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AHHOTALMA

O6ocHoBaHMe. BoccTaHoBNEHWe BbICOTbI KOPOHKOBOM 4acTu 3yba npuM AEKOMMEHCMPOBaHHOW QOpMe MNaToiorMyecKon
CTUPaeMOCTH COCTOUT M3 KOMMEKCa MepOMpUATMiA N0 PEKOHCTPYKLMM 0OLLero 3CTeTMYecKoro BWAa, BOCCTAHOB/EHMIO
(YHKLMOHAMBbHBIX COCTaBASIOLLMX, UCMPABNEHMI0O BO3MOXHBIX HapYLLEHMIA B BUCOYHO-HUMKHEYENCTHOM cycTaBe. OpHako
AaXe BbICOKOKA4eCTBEHHO U3rOTOBMIEHHbIE KOPOHKM AANEeK0 He BCeraa CrnocobHbl y0BNEeTBOPUTh 3aNpockl NaLMEHTOB B X04e
aKcnnyataumun. Hepefiko nponcxoaumt aedopMaums opToneanyeckux KOHCTPYKLIMIA, BO3MOXKHbBI NepeNnoMbl KOPHEH, UCMofb3y-
eMbIX B Ka4eCTBe 0Mopbl OPTONEANYECKON KOHCTPYKLMK. [Ins NpeoTBpaLLEeHNs HeraTMBHbIX NOCNeACTBUN NPU U3TrOTOBNIEHNM
OPTONEAMYECKUX KOHCTPYKUMIA 3yBHBbIX MPOTE30B CheuuanucTaM, M3roTaBAMBAIOLMM [aHHble NpoTesbl, Heobxoaumo
3HaTb He TOJIbKO aHaToMo-Tornorpaduyeckme o0cobeHHOCTU KOpHel 3yboB, COCTOSHWE arbBEONSPHOTO OTPOCTKA BepXHeW
W anbBEONAPHON YaCTW HUKHEN YeNCTH, NOABUKHOCTb CIM3MCTON 060/104KM, NPaBUIBHOCTb OMPEeLENeHUs LEHTPabHOro
COOTHOLLEHMS YeOCTel, onpeaeneHne NPaBuUbHOTO MONMOXKEHUA NPU MOAEMPOBAHUM 3yBOB € YYETOM (YHKLMOHAMBHBIX
ocobeHHOCTel 3yDOYEnioCTHOM CUCTEMBI, HO W TEXHWYECKUE, TEXHONOTWUYECKUe, MUKPOBMOMOrMYecKue, NpeLm3nOHHbIe
XapaKTEPUCTUKK, @ TaKXKe NapaMeTpuyeckue AaHHble byayLLnX MCKYCCTBEHHBIX KOPOHOK, UKCMPYeMbIX B MOIOCTU pTa.
MpuMeHeHne cnocoboB 06paTHOr0 NPOEKTMPOBAHWS MO3BOMISAET NEPeBECTU TPAAULIMOHHYI0 TEXHWUKY W3roTOBNEHWUA 3YBHBIX
NpOTe30B B PaMKW LMDPOBOIA TEXHONOTMM M CO3AaTb B1OMEXaHUYeCKM 0D0CHOBaHHYK MHAMBUAYANbHYIO OpPTONEANYECKYH
KOHCTPYKLMIO 33 CYET UCMOSb30BaHMS TaKMX NMPOrpaMMHbIX U TexHUYeckux cpeacts, kak CAD/CAM, Exocad u Ansys. Wcnonb-
30BaHWe MaTeMaTMYecKoro MoJenupoBaHus nomoraet 6onee rnyboKo NpoaHanM3MpoBaTb KOHCTPYKLMIO NpoTe3a, a B page
C/ly4aeB 1 NOY4UTb CTPOrO MHAMBUAYATbHYH MHBOPMALWMI0 0 HEld M 0 NPOLLecce eé B3aMMOAENCTBMA C BUONOrNYeCcKUMM TKa-
HAMW YenoBeKa. Bcé 3To no3BoaMT M3roToBUTL OPTONEAMYECKUE KOHCTPYKLMM, MaKCUManbHO NpUBIMKEHHbIE MO CTPOEHUIO
K 3yb04entoCcTHOW cUCTeMe, U YBETMUUTL CPOK UX (YHKLMOHUPOBAHHS.

B paHHOM cTaTbe NpefcTaBNieHO WUCCNeA0BaHWe HanpsXEHHO-AedopMmupoBaHHoro coctosHusa (HIC) KopHeii 3yboB, Kynb-
TeBbIX LWTUPTOB U YentocT. PaccMaTpuBaloTCa pasHble BapuaHTbl KOHCTPYKLMA CYnpacTpyKTypbl U pasfinyHble Matepuarb
KynbTeBbIX WTMhTOB. [lpoBefiéH cpaBHUTENBHLIN aHanu3 HAC ans pasnuuHbix MaTepuanos WTU(TOB U KOPOHOK.

LUenb uccnepoBaHMs — ONTUMM3ALMA KOHCTPYKLMM KOPOHOK M LUTUHTOBBIX KOHCTPYKUMIA AN YMEHbLUEHUS HArpy3ku
Ha oCTaBLLMeCS KOpHK 3yHOB 1 OKPY3KaloLLMe KOCTHbIE CTPYKTYPbI FPebHA anbBeONSPHOro 0TPOCTKA.

Metoapb. [poBeaéH cpaBHuTeNbHbIA aHanu3 HAC yentocTv ¢ TpeMs BapuaHTaMu CynpacTpykTyp: 1-i BapuaHT — pasfenib-
Hble OJMHOYHbIE CYNPaCTPYKTYPbI, IO Kaaas QUKCUPOBaHa Ha KOpeHb 3y0a; 2-i BapuaHT — CynpacTpyKTypa, 06beauHEH-
Has B efiMHbIA BNOK Mo rpynnaM 3y6oB (MpeMosISipHO-MONISIPHbIE CErMEHTBI, OT KibIKa [0 KIblKa); 3-W BapuaHT — cynpa-
CTPYKTYpa, 00beAMHEHHAA B eAMHBIN BJI0K B BUAE «MOJKOBbI».

Pesynbrartbl. [1ns Kaxaoro BapuaHTa cynpactpyktyp nonydeHbl HAC npu pas3nuyHbix MaTepuanax KynabTeBbIX LUTU(TOBbIX
BKJTa/I0K.

3akntouenue. PaspaboTaHHas MeToAMKa M NporpaMMa pacyéTta no3BounW NPOBECTH TPU CEpUM PacyEToB Ans TPEX BapuaH-
TOB YCTaHOB/EHNSA CYNPaCTPYKTYp C LIAroBbIM CMELLEHWEM BAOSb YENOCTU U CPaBHUTENbHBIN aHanu3 ux HAC.

KnioueBble cnoBa: MeTOA KOHEYHbIX 371EMEHTOB; HanpsXKEHHO-AEe(OPMMPOBAHHOE COCTOSHWE; WTU(TOBAs KymnbTeBas
BKJ1a[Ka; NPOYHOCTb.
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Abstract

BACKGROUND: Restoration of the height of the crown part of the tooth in the decompensated form of pathological abrasion
consists of measures for the reconstruction of the general aesthetic appearance, restoration of the functional components, and
correcting manifestations that occur in the temporomandibular joint. However, even high-quality crowns are not always able
to meet the needs of patients during use. Often there is a deformation of orthopedic structures, fractures of the roots used as
a support for the orthopedic structure are possible.

To prevent negative consequences in the manufacture of orthopedic structures of dentures, specialists who manufacture these
prostheses need to know not only the anatomical and topographic features of the roots of the teeth, the state of the alveolar
process of the upper and alveolar parts of the lower jaw, the mobility of the mucous membrane, the correctness of determining
the central ratio of the jaws, determining the correct position when modeling teeth, taking into account the functional features
of the dentoalveolar system, but also technical, technological, microbiological, precision characteristics, as well as parametric
data of future artificial crowns fixed in the oral cavity. The use of reverse engineering methods makes it possible to transfer the
traditional technique of manufacturing dentures into the framework of digital technology and to create a biomechanically sound
individual orthopedic design through the use of such software and hardware tools as CAD/CAM, Exocad and Ansys.

The use of mathematical modeling makes it possible to analyze more deeply, and in some cases even obtain strictly individual
information about the studied prosthetic structure and about the process of its interaction with human biological tissues. All this
will make it possible to make orthopedic structures as close as possible in structure to the dentoalveolar system and increase
the period of operation.

This article presents a study of the stress-strain state (SSS) of the roots of teeth, stump pins and jaws. Various variants of su-
prastructure designs and various materials of stump pins are considered. A comparative analysis of SSS for various materials
of pins and crowns was carried out.

AIM: Optimization of the design of crowns and pin structures to reduce the load on the remaining roots of the teeth and the
surrounding bone structures of the crest of the alveolar process.

MATERIALS AND METHODS: A comparative analysis of the SSS of the jaw with 3 variants of suprastructures was carried out.
Option 1 — separate single suprastructures, where each is fixed to the root of the tooth. Option 2 — a suprastructure com-
bined into a single block by groups of teeth (premolar-molar segments, from canine to canine). Option 3 — a suprastructure
combined into a single block in the form of a “horseshoe”.

RESULTS: For each option, SSS were obtained for various materials of the stump pin inlays.

CONCLUSION: The developed methodology and calculation program made it possible to carry out three series of calculations
for three options for establishing suprastructures with step displacement along the jaw and to conduct a comparative analysis
of their SSS.

Keywords: finite element method; stress-strain state; stump pin inlay; strength.
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IKCMEPMEHTANTBHO-TEOPETUHECKME MCCIELOBAHIA

OB0CHOBAHUE

WcTopua npumeHeHns WTMGTOBBIX KOHCTPYKUMIA Hacum-
TbIBAeT HECKOJIbKO CTONETUW. VIHHOBALMOHHbIE TEXHOIOMMM
B CTOMATOJIOTMM OTKPbIBAOT HOBbIE FOPU30HTLI M MO3BONS-
toT nobuBaThCA ycnexa TaM, re eLé COBCEM He[aBHO BCE
MOMbITKX BPaYen COXPaHUTb pa3pyLUeHHble 3ybbl Obiin 06-
peyeHbl Ha Heygnady. OnHako Ha doHe NOCTOSHHOrO COBep-
LLEHCTBOBAHMA KIIMHUYECKUX METOAMK M TEXHOMOTUYECKUX
MpOLIeCCOB NPOLIEHT NPEKAEBPEMEHHON 3aMeHbl HECHEMHbIX
KOHCTPYKLMN M3-3a OCNOXHEHWUIA U HENPUTOAHOCTU UX K UC-
Mo/b30BaHNK0 OCTAETCA BbICOKUM. OCHOBHBIMW MpUYMHaMK
YAaneHUst HECbEMHBIX KOHCTPYKLMIA 3ybHbIX NPOTE30B ABNSA-
loTCS BpayebHble MOrpeLLHOCTM B ONepaTUBHOM TEXHUKE, He-
060CHOBaHHbIN BbIOOP KOHCTPYKLMIA NPOTE30B U MaTepuanos
ONS HUX, PaCLUMpEeHWe NMOKa3aHUi K MPUMEHEHMIO, TaKTuue-
CKMe NpOMaxM, UCNOJIb30BaHKNe HECOBEPLLIEHHBIX TEXHOJIOMMIA,
a TaKKe NpuUMeHeHWe B nocriegHee AECATUNETUE COMXHBIX
TEXHOJIOrUiA, TPEBYIOLLMX LOCTAaTOYHO BbICOKOW KBanMduKa-
UMM Bpaya-ctomatonora. CepbE€3Has KOHKYPeHUMS MeXay
NpOU3BOAMTENAMU CTOMATOIOMMYECKON MPOAYKLMK NOBYK-
LaeT KOMMaHUM 3aBOEBbLIBATb PbIHOK MOCPELCTBOM arpec-
CMBHOM peKnaMbl, B KOTOPO/ 3a4acTyl JenaeTcs aKueHT
Ha YHMBEpCabHOCTb U 6e3anbTepHaTUBHOCTL NpeacTaBns-
€MOMN TEXHONOMMW M YMaYMBaOTCS HEKOTOPbIE BaXKHbIE HI0-
aHchl [1].

CHWKeHMe BbICOTbI KOPOHKOBOW YacTu 3yba npu [eKoM-
MeHcMpoBaHHoOW (opMe NaToorMyecKoi cTupaemMocTy nmbo
MpY KapuO3HbIX COCTOSHUAX MPUBOAUT K Mop(hodyHKLMO-
HaNbHbIM M3MEHEHUSAM B YeSIOCTHO-NIULEBOI CUCTEME, a TaK-
e OUCHYHKLMAM BUCOYHO-HUMHEYEMIOCTHOrO cycTaBa. Pas-
PYLLEHME KOPOHKOBOIA 4acTW fae 0HOro 3yba unm ownbku
npu eé BOCCTAaHOBNEHUM MOTYT CTaTb OTMPABHOM TOYKOM
ANs uenoro paga Mophonornyeckmx M QyHKUMOHANbHbIX
M3MEHEHMI YeNoCTHO-NMLIEBOr0 annapara yenoseka. Ceo-
€BpeMEHHOE BOCCTaHOBJIEHWE YTPaYeHHOM (OpMbl U YHK-
Lmm 3yba ¢ nMoMoLLblo pa3HoobpasHbIX METOLOB MO3BOJISET
NpeLoTBPaTUTh HEraTUBHbIE NOCNEACTBUS.

OpHaKo [awe KayecTBEHHO W3roTOBJIEHHbIE KOPOHKY
[aneKko He Bcerpa obnapfatoT xopowen duKcaumeir u cno-
COBHbI yaoBNeTBOpUTL TpeboBaHWa naumeHTa. pu 3TOM
OHM MOTyT fedopMUpOBaThCS, @ TaKKe MPUBOAUTL K Aalb-
HeMwwen NONOMKe KOpHen 3y6oB, Ha KOTOpble OMMPAKTCS.
Takas KapTuHa BCTpPeyaeTcs Ha MpaKTUKe LOBOJIHO 4acTo
BCNEACTBUE OTCYTCTBMSA TLLATENIbHOrO aHanu3a B KaMoi
KOHKpETHOW cuTyaumuu. 3a4acTylo BO BpeMS NpOTe3MpoBaHus
MPU CHUXEHWM BbICOTbI KOPOHKOBOW YacTu 3yboB NpeHebpe-
raT QYHKLUMOHANbHBIMW COCTABIAKLLMMM, Ha NEPBOE MeCTO
CTaBUTCA CTETUYECKUIA BUA, U3rOTaB/IMBAEMbIX KOPOHOK [2].
Bonbluas yacTb HaceneHus HyXAaeTcs B KaUeCTBEHHOM Op-
TONeAnYeckoM niedeHun [3]. MiMeHHo noaToMy HayyHo 060-
CHOBAHHbIN BbIBOP KOHCTPYKLMW M MaTepuasnoB HEChEMHOIO
npoTe3a C OMopoi Ha OCTaBLUMECA KOPHM 3yDOB BO3MOXEH
JMIIb Ha OCHOBE aHanu3a HamnpsKEHHO-Ae(popMUPOBaH-
Horo coctosHus (HOC) B cucTeMe «KOpPOHKa—KynbTeBas
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BK/1a[lKa—KOpeHb 3yba—4eNtocTb», YTO MO3BOSMT CO3LaBaTh
MMEHHO Te opToneAnYecKue KOHCTPYKLMK, KoTopble obecne-
4aT MUHUMaIbHbIA YPOBEHb WHTEHCUBHOCTW aTpOUUECKUX
MpOLLecCOoB B OMOPHbIX TKaHAX, Haubonee agexkBaTHoe brome-
XaHW4eCKOoe B3aUMOJENCTBUE Ha rpaHuLIe «KOPOHKa—KOpEeHb
3yba—KOCTb», UCKIII0Yas BEPOATHOCTb NEperpy3ku BUCOYHO-
HUXKHEYENIOCTHOTO CycTaBa, rapaHTUpys TeM CaMbIM Hau-
bonee AAMTENbHBIA CPOK HOPManbHOrO GYHKLUMOHMPOBAHMA
3y604ENIOCTHOM CUCTEMBI B LIESIOM.

3HauNTENbHO paclLMpsieT BO3MOXKHOCTH MOAENMPOBaHMS
MpOLLeccoB, MPOUCXOASALLMX B OpraHM3Me YemnoBeKa, UCMoslb-
30BaHWe COBPEMEHHBIX KOMMbIOTEPHBIX TEXHOOMMH, B TOM
uncne u B ctoMatonoruu. [lo MHeHUHO psfia aBTopoB, ocobas
POJib B 3TOM MPUHALJIEXUT NPOYHOCTHOMY aHaNN3Y, KOTOPbINA
nossonset uccneposatb HIC ntoboii CTPYKTYphI Kak B HOpMe,
TaK U Npy pasfivyHbIX NATONOMMYECKUX COCTOSHMAX, METOAAX
NeYeHUs, TUMax KOHCTPYKLMK. YpOBEHb COBPEMEHHOM 3MEK-
TPOHHO-BbIYMCIIUTENTBHON TEXHWUKW NO3BOASIET MPOBECTU KOM-
nbloTepHoe MofenupoaHue HJIC anemMeHToB 3yboyentocTHoV
CUCTEMbI U OTAESbHBIX €€ KOMMOHEHTOB [4].

LLITndToBbIE KOHCTPYKUMM, BKIKYAOWME LUTUDTOBbIE
BKJTQKM M MOKPbIBAKLLME KOPOHKY, OTHOCATCA K MpoTe3aMm
C HeACHbIM MPOrHO30M BBUAY HEPeLKOro 06oCTpeHus Xpo-
HWYECKOro MepuanuKkanbHOro BocnaneHus U3-3a SHAOAOH-
TMYECKOro BMELLATeNIbCTBA, @ TaKKe packosia KopHA 3yba
nof, Harpyskon. B cBf3u ¢ aTMM BO3HMKaeT HeobxoanMMOCTb
TLaTenbHOro HMoMexaHNyYecKoro U3yyeHus NoBeAeHUs Kop-
HA 3yba B pasHbIX YCNOBUAX GYHKLMOHANBHOM Harpy3ku [9].

Insa onpenenenus HAC cnoxHbiX no dopme reoMeTpu-
UECKMX 0OBEKTOB, K KOTOPbIM OTHOCATCS U3r0TaB/IMBAEMbIE
OpTONEANYECKME KOHCTPYKLMM, Ha CETOAHALIHWA AeHb Noj-
XOAMT TONbKO METOJ, KOHEYHbIX 3/1EMEHTOB [6].

B HacTosiee BpeMsi METOZ KOHEYHbIX 3/IEMEHTOB SIB/ISI-
eTCSl OCHOBHbIM CMoco60M peLLeHns 3afaq pacyéta npoYHo-
CTVW W ECTKOCTM pasnnyHbIX KOHCTPYKUMiA. CyLHoCTb MeTofa
B anmnpoKCMMaLuW CIOLIHOW cpefpl ¢ 6eckoHeyHo 6onb-
UMM YMCIIOM CTeneHel cBoOOAbI COBOKYMHOCTbIO MPOCTbIX
3MIEMEHTOB C OrPaHUYEHHBIM YUCIIOM CTerneHel CBOOOLbI,
CBA3aHHbIX Mex[y c0BOM B TOUKaX, Ha3blBaEMbIX y3/aMu.
MporpamMma Ansys (Ansys, Inc., CLLIA) — oauH U3 naKeTos,
peanu3yioLwmnx METO/, KOHEYHBIX 3IEMEHTOB W MO3BOSIOLLMX
BbIMOJHATb PACYEThl C UCMO/Ib30BaHWEM peanbHOW reoMe-
Tpuu. E€ aKTMBHO MCMOMb3YHOT KaK B pa3HoobpasHbix 0Tpac-
NSX MALLMHOCTPOEHMS, TaK U B MeIULIMHCKUX UCCe0BaHUAX,
B TOM uuc/e Ans MOLEeNMpoBaHUs UMMIIaHTaToB v brioMeu-
LMHCKUX YCTPOMCTB. [N MeauuMHbI MOAENMPOBaHUe AaET
BO3MOXHOCTb PaccyuTaThb pas/iMyHble Harpysku, KOTOPbIM
MOXET NoJBepraTbCs 0NopHas CUCTEMA Pa3/IMYHbIX OpraHoB
yenoBeKa. Takvue Moaenu No3BoNSAIOT BPa4aM OLEHUTb PUCK
¥ onpefenuTb MecTa BO3MOXHBIX NpobnieM, a Takke NoMoyb
BbIOpPaTh OMTUMarbHYK KOHCTPYKLUMIO [7].

lpoBeféHHan npeaBapuTenbHas HaydyHo 060CHOBaHHas
OLEHKa Mo3BONsSET Haubonee TOYHO OMpenenUTb, KaKoW
U3 BapMaHTOB LUTM(HTOBOr0 BOCCTAHOBNEHWS LacT Hambo-
nee bnaronpusTHble pesynbTaTthl, ¥ AAET NpefcTaBleHue
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0 HaJEXHOM Bblbope MeTofla pecTaBpaLmm LWTGTa U KyNbTH,
4TO, B KOHEYHOM UTOre, NOMOTraeT BbibpaTh Haubonee pauuo-
HaNbHbIA TUN KOHCTPYKLMK npoTe3a [8].

Llenb uccnepoBaHMs — ONTUMM3ALUMA KOHCTPYKLWM
KOPOHOK U LUTUDTOBBIX KOHCTPYKLMIA ANS YMEHbLUEHUS Ha-
TPY3KM Ha OCTaBLUMECS KOPHU 3yDOB M OKpYIKaIOLLME KOCTHbIE
CTPYKTYpbI FpebHs anbBeosISPHOro 0TpoCTKa.

METO/IbI

MpoBenéH cpaBHUTENbHLIM aHanm3 HAC yentoctn ¢ Tpems
BapyaHTaMu CynpacTpyKTyp: 1-1 BapuaHT — pasgesibHble 0fu-
HOYHbIE CYNPaCTPYKTYpbl, Ka)aas W3 KOTopbIX (UKCMpOBaHa
Ha KopeHb 3yba; 2-i BapuaHT — CynpacTpyKTypa, 06beANHEH-
Has B eIWHbIV 610K Mo rpynnam 3yboB (MpemMonspHo-MoNspHbIe
CErMeHTbI, OT KIbIKa A0 KIbIKa); 3-1 BapuaHT — CYnpacTpyKTy-
pa, 00beAMHEHHAA B eAMHbIN B/IOK B BUAE «MOJKOBbI».

Mouck Haubosiee oNMUMAsILHO20 eapuaHma npomesa

[yTéM pacyéToB, MPOBOAMMLIX B MporpaMMe, Heobxoau-

MO OblII0 YCTaHOBUTH, MPU KaKOM BapuaHTe CynpacTpyKTyp

HanpsiXXeHWe B OKPYXKatoLLelt MX KocTu byaeT HauMeHbLLMM.
[Ins uicneHHbIX Uccref0BaHuIA paccMaTprBasiach KysbTeBas

KOHCTpyKLWs (puc. 1), cocTosiuas U3 KOPOHKOBOI YacTu, amop-

TU3WpYHOLLIE KOPHEBOM YacTV U LUTU(TOBOI KOPHEBOM YaCcTU.
PaccMoTpeHbl 9 TMMOB KynbTeBbIX WTUHTOBBIX KOHCTPYK-

WA, KOTOpble M3roTaBIMBalOT METOAOM CBETOBOr0 OTBEp-

AEHUS, NPECCOBAHNUA U NIUTHS:

e KynbTeBas 4acTb 3yDa, BOCCTAHOB/IEHHAs CTEKJI0BOJO-
KOHHbIM WwTndToM IKADENT 1 cBeTOOTBEPKAAEMBIM Ma-
TepuanoM Filtek (bunpan);

e KynbTeBas 4acTb 3yba, BOCCTAHOBNIEHHAs KOHUYECKUM
TUTaHoBbIM WTndToM 000 «PopMa» 1 CBETOOTBEPKAAE-
MbIM MaTepuanoM Filtek (Gunpgan);

e KynbTeBas yacTb 3yba, BOCCTaHOBNEHHas TUTAHOBLIM
wtudToM IKADENT (amametpom 1,2 MM) 1 CBETOOTBEPIK-
naeMbIM MaTtepuanoM Filtek (bunpan);

e KynbTeBble WTMdTOBbIE BKNagkn CoCr+EMAX, usrotos-
NeHHbIe METOJ0M JINTbSA U NPECCOBaHUS;

Puc. 1. Mogenb KynbTeBOW KOHCTPYKLMK: 1 — KOPOHKOBas YacTb;
2 — aMopTU3MpYIOLLAs KOpHEBas YacTb; 3 — LUTUQTOBas KOpHe-
Bas YacTb.

Fig. 1. Model of the stump structure: 1 is the crown part; 2 is the
shock-absorbing root part; 3 is the pin root part.
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e KynbTeBble WTUdTOBbLIE BKIALKM EMAX, n3rotoBneHHble
MeTO[,0M NPeccoBaHus;

¢ KynbTeBble WTUGTOBbIE BKIAAKKM Zr0,, M3roToBEHHbIE
MeTo[0M (pe3epoBaHus;

o JUTble KynbTeBble WTUdToBble BKNaaku NiCr;

e JMTble KynbTeBble WTUdToBble BKIaaku CoCr;

o JIUTble KynbTeBble WTU(TOBLIE BKNaaku NiTi.
lpoyHocTb 3TMX MaTepuanoB 6Obina WU3yyeHa B ApYroi

Hawweii pabote [9]. [Ins YncneHHbIX pacyeéToB BbN NPUHATI

CrieaytoLLme MexaHUYecKue XapaKkTepucTukm (tabn. 1).

lapamempuyeckuii aHanu3

B uccnenoBaHMM cnonb3oBany NpeLm3voHHbIe KynbTe-
Bble LUTMGTOBbIE BKMAAKYW, U3rOTOB/EHHbIE C MPUMEHEHUEM
aBTopckoro ycrponctea [10]. C uenbto onucaHus napameTpu-
YECKMX XapaKTEPUCTUK KyNbTeBbIX LUTUHTOBLIX BKMALOK bbuin
MoJy4eHbl UX TPEXMEPHbIE M30BpaXKeHNs C MOMOLLbI0 CKaHWPO-
BaHus CAD/CAM-cucteMoit.

B nporpamMMe MopaenupoBahusa bbinn npoBefeHbl 3ame-
Pbl KyNbTEBbIX LUTU(TOBLIX BKIALOK 1S 3y60B U BbiSBNEHbI
crepytoLLmMe NapameTpbl: AMaMeTp Y BEPXYLIKM LUTUdTA KyIb-
TeBOW LUTU(TOBON BKIIAAKM, AMAMETP Y OCHOBaHUS LUTM(TA
KyNbTeBOW LUTMGHTOBOM BKIIALKW, AMAMETP aMOpPTU3MpYHO-
LLeiA YacTW KynbTeBOW WTU(TOBOW BKNIAAKM B MecTe nepe-
X04a B KOPHEBYHK YacTb, AMAMETP aMOPTU3MpYIOLLENA YacTu
KyNbTeBOW LUTU(TOBON BKIAJKM B MeCTe Mepexofa B KyJb-
TEeBYI0 YaCTb, pa3Mep OCHOBAHWSA KyNIbTEBOM YaCTU KyNbTEBOM
WTMhTOBOM BKIALKU B BeCTUOYNO-0panbHOM HanpaBieHuH,
pa3Mep OCHOBaHMs Ky/bTEBOW YacTW KyNbTeBOM LUTU(TOBOV
BKJIQAKU B Me[MO-[MCTaIbHOM HanpaBfieHUW, BJIMHA Kyfb-
TEBOW YaCTW KyNbTeBOM WITU(HTOBOI BKIAAKM, AJIMHA aMop-
TU3MPYIOLLIEH YaCcTU KyNbTeBOM LWTUHTOBOW BKNALKK, A/IMHA
KOPHEBO YacTu KyNbTeBOM WTUHTOBON BKIIaAKM (puc. 2).

Bbinu npoBeAeHbl 3aMepbl KyNbTEBbIX LUTUQTOBLIX BKITAL0K
415 3yD0B BepXHEN M HVXHEN YentocTu. BeisiBneHHble napame-
Tpbl NpUBeLeHbI B Tabs. 2, 3.

Tabnuua 1. MexaHuyeckne XapaKTepuCTUKU TUMOB KYNbTEBbIX
LWITUGTOBLIX KOHCTPYKLIMIA

Table 1. Mechanical characteristics of types of stump pin struc-
tures

Marepuan | Mpepen npoyHoctu, MMa | Mopynb ynpyroctu, Ma

1 184 110
2 410 100
3 407 110
4 1432 220
5 222 95
6 548 205
7 1451 200
8 1149 220
9 1528 112




IKCMEPMEHTANTBHO-TEOPETUHECKME MCCIELOBAHIA

Puc. 2. VI3mepeHne napaMeTpoB Ky/bTeBOi WTUHTOBON BKIALKM:
1 — AMameTp y BEPXYLLKN WTUdTa KyNbTeBoM WTU(TOBOI BKNAL-
KM, MM; 2 — [VaMeTp Y 0CHOBaHMs WTUdTa KynbTeBow LWTUdTOBOM
BKMAJKW, MM; 3 — AMaMeTp aMOpTU3MPYIOLLEH YacTu KynbTeBo
WTUHTOBOW BKNALKM B MeCTe Mepexofa B KOPHEBYIO YacTb, MM;
4 — pmameTp aMOpPTU3MpYIOLLIE YaCcTU KynbTeBOW LUTU(TOBON
BKMIaflKM B MeCTe Nepexoja B Ky/bTeBYK YacTb, MM; 5 — pas-
Mep OCHOBaHMS Ky/bTEBOM YacTu KyNbTeBOW LUTUHTOBON BKNALKM
B BECTWOYN0-0pasbHOM HanpaBfieHuu, MM; 6 — pa3Mep 0CHOBaHWs!
KyNbTEBOW 4aCTW KyNbTEBOM LUTU(TOBOW BKIIAAKM B MeAMO-[MC-
TaNbHOM HamnpaBfieHnW, MM; 7 — AJIMHa Ky/bTeBOM YacTu KysbTe-
BOW LUTM(TOBOW BKNAAKYW, MM; 8 — A/IMHA aMOPTU3UPYHOLLIEN YacTu
KyNbTeBOW LUTM(TOBOW BKNAAKU, MM; 9 — [MHA KOpPHEBOM YacTu
KyNbTEBOW LUTU(TOBON BKNAAKU, MM.

Fig. 2. Measurement of the parameters of the stump pin inlay: 1 —
diameter at the top of the pin of the stump pin inlay, mm; 2 — diam-
eter at the base of the pin of the stump pin inlay, mm; 3 — diameter
of the shock-absorbing part of the stump pin inlay at the transition
point to the root part, mm; 4 — diameter of the shock-absorbing part
of the stump pin inlay at the transition point to the stump part, mm;
5 — the size of the base of the stump part of the stump pin inlay
in the vestibulo-oral direction, mm; 6 — the size of the base of the
stump part of the stump pin inlay in the medio-distal direction, mm;
7 — length of the stump part of the stump pin inlay, mm; 8 — length
of the shock-absorbing part of the stump pin inlay, mm; 9 — length
of the root part of the stump pin inlay, mm.

Tom 27,Ne &, 2023

PoCCUIACKIAM CTOMBTONOMYECKI ypHaN

KoHeyHo-3nemeHmHbIli aHanu3

[lns OLEHKU MPOYHOCTM KOHCTPYKLMW CYnpacTpyKTypbl
6bino nposegseHo Mopenvposanve HAC opHoKopHeBoro
3yba, BOCCTAHOBNEHHOI0 KEPAMMYECKON KOPOHKOM Ha JINTO
WTMhTOBOM 0NOPe, B PasHbIX YCOBUAX HArpysKu, € UCMOfb-
30BaHWEM MeTO/ia KOHEYHO-3/IEMEHTHOr0 aHanu13a, Nporpam-
Ma SolidWorks (SolidWorks Corp., CLLA).

Bbina nocTpoeHa TBep0TENbHAsA MaTeMaTUYECKas MOLENb
YENHOCTU YENI0BEKa C YCTAHOBNEHHBIMU MO BbILIEOMMCAHHOI
METOAMKE KyNbTeBbIMUA LWITUGHTOBLIMU KOHCTPYKLMAMY C OMo-
PO¥i Ha KopHM 3y60B. Vicnonb3oBaHHbIe Mpu pacyéTax hu3nKo-
MeXaHU4YecKMe CBOWCTBA MaTepuanoB NpuBeLeHb! B Tabn. 4.

[insa apeKBaTHOro OMMCaHMA MPOLECCa HarpymeHus
MPOTE3HOM KOHCTPYKLUMM UCMONb30BanM [aHHble 0 (yHK-
LIMOHaNbHON BBIHOC/IMBOCTM OMOPHOrO annaparta 3ybos (o
[.M. KoHioluko) (Tabn. 5).

B KayecTBe npesenbHO AOMYCTUMbIX HAarpy3oK Ha Marte-
puan npotesa B YMC/EHHbIX UCCEA0BAHUAX MPUHUMAUCH
MaKCUManbHO [OMYCTUMbIE Harpy3Ku, KOTopble MOryT bbiTb
nepeaHbl Yepes CynpacTpyKTypy NpoTe3a Ha Me30CTPYKTYpY
0e3 eé noBpexaeHus.

B KauecTBe KpuUTepUs NPOYHOCTU MaTepuana KOHCTPYK-
UMM NPUHMMANCA KPUTEPUI MAKCUMalbHBIX TNaBHbIX Ha-
MPAKEHNIA:

O, O O. T T T
_ 1 2 3| [Zi2] | %23 P31
f =max |9 * |9 BHBER MR * >
011102 |O3] |Ti2] |T3] |Ta

TAe 0y, O, O3, Typ, Tps Ty — MPEAeNbl NPoyHoCTH. 3aech
f NoKa3blBaeT ypoBeHb HAMPSAXEHHOCTU KOHCTPYKUMK. Ecnmn
3HayeHue f Gonblue 1, TO B 3TOM MecTe HanpsXeHue JoCTU-
raeT npefienia NPOYHOCTU U HAYMHAETCS paspyLUEHMe.

Ta6nuua 2. MapaMeTpbl KyNbTeBbIX LUTUHTOBLIX BKIIAAOK ANA 3y60B BEPXHEN YecTH

Table 2. Parameters of stump pin inlays for the teeth of the upper jaw

3y6bl BepXHel YenocTn

NapameTpbl (S beit | 5-i | 6-in | 7-in
bIK
pesew | pesey 3y6 3y6 3y6 3y6
[lnametp y BepxyLKu WTndTa KyNbTeBO! LUTUATOBOW BKIALKM, MM 0,8 0,7 0,9 0,8 0,8 1 1

[lnameTp y ocHoBaHMsA LUTU(TA KyNbTEBOMN LUTUHTOBOI BKNNAZKM, MM

[lnaMeTp amMopTU3MpYIOLLIel YacTU KyNbTeBO LUITU(TOBON BKITaAKM
B MecTe Nepexofa B KOPHEBYIO YacTb, MM

[lnameTp aMopTU3MPYIOLLIEN YacTW KyNbTeBOW LUTMGTOBOM BKNAAKU
B MecTe Nepexoja B KyNbTeBYH0 YacTb, MM

Pa3mep ocHOBaHUA KyNbTEBOW YacTU Ky/bTEBOM LITUGTOBON BKIIALKM

B BECTVI6YJ'IO-0paJ1bHOM HanpasJieHnn, MM

Pa3Mep 0CHOBaHWUA KyNbTEBOM YaCTU Ky/bTEBOM LITU(TOBON BKIALKM

B Meano-pucTanbHOM HanpasieHUn, MM

[nvHa KynbTeBO YacTu KyNbTeBOM LUTU(TOBOM BKNALKK, MM

[nMHa aMopTU3MPYIOLLEI YacTW KyNbTeBOM LUTU(TOBOW BKNAAKK, MM

[lnvHa KOpHEBOM YaCcTU KyNbTEBO LUTU(TOBON BKIAAKK, MM

1.4 1,2 [ 1.4 1.4 1,6 1,6

2,2 2 2,2 2,2 2,2 3 2,8

3,2 3 3,2 3,2 3,2 6 58
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Ta6nuua 3. MNapaMeTpbl KyNbTeBbIX LTUHTOBLIX BKIAAOK A5 3y60B HUMKHEN YemocTy

Table 3. Parameters of stump pin inlays for the teeth of the lower jaw

3y6bl HUXKHEN YenocTu

NapameTpbi i 2| beit | 5- | 6 | 7-
JIbIK
pesey, | pesey 3y6 3y6 3y6 3y6

[nameTp y BepXyLLKM WTUdTA KyNbTEBOM LUTU(TOBOM BKNAAKN, MM 0,6 0,6 0,9 0,8 0,8 1 1
[nameTp y ocHoBaHMs WTUdTA KyNbTEBOM LUTU(TOBOI BKNAAKW, MM 0,8 0,8 1,5 1,4 1,4 1,6 1,6
[vameTp aMopTU3MPYIOLLIEN YacTW KyNbTeBOW LUTGTOBOM BKNAAKU 1 1 9 29 29 3 26
B MecCTe Nnepexofa B KOPHEBYK YacTb, MM ' ' '
[lnaMeTp amMopTU3UpYIOLLIel YacTU KyNbTeBOW LLITM(TOBON BKITaAKM 9 9 3 32 32 6 56
B MecTe nepexoja B Ky/bTeBYI0 YacTb, MM ' ' '
Pa3Mep 0CHOBaHWA KyNbTEBOM YaCTU Ky/bTeBOM LITUATOBON BKIIALKM 4 4 5 5 6 6 6
B BeCTUOyNI0-0panbHOM HanpaBneHnu, MM
Pa3Mep ocHoBaHWs KyNbTeBOI YaCcTh KynbTeBOW WTU(HTOBON BKITAAKHU 9 9 4 3 4 7 6
B MeJMO-[MCTaNbHOM HanpaBneHuu, MM
[nnHa KynbTeBOW YacTU KynbTeBOM WTU(TOBOW BKIALKW, MM 5 5 6 4 4 3 3
[nMHa aMopTU3MpYIOLLEit YacTW KyNbTeBOM LUTU(TOBOW BKNAAKK, MM 2 2 2 2 2 2 2
[lnMHa KopHEBOI YacTW KyNbTeBOM WTU(TOBOI BKNAAKK, MM 5 5 9 6 6 6 6

Tabnuua 4. Ou3nKo-MexaHU4eCcK1e CBOICTBA MaTepUarno., CMoJb30BaHHbIE MpY pacyéTax
Table 4. Physical and mechanical properties of the materials used in the calculations

Koadpuumen MyaccoHa MNpeaen npoyHoctn, MMa

Marepuan Mogynb ynpyroctu, Ma
TutaH 1,12105
Hukenb-TUTaHOBLIV cnnaB 1,12105
CnnaB xpoM-KobanbTa 1,72105
KopTukanbHbIiA cnoii KocTu 2,0104
NextuH [8] 1,47104

0,32 345
0,33 280
0,32 193
0,3 45
0,3 17

Ta6nuua 5. OyHKUMOHabHAsA BLIHOC/IMBOCTb OMOPHOTO annapara
3y6oB (no [.M1. KoHtowko)

Table 5. Functional endurance of the supporting apparatus of the
teeth (according to D.P. Konyushko)

3y6bl | Harpyska, H
Pesuibl 70
Knblku 170
Mpemonspel 220
Monspbl 370

PE3Y/IbTATbI

B paboTe paccMoTpeHbl pasnnyHble BapuUaHTbl KOHCTPYK-
UM KOPOHOK: pa3fefibHble OLMHOYHbLIE CYMPaCcTPYKTYpbl,
rae Kaxpas GUKcMpoBaHa Ha KopeHb 3yba; cynpacTpyKTypa,
06beAMHEHHAs B eauHbIiA 610K No rpynnaM 3y6oB (npemo-
NIPHO-MONSAPHbIE CETMEHTHI, 0T KIbIKa A0 KJIbIKA); cympa-
CTPYKTypa, 06beAMHEHHASA B efiUHbIA BNOK B BULE «MOAKO-
Bbl». [Ins Kaxaoro BapuaHTa nonyyensl HAC npu pasnmyHbix
MaTepuanax KymnbTeBbIX LUTU(TOBLIX BKIALOK. Huxe npesn-
CTaBJeHbI pe3ynbTaThl PacyEToB.

DOl https://doiorg/

1. BapuaHm KoHcmpyKyuu cynpacmpyKmypel
€ 0mdesibHbLIMU KOPOHKaMU

TpéxMepHas MofeJb KOHCTPYKLMM C OTAENbHbIMA KOPOH-
KaMu npeAcTaBlieHa Ha puc. 3.

Ha puc. 4 npeactaBneHo nedopMUpoBaHHOE COCTOSIHME
BCEN KOHCTPYKLMM U MHTEHCUBHOCTb HaNPAXEHWIA Mo TEOpUM
Mwu3eca, BapuaHT C 0TAEeNbHBIMU KOPOHKaMU.

Ha puc. 5 npeacTaBneHa UHTEHCUBHOCTb HaNpsXeHNi
no Teopum Museca ons KynbTeBbIX WTUHTOBbIX BKNALOK
B BapuaHTe KOHCTPYKUMM CYNpacTpPyKTYpbl N0 OTAeNb-
HOCTH.

Bce pe3ynbTathl pacyéToB no 1-My BapUaHTy NpuBeeHb
B Tabn. 6.

13 Tabnuubl BUAHO, YTO MaTepUabl LUTUGTOB NoA HoMe-
pamu 4, 7, 8, 9 ynoBneTBOPSIOT YCNOBUAM NPOYHOCTH, @ KOp-
Hu1 3yboB NpoyHble BO Bcex ciyvasx. M3 atoro crepyer,
4TO NPU NPOTE3MPOBaHNUN OLUHOYHBIMU KOPOHKAMM YI0B/IET-
BOPSIKOT YC/I0BUAM NPOYHOCTY KyNbTeBble WTU(TOBLIE BKMAA-
kn CoCr+EMAX, n3rotoBneHHble METOA0M INTbSA M NPeccoBa-
HWA, NUTbIe KynbTeBble WTUdTOBLIE BKIaaKM U3 NiCr, nuTble
KynbTeBble WTUdTOBbIE BKNAAKK U3 CoCr, NUTble KyNnbTeBble
WTKUTOBbIE BKMAAKM M3 HUKenMaa TuTaHa (NiTi).

1017816/dent430322
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075 3

Puc. 3. TpéxmepHast Moeslb KOHCTPYKLMM CYNPacTPyKTYpbl C OTAENbHBIMUA KOPOHKaMM.
Fig. 3. Three-dimensional model of a suprastructure design with individual crowns.

00075 3

Puc. 4. [lebopMMpoBaHHOe COCTOSHME HUMKHEN YemtocTH, BapuaHT KOHCTPYKLIMM MO OTAENbHOCTU.
Fig. 4. The deformed state of the mandible, design variant separately.

0 o3 o

00075 3

INSYS
2020 R2

ANSYS
2020 R2

Puc. 5. VIHTEHCMBHOCTbL HanpsXKeHWn no Teopun Museca 1s KynbTeBbiX LTUHTOBbLIX BKIAAOK B BapUaHTE KOHCTPYKLMM MO OTAESIBHOCTM.
Fig. 5. Stress intensity according to the von Mises theory for the stump pin inlays in the design variant separately.

Tabnuua 6. HanpsxkeHns B LWTUGTe 1 KopHe 3y60B Npy pasHbix MaTepuanax WTUGTa B BapuaHTe KOHCTPYKLMM MO OTAENbHOCTH
Table 6. Stresses in the pin and root of the teeth with different pin materials in the design variant separately

Marepuan wrudra | Hanpsxenue B wrudre, Mia | o/c* | Hanpsxenue B kopHe, Mlla | o/c*
1 531 2,89 231 0,84
2 486 1,18 229 0,83
3 531 1,3 231 0,84
4 999 0,69 243 0,88
5 463 2,08 230 0,83
6 939 1,71 242 0,87
7 918 0,63 242 0,87
8 999 0,87 243 0,88
9 541 0,35 232 0,84

Mpumeyanue (u dns mabsn. 7-9): 6/0* — OTHOLUEHME MAKCUMAIbHOWM MHTEHCMBHOCTU HANPSXKEHWIA K NpefieNy NPOYHOCTV MaTepuana (Ans WwingTa 1 B KOPHE COOTBETCTBEH-

Ho). Ecnm 3T0 3HayeHue npesbllLiaeT 1,70 NPOYHOCTb MaTepuasa HapyLuaeTcs.

Note (and for Tables 7-9): o/c* is the ratio of the maximum stress intensity to the ultimate strength of the material (for the pin and in the root, respectively). If this value
exceeds 1, the strength of the material is compromised.
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2. Bapuanm KoHcmpyKyuu cynpacmpyKmypel,
06seduHéHHoli 8 eduHblli 6710k no epynnam 3y6oe
(npeMonsipHo-MoAISpHbIe ce2MeHmbl, oM K/IbiKa Ao K/bIKa)

TpéxMepHasn Mofie/b KOHCTPYKLIMM MPeCTaBIeHa Ha puc. 6.

Ha puc. 7 npeacraBneHo nedopMUMpoBaHHOE COCTOSIHME
BCEN KOHCTPYKLMM M MHTEHCMBHOCTb HaNPSXKEHWA No Teopum
Mw3eca, Bap1aHT ¢ 06beAMHEHHBIMM B € AMHbIN 60K Mo rpyn-
nam 3y6oB (MpemosisipHO-MONIAPHbIE CErMEHTBI, OT KJIblKa
[0 KJblKa) KOPOHKaMMU.

Ha puc. 8 npeacraBneHa MHTEHCMBHOCTb HaMPSXKEHWI
no Teopun Museca ANif KynbTeBbIX LITUPTOBLIX BKNAAOK
B BapMaHTe KOHCTPYKLMM CYNpacTpyKTypbl, 00beAUHEHHOM
B eAMHbIA 610K Mo rpynnam 3y6oB (MpeMonsipHO-MoNsipHble
CErMeHTbl, OT K/blKa [0 K/bIKA).

Bce pesynbTathbl pacyéTos no 2-My BapuaHTy npuBefieHbl
B Tabn. 7.

3 Tabnnupl BUAHO, 4TO MaTepuansl WTUHTOB NOJ, HO-
Mepamu 4, 7, 8, 9 ynoBneTBOpAIOT YCOBUAM MPOYHOCTH,
a KopHu 3y60B npoyHble Bo BCeX cryyasx. M3 atoro cnepy-
eT, YTO Npy NPOTEe3MPOBAHUM KOPOHKaMU, 06beANHEHHBI-
MU B efiMHbI 610K no rpynnam 3y6oB (npeMonsipHo-Mo-
NSPHblE CErMEHTHI, OT KiblKa A0 KIblKa), YA0BNETBOPAIT
YCNOBMAM MPOYHOCTU KyNbTeBble LWITU(HTOBbIE BKNALKM
CoCr+EMAX, n3roToBneHHble MeTOLOM NINTbA U Npecco-
BaHUA, NUTble KynbTesble WTndToBble BKAaaku u3 NiCr,
nuTble KynbTesble WTndToBbIe BKNaaku u3 CoCr, nnuTbie
KynbTeBble WTM(HTOBbIE BKNAAKM W3 HUKENWAA TUTaHa
(NiTi).

ANSYS
2020 R2

Puc. 6. TpéxMepHas MoZesb KOHCTPYKLMM CYnpacTpyKTypbl, 06beAMHEHHON B eAMHbIA 60K No rpynnam 3y6oB (NpeMonspHO-MoNsipHbIe

CErMeHTbl, 0T KJIblKa [10 KIbIKa).

Fig. 6. Three-dimensional model of the design of suprastructure, combined into a single block by groups of teeth (premolar-molar

segments, from canine to canine).

ANSYS
2020 R2

0 oms 90

00075 002

Puc. 7. [ledbopM1poBaHHOE COCTOSHME HUMKHEN YENIOCTU B BapuaHTe KOHCTPYKLMW CynpacTpyKTypbl, 06beAMHEHHOI B eauHbIA 610K
no rpynnam 3y60B (MpemMonsipHO-MONAPHbIE CErMeHTbI, OT KITblKa [0 KIbIKA).

Fig. 7. The deformed state of the mandible of the design variant of the suprastructure, combined into a single block by groups of teeth
(premolar-molar segments, from canine to canine).
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Puc. 8. NHTeHCMBHOCTb HanpsxeHui no Teopun Museca Ans KynbTeBbIX LUTUATOBLIX BKNAAO0K B BapuaHTe KOHCTPYKLIMM CYNpacTpyKTypbl,
00beAMHEHHOI B eUHbIIA 610K No rpynnaM 3y6oB (MpeMonspHO-MOSISIpHbIE CErMEHTBI, 0T KITbIKa [0 KibIKa).

Fig. 8. Stress intensity according to the von Mises theory for stump pin inlays in the design variant of the suprastructure, combined into
a single block by groups of teeth (premolar-molar segments, from canine to canine).

Tabnuua 7. Hanpskenus B LUTMGTe 1 KopHe 3yboB Npyu pasHbix MaTepuanax LWTUdTa B BapUaHTe KOHCTPYKLIMW CYNpacTpyKTypbl, 06beam-
HEHHOM B eAWHbIN 610K No rpynnaM 3y6oB (MpeMonspHO-MONSPHbIE CErMEHTI, OT KIIbIKa A0 KibIKa)

Table 7. Stresses in the pin and root of the teeth with different pin materials in the design variant of the suprastructure, combined into a
single block by groups of teeth (premolar-molar segments, from canine to canine)

Marepuan wrugra | Hanpsixenue B wrudre, Mia o/o* | Hanpsxehue B kopHe, Mlla o/o*
1 612 3,32 27 0,98
2 564 1,37 27 0,98
3 612 1,5 27 0,98
4 1151 0,8 272 0,98
5 539 2,43 270 0,98
6 1067 1,94 273 0,98
7 1039 0,71 273 0,98
8 1151 0,91 279 0,99
9 621 0,41 271 0,98

3. BapuaHm KoHcmpyKuyuu cynpacmpykmypei,
06seduHéHHol 6 eduHbili 6710K 8 sude «nOOKOBLI»

TpéxMepHasn MofieNb KOHCTPYKLMM NPefCTaBneHa Ha puc. 9.

Ha puc. 10 npeacTaBneHo fedopMUpoBaHHOE COCTOSHUE
BCEW KOHCTPYKLMM M MHTEHCMBHOCTb HaNpAXeHMIA N0 Teopuu
Museca, BapuaHT ¢ 06beAMHEHHBIMU B eMHbIN 60K B BULE
«MOKOBbI» KOPOHKaMMU.

Ha puc. 11 npeactaBneHa MHTEHCUBHOCTb HANPSXKEHWH
no Teopun Museca Anif KynbTeBbIX LITUQTOBLIX BKNALOK
B BapuaHTe KOHCTPYKLMM CYnpacTpyKTypbl, 00beAUHEHHOM
B e[MHbIN BNOK B BMAE «MOAKOBbI».

[

015

Bce pesynbTathl pacyéTos no 3-My BapUaHTy npuBefeHb
B Tabn. 8.

M3 Tabnuubl BUAHO, YTO MaTepuanbl WTUGTOB NOL HO-
Mepamu 7, 9 yA0BNETBOPAIOT YC/I0BUAM MPOYHOCTH, @ KOp-
HM 3y00B MpOYHbIe BO Bcex ciyvasx. M3 atoro cnepyer,
4yTo MPW MPOTE3NUPOBAHUM KOPOHKaMU, 00beAMHEHHBIMM
B €IMHbIN DNIOK B BMAE «MOMKOBbLI», YA0BNETBOPSAIOT YCNO-
BUAIM MPOYHOCTU IUTbIE KYNbTEBble LUTU(TOBbIE BKNAAKM
n3 NiCr, nuTble KynbTeBble WTUPTOBLIE BKNAAKN U3 HUKe-
nupa tutaHa (NiTi).

Puc. 9. TpéxMepHas Mofesb KOHCTPYKLMW CYNPacTPYKTYpbl, 06 beAMHEHHO B eAVHbIIA 610K B BULE «MOAKOBbI».
Fig. 9. Three-dimensional model of the design of suprestructure, combined into a single block in the form of a “horseshoe”.
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Puc. 10. [edopMmpoBaHHOE COCTOSIHME HUMKHEN YENCTU B BapuaHTe KOHCTPYKUMM CynpacTpyKTypbl, 00beAMHEHHON B eMHbIA 60K
B BUAE «MOMKOBbI».

Fig. 10. The deformed state of the lower jaw of the design variant of the suprastructure, combined into a single block in the form of a
“horseshoe”.
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Puc. 11. VHTEHCMBHOCTb HanpsixeHuin no Teopum Museca Anst KymbTeBbIX WTUATOBLIX BKIIAAOK B BapUaHTe KOHCTPYKLIMM CYNpacTpyKTypbl,
00beAMHEHHON B eAMHbIN BJIOK B BUE «MOJKOBbI».

Fig. 11. Stress intensity according to the von Mises theory for stump pin inlays in the design variant of the suprastructure, combined into
a single block in the form of a “horseshoe”.

Tabnuua 8. Hanpsenus B wtudTe 1 KopHe 3y60B Npu pasHbix MaTepuanax WTMdTa B BapuaHTe KOHCTPYKLMM CynpacTpyKTYpbl, 06bean-
HEHHON B e AMHbIN 610K B BUE «MOJKOBbI»

Table 8. Stresses in the pin and root of the teeth with different pin materials in the design variant of the suprastructure, combined into a
single block in the form of a “horseshoe”

Marepuan wrugra Hanpsixenue B wrudre, Mia o/c* Hanpsixenue B kopHe, Mlla o/a*
1 905 4,9 293 0,99
2 839 2,04 293 0,99
3 905 2,22 293 0,99
4 1559 1,089 290 0,99
5 805 3,62 294 0,99
6 1476 2,69 290 0,99
7 1448 0,99 290 0,99
8 1559 1,35 290 0,99
9 919 0,6 293 0,99
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N® 4, 2023 POCCUMCKIAM CTOMATONOMHECKIA HypHAN

Ha puc. 12 npefcTaBneHbl pesynbTaThl BAMSHUSA MaTepu-
ana KOpOHOK Ha MX MPOYHOCTb. 3[ech Mo BEPTUKANN AaHbl
MaKCUManbHble 3HauyeHust /0" B KOPOHKe. [INA 3afaHHbIX
Harpy3oK TONIbKO MeTasslokepaMuKa He YA0BeTBOPSAET yC-
NOBMIO MPOYHOCTH.

oilaw

1.5+

1.0+

0.5+

0.0

Puc. 12. Bnnauue MaTepuana KOPOHKM Ha NPOYHOCTb.
Fig. 12. Effect of crown material on strength.

0.6
0.5
0.4+
0.3+
021

0.1+

0.0

PaccMoTpeH TakxKe BapUaHT KOHCTPYKLMM CynpacTpyKTypbl
C paspenbHbiMA BO (pOHTAsIbHOM OTAENe KOPOHKaMM
1 06BbEANHEHHBIMY B €IMHbIA BIOK KOpOHKaMK B HOKOBOM
0TAEeNe U3 OKCMAA LMPKOHMA (puc. 13). PesynbTathl npuBe-
[eHbl B Tabn. 9.

m KobanbT-xpom

B OKCWA LMpKOHUS
O MeTannokepaMuka
B Hukenupg TTaHa

m Mo oToensHoOCTK
@ Mo TpK
m BmecTte

Puc. 13. Bnnsauue BUAa KOHCTPYKUMM CynpacTPYKTYpbl Ha NepeMeLLEeHNe BCEW CUCTEMBI.
Fig. 13. Influence of the design type of the superstructure on the movement of the entire system.

Tabnuua 9. HanpsikeHus B WTndTe 1 KopHe 3y60B Npu pasHbIX MaTepuanax WTUdTa B BapuaHTe KOHCTPYKLMW CYyNpacTPyKTypbI C pas-

De/bHbIMM BO (POHTANIBHOM 0T/e/1e KOPOHKaMM U 061be AMHEHHBIMM B € IHbIN BIOK KOPOHKaMW B HOKOBOM 0TAEeNe U3 OKCMAA LIMPKOHUA

Table 9. Stresses in the pin and root of the teeth with different pin materials in the design of the suprastructure with separate crowns in the

anterior section, and crowns combined into a single block in the posterior section made of zirconium oxide

Marepuan wrudra Hanpsikenue B wrudre, Mia o/c* Hanpsokenue B kopHe, Mlla o/c*
1 971 3,1 232 0,84
2 521 1,27 230 0,83
3 571 1,4 232 0,84
4 1280 0,89 246 0,89
5 495 2,23 229 0,82
6 1209 2,2 245 0,88
7 1185 0,81 245 0,88
8 1280 1,1 246 0,89
9 581 0,38 233 0,84
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OBCYXAEHWUE

B pesynbrate pacyéToB KOHCTPYKUMM HWKHEW YenCcTy
C KymnbTeBbIMW LUTUHTOBBLIMM BKIAiKaMU U KOPOHKAaMM BbiSiB-
TEHO, 4TO MaTepmarbl KyNbTeBbIX LUTU(TOBLIX BKNAZ0K 13 NiCr
1 NiTi MoryT HecTn HanbonbLumMe Harpy3ku. B cnyyae KOHCTpYK-
LMK CynpacTpyKTYpbl B BUAE OTAESNbHBIX KOPOHOK KOHCTPYK-
LMW HecyT HamBOMbLLYI0 Harpy3Ky, HO JECTKOCTb KOHCTPYKLMM
B C/Ty4ae KOHCTPYKLMM B BULE «MOAKOBbI» OYAET HaubonbLuei.

KopoHka U3 MeTannokepamMuku fBNsieTCS HauMeHee
MPOYHON Cpeay OCTaNbHbIX, @ CaMOM HafLEXKHOW ABNSETCS
KOPOHKA W3 HUKeNnaa TUTaHa.

[lna Toro ytobbl KOpoHKa uMena Hanbosiee 3CTETUYHBIN
Buz, Obln paccMOTpeH TakKe rMbpuaHbI BapuaHT: BO GpoH-
TanbHOM 0TAene (0T KiblKa 40 KIbIKa) KOPOHKM N0 OTAENb-
HOCTU, @ B NPEMONIAPHO-MOJIAPHOM KOPOHKM, 00beauHEH-
Hble B 6/10KM N0 TpW. 3TOT BapUaHT ABNSETCA ONTUMAJIbHBIM
M0 BYM KpUTEPUAM OHOBPEMEHHO: MPOYHOCTb U KECTKOCTD.

3AKJIKYEHUE

Pa3paboTaHHas MeTofauKa M mporpaMMa pacyéTta no-
3BOJIMNIM NPOBECTM TPU CEPUM PACYETOB ANS TPEX BapUaHTOB
YCTaHOB/IEHWSA CYNPaCTPYKTYP C LIAroBbIM CMELLEHUEM BAOMb
YesIoCTU U CpaBHUTENbHBINA aHanm3 ux HJC.

Co3gaHHas MeToAMKa OTKPbIBAET BO3MOXHOCTU U3Y4YeHMs
HJIC KocTHOM TKaHM YemioCTH YesioBeKa B 3aBUCHMOCTM OT KO-
JMYeCTBa, MECTOMOJOXEHNS U crocoba HarpyeHus 3yboB.

N3 pe3ynbTaToB faHHOM paboTkl cnepyeT, uTo Hambonee
ONTUMASIbHBIM C 3CTETUYECKOA U (YHKLMOHANBHOW TOYKMU
3peHus byneT BapuaHT BOCCTAHOBNIEHUS BbICOTbI KymbTel
3yba KynbTeBbIMM LWITU(GTOBLIMM BKIIAAKAMU U3 HUKENMAA
TUTaHa, BapMaHT CYNpacTPYKTYp U3 LMOKCMAA LIMPKOHUA.

JOMOJIHUTE/IbHO

WUcTouHnK dpuHaHCMpoBaHUA. ABTOpbI 3asBNIAIOT 06 OTCYTCTBUM
BHELUHero (WHAHCMPOBaHMS MpW MPOBEAEHUM WCCNeoBaHus
V1 MIOArOTOBKe Nyb/MKaLMK.
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