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O6’cxmom docrioncens € nepcnekmueHull KOLCMPYKYitnull mamepiai — moougikosana depesuna. 36invuenis
MePMiny UKOPUCTRANIS 0ePeUINU 3a YMOBU 30ePedcerns KOHCMPYKUITIHUX XapaAKMEePUCTIUK — NePCReKMUGHUL Ha -
npamox docrioncenn. Moougixauis depesuriu y 6i0nosionocmi 00 KOHCMPYKUILHUX 6UMO2 3 YPAXYBAHHUAM CAHIMAPHUX
ma inuux eumoz — sadxciusa sadaua. Haiubinvw nowupeni mexnonozii mooudixauii — npocouenns. Aemoxiasne
npocouenns oepeseni nid MUCKOM BUMAZAE CKAAOH020 YCMAMKYEais 01 ymeopenns 30umxogozo mucky. Ipo-
COUCHNSA KOHOCHCAUTUHUM MEMOO0M, AO0 MEMOOOM <XOJOOHUX MA 2APSUUX BAHIH>, SHAUNO SMEHUYE cOOIBaApmMIcmy
ompumanis Mooupixosanoi depesuru. J{ocaioncernns Cmitlkocmi 20 MEMPUUHUX PO3MIPIe MoOUpiKosanoi depesunu
ni0 0ie10 80102U OAE MONCIUBICTNG OUIHUMU ePeKMUBHICIND NPoUecy MOOUpIKauil (npocouenis) i SK HaciiooK ouinumu
mepmin suxopucmanis. B 0ocniorcenax ukopucmosyeaiucs 3paski 3 cocnogozo opycy (ACTY ISO 738:2018)
posmipom 300X70x15 mm. T nposedenis docioxcenv subupaiu mpu epynu 3paskie 3 padiarvrum (P), mamnzen-
wianvrum (T) ma smiwanum (3) nanpsamom onoxon oepesuri. /s MoOUDiKauii npocoueHam UKOPUCMosyeaiu
JISHY 00 Ma cuxkamus 6 konyenmpauii 25 2/1. Y eionosionocmi do mexnonozii moougixauii spasku 3amouysanu
Y BOOHOMY POUUNL 3 CUKATMUBOM, OAL 3AHYPIOGAIU 6 MY 01i0 nazpimy do 130110 °C, a nomim sanyprosaiu
6 sy oxiro npu memnepamypi 20 °C. Ompumani 3paski GUCYUYBALU 8 AMMOCHEPHUX YMOBAX i 0Lk OCIONCeHHS
CTIIKOCTE 200 MEMPUYHUX POSMIDIE 3aMOuysalu iy 600i npomsizom 000u. B pesyrvmami docaioxcens 6cmanogieno,
WO ONMUMATLHOIO MeMnepamypoio nazpicanns 3paskie ¢ dianason 120—140 °C. Takooc ecmanosieno, wo nai-
Ol CMIUKUMU 00 3MIHU 2COMEMPUUNUX POSMIDIE € 3PASKU 31 SMIULAHUM HANPSAMOM B00KOH (3), 8 AKUX 3MIHU
posmipie cxranu 0,5 % y nopiensnni 3 cyxumu 3paskamu. Hesanewcno 6i0 nanpsamy 6010K0M, 60I020N02NUNANINSL

modugpixosanux spasxie cmanosuno 0,07 06. %, wo cmanosumo eAUKU NPAKMUMHULL THmepec.
Kmouosi cnoBa: npocouenns depesuni, KOHOCHCAUIUNULL CNOCIO, IASHA ONisl, 60OHUL PO3UUN 3 CUKATNUBOM,

Mmooduixauis depesunu, 2eoMeMpPUUIL POSMIPU.
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1. Introduction

Currently, modified wood is used in the construction
industry for the construction of buildings and technical
facilities for long-term operation, providing them with deco-
rative and aesthetic properties. This implies its resistance
to atmospheric effects (temperature, moisture, ultraviolet
radiation). The purpose of wood modification is to achieve
better characteristics, to improve resistance to decay, to
a change in geometric dimensions, to weathering, and the
like. Modification of wood involves the use of chemical,
physical or biological methods to change the properties
of this building material [1, 2]. Impregnation can be con-
sidered the most applied physical method of wood modi-
fication [3, 4]. In the industry, impregnations are carried
out by the autoclave method, where the main parameters
are the temperature and pressure of the treatment [5],
or by the condensation method, under the influence of
atmospheric pressure [5-7]. As impregnating solutions use
oils and resins with the addition of components, accelerate
their polycondensation, or give the material additional
properties — resistance to temperature, atmospheric or bio-
logical effects. The impregnation of coniferous wood with
resins based on melamine formaldehyde was studied in [8],
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and a number of wood properties, such as surface hard-
ness and weather resistance, are improved. To increase
the dimensional stability and biological protection of the
Japanese cedar, low molecular weight phenolic resins of the
usual, alkaline, and neutral types are used for impregna-
tion; after impregnation, the wood is subjected to thermal
hardening [9]. The deformation stability of Japanese cedar,
impregnated with phenol-formaldehyde resins with a low
molecular weight, was estimated under compression in the
radial direction in [10]. As a result of processing this wood,
the elastic modulus increased from 10 GPa to 22 GPa,
and bending strength from 10 MPa to 250 MPa.

To study the biological degradation of wood, the authors
used the Linotech impregnation process [11]. Samples
of wood from a Norwegian Christmas tree measuring
500x25x25 mm were impregnated with linseed oil for
2-3 hours at a pressure of 0.8—1.4 MPa and a temperature
of 60—140 °C. When studying the resistance to the action
of brown rot fungi, let’s use a tall oil based impregnating
solution with a boric acid content of 1-2 vol. % [12].
The best conditions for preserving wood showed a tall
oil solution with a boric acid content of 2 vol. %.

All of the above studies do not give an idea of the
mechanism of wood protection from atmospheric factors,
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and substances for impregnation were chosen at random.
However, the main atmospheric factor for wood is moisture,
which significantly affects the change in the geometric
dimensions of wooden structures during construction is
strictly prohibited, since this threatens the integrity of
buildings and human life. So, the object of research is
a promising structural material — modified wood. And the
aim of this research is to study the effect of moisture on
the geometric dimensions of modified wood.

2. Methods of research

A simple and effective industrial method for impreg-
nating wood with hot cold baths, in which non-toxic im-
pregnating substances are used [5], is chosen as the main
impregnation method. The selection of these substances is
carried out from natural oils, most closely related to capil-
laries of wood fibers. To study the impregnation process
and determine the water absorption of modified wood,
let’s use samples 300-70—15 mm in size made of pine
timber (DSTU 1SO 738:2018).

Before impregnation, the samples are preliminarily
dried to a residual moisture content of 2 wt. %, weight on
electronic scales with an accuracy of 4 digits and divide
into batches, each of which includes 3 samples. Each of the
samples in the batch has a different direction of the cut
fibers: radial (P), tangential (7) and mixed (s). Samples of
pine in the form of a freshly sawn timber of natural humi-
dity without preliminary drying are immersed for soaking
in an aqueous solution. The aqueous solution contained
a drying concentration of 25 g/l. The samples are held
for 10 min at a temperature of 20 °C (cold bath) until
an aqueous solution filled the pores of the wood, displac-
ing part of the air. The temperature is measured with
a digital thermometer with an accuracy of £0.5 °C. Next, the
samples are immersed in linseed oil (DSTU ISO 150-2002)
and kept at a temperature of 13010 °C (hot bath). In
this case, intense foaming is observed on the surface of
the oil and the release of water vapor from the capil-
laries along with the air contained in the pores of the
wood. After completion of foaming, the samples are im-
mersed in an impregnating solution of linseed oil with
the addition of 10 wt. % of rosin at a temperature of
20 °C (cold bath), and kept for 15 and 120 minutes,
in order to study the change in the expected degree of
impregnation of wood. After that, each batch of samples
is weighed and the impregnation degree is determined as
the ratio of mass gain to the initial mass of the sample.
Statistical processing and calculation of average indica-
tors of the research results is carried out according to
the methods [13].

To determine the effect of moisture, the impregnated
wood samples are left to dry in air at a temperature of
20 °C and an air humidity of 60 % for 2 days. Then, the
prepared samples are soaked for 1 day in distilled water,
and moisture absorption and swelling of the samples are
determined using indicators installed along the length and
width of the samples. As extreme points, to compare changes
in geometry (width and length), let’s took non-impregnated
samples (N), as well as samples impregnated in linseed
oil for 15 and 120 minutes. To assess the magnitude of
the change in the geometric shape of the sample during
swelling in water, a coefficient of change in linear size
under the influence of moisture is introduced.

3. Research results and discussion

Studies have shown that the content of linseed oil in
wood is affected by the impregnation temperature (Fig. 1).
As can be seen from Fig. 1, impregnation in the mixed
direction of cut of the fibers (M) occurs more intensively
than in the radial (R) or tangential (T). It should be noted
that the most intensive impregnation in all directions oc-
curs during the first 40 minutes at a temperature of linseed
oil in the range of 100—110 °C, and also during the first
60 minutes at a temperature of linseed oil in the range
of 120-140 °C, which allows wood impregnation in a hot
bath for more than 50 % of the initial mass of the samples.
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Fig. 1. The dependence of the linseed oil content in the samples
of pine from the time of its impregnation (/)

From the data in Fig. 2 it follows that the non-im-
pregnated samples (N) swell in length longer than the
impregnation in oil for 15 minutes In this case, the ra-
dial (R) or tangential (7) directions of the saw cut al-
most does not affect the value of the swelling index along
the length of the holding time in water, but the mixed
cut (M) leads to a significant change in the geometry of
the sample. Therefore, it is recommended to impregnate
tangentially or radially sawn wood.
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Fig. 2. The effect of holding time in water (t) on the swelling
of non-impregnated samples (N) and samples with radial (#), tangential (T)
and mixed (M) direction of cutting fibers impregnated for 15 min

From the data in Fig. 3, it can be seen that, compared
to samples not impregnated with a sample (N), almost
impregnated for 120 minutes, the samples with radial (R),
tangential (T) and mixed (M) direction of fiber sawing
almost do not change in length.

Changes in the geometric dimensions of the modified
wood along the width of the sample are somewhat diffe-
rent from changes in size along the length (Fig. 4). This
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is primarily due to the fact that the length of the sample
is 4.3 times longer than the width. Secondly, the direction
of the wood fibers extends along its length, so swelling in
width under the influence of moisture most affects the wood.

70
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Fig. 3. The effect of holding time in water (1) on the swelling

of non-impregnated samples (N) and samples with radial (#), tangential (T)
and mixed (M) direction of cutting fibers impregnated for 120 min
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Fig. 4. The effect of exposure time in water (1) on the swelling
of non-impregnated samples (N) and samples with radial (H), tangential (T)
and mixed (M) direction of cutting fibers impregnated for:
a — 15 min; b — 120 min

In contrast to non-impregnated wood, it quickly swells
in water; impregnated wood has a slow absorption of mois-
ture, due to which the effect of preserving the geometric
dimensions and strength of the samples is achieved. It
should be noted that the sample with a tangential cut
of fibers, impregnated for 120 minutes, has the best re-
sistance to moisture.

Water absorption of samples with radial, tangential and
mixed directions of cutting fibers impregnated for 120 min,
amounted to 0.098 vol. %, 0.048 vol. %, 0.070 vol. %,
respectively.

Analyzing the above experimental and graphical data,
it is possible to conclude that:

— the optimum temperature of a hot bath is a tem-
perature of 120—-140 °C, due to which, when moving
samples into a cold bath, absorption occurs more in-
tensively and the samples are better saturated than
samples that are in a hot bath with a temperature
of 100-110 °C;

— the smallest changes in length along the length of
samples with a mixed direction of the fibers, impreg-
nated for 120 minutes — 0.5 % of the size of the dry
sample, are of great practical interest for the use of
this type in support structures where it is important
to have a minimum change in size along the length;
— regardless of the time of impregnation and the di-
rection of the fibers in the samples, the impregna-
tion of the samples less swollen in length and width
than non-penetrated, while the moisture absorption do
not exceed 0.070 vol. %, which is of great practical
interest.

4. Conclusions

The paper proposes a clear principle of impregnation of
coniferous wood in hot-cold baths, which allows to adjust
the properties of modified wood. To preserve the geometri-
cal dimensions of modified wood under the influence of
moisture, it is proposed to use timber with the tangential
or radial direction of fiber sawing for impregnation. Thus,
the proposed technical solution for producing modified
wood can be introduced into the industrial production
of building materials after a set of tests of the action of
additional atmospheric factors.
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OPTIMIZATION OF AMPLITUDE-FREQUENCY
CHARACTERISTIC OF BROADBAND VOLTAGE
DIVIDER INTENDED FOR MEASUREMENT
OF POWER QUALITY PARAMETERS

O6’exmom docniovcens € cxema WUpoOKOCMY206020 EMHICHO-0MIUN020 NOOLIGHUKA HANPY2U 3 NOCAIO08HO-NA-
PANETOHUM 3’ EOHAHHAM 11020 PESUCMUBHUX T EMHICHUX ellemenmis. Jl082i POKU 3aCMOCYBaHHS NOOILHUKIE HANPY2U
00MENCYBANACS GUMIPHOBAHHAM DISHUX HANPYZ 8 YMOBAX BUCOKOBOIbMHUX Tabopamopiil. O0nak nodinvnuxu nanpyeu,
Y NOPIBHSHH 13 MPAHCHOPMAMOPAMU HANPY2U, XADAKMEPUSYIOMbCS OLIbUL WUPOKOIO CMY2010 NPONYCKANHHS, TMOMY
BOMU CTNALU PO3ZAAOATNUCS K 00U 3 OCHOBHUX 3AC00I8 BUMIDIOBAIH HANDY?Z I BUCOKOBOLLINHUX CACKMPUUHUX MEPE-
acax. OOnuUM 3 Kamarizamopie 6NPoBadICeHH 020 Pl MOJNCe CIAMU IHMEHCUBHULL PO3BUMOK KOHuenuii Smart
Grid, sixa sumazae 1osux, 6invi 0CKOHAIUX 3aC00i8 MONIMOPUN2Y AKOCTI eAekmpoenepzii. Tomy excnepumenmanvii
1l meopemuymi 00CIIONCEHHS, CNPAMOBAHT HA SHUNCCHHS NOXUOKU UUPOKOCMY208UX NOOLIHUKIE HANPY2U, € BANCTUCUMU.

3asoanis onmumanvi020 KOPEKMYBANH HUSLKOBOILMHO20 Nieud NOOLILHUKA Hanpyeu 010 sUpiuleno 3a 0ono-
MO2010 3ACMOCYBANISL CIeMEHMNIB JIHIUN020 NPOZPAMYEANHS 0Ll O0CIONCEHH PYHKUTL CUCTEMATUUNOT NOXUOKIL.

Y daniit po6omi npedcmasieni pesyivmamu 00CAIONCEHHS KOPEKMYBANHA AMNITMYOHO-UACMOMHOL Xapaxkme-
DUCTRUKU NOOIIOHUKA HANPY2U, AKI CNPAMOBAHT HA SHUNCCHHS 11020 NOXUOKU. [[is Ubo2o OYL0 3Haideno maxuil
napamemp onmuMI3auii SHAUeHI EMHOCTNE HU3LKOBOLILIMHO20 NILeUA, NPU AKOMY AOCOMOMNE SHAUCHIS NOSUMUBCHOZ0
1l He2AMUBHOZ0 MAKCUMYMY CUCMEMAMUYHOT NOXUOKU EMHICHO -0MIUH020 NOOLIbHUKA HANPY2u OYOymb 00HAKOBUMU.
Pospaxynxu 6yau suxonani 0ns pisnux snavens xoedivicuma dinenns nodinonuxa nanpyzu. Ompumani Macueu
danux yaazaivheno y euzisioi mpusuMipHux pagixie.

Poboma srnocumo 6xaad y nodarvuuil po3eUmMox meopii UCOK0BOIbMHUX NOOLILHUKIE Hanpyzu. Y pe3yivmami
nposedenux 00caiNceb NOKA3AHA MONCIUGICING ONMUMISAUTT AMNAIMYOHO -UACMOMHOL XAPAKMEPUCTIUKU WUPOKO-
CMY208020 EMHICHO-OMIUHO20 NOOLILHUKA HANPY2U ULSAXOM BAPIOBANIA 3HAUCHHL EMHOCI 11020 HU3LKOBOLLIMHO-
20 naeua. IIposedeni Dociioncenns ¢ NEPCNeKMUSHUMU Y 36 SA3KY 3 MUM, WO OaHd KAMezZopis UCOKOBOLLIMHUX
Macumadnux nepemeoprsauis Mae MOACIUBOCMI cmamu 0006 A3K06010 0L USHAUCHHS NOKASHUKIE AKOCTE elleK-
mpuunoi enepeii 6e3nocepednvo y BUCOKOBONLINHUX MEPENCAX.

Kmouosi cnosa: nodiivnuk nanpyezu, aMniimyono-uacmomma Xapaxmepucmukd, akicmo eiexmpuynol enepeaii,
BUCOKOBONLMHULL MACUMAOHUTI NePEemEOPIOSaY.
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1. Introduction

Measurement of electric power quality parameters is ne-
cessary during energy generation, distribution and consump-
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tion. In addition, measurements are necessary to ensure the
possibility of controlling the quality of electricity as a type
of product. For this purpose, technical and organizational
measures are being implemented to achieve compliance of
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