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AKTya.ﬂ bHOCTb UCcrieqoBaHuA

JleyeHne mesnanbHOro npukyca ocyllecTBnsaeT-
Cs C NMOMOLLbI0 OPTOAOHTUYECKUX annapaToB. B me-
XaHW4yeckn OencTBYOLWMX annapaTax OpTO4OHTUYe-
CKMWEe CUMbl CO3AalTCs C NMOMOLLBIO 3rIEMEHTOB Ca-
MUX annapaToB: BUHTOB, AYr, PE3UHOBbLIX TAr, Mpy-
XMH 1 gp. OHM He KOHTPOMMPYITCS NaUUEHTOM W
MOryT ObITb Nepeao3vpoBaHbl, YTO 4YacTo NPUBOAUT
K OCNOXHEHMAM. B dyHKLMOHaNbHO-HanpaBnsoLwmx
annapaTtax HeT aKTMBHO OEWCTBYHOLUNX 3N1EMEHTOB.
MCTOYHMKOM CUIN B HUX SBMSIETCA COKpaTUTEnbHas
CNOCOBOHOCTb XeBaTerbHbIX MbILL B Mepunog conpu-
KOCHOBEHUs1 onpeaenéHHbIx 3yboB co cTauumoHap-
HOM HaKMOHHOW MMOCKOCTbIO, HAKyCOYHOM nriowaj-
KOW WNWN OKKMIO3MOHHBIMKW Haknagkamu. [losuposa-
HME 3TUX CWN BbIMOMHAETCA CaMUM MaLMeHTOM, KO-
TOPbIN PYKOBOACTBYETCS CBOel GorneBon peLenuu-
en[1; 9]

Hamn npegnoxeH opTOAOHTMYECKMM annapaTt C
NOOBWXKHOM HAKMOHHOM NNocKocTbio (naTteHT Ne
99388 ot 25.05.2015), kOTOPLIN ABMASETCA CUHTE30M
MexaHM4YeCcKkMX Uu YHKLMOHANbHO-HanpaBnsoLwmx
annapatoB M COCTOUT M3 nMracTtMaccoBoro 6aswuca,
BECTUOYNAPHON Ayru, yAePKMBaOLLMX KIaMMepoB U
HaKIOHHOW MIOCKOCTW, KOoTopasi coeguHsieTcs ¢ ba-
3MCOM C MNOMOLLbI ABYX OynaBoOBUAHbLIX MPY>XUH
(NpyxuH kpy4veHus) (puc. 1). HecmoTpsa Ha TO, 4YTO
OPTOAOHTUYECKUI annapaT C MNOABWXHOW HaKIOH-
HOW NITOCKOCTBLIO COOEPXKUT yrnpyrne anemMeHThbl, op-
TOOOHTUYECKME CUMbl B HEM CO34al0TCA B OCHOBHOM
XeBaTenbHOW MycKynaTypon nauuneHTa [2].

Ona npoBedeHWs KOMMMEKCHbLIX UCCreaoBaHUn
MHOMMX acrekToB OPTOAOHTUYECKOrO fedeHns npu-
MEHSIIOTCA  MeTOoAbl  MeXaHUKO-MaTemMaTU4eCKoro
mogenupoBaHus. CosgaHue n BHegpeHwe B Meau-
LUMHCKYIO MpPaKTUKy HOBbBIX TEXHOMOrMN revyeHust
TpebyeT Mx MexaHWko-MaTemMaTu4eckoro 060CcHoOBa-
Hus [3-6].

Puc. 1. OpmodoHmudeckuli arnnapam ¢ MoO8UXXHOU HaKITOHHOU
M710CKOCMbIO

Uenb nccnegoBaHus

CoBeplLueHCTBOBaHNE METOAMKU fleYeHns carut-
TanbHbIX aHOManui u gecdpopmMauuin 3y6o4entocTHOro
annapata Ha OCHOBE MeXaHWKO-MaTemaTU4YeCcKoro
MOZENMPOBaHUSA CTaTMKM paboTbl (PYHKLMOHAmNbHO-
HanpasnsoLero annapaTta ¢ NOABWKHOW HaKMOHHOMW
NMOCKOCTbLIO.

MaTepMaﬂbl n MetToabl nccrnenoBaHnA

MeTogamm TEOPETUYECKON MEXaHWKM HaMu npoBe-
OEHO MOZENMpPOoBaHUE CTaTUKM 3yGOYENOCTHOro anna-
paTa nauueHTa B Mpouecce fnevYeHus MesuanbHOro
npyKyca npv WUCMOmnb30BaHUM CbEMHOMO annapara c
MOABWXXHOM HaKMOHHOW MNNOCKOCTbiO. B npouecce uc-
CrefoBaHMs UCNonb30BaHbl MApaMeTpbl: Yron HaKMoH-
HOWM NMOCKOCTW annapara, pasmep NuUeBoro ckeneta
(paccTosiHMe OT TOYKW, KOTOpasi COOTBETCTBYET LIEHTPY
CYCTaBHOW rONOBKMN BUCOYHO-HIKHEYEIHOCTHOMO CycTa-
Ba, [0 KOHTAKTHOW TOYKW LEHTparbHbIX pes3LoB), yron
OCEBOro HakrnoHa poHTarnbHbIX 3y60B, kKoadhdPULMEHT
TPEHUs1 MeXIYy HaKMOHHOM MNMOCKOCThI0 M 3ybamu na-
uveHTa. ViccnepoBsanu aBa Tuna OynaBoBWUAHbLIX Mpy-
XUH (MPYXUH KpydeHus): 1 — KoTopble co3garoT aMmop-
TU3ALMOHHBIN 3PdeKT Npu AENCTBUM HAKMOHHOW Nioc-
KOCTW, HO HE U3MEHSIIOT Yron €€ HakrnoHa (NaccuBHbIE);
2 — KOTOpble CTPEMATCH YBENWYUTb Yrorn HakrioHa
MIOCKOCTM 3a CHET packpbITUS 3aBUTKA (aKTUBHbIE).
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Pe3synbTathl 1 X 06CyXaeHune

Ha puc. 2a nsobpaxeHa cxema 3y6o4enOCTHOrO
annapaTa nauueHTa B MNpoLecce feyeHus Me3ananb-
HOro MpuKKyca C MOMOLLbI OPTOAOHTMYECKOrO anna-
pata 1 ¢ NOABWXHOW HAKMOHHOW NSIOCKOCTbO 2. An-
napat 1 yCTaHOBIMEH Ha HWKHUW 3yGHoW psag 3.
BepxHsi U HWXKHAS YeniocTn coeuHEHbl Mexay co-
GOl BMCOYHO-HKHEYEITIOCTHBIM CYCTaBOM C [MCKOM
4 1 XeBaTelNbHbIMW, BUCOYHLIMW, MeguanbHbIMU U
nartepanbHbIMU KPbITOBUAHLIMU MbiLILLAMW, KOTOPbIe
obecneuynBaloT CUNOBOM KOHTAKT YesntocTten. PaBHo-
OEeVCTBYOLLLIAs BCEX CUM, KOTOPbIE CO34al0TCsl 3TUMMU
MbILLLAMKM, Noka3aHa BekTopoM Ky. BepxHsas n Hux-
HSSt YenioCTU C BUCOYHO-HMPKHEYENHOCTHBIM CyCTa-
BOM M MbllWLAMN COCTaBMAOT MeXaHU3M, KOTOpbIi
npeobpasyet cuny Ky B ycunus xeeaHud, a annapar
1 — B opTOOOHTMYECKYto cuny Ry, koTopas nyTem ne-
PECTPOMKM KOCTHOW TKaHW MpUBOAMT K NepemMelle-
HMIO 3yOOB M anbBeONSIPHOrO OTPOCTKA, UCMpaBnss
NpYKyC NaumeHTa.

Ry
Frpa K,

Fe

Puc. 2a, 26. Ycunus 8 3y604entocmHOM arnapame npu ge4eHuu
Me3uarnbHO20 rpuKyca ¢ MoMowbio opmoOOHMUYECKOo:20 annapa-
ma ¢ nod8uUXHOU HaKIOHHOU M/10CKOCMbIO

Yeunue Ry npunoXeHo K pexyLuemy Kpato nepea-
HUX 3yOOB BEPXHEN YENOCTN U HanpaBfeHo B BECTU-
OynapHom HanpaeneHun. CornacHo TPeTbeMY 3aKo-
Hy HbtoToHa, ycunue R, BbI3blBaeT cuny peakuumn Ro,
paBHyto curne Ry n AeNCTBYIOLLYI0 Yepe3 HaKMOHHYHO
MMOCKOCTb Ha HWXKHIOW 4YentiocTb B obpaTHOM Ha-
npasnexun [7]. Kpome cun Ry n R, B Touke KOHTakTa
nepegHnx 3y60B BEPXHEN YENOCTU C HaKMOHHOW

MMOCKOCTbIO 2 BO3HUKAKT cunbl TpeHus Frpq, Frpa,
KOTOpble NPEenATCTBYIOT B3AaUMHOMY CKOMBXEHWUIO 3Y-
60OB OTHOCUTENBbHO HaKNOHHOW NnockocTu. Cuna Fp,
(Ha puc. 2a He nokasaHa) OEWCTBYET Ha BEPXHIO0
YencTb, a paBHOBENMKas M NPOTUBOMNOSIOXKHO Ha-
npaBneHHasa cuna Frpp, Yepes HaKMOHHYH NIIOCKOCTb
— Ha HWXHIOK YentocTb. CornacHo 3akoHy AMOHTOHa
CUIbl TPEHUS paBHbl [7]:

Frp1 = kR, Frp2 = kR, (1)

rae: k — koapduumneHT TpeHus.

lMocKoMbKy HWXKHSS 4YenicTb nog AeUCcTBUEM
NPUNOXEHHBIX K HEN CUN HaxoAWUTCA B paBHOBECWUM,
To anrebpanyeckas cymma MOMEHTOB CWM, OEWCT-
BYIOLLMX Ha Hee, OyaeT paBHa Hynto [7]. Ecnu npe-
Hebpeyb BECOM HWXKHEN YEntCTu U TPEHUEM B BU-
COYHO-HKHEYENIOCTHOM CyCTaBe, KOTOPbIN aMopTU-
3MPYeTCs CMHOBMUANbHOM XUAKOCTbIO, TO Ha HIDKHIOK
yentocTb OyayT aencreoBatb cunbl Ky, Ry, Frpz 1 cu-
na co CTopoHbl cyctasa Fe.

Pacnonoxmm gekapToBy CUCTEMY KoopAuHaT Ta-
KMM 06pa3oM, 4ToBbl HaYano KoopAamMHaT Haxo4mMnoch
B LeHTpe BHYC, a ocb X npoxoguna yepes TOUKY
KOHTaKTa nepefHux 3y6OB BepXHEN YEentcTu C Ha-
KNMOHHOW MNOCKOCTbIO 2. YpaBHEHWE MOMEHTOB Cun,
OENCTBYIOLLUNX HA HWKHIOK YentoCTb OTHOCUTESbHO
LueHTpa cyctaBHoro 6yropka, umeet sug [7]:

Kva - RoLcos - FrpoLsinB = 0, (2)

roe. a — paccTosiHMe OT LeHTpa BpalleHus Bu-
COYHO-HWKHEYerntocTHoro cyctasa o Bektopa Ky, L
— KoopAuHaTa TOYKU pexyLlero Kpasi nepegHux 3y-
OOB BepxHEN YencTn, B — yron Mexay HakrmoHHON
NMOCKOCTBIO U OCbIO X.

PelwwunB ypaBHeHue (2) oTHocuTenbHO R, ¢ ydeTom
(1), nonyyum:

R, = aKy/[L(cosB + ksin)]. (3)

M3 (3) BugHo, 4TOo opToaoHTMYeckoe ycunme R,
3aBWCUT OT pa3MepoB NULEBOro ckeneta a u L, ycu-
nunsa mbiwy Ky, koadduumeHta TpeHusa k n yrna B
MeXay HaKMOHHOWM MIIOCKOCTLIO M ocbto X. B Tabn. 1
npeacTaBneHbl 3Ha4YeHUs1 OPTOQOHTUYECKOTO YCUMNns
R, paccunTtaHHble no opmyne (3), ANA pasnuyHbIX
BEMWYMH yrna HakrnoHa HakrmoHHOW nnockoctn (3. B
pac4deTe 6bIn10 nonoxeHo, 4to Ky = 10 H u oTHowWwe-
Hune pasmepos (a/L) = 0,23.

Tabnuya 1
BHavyeHue opmodoHmuYeckoeo ycunusi Ry u cunbl mpeHusi Frp, 0515 pasiudHbIX 8e/1U4UH yena B
B,° -30 -15 0 15 30
Rz, H 2,9 2,47 2,29 2,28 2,43
Frp2, H 0,44 0,37 0,34 0,34 0,36

MpoaunddepeHumposas (3) no yrmy B 1 npupas-
HSIB 9Ty NPOW3BOOHYIO HYIIO, onpeaenum, Npu Kakmx
3HavYeHuAX yrna B optogoHTU4eckoe ycunue R, By-
OeT AKCTpemarnbHbIM:

B = arctgk (4)

Ecnu koadhuumeHT TpeHns k mexay nnactmac-
COWM OpPTOAOHTMYECKOro annapata u 3ybamu B ycrio-
BUSIX cMasku crtoHon paeeH 0,15 [8], TO MUHUManb-
HOe 3HayeHue OpPTOA4OHTMYECKOro ycunus OyaeT npu
yrne B = arctg(0,15) = 8,5°.

BenuunHy peakuumn cyctaBa Fc MOXHO onpefe-

NUTb M3 YCNOBUSA pPaBEHCTBA HYMO CyMMbl CUn, Oen-
CTBYIOLLMX HA HWKHIOW 4YentocTb. MoCcTpomMB MHOro-
YronbHUK cun (puc. 26), AEeNCTBYIOLLUMX Ha HWDKHIOW
YencTb, nony4mm, Yto npu B = 30° peakums cycTa-
Ba F¢ = 8,40 H. U3 npmBeaeHHbIX AaHHbIX MOXHO BU-
OeTb, 4UTo ycunue mbiwy Ky 1 peakumsa cyctaBa Fc
3HaYMTENbHO NPEBOCXOOAT OPTOOOHTUYECKOE YCU-
nve Ro.

OpTogoHTu4eckoe ycunune R, MOXHO pasnoxuTb
Ha OBe cocTaBnslLme: cuny, AeNCTBYOLWYO BOOMb
ocu 3yba Q, u cuny P, koTopasi HanpasneHa B nep-
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NeHAVKYNAPHOM K 3TOW Ocu HanpasneHuu (puc. 3):
P =R, cos (a - B),
Q = Ry'sin (a - B), (5)
rae: a — yron HakrnoHa ocu 3yb6a OTHOCMTENbHO
OCM X.

Puc. 3. Cocmasnstowue Q u P opmodoHmuyeckozo ycunus Ry
fpu 1Ie4eHUU Me3uanbHO20 rpuKyca

Moactaensas (4) B (5), nonyyaem cnegyrowime Bbl-
paxeHus ansa cun P n Q:

P = a Ky cos (a - B)/[L(cosP +ksinp)],

Q = a Ky sin (a - B)/[L(cosB + ksinB)]. (6)

Cuna Q nocTtynaTtenbHO nepemMellaeT nepegHue
3yObl B OCEBOM Hanpaenenuu, a cuna P noctyna-
TenbHO-BpalLlaTensHo — B BECTUOYNAPHOM Hanpas-
neHuun. 3agaBasi pasnuyHble Yribl HAKIOHA HaKIOH-
HOW MMOCKOCTU B, MOXHO U3MEHATb cunbl P 1 Q, me-
HSS1 MOOXeHNe nepeaHuMx 3y60OB M anbBeONspHOro
rpebHsi. Yron HakrnoHa ocu 3yba B Havane neveHns a
onpegensieTcas  aHaTOMWYECKMMU  OCOBEHHOCTAMMU
NauMeHTOB U MOXET MPUHUMAaTb 3Ha4YeHus B npepe-
nax 45-75°. Tak Kak BEKTOp OPTOAOHTUYECKON CUrbl
HanpaeneH BecTMOYNsApHO, TO yron [ HaxoauTca B
npegenax ot -30° go a. B 1abn.2 gaHbl BENUYMHbI
yrnoB (a - B) Mexay HaKNoOHHOW NITOCKOCTLI0 U OCbHO
nepegHux 3ybos, a Tarke cun P 1 Q. Cunbl P 1 Q
paccuuTaHbl no oopmyne (6) ana yeunua Ky = -10 H
n oTHoweHua a/L = 0,23, yrnos B3, paBHbix -30°, -15°,
0°, 15°, 30°, nyrnoB a , paBHbIx 45°, 60°, 75°.

Tabnuya 2
Basucumocms ycunut P u Q om yenos a u B
(a-B),° P, H Q,H
a,’ 45 60 75 60 75 45 60 75
-30 75 90 0,75 0 2,8 2,9
-15 60 75 90 1,24 0,64 0 2,14 2,39 2,47
B,° 0 45 60 75 1,62 1,15 0,59 1,62 1,98 2,21
15 30 45 60 1,97 1,61 1,14 1,14 1,61 1,97
30 30 45 2,1 1,72 1,22 1,72

U3 pesynbTaToB pacyeTa OPTOAOHTUYECKUX YCU-
NUIA, NpuBeAEHHbIX B Tabn. 2 BuMAaHo, 4YTo cuna P
Bo3pacTaerT, a cuna Q ybbiBaeT ¢ yBennyeHnem yrna
B. BenuumHa yrna mexay HaknoOHHOW MIOCKOCTbIO U
OCblo nepeaHnx 3y6oB (a - B) BNMSET Ha COOTHOLUE-
Hue mexay cunamu P n Q. Mpu (a - B) < 45° — yeu-
nue P npeBblwaeT Q, ecnn (a - B) =45°, ToP =Q, a
npu (a - B) > 45° — ycunne P Gyanet meHbwe Q. Co-
OTHoweHue cun P < Q sABnseTca HexenaTterbHbIM,
TaK KakK HakrnoH 3yba [AormkeH npeBanupoBaTb Hafj
ero uHTpyauen. Hambonee npeanoyTUTENBLHON ABNSA-
eTCcsa Benu4yMHa yrna mexgy HakmoOHHOW NITOCKOCTbIO
1 ocblo nepegHux 3ybos okono 30°.

AHanua paboTbl 3ybo4ventocTHOro annapaTta C
yHKUMOHaNbHO-HaNpaBnsALWMM annapaTtom ¢ nog-
BMXKHOW HAKMOHHOW MIIOCKOCTbIO U MAacCUBHBIMU NpYy-
XMHaMM Kpy4yeHus nokasar, YTo B MOMEHT Makcu-
MarbHbIX CUI UX pacnpefeneHne B 3BeHbsAX 3ybove-
NOCTHOro annaparta 6yaeT 0oUHaKOBbLIM Kak Mpu Ha-
NNYMK, Tak U NpU OTCYTCTBUM NPYXUH. Makcumarb-
HbI KOHTaKT Mexay 3yOHbIMK psgamn HabnogaeTcs
BO BpeMsi rfoTaHus. B cocTosHum nokost (MWHW-
MarbHbI TOHYC >XeBaTeNbHbIX W NornHasi paccrab-
NEHHOCTb MMMWYECKMX MbILL, OKKIMHO3NOHHbIE MO-
BEPXHOCTU 3yOHbIX PSAOB pa3bednHeHbl Ha 2-4 MM)
OaHHbIA annapaT C NacCUBHLIMU NMPYXUHAMWN OEeNCT-
BYeT aHanorMyHo annapaTy CO CTauMOHapHOW Ha-
KMOHHOW MNOCKOCTLIO, HE co3adaBasl HUKaKUX Aomnon-
HUTENbHBIX cun. OgHaKo Hanu4yue ynpyroro WwapHupa
MeXay HaKMOHHOM NIOCKOCThI0 U 6a3vcom annapaTa

N3MEHSAET €ro XXeCTKOCTb, T.€. CNOCOBHOCTL Aedop-
MUPOBaHWS NoA AEACTBUEM MEXAHNYECKUX HArpy3oK.

Mpu Mcnonb3oBaHUM MPYXWH, KOTOpPLIE B COCTOS-
HUM MOKOS1 CTPEMSITCS YBENUYUTL yron B, T.e. name-
HWUTL yron (a - B), NOABMKHAS HAKIMOHHAsA MIIOCKOCTb
OyneT co3gaBaTb AOMOMHUTENBHYIO CUMY MeXaHude-
CKOro XapakTepa, BMMVSIOLWYID Ha pPOHTanbHyo
rpynny 3y6oB He TOMbKO NPW FMOTaHUW, HO U B CO-
CTOSIHWM MOKOS.

PackpyunBaHve 3aBMTKOB MPYXWH CO30AET KOH-
TakT (cuny) Mexay annapaTtom U PpoHTaNbHbIMU 3y-
6amMn B COCTOSHUM MOKOSA M KOMMNEHCMpyeT yron (o -
B) B npouecce nepemelleHnsa 3ybos. Annapart ¢ nog-
BW)KHOW HAaKIMOHHOWM MIOCKOCTbIO CnocobeH nopaep-
XnBaTtb bonee AnuTenbHoe BpeMs 3adaHHbI yron (a
- B) no cpaBHeHUWIO CO CcTauMoHapHbIM annapaTtoM. B
TO XXe BpPeMSsl, Mbl HE MOXeM AaTb TOYHbIA BPEMEH-
HOWN NPOMEXYTOK M3MEHEHMS OCEBOIO HakmnoHa 3yboB
0, TaK Kak OH sIBMsieTcs MHAMBMAYanbHbIM NapameT-
POM Ka)Joro naumeHTa M 3aBMCUT OT KayecTBa HO-
LUEeHMs OpPTOAOHTUYECKOrO annapaTa, a Takke OCo-
GeHHoCcTen CTpoeHust N opMUPOBaHUS 3ybouerto-
CTHOro annaparta.

BbiBogbl

MpoBeaeHHble UCCneaoBaHNUsA nokasanu, YTo op-
TOOOHTMYECKOE  ycunvMe B (PYHKLMOHanbHO-
HanpaBnALKUX annapaTax 3aBUCUT OT yrha HaKMoH-
HOW MMOCKOCTV annapaTa, napamMeTpoB JMLEBOro
ckeneTa (paccTosiHe OT TOYKW, KOTOpasi COOTBETCT-
BYeT LEHTPY CyCTaBHOW TOMOBKA  BMCOYHO-
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Pesome

MpoBeaeHbl KOMMIEKCHbIE UCCNeaoBaHUs OPTOAOHTUYECKOro NeYeHus NpeanoXeHHbIM annapaTtomM ¢ nog-
BWKHOW HAKMOHHOM MIIOCKOCTbIO C NMPUMEHEHWEM METOOOB MeXaHWKO-MaTemaTUyecKkoro mogenuposaHus. B
npoLecce nuccrnefoBaHUsa UCMONb30BaHbI MapaMeTpbl: Yrorn HaKMoOHHOW MIOCKOCTN annapara, pasmep nuuesoro
cKkeneta, yron OCeBOro HaknoHa poHTanbHbIX 3yO0B, KOI(PMDULMEHT TPEHNUS MEXAY HAKITOHHOW MNOCKOCTHIO U
3ybamu naumeHTa. YCTaHOBUMMW, YTO Haubonee npegnoyTUTENLHON ABMASETCA BENUYMHA yrna Mexagy HakroH-
HOM MNMOCKOCTLI0O M OCblo nepegHux 3y6os okono 30°. Hanuume ynpyrux wapHUpoB B OYHKLMUOHANbHO-
HanpaensloLWKX annapaTax C HaKIMOHHOW NNOCKOCTLIO, B KAYECTBE KOTOPLIX MCNONb3YTCA BynaBoBuaHbIe Npy-
XWHbI, NO3BONSET U3MEHUTb XXECTKOCTb annapatoB U bonee ctabunbHO nogaepXmsatb OPTOAOHTUYECKOE YCU-
nune B npouecce neveHus. NogsmxHasa HaKIMOHHas NIIOCKOCTb C akKTUBHBIMU MPY>XMHAMWN BO3OENCTBYET Ha 3yObl
He TONbKO BO BPEMS aKTa rMoTaHus, HO U B COCTOSIHUM (OPU3MONOrMYECKOro MOKos.

KnroueBble cnoBa: NoABWKHasA HAKIOHHasA NNOCKOCTb, MEXaHWKO-MaTemaTuyeckoe MoAenMpoBaHue, opTo-
OOHTUYeCKoe ycunue.

Pesome

MpoBeaeHi KOMNMNEKCHI AOCNIIKEHHS OPTOAOHTUYHOIO NiKyBaHHSA 3anporoHOBaHWM anapatomM 3 PyXOMOI
MOXWUMOK MIIOWMHOK i3 3aCTOCYBaHHSAM METOAiB MeXaHiko-MaTeMaTU4YHOro MogentoBaHHs. Y npoueci gocni-
OPKEHHS1 BUKOPUCTaHI napameTpu: KyT NOXWUMOI MAOWKUHK anapaTa, po3Mip NuLEeBOro ckeneTta, KyT OCbOBOro Ha-
Xuny poHTanbHux 3y6iB, KoedilieHT TEPTA MidK MOXMUMOK NMOLMHOL i 3ybamu nauieHTa. YcTaHoBMAW, WO Ans
OOCArHEHHS Kpawnx pesynbTaTiB NikyBaHHSA AOUINbHO BUKOPUCTOBYBATU KYT MK MOXMUIOK MAOLWMWHOW i BiCCHO
nepegHix 3y6ie 6nun3bko 30°. HasBHICTb NPY>XHUX LIAPHIPIB Y yHKUIOHANbLHO-HaNpaBnao4mMx anapaTax i3 noxu-
100 NIIOLWMHO, B POMi SIKUX BUKOPUCTOBYIOTECS OynaBonofibHi Npy>KuHW, AO3BOMSE 3MIHUTU XOPCTKICTL ana-
paTiB i cTabinbHiWe NigTPUMyBaT OPTOAOHTUYHI 3yCuUnns B NpoLeci NikyBaHHA. PyxomMa noxuna nnowuHa 3 ak-
TUBHUMMU NPYXMHaAMK BNMBaE Ha 3yOun He TifbKW Nig Yac akTy KOBTaHHS, ane i B CTaHi (pi3ionori4yHOro Crnokoto.

KnroyoBi cnoBa: pyxoMa noxuna nnoLmHa, MexaHiko-matemaTuyHe MoAentoBaHHs, OPTOAOHTUYHE 3yCuUn-
ns.
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STATIC OF ORTHODONTIC APPLIANCES WITH MOVABLE INCLINED PLANE FOR
MESIAL BATE TREATMENT

Flis P.S.1, Hryhorenko A.1.2, Doroshenko N.M.1, Tormakhov M.M.2, Filonenko V.V.1
10.0. Bohomolets National Medical University, Kyiv

2S,P. Timoshenko Institute of Mechanics, Kyiv

Summary

Urgency of an issue. An orthodontic appliance with a movable inclined plane, which consists of a plastic
base, vestibular arc, retaining clasps and inclined plane, connected with the base via two clubshaped springs
(torsion springs) was proposed. Creation and introduction of new treatment technologies into medical practice
requires its mechanics and mathematical background.

The aim of the research. Mechanics and mathematical modeling of functionally directing appliance with a
movable inclined plane static work for improving sagittal dentoalveolar anomalies and deformations treatment
methods.

Materials and methods. Maxillodental patient’s static was modeled by the methods of theoretical mechanics
during the treatment of mesial occlusion with the appliance with a movable inclined plane. The study used pa-
rameters: the angle of the inclined plane of the appliance, the size of the facial skeleton, axial angle of the ante-
rior teeth inclination, the coefficient of friction between the inclined plane and the patient's teeth. Two types of
clubshaped springs (torsion springs) was studied: 1 — the one, which create a cushioning effect of the inclined
plane action, but do not change its angle of inclination (passive); 2 — one, that seek to increase the angle of the
plane inclination due to the disclosure of the curl (active).

Results and discussion. Orthodontic forces occurring in the dentoalveolar complex while using orthodontic
appliances can be decomposed into two components: the force acting along the axis of the tooth Q, and the
force directed perpendicular to this axis direction P. The force Q progressively moves the frontal teeth in the ax-
ial direction, and the force P translational-rotationally in the vestibular direction. By setting different angles of in-
clined plane inclination {3, the forces P and Q can be changed, changing the position of the frontal teeth and the
alveolar process. The angle of the tooth axis inclination at the beginning of treatment a is determined by the
anatomical characteristics of the patient and can take on values in the range 45-75°. Since the orthodontic force
vector is in vestibular direction, the angle B is in the range from -30° to a.

Minimum orthodontic force will occur in the case where the angle between the inclined plane and a line con-
necting a point that represents the center of the articular head of the temporomandibular joint, and the incisors
contact point will be equal to the arctangent of the coefficient of friction between the patient's teeth and the in-
clined plane.

Based on the orthodontic forces calculations results, the force P increases and Q force decreases with in-
creasing of angle 3. The angle between the inclined plane and the axis of the frontal teeth (a - B) influences the
ratio between P and Q. If (a - B) < 45° the forces P exceeds the force Q, if (a - B) = 45°, then P = Q, and if (a - B)
> 45° the forces P will be less then forces Q. Ratio P < Q is not eligible, since the inclination of the tooth must
prevail over its intrusion. About 30° is the most preferred angle between the inclined plane and the axis of the
frontal teeth.

Conclusion. The presence of elastic joints in functional-directing appliences with an inclined plane, which is
used as clubshaped spring, allows us to change vehicles rigidity and to provide more stable support of orthodon-
tic force during the treatment. The movable inclined plane with active springs acts on the teeth not only during
the act of swallowing, but in a state of physiological dormancy also.

Key words: movable inclined plane, mechanics and mathematical modeling, orthodontic force.
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