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HauionaneHuii TeXHIYHUH yHIBEpCUTET Y KpaiHu
«KuiBchkuii nomitexHiyHUN 1HCTUTYT iMeHi Iropst CikopchKoro»

JAEAKI ACIIEKTH KOMIT'IOTEPHOI'O TEOMETPUYHOI'O MOJIEJIFOBAHHS 3
BUKOPUCTAHHAM KPUBUX BE3b€

Ha cvo200niwmnitl oenv komn romepri inghopmayiiini mexHono2ii 8idieparoms 8aiciugy
ponb ¥ bazamvox cghepax sxcumms Hauio2o cycninbemea. Lle cmocyemuvca makux eanysei
OIAbHOCMI  AIK  NPOMUCTOBICIb, CLIbCbKE 20CNO0APCMB0, HAYKA, O0C8ima, MeOuyunda,
Kyiemypa ma iHwux. Humi oxpecneni nanpsmku HeMmodCIuo ysasumu 0e3 IHMeHCUSHO20
3acmocy8ants  KOMN tomepHoi epagixu, 0a308um KOMNOHEHMOM AKOI € 2eomempuune
Mmooentosants. Tomy tioco nodanvuuuii po3eumox CmaHo8ums AKmyaibHy HAYKOBO-NPUKIAOHY
npoonemy.

Hlupoka nonynsapuicme epagpiunux Komn 'romepHux npucmpoie i iOn08iOH020
NPOCpAMHO20 3abe3nedenHs 00YMO8leHd NPOCMOMON, 3PYYHICMIO Ma HAOYHICMIO  iX
suxopucmanns. OCHO8Y CYUACHUX 3AC00i8 BEKMOPHO20 2e0MEMPUYHO20 MOOENI08AHHS
CMAHO0BIAMb HANEICHI napamempuyni iHii, 30kpema, kpusi bezve pisnux cmenenis, ceped
AKUX HAUOLIbW PO3n06ctooxceri Kyoiuni ninii. Lle nos’s3ano 3 ix 0ocmamubor0 SHYUKIiCmIo,
APOCHO306AHUM — XAPAKMEPOM  (OpMOYMEOpeHHs ma  epekmusHicmio  KoMn 1omepHoi
peanizayii. OOHaK y nesHUX UNAOKax UHUKAE HeoOXIOHICMb 3acmocysanHs Kpueux besve i
[HWUX CMenenis, K HUNCUUX, max i euwux. 3azHavenuii pakm nompedye onpayo8aHus ma
NOKpawjeHHs 8i0ON08IOH020 MAMEeMaAMUYHO20 anapamy.

Cmammio  npucesiyeHo  80OCKOHANIEHHIO — KOMN TOMEPHO20  O0OYUCIEeHHA — N0
KPUBOMIHIIHUX — mpaneyill, — oOMedcenux  JniHiamu  bezve, noninuweHHw  HANEHCHUX
MAmMemMamuyHux i KoMn 1omepHux npoepamuux 3acooie. Taxi 3a0aui nOCMIitiHO BUHUKAIOMD,
30Kpema, nio0 4ac 6apiaHmuux imepayiuHux ONMUMIBAYIUHUX [HICEHEPHUX PO3PAXYHKIG
PI3HOMAHIMHUX MEXHIYHUX KOHCMPYKYI HA MIYHICMb ) 36 43Ky 3 NapamempuyHumu
O0OUUCTIEHHAMU NA0W, NONEePeyHUX nepepizié CUNOBUX elleMeHmi8 mowo. Y 00cnioxcenHi
OOKNAOHO PO32NAHYMO 3ANPONOHOSAHUU MAMEMAMUYHUL  anapam, aKyeHmo8aHo U020
nepesazu MOPIGHAHO 3 ICHVIOUUMU MemoOaMu, HA8e0eHO 6i0no6ioni npuxiaou. Illooawi
mamepianu MoXCymov Oymu YCRIUWHO 6NpO6AONCeHi V NPAKMUKY 3 Memol NOKPAUeHHs
bazamvox 3aco0i6 2eoMmempuiHO20 MOOENI0B8AHHS CYUACHOI KOMN TomepHoi epagiku.

Knouoei  cnosa: ceomempuune  MoOeno8aHHs,  KOMN'IOMepHi  iHGopmayitini
mexnonozii, kpuei besve, niowi KpuGoONIHIUHUX mpaneyil.

I'.A. BUPYEHKO, IT.H. IBJIOHCKUI

HaumonanbHplii TEXHUYECKUNA YHUBEPCUTET Y KPaWHbI
«KueBckuii HOMUTeXHNIeCKUH HHCTUTYT uMeHN Uropst CHKOPCKOTO)

HEKOTOPBIE ACIIEKTbI KOMIIBIOTEPHOI'O TEOMETPUYECKOI'O
MOJEJIMPOBAHMUSA C UCIIOJIB3OBAHUEM KPUBbBIX BE3BE

Ha cecoonawnuii oenv xomnwvromepmuvie UHGOpmMayuoHHble MEXHOIO2UU USPAIOm
BAJCHYIO PONb 8 PA3IUUHBIX chepax dcusHu obwecmea. Dmo Kacaemcs maxux ompacieu
O0essmenbHOCmMU  KaK — NPOMBIUIEHHOCMb, — CellbCKoe  XO3AUCME0, HayKd, o00paszosaHue,
meouyuna, kynomypa u opyeux. Celiuac yKazanuvie HanpasieHuss HeBO3MO}CHO NPEOCMasums
0e3 UHMEHCUBHO20 NPUMEHEHUs. KOMNbIOMEPHOU epaguKru, 6a3068biM KOMHOHEHMOM KOMOPOU
AenAemcs  2eomempuieckoe mooenupoganue. Iloomomy e2o OanvHeliuiee pazsumue
cocmasnsaem akmyanbHylo Hay4HO-NPUKIAOHYIO NPoOiem).
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Ulupoxasa  nonyarapHocms  2paguueckux  KOMHbIOMEPHBIX — YCMPOUCme U
COOMBEMCMBYIOUe20 NPOSPAMMHO20 obecneyeHuss 00yclo8ieHa npocmomou, y0oocmeom u
Ha2nA0HOCMbl0  ux  ucnoavzosauusi. (OCHO8Y  COBPEMEHHbIX  CPeoOCcm8  BeKMOPHO20
2e0Mempui4ecKko20 MoOeIUpoBaHUs COCMABIAION COOMEEMCMEYIoOUWUe napamempuiecKue
JUHUY, 8 uacmHocmu, Kpuevle bezve pasnuunvix cmeneneli, cpeou KOmMopwvix Haubonee
pacnpocmpanensl Kyouueckue JIuHUU. IDMO C6A3AHO C UX OO0CMAMOYHOU 2UOKOCMbIO,
NPOCHO3UPYEMbIM Xapakmepom Gopmoodpasoeanus u 2¢hekmusHoCmvblo KOMNbIOMEPHOU
peanuzayuu. OOHAKO 6 ONPEOeNeHHbIX CYHAAX B03HUKAEm He0OXO00UMOCMb NPUMEHEHUS
kpusvix bezve u Opyeux cmenemnel, Kak HU3WUX, MaK U 8vlcuiux. Yrasaunviti hakm mpebyem
APOPaboOmKU U YAYHUIEeHUS COOMBEMCMBYIOUie20 MamemMamuyecKko2o annapamd.

Cmambs nocesauiena co8epuieHcmeo8anuuio KOMIbIOMEPHO20 BbIYUCTEHUS NA0WAdell
KPUBOJIUHEUHbIX mpaneyuli, o02paHudyeHHvlx Jaunuasmu besve, yayuwenuro Haoredxicawjux
Mamemamuyeckux U Nnpocpammusix cpeocms. Takue 3adauu NOCMOAHHO B03HUKAIOM, 8
YaCcmMHOCMU, NPU 8APUAHMHBIX UMEPAYUOHHBIX ONMUMUSAYUOHHBIX UHHCEHEPHBIX PACYemax
DA3TUYHBIX TMEeXHUYECKUX KOHCMPYKYUU HA NPOYHOCMb 8 C8A3U C NaApamMempuyecKumu
BbIYUCTICHUAMU NAOWAOel NONEPEUHbIX CeUeHULl CULOBbIX dleMeHmos u m. 0. B uccieoosanuu
NOOPOOHO pPACCMOMPEH NPEeOSIONCEHHbIL MameMamuiecKutl annapam, aKyeHmuposansvl e20
npeuMywecmea  no  CPAGHEHUI0  C  CYWECMEVIOWUMU  Memooamu,  NnpugeoeHbsl
coomeemcmaylowue npumepsl. Ilpeocmasnennvie mamepuanrvl Mo2ym Oblmb YCHEUHO
BHEOpEeHbl 6 NPAKMUKY C Yeablo  VIYYUIeHUsI MHOUX CPeOCmE 2eoMempuieckozo
MOOenUpoB8aHUs COBPEMEHHOU KOMNbIOMEPHOU 2paghuKu.

Knroueswvie cnosa: eeomempuieckoe MoOenupogaHie, KOMNbIOMEpPHbLE
ungopmayuonHvle mexunono2uu, Kpussvie besve, n1owaou KpUGOIUHEHbIX Mpaneyuil.

G.A. VIRCHENKO, P.M. YABLONSKYI
National Technical University of Ukraine
«lgor Sikorsky Kyiv Polytechnic Institute»

SOME ASPECTS OF COMPUTER GEOMETRIC MODELING USING BESIER
CURVES

In our time, computer information technologies play a very important role in various
areas of modern society. This applies to such branches as industry, agriculture, science,
education, medicine, culture and others. Today, the outlined directions cannot be imagined
without the intensive use of computer graphics, the basic component of which is geometric
modeling. Therefore, its further development is an urgent scientific and applied problem.

The wide popularity of graphic computer devices and related software is due to their
simplicity, convenience and visibility of use. The basis of many modern means of vector
geometric modeling is the corresponding parametric lines, in particular, Bezier curves of
various degrees, among which the most common are cubic lines. This is due to their sufficient
flexibility, the predicted nature of the formation and the effectiveness of computer
implementation. However, in some cases it is necessary to use Bezier curves and other
degrees, both lower and higher. This fact requires elaboration and improvement of the
corresponding mathematical apparatus and computer software.

The article is devoted to the further improvement of computer calculation of the areas
of curvilinear trapezoids bounded by Bezier curves, the amelioration of appropriate
mathematical apparatus and computer software. Such problems constantly spring up, in
particular, in case of variant iterative optimization engineering calculations of various
technical structures for strength in connection with parametric calculations of the cross-
sectional areas of power elements, etc. The study examines in detail the proposed
mathematical apparatus and the corresponding computer algorithms, emphasizes their
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advantages over existing methods and provides relevant examples. The presented materials
can be successfully implemented in practice in order to improve many means of geometric
modeling of modern computer graphics. Some perspectives for the further development of the
presented scientific research are determined.

Keywords: geometric modeling, computer information technologies, Bezier curves,
curved trapezoid areas.

ITocTanoBka npodiaeMu

Y Ham dYac KOMITIOTEepHI iHGOpMAIiitHI TEXHOJIOTI MHUPOKO PO3MOBCIOHKEHI B
Pi3HOMaHITHUX c(epax KHUTTEAISIIBHOCTI JIOAWHHU, 30KPEMa, y TMPOMHUCIOBOCTI, CIIBCHBKOMY
rOCTOJIaPCTBI, MEIUIIMHI, KyJbTypl Ta B IHINUX Tally3iX. 3a3HaueHl 3aco0M HHMHI BaXXKO
ySIBUTH O€3 IHTEHCHBHOTO BHUKOPHCTAHHS KOMII'IOTEpPHOI Trpadiku, 6a30BUM KOMIIOHEHTOM
SAKOi € TEeOMETpUYHE MOJICIIOBaHHsI. ToMy HOro mnojaidbIIMid PO3BUTOK BBAXKAETHCA
aKTyaJIbHOIO HAYKOBO-TIPUKJIAIHOIO MTPOOIIEMOIO.

OcHoBy 0araTh0X Cy4YacHHX 3acO0IB BEKTOPHOTO TE€OMETPHUYHOTO MOJCIIOBAHHS
CTaHOBJIATH IapaMETPUYHI JiHIii, 30Kpema, KpuBi be3be pI3HUX CTENEHiB, cepel SKUX
HaWO1IpII TOMyNsApHI KyOiuHi miHil. Ile 00yMoBiIeHO iX THYYKICTIO, MPOTHO30BaHUM
(dbopMOYTBOpEHHSM Ta €(hEeKTUBHOIO KOMIT IOTEPHOIO pearnizaiiero. OHaK y TeBHUX BHITAIKAX
BUHHKAE MOTpeda 3aCTOCYBAHHs KPUBUX be3be i 1HIIMX CTEIMEeHIB, K HIKYMX, TaK 1 BHUIIHX.
3a3HaueHuil (akT MoTpedye HAIEKHOTO MOKPAILEHHS BiAMOBIIHOTO MaTEMAaTUYHOTO arapary.

AHaJI3 OCTAHHIX JOCTIIAKEHb | myOaikamii

[Ipuknagom HayKOBUX PO3BiNOK MmKoJdW npukiagHoi reomerpii HTYY «KuiBchkmii
HOJITEXHIYHUI 1HCTUTYT iMeHi Irops CikopchbKOro» 1070 BUKOPUCTAHHS KpuBHUX besbe s
KOHCTPYIOBaHHsI TEXHIYHUX O00’€KTiB €, 30Kpema, mpari [1-3], me po3risHyTo 3amadi
(GOpPMOYTBOPEHHSI MOBEPXOHb Kpwia Ta (ro3esiKy JriTaka. TeopeTHdHi OCHOBH
TEOMETPUYHOTO MOJICTIOBAHHS TaHUMU JIiHISIMU 1TOAaHo B poOoTi [4]. [Hpopmariito cTocoBHO
PO3paxyHKiB TIJIOINI KPUBOJIIHIMHUX Tpamemniii HaBegaeHo y BuaaHHi [S]. [Tybmikariero [6] s
KpUBUX be3be TPEThOro CTEMeHs 3ampONOHOBAHO YAOCKOHAICHHS IIMX OOYHCIICHb MO0
MiIBUIICHHS €(PEKTUBHOCTI iX KOMIT FOTEpHOI peastizarltii.

Meta pocJainkenHs
['onoBHMMM 3aBIaHHSIMHU CTATTi € MOAANBIINE y3arallbHEHHS MaTepialiB podoTu [6] ass
pPO3paxyHKiB TIJIOINI KPUBOJIHIMHUX Tpareiii, 0OMeXeHuX JiHiAMH be3be pi3HMX CTEemneHiB,
aHali3 HAJeKHUX TPUKIANiB, (OpPMYyTIOBaHHS MEPCHEKTUB IMOAAIBIIOIO PO3BUTKY
HaIpaIbOBaHOTO MiAXO0Qy Ta WOr0o BIPOBA/DKEHHS B CydYacHI KOMIT'FOTEpHI 1H(OpMAaIiiHi
TEXHOJIOT1I.

BukianeHHs1 0CHOBHOIO MaTepiary J0CTizKeHHS
3riHo 3 BHAAHHAM [5] muioma S KpWBOJIHIMHOI Tparmerlii, ska 0OMeXeHa MIOCKOI0
napaMeTpUYHOI KpHUBOI I(U), MO BU3HAUeHa B JAEKapTOBii cucremi koopaumHat OXy,
00unCIIOEThCS 32 HOPMYIIOI0

S :Try(u)r'x(u)du, 1)

ne ry(u), ry(u) — me x(u) Ta y(u) koopauHaTH paaiyc-sekropa r(u);
uel0, 1] — mapamerp.

Ky6iuna xpuBa besbe (puc. 1) mae piBHIHHS
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r(u)=Q@-u)’r,+3u-u)’r,+3u’@L-ur, +u’r,, (2)

ne ro(Xo, Yo), ri(X1, y1), ra(Xz, y2), rs(Xs, y3) — paaiyc-BeKTOpH BEpIIUH XapaKTEPUCTUIHOT
JaMaHoi, sKa B JAHOMY BHUIIQJIKy OITyKJia Ta OJHO3HA4YHA, IO 3a0e3redye MOTpiOHY
BJIACTUBICTH JiHii (2);
uel0, 1] — mapamerp.

v‘ll

@) X
Puc. 1. [Inocka kpuBa Be3be TpeThOro cremnexs.

VY mpari [6] mokaszaHo, mo obuncieHHs iHTerpana (1) mns kpuBoi (2) eKBiBaJIEHTHO
TOOYTKY MaTpHIIb.

S=K-XY, (3)
6 h ¢ 1 h 1
e K=(k ), k, 1-u du_ u@-u)*du=— Kk, 1-u)®du=—
(k, ) j @-u)® j (1-u)*du == j fA-u)tdu=,
1 1 1 1 1
k, =[u*l-u du— u‘l-u)du=—, k.=|u’du==:
! *(1-u)? j ‘a-udu=— K J -
X1:3(X1—Xo), X2:6(X2—X1), X3:3(X3—X2);
X, 0 0 0
X,3X, 0 0 Yo
5 - X; 3X, 3X, 0 vy A ’
0 3X, 3X, X, v,
0 0 3X, X, v,
0 0 0 X,

nepira Matpuns K i3 SKUX MICTUTh CTall YUCIOBI KoedillieHTH, Apyra Matpuus X ta tpers Y
BU3HAYAIOTHCS, BIAMOBIIHO, aOCIICaMy i OpAMHATAMU BEPIIUH XapaKTEPUCTUYIHOI JTaMaHOi
OTpaIbOBYBAHOT JIiHil.

Byno po3risiHyTO npakTHYHE BHKOPHCTAHHS 3alpOIIOHOBAHOTO MiIXOAY HA TPUKIIa/Ii
PO3paxyHKiB TUIOLI MMONEPEUHUX Nepepi3iB Kpuia JliTaka MK CTIHKaAMHU JIOH)KEPOHIB, BEPXHS
Ta HWXKHS TIOBEPXHI SKOro c(hopMoBaHI KpUBUMH be3be TpeThoro cremeHs. 3a3Ha4yeHo, IO
PO3B’sA3aTH aHy 3a/la4y MOKHA M IHIIMMHU CIIOCOOaMU, 30KpeMa, YHCEIbHUM IHTETPYBaHHAM
METOJaMH TPSIMOKYTHHKIB Ta Tpameriil. [lepeBaramu x po3poOJICHOTO MiIXOMY € CYTTEBE
3MEHIICHHSI KUIbKOCTI MaTeMaTHYHUX OOYHMCleHb 1 TO4HHH pe3ynbraT. Lle ocobmuBo
BOXJIMBO JUIsl BaplaHTHOI 1TEpaliifHOI KOMIIJIEKCHOI OMNTHUMI3aIlii CKJIaJHUX TEXHIYHUX
BUpPOOIB, Y MOJaHOMY BHIIAQJKy CY4acCHOTO JIITaKa, A€ BUKOHYIOTbCS COTHI THUCSY MOAIOHUX
po3paxyHkiB. Takox mpoaHaTi30BaHO MUTAHHS MOAAIBIIOTO MiIBUIIEHHS O00YHCIIOBAIBHOI
IPOAYKTUBHOCTI BHKIIQJEHOTO MaTeMaTHYHOTO arapary KOMII IOTEPHUMHU IPOrpaMHUMHU
3aco0amMu, 30KpeMa, NUISIXOM BHUKJIIOUEHHS 3 OIMpaIllOBaHHS HYJIHOBHX €JIEMEHTIB MaTpHIl X
dopmymnu (3).

Paniyc-Bextop r(U) kpuBoi be3ne N-ro cTeneHs Mae BUTIIA!
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1-u)""r,, 4
kz k'( - k)'
e re(Xk, Yk) — pamiyc-BeKTOpH BEPIIMH XapaKTEPUCTHYHOI JaMaHol Yy JOCHIKYBaHOMY
BUIIAJIKY;

uel0, 1] — mapamerp.

[ToxigHa Bupa3y (4) 3a mapamMeTpoM U BU3HAYAETHCS 3AJICIKHICTIO

. < (- n-1-k
r(u) = ngmu (l-u) (Mo — 1) ®)

Ha miacrasi criBBigHoriens (1), (4) ta (5) s kBagparuunoi kpuBoi besse (N=2)

r(u) = (L-u)?r, +2u(l-u)r, +u’r,, (6)
OTpI/IMyeMO
S=K-X"Y, (7
X, 0
1111 X, 2X, 0 Yo
z[eszi4:—,—,——X X1-X0), X2=(X2-X1); X =| ~ ? ! CY =
(k; ); (2662)1(10) 2=(X2-X1); 0 2x, X, | A
0 X, Y,

Jlist minii beswe mepioro crenens (N=1) BiAMOBIIHO MAEMO

r(u)=(@1-u)r, +ur, (8)
Ta
S=K-X-Y, (9)

e K =(k )} = (; ;j X1=(X1-Xo); X = [Eli J;Y @0]

Bupasu (8) 1 (9) sBisttoTs 00010 BitoMy (GOpMYITy OOUMCIIEHHS IO Tparnerii.

PosrnssHemo mpukian BUKOpUCTaHHA cmiBBinHOIIEHs (6) Ta (7). CumeTpudHMiA
aepoAMHaMiuHMi npodine (puc. 2) BU3HAUCHHH KpUBUMHU be3be npyroro cremeHs I,(U) i
r,(u). Hexaii 3acToCOBaHO HACTYITHI KOOPAMHATH B MiTiMETpaXx:

rOe:(XOm y08)=r0H=(X0H! yOH):(O, O), rle:(xlm Y1e)=(0, 120),
rlH:(X1H1 Y1u):(0, '120): r26:(X281 y28):r2H:(X2H| yZH):(looo; O)
(10)

()

. ——

e —

Puc. 2. AeponnHamMiuHuii mpo¢iib KpUJa Jiraka.
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3 puc. 2 BUAHO, IO HEOOXiIHA TIOMIA S MOMEPEYHOro Mepepi3y Kpuia, 0OMEKEHOTO
JiHiAMH [(U) 1 r,(U), po3paxoByeThCS K CyMa PIBHUX IUIONI S, BEPXHBOI Ta S, HUKHBOI
KpUBOJHIMHKUX Tpanemniii. Ha migcrasi dopmya (6), (7)1 (10)

S=S,+S, =2S, = 2-40000 sx* = 80000 rri’.
3anexHocTi (3), (7), (9) momarThCs TAKOXK 5K

S=X-K-Y, (11)

e X :(Xi )3 Ta Y :(yi )g — Marpuii albCIyuc Ta OpJMHAT BEPLIMH XapaKTEPHUCTUYHOI

namaHnoi kpuBoi be3be N-ro crenens, K — MaTpuis koedimieHTiB, 0 ISl EPILIOro, APYroro i
TPETHOTO CTETICHS Ma€ BiMTOBITHAN BUTJISI!

k, k
n:l,K: 0 ! ,koz—i,klz—l;
K, —k, 2 2

Ha mowarky cTaTTi 3a3Ha4ajgoch, IO Yy MPAKTHIN KOMIT IOTEPHOTO T€OMETPUIHOTO
MOJICITIOBAHHS 3aCTOCOBYIOTHCS JIHIT be3be W BHIMX, HDK TpPETi, CTENMEHIB. Y IhOMY
BUMAJKy ONWCAaHWUN WAXiA Ui PO3PAaxXyHKIB  IJION[ KPUBONIHIMHUX  Tpamerii
BUKOPHUCTOBYETHCS 3a aHajori€r0. Tol i1 4eTBEPTOro Ta IT’ATOTO CTEIICHS MAEMO:

~k, -k, -k, 0 K &:_55’4_ = =775
_ks _k4 _kz kl _ko
kO kl k2 k5 ke k7
-k, 0 ky,  ky kg kg k——l k——i k——i k——é
s K:-«z ko 0k ko ks | ° 2"t 18t 3 Y 252 (12)
_ks _ka _k4 0 k3 k2 k4=—£, k5= i, kez_i: k7=_i_
~k, —-k; -k, -k, 0 Kk 63 84 252 252
-k, -k —-ki -k, -k -k,
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3ayBaxuMo, MO0 s KpUBHX be3be BUIUX CTEMEHIB XapaKTEePHO YCKIAJIHEHHS
MaTeMaTHYHOTO amapaTy Ta 3HIDKEHHS KOMII'FOTEPHOI MPOIYKTUBHOCTI iX OMpaIfOBaHHS.
Takox naHi JiHIi CXWIBHI 10 He0aKaHUX OCHHIISIIN 1 JEUI0 BTPAvYaroTh MependadyBaHiCTh
cBoro (opmoyTBopeHHs. OHAK, TIOPST 13 OKPECTICHUMH HE0JIIKaMH, BOHU ITICIIsT HAJIEKHOTO
HAYKOBOTO JOCII/DKEHHS! MalOTh TapHi MEPCHEeKTHBH YCHIIIHOTO 3aCTOCYBaHHS B Cy4aCHHUX
aBTOMAaTH30BaHUX rpadiyHUX 3ac00ax.

3 TOYKH 30pY CTPYKTYPHO-TIApaMETPHUYHOTO T€OMETPHUYHOTO MOJETIOBAHHS MaTPHII
koedimientiB K y popmynax (3), (7), (9), (11), (12) € cranumu CTPyKTYpHUMH CKJIAJOBUMH
JUTSE KOKHOTO CTereHs1 KpuBoi be3be (iHBapiaHTHUMHU 10 KOOPIUHAT OCTaHHBOI), a MaTpuIli X
Ta Y — 3MIHHUMH TTapaMEeTPUYHUMH KOMIIOHEHTaMH (KOOPJAMHATAMH ) KOHKPETHOT JIiHij.

BucHoBkHu
Y naniii myOmikarii mpoaHami3oBaHO MAESKI MUTAaHHS BIOCKOHAJICHHS OOYHMCIICHHS
TJIOI KPUBOJIIHIMHKX Tpanelii, oOMexxeHnx kpuBuMu be3re pizHux creneHiB. HampanpoBaHi
Marepiaii MOXXyTh OyTH YCHIIIHO BHKOPHCTaHI y Tpa(iuHUX CEepeloBHIIAX CYy4aCHHX
KOMIT FOTEpHHX 1H(QOpPMAIIHHUX TEXHOJIOTIMH.
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