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VK 004.92

MATEMATHYECKOE OITIMCAHUE NIPOCTPAHCTBEHHbIX
®OPM CIINTAUHAMMU BE3bE B 3AJIAYAX BU3YAJIM3ALINN

10.H. Kocuukos, A.B. HoBukos

MATHEMATICAL DESCRIPTION OF SPATIAL FORMS
BY BEZIER SPLINES IN VISUALIZATION PROBLEMS

Yu.N. Kosnikov, A.V. Novikov

AnHoTanusa. OnucaH croco0 MOIyIeHNs HHTEPIIOISIIHOHHBIX BEIPAKEHIH
UL MaTeMAaTUYCCKOTr0 OIMMCaHUs TCOMCETPUYCCKUX q)OpM (HHHHﬁ, TOBEPXHO-
cTeil), 3aJaHHBIX MHOJKECTBOM XapaKTepHbIX (OMOpHbIX) Touek. IIpenmaraercs
HCTIOJIL30BaTh KpuBbIe (TIoBepxHOCTH) be3be, mpoxosiiue yepes JOMOTHUTEb-
HbIe onopHbIe Toukr. Crnocod Mo3BoJseT 000CHOBAHHO 3a/1aBaTh KPUBHU3HY OT-
CEKOB M PEIyLIMPOBATh YHCJIO OIIOPHBIX TOUECK.

KnroueBnlie cjioBa: BU3yaIn3allys, KpuBas, IOBCPXHOCTD, CIUTaH BeSLe,
HHTCPIIOJIALMSA, OIIOPHAA TOYKA, KaCcaTCJibHAsA, KPUBU3HA.

Abstract. A method for obtaining interpolation expressions for the mathe-
matical description of geometric forms (lines, surfaces) given by a set of charac-
teristic (reference) points is described. Itis proposed to use Bezier curve (surface)
compartments passing through additional reference points. The method allows
you to reasonably set the compartments curvature and reduce the number of ref-
erence points.

Keywords: visualization, curve, surface, Bezier spline, interpolation, refer-
ence point, tangent, curvature.

Busyanuzainus pocTpaHCTBEHHBIX OOBEKTOB SIBISICTCS 00s3aTeIbHBIM
KOMIIOHEHTOM cHCTeM 00paboTKu MH(OpMAIMK Pa3IMYHOrO HasHaudeHHs. Bo
MHOTHX CIydasxX 3a/iada BU3yalW3alMd — IIPEICTaBUTh 00pa3 TpeXMepHOH
CIIeHBI, 00BEKTH KOTOPOH UMEIOT CaMyl0 pasiudHyro Gopmy. DPdeKTHBHBIM
WHCTPYMEHTOM T'€OMETPUYECKOTO MOJICIMPOBAHUS OOBEKTOB IPOU3BOJIBHBIX
¢opm sBisItOTCS craiiabl. OHM 3a/1al0TCsl B IIPOCTPAHCTBE HAOOPOM XapakTep-
HBIX (OMOpPHBIX) ToueK. OOBEKTHI OONBIION MPOTSHKEHHOCTH MPEJICTaBIISIOTCS
MHO>KECTBOM OTCEKOB OIPaHMYEHHOTO pa3Mepa — CIIaHOBBIX T€OMETPHIECKHX
pUMHTHBOB. [IpoekTupyemas reomeTprdeckas opMa I0IDKHA YIAOBIETBOPSTH
psmy TpeboBaHMA. DTO TOYHOE (WM OJM3KOE) MPOXOXKIECHHE OTCEKOB uepe3
OIIOPHBIE TOYKH M CTHIKOBKa OTCEKOB 0€3 Pa3pbIBOB CIUIaiH-(DYHKIUN U e riep-
BOM MPOM3BOIHOM (TTIAIKOCTh). B ciyuae mpuMeHeH s CIIAHOB JIJIsl OTIMCAHUS
00BEKTOB BH3YaIM3AMU K 9TUM TPEOOBaHMSIM JI00ABIISIETCS elle OJHO: (hopma
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MaTeMaTH4YECKOT0 OIMCaHMs 00BEKTOB JIOJDKHA MO3BOJISITH BBINOIHSTH Ipeodpa-
30BaHUs KOMITBIOTEPHOH TpadKi Ha OCHOBE OBICTPBIX aJITOPHUTMOB.

CymiecTByeT MHOXKECTBO Pa3HOBUIHOCTEH CIINAHOB, CO3[aHHBIX IS pe-
HIEHUS PA3IMYHBIX MaTEMATHUECKUX 33714, HO B T€OMETPHUYECKOM MOJIEINPOBa-
HHUU 00BEKTOB BU3YIN3ALMU TPAAUIIMOHHO IPUMEHSIETCSI OrpaHMYEeHHBII Habop
CIUIAHOBBIX TPUMUTHBOB. K Hanbos1ee oy sIpHBIM M3 HUX MOYKHO OTHECTH B-
CIUTaiiHbI, OeTa-CIuTainbl, cruainsl besse (Bezier), Katmymna-Poma (Catmull-
Rom), Akumer (Akima) [1,2].

Ortcek craifHa Ha IUIOCKOCTH 3aJacTCs YETHIPbMS OIOPHBIMH TOYKAMH
Pi(xiyi), iI=1,2,3,4. MaTtemMaTideckoe OIMCaHHe OTCEKa MPECTABIIETCS OOBITHO
B ITapaMeTPIIEcKoi (hopMe 1 B 00IIEM CITydae UMEeT BH

4
X = BF, l(t) "X ,
i=1
y=YiBFE®) 'y, t=0,.1,
rae t— napamerp, KOTOPbIM MO>KHO pacCMaTpUBAaTh KaK IIAry 110 KPUBOU OTCEKA,;
BF;(t) — cmemmmBaromias ¢yukiwus (blendingfunction).

Kaknp1ii yIioMsHy TIH BUJI CIUTAHA IMEET CMEITUBAOIIYIO (DYHKIIHIO CBO-
€ro BHA, YTO U OIIPEEIsET CBOMCTBA CcIutaiiHa. Bee crmaifHbl 00afaroT Xopo-
MUMH (HPOpMOOOPa3yIOIIMMI BO3MO>KHOCTSMH, TIO3TOMY BBIOOp OCYIIECTBIIAIOT,
MCXOJSI N3 OTBETA Ha BOIPOC: SBJLIOTCS JIM HEOCTATKH TOTO MIIM HHOTO CIUTaiHa
CYILECTBECHHBIMH JUISI permaeMoi 3amaun? Mo)KHO Ha3BaTh CICIAYIOIINE HEIO-
CTaTKHU CIUIAHHOBBIX IPUMHUTHBOB.

Orcex B-craiina He MPOXOAUT TOUHO Yepe3 OMopHbIe ToukH. Kpome Toro,
OH PACIOJIOKEH MKy ABYMS CPEIHIMH OTIOPHBIMH TOUKaMH, IO3TOMY, YTOOBI
MPOBECTH KPUBYIO IO YETHIPEM OMOPHBIM TOUYKaM, TpeOyeTcs Tpu orcexa. B
CBSI3U C 3THM T'€OMETPHUUECKOES MOJICIMPOBAHHE 00BEKTOB Ha OCHOBE B-cruiaii-
HOB UMEET MOHIDKECHHYIO IPOM3BOIUTENFHOCTD. CMenBaronye GyHKImu OeTa-
CIUTaifHa Topa3Jo CIIOKHEE, YeM y NPYTHX BHIOB CIUIAHHOB, KpOME TOTO, OH
MMEET TOT K€ HeJIOCTAaTOK, YTO ¥ B-crutaitH. OCHOBHBIM HEZIOCTATKOM CIIIai{HOB
Kstmymma-Poma siBisieTcss TOBBIIEHHOE BpeMs (hOPMHUPOBAHUS CILIAHHOBOM
KPHBOH, TaK Kak MpH U3MeHeHnH napameTpa t B maTepBaie [0,1] popmupyercs
OTCEK, COETMHSIOLINH JIMIIB JIBE CPEAHNE OTIOPHBIE TOUKH. [I1s coeAnHeHNs de-
TBHIPEX UCXOAHBIX TOUEK HY)KHa KpHBasi, COCTABIICHHAs 13 TpeX oTceKkoB. CrutaiiH
AKUMBI TOKA3bIBAET CaMYIO OOJIBIIYIO CIIOKHOCTH M CAMYIO HU3KYIO IPOU3BOANU-
TENTBHOCTH NMPOEKTHPOBAHUS TEOMETPHIECKUX (hOPM, 3aJaHHBIX XapaKTePHBIMH
TOYKAMIL

Orcek craifHa be3pe TOUHO POXOaUT Yepe3 KpaiHKue OMOpHbIE TOUKH Py
u P4, a 1Be cpemHme onopHble TOUKH P2 u P3 IexaT Ha KacaTelbHBIX K OTCEKY,
MPOBEICHHBIX Yepe3 ero KpaliHue TOYKH, U ONPEEIIIOT H3rnOb! oTceka. YToOs!
TJIaJKO CTBHIKOBATh OTCEKH, HYXKHO NPaBWIILHO HAXOJIHUTh TOYKH, JIEXKAINe Ha
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KacaTeJIbHbIX. Ecii 00beKT 3ajaH MHOXKECTBOM XapaKTEpPHBIX TOYEK, KOTOphIE
MOXHO MPUHATH 32 KpalHHe TOUYKU OTCEKOB, TO BO3HHMKACT 3a/1aua HaXOXKICHUS
HAaIpaBJICHUI! KacaTeIbHBIX B 3TUX TOUKAX U HAXOXKAEHUS KOOPIUHAT ONOPHBIX
TOYEK, JISKAIIX Ha ATUX KacaTeIbHbIX. J[71 3TOro Hy»KHBI HEKOTOpPbIE JOIIOJIHU-
TeJIbHBIE YCIIOBHS, TaK Kak 0€3 HUX MOCTPOUTH KacaTelbHbIE K eIlie He CYILECTBY-
IOLIEMY OTCEKY HEBO3MOXKHO [3].

B wutore ananu3 BO3MOXHOCTEH PACCMOTPEHHBIX CIUIAHOB INOKA3bIBAET,
YTO MPUMEHEHUE HX BCEX TPEOYET BHIOIHEHHMS JOTIOTHUTENBHBIX YCIOBHI HITH
ITOPUTMUYECKUX JEUCTBUN. boree Opyrux it FeOMETPUYECKOTO MOAEIHUPO-
BaHMS OOBEKTOB BH3yAIM3AallMH MOAXOAAT crumaiHel Katmymna-Poma u Besbe.
MoxHo nokaszarb, YTO IPUMEHEHHUE CIUIaiiHa be3be He TONIBKO MO3BOJIAET pery-
LPOBATh YUCIIO UCXOAHBIX OTIOPHBIX TOUEK, YETO HE MO3BOJISIET CeNATh CIUIaiH
Katmynna-Poma, HO 1 O3BOJISIET IPUMEHHUTH OBICTPBIC AJITOPUTMBI BU3yalH3a-
11U,

JIis Mcnonp30BaHus OTCEKOB KpHBOi be3be He0OX0IMMO ISl K00 U3
HUX HalTH KOOPpAWHATHI IBYX ONOPHBIX TOYCK, JICKAIINX Ha KACATCIIbHBIX K KOH-
LIEBBIM TOYKaM oTceka. Orpe/iesieHne YeThbIpeX KOOPAHHAT TpeOyeT COCTaBICHUS
CHCTEMBI U3 YETHIPEX ypaBHCHUH. J[Ba U3 HUX MOXXHO COCTaBHTb, 33/1aB HAIIPaB-
JICHWs KacaTelbHbIX, a JBa APYTUX, — 33/[aB PACIIONOKEHNE OTIOPHBIX TOUEK Ha
KacaTenbHBIX. KacartenbHast B HEKOTOPOH OomopHO# Touke Pj mpuHMMaeTcs ma-
paIEIBHON XOp/e, COSANHAIONMEH NPEBIAYIYIO H ITOCIEAYIONIY0 TOUKHU Pj.1 1
Pj+1 [3]. Ansa HaxoKaeHns! KOOPIMHAT OTIOPHBIX TOUCK HA KacaTeIbHBIX Npe/yia-
raeTcs HCIOJIb30BaTh IPOXO’KICHHUE OTCeKa besbe yepes NonoHUTETbHYO OTIop-
HYIO TOYKY, B KaU€CTBE KOTOPOH HCIIONB3yEeTCs ONOPHAs TOUKA, JIeXKaIas MexKIy
KOHIICBBIMH TOYKAMH OTCCKA. IlpyFI/IMI/I CJIOBaMH, MHOKECTBO UCXOJHBIX OTIOP-
HBIX TOYEK Pa30uBaeTCs Ha TPOHKH, IPHIEM JBE KpaitHHE TOUKH KaXI0H TPOHKH
MIPUHKUMAIOTCS 32 KOHIIBI 0TCeKa be3be, a CpeiHssI ToUKa TPOWKHM HUCIIONb3yeTCs B
Ka4eCTBE JAOIOJIHUTEIIBHOM.

O0603Ha4YMB KOHIIEBBIE TOUKH OoTceka besbe P1 1 Ps, a Touku, nexainye Ha
KacaTeJbHBIX, Q1 1 Q3, MOXKHO 3ammcaTh ypaBHEHHS OTCEKA B TapaMETPHUIECKOH
dopme:

x(t) = (1 —)%xy; + 3t(1 — t)%xpy + 3t2(1 — )xgz + t3xp3, (1)
y(©) = (1= )3yps + 3t(1 — t)%yg1 + 3t2(1 = )ygz + t3yp3, t=10,..,1. (2

O003HauMB CPEIHIOI TOUKY P2, MOJKHO 3alMCcaTh yCIOBHE TIPOXOMKICHUS
OTCEKa yepe3 3Ty TOUKY:

Xpz = 0.125xp; + 0.375x¢; + 0.375x435 + 0.125xp3, (3)

Ypz = 0.125yp; + 0.375y4; + 0.375y43 + 0.125yp5,t = 0,..,1. (4)

B Boipaxkenusix (3), (4) npuHATO, YTO MapamMeTpHIecKast KOOpAUHATA TOUKH
P> pasna 0.5.
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Hanpasnenust kacaTebHBIX B KOHIEBBIX TOUKaX OTCEKa (TAHI'€HCHI YIIIOB
01, 03 HAKJIOHA KacaTebHBIX) U3BECTHBIM 00pa30M HAXOMSATCS Yepe3 MPOH3BOI-
Hble BeipakeHui (1), (2) no napamerpy t, BeraucaeHHbIe it 3HaueHui t=0 u t=1:
_YQ1-Yp1 __YQ3-YpP3
tga, = ———tga, = ————.
XQ1~-Xp1 XQ3 ~Xp3
TaHreHcsl yriioB o1, a3 MPUPABHUBAIOTCS] TAHTEHCAM YTJIOB HAKJIOHA XOP/,
MPOXO/ISIIIIUX YePE3 UCXOTHBIE OMOPHBIE TOUKHU, MPEAIIECTBYIONINE KOHIIEBBIM U
cienyromue 3a HuMu. g Touku Py 3to Touku Po 1 Po, A1 TOUKH P3 3TO TOUKU
Pou Py

YQ1~YP1 __ Yp2-YPo (5)
- )

XQ17XpP1 Xp2=Xpo

YQ3~-Yp3 — Ypa~Vp2 (6)

XQ3-Xp3 Xpa—Xp2

Bripaxenmus (5), (6) BMecTe ¢ BelpakeHUsIMH (3), (4) 00pasyroT cucteMy u3
YeThIpeX JMHEWHBIX anreOpandeckux ypaBHeHuil (CJIAY) ¢ deTsipbMs Hews-
BECTHBIMU — KOOPAMHATAMU XQ1, YQ1, X3, Yo3. B TpaguimonHoit popme ypaBhe-
uust CJTAY BBINIAIAT CICAYIOIINM 00pa3oM:

—Xp1—Xp3+8Xp; N
1'XQ1 +1'xQ3 +0'y01 +O.yQ3 zf,
~YP1—-Yp3+8Yp2

Ole+0xQ3+1yQ1+1yQ3=f'

—(Yp2 — Ypo)xg1 + 0 xp3 + (Xxp2 — Xp)Yg1 + 0+ Yp3 = >
= Xp1 " Ypo — ¥p2 " Xp1 — Yp1 " Xpo T ¥Yp1 " Xp2,
0-x91 — (Wpa — ¥Yp2)xgs + 0 Vo1 + (Xps — Xp2)Yo3 =
= Xp3 " ¥Yp2 — Yp3 ' Xps — Yp3 ' Xp2 + ¥Yp3 ' Xps.

™

Pemerne CJIAY mr00BIM TOIXOISIINAM CIIOCOOOM JIaeT KOOPIIMHATHI
OIOPHBIX TOYEK, JISKAINX Ha KacaTelTbHBIX, CIIEOBATEIIHHO, TEIEPh N3BECTHBI
BCE OTIOPHBIC TOYKH OTCeKa besbe.

PaccMOTpeHHBII TIpreM MOXKHO PpaclpOCTPaHWUTh Ha MOICIHPOBAaHHE
noBepxHocTel. Kiaccnueckuii MeTo HHTEPIONSIMHY KPUBOJIMHEHHBIX TOBEPX-
HOCTell oTcekamu cIutaiiHa besbe TpeOyeT pa30MTh MHOXKECTBO HCXOIHBIX
OTIOPHBIX TOYEK HA TOJAMHOKECTBA OTIOPHBIX TOYEK, PACIIONIOKEHHBIX B y3Jax
OPTOTOHAJILHOW TMapaMEeTPHUUECKON KOOPAMHATHON ceTKH. OTCEeK MOBEPXHOCTH
Be3re onmcriBaeTcs 16-10 OIIOPHBIMU TOUKaMH, 4 13 KOTOPBIX HAXOATCS B yIyIaxX
oTceka, a 12 3a7aroT ero W3rulObl, HO HE JIeKaT Ha ero moBepxHocTu. Eciu
HCXOTHOE MHOXECTBO pa30UTh Ha YCTBEPKH XapPAKTEPHBIX TOUCK U MPHHSATH UX
3a YIJIOBBIC ONOPHBIC TOYKH OTCEKOB, TO JUIS 33JIaHHs W3rHOOB JUTA KaXKJOTO
OTCEKa HY)KHO JIOMOJIHUTEIBHO onpenenuTb 12 onopHeix Touek. OHU Jexar Ha
KacaTeNlbHbIX, MPOBEACHHBIX Yepe3 YIIOBbIE TOYKM B  HAalpaBICHUSIX
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MapaMeTPUYECKUX KOOpP/MHAT, a TaKKe B JANArOHAJBHBIX HarpaBieHHsX [4].
Paboty ¢ oTcekoM MOBEPXHOCTH HY)KHO CBECTH K padOTe C TJIOCKUMHU KPUBBIMH.
OTO BO3MOXKHO, €CIM OMNOpHbIE TOYKM PABHOMEPHO PACCTaBICHBI B Y3/ax
IapaMeTpUIecKoil KOOpJUHATHOH CeTKU. B 3ToM cirydae kacarenbHble MOXKHO
TIPOBOAXTH K KPUBBIM INIOCKHUX CEICHUI TOBEPXHOCTH.

B cootBercTBMM € TpemaraeMbIM CIOCOOOM B HCXOZHOM MHOMKECTBE
OTIOPHBIX TOUEK BBIIEIISIOTCS TOAMHOXKECTBA U3 9 Todek ¢ opranmzaruei 3x3. Ha
K@KIOM TOAMHO)KECTBE pPACCMAaTPUBAIOTCA TPOMKM TOYEK, JIeXkKallue B
HalpaBJICHUSIX MapaMEeTPUYECKHX KOOPIMHAT, a TaKKe B JUArOHaJIbHBIX
HalpapIeHUSAX. B ka0l TpoiiKe KpallHUe TOYKU MPUHUMAIOTCA 38 KOHLICBBIC
OIOpHBIE TOYKHM KPHBOJIMHENHOTO IUIOCKOTO OTCceKa besbe, a cpeqHsas Touka
SIBJIAETCS TONOJTHUTENBHON TOYKOM, 4epe3 KOTOPYHO JOIKEH MPOXOAUTH OTCEK.
Jns onpeneneHus HampaBieHUH 12-TH KacaTelbHBIX (10 3 KacaTelbHBIX IS
KaKIOH YIJIOBOM TOYKM MOJMHOXXECTBA) HCIOIB3YIOTCS ONOPHBIE TOUYKH
HCXOIHOTO MHOXKECTBA, PEIBLIYIINE U MOCIEAYIOMINE IO OTHOLICHHIO K YITIO-
BOH B KaXIOM HAaIpaBlIeHUH MapaMeTpHUUYeCKUX KOOpIWHAT, a TaKke B Iua-
TOHAJIBHBIX HamlpaBlIeHUsAX. TeM caMbIM 3ajada ompenesieHus 12-TH ONMOpHBIX
TOYEK ISl OTceKa TMOBEPXHOCTH be3be CBOAUTCSA K HAXOXKACHUIO JBYX TOYEK,
JIeXKAIIUX Ha KacaTeNIbHBIX, KOTOPHIC NPOBEACHBI uepe3 KOHIEBbIE TOUKH, IS
KaXJIOr'0 W3 IUIOCKUX CEYECHUM OTCEKa MOBEPXHOCTU. TakUX IUIOCKUX CEYCHUH
(mmockux KpUBBIX be3be) 1 kKaykaoro oTceka MOBEPXHOCTH HacUUThIBaeTcs 6: 4
B HanpaBJICHWSIX JABYX IAapaMETPUYECKMX KOOPIAWHAT U 2 — B JHArOHAIBHBIX
HamnpaBleHUAX. TakuM 00pa3oM, sl HaXOXKIEHHs 12-TH OTTOPHBIX TOYEK OTCEKa,
JIeXKAIIMX Ha KacaTeNlbHBIX K MOBEpXHOCTH be3be, HyxHO 6 pa3 cOCTaBUTb U
pemTh cucTeMy ypaBHeHui Buaa (7).

B urorosoe omnmcanne oTceka COCTaBHOM KPUBOW (TIOBEPXHOCTH) BXOJST
KOOPJIMHATHI IBYX KOHIIEBBIX OMOPHBIX TOYEK (YETHIPEX YIJIOBBIX B CIIydae OT-
CeKa IIOBEPXHOCTH) U JIBYX TOUEK, JIEXKAIINX Ha KacaTeJIbHBIX (JIBEHAALIATH TOUEK
B Cllydae MoBepxHocTH). [Ipr 35TOM NpoMeKyTOUHBIE (JIOTIOJHUTEINBHBIE) OTIOpP-
HBIE TOYKH OTOPACHIBAIOTCS, TAK KaK OHH YYTEHBI IIPH HaXO0XKJIECHUH TOUYEK Ha Ka-
carelbHbIX. Takum o0pa3oM, Uil KPUBOJIMHEWHOTO OTCeKa be3be M3 KaIbix
TpeX MCXOJHBIX OMOPHBIX TOUEK OCTAOTCA JBE, a JUIS MPOCTPAHCTBEHHOTO OT-
CEKa U3 KayKAbIX JAEBSTU UCXOAHBIX OMIOPHBIX TOUYEK OCTAIOTCS YETBIPE.

VcxonHbIe OMOpHBIE TOUKH MOTYT OBITh PacCTaBJICHBI B IIPOCTPAHCTBE HE-
PaBHOMEPHO. B 3TOM cilydae MOKHO NPEJIOKUTL OT UCXOIHBIX OIIOPHBIX TOUEK
NIEPENTH K HOBBIM OIIOPHBIM TOUYKaM, TOXE NPUHAUIEKAIINM IPOEKTUPYEMOMN
IIOBEPXHOCTHU, HO PACCTABICHHBIM PaBHOMEPHO. [ Takoro mepexozna Hy»HO
MIPUMEHHTH OJIMH U3 METOJIOB MHTEPIOJIHH. C €ro MoMOIIBI0 HAXOJUTCS aHa-
JUTHYECKOE MaTeMaTHIECKOe MPECTaBIeHHEe (MHTEPIIOISHT) IPOSKTHPYEMOM
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MOBEPXHOCTH. BhIuncienne 3HaueHui MHTEPIONSIHTA C 3aJaHHBIM IIaroM JaeT
KOOPJMHATHI HOBBIX OIIOPHBIX TOYEK.

XOpOIIMMH HHTEPIIOJIMPYIOLIMMHI CBOMCTBaMHU 00JIaJaloT paiiaibHble Oa-
sucHble QyHKIMK (PB®). DTOT MHCTPYMEHT J0CTaTOYHO MpOopaboTaH, Cyle-
CTBYIOT PEKOMEH/IAlMHK 110 npuMeHeHnto PB® nyist onmcanust poTsHKEeHHBIX U
3aMKHYTBIX TIOBEPXHOCTEH, KaK B 00IIIeH, Tak 1 B siBHOU (opme [5,6,7,8].

B pe3ynbTaTe mpOEKTHPOBAaHHS T€OMETPHYECKUX (OpM C MPUMEHEHHEM
TpeIaraeMoro crocoda popMupyeTcs TiagKasi KpuBasi, IOBEPXHOCTE, POXOIs-
T1as1 Yepe3 OMOpHBIE TOYKH M UMEIOIasi 000CHOBAHHBIE H3THObI B paifoOHE KOHIIEe-
BBIX (YTJIOBBIX) OTIOPHBIX TOUEK CETMEHTOB.

Ha pucyHke B kauecTBe puUMepa IoKa3aHa KPUBasi CJI0KHOI (popMEL, ToITy-
YeHHas TJ1aJJKON CTHIKOBOH JIBYX OTCEKOB KpHBOil besbe.

P

Inaokas cmuikoska 08yx omcekog Kpueou besve, npoxoosuux
uepes 0ONOIHUMENbHbIE ONOPHbIE MOUKU

B 0003HaYECHUSIX OTIOPHBIX TOYEK MPUMEHEHBI ABOWHBIC HHICKCHL: Pyj, Qyj,
rae kK — vomep orceka (k=1,2), a j — Homep onoproii Touku (j=1,2,3). Koneunast
OIOpHAsI TOYKA MPEIBIIYIIEro OTCEKa COBIAaIaeT ¢ HAYAILHOW OMOPHOI TOYKOM
MOCIIEAYIOIETO, YTO OTPAKEHO IBOMHBIM 0003HAYECHHEM Takoi Toukw. [ me-
MOHCTpAIUH TOYHOCTH HHTEPIIOJBIIMN HA PICYHKE ITOKA3aHBI JOTIOTHUTEIIHEIC
OTIOpHBIE TOUKH P12, P22, KOTOpBIE HE BXOAAT B UTOTOBOE OMHUCAHWE CIUIAIHOBOM
KkpuBoi. Takxe nokasaHa xopaa P12 P2 u mapanensHble eif kacaTenbHbIe, TIpo-
BEJICHHBIE Yepe3 TOYKY CTHIKOBKM OTCeKOB. Ha HuX 0003HaueHbl Hail/leHHbIC
onopHsie To9kA Q13, Q21. PUCYHOK MOJTyYeH ¢ IMOMOIIIBIO MPOTPAMMBI-MOICIEPa
3d Grapher 1.2. Buj pucyHKa IMOKa3bIBAET XOPOIINE H300pa3UTENbHbIE BO3MOK-
HOCTH T€OMETPUYECKHX (OPM, IOJIYYEHHBIX C NMPUMEHEHHEM MpeaIaraeMoro
crioco6a. IIpemnaraemoe MaTeMaTHUeCKOE OITHCaHKE CINIAHHOBOTO IPeJICTaBIIe-
HHSl IPOCTPAHCTBEHHOTO OOBEKTA IMO3BOJISIET IPUMEHHTH OBICTPBIA alNropuT™M
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BBIYHCIICHUS IPOMEIKYTOUHBIX TOUYCK MOBEPXHOCTH, OCHOBAHHBIA HA METOJIC KO-
HEYHBIX pa3HOCTe [9].
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HNPUMEHEHUE TEXHOJIOT UM BJIOKYENH
B COBPEMEHHOM MMUPE

A.B. Kotos, K.A. Kapenbckas, A.P. Xabapos

APPLICATION OF BLOCKCHAIN TECHNOLOGY
IN THE MODERN WORLD

A.V. Kotov, K.A. Karelskaya, A.R. Habarov

AHHOTa].ll/lﬂ. B te3ucax craten paccMaTpUuBarOTCA TCXHOJIOTUA OJIOKYEHH 1
cepsl ee KCIOJIL30BaHUS.

KiroueBble cjioBa: 6J0K4YelH, OUTKOWH, OTHOPAHTOBBIE CETH.

Abstract. The thesis of the article discusses the blockchain technology and
the scope of its use.

Keywords: blockchain, bitcoin, peer-to-peer networks.

CerozmHs Bce OoMbIIie KOMITAHUIA 3asBILSFOT O MIPUMEHEHUH OJIOKYeHHa, a B
HEKOTOPBIX CTPaHaX JaXe €CTh TOCYAapCTBEHHBIC IPOrPAMMEI TI0 HCIOJIB30Ba-
HHIO STOHW TEXHOJIOTWH. B crathe paccMoTpeHo, B Kakux eme chepax, Kpome
KPHITOBATIOT, OJIOKYEHH Hallen CBOe NPHMEHEHHE, a TakKe, KaKhe IepCIieK-
THBBI UIMEET 3Ta HHHOBAIIOHHAS TEXHOJIOTHSL.

brokuyelin — 310 cnoco6 cbopa, xpaHeHust 1 00paObOTKH TaHHBIX B JCICH-
TPAJIM30BAHHBIX OJTHOPAHTOBBIX CETSX, KOTOPBIN Mpe/IaracT BEICOKYIO Oe3ormac-
HOCTbH ¥ IOCTOBEPHOCTH 3alMCAHHON B HEM MH(OpMAIIH.

Konmenmus 6rioxueitna Oputa mpeioxkeHa u onpodosana emie B 1991 roxy,
HO IIUPOKYIO U3BECTHOCTB 3Ta TEXHOJIOTHS MOTyUHIa TOJIBKO TIOCTIE €€ MCIOIb-
30BaHU B IUIATEKHOI CETH TIepBOH KPUITOBAIOTHI Bitcoin, koTopas Obuta mpe-
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