JOURNAL OF NANO- AND ELECTRONIC PHYSICS
Vol. 18 No 5, 05027(8pp) (2026)

REGULAR ARTICLE

MYPHAJI HAHO- TA EJIEKTPOHHOI ®I3UKH
Tom 18 No 5, 05027(8cc) (2026)

OPEN ACCESS

Spectral Dependence of the Effective Photoconductivity of Crystalline Silicon Containing

Amorphous Inclusions of Different Morphologies

S.V. Babychenko* ™ @, O.Yu. Babychenko

Kharkiv National University of Radio Electronics, 61166 Kharkiv, Ukraine
(Received 15 June 2026; revised manuscript received 17 October 2026; published online 28 October 2026)

This study investigates the effective photoconductivity of a crystalline silicon structure containing both
spherical and cylindrical amorphous inclusions. A combined numerical and analytical framework was devel-
oped in which the wavelength-dependent concentrations of photogenerated carriers in the constituent phases
were obtained by solving the steady-state carrier continuity equations, accounting for optical generation,
diffusion, bulk recombination, and interfacial carrier losses. The phase-specific photoconductivities were ho-
mogenized using the self-consistent Bruggeman effective medium approximation, incorporating the phase
volume fractions, depolarization factors, and inclusion geometry. Calculations were performed over the
wavelength range of 500-1100 nm for structural disorder parameters y = 0.05, 0.10, and 0.15 eV and total
amorphous-phase volume fractions of 5-15 %. The calculated photoconductivity of monocrystalline silicon
was found to reach approximately 0.105 S 'm -! near 880-900 nm. The corresponding maxima for the heter-
ogeneous structures are approximately 0.097, 0.089, and 0.080 S m -1, representing reductions of 7.6 %,
15.2 %, and 23.8 %, respectively. The crystalline matrix governs the overall spectral profile, whereas struc-
tural disorder broadens the long-wavelength response of the amorphous phase. Inclusion geometry appre-
ciably affects the local photoconductivity; however, its effect on the normalized effective photoconductivity
remains below approximately 0.04 % for the configurations considered. The results demonstrate the applica-
bility of the self-consistent Bruggeman effective medium approximation to multiphase photoconductive sem-
iconductor structures containing inclusions of different geometries.
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1. INTRODUCTION

Crystalline semiconductors containing amorphous in-
clusions are structurally heterogeneous systems who'’s elec-
tronic and transport properties are governed by the phase-
specific parameters, inclusion morphology, and interfacial
properties. Amorphous regions may form because of tech-
nological processing, accumulated structural damage, or ir-
radiation. In particular, the possibility of local amorphiza-
tion of crystalline silicon induced by ion irradiation has
been experimentally demonstrated [1-3]. Disruption of
short- and medium-range order in the amorphous phase
gives rise to spatial fluctuations in potential energy and the
formation of localized band-tail states near the band edges.
At the same time, dangling and distorted bonds may intro-
duce deeper defect states within the mobility gap of the
amorphous semiconductor. Additional electronic states
may also form at amorphous-crystalline phase boundaries,
particularly at the a-Si:H/c-Si interface [4, 5]. Depending on
their energetic position, density, occupancy, and carrier-
capture cross section, these states may participate in the
trapping, release, and recombination of non-equilibrium
charge carriers. Consequently, they modify the concentra-
tion, mobility, and lifetime of photogenerated carriers and,
therefore, the photoconductivity of the material.
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Experimental studies of amorphous and microcrystalline
silicon confirm the relationship between defect-state den-
sity, Fermi-level position, carrier lifetime, and photocon-
ductivity [6].

The effective photoconductivity of such a heterogene-
ous structure is determined not only by the local conduc-
tivities of its constituent phases but also by the volume
fractions, dimensions, shape, orientation, and spatial
connectivity of the amorphous inclusions. Carrier
transport across phase boundaries and interfacial re-
combination also exert a significant influence on the
overall photoelectric response [1].

Research into these systems is motivated by the de-
velopment of photosensitive multiphase materials, radi-
ation-modified semiconductor structures, and amor-
phous-crystalline heterojunctions. Related a-Si:H/c-Si
structures are of practical importance because they are
widely employed for surface passivation and the for-
mation of carrier-selective contacts in high-efficiency sil-
icon heterojunction solar cells [7]. Establishing a quan-
titative relationship among the concentration, morphol-
ogy, and orientation of amorphous inclusions, interfacial
parameters, and effective photoconductivity therefore
remains an important challenge in semiconductor phys-
ics and materials science.
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2. BRUGGEMAN EFFECTIVE MEDIUM MODEL
FOR A THREE-PHASE SEMICONDUCTOR
HETEROSTRUCTURE

The effective photoconductivity of such a semicon-
ductor structure depends on the concentration and mo-
bility of photogenerated carriers, the degree of struc-
tural disorder, the volume fraction of the amorphous
phase, and the morphology of the inclusions. Inclusion
morphology is a key factor governing the electrical and
photoconductive properties of the heterostructure.
Spherical inclusions distributed in a macroscopically iso-
tropic manner generally contribute to an effective iso-
tropic conductivity. By contrast, cylindrical or elongated
inclusions may produce different conductivities along
and perpendicular to their principal axes, thereby giving
rise to anisotropic transport. Their increased aspect ra-
tio may also facilitate the formation of connected path-
ways and reduce the percolation threshold. An accurate
numerical-analytical description of crystalline semicon-
ductors containing amorphous inclusions must therefore
account for the inclusion volume fraction, geometry, ori-
entation, and interaction with the phase boundaries [8].

Effective medium theory (EMT), particularly the
Mazxwell-Garnett and Bruggeman formulations adapted
to photogeneration conditions, provides a suitable
framework for quantitatively describing the effective
transport properties of such heterogeneous systems [9-
12]. When combined with phase-specific models of pho-
togeneration and carrier transport, these approaches
can incorporate the electronic density of states, the en-
ergy distribution of trapping states, and interfacial prop-
erties, thereby establishing the relationship between in-
clusion morphology and effective photoconductivity.

The aim of this work is to investigate the influence of
amorphous inclusions on the photoconductive properties of
crystalline semiconductors and to develop a numerical-an-
alytical framework for evaluating the effective photocon-
ductivity of such heterostructures. Fig. 1 presents a sche-
matic representation of the investigated structure and de-
fines its principal geometrical parameters.

The self-consistent Bruggeman effective medium ap-
proximation was employed to quantitatively describe the
photoconductivity of the investigated heterogeneous struc-
ture. Within this approach, each phase is treated as a con-
stituent embedded in the as-yet-unknown effective me-
dium, thereby providing a symmetric treatment of the local
conductivities and volume fractions of all components. This
formulation enables changes in the macroscopic transport
properties to be described as a function of the phase compo-
sition. Generalization of the model through the introduc-
tion of depolarization factors, tensor components of conduc-
tivity, and percolation corrections makes it possible to ac-
count for the shape and orientation of the inclusions, aniso-
tropic charge transport, and the formation of intercon-
nected conductive pathways. The Bruggeman model there-
fore provides a physically grounded framework for evaluat-
ing the effective photoconductivity of multiphase semicon-
ductor structures, including photosensitive, sensor, and
thin-film systems.

For an n-phase system, the modified Bruggeman effec-
tive medium equation incorporating depolarization, geo-
metrical, and percolation effects can be written in the gen-
eral form
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n
j=1') Geprt Ly Gy Pj(0i=0erp)

where o.¢¢ is the effective conductivity of the heteroge-
neous medium; j denotes the phase index; f; is the vol-
ume fraction of phase j, subject to ¥, f; = 1; g; is the local
conductivity of phase j; L; is the corresponding depolariza-
tion factor; Gjis the geometrical correction factor account-
ing for the inclusion morphology; and P; is the percolation
correction factor.

2.1)

Cylindrical inclusions

Spherical
inclusions

Monocrystalline matrix

Cylindrical inclusions Spherical inclusions

rs "
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b

Fig. 1 — Schematic representation of the structure (a) and defi-
nition of its geometrical parameters (b)

The percolation threshold in heterogeneous materi-
als is strongly influenced by the shape and orientation of
the inclusions. For isotropically distributed spherical in-
clusions, a critical volume fraction of approximately f. =
0.16 — 0.18 is frequently reported [9, 12], although its
precise value depends on the adopted microstructural
model and the criterion used to define interparticle con-
nectivity. For cylindrical or fibrous inclusions with an
increased aspect ratio, the percolation threshold is gen-
erally lower than that of spherical particles, typically
fe ~0.05—0.10, because of the higher probability of
forming continuous conductive pathways.

The effect of inclusion orientation is not universal.
Parallel alignment may either increase or decrease the
percolation threshold depending on the system geometry,
transport direction, spatial distribution of the inclusions,
and criterion for establishing interparticle contacts.

For a three-phase semiconductor heterostructure con-
sisting of a crystalline matrix containing both spherical
and cylindrical amorphous inclusions, the generalized
Bruggeman equation can be written as follows:
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Ocyl=Oeff =0

(2.2)

+
Oeff+(LPG)c (0c—0eff) fSph

In the present formulation, the depolarization, geo-
metrical, and percolation factors for the crystalline sili-
con phase (c-Si) are taken as

L.=1/3,G.=1,P =1.

For the spherical amorphous inclusions, the corre-
sponding factors are

Lsph =1/3, Gsph =1, Psph =1

For the cylindrical inclusions, the depolarization fac-
tors parallel and perpendicular to the cylinder axis are
given by

Lcyl,ll ~ 0, Lcyl,J_ ~ 0-57

respectively. The corresponding geometrical factors are
taken as

chl,ll ~ 17 chl,l = 29

while the percolation factor is Py = 1.

3. MATHEMATICAL DESCRIPTION OF
PHOTOCONDUCTIVITY IN THE
CONSTITUENT PHASES OF THE
HETEROSTRUCTURE

To proceed from a qualitative description to a quanti-
tative evaluation of the effective photoconductivity of the
three-phase heterostructure — comprising a crystalline
silicon matrix, amorphous cylindrical inclusions, and
amorphous spherical inclusions — the local photoconduc-
tive parameters of each phase must first be determined.
These parameters can be obtained by calculating the con-
centration of photogenerated charge carriers from the car-
rier continuity equations, accounting for generation, re-
combination, diffusion, and carrier losses at external sur-
faces and phase boundaries [13].

For the monocrystalline matrix and the cylindrical
amorphous inclusions, assuming one-dimensional carrier
transport along the (x)-axis, the carrier continuity equa-
tion can be written as follows:

0-Anpg

%Ay q
at Dam -

dx? Tma

Anmq

+ Gpg - exp(— apmqx) (3.1)

where D, ., is the carrier diffusion coefficient in the
corresponding phase; An,,, is the excess carrier concen-
tration; 7., 4 is the effective lifetime of photogenerated car-
riers in the corresponding phase; G, is the optical gen-
eration rate per unit volume; and a,,, is the optical

Gm,aTma

An =
A -2l 42

. (Am'a - exp ( z
where L,,, is the carrier diffusion length in the corre-
sponding phase.
The photoconductivity of each individual phase is de-
termined from
Aopme = q(un + up)Anm,a (3.8)

where ¢ is the elementary charge; u» and up are the

Oeff+(LPG)sph (Ga—0eff)

) + By q - €xp (— %) +exp(—a- x)),

Lma

+ =
fcyl Oeff+(LPG)cy1 (0a—0cff)

absorption coefficient.
Under steady-state illumination

In the low-injection regime and under the quasineutrality
approximation,

on; = dp; = An

The carrier-transport problem therefore reduces to the
steady-state ambipolar diffusion equation:

A2An, q

dx? Tma

AN g

Dam + Gpa(x) =0, 0<x<dp(3.2)
where d,, is the thickness of the semiconductor sample.

The boundary conditions for the monocrystalline sili-
con matrix can be written as follows:

dANp,

Dp, x| lx=0= SmANm(O): (3.3)

dAN,,
D Tdx |x:dm= SmANp (dm). (3.4)
where S,,, is the surface recombination velocity at the
boundaries of the monocrystalline silicon wafer.

The boundary conditions for the cylindrical amor-
phous inclusions can be expressed as follows:

dAng

u a: =S4 An(); (3.5)
dAng

u a: o, = ~Satn(). (3.6)

where S, is the interfacial recombination velocity of
charge carriers at the amorphous-crystalline phase
boundary; r is the radius of the amorphous inclusion; and
[ 1s the center-to-center distance between adjacent amor-
phous inclusions.

The first boundary condition describes the recombina-
tion of photogenerated carriers at the lateral surface of
the cylindrical amorphous inclusion, characterized by the
interfacial recombination velocity S,, which depends on
the electronic properties of the interface. The second con-
dition follows from the symmetry of the problem and cor-
responds to zero carrier flux at the symmetry plane,
where the excess-carrier concentration reaches an extre-
mum. This formulation explicitly accounts for the fact
that, in sufficiently long cylindrical inclusions, carrier
losses are governed predominantly by recombination at
the lateral amorphous-crystalline interface.

The general solution of Eq. (3.1) can be written as fol-
lows:

(3.7

electron and hole mobilities, respectively.

By applying the boundary conditions given in Egs.
(3.3) and (3.4), the following expressions for the coeffi-
cients An and Bn of the monocrystalline phase are ob-
tained:
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(Sm_amDm)‘(D_m+5m) exp (- amdm)+(sm+amDm)'(lz_m_sm)‘exP(_i_m)

= . me . 3.9
" (725 exp () ~(245n) -exp ()
Bm _ (Sm—amDm)- ( Sm) exp(—amdm)+(Sm+amDm)- ( +Sm) eXp(i_::) ; (310)

(2-5m) exp(~g2)-(F+5m) exp(72)

Accordingly, applying the boundary conditions given inclusions yields:
in Egs. (3.5) and (3.6) to the cylindrical amorphous

B, = exp (— LLQ) :

o)

A, = Da g (exp( —ag 1) (Sqg+ Dy ay)+exp (— —) (S + )B) (3.12)

area-to-volume ratio; consequently, interfacial recombi-
nation can significantly affect the volume-averaged con-
centration of photogenerated carriers within the inclu-
sion.

The optical generation rate in each phase is deter-
mined by its absorption coefficient and the local photon
flux density. For monochromatic radiation with wave-
length A, the volumetric photogeneration rate can be ex-
pressed as follows:

exp(i)-exp(—aa~r)~(sa+Da ag)- (Sa+D—a)—€XZ7( ) exp(—ag1)(Sq—Dgqaq) (Sa__a)

exp(—o)-(5u22) —exp( o) exo(~20) (5u-22) ‘

(3.11)

In modeling the properties of hydrogenated amor-
phous silicon, the carrier diffusion parameters were
adopted from published experimental data obtained using
the steady-state photocarrier grating technique. Their de-
pendence on temperature, photogeneration rate, and the
distribution of localized states was taken into account in
accordance with Refs. [14, 15].

For spherical amorphous inclusions, assuming spher-
ical symmetry within the region ro < r </, the steady-state

radial continuity equation can be written as follows: Gy (, 1) = N g (D) A (1) P(A) exp[—ap, o (D)x], (3.15)
a?4ng | 2dang _ “_”;1 - _@ (3.13) where 7n;(1) is the photogeneration quantum yield and
ar? -~ rodr Lq La ®(1) is the photon flux incident on the corresponding

phase.
For the crystalline silicon matrix, the absorption coef-
ficient was adopted from the data reported in Ref. [16].

subject to the following boundary conditions at the sur-
faces of the inclusions:

dap() _ @ Ang (1), aana® _ (3.14) In the amorphous a-Si:H phase, the absorption edge

o ta @ exhibits different behavior owing to structural disorder,

The first boundary condition describes carrier recom-  band-tail states, and the broadened nature of optical tran-
bination at the surface of the amorphous inclusion, sitions.

whereas the second assumes that the photogenerated car- According to Ref. [17], the general relationship be-

rier concentration reaches its maximum at the midpoint  tween the density of states and the optical absorption co-

between adjacent inclusions. Owing to its finite dimen- efficient of amorphous silicon can be expressed as follows:

sions, a spherical inclusion has a relatively high surface-

aq(hv) =22 (e)2 L [ N(E)F(E) - N(B+hv)(1-f(Eyy ) )P(E, E + hv)dE (3.16)

m

where f(E) is the Fermi-Dirac distribution function, and functions for amorphous silicon, accounting for the degree
P(E,E+hv) is the matrix element of the optical transition. of structural disorder, are given by [13]:
The conduction- and valence-band density-of-states

E—E, E2E +%

vz mzs/ 2
N.(E) = 13 v 1 (3.17)
;-exp( ) exp( C) E<E+

Y 1 Ey—E Y

32| |Zexp(—=)exp , E=>V,—=
N. (E) — ‘/_TZ3 \/: ( 2) ( Yo ) v 2 (318)

JE , E<E,——

where m}, is the effective electron mass in the conduction width; and y, is the conduction-band-tail width. The pa-
band; m;, is the effective hole mass in the valence band; E,. rameters y, and ¥, characterize the degree of structural

is the energy at the bottom of the disordered conduction disorder.

band; E,, is the energy at the top of the disordered valence

band; E. +% is the crossover energy between the para- 4. SPECTRAL PHOTOCONDUCTIVITY OF THE
HETEROSTRUCTURE: NUMERICAL

bolic and exponential regions of the conduction-band den-
RESULTS AND DISCUSSION

sity of states; E, — ; is the corresponding crossover en-
ergy for the valence band; y, is the valence-band-tail
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Fig. 2 shows the calculated spectral dependence of the
optical absorption coefficient for different degrees of
structural disorder, as described in Ref. [17].

M y=0.05eV
W y=01eV
M y=0.15eV

1125 125 1375 15 1.625 175

hv, eV

1875 2 2125 225 2375 25

Fig. 2 — Spectral dependence of the optical absorption coeffi-
cient for the case of y, = ¥,

Fig. 3 shows the calculated spectral dependence of
the photoconductivity of the monocrystalline matrix.

0.11
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=
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Fig. 3 — Spectral dependence of the photoconductivity of the
crystalline matrix

Fig. 4 presents the calculated spectral dependences of
the photoconductivity of the structure containing amor-
phous inclusions for different degrees of structural disor-
der, y = 0.05,0.1 and 0.15 eV, and different geometrical
configurations of the inclusions. Within the adopted
model, these values of y were assigned total amorphous-
phase volume fractions of 5 %, 10 %, and 15 %, respec-
tively. The cylindrical and spherical amorphous inclu-
sions were assumed to have equal volume fractions of
2.5 %, 5.0 %, and 7.5 % for each inclusion type, respec-
tively. The geometrical dimensions of the inclusions were
determined from the specified volume fractions. Curves
1-15 correspond to different spatial and geometrical con-
figurations of the spherical and cylindrical amorphous in-
clusions, whose parameters are listed in Table 1.

Table 1 — Geometrical configurations of the amorphous inclusions

JJ. NANO- ELECTRON. PHYS. 18, 05027 (2026)

9 0.1 145 262 1150 405
10 0.1 201 365 1600 563
11 0.15 38 65 250 72
12 0.15 84 143 550 160
13 0.15 131 222 850 247
14 0.15 177 300 1150 334
15 0.15 247 418 1600 465

SE-5-
15Es Cylindrical inclusions y= 0.05 eV
4E-5
35E-5
TE 3E-5
EI 2E-5
1565 1
1E-5- : g
SE-6 m4
[
500 550 €00 650 700 750 800 850 900 950 1000
h, nm
a
SE-5-
ssEs Cylindrical inclusions y= 0.1eV
E
;
6
m7
[ ]
mo
=10
800 850 900 920 1000

Ao a, S-m~"

Cylindrical inclusions y= 0.15eV

850 700 750 800 850 800 850

1000

No V4 Te, Ts, l, 8Zes,
trace nm nm nm nm
1 0.05 22 45 250 109

2 0.05 49 99 550 240

3 0.05 75 154 850 371

4 0.05 102 208 1150 501

5 0.05 142 290 1600 698

6 0.1 31 57 250 88

7 0.1 69 125 550 193

8 0.1 107 194 850 299

Fig. 4 — Spectral dependences of the photoconductivity of cylin-
drical amorphous inclusions for different values of the struc-
tural disorder parameter: y = 0.05eV (a),y = 0.1 eV (b), and y =
0.15 eV (c). Curves 1-15 correspond to different geometrical con-
figurations of the inclusions

Fig. 5 presents the calculated spectral dependences
of the photoconductivity of spherical amorphous inclu-
sions for different values of the structural disorder pa-
rameter, y = 0.05,0.1and 0.15 eV, and various geomet-
rical configurations of the structure.
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Fig. 5 — Spectral dependences of the photoconductivity of
spherical amorphous inclusions for different values of the struc-
tural disorder parameter: y = 0.05eV (a),y = 0.1 eV (b), and y =
0.15 eV (c). Curves 1-15 correspond to different geometrical con-
figurations of the inclusions

Fig. 6 presents the calculated spectral dependences
of the normalized effective photoconductivity of a semi-
conductor structure containing both cylindrical and
spherical amorphous inclusions within a crystalline ma-
trix. The calculations were performed using the self-con-
sistent Bruggeman effective medium model for different
values of the structural disorder parameter: y =
0.05,0.1 and 0.15 eV

Fig. 7 presents the spectral dependences of the effec-
tive photoconductivity calculated using the self-con-
sistent Bruggeman effective medium model. The geo-
metrical parameters and volume fractions of the cylin-
drical and spherical amorphous inclusions were kept
constant, while the structural disorder parameter was
set to y = 0.05,0.1 and 0.15 eV. The spectral dependence
of the photoconductivity of monocrystalline silicon (c-Si)
is also shown for comparison.

Fig. 6 — Spectral dependences of the normalized effective photo-
conductivity of the semiconductor structure calculated using the
Bruggeman model for y = 0.05eV (a), y =0.1eV (b), and y =
0.15 eV (c)

Bruggeman EMA

0.11

01
0.09
0.08
0.07
0.06

0.05

Ag_eff, Sm™

0.04
0.03
0.02

0.01

500 550 600 650 700 750 800 850 800 950 1000 1050 1100

A, nm

Fig. 7 — Spectral dependences of the effective photoconductiv-
ity of the structure containing amorphous inclusions, calculated
using the Bruggeman model, compared with the photoconduc-
tivity of the monocrystalline matrix
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The calculations demonstrate that the spectral re-
sponse of the heterogeneous structure is governed pre-
dominantly by the monocrystalline silicon matrix. The
effective photoconductivity maximum remains within
the wavelength range of 4= 880-900 nm; however, the
incorporation of the amorphous phase reduces its mag-
nitude. For the cases considered, the maximum photo-
conductivity decreases from approximately 0.105 S -m -1
for ¢-Si to 0.097, 0.089 and 0.080 S 'm ~1, corresponding
to relative reductions of approximately 7.6 %, 15.2 %,
and 23.8 %, respectively. An increase in the degree of
structural disorder within the amorphous phase broad-
ens the long-wavelength tail of its photoconductivity
spectrum. Nevertheless, the local photoconductivity of
the amorphous inclusions remains approximately three
orders of magnitude lower than that of the crystalline
matrix. Consequently, the direct contribution of the
amorphous phase to charge transport is negligible. Its
influence on the macroscopic photoconductivity arises
primarily from the replacement of a fraction of the more
conductive crystalline matrix and from carrier recombi-
nation losses at the interphase boundaries. Variations
in the absolute inclusion dimensions at a fixed relative
geometry affect the local photoconductivity of the spher-
ical and cylindrical phases by altering the ratio between
the characteristic inclusion dimensions and the carrier
diffusion length. However, the effect of the investigated
geometrical configurations on the normalized effective
photoconductivity of the entire structure does not exceed
approximately 0.04 %. Within the investigated parame-
ter range, the amorphous-phase volume fraction
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CnexrpanbHa 3aeskKHicTh epeKTUBHOI POTOIIPOBIAHOCTI KPHUCTAJIIYHOrO KPEMHIiIO,
mo MicTuTrh aMop@Hi BKIOYEeHHS pidHol mopdostorii

C.B. Babuuenxo '/, 0.10. Babuuenko

Xapriscoruil HayloHabHUT YHI8epcumem paodioesiekmporiku, 61166 Xapkis, Yrpaina

Y poboti BuBUYa€eThCS ehpeKTHBHA (POTOIIPOBIIHICTD CTPYKTYPH Ha OCHOBI KPUCTAIIIHOTO KPEMHIIO, 110 Mi-
CTUTH aMOP(HI BRIOYEHHs chepruaHol Ta IrIiHapuaHoi dopM. Bysio po3pobiieHo koMOIHOBAHMHI YMCEITHHO -
AHAJITUYHUHA IIOXIT, v MeKax sSIKOro KOHIIEHTPAIlll hoToreHepoBAHUX HOCIIB 3apsay B OKpeMux gasax (ax
QYHKIIIT TOBKUHN XBUJI1) BUSHAYAJIMCSA [IIJITXOM PO3B’SI3AHHS CTAIIIOHAPHUX PIBHIHDb HEIIEPEPBHOCTI JJIsI HO-
ciiB. [Ipu 11b0My BpaxoByBaJIHCA IIPOLIECH OIITHYHOI reHeparrii, nudyaii, 06'eMHo0l peKoMOIHAIIIT Ta BTpAT HOCITB
Ha Mekax po3aiay das. EdbexrusHi mapamMerpu GOTOIPOBIIHOCTI I KOKHOI a3y ycepeaHIOBAJINCS 3 BUKO-
PUCTAHHSIM CaMOY3TO/PKEHOr0 HaOIMKeHHs eDeKTUBHOIO CepeIoBUINa Bprorremana, 1o BpaxoBye 00’€MHI
yacTku a3, ParTopH JeHosIsIpU3ariii Ta reOMeTpUYHI XapaKTePHUCTHKH BRIIIOYeHb. Po3paxyHKN IIpOBOAMIIHCS
B miana3oHi AoBkuH XBUb 500-1100 HM a1 mapameTrpiB cTpyKTypHOTro 6eanamy y = 0,05, 0,10 ta 0,15 eB,
IIpYU 3arajbHIN 00’eMHIi dacTiii amopduol dasu Bix 5 g0 15 %. BeraHosiieHo, 110 AJIsi MOHOKPHUCTAJIIYHOTO
KPEMHI0 Po3paxyHKoBa (POTOMMPOBIAHICTE Jocarae mpubsmaao 0,105 Cv/m y miamasoni 880-900 um. Binmosi-
IIHI MAaKCHMAJIbHI 3HAYEHHS I TeTePOreHHUX CTPYKTYP CTAHOBJIATEH Ipubiauano 0,097, 0,089 ta 0,080 Cv/m,
10 BiATIOBiZae 3HMMkeHHO HA 7,6 %, 15,2 % Ta 23,8 % Bignosiguo. Kpucramiuaa maTpuila BusHavae 3arajb-
HUU CIIEKTPAIBHUN IPOMIIb, TOAL K CTPYKTYPHUN 0e371a]] IPU3BOAUTE 0 POIIIMPEHHS BIATYKY aMopgHOL
¢asu B 70BroxBuUIbOBiH 00sacTi. ['eoMmerpist BKIIOUEHD CYTTEBO BIUIMBAE HA JIOKAJIBHY (POTOIIPOBIIHICTD; Of-
Hak 1 BIUIMB Ha HOPMOBaHY e()eKTUBHY (POTOIIPOBIIHICTD JJIS PO3TVISHYTUX KOHQITypaIlii 3aInmaeTses Ha
piBui menmie 0,04 %. Orpumani pe3ysbraT JeMOHCTPYIOTH 3aCTOCOBHICTH CAMOY3TOYKEHOr0 HAOJIMIKEeHHS
edexTuBHOTO cepenoBuiia Bprorremana 1o 6aratodasHux HAIIBIPOBLIHUKOBUX CTPYKTYD, IO MAIOTH (POTOII-
POBIIHI BJIACTHBOCTI TA MICTATH BKJIIOUYEHHS PI13HOI reoMeTpuyHOI hopMH.

KmiouoBi cmosa: EdextuBua doromposiguicts, Kpucramiuumit kpemmiit, AMopdHI BKIOYEHHI,
Habamxenns edexrusHoro cepenosuina Bporremana, Hamisoposiguukosa rerepoctpykTrypa, CTpyKRTypHIM
6eanam, Mopdoioris BKIIOYEHS.
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