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BUKOPUCTAHHA CNMNOCOBY MOAENTIOBAHHA AT/IAHTA (CI) NOAUHAU
3A OMNOMOIOKO 3D CKY/IbATIHTY

YKpaiHCcbKa MmeauyHa cTomaTtonoriyHa akagemia (m. MonTasa)

3B’A30K po60TH 3 HAYKOBUMM NpOrpamamm, niaHa-
mu, Temamu. Pobota € pparmeHtom HAP kadenpu aHa-
TOMIi IIOANHN: «BiKOBI acneKkTW CTPYKTYpPHOI opraHisauii
OpraHiB iMyHHOI CMCTEMM, 337103 LLYHKOBO-KMLLKOBOTO
TPaKTy i ce4OCTaTEBOI CUCTEMM NIIOANHM B HOPMI | naTo-
norii», Ne aep»aBHoi peectpauii 0116U004192.

Bctyn. 3aBgaHHAM BMXOBHOrMO i OCBITHbOrO npoue-
CiB € PO3KPUTTA MOTEHLANY i MOXK/IMBOCTEN CaMopea-
Ni3auii KOXKHOro cTyAeHTa, AK MalnbyTHboro daxisus B
CUCTEMI OXOPOHM 340pP0B’A. 3aCTOCYBAHHS Cy4aCHMUX Ha-
OYHMX aHATOMIYHMX NpenapaTiB € HeBig EMHOIO YacTu-
HOO /IEKLMHWUX, CEMIHAPCbKMX Ta MPAKTUYHUX 3aHATb.
Y 38’A3KY 3 AediuMTOM HaTypanbHUX aHATOMIYHUX Npe-
napaTis A1A CTyAeHTIB BULKUX MeguyYHMX YCTAaHOB Npwu
BMBYEHHI AUCUUNAIHU «AHATOMIA NIOAUHUY, LLOPOKY
noTpibHO iX HOBe HaAxoAXKeHHA aAnA 3abe3neyeHHs
nefaroriyHoOro npolecy Yyepes nigsuLLeHe 3HOLWEHHA i
BTpaTy HanexHoi AkocTi [1-5]. MpoTe B 38’A3Ky 3 HOBMMMU
3aKOHaMM 3 BiI0ETUKM, OTPUMAHHA HATYPaNbHUX NOACH-
KMX NpenapaTiB MakcMManibHO obmexkeHo [6].

Mo mipi po3BMBATKY TEXHOAOrii AAUTUBHOIO BU-
pobHMUTBa, 36inblWytOTbCA X Cchepu 3acTOCyBaHHA i
OOCTYnNHiCcTb. He3Barkatoum Ha Te, LLO WBMAKE CTBOPEH-
HA MPOTOTMMIB 3aBXAM BUXOAMNO HA NepeaHii nnaaH,
KiHUeBOO mMmeToo 6Oyna MOMKAMBICTb 3aCTOCYBaHHA
3D-apyKy B mpomucnosocTi. Tomy BuKopuctaHHAa 3D
MoAenen Ccrano 3py4yHMm cnocobom 3amilleHHA Ha-
TypanbHUX npenapatis aoguHu [7-12]. MaTeHTOBaHI
Komn'toTepHi  po3pobkn (mogeni) pns 3D  apyky
oujiHtoTbCA Aoporo. Tomy Hamu 3pobneHa cnpoba oT-
puMaHHA Taknx 3D mogenei no HaTypasibHMUM 3pa3Kam
01181 MAaCOBOr0 BUTOTOB/IEHHSA.

MeToto pgocnigKeHHa byno po3pobneHHs cnocoby
MOZe/It0BaHHA NepLioro xpebua NtoguHU No HaTypab-
HWUM 3pa3Kam /19 MacoOBOr0 BUrOTOBEHHSA i AnA 3abes-
neYyeHHs negaroriyHoro npouecy Ha Kadeapi aHaTomii
NIOOMHN LWNAXOM BUKOPWUCTaHHA 3D-npuHTepa «Flash
Forgecreator» B nporpami ZBrush 3 ABS nnacTtuka.

06’eKT i meTogu AocnigKeHHA. MocTasneHa 3a4a-
Ya BUPILLYETLCA LUIAXOM CTBOPEHHS cnocoby moaento-
BaHHA aTnaHTa noguHu 3 ABS nnaacTuky 3a 4ONOMOroro
3D-cKynbnTiHra B nporpami ZBrush, wo BK1tOYaE BUBYEH-
HA aHAaTOMIiYHOI 6yA0BM HaTypasibHOro TMNOBOIO 3pPasKa
nepLIoro WUMHOro xpebusa, BUMiptoBaHHA PO3MIpiB BCiX
QHATOMIYHMX CTPYKTYp Xpebua 3a AOMOMOror LWTaH-
reHunpkyns, ctBopeHHa 3D mogeni B nporpami ZBrush,
ApyK Ha 3D-npuHTepi «Flash Forgecreator» [13-18].

Pe3ynbTatM pocnig:KeHHs Ta ix obroBopeHHsA. 3
METOI BUFOTOB/IEHHA MOZeni nepLioro xpebua 3 nna-
cTuka meTtogom 3D ApyKy Hamu 6yB AoCHiaMKeHui
HaTypaibHWA  TUNOBMW  3pa3oK 3  AHATOMIYHOrO
myseto Kadeapu «AHaToMil nOAMHM»  YKpaAiHCbKOI
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MeAMNYHOI CTOMATO/IONYHOI aKagemii. TaKoX B SKOCTI
iHpopmauiMHoro Ta fOBIAKOBOrO AxKepena byB B3ATUM
atnac aHaTomii ntoguHu nig pepakuieto P. . CuHenbHu-
kosa [19].

[na [oCArHEeHHA NoCcTaBieHOI MeTu croyaTky byau
3HATI rabapuUTHi PO3MipK 3 OTPMMAHOIO aHAaTOMIYHOTO
npenapaty xpebua ntoamHu, i B nporpami ZBrush cteopu-
NIV 3arOoTOBKY MalbyTHbOT Moaeni, Aka Harafye cnatc-
HyTe no obuasa 60kM Kinbue. [dani, npoaHanisyBasLIM
3pa3oK aTtnaHTa i Moro 306pakeHHs B aTtaaci, 6yau
HamiueHi 06OB’AI3KOBI OpPIEHTOBHI enemeHTU Xpeb-
uA, AKMIM KonitoeTbea, a came: Anterior tubercle; Facet
for dens; Superior articular surface; Posterior arch;
Posteriortubercle; Lateral mass; Groove for vertebral
artery; Foramen transversarium; Transverse process;
Anterior arch; Inferior articular surface.

AHaTOMIYHI Ha3BM nNpeacTaBieHi B  aHMINACHKIN
TepmiHonorii. binbwictb 3 UMX enemeHTiB pO3TalLOBY-
Ba/INCA CMMETPUYHO Ha Xpebui BiAHOCHO LleHTpanbHOI
Bici, AeAKi (HenapHi efleMeHT) — Ha Hil.

[ani B nporpami «ZBrush» 3arotoska 6yna po3spizaHa
no BiCi HaBMin. 3a/AvWMBLWKM NiBY MONOBUHY, BULLE
nepepaxoBaHi enemeHTM 6yM HaHeCceHi Ha 3aroTOBKY.

3aroToBKy PO3MICTUAN TaKUM YMHOM, LLOG CNpoeK-
TyBaTU «BWUZ, 3BEPXY» — MaNbYTHbOI MoAeni nepLioro
xpebua (C). 3a LONOMOroo WTaHreHUMPKyAA Byin 3HATI
pO3Mipu BepxHbOI cyrnoboBoi NoBepxHi i BiYHOT MacK
3i 3pa3kKa i WAAXOM MOCTYNOBOro BUTATYBAHHA i BAAB-
JIEHHA MOBTOPUAM iX Ha Mogeni B nporpami «ZBrush».
Micna uboro etany pob6oTu 6ynn NpoBeseHi KOHTPObHI
3aMipM enemeHTiB Ha 3pa3Ky i Ha mogeni B nporpami,
pisHMuA He nepesuwysana 0,1 mm.

MoTim po3rNAHYBLIK | NPOBIBLUM KOHTPObLHI 3amipwn
33 BWCOTOMO, LUMPUHOK i JOBKMHOK 334HI0O Ayry, Ha-
Hecnn ii NONI0BMHY Ha 3aroTOBKY, TaK AK iHLWa ii YacTMHa
byae po3millyBaTUCA CMMETPUYHO Ha iHLWIA MONOBUHI.
3 nepefHbOIO Ayroto, nepegHiMm ropbKkom, 3aaHim ropb-
KOM i noBepxHew AnA 3yba nNpoBeAeHO aHaOoriyHi
onepaLiii, Wo i 3 334HbOI0 AYrok: PO3INAHYIN, BUMIPAIN
i HQHeC/IM NONOBUHY Ha 3aroToBKy. Tak camMo MpPOBIBLUK
KOHTPO/bHI 3amipu, pisHULA He nepesumityBana 0,1 mm.

Oani Bumipann 6oposHu xpebtosoi apTepii, cdop-
MyBa/M Ha 3arotoBLi HeobxiaHOT opmu i BeANUYUHM
QHANOrIYHI enemeHTN. BUMipABLUM BCi aHAaTOMIYHI yTBO-
PEHHSA NonepeyYyHUX BiApOCTKiB, Byno BiATBOPEHO iX Ha
3aroToBL,i pa3om 3 OTBOPaMW MOMEpPeYHUX BiJPOCTKIB,
nonepeAHbLO BUMIPABLLM iX PO3MIpH.

Ha pgaHomy eTani poboTa Haz 3aroTOBKOK «BUA,
3Bepxy» byna 3aKiH4eHa. Micas NoBOPOTY 3aroTOBKM Ha
180 rpagaycis, ii pO3MICTUAN B NONOXKEHHI «BUA, 3HU3Y».
MoBTOpHO 6YN10 BUMIPAHO PO3MIpK eleMeHTIB 3i 3pas-
Ka, afie 3 HUXKHbOI CTOPOHM, CMiBCTAaBMBLUW BCi pO3MipH,
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nepenwam go pobotn Hag eneMeHTamu, AKi po3Tallo-
BYBa/IMCA Nif, HUXKHBO CyrnoboBoto nosepxHeto. Micns
3HATTA BCiX HEOBXiAHUX PO3MiPHMX NapaMeTpiB 3i 3pas-
Ka, byna BUTArHYTa 3a KOHTYPOM HWXKHA cyrnobosa no-
BEPXHA Ha 3aroToBL,i, @ NOTIM BTUCHEHA ii LeHTpanbHa
YacTMHa Ha HeobXxigHWI piBeHb.

OTKe, BCi HeobxigHi aHaTOMi4YHi CTpyKTypu 6ynu
BiATBOpEeHi Ha 3arotoBui. [oTim 6ynM npoBeaeHi
KOHTPO/NbHI  BMMIPIOBAHHA BCIX OCHOBHWMX YacCTWH,
pi3HMus He nepesuwysana 0,15 mm. [Oani 6yna
CKoMiioBaHa nepLla YacTMHA 3aroToBKM, A3€PKaibHO
Bigo6parkatoum i BigHOCHO Bici po3pi3y i 06’egHyOUM
[0 NepLloi YacTUHKU, CTBOPUBLLM TUM CaMUM MOBHICTIO
CUMETPUYHY mogenb neporo xpebus. MpoTe 3pasoK
He 6yB cMmeTpuYHUM Ha 100%, Tomy gosenoca Aofa-
T MPOPAXOBaHy aCMMETPUYHICTb B MOAE/Nb, LUAAXOM
NOBOPOTY e/1eMeHTIB Ha 5-6 rpagyciB, a TaKOX LWAAXOM
3MiHW iX po3mipiB Ha 3-5% i 3miHM NiHIi IX KOHTYpIB.

Micna poonpaltoBaHHA mogeni nepworo xpebus
6yno 3gicHeHe nNpobHe ii BUTOTOBNEHHS HAaCTYMHUMMU
eTanamu: nepwuin 3 HUX — 3D moaenb atnaHTa byna
36epexeHa B popmati «OBJ»; apyruir etan — 3D mo-
nenb nepworo xpebus B dopmati «OBJ» 3a gonomo-
roto nporpamu «Maker Were» niarotysanu no Buro-
TOB/AEHHS Ha 3D npuHTepi, ctBopusliM G-code y danni
dopmaty x3g; Ha OCTaHHbOMY eTani MigroToBAeHUM
daiin x3g 3i G-code 3D mopgennto 3anucanm Ha dnewwu-
KapTy i Biagnpasuan go Apyky Ha 3D npuHTepi «Flash
Forgecreator». MaTepianom gna gpyky cnyrysas — ABS
nnactuk. MNicna 3akiHyeHHa 3D apyKy, HaAPYKOBaHY Mo-
Oenb 3BiIbHUAW Bif, NIATPUMYIOUMX KOHCTPYKLiN.

Micna BurotoBneHHa mogenb C 6yna peTtenbHoO
[OCNifAXKeHa, nepesipeHi BCi po3Mipu i HAaABHICTb BCiX
0608B’A3KOBUX CTPYKTYPHUX enemeHTiB. 3’acysanocs,
WO X KOHTYpW He MatoTb AO0CTAaTHbOI «BUPA3HOCTI».
MpuumHolo Tomy cTana ocobausictb 3D ApyKy, npwu
AKIN 06’€eKTU MeHWe 5 mm 3rnagxkyroTbea Ha 10-20%.
BHacnigok uboro, Hamu 6yna yaockoHaneHa 3D mogenb
aTNaHTa WAAXOM BUTATYBaHHA i 3arMMbneHHA BUCTYNIB i
BNaguH BCix enemeHTiB Ha 15%. [MoBTOpHO BUTrOTOBNE-
HUWIA aTNaHT BigNOBIAaB opuriHany.

BUCHOBKU. TaKMM YMHOM, BUKOPUCTAHHA 3anpomno-
HOBAHOrO cnocoby A03BONSE OTPUMATU MOLENb aTAaH-
Ta (CI), AKMW aHANOTYHMN HaTypanbHMM poO3Mipam Ta
[OCTYMHUWA ANA BUBYEHHA 3 Pi3HUX CTOPiH, OTPUMYIO-
UM BUYEPMHEe yABNEHHA Npo dopmy Ta po3mipu. TakoxK
MOKHa YiTKO BUBYUTU peNbed i reoMeTpito CTPYKTYPHUX
€leMeHTiB — OTBOpPiB Ta HOPO3eH, oAepKaTh HaouHe
BMYEpPMHE yABNEHHA NPO MOPdONOriyHy Ta CTepeoCcKo-
niyHy 6yao0BYy aTNaHTa, HE BUKOPUCTOBYOYM HATypasibHi
npenapaTn KiCTOK NtoanHW. HaykoBa i NpakTUYHA LiH-
HiCTb AaHOro cnocoby He BUKAWMKAE CYMHIBiB, TaK fAK
iCTOTHO nonerwye NiAroToBKy M NPoBeAEeHHA neaaro-
rivHoro npouecy, MopdooriyHi AOCNIAKEHHSA, PO3LWN-
PHOOYM MOXKAMBOCTI OTPUMAHHA Binbll iHGOPMATUBHUX
i 06’EKTUBHUX pe3ynbTaTiB.

MepcnekTMBM nojganblmnx AochigxeHb. Hapani
NAaHYETbCA MNPOBEAEHHS [AeTaNbHOrO0 pPO3pobaeHHA
cnocoby moaentoBaHHA KAMHOMNOAIOHOI KiCTKU NoaMHU
Nno HaTypasibHUM 3pa3Kam 419 MaCOBOrO BUrOTOBJIEHHA
i oA 3abe3neyeHHs negaroriyHoro npotecy Ha Kadeapi
AHATOMIT IOAMHM LWNAXOM BUKOpUCTaHHA 3D-npuHTepa.
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BUKOPUCTAHHA CNOCOBY MOAENIOBAHHA AT/IAHTA (C) NIOAUHU 3A AOMNOMOTOH0 3D CKY/IbATIHIY

lpuHb B. I, WepcTiok O. O., CBiHuMubKa H. J1., PepgopueHko I. /1.

Pe3tome. 3aBgaHHAM BUXOBHOTO i OCBITHbOIO NPOLECIB € PO3KPUTTA NOTEHLiaNy i MOXKANBOCTEN camopeanisaLii
KOYKHOTO CTYAEHTA, AK ManbyTHbOro daxisLa B CUCTEMiI OXOPOHM 340pOB’s. 3aCTOCYBaHHA Cy4aCHMX HAOYHUX aHa-
TOMIYHMX NPEenapaTiB € HeBiA' EMHO YaCTUHOI NIEKLINHUX, CEMiHAPCbKMX Ta MPAKTUYHUX 3aHATb. Y 3B'A3KY 3 aedi-
LMTOM HaTypasbHWUX aHAaTOMiIYHUX NpenaparTiB ANA CTYAeHTiB BULWUX meguyHNX YCTaHOB NPU BUBYEHHI AUCLUMIIHN
«AHATOMIA NOAVHWY, LLLOPOKY MOTPIOHO iX HOBE HagXoAXKeHHA Ans 3abe3neyeHHA NefarorivHoro npouecy Yepes
niaBULLEHE 3HOLLEHHS | BTPaTy HaNeXHOoi AKoCTi. MpoTe B 38’A3Ky 3 HOBMMM 3aKOHaMM 3 BiOETUKK, OTPUMAHHSA Ha-
TYpanbHUX NOACBKMX NpenapaTiB MakCMManbHO obmexkeHo. BukopuctaHHA 3D mogenei CTano 3pyYHMm Crnoco-
60M 3aMilLeHHs HAaTypaNbHUX NpenapaTiB NtoauHu. NaTeHToBaHi KoMn'toTepHi Po3pobku (mogeni) ana 3D apyKy
OLiHtOtOTbCA Aoporo. ToMmy Hamu 3pobneHa cnpoba oTpMMaHHA Takux 3D moaenei No HaTypasbHUM 3paskam AnA
MacoOBOrO BUrOTOB/IEHHA.

Memoto docnioxceHHsa byno po3pobneHHA cnocoby mofentoBaHHA NepLIoro Xpebus A0ANHN MO HATYPaNbHUM
3pa3Kam g1 MAacoBOrO BUIOTOB/IEHHA | ANA 3abe3neyeHHA nefaroriYyHoro npouecy Ha Kadeapi aHaTomii NH0AMHU
LWNAXOM BUKOpUCTaHHSA 3D-npuHTepa «Flash Forgecreator» B nporpami ZBrush 3 ABS nnactuka. MNoctasneHa 3aga4a
BUPILLYETLCA WAAXOM CTBOPEHHA CNOCOby mMoAentoBaHHA nepluioro xpebus (atnaHTa) AtogmHu 3 ABS nnactuky 3a
ponomoroto 3D-ckynbnTiHra B nporpami ZBrush, Lo BKIOYa€ BUBYEHHA aHAaTOMIYHOT 6yA0BM HaTypaabHOIo TUMO-
BOrO 3pasKa NepLioro WUMHOro xpebus, BUMIipIOBaHHA PO3MIpiB BCMX aHATOMIYHUX CTPYKTYp Xpebus 3a Lonomo-
roto wraHreHumpkyna (FOCT 166-89; ceigourso Ne 1188/0315), cteopeHHsa 3D mogeni 8 nporpami ZBrush, apyk Ha
3D-npwuHTepi «Flash Forgecreator».

BUKOPMCTaHHA 3aNpPONOHOBAHOrO CNocoby A03BOMAE OTPUMATU MOAE/b NEPLLOTO WWIMHOTO Xpebua (atnaHTa),
AKWI BigNOBIAAE HAaTypabHUM PO3MiPaM Ta AKMIN MOXKHA BUBYATU 3 Pi3HMX DOKIB, OTPMMYHOUM BUYEPIHE YSIBNEHHA
npo ¢bopmMy Ta po3mipu, a TaKOXK [03BOJIAE YiTKO BUBUMTU penbed i reomeTpito 0TBOPIB Ta 6OPO3EH, 0AEPKATU Ha-
O4YHe yAB/MeHHA Npo mopdonoriyHy 6yaoBy nepLioro xpebua He BUKOPUCTOBYOUM HATypasibHi KiCTKOBI NpenapaTy.

3anponoHoBaHWI cnocib mae HayKoBY i MPUKAAAHY LiHHICTb, TaK AK iCTOTHO MOJerwye 3aB4aHHA NiArOTOBKM i
NpoBeAeHHA NeaaroriYyHoro npowecy Ta MopdonoriyHMX AOCAiAKEHDb, POWMPIOOYN MOXKAMBOCTI OTPUMAHHA BiNbLu
iHpOPMaTMBHUX i 06’EKTUBHUX pPe3y/bTaTiB.

Kntouosi cnoBa: nepunii xpebeupb ntoanHm (atnaHT), 3D-CKyAbNTIHT, aHaTOMiYHA MOZeb, MeaaroriyHmii npouec,
QHATOMIA NOAUHM.

USING THE METHOD OF MODELING AN ATLAS (C) HUMAN 3D SCULPTING

Hryn V. H., Sherstyuk O. O., Svintsytska N. L., Fedorchenko I. I.

Abstract. Due to the shortage of natural anatomical preparations for students of higher medical institutions in
the study of the discipline “Human Anatomy”, every year they need a new income to ensure the pedagogical process
due to increased wear and loss of proper quality. However, since 2004, due to new laws on bioethics, the production
of natural human drugs has been limited as much as possible. Therefore, the use of 3D models has become a
convenient way to replace natural human preparation. Patented computer developments (models) for 3D printing
are expensive. Therefore, we made an attempt to obtain such 3D models on natural samples for mass production.

The aim of the study was to develop a method for modeling the first human vertebra using natural samples for
mass production and to ensure the pedagogical process at the Department of Human Anatomy by using a Flash
Forgecreator 3D printer in the ZBrush program with ABS plastic.

Object and methods of research. The problem is solved by creating a method for modeling the first vertebra
(Atlas) of a person from ABS plastic using 3D sculpting in the ZBrush program, including studying the anatomical
structure of a natural type sample of the first cervical vertebra, measuring the size of all anatomical structures of
the vertebra using a caliper (GOST 166-89, certificate No. 1188/0315), creation of a 3D model in ZBrush, printing on
a 3D printer “Flash Forgecreator”.

Results of work. To make a model of the first vertebra (Atlas) from plastic by 3D printing, we studied a natural
sample from the anatomical museum of the Department of Human Anatomy of the Ukrainian Medical Stomatological
Academy, as well as an atlas of human anatomy edited by R.D. Synelnikov, which served as a guide in the process
of work. After all the necessary changes to the model of the first vertebra, its trial production was carried out as
follows: the 3D model of the first vertebra was saved in the “OBJ” format; 3D model of the first vertebra in the
format “OBJ” using the program “Maker Were” was prepared for production on a 3D printer, creating a G-code in an
x3g file; the prepared x3g file with G-code 3D model of the first vertebra was recorded on a flash card and sent for
printing on a 3D printer “Flash Forgecreator”. The material used for printing is ABS plastic; after completing the 3D
printing, the printed model was cleaned of supporting structures.

Conclusions. Using the proposed method allows you to obtain a model of the first cervical vertebra (atlas),
which corresponds to natural dimensions and which can be studied from different angles, getting a comprehensive
idea of the shape and size, and also allows you to clearly study the relief and geometry of the holes and grooves, to
get a visual idea of the morphological the structure of the first vertebra without using natural bone preparations.
The proposed method has scientific and applied value, since it significantly facilitates the task of preparing and
conducting the pedagogical process and morphological research, expanding the possibilities of obtaining more
informative and objective results.

Key words: first human vertebra (Atlas), 3D sculpting, anatomical model, pedagogical process, human anatomy.
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