4. HaneceHHe TEKCTYp
Paznmuuarot 1Ba BUIA TEKCTYP:
[Ipouenypurie
[MpoexTrBHBIE (HAHOCITCS HA FPaHb 00BEKTA)

4.1 [IpouenypHble TEKCTYpPbI

Paccmorpum mpocToi mpumep - AOMHK C KMPIUYHBIMHM CTeHaMu. Pemuts 3amauy
OMHMCAHMS TPAHU JIOMHUKA JJOCTATOYHO CIIOXKHO. MOKHO OBLTO OB OMHCAaTh CTEHKY, HO 3TO
TOXE CIOXKHO, IIO3TOMY 3Ty CTEHKY PUCYIOT OTAEIBHO, a IIOTOM HAKJIa[bIBAlOT B KaueCTBE
TEKCTYpBl Ha HY)KHYIO I'DaHb.
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Puc. 4.1.1

HWHJIEKC t 03HAYAET «TEKCTYPHBII»

B psine cinydaeB MOryT Mmoiy4aThCst HCKaXKEHUS

Puc. 4.1.2
UYem Ootbllre MepCreKTUBHOE HCKaXKEHHE, TeM OO0JIbIIe 3TH UCKaKatomue 3¢ GeKTsl.

Pemaercs cnenyromas 3agada; B IUIOCKOCTH HM300paKEHUS MMEETCS HEKOTOPBIH
OPSAMOYTOJIBHUK U DMP-KapTHHKa, KOTOPYIO HAM HAJ0 BIIMCATh B 3TOT MPAMOYIONBHHUK. DTy
3a7a4y MOXKHO c()OpMYJIHPOBaTh MHAYE. UMEETCs HEKOTOPBI MHOTOYTOJBHUK U KapTHUHKA,
€My COOTBETCTBYIOIIAsi. MHOTOYroJIbHUK 33/laH TEKCTYPHBIMU KOOPAMHATAaMH, 110 KOTOPBIM
U3 TEKCTYPHOTO TOJISl BEIPE3aeTCs ONpeesIEHHBII KYCOK U HAHOCUTCS Ha 0OBEKT.
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4.2. KoppeKkuus TeKCTypHhI

Yo ho X2 Y2

i=N-1
X2Y22Z Sy X2 Veo

X1 Y1 hy X Y xi(i) yi(i) h
Xt Yt S
X1Y1Z1 S1%1 ¥
. Puc. 4.2
s 1-0#1 TOUKH :
%
Xi= Xy + SZE 7R (Xt2' th)
S-S
%%
Ye=Yat ¥a%a¥s (Y- Yu)
S-S
Jluneitnas vatepniosinus: S = ¥4
h+B
A A A
h=3, - B; h1:3/4-B; h2:3/4-B;
S Sy S
[Mocnie mocTaHOBKY BeeX (POPMYIT TTOTydIaeM:
i 4 h + B A K03 HULUEHT, croamuii B
7)
()= Xa+ %% (Xio- Xu) 2% TepBR o ABYE  YpaBHeni
N-1 h(i)+ B CHCTEMBI B CKOOKaxX, — 3TO
> " < NONPABoOUHbIL KO3 PHUITUEHT,
) [ , +B BBITTOJTHSFOIIH i KOPP EKIIHIO
< Vi) =y + 3/& 3:/31_ (Y- Yu) 343;/1? f{i 5 TEKCTYPHBIX KOOPMHAT
- J
[
h()=h+ 3% (h,- h
()= K] ( 1)

\

[Tpu nporpaMmupoBaHur 3TH HOPMYIIBI MOKHO YIPOCTHTB!

fx(i) = %Nl%l (X2~ Xa) (Mo + B); fx(i+1) = fx(i) + Dfx

fy(i) = "/4|\:‘°{41 (Yi2- ) (h2 + B); fy(i+1) =fy(i) + Dfy
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(Xt2- X11) (hx + B) 3()4/?}/%1;/4)/&) (h + B)

DIX = %% %% %Y YYas ; Diy=% Y4 Ya¥aYa ;
N-1 N- 1
Torma 6ynem umMeTs:

o fX(ig
X(1) =X+ Ya¥aa
h(i)+B

" fy(i)
Vi(i)=Yu+ ¥¥aYa
h(i)+B

\\

4.3 bunuHeHast HHTEPIOJAUS

[Ipu oOpameHuN K MO0 TEKCTYPhI ¢ APOOHBIMH KOOPAMHATAMH MBI OKPYIJIIEM KX
10 1enblx. B pesynbrare mosmydaeTcss HECKOJBKO KpHBOE€ H300pakeHHe. MOXKHO ¢
3TUM OOPOTHCS, UCTIOJB3Ys OMIMHEHHYIO HHTEepIoIu0. OHA OCHOBaHA HA TOM, YTO
SIPKOCTB B TOYKE HAXOJUTCS MO SPKOCTH 4-X COCETHUX TOUEK, & B MPOCTPAHCTBEHHBIX
KOOpJAMHATAX 3TO MO3BOJUT M30€KaTh UCKPUBJICHUN NPU HPOCHUPOBAHUUA TEKCTYPBHI.
OpnHako B KOOpAMHATAX U300paKEHUS 3TO OyeT yXKe He JTMHEHHAas HHTEPIIOJISILH.
3ajaga 3aKII04aeTCsl B HAXOKICHUH SIPKOCTH B TOUKe V.

CHavana Hax0JUTCs SPKOCTh B TOUKE V5 ¢ yueTOM JMHEHHON MHTEPHOISLUN MEXIY
toukamu V1 u V4; 3arem B Touke V6 ¢ yaeTOM HHTEPIONSAINHA MEKAY Toukamu V2 u
V3. 3aTem Npou3BOIHUTCS UHTEPIIONANUS Mexay Toukamu V5 u V6 s HaxoxaeHus
SIPKOCTH B TOuke V.

V2 VE Y3
——» V5=V 1*(1-Ex) +V4*Ex
V6=V2*(1-Ex) +V3*Ex
Y V= V§* (1-Ey) +V6*EY
Ex, Eyl {0:1}
Ev
W1
A& ;w
- Ex
Puc. 4.3.1

JluneitHas vHTEpnONALMS B OOJBIIMHCTBE CIy4acB HE COBCEM KOPPEKTHA, TaK Kak
MOXXHO TOJYdUTh OPQPEKT HUCKAKEHUS KapTUHKH. HeobXomumo JmHEHHO
HWHTEPIIONIUPOBATh TEKCTYpPHBbIE KOOPAMHATHI MCXOAs W3 KOOPAMHAT M300pa)KeHHUS.
Ucnonp3oBaHue 3TOro MeToAa CYIIECTBEHHO 3aMenyisieT paboTy ajroputMma, HO
YIIy4IIaeT KaueCTBO KapTUHKH.

Bonpoc: xak peann3oBaTh Mpo3pavyHOCTh (HapUMep, IPO3pavyHOE OKHO B JoMe)?
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Omeem: BBOAAT TPU3HAK M[pO3payHOCTH TeKCTyphl. [lpu mosiBneHnu Kozaa
MIPO3PAvYHOCTH COOTBETCTBYIOIINE TOUKH UTHOPUPYIOTCS.

/ HENpO3pavyHo
ai

ai - xodpdunuent
MPO3PAvHOCTH.

ali [O, 1]

a1 = 0 => npo3zpagHo
a1 =1 => Henpo3pauHo

Puc. 4.3.2

B arom cnydae Vs=a;1Vi + Vo (1-a1)

ol
HEIIPO3payHoO
T

V3

Vi

Puc. 4.3.3

Vsg=a Vi + (1-31)( aVo+ Vs (1-32))

4.4 Buasl TEKCTyp

1.TeKCTYpHI ¢ MyIbTHUpPa3pelieHreM (MyIbTUpa3pelIeHIe —[IPEICTABICHNE C Pa3IHYHOM
CTEIICHBIO JICTAH3AIIUH)

1. mpo3payHbIe TEKCTYPHI

2. TONyNpO3pavyHbIe TEKCTYPHI

3. TEeKCTYypbI B TyMaHe

4. UMKIUYECKHE TEeKCTYPHI

5. IuMHaMUYecKHe TEKCTYpHI
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6. penbedHbIE TEKCTYPHI

IIpo3paunwvie

Jist mosmydeHust Ip03pavHOi TEKCTYPBI BOCIIONB3YeMCs CIASAYIOIINM METO0M:
3ape3epBUpyeM ONMH KoJ V; IOJA NpH3HAK MPO3PaYHOCTH, TO €CTh 3Ta TOYKa He Oymer
3aHOCUTBCA B Oydep m3o0paxeHus. HmkenpuBeneHHBIH anroputM oToOpaxkaer oO0paboTky
OJIHOM TOYKH MPH UCIOIb30BAHUM IIPO3PAUYHON TEKCTYPHI:

XY %y,h
Vt = He NpPOo3payYHOCTb
< V=T (xt,yt
Vt = NPO3pavYHOCTb
h>H(x,y Al
d H(x.y)=
V(X,y)=t
Honynpospaunvie

[Ipu mpuMeHEeHUHN MONYNPO3pavyHON TEKCTYphl HcHojib3yercs L-Oydep, xpansamuit
K02(h(HHUITMEHTHI IPO3PAaYHOCTH BCEX TOYEK TEKCTYPHI, TO €CTh pa3MeT Oydepa paBeH pazMepy
tekctypbl. Koo dumment npospaunoctn L = 0...1 , O — uyucro mpo3paynas Touka, 1 —
Henpo3payHas TOYKa.

AnroputM 00pabOTKH TOYKH OTYNPO3PAYHON TEKCTYPHI:

X, Yih 6 W =T (1), a=a(x, )

0 L Nepexof k cneayloLueit
TO4YKe

HeT

HeT

aa

H(x.y)
V=V*( a)+ t*a

Hanoxxenne nByx nosynpospayHbIX rpaHeil:

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

U_

V'=wi2*(1-a2)+V*a2
V=Wt1*(1-a1)+V*al «—— 4TO BMAUT
HabnoaaTenb
B UTOre

Ilonynpospauncmey.

H —  oObrunslii 0ydep

A — a- oybep (0...1=a, 0- npo3pauno, 1- He npo3pavaHo)

V — none u300paxxeHus

Ha — BcmomorarensHbIi Oydep s MoIynpo3padyHoi TpaHu

VA — SPKOCTH MOJTYITPO3PAYHON IPaHH

P, — npusnak 06paboTku j- oii rpanu (j = [0;m-1], eciu Mrpaneit)
H:=0; V:=0 - don

Anroputm:
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WHULManu3aums nonem-
HA= ma, A:=0, =TRU panHyto
rpaHb criegyeT obpaboTatb )

Pi:=FAL
\

0obpaboTka rpaHm

j

j++

yyet
Nonynpo3payHoCcTu

< |
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AnroputM 00pabOoTKU 'paHU — CBOJUTCS K 00pabOTKE TeKyIIEeH TOUKH:

a,h,v,x,y

H(X,y):= Pi:=TRU
V(x,y):=
HA(X,y):=
e A(Y):a
HA(X,y): = max VA(X,Y):=
A(x,y): 0 | "
| ¥

AJNTOpUTM ydYeTa MOJIyIIPO3PaYHOCTH - Mepedop BCeX TOUYEK M300paKeHHs - JUIl KaKJou
TOYKHU C KOOPJUHATAMH X,V

HeT
A(x,y)=0

na

H(x,y):=HA(x,y)
V(x,y)=V(x,y)*[1- AGGY)*AXY

|
A(x,y):=0

)

nepexoa K cnegyoLlen
TOYKe
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Huxnuueckue

JlomycTM, 9TO HaM HEOOXOJMMO H300pa3UTh MOBEPXHOCTh MOps. MOXKHO
B3SITh OOJIBIIYIO CTPYKTYPY Ha BCKO MOBEPXHOCTH MOPSI, HO 3TO OYEHb IPOMO3JKO U
CIIOXHO. BMecTo 3TOro MOXHO B35Th HEOONBIIOH (parMeHT ¥ COCTaBUTh
MOBEPXHOCTh M3 HECKOJIBKUX TakuX (parMeHToB (T.e. Pa3MHOXHTb HCXOHBIN
TEeKCTYpHBIH (parment). [Ipu 3TOM HE0OX0AMMO, YTOOBI BEPTHUKAIBHBIC CTOPOHBI
OBLTMA0COTIOTHOO TUHAKOBBIMHU.
Hunamuueckue

Kak MOXHO MokasaTtk, 4TO MOpPE BOJHYeTCS? Y HAc €CTh HECKOJBKO TEKCTYP
MODSI, ¥ MbI TEHEPUPYEM H300paKEHUE C YIETOM U3MEHECHHS TEKCTYp. T.e. B IepBOM
KaJ[pe HaKJIaIbIBAIOT MEPBYIO TEKCTYPY, B CICAYIOIIEM BTOPYIO U T.J. (K&Kl Kaap
0epér TekcTypy U3 cBoero (aitna).
Texcmypot ¢ MmynomupaspeuieHuem

PaccMoTpuM TEKCTYpy IMIaXMATHOTO TIOJIS

Puc4.4.1

[Ipu OospioM ynaneHud Mbl OyJeM HUMETh YepedOBaHHE YEPHBIX U OEIbIX
TOYEK, U CKOPEE BCETO HAPYIIUTCS MOPSAOK KIETOK IMaxMarHoro mossi. Ha camom
Jieie TIpyu OOJIBIIIOM YITAJICHHH MBI JTOJDKHBI HAOMI0AaTh cepblii (OH, CIICTOBATENBHO,
HaJI0 WMETh HECKOJBKO TEKCTYp C pa3HBIM pacmupeHrneM. Bce mosie BUAMMOCTH
JIEJINTCSL Ha HECKOJIbKO obnacTteil, koTopwsle HymepytoTcs .Jis kaxaoi obmactu
yIaJdeHus WCTHOJB3YETCS CBOSI TEKCTypa — 4YeM OIMXKe OHa paclojoKeHa K
Ha0roAaTen, TeM Oosbiee paspemnieHue nMeer. OIEHUB pacCTOSTHUE 10 00BEKTa,
HaJI0 WCTOJIh30BaTh JIMOO TEKCTYPY IS MalbIX yOaJeHHWH, TUO0 — I OOJBIIHIX
yAaJCHUM.

Tpununeiinas unmepnonayuA.

CyTh! UCIIONMB30BaHUE TEKCTYP B 3aBUCHMOCTH YJaJCHUs OT Habmomgarens P

(to ecthb qucranims D):

UCTIOJIb30BaHKE
tekctypol T1 T2 T3
P | | V1 | V2 | D (9
. 0
Smin S1 S 2 Smax
Puc 4.4.2

[Mpome paboTats ¢ rryOMHOMI OTpe3ka S, HO KoppekTHee ¢ D.

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

B Toukax S1 n S2 npu HETPWIMHEHHOW WHTEPIOISINHA OyJIeT IPOUCXOTUTh PE3KUI
ckauok 3 T2 B T3. Ecnu MBI HCHoNb3yeM TPHWIIMHEHHYIO MHTEPIIOJIIINIO, TO ITH
nepexoapl OynyT IIaBHBIMH, U B TOUKe S Oyaer cpeanee mexny T2 u T3, npudem B
OoupIreli crenenu Oyner coxepkanue T3:

SS1
V=V1+ *(V2-V1) , ipu pacuere V1 u V2 ucrons3yercst
S2-S1 OuNMHEHHAs WHTEPTIOSALUS
Hauvano koopJiHAT HAXOAUTCS B LIEHTPE MIIOCKOCTH H300paKECHUsI
y
T X
_ A S

CHABHEL JIy4 IPOCKTUPOBAHUSA

Puc 4.4.3
F S
r R
2 2 2
D —\/s?+ R r="\x ty
OTcroaa
2 2
D=S* xtvy
1+ >
F

Beruncnsiem h = H(x,y), a 3atem — rnyouny S=A / (h + B).
JI71st IPOCTPAaHCTBEHHBIX KOOPIMHAT MOJIYIUM:

<?X _FL st 1> = <X-Xp Y-Yp Z-Zp 1> *Q

— (X-Xp Y-Yp Z-Zp 1>= (% =y s* 1>* Q'

F

Bemuuna S Beraucisiercst uepes Oydep rnyounst: S= A/ ( H(xy) + B).
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Omceuenue MEeKCmypHbIX Koopdunam HO NOJ110 6b1600A

° ®
X1,Y1, / X2,¥2,
Xi1:Yt1, Xt2,Yt2,
h 1 h2
Xo
Xo,Y:Xt, Yo N

Xo- X1 A
h=hy+ (hy- hy) %%%; S=33%:;
X2~ X1 h+B

Xt=Xpn+ 3/4:"/4:"‘/43/43/43; /43/4

Y Yu) (s- s1)
Yt=Yut 3/43/4%3/4:"/4:"/43/43/4
(s =)

( h, + B
X=X+ (Xe2- Xt1) 3/4%% 3/43/43/4
X>-X1 h+B

h, + B
Ye=Yut (Y- Yu) 3/43/4:"/4 3/43/43/4
X>-X1 h+B

\

Ilpoexmuenbie mexcmypul

PaccmoTpum 0o0mmii cityyai, Koraa TeKCTypa MPOeLUPYETCsl Ha MOBEPXHOCTb,
KOTOpas 3aTeM MpOoeHupyeTcs Ha 2-X MEpPHBIN 3KpaH. MBI IpoenpyeM MPOEKTOPOM
HeKoe M300pakeHHEe Ha MOBEPXHOCTh, a 3aTeM CMOTPHUM Ha HEE U3 MPOU3BOJBHOMN
touku (cM. puc.l). T.e. cHOBa mpoelupyem H300pakeHHE, HA ITOT pa3 yKe C
nmoBepxHoctn Ha Habmomarens. [lpym mocTtpoeHHM HM300paKeHUS] 3Ta CUTYyaLUs
MOJETUPYETCs KpaiHe MPOCTO - MPOEKLUS IPUMUTHBOB IIOBEPXHOCTH Ha IKPAH JEJI0
00BIYHOE, & POJIb BTOPOI MpoeKiuu (MpoenupoBaHue H300paXKCHUsI Ha TOBEPXHOCTh)
WUTpaeT TMpPHUBA3KA COOTBETCTBYIOLIETO MECTa TEKCTYphl C HM300paKeHHEM Ha
MIPUMHUTHUBBI.
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TeKcTypa NN

Puc4.4.4

Ham ocranoch nHIlb HaydWThCS TPABHIBHO MPUBSI3BIBATH TEKCTYPY C
WCXOJTHBIM U300pa)KEHNEM K HaIlIel TIOBEPXHOCTH.

Bcero mMbl mMeeM J1e710 ¢ 9eTHIPbMSI KOOPIMHATHBIMU CHCTEMaMH.
1. Habmogarensckas cucrema ("clip” wmm "projection”) - siBnsiercst OOBIYHBIM IS
rpagukn  4-X KOOpJMHATHBIM TPEICTABICHHEM 3-X MepHOro (0O0BEMHOrO)
npoctpancTtBa. Koopaunatel 30Byrcst X, Y, Z, W. Hagamo »Tol KoopauHaTHON
CHCTEMBI JI)KUT B TOUKE HAOTIOICHHS.
2. Dkpannas cucrema ("screen’) - 2-x MepHBIH 9KpaH, KOTOPBIA H BHIUT
Ha0moaTenb. OTH KOOPAMHATHI MOJIYJalOTCs U3 HAOJII0JaTeIbCKONH CUCTEMBI MYTEM
JeneHus X ©Y HA W — X = X /W, y° =y / W, (uHgexc "S' y MOTydarommxcs
KOOPJIMHAT 0003HAYaeT IKPAHHYIO CHCTEMY).

3. Cucrema wucrounuka csera ("light") - osto Bropas oObeMHas cucTeMa
xoopauHat (X', Y, Z uW',). B Hauaze 3Toif CHCTEMBI KOOPIMHAT HAXOMUTCS HCTOUHHK
CcBeTa.

4. TexcrypHas cuctema (texture€) - KOOpAMHATBI HA IUIOCKOCTH HPOCLHPYEMOit
TEKCTYpbI (TOT Claiil, CKBO3b KOTOPBI CBETHT BOOOpa)KaeMbIii MCTOYHHK CBETA).
TeKkcTypHBIE KOOpAMHATHI MonmydaroTes kak X' = X'/ W', y' = y' / W' (Taxke MOXHO
BBIYHCITUTG Z = Z / W', eCITH MBI PELIHIIN HE OTPAHHYHBATCS TLIOCKON TEKCTYPOIA).
Hama 3amaga: wMes Touky (X, y°) Ha OKpaHe, HaM HEOOXOXMMO HAiTH
COOTBETCTBYIOMIYIO eif Touky (X', Y') Ha TekcType.
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(x.y. 2w

Puc 5.2

Ha puc. 4.4.5 noka3an cerMeHT JMHUM B HAIEM TPEXMEPHOM IPOCTPAHCTBE U €r0
NPOEKIMsT Ha 2-X MEpPHBIA JKpaH. OTOT CErMEHT - TOPH3OHTAJbHAS I0JI0CA
CKaHUPOBaHUS Ha DHKpaHe, pACMOJIOKEHHAash MEXIy IBYMs péOpaMu IOJMTOHA.
Koopaunats! ero KOHIIOB B HA0IIOMATEIECKON CHUCTEME:

G =(m.oz.m) u Gy = (5, 05.2,w;)

HPDHSBD.TEBH&H TOWUEA Q HA 3TOR OTPEIEE RMOMET ArITE 34 JAF1A TTAP ARIE TR E CEFTRI DEP&SDMZ

Q:U_*")Qﬁ‘sz (1)

aa b e [U, ]] . B 3EpaHHOE CHCTELIE KOOPAMHAT (50reeh) 3Ta TOMEA 3476 TCA CII6 A0LIELT 00pason

0’ =(1-£)0] +£°0; @

rae
Qf = Qlfwl H Q:f = Q:. J."W;‘. (ob1ee mpasmmo mpe o b s 0F AHEA M7 HaBIEOAA Te s CEOH CHCTEMEI B 5 Kf) AHHYED )

Ham HeoOxonuMo HaWTH KOOpAWMHATHI HAIleld NPOM3BOJBHOW TOYKM OTpE3Ka B
KOOPAWHATHONW CHCTEME HCTOYHMKA CBETA. byneMm cuurarh, 4YTO, TAK WJIA WHAYE, MBI
yXKE ONpPEACININ KOOPAWHATHI KOHIIOB OTpe3Ka B CHUCTEME MCTOYHHKA cBeTa. Jlnst
Hayajia HaM HeoOX0IMMO HailTh mapameTp t , COOTBETCTBYIOIIMI t° (B obmem cirydae
JKpaHHoe t He paBHO t° HaOo1aTeIbckoMy). Jliist aToro 3amnuinem

0 =(1-£)0, fwy +£°0, fw, _ne e, @

(1—¢)w, +w,

U PEIIMM OTHOCHUTENBHO t . 11 TeX, KOMYy MHTEPECHO, IPUBENEM BCE PACCYKIACHNUSA
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Beryuciaenne t:
Bagaxum au b, Takum o6pasom, uro 1—t°=a/ (a+b) ut>=b/ (a+b).
3aganum A u B tak,uto t=A/(A+B)ut=B/(A +B).
Torna:

0 = alhfw +50, fwy  AQ) + B0,

(a+E) Awy + Bwy

Jlerko mpoBeputh, uto A = aw; u B = bw, ymosnerBopsitor 3TOMy ypaBHEHHIO,
MO3BOJISISI HAM TIOJIYIHTh HCKOMBIH mapamerp t, u, panee, koopauHaTsl Q.
[Ipomowxkum. Y nHac ects marpuna M, mepeBoasmiasi KOOPAWHATHL W3 CHUCTEMBI
HCTOYHHUKA B HAOIIOAATEIBCKYIO!

()

4 w8
= + 5
A5ty ©
Tae Qi; = (xf,yx,zi,wf)n Qé = (xé,yé,zx,wé)xnnpmﬂ{amxs CHOTERE MCTOUHMEA CEETa TOUEK Q]_H Qz

Q' =MQ

KOHITEI HANIETO OTPE3 K4 ME HaDIEOZATe IR CEO CHC TERMEL HTOTE MBI IT AEM
T ] 2 B (el y7acd
I i I I
O = Ot < AT EQL Qi+ 03/w,
At + Bwt a(wf‘.-"wl)+b(wé‘."rwg)

(8)

VpaBuenne (6)  BbIpaXKaeT  KOOPAMHATHI HAa  MOBEPXHOCTU  TEKCTYPHI,
COOTBETCTBYIOIIINE o060 TOYKE CerMeHTa  BbIOMpaemMoi (mueiiHO
HUHTEPIIOMPYEMOI) TTapaMeTpoM £ B SKpaHHBIX KOOpPIMHATAX.

Hdusg  Toro, 4ToOBl  HONYYUTH  KOOPAMHATHI, MBI  JOJDKHBI  JIMHEWHO
MHTEpIOIMPOBaTh X /W, /W, WY/w.

Jls KaXx10ro MuKcess.

x fw

w' fw

I
u y o = i;ﬁ @

=2y = v mpusTon 2w =

Ecmi W' OCTOSIHHA Ha BCEM TIOJIMTOHE, TO ypaBHeHHe (7) IpHOGpeTaeT BUI
sfw tiw
T o
1jw 1w
oTKyza Mel mMeeM S = X/W, t = y/W'. 3necs (St) - TexcTypHbIE KOOpAHHATHI,
cuHoHEMEI (X', V).

=

VYpasuenwue (8) u onpenessieT TEKCTypHBIE KOOPAMHATHI, KOTOPBIE MOKHO TPHUBA3AThH
K BEpIIMHAM IE€pPeIaBacMOro Ha YCKOPHUTEIb MOJMroHa. B 0ojee o0IieM CI0KHOM
cilydae MPOEKTUBHOW TEKCTYPhI, BhIpaKaeMOM ypaBHeHHeM (7), TpeOyeTcs aejeHne
Ha W'/w, a ue ua 1/w.

4.5 TymaH, TeHH

Tyman

Tyman wucnome3dyercs s cosmaHust arMmochepHbix dddexToB. Tyman
UCTIOJB3YeTCS U CO3JaHWs JBIMKA W CKPBITHS yHaJeHHBIX 00BEKTOB. B mepBom
cllydae TMOBBIIIACTCS PEATMCTUYHOCTh CIICHBI, BO BTOPOM — TIOHM)KAeTCs ee
cio)kHOCTh. C  TyMaHOM OOBEKTHI MOTYT PEHIEPUTBCSI C pa3HOW CTEMEHBIO
JIeTajn3aliy B 3aBUCUMOCTH OT pacCTOsiHUS 10 Habmomarens. Tyman pabortaer mo
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MPUHIUITY. 9eM Jaibiie 00BEKT, TeM OoJbIlie TyMaH ero moriomaet. [loaromy mms
YIaJIeHHBIX 00BEKTOB Pa3yMHO MCTIOJH30BaTh MEHBIIIE TIOJIUTOHOB, UM IS OJTM3KHX.

Tyman MOXHO pa3feiuTh HA MOJMIOHHBIA W MUKCEJbHbIA. [lonMroHHBII
METOJ| JINHEWHO HMHTEPIIOJMPYET YPOBEHb TyMaHa IO 3HAYEHUSAM B BEpIIMHAX IS
MOJIy4EHHUS! YPOBHS TyMaHa B KaKJOM TOYKE MOJMIOHA. DTOT METOJ XOPOII TOJBKO
JUTSI MAJIEHBKAX TOJMTOHOB. [IMKCENBHBIN METO PACCUNTHIBAET YPOBEHb TYMaHa JJIst
KaXAOro TMHKceNIa, W JUig OOJbIIMX TOJUIOHOB JaeT Oojiee peaJduCTUYHOE
n300paxeHue.

PaccmoTpuM nukcenmpHBIM TymaH. TymMaH TakXe MOYKHO pa3leuTh W IO
APYromMy NpU3HAKY — Ha JIMHEHHBIH 1 IKCIOHEHUHAJIbHBIN (1K TabauuHbli). [Tpu
JUHEHHOM TyMaHE CTENEeHBb MOMIOMIEHUS OOBEKTa TYMaHOM JIMHEHHO 3aBHUCHUT OT
paccTosHusA 10 HaOMoAaTeNs], a MPU SKCIOHEHIUAIBHOM TyMaHe — PacCUUTHIBAETCS
Ha OCHOBAaHUU TaOJIMIIBI.

Paccmosnue 0o mouxu.

= D —paccrosinue ot HabmogaTens
g—\ (P) no Touku (MM TUCTAHLIHUS).
P r
D
< S >
Puc 45.1
;
A

OTCIOJIa TIOJTydaeM

D=V R .

P X

Puc 45.2
Moxcrapngs B GOpMYTY MOJTydaeM ypaBHEHHE PACCTOSIHUS 10 TOYKH:

2+ 2
D=Sx 1+u , rIe S:i
\ F? h+B

dbD

V(D) — spKOCTb B 1aHHOM TOUYKE
D dD — paccrosiHHe, Ha KOTOpPOE
no0aBysieM TyMaH

V(D+dD) V(D)
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V(D+dD) — spKOCTb B TOYKE C y4€TOM 00ABICHHOIO TYMaHa
dopmyrna SIPKOCTH B TOUKE C YIETOM J00ABICHHOTO TyMaHa.
V(D +dD) =V (D) X1- s xdD) +s xdD »/;,
rae VT — SpKOCTh TyMaHa

S - IJIOTHOCTh TYMaHa
dv =V(D +dD)- V(D)=-s ¥dD +s x/;dD
pemum muddepeHInaTbHOE YpaBHEHUE

dV =sVdD +sV;dD OTCIOJIa TIOJTYIHM
V =V, +Cxe*P
B HyneBoit Touke, TO €CTh B TOYKE, I[¢ HAXOAUTCS HAONIOJATENh TyMaHa HET,
[OATOMY TIOJIy4aeM:
V(0) =V,, Torna noayaum: V =V, +(V, - V, ) xe*°

o 1
s o rae Dt — nucranuus tymana

T

[Tonyqaem ypaBHeHHE BBIYHMCICHHS TyMaHa!
D

V=V, +(V, - V;)x .  Ha aucranuuu Dt Tyman yBequuuBaeTcs B €pas.
Ilpumem cormamenue, uro Smax>»3XD;, Tak kak o0TOOpaxaTb OOBEKTHI,

HaAXOISAIIMECs Ha paccTOsTHUU Ooutbine, yeM 3DT, HeT cMbicha (K3-3a TyMaHa He OyaeT
BUJIHO).

OKCNOHEHYUATbHBIL MYMAH.
D

3Havyenue GyHKIHN € °T MOKHO BBIYHCIATH TaOIIMIHO:

D A, e
(h+BYDr " F? o E(h I’Z)

el e

h — o crapmum paspsnam, HanpumMep, 6 paspsinoB A, = hi X(2° - 1)

I — IeJUM Ha 30HBI, I = fo...I'max , HapuMep, Ha 16 30H (4
paspsiza)

A Z X2 D) T =K * Vi NN
Fimax )]
Uroro, manpumep, noydaem 10-Tu paspsaHyro TaOmITy. k/

Tenu

B  xommbloTepHOW TpaduKe pearkHOTO BpPEMEHH YacTo  OOBEKTHI
n300paxaroTcst 6€3 TeHel, 4YTO MPUBOAUT K TOMY, UTO OOBEKT Kak Obl HE 3aKpEIIEH B
OKpyKaromiei ero ooctanoBke. TeHb HECET 0OUYSHh MHOTO HHPOPMAIIUH - (haKTHIECKH,
OHA IMPEICTABIAET 0OBEKT C IPYrol TOUKU 3PEHUS U 3aKPEILISIET €r0 B CLEHE.

Tenu ObIBAIOT ABYX THUIIOB!
Ilepewuir:

[Ipn mnoOCTpOGHHMM TEHW YUYUTHIBAECTCS 3HAK CKAJIAPHOTO MPOM3BEACHUS

HOpPMAaJIH K TPaHM U HaNpaBJICHUS UCTOYHUKA CBETA.
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Puc 4.5.3

Ha puc 453 mnpencraBnensl crienyromue 0003HAUYeHHUS, KOTOpbIE OymyT

WCIIONH30BATHCSA B JJabHEHIIIEM:
S — TOYCYHBIN UCTOYHUK CBETA.
p — monoxxeHue HaOIFOIaTEeIs.

S% JIMHYS TEPMUHATOPA

wnv

>
N (Hopmans)

IToBEpXHOCTH MOKHO IPEJICTABUTH
TPEYTOJIbHUKAMH.

JiMreBas rpaHb

Puc 454

>
S — BeKTOp, HaNpaBJICHHBIH Ha S,

HaOmonarens yBUJUT JUHUIO TEPMUHATOPA — IPAHHUILY pa3/ielia CBETa U TEHH.

Ecm yron mexxny Swu N >90, TO HCTOYHHK cBeTa MajaeT He Ha JIUIIEBYIO TPaHb.

Bmopou: ]Ins noctpoeHusi MCMOJB3YIOTCS alrOPUTM TEHEBOTO O0BbEMa, aIrOpUTM
JOTIOJTHATEIFHOTO Oydepa riTyOHuHBI.

TeHE ETOPOrD
THNa

Puc 4.5.5
Tens BTOpOTO THNIA — T€HB, OTOpackIBaeMasi OAHUM O0OBEKTOM Ha IpYroil.

Cytp anropurma for. 6ydepa riryOuHbI:
HaGmomarens  nomemaem B S (HEKOTOPOTO — BCIOMOTATEIBHOTO
HaOmomarens). CHavyama CTpPOMM  BCIIOMOTATeNbHBbIN  Oyhep TIyOWHBI IS
BCIIOMOTaTeNbHOTO Habmogarens. 3aTeM MNPOU3BOAUTCSA CpPaBHEHHE TOYKH C
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3aJ]aHHBIMH KOOpIUHAaTaMu (MOCTPOCHHOM B MPOCTPAaHCTBEHHBIX KOOPAWHATAX) C

KOOPJAMHATAMH, BUTHBIX HAOTIOATEIIO TOYEK.
Fi

Puc 4.5.6

[MIpu moctpoenun BTOporo Oydepa TIIyOMHBI HCIONB3yeM Ty XK€ TOUYKY
¢ukcaryu B3rsaa. (Kyaa CMOTPHM MBI, Ty/a U BCIIOMOTATEIbHBIN HAOII01aTeb. )
1 Oran — noctpoenue Hs.
2 Dran — noctpoenue H,V.
OOpaboTka KaXgol TeKyled TOYKH OylIeT NpPOU3BOAUTHCA B COOTBETCTBHUU CO
CICYIOLIAM aIrOPUTMOM. (KOT/Ia MbI HIEM TI0 CKAHUPOBAHHOM cTpoke). Jlyist Kaxmoit
TEKyIIed TOYKH B IJIOCKOCTH H300pa’KeHUS HM3BECTHO: X, Y — KOOpPAMHATHI B
IUIOCKOCTH M300pakeHus, h - Tekylee 3HaueHUE mapaMeTpa riyouHsI, a Tak xe U
- sipKocTh, Up -SAPKOCTH I TOUKH B TeHHW.3amosHsiercs Oydep mis HaOmromaTens
(S). Temepr myis OoTBeTa Ha BOMPOC BHUIHA JM TOYKA C KoopawHatamu X,Y,h
MepeCcCYUThIBAEM KOOPAMHATHI U moMeinaeM B Hs -> Xs, Y s, hs. O6patmaemcst B8 Hs (Xs,
Ys), Toe mo pe3ynbraty cpaBHeHus (ycnoBue (**) na puc 4.5.7) mposepsiem -
OCBellleHa TOYKa WK HeT. Ecnu ycnoBue He BBIMOJIHAETCS, TO TOYKA HE OCBELICHA, U
HMEET MECTO TEHb BTOPOTO THIIA, HHAYE TOYKA BHUAHA MO OTHOIIEHUIO K
Ha0I0JaTeN 0, HaXOASIIEMYCSl B HICTOYHUKE CBETA.

‘ by M D

HET aa
hxHxy)

Hi=pl=h

k. ofpatioTke cnea [
TOuek

nepecusT | #dh-uspshs

HET aa

hizrHalxs s

W=y==¥p Wky)==

K 0OpatoTKE Cen TOYEK

Puc 4.5.7
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IIepecuer TO4Yek M3 OAHOM CHUCTEMBI KOOPAWHAT B APYIYI0 OCYIIECTBIIAETCS
CIEYIOIM 00pa3oM.

(ii-s'l 1)=(X-Xp Y-Yo z-2zp 1)*Qp

F F
(_XS s .55t 1)=(X-Xs y-ys z-2s 1)*Qs
Fs Fs
rae:
al a2 0 a3 als a2s 0 a3s
Qp= bl b2 0 b3 Qs = bls b2s 0 b3s
cl c2 0 c3 cls c2s 0 c3s
0O 0 0 1 0 0 0 1

W3 nepBoro ypaBHEHUsT HaliIeM MIPOCTPAHCTBEHHBIE KOOPAUHATEI.

xx yow 2oz D= XX Pl

UtoObI TiepeliTH B JPYryl0 CHCTEMY KOOPJIWHAT HEOOXOAUMO OCYIIECTBUTH
Map ajuIeIbHBIA IEPEHOC

(X-Xs y-ys z-2s 1)=(X-X Y-Yp Z-2p 1)*Tsp

1 0 0 0

roe Tsp= 0 1 0 0
0 0 1 0

Xp-Xs  Yp-Ys Zp-2s 1

Toraa nosiydmMm B MaTpu4HOM BUae:

[Xe st q)o (X X st )i mra

F F
dl d2 0 d3
M=Tep*Q*Qs= |11 12 0 I3
gl g2 0 g3
fi 2 0 f3
A
Mbl BbinonHAem nepecyer h— S 13 popmyrbl | S = h+B v ganee nosy4aem
A
= -B
hs Se

[Mepen otum u3 BeipaxeHus (*) Mbl momydaem S uepes S
Jnst pacdera KO3(pPHUIUEHTOB TPUMEHNM CIIeAyIoIue (GopMyIbL:
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dl d2 d3 al bl clf|als bls cls
I1 12 I3|=]a2 b2 c2||a2s b2s c2s
fl 2 f3 a3 b3 c3|(a3s b3s c3s

als a2s a3s
(91 g2 9g3)=(Xp-Xs Yp-Ys Zp-2zs 1)|bls b2s b3s
cls c2s c3s

x=- 5 (S_(x*dl+y*I1)+gl- Sfl)
Ss ' F

ys =- 5 (S _(x*d2 +y*I2) + g2 - Sf2)
Ss " F

(%(x*d3+y*l3)+gs-8f3)

wn
Il

Opnako, mpolecc peleHUs 33aJaud <«B JI00» JOCTATOYHO CJOKeH. MOKHO
WCIOJIb30BaTh IPYrod MyTh, @ UMEHHO: CBECTH 3TY 3aJady K 3ajade NMPOCKTHUBHOU
CTPYKTYPHI U BOCIIOJIB30BATHCS (hOpMyTIaMu JIsl IPOCKTUBHBIX CTPYKTYP.

C mnoMOIIBI0 TEKCTYpHPOBAaHHS peIIaeTcsl 3afadya 3aKkpackd OOBEKTOB,
COCTOSIINX U3 OTJCIBHBIX TPAaHEH, 9T0 OyIeT pacCMOTPEHO HIKE B ITYHKTE 5.2.

. B oTmume ot 10KankHOTO OCBEIEHHS, TEHH SBISIIOTCS OJHUM U3 (P PEKTOB
r100anbHOTO OCBelIeHus. T.K. OCHOBHBIM MECTOM HCIIOJIb30BaHUs AITOPUTMOB TEHEH
B pCaJbHOM BpEMEHH SBIISIOTCS KOMIBIOTEPHBIE WIPHI, TO B AajbHEHILIEM, JUIS
ynoOcTBa, OyayT MPUBOAMUTHCA MPUMEPHl UMEHHO Ha HHUX. CyIIeCTBYeT HECKOJBKO
OCHOBHBIX  TOJXOAOB K  IIOCTPOCHHUIO  TEHEH, paccCMOTPUM  aIOPUTM
«Ilpeobpazoeanue mooenu " na 3emnro” u ompucoexka eé kak menu». OaKTUIECKH,
9TO MEPBBIN ANTOPUTM MMOCTPOCHUSI TEHU, KOTOPBIN ObLT mpumeHEéx B urpax. (Turok 11,
Shogo, etc.). O oTnMuaercs MPOCTOTOW peaau3alid U XOPOIIUM KaueCTBOM
MOJIy4aeMOM TEHU. OTOT ITOPUTM OblT BrepBble onucad Jxumom brmaHOM
[BLINS8S]. B cBoeii ctaTbhe OH OTHCAl YpaBHEHHS IS IPOSKTUPOBAHMUS MTOJIMTOHA "Ha
3eMiIr0", T.€. Ha TockocTh Z=0, B HanpaBJIeHUH OT UCTOYHUKA cBeTa. OH paccMOTpen
JIBa CIIydasi:

1. HcrouHuk Ha OeCKOHEYHOCTH (TapasuieIbHbIN HAMPABJICHHBIH CBET)

2. JlokanbHBIN UCTOYHUK (TOYCYHBIH HCTOYHUK HEAATIECKO OT 00BEKTA)
OTOT METOH HMCHOJB3YeT I€OMETPHUYECKOE B3aMMOOTHOIICHHE HWCTOYHHMKA CBETa H
MOJIMTOHA, T.€. MOAOOHBIE TPEYrOJbHUKH, HJSl BBIUMCICHHUA NPOCKUIUH KaXIOTO
MOJIMTOHAa MOJENH 'Ha 3emito”. "TeHeBble MOJUMIOHBI JOJDKHBI OBITH PACCUHUTAHBI
JUI Ka)KIO0TO MCTOYHHKA CBETa, T.€. €clii 00beKT ocBemaercss N MCTOUHHKAaMH CBETa,
TO He0OXxonumMo paccunutaTh N ero "TeHeBBIX TPOEKIUH" .

Hcmounuk Ha 6eckoneunocmu
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2,

X '/.
e P

= \”\/\f/ : B

Puc 4.5.7 IlapannenbHasi TeHb OT HICTOUHHKA CBETA HA OECKOHEUYHOCTH

B ciydae GeCKOHEUHO ynaji€HHOTO MCTOYHHKA CBETa MbI HPEAINOJIAraeM, 4To
Jy4d CBETA, MPUXOJAIINE K 00BEKTY, MOJHOCTHIO MapajliebHbl. JTO MO3BOJIUT HAM
pELINTh YpaBHEHHE MPOCKIMU TOJBKO pa3 M MPUMEHSThH MOJYUYCHHOE PEIICHHE KO
BCEM BepIIMHAM OOBEKTA.
OO0mas nocTaHOBKA 3a1a4M:
Wmest Touky uctoynuka cera (Xs, Ys, Zs) U BepumHy o0bekta (Xp, Yp, Zp) , MBI XOTUM
MOJYYUTh TMPOCKIUI0 BEPUIMHBI 00beKTa Ha TIOCKoCcTh Z=0, T.e. TouKy TeHu (Xs, Vs,
Z5).
W13 11o100HBIX TPEYTOIBHUKOB MOTydacM:

Xp-X5  Xs-Xp 1
Zp-25 = Zs-2Zp ()
pemtas 3TO ypaBHECHHE OTHOCUTEIIFHO Xs, IIOJIy4aeM:

¥ = Xp - (2p -25) (ﬁ) ()

€CJIM TPUHATH, YTO L sTo BEKTOpP U3 TOYKHU Pk HUCTOYHUKY CBETA, TO TOUKY S MOXKHO
BBIPA3UTh KaK

S=P-alL 3
T.K. MBIl MPOU3BOJAUM IMPOCKIUIO Ha MIockocTh Z=0, To ypaBHeHue (3) MOXKHO
Mepenucarh B CICIYIONIeM BUIE: 0=z,-azs (4 170111 a-=
z,/zs (5)

pemas (3) OTHOCUTEIIBHO X5 H Y5, TOJTydaeM:
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X5 = Xp -
Zs
(6)

— Z
Ys=Yp- Zs ¥s

nm B MaTpudHoun popme
1 0 -x/z O

Ms = 0 1-ys/zs O (7)
0 0 1 0
0 0 0 1

Teneps uMest KOOPAUHATHI TOYKU P B MEPOBOM KOOPIMHATHOM MPOCTPAHCTBE, MOKHO
HOJTy4nTh €€ TPOEKIHI0 Ha IUIOCKOCTh Z=0 mpocro myréM yMHOXCHUS Ha
marpuny Ms: S=Ms* P (8)

Jokanvuuiit ucmounuk

Puc 4.5.8 TepcriekTuBHAS TEHB OT JIOKAIBHOTO HCTOYHUKA

VYpaBuenune (6) mas OECKOHEYHO YAAJIEHHOTO MCTOYHUKA CBETa MOXET OBITh
0000111eHO A ciydasi, KOr/la HCTOYHUK CBETa HAXOJIUTCS Ha KOHEUHOM PacCTOSHUU
oT o0bekTa. B 3TOM ciyqae Ham MOHAAOOSTCS JOMOJHUTENbHBIC BBIUMCICHHUA Ha
KaXAyI0 BEpIIUHY, T.K. K&XK/1asl BEpIIMHA UMEET, B 00IIEM cilydae, CBOE COOCTBEHHOE
HampaBlieHHE HAa MCTOYHMK CBeTa. TeMm He MeHee, B 9TOM CIydae Mbl TOXKE MOXKEM
nepeHecTy O0IBUIYI0 YaCTh BBIYMCICHUN B MaTpuiy Ms.

Ecmu L 310 TOuKa pacnosioskeHus HICTOUHUKA cBeTa, To (3) npuHumaer Bua: S= P +
a(P-L) 9

¥ CHOBa HaM HEOOXOAMMO MPOU3BECTH MPOCKIINIO Ha IMIIOCKOCTh Z=0, T.4.
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a= Zn- 2 (10)
n
)(S:M
Zp -2 (11)
ySZQ' bes
Yo = Zp- 75

Ecmi ucmonb3oBaTh TOMOTEHH3AIMIO MOciae mnpeoOpasoBanus, 1o (11) MOkHO
3amucaTh B BUEC MaTPHIIBI
-z 0 X O

Ms=0 -z 0 O (12)
0 0 -ys O
O O 1 'Zs

OHSITB, HUMES KOOPANHATBEI TOUKHU PB MHPOBOM KOOPAMHATHOM IIPOCTPAaHCTBE, MOXKHO
3anMcaTh.

Sc=Mg* P (13)

MOCJIe Yero MPOBECTH TOMOTCHU3AINIO TOYKH Sy I TOJYISHUS TPOSKIIUU TOYKU P
Ha 1I0ckocTh 7=0.
Cy1iecTByeT HECKOJIBKO CUTYAITUi, KOT/1a MEeHU He HYHCHbL:
1. Korma HeT HCTOYHHKA CBETA.
2. Korma coBMertensl HaOMIOHATEIh U HCTOUHUK CBETA.
3. Korma connre B 3enure.

5. MoaeaupoBaHue OCBEIIEHHS.
5.1 OcHOBHBIE 3aKOHEBI OCBEIICHHUS

3akon Jlambepma (Ougppyznozo ompascenusn)
Ecmu ecth HEKOTOpas IOBEPXHOCTh ¥ B HEKOTOPYIO TOUKY STOU MOBEPXHOCTH,
I

y KOTOpoH ecTh HOpMaib N , HampaBJieH JIyd OT UCTOYHUKA cBeTa. Jlist HabmromaTes,
HaxoJsmierocs B JIIOOOW TOYKE, SPKOCTh TOYKH, KOTOPYHD OH BHAWT, OyaeT
BBIpaXKaTbCs ciexyonmMm obpasom. V =EX >xcosq +EX,, rne V - spkocts (s
u/6); E — kosddurment mudy3Horo oTpaxenns nosepxuoctu (Amsdepra). ET [0;1] ,
| — ocBenméHHOCTH TOUKH, |g — POHOBAsI OCBELICHHOCTH (PACCESIHHBIN CBET), - Yo
M@Ky HOPMABIO (I<I) U BEKTOPOM, HAMPAaBICHHBIM HA HCTOYHHUK CBETA (IS),

cosq :—|SA\I|L.
SN
»*
S
N
\%
Puc.5.1.1
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I[aHHLIfI MCTOJ HE YYUTBIBACT OTPAXKCHUA CBECTA, MMOITOMY MECTO ITOJIOKCHUA

HaOmogaTenss He wurpaer poiad. [Ilpm momomm 3TOro Merona Jydllle BCEro
MOJIENIAPYETCSI MAaTOBBIE IOBEPXHOCTH.

PaccMmoTpenHslil panee 3akoH JlambepTa MOXKHO 3amucaTh B ynoOHOU (opme.

V =Viax ><E>((l- e)>cosq +e),

IJle € — oI paccesHHoro ceeta (pexomenayercs € | [0.1;0.2] ).
PaCCManI/IBaIOTCFI JABa BUOa UCTOYHUKOB CBETA:
a) TOUCYHBIN UCTOYHUK CBETA:

S

Puc.5.1.2

6) HapamenLHLIﬁ IIy4OK CBCTA: OT yAAJICHHOIO UCTOYHMKA
NcTo4Hmk cBeTa

A\ 4
D, = D, \

Puc.5.1.3

3axkon @onza (3aKoH 3epKANBbHOZ0 OMPAICEHUN)

L
3
I P e
A (X5 ¥p:2Zp)
alg/ o
(@]
(%.Y.2)

Puc.5.1.4
N - HOPMAaJIb K IOBEPXHOCTH B TOUKE (X,Y,2);
S- NaJArOIIHiA JTyd OT UCTOYHHKA S
II_ - OTPaXEHHBIN JIyd CBETAQ;
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1
P - nanpasnenue Ha Hadmonatens P (Xp,Yp,Zp);

(] — yroja majieHust U OTPakKEeHHUS;
g— yroi Mexay OTPaXeHHBIM JIy4OM M HalpaBJeHUEM Ha HaOIogaTens.

V, =EX >+cos” g|;

V,  rAe N — CcTeneHb 3epPKATbHOCTH MMOBEPXHOCTH, ni [],'200] .

(dopMyna Juis onpeeNicHUs] 3epKaJbHON COCTABISIONICH

Uem Oompme N TemM Oosblie 3epKajbHbIE CBOWCTBA IOBEPXHOCTH.
1

cosq :—M)F;Fr’:[xp - %Yo~ YorZ, - zo];é:[xs— Xor Vs = Yo Zs - zo];li :2(I\r| >6r)><|\r| - é;
r |rL| )1P| r

=3flj=r§-x

Bekropa II_,IS, N HOPMHPOBAaHHBICE W JIEKAaT B OJHOH IUIOCKOCTH (CM. 3aKOH

OTpaXKCHHsI CBETA)

Myers | = congt, Torza V' = Vi ><E((1- e- e,)fcosq|+e, >+cos“g|+e)

€ — JI0JI51 PACCESIHHOTO CBETA,
€p — J10JIs1 OTPAKEHHOTO CBETA, €, | [0;1]; Ofe+e, £1

(%p:Yp1Zp)

> >
S L
4
o
(x.y.2)
Puc.5.1.5
Ecm yros g> 90° , To He HafO yIUTHIBATD 3€PKATBHYIO COCTABISIOMIYIO.

Jynnan mooens

N

A

=
P
(%o ¥5:2p)
3
g
&y
o
<.y.2)
Puc.5.1.6
€ |cosg| U
vV, = xa———— — bopmyma I'ypo
T G Lfeosgl T
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Vi -
maddysHas cocraBisromas ceera. Ecim L = 0, momygaercs 3akon JlamGepra. L >O0.
ITo cpaBaenuro ¢ meronom Jlambepra 3Ta MOAETH YMEHBIIAET SIPKOCTh TOYEK,
Ha KOTOpbIe MBI cMOTpuM 1o yriom 90°, M yBenmMuUMBaeT SPKOCTh T€X TOYEK, Ha
KOTOPBIE MBI CMOTPHM BCKOJIB3b.

5.2. TlpumeHeHWE 3aKOHOB OCBEIICHHWS TIPU CHHTE3€ OOBEKTa

U300paKeHUS.

B OompmmHCTBE ciydaeB OOBEKTHI 334al0TCA HaOOPOM IJIOCKHX BBIMYKJIBIX
rpaneii. [loaTomy mpu MOCTPOEHUHM H300paKEHHUsSI €CTECTBEHHO BOCIOJIB30BATHCS
3Toi mpocToToi. CylEecTBYIOT TpPU MNPOCTEHIIMX METOJAA 3aKpacKd, JAIOLIUX
JOCTATOYHO MpHUEMJIEMbIE PE3ybTaThl - METOJ MOCTOSIHHOTO 3aKpallMBaHUs, METOJ
I'ypo, meTon @oHra.

Flat- memoo nocmosannozo 3akpawiuseanus
CaMBbIil IPOCTON U3 BCEX METOOB.
OcHoBHas uzes: Kaxaas IpaHb 3aKpalliBaeTCsl OJHUM LIBETOM.

Puc. 5.2.1

PaccuuteiBacTCsl IpKOCTh B OJHON TOYKe (HAampumep, B LEHTPE TSIKECTH JUIS
BBIITYKJIBIX MHOTOYTOJIBHUKOB) Tpanu (1o JlaMOepTy) U MpOM3BOAUTCS 3aIMBKA TPaHH
MOJYYCHHBIM I[BETOM.
Memoo 3axpacku I'ypo

OObecrnieunBaeT HEMPEPHIBHOCTh OcCBemeHHOCTH. OCHOBHas Waes. 3aJuBKa
OCYIIECTBISIETCS C YIETOM JIMHEHHON MHTEPIIOJSIIIMU IPKOCTH, BBIYUCISIETCS IPKOCTh
TOJIBKO JIJISl BEPIINH MHOTOYTOJIbHUKA.

~
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ITycts 3amana 1utockas rpanb Vi Va2 Vi(puc 5.2.2) Haiinem 3HaveHue
OCBCILICHHOCTH B Kax10i ee BepiurHe. O003HAUMM MOJYYUBIINECS 3HAYCHHS Yepe3
l1, I, I3, Pucys rpanp Vi V2 V3 mnoctpouno (puc 5.2.3), Haxoaum 3HAYCHUS
OCBCILCHHOCTH B KOHIIE Ka)XJIOr0 TOPHU30HTAILHOTO OTpe3Ka MYTeM JIMHEHHOM
WHTEPIOJIANNN 3HAaUYeHUH BIOJL pedep. [lpu pucoBanum ouepemHoro orpeska AB
OyIeM cuMTaTh, MHTEHCUBHOCTH U3MeHsietcs oT [(A) 1o |(B) nmuneiino.

V1

AN

p

V2

V3
Puc 5.2.3

Henocrarok Metosa B TOM, YTO €CIM HCTOYHHK CBETa MPOCHHUPYTCS B
IUIOCKOCTh MHOTOYTOJIFHHKA, TO, IOCIE HCIIOJIb30BaHUS ATOTO METOJa 3alIMBKH,
Oyner nosydeH pe3yasraT puc. 5.2.2 (a), X0Ts J0KHO ObITH prc.5.2.2 (0).
3akpacka no Qonzy

OcHOBHasi wWAes: JUIA KaKAOH TOYKH W300pPAKCHUS YCTAHABIMBAIOTCS
NPOCTPAHCTBEHHbIC KOOPAHMHATHI, UCXOMAS W3 KOTOPBIX, CYUTaeM { U TOJIydaem
SIPKOCTb JJISl TOUKH.

Henocrarokx merona — GoJpIIast CIOKHOCTD BEIYUCIICHUI.
Mooenuposanue oceeweHUs MEMOOOM HATIOHCEHUA MEKCHYPbL

3aga4yy 3aKpacku 0OBEKTOB, COCTOSIIIMX M3 OTIACIbHBIX IPAHEH MOXKHO PEIIUThH
C TIOMOIIBIO TEKCTYpUPOBaHUs. MOXKHO YIIPOCTHTh BRIYUCIICHUSI, CBelsi MeTo DoHra
K TPOLIEYPE HAHECCHUS TEKCTYPHI.

Y

Puc.5.24
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>z

Puc. 5.2.5

OcHoBHast ujes: B MaMsATH PAaCCUYUTHIBACTCS TEKCTypa puc. 5.2.4, 3aTem 3ainmuBKa
00BEKTOB OCYIIECTBIISIETCS C UCIIOJIb30BAHUEM MOTYYCHHON TEKCTYPBHI.

Paccuer BcnoMOratenbHON TEKCTYPHI.
JI71s Ka>KIOM TOYKH TEKCTYPBI PACCUUTBHIBACTCS IPKOCTH 110 (hOpMYyIie

V = | xE>xcosq, ET [0:1]; :'“S—AZX

_ cosq
V= By e

[Tycts mox sspkocTh oTBeACH 1 OaiiT, T.€. \Aj {O,ZL...,255} —Vmax = 255.
MakcuManbHas SPKOCTh OylIeT B TOUYKE MAaKCHUMAJLHO TNPUOJMKESHHON K

HCTOYHHKY CBETA, T.€. Vyu = [I)"Z":\ATN . D?win = G I yax =Viax °G°
2
Viey = Vi ><E><G—>cosq :h —G—>cosq cosq —E = X*+y* +G?
D? D? D’
3
G? G & G 9
ho(x,y) = % =C :

x2+y2+G2 \/x2+y2+G2 _8\/x2+y2+G2§

XKenarensHo umets h B npenenax [0,1]. st 3TOTO JOMHOKHM BBIPaXKCHUE

Ui N o JOMHOWM Ha KOHCTAHTY G |h (X y) = ! uy
€ o aay o
* 0 Q - 1le
@eG g €Gg §g
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Ecmu cooTBeTCSBYIOIUM 00pa3oM mpocMarpuBarh N, To moydurcs SpKoCTh
COOTBETCTBYIOLICH TOYKU B BCIIOMOIaTEIbHOU TEKCTYPE.
Paccuer koopAMHATHBIX TOYEK JJI1 NPOU3BOJIBHOTO TPEYTOJIbHHUKA.

Z 1
A y
S
A
(Xz’ 2’22) Y
(0]
1 (Xo’yO,ZO) X'
(X1’y1’z1)
3
(X5Y5:29)
X
0 |
Puc.5.2.5

B MupoBoii cucteMe KOOpAWHAT 33aJaH MPOHU3BOJIBHBINA TPEYrOJIbHUK puC. 5.2.6
HE00XO0IMMO TIPOBECTH €T0 3IHUBKY C Y4€TOM OCBEIIEHHOCTH.

Jlnst aToro crpoutcst cucrema koopauHart (X',y'Z') ¢ HavamoM B Touke O(X-
0,Y0,Z0), TaKUM o6pa301|v1, yto ocb OZ TpoXOAUT 4Yepe3 HCTOYHHK CBeTa S U

napaensHa HopMa N, a OX u OY nexaT B IIIOCKOCTH TPEYroJIbHUKA.

Puc. 5.2.6
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[x'; y';z'] = [x— Xo: Y- YoiZ- zo]xl\/l , rie M —wmatpuiia npeobpasoBanHusl.

Haiinem takyro marpuny M, uto0s1 Touku 1,2,3,S npoenupoBaimch B TOUYKH C
KOOpAWHATaMHU KOTOPBIE 0300pakeHbl Ha puc. 5.2.6.

N, = (V2 - Vl)' (V3 - Vl) — HEHOPMHUPOBAHHBIN BEKTOP HOpMAJIU

[Mponopmupyem 3toT Bektop: N = Ny ; N(Nx,Ny,Nz)

NX NY NZ l:l

INy|
Omupasch Ha ATO BRIPAXKEHHE, BEIYUCISIEM MaTpuily M:
1)
é,N 2+N2 'NYXNX 'NzXNx U
ev' 'z Y 2 2 2 2 u
é \/Nz +N, \/Nz +N,"
~ N - N 7
M, = g 0 2 - 2 2 = 2 3
g INZ N NN
é Ny Ny, N, U
& H
naHHas GopMyJia KCITOJIB3YeTCsl KOTIa COCTaBistiomias Hopmaau Nx = min;
2)
é - NY WX N 2 + N 2 - NY XNZ l:l
e 2 2 z X 2 2 U
é Nz + Nx Nz + Nx U
~ N - N 7
M=% —“2 0 _ -~ WNx U
elN2+N2 IN2+N2l:I
éevivz X z x U
é

naHHast (hopMyJia UCTIONIB3yeTCsl KOoTIa cocTaBisitoias Hopmanu Ny = min;

3)
: N22XNX 2 l\lz 2 NY2+NXZH
SUNZ N2 N2 +N o
é -N N a

M3: Y X O "
g\/NYZ"'NxZ \/NY2+NX2 3
§ Ny N, N, U
& H

naHHast opMyJia UCTIOIB3YeTCsl KOT/Ia cocTaBiisiomas Hopmamu Nz = min;

JIisi OKOHYATENBHOTO IMepecdyeTa KOOPAWHAT BEPIIMH TpPEyrojbHUKa Oyaem
MOJIb30BaThCA M yMHOXEHHOU Ha %; M, = %XI\/I ;e M=M1, My, Ms.
M; — marpuna @onra. Takum 06pa3oM KOOpAMHATHI B TEKCTYPHOM TIOJIE -
DY 0]= - %0y Yoiz- zPM
i ¥ari0]=[% - Xoi¥a - Yoizo- 2]
[Xaf » Yar ;0]: [Xa - X1 Yz~ Yoids- Zo]xM x
[0:0,G]=[xs - X0i¥s - Voizs - Z]M
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HOCJ’IGI[HSISI CTpOKa MCIIOJIB3YECTCA AJIA KOHTPOJIA BBIYHCIICHHI.

Cxema 3akpackd (QHUTYpBl C YYETOM OCBEIICHHOCTH C HCIIOJIh30BAHHEM
HAaHECEHUS TEKCTYP.

1) Beruucnsiem h nns kaxaoi TOYKM TEKCTYpbl M 3alMCHIBAEM IOJTy4CHHBIC
pe3ynbTaThl B TAOJIUIy, KOTOPYIO XpPaHUM KaK TEKCTYpHOE IOJIE.

1
ho(x,y) = ;

A
h =0.01
. ® >
h=1
v
1
0.01
Puc 5.2.7

Ha puc. 5.2.7 nokaszan npuMepHbIi AUana3oH U xapakrep uaMeHeHus h.

2) BoicunThIBAEM HOPMAJh K TIOBEPXHOCTH TPEYrOJIbHUKA

, N
N, :(Vz'vl) (V3—Vl); N =%
INy|

3) TlepecunThiBacM KOOpPIMHATHI B TEKCTYPHBIC, UCTIONB3Ys My

Mf:ng\ﬂ;
H
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i ¥ar 0l =% - X0 ¥i- Yorzo- ZPM;
Do s V21012 [% - %01 Vs - YoiZa- 2]M
ot Vo 01= [ - %01 Vs Yoize- 2"
[0:0:G]=[Xs - Xoi¥s - Yoizs - 2o)XM

4) PaccyMTBIBaEM SPKOCTh KKIOH TOUKH.

2

G
V, :VMAX>E>hO(Xf’yf)xH_;

(x.y)

Ecmm YYUTBIBATH paccesHHBIN CBET, TO

GZ
Viey) =V XE (X, Y5) ka(l— e)+€;|, rae € - 10t pPacCessHHOTO CBETA.

PaccmoTpum ciydait, koraa 00beKT UMEET TIaIKyIo Gopmy.

Ananoz anzopumma I'ypo

Puc.5.2.8

SpKocTh paccuMTHIBAETCS B KAaXKIOM BEPIIMHE, a IPKOCTh Ha TpaHsAX u pedpax

[IOJIy4aeTCsl JMHEWHOW MHTepHoJsnKe. B kadecTBe HOpMany MpH pacyeTax sipKOCTH
r g r
B OJHOHU BeplIuHE ucnonbzyercs cpeansas HopMmanb N';=—>q N,, rae N — uducio
o

OpUIETalOIMX K OJTOW  BepmmHe rpaHeil. N, — BekTopa ILIOLAIY,
MEepIeHANKYIJISIPHbIE COOTBETCBYIOLICH IPaH U PaBHbBIE €€ IJIOLIAA1, TAKUM 00pa3oM
YUUTBHIBAE€TCA TO, YTO TPaHU MOTYT OBITh PA3HOrO pasMmepa, a Clel0BaTEeNIbHO IO-
pa3HOMY BIMATH Ha CpeHee 3HaUeHUE HOPMAaJIH.

Paccunrannas TakuM METOJOM SIPKOCTb BEPLIMHBI HCIIOJNB3YETCS AN BCEX
MPWIETalIUX K Hel pedep, a cleAoBaTeIbHO CO BCEX CTOPOH BEPLIMHBI SIPKOCTh

OJIMHAKOBAa M Mepenajia IPKoCTU Ha pebpax He Oyner.
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Ananoz anzopumma @onza

'mankuit 06bEKT OTAMYAETCs OT HErJaJKoro TeM, YTO Ha €ro MOBEPXHOCTH
3a71aHO MIPEPBIBHOE TOJIE €IUHUYHBIX BEKTOPOB HOpMaym. IlomelTaeMcss mOCTPOUTH
TAKO€ TOJIE MCKYCCTBEHHO. [[s1 3TOr0 NMpHMEHUM paHee OMHCAaHHYI NPOLEAYPY
OunmHeHON uHTepmosiuu(pacCMOTPeHHBIN B pasaerne «Metos 3akpacku ['ypo»),
HO TOJIBKO HE K 3HAYEHHSIM OCBELIEHHOCTH, a K 3HAa4YCHUSAM BEKTOPOB HOpMaid. B
pe3yapTaTe MBI MOJIyYUM HEMPEPBIBHOE ITOJIE BEKTOPOB HOPMAaM, HO TAaK KAaK 3TH
BEKTOPHI HE BCETJIa OKA3BIBAKOTCS €UHUYHBIMU, HYy’)KHA HOPMHPOBKA.

.

Puc. 5.2.9
Henocrarok MeToja — €CiM MOBEPXHOCTh HEPOBHAS, TO BO3MOKHBI HETOUHOCTH
puc.5.2.10
-> 5
_»
N N,
2 N, N,
UcxogHoe PesynbTar
nsobpaxeHue NHTEPNonaLmmn
Puc. 5.2.10

Meton ®onra TpebyeT OOJBIIIOE YHCIO BBIYUCICHUH, TaK KaK BBIYUCICHHE
BEKTOpa HOPMaJIA M OCBELICHHOCTU MPOU3BOJUTCS JTACIBHO B Ka)KIOW TOYKE.
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Penvegprvie mexcmypot.

PenbedHoe TeKCcTypupOBaHHME OUYEHb HAINOMHMHAET OOBIUHBIN MpPOIIECC
HAJIOXKEHHSI TEKCTYPhI Ha NOJUTOH. TOJMBKO MPU OOBIMHOM HAJIOKEHHU TEKCTYPhI MBI
paboTaeM co LBETOM U M3MEHSIEM €ro IIBETOBOE BOCIPHUSTHE, @ BOT MPHU PEIbePHOM
TEKCTYpUPOBaHHH MbI J00aBIsieM OUIyIIeHHEe penbeda, O0O0BEMHOCTH IIOCKOMY
noJurony.PenbeHOe TEKCTYpUPOBAaHHE OTPAXKACT PEaJbHOE MOJIOKCHUE MCTOYHUKA
CBETAa B CIICHE U JIA)KE M3MCHECHUE €r0 MECTOTOIOKEHHSI.

Tenepb paccMOTPUM MHPOBYIO CHCTEMY KOOPIHMHAT, B KOTOPOH MBI UMEEM
CICYIOLIMI TPEYTOJIbHUK (MMEET pelibehHYIO TEKCTYPY):

S — HCTOYHUK CBETA;

Vi(X1, Y0 2y, X, Vi)
VZ(XZ’YZ’ZZ’XI'Z’ yr2) ,
V3(X3’Y3’Z3’Xr3’ yr3)

rae X1 Yy - koopauHaThI cB3aHHbIE ¢ pestbedHEIM T0TeM (IT0JTe HOpMAIeH).

Hamna rmaBHast 3ajaua COCTOUT B TOM YTOOBI HAUTH KOOPAMHATHI TOUKH S,a
TaK K€ HAWUTH APKOCTb [ KAXKIO0H TOYKH TPEyroibHUKa. J{Jis 3TOro MbI epexoiuM
B CJICIYIOIIYIO CHCTEMY KOOPAMHAT (T.€. B pelbe(hHOE MOJIe).

I'ne:
S(XrO’ er’ H );Vl(Xrl’ yrl’o);vz (Xr2’ yrZ’O);V3 (Xr3’ yr3’0)
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Bocnonezyemcst crieayrommuMu GopMyliamMu:

N, = (Vs - Vl))(VZ - Vl)

— NV

N
H=NXS-V)
V,=S- NxH

I[J'[ﬁ HaXO0XICHUA KOOpI[I/IHaT BBCACM J‘IOKB.J‘II:HyIO CI/ICTeMy KOOp,Z[I/IHaT
U .U U 5 (pue).

OTHOCHTENBEHBIE KO OpAMHATHI.

2 (x2,y2)

(x3,y3)

Touka (X,y) OyieT xapakTepu30BaThCs: U 1U 2 U 3
Jis mr060¥ TOYKK IPUHAAJICKAILIEH 3TOMY TPEYTrOJIbHUKY:
U, +U, +U; =1 a peimumna 0< U, <1, npu stom U, Xapaktepusyer
YIAJICHHOCTH OT (.) LIeHTpa.
_i_XO = xlUl +x2U2 +x3U3
=>YO :YlUl+Y2U2+Y3U3 (*)
%Zo =Z,U, +Z,U, +Z;U,

:i:U1 =1-U,- U,

Ty, = 0em6)y- )= (x Xy~ )
i 2 (e )y - 6 x)ve- W)
L = (%, - )- (e )y )
7 (- %)y - 06 %)y - W)

OnpenenuM 1 TOUYKH \() OTHOCHTEIIbHBIE KOOPAWHATHI Yepe3 €€ MPOCTPAHCTBEHHBIE

KOOPAVHATHI:
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O1H HOPMYIIBI SIBISFOTCS 110 CYTH PELICHUEM CHCTEMBI (*).

Koopaunarsl TOYKH B penbeHOM CucTeMe:
Xio = X Mg + X, M 54X 50U,
Yio S Yn Ut Y, U, +y U,

UTo065b! n30eXaTh NOSIBICHUS 3HaMEHATENSI PABHOTO HYJIIO, BOCIOJIB3YEMCS
abTepHATUBHBIMU (popmynamu, rae X 3aMeHeHbl Ha Z [ CUCTeMBI (**)

ANTOpPUTM NPOPHUCOBKH:
1) nepecy€T KOOpAMHATHI B pelibeHOM MOJIE;
2) 1pwu 3aKkpacke uHTepHoiHs (HeMMHelHas) pesibePHBIX KOOP/IMHAT.

I[To pempedHBIM KOOpAMHATAM MPOCYUTHIBAEM HOPMaJh, TUTIOC HMES PACCTOSTHUE 10 S
1 I

BBICUUTBIBAEM YI'OJI MEXKIY BEKTOPpaAMHU Su N , CJIEAOBATCIIbHO UMEEM SAPKOCTH TO-
YKH.

Yuét ocBeleHus .

\
_ Jlambepea
= N
V =V, v
max
6. YaajileHue HeBUIMMBIX 3J1€MEHTOB
6.1 Cunre3 u300pakeHus ¢ moMoIipo Y -Oydepa.

Y —Oydep — 3T0 He YHHMBEPCAIBHBIN aNTOPHUTM IS yHaJeHUS HEBHIUMBIX
HIIEMEHTOB B MPOBOJIOYHOM Kapkace. Y —Oydep nmeer pa3MepHOCTh PaBHYIO JJIHHE
CTpOKHU n300paxenus. Tyna 3anuChIBAlOTCSl MaKCUMaIbHbBIE Y-KOOPAUHATHI, HO YK€ B
IJIOCKOCTH M300pa’KeHHUSI.

PaccMoTpuM 9acTHBIN Cydaii:
CuHTe3 KapKacHBIX H300pasKeHUH C yJajieHUeM HEBUAMMBIX 3JIEMEHTOB 3TOTO

M300pakeHHUS.

AZ

DL~
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CuHTE3UpyIOT M300pakeHne OT OMIDKHETO IUiaHa K ganpHemy. [IpoemupyroT
CHavaja OTPE3KH, COOTBETCTByromue cedeHuto 1 pemseda. B Y-Oydepe Oymer
OTCIIC)KUBATHCS Y MakcuMmaibHoe. [Ipu pucoBaHMKM BTOPOTO CEUEHHUS MPOBEPSIOTCS
TEKYIINE KOOPAUHATHI, CPABHUBAIOTCS C TEMH, YTO yX€ 3alUCaHbl. DTO AENACTCs A
TOTO, YTOOBI YacThb HM300PaKCHUS IO CEUYCHHIO 2 HE Oblla HIDKE H300paKeHUs
otnocutenbHo cedenus 1 (puc 6.1). Ilpu 3amucu BTOporo cedenus Y-Oydep
oOHysIeTCS ¥ HHPOpMAanus B HEM OOHOBIISCTCS.

A
Y
/\/\ 1
> X
Y a .
/r > 2
~ N Z
\\ // \\v/// 1
X
Puc 6.1.1
vA
3TOro He
nsobpaxeHue V JOMKHO

6bITb BUOHO
/ 2-0e ceveHune

/"\</ 1-oe ceveHue
-

X

Jlnst perreHus mpo0ieMbl BUTUMOCTH HEHY)KHBIX 4acTel pebeda HCIoIb3yeTcs

L xyVv |

Y(x)=y
V(xX)=V

[ |
| ool B |

aHaJIM3 TEKYIIEH TOUKH:
IIpumeyanue:
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J111 OJTyTOHOBBIX M300paKEHHM TaK K€ MOKHO MCIIOJb30BAaTh 3TOT AITOPUTM,
HO C 3aKpaCKOW BEPTUKAIBHBIMU JMHUSAMU C YIETOM JIMHEWHON MHTEPTIOIALNN
o0JacTu MeXIy IBYMs COCEAHUMHU CEUCHUSAMU.

V2

V1

6.2 TpaccupoBka myuei.

Bcé 4uro OBIIO paccMOTpEHO paHee OTHOCHUTCS K MPOEKTUBHBIM METOJam
CHHTE3a.
AJBTEepHATUBOW UM SIBIISIETCS TPACCHPOBKA JIy4eil, Tak ke KaK ¥ MPOCKTHBHEIC
METOBI TIOAICPKUBACTCS MTPOSKTUBHO.
CyThb: OTCEeKUBAaHHUE JTy4a.
Cy1ecTByIoT:
1) Oépammnas mpaccupoeka yda (OTCICKUBAHKE JIyda B HAPABICHUH U3 TJ1a3a K
MCTOYHHKY CBETA) WU POCTO MPACCUPOBKA,
2) Ilpsamasn mpaccupoexa yda (IBUKEHUE BIOJb JTy4a, BRIXOISIIETO H3 HCTOUYHHKA

ceeta (puc 6.2.1)). o a

Puc 6.2.1
3T0 MeTo, IPU KOTOPOM I KaXKAOTrO MUKCeIa KApTUHHON TUIOCKOCTH
onpezensieTcs OmKailias K HeMy rpaHb, AJIS Yero 4yepe3 3TOT MUKCEN BBIITYCKAeTCs
Jy4, HAXOJIATCS BCE €ro MePECceyeHusl C TPaHsIMU U CPEAN HUX BBIOMpaETCs
Oommkaiimas. Hano HaiiTu TOUKy mepecedeHus Jiyda ¢ OJImKaliuM MHOTO YTOJIbHUKOM
(c 0OBbeKTOM TPEXMEPHOTO N300paXKeHH ). ITa 33/1a4a PEIIAeTCs ¢ TIOMOIIIBIO
COPTHUPOBKH 3JIEMEHTOB MPOCTPAHCTBEHHOH CLIEHBI.
Henocratku:
1) Jlisi CIOXHBIX CIICH TPAacCUPOBKa Jiydeit He dddexTrBeHa;
3) CrpyckTypa BHIYUCICHUHN CI0KHEE, YUeM B TIPOSKTHBHBIX MEI0/1aX.
Ho meton tpaccupoBku nmydeii 6osee 3¢ heKTUBeH, 4eM MPOESKTHBHBI METO JJIs
npoctoi (I1aKoii) CLEHbI, KOTOPAsi MOKET OBITh ONMUCAHA MATEMATUYECKH, T. €.
1) Pemaercs cuctemMa ypaBHEHUH;
2) HaxoauTcs TOYKA epeCceUCHHUS,
3) HaxoauTcs SpKOCTB.
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Tax xe TpaccupoBKa Jrydei ¢ dexTuBHA 115 00paboTKH 1u(hy3HBIX
noBepxHocTel. Tak kKak B 9TOM CymecTByeT TudQy3Hoe OTpaKeHUE, KOTOPOE MOKET
OBITh MOJY4E€HO IIPU UCIIOJIB30BAHUH MPSIMOH U OOpaTHOM TpaccCUpOBKe Jydei.

7. CuHTe3 cTepeonu300pasKeHuil.
7.1 Meronabl HaOJIIOIEHUS .

1) nemum u3oOpakeHHe Ha 2, OHO JJIst JIEBOTO I1a3a APYroe s MPaBoro.
3areM Ha dKpaHe CHHTE3UPYIOTCS ITH 2 N300pakeHHs, B PE3YJIbTATE YEro Mbl BH-
UM CTEPEO N300paKeHUE.

2) ¢ noMoIIpo aHaraudoB:

a) uBetoBoii (OeBacM OYKHU CO CBETO(PUIBTPAMH, TOMYCTHM, CHHHUIA U KPACHBIH.
HanoxxeHue CHHUI MAIMTPBI HA KPACHYIO IACT HAM CHPEHEBOE N300paxeHue);

0) moouepéaHoe MPEICTaBICHHE 2-X H300paKeHU (PUMEHSIFOTCSI OUKHU B BUJIC
OIITHYECKUX 3aTBOPOB);

B) IPUMEHEHHE OYKOB Ha OCHOBE UIKHX KPUCTAILIOB (J1Ba CBETODUIIBTPA, C M0-
MOIIBIO U3MEHEHUS HAIPaBJICHUs MTOJIIPHU3AIMU 3aKPhIBACTCS OTHO H300paske-
HHE).

HanpaerneHve
nonsipusauum

Cunres:
2 IIeHTpa MPOCSKIMU NTapaJUIeIBbHO pa3HocaTcs: P-neBoe n P-nipaBoe

Pn B Pn X
B —06a3a

y baza nmomxHa
JIeKaTh B OI-
HOH MJIOCKOC-
TH C OCBIO X.
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Puc 7.1.1.
DT0 U300pakeHre ISl CMEIICHUS TOJHKO OTHOCHUTEIBHO OCH X.

J M
 J L J
7
\\\ //
~. P — npononeHbIii napanakc
LW
n M| Crepeo
@@ napa
P
Puc 7.1.2

Paccmotpum npumep:

A
Y

(X,Y,Z)

Puc 7.1.3

KOOp)II/IHaTLI TOYECK: ‘/]p'(x;)’Yps Zp) ;P(Xp’Yp’ Zp) ’Hﬁ'(X;’Yp’ Zp)

HabmonaTens cMOTPUT BEpTUKAIBHO BHU3.

JI1s1 eHTpa MPOEKIUH JIEBOTO IJ1a3a U NEHTPa NPOEKIUN NIPABOTO IJ1a3a Mbl UMEEM

CICAYIOIME KOOPANHATHI:
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X" = - ; = -
Z,-2 Z,-2

Y, -Y

vy s R

. B . B

Xp = Xyt X, =Xy o

B cucreme xoopaunar OXY:
B ..
Xﬂeeoe_x - E’Xﬂpaeoe_x E

Hcnonb3ys 2Ti GOpMyITBI TOTydaeM:
XJY :X+p; XH =X- P, rze

p — HoJTyIapaniaxc:

|- -|-O:

F ¢
T, rie F — gokycHoe paccrosiHue
Z,-7Z; —

Q

B &
= —C1-
p 2§

Haiiném 3nauenmne X:
g=XotXe o p X X
2 Zp -Z

p=X;-X=%-X%;; P=2p
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JI7st Ka) 101 TOYKK MOKHO HaUTH H300paKeHUE ISl JICBOTO U IMPABOTO CHUMKA.
ITycTs y Hac ecTb:
[Tosne BeicoT Z(X,Y) ®otorpadus V(X,Y)

/';;Y) % VX, Y)
A
Ly

o T

[ 4 V ® V
(X‘p,Y) (X+p1Y)
Puc 7.14

M1 TOTO YTOOBI MOJIYIUTH JKETaeMO€ HEOOX0NUMO:

O6ouTu Bce TOUKH ot V U AJs KaXK10M U3 HUX, 0OpaTUBIIKCH B 10JIE Z, TIOJIyYUM
BeicoTy Z(X,Y), yxe umes sipkocth V(X,Y). 3Hast BRICOTY, MOJCTaBUM €€ B hOpMYITy
MOJIyrapajakca. 3aTeM B JICBOE MOJIe 3aUChiBaeM sipkocTh V B Touky (X-p,Y), a B
npaBoe TOoJIe 3aUChIBaeM sipkocTh V B Touky (X-p,Y).
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HenocraTtok 3T0r0 MEXaHu3Ma:
[Ipu 3anonaennu Vi u Vi HEKOTOpPbIE TOUKH MOTYT OBITH HE 3aI10JIHEHBI.

B xaudecTBe HCXOAHBIX JAHHBIX MBI 33JJaéM MUHUMAJIbHBIA U MAaKCUMAJILHBIN MOJTyIIa-
pajakc:

pmin = Zmax ; pmax = Zmin
st paccMaTtprBaeMon 3a1a4u:
pmin = O
Prax =10, 20%0 ot pasmepa uzobpaskerus o ropusontam (T.e. o7 Xmax)
PemuB cnemyronryro cucreMy, MOKHO Haviti B u F:

B & F O
pmin = _él - —:
2 Z 0" Z >
B & F O
Prax = _él- -
2 Z 0 &
W nanee moactaBuTh UX B GOPMYITy MOTyIIapaiaKca:
Zp - Z aep Zp-p anp_lgg
p Mmax 7 é max 7 min gz -
p — max max max (%]}
Z, 7 , TIe
Zr’r‘ax Zr’r‘ax
Zp-HabnopaTernb
R Zmax-o06beKT
-
Puc 7.1.4
Zp
7 =a > 1, rae Zp — BBICOTa HAOIIOAATENs
max

Z,>72,,2230

Orcrona cienyeT cieayroriee:

APy - (pmaxa - pmin(a - 1))
p= max 5
a-
Zmax
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Z 0
AP §l- ——=
é Z @
p = =
a_—
Zmax

Jlanee BMECTO TOJIS BBIBO/IA Oy/IeM UCTIONB30BaTh Oydep TTyOnHBI.
B Oydepe rnydounbI comepxxuTces uHpopMarys 00 yaaaéHHOCTH TOYKU OT HaOIr01a-
TeJIs, a B MOJIE BBIBOJIA TOKE (PAKTUIECKH COAep KuTcs nHpopManus 00 oTaanéHHOC-

TH TOYKH (0 BBIC ore).
_ Smax o
P min
< Zmax=Smax-Smin -
< S Z:Smax—S>
HEeKOoTOpad ToO4Ka B
npocTpaHcTBe
Puc 7.1.5
Z=S_-S
Z P - Smax
Zmax = Smax - Smin
a = Z p — Smax
Zmax Smax - Smin
Hcnone3ys dpopmyiy :
A
= , koTopas ObLIa IOJIy4eHa paHee [MOIyIaeM, YTo:
h+B p y4cHa p y4

A A A
Snax_hnin_i_B , 4 TAK KaK hnin:O,TO Snin_O+B_B ;

A
Snin_m

CnenoBarensHO (hopMysa mosrynapaitakca OyIeT BBITIISIETh CIeIYIOIIM 00pa3oM:
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h

hmax

e
P = Pma él'

(SRR ek

C nomo1pio Oydepa riryOnHBI MOXHO CHHTE3UPOBATh U300pXKCHHE:

\% H
<}y) h(x,y)
Vin Vn

® \‘0
(x-P, ) (x+p. )
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8.IlpeacraBienne NPOCTPAHCTBEHHBIX (popMm.

[Tycts HagO M300pa3uTh NPOCTPAHCTBEHHYIO KPUBYIO!

Puc 8.1.
Bcro kpuByto pa3o0bEéM Ha KpUBOJMHEHHBIE OTpe3ku. B npenenax kycouka {tO-t1}
3a1aiuM HEKOTOpHIi mapamertp t. t m3mensercs B auanazone ot 0 go 1.
IIpocTpancTBEHHBIE KOOPIHHATHI 3THX KYCOUYKOB!

x(t) =at® +bt? +c t +d
y(t)=a,t® +bt> +c,t +d

— 3 2
Z(t)=at® +ht? +ct +d
Ho uto0b1 06ecreunTs XOpOoIIyto CTRIKOBKY 3THX KYCOYKOB HY)KHO COOJIIOATh Clie-

IYIOIIKE YCIOBHS:
0
1) Tlpu CTHIKOBKE IO YPOBHIO C( - HETIPEPBIBHOCTH 110 KOOPAMHATAM,

(1)
(

2) Tlpu CTHIKOBKE IO YPOBHIO CY. HETIPEPBIBHOCTH IO TIEPBOU MPOU3BOAHOM;

2 .
3) Ilpu CTHIKOBKE IO YPOBHIO C. HEIIPEPBIBHOCTh HA YPOBHE BTOPOU MTPOU3-

Bomno.
MaTteMaTH4eCKOe BbIYHcIeHHEe K03 PUIIEeHTOB MOJUHOMOB (*):

1) B dopme Dpmurra:
Jnst Kycka KpUBOU JOJDKHBI ObITh U3BECTHBI!
a) KOOpAMHATHI HAYAJIbHOW M KOHEYHOM TOUEK:

1 Koopnunartsr:

R(R.R,.R) . PR

y1'1z X!

Ry P)

PaCCMOTpI/IM BBIUMCJICHHS TOJIBLKO OTHOCUTEIBHO X:

X(O) = Plx ; X(l) = Py
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0) mpou3BoaHbIC (0 KAKIOH U3 KOOPAMHAT) B HAYAIbHOW U KOHEYHOM TOYKAX:

X((O):Rx : X‘(]):Rtx

Jlnst HaxoxqeHUsT KOAPPUITUEHTOB OJIMHOMOB (*) 0003HaYUM:

AN

e
=2 2t 1]*<§bx
ec

~

e

édX

x
(e e en Y ax Y e}

X(t) ,te Q, - marprma kooddumEenTOB
x(0)=PR, [o 0 0 1*Q,
X(l) P.=fl 11 1*Q

R4x:[3 2 1 O]*Qx
ITycTs :
éR.U @ 0 0 1
ep U u
GHX:éaX@:A 11 10*Q
R0 @ 0 1 00 ™
R & 2 10

GHX - TEOMETPHUYECKUI BeKTOp DpMuUTTA (T.€. HAIIM HAYaIbHbIC JOHHBIC).

€2 -2 1 1u

é G
Q:é_3 3 -2 _ll’,I*G
“é0 0 1 ou ™

€1 0 0 O0g

QX =M, * GHX , TIe M-| - MaTpula DpMHUTTA.

{) =T*M,*G,,

AHOIIOTUYHBIE BRIYUCIICHHS TIPOU3BOISTCS st Y U Z.
Taxum 00pa3oM MBI OJTydaeM CIIAyIomue (GOPMYJIbI:

Pt)=T*M,*G, « Q=M,*G,

F{t): X(t) ). )
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KpuBast mocTpoeHHast IO 3TUM TaHHBIM
V1u V2 - BekTopa ckopocTu
AY

Kacarenpnas k kpuBoii 3agaéres otT-
HOILICHHUEM

dy _d%

V1 dx d%

V2

-
X

Ecmu MBI XOTUM COEIUHUTH HECKOJBKO KYCOUKOB, TO B MECTE€ CTHIKOBKHM HaIlpaBlic-
HUE KacaTeJIbHBIX JIJIS KoHIa 1-T0 M Havaja 2-To OTPE3KOB JIOJDKHO COBMAIATh.

CKopocTH MOTYT OTIAMYATHCS 110 JJIUMHE, HO OHH JIOJDKHBI JIS)KATh Ha OJTHOM KacaTelb-
HOH.

2) 3aganue kodpduuueHToB B popme besbe:

® V2
3

1 4

B arom ciydae Touku 2 u 3 SIBISIOTCS YIPaBISIOMUMHE(YIPaBIsOT GopMoii KpUBO#A),
a Toukd 1 1 4 SIBISIFOTCS. OTIOPHBIMHU TOYKaMU (KpHBasi IPOXOIUT Yepe3 HHX).
[Ipencrasienue no SpMury:

R=p-P; R=B-p
A besbe npeanioxu ciaeayroliee:

R, = 3(p2 } pl)
R4 = 3(p4 - p3)

T.e. KpuBas JOJDKHA BBIUTHU U3 TOYKK 1 M mpuiATH B TOUKY 4, a J1e)kaTh oHa OyIeT BHY-
TPH YETHIPEXYTOIbHUKA, 00pa30BaHHOTO Toukamiu 1, 2, 3, 4.

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

1 4

[To Opmury:
p(t) =T*M, * G, , rae nox p Moxer nompasymesathcs 6o X, m60 Y, 6o Z
3anmmmiem sty hopmyny as besse:

épd épu € 0 0 Qu
& u &Y 90 o M
Gp=82U G, =80=¢ N G = My* Gig
épi: " TRI S 3 0 O
e u u U
& Ra D0 -3 F

OTtkyna cienyer, uTo:
dt) :T* I\/IH *GH = I\/IH * I\/IHB*GHB )

rae MH * MHB = MB - marpuia besbe.

él 3 -3 1L
& p
M:é3 -6 3 Old
B A -
63 3 0 O
e u
gl 0 0 @y

F(t) =T*M* GHB rne Mg*Gg = Qp - MaTpua K0P YUIMEHTOB.

Korma Mbl iMeeM HECKOJIbKO KYCOYKOB KPHUBOI OMUCAaHHBIX be3be, TO JJIsl CTHIKOB-
KM HaJI0 COOTIOCTH CIIEAYIOIIEee YCIOBHUE:!
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Puc 8.2
T.¢ Toukd 3 ¥ 5 TOJDKHBI JIeXkKaTh Ha OJHOM MPsIMOM (JI1s1 TaHHOTO Ciydas). DTo
obecrieurBaeT OMHAKOBYIO KacaTeJbHYIO B TOUKE CTHIKOBKH.

3) dopwma cruaiina:
Wnest: XOTHM TIPOBECTH TIAJIKYIO MIPSIMYIO depe3 Habop TOUeK.
[Ipumep 1:

3)

2)

o \/5.

Puc 8.3
1) bepém niepBbie 4-pe TOUKH U [0 HUM CYUTaeM ypaBHEHHE KYCOYKa KPUBOW, HO
9TO ypaBHEHHE ONMHIIET HAM KyCOYEK KPUBOW MEXIYy TOUKamu 2 U 3.
2) Bepéwm cnenyromue 4-pe TOUKH U MOJTydaeM KyCOYeK KPUBOI MEXIY TOUYKaMH 3
1 4, mpmaém MOKHO TOI00paTh Taknue KOI(DPHUIIUEHTHI , 9TO B TOYKE 3 CTHIKOB-
Ka OyZeT rIagKoCThIO c@,

Torna:

plt) =T* Ms* G
e, €13 -3 1
é e u
_gPeg y_=1e3 "6 3 0

Gps = 3 "¢ ;M31_ A /
ép, U 663 -6 3 00
e u e u
&P, 0 g1 4 1 0

IIpnmeuanne:

B PacCMOTPEHHOM BBILIC ITPHUMEPE BCC TOUKU ABJIAIOTCA YIIPAaBIAOIIHUMU, T.C. KpUBast
IIPpOXOAUT BOJIM3H TOYCK, a HC 110 HUM.

O6ecneunsaercs rmaaxocts C2.

OTHOCHTENBFHO pemeHns TpoOIeMbl KyCOUKa KPUBOW MEXIY TOUKaMu 1 11 2 MOKHO
MIPEUIOKUTH CIIEAYIOUIE BapUAHTHI:

1) MoxHO 100aBUTHh (DPUKTHBHBIC TOUYKH;

2) chenatb 3aMKHYTYIO KPHBYIO;

3) “cauTh’ JABE TOYKH B OJIHY.
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[Mpumep 2:
Ham Hy»HO 9TOOBI KpHBas MpoImuia yepe3 Kakue-1o pukcupoBaHHBIE TOYKH:

w
o

}N

° \- i

1 5

Puc 8.4

[Ipouecc 06paboTKu TOT k€, YTO U B pumepe 1.
OTnm4ane B TOM, 9TO B JJAHHOM CITydae BCE TOYKU OTIOPHBIC M KPHUBAs TIPOXOIUT HE
BONM3M , a TOYHO MO ToukaM. Cie10BaTeT-HO MBI TPOUTPHIBAEM B TJIAAKOCTH, 00€e-

CIIeYMBast TOJILKO YPOBEHb cw.

Jns gaHHOTO Citydas:

el 3 3 1u
gz 2 2 23
v €1 -~ 2 -
2 € 7 2",1; p(t):T*Ms*GHs
g1 0 1 o
€2 2 u
€0 1 0 O0Ff
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9. ITapameTpnyeckue OM-KyOMUYecKHue NOBEPXHOCTH.

[ToBepxHOCTH MOKET OBITH pa30MTa HA KYCKH, K&KIBIA U3 KOTOPBIX OyaeT
ONHCaH
MapamMeTpUIEeCKUM O - KyOUYECKUM ypaBHEHHEM.
OtapenbHo uaér padora o X, mo Y, no Z 1j1si NpencTaBIeHUs TOBEPXHOCTH.

P(01) P(11)
t
P(00) P(10)
— 2

PaccmoTpum napamertp X:
bu-xybuueckoe ypaBHeHHE 1151 ONIMCAHUA X

X(St)=a, S+, 1+, +3,5S +
+a, 5t +a, 8 A% +a,, St +a, )5S +

+a,, 5’ +a, 1 +9,, 5t +a, )5S+

+g, o’ +a, " +at+a,

X(St)=SC AT | e
s=|8* & s 1, T=¢ ¢t 1

1 8y &5 aul

e

€,

(S u

B B Bn Ay

é, - - MaTpuna KodQpPpuiueHToB

1 Gy G AU

2 u

G G Q3 Ay
PaccmoTpum 3 criocoba pacuéra ko3 UIHEHTOB:
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1) B dopme Dpmurra: 01 11

P1(t)
PA(t)

00 10

plSt) =S'M,, G4(t)

HaI_LII/I HaYaJIbHBIC ):[aHHBIe:
¢R(t)u
G = gp4 (t)g
" eR(t)a
&R, (t)a

B cBoto ouepenp kaxaas u3 3TuX QYHKIIUH MOKET ObITh OTIMCAHA!

=T x xE
P (t) TMy, , R—no mapamerpy t.

Py = {%o0: Yoo Zoo}

Roo = {(x0u0: (Y901 (280}

Hns P01 - QHAJIOTUYHO.

éP, U
ép, U
P(t)=Txm € U
?Rloljl
e u
&Ry 0
€Ry U €R, U
éR,OSl:J ?Rlsl:'
=T xM , »& U t)=Txm, & U
R =Tom, €00 Ri(t) BRI e
&0 &g
R eRu g

St
RS— MPOW3BOIHAS 1O S, a R™. BTOpast MPOU3BOHAS 1O 1.

Marpuiia UCXOHBIX JaHHBIX BHITIISAUT CICAYIOITUM 00pa3oM:
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7 S S\
Py Po Ry RoL

S S
éR)l P 1 Rll[j

o

I
?5
X

Re Rfég
Ry Rig

@@
)
3

¢R(t)u
ép (;\U
G, (t)= §P4(t)u =G, M T ; dSt) = S"N|H >G|_|(t) , CJIE/IOBATEIBHO :
eR(t)d
&R (t)a

dS,t) =SM,, G, XM; T me MG, M: =G - MaTpuia Ko3pGuImeTos

MTOJIMHOMA
HampuMep KOHKpETHO 111 KOMITOHEHTBI X:

X(St) :S>MH ’GHXML ’q_T, rne My *Gix M), =C, Matpuia Kosdduime-

HTOB (ObLIa TPHUBE/ICHA BBILIIE).
€x %o (@ |

G X X (€ ()

e ()

D (0 (B (

2) B ¢opwme be3sbe:
— T T
dSt) - S"MB >GBP>‘M A e reOMETPUYECCKUI BEKTOP be3be paBeH:

& R R RuU
o & % B Pu
i :31 P32 P33 P348
g?u P, Fs Eul

W3 31X Touek 4 onopHBIX (T.€. Yepe3 HUX MPOXOUT IIOCKOCTD):

Pll’ Pl4’ P41’ P44

Bce ocranbHbBIC TOYKH SBISIOTCS YOpaBJIAIOIIHUMHU.
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PaccmoTpuM aBa conpskEHHBIX KYyCKa MOBEPXHOCTH

i obecrieueHnst CUIMBKY IOBEPXHOCTH HA YPOBHE Cc® nano, uToGHI CIEIYIOIIHNE
TOYKH JIE)KAITM HA OJHOM NPSIMO:

13, 14, 15;

23, 24, 25;

33, 34, 35;

43, 44, 45.
CoburoeHue 3Toro ycjioBee BUIHO Ha CIEAYIOIEM PUCYHKE!

13

Puc 9.1
3) B ¢dopme crmaiina:

ASt) = S MG M T

érR, P, R; PR,u

%, P, P, PV
—_@g2a 22 23 240

P ~ A -
e, P, By By ﬂ

&Py Pp Pz Py
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31ech MOKHO 00ECTIEUUTh “ CIIUBKY

2 —_
a) 10 YPOBHIO d ) , €CJTM IPUMEHUTB! Ms - MSL , T.€. BCE TOYKU OyIYyT yIpaBIIsiO-

ue:
2
1
3 ® ® (] ® ®
@ @
® ®
® ® @ ® ®
Puc 9.2

1
0) Mo ypOBHIO C , ec pumernts : M g = M g, | 1. e. Bce Toukn sBISMIOTCS

OTIOPHBIMH:
2
1
3 ® ® ® ® ®
® ®
® ®
® ® ®
® ® ® ® ®
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Hmepayuonnwvie cnocoovl 6b14uUCieHUA NOTUHOMOE.
Brruncnenne kyoOnueckoro ypaBHeHHS AJ1sl IPSAMOIL:

f(t) =at® +bt? +ct+d =d +t(c+t(b+tal)
d =Dt : t=0.1

CH(t)© f(t+d)- f(t) =3afd +t{3ec’? + 2l +ac +ooP +ad
Bf(t)° Oof(t) = Ot +d)- () Gt +6adl” + 2’
Bt (t) o OB (1) =0t (t+d)- Bf(t) =6at®

1
t=rd;r =0..—
fo=f(nd)

Df, = Df (nd)

D' f, = D*f(nd)
D'f =6ad® = const
fn+1:fn+Dfn

X, =0f +Df
Gt , =0 +Df,
Jns n=0; t=0:

f,=d

Df, =ad®+6d” +cd
D'f, =6ad® +2bd”
D'f, = 6ad®

Tz n=1; t=d:

f, = f, +Df,

Df, =Df, +D* f,

D’ f, =P f, + D° f,
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g n=2 ; t=2d:

f, = f +Df,
Df, = Df, + O'f,
D'f, = D', + D'f,

3anuieM 3Ty cXeMy BBIUHUCICHUN B MAaTPUIHOM BHUJE!
éfobu 60 0 0 1iéu

SDf, o Sd® d? d oY S

e u-e¢e u u D = E(d)
&rf,0 éd® 2d2 0 00 échwm Do = Q
s U €. 5 u

éDo’fOu @ O O Ou u

ITpu n=1 cxema npeobpaszoBanus D, B D, BBINIAAUT clienyromuM 00pa3oMm:
Crp.1=Crp.1+ Crp.2
Crp.2=Crp.2+ Cr1p.3
Crp.3=Crp.3+ Crp.4

Crnenyromtas onepanus npu N=2 :
ITpeobpaszoBanne D, B D, mponcxoauT aHaIOTUYHO TOMY, YTO BBIILIE.

i GUKyOM4ecKuX MOJIMHOMOB:
é fO [)[ fO I:3t fO I:)’?fo
_&sf, DDf, DO, DOf
gjs fO [}S[)[ fO I:38[3t fO [38[2 fOl;I
e u
éjs fO [38[)[ fO [isl:ft fO [38[3; fog

o
(o) ey ang

DOO

IIpn sTOM:

DD f, = const

D,, = E{e)*G, »€"(d)
t=dxn
S=exnm
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10.ITosiMroHaJibHOE 3a/1aHNE IPOCTPAHCTBEHHBIX (opMm.

10.1 Penbedpsr:
- PETYISpHEIE,;
- HeperyJsipHBIE.

1) TlpencraBieHue Ha PETYISIPHBIX CETKAX:

Z)

Yl A L
L
/
L

x

Puc 10.1.1
Bun cBepxy:
TCP-tpuanymnsipHas peryisipHas CeTKa!

a)

Puc 10.1.2
0) HO TPEAMOYTUTEbHEE MPABUIBHBIC TPEYTOJILHUKH:

AR

Puc 10.1.3

ILmroc TCP:

IIpocroTa maocTpoeHusl.
Henocrarox:

Boibiioii 00béM JaHHBIX.
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2) THC — tpuaHrynupoBaHHasi HEpEryJsipHas CeTKa:

Puc 10.1.4
31ech BCce TOYKU MOTYT OBITh HE MIPUBSI3AHBIT HU K KAKUM JECKPHUIITOPAM.

ITpumep:

Puc 10.1.5
Metoa Tpuanryasuuu lesone.
Cytb :
[To3BoJIA€T MOMYYaTh TPHAHTYIALUIO, BCE TPEYTOJIBHUKN CTPEMATCS K PABHIIBHOMN
dopwme.
B ocHOBe MeTOAA JIEKUT KPYrOBOU KPUTEPUIA:
Ecmu nmpoBecTr OKpy:KHOCTh BOKPYT 3-4 TOUYEK, TO IPYrHe TOUYKH HE JOJDKHBI MOTIa-
JIaTh B HETO.
Anropurm:
1) Bce ToukH, KOTOpBIC HAIO0 CTPUAHTYIMPOBATH, JIS)KAT BHYTPHU HPSMO yrOJIbHUKA!

3
Puc 10.1.6
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2) Tlocne 3TOTO MPOBOASAT HAYATIBHYIO TPHAHTYJISLHUIO: ICITUM MPSMOYTOJIBHHK I10-
noJjam;
3) bepércs Touka (Hanpumep A) U IPOBOIUTCS TPUAHTYIISIIHS
a) OmpenensieM , B KAKOH TPEyroJbHUK MOMaia 9Ta TOUKa,
0) JlemiM 3TOT TPEYroJdbHUK HA 3 TPEYTOJIbHHUKA;
B) [Tomemaem B crek ¢mnos 3 pedpa (Ha puc. 1, 2, 3);
r) [IpocmatpuBaem crek (GJHIIOB U , HCIOJIB3Ysl KPYTOBOW KPUTEPHId, periaeM Ha-
10 GrumnoBath pedpo WM HET (€CiM TOUKa HE MoTaja B OKPYKHOCTB, TO (I
HE HY)KCH, a €CJIH ToTaja — HyXeH)
®nun — nepebdpocka pedpa.
Ha »ToM ocHOBaHHMHU B paccMaTpUBacMOM MpHMEPE MPOU30ILIa 3aMeHa pedpa
1 na pebpo 4.

IIpnmeuanne:

Ecmu y Hac ects N BepiuH, To ckoJibko y Hac Oyaet pédep (R) u ckonbpko Tpeyrosb-
HrkoB (T), a Tak e HalEM KOIUYEeCTBO coceaHuX TpeyroiabHukoB (K), mpuxosim-
XCsl Ha OJIHY BEPIIHUHY.

[TycTs y Hac ecTh TpeyroJabHUK. Ha KaXIyro TOUKY, B3STYIO B 9TOM TPEYrOJIbHUKE J10-
OaBnsercs 2 TpeyroipHuka. CnenoBarensao, T=2N.

Uucno pébep: R=3N, Tak kak npu 100aBICHUH KOKIOW TOYKU J00aBIsIeTCs eimé u

3 HOBBIX pebpa.

VY KaXI10ll TOYKHU €CTh ONpeAeIEHHOE KOJIMYECTBO COCEITHUX BEPIIMH, a 00111ee KO-
94eCTBO MPUKPKIUIEHUH pedep K TpeyroabHuKaM Oyzaer paBHo: 2R.

2R _ 6N . p -
CrnenoBatenpHo: K = N = N =6 (T.e. y K&XK/10# TOUYKH €CTh 10 “IECTh COCCAHA”)

[IpoBepka KpyroBoro KpuTepus MOKET ObITh 3aMEHEHAa Ha MPOBEPKY PACCTOSHUM
(nTMHBI UaroHaseil cpaBHUBAIOTCS M BBIOMPArOTCs 00Jiee KOPOTKHE),HO 3TO yXKe HE
TpuaHrynsuus [emnone.
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4

Puc 10.1.7
®Orunm npou3BOAKTCS ¢ yu€ToM Kputepus (iummnmna (CBSI3aH C OKPYKHOCTBIO)
Pemrenne kpyroBoro KpuTepus MOXKHO CBECTH K CIEAYIOIIEMY PEIICHAIO!

Breném criemyromme 0003HaYEHNUS !

d01 = otpesok 01, ng =otpe3ok 02 uT. 1.

HeoOxoaumo pemutsb Borpoc o ToM : Kakoe pedpo BbiOpats? (12 wnu 34)
B 3TOM HaM MOMOJXKET Clie/IyrolIee BhIpaKeHHe:

0, ocmaensem 12

<
I
d,, xd,, - d; xd,, =(> 0,0ocmagrisiem 34

= 0, roboe
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10.2 O6nactu Boposnoro.

Ob6nacts BopoHoro cTpoutcst coeuHEHNEM CEpeANHHBIX EPIICHANKYIISIPOB B
HCXOH-
HBIX TPEYTOJIbHUKAX.

ncxoaHas
ornopHas
TOYKa

O6nacTtb
BopoHoro

Puc 10.2.1

CgoiicTBo 06mactu Boponoro:
Ob6nacts BopoHoro rapantupyer, 4to jgr00as TOUKa 3TOH OOJIACTH JIEKHUT OIMKE K
TOYKe, BOKPYI KOTOPOi CTPOMJIACH 3TA 00J1aCTh, YeM JII00as TOUKA, He Jexaiast
B JTOM
oOnactu.
dyaau3Mm nposiBjsieTcsi B TOM , 4TO:

[To Tpuanrymsinuu Jeiaone MoxxHO noctpouth o0iactu BopoHoro u Hao0opoT.

10.3 IlpencraBienue penbeda ¢ MyIbTUPA3PEIICHUEM.

MyabTHpa3pelieHne — MPEACTaBICHHE C PA3IMYHON CTETICHBIO JICTAIH3AIINH.

OcHoBHag 3a71a4a;
CopTHpOBKa Ta4eK MO CTETICHU BaYKHOCTH.

JaHHoe npejcTaBJeHNe MOKHO HCNI0Jb30BaTh IPU M300paeHUN peiabeda’
Pa3buBaem 00nacTh Ha HECKOJIBKO 30H. B OIMKHMX 30HAX MCIIOJIB3YIOTCS TPUAHTYIs-
IHsI BCEX TOYCK HYJIEBOTO paHra(T.e. MOJHOE pa3pelieHue), Iajee UCTIOIb3yeM TpHaH-
TYJSIIMIO TOYEK 32 BEIUETOM HYJEBOTO PaHTa, a HA CAMOM JIOJIbHEM IJIaHE UCTIOJIb3Y-
€M TOJIBKO CaMbI€ BaKHBIE TOUKHU.

[Tpuuém, npu npubnmxeHnr 00bEKTa TOYKU A00ABIAIOTCA, a IPU YAOJCHUH 00bEK-
Ta YJAISIeTCs TaK JKE U 4aCTh TOYCK(HEH y)KHBIX).
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HalJromaress

tpuanrymsiusa 0-ro
panra

Puc 10.3.1
CymecTByer m Takoe MOHATHE, KaKk NepeMeHHOe MYJbTHpa3pellleHHe — OJHH
o0bekT(pernbed), HO MPEICTABISETCS C PA3IMYHBIM Pa3peLICHUEM B pa3HbIX 4acTaX
3TOT0 OOBEKTA.

Tenepp paccMOTpHUM TakKyro 3a1a4y, Kak ylaJeHHE TOUKH U3 TPUAHTYISIIUHI. DTO Clie-
JIaTh JOCTATOYHO CJIO0KHO,HO MOXHO.

JlomycTUM, XOTUM YIQIHTh CICIYIOUIYIO TOYKY(Ha pUC. TOMEUCHA KPACHBIM):

Puc 10.3.2
7151 3TOr0 HYXHO!
“BbIpe3aTh’ 3TY TOUKY,a 00pa30BABILYIOCS MYCTOTY CTPUAHTYJIMPOBATH IPOU3BOIb-
HBIM 00pa3zoM. OcTaBIIHecs MOCe yAaleHHus: TOYKH pEdpa MOMECTHTD B CTEK (-
OB, a 3aTeM NMPOQIIUIIOBATH MTOCIIE YETO IYCTOTa 3aTSTHETCS.

Bbe3ycrioBHO, cemecTByeT HECKOIBKO CIIOCOO0B yIalIeH!s TOUEK, HO CaMblid A dek-
TUBHBIA 3TO PaHKHPOBaHME TOYCK.

[IpuHIAT T0 KOTOPOMY CTPOUTCS ITOT CIIOCOO COCTOWT B CIICAYIOIIEM:
B mepByto ouepens ynanstoTcs TOYKH, KOTOPBIC JIeKaT B OJJHON TUIOCKOCTH.

Hamra 3agada — OLleHUTH Ba)KHOCTh TOYKH, 4 3HAYUT HAUTH LIEHHOCTD I KaXXI0H
TOYKHU.

ng—l
S =a [Nnj (Vi - Vj)]2
i=0

N,; ~-HOpPMHpOBaHHAsI HOpPMaJIb [IsL j-0ii BepIIUHBI;
V, - cocenHue BepIIMHbI (YUCIO0 COCETHUX BEPIIMH M);

VJ- - caMa To4Ka
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Ny = Normgg_l(\/i -V, J - Vj)
€i=0

e el end

OyHKIUS HOPMUPOBKH:

Vektor
Norm(Vektor) = Vektor

AJITOPUTM PaHKUPOBAHMSA TOYEK:

1) [TocTpOUTh TPUAHTYISILIUIO MTOJHOTO pa3pelleHus, T.e. BceX BepunH. [IpucBouTsb
BCEM BEpIIMHAM MaKCUMAaJIbHBIH PaHT;

2) JIyist Kax10# BEpIIMHBI MOCYUTATH CPETHIOK HOpMaib(OHA CUNTACTCS OJIMH pa3
U SIBJIICTCS TIOCTOSTHHOW XapaKTePUCTUKOIN BEPIIHHBI);

3) Jlyst Bcex BepIIMH pacCcuYuTaTh CTOUMOCTb;

4) YcraHoBUTH TeKyImii panr = 0;

5) YaamuTh U3 TPUAHTYISIIMU YaCcTh BEPIIMH, UMCIOLIIMX HAMMEHBIIYI0 CTOUMOCTb.
IIepecunTaTh CTONMOCTB COCETHUX BEPIIMH 110 OTHOIIEHUIO K yTAIEHHOM.
[IpucBarBaeM UM TEKYIIHN PaHT;

6) [TocuntaTh OUIMOKY C JTAHHBIM PAHTOM TPHAHTYJSILIUH, T.€. U KOXKI0H BEPIINHBI
(ynanéHHO#) MOCYUTATH PACCTOSHHE 110 €€ TPUAHTYIISIHH;

7) YBeanuuBaeM TEKYIIHUI PaHT HA CIUHHMILY,

8) IIpoBepka Tekyiiero panra(ecian TEKYIHA PaHT HE PABEH MAKCHMAJIbHOMY PaHTy,

TO BO3BpallaeMcs K 5-My IYHKTY.

OTOT aNropuT™M MOKHO YCIOKHUTh. Hampumep:

OrneHrBaTh OMMOKK YAaIEHHBIX BEPIIH,a €CITH, BEPIIHHA ObUIa yajieHa HeyJaqHo,
TO e€ BO3BpalaeM oopaTHO.

10.4 OOBEKTHI.

B omimume ot penbeda 00beKT n300paxkaeTcs ¢ UCIOIb30BAHUEM OJTHOTO paspeliie-
Hus. Kak mpaBumio co3maércs MHOTO MOJieTiel OTHOTO 00beKTa.
B aToMm cydae Touka ymansercs cleayroImmM o0pa3om:

HomyctuM, yaamsiem pedpo {1 2}. B atom ciydae BcE 9To
MMEIIO CBS3b C BepHMHOM 1 mepeiinér B BepmmnHy 2.
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T.e. mpoucxoaut mporecc kamadca pedbpa: Hyxno BbIOpaTh pedbpo, KoTopoe
moaBeprHeM kKamabcy. s aTtoro ompenmensieM  ctouMocTh pEbep. OreHky pedpa
MO>KHO CJI€JaTh, HCMOJB3Ys CPEAHIOI0 HOPMAJTh, HO MBI PACCMOTPHUM
MaTEMaTUYECKYI0 OCHOBY (T.€. OCHOBaHHYIO Ha KBaJIPUKaX).

[TycTh NIIOCKOCTH 3a1aHa HOPMAJIBEO N u gucnom D.
Torma ypaBHEHHE IIOCKOCTH OYAET BRITISACTH CISAYIOINM 00pa3oMm:

N *x+N,*y+N, * z+D=0
D — cBOOOAHBIN HWiIEH B ypaBHEHHH IIJIOCKOCTH.
PaccmoTpum paccrosiare ot Touk# V 10 TUIOCKOCTH.

ITycTs Touka V umMeeT cienyromniue koopauHatsel V (X, Y, z). Toraa paccrosiaue Oyaer
OTIPEAETSTHCA CIACAYIOIINM 00pa3oM:
1 1

N*V +D

Ho nac Gombiie nHTEpecyeT KBapaT 3TOTO PACCTOSHUS

S=(N*V+D[ =VI[N* Ny +2¢ (D N v + 7

& &N,
—_eu e\ u
YTeu N
&z eN, g
O06o3HaYNM:
N* N =4
B° D* N’

C° D’

Torma BepaskeHHe IS KBajpaTa pacCTOSHUS OyIEeT BHITISACTh CIETYIONIM o0pa-
30M.

S=V'* AV +2* B*V+C=8QV)

910 q)opMyna BBIYUCIICHUA KBagpaTa paCCTOAHUA C IOMOIIBIO KBaAPpUKa IJIOCKOCTH U
TOYKHU ITIIIOCKOCTH.

KBaapuk — coBokynHocts BennuuH A, B, C:

Q={ABC}
Takum 00pa3oM KBaJIpUK ONIPEAEISETCS TOIBKO MOPaMETPaMu TUIOCKOCTH.

[Ipu paboTe ¢ 00BeKTaMu BBOJUTCS CISAYIOIIEE TTOHATHE!
Ecnu k oaHOi1 BeplIMHe MPpUCOEIUHEHBI HECKOJIbKO TPEYTroJbHUKOB, TO KBAIPUK

3TOH
BEPIIMHBI OyIeT PAaBEH CYMME BCEX KBaJIPUKOB MPUJICTAIOININX K ATOW BEPIIUHE TPEY-
T'OJIbHUKOB:
n&- 1
Qv - a qi
i=0
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Hampuwmep:

q2
q3

B nanHowMm cnyvae:
Q, =q0+qgl+g2+q3+0q4

A TaK ’xe MaXHO 3aIliCaTh CJICAYIOILICC BBIPAKCHUCE!

Sa1v)+Ya2V) = ol +q2V)
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PaccmotpuM emé oauH npumMep:

2 3
JlomycTM, MBI XOTHM TIEPEMECTUTh TOUYKY 6 B

TOUKY /.
Torna:
4 Q, =q0+0l+qg2+q3+q4

AN
‘- A st TOuK® / MBI MOYKEM TTOCUHTATH CICIYIO-
1 miee:
S(ao.Vv, )+ S(aLV, )+ ... + S(a5,V,) =
= S(QG’V7) = S(Qwve)

5 OTa BeJIMYMHA MMOKA3bIBAET HAa CKOJIBKO BEPIIU-
Ha { OTKJIOHSIETCS OT OKPY>KaIOLIUX TIIOCKOC-
Tel BepIInHbI 6.
CrnenoBaTenbHO, KBaAPUKH MTO3BOJISIIOT OLICHUThH OLIMOKH MEepEMEIEHHUs BEPIINH, KO-
TOpbIE HAXOJATCS] B TPEHTYIISILIUH.
MexaHu3m koJiaéca pedpa.
Lens: Be10Op pedpa, OT KOTOPOro MOKHO M30aBMTHCS, HO 3TO U30aBJIEHUE TOTKHO

MpPUHECTH HAaMMEHbIIYI0 OIKOKY. PaccMoTpum nmpumep:

8 3
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Bo-niepBbixX, HaM HY)KHO HalTH KBaJpUKHU BCEX BEPIIUH, a 3aTeM U pEdep.
Jlnst npumepa Bo3pMEM pebpo {1-2}:

KBanpuxk storo pedpa:

Q,=Q+Q

Bo-BTopsIX, 1t Kaskaoro pedpa cuntaeM KpUTEpHid, BEIOUpast Tyqinii nepedpoc:

Kpurepwuit nist pedpa {1-2}

S., =min{S(Q,.,.V,). S(Q.,.V, )} = min{s(Q,V; ), S(Q,.V, )},
TaK KaK qu,\/l) _ O
S(Qz ’Vz) =0

3aTem BbIOMpaeM pedpo ¢ HAaMMEHBIIUM 3HaYCHHEM S—Z , KOTOpOoe 1 OyaeT yaaneHo.
3amblkaHue OyAeT 3aBUCETh OT CIEIYIOIIET0 KPUTEPHs:

Q) <9Q\V,) - yramseres
9QV,)<SQV) - ynamseres Vf

Pesynprar:
Mp1 BBIOpaiy Takoe mepeMeIieHue, KOTopoe MPUHOCUT HAMMEHBLIYIO OIINOKY.

[Ipumeyanue:
[Tpu mepedpoce KBaIpUKX BEPIITHH U3MEHSFIOTCS, CIIEAOBATEBHO, UX HY)KHO TTepECUu-

TaTh, @ 3HAYUT CTOUMOCTD pEOEP TaK Ke MOMEHSIETCS.
C nomouIpio KBaApHUKa MBI MOXKEM MOPOK1aTh HOBYIO BEPIIUHY:

JlonycTrM, MBI XOTUM MEPEKUHYThH BCE CBSI3U B
1 2 touky O. KoopauHaTsl 3TOM TOUKH HaM HE U3Be-
CTHBI, HO MBI MOKEM MX HAUTH CIEAYIOIINUM 00-
o) pasoM:

V, =argminS(Q_,.V,)

T -1
ITomyuaercs, yto VO =-B*A

MuHAMaITBHBIN KPUTEPHUN U1 TOUKH \{) :
dQV,)=C- B*A™*B =C+\ *B

T.e. kBagpuk HecET B cebe MHPOPMAINIO 00 ONTUMAIFHON TOUKE, B KOTOPYIO MOYKHO
CBECTH BCE CBSI3H.

CymiecTByeT MexaHH3M pabOTAIONIHiA Ha KBAIPUKAX U 3alTUCH HHPOPMAIIUH TIPEIbI-

ayuiero mara. T.e., ZOIyCTUM, MBI CTSITUBAaeM BCE CBSA3H, IPUHAANIEKaLIIEe Toukam 1
u 2, B Touky O. I[Ipu 3TOM MBI MOKEM 3alIOMHUTH ATy WH(HOPMAIIHIO U TIPU 0OpaTHOM
mare yxe OyJaeM 3HaTh Kak pa3naxuTb To4ky O(T.e. Ha Touky 1 u TouKy 2).
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10.5 I'unepTpUaHryJIsIUs

3akimoyaeT B ce0e TPUAHTYISAIAA BCEX ypOBHEH pasperierus. Ho BEIUTpHIIT B
€€ NPUMEHEHUH, 10 CPABHEHUIO C TUHAMUYECKOU TPUAHTYJISIUEH, HEBEIIUK.

Pesrome:
1) CymiecTByIOT:
a) Penbed:
NPE/ICTABISETCS C Pa3HbIM YPOBHEM pa3pelieHus (MyIbTUpa3peLieHIe)
1 HanboJiee yiayHa i 3TOTO TpuaHTyssius [enone.
0) OOBEKT:
MPEACTABISIETCS C IOCTOSHHBIM YPOBHEM pa3peIIeHuUs, TPUAHTYIISIHS
JlenoHe He MPUMEHSETCsI, HO UCTIONIB3YeTCSl MaTEeMaTHYECKOE YIpoIIie-
HHE C TIOMOUIBIO KBAaJPUKOB.
2) MexaHu3M KBaIpHKOB MOXKHO TIEPEKUHYTh Ha PaboTy ¢ peibedoM, a paboTy ¢
HOPMAJIbIO TIEPEKUHYTH Ha OOBEKTHI.
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