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SELF-COMPACTING CONCRETE IN WINTER CONDITIONS

Abstract. The article presents scientific developments of scientists on application of self-compacting concrete
mixtures for construction of buildings and structures under conditions of low and negative ambient
temperatures. The analysis of existing methods of construction of monolithic buildings and structures in the
cold season, on the basis of which effective compositions of self-compacting concrete mixtures are developed,
is carried out. The most optimal method of obtaining high technological properties of concrete mixtures and
physical-mechanical properties of concrete in winter concreting has been determined. Particularly, advantages
of using of antifreeze additives allow to apply them most effectively at large volumes of monolithic construction
in conditions of subzero temperatures providing necessary properties of concrete mixture and increasing
durability of constructions at minimum expenses. The most popular types of antifreeze additives are given.

Keywords: self-compacting concrete mix, monolith, winter period, formulation, performance properties,
antifreeze additives.

WORK RELEVANCE

Today the technology of monolithic construction is more and more widely used in the construction of
buildings and structures, is one of the main directions of development of civil and industrial construction.
This is due to a number of advantages: high rate of construction; reliability and durability of construction
objects; erection of buildings and structures of various geometric shapes [1]. To increase technical and economic
efficiency of application of cast-in-situ concrete, as well as quick putting of capital construction objects into
operation, necessity of all-the-year-round manufacture appears, including conditions of low temperatures
of ambient air. On the other hand, with the obvious advantages of increasing the rate of construction
monolithic house-building is associated with a number of problems, primarily the need to ensure the normal
rate of curing of concrete in low ambient temperatures, as well as the required manufacturability of concrete
mix [2].

There have been many studies of winter concreting by domestic and foreign researchers: A. S. Arbenyey,
A. L. Gnyrey, 1. A. Kireenko, B. M. Krasnovsky, B. A. Krylov, S. A. Mironov, B. G. Skramtaev, S. Arbenyey,
S. A. Mironov, L. M. Kolchedantsev, I. B. Zasedatelev, A. V. Lagoyda, and foreign scientists A. M. Ginzburg,
C. Bofan, P. Paulik [3-5]. It should be noted that foreign studies on this topic are less extensive. The priority
of domestic scientists in the development of winter concreting technology is fixed by numerous publications
and technical solutions and also laid a methodological basis for development of organizational and
technological solutions for works in conditions of negative temperatures [6, 7].

During the winter period, concrete work must be carried out in such a way that the required (critical)
strength should be achieved, since higher energy costs are required to achieve the design strength. It is
important to prevent the concrete mix from freezing during the strength development process, since when
the concrete starts to freeze before reaching the minimum required strength, it cannot reach the required
final strength once the concrete has thawed. The reason for this is that the freshly placed concrete mix contains
unbound water from the Portland cement hydration process, which expands in the case of freezing and breaks
the bonds between the aggregate and the weakly hardened cement stone. In addition, the early freezing
reduces the adhesion of the concrete to the reinforcement [8].

Of particular interest are self-compacting concrete, which has been successfully used on construction sites
in developed foreign countries for more than ten years. Self-compacting concrete is concrete mixtures which
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are able to disperse under their own weight without additional external energy, to maintain homogeneity,
and ensure full compaction, form-filling and encapsulation of reinforcement bars and embedded parts [11].

Purpose of work: is a theoretical justification of the feasibility of choosing the best method for obtaining
high technological properties of concrete mixes and physical and mechanical properties of concrete in winter
concreting conditions.

BASIC MATERIAL

An important aspect when carrying out concrete works with SCC in winter is to ensure that the concrete
should have a critical strength. Once reached, freezing has no irreversible effect on the concrete structure
and the frozen concrete develops its design strength after thawing. This is ensured by increasing the density
and reduction of capillary porosity by careful selection of concrete composition. As the result of this the use
of self-compacting concrete in winter conditions in the construction of monolithic buildings can significantly
reduce the time of heat treatment, contribute to saving material, labor, energy and financial resources. The
use of chemical antifreeze additives can make it possible to refuse external energy influences, but this requires
a considerable amount of testing before implementation [9].

Modern concreting technology in conditions of low and sub-zero temperatures offers methods of working
(figure 1) [10]. Electrical heating with heating cables is recommended for thin-walled structures with a large
surface area. Heating with heating wires takes place from the inside of the structure — conductively. After the
concrete mix has been poured and compacted, an electric current of certain parameters is passed through the
wire to heat the mix from the inside. The number of heating elements to be placed in the structure depends
on the amount of concrete to be heated and the electrical power required for this. The cable does not need to
be dismantled and remains in the structure permanently. Each structure has its own technical data sheet.
The heating and holding times of the concrete are determined on the basis of the concrete temperature and
the current intensity of the heating elements.

Methods of working

Electrical heating with heating cable

Electro heating with electrodes

Steam heating

Antifreeze additives

The «Thermos» method

Figure 1 — Working methods for winter concreting.

This is a big advantage of the heating cable method, because the heat is transferred to the structure from
the outside and heats it from the surface, in contrast to all other similar methods where the source of heat is
led up to the structure from the outside and all heat is transferred to the concrete using the heating cable.
The implementation of this method is complicated by selection of optimal values of heating cable length
and diameter, taking into account the possible unevenness of its electrical resistance, the choice of supply
voltage and the risk of wire breakage during installation and concreting. It is impossible to reuse the wire,
the need for a large amount of additional equipment and labour-intensive laying [9] must be also taken into
account. The method of electric heating with electrodes is based on heat generation by a conductor with
high resistance when electric current is flowing through it. A wire WHSB is used as a heating element [12].
This method involves introducing electrodes (bars, strips, strings, plates) into the concrete or placing them
on its surface, which are then connected to a transformer. The result is an electric field that warms up the
concrete rather than the surrounding environment. By selecting and adjusting the output parameters of the
transformer, the desired concrete heating temperature can be achieved [9]. Advantages of heating with
electrodes are the following: high thermal efficiency of the method; reliability and ease of installation; heating
of structures of any thickness and any shape. Disadvantages of heating with electrodes include considerable
time for preparation; additional equipment; high power consumption (from 1 000 kW for 3...5 m® of concrete
mixture) and the need for qualified personnel.
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Steam heating is a construction method that uses steam to create favourable heat and humidity conditions
to accelerate the hardening of the concrete. Around the concreted structure there is a «jacket» made of roofing
felt, wooden or steel panels, under which steam is injected.

«The jacket» ensures the required heating of the structure and provides the required humidity. Low pressure
steam of 0.5...0.7 atm. is used, with a temperature of 80...90 °C. Approximate mode of steam preheating: the
rate of rise (gradient) temperature of not more than 5-10 deg./h; isothermal heating at the temperature of
80° C for concrete on general Portland cement and 95 °C — on Portland slag cement and pozzolanic cement.
The cooling rate (gradient) of the concrete must be 10 g/h.

Antifreeze additives are also widely used. The main reason for curing concrete mixes when exposed to high
temperatures is the freezing of water in them (figure 2) [13]. Concrete with frost protection additives requires
less water per unit volume than conventional concrete. This explains the higher strength and frost resistance
of concrete with salt additives compared to the strength of concrete. The choice of additives and their optimum
amount depends on the type of concreted structure, the degree of its reinforcement, the presence of aggressive
media and stray currents, ambient temperature, etc. The disadvantage is considered to be the increase in
time of achieving the design strength of the concrete; reduction of corrosion resistance of reinforcement (for
chloride additives) [14].

Antifreeze additives

Sodium nitrite (SN)NaNO,

Calcium chloride (CC) CaCl,

Calcium chloride (CC) + Sodium nitrite (SN)

Calcium nitrate (CN)Ca(NO3), (GOST 4142-77)+ urea (U)

Complex compound of calcium nitrate with urea (CNU)
(TY 6-03-266-70)

Calcium nitrite-nitrate (CNN) (TS 603-7-04-74) + urea (U)

Figure 2 — Types of antifreeze additives.

At the same time, the thermos method should not be used when concreting structures in ambient conditions
with an average daily outdoor temperature below +5 °C and a minimum temperature below 0 °C. Although
the temperature limits of this method can be extended by a number of additional measures (increasing the
initial temperature of the concrete mixture, introduction of chemical additives), in general it increases the
economic costs of the works. In some cases, it is advisable to combine the temperature control method with
electric heating of the perimeter of the structure. It is also necessary to additionally insulate structural elements
that cool down faster than the main part (corners, protrusions, embedded parts, ribs), thus creating the same
cooling conditions for the entire structure [9].

CONCLUSIONS

The problem of winter application of self-compacting concrete has been extensively studied, but there are
a number of shortcomings which have prompted the search for new solutions in this area. The winter
application of self-compacting concrete is accompanied by a large number of problems, the solution of which
will enable the use of self-compacting concrete in the most efficient way, both economically and practically.

Based on a comparative analysis, the most effective way of using self-compacting concrete is to use frost
protection additives which reduce the cost of concrete. Also a carefully selected SSC composition provides
acceptable resistance to daily variations in raw material quality and moisture content, reducing the frequency
of laboratory inspections and facilitating production control.

16 ISSN 2519-2817 online
Becthuk Jlon6acckoli HAIIMOHANBHON aKaeMU CTPOUTEIBCTBA U aPXUTEKTYPbI



Self-Compacting Concrete in Winter Conditions

REFERENCES

1. Kpmpuios, b. A. MoHOIINTHOE CTPOUTETBCTBO, €TO0 COCTOSIHUE U TIepCIeKTUBH coBepuieHcTBoBaHusg / b. A. Kpumos. —
Tekct : anexTpounsiit // CTpouTenbHble MaTepraibl, 06opynosanne, Texuomornu XXI Beka. — 2012. — Ne 4 (159). —
C. 35-38. — URL: https://elibrary.ru/download/elibrary 20330880 41605965.pdf (nara obpamenust 15.04.2023). —
EDN: RCXKRF.

2. Tonosues, C. I. 3umHee GetonnpoBaHue: ataibl craHoBaeHus u pazsutus / C. . TosmosHes. — Teket : aeKTpOHHBI //
BecTHUK BOJTOTPAACKOTO TOCYAAPCTBEHHOTO aPXUTEKTYPHO-CTPOUTENHHOTO yHUBepcuTeTa. Cepust: CTPOUTENBCTBO 1
apxurektypa. — 2013. — Ne 31-2 (50). — C. 529-534. — URL: https://elibrary.ru/download/elibrary 202810-
17 _56313912.pdf (nata obpamenus 15.03.2023). — EDN: RBVBBD.

3. Kypakosa, O. A. [IpuMeHeHre HOBBIX TEXHOJIOTHI 3UMHEro GeTOHMPOBaHUst B coBpeMeHHOM crpoutesibetBe / O. A. Kypako-
Ba, M. V. lamaeB. — Tekcr : ameKTpoHHBIN // DKOHOMUKA U TpeanpuHuMarenbctBo. — 2012, — Ne 6 (95). — C. 1073-
1075. — URL: https://elibrary.ru/download/elibrary 20330880 41605965.pdf (mata obpamenus 15.03.2023). — EDN:
XPUGQP.

4. 3onoryxuH, C. H. beronupoBanne npu orpuratersusix Temnepatypax / C. H. 3omoryxus, A. H. lTopronmkus. — Texert :
anektponnsiii // Hayunsiit BectHuk BTACY. Cepust: Boicokue texnosorun. Jxosorust. — 2012. — Ne 1. — C. 81-85. —
URL: https://elibrary.ru/download /elibrary 20281017 56313912.pdf (nata o6pamenus 16.03.2023).

5. Paulik, Peter. The Effect of Curing Conditions (In Situ vs. Laboratory) on Compressive Strength Development of
High Strehgth Concrete / Peter Paulik // Procedia Engineering. — 2013. — Ne 34 (156). — P. 113-119. — URL: https:/
/www.researchgate.net/publication/259167998 The Effect of Curing Conditions In_ Situ vs La-
boratory on_Compressive Strength Development of High Strength Concrete (zata o6pamenus 15.04. 2023).

6. Kpacuosckuii, b. M. Umxenepro-dusndeckre 0CHOBBI MeTOOB 3uMHero Geronnposanust = Engineering-physical
principles of the winter concreting methods / B. M. Kpacuosckuii ; TocymapcTBenHas akagemMust mpodecCHoHaTbHOT
TIePETOATOTOBKY ¥ TTOBBITIEHIST KBAMM(DUKAIINT PYKOBOAANNX PAOOTHUKOB U CIEIHATNCTOB WHBECTUITMOHHON cheph
Mumnucrepcrsa obpasosanus u Hayku PO (TACUC-Mocksa). — Mocksa : M3a-Bo TACUC, 2004. — 467 c. — (Cepus
«U36pannbie MoHorpaduu yuersix TACUC»). — ISBN 5-9504-0009-7. — TekcT : HElocpeAC TBEHHBII

7. 3onoryxuH, C. H. beronnuposanue npu orpunarensusix temeparypax / C. H. 3onoryxun, A. H. Topromxwsa. — Teker :
anektponnbiit // Hayunstit Bectiuk BIACY. Cepust: Boicokue TexHosmornu. Jkosorust. — 2012. — Ne 1. — C. 81-85 . —
URL: https://elibrary.ru/download/elibrary 18907371 10194680.pdf (zata obpamenus 16.03.2023)

8. Tomosues, C. I. Texmomorus 3umuero GeronupoBanusa. OnrtuMusaius mapamerpos u Bei6op metonos / C. I. Tomos-
HeB. — Yensabunck : Msa-so IOYpTY, 1999. — 156 c. — ISBN 5-6960-1147-0. — TekcT : HEMOCPEACTBEHHBIIL.

9. Baxenos, 10. M. Texuosorus 6erona : [yuebuuk] / 10. M. Baxenos. — Mocksa : Usn-Bo ACB, 2003 — 503 c. — ISBN
5-93093-138-0. — URL: https://studylib.ru/doc/2607312/tehnologiya-betona (zara o6pamenus 15.03.2023). — Tekcr:
3JIEKTPOHHBIH.

10. Mosranés, K. M. 9bbekTuBHOCTD MPUMEHEHUsT CAMOYILIOTHSIONNXCST 6ETOHOB MPUBO3BECHUN MOHOJIUTHBIX 3/a-
Huii B 3mMHNX ycaoBugx / K. M. Moaranés, C. I. Tonosues, /[. A. Mosranésa. — TexcT : asmexkTpoHHBIH // BecTHuk
IOYpTY. Cepust «CtpoutensctBo u apxurektypas. — 2014. — Tom 14, Ne 1. — C. 34-37. — URL: https://pdfslide.net/
documents/-5750a9811a28abcf0cd0bSe6.html?page=1 (mata obpamenus 17.03.2023).

11. Cucrema MoHOTMTHOTO TOMOCTpoeHnus. KoHcTpykTuBHO-TexHOMOrNYeckre pemernns / A. H. Benokons, B. A. Kocca-
xoBckuit, B. M. Pynoii [u ap.]. — Mocksa : HHUUIII xunnmra, 1988. — 198 ¢. — TekcT : HemocpeacTBEeHHBII.

12. BosBenenne 3MaHmit 1 COOPYKEHUI N3 MOHOJUTHOTO Keme306eToHa @ yuebHoe mocobue ISt CTYAEHTOB, 00yJIaIOIXCsT
mo crernuaiabHoct 290300 «I[IpombiniieHHOE U rPpaskIaHCKOe CTPOUTENBCTBO» HampasiaeHus 653500 «Crpouresb-
ctBo» / [C. A. Momozsix u zip.]. — Capatck : 3a-8o Mopnosckoro yausepcurera, 2002, — 138 ¢. — ISBN 5-7103-0826-
9. — TekcT : HeMOCPENCTBEHHBIN.

13. Kpacnosckwuit, 5. M. U H:xenepHo-(u3nueckie 0CHOBB METOI0B 3uMHero Geronnposanust = Engineering-physical
principles of the winter concreting methods / B. M. Kpacuosckuii ; TocymapcTBerHas akageMust mpodecCHoHaTbHOT
TIePETOATOTOBKY ¥ TTOBBITIEHIST KBAMN(DUKAIINT PYKOBOAANINX PAOOTHIKOB U CIEIHATNCTOB HHBECTUITHOHHON cheph
Mumnucrepcrsa obpasosanus u Hayku PO (TACUC-Mocksa). — Mocksa : M3a-Bo TACUC, 2004. — 467 c. — (Cepus
«U36pannbie MoHorpaduu yuerbix TACUC»). — ISBN 5-9504-0009-7. — TekcT : HelmocpeAC TBEHHBIIA

14. Kpyrabiii cron. 3uMHee GeTOHMPOBAaHUE: COBPEMEHHBII PIHOK IIPOTUBOMOPO3HBIX J00aBOK — COCTOSIHUE U MEPCIeK-
tusbl // Texuomorum Gerowos. — 2011. — Ne 11-12. — C. 10-20. — URL: https://elibrary.ru/download/
elibrary 20330880 41605965.pdf (nata obpamenus 18.03.2023). — Texcr: amexrponnsiit. — EDN: TKANKR.

[Tosryyena 04.04.2023
[Tpunsra 23.05.2023

Buinyck 2023-4(162) Hayuno-mexnuveckue 00CMuiCeHus Cmyo0enmos cmpoumeivbHo-apxXumexmypHot ompaciu 17



Maxim Voronenko, Nikolai Zaichenko, Nina Miklashevich

M. 3. BOPOHEHKO, H. M. 3BAMYEHKO, H. B. MUKJIAIIIEBIY
CAMOYIIJIOTHAIOMINICA BETOH B 3SUMHUI ITEPUO/I

OTBOY BO «/lonbacckas HalMOHAJAbHASE aKaJleMHsI CTPOUTENbCTBA M apXUTEKTYPBI»,
r. Maxkeeska, /JIHP, Poccuiickas Deneparus

Amnnorauus. [IpencraBieHbl HayuHble Pa3pabOTKU YUEHBIX [0 IPUMEHEHUIO CAMOY IO THAOIIUXCSE OETOHHBIX
cMeceil IPU CTPOUTEJNbCTBE 3/[AHUN U COOPYKEHUI B YCIOBUSAX HU3KUX U OTPUILATEIbHBIX TEMIIEPATYP
oKpyKatoleil cpeabl. [IpoBenen anaan3 cynecTBYIOIUX METOAOB BO3BEICHUS MOHOJIUTHBIX 3MaHUN U
COOPYKEHUI B XOJOIHOE BPEMsI T0O/la, HA OCHOBE KOTOPHIX pa3pabarsiBaioTcst ahdeKTuBHbIE COCTABBI
CaMOYIIOTHsIOMMXCsA 6eTOHHBIX cMeceii. Onpernesied Hauboaee ONTUMANBHBINA CIIOCO0 [JIs MOJIydeHUs
BBICOKHX TEXHOJIOTMYECKUX CBOMCTB GETOHHBIX cMeceii 1 (PU3NKO-MEXaHNYECKUX CBOMCTB GETOHA B yCIOBUAX
3UMHET0 6ETOHNPOBAHSL. B 4acTHOCTH MpenMyIieCTBAMI TIPHUMEHEHUST TPOTHBOMOPO3HBIX T00ABOK SIBJISIETCST
Hanbosiee a¢(HerTHBHOE MCIOTB30BAHNE UX IPH OOJIBIINX 06BEMAX MOHOJIUTHOTO CTPOUTENBCTBA B YCITOBHSIX
OTpHIATEIbHBIX TeMIepaTyp, obecrieynBas HeoOXOAUMbIe CBOHCTBA GETOHHOI CMECH, a TaKKe MOBbIIIEH e
MOJITCOBEYHOCTH KOHCTPYKIIMHA PU MUHUMAJIbHBIX 3aTpaTax. [IpuBeneHbl HanboJsiee MOMYJIAPHBIE BUIbI
TTPOTHBOMOPO3HBIX T0OABOK.

Kiouesble croBa: caMOyILIOTHSIIOMASICST OETOHHASI CMeCh, MOHOJIUT, 3SUMHHI TTeproj, pa3paboTka
COCTaBOB, 9KCIIyaTallMOHHBIE CBONCTBA, IIPOTHBOMOPO3HBIE T0OABKIL.

M. E. BOPOHEHKO, M. M. 3BAMYEHKO, H. B. MIKJAIIIEBIY
CAMOYIIIJIBHIOBAJBHUIN BETOH YV 3UMOBUI HEPIO/]
OIBOY BO «/loubachka HarioHagbHa akageMist OyIiBHUITBA i apXiTeKTypH»,
M. Makiiska, /IHP, Pociiiceka Demeparis

Amnoraunis. [IpencraBieno HayKoBi pO3poOKY HAYKOBIIIB TIO/I0 3aCTOCYBAHHS CAMOYILIBHIOBABHIX GETOHHIX
cyMitmeit i gac 6yAiBHUIITBA OYiBEIb i CIOPY B yMOBaX HU3LKUX i Bi' EMHUX TEMIIEPATYP HABKOJIUITHBOTO
cepeoBuina. [IpoBeieHo aHali3 HasIBHUX METO/IIB 3BeleHHs MOHOJITHUX Oy/IiBeNb i CIOPYA Y XOJOAHY MOPY
POKY, Ha OCHOBI SKUX PO3POOIAIOTHCS eheKTUBHI CKIAAN CaMOYTIIMIbHIOBATbHUX GETOHHUX CyMilmed.
BusHaueHo HalbiIbII ONTUMaHWIA CIIOCIO IS OTPMMaHHS BUCOKUX TEXHOJOTTUHUX BJAACTUBOCTEN OETOHHUX
cymitmeit i pisuko-MexaH{IHUX BIACTHBOCTEN GETOHY B YMOBaX 3MMOBOTO GETOHYBaHHs. 30KpeMa MepeBarn
3aCTOCYBaHHsI TPOTUMOPO3HUX M00ABOK AAI0Th 3MOTY HANOLIbIN e(heKTHBHO BUKPUCTOBYBATH X 32 BEJIUKIX
006CsTiB MOHOTITHOTO GYIBHUIITBA B YMOBAX Bi/l' EMHUX TEMIIEPATyP, 3a0€3meuyioun HeoOXifHi BAaCTUBOCTI
6eTOHHOI CyMiIli, a TAaKOK MiABUIIYIOTH JOBrOBIYHICTH KOHCTPYKIiH 3a MiHiMasbHUX BUTpatT. HaBemxero
HaOILTBIT TOMYIAPHI BUAN TPOTHMOPO3HUX T0OABOK.

KimouoBi cioBa: caMoyTIiibHIOBaIbHA GETOHHA CYMIlll, MOHOJIT, 3MMOBHIT TIepiof, po3pobKa CKIaIiB,
eKCTITyaTaliiiHi BIacTHBOCTI, TPOTUMOPO3Hi T06ABKH.

BopoHenko Makcum dayapaoBuy — acipaHT Kadeapsl TEXHOJOTUU CTPOUTEIbHBIX KOHCTPYKIIHI, U3/t 1 MaTepu-
anoB OTBOY BO «/lorbacckast HAIMOHATbHAST aKaJIeMUsI CTPOUTETbCTBA U apXUTEKTYPhI», T. MakeeBka, [[THP, Poccuii-
ckast Degepanus. HayuHble WHTEPECHL: CAaMOYILIOTHAIOIIUECS OETOHBI C BBICOKUMHM 9KCILIYaTal[IOHHBIMK CBOUCTBAMUL.

3aiiuenko Hukonaii MuxailioBuy — J0KTOp TeXHUUECKUX Hayk, podeccop; pekrop DTBOY BO «/lonbacckas Haumo-
HaJIbHAs aKaJIeMUsI CTPOUTENBCTBA U apXUTEKTYpbl», T. MakeeBka, /IHP, Poccuiickas Denepanus. Hayunbie nHTEpECHL:
TEXHOJIOTHSI U CBOWCTBA MOAUMUIIMPOBAHHBIX BHICOKOIPOUHBIX GETOHOB.

Muxknamesny Huna BacuibeBHa — KaHANIAT TTIEJATOTNYECKIX HAYK, /IOIIEHT; 3aBeAyIOmas Kadeapoil MHOCTPAHHBIX SI3bI-
KOB U Treiaroruku Boictreit mrkosrst OTBOY BO «/loHbacckast HalMOHATBHAST aKaeMIST CTPOUTENBCTBA U apXUTEKTYPBI»,
r. MaxkeeBka, /IHP, Poccuiickas @eneparusi. Hayunble HHTEPECHE: TT€AATOTUKA BBICIIEH TITKOJIBI.

Boponenko Makcum Exyapmosuu — acripadT kadeapu TeXHOJIOTIT Gy/iBeabHUX KOHCTPYKINH, BUPOGiB i MaTepiasin
®/IBOY BO «/lonbachka HalfioHaIbHa akajieMist OyIiBHUITBA i apxiTeKTypu», M. Makiiska, J[THP, Pociiicbka Dexepartis.
HaykoBi iHTepecH: caMOyIIiJIbHIOBATbHI GETOHN 3 BUCOKUMH €KCILIyaTalliiiHUMU BJIaCTHBOCTSIMU.

3aiiyenko Mukosa MuxailoBu4 — JIOKTOp TEXHIYHUX HayK, podecop; pextop DIBOY BO «/loHbachka HalioHaIbHA
akajieMist Oy liBHUIITBA i apXiTeKTypr», M. MakiiBka, JIHP, Pociiicbka Deneparist. Haykosi iHTepecu: TEXHOIOTIS 1 BIaCTH-
BOCTI MOAU(DIKOBAHUX BUCOKOMIIIHUX GETOHIB.

Miknamesuy Hina BacuiiBHa — KaHIUIAT TTearoTivHNIX HAYK, JIOEHT; 3aBiyBayd Kadeapn iHO3eMHUX MOB Ta TIeJIaroTiKu
sumoi mkonn OIBOY BO «/lonbachka HalioHasbHa akajieMist OyAiBHUIITBA i apXiTeKTypu», M. Makiiska, JIHP, Pociii-
coka Dezrepartisi. Haykosi iHTepecu: mefarorika BUINOi MKOJIH.
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