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Abstract. The health status of citizens is an important indicator of the success of a country’s socio-economic
policy. Age-related macular degeneration (AMD) is a serious medical and social problem, as it occurs from 25 to
40% among other eye pathologies and is one of the most common causes of blindness and visual impairment in
the world. The severity of the disease is due to damage of two eyes, involvement in the pathological process of the
central parts of the retina and a progressive course. Treatment of patients with AMD remains a complex problem of
modern ophthalmology. Most authors acknowledge that conservative and surgical treatment in a significant propor-
tion of patients with age-related macular degeneration in the later stages is ineffective.

The aim of study was to investigate the results of using of an electronic program for predicting the risk of occur-
rence and early detection of AMD.

Object and methods of research. To predict the risk of occurrence and early diagnosis of functional disorders
of the macular region, we have used the electronic mass accessibility program that we developed, which makes it
possible to use in cell phones, where each person can determine the risk of AMD and receive recommendations for
further actions, as well as identify signs of macular region pathology.

The card consists of several parts: the first part, where passport data is entered; the second part — risk factors
(with a list of the main studied conditions that affect the onset and course of AMD, including heredity); the third part
with a group of questions to determine the presence or absence of manifestations of pathology of the macular re-
gion. The interviewee then conducts an Amsler test for himself and answers questions after it has been conducted.
The program automatically calculates points according to the answers received. The analysis of responses with
the determination of the number of points allows you to determine the risk group for AMD and identify AMD. The
program has an appendix with brief literature data that helps to increase the awareness of the subject about AMD.

Research results and discussion. The age of people who have applied this program ranged from 35 to 75 years.
There were 55 women and 45 men.

42 patients with an early stage of AMD, 10 patients with an intermediate stage of AMD, and 2 patients with a late
stage of AMD were identified with the help of this program. According to a certain risk group for the occurrence of
AMD, the respondent was offered recommendations on further tactics and lifestyle, as well as familiarization with
the proposed information on AMD.

Conclusions. The electronic program that we developed can be used in large quantities, it does not require time
spent on visiting medical institutions and economic costs, it is effective as a method for predicting the occurrence,
early detection of AMD and providing primary information, recommendations for further tactics. The proposed reg-
istration card for examination on AMD, in our opinion, allows to clearly and completely (as part of the task) records
the necessary information about both the patient and his condition.
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38’A30K ny6nikauii 3 n1aHOBMMU HayKOBO-A0CNIA-
HUMMK poboTamu. [ocniaKeHHA BMKOHAHO Yy pamKax
HayKoBO-AoC/igHOT poboTn Kadeapu opToneanyHol
CTOMATOAOriT XapKiBCbKOrO HaLiOHa/IbHOr0O MeaNYHOro
yHiBepcutetry MO3 YKpaiHu «OnTumisauia meToais Aia-
FHOCTMKM Ta NiKyBaHHA OCHOBHMX CTOMATO/IONYHUX 3a-
XBOptoBaHb», N2 aeprkaBHoI peecTpay,ii 0119U002899.

Bctyn. BigHOBNEHHA 3pyiHOBaHMX 3y6iB 3 ToTanb-
HUM AedeKTOM KOPOHKOBOI YaCTUHU — OfHE 3 Halnpo-
6AemHilIMX NUTaHb opToneauyHoi ctomaTonorii. Wn-
pOKa pPO3MOBCHOAMKEHICTb NOBHOI ab0 YaCcTKOBOT BTPATH
KOPOHKOBOI YacTuHM 3yba BHACNILOK Kapio3HOro npo-
LLecy, HeKapio3HUX yparkeHb Ta TPAaBMATUYHMX MOLLIKO-
OxKeHb 3ybiB cepes HaceneHHs YKpaiHM oCTaHHIM Yacom
Ma€ TEeHAEHLit0 A0 3pocTaHHA. Mpu 3HaYHOMY aedek-
Ti ab0 NOBHIl BiACYTHOCTI KOPOHKM 3yHa NPOBOANUTLCA
€HA0A0HTUYHE NliIKYBAaHHA 3 HAaCTYMHMM 3aCTOCYBaHHAM
BHYTPiLUHbOKOPEHEBUX KYKCOBWUX BKNAZOK Ta wTnudTo-
Bux 3ybis [1,2].

Ha nigcrasi maHuWX KAiHIYHOrO AOCNiAMKEHHA CTO-
MaTo/I0r-opTones NOBMHEH i3 BEAMKOI KiZIbKOCTI pi3HO-
MaHITHUX WTUPTOBUX KOHCTPYKLiN BUOpaTK TaKy, AKa 6
MOBHICTIO BignoBsigana KAiHiYHIA cuTyauii. Bubip tmny
wrmMdTa 3HAYHOK MIpPOIO 3anexuTb Big 06’emy Kope-
HEeBOro KaHany nicnA eHAOAOHTUMYHOrO JNiKyBaHHA, a
TaKOMX Bif, BTPATW AEHTUHHOI Macu KOPOHKM Y/ KOpeHA
3yb6a. binbwicTb cTomaToNoriB BBaXKatoTh, WO NpU Bia-
HOBJ/IEHHi 3yba nicnA eHJAO0A0HTUYHOIO NiKyBaHHA MOro
0608B’s13KOBO C/lig, YKpinAtoBaTh WTndtamm, Hessaxato-
YK Ha CTyNiHb pyMHYBaHHSA 3yba [3].

HalcynepeyHiwmmm 3a/IMWA0THLCA NMUTaHHS,
noB’A3aHi 3 NiAroTOBKOK KOPEeHeBOi YacTUHU 3yba, BU-
60poM ONTUMaNbHOI KOHCTPYKLiT BKAaAKKW, maTepiany
ans i BurotoBneHHs. Mpobnema BiAHOBNEHHA KOPOH-
KOBOi 4YacTMHM 3yba BKpal 3aroCTPHOETbCA 3a HafAB-
HOCTi nopyLeHb 3y60ACEHHOro NPUKpPINAeHHA. Y pasi
nia’aceHHOro posTallyBaHHA BUrOTOBEHOT KOHCTPYKLT
€ BMCOKa MMOBIpHICTb NopyLweHHsn ii KpalloBoro npuas-
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raHHA, BUHUKHEHHA BTOPUHHOIO AedeKTy i posuemeH-
TyBaHHA BKAaAKu [4].

B Hal Yac Ha CTOMATO/IONYHOMY PUHKY € LUMPOKUI
BMbip wWTMdTOBUX cucTem. MoBepxHA WTUdTa MOXKe
6yTW rnagkoto, pudneHoto, MaTu rBUHTOBY HapisKy abo
6yT KOoMBiHOBaHOW. BinbluicTb AOCNIAHWKIB BBaka-
10Tb, WO ANTA WTMGHTOBA BKAALKA 3 KYKCOH 3a/IMLLIAETb-
€A HavedbeKTUBHIWMM cnocobom BigHOBAEHHA 3ybiB 3
TOTaNbHUM AedeKTOM KOPOHKOBOT YacTUHU. Li wtndtu
O0CUTb MilHI, WO nNpy 6IYHOMY HaBaHTAXKEeHHi CTBOPHOE
CTPECOBY HANpyry B AeHTMHI 3y6a, WO MOXKe NpU3BECTU
00 nepenomy Kopets [5].

Y pasi BigHOBNeHHA GpPOHTaNbHOI rpynu 3y6is anb-
TEPHaTUBOK METaNeEBUM KYKCOBMM BKNAAKAM CTa€ BU-
COKOTEeXHO/IOriYHa KepaMmika (AioKcua, UMPKOHIt0), AKa
biocymicHa 1 ecTeTuyHa. Ha npoTtuBary iHWMM Kepamiy-
HUM MaTepiasiam OKCUA, LMPKOHIO MA€E BUCOKI MeXaHiy-
Hi BhactusocTi [6,7].

IHWOM anbTepPHATUBOK € CKAOBONOKOHHI WTUDTH
OCHOBHOIO MepeBaroto AKUX € iX MoAy/Ib €1aCTUYHOCTI,
AKWIA 33 CBOIMW 3HAYEHHAMU OAU3bKUIA 00 AEHTUHY.
Lle cnpuae 3HUKEHHIO HaNPYMKeHHA y cuctemi WwtndT-
LEeMEeHT-AEHTUH | 3MEHLUYE PU3UK Mepesiomy KOpeHA
3y6a [8,9].

OCKi/IbKM 30BHiLLHI KOHTYpW KOpeHiB 3yb6iB B nepe-
Ba)KHil BinbWOCTI BMNAAKiB MaloTb KOHIYHY dopmy TO
i BHYTPILWHIN MOPOMKHUHI, WO YTBOPHOETLCA NPU Npo-
XOAXEHHI KOPEeHEeBUX KaHaniB, TAKOX MparHyTb HagaTu
aHaNOoriYHy KOHIYHY Popmy. Afle YUCTO KOHIYHI WTNdTH
MatoTb «PO3K/IMHIOBANIbHUIY edeKT, WO 30BCiM BUK/O-
Ya€e 3aCTOCYBaHHA iX Yy aKTUBHOMY BUMALi 3 pi3bboto.
UnniHapuyHi wtndTM HaMNpocCTiWwi y BUKOPUCTAHHI Ta
MatoTb A06py peTeHLito, ane ixHAa popma He 36iraeTbca
3 dopmoto 3yba, Tomy € pu3nk nepdopadii. ix BUKopuc-
TOBYIOTb 3a3BMYall Y KOPOTKMX i MacUBHUX KopeHAX. Lin-
NiIHAPWYHI CTaHZQPTHI WTUOTK, AKLLO 3aCTOCOBYHOTLCA
TOHKMMM Ta IOBIMMM, TO Xo4a i 3anobiratoTb nepdopadii
Ta AOCTAaTHbO MILHO 3LiNIOOTb WTUT 3 KOpEeHeMm, ane
nif, Y4ac Noganbloro GyHKLiOHYBaHHA HalyacTile cam
WTMT 31aMYETbCA Y CEPEANHI KaHany Bif, YTOMIUBUX
Hanpy»KeHb NPU LMKAIYHUX HaBaHTaxeHHaxX [10].

Y KOHIYHUX WTUOTIB PETeHLis 3HUNKYETbCA, AKLLO
36iNbLIYETLCA KYT KOHYcy. BoHM aganTtoBaHiwi mopdo-
JIOTiYHO, | TUCK Ha PiBHI BepxiBKM KopeHA 3yba HesHa-
YHWUI. BOHWM MiLHIi, ane 3a paxyHOK cBOET GopmU BUKAN-
KaloTb BiAYyTTA BKAMHEHHS. MMacuBHI WTUGTU KOHIYHOT
bopMU MatoTb «PO3KANHIOBANIbHUIY edeKT Yy 3HAYHO
MEHLIOMY CTYMEeHto, ane HabyBatoTb e OAMH HEAONIK —
MaJna CTiMKICTb A0 PO3TAryoumx 3ycunb [3,11].

Y HaCTYMHWM Yac 3aCTOCOBYHOTLCA | LUNIHAPUYHI | KO-
HiYHi, | LMNIHAPO-KOHIYHI WTKMdTW. MUTaHHA Hanainwoi
bopMM 3aMWAETLCA BIGKPUTUM.

Meta gocnigKeHHA nosArasna B aHanisi Ta obuuc-
JIIOBaHHI HaMNpyXeHb, L0 BUHUKAIOTb Y 3MOAE/IbOBaHIN
cMcTeMi KOpeHeBOT YaCTMHU OAHOKOpPeHeBOoro 3yby npu
nigroToBLi KaHany nig, WTNPTOBI KOHCTPYKLUIi pisHOMa-
HITHUX popm.

O6’eKT i meToan pocnipyKeHHsA. MNpoBeaeHo maTe-
MaTUYHE MOAENOBAHHA HanpyxeHo-4ebopMOoBaHOTO
CTaHy CUCTEMM KOpeHs 3yba Npu yCTAHOBL, KYKCOBMX
BK/1aZ0K. M1 BUKOPUCTOBYBAN LLUMPOKO BiAOMUIA NpPO-
rPaMHUIM NaKeT KiHUEeBO-enemMeHTHOro aHanisy ANSYS
0N NepcoHasbHMX Komn'toTepis Ha 6asi WINDOWS
[12]. NopiBHtOBann reomeTpuyHi 06’emHi mogeni Bia-
npenapoBaHWUX OgHOKOpeHeBUX 3ybiB ana WTndTis pis-

HOi popmM 3 MoAANbWMM ypaxyBaHHAM GOPMU KYKCO-
BOI YacTUHW. [JaHi ANnA NOPIiBHAJIBHOIO PO3PaAXyHKY MU
B3A/IM 3 METOAMKM 06’€eMHOro AOCAIAXKEHHA 3anpono-
HoBaHoOi Marxkors no cxoAWHO-UMAIHAPUYHUM WTU-
Tam Optipost. 3a Marxkors gOBXMHa KOpPEHiB BepPXHiX
LLeHTpa/ibHUX pi3uiB cknagae Big 11,0 mm go 20,5 mm, a
3a W.X. CaaKkAH [OBXMHA KOPEHIO LLEHTPaIbHOrO BepX-
HbOrO pPi3LA MeHLa Bif ikna Ha 4 mm [13].

Pe3ynbratv pgocnipKeHHa Ta ix obroBopeHHs. [lo-
cnifXeHa Mofenb CTaHy CUCTEMM KopeHsa 3yba npwu
YCTaHOBL,j UMAIHAPO-KOHIYHOro wTtudTa (puc. 1), Axky
noAinuau Ha agi yactuHu (puc. 2 Ta 3). JJoBXKuHa WTUD-
Ta ANs AocnigxyBaHoro 3yba B3ATa 3a 21,1 mm, pagiyc
wtndTa 1,85 mm.

Ons uMNiHAPO-KOHIYHOTO WTNdTA:

MepLua yuniHapuiHa
AinAHka Wvga

[lpyra ginaHka wrudra
¥ BUMAAi 3pi3aHoro
KoHyca

1
PucyHokK 1 — Cxema noBepxHi LuNiHAPO-KOHIYHOrO WTndra.

MNepwa AinaHKa — UMAIHAP 3 NOBEPXHEID:
R =1,85mm; EW =6,7 MMm.
S, = ZRREW =2-3,14-1,85:6,7 =77,84 mm?,

R

[14 1.

PucyHoK 2 — MNeplua unniHApuYHa AinaHKa wrtudra.

[Opyra finsHka — 3pisaHMit KOHYC 3 MOBEPXHED
R=1,85mm;r=0,11 mm; € =14,4 mm.

3P.KOH.

PucyHoK 3 — Cxema AnA 064MCNEeHHA NAOLLi KOHTAKTy Apyrol
AinAHKK wTudTa y BUrNAAi 3pisaHoro unaiHapa.
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3Biacu dopmyna:
S, won= T(R*r)E

3p.Kol

— MOBEPXHA 3Pi3aHOro KoHyca.

3p.KOH.

S$,=S

2 3p.KOH.

=n(R+r)e, . =3,14(1,85+0,11)-14,4 = 88,62 Mm>.

3arasibHa NA0OLA KOHTaKTY WTKdTa:

S, = S,+5,=77,84 + 88,62 = 166,46 mm’.

Topi, wWob 3pobUTU UMNIHAP, 3 TAKOK XK MNIOLWED
KOHTAKTy

S, = Swﬂ = 166,46 = 2nRE.

3Hatoum, wo R = 1,85 mm, ogepkumo 166,46 = 2 -
3,14 - 1,85 - €; € = 14,33 mm, 6e3 BpaxyBaHHA HUKHbOI
NOBEpPXHi LMAIHAPA, a 3 il ypaxyBaHHAM O4ePKUMO

Sz = Suun(z) =2nRe + TR? = mR(2€ + R) = 166,46,
(2(+R): 166,46; 262166,46 “R: ’621[166,46 _Rj;
nR TR 2\ @R
=l ﬂ—l,SS =13,3 mMm.
2\3,14-185

Bubupaemo R = 1,85 mm.
MepesipKa

S, = ZnREW =2-3,14-1,85-13,3 = 154,5 mm>.
S,=nR?=3,14-1,85°=10,75 mm’.

5 166,46 —165,35

66,46
po3xoaKeHHs <5%.

AKWwo R = 2,15 mm, 10

;1 16646
21314215

AKWwo R = 1,54 mm, TO

S, =16535mm -100% = 0,66%,

—2,15]:%(24.815 —-215)=113Mm.

203,14 1,54

Ba)KNMBO MpaBMAbHO MPUKAACTM HABaHTAXKEHHA Y
mozeni. LLob noscHUTM ue MM HaBoAMMO cxemu (pwmc.
4Ta5).

=1[ 166,46 —1,54J:16,44MM.

& x
/
/

PucyHoK 4 — Cxema opi€HTaLii BCiX 3aBaHTaXKeHb.

no Z (20,0 xr)

(x:y:z)
(0,51-

0-239) (21,5-0-23.97)
(0,0,23,9)

no X (10,0 kr)

PUCyHOK 5 — Cxema NpuUKNaAEeHHA HaBaHTaXKeHb.

MepeBipAeEMO maTeMaTUYHO MPaBWU/bHICTb 3aBAaH-
HA 30HM NPUKNALEHHA HaBaHTaXeHb, AKAa Nepeposno-
LINAETbCA Y BUMNALI KOHYCY, ANA LbOro 3HAXO4MMO KO-
opauHaTh byab-AKoi TOUKM Y 30Hi NPoMNopLjieto, a NoTim
NOPiBHIOEMO 3 BUMipamu cxemun. PobMMo Lie 3a Koopaun-
HaToto x (puc. 5).

Pobvmo po3paxyHOK ANA BUMAAKY, KOAU WTUDT BU-
KOHYETbCA Y BUMNALI CXOAMHOK, O CXOAATLCA 33 KOHIY-
Hoto dopmoto KaHany (puc. 6).

|
X T

=
=
o ——

PucyHoK 6 — Cxema cxoguHonogi6bHoro wrudTra.

Bpaxyemo BuxigHi ymosu:

1. Y Bcix BMNagKax maTepian wtmudTa OANH i TON Ke.

2. Mnowa PpMKLINHOrO KOHTaKTa NMoBMHHA OyTU =
04HaKoBOI0. Y Hac BOHa cKnagae 166 mm?.

3. MoyaTKoBMI pagajyc R = 1,85 mm.

MNoBHa BucoTa L = Bl+ 82+ 83+ 84.

Ymosa, wo €,=¢€,=¢.=¢ =¢.
Sy =27R 0 + (rR? — 7R3 )=nl2R 0 + R} —R3) ;
Sy =2nR,0 + (7R3 - 7R3 )=nl2R 0 + RZ - R3);
Sy =2mR 0+ (tR? — 7R} )=n2R,0 + R? - R3) ;
S, =2nR 4 + R} :Tc(2R4€+R§);
S =n(2R 0+ R} —R? + 2R 0+ R2 —R} +2R;( + R} — R’

+2R4/+Rf)
S =n20(R, + R, + Ry + R, )+ R}

166=3,1420(1,85+ R, + Ry + R, ) +1385" |
52,87=20(1,85+R, + Ry +R,)+3,42;
201,85+ R, + Ry +R,)=49,45;

01,85+ R, + Ry + R4 )=24,725 (Mm);
24,725
= .
1L85+R, +R3;+ Ry

3miHtotoun R, Ta €, pomaraemocsa piBHOCTI.

Mpu ubomy 53@ MM, R, =<1,85 Mm.
4

MepeBipKa: g4nsa unniHApa NoOBHa NoBepxHA byae Ao-
piBHtoBaTW 21R - L + TR?= 166, T06TO 27IR - L = 166 — TR?

_166-mR* 166-3,14-185% 166—-10,746
27R 2-3,14-185 11,618

L =13,36 mm.
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[ns Haworo BMNagKy NPoBOAMMO OBYUC/IEHHA Be-
JIMYMHU CXOAMHOK WTndTa (puUc. 7):

1,85

=2 - -
-~ ' \\
__'___
= ~ -~
e
= /,-1-\\
. N
i r
S
._._I_.__

PuUcyHOK 7 — Cxema a1a 064MCcNeHHA BEIMUMHU CXOAUHOK WTudTa.
_ 24,725
L85+R, +R;+R,

MepeBipumo dopmyny.
Alkwo R, =R =R, =1,85, ToAj
B 24,725 24,725
1,85+1,85+ 1,85+ 1,85 7,4

3,34Mm

Togi L=4€ =4 -3,34 = 13,36 MM. MOXX/MBO 3p0bUTH
BMCHOBOK, L0 8ugedeHa hopMyna € 8ipHOI0.

fﬁ$=4,lMM=4MM.
Mpu nepuwil nigcTaHOBLI 0A4EPHKUMO:
AKWo cxoanHKa = 0,46 mm,
Toai R, —1,85;R,—1,39; R, —0,93; R, - 0,47.
B 24,725 24725
C185+1,39+0,93+0,47 4,64

YMOBa He BUKOHYETbCA.

Mpw apyriv NigcTaHOBLi 0AePKUMO:

AKWoOo cxogmHKa = 0,3 mm, ToAi R, —1,85; R,— 1,5;
R, -1,2;R, -0,9.

€ = 4,54 > 4 mm. YMOBA He BUKOHYETbCS.

Butpumyemo € = 4,54 npu R, = 1,85; R, = 1,5; R, =
1,1; R, =0,67. Nepepaxysaswu 3a popmynoto (1), oaep-
MMO, Wo € NoBUHHO 6yTK 4,829 mMm.

4,829—-4,52
4,829

OnAa [ocArHeHHs HeobxigHOi TOYHOCTI 36inblMMO
paaiyc R, A0 2,3 MM i Nepepaxyemo KOHTAKTHY Moty
3a ¢opmynoto:

38 =314[2- 45423 +15+ 11+ 04)+ 232

=5,32 >4 MM.

100% = 6,3% >5%.

=3,14(9,08-5,3+5,29)=167,7 mm’".

167,7-166

-100% =1,02%. ITomunka <5%.
167,7

OcTaTo4HO BUOUPAEMO CTyMeHeBui WTUT 3 po3mi-
pamu:

R,=2,3 mm R,=15mm [R,=1,1mm| R,=0,4mm

31=4,56MM 82=4,54MM ’83=4,5MM e4=4,5MM

Mpwn piBHUX NOBEPXHEBMX MOKA3HMKaX M/OLL KOH-
TaKTy WTndTa i 3yba € CKNAZHICTb YCTAHOBKM B TaKMi
KaHan cxoauHonogibHoro wTtudra. 3anponoHoBaHUM
WTKUOT UMNIHAPUYHO-KOHIYHOT dopMM MAE BCi NnepeBaru
npu WtMdTyBaHHI TUNOBUX 3y6iB 6e3 3HaUHUX iHAMBIAY-
aNbHUX 0COBAMNBOCTEN.

Yci npouecun HanpyKeHo-4epOpPMOBAHOMO CTaHy,
AKi HAC LiKaBAATb 3HAaX0AATbCA Y LEeMeHTi 3yby Ha mexi
3 diKkcyrounm uemeHTom Ta wTndTom. Hesenumkmin 3a
TOBLUMHOM Wap OIKCYYOro LemeHTy Ha BU3HAYeHHA
onTUmanbHoi dopmu WTUDTA MaiKe 30BCIM He BMIU-
Ba€ i AN1A KOPEKTHOCTI pe3y/bTaTiB MOro MOXK/AMBO He
BpaxoByBaTu.

PucyHoK 8 — ®parmeHTn mogeneii 3 pisHoto dpopmoto wtndra.

LUlo6 ouiHMTM poboTy BULLE NepepaxoBaHUX KOH-
CTPYKLiN, 6ynn CTBOPEHi mMaTemMaTuyHi mogeni umx
wTtndTiB i3 cepegHiMM MOKAa3HUKAMM YCiX XapaKTepuc-
TUK 019 KOXHOTO 3 HUX (puc. 8). HaBaHTaXeHHs 6yno B
yCiX BUNAgKax i4eHTUYHUM. BUCOTa KOPOHKOBOI YacTu-
HW Byna ofHAKOBA, TAKOX YPAaxoByBasacb MAOLLA KOH-
TaKTy WtndTa 3 LemeHToM 3yba, BoHa byna NpubAN3HO
opHaKoBol. MeTolo AaHUX po3paxyHKiB 6yna Heob-
XiAHICTb BCTAHOBUTU HalKpawmi WTNOT y B3aEmogii 3
3ybom. KpuTepiit ouiHKM — e MiHiManbHa BeNMUYMHA
Hanpy*KeHb B LeMeHTi 3yba i B camomy WITndTI. Ypaxo-
ByBa/laCb TAKOX BTOMJ/IEHICTb MaTepiany No AOBMXWUHI
WTMTOBOI KOHCTPYKL.

Mpy nepwin ouiHWi, He BMKOHABLUM PO3PaAXYHKIB,
MOHa CKa3aTu, O OAHUM i3 FO/IOBHUX FEOMETPUYHUX
NoKa3HWKiB € 36ir reomeTpuyHoi dopmu wtrudTa i Kope-
HEBOTrO KaHany.

Y npupogai nobynoBu KaHany KopeHs 3yba Hemae
CTPOroi reoMeTpuUYHOi CUMETPIi, a, 3HAYUTb i piBHO-
MIpPHOrO PO3MoAiNy Hanpy)KeHb No ycbomy Tinly 3y6a.
MoyKHa 3 40CTaTHbOK YMEBHEHICTIO CKas3aTtu, WO npwu
NopyLLUEHHI uinicHocTi 3y6a, AKLLO He NPUNHATA Kapau-
HaNbHUX 3aXoAiB, BigbyBAETbCA MOro LWBMAKE PYNHY-

250,0

200,0

150,0

100,0

g 50,0

0,0
-50,0
£\ e
-100,0 |

-150,0

-200,0

-250,0

Bi i 3a

Heto 3y6a B3AOBXK iHOro oci

-300,0
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PucyHoK 9 — Po3nogin Hanpy:xeHb NX y LLlemeHTi KopeHio 3y6a
B3A0BX 1Oro NoBepxHi B HANPAMKY Bif, KOPOHKOBOT YaCTUHU Y
KopeHeBy (30Ha CTUCKaHHA L).
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BaHHA. Lle 06ymoBneHOo 3MiHOO GOpPMU HaBAHTAXKEHHSA,
a TAKOX BNACTMBOCTEN CKNagoBUX NpupoaHoro 3yba. 3
KypCy onopy maTepianis BioOMO, LLLO KOO YuM enlinc — ue
Hanbinbw npuiiHATHa dopma Ana nepeposnoginy Ha-
BaHTaXeHb. Lle cToCyeTbes i WTUDTOBMX KOHCTPYKLiN Y
cepeauHi 3yba.

Haibinbw npocTte pilwleHHA — Ll CTBOPEHHA Kona
no nepepisy. B npoctopi ue Bua unniHapa. Cteoproroun
MaTeMATUYHY MOAE/b, MOXHA MOMITUTU cnabKy Bnuca-
HiCTb WTNdTA L0 KOPEHEBOro KaHay. Ta 1 3a BUCOTOLO,
HUKHA YaCTMHA UnMAiHApa Ay»Ke 6AM3bKO NiaxoamTb A0
CTiHKM 3yby, TiIbKM 0fHe e 3Ha4YHO obmexkye chepy 3a-
CTOCYBaHHA L€l KOHCTPYKLi.

BWKOHABLUM PO3pPaxyHKM 3a BULLEHABEAEHMMW PO3-
pPaxyHKOBMMM CXEMAMM, MOXKHa NoHaumTH, Wo 3miHa B
LeMeHTi 3yb6a NoKasye XxapaKTep 3MiHU HOPMAIbHUX Ha-
npyxeHb N_B310B3 Oci 3y6a (puc. 9).

Tpeba 060B’A3KOBO 06MOBUTUCS, LLO Y HaBeAEHUX
rpadikax Bicb abcumc Bigobparkae nopAaAKoBi Homepu
e/leMeHTIB 3a noBepxHeto WTMdTa B3[0BK OCi, @ KOH-
¢irypauii noBepxoHb pi3Hi, TOMy Ha NOPIBHAHHA BUCOT
WTNPTIB HE MOXKHA OPIEHTYBATUCS, Lib AOCNIANKEHHA
nosArae y iHwWomy. Ha BepxHii 4acTuHi 3y6a HanpyKeH-
HA Ma€ NpuMBAN3HO OAHAKOBY BE/IMYMHY 3 HEBEIMKU-
MW (B Kpallly CTOPOHY) MOKa3HMKAMKU AN CTyNeHeBUX
wTtnoTiB. OgHAK, N0 A0BKUHI CTEPXKHA, HAMPYXKEHHS ne-
PexXoAnTb i3 CTUCKAKOYOI B pO3TArytovy BenndnHy. Nagid-
HA HAMpPYXKEHHA AN UMNIHAPUYHOI | KOHYCHOT mogenei
3L,iMCHIOETBCA NMABHO, a CTyneHeBa Mogesb WindTa 4o
ocHoBM 3ybHa 36inblUye amNAiTyAy 3pPOCTaHHA Ha AyKe
obmerkeHoMy npocTopi (cTpnbKonoaibHo).

Amnnityga cxoguHonogibHoi mogeni [+1,55] MMa
+ |-1,29] MMa = 2,84 MMMa — npu HaBaHTaXeHHi. Mpwn
poO3BaHTaXKeHHi Ha ToMy K cTyneHi maemo |+0,25| MMa
+[-1,23| MNa = 1,48 MMa. Mpu uuniHAPWYHIN mogeni
Ui NOKasHWMKKM HacTynHi [+1,91| MMNa + |-0,64| Mla =
2,55 MIMa Ha HaBaHTakeHilt obnacri.

OnAa KOHycHOI mogeni Ui MNOKA3HMKM He3HauHi.
|+0,71] MNa + |-0,10| MMa = 0,61 MMNa. AKwo npoa-
HaNi3yBaTh, MOXKHa 3p0OUTN BUCHOBOK, WO HaNbinbLly
amnnityay (2,84 MMNa) maemo Ha cXxoAnHONoAibHil mo-
Aeni, Wo HeraTMBHO NO3HAYUTLCA HA BTOMIEHOMY 3HOCI
enemeHTa. Halbinblwe HanpyKeHHs B 1,91 MIMa npotu
1,55 MMa cxoanHonoaibHoi MM MAaEMO B LIMAIHAPUYHIN
mogzeni. Ana koHyca = 1,24 MMNMa.

TaKMM YUHOM, B TOPM3OHTAIbHOMY HaMNPAMKY LIBUA-
e 33 BCe 3PYMHYETbCA LLEMEHT KOPEHA 3 LMNIHAPUY-
Hoto dopmoto WTNdTa. Mo BTOMIEHOMY 3pYNHYBAHHIO
nepuwe micle 3aMMae CXO4MHOMNOAIOHUI WTUPT.

PosrnaHyBWwK HanpyxeHHA 3a BepTukanno (N,),
Maemo (puc. 10)

umninap =-6,18 MNa amnnityaa = 5,82 Mla

KOHYC = -6,13 MIlla amnnityga = 4,13 Mlla

cTyneHi =-4,84 MMa amnnityga = 4,17 MnNa.

HaliKpalli NOKa3HMKKW — UUAiIHAP, MalKe TaKi X no-
Ka3HMKM MW MAEMO i A1 KOHYCA — CMpaLoBaB PO3KAN-
HIOBA/IbHUI edeKT. 3a LMMU SAaHUMKU MOXKHA 3p06UTH
BMCHOBOK, L0 ANA KOHyca HeobXxiAHO B camili HUKHIMN
TOYL BWMKOHATM 3a0KPYINEHHA, ANA 3HATTA BEpTU-
KasbHUX HanpyxeHb N, 3a amnniTyaoto Halkpaui no-
Ka3HMKM MW MAEMO ANA UuAiHApa, NOTIM CTyneHeBui
€/1eMEHT, 3rogoM KoHyc. Moxem 3pobuTU BUCHOBOK,
L0 HaMBINbLi HANPYXKEHHA BUHUKAIOTb B KOHCTPYKLLIAX
cxoamHonoaibHoro Tmny.
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PucyHok 10 — Po3noain Hanpy:KeHb Nz y uemeHTi KopeHio 3yba
B3/,0B3K 1Oro NoBepxHi B HANPAMKY Bif, KOPOHKOBOI YaCTUHU Y
KopeHeBy (30Ha CTUCKaHHsA L).

max (N ) cTuckaHHa cxoauHonoaibHoi -13,57 MNa
max (N ) CTUCKaHHA KOHYCHO-LWJ. -3,81 MNa
max (N ) CTUCKaHHA LWAIHAPWUYHOT -4,21 MNa

Mpu LbOMY B CXOAMHAX CMOCTEPIraeTbCA KONOCA/b-
HUI Nepepo3nogin 3 + (nawc) Ha — (miHyc). AMnniTyaa
cxoamnHu = |+3,64| MMa + [-13,57| MMa =-17,21 MnNa.
[na iHWwnx mogenei BoHa cknagae scboro 6ina 0,2 +0,1
MTMa.

max (N,) cTucKaHHA cxogunHonoai6HoT -102,8 MMa
max (N,) CTUCKaHHA KOHYCHO-LWA. -77,3 MNa
max (N,) CTUCKaHHA LuAiHAPUYHOT -51,46 MMa

[nAa noBHOro aHanisy BMKOHAEMO PO3PaxyHKMU 3a
4-oto Teopieto MiuHOCTI. Teopia nuTomoi eHeprii dpop-
MO3MiHK

12
0.0~ [Ho1-0:F +(or -0, + oy o

Llei po3paxyHOK BpaxoBYE KOMMJIEKCHUI BMNAUB Ha
[0CNiAXYBaAHWUI €/IEMEHT YCiX 0, . My ofiepXyeMO aesike
€KBiBaNIEHTHE HaMNpPy»KeHHA.

[Ona nisoi vactuuu (L(left)).

Unningp =+2,57 MMNa - 0,52 MMNa

Amnnityga = 3,09 MMa.

CtyneHesui = +2,1 MMNa - 0,77 MMa

Amnnityga = 2,87 Mla.

KoHiyHui = +1,84 MMMa

Amnnityga = 0,04 MMMa.

[Nna po3TArHYTOI 30HM XapaKTep i BeNYNHA 3yCUb
3MIHIOETbCA B HE3HAYHUX MEKAX.

BucHoOBOK. 3a pe3ynbTraTamu NpoBefeHOro AoChi-
OKEHHA HAaMW BUABNEHO, LLLO UMAIHAPUYHA KOHCTPYKLA
WTNPTa Halripwa B NOPIBHAHHI 3 MOKAa3HMKaMM CXO4U-
HONOAiIOHOI KOHCTPYKLIT 3 NepemMiHHUMU UUAIHAPaMMU,
a came Halbinblui ropusoHTaNbHI HaMpPyXKeHHs Ana
wtndTta rMnbuHoto 21,1 mm 6yN0 BU3HAYEHO B LMUNIH-
OPWYHIM KoHCTpyKLii 1,91 MMa npotu 1,55 MIMa cxogu-
HonoaibHoi Ta 1,24 MIMa KoHycHOI. HalKpalli noKasHu-
KW 33 HaMpyXeHHAM 33 BEPTMKANN MaE umaiHap 6,18
MMMa, maiKe TaKi ¥ NOKasHMKM Mae KoHyc 6,13 MMMa,
MeHLLi MOKa3HUKM Y CXOAMHOMNOAIOHOT KOHCTPYKLi 4,84
MMa. ToxK Ana KOHyca HeobXiZAHO B HAMHWMMKYIN Touu,i
BMKOHATW 3aKPYIeHHA, ONA 3HATTA BEPTUKAJbHUX Ha-
npy»eHb. Mpu ycTaHoBLUi cxoguHonoAdibHoro wTtudTa
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3anuwWwaeTbca npobnema nepexoay Bif, OAHIEI CTyneHi OTKe, 3aNponoHOBaHe mMaTemaTU4yHe MOAE/OBaH-
A0 APYroi, 3BiACK yXKe BUCOKMIA KOeDILIEHT aMNAITYAN  HA A03BOAUTL Y NOAANbLIOMY ypaxXyBaTh HanpysKeHHs B
HanpyxeHb, Lo B PE3Y/IbTaTI NPU3BEAE 10 BTOM/IEHOTO  cpctemi KopeHs BignpenaposBaHoro 3yba 3rigHo npasun
3N10My KopeHs# 3y6a.'lv-|am6|nbm| HaNPyXeHHA BUHUKA-  GiomexaHikm 3a paxyHOK NpaBuUAbHOTO PO3TaLlyBaHHS
HOTb NPY LMAIHAPUUHIA KOHCTPYKUI LIJTMd)Ta“,.B I HWKHIA o 1oBMHM, MIMBMHM Ta GOPMM NpenapyBaHHsA, wWo
YacTuHI. [na cxoaMHONoAi6HOI KOHCTPYKLIT pyiHYBaH- . .

. . [,03BONUTL 36iNbWNTU TEPMIH KOPUCTYBAHHA KOHCTPYK-
HA CTIHOK 3y6a moxnBe y 30Hi 2/3 Bucotv wtudTa, npu . .

Lji€eto Ta 3anobirtn nepenomy KopeHs 3yba.

LbOMY 3yCUANA HEODBXiAHO NPUKNAAATU Binbll 3HaYHeE, .

HiXK ona umniHgpuyHoro wimndTa. [Ana KOHYCHOI KOH- MepcnekTnBM nogansblunx AocnigeHb. B nogans-
CTPYKLii ByAe NoTpibHO we Binble 3ycunna gas pyi-  WOMY NAAHYETLCA NPOPaXyBaTH KoediLieHT posLwnpeH-
HYBaHHA KOPEHSA, MpW LbOMY BOHO Bi/ibll MOMK/AMBE B HA MaTepiany KyKCOBOI BK/IAaAKM Ta iX BNANB Ha CTiMKiCTb

anikasbHin 30Hi WTKdTa. CTiHOK KOopeHs 3yba.
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MATEMATUYHE MOAENOBAHHA HANPYXEHO-AE®OPMOBAHOIO CTAHY CUCTEMU KOPEHSA 3YBA
NPU YCTAHOBLI KYKCOBUX BKZTAOOK

AHiweH I. B., binob6pos P. B., lepmaH C. A., biptokos B. A., Cania /1. T.

Pe3tome. Y cTaTTi npeacTaBneHUi i MaTeEMATUYHUI aHani3 Ta 06YMCNIOBAHHA HAMPYXKeHb, WO BUHUKAKOTL Y 3MO-
OeNboBaHill cMcTeMi KOpeHeBOoi YaCTUHW OAHOKOpPeHeBoro 3yby npu nNigrotosui KaHany nig WTUOTOBI KOHCTPYKLT
pi3HOMaHiTHMX GopM. 3a pe3yabTaTaMu aHanizy reomeTpUYHNX 06’ eMHUX Mogenei BCTaHOBNEHO, WO LUAIHAPUYHA
KOHCTPYKLiA wWTMdTa Ma€e HalripLi NOKa3HUKM B MOPIBHAHHI 3 MOKa3HMKaMM CXoA4MHONOAiI6HOT KOHCTPYKL,ii 3 nepe-
MIHHUMW UMNiHAPamK. Haibinblie ropnsoHTanbHi Hanpy»KeHHA gns wtrudTa mnbuHow 21,1 mm 6yn0 BU3HAYEHO
B LUMNIHAPUYHINA KOHCTPYKLii 1,91 MMNa npotn 1,55 MMa cxoamHonogibHoi Ta 1,24 MMa KoHycHoi. Halikpalui no-
Ka3HWKM 32 HaNPYXXeHHAM 33 BEPTMKaNI0 MaE unniHap 6,18 Mlla, maiixke Taki *K NOKa3HMKKM Mae KoHyc 6,13 MIa,
MEHLUi MOKAa3HUKM Yy CXOAMHOMOAIOHOT KOHCTPYKLUiT 4,84 MMMa. 3a UMMM JAHUMWU MOXKHA 3p0OUTM BUCHOBOK, LLLO
A7 KOHYca HeobxigHO B caMill HUXKHIM TOYLi BUKOHATU 3a0KPYINEHHA, AR 3HATTA BEPTUKAZIbHUX HAaNpy»KeHb. Haw-
BiNblUi HANPYKEHHA BUHUKAOTb MPU UUAIHAPWUYHINA KOHCTPYKLIT WTUdTA, B TI HUMXKHIM YacTuHI. s cxogmHonoaibHol
KOHCTPYKLiT pyfHYBaHHA CTIHOK 3y6a Moxamnse Yy 30Hi 2/3 BUCOTU WITUdTA, NPU LIbOMY 3yCUMANA HeobXigHO npuKkna-
4aTu BiNbLL 3HaYHe, HiX ANA LMNiHAPUYHOTO WTNdTA. [NA KOHYCHOI KOHCTPYKLIT Byae NnoTpibHO LWe 6inbLie 3ycnnna
ONA pyNHYBaHHA KOPeHA, NMPW LbOMY BOHO Bi/blL MOXIMBE B anikanbHii 30Hi WTndTa.

KntouoBi cnoBa: KykcoBa WTMOTOBA BKNALKA, MaTEMATUUYHE MOLENOBAHHSA, WTUQTOBI KOHCTPYKLIi, TOTasIbHUI
AedeKT KOPOHKM 3yba, Hanpy»KeHHA B KopeHi 3y6a.

MATEMATUYECKOE MOAOE/TMPOBAHUE HAMNPAXEHHO-AE®POPMUPOBAHHOIO COCTOAHUA
CUCTEMbI KOPHA 3YBA NPU YCTAHOBKE KYZIbTEBbIX BKZIAAOK

AlHMweH WU. B., Buno6pos P. B., fepmaH C. A., buptokos B. A., Canusa /1. I.

Pe3tome. B cTaTbe npeacTaBieH MaTeMaTUYECKUN aHANN3 U BbIYMCIEHUA HAMNPAXKEHWUN, BO3SHMKAIOWMX B CMOAe-
JIMPOBAHHOW CUCTEME KOPHEBOM YacTM OAHOKOPHEBOrO 3y6a Npu NOArOTOBKE KaHa/la Nog, WTNTOBblE KOHCTPYKLLUN
pa3nunyHbix Gopm. Mo pesyabTaTam aHaAM3a FEOMETPUYECKMX 06 BEMHbIX MOAeNen YCTaHOBAEHO, YTO LMAUHAPU-
YyecKan KOHCTPYKLUMA WTUDTA MMEET XyALlLMe MOoKa3aTe/InM No CPaBHEHUIO C NOKa3aTeNaMM CTYNeHYaTon KOHCTPYK-
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LMK C NepeMeHHbIMU LUMAMHAPaMU. bonblue BCEro rOpM30HTaIbHble HANPAXeHUA Ana WwtndTta mybuHon 21,1 mm
6bl71 onpeaeneH B LUAMHAPUYECKon KoHCTpyKumn 1,91 MMa npoTme 1,55 Mna ctyneH4yaTtoi 1 1,24 MIa KOHYCHOMN.
Jlydlime nokasaTenn No HanpAXKeHMUIO NO BEPTUKanu umeeT umanHap 6,18 Mla, noytn Takme e nokasatenu nmeet
KOHYC 6,13 MIa, MmeHbLUME NOKa3aTeNn B CTyNeH4YaTon KoHCTpyKumn 4,84 MMMa. Mo 3TUM AaHHbIM MOXHO cAenatb
BbIBOZ, YTO A/1A KOHYCA HEOBXOAMMO B CAMOM HUMKHEN TOYKEe BbINONHUTL 3aKPYIIeHUA, AR CHATUA BEPTUKANbHbIX
Hanpax)eHWi. Hanbonblumve HanpAXKEeHUA BO3HWUKAIOT MPU LUANHAPUYECKON KOHCTPYKUMW WTUdTA, B ee HUXKHEN
YyacTu. 1A CTyneH4YaTon KOHCTPYKLMM paspyLleHns CTeHOK 3yba BO3MOXKHO B 30He 2/3 BbICOTbI WTUTA, NPU 3TOM
ycunmne HeobxoaMMO NpuKaabiBaTe bonee sHaUMTENbHOE, YeM AR LUANHAPUYECKOTO WTUGTA. [NA KOHYCHOM KOH-
CTPYKLMM noTpebyeTca ele 6onblue yCUAnaA ans paspyLleHna KOpHA, Npy 3TOM OHO 6osiee BEPOATHO B anmKasibHOM
30He WtnodTa.

KntoueBble cnoBa: KynbTeBble WTUHTOBOM BKNAAKMU, MaTeMaTUYECKOe MOAENNPOBaHME, WITUPTOBLIE KOHCTPYK-
LMK, TOTaNbHbIN AedeKT KOPOHKM 3yba, HanpsaKeHWe B KOpHe 3yba.

MATHEMATICALMODELING OF THE STRESS-STRAIN STATEOF THETOOTHROOT SYSTEM OF PIN CONSTRUCTIONS

Yanishen I. V., Bilobrov R. V., German S. A., Biryukov V. A, Saliya L. G.

Abstract. Restoration of destroyed teeth with total defect of the crown part is one of the most problematic
issues of orthopedic dentistry. Based on the clinical trial data, the orthopedic dentist should choose from a large
number of different pin designs that would be fully suited to the clinical situation. The most controversial questions
remain related to the preparation of the root part of the tooth, the choice of the optimal design of the insert, the
material for its manufacture. In the future, both cylindrical and conical and cylindrical conical pins are used. The
question of the best form remains open.

The purpose of the work was to provide the analysis and calculation of stresses arising in the modeled system of
the root part of a single root tooth in the preparation of the canal for pin designs of various shapes.

Object and methods. Mathematical modeling of the stress-strain state of the tooth root system with the
installation of stump inserts was performed. We used the widely known ANSYS finite element analysis software
package for WINDOWS. Geometric volumetric models of repurposed single root teeth for pins of various shapes
were compared, followed by the shape of the stump. The data for comparative calculation we have taken from
the methodology of the three-dimensional survey of the proposed Marxkors on hub cylindrical Optipost pins. For
Marxkors, the measured root lengths of the upper central incisors are from 11.0 mm to 20.5 mm, and for Sahakyan
root length of the central upper incisor is less than the fang by 4 mm.

The results and discussion. The results of the analysis of geometric bulk models are established that the cylindrical
design of the pin has worse performance compared to the stepped design with variable cylinders. Most of all,
horizontal stresses for a pin with a depth of 21.1 mm were determined in a cylindrical structure of 1.91 MPa versus
1.55 MPa stepwise and 1.24 MPa conical. The cylinder has a better vertical stress of 6.18 MPa, a cone of 6.13 MPa
has almost the same performance, and a lower rate of 4.84 MPa in a stepped design.

Conclusion. According to these data, it can be concluded that for a cone it is necessary to perform rounding at
the lowest point to relieve vertical stresses. The greatest stresses arise with the cylindrical design of the pin in its
lower part. For a stepwise structure of the destruction of the tooth walls, it is possible in the area of 2/3 of the height
of the pin, while the force must be applied more than for a cylindrical pin. The conical structure will require even
more effort to destroy the root, while it is more likely in the apical area of the pin.

Key words: pin constructions, mathematical modeling, pin designs, total defect of the tooth crown, tension in
the root of the tooth.
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38’A30K ny6iKauii 3 nN1aHOBMMM HayKOBO-A0CAIA-
HUMKU pobotamu. Ctatta € dparmeHtom HAP «Komn-
JIeKCHa OLLiHKA Ta ONTMMI3aLLia MeToAiB MPOrHO3yBaHHA,
LiarHOCTMKM Ta NiKyBaHHA CTOMATONOTYHUX 3aXBOPHO-
BaHb Y HaceNeHHA Pi3HMX BIKOBMX rpyn», N2 aeprKaBHOI
peectpauii 0114U001788.

Bctyn. [0n0BHUM 3aBOaHHAM XipypriYyHOro Niky-
BaHHA PaAMKyNAPHUX KIiCT wenen € 3bepexeHHn 3y6iB,
pPO3TalOBaHUX B 30HI KicTW, i BiAHOBAEHHA X OYHKUT
[1,2]. OcHOBHMM MeTOAOM ONEPATUBHOTO NiKYBaHHS, Ha
OYMKY OeaKkux aBTopis [2,3,4], 3a/MLLAETLCA LMCTOEK-

TOMIA 3 O4HOMOMEHTHOI pPe3eKLi€l0 BEPXiIBKM KOpeHA
npWYnHHOro 3yba. XipypriuyHe BTpyYaHHA NPOBOAUTLCA
npv 3HaXOAXKeHHi BEPXiBKM KOpeHa 3yb6a B MOPOKHUHI
KicTh He 6inblie, HiXK Ha 1/3 1ioro AoBX»MHW. Binblw rmn-
6OKe 3HaXO4KEHHA KOPEHA B MOPOXKHMHI KiCTU pobuUThb
Taki 3ybu HenpuaaTHUMKU B YHKLiOHaNbHOMY BigHO-
WeHHI | cnpUYnHAE paHHIo iX BTpaTy. Kpim Toro, nicna
BUAANEHHA PaAMKYNAPHUX KiCT 3a/IMWAOTbCA KiCTKOBI
NOPOXHUHU, AKI 3HMKYIOTb MILHICTb LLeNenHUX KiCTOK
i MOXYTb BUKAMKATK OYHKLIOHANbHI Ta eCTeTUYHI Nopy-
weHHn [2,4,5].
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