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1. BBE,D,EHJ.1E 

nplII peweHlII1II pflAa HaY4Hblx 3aAa4 4aCTO OKa3blBalOTCfI n'011e3Hb1MIII 
Te 11I1111I IIIH~e reOMeTplll4eCKllle IIIHTepnpeTa~lIIl11, nplll4eM IIIHorAa YAaeTCfI 
11I n011HOCTblO onlllcaTb XOA peweHlllfI 3aAa4111, OCTaBaflCb B paMKax BBe
AeHH~X ~eOMeTpIll4eCKIIIX MOAe11e~. nporpaMMH~M cpeACTBOM, n03B011fllO
~IIIM HenocpeACTBeHHO pea11lll30BaTb TaKO~ nOAxOA Ha 3BM, f1B11flIOTCfI 
TaK Ha3~BaeM~e IIIHTerplllpOBaHH~e tlllcTeM~ MawIIIHHO~ reOMeTplll1ll 11I rpa
$IIIKIII /J.1CMrr /111 .3TIII CIIICTeMbl n03B011fllOT n011b30BaTe11lO BBOAIIITb B pac
cxo'rpeaae pa311lll4Hble reoserpavecxae oõsexru , Bbln011HflTb npeofipa
30BaHlllfI HaA H11I MIII , a TaKme CTaBIIITb B COOTBeTCTBllle TaKIIIM 06beK
TaM OAHO 11I1111I HeCK011bKO rpa$1II4eCKIIIX 111306pameHIII~. TaKIIIM 06pa30M, 
J.1CMrr npeACTaB11fllOT co6o~ pa3BIIIT~~ IIIHCTPYMeHT reOMeTplll4eCKoro 
MOAe11lllpOBaHlllfI B HaY4H~X IIICC11eAOBaHlllflX. 

nplIIK11aAH~e nporpaMMH~e cpeACTBa Ha 6a3e J.1CMrr MorYT 3$$eK-' 
TIIIBHO nplIIMeHflTbCfI nplll aHa11lll3e <t>YHK~1II0Ha11bH~X 3aBIIICIIIMOCTe~. Ha
nplllMep, peanaaoaauaue Ha fíaae KOMn11eKca Maw~HHO~ reOMeTplll1ll 
11I rpa$IIIKIII CArPA<l> 12,31 Allla11orOBble CIIICTeMbl PLOT 11I SURF 14106ecne4111
BalOT peweHllle 3aAa4 rpa$1II4eCKoro aHa11lll3a <t>YHK~III~ OAHO~ 11I ABYX 
nepeMeHHblX. Ha npaKTIIIKe, OAHaKO, B03HIIIKalOT 3aAa4111 aaanaa a et>YHK
~III~ Tpex 11I 6011ee nepeMeHH~X. B AaHHO~ pa60Te paCCMOTpeH OAIIIH 
11I3 BonpOCOB nplllMeHeHlllfI J.1CMrr A11fl reOMeTplll4eCKoro MOAe11lllpOBaHlllfI 
B aanavex auanaaa $yHKLtIllt1 rpex nepeaeaasrx , npeACTaB11eH MeTOA 
n011Y4eHlllfI KYC04Ho-aHa11IIITIII4eCKoro onlllcaHlllfI .Te11a, 3aAaHHoro et>YHK
~lIIe~ Tpex nepeMeHH~X coBMeCTHO c 0611aCTblO onpeAe11eHlllfI, a TaKme 
onlllcaHlllfI nOBepXHOCTIII ypOBHfI et>YHK~1II111 Tpex nepeMeHH~X 11I rpa~4e
CKoro oTo6~ameHlllfI 3TO~ nOBepXHOCTIII. MeTOA pea11lll30BaH Ha 6a3e 
KOMn11eKca MawIIIHHO~ reOMeTplll1ll 11I rpa<t>IIIKIII CArPA<t>. 

2. nOCTAHOBKA 3A,D,A4J.1 J.1 B~50P MO,D,EflJ.1 

nYCTb 3aAa~a Henpep~BHafl Aet1cTBIIITe11bHafl <t>YHK~IIIf1 Tpex nepe
MeHHblX .; = f(x, Y. z) c oõnecr so onpeneneuaa x c=- X = [x j , X2], 
y E- Y = [Y.l ' Y2]' z E- Z = [z t : z 2]. PaCCMOTplllM C11eAYIO~YIO 3aAa4Y 
aHa11lll3a 3TO~ et>YHK~IIII11: A11fl 11lO6oro HanepeA 3aAaHHoro 3Ha4eHlllfI 
.; = c IIICC11eAoBaT b CBO~CTBa npooõpeaa 

f -1( c) = [x , y , z: x E- X, y' E- Y, z ç; Z, f ( x, y , z ) = c L /1/ 

3Ta 3aAa4a MomeT 6blTb peweHa c IIIcn011b30BaHllleM c11eAYIO~lIIx reOMeT
plll4ecKlllx Mo~e11e~. reoMeTplll4ecKo~ MOAe11blO o611acTIII onpeAe11eHlllfI 

IU~;;~k;;~~~;~,~~~ l 
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$YHK~HH ~Bn~eTC~ napannenenHneA B 3 B npOCTpaHCTBe xYZ. $YHK~H~ 
COBMeCTHO c 06naCTb~ onpeAeneHH~ reOMeTpH4eCKH HHTepnpeTHPyeTc~ 

KaK TenO B 4 B npOCTpaHCTBe XYZ'. reOMeTpH4eCKO~ MOAenb~ npo
oõpaaa /1 / RBn~eTC~ nOBepXHOCTb S, KOTOPYJó 06bl4HO Ha3b1Ba~T "no
BepxHocTb~ YPOBH~". 3Ta nOBepXHOCTb npeACTaBn~eT co6o~ npoeK~H~ 

B npoCTpaHCTBO xyz ce4eHH~ Tena B4 rHnepnIlOCKOCTb~ ,= c. 
An~ peureuua c$opMynHpoBaHHoi1 asnue 3aAa4H c HcnOIlb30BaHHeM 

AaHHblX reOMeTPH4eCKHX MOAeIlei1 J.1CMrr AOn)l{Ha npeAOCTaBIl~Tb nona
30BaTeIl~ B03MO)l{HOCTb BBeCTH reoMeTpH4ecKHi1 06beKT THna B4, au
nOIlHHTb onepa4H~ ce4eHHfI o6be~Ta rHnepnnocKocTb~, cnpoe~HpOBaTb 

ceueune B npocrpaacr ao xyz , onpenena r s pa3IlH4Hble MeTpH4eCKHe 
H TOnOIlOrH4eCKHe XapaKTeQHCTHKH 3TO~ npoeK4HH, B 4aCTHOCTH, 
nYTeM nOCTpOeHH~ OAHOrO HIlH HeCKOIlbKHX rpa$H4eCKHX H306pa)l{eHHi1 
3T0i1 npOeK4HH. 

AIl~ peaIlH3a4HH ~epe4HCneHH~X B03MO)l{HOcTei1 B paMKaX ~CMrr 

6YAeM HCKaTb onacauae rena B4 H nOBepXHOCTH S B KYC04HO-na
paMeTpH4eCKOM BHAe. TeIlO B4 npeACTaBHM B BHAe coaoxynuocra 

~4eeK: 

B 4 = U b~ (n = 1,N), /2/ 
n 

rAe N - o6~ee KOnH4eCTBO R4eeK. AIl~ OnHCaHHfI Ka)l{AO~ H3 ~4eeK 

b~ 6YAeM HCnOnb30BaTb napaMeTpH4ecKHi1 BeKTOp 

Rn(u,v,W) = [X(U,V,W) Y(U,V,W) Z(U,V,W) '(U,V,W)], /3/ 

rAeu<;'[O,l],V~[O,l] ,W~[O,1].nOBepXHOCTb S npeACTaBHM B BHAe 
cOBOKynHocTH OTCeKOB: 

S = U Sq (q = 1, Q) , /4/
• q 

rAe Q - o6~ee KOIlH4eCTBO oTceKoB. AIl~ onHcaHH~ Ka)l{AOrO H3 OT
ceKOB Sq 6YAeM Hcnonb30BaTb napaMeTpH4ecKH~ BeKTop 

Pq (u, v) = [x (u, v) Y(u, v) Z (u, v) ], /5/ 

rAe U & [0,1 ], v'~ [0,1]. Bbl60p TaKoi1 .MOAeIlH 06b~cH~eTcfI H3BeCTHbl
MH H3 o6IlacTH B~4HcIlHTeIlbHoi1 reoMeTpHH npeHMy~ecTBaMH napaMeT
pH4ecKoro onHcaHH~ reoMeTpH4ecKHx 06beKTOB lfi( 

BBeAeM B npocTpaHcTBe xyz perynflpHY~ TpexMepHY~ np~MoyroIlb

HY~ ceTbxiYjZk' rAe i=l,i ma x + 1; j = 1,jmax+ 1; k = 1, 
k 1. npH 3TOM napaIlneIlenHneA BS pa36HBaeTc~ Ha MHO)l{eCTBOma x+

~4eeK {b~k I. .s:I4ei1Ka b~jk orpaHH4eHa nIlocKOCT~MH x = Xi' X 1"1- 1 ;
 

Y = Yj , Yj+ 1 ; Z = Z k ? Z ~ + 1 /pHC. 1/. C Y4eTOM r akor-o pa36HeHH~ 
4:B S.. YT04HHM MOAeIlb /2/ rena B

4 b4 /6/B = U iJ'k'ijk 

2 

U vb S b4npH4eM fl4e~1Ka ijk ~BIl~eTC~ npoexuuea ijk B npOCTpaHCTBO XYZ. 
YT04HHM TaK)I{e MOAeIlb /4/ nOBepXHOCTH S: 

m 
S = U (U Sijk ), /7/

ijk m 

rne S~k - OTceK nOBepXHOCTH, npJ.1HaAIle)l{a~Hi1 ~4ei1Ke brjk' a HH
AeKC m 03Ha4aeT, 4TO AaHHoi1 ~4ei1Ke B o6~eM CIlY4ae MO)l{eT npH
uannexer b HeCKonbKO OTceKOB. 

~ f t 

PHc.l. PagÕHeHHe rrapannenerrH b3 

nena BS na HtIeHKH. 

3. nOnYlrEH~1E OnJ.1C.A.HH.s:I MHO}/{ECTBA 0TCEKOB {S ~k I 

3.1. nepece4eHHe nOBepXHOCTH ypOBHfI 
v bSc rpaH~MH ~4eH KH ijk 

PaCCMo'rpHM ~4ei1KY b~jk c 3aAa'HHbIMH 3Ha4eHH~MH $YHKI..\HH f(x, Y, z) 
B BepWHHax 1-8 H eAHHH4H~i1 Ky6 B npOCTpaHCTBe UVW /pHc.2/ • 
C HcnOIlb30BaHHeM npouenypu IlHHei1Hoi1 HHTepnoIl~I..\HH npeACTaBHM 
onacauae /3/ ~4ei1KH b~k B cnenyouiea BJ.1Ae: 

Xl Y1 Zl '1 X5 Y5 Z5 '5 

~Y2Z2'2 Xa Y6 za '6 

Rijk (u, v, w) = A(u, v) I I W, 

xsyszS'S 
(1 - w) + A (u, v) 

y 7x7 z 7'7 

x 4 Y4 z4 , 4J LXsYszs's 

/8/ 

rAe A(u,v)=[(l-u)(l-v) v'l-u) uv u(l-v)]. OTMeTHM,4:rO ypaeueuae /8/ 
3aAaeT oTo6pa)l{eHJ.1e eAHHH4Horo Ky6a B npOCTpaHCTBe uvw Ha ~4eH

. 
Anfl COCTaBIlfllO~ei1 , eexropa R i j k H3 /8/ c Y4eTOM ycno sua /1/ 

nOIlY4aeM 

KY b i j k 
4 

I I I I I II I"" 

imaxo1m~ax 
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'5
'1 
'2 '6 

Iw=c(1 - w) + A (u, v)A(u, V) I 
'7
 

'4
 
'S 

'8
 
111111-1 

/9/aouvw + alvw + a2vw + aSuv + a4 w + a5 v + a6 u + a7= O. 

PHc.2. B3aHMHoe cOOTBeTcTBHe Me~
AY HqeHKOH bGk H eAHHHqHb~ Ky6oM. 

z 

~6 

s 
PHc.3. llpHMep pacrrOnO~eHHH KOH
TypOB Ha rpaHHX egaHHqHOrO Ky6a. 

~~4 
x 

)
v 

1 

u 

u 

'W 

YpaBHeH~e /9/ 3aAaeT nOBepXHOCTb B npocTpaHCTBe uvw, 4aCTb KO
KO!OpO~,np~HaAne*a~a~ eA~H~4HOMY Ky6y, ~Bn~eTC~ npoo6pa30M 
IS~k I np~ oTo6pa*eH~~ /8/. n~H~~ nepece4eH~~ 3TO~ noBepXHOCT~ 
c rpaH~M~ eA~H~4Horo Ky6a ~Bn~~TC~ npoo6pa30M n~H~M nepece4e
H~~ noBepXHOCT~ S c rpaH~M~ ~4e~K~ b ~'k' B~AHO, 4TO n~H~e~ ne
pece4eH~~ nOBepXHOCT~ /9/ c n~6o~ ~3 ~paHe~ e~H~4Horo Ky6a 
~Bh~eTC~ ~yra r~nep6on~. Hanp~Mep, An~ rpaH~ w = 1 3TO Ayra 
r~nep6on~, 3aAaHHo~ ypaBHeH~eM 

-.(a 4 + a 7) + (a 2+ a 6)u
 
V = ~-~--~-~------------(a + a 5) + (ao + as)u ' 

l 

4 

c 4eHTpOM uo= -.(a~ + a5)/(aO+ as), V = -.(a2+ ae)/(ao+ a 3). MO>KHOo 
nokaa ar s , 4TO Ayr~ r artepfion , pacnonoxeaaue Ha r paaax eA~H~4Horo 

Ky6a, o6pa3Y~T 3aMKHYT~e KOHTYP~, KOTop~e oTo6pa>Ka~TC~ B rpaH~
4~ ~CKOM~X OTceKOB IS~k I. B COCTaB OAHoro KOHTypa B o6~eM cny

lJ
4ae MO>KeT BXOA~Tb 60nee 4eT~pex Ayr. np~Mep B03MO>KHOro pacno
nO>KeH~~ KOHTypOB Ha rpaH~X eA~H~4Horo Ky6a np~BeAeH Ha p~c.3. 

3.2.	 Anrop~TM nonY4eH~H cn~CKa BepW~H srn
 
ijk . rn
 

oYAeM ~CKaTb BeKTOp /5/, on~cbIBa~lq~i1 OTceK Sijk ' B cneAY~lqeM 

B~Ae: 

Xl Y1 Z1 

X 2 Y2 z2 

fiDt(u,V)=[(l-u):(l-V) v(l-u) uv u(l-v)]	 I , /10/I x s Ys zs 

x 4 Y4 z4 

rne (xe Ye ze ) e = 1,4 - MaTp~4a K~oPA~HaT T04eK - BepW~H OTrnCeKa, 
np~HaAne>Ka~~x pe6paM ~4ei1K~ b ijk : np~ TaKoM on~caH~~ Sijk ~B

nReTCR 6~n~He~HbIM OTceKOM. It1cnonb3yeM np~BeAeHHble ssuue CBO~CTBa 

n~H~~ nepece4eH~R noBepXHOCT~ /9/ c rpaHRM~ eA~H~4Horo Ky6a 
An~ nO~CKa cn~CKa BepW~H OTceKa ~ MaTp~4bl KoopA~HaT 3T~X Bep
W~H. An~ 3Toro AOCTaT04HO Ha~T~ cn~COK BepW~H npoo6pa3a OTceKa
 
B npOCTpaHCTBe uvw, a 3aTeM K KoopA~HaTaM BepW~H np~MeH~Tb OTO

6pa>KeH~e /8/.
 

nepeHYMepyeM 12 pe6ep eA~H~4Horo Ky6a, KaK nOKa3aHo Ha p~c.3. 

BBeAeM rpao CBR3HOCT~ pe6ep eA~H~4Horo Ky6a (V, E), rAe V - MHO
>KeCTBO Y3noB rpa$a, Ka>KA~~ ~3 KOTOp~X cooTBeTcTByeT pe6py Ky6a, 
E - MHO>KeCTBO nyr r paóa . Han~4~e Ayr~ E ij Me>KAY Y3naM~ Vi ~ Vj 

03Ha4aeT, 4TO pe6pa Ky6a c HoMepaM~ i ~ j ~Me~T T04K~ nepece
4eH~~ c nOBepXHOCTb~ /9/ ~ Ha COOTBeTCTBY~lqei1 rpaH~ Ky6a ne>K~T 

Ayra r~nep6onbl, orpaH~4eHHaR 3T~M~ T04KaM~. 04eB~AHo, 4TO ecn~ 

.HeT nepece4eH~i1 nOBepXHOCT~ /9/ c Bepw~HaM~ Ky6a, TO ~3 AaHHoro 
Y3na rpa$a MO>KeT ~CXOA~Tb He 60nee ABYX Ayr. Ha p~c.4 np~BeAeH 

np~Mep rpa$a, COOTBeTcTBy~~ero 

KOHTypaM Ha p~ c. 3. It1CKOMblM OT
4 

H y 

2 o	@ cexa» IS~'k I COOTBeTCTBYIOT npoc
lJ 

T~e 4~Kn~ B rpa$e CBR3HOCT~. 

Cn~COK BepW~H npoo6pa3a OTceKa 
B 3TOM cny4ae MO>KeT 6~Tb nonY4eH 

PHc.4. ITpHMep rpa~a CBH3HOCTH 
pe6ep eAHHHQHOrO Ky6a. 
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Ha OCHOBe cn~CKa ysnoB rpa$a, BXOAR~~X B ~~Kn. AnR nonY4eH~R <l>vtKT~BHble Ayr~ rpaoe AnR pas6~eH~R Ha U~Knbl ~s 4 ~ 3 yanos 
3T~X cn~CKOB He06xoA~MO nocneAOBaTenbHO BblnpnH~Tb npo~eAYP~ /Hanp~Mep, Ayra Ha p~c.4/, 4TO COOTBeTcTByeT MOAen~ /10/.E g • t 1 
$OpM~pOBaH~R ~ Tpacc~poBK~ rpa$a. 

npo~eAypa $OpM~pOBaH~R rpa$a COCTO~T B nocneAOBaTe~bHOM 4. rPA$H4ECKOE OT05PAmEHHE nOBEPXHOCTH YPOBHR 
HesaB~C~MOM npOCMOTpe Bcex weCT~ rpaHe~ eA~H~4HOr.0 Ky6a B npOCT

IpaHCTBe uvw ~ npOCTaHOBKe Ayr Me~AY COOTBeTCTBY~~~M~ ysnaM~ rpa nYCTb	 AnR nOCTpOeHIAR ~s06pameH~R HeKOTOpo~ npoeKU~~ nOBepx
~a. np~ paCCMOTpeH~~ OAHOM rpaH~ BOSMO~Hbl cneAy~~~e cnY4a~: l: HOCT~ ypOBHR saAaH~ yrn~ nOBopOTa nOBepXHOCT~ BOKPy~ oce~ OX 

1/ HeT T04eK nepece4eH~R pe6ep Ky6a c nOBepXHOCTb~ /9/; ~ OY. nOCKonbKY OTceK~ IS~k J np~HaAne~aT R4e~KaM lb~jk J, CO
2/ nepece4eH~e B BepW~He Ky6a; CTaBnR~~~M perynRpHYro TpeXMepHY~ CTPYKTYPY, MO~HOnpeAnO~~Tb 

3/ nepece4eH~e c ABYMR pe6paM~ rpaH~; TaKO~ cnoc06 nepe60pa 3T~X R4eeK, 4TO oTceK~ OKamYTCR OTCOpJ.
4/ nepece4eH~e c 4eT~pbMR pe6paM~ rpaH~.,1
B cnyuae 2 KOHCTaHTa I'C ~SMeHReTCR ycno suo ua Many~ Ben~4~HY 

AnR nepexoAa K APyr~M BOSMO~H~M cny4aRM. B cnY4ae 3 BBOA~TCR 

Ayra Me~AY COOTBeTCTBY~~~M~ ysnaM~ rpa~a. CnY4a~ 4 BOSMo~eH, 
ecn~ Ha rpaH~ ne~HT r~nep60na B~Aa 

a + buv = 

i	 T~pOBaHHbIM~ no YAaneHIA~ OT Ha6n~AaTenR. Hanpuxep , AflR npoexuau 
napannenenHneAa, nOKasaHHOH Ha pHc.1, nepe60p R4eeK Aon~eH 

npO~SBOAII1TbCR B cneAY~U4eM nopanxe : k =kmax,l(j = jmaxc 1 (i = i , l )) . maxAnR nonY4eHHR PçCTpOBoro ~s06pa~eH~R nOBepXHOCT~ npH TaKoM
 
nepe60pe OTceKOB MO~HO npHMeHHTb HSBeCTH~~ anropHTM'COpT~pOB- ~
 
K~ no rny6~He c ~cnonbsOBaH~eM KaKoro-n~60 cnoc06a saKpaCK~ 16.~~
 

AnR nonY4eH~R BeKTopHoro 1I1306pa~eH~R npeAnaraeTCR np~MeH~Tb 
~ (;	 cneAY~U4~H anroplATM. Ha KapT~HHOH nnOCKOCT~, B npR~oyronbH~Ke, 

OXBaT~Ba~~eM npoeK~~~ nOBepXHOCT~, BBOA~TCR BcnoMoraTenbHaR 
~ b/d E- (0,1) ,-e/d ç:;... (O. 1). TO ecr s ~eHTp r~nep60nbl ne~~T BHYTP~ fi
eA~H~4Horo KBaApaTa /p~c.5/. AnR npaB~nbHoro B~60pa nap~ Ayr ;

7.r~nep60n~ AOCTaT04HO, Ha
np~Mep, cpaBH~Tb aõcuaccy u2 

1 

/',. 
I 

I 

,/ 

o 

1 I ,« i' ....... -. - - i	 

Lv l'T04K~ nepece4eH~R r~nep60

n~ c pe6poM 2 /v = 1/ ~ 

a6c~~ccy ~eHTpa r~nep60n~~ 

1/u2 ~ -e/d - Ayr~ E 2 3 ~ I 

.\. 
E 14 •

2/ u2 < - e/d - Ayr~ E12 ~ 
b/d 

npRMoyronbHaR paBHOMepHaR ceTKa 
pasMepHOCT~ (k x +.1) . (k y + 1), 
paaõaaaoutan ero Ha kx . k Y' npRMo'" . 
yronbH~X R4eeK /p~c.6/. E~ CTa
B~TCR B COOTBeTCTB~e 6yneBa MaT
puua IM pq I paSMepHOCT~ k x . ky , 
AnR KOTOpO~: = O OSHa4aeT,Mpq 
4TO R4e~Ka c ~HAeKCOM p,q CBO
60AHa, Mpq = 1 - R4e!~Ka saHRTa . 
npO~SBOA~TCR nocneAOBaTenbHaR 

I	 XI 06pa60TKa 9TceKOB, OTCOpT~pOBaHE 34 . 
HblX no YAaneH~~ OT Ha6n~AaTeml. 

npo~eAypa Tpacc~poBK~ 06pa6oTKa 04epeAHoro OTceKa pas
rpa$a npeAHasHa4eHa AnR 6~BaeTCR Ha ABa necnenoaarensuuxPHc.6. PaCTpHpOBaHHe rrpoeK-· 
BbIRBneH~R U~KnoB ~ COCTO~T 3Tana:

~HH OTceKa H' OTCeqeHHe 
u ~s cneAY~~x warOB:	 1/ OTCe4eHlAe OTpeSKOB - CTOpOHOTpe3Ka.

1/ nO~CK yana i, ~s KOTO	 npoeK~IA~ OTceKa; 
poro ~CXOA~T XOTR 6~ oAHa 2/ paCTplApOBaHlAe npoeKUlA1A OTceKa. 

PHC.S. TIpHMep pacrrono~eHHH ~eHTpa nyra Eij ; 
rHrrep6on~ BHYTPH egHHHqHOrO KBag 2/ nepexon K yany j, OTce4eH~e OTpeSKa COCTOIAT B npOCMOTpe Bcex R~eeK, KOTop~e 

i· 
paTa.	 YH~4To~eH~e Ayr~ nepeceKa~T OTpeSOK, IA B~AeneH~1A B~AIAM~X Y4aCTKOB OTpeSKa. B~E ij;

3/ nepexOA K ysny k A~M~e Y4aCTK~ OTpeSKa nepeceKa~T R4e~K~ c Mpq = o. AnR 3KOHO
B COOTBeTCTB~~ co BTOpO~ M~IA BpeMeHIA sa BepW~H~ .B~A~MbIX OTpeSKOB MO~HO np~HRTb ysnbl 

" 
~
 

Ayro~ Ejk.~cxoAR~e~ ~s ys BcnOMoraTenbHOM ceTIA, 6nlA~a~wlAe K T04KaM nepece4eHlAR OTpeSKa 
na, ~ YH~4To~eHlAe Ayr~ Ej k· c n~HIARM~ cera /CM. WTPIAXOBble n~HIAIA Ha pa c , 6/. B pRAe cnyvae a 

War~ 2-3 nOBTopR~TCR AO saM~KaH~R AaHHoro ~~Kna, nocne 4ero Mó~eT oKasaTbcR, 4TO 04epeAHo~ OTpe30K HeT He06xOAlAMOCTIA 06
BbmonHReTCR urar 1. llpouecc aaeepuieercs np~ y cnoaaa {Eij J = O. pa6aT~BaTb: 
B cnY4ae, KorAa 4~cno ysnoB B AaHHOM ~~Kne 60nbwe 4, BBOARTCR 
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li oTpe30K COOTBeTcTByeT $~KT~BHO~ Ayre rpa$a CB~3HOCT~;
 

21 OTpe30K np~HaAIle>K~T ABYM orcexaa , np~4eM O,q~H ~3. H~X
 

Y>Ke o6pa6oTaH;
 
31 OTpe30K ~MeeT HYIleBY~ AIl~HY IHanp~Mep, oAHa ~3 CTOpOH'
 

o r cexa , BblpO>KAeHHOro B rpeyr-onsua KI • 

PaCTp~pOBaH~e npoeK~~~ OTpe3Ka COCTO~T B np~cBoeH~~ = 1Mpq 1
AIl~ Bcex ~4eeK, nepeceKa~~~xc~ c 3TO~ npoeK~~e~ 13awTp~xoBaHH~e 

~4e~K~ Ha p~c.6 AIl~ npoeK~~~ OTceKa CDEF/. 
1np~MeHeH~e 3Tóro aIlrop~~Ma MO>KeT np~BeCT~ K nO~BIleH~~ HeKO

TOp~X Ae$eKToB B ~306pa>KeH~~, CB~3aHH~X c TeM, 4TO OTceK~ no
ll·'·

BepXHOCT~, np~HaAIle>Ka~~e OAHO~ ~4e~Ke b~jk' He COPT~PY~TC~ no ~ 
rIly6~He. Pa3Mep~ Ae~eKTOB YMeHbwa~TC~ c YBeIl~4eH~eM pa3MepHOCT~ ·i 
ceTK~ np~ pa36~eH~~ 06IlaCT~ onpeAeIleH~~ $YHK~~~ Ha ~4e~K~.OTMe I
 

T~M, 4TO AIl~ npe,qIlO>KeHHOrO aIlrop~TMa nOCTpoeH~~.BeKTopHoro ~30


6pa>KeH~~ xapaKTepH~ 4epT~, np~cy~~e paCTpOB~M MeTOAaM YAaIleH~~
 

HeB~A~M~X nOBepXHOCTe~. Ha 3$$eKT~BHOCTb TaKoro nOAxoAa 6~IlO
 

YKa3aHO B pa60Te/7~
 

5. B03MomH~E 05nACT~ np~MEHEH~~ 

Onacauaue auure aIlrop~TMbl n03BOIl~~T CTpO~Tb r-eoxerpa-recxae
 
MOAeIl~ ~ rpa~~4ecK~e ~306pa>KeH~~ cIleAY~~~x nOBepXHOCTe~.
 

1. nOBepxHocT~ ypOBH~ $YHK~~~ Tpex nepeMeHHblX (; = {(x, Y. z·).
 
PaccMoTp~M np~Mep ~3 cne~~aIlbHo~ Teop~~ OTHOC~TeIlbHOCT~. nYCTb
 
coõurae A npO~30WIlO B Ha4aIle xoopnauar A~arpaMMbl npOCTpaHCTBa

BpeMeH~. .aIl~ KoopA~HaTbl z C06bIT~~ B, AIl~ K0"20poro ~HTepBaIl Me>K
AY A ~ 8 paaeu HYIl~, MO>KHO aanucar s : [z] = yt - x2 - y? Ha
 
pac , 7 np~BeAeHbl CBeTOBble KOHYCbl B npOCTpaHCTBe txy AIl~ C06bIT~~
 

C Z = O \11 Z > O, KOTOPble npeACTaBIl~~T coõoa nOBepXHOCT~ YPOBHfl
 
np~BeAeHHo~ esuue ~YHK~~~ z(t,x,y).
 

2. nOBepxHocT~ pasHo~ nIlOTHOCT~ peaIlbH~X TpexMepH~x TeIl. 
'{~ anaerca 4aCTHblM CIlY4aeM no OTHoweH~1O K CIlY4a~ 1, OAHaKO MO>KeT
 

6bITb BblAªlIeH BB~AY 60Ilbwoa:1 ripa t(T~4.ecKoi1 3Ha4~MOCT~. 3Ha4eH~fl
 I 
nIlOTHOCT~ MorYT 6~Tb 3aAaH~ B B~Ae MaTp~4, COOTBeTCTBY~~~X 

ce4eH~~M TeIla napaIlIleIlbH~M~ nIlocKocT~M~, Hanp~Mep, c ~cnOIlb '1 
I 

30BaH~eM MeTOAOB KOMnb~TepHoM TOMorpa~~. Ha p~c.8 np~BeAeHO
 

~306pa>KeH~e o6beKTa, 3aAaHHoro T~exMepHoi1 MaTp~~e~ nIlOTHOCT~.
 

j';
3. nOBepxHocT~, 3aAaHHble HeflBHO~ 4>YHK~~ea:1 ABYX nepeMeHHblX 

» 
{(x, Y. z) = O. Ha p~c.9 npaaeneuo ~s06pa>KeH~e TaKO~ nOBepXHOCT~ tl 
~ ee ce4eH~~ np~ z = o. nOBepxHocTb 3aAaHa ypaBHeH~eM 

3 
. ~ C(x, y, z, ai ' b i ' C i) = O, 
1= 1 

Sin (21Td) d 1C( • ' = 
x, y, z, a, b, c) = 

{ 
O d < O. 

.,. 
-

PHc.7. IloBepxHocTH ypOBHH 
<PYHKIJ;HH Z = f (t, x, y) • 

(x-) 2 - (L) 2 - (~)2 
a b c ' 2 O, 

PHc.8. IloBepxHocTb paBHOH 
rrnOTHOCTH peanbHoro o6~eKTa. 

PHc.9. IloBepxHocTb, gagaHHaH <PYHKIJ;HeH f(x,y, z)=O
 
H cexenne z = O.
 

Heoõxonaao OTMeT~Tb, 4TO B OTIl~4~e OT pa60T /8,91 npennoxea
Hble MeTo,qbl n03B0I1~~T He TÓIlbKO nOIlY4aTb rpa~~4eCK~e ~306pa>KeH~~ 
nOBepxHocTei1, HO ~ CTpO~Tb ~X reOMeTp~4eCK~e MOAeIl~ Ha 38M 
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I
 HET n" OPOBEROB B BAlliEH E"SRMOTEKE? 

c ~enb~ ~X AanbHe~WerO npe06pa30BaH~R ~ aHan~3a CpeACTBaMH 
BbI	 MoxeTe nOJlY'IHTb no no-rre nepesacaeansre HHJKe KHHrM,HCMrr. 8 HaCTORlLlee BpeMR onHcaHHble ánrOpH1'Mbl pea11H30BaHbl Ha
 

38M CM-4 c onepa~HoHHo~ cHcTeMo~ OC P8 (RSX11-M) Ha 6a3e KOMn eCJlH OHM H~ 6b1J1H 3aKa38HbI paHee.
 

neKca MawHHHo~ reOMeTpHH H rpa$HKH CArPA$. CpeAHee BpeMR pa

1117-81-758- TpYAY II He*AYHapOAHoro CHMn03HYMa no H36paHHwM60Tbl npOrpaMM AnR nOnY4eHHR pHc.7-9 COCTaBHno 5 MHHYT. np06neMaM cTaTHcTH4ecKoH MexaHHKH. AY6Ha. 1981. 5 p. 40 K. 

AaHHoe nporpaMMHoe 06ecne4eHHe npeAnonaraeTCR ~cnonb30BaTb, 
P18-82-117 TpYAW IV COBe~aHH~ no Hcnonb308aHHO HOBWX ~AepHOB 4aCTHOCTH, npH nnaHHpOBaH~H 3KcnepHMeHTa no onpeAeneHH~ Mac

~H3H4eCKHX MeTOAOB Afl~ peweHHft HaY4HO-TeXHH4eCKHX
Cbl Hel:1TpHHo H3 õe r a-pacnane TPHTHR, a TaK>Ke npa oõpaõor xe MHoro H HapoAHOX03RHCTBeHHWX 3aAa4. AY6Ha. 1981. 3 p. 80 K. 
MepHblX cnexrpos . 

TpYA~ COB~aHHA no MccneAOBaHHR~ B 06naCTH112-82-568 p , 75' K.penHTH8HcTCKOH ~AepHoH ~H3HKH. AY6Ha. 1982.I8 3aKn~4eHHe aaropu aupaxaor õnar-onap aocr s H.A. Flpocr axoay 1i 

'I	 
TpYAW COBe~aHHA no KonneKTHBHWM MeTOAaM3a	 n0l1e3H~e o6cY>KAeHHR npo6neM~. .Ll9-82-664	 3 p. 30 K.YCKopeHHA. AY6Ha. 1'982. 

TpYAW IV Uell(AYHapoAHoH WKonw no HeHTPoHHOH.Ll3.4-82-704 5 p. 00 'IC.
nHTEPATYPA	 ·1 ~H3HKe. AY6Ha. 1982. 

l 111'-83-5" TpYAW COB~aHHR no CHCTeMaM H MeTOAaM1.	 nHn~rHH B.8., CYMapoKoB n.H., $ponoB K.B. BecTH~K AH CCCP, .1 aHanHTH4eCKHX SW4HcneHHH Ha 38H H HX npHMeHeHHO 

1985, r 10, c.50. l a TeopeTM4eCKOH ~H3HKe. AY6Ha. 1982. 2 p. 50 K. 

2.	 Kono6awKHH 8.M. H AP. 8 c6.: npo6neMbl HH<popMa~HOHHblX C~CTeM. I TpYAW He~YHapOAHO" WKonw-CeMHHapa no ~H3MKe
l 6 p , 55 K. 

117-83-644 
TA*enwX MOHOB. AnYWTa. 1983 •.MUHTH, M., 1983, N° 3, c.3.	 ; 

3.	 AA>KHeB B.A. H Ap. OH~H, plo-85-116, Ay6Ha, 1985. I 
TpYAW pa604ero COBe~aHHA no np06neMaM HsnY4eHMft112.13-83-689 ,l4.	 5pYAaH~H 8.6., nacbKo A.A., nHl1~rHH 8.B. OH~H, Pl0-85-117. H AeTeKTHpoaaHHR rpaBHTa~MOHHWX BonH., 'AY6Ha. 1983. 2 p. 00 K. 

Ay6Ha, 1985. 
15.	 $OKC A., npaTT M. 8bi4HcnHTenbHaR reoMeTpHR. IMHp", M., ~13-84-63 TpYAW XI He*AYHapoAHoro CHMn03HYMa noI 

RAepHoH 3neKTpOHHKe. 6paTHcnaBa. 4 p. 50 K. 
1982.	 r 

I	 4exocnoBaKHA. 1983.6.	 $onH A>K., 83H A3M A. OCHOB~ HHTepaKTHBHo~ MaWHHHO~ rpa$~K~. 

IIM~p", M., 1985. 
! 

.112-84-366 TpYAW 7 He*AYHapOAHoro COBe~aHHR no npo6neMaM 
4 P. 30 K.7.	 50poB~Ha T.A., KHcn~K a.c. npenpHHT HAny ABHU AH CCCP, KBaHTOBOH TeopHH nonR. AnYWTa. 1984•. 

r 11 /140/, 811aAHBocTOK, 1985. 
8.	 WrJght T. Computer Graphics, 1979, vel.13, No.2, p.182. .Lll.2-84-599 TpYAW VII He*AYHapoAHoro ceMHHapa no np06neMaM 

~H3HKH BWCOKHX 3HeprHü. AY6Ha. 1984. 5 p. 50 K.
9.	 Pattnaik P.c., Dichinson P.H., Fry J.L. Comp.Phys.Comm., 

1982, vol.25, p.63. TpYAW WHell(AYHapoAHoro CHMno3HYMa no M36p~HHWMA17-84-8S0 
np06neMaM CTaTHcTH4ecKoH MexaHH~H. AY6Ha.'984. 7 p. 75 K.
/2	 TOMa/ 

TpYAY V He*AYHapoAHoro COBe~aHHA no npoA10.11-84-818 
6neMaM,MaTeMaT~4ecKoroMOAen~pOBaH~R, npo
rpaMMHpoBaH~o ~ MaTeMaTH4eCK~M MeTOAaM pewe 3 p. 50 K. 
HHA	 ~H3H4ecK~x 3aAa4. AY6Ha. 1983 

TpYAW IX Bcec003Horo COBe~aH~A no ycKOp~TenAM 13 p.SO K.
3apH*eHH~X 4aCT~~. l1Y6Ha, 1984 /2 TOMa/ 

,h 

I	 TpYA~ MemAYHapoAHoH WKonw no CTPYKTypeA4-85-851 3 p • 75 K.AApa. AnYWTa, 1985. 

i,". ! 
3aKa3N Ha ynoMHHyTNe KHHrH MorYT 6WTb,HanpaBneHN no anpecy: 

101000 MocKBa. fnaBnOQTaMT. n/H 79 
H3naTenbcKHH oTAen'06õenHHeHHoro HHCTHTYTa HnepH~X HccnenOBaHHp.

PYKon~Cb nocTyn~na B H3AaTel1bcKH~ oTAel1
 
15 MaR 1986 rOAa.
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TEMATHqECKHE KATErOPHH llYBnHKAUHA 

OBnE~HHEHHOrO HHCTHTYTA ~EPHYX 

HCCJIE~OBAHHA 

HH,D;eKc TeMaTHKa 

1. 3KcnepHMeHTanbHa~ ~H3HKa BWCOKHX 3HeprH~ 

2. TeopeTH4eCKa~ ~H3HKa BWCOKHX 3HeprH~ 

3. 3KcnepHMeHTanbHa~ He~TpOHHa~ ~H3HKa 
4. TeopeTH4ecKa~ ~HSHKa HH3KHX 3HeprH~ 

5. HaTeMaTHKa 

6. RAepHa~ cneKTpocKOnH~ H paAHOXHMH~ 

7. ~H3HKa T~*enwx HOHOB 

8. KpHoreHHKa 

9. YcKopHTenH 

10. AeToMaTHSaUH~ o6oa6oTKH 3KcneoHMeHTanbHWX 
AaHHWX 

11. BW4HCnHTenbHa~ MaTeMaTHKa H TeXHHKa 

12. XHMH~ 

13. TeXHHKa ~H3H4ecKoro 3KcnepHMeHTa 

14. ~ccneAOBaHH~ TBePAWX Ten H *HAKOCTe~ 
~AepHWMH MeTOAaMH 

15. 3KcnepHMeHTanbHa~ ~H3HKa ~AePHWX peaK~H~ 
npH HH3KHX 3HeprH~X 

16. ~03HMeTpH~ H ~H3HKa 3a~HTW 

17. TeopH~ KOHAeHCHPOBaHHOro COCTO~HH~ 

18. ~CnOnb30BaHHe pesynbTaTOB H MeTOAOB 
~YHAaMeHTanbHWX ~H3H4eCKHX HCCneAOBaHH~ 

B CMe*HWX o6nacT~X HayKH H TeXHHKH 

19. 6H~H3HKa 

i 
~ 

ITacbKO A.A., llHnrorHH B.B., IToKpoBcKHA B.H. 
reoMeTp~eCKOe MOAenHPOBaHHe 
B saAaqe aHarrHsa ~yHK~ Tpex nepeMeH~ 

PJQ-86-310 

PaccMOTpeMY BonpocM npHMeHeHHR MamHHHOH reoMeTpHH H rpa
~KH npH aHarrHSe ~K~ Tpex nepeMe~HhlX. fipeACTaBneH MeTOA 
nonyqeHHR KycoqHo-aHarrHTHqecKoro OnHCaHHs Tena, SaAaHHoro 
~HK~eA Tpex nepeMeHHhlX, H llOBepXHOCTH ypOBHR AaHHOH ~yHK
~· llpHBeAeHM anropBTMhl rpa~ecKoro oTo6paieHHR c YAaneHH
eM HeBHAHMhlX nHHHA H nOBepXHOCTeA. AnropHTMhl pearrHSOBaHhl Ha 
3BM CM-4 Ha 6ase KoMnneKca CArPA~. 

Pa6oTa BhlnOnHeHa B na6opaTOPHH SAepHhlX npo6neM OHHH. 

Coo6weHHe Ofil.eJumeHH9f"O HHcnrryra JIJlepBWX accne.nosaBHii. ,lly6Ha 1986 

llepeBOA O.C.BHHorpaAOBou 

Pasko A.A., Pilyugin V.V., Pokrovskij V.N. 
Using of Computer Geometry 
for Analysis of Functions of Three Variables 

PJD-86-310 

Using of the computer geometry and graphics for qnalysis 
of functions of three variables is discussea. The method is 
obtained for carrying out the piecewise analytical descrip
tion of the body defined by the function of three variables 
and an isosurface of such a function. Algorithms are descri
bed for graphic presentation with hidden lines and surfaces 
removal. Algorithms are realized at the SM-4 computer using 
SAGRAF program complex. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR •. 

Communication of the Joint Institute for Nuclear Research. Dubna 1986 


