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YMHBIE KOMNO3WTbI B CTPOUTE/IbCTBE
SMART COMPOSITE IN CONSTRUCTION

B nacmosauwee gpems nod deiicmeuem C8epXHOPMAMUBHO20 AKYycmuueckozo go3delicmeus
Haxodumca om 30 do 50% (a 6 kpynuwx eopodax u 6o0nee) HACeAeHUS, UMO
3HAYUMENBHO 6AUSLeM HA NpoJOANUMEALHOCMb HUHU eopoxcaHn. Oxoao 45%
HaceneHUus TNOCMOAHHO UcCnuimuleatom uyecmeo Juckomgpopma om  Odelicmeus
noevlUleHH020 WyMma. B pesysvmame eecoma ocmpoii npobaemoil 284A210MCL 60NPOCHL
3auyumul Hcumeneil eopodos om wyma, 00yCA08/AeHH020 PAAUYHBIMU UCTMOYHUKAMU.
Dmo, npedxcde 8ceco, WYM 0OmM CMPOUMEAbHULX U OOPONHO-PeMOHMHBIX pabom, wym
asmomobuabHO20 U KHcene3H00OpOHHO20 mpaHncnopma u MHoz0 Opyzoe. OdHako npu
npogedeHuU  KANUMAABHO20  peMOHmMA  MHOZOKeéaApmupHulx  Jomoe  eonpocam
3gykouzonayuu ydeasemcs HedocmamounHoe 6HUMAHUe. B cmamve npedcmasaendl
¢axmopul, eauflouUue HA YpoSeHb wyma 6 nomeujeHusax. Onucanvl cogpemeHHbLE
3sykousoaupywuue mamepuansv.. Hosuznoil aeaaemca npednosxenue agmomamusayuu
gvlbopa OpedHU3AYUOHHO-MEXHUYECKUX pelleHUll N0 38YKOU30OAAYUU NOMeUujeHUll
MHO20K8aApMUPHBLLX JOMOE NpU npousgodcmee KANUMAAbHO20 PEMOHMA.

Kiaio4eBbie CJIOBA: CTPOUTENBCTBO, 3BYKOU3ONAI NS, IIYM, KAIUTAJIbHBIH PEMOHT

J11 U TUPOBAHKA:

Omapuna JI.A., Bagenmna A.A. Cucrematusanus GaKTOPOB, BIMUAONIUNX Ha BHIOOP
OpPraHU3aIlOHHO-TeXHUYECKUX PelIeHU 10 3ByKOM30IAIUY IIOMEIeHNH Ipu KanuTaJbHOM
PeMOHTe MHOTOKBAPTUPHBIX JOMOB // Ymuule komnosumsl 8 cmpoumenscmege. 2022. T. 3, Ne 1.
C. 7-17. URL: http://comincon.ru/index.php/tor/issue/view/V3N1_2022

DOI: 10.52957/27821919_2022_1_7
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YMHBIE KOMNO3WTbI B CTPOUTE/IbCTBE
SMART COMPOSITE IN CONSTRUCTION

Currently, from 30 to 50% (and in large cities and more) of the population is under the
influence of excess acoustic impact, which significantly affects the life expectancy of
citizens. About 45% of the population constantly experience a feeling of discomfort
from the effects of increased noise. As a result, the issue of protecting urban residents
from noise caused by various sources is a very acute problem. This is, first of all, the
noise from construction and road repair work, the noise of road and rail transport, and
much more. However, during the overhaul of apartment buildings, insufficient
attention is paid to sound insulation issues. The article presents the factors affecting
the noise level in the premises. Modern soundproofing materials are described. The
requirements for sound insulation of premises and the regulatory framework have been
systematized. A novelty is the proposal to automate the selection of organizational and
technical solutions for soundproofing the premises of apartment buildings during major

repairs.

Key words: construction, soundproofing, noise, overhaul

For citation:

Oparina, L.A., Badelina, A.A. (2022) Systematization of factors affecting the choice of
organizational and technical solutions for sound insulation of premises during major repairs of
apartment buildings, Smart Composite in Construction, 3(1), pp.7-17 [online]. Available at:
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B HacTosmee BpeMs BOIpPOCaM KallUTaJbHOTO PEMOHTA >XMJIBIX MHOTOKBAPTUPHBIX JOMOB
(MK/T) yaenseTcs MHOro BHUMMaHUs [1-3]. DTO CBA3aHO KaK C IIOCTOSHHO PAaCTYIIUM HM3HOCOM
3JIeMEHTOB 3ZIlaHUH ¥ MHXEHEePHON MHQPACTPYKTYPHI, TaK U C PACTYUUM MOPAJIBHBIM HM3HOCOM M
poctoM TpeboBaHUI K KOMGMOPTHOCTHU IPOKMBaHUA. Ha mpoTshKeHNnU nocieHux 50 JeT B Halnel
CTpaHe IJIaBHOE BHMMaHUe y/eJsyIoCh HapalllBaHUIO COBOKYITHOTO pa3Mepa XUJIUIIHOTO GoHZa.
Ha sTu menu pacxoZoBasoch Oosee 85% MaTepuanbHO-QUHAHCOBBIX pecypcoB. ITocie 1992 roza
(puHaHCUpOBaHUE CTPOUTENIbCTBA HOBOTO JKWU/IbS, a TakKkKe KaNUTAJIbHOTO PEMOHTA YXKe
IIOCTPOEHHOro Xujaoro ¢GoHJa CyLIeCTBEHHO CHU3WIOCh. HezpocTraTouHOCTh (UHAHCHPOBAHHUS
KallUTaJbHOTO PEMOHTA U PEeKOHCTPYKLIWM IPHUBOJWIA K IIOCTOSHHOMY HaKaIUIMBAaHUIO TaK
Ha3bIBAEMOT'0 «HEJOPEeMOHTa». B pe3ysbraTe TEeXHUYECKOE COCTOSIHME OOJBIIOTO KOJUYECTBa
MHOTOKBAapTUPHBIX JOMOB HE COOTBETCTBYET COBPEMEHHBIM TPeOOBaHUAM, NPeIbSIBIIEMBIM K
TeXHNYeCKUM U KaueCTBeHHBIM XapaKTepHUCTUKAM XUJINITHOTO QOoHAA.

HecMoTpsi Ha omnpejeneHHBIH POCT 00BEMOB KaIHUTATbHOTO PEMOHTA MHOTOKBAPTHPHBIX
nomoB (MK/T), obectiedeHHOrO B X0/ peanusanuu OezepaibHOro 3akoHa ot 21.07.2007 Ne185-®3 «O
doHJZe coselcTBUS PedOPMUPOBAHUIO KUIHUIIHO-KOMMYHAJIBHOTO XO3HCTBa», NMOTPeGHOCTH B
KaueCTBEHHOM TEXHNYECKOM COZep:KaHUY 1 OOGHOBIEHUY XKUJIbs [IPOJ0/KAET OCTABAThCA OZHOM U3
CaMBIX aKTyaJbHBIX 3aZjad B OOJIBIIMHCTBE TOPOJOB CTpaHbl. [[puHATas mporpaMMa KalluTaaIbHOTO
PEMOHTa MHOTOKBapTUPHBIX IOMOB 3aIlyCTUJIa MEXaHN3M HAaKOIIJIEHUS CPeJCTB COOCTBEHHUKOB U
HaITpaBjieHVe UX Ha paboTHI 110 KallUTaJIbHOMY PEMOHTY.

B cr. 166 m. 1 JKuaumiHoro kojzexca PO ycraHoBneH Ilepeuenp yciayr u (wiam) paboT mo
KallUTaJIbHOMY PEMOHTY OOIlero KMMyllecTBa B MHOTOKBAPTUPHOM JOMe, OKasaHue U (M)
BBIIIOJTHEHUE KOTOPBIX (UHAHCHUPYIOTCS 3a CUeT CpeACTB (OHAA KaNUTAJIbHOTO PEMOHTA,
chOpMHPOBAHHOTO UCXOAS M3 MHUHHMAJIbHOTO pasMepa B3HOCA Ha KalWUTaJIbHBIYM PpPEMOHT,
yCTaHOBJIEHHOT'O HOPMAaTHBHBIM ITPABOBBIM aKTOM CyObeKTa Poccuiickoii Pefepaliiy, BKIIOYAET B
cebs: 1) peMOHT BHYTPHUJOMOBBIX MHXE€HEPHBIX CHCTEM 3JIEKTPO-, TEIJI0-, Ta30-, BOJOCHAOKEHMUS,
BOJOOTBeJIEHUs; 2) PEMOHT, 3aMeHy, MOJEpHH3anuio JIU(PTOB, PEMOHT JUGDTOBBIX IIAXT,
MaIIVHHBIX U OJOYHBIX NOMeINeHMi; 3) peMOHT KphIUIM; 4) PEMOHT IIOJBATbHBIX ITOMeEIIeHUH,
OTHOCSINUXCSI K OOIlleMy MMYVIEeCTBY B MHOTOKBApTUPHOM JoMe; 5) peMoHT dacaza; 6) peMOHT
(yHZaMeHTa MHOTOKBapTUPHOTO AoMa. OJHAKO B IIepedyHe paboOT IO KaINUTaJIbHOMY PEMOHTY, He
BBIZENIeHBl PaboThl IO 3ByKOM3oJALMM MoMemeHuH B MKJ[ ¥ CHIDKEHUIO YpOBHS IIyMa.
CoBpeMeHHBIII KaIUTaJIbHbIN PEMOHT JO/DKEeH OBITh 9HeproahdeKTHBHBIM, TO €CTh IIPUBOAUTH K
CHIDKEHMIO CTOVMMOCTU IIJIAThl 32 MOTPeOJIEHHbIE 3HEPrOpecypchl. A TakKe OH JIOJDKEH OBIThH
HaITpaBjleH He TOJIbKO Ha ITOBBIIIEHNE HA/EKHOCTY U KOMPOPTHOCTH 3JaHUM, HO U 06eCrednBaTh
KOM(OPTHBI MUKPOKJIMMAT BHYTPU IOMeIIeHUH u 3a60Ty 00 okpyxaroiiei cpeie. OJHUM u3
BOXXHEUIINX IIapaMeTPoOB KOMGOPTHOTO MHKPOKJIUMATa fABISETCI aKyCTHYeCcKUH KoMQopT,
ImapaMeTpsl KOTOPOT'O HEOOXOJAVMO YYMTHIBATh IIPU IMPOBeJeHUU KanuTaabHoro pemonrta MK/I.
TakuM 06pa3oM, JaHHBIH BOIIPOC TOXKE SABISETCS aKTyaJlbHBIM.

BompocaM 3BYKOM3OJAILMN B CTPOMUTENbCTBE yAeasdeTcs MHOTO BHHMMaHUA. Cpeiu BeAyIIUX
y4€HBIX, CIEIINATNCTOB B JAaHHOM BOIIpoce, MOXKHO Has3BaTh U.JI. [llybuna, U.E. llykepHukosa, T.O.
HeBenuannyio, A.Vl. AHTOHOBa U Apyrux. PazpaboTaHbl U anpoOUpPOBaHBl METOJBI 3AIIUTHl OT
IyMa, pacyéTHblE METOABl IPOEKTHUPOBAHUS IIOMENeHHMH C Y4ETOM 3BYKOH3OJALNU,
chopMupoBaHa obuvpHas 06asa JaHHBIX JJs INPOBeJeHUs pPacy€ToB, a TaKKe HOPMATUBHO-
TexHUYecKas JuTeparypa. OZHAKO CyLIeCTBYyOIe pa3paboTKy, KaK IPaBUJIO, KACAIOTCI METO/O0B
aKyCTUYEeCKON 3aIUTHl IIPOU3BOJACTBEHHBIX IIOMEIIEHWH, IIOMeIleHWH HeCTAaHJAPTHBIX (opM,
PacYEéTHO-aHAIUTHUYECKUX METOJOB 3BYKOM3OJAIMK Ha JTalle IPOEKTUPOBAHMA 3AaHUU U
COOpPYKeHUH.

Bompochl 3BYKOM30JASLMK TPU IIPOBEeJEeHMM KanuTanapHoro pemoHTa MK/, BbIOOpa
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COOTBETCTBYIOIINX MaTepHaloB, pPa3paboTKa OpPraHM3alOHHO-TEXHUYECKUX pelIeHuH IIpu
IIJIAHUPOBAHUU U IIPOM3BOACTBE PabOT 10 KAIIPEMOHTY OCBEIleHbI HeJOCTATOYHO II0JIHO. IIpu sTOM
JKATENIV MHOTOKBapTHUPHBIX JOMOB MCHBITBIBAIOT IIOCTOSSHHOE HETaTHMBHOE BJIUSHKE TOPOZACKOTO

IIyMa, KOTOPoe CKIaAbIBaeTCs 10/ BO3/IeICTBIEM MHOXeCTBa (DaKTOPOB, IIpeCTaBIeHHbIX (puc. 1)
[4].

Bce 3Ty yBenuuMBaMwOINMeCs IIYMOBblE BO3JEUCTBUS CHApYKU, IIOBBIIIEHHBIE IITyMOBBIE
BO3ZIEHICTBUS U3HYTPU [OMa, ZENaloT JJel 6ojee YyBCTBUTEAbHBIMU. B JKUJIBIX 3JaHUSIX YaCTO
pasMemnfaloTCcs BCTPOEHHBbIE MPEANPUATHS OOL[eCTBEHHOTO HasHaueHUsA. OCOOEHHOCTHIO TaKUX
NpeJNpUATUN ABJISETCS HalM4le B UX IIOMeIIeHUSIX BBICOKOrO ypoBHs myMa. lllym okasbIBaeT
HeraTUBHble BO3JEHCTBUS Ha pabOTHMKOB U TMOCETUTENEH MPeANpUsSTUl, IPUBOAUT K
3alIyMJE€HUIO CMEXHBIX KBapTHUpP. BOJBIIMHCTBO HMCTOYHHUKOB, BBI3BIBAIOLINX IIYM, W3Iy4aioT
HEIIOCTOSIHHYI0O BO BpPEMEHU 3BYKOBYIO MOIHOCTb. B pesynbTaTe B IIOMEIIEHUIX OOpasyroTcs

HeIIOCTOSIHHBIE IIIYMOBBIE 11014 [5].

@ XenesHoOopoXHbIR
TpaHcnopT

@ NorpyzoyHo-
pasrpy20uHsie
paboTel

eHepaTopHas
yCcTaHoBKa

@® WHxeHepHoe
ofopy fosaHWe 30a...

® Mysoika

@ Astocepsuc/
WHHOMOHTaX

@ Kacdpe, pectopaH,
kny6

@ BoiToBoR WyM

@® Asnawym

© [Opyrve NCTONHUKK

@ AstortpaHcnopT

@ MNpowmbiwnerHoe
npeanpuatue

@ lWym ot paboTul
ropoAcKon KOMMYH. ..

Puc. 1. PacnipezieneHue obpalieHu >KUTeel Ha TIOBBIIIeHHbIN YPOBEHD IIyMa, 10 UCTOYHUKAM
BO3/IeHiCTBUS, UCKIIIOYAsi CTPOUTEIbHBIE U JOPOKHO-PEMOHTHBIE PAOOTHI
Fig. 1. Schematic diagram of the organization of design and construction processes using information
modeling technologies

TakuM o06pasoM, Kak HCTOYHUKOB IIyMa, TaK M (AKTOPOB, BIUSIOUINX HAa €ro ypOBEHD,
JOCTaTOYHO MHOTO, U BCE OHM OKa3bIBAIOT BIMSHUE Ha NPUHATHE OPraHU3aIMOHHO-TEXHUYECKUX
pelleHUI 1O MpoBeJeHUIO pPaboT IO KAamWTaJIbHOMY PeMOHTy noMemieHuit B MKJ. JlanHse
(axTOpBI MOXKHO KIacCUUIIPOBATH II0 PA3HBIM IIPU3HAKAM:

BHemnrHue GakTopsL:

TPaAaHCIIOPTHBIE ITIOTOKU OKOJIO 3JaHU A,

6JIM30CTB KeJIe3HOZOPOXKHBIX ¥ aBUALIIOHHBIX IyTel COODIeHNs;

pa3Mep y9acTKa 110, 3JaHrEM 1 OKOJIO HETO;

IIJIOTHOCTDb oxpymalom;eﬁ BaCTpOﬁKH;
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BayTpeHHME GaKTOPHL:

— 00BEMHO-TLIAHUPOBOYHEIE

XapaKTepPUCTUKHU

30aHUSA W IIOMEIIEHUNd:

YMHBIE KOMNO3WTbI B CTPOUTE/IbCTBE
SMART COMPOSITE IN CONSTRUCTION

PAacCIIOJIOXKEHME

IIoMemeHnsd B KBapTHPE OTHOCUTEJbHO TeOMEeTpUuu AoMa (STa)K, MeCTO B yIUIy HJIN LEHTpPE,

6s1130CTh TUMTOBOH IAXTHL U T.J.);

reoMeTpud IIOMEIIeHN A,

pasnuuHoe BpeMs paboThl YIEHOB CEMBH;
0oJiee MOIIHBIE CTEPEOYCTAHOBKY;

0oJ1b1IIas MOIIHOCTD JJOMAITHUX 3JIEKTPOIPUbOOPOE;

paboTa B pasHble CMEHBI 1, COOTBETCTBEHHO, pasHOe BpeMs CHa U OTAbIXa;

pasjinaHbl€ IIPUBBIYKN OTHOCHUTEJ/JIbHO 'POMKOCTHU TE€JIEBU30POB U IIPOCIYITMBAHNA MY3bIKIH,

— MaTepuay, u3 KOTOPOrO IIOCTPOEH JOM, CHUCTeMbl CTPOMTEJNbHBIX KOHCTPYKIWH, ToZ

IIOCTPOMKY;

— HaJ4rve B 3JaHVUM HEeXUJIbIX l'IOMe].LIeHI/Iﬁ O6U_[eCTBeHHOI‘O 1 TIIPOM3BOACTBEHHOTIO

Ha3HA4Ye€HUAg.

Taxxe cyuecTByeT

MHOKECTBO

3BYKOM3OJIMPYIOIINX MaTepHUasoB,

IIPpUMEHAEMBIX B

CTPOUTEJIbCTBE U KAIIITAJIbBHOM PEMOHTE HOMEIJ_IeHI/Iﬁ PA3JINIHOTO Ha3HAYCHM A (Ta6JII/IL[a 1).

Ta6auna 1. Kiaccudukaiys cOBpeMeHHBIX CTPOUTEIbHBIX MaTepHaibl AAI 3ByKOU3OJAIUN B

JKUJIBIX TIOMEIeHUAX MHOTOKBAPTUPHBIX JTOMOB
Table 1. Classification of modern building materials for sound insulation in residential premises of

apartment buildings

3BYKOM30/IA1MA CTEH

3BYKOIIOTJIOLIAOMINE
TBepZble (IIUTHI TIOJIY’KECTKUE
B OCHOBE KOTO- (mmopucras
PBIX BOJIOKHA MU- CTPYKTypa.
HepaJbHOU BaThl, | CTEKIOBOJOKOH-
B CTPYKTYDY Z0- HBI€ IIATEI)

GaBJIeHBI IOPU-
CTble HAIlOJTHUTE-
Jn)

3BYKOM30JIMPYIOIITE VJIBTPATOHKHUE
MATKUE IIUTH (WU PyJIO- 3BYKOM30- SKUAKUH Ie- | MeMOpaHbI
(B ocHOBe HBI), B OCHOBE KOTO- | JIMpyOIire HOTIOJIU-
BOMJIOK U PBIX MUHEpaJIbHAs [aHeJIbHbIe ypeTras
CTEKJIOBO- BaTa 1160 6asanbT CHCTEMBI
JIOKHO)

3BYKOM30/IA1HA II01a

MeM6paHHbI€ MaTepuajbl

PYJIOHHBbIE MaTepuaabl

IIJIMTHbIE MaTE€pPUaIbl

danepa, JBII, ACII, MAD
KapToH
BOMJIOK Pa3HOTO TUIA (TEXHUYECKOTO,
aKyCTHYECKOTO U CO BCTPOEHHOH
MeMO6paHoIt)
TIOJIMMEPOB, HATYPATbHBIX BOJIOKOH U

CBsI3bIBAIOIIMX KOMIIOHEHTOB

HU3roTOBJI€EHHBIE 13 CTEKJIOBO-
JIOKHa
yKIaAbIBaeMble 110/ HAIIOJIbHOE
IIOKpPBITHE

MUHepaJIbHada BaTa
IIaHeJ/JIU U IIJINTKYU 13 HpO6KI/I
TI€HOIIOJIUCTUPOJI

CTEKJIOBOJIOKOHHBIC ITaHEJIU

3BYKOM30/IA111A IIOTOIKA

3BYKOIIOIJIOLIAIOMIII€ MaTepraJjibl

3BYKOHM30IMPYIOI[HE MaTePHUaIbl

KOMITIO3UThI

MHHepaJbHasd BaTa, BOMJIOK, CHHTe-

I10H, 6a3aJbTOBBIE BOJOKHA.

0eTOH, KUPNUY U JpyrHe aHaIo-
.

KOM6I/IHI/Ip0BaHHI>Ie CHUCTEMBbI, COCTOALIVIE U3
CJIOEB IIYMOM3OJIAIVOHHBIX MaTE€PUAJTIOB
3BYKOHM30JIMPYIOINX 1 3BYKOIIOIVIOMIAIOIITNX
TUIIOB
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TakuMm 06pasoM, cucTeMaTusanus (HaKkTOPOB U CTPOUTENIBHBIX MATepPHaOB, IMPUMEHSIEMBIX
[Jis  3BYKOU3OJALNM IIOMEIIeHU, SABASEeTCA OCHOBOHM [JJIs NPUHATHUSI OpPTaHU3aIMOHHO-
TeXHMYECKUX PelIeHUH I10 IPOoBeAeHHI0 paboT 10 KanuTaIbHOMY PEMOHTY moMmelneHuil B MK/I.
Ecnu yuuThIBaTb WX MHOTOTPAHHOCTh U pasHoobpasue, TO JJs BbIOOpa OITHMATIbHBIX
OpraHU3aI[MOHHO-TEXHUYECKUX PEIleHU 110 3ByKon30 sy momentenuiit MK/l npu npousBojcTBe
PEMOHTHO-CTPOUTENIBHEIX paboT IjesecoobpasHo paspaboTarh IIporpaMMHOe obecrieueHue,
KOTOpOe IIO3BOJUT B pPeXUMe OHJANHH NOAOHpaTh HYXHBIE MaTepHUalbl II0 3BYKOU3OJNALUU B
3aBUCUMOCTH OT (akTOpOB MOMelleHUII U TpeboBaHUI moTpebutens. B HacTosuee Bpems
CYLIECTBYIOT aBTOMAaTU3UPOBAHHBIE METOABI pacyéra U IIPOEKTUPOBAHUS 3BYKOBOM 3al[UTHI
TIOMeNTeHUH, 3aHui [6-17].

OzZHAKO aBTOMATH3aIMs BBIOOPA OPraHU3AIMOHHO-TEXHUYECKUX PeIleHNH 110 3BYKOU30IAINN
IIOMeIl[eHU IpY IPOU3BO/CTBe KaluTaabHOro peMonTa MK/ B HacTosIlee BpeMsl IPaKTUIECKU He
paspaborana. IlozoGHBle IporpaMMHBIE IIPOAYKTHL, [JeHCTByIOIIMe II0 THUIy OHJIANH
KaJIbKYJIITOPOB, JOJIKHEL COZEpKaTh HHTepderic, I0CPeCTBOM KOTOPOro II0Jb30BaTENN OBl MOTJIN
BBOJUTb JAHHbIE CBOEH KBAPTUPHI, B KOTOPOU OHU KejIanu OBl IPOBECTU 3BYKOBYIO M30JIALIMIO, BCE
IepevyricieHHble B JaHHOIN cTaThbe (AaKTOPH, a Pe3ylIbTaTOM pacuyéTa MPOrpaMMbl SBISIACH OB
TOTOBble  OPraHM3AIIOHHO-TEXHMYECKHe  pelleHHs [0  3BYKOM3OJALMH, C  I[OAGOpOM
COOTBETCTBYIOI[UX MaTepUaloB, CMET U CChUIKAMU Ha IOAPSAAHblE CTPOUTENbHBIE OPraHU3aINN
[AHHOTO PervoHa.

Pe3ioMUpys BHIIIEN3IOKEHHOe, He0OX0ANMO 00paTUTh BHUMAaHMe Ha TO, YTO 3alUTa OT LIyMa
IIOMeIlleHU} MHOTOKBapTHPHBIX ZOMOB SIBJISETCS aKTyalbHOH TeMOH HcciefoBaHus. Ha mym B
KBapTUpax BJIMSIET MHOXECTBO (DaKTOpPOB, TaKKe MHOXecTBO (aKTOPOB BiIHseT Ha BbIOOP
MaTepHaIoB [ 3ByKOM30IALMY [IPU [IPOU3BOACTBE PaboT IO KallUTATbHOMY PEMOHTY U METOZOB
ux npoBegeHus. [10aToMy Heo6x0AUMO pa3paboTaTh ClieliaJbHOE IPOrpaMMHOe obecriedeHue st
ABTOMATH3UPOBAHUS BbIOOpA OPraHM3AIMOHHO-TEXHUYECKHX pEeLIeHUH I10 3BYKOM3OJAILUU IIpU

IIPOBEACHNHY KallUTAJIbHBIX PEMOHTOB MHOT'OKBAPTHUPHBIX TIOMOB.
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IIpedcmasnenv. pe3ysvmambl. UCCAe008aHUS BAUAHUSL BAAHCHOCMHO20 COCTMOAHUSL
INOKCUOHBLX TNOAUMEPOS HA U3MeHEHUe UX YNpyeo-NPOUHOCMHLLX XAPAKMEePUCTMUK 8
npoyecce HAMYPHO20 KAUMAMUUECKO20 CMApPEHUl 8 YMePeHHO-KOHMUHEHMAAbHOM
kaumame. B kauecmee ob6vekma uccaedosanHus 6uvlb6paH noAuMmepHull mamepuadn,
NoAy4YeHHBL HA O0CHOo8e MOOUPUUUPOBAHHOIL INOKCUOHOIL cmoab DBman-247 u
omeepdumeans dmana-45M. ITo pe3ysvmamam npogedeHHblX UCCAO08AHULL YCMAHOBAEHO
nodobue kpugwvlx uU3MeHeHUus npedena nNpouHocmMU 00pa3y08 nNpuU paACMANKEHUU 8
npedeabHblx PAaBHO0BECHO-8AANHOCTIHBLX COCTOAHUAX - BbLCYULEHHOM u
84A420HACHIUEHHOM. B 3agucumocmu om 0AUMEAbHOCTU HAMYPHOZ0 KAUMAMUULECKOZO
cmapenus, Juana3on eapvupo8anus npedesa npourHocmu 06pa3y08 Npu pacmaNKeHUU 8
npedeAbHbLX BAANHOCMHBIX COCMOAHUAX cocmasasem om 14 do 33% om 3HaueHus
npedena NpouHOCMU 8 BbLICYULEHHOM COCMOAHUU. Bbisgnen U KOoAUUeCTMBeHHO OUeHeH
cuHepeemudeckuil apdexm Mmexndy HeOOPAMUMLIMU CMPYKMYPHIMU USMEHEHUIMU
noaAumepHoili. mampuys, npoucxodawumu nod deilicmeuem Gakmopos oKpyxcawujei
cpedol, U cOpbUPOBAHHOLL 8AA201, BLLPANANOWUILCA KAK 8 PACUWUPEHUL, MAK U CYHEHUL
duanazona 06pamumozo 6AUAHUSL 6aAd2U. YcmaHO8AeHO, umo 04s N030HUX 2manos
HamypHo2o KAUMAMUUECKO20 CMaApeHUs 00pa3y06 INOKCUOHLLX NOAUMEPO8 HA OCHOGE
INokCcudHoll cmonbl Dman-247 u omeepdumens dman-45M xapakmepHo 803HUKHOBEHUE
MOYKU MAKCUMYMA OMHOCUMEAbHLLX YOAUHEHUL Npu pacmsiceHuu, He cognadanuei
npu IMom ¢ Mo4UkKoil, coomeemcmayioujeil 8blCYyULeHHOMY COCMOSHUSA.

KiouyeBble cJjJOBa: TIIOJMMepHBe MaTepHanbl, J3NOKCHJHBIE IOJUMEPH,
BIarocojep:xaHue, TImpeAeJ MPOYHOCTH NPU pacCTAXKEHHU, OTHOCUTeJbHOeE
yAluHeHUNe, oOpaTuMble U3MeHeHUI, HeoOpaTuMble U3MeHeHUsI, CHHepreTUYeCcKue
U3MeHeHUs
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The paper provides the results of studying the effect of the moisture state of epoxy
polymers on the change in their elastic-strength parameters during natural climatic
aging in a temperate continental climate. The object of the study was a polymer
material based on Etal-247 modified epoxy resin and Etal-45M hardener. Based on the
results of the studies, we determined the similarity of the curves of the change in the
tensile strength of the samples under tension in the limiting equilibrium-moisture states
(dried and moisture-saturated). Depending on the duration of natural climatic aging,
the range of variation in the tensile strength of samples in extreme moisture conditions
is from 14 to 33% of the tensile strength in the dried state. The synergistic effect
between irreversible structural changes in the polymer matrix under the effect of
environmental factors and adsorbed moisture has been identified and quantified, which
is expressed both in the expansion and contraction of the reversible moisture range
effect. It has been established that for the late stages of natural climatic aging of epoxy
polymer samples based on Etal-247 epoxy resin and Etal-45M hardener, a point of
maximum elongation under tension does not coincide with the point corresponding to
the dried state.

Key words: polymer materials, epoxy polymers, deformation curves, damage

accumulation, fractal analysis, minimal coverage method
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BBEAEHUNE

ITonmuMmepHble MaTepHajabl HAILIKM IIPAaKTUYeCKU IIOBCEMECTHOe IIpMMeHeHHe BO BCeX
CYIIECTBYIOIINX 00JACTAX MPOMBINIIEHHOCTU. [10 aHAJIOruu C JPyruMU MaTepuajlaMu, OCHOBHOE
TpeboBaHUe, IpeABIBIIeMOe K U3ZeNNUSIM U KOHCTPYKIUAM Ha II0JNMepHON OCHOBE, 3aKJII0YaeTCs
B obecreueHUN SKCILIyaTalIOHHON HaJeXXHOCTH Ha NPOTSDKEHHU BCEro CPOKa SKCILIyaTaI[WH.
OzHako pelleHMe IIOCTABJIEHHON 33Zadyy KpaliHe OCJOKHEHO B YCJIOBHUAX JEeHCTBUS HATYPHBIX
KJINMaTU4eCKUX (aKTOPOB, BIMSHUIO KOTOPBIX IIOJBEP:KEHBl IIPAaKTHUYECKU BCe U3JeIus U
KOHCTPYKIIUM BHE 3aBUCHUMOCTH OT CBOero (PYHKIIMOHAJIBPHOTO HAa3HAYeHUs M IIPUPOJBL. DTO
00yCJIOBJIEHO BBICOKOM CJIOKHOCTBIO KJIMMATHYECKOTO BO3JEHCTBUS KaK AJs aHalIu3a, Tak U JJsI
BOCITPOM3BEEHUS B J1aDOPAaTOPHBIX YCIOBUSIX C ZOCTATOYHOM TOYHOCTBIO U ITOJTHOTOU. Pe3yIpTaThl
WCCHIeAOBaHUSA KIMMATHUYECKOH CTOHMKOCTH IIOJUMEPHBIX MaTepHasoB, IOJIy4eHHble B
J1abOpaTOPHBIX YCJIOBUSX, XapaKTEpPU3YIOTCI KpaliHe cnaboil Koppessuueill ¢ HU3MeHeHUSIMU,
MPOTEKAOUIUMHU B CTPYKType IOJUMEepPOB IIPY HaTYPHOM KJIMMAaTUIeCKOM cTapeHUH [1-3]. DTo He
[IO3BOJISIET PacCMaTpUBATh COBpeMeHHble JabopaTOpHble METOJBl OIeHKU KIMMAaTUYeCKOM
CTOMKOCTH IIOJMMEPHBIX MaTepUaJloB B KadeCcTBe WCTOYHHUKA IIOJYYEHUS JOCTOBEPHOH
nHGOpPMAIIUY O PealbHBIX IIPolieccax KINMATUYEeCKOrO CTAPEHUs, YTO HEOZHOKPATHO OTMEYaI0Ch
B HAy4YHBIX UCTOYHUKAX [4-12].

ITockoNBKYy IIOJIHOE BOCIIPOM3BEJEHME JeHCTBUSA OKpPYXaoIneld cpegbl B HCKYCCTBEHHBIX
VCJIOBUAX HA [JAHHBIM MOMEHT He ITPeJCTaBIIeTCS BO3MOXXHBIM BCJIE/CTBHE HEJOCTATOYHOTO
YPOBHS MHCTPYMEHTAJIbHO-TEXHUYIECKOTO Pa3BUTUS, TO HCCIeL0BaHME U MOHUMaHue GeHOMEHOB,
BO3SHUKAIOIIVX B CTPYKType IIOJIMMEPOB B IIPOIleCCE SKCILIyaTalluM, IIO3BOJUT CYIECTBEHHO
PaCIIPUTh BO3MOXXHOCTH IIPOTHO3UPOBAHUS U3MEHEHU UX CBOMCTB. OANH U3 TaKUX (PeHOMEHOB
3aKJII09aeTCs B 00paTUMOCTH M3MeHeHUs GHU3NKO-MeXaHUYeCKUX CBOMCTB SIIOKCUAHBIX II0I1IMEPOB
B 3aBHCHUMOCTH OT COZep:KaHUs cOpOMpoBaHHOHN Biaru. COTJIacHO aBTOPCKUM HCCJIEZOBAHUSM U
JaHHBIM, IIpe/ICTAaBIEHHBIM B HAayIHOH jsmTeparype [13-17], pasdpoc MPOYHOCTHHIX ITOKa3aTeleld B
IpeJielbHBIX PaBHOBECHO-BIAKHOCTHBIX COCTOSIHHAX (BJIAroOHaCHIIEHHOM ¢ BBICYLIIEHHOM)
gocturaer 30% a9 aBHAIMOHHBIX KOMIIOSUTOB U 50% /A9 HEHAIOJHEHHBIX SIOKCHAHBIX
mosrMepoB. Kak cieAcTBue, B IIpoljecce SKCIIyaTAl[UM [TOJUMEPHBIX KOMIIO3UTOB HEO06XOLVUMO
yIUTHIBATD HE TOJNBKO HeoOpaTHMBle U3MEHEHMS CBOMCTB, BBI3BaHHBIE Jerpagaruei
ITOBEPXHOCTHBIX CJIOEB U3ZeNNs, Pa3yHopsIfourBaHEM BOJIOKOH HAMIOJHUTENS, (POTOAECTPYKIIUH U
XUMHWYECKUX NIPeBpalleHNH TOJIUMEPHON MaTPHIIbL, HO U 00paTuMble U3MeHEeHUsI, 00yCI0BIEeHHBIE
mpoiieccamu copoumu u gecopbiiuu aTMocHEPHON BIaru.

Ilenp paboThl 3aKAIOYAETCA B OIEHKE 0OpPATUMOTO U HEOOPaTUMOro M3MEeHEHUS VIIPYro-
IIPOYHOCTHBIX XapaKTEPUCTHUK 00pasloB SIOKCUAHBIX IIOJMMEPOB B IIpPOllecce HATYpPHOIO

KJIMMAaTHU9eCKOTO CTAPEHH B 3aBUCUMOCTH OT UX BIaroCoAep:KaHus.
DKCITEPUMEHTAJIbHAA YACTD

B kauecTBe 00BeKTa KCCIeJOBaHUSI ObLIM BBHIOpAHBI 0OpasIpl [TOJIMMEPHOr0 MaTeprana Ha
OCHOBE 3IOKCHUAHON CMOJBI DTan-247 u oTBepauTens BDrtan-45M mpousBozcTtBa AO «DHIIL]
DIINUTAJI». Dran-247 npeicTaBaseT coboll MOAUDUIIMPOBAHHYIO 3TMOKCUIHYI0 CMOJY C MacCOBOM
Josell SIMOKCHUJHBIX TPYNII He MeHee 21,4-228 % m BsI3KOCThIO 0 Bpykduipay mpu 25 oC B
AuanasoHe 650-750 CII3. OTBepauTenb DTan-45M - cMechb apoMaTHYeCKUX U aludaTUIeCKUX Au-
HJIY TIOJINAaMUHOB, MOAVQUIIVPOBaHHAS CAIUIINIOBOM KUCIOTOM!.

MexaHuveckue WCIbITaHUsS 06pasuoB (tum 2 corsacHo 'OCT 11262-2017) Ha pacTsKeHUe
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MPOBOJIMINCH C IIOMOINBIO Pa3pblBHOIN MaiimHbl cepuu AGS-X ¢ mporpaMMHBIM obecredeHreM
TRAPEZIUM X mnpu Temmepartype (23+2) oC ¥ OTHOCHUTEIPHON BJIQKHOCTU Bo3ayxa (50+5)%.
CKOpOCTB IlepeMellleHUs 3 KMMOB HCIIBITATeIbHON Pa3phIBHOM MAaIlMHBI COCTABIISIA 2 MM/MUH.

DKCIOHMpOBaHKe O00pasI[OB IPOBOJAWJIOCH Ha  KCIBITATENbHBIX CTEHAAX  HAy4HO-
HCCJIeZI0BATEIbCKOM J1ab0OpPaTOPUN 3KOJIOTO-METEOPOJOTUNYECKOTO0 MOHUTOPUHIA, CTPOUTEIbHBIX
TEXHOJIOTUH U 3KcIepTu3 HallnmoHaJIbHOIO KMCCIe0BATEIbCKOTO MOPZOBCKOIO IOCYAapCTBEHHOTO
yHuBepcuTere uM. H.II. Orapésa (r. CapaHCK, yMepeHHO-KOHTHHEHTAJIbHBIH KJINMAT).
OmnpezneneHre GU3NKO-MeXaHUYECKUX [T0Ka3aTesel OCYIeCTBIIAIOCH Il KOHTPOJbHBIX 00pa3oB 1
yepes 2, 5, 10 1 18 Mecsa1ieB HATYPHOI'O S9KCIIOHUPOBAHM.

Jl1g ycTaHOBJIEHUS BAUSAHUS BIQKHOCTHOTO COCTOSHUS Ha M3MeHeHUe (PU3UKO-MeXaHUIeCKUX
IIOKa3aTesell SMOKCUAHBIX IIOJIIMEPOB IIOJ, [eHCTBHEM HATYPHBIX KJIUMAaTHYeCKUX (aKTOPOB,
cepus U3 36 mapaslebHO SKCIIOHMPOBAHHBIX 00PA3I0B JeIHIach Ha TPYU paBHBIE IAPTUH, KOTOPbIE

HCIIBITBIBAJIVICH:

* Ccpasy [10ocJie CHATHSA C UCIIBITATEIbHOM IIOIMAAKY (Cepusi «6e3 KOHAUIIMOHUPOBAHUS»);

* mocyie cymky npu 60 oC g0 mocTogHHOUM Macckl B cooTBeTcTBUM ¢ I'OCT P 56762-2015.
KomnosuTsl monuMepHble. MeToz oOIpefieleHHsI BJIATONOIJIOIEHNUS M PaBHOBECHOIO
COCTOSIHUST» (CepUsl «BBICYIIEHHEBIE»);

* TI0CJIe YBJ&KHEHUS IIPU OTHOCUTENBHON BI&KHOCTU (98+2)% [0 MOCTOSTHHOM MAacChl B
cootBeTcTBUU ¢ 'OCT P 56762-2015 (Cepus «BIarOHACHIIEHHBIE).

KougunmonupoBaHue o00pasioB OCyHmIECTBAIOCh B cooTBercTBuu ¢ ['OCT 12423-2013.
[InacTmaccel. VCI0BUA KOHAUIMOHUPOBAHUS U UCIIBITAHMA 00pasiioB. Mi3MeHeHMe MacChl 06pasiioB

OCYILIECTBJIAIOCH C IIOMOIIBIO 3JIEKTPOHHBIX BecoB Mapku GR-200 ¢ TouHOCTBIO M3MepeHMd 0,0001 r.

PE3VJIBTATBI 1 OBCYIKIEHUE

VisMeHeHMEe MacChl OOpasIjoB IIOCJTe CYLUIKM M YBJIKHEHMS 10 BBIIIEYKA3aHHBIM peXUMaM
IpesACTaBIeHo B Tabnuile 1. B 3aBUCHMOCTH OT BIaKHOCTHOT'O COCTOSIHUSA 00PasLioB II0CIe CHATUSI C
HCIIBITaTeIbHBIX CTEHZOB B IIPOIlecCe CYIIKH M YBJIAKHEHHS 0 IIOCTOSHHON Macchl HabiogaeTcs
CHIDKEHME M IIPUPOCT Maccel obpasmoB Ha 0,67+1,09% wu 1,09+1,94% COOTBETCTBEHHO. B
3aBUCHMOCTHY OT JJIUTEIbHOCTH HATYpPHOT'O KIMMATUIECKOTO CTapeHUs pasMaxX U3MeHEeHUSI MacChl
06pasuoB cocTaBui OT 2,09 10 2,72%, mpudeM Hanbosblilee 3HaYeHUe OBLTO 3adUKCHUPOBAHO AJISA

o6pa3u;0B B KOHTPOJIBHOM COCTOSHUU.

Tabauna 1. isMeHeHre MacChl 00PasIoB moanMepa dtan-247/dran-45M B mpoliecce ux CYIIKU
U YBJIQXKXHEHUS 0 IIOCTOSIHHOU MaCChI
Table 1. Change in the mass of polymer samples Etal-247/Etal-45M during their drying and

humidification
to a constant mass
BraxxHocTHOe JITeIbHOCTh HATYPHOI'O 3KCIIOHMPOBAHUA, MeC.
COCTOsIHUE
0 2 5] 10 18
0bpasIon
Bnaronaceiennoe 1,94 1,42 1,75 1,09 1,39
BricyiienHoe -0,79 -0,67 -0,69 -1,09 -0,79

CHUXeHune IIPOYHOCTHBIX mokasaTejen uccijaeayeMbix IIOJIMMEPOB IIPU  IIOBBIIMIEHUN
BJIQXXHOCTHU o6pa3u03 B KOHTPOJIBHOM COCTOAHUWMN [0 KX PABHOBECHOI'O BJIATOHACBIIECHMA (HO

CPaBHEHMIO C BBICYIIEHHBIMH) AocTUTAeT 28,6% (puc. 1). Ilpesesnsl MPOYHOCTH NPU PACTLKEHUM
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cepuii o00pasnoB cocraBa IJTan-45M/DTan-247 B paBHOBECHO-BIZKHOCTHOM U BBICYIIEHHOM

COCTOSIHUU OJIM3KU U COCTABJIAIOT 0K0JI0 37 MIIa.
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Puc. 1. aMeHeHMe Ipejeia IPOYHOCTH IPU PACTSDKEHUH (@) ¥ OTHOCUTENBHOTO YAINHeHU (6)
MIpU JOCTYDKEHUM 00pasiiaMu SITOKCUIHOTO HoanuMepa DTan-247/9tan-45M MaKCUMaIbHOU
HAarpy3KH OT JJIUTEIbHOCTH HATYPHOTO SKCIIOHUPOBAHUS B YCIOBUSIX YMEePEHHO-
KOHTHMHEHTAJIbHOTO KJINMAaTa C yI€TOM UX BIGKHOCTHOTO COCTOSTHUS
Fig. 1. The change in the tensile strength (a) and elongation (b) when the samples of the epoxy
polymer Etal-247/Etal-45M reach the maximum load from the duration of full-scale exposure in a
temperate continental climate, taking into account their humidity state

HM3meHeHUE CpegHux 3HAYEeHUH mpezesa IMPOYHOCTU IIPpU PACTAXEHNN 1M OTHOCHUTEJIBbHOI'O

YZAJIVHEHUSA o6pa3u03 JIIOKCUHOI'0 IIoJMMeEpa IIpU AOCTUXKEHUU MaKCUMAaJIbHOM Harpy3ku B
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PasIMYHOM BJIAXKHOCTHOM COCTOSSHUM B 3aBUCHMOCTHA OT JJIUTEJbHOCTH KINMAaTHUYECKOTO
BO3/eICTBHSI NIPE/ICTaBIeHO Ha PUC. 1. YCTaHOBIEHO, YTO HATYPHOE 3KCIIOHNPOBaHKE II0JMMePHBIX
00pasloB HCCIeLyeMOTo cocTaBa 06e3 AOIOIHUTENbHON CYIIKM U YBIQKHEHHSI CONPOBOXKIAETCS
CHIDKEHMEM IIPOYHOCTHBIX IT0Ka3aTesell 3a BeCh IIepHo/, HATyPHOIO BpeMeHH 9KCIIOHUpoBaHud (1,5
roga) He Oosnee ueM Ha 15% (puc. 1, a). IIpu 3TOM BJIaroHacHIeHHE OOPas3LOB CIOCOOCTBYET
ZIOIIOJIHUTEJbHOMY YMEHBIIEHUIO IIpeJesia IIPOYHOCTU IIPU PACTXKEHUH, JocTUuramieMy 24-35%
OT MCXOZHOTO 3HAYEHU (40 Hadaja HATyPHOTO 3KCIIOHUPOBAHUS).

IIpoyHOCTHBIE  IIOKasaTeJu  BBICYIIEHHBIX  OOpasioB,  JAJUTEIBPHOCTb  HATYPHOIO
KJIMMAaTUYeCKOTO BO3ZEeNCTBUS KOTOPBIX He IIpeBbImaeT 10 MecslleB, BBIIIE aHAJIOTHMYHBIX
IoKasaTesel A 06pasloB, He IOABEPTHYTHIX JOIOTHUTEJPHOMY BBHICYIINBAHHUIO (CM. puC. 1, a).
[TogoOHOe BOCCTaHOBJIEHNE CBOMCTB OTHOCAT K OOpaTUMOMY H3MeHEHHI0 IIPOYHOCTHBIX
IIOKa3aTeJell BCJIeJCTBHE yJajleHHUs CBOOOAZHOW Biard. IloMHMO 3TOro, ¢ yBeJIHYE€HHEM
JAJIATEIBPHOCTH HATYPHOTO SKCIOHUPOBAaHUS HAOIIOZAeTCs IOCTEIleHHOe CYXeHue JAMaras’oHa
BapbUPOBAHUS IIPOYHOCTHBIX IIOKasaTeJel IIOJMMEpPHBIX 00OpasioB BO BJIATOHACHIIIEHHOM U
BBICYIIEHHOM COCTOSIHHAX. Yepe3s 18 MecslleB HATYPHOI'O KIMMAaTHUIECKOTO BO3ZeHCTBUA pasindne
IIPOYHOCTHBIX ITOKaszaTesnel cocrasisgeT Bcero 0,7 MIla. Ilpu 3TOM Inpeziesl NIPOYHOCTU IIPHU
pacTshKeHMU AJd 00pasijoB, He ITOJBEPTHYTHIX AOMOJHUTEIBHOMY KOHAMIIMOHMPOBAHUIO, BBIIIE
aHAJIOTUYHOTO IIOKa3aTejs B IIpelejbHBIX BIAKHOCTHBIX COCTOSHUAX Ha 15-18%. OueBUAHO A4
JAHHOM JJIWUTENbHOCTM HATYpPHOrO KJIMMATHYECKOTO BO3ZIeICTBUS HaJW4YMe B CTPYKType
IOJMMepPHON  MaTpHIlbl COpPOMpPOBAaHHOM BJark BBICTyIIaeT B KadeCcTBe MeXaHH3Ma,
KOMIIEHCHPYIOIlero HeobpaTuMble M3MeHeHUA. IIpyu 9TOM JJs COCTOSHHSA 0OpasIoB B BO3pacTe
Oosiee 18 MecslleB OYEBHAHO HAJIM4Me HEKOTOPOH TOYKU ONTHMyMa BIAroCOAep:KaHHA, KOTOPOH
COOTBETCTBYeT HamOoJiblllee 3HAa4UeHHe IIpefesia MPOYHOCTH IPU pacTskeHuu. Ilo aHajoruum c
IIaCTUGUIUPYIOIMINM ZeHCTBIEM BJIArM, MOKHO IIPEAIIONOXUTD IIOCTeIIeHHOe CHIDKEHME BKIaZa
cuHepretTudeckoro ahdekTa, MpoaHaIN3NPOBAHHOIO B paboTe [15], 0T MAaKCUMaJIbHOTO 3HAYEHUS B
TO4YKe, COOTBETCTBYIOLIEl BJIArOHACHIIIIEHHOMY COCTOSIHHIO, [0 HyJS B TOYKe, COOTBETCTBYIOIIEN
BBICYIIIEHHOMY COCTOSHUIO.

Ananu3 msMeHeHMs1 JeOpPMATHBHBIX IIOKasaTeseHl IoinMepa DTain-247/9Tan-45M mokasain
(cMm. puc. 1, 6), 94TO A0 5 MecsIeB HATYPHOTO SKCIIOHHMPOBAHUS CHIDKEHME BJIATOCOZAEP:KAaHUS
IPUBOJUT K YMEHBUIEHWI0O OTHOCUTEJBHOTO VAJNMHEHHSI MpHU JOCTIDKEHUM obpasmamu
MaKCHMaJIbHBIX PACTATMBAIONIVX HArpy3ok. OZHAKO IIpU AaJbHEHNIIeM ITOBbIIEeHUN JIUTETbHOCTHI
KJIMMaTH4ecKoro Bo3ZelicTBus fo 10 u 18 MecdaleB XxapaKTep B3aMMHOTO PACIOJIOKeHUd CPeHUX
3HaYeHUU OTHOCUTEJIBHOIO VAJUHEHUS IIPU PACTSHKEHUU B PA3UYHBIX BIAXKHOCTHBIX COCTOSTHUSIX
CYLIeCTBEHHO MeHseTcd. B wacTHOCTH, cepusM o00pasloB B BBEICYIIEHHOM COCTOSIHUH
COOTBETCTBYIOT HaWMeHbIIMe 3HadYeHUs JaHHOrO IIOKasaTess, BJIArOHACBHIIIEHHBIM -
IIPOMEXYTOYHblE, a CEepPUsAM «I0 KOHJAVUIMOHHPOBaHUSI» - Haubosblnme. Peskoe CHIKeHUeE
OTHOCUTEJNPHOTO VAJUHEHUsS IIPU PaCTDKEHUHM CBHUZAETENbCTBYeT 00 M3MeHEHUN XapakKTepa
paspylIeHUs moauMepa Ipy yAaJIeHUH U3 ero CTPYKTYPEl PU3NYeCKU CBI3aHHOM BOJBI HA XPYIIKOE
paspylleHue, 4YTO TakKXKe IIOATBEPXKJAETCI U OTCYTCTBHEM Ha COOTBETCTBYIOIIUX KPHUBBIX
ebOPMUPOBAHUS yIaCTKa BEICOKO3IACTUYECKUX JedopManmi.

IIpoBeseM aHamW3 pasIWIMi B HM3MeHEHWM IIpefiesia IIPOYHOCTH IIPU PACTSIKEHUU B
BBICYIIIEHHOM U BJIArOHACBHIIIEHHOM COCTOSIHUM JJIS Pa3jJUYHOI'O BpeMEeHU SKCIIOHHPOBAHHUS
(rabsnma 2). OH NO3BOJIIET YCTAaHOBUTH CYIIECTBOBaHHE CHHepreTudeckoro sbderra AR,
MeXJy HeoOpaTUMBIMU CTPYKTYPHBIMU M3MEHEHHSIMM IIOJMMepHON Matpunsl AR, .,
IIPOTEKAIOUIMMH 07 ieicTBIEeM (aKTOPOB OKPYKaIollel cpeZibl, 1 COPOMPOBAHHO BJIarH, a TAKXKe
KOJTMYEeCTBEHHO OLIeHWTb €ero BKJIaJ B pe3yJbTHUpYIOlUlee 3HadeHUe IIPOYHOCTU. IIpu sToM,

IpeZrosaras CyllleCTBOBaHMe Pa3INUdUs B U3MeHeHUM CTPYKTYPHl IOJIMMePHON MaTpPUILbI ITOCTE 2,
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5, 10 u 18 mMecAIeB HATYPHOTO SKCIIOHVMPOBAHNS, BOSHUKAIOIIUH CUHEepPreTHIecKuy adpdeKT MoxKeT
IPOSBIATHCS KaK B pacuirpeHuu (puc. 2, a), Tak U cyxxeHuu (puc. 2, 6) guamnasoHa o6paTMOTo
M3MeHeHNs MeXaHNYeCKOH poYyHoCcTH 06pasioB A R 4,

@ < 40
p=
e e s ' - i i
g Y. 3
z S (o
g 35
=
2
5" I_\F?:lc].
= 30
=]
E CHHepr
s R wr
g 25 ¢
2. —
=
=
w
=
]
k-2
.

20
0 2
JITTeTbHOCTh HATYPHOTO 3KCTIOHNPOBAHISA, MEC.
B B1asHOCTHOIO COCTOAHIIAL
—@— BIaroHachIIeHHOE —fr— BBICYIIIEHHOE —A— KBa3H-HEOOpAaTHMbIE
6) < 49

Hpeﬂe.:’l NMPOYTHOCTH IPH PACTAMEHIMIL, MIIa

AR ¢
30 i
—{— ¥
B
25 i P
T - _— ’ﬁRﬂ..geL"
Bt — =V
20 1
0 10

ﬂ.’IIITE_‘-'IBHOCTB HaTYpHOI'O SKCIOHIPOBAHNA, MEC.
Bua B1a)kHOCTHOIO COCTOSHNA:

—l— BIaroHachIINeHHOe —7r— BBICYIIIEHHOE —h— KBaBII-HeOGpﬂT’IIM BIE

Puc. 2. CootHomieHrne 00paTUMbIX, HEOOPATUMBIX U CHHEPIreTHYECKUX U3MEHEHHH MEXaHNUECKOW MPOUHOCTH
00pa3sioB AMOKCUAHBIX MOJAUMepoB nociie 2 (a) u 10 (6) MecsilieB HATYPHOTO SKCIIOHUPOBAHHUS B YCIOBUSIX
YMEPCHHO-KOHTUHCHTAJIbHOT'O KJIMMara
Fig. 2. The ratio of reversible, irreversible and synergetic changes in the mechanical strength of epoxy polymer
samples after 2 (@) and 10 (b) months of full-scale exposure in a temperate continental climate

YucioBble 3HaYeHUs OOpaTUMBIX, HeOOPAaTHUMBIX U CHHEpPreTUYecKUXx H3MeHeHUH
IIPOYHOCTHBIX II0Ka3aTesell SIOKCHUAHOrO IIOJMMepa COoCTaBa DTan-247/DTan-45M OTHOCUTEIBHO
HCXOJHOTO COCTOSIHHS 00pasloB B BHICYNIEHHOM COCTOSHHUHU IIOCJIe€ HATYPHOTO BO3JEHUCTBUS
Pa3INYHON AJUTEIPHOCTU IIpeACTaBlIeHbl B Tabiulle 2. BBIIBIEHO CyleCTBEHHOe CHIDKEHUE

00paTUMBIX M3MEHEHUI IIPOYHOCTHBIX IIOKasaTesJel KCCIeAyeMOro IoJNMepa C yBeJIHudeHHeM
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JJIVTEJIPHOCTY HATYpPHOTO BO3ZEUCTBUS, COCTaBjdlOmlee K 18 MecsamaM KINMAaTHUIECKOTO
Bo3Zericteus Bcero 0,6 MIla. HeobpaTuMoe u3MeHEHHE CBOMCTB K 3TOMY K€ BpPeMeHHOMY
WHTEePBaJy II0 CPABHEHUIO C IIPOYHOCTHIO MTOIMMeEpPa B BRICYLIIEHHOM COCTOSIHUU COCTaBIsAeT 25,7%,

CUHepreTUu4yeckue usMeHeHus gocrurawtT 10,1 MIIa.

TaGauna 2. AGCOMIOTHBIE 3HAYEHUS] HEOOPATUMBIX, 06PATUMBIX U CHEPTETUYECKUX M3MEHEHUIH
MeXaHNYeCKOH IIPOYHOCTU 0OpaslioB [IOC/Ie HATYPHOIO SKCIIOHUPOBAHUS B YCIOBHUAX YMepPEHHO-
KOHTHHEHTAaJIbHOTO KINMaTa

Table 2. Absolute values of irreversible, reversible and synergetic changes in the mechanical
strength of samples after full-scale exposure in a temperate continental climate

AR oo RogpD Reepe
JUHTENBHOCTD HeobpaTumsie ObGpatumebie CuHepreTuvecKue
HaTypHOI'O nsMeHeHud, MIla nsMeHeHud, MIla nsMeHeHud, MIIa
3KCIIOHMPOBAHUA, MeC.
0 - 10,7 -
2 -1 12,3 -1,6
5 1,2 10,1 0,6
10 -4,4 5,5 52
18 -9,6 0,6 10,1

BbIBO/IbI

AHaju3 pe3yIbTaTOB IIPOBeJEeHHBIX MCCIE0BaHU II0Ka3al, YTO COAepKaHNe COpOUpPOBaHHOM
BJIaTY IIpPeJCTaBjsIeT cOOOM 3HAYMMBINA HMCTOYHUK OOPATHMMBIX M3MEHEHUH YIPyro-IIpOYHOCTHBIX
IIoKas3aTesell MOIMMEPOB Ha OCHOBE 3IOKCHMJAHON CMOJBI JTan-247 u oTBepAuTens IJTan-45M.
BbIsiBIeH U KOJWYECTBEHHO OIleHEH CUHEepreTUdeckKuil 3(QGdeKT MeXAy HeobpaTUMBIMU
CTPYKTYPHBIMU M3MEHEHHSIMH IIOJMMEePHOU MAaTPUIEl, BOSHHUKAIOIINMU B IIpOIlecce HATYyPHOTO
KJIMMaTHU4eCKOTO CTapeHHs, KW COPOMPOBAaHHOHN BJaroil. B 3aBUCHMOCTH OT JAJIUTEJbHOCTH
HATypPHOTO KJIMMAaTHUYEeCKOTO CTapeHWUs, JUAalla30H BapbUPOBAHUS IIpefiesla IIPOYHOCTU 00pasIoB
IIPU PACTSHKEHUU B PA3IMYHBIX BJIAXXHOCTHBIX COCTOAHHUAX COCTaBadgeT OT 14 g0 33% OT 3Ha4YeHUsd
Ipezesa IPOYHOCTH B BBICYIIIEHHOM COCTOSHMMU.

Hanuume B CTPYKType MOJIMMEPHOM MaTpULBI COPOMPOBAHHOI BJaru Ha IIO3ZHUX 3TaIax
KIMMaTUYECKOTO CTapeHusa MOXeT BBICTYNATb B KadeCTBe MEXaHM3Ma, KOMIIEHCHUPYIOIEro
HeobOpaTHMble KM3MeHEHUs, NPOU3OLIeANINe B CTPYKType IIOJIMMEpPHON MAaTpHIbl B IIpoliecce
HaTypPHOI'O KJIMMaTH4YecKoro crapeHus. Ilo aHasorum ¢ miacTUGUIIUPYIONIUM JeHCTBUEM BJIary,
MOXHO MPEJIIOJOXUTh MOCTENeHHOe CHIDKEHME BKJIaZa PacCMaTPUBAa€MOI0 CHUHEPreTUYECKOTO
sbderTa OT MAKCUMAJIBHOTO 3HAYEHUS B TOYKE, COOTBETCTBYIOIIEH BJArOHACHIIIEHHOMY

COCTOAHMIO, 0 HYJIA B TOYKeE, COOTBeTCTBYIOLLIeﬁ BBICYyII€EHHOMY COCTOAHUIO.
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YMHBIE KOMNO3WTbI B CTPOUTE/IbCTBE
SMART COMPOSITE IN CONSTRUCTION

Cmamovsa HanpaeseHa HA peuleHlUe 60NpPOCA ONMUMU3IAYUUL cOCmaga KOMNO3UmMa,
paspabomannozo Ha O0cHO8e 0000weHuil meopemuyeckux npedcmasaeHuil o
3ABUCUMOCTU IKCNAYAMAYUOHHBLX XAPAKMEPUCTUK KOMNOZUYUOHHBLX MAMeEPUAL08 OM
ux cocmasa u cmpykmypul. Mcxo0a u3 noaucmpykmypuoil meopuu bemoua, 8 cmamue
dopmyaupyomcs nNoAOHEHUL O 6AUAHUUL KOMNOHEHMO8 HA pA3AUYHble CMPYKMYpPHbLE
YPOBHU KOMNO3UMA, IKCTLEPUMEHTMAAbHO J0KA3bL8AMC S 803MONCHOCTIL KAUeCmEeHH020
ynpaenenus C80UCMBAMU MAMePUAN08 U XAPAKMEePUCMUKAMU KOHeUHblX 00BeKmos
20podckoll UHPpacmpykmypul HA UX OCHOBe. B cmamve paccmompenul cyuecmeyioujue u
nepcnekmugeHbole memodul co3danus 8apuamponHbvLX NOAUCTMPYKMYPHBLX
KOMNO3UYUOHHBLX Mamepuanos. IIpueedensl pe3yavmamul IKCnepumenmos no nodbopy
co0Cmasos KOMNO3UMA HA OCHOBe npedcmasienHus 0 ee0 cmpyKmype KAK CAONHOU
cucmeme. IIpedcmasaensv. pe3yabmambl IKCNEPUMEHMO8 NO ONMUMUIAYUL COCMABA
Komnosuma, nosgoasuue obecnewumsv IpPexmusnyio coemecmmuyio  pabomy
I/leMeHMO08 cemepozeHH020 Mamepuanrda U pAayuoOHAAbHOe YnpasaeHue cgolicmeamu
KOHewH020 00%Bekma 20podckoll un@pacmpykmypu ¢ yuemom mpebo8aHull K YCA0BUAM
akcnayamayuu. IIpednoscensv. mexHoAO2Uu4ecKUe peuleHUs NO Npou3sodcmay 00sekmos
eopodckoil cpedol u3 pa3pabomannozo KOMNOIUYUOHHO20 MAMepuadLd.

Kiao4yeBble CJOBAa: CTPOUTeJbHble MaTepuajbl, KOMIIO3UTH, KOMIIO3UI[MOHHBEIE
MaTepHaJbl, INOJUCTPYKTYpPHAas HHTerpalnus, NIOJUCTPYKTypHas Teopus OeToHa,

OeToH, BapuaTpoOIHAdI CTPYKTypa
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YMHBIE KOMNO3WTbI B CTPOUTE/IbCTBE
SMART COMPOSITE IN CONSTRUCTION

The article considers the problem of the composite structure optimization developed on
the basis of general theoretical concepts about the dependence of the performance
characteristics of composite materials on their composition and structure. Based on the
poly-structural theory of concrete, the article formulates provisions on the influence of
components on different structural levels of the composite and experimentally proves the
possibility of qualitative control of material properties and characteristics of final
urban infrastructure objects based on them. This article discusses existing and
promising methods for creating variatropic polystructured composite materials. The
paper presents the results of experiments on the selection of composite structure
considering this particular structure as a complex system. Also the paper provides the
experimental results on optimisation of composite structure. These results allow
effi cient cooperation of the heterogeneous material elements and rational management
of the properties of the final object of the urban infrastructure, taking into account the
requirements for operating conditions. The authors also propose the technological
solutions for the production ofvenvironment objects made of the developed composite
material.
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BBEAEHUNE

CoBpeMeHHas ropoAckas cpeja GopMuUpyeTcs psgoM OOBEKTOB, BKIIOYAIOIIMX B cebs apT-
OOBEKTBI — MaJjible apXUTEKTypHble (POpPMBI, OOBEKTHI CETU YJIUYHOTO CIOPTA — CIIOPTUBHBIE
IIJIOMAZKY, TPeHAXXepsl, UCKYCCTBEHHBIE MIPENSITCTBUS JI IIapKypa, JeTCKHe IJIOMAAKY W HHbIE
9JIEMEHTHl Pa3INYHON CIOXHOCTM M HasHaueHWsI. Takoro poja OOBEKTHI SKCIIyaTUPYIOTCI B
arpecCUBHOHM TOPOJCKOH cpeZie, IIOABEPrasich BO3JEHCTBUAM He TOJBKO COJHIA, BJArH,
TeMIIepaTyphl U BeTpa, HO U IIBLITH, aBTOMOOMJIBHBIX U IIPOMBIIIIIEHHBIX BHIOPOCOB, MEXaHUIECKOMY
BO3JEMCTBUIO U aKTaM BaHZann3Ma. Kpome Toro, camo HasHaueHHe 06BEKTOB FOPOJCKOM Cpessl —
OBITH 9KCILIyaTUPYEeMBIMU 9eJI0BEKOM — TpeOyeT OT HUX BBICOKOMH 9KCILIyaTaI[MOHHOM CTOHKOCTU U
MUHHMAJIbHBIX 3aTPaT Ha IoJep:KaHue B paboTOCIIOCOOHOM COCTOSTHUU [1-3].

HezocraTkaMu TpaJUIMOHHBIX MaTePHUAJIOB, TAKUX KaK MeTaJll, 6€TOH, JepeBo MM IIJIACTHK,
SBIAIOTCS OIPAHMYEHHOCTb BO3MOXKHOCTEH IIPUMEHEHMS M OTHOCHUTEJbHO HH3Kas CTOMKOCTb
3HAYUTEJbHOHN YaCTU MaTepPHaIOB K BHEIIHUM arpeCCUBHBIM BO3ZIeHICTBHUAM. TakKe KIacCUYeCKUe
MaTepHanbl ILJIOXO HHTEIPUPYIOTCA MeXZy co0oif, YTO MPUBOAUT K OBICTPOI ImoTepe paboumx
XapaKTepUCTUK, B TOM YHCJIe JeKOPATHBHON BHIPASUTENbHOCTH U OOLIEl 3CTETUYHOCTH U3AEIU.
IToaToMy /sl 0becriedeHNsT TAKUX XapaKTEPUCTUK OOBEKTHI TOPOACKON CpeAbl IIPeAIIOUYTUTEIbHEE
M3TOTABJIVBATh U3 CUCTEMBI PA3JINYHbIX MATEPUAIOB UM KOMIIO3UIIMOHHBIX MaTepPUaJIOB [4, 5].

BhIcOKMe 3KCILIyaTallOHHbEIe KauecTBa 0OOBEKTOB FOPOACKOI Cpesbl MOTYT GBITH 0becIiedeHb
IIpUMeHEeHNEM BBICOKOTEXHOJOTMYHBIX KOMIIO3WIMOHHBIX MaTepHaloB, oObeAMHAINNX B cebe
CBOMCTBa ITOJIMMEPHBIX KOMIIO3UTOB M KOMIIO3UTOB Ha MUHEPAJbHON OCHOBE, OTJIMYAIOIUXCS
BBICOKOX IIPOYHOCTBIO U TPENIMHOCTOMKOCTBIO, HU3KOH TeINIOEMKOCTBIO M TeIJIONPOBOAHOCTBIO,
CTOHMKOCTBIO K arpeCCHBHBIM BO3JEHCTBUSAM OKPYKAIOLIEH CpeArl 1, KaK CJIeJCTBUe, 3HAYUTEIbHON
JOJTOBeYHOCThI0. K TakuM MaTepuazaM OTHOCITCI KOMIIO3UTHI, IIOJy4eHHBle Ha OCHOBe
PaIlMOHANIBHOTO YIPAaBIEHUS CTPYKTYPOH Ha MHKDPO-, Me30- W MaKpOYPOBHE, COCTOAIIVE U3
Pa3HOPOAHBIX UCXOSHBIX KOMIIOHEHTOB, pab0TAIOIHX COBMECTHO C CHHepreTudeckuM spdeKToM 1
dbopMHUpPYIOIIMX KOMIIJIEKC HOBBIX CBONCTB KOHEYHOro obbekra. IlosToMy paspaboTka
KOMITIOSUIIMOHHBIX MaTe€pHaJJiOB 1 TEXHOJIOTUU UX HOJIHCprKTypHOﬁ VHTEerpaunuu JJjid Co3ZaHud 1
OpraHM3aIiuy IIPOM3BOACTBA OOBEKTOB TOPOJACKOIN Cpejbl, MajablXx apXUTEKTYpPHBIX GOpM U apT-

0OG'BEKTOB SIBJISIETCS AKTYaIbHOI [6-8].
DKCIIEPUMEHTAJIBHAA YACTH

IlepBoHAuaIbHbIE 3TAIIBI UCCIELOBAHUsA, OTPAKEHHBIE B paHee ONMyOJMKOBaHHOI cTaThbe [9],
OIIpeJiesINJU OCHOBHBlE IIPUHIIUIIBI VIIPABIEHUS CTPYKTYpPOH KOMIIO3MTA HAa Pa3HBIX YPOBHSIX.
Vcxonsa w3 IOJUCTPYKTYpPHOHM Teopuu OeToHa [10-12] OBIIM OIIpeZiesieHBl OCHOBHBIE YPOBHU
KOMITO3UIJMOHHOTO MaTepuasa, BIHIHIe UX Ha 00lLMe U 9KCIIIyaTalOHHbIe CBOMCTBA MaTepuasa
U CBOMCTBA 00'bEKTOB — MaJbIX apXUTEKTYPHBIX popma (MAD) 13 aTOro MaTepuaa.

IIpoBeseHHBIe  HCCIENOBAaHUS  IIO3BOJIMJM  IOAYYUTb KOMIIO3UIIMOHHBIM  MaTepHal,
obasaonuil psiioM HEoOX0AUMBIX st MA® CBOMCTB: BBICOKOI ITPOYHOCTBHIO MPU CKATUU 46-49
H/MM*, ucTrpaeMocThio He Gosee 0,55 r/cm?, kKoapULMEeHTOM TUHEHHOTO pacmupenus 0,52 MM/M,
TeroeMkocTeio 1,14 k/Ixk/(kr-’C) wu TeruronpoBogHocTh0 0,65 BT/(M:°C). JoCTUTHYyTHIE
XapaKTepPUCTUKNA KOMIIO3UIIMOHHOTO MaTepuaja JOCTATOYHBI JJII M3TOTOBJIEHUS U3ZENNH,
IIO/IBEPraloIMXCsl BO3ZAEHCTBUIO IIONEPEeMEHHOIO YBIAKHEHUSI-BBICBIXAHUS, 3aMOPAKUBAHUI-
OTTauBaHUs, abpasyBHOMY UCTHUPAHUIO, MEXaHUYEeCKUM HarpyskaM. IloydeHHble XapaKTePUCTUKI

COOTBETCTBYIOT TpeGOBaHI/IHM K KOHCTPYKIJMOHHOMY 6eTOHy AJId I/IS,Z[eJII/II;'I KauTaJIbHOCTBIO DoJiee
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100 ser.

B 1es1x COBepIIIEHCTBOBAHMUS COCTAaBa KOMIIO3UTA OBLIY ITPOBeEHbI KOMIIJIEKCHbIE MCIIBITAHMS
paspaboraHHOro Marepuaia, Obia paspaboTaHa IporpaMma WCHBITAHHE U COTJIACHO eH
M3TOTOBJIEHBI U MCIIBITAHBI 00pasIisl — KyObl ¢ TpaHbio 100 MM, O6anku ¢ pasmepamu 40x40x160 MM
JJIS1 CTAaHAAPTHBIX UCIIBITAaHUH.

VsroToBieHre o00pasiioB A CTAaHZAPTHHIX JA0OPATOPHBIX MCIBITAHUM OCYIeCTBIIOCH
coryacHo TpeboBanuam I'OCT 10180-2012, TOCT 13087-2018, I'OCT 12730.1-78, TOCT 12730.4-78,
I'OCT 12730.3-78, 'OCT 23250-78, I'OCT 7076-99, I'OCT 29167-91, TOCT 30459-2008.

OmbITHBIE 00pa3lbl M3rOTABIMBAINCH M3 CMECH C COCTaBOM, BKJIIOYAKIIMM B cebs
moptTiananeMedHT 6Gensiti, IJEM I 425B, mecox dpakuuu 0,63, MUKPOKaTbIUT 30-60 MKM,
peaucneprupyemsiii mopoiok ORP Hydroflex 64, rumepruiactudukatop IIK-40, 3amezgnurtesnsb
cxBaThiBaHUA HT®, yckopuTeab TBepJeHNI — HUTPAT KaJlbLUd.

OmpiTHBIE 00pasIbl M3TOTABIMBATINCH COrJIacHO TpeboBaHusaMm 1. 4.1 T'OCT 10180-2012. B
YCIOBUSAX B3aKPHITOM JjaGopaTopum, NpU TeMmieparype Bosayxa 20-22°C U OTHOCUTENbHOMN
BJIQYKHOCTU 60-65% MPOU3BOAMIICA PSIZl ONBITHBIX 3aMECOB KOMIIOHEHTOB B 06’beMe 10 15 TUTPOB 3a
3aMec JJIS MBTOTOBJIEHMS NapTUM II0 6 00pas3uoB-ky6oB c rpanbio 100 MM miam 15 6Gajnodex c
pasMepamu 40x40x160 MM.

VsroToBieHHBIE TaKUM 006pa3oM JiabopaTopHble 06pasLbl-KyObl 1 OAJKU HAINPaBJISIUCH IJII
WUCIBITAHUSA UX XapaKTePUCTUK - IIPOYHOCTM IIPU CXKATUM, HCTUPAEMOCTH, ILJIOTHOCTH,
BOJIOIIOTJIOIIEHNs], JHHEUHBX JAedopManuil M TeMJOTEXHUYECKUX XapPaKTEPUCTUK, COIJIACHO
paspaboTaHHOM IIporpaMMe WCIHBITAHUI. Pe3yabTaThl CTAaHZAPTHBIX MCIBITAHUH 06pasios

KOMIIO3UTA IIPECTAaBJIECHLI B CBO,Z[HOIjI Ta6JII/ILIe 1.

Ta6auna 1. OCHOBHbIE XapaKTePHUCTUKHN KOMIIO3UIIIOHHOTO MaTepHraa
Table 1. The main characteristics of the composite material

CBOIICTBO MaTeprana 3HaueHUe moKaszaTess obpasua | CpesHee 3HaYEHUE [TOKA3aTE
2199
2134
ILnoTHOCTH 06pasia, Kr/m’ 2129 2136,7
2115
2126
2117
46,3
44.4
47.5
npuBefieHHas K 6a30BOMy e 46,6
47,5
47,4
0,0002
0,0005
. 0,0004
JInHelHOe pacuiupeHue, % 0,00052
0,0008
0,0006

0,0006

[TpouHocTh 06pasiia,

pasmepy, MIIa

W cTupaeMocTs, r/cM’ 0,57 0,55
0,55
0,52
0,56
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CBOIICTBO MaTeprana 3HaueHUe moKaszaTessa obpasua | CpesHee 3HaYEHUE [TOKA3aTES
0,54
0,53
1.2
1.15
TentoeMkocTb, KJK/Kr-°C 1(1; 1,14
1.12
1.15
0,67
0,65
0,62
0,66
0,64
0,63

TensonpoBogHOCTH, BT/M-°C 0,65

Tak Kak pa3pabaTbiBaeMblil KOMIIO3UIIMOHHEIM MaTepuas IIpejIoaraeTcs K NUCIOIb30BaHUIO
ans co3faHus MA®, To KpoMe OCHOBHBIX (DH3NKO-MEXaHWYECKMX CBOHCTB M3JeNIUS U3 ITOTO
MaTepraja JOJDKHBI 00JaZaTh IIOBEPXHOCTBIO TAaKOI'O KadecTBa, KOTOPOe JIOJTOBPEMEHHO
obecIieurBaeT BBICOKHE IKCILIyaTAllIOHHbBIE CBOUCTBA U3JENIHs, B TOM YKCJIE OPraHOJeNTUIeCKUe U
acTeTHdecKkue. KauecTBO IIOBepXHOCTH, BKJIIOYAs ee CIIOCOOHOCTh COXPAHSAThH LIBeT U (QaKTypy,
OTTAJIKUBATbh BOJY, PACTBOPHI COJIEH, KpaCsIIlye PACTBOPHI U T.II., 3aBUCUT OT psiAa (PaKTOPOB, B TOM
4ucjle OT BOJOIOIJIONUIeHMS MaTepuasa. Peryaanus BOJOIOIJIOIIEHNS OCYIIeCTBIAIACh IMyTeM
yIIpaBleHUs CpefHeN IUIOTHOCTbIO OETOHA, ero CTPYKTYpoH u TuApodOOHBIMU CBOMCTBaMU

IIOBEPXHOCTH.

Ta6Gauna 2. 3aBUCUMOCTD IUIOTHOCTH MaTepUasa OT Pacxozia A06aBKY TEHOTACUTENS
Table 2. Dependence of the material density on the defoamer additive consumption

IL10THOCT®, r/cM’
Pacxop Peramin DEFOAM .
Axilat DF770 DD ADEKA NATE B-213F 600
50PE

0 1,95 1,95 1,95 1,95
0,25 2,05 2,1 2,1 2,07
0,5 2,1 2,15 2,11 2,08

0,75 2,12 2,18 2,15 2,1

1 2,12 2,19 2,15 2,1

JJI CHIDKEHUS OTKPBITOH IIOPHUCTOCTH, KOTOpas OIpefeJseT BOAOIOIVIOIIEHME, a TaKKe
obmleil IOPUCTOCTH, OT KOTOPOH 3aBUCUT MOPO3OCTOMKOCTb, IIPUMEHSJINCh J00aBKU,
obecreunBaiolyie pesKoe IOBBIIIeHNE IIJIOTHOCTH 0OeTOHA IIyTeM BBITECHEHUs BO3AyXa. BBITH
IIPUMEHEHBl IIeHOTaCUTEJM PasJIMdYHOTO IIPOMCXOXKIEHUs U HaHAeHBl WX ONTHMAaJbHBIE
KOHIIeHTPaIUX. Pe3yIpTaTEl IIpeCTaBIeHbl B TA0INIAX 2 U 3, HA PUCYHKax 1 1 2.

B pesyibTaTe HcciefoBaHUIN YCTAHOBJIEHO, YTO MaKCHMajlbHas IIJIOTOHOCTh KOMIIO3UTA IIPU
MUHHMAJIbHOM BOJOIIOIJIOUIEHUN AOCTUraeTCs IpH 3HadeHUU M1 Haubosnee 3¢bGdeKTHUBHON
nobasku Axilat DF770 DD 0,75% 110 Macce BSDKYIIETO.

OZHAKO TAaKOHI COCTAB OCTAETCS C OTHOCUTEIBHO BBICOKMM BOZOIIOIJIOIIEHUEM — 0 2,5%, 9TO
He MOXET CUUTaThCI TUAPodo6HBIM cocTaBoM. [ToaToMy 6BLIa IIPOBeZleHa KOPPEKTUPOBKA COCTABA
IyTeM BBeZleHUs ruapodobusupymnolieii fo6aBKu — cTeapaTa HUHKA (pUC. 3).

B pesysbTaTe IOJIy4eHB MaTepUalbl U M3ZAeJUS HA UX OCHOBE C XapaKTePHUCTHUKAMH: KJIacc
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KOMIIO3UTA TI0 ITPOYHOCTH I[IPU CKATUU BapbUPyeTCcd B AuarnasoHe B25 +5%); mioTHOCTD — 2,1-2,2 T/m°%;
BoZlOTIOTIONIeHNe — MeHee 0,7-0,5%; uctupaemocts - 0,5-0,7 r/cm’. IIBeT GeToHA — MaKCUMAaJbHO
an/I6JII/I>KeHHLIf/’I K RAL 1013, moBepXHOCTD — IIOJyMaTOBad, rHapo¢>o6Haﬂ, r1azgasi, ofHOpoAHas, 6e3

Pa3BOZIOB U BBICOJIOB, O3 3¢ pHHUCTOCTH.

Ta6auna 3. BojonoromeHre MaTepraa B 3aBUCUMOTH OT PacXofa J00aBKU II€HOTaCUTe s
Table 3. Water absorption of the material depending on the defoamer additive consumption

p Bogomornowmenue, % o macce
acxo
A Peramin DEFOAM 50PE | Axilat DF770 DD ADEKA NATE B-213F 600
0 4 4 4 4
0,25 3,5 3,2 3,5 3,8
0,5 3,2 2,8 3,2 3,6
0,75 3 2,5 2,8 3,4
1 2,8 2,5 2,7 3,5
- 2.25
g
L 22
o0
£ 215
g <—./___————/
g 2.1
-] k
g 2.05 /
3]
g, /
&
£ 1.95 -
=]
E 1.9 ; . . .
E 0 0.25 0.5 0.75 1

IInoTHOCTD, I/cM? - density, g/cm?

e Peramin DEFOAM 50PE Axilat DF770 DD
e ADEKA NATE B-213F e 1600

Puc. 1. 3aBUCHMOCTb IIJIOTHOCTH MaTepraja OT pacxoza J00aBKU [I€HOracUTe s
Fig. 1. Dependence of the material density on the defoamer additive consumption

OIITUMUN3ALMA COCTABOB KOMIIO3MIIMOHHOT'O MATEPUAIJIA IJIA
TEXHOJIOTUU MOJIUCTPYKTYPHOU UHTETPAIIUU

OCHOBHBIMU MeTOJaMM pa3paboTKY, ONTHMU3AIVKM U HCCIeAOBaHUS KOMIIO3UI[MOHHOIO
Marepuaga [ TEXHOJOIMU IOJUCTPYKTYPHOM WHTErpaliiy TIeTEePOTeHHBIX CHCTEM SBJSETCS
IIpOBeJleHVe SKCIIePUMEHTOB COIJIACHO JAeHCTBYIOUIMM HopMaTuBaM. OJHAKoO IoZOOp cocTaBa
CBIPBEBOM CMeCH KOMIIO3UTa JOJDKEH BKJIIOYaTh B cebs U OTZEbHYI0O pPaspaboTKy MeTOZOB
MoAudUKallMK CMeCH, HccIefloBaHNE ee CBOMCTB, a TaKKe OINTHMU3AIMIO CTPYKTYPHl MaTepHaa,
YTO 3HAYUTEJIBPHO YBEJINUNBAET YK CJIO SKCIIEPIMEHTOB.

Jna nosbiieHNUs 3G(QEeKTUBHOCTH IIPOBEJEHMSA MCCIel0BATEIbCKUX M OITHMHU3AIIMOHHBIX
9KCIIEPUMEHTOB MPUMEHSJINCh METOJbl MaTeMaTHUYeCKOTO IIAHUPOBAHUS U CTaTUCTUYECKOTO
aHaJM3a ZaHHBIX [13, 14]. MaTeMaTU4eCKON MOZEIbIO BBICTYIAJ IIOJMHOM II€PBOTO MJINU BTOPOTO
MOPsZKA. AHATM3 ITOJTMHOMA IT03BOJISIET O TUMU3MPOBATh COCTAB KOMIIO3UTA IIyTEM YCTAHOBIEHUS

9KCTpeMyMoB GyHKIMH [15-17].
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Fig. 2. Water absorption of the material depending on the defoamer additive consumptio
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Puic. 3. 3aBHCHMOCTH BOZOIIOIJIOIIEHNS OT pacxoza fobasku ruzipodobusaropa
Fig. 3. Dependence of water absorption on the hydrophobizer additive consumption

ViccnemoBaHUA A ONTHMU3AIMM COCTaBa KOMIIO3HIIMOHHOIO MaTepuaja IIPOBOAMINCEH C
nprMeHeHreM D-OINTUMAaJIbHBIX [LIAHOB TUMA 2"+2n+1l. 3HAYMMOCTb K09()IUIIMEHTOB ypaBHEHUS
yCTaHaBINUBAIU 110 KpuTepuio CThIOJeHTa. AZIeKBAaTHOCTD IT0OJyIY€HHBIX MaTeMaTHIeCKUX Mozesei
IIPOBePSIN 110 KpuTepuio Puiepa.

I KOMIIO3UITMOHHOTO MaTepuasa, IPUMEeHIeMOTo A1 co3janmusi MA®, skcIIyaTUpyeMBIX B
YCJIOBHUAX TOPOJCKOM Cpefbl, KpDOME apXUTEKTYPHO-XYJOKECTBEHHOHN BBIPA3UTEIbHOCTH, KOTOpAs
obecrieymBaeTCs] Ka4eCTBOM IIOBEPXHOCTH M IIBETOM, BaXKHEHUIINM KPUTEPUEM OIITUMU3AIUU
ABJgeTCd MNPOYHOCTb. OT IMPOYHOCTHM MaTepHala 3aBUCAT OSKCIUIyaTallMOHHBIe IIapaMeTpPhl
KOHCTPYKIIUM, B TOM 4HCJE JOJIOBEYHOCTb. B CBOIO odepesib, IMPOYHOCTb (popMUpyeTCa B
pe3yJbTaTe ONTHMHU3AIUM He TOJBKO COCTaBa CMeCH, HO M ee TeXHOJOTMYeCKHUX IlapaMeTpOB Ha
craguu  QopMOBaHMA U TBepJeHUs. IlosToMy  mosydeHUe BBICOKOIIOZIBIDKHOIA,
CaMOYILIOTHAOIIelcs 6eTOHHOM cMecH ABAAETCS BAKHBIM (AKTOPOM B IIOJIYYEHUM ILIOTHOM U
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IIPOYHOM CTPYKTYPHI KOMIIO3UTA.

[TonMKapOOKCUIATHBIN TUIEPIUIACTUDUKATOP, HNPUMEHSIEMBIH /I HCCIeJOBaHUI, KMeeT
MaKCHUMAaJIbHYIO PpasKIDKAOUIyI0 CII0OCOOHOCTh, TaKUM o00pa3oM obecliedmBas 3HAYUTEIbHOE
CHIDKEHMe BOJOLIEMEHTHOIO OTHOIIEHUS B GETOHHON CMeCH, YTO HPUBOJUT K BO3MOXXHOCTHU
[IOBBIIIEHUS IPOYHOCTHBIX IIOKasaTesJell KOMIIo3uTa 6e3 yBelWdeHUs pacxofa IeMeHTa. Kpome

TOro, THIepIUIACTU(GUKATOP BIMUSET Ha CKOPOCTh M HAIPABIEHHOCTb IIPOTEKAHMS peaKINi

ryapatanuu M, KakK CJIeJACTBHe, Ha pe3yjabTaT 3TUX peaKqu/’I — CHHTEe3 HHN3KOOCHOBHBIX
TUAPOCUIUMKATOB KaJabllVid - TO6epMOpI/ITa  KCOHOTJINTA, Cl)OpMI/IPYIOH.II/IX MaKCHUMaJbHYIO
IIPOYHOCTD.

OZHAKO IIPOCTOe BBeJeHUe KapOOKCUJIATHOTO THUIIepIIacTU(UKATOPa COIIPOBOXKAAETCS
3HQYMTEJbHBIM BO3JyXOBOBJIeYeHHEeM M Jaxe IIeHOoOpasoBaHMEM. DTO MOXKET IPHUBOAUTDL K
cerperanyii CMecH, pasyIIOTHEHUIO CTPYKTYPHl U IOSBJIEHHIO JedeKTOB Ha IIOBEPXHOCTH. [
KOMITeHCAllUM HEeraTMBHOTO BO3ZEHCTBUA U JOIOJHUTEJbHOTO VILIOTHEHUS OeTOHHOI cMmecHu B
HM3MeHEHUIO

IIOBEPXHOCTHOI'0 HATAMEHUA BOAHOI'O pacTBOpa CMeCHU obecrieunBaeT KOoajJeCleHIIVIO ITy3bIPbKOB
BO3/ZyXa, BOBJIECYEHHOTI'O B CMECH.

COCTaB KOMIIO3WTa OBLI BBeJEH II€HOracuTenb. IleHoracurteab Oiarogaps

TakuM 06pasoM, B KaueCTBe KPUTepPHeB ONTUMU3ALNI COCTaBa OBIIN IIPHUHSTH IOABIKHOCTD
OeTOHHOM cMecH U ee NPOYHOCTh. ONITHMAalTbHble C 3TONH TOYKU 3pEeHHUs COCTABBl TaKKe
KCIIBITBIBAJINCh Ha UCTUPAEMOCTD, OIIpeessaacsa KoapPUINeHT TUHEHHOTO PacliupeHs, a TaKKe
YCTaHaBJINBAJINCh 3HAUEHUS TEILJIOEMKOCTH U TEIJIONIPOBOAHOCTH.

Ha mnepBoMm »3Tame /a1 obecriedeHUsT MaKCHMalbHOM IPOYHOCTU OITUMHU3HUPOBAIOCH
COOTHOILIIEHe MUHEPAJbHOTO BKYILIErO Bel[eCTBA M HAIIOJHUTENs NPU CTAOUJIBHOM pacxoze

II€CKa OTHOCUTEJIPHO CMECH BXKYIIETO 11 MYKHU. PesyanaT MOZEJINPOBaHUA IIPEACTABJIEH Ha PUC. 4.
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Puc. 4. 3aBUCUMOCTH IIPOYHOCTH OT COOTHOIIEHUST BDKYIETO U HAITOJHUTEIS
Fig. 4. Dependence of strength on the binder/filler ratio

VpaBHeHI/Ie perpeccuy, aZeKBaTHO OIIMCBhIBalOIlee 3aKOHOMEPHOCTHU BJIMAHUA COOTHOLIECHUA
KOMIIOHEHTOB Ha ITPOYHOCTHBIE XapaKTePUCTUKN KOMIIO3UTa, UMeeT JIMHEeNHbIN BUA:

Y=35.4+10.2x;, - 2.85x,.
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Pe3ysnbTaT MOZENIUPOBAaHUS MTOKA3BIBAET, YTO HaMbOJIee 3HAaYNMOe BIMSHIE OKa3bIBaeT Pacxof,
IleMeHTa X,, IpX 3TOM H3MeHeHHe IIepeMeHHOH Ha 3HadeHUe Ilara MHTepBajla BapbHUpPOBaHUS
BBepx mpubapaser Kommosuty 10 MIla mpounoctu. ObGpatHbiM 3ddexkToMm obazaeT pacxof
HaIOJHUTEJ, X,, HO C MEHBIINM I1apamMeTpoM - 2,85 MIla.

CiefyoIIuM 9TaloM OITUMMU3AIUM OBUIO OIpejeseHre HaWJIy4Ilero COOTHOIIEHUS
maacTudrUKaTOpa U IEHOTACUTENS B CUCTEME, TAK KaK yBEINIeHe pacxoa neHoracsiel 400aBKu
IIPUBOAUT K PE3KOMY CHIDKEHMWIO IOJBIXKHOCTHU CMeCH U, KakK cjeJCcTBHe, ee GOPMYeMOCTHU, a
3HAYUT, K VXyJALIIEHWI0O KadecTBa IIOBEPXHOCTH MaTepuana. Ilmactudukatop JomKeH
KOMIIEHCHUPOBAThb 3TH HEJOCTATKU, OJHAKO ero BIUSHIE HOCUT HeJIWHEeWHBIN XapakTep, B CBI3U C
yeM HeoOXOJUMO MePeTH K [JIaHy BTOPOTO HOpsigKa. Pe3yabTaT MoZenMpoBaHUs IpeACTaBlIeH Ha
puc. 5.

3aBMcuMocTmb Beixoda Y ot chaktopoB X1 1M X2

®200-250 O150-200

0100-150 ®50-100

=20-50

Buixog Y

e
@
2
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Puc. 5. 3aBICHMOCTb IIOBIKHOCTH CMECH OT PACX0/0B I'MIIePIIIacTU(UKATOPA U IEHOTACUTe IS
Fig. 5. Dependence of the mixture mobility on the hyperplasticizer and defoamer consumption

B pe3yabTaTe MOJEJINPOBAHUA ITOJIYIE€HO aI€KBATHOE YPAaBHEHIE, OIIMChIBAIOIIEE 3aBUCHIMOCTD
IIOABUXXHOCTH CM€ECHU OT PpacxoZ0B I‘I/IHepHJ'IaCTI/ICbI/IKaTOpa U II€HOTraCuTeid:

Y=218.6 + 23.3x, - 11.2x, - 18.8x,"~ 32.3x," ~ 15x,X,.

VpaBHeHUe HOCUT HEJUHEUHBIH XapaKTep, Bce ero KoagOUIeHThl 3HAaYMMbI. DTO 03HAYAET,
YTO IPU ONTUMU3ANUK HEOOXOAUMO YIUTHIBATH B3aUMOJENCTBME KOMIIOHEHTOB MEXKAY COOOI.
Juddepeniupys ypaBHeHNe B YaCTHBIX ITPOM3BOAHBIX, HAaXOJAMNM, UTO 3KCTPEMYM JIEXKHUT Ha
rpanune (QakTOPHOrO IPOCTPAHCTBA II0 OCHU  pacxoZa  TIUNepIiacTUPUKaTopa X,
CcooTBeTCTByIollero kKoHnenTpauuu IIK-40 0,8%, u nmpu pacxoje IIeHOracuTeasd X,, paBHoM 0,6%.
Takoe COOTHOLIEHHE KOMIIOHEHTOB OOECIeYMBaeT MaKCHMAalIbHYIO IOABMKHOCTb CMeCU IIpU
COXpaHeHUM KauyeCTBEHHOHN IOBEPXHOCTH 1 MaKCUMaJIbHOH IJIOTHOCTH KOMIIO3UTA.

XapaKTepI/ICTI/IKI/I OIITUMU3NPOBAHHOTO MaTepHraJjia IIpeACTaBJIC€HBI B Ta6JII/IL[e 4.
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Tabauna 4. 3Ha4eHUA TEXHOJOTIMYEeCKHUX IT0Ka3aTesell ONTUMU3HPOBAHHOI'O KOMIIO3UTA

Table 4. Values of technological indicators of the optimized composite

YpoBeHb CTPYKTYPHI CBoticTBa KOMII03UTa, GopMupyOLIecs Ha
3HaueHUe
KOMITIO3UTa ypOBHE
MukpoypoBeHb [IpounocTs, H/MM 37,3-46,6
TernionpoBoAHOCTD, BT/(M-°C) 0,65
T'uapodobHOCTH (BOAOIIOTIOIIEHUE), % MeHee 2%
MesoypoBeHb WcTrpaeMocTs, r/cm’ 0,55
JlnHelinvle nepopManu, MM/M 0,052
MakpoypoBeHb [I10THOCT®D, I/cM® 0,7-2,1
TernoemMkocTb, K/Ix/(kr-"C) 1,0-1,14
JlOIrOBEYHOCTD, JIEeT 30-35

PA3PABOTKA TEXHOJIOTUU IIOJIMCTPYKTYPHOM MHTETPAII
IF'ETEPOT'EHHBIX KOMIIO3SMIITMOHHBIX MATEPUAJIOB JIJI1 MAJIBIX
APXUTEKTYPHBIX ®OPM

Vcxoms wu3 TpebOBaHMU K U3LEJUI0, €ro MaccorabapuTHBIX U (DUINKO-MeXaHUYeCKUX
XapaKTepUCTHUK, a TakkKe CcreludUKy pa3pabOTaHHOrO KOMIIO3HMLIMOHHOTO MaTepuana, ObLIu
IIPOaHAaIN3UPOBAHBI CYIECTBYIOIINE CIIOCOOH! M3TOTOBIEHUS MaIbIX apXUTEKTYPHBIX GOPM U MHBIX
00BEKTOB FOPOACKOI CPeZbl.

B 3HauuTenpHON Mepe CIOCOO U3rOTOBJIEHUS OOBEKTOB OIpeZesseTcs OCHOBHBIMU
WCIIONB3YEMBIMM IIPH 3TOM KOHCTPYKIMOHHBIMU MaTepuajaMu. Tak, JAJsS MeTaUIM4ecKUx
KOHCTPYKIIUH C pasjIWYHOIO BUJA OTZEJIKOU HCIOJAb3YIOT CTAaHAAPTHHINM MeTaUIMIeCKUH MPOKAT,
00beJUHEHHBIH II0CJH€ THYTbs HJIM INPaBKM B eJWHYIO CHUCTEMY IIPU IIOMOIIM CBapHBIX HJIU
60nTOBBIX COoefUHEHMIH. TeXHOJIOTUS ero IIPOM3BOACTBAa IIO OOJIBIIEN Mepe CBOAUTCA K pe3Ke
IIpoKaTa Ha 9JIeMEeHTHI M3Jenus, UX cOOpKe M IIOKpacKe C IIOCAEAYIOUIMM MOHTaXOM JieTalell u3
JlepeBAHHBIX, IVIACTUKOBBIX WJIM UHBIX MaTepHagoB. MOHTaX U3/eIHA MOXKeT IIPOM3BOAUTBCA KaK B
VCJIOBUAX NPEANPUATHSA, TaK U HEIIOCPEJCTBEHHO Ha YIMYHOM IIOIIaZike B ropoge. JlepeBsiHHbIE
KOHCTPYKIUY 1 MA® 13 HUX — HanuboJjiee IPOCTHIE 10 TEXHOJIOTUY M3TOTOBIEHUS — TPeOYIOT JUIIb
PaCIIMIOBKY, HATE€AbHOTO COeJUHEHUS W OKpacku. BeronHsie MA® orTinyaoTcs 60jiee CA0KHOM
TEeXHOJIOTHEN W3TOTOBJIEHUs, T.K. He SBJISIOTCA 00beJUHEHNEM B KOHCTPYKLMIO CTaHJAPTHBIX
3JIEMEHTOB, IPOMBIIIJIEHHO U3TOTOBJIEHHbIX Ha CYILIEeCTBYIOUIUX IpeAnpUITUaX. OHU yKe TpebyioT
CIenuaapHOM omanybky, crenudUYeCKUX YCIOBHUH M3TOTOBJIEHUS OTJENbHBIX 3JE€MEHTOB U
IIOCJIeIYIONIero UX 00beJUHEHUS B KOHCTPYKITHIO.

Bosiee cioxHble Majble apXUTEKTypHBbIe (OPMBI 00beJUHAIOT B cebe BhIIIENepedrCIeHHbIe
MaTepHasbl ¥ KOHCTPYKIMHU U3 HUX, ellje 6oJiee YCI0XKHISA TEXHOJIOTHIO IIPOU3BOCTBA.

Pa3zpaboTaHHBI KOMIIO3UT SBIASETCS MaTepHaJoM C HWHTETPUPOBAHHBIMU B HErO WHBIMU
BHJAMH 2JIEMEHTOB, 00OeCIeuMBaIONIMX TaKUe CBOHCTBA U3/eJUH, KOTOpble, HECMOTpPs Ha
BO3/IeHICTBUE arpecCUBHBIX CpeJl, 3HAYNUTEJbHO YBEJIUYMBAIOT CPOK HOPMATUBHOM SKCILIyaTaIl[y
W3leJIUH  TIPU  CHIDKEHWHM  JKCIUIyaTalMOHHBIX  3aTparT. TeXHOJOrus  IIPOM3BOJACTBA
MHOTOKOMIIOHEHTHBIX KOMIIOSUIIMOHHBIX CUCTEM IIpeACTaBIdET CO6OI'/JI VHTErpannuio KOMIIOHEHTOB
IIOCPEJCTBOM  MUHEPaJIbHO-OPraHMYECKOTO  CBA3YIOIEro,  MMEIOUIEr0  XapaKTEepUCTUKU,
KOMIIEHCHPYIOIlYie Pa3HOCTb JHUHENHBIX U OOBEeMHBIX TeMIIepaTypHBIX JebopManuil 3JeMeHTOB
KOHCTPYKIIUH.

TexHoJIOTHS pellaeT aKTyaJbHble IPOOIeMbl COBMECTHOM paboTh Pa3HOPOAHBIX KOMIIOHEHTOB
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B €IMHOM KOHCTPYKIIUU B OTJINYME OT TPAJUIIMOHHBIX U3/IeJINH He 3a CYeT OOJITOBBIX, HATEIbHbIX U
T.II. COEAMHEHNH MEeXaHWYEeCKOTO THUIla, a 32 c4eT (GOPMHUPOBAHUS €ANHOTO IIOJUCTPYKTYPHOTO
KoMmmo3uTa. Takas cucrema obecriednBaeT paboTy M3/eaUs KaK eIUHOTO I[€JI0T0, IIPEBPAINAsICh U3
CUCTEMBI OTAEJ/JIbHBIX 3JIEMEHTOB, O6'beﬂI/IHeHHbIX AVCKPETHBIMU CBA3AMU, B EAI/IHI)II;'I MaTepuasl.

Pa3paboTaHHBIN KOMIIO3UIIMOHHBIN MaTepual OTHOCUTCI K UCKYCCTBEHHBIM KaMHEI0Z00HbIM
MarepuajgaM, IMOJyIeHHbIM B pe3yJbTaTe TBEPAEHUS PAlMOHAIbHO MOAOOPAHHON, TIIATENbHO
IepeMeNIaHHON U YIIOTHEHHOM CMeCH XMMHYEeCKU aKTUBHBIX M MHEPTHBIX MaTepuajoB. Takue
CUCTEMBI CIIOCOOHBI B pe3ysbTaTe (PUIMKO-XUMUYECKUX IPeBpalleHUN - 3a CYeT TIHApaTaruu
KJIWHKEPHBIX MUHEPAJIOB BSDKYIETro M IIOJUMEpU3alUM OPraHUYeCKOro KOMIIOHEHTA, B OOBIYHBIX
dusmyeckux ycaoBUSAX (IPM KOMHATHOU TeMIIepaType M BJIAKHOCTU) IePeXOANTh U3 BSI3KO-
MTOZIBVDKHOTO COCTOSIHUS B TBEP/0€ C 00pa3oBaHUeM UCKYCCTBEHHOTO KaMHS.

ITosToMy ITepBBHIM 3TalloM pPa3pabOTKU TeXHOJIOTMY IIPOM3BOJACTBA SIBJSETCS CO3JaHUe TaKOH
KOHCTPYKI[MOHHON (DOPMBI U3ZeNNs U ee MacCOrabapUTHEIX IIapaMeTPOB, KOTOPble Obl ITO3BOJISIIN
M3TOTOBUTD M3/leJiKe IyTEM €ro OTJIUBKU U3 BA3KO-IIACTUIHON Macchl. Ee 0cOGeHHOCTHIO SIBJIETCS
HaJM4yre He TOJIbKO CHJIOBOTO apMaTypHOTO KapKaca, HO M MHTEIPUPOBAHHBIX HEIIOCPeACTBEHHO
IIpYU IPOU3BOJCTBE 3JIEMEHTOB, CO3ZAIOIINX BAPUATPOIIHYIO CTPYKTYPY U3JEIUI WUIU SBISIOIIIXCS
3JIeMeHTaMU OTJEeNKU.

Omanybka JJis OTJAMBKU TaKUX U3JEIUM He JO/DKHA UMETh «3aKpBITHIX» MeCT, T.e.
IIPOCTPAHCTB, He MMEIOIINX JOCTyla K BEPXHEMY OTKPBITOMY IIPOCTPAHCTBY onanyoku. MHaue B
TaKUX MeCTax IIPOM30MJeT 3alleMJIeHNe BO3AyXa U He OT(OopMyeTcs wu3Jeaue HaJJIeXaIlero
kadecTBa. Takke hopMa JODKHA UMeTh MUHUMYM [I0BEPXHOCTEH C OTPHULIATEIbHBIM YIJIOM OTKOCA
- TaM TaKXe 3aleMJISeTCs BO3AYX M He IIPOHCXOAUT ZOJDKHOIO YIIOTHEHUS cMecu. Cama gopma
JOJDKHA HMeTb JOCTAaTOYHYIO KOHCTPYKTHBHYIO IIPOYHOCTb /JIS VZAep:KaHUS (QOPMBI CMeCH,
apMaTypHOro KapKaca ¥ 3akKJaHbIX uszennii. Kpome Toro, matepman GopMBI JOKEH UMEThb
MHPHUMAJTBHYIO aJle3UI0 K KOMITO3UIIIOHHOMY MaTepHay.

CiezyoomuM 3TaoM pa3paboTKU TEeXHOJOTHU SBISJIOCH OIpeJiefleHre TeXHOJIOTUIECKUX
IapaMeTpoB IMPOU3BOJACTBA CMeCH, (POPMOBAHMS U3ZENIUU U PEKUMOB ero TBepAeHUd. B aTom
OTHOLIEHUU IIPOU3BO/ICTBO Pa3paboTaHHOTO KOMIIO3UI[OHHOIO MaTepraia Majo YeM OTINYaeTCs
OT TpPaZUIMIOHHOTO OETOHHOro IIPOM3BOJCTBA, 3a UCKJIIOUYEeHUeM OoJblieli HOMEHKJIATYpPHI
KOMIIOHEHTOB U 0oJiee KeCTKUX TPebOBaHUII K KyJbType MPou3BoAcTBa. CYIIHOCTh TEXHOJOTUU
CBOAUTCS K ClIeyI0IleMy: Ha CKIaABl IPeAIPUITUS IOCTABIAIOTCSI KOMIIOHEHTHI cMecH. IIocTaBKu
OCYILIECTBISIOTCS B BHJEe (PACOBAHHBIX B PasINYHYI0 Tapy KOMIIOHEHTOB, KOTOpbIe XPaHITCS B
COOTBETCTBUU ¢ TpeboBaHMAMUM K HHM. [leCOK IIOCTaBISIeTCS IPOCYIIEHHBIM U
dpaxiroHpoBaHHEIM. J[03UpOBaHE KOMIIOHEHTOB IIPOUCXOJUT 0OBEMHBIM METOOM JJISI KUJKUX
KOMIIOHEHTOB M BECOBBIM /I CyXUX C TO4YHOCTbIO 0 0,1%. CMelleHHMe NPOUCXOAUT
HEIOCPeACTBEHHO Iiepes (GopMOBaHHEM B CMeCUTeJle IIPUHYAUTENBHOTO THUIA. PeXum
IepeMeIlBaHYs 3aBUCHUT OT THIIA CMECUTeJs, B Haubosee 0b1eM ciaydae lepeMellBaHue JIUTCSI
70 20 MuHyT. PopMOBaHUE U3JEINN IPOU3BOJUTCS IIyTeM BUOPAIIMOHHOTO BO3/I€HCTBUS Ha CMECH,
3UIMTYIO0 B OJVH IIpUEM B 3apaHee MOATOTOBJEHHYIO — OYMINEHHYI0, CMa3saHHYI U OCHAIeHHYIO
apMaTypHBIM KapKacoM C 3aKJIaZHBIMU JeTalIIMU GOPMY, L0 MOSBIEHUS IBJI€HUS BOLOOTAENIeHUS
Ha OTKPBITOM I[IOBEPXHOCTU uU3Zeausi. MOIyT NPUMEHSITbCA T[JIyOMHHBIE BHUOPATOPHI
IIPOMBIIITIEHHOI'O TUIIA, 100 BUOPOILIOIIALKY C YacTOTOM Kosnebanuii ot 60 I'iy u ammnutygo 0,1-
0,3 MM. OTpo6OBaHHBIE PEXKUMBI 00ECIIEINBAIOT JOCTATOYHYIO CTEIIEHb YIIIOTHEHUS CMECH.

PexxuM TBepAeHUS MNOAOUPAICS WCXOAS W3 COOOpaKEeHUN MUHHUMH3AIUK 3aTpaT Ha ero
nHTeHCcubuKanuio. Tak KaK KOMIIO3UT COJAEPXKUT J00aBKM - YCKOPUTEIU TBEPAEHUs, TO
HcCIefoBasach WHTEHCUBHOCTh Habopa IIPOYHOCTH II0 BPEMEHU BBIIEPKKM U3JEIUH B

HOPMaJIbHBIX (PU3MYECKHUX yCI0BUsIX. CKOPOCTh Habopa MPOYHOCTH IIPHBe/ieHa Ha PHUC. 6.

42



Ovchinnikiv, A.A.,Obruchev. D.V., Danilov, I.N. YMHbIE KOMMNO3UTbl B CTPOUTE/IbCTBE

DOI: 10.52957/27821919 2022 1.30 SMART COMPOSITE IN CONSTRUCTION
60
50 ——
—+ 0./
40 5890
32.5

/24.8

]
o

=
o

Compressive strength, MPa
L
o

Mpepgen npoyHocTH Npu catum, Mla

0 50 100 150 200 250 300 350 400 450 500 550 600 650

Yacbl Teepgenuns - Hours of hardening

Puc. 5. 3aBUCHMOCTD IIO/IBIDKHOCTH CMECH OT PAaCcXOZO0B rUIlepIutacTU(GUKaTOpa U IIEHOTACUTEIN S
Fig. 5. Dependence of the mixture mobility on the hyperplasticizer and defoamer consumption

VI3 aHaM3a MHTEHCUBHOCTH Habopa MPOYHOCTU MOXKHO YTBEPKJATh, YTO PACHATYOKY MOXKHO
IPOM3BOAUTh Ha TPeTbU CYTKU, KOTAa usfenrie Habupaer 6Gonee 70% mpounoctu. Ilocie
pacnanybku usgenuie TpebyeT LOBOAKM MyTeM UIIN(OBKK BepXHEro CJIOs, YAaJIeHUS HAaIlIbIBOB,
PEMOHTa CKOJIOB, & TaKKe OYMCTKU 3aKJIaZHBIX uszenuii. [locjie yCTaHOBKHU JOIOJHUTENbHBIX
9JIeMEHTOB U3JeNus (eCaM TaKOBBle TpeOyeT AM3aiiH) M3JejVie MOMXET OTIIPABASATHCI Ha CKJIAJ
TOTOBOM NMPOAYKLUMY WIH TOTPebUTENIO.

TakuMm o6pasom, paspaboTaHa TEXHOJOTHs, OOBEJUHSIONIAS HAa MUKPOYPOBHE IMPOIECCHI
CHHTe3a MMHEpAaJOB U3 INEJOYHBIX HACHIIEHHBIX MOHAMU PACTBOPOB U IIOJMMEPU3ALHI0
OpraHUYEeCKUX COIIOJIMMEPOB, C CO3/JlaHMEM OpPraHO-MHUHEpAJbHON MAaTpUIBl KoMmosuTa. Ha
Me30ypPOBHE TeXHOJIOTHA obecliedrBaeT BO3MOXKHOCTb HAIlPaBJIeHHON MHOIOMEpPHOHN OpHeHTaluu
3JIEMEHTOB KapKaca KOMIIO3UTa JJjs obecliedeHUs BapUAaTPOIIHOCTH CBOMCTB IO 3aJaHHBIM
HampaBieHusM. Ha MakpoypoBHe paspaboTaHHAas TEXHOJIOTHUsS II03BOJIIET WUHTETPHUPOBATH B
OCHOBHOI COCTaB MaTepuaja H3JeJUi KOMIIO3UTH MHON IPUPOABI, obecreduBaliolire OO0
3CTETUYECKYIO0 BBIPA3UTEIBHOCTh U SKOJIOIMYHOCTh MU3ZeNNU A (OpMUPOBAHUS TOPOACKOMN
CpeZbl, NpPU 5TOM BHEAPEHHBIN 9JeMEeHT CTAaHOBUTCSI HEOTHheMJIEMON 4YacThi0 MaTepuaa,
obecreumBammieli UX COBMECTHYIO paboTy Kak eamHoro rtenoro. OObefuHEHWE B OAHON
TEXHOJIOTMYECKOH IieNouKe MpoleccoB GOpMUPOBAHMUSA CBONCTB KOMIIO3UTA HA TPEX CTPYKTYPHBIX
VPOBHAX 00€CIIeYUT YHUKAJIbHYI0O BO3MOXKHOCTH ITOJIyYE€HMS MaTepuajoB U H3ZeJUN U3 HUX C
CaMbIM LIIMPOKUM CIIEKTPOM CBOMCTB — OT IIOTHBIX TSDKEJIBIX IO CBEPXJIETKUX KOHCTPYKIIMOHHBIX,
06aZlaloNUX IIPU 3TOM BBICOKOM 3CTETHYeCKOH BBIPA3UTEIbHOCTHIO, pasHOOOpasueM IIBeTa,
BO3MOXKHOCTBIO CBETOIIPOHHIIAHMSA, a TaKKe HU3KOH TeIJIONPOBOAHOCTBIO U TEIJIOEMKOCTHIO.
BbicOoKas CTOHMKOCTh K arpecCHUBHBIM BO3JE€HCTBUSIM TOPOACKOHM Cpefbl 00ecnedyuT HU3KUeE
9KCILIyaTallOHHBIE 3aTpPaThl Ha IOJAJAepKaHUEe pabodyero COCTOSHUS U3AENIUH, YTO IIO3BOJUT

CHU3UTD B 1,5-2 pasa saTpaTsl Ha 00HOBJIEHNEe HHPPACTPYKTYPBI TOPOJCKOH Cpesbl.
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BBIBO/IbI

TakuM o06pasoM, HaydHO O0OOCHOBaHa BO3MOXXHOCTb H3IOTOBJIEHHUS BBICOKOIIPOYHBIX
I[eMEeHTHO-OPTaHUYECKUX JeKOPAaTHUBHBIX KOMIIO3UTOB U3 MEJIKOTO 3allOJHUTENS, C TOHKUMU
dbpakuuaIMu Iecka pasHOTO TeHe3Nca, C aKTUBHBIMU MUHepPaJbHBIMU [J00aBKaMMU, IPUAAOIINIMU
BBICOKYIO  XyJOXKECTBEHHYI0  BBIPAa3UTEJbHOCTh  KOMIIO3UTY.  YCTQHOBJIEHBI  OCHOBHBIE
3aKOHOMepPHOCTH (GOPMHUPOBAHUS CBONCTB KOMIIO3UIIMOHHOI'O MaTepuasia B BUJe UYHCIEHHBIX
ypaBHEHUI. VCTaHOBJIEHB (PU3UKO-XMMUYECKHE IIPOLECCH MUHEPAJIOTUYeCKOT0 U CTPYKTYPHOTO
Ipeobpa3oBaHUs KOMIIO3UTA B IIPOIiecce CHTe3a HOBOOOPa3oBaHUIl 1 GOPMUPOBAHUS CTPYKTYPHI.

B xo0/1e peanu3saiiuu MOCTaBIEHHBIX 3a/[a4 OBIJIO OCYIIIECTBIEHO CAeAyIoIee:

— OIpeZiesleHbl OCHOBHBIE (DAKTOPEHI, BIUAIONIME Ha (HU3UKO-MEeXaHUYEeCKHe XapaKTepPUCTUKU
KOMITO3UIIMOHHBIX MaTE€PHUaJIOB B 3aJlaHHBIX YCJIOBUSAX SKCIUIyaTAllUM, a TaKXKe TEXHOJIOTMYecKUe
(aKTOpHI UX IPOU3BOJCTBA;

— paspaboTaHbl NPUHIUIIBI [OBHIIEHUs 3QGEKTUBHOCTH I'eTePOreHHOI0 KOMIIO3UTA IIyTeM
I[eJleHaIIPaBJIeHHOr0 PeryJINpoBaHUsI €ro CTPYKTYphl U IIpHMeHeHUs NHHOBAIIMOHHEIX MeTO/0B
COIPSDKEeHUS 3JIEMEHTOB CTPYKTYPhl Ha MUKPO-, M€30- ¥ MaKpO- YPOBHE;

— YCTAaHOBJEHbl  3aKOHOMEPHOCTH  (OPMUPOBAHUA  OCHOBHBIX  9KCILIyATALIOHHBIX
XapaKTepUCTUK MaTepuasa JJjIsg W3AeNNil, SKCIUIyaTHUPYIOUUXCA B YCIOBUIX arpecCHBHOTO
BO3ZIeICTBUS (HPaKTOPOB F'OPOACKOI CPEeZHL;

— oIlpeZesieHbl METOAbI U TeXHOJIOTUYEeCKHEe MapaMeTpbl MOAU(MUKAIINY COCTABOB, CTPYKTYPhI
Y TEXHOJIOTUU IIPOM3BOJCTBA AJIS PEeIleHUs MPOoOIeMbl HaJeXKHOCTU U 6e3011acCHOCTU U3AeNUi U3
reTePOreHHOI'0 KOMIIO3UTA;

— pa3paboTaHbBl SKCIEpPUMEHTaJbHBIE COCTaBbl u mojA0bpaHbl Hanbosee 3hdeKTUBHBIE
KOMITOHEHTBI /IS IIPOM3BOCTBA KOMITO3UTA;

— ONTUMU3UPOBAHbl  COCTaBBl  KOMIIO3UI[MOHHBIX  MaTepUaNIoOB IS  TEXHOJIOTUU
MOJUCTPYKTYPHON MHTErpalyy II0 pe3yJabTaTaM WCIBITaHUI 006pasuoB KOMIIO3UIIMOHHBIX
MaTepHaoB;

— paspaboTaHa TEXHOJOTUS MOJUCTPYKTYPHON MHTETPAIIUN I€TEPOreHHBIX KOMITO3UIIMOHHBIX

MaTepuasoB JJIs CIPOeKTHPOBAHHBIX MAJbIX APXUTEKTYPHBIX (POPM.

Ilenp u 3aza4yy, MOCTaBieHHble B paboTe, [JOCTUTHYThl M IIOJTHOCTHIO PEIIEHBI B XO/E
HCCJIeIOBAaHUS: B pe3yJbTaTe I10JyYeH BapUaTPOIIHBIH II0 CTPYKTYpe KOMIIO3ULIMOHHBIN MaTepHal,
00beIUHSIOMNE B cebe CBOMCTBA MOJMMEPHBIX KOMIIO3UTOB U KOMIIO3UTOB Ha MUHEPaJbHOU
OCHOBE, OTJMYAIOIIMICSI BBICOKOM IPOYHOCTBIO - 45-60 MIla, HHU3KOM TeIJI0eMKOCThIO - 1
k/I/(kr-°C) 1 TermonpoBoAgHOCThIO — 0,5 Br/(M-°C), muoTHOCTHIO 0,8-2,2 T/CcM®, MCTHpPaeMocThIo 0,5-
0,7 r/cM* ¢ KospduIMeHTOM NUHeHHoro pacmupenus 0,2-0,4 MM/M; CBETOCTOMKOCTbIO 1Mo DIN
EN438 YacTp 2-16 - 6-7 U CpefHUM CPOKOM CIY:KOBbI IPHU 3KCILIyaTal[U B TOPOJACKOU cpeze 35-50
JIeT.
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Cmames mnocesweHa 60npocy mMmamemamuyeckozo modeaupogaHus Kak Memody
meopemuueckozo uccaedo8anHuUsl Npoyueccos 6uoa0zUUecKOl KOppo3uu bemona 8 HUIKUX
cpedax. H3noxceHvl pe3yabmamb. IKCNEPUMEHMAAbHBLX UCCAJOBAHUIL NO BAUAHUIO
MUKPOOp2AHU3MO8 Ha 00wuil KOPppO3UOHHBLI npouyecc, npomexkaiowuil @ OGemoHe 8
600HblX  cpedax. IIpedcmasneno  modeaupogsanue Oup@y3uoHHbX  NPOYeEccos,
XxapakmepHulx npu Ouokoppo3uu OemoOHHBLX KOHCMPpYKUuil. Bnepsule paccuumaua
mo0denb MACCOOOMEHHBLX NPOYecco8 6 HeozpanHuueHHOl O08yXCAOUHOL naacmuHe,
npedcmasaswwas coboti cucmemy Juddepenyuanrvuovix ypagHeHuil napaboaudeckozo
muna 68 4wacmHblX NPOU3BOOHBIX C 2PAHUYHLIMU YCAO0BUAMU 8MOP0O20 U Hemeepmozo
poda. IIpednoxnenHas mamemamuueckas Mo0eAb ydumuvledem KUHeMUKY NPoOUeccos
yeeAudeHUS U yMeHbUeHus Ouomaccel Ha nosepxHocmu 6emona. Ompaxcena
nepcnekmuea npumeHeHus paszpabomanuoill mamemamuueckoil modeau 6uokopposuu
bemona 6 owudxux  cpedax. IIpogeden  psad  UUCAEHHBLX  IKCNEPUMEHMO8,
noomeepicdarouyuil adexgamHocms u YHUBEPCANALHOCTD npedaoxieHHOll
mamemamuueckoii modeau.
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The article is devoted to the issue of mathematical modeling as a method of theoretical
investigation of the processes of biological corrosion of concrete in liquid media. The
results of experimental studies on the effect of microorganisms on the general corrosion
process occurring in concrete in aqueous media are presented. Modeling of diffusion
processes characteristic of biocorrosion of concrete structures is presented. For the first
time, a model of mass transfer processes in an unlimited two-layer plate is calculated,
which is a system of partial differential equations of parabolic type with boundary
conditions of the second and fourth kind. The proposed mathematical model takes into
account the kinetics of the processes of increasing and decreasing biomass on the
concrete surface. The perspective of application of the developed mathematical model of
concrete biocorrosion in liquid media is reflected. A number of numerical experiments
have been carried out confirming the adequacy and universality of the proposed
mathematical model.

Key words: concrete, microorganisms, diffusion, mass transfer, boundary

conditions
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BBEAEHUNE

BriepBsie o mpobieme 6ropaspylieHus 6eToHa 3aropopusu B Hadane XX Beka B CIIIA. Torza B
Jloc-AHmkenece mpy 0OCIeZOBAaHUM BOJHOTO KaHajla B IIOBPEXAEHHOM IIOBEPXHOCTHOM CJIO€
OeToHa yueHble OOHapyxwin Hurpubuuupyomue 6akrepuu [1]. IlepBble wHcciIefOBaHUA
6uokopposuu 6erona B CCCP Obliu IIpoBefeHb! akafjeMukoM B.JI. MicaueHKO TpUALATh JIEeT CIYCTs
[2].

OzHUM 13 HanboJiee pacpOCTPaHEHHBIX BU/IOB GMOKOPPO3UH SIBJISETCSI MUKPOOHOIOTUECKas
KOppO3usi, BO3HHUKAIOIIAsd B pe3yjJbTaTe KOHTAaKTa 0eTOHAa C MOPCKUMH U IIPECHBIMU BOJaMU.
Vd4eHble B COOTBETCTBUHU C TAKCOHOMUYECKUM COCTaBOM OHOJECTPYKTOPOB B OTZAeEJbHbIE ITOJBU/BI
BBIZIEJIIIOT BOJOPOCIIEBYIO, OaKTepHaIbHYI0 U IPUOKOBYIO KOPPO3KIo [3, 4]. Ha IpaKTUKe OT/e/IbHbIE
NOABHUABI OMOKOPPO3UM BCTPEYAIOTCS PEeAKO, TaK KaK OOBIYHO 6HooOpacTaHMe Ipe/CTaBIEHO
OUOLIeHO30M PAasIUYHbIX TPYII MHUKPOOPraHu3MoB. HaubosbLIylo OIacHOCTb A OeToHa
MIPEe/ICTABISAIOT IPUOKOBbIE MUKPOOPraHU3MBbI, CIIOCOOHbBIE 00pa30BbIBaTh (GQyHraIbHble OMOILIEHKU
Ha €ro II0BEPXHOCTH.

BriopaspyuieHre 6eTOHHBIX KOHCTPYKIIUIT IPeCTaBlsgeT Cepbe3HYI0 OTaCHOCTS JJIsT MOCTOBBIX
U WHBIX TUAPOCOOPYKEHUI, SKCIUIYaTUPYIOI[UXCSA B OMOArpecCUBHBIX cpenax. O4YeHb YacTo
6roobpacTaHMUIO IO/BEPralTCs OIOPhl HedTeZ0ObBAIOIINX MIAT(HOPM, OIIOPHl MOCTOB, IUPCOB U
T.Z. [5]. Bcé 3T0 Hen36eXHO IPUBOAUT K BOSHUKHOBEHUIO JOIIOJHUTEIBHOI HAIPYy3KK Ha OMOPHI OT
IIOCTENEeHHO BO3pacTalollell Macchl 6uoobpacTaHus, K KaTaaM3alliy KOPPO3UOHHBIX IIPOIIECCOB,
IIPOTEKAIONINX B 6ETOHHBIX COOPYKEHUSX, B Pe3y/IbTaTe KU3HEeAesITeIbHOCTH 6H0LeCTPYKTOPOB.

ExxerogHo Ha JUKBUAAUMIO IIOCTEJCTBUE OT OMOpa3pyIIEHUS CTPOUTENbHBIX KOHCTPYKLIMI
roCyZapCcTBa TPATIAT MUJITHOHBI LOIapoB [6, 7]. O6beKTUBHAS OLleHKa yiepba oT 61opaspylieHus
CTPOMTEJBHBIX MAaTepPHaJOB CKJIAABIBAE€TCA M3 IIOTeph OT HEIOCPeACTBEHHO CaMUX
OUOMOBpEXAEHUN U 3aTpaT Ha 3alIUTy OT HUX. IloJ HEmOoCpeACTBEeHHBIMU IIOTEPSIMU OT
OMOKOPPO3UYU IIPHUHITO TIOHUMATDH 3aTPATHl Ha 3aMeHY [TOBPEXKAEHHBIX CTPOUTENbHBIX MAaTePHAaIOB
Y KOHCTPYKILMH. 3aTpaTbl Ha 3allUTy OT OHONOBPEXZEeHUIH BKIIOYAIOT B cebi pacxoipl Ha
KallUTaJIbHBIM U TEKyU[UM PEMOHTHI, a TAKXKe 3aTpaThl Ha IIPOBeJeHUe IJIAHOBHIX paboT Io
BOCCTaHOBJIEHUIO IPOTUBOOHOKOPPO3MOHHOM 3alUThl CTPOUTENbHBIX KOHCTPYKIIHH.

B Hacrosiiee BpeMsi IPUMEHSIETCS HECKOJIBKO IMOAX0/I0B B 60ppbe ¢ OuoKoppo3meil GeToHa:
paspaboTKa OSIOKCHAHBIX M IIOJIMMEpPHBIX IIOKPBITHI; KOPPEeKTUPOBKA CcoOCTaBa 0eTOHa;
IpuMeHeHHEe OHOUUAOB /st O0pabOTKM IMOBEPXHOCTH CTPOUTENbHBIX KOHCTPYKUME [8-11].
HecMoTpsi Ha MHOMECTBO CYLIECTBYIOUUX CIOCOOOB 3alfuThl OT OuoobpacTaHusi, BOIPOC

Ouogerpazany 6eToHa OCTaeTCs HEpPeIleHHbIM.
DKCIIEPUMEHTAJIBHAA YACTH

JT1060e KOppo3uOHHOE paspylieHre GeTOHA B JKUAKOU cpefe 00BsICHAETCS MacCOOOMEHHBIMU
npomeccaMu GeToHa u JkugkocTu [12, 13]. IIpm 6HOOOpacTaHMM OTMEYAETCs YCKOpEHUe
KOPPO3MOHHBIX IIPOIECCOB B OeToHe. 3acesleHHe IIOBEPXHOCTH 6OeTOHAa MUKPOOPraHM3MaMU,
cekpenus MeTaboJIUTOB U 00pa3oBaHIe OMOIIEHO30B Ha €ro IIOBEPXHOCTU MEHSIOT YCIOBUS B MeCTe
KOHTaKTa «BETOH-KUJKOCTh». MUKPOOPraHM3MBI BBIJEJSIOT IIUPOKUAM CIEKTP OPraHMYeCKUX
KUCJIOT, KOTOpBIe BCTYIIAIOT B Pa3iUYHbIe XUMUYECKIe PeaKIiY, pas3pyuias 6eToH.

MozenupoBaHue 6MOKOPPO3UY GETOHA BBI3BIBAET PsiJ TPYAHOCTEH B CHIy MHOTO(DAKTOPHOCTH
aToro npouecca. Ha puc. 1 mpezcraBieHa cxeMa o6pasoBaHMs OHOIleHO3a MUKPOOPIaHU3MOB Ha

OeTOHHOI IIOBEPXHOCTU. M3HavyanbHO MHUKPOOPTaHU3MbI HAXOJATCA B IIOABUXHOM COCTOSHUU (I
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cragus). PopMupoBaHue a1060% OUOMIEeHKU HAaYNMHAETCS C a/Te3U1 MUKPOOPraHU3MOB K CyOCTpaTy
(IT cragus), mocje 4ero HAYMHAIOT 0OPa30BBIBATBCA MUKpOKonoHuu (III cTazus), KOTOphle B
pesyibpTaTe 06pasyioT 3penyio ouornneHKy (IV crazus) [13]. BaxKHBIM MOMEHTOM SIBISIETCS IIPOLiecc
AVICTIEPCHUH, T.e. CIIOCOOHOCTh MHKPOOPraHU3MOB IOKHUJATh OUOILIEHKY B pe3yJbTaTe JeHCTBUS
KaKUX-1160 GakTOpOB, HAIIPUMep, B pe3y/bTaTe CHIDKEHUs COAep)KaHUs NUTATeJbHBIX BEIeCTB.
DTOT MPOIECC HEBO3MOXXHO CIIPOTHO3UPOBATh U KOHTPOJMPOBATh. VI3MeHeHMe YCIOBUIl Cpezbl
MOKeT BbI3BaTh KaK YCKOPEHHBIN POCT GMOIJIEHKYU [IyTeM ITOSIBIEHUS U Pa3BUTUs 60jiee PasBUTHIX
$hopM MHUKpPOOPTraHW3MOB, TaK U OTMUpaHNEe MHUKPOOPraHn3MoB. OTMepIure U paspylIUBIIKECs
KJIeTKV MUKPOOPTaHU3MOB TaKXKe BXOZASAT B COCTaB OMOIIEHKH, YBeJIUYHBas ee Gromaccy.

Tak)Xe M3BECTHO, YTO COOTHOILIEHNE MUKPOOPraHU3MOB M MaTpPUKCa ([IOJMMEPHBIX BELeCTB,
BBIZIE/ISIEMBIX KJI€TKaMH) B OHOILIEHKE MOXKET CHUJIBHO BapbUpOBAThCA. YCTAaHOBJIEHO, YTO
coZiep>kaHe MHUKPOOPTaHU3MOB B OMOILIEHKE MOXKeT OIyCKaThca Ao 10% oT obujero oobema [14].
CioxHBIE, HEIIPEPHIBHbIE BO BpeMeHHU (as3bl pocTa U OTMUPAHUSI MUKPOOPraHM3MOB, M3MeHeHIe
TOJIIIMHBI OUOIUIEHKH yJaeTCs y4eCTb IIPU MaTeMaTH4eCKOM MOJEeINPOBAHUM IIyTeM BBeAEHUs

CIIeIIMaIbHBIX KO3h(PUIIIEeHTOB.

I II 111 vV

Puc. 1. Cxema bopMupoBaHus OUOIITIEHKY Ha IOBEpXHOCTU OeToHa: I cTazus - HauanbHas; 11 -
nepBuuHas aaresus; 11 - o6pasoBaHre MUKPOKOJIOHUL; IV - 3pesias 6rorieHKa
Fig. 1. Scheme of biofilm formation on the concrete surface: Stage I - initial; II - primary adhesion;
III - formation of microcolonies; IV - mature biofilm

CrieriupUIHOCTHI0 MATEMATUYECKOTO MOJEIUPOBAHUS OHOKOPpPO3uU OeToHa SIBJISETCS
HEeOOXOJMMOCTh pEIIeHUsT KPAeBBIX 3aJad. Ba)KHO YYMTHIBATh KBAa3WCTAIIMOHAPHOCTH IIpoIiecca
KOppo3uu. B 3TOM ciy4ae @poOIlecC CUMTAeTCS PABHOBECHBIM B IIpeJieaX OIpefeseHHbIX
WHTEPBAJIOB IT0 BpEMEHU U 110 KOOPAUHATE.

OzHUM 13 OCHOBHBIX TPeOOBaHUI, IPEABIBIIEMbIX K MATEMATUUYECKUM MOJEJAM, SIBJISETCS
VHUBepCaJbHOCTb. MaTeMaTHdecKas MOJeb JODKHA BKIIOYATh B cebs 0600IIeHHble YpaBHEHUS,
OITMCHIBAIOIIKIE ITPOIIECCH bropaspylleHus beToHa B HanboJsiee 001eM cirydae.

MogenupoBaHue 6moobpacTaHuss OETOHHOM KOHCTPYKIMM B BOZHOM Cpefie CBOAUTCI K
pelleHnio 3a7ady MacCOIPOBOAHOCTH 4Yepe3 HeOrpPaHWYEHHYI0 [JBYXCJIONHYIO ILIACTUHY
(puc. 2) [15].

TosnuuHa MepBoli IACTUHBI (LIEMEHTHBIN 6eTOH) 3a/aHa KakK 81, TOMI[MHA BTOPOH IIJIACTUHBI
(buoobpactanus) - 62 (cM. puc. 2). 3aZada CBOAUTCS K OIpeJeseHNI0 N3MeHeHUs KOHI[EeHTpaluu
1eseBoro koMmmnoHeHTa (C) IO TOJIIMHE KOHCTPYKIUM (X) ¢ TedyeHueM BpemeHu (7). /[usa
MaTeMaTHUIeCKOTO OIMCAHUS WCIO0Jb30BanuCh AuddepeHIINalbHbEe YPAaBHEHUS C 3aJ[aHHBIMU

IpaHUYHBIMU yCA0BUAIMU [15, 16].
aC,(x,1) 0°C,(x,1)

Fe =k, - Pye ,7>0,—6,<x<0, @
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6C2(x,r)_k . GZCZ(X T)

T 2 ,1>0,0<x<6,. (2)

HavanbHble ycioBUd:
Cilx,1)-=C,[x,0)=C,. (3)
CZ(X,T)T:OZCZ(X,O):CZ!O. 4)

IIpoueccel, mpoTekaomye Ha rpanune I (cM. puc. 1), mpeAcTaBiIeHbl TPAaHUYHBIM YCIOBUEM

BTOPOTI'O poJa, O3HAYAIOIINM OTCYyTCTBME IIOTOKA BelleCTBa:

aC,(x,1)

=0. 5
Ix 0 ©)

x=8;

Ha rpanune pasgena ¢das II (cM. puc. 2) KOHIEHTpAIUU I€JI€BOT0 KOMIIOHEHTa PaBHBIL,
clefoBaTeJbHO, paBHB AUG(dy3UOHHBIE IIOTOKM Macc, II03TOMY B JaHHOM cCiydae IpUMeEHseTCs
IrpaHUYHOeE yCJIOBHEe YeTBEPTOTO poja:

Cl(x,r]x:O =m -Cz(x,r]x:o, (6)
dC,(x,1) aC,(x,1)
—Poem Ky == P Ky — (7)
Pe 1 ox - Ps 2 X |y

Cix1) il I 11
-

[1 f['z_ - =

— - -_

0 gz X M

Puc. 2. Mozenb 61oobpacTanns 6eTOHHOM KOHCTPYKLIUK: 1 — IleMeHTHBI!H 6eToH;

2 - buoobpacTanue; 3 - KUAKOCTh
Fig. 2. Biofouling model of concrete structure: 1 - cement concrete; 2 - biofouling; 3 - liquid

Ha rpanuie III (cM. puc. 2) rpaHUYHOE YCI0BHE BHIIAAUT CAeAYIOUNM 00pa3oM:

Qg%fﬁlx%=qxﬂ- (8)

_kz.

VcnosHble o6o3HaueHUA: C,(x,7)/C,(x,7)- KOHIEHTpamuu IeJleBOrO KOMIIOHEHTa B
OeToHe/0UOMIEHKE B MOMEHT BPEMEHU «T» B IIPOM3BOJBHON TOYKE C KOOPAMHATOH «X»,
(K2 cao! K2gem); k1., -KO3GbUIIEHTHI MacconpoBogHOCTH (M?/C); §, - TONMNUHA GETOHHON KOHCTPYKIIUK
(M); 6,- TommuHa OuommeHku (M); C,, - HavaJbHasg KOHI|EHTDAIUSA IleJeBOr0 KOMIIOHEHTa

(K2 coo! Kegems C - HadaIbHAA KOHI[EHTPAIUA CBOOOJHOTO KOMIIOHEHTA (K2, /Keg,,,); M - KOHCTaHTA
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paBHOBecus T'eHpU (KT OHOIJIEHKH/KT O€TOHA); Pguy Poyow - NJAOTHOCTH OeTOHa U OHOMACCHI
cooTBeTcTBeHHO (Kr/M°); q,(t) - mIOTHOCTB AMGDPY3MOHHOTO MOTOKA OT GHOMJIEHKH B IIOTOK
KUIKOCTH.

Jis perieHus cucreMsl AuddepeHINaNIbHBIX YPAaBHEHUH IPUMEHICS METO/, UHTErPaIbHOI0
npeobpasoBaHug Jlamtaca. BsLio mosydeHo oblee pelleHye 3aa4y MaccolpoBoZHocTU. Ha ocHoBe
MaTeMaTU49ecKoi MoZean Oblla HamycaHa pacieTHas IIporpaMMa, KOTopas II03BOJIsSeT OIpesessaTh
3HAYeHUs KOHIIEHTpAIUH IIepeHOCHMOro KOMIIOHEeHTa II0 TOJIINHe OeTOHHOM KOHCTPYKIUU U
OUOIIeHKY.

PE3YJIBTATHI

AZleKBaTHOCTD NIpeJJIOKEHHON MaTeMaTHIeCKON Mo/lesIN MO TBEPKAaeTCsl PsiZIOM YHCIeHHBIX
sKcllepuMeHTOB. Ha pumc. 3 mnpuBefeHb pacyeTHblE KPUBBIE 3aBUCHUMOCTU 0Oe3pasMepHBIX
KOHIIeHTpauuii ot kputepus Kupnuuesa (1 - 0,5; 2 - 1; 3 - 1,5; 4 - 2; 5 - 2,5; 6 - 3) Ipu KpUTepUU
dypre paBHOM eJUHHIlE. YBelndeHUe MaccooOMeHHOTo Kputepus KupnudeBa compoBoxzaercs
fonpIINMU TI'paZiieHTaMU KOHIleHTpaunmii. Ha puc. 4 IpezacTaBlIeHbl KpHBblE KOHIIEHTpaI[UH
IIeJIeBOr0 KOMIIOHEHTA IIPU PasHbIX 3HAYEHUAX MaccoobMeHHoro kputepus ®dypoe (1 - 0,5; 2 - 1;
3-1,5;4-2;5-2,5; 6 - 3) u kpurepuu Kupnunuena, pasaom 0,5 [15].

Z(x, Fo,,) ‘

05
08

’ /
N /
//;’/
os A

s

3
03 ///7 — 2
. Y o
’ 1
0,1
0 B
-1 -0,8 -0,6 -0,4 - 0,2 0 01 x

Puc. 3. KpuBble KOHIIeHTpaLK IepeHOCMOT0 KOMIIOHEHTA I10 TOJIIINHEe 6eToHA 1 GHOTIIEHKHN
IIpY pasHbIX 3HAYeHUIX KpuTepus Kupnudesa
Fig. 3. Curves of the concentrations of the transferred component by the thickness of concrete and
biofilm at different values of the Kirpichev criterion

IIpennoxkeHHas pacueTHas IIporpaMma II03BOJIZET OIpPeJelUTb IIpelBapUTeNbHBI CPOK
Cny>KObl OETOHHBIX KOHCTPYKIIMH B arpecCHUBHBIX BOJHBIX CpeZaX, XapaKTepPUCTUKU KOTOPBIX
V3Ha4YaIbHO M3BECTHBI. JIJIs IPOBEAEHUS YMCIEHHOTO 3KCIePUMEHTa ObLIN PUHSITH CAeAyIolre
JOMylleHns: OeTOHHAs KOHCTPYKIIKS SKCILIyaTUPYeTCs B PeYHOM BoJe, CpeAHIs CKOPOCTh TeYeHHUs
pexku He IIpeBbIIAeT 2 KM/4, COIJIACHO 3KCIIePHMEHTAaJbHBIM JaHHBIM I[IPUPOCT TOJLIUHBI
OroobpacTaHU A pacCCMATPUBAEMOT0 KINMAaTHIECKOTO PalioHa COCTaBisIeT 20-25 MM B rof. Jjs
YMCJIEHHOTO 9KCIIepUMeEHTa OBIIN pacCUUTaHbl 3HaUeHUst Kputepus Oyprwe (puc. 5): 1 -0,16; 2 - 0,33;

3-0,41;4-0,81; 5-1,19, 4To COOTBETCTBYET 2, 4, 5, 10 11 15 rogam skcmiayaTanuu [15, 16].
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Puc. 4. KpyBble KOHI[EHTPAIWH TepeHOCUMOTro KOMIIOHEHTA I10 TOJIIINHE 0eTOHA U GHOIIIEeHKU
IIpPY PasHbIX 3HaYeHUIX Kputepus Oypre
Fig. 4. Curves of the concentration of the transferred component over the thickness of concrete
and biofilm at different values of the Fourier criterion
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Puic. 5. [10J151 KOHIIEHTPAIVE B 6€TOHHON KOHCTPYKIIUY, COOTBETCTBYIOIIE PA3TUIHBIX
BpeMeHHBIM ITapaMeTpaM: 1 - 2 roza; 2 - 4 roga; 3 - 5 et; 4 — 10 set; 5 — 15 j1eT
Fig. 5. Concentration fields in a concrete structure corresponding to various time parameters:
1 -2 years; 2 - 4 years; 3 - 5 years; 4 — 10 years; 5 — 15 years

PaspaboranHas ¥ anmpobupoBaHHAas MaTeMaTHdecKas MOZeJb U CO3JaHHas Ha ee OCHOBe
pacdeTHas IporpaMMa JailOT BO3MOKHOCTb CBO€BPEMEHHOIO IIPOrHO3MPOBAHUA [JOJTOBEYHOCTHU
OeTOHHBIX KOHCTPYKLUH, SKCILIYaTUPYIOIIMXCI B BOJZHBIX OMOJOTMYECKU ArpeCCHUBHBIX Cpefax.
IIpesBapUTeNbHBIN pacyeT IIO3BOJIAET I'PAMOTHO HA3HAYUTb aHTHMKOPPO3UOHHBIE MEPOIIPUATHA,

CIIOCOOCTRBYIOIIVIE YBEJIUUEHHUIO CPOKA CIYKObI 0E TOHHBIX KOHCTPYKIIUH.
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JAaa noeviuenHus 6ezonacHocmu 00pOHHO020 O08UNEHUSL 6 BUMHUL nepuod wWupoko
npumensemcs o06pabomka N0BepXHOCMU NOKPLLMUL XUMUHECKUMU pedzeHmMaMu.
O0dHnako maxkoii cnocob noswviuenus bezonachocmu 00poxHO20 O8UNceHUL mpebyem
npasuavHozo nodbopa peazenmos 048 KOHKPemMHbLX MemMnepamypHulX YCAO8UI, UHAYe
803MoOxuceH obpamuulli Ipdexm om uxX npuMmeHeHus, Mm.e. pe3Koe CHUNEHUE
KoapPuyuenma cyensenus WUH MPAHCNIOPMHBLX Cpedcme € N0BEePXHOCMBIO NOKPHLMUL.
B npedaowennoii pabome paccmampueaemcs BAUAHUE PA3AUUHLLX pedzeHmos U
PPUKYUOHHBLX NPOMUBOLOA0AEIHBLX MAMEPUANO8, UCNOAbIYEMbX OAS 3UMHeEZ0
codepaucanus asmomobunvHelx dopoe e Spocaasckoii obaacmu, Ha koapduyuenm

cyenaeHus.
KnaodyeBbie cioBa: acdanbTobeTOHHOe MOKPHITHE, 3UMHEE COJep}KaHUe,
IIPOTUBOTOJONELHBIE peareHTsl, ko03bbHULINeHT clenjeHus, 0e30IacCHOCTH
OBUKEHUS
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To improve road safety in winter, chemical reagents are widely used to treat the surface
of the coating. However, this method of improving road safety requires the correct
selection of reagents for specific temperature conditions, otherwise the opposite effect of
their use is possible, i.e. a sharp decrease in the coeffi cient of adhesion of vehicle tires
to the surface of the coating. The proposed work examines the influence of various
reagents and friction deicing materials used for winter.
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BBEAEHUNE

Jna opranusanuu pabot o 60ppbe U IpeAOTBpPALEHUI0 06pa30BaHUs 3UMHEN CKOJb3KOCTHU
HEO6XO[LI/IMO y49uTbIBaTh eé BUJ, IIOrOAHBIE YCJIOBUA, IIPEAIIECTBYIOINME U COIIYTCTBYIOIIME
06pa30BaHUIO CKOJIB3KOCTH, U TEHJEHIINIO UX U3MEHEHUS.

OTJI0KeHUS PHIXJIOTO CHera Ha ZOPOXXHOM IOKPBITUHM 00pasyloTcs MU BHIIAZEHUU TBEPABIX
0CaZKoB B Oe3BeTpeHHyI0 Imorogy. CoxpaHeHHe CHera B PBIXJIOM COCTOSHUU Haubosee BEPOSTHO
IIpU TeMIlepaType Bo3ayxa Hinke —10 °C. IIpu HU3KUX TeMIIepaTypax Bo3Jyxa IIPOIecC VILIOTHEHUS
CHera aBTOTPAHCIIOPTOM 3aMeJJIsIeTcs, a IPK TeMIepaType Bo3ayxa oT -6 Ao -10 °C cHer He OyzeT
VILUIOTHSITBCS TP OTHOCUTEIbHON BIQKHOCTH Bo3Ayxa MeHee 90%. OOpa3oBaHMe CHEXXHOTO HaKaTa
IMPOUCXOAUT TIIPU HAJTWYUU BJIKHOTO CHera Ha JOPOXXHOM IOKPBITUM II0J, JeUCTBHEM
aBTOMOOMJIBHOTO TPAHCIOPTA M OIpeZesleHHBIX MeTEeOpPOJIOTHYECKUX ycaoBuax. Hawmboibimas
BEPOSATHOCTh 00pa30oBaHUs CHEXHOIO HaKaTa MPOMCXOAUT IPH TAKUX IIOTOAHBIX YCIOBHAX, KaK
BBINIAZIeHMe CHera IIpu TeMieparype Boszyxa ot 0 fo —6 °C; ipu TeminepaTrype Bo3zAyxa oT —6 10 —10
°C oOpa3oBaHME CHEXHOI'O HakKaTa IIPOUCXOJUT IIPU BJIAKHOCTH BO3Ayxa Beille 90%; IIpu
IIOJIOKUTEJNbHBIX TeMIlepaTypax CHEXHBIH HakaT o0pasyeTcs IpU BBICOKOM WHTEHCHBHOCTU
cHeromaza (bosee 0,6 MM/4), CHEer He yCI€BaeT PAacTasATh Ha IOKPBITUU U JIETKO VIUIOTHSIETCS
TPAHCIIOPTHBIMU CpeAcTBaMU [2].

O6pasoBaHue CTEKJIOBHUJHOTO JbJa MOXXET HMMEeTh PasjUdYHble MPUYMHBI U BO3MOXKHO IIpU
Pa3INYHBIX IIOTOAHBIX YCIOBUSIX 3aMep3aHHs BJIATH, HMeMOLelicd Ha JOPOXXHOM IIOKPBITHH,
HalpuMep, IIpY Pe3KOM IOHIDKEHUU TeMIIepaTyphl Bo3ayxa. Takol Buj obJefeHeHUS Ha3bIBaIOT
rosnoneauliel. VICTOYHUKAMU YBIQKHEHUS IOKPBITUS MOIYT OBITH ZOX/b, TAIOILINI CHEr, CHET C
JOXJEeM, BBINTQJAIOILe IIPY IT0JI0KUTENbHbIX, HO OJIM3KUX K HYJIIO TeMIIepaTypax BO3JyXa, a TAKKe
BJIara, OCTABIIAACS IT0C/Ie 00PabOTKU ZOPOKHOIO ITOKPBITHS IPOTUBOr0I0IeJHBIMY peareHTaMuU.

IIpomeccy 06pa3oBaHUS CKOJIB3KOCTH NPEAIIECTBYET YCTOMYNBOE MOBBIIIEHHE aTMOC(EPHOTO
JlaBJIEHUs TIPYU BBINAJEHUM HIN II0CHEe IIpeKpalleHUs OCaJKOB, IIOBBIIIEHHAs OTHOCHUTEJbHAs
BJIQXHOCTb BO3JyXa, IIOHIDKEHHe TeMIIepaTyphl BO3JyXa OT IIOJIOXKHUTEJNbHBIX 3HaueHHUH [0
oTpunaTenbHbx. Harbosee BeposATHO e€ 00pa3oBaHue IIpU TeMIlEpaType Bo3Ayxa oT -2 o -6 °C u
OTHOCUTEJIBHOU BJIAXXHOCTH BO3AyXa OT 65 10 85% [2].

B pesymbTaTe OXJaXAEHHUS OPOXKHOTO IIOKPBITHS HIDKE TOYKHM POCBHI Bjara M3 BO3JyXa
KOHJIEHCHUPYEeTCSI Ha HeM U IIpeBpallaeTcs B O4eHb TOHKUM U IIPO3PavHBIHN CIOH JibJa, KOTOPBIH
TPYAHO OOHAPYKUTh BU3YaJIbHO («4€pPHBIH JleZ»). O6pa3oBaHUe 3TOTO BUJA CKOJIB3KOCTH BO3MOXKHO
TaKKe [IPU [TepEeMeIleHNY B yTPEeHHUE Jachl 60Jiee TEIIOHN U BJIAKHOM BO3AYIIIHON MacChl C MOPS Ha
CylLIy, UMelolel 60jiee HU3KYIO TeMIIepaTypy BO3Ayxa U OTPUILIATEIbHYIO TEMIIEPATYPY AOPOKHOIO
ITOKPBITHS.

B 3suMHUI U NTepeXOJHbIH [TepUOoJbl TAaKOe COYeTaHMe ITOTOAHBIX YCIOBUE Harbojiee BEPOSITHO
B IPUOPEXHBIX MOPCKUX palioHaXx U B TOPHOM MECTHOCTH, TZ€ M3-3a BBICOKOM IMIPO3PAauHOCTU
BO37lyXa TeMIlepaTypa OKPhITUA CUIbHO ITOHIKAEeTCS B HOUHBIE Yachl IIPU OXJIXKAeHUN BO3AyXa.

Tako# B[, CKOJB3KOCTH MOXeT 06oJjiee 4acTO BOSHUKATh HA aBTOJOPOXKHBIX MOCTaX, KOTOPHIE
0061aZlaI0T MeHbIlel TeII0BO NHEPUMOHHOCTHIO, YeM AOPOXKHAS OZeXKAa, U UMeIOT 60iee HU3KYIO
TeMIlepaTypy IOKPBITHSA B HOUHOE BpeM4 [2].

OOpa3oBaHUIO CKOJB3KOCTU CIIOCOOCTByeT M 0ojiee BBICOKAs OTHOCHUTEJbHAs BJIAKHOCTD
BO3JyXa B IIOMMax peK, OKOJIO 03ep U JPYruX BOZOEMOB, OCODEHHO B II€PEXOJHBIH IIEPHUOJ O
YCTaHOBJIEHUS JIeZIlOBOTO ITIOKPOBA, a TAKXKE OKOJIO KPYIHBIX TOI] 1 Apyrux npeAnpUusaTHN.

B rmpakTuke B3UMHEr0 COZEpKAaHUS aBTOMOOMJIBHBIX JOpOr /i OOpbOBI € 3UMHEH

CKOJIb3KOCTBIO MPUMEHSAIOT (QPUKIIMOHHBIN, XUMUIECKUEN, KOMOMHUPOBAHHBIN, MEXaHUIECKUHN U
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TeIJIOBOM MeToZblI [1].

IIpr GPUKIMOHHOM MeETOZe Ha IIOBEPXHOCTH IIOKPBITHS paCIpeAessioT MUHepaIbHbIe
MIPOTHUBOTOJIONIEAHBIE MAaTEPUAJIBL: TIECOK, BRICEBKY, LIIAK WU APyrie abpasuBHBIE MATEPUAbl HE
KpynHee 5-6 MM U 0e3 mpumMeceli TJIMHBI, CO34aBasi JOIOIHUTEIbHYIO HIEPOXOBATOCTD IIOKPBITUS U
yBesmuuBas KoaGOUIMeHT ClellIeHNs ¢ IIMHaMU aBToMobute [3, 4].

IIpu XUMUYECKOM METOZE MPUMEHSIOT IPOTUBOTOJIONEAHBIE PEATEHTH HA OCHOBE XJIOPUIOB
HATPUS, KaJausl, KAIbLIVs, MArHUsI, KOTOPBIE IJIABST JIE/ WU CHET U YCTPAHSIIOT TOI0IeAuIy [5].

IIpy KOMOHMHHPOBAaHHOM METO/€ WCIIOJNb3YIOT CMECH IIPOTHBOTOJIONEAHBIX MaTepUaloB U
PeareHTOoB, YTO M03BoJIsIeT 3G (PEKTUBHO GOPOTHCS C 3UMHEI CKOJIB3KOCTBIO [5].

IIpy MexXaHUYECKOM METO/e IIPOU3BOAUTCS VAAJEHNE PA3IUYHBIX BUJOB CKOJB3KOCTU
CIenuaIbHbIM 000PyAOBaHUEM /IS OT/EIE€HU JbJja UJIN CHEeTa OT IIOBePXHOCTH HOKPBITUA [5].

IIpu TemI0BOM MeToJle yCTpaHeHUe CKOIb3KOCTU JOCTUTAETCS IIPHU UCIIOIb30BAaHUY MOITHOTO
[IOTOKA HAaIpeTOro BO3ZAyXa /Jis [JIaBJIeHUs U CAYBaHUSI C TIOBEPXHOCTH ITOKPBITHS 00pa3oBaBIIeiics
BOJBI, a TaKXe M3-3a HarpeBa IIOKPHITHA IIPU HCIIOJb30BAHUU «TEIUIOrO» IIOKPBITHA, KOTOPOE
HarpeBaeTcsl 3a CUET LUPKYJALUU IO TpybaM, YJIOKEHHBIM II0Z IOKPBITHEM, TEIJIOHOCUTEJS.
Bo3MoxkeH HarpeB IOKPHITUS 3JIEKTPUYECKUMU KabeasiMU, KOTOpble VKIaABIBAIOT TakKe IOk

IIOKpBITHEM [5].
NCCIELOBATEJIIBCKAA YACTbH

KoapdurmeHTOM cLenyeHVs Ha3bIBAIOT OTHOIIEHUE PeaKTHUBHOM CHJIbI, JEeUCTBYIOIIel Ha
KOJIECO aBTOMOOWJIS B IIJIOCKOCTH €ro KOHTAaKTa C IIOKPBITHEM, K BEPTHUKAJIbHON Harpyske,
mepeZilaBaeMoil KojecoM Ha IokpbiThe. KoadduiumeHT crelieHus CKIaJbpIBaeTcs U3 JABYX
COCTABIIIOIINX — aJATe3NMOHHOU U ZedOopMaIMOHHON. AJre3MOHHAS COCTABISIONIAS SIBJISIETCS
Pe3yIpTaTOM B3aUMOJEHMCTBUSA KOHTAKTUPYIOIINX MaTepHUaIOB.

JebopMmariuonHas cocraBidoomas GopMupyeTcs 3a CYET B3auUMHOM  JedopMaruu
KOHTaKTUPYIOIIUX TeJ BBICTyIIaMU HEPOBHOCTEH, HaXOZAIIWUXCSI Ha WX MOoBepxHocTu. Ha cyxux
IIOBEPXHOCTSIX CHUJIa TPEeHUs B KOHTAKTe IIMHBI GOPMUPYETCS B OCHOBHOM 32 CYET a/re3NOHHOHN
COCTaBJAIOIIEeN. A HAa IOBEPXHOCTIX, MMEIONIVX IIMEHKY BOJBI — 3a CUET JAedopMaryioHHOH
COCTaBJISIOINIEH.

00630p pasIUYHBIX METO/ZI0OB 0OOphOBI C 3UMHENH CKOJb3KOCTHIO, IyTEM IOBBIIIEHUS
koabuIeHTa CIelsieHus, I0Kasaja, d4To Haubosee 3bPEKTUBHBIM CIIOCOOOM ABJISIETCS
DpUKIMOHHBIN Cm0COD, TJIAaBHOM MpPo6ieMON KOTOPOrO OCTaeTCsl HeMpaBUJIbHAsA JO3UPOBKA
IIPOTUBOTOJIONEJHOTO MaTepraia IPU PA3HBIX ITOTOAHBIX YCIOBUAX U Pa3HbIX BUaX CKOJIB3KOCTH.

IToaToMy mepej HavaIoM MPOBEJEHUS HAYIHBIX UCCAE0BAaHUE OBIIN ITOCTABJIEHBI CIEAYION[MEe

3aJa4un:

1. BBISBUTH, AJIs1 KaKOTO THUIIA CKOJb3KOCTH, IIOTOJAHBIX YCIOBHUM M AJS KaKOM KaTeropuu
ABTOMOOMJIBHBIX JOPOT IOAXOJUT (DPUKIMOHHBIE IPOTHUBOTOJIOJEAHBIH MaTepual U IPU KaKUX
IIOKa3aTesIsIX 9TOT MeTO/ He paboTaer.

2. OnpezenuTh MPaBUIbHYIO JO3UPOBKY IIPOTUBOTOJIONEJHOIO MaTeprasa A pasHbIX BUJOB
CKOJIb3KOCTH.

3. OnpezenuThb AJIUTENBHOCTD JEHCTBUS Pa3JINYHBIX QPUKIIMOHHBIX MaTepPUAJIOB.

4. OnpejenuTh PallMOHAJIBHYIO IIPOIOPLUUI0 ¥ KOMIIOHEHTHI IPOTUBOTOJIONELHOIO COCTaBa,
IIPOTECTUPOBAB HECKOIBKO PA3JINYHBIX BAPUAHTOB C Pa3HBIMU COCTABaAMU IIPH Pa3HBIX IIPOMIOPIIUIX

COCTABJIAIOIIIX.

B kadecTBe HCIBITYeMOrO MaTepuasa ObLIO BBHIOPaHO HECKOJIBKO BUJOB (DPUKIIHMOHHBIX
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MaTepHuajoB — IIECOK, OTCEB IeOHs U, B KA4eCTBe SKCIIEPUMEHTA, 30J1a YHOCA.

OZVH U3 PacIpoCTPaHEHHBIX CIIOCOOOB GOPBHOEI C 3MMHEH CKOJIB3KOCTBIO — 3TO ITOCHIIIKA
06pabaThIBAEMOTO OKPHITUS IIECKOM.

DTOT PPUKIIMOHHBIN MaTepual Jo/LKeH 001aaTh CIeAyIOIINMU CBONCTBAMU:

- He JOJDKEH COZepXaTb IJIMHUCTBIX IIpHMeced BO K30eXaHHe IOSIBIEHHS CIIKOTU IpPHU
ILJIIOCOBOY TeMIIepaType;

- He JO/UKeH COZepKaTb B COCTaBe KPYIHBIX YacTUI, TaK KaK OHM MOIYT IIOBPEAUTH
pacmpegensomee 060pyAoBaHUe, IeJOCTHOCTb aBTOTPAHCIIOPTA U YBEJIWYHUBAIOT PHUCK IIOJIYyIUTH
TpPaBMBI;

- TIeCOK JJIs COCTaBJIeHUs CMeCH IPHUMEHSIOT NMPUPOAHBIN U/UIN SPOoOJeHBIH, MoJydaeMblii

IIyTeM Apo6JIeHNsA FOPHBIX II0poJ. MaKkcuMaibHas BeJMYMHA YaCTHUI] He JOJDKHA ITPEBbIIIATh 5 MM.

Hawubosee 1emecoobpasHo MPUMEHATb IECOK, cofepxkamuil g0 50-60% 3epeH pasmepom 2-3
MM. B mecke He gomyckaeTcs CoOJepXXaHME IIBLIEBATHIX, IVIMHUCTBHIX, WJMCTBHIX MW [PYIUX
3arpsa3HAINNX IpuMeceii 6osee 3%. He zomyckaeTrcs coZiep:kaHue B [TeCKe KaMHeH U 1eOHs, Tak
KaK KpyIHble YacCTUIIBI MOTYT TPaBMHPOBATH JIOJEl, IMOBPEJUTH IIPOE3KAIOIINEe aBTOMOOWIIH,
pacupegenuTenbHoe obopysoBanue [8].

Yame Bcero mpu o6paboTKe JOPOKHOIO IOKPBITHUS 3UMOM IPHUMEHSIeTCs PeYHOI IIeCOK C
MUHUMAaJIbHBIM KOJIMYEeCTBOM ITpuMeceil ruHbl. Ilecok addekTrBeH pu 60pnbe ¢ rosonesom, Tak
KaKk paboTaer npu 000N TeMIlepaType, He HAHOCUT OTPHUIATEJBHOIO BO3JENUCTBUA Ha
OKpy:Karolyio cpezy [8].

Jna nsMepeHus KoabdunyeHTa CleleHNs IINHb aBTOMOOMIIS ¢ ITOKPBITHEM HCIIOIb30BAJICST
npubop IIMIK-MAZIU. Ilepes mpoBeJeHHMEM OIBITOB IIPOM3BOAMIN 00pabOTKy IOKPBITUS
HaCBIIIeHHBIM PAacTBOPOM IIOBapeHHOM coiu. MCHBITaHUS MPOBOJAUINCH KaK Ha 0OpaboTaHHOM
(QPUKIMOHHEIMM MaTepHajaMU M peareHTaMM IIOKPBITHH, TaKk H HeobpaboraHHOM. Bupz
CKOJIb3KOCTH — CHEXXHBIN HaKarT.

ITocse moJsydeHUs! pe3yJbTAaTOB OBLIM IOCTPOEHB! I'padMKM M CHeJaHbl BHIBOJBL. B IepBylo
odepezpb ObLI IIpoBepeH K03DDUIMEHT ClielJIeHUs IPU paclpeseseHUY IIecKa pasHbIX GpaKiuii:
0,25; 0,5; 1 MM.

Kcy
0,35
0,30
0,25 —
0,20 e

gy
0,15 [
\ necok(0,5)

0,10 — =
’ [ ——
— Peeem necok(0,25)
0,05 nokpsimue dez NEM
-19° -16° -12° -8° -3° +2° °C

Puc. 1. 3aBucuMOCTb K03 dULeHTa ClielJIeHUs IOKPBITHSI, 06paboTaHHOTIO [TECKOM Pa3HbIX
dpaxkiuii, Ipy pasHeIX TeMIIepaTypax BO3Jyxa
Fig. 1. Dependence of the coefficient of adhesion of the coating treated with sand of different
fractions at different air temperatures

ITo nosyueHHBIM JJaHHBIM, IIpe/ICTaBJIe€HHBIM Ha PUC. 1, MOXXHO CZeJIaTh CeAyIollie BEIBO/bI:
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- npu Temmepartype oT -10 10 -20 °C k03pbUIMEHT CIeIJIEHNs MTOBbIIaeTcs Oojee 4eM B ZBa
pasa B cpaBHeHMH C HeoOpabOTaHHBIM IOKPEITHEM, 4YTO OOBICHIETCI IpeobiafaHueM
aZiTe3MOHHOM COCTaBJIAIONIelN K03pdUIEeHTa ClLIeTIeH S,

- IpHU TeMIleparypax, 6auskux kK 0 °C, k03pPUIMEHT CIelIeHNs TOBIIIAeTCS OYTU B TPU
pasa B cpaBHEHUM C HeoOpabOTaHHBIM IOKPHITHEM, 3TO MOXHO OOBACHUTH IpeobiafaHreM
AeopMaIIOHHOM COCTABIIAIONIEH;

- yeM KpynHee (pakius necka, TeMm Bbiiie KoabdunueHt cremrenus. OcoGeHHO 3TO
IpodBIsAeTCd IPU TeMIlepaTypax okoJo 0 °C;

- 4eM BBHIllle TeMIIepaTypa Bo3Zyxa, TeM HIDKe Ko3(PPUITUEHT ClIellJIeHNUs, a 9TO CBSI3aHO C TeM,
YTO IIPW IIOJOXUTEJIBHON TeMIlepaType IIeCOK HAaYMHAeT IIePEMENINBATLCA C IIOATaIBIINM
CHEXXHBbIM MOKPBITHEM U 3TO YMeHbIIaeT KO3(PQOUIINEHT CIIeIVIEHUS 1, COOTBETCTBEHHO, YXYAILaeT
0e30IaCHOCTbh ABIKEHUS aBTOMOOUIIENH;

- 4yeM HIXe TeMIlepaTypa BO37AyXa, TeM Bblllle KO3(POUIIMEHT ClLeIIeHUs C IOKPBITHEM,
06paboTaHHBIM IIECKOM. JTO CBSI3aHO C TeM, 4YTO (GPUKIMOHHBIE MaTepHalbl BMep3aioTcs B
MOKPBITHE M paboTaloT Ha IIOBBIIEHME 0e30IIaCHOCTH IIyTeM IIOBBIIeHUs KoadduireHra
ClIeIl/IeHUd, a He IIyTeM pacTallIUBaHUs rojoJelia, KaK 3TO JealoT XMMU4YeCcKHe peareHTHl. B cBa3u
C 39TMM y IleCKa HeT OTPAaHMYEeHUH II0 ero WCIIOJAb30BAHMIO IIPM PAa3HBIX OTPHUIATEIbHBIX
TeMIlepaTypax;

- SKCIEPUMEHTHI II0Ka3aj{, 4YTO IIeCOK OBICTPO PpPasHOCHUTCS KOJIECAMHM JBIDKYLIETOCS
TpPaHCIIOpPTa M OCTaeTCs Ha IIOKPBITUH B TedeHue 2-3 yacoB. UeM Mesnbue Qpaklusg IlecKa, TeM

ObICTpee MPOoIaZiaeT MaTepual ¢ OPOKHOTO MOKPHITUS.
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Pric. 2. 3aBucuMoCTb K03bDUIMeHTa CIeIIEHNS IOKPHITHS, 00paboTaHHOTO OTCEBOM IIeOHS, OT
TeMIIepaTypbl BO3Ayxa
Fig. 2. Dependence of the coefficient of adhesion of the coating treated with screening of crushed
stone on the air temperature

CieZyroImuil NCIBITyeMbIl GPUKIIMOHHBIN MaTepHall — OTCeB IebHs. OT Imecka OH OTJINYaeTCs
bonee kpynmHOU (pakuueli. OTceB meOHS, WIM BBHICEBKA — 3TO «OTXOJbl» KaMHeJpOOIeHUs Ipu
MIPOU3BOACTBE HIEOHS.

ITo mosy4eHHBIM AaHHBIM, IIPe/ICTABIEHHBIM Ha PUC. 2, MOXXHO C/I€JIaTh CIeYIOIIVe BEIBOABI:

- oTceB 1IeOHS MOBBIIIAET KO3hODUIMEHT CLEMIEHUsST aBTOMOOMIBHOTO KOJIeca C JOPOKHBIM
IIOKPBITHEM IIPUMEPHO B [Ba Pas3a KakK IIPU OYeHb HU3KOU TeMIIepaType, TaK U IPU TeMIepaTrype
Boimte 0 °C;

- orceB we6Hs JTy4lle paboTaeT Ipy TeMeparype okoso 0 °C, 4eM IecoK.

OmBITH C OTCEBOM H.Ie6HH IIOKa3aJJa¥, 9TO OH JOJIbII€ COXPAaHAETCA Ha IIOKPBITUM, 9€M IIE€COK.
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JaHHBIN MaTepraa Iepef HCIOIb30BaHMEM HeOOXOJUMO IIPOCesTh, BO K3bexaHMe IMONaJaHus
YaCTHUI KPYITHBIX Pa3MepOB, TaK KaK 3TO MOKET BBI3BATh IIOJOMKY paclpejensomell TEXHUKU U
MOBPEAUTDb aBTOMOOMIIN Ha OPOTe.

OZHUM U3 pPaCHpPOCTPAaHEHHBIX BHUJAOB OTX0Z0B TOLI, cTajlequTEelHBIX TPeIPUITUH,
NIPeIPUATHH 110 IPOMU3BOJACTBY CYXUX CTPOUTENbHBIX CMecel! ABIsIeTCs 30J1a YHOCA.

B [OpPOXHOM CTpPOUTENbCTBE OHAa HCIIOJb3yeTCAd IPU YKpeIlJIeHMH TPYHTOB B KadeCTBe
MaJIOaKTUBHOTIO BSDKYIIETO, B IeMEHTOOETOHAX /i1 9KOHOMUU 1IeMEHTA, B KAYECTBE MUHEPAIbHOTO
IOPOINKA /I IIPOU3BOACTBA ac(albTOOETOHHBIX CMecel. VTHIM3aIus 30JIbI YHOCA SIBISETCS
aKTyaJpHBIM HampaBieHueM. IIpu WHCIOJIB30BAaHUM 30JBl yHOCA HEOOXOJUMO VYUTBIBATH
cilezymolee:

— 30/la 3arpgs3HsAeT JOPOTy, IIO3TOMY IIPUMEHATb €€ B HaceJeHHBIX IIyHKTax He
PeKoOMeHAyeTCs;

- 30J1a IOJKHA COJEP3KaTh MUHUMAIbHOE KOJTUYECTBO arPECCUBHBIX KOMITOHEHTOBR.
Kcy
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Puc. 3. 3aBucuMOCTb K03 PUIIeHTa CLeIIIeHNs IOKPhITHUSA, 00paboTaHHOTO 307108 yHOCA
OT TeMIIepaTyphl BO3AyXa
Fig. 3. Dependence of the coefficient of adhesion of the coating treated with fly ash on the air
temperature

ITpoBeAé€HHbBIe HCHBITAHMSA IIPUMEHEHMs 30Jbl yHOCA B KadeCTBE IIPOTHBOTOJIOJNEIHOTO

MaTepuaia (puc. 3) mokasaau, 94To:

- 30JIa yHOCA IIOKa3bIBAe€T CaMBIM BBICOKME KOI(DOQUIIMEHT CHeIIeHHs IIPU HU3SKUX
OTPHIATENIbHBIX TEMIIEPATYPax, HO IIpU TeMiiepaType Boiuie 0 °C IPaKTUYECKU He MOBBILIAET STOT
IIOKa3aTeJIb;

— 30JI1a YHOCa O4Y€eHb 6bICTpO PAaSHOCUTCA ¥ OY€HDb CUJIbHO 3arpAa3HdeT aBTOMO6I/IJIbHy}O Aopory.

Jna  mosbimeHusa 3G@QeKTUBHOCTU (QPUKIUOHHBIX IIPOTUBOTOJONEAHBIX MaTepUaIOB
BO3MOXKHA UX KOMOWHAIINSA C XUMUYECKUMU peareHTaMu.

Ilpu pobaBreHnH K GPUKIMOHHOMY MaTepHaly COJH Ha ero JacTHUIAX ITOSBJISIOTCSI TOHKUE
IIJIEHKY BBICOXIIIEro paccoja. Korga oHu rnomnazaoT Ha 00JieleHEBILYIO IIOBEPXHOCTD, e/l HAUMHAET
10/, HUMU TasITh ¥ YaCTUIIBI IOTPYKAIOTCA B YIIyOJIeHUe.

Ilo Mepe MOTpPy)XKeHHMS dYacTHIBl B JeJ U pasbaBleHUs paccoia pacTasBliell BOJOH,
KOHIIeHTpaIlUs paccojia B IIJIeHKe yMeHbIaeTcd, IIPU 3TOM TeMIlepaTypa 3aMep3aHUd paccoja
nosblmaeTca. Korga Touka saMep3aHus paccojia CpaBHAeTCA C TeMIIlepaTypol BO3Ayxa, JacTHIla
CMep3aeTCs CO JIBJOM U yKe IIPOYHO JepKUTCA Ha obseJeHeBIIel IIOBepPXHOCTH. [lpyroe BakKHOe

IIOJIOXKHMTEJIbHOE ClIeACTBHE CMEIleHUA (l)pI/IKHI/IOHHbIX MaTepHruajoB C COJbIO — IIPEeJOXPaHEHME UX
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OT CMeP3aHUs BO BpEMS XPaHEHUS.

ITosTOMY, KpOMeE UCIIBITAHUM U KCCIeL0BaHUS MaTEPHAIOB B UMCTOM BUe, OBLIYM IIPOBEEHEI
WICITBITAHUS Pa3IMYHBIX IIPOTUBOTOJIONENHBIX CMeCel, B COCTaB KOTOPBIX BXOJAWJIN IIECOK (paKuu
1 MM 1 XUMHMYeCKHe peareHTHl. B KauecTBe XUMUYECKUX peareHTOB HCII0JIb30BATNCh: MIHEPATbHAS

conb, DKopoyzA, M'anut, HKMM, VapTpa. CocTaB JaHHBIX peareHTOB IIpe/CTaBIeH B Tabaume 1.

Tab6auupa 1. CocTtas xuMudeckux I1I'M
Table 1. Composition of chemical DM

Hassanue IIT'M XUMUYeCKUU COCTaB
MunepanpHas corb NacCl,
DKOpoy A, NacCl,, CaCl,, ”HTUOUTOPHI KOPPO3UU
lanur NaCl -(Na)39,4%, (Cl1)60,6%
HKMM HwuTpat kanblusa, HUTpPAT MarHus, MO4eBHUHA
VapTpa NaCl, (75-80%) CaCl, (15-25%)
Ilens wu3roToBJIEHMs JAaHHOTO BUJA IIPOTHUBOTOJIONENHON CMeCH - yMeHblIeHUe

OTPUILIATEIBHOTO BO3JEHCTBUS XWMHYECKHX PEareHTOB Ha OKPYKAIOUIYI0 CpeAy U IpoJJeHHe
JelcTBUA (DPUKIMOHHOTO IIPOTHUBOTOJIOAENHOTO MaTeprasa (B JaHHOM CiIy4ae IIecKa) IIpu
IOBBIIIEHNM 0€30IIaCHOCTH JBIDKEHUS aBTOMOOWJIeH. Pe3ynbTaTsl HCIBITAHUM  YHUCTOH
MUHepPaJbHOH COJIM U IPOTUBOTrOJIONELHON CMeCH Ha OCHOBe IleCKa U MUHEPAaJbHOH COJNU IIpU

Pa3HBIX COOTHOIIEHUAX COCTABJIAIONINX, IIPEJCTaBJI€Hbl Ha PUC. 4.

Key
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Puc. 4. 3aBucuMocTb K03 puiireHTa ClielieHNs IOKPhITHA, 00paboTaHHOTO IIPOTUBOT0I0IEeHOH
CMeChIO ITeCKa 1 MUHEPAJIbHOM COJIY, OT TEMIIEPATyPhI BO3AyXa
Fig. 4. Dependence of the coefficient of adhesion of the coating treated with an anti-icing mixture of
sand and mineral salt on the air temperature

Ilo pesysbTaTaM NpPOBEAEHHBIX HCIBITAHUI OBLI CZHeNaH BBIBOJ, YTO IIPOTHUBOTOJIOJEJHAS
CMecChb B COCTaBe C MUHePaJbHOU COJbI0 MeHbIle BCEX IOBbIIIaeT KO3(PQOUIINEHT CleIlJIeHUs, 3TO
XOpoLIO BHUAHO Ha rpaduKe, KOTOPBHIA IIpeJCTaBJeH Ha puC. 4. DTO CBSI3aHO C TeM, YTO IIPHU
006paboTKe IOKPBITHS MUHEPAJIbHOH COJbIO, KOhOUIIMEHT CIeIJIeHHUs HMeeT caMble HU3KHUe
3HaUYeHUs B CPaBHEHUM C OOPabOTKOM JAPYIrMMM XUMHUYECKMMH peareHTaMy, 4TO OOBICHSIETCS
XOpOIIIeH IJIABAIIEH CIIOCOOHOCTBIO STOrO peareHTa M 00pa3soBaHMEM JXUAKOH (as3bl pacTasBIIETo

CHera 1Jju Jib/ia Ha ITIOKPBITUM.
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CieZyroIiel UCIBITYeMOI CMECHIO OB DKOPOYZ U IIECOK.

ITo JaHHBIM, IPeACTaBIEHHBIM Ha PUC. 5, MOXXHO CZeJIaTh BBIBOZ, YTO DKOPOYZ B COCTaBe IIeCKa
IOBBIMIAET KO3 UIIMEHT CIeIIEHUs IIPU BCeX TeMIlepaTypax B CpPaBHEHHUM C IIpeABIAyIIeH
CMECBIO.

B ananasone Temmnepatyp oT 0 o -11 °C nokpsITHe, 06paboTaHHOE TOJBKO DKOPOYAOM, UMEET
K03 PUIINEHT ClellIeHNs Ha yPOBHEe KOMOUHNPOBAHHBIX COCTABOB.

I[IpumeHeHMe DKOpOyZa IpU TeMIlepaTypax Bolle 0 °C MOKeT IPUBECTH K PE3KOMY CHIKEHUIO
K03 PUIINeHTa CIellJIEHUS 13-3a IPeodIafaHus )KUAKOH (Passl pacTasaBIIero JbJia MK CHeTa.

CHmxeHne Ko3(DUIMEHTa CIeNseHUs Ha IOKPBITUM IIpU TeMIlepaTypax Huke -10 °C,
06paboTaHHOM TOJBKO DKOPOYJAOM, MOXHO OOBSICHUTh KPUCTALIU3ALMEN CMeCH PacTasiBLIETO
CHera WJIH JIbJja, YMeHbIIeHNeM CLell/IeHUsT KPUCTAJJIOB IIPHU ABIDKEHUN TPAHCIOPTa U, KaK UTOT,

CHIDKEHUEM aJIre3OHHOU cocTaBisionlel koapdunmeHTa crierieHus.
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Puc. 5. 3aBUCUMOCTD K03 (PUIMEHTA CLeIIEHUS IIOKPBITHSL, 06paboTaHHOTIO IPOTHUBOT0I0IEJHOM
CMecbhIO ITeCKa 1 DKOPOYAa, OT TEMIIEPATYPHI BO3AyXa
Fig. 5. Dependence of the coefficient of adhesion of the coating treated with an anti-icing mixture of
sand and EcoRoad on the air temperature

UcnseiTanus l'anurta u cMecelt 'anuTa ¢ MeCKOM ITOKasaay, YTO IIPU TeMIlepaTypax Hixke -10 °C
IIOKpBITHE, 06paboTaHHOEe TONBKO ['amnTOM, NMeeT K03hUIMEHT ClielJIeHNs Ha YPOBHE cMecel ¢
IeckoM (puc. 6).

Cmech lanuT : mecoK MMeeT CcTabuIbHOe 3HadeHUe KO3Gb(UIIMEHTA CIelIeHNs B IIpejeiax
0,22-0,25 Ay BceX 3HAYEHUH TeMIlepaTyp UcnbITaHui (0T +2 g0 -19 °C). [Ipu TeMnepaTypax BBILIE —
10 °C k03bPUIIHEHT CIeIIEHUS C TOKPBITHEM PE3KO CHIDKAETCS 13-3a peobafaHus KUAKoH dasbl
Ipyu TadHWUU JibJid NJI CHera.

Ha puc. 7 npuBesieHbl pe3yabTaThl NCIbITaHUE peareHTa HKMM.

IIpu TemmepaTypax OT -6 Ao -13 °C xumMmwudeckuii peareHT HKMM BezéTr cebs Kak
KOMOMHMpOBaHHas cMech. IIpu Temmepartypax Bbillle —6 °C u Hinke -13 °C mOBesieHVe peareHTa
HaroMuHaeT JelictBue Dkopoyza. Tak kak HKMM o6saZjaeT BBICOKOH IIaBAMIEN CIIOCOOGHOCTHIO,
9TO MOXeT IPUBECTH K CHIDKEHHI0 KO3(Q(UINEHTOB CILeIJeHUd B yKa3aHHBIX Juana3oHax

TeMreparyp. IIpy UcoIp30BaHNY KOMOGMHIPOBAaHHBIX CMeceli TaKoe sIBJeHue He HabIoAaeTcs.
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Puc. 6. 3aBucrMOCTb K03 dUIeHTa ClIeNIeHNs TOKPHITH, 00paboTaHHOTO IIPOTHUBOT0I0IEAHOM
cMechlo Ilecka 1 I'aynTa, OT TEMIIepaTypHl BO3Ayxa
Fig. 6. Dependence of the coefficient of adhesion of the coating treated with an anti-icing mixture of
sand and Halite on the air temperature
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Puc. 7. 3aBucUMOCTb K03 dUIeHTa ClIeNIeHNs TIOKPHITHS, 00paboTaHHOTO IIPOTHUBOT0I0IEAHOM
cMmecnho necka u peareira HKMM, oT TeMIiepaTypsl BO3yxa
Fig. 7. Dependence of the coefficient of adhesion of the coating treated with an anti-icing mixture of
sand and the NKMM reagent on the air temperature

ITpoTuBoOrosonIeAHasg CMeCh, COCTOAINASA U3 XUMUYECKOTO peareHTa YIbTpa U MecKa, IToKa3aaa
JIyYIIUH pe3yslbTaT C TOYKU 3pEHUs YBeJUdeHUs KodapduiueHTa cuemaeHus (puc. 8). O6paboTka
IIOBEePXHOCTU MOKPBITHA XMMUYECKHMM PeareHTOM YJbTpa NPUBOAUT He TOJBbKO K TagHHIO CHera
WU JbJa, HO U K COXpaHeHMIO K03(PUIIMeHTa Clell/IeHUs Ha JOCTaTOYHO BBICOKOM JJIS 3UMHUX
ycioBul 3HaueHUM ot 0,24 npu TeMmnepatype -15 °C g0 0,15 npu Temiepatype okoso -11 °C. Ilpu
GoJiee BEICOKOIT TeMIlepaType IPOKNCXOAUT IJIaBJeHle JIbJa UK CHera U K03bGhUIMeHT ClieIIeHII
pesko cHinkaercs. IIpy 06paboTKe IOKPHITHA KOMOMHUPOBAHHOM CMEChIO TECYMHKY COXPAHIIOTCS
Jr60 BMEPSIIMMU B CHEXXHOE WIM JIeAsSHOe IIOKPBITHE, JU00 B yIIyO/IeHUAX Ha CHEXHOM WU
JIeASSHOM IIOKPBITHH. IIpy TeMmeparypax, Oaum3kux K 0 °C, IeCIMHKM He pasHOCITCSA U3-3a

IIPpUINITIaHUA K IIOKPBITUIO.
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PE3VJIBTATBI 1 UX OBCYXKIEHUE

IIpoBes€HHBIE UCCTELOBAHUS MTOKA3ATIH, YTO AJs 3P(HEKTUBHOTO U 6€30I1aCHOTO MPUMEHEHUS
IIPOTUBOTOJIONEAHBIX MaTepUaIOB CylecTByeT Hanbosee 3pPeKTUBHBIN AUANIa30H TeMIIepaTyp Ux
npruMeHeHUs. IIpoN3BOANTENN XMMHUYECKUX PeareHTOB B OCHOBHOM YKa3BIBAIOT 3TOT JUAIIa30H C
TOYKU 3PEHUs UX IUIaBAIIel criocobHocTu. OAHAKO IPUMEHEHME TOJbKO XMMUYECKUX PEATeHTOB
MOXET UMeTh U O00paTHBI 3h(eKT 3a CYET CHIDKEHUA a[Te3srOoHHONH U AebopMariioOHHON
COCTaBASIOMUX K03b(dUINeHTa CLelIeHUs M3-3a IIOSIBJIEHUs Ha ITOBEPXHOCTU Paccoya, KOTOPBIH
obpasyeTcs mnpu IUIaBJIeHWM CHera WKW JbJa, WIM 3aMep3aHds ITOr0 paccojia Ipu
HECBOEBPEMEHHOH yOOPKe.

IIpuMeHeHUE TOJBKO (DPUKIMOHHBIX IIPOTHBOTOJIOJNENHBIX MaTepUaJOB OIPaHUYINBAETCS
y4acTKaMM aBTOMOOMJIBHBIX ZOPOT BHE HACEJEHHBIX IIYHKTOB, U3-32 BO3MOXXHOCTH UX IION/JaHUS B
KaHATM3aIMOHHYI0 CUCTEMY U YBeJMYEeHHUs 3aTpaT Ha €€ MPOMBIBKY, a TakkKe 00jiee KOPOTKUM
CPOKOM UX paboThI 13-3a pasHOCa TAKMX MaTepPUaIoB KOJIEcaMU aBTOMOOUIIELH.

Jna asddexTruHON GOprOBI C 3MMHEH CKOJB3KOCTHIO Mpu obecriedeHuu 6e30MacHOMN
9KCILIyaTaluu 06paboTaHHbBIX peareHTaMu MOKPBITUH BO3MOXXHO HICIIOJIb30BaThb
KOMOMHUpPOBaHHbIE IIPOTHBOTOJIONIEAHBIE COCTaBbl, KOTOpble OO0Jafal0T IIPENMYIleCcTBaMU

QDPHKLIPIOHHI)IX 1 XMMHUYECKUX HpOTI/IBOI‘OJIOJIé,ZIHI)IX MaTepHuaJioB 1 peareHTOB.
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Puc. 8. 3aBuCHMOCTD K03(PPUIINEHTA CIIeNJIEeHUS IIOKPBITHS, 00pab0TaHHOTO IIPOTHBOT0JI0IEHOH
CMECBIO [TeCKa ¥ XUMUYECKOI'0 peareHTa YJbTpa, OT TeMIIepaTyphl BO3AyXa
Fig. 8. Dependence of the coefficient of adhesion of the coating treated with an anti-icing mixture of
sand and the chemical reagent Ultra on the air temperature

BBIBO/IbI

Pe3ysbTaTel MPOBEAEHHBIX MCCIEJOBAaHUN C TOYKU 3peHus obecriedeHUs 0e30I1aCHOCTU
ZIOPOKHOT'O IBIKEHMS MOXKHO 0000IIUTh CIeYIOIIIMI BBIBOJAMU:

- QPUKIMOHHbIe MaTepUaJIbl IIECOK, BEICEBKY MOKHO HCII0JIb30BAaTh IIPHU JIO0BIX TEMIIEPATypax
C MHTEePBAJIOM IIOBTOPHOM 06pabOTKY OT 2 4acoB 0 4 4aCOB COOTBETCTBEHHO;

- GPUKIMOHHBIE IIPOTUBOT0JIONE HBIE MAaTePUaJIbl B YHCTOM BH/E BOZMOXXHO HCIIOIb30BaTh Ha

Joporax IT u HUKe KaTeI‘OpI/Iﬁ ¥ Ha aBTOMAarvucCTpaaiax;

70



Dudin, V.M., Kurnygina, A.A. YMHbIE KOMMNO3UTbl B CTPOUTE/IbCTBE

DOI: 10.52957/27821919.2022_1.58 SMART COMPOSITE IN CONSTRUCTION

- GPUKIMOHHBIE IIPOTHBOrOJIONENHBIE MaTepualbl B YHCTOM BHJE He peKOMeHAyeTcCd
KCIIOJIb30BaTh B YePTe TOPOAa;

- 30J1a yHOca 3 PeKTUBHA IpU TeMIlepaTypax HUxe —6 °C;

- IIPOTUBOTOJIONEAHAS CMECH IIECOK U MUHepasIbHas COJIb PaboTaeT XyxKe, YeM YHCTHIH IECOK,
HO JIy4llle, YeM YHCTBIH peareHT B Ualla3oHe TeMIepaTyp sKCIepuMeHTa oT -19 f0 +2 °C;

- peareHT DKOPOY/ MOBHIIIAeT KO3(DPUIIUEHT ClLiellJIeHNs B Auana3oHe TeMIepaTyp oT —10 fo -
1 °C, a B cMecu C IeCKOM IOBBbIIMIaeT KO3(PQPUIIMEHT CIeIIeHHUs B JAuala3oHe TeMIIepaTyp
3KCIepuMeHTa oT -19 g0 +2 °C, mpu TemiepaTypax 0koJo 0 °C ero ucroab30BaHMe OIIaCHO;

- peareHT l'aquT moBbIIIaeT KO3(GOULIMNEHT CleIIEHUs IIpU TeMIlepaTypax Hmke -8 °C, a B
CMeCH C IIeCKOM IIpHU TeMIlepaTypax Bhimle —-12 °C;

- peareiT HKMM mnoBbinaeT k03QGUIINEHT CllellJIeHHs B Aualia3oHe TeMIlepaTyp oT -14 zxo
-5 °C, a B cMecH ¢ MeCKOM B cooTHolleHnH 50:50 B franasoHe TeMIIEpaTyp SKCIepUMeHTa oT -19 fo
+2°G;

- peareHT YJbTpa NOBbIAeT KO3hPUINEHT ClellJIeHUsA IIPpU TeMIlepaTypax Hipke -10 °C, a B
CMECH C ITIECKOM B JIFOOBIX COOTHOIIEHUX 3D PeKTUBEH B AUalla30He TeMIIEPATyp SKCIIepUMeHTA OT
-19 go +2 °C.
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After the October Revolution, Yaroslavl's authorities transformed all areas of public
life. The article reveals the relevance of the 'garden city' concept in the formation of
residential development in the 1920s. During this period, architects successfully
incorporated both large districts and individual buildings into the urban environment.
The Yaroslavl city planners considered such innovative ideas as strict adherence to the
utilitarian functions of buildings, simple layout of neighbourhoods, taking into account
all the requirements for organizing the life of citizens. At the same time, foreign
philosophers borrowed practices predetermined the emergence of such social space as a
compositional-planning structure. In practice, they applied fast-track construction
method. There were built seven apartment blocks in two years, integrated into a well-
appointed village. We should note the significant contribution of Konstantin Ivanovich
Butusov, the Head of the provincial communal department, whose 130th anniversary
will be celebrated by Yaroslavl town planners and historians in 2022. The development
of a modern city allows the local planners to rely on the experience of preserving the
urban environment and green areas as resources for sustainable community
development in the context of infill development and the observed epidemiological
situation.

Key words: architecture, constructivism, garden city, Butusovskiy village,
Yaroslavl, 1920s
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ITocne Oxmabpuvckoil pegoaioyuu pykosodcmeo zopoda fpocaasas npeobpazogano ace
cepvl obuecmeennoll wu3nu - om 6bwma Jo apxumekmypul. B cmamve packpwuima
AKMYAAbHOCMb KOHYenyuu «ezopoda-cada» 8 @GOpMUPOBAHUU HUAOL 3ACMpolkU 8
1920-x 2e. B paccmampugaemolii nepuod apxumekmopsl y0auHo 8NUCLLBAAL 8 20POOCKYI0
cpedy kakx b6oavwue pailoHv, mak u omdeavHble nocmpoliku. Cmpozoe caedosaHnue
ymuaAumapHeim  QyHkyuam  30anuil, npocmoma  NMOCMpPOeHUs  NAAHUPOSKU
Mmukpopationos, yuem ecex mpebosaHull kK OpeaHU3AYUL HUHU 20POHCAH — OaHHble UdeU
apocaasckux epadocmpoumeneil 06bLLUHO CHUUMAIOM HOBAMOPCMEOM. Bmecme ¢ mem
3aumcmeosannvle npakmuku 3apybexcHnuvlx ¢uaocogos npedonpedesunu mnosenerue
maxoeo COYUANbHOZO npocmpancmaea, Kax KOMNO3UYUOHHO-TLAAHUPOBOUHAS
cmpykmypa. Ha  npakmuke 0bl4  npumeHeH  NOMOYUHO-CKOPOCMHOL  memod
cmpoumeavcmea, Koeda 3a 06a 200a 6blA0 NOCMPOEHO CeMb HUALLX MHOZOKBAPTMUPHBLY
domos, 06vedunenHblXx 8 OaazoycmpoeHHulll nocenok. Caedyem ommemumos 6ecomulil
8knald 3asedywujezo 2ybepHcKUM KOMMYHAAbHBIM omdesom Koncmanmuua Heanosuua
Bymycoga, 130-nemue co Oua poideHus KOMOpozo Apocadasckue zpadocmpoumenu u
ucmopuku ommenaiom 6 2022 ez0dy. Passumue cospemennHoeo zopoda nosgoasem
MECMHLM NAGHUPOBUWUKAM ONUPAMbCS HA ONbLM COXpaHeHUs 20podckoil cpedvl U
3eneHblX HacaxcOeHUll KaK pecypcos ycmoliuueozo 06uecmgeHHoz0 pa3gumus 6 yCA08UAX
moueuHoll 3acmpoiiku, Habaodaemot InudeMU0AL02ULeCKOL CUMYAYULL.

KnodyeBble CJOBA: apXHUTEKTypa, KOHCTPYKTUBU3M, TOpoj-caZ, ByTycoBckui

nocenok, Apocnasuap, 1920-e rr.
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INTRODUCTION

The Yaroslavl city planners considered such innovative ideas as strict adherence to the
utilitarian functions of buildings, simple layout of neighbourhoods, taking into account all the
requirements for organizing the life of citizens. During the period under consideration, architects
successfully incorporated both large districts and individual buildings into the urban environment.

130 years ago, on 26 February 1892, K.I. Butusov, a legendary figure of Yaroslavl, the Head of the
provincial communal department, was born. After the suppression of the White Guard rebellion in
Yaroslavl in 1918, he became the initiator of the city's new residential district building, implementing
a unique architectural project in the shortest possible time.

Nowadays, the local planners need convincing arguments for preserving the urban environment
and green areas as resources for sustainable urban development in the context of infill development
and the current epidemiological situation. By this point of view, the historical experience of Yaroslavl
construction a century ago seems quite representative.

THE METHODOLOGICAL BASIS OF THE UTOPIAN 'GARDEN CITY' CONCEPT

"In four years' time there will be a garden city here!" [1] praised the construction boom in Soviet
Russia by the poet Vladimir Mayakovskiy. The borrowed concept of sparsely populated and low-rise
settlement by the English utopian sociologist E. Howard had a great influence on the development of
Soviet urban architecture. In his Garden Cities of the Future he held the idea of filling human life
with the gifts of nature - clean air, sunshine, etc. By his opinion [2], Nature was "a source of
uninterrupted joy and pleasure" after a hard day filled with continuous work.

His layout of the residential part of the city was a coherent system (Fig. 1). In the middle of the
area there was a park, and in the circle there were various cultural and social institutions (shopping
centres, library, hospital, theatres, museums). This was followed by another green area equipped
with sports fields, shopping and exhibition areas. Such development could be expanded by the
residents themselves, guided by their creative ideas; low-rise construction with private homestead
plots were preferred [3].

Howard's idea was realised. More than thirty innovative cities were built around London.
Gardens by his design appeared in Germany, Spain, Italy, Austria, the Czech Republic and Russia,
combining the comfort of urban life with the purity of the countryside environment [4, 5].

E. Howard's idea was to relieve already existing cities and build new ones outside metropolitan
areas. In Soviet Russia, they were embedded in an already existing historical environment. An
example of a place built according to the garden-city concept is the Butusovskiy village in Yaroslavl.

At present, urban development is also taking place in established areas [6]. The legacy of K.I.
Butusov in Yaroslavl can stimulate interest not only to the study of social history, but also to a search
of new urban solutions.

BUTUSOVSKY VILLAGE AS A NEW ARCHITECTURAL PHILOSOPHY OF
YAROSLAVL OF THE 1920S

In the 1920s, there was an urgent need for comfortable residential areas in socialist Yaroslavl.
Part of the city was destroyed by the 1918 White Guard rebellion, forcing architects to pay special
attention to housing construction.

The architects surveyed the vacant areas in terms of construction and designed new buildings.
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They took into account regional specifics. The urban environment was transformed in terms of the
historical development in order not to lose its uniqueness and identity [7]. The residential blocks
were to be combined into small neighbourhoods incorporating an urban settlement and a park area.
The convenienced districts were transformed into recreational areas with a necessary set of facilities
for the future builders of communism. The homestead plots in the city were replaced by 3-4-storey
apartment blocks combined into a single complex.

The first housing orders in the residential complex, named Butusovskiy after the death of its
creator, K.I. Butusov, Head of the Gubkommunotdepartment, were issued to the new settlers in 1929.
This complex was built in the central district of Yaroslavl in a block bounded by Borisoglebskaya
(now Sverdlova), Danilovskaya (Pushkin), Dukhovskaya (Respublikanskaya), Lyubimskaya
(Tchaikovsky) streets [8] (Figure 2).
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Fig.1. Hovard's Garden city plan [2]

But the workers, moved from the villages to the city, as well as Red Army soldiers, civil servants
and city managers, did not have enough housing. The authorities had to find a way to resettle large
numbers of people in the shortest possible time. The flats, designed for a single family, were
inhabited room by room and became the shared ones [4]. The absence of some conveniences (e.g.
bathrooms) was compensated for by the services of a public bathing and laundry facility located close
to the accommodation. The needs of the household were met by factory kitchens, public canteens [9].
The Butusovskiy complex was surrounded by a beautiful park, which included a large sports area
with a billiards hall. The synagogue building was adapted as a clubhouse for the villagers. However,
cultural sites were also actively used by residents of other urban areas [10].

Constructivism became the one of the leading trends not only in Western Europe, but also in
Russia among materialistically oriented architects and artists who welcomed scientific and
technological progress [7]. There were built five new buildings by the project "Norma" of architect
V.V. Kratyuk. The plan of their building in the constructivist style was modern and actual. V.V.
Kratiuk originally implemented his ideas by combining English asceticism and German practicality
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(fig. 3). Minimalism and the strict limitations of space demanded the new planning decisions
provided the prospect of building a new life [11]. The modern architects still pay attention to the
shape of the buildings, the cosy courtyards are important factors when assessing a project. However,
this kind of construction is a complex and costly process. A shortage of financial resources and
building materials [8] stimulated the search for new approaches to the implementation of the project.
RUB 1.2 mn for the construction was allocated from the local budget. In addition, the city council
took out a long-term loan of RUB 600,000 from the Central Communal Bank. [12, 13].
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Fig. 2. Modern layout of the Butusovkiy village (Yandex Navigator)

Fig.3. The current state of the houses in Butusovskiy village (author's photo)

The organization of construction was also innovative for its time. It had a strong influence on the
architecture of buildings. In practice, they applied fast-track construction method. There were built
seven apartment blocks in two years. In a complex block development of Butusovskiy village,
specialists distinguish a transitional type of sectional high-rise building from the first (1925) to the
second residential section (1928), as evidenced by the space-planning of the flat and the absence of
bathrooms. The Butusovskiy housing project was the second standard design, used as the basis for
development in various parts of the town.

The experimental housing complex was done by the mid-1930s. The houses of the blocks had an
equal four storeys height, according to that time regulations. Emphasis on the entrances was created
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by the configuration of the flanking buildings - indentations, "bevelled" corners, creating a soft
transition into the interior of the building [10, p. 50; 12, p. 63]. The necessary elements of the area
(landscaped courtyards, green areas, the district administration, a school, the Volkov’s Theatre,
museums) began to define the semantic content of the new area of the old town. As a result, the
settlement territorially occupying an urban block made it possible to economically solve the problem
of incorporating the elements of public utilities into its structure. It allows to serve the entire housing
complex rather than each individual house.

Special attention is paid to the specificity of the organization of the Soviet workers' settlement
through the prism of the main principles and guidelines of the state urban policy of the second half
of the 1920s. [14].

CONCLUSION

The 1920s was a very creative period in all spheres of Soviet society. The change of style in
design is evident in the field of architectural construction. Experiment assumed the citizens of the
new country would live in harmony with nature in cosy, comfortable urban areas, work on industrial
plots close to home, and enjoy the necessary benefits of civilization without the stresses of a capitalist
metropolis. The implementation of foreign borrowed solutions (in particular, the Garden City
concept as a sparsely populated and low-rise settlement) combined the advantages of city and village
without inheriting the major disadvantages of both.

A few typical houses of Butusovskiy village are such a product. This project reflects an integrated
approach to the residential development of neighbourhoods in constructivist style and tests the
options for organizing living space for the 'man of the future'. The appearance of the houses differs
from each other, nevertheless a new urban space was created. The architectural projects were
simple, rational and recognizable, embodying the image of a socialist city for the citizens of that time.

The current transformation of lifestyles and conditions (spending time at home, living in an
online environment, etc.) may lead to an increased interest in the construction and implementation
of the 'comfort neighbourhood-garden' concept. At the same time, the Butusovskiy housing estate is
at risk of losing its integrity. The houses having the overall spatial composition are managed by the
owners, which increases the risk of non-typical operating conditions. Different contractors renovate
these buildings, which results in irregular colouring and finishes and largely destroys the perception
of the integrity of the composition
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The problems and features of the design of social housing in Angola are considered,
special attention is paid to the specifics of the architecture of social housing built over
the past two decades. It is proposed to revise the existing residential development
paradigm in the context of the active use of landscaping techniques and social comfort
of urban areas in order to improve the quality of life of Angolan citizens.
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YMHbIE KOMMNO3UTbl B CTPOUTE/IbCTBE

SMART COMPOSITE IN CONSTRUCTION

Paccmompensv. npobaembl. U 0cobeHHOCMU NPOeKMUPOBAHUL COYUANLHOZO0 MHCUAbA 8
Aneone. Ocoboe gHumanue 8 x00e uccaedoganusn ydeaeno cneyugduke apxumexmypol
COYUAAbHOZO JUAbL, NOCMPOeHH020 8 medeHue 08yx nocaednux OJecamunemuil.
IIpedaaeaemcsa nepecmomp cyujecmeywoujell napaduemol HUAOL 3ACMPOIKU 8 KOHMEKCMeE
AKMUBHO20 UCNOAb30BAHUSL TNPUEMOS O03eAeHeHUs U COYUAAbHOU KompopmHocmu
meppumopuil 20podck0z0 NpOCMpaHCMBA  C UYeAbl0 YAYHUULEHUS KA4eCcmeo HMUHU
epamcdan AHneonul.
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INTRODUCTION

The debate on the design of social housing in a number of African countries dates back to the
twentieth century. For example, some project concepts implemented in solving the global housing
problem in Angola.

Population of Angola is 32.8 mn people. The country is urbanized one. Despite the advances in
housing construction, affordable housing remains a problem for the majority of the Angolan
population. 60 % of the country's population lives at urban areas; the remaining 40% lives in
peripheral urban areas and slums. This demonstrates the existence of clusters of people who do not
have acceptable comfortable housing and do not even fit into their environment. This trend can be
seen, for example, in Luanda, the largest city in Angola (Figure 1).

a b

Fig.1. Architectural appearance of Luanda: a - urban environment, b - peripheral environment
[photo source: Google]

Slums in some Latin American countries tend to be located in urban areas, Angola is
characterized by their dislocation in the suburbs, where the quality of the built housing is extremely
poor.

RESULTS AND DISCUSSION

About 880 m people currently live in cities in worse conditions. An expected increase the world's
population by 2030 more than 1.2 bn people, combined with the current housing deficit provide the
deficit of comfortable homes for more than 2 bn people. There is a positive progress since the
establishing of UN-Habitat. But the global housing deficit is still incredible one. There are 130 m
more people living in urban slums today in compare with 1995. As the world continues to urbanize,
countries around the world are demanding the implementation of various options for affordable,
adequate and safe housing [1].

According to the INE (National Institute of Statistics of Angola), the current urbanization rate in
Angola is 62.3%. Most of the urban population is concentrated in the coastal cities of Luanda,
Benguela-Lobito and Cabinda, which are highly affected by climate change. Despite substantial
investment by the GdA (Angola's government) in housing projects the urbanization process occured
through informal settlement. Luanda has 6.8 m inhabitants (41.9% of the total urban population),
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Lubango has 600.8 thousand (3.7%) and Ouambo 595.3 thousand (3.7%). (3.7%), Ouambo - 595.3
thousand inhabitants (3.7%) and Cabinda - 516.7 inhabitants (3.2%). Thus, 37.1% of the total
population is concentrated in just a few cities of the country [1].

According to the results of the General Population and Housing Census of Angola in 2014, 87.2%
are self-built. 57.0% of households in urban areas have access to a proper water source, 81.8% have
access to proper sanitation facilities and 50.9% have access to electricity. Only 37.5% of farms have a
proper solid waste management system [2].

According to the UN (UN-Habitat), social housing is the housing of proper quality and location,
having the low cost, allows residents to pay basic living costs and does not threaten basic human
rights.

The origin of the term 'social housing' is also linked to urbanization and the growing demand for
low-cost living conditions. “Social housing' is a way of providing housing for citizens who do not have
enough money to buy or rent housing by market price” (Wikipedia).

Before Angola became an independent country the social housing projects had already been
implemented; a typical example is the People's Quarter and the Cazenga Quarter in Luanda
(Figure 2).

Fig. 2. Social housing in Luanda: a - People's Quarter; b - Kazenga Quarter
[Get image: https://actd.iict.pt/view/actd:AHUD21959; https://actd.iict.pt/view/actd:AHUD21958]
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Social housing in Angola can be seen as the outcome of a government programme to construct
buildings and facilities for middle- and low-income families displaced from areas where other types
of projects and programmes will be implemented to ensure that people have the right to access
decent housing.

The Government of Angola developed a National Housing Programme in 2003 and made its
implementation a priority. This programme aims to address urban and housing policy challenges and
involves active participation of private organizations with foreign investment.

The social housing development programme in Angola can be considered as successful one if
consider only the housing construction.

However, it is important that social, communal and recreational services are not fully realized in
these residential areas. It is relevant to reflect the current social housing paradigm in order to find
new ways and mechanisms to improve it.

The high cost for the majority of the country's inhabitants is one of the reason of the social
housing programmes slow progress. Today, rents for decent housing in Angola are comparable to the
cost of real estate in major Russian cities.

The promise made by Angolan President José Eduardo dos Santos in 2008 to build one million
homes in four years fulfilled by the construction of Kilamba - city. The city was built with the support
of an international Chinese property investment corporation. The complex designed to accommodate
more than a million people. It comprises 750 eight-storey buildings with more than 2,800 flats. There
are also schools, kindergartens, shops, shopping centres and the infrastructure necessary for people
in the city. However, the city is half empty. The problem is the high price for Angolans, spending on
average less than $2 a day. Few citizens can afford to pay for comfortable outside the capital
accommodation.

The average salary in the country in 2021-2022 is quite low. As to the relatively well-paid category
of citizens - medical specialists - their average salary is about $1,000. The cost of a flat in Kilamba,
however, varies between $120,000 and $200,000 [3]. The government tries to find new ways to
encourage people to move to a new city, offering low mortgage rates and flats for free to those who
moving out of dilapidated housing.

Increasing the number of residential flats will not solve the problem. This leads to reflection on
the existing social housing system in Angola, the need to improve it and to reflect the concepts of
designing a qualitatively new living environment in terms of the current paradigm.

In this case, there are several issues.

What are the architectural features of social housing design in Angola?

How ideal is the current social housing system in Angola?

To answer the first question we consider the architectural characteristics of social housing in
Angola. They vary according to the social class of the residents as well as the quantity and type of
building materials used.

The perspective of housing architecture projects is in its sustainability. It is important to
consider the climatic characteristics, the life cycle of the building's infrastructure, its maintenance,
the choice of quality materials for construction and dealing with their disposal after use. In addition,
it is relevant to pay attention to the customs and lifestyles of the population in particular regions.

For example, an important feature of the Angolan way of life is the tendency to have many
children. On average, every woman of reproductive age gives birth to 6 children. The annual increase
in the Angolan population is 2%. The application of European methods of functional and layout
organization of the dwelling flat and the architecture of the residential building is not possible in this
case. Thus, recent decades’ construction copied the architectural techniques of flats consisting of two

or three living rooms. It prevented many families from moving into these flats. In our opinion, this
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approach is wrong and required the new one.

The second problem arises when forming open areas are constructed by usual landscape design
tools. The climatic characteristics of the areas suggest the use of water resources to create landscape
features. There should be a comfortable microclimate using a system of fountains, pools and other
water features. To maintain this infrastructure significant resources are needed. It makes social
housing and their maintenance quite expensive. To solve the problem there is a need in
governmental support for the development of engineering infrastructure systems.

Angola implemented two models of social housing design. The first model is characterized by
single-storey social housing, usually isolated from the city; infrastructure (sewage network, water,
electricity, transport), etc. is absent. Also there are no opportunities for self-development. The
second model is social housing, represented by buildings of 1 to 13 storeys. It characterized by a
certain distance from cities, where the most important administrative, commercial, financial,
educational and other public activities are concentrated. The second model is characterized by
instability in the location of social services and engineering systems.

An example of the first model is Aldea Solar, located in the municipality of Kabiri, 50 km from
Luanda. The model is designed for 500 low-income families spread over an area of more than 95
hectares, ensuring relatively self-sufficient farming community (Figure 3).

Fig. 3. View of Aldea Solar street (a) with a typical house plan on it (b); general view of the

municipality (c) and the residential area (d)
[Photo source: https://www.costalopes.com/portfolio/007/]

The single-storey houses have a modern design with one or two pitched roofs made of
corrugated zinc sheets. The layout is pavilion-type, with 3-5 living rooms on the plot. The kitchen and
sanitary facilities are separate. All rooms are covered by individual roofs, which is not comfortable
for residents during the rainy season. This layout does not allow for the economical formation of
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utilities.
The second model: CL (Centralidade do Lossambo); located 10 km from the province of Ouambo
(Figure 4).

Fig. 4. Model plan of a dwelling typical of the second model (a); general view of the building facade
(b), the centre of Lossambo (c) and the residential street (d)
[Photo source: https://www. jaimelerner.com/ portfolio/ comunidades-urbanas]

The so-called 'block' structure of buildings is perfectly suited to the basic functions of social
housing. Typical and simple geometric residential blocks allow to assemble a complex, multi-faceted
building. This kind of design becomes more and more popular in Angola.

The second model uses autoclaved aerated concrete as the basic building material for residential
buildings. It was first developed in Sweden in the 1920s. The Angolan government has contracted to
supply lightweight prefabricated in the form of blocks concrete to the country. It allows to reduce
construction time. However, for regions where local building material is available, its use is not
advisable, as it often leads to an increase of the residential architecture cost.

CL flats have a minimalist design with three bedrooms and an open kitchen joined to the living
room. The facades of the houses are covered with horizontal grilles. There are a total of 527 houses
and 1,482 flats in the social housing complex. There are two children's centres, two primary schools,
a health centre and other infrastructural objects. There is also a drinking water distribution system,
electricity supply, etc. There is a motorway between CL (Centralidade do Lossambo) and Ouambo -
city, allowing residents of the complex quick access to the city, where the majority of the population
works.

Nevertheless, the current and applied social housing system in Angola is hardly ideal. The
parameters of a more inclusive architecture combining diverse public areas that encourage public
interaction and promote social cohesion should be considered. Environmental optimization, the
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introduction of modern green architecture practices creating a pleasant living environment for most
Angolans, should also taking into account.

When talking about social housing, we should not forget the intrusion of large numbers of
people into the environment. The implemented systems should be comprehensive, equipped with
public spaces for recreation, green areas and public buildings (church or mosque, medical centers,
pharmacy, regional market, fire station and police, etc.).

It is also extremely important today to provide small and medium-sized communities with more
attractive and ecological solutions optimizing the environment and implement innovations
improving the quality of life of these communities. It should be remembered that systems do not
have to be extremely expensive and large.

People spend 90% of their time in buildings. Therefore, such buildings should be socially
comfortable in order to promote the manifestation of a state of full satisfaction of the needs of the
body and spirit, a sense of security, tranquility and interest in creative activity.

CONCLUSION

The paradigm for contemporary social housing in Angola must be defined in terms of social
housing has moved beyond the classic notion of an inexpensive place of human dislocation.
Nowadays, social apartment buildings are no longer the usual boring types of buildings. New
architectural trends should provide the most of modern construction methods.

Despite Angola's high unemployment rate, poor health services, electricity supply disruptions,
drought, lack of sanitation and water supply, the paradigm shift towards inclusive architecture will
make it clear that residents need more than just affordable housing. It is necessary not only to design
the housing object but also provide the qualitative city lifestyle.
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