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UU®POBI METOAN BUBYHEHHA AHATOMIYHUX EJIEMEHTIB
3YBOLWEJIENMHOI CUCTEMU U OCHOBHUX OKJTHO3IMHUX

CNIBBIAHOLWUEHDb

IBaHO-®paHKIBCbKUIA HALlIOHANbHUIA MEAUYHWIA YHIBEPCUTET

*J1bBiBCbKUIA HaLiOHaNbHWIA yHIBEpcUTET iMeHi JaHuna Manuubkoro, kadeapa opToneanMyHoi CToMaTonorii

BeTyn

Cy4acHa cToMaTonoria Mae LWMPOKi MOXMMBOCTI
€CTETUYHOrO i (PYyHKLIOHaNbHOro BigHOBNEHHSs 3y6iB
Ta 3y6HUX pAdiB 3aBASKW HOBITHIM KOMM IOTEPHUM
TexHonoriam. IHHOBaUiHi po3pobku cTomartonoriy-
HoT iHgycTpii, Taki sk CAD-CAM cuctemu, KniHiyHi
Ta nabopaTtopHi ckaHepu, 3D NpuHTEpPU, MIKPOCKO-
nn, CTaloTb HEOAMIHHUMMK aTpubyTamm cTomaToro-
riyHUX yctaHoB. CyyacHe obnagHaHHs po3LIuptoe
MOXMMBOCTI nikapiB-cTOMaTonoris 'y AiarHocTuui
nartonorin 3ybollenenHoi cucTteMu, 3Ha4YHO norer-
wye BWBIp oNTMManNbHOrO NnaHy OpTONeauyHOro
nikyBaHHS | A03BOMSE NPOBECTU SKICHY peabiniTa-
Lil0 nauieHTiB  OpTONeaAnYHMMU  KOHCTPYKLiSIMA.
Okpeme Mmicle B KoHUenuii nikyBaHHS 3aMiMae pis-
HOMaHiTHe nporpaMHe 3abesneyeHHs, Lo O03BO-
NS€ CKMacTu NnaH nikyBaHHS i CIPOrHO3yBaTu Moro
pesynbTaTu.

Y cy4yacHin optonegundHin ctomatonorii 6eame-
TaneBi KOHCTPYKUiT 3yOHWX MNpoTe3iB yce 4vacTiwe
3MiHIOIOTb NPOTE3N Ha MeTanesin ocHoBi. Kepamika
3aBOsKN 11 MO3UTUBHMM SIKOCTAM CTa€e HaMnonynsip-
HilLMM MaTepianom B OpTOneguyHin ctomMaTomnorii.
KepamiyHa maca He BMMBaE Ha TKaHWUHW MOPOXK-
HWHK poTa, pepMeHTaTMBHI 1 BioximiyHi npouecu B
POTOBIN PiAWHI; KOMIp KepamMiYHOro MOKpUTTS 3 4Ya-
COM He 3MIHIOETbCH, NapaMeTpu TBEPAOCTi Ta CTu-
paHHA HabnwkeHi 40 NPUPOAHMX TKaHUH 3y6a.

MpoTe komnnekcHW nigxig Ao pecraepauil 3y-
6iB MiCTUTb ¥ COBi HE TiNbKWU KOMMOHEHT €CTETUKM,
a 1 3abe3neyeHHs (PyHKUiOHaNbHOI eeKTUBHOCTI
Ta HafinHoI hikcauii opToneanyHOI KOHCTPYKLT, Lo
0COBNMBO aKkTyanbHO AMs NAUiEHTIB i3 NaTonorieo
napogoHTa.

Y cBoii poboTi Ans po3yMiHHA MpOLECiB, LWO
BMHUKaIOTb Y 3yboLuenenHin cuctemi nig 4ac pisHmx
OKMIOSBiHMX cnBBigHoWweHb, MeTogamn 3D Ta
KOMMIOTEPHOrO MOLESIOBaHHA, B Meplly 4epry
3BEpTaEMO yBary Ha CTaH OEHTUHY W emani HaTy-
panbHKX 3y6iB, a TakoX CTaH KicTku. CnogiBaemo-
cs, WO B ManbyTHbOMY OTpuMaHi mMogeni Ta 3a-
CTOCOBaHi MeTogun cTaHyTb 6a3oBMMK B Ginblu ski-
CHOMY NnaHyBaHHi nikyBaHHs i BUBopi opToneany-
HUX KOHCTPYKLUIN.

Meta poGoTu: cTBOPUTM BipTyarbHy MOAEnNb
3yba 3 TKaHMHaMK NapodoHTa | BU3HAYNTU Teope-
TWUYHI acnekTn, YMOBM i napameTpu Ti 3aCTOCyBaHHS
ONA BUBYEHHS HanpyXeHb, CTpecis i gedopmauin,

O BUHMKAKOTb MPU Pi3HUX OKIIO3IMHWUX ChiBBigHO-
LLIEHHSIX.

Marepianu i meToaun

3D mopentoBaHHA — Le MeTon CTBOPEHHA pis-
HUX 3a (POPMOIO i CKNaJHICTIO TPUBUMIPHUX KOMN'tO-
TEPHUX MoAenen peanbHUX YU  PaHTaCTUYHKX
06'eKTiB HABKOMULIHLOIO CBITY 3 BUKOPUCTAHHAM pi-
3HOMaHITHUX TEXHIK i MEeXaHi3MiB, siki OXOMMIOOTh:

e roniroHanbHe MOOEmNoBaHHs, B ke BXOOATb
Editable mesh (peparosaHa nosepxHs) i Editable
poly (pegaroBaHWi NONIrOH) — Le HaWnoLIMPEHi-
LWMA MEeTOA MOAEN0BaHHA, BUKOPUCTOBYETLCH ANS
CTBOPEHHS CKNagHUX Mogenen i mogenen aons irop;

® MOAENtoBaHHA Ha OCHOBI HEOAHOPIAHWUX pa-
uioHanbHUx B-cnnanHis (NURBS);

e MOOESNIOBaHHS Ha OCHOBI MOPLiA NOBEPXOHb
besbe (Editable patch) — nigxoante gns moaento-
BaHHSA Tin obepTaHHs;

e MOOENIOBaHHA 3 BUKOpPUCTaHHAM BOygoBa-
HMX GibnioTek cTaHOAPTHUX NapaMeTpU4HUX 0b'ek-
TiB (NpumiTuBiB) i MogudikaTopis.

Ona cTtBopeHHa 3D-mopenen 3acTocoByBanu
nporpamy «Autodesk 3ds MAX» (3D Studio MAX) i
noniroHanbHUMN MeToq, MOAENOBaHHS.

MaTtemaTuuHe MoAeNIOBaHHA — MeToz A0CHi-
KEHHS npoueciB abo ABML, LUNSAXOM CTBOPEHHS
IXHIX MaTeMaTU4HUX Moaenewn i OOCMioXEeHHs LnX
mogenen. B ocHoBy meTody MOKNadeHO ideHTWY-
HiCTb (POPMU PIBHSAHb i OQHO3HAYHICTL CMiBBIAHO-
LWEeHb MK 3MIHHUMW B PIBHAHHSAX opuriHany i moae-
ni, To6TO iIXHIO aHanorito.

MaTtemaTnyHe MoAentoBaHHA [O3BONSE 3ami-
HUTU pearnbHi 06 kT Ha iX BipTyanbHy Mogensb i
noTiM i BUBYaTW. AK i B Byadb-aKOMY MOAEntoBaHHi,
MaTeMaTu4Hy Mogenb MPOEKTYIOTb i3 ypaxyBaHHAM
di3nYHMX  XapaKTepucTuMK  BuxigHoro  ob’ekTa.
MaTtemaTuyHe MOOENIOBaHHSA BUKOHYIOTb Y MpoO-
rpamHomy komnnekci «Comsol Multiphysics 4.2a»
(,Comsol AB”, LLiBeLis).

Pe3ynbTaTtn gocnimkeHHA Ta iXx 06roBopeHHs

[na cTBOpeHHs TpuBUMIpHOI Modeni My obpa-
nn poHTanbHy AINAHKY BepxHbol wenenu. Mo-
Aenb CTBOpeHa MeTOAOM MoMiroHanbHOro moae-
NIOBaHHSA 3 ypaxyBaHHSIM aHaTOMiYHUX napameTpis
HaTypanbHux 3ybiB i TKaHWH NapogoHTa (nNporpam-
He 3abesneyeHHs «Autodesk 3Ds Max»). Posmipu
3y6iB, TOBLUMHY i DOPMY KOHTYPIB KICTKOBOI TKaHW-
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HW, BENUYUHY BIOXUMNEHHS Oci 3yba 1 anbBeonsip-
HOro BiAPOCTKa i TOBLYMHY CNKU30BOI MoAentoBanu

i
Risics: g

0

PucyHok 1

BiANOBIOHO A0 CEPeAHbOCTAaTUCTUYHUX NMOKA3HUKIB.

0,25 0.3

0.1

PucyHok 2

Puc. 1. lNosHa 3D-modenb hpoHmaribHOI OifiIHKU 8EpXHBOI wenenu
3 0goma yeHmparbHUMU Pi3usaMu i mKkaHUHamu napodoHma

Puc. 2. HYacmkosa 3D-moderb ¢hpoHmMarbHOI QinsHKU 8€pXHBOI wienenu

3D-mogenb cknagaetbCAa 3 TPbOX OCHOBHMX
KOMMOHEHTIB: CTPYKTYp OEHTUHY (puc. 3) Ta emani

-0.3

PucyHok4

PucyHok 3

CT1BOpeHi Mofdeni aHaTOMIYHUX eNeMeHTIB iHTe-
rpysanu B nporpamy Arns KOMM I0TEPHOro Matema-
TUYHOrO MOAENtoBaHHA. Y [OCNiOXKEHHI BUKOPUCTO-
ByBanu 06YMUCMNEHHA METOAOM CKiIHYEHHUX €NeMeEH-
TiB | BBOOUNM TaKi BEMMYUHU Ta 3HAYEHHS: MOAYIb
KOHra, koediuieHT MNMyaccoHa i ryctuHy Tina.

Mogynb KOHra (aHrn. Young's modulus, modulus
of elasticity) — ue xapakTepucTuka npyxHux Bnac-
TMBOCTEW i30TPOMNHUX MaTepianis, O4uH i3 Mogynie
npy>xHocTi. MNo3HavyaeTbca moaynb KOHra naTtuHChb-
koto niTepoto E, Bumiptoetbea B nackansax (IMa), me-
ranackansx (MIa) abo B riranackansx ([Mla). Yac-
TO Ha3MBalTb MOro NPOCTO MOAYMEM MPYXXHOCTI.

L Al
o=s=EF! =Fe

Mogynb KOHra BCTaHOBMOE 3B'A30K M gedop-
MaUui€elo po3TAry M MeXaHiYHUM HanpyXeHHSAM, Ha-
npaBfeHMM Ha po3TAr, Ae MeXaHiYHe Hanpy>XeHHsI
O BM3HAYa€ETLCS AK CUNa Ha OQMHULIO MONEepPeYHOro
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LeHTpanbHUX pisuiB (puc. 4), a Takox IXHIX anbse-
on (puc. 5).

PucyHok 5

nepepisy Tina, e - BenuynHa gedopmadii, To6T0 Bi-
OHocHe BuOoBXeHHs. lMpoTe us ¢opmyna AgincHa
TiNbKM NpY Manux NPY>XHUX gedopmadisx.

Koedillient MyaccoHa — ue Mipa 3MiHM none-
pPeYHNX po3MmipiB i30TponHoro Tina npu gedopmadii
po3Ttary. KoediuieHT NyaccoHa € xapakTepuCTUKO
peyoBuHW. BiH Nno3HavaeTbCcAa rpeLbKol MiTepoo v
abo rpeubKoto NiTepoto W i € BENUYMHOK 6e3po3mi-
PHICHOI0.

MycTuHa (NUTOMa mMaca) — maca Tina oAWHUYHO-
ro 06'emy, € i3aM4HOI XapaKkTEPUCTUKOI Byab-AKOI
peyvYoBuMHN, 3 AKOI cknagaeTbes Tino. [Ons sunagky
OAHOPIOHUX TiN rycTMHa BM3HA4Ya€ETbCs K BigHO-
LLEHHS1 Macu Tina go ob'emy, SIKMIn BOHO 3aliMae.

XapaktepucTukn matepianiB gns ob4YncreHHs
HanpyxeHo-gedopmMoBaHoro ctaHy 6ynu abcontoT-
HO iDeHTUYHMMM 0O TKaHUH 3y0a 1 anbBeonn KiCTku
(tabn.1).
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Tabnuus 1
KicTka [eHTuH Emanb
Moaynb KOHra, MlMa 4900 17500 81000
KodiuieHT MNyaccoHa 0,3 0,28 0,3
FycTuHa, Krim® 2000 2180 2950
[o KoxHOI 3 mMogenen npuknaganu cuny B pis- cepeaHbOCTaTUCTUYHMMM MOKa3HWKamMu NroLi no-
HUX NNOLWMHAaX BiAMOBIOQHO A0 OKMO3IMHUX PYXiB: Y NepeYHoro nepepisy XyeanbHUX M A3iB, Lo 6epyTb
caritanbHin nrnowwuHi — snepea, cuna 100H; y ropu- yyacTb y pyxax HWKHbOI Lenenu. Takox 3asHayu-
30HTanbHiN — TpaHcBep3anbHi pyxu, cuna 120H; y MO, WO Ui BEMNYUHN € KPUTUYHMMU | MaKCUManbHO
BEPTUKanNbHIA — NpWU 3MUKaHHI 3yOHWX pagiB, cuna MOXIUBUMMU.

400H. PospaxyHOK BEMWYMHU CUNM NPOBOAMMAN 3a

Volume; von Mises stress (Nim*)

A L946x107
x10"

0.0
o1

I..:

A4 1.946x107 A 4.3985x10°
%107 ¢

w3257

PucyHok 6

Volume: von Mises stress (hjm?) Volume: von Mises stress (N/m?)
2 a4
3.5

3

il HH -
=2 i ;V’ 1 2
0.4
. 0 0.5
o ¥ 28971 x10° v 1.4884x10%
PucyHok 8 PucyHok 9
Hanpy»xeHo-gedopmoBaHuit cTaH TKaHWH anbBeonun Npu KpUTUYHOMY HaBaHTaxeHHi 400H y
LEeHTpanbHOro pisus BEpXHbOI LWenenu i KicTKOBOI poHTanbHIN NNoLwmHi (pucyHku 6,7,8,9).

Volume: von Mises stress (N/m*) Volume: von Mises stress (N/m?)

A10113x10" & 3.7613x10°
il

PucyHok 10 PucyHok 11
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Volume: von Mises stress (N/m’)

4 3.7613x10°

0.05

PucyHok 12

HanpyxeHo-gedopmoBaHui CTaH TKaHUH
LeHTpanbHOro pisusi BEPXHbOI LWenenn i KicTKoBOI

Volume: von Mises stress (N/m*)
A 6.3488%10°

s

0.05

PucyHok 14
Welume; von Misas stress (Nm®)

a670sx10°
x0t

¥ 8500

PucyHok 16

HanpyxeHo-gedopmoBaHuit cTaH TKaHWH
LeHTpanbHOro pisusi BEPXHbOI LWenenn i KicTKOBOI
anbBeonun Mpu KPUTUYHOMY HaBaHTaxeHHi 120H vy
rOpU3OHTanNbHIN NowWwmHI (pucyHkn 14,15,16,17).

BucHoBKku

MobynoBa TpUBUMIpHUX Mogenen 3y6iB i TKaHWH
napogoHTa gonomarae getanbHO 3pOo3yMiTU CyTb
npoLeciB, WO BUHMKAKOTL y 3ybollenenHin cuctemi
nig 4vac i YHKUIOHYBaHHS, BUMIPATU BeNUYUHU
CTPEeCiB, HaMpyXeHb i AedopmMaLin Npu OKIH3iINHMX
cniBBiAHOLWIEHHAX. AHania AaHux, OTpMMaHux 3a
OOMOMOrol MaTeMaTUYHOrO MOLENOBAHHS, pO3-
LUMPKOE MOXMMBOCTI NikapiB-CTOMATOMOrB Ha pis-
HUX eTanax oyHKLioHanbHOI peabiniTauii nauieHTiB,
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01
v 3.5573x10*

PucyHok 13

anbBeonun Mpu KPUTUYHOMY HaBaHTaxeHHi 100H vy
caritanbHin nnowmHi (pucyHku 10,11,12,13).

Volume: von Mises stress (Nfm?)

01

0.05 A5.461x10°
x10
1

03 0.25

v 7.752x10%

PucyHok 15

A 5.608x10°
x10°

a
I3.5
0.1

2.5

15

0.5

¥ 2.9216x10%

PucyHok 17

cnpolyye BMGIp opToneauYHOI KOHCTPYKLiT Ta Mae
BENMNKE NPOrHOCTUYHE 3HAYEHHS.
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Pesome

KomnnekcHui nigxig oo pecraspadii 3y6iB MicTUTb Y cobi He TiNbKn KOMMNOHEHT ecTeTukK, a 1 3abesne-
YeHHS OyHKUiOHanNbLHOI eheKTUBHOCTI Ta HafiMHOI dikcauil opToneanyHol KOHCTPYKLUIT, WO ocobnmBo akTya-
NbHO ANA NaLieHTiB i3 NaTonorielo NapoaoHTa.

MeTa poboTn — CTBOPUTU BipTyanbHy Mogenb 3yba 3 TKaHMHaMU NapodoHTa i BUSHAYUTU BEMUYMHU Ha-
npyXeHb, CTpeciB Ta gedopmMaliii, Lo BUHUKANN NpU PisHUX OKMIO3iIMHUX CMiBBIAHOLIEHHSIX.

[na po3yMmiHHA NpoueciB, WO BUHMKaOTL Yy 3yboLlenenHiin cuctemi nig vyac pisHMX OKMKO3iMHUX CniBBig-
HoweHb, MeTogamn 3D i KOMM’IOTEPHOrO MOOENIOBaHHA Hacamnepes 3sepTanuy yBary Ha CTaH AeHTUHY Ta
emMani HaTypanbHUX 3y6iB, a TaKOX CTaH KICTKW. Y OOCHIMKEHHI BUKOPUCTOBYBANMU 00YMCIEHHS METOAOM CKi-
HYEHHUX erneMEeHTIB i BU3Ha4Yanm BennumMHu Ta 3HavyeHHa moaynsa tOHra, koedpiuieHTa NyaccoHa i ryCcTuHm Ti-
na gna emani Ta AeHTUHy 3y6iB, a TakoX ANs KICTKOBOI TKAHWHMW anbBEONN.

Mobynosa TpuBMMIpHMX Modernen 3y6iB i TkaHWH NapogoHTa Aornomarae AeTanbHO 3po3yMiTU CyTb Mpo-
uecis, Wo BigdyBalTbCA B 3yboLLenenHin cuctemi nig Yac it yHKUIOHYBaHHS, BUMIPATU BEMWYNHU CTPECIB,
HanpyxeHb | Aeopmauin Npy OKNIO3iINHKUX CriBBigQHOWEHHAX. AHani3 AaHuX, OTPMMaHUX 3a JOMOMOro Ma-
TeMaTUYHOro MOAEmNBaHHS, PO3LLMPIOE MOXIMBOCTI MikapiB-CTOMAaTONOrB Ha pPi3HMX eTanax (yHKUioHanb-
HOI peabiniTauil nauieHTiB, cnpoLlye BUBip opTONeaAnYHOI KOHCTPYKLIi Ta Mae BenuKke NPOrHOCTUYHE 3HAYeH-
HA. Y ManbyTHLOMY OTpMMaHi Mogeni Ta 3acTocoBaHi MeToaun CTaHyTb 6a30BMMM B BinbLU AKICHOMY NnaHy-
BaHHi NikyBaHHS i BUOOPi OpTONEANYHNX KOHCTPYKLIN.

KnrovoBi cnoBa: 3D-mogens, mateMaTtuyHe mogentoBaHHs, mogynb FOHra, koediuieHT MyaccoHa.

Pesome

KomnnekcHbI noaxod K pectaBpauumn 3y6oB cogepxuT B cebe He TONbKO KOMMOHEHT 3CTETUKU, HO U
obecneyeHne MyHKUMOHaNbHOM 3MEKTUBHOCTU U HAOEXHON UKcaLumn opToneanyeckon KOHCTPYKLUK, YTO
0CODEHHO aKTyanbHO AN NauMeHToB C naTtonoruen napofoHTa. Llenbio paboTel 6bino co3gath BUPTYans-
Hyl0 Mofernb 3yba C TKaHAMW NapoA4oHTa U ONpeaennTb BEMUYNHBLI HanpsKeHW, CTPeccoB 1 aedopmauni,
KOTOpble BO3HMKANM Mpu pasfuyHbIX OKKIMIO3MOHHbBIX COOTHOWEHUSX. [Onsg noHMMaHus npoueccoB, BO3HU-
KaloLwux B 3y604entoCTHON cucteme npu pasnnyHbIX OKKIMIO3MOHHBIX COOTHOLWEHNsX, MeTtogamn 3D 1 Kom-
NbIOTEPHOIO MOAENMPOBaHUA B NEpPBYIO odepedb obpallan BHUMaHWE Ha COCTOSHME AeHTMHA 1 dMarnu Ha-
TypanbHbIX 3y6oB, a Takke COCTOosiHME KOCTW. B uccnegosaHum ncnornb3oBanu BbIMUCNEHNS MO METoAY KO-
HEYHbIX 3MEeMEHTOB W Onpeaensanu BenuuuHbl U 3HadeHus mopynsa HOHra, koadbduumeHTa lMyaccoHa u
NNOTHOCTU Tena Ansa amanu 1 AeHTHa 3y6oB, a Takke As KOCTHON TKaHW anbBeons!.

MocTpoeHne TpexmepHbIX Mogernen 3y6oB M TkaHen NnapofoHTa MoMoraeT AeTaribHO NOHATb CyTb Mpo-
LileccoB, BO3HMKAOLWMX B 3yOOYENIOCTHOM cUcTeMe nNpun ee OYHKLUMOHNUPOBAHUN, N3MEPUTb BENNYUHBI CTPEC-
COB, HanpsXXeHu u gedopmaumin NPU OKKIMKO3NOHHBIX COOTHOLLEHUAX. AHann3 AaHHbIX, NONYYEHHbIX C MOo-
MOLLIbIO MaTemMaTU4YeCcKoro MoAenupoBaHUs, paclMpseT BO3MOXHOCTW CTOMATOSIONOB Ha pasHbIX 3aTanax
dyHKUMOHANbHON peabunutaumm NaumeHToB, ynpoluaeT BbIGOp OpTONeaMYEecKoW KOHCTPYKUMM U UMEET
BonbLloe NporHocTM4eckoe 3HaveHne. B ByayuieM nonyyeHHble Modenu U NMpUMEHEHHbIe MeTodbl CTaHyT
6a3oBbIMK B Bonee ka4eCcTBEHHOM MIaHNPOBaHUN NeYeHus 1 BbIbope opToneanyecKknx KOHCTPYKLUNNA.

KnroueBble cnoBa: 3D-mofenb, MaTemaTudeckoe MmogenuposaHue, moaynb HOHra, koadduumeHT My-
accoHa.
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DIGITAL EXAMINATION METHODS OF ANATOMICAL ELEMENTS OF
MASTICATORY SYSTEM AND BASIC OCCLUSION RELATIONSHIPS

R.M. Stupnytskyi, V.R. Yarychkivskyi*
Ivano-Frankivsk National Medical University.
*Danylo Halytskyi Lviv National Medical University

Summary

In the modern world, dentistry has achieved a significant possibilities in aesthetic and functional restora-
tion of teeth and dental arches thanks to modern computer technologies. Every day, the latest developments
in the dental industry, such as CAD-CAM systems, clinical and laboratory scanners, 3D printers, micro-
scopes, become indispensable attributes of dental institutions. Modern equipment expands the capabilities of
dentists in the diagnosis of pathologies of the masticatory system, greatly facilitates the choice of an optimal
plan of prosthetic treatment and allows to have a good quality of rehabilitation of patients. An individual
place in the concept of treatment relates to variety of software that allows to make a treatment plan and pre-
dict its results.

Objective. To create a virtual model of the tooth with periodontal tissues and determine the theoretical
aspects, conditions and parameters of its application in examination stresses and deformations that arise in
different occlusion relationships.

Methods and materials. 3D modeling is a method of creating various forms and complexity of three-
dimensional computer models of real or fantastic objects of the world with the use of various techniques and
mechanisms.

Autodesk 3ds MAX (3D Studio MAX) and a polygonal modeling method were used to create 3D models.
Mathematical simulation (mathematical modeling) is a method of studying processes or phenomena by cre-
ating their mathematical models and studying these models. The method is based on the identity of the form
of equations and the uniqueness of the relations between the variables in the equations of the original and
the model, that is, their analogy.

Mathematical modeling allows you to replace real objects with its virtual model and then study the last
one. As with any simulation, the mathematical model is designed taking into account the physical character-
istics of the original object.

Mathematical modeling is carried out in Comsol Multiphysics 4.2a software program ("Comsol AB" (Swe-
den).

For creation of the three-dimensional model, we chose the frontal area of the upper jaw. The model was
created by the polygonal modeling method, taking into account the anatomical parameters of natural teeth
and periodontal tissues (Autodesk 3Ds Max software). The size of the teeth, the thickness and shape of the
bone tissue contours, the magnitude of the deflection of the tooth axis and the alveolar appendix and the
thickness of the mucosa were modeled in accordance to the average parameters.

The created models of anatomical elements were later integrated into the program for computer mathe-
matical modeling. During the study we used the finite element method and entered the following values:
Young's modulus, Poisson's coefficient and body density.

Characteristics of the materials for calculating the stress-strain state were absolutely identical to the tis-
sues of the tooth and bone. Each model applied forces in different planes according to occlusal movements:
in sagittal plane - forward, force 100 N; in horizontal - transversal movements, force 120N; in the vertical -
the force is 400 N. The calculation of the magnitude of force was carried out according to the average statis-
tics of the cross-sectional area of masticatory muscles involved in the movements of the mandible. We also
note that these values are critical and maximally possible.

Conclusion: The construction of three-dimensional models of teeth and tissues of periodontium helps to
understand in detail the essence of processes occurring in the masticatory system during its functioning, to
measure stresses, strains and deformations during occlusion relationships. Analysis of the data obtained
with the help of mathematical modeling improves the capabilities of dentists at different stages of functional
rehabilitation of patients, simplifies the choice of orthopedic design and has a significant predictive value.
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