Jlekuist Ne6-7 (mpomoB:keHHs JeKuii 4)

Craananns ingpopmaniiinux (IM) (matematuuaux MM) moaenei

ckaagosux I'BK
4.1. = 3.1. (muB. nexuito 3-4)

4.2. Indopmauiiini Moaesi MaHimyJsiiHHUX CHCTEM NMPOMHUCJI0BUX Po0OTiB
4.3. IM 3aTucknux npucrpois ((3I1) cxpariB) npomuciaoBux poodoris (I1P)

4.4. IM 00’€eKTiB MaHIIyJIIOBaHHA (PO3IIIAIA€THCA HAOAHOMY 13 MPAKTUYHOHUX

3aHSTh)
4.5, IM TeXHOJIOTiYHOIr0 00JIaAJHAHHSA

4.6. IM npucTOCYBAaHb TEXHOJIOTIYHOT0 0012 THAHHA

4.2. Indopmauiiini moaesi maninyasiuilinux cucrem (MC) npoMucioBux
poooris (I1P)

3anpornoHOBaHAa BHINE METOAMKA CKJIaJaHHS 1HGOPMAIIMHUX Mojelen
MaHIMyJISIIHHAX CUCTEM IIPOMHUCIOBUX POOOTIB cKiIanaeTbes i3 6 kpokis (K):

K1. Anani3 kongirypauii MC 1P, Bu3HaueHHS KITBKOCTI aKTUBHUX (PYXOMHUX) 1
HEAaKTUBHUX (HEPYXOMHUX) JIAHOK, BHU3HAUEHHS THIIIB T'€OMETPUYHUX IMPUMITHBIB
(puc. 4.2.1), sAkUMHU MOXKHA BIAOOpa3UTH (POpPMY OINUCYBAaHUX JAHOK IpHU

MojieroBaHHi (auB. 1. 4.1).

Puc. 4.2.1. Buznauenns xinokocmi ma munie I'll ons 3D exsisanenmy MC IIP
mo0. KUKA KR-30

K2. ®opmyBanus HUTKOBOI (ApoTukoBoi) mozeni MC (puc. 4.2.2). Omnwuc
po3tamryBanHsa Ta opienramii MC B riobanpHiit CK, To6To B CK IIP. Busnauenus
Opi€HTAaIliil Ta JOBKHHHM KOXKHOI JJaHKH 3a rmacropTtHuMu gaaumu [1P ta itoro MC.
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Puc. 4.2.2. IIpedcmaesnenns MC IIP moo. KUKA KR-30 y suensaoi humxosoi
mooerni (podicesut KOuip)

B onuci IM MC IIP koXHa JIaHKa ONUCY€TbCA BIJHOCHO MOMNEPENHbOI, TOOTO
CK |—iL -0i 1aHKku BUKOHY€eThes B CK momnepeanboi L1, -oi mauku MC IIP. B ommci
IM MC IIP wmHOXMHa TmmapaMeTpiB N0 KOXHOI JIaHKW BKa3ye€TbCcs Ticas i

inenTrdikaTopa ta Homepa (auB. Bupa3 (4.2.1)):

IMMCIIP = {

P: Xp,Yp:Zp;

O: Wo,Xo0,Y0,Z0;
(4.2.1)

Li: (D: X1,y1,21; S: S1));

L - (D: Xi v Yi 1 Zi s S: Si,_);
ne P — igentudikarop posramyBands CK MC IIP B rnobanwshiii CK B
KoopAHHATaX (Xp,Yp,Zp), MM;
O - inmentudikarop opientamii CK MC IIP B rmobanshiii CK,
MIPEICTABIIIETHCS Y BUTIISIII KBAaTEpHIOHA (Wo,Xo0,Y0,20);
I—iL — ineHTH(IKATOP JAHKH i3 HOMEPOM I ;

D — inentudikarop HaNpsSMKy JAHKH 13 MTApaMeTpamMu, KU 3a1a€ThCsa y

BUIJIAJIl OIMHUYHOI'O BEKTOPA 3 TapaMeTpamu (Xil_ i i ) , MM;
S — igeHTUdIKATOP AOBXKHHM JaHKU, 3HAYEHHS BKAa3Y€ThCS B MapameTpi

S

.9

i, , MM, 3HaK PO3AUIEHHA “;”(KOMa) € 00OB’ I3KOBUM.



K3. Omuc oOMexennb 1 akTUBHUX J1aHOK MC.

Jlnst obGepranbHOoro tumy nepeminieHHs YK Bka3zyeTbcs 2 KBaTE€pHIOHA, SKUMU

OIHKCY€THCA MiHiManbHe Ta MakcumanbHe Bigxminenns CK L; -oi mankm BimHocno

CK nonepensboi Ly, -oi masku (muB. Bupas (4.2.2)).
JUiga niHiiiHOro THmy nepeminieHHs JiHIAHUX YK BKa3yroThCsS MOYATKOBI Ta

kiHneBi koopauHaty 3MmimenHss CK omucyBaHoi LiL -oi nanku B CK momepeannoi
L1, -oi nauku (mus. Bupas (4.2.3)).
LiL (D: X, Yi 4 ;S SiL ;
Qmin: Wo, Xy, Yo, 1ZQu, (4.2.2)
Qmax: W, X QY Qg 2 Qo )
ne Qmin, Qmax — ineHTudikaTopyu 0OMeKeHb 00epTaTLHOIO TUITY MTEPEMIIICHHS LiL

-0l JIaHKH, MPEACTABISIOTHCS Y BUIJISAI KBAaTEPHIOHIB: (WQmm_ X Y *ZQun, )Ta
i i i i
Wy,  ,Xo ,Z
( Qmaxil_ Qmaxil_ meaxiL Qmaxil_ ) "
Li - @: % .Y ,Zi :S:Si:

1y|_
Lmax: X Yo, oz, ),

Lmin: Xl_miniL i, ZmeiL, (423)

.

ne Lmin, Lmax — igeHTH(iKaTOp 0OMEXKEHb JIHIMHOTO THUITY MepeMileHHS L, -oi
JIAHKH, MPEACTABIISIIOTHCS Y BUTJISIII BEKTOPIB: (Xme, Yo, o2, ) Ta (XLM Vi 1 Zu, ),

MM.

K4. Onuc reomerpuyHUX OpUMITHBIB. {151 KOXHOT |—iL -0l JJaHKU BKa3y€TbCS

rpyna I'Tl, axi onucytotbea B i CK. MHOXMHA T€OMETPUYHUX NPUMITHBIB, SIKUMHU
Moxe OyTu omucana (popMa JaHKu, 0OMeXeHa BKa3aHUMU B 11. 3.1 TUIIaMH:

Li (D %, Y, % ;S: S, ; GP: [GP, »-,GPy 1), (4.2.4)

ne GP — ineHTH(iKaTOp MHOXHMHY reoMeTpH4HuX npumitngis GPy ..., GPy

i ?

GPy, — reomerpuanuii npumitus i3 onucom 3a 3.4.1.

KS5. 3ananns nogaTkoBux mapaMeTpiB. BkazaHHs A1 KOXKHOI JIaHKU ii MacH Ta
JUTSI KOYKHOT aKTUBHO1 JIJAaHKM MaKCUMaJIbHOI IIBUAKOCTI i1 mepemiiieHHst (rpajy/c - s



obepTanbHOTO, a00 M/C - IJIs JIIHIKHOI TUITY TIEPEMIILICHHS L., -oi manxu) BixmosigHo

1o nacroptHux ganux [1P (nuB. Bupas (4.2.5)):
Li :(@: X ,Yi,Zi ;S:Si,;M:m_: Vv, ), (4.2.5)

ne M — inentudikatop macu LiL -0l JIQaHKW,
M; — 3HA4YEHHS MacH JIaHKH, KT;

V — izeHTH}IKATOD MaKCMMaIbHOI IMBHAKOCTI mepemimeHns L -oi mankm i3

snageHHsIM Vi, | rpaj/c abo m/c.

K6. ®opmyBanns IM MC sik takoro (nuB. Bupas (4.2.6)):

IMMCIIP = {
P: XY,z
O W01X01y0120;
I-iL ( D Xi,_ ayiL 1ZiL a

S:s :M:m : Vv ;
; ) : (4.2.6)

[Mpuknax IM ansa aberpaktraoro [1P 3 MC tuny “SKARA” npencraBienuit
HUXKYE:

MSX = {
P:0,0,0;
0:0,0,0,0;
L1:(D:0,1,0;S:1300;GP:[CR:0, 0, 0, 200, 1200;]);

L2:(D:1,0,0;S:600;Qmin: 0.500,0.866,0,0; Qmax: 0.500,-0.866,0,0; GP:[CR:0, 0,
0, 180, 100,0.707,0,0,-0.707;PD:50, 0, 0, 500, 100, 300;CR:0, 600, 0, 180,
100,0.707,0,0,-0.707;]);

L3:(D:0,1,0;S:500; Qmin: 0.500,0.866,0,0; Qmax: 0.500,-0.866,0,0; GP:[CR:-50,
0, 0, 140, 100,0.707,0,0,-0.707;PD:-150, -150, 0, 750, 200, 300;TZ:-250, 30, O,
300, 300, 750, 300, -200, 0, 0.707,0,0,0.707;])

L4:(D:1,0,0;S:0; Qmin: 0.500,0,0.866,0; Qmax: 0.500,0,-0.866,0;);
L5:(D:0,1,0;S:100; Lmin: 0, 0, 0; Lmax: 0, 500, 0;GP:[CR:0, -900, 0, 50, 1000;]);
L6:(D:0,-1,0;S:300);



Puc. 4.2.3. Intocmpayisn nobyoosarnoi 3D-mooeni MC I1IP 3a IM MC [IP

4.3. IM 3aTucknux npucrpois ((3I1), cxpariB (Cx)) mpoMucioBuX podoTiB
(ITP)

IM Cx TP 6ynyroTbest pakTUUHO B Tiil ske nociiioBHOCTI, 1o ¥ IM MC I1P, 1
BUKOHYIOThCS HacTynmHUMH Kpokamu (K).

K1. Ananiz korctpykiii Cx. Ilepenbauae mpoBeieHHS I€TAIBHOTO aHaJi3y BCIX
HEaKTUBHUX eJleMeHTIB CX, 110 MOXKYTb OYTH MpEICTaBIEH] SIK OKpeMi KOMIIOHEHTH.
[Tpu 11bOMy BH3HAYAETHCS iX KIJIBKICTh, TEOMETPHYHI PO3MIPH, OpI€HTAIlls (SIKIIO 1€
€ HEOOX1THUM JJis1 OUThIN AeTanbHOI cX0kKO0CTI CX 3 KOHCTPYKTUBHUM OPHUTIHAJIOM),
PYXOMICTh, BU3HAYAIOTHCS KoOpAWMHATH Pgr Ta koopamHatu kpimieHHs Cx [0
kiamesoi sanku MC IIP, mo B cBoto uepry € mouarkom CK Cx (CFP, Bix anrm.
Coordinates of Fixing Point — kooparHATH TOYKH KPITUICHHS).

Crpykrypa CFP nogaerbcs HaCTynmHUM YHHOM:

CFP= [( Xerp + Yerp 1 Zorp ) Qerp (SQCFP  Kuss Y0 1 L0usp )} : (4.3.1)

ne CFP — inentudikarop koopmunar touku kpimtenas Cx ITP mo MC IIP;
(Xcep ' Yorp i Zorp ) — koopauHaTu Touku kpirenHs Cx [P no MC I1P B CK TIP;

Qcrp (SQCFP $ Xers + Yourr 7 ZQeen ) — kBarepHioH opieHranii CK Cx I1P, mo BrmBae

Ha 3MIHY TOJIOKEHHS / OpleHTaIli BCiX eneMeHTiB, onucanux B CK Cx I1P.

K2. ®opmyBanHs 6a3oBoi kiHeMaTtuuHoi cTpykTypu Cx. IlpencraBieHHs 3a
pe3ynbraramu K1 ananizoBaHUX KOHCTPYKTHMBHUX CKJIAOBUX CX y BUTJIAJI IPSIMUX
13 BIJIHOCHUM pO3TalllyBaHHSIM KOXHOI CKiagoBoi CX ISl MOJANBIIOTO OMHUCY iX
obepTambHuX Ta [/ abo JHIKHUX TEpeMillleHb Ta OMKCY T'COMETPUYHUMHU
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npumituBaMu. [Ipu oMy omuCyrOThCs CKIaJo0B1 (KomMmoHeHTH) CX Tak, 100 Horo
onuc He OyB iHpopMaliiiHo 30UTKOBHUM, TOOTO 3 BUIAUICHHSIM JIUIIIE TUX €JIEMEHTIB,
aK1 Oe3nocepeHbo BU3HA4aroTh Horo (Cx) (yHKIIOHATBHICTH, OEpyTh ydacTb Yy
TexHoJIoriuHii B3aemoii Cx 3 OM ta HeoOXiaH1 I MOJATBIINX PO3PAXyHKIB MO0
MOXIIUBOCTI 3ITKHEHb (Komi3ii) mix ememeHntamu ['BK Ta camo3iTkHEHB MiXK
enementamu MC I1P 13 OM.

K3. I'pyniyBannst enemenTiB CX 3BOAUTHCS 10 (OpPMYBaHHS T'PyIl €JIEMEHTIB
koHCTpykuli Cx — Hepyxomux (rpyma C) Ta pyxomux (rpyna V). ko
KOHCTPYKTUBHUH enieMeHT Cx npu ioro (Cx) (GyHKI[IOHYBaHHI HE MOX€E 3MIHIOBATH
cBoe nojoxeHHs B CK Cx, To0To € HepyxoMuM, BiH BiHOCUThLCSA A0 Tpyrnu C i B
MOJAIBIIIOMY OIUCYEThCS BIAMOBIIHUM TE€OMETPHYHMM mOpuMiTuBoM (1uB. K4).
Crpykrypa rpynu C Mae HaCTyITHUNA BUTJISL:

C=(GR Jic =11¢), (4.3.2)
ne C — inentudikatop rpynu C (ckopoueHHs Bij anri. Constant — mocriitHa);
|c — 3araneHa kinekicTs enemenTiB rpymu C;
GR. — (ckopouenns Bix auri. Geometric primitive — reomerpudHuii IPUMITHB),

OIMKC KOKHOTO I-ro enmemeHTa CX, 1[0 MOKe OyTH BIJHECEHHH IO OIHOIO i3 IT’ATH
BUIIIE 3TaJIaHUX T€OMETPUYHHUX MPUMITHBIB, Ma€ HACTYITHY CTPYKTYPY:

GP_e{Pd,; Cr_;Se; Ce; Tz |, (4.3.3)
ne Pd, — onmc reomerpuunOro nmpuMiTHBY “Hapaneneminen’;
CriC — OTUC TEOMETPUYHOT'O MPUMITUBY “IIAIIHJIP
S€, — ONHC TEOMETPUUHOTO PUMITHBY “KYJIs™;
Ce_ — omuc reoMeTpUYIHOro NPUMITHBY “KOHYC”;

TziC — OIMKC TEOMETPUYHOTO MPUMITHBY “‘Tpameris’.

SIKIIO J-Wii KOHCTPYKTHBHHN eneMeHT CX MOXe 3MIHIOBaTH CBOE IMOJIOKEHHS B
CK Cx, T00TO € pyXOMHM, TO BiH BITHOCHUTHCS A0 Tpynu V, 10 MiCTUTh OIHKCH j-T'O
eJIEMEHTa 3 Horo ooMexxeHHs MU (JTiHIHHUMHE a00 oO0epTambHUMH) a0 HOBY rpymy V,
AKIIO 3MiHAa TMOJIOKEHHS / opieHTanii ememeHta BigOyBaeThest B CK momepeannoi
rpynu V.

CrpykTypa rpynu V Mae HACTyITHUHN BUTIIS;

(4.3.4)



1|>

re Vi - inentudikarop rpynu V (Big anri. Variable — 3minna);

v, =(L, {ep, v, [i, =13, )i

ly — kinbkicts rpyn V B onmci CxIIP;

GP,, — reomerpnunuii npumiTus (ananoriunuii g0 Bupasy (4.3.3));

Vjvi — OIUC HOBOI jy-01 rpymu V, sika ommcyeThest B CK rpymum Viv , TOOTO Mae

BiaacHy CK, oOMEXEHHS MO0 MOXJIMBUX IIEPEMIIICHb Ta BIAMOBIIHUMA CKJaa

€JIEMEHTIB;
Jy - 3aranbHa KinbKicTs KoMIOHeHTIB rpymu Vi, ;

V — MareMaTvuHMI 3HaK JIOTIYHOI omepaiii “BUKIIOUHE a00” — PO3ALILHOI
I3 FOHKIT;
L — imentudikatop oOMmexenns (Bim amri. Limitation — oOmexenns), mae

HACTyIIHY CTPYKTYpY:

L =[x 2, QU T ) 435)
Qi\ll?b(slva’ f ’ylv : ZRb) QRe(SIV X ,ylv : _Re):"

Lb /o Lb. . b , . ... OLP
e in ( o K Y0 4 ) - KkBaTepHIOH (QQ) MOYaTKOBOI MO3UIII] (in ) nouatky CK
V

MOTOYHO1 TPy Vuv BiHOCHO CK Cx I1P, a6o CK nonepeanboi rpynu , (Km0

V

[IOTOYHA I'pyna ‘i, € €JIEMEHTOM IIONEPEIHbOI IPyIn V(H)V );

Le Le . . . L
Q, (S,V, ,V : Y.V : Ziv) — kBarepHion kinnesoi mosumii (Q,°) mowarky CK

MOTOYHOI TPyIH Viv BiHOcHO CK Cx I1P, a6o CK nomnepenuboi rpymnu V(i—l)v (s1x1110
MOTOYHA rpyna Viv € EJIEMEHTOM MONEPEHBOT TPymHY, )

Rb Rb : . b
Qs (5.V ; ,V ,Y.V ; Z,') — kBarepHiOH mouarkoBoi opienrauwii (Q ) CK

NOTOYHOI TPy Viv BinmHocHO CK Cx I1P, abo CK nonepenuboi rpynu V(i_l)V (sIK1I10

IIOTOYHA I'pyIia Vl\, € CJICMCHTOM HOI'[CpGI[HBO.l' rpynu V(i—l)v ),



Re Re. Re. Re. Re
Qr (8,3 %, 5 ¥y, 5 4y

\%

Re
— KBaTEpHIOH KIiHIICBOi Opi€eHTAIlil (in ) CK

notroyHoi rpynu ‘i, BigHocHO CK Cx I1P, a6o CK nonepenuboi rpymnu V(i,l)v (sIK1I10

IIOTOYHA I'pyIia Vi\, € CJICMCHTOM HOHCp@I[HBOT rpynu V(ifl)v )

K4. Omuc enemeHTiB CX Te€OMETPUYHHUMH TPUMITUBAMH BUKOHYETHCS IS
KOXKHOTO IOTEPEeIHhO BU3HAYCHOrO I-r0 Ta j-ro eineMeHTiB CX 3a JOMOMOIO0
HACTYITHUX T€OMETPUYHHUX MTPUMITHUBIB:

Pd — mapainenenimnesn;

Cr — mumnap;

Se — cdepa;

Ce — konyc, Tz — Tpaneriis (quB. m. 3.1.).

KS5. Bka3zanus 3Hauends macu Cx:

M = (mCx)

ne M — inentudikatop Mmacu Cx;

(4.3.6)

M¢, — 3navenns macu CX, Kr.

K6. ®opmyBanns @M CxIIP sk Takoi 3ampomoHOBAHO BHpPaXaTW y BUTJISII
BITOPSIZIKOBAHOI TOCIIIOBHOCTI T€OMETPUYHUX MPUMITHBIB, KOXKEH 3 SKUX MOXKE
HAJIeXKATH JI0 TPYIU PYXOMHUX a00 HEPYXOMHUX elleMeHTIB. B 3araibHOMYy BUMIIAIKY 3

BpaxyBaHHAM TNPUUHATHUX IMO3HAYEHb Ta 3MICTOM CHMBOJY V (JIOTi4HA omepartis
“a00”) yniBepcanbuuii Bupaz ®M Cx [IP BigmoBigHO 10 BHINE HABEIECHOTO €
HACTYITHUM:

IMCXIIP = <CFP,M,(C =(6RJi. =11, >) v

437
v(V. ~(L, (er, v, i, =13, (4.3.7)

w i :1,|V>).
[Tpuknang IM maeBmarnunoro Cx ITP momenmi “LGR 32” (BupoOuuk — dipma
Schunk, Himeyunna) 3 2-ma o00epTaTbHUMHU  3aTUCKHUMHU  €IIEMEHTaMH,

MPEJCTABICHUNA HUKYE:

Gripper(LGR 32) = {
CFP[(0, 0, 0)(0.707,0,0,0.707)]
M(2)
¢{
GP:[PD:0, 0, 0, 130.5, 60, 37;]
}



V{
LIM[(0, 119, 24, 0)(0, 119, 24, 0)(1, 0, 0, 0)(0.707, 0, 0, 0.707)]
GP:[
PD:-15, 0, 0, 30, 12.5, 16;
PD:15, 0, 0, 30, 12.5, 16;
PD:20, 12.5, 0, 58, 14, 16;
PD:425,0, 0, 40, 12.5, 16, 0.985,0,0,0.174;
PD:76, 13.2, 0, 40, 12.5, 16, 0.985,0,0,-0.174;
PD:110, -0.5, 0, 6, 11.5, 16;

]
by
V{
LIMI(0, 119, -24, 0)(0, 119, -24, 0)(1, 0, 0, 0)(0.707, 0, 0, -0.707)]
GP:[
PD:-15, 0, 0, 30, 12.5, 16;
PD:15, 0, 0, 30, 12.5, 16;
PD:20, -12.5, 0, 58, 14, 16;
PD:42.5, 0, 0, 40, 12.5, 16, 0.985,0,0,-0.174;
PD:76, -13.2, 0, 40, 12.5, 16, 0.985,0,0,0.174;
PD:110, 0.5, 0, 6, 11.5, 16;
|
}
¥

Gr

Puc. 4.3.1. 3D-mo0env Cx IIP, nobyoosana 3a IM Cx IIP

4.5. IM TexHOJIOTiYHOr0 00JIaJHAHHSA

B ocHoBy ¢opmyBanna IM TO nokiageHo, sIK 1 A IHIIUX CTPYKTYPHHUX
cknagoux ['BK, ommc 3arampnoi koHcTpykuii TO omucom okpemux ITI, Ha sxi
KOpHUCTyBaueM IONEPEIHbO JEKOMIIO30BaHO 3arajbHy KoHCTpykuiro TO, Ta ix
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YIOPSAAKOBAaHUN B3aemonoB’sizanuid omuc. IM TO cknmamaroThbes 3a paxyHOK
BUKOHAHHS HacTynmHuX kpokiB K.

K1. Anani3z xonctpykuii TO. Busnauenns pyxomux enemeHnTiB TO. Po3ourrs
TO na MHOXMHY enemeHTapHUX NpuMiTUBIB. Buznauenns CK TO mnsa BiAnmoBiIHUX
omuauns TO I'BK.

Puc. 5.5.1. 3acanvruii suenso TO na npukiadi memanopizaibHO20 epcmama Moo.
1B340D30

Z.

Puc. 4.5.2. Pozoummsa TO na epyny eremenmapuux npumimueie

K 2. Omuc nouarky CK TO B CK IIP. 3ananns koopaunat nouarky CK TO B
CK TIIP, Tta Bka3zanusa opienrainii TO BigHocHo IIP 3a paxyHOK KBaTEpHIOHY
Opl€HTAIl].



CFP= [(XCFP »Yerp s Lerp ) Qerp (SQCFP X0 1 V0o  L0us )} (4.5.1)

ne CFP — inentudikarop posramysanas CK TO B CK IIP;

(XCFP’ Yerps ZCFP) — koopaunatu nouyarky CK TO B CK I1P;

Qerr (SQCFP 1 X0 Y0ue  L0uee ) — kBarepHioH opiearanii CK TO.

K3. Onuc nepyxomux enementiB TO. 3a gonomororo I'TI onucyetbes MHOXKHHA
koHCTpyKTUBHUX YacTHH TO B CK TO. [leTanpHuii onuc 1aHOTO KPOKY aHAJIOTTYHHIMA
1o onucy rpymu C ¢popmysanns IM Cx (au. 1. 4.3).

K4. Omuc pyxomux enementiB TO. JleraabHuil ONHC JaHOTO KPOKY
aHanoriyHui 1o onmcy rpynu V ¢popmysanus IM Cx (nuB. 1. 4.3).

KS5. ®opmyBanns IM TO 4k ynopsaxkoBaHOI MHOKHHU —€JIEMEHTApHUX
r€OMETPUYHUX TPUMITHBIB.

i, [l

IMTO = <CFP,(C = <GP- 1,1c>)v (4.5.2)

iV=1,_|V>).

V(Vu :<'—u ,<GPjvi w, i, =1TV>

4.6. IM npucTocyBaHb TEXHOJIOTiYHOT0 00JIaJHAHHSA

[TocnigoBHicTs popmyBanus IM [Ip pakTuuHO HE BIAPI3HAETHCS BiJI OMKMCAHOTO
BUIIIE.

K1. Ananiz xouctpykiii TO. Busnauenns pyxomux enemeHTiB TO. Po3ourrs
TO Ha MHOXUMHY enemeHTapHUX NpuMiTUBIB. Buznauenns CK TO ana BianoBiIHUX

omuanns TO.

K2. Onuc nouarky CK TO B CK I1P. 3aganns koopaunnat noyarky CK TO B CK
1P, ta Bkazanus opienTaiii TO BimHocHO [P 3a paxyHOK KBaTepHIOHY Opi€HTAIli.

CFP = {( XCFP 1 YCFP a ZCFP ) ;Q(;Fp (SQ(:FP ;XQCFP , yQCFP , ZQCFP )j| ’ (4.6.1)
ne CFP — inentudikarop posramysannas CK TO B CK IIP;

(XCFP’ Yerp: ZCFP) — koopaunatu noyatky CK TO B CK I1P;

Qerp (SQCFP X 1 Y0 L0 ) — xBarepHioH opienTanii CK TO.



K3. Onuc nepyxomux enemeHTiB TO. 3a A0MOMOror0 TeOMETPUYHHUX
IPUMITHBIB OMNHUCYEThCS MHOXHMHA KOHCTpykTuBHMX dYactuH TO B CK TO.
JleranbHu OMUC JAHOTO KPOKY aHajoriuHuii 1o omnucy rpynu C opmysanss IM Cx
(muB. 1. 4.3).

K4. Omuc pyxomux enementiB TO. JleranbHuil ONKUC JaHOTO KPOKY
aHajIoriyHui 10 onmcy rpynu V ¢popmysanus IM Cx (auB. 1. 4.3).

K5. ®opmyBanns IM TO sk ynopsakoBaHOI MHOXHHHU —€JIEMEHTapHHUX
T€OMETPUIHUX MTPUMITHBIB.

IMIIpPII = <CFP,(C =(GR |1, =11, >) v

o, =1 fom v, 1, <53%)

(4.6.2)

iV=1,_|V>).

[Mpuxnan IM Ip PII tuny “nemara” 3a puc. 4.6.1 npencraBieHnid HUXYE:
Device(Vice) = {
CFP[(350, 90, 0)(1, 0, 0, 0)]
C{
GP:[
PD:-100,20,0,240,20,400;
PD:-75,130,160,200,200,30;
PD:-75,80,-150,200,150,70;

by
V{
LIMI(0, -75, 80, 30)(0, -75, 80, -70)(1, 0, 0, 0)(1, O, 0, 0)]
GP:[
PD:0,40,0,200,200,70;
CR:30,0,0,20,250,0.7,0,0.7,0;
CR:160,0,0,20,250,0.7,0,0.7,0;
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Puc. 4.6.1. 3D-mo0ensw Ilp PII, nobyoosana 3a IM Ilp PIT



