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Cyuacni mexnonozii pomozpammempii 0na nepemgopers 06 'ekma Ha 3D— moodens,
30epedicenna  opmu  00’ekma, 1020  A8MEHMUYHOCMI  HAOY8AOMb  0COOAUBOT
akmyanvHocmi  ni0  yac iticbkogoi aepecii Ha Oepacagy. IIposedeno 6usyenHs,
docniodcennss 00 '€kmig 3 BUKOPUCMAHHAM CYYACHUX Memooie @izyanizayii 3 memoio
6NPOBAODIICEHHSA Y HABUATLHULL NPOYeC.

The task of preserving architectural monuments, urban planning objects, and
engineering structures is prescribed in the Law of Ukraine on the Protection of Cultural
Heritage. Within the framework of the modern state of engineering structures and the
capabilities of modern software complexes, methods of preservation, visualization, and
maximum reproduction of objects in Ukraine are being developed. The model of the bridge
was chosen for the visualization studies of the structures. The available and accurate
method proposed in the work, which is easy to apply in practice, is the reverse engineering
digital photogrammetry method. The process is based on creating a three-dimensional
model from two-dimensional photographs using software. With its help, the user uploads
a set of photos to Autodesk servers and receives as a result a triangulated model of the
object with preservation of all real dimensions and with high-quality textures. The
obtained data was subsequently imported for further processing into another program of
this family - the Autodesk Inventor package. The Autodesk Inventor package has a
convenient interface and a large set of tools for modeling products. To demonstrate the
scope and level of processing of ReCap Photo, the options included in the application are
demonstrated in the work. The purpose of the article is to develop a sequence of scientific
research using digital photogrammetry. Setting the task. Based on the stage of evaluation
of priority processes, it is necessary to determine the key directions of research into the
digitization of objects and, based on the results of the evaluation, to propose a rational
model for the use of the reverse engineering method in the educational and scientific
activities of the Department of Computer Graphics. Highlighting previously unsolved parts
of the general problem. The Autodesk ReCap application processes DEM data. The
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obtained DEM can be used in Autodesk Revit, etc. Autodesk packages for: the design and
reconstruction of bridges; reconstruction of damaged housing stock; restoration of
damaged infrastructure and much more. The application supports almost all laser
scanning file formats. Clouds of points, in addition, can be edited arbitrarily - delete them,
copy, highlight, or even add survey points. As a result, it demonstrated the possibility not
only of creating technical documentation but also of reconstructing objects with millimeter
accuracy. Visualization and design make it possible to exclude possible errors. Due to the
identity of the spatial virtual model and the real physical object, the accuracy and quality
of the design increase. Digitization of monuments of architecture and cultural heritage of
Ukraine, establishment of a legislative framework, and preservation of UNESCO
monuments are important scientific and practical tasks. Conclusions and prospects for
further developments in this direction. The proposed algorithm makes it possible to use the
Autodesk software complex to preserve the cultural heritage of Ukraine. It is worth noting
that under safe conditions, the proposed algorithm for visualization of cultural heritage
objects will be used in peacetime.

Kniouosi cnosa: pomoepammempis, 3D-mooenv, asmenmuyHicmo, Ousaiis, 06 €km.
Keywords: photogrammetry, 3D model, authenticity, design, object.

AHaniz Bimomux pgociaimkens i myOaikamiii, ge po3B'A3yBagHCh
3aBJAaHHs wi€l npodJjeMu

3aBmaHHsA 30epeKCHHS MaM ITOK apXiTEeKTYpH, 00’€KTiB MiCTOOYIyBaHHS,
IH)KEHEPHUX CIOpYJ MponucaHi y 3akoHi YKpaiHH IPO OXOpPOHY KyJbTypHOT
cHaJuHy. B pamMkax Cy4acHOro cTaHy IHXXEHEPHHX CHOPYJ Ta CHPOMOKHOCTI
Cy4acHHX HPOIPAaMHUX KOMIUIEKCIB pO3POOISIFOTBCS METOMM 30epeKeHHs,
Bi3yastizaiii Ta MaKCUMAaJbHOTO BIATBOPEHHS 00’€KTIB KYJIbTYpPHOI CIAIIIAHU
Vkpainu. B po6ori [1] aBTopu mpoBenu 0OCTEKEHHS MaM’sITKH apXiTEeKTypH 3
BHKOpPUCTaHHAM oOmanHanHs a1 3D ckanyBaHHS i ¢ororpammerpii (TepMmiH
(oTorpaMMeTpisi HOXOANUTH BiJl TPEbKUX CiB: photos - cBiTIIO, gramma - 3amuc,
metreo - Bumip, oTKe, HOro JOCIIBHUI NepeKIIaj - BUMIp CBITIIO3aINUCY).

PesynbraTom poboTu € TppoXMipHa Mozaenb Oy/IiBII 31 30epeKeHHIM YCiX
(aKTHYHUX PO3MIPIB 1 TEKCTYD, SKa B pe3yJIbTaTi MOXKE OYTH 3aCTOCOBAHA SIK JJIS
JETaTBHOTO JOCIIKEHHS 1e()EKTIB iCHYFOUMX KOHCTPYKIIii 1 elIeMEeHTIB Oy TiBIi,
TaK i B AKOCTI MiJUTOKKH JJIST PO3POOKH KpEClIeHb U MPOEKTY PEKOHCTPYKIIi
a0o mpoekTy pectaBparii. IlepcriekTuBam 3acTocyBaHHS (QoTorpamMmeTpii B
ayIioBi3yalbHOMY MHCTELTBI TpHCBsiueHa poboTa aBTopiB  O. Axepmas,
H. Benpina [2].

B.B. binoyc, C.II. bogaap y cBoiif po0oti [3] BHCBITIMIM OCHOBHI
MIOJIOKEHHA Teopii Ta MPakTHKH OTPUMAHHSA (OTOTPaMMETPHUYHUX 3HIMKIB;
0co0MMBOCTI MOOYZOBH 300pakKeHHS KaJpOBUX 3HIMKIB; PO3INISIHYTI Cy4acHi
METOIM Ta TEXHi4Hi 3acoOM aepo(OTO3HIMAaHHS, HPUHLOUIM Ta METOAU
KamepasibHOI 00poOku poTomarepiais.

PosrasinyTuii B poborax [4 - 14] nocTynHui 1 TOYHUIT METON, SIKHIA JIETKO
3aCTOCYBaTH HA TMPAKTUIl — MeTox [udpoBoi QoTorpammerpii pesepc-
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IHKUHIpHHTY. MeTOZ 3acHOBaHWA Ha CTBOPEHHI TPUBHMIpHOI Mozenmi 3
aBoMipHHX  (ororpadiii 3a  JONMOMOIrOI  NPOTPaMHOro  3a0e3NeyueHHs.
Kopucrysau 3aBantaxye Ha cepep Autodesk kommiekT ¢ororpadiit i orpumye
B pe3yJNbTaTi TPUAHTYJIbOBAaHY ITPOCTOPOBY MOJIENb 00 €KTa 31 30€penEeHHSIM yCixX
peaJbHUX PO3MIpIB 1 3 TEKCTypaMH BHCOKOI sikocTi. OTpuMaHi IaHi uist
MTOTAVTBIIIOTO OMPAIIOBAaHHS IMIIOPTYIOTECS B iHIITY IIpOTpaMy IIbOTO CiMEHCTBa -
makeT Autodesk Inventor. I[Taker Autodesk Inventor mae 3pyunuii inrepdeiic Ta
BEJIMKHA HaOip iHCTPYMEHTIB JIsI MOJICITIOBAHHS 00 €KTIB.

Meta podoTH — BIPOBaPKEHHS CYYacCHUX TEXHOIOTiH (oTorpamMmMmerpii
peBepC-IKUHIPHHTY B OCBITHIH MpoIleC Ta HAyKOBY IiSUTGHICTE Kadenpu
KoMmI’'toTepHOi  Tpadikn  XapKiBCbKOrO — HalliOHAJILHOTO — aBTOMOOLUIBHO-
JIOPO’KHBOTO YHIBEPCHUTETY.

IMocranoBka 3aBmaHHsl. 3aBlaHHs 30€pEKCHHS MaM’SITOK apXiTEeKTypH,
00’€eKTIB MiCTOOYyBaHHs, IH)KEHEPHUX CHOPY[ MponucaHi y 3akoHi YKpaiHu
PO OXOPOHY KyJibTypHOI crmaaummuu. Kiacugikaiiiss 00’eKTiB KyJbTYpHOI
CHAJIMHU. apXeoJIOTivyHi; ICTOPUYHI; 00 €KTH MOHYMEHTAJIBHOTO MHCTEITBA;
00’€KTH apXiTeKTypH; 00’€KTH MICTOOYIyBaHHS, 00 €KTH CaIOBO-IIAPKOBOTO
MHCTEITBA; TaHAMa(THI; 00’ €KTH HAYKH i TEXHIKH.

Boennnit cran B YkpaiHi Ta TOB’s3aHI 3 HUM OOMEXEHHS 3MYCHIA
HaBYaJIbHI 3aKJIQAN IEPEHTH Ha AWCTAHWIHHY (GopMy HaBUaHHS, IO 3HAYHO
YCKJIa/IHIOE TPaULiHHI METON BUKJIAJaHHSI.

Jis cTyneHTiB iHKEHepHO-TEXHIYHUX CIICI[ialbHOCTEH, sIKi BHUBYAIOTH
rpadiyHi IUCHMILIIHK, BaXJIMBO 30epiraTé JOCTYH M0 SKICHHX OCBITHIX
MarepiaiiB, 10 JOINOMAararTh iM ONaHOBYBATH Bi3yallbHI i TEXHIYHI HABHYKH.
Bigeoypoku craiy OJHUM 13 OCHOBHHMX IHCTPYMEHTIB y LIbOMY IPOIIECi, a/pKe
BOHH JTO3BOJISIFOTh HAOYHO Ta JETAJIBHO MOSCHIOBATH CKJIAIHI rpadidHi KOHIESTIIIT
HaBITh 32 YMOBH BIICYTHOCTI (Di3U4HOI IPHUCYTHOCTI.

BukJjaag 0CHOBHOro Marepiajqy J0CHiIkeHHSI 3 OOIPYHTYBAaHHSIM
OTPUMAHHUX HAYKOBHX Pe3yJbTaTiB

Juis BinTBOpeHHS 00’€KTa JOCITIHKCHHS y BUTISAI BIpTyanbHOI MoOJeNi
BUKOpPHCTaHUI Meron w1udpoBoi ¢ororpammerpii. 3ayBaxuMo, 00 €KT
3HAXOJUTHCS y 3aXHUCHOMY CKJIi, II0 YCKJIAIHIOE  BUKOHAaHHS (OPMYBaHHS
00’emu01 Mopeni. JIns ¢popmyBaHHS 00’€MHOI MOJETi POOMMO CEpil0 3HIMKIB,
KPYXXIISTIOYM HAaBKOJIO peasbHOro (hismuHOTO 00’€KTa. PexoMeHayeThcss poOuTH
3HIMKH HiCJIsl KOKHOTO HEBEJMKOro nepemimenns (~ 5°) i B Micii 3 mocTiiiaum
OCBITJICHHSM 1 BiicyTHICTIO TiHeH. [Ipu iboMy Ha 3aIHBOMY IUTaHI HE IOBHHHO
OyTH pyXOMHX 00’ €KTIB.

ITix gac ¢oTo3iioMkn HEOOXiaHO 30epiraTu MepHeHINKYIISIPHE MTOJIOKESHHS
momo 06’exta. [loTpiOHO 3MiHIOBATH BHCOTY TiJ Yac KOXHOTO KPYTOBOTO
IIPOXOJ1y, IIOKH HE 3aXONUTHCs BCsS TOBepXHs 00’ exTa. DoTorpadii marote OyTn
4iTKUMH 1 O0e3 BiZIOIHCKIB, SIK 300pakeHHs HA PUCYHKY 1.
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Puc. 1. Bukonanss ¢oro3iiomkn nam’sitauka ['puropito CkoBopoi
y M. [lonraBa

dotorpamMmerpiss He moTpedye JOpOroro oOJaJHAaHHS, MOXHA
BUKOPUCTOBYBATH 3BHYaiiHuii Tenedpon st QororpadyBanHs 00’ €kra.
dopmyeTbest 6aza pororpadiii 06’exTa, 1m0 WIKaBUTH (poTorpadyrots 00’ €xT i3
pi3HUX OOKIB), 3 MOJAIBIIUM OOPOOJEHHSIM [yl BHM3HAYEHHS IIPOCTOPOBUX
KOOpAMHAT TOUOK 00 €KTa.

[porpamue 3abesneuenHs ReCap Photo [15] — cmemiamizoBanwmit
IHCTpYMEHT HAaCTIJIBHUX 1 XMapHHX pillleHb, INPHU3HAYCHHWX IUII CTBOPEHHS
TPUBUMIPHOT MOJIEINi 32 AaHMMH JIa3epHOTO CKaHyBaHHA abo QoTorpadismu. 3
HOrO II0MOMOTOI0 KOPHCTYBad MOXKE 3aBaHTaXUTH Ha cepep Autodesk
pe3ynbTaT cKaHyBaHHs a00 KoMIUIEeKT (oTorpadiii i orpumary B pesynbrati 3D-
MOJIelIb 00’€KTa 3 TEKCTypaMu BHCOKOI sikocTi. 1106 ouiHuTH MaciTab i piBeHb
OIpAIlOBaHHS, JOCUThH NOIVIHYTH Ha 3aKJIaJieHi B HBOTO OIIii, Hacammepen,
JI0JIATOK TiATpUMYye Maibke Bci dopmaru daitmiB. XmMapu TOYOK, KpiM IbOTO,
MOJKHa pelaryBaTH JOBUIBHO — BHJAANATH iX, KOIIIOBATH, IMiJCBiYyBaTH abo
JI0/IaBaTH TOYKH 0OCTexkeHHs. [Ipy IbOMY OTpHMaHi JJaHi 3roJJOM MOXYTh OyTH
IMITOPTOBAHI B iHII mporpamu cimeiictsa Autodesk.

Ha pucynky 2 HariasiiHo NpoJeMOHCTPOBAHO MOXIIMBICTH OTPUMAHHS
BIpTyaJIbHUX MOJIeJIeil 3 BUKOPHUCTaHHAM XMapHoOro cepBicy Autodesk ReCap
Photo.
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Puc. 2. Bipryanbna Monens nam’sitauka ['puropiro CkoBopoai

Autodesk ReCap Pro naBHO 1 MilHO yBI#IIa B TOII TOITYJISIPHUX JOAATKIB
3aBJISIKM PIBHIO CBOT'O BUKOHAHHSI 1 BOYJIOBaHUM OMIisM. 3 T1 JIOIIOMOT'0r0 MOXHA
HE MOYMHATH POOOTY 3 YMUCTOrO apKylla, a BiIpa3y MEpexoJHuTH A0 0OpoOKu
OTPMMaHOI TPHAHTYJbOBAHOI IIPOCTOPOBOT MoOjENi 00’€KTIB  KYJIBTYPHOI
crniaamuuy. Le nporpamue 3a0e3nedeHHs CKIaIaeThes 3 IBOX JOAATKIB. JloaaTok
Autodesk ReCap Photo € xmapaum cepBicom. Autodesk ReCap Photo mae 3mory
3aBaHTaXXyBaTH MacuBU portorpadiil Ha cepep Autodesk (puc.3).

Puc. 3. Lludpori Mmoaeri moBepxoHb 06’ ekTa (MicT)
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Sk BunHO, pazom i3 3D-Monemro 06’ekTa (MicT) 00po0IeHo 6araTo 3aifBoi
iHpopMarii. 3acTOCOBYIOYM IHCTPYMEHTH pEJaryBaHHS, pPEKOMEHIYEThCs
BUJIQJINTH BCIO 3aiBYy iH(pOpMaIilo Il 3SMEHILIEHHS KIJIbKOCTI TOUOK 00CTEXKEHHS

(puc. 4).

Puc. 4. PenaryBanus nuhpoBHUX MOJieel TOBEPXOHb

BunisieHHs1 Hepo3B’sI3aHUX paHillle YACTHH 3arajJbHoI NPodJaeMHu

Honatok Autodesk ReCap o0poOinsic nani mudpoBoi Moneni mam’sri
(IMIT). Otpumani IIMII moxHa BuKOpucTOByBaTH B Autodesk Revit Ta iH.
nakerax Autodesk is: mpoekTyBaHHS Ta BiIOYZOBM MOCTIB; BiIOyIOBH
TIOIIKO/IPKEHOTO JKUTIIOBOTO ¢donny; BIZTHOBJICHHS TIOIIKOKEHOT
IHPPACTPYKTYpH Ta U1 6araTo iHIIOTO.

3apnsaku igeHtHaHOCTi LIMII Ta peampHOrO 00’€KTa, TOYHICTH Ta SKICTh
MIPOEKTYBaHH MiBUINY€EThCA. [J01aToOK miaTpuMye Maiixke Bei opMatu (aiiiis.
XMapu TOYOK, KpiM IbOTO, MOXKHA peJaryBaTH JIOBUIBHO — BHAAIATH iX,
KOITIIFOBATH, TMiJCBiYyBaTH a00 HaBiTh JJOJaBaTH TOYKH OOCTEeXKEHHS. Y
pe3yabpTaTi MPOJEMOHCTPOBAHO MOXIIUBICTD TIPOBOAUTH PEKOHCTPYKIIi 00 €KTIiB
3 JocTaTHIM cTymeHeM TouHOCTi. Lludposizamis mam’aTOK apXiTeKTypH,
KyJbTYPHOI CTIaAIIMHNA Y KpaiH1, BCTAHOBJICHHS 3aKOHOaBYO01 0a3u, 30epeskeHHS
mam’atok FOHECKO € BaxmMBHMH HAyKOBHMU Ta MPAKTUIHUMH 3aBIAHHIMH.

BHCHOBKH Ta nepcrneKTHBHU NOAAJIbIINX PO3POOOK Y HLOMY HANPSIMKY

BHKOHOHO BIPOBAKEHHS NMPOBEJICHHUX JOCIIHKEHb HOBUX TEXHOJIOTIH i
METOJIHUK, SIKi IIOKPAIyIOTh IPOLleC HaBUaHHS Ta HayKOBI JOCIIJUKEHHS, a caMme:
ajlanraris TMCTaHIIHHUX KypciB, 0COOIMBO ISt MPAKTHYHUX 3aHATh; OTPUMAHHS
MIPAaKTHYHUX HAaBUUYOK IO0YOBU BipTyalbHUX MPOCTOPOBHX MOJIENEH 1am’ITOK
apXiTeKTypH, O0’€KTIB MiCTOOYIyBaHHs, IH)XEHEPHHUX CIIOPYA KYJIbTYpHOI
CHAJIIMHN 3 MOXKJIMBICTIO BITHOBJICHHS Ta PEKOHCTPYKIIi Ha OCHOBI pealbHUX
00’€KTiB 3 BHCOKHM CTYIICHEM TOYHOCTi; BUBYCHHS MOKIMBOCTEH BUKOPHCTAHHSA
BIpTyaJIbHOI pEaNbHOCTI, IHTEPAaKTHBHUX CHUMYIALINA Ta iHIINX iHHOBAaIIHHUX
pillIeHb.
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OnaHyBaHHSI Cy4aCHUMH TEXHOJIOTISIMH (POTOrpaMMeETpii 3 BUKOPHCTaHHSIM
IporpaMHoro Komruiekcy Autodesk, mig dyac mnepeTBopeHHs 00’€kTa Ha
BipTyasbHi MPOCTOPOBI MOAENI, y MallOyTHIX (haxiBLiB ()OPMYE 31aTHICTH TBOPYO
MUCJIIMTH Ta PpO3BHMBAE IPOCTOPOBY YsBY, II0 HeoOXimHa mpH mnpodeciiHii
MiZTOTOBII CTYJICHTIB.
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