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For analysis of the dynamics of forced and spontaneous transitions, a parametric 3D
model of the black body radiation spectrum is proposed. Its orthogonal projections are the
first and second-order signatures, in the configurations of which dynamic, energy and
information aspects of the spectrum of thermal radiation are displayed. Their comparative
analysis revealed significantly greater sensitivity of the parameters that reflect the dy-
namics of radiative transitions to small changes in temperature than the parameters of
thermal radiation (#*(A,T), R), which are used in optical pyrometry. It is shown that the
influence of external factors on the dynamics of physical processes in crystalline boule is
most evident in 3D models of the functional characteristics of the samples. The structure
of the functional characteristics of the samples from crystalline boule contains information
on the features of defects formation. It is shown that for the effective growth control,
interrelated parameters characterizing the features of the dynamics of radiative heat
transfer in a growth furnace are needed. The expansion of the number of interrelated
parameters that reflect the dynamics of radiative heat transfer makes it possible to carry
out the effective parametric control of crystal growth.

Keywords: crystal growth, reproducibility of a crystals properties, individuality of a
functional characteristics, radiation heat transfer, geometrization, signature of a funec-
tional characteristic, trajectorie of dynamic events, decomposition of a spectrum, paramet-
ric control, parametric 3D model.

Ilna aHaamsa QIUHAMHAKY BBIHYMKIEHHBIX U CIIOHTAHHBIX II€PEX0J0B IIPEAJIOMKeHa IapaMer-
puueckas 3D-mogenb crnexrpa usaydeHuda AUT. Ee oproroHajlbHbIE IPOEKIINH SABJISIOTCH
curHaTypamMu 1-ro u 2-ro mopsagKoOB, B KOHPUIypaAllMAX KOTOPHIX OTOGPANKAIOTCA TUHAMUYEC-
Kne, sHeprernuyeckre u HHPOPMAIMOHHBIE ACHEKTHl CIIEKTPa TEIIOBOro wuaayueHma. Hx
COIIOCTABUTEJbHBINM AHAJMUS BBIABUJ CYIIECTBEHHO GOJIBIIYI0 UYBCTBHUTEIBHOCTb IAPaMeTPOB,
KOTOpPBEIE OTOOPAMKAIT AUHAMHUKY M3JIYyYaTEeIbHBIX IEPEXOJ0B K MAJbIM HSMEHEHUAM TeMIIe-
paTypbl, YeM HapaMeTpsl Temmosoro msiaydueHus (r (A,T), R), KOTOpBIE HCIIOAB3YIOTCH B
ONTUYEeCKON mupoMerpuu. IloxasaHo, UTO BANSAHNE BHEIIHUX (PAKTOPOB HAa AUHAMUKY (PU3HU-
YeCKUX MPOIECCOB B KPUCTAIINUECKON Oyae manbojiee mpoABiserca B 3D-Momensax (QyHKIU-
OHAJLHLIX XapaKTEePUCTUK 00pasioB. B cTpyKType QYHKIIMOHAILHLIX XapaKTEePUCTUK o0pas-
I[0OB 13 KPUCTAMJINYECKON OyJaM comep:KUTCA WHMOPMAINMS, CBA3AHHAA € OCOOEHHOCTAMM
mederTooOpasopannsa. Iloxasano, uTo A8 oPPEeKTUBHOTO YIPABJIEHUA POCTOM HEOOXOTMMEI
B3aMMOCBA3aHHLIe MApaMeTPLl, XapaKTepUs3yIIle OCOOeHHOCTH ITUHAMHKN pPaguallOHHOTO
Temmoo0MeHa B POCTOBOM yCTaHOBKe. Paclinpenne KOJAWYECTBA B3aMMOCBI3aHHLIX IIapaMer-
POB, KOTOpPLIE OTPAMKAIT IUHAMHUKY PaZUAIlIOHHOTO TEeIJI000MeHa, MO3BOJSAET OCYIIeCTBUTL
apPerTUBHOE TMapaMeTpUUecKoe yIIpaBjieHlre POCTOM KPHUCTAJJIOB.
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Brnane guaamiku pagiamiifHOTO TEemJ000MiHY Ha BUPOIMYBaHHS Kpucraidie. B.JI.Mu-
eaav, 1.O.Kaumenxo, I'.B.Muzaav.

Hnsa amaniszy AMHaMiIKKM BUMYIIEHMX 1 CIIOHTAHHUX IePeXO/iB 3aIpPOIOHOBAHO ITapaMeT-
puury 3D-Monens crexTpa Bunpominioanas AUT. Ii opToronansmi nmpoexmii e curmarypamu
1l-ro i 2-ro mopaakie, y koudirypariax aKux BimodpasKarTbCsad AMHAMIUHI, eHepreTHYHI Ta
inopMaIifiHi acoeKTH cIeKTpa TeILIOBOTO BUIPOMIiHIOBAHHA. X MODiBHANBHWUI aHANI3 BHA-
BUB iCTOTHO GijbITy UyTAMBiCTE mMapamMeTpiB, AKi BiZoOpaKkaioTh AUHAMIKY BUNPOMiHIOBAJb-
HUX TEPeXOodiB A0 MajnX 3MiH TEMIEepPATypH, HiK TapamMeTpu TEeIJIOBOTO BUIPOMiHIOBAHHS
(r*(\,T), R), sAKi BUKOPMUCTOBYIOTHCSA y ONTUYHiH mipomerpii. ITokasaHo, IO BIJIHUB
30BHimIHiX (arkTOpiB Ha mgMHaMiKy (ismuHux mpoiecie B Kpucradiumiit 6yai mHaibiabin mpo-
aBiasgeTbea y 3D-Momenax QYyHKIIOHAIBHUX XapaKTePUCTUK 3paskiB. ¥ cTpyKTypi pyHKIio-
HAJbHUX XapaKTePHUCTUK 3paskiB 38 Kpucramiynoi Gyiai micrurbes imdopmaliida, nmos’asaHa 3
ocobauBocTaAMu gederToyrBopenHsa. IlokasaHo, 110 mjd e(EKTHUBHOIO YIPABJIIHHS POCTOM
HeoOxigui BsaeMomoB’s3aHi mapamerpu, IO XapaKTePU3YIOTh OCOOAMBOCTL AuHaAMIKU pa-
piamifigoro remsooOMiHy y pocToBili yceraHoBii. PosmupeHHA KiJIbKOCTI B3aeMOIIOB’s3aHUX
napamMerpiB, dkKi BigoOpaskarTbh IMHAMIKY pagiamiiHoro TeriooOMiHy, H03BOJIA€ 3IiMCHUTU

edeKTUBHE IapaMeTpPHYHe YIPABIIHHA POCTOM KPHUCTAJIIB.

1. Introduction

Inefficiency of controlling the crystal-
lization from a melt, variety of defects and
multifactor dependence of crystal parame-
ters on controlled and uncontrolled influ-
ences affect their stability and reproducibil-
ity of the crystals properties [1]. In particu-
lar, there are problems with growing from
the melt of structurally perfect large crys-
tals A2B5, as well as with formation in them
unique sensory properties. Difficulties in
obtaining information in situ and the vari-
ety of growth factors, the hidden relations
between which determine the specific fea-
tures of the defect formation process, lead
to ambiguous parameters for the growth of
A2BS crystals (the rate of temperature
change, the phase transition temperature,
etc.). A result of this is the individuality of
the functional characteristics (FC) of sam-
ples from different parts of the crystalline
boule. It complicates analysis of results of
their complex research and makes the iden-
tification difficult, as well as the selection
of crystals for further use as functional ele-
ments of devices [2]. All this is naturally
associated with: a) difficulties in monitor-
ing and growth control, b) lack of reliable
information about the cause-effect relation-
ships between the combination of growth
factors and properties of each part of the
crystal boule. Obviously, there are hidden
or unaccounted factors that influence the
crystal growth process. It can be changed by
the external environment parameters, the
human factor and the features of the auto-
matic temperature control system in a crys-
tal growth furnace, ete. The modern growth
furnace is a complex dynamic system, for
the effective control of which it is necessary
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to get information on the causal relation-
ships between the growth conditions and the
FC of obtained crystals.

It is very important to control not only
technological growth indicators (growth
rate, temperature gradients, etc.), but also
difficultly determined physical parameters
of the melt and the growing crystal when
automating the process of crystal growth.
In most methods of A2BS® crystals growth
from the melt, the temperature and the
specified temperature gradients are moni-
tored based on the calculated model of ra-
diative heat transfer [3]. The rate of heat-
ing and cooling of the crucible is, as a rule,
linear. It is obvious that any perturbation
(mechanical, electrical, etc.) causes spatio-
temporal inhomogeneities of physical proc-
esses. Therefore, the long process of a
large-sized crystalline boule growing and its
cooling is accompanied by the formation of
a variety of structural defects. Their spa-
tially inhomogeneous distribution in the
sections of the crystalline boule contains in-
formation about local perturbations and
changes in the parameters of the external
environment, which is necessary to optimize
the control of the growth furnace.

The founder of cybernetics N.Viner
showed that the principles of control and
communication are similar. He also intro-
duced so notion as signal organization (its
structure) its space-time ordering and drew
attention to the fact, that the time series
of parameters contains a minimum related
information about its structure and is not
effective for control [4]. Therefore, the in-
teraction of elements of the complex dy-
namic system in control process is consid-
ered exclusively as the informational one. At
the same time, this interaction determines
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Fig. 1. Black body radiation spectrum, their
760 K, (b) at T = 1500 K and 1510 K.

dynamic, energy and thermodynamic fea-
tures of the system functioning, in the
analysis of which it is possible to use the
fundamental laws, principles and criteria of
physics. It is obvious that improvement of
the crystals growth technology requires the
use of interdisciplinary cyber-physical ap-
proach, based on adaptation of the known
cybernetic laws and principles (the decompo-
sition principle, the feedback law, etc.) to
the analysis of different nature physical
processes [5].Therefore, further improve-
ment of the crystal growth technology re-
quires the identification of causally related
factors, their formalization and accounting
in the control model. Naturally, this re-
quires the interdisciplinary approach to
identifying the related information that is
hidden in the structure of different physical
and technological characteristics, as well as
the structure of the samples FC from each
crystalline boule. Therefore, the main pur-
pose of the work was the development of
tools for interdisciplinary approach to iden-
tify the features of the dynamics of radiative
heat transfer, which mostly affect the struc-
ture of crystals FC and their individuality.

2. Geomeilrization of physical
processes and their 3D-models

Information, related to growth condi-
tions of A2B® crystalline boule (controlled
and uncontrolled effects, etc.), contain dif-
ferent nature FC of each sample. For exam-
ple, in the spectral and temporal photore-
sponse of ZnSe crystals, this information
can be detected if the photoresponse on
crystal FC is numerically differentiated and
represented in the generalized phase space
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derivatives and signatures: (a) at T = 750 K and

(variable-state-velocity), where the variable
is a parameter that is the argument of the
functional dependence [6, 7]. Such process-
ing allowed to increase sensitivity of the
sensor based on ZnSe by an order of magni-
tude. By analogy, black body radiation spec-
trum can be represented in some generalized
space. To do this, we use the Planck’s law,
which is a mathematical model of the equi-
librium black body radiation spectrum. For
its analysis we also use the idea of A.Ein-
stein on stimulated emission. He applied the
statistical principle of detailed balance, ac-
cording to which the speed of direct and
inverse processes is the same, for the physi-
cally demonstrative derivation of the
Planck’s law. Let us continue the analysis
of the dynamics of radiative transitions,
whose intensity dependence on wavelength
determines the black body radiation spec-
trum. To do this, we numerically differenti-
ate the Planck’s law and obtained results
represent in the space with coordinates (A,
r*(\, T), dr*(\, T)/d\) as a trajectory of
dynamic microstates. Its orthogonal projec-
tions are: the well-known black body radia-
tion spectrum r*(A, T); dependence of the
derivative dr*(\A, T)/dA on the wavelength,
as well as the first order signature, repre-
sented in coordinates r*(A, T)-—dr‘(\,
T)/dA. Its configuration displays the pa-
rameters relationship. The black body radia-
tion spectrum at T = 7560 K and 760K, T =
1500 K and 1510 K, their derivatives and
signatures are shown in Fig. 1 (a) and (b),
respectively. Temperature values were chosen
from the crystallization and polymorphic
transformation regions of A2B® crystals, and
the temperature difference AT =10 K is
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Fig. 2. Parametric 3-D models of black body radiation spectrum at temperatures T = 750 K and
760 K (a) and at temperatures T = 1500 K and 1510 K (b).

close to the average daily temperature
changes of the heater and the external envi-
ronment in summer. When use the wave-
length derivative, the radiation spectrum is
naturally divided into two spectral regions,
differing in sign of the derivative and in
the steepness dr'(A, T)/dA. This simplifies
the precise determination of the function
maximum position r*(}, T)max- It can be
seen from the figure that the parameter
dr*(\, T)/d\ is more sensitive to tempera-
ture change than r*(A, T).

Therefore, increase in the black body
temperature of 10 K is mostly appeared in
signatures whose configurations reflect the
nature of the relation between r*(A, T) and

dr*(\, T)/dA. The components of configura-
tions of the first-order signatures are simi-
lar, and the increment of the area with in-
creasing temperature is naturally associated
with increase in the intensity of the radia-
tive transitions in a certain wavelength in-
terval. We note that as the temperature is
increased twice, the maximum of the radia-
tion spectrum is shifted, the scale dr‘(),
T)/dA changes significantly, and the rela-
tive change in the signature area decreases.

It is possible to find related information
on the growth conditions by transforming
the FC of samples from the crystal boule
slices into parametric 3D models. For ana-
lyzing the signatures configurations we can
use the tools of interdisciplinary approach
to identifying and investigating the indi-
viduality of the animate and inanimate na-
ture objects functioning [7]. The approach
is based on parametric geometrization of
the dynamics of the objects functioning in
space (state-slope-curvature), as a result of
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which a one-dimensional series of parame-
ters is transformed into its 3D model. Con-
sidering the physical meaning of the deriva-
tives, this model can be analyzed in the
space of dynamic events (state-velocity-ac-
celeration). Thus, analysis of 3D models of
time and spectral photoreponse of the crys-
tals showed that their configurations geo-
metrically represent closed trajectories in
the space of dynamic events [8]. The or-
thogonal projections of the trajectory are
the 1st and 2nd order photoreponse signa-
tures, with the help of which the natural
decomposition into the components of the
configurations of the corresponding cycles
is carried out [9]. So, configuration of the
signature in the plane (state-velocity) can be
analyzed as a dynamic ecycle, and in the
plane (state-acceleration) as an energy cycle.
In this case, the structure of the hidden
relationships reflects the signature configu-
ration on the plane (velocity-acceleration),
and the powers of the interconnections are
information characterizing the ratio of the
quadrants areas. Related information on the
growth conditions is mainly contained in
the space-time distribution of the compo-
nents of the signature configuration. It ap-
pears itself in the orderliness of the pho-
toreponse structure components, and also
statistically in the distribution of the pow-
ers of the information arrays at the quad-
rants. Reconfiguration of the signature dur-
ing the processing (laser, acoustic, ete.) in-
dicates that related information about the
influence of the defect structure appears it-
self in the configuration of its second-order
signature of photoreponse. Therefore, the
powers of information arrays [5] are so im-
portant that they allow us to formalize the
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structure of interrelations in the form of a
matrix of balance indicators. It is a cyber-
netic model of control of generation-recom-
bination processes in the crystal.

Similar to the study of the kinetics
structure and spectral photoreponse by
means of their parametric 3D models, we
construct such models of the black body ra-
diation spectrum for temperatures T =
750 K and 760 K (Fig. 2a), and also for
temperatures T = 1500 K and 1510 K (Fig.
2b).The most related information contains a
parametric 3D model. In this model, the
black body radiation spectrum transforms
into closed trajectory of the dynamic
events, the probability of each of them is
determined by the multiplication r*(A,
T) x dr(h, T)/d\ x d2r*(\, T)/dA%2 and is
represented by a point (see Fig. 2).

Given above the first-order signature and
two new second-order signatures are the or-
thogonal projections of the 3D model. Con-
figuration of the second-order signature
dr*(\,Ty/d\ — d2r* (A, T)/d\? is located in
4 quadrants, which reflects the natural de-
composition of the equilibrium radiation
spectrum on information arrays, the powers
of which are proportional to the covered
areas. These interrelationships determine
the natural structure of the balancing of
the rates of direct and inverse processes,
which, in accordance with the principle of
detailed balance, form the back body radia-
tion spectrum. Thus, when the temperature
was doubled, the signature configurations
remained almost unchanged, which statisti-
cally confirmed the same number of forward
and reverse absorption transitions and ra-
diation transitions. Attention should be
paid to the dependence of the linear density
of probable events on the trajectory on the
wavelength, and also to the asymmetry of
the configuration of the second-order signa-
ture dr(\,T)/d\ — d2r"(A, T)/dN\2. Thus, the
steepness and curvature of the signature
configurations of the black body radiation
spectrum are more sensitive than the pa-
rameters of thermal radiation r*(A, T) and
the integrative parameter R(T), which are
used in optical pyrometry.

3. Results and discussion

For dynamic systems the parametric con-
trol is the most effective, for implementa-
tion of which interrelated parameters are
needed. Therefore, it is critically important
to select the interrelated parameters for
controlling the radiative heat transfer dur-
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ing crystallization and cooling. It can be
seen from the above that the most sensitive
parameters are the parameters r*(A, T),
dr*(\,T)/d)\ and d2r*(\, T)/d)\2. The correla-
tions of these parameters determine the
configuration of the 3D model of the black
body radiation spectrum, in which the ther-
modynamics of thermal radiation is most
appropriately displayed. Orthogonal projec-
tions of the 3D model are the first and
second order signatures, in the configura-
tions of which the interrelations between
naturally separated portions of the spec-
trum are displayed. Therefore, they are
more informative and sensitive to small
temperature changes than the thermal ra-
diation spectrum r*(A, T). In particular, the
configuration of the first-order signature
can be analyzed as a certain cycle of real-
ized microstates, which reflects the dynam-
ics of forced and spontaneous transitions in
two spectral regions, differing in the sign
of the derivative of the black body radiation
spectrum. The increase in temperature twice
does not change the configuration of the
signature, however its area increased sig-
nificantly. As shown in [7, 8], the signature
area, which covers possible microstates, can
be represented as the power of their subset
W. Since its natural logarithm is the
Boltzmann entropy H = InW, increase in
the signature area with temperature indi-
cates the increase in entropy H. From com-
parison of the signatures in Fig. 1, it can be
seen that when the temperature is doubled,
the area and, accordingly, the entropy in-
crease by four orders of magnitude. At the
same time, the area of the black body radia-
tion spectrum, which reflects the energy lu-
minosity R(T), increased by a factor of 16
only in accordance with the Stefan-
Boltzmann law. In this case, the known
Wine laws are reflected in the nature of
changes in the configuration of the signa-
ture. We note that when the temperature is
doubled, the configuration of the second-
order signature r*(A, T)—d2r*(A, T)/d\?
does not change, which reflects the equilib-
rium of the thermal radiation. As can be
seen from the figures, the parametric repre-
sentation of the thermal radiation spectrum
turned out to be more informative when
change in the radiation temperature than
the usual spectrum. Thus, the change in
temperature even by 10 K (within
0.5...1.0 %) is barely noticeable in the
usual black body radiation spectrum. How-
ever, they are clearly visible in its signa-
tures (see Fig. 1 and 2), namely in the dis-
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placement of individual components and in
increasing the entropy ratio Hg/H . In this
case, both the well-known laws (the Stefan-
Boltzmann, Wine) and the hidden statistical
patterns of changes in the structure of the
black body radiation spectrum are reflected
in the nature of signature changes. They
are of interest for optical pyrometry.

The second order-signatures are of spe-
cial interest. Thus, as the temperature is
doubled, the configuration of the second-
order signature r*(A, T) — d2r(A, T)/dAZ,
the ratio of the areas of its components does
not changed, that indicates the equilibrium
of thermal radiation. The information as-
pects of the black body radiation spectrum
are most apparent in the signature
dr*(\,T)/d\ — d2r*(\, T)/dA2, in the configu-
ration of which the structuring information
appear naturally. Indeed, the signature cov-
ers in 4 quadrants the areas @, ®y, ®3, D4,
which reflect the powers of information ar-
rays. Their ratios are the balance indicators
of the powers of mnatural relationships.
Therefore, the hidden structure of interrela-
tions in the black body radiation spectrum
can be formalized with help of the corre-
sponding matrix of the powers balance indi-
cators B;;, which are equal to the ratio of
areas of all quadrants to each other (B;y =
®,/P,y, ete.) [5, 6]. Therefore, the configu-
ration of the signature dr*(\,T)/d\ —
d?r*(h, T)/dA? can serve as a natural model
of structure of the black body radiation
spectrum.

Proceeding from the foregoing, it is ex-
pected that the configuration of the signa-
ture, which reflects the structure of the
black body radiation spectrum, may be in-
herent in signatures of other crystals FC.
Indeed, similar configurations of the signa-
tures of the photoreponse kinetics spectra
and luminescence spectra were observed in
the study of ZnSe crystals [9] and the tem-
perature dependences of the photodielectric
response. Consequently, in the structure of
FC of a group of the samples from the sin-
gle crystalline A2B® boule, there is related
information about the growth conditions. It
can be assumed that there is a relationship
between the space-time distribution of lo-
cally concentrated features of the FC signa-
tures and the type of structure defects in
the samples. This is evidenced by the indi-
viduality of kinetics of photoreponse and
luminescence in the samples from the single
crystalline boule and the similarity of their
structures, as well as the results of their
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wavelet analysis [12]. The similarity of the
signature configurations is inherent in the
FC of other crystals. Configurations are
also found in human electrophysiological
signals (electrocardiogram, etc.) [7]. Note
that the development of the idea of N.Wie-
ner on the similarity of the control princi-
ples are the laws of reciprocal adaptation
proposed by the ergonomist V.Venda [10].
They are consistent with the basic principles
and laws of the general theory of systems
and complement them. In particular, the
necessary and sufficient condition for the
emergence and development of any system
is the presence of internal processes (be-
tween the system components) and external
(the systems with external environment) re-
ciprocal adaptation, which is based on the
relationship between structure and func-
tion. In the signature configurations, the
reciprocal adaptation of physical and tech-
nological processes is displayed. Therefore,
the similarity of the signatures configura-
tions of different crystals FC can be devel-
opment of technological heredity [11, 12]. It
is important that in the system analysis of
the 1st and 2nd order signatures of the
black body radiation spectrum and different
FC of crystals, universal means can be used,
as well as fundamental laws, principles and
criteria.

Thus, the universality of the approach
developed made it possible to compare the
dynamics of equilibrium thermal radiation
with the dynamics of photoinduced non-
equilibrium processes (photoresponse, pho-
toluminescence) and obtain complementary
information [6, 7]. The similarity of the dy-
namics structures of these processes makes
it necessary to take a fresh look at the re-
quirements for the automation of techno-
logical regimes for obtaining the crystalline
boule. In particular, it is necessary to pay
special attention to: a) the need to increase
the sensitivity of temperature sensors and
optical pyrometry, b) the fluctuations of the
controlled parameters and the response time
to them, ¢) the need to harmonize the dy-
namics of different processes. That is why
it is expedient to provide parametric regula-
tion of the crystal growth process by means
of interrelated and highly sensitive parame-
ters that reflect the dynamic features of
radiative heat transfer. They, as shown by
the analysis of the signatures of the black
body radiation spectrum, are most sensitive
to external and internal factors. We also
note that it is possible to determine the
interconnected parameters and statistical
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indicators from the 3D models of FC, the
application of which will simplify the iden-
tification and selection of the samples with
the same FC, and also optimize the thermal
and acoustic processing of the crystals.

4. Conclusions

In the monograph [13], B.Kadomtsev
showed that in evolution of the complex dy-
namical systems, the appearance of bifurca-
tion points is possible, where the dynamic
behavior of an object can strongly depend
on small perturbations, i.e. from signals
passing either from the environment or
from other dynamic systems. Therefore, at-
tention is paid to the dynamics of forced
and spontaneous transitions, for analysis of
which the parametric 3D model of the black
body radiation spectrum is proposed. Its
analysis revealed a significantly greater
sensitivity of the dynamic parameters of
thermal radiation to small changes in tem-
perature than the parameters of thermal ra-
diation (r)*(A,T), R), which are used in opti-
cal pyrometry. In this case, the scale
changes of its parameters (dr(\,T)/d\,
d?r*(\, T)/dA?, H, B;;) indicate the need to
take into account the dynamics of physical
processes occurring during cooling in differ-
ent sections of boules, the temperature of
which differs only by a few kelvins. This
makes it possible to reveal the influence of
the radiative heat transfer dynamics on the
formation of technologically inherited prop-
erties of the crystals. Indeed, as it turned
out, even small changes in temperature can
determine the specific features of the dy-
namics of radiative heat transfer. If we
take into account the fact that the growing
boule usually lasts for several days, even
the average daily temperature fluctuations
in the laboratory can influence the growth
processes dynamics. In addition, different
stages of post-crystallization cooling (adja-
cent parts of the boule, whose temperature
differs by several kelvins) are characterized
by different dynamic behavior, which is ac-
companied by defect formation and forma-
tion of a residual stress field. They in A2B®
crystals cause a variety 3 of photoelectric
and other phenomena. Therefore, the dy-
namics of the radiative heat transfer can be
either a system-forming factor of the order-
ing of the defective structure or system-de-
structive. Obviously, this explains the influ-
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ence of the cooling rate on the structure of
the spectral photoresponse of ZnSe crystals,
revealed in [5].

Thus, the conceptual foundations of the
developed approach allow us to expand the
number of interrelated parameters by dif-
ferentiating and integrating various charac-
teristics that reflect the dynamies of physi-
cal processes in growing large-sized crys-
tals. Analysis of the crystals FC and 3D
models built on their basis allows to obtain
related information on the influence of ex-
ternal factors on the crystal growth. The
use of universal means for revealing the
structure of the both crystals FC and tech-
nological and thermal processes is promis-
ing for improving the growth technology,
modifying the crystals physical properties
[14], as well as thermal, acoustic and other
crystal treatments.
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