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KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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INFLUENCE OF THE GEOMETRIC SHAPE OF THE MOLD
ON THE CAST BILLET STRUCTURE FOR FORMING PROCESSES

Abstract. The article shows the effectiveness of system analysis based on Shubnikov-Curie symmetry
principle, in solving problems of thermal effect on the molten liquid metal when it is solidified in a mold. It has been
suggested that a binary axis, relative to the lateral surface, appears in the ingot structure. In accordance with the
generalized structure of the billet, geometric structure of crystallites and crystallographic texture are determined by
the influence of the thermal field during the crystallization of the melt. The thermal field is determined by the
geometry of the mold and the structural features of its sprue and bottom parts.

Analysis of the generalized structure of the field of physical activity allows us to optimize the properties of the
cast billet for subsequent forming processes of semi-finished products for mechanical engineering. This is important
for the performance characteristics of the finished products.

It has been experimentally proved that the structure of the cast billet (distribution of grains in the material)
undergoes changes in accordance with Shubnikov-Curie principles of symmetry, during the crystallization process in
the molds of various sections. It affects the physico-mechanical properties of the cast billet, including the plastic
deformation during further forming processes.

Key words: forming processes, crystallization, symmetry, heat flux, texture, Shubnikov-Curie principle, mold.

Introduction. The production of metallurgical billets consists of two main technological processes:
1) obtaining a cast ingot by pouring the molten metal into the casting mold; 2) pressure treatment of the
ingot, mainly rolling. As a result, the billet acquires certain mechanical and crystallographic texture — the
predominant orientation of its internal components. The crystallographic texture determines the anisotropy
of the polycrystalline materials properties.

Formation of properties in the cast billet (i.e. casting) depends on heat removal from the melt into the
mold during its solidification. The crystallographic texture is responsible for the formation of the physico-
mechanical properties.

In the known technological metal forming processes, the results of transcrystallization have a
significant impact on the macro- and microstructure of semi-finished products, as well as their quality.
This is primarily due to the presence of both globular and axial textures in the ingot [1-3]. Consequently,
one of the promising ways to improve the physico-mechanical properties of polycrystalline materials is a
comprehensive consideration of the natural anisotropy of the polycrystalline grains properties (crystallo-
graphic texture) and their geometric shape texture at all stages of technological processing.

Researches considering texture in wrought alloys are non-systematic and are aimed at solving parti-
cular problems. For example, in 1994, an application was filed and a patent for an invention to improve
the ingot technology for the production of multilayer rolling was obtained [4]. The results did not attract
wide scientific attention, apparently due to the lack of a systematic approach.

— 14—
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Possible ways to control the crystallization process in order to obtain a given crystal structure of
ingots and castings are usually limited to the analysis of the methods of grinding crystalline grains in
conventional casting molds [5,6,7].

Methods for obtaining shaped castings with a directional crystal structure (texture) are based on con-
trolling the relation of macrostructural zones in the system: peripheral fine-grained zone — columnar
crystals — equiaxed crystals.

The question concerning the microstructure of ingots of wrought alloys (texture) is not considered
properly. Here, the ingot texture will be understood as features of the structure due to crystallographic
directions and planes, related by symmetry characteristics to the structure of the thermal field (created by
the mold during the process of crystallization), as well as the structure of the melt before it is cast into the
mold.

The formulation of the research objective and the physical essence of the process. This research
is carried out with the help of the system analysis, which is based on the generalized Shubnikov-Curie
symmetry principle [8,9]. The work investigates how the thermal field structure of a casting mold
influences on the macrostructure of the cast billet.

The formation of the crystallographic texture of the castings can be studied at thermal and heat-
kinetic levels simultaneously. The study at thermal level is based on the heat-transfer process between the
boundary surface of the melt and the relatively cold wall of the mold. The basis of heat-kinetic research is
analysis of crystallization processes.

Heat-transfer processes will be determined by the generalized structure of the thermal field, which
can be identified on the basis of the Curie symmetry principle for heterogeneous systems. In this case, the
heterogeneous system is represented, on the one hand, by the symmetry characteristic of the crystallo-
graphic texture of the anisotropic metal sheet from which the wall of the mold is made. On the other hand,
it is represented by the symmetry characteristic of the thermal field structure of the melt (due to the cross-
sectional shape and geometric relations of the limiting surfaces of the mold), as well as the influence of
the pouring conditions and the difference in the heat removal conditions between the bottom and the sprue
parts of the mold.

Symmetry of the crystallographic texture of the metal sheet (which is obtained by the method of
lengthwise rolling and is used for manufacturing of the walls and bottom of the mold) can be represented
by the following formula. It includes the generating elements of symmetry of the generalized structure of
the physical field of rolling, characterized by the relation of kinematic and geometric parameters of the
dynamic system. This system determines the set of generating elements of symmetry and their relative
position:

Gyp=mm?2, Q)
where G is a symmetry group; m — plane of symmetry; 2 — binary axis.

The structure of the thermal field of the melt relative to the normal of the side surface can be
represented by an expression that includes the plane of symmetry m relative to the side surface of the melt,
passing through the axis of the mold, aligned with the Z axis in an orthogonal coordinate system. It
coincides with one of the symmetry planes (which belong to the symmetry group, describing the structure
of the thermal field relative to the axis of the mold). In this case, the generalized structure of thermal field
for the side surface of the ‘melt-mold’ system can be represented in the following way:

GCHC = GH]) g Gpacn. =m. (2)

According to the Curie principle, the symmetry group of a system is the highest subgroup of
intersection groups of a system. Thus, the generalized structure of the side surface of the thermal field can
be described by a single symmetry plane, which is common to the structure of the thermal field and the
structure describing crystallographic texture of the anisotropic sheet.

The generalized structure of the thermal field relative to the normal, combined with the axis of the
mold, is determined by the cross-sectional shape and geometric relationships of the bounding surfaces of
the mold, as well as the influence of the pouring conditions and the difference in the heat removal condi-
tions between the bottom and the sprue parts of the mold. However, in this case, the structure of the ther-
mal field must be considered for three-dimensional space. It is necessary to take into account the structure
of the heat removal of the total lateral surface in the volume of the entire melt. The geometrically connec-
ted lateral surfaces are the system-forming elements of the generalized structure of the thermal field.

— 15—
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Thermal field isotherms will be determined by the anisotropy of the mold wall. They can be described
based on the symmetry characteristics of the geometric and crystalline textures, as a response of previous
methods of processing the materials from which the wall of the mold is made.

For thin-walled molds, the temperature field can be considered like for two-dimensional space,
neglecting the direction perpendicular to the plane, which coincides with the plane of the mold wall. In
this case, the distribution pattern of the thermal field isotherms in the system “side wall of the mold —
external environment” will be determined by the temperature field of the side surface of the melt in the
system “side wall of the mold — melt”.

The physical nature of the isotherms distribution on the wall of the mold is determined by the thermal
conductivity k [V-m™-K™], linking the heat flux h [V/m?] with the temperature gradient dT/dZ via a well-
known formula:

=k G)
dz

In case of real anisotropic materials, the heat flux is not parallel to the temperature gradient;
therefore, the thermal conductivity is described by the polar tensor of the second rank (which is considered
to be symmetric for this process). In this case, the symmetry of the polar tensor of the second rank is
expressed by Neumann’s principle (the main postulate in crystallography) and thermodynamic relations,
which describe the irreversibility of these processes for heat transfer. So, for the symmetric polar tensor of

the second rank, the following equality can be created:

k, =k, )

The polar tensor of the second rank, which describes the thermal conductivity, is symmetric relative
to the main diagonal. Only six independent coefficients have to be determined for the further calculations.
The value k; is considered in two directions: the direction in which we measure the temperature
gradient, and the direction in which we measure the heat flux. In general, these directions do not coincide,
and the analytical form of the relation is:
dT
hy=—k;,—.
" dZ,
The minus sign shows that the heat is always directed opposite to the direction of the temperature gradient.

Based on (1), the components of the thermal conductivity of the symmetric tensor of the second rank
are calculated as follows:

)

h,
k, = ﬁ . (6)
iz
They can be presented in the following matrix form:
kll klz k13
k;’/ =|ky Ky Ky . (7
k31 k32 k33

Considering the influence of anisotropy on the distribution of properties, it is important to accurately
determine the measured values at the stage of designing the shape and volume of the mold.

Since metallic materials are mainly used in polycrystalline state, the mechanism of their texture
formation depends on the structure of the original billet. The distribution of the texture intensity is deter-
mined by the initial crystallographic texture, as a response of the last technological process. In the known
technological metal forming processes, during the first hot rolling of ingots, the results of crystallization
have a significant impact on the macro- and microstructure of the billet, as well as its quality. This is
primarily due to the presence of both the globular an axial texture in the ingot [1].

In determining the effect of symmetry on the physico-mechanical properties of semi-finished and
finished products, four types of symmetry are studied: the symmetry of the original billet, the symmetry of
the external field effects, the symmetry of the resulting change and the symmetry of the physical proper-
ties of the product [4].
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The definition of the symmetry of physical properties is based on the Neumann’s principle: the
symmetry group of any physical property G, should include all the elements of a point group (crystallo-
graphic class) of a crystal G,. In other words, the group G either coincides with the group G, or is its
subgroup. This statement can be presented, using the elements of the theory of groups:

GK < GCB. (8)
Mathematically, this condition is expressed by the equality of the tensors 7
Tiik... = Tijk... )

Nowadays the idea that the final physico-mechanical properties of semi-finished products and
operating characteristics of finished products are formed at the process stage has become widely accepted
[15]. Thus, it is important not only to consider the initial structure of the cast billet, but also to set it when
designing the specified operational properties of the finished product.

Based on Shubnikov-Curie principle of symmetry, a technology of directional crystallization in ingots
was developed, in order to consider their physico-mechanical properties. This is possible due to the specified
temperature gradient in the considered directions of the heat flux during the ingot crystallization [16-23].

Experimental research and discussion of the results. The current paper presents the results of an
experiment to obtain a casting in a mold of a pentagonal cross section, a physical system for creating a
controlled heat flux (figure 1 a, b).

Figure 1 — Pentagonal casting (a) and mold (b)

The source material is an aluminum bar AD 1 (1.5 kg) and an aluminum ingot (1.5 kg). The metal
was heated in the furnace up to 820°C.

A steel plate (5 mm thick) was used as the substrate for the metal mold, in order to create directional
solidification. The lower part of the mold was filled with sandy-clay mixture and placed on a plate (figure 1, b).

Before being poured, the melt was cooled to the temperature Tg;. = 700° C (controlled by the thermo-
couple). After that, the metal was poured into the prepared mold (unheated, at room temperature). The
cooling of the casting (60 min) was carried out in the open air.

The results of the metallographic study of the obtained samples are shown in figure 2.

0 b) 0

Magnification: @) 100x; b) 200x; ¢) 500x
Figure 2 — Microstructure of aluminum-copper alloy, pentagon casting, pouring at 700 °C,
unheated mold, cooling outdoors, etching with hydrofluoric acid solution

— 17—
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Figure 2 shows that the grain boundaries are viewed weakly, due to the short duration of etching. The
shape of grains is also very remarkable. They are identical with the geometry of the casting mold.
However, as it has been mentioned, the heat transfer in different directions is not the same for each point,
and therefore the grains grow in the shape of irregular pentagons. Nevertheless, extraordinary polycrystal-
lites can also be observed. Their shape coincides almost perfectly with the geometric shape of the mold.
This fact can be explained by the Curie dyssymmetrization principle.

Figure 3 — Macrostructure of an aluminum alloy ingot with the response of the generalized structure of the thermal field

Figure 3 shows the macrostructure of the aluminum alloy ingot, with the response of the generalized
structure of the thermal field. Geometric texture is clearly expressed there, due to the geometric para-
meters of the heat removal.

Conclusion.

1. In order to study the crystallographic texture of the ingot, it is necessary to consider the generalized
structure of the thermal field as a heterogeneous system. This system is formed by different relations of
geometrically connected lateral surfaces of the mold and the symmetry characteristics of the melt at heat
kinetic level.

2. The effectiveness of system analysis (based on the Shubnikov-Curie principle of symmetrization-
dissymmetrization) in solving problems of thermal effect on the molten liquid metal, is experimentally
proved.

3. Based on the system analysis, it can be argued that the billet, obtained by casting into a mold with
a pentagonal cross-sectional shape according to the presented technology, has reduced ductility and
elasticity properties and cannot be recommended for further forming processes.

4. Based on theoretical studies and experimental data, it can be argued that the management of cry-
stallographic texture in casting processes and its consideration in the design of metal forming technologies
will optimize the properties of semi-finished and finished products for mechanical engineering.

C. B. Mumnues', B. I'. Bepesiok', C. B. Ky3eM6aeBZ,
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N3JO0XXKHAULAHBIH TEOMETPUSLIBIK ITIITHIHIH KbICBIMMEH
OHJEYI'E APHAJIFAH K¥UBLJIFAH JAUBIHJIAMA KYPbIJIBIMbBIHA 9CEPI

AHHOTanusi. MeTaimtyprusiiblK JaiblHAaMa KYHBIT allblll KeiH KbICBIMMEH OHJIeY INpolieciHie Oenria mexa-
HUKAJBIK JKOHE KPHUCTAIUIOTPaQUKAIBIK TEKCTypara, SFHU OHBIH IIIKi dJIEMEHTEpiHiH (KPUCTAIUTTEPIiHiIH) alphIKIIa
OarpIThIHA e Oonanmbl. BipTekTi MeTammblH KpHCTALIUTTEPi Oip KPUCTANIBIK KYPBUIBICBIHA e OOJBII KPHCTAIIIO-
rpadUsITBIK TEKCTYpachIMEeH OacKamia aiTKaHIa, KpUCTAIUIOTPAa(UsIIBIK OCTEpiHIH e3apa OaFbITTaphIMEH aWbIPBI-
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nmanbl. J[on ochl KpucTammorpadusuIbIK TeKCTypachl (pH3uKa-MeXaHUKAIBIK KaCHETTEPiHiH Haiaa OOJTybIHA JKayamnThl
JKOHE KOMKPUCTAIIBIK MATEPHAIIIBIH KACUETTEPl aHU30TPOINHUSICHIH AHBIKTANIBL.

Tekcrypa oHe, IeMeK, KacHeTTepAiH maiiia 6oy mporeci 0ajikpiMa KaTar Ke3iHJe KbUTyIbl OajaKpiMaIaH
KaJbInKa (M3JI0KHULara) 6epy KyObuibichiHA OaiinaHbicThl. JKbl1y Oepy mporectepi xkbuty epiciHid Kropumin rere-
poreni xyienaep yIIiH CUMMETpHs NPUHLMII HEri3iHAe ailKbIHIAIAThIH KaJIMbUIAHFaH KYPBUIBIMBIMEH aHBIKTa-
naapl. by cotTe reteporeHai kyie Oip jkKaFbIHAH KaJbIl KaOBIPFAChl jKacalFaH aHW30TPOITHI METAUT IMaparbIHbIH
KpHUCTAIUIOrpaHsIBbIK TEKCTYPAChIHBIH CUMMETPHSUIBIK CHIIATTaMachiMeH OuTiHeal. EKiHINI jkakraH OaaKbIMaHbIH
KBUTY ©pICl KYPbUIBIMBIHBIH CHMMETPHSIIBIK CHUITATTaMAacChIMEH KepceTiieni. AJl COJ KYPbUIbIM KaJbINTBIH KOJICHEH
KMMACHhI MIIHIMEH jKoHEe OCTTEPiH IIEKTECHTIH TeOMETPHSJIBIK KaThIHACTAPMEH, COHBIMEH Oipre OaiKpIMa KYIO JKar-
JTaiapbIHBIH 9CepiMEH JKOHE KAIBINTHIH (M3I0KHUIAHBIH) TY0l MEH KYIO KaKTapBIHAAFHI JKBUTYIBI OKETY Karmaan-
JIapBIHBIH aibIPMALIBUIBIFBIMEH aHBIKTAIA/IBI.

Makasnaa U3JI0KHHLAIA KaTaliFaHaa CyHbIK MeTal OajaKpIMachiHa KbUTy ocepi ecentepin memry yurid H1y6-
HUKOB-Kiopu cuMMeTpu3anus-aucCUMMETpU3aliis MPUHIKII HeTi3iHae JKYHeNniH Tajijay KOJNIaHYIbIH THIMALIIr
kepcerinesi. CeiFpIMIaMa KYpbUIbIMbIHIA OYHipiik Karbl OOMBIHIIA EKIHII PEeTTIK CUMMETpusi oci maiiga Goiy
Typaiibl O0oJDKaM yCbIHazbl. J{aiibIHIaMaHbIH JKaINbUIAHFAH KYPBUIBIMBIHA THICTi, KPUCTAUIUTTEPIH T€OMETPHSIBIK
KYPBUIBIMBI JKOHE KPHUCTAIUIOrpaUsIIbIK TEKCTYpachl OalKpIMa KpHCTAJIaHFAaH KE31HIET] JKbUly OpICiHIH dcepiMeH
aHbIKTaaabl. JKbUTy epici M3JI0KHHUIAHBIH T'€OMETPHUSICHIMEH JKOHE OHBIH KYIO MEH TYI 0eJiKTepi KYpbUIBICHIHBIH
epEeKIICTIKTePIMEH aHbIKTATaIbI.

ChIFbIMIIaMaHbIH KpUCTAIUTOTPa(USITBIK KYPBUIBIMBIH 3€PTTEY YILIH XKbUTY OPICIHIH JKaJIbUIAHFAH KYPbUIBIMBIH
KaJIBINTHIH (M370KHALIAHBIH) T€OMETPISUIBIK OaiinanraH Oyifip OeTTepiHiH KoHE OaTKbIMAaHBIH JKBUTY-KHHETHKAIBIK
JIeHrefiHIeri CUMMETPHSJIB CUIIATTAMANIAPBIHBIH OPTYPJl KaThlHACTAPBIMEH TY3UINE€H TeTepOreH[l Kyhe peTiHze
KapacThIpy KaXKeT.

du3nKaNbIK 9cep eTeTiH OPICIHIH KaJNbUIaHFaH KYPbUIBIMBIH Tallay MalllMHa jKacay/a NaiiajaHaTblH kKap-
ThUIAW OHIMJIEP/l KbICHIMMEH OHJIEY IPOLIECTEPIMEH aily YIIiH KYWbUIFaH JalblHAaMaHbIH KACHETTEPIH THIMI €Tyre
MYMKIH/IIK TyFbi3abl. OCBIHBI JaliblH OYHBIMHBIH Maii/IaaHyIIbUIBIK KACHETTEPIH €CelKe aly YIIiH Oy KaxKer.

Kumachl opTypii W3noXHULANAp/a KPUCTAIJAHY MPOLECIHIAC KYWbUIFaH JadblHIAMaHbIH KYPbUIBIMBI (MaTe-
puan xeneminne aoHuep Ttapanybl) LlyonukoB-Kiopu cuMMeTpH3alus-AHCCUMMETpU3alis MPHUHIMIIIHE Coiikec
@3repeTiHIIr dKCIepUMeHTal bl KopceriireH. KypbuibiM e3repyl ©3 peTiHie KYWbUIFaH NailblHIaMaHbIH (H3HKa-
MeXaHUKaJbIK KACHETTEePIHE acep eTe/i.

Tyiiin ce3aep: KbICBIMMEH OHJEYy, KPUCTAaHy, CUMMETpHs, XbUly arbiHbl, Tekcrypa, Lllyonnkos-Kropu
MIPHUHIIAII, U3I0KHHULIA.
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BJIMNAHUE FEOMETPH‘-IECKOﬁ ®OPMBI U310 KHUIBI
HA CTPYKTYPY JIMTOU 3ATOTOBKH I OBPABOTKH JABJIEHUEM

AHHoTanus. Mertammyprudeckas 3aroToBKa B IPOIECCE JIUThS M IMOCIEAyIomeld o0paboTKH ee JaBiICHHEM
MproOpeTaeT ONMPEeNeNeHHYI0 MEXaHHYECKYI0 M KPHCTALIOrpadUIecKyl0 TEKCTYPY — MPEUMYIIECTBEHHYIO OPHEH-
TAIMIO COCTABJIAIOMINX €€ BHYTPEHHUX AJIEMEHTOB (KPHUCTAUTUTOB). B OMHOpPOIHBIX MeTauiax KpUCTAJUIUTHI 001a-
JIAIOT OJJMHAKOBBIM KPHCTAJUIMYECKUM CTPOSHUEM, HO OTIIMYAIOTCS B3aMMHOM OpHEHTaIel KpucTamiorpaduieckux
oceil — kpucTayuorpaguyeckoil TeKcTypoit. IMeHHo KpucTauorpaduyeckasl TEeKCTypa OTBETCTBEHHA 32 (JOPMHUPO-
BaHHUE (PU3UKO-MEXaHWYECKHIX CBOMCTB U OIPEAeIsieT aHU30TPOITHIO CBOHCTB MOJUKPUCTALIHYECKIX MaTEPHAJIOB.

[Ipormece popMupoBaHHsS TEKCTYpPHI U, COOTBETCTBEHHO, CBOMCTB 3aBHCHUT OT OTBOJA TEIUIOTHI OT paciuiaBa B
bopmMy (M310XKHUILY) NPHU 3aTBepAeBaHUU paciuiaBa. [Iporecchl Temionepenayn OyayT OnpeaensiThes 0000eHHOM
CTPYKTYpPOH TEIJIOBOTO TMOJs,, KOTOpas MOXKET OBITh BBIABIICHa HAa OCHOBE MpPHHIHUIA cHMMeTpun Kropm mis
IeTEPOTreHHBIX CUCTEM. B TaHHOM cilydae reTeporeHHas CUcTeMa NPEACTaBIIEHa, ¢ OJHONW CTOPOHBL, CUMMETPUITHON
XapaKTEPUCTHKON KPHUCTAILIOTPapIIecKOd TEKCTyphl aHH30TPOIHOTO METALIHYECKOTO JIMCTA, U3 KOTOPOTO H3rO-
TOBJIEHA CTEHKA M3MOKHHUIEL. C Opyroil CTOPOHBI — CHMMETPHUHHONW XapaKTEPUCTUKON CTPYKTYPHI TEIJIOBOTO ITOJIS
pacmaBa, 00yCIOBICHHOIN (OPMOI ITONIEpEIHOTO CEYEHUS M T€OMETPUIECKUMHU COOTHOIICHISIMUA OTPAHUIHBAFOIITIX
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MTOBEPXHOCTEH M3JIO0KHHUIIBL, a TAK)KE BIISTHUEM YCIOBHH 3aJIMBKU M PaszIMYUeM YCIOBUH TEIIOOTBOJA MEXIY JTOH-
HOM M JTUTHUKOBOM YaCTHIO U3JI0KHULIBI.

[okazana 3(GpeKTUBHOCTh MPUMEHEHHUs] CUCTEMHOTO aHAJIN3a HAa OCHOBE MPUHIIMIIA CUMMETPHU3aI[U-TUCCUM-
metpuzanun 1llyornkoBa-Kiopu mpu pemieHun 3aiad TEIJIOBOTO BO3IEHCTBHA HA paciijiaB >KUIAKOTO METaiia MpH
€ro 3aTBEP/EBAaHUH B M3JIOKHUIIE. BRIIBUHYTO MPEANIONOKEHUE O TOSBICHUH B CTPYKTYPE CIUTKA OCH CHMMETPUH
BTOPOT'0 MOPsAKa OTHOCUTEIBHO OOKOBOW MOBEPXHOCTH. B COOTBETCTBHM C 0OOOILICHHON CTPYKTYPOil 3arOTOBKH,
reoMeTpuuecKas CTPYKTypa KPHCTAJUINTOB M KpHCTAJUIOrpadrueckas TeKCTypa ONPEIessIFOTCs BO3ICHCTBUEM Tell-
JIOTO TIONSA TPH KPUCTAUTM3AIMM pacIuiaBa. TemioBoe MoJe ONpeNesseTcs] TEOMETPHEed H3JIOKHHUIBI U OCOOCH-
HOCTSIMHU CTPOEHUS €€ JUTHUKOBOW U JOHHOW YacTeH.

Jnst wccnenoBaHusi KpucTaiorpaguyeckod TEKCTYpbl CIMTKa HEOOXOAMMO paccMaTpuBaTh OOOOLICHHYIO
CTPYKTYpa TEIUIOBOTO TOJIA KaK FeTePOreHHYI0 CHCTEMY, 0Opa30BaHHYIO PAa3IUYHBIMUA COOTHOIICHHSAMH T€OMETPH-
YECKH CBS3aHHBIX OOKOBBIX IOBEPXHOCTEH W3JOXKHHIBI W CHMMETPUHHBIMH XapaKTEpPHUCTHKAMH pacIulaBa Ha
TEIUIOKUHETUIECKOM YPOBHE.

AHanu3 0000IIEHHOH CTPYKTYpbl HOJs (U3UUECKOr0 BO3ACHUCTBHUS TO3BOJSIET ONTHMHU3UPOBATh CBOWMCTBA
JUTOM 3arOTOBKH JJISI MOCTIEIYIOIMX IPOLECCOB 00pabOTKHM AaBICHHEM IMONy(paOpUKATOB I MAIIMHOCTPOCHHS.
D10 HE0OXOAUMO IS y4eTa IKCIUTYyaTAIIMOHHBIX CBOHCTB TOTOBOTO M3/ICIIHA.

OKCcIepUMEeHTAIBHO TTOKA3aHO, 9TO CTPYKTYpPa JIUTOM 3ar0TOBKH (pacnpeesieHre 3epeH B 00beMe MaTepralia) B
mporecce KPUCTAUIM3AIMH B H3JIOKHHUIAX DPA3IUYHOTO CEYCHHS IPETEPIIEBAeT W3MEHEHHS B COOTBETCTBHH C
npuniunamMu cummerpun LllyornkoBa-Kropu, 9To, B CBOIO o4epenib, OKa3bIBACT BIMSHUE Ha PH3UKO-MEXaHUUECKUE
CBOKMCTBA JIUTOM 3arOTOBKH, B TOM YHCJICE U Ha XapakTep IIaCTHYECKO aedopmaruu B mpoliecce AabHEHIIeH ee
00paboTKH JaBICHUEM.

KiroueBble cioBa: o0paboTKa AaBICHHEM, KPUCTAJUTH3ALNs, CHMMETPHS, TEIUIOBOH MOTOK, TEKCTypa, IIPHH-
run lyonukosa-Kropu, n3noxunma.
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