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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

One of the significant drawbacks of using zirconium dioxide
as a framework for prosthodontic structures is its propensity for
breakage. Paradoxically, the higher the optical performance of
zirconium dioxide, the more its mechanical durability tends to
decrease and vice versa. A detailed analysis of the technological
process has uncovered divergent opinions and significant
disparities in recommendations concerning the fabrication of
zirconium dioxide prosthodontic constructs. There are different
recommendations regarding the need for abrasive blasting
and regeneration firing. Consequently, conducting an in-
depth experimental study on this matter and implementing the
resulting findings will significantly contribute to addressing the
challenges of prosthodontic rehabilitation for patients utilizing
zirconium dioxide.

Key words. Metastable Tetragonal Zirconium Dioxide
(Y-TZP), CAD/CAM technology, regeneration firing, flexural
strength.

Introduction.

The widespread adoption of zirconium dioxide as a framework
material for prosthodontic constructs in everyday dental practice
has brought to light its primary drawbacks, namely instances
of construct breakage and delamination/chipping of porcelain
layers from the frame [1-6]. There is disagreement on the
rational implementation of the technological process on the part
of both manufacturers and technicians. Sandblasting of frames
of prosthetic construction is a popular method, which, at the
expense of increasing the roughness of the surface of the frame,
increases the degree of adhesion of porcelain masses [7]. The
technique of sandblasting the inner surface of the frame is also
widely used in order to improve the adhesion of the structure
to the teeth. In order to fit a fully fired zirconia framework, it
is often necessary to adjust it with a diamond bur of a suitable
grade, which should be done under water cooling [6]. After the
mentioned stage, it is usually recommended to perform the so-
called zirconia regeneration firing [8,9]. There is an opinion
that abrasive blasting causes the formation of microcracks due
to the T-M phase transition (from tetragonal to monoclinic
phase) with local expansion of the material, which is a kind of
distraction areas preventing further development of microcracks
[8]. However, high-temperature annealing can lead to phase
reversal, removal of stress blocks in the material and thus to
further development of cracks [9].

A review of the specialised literature on the effects of abrasive
and heat treatment on fully synthesised tetragonal zirconia has
revealed diametrically divergent opinions [4,8,9]. Based on the
above, a study was carried out with the aim of 1. Determination
of the type and degree of effect of sandblasting and diamond bur
abrasive treatment on the hardness and phase state of yttrium-
stabilized metastable tetragonal zirconium dioxide (Y-TZP).
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Determination of the results of so-called "regeneration" firing
and, consequently, determination of its appropriateness.

The fracture of a ceramic material can be caused by a crack
formed by a single microstructural defect as well as by the
coalescence of multiple defects [1,10]. In practical applications,
of interest are the resistance of the frame materials to elasticity
and resistance to crack formation. The resistance to crack
formation can be evaluated by two methods: 1. By transverse
cutting of the material and further crushing it in a special testing
device. 2. By determining the bending strength of the material.

We have chosen the latter as the more accurate and common
type of research. Bending strength test is carried out by "three-
point", "four-point" and biaxial loading methods. In the three-
point test, a rectangular sample resting on two points is loaded
from above at its centre. The strength is calculated by the
maximum load at which the test sample of the corresponding
dimensions is crushed, taking into account the load points and
temperature [11]. Scanning electron microscope examination
enables detailed visual examination of objects smaller than
1 um, which allows to observe microscopic changes in the
structure of the material.

Research Materials and Methods.

To conduct the research, samples of synthesized ZrO,,
stabilized Y, O, (hereinafter referred to as Y-TZP) were prepared
and divided into 5 groups:

- The samples included in the first group were sandblasted
without subsequent regeneration firing.

- The samples included in the second group were subjected to
sandblasting followed by regeneration firing.

- The samples included in the third group were subjected to
abrasive blasting with a diamond bur without additional firing.

- The samples included in the fourth group were subjected to
both diamond bur abrasive blasting and regeneration firing.

- The samples in the fifth group were not subjected to
mechanical and temperature impacts, so they represent the
control group.

Each group includes 10 samples of metastable tetragonal
zirconium dioxide. In order to conduct a "three-point" test for
bending strength, all samples were tested, that is they were
crushed, which was followed by macroscopic and microscopic
investigations.

In the next stage of the research, the samples were examined
using a scanning electron microscope (magnification up to
1000x), which allowed visualisation of the structural changes
caused by the different impacts. Experimental research was
conducted in accordance with the ISO 6872:2008 (Dentistry-
Ceramic materials) standard in the laboratories of specialized
centers in Germany and the Czech Republic (Institut fiir
Festkorperphysik, Ulm, Germany; CSMS_Ceskoslovenska
Mikroskopickda Spolec¢nost, Czech Republic). Statistical
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processing of the obtained results was carried out in the TIBCO
Statistica v13 2022 programme by means of the ANOVA Origin
statistical package of analysis of variance. Pre-sintered Y-TZP
blocks (VITA In-Ceram YZ Cubes for in Lab, Vita Zahnfabrik),
a total of 80 pieces, were used as research material.

After milling, the final firing was carried out in a VITA
ZYRCOMAT® 6100 MS furnace (Vita Zahnfabrik, Germany)
and 50 samples without internal defects were selected from the
80 samples using a light microscope. In the next step, they were
divided into conditional groups:

The first group was labelled "SB" and the frames included in
it were sandblasted with AI203 of 110 um dispersity, for 10
seconds, at a distance of 1 cm from the frame, at a pressure of
3 bar.

The second group was labelled "SBS". They were subjected to
the same treatment as the first group and additionally to the so-
called "regeneration" firing at 1000°C for 15 min (regeneration
mode - 25 min, start at 550°C, heating speed - 100°C/min).

The third group was marked with the letter "D". Their abrasive
treatment was carried out with a specialized diamond bur
for zirconium dioxide "ZR6850.FG.016 Crown and Bridge"
(Komet, Germany).

The fourth group was marked with the letter "DS". The samples
included in it were processed in the same way as the third group,
with the difference that they were further fired (according to the
above scheme).

The fifth group was marked with the letter "C" - as a control,
and the materials included in it were not subjected to any impact
at all.

All sample surfaces were cleaned and dried, and final
dimensions were determined with an accuracy of 0.01 mm.

Research Methodology.

Determination of ultimate tensile strength of Y-TZP samples
by three-point deformation method:

The ultimate tensile strength is defined as the maximum
deforming force that the sample can withstand before damage
occurs. In testing ceramic materials, only the initial rigid
deformation is observed, after which the material breaks.

The research was carried out on an Instron 3369 device (Instron
systems, Illinois Tool Works Inc, USA), which is equipped
with a load sensor (STATIC LOAD CELLS) 2530-5KN (5000
newtons). In the study, the loading speed was 0.5 mm/s, the
distance between the blocks was 10 mm. The load was applied
at the intermediate point with an accuracy of 0.01 Newton.

The maximum stress in the test sample is calculated using the
following formula: 6, = 3PL/2WH?[11], where

o, - Ultimate Tensile Strength, MPa.

Table 1. Average values of all five testing samples.

Distance between

Sample Sample Height Sample Width

Number H, mm W, mm the support points
L, mm

OB 2.90 3.88 10.00

,»SBS* 291 3.90 10.00

LD 2.90 3.93 10.00

DS 2.89 3.92 10.00

,»C 291 3.92 10.00
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P - maximum load, Newton.

L - distance between the support points, mm.

W - width of the sample, mm.

H - height of the sample, mm.

For example, when the maximum load (P) is 3035.502 Newton,
the distance between the supporting points (L) is 10 mm, the
width of the sample (W) is 3.91 mm, the height of the sample is
2.96 mm. Then the formula will be calculated as follows:

o, = 3PL2WH?

o, =3 x3035.502x 10/2x3.91 x2.96 =1329.112 Mpa.

Scanning Electron Microscope Research.

Scanning electron microscopy was used for visual analysis of
the samples under study, which allows to study objects with the
size of 1 micron and less. The study of specially treated samples
was carried out at magnification 250-1000, using a microscope
- Tescan VEGA II (Czech Republic).

Results.

Results of strength research of Y-TZP test samples by three-
point deformation method:

As a result of the study it was revealed that sandblasting and
sandblasting followed by regeneration firing affect the strength
of Y-TZP samples.

In sandblasting, the average strength of the material was
1253.67 MPa and in sandblasting followed by regeneration
firing, the average strength of the study object was 744.96 Mpa
(Table 1).

It should be noted that the treatment of Y-TZP blocks with
a diamond bur as compared to the control group (without
mechanical treatment) did not reveal any significant difference
and averaged 1061.12 MPa and 1062.67 MPa, respectively.
Subsequent regeneration firing of blocks treated with a diamond
bur revealed a decrease in strength with an average value of
951.47 MPa.

Statistical processing of the obtained results was carried out in
TIBCO Statistica v13 2022 programme using ANOVA analysis
of variance, which was used to compare the differences between
the average values (Figure 1).

A comparison of the average values of the research results
revealed the dynamics of the strength change of yttrium-
stabilized metastable tetragonal zirconium dioxide: sandblasting
increased the strength, and the subsequent regeneration firing
caused a significant decrease in the strength.

Results of scanning electron microscope research.

The test samples were examined with a scanning electron
microscope in order to identify possible visual changes caused
by different types of impacts at the microscopic level. At this

Traverse Speed Maximum Load, P, Bending Strength
V, mm/sec Newton MPa

0.5 2721.808 1253.674

0.5 1645.153 744.964

0.5 2337.8342 1061.122

0.5 2078.702 951.466

0.5 2349.317 1062.678



point, the samples were magnified to varying degrees, but
the results of the research with 1000x magnification were
particularly informative (Figures 2-5).

The scanning electron microscope examination of samples:
"C", "DS" and "D" revealed a similar homogeneous material
structure.

The samples treated with sandblasting followed with
regeneration firing turned out to be substantially different.
Minor voids were detected in their crystal structure.

Discussion.

The present study showed that there is a difference between
the final result of abrasive and thermal processing of zirconia.

Mean Plot of FLEXURAL STRENGTH grouped by Y-TZP Groups
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Figure 1. Statistical processing of the obtained results was carried
out in TIBCO Statistica vi3 2022 programme using ANOVA analysis
of variance, which was used to compare the differences between the
average values.
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Figure 4. Diamond burring, followed with regeneration firing (sample
from the group "DS").

The analysis of the results shows that mechanical sandblasting
treatment influences the strength properties of zirconia dioxide
samples. Thus, abrasive sandblasting treatment significantly
increases the strength under bending of Y-TZP samples, while
subsequent firing significantly reduces the strength of samples
processed by sandblasting. The difference in values between
AP : ; samples of series D and C is not statistically significant;
\ ' ' O3 ¥ however, there is also a trend towards a decrease in bending
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Figure 2. Sandblasted sample with subsequent regeneration firin, . . .
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Figure 5. Control group (sample from the group "C").

a uniform dense structure of the material in all samples, except
for the samples in the SBS series, where insignificant voids were
present throughout the investigated material area. Presumably,
the formation of these voids may be due to the sequential
increase after mechanical processing, followed by a decrease in
the volume of the material after firing due to phase transitions
t—m and m—t.

Conclusion.

Post-abrasive regeneration firing of Y-TZP samples resulted
in a significant decrease in the ultimate tensile strength of
the material, which was confirmed by both the three-point
deformation method and scanning electron microscope studies.
Sandblasting of the test samples without subsequent regeneration
firing increased the ultimate tensile strength of the material. The
research results prompt us to question the necessity of what is
commonly referred to as “regeneration firing”. While abrasive
blasting, performed using the correct technique and materials,
has no significant negative effect on the ultimate tensile strength
of metastable tetragonal zirconia.
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Resume

Aim of study: One of the significant drawbacks of using
zirconium dioxide as a framework for prosthodontic structures
is its propensity for breakage. A detailed analysis of the
technological process has uncovered divergent opinions and
significant disparities in recommendations concerning the
fabrication of zirconium dioxide prosthodontic constructs.
Consequently, conducting an in-depth experimental study
on this matter and implementing the resulting findings will
significantly contribute to addressing the challenges of
prosthodontic rehabilitation for patients utilizing zirconium
dioxide.

Material and methods: To conduct the research, samples of
synthesized ZrO,, stabilized Y,O, were prepared and divided
into 5 groups. Each group includes 10 samples of metastable
tetragonal zirconium dioxide. In order to conduct a "three-
point" test for bending strength, all samples were tested, that
is they were crushed, which was followed by macroscopic and
microscopic investigations. In the next stage of the research, the
samples were examined using a scanning electron microscope
(magnification up to 1000x), which allowed visualisation of the
structural changes caused by the different impacts. Experimental
research was conducted in accordance with the ISO 6872:2008
(Dentistry-Ceramic materials) standard.

Results and conclusions: As a result of the study, it was
revealed that sandblasting and sandblasting followed by
regeneration firing affect the strength of Y-TZP samples. In
sandblasting, the average strength of the material was 1253.67
MPa and in sandblasting followed by regeneration firing, the
average strength of the study object was 744.96 MPa. The
scanning electron microscope examination revealed that the
samples treated with sandblasting followed by regeneration
firing showed significant differences. Minor voids were detected
in their crystal structure.



Post-abrasive regeneration firing of Y-TZP samples resulted
in a significant decrease in the ultimate tensile strength of
the material, which was confirmed by both the three-point
deformation method and scanning electron microscope studies.
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Ileas  ucciaenoBanusi:  OJHMM W3 CYLIECTBEHHBIX

HEAOCTATKOB MCIOJb30BaHUS JUOKCHUIA TUPKOHUS B KaUCCTBC
OCHOBBEI JJIA MPOTE3HO-OPTONCIUICCKUX KOHCprK]_II/Iﬁ
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SIBIIICTCSI  €r0  CKIIOHHOCTh K paspyuieHuto. [lompoOHEit
aHaAJINU3 TEXHOJIOITMYECKOIO IMPOILEeCcCa BBISIBUI PACcXOASIIUECs
MHEHHUSI M CYIIECTBEHHBIE paziuuus B PEKOMEHIAIMIX
OTHOCUTEJIBHO HU3TOTOBJIEHUS OPTONEAUYECKUX KOHCTPYKUUN
U3 Jauokcuaa uupkoHusa. CremoBaTeNbHO, TPOBEACHHUE
IyOOKOT0 AKCHEPUMECHTAIBHOTO HCCIICOBAHUS TI0 ITOMY
BOIPOCY U peau3alus MOITyYeHHBIX Pe3yIbTaTOB 3HAUUTEIHHO
CHOCOOCTBYET PELIEHUIO MPOOIeM MPOTE3HO-OPTONEANIECKON
peaOwiuTanu Ui TMAIHCHTOB, WCIOIB3YIONUX JIHOKCH]T
LUPKOHHUSL.

Marepuanbl U MeToabl: s MPOBENEHUS HCCIEIOBAHU
OBUTH  MOATOTOBJIEHBI 00pasubl CHHTE3UpoBaHHOrO ZrO,,
crabwmsuposannoro Y,0,, n pasaenens! Ha 5 rpynm. Kaxmas
rpymnma BkiodaeT B ceOs 10 o0Opas3noB MeTacTaOHIBLHOTO
TETParoHaJIbHOTO JIMOKCUAA UUpKoHUA. [l mnpoBeaeHus
"TPEXTOYCYHOT0" WCIBITAHUS HA W3THOHYHO MPOYHOCTH BCE
00pa31bl OBLTH HCITBITAHBI, TO €CTh Pa3PYIICHEL, YTO ITOCIICAOBAIO
MaKpOCKOMMYECKUM U MUKPOCKOIIMYECKUM HcclieoBanusiM. Ha
CJICYIOIIEM JTAIle HCCIICOBaHUS 00pa3Ilbl OBLTH UCCIICTOBAHEI
C HCIOJIb30BAHUEM CKAaHUPYIOLIETO AIEKTPOHHOT'O0 MUKPOCKOMA
(yBenmmuenne no 1000X), 9TO MO3BOJNWIO BH3YaIU3UPOBATh
CTPYKTYpHblE  HW3MEHEHHUS, BBI3BAHHBIC  Pa3IHYHBIMU
BO3JICHCTBUSIMHU. DKCnepUMEHTAIbHbBIE HCCIIETIOBAHUS
IIPOBOJMINCH B COOTBETCTBUU cO cTtaHaapTroM [SO 6872:2008
(Cromatomnorus - Kepamuueckue MaTepraibl).

Pe3yabTaThl M BBIBOABI: B pe3ynbrate ucciaeoBanus ObLIO
BEISBJICHO, YTO MECKOCTPYHHass 00pab0oTKa W MECKOCTpyHHAs
00paboTKa ¢ TMOCICAYIOMIAM PETCHEPAIIMOHHBIM O0XXHUTOM
BIMSIIOT Ha MPOoYHOCTH 00pasnoB Y-TZP. [Ipu neckoctpyitHoi
00paboTKe CpeTHS IPOYHOCTh MaTepraia cocTapisuia 1253.67
MIla, a mpu HEeCKOCTPYWHOW 00OpabOTKE C MOCICAYIOIINM
pereHepaIMOHHBIM 00KHUTOM CPETHSSA IPOYHOCTH HCCIIETyEMOTO
00BekTa cocraBisuia 744.96 MIla. CkaHupyloIiee SIeKTPOHHOE
MHUKPOCKOIINYECKOE HCCIIEOBAaHUE IOKA3aJlo, YTO 00pas3libl,
00paboTaHHbBIC MECKOCTPYHHONU 00paOOTKOM ¢ MOCIICIYOIINM
pEereHEePAITIOHHBIM 00KUTOM, UMEITH 3HAYUTEIBHBIC Pa3THYsL.
B wux xpucTaluTMYeCKOW CTPYKType ObUH OOHApy>KCHBI
HE3HAYUTENbHbIE MOJOCTH.

IMocne abpa3uBHOM pereHepaIoHHONH 00pabOTKH 00pa3IoB
Y-TZP npou3onuio 3HAYUTEIHLHOE CHIDKEHUE MpeleIbHON
MPOYHOCTA MaTepualia, 4YTO OBUI0 TOATBEPKACHO Kak
MeTOJIOM JehopMaIlK Ha TPEX TOYKAX, TAaK U CKAHUPYIOIINM
9JIEKTPOHHBIM MUKPOCKOIIMYECKUM HCCIIETIOBAaHUEM.
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