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MATEMATHYECKOE OIIMCAHUE MMPOCTPAHCTBEHHBIX
DOPM CIIJIAMHAMM BE3bE B 3AJAYAX BU3YAJIMBALIAN

IO.H. Kochukos, A.B. HoBukos

MATHEMATICAL DESCRIPTION OF SPATIAL FORMS
BY BEZIER SPLINES IN VISUALIZATION PROBLEMS

Yu.N. Ko_snikov, A.V. Novikov

AnHoTawus. ONHCaH cnoco6 nonydeHus MHTEPTIONANMOHHBIX BhIpaXe-
HHH JUIS MaTeMaTHIeCKOrO: ONUCAHUS reoMeTpHIeckux (Hopm (IMHMiA, HoBepx-
HOCTeH), 3aJaHHBIX MHOXECTBOM XapaKkTepHbIX (OMOpHBIX) ToYek. Ilpemnara-
CTCS MCTIONB30BATL KpHBhIE (10BepXHOCTH) Besbe, NPOXOJSINME Yepe3 JOIoJ-
HHTCIBHBIC ONOPHKIC TOYKH, CII0C00 N03BONSeT 0GOCHOBAHHO 33/aBaTh KpH-
BU3HY OTCEKOB 1 penylmpoBan, YHCJIO ONOPHBIX TOYEK. |

Kmouenbie cnosa: BH3YQIH3alUs, KPHBAs, TIOBEPXHOCTB, ciuiaiin Besbe,
MHTCPIIONALKS, OTIOPHAA TOUKA, KACATe/bHAsL, KDUBIBHA, ‘

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. Tt is proposed to use Bezier curve (sur-
face) compartments passing through additional reference points. The method
allows you to reasonably set the compartments curvature and reduce the number
of reference points. 5

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

Busyanmmsamms  mpoctpascTBEHHBIX O0OBEKTOB SIBIETCA 0OA3ATENBHEIM
KOMIIOHCHTOM CHCTeM 00paboTky MH(pOpMalMy pa3TuaHOro HasHdYenus. Bo
MHOT¥X CIy9asiX 3a[a9a BU3ya/M3aliad — PeCTABATL 06pa3 TPEXMepHOH Clie-
HbI, OOBEKTHI KOTOPOH MMEIOT CaMyio pasmaHyro GopMmy. pdekTHBHEIM HH-
CTPYMEHTOM TICOMETPHYECKOI0 MOIEIMPOBAHUS OOBEKTOR IIPOM3BOJILHBIX
(opm sBrstoTCs crutaitaer. OHuE 3a7ar0TCS B IPOCTPaHCTBe HabOpOM XapakTep-
HBIX (OMOPHBIX) ToueK. OOBeKTh GOMbIIOI NPOTDKEHHOCTH TPE/ICTABIISIIOTCS
MHOXECTBOM OTCEKOB OTPaHMYEHHOTO pasMepa — CIUTANHOBBIX IeOMETPHIECKHX
NpUMUTHBOB. TIpoexTupyemas reometpudeckas opma nosmkHa YIOBIIETBOPATE
pany TpebopaHuii. 310 TO4HOE (WM G3KOE) IPOXOXICHHE OTCEKOB Yepes
OTIOPHBIE TOYKH H CTHIKOBKA OTCEKOB 63 paspbIBOB CIUIaiH-(YHKIMH H ee nep-
BO¥ MPOM3BOIHOM (rMaaxocTs). B Cly4ae MPUMEHEHUs CIVIAMHOB /U151 ONHMCAHUS
OOBEKTOB BU3YAIM3AIMM K 5TUM TpebOBaHMAM 100aBIISCTC €Ime OJHO: dbopma
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TIPOH3BOMTENEHOCTE Tpoe GOpM, 321aHHEX Xa-
PaKTepHBIMH TOYKamy. e o




kacaTeNbHbIX. ECIM 00beKT 3a1aH MHOKECTBOM XapaKTepHBIX TOYEK, KOTOPhIE
MOKHO DPUHATH 33 KpaHHHUE TOYKH OTCEKOB, TO BOHMKAET 3a/1a4a HAXOMICHHUS
HanpaBJICHUH KACATEIbHLIX B 3THX TOYKAX W HAXOXICHHUS KOOpIMHAT OMOPHBIX
TOHEK, JISKAIMX Ha 3THX KacaTeNbHbIX. J{Jis 3TOTO HyKHBI HEKOTOpBIE [OMOJI-
HUTEJIHBIC YCIIOBHA, TaK KaK 0€3 HUX MOCTPOUTH KacaTelbHbIE K ellle He cyle-
CTBYIOILIEMY OTCEKY HEBO3MOXKHO [3]. ‘ -

B wrore anamiz BosamoxkHOCTEI PacCMOTPEHHBIX CIUIAMHOB MOKA3HIBAET,
HTO NPUMEHEHHE UX BCEX TPEOYET BHIIONMHEHHS IOTIONHUTENBHBIX YCIOBHUI MK
AIMOPUTMHYECKUX NEACTBHHA. bonee Apyrux wist reoMeTpudeckoro MO/JIETTUPO-
BaHHA OOBEKTOB BU3YAIM3ALMK MOXXOIST craiss!- Katmysuia-Poma u Besbe.
MoxHo noka3atk, 4To MPEMEHeHHe CruTaiHa Besbe He TONBKO T03BONSeT peny-
HApOBaTk 9HCIO HMCXOIHBIX OMNOPHBIX TOYEK, 9ero He MO3BONAET CHEIATh
conaiid KstMyiuia-PoMa, HO M NO3BOJSET IPHMEHHTH OBICTPBIE AITOPHTMBI
BU3YaTH3aLUH. A :

JUIst MCTIONB30BAHKA OTCEKOB KPMBOIi Besbe Heo6X0mmMo JUIA K&KJIOTO U3
HUX HaWTH KOOPJMHATHI NBYX OLODHBIX TOYEK, JIEKAIMX HA KACATENLHLIX K
KOHIIEBEIM TOYKaM OTCeKa. ONpe/iesieHyie YEThIPEX KOOPAMHAT TpeOYeT COCTaB-
JICHUA CHCTCMBI U3 YETHIPEX YpaBHEHHH. [IBa M3 HHX MOXHO COCTABHTSH, 3aJiaB
HAlIPAB/ICHHA KaCaTe/IbHbIX, 2 :7BA APYTHX, — 3a/laB PaclONOKEHHE ONOPHbIX
TOYeK Ha KacaTe/bHbIX. - KacatesibHas B HEKOTOPO# ONMOPHO# Touke P; npyHB3-
MacTCs NapaUIe/bHOM XOp/ie, COeUHAIOMEH NPeabIIyLIYIO 1 NOCJIEAYIOITYIO
TOYKH Ppy ¥ Py [3]. 19 HaxoxIeHUs KOOpAMHAT OIIOPHBIX TOYEK Ha Kaca-
TCNIBHBIX MPE/JIaraeTCs MCIOMb30BaTh NPOXOXAEHHE oTcexa Besbe uepes zo-
TIONHATEIILHYIO OTIOPHYIO TOUKY, B KauecTBe KOTOPOH MCHOIb3yeTcs ONQpHas
TO"Ka, JieXKallasd MEXIy KOHUEBBIMH TOYKAMH OTCeKa. . JIpyrumu cioBamu,
MHOXECTBO MCXONHBIX ONOPHBIX TOYEK pa3OMBacTCs Ha TPOMKH, IPHIEM JIBe
KpalHHe TOYKHA KKA0H TPOUKH NPUHUMAIOTCA 3a Kommppf;ﬁ@exa besbe, a cpen-
HSS TOYKA TPOHKH HCTIONB3YETCA B Ka9€CTBE JONOMHUATEABHOIM.

O603Ha49MB KOHIEBBIE TOYKH OTCEKa Besne P 1-4 P, a TOUKH, nexamye Ha
KacareNbHbiX, () U (03, MOKHO 3amMcaTh YPaBHEHUS OTCEKa B [lapamerTpHye-
CKO# opme: 355

x(t) = (1 = t)°xp; + 3t(1 —)%xg, + 3t2(1 — t)xgs + t3xp3, (1)
y(@) = (1 = t)Pypy#:3t(1 — £)?yy; + 3t2(1 — t)yos +t3yps, t=0,..,1. (2)

O603Ha9MB CPEHIOI TOUKY P,, MOXKHO 3aIHCcaTh YCIIOBHE TIPOXOKICHUS

OTCEKa 9epe3 3Ty TOUKY: 4
Xpz = 0.125xp, + 0.375x,, + 0.375x43 + 0.125xp,, 3)

Ypz2 = 0.125yp; + 0.375y,, + 0.375y¢3 + 0.125yp3,t = 0,..,1. (4)

B seipaxenmsix (3), (4) npumsiro, gro napamMeTpuyeckas KOOPAWHATA TOY-
k4 P, paBHa 0.5. :
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‘Hanpasnenus KacaTenbHeIX B KOHLEBbIX TOYKaX OTCeKa (TaHTeHCE YIJIOB
%1, 3 HAKIOHA KaCaTe/IbHBIX) H3BECTHRM o0pazom HaxonATCs yepes IpOU3BO1I-
HBIE BhIpaxeHni (1), (2) mo apaMeTpy ¢, BeraucIeHHbIE IS 3HaYeHuit =0 u

=1: . i
o QLT YPY i ¥03 7Y D3
ga; = =——"tgq, =203 ¥p3
XQ1-Xpq XQ3 - Xxp3

Tanrence! yrios @1, &3 IPUPAaBHMBAIOTCS TAHTEHCAM YIJIOB Haxjmﬂa Xopz,
HPOXOISIMX Yepes ucxonHsie OIOpPHEIE TOYKHY, [IPeAECTBYIOIIE KOHLIEBBIM
A CICAYIOIIME 338 HUuMu. Jns Touxy Py 310 TOUKYH Pou Py, mns TOYKH P3 310

TOYKH P, u P, - 7N T o BERS
YQ1-Ypa i ypz—}'po_' : T ey ” (5)
XQ1%p; Xp2-Xpg: :
-:XQ3-Yp3. fos YP4‘J’P2. ; (6)
x—Q3-xp3 Xpa~Xpy. ‘

- Brlpaxenus (5), (6) Bmecre ¢ BhIpXXeHMAMH (3), (4) 0bpasyior cﬁcreMy

13 YEThIPEX JIMHEHHbBIX aNreOpanvecKuX ypasHeHuii (CJIAY) ¢ YETBIPbMS HEU3-

BECTHBIMH — KOOpIMHaTaMK %01, Yo1, Xg3, ¥p3. B Tpamummonroii dopme ypagge-
Hu. CJIAY BeIrsgst cienyrommM obpazom: = BT

¥ le g 4 xQB 30« le 40> yQ3 — —XP1=Xp3+8-xp,

3
0 ‘ le + O 4 xQ3 + 1 » le . 1 . yQ3 = —ypl"y;3+8'}'p2, . (7)

—(p2 — Ypo)xgs + 0 - Xo3 + (xpy — Xpo)Vo1 + 0 - Yoz = —
= %P1 YP0o ~ Yp2 * Xpy — Ypy - Xpo + ¥py - Xpy,

0 X1 — (orp — Yp2)Xgz + 0 - Yo1 + (xpy — Xp2)Vo3 =
= XP3 VP2 = ¥p3 " Xpg — Yps - Xp2 + Yp3 * Xpy. _J

Fioiois 2%

—_—

»

: BCE OTIOpHbIE TOYkH OTCeka Beape,
) PaceMotpernsiit TIPUEM MOXHO PpacnpocTpaHmTs Ha MoJIeTupoBaHue

KaCaTe/IbHbIX, NPOBEAECHHBIX YEPE3  YIIOBLIE TOYKH B HanpareHusx
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IapaMeTPHYECKHX KOOPIMHAT, A TakKe B JMATOHATbHBIX HAlpaBieHWsX [4].
PaboTy ¢ OTCEKOM MOBEPXHOCTH HYXKHO CBECTH K paboTe € INIOCKUMYU KPUBBIMHL.
3T0 BO3MOXHO, €CIM ONOPHBIE TOYKA PABHOMEPHO pPacCTaBIEHBI B Y3Jax
napameTpudeckoil KoopAMHaTHOM ceTkH. B 3TOM cilyuae xacarelibHbie MOXKHO
NPOBOIMTE K KPUBBIM IUIOCKHX CEYEHMH MTOBEPXHOCTH.

B COOTBETCTBMM C MpPEMJIaraéMbiM CrOCOOOM B HCXOIHOM MHOXECTBE
OTIOPHBIX TOYEK BBIACISIOTCS MOIMHOXECTBA M3 9 TOUeK ¢ opraHmsamyei 3x3.
Ha KaxnoM TOIMHOXECTBE pPacCMATPUBAIOTCA TPOWKW TOYEK, JEKallHe B
HalpapJieHWAX MapaMEeTPUYECKHX KOOpAMHAT, @ TaKkKe B JAMArOHAJIbHBIX
HanpasleHusX. B kaxnoil Tpoiike KpalHue TOYKH DPUHUMAKOTCS 33 KOHIICBBIC
OTIOPHBIE TOYKM KPHMBOJMHEHHOIO IIOCKOIO OTCeKa besbe, a Cpemmss Touka
SIBJIACTCA JAONOJHUTENILHON TOYKOM, Yepe3 KOTOPYIO JOJDKEH IPOXOIHTH OTCEK.
JUis onpezieneHus HampasieHuit 12-TH kacaTenbHBIX (110 3 KacaTenbHbIX s
KOXI0M YIJIOBOM TOYKM IIOAMHOMKECTBA) - MCIIONB3YIOTCSl ONOPHBIE TO4KH
HCXOOHOTO MHOXECTBA, NMPeAbIAYyIHe ¥ TIOCNEAYIONHe [0 OTHOUICHMIO K- YITIO-
BOM B KaXIOM HAlpPaBiICHUH NapaMETPHUYECKHX KOOPAHMHATL, a TaKOKe B JMa-
rOHaJIBHBIX HanpaBneHusX. TeM caMbiM 3aa49a onpefeieHus 12-TH ONOpHBIX
TOYEK JJis OTCeKa TOBEPXHOCTH be3be CBOOMTCS K HAXOXICHHUIO JBYX TOYEK,
JIEKAIIUX Ha KacaresIbHbIX, KOTOPBIC NPOBCAECHBI Y€PE3 KOHIEBBIE TOYKH, IS
Ka)KJI0T0 M3 IUIOCKMX CEUEHMI OTCEKa MOBEPXHOCTH. TakuX IUIOCKMX CEYCHMM
(TUIOCKMX KPHBBIX Be3be) it KaKI0ro OTceka NOBEPXHOCTH HACYMTHIBAETCS 6:
4 B HanpaBleHWsAX ABYX MapaMeTpUYecKMX KOOPAMHAT M 2 — B JHArOHalbHbIX
Hanpasieswsax. TakuMm oOpazoM, WA HaXOXJeHus 12-TM ONOPHBIX TOYEK
OTCEKa, JISKAIMX HAa KacareJibHBIX K HOBEPXHOCTH bespe, HyXHO 6 pa3
COCTABHTH ¥ PELIMTh CUCTEMY ypaBHeHUM BUAa (7).

B HTOrOBOE OIKCAHWE OTCEKa COCTaBHOM KPHUBOM (ITOBEPXHOCTH) BXOAAT
KOOPAMHATHL IBYX KOHLICBBIX OTIOPHBIX TOYEK (METHIpEX YITIOBBIX B Cily4ae OT-
cexa TOBEPXHOCTH) ¥ IBYX TOUEK, JIOKAIIMX Ha KacaTesbHbIX (IBEHAALATH TO-
Yek B CJydYae MOBEpXHOCTH). IIpu 3TOM MpPOMEKYTOYHBIE (IOMOHHUTEIBHbIE)
OTOPHBIE TOYKKM OTOPachIBaOTCs, TAK KaK OHM YYTEHbI NPY HAXOXACHHA TOYCK
Ha KacaTeNbHbIX:: Takum 006pazoM, Ui KpUBOAHHENHOIO OTceKa besbe M3 Kak-
JBIX TPEX ACXOMHBIX ONOPHBIX TOYEK OCTAIOTCA JIBE, a ISl IMPOCTPAHCTBEHHOIO
OTCEKA M3 KaKIbIX AEBATH UCXOAHBIX OIIOPHBIX TOYEK OCTAIOTCS YETHIPE.

Hcxonsbie OnOpHbIE TOUKA MOTYT ObITh pacCTaBIICHbI B: IPOCTPAHCTBE HE-
PaRHOMEPHO. B 3TOM CiTydae MOXHO IPEVIOXKHTH OT MCXOIHBIX ONOPHBIX TO-
YeK MEPeiTH K HOBBIM ONOPHBIM TOYKaM, TOXE NPUHALICKAIINM IPOSKTHpYe-
MOM I[OBEPXHOCTH, HO PacCTaBJICHHBIM paBHOMEpHO. Jlid Takoro nepexoja
HY>KHO  IIPAMEHMTH ORMH U3 METOJAO0B MHTEpnoauuu. C ero noMomp Haxo-
JIATCS aHAJTMTHIECKOEe MAaTeMaTHYeCKOe NPEACTaBICHHE (MHTEPIIONSAHT) IPOeK-
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THPYeMO! NOBEPXHOCTH. BbIMMCIICHHE 3HaYeHVH MHTEPNONAHTA C 33JaHHBIM
IHaroM JaeT KOOPIMHATHI HOBBIX OMOPHBIX TOYEK.

X OpOUTMMH HHTEPIOIMPYIOUUMH CBOFCTBAMH 06/1ANAI0T PaTHATbHbIE 6a-
3ucHble Qynkimn (PE®). DTOT MHCTPYMEHT HOCTATOYHO npopaboTay, cymect-
BYIOT PEKOMEHIAIMH 10 NpUMeHeHno PBD s OIMCAHHA TPOTSHKEHHBIX |
3aMKHYTBIX [IOBEPXHOCTEH, KaK B OBIIEH, TaK 1 B SBHO dbopwme [5,6,7,8].

- B pesynprate npoextuposanms reomeTpuueckux (popMm ¢ npuMeHeHmeM
TPE/UTAraeMoro criocoGa opMUpyeTCs Tiiazkas KpuBas, TNIOBEPXHOCTH, MPOXO-
AAIAs Yepe3 ONOPHble TOUKH M MMEoUlas 0GOCHOBAHHBIE W3rUOH B paiioHe
KOHIEBBIX (YTJIOBBIX) OTIOPHBIX TOYEK CErMEHTOB. -

Ha pucynxe B, KaecTse IpHMepa MOKa3aHa KpHBas CIIOKHOMN (OpMBI, T10-

JIyMeHHas [IAJIKOH CTHIKOBOH IBYX OTCEKOB KpHEBO# Besbe.

i

i
¥

vFi

L, 2

[ nadkas. emvikoska 06yx omcexos kpugoii besve, HpOXoOsuux i .
uepes QONONTHUMENbHBLE ONOPHBIE MOYKU

B 0603Ha9eHIAX ONOPHBIX TOUEK TIPUMEHEHE! ABONHbIC MHICKCHL: Py, O,

" rne k— Homep otcexa (k=1.2), a j — HOMep ONOPHO# TouKki (7=1,2,3). Koneunas
- OTOpHAsi TOYKa MPEebIIYIIEr0 OTCEKa COBIAAeT ¢ HAYaTbHOMN OTIOPHOM TOYKOM
TIOCIICAYIOLIET0, YTO OTPAXKEHO ABOMHBIM 0GO3HAYEHHEM TaKo To4yku. s

JIEMOHCTpALM TOYHOCTH HHTEPIONAIMA HA PHCYHKE TIOKA3aHbI JOTIOJTHHATE B~

'HBI€ OIOPHBIE TOUKH Pj3, Py, KOTOPHIE He BXOJIAT B HTOTOBOE OIHCAHHE CIIIAl-

HOBOH KpHBOiL. Taroke mokasaHa xopaa Py, Py, ¥ NapaliebHbie eff KacaTels-
HbIE, TIPOBEICHHBIC Y€Pe3 TOUKY CTHIKOBKU OTCeKOB. Ha HUX 0603HaueHHb! Haii-
ACHHBIC ONIOPHbIE TOYKH (13, (). PUCYHOK moMydeH ¢ nomompio NPOrpaMMBbl-
monenepa 3d Grapher 1.2. Bux pucyHka nokassisaer XOpolIxe H300pa3zuTesib-
HBIC BOSMOXHOCTH T€OMETPHYECKHX ()OPM, NONYYEHHBIX C NPHMEHCHHEM
npeanaraeMoro crocoda. IlpeararaeMoe MareMaTHIECKOe ONMCAHME CIUIANHO-
BOTO NPE/CTaBJICHHS NPOCTPAHCTBEHHOIO O0BEKTa MO3BOJISET MPHMEHHTE Obi-
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CTPBIA AIOPUTM BBLIYHCIICHHUS TIPOMEXKYTOUHBIX TOYEK MOBEPXHOCTH, OCHOBAH-
HbI{ Ha METO/IE KOHEYHBIX pasHocreii [9].
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NPUMEHEHHUE TEXHQJIOTAM BJIOKYEH
B COBPEMEHHOM MUPE

A.B. Koros, KA. Kapennckas, AP, Xabapos

- APPLICATION OF BLOCKCHAIN TECHNOLOGY
: - ..JN THE MODERN WORLD
~ A.V.Kotov, KA. Karelskaya, A.R: Habarov
-, AnHoTaums. B Tesucax CTaTkU PACCMATPHBAIOTCH TCXHOJIOTHA Onokyeitn
M ChEpEE e€ CHIONB30BAHMA. BTy R s -l 6 G B
Kmouennie cioBa: Grokueitn, Grrkonn, OIHOPAHTOBbIE CETH,. ,
Abstract. The thesis of the article discusses the blockchain technology and
the scope of its use., . e EEE GO R o S
-« Keywords: blockchain, bitcoin, peer-to-peer networks.
- - Ceroa Bee Gobie Komnaskit 3a1BIOT 0 MpHMeHeHIH Ornokueiina, a B
HEKATOPBIX. CTPaax Jaxe eCTp FOCYIapCTBEHHbIE NPOrpamMMbi 10, HCTIOJTE30Ba-~
MO STOH TEXHONOMMH. B ¢TaThe. paccMoTpero, B Kakux emme. cepax, xpome
KPUITIOBAIIOT, GNIOKYCHH HAIE ¢BOE NPHMeEHEHE, 2 TaoKe, KaKHe, [IepCIeKTH-
BB IMCLT, T3, HHHOBAIMOHHAS TEXHOMOTHS. Lanror B miron o
- BUIOK4eliH - 370 cniocob cHopa, Xpanenus 1 0bpaboTKY JaHHBIX B JelieH
TPANM30BaHHBIX OTHOPaHTOBBIX CETAX, KOTOPbIH Npe/TaraeT BBICOKYIO- 6e30-
NaCHOCTh U AOCTOBEPHOCTD 3aIIHCAHHOM B HEM HH(pOpMaIHH.

.. . KoHuemms 6nokueiina ObL1a npemIoKeHa. ¥ 0npoboBaHa eme B 1991 ro-
Ay HO IHPOKYIO H3BECTHOCTb 3T TEXHOJIOTHA TNOJIy4HIa TOJBKO TIOCIE €€ HiC-
HOJL3OBAHMA B IIATEKHOH CETH NEPBOi KPHUITTOBAMOTEI Bitcoin, xoTopas 6su1a
npencraenena Caromym Hakamorto. Do ACHCHTPAIM30BAHHAS UIATE)KHAS CETh,
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