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Y cmammi nooaemvca onucammna cucmemu NONIMOYKOBUX NEPEMBOPEHD
0eKiibKkox 00 °'ekmie 6cepeduni oO0no2o bazucy. Lla cucmema 0036015€ HAOUHO
cnocmepieamu 3MiHU opmu 06’ €kmie npu npoyecax oepopmayii uiisaxXom 3MiHu
Gdopmu  6azucy. llepemsopenns 6azucy npogoOUMbC WIIAXOM NePeMileHHs.
3a0anux mouok. Illepemeopenusn ¢hicyp ¢hynxyionanvbHo 3anedcamov 6i0 3MiHU
bazucy. /locniodcents nposoounucs 3 gicypamu nouiconanvroz2o muny. Ompumani
pe3ynibmamu 0aroms 3M02y 3p0OUMU BUCHOBKU OO0 OOYLIbHOCHIE 8UKOPUCHAHHSL
HONIMOYKOBUX NEepemeopendb Ol  NONIKOOPOUHAMHO20 BI00OPAXdCEeHHs 2pynu
00 ’exmis, 00 €OHaHUx 0OHUM OA3UCOM.

V' cyuacnomy ceimi, mabyms, Hemae cgep, Oe He 3ACMOCOBYEMbCSA
Komn tomepHa epaghika, 6i0 6YOIBHUYMEA | BANCKOT NPOMUCTIOBOCH, 00 MEOUYUHU,
oceimuboi 2anysi, pexiamu ma myromuniixayii. OOHUM 3 HANPAMKIE OISLIbHOCHI
JIOOUHU, AKUU OYydce CMPIMKO PO36UBAEMbC, € CIBOPEHHSI KOMN TOMEPHUX 120p.
Hoei uacu sumazarome po3eumky HOBUX MEXHONOCIU, SKI NOBUHHI 8i0nosioamu
cyyachum eumozam. llpu cmeopenni xomn tomepnux ieop 6azamo uacy 3aumae
CMBOPENHs 2pasyis, AKUX Modce Oymu 6azamo Ha OOHOMY eKpaui, a npu O0esKux
cyeHax yi 00’eKkmu NOBUHHI OYMU CXOHNCUMU OOUH HA OOHO20, djle GIOPI3HAMUCD
oesaxumu demanimu. Bumanbosyeamu KodCHUL MaxKuii 00’ €Km He MilbKu CKIAOHO,
ane i HyoHo. /lo moeo i yeii npoyec 3aumae bazamo uacy. I momy € ceHc AKOCb
aA8MoOMamu3sy8amu CMEOPEHHs MAKUX MAUM#Ce CXOHCUX 2pasyie 8 0OHil cyeni. Taxy
3M02Y HA0A€E CNOCib NOAIMOYKOBUX NEPEMBOPEHb 2eOMEMPUYHUX 00 'EKMIB.

Inxonu yi 06’exkmu nosunHi mamu cxodxci oonosHenus. Hanpuknao, ne
npoOCmMo auyap, a auyap 3 medem, ma we i 3 KOHemM, abo He Npocmo 0OUHd, d
oou 3 dimvmu, abo 3 meapunamu. B maxomy eunaoxky nompiono pozensHymu
anapam NoimoyKo8Ux nepemeopeHb no BIOHOUEHHIO 00 OEKLIbKOX 00 €Kmis, sKi
3aHYPIOIOMbCSL 8 00UH npocmip. Y yil cmammi po32/s0acmspcsi came maxKuii Cnocio
NONIMOYKOBUX NEePemBOPeHb, KOMU 8CepeOUuHi NoIimouYKo80i 0onacmi Micmsamscsl
OeKiibka pi3Hux ¢hieyp, a nepemeopeHHs 8i00Y8aOMbCs 34 OOHUM 3AKOHOM OJisl
8cix 00 ’exkmis.
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Memoro docnioxcensb € YOOCKOHANIEHHST CNOCO0Y 2eHepayii 2eoMempuyHux
00°€xmig 3a 00NOMO2010 NONIMOUKOBUX NEPEemBOPerb ePYnRU 00 €KMis, wo 0acms
MONCIUBICIb 3eKOHOMUMU DeCypCU ma 3MEHWUMU 4ac HA 8i0MEOpeHHs qhicyp
nicas oepopmayitinux 3min. Y cmammi npononyemscsi 8UKOPUCMAHHS CIBOPEHOT
KOMN 10mepHoi cucmemu 01 HAOYHO20 GIOCMEJCEHHSI NPOYeCy 3MIH 6 DPedcUMi
PeanbHO20 4acy.

Knrouosi cnosa: oeghopmayiiine mooenrosants, noiimoukosi nepemeopetHs,
NONIKOOPOUHAMHI BI00OPAdICEeHH S, OA3UC NepemBoperHsl, 00 €KmM nepemeopeHHsI.

Ilocmanoeka npodaemu. Y monepeanix cTartsx Oyiao MpUBEICHO CIOCIO
NEPETBOPEHHS T€OMETPUYHOrO TiUa, 3aHYPEHOTO B 0a3uc MOJITKAHUHHHUX
NEepPETBOPEHb, BUBUYEHI BJIACTUBOCTI 00’€KTa Ta CIIOCOOM 3’€JHAHHS OTPUMAaHUX
TOYOK Ticasi mporecy Jnedopmarii. Aje Ha ChOTOJHI HEMae CHOCOOIB
NEPETBOPEHHS TPYNHU O00’€KTIB OJHOYACHO, 3a 3a3JaJIETib 3aJ]aHUM 3aKOHOM.
Jns 1poro mOTpiOHO BIOCKOHAIUTH MATEeMaTUYHUN arapar MOJITOYKOBUX
NepeTBOPEHb, [0O0 MaTH 3MOTY MPOBOAUTH AchOopMalliio ACKUIBKOX 00’€KTIB B
OJTHOMY Oa3muci.

JI71s1 3py4HOCTI IPOBEACHHS JTOCIKEHb O0YyJ10 6 100pe MaTu MOXJIMBICTh
MTOKPOKOBOT'O BIJICTEKEHHS pe3yJIbTaTiB reHepallii ux 00’ €KTiB. 3a JOMIOMOTOI0
CHUCTEMHU MOXHA TEPEBIPUTH JOCTOBIPHICTH TOCIHI/KEHb Ta MEPEKOHATUCH B 1X
¢(hEeKTUBHOCTI.

Ananiz ocmannix oocnioxcens i nyonikayiiu. Y po6orti [1] mosicHIOETbCS
MOHATTS TOJITOYKOBUX TEPETBOPECHb, HABEICHO MAaTeMAaTHYHHUIA amapar,
QITOPUTM Ta CIOCOOM peaiizalii 3a JOMOMOTOI SKHUX MOXKHAa OTpPUMATH
KOOpJIMHATH TOYOK 00’€KTa Ticis mepeTBOpeHHs. Y pobotax [2-4] HaBemeHO
MIPUKJIAJM 3aCTOCYBaHHS CIIOCOOY MOJITOYKOBHUX TMEPETBOPEHB, HAIPUKIIA, TIPH
KOHCTPYIOBaHHI y TIPUMIIICHHSIX OYyAiBEIb BEHTWIAIIWHUX CUCTEM 3 PI3HUMH
BUJaMU TepepisiB [2], y miuacTuuHiil xipyprii [3] mpu MojemtoBaHHI (HOpMH
HOCa TMOIli€eHTa, Npu oOuucieHHl 1om Jnanamadry [4] Ta Take iHIIE.
VY3araibHEHHS IMIXOIB JI0 OTPUMaHHS TOYOK 00’€KTa MPHU MOJIKOOPIUHATHUX
BiJIoOpaXkeHHsIX omucaHo B poOoTi [5]. [IpomoHyeThess mpu  BigoOpakeHHSIX
BIIPI3KIB Yy  MOJIEIIOBaHHI  CKJIAJIHMX  O00’€KTIB, B SIKOCTI MpooOpazy
BUKOPUCTOBYBATH HE MPSMI B HESIBHOMY BUTJIAI, @ MHOXHHH TOYOK, 100
orpuMatd JedOpPMOBaHUN OO0’€EKT Yy BUIJSAAI HOBOI MHOXXHHH TOYOK. Y
poOoTi [6] pO3TALAAIOTHECS CMOCOOM 3arymeHHsS TOYOK, TOOTO, IHTEPIOJIAIIi
OTPUMAaHHUX JAHUX Yy pe3yibTaTl nepeTBOpeHHs 00’ ekTa. Pobora [7] mpucBsueHa
M1JBUIIIEHHIO TOYHOCTI aJITOPUTMY MOJITOYKOBUX MEPETBOPEHbD.

Dopmynrweannsa yinen cmammi. MeTOIO JOCHIIKEHHS € YIOCKOHAJICHHS
croco0y reHepailii J1e(OpMOBaHMX TEOMETPUUYHHMX OO €KTIB 3a JOMOMOTOIO
MOJIITOYKOBUX MIEPETBOPEHD, Ta CTBOPEHHS BIAMOBIAHOI KOMII FOTEPHOI CUCTEMHU
MOKPOKOBOTO BIJICTEKEHHSI MOJIKOOPIUHATHUX BIJOOpAXKEHB.

Ocnoséna uwacmuna. 3 PO3BUTKOM KOMIT'IOTEPHOI TEXHIKM CHCTEMa
MOJICITIOBaHHS TIPOIECiB fedopMallii  IPYHTYETbCS, SIK TPABWIO, HA TMaKeTax
NPUKIAJIHAX TPOrpaM, 3a JIOTIOMOTOK SIKHX MOMKHA TIPOBOJUTH  aHAI3
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neopMalliifiHiX 3MiH Ta HAOYHO BIJCIIKOBYBAaTH OTpUMaH1 pe3yibTaTu. [Hoal B
MPAKTHUII PO3POOHUKIB KOMIT IOTEPHUX 1rop, ad0 aHIMallli, BAHUKA€E HEOOXITHICTh
NPOBOJIMTH TEBHI MaHIMYJIALIl 3 BEJIMKOI KUIBKICTIO TpaBuiB. Hampuknazn, mnpu
MOJICTIIOBaHHI OaTadbHUX CIeH, a00 MpH BiTOOpakKeHHI MEBHUX TPYN 00’ €EKTIB,
KBa310/IHAKOBUX 3a (OPMOIO, SIK TO 3rpas BOBKIB, a00 apMajia YOBHIB UM TAHKIB,
HEOOX1THO CTBOPHUTH BEJIMKY KIUIBKICTh CXOXKHUX 00’€KkTiB. Ilpum po3B’s3aHHI i€l
3a/1a4l BUHHMKAIM BEJIUKI IPOOJIEeMH 3 YacoM BHKOHAHHS IIhOIO 3aBJaHHI 1
KUTBKICTIO 3a/IITHUX PECYPCIB, 30KpeMa, JIFOJICHKUX. 3a JOMOMOTOI0 3Ty4eHHS 10
IILOTO TIPOIECY CHUCTEMHU TIOJTIKOOPIUHATHUX BiIOOpaKEHh MOXHA CYTTEBO
36KOHOMMUTH 1 4ac, 1 TPOIIIi, 1 3SMEHIIIMTA HaBaHTAKCHHSI Ha CIICITIaJTICTIB.

B ocHOBY KOMIT'10TEpHOI cUCTEMHU OyJI0 MOKIaJACHO anapaT HoJITOYKOBUX
NEPETBOPEHb, CYTh SKOrO IMOJISITa€E y TOMYy, IO 3MiHa QopMHU 00’€KTa
NEPETBOPEHb (PYHKIIOHAIIBHO 3aJIEKUTh BIJl MEPETBOPEHHS MPOCTOPY, Y SAKHIA
BiH 3aHypeHuil. IIpocTip yTBOprO€ThCS TOUKaMu Oa3ucy, 1 KOPUCTyBau Mae
3MOTYy IIMMH TOYKaMu MaHinmymoBatd. Ilpu 1npomy Ha ekpaHi Oyze
BIJIOOpakaTUCh SIK caMe 3MIHHUBCS OO’€KT MpPH PI3HUX MOJOKEHHAX TOUYOK
6azucy. I[lomTouykoBi MEPETBOPEHHS MPAMOI MPOJIEMOHCTPOBAHO HA PUCYHKY 1.

YA

e

X

Puc. 1. TloniToukoBi nepeTBOPEHHS NPAMOi

[lepeTBOpeHHsI MOXKHa onucaTt GopmyIoo:
0i = o; Pi,
ne Bi Ta @i - TOJITOYKOBI KOOPJIMHATH 33JIaHO1 Ta MEPETBOPEHOT MPSAMO.
Po3p’si3aHHa  3amadi 3BOAMTHCS 1O PO3B’SA3aHHS CHUCTEMHM JIIHIMHHX
PIBHSAHD, KA B CBOIO YEPry BUPIIILYE ONTUMI3aLlIiHYy 3a1a4y.
Cucrema Ma€ HACTYITHUN BUTIIS;
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O0’€eKTH IepEeTBOPEHD MPEACTABISIIOTHCA AK HA01p NPSMHUX 3 OTPUMaHUMU
3 cuctemu koedimieHtamu A, B, C, 3a 70MOMOroro sSIKMX MOXHa BiJI0Opa3uTH
dirypy.

[TutanHs mpencTaBieHHs (iryp 3a JOMOMOTO MPSIMHX BUHOCHTHCS 3a
PaMKH 1IOTO JTOCIIIJIKEHHSI.

[Ipu peamizamii nepeTBOpPeHb ACKUIBKOX (PIryp B OJHOMY IOJII BHHHUKIIA
npobJieMa po3pizHeHHs (11eHTHdIKaIlll) TOYOK, K1 HaJIeKaTh KOXKHOMY 00’ €KTY.
Jlnst BupimieHHst 11iei mpoOiemMu OyJo 3amporoHOBAHO BBECTH BEKTOPH, Y SIKi
OyIyTh 3aHOCUTHUCH TOYKH KOHKPETHOI (Pirypwu, 1 moTiM 1ii JaHi (TOYkH) OyIyTh
IHTEPIOIOBATUCH IS B1IOOPaKEHHS MEPETBOPEHUX TiJl, KOKHOTO OKPEMO.

Ha ocHOBI MOMTOYKOBUX MEPETBOPEHH OYJIO pO3pOOJIEHO KOMI IOTEPHY
nporpamy, 1€ Ha BHUXOJl OTPUMYBaBCA O0’€KT micis aedopMamidiHUX 3MiH.
OauH 00’ekT Ha BXOJl, 1 OAMH OO’ €KT Ha BUXOAl. A Uil PpO3B’SA3aHHSA
MOCTABJICHOI 3a/1a4l MOTPIOHO 3aHYPUTH B 0a3HC SIK MIHIMYM J[Ba 00’ €KTH.

Cucrema TMOJIITOYKOBHX TMEPETBOPEHb TPYMH OO0’ €KTIB CKIAMAETHCA 3
NEeKUTbKOX mijicucteM. Ha pucyHky 2 300pakeHO (YHKI[IOHQJIBbHY CXEMY
MIJICUCTEMU  TeHepalllii TeCTOBUX TMPUKIAAIB  HENIHIWHUX  TEePEeTBOPEHb
T€OMETPUYHUX 00’ EKTIB.

[Tincucrema cknagaeTbes 3 rpadiyHOTO MOIYJIIIO, 3 MOAYJIIO PO3PaxXyHKY
Ta Bi3yasi3allii pe3yJibTaTiB.

OO0poOKa BXiTHUX JaHUX MPOBOIUTHCA Y PO3PAXyHKOBOMY Momyii. JlaHi
MOCTYMATh y el MOAyJb 1 TEepPeNarThcs Y (PYHKINIO MOTITOYKOBUX
NEePETBOPEHb. Y MOyl Bi3yaumizallii mMpoXOoauTh Mporec mooymoBu (iryp 3a
OTPUMaAHUMH JJAHUMH ITiCIIsl IEPETBOPEHb.

Touku pi3HUX O00'€eKTIB 30€piraroThCs B PI3HUX CHHCKaX 1 MOTIM
BIJITAIOThCS Ha rpadiyHUi MOAYJIb, € BUKOHYETHCS B3a€EMO/1S 3 (YHKIIIOHATIOM
nporpamu. BHeceHi 1aHi 00poOIISIOTHCS 111 OTPUMAHHS Pe3yJIbTaTy.

3a JIOMOMOTOI MOy Bi3yalizallii BioOpa)karoThCs BCl pe3ysIbTaTh
pOOOTH MiACUCTEMHU.
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Migcucrema redepauil TecTosux
NPUKNAAIB HeNHINHWX NepeTBopeHb
reoMeTpuYHUX ob'exTie

- Po3paxyHkoBui . >
MpadivyHmin Mopgyns paxy Biayaniaauyis
MOAYNS

DOyHKUIA
NONITOYKOBUX
nepeTrsopeHb

Bubip o6ekra

MOAEMOBAHHA MNepeTsopeHHn

PISHOCTOPOHLIO
BaratokyTHuKa

BeeaeHHn BasnucHUuX MepeTBOpeHHA

TOMOK Kkona
MepersopeHHs

PIBHOCTORPOHLIO

TPUKYTHUKE
MepersopeHHn

eninca

MepersopeHHn

MNepersopeHHA , PIBHOCTORPOHLIO
KBappary bararokyTHUKa

Puc. 2. [Tlincucrema renepariii TECTOBUX MPUKIAIIB HETTHIHHUX
MIEPETBOPEHD TEOMETPUUHUX 00’ EKTIB

[Ticast 3aBaHTaXXEHHS CUCTEMH KOPHUCTYyBady HAJA€TbCd MOXKIMBICTD
obpatu o00’ext, abo rpymy o00’ekTiB. [l BBEACHHS TPABUIBHOTO
0araToKyTHHKA MOTPIOHO 1€ 00paTH KIJIBKICTh KYTiB, 110 HOTO yTBOPIOIOTE.

[Ticast Toro, sik 00’€kTH 00paHO, KOPUCTYBAY OTOUYE IIi 00’ €KTH TOUKAMH,
o Oye moyaTkoBuM OaszucoM. [licis HaTUCKaHHS Ha KHONKY «3MIiHUTH 0a3uC»
KOpPUCTYyBad MOKE€ MAaHIMYJIOBATH TOYKAMU [OYATKOBOro 0Oa3ucy uis HOro
3MIHH.

[Ipu MoMITOYKOBUX MEPETBOPEHHSIX 3MiHA 0a3uCy MPU3BOJIUTH 10 3MIHU
dbopmu 006’€kTa, MO (GYHKIIOHATHHO 3aJEKHUTh BIJ TOTO, SKUM YUHOM OyIio
3MiHEHO 0a3Huc.

ITo 3akiHYeHHI IILOTO Mpollecy Ha eKpaHi Oyae B11oOpaxeHo 00’ €KT MiCIs
NOJIITOYKOBUX  TepeTBopeHb. [Ipumuomy, mpomec Oyae BigoOpaxaTHCh



207

MOKPOKOBO JJIsl BIACTEKEHHS pe3yIbTaTiB NEPETBOPEHHS B PEabHOMY 4acl IS
3pYYHOCTI KOPUCTYyBaya.

Pe3ynpTaTd MOKPOKOBOTO MEPETBOPEHHS TPUKYTHHKA 1 I’ SITHKYTHUKA
HaBeJICHO Ha puc. 3.

Puc. 3. [Ipuknan nedpopmariii 1eKUIBKOX TEOMETPUYHUX 00’ €KTIB
p p p

Sk BUIHO 3 PHCYHKY, KITBKICTh MEPEMIIIEHh TOYOK 0a3WCy BIUTMBAE Ha
KUTBKICTh HOBUX 00’€KTIB. A HampsiMH 3MiH TOJIOKEHHSI TOUYOK BIUTMBATHME HA
nedopmMaiiiro 00’ €KTIB.

30UIBIIUTH  BApIaTUBHICTH 3MIH MOXHa 3a JOMOMOTOI BBEICHHS
QITOPUTMY BaroBHUX IMOJITOYKOBUX MEPETBOPEHb, HAIMPHUKIIAJ, 3aCTOCOBYIOUU
BIUIUB BIJICTaHI BiJl TOUKH 00’€KTa J0 TOYKH Oa3ucy. Y IIbOMY BUIIQJIKy BILJIUB
3MIHU TOYku 0Oa3ucy Oyje CWIBHIIIMM TaM, Ji¢ BiJICTaHb MEHINA, 1 HaBIaKH,
SKIIO TOYKa JyKE BiJiJlaJieHa BiJi KOHKPETHOI TOYKM Oa3ucy, TO 3MiHa ii
MOJIOKEHHS OyJie MiHIMaJIbHOI, TOOTO 3MiHA TOYKM Mail)ke HE BIUIMBATUME Ha
JaHy TOYKY 00’ €KTa.

Bucnoeku. byno PEACTaBIECHO CUCTEMY nedopmarliitHoro
MOJIETTIOBaHHS JIEKIJIbKOX 00’ €KTIB BCEPEIUHI OTHOTO 0a3UCy, KA IPYHTYETHCS Ha
MaTEeMaTUYHOMY arapari  MOJITOYKOBHX IepeTBopeHb. IlpoBeneHo aHami3
OTPUMAHUX PE3YJbTATiB, 3pO0JICHO BUCHOBKH IIOAO IMOMAIBIINX JOCIIKEHb B
HanpsIMKY 30UThIIIEHHS BapiaTUBHOCTI (PYHKI[IOHATY CUCTEMH.
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SYSTEM OF POLYPOINT TRANSFORMATIONS OF A GROUP OF
OBJECTS IN ONE BASIS

luliia Sydorenko, Oleksii Shaldenko, Andrii Onysko

The article describes the system of polypoint transformations of several
objects within one basis. This system allows you to visually observe changes in the
shape of objects during deformation processes by changing the shape of the base.
The transformation of the basis is carried out by moving the given points. Shape
transformations are functionally dependent on the base change. Research was
conducted with polygonal shapes. The obtained results make it possible to draw
conclusions about the expediency of using polypoint transformations for
polycoordinate mapping of a group of objects united by one basis.

In the modern world, there are probably no areas where computer graphics
are not used, from construction and heavy industry to medicine, education,
advertising and animation. One of the areas of human activity that is developing
very rapidly is the creation of computer games. New times require the development
of new technologies that must meet modern requirements. When creating computer
games, it takes a lot of time to create players, which can be many on the same
screen, and for some scenes, these objects must be similar to each other, but differ
in some details. Drawing each such object is not only difficult, but also boring. In
addition, this process takes a lot of time. And that's why it makes sense to somehow
automate the creation of such almost similar players in one scene. This possibility
Is provided by the method of polypoint transformations of geometric objects.
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Sometimes these objects should have similar additions. For example, not just
a knight, but a knight with a sword, and also with a horse, or not just a person, but
people with children, or with animals. In this case, it is necessary to consider the
apparatus of polypoint transformations in relation to several objects that are
immersed in one space. This article considers exactly this method of polypoint
transformations, when several different shapes are contained inside the polypoint
region, and the transformations take place according to the same law for all
objects.

The goal of the research is to improve the method of generating geometric
objects using polypoint transformations of a group of objects, which will make it
possible to save resources and reduce the time it takes to reproduce shapes after
deformation changes. The article proposes the use of the created computer system
for visual tracking of the change process in real time.

Keywords:  deformation  modeling,  polypoint  transformations,
polycoordinate mappings, transformation basis, transformation object.
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