oro Komip 1 aapecy , SKI JaOTh MOXJIHUBICTH BIATBOPUTH
rOMHY 00’ €KTa Ha IBOXBUMIPHOMY €KpaHi. PeHAepUHT 3a1IOBHIOE BCl TOYKM HA
MOBEPXHi 00’ €KTa, 110 OyIH monepeaHbo 30epekeH1 K Hadip BEPIIHH.

OcHOBOIO /11 OTTUCY 00’ €KTIB y OUTBIIIOCTI MAKETIB TPUBUMIPHOI rpadiku €
noJiroHajibH1 Mojem. g mpencraBiaeHHs 00’€KTa Y BUIVISIAL MOJITOHAJBHOI
MOJIEJIl BIH PO3PI3a€ThCS HA MJIOCKI AUISHKH - TPaHi, SIKi B CBOIO Yepry AUIATHCS
Ha TPUKYTHUKU (L€l Npouec Ha3MBAETHCS TPIAHTYISIIEID), Y KOTPUX €Kl
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CTOPOHM 30Irar0ThCsl 3 TpaHUISIMU TpaHi, a JesKl JieKaTh BCEpeauHi il 1 mpu
Bi3yauti3allii He BpaxoBYIOThCs. Hampukian, mis onucy kyba HEOOX1AHO 3aaaTu
12 TpuKyTHUKIB (IIICTh YTBOPIOIOYMX IUIONIHWH 1 HA KOXKHOT IO TBOX TPUKYTHHUKA),
a JUIsl Omucy 00’ €KTIB, 110 MAIOTh CKIAAHY (POpMY, MOKE 3HAJJOOUTHUCS JIEKIJIbKA
TUCSY TPUKYTHHUKIB.

Haitbinpm peanmicTuyHi 300paK€HHS OACPXKYIOTb TPU BUKOPHUCTaHHI
HaIlIBTOHOBUX METOMIB, SKI CTBOPIOIOTH €(EeKT 00’€MHOCTI 3a paxyHOK
IHTEPIIOIIOBAaHHS 1HTEHCUBHOCTI KONbOpiB . s o;epikaHHA peanicTUYHHX
300pakeHb HaMOUIBIII YaCTO BHUKOPHUCTOBYIOTh HACTYIIHI METOIU pPEHJEpIHTa:
onHoToHHMM, Metoa ['ypo 1 Meron donra . Haiibinpiie mommpeHHs OJepkKaB
Meton ['ypo, Tomy 110 0JHOTOHHE 3adapOOBYBaHHS He 3a0e3neuye HeoOXiTHOI
3TJIQJKEHHOCTI 300pakeHHS , a Oulbll peamictuuHe 3adapOoByBaHHs DoHTa
BHMArae 3aHaJITO BEJIMKUX O0OUYMCIIIOBAIBHUX 3aTparT.

Jlns 3midicHenHst 3adapOyBaHHsS MeTogoM ['ypo HEOOXiIHO MPOBECTH
pPO30MBKY 00’€KTa Ha MOJITOHHU. SKIIO NpH MOOYIOBI MOJITOHANIBHOI MOBEPXHI
JUISL KOJKHOI TpaHl BHUKOPUCTOBYETHCS MO OJHIM HOpPMali, TO CTBOPIOETHCA
300pa)Ke€HHsI, 10 CKJIAJIa€ThCs 3 OKpeMuX OaratokyTHUKIB ( uc. 4.1, a). MeToaom
I'ypo moxHa onepkatu 3riajpkeHe 300paxenHs (puc. 4.1, 6). Hopmam 1o
MOBEPXHI ANpPOKCUMYIOTBCA Yy BEpIIMHAX OaraTOKyTHHKIB. 3a BHOpPaHOIO
MOJEIII0O  OCBITJIEHHS  BU3HAYAETHCA  IHTEHCHUBHICTh  KOJIbOPY  BEpIIMH
O0araToKyTHHKa, a TIOTIM, 3a JIONOMOTOK  IHTEPHOJSIIHHUX  (OpMYIL,
O0OYHUCITIOETHCS IHTEHCHUBHICTH KOYKHOTO IMIKCEIa BCEPEIMHI 0araTOKyTHHUKA.

[Ipu yBaxxHoMmy posrisgaHHi 00’ekTa, 3adapOoBanoro mo meroxy ['ypo,
nomiTHUN 1posiB edekty cMmyr Maxa. Meroxg ['ypo He 3aBXAM J03BOJISAE
YHUKHYTH P13KOi 3MIHU IHTEHCUBHOCT1 Ha TPaHUYHUX peOpax 0araTOKyTHHKIB, /1€
1 BUJIHI cMyru Maxa.

Edext cmyr Maxa (puc. 4.2) oOyMOBJICHHI JaTEepalbHUM TaJIbMYBaHHIM
pelenTopiB OKa, peakiis SKUX Ha CBITJIO MIAJAETHCA BIUIMBY CYCIJTHIX
peuenrtopiB. Penentopu, po3TamioBaHi Oe3mocepeHhO Ha MEXI Tepenagy
IHTEHCUBHOCTEH 13 OUIBIN SCKPaBOi CTOPOHH, MiAMAIOTHCS OLIBII CHIBHOMY
MOAPA3HEHHIO, HIXK Ti, 110 3HAXOASITHCA Aai BiJ Mexli. L{e mosiCHIOEThCST TUM,
[0 BOHM MEHIIE 3arajJbMOBYIOTBCS CBOIMH CYCiTaMH, IO 3HAXOMIThCA 3
TEMHIIIOr0 OOKYy. AHAJIOT14HO, PEIENTOPH, PO3TAIIOBaHI 0€3M0CEPEIHHO HA MEXKI
nepernajagy 1HTEHCUBHOCTI 3 OUIbII TEMHOI 1i CTOpOHHU, OYyIyTh IIiJJaBaTUCS
MEHIIIOMY BIUIMBY, HIK Ti, IO 3HaXOIATHCS B TiK >k 00JlacTi, ajie Jmaji Bij Mexi
(puc .4.2).

3adapOyBanns ['ypo HaMOUIBII AOUUIBHE MPU BUKOPUCTaHHI MPOCTOL
MOJIeJi OCBITJICHHS 3 MU(DY31iHUM BiIOUTKOM, TOMY 10 (popma BiIOJIUCKIB TIPH
3epKAIbHOMY BIJOMTKY CHJIBHO 3alIeKUTh BiJ BUOOpY OaraTOKyTHHUKIB, IO
MIPEJCTaBIIIOTh 00’ €EKT a00 TTOBEPXHIO.

VY meroni @omnra, sk 1 B MetoAl ['ypo, cioyaTky anpoKCUMYIOTbCSI HOpMali
70 TIOBEPXOHb Yy BEpIIMHAX OaraTOKyTHHKIB. J[ani mepexondarb A0 1HTEpHOsLii
3HAYEHHS BEKTOpa HOpMaJll 10 MOBEPXH1 BcepeArHl 0araTokyTHUKIB. OTpruMaHi
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o\

a) 6) B) r)
Puc. 4.1. Ilpuxnanu cuaTe3y 00’ eMHUX (Iryp: a) OJHOTOHOBE 3alIOBHEHHS;
0) 3adapboByBanHs MeToioM ['ypo; B,r) 3adapOoByBanHs MeTonoMm Donra

AMHa (HTEHCHEHOCTL CBITIA
24 PAXYHOE TaTepalLHoro

/ Tk MYEAHHA pELEITORE OKa

=——___ PeantHa
IHTEHCHEHICTE
CEITIIA

IHTEHCHEHICTE

BimcTanr ExoE® DOBERHHL

Puc. 4.2. Edexrt cmyr Maxa

Af(la)

B(Ib)

C(Ic)

Puc. 4.3 3adapoosyBanus meronom I'ypo
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3HAUYEHHS BEKTOpa HOpMasli BUKOPUCTOBYIOTHCA ISl BU3HAUYEHHSI IHTEHCUBHOCTI
KOKHOTro Tikcena. [loMiTHI TOJIMIIEHHS B TOPIBHAHHI 3 1HTEPHOJIALIEIO
IHTEHCUBHOCTI CIIOCTEPITalOThCS Y BUMIAAKY BUKOPHCTAHHS MO 13epKaJIbHOTO
BiJIOMTKA, TOMY 110 IIPU LIbOMY O1JIbIII TOYHO BIATBOPIOIOTHCS CBITJIOBI BiIOIHMCKH
(puc.4.1, B, ). [IpoTe HaBITH AKIO I3epKATHHUNA BIJOUTOK HE BUKOPUCTOBYETHCS,
THTEPIIOJIALIS BEKTOPIB HOPMaIi 1a€ OUIBII AKICHI pe3yabTaTH, HIK IHTEPIOJIAILS
IHTEHCUBHOCTI, OCKUJIBKH allpOKCUMAIIisl HOpMaJii B I[bOMY BUIIAAKY 3/11HCHIOETHCS
B KOXHIH TouIli. OTKe, YTBOPIOETHCS OLIBII peaTiCTUIHE 300paKeHHs, 30KpeMa
3MeHIyeThes ehekT cMyr Maxa.

['omoBHMUM HenoMiKOM peHaepuHra @oHra € BeIuKl O00YHCIIIOBaJIbHI
3aTpaTd, TOMY IO JUIsl KOXHOTO IIIKCella, 3a BIJJIOMUM BEKTOPOM HOpMa,
OOYMCIIOETRCST 3HAUEHHSA 1HTEHCHBHOCTI. OmUMH 13 MOMJIMBHUX IIAXOMIB 10
CKOPOYEHHSI KUIBKOCTI OOYHMCIIEHb MPUIYCKAa€E BUKOPUCTAHHS TaK 3BaHOI KapTH
BiIOMTKIB. BOHa sBIIIE CO0010 HAOIp MOMEPETHBHO PO3PAXOBAHUX IHTEHCUBHOCTEH
JUIA BU3HAYEHOTO Jiama3oHy 3HAa4eHb BEKTOpa HOpMaii. Y I[bOMY BHUMIAJAKY
JIOCTaTHBO OJWH Pa3oM OOYUCIUTH KapTy BIJOWTKIB, a MOTIM, 3a BIJIOMUM
BEKTOPOM HOpMaJli, JIMIIE 3YUTYBaTH 3 HEl 3HAYEHHS 1HTEHCUBHOCTI, HE
[IEpEPaX0OBYIOYH iX.

Braxaetbcs, mo 3adapOyBanns donra 3abesrneuye OUIbII BUCOKY SKICTh
300paxkeHHsI, aje NoTpedye ICTOTHUX OOYUCITIOBAJIBLHUX BUTpPAT, TOMY JJIA
Bi3yasizailii CKJIaJJHUX CIIEH y peaJbHOMY 4Yaci YacTillle 3aCTOCOBYIOTh aJrOPUTM
I'ypo, sikuii y maHuii yac BUKOPUCTOBYIOThCS (DaKTHUHO Yy BCIX KOMEPIIIHHUX
POOOUYNX CTaHIIIAX.

B 00ox meTtonmax 00’€KT, 10 300paKy€ThCS MPEIACTABISETHCS Yy BUIIISIL
MOJIITOHAJIBHOT MoAeli. JIJist IbOoTo BiH PO3AUIAETHCA HA IJIOCKI JUISTHKUA - TpaHi,
Kl B CBOIO 4epry, SIK MpPaBWIO, AUIATbCS HAa TPUKYTHUKH. Taka mporemypa
J03BOJISIE HAJaMl, 13 3aCTOCYBAHHSIM JIHIAHOT 1HTEPIOJIAII, JIETKO pO3paxyBaTu
IHTEHCUBHOCTI CBITJIa KOXHOTO CKJIQJOBOTO IIKCela SIK BCEpeauHI, Tak 1 Ha
pebpax TpPUKYTHUKA. Y SKOCTI €JIEMEHTApHUX TIOJITOHIB TPUKYTHUKHU
BUKOPUCTOBYIOTBCS YAacTillle 3a I1HIII Yepe3 MNPOCTOTY IXHBbOI TIeoMeTpii 1
pO3paxyHKOBHUX (HOpMYII.

Posrisitnemo Ounbln fetanbHO mporec 3adapOyBaHHsS 00JacTi ,00MEXEHOI
OJTHUM TPUKYTHUKOM. ['€OMeTpisi TpUKYTHHKA 3ada€ThCS KOOPAMHATAMH BEPIIAH
(A, B u C), 3a 3HaUECHHAMH SKUX BHU3HAYAIOTh NPUPOCTU KOOPAUHAT JJIs1 KOXKHOI
CTOpOHU TpUKyTHUKA. J{ns meTtomy ['ypo 3amaroThcsi 3HAUEHHSI IHTEHCUBHOCTI Y
BepmmHax - la, Ib, Ic. ( puc.4.3). HeoOxigHO OOYHMCIMTH IHTEHCHBHICTH BCIX
IHIIMX TOYOK YCEpEeAWHI JAaHOTO TPUKYTHHKA 1 Ha Horo pebpax. [Ins 1poro
3HANIEeMO IHTEHCHUBHICTH TIOBUTLHO 00paHoi Touku D ycepenuHi mosiroxa.

Busnauumo mpupicT 1HTEHCHUBHOCTI CBITJIa Ha OAWH TIKCENb Y3JIOBXK pedep
TpukytHuka AB, BC, AC:

AIAB:(IA'IB)/BHAB (41)
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AlAcz(lA-lc)/BHAC (42)
AIBC:(IB'IC)/BHBC ) (43)
ne BII - 6inbmmii 3 mpupocTiB KoopauHaT AX, Ay oOpaHOro BipizKa IpsSMOi.
[TpoBenemo yepe3 Touky D niHii0, mapanenbHy TOpU30HTaIBHIN oci. Bona
nepeTHe pebpa TpukyTHukKa B Toukax L 1 M. Ilo mpupocrax IHTEHCHBHOCTI
Y3II0BXK peOep BUBHAYMMO 1HTEHCUBHICTh TOYOK, 1[0 HAJICKATh ITUM pedpam.
InTencuBHICTh TOUOK M Ta L Moxke OyTH 3Hali/ieHa TaK:
IM=1atAlag™BlIawm, (4.4)
IL:|A+A|A0*BHA|_ . (45)
Jlani 3a aHajori€l0 3 MOMEPEIHIMHU JTISIMH BU3HAYUMO IMPHUPICT IHTCHCUBHOCTI
y310BXK CKaHyro4oi npsimMoi LM (y manomy Bumnaaky LM = BII, y):

AlLMz(lL-lM)/LM . (46)
[aTeHCUBHICTH CBiTMIa B TouMi D 3HalaemMo y Takuii criocio:
ID:|L+A||_M*LD. (47)

AHAJIOTIYHUM CIOCOOOM BH3HAYA€THCS IHTCHCUBHICTH OY/Ib-SIKO1 1HIIIOT TOUKH,
0OMEXEHOI 3aJaHUM MOJITOHOM.

Haiimenia moxubka JocsiraeTbcs Mpu po30MBII TMOBEPXHI HA MPSAMOKYTHI
TPUKYTHUKU 3 KaTeTaMU MapaJieTbHUMU KOOPJUHATHUM OCSIM, OCKIJIBKH B I[bOMY
Buraaky outbimmii npupict (bII) kaTeTa 36iraeTbes 3 HOTo TOBKUHOIO.

[Ipu 3acdapOyBaHHI BCHOTO TPUKYTHHKA PANOK, LIO0 CKAHYE, MOCIIIOBHO
MPOXOJIUTH YCI TOUKH MoiroHa. Ilpupict, K y3A0BX JIiHII , 110 CKaHY€E, TaK 1 MIXK
CYCIIHIMM JIHISIMHU, IO CKaHYIOTh, Y IIbOMY BUIAJKY CKJIAJa€ OJHUH MIKCEN, 110
JI03BOJISIE OTepallli MHOKEHHS 3aMIHUTU ONEPALIIEI0 HAKOMUYYIOUOIr0 JJOIaBaHHS.

IQ=IL+AILM+AILM+AILM (418)

Ha pucynky 4.4, a npuBeaeHUil MpUKIa] MOMIKCENbHOTO 3adapOyBaHHS
npsIMOKYTHOTO TpukyTHUKa nipu la=5, 1b=9, Ic=1. 3naueHHs iHTEHCHBHOCTEH
CBITJIa OTPMMaHI 3a ONKUCAaHUMHU BUILE Gopmynamu (puc.4.4, 0).

A la=5

al &)

Puc.4.4. Tlpuxnan peanizanii penaepunra ['ypo

[IpuBeneni ¢GopMmynau  IHTEPHONSALli BUKOPUCTOBYIOTBCS TaKOX 1 B
3adapOyBanni DoHra 3 TI€W JUINE PI3HUICIO, MO I KOXKHOI BEPIIMHH
TPUKYTHUKA 33/1a€ThCS HE IHTEHCUBHICTH CBITJIa, @ BEKTOP HOPMAJII.
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KoHTposibHi 3anuTaHHs.

1. B yomy nonsrae npouenypa peHaepusra ?

2. B sxux BUIagkax BUKOPUCTOBYIOTh peHAUpHUHT ['ypo Ta ®onra ?

3. SIki obumcaoBaNBHI 1T BKIIFOYAE B ceOe peraepunr ['ypo ?

4. Sk 0OUUCTIOETHCS IHTEHCUBHICTD KOJIBOPY TOUYOK 3T1IHO peJepUHTa
®oHra ?

5. Ilpunuunm BixoOpaxeHHs ingopmanii
5.1. PacTpoBuii npuHuun Bigo0pakeHus inopmauii

B cuctemax BimoOpaxenus inpopmarii (CBI) Ha nanuii yac HalOLIBII YacToO
BUKOPHUCTOBYIOTh PaCTPOBHUI METO] .

3aco0u BiIOOpa)KE€HHS, 10 BHUKOPUCTOBYIOTH pacTp, Ha3uBaioTh CBI
pPacTpOBOIO THUITY.

CyTHICTh pacTpoBOro Metoay (GopMyBaHHsS 300paK€HHs MOJIATae B TOMY, IO
Ui KEepyBaHHS EJNEeKTPOHHUM TIPOMEHEM  BHKOPHUCTOBYETHCS PpO3TOpPTKa, a
IIJICBIYyBaHHS €JIEMEHTIB 300paKCHHS Ha €KpaHl 31ACHIOEThCA TIPU pycl
MIPOMEHS MO PsIIKaM B BIJIIOBIIHI TPOMIXKKH 4acy.

Ha puc. 5.1 300paxxeHuil pactp, YTBOPEHHUIl JIHIMHOIO MPOTPECUBHOIO
PO3TrOPTKOIO, MPHU SIKIM MOBHUH PacTp YTBOPIOETHCSA 3a OJUH MEPIoA KaapOBOi
posroptku Ty. Posroprka 300pak€HHS CTBOPIOETHCS OJHOYACHUM PyXOM
IPOMEHSI 10 TOPU30HTaI B3AOBXK Oci X 1 MO BepTHKaIl B3IOBXK oci Y. Pyx
IPOMEHS 110 TOPU30HTAJl HA3UBAIOTh PAJKOBOIO PO3TOPTKOI0, a HAKPECJIEeHI mpu
poMy JiHIT — psakamu. [lepemillieHHS MTpPOMEHs MO BEPTUKAIl HA3UBAIOTh
KaJIpOBOIO PO3TOPTKOIO, B PE3YJbTaTl SKOI BCl PSAKK PO3MILIYIOTHCS OAUH Haj
apyruM. PsgkoBa Ta  KaapoBa PO3TOPTKH  3AIMCHIOIOTHCS  (POPMYBAHHSIM
BIAXWISItOUMX curHamB X, VY (puc.5.2) Hanpyr s €JeKTPOCTaTHYHOI
BIIXUJISAFOYOI CHUCTEeMU ab0 CTpyMiB JUIsi MAarHiTHOI. Biaxumsiiodl CUTrHaId
(OpMyIOThCSI FeHepaTOpaMu PSAKOBOI 1 KaJPOBOi PO3TOPTOK.

Yacrorta kaapoBoi posroptku fx = 1/Ty mna EIIT 3 mamum vacom miciis-
BUCBIUYBaHHS TOBMHHA OyTHM OlIbIlla KPUTHUYHOI YACTOTH MEPEXTIHHA. Sk
IpaBWiIO 4acToTy fx BUOMPAIOTH PIBHOI YACTOTI MEPEXI 3MIHHOTO CTPyMYy,
BUKJIIOYAIOYM UM €(pEeKTH MEePEeMILICHHs [0 €KpaHy YTBOPIOBAHMX HEIO 3aBajl.
Yacrora f, i mepion T, crpokoBoi posroptku (f;=1/T,) BuOHparoTh 3 yMOBH

F=2*f,
ne Z — 4ucio PpSAAKIB B Kajpi, M0 BU3HAYAIOTH PO3MoAUIbHY 31atHicTh CBI mo
BepTukaii. B Tenebauenni cranmaprom npuiinaro Z=625. B Bucokoskicaux CBI
PO3IOBCIO/KEHA TaK 3BaHa OaratopsikoBa po3roptka 3 Z=1000 i 6isibiiie.
Ilepion psinkoBoi posroptku T, BKIOYae B cebe 4Yac NPSIMOTO X0y
IPOMEHSI 1O PsIAKY T, 1 yacy 3BOPOTHOTO X0y T,,. 300paskeHHs popMyeThes 3a
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v Puc.5.1 IlporpecuBHa pacTpoBa po3ropTka

A
A\ 4

A

A\ 4

A

Tkn

Tko

A

A\ 4
A

Tk

A\ 4

Puc. 5.2. Yacosi aiarpamu psakoBoi X ta kaapoBoi Y

PO3ropToK

6)

A\ 4

H/Z
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gyac mnpsMoro xoay. BimHomenns T,/ T,=o, Ha3uBaeTbcsi KoedIIIEHTOM
3BOPOTHBHOTO X0y PSAKOBOI pO3ropTKH. BinnoBiqHO Npy BioMUX 3Ha4eHHSX T, i
o, Bu3Havaerbes T,,=T,*(1-0,). st crangapty tenebadeHns o,=0.18.

[lepiox xampoBoi posroptkr T, =T +Ty, ae T 1 Ty Yac mpsiMoro i
3BOPOTHBOTO XOMA1B KaJIPOBOi PO3TOPTKHU.

Bimnomrennss T, /Ty=0x Ha3uBaeThcs KOE(DIliIEHTOM 3BOPOTHHOTO XOIY
KaJIpOBOi pO3ropTKU. Uuciao TeneBI3iMHUX pAJKiB, MO (GOpMYIOThCA 3a Hac
npssMoro xoy npomenst, Z,=(1-oy)*Z.

s ctanaapty Tenebauenns a,=0.08

Ha puc 5.3. mnokasanuii TeneBI3IMHMA pacTp, IO yTBOPEHUM
Yepe3psIKOBOI0  PO3rOpPKOI0, sika mependavyae (OpMyBaHHS OJHOIO KaJpy
300pakeHHsI 3 JIBOX IIOJIB sKI TIEepeAaroThcs TMOCHiIoBHO. B mepiromy moii
BUKPECIIOIOTBCS  HEMapHi, a B JAPYroMy — MapHi psSJIKM pacTtpa (OCTaHHI Ha
PUCYHKY TIOKa3aHl IITPUXIYHKTUPHUMHU JiHIsIMHU). JIMCKpeTHE 3MillleHHS
300paKE€HHs] Ha OJMH PSJIOK B KOXHOMY TOJII HE (IKCYEThCS OKOM uepes
IHEPTHICTh JO CIPUUHATTA MEpPEMIIIeHHS OO0'€KTIB B MOJI 30pYy, SKIIO YacTOTa
3MiHM 300paxkeHb He MeHme 15-16 ['m. Tomy npu BHOOpI 4YacTOTH KaApiB
fi=25T"11 3a0e3neuyeThCsl 3MUTICTh CIPUHHSTTS 300pa)KEHHS JABOX MOJiB. B TOM
e Yac BIATBOPEHHS 300pakeHHsS B KOXHOMY moji 3 dacrororo f,=2f=50I"1
BHUKJIIOUa€ MEPEXTIHHS ICKPABOCTI, TaK SIK BUKOHY€eThcs BUMora f,>=f.,,.

Puc. 5.3. PacTp npu 4epe3psaakoBii po3roprui

3MEHIIeHHs] 4YacTOTH KaJpiB B JBa pa3d B MOPIBHAHHI 3 MPOTPECUBHOIO
PO3rOPTKOI0 TPU TOMY K YHUCIl PAOKIB B Kajapl NPUBOAUTH A0 MOJABIHHOIO
3MCHIICHHS  YaCTOTH  PSIAKOBOI  PO3TOPTKM 1 CMYTH  TIPOITyCKaHHS
BIJICOMIACHIIIOBAYa, fAKa € HeoOximHorw. Jlms ¢opMyBaHHA Uepe3psIKOBOi
PO3rOPTKA HEOOXITHO 3a0€3MEeYUTH HACTYIHI yYMOBH: YHCIO PSAIKIB B Kajapi
MOBUHHO OyTH HE TMapHHUM, Tak K Z=2*m+]1, me m — miJie YuClo; YaCTOTH
PSAKOBOI PO3TOPTKH TOBUHHI OyTH >KOPCTKO 3B’Si3aHI MIXK COOOIH yMOBOIO
2f,=Zf,=(2m+1)f,.
B pe3ynbTaTi BUKOHAHHS IIMX YMOB JIPYTE TMOJI€ MOYMHAETHCS 3 TTOJIOBUHU
psAlKa 1 BCl PSAAKU BUSIBISIOTHCS 3MIIICHUMHU T10 BEPTHKAJIl BIJHOCHO PSI/IKIB
MIEPIIIOTO OIS,
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UYepespsiikoBa pO3ropTka BUKOPUCTOBYETHCS B TEJEBI3IMHUX TPAHCIISIIAX 1
B pAAl  MPOMUCIOBHX TeJeBi3iiiHUX ycTaHoBOK. B CBI pexomeHayeThes
BUKOPHCTOBYBAaTH TPOTPECUBHY PO3TOPTKY, MpPH SAKIM BIACYTHI 4epe3psIKOBI
MEPEXTIHHS, SIKI TPU3BOIATH O BTOMHU 30py OIeparopa.

Jlo mepeBar CBI pacTpoBOro Tumy BiTHOCSTBCS : YHIBEpPCAJNbHICTb, sKa
703BoJIsie BimoOpakaTu Bci BUAM IM; MOXIHMBICTH CyMilIeHHS 1H(GOpMaIiHHUX
Mojieniel, Kl POPMYIOThCSI METO/IOM €JIEKTPOHHOTO CHHTE3Y (3HAaKOTeHeparlii), 3
HAIIBTOHOBUMHU 300pa)KEHHSIMH, SIKI OTPUMYIOTHCS 32 JOTIOMOTOIO TEIEBI31MHUX
Kamep.

[Ipu ¢opmyBanHi 300pakeHHS HAWMEHIIMMHU €JIEMEHTaMH € TO4Ykd. BoHH
PO3MIIIYIOTBCA  B3JIOBXXK KOXKHOrO psjaka Ha (ikcoBanux wiciax. s
MOHOXPOMHHX 1HJIMKATOPIB  KOXHIA TOoUIll 300pa)KeHHS BIJIOBIIa€ KOMIpKa
3amam’sITOBYIOUOTro MPUCTPOIO, KyJU 3aHOCATH 1 abo 0 B 3a11eKHOCTI Bl TOTO, UM
MOBUHHA TOYKa MiACBIYYBaTUCh 4d Hi. KiUIBKICTH PSAKIB 1 TOUYOK B PANKY SK
NPaBUJIO BUOMPAIOTH KPaTHUM 2" , 10 BiAMOBITa€ CTPYKTYpPi MIKpOCXEM mam’sITi
Ta CYTTEBO CIIPOIIYE CXeMY 1HTEp(eEcCy.

300pakeHHsT Ha ekpaHi (GOPMYIOTh BiJCOCUTHANIAMU, SK1 JJIsI KOXKHOI TOUKH
nepefarnTs 1HQOpMalilo, SKy 34YHUTYIOTh 3 BiJeomam’ siTI CHHXPOHHO 3

PO3TOPTKOIO.
Jlnst oTpUMaHHST HAIIBTOHOBOTO 300paXeHHS BiJ€ONaM'siTh BKIIOYA€E KUIbKa
onHakoBux mapiB . Ilpu QopMyBaHHI 300pakeHHS JaHHI 3YUTYIOTHCA

napajiebHO 31 BCIX IIAPiB 1 MOJAIOTHCS Ha MUGPO-aHATOTOBUN MEPETBOPIOBAY 3
YHUCJIOM PO3PSIIIB, SIKE BIJIMOBIIA€ KUTBKOCTI IIAPIB.

PosnoainpHa 3/1aTHICTh KOJIBOPOBUX MOHITOPIB BU3HAYAETHCS HAa BIJIMIHY BiJl
YOPHO-OUTUX (PI3UYHUMHU PO3MIpaMu TpiaJl TIOMIHO(DOPHUX 3ePEH Ha EKpaHi.

[Ipu cunxpoHHoMy (GopMyBaHHI 300pa’K€HHS 3HAUEHHS MPSIMUX KOJOBUX
enemeHTiB (IIKE) dopmyroTbcs CHMHXpPOHHO 3 XOAOM PSIKOBOI PO3TOPTKU 1
nogaroThcsi Ha kepytoul Bxoau (R,G,B) TB wmonitopa. Cucrema Moxe
BUKOHYBAaTHU 3MIHY KaJpiB 300paxk€HHs 3 yacToToo TB po3ropTku, ogHak e
crocid XapakTepU3yeEThCsl 3HAYHUMU anlapaTHUMU 3aTpaTaMu.

AcuHXpoHHHUI cnoci0 nepenbavae Oydepusanito macuBy 3HaueHb [IKE
eneMeHTIB 300paxeHHs B Bineonam’sTi (BII). Po3noxain npouenyp ¢gopMmyBaHHs 1
pereHepailii 300pakeHHsI 3HIMAIOTh OOMEXKEHHS Ha CKJIAJHICTh 300pakeHb IO
dbopmyroTbest.  Jlpyra BaxkiuMBa TmepeBara — MOXJIMBICTh pericTpaiii 1
BIJIOOpa)XCHHS IIBUJIKOTUIMHHUX TpoleciB. B  OLIBIIIOCTI BHUIIAJKIB 1HTEpEC
MIPEJICTABIIIE HE CaM TPOIIEC, a KIHIIEBUI pe3yJbTaT YU Tpaca CTaHIB, SIKa MOXKE
OyTH 300pa’keHa 3 3HAYHO OLIBIITOI0 TOYHICTIO, HIXK B CHHXPOHHHUX CHCTEMax.

Bucoka mnpoayKTHBHICT ACHHXPOHHHUX CHCTEM TeHepallli 300pakeHb
3a0€3Meuy€eThCS: BUKOPUCTAHHIM BHUCOKOMPOIYKTUBHHUX Tpa(iqHUX IMPOIECOPiB
(I'TIP); nmomatkoBoro o00poOkoro IIKE Oe3mocepennbo mepen BHUBOIOM Ha
MOHITOD.



72

KoHTposbHiI 3anuTaHHS.
1. Sxi Tunum po3ropToK Bam BiOMI ?
2. IlpuBeniTb OCHOBHI MapaMeTPH MPOTPECUBHOI POSTOPTKHU.
3. B skux BUMagKax BUKOPUCTOBYIOTH CHHXPOHHY Ta aCHHXPOHHY pacTpOBi
pO3ropTKH ?
4. Sk opraHi3oByeThCs MOAMdIKAIls BileonaM ATi IPH pacTPOBii po3roprii ?

5.2. BekTopHuii npuHUMI Bigo0paskeHHs iHdopmauii

B BekTOpHUX TpHUCTpOsX BigoOpakeHHs iHGopMallii 300pakeHHST OTPUMYIOTh
B BUIJISIII HAOOpPY BEKTOPIB, AYT, TOYOK 1 CUMBOJIB, Kl aIpeCyrOThCs B 3aJaHIN
cucteMi koopauHat. [Ipu 1bOMY BHKOPHCTOBYETHCS aBTOHOMHA IaM'sTh, SKa
30epirae KOOpJMHATH TOYOK, KIHIIIB BEKTOPIB 200 KO 3HAKIB, a TAKOXK KOMaH/IH
, SIKI BU3BHAYAIOTh PEKUM poOOTH mpucTporo. [Hpopmaliis 3 mam'sTi MOCHITI0BHO
noctynae B OJOK KepyBaHHA AHUCIUICEM, IPUYOMY KOOPIUHATH, SIKI 3YUTYIOTHCS
BKa3ylOTh TOYKY, B SIKy HEOOXIJHO BCTAHOBUTHU EJEKTPOHHHUU MpomiHb. I[lpu
bOMY ITPOMIHb MEPEMILLYETHCS B HOBE MOJIOKEHHS Bl TOUKH, siKa OyJjia BKa3aHa
MONEpEeHIMA KoJaMu. B 3alexHOoCTi BiA 3aJaHOi KOMaHIW MiJ Yac pyxy
€JIEKTPOHHOTO TMPOMEHS HOro TPAEeKTOpis BHUCBIYYETbCS Ha ekpaHi ( Toml
B1I00pa’Ka€eThCs BIAMNOBIIHUIA BEKTOpP , Ayra ab0 BUCBIUYETHCS TIIbBKH KIHIEBA
Touka). MOXIIMBUHN PEKUM MEpEMILIIEHHS TPOMEHs 0€3 MiACBIYyBaHHS.

OCHOBHUH HEJOJIIK MPUBEACHOTO MIAXOAY TMOJISITa€ B OOMEXKEHIN CKIIQIHOCTI
300pakeHHsI, SIKE€ MOKe OyTH BUBEJICHOIO HA €KpaH 0€3 MUTOTIHHSL.

[Ipu BekTOpHOMY HpUHLHUITY (POPMYBaHHS 300pa’KEHHSI BUKOHYETHCS JOBUIbHE
ckanyBanHs. lle o3Havae, 1m0 BIAPI3OK MPSAMOI MOXKE OyTH BUKPECICHUM
Oe3mocepeTHbO BiJT OJIHIET TOYKH JI0 1HIIOT.

V¥ BEKTOpHOMY JUCILIET Ha 3araM’ ITOBYIOU1i €J1eKTPOHHO-ITPOMEHEBIH TpyOI1Il
BUKOPUCTOBYIOTh JIFOMIHO(OpP 3 BEJIMKUM 4acOM MicIACBITIHHA. JIiHis abo niTepa
3aUIIAIOTHCS HA Hi BUAUMHUMH MPOTATOM TPUBAJIOTO Yacy J0 THX Tip, MOKHU HE
CTaHyTh Hepo3pizHeHuMU. [1[00 HamaroBaTH BiIP130K HA €KpaHi , IHTEHCUBHICTh
mpoMeHs 301BIIYIOTh IO TaKOi BETMYMHH, KA MPU3BOIUTH 10 3allaM'STOBYBaHHS
Ha uoMiHoopi. [nsg cThpaHHA 300pak€HHS Ha BCIO TPYOKy MOJAIOTh
creunlajbHy Hampyry , sika 3HIMae CBIYeHHs JroMiHodopy. Bureptu oxpemi
€JIEeMEHTH 300pa)K€HHSI HEMOXJIMBO SIK 1 OpraHi3yBaTH JIWHAMIYHUA pPyX YU
aHIMaIlifo.

B nucrei Ha 3EIIT uyepe3 pAeskuil yac BHUKOHYIOTH IE€PEMalIbOBYBAHHS
300pakeHHs.

VY BekTopHOMY (III0 MaJIOE€ BIAPI3KM YW BEKTOPH) AWCIUICT 3 pEreHeparicro
300pakenHst Ha 0a3i EIIT BukopucToByeTbest JIOMIHOGOpP 3 TyKE€ KOPOTKHUM
yacoM MICJACBITIHHA. Takl aucmiiel 4acTo Ha3UBAaOTh AUCINIEIMH 3 JOBUILHUM
CKaHyBaHHsSM. Uepes Te, 110 Yac MiCIACBITIHHS JOMiHO(Opa Maiui, 300paKeHHs
Ha EIIT 3a cekyHay mNOBHMHHO Oararopa3oBo IEpeMallbOBYBAaTUCh YU
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pereHepyBaTuch. MiHIMajgbHa MIBUJKICTh pereHepaiii MOBHHHA CKJIadaTH
npuHaiiMHI TpuauATh (1/c), a kpamie Big 40 go 50 (1/c). IBuakicTs pereHepariii,
mo menma 30 (1/c), mpuBeae g0 Toro, Mo 300pakeHHsT Oyae MEPEXTITH, SK IIe
OyBae, KoM KIHO(MUIEM MPOKPYUYETHCS HAATO MOBUILHO. Ha Take 300pa)keHHS
HEMIPUEMHO TUBUTHCH 1 HOTO BAXKKO BUKOPHUCTOBYBATH.

JI7is BEKTOPHOTO AMCILICIO 3 pereHepaiiieio HeooxigHo kpim EIIT me nBa
eJIeMEHTa : AUCIUIeiHuii Oydep Ta nucruielinuit kouTposep. Jducrnneitnuii 6ydep -
e Oe3nepepBHa AUISHKA MaM’sITi, Ika MICTUTh BCIO 1H(OpMAIIil0, HEOOX1IHY IS
BUBeieHHs 300pakeHHs Ha EIIT. dyHKIA IUCTUIEHHOTO KOHTpOJIEpa IMOJISATae B
TOMY, 1100 IUKIIYHO OOpoOJISATH 110 1HGOpPMAIlII0 31 MIBUAKICTIO pereHepartii.
CknagHicTh (YHCIO 300pakyBaHHUX BEKTOPIB) MAaJlOHKa OOMEXYEThCS JBOMA
dbakTopamMu - po3MIpoM JHUCIUICHHOro Oydepa 1 MBHUAKICTIO JAUCIUICHHOTO
KoHTposiepa. Ille ogHMM OOMEXEHHSM € IIBUIKICTH OOpPOOKHM T'€OMETPHYHOI
iHpopMarlii, HanpukiIaa MBUAKICTh BHUKOHAHHS TaKUX  OIEpallii, sK
MEPETBOPEHHS Ta BIJICIKAHHSI.

frr FeoMeTpHTHss Descreme Rt DercHmesiess Tenepasop Be- @
npoxecop Gpdep | zowrpogep | | mropis/zime

i Ocomesfoni || Peovesprransi | | Mucrmedment Teneparmop Be- @
Bpdep nporecop |_Eoigponep | wRopip/oime

Puc.5.4. KonuenryanbHi 6JI0K-CXeMU BEKTOPHUX JTUCIUIEIB 3 PEreHEPALII€IO.

Ha pwuc.5.4. npeacraBineHi OJOK-CX€MH JBOX BHCOKOIPOIYKTHBHHUX
BEKTOPHUX JHUCIUICiB. B 000X BUIagKkax MPHUITYCKAETHCS, 10 TaKi F€OMETPUYHI
NEPEeTBOPEHHS, K MOBOPOT, IMEPeHOC, MaclTaOyBaHHS, IEPCIEKTUBHE
NPOEKIIIIOBaHHS Ta BIJACIKaHHS, peai30BaHl amapatHo B T'E€OMETPUUYHOMY
nporecopi. B nmepmomy Bumnanky (puc.5.4, a) reOMETpUYHUIN MPOIECOP IpaItoe
MOBUIBHIIIE, HIXK 116 HEOOX1aHO mpu pereHeparilii 300paxenb(Big 4000 1o 5000
BEKTOpiB). TakuM YMHOM, N€OMETPHUYHI AaHl, 10 MOCHJIAIOTHCS LEHTPATbHUM
nporiecopaum npuctpoem (LIII) rpadiunomy pucrniero, 0oOpOOISIOTHCS A0
30epiranHs B guciieiHoMy Oydepi. OTxe, B HbOMY 30€piraroThCs TUIBKU Ti
IHCTPYKIIli, fKI HEOOXiJHI TeHepaTopy BEKTOPIB Ta JITep s BUBEICHHS
300pakeHHs. JlucrnmedHuid KOHTpoJiep 34uTye 1HGOpPMAII0 3 JAUCIUIEHHOTO
Oydepa 1 mocunae ii reHepatopy BeKTOpiB Ta JiTep. llpu mocsrHeHH1 KIHIA
nucrieiiHoro Oydepa KOHTpoOJIep ITOBEPTAEThCS HA WOr0 TMOYaTOK, 1 ITUKII
MOBTOPIOETHCS 3HOBY.

B npyriii cxemi (puc.5.4, 6) reoMeTpUYHUN MPOIIECOP MPAITIOE TIIBUJIIIE, HIXK
HEOOX1/IHO JJIsl pereHeparii J0CTaTHbO CKJIaJHUX 300pakeHb. B 11boMy BUMAAKY
BHXIJIHa reoMeTpuyHa 0a3a maHux, mocnana 3 LII1I1, 306epiraerbcs 6e3mocepeHbO
B JUCIUIeiiHOMY Oydepi, a BEKTOpH, SIK MPaBUIIO, 3aal0ThCS B KOOpAMHATAX
KOPHUCTYBaya B BUIJISI/II YKACEN 3 MJIaBAIOYOI0 TOUKOM. JucrneiHuit KoHTpoJiep 3a
OJIMH IUKJI pereHepailii 3untye iHdopMaliio 3 guciieiiHoro Oydepa, mpomyckae
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il yepe3 reoMeTpUYHUN TPOIIECOp 1 pe3ysbTaT Mepelae TeHepaTopy BEKTOPIB.
IIpy Takomy cmoco0i OOpOOKM TeOMETpUYHI TMEepPEeTBOPEHHS IOBHUHHI
BUKOHYBATHCS MPOTATOM OJHOTO IUKITY pereHeparii.

MartpruHnii ekpaH , K IIPAaBWIO, YTBOPEHUM HE3AJEC)KHUMU TUCKPETHUMU
€JIeMEHTaMH, IO J03BOJSE MIACBIUYBaTH  JOBUIBHO BHOpaHH eleMEHT
PosrnsHemo s mpuKiiagy razopo3psany iHgukanidny mnanens (L)
MOCTIHHOTO CTPyMYy.

Konctpykrusno I'll1 mocTiitHOro cTpymy sBIIi€ COOOIO A1€NEKTPUUHY IIATIBKY
4 3 oTBOpamu-KoMipkamu (puc. 5.5). 3 IBOX CTOpIH BiJ PEUIITKH pPO3TAlIOBaHI
CHUCTEMH PIBHOODKHHMX €JEKTPOIiB 2 1 5, IO MepexpeliyroThes Mija MPSIMUM
kyToM. [lanens mMae 3axucHi crekna 1 1 6, a kopnyc- repmerruzoBanuii. Komipku 3
PO3TaIllOBaH1 B MICIISIX TIEPEXPEIlyBaHHS €JIEKTPO/IIB , 3alIOBHEHI 1HEPTHUM T'a30M
(HEOH, CyMIIIT HEOHY 3 a30TOM a00 HEOHY 3 aprOHOM 1 T.J.) 1 YTBOPATH MiHIaTIOPHI
ra3opo3ps/iHi MPUIAAN, Y SKUAX OJIHA CHUCTEMa EJEKTPOJIB BUKOHYE (DYHKIIIIO
KaToJiB, a JApyra CUCTeMa €JEKTPOAIB - (DYHKIIIO aHOJIB. SKIO Ha OAHY 3 Tap
«aHOJ-KaTOa» TOJIaTH HANPYTY, BEIMYWHA SKOI TIEPEBUIIYE MPOOWBHY HAIPYTY,
TO B KOMIpII , PO3TAIIOBAHOI B MICIl iX MEpeXpellyBaHHsA, BUHUKAE TIIIOYUI
po3psiA 1 KOMIpKa  CBITUThCA. Hampyra ropiHHS KOMIPKM MEHIIA Hampyru
3amajgtoBaHHA. SIKIIO Hampyra MojaBaTH IO 4ep3i JO0 CTOBIYHUKIB 1 OJHIHN
TOPU30HTAJIBHIN IIWHI, TO KOMIPKH IOTO PsI/IKA 3aMaJIFOIOThCA MO 4Yep3l 1 TOUKa
nepeMimaerbesi 3 oaHoro kpawo 'l go iHmoro. TakuM 4YMHOM, MIAKIIOYAIOUU
NEepIoJIMYHO 3 BU3HAYEHOIO YaCTOTOI0 HEOOXIJIHI KOMIPKH, MOXHa OJIepKaTH
300pakeHHs moTpiOHOoro 3Haka. 1l mocTiiHOrO TOKYy HE MarwTh IaM'sTh,
YHACJIJIOK 4YOTO JJIsi OJIepKaHHS 300pa’KeHHS HEOOX1JHO MEPIOUYHO IMOJaBaTH
Kepyro4l IMITyJIbCH MOCTIZIOBHO Ha BCI PSIKU MaHETI.

\ /

Puc. 5.5. I'a3opo3psaHa nmaHeJb NOCTIHHOTO CTPyMY

o PP w N

['IIT 3minnOTO cTpym™my Big ['IIT moctiiftHOTO CTpyMy BIAPI3HSETHCS TUM, IO B
HEl eJEKTPOJAU BIAJUICHI BiJ Ta30BOT0 MPOMDKKY MPOIIAPKOM JieNIeKTpUKa, Ha
SKOMY TIPY MPOXOKCHHI CTpyMy Hepes MIPOMIJKOK 4acy yTBOPSATHCS €IEKTPUYHI
3apsAd, MO TacsaTh PO3PsA 1 TMOJNETHIYIOTh WOTrO 3amajiiOBaHHS MpH 3MiHI
MOJISIPHOCTI Hampyru . EnexTpudHe moJie BKa3aHWX 3aps/iiB Ha CTIHKAX KOMIPKH
00YMOBITIOE 11 TTaM'SITh.
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KoHTponbHi 3anuTaHHS.
1. B yomy cyTTeBa BIAMIHHICTH PAcCTPOBOTO Ta BEKTOPHOTO MPUHIUITY
BimoOpaxeHHs iHpopmartii ?
2. SIki  1HAMKATOPHM  3aCTOCOBYIOTH  MpPH  BEKTOPHOMY  MPHUHIIMII
BimoOpaxeHHs iH(popmartii ?
3. [IpuBeniTh KOHLIENITyalbHI OJIOK-CXeMH BEKTOPHUX JIUCIUIEIB 3
pereHepali€ero.

6. IlpuHuunm Mo0y10BM MPOTrPAMHMX 3aC00IB MalIMHHOI rpadiku
6.1. Knacugikauiss mpo0jieMHO-0OpicHTOBAHUX rpadgivyHUX MOB

[IpoGiiemMHO-OpieHTOBaHI TpadidyHi MOBH, 110 BUKOPHUCTAIOTHCS B CHCTEMax
MaIIMHHOI rpadiku MPUUHATO KJIAcU(}IKyBaTH IO HACTYITHUM O3HAKaM:
- ONIEPATUBHICTB;
- HasIBHICTb 3aC001B JUIsl ONKCY olepaliid 00poOKH ;
-3B'SI30K 3 YHIBEPCAJIbHUMHU  aTOPUTMIYHUMU MOBAMH
MpOrpaMyBaHHS;
-METO/1 3aBJIaHHs KOMaH/1 (ONepaTopiB) MOBH;
MICLIE B Iporieci 00poOKH rpapiyHUX JaHUX.

[To omepaTUBHOCTI MOBHM MOAUISIOTH Ha J1aJIOTOBI (OMEpPaTHBHI) 1 MACHBHI.
Hianorosi 3a6e3meuyoTh poOOTY B peaibHOMY MaciiTadl yacy HuIsiXoM 0OpoOKH
omepaTopiB MOBM B PEXKUMI IHTEpIpeTallii, M0 JO03BOJSE OINEPATUBHO
OTPUMYBATHU PE3YJIbTAT BUKOHAHHS MporpamMu B rpadiudiii popmi. B mianorosux
MOBax /Ui 3aBJaHHS oOmNepaTtopiB mnopsa 3 andaBiTHO-UU(PPOBUMH JTaHUMHU
BUKOPUCTOBYIOThCS 1 TpadiuHi MOOYJOBH, IO BUKOHYIOTHCS Ha rpadiyHOMY
TEpMiHAJIl 3a JOMOMOTOI0 MPUCTPOIB BBeACHHS . [lacMBHI MOBU 103BOJSIOTH
3a/laBaTH CYKYNHICTh TpaiuHUX omepariil B BUIVIAIAlI JEIKOTO CHUMBOJIIYHOIO
OMUCY 3 HACTYMHOI KOMIIUIAIIEIO ITUX OMHUCIB 1 BAKOHAHHSM B PEKUMI MAKETHOI
00pOOKH.

[To HasiBHOCTI 3ac001B AJi ONUCY onepalii 00poOKH BUAUISIOTE 1H()OpMaIiiiHi
1 anropuT™MiyHi MOBH. [HpoOpMalliitHI T03BOJISIOTH OMMCYBATH TIABKHA TpadiuHi
JaHH1, AJITOPUTMIYHI MPU3HAYEH1 JAJIA ONMUCY IpapiyHUX JAaHUX 1 omepariil Haz
HUMH, BKIIFOYAIOYH OOYMCITIOBANIbHI Omepallii, onepanli ynpaBiiiHHS BBEACHHIM -
BHUBOJIOM 1 30€piraHHs JaHUX.

[To 3B'\I3Ky 3 YHIBEPCAIBHUMH QJITOPUTMIYHUMU MOBAaMH PO3PI3HSIIOTH
aBTOHOMHI 1 1 momMprooyl MoBH. [lepiia mae BracHy rpamaTKy, BiJIIOBITHUN
TPAHCJISATOP 1 MOKE 3aCTOCOBYBATUCS HE3AJICKHO B1JI IHIIIUX MOB MPOTPaMyBaHHSI.
[Tommproroui MOBM OyIyHOThCS Ha OCHOBI I'paMaTUKM I1HIIOT MOBH 1 € HOro
rpagiyHIM  JTOTIOBHEHHSM. ba3ow  po3MMpEeHHS  HaW4acTille  CIy>KaTb
yHIBEpCalIbHI QJITOPUTMIUHI MOBM . Takuil MiXiJ 103BOJIsE BUKOPUCTATH BCI
HasiBHI B 0a30Biii MOBI MOTYXH1 3acoOM OOpPOOKHM JaHUX 1 CHOPOCTUTH 3B'SI30K
MaIIMHHOT Tpadiku 3 TPOEKTYIOIOYMMH KOMIIOHEHTAMH CHCTEMH, a TaKOX



76

3a0€3MeunT B 3HAYHIA MiIpl HE3aleKHICTh MOBH Big tuny EOM, sky
BUKOPUCTOBYIOTb.

[To cmocoOy-3aBaaHHST OMEPAaTOpPiB MOBU TOAUISIOTHCS HA CHUMBOJIIYHI
(andaBitHO-IMPpoBi1), 1HUPpoBi, 1 rpadocumBomiuHi MoBHU. Ilporpama Ha
CUMBOJIIYHIM MOBI TIPEICTABIISAE MOCTIOBHICTh TEKCTOBUX PSIKIB (DIKCOBAHOTO
ab6o moBuTbHOTO (popMmaty. [{udpoBi MOBH TIPEACTABISAIOTH CYKYITHICTh KOJOBHX
KOMOIHAIli, B SKUX YUCJIaMHU 3aJal0ThCS SIK KOAU TpadiyHUX KOMaHI, TaK 1 iX
napametpu. ['padocuMBOiYHI MOBH, SK TPABWIO, IIaJOTOBI 1 JTO3BOJISIOTH
3ajaBatu Tpadiudy iHdopMmaiiro B ¢Gopmi KomOiHAIII TEKCTOBUX IUPEKTHUB 1
rpadiyHUX TOOYIO0B.

I[To wmicuro B mporeci 00poOku rpadiyHUX JaHUX PO3PI3HAIOTH BXI1JIHI,
BHYTpIIIHI 1 BUXiAHI rpadiydi moBu. Bxiani rpadiuni moBu (BI'-MOBH)
IpU3HaYeH1 11 onucy 1 BBeaeHHs B EOM rpadiuynux naHux 1 3aBIaHHS 1M HaJ
HuMu . 3Buuaiino, BI-MOBMU BximovaroTs Aeskuii 6azucHuii HaOlp rpadiyHuX
omepaTopiB 1 nependayaroTh MOXKJIMBICTh PO3LIMPEHHS 1X B 3aJ€KHOCTI Bij
crietudiku 007acTi 1 yMOB 3aCTOCYBaHHs. 3araibHUMU i 0aratbox BI'-MOB e
MIIMHOXKMHM KOMaHJ, L0 3a0e3MeuyroTh: M00yJ0oBY rpalyHUX MHPUMITHBIB;
3aBAaHHS aTpuOyTIB rpadiyHUX MPUMITUBIB; MOOYIOBY rpapiyHUX 300pa’kE€Hb
JOBLIBHOI KOH(Iryparii; moOyaoBy 300pakeHHS 3 OOMEXEHOI MHOXKUHU
€JIEMEHTIB, $KI MalTh THUIOBY KOH(Irypalito; IEepeTBOPEHHS 300pa)K€HHs
(aiHHI Ta 1H. TEPETBOPEHHS); NOKYMEHTyBaHHs 1HQopMauii B rpadiyHomy,
TEKCTOBOMY BWIJIsAI a00 3amuc HAa MAalIMHHI HOCI(; TpuUiloM 1 mepenavy
1H(dOopMaIlii; ynpaBimiHHS OpUiiaaMu BBOIY.

[liTMHOKMHM [HUX KOMaHA MOXYTh OyTH TMOIIUpPEeHi abo CKOpouYeHI B
3aJIEKHOCTI B1J] 001aCTi 1 YMOB BUKOPHUCTAHHSA KOHKPETHOI MOBH.

BHyTpimHi MOBHM TpU3HAYEH] NIl MPOTPaMHOI OOpOOKM JaHUX, HAKOMUYCHHS
Ta 30epiraHHs iX B CHCTeMi, 3a0€3MEYECHHS TMPOTOKOIIB 3B'S3KYy MIX
PI3HOMaHITHUMH KOMIOHEHTAMHM CHUCTEMH. B CydacHHX cucTeMax BHYTpIIIHI
MOBU BUKOPUCTOBYIOTBCS TakKOX JUIsl 3alUCy JaHUX B Tak 3BaHi IpadivHi
Mertadaiini, B SKHX 300pakeHHs 30epiratoTbes B (popmaTax, HE3aJIeKHUX Bij
KOMaH/]T KOHKPETHUX rpadiuHuX IpUIaiB.

Buxigni MoBu mpu3HadeHi 1y BUBOAYy AaHux 3 EOM 3 meroro rpadiudoro
BiI0OpaXkeHHs Ta JoKymMeHTyBaHHs. DopmaTu 1 Habip onepaTopiB BUXITHUX MOB
Ty>Ke 3aJIeXaTh B1Jl MPWIAIB rpadiyHOrO BUBOAY, 10 BUKOPUCTAIOTHCS.

KoHTposbHi 3anuTaHHs.

1. Ha3BiTh 00OnacTi 3aCTOCYBaHHSI OINEPATHBHUX Ta MACHBHUX TpadiaHMX
MOB .

2. Sk tpadiuHi MOBU MAPO3AUISMIOTECS IO MICITI0O B MpoOIeci 00poOKu
rpadiuHuX gaHUX ?

3. Slki KOMaHJIM BIACTHUBI BXIJHUM, BHYTPIIIHIM Ta BUXIAHUM TpadiuHUM
MOBaMm ?
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6.2.0CcHOBHI MigX0au 10 PO3pPOOKH MPOrPaAMHHUX 32C00iB MAIIMHHOI rpadiku

['padiuyni MOBH peani3yloTh NIISXOM PO3IIUPEHHS YHIBEPCATbHUX MOB
MporpaMmyBaHHs a00 IUIIXOM PO3pOOKH aBTOHOMHHX MOB.

B  crpykTypi mporpamMHOro  3a0e3meUeHHS ~ MPOOJIEMHO-OPI€EHTOBAHUX
rpadiyHUX CHUCTEM Ha OCHOBI PO3IIMPEHHS ICHYIOUMX aJITOPUTMIYHHX MOB
3arajJbHOTO MPU3HAUYEHHS MOKHA BUAUINTH MPUHAWMHI I'SITh PIBHIB.

HynboBuil piBeHb CKJIaJal0Th CHUCTEMHI NPOrpaMH YIMPaBIIHHS BBOJOM-
BUBOJIOM (IpaiiBepu) rpadiuyHUX MPHUIAAIB, IO CTBOPIOIOTHCA, SK IPABUIIO, 3
BUKOPUCTAHHSM MOB IIPOTrpaMyBaHHs HU3bKOTO PiBHA (aBTOKO/H, acCEMOJIEPH).

[Tporpamue 3a0e3nedeHHs] MEPIIOro PiBHS sIBJsi€ co000 TpadiuyHi aBTOKOIU
pUIaAiB, 3 BUKOPUCTAHHSM SIKUX OpraHi3yeThcsi (opMyBaHHs (aiijiiB BUBOY Ha
rpadivHi NpuIaau.

Hpyruii piBeHb ckiaaae 0a30Be IporpaMHe 3a0€3MeUYeHHs] MAalIMHHOI Tpadiku
(BII3 MI') - anpo po3mupeHHs: anroputMiyHux MoB. BII3 MI' cTtBoproeThes sik
He3aJeKHE BiJ] BJIACTUBOCTEM KOHKPETHUX MPUIAAiB 1 MOpoOJIEMHOIO
3aCTOCYBaHHS 1 peanizye HalOUIbII PO3MOBCIOKEH] (DYHKIIIT BBEJEHHS, BUBOY 1
30epiranHs rpagiynoi iHpopmanli. BoHo € npeamerom yHigikaiii K B paMKax
OJIHI€1 MOBH, TakK 1 B LINIOMY B CHCTEMaX MAIlIMHHOI Ipadiky .

Tpetiil piBeHb CKJIaJa€ NPOrpaMHe 3a0€3MEYEHHs, 1[0 BKIOYAE HANWOUIbII
IpeICTaBHUIILKI (PYHKIIIT KOHKPETHOT 00JIaCcTi 3aCTOCYBaHHS, HAPUKIIA],
nporpamMu moOynoBu TrpadikiB JJis CHUCTEM aBTOMAaTH3allii EKCIIEPUMEHTY,
nporpaMu (OpMyBaHHSI €JIEMEHTIB KpECJIeHb MAJIi CUCTEM aBTOMAaTH30BAaHOTO
npoekTyBaHH: 1 T. 1. L{i mporpamMu BUKOPUCTOBYIOTH MPOTrpaMH JIPYroro piBHA 1 €
JIOTIOBHEHHSM HOro /U1 KOHKPETHUX 3aCTOCYBaHb.

OcraHHil, YeTBEPTUH PIBEHb MPOrPAMHOTO 3a0€3MEUCHHS CKJIAal0Th
MporpamMu_ KOPUCTYBaylB CUCTEMH 1 IPU3HAYEHI JJIsl OPIEHTOBAHUX CHCTEM .

[Iporpamu Apyroro i TpeThOro PiBHIB, SIK MPaBWJIO, 00'€IHYIOTHCS B MAKETH
npukiIagHuX mnporpam MamuHHOI rpadiku (I MI) 1 ckimagaroTh OCHOBY
PO3IIMPEHHS ANITOPUTMIYHUX MOB .

Buxoasuu 3 cTyneHl 3aleKHOCTI MAakKeTiB MNpUKIagHuX nporpam MI Bixa
KOHKPETHHUX THUMIB rpaiyHUX MPUIAIIB 1 TPYJOEMKOCTI iX HACTPOMKU Ha poOOTYy
3 MpWJIAJIaMH 1HIIUX THUIIIB, PO3PI3HAIOTH YOTUPH piBHS iHBapianTHocTi [T MIT
710 TpadpiYHUX MPUIAIIB.

Pisenp 0 - makeT OpiEHTOBaHWUN Ha 3aCTOCYBaHHS KOHKPETHOTO Habopy
TEXHIYHUX 3acO0IB 1 MPAKTUYHO HE Ma€ 3aco0iB HACTPOWKM Ha 1HII TPHIIAJIH.
[TepeBaramu III1I1 1150T0 PiBHS € MOXKIIUBICTh JOCATHEHHS BUCOKOT €(DEKTUBHOCTI
BUKOPHUCTAHHS MOXJIMBOCTEH MPUIIAIIB 1 MiHIMAJIbHI BUTPATH MIPOIIECOPHOTO Yacy
Ha TEPETBOPEHHS 300pa)KC€HHsS 3 CHCTEM KOOPAMHAT KOPUCTyBayda B MpUIIAIHY
cucteMy KoopauHat. OCHOBHHMI HEIOJIIK - HEOOXIAHICTh MepenporpamyBaHHS
BCIX 0a3uCHUX (YHKIINA MPU 3MiHI NPUIIA/IIB.
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PiBenp 1 - makeTu MNPUKIATHUX MporpaM MoOyJOBaHI MO MPUHIIMITY
«mepeBepHyTOi mipamignm» . BuxigHi AaHl B TaKUX IaKeTax € 3arajJbHUM
iHTepeiicom s BCiX rpadiuHUX MPUITAiB, OCKUIBKY HaOIp BUXITHUX rpadiuHux
OPUMITHBIB JyKe€ OOMEXEHHWIl, ajie JoCTaTHIA Ui TeHepamii Oyab-SKOro
300paxenHs. lleit HaOip MoOXe BKIIOYATH, HANPHUKIIAA, HACTYMHI NPUMITHBU:
TOYKa, BIJIPI30K IPsIMOi, asipaBiTHO-IIU(POBUN CUMBOJL.

[cTOTHIW HEMOMIK IBOTO MIAXOAY TOJISATAE B TOMY, IO BiH CHJIBHO OOMEXKYE
MOKJIUBICTh BUKOPHCTAHHS (32 YMOBH 30€peXeHHS iHBapiaHTHOCT1) QYHKITIH ,II10
peaizyBaiucsl arapartHo (HalpUKIaa, MoOyaoBa Iyr 1 K, JIHIA PI3HUX THIIIB,
TeKCTIB 1 T. 11.). Lle 301mbIIye 06CsT mporpaM makery, 10 MOASTIOTh 11 YHKITT,
3HIKYEThCSL edeKTUBHICTh BUKopucTanHsi EOM, 3pocrae yac ¢dopmyBaHHS
300paKeHHs.

IlepeBara Takoi opranizamii II[III MIT monsraec B 1HBapiaHTHOCTI
NPUKJIAJAHUX TPOrpaM KOpHUCTyBauda a0 rpadiyHUX MPHIAIIB 1 B MiHIMaIbHIN
TPYAOEMKOCTI HACTPOUKH CaMOTO TMaKeTa Ha HOBI MPUCTPOI IIITXOM HAHMCAHHS
Iy’Ke 00OMEXKEHO1 KUIBKOCTI Iporpam (popMyBaHHSI BUX1IHUX MPUMITHBIB MaKeTa
B KOJ[aX IIPHUCTPOIO, IO M IKIIOYAETHCA.

PiBeHp 2 - piBeHb BIPTyaJIbHOIO I'pa(iqHOro MPUCTPOIO, TOOTO MPHUCTPOIO,
AKUW Ja€ KOpPUCTyBady JAesSKUi yHI(pIKOBaHMN HAOIp BXIJHUX 1 BUXIJIHHUX
(YHKLIA B HE3AJIEXKHOCTI] BIJl TOTO, UM € (PI3UYHHI €KBIBAJIEHT TAKOTO MPUCTPOIO
B cucrteMi yu Hi. [IIIII MI' HacTporweTbcsi Ha Takuil BIPTyaJbHUN HPHUCTPIA
(rpadiunuii mporokoin). [TiAKIIOYEHHST KOHKPETHOTO rpadiyHOrO MPUCTPOIO 10
CUCTEMH 3 TaKUM IaKETOM Yy BHIIQJIKy PI3HMUII MDK HHUM 1 BIpTyaJIbHUM
IPUCTPOEM MOTPeOye pO3pOOKHU BIAMOBIAHUX MPOTpam, Kl JOMOBHIOIOTH JaHH
(b13UYHUM IPUCTPIH 10 BIPTYaIbHOTO IpadiqHOrO MPUCTPOIO.

Takuit miaxig epekTUBHUN 111 OaraToTepMiHAILHUX CHUCTEM, KOJIU OJIHA 1 Ta
K Tporpama TOBMHHA (OpPMyBaTH OJHOYACHO 300pakKeHHS A PI3HHUX
rpadiuaux npuctpois. [Ipu nbomy 361b11YETEC yac EOM, 110 3aTpavyaeThcs Ha
BUKOHYBAaHHS TEPEKOAYyBaHb 1 TEPETBOPEHHS KOOPAWHAT, aje JOCSITa€ThCS
1HBAPIAHTHICTh 10 TpadiuyHUX MNPUCTPOIB MPU OJHOYACHOMY MAKCHUMAIbHOMY
BUKOPHUCTAHHI iX anapaTHUX MOKIJIMBOCTEH.

PiBehb 3 — piBeHb BIpPTyaJbHOro  TIpaiyHOrO  MOPHUCTPOIO 3
HaIliBaBTOMAaTU30BaHOIO HACTpOHKow Ha ¢i3munuil mpuctpii. I MI' nporo
pIBHSL BIAPI3HSETHCSA BIiJ PIBHSA 2 TUM, II0O B CBOEMY CKJIaJll Ma€ MpPOTrpamy
3arajJbHOTO 1H()OPMAIIIHHOTO MOTOHKEHHS, sIKa Ha OCHOBI TaOJIHII MOXKIIMBOCTEH
OPUCTPOI0  BUKOHYE NPOTPAMHE MOJIEIIOBaHHS THUX (YHKIIN BIpTyaabHOTO
PUCTPOIO, SIKI HE peali3oBaHi anmapaTtHo B (pi3M4HOMY NMPUCTPOi . Takuit miaxis
JI03BOJISIE  3MEHILIUTH TPYJOEMKICTh CTBOPEHHS MpOrpaM, IO JOMOBHSIOTH
(b13UYHMIM IPUCTPIH 10 BIPTYaTbHOTO TPa(iqHOTO MPUCTPOIO CUCTEMH.
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KoHTpoibHI 3anTuTaHHS.

1. Ha sxoMmy piBHI pO3MIMPEHHS aITOPUTMIYHMX MOB PpO3POOJIAIOTH
JpaiiBepHi mporpamu ?

2. Slkmii piBeHb PO3IIMUPEHHS aNTOPUTMIYHUX MOB CKJIaJae SAPO

pO3LIMPEHHS ?

B oMy nossraroTh HeJOMIKY MPUHIMITY "TIepeBEepHyTOl mipamian" ?

4. TlpuBenith Aii, XapakTepHi pizHUM piBHiIM 1HBapianTtHocTi [T MI' o
rpad1yHUX TPUIAIIB.

w

6.3.CtangapTu MAIIMHHOI rpadiku

OCHOBHOIO METOIO0 CTaHJAPTHU3aIlll B 00JIaCTI MAIIMHHOI Ipadiku € po3poldKa
METOJANYHUX 1 0a30BHX MPOrpaMHUX 3acO01B JJIsl CTBOPEHHS TPAHCIIOPTAOETbHUX
MPUKIAAHUX MPOrpaM, 10 BUKOPUCTAIOTh TpadiuHi 3aco0H, TOOTO mporpam, siKi
BIJIHOCHO JIETKO TpaHC(OPMYBaTH 3 OAHIET KOH(DIrypaiii TEXHIYHUX 3ac00iB Ha
iHmny. Ile 3B's13aHO 3 TUM, O TpadivyHi TEPMIHAIHA BIAPI3HAIOTHCS SK CHCTEMOIO
rpadiyHUX KOMaH/[, TaK 1 KUIbKICTIO TPUIIAJIIB BBOAY-BUBOLY.

Opni TepMiHaiii o0JaAHaH1 Mai>ke MOBHUM HaOOpOM MPHIIAJiB, B TOW Yac K
1HIIIl MAarOTh JUIIE OJIHE a00 JBa (HAmpUKIIaJ, CBITJIOBE MEpo 1 KiaBlaTypy abo
TUIBKM OJHE cBiTJIOBE mepo). CraHaapTuzauis NOporpaMHOro 3a0e3neueHHs
MaIIMHHOI rpadiki 3aCHOBYETHCA Ha MPEACTaBICHHI BCIX MPUiIaaiB rpadiayHuX
CUCTEM 1 IXHIX XapaKTepUCTUK B JIESIKOMY YyHI(IKOBAaHOMY BUTJIAM 3 METOIO
OTPUMAaHHS JOCTaTHBRO THYYKOIO amapary eKBIBAJICHTHOI 3aMiHM OJIHOTO
¢b13u4HOTO MpUIIaNy 1HIIKM 0€3 3MIHU CYT1 IPOTPaMH.

[Hmra meta cranmapTuzaiii - 1€ JOCATHEHHS CTPYKTYPHOI 1 TEXHOJOTIYHOI
€IHOCTI PO3POOKM MPUKIATHUX TpapiyHUX Oporpam, M0 MOJIErurye poodoTy
MPOrpamicCTiB 3 PI3HOMAHITHUMHU peali3alisiMi CTaHAAPTHOTO IpadiyHOrO MaKeTy
B PI3HUX MOBaX NMPOTPaMyBaHHS 1 Ha PI3HOMAHITHUX OOYMCIIIOBAJIbHUX CUCTEMaX.

Cranpaptu3aliiisi TporpaMHOro 3a0e3NeueHHs] MalIMHHOI Tpadiku CTaBUTH
METOI0 3a0e3meunTd nepmmid abo Apyruil piBeHb Moaudikamii rpadiuHux
Mporpam Mpu ix NepPeHocl 3 OAHIET CUCTEMH Ha 1HIILY.

3 mosiBoto mepex EOM 1 posnomineHux rpadlyHUX CHUCTEM, B SIKUX
BiIOYBAETHCS PO3MOAUT (PYHKIIA MK JIOKQIBHUM TpadiuHUM MPOIECOPOM 1
obcnyroBytouoro EOM |, BuHukiIa mnpobiema craHmapTuzamii rpadiyHux
OPOTOKOJIB, pErjiaMeHTYIOUUX 3B'I30K  OOYHMCIIOBJIbHUX  MallUH  IpH
PO3MOINIeHI 00poOII TpadiyHUX TaHUX.

Kanacudikauis

VY ocHOBI po3poOku TpadiuHUX CTAHIAAPTIB JISKUTH MPUHIUI BipTyaJIbHUX
pecypciB, IO JJO3BOJIE PO3AUIMTH TpadidyHy CHUCTeMy Ha JEKUIbKa IapiB -
MpUKIaAHUN, 0a3ucHUM 1 amapaTHO-He3anexkHui. [Ipu 1bOMy KOXHMI ImIap €
BIPTyaJIbHUM pPECYpCOM JJIA BEpPXHIX IIapiB 1 MOXKE BUKOPUCTOBYBATH
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MOXJIMBOCTI HKIKHIX IIIapiB 3a JOMOMOIOK CTaHJAPTU30BAHMX MPOTrpaMHUX
iHTepdeiici. Kpim Toro, rpadiuni cucteMu MOXKXyTh OOMIHIOBATHCS 1H(GOPMAITIEI0
3 IHIIUMHU CHCTeMaMd ab0 MiJACHCTeMaMU 3a JOMOMOTOI CTaHIApPTU30BAHUX
¢aitniB a0 MPOTOKOJIIB.

Y  BIONOBIAHOCTEH 13 LKUM BHAUISIOTH TPU OCHOBHUX  HANPSMKH
cTaHaapTu3armii - ©Oa3ucHi rpadiyHi cucteMu, iHTEpPEHCH BiIPTyaIBHOTO
npucTporo, popmatu 0OMiHY rpadiYHUMH JaHUMH.

CrannmapTu3aiiis 6a3ucHUX rpadiyHIX CUCTEM CIPSMOBaHA Ha 3a0e3MeYeHHS
MOOUIBLHOCTI MPUKJIQAHUX IPOrpaM 1 3aCHOBaHA Ha KOHIICMIIIT spa, 10 MICTHTh
yHIBepCUIbHUN HaOlp Tpadiuyaux GYHKIINA, 3araJbHUX JJIs8  OLIBIIOCTI
3aCTOCYBaHb.

Haiibispiie BiIOMHUMH MpOEKTaMU IO CTaHAApTHU3allli Oa3UCHUX CHCTEM €
Core System, GKS, GKS-3D, PHIGS, PHIGS+.

OCHOBHUN HaANpPsIMOK PO3BUTKY IIMX IMPOEKTIB IMOJSITa€ B IOCUJICHHI
00pa30TBOPUUX MOXKIMBOCTEU JIJIsl Bizyanizallii reomeTpuyHux o0'ekTiB (2D, 3D,
BHUJIAJIEHHS CXOBaHUX JIHIA 1 TpaHel, HaMIBTOHOBOTO 3adapOyBaHH1,
TEeKCTypyBaHHs i 1H.). CTaHgapT Ha 0a3ucHy rpadiyHy CUCTEMY MICTUTh Yy c001
(¢yHKUIOHANBHUN omuc 1 cnenudikanli rpa@iuHux (yHKOIA 118 pi3HUX MOB
porpaMyBaHHSI.

Konrenitisi BipTyaabHOro MHPUCTPOIO IMOYandach PO3POOJISITUCS 3 MOMEHTY
MOSIBM  alapaTHO-HE3aJIeKHUX rpadiuHux cucteM. I[HTepdeiic BIpTyaIbHOTO
OPUCTPOIO  PO3JUISE amapaTHO-3&JIEKHY ¢  amapaTHO-HE3aJIEKHY YaCTUHU
rpadiunoi cucremu. Bin 3a0e3neuye MOXKIHMBICTh 3aMiHU TpadiuHUX MPUCTPOIB
(TepMiHAJIbHY HE3aJEXKHICTh), a TaK0X MOXJIHUBICTh POOOTH 3 JEKUIbKOMa
OPUCTPOSMU OJTHOYAcHO. [HTepdelic BIpTyalbHOrO MPUCTPOIO MOXKE ICHYBAaTH y
dbopmi mporpamHoro iHTepdelcy 1/abo MPOTOKONY B3a€EMOJII JIBOX YaCTHH
rpadiunoi cuctemu. HaifOumplie 4YITKO KOHIEMIS BIPTYalbHOTO MPUCTPOIO
noaana B npoekti CGI.

Po3BuTOK 1i€1 KOHUEMLII 301rJ10Cs 3 aKTUBHUM 3aCTOCYBAaHHSIM TpadiuHUX
3ac00IB Ha MEpPCOHAIBHUX KoMm'toTepax 1 rpadgiuyHux craHuisx. [Ipuy upomy
OCHOBHUMH IHTEPAaKTUBHUMHU TPUCTPOSIMH CTajdd pacTpoBi jaucIiei, a
MPUCTPOSIMH JIJIS1 OFCPKAHHS TBEPAUX KOMii - pacTpoBi mpuHTepu. Lle mpuseno
0 HEOOXIIHOCTI BHUIUIEHHS OKpeMoro Habopy pacTpoBuX (YHKIIH, 10
JO3BOJISIIOTh ~ BUKOPUCTOBYBATH  (D)YHKLIOHAJIbHI ~ MOXJIMBOCTI  PAacTpPOBUX
IIPUCTPOIB.

[Tomanpmmii  po3BUTOK  pacTpoBUX  (YHKIN 3B'SI3aHO 3 TOSBOIO
6araroBikoHHuX rpadpiunux cucreM X Window i MS Windows (a Takoxx NeWS 1
Display Postscript), mo 3a0e3neunsiv 3pydHi 3acoOW IS MaHIMYJTIOBaHHS
pactpoBuMH 300paxeHHsMU. L[i 3aco0M € OCHOBOIO [JIsi PO3BUTKY CHCTEM
ompaloBaHHs 300pakeHb 1 JuIsi opraHizaimii e(eKTUBHOTO 0araTOBIKOHHOTO
iHTEepdeicy KOpUCTyBadya 3 BUKOPUCTAHHSM MEHIO, NI1AJIOTOBUX IaHENeH, CMyT
nepersiny ¥ iH. BigzHaummo, 1o TpaAuiliiHi 3acoO0M BUBOJY T€OMETPUUYHUX
OPUMITHUBIB (JI1HI{, AyT, 0araTOKyTHHUKIB) 1 TEKCTIB TAKOX € B IUX CUCTEMAX.
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Croroani, HaunoOiaeme po3Buti mpoektu PEX 1 OpenGL wHemorano
CIIOJIy4alOTh OCHOBHI JIOCATHEHHS SIK TEOMETPUYHOTO TaK 1 pAaCTPOBOIO HAMPSMKY
I'padiuni cucremu kaacy 2D.

GKS .basucna rpadiuna cuctema GKS  3abe3neuye ¢GyHKIIOHATBHUN
iHTep(eiic MK MPHUKIATHOIO MPOTPAMOIO 1 IEIKHUM HAOOPOM BXIHMX 1 BUXITHHUX
rpadiyHUX MPUCTPOIB.

I'padpiura xopeneBa cucrema (I'KC) {GKS-Craphical KernelSystem)
po3pobnena ¢daxiBusmu OPI' 1 npuiiHATa MIKHApOJHOIO OpraHi3alli€lo Io
crannapruszaiii (ISO) B skocti MikHapoaHoro rpadiynoro cranmapty (Draft
International Standart- ISO/DIS).

Onniel 3 HaWBaXIMBIMIMX KOHIICMIIIN, MOKIAACHUX B OCHOBY TIpadiuHUX
CTaHJAPTIB, € 1/1es] PO3MoaLTy (QYHKIH TpadiyHOTO MPOrpaMHOro 3ade3reueHHs
Ha MOJIEJIbHI 1 BiacHe rpadivni. BiAmoBigH1 YyacTUHU MIPOTPaMHOTO 3a0€3MeUCHHS
HA3UBAIOTHCS MOJIEIBHOIO 1 TpadiyHOI0 CUCTEMAMHU.

B MonenpHii cucteMi rpadgiuHi 00'€KTH BU3HAYAIOTHCS B BIACHUX JIOKAJIBHHUX
KOOpJIMHATaX 1 CHCTeMa Ma€ 3aco0M MEepeTBOPEHHS Mg POOOTH 3 IUMHU
koopauHatamu. Ilicig 3acrocyBaHHS 10 OO'€KTy J€AKOI CYKYIHOCTI TaKUX
MEPETBOPEHb (POPMYETHCS OMUC OO'€EKTY B CBITOBIM CHCTEMI KOOpPJAMHAT, IO
MpecTaBisie COO0I0 MAITMHHO-HE3aIeKHY JIEKAPTOBY CUCTEMY KOOPAHHAT.

I'padiuna cuctema, BUKOPUCTOBYIOUHM CBITOBI KOOPAMHATH TOUOK OO'€KTY SIK
BXIIHY 1H(OpManito, reHepye 300pakeHHd OO0'€KTy 1 BHUBOJUTH MHOro Ha
rpadiuanii npuctpid. 3o0paxeHHsT OyAy€eThCS NIISXOM 3BEPHEHHS JI0 Mporpam
MaJIIOBaHHS MPUMITHUBIB - BIJPI3KIB NMPSIMUX JIHINA, MapKepiB 1 pAJIKiB TEKCTy. Sk
OPOMDDKHA MIX CBITOBOIO 1 MPWJIATHOK CHCTEMaMU KOOPAMHAT BBOJUTHCS
HOpMaJli30BaHa MPHJIAIHO-HE3aJIeKHa CUCTEMa KOOpAWHAT. BUXiTHI mpUMITHBU
MJIAI0TECS JIBOM TIEPETBOPEHHSM Ha MNUIIXY MDK MPUKIAIHOK MPOrpaMoro i
BHMBOJIOM Ha rpadiyHU MPUCTPIA: MEPETBOPEHHS THUITY BIKHO/poOoda 00IacTh,
IpU SIKOMY TMPOCTIp CBITOBUX KOOpJAMHAT  BIAOOpaXaeTbcsi Ha MPOCTOPI
HOpMAaJIi30BaHUX KOOPJWHAT; MEPETBOPEHHS Ha MPHUCTPOI, 10 BUKOPUCTOBYETHCS
T BiIOOpaXeHHS IPOCTOPY HOPMalli30BaHUX KOOPAMHAT Ha MPOCTIP MPUIATHAX
KOOPAWHAT 1HUBIAYAJIbHO JIJIs1 KOXKHOTO rpadiuHOro MPUCTPOIO.

[lin wac mnepuioro mnepeTBOpeHHs TpadiuHUi OO0'€KT MOKHA TOBEPHYTH,
npoMaciuTadyBaTH, NEPEMICTUTH 1 T. .. IEPEN TUM, K NepeaaTd Horo rpadpiuHin
CUCTEMI JJIs Bi3yali3allii.

Buxinni npuMitBH rpadiyHUX CUCTEM MpEACTaBiIeH] HAOOPOM omneparliii TUIMYy:
MO3UIIIOBAHHSA, BIAPI3KH MPSMUX JHINA, MOCTIJOBHICTh BiAPI3KIB (JamMaHa),
MapKepH 1 iX TOCHIIIOBHICTb, PSAIKH TEKCTY, IKCEIIB 1 3alIOBHEHHS IUIONI IS
BukopuctanHs B pacTtpoBiii rpadimi. CORE SYSTEM npumyckae aBox - 1
tpuBuMipHi npuMitTuBi. B ['KC BBeneHwmil y3araibHEHHN TPUMITHB KPECICHHS
B BUTJISI/II TTOCJIIOBHOCTI KOOPAMHAT TOYOK 1 3aCO01B IXHBOTO CTIONyYEHHS (Iyra,
KOJI0, €JIIIC, CTUTAH-aPOKCHUMAIIis 1 T. 11.).

Burnsa BuxigHOTO NMPUMITHBA 3aJICKUTh BiJl 3HAYEHb aTpuUOyTIB MPUMITHBA,
TaKMX SIK: TUI 1 TOBILMHA JiHI11, ICKPaBICTh, KOJIP, TUIl LIPUPTY, PO3MIP CUMBOJIIB,
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HaIlpaBJICHHS psAIKa CHMBOJIIB, IUIOIIMHA OOpPHUCY CHMBOJIIB, PO3MIIICHHS
CUMBOJIB B PSAKY, BIACTaHb MK CHUMBOJIAMH, LIEHTPYBaHHS DPSAKY CHMBOJIIB,
AKICTh OOpHCY CHMBOJIB, BHJ Mapkepa. s ineHTudikamii KOXXHMA BUXITHUN
MPUMITHB MOXE MaTy MPUIIHCaHE HoMY 1M's.

Cermenrattist 300paxkeHHs. Bci BUX1HI IPUMITHBH, IO YTBOPATH TpadidHMiA
00'eKT, MOXYTb OyTH 3alucaHi B BUAI CETMEHTY, IO 3aJAa€ThCSA MPUKIATHOIO
nporpamoro. ['pynyroun npuMiTUBH 00'€eKTy B TOHMEHOBaHI CErMEHTH,
MIPOrPaMICT MOXE CEJICKTUBHO 3MIHIOBATH OKPEMi YaCTUHHU MOBHOTO 300paXKEHHS
IIUISIXOM BWJIYYEHHS 1 MOBTOPHOTO (hOPMYBaHHS CErMEHTY (3aMmiHa CETMEHTY).
Xapaktep 300pa)keHHs, W0 CKJIAJAEThCS 3 CETMEHTIB, 3aJIEKUTH BiJl 3HAYEHB
JTUHAMIYHUX aTpUOYTIB CETMEHTY. ATPUOYTH BUJAMMOCTI BUKOPUCTOBYIOTHCS IS
yIpaBJIiHHS BUBOJIOM 300paKeHHS, SIKe BU3HAYAETHCS cerMeHTOM. Ha BiMiHY Bij
aTpuOyTiB TPUMITHBA 3HAYCHHS JUHAMIYHUX aTpUOYTIB CErMEHTY MOXKYTh
3MIHIOBATHCS MPOTPAMOI0 MICHS 3aKiHYeHHS (QopMyBaHHSA cerMeHTy. Po3minpbHa
1IeHTU(IKAIll CETMEHTIB 1 MPUMITUBIB JAa€ MOXIIMBICTH MPU OJAHOMY pIBHI
CerMeHTallli OTpUMaTH J0JAaTKOBHI piBE€Hb “‘Ha3BU’, HANPUKIIAJl, HaOIp CBITIOBUX
KHOMOK SK €JWHUM CErMeHT Ma€ 1M's 1 KO)XXKHa KHOIMKa Mae€ 1aeHTudikatop
MPUMITHBA.

IM'ss o3HaveHOT KHONKHM, IO BEPTAETbCA B TNPUKIATHY Mporpamy, Oyze
CKJIaZaTHCH 13 IMEH1 Ha0opy 1 1AeHTU(IKaTOpa IPUMITHBA.

BXigHI 0OpUMITHBM TpU3HAYEH1 Uil OMNMCY JaHWX, II0 BBOJAATHCS 3
BIpTyaJIbHUX TMpWIANiB BBeldeHHsA Tumy Jjokatopa mnonoxeHHs (LOCATOR),
BBeneHHs 1udpoBux MaHux(VALUATOR), Bka3iBkM Ha 4YacTUHY 300pasKeHHS
(PICK), Bubopy (COINCH) -BBony psnkiB cumBoiiB (STRING). Beenenns nanux
3 IIUX TPUIAJIIB MOXE 3IHCHIOBATUCS B TPHOX PEXKUMAaX: 3alHT, MEPEPUBAHHA 1
TTAIT.

Bci BipTyanpHi mpmiiagd B KOHKPETHHUX CHCTEMaxX peani3yloThCcs TUMH a0o
IHIIMMU peabHO ICHYIOUMMH BX1JHUMU npuiagaamu. KoxHUM kiac npuiagiB Mae
CBIM CHCTEMHO-3a/IaHMIl 3BOPOTHUHM 3B'S30K (“‘€X0 — BIOOpaKEHHS ), 110 MOXKE
OyTH BKJIIOYeHa a00 BUMKHYTa IPUKJIATHUMH MPOTPaMaMH.

Opnniero 3 uentpanbhHux B ['KC € konmeniis poGodoro wicis. Bubia
rpadiuHoi 1HQopMmarlli Moxke OyTH 3MIMCHEHUN Ha ojgHE a0o0 AEKUIbKa poOOUYnX
Mmicib. Poboue miciie I'KC sBisie coboro TepmiHai, 10 MICTUTh TUIBKH OJUH
MPUCTPI BIAOOPaKEHHS 1 TAKOK OJHE a00 IEKIIbKa MPHUIIAJIIB BBOIY.

JIns KO’)KHOTO poOOYOro MiCIsd BH3HAYAOTHCS crenrdigHe mepo 1 TEKCToBa
TaOJNUIISI, [0 JO3BOJISIE KEPYBAaTH XapaKTepOM BCIX MPUMITHBIB (aTpulOyTamu
OPUMITUBIB) Ha BIANOBIAHOMY poOouomMy Micmi. JIisi J0BrocTpoKOBOTO
30epiranHs rpadiuHUX JaHUX BBEJEHA KOHIEMIlS Metadaiiry. MeTtadain Takox
BUKOPHUCTOBYETHCS JIJIsl opraHizaii ctanaaptHoro inTepdeiicy misk ['KC 1 iHImmmu
rpagiYHIMHU CUCTEMaMHU.

Cucrema I'KC mpexacraBisie TiIbKA HE3aleXHY BiJL MOBH IpOrpaMyBaHHS
KOMIpKY Tpadiunoi cuctemu. g moxnuBocti Bukopuctanus I'KC B ckiani MoBu
IpOrpaMyBaHHs MOBUHEH OyTH mependadeHuii MOBHO- OPIEHTOBAHMM WIap, IO
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3a0e3neduye BUKOHAHHS BCIX KOMaHJ KOHKPETHOI MOBU MpOrpamyBaHHS,
HANPUKJIaJ HaJlaHHS 3HA4€Hb MapaMeTpaM 1 IMEHaM.

PostScript (Adobe Systems, 1985) - MoBa omucy CTOPIHOK JUIsi PacTPOBUX
OpUCTPOiB JpyKy. BimMmiHHa puca - mHUPOKI 0Opa3oTBOPUI MOXKIMBOCTI TPHU
MiHIMaJgbHOMY Habopi rpadiuaux QyHkmii. barato rpadiunaux cucrem i
HACTUIBHUX BHUAABHUUYUX cCHUCTEeM MATpUMYIOTh PostScript. Jlesxi BUpOOHHKH
Ja3epHUX NPUHTEPIB 3a0e3medyioTh Horo amapatHy miaTpumKy. PostScript
BUKOPUCTOBYIOTh JJii BUKOHAHHS rpaiuHux (QYHKIIH y 0araTOBIKOHHUX
cucteMax NeWS 1 Display PostScript. IIpuBabnuBi BIacTUBOCTI II€T MOBH
CIIPUSUIM MOSIB1 HOTO TPUBUMIPHUX PO3IIUPEHb.

[upoxi 06pa3zoTBOpUi MOXKIMBOCTI MOBH PostScript 3a0e3nedeHi NOHATTIM
TpaexkTopii , Mo MoXke OyTH CKJajeHa 3 JiHIi, Ayr, CerMeHTIB KpuBoi besbe i
TEKCTOBUX CHUMBOJIB. Y TIpOllECi BHUBOJAY TPAEKTOPIi MOXYTh MiAgaBaTUCS
JOBUIBHUM JIHIAHUM TIEPETBOPEHHSAM. 3aMKHYTI TpPaeKTOpii MOXYTh OyTH
3aapOoBaHi, 3alOBHEHI PAcTPOBUM 3pa3KoM ab0 3allITPUXOBaHl IHIIUMHU
TPAEKTOPISIMU. 3alOBHEHHS MOKEe pOOHUTHCS MO PI3HMX MpaBwiIax (even-oc,
nonzero-winding-number). JliHii MOXyTh OyTH pI3HOIO THIy, IEPEMiHHOI
TOBIIMHMA 1 MaTh OKPYIVIGHHS B Toukax 3'eqHaHHs. Pobota 3 TekcTtamu
B110YyBa€ThCS Ha OCHOBI Oaratoi 010mioTekn mpu@TiB. [liaTpuMyeThea AeKUTbKA
konipHux mozenei - RGB, CMY 1 HSV .

CGIl - mpoexr cranmapry (ISO, 1986) nHa iHTepdeiic BipTyalIbHOTO
npuctporo. CGI opieHTOBaHUII HE HAa IPUKIIAJAHUX, @ HA CUICTEMHUX IIPOrPaMICTIB,
o 3alMarThCs PO3pOOKOI0 TrpadiyHuX cucteM. DYHKIIOHATBHI MOMKJIUBOCTI
CGI cdopmoBani 3 ypaxyBaHHsSIM po3poOsienux panimie npoektiB GKS i CGM
(Computer Graphics Metafile). -

@OyHKIIT BUBOAY MIATPUMYIOTH pOOOTY 3 JiHISIMH, OaraTOKyTHHUKaMH,
NpSIMOKYTHHUKaMH, MapKepaMu, TEKCTaMH, TyraMu, CEKTOpaMH 1 CErMEHTaMHU KoJja
M eminca, a TaKOX 3aMKHYTUMHU (IrypaMu, CKJIaJ€HUMU 3 LHMX MPUMITHBIB.
3aMKHYTI 00'eKTH  MOXYTh 3adapOoByBaTHCS, 3alITPUXOBYBATHCS  abo
3alOBHIOBATHUCS pacTpoBuM 3pa3dkoM. HabOip arpubyrtiB CGI ananoriyHuit
HabopoBi aTpuOyTiB GKS. KoHBeep nepeTBopeHHS OOMEXEHHI MEPETBOPEHHIM
po6ouoi cranii. yHkiii cermenTalii ananoriydi HasBHUM y GKS.

PactpoBi  (yHKIIT mATpUMYIOTH poOOTY 3  BiAOOpakyBaHMMH 1
BIpTyaJIbHUMH OITOBUMU KapTamH. llepil € yacTuHO Bijeona’™MsTI HPUCTPOIO.
Hpyri MOXyTh OyTH TOBHOKOJBOPOBUMH MATPUISIMU TIKCEIIB Yy MaM'sTi.
JIBOKOMIpHI BIpTyasibHI OITOBI KapTH MOXYTh CIY>KUTH B SIKOCTI MAacKH JUIs
orieparlii 3aroBHEHHsI oOJjacTel, a TaKoXK JUIA 3aBAaHHS CHUMBOJIB, MapKepiB,
KypcopiB 1 iH. ATpuOyTamMu KapT € MPO30piCTh, OCHOBHMMA 1 (POHOBHIA KOJIIp.
BBeaeHo pi3HI peXXHMH HAKJIaJACHHS KOJBOPIB MpU BUBO/II TiKceniB (and, or, Xor,
)

OyHKII1 BBeACHHS aHajoriuHi HasBHUM y GKS 13 nesskumMu 10TIOBHEHHSIMH.
BBeneHo MOHATTS Tpurepa, IO J03BOJSE YCTAHOBUTH PEXHM CHPAllbOBYBAHHS
OKpPEMHUX MPHUCTPOIB Yy 3aJEKHOCTI B JAEsIKOi Mmojii. bigbln 4iTKo, BU3HAYEH1
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MOHATTS TIJAKa3yBaHHS, €XO 1 MIATBEp/KEHHs. BBeneHo 1Ba HOBI JIOTIYHUX
IPUCTPOT BBEJICHHS - pacTpOBa 00JIACTh 1 y3araJlbHeHUI MPUCTPiil BBEICHHS.

X Window System — OaratoBikoHHa rpadidyHa CHCTEMa, PO3pOOJICHa B
Maccauycerckomy TexHomoriyHoMy iHCTUTYTi. OnHa 3 OCHOBHHX IIlJIeH
pPO3pOOKHU - 3a0e3MeUeHHS Mepe>1<H0'1' MPO30POCTI 1 MOXKIIMBOCTI BHUKOPUCTAHHS
IIPOKOTO CTEKTPA KOTBOPOBUX 1 MOHOXPOMHHX rpa(bquHx CTaHITIH.

Cucrema po3filieHa Ha JBI YaCTUHH, KIIEHT 1 cepsep, 1o B3a€EMOJIIIOTH 3a
goromororo X- mporokony. I[lpukinagHomy mnporpamicty HajaaHa O010mioTeka
O0aszucHUX (QyHKIIIHM 1 610610TeKa IHCTpyMEHTAIbHUX 3ac00iB. DYHKIIIT KepyBaHHS
3a0€3Meuyl0Th MOXUIMBICT MAaHIMYJIOBAHHS CUCTEMOIO BIKOH 1 KOHTPOJIIO 3a
nisMu - KopuctyBada. [lapamerpu rpadiuyaux ¢GyHKIIH MICTATH Yy €001
imeHTudikaTopyu JUCIIes 1 BiKHA, a TaKoXX rpadiuHMM KOHTEKCT, 10 MICTHTh
3HA4YCHHS aTpUOYTIB 1 1HII MapaMeTPH BiOOpaKCHHS.

@OyHKIIT BHUBOMY 3a0€3MEUylOTh 300paKEHHS TOYOK, JIHIW, IyT, K,
MPSAMOKYTHUKIB, @ TaKOX 3allOBHEHHS OaraTOKyTHHUKIB, CEKTOPIB, CETMEHTIB 1
MPSAMOKYTHUKIB. AHanoriYHo MoBi PostScript € aTpuOyTH, 1110 BU3HAYAIOTh CIIOCIO
OKpYTJIEHHS JIiHIK 1 TpaBuia 3anoBHeHHS. @DYHKIII BHUBOIY TEKCTIB
MIATPUMYIOThCSL  Oararoro Oi0miorekoro 1mpudriB. KoHBeep mepeTBOpeHHs
KOOpPJIMHAT BIJICYTHIX.

CrpykTypu3sanis abo cerMeHTalis JaHUX HE MIITPUMY€EThCS.

PactpoBi ¢yHKIIi 3a0€3M€4yI0Th MUPOKI MOKIMBOCTI JJI1 MAaHIMYJIIOBAHHS
3 MIKCETbHUMU MATpUIAMHU. [likceabHI MaTpuill MOXYTh BHUKOPHCTOBYBATHUCS B
SKOCT1 3pa3Ka 3allOBHEHHS, a OITOBI - y SKOCTI MacKH BiJCiKaHHs. 3aCTOCOBaHa
KoJipHa Mozens - RGB.

OyHKIli BBeJACHHS Ha 0a3MCHOMY pIBHI 3a0€3MEUylOTh MEXaHI3M
OTpaIfOBaHHs TOMAIM Bia Mui 1 kjiaBiaTypu. DYyHKIT OUIBII BUCOKOTO PIiBHSA
3a0e3neuyroTh poO0TYy 3 MEHIO, J1aJJOTOBUMU MAHEISIMU, CMyTaMU MEePErIay i iH.

Microsoft Windows - OaraToBikoHHa Haja0ya0Ba Haj ONepaIliiHOO
cuctemoro MS DOS na IBM PC. Bepcis Windows NT tpancdopmyBanacs B
MOBHOI[IHHY OIepalliiiHy cucteMy. 3abe3neuye 6ararozagauyHuil pexxum. ['padiuni
¢ysHkuii cucremu aHanoriydi HasBHUM y X Window, ogHak y mnapamerpax
¢yHkui Hemae 11eHTudikaTopa qucries. [lintpumyerses metadaii.

I'pagiuni cucremu kiaacy 3D

GKS-3D - posmmpennii Bapiant GKS (ISO, 1987), o mo3Bosisie mpaioBaTu
3 TpUBUMIpHUMHU TpapiyHUMHU 00'eKkTaMu. Y 1€l MPOEKT BKIIOYEHI HACTYIHI
noaatkoBi (crocoBHO GKS) MoxxmuBocTi:

- OynkIil BUBOAY M0MOBHEHI choma 3D-mpumituBamu - Ti K, mo B GKS i3
npuctaBkor 3D 1 Habip ¢ynkmiit ayg 3anoBHeHHs 3D -o6macreit. [list octaHHIX
¢GyHKII1 BBeneHI aTpuOyTH KOHTYpPY, aHaJoOriyHi aTpuOyTaMm JiHii. BBeneno
aTpuOyT JUIsi KepyBaHHS aJIrOPUTMAMHU BHIAJICHHS CXOBAHWX JIIHIN 1 TpaHei.
Beegeno 3D-neperBopenHsi, 3D-HopMaiizaiisi, BHJIOBE MepeTBOpeHHs, 3D-
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nepeTBopeHHs poOouoi craHuli. BumoBe mnepeTBOpeHHS [T03BOJSIE POOUTH
napajieibHe Ta LIEHTpajbHE MPOEKIIIOBAHHS .

- OynHkiii cerMeHTaIii po3MMUpeHi MOXKIUBICTIO poboTu 3 3D-cermeHTamu.
Breneno neperBopenns 3D-cerMeHTiB.

- @OyHKI1 BBEJACHHS [OTOBHEHI JBOMAa JIOTIYHUMHU TPUCTPOSIMHU  JJIS
BBeneHHs 3D koopaunat 13D miHiit .

PHIGS - anprepratuBamii crocoBHo GKS-3D crammapt (ANSI-1986, 1SO-
1989), mo 3abe3neyye MOMXKIHMBICTh IHTEPAKTUBHUX MAHIMYJALIN 3 1€papXidHO
CTpyKTypoBaHUMHU rpadiyHuMu o0'ekTamu. OpepkaB MOAATBIINN PO3BUTOK Yy
npoekTax PHIGS+ 1 PEX. IMopiBasunbHI 3 GKS-3D xapakTepucTHKY HACTYIIHI:

- HaGip npumituBiB 1 aTpuOyTiB aHajoriynuii HasBaum y GKS-3D.
[TinTpumyeTbest aekibka kodipaux mozeneit - RGB, CIE ,HSV |, HLS . 3amicTb
3D nepeTBopeHHsI HOpMaJi3ailii BBEJIEHE MOJIeNIbHE MTEPETBOPEHHSI.

- 3aMiCTh CErMEeHTIB BBEJCHI i€papxiyHi CTPYKTypu naHux. CTpyKTypu
MOXYThb MICTUTH B COOl NMPUMITHUBH, aTpUOyTH, NEPETBOPEHHS, HErpadIvyHi AaHi.
3acobu penaryBaHHs JO3BOJISIIOTh BHUJASATH 1 KOIIIOBAaTU €IIEMEHTH CTPYKTYD.
BxiatoueHo MexaHI3M  QuibTpamii, L0 3A1MCHIOE BUOIPKOBE B1IOOpaKEHHS
€JICMEHTIB, IXH€ BUAUICHHS H 1H.

PHIGS+ (abo PHIGS-PLUS) - mpoekr posmmpenns PHIGS (ISO/ANSI
Draft 1990), cnpsmoBanuii Ha 3a0€3MEYEHHS OCHOBHUX BHMOT TPHUKIATHUX
mporpam B 00J1acTi - OCBITJIIEHHS, HAllIBTOHOBOrO 3adapOyBaHHs i1 €(heKTUBHOTO
OTHUCY CKJIaJHUX MoBepXoHb. [ mux uimerr y PHIGS+ BximtodyeHuit HacTymHUM
Ha01p MPUMITHUBIB:

- HaOlp MOJIUIIHIHA ;

KpuBa B-cruraiina;

MTOJIITOHAJIbHA 00/1aCTh;

Ha0lp MOMIroHAJILHUX 00JIaCTEH 13 TaHUMU;

Ha01p TPUKYTHUKIB;
- noBepxHs B- craiina.

[IpumiTuBH, 1O MawTh cydikc "i3 HaHUMH" JO3BOJSIIOTH BKJIIOYUTH
J0JIaTKOBY 1H(OpMaIito, 10 € YaCTUHOK BU3HA4YEHHs npumithBa. Hanpuknan, y
BUIAJIKYy HAOOPY TPUKYTHMKIB JUIsI KOXKHOI IpaHi 1/ad0 BEpIIMHU MOXKHA 3a7aTH
KOMOIHalli KOJbOpy, HOpMalb 1 TPUKJIAAHI JaHl. IcCHye MeXaHi3M KepyBaHHS, 110
J03BOJISIE BU3HAYUTH, SIKI JaHl BapTO BUKOPHCTOBYBATH, a AKI MPOMYCTUTH TiJ
gac BigoOpaxeHHs. PHIGS+ pospizHse mepenHto 1 3aAHIO MOBEPXHI TpaHi Ha
OCHOB1 T€OMETpuYHOi HopMasi. Pi3HI 3Ha4YeHHS KOJBOPY ¥ IHIIUX aTpUOYTIB
MOXYThb OyTH BU3HAYEHI I MEpPeaHbOI Ta 3aaHboi rpanei. s oOuucieHHs
OCBITJICHOCTI KpIM TE€OMETPHUYHHUX XapaKTePUCTHUK 3aJal0ThCsl  BiIOWBHI
BJIACTUBOCTI TOBEPXHI, a TaKOX pO3TAlIyBaHHS JKEPENT KOJbOPY 1 IXHBOI
XapaKTEPUCTHUKH.
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PEX (MIT X Consortium) - npoekT posmdpeHHs cuctemMu X Window s
nintpumMku  PHIGS+.  Ile omna 3 npBox cucrem (iHma - OpenGL), mio
3a0e3neuyloTh HaWOUIblIe PO3BUTI HA CHOTOJHINIHIN JIeHb I1HCTPYMEHTaJbHI
3acobu nms moOyaoBu peamicTuyHuX 300paxkeHb. CyTh mpoekty PEX momnsrae B
OMHKCI MEXaHi3My pO3MUPEeHHS X-TPOoTOoKoma 1 X-cepBepa s 3a0e3neueHHS
¢ynkmiit  PHIGS+, mo, y mepury uyepry, NOpH3HA4€HO [JIsI CHCTEMHHUX
MPOrpaMicTiB. 3 MOTIISAAY MPUKIATHOTO Mporpamicta (PyHKIIOHAIbHI MOKIUBOCTI
PEX y uactuni 300paxeHHS MPOCTOPOBHX OO'€KTIB BIAMOBIJAIOTH CHUCTEMI
PHIGS+. Ongnak, nounnatouu 3 Bepcii 5.2 y PEX 3'ssBunvcst HoB1 MOXKJIIMBOCTI, 1110
3a0€3MeuyloTh YCYHEHHsI CTyIiH4YacTtocTi (antialiasing) 1 TeKCTypyBaHHS
MOBEPXOHb. 3acO0M POOOTH 3 PACTPOBUMHU 300paKEHHSMU MIATPUMYIOTHCS 3a
nonomoror X Window 1 J01aTKOBUX PO3IIUPEHb.

OpenGL - crannapt, 3anponoHoBanuii komnanieto Silicon Graphics y 1993
polil, IO perjiaMeHTye iHTepdeiic mpukiaaHoro nporpamicra. Ilonepennukom
uporo npoekty € IRIS GL (SGI 1988 p.). OpientroBanuii Ha poOOTy B cucteMi X
Window. Ilpo miatpumky OpenGL mnoBigomiisiini Maie BCl TOJOBHI (ipMu-
BUpoOHUKH, 30kpema OC Windows NT mae 1ieil ctangapT y CBOEMY KOMILICKTI.
[To ¢pynkuioHansHUX MOxIMBOCTIX OpenGL npubnuzno Bignosigae cucremi PEX
OCTAaHHIX BEpCld, ajieé JEKIJIbKa BIIPI3HIETHCS MO CTHI IporpamyBaHHs. Kpim
TOTrO0, Ha BiAMiHY Bl PEX, Mae BiacHi po3BuUTI 3aco0U 1Jisi poOOTH 3 pacTPOBUMHU
300paKEHHSIMHU.

KoHTposbHI 3anuTaHHS.
Ska meTa cTangapTu3alii B MaluHHIN rpadimi ?
[IpuBeniTe knacudikaiiio CTaHIapTIB MAMUHHOT Tpadiky.
[Tepeuncnith ocHOBHI KoHIemii ctangapty GKS.
[TepeunciiiTh OCHOBHI MOJIOKEHHS HAHOJIBII TOIIUPEHUX
CTaHJapTIB MAIIMHHOI Tpadiku.

Pwn e

7. Peajizanisi iHTEPAKTHBHOIO PeKUMY
7.1. lia;ior i HOro OCHOBHI XapaKTEePUCTUKHU

Hianorom moanau 3 EOM BBaxaroTh Takuid nmporec oOMiHy MOBiTOMIIEHHSAMU
MIK HUMU, TIPU IKOMY BUKOHYIOTHCSI HACTYITHI YMOBH :

-ICHy€ IIUIb, JJIS JIOCSATHEHHS SIKO1 IHimiam3yerbest mianor. [lpu 1mpomy
PO3PI3HAIOT, OCHOBHY IIiJIb, IO CTAaBUTh 3aBXKIU JIIOJMHA, 1 MPOMIDKHI, IO
MOXYTh OyTH TTOCTaBJICHI TakoX MamuHow. Hanpukinan, EOM moxe moctaBuTu
nepe KOpUCTyBadeM I1iJIh: OTIAHYBATH 3HAHHSIMU, HEOOX1THUMU JJI TOCATHEHHS
OCHOBHOI IT1JT.

-pomi iHpopmaTopa 1 cmnoxuBada iH(opMmarii (pemumieHTa) TO Yep3i
BUKOHYIOTBHCS JIFOAUHOI0 i EOM;

-3HaHHS ¥ yMIHHS, HEOOX1JHI ISl TOCSATHEHHSI OCHOBHOI IIUJI, € B TIAPTHEPIB
NpUHAUMHI  «y CyMi»:
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-MIK TapTHEpaMU JIOCATHYTE B3a€EMOPO3YMIHHS, IO MPOSIBISETHCA B 3HAHHI
KOKHHUM 13 HUX MOBH, 3a JOIIOMOIOIO SIKOi BIIOYBa€eThcs OOMiH 1H(OpMAITIELO;
- OCHOBHHUM a00 MOOIYHUM PEe3yIbTATOM YCAKOTO JIaJIOTy € MOTOBHEHHS X04a 0
OJIHUM 13 TTapTHEPIB CBOIX 3HAaHb, yMiHb, HABUKIB.

Jlo OCHOBHHX XapaKTEPHCTHK, [0 BU3HAYAIOTh MPOIEC AIATOTOBOI B3a€EMOIII,
BITHOCSATHCA

- OTEePaTUBHICTD;

- CIIPOMO’KHICTb JIO KEpyBaHHS,

- TOTOBHICTh MAapTHEPIB O CAMOCTIMHOIO BUKOHAHHS JIH MO JOCSTHEHHIO
OCHOBHOIT II1J11 J1aJIory;

- CIIPOMO’KHICTh MAPTHEPIB O HABYAHHSI.

Onepamueénicms BU3HAYAETHCS YacoM BIAMOBIAI (peakili€ro) MapTHEPIB Ha
MOCTaBJICHE TUTaHHSA. PO3pi3HSAIOTH HACTYMHI 3HAYEHHS II1€i XapaKTEPUCTUKHU:
«JIBOCTOPOHHSI OTIEPATUBHICTHY», «OMEPATUBHICTh 13 OOKY MAaIIMHW». buIbIn
KPUTUYHUM € 3HaYEHHA onepaTtuBHOCTI 3 00ky EOM, ToMy 1110 JIFOIMHI BJIACTUBO
OUYIKyBaTH MHTTEBOI peakilii CUCTeMU Ha ii J1i abo 11 BIAMOBIAb 13 JEAKOIO
3aTPUMKOIO Ha JOCUTH CKJIaJHI (13 MOIJISAY JIFOAWMHHU) MUTaHHA. lepapXis 3HaUeHb
yacy peakuii EOM Ha aii kopucTyBaua, 3alporoHoBaHa MuiepoM , MICTUTh Y
co01 TpY OCHOBHHUX PIBHI BITUYTTS HOPMAJIBHOTO 3aBEPIICHHS pOOOTH:

- JIeKCUYHUH, 3 yacoM peakilii cuctemu 10 50 mc. lle, Hanpukiaj, yac mosiBu
€X0-BiTI0OpaKEHHS HA €KpaHi IUCIUICIO JIJIT CHMBOJTY, 110 BBOJUTHCS 3 KIIaBiaTypH
TepMiHaTy, a00 MOYAaTKy MUTaHHS BUJIJICHOTO IpaiuHOrO €JIeMEHTY. 3aTpuMKa
a0o BIJICYTHICTh BIAMOBIAI Ha il IAaHOTO KJacy ApaTye KOPUCTYBAYiB 1 3HUKYE
e(eKTUBHICTb POOOTH;

- CHHTaKCMYHMM, 3 4yacoM BiamoBimi cuctemMu Bim 0.5 no 4c, Hampukian,
BIJIMIOBI/Ib HA 3alUT 3pOOUTU 3aMiHy JESIKOTO IrpadiyHOro €JIEMEHTY, OTPUMAaHHS
TOBIJIKOBOI1 1H(OpMaIlii a00 CHHTaKCUYHUMA aHaIi3 BBEJCHOT KOMaH/IH;

- CEMAHTUYHHWH - II¢ TMTaHHSA, Ha SKE KOPUCTYyBa4 OYIKY€ CEpHO3HUX,
po3yMHux BianoBiged. Yac peakiii Outbiie 10 c. 3aTpuMka BiJANOBiAI B IbOMY
BUIIAJIKY BHKOPHUCTOBYETHCS JIOJUHOIO TSI OOTyMYBaHHS MOXKIIMBHX CTpaTETii
MOBEIIHKM B 3aJE€KHOCTI BII BiAnoBigl. Jlns 3amo0iraHHs MaHiYHOMY
COpUIIMaHHIO May3W, MaliuHa MNpuOJn3HO KOXHI 10 ¢ TOBMHHA BHIaBaTH
KOPHUCTYBavy MiATBEPKCHHS] HOPMaIbHOI poOOTH.

Cnpomooichicmov 00 KepyB8aHHs BUPAKAETHCS B CIIPOMOKHOCTI /10 BUAaul TaKUX
koMaHJ 1 (a00) mMUTaHb MapTHEPY, M0 3a0e3neyyBaii O BUKOHAHHS OCTAaHHIM
NEeSAKUX M, CIpsIMOBAaHMX HA JIOCATHEHHS ITiJICH Jiaiory .

T'omosHnicmv napmuepie 00 camocmitinoco 6UKOHAHHA Oiti TIO TOCATHEHHI ITIIeH
JajIory 3aJIeKUTh B/ IOCBITY KOPUCTYBaya, a TAKOX Bl KOMIUIEKCY MPOTPAMHUX
3aco0iB, sKi 3a0e3MeuyroTh [1aJIOTOBY B3aeMoOil0. BaximuBuMm € HagaHHS
JIOTIOMOTH 31 CTOPOHHU OOYHMCITIOBATILHOT MAIIIMHH.

30amnicme napmuepié 00 Ha84AHHS OIIHIOETHCS JIBOCTOPOHHE: 3JATHICTH J10
HaBuaHHs EOM, 31aTHICTh 40 HaBYaHHS JIOJUHOK. Ll XapakTepucTuka aiaiaory
MPOSIBIISIETHCSI B TOMY, IO B OJHOro 3 maptHepiB ( abo B 000X ) B mpolieci
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B3a€EMOJII1 MIABUIYETHCS PIBEHb TOTOBHOCTI O CAMOCTIMHOTO JIOCATHEHHS METH
Jiajory ado MiABUILYEThCS 3aTHICTD 10 KEPyBaHHS.

KoHnTponbHi 3anuTanHs.
Ha3BiTh OCHOBHI YMOBH peaii3allii Aiaaory.
2. Ha3BiTb OCHOBHI XapaKTEPUCTUKH, SIKI BU3HAYAIOTh IMPOLEC 1aJOTOBOI
B3a€MO/II.
3. Sxi aii MOXJIMBO BHWKOHAaTH HA JIEKCHYHOMY, CHHTAaKCHYHOMY Ta
CEMaHTUYHOMY PiBHSX ?

=

7.2. llcuxodisionoriuni gaxkropu B3aemonuii oneparopa 3 EOM

[Tpu po3podbiii mianorosux rpadiunux cucreM ( JAI'C) HeoOXinHe BpaxyBaHHS
MICUXOJIOTIYHUX 1 (PI310JOTTYHUX MOKIIMBOCTEN JIOJUHU. B 3aranbHOMY BUIAIKY
1€ 3BOJUTHCA 1O BHKOHAHHS BHUMOI I1HXKEHEPHOI ICUXOJOrli 0 IpadiyHOro
MPUCTPOI0 K MPUCTPOIO BiAOOpakeHHs 1HpOpMalii, fAKa CHPUNMAETHCS
moauHowo, 1 1o JI'-tepMminany , sk poOOYOMY MICIIO JIFOJAMHU-OMEpATOpa.
[Iporpamuoro 3a6e3neuenna [AI'C 1 JAI'-MOB mnoBHHHI BUKIIOYUTU HYIBIY,
MaHIKy Ta PO34apyBaHHA .

Hynpra 1 maHika BHHHMKa€e y KOpPUCTyBaua IMpH MOPYLIEHHI ONEPAaTUBHOCTI
Jajory, 10 BHCJOBIIOETHCA B BIAMOBIIHOCTI 4Yacy BIIKJIUKY CHUCTEMH
HEOOX1THOMY TEMITY A1aJIOTy a00 JisIM , III0 BUKOHYIOTHCSI KOPUCTYBAUEM.

Po3uapyBanHsi KOpHCTyBaua MOB'si3aHEe 3 OOMEXKEHICTIO (Ha HOTO JIyMKY)
moxxsmBoctedt JII'C abo k 3 TpymHicTIo pobOTH 3 Hew. Sk mpaBuio, I
ncuxoJoriydi 6ap'epu BuHuKaTh B JII'C 3 cuiibHO 0OMEKEHUMH MOKITUBOCTSIMU
o BUOOPY MeETOAIB BBOAY 1H(MOpMAIlii, 1IarHOCTUKY TTOMHJIOK KOpHCTyBada abo
BUOOpPY MiJKa3yBaHb 1 IHIINX 3aCO0IB.

Cepen BuMOr 10 MOBU rpadiyHOrO J1ajory, W0 BpPaxoOBYIOTb
ncuxo(i3i0I0TiuHI  aCMEeKTH MISUTbHOCTI JIFOJAWMHU 32 JAUCIUICHHUM TYJIBTOM,
0COOJMBO BUAUISIIOTH 3a0€3MEeUYEHHs Bi3yaslbHOI, TAKTHIIBHOI 1 KOHTEKCTYaJIbHOI
HEIEPEPBHOCTI.

BizyanbHa Oe3nepepBHICTh O3HAua€, 10 NpH poOOTI B NMEBHOMY IHTEpBAl
yacy yBara KOpUCTyBaua MOBHMHHA OyTH OE3YNMUHHO 30CepeKeHa Ha MOTPIOHIN
obJiacTi ekpaHy a00 Ha MEBHIM rpymi KJaBilll, 110 3 I[IE€0 METOI TPYMYIOTHCS 1O
CMUCJIOBOMY MTPU3HAYEHHIO 1 MOXKYTh OyTH OJJHAKOBOi (hopmu ab0 KOIBOPY.

TaktunpHa Oe3mepepBHICTh IMepeadavae TaKy OpraHi3allilo IMOCHiI0BHOCTI
BBOJIy KOMAaHJ, MPU SKIA BUKIIOYAIOTHCS YACTKOBI YEPTyBaHHS PI3HOMAHITHHX
nii Xoua O Mpu BBEACHHI OJHOrO peuyeHHs. Hampukmnazn, MOCTiIOBHICTH iH
<MuIia - KiIaBiaTypa - MHIIA > HE 3aJ0BOJBHSIE BHUMOTaM TaKTUIBHOI
OesnepepBHOCTI. bibil MpUitHATHA TOCIIIOBHICTD: <MUIIIA - MHUIIA - KJIaBlaTypa.

KonTtekcryanpHa Oe3MepepBHICTh BUMAarae 30CEpPE/PKEHHsI yBaru Ha 4YacTHHI
3arajibHOi 3ajlayl, M0 BHPINIYETCA B mpolect gianory. lle mocsraerbes
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BUJAHHSIM MAIIMHOI TAaKWX BIANOBIAEH, IO CHPUHMAIOTECA KOPHCTyBadeM
HETalHO 1 MiATBEPIKYIOTh PE3YJIbTAT JaHOTO KPOKY.

Jlyist BpaxyBaHHS TICUXOJIOTIYHUX YAHHUKIB 1 TIOJIMIIIEHHS MPOIIECY B3a€MO/IIT
moauau 3 EOM B JII'C BUKOpHUCTOBYIOTH P MPUIOMIB B OpraHizaiii MOBH
300pakeHb 1 CEpBICHUX MPOTPAMHHUX 3aCO0I1B.

[Tose expany rpadigHOTO IUCITICIO 3BHYAHO MOAUISIOTH HA PSJT 00IacTel o
(YHKITIOHaTbHOMY TPU3HAUEHHIO : TOJOBHY (po0ody), B sIKI BiATBOPIOETHCS
BIacHe rpadiuHe TMOAaHHA 00'€eKTy MPOEKTyBaHHS; 0OJacTb MPOIIECIB,
npu3HAueHy JJIsg  BiJOOpaKEHHS KIIOYOBUX CJIiB KOMaHJ KOpHCTyBauya,
JOMYCTUMHUX B JIAHOMY CTaHlI CHUCTEMH; rpadiuHMX TaHMX IS BiOOpakeHHS
CTaHIapTHUX  abo moOyaoBaHWUX  paHime rpa@iyHMX  00'€KTiB, IO
BUKOPHCTOBYIOTBCS B SIKOCTI €JIEMEHTApHUX JIJIsl TOOYTOBU CKJIAJHUX 300pakeHb;
CYNPOBOJy [iajiory, B SIKOMY BHBOJSTHCS CHUCTEMHI BKa3iBKH KOPHUCTYyBady,
[IUTaHHSA CUCTEMH 1 J1arHOCTHUYHI [TOBITOMJIEHHS.

KoHTpoJbHI 3anIUTaHHS .

1. YuM NOSICHIOETBCA HEOOXIAHICTh MPU PO3POOKU A1AJIOTOBUX rpadiyHUX
MOB BpaxyBaHHs MCUXO0(1310JI0TIYHUX (DAKTOPIB B3a€EMO/III orepaTopa 3
EOM ?

2. Oxapaktepu3yiTe  Bi3yaJlbHy, TaKTHJIbHY Ta  KOHTEKCTyaJlbHY
HETEPEPBHOCTI .

3. SIxi mnpuiloMH BHUKOPUCTOBYIOTH /I BpaxyBaHHsS ICHUXOJIOTTUHUX
YUHHUKIB 1 MOJIMIIEHHS Tpoliecy B3aeMoii troaunu 3 EOM B JII'C ?

7.3. Kinacudikauis giasorosux rpadiuHux cucrem

Hianorosi rpadiuni cuctemu (JI'C) knacudikyroTh 0 CTPYKTYpl TEXHIYHHX 1
MporpamMHuX 3acoOiB 1 110 OpI€HTAllli Ha TEBHUI KJ1ac KOPUCTYBaviB abo 3a/1ay.

I[To crpykTypi TexHiyHUX 1 mnOporpamHux 3aco0iB JII'C mnoauisioTe Ha
OJIHONYJITOBI, 0araTomnyJibTOBI1 1 PO3IMO/ALIEHI.

OpnunonynbtoBi JII'C opieHTOBaHI Ha MOHOIOJIBHE BUKOpUcTaHHS EOM onHuM
KOPUCTYBaueM, SKHM TMpalioe 3a [l1aJoroBUM rpadiyHUM TEpMIHAJIOM.
OpnonynsToBi  [AI'C  HeedexTuBHO BHKOpUCTaOTh pecypcu EOM, Ttomy
3acTocoBYIOThCs a00 Ha EOM 3 HeBenukuMu pecypcamu abo B cUCTEMax 3
0aratonmporpaMHUM PEXKUMOM POOOTH, B SKHX 4Yac MpoIecopa IITUTHCI MK
IporpaMor0 0OCITyrOBYBaHHS TEpPMIHATY 1 MpOrpaMamH, IO BUKOHYIOTHCS Ha
EOM B nakeTHOMY peXHMI.

bararonyneroBi  JII'C  Brmtouatorh  gekimbka — JI-tepmuHamiB - 1
BUKOPHUCTOBYIOTH EOM B pexkuMi po3nofiny yacy .

Onepariiina cucreMa EOM nepiogu4yHO mpeacTaBisie KOXKHOMY KOPHUCTyBauy
HEBEJMKUI 1HTepBaJl (KBAHT) Yacy Tak, 110 32 PaXyHOK BHCOKOI MPOJYKTUBHOCTI
nporecopa y KOPUCTYBayiB CTBOPIOETHCS BPaXEHHS MOHOIOJBHOI POOOTH.
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KoxxHomy KkopucTyBauy BHUAUISIETbCS TaKOXK JCSIKANA 0OCST OnepaTUBHOT 1
30BHINIHBOI Mam'siTi EOM, B SIKMX MICTATBCS HOTO MpOTrpaMH 1 MacuBM JaHUX. B
TOM JK€ Yac BCli KOPHCTyBaul MaroTh JOCTYIl A0 3arajbHuUX OaHKIB JaHHUX 1
3araJbHHUX MPOTpam.

Poznoaineni JAI'C 6a3yioTbcsi HAa PO3MOAUTT OOYHCIIOBAIBHUX (YHKIINA MIiX
neHTpanbHol0 EOM Benukoi mpoayKTHUBHOCTI 1 JIOKaidbHOI (TepMiHaibHOi) EOM,
o ynpasisie poootoro JII'-TEPMIHAJLY . Posnoaineni JII'C 3a6e3nedyroTh:

- OllepaTHBHY MiJITOTOBKY, pearyBaHHs 1 KOPETYBaHHS JaHUX B aBTOHOMHOMY
pexumi podoru AI-TEPMIHAJIY no BBeaenHs ix B uentpaibny EOM;

- eKOHOMil0 pecypciB sk mHeHTpanbHoi EOM  Tak 1 JiHII 3B'SI3KYy 3aBISKU
3MEHIIICHHIO KUTBKOCTI 3alUTIB Ha Nepeiayy Ta 00’eM JaHUX, 10 MepeaaloThes;

- CKOPOYGHHS 4Yacy BIJIMOBIAI HA 3amUTH Yy TOPIBHAHHI 3 CHJIBHO
3aBaHTAXCHUMHU OINEpalliiHUMH CHCTEeMaMH, [0 TMPalolTh B pexKUMax
MYJIBTUIIPOrpaMyBaHHs a00 PO3MOJLTY Yacy.

ITo opienTanii Ha neBHUI Ki1ac kopuctyBauiB JI'C nOaUISI0T HAa TPU TPYIIH :

JAI'C penaryBaHHsl 300pa’skeHHsI BUKOPUCTOBYIOTh TUIBKH [JIsl CTBOPEHHS
300pakeHHsI, MOro KOpEKIIii 1 KOMIOHYBaHHs. ['padiuyHuil Aucmiiel 3 npuigagamMmu
rpadi4HOro BBOIY (PAKTHMYHO BUKOPHUCTOBYETHCS SIK “‘€EKTPOHHA” KpECISIpChKa
nomka. Herpadgiuni nii Hax 300pakeHHSIM B TaKUX CHUCTEMaxX CUJIBHO OOMEXKEH1
abo BiacyTH1 B3araii. Hampukiazn, miciasi BUKPECIIOBAHHS CXEMHU KOHCTPYKLIL
MPAKTUYHO HEMOXKJIMBO aBTOMATHYHO c(OpMyBaTH 3aBOaHHS 7S PO3PAXYHKY.
KopucrtyBauamu Takux cUCTEM MOXYTh OyTH Oy/b-siKi (paxiBIl, SKi HAMArarThCs
aBTOMAaTHU3YBaTHU Ipoliec CTBOpeHHs 1 BBy B EOM ecki3iB 1 KpeciaeHb.

JAI'C cnemiasizoBaHOT0 BHUKOPHUCTAHHS 3aCTOCOBYIOTHCS [UJISL  PIIICHHS
0OMEKEHOTO KJIacy 3ajau 3 MOJIaHHAM pe3ylibTariB B rpadiuHiii Gopmi. [Tutoma
Bara mporpaM MailMHHOT Tpadiku B TaKUX CHUCTEMaxX HEBEJIMKA B TOPIBHSHHI 3
CHeIlai30BaHUM MPOTPaMHUM  3a0€3IMEUYEHHSIM  PIllICHHS JIOCITIJIKYBaHO1
npobsiemu. Ilo i nmpuumni cnemiamizoBani JI'C HazuBawTh ‘“‘cucremamMu 3
BUKOPUCTAHHSM IHTEPAKTUBHOI rpadiku’’, a HEe MPOCTO “TpadiuHUMU CUCTEMAMHU .

AI'C 3arajnbHOr0 npu3HaYeHHs, a00 IHCTPYMEHTAJIbHI, MpPHU3HAYEH1 IS
BUKOPHUCTAHHS MTPHU po3po01ii MPOoOIEMHO-OPIEHTOBAHHUX rpaIyHUX CHCTEM.

B mux JII'C peanizoBaHi BCl OCHOBHI 3ac00M 1 3arajibHi mporpamu rpadiyHOro

BBOJy- BHUBOAY, ICHYIOTb MOBHM BHCOKOI'O PIBHS JUIsl PO3POOKM MPUKIATHUX

mianoroBux — rpadiuHux mnporpaMm. BoHM 103BONSIOTH 3BECTH [0 MIHIMyMY

BUTpPATH Ha PO3POOKY CTPYKTYpPH NaHUX, HA OpraHizaiiio rpadiqHoro BBOAY -

BUBOJTY 1 CKOPOTHUTH TE€PMiHU PO3POOKH MPOOIEMHO-OPIEHTOBAHUX CHCTEM .
KoHTposbHi 3anuTaHHs.

1. SIxi gianorosi rpadivHi CHCTEMHU BaM BijoMi ?

2. OxapakTepusyiTe piBHI PO3MOAUTY OOYHCITIOBAILHOTO TIPOIECY B
posnoautbHux JAI'C.

3. Ak posautsitorees JI'C mo opieHTallii Ha BUBHAYEHUN KJIaC KOPUCTYBayiB ?
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7.4. IIporpamua imiTauist NPUCTPOIB BBEAEHHS

Jna edexTuBHOI peamizamii JialOroBUX B3a€MOMIM BHUKOPUCTOBYIOTH pi3HI
npucTpoi BBeACHH rpadiuHoi iHpopmarrii.

[lepenexpanHa ceHCOpHA IMaHENb BKJIIOYAE MApU ONTOEIEKTPOHUX EJIEMEHTIB,
AK1 pO3MIIIEH] MO MepuMeTpy ekpany. KokHa 3 Takux map BKIIIOYA€E HKEPEIIO
CBITJIa Ta foro mpuitMau (auB.puc.7.1.)

gogoood

& O - JDKepeso CBiTia
7N\ >
&_) O O - mnpuiiMad cBiTia
&

OO OISO

oogao

Puc. 7.1. IlepenekpanHa ONTOEJEKTPOHHA CEHCOPHA

[Ipu potuii onepaTopoM naHedl BUKOHYEThCS BBeieHHS B EOM koopaunat X
Ta Y MOJOKEHHS 00’ €KTa Ha €KpaHi.

Pexum no3uiiroBaHHs MOJIsSIrae y BCTAHOBJIEHI I'paiyHOTO MapKepy B 3aJaHy
TOYKY €KpaHHOi CHUCTEMH KOOpAMHAT. BpaxoByrooun, 1m0 i1 LbBOTO
BUKOPHUCTOBY€ETbCS OOMEKEHa KIJIbKICTh ONTOENEKTPOHHUX THap, Mpoueaypa
MO3UIIIIOBAaHHS BKJIIOYae B cebe nBa eramu:” rpy0Oro” MO3MUIIIOBaHHS Ta
“TOYHOTO” TIO3UIIIFOBAHHSI.

[Tin yac mepuioro eramy onepaTop BCTAaHOBIIIOE PETICTPYIOYMIl OpraH B
HEOOXITHY TOYKYy ekpaHy. IIpum mpomy rpadiunuii Mapkep NepeMillaeTbcsl B
MOYaTOK MaKpO30HHM, SIKI YTBOPIOIOTH OMNTOENEKTpoHHI mapu. Ilig wac gpyroro
etany (NEPEKIIIOYEHHS  MOXJIMBE  PI3HUMHM  LUIsXaMu, HaOopukiag, 3
BUKOPUCTAaHHSM KHONKH a00 aBTOMAaTHUYHO -BiApa3y Micis NepeMIlIeHHsS
PEriCTPYIOUOr0 OpraHy 3 aKTHUBHOI 30HHM) OIEpaTop NEPEMIIIA€ PEricTpyrodui
opraH B HalpsIMKy He0OXiJHOT mo3ulli rpadgigyHoro mapkepa. [Ipu npbomy KoxHe
MepEMIIIICHHS MaKPO30HU OOYMOBIIIOE TIEPEMIILICHHSI MapKeEPy Ha OJWH IIKCEN B
TOMY K HaIlpsIMKY.

[To3zHaunMo dYepe3 N- KUIBKICTh ONTOENEKTPOHHUX Tap, SKYy HEOOXITHO
3a0e3neunTH JUIsi OJAHIEI 3 CTOpPIH eKpaHy, sika Bkiaoyae N Touok. Tomi
BiHOIICHHS N/n - BU3HAYA€ PO3MIP MAaKPO30HU JIJIST PEKUMY TO3UITIFOBaHHS. {7151
3a0e3nedeHHs 1IeHTH(IKAIT KO)KHOI TOYKH MaKpO30HH BiHOMIEHHS N/n TOBUHHO
JIOPIBHIOBATH N,

T00TO N/n =n. N=n2.
3BlJICH N = [VN 1.
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[Ipuctpiii BBOAY TUMa “Tpek6os” (puc. 7.2) 3ade3nedye nepeMiiieHHs
rpadiyHOTO MapKepa B HANPSAMKY MEePEKOYyBaHHS KYJIi 31 HIBUJKICTIO, SIKY HaJlaB
KyJI1 orepatop. BBBaXxaeThes , 110 KyJisl Ma€ Ty’Ke BEIMKUH MOMEHT 1HEpITii.

—
\_/

Puc. 7.2. Tpexkooa

B pexumi mporpamHoi iMiTamii pexuMy TpekOoia omneparop BHKOHYE
HNEPEMIIICHHS] PETICTPYIOYOro opraHy B KOOPJIMHATHOMY  MPOCTOPI1
NEePEeIeKPAaHHOI CEHCOPHOI TMaHelll B HaNpsIMKy HEOOXIJHOTO TMepeMillleHHS
rpadiunoro mapkepa. [Ipu npomy 3a JOMOMOroO0 MepeeKpaHHOl MaHel depes
BUJIIJICHUH MPOMiIKOK yacy AT 3HIMAIOTHCS 3HAYEHHSI KOOPAMHAT PETiCTPYIOUOTO
OpraHy Ha MOYaTKy IHTEpBaly Ta B MOro KiHieBid Touii. OOUYHCIIOBaTILHUMHU
3aco0aMu PO3PaxOBYIOTh PIZHUINI0 KOOPJWHAT, KA CIUIBHO 31 3HAKaMH 3aJa€
HaIlpsIMOK PyXy IpadigyHOro Mapkepy, a MOAYJb PI3HULI -IIBUIAKICTH HOTO
nepeMIIeHHS.

[Ipu gocsrHeHH1 MapKepoM BUOpPaHO1 3aJ1aHOT 30HU ONEPATOP MOMIILAE B 30HI
nepeIeKpaHHOI CEHCOPHOI MaHesi OpraH pericTpalii 1 yTpuMmye HOoro HEpyxomo.
OCKUIbKYM B JaHOMY BUIIAJKY MEPEMIIICHHS HE MA€ MICIS ,TO PI3HUI KOOPIUHAT
PETICTPYIOUOTO OPIraHy JOPIBHIOE HYJIIO, 110 IPU3BEAE 10 3yNUHKH MEePEMIILIEHHS
rpadiyHOro MapKkepa Ha eKpaHi.

[Ipuctpiii BBOgy Tuma “‘mKoicTuk” (puc. 7.3 ) 3abesneuye MepeMilleHHS
rpadiyHOro Mapkepa B HANpsIMKYy HaXWICHHS PYKOSTKA 31 IMIBUIKICTIO, SKa
IPOIIOPIIiitHA KyTYy HAXWITY.

Puc. 7.3. [I:xoiicTuk

B pexumi mporpamHOi imiTalrlli JKOWCTHKA YMOBHUW IIEHTP OCTaHHBOTO
PO3MIILIYIOTh B IIEHTPI €KpaHHOi cucTeMu KoopauHat. [lpm HeoOXiTHOCTI
nepemimieHHss  rpagiyHOrO MapKepy B HEOOXIIHOMY HampsIMKy OIeparop
NOMIIIA€ PETICTPYIOUM OpraH Ha TaKy MO3MIII0, sIKa  BIJIHOCHO YMOBHOIO
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LEHTPY PKOMCTHUKA Ma€e TaKui ke HalpsIMOK. B IboMy BUTIAAKy BifjaneHHsS A
PETICTPYIOUYOTO OpraHy BiJ LEHTPY €KpaHHOI CHCTEMH KOOPAMHAT BH3HAYa€
HMIBUJKICTh TepeMmimieHHss rpagiuyHoro mapkepy (puc. 7.4). Ilpu HeoOximHOCTI
3YOUHKMA MapKepa OmNepaTop MOMIIIAE PEricTpyrounii opraH B YMOBHHM LIEHTP
mxoncTrka. OCKIIbKM B LbOMY BHMAaAKy A =0 ,TO HBUAKICTH NEPEMIIEHHS
Takok OyJe JOpIBHIOBAaTH HYJS 1 ,IK HACHIIOK , TIEpEeMILICHHS Mapkepy Oyne
MPUTTTHEHO.

O Puc.7.4.
Q—A A 3aBaaHHA 1A
0, ~ nepeMilleHHsI
Mapkepa

KoHTpoJbHI 3anUTaHHS.
1. JlaiiTe XapaKTepUCTUKYy OCHOBHHM MPUCTPOSIM BBEAEHHS rpadiyHOi
1H(popmarii.
2. Sx BuU3HAYAEThCS HEOOXiMHA KUIBKICTh ONTOCICKTPOHHUX Tap IS
peanizalii pexxuMy TOYHOTO TMO3UIIIFOBAHHS ?
3. Sk 3miiicHIOETHCS MTporpamMHa imiTalis pexxumiB "Tpekdon"” , "mKxocTuk" 3
BUKOPHUCTAHHSAM IE€peIEKPaHHOI CEHCOPHOI MaHel ?

8. O0poOka Ta popmyBaHHs rpadgiunux Paiiais
8.1. Po0oTa 3 KosibOpamMu Ta HANIBTOHAMH
8.1.1. Kouaip. CucreMu 3MillyBaHHA KOJIbOPiB

Konip mae mncuxodizionoriuny 1 mncuxodizuuny npupoay. CrnpuiiManHs
KOJIbOPY 3JICKUTH BiJ (PI3MUHUX BJIACTUBOCTEHN CBITJIA, TOOTO €IEKTPOMArHITHOL
eHeprii, Bij #oro B3aemojii 3 (PI3UMYHUMU PEYOBUHAMH, a TAKOX BII IXHBOI
1HTepHpeTallii 30pOBOK0 CUCTEMOIO JTIOUHHU.

30poBa cucTema JIFOJIMHU CIIPUIMAE eNEKTPOMArHITHY €HEPriio 3 JIOBKUHAMU
xBuwib Bim 400 no 700 HM sk Buamme cBITIO . CBITIO CHpUUMAEThCA abo
0e3rocepelHbO  BIJ JDKEpeNa, HampHKiIaa eJEKTPUYHOI JIAMIIOYKH, a0o
,0e3rmocepesHbO TIPU BiTOOpa)KeHHI1 B MOBEpXHI 00'ekTy ab0 3ajoMJICHHI B
HBOMY.

Jxepeno abo 00'eKT € aXpoOMaTUYHUM, SIKIIO CBITJIIO, IO CIOCTEPITAEThHCA,
MICTUTh BCIX BHIUMI JIOBXHHU XBWUJb B NPUOJM3HO PiBHINH KUIBKOCTI.
AXpoMaThyHe KEPEeNo 3/1a€Thes O1IMM, a BIIOUTE a0 3aJI0MIIEHE aXpOMaTHUYHE
CBITJIO — O17TUM, YOpHHUM abo cipuM. binumu 31a10ThCst 00'€KTH, IO AXPOMATHYHO
BiOuBaoTh OUTbIl 80% cCBITIA OLIOTO JKepena, a YOPHUMH - MeHI 3%.
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[IpoMi>KHI 3HA4Y€HHSI JalOTh PI3HOMAHITHI BIATIHKKA Ciporo. I[HTEHCHBHICTH
B1IOUTOTO CBITJIA 3pYyYHO po3risgaTy B miana3odi Big 0 go 1, me O BigmoBimae
4OpHOMY, | - 61710My, @ IPOMIXkKHI 3HAYEHHS - CIpOMY KOJIBOPY.

SckpaBicTh 00'€KTy 3anexkaTh BiJ BIJHOCHOI YYTJIMBOCTI OKa JO PI3HUX
JOBXUH XBWIb. [Ipu J€HHOMY CBITJII UyTIUBICTh OKa MaKCHUMaJIbHA TIPH JTOBKHHI
XBWJIb MOPSAAKY 550 HM, a Ha Kpasgx BUIUMOTO Jiama3oHy CIEKTPY BOHA Pi3KO
najae.

Koo CBITIO, MO CHPUAMAETHCS MICTUTH JIOBKHHU XBWJIb B JIOBUIBHIN
HEPIBHINA KUIBKOCTI, TO BOHO HAa3UBAETHCA XPOMATUYHUM. SIKIIO JOBXKUHU XBHJIb
CKOHIIEHTPOBaHI y BEPXHBOTO Kpal0 BUIUMOTO CIIEKTPY, TO CBITIIO 3/1a€ThCA
YEepPBOHUM, TOOTO JOMIHyHOYa JOBXXHHA XBWIb JICKHTh B UYEPBOHIM 00JacTi
BUJIUMOT'O CHEKTPY. SIKIO TOBXWUHU XBUJIb CKOHIIEHTPOBAHI B HUKHIN YacCTHHI
BUJIUMOTO CHEKTPY, TO CBITJIO 3JAa€TbCS CHHIM, TOOTO JIOMIHyIOYa JIOBXKHHA
XBWJIb JISKUTh B CHHIM YacTuHi criekTpy. [Ipore cama mo coOi eaeKkTpoMarHiTHa
EHEeprisi MEeBHOI JOBXKWHU XBWII HE Ma€ HISIKOrO KOJIhOpY. BimdyTTsi KOInopy
BUHHMKA€E B PE3yJbTaTl NEPETBOPEHHA (DI3MYHUX SABHIL B O M MO3KY JIFOJIMHH.
Komnip 00'ekTy 3anexuth BiJ pO3MNOJAULY JOBXKHH XBWUJIb JKEpesia CBITIA 1 Bij
¢13uuHUX BiacTUBOCTEl 00'ekTy. OO'€KT 3HA€ETHCS KOJIBOPOBUM, SKIIO BIiH
B1I0MBa€ a00 MPOIMYCKae CBITJIO JIMILIE B BY3bKOMY J1ala3oHl JOBXHUH XBHIIb 1
MOTJIMHAE BCI 1HIIIL.

[lcuxodizionoriune NOMAHHS CBITJIAa BU3HAYAETHCA KOJHLOPOBUM TOHOM,
HACHUEHICTIO 1 CBITIOTO0. KONbOpoBUI TOH 103BOJISIE PO3PI3HATH KOJIBOPHU, a
HACUYEHICTh - BU3HAYATH CTYMiHb Ocla0JieHHs (Po30aBJICHHS) JAHOTO KOJIbOPY
oM. Y yuctoro koyibopy BoHa piBHa 100% 1 3MeHIITyeThCsI IO Mipi 30UTbIICHHS
outoro. HacnyenicTb axpomMaTHUHOTO KoJbopy ckiangae 0%, a Horo cBiTIOTa
piBHA IHTEHCUBHOCTI IIOTO CBITJIA.

3BUYATHO 3YCTPIYAOTHCS HE YUCTI MOHOXPOMATHUYHI KOJILOPH, a TXHI CyMIIIIi.
B OCHOBI TPHUKOMIIOHEHTHOI TE€OPii CBITJIA CIYKUTh MPUIYIIEHHS NpO T€, 10 B
LIEHTPAJIbHIM YaCTUHI CITKIBKM 3HAXOASTHCS TPU TUIU UYYTJIUBUX JI0 KOJbOPY
KoJioouok. Ilepuri cnpuiiMaroTh JOBXKWHU XBWJIb, IO JEXaTh B CEpeauHI
BUJMMOT'O CHEKTPY, TOOTO 3€JI€HUIN KOMip; APYTi - TOBKUHU XBUJIb Y BEPXHBOTO
Kpar BUIUMOTO CIEKTPY, TOOTO YEPBOHUM KOJIIp, TPETI - KOPOTKI XBUIJI1 HUKHBOI
YaCTUHU CIEKTPY, TOOTO cuHI. BillHOCHa YyTIMBICTH OKa MaKCHUMaJlbHA Jis
3€JICHOTO KOJIBOPY 1 MiHIMaJbHA JJIsI CUHBOTO. SIKIIIO0 Ha BCl TPU THUMA KOJIOOUYOK
BIJIMHE OJHAKOBUI PIBEHb CHEPTETHUYHOI SICKPABOCTI (€HEPTisl B OJIMHUIIIO Yacy),
TO CBITIIO 371a€Thes OutuM. [Ipuponne Oiie CBITJIO MICTUTH BCl JOBXKUHHU XBHWJIb
BUJIMMOTO CIIEKTPY; OJIHAK BIAYYTTS O1710T0 CBITJIa MOXKHA OTPUMATH, 3MINIYIOUN
OyIb-siKi TpU KOJBOPH, SIKIIO KOACH 3 HUX HE € JIIHIMHOK KOMOIHAITIEI IBOX
iHmmx. [le MoxnuBO 3aBAsku (hi310JOTIYHUM BIACTUBOCTSAM OKa, SKE Ma€ TpU
TUma Koja004o0k. Taki Tpu TN KOJTHOPIB HA3UBAIOTHCS OCHOBHUMU.

B mammnHIN rpadimi 3acTOCOBYIOTHCS JIBI CUCTEMHU 3MIIIYBaHHS OCHOBHMX
KOJBOPIB: aJJUTUBHA - 4epBOHUM, 3eneHuid, cuHii (RGB) 1 cyOTpakTuBHA -
OakuTHUM, myprypHui, sxoBTU (CMY). Bonu 300paxeHi Ha puc. 8.1.
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Puc.8.1. AgnutuBHa (a) 1 CyOTpakTHBHA CUCTEMH 3MIITYBaHHS KOJIbOPIB

Konbopu opHi€i cucteMu € AOJATKOBUMM JO 1HIIOL: OJAKUTHUH - 10
YEPBOHOTO, MyPIYPHUH - 10 3€JIEHOTO, YKOBTUH — 0 CUHBOTO. Jlo1aTKOBUIA KOTIp
1€ PpI3HUIS O170T0 1 JaHOTO KOJbOPY: OJIAKUTHHUM 11e OUTUM MIHYC 4YEpBOHU,
NypInypHU - OLIMA MIHYC 3€JE€HMH, XOBTHM - OLIMH MIHyC CHHIM. Xoua
YEpBOHMI MOXHA BBaXKaTH JOAATKOBUM 10 OJIAKUTHOTO, IO TPaavLli YEPBOHUM,
3eJIEHUH 1 CHHIM BBa)XKaIOThCSI OCHOBHUMH KOJIbOPAMH, a TOIYOHil, MypHypHHi i
KOBTUH — iX gogaTtkamiu. L{ikaBo, 10 B CEKTP1 BECEJIKHU a00 MPU3MU IIyPIyPHOTO
KOJIbOPY HEMae, TOOTO BiH MOPOAKYETHCS 30POBOIO CUCTEMOIO JIFOJUHH.

Jlnst BinOuBaroymx MOBEPXOHb, Hampukiaa Tunorpadcbkux (ap0, MmiIiBoK 1
€KpaHiB, 0 HE CBITATHCA, 3aCTOCOBYEThCS CyOTpakTuBHas cucrema CMY. B
CyOTpakTUBHUX CHUCTEMax 3 CHEKTPY OLIOro KOJbOPY BIJIHIMAIOTHCS JIOBKHUHU
XBWJIb JIOJATKOBOro KoJibopy. Hanpukmnan npu BigOUTTI abo MpomycKaHHI CBITJIA
Kpi3b MypHypHUH OO'€EKT TMOIVIMHAETbCA 3€J€HAa 4YacTUHA CHEKTpy. Ko
OTPMMAaHE CBITJO BIJOMBAEThCA a00 3AJOMIIOETHCA B JKOBTOMY OO'€KTi, TO
MOTJIMHAETHCSA CHUHSA YacCTUHA CHEKTPY 1 3aJMILAETHCA JIMIIE YEPBOHUM KOJMIp.
[Ticns ¥ioro BiOUTTS ab0 3aJOMIIEHHS B OJJAKUTHOMY 00'€KTI KOJIp CTa€ YOPHUM,
00 mpuU IIbOMY BHUKIIOUAETHCA BeCh BUAMMUMN crekTp. [lo mpomy mnpuHIMIY
MPaIoTh GOTOPUIBTPH.

AnnutuBHa KonbopoBa cuctemMa RGB 3pyuyHa ans moBepXoHb, sIKI MarOTh
3/IaTHICTH CBITUTHCS, Hanpukiaa ekpaniB EIIT abo konbopoBux jamil.

KoHTposnbHi 3anuTaHHs.

1. SIki mOBXWHU XBUJIb CIIPUMMAE 30POBA CUCTEMA JIFOAUHU ?
2. Ywum BU3HAYA€THCS NICUXO0(]i310JI0TTUHE TOIaHHS CBITJIAa?
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3. B sxux BUMamkax 3aCTOCOBYIOTHCS aJJIMTHBHA KOJbopoBa cucreMa RGB
Ta CyOTpakTUBHasI KoJbopoBa cucrema CMY ?

8.1.2. IlaniTpu i onTuMi3aniss maJxiTp

[TamiTpa BU3HA4Ya€e KOIBOPH, IO OyTyTh BUKOPUCTOBYBATHUCS B KapTHHI. SKII0
BUHHUKHE HEOOXIJTHICTh, TO JOMATKOBI KOJBbOPH MOXHA OJEP’KAaTH 3MIITyBaHHIM
¢bap0, yxe BKIIOUCHHUX Y TATITPY.

VY koMm'roTepax TeX BUKOPUCTOBYIOTHCS MANITPU, aje KOMI'IOTEPHI KOJIIpHI
najgiTpu Ouaeln oOmexeHi. J[IMiCHO, UTIOCTpaTHBHA MIporpama, 1o MIATPUMYE
MaKCUMyM 256 KOJIbOPIB, HISIK HE 3MOE€ BUKOPHUCTOBYBATH OUIBII 256 KOIHOPIB
OJIHOYACHO. 3aJIMINAEThCS €IMHA HaJlisl Ha I[ICEBJIOTOHYBAHHS. Alle HaBITh
IOBEJIIPHO HAcTpoeHe audy3iiiHe MCeBAOTOHYBaHHS Oyje HaBpsa 4d e(PEKTHBHO,
SKIIO KOJIBOPHU MANITPU MOTaHO MiidpaHi. Y KIHIIEBOMY paxyHKY, IPOTpaMHUMU
3aco0amu miaOuparoTh Gapou mamiTpu, siKi sKHaAWKpallle BiAMOBIAAI0Th BIATIHKAM
300paxeHHs.

Onniei 3 mpoOnieM, 1110 BUHUKAIOTh 4Yac BiJl 4acy B KOMIT'IOTEpHiN rpadika, €
npobsieMa BUOOPY KOJIPHOI MaJITPH, 3a JOMOMOTOI0 SIKOI MOHa B1J0Opa3suTH
KAPTUHKY 3 KUJIBKICTIO BIJITIHKIB, IO MEPEBULIYIOTH KUIBKICTh KOJBOPIB y MATITPI.
SAxa koMOiHalig KOJBOPIB JacTh HaWKpamuil pesynbTar? BiamoBigs Ha 1e
NUTaHHS Ja€ MPOLEC, 10 HA3WBAIOTh ONTUMI3ali€l0 namTpu. Camuil MpoCTHid
X1/ TIOJIATa€e B TOMY, 1100, mepeOpaBIy BCi MIKCENIH B 300paxeHi, opaxyBaTH
CKUIBKHM pa3iB 3yCTPIYAETHCS KOXKHHUM KOJIP 1 CKIACTH MAJITPY 3 TUX KOJHOPIB,
[0 3YCTPIYAIOTHCSA YacCTillle 1HIUX. SKIIO ACSKUi BIATIHOK CHHBOTO KOJIBOPY
3yctpiyaetbest 100 pasiB, a BIATIHOK 4YepBOHOro Tulbku 20, TO mepeBara
BIJITAETHCS CHHBOMY KOJIbOPY. AJle 11ei MeTo/ Ma€ JeKiibka HenomikiB. OnuH 13
HUX TOJISITa€ B TOMY, IO JESKI KOJbOpU OYIyTh BUKJIIOYEHI MOBHICTIO. Y SIBIThH
co01 300pakeHHSI 3aMIChKO1 JOPOTH, A€ MEPEBaKalOTh CHHI, KOPUYHEBI, >KOBTI,
3eJIeHI TOHH, 1 IECb B OJHOMY KYTY BUSBUBCS YEPBOHUH, TOpOoxkHIN 3HaK "Criif".
k10 yepBOHUI KOJIIp OUIBII HiJ€ HA LIA KAPTUHLI HE 3yCTPIYa€ThCA, TE BiH HE
NOTPAIUTh y NAIITPY, 1, 0OTKE, Oyae nopapOOBaHUN y IKUUCH IHILIUNA KOJIP.

MoxinuBo, Kpamie Oyiao O BMOpaTH KOMIUIEKT KOJIBOPIB ISl TANITpU 3
PIBHOMIPHO PO3NOJAUIEHHUMH YEPBOHOIO, 3€JE€HOK 1 CHHBbOI KOMIIOHEHTaMHU.
Takuit miaxig 3a0e3nedyye MMPOKUNW BUOIP KOJBOPIB, aje MpU IbOMY HE
BPaxoOBY€EThCA TOW (akT, MO B OUIBIIOCTI 300pa)KeHb HEMAaE PIBHOMIPHOTO
KOJIIPHOTO PO3MOJILTY

[Hme pimenHs npobiieMu - 1€ METOJ KBAHTYBAaHHS KOJLOPIB MeEIlaHHUM
nepetuHoM. KomipHuii pocTip po3rsiiacThes K TpuBUMIpHUI Ky0. KokHa Bich
Ky0Oa BiJIOBi/Ia€ OJHOMY 3 TPhOX OCHOBHHUX KOJIbOPIB: YEPBOHOMY, 3€JICHOMY a00
CUHBOMY (pO3IJSIHEMO JJi TPUKIAAy BUIMAIOK, KOJIM BUKOPUCTOBYIOTH 256
KoJbopiB). KokHa 3 TpbOX CTOpiH pO3OMBAETHCS HA 255 pIBHUX YacTHH,
Posnoninim Ha ocsix HymepyroThes Big 0 mo 255, nmpuuomy OibIe 3HAYCHHS
BIIMOBIa€ OUIBIIIN 1HTEHCUBHOCTI KOJIbOpY. TOuku ycepeawHi KyOa, 10
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BIJIOBIJIAIOTh KOJIbOpaM BIAMIYAIOTHCS TAaK C€aMoO, SIK TOYKH TPUBUMIPHOTO
rpadika, sSkOu Oynum 3amaHi X, y 1 Z KOOpJAWHATH TOYKH. [Ipumipom, SKIIO
3HAYCHHS YEPBOHOI, 3€JI€HOI 1 CHHROT KOMMOHEHT € 128, 64 1 192 BignmosigHO, TO
HeoOXximHO Biakiactu Ha oci Y - 128, Ha oci 3 - 64, Ha oci C - 192 1 o/lepKaTH
TOUKY ycepeauHl Ky0Oa, I0 BIANOBiAa€ TAaHOrO KoOJbOpy. YopHui Komip 13
kommnonenramu 0, 0, 0, NOTPAIHUTL Ha OJHY BEPIIMHY Kyba, a Oumid - i3
KOMIOHeHTaMu 255, 255, 255, B iHOIy, JdlarOHajdbHO MPOTHUJIC)KHY BEPIIHHY.
SKI10 BI3HAYNTH TOYKH yCepeanHi Ky0a, 10 BiAMOBITAI0TH KOJbOPAM MIKCETiB Y
3BUYAMHOMY TIOBHOKOJIbOPOBOMY 300pa)K€HHI, TO BHUSBIAETHCA , IO TOYKH
HEPIBHOMIPHO PO3TAIllOBaHI MO BChOMY KyOi. OueBUIHA TEHJACHIIS TPYITyBaHHS
TOYOK B OKPEMHX PErioHax.

Metoa MeaiaHHOTO TIEPETUHY TOAUIsAE KyO Ha 256 mapanenenine/iB, KOXHUAN
13 KUW MICTUTHh NMPUOIM3HO OJIHAKOBY KIIBKICTH TiKceniB. IIpu Takiit po30OuBII
KyOa IIEHTpajbHa TOYKAa KOXHOTO Iapajelieninena MpeacTaBlisie ONTUMaTbHUM
BUOIp 1JI KOMIpHOL mamiTpu. Y Tii 0o6siacti Ky0a, 110 r'yCTO 3all0BHEHA TOYKAMH,
Oyne Ounbllle mMapajiesenineniB 1, BIANOBIAHO, y HaNITPy HOTPANUTh OLIbIIe
KOJBOpIB. A TaMm, J€ TOYOK MEHILE, 1 KOJIbOpiB Oyne B34ATO MeHie. JKomHwuii
KOJIp He Oyne BIAKMHYTHA LUIKOM. THUM 3Ke KoJibopam, IO 3yCTpPIYarOThCs
yacTiuie, Oyzie BijijlaHa repesara.

3BepHEMOcCs 1€ pa3 A0 MpHUKIaga 3 3aMICbKOI0 Jopororo. Koasopu B mamitpi,
OTPUMAHO1 MEIiaHHUM IEPETUHOM, OYIyTh KOHIIEHTPYBATHCS HAaBKOJO CHHBLOTO,
KOPHUYHEBOT0, )KOBTOTO 1 3€JICHOTO, ajie¢ MPUHAWMHI 3HaWIeThCS OJWH BIITIHOK 13
JIOCTaTHHOIO YEPBOHOIO KOMITOHEHTOIO, 11100 anmpoKcuMyBaTu KoJip 3Haka "Criit".

Memoo keanmysanHs KOIbOPI6 MEOIAHHUM NepemuHoM

Meroa KBaHTYBaHHA KOJBOPIB 32 JOMOMOTOI0 MEIAHHOTO TEPETHUHY
3aCTOCOBYEThCSI MpU BUOOP1 256 KOIBOPIB, 100 MPEACTABUTH MOBHOKOJIBOPOBE
300paKeHHS, 10 MICTUTh JEKIIbKa TUCSY KOJabopiB. [1[00 3po3ymiTu sik mpaiiroe
METOJ MEIIaHHOTO MEePeTHHY, TPEACTABUMO KONIpHUN TpocTip Ik Kyo0. KoxHa
BiCb BIAMOBiJIa€ OJAHOMY 3 TPHOX OCHOBHHX KOJBOPIB 1 PO3MOMLIM Ha OCi
HyMmepytoTbes Bia 0 g0 255; OuibioMy HOMEpPY BIAMNOBIAA€ OLIbIIA IHTEHCUBHICTD
KoJibopy. Konbopu B 300pakeHHI BIJ3HAYAIOTHCS yCEpearHI Ky0a Tak camo, sIK
TOYKHU Ha TPUBUMIPHOMY Tpadiky.

[lepmmii kpok nepedyBae y BiACikaHHI "KpaiB" KyOa, 1110 HE MICTSTh IMIKCEIB.
[Tpumipom, SKIIO y BCIX MIKCENIB 3HAYEHHS YEPBOHOI KOMIIOHEHTHM HE MEHIIE,
HDK 8 1 He OubIne, HiX 250, TO BIAKMAAIOTHCS YacTUHU Ky0a Big U=0 mo U=7 1 Bix
Y=251 no Y=255.

Jpyruit Kpok mojsira€ B po3pi3yBaHHI OTPUMAHOTO IMapa’jelieninena Ha ABa B
cepenHiii Touri (MemiaHi) camoi JIOBroi CTOpPOHHM. SKIIO cama JIoBra CTOpPOHa
napayiensHa oci C, To KOMIT'IOTEp BUOMpA€E CEpEeIMHHE CUHE 3HAYCHHS 3 y01x CUHIX
3HaUeHb, TOJIAHUX Yy Tapajenemineai 1 pospizae B mik Tourmi. Temep
napanenernine]; po3AUICHHI Ha JBa Mapalieieminead MEHIIOTr0 pPO3Mipy, IIIo
MICTATh OJHAKOBY KIJIbKICTh IMIKCEJIIB.

Becwr momepeaniil mporiec - BiJICIKaHHS MOPOXKHIX "KpaiB" 1 po3pi3yBaHHS
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camoi JIOBroi CTOPOHM B CEpEHIM TOYlll - MOBTOPIOETHCS MJIs JBOX MEHILIUX
napasienenineaiB. Tenep BUXIIHUN KyO po3/iJeHUA HAa YOTHPU Tapaelieninesa,
10 MICTSITh MPUOJIN3HO OJJHAKOBY KUIBKICTh MIKCEIB.

MeniaHHMi IEPETUH MOBTOPHO 3aCTOCOBYETHCS AJISL TOTO, MO0 PO3ALITUTH KyO
Ha 8, 16, 32, 64, 128 1 256 napanenemninesiB. BoHr MicTATh TpUOIU3HO Ty caMy
KUTBKICTb MIKCEIB 1 iXHI 00'eMHn 00€pHEHO MPOMOPIIIHHI MITEHOCTSAM IIKCEITiB.

Maroun mpocTip, po3aUIeHUN TaKUM YHHOM, JIeTKo BHOpaTu namtpy. Koxxuuit
13 256 mapasnenemineniB BKIIOYA€E MIKCENIU MPUOIU3HO OJHAKOBOTO KOJBOPY 1
HEHTP KOXKHOTO Tapajeseninesa MpeacTaBise ONTUMalbHE 3HAYEHHS KOJIbOpY
JUTSL T Tpy. Marouu KOOpJIMHATH BEPIIMH, Ty>Ke MPOCTO 0OUMCIUTH KOOPAUHATH
HEeHTpaabHOI ToukH. (Jleski rpadiuHi IporpaMu 3aMicTh TOTO, 100 OOYUCITIOBATH
HEHTPAJIbHY TOYKY, YCEPEIHIOIOTh 3HAYEHHS BCIX IIKCENIB, Kl 3HAXOASATHCS
ycepeauHl mapajenemninesa; Ha oO4YuCIeHHS IIijie OUIbINe yacy, ajie OTpuMaHa
nanitpa Oyzae kpamoro.) BupaxysaBmu Y, 3 u C xoopauHatu st BCix 256
LHEHTPAJIBHUX TOYOK Y IMapajeseninenax, oaepxumMo 256 KonbopiB, Mo 1 OyayTh
CKJIQJIaTH MAaJITPYy.

KoHTpoJbHI 3anUTaHHS.

=

[Ilo Take nmamiTpa ?

B yomy nonsirae ontumizariis namtpu ?

3. JlaiiTe XapakTepUCTHKYy METOJYy KBaHTYBaHHS KOJIbOPIB MeEJIaHHUM
EPETHHOM.

N

8.1.3. Anpokcumanisi HANIBTOHAMHA

ATmpoKkcuMallisi HamiBTOHAMH — II€ METOJl , B SKOMY BHKOPHUCTOBYETHCS
MIHIMaJIbHA KUIBKICTh PIBHIB 1HTEHCUBHOCTI JJIi OTPUMAHHS BEJIUKOI KUJIBKOCTI
HaIBTOHIB.

Credanom Xarenom B 1880 porri 3ampoBajKeHUN METOJ] HaAIMIBTOHOBOTO
IPYKY, B SIKOMY BEJMKa KUIBKICTb (poTOrpaiuHMX HAMIBTOHIB CIPOrO KOJIbOPY
peanizyeThbes 3a JOMOMOTOI JJBOXPIBHEBOTO cepeloBUINA: YopHa dapba Ha O1TiM
TManeposi.

HamiBTOHOBHUII JApYK BUKOPUCTOBYE TUCKPETHI KITUHU. Po3mip KiiTUHU
BUOMPAETHCS B 3AJEKHOCTI B MIUIKO3EPHUCTOCTI PEIITKH 1 TPHUBAJIOCTI
excro3uilii. J{7ist ra3eTHOro ApyKy BUKOPUCTOBYEThCA 50-90 TOUOK Ha AONM.

MeTon HamiBTOHIB 0a3y€eThCsl Ha BIACTUBOCTI 30POBOi CUCTEMHU 1HTETPYBATH ,
TOOTO 3TIa/KyBaTH TUCKPETHY 1H(HOPMALIIO.

B npoTunexHicTh HaMBTOHOBOMY JPYKY, B IKOMY BUKOPUCTOBYIOTHCS 3MIHHI
pPO3MIpU KIITHH, B METOAI KOH(IrypyBaHHS pO3MIpU KIITOK ¢ikcoBaHi. J[s
300paxkeHHs 3 (hIKCOBAHOK PO3MOAUIBHICTIO JEKUIbKA MIKCENIB 00'€IHYIOThCS B
koH(irypamii. Ha puc.8.2 nokazaHa ofgHa 3 MOXKIIMBHUX Tpyll KOHGIrypauii ass
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JIBOXPIBHEBOTO YOpPHO-01710T0 JTUCILIEIO. s KOKHOT KIIITUHU
BUKOPUCTOBYIOTbCS 4OTHpH Tikcena. Ilpu Takiii opranizaimii oTpuMyeMo mH'SITh
MOXJIUBUX pIBHIB ab0o TOHIB ciporo kombopy. Ilpu BuOGOpi koHiryparii
HEOOXIIHO TPOSABISATH yBary, TaK SIK MOXYTh BHHHUKHYTH HECHPHUSTIUBI
apiObHOMaciITabHI CTPYKTypu. Hampukia, He HaleKUTh 3aCTOCOBYBAaTH Hi OJHY
3 KoHIryparliii, 300paxeHux Ha puc.8.2. b, C., OCKUIbKH 1€ MOXE MPUBECTH 0
TOTO, IIO JJISi BETUKOI 00JacTi 3 MOCTIHHOK 1HTEHCHBHICTIO Ha 300pa)KeHHI
MPOSIBIATHCS HeOaXkaH1 TOPU30HTATbHI 200 BEPTHUKAIbHI CMYTH.

0 1 2 3 4
o @ o0 00
e O o0
a Puc. 8.2./IBoxpiBHeBi KOH(pirypaumii
2*2

o0 o
o
h C

KibKiCTh JOCTYIHUX pIBHIB 1HTEHCUBHOCTI MOJKJIMBO 30UIBLIIMTH 32
JOTIOMOTOK0  301IbIIEHHST po3Mipy KiIiTHHU. KoHdirypamii mis kmituHun 3%*3
3a0€3MeuyIoTh JIeCSITh PIBHIB 1HTEHCUBHOCTI.

Knituau He OO0OB'S3KOBO MOBMHHI OyTH KBaapatHumu. Ha puc . 8.3.
300pakeHa KiIiTHHA 3*2 MIKCEeNiB, sIKa Ja€ CiM PiBHIB IHTEHCUBHOCTI.

0 1 2

. Puc.8.3. /IBoxpiBHeBi kKoHpirypauii
3*2

4 P8y #8830

K10 € MOXKIIMBICTh BUKOPUCTOBYBATH PI3HI PO3MIPU TOUYOK, TO KUIBKICTh
P1BHIB IHTEHCUBHOCTI 301JIbIITYETHCS.

BuxopucranHus koH}irypailiii Beje 10 BTpAaTU MPOCTOPOBOIO PO3MOALICHHS,
[0 TPUUHATHO y BUMAAKY, KOJU PO3MOAUIHRHA CIIPOMOXKHICTh 300paKeHHS
MEHIIIa YUM Y TUCTIICs.

Po3pobiieHi  MeToau  TOKpAlllaHHS  BI3yaJbHOTO  PO3MOIUICHHS
HalinpocTtimmii 3 HUX MOJdsra€e B 3aCTOCYBaHHI MOPOTOBOTO 3HAYEHHS IS
KOXHOTO MiKcena. SKIIo 1HTEHCUBHICTh 300pakKeHHs MepeBeplIye JesKy
MIOPOTOBY BEJIMYHHY, TO MKCE BBAKAETHCS OUTUM, B MPOTUJICKHOMY BUIIAIKY -
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yopHuM. [loporoBy BelnyuHy, SIK MPAaBUIO , BCTAHOBIIIOIOTH PIBHIM MOJIOBHHI
MaKCHUMaJIbHOI IHTEHCUBHOCTI.

[Ipy moOporoBoMy METOJI BTPAYaEThCS BEJIMKA KUIBKICTH APIOHUX JeTasieH.
Oco0nMBO 1€ XapakTepHO Mg Bojioccs Ta puc obmuuus. JpiOui aerani
BTPAyYalOThCcA 4Yepe3 BITHOCHO BEJIHMKI MOMHIKH BiAOOpa)ka€MOi MHTEHCHUBHOCTI
JUTST KOJKHOTO ITKCea.

B wmetoni, po3pobnenomy @noitnom Ta CreiiHOeprom L moxuOKa
PO3MOAUIAETECS HA CYCimHI Tikcenu. Po3momin moXuOKu BUKOHYETHCS 3aBXKIU
BHMU3 1 BIpaBo. TakuM YMHOM, TIpU TeHepailii 300pakeHHS B TOPSIKY
CKaHyBaHHsSI TMOBEPTATUCh 3BOPOTHO HE TMOTPIOHO. 30KpeMa, B aITrOpUTMI
®dnoitna-CreiinOepra 3/8 moxuOku po3noAiIseTbes BIpaBo, 3/8 BHM3 1 1/4 — mo
niaroHami. Ilopir iHTEHCHMBHOCTI BUOHUpaOTh piBHOMY T=(Oinmuii+uopHwMii)/2
(puc. 8.4. ).

Po3nosin noxubku Ha CycCiJHI MIKCENIH MOKPAIly€e BUJ JIeTajel 300paskeHHs,
MOCKUTbKY HH(pOpPMALisl PO MUIKI HE BTPAYAETHCA.

IHTEeHCHBHICTH
I(x,y) motounoro |5 3/8

mikcena

3/8 1/4

Puc. 8.4. Po3noaineHHst iHTeHCHBHOCTI B ajaroputmi doiiga-
CreiinbGepra
KoHTpoJibHI 3anUTaHHS.
1. B skux BUMagKax 3aCTOCOBYETHCS aAPOKCUMALIISl HATIBTOHAMU ?
2. JlaiiTe XapakKTEPUCTUKY METOly XareHa ?
3. YuM BU3HAYAETHCS KIJIBKICTH HAIIIBTOHIB B METO/II XarcHa ?
4. B yomy mnogsrae cytb Mmerony dnoiina-Creiinbepra ?

8.1.4.MeToau nceBA0TOHYBAHHA

[Tikcen Moxke mpuiMaTH Pi3HI BIATIHKHU. Byab-sike 300paskeHHS HE3aJIeKHO
BiJl HOTO CKJIQJHOCTI - 1€ CYKYITHICTh ITKCEIB 3a/IaHUX BIATIHKIB.

3MIHIOBaTH KOJIp KOXHOTO TIKCeNla MOXHa HE3aJIe)KHO, alie KUIbKICTh
BIJITIHKIB, 1110 OJTHOYACHO MOXYThb OyTH MPUCYTHIMH Ha €KpaHi, 0OMEXeHe 1
3aNIeXUTh BiA TpadiuHoro ycraTtkyBaHHs. Jlo oOfHI€l TrpaHuIll Jlana3oHy
BIJIHOCSITBCS. MOHOXPOMHI CUCTEMHU, 10 J03BOJISIIOTH BioOpa)xkaTu TUIBKU JIBa
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KOJIbOpH. J[0 MPOTUIIEAKHOT TPaHULll BITHOCSATHCS MOBHOKOJIBOPOBI CUCTEMHU, SIKI
BiIoOpakatoTh 16,7 MiIBHOHIB KOJIKOPIB. MakcuMajabHa KiJIbKICTh KOJIBOPIB,
Kl OJHOYACHO BiOOPaKAIOThCSA HA €KpaHi, BU3HAYAIOTHCS KUIBKICTIO OITIB,
BUJUICHUX [JJIs1 KOXKHOTO TMiKcena y BimeoOydepi. Y MNOBHOKOIbOPOBUX
CHUCTeMax KOXXHOMY MiKCeny BUAUIAEThCS 24 6iTa KomipHOi iHpopMaIllii: BiCiM -
I YepBOHOI KOMIIOHEHTH KOJBOPY, BICIM - JJIsl 3€JIEHOT 1 BICIM - JJI1 CHHBOI.
binpmmM yucinaM BiiMOBIAAIOTH OLIBII ACKPaBi KOJBOPH. 24-01THE YHCIO MOXKE
oytu B mexax Big 0 mo 16777215. lle o3Hauae, 1m0 BigeoamanTep MOXKe
BioOpa3uTu Ouibml Ak 16,7 MIIBHOHIB KOJBOPIB. 3MINIYIOUM Pi3HI
IHTEHCUBHOCTI 4YEpPBOHOI, 3€JIEHOI 1 CHHbOI KOMIIOHEHT MOXKHA OJIepKaTH
MPAKTUYHO Oy Ab-SKHN KOIIP.

bitu y BigeoOydepi, 110 BIANOBIIAIOTE TOMY UM I1HIIOMY IIMKCENy, HE
000B'I3KOBO BKa3ylOTh MOro KOJip Oe3mnocepelHbo. Y cucrteMax 13 256
KOJIbOpamMu (TIIBKH 8 OIT Ha MiKCeN) 3HaYSHHS 3 Bijieo0ydepa BKa3ye Ha OJIHY 3
256 psankiB y TaOnuill, sKa OTpuMala Ha3By Koaipuoi nanimpu. Yucino, 1o
3HaXOJIUTHCS B I[LOMY PSJKY MaJITPU, BU3HAYAE KOJIp MiKcena. Akiio natitpa
CKJIaJIa€ThCs 3 24-01THUX 3HAYEHB, TO BiJ€OIIaTa MOXKE B1IOOpa3UTH JTHO0UH 13
16,7 MIIH. KOJIBOPIB.

Ax npaBwio, uyMM OuIbllIe TIKCENIB HA 3KpaHi, TUM BHIIA SKICTh
300paxkeHHs. YacTo KOpuCTyBau IIOCTaBJICHH Tmiepes BUOOPOM KIJTBKOCTI
KOJIbOPIB 1 po3noAuieHHs. Toil camuil BiaeoaganTep A03BOJISIE ojepxKaTh 256
KOJIBOPIB MpHU po3nojaiieHHl 1024 wa 768, abo 16 KoIbOpiB MPH PO3MOALICHHI
1280 na 1024. Tak mo X BaXJIHUBIIIE: BUIIE PO3MOJUICHHS abo OlbIie
BIATIHKIB? SIKIIO Ha eKpaHi MOTPIOHO ojepkaTu 300paxkeHHsT GoTorpadiyHOi
AKOCT1, TO Ba}UIMBIII BiITIHKK. 300pa’K€HHSI HU3BKOTO PO3MOJLUICHHS, IO
MICTUTB 256 KOJBbOPIB, BUTIISAAE OUIBIT PEATICTUYHUM, YUM 300pa>keHHs 3 16
KOJIbOPIB.

OmuH 13 mIAXiB, MO TO3BOJIAIOTH KOMIIEHCYBAaTH HEIOCTady HasBHHUX
KOJIbOPIB, - 1€ ncesdomonysannsi (dithering) xommn'toTepHOro 300pa’kKeHHS.
Icnye Garato BapiaHTIB MCEBIOTOHYBAaHHS, ajie yCl BOHU 0a3ylOThCs Ha OJHIM
OPUHIUIIT - 3aMIHUTH MIKCENM 3 KOJIbOpaMH, SIKI BIJACYTHI B MaJITpi,
KOH(irypamisiMd TIKCeNIB 13 KOJbOpaMH 3 mnamTpu. [lceBnoTOHyBaHHS
IPYHTY€ETBbCSI Ha TOMY, IO JIOJACHKE OKO 3MIIIYE KOJbOPH JBOX CYCIJTHIX
MIKCENIB, 10 3HAXOAUTHCS TOpSA , COpUMMAIOUU JESIKUW TPETi KOoIip.
BuxopuctoByoun anropuT™ 1nceBAO0TOHYBaHHS, MOXKHA Oysi0 O 3aMIHUTH OJI0K
3€JIEHUX TIKCEeIB KOH(Irypalli€ro (Bi3epyHKOM) 13 )KOBTUX 1 CHHIX MIKCENIB, SKi
yeprytoThes. Lleit mporiec 3milryBaHHS KOJbOPIB HA3WBAETHCS BI3EPYHKOBHM
nceBnoToHyBaHHsIM. [IpobGrmema, onHak, mossira€ B TOMY, IO 1HOMI TPyIH
HE3aJICKHUX IIIKCENIB Yy CYKYHNHOCTI YTBOPATH BTOPUHHI BI3EpYHKH, SIKi
oTpuManu Ha3By apTedakTiB. biabll CHPUHHATINBAM € nudysiiine
NICEBIOTOHYBAHHS, B IKOMY HE BUKOPHUCTOBYIOTHCS 3a3Jajierifb MiArOTOBJIEHI
KOJIpHI KOH(Iirypamii (Bi3epyHku). B maHoMy BUIAJKy aHali3y€eTbCA KOKHHM
mikcen 300paxkeHHs. Moro HOBHiT Komip BHOMpaeThcs Tak, 00 BiMiHHICTBH
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HOBOTO KOJBOPY BiJ BUXIIHOTO OyJI0 MiHIMaIbHOW. I[IOTIM 0OUYHCIIOETHCS
BHECEHA MOXUOKa, TOOTO PI3HUIIA MDK HOBUM 1 MOMEPEIHIM KOJIbOpaMHu, 1 115
MoXuOKa PO3MOIIISETHCA MK CYCITHIMH TIKCEIaMH, 3JIeTKa 3MIHIOIOYHM iXHI
BiaTiHKU. Hampukian, SKmo HOBUHM KOJip MiKcena BKIIOYAE MEHIIIE YePBOHOTO
Ta 3€JICHOT0, YUM IMONepeHii, To nudy3iliHe ICeBAOTOHYBaHHS J0JaCTh TPOXHU
YepBOHOTO Ta 3€JIEHOTO BIATIHKY CYCIIHIM TikcenaM. Takuil ananTuBHUN
MiIX1a BUKIOYAaE apTedakTd 1, SK MPaBUIO, MPUBOIUTH 10 3aJOBUIBHUX
pE3yIbTaTIB.

[IceBoTOHYBaHHS MOKHA TaKOK BUKOPUCTOBYBATH ISl OJIEp KaHHS YOPHO-
OUIMX KOMiM KOJLOPOBUX 300pakeHb HAa TAKUX MOHOXPOMHHUX IPHUCTPOSX, SIK
npunTepax. [logioHuii nporec orpuMma B nojirpadii Ha3By asmomunii. Bin
BUKOPUCTOBYETHCS JIJIsl OJICPKAHHSI HAIIBTOHOBUX 300paKE€Hb MPU APYKYBaHHI
raser.

[Tpu 3acTrocyBaHHI BI3€pYHKOBOI'O IICEBJIOTOHYBaHHS PE3yJIbTAaT BUIJISAAE
MEHII NMpUBAOIUBUM, YUM MPU BUKOPHUCTAHHI JU(Y31iHOTO MCEBIOTOHYBAHHS.
300pakeHHs 3[Ja€ThCS 3€PHUCTUM 1 BUAMMI 3HauH1 apredakTu. BizepyHkoBe
NICEBJOTOHYBAaHHA BUMAara€ 3HaYHO MEHIIMX OOYHCIIOBAILHUX 3aTpaTr. B
TNEAKUX rpadiuHuX Iporpamax BI3€PYHKOBE IICEBJIOTOHYBAaHHS
BUKOPUCTOBYETBbCS  JJIsi  MOMEPEAHhOTO  meperisay, a  audysiiHe
TMICEBOTOHYBAHHS JUII BUBOY KiHIICBOTO PE3yJIbTaTYy.

HudysiiiHe NCeBAOTOHYBaHHS PO3MOJAUIAE KOJIPHY MOMHUJIKY - PI3HMIO
MK (DaKTUYHHM KOJILOPOM TMiKcena 1 OakaHuM, Ha BCl MIKCETU Tak, 1100
CyMapHa KoJlipHa moxuoka 0yja HyJIbOBOIO JUIsl BChOTO 300payKEHHH.

[lepmmii KpoK y Tpolieci MCeBAOTOHYBAHHI - 11€ BHOIp KOJIPHOI MaITPH.
SIkmo Hazx 300paXKeHHSIM BHUKOHYETbCS 16-KOJIBOPOBE ICEBIOTOHYBAHHSA, TO
BIJIMOBITHA TpOrpaMa MOBMHHA BUOpaTH MamiTpy 3 THUX 16 KOJIBOpIB, IO
IOHAMKpaIle MPeJICTaBIAI0Th BUXIAHUHN J1ana3oH KoiabopiB. OMH 13 CIIOco01B
- 1I€ TOPaxyBaTH CKUJIbKH pa3iB 3yCTPIYAETHCSA KOXKHUM Kouip 1 BUOparu Ti 16,
SIK1 HaO1JIBIII YACTO 3yCTPIYalOThCS

[TounHaroum 3 Mepmioro mikceaa 300pa)K€HHsI B JIIBOMY BEPXHBOMY KYTY,
KOMIT'IOTEp BHOMpaEe 3 MNAMITPU KOMIp, SKUM HalMEHILEe BIJPI3HIETHCS BIA
BUXIJHOTO KOJIbOPY MiKcena. bynemMo BBakaTw, MO B HaJITpl 3HAYECHHS
YEpBOHOI, 3€JICHOI 1 CHHBbOI KOMIIOHEHT KOJIbOPY AOPIBHIOIOTH BIANOBIAHO 192,
64 1 64, a KoJip mikcenaa BUXiAHOTO 300paxkenHs 202, 96, 58. KonipHa nmoxubka
OOUYHCITIOETBCS TSI KOXKHIA KOMITOHGHTH. Y JaHOMY BHIAIKy MOXHOKA IS
YepBOHOI KOMMOHEeHTH Oyzae aopiBHioBaty 202-192=10, mana 3enenoi 32 1 qjs
CUHBOT -6.

3HaYCHHsS TOMUJIOK, SKi Oynu OOYMCIeHI Ha MONepeaHbOMY  KpOIii,
MOBUHHI OyTH PO3MOJIJIEH] cepel CYCIIHIX MIKCETB, BUKOPUCTOBYIOUH (QUIBTP
Onotina -Creitn6epra. [likcen crnpaBa onepxkuth 7/16 mOMUIKHA, TUKCEI 3J11Ba
3HU3Y OJEepkUTh 3/16, mikcen 3HU3Y OAEpKUTh 5/16 1 MUKcen crpaBa 3HU3Y
onepxxye 1/16. Cyma nux apoOiB aopiBHIOE€ ofauHuili. {1 HeoOxigHa ymoOBa,
SKITO0 TOXUOKA MOBUHHA PO3NOAUIATUCH MOBHICTIO. L1 1poOu 3011bIIYIOTECS Ha
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MOMUJIKY 1 J0OaBIAIOTHCS 10 BIANOBIAHUX MikcemiB. Hampukian, depBoHa
KOMITOHEHTa MPaBOTO IiKceIa MOBUHHA 301ibIuTUCa Ha 10%7/16, ToOTO Ha 5.
3ermeHa KOMIOHEHTa 30uTbITyeTbest Ha 32*7/16 (14) 1 cMHS KOMIIOHEHTA
3MeHIyeTbess Ha 6%7/16 (3). Komm kpok 3aBepiieHo, MiKcedy B JIBOMY
BEPXHHOMY KYTy BCTAaHOBJIIOETHCS 3HAYEHHS 3 MAJITPH, a 3HAYCHHS KOJIBOPY
TPHOX MOTO CYCITHIX MIKCEIB 3MIHIOIOTHCS.

Ile#i mpolec TOBTOPIOETHCS [JIsi KOKHOTO TMKcena Ha ekpaHi . Komm
3aKIHYEHO PSIOK, CKaHyBaHHS TIOYMHAETHCSA 3 JIIBOTO IMKCEIa HACTYITHOI
CTPOKH.

KoHTposbHI 3anuTaHHS.

=

B yomy nonsirae CyTHICTh ICEBAOKOAYBAHHS ?

2. JlaiiTe ciBCTaBHY XapaKTePUCTHKY MU(Yy31HHOMY Ta Bi3€pYHKOBOMY
MICEB/IOTOHYBAHHIO.

3. Sk BukoHyeThCs nudy3iliHe ICEBAOKOIYBaHHS ?

8.2. OcHoBHI pe:xumu 3aHeceHHs iHdopMalii B BigeonaM fiTh.

Cepen pexuMiB 3aHeceHHA 1HQopManii B  BlAEONaMm'ssTh  HANOUIbII
HNOLIUPEHUMHU € PEeXUMH 3aMIlEHHS, HAKJIaJaHHA , 3BOPOTHOTO YHUTAaHHA,
ctupands (pexumu ReGis), a TakoX pPEXUMH, SIKI BHUKOPHUCTOBYIOTH Pi3HI
JIOT14HI oreparii.

Pexxumu 3aneceHHs iHGopMmailii B BiJeonam'siTb BUKOPUCTOBYIOTh PETICTPH
NEepeNHbro Iiany (30epirae Koja KOJbOPY, SIKMM BHUKOHYETHCS KPECIICHHS),
pericTp ¢oHy (36epirae Ko KoJIbopy QoHY), pericTp Macku (30epirae CTpyKTypy
CHIBCTABHUX KOMIIOHEHT TIpaiyHUX €JEMEHTIB), a TaKOX pEericTp JaHuX
Bijieonam'siti (puc. 8.5).

Perictp Macku BUKOHYIOTH SIK 3CyBHMU. OJIUHUYHUI po3psiid, SKUH
OTPUMYIOTH MICIIS 3CYBY , BA3HAUa€ BUJUMICTD IOTOYHOTO MIKCEJIa Ha EKpPaHI.

B pexumi 3aMillleHH NpU OAMHUYHOMY 3HAYEHHI PO3PSAy PEricTpa Macku B
KOMIPKY BiJ€onam siTl 3aHOCSATh BMICT PETICTPY NEPEIHbOr0 IUIaHY, a IpH
HYJIOBOMY BMICT perictpa ¢ona. Taki 11i OpU3BOJAATH A0 BUTHUPAHHS THX
rpadiyHIX KOMIIOHEHT, SIKI aIpECHO CIIBBITHOCHJIUCH J0 MPOMIXKKIB 4acy, KOJIU
HAa BHXOJl pericTpa Macku (opMyBaBCs pIiBEHb JIOTIYHOTO HyJsd. Bkazani
KOMITOHCHTH 3aMIIal0ThCs KOJILOPOM (POHY.

B pexumi HakialaHHS Take 3aMillleHHs BIJICYTHE, JUIS YOTO IPU HYJIbOBOMY
3HAYEHHI CTapIIOTO PO3PSAYy pEricTpy MAacKd 3amuc B BiJleONaM'siTh
3a00pOHAIOTh. TakuM YHMHOM Ha TONEPENHE 300pakeHHs Oyle HaKIaIeHO
300paK€HHSI KOMIIOHEHT, BUIUMICTh SKUX BH3HAUAETHCA BMICTOM PETICTPY
MAaCKHU.

B pexumi cTupanHs npyu OAMHUYHOMY 3HAUY€HHI CTapIlioro po3psly perictpa
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Peructp dona Peructp
BilleOTaHUX
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Peructp macku Peructp pexumy

Peructp

> Bigeo-
IIaMsITh

Puc. 8.5. CtpykrypHa cxema 010Ky 00poOKH BigeoqaHux

MacKH B BIJI€ONaM siTb 3aHOCUTHCS BMICT pericTpa GoHa.

B pexuMi 3BOpOTHOTO YUNTaHHS BUKOHY€ETHCS 3UYMTYBaHHSI BMICTY KOMIPKA
BiJICOTaM'sITl, Ha MiCI[e SIKOTO 3aHOCSITh 1HBEPCII0 OTPUMAHOTO KOay. Bkazanuit
PEXUM MOKHA 3aCTOCYBATH JJI aHIMaIlii.

Jns Toro, mo0 3acTaBUTU OO’€KT pyXaTUCh MO €KpaHy, HEOOXiMHO 3a
JIOTIOMOTOI0 Ofepallii “3BOpPOTHE YWTAaHHS  3alUMCaTH MOro B BiJleOrNam siTh
nBidi. Sk TUIbKM 00’€kT OyJe MOMIIMEHUN Tyau TMeplidid pas3, TO HOro
300pakeHHsI TIOSIBUTKLCS Ha ekpaHi. [Ipyu BUKOHAHHI omepallii Apyruii pa3 00’ exT 3
eKkpaHa Oyne BHUTEpPTO. SIKIIO MOBTOPHO 3MIHIOBATH PO3MIIIEHHA 00’€KTa, TO
CTBOPHUTBCSI  BPAKCHHS , 110 BiH PYXAETHCS IO EKPaHY.

KoHTposnbHi 3anuTaHHs.
1. SIxi pericTpu BUKOPUCTOBYIOTHCS B PI3HUX PEXKUMAaX 3aHECEHHS

iH(dopMarlii B BiieonaM'aTb?
2. IlpuBeniTh OCHOBHI Aii pU 3aHEeCeHH] 1HGOpMallil B BiAeonam'siTh IS
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PI3HUX PEKHUMIB.
3. B saxomy 13 pexruMiB HE BUKOPUCTOBYETHCSI PETICTP MACKH ?

8.3.CtucHeHHs rpadiynux 300pakeHb

PactpoBi ¢aitnu maroTh  Oyke BeNUKI po3Mipu . SKI0 3HEXTyBaTu
3arojoBkamMu (aitla ¥ 1HMMMH HerpadiYHUMH JaHUMH, T€ HOro po3Mip
POMOPILINHUHN KIJTBKOCTI MKCEIIB Y 300pa)keHH]1 1 KIJIbKOCTI O1TiB, HEOOX1THUX
JUISL  TIPE/ICTABIICHHS KOXHOTO Tikcena. [IoBHOKOJIIbOpOBE 300pa’keHHS
po3mipom 1024x768 mikceniB 3aiiMae OUIbII JBOX MerabaT mam'sTi, a ojHa
CeKyHJia Bijieo(piibMa TEJIEBI31MHOT SIKOCTI B PAacTpPOBOMY BHJI BHUMarae OIS
TPUALSITHOX Merabalt. ToMy >KOPCTKHMH AMCK MOKHA 3allOBHUTH MHUTTEBO.
HaBiTh xoMmakT-auck, mo Bwmimae 011 700 Mmera®alT JaHUX, HE HACTIIBKH
BEJIMKUI, 100 MOMICTUTH Takuil 00'eM 1HPOpMAaIIii.

BuxopucTtoBytoun MeTOa, SKHH HA3WBAETHCS CTHCHEHHSIM 300paKeHb,
MOKHA pI3KO 3MEHIIUTH B po3Mipi rpadiuni @aitnu. [Ipu crucHenHi rpapiyHoi
iH(hopManii BUKOPUCTOBYIOTHCS CHEIlaIbHI NPUHAOMH, IO 3MEHIIYIOTh
KUTBKICTh OalTiB, HEOOXITHUX [JIs TpEACTaBiCHHS 300pakeHHs. CTEMiHb
CTUCHEHHS 3aJICKHUTh Bl METOAY CTUCHEHHs 1 BMICTy rpadiunoro ¢aina . Sk
npaBuiIo rpadiyHuil (aiilsl CTUCKYEThCA B I'ATh 1 OUTBIN pasiB. [CHYIOTH MeTOIH,
IO CTUCKYIOTh III€ CHUJIBHINIE, ajie 3 BTparamu sikocTi . [Ipu BigHOBIEHHI
300pakeHHsI BTpAvyaeThCsl Jesika YacTHHA KOMIpHOI 1HGopMalii. Y MiICyMKY,
pO3MaKoBaHe 300paKeHHSI MOXKE CTATH 3JIerKa PO3MUTUM ab0 3HeOaApBICHUM.

Metoau cTUCHEHHSI pacTpoBoi iH(oOpMallii TIIATHCS HA JBI BEJUKI TPYIIH:
CTUCHEHHS 3 BTpaTaMu 1 CTUCHEHHsI 0e3 BTpaT. MeTonu CTHUCHEHHsS 0e3 BTpat
JAl0Th OB HU3bKUN KOEQIIIEHT CTUCHEHHS, ajie 3are 30epiraloTh TOYHE
3HAYEHHS MIKCEIIB BUXIJHOTO 300pa)keHHd. MeToau 3 BTpaTaMu JaroTh OLIbII
BHUCOKI KOE(DIIIEHTU CTUCHEHHS, aje He JO03BOJISIOTH BIATBOPUTH IMOYATKOBE
300pakeHHsI 3 TOYHICTIO A0 mikcena. Jug ¢aiiniB, sxi  QopMyroTbes
porpaMaMu aBTOMATH30BAaHOTO MPOCKTYBaHHS, YK€ BAKIUBO 30€perTH BCIO
1H(popMarlito, TOMy 110 BTpaTa Xo4ya 0 0JHOro 0iTa MOKE 3MIHUTH 3MICT YChOTO
daiina. 30BCIM iHIIIA CIIpaBa 3 pacTPOBUMHU JTaHUMU. JI10JICbKE OKO HE crpuiiMae
BCl BIATIHKH KOJIbOPY B 3BHYAHOMY pacTpOBOMY 300pakeHHi. TakuMm 4yuHOM,
JesKi  Jeragl  MOXyTh Oyt omymieHi 03 BUIUMOTO  TOPYIICHHS
1H(MOPMAIIHHOTO 3MICTY 300paKEeHHSI.

PosrissHemMo aBa HAOIBIN PO3MOBCIOMKEHI METOIHM CTUCHEHHS 300paKeHb.
CroyaTKy MO3HAMOMHUMOCS 3 OJIHUM 13 BapiaHTIB TPYyMOBOTO KOJyBaHHS (run-
lenght encoding - RLE). Imess meromy mossirae B TOMY, IO IMOCIiAOBHICTh
3HAYCHbB, [0 TIOBTOPIOIOTHCS, 3aMIHAETHCS MTAPOI0 YHCEI: OAHE 3 HUX BKa3ye Ha
JTOBXHUHY I'pyNu (YUCIIO MOBTOPEHb JAHOTO 3HAYEHHS), a 1HIIE - Ha BJAacHE 1e
3HaueHHsd. lle gyxke 3aranbHuUM 1 nOyxe npocTuil merton 6e3 BTpar. Bin
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BUKOPHUCTOBYEThCS B 0araTtbOx IMOMYJISPHUX ChOroaHi (opmarax rpadiyHmx
daiinis 1, 30kpeMa, y PCX 1 BMP. V #ioro ocHOBI JeXuTh TOM (akT, 1o 6arato
300paX€Hb HAAJUIIKOBI, OCKUIBKM MICTATh BEJIUKY KUIBKICTh CYMINKHHX
MiKCENiB OJHOTO KOJbOpy. PosrisHemo, Hampukiaa, sSK 3a JOMOMOTOIO
TPYIIOBOTO KOJyBAaHHS CTHCKA€THCA 300paKEHHS, Yy SIKOMY 3YCTPI4aeThCs
migpsa 100 mikceniB 13 Hyap0BUM 3Ha4YeHHSAM. [l mocmimoBHicTh 13 100 HyIiB
koayetbcsi mapoto uucen (100,0). Omke Ttakuii ¢GparMeHT KapTHHKU
CKOPOTHUTHCS B IT'SITACCAT PasiB.

[HI1# METOIOM, SKHMM KOPHUCTYIOThCS AOCUThH 4acto, - JPEG ( mMeron, mio
CTHUCKYE 3 yTpaTaMu) OJiep>KaB CBOIO Ha3BY BiJ aOpeBiaTypu 00'€HAHOI IPyIH
ekcrieptiB B obnacti pororpadii (Joint Photographic Expert Group - JPEG), 1o
ioro 1 pozpobuna. JPEG mmMpoxko BHUKOPUCTOBYETHCS TPU CTUCHEHHS
CTaTUYHUX 300pakeHsb . L{elt metos ictotHO ckiamHimui, yuM RLE. OcHoBHa
imess Merony mnepeOyBae B monul iH(opmaiii B 300pa)xeHHI 3a piBHEM
BAXKJIUBOCTI, 1 MTOTIM BIJIKMIAHHI MEHIIIE BAXJIUBOI i1 YaCTUHU, 3MEHIITYIOYU TUM
caMUM 3arajbHUN 00'eM 30epekeHNX maHuX. Lle JocsaraeTbess mepeTBOPEHHIM
MaTpull KOJIPHUX 3HAYEHb Yy MAaTPUII0 aMmIUNTYyJ, LI0 BIJAMNOBIIAIOThH
BU3HAUEHUM 4YacTOTaM pPO3KJIaJaHHs 300pakeHHs. (3BYKOBI KOJIMBAHHS,
HalpuKIaJ, MOKHAa PpO3KJIACTH MaTEeMaTUYHUMH METOJaMH Ha IPOCTi
CUHYCOiJlaJIbHl TapMOHIKM PI3HUX aMIUIITyJ 1 4YacTOT, [0 HpH J0JaBaHHI
BIITBOPIOIOTh BUXIJIHUM cUTHa’). Psanok abo cToBmElb MIKCENiB 300pa)KEHHS
TEX MOJKHA MPEJICTABUTH aMIUIITyIaMH 1 YacToTaMu. MoBa B IaHOMY BUMAQJKy
fiJie He PO CIEKTPaJbHUN CKJIaJ CBITJIA, a MPo (GOPMY MPEICTABICHHS KPUBHUX,
0 yTBOPATH TIpadiku, SKIIO 3HAYEHHSA IMIKCENIB CIyXaTh OpJUHATaMHU.
Bigznaunmo, mo Qopmyna mnepeTBOpEeHHST MATpUIll MIKCETiB Y MAaTPHUIIO
amrutityn He mpocta. JPEG-cTHCHEHHS BigKHMIa€e 4acTHMHY BHCOKOYACTOTHHX
KOMITOHEHT 300pa)KEeHHsI, 3aJUIIAI0YM KOMIIOHEHTH 3 HU3bKUMHU YacCTOTaMH.
JItoncpke OKO MEHIIe KPUTHUYHE 10 BHCOKOYACTOTHUX Bapialiil KoJbopy,
OCKIJTbKHM 3arajlbHUW BUJ 300pa)K€HHS BU3HAYAETHCS HU3BLKHUMH YacTOTaMHU.
3HaueHHs TMIKceJaa, OTpPUMaHE TMpU  BIAHOBIEHHI 300paXXeHHs, JIEUI0
BIJIPI3HSETHCS BiJ BUXIJHOTO 3HA4YE€HHS, TOMY IO YacTHHa iHdopmarii Oyia
3ary0JieHa, Xo4ya 3BU4aiiHO BOHM JyXe OJIU3bKI.

VY merony JPEG € ayxe mikaBa ocOOJIMBICTh: KOPUCTYBau MOXKE 3aJlaBaTH
Koe(imieHT sKocTi. Bucokuid KoedillleHT SIKOCTI A03BOJig€ 30epertu Oiiblie
JieTaNel, aje Mpu IbOMY 3MEHIIYEThCS CTYMiHb CTHUCHEHHS. [Ipu HU3BKOMY
KOe(DIIIEHT] SKOCTI CTEMiHb CTUCHEHHS 30UIBIIYETHCS, aje 300pa)KeHHS CTa€
MeHIIe YITKHM. YuM HIK4Ye KOe(DIIiEHT SKOCTI, TUM OLIbIIa KIUIBKICT
iHdopmartii Binkumaerbes. [lutanns B TOMy, sIK 3HAUTH pO3YMHUN OalaHC MIX
CTYIIEHEeM CTUCHEHHs 1 skicTio 3o00paxkenHs. Edekr JPEG-ctucuenns
HEOJHAKOBUHU 711 pi3HUX 300pakeHb. OmHI 300pakeHHSI MOKHA CTHCHYTH B
JecsiTh pasiB 0e3 0COOJIMBOTO MOTIPIIEHHS SKOCTI, B IHINUX €, HaBITh MpPH
B/IB14l MEHIIOMY KO€(]II[I€EHTI CTUCKU, BUHUKAIOTh HEMTPUITYCTUMI CLIOTBOPEHHSI.

Komu mobuit 13 MeroxiB (RLE a6o JPEG) 3acrocoByerbcsi 110
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MOBHOKOJILOPOBOTO 300pa)KE€HHS, TO YEPBOHA, 3€JI€HA 1 CHUHSA KOMIIOHEHTHU
CTUCKYIOTbCSI HE3aJIEKHO. SIKIIIO B pacTpoBOMY 300paxKe€Hi BUKOPUCTOBYETHCA
nmajgiTpa abo TPOCTO BIATIHKA CIpOTO, TO 3HAYCHHS IIKCEIIB MOKIIHBO
3aKOMyBaTH B OJWH MPOXiJ.

Posrisaemo 6umein getanbao metoau RLE 1 JPEG.

AJTOPUTM TPYHOBOTO KOTYBaHHS

SIK110 yBaXkHO TpOaHai3yBaTU PacTpoBe 300pa’KE€HHS, TO BUSBISETHCS, IO
MIKCETM OJHOTO KOJbOPY YacTO PO3MIIIEHI MOpy4 OJUH 3 OJHUM. SIKIIO
oYyaTH 3 JIBOIO BEPXHBOTO KyTa 300pa)K€HHsS 1 JOCTIHKYBaTH ITIKCEIH
KOXHOTO PsKa, BUMUCYIOUM TOCIHIIOBHO iXHI 3HAYEHHS 3JliBa MPaBoOpy4, TO
MO>KHA TIOMITHUTH, 110 300pa’KEHHS CKJIAJA€ThCS 3 MHOXUHU BIJIPI3KIB, Y SAKUX
MOBTOPIOETHCST OfHEe 1 Te uMcio. KUIbKICTh MIKCENB Yy BIAPI3KY OyleMo
HA3WBaTH JIOBXKUHOIO BIJIpi3Ka.

[lounHatoun 3 TmepHIOro psAlika, TMporpaMa TPyHOBOTO KOJyBaHHS
Meperisae 3HauYeHHs MIKCEeIIB 3/1iBa MPaBOpyY 1 HIyKae BIAPI3KU MIKCENIB, 11O
MOBTOPIOIOThCA. BCAKUI pa3, KoM 3yCTpIUalOThCsl TpU ab0 OLIbIle MIKCENIB,
o HWAYTh MWiApsA, 3 OJHAKOBHM 3HAYCHHSIM, IporpamMa 3aMiHS€ iX Maporo
YyyCceN: Meplie YHUCIO BKa3zye Ha JOBXKHHY BIJIpi3Ka, JAPYyre - Ha 3HAYEHHS
nikcemB. Yucno, mo BU3HA4Ya€e JOBKUHY BiJIpI3Ka, HA3UBAIOTh MITKOIO BIIpi3Ka.

[[lo6 1meHTH(diKyBaTH cepii 3HAYEHb IMIKCENIB, IO HE MOBTOPIOIOTHCA,
MporpaMa TaKoX YCTaBJISIE MITKH , IO BKa3ylOTh Ha KUIbKICTh TAKUX 3HAYEHB Y
cepii. 3ape3epBoBaHUi OIT HEOOXITHUI I TOTO, 0O MOXKHA OyJI0 BiIPI3HUTH
MITKY BiJIpi3Ka BiJ] MITKU cepii 3HaYeHb, 1110 HE MOBTOPIOIOTHCS. Hanpuknan, y
8-Mu 01Tax MO’KHA 3aJaTH IIOCIIIOBHOCTI JOBXXUHOIO 10 127 miKCceniB; BOCBMHUH
OIT y KOXHIA MITII MOXE BIJIPI3HATH BIAPI30OK Bia cepii MIKCENiB, MO HE
MOBTOPIOIOTECA . TOYHO Tak camMo OOpPOOJSIETHCS KOXXKHHM PSATOK MIKCEINIB 1
BiJIpI3KU OJTHAKOBHX 3HAUYEHD IMIKCETIB CTUCKYIOTHCS Y BCbOMY 300paKEHHI.

I'padpiuna mporpama nekoaye 300pakKeHHsI, 3UYMTYIOOYM CTUCHYTHH (aiii i
BIJIHOBJIIOE BIJPI3KM TMOBTOPIOBAHMX 3HAYE€Hb MIKCENIB. 3ayBaXUMO, IO
BIJTHOBJIEHE 300paKEHHS LIJIKOM 301TA€ETHCS 3 OPUTIHATIOM.

Anroputm JPEG

Hacamnepen nporpama noaisisie 300pakeHHsl Ha OJIOKH - MAaTPHUIll pO3MIPOM
8x8 mikceniB. Ilpu Bukopucrtanui merony JPEG wac, mo 3aTpaudaerbcs Ha
CTUCHEHHSI 300pa)k€HHs, MPOMOPLINHUNA KBaJapaTy 4YMCIA MIKCETIB Yy OJoLi.
O0pobOKa AEeKIITBLKOX OJIOKIB MEHIIIOTO PO3MIPY POOUTHCS 3HAYHO IIBUAIIE, YUM
00poOKa BCHOTO 300payKEHHS LILITKOM.

Jlo 3HaYeHb TMIKCENIB 3aCTOCOBYEThCA (opmyina, Ha3BaHa JAUCKPETHUM
kocuHycoigansHuM neperBopensam (Discrete Cosine Transform - DCT). DCT
MEePEBOIUTH MATPUIIIO 3HAUYEHD MIKCENIB 8X8 y MaTPHUIIIO 3HAYEHb aMILTITY]l TI€T
K PO3MIPHOCTI, IO BIJAMOBiIa€ BU3HAYEHWM YacCTOTaM CHUHYCOiJaJbHUX
KonuBaHb. JIiBUM BepXHIA KyT MaTpulll BIANOBIAAE HU3bKUM 4YacTOTaM, a
npaBui HUKHIHN - BUCOKHUM.

KoedimienT saxocti, BBeIEHUI KOPUCTYBau€M, BUKOPUCTOBYETHCS B MPOCTIi
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dbopmysi, 10 TeHepye 3HAUYCHHS eJEeMEHTIB 1HINOI MaTpuill 8x8, sKa
HA3UBAETHhCS MATPUIICI0 KBAHTYBaHHs. UMM HmK4Ye KOE(DIIIEHT SKOCTI, TUM
O1sIb1I1 3HAYEHHS OyTyTh MaTH €JIEMEHTH MAaTPHILL.

Koxxne 3HauenHs B wmatpuii, sika Oyna cdopmoBana miciast DCT-
MIEPETBOPEHHS, NITUTHCS HA BIAMOBIAHE 3HAYCHHS 3 MATPHUIIl KBaHTYBaHHS,
MOTIM OKPYTJIIETHCS 10 HAHOMMXKYOro Hijioro yucia. OCKIIbKY BENMKI YHClia
3HAXOJATHCA B TPaBiii HIKHINA TMOJIOBMHI MaTpHUIll KBAaHTYBAaHHS, TO OCHOBHA
JacTMHA BUCOKOYACTOTHOI iH(opMarii 300paxkeHHs Oyne BimKuHYyTa. Tomy
HIDKHS TpaBa YacTHWHA MaTpHIl TiKcenaiB Oyae rnepeOyBaTd B OCHOBHOMY 3
HYJIIB.

Jlani mporpama 34YMTY€E €IEMEHTH MaTpHIll 1 KOAye  iX IIOCHIJIOBHO
MeTonaMu 0e3 BTpat. 3ayBaKMMO, 1[0 CTUCHEHHS ICTOTHO 3aJIEKUTh BiJl HYJIB Yy
IpaBii HUKHINA MOJIOBUHI MaTpulll. YuM HIbkde KOSDIIIEHT IKOCT1, TUM OLIbIIIe
HYJIIB y MaTPHII 1, BIAMOBIAHO, TUM BHUIIE CTYMiHb CTUCHCHHS.

HexonyBanHsi JPEG-300pakeHHsI TMOYMHAETBCA 3 KPOKY 3BOPOTHOTO
KOJIyBaHHIO 0€3 BTpaT, y pe3yJabTaTi 4YOro BIJHOBIIOETHCA MATPHULIS
KBaHTYBaHHS IIKCEJIIB.

3HauYeHHS 3 MATPULI MIKCEIIB MEPEMHOXKYEThCS HAa 3HAYEHHS 3 MAaTpHIIL
KBAaHTYBaHHS, 1100 BIJHOBUTH, HACKIIBKU II€ MOXKJIMBO, MAaTpHIllO, 10 Oyia
oOuucinena Ha Kpoky 3actocyBaHHia DCT. Ha eram kBaHTyBaHHs Oyiia
3ary0JieHa Jieska 4acThHA 1HQopMallii, TOMy YKciia B MAaTpULl OyayTh OJIM3bKI
710 TIOYaTKOBUX, ajie He Oyze aOCOJIFOTHOTO 30iry.

3BopotHa 10 DCT dopmyna (IDCT) 3acTocoByeThCs 10 MATpUIll JUIS
BIJTHOBJICHHS 3HAUEHb IMIKCENIB BUX1THOTO 300paxkeHHs. Llle pasom BiazHaummo,
[0 OTpPHMaHI KOJBOPH HE OyayTh IIIJIKOM BIAMOBIJATH TOYATKOBHUM dYepe3
BTpaTy iH(opmMmallli Ha KpPOKy KBaHTyBaHHA. BinHOBIeHE 300pa)keHHs, MpU
MOPIBHSIHHI 3 OpuriHajgoMm, Oyne BUIJISAaTH JIEKUTbKA PO3MUTHM 1
3HEOapBIICHUM.

KoHTpoJbHI 3anuTaHHS.

1. Jlns 94oro BUKOHYIOTh CTUCHEHHS IpadiuHux (aimis ?

2. SIkxi OCHOBHI MAXOAX OO CTUCHEHHS BaM BiaoMmi ?

3. JlaiiTe XapakTepHCTUKy OOYHCIIOBAILHOMY TMIPOIECY TMpPH CTUCHEHHI
metonoM JPEG.

8.4. Kopekuis rpagiunnx 300paxeHb

B mamunHi# rpadimi 118 mokpamanHs  a0o KOpekiiii 300pakeHb BUKOHYIOTh
psan Manimyssuid. [Ipy HEOOXiAHOCTI  4YEpBOHY, 3€JEHY 1 CHHIO KOMIIOHEHTHU
MOHa 3MIHIOBATU PO3/LJIBHO, MO0 OAEpKAaTH HaWKpalluid KoJlipHui OanmaHc. Y
PO3IUIMBYACTUX 300paXKEHHSX MOKHA 301IBIIUTH PI3KICTh, 1, HABIAKH, YITKI,
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KOHTPACTHI 300paK€HHS MOXXHA PO3MHUTH, IMITYHOUM €(GeKT 3M'SKIIyIoUnX
boTodh1IBTPIB.

Posrisnemo HOTHPH ebexkTn IS KOpekuii  300pakeHb: pPO3MHBAHHS,
3017BIICHHS. PI3KOCTi, THUCHEHHS, 1 aKBapeJ'IBHI/II/I epexr. Ilpu po3muBaHHI
NEePEePO3NOIUISIOTHCS KOJIBOPU B 300paskeHH1 1 3M'SIKIITYIOThCS pi3ki rpanuii, [lpu
301IBIIEHH] PI3KOCTI MiAKPECTIOIOTHCA PO3XOKEHHS MK KOJhOpaMHU CYMIXKHHUX
MIKCENB 1 BUAUIAIOTHCS HETIOMITHI JaeTaii. TUCHEHHS MepeTBOPUTH 300paKeHHS
Tak, o GIrypy BCEpEearnHI 300paKeHHS MalOTh BUTJISA , HAY€OTO BOHU BHJIABJICHI
HAa MeETaleBid TMoOBEpXHi. AKBapenbHUN edekT mnepeTBoproe (ororpadiune
300pakeHHs B KapTUHKY, HaueO0TO O HAIlKMCaHy aKBapeJulio.

3 aJNropuTMIYHOI TOYKH 30pYy, OJIep)KaHHS LUX €(EKTIB He MPeCTaBIsie
ocoOnuBuX TpyAHOUIiB. CKIAAA€TbCsl MATPUIS YKCEN, L0 HA3UBAIOThH SAPOM
3ropTku. Matpuiist po3Mipom 3-Ha-3 MICTUTh TPH PAJKH 110 TPU YUCIIA B KOKHOMY.
1100 mepeTBOPUTH OAMH MIKCEN Yy 300pakKeHHI MEPEMHOKYIOTHCSI 3HAUEHHSI MOT0
KOJbOPIB HAa YMCIO B HEeHTpi sAnpa. [loTIM mnepeMHOXYyeTbcsl BICIM 3HAYEHb
KOJBOPIB MIKCENiB, IO OTOYYIOThH I_IeHTpaJ'IBHI/II/I miKkcen, Ha BIAMOBIAHI iM
koedinienTy snapa. IlimcymoByrOThCS ~ BCl NeB'ATh 3HauYeHb. B pesynbrarti
OTPUMYEMO HOBE 3HAYEHHS KOJbOPY IEHTpaJbHOTO Tikcena. lLleit mporec
MOBTOPIOETHCS Il KOKHOTO MIKCeNa B 300pakeHHI. TakuM 4YMHOM 300pa)K€HHs
bubTpyeThes. KoedimienTn siapa BU3HAYAIOTh PE3yibTaT Mpolecy (iapTparri.
SAnpo po3MUBaHHS MOXE ,HANPUKIAJ, CKJIAJATUCA 13 CYKYMHOCTI KOE(QILIEHTIB,
KOXKHUM 13 sikuii MeHImui 1, a ixHsa cyma ckmamae 1. Ile o3nauae, 1o KOXHUN
MmiKCeJl MOMJIMHE MIOCh 13 KOJBOPIB CYCiJIB, aje MOBHA SICKPaBICTh 300pa)KEHHS
3aIMIIUTECA HE3MIHHOI0. (SIKio cyma koedilieHTiB OUTbIa 4uM 1, SCKpaBiCTh
30UTBIIUTRHCSA; SKIIO MEHIA HDK 1, SICKpaBICTh 3MEHIIUTHCS.) Y SJIpl PI3KOCTI
IEHTPaJbHUM Koe]illeHT OlnbInui 1, a OTOYCHUI BiH BIJ'€MHMMH YHCIIAMH, CyMa
AKUX Ha OJMHMIIO MEHIIAa IEHTpaJIbHOrO KoedimieHTa. Y Takuii crocid
30UTbIIY€EThCS JIIOOUM 1ICHYIOUMA KOHTPAcCT MK KOJBOPOM MiKcena 1 KOJIbOopaMu
Horo cyciiB.

Po3muBaHHs 1 30UTbLIEHHS PI3KOCTI

[Ipu nigroryBaHH1 10 po3MHUBaHHS HU(POBE 300pAKEHHS 3UYUTYETHCS B MaM'sITh
KOMIT'FOTEPA Y BHJIl YEPBOHOI, 3€JI€HOI 1 CHHBOT KOMIIOHEHT KOJbOPY AJI KOKHOTO
TMIKCena.

SAnpo po3muBaHHS po3MipoM 3X3 3aCTOCOBYETHCS /10 YEPBOHOI, 3€JEHOI 1
CUHBOTO KOMIIOHEHT KOJIbOPY KOXKHOTO TIKCeNia B 300paykeHH1. 3HAaYEHHS KOJIbOPY
miKcena, IO 3HAXOMWUTBhCA M IIEHTPOM sjipa, OOUYHCIIOETHCS MHOKCHHSIM
BaroBUX KOE(QIIIEHTIB spa Ha BIAMOBIAHI 3HAYEHHS KOJBOPY B 300pa)keHH1 1
M1JICYMOBYBaHHSIM pe3yJbTaTiB.

[TincymkoBe 300paxkeHHs] OyJae pPO3MHUTUM Y MOPIBHSAHHI 3 OPUTiHAJIOM TOMY,
10 KOJIip KOYKHOTO TIKCeNIa MOMUpPHUBCS cepe cycia. CTeninb po3MUBaHHS MOKHA
30UTBIIMTH 200 BHUKOPUCTOBYIOUHM SAJIpO OUIBIIOTO pPO3MIpy, 00 PO3MOAUIUTH
KOJILOPU cepeji OUTBIIOro 4ucia cycia, abo, migduparoun KoedIIieHTH sapa i
3MEHIITYIOUYH BIUIUB IIEHTPAIBHOTO KoedilieHTa, a00o QUIbTpyroUn 300pakeHHS 111e
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Pa3oM 13 SIIPOM PO3MHUBAHHS.

301bIIEHHST PI3KOCTI JOCSATAETHCSA TOYHO TaK Camo, SK 1 PO3MHMBAHHS, 3a
BHHSITKOM TOTO, III0 BUKOPUCTOBYIOTHCSI 1HIIIE SIAPO.

[Tpu onpamoBaHHi KOKHOTO TKCcena B 306pa>1<eHHi BUKOPUCTOBYETLCS AIPO
pi3KOCTI p03M1p0M 3x3. UepBoHa, 3eyeHa 1 CHHA KOJIPHI CKJIa0B1 00pOOIIAIOTHCA
OKpeMo 1 Ti3Hime 00'eTHyI0ThCs, 00 chopmyBaTu 24-01THE 3HAUYCHHS KOJIBOPY.
Big'emni Barm HaBKOJIO IEHTPY sapa 30UIBIIYIOTH KOHTPACT MK IIEHTPaIbHUM
MIKCEJIOM 1 CyCiTaMH.

KinneBe 300pakeHHsI SIBHO OUTBIN 4iTKEe 4MM opuriHai. Ilporec 301biIeHHS
PI3KOCTI MPOCTO MiJIBUIIUB ICHYIOUUH KOHTPACT MIXK MiKcenamu. [Ipu moBTopHOMY
OTIpaIlfoBaHH1 300paKE€HHS YITKICTh MOKE 30UTBIITUTHUCS 111e O1JIbIIIE.

Tucnenns

TucHeHHs pOOUTHCS MalKe TaK , IK 1 PO3MHBAHHS 1 3017IbIIIEHHS P13KOCTI.

Koxnuii mikcen y 300pa>keHH1 00poOIS€THCS SPOM TUCHEHHS po3MipoM 3x3.
Ha BigmiHy BiJ siiep pO3MUBaHHS 1 PI3KOCTI, Y KMX CyMa KOe(DILIEHTIB JOPIBHIOE
1, cyma Bar y anpi tucHeHHs nopiBHsie 0. Lle o3Hauae, mo "donoBum" mikcenam
(mikcemaM, M0 HE 3HAXOMATHCA HAa MeXaxX MEpPexoay BiJl OJHOTO KOJIbOPY MO
1HIIOTO0) MPUBJIACHIOIOTHCS HYJIBOB1 3HAYEHHS, @ HE()OHOBUM ITIKCEJIaM - 3HAYCHHS,
BIJIMIHHI BiJ HYJIS.

[licnst Toro, sik 3HA4YEHHS MiKcesla OOpOOJICHO SAPOM THUCHEHHS, JO HBOTO
noaaetbess uncio 128. YV Ttakuii croci0 3HaueHHSIM (DOHOBUX TIIKCEIIB CTaHE
cepenHiii cipuit komip (depBonuii = 128, 3enenuit = 128, cuniit = 128). Cymu, 110
NEPEBUIIYIOTH 255, MOKHA OKPYTJIUTHU 710 255 ab0 B34TH 3aJIMIIOK 110 MOAYJl 255,
1100 3HaueHHs BusBmiIoca Mk 01 255.

Y TakoMy BapiaHTi 300paKE€HHs, KOHTYpHU 3/1al0ThCS BUIABICHUMHU HaJl
noBepxHe. Hampsmok miacBidYyBaHHS 300pa)K€HHS MOXHA  3MIHIOBATH,
3MmiHIOOuM mo3uMii 1 1 -1y sapi. SAkino, Hanpukiiaa, MOMIHATHA MICISIMU 3HaYEHHS
1 1-1, Te Mae Miclie peBepCyBaHHs HAIPSMKY I1JCBIYyBaHHS.

AxkBapeJsu3anist
AKBapenbHUil (PUIBTP MEPEeTBOPUTH 300pakeHHs, 1 MICIsS MEPETBOPEHHS BOHO
BUTJIAIA€ TaK, HAYeOTO HAMKUCAHO aKBAPEILITIO.

[lepmmii Kpok y 3aCTOCYBaHH1 aKBapeJbHOTO (PUIbTPA - 3rIaKyBaHHS KOJIbOPIB
y 300paxkeHHi. OmHMM 13 CHOCOOIB 3IJIAJUKyBaHHS € TMPOLIEC MEAIaHHOTO
yCepEeIHEHHSI KOJIbOPY B KOXHIM TOYIl. 3HAYEHHSI KOJbOPY KOXKHOTO MiKcena i
fioro 24 cycifiB MoMIIaloTh B CIHUCOK 1 COPTYIOTHCA BiJ MEHIIOTO /10 OUIBIIOTO.
Menianne (TpuHAIIATE) 3HAYEHHS KOJBOPY B CIHCKY MPHUBJIACHIOETHCS
[IEHTPAIILHOMY TTiKCETy.

[Ticns 3rmamKyBaHHA KOJBOPIB, KOMITIOTEp 0OpOOJIs€ KOXKHUM MKCET Yy
300pakeHHI SIAPOM Pi3KOCTI, 00 BUAUIMTH TPAHUII TIEPEXOIiB KOJIbOPIB.
PesynbpTyroue 300pakeHHs Haraaye akBapeibHUi >kuBomuc. lle nwme onuu
NpUKIIa], IO TOKa3ye, SK MOKHa 00'€IHYyBaTH pi3HI METOAHM OIpAIfOBAHHS
300paKeHb i JIoMaraTucs HE3BUYAMHHIX Bi3yaJIbHUX cheKTiB.
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KonTponbHi 3anuTanHs.
1. Ski xii mo koperyBaHHIO 300paxeHs Bam Bigomi ?
2. SIk BUKOHYETBCS aKkBapeni3arlis ?
3. SIK BUKOHY€ETHCS PO3MHUBAHHS 1 301TIBIIEHHS PI3KOCTI 300pakeHb ?
4. SIxi Aiil BUKOHYIOTBCS MPH peatizalii nporeaypyu TUCHEHHS ?

3agavyHnil NPAKTHKYM

B 3agauHoMy npakTUKyMy HaBeACHI1 MPUKIAANA PO3B'A3KY TUIIOBUX 3a/1a4.

1. Busnauumu MminimanvHy KinbKicmo IHmMeEPnonaAyiliHuUxX makKkmie,

HeoOXiOHy 0as dopmyeannsa eexkmopy OPMOZOHATIbHUMU  KPOKOBUMU
npupocmamu.
4 Y
AY
Puc. 9.1.
_4 Yy |
A X

®opMyBaHHS BEKTOPY 3A1MCHIOETHCS BEPTUKATIBHUMU Ta TOPUZOHTAITBHUMU
KpOKOBUMH npopocTamu (puc. 9.1). KoxxHuii 13 OpTOroHaaIbHUX KPOKIB BUKIIIOYAE
nepeMIIIeHHS 1O 1HIIIA KoopauHaTi. OCKUIbKY NMEPEMIIIEHHS B HAIIPSIMKY OCl
a0CIMC 3A1MCHIOETHCA TUTbKU TOPU30HTAIBHUMH KPOKaMH , TO 1X KUIBKICTh
nopiBHoe A X.

AHaJOT14HO, KIJTbKICTh IHTEPIIOJISIIIIHHUX TaKTIB B HAMPSMKY OC1 OpJIUHAT
nopiBHOe A Y. 3araipHa KUIBKICTh IHTEPHOJAIIAHUX TakTiB A X+ A'Y.

4. Bukonaiime inmepnonioeanHs 6iopizka npamoi 3 npupocmamu A X=5,
A Y=2 no anzopummy Ilemyxa A.M., Ooionuxa /I.T.

InTepnomoBanns no anroputmy [leryxa A.M., O6iaauka 1. T. gificHioeTbCs
3T1IHO CHITYIOYUX (HOPMYII:

Od, = | BI1/2 J, A=BII-MII,
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OCD|+1: OcDi- MII IIpHu OCD1>=O ,
OCD|+1: OCDi"' A npu OCDi<O,

ne bIT ta MII BinmoBigHo OuTbIIIE Ta MEHIIIE 3HAYCHHS MPUPOCTIB A X,A Y.
BII=5, MII=2 , A=3.
Ody= [5/2]=2

0D, =2-2=0
Od,= 0-2=-2
Od;3=-2+3=1
0d,=1-2=-1
Ods = -1+3=2
[Ipu O®d; >=0 BUKOHYETbCS TOPU3OHTAIBHUN KpoK , a mpu OD; < 0 -
niaroHansHui. ChopMoBaHa TpaekTOpis MpeAcTaBiIeHa Ha puc.9.2.

A Y

Puc.9.2

@ >
X
3. Busnauumu mun eexkmopy, AKuil OpmMyemvbca GepmMUKAIbHUMU MaA
OlA2OHAIBHUMU  KPOKAMU, 0J15 AKO20 3HAK OUIHIO8ANbHOT (DYHKUIT 8 KOHCHOMY
IHMEePnOaAYITHOMY MAKMI 3MIHIOEMbCA HA NPOMUNEHCHUIL, A 3HAYEHHA aopec
niKcesié 3MEeHULYEMbCA

OCKUJIbKM KPOKOBA TPAEKTOPIA POPMYETHCSI BEPTUKATILHUMU Ta AlarOHAIbHUMU
MPUPOCTaMHU, TO MOXKHA 3aKJIIOYWUTH, IO B BekTopa mpupict AY Oulblui 3a
npupict AX.

[Ipu nonmatHOMy 3HaKy OIIHIOBAJIBHOI (PYHKI[I BUKOHYETHCS BEPTHUKAIHLHUMN
KPOK, a TIpH BiJl EMHOMY — JiaroHajdbHUMN. 3a YMOBOIO 3a/1a4i 3HAK OI[IHIOBAIBHOI
(YHKIIIT 3MIHIOETBCS B KOXXHOMY IHTEPHOJSILINHOMY TaKTi, TOOTO 3a KOKHUM
BEPTUKAITLHUM KPOKOM (DOPMYETHCS JTIarOHAIBHHM 1 HABIAKH.

OCKUIbKM JlIarOHAJIbHUM KPOK BKJIIOYAE MPHUPICT MO oci Y, TO MOXHA
3aKJIIOYMTH , 1[0 Ha KOXXHE IIepeMIMIeHHS 1Mo oci X TPUXOJUTHCA JIBa
nepeMimeHHs 1o oci Y, To6Tto A Y=2AX.

OcCkUIbKM aJipecu MIKCeNiB Mpu (GOPMYBaHHI BEKTOPY 3MEHILIYIOTHCS, TO 1€
O3Hauae, 1o BiH POPMYETHCS B HAMPSIMKY JI0 TOYATKOBOI TOYKU EKpaHy.
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v
X

N Puc. 9.3.

4. /losecmu, w0 makcumanvHa
noxuoka anzopummis aiHiluHOT
IHMepnoaAUil 3 60CLMUBEKMOPHUM
HANPAae1eHHAM KPOKOBUX NPUPOCMIB
He Modice Oymu MeHu o nO108UHU
KpOKy Ouckpemu3auii

KpokoBa TtpaekTopisi, sika (HOPMYETbCA aITOPUTMaMH 3 BOCBMHUBEKTOPHUM
HaIpaBJIEHHSAM KPOKOBUX HPHUPOCTIB , BKIOYAE TOPU3OHTANIbHI, BEPTUKAJIbHI Ta
JiaroHajibHl TPUPOCTH, IO AO03BOJISIE BUOpATH HAWOIMXK4Yl TOYKH PELIITKH MO
BIJIHOIIICHHIO JI0 1JICAJIbHOTO BiJIpi3Ka MPSMOi.

Bigpizok mnpsiMoi Mae MO BIJHOMICHHIO JO HAWOMIKYUX TOUYOK PEIIITKH
JIUCKPETHOTO NpOcTOpy jBi moxmbku: & Ta & (puc. 9.4). 3 ABOX MOKIMBUX
TOYOK PEIIITKH, OJIHA 3 SIKUX 3HAXOJUTHCA BHIE, a JApyra — HIDKYE BiApi3Ka
IPAMOI, IOIILHO BUOPATH Ty, UL AKOT MOXKOKA &' uM & MEHIIA 110 MOYJIIO.

B Bunazaky (a), Koy iaeadbHUN BIAPI30K MPSIMOI MPOXOIUTH Yepe3 CepeauHy

JTMCKPETU, TO 8+:‘§_‘ =0,5, ToMy HalOJIMK4a TOYKA PEIIITKH BijaajieHa Bif

BekTopy Ha 0,5 Kpoky auckperusailii. B nboMy Bumajgky Maemo JBa iI€HTUYHHUX
BapiaHTU BUOOPY HAaWOIMKUKMX TOYOK PEUIITKHU , sIKI HAHOIMKYE 3HAXOIATHCS 10
BiJIpi3ka npsiMoi. KokHa 3 IUX TOYOK BijjIaJieHa BiJl Bipi3Ka Ha MOJOBUHY KPOKY
JUCKpETHU3aIlii.
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[TpuBeneHuit TPHUKIAM TMOKA3ye, MO MOCSATTA MEHINOI MOXUOKA B IIBOMY
BUMAJKY HEMOXJIMBO, TOMY MaKCHUMajbHa TOXHMOKAa aJaropuTMIB JIHIHHOI
1HTEpHOJIALi He MOXe OyTH MEHIIIOI0 MOJIOBUHU KPOKY TUCKPETH3AITii.

5. Busnauumu 3nauenna oOyiH08aIbHOT Qynkuii ¢ mouui (6,2) npu
dopmyeanni gidpizka  npamoi 32i0no anzopummy Ilemyxa, Odionuxa npu
ymoei , o Ax=8, Ay=3, x,=0, y,=0.

3riTHO YMOBH BUKOHAHO 4 TOPU30HTAIBHUX 12 AlarOHAIbHUX KOOPIWHATHUX
npupoctu. [Ipu popmyBaHHI TOPU30HTATBHOTO KPOKY 3HAUEHHS OLIHIOBAJIBHOI
b yHKIIT BU3HAYa€ThCsI 10 PopMyi:
910 i+1 = 910 i - MH,

ne MII - menmuii 13 mpupoctiB. B nanomy Bunaaky MII = 3.

[Ipu BUKOHAHHI J11arOHAJIBHOTO KPOKY:

O® 1,1 =0D; + A, ne A= BII-MII.
A =5.
[lincymoByrOUM BKa3aHe, 3HAXOAUMO
O0D¢ = 0D, -4 MII +2A.

Hns anroputMmy Ileryxa, O6igauka Ody = BI1/2 |=4. BpaxoBytoun noyatkoBe

3HAYEHHS OIIHIOBAJILHOI (QYHKIIIT 3HAXOUMO
O0D¢-4-12+10=2.

6. Buznaume mun eekmopy, AKuil 32i0H0 A120PUMMYIIHIUHOT IHMEPNOAAYTT
Hemyxa A.M., Oébionuka /I.T., mae 6ci 3HaueHHA OCMAHHLOI, PIBHI
ROYAMKOBOMY 3HAYCHHIO.

OuiHroBajabHa QYHKIISI OOUMCIIOETHCS 3TAHO CHIAYI0UNUX HOpMYIT:
Od, = | BI1/2 |
OCDH.] = Oq)l -MII IIpu oD i > 0,
{ (91} i+l = OCDI + A Ipu Oq)i< O,
ne MII ta BII - BignoBigHO MeHIMH Ta OUTBIINN TPUPOCTH BIApPi3Ka MPAMOi, A =
BIT-MITI.
OCKUJIbKY TTOYAaTKOBE 3HAYEHHS OLIIHIOBAJIbHOT (DYHKIIIT 3aBK/I1 OlNIbllIe HYJIA,
TO
Od; = 0D, - MII.

HpI/I MHZO, Oq)l :OCDO = O(Di,
i=1BI .

7. [osecmu, wio nouamkoee ma KiHyeee 3HAUeHHA OUIHIOBATbHOT PYHKUTT
npu popmyeanni 6exmopa 3a an2opummomainiunoi inmepnoaauii Illemyxa-

Oobionuka pisHi.

OriHroBabHA QYHKIIISI pO3PaXOBYETHCS 3T1THO POPMYII :
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O®; — MII npu OPi>=0
0D, = O®; + Anpu ODi<0

ne MII, BII — BignoBigHO MeHmu# Ta OukIuit mpupocTt, A = BIT-MII, Od, =
int( BI1/2). [Tpu O®D; >= 0 popMyeThCsi TOPU3OHTATBLHUH (BEPTHKATBHMIA) KPOK,
a ipu O®D; < 0 giaroHaTHLHUH.

KinpkicTh qiaroHanbHUX KpoKiB AopiBHIOE MII, a KiTbKiCTh TOPU30HTAIBHUX
(Beptukanbuux) BIT-MII. Ockinbku BukoHyeThest Bl iHTEpIONSIIIHUX TaKTiB,
KiHI[€BE 3HAYEHHS OLIHIOBAIBHOI (PYHKIIIT JOPIBHIOE :

0D, = 0Dy = ODy — MIT*(BII-MIT) + A*MII = ODy — MIT*A + MIT*A = OD,.
8. Busnauumu minimanvHy KilbKicmo IHMEPROJAAUIIHUX MAKMIE

aneopummie JIHIUHOT IHMEPRONAUIi 3 60COMUGCKMOPHUM HANDABIEHHAM
KPOKOGUX npupocmie.

Puc. 9.5.

»
»

X

dopMyBaHHSA KPOKOBOI TPAEKTOPIi 3TiTHO BKA3aHUX AJITOPUTMIB 3IMCHIOETHCS
TOPU30HTAJLHUMU (BEPTUKAIBHUMH) Ta J1arOHAIbBHUMH KpoKaMu. JliaroHanbHUIA
KPOK BKJIIOUae B ceOe OJIHOYAacHE MepeMilieHHsT o 00oM KoopauHaTam. [lpu
AX > Ay KPOKOBa TPA€EKTOPISL CKJIANAETHCS 3 TOPU3OHTAIBHUX Ta J1arOHAJIbHHUX
npupocTiB. BpaxoByrouw, 10 JlarOHAJbHUK KPOK BKJIIOYAE MEPEMIIICHHS B
TOPU30HTAJTLHOMY HAMNPSIMKY, 3aKIF0YAEMO IO KITBKICTh KPOKIB JUTSl JOCSTHCHHS
KIHIIEBO1 TOYKH JIOPIBHIOE Ax .

AHQJIOTIYHO MOXHA T[OKa3aTh, 110 TMpU Ay > Ax HEOOXIIHO BHUKOHATH

Ay KpokiB. TakuM YMHOM KIJBKICTh 1HTEPHOJSAIINHUX TAKTIB JJIs aITOPUTMIB 3

BOCBMUBEKTOPHOIO OPIEHTALIEI0 KPOKOBUX MPUPOCTIB JAOPIBHIOE OLIBLIOMY
MPUPOCTY.

9. Po3pooumu cmpykmyphy cxemy JiHIlHO020 IHMEPROAAMopa , AKUIl
dhopmye Kpokogy mpaeckmopito no memoody ouin06a1bHOT PYHKUIL.

B sikocTi 6a30BOT0 airOpUTMY BUKOPUCTAEMO AJITOPUTM OIIHIOBAILHOT
(YHKIII1, 3T1THO SIKOTO BUKOHYIOTHCSI HACTYITHI JIii:
A=BII-MIT; O®y=[bI1/2],
ne BII, MII — BianmoBiIHO O1IBIINN Ta MEHIIIUN MPUPOCTH.
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B O@[—Mﬂ_npuO@l >0
O@M‘{ OB, +A_muQb, O

[{uxn inTepnooBaHHs 3aKiHUyeThes uepes bBII TakTis.

B perictp BII Ta MII 31 BxigHoi muHU D 3aHOCATHCS BIAMOBIIHO O1IBIITHI
(bIT) Ta wmenmmuii (MII) npupoctu. Perictp HaKONMUYYIOYOrO0 CyMaTropy
oOnymsitoth. 3HadueHHs bBII 3anocuthes B RG  Hakomuuyro4oro cymaropy
(yrBOopeHu#t komOiHamiiiHUM cymaTtopoM Sm Ta perictpom RG). Yepes
MyJbTUIIeKCOp MX Ha BXiJ HaKONMMYYIOYOTO CyMaTopy MOJA€ThCS 3HAYCHHS
MII B iHBepcHOMY KOMI (OCKUIBKH OTEpaIllisl BiTHIMAHHS ISl TAHOTO BUIAAKY
BUKOHYETHCA B JOTMOBHSJIBHOMY KOJI, TO TpH Ii peani3aiii Ha BXiJ MEPEHOCY
HaKOMMUYYI0YOTO CYMaTopy MOJA€EThCS PIBEHB JIOTIYHOI oauHuIli). 3HadenHs bII-
MII 3 Buxony cymaropy Sm 3aHocuthcs B perictp A. B munnbauk CT2 3 Buxoxy
perictpa BII momaerbcst 3HaUe€HHS OLIBIIOTO MPHUPOCTY, SAKE i J1€I0 CUTHATY Y4
3amucyeTbesa B JUWIbHUK. B perictp RG Hakonmuuyroouoro cymaTopy MOJa€eThCs
3HaueHHs [BbIl/2], ske oTpuMyeMO MOHTXHHM IUISXOM Ha BUXOI JIYUJIbHUKA
CT2. Ha upoMy 3aKiHYY€ThCS LUK MM1ITOTOBKH.

B nukti iHTepnosiii B KO)KHOMY TaKTi 3HaXOAUTHCS 3HAUYCHHS OI[IHIOBAJIBHOI
dbynkmii. Jns 10poro Ha BXiJT HAKOMUYYIOUOTO CyMaTopy 3 BHUXOIY
MYJIBTHILIEKCOpA NOAa€Thes 3HaueHHs A abo MIT.

3HaK OIiHIOBAJIbHOI (YHKIII BU3Hayae curHai nepeHocy Py, cymartopa. 3
KOXXHUM 1HTEPHOJSAIIAHUM TAaKTOM 3HAYECHHS JIIYMJIbHUKA 3MEHIIYEThCS Ha 1.
[Ipu nocsirHEHHI JIYUIBHUKOM HYJIBOBOTO CTaHy HPOIEC I1HTEPIOSIT

\V

3aKIHUYIOTb.
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10. Busnauumu 3nauenHA IHMEHCUGHOCHEN KOAbOPY MOYOK 014
3a0e3neueHna aHMUAIiau3unzy B8eKmMOpPHOT 2panuyi 3 npupocmamu
AX=5,A Y=2 npu ymoei, w0  inmencusnicmo xoavopy I=10.

.. . AY .
KoeimieHT mNoxuiny BEKTOpYy JTOPiBHIOE e 3amaMo KyT HaXHJTy BiJJHOILIEH-

HSIM L TOOTO A—yzL I.=
I A ]
Taxum unnoMm, Ix=4, I=10. Bukonaemo iHTepnoatoBaHHA 3 mapametrpamu lx, [ mpu
KUTBKOCTI IHTEpIOJIALINHUX TaKTiB AX=3.
BbII=10, MI1=4
ODo=[bI1/2]=5; A=BII-MI1=6

O0D,= ODo-MII=5-4=1,

OD,= OD;-MI1=1-4=-3,

O(D3= OCI)2+A:'3+6:3,

OCD4: O(D3-MH:3 -4:-1,

ODs= OP,+A=-1+6=5.

Bceranosnennsm 1o=5, [;=1, [,=3, [5=3, [,=1, I[5=5 3a0e3neuye 3riamKkeHHs

CTYMiHYaTOi (hOPMH BEKTOPA.

AV*I  2*10
AX 5

4.

11. Buznauumu KinbKicmoe IHmMEPROAAYIUHUX MAKMIe 011 GopmyeaHHs
MpPAEKmMopii Kona OpmoZOHATbHUMU KPOKOBUMU RPUPOCHAMU.

Posrisnemo nepmmii kBagpat ( puc. 9.7 ). KpokoBa Tpaektopist hopMmyeThes
TOPU30HTAJILHUMU Ta BEPTUKAIbHUMHU  €JIEMEHTAapHUMU  MEPEMILICHHIMMU.
KinbkicTh KpOKOBUX MPUPOCTIB B HANPSMKY KOOpJAMHAT X AOPIBHIOE paaiycy R,
OCKIJIbKM BEpPTUKAJIbHI KPOKM HE 3a0e3IeuyloTh MEpPEeMIIIeHHd Mo oci abcuuc.
AHanoriyHa cutyarisi Ma€ Micue € JUisi OpJMHATHOTO HANpsMKY. TakuMm YHMHOM,
KUIBKICTh KPOKOBHUX MPUPOCTIB 7151 (POPMYBAHHS TPAEKTOPIi B MEpUIOMY KBaApaTi
nopiBHIOE 2 R, a 1711 BChOTO KoJIa:

2 R*4=8 R.

Y

N

v
X

Puc. 9.7
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12. Busnauumu n'amos mouox mpackmopii oyzu Konia, AKa ROYUHAEMBCA 3
mouxku (6,0) npu ymogi, w0 iHmepnoIO8aHHA 30IUCHIOEMBCA NO MEm ooy
OUIHIOBAIbLHOT YPYHKUIT npomu uacoeoi cmpinku, a paoiyc Koaa 0opisHioc 6.

y A

At

X Puc. 9.8.

' ' ' } ' A
0 (6,0)

OCKUIBKM 1HTEPHOJIIOBaHHS 3[1MCHIOETbCSI MPOTH YACOBOi CTPUIKH, TO
KOOpAMHATH X TOYOK TpaeKTopli OyJae 3MEHUIyBaTHCh, & KOOpAUHATH Y —
30utbIIyBaTUCh (prc.9.8). dopmynu ajig po3paxyHKy OLIHIOBAJIbHOI (PYHKIIIT
MaloTh BU/I;

Od; +2V;+1 mpu OD <0
0Dy, =
OD + 2(y; - x)2mpu OD >0

OCDO:'R.
O(D():-6.
OP;= -6+2+0 +1=-5
Ob,= -5+2*1 +1=-2
OD;= -2+2%2 +1=+43
OD,= 3+2%(35)+2=+5

3riJIHO 3HAKIB OIIHIOBAJIbHOI (DYHKIIIT 3aKIIF0UYAEMO, 1110 B TIEPIIMX JBOX TAKTaxX
(bopMYIOThCSI BEpTHKAIBHI KPOKH, a B IBOX HACTYIMTHUX — JiaroHanbHI. [logaTkoBa
TOYKa JyTu Mae KoopauHatu (6,0).

13. Busnauumu ma oo6zpynmyeamu HANPAMKU MPACKMOPIi 6 pexcumi
008€0eHHA 6 KiHYegy MmOoUKy Oyu .

B mepmomy cektopi (puc.9.9,a) KkpokoBa TpaekTopisi (OPMYETHCS
TOPU30HTAJILHUMU Ta J1arOHATHPHUMU (KOMOTHOBAaHMMH) KPOKOBUMU IIPUPOCTAMU
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45° / 45° \1
Puc. 9.9.

v
v

BpaxoBytrouu, 1110 AiaroHaJIbHUHN MPUPICT BKIKOYAE MEPEMIIICHHS M0 oci X, TO
MO’KHa KOHCTAaTyBaTH, L0 BCl €JIEMEHTapHI KPOKHU 1O TOUYKH X=Y BKIIIOYAIOTh
nepeMilIeHHs Mo oci abceiuc.

3BIAKM BUIUIMBAaE, 1[0 Mpu (OPMYBAHHI TPAEKTOPII TrapaHTOBaHO Oyjne
JOCSITHYTO KOOpAMHATY XK, a JOBEACHHS Oye HEOOX1AHE 10 KOOPJIMHATU YK.

AHanoriyHo MOKHa MOKa3aTu, WO Npu GOPMYBaHHI IyTH B JPYIrOMY CEKTOpI1
JOBEACHHIO MJISIrae KOOpAUHATa XK.

14. Pospaxysamu 4 Kpokoei npupocmu 0na napabonu Y=2X* no Memooy
OUIHIOBAIbHOT (PYHKUIL.

OriHioBaIbHA (GYHKIS BU3HAYA€ThCS 110 hopmyiti: OD; = y — 2%

Y A
U>0 - U=

Puc.9.10.
uU<O0

>
X

[Tpu OD > 0 BuKOHYETHCA KpoK 110 oci X, a mpu OD < 0 o oci Y. [licns
KPOKY I10 0ci X HOBE 3HA4YeHHS X1 = X ;+1.

Toni 0Dy, =y — 2>l<(x-|-1)2 =yj- 2#x2-2%x +2 = yi— 4x;-2.

[Ipu BUKOHAHHI KPOKY 10 0ci Y HOBE 3HAUYCHHS apTyMEHTY Oyjie
pO3paxoByBaTUCH fK y; = y;+1.

TO,Z[i OCDHI = yi+1- 2’1‘)(12 = ()CI)1 +1.
Pospaxyemo 4 kpokoBi nmpupoctu rpu ymoBi, 1mo Odq = 0.
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1. OP;=0-4-2=-6,
2. 09,=-6+1= -5,
3. OP3=-5+1= -4 |
4. O®y=-4+1= -3

-

<< <<
wlﬂ)r—o
NQNNN
Lt

b

15. Ilpusecmu eupa3z ona kpueoi Epmima, nouamkoea ma Kinueea mouku
akoi maroms xoopounamu (0, y), (1,5 ), a noxioni ¢ nouamkogiii ma
KiHY eIl moyuyi 6i0n0GIOHO PIiGHI o,y .

Ky6iuna kpuBa B ¢popmi Epmita 3a1a€ThCs pIBHSIHHSM:
x(t)= at® + bt +ct +d.
3HaiieMo 3HaueHHs HEBIAOMHUX a,B,C,d.
x (0)=d, X (1) = a+b+c+d,
x' (0)=c, x ‘(1) =3a+2b+c.

Taxum unHOM:

y=c,
B =atb+c+d,
o =C,
v = 3a+2b+c.

Po3B's130Kk cucTemMu gae HeB1JIOMI a,B,C,d.

16. Buznauumu zeomempuunuii eekmop be3zve ona kpueoi X(1)=
3t3+15t°+4¢+1 npu ymoegi, wio P,=7, P;=9.

I'eomerprununii Bextop besbe Mae Bursn :

G=[1, e P1 =x(0), P2 =x(1), P3 =x’(0), P4 = x’(1).
P1
P4
'IR1
R4

[TincraBnsitoun B x(t) 3HaueHHs 0 Ta 1, 0AepKUMO :
P1=1, P4=23.

3rigHo anroputmy besre 3nauenHs R1 ta R4 Busnauaemo mo popmynax :
R1 = 3*(P2-P1),
R4= 3*(P4-P3),
R1=18, R2=42.
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Takyum 4YnHOM FCOMCTpI/I‘{HI/Iﬁ BCKTOD besbe L JaAHOTO IIPUKIIAAy Ma€ BUI!

1
G= |23

18

42

17. 3naiimu eupa3z oaa noninomy Jlazpaunxca npu ymogi, wio 6a3z06i mouxku
Mmawmov Hacmynui koopounamu : (7,10),(9,30),(11,50).

[aTepnosifinuii mojiHoM Jlarpanka n-ro cTeneHs Jjis JaHOT MHOXHUHU

TOYOK MA€ BUTIIS;
y= Zn:( (X =Xg)--(X = Xs_1 )(X = Xg41)---(X = X;) )Ys-

(Xs - XO)---(Xs - Xs—l)(xs - Xs+1)---(xs - n)

s=0

B oanomy sunaoxky mu maemo:
_ (X=X)(X—X3) (X=X )(X—X3) 4 (X=%)(X=Xp) _
(X = X2 ) (X1 — X3) ! (X2 = %) (X2 —X3) 2 (X3 = X1 )(X3 — X3) ’
(x—9)(x—1l)1 N (x-=7)(x-11) 30+ (x=7)(x-9) 50 (x—9)(x—11)10+ (x-7)(x-11) 304+ (x=7)(x-9)
(7-9)(7-11) (9-7)(9-11) (11-7(11-9) (-2)(-4) 2(-2) 4(2)

(x2 11X —9x + 99)% +(x2—11x - 7x + 77)(—%) +(X2=Tx-9x + 63)%0 =1,25x2 — 25X +123,75— 7,52 +135x —

50 =

577,5+ 6,25x> —100x + 393,75 = 10X — 60
BUCHOBOK: B JaHOMY BUIIaJIKy KpMBA BUPO/KEHA B BIAPI30K MPSIMOT, IKUI

POBEAECHUIN Yepe3 TPU TOUKH .

18. Busnauumu mun mpuKymHuKka, AKUN HaUOinbw OOUiIbHU 0
penoepunzy I'ypo 3 mouxku 30py 004uUCIIO8ATIbHUX 3ampam ma MOYHOCHI

PO3PAXyHKy IHmMeHCUSHOCm el KOJIbOPY niKcenel.

A

Puc. 9.11.

C B

[Tonepennim etamoM peHaepunry ['ypo € TpiaHrysiist 001acTi, 0OMEKEHOO

MTOJTITOHOM.
3rizHo peHaepuHra 3adapOyBaHHs BUKOHYEThCs Bij pedep AB ta AC.

Axmo Biapizox AC nmapanenpHui oci abcIuc, To Bianaaae HeoOXiTHICTh B
PEHAEPUHTY HHKHBOTO peodpa.
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[IpupicT IHTEHCUBHOCTI KOJILOPY B3/10BX peOpa AB BU3HauaeThes Mo PyHKITII.
Ix-Ip
A1 s =———, ne BII ap - 6inb1uit 3 mpupoctiB pedpa AB.
bIlAg

bIlAg = AB npu yMoBI, 1110 BiJipizok AB mapasenbHuil oci opuHar.
TakuM yuHOM, HAaHOLIBII JOMUTBHUM IS peHACPUHTY ['ypo € IpsSIMOKYTHHIA
TPUKYTHHUK, KATETU SAKOTO MapajeibHl OCIM KOOPAUHAT.

19. Buxonamu onuc nonizonanvhoi cimku, npueedenoi na puc. 9.12 , 32iono
Memooy A6HO20 3a80aHHA pebep.

V= (V1 V2, V3Vy) = (( X,Y1,22), (X2Y2,2Z2), ( X3Y32Z3),( X4 Y4Z4))

V2
E2
El E4
Puc. 9.12.
P2 V3
P1
V1
E5 E3
V4
E.= (V1,V2, P, L ) Es= (V3,V4, P,L )
E,= (Vz,Vs, P2,|—) E,= (V1,V2, Pl,PZ)
P.= (El,E4,E5 ) P.= (El,E4,E5 )

Merton 3a0e3mneuye MBUIKAN MOIIYK CIUIBHUX pedep, BUKIIOUAE AyOIIOBaHHS
BEPIIUH MPH 3aBJaHHI 0araTOKyTHHUKIB.

20. Buxonamu onuc nonizoHanvHoi cimku, 300paxcenoi na pucyuky 9.13 ,
WIAXOM AGHO20 3A60AHHA DAZAMOKYMHUKIG | 3 6UKOPUCM AHHAM NOKAMNCYUKIE.
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V2

Vi
V3

Puc. 9.13
V4

Onuc noJIIroHaJIbHOIL CITKU MPY SIBHOMY 3aBJIaHHI1 0araTOKyTHUKIB Ma€e
BUIJISIL;

P1= (V1 V2,V4) = (X1 Y1,Z1), (X2Y22Z2),... (X4Y42Zs))
Py= (V2 V3,V4) = (X2 Y2,Z5), ( X3Y32Z3),... (X4, Y42Z4))

SIBHe 3aBAaHHs OAraTOKyTHUKIB XapaKTePU3YETHCS HAUIUIIIKOBICTIO, OCKIJIBKU
JUTst BepiivH V;, Ta V4 ONUC NpoBeIeHUH ABIYI.
Omnuc J10r1YHOT CITKU IPU BUKOPUCTAHHI MOKAKYUKIB MA€ BUJI:

P,= (V1,V2, V3,V4) = (( Xl,Yl,Zl), ( Xz,Yz,Zz), ( X3,Y3,Z3),( X4,Y4,Z4))
P=(1,24) P=(4,2,3)

IIpu 3aBnanHi P uudp B 1yXKax — € NOKaXKYUKK BEPIIMH B OMUCI V.

21. Bukonamu 6iocikanHa 6i0pi3Ka NpAMOl, NPEeOCMAaA6NeH020 HA DPUCYHKY
9.14 , 32iono  anzopummy OineHHA 6IOPI3KA NONOIAM.

B(9,7)
Y a

Puc. 9.14.
A(13)

v
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3HaxX0MMO KOOpAUHATH TOUYKH ()
XB'XA 9'1
Xg=Xp+——— =1+ =5,
2 2
yo = yA +(YB'YA)/ 2= 3+(7'3)/2 =5,
Biapizok OB 3rigno anroputmy Koena-Cazepienaa BiIKUIAEThC.
3HaX0IUMO KOOPJUHATH TOYKH P
Xp=Xat+ (Xo-Xn)/2 = 1+(5-1)/12 = 3,
Yp=VYa+ (Yo-Ya)2 =3+(5-3)/2 = 4.
Binpizok OP 3rigHo anroputmy Koena-CasepieHnna BiqKUIa€ThCS.
Binpizokx AP HanexuTth BikHY.

22. Bukonamu 6i0CikanHA 6i0pi3Kie npamux, 300paxcenux Ha pucyuky 9.135,
32iono anzopummy Koena-Cazepaenoa.

Y A
4 J(12,3)
A B C6) /
— T o
T > X
7 12
Puc. 9.15.

Buznauumo 40TUpbOXPO3PAIHI KO I TOUOK A Ta B 3rimHo ciigyrounx
O3HaK:

Bume Hwuxue JliBime Ilpasime
A 0 0 0 0
B 0 0 0 0

OCKUJIBKH YOTUPBOXPO3PSIAHI KO TOYOK A Ta B HyIbOBI, TO BiIp130K
3HaXOJIUThCS BCEPE/IMHI BIKHA.
Jist touok C Ta [l 4oTUpbOXpO3psAIHI KOJIU JOPIBHIOKOTH:
touka C- 0000
touka JI- 0001.
Ockibku omepallisi MOpPO3PSAHOrO JIOTIYHOTO JOOYTKY Ja€  HYJIbOBUH
pe3ynbTaT, TO He0OX1JHO BUKOHATH BiJICIKaHHS.
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Biapizok npsimoi C/] 3agaemMo piBHSHHSIM BUY:

V= 14+2/6* (x-6)= 1+ 1/6 (x-6).
MaxkcrumManbHa a0ciuca rpaHmill BikHa T0piBHIOE 7. 3Haxoaumo Y ams x=7.
Y=1+1/6=7/6.
Touka O mae koopaunartu (7, 7/6). Biapizok O/l BinkugaeThCs.

23. Buznauumu minimanonuii 06°em  gioeonam’ami pexcumy True Color,
AKWO MOHIMOp  niompumye cmanoapm Artist 1+

Pexxum True Color 3a6esneuye 16777216 KonpopiB, 10 BHMarae
BUKOpHUCTaHHsA 10g,16777216=24 po3psiiB BiJieonaM sTi Ha OJIUH MIKCEIIb.
Po3mip agpecHoro npoctopy st pesxkumy Artist 1+ nopisaioe 1024X768, a
3arajpbHa KUIbKICTh TOUOK Ha €KpaHi B IbOMY BUIIAJIKY JTOPIBHIOE
1024*768=786432.
HeoOxianuit 00" eM Bigeomam sTi A pexxumy True Color Oyne nopiBHIOBaTH
786432%24=18874368 6iT.

24.  Busnauumu MIiHIMANbHUL 00°€m @ideonamami npu ymoei, o
niompumyemuca pexcum SVGA i popmyemnca 256 konvopis.

Pexxumy SVGA BianoBinae ekpat 3 ajipecHuM npoctopoM 1024*768 Touok.
Jlns koyBaHHS 256 KOMbOpiB HeoOXinHOo [ 256 =8 mapis mam’sTi. 3araabHUi
00’eM mam’sTi Oyze piBHUIL:
1024*768*8=6 291 456 6iT.

25. Busnauumu uyacmomy paoKkoeoi po3copmku npu  Qopmyeanui
menegi3iliHoz20 pacmpa 3 YUCaA0M PAOKIG y Kaopi Z=625 npu: a) npozpecugHniii
0) uepe3paoKosiit po32opmui.

Bianmosinno g0 dbopmynu
F,=Z*f
BU3HAYAEMO ISl porpecuBHOI po3ropTku (f =50 I'n) £,=625*50=31250 ['; nns
yepe3psiakoBoi posroptku (fy =25 I'm) f,= 625%25 =15 625 I'u.

26. Buznauumu KinbKicmb RiKceNié  300pAMCEHHA, AKY  MOMCIUBO
chopmysamu npu  acuHxXpouHii pacmpogiii  po3copmui 3a 50 kaopie npu
YMOG6I, w0 360pomHuii Xi0  paoKka ma Kaopy 6i0no6iOHo pisHi t, Y , uac
PO3PAXyYHKY nikcena MIKpORpouecopom-t , a KiibKicms pAOKi6 HA eKpaHi- N .

[Ipn acuHXpOHHIA pacTpOBIl pPO3ropTil Bifeomam’sTh AOCTyIHA i Yac
3BOPOTHUX XOIB psAJKa Ta Kajapa. 3a 4yac 3BOPOTHBOTO XOJYy PsAKA MOMIJIHMBO
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t
p . . . . . .
chopMyBaTH " | HIKcenB. BpaxoByroun, 1o KUIBKICTh PAAKIB JOPIBHIOE N, TO

t
o . p . .
3a mpsAMUN Xia kKazapa Oyae chopMoBaHO | o mikeems. 3a 4ac 3BOPOTHOIO

X0y Kazapa Mikporporecop chopmye VTKJTOIJOK. 3a 50 kazapiB 3arajabHy

o : t t
KUIBKICTh TOUYOK BU3HAYAEMO 10 (OPMYITi: 50(nH’J + [TKJ)

27. Busnauumu KinbKicms onmoeneKmpoHux nap nepeoeKkpanoi ceHcopHoi
nauneni 011 3A0€3NEUEHHA PeHCUMY MOYHO20 NOZUUIIOBAHHA NPU YMOGL, W0
BUKOPUCMOBYEMbCA eKpaH cmanoapmy Artist 1+,

[lepenexpanHa ceHCOpHA MaHEeb BKIIIOYAE TTAPH OMTOCICKTPOHUX €JIIEMEHTIB,
K1 PO3MIIIEeH] Mo nepuMeTpy ekpany. KoxkHa 3 Takux map BKIIOYAE JHKEPEIIO
CBITJIa Ta Moro npuimMay.

[Ipu notuill oneparopom nepeaeKpaHHol MaHell BUKOHYETHCS BBEICHHS B
EOM xoopauHat X ta ¥V MOJ0KEHHSA 00’ €KTa Ha €KpaHi.

Pexxumy Artist 1+ Binnmosinae aapecuuit npoctip 1024*768 Todok.
[lo3HaunMo Yepe3 n- KUIBKICTh ONTOEJIEKTPOHUX THap, SKy HEOOXI1THO
3a0€3ne4nTH JIJIs1 OJTHIET 3 CTOPIH €KpaHy, siKa BKIto4ae N TOUOK.
Toni N/n - BU3Ha4a€e po3Mip MaKpO30HH JIJISl PEKUMY TO3ULIFOBAHHS.
Jliist 3a0e3neueHHs 11eHTU(dIKalli KOKHOT TOYKH MAaKpO30HH BiTHOUIEHHS N/n
MOBMHHO JIOPIBHIOBATHU N, TOOTO N/n =n. N=n?.
3BIICH N = (VN .
[Tpu N=1024, n =32.
Sxmo N= 68, n=29.

28. Busnauumu munu 4omupukymHukie, 01 AKUX HPU 3ANOBHEHHI NO
Kpumepito 36’A3H0CMI HeO00XIOHO 08I MOUKU-3AMPABKU NPU YMOGL, W0
BUKOHYEMbCA 20pU30OHMAIbHA pacmepu3ayis, a 00Ha 3 MOYOK-3ampPasokK
PO3MIUEHAa 8 6ePXHbOMY  KYMYy YOMUPUXKYMHUKA.

binbir ik 2 TOUKM -3aTpaBKU HEOOXI1JTHO IPHU YMOBI, 10 OaraTOKyTHUK HE €
BUITYKJTHM.
MoskIiiB1 BapiaHTH HEBUITYKJIMX YOTUPUKYTHUKIB MPUBEIEH] Ha puc.9.16.

A AT
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SIk BHJIHO 3 PUCYHKA TOYKH 3aTPaBKH NP TOPU30HTAIIbHIA pacTepu3altii
HeoOx1aH0 Uit Bunaakis A ta C.

TEMATHKA KYPCOBHUX POBIT.

1. 3renepyBaTtu KOJIbOPOBE 300pakeHHS MHOXMHU Mannensopora 3
MacIITa0yBaHHSIM BiKHA 300pa)keHHs, BUALIEHOTO MHUIICIO.

2. CTBOpUTH KapKacHE 300pa)kKeHHS TIOBEPXHI IIISXOM IMOBOPOTY IBOXMIPHOI
KPUBOi HABKOJIO 3aJaHO1 TIPSIMOI. Buinyunty HeBUAMMI TOBEPXHI 1
3MIMCHUTH  TUIOCKe  3adapOoOByBaHHS TMOBEPXHI 3  BUKOPUCTAHHIM
CTaHAAPTHUX MOJIeNIeH OCBITJICHHS.

3. Po3pobutu mporpaMy BUBEACHHS JAaHUX, KA 3UUTYE YUCIIOBI AaHHI 3 hany
1 BHUBOJIUTH iX B BUIUIAAI Tpadika ,riCTOrpamMu, CEKTOPHOI Jiarpamu,
TPHOXBUMIPHOI TOBEPXHI.

4. PeanizyBaTu 300pa)k€HHsS Ha OCHOBI TpadiuHUX NPUMITHBIB, BUKOHATU
3alIOBHEHHSI MOJITOHAIBHUX 00nacTed .BukoHATH aHTHaNia3WMHT  TpaHUIb
Ha OCHOBI MMOCTIPOIECOPHOT PiIbTpaIllii.

5. CtBopuTH TMPOCTYy aHIMAIiHy MOCIIJIOBHICTh 3  BUKOPUCTAHHSIM
TPHOXBUMIPHHX 3ac001B . 3a0e3neynTd aJIrOpUTMIYHE YIpPaBIIHHSA
aHIMaLI€lo.

6. ChopmyBaru 3amane rpadidne 300pakeHHsT . BUKOHATH TCEBIOTOHYBaHHS
QJITOPUTMOM YCEPEIHEHHS Ta aJTOPUTMOM MEI1aHHOTO MEPETUHY.

7. CdopmyBatu rpadiune 300paxeHHs. Bukonatu HaJl 300pakeHHSIM 3MIHY
KOHTpPAcCTy, pO3MHUBAHHS, aKBEpEIU3allil0, MelaHHy (PiIbTpallito, THCHEHHS,
IKPECIICHHS TIEpenaiiB IHTEHCUBHOCTI.

8. CdhopmyBatn KOHTypHE 300paxkeHHS. BHUKOHATH BUIyYEHHS MPUXOBAHUX
rpaHel, Tp1aHTYJIAIII0 TMOIITOHAIBHUX o0nacTel, peraepudr ['ypo.

9. ChopmyBatn KOHTypHE 300pakeHHS. BHKOHATH BUIyYeHHS TPHUXOBAHUX
IpaHei, TPIaHTYJALI0 MOJITOHATIBHUX o0nacTel, penaepunr MoHra..

10. Po3pobutn Web-cTopiHky 3 dbopmyBaHHSIM (OHOBUX 300paKEHb,
rpadiuHuX Ta aHIMaIiiHUX (QailiiB.

11. Po3poOutn 3aiaHy TpPbOXBUMIPHY KOHIENTYalbHY MOJEIb, IE€PEBECTU
MoJielnb B IM(poBy ¢GopMmy B BCTaHOBIEHOMY (opmarti 1 MeperisHyTH
MOJIeb B JJaHIM CUCTEMI Bizyaizarlii.

12. ChopmyBatu rpadiuyHe 300pakeHHS 3 BUKOPHCTAHHSIM IEPCIEKTHBHUX
npoekiiii. Bukonatu pennepunr rpaneit. CpopmyBaTu TiHI 7S 3aJaHOTO
JoKepena CBITIa.

13. BukoHatn mepeTBOpPEHHS MOJCICH 00’€KTIB , BKIIOYAIOYH T'€OMETPUYHI
(moBoOpoOT, MacmTabyBaHHS , MPOEKIIIFOBAHHS, BIICIKAHHS, BUIOB1 OTIEepallii)
14. Po3paxyBatu mapaMeTpy OCBITJICHHS 1 3aTEMHEHHS IIOBEPXOHb B
3aNeKHOCTI B 11X THINB, KIUIBKOCTI Ta PO3MIMICHHS JDKEpen CBITIIA.

CdopmyBatu rpadiune 300paxKeHHs.
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15. ChopmyBaTu 3amaHe KOHTypHE 3o00paxkeHHs. BukoHatu dakrypuzaiiito
noBepxoHb. CdopMyBaTu 300paKeHHS 3 BUKOPHCTAHHSAM TEKCTYPHHUX
300paKeHb.

16. ChopmyBatu nangmadTHe 300pa’keHHS 3 BUKOPUCTAHHSIM (paKTaIbHUX
004U CIIEHB.

17. ChopmyBatu TpboxBUMIpHE TpadiuyHe 300pakeHHA 3 YypaxyBaHHSIM
PO30POCTi 00’ EKTIB.

18. BukoHaTH pO3MIMPEHHS MPOTPAMHOTO MPOAYKTY 33 PaXyHOK PO3POOKH ISl
HBOT'O rpadivyHOTrO sIpa.

19. Po3pobutn papaiiBepHy mporpamy ajisi BUIUICHOTO TAaKeTy NPUKIAJTHUX
nporpaM 1 3aaaHux GyHKII# rpadigyHOro akceneparopa.

20. Po3po0Oka hoHay rpynoBUX KpeceHb.
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