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Abstract. The paper presents the results of examination of patients with articulation disorders of the lower jaw caused by
internal pathology of the TMJ. The purpose of the presented work: to study the effectiveness of the use of mechanical and
virtual articulators in the functional diagnosis of patients with internal TMJ disorders. All patients underwent comprehensive
clinical and instrumental examination including cone-beam computed tomography (CT) and axiographic examination (optical
axiograph Dentograf Prosystom, Russia). CBCT was used to assess the state of the TMJ and determine the individual ratio of
jaw and joint models. When axiography was recorded and analyzed articular trajectories of the lower jaw. In the first group of
patients dynamic occlusion was evaluated using a mechanical articulator, in the second group a virtual articulator was used. It
was revealed that the use of mechanical articulators in functional diagnostics to assess dynamic occlusion is limited and does
not allow to obtain individualized patient data, their efficiency was 75%. The use of virtual articulators allows to evaluate the
dynamic occlusion during opening and closing of the mouth, protrusion and laterotrusion, as well as the continuous movement
of the lower jaw with the registration of all possible dental contacts. Due to the combination of CT data of the patient’s head and
virtual models, the highest accuracy of placing models in the virtual articulator in accordance with the individual characteristics
of patients was achieved.
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CpaBHUTe/IbHBIA aHA/IU3 MPUMEHeHNsI BUPTYa/IbHbIX U MeXaHUYeCKHUX
apPTHKY/JIATOPOB B (yHKLIMOHA/IbHOU JMarHOCTUKE

T.B. UxukBap3ze, E.M. PouuH, B.B. bekpees

Poccuiickuil yHUBepCUTET APY>KObI HApOJIOB,
MepuimHcKuii THCTUTYT, Mocksa, Poccuiickas ®efepariyis

AnHoTtanms. B paboTe nipesicTaB/ieHbl pe3y/ibTaThl 00C/IeA0BaHUs TTALMEHTOB C HAaPYIIEHUSMU apTUKY/ISILIUY HUKHEH uesTro-
CTH, BBI3BaHHBIX BHyTpeHHel natosorvieli BHUC. Llenb nmpezcTapieHHON paboThl — U3yYnTh 3G GEKTUBHOCTb TPUMeHeHHs
MeXaHUYeCKUX U BUPTYaIbHBIX apTUKY/ISITOPOB B (DYHKIIMOHAIBHOW AMarHOCTHKE MarjieHTOB C BHYTPeHHNMH HapyIIeHUsIMU
BHUC. BceM narjpeHTam IpOBOAMIOCH KOMITIEKCHOE KITMHHUECKOe U HHCTPYMeHTa/lbHOe 00C/ieloBaHue, BK/TIOUaBIIIee KOHYC-
HO-/yueByto KoMmbroTepHyto Tomorpaduto (KJIKT) u akcrorpadrueckoe rccnemoBanue (ontruueckuii akcrorpag Dentograf
Prosystom, Poccust). KJIKT ucnonbs3oBanochk Aist oteHkH coctosinus BHUC v onpezenieHust UHAWBUYalbHOTO COOTHOLLIEHUSI
Mo/esiell uemtocTeit ¥ cyctaBoB. [1pu akcrorpadyy perucTpupoBasIi U aHaIM3upOBaji CyCTaBHbIE TPAEKTOPUH [IBHYKEHUS
HIDKHeH yestocTy. B I rpymime naijieHToB AvHaMUYecKast OKK/TI03UsI OLIeHMBAasIach C MCIOb30BaHNEM MeXaHNueCKOTo apTH-
Ky/siTopa, Bo 11 rpyrire mpyMeHsisIi BUPTYa/lbHBIM apTHKY/ISTOP. BhIsiB/IeHO, UTO MpUMeHeHHe MeXaHWYeCKHX apTUKY/ISITOPOB
B (YHKL[MOHA/IbHOM JMarHOCTHKE JJIs OL|eHKH JMHAMUUeCKOW OKK/TFO3MH OTPaHHUEeHO U He TI03BOJISIeT MOYUUTh UHAUBUYaITH-
3VpOBaHHbIe /JaHHbIe MaleHTa, Ux 3G deKTHBHOCTL cocTaBuia 75%. Vcnonp3o0BaHre BUPTYabHBIX apTHUKY/ISITOPOB ITO3BOJISIET
OLIeHUTh JUHAMHWUYEeCKYH0 OKKJIIO3UIO [TPU OTKPBIBAHMU-3aKPbIBAHUN PTa, IPOTPY3UU U JIaTePOTPY3HUH, a TAKKe HellpepbIBHOM
JBV>KEHUH HIXKHEH YeTFOCTH C PErrcTpaLell Bcex BO3MOXKHBIX 3yOHBIX KOHTAKTOB. Barofapsi comelreHuto AaHHbIX KT ronoBsl
MalLeHTa v BUPTyalbHBIX Moziesieli Oblia JOCTUTHYTa MaKCHMabHO BBICOKAsi TOUHOCTh Pa3MelleHrst Mojie/iell B BUPTYabHOM
apTUKY/ISITOPE B COOTBETCTBUU C MHAWBHUYaIbHBIMA 0COOEHHOCTSIMH MAL[HEHTOB.

KnroueBbie csioBa: HapyieHnH apTukyasiur, BHUC, MexaHndeCcKuid apTUKY/ISTOP, BUPTYa/IbHBIN apTHKY/IATOP, AMHAMUYeCKast
OKKJIIO3UST, UH/IUBU/ya/IbHOE COOTHOLIIeHHEe YeToCcTel

Bkiaj aBTopoB. UxukBajse TrHa BiiajuMyUpoBHa: yuacTie B pa3pabOTKe KOHLIEMLMK W CTPYKTYPhI UCCIeI0BaHMsI, aHa/TN3
Y MHTepIIpeTaLys JaHHbBIX, HAalMCaHWe TeKCTa cTaTby; PoryH EBrennii MuxainoBuu: pa3paboTka KOHLEIUH U CTPYKTYPbI
WCC/Ie[JOBaHMs], aHaIM3 U UHTePIIpeTaLus JaHHbIX; BekpeeB Banepuit BaneHTHHOBHUY: pa3paboTKa KOHLIETILUU U CTPYKTYPBI
WCCTIe/I0BaHus, 0l00peHre OKOHUYATeTbHOM BepCHU CTaTbH, C/laBaeMOi B TeUaTh.

®unaHcupoBaHue. Pabora nposeieHa 6e3 CIOHCOPCKOH MOAIEPIKKU.
KoH(/MKT HHTEPeCoB OTCYTCTBYET.
IMoctynuna 12.12.2019. TIpunsara 30.01.2020.

Jlns yumupoearus: Uxviksazze T.B., Pomyna E.M., Bekpeer B.B. CpaBHUTe/bHBIN aHa/IN3 TPUMEHeHHsT BUPTYasIbHBIX U MeXa-
HUYeCKUX apTHUKY/ISTOPOB B (QyHKIMOHALHOM JUarHOCTHKY // BecTHHK Poccuiickoro yHUBepcuTeTa ApY»KObI HapozoB. Cepust:
Mepnimna. 2020. T. 24. No 1. C. 38—51. DOI: 10.22363/2313-0245-2020-24-1-38-51

Introduction
With the introduction of modern technologies into

pathological changes at early stages of their formation
[3; 4]. Currently, the diagnosis of oral cavity diseases

dental practice, the role of functional diagnostics at
various diseases of the dental system has increased
significantly [1; 2]. The development of high-precision
instrumental research methods allows to identify

DENTISTRY

involves a complex, comprehensive, specialized
examination involving the use of high-tech equipment
[5; 6; 7]. Part of the research was carried out with the
direct participation of a group of patients, another part—
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on models of the dental system with the utilization of
articulators and computer technology [8; 9].

The role of functional diagnostics in dental practice
increases significantly in the presence of a combined
lesion of teeth, temporomandibular joint (TMJ) with
mandible dysarthias and involvement of masticatory
muscles in the process [10; 11]. Timely functional
diagnostics in such cases make it possible not only to
identify the causes and nature of the disease, but also
to develop an optimal treatment plan and assess its
effectiveness.

Currently, when conducting a functional study
of the dental system, the following methods are
used: panoramic shot; orthopantomogram; computed
tomography [12; 13; 14], which enables to get 3D
images of the jaws; magnetic resonance imaging (MRI),
which makes it possible to assess the state of soft tissues
and TMJ [15, 16]; electronic axiography, providing
the means of registration of articular trajectories and
mandible movement trajectories [17; 18]; creation of
dentition models of both jaws using articulators [19; 20];
electromyography, in which the analysis of bioelectric
activity and symmetry of the masticatory muscles is
carried out [21; 22]; ultrasound examination of the
TMJ, visualizing its anatomical state [23].

When conducting functional diagnostics, the
assessment of patient occlusion [11; 24] is of particular
interest. It is conventionally accepted to differentiate
dynamic and static occlusion. Dynamic occlusion is
the interaction between the teeth when both jaws move
[24]. Tt is generally accepted that with an optimal,
“physiological” state of the dental system, an immediate
opening or loss of contact between the teeth occurs at
the mandible movement out of the usual occlusion.
The occurrence of any changes, undesirable occlusal
contacts, especially located close to the TMJ, leads
to discoordination of the masticatory muscles, the
position of the joint and its structures, the teeth, as
well as their increased abrasion [24—26]. Studying
of occlusion using articulatory foil or paper provides
limited information [27]. Dynamic occlusion can be
most effectively assessed using individually adjusted
articulators [20].
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The assessment of dynamic occlusion is of
particular importance during: orthopedic treatment, as
with prosthetics it is usually necessary to fully restore
the masticatory function; orthodontic correction, given
that its goal is to normalize occlusal relationships; during
maxillofacial operations — for assessment of the TMJ
functional state and to draw up a treatment plan; in
implantology, it is imperative to take into account the
distribution of masticatory load when planning the
number, location, size and shape of dental implants;
in periodontics, as excessive load on the teeth leads
to periodontal disease; restoration therapy, due to the
fact that it is necessary to control static and dynamic
occlusal relationships [26; 28].

The purpose of this work
To assess the effectiveness of using mechanical
and virtual articulators during functional diagnostics
in patients with TMJ disorders.

Materials and methods

We examined 47 patients with mandible dysarthia
due to internal pathology of the TMJ, of which 40 were
women and 7 were men. The age of patients ranged
from 23 to 39 years. Patients complained of pain in the
TMJ (34 out of 47 examined; 72.3%), headaches (19
patients; 40.4%), difficulty in opening the mouth (38
patients; 80.9%). In a clinical examination, articular
noises during palpation and mandible movements were
found in all patients, an increased limitation in opening
the mouth was noted in 45 of 47 patients (95.7%).

All patients underwent cone beam computed
tomography (CBCT) for the diagnosis of TMJ. CBCT
was also used to individually correlate jaw and joint
models.

All patients underwent an axiographic study using
an optical axiograph (Dentograf Prosystom, Russia)
with registration and analysis of mandible articular
trajectories.

In group I, in all 23 patients (48.9%), dynamic
occlusion was assessed using a mechanical articulator
(Fig. 1).

CTOMATONOT NA



Chkhikvadze T.V. et al. RUDN Journal of Medicine, 2020, 24 (1), 38—51

Fig. 1 Mechanical articulator Artex CR (Girrbach)

After the two-layer silicone impressions were
removed, the models were gypsum plated using a
mechanical facial arc, the movement of the mandible
in the mechanical articulator was reproduced using
its articular mechanisms. The articulator (articular
mechanisms and programmable table) was adjusted

according to individual data obtained during optical
axiography.

In 24 patients (51.1%) of group II, dynamic
occlusion was studied using a virtual articulator with
virtual models (Fig. 2).

exocad

Fig. 2 Artex virtual articulator in EXOCAD

DENTISTRY
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After removing two-layer silicone impressions and
casting the gypsum models, optical scanning of the jaws
gypsum models was carried out in the ZIRKONZAHN
software. With the help of the electronic front arc and
the results of CBCT, the models were placed in the
space of the virtual articulator, which made it possible
to reproduce in the three-dimensional space of software
environment the position of the virtual dentition relative
to the hinge axis and the incisal stop. To take into
account all the individual parameters during gypsum
casting, an additional CT module (Prosystom) was
applicable in the virtual articulator, which allowed
measuring the individual distance from the maxillary
incisors to the TMJ joint heads for subsequent transfer
to the articulator. In this case, three main reference
points were used: an interdental point in the area of the
cutting edge of the maxillary central teeth and a point
in the area of the articular heads of the right and left
TMJ. With account of the data obtained, CT models
were exported to a virtual articulator.

After that, individual trajectories that had been
previously recorded using the axiograph were loaded
into the program.

Results

In the 47 patients examined by us, the distribution
by gender was as follows: women — 40 (85.1%),
men — 7 (14.9%), the sex ratio was 5.7: 1. The age of
patients ranged from 23 to 39 years. During the survey,
34 patients (72.3%) complained of pain in the TMJ
area, 19 (40.4%) had frequent headaches, 38 patients
(80.9%) noted difficulty and discomfort when opening
their mouths. Of all the patients examined, 44 (93.6%)
drew attention to a click or extraneous noise in the form
of crepitus at mandible movements; 3 patients (6.4%)
did not feel pathological noises detected during clinical
examination (palpation of the TMJ area).

All patients underwent a comparative analysis of
dynamic occlusion, in which the mandible movement
on the teeth (closing-opening; lateral movements;
moving forward with returning to the initial position)
was studied. In a mechanical articulator, gypsum models
of the jaws of 23 patients (48.9%) were studied, in a
virtual articulator — those of 24 patients (51.1%).

In group I patients the Artex FaceBow facial arch
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(Girrbach) and the Artex CR (Girrbach) mechanical
articulator were used. All patients of group I underwent
a clinical examination of the mandible articulation
using Bausch 20 micron carbon paper and occlusal
wax plates OKKLUSAL INDIKATOR WACHS SAM.
In all patients of group I there was analyzed jaw closing
in the usual bite and the protrusive and laterotrusive
mandible movement.

When conducting clinical and laboratory studies
using a mechanical articulator in patients of group
I, their effectiveness in protrusive and laterotrusive
mandible movements was of 75%.

With the mandible moving forward, there is no
contact with the masticating teeth. Normally, the entire
load is distributed between the temporomandibular joints
and the front teeth: the main load falls on the structures
of the joint, and a small load falls on the incisors.

With lateral mandible movements (laterotrusion),
there is no correspondence in movements in the oral
cavity and on gypsum models, since there are differences
in the structure of the joint mechanisms of the patient
and the mechanical articulator.

The mechanical articulator has a fixed structure
of articular mechanisms that does not allow
individualization of functional diagnostic data for each
clinical case.

In group II patients, the electronic facial arc of
the Dentograf axiograph (Prosystom) and the Artex
virtual articulator in the EXOCAD program were
used. A specific feature of the virtual articulator is the
utilization of any patients TMJ articular trajectories,
registered earlier during axiographic examinations, to
accurately reproduce the TMJ function of the patient.

In group II patients, mandible protrusive and
laterotrusive movements were reproduced in a virtual
articulator. In clinical and laboratory studies using
a virtual articulator for protrusive and laterotrusive
movements, the employment of a virtual articulator was
effective in 90% of cases, where the virtual model of
the mandible repeated all the movements as in a patient.

Discussion
It is a general knowledge that the analysis of
occlusion is carried out, either directly in the patient’s
oral cavity, or on its models made of super gypsum.
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To simulate the movement of the jaws, special devices
called articulators are used. The articulator hinge is a
mechanical model of a joint. It approximately repeats
the spatial orientation of the patient’s TMJ, which makes
it possible to reproduce the physiological movements
of the joint in almost full volume, both in amplitude
and in the direction of displacement [29].

Mechanical articulators are employed to reproduce
the individual features of dynamic occlusion, in
particular, the mandible trajectory along the contact
surface of the maxillary dentition. However, the
mandible movements do not coincide with the
physiological movements as in the patient in every
clinical case, which is due to the fixed (unchanged)
structure of the articular mechanisms, i.e. they cannot
be individualized for each clinical case. This increases
the error in the diagnosis of patients with articulation
disorders associated with TMJ dysfunctions.

According to V. Khvatova, the incorrect setting of
the mechanical articulator in 95% of cases is the cause
of all errors in its application [24].

When using a mechanical front arc, errors in the
manufacture of models for the articulator occur quite
often. Such errors are due to the fact that when casting
gypsum models in a mechanical articulator, the reference
is its upper frame. However, the distance from the
articular mechanisms to the models does not always
coincide with the individual patient data. The shift of
the models upwards or downwards from the upper edge
of the frame leads to the inaccuracy of these functional
test data, since the distance between the model and the
articular mechanism of the articulator changes [4]. This
is of particular importance both for the diagnosis of
internal TMJ disorders and the manufacture of therapeutic
occlusal splits in these patients, as well as for prosthetics.
Of great importance is the fact that mechanical facial
arches are usually fixed on the patient, with account of the
skin reference points of the Camper or Frankfort planes.
Skin and bone reference points have divergences, which
also increases the measurement error.

Technological features of work with mechanical
articulators significantly affect the accuracy of
reproducing the mandible movements at dynamic
occlusion [25]. The main reasons for their occurrence
include: the presence of gaps at fixing registration

DENTISTRY

prints on a working gypsum model; gypsum expansion;
deformation of casts.

The importance of anatomical features of the
dentition should be taken into consideration: individual
deviations in the structure of chewing muscles;
resilience and elasticity of TMJ certain structures; the
state of periodontal tissues, individual tooth mobility;
the mandible deflection amplitude at functional loads,
specific for each patient [20]. The full set of all these
factors cannot be taken into account when using
mechanical articulators in functional diagnostics.

The use of virtual articulators minimizes errors
caused by the anatomical features of the dental system
and technological reasons [30].

A special CT module (Prosystom) allows combining
virtual models of the jaws and the trajectories of their
movements obtained in the axiographic study with
visualization in a virtual articulator for functional
assessment of articulation disorders.

The utilization of a virtual articulator in the
functional diagnosis of dynamic occlusion enables
to perform movements that accurately simulate the
real movements of the mandible. When using virtual
articulator, movements of the mandible can be carried
out using articular mechanisms or reproduced along the
trajectories previously recorded during axiography. In
this case, the upper jow is fixed in accordance with the
anatomical features of the skull, and the mandible can
move relative to the maxilla. Fixation of the upper jaw
in a virtual articulator makes it possible to stimulate a
mandible movement in the real time mode.

The employment of mechanical articulators in
functional diagnostics for assessing dynamic occlusion
is limited. The effectiveness of their use in the study
was 75%. The application of mechanical articulators
in assessing the dynamic occlusion because of the
peculiarities of the articulator technical structure does
not allow obtaining individualized patient data.

Dynamic occlusion in a virtual articulator in
functional diagnostics can be assessed in several
aspects: mouth opening — closing, protrusion, retrusion,
laterotrusion to the right and left.

In a virtual articulator, it is possible to reproduce the
continuous movement of the mandible with registration
of all possible dental contacts of both jaws.
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By combining the patient’s head CT data and virtual
models, the highest accuracy of placing the models in
the virtual articulator in accordance with the individual
characteristics of the patients was achieved.

BesepeHue

C BHe/|peHHEM COBPEeMEHHBIX TEXHOJIOTHH B CTO-
MaTOJIOTMUeCKYI0 MPaKTUKY Posib PyHKLIMOHAIBHOM
JIMarHOCTUKU TPU pa3/IMUHBIX 3a00/1eBaHUsAX 3y00-
YyeJITF0CTHOW CUCTeMbl 3HaUMTeTbHO Bo3poca [1; 2].
Pa3BuTHE BEICOKOTOUHBIX MHCTPYMEHTa/IbHbIX METO/IOB
HCCJIe/IOBaHMS TIO3BOJISIET BBISB/ISTD MATO/IOTHUeCKHe
M3MeHeHUsl Ha paHHUX CTa/iusAX UX (HOPMHUDPOBAHUS
[3; 4]. B HacTosiiee BpeMst IMarHOCTHKA 3a00/1eBaHUM
T0JIOCTH PTa IpejriosaraeT NpoBe/ieHre CI0)KHOT0, KOM-
TJIEKCHOTO CTeLMai3upOBaHHOTO 00C/Ie0BAHUS C UC-
T0JIb30BaHMEM BBICOKOTEXHOIOTUYHOTO 000pY/10BaHUS
[5-7]. YacTh ucciefioBaHUM MTPOBOJUTCS C HETIOCPe/-
CTBEHHBIM yuyacTHeM 00JIbHOTO, UaCTh — Ha MOJIEJIsX
3y00ouetOCTHON CUCTEMBI C UCTIO/Ib30BAHHUEM apTHKY-
JIITOPOB Y KOMITBIOTEPHBIX TeXHo/orui [8; 9].

Ponb QyHKI[MOHAIBHOM JUarHOCTUKU B CTOMATOJ10-
rMUeCKO MpaKTHKe 3HaunTe/IbHO BO3pacTaeT Mpy Ha-
JIMYUY COYeTAaHHOTO MOpakKeHust 3y00B, BUCOUHO-HIDK-
HeuesitocTHOTO cycTtaBa (BHYC) c HapyluieHUsiMu
apTUKY/ISALIMN HIDKHEW Ye/TioCTH, BOB/IEUeHNH B TIPOLIeCC
»KeBaTe/IbHOM MycKynaTypsl [10; 11]. CBoeBpeMeHHO
NIpoBe/leHHas1 PyHKIMOHA/IbHAs TUAarHOCTHKA B TAKUX
CJlyyasix T03BOJIsieT He TOJIbKO BbISIBUTh ITPUYKHBI U Xa-
pakTep 3abosieBaHus], HO ¥ BLIPAOOTAaTh ONMTUMAaJIbHBIN
TIJIaH JIeueHust U OLIeHUTh ero 3(h(HeKTUBHOCTS.

B HacTosiiiee BpeMst 1pu poOBeieHUH (PyHKI[HO-
HaJIbHOTO MCC/Ie0BaHuMs! 3y00UeIOCTHOM CUCTeMBbI UC-
TIO/Tb3YHOTCS TaKKe METOAbI, KaK TTaHOPaMHBIM CHUMOK;
OpTOIaHTOMOIrpaMMa; KOMITbIOTepHasi ToMorpadus,
MO3BOJISIIOLIAst TOMyunTh 3D-1300parkeHust yemrocTeit
[12—14]; marHuTHO-pe3oHaHCHasi Tomorpadusi (MPT),
Jlarolijasi BO3MOKHOCTb OL[@€HUTb COCTOSIHUE MSTKUX
tkaHeit 1 BHUC [15, 16]; anekrpoHHasi akcrorpadus,
rpUMeHeHre KOTOPOU MO3BOJIsieT 3aperuCTpUpOBaTh
CyCTaBHbIe TPAaeKTOPUU U [IBIKEHUS] HU)KHEH ueJto-
ctu [17; 18]; co3ganue mozesneii 3yobHOro psizia obe-
MX YeF0CTel C TIOMOILIbI0 apTUKy/saTopoB [19; 20];
s71eKTpoMuorpadusi, Py KOTOPOU MPOBOIUTCS aHa/IN3
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0103/1IeKTPUUECKOM aKTUBHOCTH U CUMMETPUYHOCTH
paboThI KeBaTeTbHbIX MbIIL] [21; 22]; yibTpa3ByKoBOE
nccnegosanne BHUYC, Bu3yanusupyroljee ero aHaTto-
MHUueckoe coctosiHue [23].

[Tpu npoBefieHry PyHKIIMOHATBHOMN TUAarHOCTUKH
0CO0OBIN MHTEPeC Mpe/ICTaB/IsIeT Ol[eHKA OKK/TH03UH
naienTa [11; 24]. Yc0BHO IPUHSATO pa3fessiTh AU-
HaMUUeCKYI0 U CTaTUYeCKYyH0 OKKJ/TI03uI0. /lnHamMuue-
CKasl OKKJTIO3HSI — 3TO B3aUMO/IEMCTBHE MEXY 3y0aMu
Y ABWKeHUH uemocteit [24]. TIpuHsaTO cunTaTh, 4TO
TIPU OTNITUMaTbHOM, «(H3U0IOTMUeCKOM» COCTOSTHUU
3y00UeTFOCTHON CHCTEMBI TIPOUCXOIUT HEMe/[JIeHHOe
pa3MbIKaHWe WY TTOTepsi KOHTAKTOB MeXXy 3y0amu
MpU IBM)KEHUUW HIDKHEN UeyIFoCTU U3 «TTIPUBBIYHON»
OKK/t03uu. TTosiBieHue /T00bIX U3MEHEeHUH, HexKela-
TebHBIX OKK/TFO3MOHHBIX KOHTAaKTOB, 0COOEHHO pac-
rosiokeHHbIX BOM3u BHYC, mpuBOAAT K Hapyliie-
HUIO COTJIaCOBAaHHOM PabOTHI JKe€BATe/IbHBIX MBIIIIL],
T0JIOYKEHUsI CyCTaBa U €ro CTPYKTYp, 3yOO0B, a Takke
K UX MOBBIIIIEHHON cTUpaeMocTu [24—26]. V3yuenue
OKKJTFO3UM C UCTI0/Tb30BaHUEM apTUKY/ISILIMOHHOM (HOJTb-
'Y Wi OyMaru Mo3BoJjisieT TOJIyUYHUTh OTPaHUUYEHHYIO
uHpopmanuto [27]. Haubonee 3 heKTUBHO OLIEHUTh
JMMHAMHAYECKYH0 OKKJ/TFO3UI0 Y/IaeTCsl TIPU TIPUMeHeHUN
WHVBU/IyaIbHO HACTPOEHHBIX apTUKYAsSTOPOB [20].

Ocoboe 3HaUeHHE OL[EHKA AUHAMUUE CKOM OKKIIHO-
3uM NpUoOpeTaeT MPH MPOBEIEHUH: OPTOIIEINYECKOTO
JIeYeHus1, Tak Kak MpH MMPOTe3UPOBAaHUHU 0OBIUHO HEOO-
XOZMMO BOCCTAaHOBUTD MOJTHOLIEHHYO >KeBaTe/IbHY10
(hyHKIIWIO; OPTO/IOHTHYECKON KOPPEKIIUH, YUUThIBaS,
YTO ee Lie/IbI0 SIB/SIeTCS HOpMar3aLys OKK/TFO3MOHHbIX
B3aMMOOTHOIIIEHUH; TIPU TIPOBe/IeHUH Ye/TFOCTHO-/TH-
LIeBbIX OTrlepaLvii — 7151 OLleHKU (PYHKIIMOHA/IbHOTO
coctosinust BHUC u cocTaB/ieHUs I11aHa JIeueHusl;
B UMILJIAHTOJIOTMH 00s13aTe/IbHO YUUTBIBATh pacrpe-
JlesieHre yKeBaTe/TbHOW Harpy3KH TIPU MJIaHUPOBAaHUU
KOJTMYeCTBa, JIOKA/TU3alliu, pa3Mepa v GopMbl 3yOHBIX
HMMIJIaHTaTOB; MApO/IOHTO/IOTHH, TaK KaK upe3MepHast
Harpy3ka Ha 3yObl MPUBOAUT K 3a00/IeBaHUSIM Tapo-
JIOHTa; peCcTaBpaliMOHHOW Teparuu, B CBS3U C TeM,
yTO 00sI3aTe/IbHO HEOOXOJUM KOHTPOJ/Ib CTaTHU€e CKUX
Y IMHAMUYECKHX OKK/TFO3MOHHBIX B3aMMOOTHOIIIEHUH
[26; 28].
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Llenb pa6oTbl
O]_IEHI/ITL 9¢)¢)EKTI/IBHOCTL HCITI0J/Ib30BaHHUSA MeXa-
HUYECKOr'0 ¥ BUPTYa/IbHOI'O apTUKYJIATOPOB TIPU IIPO-
Be/leHUU (YHKL[MOHA/IbHOW JTUarHOCTUKY Y TaljMeHTOB
¢ 3aboneBanussvMu BHUC.

MaTtepuanbl u meToabl

Hamu 6b110 06¢/1e10BaHO 47 TIALMEHTOB C Hapyllle-
HUSIMU apTUKYJISILUA HIDKHEH YeroCcTH, 00yCIoB/IeH-
HBbIMU BHYTpeHHel natosiorueit BHUC, u3 Hux 40 »xeH-
IIVH U 7 My>kurH. Bo3pacT 60/1bHbIX BapbMPOBAI OT 23
10 39 sieT. ITaleHThbI TIPebSBIS/IN »Kaao00bl Ha 60K
B 06mactu BHUC (34 u3 47 obcnenoBaHHbIX; 72,3%),
rosioBHbIe 601 (19 narmenToB; 40,4%), 3aTpyHeHre
TP OTKpbIBaHMU pTa (38 60ompHbIX; 80,9%). I1pu Ku-
HUUYeCKOM 00CJ1e/[0BaHUM CyCTaBHbIE IIIyMbI TPH T1ajTb-

ALY WK [IBIDKEHUSIX HYPKHEH UesTioCTH OTpe/leNslich
y BCeX MalMeHTOB, CHIDKeHe CTeTleH! OTKPBIBaHUSI pTa
otMeueHo y 45 u3 47 6onbHbIX (95,7%).

Bcem natpeHTam npoBOgUIN KOHYCHO-/Ty4Y€eBYIO
KomrbioTepHyto ToMorpaduto (KJIKT) anst auarHocTu-
ku narosiorni BHUC. Taxke KJIKT ucnosb3oBanocs
JI/1s1 oTIpeiesieHrsl UH/IMBU/lya/IbHOTO COOTHOLLIeHUS
Mo/iefieid YesiroCcTell U CyCTaBOB.

BceM natpeHTaM NpoBOAM/IOCh akCHOrpaduueckoe
WCCJIe/J0OBaHUE C MCT0/Ib30BAHMEM ONTHUECKOTO aKCHO-
rpacda (Dentograf Prosystom, Poccusi) c pervcrparyeit
Y aHa/TM30M CyCTaBHbIX TPaeKTOPUM JBIKEHUI HYDKHEH
YeJTHOCTH.

B I rpynne y Bcex 23 nanueHToB (48,9%) auHa-
MHUecKasi OKKJ/It03Usl OL|eHUBaach C UCIO/b30BaHUeM
MexXaHW4eCKoro apTukynsTopa (puc. 1).

Puc 1 MexaHuueckuii aptukynstop Artex CR (Girrbach)

[Tocne cHATUS ABYXCIOUHBIX CU/IMKOHOBBIX OT-
THCKOB TIPOBO/I/IaCh TUTICOBKA MOZieneli C MpUMeHeHH-
eM MexaHWUeCKOU JIMLIeBOU yTU, ABKEHUS] HKHEN
YeTIOCTH B MEXaHUUeCKOM apTUKY/ISITOPe BOCTIPOK3-
BOZIW/IUCH C TIOMOII[bIO €0 CyCTaBHBIX MeXaHU3MOB.
ApTukynaTop (CycTaBHbIe MEXaHHU3MbI U TIPOTPaMMHU-
pPyeMblid CTO/IMK) HAaCTpauBasCs M0 WHAUBUYa/IbHBIM
JaHHBIM, TIOJTyYeHHbIM TIPY TIPOBeZIeHUH ONTUYeCKOU
akcuorpaduu.

DENTISTRY

¥ 24 naupentos (51,1%) Il rpynnbl AUHaMUYECKYIO
OKKJIFO3HI0 M3yYa/li C UCT0/Ib30BaHUEM BUPTYaIbHOIO
apTUKY/STOPa C BUPTya/IbHBIMUA MOJe/IsIMU (puC. 2).
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ApTHRYETOD

€>
™S

exocad

Puc 2 BupTtyanbHbiii apTukynaTtop Artex B nporpamme exocad

[Tocne cHATUS ABYXC/IOMHBIX CUIMKOHOBBIX OT-
THCKOB M OT/IMBKY 'MIICOBBIX MO/e/iel TPOBOAMUIOCH
OINTHUeCKOoe CKaHMPOBAaHUe I'MIICOBBIX MOZe/iel uestto-
cTeli B mporpaMMHoM obecrieuennu ZIRKONZAHN.
C nomoMIbIo 371eKTPOHHOM JIMLIEBOM YT U UCTIONb30Ba-
HueM pe3ynbTatoB KJIKT mozeny pa3melanucek B Mpo-
CTPaHCTBe BUPTYa/IbHOIO apTUKYJIATOPA, UTO TI03BOJISL/IO
BOCIIPOM3BECTH B [IPOrPaMMHOMU CpeJie B TPeXMepPHOM
MPOCTPaHCTBe MOJI0YKeHHe BUPTYa/IbHOTO 3yOHOrO psifja
OTHOCHUTEJIBHO IIIapHUPHOU OCHU U pe3L|0BOro yIiopa.
s ydeTa Bcex UHAUBUAYaAJIbHBIX [1apAMETPOB IIPU
TUTICOBKE B BUPTYaJIbHOM apTUKY/ISTOPe ObLT UCIONb-
30BaH flonoynHuTebHbIN Moayab KT (Prosystom), no-
3BOJISIOIIMN M3MepUTh UH/VMBH/ya/IbHOE pacCTOsSTHUe
OT pe3L|0B BepXHel YeIF0CTH [J0 CyCTaBHBIX I'OJIOBOK
BHYC ang nocnenytolero rnepeHoca B apTUKYJIATOP.
I[Tpy 5TOM KCI0/IB30BA/IUCH TP OCHOBHBIX OPUEHTHPA:
Me’Kpe3LIoBast TOUKa B 00/1aCTH PeXyILero Kpasi LieH-
Tpa/ibHbIX 3yO0OB BepXHell UetoCTH 1 TOUKHU B 00/1aCTH
CyCTaBHbIX [0OJIOBOK IPABOIO U JIeBOro cycTaBoB. C yue-
TOM Ioy4YeHHbIX AaHHbIX KT BUpTyanbHble Mogenu
5KCIIOPTUPOBAJIY B BUPTYa/IbHbIM apTUKY/ISATOP.

ITocse s3TOrO B IIpOrpamMmy MOATPYKaluCh UH-
[MBU/Tya/IbHbIe TPAaeKTOPHH, KOTOPbIe paHee ObLIH
3aperMCTpUpOBaHbl C UCIOIb30BaHUEM akchorpadga.

46

Pe3yanaTb| nccnepoBaHud

Y 47 o6ciieoBaHHBIX HaMU TTAlIMEHTOB pacripe-
JiesieHye TI0 TIo/my ObIIo CiefyroLM: KeHIIH — 40
(85,1%), my>xuriH — 7 (14,9%), COOTHOLLIEHHE T10 MOy
coctaBusio 5,7: 1. Bo3pacT 60/ibHbIX BapbHUpOBas OT 23
no 39 nert. Ilpu onpoce 34 nayuenTa (72,3%) »xaso-
Ba/IMCh Ha 6o/ B obactu BHUC, 19 (40,4%) umenu
yacTble rojoBHbIe 60y, 38 60bHBIX (80,9%) oT™Me-
ya/y 3aTpyAHeHHe U JUCKOM(]OPT MpU OTKPbIBAHUM
pta. 13 47 obcnenoBanHbix naueHToB 44 (93,6%)
KaJIOBa/IMCh Ha LL[e/TY0K U/ [TOCTOPOHHUH LIIYM B BH/Jje
KPeTUTaL1K TIPY IBIDKeHUSIX HIDKHe! YemocTy; 3 60/1b-
HbIX (6,4%) He olLyIIa/ M TTaTO/IOTMYeCKUX 1IYMOB,
BBISIB/IEHHBIX MPU KITMHUYeCKOM 00c/iefoBaHnu (TIpU
nasibNaryy ¥ ayckynbTanuu obmactu BHUC).

Y Bcex O0O/TbHBIX TIPOBOAW/ICS CDAaBHUTETBHbIN aHa-
/U3 JUHaMUUYeCKOM OKK/IFO3UH, [IPY 3TOM U3yvali Kak,
HIDKHSISL UeJTFOCTh IBUTAeTCs 10 3y0am (CMbIKaHHe-pa3s-
MbIKaHHe; O0KOBbIe JIBUKEHUS; BbIIBIKEHUE BIIepe]]
C BO3BPATOM B MCXOJHOE T0/I0KeHHe). B MexaHnueckom
apTUKY/ATOPe OBLIN UCC/Ie0BAHbI TUTICOBBIE MOZe/H
yentocTeit 23 nauyeHToB (48,9%), B BUPTyabHOM ap-
TUKY/IATOpe — 24 60sbHBIX (51,1%).

B I rpymrie naupeHTOB MCI0/1b30Ba/IacCh JuLieBast
nyra Artex FaceBow (Girrbach) u mexanuueckwuii ap-
TUKyasaTop Artex CR (Girrbach). Bcem nanjuentam
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I rpymbl IpOBOAW/IOCE KIMHUYECKOe UCC/Iel0BaHue
apTUKY/ISIUU HKHEHN UeT0CTH C TIOMOLL[bIO KOTTHPO-
BasibHOM Oymaru Bausch 20 MKp 1 MJIaCTUHKH OKKJTO-
3ruoHHOro Bocka OKKLUSAL INDIKATOR WACHS
SAM. Bcem naupeHnTtam [ rpymirbsl IpOBOAWJICS aHAU3
CMbIKaHHS YeJTFOCTel B MPUBBIYHOM MPUKYCEe U aHa/IU3
[BYDKEHUS] H)KHeH 4eJIt0CTH TIPU MPOTPY3UU U JlaTe-
pOTpY3UH.

[Tpu nipoBeieHNH KIIMHUYECKUX U 1ab0paTOpHbIX
WCCIe[J0BaHUM C IPYMeHeHHeM MeXaHUueCKOro apTH-
Ky/sTopa y naiueHToB | rpynmnsl 3¢ ¢eKTUBHOCTb ero
WCII0/Ib30BaHUs MIPU MPOTPY3UOHHBIX U JIaTePOTPY3HU-
OHHBIX JABW)KEHUSIX HIKHEeN ue/ltoCcTu coctaBuia 75%.
[1pu pOTpy3UK HUKHEW UeMtOCTH OCYILeCTBISIeTCS
ee BbI/IBIDKeHUe BIiepe/l, B TAKOM C/lydae He IIPOUCXO-
[T KOHTAKTa C ’KeBaTeJbHbIMU 3ybamu. B HOpMe Bcst
Harpyska pacripefie/isieTcst MeXly BUCOUHO-HVKHe-
Ye/IFOCTHBIMU CyCTaBaMU U ()POHTATbHBIMU 3y0amu:
OCHOBHasl Harpyska rnazjaeT Ha CTPYKTYphbI CyCTaBa,
Y OTHOCHUTeJIbHO HeOoJIbliasi Harpy3ka MpUXOAUTCS
Ha pe3Libl.

[Tpu GOKOBBIX IBIKEHUSIX HYDKHEH ueroCTH (/1a-
TepOTPY3UH) He IPOUCXOAUT COOTBETCTBUS B ee JIBU-
JKeHHSX B MOJIOCTH PTa U HAa TUICOBBIX MOZEJISIX, TaK
KaK eCTb pas/IMyuusi B CTPOEHUU CyCTaBHbIX MeXaHHU3MOB
raLyeHTa U MexaHM4eCKOro apTUKY/ISTopa.

MexaHnuecKuii apTUKY/ISTOP MMeeT (pUKCHpyeMoe
CTpOEeHMEe CyCTaBHBIX MEXaHU3MOB, He TT03BOJISIOLee
VH/IMBU/ya/IM3MPOBaTh JlaHHble ()YHKI[MOHAIBHOM Au-
arHOCTHUKH U1 K&KJ0T0 KJIMHUYECKOrO CyJast.

Bo II rpymnme naijueHTOB Obljla UCMO/Ib30BaHa
3/IeKTPOHHas nLieBasi fyra akcuorpada Dentograf
(Prosystom) 1 BUpTYya/ibHbIM apTUKYISTOP ArteX B Ipo-
rpamme Exocad. Oco6eHHOCTbIO BUPTYaIbHOTO ap-
TUKYJ/ISITOPA SIBJISIETCS MCTIOb30BaHKe TI00bIX paHee
3aperucTpyMpoOBaHHbIX MPY aKCUOTpauueCcKoM UCCie-
JloBaHUM cycTaBHbIX TpaekTopuii BHUC naieHTOB 7151
TOT0, YTOOBI TOUHO BOCITPOU3BECTU (YHKIIMIO CyCTaBa
JaHHOTO 60sibHOTO. Bo II rpyrire maijueHToB BOCIPO-
W3BOJWIY NIPOTPY3UOHHEBIE U JIaTePOTPY3HHbIE JBUKe-
HUS1 HWKHEH Ye/TI0CTU B BUPTYa/lbHOM apTUKY/ISTOpe.
[Tpu KTMHUYECKUX U J1ab0OPAaTOPHBIX UCCIeJOBAHUSX
C MCMO/Ib30BaHWeM BUPTYaIbHOIO apTUKYJ/IITOpa Npy
TPOTPY3HOHHBIX U JIaTEPOTPY3UOHHBIX [IBMXKEHUSX -
(eKTUBHOCTb €ro NpUMeHeH!sl BUPTYa/lbHOTO apTHKY-

DENTISTRY

nsitopa cocraBuia 90%. B jaHHOM cityyae BUpTyasibHast
MO/ieJ1b HI)KHEU 4eTFOCTU TOYHO BOCTIPOU3BOAM/IA BCe
VH/UBU/lya/IbHbIe [BYKEeHUs NaljieHTa.

O6cyxaeHue

AHanu3 OKKJ/IH03UM TIPOBOJUTCS, KaK U3BECTHO,
OO0 HeTIOCPEeICTBEHHO B TIOIOCTH PTa MalfieHTa, U060
Ha ee MO/ieJIsIX, U3rOTaB/IMBaeMbIX U3 Cyleprurica.
71 UMUTaLUK IBW)KEHUS] Ha MOJIe/sIX YeJltoCcTel 1c-
TOJTb3YIOTCS CrieliiabHbIe IPUOOPBI — apTUKYJISTO-
pbl. [ITapHUp apTUKY/ATOpA SIB/ISIETCS MeXaHUUe CKOU
Mo/esbio cyctaBa. OH MpUOIU3UTETBHO TTOBTOPSIET
MpoCTpaHCTBeHHYI0 opueHTalyto BHUC natuenTa, uto
JlaeT BO3MO>KHOCTb BOCIIPOM3BECTU (PU3UO0JIOTUUeCKUe
JIBIDKEHUSI CyCTaBa IMpaKTUUeCKU B TIOJTHOM 00beMe, Kak
TI0 aMITTUTY/le, TaK U TI0 HarpaB/ieHuto cMelteHus [29].

MexaHryecKue apTUKY/ISTOPbI UCIIO/b3YOTCS /151
BOCTIPOU3Be/IeHUs] UHIUBHU/Iya/IbHBIX 0COOEHHOCTeM
JIMHAMUYeCKOM OKKJ/IH03WH, B YaCTHOCTH, TPAeKTOPUU
JIBVDKEHHS HYDKHeW UesTtoCTH 110 TIOBePXHOCTH KOHTaK-
TOB 3yOHOTrO psifia BepxHeld uemocT. OZJHAaKO BOCIIPO-
M3BO/IMMbIe [IBI)KEHUsI H)KHEeH UesltoCTH He BO BCEeX
KJIMHUYECKUX C/lyYasix COBMAazaroT C (pr3MoI0oruye-
CKWMU WHJWBH/YaJbHBIMU [IBYKEHUSIMU TAl[MeHTa,
uyTO 00yC/I0BNIeHO (PUKCUPOBAHHBIM (HeM3MeHsIeMbIM)
CTPOEHHEM CyCTaBHbIX MEXaHHU3MOB apTHKY/ISITOPA, T.e.
MX HEBO3MOKHO MH/MBU/Ya/IM3UPOBaTh J1/Is1 KaXK/[0T0
K/TMHUYeCKOT0 C/Tyyast. TO TIOBbIILIAeT [OrPelHOCTb [PU
TPOBE/IeHUH JUarHOCTHKY Y MAlMeHTOB C HapyLLIEeHUsSIMU
apTUKYJISILUU, CBSI3aHHBIMU C aucyHkimsmMyu BHUC.

[To nanubiM B. XBaToBoOM, HerpaBu/ibHast HACTPOU-
Ka MeXaHWUYeCKOro apTUKy/isiTopa B 95% ciiyJaeB sBJIsI-
eTCsi IPUYMHOM BCeX OIIMOOK MpY UX MpUMeHeHnH [24].

[Tpu Ucrnosb30BaHUK MeXaHUYeCKOU JTULeBOU
[yTY OIIMOKY MPYU U3rOTOBJIEHUU MOJle/ield //isl apTu-
Ky/IsiITOpa BO3HUKAIOT /I0CTaTOYHO yacto. [Togo6HbIe
MOTPELHOCTH CBSI3aHbl C TEM, UTO MPH FUIICOBaHUU
Mo/jiesiell B MexaHU4eCKOM apTUKY/ISITOpe OpUeHTH-
POM SIBJISIeTCS ero BepxHsisi pama. OZJHaKO pacCTOsIHUe
OT CYyCTaBHbIX MeXaHH3MOB [0 Mojie/ieil He BCerza
COBIMA/IaeT C UH/IMBU/Yya/bHBIMU IaHHBIMU TIALIMEHTOB.
CwMmelrieHue Mo/iesnieii BBepX UM BHU3 OT BEpXHEro
Kpasi paMbl IPUBOJUT K HEeJJOCTOBEPHOCTH JJaHHBIX
(GYHKI[MOHA/IBHBIX P00, TaK KaK M3MeHsIeTCs pac-
CTOSIHUE MEXXJY MOJe/IbI0 U CyCTaBHbIM MeXaHU3MOM
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aptuky/stopa [4]. 3To umeet ocoboe 3HaUeHHEe Kak
[ [UarHOCTUKY BHYTpeHHUX HapylieHnuit BHUC,
TaK ¥ U3TOTOBJIEHHS /ieueOHBIX OKK/TFO3MOHHBIX Karl
y 3THUX NalLMeHTOB, a TaKXe MPH MPOTe3UPOBAHUU.
Bonbilioe 3HaueHre WMeeT TOT (haKT, UTO MeXaHUue-
CKUe JIIeBbie 1yTh 00bIYHO (PUKCUPYIOTCS Ha Talu-
eHTe C y4eTOM HAaKO)KHBIX OPHEeHTUPOB KaMITepOBCKOM
nau GppaHkdypTCKoi TiockocTeid. HakoxHbIe U KOCT-
Hble ODUEHTUDBI UMEIOT PACXOK/eHHs, UTO TaKKe
TOBBIIIAET MOTPEITHOCTb B U3MEPEeHUSsIX.

TexHo/IOrMUeCcKre 0COOeHHOCTH PaboThI C Mexa-
HUYEeCKUMU apTUKY/ISTOPAMH CyIT|eCTBEHHO BJIUSIOT
Ha TOUHOCTb BOCIPOU3BE/IEHUS JBWXKEHUU HU)KHEN
ye/II0CTH TIPY JIMHaMuYeCcKol okkito3um [25]. K oc-
HOBHBIM MIPUYMHAM UX BO3HUKHOBEHHUSI OTHOCHUTCS:
Ha/IMyue 3a30pOB MPU (PUKCALIMKU PeruCTPALMOHHbBIX
OTTHUCKOB Ha paboueli TUTICOBOM MOJIe/U; paclliMpeHre
rurca; fedopMariusi C/IemKOB.

Hesib3st HeZOOIIEHUBATh Y aHATOMUYECKUE 0COOeH-
HOCTH 3y00uUerOCTHON CHCTeMBbI: UH/AUBHU/Iya/IbHbIe
OTKJIOHEeHUSI B CTPDOEHUH yKeBaTe/IbHOW MYyCKyJ/IaTy-
PbI; YIIPYTOCTb U 37IaCTUUHOCTb HEKOTOPBIX CTPYKTYP
BHYC; cocrosinve TKaHel apaJjoHTa, UHAWBU/yaIbHast
TMOZIBYDKHOCTB 3yOO0B; aMITIUTY/a Iporuba HIDKHeH ye-
JIFOCTH TIPY (PYHKILIMOHAbHBIX Harpy3Kax, XapakTepHast
st kKakaoro naiuenTta [20]. CoBOKyMHOCTh BCeX 3THX
(haKTOPOB HEBO3MOYKHO YUUTBIBATh IPU UCTI0/Ib30BaHUN
MeXaHW4YeCKUX apTUKY/ISTOPOB B (DyHKI[MOHA/IbHOMN
JIMarHOCTHUKH.

Wcnonb3oBaHue BUPTyalbHbIX apTUKY/ISTOPOB
M03BOJISIET CBECTH K MUHUMYMY TIOTPELITHOCTH, 00y-
CJIOB/IEHHBIE aHATOMUYECKUMU 0COOeHHOCTSIMU 3yD0-ue-
JIFOCTHOM CUCTeMbI ¥ IPUYMHAMM TeXHOJIOTHYECKOTO
xapakTepa [30].

Cnetmanbhbiii Mogynbs KT (Prosystom) rosso-
JisieT COBMECTUTh BUPTYyaJibHble MOZE/N YeTtoCTen
Y TPAeKTOPUU UX ABW)KEeHMS, MOydeHHbIe MPU aK-
crorpadguueckom HMCCIelOBaHUM, C BU3ya/In3aijuen
B BUPTYa/IbHOM apTHKYJ/IITOpe /151 (DyHKIJMOHATBLHOM
OIIeHKW HapyIlIeHUH apTUKYJISILIUN.

ITprMeHeHMe BUPTYa/IbHOTO apTUKY/SITOpPA TpU
(hyHKI[MOHA/ILHOMN TUAarHOCTUKU AMHAMUYECKOU OKKJTHO-
31U TI03BOJISIET BBITIO/IHATE ABW)KEHUS, TOUHO UMUTH-
pyIOLLMe peasibHble ABW)KEeHUS HIDKHel uemocTu. [1pu
WCTI0/Tb30BaHUM BUPTYaIbHOTO apTUKYJISITOPA €CTh BO3-
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MOYKHOCTb BbIOOpA: IBMDKEHUS HYDKHEH UeTFOCTH MOXKHO
OCYLLeCTB/ISATH C TIOMOLIBIO CyCTaBHbIX MEXaHU3MOB WUITH
BOCMPOM3BO/IUTh UX 10 paHee 3aperuCTpPUPOBaHHBIM
npu akcuorpaguu TpaekropusiM. [Ipy 3ToM BepxHsis
yeJIroCTh 3a()MKCHPOBaHa B COOTBETCTBUY C aHATOMMU-
YyeCKUMH 0COOEHHOCTSIMU Ueperia, BbISBJIeHHBIMU TIPU
KJIKT, a HWKHSIS1 YeIF0CTh MOXKET ABUraThCsI OTHOCH-
TeJIbHO BepXHell uesitocT. PuKcaiusi BepxHei 4eroCcTH
B BUPTYa/IbHOM apTUKYJISITODPE M03BOJISIET OCYLLeCTBSITh
MMUTALIMOHHOE MO/Ie/TMPOBAHUE /IBW)KEHU HYKHE!
YesII0CTH B Pe)KMMe peabHOr0 BPeMeHH.

[IpuMeHeHUe MeXaHUUYECKUX apTUKYISATOPOB
B (PyHKLIMOHATbHOU [UaTrHOCTHKE [I/Is1 OLIeHKH JAUHa-
MHWYeCKON OKKJ/I03UU orpaHuueHo. I(DHeKTUBHOCTh
WX UCI0JIb30BaHUsI B TPOBEEHHOM HCCJ/1e/J0BaHUU
cocrasuna 75%. [IppumeHeHre MexaHUUeCKUX apTHKY-
JISITOPOB TIPH OLIeHKe JMHAaMUUeCKOW OKK/TFO3WUW B CUTY
0C00EeHHOCTEeHN TEXHMUECKOTO YCTPOMCTBA apTUKY/ISATOPA
He TI03BOJIsIeT MONYUUTh UHAUBUAYaTU3UPOBaHHbIE
JlaHHbIe TIALJUEeHTOB.

[HamMUyeCKyr0 OKKJTFO3UIO B BUPTYa/lbHOM apTHKY-
JISITOpe TPy (PYHKLIMOHAIbHOM AUarHOCTHKE BO3MOYKHO
OLIeHUTh B HEeCKOJIbKUX HarlpaB/eHUsIX: OTKPbIBaHHe—
3aKpbIBaHUE PTa, IPOTPY3Usl, pETPY3HUsl, 1aTepOTPy3usl
BIIPAaBO U BJIEBO.

B BupTYyasbHOM apTUKY/IATOPe BO3MOYKHO BOCIIPO-
W3BECTHU HelpepbIBHOE /IBM)KeHHEe HWKHEeN uetoCTH
C perucrparueii Bcex BO3MOXKHBIX 3yOHBIX KOHTAKTOB
00enx uemoCTei.

bnaropapsi coBmenjenuto ganHbix KT rosiosel na-
L[MeHTAa U BUPTyabHBIX MOJe/iel Oblla JOCTUTHYTa
MaKCHMaJsbHO BbICOKasi TOYHOCTh Pa3MelLlieHus Moziesieit
B BUPTYa/IbHOM apTUKY/ISITOPE B COOTBETCTBUU C UH/IU-
BU/ya/IbHbIMU 0COOEHHOCTSIMH TIALIMeHTOB.
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