Jlexuist Ne4d (4.2)

Cruaananns inpopmauniitnux (IM) (maremaruuaux MM) mopeJiei

ckaagopux 'BK (MC+3II) ITP
4.1. = 3.1. (muB. nexito 3)

4.2. Indopmauiiini Moaesi MaHimyJasiiiHUX cUCTEM MPOMHUCJIOBHX POOOTIB
4.3. IM 3atuckaux npuctpois ((3I1) cxBaTiB) npomucsoBux podoris (I1P)

4.4. IM 00’ €eKTiB MaHIMYyTIOBaHHA (PO3TIISIA€THCS HA OJHOMY 13 TPAaKTHYHOHHUX

3aHSTH)
4.5. IM TexXHOJIOTiYHOT0 0012 THAHHS
4.6. IM npucTocyBaHb TEXHOJIOTiYHOI0 001 THAHHA

4.2. Inpopmauniitni moaesai maninyasiniiaux cucrem (MC) npoMucioBux
poooris (ITP)

3anpornoHOoBaHa BHILE METOJMKA CKIAJaHHS 1HQOpMAIIHUX Mojenei
MaHIMyJSMIHHAX CUCTEM IIPOMKCIIOBHUX pOOOTIB cKIanaeThes i3 6 kpokiB (K):

K1. Anani3 koudirypaiii MC 1P, Bu3HaueHHs KIJIbKOCTI aKTUBHUX (PYXOMHX) 1
HEAaKTHUBHUX (HEPYXOMHX) JIAaHOK, BH3HAUEHHS THUIIIB T€OMETPUYHUX HPHUMITHBIB
(puc. 4.2.1), saxkuMu MOXKHa BigoOpa3uTh (OpMy OIMCYBAaHUX JIAHOK MpHU

MojeoBanHi (uB. 1. 4.1).

Puc. 4.2.1. Busnauenns xinoxocmi ma munie I'll ona 3D exegisanenmy MC IIP
mo0. KUKA KR-30

K2. ®opmyBanns autkoBoi mozaem MC (puc. 4.2.2). Onuc posramryBaHHS Ta
opierTamii MC B rio6aneriii CK, T06T0 B CK IIP. Bu3HaueHHs opieHTaIii Ta

JIOBKMHU KOKHOT JIaHKH 3a nacrnopTHumMu ganumu MC.
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Puc. 4.2.2. [Ipeocmasnenns MC IIP moo. KUKA KR-30 y euensoi numkogoi
mooeni (podxcesuti Koaip)

B onuci IM MC TIP kokHa J1aHKa OMUCYETHCS BIAHOCHO TMOMEPEAHBOI, TOOTO
CK |—iL -01 JJaHKU BUKOHY€ThCsl B CK monepenHbo1 |—(i_1)L -o1 manku MC IIP. B onmci

IM MC IIP MHOXHMHA mHapaMeTpiB JI0 KOXHOI JIaHKM BKa3yeTbCs TMICHA i
ieHTudikaTopa Ta HoMepa (nuB. Bupas (4.2.1)):

IMMCIIP = {
P Xp,Yp:Zp;
O: Wo,Xo0,Y0,Zo;
(5.2.1)
Li: (D: X1,y1,21; S: 813);
L - (D Xi v Yio 1 Zi s S: Si,_);
}

ne P — igentudikarop posramyBanHs CK MC IIP B rno6anshiii CK B
KOOpAMHATAX (Xp,Yp,Zp), MM;
O - inmenrudikarop opientanii CK MC IIP B rnobanshiit CK,
NPEJICTABISETHCS Y BUTIIAII KBATEPHIOHA (Wo,X0,Y0,Z0);
I—iL — imenTU}IKaTOp TaHKHU 13 HOMEPOM || ;

D — igenTHdikaTop HANpAMKY JIAHKH 13 TTapaMeTpaMu, SIKHI 3a4a€ThCsl y

BUTJISIII OJMHAYHOTO BEKTOPA 3 IIapaMeTpaMu (Xil_ i 0 Zi ) , MM;
S — igeHTHdIKATOP MOBXKUHU JIAHKW, 3HAUYCHHSI BKA3YETHCS B IMapaMeTpi

S

[T L)

iL , MM, 3HaK pO3AUICHHS ;”’(KoMa) € 000B’I3KOBUM.



K3. Omuc oOmexens i akTuBHUX JIaHOK MC.

st obepranbHOro TUny nepemimieHHss YK BkaszyeTbcsi 2 KBaT€pHIOHA, SIKUMHU

OIHKCYEThCS MiHiManbHe Ta MakcumanbHe Bigxunenns CK L -oi mamkm BigHOCHO

CK nonepensoi Ly, -0i manku (nus. Bupas (4.2.2)).
Jlist nmiHiHOTO THIy mepemilieHHs JiHiMHnX YK BKa3yroThCsS MOYAaTKOBI Ta

KiHMeBi koopauHaTu 3MmimenHss CK onucyBaHoi Lil_ -oi nmanku B CK mnomnepenHboi
L -1, -o0i marku (muB. Bupas (4.2.3)).
I—iL (D: X Yi 4 S SiL X
Qmin: Wo . sXq,. Yo, ' %Qun, (4.2.2)
Qmax: Wq_ X, 1Yo, 1Zom, )
ne Qmin, Qmax — iIeHTU(IKaTOpU OOMEKEHb 00EPTAIIBHOTO TUITY TIEPEMIILICHHS LiL

-0i JIaHKH, MPEICTaBIAIOTHCSA Yy BUIJIAI KBAaTEPHIOHIB: (WQmm_ X Y 1€ )Ta
i i i i
(WQmax,L ’XQmax,L ’meax,L ’ZQmax,L ) b
Li :@: % ,Yi,Zi ;S:Si;

minj ! yL ! ZL
i

LmaX XLmax, ’yLmax, ’ZLmax, )1

Lmin: X_ (4.2.3)

minj, minj, 1

ne Lmin, Lmax — inentudikaropu oOMeKeHb JIHIHHOTO TUIY MEPEeMIlICHHS Li, -oi

JAHKH, MPECTABISAIOTHCS Y BUNVISA1 BEKTOPIB: (XLW Y Ll ) Ta (XLWIL Y 1P, ) :

MM.

K4. Onuc reomerpuyHux npumiTHBIB. s KOXKHOI Li, -oi manku BKAa3y€ThCS

rpyna I'Tl, axi onucytotbest B 11 CK. MHOXMHA T€OMETPUYHUX MPUMITHUBIB, SIKUMU
Moke OyTu orrcana (popma JTaHKH, OOMeKeHa BKa3aHUMH B 11. 3.1 THUIIaMH:

|_iL . (D XiL 'yiL ’Z - S SiL : GP: [GPliL ’""GPNiL ])” (424)

Iy

ne GP — inenTudixatop MHOKMHI T€OMETPUYHKX NpumiTuBiB GP ..., GPy

||_’

GPNiL — TEOMETPUYHHI MPUMITHB 13 orricom 3a 3.4.1.

KS5. 3aganns monatkoBux mapametpiB. BkazaHHs aiis KOKHOI JJaHKHU ii Macu Ta
JUISL KOJKHOT aKTUBHOI JJAHKM MaKCUMAaJIBHOI IIBUIAKOCTI 11 IepeMileHHs (Tpaj/c - mjs



obepTanbHOr0, 200 M/C - JIs JTIHIHHOT TUIY TIePEMIIIESHHSI LiL -0 JIJAaHKH) BIJTIOB1THO

1o nacnopTaux Aanux [1P (muB. Bupa3s (4.2.5)):
Li (@ X, Y ,Zi ;S Si ;M m Vv ), (4.2.5)

ne M — igentudikarop macu LiL -0l JIaHKH,
m; — 3HA4YCHHA MACH JIaHKH, KT,

V — imenTudikaTop MaKCMMaJbHOI HMIBUIAKOCTI mepemimeHHs L -0i maHku i3

sHauennsM Vi, , rpaja/c abo m/c.

K6. ®opmysanns IM MC sik takoro (auB. Bupas (4.2.6)):

IMMCIIP = {
P: X\y,z;
O: Wo,Xo0,Yo,Zo;
I-i,_ ( D XiL 1yiL 1ZiL 1

S:s,;M:im ; V:iv ;
' ) ' (4.2.6)

[puxnan IM qst aberpaktaoro 1P 3 MC tuny “SKARA” npeacraBineHuit
HUKYE:

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, 0,
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. Imocmpayis nooyoosanoi 3D-wooeni MC IIP 3a IM MC IIP

4.3. IM 3atuckaux npuctpois ((3I1) cxsatiB (Cx)) mnpomucaoBux podoris (ITP)

IM Cx I1P 6ynytotbest (hakTUYHO B TiH e mociaigoBHOCTI, 1o i IM MC I1P, 1
BHUKOHYIOThCS HacTynmHUMH Kpokamu (K).

K1. Anamiz konctpykiii Cx. [lependauae npoBeiIeHHS JETaILHOIO aHaMI3y BCIX
HEAaKTUBHUX eJeMeHTIB CX, 110 MOXKYTh OyTH MPEACTABJICHI K OKPEMI KOMIIOHEHTH.
[Ipu 1boMy BU3HAYAETHCA X KIJIBKICTh, TEOMETPUYHI PO3MIpHU, OpI€HTAIlS (SKIIO 11€
€ HEOOXIAHUM JJIs OUIBI JIeTadbHOI cX0XKO0CTi CX 3 KOHCTPYKTHBHUM OPUTIHAJIOM),
PYXOMICTh, BU3HAYAIOThCS KoopauHaTu Pg, Ta koopauHatu KpimuieHHs Cx [0
kiamesoi maaku MC IIP, mo B cBoro yepry € mouatkom CK Cx (CFP, Big anrm.
Coordinates of Fixing Point — koopuHaTH TOYKHM KPITIJICHHS).

Crpykrypa CFP nogaerbcsi HACTYIHUM YHHOM:

CFP = [(XCFP Yerr s Zorp ) Qcrp (SQCFP X Yoo + 2o )} ’ (4.3.1)

ne CFP — inentudikarop xoopamuat Touku kpimienHs Cx ITP go MC IIP;
(XCFP »Yerp s ZCFP) — koopauHatu Touku kpimieHHs Cx 1P no MC I1P B CK I1P;

Qcrp (SQCFP X0+ Your * 2o ) — xBatepHioH opieHTanli CK Cx I1P, mo BrumBae

Ha 3MiHY TOJIOKEHHS / opieHTaIlli BciX enemenTiB, onucanux B CK Cx I1P.

K2. ®opmyBanns 6a30Boi kiHemaTu4yHOi CTpykTypu CxX. IIpencraBieHHs 3a
pesynbTaTamu K1 aHanizoBaHMX KOHCTPYKTHBHUX CKIAMOBUX CX y BUTIIAII TIPSIMUX
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13 BIJIHOCHUM pO3TAlllyBaHHSM KOXKHO1 CKJa70BOi CX i MOJANbIIOr0 OMUCY iX
obOeprampHux Ta [/ abo JHIHHMX T¢EpeMillleHb Ta OMNHCY TIeOMETPUYHHMHU
npumituBamu. [Ipu 11poMy ommcyr0Thes CKiIanoBi (kommnoHeHTH) CX Tak, 100 Horo
onuc He OyB iH(OpMAIIHHO 30MTKOBUM, TOOTO 3 BUAUICHHSAM JIUIIE THX €JIEMEHTIB,
AK1 0e3mocepeHb0 BU3HA4al0Th HOro (CX) (QyHKIIOHATIBHICTH, OepyTh yyacTh y TB
Cx 3 OM Tta HeoOXimHl IS MOJANBIINX PO3PAXYHKIB I0JI0 MOKJIMBOCTI 31TKHEHb
(xomiziit) mix enementamu ['BK Ta camosiTknens Mk enementamu MC I1P 13 OM.

K3. I'pynyBanns enemenTiB CX 3BOJUTHCS A0 (POpMYyBaHHS TPyl €JIEMEHTIB
koHCTpykiii Cx — Hepyxomux (rpyna C) Tta pyxomux (rpyma V). ko
KOHCTpYKTUBHUH eneMeHT Cx mpu #oro (Cx) ¢yHKIIOHYBaHHI HE MOXE 3MIHIOBATU
cBoe nonoxkeHHs: B CK Cx, T006T0 € HepyxoMuM, BiH BiIHOCHTHCS A0 rpynu C i B
MOJIAJIBIIIOMY OITMCYETHCS BIINOBIIHUM TEOMETPUYHMM TpUMiTHBOM (muB. K4).
Crpykrypa rpynu C Mae HaCTyHUI BUTIIAL;

C=(GR Jic =11c), (4.3.2)
ne C —igertudikatop rpynu C (ckopodeHHs Bix anra. Constant — mocriiina);
| — 3aranpHa Kinekicts enemenris rpymu C;
GP_ — (ckopouenns Bix anrsi. Geometric primitive — reomeTpu4Huii IPUMITHB),

OIMKC KOXHOTO I-ro enemenTta Cx, 110 MOKe OyTH BiTHECEHHH O OJHOTO i3 II’SITH
IPUMITUBIB, Ma€ HACTYITHY CTPYKTYpPY:

GP_ e{ Pd, ; Cr_; Se_; Ce_; Tz } , (4.3.3)
ne Pd; — ommc reomerpuunoOro mpuMiTHBY “napanenemninen’;
Cr. — onuc reoMeTpUYHOTO IPUMITHBY “LMTIHAP”;
S€_ — OmKC reOMETPUIHOTO MPUMITHBY “KyJIs;
Ce. — onmc reoMeTPUYHOTO MPUMITHBY “KOHYC;

Tzic — OIKUC TEOMETPUYHOTO IPUMITHBY “‘Tparenis’ .

SIKIIO j-uii KOHCTPYKTUBHUHN eeMeHT CX MOXKe 3MIHIOBATH CBOE IOJIOKEHHS B
CK Cx, ToOTO € pyXOMHUM, TO BiH BIIHOCHUTBLCS 10 Tpynu V, 10 MiCTUTh OIKCHU J-TO
eJeMeHTa 3 Horo 0OMeXeHHsIMU (J1HIMHUMH a00 o0epTaibHUMK) ab0 HOBY rpymy V,
AKIIO 3MIHA TOJIOXKEHHS / opieHTalii eneMeHTa BinOyBaeTbcss B CK momnepeaHboi
rpymu V.

CrpykTypa rpynu V Mae HaCTYIHUNA BUTTISIA;



VM=<LN (ep, v, [i, =13, i, =L1 > (4.3.2)

ne Vi — inearudikarop rpymu V (Bix anri. Variable — 3minHa);

l, — kinbkicts rpyn V B omnci CxIIP;

GPjvi — reOMEeTPUYHHN TPUMITUB (aHAJIOTiYHUH 10 BUpasy (4.3.3));

V,—Vi — onwmc HOBOI Jy-0oi rpymu V, sika ommcyerhesi B CK rpymm Vi, , o610 Mae

BracHy CK, oOMexeHHs I0JA0 MOXIMBUX TMEpPEMIIIeHb Ta BIAMOBITHUI CKIal
CJICMECHTIB;

Jy, — 3arampHa KiIBKiCTh KOMIIOHEHTIB rpynu Vi

V — MareMaTH4HUI 3HAK JIOriYHOI omepaiii “BUKIIOYHE ab0” — pPO3ILILHOI
N3 FOHKIIT;
L, — inentudikarop obmexenns (ig amrim. Limitation — obmexenns), mac

HACTYIIHY CTPYKTYpY:

L, =[Q1E A 2, QU ) 2,
QP (s ™5 v 2, Qs K v 2|,

(4.3.5)

Lb (o Lb. . b _ ; .. ;)LD
ne in ( o K Y 0 4 ) - kBaTepH10H (QQ) MOYATKOBOI MO3MUIII] (in ) mouatky CK

MMOTOYHOI TPy ViV BimHOoCcHO CK Cx I1P, ab6o CK nomnepennboi rpynu V(i—l)v (sx1110
V.

IIOTOYHA TpynHa ‘i, € €JIEMEHTOM IOINEePEAHbOI TPy V(i_l)v );

Le Le . . . L
Q (S;v’ ;v ’ Y.v, — KBAaTEpHIOH  KIHIIEBOI MO3MII (ine) nouarky CK

IIOTOYHOI TpyIn Viv BimHOCHO CK Cx IIP, a6o CK nonepenHboi rpynu V(i_l)v (sIKII0
OTOYHA Irpyna Vi, € enementom MOTIEPEHBOT TPYTIHY, , );

Rb Rb . . . b
Qs (S.V : ,v ,Y.V , Zi, ) — KBAaTEPHIOH II0YATKOBOI OpieHTAIii (QS ) CK

V

notoyHoi rpynu ‘i, BigHOCHO CK Cx IIP, a6o CK nonepennboi rpynu V(i_l)v (stx1I10

[IOTOYHA Irpyna Viv € €JIEMEHTOM IOIEPEIHBOI TPYIH V(i_l)v )i



R WR SR
Q e(s.v’ ;Ve1 yk,, -k,e) — KBaTepHIOH KIHIIEBOi Opi€HTAIII] (QI\, ) CK

V

notouHoi rpynu ‘i, BigHOCHO CK Cx IIP, a6o CK monepenuboi rpymnu V(i—l)v (s1x1110

IIOTOYHA I'pyIlia VIV € CJICMCHTOM HOHepe,IIHBOI rpynn V(i—l)v )

K4. Omuc enementiB CX TreOMETPUYHHMMHU MPUMITUBAMU BUKOHYETHCA IS
KO’)KHOTO BH3HA4YCHOTO I-TO Ta |-ro eneMmeHTiB CX 3a JIOMIOMOTrOI0 HACTYITHUX
re€OMETPUYHUX MPUMITHBIB:

Pd — napanenermimnes;

Cr — mwmnap;

Se — cepa;

Ce — konyc, Tz — Tpaneris (aus. . 3.1.).

K5. Bkasannag 3Hauenas macu Cx:

M=(mg)

ne M — inentudikarop macu Cx;

(4.3.6)

M¢, — 3Hauenns macu CX, K.

K6. ®opmyBanns @M CxIIP sk Takoi 3ampolOHOBAHO BHUpAXaTH y BHUIJISAIL
BIIOPSAKOBAHO1 MMOCHITIOBHOCTI T€OMETPUYHUX MIPUMITHUBIB, IKUI MOXE HaJEXaTH 10
Ipyny pyXoMHuX ab0 HEPYXOMHUX €JIEMEHTIB. B 3aranbHOMY BUIIaJKy 3 BpaXyBaHHSAM

NPUMAHATHX TIO3HAYeHb Ta 3MICTOM CHMBOJy V (JIoriyHa omepairis “a0o0”)
yHiBepcaiabHuil Bupa3z @M Cx I1P BianoBiIHO 10 BUILE HABEAECHOTO € HACTYITHUM:

:LQ»V

vbl ~(L, (@R, W, [i, =13, )i =

nwcmnP:<CFPJ4(c:<
(4.3.7)

: i)

ITpuknanx IM nmaeBmaruudoro Cx ITP moxem “LGR 32” 3 2-ma obGepramsHUMH
3aTHCKHUMU eleMeHTamMu (BUpoOHHK — (ipma Schunk, Himeuunna), mpeacraBieHuit

HHXKYC:

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{



LIMJ(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;

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-moo0env Cx IIP, nobyoosana 3a IM Cx IIP

4.5, IM TeXHOJIOTiYHOI0 00/ 1aHAHHSA

B ocHoBy ¢opmyBanns IM TO mnokmaneHo, SK 1 JUIsl IHIIUX CTPYKTYPHUX
cknanoBux ['BK, omuc 3arampHOi koHcTpykiii TO ommcom okpemux ['TI, Ha ski
KOPUCTYBa4eM IMOMEPEAHBO JACKOMIIO30BAaHO 3arajibHy KOHCTpykimito TO, Ta ix
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yrnopsiAkoBaHui B3aemonoB’sizanuil  omnmc. IM TO cknagatoTbess 3a  paxyHOK
BUKOHAHHS HACTYIMHUX KPOKiB K.

K1. Ananiz konctpykuii TO. Busnauenns pyxomux enementiB TO. Po3ourts
TO Ha MHOXUHY eremMeHTapHux NpuMiTuBiB. Busnauennss CK TO mys BiMOBIIHUX
omnuauik TO I'BK.

Puc. 5.5.1. 3acanvnuii suenao TO na npukiadi MmemanopizanpHo2o epcmama moo.
1B340®D30

Z.

Puc. 4.5.2. Posoumms TO na epyny eremeHmapHux npumimusis

K 2. Onuc nouatky CK TO B CK IIP. 3aganns koopaunat noyatky CK TO B

CK TIIP, ta BkazanHs opieHrtamii TO BimHocHo IIP 3a paxyHOK KBaTepHIOHY
Opi€HTAallli.



CFP = [(XCFP »Yerp 1 Zorp ) Qerp (SQCFP X0 1 Y0 L0 )} (4.5.1)

ne CFP — inentudikarop posramrysanas CK TO B CK I1P;

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

Qere (SQCFP 1 K0 Y0 Lo ) — kBaTepuion opicarauii CK TO.

K3. Omnuc mepyxomux enementiB TO. 3a nonomororo I'Tl onucyerbest MHOKHHA
koHCTpykTuBHUX YacTuH TO B CK TO. /leTanbHuii onuc 1aHOTO KPOKY aHAJIOTTYHUAN
1o onucy rpynu C ¢popmysanns IM Cx (aus. 1. 4.3).

K4. Ommc pyxomux enementiB TO. JleranpHHil OmUC JaHOTO KpPOKY
aHaJoriyHui 10 onucy rpynu V ¢popmysanns IM Cx (qus. 1. 4.3).

KS. ®opmyBanns IM TO sk ynopsakoBaHOI MHOKHHHM —€JIEMEHTapHUX
r€OMETPUYHUX MPUMITUBIB.

IMTO:<CFP,(C:<GPiC i :1_10>)v

v(V- (L, ep, W, [, ~13,)

(4.5.2)
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iV:1,_|V>).

4.6. IM npucToCcyBaHb TEXHOJIOTIYHOTO 001 THAHHSA

[TocninoBHicth popmyBanHs IM Ilp hakTHUHO HE BIAPI3HAETHCA Bl OMUCAHOTO
BULIE.
K1. Anam3 konctpykuii TO. Busnauenns pyxomux enementiB TO. Po3ourrts

TO Ha MHOXUHY enleMeHTapHuX npuMiTuBiB. BusHauennss CK TO s BiANOBIAHKMX
omuuuns TO.

K2. Onuc nouarky CK TO B CK IIP. 3aganus koopaunart nouarky CK TO B CK
1P, Ta Bka3zanus opienraiii TO BigHocHO [P 3a paxyHOK KBaTepHIOHY Opi€HTAIlii.

CFP = |:(XCFP ; yCFP ; ZCFP ) 1QCFP (SQ(:FP ; XQCFP ; yQCFP ; ZQCFP ):| ’ (461)
ne CFP — inentudikarop posramysanns CK TO B CK I1P;

(XCFP  Yerp ZCFP) — xoopauHaTé moyatky CK TO B CK I1P;

Qerr (SQCFP 1 X0 ' Y0 L0 ) — kBaTepHion opicaramnii CK TO.



K3. Onuc nHepyxommx enemeHtiB TO. 3a J0MOMOrorw0 TIeoOMETPUYHHUX
NPUMITUBIB ONHUCYEThCA MHOXHWHAa KOHCTpykTUBHUX dyactuH TO B CK TO.
JleTanpHU ONMKC JAHOTO KPOKY aHanoriyHui 1o onucy rpynu C ¢dopmyBanus IM Cx
(muB. 1. 4.3).

K4. Ommc pyxomux enementiB TO. JleranpHuil OmUC JaHOTO KpPOKY
a”ayoriyHui 1o onmcy rpynu V ¢popmysanns IM Cx (qus. 1. 4.3).

KS5. ®opmyBanns IM TO 4k ynopsaKoBaHOI MHOXHHU €JIEMEHTApHUX
reOMETPUYHUX MPUMITHBIB.

MH@PH:KCFP(C=<GP

le

QzLQ»v

V(VR’ :<Liv ’<Gpivi vVjvi ‘jvi :113\,'

(4.6.2)
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[Tpuknag IM Ilp PII tuny “nemiata’” 3a puc. 4.6.1 npencraBieHuid HUKYE:
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;

}
V{
LIMI(O, -75, 80, 30)(0, -75, 80, -70)(1, 0, 0, 0)(1, 0, 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



