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INVESTIGATION OF THE BIODEGRADATION

OF POLYURETHANE-UREAS CONTAINING FRAGMENTS OF GRAFT
COPOLYMER POLYVINYL ALCOHOL—POLYETHYLENE GLYCOL
IN THE STRUCTURE UNDER MODEL CONDITIONS

OF THE INFLAMMATORY PROCESS

The aim of this study was to investigate the biodegradation capacity of hydrophilic polyurethane-ureas (PUUs) contain-
ing fragments of 4,4"-diaminodiphenylmethane (DADPh) and a grafted copolymer polyvinyl alcohol—polyethylene glycol
(PVA—PEG) in their structure under model conditions of the inflammatory process when in contact with blood. The bio-
degradation capability was evaluated by infrared (IR) spectroscopy, physical-mechanical testing, and differential scanning
calorimetry (DSC) by monitoring changes in the structure, physical-mechanical, and thermophysical properties of the PUUs
under the influence of the Fenton reagent over incubation periods of 1, 3, and 6 months. According to IR spectroscopy data,
exposure to the Fenton reagent initiates an oxidative degradation process of the investigated PUUs, accompanied by the
cleavage of specific chemical bonds, alterations in hydrogen bonding, and structural transformations of the polymer matrix.
The physical-mechanical properties depend on the incubation duration in the Fenton reagent and change nonlinearly. After
6 months of incubation, compared to the control, an increase in strength and relative elongation at break was observed,
which can be explained by the formation of new hydrogen bonds under the influence of the model medium. DSC results
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revealed that after incubation in the Fenton reagent, the PUU samples exhibited an increase in the glass transition tempera-
ture (T,) and a jump in heat capacity (AC,) at the glass transition, indicating structural changes during the oxidative degra-
dation process. Thus, the investigated materials demonstrate the process of oxidative biodegradation under the influence of
a model medium. Therefore, PUUs containing fragments of the grafted copolymer PVA—PEG in their structure represent a

promising polymer matrix for temporary medical applications.

Keywords: polyurethane-urea, grafted copolymer polyvinyl alcohol—polyethylene glycol, oxidative biodegradation, Fenton

reagent.

Introduction

Hydrophilic polyurethane-ureas (PUUs) contain-
ing fragments of the grafted copolymer polyvinyl
alcohol—polyethylene glycol (PVA—PEG) and
the chain extender 4,4"-diaminodiphenylmethane
(DADPh) in their structure [1] are a promising
polymer matrix for medical applications and re-
quire further biomedical evaluations, particularly
concerning their biodegradation capacity.

The ability to biodegrade under conditions
mimicking the physiological environment is one
of the most important characteristics of polymeric
materials intended for medical use. Factors such as
the chemical composition of the polymer and the
hydrophilicity of the polymer matrix influence the
biodegradation processes [2, 3]. In particular, an
increase in the hydrophilic component within the
polymer matrix leads to an enhanced rate of bio-
degradation [4, 5]. It is also important to consider
the impact of the soft and hard segments within the
structure of the PUUs on the biodegradation pro-
cesses. Variations in the component ratios can sig-
nificantly affect the stability and degradation rate of
PUUs in vitro [6, 7]. The length of the soft segments
also influences biodegradation in alkaline solu-
tions; segmented PUUs with longer soft segments,
which result in increased hydrophobicity, exhibit
a lower degradation rate. Moreover, a narrow mo-
lecular weight distribution may be another factor
contributing to the slower degradation of PUUs
[8]. The degree of biodegradation may also depend
on the pH of the medium and the type of hard seg-
ment (i.e., the amide chain extender). Studies have
shown that amide bonds are resistant to degrada-
tion in an alkaline medium, whereas at neutral pH
there is a sharp decrease in the viscosity of the mul-
tiblock copolymer poly(urethane—amide) [9].

Biodegradation processes in the polymer matrix
are accompanied by changes in its structure and,
consequently, alterations in the properties of the
studied material. Since the chemical composition
of the polymer influences the course of these bio-
degradation processes, it is necessary to investigate
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the biodegradation capacity of PUUs synthesized
with different molar ratios of components.

We conducted studies [10] on the biodegrada-
tion capacity of polyurethane-ureas that contain a
grafted copolymer PVA—PEG as the hydrophilic
component and DADPh as the chain extender, us-
ing biological medium 199, which mimics blood
plasma and consists of a complex mixture of pro-
teins, amino acids, hydrocarbons, lipids, salts, hor-
mones, enzymes, antibodies, and dissolved gases.

However, considerable interest lies in investigat-
ing the biodegradation capacity of polymeric ma-
terials in a model medium (the Fenton reagent),
which simulates the conditions of oxidative deg-
radation of the polymer during the inflammatory
process. The Fenton reagent generates hydroxyl
radicals (OH-) and other reactive oxygen species
(ROS) [11] that induce the oxidative degradation
of biomolecules [12]. During the inflammatory
process, a release of ROS also occurs, especially
during the oxidative burst of neutrophils and mac-
rophages. These radicals can attack biomaterials,
leading to their structural breakdown [13].

Under the influence of the Fenton reagent and
ROS in the body, polyurethanes undergo hydro-
lysis, oxidative degradation, and macromolecular
breakdown, which alters their mechanical proper-
ties and biocompatibility.

Considering that oxidative processes similar to
those occurring during inflammation in the body
can lead to hydrolysis, degradation, and break-
down of polyurethane macromolecules, thereby
affecting their mechanical stability and biocom-
patibility, the aim of this work is to investigate the
time-dependent biodegradation capacity of poly-
urethane-ureas containing a grafted copolymer
PVA—PEQG in their structure under the influence
of the Fenton reagent.

Experimental part

Materials. The objects of study were PUUs based
on diisocyanate prepolymer (DPP), chain extender
DADPh, and grafted copolymer PVA-PEG, synthe-
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Fig. 1. Structural formula of branching nodes of the PUU

sized at molar ratios of DPP:DADPh:PVA-PEG as
1.0:0.7:0.3 (PUU1), 1.0:0.8:0.2 (PUU2), 1.0:0.9:0.1
(PUU3) (Fig. 1).

Fenton’s reagent, a solution of highly diluted
hydrogen peroxide (H,0,) and divalent iron salt
(FeSO, x 7H,0) simulating the conditions of the
inflammatory process when the material comes
into contact with blood was used as a model me-
dium to study the ability to biodegradability.

Incubation in the Fenton reagent. Samples
were placed in sterile containers, filled with 25 ml
of model medium, and kept in a thermostat at a
temperature of (37 + 1) °C for periods of 1, 3, and
6 months. The medium solutions were changed
daily. After the specified periods in the Fenton
reagent, the samples were removed, washed with
distilled water, and dried to constant weight at
room temperature.

Methods of Investigation. The structure was
examined using an FTIR spectrometer with Fou-
rier transformation “Tensor-37” (Bruker) by the
method of disturbed total internal reflection
(DTIR) in the range of 500—4000 cm™!, employing
a diamond crystal trapezoidal prism (number of
reflections N = 1, angle of incidence ¢ = 39°).

Physical-mechanical properties, such as tensile
strength (o, MPa) and relative elongation at break
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(¢, %), were measured using a P5 tensile testing
machine in accordance with ISO 527-3.

Thermophysical properties (glass transition tem-
perature (T,) and change in heat capacity at the
glass transition (AC,) were studied using diffe-
rential scanning calorimetry (DSC). The experi-
ments were conducted over a temperature range
from -90 °C to 200 °C (using the TA Instruments
Q2000 device) at a heating rate of 20 °C/min under
a nitrogen atmosphere. To eliminate the influence
of the material’s thermal and mechanical prehis-
tory, two heating cycles were performed.

Results and Discussion

To investigate the biodegradation capability of
polyurethane-ureas (PUUs) containing fragments
of the grafted copolymer PVA—PEG, synthesized
with different molar ratios of DPP: DADPh:PVA—
PEG (1.0:0.7:0.3, 1.0:0.8:0.2, 1.0:0.9:0.1), the samp-
les were incubated in the Fenton reagent for 1, 3,
and 6 months. The influence of the model medium
was assessed by comparing changes in the structure,
physical-mechanical, and thermophysical properties
of the samples before (control) and after incubation.

Infrared spectroscopic studies of the PUU sam-
ples before and after exposure to the model medium
revealed no significant changes in the overall chemi-
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Fig. 2. Fragments of the IR spectra of PUU1 before (1) and after incubation in the Fenton reagent for 1 month (2),
3 months (3), and 6 months (4) in the ranges of 3800—2800 cm™' (a) and 1800—1000 cm™' (b)
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Fig. 3. Fragments of the IR spectra of PUU2 before (1) and after incubation in the Fenton reagent for 1 month (2),
3 months (3), and 6 months (4) in the ranges of 3800—2800 cm™' (a) and 1800—1000 cm™' (b)

cal structure. However, variations were observed in
the stretching vibration regions sensitive to hydro-
gen bonding. The absorption bands were assigned as
described in [14—16].

For PUUL, in the frequency range of 3800—
2800 cm™' (Fig. 2a), the action of the Fenton reagent
during 6 months of incubation resulted in a decrease
in the intensity of the absorption bands correspond-
ing to bound NH groups (Vyy.pound With @ maximum
at 3292 cm™) and free NH groups (Vyy.qee With an
approximate maximum at 3518 cm™). This decrease
is associated with a reduction in the number of free
and hydrogen-bonded NH groups on the surface
layer of the samples (as the IR spectra were recorded
from the surface of the materials). The reduction in
the intensity of the NH-group bands may indicate
a change in the configuration of hydrogen bonds
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or degradation of the polymer structure under the
oxidative influence of the model medium. In the
spectral interval of 1800—1000 cm™ (Fig. 2b), after
6 months of incubation, an increase in the inten-
sity of the §;; absorption band (1537 cm™) was ob-
served. This may signify enhanced hydrogen bond-
ing or the formation of new interactions between
the NH groups of the polymer matrix and the OH
groups of the components of the model medium.
Additionally, an increase in the intensity of the v._
absorption bands, with maxima at 1223 cm™ and
1083 cm™, was noted. This likely reflects structural
changes on the surface layerin the polymer, possibly
related to oxidative processes or interactions with
the medium components.

For PUU2, in the IR spectral range of 3800—
2800 cm™ (Fig. 3a), after 6 months of incubation
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Fig. 4. Fragments of the IR spectra of PUU3 before (1) and after incubation in the Fenton reagent for 1 month (2),
3 months (3), and 6 months (4) in the ranges of 3800—2800 cm™ (a) and 1800—1000 cm™ (b)

in the Fenton reagent, similar to PUU1, a decrease
in the intensity of the Ve (3292 cm™) and
Vi sree (3518 cm™!) absorption bands was observed.
In the 1800—1000 cm™ range (Fig. 3b), a redistri-
bution of the intensity of the absorption bands of
the urethane fragment’s carbonyl groups was ob-
served: non-associated C=0O groups with a maxi-
mum at 1725 cm™ and associated C=0O groups
with a maximum at 1712 cm™'. After incubation
in the Fenton reagent, an increase in the intensity
of the v._, non-associated band at 1725 cm™ and
a decrease in the intensity of the v, associated
band at 1712 cm™ were observed, indicating an
increase in the number of non-associated carbonyl
groups on the sample surface due to the disruption
of hydrogen bonds. Moreover, similarly to PUUI,
under the influence of the model medium, an in-
crease in the intensity of the 8y, (1537 cm™) and
Ve_o (1223 and 1083 cm™) absorption bands was
observed, which may be the result of structural
changes in the polymer matrix.

For PUUS3, in the IR spectral range of 3800—
2800 cm™ (Fig. 4a), after 3 months of incubation
in the Fenton reagent, an increase in the intensity
of the absorption bands for vy youma (3292 cm™)
and vy gee (3518 cm™) was observed. However, af-
ter 6 months, their intensity decreased, which may
be attributed to the degradation of NH groups or
changes in their interactions within the polymer
matrix. In the frequency range of 1800—1000 cm™
(Fig. 4b), after incubation in the model medium, an
increase in the intensity of the absorption band for
non-associated v._o (1725 cm™) and a decrease in
the intensity of the absorption band for associated
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Veo (1712 cm™) were observed, indicating an in-
crease in the number of non-associated carbonyl
groups, similar to the changes observed in PUU2.
However, unlike the other samples, for PUU3 af-
ter 6 months of incubation, a decrease in the in-
tensity of the 8,y (1537 cm™) and v._, (1223 and
1083 cm™) absorption bands was observed, which
may indicate destructive processes occurring via a
different mechanism or other structural changes in
the polymer.

Thus, the analysis of the IR spectra demon-
strates changes in the functional groups involved
in hydrogen bonding, which may serve as an indi-
cator of structural alterations in the surface layers
of the polymer matrix. In particular, the decreases
in the intensity of the absorption bands for free
NH (Vypge) and hydrogen-bonded NH (Vi pouna)
suggests a reduction in the number of these groups
or a change in their state due to the influence of
the model medium. This may indicate disruption
of internal hydrogen bonds and partial cleavage of
chemical bonds within the polymer matrix. Con-
versely, an increase in the intensity of these bands
could be associated with the formation of new hy-
drogen bonds between the medium molecules and
the polymer matrix. Moreover, the redistribution
of the intensities of the absorption bands of the
carbonyl groups (associated and non-associated)
in the urethane fragment, namely an increase in
non-associated v._, and a decrease in associated
Vc-o indicates a weakening of hydrogen bonds in
the polymer matrix. Changes in the urea groups
(Ot Voo Ve_o) Observed in the IR spectra suggest
a rearrangement of the polymer’s surface structure

ISSN 1818-1724. Polymer journal. 2025. Ne 1
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Fig. 5. Changes in the glass transition temperature (T,) (a) and the jump in heat capacity (AC,) at the glass transition (b)
of the second heating cycle after incubation in the Fenton reagent for PUU1 (1), PUU (2), and PUU (3)

Physical-mechanical properties of PUUs after incubation in the Fenton reagent

Periods of incubation
PUUs
control 1 month 3 month 6 month
o0, MPa
PUU1 0.60 = 0.03 0.45+0.01 0.44 + 0.02 0.38 + 0.02
PUU2 0.31+0.01 0.41 +0.02 0.21 +0.01 0.36 + 0.03
PUU3 0.42 +0.03 0.63 +0.02 0.50 + 0.02 0.45 +0.02
g, %
PUU1 68.0 +2.2 167.6 £ 3.3 2354 +8.2 2154 +8.2
PUU2 474+ 3.0 1442+9.9 47.7 + 1.7 92.1 £8.0
PUU3 186.0 £ 9.0 238.7+16.7 161.6 £9.9 2399+7.8

under the influence of the model medium. This
may result from the degradation or formation of
new hydrogen bonds between the molecules of the
medium and the polymer matrix.

Thus, the results of the IR spectroscopic studies
confirm that the oxidative degradation process
of the investigated PUUs is accompanied by the
cleavage of chemical bonds in the surface layers,
alterations in hydrogen bonding, and a structural
rearrangement of the polymer matrix.

The physical-mechanical properties of the sam-
ples after incubation in the Fenton reagent for 1, 3,
and 6 months change depending on the duration
of their exposure to the model medium.

The tensile strength of all PUUs prior to incu-
bation in the Fenton reagent ranged from 0.31
to 0.60 MPa, while after 6 months of incubation
it was 0.36—0.45 MPa (Table). For PUU]1, a con-
tinuous decrease in tensile strength was observed
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throughout the entire incubation period in the
Fenton reagent, which may be due to the oxida-
tive degradation of the polymer matrix. For PUU2
and PUUS3, the tensile strength changed nonlin-
early. After 1 month of incubation, an increase in
tensile strength was observed, which could result
from structural rearrangements in the polymer
matrix and a redistribution of hydrogen bonds.
After 3 months, a decrease in tensile strength com-
pared to the previous period was observed, pos-
sibly associated with the initial stages of oxidative
degradation. After 6 months, PUU2 exhibited an
increase in tensile strength, which might be at-
tributed to the reorganization of the polymer net-
work, whereas PUU3 showed a decrease in tensile
strength compared to the 3-month period, indica-
ting further cleavage of bonds within the polymer
structure. Compared to the control, after 6 months
of incubation, an increase in tensile strength of
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7.14—16.13% was observed for PUU2 and PUUS3,
which may be associated with changes in the ratio
of the amorphous to crystalline phases of the poly-
mer, while a decrease of 36.7 % was observed for
PUUL, indicating a significant degree of material
degradation.

The relative elongation at break for all PUUs
prior to incubation was 47.4—186.0 %, and after
6 months of incubation it increased to 92.1—
239.9% (Table). For PUUI, an increase in relative
elongation was observed during the first 3 months
of incubation; however, after 6 months, a decrease
was noted compared to the previous period, which
is consistent with degradation processes. For
PUU2 and PUUS3, an increase in elongation was
observed after 1 month, possibly due to a redis-
tribution of hydrogen bonds within the polymer.
After 3 months, a decrease compared to the pre-
vious period was noted, indicating the onset of
polymer structure degradation. After 6 months,
an increase is again observed, which may indicate
an adaptation of the polymer structure to the new
state. Compared to the control, after 6 months of
incubation, the relative elongation at break for all
PUUs increased by 28.98—216.76 %, which may
be associated with a reorganization of the polymer
network and a redistribution of intermolecular in-
teractions.

The results of the physical-mechanical tests can
be attributed to a structural rearrangement of the
polymer matrix that occurs due to the redistribu-
tion of intra- and intermolecular hydrogen bonds.
At the same time, oxidative degradation of the
polymer under the influence of the model medium
affects the mechanical properties of the material.
The observed increase in tensile strength and rela-
tive elongation at break under the model condi-
tions can be explained by a redistribution of in-
ternal hydrogen bonds within the polymer matrix,
which temporarily enhances its strength.

Thus, the physical-mechanical properties de-
pend on the duration of incubation in the Fenton
reagent and change nonlinearly. After 6 months of
incubation, compared to the control, PUU2 and
PUU3 demonstrate an increase in both tensile
strength and relative elongation at break, whereas
PUUI1 experiences a significant decrease in tensi-
le strength, indicating substantial material degra-
dation.

According to the DSC data, after incubation of
PUU samples in the Fenton reagent, an increase
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in glass transition temperature (T,) and a change
in heat capacity (AC,) at the second heating glass
transition was observed (Fig. 5). To eliminate the
influence of the thermal and mechanical history of
the polymer material, two heating cycles were per-
formed. The results of the second heating are the
most reliable material characteristics.

In particular, after 6 months of incubation in the
model medium, the glass transition temperature of
PUU increases by 12.6—50.0 %, and the AC, value
increases by 10.8—53.9, %.

It should be noted that the changes for PUU3
are less intense compared to the changes observed
in the other PUUs. Specifically, T, for PUU3 in-
creased by 12.6 %, and AC, by 10.8 % after 6 months
of incubation in the Fenton reagent. This indicates
fewer structural changes in this sample compared
to PUUI and PUU2.

During oxidative degradation in the model me-
dium, the breakdown of weaker, soft segments of
the polyurethane-ureas could lead to an increase
in the proportion of hard segments, a reduction in
the segmental mobility of macromolecular chains,
and a decrease in the free volume. Therefore, the
increase in T, and AC, compared to the control is
evidence of structural changes in the polymer ma-
trix, particularly the densification of the structure,
restriction of segmental mobility, and strengthen-
ing of intermolecular interactions.

The results of the in vitro studies confirm that
materials based on PUUs containing segments of
macrochain extender DADPh and the grafted co-
polymer PVA—PEG undergo the process of oxi-
dative biodegradation under the influence of the
model medium. This suggests their potential suit-
ability for medical applications as temporary poly-
mer matrices.

Conclusions

The study investigated the biodegradation capa-
bility of PUUs containing fragments of the mac-
rochain extender DADPh and grafted copolymer
PVA—PEG to undergo structural changes in vitro
under simulated inflammatory process conditions.
Changes in the structure, physical-mechanical,
and thermophysical properties were assessed un-
der the influence of the Fenton reagent over 1, 3,
and 6 months of incubation. The experimental re-
sults show that oxidative degradation of the PUUs
investigated, induced by the Fenton reagent, is
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accompanied by the cleavage of specific chemi-
cal bonds, changes in hydrogen bonding, and
structural transformations of the polymer matrix,
including densification and restricted segmental
mobility. IR spectroscopy demonstrated that dur-
ing oxidative degradation, the polyester compo-
nents are the first to break down, as evidenced by
the reduced intensity of C—O—C bands (1100—
1000 cm™) and an increase in the glass transition
temperature (T,) of 12.6—50.0 %. Further degra-
dation of urethane (vC=0) and urea (§NH, vC=0,
vC—O) bonds progresses at later stages, explain-
ing the nonlinear changes in the physical-mechan-
ical characteristics. According to DSC data, after
incubation in the Fenton reagent, an increase in T,
of 12.6—50.0% and a jump in heat capacity (AC,)
of 10.8—53.9% are observed, indicating the den-
sification of the polymer structure and a decrease
in the free volume of macromolecular chains. This
confirms the reduction in segmental mobility
and the strengthening of intermolecular interac-
tions, which was also confirmed by the physical-
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TOCIIIIP>KEHHA BIOAECTPYKIIII ITOJITYPETAHCEYOBVH

I3 @PATMEHTAMM ITPUITETUVIEHOT O KOITOJIIMEPY
[TOJIIBIHUIOBUY CIIMPT-TIIOJIIETVIEHIIIKOJIb Y CTPYKTYPI
B MOIEJIbBHNX YMOBAX 3AITAJIBHOTO ITPOLIECY

Hocnimkeno spatHicTh f0O 6iomecTpykuii rigpodinpunx momiyperancedosut (IIYC) i3 ¢parmentamu 4,4'-giamino-
mudeninmerany (JAI®) i mpuigenneHoro KomnoniMepy mnoniBiHinoBuit cmpr—uomnietunenriikons (IIBC—IIET) y
CTPYKTYpi 32 MOZI/IbBHMX YMOB 3aIlaJIbHOIO IIPOLeCY IIpM KOHTAKTi Marepiany 3 KpoB'lo. 3maTHIiCTh 10 OiofecTpyk-
il oninroBamyu Metomamu IY-crexTpockomii, ¢pisuko-mexaHiuHMMy Bunpobysanuamu Ta MetogoM [ICK 3a 3MiHOMO
CTPYKTYpH, (pisuko-MexaHiuHMX i Termodisnynmx Bractupocteit [TYC nig BrumBoM peaktuBa QeHTOHa IPOTATOM 1,
3 i 6 micAuiB inky6auii. 3a ganyumu [Y-crexTpockormii BUFHO, W0 mif BIMBoM peakTuBy PeHTOHA BinOyBaeThcA Ipo-
I[eC OKJCHIOBA/IbHOI fecTpyKuii gocmimxysanux I1YC, AKuil CympoBOAKY€ETbCA PO3IIEIVIEHHAM OKPeMMX XiMiYHIX
3B’sI3KiB, 3MiHOI0 BOJZHEBIX B3a€MOJINl i CTPYKTYpHMMIU Ie€peTBOpeHHs MM moniMepHol MaTpuryi. Pi3nko-MexaHidHi
MOKAa3HMKU 3aJIeXKaTh Bif TepMiHy iHKyOarii y peaktnsi PeHTOHA Ta 3MIHIOIOTHCS HemiHilHO. ITicisa 6 micsuiB iHKy-
6arii [TYC mopiBHSHO 3 KOHTPOJIEM CIIOCTepiray MigBUILEeHHS MIITHOCTI i BifHOCHOTO [TOFOBXXEHHSI IPU PO3PUBI, IO
MO>KHa MOSICHUTHY (POPMYBAHHAM HOBMX BOJHEBUX 3B A3KiB IiJj BIVIMBOM MOJIEIBHOTO CepeloBMINa. 3a pe3yibrara-
mu JICK, micna inky6anii spaskis ITYC y peaktusi ®enToHa criocTepiram nmifiBuieH s Temieparypu cknysanns (T.)
i crpubka rennoemnocti (AC,) Tpyu CKTyBaHHi, 1[0 CBiYUTh MPO CTPYKTYPHi 3MiHM y Mpoleci OKMCHIOBA/TBHOI Jie-
crpykuii. OTxe, JOCTiKyBaHi MaTepiaTngeMOHCTPYIOThIIPOIeCOKUCTIOBATbHOIIeCTPYKIiNif BIVIMBOM MOZETbHOTO
cepenosua. Tomy, ITYC i3 pparmentamu npuinerieHoro kornoniMepy IIBC—IIEL y cTpyKTypi € epCcrieKTUBHOIO 110-
JiMEPHOI0 MAaTPULEI0 MEJUYHOTO IIPU3HAYEHHA TUMYIACOBOI0O TEPMIHY Jii.

Kntouosei cnosa: noniypeTaHcevoByHa, NPUILENIEHNIT KOMIOIiMep IO/iBiHi/IOBMIT CIIMPT—II0/TieTU/IEHIIIKO/b, OKIC-
HIOBaJIbHa OiofiecTpykuis, peaktus PeHTOHA.
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