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BEPTUKAJIBHBIE TUTAHOBBIE BUHTBI C
MOAUNPULITUPOBAHHBIM ITOKPBITUEM JJIA
MOBBILIEHUSA HAAEXKHOCTU ®UKCALIMU U
CTABMWIN3ALIUU ABATMEHTOB K IIVIAT®OPME
JAEHTAJIBHBIX UMIIJIAHTATOB
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Annomayusn. Bepmuxanvhsie UHMbL U3 MUMAHOBbIX CHAABO8 OJi OEHMANbHLIX UMNIAHMAMOS8 UMerOm MeHOeHYUIO
K OMKDYHUBAHUIO U NEPENIOMY, YMO CE13AHO C HUZKUMU NPOUHOCHHBIMU, MPUDOLOSUYECKUMU U KOPPOIUOHHBIMU
CBOUCMBAMU BUHMOB 8 YCI0BUSAX JHCEBAENbHO20 0ABIEeHUS U ACPECCUBHOU Ccpedbl pomogoli norocmu. OcHosHbie
NPUYUHBL — MO YMEHbUEHUE UX YCMALOCMHOU NPOYHOCMU U3-3d 0eQeKmMHOCMU, OCMAMOYHbIX HANPSHCEHU
PACMSACEHUS U HABOOOPANCUBAHUSL NOBEPXHOCHHO20 COS, d MAKNCE NPOYecc Gpemmune-Kkoppo3uu, 603HUKAIOWUL
8 YCIOBUAX MUKpONepeMeweHUll Npu JHCeBamebHblX HAZPY3KAX YCI08HO HENOOBUNCHO20 MPUOOCONDANCEHUS.
Paccmompenvl  koncmpykmusHbie, 2KCHIYAMAYUOHHbIE XAPAKMEPUCMUKY GEPMUKAbHBIX SUHMOE OCHMANbHbIX
abammenmos u3 MUMAHOBLIX CNIABO8, NPUBEOEHbl PACHEMmHble 3A8UCUMOCMU KPYMAWe20 MOMEHMA, YCUIUi
npeosapumenbHoll 3amsdicKu, KoIQP@duyueHmos mpenus u pe3vovl GUHMA HA ONOPHOU NOBEPXHOCU NIAMPOpMbl
umnianmama. Ilpugseden ananu3 yucienHvlx snavenutl smux napamempos. Coenamn 6bl600, YMo 0OHUM U3 CNOCOD08
NOBbIUEHUS HAOCHCHOCMU QuKkcayuu u cmadumuzayuu abammeHma K niam@opme UMNIAHMAMOS ABJAEMCs
UCNONb308AHUE BEPMUKAILHBIX MUMAHOBIX BUHMOE C (PYHKYUOHALIbHBIMU NOKPLIMUIMU.

Tpusedenvi pesynomamsl ucciredosanuti aimazono0odbrnozo noxkpeimus BioPateks cucmemor a-C:H/a-SiC-Ag ons
B6EPMUKAILHBIX MUMAHOBBIX GUHINO8 AOAMMEHMA, HAHOCUMBIX C UCHOIb308AHUEM XOOOHOU AMMOCEHEPHOU NAAZMbL.
ITlpooemoncmpuposano npeumyuecmso Jlannoco noxpvlmus npu Memaniocpauieckom aunaiuse, Cmamuyeckux
UCNBIMAHUAX HA PACMAdICEHUe, MPUOOIOSUYECKUX UCCIe008AHUSX, UCNBIMAHUAX B ycnosusx muxpoabpazugnozo
UBHAWUBAHUS, UCCIE008AHUSX OAPLEPHBIX CEOUCMS, OM 6bIX00d MOKCUYHBIX UOHO8 6AHAOUSL U ANIOMUHUS,
uccnedo8anusx degexmuocmu nosepxnocmeti npu @pemmune-ycmanocmu. I[lokpeimue BioPateks mexnonoeus U
€20 HaHeCeHUsi MOXCem NPUMEHSIMbCSL KAK 8 NPOU3800CMEEHHBIX, 1A00PAMOPHBIX U KIUHUYECKUX YCI08UsX. [list smux
yeneil UCNOB3YEMCs MAL02abapumHoe U HU3KOIHEp20EMKoe 000py0o8aHue.

Knrwuesovie cnosa: umniaanmam, a6amMeHm, nepeiom eurma, pacuianvleaHue 3)/61-[020 npomesa, ammazono0obHoe
nokKpwsimue, Kap6u()0erMHueeoe NnoKpwslmue, OUHAMUYECKASL HcesamenbHas Haepy3Kda.

VERTICAL TITANIUM SCREWS WITH MODIFIED COATING
TO INCREASE THE RELIABILITY OF FIXATION AND
STABILIZATION OF ABUTMENTS TO THE DENTAL
IMPLANT PLATFORM
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Abstract: Vertical screws of abutments after dental implantation tend to loosen, unscrew and break, which is
associated with low strength, tribological and corrosion properties of screw material under stress and aggressive
environment in the oral cavity. The main causes of problems with dental screws are a decrease in their fatigue strength
due to defects, residual tensile stresses and hydrogen pickup of surface layer, as well as the process of fretting
corrosion that occurs under conditions of micro-displacement under cyclic loads of conditionally stationary
tribocoupling. The design and operational characteristics of abutment screws, the main problematic properties of
titanium materials are considered, the calculated dependences of torque, pre-tightening force, friction coefficients in
thread and on support surface are given. The analysis of numerical values of these parameters is given. It is concluded
that the use of vertical titanium screws with functional coatings is one of the ways of improving the reliability of the
dental implantation system. The results of studies of the BioPateks diamond-like coating of the a-C:H/a-SiC-Ag
system for vertical titanium abutment screws applied using cold atmospheric plasma are presented. The effectiveness
of this coating has been demonstrated in metallographic analysis, static tensile tests, tribological studies, tests under
microabrasive wear conditions, studies of barrier properties from the release of toxic vanadium and aluminum ions,
studies of surface defects during fretting fatigue. The BioPateks coating and its application technology can be used
both in industrial and in clinical and laboratory conditions. For these purposes, small-sized and low-energy equipment

is used.

Keywords: implant, abutments, screw fracture, dental restoration failure, prosthesis loosening, DLC coatings, silicon

carbide coating, dynamic cyclic loading.

AKTyabHOCTh Npo0Jsembl. OnopHas cuctemMa B
JICHTAJIbHOW HMILTaHTAIllid BKJIIOYAeT HECKOJIBKO
9JIEMEHTOB: JICHTAJIbHBI MMIIJIAHTAT, abaTMEHT,
BEPTUKAIBGHBIA BUHT M 3yOHO# mpoTe3. Bce atm
KOMIIOHEHTHl B COBOKYITHOCTH COCTaBJISIIOT y3eJl
CONpPSI:KEHUsI, B KOTOPOM KaXABIH  3JIEMEHT
BBITIOJIHSICT OTpeaesieHHbIe (pyHKIwH, HaxoauTcs B
VHIUBUIY ATbHBIX YCIOBHSIX SKCILTyaTaluH,
WCIIBITHIBACT PA3IUYHBIC JKCBATCIbHBIE HATPY3KH U
Bo3aercTBUA. Ilpu 3TOM B3STHIE B OTACIBHOCTH
9JIEMEHT HMEET TMOBEPXHOCTH C HEOIMHAKOBBIMU
YCJIOBUSIMU BO3JIEHCTBUSA aKTUBHOM Cpenbl MOJOCTU
pra. Bce »5TO OCIOXHIETCS MHOTOYUCICHHBIMHU
BapUaHTaMU OPTONEANYECKUX KOMITOHCHTOB
(KOHCTPYKIIMH, TEXHOJOTH WX W3rOTOBJICHUS),
KOHTPOJIb Ka4eCTBAa KOTOPBIX HE CTaHIaPTU3UPOBaH.
Hayuneie myOnuwkammu  MOCHENHUX  JIET 1O
TEXHOJIOTHH CO3JIaHUS MTOBEPXHOCTH
OPTOMEANYECKUX KOMIIOHEHTOB HMMIUIAHTAI[MOHHBIX
CHUCTEM TOJTBEPKAAI0T MHOTOYHCIICHHBIEC TIPOOJIEMbI
M3TOTOBJICHUS, CBS3aHHBIC C HAIMIHEM Ie(EKTOB U
3arpsS3HCHUNA  OPTOMEAMYECKUX KOMIIOHEHTOB Y
OOJNBIIMHCTBA MMPOM3BOIUTENEH [1, 2].

OnHolt u3 HanboJee YacTO BCTPEUAIOIIUXCS
MPUYMH HEYJAaYHOW peadWINTaluy TAIUEHTOB C

HCIIOJIb30BAaHUEM JNEHTAIbHON VMMILIAHTaluU
sBIsieTCsl ocnalbJeHre BUHTOBOW (QUKcanmuu Yy
HECBEMHBIX 3yOHBIX TIPOTE30B C ONOpPOH Ha

UMITIaHTAaTH [3, 4], KoTOpoe cocTaBisieT 5-9% mocie
ATH JIET MX OJKcIulyarauuu [5]. DTO CBsI3aHO C
HE(YHKIIMOHAILHBIMH JKEBATEIbHBIMU HAarpy3KaMHu,
KOTOpBIE  BO3JIEHCTBYIOT Ha 3yOHOW mpoTes,
Hanpumep, TUIEPOKKIIO3UOHHBIE KOHTAKTBHI,
CMEIIEHHE OT BEPTHUKAIBHOW OCH JCHTaJHHOTO
UMIUTAaHTaTa BEKTOpa IKEBATEIBHOTO JIABJICHUS,

OOKOBBIE OTKJIOHEHUS] WIIM TPOTPY3UH, OPYKCH3M,
HMHTEPaANpPOKCUMABHBIE KOHTaKTBI MEXITy
€CTECTBEHHBIMH 3y0aMH W pecTaBpalisMH Ha
WMIUTAaHTaTaX, a  TaKKe€  HECOOTBETCTBHEM,
CO3/aBacMbIM  aKTUBHOM TOATOHKOH  3yOHOTO
mpore3a u abaTMeHTOB uMIuTaHTaToB. Korma
JKeBaTeNbHbIE CHJIBI MPEBBINAIOT CHJIBI KPYTSILETO
MOMEHTa TpeNBapUTEIbHONW  3aTsHKKA  BHHTA,
COCIMHEHHE  CTAHOBUTCS  HECTaOWIBHBIM,  a
BUOpallMd W MHUKPOMEpPEMENICHUs] TPUBOIAT K
oCIabJIeHUIO KPEIUICHUS U TIEPEIOMY BEPTUKAIHLHOTO
BHHTA. PacnpoCTpaHEHHOCTb OCJIOKHEHHH IIpH
[epesioMe BEPTUKAIBHOIO BUHTA cocTaBisieT 9,3%
npu nepuoae HabmroaeHus 5 et u 20,8% B TeueHue
10 nmer [6]. OOpasyemblii MHKPO3a30p MEXIY
abaTMEHTOM H WMIUIAHTaTOM I[IpU OCNa0JIeHUN
CTa0MIIM3aIlMd MOXKET BBI3BIBATh MEPUUMITIAHTHUT
[7].

OCNOKHEHUSIMH, CBSI3aHHBIMU c
BEPTUKAIEHBIMHA BHHTaMH, SABIIAIOTCS:
HECTaOWIBHOCTh abaTMeHTa C 3yOHBIM MPOTE30M,
OTKpy4YHBaHWE BUHTOB [8], moiomMka BUHTOB [9, 10],
HapyIIeHHe TePMETHYHOCTH 3yOHOW KOHCTPYKIMU
[11], au3kme ero aHTHOAKTEpHATBLHBIE CBOMCTBA [12].
B caywae  oOpaszoBaHuWs ~ 3a30pOB  HEJNB3S
rapaHTUpOBaTh OTCYTCTBHE MIPOHUKHOBEHHS
OakTepuil BHYTpPh HMIUIAHTATa W IIAXTHl 3yOHOTO
npoTesa, obecrieyuBas UX OOpaTHYIO DKCIIAHCHIO B

poToByr0 mojoctb. Ilpu 3TOM ycioBUS  BO
BHYTPEHHEM MPOCTPAHCTBE JEHTAIbHOTO
UMIUIAaHTaTa 10  TEMIIEpaType,  IOCTOSHHOM

BJIKHOCTH M OTCYTCTBHUIO KHCIIOPOa CIOCOOCTBYIOT
AKTHBHOMY OaKTepUaIbHOMY 3aCEJICHUIO aHa3pOOOB.
JIost pereHunst JaHHO# MPOOIeMBI TpeOyeTcst ydacTre
Bpaya-cTOMAToJIora JUTst JMarHOCTHKH u
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MEIUKAMEHTO3HOIO JICYECHHs, A TAKXE 3aMEHBI
BUHTOB, 4YTO YBEJIWYUBAIOT SMOLUOHAIBHYIO U
(MHAHCOBYIO HArPYy3Ky Ha MalMEHTOB.

JleHTaJIbHBIE MMIUIAHTATBI, C TOYKU 3PEHUS
Hay4YyHOTO HalpaBlIeHUs HWHKEHEPUU IMOBEPXHOCTH
uHTepdelica BHYTPUKOCTHOW YacTH HWMILIAHTATa,
W3y4YeHbl JOCTaTOYHO MOAPOOHO. 3HAYUTEIHHO
MEHBIIE HCCIEJOBAHUN KACAETCS OPTONEIUYECKUX
KOMITOHEHTOB - BEPTHUKAJIBHBIX BUHTOB, KOTOPBIE BO
MHOT'OM OIPEAEISIOT HAJEKHOCTh U JOJITOBEYHOCTh
VMMIUIAHTAIIMOHHON CUCTEMBI.
Mennuko-TeXHOJIOTHYECKHE poOIEMBI
BEPTUKAJIBHBIX TUTAHOBBIX BHHTOB OINpPEAEISIOTCS
CIEYIOIUMH XapaKTEPUCTUKAMH:

® T[POYHOCTHBIMH CBOWCTBaMH, a WMEHHO,
MOHWKEHHBIM TPEeNesioM NpodHocTH [13,
14];

e  TpPUOOJOTHYECKHUMHU CBOWCTBAMH - BBICOKHUM
KO3 PUILIMEHTOM TpPEHHs KOHTAKTUPYEMBbIX
TUTAHOBBIX MOBEpPXHOCTEH [15];

®  [OHWKCHHBIMHU KOPPO3UOHHBIMU
CBOICTBAaMH METaJUIMYECKUX CIJIABOB, B

YCIOBMSIX ~ JKEBaTElIbHOM  Harpy3ku W
arpecCUBHOU Cpelbl pOTOBOM mosiocTH [16];
®  HU3KOU (PETTHHT OCTONKOCTHIO Ipu
MHUKPOIEPEMEILIEHUSIX YCJIIOBHO
HETOABMXKHBIX OJTHOMMEHHBIX
METAUIMYECKUX  CIUIAaBOB B YCIIOBHSIX

JKeBaTeNbHON Harpysku [17];

® CHIDKEHHEM YCTAIIOCTHOM MPOYHOCTH 32 CUET
MHUKpPOAE(EKTHOCTH, OCTaTOYHBIX
HaTIPSDKEHIH pacTsDKeHUs u
HABOJOPaKMUBAHUSI TOBEPXHOCTHOTO CIIOS
METaJUIMIECKHUX CIUTaBoB [18, 19];

®  HEpaBHOMEPHOCTHIO rapaMeTpoB
IIEpPOXOBATOCTH M TBEPIOCTH PE3HOOBBIX
MOBEPXHOCTEN W3-32 HETEXHOJIOTHYECKHUX
THTaHOBBIX cIuTaBoB [20, 21];

®  HU3KOH CTOMKOCTBIO B YCIIOBHAX
MUKpOaOpa3MBHOTO W3HOCA (TIpH 3aMeHe
a00paTOPHOTO Ha KJIMHWYECKHH BUHT Ha

pPEe3bOOBBIX  MOBEPXHOCTAX  HMMIUIAHTATOB
OCTAlOTCSA  YACTHIBI  OKCHUIOB  THTaHA,
MIPEACTAaBIIIOMKAE  co00M  abpa3WBHBIH

Mmarepuan) [221;

®  3arpA3HEHHOCTBIO ITOBEPXHOCTHOI'O CJOS,
CBSI3aHHOU c NPEAUIECTBYIOIMMHU
TEXHOJIOTMYECKUMH onepauusiMu [23, 24].

C uenpio yBeNnU4YeHHs YCHINS PEBAPUTENbHOMN
3aTSDKKH M, COOTBETCTBEHHO, YIyUIIEHUS (PUKCALH
MCKIOY abaTMEHTOM u HUMILJIAaHTaTOM, JJIsL
YMEHBIIEHUs] OTKPYYMBAHUSA M IIOJIOMKHM BHHTOB
OTZENbHbIE MMPOBBIE IPOU3BOJUTEIN HAa BUHTHI
HaHOCST CIeLUAJIbHBIE HOKPBITHUS.
LenecooOpa3HOCTh HCIIONB30BAHUSI TMOKPHITUH H

BEIOOp €ro ONTHMANBHOTO MarepHajia SBIAETCS
aKkTyaibHOU npobnemoii. Cpeau MeTOI0B HaHEeCEHHUSI
TTOKPBITHHA BefylIee MECTO 3aHMMAIOT
IUIA3MOXUMHYECKHE TEXHOJIOTHH, KOTOpBIE YXKe
HalllTM I[IUPOKOE TPUMEHEHHE B MEIUIMHE U

cromarojoruu [25]. Ilpmw >TOM HEOCTOPUMBIM
(akToM  SBISCTCS ~ TOJIOXKUTEINBHBIA  3PQEKT
IJIa3MEHHOM 00paboTKH THTaHOBBIX

OPTONEINYECKUX KOMIIOHEHTOB HMMIUIAHTAIMOHHBIX
cucTeM, 00eceurBaIONINi CHIDKEHHE KOJIOHU3AINN
OakTepuii Ha 00paboTaHHOW MOBEPXHOCTH [26].

Henb nanHoii padoTel — 000CHOBaHVE HAaHECEHUS
HOBOTO (hyHKITMOHAJILHOTO MOKPBITUS c
HCITOJIb30BAaHUEM TUIa3MBI aTMOC(EPHOTO ITaBJICHIS
Ha  BEPTUKAJIbHBIE  BHHTHI,  OPTOIEIUYECKHE
KOMIIOHEHTBI  JEHTAJIbHBIX  HWMIUIAHTALMOHHBIX
CHCTEM, 00eCIeYnBaroIIEro MOBBIIICHHY IO
HAJCKHOCTh BHHTOB IIPOTHB OTKPYYHMBAHHS W
MIEPEIOMOB B MPOLECCE UX IIUTEIHHOTO BpPEMEHHU
JKCIUTyaTallud B YCIIOBHSX  (PYHKIIMOHAILHON
’KeBaTEJILHOM Harpy3KH. Hns JIOCTHOKEHHUS
MTOCTaBJICHHON IIeJTH HEOOXOAMMO H3YyUYUTh YCIOBUS
JKCIUTyaTallnH, KOHCTPYKTHBHEIE,
MaTepHaIOBEUYECKUE CBOMCTBA TEXHOJIOTHYECKHUE
ACTIEKTHI M3TOTOBJICHUS W UCIIOIH3yEMBIC MTOKPBITHS
BHHTOB, OLICHUTH CBOHCTBA 1 3P (PEKTUBHOCTH HOBOTO
TTOKPBITHSL.

KoHcTpyKTHBHDBIE U IKCILTyaTAIIMOHHBIE
XapaKTePHCTHKH BEPTHUKAIbHBIX THTAHOBBIX
BHHTOB

BeprukanbHbrit (oTOpHBINA) BHHT
npefHa3HauyeH M JOJTOBPEMEHHOW (uKcanuu
abaTMeHTa K WMIUIAaHTaTy HEMOCPEICTBEHHO B
POTOBOI MOJIOCTH WM JIADOPATOPHBIX YCIOBHUIX Ha
MomemsiX. BHWHT wMeer pasmudYHBIE pa3Mepsl U
KOH(UTYpANUIo IS aJanTalud K KOHKPETHOW mape
WUMILIaHTaT - a0aTMEHT, B 3aBUCHMOCTH OT (DUPMBI
n3rotoButens. KOHCTPYKTUBHO OH COCTOUT U3 TPEX
YYacTKOB: TOJIOBKA C BHYTPEHHUM UIUIMIOM U
Hapy»XHOH OIOPHON MOBEPXHOCTHIO (yuyacTok 1),
rJIaJIKUK CTEPKEHD - YACTh BUHTA MEXAY FOJIOBKOM U
pe3bboii (yaactok 2) u pe3nda (yuactok 3) (puc. 1).
Ha puc. 2 moxazanbl mpuUMepbl BHHTOB, KOTOpBIE
WMEIOT pa3Hble KOHCTPYKTHBHBIE pa3Mepsl U
NOJpa3aeNsioTca Ha Ja00opaToOpHbIe U KIMHUYECKHE.
[Inun, npenHa3zHayeH Uil YCTAHOBKH OTBEPTKU M
obecrieueHuss 3akpyuyuBaHus BuHTA. OmnopHas
MOBEPXHOCTh BHHTA, WMEIOIIAS KOJbIIeOOPa3HbIH
WA KOHYCOOOpa3HBIA BHJ, OMAPAsCh Ha aDaTMEHT,
NPWKUMAeT ero K HMIUIAHTaTy W OO0eclednBaeT
TepMEeTH3aINIO0 ero BHyTpeHHero oosema. Hapyxuas
pe3pba BHHTa BXOAUT BO BHYTPEHHIOIO peE3bOy
UMIUIaHTaTa ®  O0ecleuyrBaeT  IMOATATUBAHHE
abaTMeHTa K UMIUIAHTATy AJISl UCKJIIOYEHHUS 3a30POB
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MO0 KOHTAaKTHOW moBepxHOcTH (puc. 3). Kaxnprii
Y4acTOK BHHTA TOJBEPIKEH Pa3HBIM JIeOpPMAaIIUIM:
BHYTPCHHSSI TOBEPXHOCTh TOJOBKH - CMSTHE,
Hapy XHas - OT CHJI TPEHHUs, CTEPKEHb - pacTsHKEHHE
(MIMEHHO TIO CTEpPXKHIO IMPOUCXOIWT, B OCHOBHOM,
MOJIOMKa BHHTAa), pe3p0oBas MOBEPXHOCTh -
pacTsbkeHHe W OT CWiI TpeHHsa. KOHCTpYKTHBHO
BUHTBHl OTJIMYAIOTCA BUIOM UUIMIIA W OHOpPHOH
MOBEPXHOCTH, JJIUHOH, JHAMETPOM  TOJIOBKH,
pe3p0oii (IuamMeTpoM W IIaroM) W MaTepHajioM.

uMmIadTar [17]

3akpy4uBaHHe
JUHAMOMETPUYCCKUM
PEKOMEH/IOBAHHOI'O JJIsi KOHKPETHOro a0aTMEHTa
3HAUYEHUs KPYTSAIIEro MOMEHTa (MOMEHTa 3aTsDKKH,

BHHTA OCYIIECTBIIACTCA
KJIIIOUOM ao

BpamarejbHOTO MOMEHT2, MOMEHTa CHIIBI), B
OCHOBHOM, B nauanasoHe 15-35 Hcewm. Ilpm stom
MOTPEIIHOCTh U3MEPEHHSI KPYTSIIEro MOMEHTa IPH
3aTSDKKE TUHAMOMETPUYECKUM KIIFOUOM COCTAaBIISIET
+ 5%. KocBeHHO KpyTAIIUii MOMEHT OIpeaessieT
ycwiaMe — I[peaBapuTelbHOM  3aTSDKKM  BHHTA
(m3mepsiemyto B H). Cpennee 3HaueHHe KpyTSIIEro
MOMEHTa, MPWIAraéMoro BPYYHYI C IIOMOLIBIO
oTBepTKH, coctaBisgeT Bcero 10 Hem. Kpurepuem
MIPaBHUIIBHONW YCTaHOBKH M 3()(PEKTUBHOTO MPHKATHS
abaTMEeHTa K HMIUIAHTAaTy SIBJISAETCS OTCYTCTBHE
3a30pOB  MEXJY HHMH H, COOTBETCTBEHHO,
oOecrieueHue TEPMETHYHOCTH CHCTEMBI, KOTOpBIE

OcCHOBHBIE BUIBI MUIHIIOB - mecTurpanHuk (hex) u
IIECTUKOHEeUHas 3Be37a (torx). B kauecTBe 3aroToBKU
BUHTA HCIOJB3YETCS XOJIOMHOTSHYTHIA THUTAHOBBIH
IIpoKar. OCHOBHBIMH TE€XHOJIOTHSMHU H3TOTOBJICHUS
BUHTOB SIBIISIFOTCS XOJIOJHAsi OOBEMHAs IITAMIIOBKA
BBIaBNMBaHue,  (HOpMOOOpa3OBaHUE  TOJIOBKHU,
peayIMpOBaHUE CTEPKHS, 00pe3Ka) U TOBEPXHOCTHO
- TUIACTHYECKOe AeopMupoBaHue (HaKaTKa pe3bObl).
B oT/ienbHBIX ciyvasx JONOIHUTEIBHO IPUMEHSETCS
MPOLIECC HAHECCHUSI TTOKPBITHIA.

Puc. 1. ®ukcupyromuii BUHT abaTMEHTA C TPEMs YIaCTKaMH
pa3nn4HOro (PyHKIMOHAILHOTO Ha3Ha4YeHus, rie 1 - rojoBka, 2 -
CTEep)KeHb, 3 — pe3pda

Puc. 1. ®ukcupyromuii BUHT abaTMeHTa C TpeMsl y4acTKaMu
pa3nuIHOro (PYHKIHOHAIBHOIO Ha3HAYCHMS, T1Ie | - TONoBKa, 2 -
CTEpKeHb, 3 — pe3nda

Puc. 2. BuHTHI pa3HbIx
MIPOU3BOAUTENEH, B TOM YHUCIIE
C IIOKPBITUAMU

Fig. 2. Screws from different
manufacturers, including those
with coatings

Puc. 3. [Tonepeunslii pa3pe3 cOOPKU: UMILIAHTAT - a0aTMEHT - BUHT C TPEMS
KOHTAKTHBIMH TIOBEPXHOCTSIMH, TA€ | - pe3p00BON KOHTAKT, 2 - BHYTPEHHHHA
YIIOPHBIA KOHTAKT BHHT - a0aTMEHT; 3 - KOHYCHBI KOHTAaKT a0aTMEHT —

Fig. 3. Cross section of the assembly: implant - abutment - screw with three
contact surfaces, where 1 - threaded contact, 2 - internal thrust contact screw -
abutment; 3 - cone contact abutment — implant [17]

OTIPEIEIISIOTCS KOHCTPYKITHEH, KauyeCTBOM
M3rOTOBJICHUS M 3aTSHDKKOM BHHTA C  3aJaHHBIM
KpyTSmuM MOoMeHTOM. CIHIIIKOM HU3KOE 3Ha4YeHHe
KpYTAIIEr0 MOMEHTa MNPUBOIUT K PaCIIATHIBAHUIO
abaTMEHTa ¥ BO3MOXXHOMY TIEpelioMy BHUHTA.
[ToBbIILIEHHBIN KPYTSIUA MOMEHT MOKET IPUBECTH
K JedopMmalMi BUHTA, IOJOMKE abaTrMeHTa U
MOBPEXICHUIO HMIIJIaHTaTa. HaubGomnee
3¢ ()EeKTUBHBIM THUIIOM IOCaaKH abaTMEHTa Ha
WMIUTaHTaT SBIETCS KOHyc Mop3e (puc. 3), npu
ATOM, YE€M BBIC YCHJIHE MPEIBAPUTEILHON 3aTSHKKH,
TeEM Jydrire obecrieunBaeTcst TIpHJIeTaHne
moBepxHocTe [27].

Meranauyeckue TUTAHOBBIE CILIABBI IS
U3roTOBJIEHUS BUHTOB
B OonpmmHCTBE CllydyacB B  KadecTBe
Marepuaia MMITTaHTAIOHHBIX CHCTEM
ucnonssyercss Tarad BT1-0, BT1-00 (Grade 1-4 no
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ISO 5832-2) u, obecneunBaromuii 00jee BBHICOKHE
MPOYHOCTHBIE CBOWCTBA, THTAHOBBIK cruiaB BT6
(Grade 5) ¢ 4% Banaaus u 6% amomunus (tadin. 1).
BepTukaibHbie BHHTHI, B OCHOBHOM,
M3TOTABJIMBAIOTCS M3 TUTaHOBOro crmiaBa BT6
(Grade 5). IepBbie ocTaTouHble nehOpMAaIIUN BUHTA
MOSIBIIIOTCA  TIPW  Harpy3Kax BBINIE  Tpefena
TEKYUYeCTH UCXOJIHOTO MaTepuaia, a MoJIOMKa BUHTA
- BBINIE Tpefiesia MpovYHOCTH. Yem Ooublne mpenent
TEKy4YEeCTH HCIIOJIb3YEMOro Marepuana, TeM Oolee
BBICOKOE YCHJIME TPEIBAPUTEIHHOW 3aTSDKKU BUHT
CMOXET  BBIAEPKaTh.  30HOM  TOBBIIICHHBIX
HaIPsDKCHHH SBIISICTCS 001aCTh MIEHKH BUHTA MEXKTY

rae 0'p - IpeACI TCKYUCCTU UCXOAHOI'0 MaTepuraja, d

- MUHHMAJbHBIN IUaMETp BUHTA.

B OompmmHCTBE cCiy4aeB JOIMyCTHMOE
ycWiaMe — MpeaBapuUTEeNbHOM  3aTSDKKM — BHHTA
cocraBiseT 75-90% oT ycunus, pacCUNTaHHOTO TPU
npenene TEKy4ecTH HCXOAHOTO Marepuaia M
MUHHUMAaJIbHOM JTuameTpe BUHTA. [ mpumepa, eciu
IOPUHATH  JUaMETP  MHUHHMMAIBHOIO  CEYEHHMS
JeHTaJbHOro BHMHTa 1,4 MM, Tpenen TeKy4yecTd
cuiaBa BT6 830 Mlla, To ycunue npenBapuTeabHON
3aTSKKM, TPH  KOTOPOM MPOU3OMIYT MeEpBBIE
nedopmaryn, coctasut 1277 H. Ilpu aTom uHTEpBaN
JOTyCTUMOTO yCHJIUSL TPEABAPUTEIBHON 3aTSKKU

TOJOBKOM W pe3bOOBOM  wacThio.  Yewnue | cocraBmser 960-1150H. Meronamu  yBemmueHHs
npeBapuTenbHON  3aTsokkn  F,  npu KOTOpOM | mpenena TEKY4eCTH Marepuana SIBJISIETCSI
TMOABJIAIOTCA TIEPBBIC I[C(i)OpMaLII/II/I BHWHTA, MOXKCT TEpMUYECKast 06pa60TKa’ HaHeceHue
OBITH PaCCUMTAHO TOHKOIJICHOYHBIX MOKPBITHI U APYTHE.
md?-op
F=222
Tadauuna. 1.
XUMUYECKHUI COCTAB U MeXaHUYEeCKUE CBOiCTBA TUTAHOBBIX CIJIABOB, IPUMEHSIEMBIX B
CTOMATOJIOTHH
Table. 1.
Chemical composition and mechanical properties of titanium alloys used in dentistry
Dnement, % Grade 1 Grade 2 Grade 3 Grade 4 Grade 5
Asot 0,03 0,03 0,05 0,05 0,05
Yruepon 0,1 0,1 0,1 0,1 0,1
Bomopon 0,015 0,015 0,015 0,015 0,015
Keneso 0,2 0,3 0,3 0,5 0,4
Kucnopon 0,18 0,25 0,35 0,4-0,5 0,2
AnroMuHMN - - - - 5,5-6,75
Bananuit - - - - 3,5-4,5
Turan OCTaJIbHOE OCTAIBHOE OCTaJILHOE OCTaJILHOE OCTaJILHOE
IIpenen npouHocTH, 240 345 450 550 895
MIla
[penen Texyuectn, MIla 170 230-275 300-380 440-483 830

TutaH M THUTAHOBBEIC CILIABBEI OTHOCSTCS K

Baxno ormeruts, uto cruiaB BT6 (Grade 5)
CONICPKUT BaHAJWHA, OKAa3BIBAIONINA TOKCHYECKOE
JIEUCTBUE U AIIOMHMHUI, KOTOPBIN TaKkXe BIMAET Ha
MUHEpaNbHBII OOMEH BEIIeCTB, KOHKYypUPYS C
HOHaAMH KajabLus )41 MarHus, OKa3bIBacT
HETIOCPEJICTBEHHOE  BO3JCHCTBHE HAa PpPOCT U
Pa3MHOXXEHHE KIIETOK IOCPEACTBOM HETaTHBHOTO
JeficTBUS Ha KJIETOYHYI0 MeMOpaHy, TO ecTh
NpensTCTBYeT 3PPEKTUBHOMY TEUEHHIO IMPOIECCOB
penapaTuBHON pereHepalndd B 30HE WMILUIAHTAIIUU
[28-31].

HpI/I KOHTAaKT¢C TUTAHOBBIX BUHTOB Cc
aTMochepHBIM KHCJIOPOJIOM TIPOUCXOTUT
MOMEHTAJIBHOE €ro OKHCICHHE U 00pa3oBaHHE
phIxioi u Toako# (10-20 HM) TUTEHKH OKCHIa THTAHA,
KOTOpasi M3-3a Malloi TOJIIMHBEI HMEET HU3KYIO
aAre3MOHHYIO TPOYHOCTH U He 00ECTIeYnBaET 3aITUTY
OT BBIXOJIa HIOHOB BaHAJIUs U AIIOMUHUS B OPTaHU3M
yenoBeka [32,33].

TpyAHOOOpabaThIBaEMbIM MaTepuaiaM, IpoOIeMbl B
00pabOTKE KOTOPBIX CBSI3aHBI C HMX HU3KOH
TEIUIONIPOBOIHOCTHIO, HE BBICOKMM U HE IOCTOSHHBIM
MOJyJieM yIPYTOCTH, WHTEHCHBHBIM
TEIUIOBBIIEIEHUEM, IOBBIIIEHHOW 3aBUCHUMOCTBIO
CTPYKTYPHI U CBOWCTB OT TEXHOJIOTHH [IPOU3BOJICTBA
3arOTOBKH, JIeMIIpUPOBAHUEM, BBICOKUM
KO3(QQHULIMEHTOM TpeHHs U, COOTBETCTBEHHO,
CKJIOHHOCTBIO K  HAIWMNAHHIO,  3aaupaM |
cxBaTbiBaHuIO [34-36]. B cBsi3u ¢ aTMMU (hakTOpaMu
WHCTPYMEHT, TIpUMEHSEeMBIii Tpu  00paboTke
TUTAaHOBBIX ~ MAaTE€pHaloOB,  W3HAIIMBACTCA  HE
paBHoMepHO. [losTOoMy, naske HpU UCMOIB30BAHUH
aBTOMATU3UPOBAaHHOTO 000py10BaHUs u
ONTUMHM3UPOBAHHBIX TEXHOJIOTHYECKUX MPOLECCOB,
pabouue MOBEPXHOCTH H3TOTOBJIEHHBIX 3JIEMEHTOB
UMIUIaHTAIUOHHOM ~ CHUCTEMBI ~ MOTYT  HMMETb
pa3MvHbIC TIOBEPXHOCTHBIC CBOMCTBA, HAIpPUMED,
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NS
mepoxXoBaTOCTb W  TBECPAOCTh. Kak moka3amm KOppO?:I/IOHHO-aKTI/IBHOI\/'I Cp€abl, B KOTOpOﬁ
HCCJICAOBaHMA, IIEPOXOBATOCTE U TBEPAOCTE pa3HbIX HaXOOUTCA THUTAHOBBIN CIlj1aB, TaK KaxK

MOBEPXHOCTEM  OJHOTO W TOXE  DJIEMEHTa
UMIUTaHTAIlMOHHOW CHUCTEMBI MOTYT OTJIMYaThCs B
1,5-2 paza [21]. OcobeHHO 3TO OTHOCUTCA K
HanboJee CJIOKHBIM MHUKpPOPE3600BBIM
MOBEPXHOCTSIM (bUKCHUPYIOITIX BHHTOB u
BHYTpEHHEH pe3b00BO MOBEPXHOCTH UMILIAHTATOB,
KaueCcTBO KOTOPBIX MPAKTUYECKU HE MOANACTCS
KoHTpoto [37].

3aroToBKM TUTAaHOBOTO Marepuama, W3
KOTOPBIX W3rOTaBIMBAIOTCS 3JIEMEHTHI
PIMHJIaHTaI_II/IOHHOfI CUCTEMBI, Jaxe nmes

O/IMHAKOBBI XWMHUYECKHH COCTaB, IO CTPYKType
KOHEYHOTO TMPOAYKTa MOTYT OTJIMYAThCI  OT
MEJIKO3EPHUCTOM  C  SIBHOM  IE€OMETPUYECKOUN
TEKCTypo#, 1m0 OumomanpbHOH uW  paxe B-
MpeBpameHHoit cTpykrypsl [38] m WMeTh pasHOe
COJICpKaHUE THUTAHA M KUCJIOPOJa BO BIAJHHAX U
BBICTYymax  pe3p0nr  [24]. DOrTo  CBsA3aHO C
«TEXHOJIOTUUECKOW HACIEeICTBEHHOCTHIO», KOTOpas
XapaKTepu3yeT U3MEHEHHE CBOMCTB MOBEPXHOCTU OT
B3aMMOJCHCTBUS WHCTPyYMEHTA npu BCexX
MPOU3BOACTBEHHBIX MPOIECCaX WM3TOTOBICHUS OT
METAIUTyPTHYECKUX IPOU3BOJACTB 3arOTOBKU 1O
BBIX0/1a TOTOBOM MPOYKIIUU.

Hecmotpst Ha TO, 9TO THTaH W THUTAaHOBHIC
CIUTaBbI SIBIISTFOTCS KOPPO3UOHHOCTOMKUMU
MaTepuaraMi, MPU KOHTAKTUPOBAHUH C aKTUBHBIMU
(arpeccuBHBIMU) CpellaMU B YCJIOBHSAX HarpyKEHHS
OHH TIOABEPXKEHBI  aJCOPOIMM ©  KOPPO3HH.
AncopOuus Ha rpaHulle pasjena ra3 (KUAKOCTh) -
METa/ul ~ CBsI3aHAa € IOBBIIICHHOM  3Hepruei
aAre3MOHHOTO  B3aWMOJEUCTBUS  METaJNIMYeCKOU
MOBEPXHOCTH,  IIEPOXOBATOCTHIO,  JIOKAJILHBIMHU
nedeKTaMy, PpacTSATUBAIONIMMH HAMPSDKEHUSAMUA U
npyrumu  (akropamu. IIuTTUHrOBas, IIENeBasd,
DICKTPOXUMUIECKAS, MEKKPHUCTAJUTUTHAS KOPPO3HS
TUTAaHOBBIX ~ MaTEpPHajoOB,  HCIOJNB3YEMBIX B
CTOMATOJIOTHH, TIOCTOSIHHO wucciemyercs [16, 39].
3aKpy4YeHHBIC LEHTPAIbHBIE BHUHTHI HCIBITHIBAIOT
pacTSATHBAIONINE  HANPSKEHUS, B  pe3yJbTaTe
KOTOPBIX  BCErjla HMMEEeT MECTO  HapyIIeHue
CIJIOIIHOCTH 3aILIUTHOW OKCHUJTHOM TNICHKH, TIPU 3TOM
CKOPOCTh KOPpO3UH MOXXET 3HAYUTEITHHO
YBEIUYHBATHCSL.

TuTaH ¥ THTAaHOBBIE CIUTABHI, HAXOSIINECS B
mape Jpyr ¢ JIpyroM, TOJBEp>KeHbl (HPETTUHT-
KOpDpO3WH, TIOSTOMY BCE OTBETCTBEHHBIE y3JIBI
MPOMBIIUICHHOTO 000pYyNOBaHUS B 00s3aTEIHHOM
MOPSATKE UMEIOT (PPETTUHTOCTOMKHE MOKPBITHS [40-

42]. B YCIIOBHSIX TpHOOKOHTAKTa u
MUKpOTIEpEMEIIEHNH  OJHOMMEHHBIX THTAHOBBIX
MarepuanoB B cromarosormueckux - ysnmax
CONPSDKEHUSI TaKKe HMMEeT MeCTO (PEeTTHHT-

kopposus [43]. Ilpomecc ycyryOnsercs HaTuIueM

JIOTIOJTHUTEJILHO TIPOUCXOIUT 00JIETIeHUE TIPOIIECCOB
MUKPOIUIACTUYECKOW  jedopMmanuu  (yBElUUCHHE
CKOPOCTH IJIACTUYECCKOM JIehOpMAIUH TP 33JaHHOM
YpOBHE HampspDKeHU# - d¢dekr Pebunmepa) u, kax
CIICZICTBHE, CHW)KCHUE YPOBHS pa3pylIarOIInuX
HaIpsDKCHUH - TIpeiesia BEIHOCIUBOCTH (YCTAJIOCTH)
[44].

Jns MUHUMH3AIUH MIPOSIBICHHUS
BBINICTIEPEYHCICHHBIX ~ MPOOJIEM U MOBBINICHUS
YCWIHSL TIPEIBAPUTEIBHON 3aTSDKKM MPUMEHSIOTCS
TEXHOJOTHU MOTU(PUKAUH MOBEPXHOCTH
TUTAHOBBIX MaTepuaioB [45-48].

Cpenu OCHOBHBIX 33724, KOTOPBIC JOJIKHEI
BBITIOJHSTE TPOIECCHl MOIUGUKAIIUY JJIi BUHTOB -
3TO GaphepHas 3aIKTa OT BBIX0JIa HOHOB TOKCUYHOTO
BaHAJW ¥ AaJIOMUHUS, TIOBBHIIIEHHE TIpesena
TEKy4eCTH, YMEHbBIICHHE KO3PPUIMeHTa TPEHHUS,
3anmra  OT  (PETTHHT-KOPPO3HH,  MOBBIIICHHE
YCTaJIOCTHOM MPOYHOCTH, CTIIAKUBAHUE U TIOJTYUCHHE
OJTMHAKOBBIX CBOWCTB OTBETCTBEHHBIX MOBEPXHOCTEH
M0 TBEPAOCTH W IIEpOXOBaToCcTH. Bce 31H
MOoAH(HUKAIMK MOKHO TOMYYUTh Ha (QUHHUITHON
CTaJuu W3TOTOBJICHUS BUHTOB IIyTEM HaHECCHUSI
(YHKIIHOHAJIBHBIX TIOKPBITHH.

Tpubonornyeckue cBOicTBa BEPTUKAIBbHBIX
TUTAHOBBIX BUHTOB

Pexomenmyemoe  3Haue€HHE  KPYTSAIIETO
MOMEHTA ONPEIEISIETCS] IPOU3BOAUTEIIEM HA OCHOBE
3HAHUH METOJIMKU pacyeTa pe3bOOBBIX COCIMHECHUM,
HCXOJTHBIX MPOYHOCTHBIX XapaKTEePUCTUK
NPUMEHSIEMOTO MaTepuajia U T[eOMETPUM BHUHTA.
OnTtuManpHOE yCWIIME TPEABAPUTENHFHON 3aTSHKKH
crocoOCcTByeT obecrnieueHuto HaJISKHOTO
YIUIOTHEHUSI MEXAY KOHTAKTHBIMU IOBEPXHOCTSIMU
abaTMeHTa M UMIUIaHTaTa. [IpenMyIecTBeHHO 3TO
3aIUIIAeT BHYTPEHHIOIO 9aCcTh CHCTEMBI
HMMIUIAHTaTa OT IPOHUKHOBEHUS POTOBOM KUIKOCTH,
OaKkTepuil WM IPYruX 3arpsA3HSIONIMX BEIISCTB H,
CIIEZIOBATENbHO, 3alHINAeT MalrueHTa OT WHEKIHi
[49].

IlpoTuBONieHiCTBHE KPYTAIIEMY MOMEHTY
OKa3bIBAaET TPEHUE CKOJBKEHHE OMOPHON KOJIBIIEBOM
WM KOHUYECKOW Hapy>KHOW MOBEPXHOCTH T'OJIOBKHU
BUHTAa [0 OTBETHOM [ENOABMXXKHOW BHYTpPEHHEH
MTOBEPXHOCTH a0aTMEHTAa W TPEHHE CKOJIBKCHHE
pe3b00BO TMOBEPXHOCTH BUHTA TI0 aHAIOTHYHOU
MIOBEPXHOCTH MMIUIaHTaTa. KpyTsammii MOMEHT
3aTsDKKU BHHTA MOXKeT OBITh ompeneieH mo ['OCT
ISO 16047-2015:

_ 1 P+1,154mpepd; Do+dp
T=F |} T (&)
n—1,154-uth-£ 4
rae T - xpyrsamumii moment [Hmm]; F - ycunue
npenBaputenabHoit 3aTspkku [H]; d2 - cpemnmit
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JIMaMeTp pe3nObl BUHTA [MM]; P - miar pe3sosr; DO -
HapyXHBI JMaMeTp OMOPHOW MOBEPXHOCTH BUHTA
[MM]; dj, - mnametp oTBepcTus B abatmente [Mm|; M
- KO3 GUIMEHT TpeHUsI B pe3boe; Wy - KO3PPUIMESHT
TpPEeHHS Ha OMOPHOW MOBEPXHOCTH BHHTA.

Anmpokcumupyst ypaBHeHue (2) ¢ y4erom
YCIIOBHO OJMHAKOBBIX KO3((HUIIMEHTOB TpPEHHUS B
pe3pbe W Ha OMNOPHOH TOBEPXHOCTH OOIIMA
KOd(p(QHLIMEHT TPEHUSI MO MOXKET OBITh pacCUUTaH

T P

——=— (3

0,577d,0,5Dp 3)

rae Dy - pacueTHbIN JuaMeTp ONOPHOM MOBEPXHOCTH
BHHTA

Utot =

Dy +dp,
b= T
W3 ypaBHeHust (3) MOXHO paccyuTaTh YCHIIHE

MPEABAPUTENBLHOMN 3aTSHKKU
T

F= 7 (4)
Htor(0,577d,+0,5Dp)+5—
Koadumments: Tpenus B pe3pde U,y ¥ HA HAPYKHOU
OIIOPHOM ITOBEPXHOCTH F'OJIOBKY BUHTA [}, 3aBUCAT OT
COYETaHHsI MaTepHUaIoB OMOPHOTO KOHTAKTa (BUHT -
abaTMEeHT) W pe3p00BOTO COemuHEHHS (BHHT -
UMIUIaHTaT), (PU3MKO-MEXaHHYECKUX CBOWCTB HX
MOBEPXHOCTEH (TBEPIOCTH W MOAYIS YIIPYTOCTH),
NapamMeTpoB LIEPOXOBATOCTU OMOPHBIX M PE3LOOBBIX
COCIMHEHHH, IPUPAOOTOYHBIX MPOIIECCOB, CKOPOCTH

CKOJIBKEHHSI, TOYHOCTH M3TOTOBJICHHUS.
Koadduuumentsl TpeHuss B pe3nbe U Ha

OINOPHOM HOBEPXHOCTH T'OJIOBKH BUHTA
PacCUUTHIBAIOTCS IO CIIEAYIOMUM GopMynam
Tth_P T
— _F 27T — b 5
Hth = Ss77a,  HP ~ Gsp,F ()

rne Typ- KpyTsmmi MOMeHT B pe3b0e; Ty, - Kpy TAIuiz
MOMEHT Ha OIIOpHOM mMoBepXxHOCcTH BUHTA. Ha
npakTuke Kod(duuueHT TpeHuss B pe3b0Oe Bceraa
BBITIIE, 4YeM KOYPOHUIIMEHT TpPEeHHS Ha OMOPHOM
MOBEPXHOCTH.

W3 ananmmza Gpopmyssl (4) MOXKHO cIeNaTh HECKOJIBKO

BaXKHBIX BBIBOJIOB:

® sl TEOMETPUYECKH OJIMHAKOBBIX BHHTOB,
PEKOMEHTyeMOM MPOU3BOAUTEIIEM KPYTAIIEM
MOMEHTE, YCUINE MPEIBAPUTEIBLHOMN 3aTSHKKA
3aBUCUT  OT  KOX(P(OUIMEHTOB  TpEHUs
PEe3b00BOI U OMIOPHOI MOBEPXHOCTEH;

* TIpU HCIIOJIb30BAHUH COBMECTUMBIX
OJHOTUIHBIX 3JEMEHTOB HMMIUIAHTAIIMOHHOMN
CUCTEMBI B IMAla30HE yrnpyrou nedopmanuu
BUHTA CYIIECTBYET TIpsAMas 3aBUCHUMOCTH
YCWIHS TPEABAPUTEIBHOW  3aTSKKU  OT
KPYTSAIIETO MOMEHTA;

® ISl OMMHAKOBBIX KOHCTPYKTUBHBIX Pa3MEPOB
pe3p00BOif 5 HapyKHOU OIIOpHOM
MOBEPXHOCTEM BUHTOB W  OJMHAKOBBIX

KOO(QPHUIMEHTOB TPEHHUs] IO OTHM JBYM

IIOBEPXHOCTAM  YMEHBILICHUE  3HAYCHUs
KodQpUIMEeHTa TPEHUS  yMEHBIIACT U
3HAYECHUE KPYTALLIEr0O MOMEHTA,

® 1Ipu UCIIOJIb30BaHUU BUHTOB c

aHTU(PUKIIMOHHBIM  TIOKPBITHEM, KOTOpOE
yMeHbIIIaeT Ko3()(PUIMEHThl TpeHHs, I
o0ecrieueHHsT  MPEIIOIAraeMoro  yCHIIUS
MIpeIBApUTENIbHON  3aTSKKU — TOTpeOdyeTcs
MEHBIINN KPYTALIUNA MOMEHT;

e IpU 3aJaHHOM KpYTALIEM MOMEHTE U
HCII0JIb30BaHUU BUHTOB c
aHTU(QPUKIIMOHHBIM  MOKPBITHEM, YCHJIUE
MIpEeIBAPUTENIBHON 3aTSDKKM  YBEJIMYUBACTCS
NPUOIU3UTEBHO IIPONOPLIMOHAIIBHO
YMEHBILEHUIO KO3 (DULIMEHTa TPEHUS;

o s TOYHBIX pacueToB yCHIINSA
NpEBApUTEIILHOW  3aTSKKH ~ YUCIICHHbIE

3HaYeHHUs KOA(P(UIIMEHTOB TPEHUs, TOJDKHBI
OTIPEIENATCS B YCIOBHAX CYXOr'O TPEHUS
ucxonHoro Marepuana BuHta (BT6, Grade5)
10 KOHKPETHO MPUMEHSEMBIM MaTepHaiaM
abaTMeHTa (3HA4YeHWE WUp) W HUMIUIAHTATa
(3HaueHue Up).

Paccmotpum npumenenne Gopmynsl (4) s

pacuera  ycWIHMs — TpPEABAPUTENBLHOW  3aTSHKKH
KIMHAYeCKnX BHUHTOB Impla kommanmm Schuetz
Dental, KOTOpEBIE UMEIOT cleyromue

KOHCTpYKTUBHBIE pa3mepsl: d> = 1,5 mm; P =0,35 mM;
Do = 2,2 mm; dy = 1,78 mMm. Pacuer mposenem jyist
IBYX BapUaHTOB - THTAHOBOTO BUHTA 0€3 TOKPBITHS,
Opyd 3TOM o0UmMH KOX(PQHUUMEHT TPEeHUs NpUMeM

paBepiM 0,5 ®  THUTaHOBOIO  BHHTa  C
AHTU(QPUKLUUOHHBIM  THOKPBITHEM € 0OHmMM
K03 PUIIIEHTOM TpeHwUs, paBHBIM 0,15.

PexomeHnyeMblil U3TOTOBUTENEM KPYTSIIIMA MOMEHT
IUTst 3 THX BUHTOB cocTtasirsieTr 350 Hvm. IToacrasmsas
YHUCIIeHHbIE 3HA4YeHWs B ypaBHeHHe (4), moiyyaeMm
JUIsl BUHTa 0€3 MOKPBITUS yCUIINE TIPEABAPUTEIBHON
3aTsikku 350 H, a ayig BuHTa ¢ mokpeitueM - 1029 H.
C ydveroM mony4yeHHOro 1o YypaBHeHHo0 (1)
ONTHUMAJILHOTO Jrana3zoHa yCHUIIHM
npeasaputenbHoil 3aTsokku (960-1150 H) moxnO
cienatb BBIBOJ, 4YTO THTAaHOBBIE BHHTHI 0e3
MOKPBITHS, HE JOCTUTAIOT 3TOrO AHana3zoHa. TosbKo
NPUMEHEHHE BHUHTOB C TIOKPBITHEM CIIOCOOHO
JOCTHYb  3HAYEHUH  ONTUMAIBHOTO  YCHIIMS
MPEJBAPUTEIILHON 3aTSKKH.

[lo nannbiM kommannu SKY Implant System
MIPH OJJHOM M TOM K€ MOMEHTE CHJIBI MSTUKPAaTHOE

3aKpy4HBaHUE BUHTOB CHIDKaeT ycuime
npenBaputenabHol  3arskkn  Ha  30-40 % m,
COOTBETCTBEHHO,  yXyJmaercs  ¢QUKcamus U
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repMeTu3anus CHCTEMBI [50]. Komnanus
pPEKOMEHyeT MOBTOPHO HE WCIIONB30BaTh BHHTHI, a
npuoOpeTaTh M yCTaHABIMBAaTh TONBKO HOBBIE. C
TOYKH 3peHus WHXEHEPUH TIOBEPXHOCTH
YMEHbBIIIEHUE YCWIHSA TPEIBAPUTEIHFHON 3aTSIKKU
MIPYU MOBTOPHOM 3aKpy4HMBAaHWUHU BHHTA B MMILJIAHTAT
MIPOUCXOANT 3a CYET YMEHBIIeHHs Kodduimenra
tpenust. [Ipu atom gedopmupyrores cymecTByromue
MHUKPOHEPOBHOCTH, MPOUCXOANT  TIpUpabOTKa
(mpuTHpKa) KOHTAKTHBIX TOBEPXHOCTEH, HMeeT
MECTO 3ae/laHie, CMATHE U BEIKPAIINBaHKE BHICTYTIOB
LIEPOXOBATOCTH, CXBaTHIBAHWE U BBIPHIBBI YaCTHII
O/JIHOMMEHHBIX MaTepuajoB H, KakK CJEICTBUE,
3aIoJIHEHNE 3a30POB B pe3b0e MpOoIyKTaMH H3HOCA
U3 TOBEPXHOCTHOTO CJIOSI (B OCHOBHOM, OKCHJA
TATaHa, KOTOPBIH OTHOCHUTCA K  abOpa3suBHOU
kepamuke) [51]. [Ipeanmaraemas mpoOU3BOIUTEISAMHU
3aMeHa BHHTOB Ha HOBBIE, HE HCKIIOYaeT
OCYIIECTBJICHHYIO MPEAbIAYIIMM BHHTOM NPUTHPKY
MoBepxHOCTe  abarmMeHTa U MMILUTaHTaTa,
YMEHBIIAIOIIYIO YCUJINE PEBAPUTEIBHOMN 3aTSIKKH,
a TaKkXke HalW4he B INaXTe YKe YCTaHOBJIEHHOTO
UMIUTaHTaTa MPOIYKTOB U3HOCA OT IMEPBOHAYAIHHO
YCTaHOBJIEHHOTO KITMHUYECKOTO BHHTA "
BKpy4YHBaHUS Ta0OPATOPHBIX BUHTOB TP MPUMEPKE.
st 3aTsHKKH OCTIa0JIeHHBIX BUHTOB PEKOMEH Ty €TCSI
MOATSITHBAHWE CTaporo BHWHTA [52], mpu 3TOM
MaKCHUMaJIbHOE KOJINYECTBO NOJKPYUUBAHUN TOIKHO
OBITH He Oosee mecsatu [53].

KpyTsmuii MOMEHT TpuM OTKpyYHMBaHUH
TUTAHOBBIX BUHTOB 0€3 IMOKPBITHSA U C TIOKPHITUIMH
Teflon u Parylene N no cpaBHeHHIO ¢ HadaJbHBIM
KpYTSIIAM MOMEHTOM paBHbIM 32 HeMm cHmkaercs Ha
10-20% [54]. OTi U3MEHEHUS TaK)KE CBSI3BIBAIOTCS C
yMeHblIeHHeM Kod((UIMeHTa TpeHus 3a CcueT
MIPUTHPKU KOHTAKTUPYEMBIX TIOBEPXHOCTEA.

OKCNepUMEHTaIbHO TOJYYEHHbIE 3HAYECHHUS
KodpUIeHTa TpPeHus A THUTAHOBBIX BHHTOB
abatMeHTOB cocraBisor  0,5-0,54 [55]. Takoit
BBICOKMHA KO3()(HUIIMEHT TpeHus NPHUBOAWT K
YMEHBIIECHUIO YCWIMS TPENBAPUTENBHON 3aTSKKU
MpU  33JlaHHOM  KPYTAIIEM OMEHTe, TO €ecTh
PEKOMEHIyeMbIil KPYTSAIIUA MOMEHT MOXET OBITh
JIOCTUTHYT, a ONTHMAaJIbHOE ycuiue
MIPEBAPUTEIBHON 3aTSHKKH HE JOCTHUTHYTO, YTO
NPUBEET K MOSIBICHHUIO 3a30pa MEXAy a0aTMEHTOM
n wumiutantatoM. Ecim He yKkazaH JOMycK Ha
PEKOMEHIYyEeMbIil KpPyTSIIMHA MOMEHT, TO YCHIHE
MPEIBApPUTEIbHON  3aTSDKKH  MOXKET — OKazaThCs
W30BITOYHBIM, YTO MOXET BBI3BaTh JAe(opMaluio
BUHTa U €ro TMOJOMKY. MHEHHe, YTO TOBBIIIEHHOE
TpeHHe B Pe3b0OBBIX COEIMHEHUSX CHOCOOCTBYeT
YMEHBIICHUIO  OCNA0NieHHsT  BUHTA,  SIBISACTCS
OIMOOYHBIM, TaK Kak B pe3yjbTaTe BHOpaluu U
MUKpOIEPEMELIEHUH aKTUBU3HUPYIOTCA IPOLECCHI
YCTaJIOCTH 1O/  HampshkeHHneM U (perTtuHr-

Kopposuu. [Ipr 3TOM BHHTBI, IMEIOIINE TOKPBITHS C
HU3KAM KOX(QQUIMEHTOM TpPEHUS MOTYT OBITh
yAaJeHbl C MEHBIINM pPHUCKOM HX 3aelaHus H
MOJIOMKH.

TakuM 00pa3zoM, 3(QGEKTHBHBIM METOJOM,
CHIDKAIOITNM  KOO(PGUIMEHT TPEHUS, SBISICTCS
HaHeCeHHe Ha BUHTBI TOHKOIUICHOYHBIX
AHTUPPUKITHTOHHBIX MOKPBITUH. IIpu
MOJICIIMPOBAHUH YCIIOBHI 3aKpyYHBAaHUSI BUHTOB W3
TUTaHOBOTO ciuiaBa Grade 5, KaK ¢ TOKPBITHEM, TaKk
u 0e3 Hero, u 30JI0TOTO BHHTA BBISBJICHO, YTO INPH
KpyTsIieM MOMeHTe, paBHOM 32 Hcw, 3amepeHHOM
koad¢uiente Tperns, paBHoM 0,26 He TocTUTAeTCS
ONTUMAbHOE 3HAUEHUE YCWIHS IpeIBapUTEIbHOMN
3aTsHKKH, paBHOE 75% OT mTpenena TEKY4YeCTH.
MakcumanbHoe 3HadeHue Koddduimenta TpeHus
JUI TOCTMPKEHMS BEMYMHBI 3TOTO YCHIMSA JOJIKHO
coctaBiaTh 0,12 [56]. BoapIIMHCTBO MOKPHITUN Ha
BUHTaX, TpeajaracMblXx Ha  pBIHKE, HMEIOT
ko3 dumenT Tpenus no tutany 6oxuee 0,2 [57], uro
SBISIETCS. HEAOCTATOYHBIM Uit 3(dekTuBHOrO HX
UCIIOJIb30BaHMUSI.

Moaudukanus NOBEpXHOCTH BEPTHUKAJBHBIX
BHUHTOB IIyTeéM HaHeCEeHUs MOKPBITHH
C mempto co3maHus aHTU()PUKIIMOHHBIX

CBOICTB NMOBCPXHOCTHOT'O CJ10s1 OTACIbHBIMHU
MHPOBBIMHA MIPOU3BOIUTCIIAMU BHUHTBI
HN3roTaBJIMBAIOTCA C MOKPLITUAMU, KOTOPBIC

NpeHa3Ha4YeHbl IS CO3JAHHS OOJIBIIETO YCHIIHS
MPEIBAPUTEIBHON 3aTSHKKH H, COOTBETCTBEHHO,
Oonee TUIOTHOTO ¥ TEPMETHYHOTO KOHTAaKTa C
abaTMEHTOM 0 OMOPHON TOBEPXHOCTH, CHIKEHUS
BEPOSTHOCTA  OCIA0JICHUS W PacKpy4HUBaHUS
pe3p00BOTO COEJIUHEHUS. ITo peKIIaMHOM
MHGOPMAIUH TPOU3BOIUTEIICH MOKPHITHS Ha BUHTAX
MOBBIIIAIOT IPOYHOCTHBIE CBOMCTBA, KOPPOSHOHHYIO
CTOWKOCTB, YCTAJIOCTHYH) IPOYHOCTh, CTOMKOCTH
MPOTUB (PPETTUHT-KOPPO3HH, YIIyUIIalOT TapaMeTpsl
IIepOXOBATOCTH, 00ECHeYnBAIOT PABHOMEPHOCTH
TBEPJOCTH, o0ecIeunBaroT MHUHUMH3AIUIO
3arps3HCHHOCTH TOBepXHOCTH [58-63]. B TOXKE
BpeMsl TPH CPaBHUTCIBLHBIX HCCICIOBAHUSIX HE
BCEr/a MOATBEPKIAIOTCS MPEUMYIIECTBA BHHTOB C
MOKPBITUEM OTHOCUTEIILHO BUHTOB 0€3 TOKPBITHS
[64-65].

K ocHOBHBIM MaTepuaiaM TPHUMEHSIEMBIX
MOKPBITHA OTHOCATCS: anmazononoOusie TorqTite,
Balimed DLC (a-C:H), Balimed C (a-C:H:W -
kapoun Bosbdpama/yriepon), Gold-Tite (0.7 mxm
Au), TiO2, TiN, TiC, TiCN, Au, SiC, WC, noHsI
cepebpa u meau, Teflon, Parylene N, PEEK, PTFE u
HEKOTOpble  Apyrue.  ToNmmHAa  HAHOCHMBIX
MIOKPBITHA, B OCHOBHOM, cocTtaBisieT 0,1-2,5 MiwM,
koad¢ument TpeHus, B cpeqdem, 0,2. Merogamu
HaHCECCHUA HOKpI;ITI/IfI ABJIAIOTCA - OKCHIUPOBAHUC
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(aHOOMpOBAaHUE), DIIEKTPOXUMHUYECKHE TPOLECCHI,
¢du3nUecKoe U XMMUIECKOE OCAXKIICHUS U3 Ta30BOU U
naposoii ¢asel (PVD, PACVD), paguouacroTHoe
IIa3MEHHOE OCaK/ICHHUE U APYTHE.

[Mpumensiembie ISt BUHTOB
aIMa301Mo100HbIE TOKPHITUS SBISIFOTCS aMOP(QHBIMH

150111 aMop(PHO-KPHUCTAIUTHYECKUMH,
TUAPUPOBAHHBIMU (conepxanue BOAOpOJA
cocraBisier 5-35 aromHbIX %), MOTYT OBITH

JICTUPOBAHBI IPYTUMU MaTepuaiamu. M3BecTHO, 4TO
aMmopdHOE PAcCIOJIOKCHHE aTOMOB B
aJIMa3010T00HBIX MTOKPBITHSX, coJIeprKaIIuX
3HAYUTENLHYIO 00  sp®  cBaseir  (70-100 %)
oOecrieunBaeT HHM3KMH  KOA(PGHUUMEHT  TPEHUs,
BBICOKYIO TBEPJOCTh, XUMHYECKYH) HHEPTHOCTD,
MUDIIEKTPUYECKUE CBOMCTBAa  (MTOKPBITHS  MOTYT
BKJIIOYATh HEOOJBIIYIO 00 Sp? cBsseill). Kpome
3TOTO, aIMa30MoM00HBIE TTOKPHITHS UMEIOT JTydIlIne
CBOWCTBa MO OMOCOBMECTHMOCTH, TIO CPaBHEHHUIO C
TuTaHOM [66, 67]. BaxHO OTMETUTb, HYTO
3¢ ()EeKTUBHOCTD aJMa30MO000HBIX TOKPHITUH 110
COTIPOTHBIICHUIO JAehopManuu TIpH 3aTSATHBAHUU
BUHTA, HE SBJIACTCS OJHO3HAYHOM, TaK KaK TaKWe
MOKPBITHS TI0J] Harpy3KoW Bcerja MPOMUHAOTCS B
«MSTKHE» W IDIACTUYHBIC TUTAHOBBIC CIUIABHL
[Mpumensemble 3a pyOeKOM  amMa3onojoOHEIE
MOKPBITHSI HAHOCSTCS TOJNBKO B BaKyyMe, BpeMs
ocaxieHus - bonee 30 MUHYT, O3 yueTa MOATOTOBKH
BakyymMma [68].

TpaauiuoHHbIE TOKPHITHS, HAaHOOJIEE YacTo
WCTIOJIb3yEeMbIe B MTPOMBINUICHHOCTH W HAHOCHMEIE B
Bakyyme metogamu PVD, a umenso, TIN, TiC, TiCN
o CBOWM (hM3UKO-MEeXaHIIECKUM,
TpUOOJIIOTHYECKIM CBOWCTBAM U OMOCOBMECTUMOCTHU
YCTYNAaIOT aJiMa30M0J00HBIM MOKPHITHSIM [69]

Jns BUHTOB pa3pabOTaHO TOKPHITHE Ha
ocHoBe kapOuma kpemuus (SiC), HaHOCMMOE B
BaKyyMe METOJIOM MOHHO-TUTa3MEHHOTO HAITbUIEHUS
c UCIIOJIb30BaHUEM ucrapeHus
KPEMHHHOPTaHNIECKOTO COETMHEHUS -
rekcaMmetTunukioTpucuiokcana [ 70, 71]. [lokpsiTue
obnamaer BBICokoi XWMHYECKON WHEPTHOCTHIO,
pagMallMOHHOM  CTOMKOCTBIO,  OJHOPOJHOCTEHIO,
HW3HOCOCTOMKOCTBIO, BEICOKOH OMOCOBMECTUMOCTEIO,
xopotiei 6bapbepHOl QyHKIMEH 1 HU3KOH anaresuen
MHUKPOOPTraHU3MOB [72]. W3BecTHBl  Takke
aHAJIOTUYHBIE TIOKPHITHS Ha OCHOBE SiC, HAHOCHMBIE
B CTOMATOJIOTUM TpPH aTMOC(HEPHOM MJaBICHUH C
WCTIOJIh30BAaHMEM MAaJIOTa0apuUTHOTO 000PYIOBaHUS
[73]. B mocnennue roabl Takue MOKPHITUS aKTHUBHO
WCCIIEAYIOTCS ISl TPUMEHEHUS B JCHTaIbHOMN
UMIUIaHTOJIoTUH [74].

BuHTBI ¢ MEIHBIM, CepeOpPSHBIM U MEIHO-
CcepeOpSHbIM TIOKPHITUSAMHU, HAHOCHUMBIE B BaKyyMe
METOIOM (PHU3UYECKOTO OCaXKIEHUS U3 IapOBOM

(ha3el, mproOpeTaroT aHTHOAKTepHaIbHBIC CBOHCTRA,
YMEHBIIAIOT KOA(PGUIUEHT TPEHUS W CIACPKUBAIOT
KOPPO3UOHHBIC TPOIecChl. JIIs1 HaHECEHMs JTaHHBIX
TTOKPBITHHA UCTIONB3yeTCs BBICOKOBaKyyMHast
WCIapuTeNbHas KaMmepa C TypOOMOJEKYIAPHBIM
HacocoM [75].

Bce PaCCMOTPCHHLIC BBIIIC IMOKPBLITHA HAHOCATCA B
YCIOBUSIX ~ MPOMBINUICHHBIX — TPEANPUSATHI  Ha
CIIOKHOM KpYyIHOTa0apUTHOM BaKyyMHOM
000pymoBaHU, UMEIOT pa3HOOOpa3HbIE CBOWCTBA U B
OTHENBHBIX CIIy4assx Manod(p(EKTUBHBI, MOITOMY
pazpaboTKka HOBBIX MAaTE€pPHaJOB MOKPBITHA U
TEXHOJIOTHI WX HAHECCHUsS SBISCTCS aKTyallbHOU
3a1aqei.

HoxpreiTue BioPateks

Jns  wMIDIaHTaToB, a0aTMEHTOB W
BEPTHKAIBLHBIX BUHTOB paspaboTaHo
anMazononodHoe mokpeitne BioPateks cucremsr a-
C:H/a-SiC-Ag, KOTOpOE HAaHOCHUTCSA c
HCIIOJIb30BAaHUEM XOJIOAHOW aTMoc(hepHOM IUTa3MBbI
npu WCTIOJIb30BaHUH ManorabapuTHOTO
obopymoBanusi [76]. AHaJIOTHYHBIE IIIIa3MEHHBIC
MpOLECCHl B CTOMATOJIOTHH YK€  HaXOJAT
npuMenenue 3a pyoexom [77]. IlokpsiTie BioPateks
MOXXET HAHOCUTBHCA KaK B KJIMHAYECKHX U
ab0paTOPHBIX, TaK U MPOMBIIUICHHBIX YCIOBHAX C
OJTHOBPEMEHHOW IUTA3MEHHOM CTepuiu3aluel U
alanTHPOBATHCS K KOHKPETHOMY
CTOMAaTOJIOTUIECKOMY MIPUMEHEHHIO JUTS
oOecrieueHus] CHHEPreTHYecKOro OamaHca MEXIy
cBonMU cBo¥icTBamu. [lokpeiTHe siBIsIeTCS amop(HO-
KPUCTAJUTMYECKUM, 3aJIeunBaeT e EeKThI
MOBEPXHOCTHOTO  CJIOSI  (TPELIMHBI, CJIEABl  OT
MPEIIIECTBYIONINX ONIEPAIHiA, TIOPHI U Jp.), SBISIETCS
OapbepoM Uil BBIXOA JMCIOKAIlMA W HOHOB
TOKCHYHBIX 3JIEMEHTOB. B CBs3u ¢ mprucyTCTBHEM B
MOKPBITHH cepedpa obecrieunBaercs 3¢ (eKTUBHAS
aHTHOAaKTepHambHaAs  3allUTa, CIIOCOOCTBYIOIIAS
OTPAaHMYECHHUIO WJIM MPEIOTBPALICHUIO aAre3uHd U
KOJIOHU3AIIH MHKpPOOPTaHU3MaMH, u
COOTBETCTBEHHO,  YMEHBIIAIONIAA  BEPOSTHOCTH
Pa3BUTHUS TIEPUUMILIAHTHUTA.

C mensio MeTauiorpaduieckoro H3ydeHUs
CPEIHECTATUCTUYECKOTO BHHTA 0€3 TOKpPBITUS U C
nokpeiTHeM BioPateks mpoBoaumucek uccnemoBaHus
C HCHOJB30BaHHEM CKAHUPYIOIIETO SJIEKTPOHHOTO
MHKpPOCKOIIa CBepXBBICOKOTO pazpemenus (FEG
SEM) — Mira 3 LM (TESCAN ORSAY HOLDING,
Uexwust). BpibopouHo W3 OXHON TapTHH BHUHTOB
OTEYECTBEHHOTO MPOM3BOJICTBA OBUIM BHIOpAHBI JBa
BHHTa, Ha OJMH M3 KOTOPBIX HAHECEHO MOKPBITHE
BioPateks. ®otorpaduu BHUHTOB ¥ OTIENBHBIX
Y4aCTKOB MX MOBEPXHOCTH MPHU PA3HOM YBEIUICHUU
MpeJCTaBIICHbI HA pUC. 4 U 5.
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a

Puc. 4. MukpodoTorpaduu pe3p00BOi TOBEPXHOCTH: a - 0€3 TOKPHITHSA, O - MMOCIIC HAHCCEHUS IMOKPBITHS

BioPateks

Fig. 4. Micrographs of the threaded surface: a - without coating, b - after coating BioPateks

0

Puc. 5. Mukpodotorpaduu pe3r00BOii TOBEPXHOCTH BUHTOB C Pa3HbIM YBEIWYEHHEM: a - 10 HAHECEHHUS IIOKPHITHUS, O -

rocie HaHeceHus NOKpbITus BioPateks

Fig. 5. Micrographs of the threaded surface of screws with different magnification: a - before coating, b - after coating

BioPateks

AHanm3 UCXOTHOH Pe3b0OBOI MOBEPXHOCTH
BUHTOB BBIIBIJ Hanmuuue Je(EeKTOB B BHIE
yrayOneHnid,  BBIPDHIBOB,  HaJWMHAHWKA  YacTuI,
oOpa3oBaBIINXCA oT IIPEIIECTBY FOIUX
TEXHOJIOTHYECKHX ornepanui W3TOTOBJICHUSI.
Heo0XxomuMo OTMETHTh, YTO TPH WCHOJIb30BAHHH
TaKUX BHUHTOB BCE HAIUILNIINE YacTULBl IPH
3aKpyYMBAHUHM B UMIUIAHTAT 3a CUET TPEHHs OyayT
CTUpaThCsi W IONajgaTh BHYTPh MMIUIAHTATA.
Pe3pboBasi moBepxHOCTH ¢ TOKpeITHEM BioPateks
3HAUUTENIbHO MEHbILIE MMEET HAJIUMUIMX YacTHLl U
IeQEeKTOB  TOBEPXHOCTH,  4YTO  OOBSACHACTCS
BO3ICHCTBHEM IIIa3MEHHOI'O Ta30AMHAMUYECKOTrO
MOTOKA MPH HAHECEHUH TOKPBITHS, €T0 OCAKACHUEM
B jgedeKTHbIE 30HBI W HaBEJECHHIO CKHMAIOIIUX

OCTaTOYHBIX HANPSHKEHUH, KOTOpPBIE CIIOCOOCTBYIOT
CXJIOTIBIBAHUIO MHKpoTpemmH. [Ipm 3ToM Hamo
YUYUTBIBATh, YTO KAYECTBO MOBEPXHOCTU 3aBUCHUT OT
TOJIIUHBI IIOKPBITHS, KOTOpas Tpedyer
ONTUMU3ALUU.

Jnst cpaBHeHHsT Ha pHUC. 6 TMOKa3aHBl PE3bOOBBIC
MMOBEPXHOCTH BUHTOB UMIIOPTHOTO MTPOU3BOICTBA, HA
KOTOPBIX BHAHBI cjlebl OOpO3N OT HHCTPYMEHTA,
HCIOJIB3yEMOro Ipu  u3rotosiaeHuun [78, 79].
I/I3BCCTHO, YTO TMPAKTHYCCKU BCCrja HaJIU4uC
060po31, MapanuH U APYTruX IedeKTOB MOBEPXHOCTH
CHIDKACT YCTaJOCTHYIO IPOYHOCTh, OCOOCHHO B
YCIOBUSIX IIOCTOSSHHOM HArpy3KHM pacTsDKEHUS U
(pETTHHT-KOPPO3HH.
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Puc. 6. MuxpodoTorpaduu pe3r00BOi TOBEPXHOCTH BUHTOB UMITOPTHOT'O POM3BOACTBA: a - [78], 6 - [79]

Fig. 6. Micrographs of the threaded surface of imported screws: ah - [78], 6 - [79]

CpaBHUTENBHBIH aHanu3 MHUKpodoTorpaduii MOBEPXHOCTH IO M TIOCIE HAHECEHUS MOKPHITUS
BioPateks npu NOBBHIINIEHHOM YBEIUUEHHH JAEMOHCTPUPYET IMOJTHOE 3aleYnBaHie JeQEeKTHOW MOBEPXHOCTH

(puc. 7).

a h

Puc. 7. Bus onHOM U TOM e OBEPXHOCTH JJO HAHECEH

(0), morydennsle pu yBenudeHuu (X 5000)

' 6 )

ns (a) ¥ TIOCJIe HAHECEHUS TTOKPBITHS TOJIIHHON 1 MKM

Fig. 7. View of the same surface before application (a) and after coating with a thickness of 1 microns (b),

obtained at magnification (x 5000)

Omnpenenenne mpenena IMPOYHOCTH IPH
CTaTUYeCKUX MCIBITaHUAX Ha pacTspkeHue o 'OCT
1497-84  mpoBOAMIMCH € HCIOJIb30BAaHHEM
paspeiBrOit Mammael Ouasar 50 (SCHUTZA+LICHT
Priiftechnik GmbH) nipu ckopoctu nedpopmartum 0,15
mm/c. Paspymenne 3-X MOAENbHBIX 00paslLoB W3
THTaHOBOTO cIutaBa BT6 ¢ mokpeitem BioPateks
MOKa3aj0  CPEOHECTaTUCTUYECKOE  yBEIMYCHHE
mpenena MpoYHOCTH Ha 15% MO OTHONMICHWIO K
aHAJIOTUYHBIM 00pa3iiaM 0e3 MOKPBITHSI.

VBenmuueHnne  mpeaena  MPOYHOCTH  H,
COOTBETCTBEHHO, IIpelieNa TEeKy4eCTH HCXOTHOTO
Marcpuajia BHUHTA IIO3BOJIACT YBCIWYUTL YCHIHEC

HpeBapUTEIEHON 3aTSDKKH abaTMeHTa K
MMIUTaHTaTy Tarke Ha 15%.
Tpubonornyeckne WCHBITAaHUS W ONpEIENICHHE

K03 GUIMEHTa TPEHUSI MPOBOIWINCH JIIsi OJU3KOTO
mo cocraBy mokpeitusi TriboPateks, kotopoe Taxxe
Kak " MOKPBITHE BioPateks SIBIISICTCSI
TBEPJOCMA30YHBIM ¥ MHOTOCIOHHBIM (TTOKPBITHE
nMeeT Oosee 50-m cmoeB) [80]. Kak moka3zamm
UCCIIeIOBaHUS, Ui O0pa3loB C  IMOKPHITHEM
KO3 PUIMEHT TPEHUS MOXKET JOCTHTaTh 3HAUCHHS
0,15.  VYmenblmieHne  KodQPHUIUEHTA  TpEHHS

obecnieunBaeT TTOBBIIIIEHHOE ycuime
NpeaBapUTEIbHON 3aTSHKKH KOHTaKTHBIX
MOBEpPXHOCTEel abaTMEHTa M WMILIAHTAaTa, CHIDKAeT
BO3MOKHOCTb OCHa0JIeHUs] BUHTOB WM HapyllIeHHE
TepMETUYHOCTH TIPH BO3JICHCTBUU KaK CTaTHYECKHX,
TaK ¥ MUKIMYECKUX Harpy30K U BuOparun. [Ipu aTom
W3BECTHO, 4TO MOBBIIICHHOE ycuime
MpeIBAPUTEIHHON 3aTHKKU YIIYYIIAeT YCTAIOCTHYIO
npouHocTs BuHTa [81]. Baxkno oTtmeruth, UTO
TTOKPHITHE BioPateks MOXKET HaHOCHUTHCS
OJIHOBPEMEHHO HAa MOBEPXHOCTH TPEHUS BHHTA H
abaTMeHTa.

[lpu TpeHun B y3ne COMpPsDKEHHS BHUHT-
abaTMEHT-UMIUIAaHTaT 00Pa3yIOTCS MPOYKThI U3HOCA
B BHUJIC YaCTHI] OKCHJIa THTaHA, KOTOPBIC SIBIISTIOTCS
aOpa3WBHBIM MaTepHajoM. OTO BO3MOXHO, Kak
rmoclie  3aKpy4yuBaHHsA J1abOpaTOPHOrO, TakK U
KIIMHUYECKOTO BUHTOB. B CBSI3U ¢ 3THM MPOBOIUIHCH
WCTBITaHUsT 00pa3loB W3 THTAHOBOTO CIUIaBa C
nokpeitTueM BioPateks Ha MUKp0aOpa3uBHBIN H3HOC

B coorBercteuu ¢ EN  1071-6:2007 ¢
ucrons3oBanueM — mpubopa  Tribotester  103.
[Monmy4yeHHbIi TpU  HCHBITAHUSX  KOAPGUIKEHT

H3HOCOCTOMKOCTH CpaBHUBAJICA C€ aHAJIOTHYHBIM
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napameTpoM, MOJTYyYEHHBIM I TATAHOBOTO 00pasia
0e3 mMOKpbITHs. VcnbITaHUsS TPOBOJMINCH MPH
KCIOJIb30BAaHUM CTAJIbHBIX 1IAPOB AuaMeTpoM 30mMm,
abpas3mBoco/iepKalieii CycrieH3ul Ha BOJJHOH OCHOBE
C MOHOKPHCTAJZIAMH  CHHTETHYECKOTO  aiMasa
nuamerpoMm 1 wMxMm. HopmanbHas Harpyska Ha
ob6pazer; coctarisuia 0,1 H. YcnoBust ucmbITaHmiz:
KpyroBasi CKOpocTh BpamieHust mapa 100 o6/MuH,
BpeMs ucnbitTanuid 120 c. B pesynbrare ncnbiTaHuil

MOJTy4eH ko3 purent HM3HOCOCTOMKOCTH
noiokkn  Ks  pasmeiii  14,95x10°  MPH!m
AHanoruyHbBle  WCOBITAaHHS C  ONpEeAeICHUEM

HapaMeTpoOB HM3HOCOCTOMKOCTH THTAaHOBOTO CILIaBa
BT6 MOKa3aJn 3HAYCHHE ko durrenTa
HU3HOCOCTOMKOCTH, paBHOTro 15,85x10713, M3H M.

Bapnepnrle cBoiictBa mokpeiTusi BioPateks
WICCIIEZIOBAJINCH Ha aTOMHO-a0COpPOIIOHHOM
cnektpodoTomerpe AAS 3 (Zeiss AG, 'epmanus) u
aToMHO-a0copOIrioHHoM — criektpomerpe KBAHT-
OTA (Poccusi). OcHOBHas 1enb - ONpeielicHHE
colepKaHUsl HMOHOB  aJIOMHHUSI W BaHaJus,
NEePeXOAAIX B MOJIEIBHYIO Cpely W3 THTAaHOBOTO
cutaba BT6 (Grade 5) npu wuCHojib30BaHUM U
oTcyTCTBMHM TOKpHITUS  BioPateks (tabm.  2).
Mertonuka ¥ YCIOBHS HCHBITAHMH - BpeMs
sKcro3ummu - 14 cytok npu temmneparype 37+1°C,
MozenbHasg cpena - 0,9% pacTBop XJIOPUCTOrO
HATpUs, COOTHOIIEHHE IUIOmAnd obpasua (cMm?) u
MozensHOUH cpensl (M) - 15 em?/ma [82].
Jlonyctumasi KOHIIEHTpAIYsl ATIOMUHUS W BaHAIHsI
MIpUHUMANACh U3 HOPMATUBHBIX MaTepuayioB [83].

Tab6auna 2

Pe3ynbTaThl aTOMHO-20COPOIUOHHOTO aHAIN3A 00pa3noB ¢ nokpbiTHeM BioPateks

Table 2

Results of atomic absorption analysis of samples coated with BioPateks

KoHTponaupyemsiii Copep)kaHrie HOHOB AJTFOMUHUS U BaHAAWUS B MOACIBHOU cpesie, MI/JI

JJIEMEHT Hopwma o rurnenandeckuM HopMatuBam | BT-6 BT6+BioPateks

ANIOMUHHK 0,5 0,09 0,05

Bananmit 0,1 0,02 menee 0,01

HccnenoBanus moka3and, YTO TOKPBITHE | IJIs 3aTATMBaHUA BHHTOB cocTaBisl 35 Hewm.

BioPateks, nanecennoe Ha ThTaHOBBIM ciiaB BTO, | MccmegyeMblii  KOMIUIEKT Kpemwiics B THUCKax
YMEHBIIAET BBIXOJ TOKCHYHBIX HMOHOB BaHaIus U | PETYJIUPYyEMOIO MPEMETHOTO CTOJIMKA,
ATIOMUHUS B MOJEIBHYIO CPEIy IMPaKTHYeCKH B 2 | pacmoioKeHHOTo moj yriioMm 30 © K ocu Harpy3KH.
pasa. [Ipu 3Tom OapbepHBIE CBOHCTBAa 3aBHUCST OT Tlo3unmonupoBanue CHUCTEMBI npu
TOJIIIMHBI HAaHOCHMOTO TOKPBITHS (B JaHHOM | HcmblTaHusax cooTBeTcTBoBaio ['OCT P UCO 14801-
WCCIIEZIOBAaHWH TOJIIMHA TOKpHITUs cocTaBistia 0,5 | 2012. B kauecTBe Harpy3ku HCHOJIB30BAJICS

MKM).

Jii  BepTHKAJIbHBIX BHMHTOB OCHOBHBIMHU
(U3NUECKUMH  SIBICHHSMH,  CBS3aHHBIMH  C
YCIOBUSIMH HX IKCIUTyaTallud U, COOTBETCTBEHHO, C
MEIUIUHCKUMH, MaTepHaIoBeTYECKUMHU u
TEXHOJIOTHYECKHUMHU npobieMaMu SIBIISIFOTCS
yCTaNnoCTHAs MPOYHOCTb W  (PPETTUHI-KOPPO3US
(ppertunr ycramocth, TPUOOKOPPO3UOHHOE WIIU
OHOTPHUOOKOPPO3NOHHOE paspylieHue).
[MpuMeHHUTENBFHO K 3THM SBJICHHUSIM OBUTH MPOBEACHBI
ucbITaHusT TOKpeITHS  BioPateks B ycmoBmsix
JIUHAMUYECKON LUKJIAYECKOU HarpysKu,
oOecrieunBaroIed MUKpPOIEPEMEILEHUS B YCIOBHO
HETIOJABMYKHOM TPUOOCONPSDKEHUH - WMILIAHTaT-
abaTMEHT-BHHT C HWCIOJb30BaHUEM TpHbOOoTEcTepa
Tribotester 103 (puc. 8). Jus wuccienoBanuit
NPUMEHSIJIMCH 110 TPH KOMIUIEKTa C KJIMHHYECKUMHU
BUHTaMU 0e3 MOKPHITUS U ¢ TOKphITHEM BioPateks.
[IpeaBaputenbHO  MPOBONWIIACH  CTEPHIIM3AIHS
ABTOKJIABUPOBAHMEM COCTAaBHBIX DJIEMEHTOB H
WHCTpyMEHTa W cOOpKa ¢ COOJNIOJEHHEM MpaBUII
acenTHKU. B 000MX KOMIUIEKTax KPyTAIIUIl MOMEHT

cTanbHOW map auamerpoM 30 MM m3 cramm IX15,
KOTOpBI COBEpIIAJl BpAaLIaTEIbHOE MIBIKEHHE C
OuenneM. CKOpOCTH BpallleHHs NPUBOJHOIO Baja
coctaBmsia 100 o6/muH. McnibiTaHus TPOBOAMINCH
Ipd KOMHATHOM TeMIepaType IJIUTENbHOCTh 48
4acoB.

Puc. 8. OOmmit Bum mpubopa Tribotester 103 ¢
MO3UIMOHUPOBAHHE HWMIUIAHTAIIMOHHON CHCTEMBbI
OTHOCHUTEJIHHO HArpy3KHu moja yriom 30 °©

Fig. 8. General view of the Tribotester 103 device
with positioning of the implantation system relative
to the load at an angle of 30 °
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Ilocne wucnpiTaHuil CONPSXKEHHBIM — y3em
pazOupaiicss, ¥ TOBEPXHOCTh BHHTa HAOIIOMAIH C
MIOMOILBIO CKaHUPYIOLIETO 3JIEKTPOHHOT O
MHUKPOCKOTIA. CpaBaenne  MukpodoTorpaduit
pe3b00BOM  MOBEPXHOCTH  TOCHE  HCIBITAaHUN

nmokaszano Hajgudue Ae)EeKTHBIX 30H Ha BHUHTE 0€3
MOKPBITUSL  (CNIEI0B  WCTHUPAHWUW, BBIPHIBOB U
HAJTUIMAHUI) ¥ UX OTCYTCTBUE HA BUHTE C MOKPHITHEM
BioPateks (puc. 9).

Puc. 9. Bux noBepxHOCTH BUHTA MOCIIE UCIBITAHUH, T/I€ a - ¢ HOKpBITHEM BioPateks, 6 - 6e3 mokpbITHs

Fig. 9. View of the screw surface after testing, where a is coated with BioPateks, 6 is uncoated

IIpouecca HaHeceHuss mHOKpbiTHS BioPateks ocymiectBisiics npu aTMOchEpHOM JaBJICHUH C
HCIOJIb30BAHUEM TMPOIIECCa XUMHUUECKOTO OCAXICHHS MOKPHITHI U3 MapoBO (a3bl MPU aKTHBAIUY Ia3MOM

(puc. 10)

Puc. 10. O6muii Buj 000py10BaHUs B JICHTAILHOM JJaA00paTOPHH U MPOLIECC HaHeceHus MOKpbITHs BioPateks

Ha BUHT a0aTMEHTA

Fig. 10. General view of the equipment in the dental laboratory and the process of applying the BioPateks

coating on the abutment screw

BriBoabI
1. HageXXHOCTh JEHTAILHOM HMILIAHTAIIMOHHON
CHUCTEMBI (MHUHUMU3 AU mpo0iiem c

pacuiaTeiBaHUEM, OTKPYYMBAHUEM M TIOJIOMKON
BEPTUKAIbHBIX BUHTOB a0aTMEHTOB, HAPYIIEHUEM
TEePMETUYHOCTH BCEH CHUCTEMBI) 3aBHCHUT OT
ONTUMAJBHOTO  YCHJIMA IpeBapUTEIbHON
3aTSDKKM  BHHTA, KOTOPOE MpU 3aKpy4YMBaHHU
oTIpeieNsieTCsl He TOJBKO KPYTALIMM MOMEHTOM,
3aJaHHBIM [IPOU3BOIUTENIEM, HO u
Kod(puIIMeHTaMH TPEHUS B pe3b0e U Ha OMIOPHOM
MTOBEPXHOCTH TPUOOCOTIPSIKEHHH.

2. OnrumanbeHy0 BEIIUYUHY yCUIIHSA
MIpeIBapUTEIbHON 3aTsDKKH, paBHYI0 75-90% ot
ycuiaus TIpU Tpeaeie TEKydecTH MaTepuana
BUHTOB, HEJb3sl AOCTUYb IPH MCIOJIb30BAHUU

OOJIBIIIMHCTBA IIPUMECHACMBIX BHHTOB, q9To

onpeacIACT HCO 6XOI[I/IMO CTb B
COBCPIICHCTBOBAHNHN TCXHOJIOINH nx
IMPOU3BOACTBA.

OnHUM W3 METOJOB  YBEIMYEHHS  yCHUIJIHS
NPEABAPUTEIbHON 3aTSHKKH SIBISICTCS HAaHECEHHE
Ha HapyKHYIO MOBEPXHOCTh BUHTA
(YHKIIMOHAIFHOTO  TOKPBITUS Ha (OUHUIITHON
CTaguM  €ro  H3TOTOBICHUS WM  Tepex
IpUMEHEHHEM,  KOTOpOe  TpEekKAe  BCEro
yMeHbInaeT K03 GUIMEHTH TPEHHS B pe3b0e 1 Ha
OIMOPHOI MOBEPXHOCTH.

PazpaGoranHoe  anma3onogo0HOE  MOKPBITHE
BioPateks  xapaktepusyercsi ~ HE  TOJBKO
MUHAMAJIBHBIM KO3(QUIIMEHTOM TpeHHs, HO H
O0apbepHBIMH  CBOMCTBaMH  (YMEHBILIAIOLIUMHU
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NS
BbIXOJ TOKCUYHBIX MOHOB BaHaJWs U AJIIOMHUHUS B TOKPLITUA cepe6pa). IMOBBINICHHBIM TIPEACIIOM
OJIOCTH pra), aHTHUOAKTEpHUATEHBEIMHU IIPOYHOCTH, COIIPOTUBIICHUEM
XapaKTCpUCTUKAMHU (CHI/DKaIOH.[I/IMI/I PUCK MI/IKpoa6pa3PIBHOMy HU3HOCY, YCTaHOCTHOﬁ
MHOUITUPOBAHKUS 3a CUYST HAJIUYMS B COCTaBe MIPOYHOCTH U 3aIUTOHN OT PPETTUHI-KOPPO3HH.
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