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YMHBIE KOMNO3WTbI B CTPOUTE/IbCTBE
SMART COMPOSITE IN CONSTRUCTION

U3eecmHno MHONecmE0 peweHUll 1o obecnedweHul0 NOMAPHOUL 0e30MaACHOCMU HUABLX
Jomo6 npu UCNOABL308AHUL NO0BECHHLLX NOMOAKO8. DMO (843AHO C O2pAHUYEHUEM
pacnpocmpaHnenus noxapa, opeaHusdyuell asemomamuyueckozo myueHus, npokaAadkoi
anexmponpogodku. IIpu 3mom npakmuuyecku OMCYmMCcmeywm KOMNAeKCHble N00x00bl K
npobaeme, npednonazawuue yiem pa3iudnsvlx mpeboganuii 8 obaacmu 6e30nacHOCMLL.
OcnogHas Uyeav uccaedoganus - co3danue nodeecH0z0 NMOMOAKA C UeAblo 0O0HAPYHeHUS
nosjcapa 8 HUAoM nomewerHul, yiumoleas Heobxodumyio ducmanyuio 0o dpyeux cucmem
i obecneueHue aemoHomHocmu. Heobxoduma unmeepayuu pazpabamuvieaemozo
n008ecH020 NOMOAKA 8 cUCmeMy «YyMHbLI Jom». B pamkax uccaedoganus Ha 0CHOBAHUU
cmamucmudeckux 0dHHbLX, HAKONAEHHULX 8 8aH08CKkol obaacmu, pacuemHuum nymem
onpedeasionmcs mamemamuyeckoe oxudadHUue IKOHOMUUECKUX NOmMepb 0Mm mnoxapa 8
HUABLX —TnoMewenHuax, Ipgdexmusnocmsv 3ampam Ha obecneveHue NONAPHOU
be30nacHOCMU IJUABLX NOMeWeHUL npu nomowyu pazpabameieaemozo mn008eCH020

nomoaka.

KiouyeBble CJI0BA: «yMHBIY JJOM», IOJABECHOUN MOTOJOK, CEHCOPHI, CETh, MOXKapHAasd

0e30IIaCHOCTH
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YMHbIE KOMMNO3UTbl B CTPOUTE/IbCTBE

SMART COMPOSITE IN CONSTRUCTION

There are many solutions to ensure the fire safety of residential buildings when using
suspended ceilings. These solutions are related to limiting the spread of fire, organizing
automatic extinguishing, laying electrical wiring. At the same time, there are
practically no comprehensive solutions to this problem. Very often, various safety
requirements are not taken into account during installation. The main purpose of the
study is to create a suspended ceiling for detecting a fire in a residential building,
taking into account the need for distance to other systems, ensuring the autonomy of the
system being developed. At the same time, it is necessary to integrate the suspended
ceiling being developed into the smart home system. Also, within the framework of the
study, based on statistical data of the Ivanovo region, it is necessary to determine the
mathematical expectation of economic losses from a fire in residential premises,
calculate economic losses from a fire in residential premises, calculate the cost
effectiveness of ensuring fire safety of residential premises with the help of a suspended
ceiling being developed.

Key words: smart home, suspended ceiling, sensors, network, fire safety

For citation:

Lazarev, A.A., Fedosov, S.V. & Malichenko, V.G. (2022) On the effectiveness of the use of a
prefabricated suspended ceiling for monitoring fire safety inside a building, Smart Composite in
Construction, 3(2), pp. 7-18 [online]. Available at:
http://comincon.ru/index.php/tor/issue/view/V3N2_2022 (In Russian)
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BBEAEHUNE

W3BecTHHI penieHus [1-6], IpUHATHIE IPU CO3JaHUM II0BECHBIX [IOTOJIKOB U HallpaBJIeHHble Ha
obecrieueHre TMOXKapHOU 6Ge3omacHOCTH TMoMelneHui. OJHAKO OHU He cozepkaT B cebe
HEeOOXOZAMMBIX Mep MHTETPAllMK CO CpPeJACTBAaMU OOHApy)XeHUs TMo)xapa U CpPeACTBAMU
Z1s1 0becriedeHUsT aBTOHOMHOCTH CO3/I1aBa€MOU CUCTEMBI. HTO CO3AaeT TPYAHOCTY IPU IIPOBEJEHUN
MOHT&XHBIX paboT. PaboThl 1O IpOKIafKe 3JEeKTPUYECKUX Kabesell, 3J1eKTpoobopyLoBaHUS
1 MOHTa)Xa CHCTeM IIPOTHBOIIOKAPHOMN 3alllUThl OCYLIECTBISAIOT, KaK IIPAaBUJIO, PpasINIHbIE
opranusanuu. JJaHHoe 00CTOATENBCTBO IPUBOAUT K UTHOPUPOBAHUIO TPeGOBAHNH K BBIIOJIHEHUIO
pabot. Hanpumep, Ipu MOHTa)Ke OCBETUTENbHOM CETH OUYeHb YaCTO He COBII0AAaeTCs PACCTOSTHUE
[I0 TIOXKapHBIX U3BelaTesel.

Takoe IosoXeHUe Jiel TpebyeT pelleHUH 10 pa3paboTke COOPHOTO MOABECHOTO ITOTOJKA JJIS
MOHUTOPUHTA MOXKAapHOU Ge3zomacHoCcTU moMelreHus (ganee — CIIII MIIB) ¢ KOHCTPYKTUBHBIMU
0CODEHHOCTSIMU, B KOTOPBIe 3aJI0}KeHO COOJIIofleHre OIpesieIeHHBIX CTAaHZAPTOB [0 pasMeN[eHUI0
0bopyZOBaHUSI B BepXHEN YaCTU JKUWJIOTO IIOMellleHUs. AKTyalabHOCTh coszanHusa CIIII MIIB
MPOAUKTOBAHA HEOOXOJUMOCTHIO OOecliedeHUsT MOXKAPHOH 0Ee30MacHOCTH HACENEHUST [0 MECTY
MIPOXKUBAHUSI, CO3LaHUs YCIOBUH JJIs1 aBTOHOMHOM 3KCILIyaTalUU CPe/CTB OOHAPY:KeHUs II0XKapa,
arperariu JaHHBIX CPEJACTB C COJTHeYHBIMU OaTapesmu. Ilpeanaraemsbiii CIIII MIIB mMoxeT OBITH
BKJIIOYEH B CHUCTEMY «YMHBIM JOM» U MpeJHAa3HauYeH He TOJbKO s obecredeHus: 06e30MacHOCTU
MPOXKUBAIOIINX B IIOMEIIEHNUN JI0/et, HO 1 MUHUMU3AIUY yinepba OT moxkapa MoCpPeACTBOM ero
oOHapy:XeHUs Ha paHHeHN CTaJUU IIPU OTCYTCTBUU JIOJeH B IIOMeEIeHNH WU IIPYU UX HaXOXAeHUU
B COCTOSIHUU CHa.

JyHaMUKa paclpocTpaHeHMs OIIacHBIX (PaKTOPOB IOXKapa B 3aBUCHUMOCTU OT HCIIOJTHEHUS
MIOZIBECHOTO IMOTOJKa paccMmarpuBaiach E.C. KanmununsiM [1]. PaspaboTkoii camocpabaThiBaolet
oTHeTyIIalel naHeau sanuManuck O.B. Jlenucos, B.JI. AzamsaH u ap. ucciaegosarenu [2]. [Ipegens
OTHECTOMKOCTU IOJBECHBIX IIOTONKOB wuaydanuck M.B. Tpasut, .M. TpuropwseBsiM, U.O.
ViBaHoBbIM [3]. [IpoGyieMy CHIKeHUs BO3HUKAIOUIUX BO BpeMs MTOXKapa HAIIPSIKEHUI B ITOJABECHOM
IIOTOJIKe BO BpeM4 Ioxapa ucciaegosanu Y./, Ilaart, 10. JIuns [4]. 1I3ydeHne BOIIPOCOB IPOKIALKU
3JIeKTPOIIPOBOJKH 3a IOJBECHBIM IIOTOJIKOM ocyllecTBasAau B.JI. Tonmaue u A.A. Hlansiru [5].
Co3zaHueM yCTPOHCTBa, MpeJHA3HAYEHHOTO [Js O0OHApPYy)KeHUs I[0Kapa B [IOMEIIEHUAX
C MEXIIOTOJIOYHBIM IIPOCTPAHCTBOM, 3aHMManuch M.A. Bacumnres, C.A. JleBuyk [6]. BmecTe ¢ Tem
npobiremMa pa3paboTKu COOPHOrO IIOABECHOTO IIOTOJIKA C y4YeTOM TpebOBaHUI K MOHTaXY
TEeXHUYECKUX CPEeACTB OOHApPYKEHWS IIOXKapa U MPOKIaJKU 3JIEKTPpUIECKuX Kabeneli Ha
CETOJHSIITHUH IeHb He U3ydeHa.

O6bekToM wucciegopanusa spasgerca CIIIIMIIB, npeamMeToM HCCAeJOBAaHUA - TEXHUKO-
3KOHOMUYEeCKHUe NpeAnochlIKu co3ganud CIIIT MIIB.

3azlaun ucCaes0BaHUI:

1) PaspaboTaTh KoHCTpyKIuio CIIII MIIB.

2) OnpefeneHUTh MaTeMaTUYeCKOe OXUAaHVE SKOHOMUYECKUX IIOTePb OT II0XKapa B KUJIBIX
IIOMeI[eHUIX.

3) PaccunTaTh 9KOHOMHUYECKHE ITOTEPHU OT ITOXKapa B KUJIBIX IOMEIIeHHIX.

4) OnpezienuTh 3h(GEKTUBHOCTh 3aTpaT Ha obecliedeHUe IOXKApHOH 0e30IIaCHOCTH JKHJIBIX

noMeleHuH npu oMoy CITIT MIIB.
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SKCIIEPUMEHTAJIBHAA YACTb

B kauectBe mportotmma s CIIII MIIB mpezcTaBisieTcs Ie1ecOoO0pasHBIM pPacCMOTPETHh
[IOJIE3HYI0 MOZeNb COOPHO-Pa3bopHOro MmojgBecHOro MmoTonKa [7]. IlogBecHON IIOTONOK, Kak
IpaBUjIO, BKJIOUaeT B cebs KapKac IIOJBECHOM CHCTeMEB, KOTOPBIEI 00pa3oBaH B3aWMHO
IIepeCceKaloIMUCS OIIOPHBIMM peliKaMU U CPeJCTBAaMU MX KpeIlJIEHUs Ha Hecylnel KOHCTPYKLIUHN
[7, 8]. B sueiikax, KOTOprle 0Opa30BaHbl B3aMMHO II€PECEKAIOIINMUCA OIOPHBIMU peHKaMu,
yCTaHABIUBAIOTCS HaHeau. Kpome TOro, MMEIOTCS 3J1eMEeHThl Pa3beMHOIO COeJUHEHUS OIOPHBIX
peex Mexzay coboil M c JaHHBIMU NaHenaMu. HejocTaTKaMM H3BECTHBIX peIIeHUH SBIIETCS
HEBO3MOXKHOCTb TpeOyeMOro KpeIUIEHMS TeXHHYECKUX CPeACTB JJsI ODHapyXeHUs IoXKapa,
ZOCTATOYHOTO AWCTAHI[UPOBAHUA STUX CPEACTB OT JPYroro 3JeKTPOOOOPYZOBAHHUS, a TaKke
CJIO’KHOCTH, BOBHUKAIOIIYE IIPY MOHTaXe II0ABECHOTO IIOTOJIKA U pa3Mel[eHNs Ha HeM WY 3a HUM
obopyzoBanus. Ilpu cosganmu CIIII MIIB pemiaeTcs TexHMYecCKas 3aZada OBICTPOI cOGOpKuU
IIO/IBECHOTO IIOTOJIKA C 33ZlaHHOM AUCTaHLIMEl pa3MelleHus obopygoBaHus, obecriedeHus yA00CTBa

o6CIy:XKUBaHUA 1 peMOHTa (puc. 1).

6 (6)

ol L. N

oheazen

Puc. 1. Kouctpyxkius CIIII MIIB: a - OCHOBHBIE 3/IeMEeHTHI; 0 — y3eJI KpeIJIEH!UsT II0}KapHOTO M3BelaTess
Fig. 1. The design of the SPP MPB: a - the main elements; b - the mounting unit of the fire detector

IIpegnaraemas koHcTpykuus CIIII MIIb mosBoJigeT pELIUTh IOCTABJEHHYIO TEXHUYECKYIO
3a7lady 3a cueT arperaliid IIPOJOJbHBIX U IONEPEYHbIX HANPABIAIOMINX C NPOMPUINPOBAHHBIMU
TOPLAMHU, IIOTOJOYHBIX fA4YE€eK U KpEIeXHBIX 3JIeMEeHTOB C TeXHWYEeCKMMHU CpeACTBaMU
OOHapy:XeHUs TIoXapa, 9JIeKTPUYEeCKMMM KabeJsMU pasjUdHOTO HasHadyeHUs. B maHesasx
13 TUIICOBOJIOKHA, IIPOZOJBHEIX M IIONEPEeYHBIX HANpPaBASIOUINX, MOHTQKHBIX Opyckax c
MOHTQXKHBIMU 3JIeMEHTaM{ MMeIOTCS KaHalbl [J1s BapUaTUBHOU IIPOKJIAAKU 3JIeKTPUYECKUX
kabeseli. /laHHble KaHajbl IpeJfHA3HAYEHBl TaKXKe /JIs SKPAaHUPOBAHUS U IIPeLOTBpaIleHUsT
HaBOJOK Ha CpeJCTBa MOXapHOUW aBTOMaTuKU. Jng co3gzanus CIIII MIIB Takke HCIOJB3YIOTCS
KapHU3bI, OOPAIOPHI, PO3ETKU U Z0DOPHl, a B KAYeCTBE KPEIEXHBIX 3JEMEHTOB - pPe3bDOBbIE
MINUIBKY. VIMeeTcsl BOSMOXXHOCTD PeryJINpOBaHUs KpellJleHus I10 BricoTe [1, 3, 7]. PacrosoxeHue
IIPOJOJbHBIX HAMIPaBAdIOLINX IIpeAIloaraeTci Ha PaBHBIX PACCTOSHUAX 10 OTHOIIEHUIO ApPyr
K IpyTy, OTBedalolux LIary s4elKku. JICIOJHEeHNe MOHTAXHBIX OpYCKOB IIpeAIosaraer
BO3MOXKHOCTb MX 3aKpeIUIeHHs Ha CTeHe C y4eTOM BBIOpaHHOH BHICOTHI [7, 8]. B cBoio ouepesp,
HUCIIOJTHEHHE MOHT&XHBIX 3JIEMEHTOB IIpeJycMaTpHUBaeT BO3MOXHOCTb 3aKpeIlIeHHd Ha
BBIOMpaeMOM pacCTOSHUM Jpyr oT Apyra. CHU3y IO IIEHTPY I€PEeKPeCTHil HalpPaBJISIOIINX
yCTaHOBJEHH pO3eTKU. Ha HanpaBIdOUUX YCTAHABIMBAIOTCA OOPAIOPHL B AEeKOPATUBHOM
HCIIoJHeHNHU. PasMep GoOpAOpoB IOJOOGPAH C YIETOM PACCTOSHUS MEXJY PO3eTKaMHU. YCTaHOBKA
ZIO0DOPOB  OCYILIECTBASETCS II0 IMEPHUMETPy I[OTOJKa. WX IpUKpelieHHe OCYIIeCTBIAeTCS K
MOHTa)XXHOMY OpPYCKY ¢ BHeIlHel CTOpPOHBI [4, 7]. K 3aBepuIatoiiei HaIIpaBAiollell OHU KPeIsiTCsI C

BHYTPEHHEHN CTOpPOHBI. [JIIMHA CTOPOH IIOTOJIOYHBIX SYeeK MeHbIIe PACCTOSHUS MEeXIY
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HampaBasiomuMu. [IOTOJOYHBIN IUIMHTYC U IIOTOJIOYHBIH KapHU3 00pasyloT KapHU3,
MPUKPeIIieMbIH K HANIPABISIONIUM U MOHTAXXHBIM OpycKkaM [3, 7]. B mpogoIbHbBIX, IOTIEPEYHBIX U
3aBeplIAKIINUX HANPaBIAIIUX WMEITCA [0 JBa IPOAOJAbHBIX BBICTYIA, CUMMETPUYHO
PacnoJIOXeHHBIX, BBICOTA U IIMPHUHA KOTOPBIX paBHAa He MeHee IIOJOBUHBI TOJIINHBI
Hanpasiagomux [4, 7]. Vmeromuecs BHYTPU HAIIPaBISOIINX IIYCTOTHI IIpeAHA3HAadeHBl JJIs
pasMelleHNs KaHAJIOB pas3ebHOM MPOKIAJKU 3JIEKTPUUECKUX CeTel — OCBEeTUTEIbHOU U CUCTEMBI
MIOXKapHON aBTOMAaTHUKU. IIpoduinpoBaHHBIE TOPIBI IIPOAOJbHBIX, IIOIEPEYHBIX, 3aBepPIIAIOIINX
HaIIPaBJIAIOIIUX BHIIIOJHAIOTCA B BUJE BBICTYIIOB, BbICOTA U IIMPUHA KOTOPBIX paBHAa He MeHee
MIOJIOBUHBI TOJIIIVMHEL 9TUX Halpasisiomux [7, 8]. Koncrpykuusa CIIII MIIB npesnonaraeT Haaudue

BBIHOCHOT'O 3JIeMeHTa — COJTHEUHOH baTapewu.
PE3VJIBTATHEI 1 UX OBCYXJIEHUE

B pamkax wuccilefoBaHMUS IIO CTaHZApPTHON MeToguKe [9] mpousBoAmiICAd pacdeT
3d(deKTUBHOCTY 3aTpaT Ha obecliedeHMe IIOXKAapHON 0e30MacHOCTY JKUJIBIX IIOMEIIeHUH IIpu
nomorirtu CIIIT MIIE.

Ha mepBoHayanpHOM 3Tame OBLTM OIpejesieHbl IIIOMIaAu IoXKapa IpU CBOGOJHOM TOpeHH!
TBEPABIX TOPHOYNX MW TPYAHOTOPIOYNX MaTe€puaJioB B JKHUJbIX IIOMEIIeHMAX Ha OCHOBE
CTaTUCTUYECKUX JAHHBIX, KACAIOIINXCS YaCTOTH IIOXKapoB B VIBaHOBCKOMU ob6yacTu B 2021 r. [10]. BTO
IIO3BOJIMJIO OIPEeZIeTUTh MTapaMeTphl Pa3BUTHUA IOXKApPa B JKIJIBIX 3[aHUSX, a TAKXKe Ha OCHOBAaHUU
JaHHBIX 00 9()GhEeKTUBHOCTH 3JIEMEHTOB M CHUCTEM O00ecledeHUs IMOKAPHON 6e30macHOCTH
IIO/ITOTOBUTBH IIPOTHO3 9KOHOMHUYECKUX ITIOTEPDh OT BO3MOKHOTO I10XKapa.

MaTremaTudecKoe OXUAaHUSI SKOHOMHUYECKUX IIOTEPHh OT IIOXKapa M (H) pPacCunTBIBAIOT [9]:
M(H):M(HH.6.)+M(Ho.p.)+M<Hn,04)J (1)

rae M (Il,5) - MaTeMaTUYECKOe OKU/JAHKe MOTEPh OT IMOKapa YaCTU HAIMOHAJIBHOrO GOTaTCTBa,
pyb0./rox;

M (I,,) - MaTeMaTHYeCKOe OXHUJaHUE IIOTePb B pe3yJbTaTe OTBJIEYEHUS PECypcoOB Ha
KOMIIEHCAIIUIO [TOCIeCTBU TOXKapa, py0./Toz;

M (II,,) - MareMaTHYeCKoe OXUJAHUe IIOTePb OT MPOCTOS OOGBEKTa, OGYCIOBIEHHOTO
[OXKapoM, py0./ToJ; pacyeT ITON BEeAWYIMHBI (PUC. 2) aKTyaJeH [Jjsi CaMO3aHITOrO HaCeJeHUs,
OCYIIECTBIISAIONIETO CBOIO IESTETHHOCTD B JKUJIBIX JOMaX.

IIpoBeIeHHBI ~ aHAJW3  PACCUYUTAHHBIX  3SHAUEHWN  MaTeMaTUYECKOTO  OXUAaHUS
9KOHOMUYECKUX [TOTEPH MO3BOJIIMI YCTAHOBUTD TEHAEHIINIO K YBEJIUYEHHUIO JAHHOTO IIOKAa3aTess C
IIOBBILIEHNEM CTEIEHM OTHECTOMKOCTHU KUJIOTO 34aHMs.

BTOpoli aTam ucciaeoBaHNs BKIOYAN B cebst OmpeiesieHre 9KOHOMUYECKUX TTOTEPh OT MoKapa
B XKUJIOM 3/[aHUU 32 IO/l PACYETHBIM Iy TEM.

3HaueHUe IIpeIOTBpalleHHbIX 0Teps (I1,,), pyd. onpezensercs [9]:

I, =11, +I1,, (2)

rae IT,, II, - 3KOHOMMYECKUE IIOTEPHU OT OJHOTO IIOXKapa Ha OXPaHsIeMOM OOBEKTe COOTBETCTBEHHO
[I0 Y TIOCJIE peann3aluy MepOIPUITUH 10 00eCIedeHUIO TIOKAPHON 6e30IacHOCTH, Pyo.

PesysibTaT IIPOBEeJeHHBIX PACUETOB 9KOHOMUYECKUX U IIPeOTBPAI€HHBIX [I0TePh OT I10XKapa B
JKUJIBIX 3JaHUAX IpeACTaBiIeHbl Ha puc. 3. JlaHHble MPUBEJEHHEl II0 CTATUCTUYECKUM JaHHBIM

VBaHOBCKOM 00JIaCTH B 3aBUCUMOCTHU OT CTEIIEHU OIHECTOMKOCTH.

13



Lazarev A.A., Fedosov S.V., Malichenko V.G. YMHbIE KOMNO3WUTbl B CTPOUTENbCTBE

DoI: 10.52957/27821919 2022 2.7 SMART COMPOSITE IN CONSTRUCTION

Puc. 2. MaTteMaTHUYeCKOe OXHJaHME SKOHOMMYECKHMX IIOTepb OT IIO)Kapa IPU Pa3IHMYHBIX JTHHEWHBIX
CKOPOCTAX Ha 13- MUHYTe IT0XKapa

Fig. 2. Mathematical expectation of economic losses from fire at various linear velocities at the 13th minute
of the fire

Puc. 3. DKOHOMUYECKHe U IIpeJoTBpalljeHHbIe [TOTepX OT II0XKapa B JKMJIBIX 3JaHUIX C yIETOM CTeleHU
OTHECTOUKOCTU

Fig. 3. Economic and prevented losses from fire in residential buildings, taking into account the degree of fire
resistance

B 3aBHCHMMOCTH OT CTe€IleHU OrHECTOMKOCTH JKWJIBIX 3JaHUIN, HA PUC. 3 IIpeACTaBJIEHBI:
npegoTepamieHHsle notepu (I1,,), 5KOHOMHYECKUEe TOTEPU OT OJHOTO IO)Kapa B KUJIOM 3JaHUU
cootBeTcTBeHHO 710 (II,) 1 mocye yctanoku CIIII MITE (I1,).

Ha TpeTbeM 3Tame, 1o pesyjabTaTaM IPeAlIeCcTBYIOIINUX ABYX 3TAllOB, a TAKXe C Y4eTOM JaHHbIX
00 3KCILIyaTallMy JKUJIOTO 37aHUs 32 PACUeTHBIH IIePUOJ, ONpesesieTcs SIKOHOMUYeCKUH apdekT
saTpart Ha CIIII MIIB.
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Ilo pesynpTaTaM OSKCIUIyaTaluu OOBEKTA 3a PACUYETHBIA [epUof  OIpeAeseTcs
sKoHOMUYeCKUil 3bdeKT 3aTpaT Ha obecliedeHre IOXApHON 0e30IacHOCTH. DKOHOMUMYECKUH
abdeKT 3a pacuyeTHBIH Mepuo/, HE3aBUCHMO OT HAMPABIEHHOCTA MEPOIPHULTHS 110 00eCIedeHrI0
mokapHoii  OesomacHocTH  (paspaboTka,  MPOM3BOACTBO M HKCHOJb30BAHME  HOBBIX,
COBEpIIEHCTBOBAHUE CYIIECTBYIOIINX 3JEMEHTOB CHUCTEM U MEpONIpULTHIH 10 0becrnedeHuio

HoXKapHoii 6esonacuocty) (Jy), pyod., paccunTsiBaercs [9]:

BT:HHDT+3T’ (3)
nJIn
BT:Z ant 'O‘mp_z ant '(xt’ (4)
t=t, t=t,
rae 3m - 3KOHOMUYECKUI 3(1)(1)6KT peasn3aniuyi MepoIIpuATUd II0 obecreuyeHuIo nomapnoﬁ

GesomacHocTH 3a pacueTHsbii nepuo (T);

IL,y, I,y — CTOMMOCTHAS OIleHKa IpeZoTBPallleHHbIX II0TePh COOTBETCTBEHHO 3a PacCueTHBIN
nepuog (T) u B rogy (t) pacueTHOTo IEPUOAA;

31, 3 - CTOMMOCTHas OIleHKa 3aTpaT Ha peaJM3alllio MepoIpUITHUS II0 0becledeHHUIo
MOXKapHOIT 0e30I1aCHOCTU COOTBETCTBEHHO 3a pacueTHbil mepuog (T) u B roay (t) pacueTHOro
Iepruoaa;

Ay Amp - K03bObUIMEeHTh MpUBEAEHUsS PasHOBPEMEHHBIX COOTBETCTBEHHO 3aTpaT
Y IpefOTBPAI€HHBIX IIOTEPD K PAaCU€THOMY r'OJy;

t, — HA4aJBHBIY I'0J, paCUeTHOTO IIePHO/a;

t, — KOHEYHBIH IO/l PACYETHOIO IEPUOJA;

t - TeKyInuii roJ, pacueTHOTO IIepuoJa.

1)

TEIC. 18000 -
pvo.

2

1600.0 A

1400.0 Vv

1200.0 A

1000.0 A

800.0 Vv’

600.0 A

400.0 Vv’
200 -y o,

0.0 T T T 1 ell.
Il 11 v i

Puc. 4. 9xoHOMUYeckui apdekt 3aTpat Ha CIIII MIIB
Fig. 4. Economic effect of SPP SPB costs

Puc. 4 wimoctpupyeT 3aBucuMOCTb 3¢dekTuBHOCTH 3arparT Ha CIIII MIIB ot creneHu
OTHECTOMKOCTH KUJIBIX 3ZlaHWH. VKa3aHHble 3HaUeHUs PACCUUTAHBI MCXO/S U3 IpeAOTBPalleHHBIX
oTeph U 3aTpaT Ha ycraHoBKy CIIII MIIB. AHanM3 MOJIy4eHHBIX JaHHBIX II0Ka3bIBAET, YTO 3aTPAThI
Ha ycraHOBKy CIIII MIIB B >XKMUJIBIX ITOMEIIEHUIX OyAyT MMeTh Haubouapliylo 3¢bEdeKTHUBHOCTH
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B JaHUSAX V CTeleH! OTHECTOUKOCTU. DTO OOYCIOBIMBAETCS TEM, UTO IOXKAPHI B JKUJIBIX 3aHUAX
JAHHOM CTeINeHU OTHEeCTOMKOCTY IMPUBOJAAT K 3HAUUTEIBPHOMY yilepOy Ha OOJBLIINX ILIOIIAZSX.
HWsBectHO [10], uTO Gosiee 80% MOXKapOB MPOUCXOAUT B JKUJIBIX 3AaHUSX [10], ¥ 9TO OYEHb YACTO
3aBepllIaeTcs IIOJHBIM UX YHUYTOXKEHHEM.

VeranoBka npeginaraemoro CIIII MIIB sBiasgeTcs He TOabKO 3(PQGeKTHUBHBIM pelleHneM
C 9KOHOMUYECKON TOYKM 3peHMs, HO TaKKe II03BOJSIET CYIIeCTBEHHO pasBUTb CHUCTEMY
«YMHBIH IOM». AHAJOTUYHbIE peIleHus /a1 obecredyeHUs TMOXKAPHOU 6e30MacHOCTH KyXHU
npeanoxeHsl W.-L. Hsuy, J.-Y. Jhuang, C.-S. Huang, C.-K. Liang, Y.-C. Shiau [11]. R.M.N.-U. Rehman
[12] wusy4eHBl pasjuuHBIE CMapT-CUCTEMBI. JIUCTAHIIMOHHBIE MOHUTOPUHI  IIOXKapHOU
0e30MacHOCTU COCEAHUX 3JaHUM B paMKax KOHIEMIIMU CO3ZAHUS CUCTEMBI «YMHBIH [JOM»

npeasaraercs B [13-15].
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YMHBIE KOMNO3WTbI B CTPOUTE/IbCTBE
SMART COMPOSITE IN CONSTRUCTION

Paccmompens. mepmodunamudeckue npoyeccu., eAusiowue HA pemum pabomol
UCNApUMeAbHO-KOHOeHCAYUOHHO020 0A0KA  8030YWHOL  MeNAOHACOCHOLU  Cucmemul
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Thermodynamic processes affecting the mode of operation of the evaporative-condensing
unit of the air heat pump system (VINS) are considered. For effi cient operation of heat-
cooling units, it is necessary to take into account the internal and external conditions
of the workflow. Phase transformations occur not only in the volume of boiling
refrigerant during evaporation and condensation, but also on the external heat transfer
surfaces of heat exchangers. These processes lead to the inevitable occurrence and
increase in time of frost, needle-like ice crystals with low values of the thermal
conductivity coeffi cient, which reduces the value of the heat transfer coefficient from
the air stream to the boiling or condensing refrigerant and, accordingly, determines the
effi ciency and durability of the air heat pump system.

Key words: heat exchange, condensation, heat transfer, evaporation-condensation
unit, cooling capacity, frost formation
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BBEAEHUNE

V4yeHbIMU HanuonaysbHOTO HUCCJIeL0BATEIbCKOTO MockoBcKoOro rocyZlapCTBEHHOTO
CTPOUTEJBHOTO  yHUBepcuTeTa U  VIBaHOBCKOrO  TOCYJapCTBEHHOTO  IIOJHUTEXHUYECKOI'O
VHUBEPCUTETA pacCMaTPUBAeTCs PsSIJ BOIPOCOB, CBSI3aHHBIX C U3yUeHHEM CIIOCOOOB
nHTeHCUDUKAIINN TEIIO0OMEHA, B MIEPBYIO OYEPE/b, B PEKUME KKUIIEHUE-UCIIAPEHUE», KOTOPBIH
BO3HUKAaeT B X0Zle paboTHl MCIapUTeJIbHO-KOHAEHCAIOHHOIO 06JI0Ka BO3AYLIHOMN TEIJIOHACOCHOM
cuctemsl (BTHC) [1-3]. Bce nosydeHHbIe BEIpaXKeHNs MaTepHUaJbHOIO U TEIJIOBOTO basaHca, KaK s
HCIIAPUTEABHOTO, TaK M KOHAEHCAI[MOHHOTrO 6JI0Ka, CIpaBejJIvBBI JJs ycaoBuil paborsi BTHC
B CTallUOHApHOM pexume. Ilepuozbl 3amycka M OCTAHOBKM TEIUIOBOIO Hacoca MMeEIOT
OIIpe/leJIEHHYIO IIPOJOJDKUTENbHOCTh U HEKOTOpPhle OCOOEHHOCTH, U UX HEOOXOAUMO YYHUTHIBATH
JJIS1 OCYLIECTBJIEHUS PEXUMOB OCHOBHOIO LMKJIAa U LIUKJIa pereHepanuu. HecTabuIbHOCTD
U CTOXaCTUYHOCTh TeMIIePaTyPHO-BIKHOCTHBIX ITapaMeTPOB BO3AYIIHON CpeZbl, T.e. BO3AYIIHOIO
IIOTOKA, OMBIBAIOLIEr0 TPYOKM HCIapUTEIbHOro 6JI0Ka, BBI3BIBAIOT HECTAIIIOHAPHOCTH PaboOThHI
ycraHoBku BTHC [4].

SDKCITEPUMEHTAJIBHAA YACTb

X000 PON3BOANTENBHOCTD ucnapuTeneii BTHC 3aBUCUT OT pasHOCTU TeMIIePaTyp MexXAy
IIOBEPXHOCTBIO UCIAPUTENS U OKPYKAIOIIUM BO3AYXOM U Pe3KO yMeHbIaeTCs MPU IIOHIKEHUHN
TeMIIepaTypbl KCHApeHUsI. B yCIOBUAX [JUTENIbHOTO W3MEHEHUS BO3JEHCTBUS TeMIIepaTypHl
MPOUCXOAUT M3MeHEHUe UX TerIopusndecKkux M (HU3NKO-MEeXaHUYEeCKUX XapaKTepUCTUK, a OHO,
BCBOI0 OdYepesb, CIIOCOOHO M3MEHATh 3HaueHUsI Ko03DPUIMEeHTa TeIIOOTAAadM, a 3HAduT,
u koadduimeHTa Tellonepefaun. Takxke BeanmunHa InpousBoguTenbHocT BTHC 3aBucutr
OT IleperpeBa I[ApOB IIPU BCACBIBAHMN WX W3 UCHAPUTENSI, TEeMIIepaTypsl KOHAeHCAIUU
U IIepeoxXIKeHusl KoHZeHcaTa. PasoBble IIpeBpallleHUs IIPOUCXOJAT He TOJIBKO B 00BeMe
KUILAIIEero XjajZareHTa (UclapeHue, KOHJEHCAIMd), HO W Ha BHEUIHUX TeIUlolepesaloliux
IIOBEPXHOCTSAX TeII00OMEeHHUKOB (KOHJEHcallus Bjiaru u rasoobpasoBaHue). M30BITOK Biaru
B BU/Ie CJIOS MHesl, 0CODEHHO B IIOTPAHNYHOM CJIOe, OCeZaeT Ha TOBEPXHOCTHU MUCIAPUTES, YXyAlas
ero paboTy. M3 0CIOXHAOIINX TeIIoPU3NIeCKNX IBIeHNI N3BeCTHb 3)deKTh «Ieperpesa» napa
U «[epeoxIaKAeHUs» KOoHJeHcaTa. [IeHTpoM KOH/IeHCAIlUY, KaK [IPABUJIO, ABIAIOTCA U KAIUIH, U
TeIrUIonepealoNiie MOBEPXHOCTH KOHZEHCAI[MOHHOro 6yoKa [5, 6]. 3aBUCHMOCTb YIIPYTOCTU
HaCBIIIIEHHOr0 Iapa OT pa3MepoB KaIlU OINpeJesseT COXpaHeHHe ra3o06pasHOrO COCTOSHUS B
YCJIOBHUAX, KOTAA BEI[eCTBO JOJIKHO ObLIO OB yiKe HMepetTu B KUAKOe COCTOsiHME. BbicoTa cTos6a
JKUZAKOCTU HaJl TIOBEPXHOCTDHIO HATPEBA OKA3bIBAeT 3aMeTHOE BIUSIHIE Ha BeJUINHY Koadhduirenta
TEILIOOTAAYN, B OCOOEHHOCTU - NMPU HU3KOM JaBI€HUY, T.K. IOBBIIIEHVE JaBI€HUs BbI3BIBAET
yBeJIMUeHIe TeMITepaTyphl KUIIeHU XXUAKOCTH, YMEHbIIIas IeperpeB II0OBePXHOCTH 110 OTHOIIEHUIO
K KUTISIel )KUAKOCTH, YTO IPUBOJUT K CHIDKEHHUIO MHTEHCHBHOCTH 00pa30BaHMU IIy3bIPbKOB I1apa.
OZHAKO MPU JOCTIKEHUM TEeMIIEPATypPhl «TOYKM POCHI» BBINaJeHVE KOHJEHCAaTa He IIPOUCXOLUT
MI'HOBEHHO.

Ilpu panpHeHIIeM IMOHIKEHHUU TeMIepaTypbl HauWHAeTCs IIPOIecC 3apOXKAEHUS IIeHTPOB
KOoHZeHcauuu. IIpouecc KOHAEHCALIMHN BKIIOYAET ABE CTAJUU: 3aPOXKAEHNE [IEeHTPOB KOHAEHC AN,
pOCT Kamesab. 3aMeTHM, 4YTO I[€HTPOM KOHJEHCAI[UM, KaK IpPaBWIO, SABIAIOTCS U KaIllu, U
TeIIoNepeaIye I0BePXHOCTY KOHAEHCAIMOHHOT0 610Ka (puc. 1).

I103TOMY TEIIOHOCUTENb, CHUMAMIIUI TEIUIOTY B KOHJEHCAIIMOHHOM O0JIOKe U 3HAYeHUs

koabduIeHTa TeIlonepeAadyy OT U3MEHSIOINXCS BO BpeMeHU K03(D(PUINEHTOB TeII00Taul,

23



Fedosov S.V., Fedoseev V.N., Voronov, V.A. YMHbBIE KOMMO3WUTbl B CTPOUTE/IbCTBE

DOI: 10.52957/27821919.2022 2 19 SMART COMPOSITE IN CONSTRUCTION

He BCerJa YYUTHIBAeTCd B NPAKTUYECKUX pacdeTax. OgHaKo BAMAHME (QIIYKTyallMU I1apaMeTpPOB
BO BpeMEHU HMHTEPEeCHO He TOJBKO C TOYKU 3PEHUs OIpeJeseHHs IUJIOMAAY TeII000MeHa
Y KOJINYeCTBa TeIJIO0OMeHHBIX TPYOOK, HO U, B 60oJIbIlell CTeIIeHH, I CO3LaHUI MaTeMaTUIeCKUX
MoZleslell U aJrOpUTMOB YIIPaBjleHHUs MpolleccaMy MPsAMOro IIUKIa U LIUKJIA pereHepanuu. Iopoi
TEIIOHOCUTEJIb, 3aIIOJHSAIOMMNNI CUCTEMY, MOXET COJEpPXKaTb IIPHMECH, CIIOCODHBIE OCaKAAThCS
Ha TeIlJIoNepefaolell IOBEPXHOCTH, M CYIIEeCTBEHHO CHIDKATh 3HAadYeHUsA Ko3puUIeHTa

TerIonepesayuy, Bauasa Ha 3¢ GdeKTUBHOCTD BCero Ipoljecca paboThl BO3AYIIHOIO TEMJIOBOTO HACOCA.

R
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¥

TCIuL %
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Puc. 1. @parMeHT Telonepejalneli IMOBEPXHOCTH  KOHZEHCAI[MOHHOTO  0OJiOKa:
1 - CKOHZIEHCUPOBAaHHBIN XJIalaTeHT; 2 - [IOBePXHOCTH TeIlIonepeaayy; 3 - CJIOM ocajgka (HAKUIIN);
4 - TemJIOHOCUTEJb (BO3AYX)

Fig. 1. Fragment of the heat transfer surface of the condensation unit: 1 - condensed refrigerant;
2 - heat transfer surface; 3 - sediment layer (scale); 4 - heat carrier (air)

IlosToMy  TeNJOHOCHUTENb, CHUMAIOMIMN  TEIJOTY B  KOHJAEHCAIOHHOM  OJIOKe
Y TPAHCIIOPTUPYIOUINE ee K KOHEYHOM IleM - IOTPeOUTesNIo, TaKke SBJSEeTCS BaXKHEHUIINM
y4acTHUKOM mpoijecca. OH o0iaZaeT He TOJBKO OCHOBHBIM IIapaMeTpPOM, 06eCledrBarol[UMU
TerIoOOMeH - CKOPOCThbIO IIOTOKA Vv, HO U CIOCOOCTBYET TEIJIOIEPEHOCY CBOMMU
TermnopU3NIEeCKUMU  XapaKTepPUCTUKAaMU  (IJIOTHOCTh P, TEIUIOEMKOCTb, BSI3KOCTb [,
TEIJIOIPOBOJHOCTD A).

TenoBOM MOTOK OT KOH/IEHCATA K TEIVIOHOCUTEJIIO OYZeT OIpesesThCSI Bl paXKeHneM:

Qu1)=K (1)« F, - [t,(T) —tyena (T)] 1)

B maHHOM ciy4dae K03bdUIMEHT TemonepeAady 6yAeT onpesensaThCs:

1 1 S SonlT)’ @)

rae 0{3(T>, 0(4(1) - koadhdunuents Ternoorgadu, Br/(M>K); 6, - TOJNI[MHA CTEHKUA TPYyOHI
KOHZeHcaTtopa, M; A, - KO3bOUIIMEHT TEIIOMPOBOAHOCTH MaTepuasa CTeHKU TPyOsl
konzeHcaropa Bt/(M-K); 6,..(T) — ToaIuHa OTI0KEHUH, M; A, — K03bDUIMEHT TEIIONPOBOAHOCTU

C y4eToM OTJIOXKeHU! Ha cTeHke Bt/(M'K).
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Ilpu HU3KOHM TeMIlepaType HapyKHOI'O BO3Zyxa TeIJIOOOMEHHas ITOBEPXHOCTb HCIIapUTeJIs
BO3/IyIIHOTO TEILJIOBOT'O HAacoca HauMHaeT IIOKPBIBATBbCS CJIOeM HHes, UYTO CEepPbE3HO BIUSIET Ha
3¢ beKTUBHOCTH PabOThl yCTAHOBKY, & TAKXKe Ha e€ JOIT0BEYHOCTD, TaK KaK 00pa3oBaHue CJI0s NHes
HEMUHYeMO BeJET K MaJeHUIO JaBjleHUs KulleHus. IIpoljecc HapacTaHUs «CHEXHOHN IIyObl» Ha
IIOBEPXHOCTHU HCIIapuTess HeusbexkeH, TIOCKOIbKY TeMIlepaTypa KUIeHUs xiazareHTa (bpeoHa) B
ucrnapurese, a, cjleJoBaTeJbHO, U TeMIlepaTypa MOBEPXHOCTH HCIApUTess HIKe TeMIlepaTypbl
«TOYKKM pochkl» (puc. 2). O6pasoBaHMe CJI0A JbJa Ha TPyOKax WHCIApUTeNs IIPUBOSUT K
HepaBHOMEPHOMY pacIpeZieIeHHUI0 TeMIIEPAaTypHl 10 00béMy KugKocTU (DpeoHa) B UcapuTesie 1

Cym€CTBEHHO CHMXXa€T NUHTEHCHUBHOCTb TerjaoooMeHa.

Mpenn

Henapwre:n

1111 o
#

Puc. 2. ®parMeHT TeIUIONEepealolell MOBEPXHOCTY WCIAPUTENsA: 1 - KOPIYC BO3AYIIHOTO
ucmapuTesns; 2 - mapajieibHble TPYOKY; 3 - xiazareHT (bpeoH); 4 - pébpa CHapy:RU TPYOOK;
5 - TOJIIMHA C10s UHes; 6 - BEHTIIATOP TEIIOBOTO Hacoca

Fig. 2. Fragment of the heat transfer surface of the evaporator: 1 - the body of the air evaporator;
2 - parallel tubes; 3 - refrigerant (freon); 4 - fins outside the tubes; 5 - thickness of the frost layer;
6 - heat pump fan

C noHmwxeHueM TeMmiepaTypbl oT 0 zo -40 °C (B amamasoHe 273...233 K) uHell obpasyercs
BCJIEICTBUE BBINIAJIEHUS BOJSIHBIX IIapOB HAa TaKOH ITOBEPXHOCTH, NPU ITOM IIJIOTHOCTh HHeEs
M3MeHSIEeTCA: B HavaJbHOM CTaZUM OTJIOKEHHUS - CHIDKAeTCs, TaK KaK B 9TOT IePUOJ KPUCTAJIBL
pacTyT BBepX, IIOCJe 4Yero IIPOUCXOAUT OOpa3oBaHME 3aMKHyTOro (pPOHTA KPHUCTALIU3ALNU,
JOCTIDKEHVEe WHeeM SYeMCTOH CTPYKTYpH, M IaJeHue IIOTHOCTH 3aMezisercs [2, 4, 7].
JanbHelillllee MHeeoOpa3oBaHUe CBA3aHO ¢ (GOPMUPOBAHHEM HIDKedexalleM cioe u auddysueis
BOJSHBIX I1apOB K IIOBEPXHOCTH. BOTO MPHUBOAUT K HEKOTOPOMY BO3pacTaHHWIO U B
IIOCJIECTBUY - CTAOMIN3aIUY IIJIOTHOCTH MHesS Ha OIpeJel€éHHOM ypoBHe. V3MeHeHme
koadduIeHTa TEIIONPOBOSHOCTY UHes B IIpoliecce KHeeoOpasoBaHUSA VCJIOBHO MOXKHO
paszenuTh Ha Tpu neproza. [lepBrlil mepuoy - yBeandeHue Ko3phUIeHTa TeIIONPOBOJHOCTH B
pesyJbTaTe IOsBJIEHUS MIePOXOBATOCTY NHeS U TypOyJIU3aluy II0OTOKA, BEI3BAHHOE PE3KUM POCTOM
KPHCTAJIJIOB MHes Ha XOJOAHON MOBEPXHOCTH. BTOPOM mepuoj - CHIDKEeHHE TeIIOIPOBOJHOCTU
VHes 3a CYeT JajbHEeNIIero pocTa, pasBeTBIEHUS U YIIOTHeHus (oOpasoBanue Hamenu). TpeTuit
IIEPHO/, XapaKTePU3yeTcs MOCAeAYIOMUM CHIDKeHeM Ko3(QGUINeHTa TeIlJIONPOBOAHOCTY UHES [0
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MUHHUMAaJIbHOHN BEeJIWYMHBI (BBI3BAHO YIIOTHEHNEM UHes U CHIDKeHHeM MHTeHCUBHOCTH ABIKEHU
BO3/yXa B IIPOCTPAHCTBE MEXJYy KpHUCTALTaMH), a 3aTeM — ero Bo3pacTaHHeM Kod(DduIlreHTa 3a
cdeT Aupdysunu BIaru BHYTPb ciod. IlepBoHadYalbHO IpPU TeMIlepaType OXJAXKJAaeMOTro BO3Zyxa
Hwke 0 °C (273 K) mpoucxoJUT UHTEHCUBHBIN POCT CJIOS WUHes, TeMIIEpaTypa ero IOBEPXHOCTU
IIOBBIIIAETCS ZI0 3HAYeHUsI, OJIU3KOr'0 K «TOYKe POCHI», a 3aT€M POCT CJIOSI MHed 3aMeAseTcs. VHel
VIJIOTHSAETCS BClaeAcTBUe Au(QysUM BIaru Bo BHyTPeHHMe CJIOM, TOJIIMHA CJI0S U TeMIlepaTypa
€ro IOBepXHOCTU M3MEHSIOTCS Majo. B pesysnbraTe HabI0AeHUI OTMe4YeHO: IUIOTHOCTb MHes TeM
Oosibllle, 4eM O0OJIbIIE CKOPOCTh, BJIKHOCTb BH TeMIIEpaTypa BO3JyXa, HO C IOHIDKEHHEM
TeMIlepaTypsl XOJIOZHONM IIOBEPXHOCTHU ILJIOTHOCTb WHes yMeHblnaeTcd. TeMmIbl M3MeHeHUS
Ko3(pUIMeHTa TeIIONPOBOJAHOCTY HHes BO BPeMEeHM Ha paHHUX CTaJUSIX BO3pACTalOT IIPU
YBEJIMYEHUM CKOPOCTHU BO3JAyXa, IUIOTHOCTHM WHesd M IOBBIIIEHWU BJIAXKHOCTU. YBeIUYeHHe
MaccoBOM CKOPOCTH BO3AyXa IIPUBOAUT K COKpallleHMI0O BpeMeHM, B TedeHHe KOTODPOro
K03bODUIIMEeHT TeIUIOOTAAYN JOCTHUraeT MAaKCHUMaJIbHOH BeJIWYMHBI U  CHIDKAaeTCI [0

[IepBOHAYAIbHOIO 3HAYEHMUSL.
PE3VJIBTATHEI 1 UX OBCYXXIEHUE

PaccMOTpEeHHBIH KOMILIEKC IIPO0JIeM TeIJIoMaccoOOMeHa, KOTOPBIH COIPOBOXKZAET PaboTy
BO3ZAYIIHOM TEeIJIOHACOCHOM CHCTeMBI, pasyMeeTcs, OTpa)kaeTcs U Ha IPOMBINIIEHHBIX aclleKTax
peanusanyy  IMEpPCHeKTUBHBIX  SHEPreTUYeCKUX  YCTPOMCTBAX, IIPMU3BAHHBIX  YBEJIHYUTH
sHeprocbepexeHue, CTelneHb KOM(DOPTHOCTU MOMEIN[eHUsT U Cpefbl obuTaHus 4desoBexa [8, 9].
HeobxoguMocTh pa3pabaThiBaeMbIX COBPEMEHHBIX METOAOB MHTEHCHU(DUKAIMN TeIJIoobMeHa Ha
OCHOBe aHajM3a OIBITHBIX JaHHBIX, TEXHUKO- U 5KOJOIO9KOHOMUYECKHMX OOOCHOBaHUH U
BHEe/IpeHU NHTeHCU(PHUKATOPOB TEII000MeHa B CYLECTBYIOIIEM 060PpyA0BaHNY [TO3BOJIUT IOLHATD
3¢ deKTUBHOCTD pabOTH UCTIAPUTENbHO-KOHAEeHCcanoHHOT0 610Kka vt BTHC B 11e1oMm [1, 10]. ABTOpPBHI
HACTOAIIEr0 MCCAeJOBAaHUA CUMUTAIOT, YTO TeXHWYeCKU IIOJe3HBIM pelleHUeM fABJIAeTCs
paspaboTaHHas KaMepa CMeIleHNs, BCTPOEHHAs B CHCTeMY BO3AYLIHOH TeIIOHACOCHOH CHCTEMBI C
HarpeBaTeseM [10]. Pabora TakoM KOHCTPYKLIMU C yBEIUYEHUEM adpPOJUHAMUYECKOTO
COIIPOTHUBJIEHUSI BO3AyXOHarpemaTesss (OJHOIO K3 OCHOBHBIX IIapaMeTpPOB IIPU OIIpe/eseHHUU
HaYaJIbHOTO MOMEHTAa OTTaWBaHUs amapara) obecleuuBaeT I0Jady PaBHOBECHOTO Hamopa
BO3JYIIHOI CMeCH Ha TeIJIOOOMeHHUK — ucnaputenb 1 3¢bGeKTUBHO CHIKAeT BpeMs OTTauBaHUs
HajeAu. Peakmus aBroMatuku BTH Ha obOMep3aHMe ITOBEPXHOCTHU HCIApPUTENs 3aCTaBISIET
3JIEKTPOHUKY TeIUIOBOIO Hacoca IepUOANYecKd paboTaTb B PEXUMeE «OTKJI/BKJI», 4YTO OyJeT

ompezieIeHHBIM 06pPa30M BAUATH Ha TEIJIONPOU3BOJUTENBHOCTD BO3YIIHOTO TEILJIOBOTO Hacoca [8].

BBIBO/IbI

VsyueHre ¥ aHaAW3 COCTOSIHUS HaleAW U Pa3MOPO3KU B IIPOIECCe TEILIOOOMEHA pexuMa
«KUIIeHUe-UCIapeHre» B KCIapUTEJbHO-KOHJAeHcaMoHHOM 0Osoke BTHC gaeT BO3MOXKHOCTD
VYUTHIBATH OBICTPOAENCTBIE PEaTMPOBAHUS TEILIOBOTO NHTEHCU(PUKATOPA Ha JaHHBIHM IIPOIecC U

COKpPaTUTh TUKJI pa3MOPO3KU BO3AYITHOI'O TEILJIOBOT'O HACOCA.
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YMHBIE KOMNO3WUTbI B CTPOWUTE/IbCTBE
SMART COMPOSITE IN CONSTRUCTION

Paccmompeno npumenenue noAuUMepHbLX 2U0POUIONAYUOHHBLX MembpaH Ha ocHoge IIBX
8 pemonmonpuzodnulx cucmemax eudpouzoaayuu @Pyrndamenmos. Paccmomperul
OCHOBHble  c60licBa  NOAUMEPHBLLX  eUOPOUIOAAYUOHHBLX  MeMOpaH,  Komopble
Xapaxkmepusayonm 803MOMHOCME UX UCNOAL308AHUSL 8 NOJ0OHbBIX cucmemax. IIpusedenni
npumepsl 06%eKmMo8 U YCA0BUIL CMPOUMEALHBLX NAOUWAJ00K, HA KOMOPHLX peKoMmendyemcs
UCNOAb308AHUE pPeMOHMONPU2OOHbBLX cucmem (YKA3AHHLLE CUCTIEMb. NPUMEHAIOM 6
Haubosiee CAONHLLX YCAOBUAX CMpoumenvcmed, a 2AA6HAS UX 0CObeHHOCMb -
B803MOMHOCMb 6LINOAHEHUA peMOHmMa 6 nepuod JIKCNAYyamayuu noCmMpoenHozo
ob6sexma). IlodpobHO paccmompen npoyecc MOHmMANA O08YXCAOUHOU CcuCMeMbl
eudpou3onsyul, a makxdie Ucnoabv3yemoe obopydosanue u komnaekmywoujue. IIpogedenn
IKcnepumenmul. no onpedeneHuio pacxoda UHBEKYUOHHBIX C0CMasos 04l pemoHma
cepMemMUUHbLX KAPM 6 YCAOBUAX CMpOUMmMeAvHoll aabopamopuu u ux npuepysa. B
npedeapumenbHo nodeomogieHHble 2epMeMULHble KAPMbL PA3ZMEPOM 2X2 M 8 YCAOBUAX
npuepys3da 3aKa4u6aAUCb peMOHMHbLE COCMABbL HA O0CHO8e akpuaamos. Kapma Ne 1
cocmoaaa u3 deyx caoée IIBX-membpanuvi, 00Ha u3 komopux bbviia ¢ ¢paxkmypHOl
nogepxunocmoeio. Kapma Ne 2 cocmosana u3 deyx caoéé IIBX-membpaHnul ¢ CUZHAALHBIM
caoem, medxndy Komopumu Oua yaoxeH paslesumenvHuill cA0U U3 U2AONPOOUBHO20
ceomexcmuas. B JdaavHellwem 3amepanucv napamempsv. pacxo0do8 UHBEKYUOHHBLX
cocmasos. Onmumanvrum aensemcs npumeHerue 08yxXCAOTLHbLX cucmem
eudpousonayuu ¢yndamenmos, ¢ Mmembpanamu. Baaeodaps ucnoavsosanui (8
Kauecmee 6epXHez0 CA0A) Mmembpanv. ¢ PakmypHoll nogepxHocmvlo pacnpedeseHue
PeMOHMHO020 UHBEKYUOHHO020 COCmMasa 6 YCAOBUAX HAZPY3KU HA KApmy A6AAemCcs
Haubosee  pasHomepHbiM. Ilokaszamv.  npeumyuecmea  08YXCAOUHLLX  CUCMeM
eudpou3onayUl no CPasHernU0 ¢ 00HOCAOLUHBIMU.

KiawouyeBbie cJaoBa: 0OeToH, xKejne3obeToH, Kopposusa, Kapbouusanusa, IIBX,
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The article discusses the use of PVC-based polymer waterproofing membranes in
maintainable waterproofing systems of foundations. The main properties of polymer
waterproofing membranes, which characterize the possibility of their use in such
systems, are considered. Examples of objects and conditions of construction sites where
the use of maintainable systems is recommended are given (these systems are used in the
most diffi cult construction conditions, and their main feature is the ability to perform
repairs during the operation of the constructed object). The process of installation of a
two-layer waterproofing system, as well as the equipment and components used, is
considered. Experiments were carried out to determine the consumption of injection
formulations for the repair of sealed cards in a construction laboratory and their
loading. Repair compositions based on acrylates ended up in pre-prepared sealed cards
with a size of 2x2 m in the conditions of loading. In the future, the parameters of the
consumption of injection formulations were measured. Card no. 1 consisted of two
layers of PVC membrane, one of which had a textured surface. Card no. 2 consisted of
two layers of PVC membrane with a signal layer, between which a separating layer of
needle-punched geotextile was laid. Optimal is the use of two-layer waterproofing
systems of foundations, with membranes. Due to the use (as the top layer) of a
membrane with a textured surface, the distribution of the repair injection composition
under load conditions on the card is the most uniform. The advantages of two-layer
waterproofing systems in comparison with single-layer ones are shown.

Key words: concrete, reinforced concrete, corrosion, carbonation, PVC, polymer
membranes, waterproofing, maintainability
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BBEAEHUNE

IIpu CTPOUTENBCTBE 3[IJAHUIN U COOPY:KEHUI MOBBIIIEHHOTO YPOBHS OTBETCTBEHHOCTH (HAIIPU-
Mep, kiacc coopyxkeHus KC-3, cormacHo I'OCT 27751-2014) [1, 2] B CJIOKHBIX YCIOBUSIX CTPOUTEID-
HOU IIomagxku (HampuMep, B 30HAX IMOUM peK) TpebyeTcs Hawydinas 3aun[ura OeTOHHBIX U
JKeJ1e300e TOHHBIX KOHCTPYKI[UH OT AEeMCTBUS MOA3eMHBIX BoA. Eciu 3amura OyeT HeJOCTaTOYHOM],
BO3MOXXHBI IPOHUKHOBEHIE BJIATU U IPOTEKaHUe IIpoliecca Koppo3uu 6eToHa 1 apMaTypBI B JKejle-
300eTOHHBIX KOHCTPYKIUAX (puc. 1) [3, 4].

—— T,

Puc. 1. Kopposus xesne306eTOHHON KOHCTPYKIUM byHAaMeHTa (MTOAYUIKY COOPHOTO JIEHTOYHOTO
dynzamenta). Crpenkamu Ha doTorpaduu MOKa3aHO HApPyLUIEHHE 3aIIUTHOrO CJI0s 0eToHa, C
[IOCJIEAVIOUTNM OTOJIEHMEM U KOPPO3Ue apMaTyps

Fig. 1. Corrosion of the reinforced concrete construction of the foundation (the prefabricated strip
foundation pad). The arrows in the photo show a violation of the protective layer of concrete,
followed by denudation and corrosion of the reinforcement

OmacHOCTb IIpoliecca KOPPO3UU COCTOUT B HApyLUIEHUM 3aUUTHOTO CJ0s 0eTOHA M KOPPO3UU
CTaJIbHOI apMAaTYPHI, YTO CHUIKAET HECYIIYIO CIIOCOGHOCTD U JOJTOBEYHOCTD CXKATHIX JKeJ1e300eTOH -
HBIX 9JIEMEHTOB [3-5].

Kopposus B JaHHOM cilydae NpeACTaBIeHa PAa3IUIHBIMU XUMUYECKUMHU IIpolieccaMu (Hampu-
Mep, KapOboHU3aI[MelN 1 BO3AEHCTBUEM XJIOPUAOB, KOTOPBIE AEMCTBYIOT 4aCTO COBMECTHO). PeMOHT
Y BOCCTAHOBJIEHME KOHCTPYKUIMY QyHAZAMEHTa B 3aIyIIEHHBIX CIydasx IPOTeKaHNs TaKUX Ipoliec-
COB - ZOPOToCTOslee MepompusaTue [5-7], m03TOMy HajeXHas 3aljuTa JOJKHA 00ecredrBaThCs
cpasy, Ha 9Talle 3aJ0XKeHUs MaTepuaoB.

TonurHa 3aUTHOTO CI0s1 OeTOHA /711 KOHCTPYKUM PYHIAMEHTOB MOXKET ObITh PA3IUIHON U
persaMeHTHUPYeTCs HOPMAaTUBHBIMU AOKyMeHTaMu, B yacTHocTu CII 63.13330.2018, 1. 10, m.11. 10.3,
Tabs. 10.1 [8-10].

Vcrionp30BaHMEe IIOJUMEPHBIX MeMOpaH [ TUAPOUIOISIIUM KOHCTPYKUMIN Ha JaHHBIN
MOMEHT He SIBJISIETCS HOBBIM COOBITHEM, ITOCKOJIBKY OHU YCIEIIHO IPUMEHAIOTCSI B Ka4eCTBe I/ -
POM30JIAIIMOHHOTO MOKPBHITUS KpoBendb [11] u dpyHAameHTOB. IIo cBoUM XapakTepuCTHKaM IOJIU-
MEepHBIE TUAPOU30IANNOHHbIE MEMOPaHbl, KaK U APyryie BUABI TUAPOUOJISAINU, 06ECIIeINBAIOT
BTOPUYHYIO 3amiuTy 6eToHa (cornacHo 1. 3.6 'OCT 31384-2017 u 1. 4.4 CII 229.1325800.2014). Byayuu
OTHECEHBHI K MOABU/Y OKJIE€EeYHBIX/00INII0BOYHBIX TOKPBITHI (11. 9.3, TOCT 31384-2017) mim miact-
MaccoBoii ruzpousossaiuu (m. 4.4 CII 229.1325800.2014), oHU JOKHBL 00J1aJaTh BHICOKOM yCTONYM-
BOCTBIO K arpecCUBHBIM cpezaM (1. 9.14, TOCT 31384-2017) [12, 13].

Haubosee KIacCHYeCKUMU M PaCIpPOCTPAHEHHBIMU SIBASIOTCS IOJIVMepHBle MeMOpaHBbI
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Ha OCHOBe IuIacTUUIIMPOBaHHOTO moauBHHMIAXIOpUAa (IIBX). DTO CBSI3aHO C H3BECTHOCTHIO

1 OOJIBIIIUM 0OBEMOM IIPOM3BOACTBA AAHHOTO II0JIIMEpa, a TaKXe OGYCJIOBJIGHO €ro YHUKaJIbHbIMU

XUMUYECKUMU U PU3MKO-MeXaHUUYeCKUMU CBoMcTBaMu [11, 14-16].

PaccMOTpUM AaHHbIE CBOMCTBA Ha IIpHMepe IOJIUMepPHOL MeMOpaHbI B Tabauiie 1.

Ta6auna 1. Yacth (QUIMKO-MEXaHUYECKUX XaPaKTePUCTUK OZHOH u3 Mapok IIBX-mem6pan

TOJIIUHON 2 MM, C CUTHAJIBHBIM CJIO€M

Table 1. Some physical and mechanical characteristics of one of the brands of PVC membranes

with a thickness of 2 mm, with a signal layer

3HaueHue
HanMeHOBaHHe IOKa3aTe I Ex. n3m. Kpurtepuii | npu ToamuHe | MeToa UCHBITAHUEH
2,0 MM
M e T'OCT EN 1849-2-
acca Ha e JUHHILY ILIOMaAn KI/M -
A w s 2,7 2011
Yci0BHAA IPOYHOCTD NIPU
acTsbKkeHuu, meTtoz B
P - A MITa
BZI0JIb PYJIOHA 16
He MeHee
TonepekK pyJioHa 15 I'OCT 31899-2-2011
VanvHeHVe IpU MaKCUMaJIbHOU (EN 12311-2:2000)
% He MeHee 320
Harpyske
ConpoTuBJIeHHE Pa3phIBY CTEPXKHEM I'OCT 31898-1-2011
H He MeHee 150
TBO3/s (EN 12310-1:1999)
T'uOKOCTH [P IOHIKEHHON
°C He bosee -35 T'OCT EN 495-5-2012
TeMIlepaType
T'ubxocTh Ha Gpyce paguycoMm 5 MM °C He boisee -45 T'OCT 2678-94
ConpoTuBIeHNE JUHAMUYECKOMY
CTO 72746455-3.4.3-
MIPOAABANBAHUIO IIPU °C He boiee -30 2015
OTpHILIATeJIbHBIX TeMIIepaTypax
T'OCT P 56911-2016
IIpoyHOCTB CBAPHOTO IIBA HA Pa3phIB H/50 MM He MeHee 600
(EN 12317-2:2010)
CoIpoTuBJieHHe JUHAMUYEeCKOMY
NIPOAABIUBAHUIO (yAapHas
CTOMKOCTb) MM
110 TBEPZOMY OCHOBAHUIO 1400 I'OCT 31897-2011
He MeHee
I10 MSTKOMY OCHOBAQHUIO 1800 (EN 12691:2006)
BogororioneHnue mo Mmacce % He 6osee 0,1 T'OCT 2678-94
KoadduiueHnt rpeHus 6eToHa Ha
bu P - - 0,6 I'OCT 11629-2017
[TIOBEPXHOCTU MeMOpaHBbI
BogoHeNnpoHUIIaeMOCTb IPU
1 MIla T'OCT EN 1928-2011,
JoJyrospeMeHHOM cxxatuu 40 MIla B = =
B TeueHHue 24 4 MeToz B
TeyeHUe 96 4acoB
XHUM. CTOHKOCTB ITOCJIE BBIIEPIKKH
B arpecCUBHBIX CpeJax:
pacTBop cosu xynopuza Hatpus NaCl N3mene-
pactBop menogu Ca(OH)2 o HHe 10 T'OCT P 56910-
0
pacTBop cepHHUCTOMH KucaoTsl H2S03 CBOMCTB, 2016 /EN 1847:2009
pacTBOp cepHOM KucaoTs H2S04 He bosee
Metoguka HUVICD
Koadpdunuent gudbdysuu pajoHa M’/c He bosee 5,5-10™M A
PAACH
M’ (u.y)/ . Metoauka HUNC®
IIponunaeMmocTs MeTaHa ) He boiee 1,1-10
(M*g-aT™) PAACH
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OzuuMm u3 Haubosee mose3HbIX CBOMCTB [IBX-meM6paH SIBJseTCS MX BbICOKAas IPOYHOCTH
Ha acTsDKeHMe (puc. 2, Tabxn. 1) mpum yianumHeHHMHW A0 350%, a TakkKe XHMMHYeCKas CTOMKOCTH
(cM. Tabs. 1). Brarogapsi BBICOKOMY IIOKA3aTeli0 MPOYHOCTH Ha pacTskeHue I[IBX-memOpaHbl
CIIOCOGHBI IIOZ HATPY3KOH NpUHUMATh (GOPMY OCHOBaHMs 0e3 HapylleHUs BOAOHEIPOHUIIAEMO-
ctu puc. 3). [IoMUMO IepedncIeHHBIX JOCTONHCTB, IIBX-MeMOpaHsl 00eCreunBaIOT 3aIUTY XKeJle-
300€TOHHBIX KOHCTPYKLUMIN U BHyTpeHHero ob6néma byHZaMeHTa OT paZoHa KW MeTaHa, 4TO
MOATBePXJaeTCs IPOBeJleHHbIMU UCCIeJOBAaHUIMMU.

HanpaweHue, Stress
MPa

NBX membpaxa PVC membrane

500 600 00 B0
Deformation [ledopmaups, %

Puc. 2. [Ipumep ucneiTanus obpasia HeapMupoBaHHO [I1BX-MeMOpaHbl Ha pa3phIBHOI MalllHE
Fig. 2. Illustration of testing a sample of non-reinforced PVC membrane on a breaking machine

ITopobHbIe GU3UKO-MeXaHUYIeCKre XapaKTePUCTUKY OIlpeZiesInan 061acTh IpUMeHeH!s Heap-
MupoBaHHBIX IIBX-MeM0OpaH B cucTeMax rupousosnsanuu pyHAaMeHTOB [14, 15]. Tak, HanpuMep,
coyeTaHVe BBICOKOM IIACTUYHOCTY U IIPOYHOCTH CBAapPHBIX IIBOB IT03BOJISET ITOBBICUTbH PEMOHTO-

MPUTOLHOCTD ' POU30JIAIMOHHBIX YCTPONUCTB.

b 7

Puc. 3. a - ucnsiTanue paborsl [IBX-MeMOpaHbl B YCIOBUSAX UMUTALY HEPOBHOT'O OCHOBAHUS B

repMeTUYHOH KaMepe (ZaBleHHWe BoAbl cocTaBiaseT 2 Mlla mpu JauTeJbHOCTH 24 daca);
6 - obpaser; MeMOpaHb! TpUHKUMAaET (GOPMY OCHOBAHUS

Fig. 3. a - testing the operation of a PVC membrane under conditions of imitation of an uneven
base in a hermetic chamber (water pressure is 2 MPa during 24 hours); b - the membrane sample
takes the form of a base
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T'uapon3oainOHHbIe MeMOpaHbl Ha OCHOBe miacTudUIpoBaHHOro IIBX HCHONB3YIOT IIpu
CTPOUTENBCTBE YHUKAIPHBIX 00BEKTOB WM 00BEKTOB IIOBBIIIEHHOTO YPOBHS OTBETCTBEHHOCTH —
BBICOTHBIX JKUJIBIX KOMILIEKCOB B 30HE MOMMBI PEKU (PUC. 4, a), TPAHCIIOPTHBIX TOHHEEH (puc. 4, 6)
[14-18] ntm aTOMHBIX 3J€KTPOCTAHIIUHN. IIpH 3TOM CTPOUTENbHBIE IJIOMAJKN MOTYT MMETh Ilecya-
Hble/TJIMHUCTBIE I'PYHTHI U XapaKTePU30BaThCs PA3JIMYHBIM YPOBHEM I10/I3¢ MHBIX BOZ.

Puc. 4. a - YCTPOHCTBO OJHOCJIOHHON PEMOHTOIPUTOAHOM CHCTEMBI T'HAPOU30JIALNN

¢dyugamenta c IIBX-meMm6paHO#l ¥ rufpomnoHkamu; 6 - mpuMmeHeHue IIBX-meMGpaHsl
JJIS1 TUAPOU3OJIAIIY CTPOSIIEroCs TOHHEJIS MEeTPO

Fig. 4. a - laying a single-layer maintainable waterproofing system of the foundation with a PVC
membrane and waterstops; b - the use of a PVC membrane for waterproofing a subway tunnel
under construction

ITopsoK MOHTaXKA JBYXCIONHHOMN peMOHTONIPUTOAHOM crcTeMslI ¢ [IBX-MeMOpaHaMu:

— YCTPOMCTBO GETOHHOU MO/JTOTOBKY;

— IIOATOTOBKA IIOBEPXHOCTH (00s3aTeJIbHO OTCYTCTBHME OCTPBIX KPOMOK U YYacTKOB
KaBepPH/PaKOBUH B IIOBEPXHOCTHU DeTOHA);

— cBOGOJHAA YKIaJKa TeOTEKCTUJIS IJIOTHOCTBIO 300-500 r/M> Ha IMOBEPXHOCTb GETOHHOMN
II0JIOTOBKU;

— yKIaAKa repBoro cios I[IBX-MeM6pans! (C IIafKoi IOBEPXHOCTHIO);

— CBapKa IIepBOTO CJI0sI MeMOpaHbl (HaXJIeCT I aBTOMAaTHYECKOr0 060pyAOBaHUS COCTABIISET
06B19HO 10-12 cM); IpOBepKa repMETUYHOCTHU IIIBOB BU3YaIbHO U MHCTPYMEHTAIBHO;

— YKJIaZKa U CBapKa BTOPOTo cJosg MeM6paHbl (¢ (GaKTypHOH IOBEPXHOCTBIO); IIPOBEPKA
repMeTHUYHOCTH IIBOB;

— CBapKa IIepBOr0 ¥ BTOPOTO CJI0EB MeMOpaHbl Mexay cobo, ¢ 00pasoBaHMEeM TepMeTUIHBIX
KapT IIoufaabio He 6osee 150 Mz;

— aKKypaTHBIF MOHTaX yIJIOBBIX IITYIepoB 13 IIBX (KOJIMYecTBO LITYLIEPOB — 5 IIT. Ha 1 KapTy
150 M2); MOHTAaX 9JIEMEHTOB UHBEKI[MOHHOL CUCTEMBI (TPYyOOK, GUTUHTOB);

— IIPOBEPKA CHCTEMBI METOAOM BaKyyMHOT'O KOHTPOJIA (OTKAaYKa BO3ZyXa U3 KapT);

— VKJIaZKa reOTEKCTIJIA Ha THAPOMNI0IALNINI0; MOHTAX SaLHHTHOﬁ CTAXXKHU.

ODKCITEPUMEHTAJIBHAA YACTb

PeMoHTOIpUTroZHAS CUCTEMA T'UAPOU3OJAINHM — 3TO CUCTEMA, BBIIIOJIHUTH PEMOHT KOTOPOH
(BoccTaHOBIIEHHE IETOCTHOCTY TH/POM30IAIIIOHHOrO MaTeprasa) BO3MOXKHO Ha 3Talle 3KCIUIyaTa-
MY IIOCTPOEHHOTO 3JaHVs WIN COOpyXeHus (puc. 9, 6) [14, 17, 18].

CBapka IOJHMMEPHBIX MeMOpPaH OCYLIECTBISETCS aBTOMAaTHYeCKUMU (pHUC. 5, a), MOJyaBTOMa-
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TU4eCKUMU (puc. 5, 6) u pydHbIMU deHamu (TOPSYUM BO3AyX0oM). ABTOMaTH4YecKkoe 000pyZoBaHe,
OCHaIlleHHOe MPIIKUMHBIMU POJMKAMU K aBTOMATHUYECKUM IIPUBOZOM (CM. pHC. 5, a), II03BOJIAET
KOHTPOJIMPOBATh TEMIIEPAaTypHBINI pEXUM CBapKy B 3aBHUCHMOCTH OT IOTOJHBIX YCJIO-
Buii [14, 17, 18].

afa)

Puc. 5. a - oJHa 13 MO/ieJIell CBApOYHOTO aBTOMATa ropsTIero BO3AyXa;

&(B)

6 - mpuMep I0JyaBTOMAaTHYECKOI0 CBAPOYHOIO alapara
Fig. 5. a - one of the models of a hot air welding machine; b - an example of a semi-automatic
welding machine

IIpuMeHeHNe aBTOMATHUYIECKOI'0 000PYZOBAaHUS [T03BOJISIET CHUSUTD BIUSHIE «4€J0BEYECKOTO
daxTopa» pu cBapke MeMOpaH.

Ilepe mpoBeJeHNEM 3KCIIEPUMEHTOB HEOOX0AUMO JaTh MOHIATHE 00 OCHOBHBIX KOMIIJIEKTYIO-
IMUX JJIs YCTPOMCTBA cUCTeM ruzpousosnsaiuy us [IBX-MmembpaH. BayKHO OTMETUTD, YTO CBapuUBae-
Mble MaTepuasbl JOJDKHBI OBITH BBIIOJHEHBI K3 ofHOro moiaumepa (IIBX + IIBX). M3rotoBuTh
MeMOpaHbl U3 nmonuaTuIeHa u [IBX, BciaeACTBYUe pasiINMYHOIO COCTaBa M TeMIIepPaTyphl IIJIaBIeHUs
MaTepHajoB, He YJaCTCA.

OcHOBHBIE KOMIIJIEKTYIOIIIMIE IIPEACTAaBJIEHBI Ha PHC. 6.

- AKTHBaTOp  (OMHMCTMTEND)
cBapku (ana TNO, NEX).
YpaneHue NoKanbHbIX
3arpaaHeHni Ha MemBpaHax u
NOOroTOBKa MNOBEPXHOCTH K
CBapKe.

Pongenu (NBex, TNO).
HaaHaueHue - MKCaUMA
memBpad Ha  BEpPTHKaNGLHBIX
MOBEPXHOCTAX W K CBOJdAM
TOHHEne:.

’-T 5 h Q"—--.
Neuter MBX LOGICBASE Strip
(v, P, G). I =
AnA  cekudoHWpoBaHMA W .
cUCTEM, [} W3ONALMK
TEXHONOTUYECKMX LUBOB.
[BYXKOMNOHEHTHbLINA \

MeoTekcTHNb

(pPa3HbIA TWN, NAOTHOCTL).
awuta memBpaH ot
NOBPEXOBHWA.

MonuatuneHoBas  nneHka
TH. Pasgeneqwe  cnoes
rEOTEKCTHIS W 33LMTHOMA
LEMEHTHO-NEBCHaHOR CTAXKM,

- 1 3INOKCHAHBIA Knel TH.

—— —i F MNpukneneanue MeHt
LEd I_“.

LOGICBASE Strip v pemoHT
BETOHHBIX 3NEMEHTOB.

Puc. 6 Kowmmniexryiomue, NIpUMeHsIeMble /IS YCTPOMCTBA PEMOHTOIIPUTOJHBIX CHCTEM
TUAPOU30NANY QyHIAMEHTa

Fig. 6. Components used for the installation of maintainable waterproofing systems
of the foundation

JJIs mpoBeJeHUs WCIBITAHUE HCIIOJNb30BAINCH CieAylolllyie MaTepHaabl U 000pyJoBaHUe:
MOJIMMepHbIE MeMOpaHbl TOMUUHON 1,5 ¥ 2,0 MM C CUTHaJABHBIM CJIOeM (puc. 7, a); HoJuMepHas

MeMOpaHa TOMIIMHOM 1,6 MM ¢ QaKTypHOM IOBEPXHOCTHIO (PUC. 7, O, 6); TEOTEKCTUIb C UTJIOMIPO-
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OMBHOM ILIOTHOCTBIO 150-500 I‘/Mz; yIJIOBble MHBEKIWOHHBIe mTylepa u3 IIBX; coeanHUTEIbHDBIE
(uTHHIY; aKpuUJIaTHBE WHDBEKIMOHHBIE TeJIM; aBTOMATHYECKUI CBAapOYHBIN ammapar Leister
Varimat V2 (40 mm; 400 B); pyuHO# cBapouHsIii annapat Leister Triac ST; mHeBMaTHYeCKUI ITOPIIHE-
BOI MH'BEKIIMOHHBIN Hacoc BM 1425 B KOMIIJIEKTEe C KOMIIPECCOPOM.

pJ TEXHOHMKOND \ §if TEXHOHUKON
[ PREMIUM | [ PREMIUM |

, LOGICBASE V-SL 1,5 mm I e
stk ion e il LOGICBASE V-ST 1,6 mm
' =

L] A RO
= EreT

FLIIETOE TCUMUEEE U MR Mt

0/@!

- —=1
¥y A )
isebory it

TS LM
PrerTy

88006000565
i e

B=ET oy

150 8001:2008 wcm

(akTypHOII TOBEPXHOCTHIO (BTOPOIA CJIOI); 8 — haKTypHas TOBEPXHOCTH MEMOPAHBI
Fig. 7. a - PVC membrane with a signal layer (first layer); b - PVC membrane with a textured

surface (second layer); c - textured membrane surface

JUts wchbITaHUsT ObLIM BBIITOJHEHBI ZBA THUIA «KapT» W3 TUAPOUSOISIIMOHHBIX MeMOpaH
LOGICBASE pasmepom 2000x2000 MM (puc. 8).

Kapra 1 (puc. 8, a). mosydeHa IIyTeM CBapKH II0 IIEPUMETPY JBYX CIOEB T'UJPOU30JISAIHOHHOTO
Matepuana LOGICBASE V-SL «riazkas» meMmbpaHa (nepseiii cioit) 1 LOGICBASE V-ST ¢ dakTypHOH
IIOBEPXHOCTBIO (BTOPOH CJIOH). YIJIOBBIE HITyIlepa NPHMBAapHUBAINCH K IIOBEPXHOCTHU BTOPOTO THJ-

PON3OIALTNOHHOTO CJIOS

Puc. 8. a - IOJITOTOBKA K UCIBITAHUIO KapThl Ne 1; 6 — MOArOTOBKA K UCIIBITAHUIO KapThl No 2
Fig. 8. a - preparation for the test of card no. 1; b - preparation for the test of card no. 2

Kapra 2 (puc. 8, 6) monydeHa IyTeM CBapKU I10 MEPUMETPY ABYX CIO€B I'MIPOU30JAIIVIOHHOTO
marepuana LOGICBASE V-SL «riagkas mem0Opana» (mepBeiii cioii) u LOGICBASE V-SL «riagkas
MeMbpaHa» (BTOpOI cioif). Mexay MepBEIM U BTOPHIM CHAOSAMH pasMeljalnyl IIPOCIOHKY reo-
TEKCTUIBHOI'0 MaTepHasa ¢ IOoCIeAyollel yCTAaHOBKOH Ha IOBEPXHOCTb BTOPOTO CJIOSI HHBEKIIMOH-

HBIX LITyLepoB (CM. puc. 8, 6).

38




LWamumos B.H., piberko A.B., lornieB U.H. YMHbBIE KOMMO3WTbl B CTPOUTE/IbCTBE

DOI: 10.52957/27821919.2022 2 29 SMART COMPOSITE IN CONSTRUCTION

IITymepa ycTaHOBJIEHBI B KOJMYECTBe 2 IIT. HA KapTy 1 B AWAroHaJbHO MPOTHBOIIOJOXHBIX
yriax. ITocjie M3roTOBJIEHUS KapT OHH OBLIM pasMelleHbl Ha IIOBEPXHOCTH OETOHHOTO I10J1a IIPOM3-
BOJCTBEHHOH IIOIAAKN U IIPOTPY)KEHBI ITalJIeTaMU C TOTOBOI MPOAYKIIMel B KOJIUYeCTBe 4 maj-
JIeTHI Ha OZIHY KapTy. Bec Ka)kZo¥ IajieThl cocTapisieT 1 T. B kauecTBe paciipesieIsiolero HarpysKky
CJI0SI Ha WCIBITATeIbHBIX KapTax IlepeJ; YCTAHOBKOH IaJIET OBIIO YCTPOEHO IOKPBITHE U3 Jpe-
BeCHO-JIKcTOBOro Matepraina (OSB) (puc. 9, a). Ilocie «IpuUrpysku» KapT B 06pasoBaHHbIe II0JOCTH
MeXAy CJI0AMU I'MAPOU30JIAIOHHBIX MeM6paH IIoJaBajy MHBbEKIIMOHHbIE PEMOHTHBIE PEMOHTHbBIE
COCTaBBI Ha OCHOBe aKPHJIATHBIX resiedl (puc. 9, 6).

- : et *

Puc. 9. a - «upurpyska» kapT Ne 1 u Ne 2 mayuieTaMu ¢ Tpy3oM; 6 — CXeMaTHYHOe M300pakeHue

IIoga4y MHBEKIMOHHOI'O COCTaBa MEXY CJIO0IMU MeM6paH

Fig. 9. a - "surcharging " of cards no. 1 and no. 2 with pallets with cargo; b - schematic

representation of the injection composition between the membrane layers

CoracHO IIOCTaBJIEHHOH 3a/ade, CPAaBHUBAJIN KOJIMIECTBO [10laBa€MOT0 PEMOHTHOTO COCTaBa.
Obmuii 06BEM aKPUJIATHOTO TeJis pasZiesuau IIOPOBHY Ha ABe KapThl. Ilozady ress B KaXIYIO U3
KapT IIpeKpallaiy Ipy 3aloJHeHnn obbeMa Ha 50%. Ilociie mogauu reis CUCTEMY BbIZEPKUBAIU B
TeyeHure 40-50 MUH JJIg OCYIIeCTBAEHUA IIOJUMEPU3AIUY, TI0CJIE YEro HarpysKy CHUMAaJIKU U IIPOU3-

BOJIMJIM BCKPBITHE CMOHTHPOBAHHBIX 'epMETHYHEBIX KapT (cM. puc. 10, a, 6).
PE3VJIBTATBHI 1 UX OBCYXXJIEHUE

ITo pesynbTaTaM IPOBeJ€HHBIX MCIBITAHUH IIOJyIeHb] JaHHbIe (DAKTHYECKOTO Pacxo/a NHBbEK-
IIMOHHBIX COCTABOB, IIOJJaHHBIX AJI KOKA0H KapThl.

VI3 Tabiunpl 2 MOXHO BUZIETH, YTO BpeMs IIOJAa4M U Pacxo] rejs B KapTy Ne 2, 06pa3oBaHHYIO
JBYMS CJIOSIMU «TJIaZIKOI» MeMOpaHbl U Fe0TeKCTUIBHBIM MaTepHaIoM, YBeJIUdeHbl Ooslee ueM B 1,5
pasa. VBeqM4eHUe pacxoja MOXeT GbITh 06BSICHEHO TOMIMIMHOMN reoTekcTuia 150 t/m” 1,7-2,0 Mm,
KOTOPHIN yBeIMYMBAET OOBEM B MOJOCTH MeXAy MeMmbpaHamu 70 0,008 M° (uau Ha 8 JUTPOB),
B TO BpeMs Kak MeMGpaHa ¢ (paKTypHOH MOBEPXHOCTHIO co3zaeT 06béM 0,0024 M° (unm 2,4 ). Pas-
HUIA MeXIy 00béMaMu oTIm4aeTcs 6oyee ueM B 3,5 pasa. [IoMHUMO 3TOr0, FeOTEKCTUIb 0b1asaeT
He CIUIONIHOM CTPYKTYpOU (MaTepuasa COZEPXKUT MOPHl M 00JaZlaeT IPOHUI[AEMOCTHIO), T03ITOMY
IO/ ZIaBJIEHUEM TeJisi HAaUWHAeT UM «HAIIUThIBAThCSI», 3HAUUTENBHO 3aTPYAHSS JaJbHeHIIee IIPoXo-
JKJeHUe TeJis U eTro PacXo/ B MeCTaxX HeIJIOTHOTO mprnkuma (puc. 10, 6, 11, 6).

T'eoTeKCTUIBb B CHUIIY «TJIaJKO-TIOPUCTOM» ITIOBEPXHOCTHU IO, HATPY3KOHM IIJIOTHO IIPIIKIMAETCs
K MeM0OpaHe, 4TO 3aTpyJHSET NIPOXOXKJeHNe Teisi. DTO IPUBOJUT K YBEJINYEHUIO BpeMEHU IIPOXO0-
KAEeHUA Tesd depe3d KapTy Ne 2. B oTinuKe OT IeOTEKCTHIS, «TeKCTypHUpOBaHHasd» MeMOpaHa,
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[I0BEPXHOCTh KOTOPOI BBIIIOJIHEHA B BHJE BBICTYIIOB BbICOTOH 0,5-0,6 MM, He II03BOJIIET CJIOSIM
[JIOTHO IIPYDKUMATBHCSI U CAMIATHCS II0Z Harpyskoil. Biarozaps BhICTyIaM MeXay MeMbpaHamu
CO3/aI0TCA CILIOIIHBIE «KaHaJb» JJII PaBHOMEPHOIO PaCIIPOCTPAHEHMA aKPUIATHOTO COCTaBa
(cM. puc. 10, a).

Ta6auna 2. ITapaMeTpsl 1024 NHBEKIIMOHHBIX COCTABOB
Table 2. Parameters of injection formulations supply

Kapra Ne 1 Kapra Ne 2
ITapameTp LOGICBASE V-SL + LOGICBASE V-SL + reorexcTuis +
LOGICBASE V-ST LOGICBASE V-SL
JlaBnenue no,u;anu; :)HAKOCTH (maxc.), 95 60 95 60
BpeMmst oza4qu OT IITyIiepa K IITYyLepy™ 16 95
(maxkc.), MUH
KosnyecTBO mosaHHOrO pactBopa** 15 95
(maxc.), 1
Bpewmsa peakiuu cocTasa, ¢ 120
TeMmnepaTypa B moMeleHuu, °C 23
IIpumeuanusa:

*BpeMsi Ioja4u 00YCIOBIEHO ITPOM3BOAUTENBHOCTHIO BO3JAYLUIHOTO KOMIIPECCOpa, IIJIOTHOCTBIO NMPIKUMA MeMOpaHbI
U IITYLIePOB.

**KoJIM4eCTBO MOZAHHOTO COCTaBa OOYCIOBIEHO IUIOTHOCTBIO HPIDKMMa MeMOpaHBl M IITyIepoB. T.K HPIXUM
MeM6paHsI obecIiedeH HepaBHOMEPHO (10 IIPUYKMHE TOTO, YTO PACIpPeAEeISIONNI HarPysKy CI0H BHITOIHEH 13 auctoB OSB
C OTBEPCTHSAMU), & IPUMEHAEMbIe /I «IIPUrPy3a» MajIeThl He MMEIOT CIIJIONTHOTO OCHOBAHUS, PACX0Z TeJisl 3HAYUTeIbHO
yBeJINYeH M3-3a «IIOAHUMaHUsI» MeMOpPaHbl U «HaAyBaHUs» IITyIepoB. Ha peaqbHBIX CTPOUTENIbHBIX 06BEKTAX, B YCIOBUAX
IIJIOTHOTO NMPIDKKMMa MeMO6paHbl 6€TOHOM, HabI0aeTcss 3HAYUTENbHO MEHBIINE PacXof, 9YTO 06BICHIETCS PABHOMEPHBIM
MIPIKUMOM MeMOpaHBHI.

Puc. 10. a - pacnpejie/leHre HHBEKIIMOHHOTIO cocTaBa B kapTe Ne 1. KapTa 3amosiHeHa IpUMepPHO
Ha 80-85% (cTpesikaMu ITOKa3aHbl yIaCTKU aATe3UN K BEPXHEMY CJIOI0 B CUCTEME);

6 - pacmpezesieHre MHBEKIIMOHHOTO cOCTaBa B kKapTe Ne 2 (KpacHBIM ykasaHa dakTHdecKas 30HA
pacIpeziesieHUs COCTaBa 110 CIOI0 Te0TeKCTUIIA ~ 60-65%)

Fig. 10. a - distribution of the injection composition in the card no. 1. The card is filled by ~80-85%
(the arrows show the areas of adhesion to the upper layer in the system); b - distribution
of the injection composition in the card no. 2 (red line indicates the actual zone of the composition
distribution on the geotextile layer ~ 60-65%)
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Puc. 11. a - HauboIbIlast TOMNMHA UHBEKI[OHHOTO cOCTaBa B KapTe Ne 1 cocTaBiseT 2-2,5 MM;

6 - HanBoJIbIIIAs TONIMHA UHBEKIIMOHHOTO COCTaBa B KapTe Ne 2 COCTABISIET 25 MM (AKPUJIATHBI
reJib BBIpPE3aH B MeCTe HarbOOoJIbIIEero yTOIIeH )

Fig. 11. a - the greatest thickness of the injection composition in the card no. 1 is 2-2.5 mm;
b - the greatest thickness of the injection composition in the card no. 2 is 25 mm (the acrylate gel is
cut out at the place of the greatest thickening)
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MIOBEPXHOCTU MeMOpaH;

COKpaljaeTcda BpeMd 1oJa4yl UTH'BEKIIIOHHOI'O COCTaBa,

— JOCTUTraeTcs Jydllee 3all0JTHEeHNe KapThl aKPUIATHBIM TeJleM.
CIIMCOK NCTOYHUNKOB

1. KmoBckuii A.B., MapeeBa 0.B. OCOOEHHOCTU IPOEKTHUPOBAHUS OO0BEKTOB IIOBBIIIEHHOTO
VPOBHSI OTBETCTBEHHOCTH IIPM IIOTPAaHUYHBIX 3HAYEHUIX CEHCMUYHOCTH IIIOMIAJKU
crpoutenbcTsa // IIpupodoobycmpoiicmeo. 2018. Ne 3. C. 63-69.

2. Kupunos A.H., IIactymak C.M. MHXeHepHO-T€OJIOTMYEeCKUE YCJIOBUA CTPOUTEIbCTBA
dbyHgaMeHTOB B moiiMe pek Besdénka u CeBepckuil [loHen B r. Besropoze // Ycnexu
cospemerHozo ecmecmeosnanus. 2011. Ne 11. C. 97-98.

3. Goglev I.N. A new promising method for detecting carbonization of reinforced concrete
building structures during inspections // Smart Composite in Construction. 2021. T. 2, Ne 4,
C. 35-45.

4. Pymaunena B.E., Toriaes U.H., JlormHoBa C.A. I[IpuMeHeHUe II0JIEBBIX U J1aDOPATOPHBIX
METOZIOB  OIpejieieHUss KapOOHM3AlUM, XJIOPUAHOM ¥ cyiabpaTHONH  KOPpPO3UU

Ipu 00cIe0BaHNN CTPOUTENbHBIX KOHCTPYKIMH 34aHUIN U COOpPYXeHui // Cmpoumeascmao

4



Shalimov V.N., Cybenko A.V., Goglev I.N. YMHbIE KOMNO3WTbl B CTPOUTE/IbCTBE

DOI: 10.52957/27821919.2022 2 29 SMART COMPOSITE IN CONSTRUCTION

10.

11.

12.

13.

14.

15.

16.

17.

18.

u mexHozennas 6esonacrocmo. 2019. Ne 15(67). C. 51-58.

Pymsanunesa B.E., I'oriieB U.H. OcobeHHOCTHU IIpoliecca Koppo3uu 6eToHa U xene300eToHa,
OCJIO:KHEHHOTO BO3ZIeICTBUEM XJIOPUAOB U yriaekuciaoro rasa // Joazoseuwnocmy
CMPOUMENbHBIX MAMEPUANos, u3deAull U KOHCMpyKyuil: mamepuanvl Bcepoccuiickoil Hay4HO-
MexHU4eckoll KOHpepeHyUL, NOCBAUEHHOL NAMAMIU 3acAyHeHHo20 Jesmens Hayku Poccuiickoil
Pedepayuu, akademuxa PAACH, dokmopa mexHuueckux Hayk, npogeccopa Conomamosa Bacunus
Havuua. Capanck: Uszp-so Ham. wuccien. Mopzos. roc. yH-Ta mm. H.II. Orapésa, 2016.
C. 106-111.

PozenTanp H.K. Koppo3us u peMOHT Keje300eTOHHBIX KOHCTPYKUMil // CmpoilIPO®Hab.
2009. Ne 2. C. 22-28.

AnekceeB C.H., Posentans H.K. Koppo3uoHHas CTOHKOCTB 3Ke1e300eTOHHBIX KOHCTPYKIUH

B arpeCcCUBHOM IPOMBINIIIEHHOH cpeze. M.: CTpotinszgar, 1976.

BacuabeB A.A. OlleHKa MOPUMEHUMOCTH 0OETOHOB B ’KeJe300eTOHHBIX 3JIeMEHTax
Y KOHCTPYKIUSAX JJI PaslIMYHBIX SKCIUIyaTaIlMOHHBIX YCIOBUH // Becmuux Beaopycckoeo
20cy0apcmeerH020 YHUBepCUmema mpancnopma: Hayka u mpaucnopm. 2017. Ne 2(35). C. 133-135.

HockeBuu B.B. CpaBHeHHe METOJOB pacueTa CTajleXeae300eTOHHBIX  IIIUT
o CIT 266.1325800.2016 u CII 63.13330.2012 // IIpuopumemmnble HANPABACHUSL PAIGUMUSL HAYKU
u 0bpasosanus: MoHorpabus / oz obi. pex. I'.10. I'ynsesa. Ilensa, 2017. C. 197-204.

KpouioB C.B., Ilapunos P.II., 3enun C.A., Boakos [0.C. HampapieHus cOMMKeHUsS
TpebOOBaHMUI OCHOBHOTO OTEYECTBEHHOI'O CTaHZAApTa II0 IIPOEKTUPOBAHUIO OETOHHBIX
U JKesie300eTOHHBIX KOHCTPyKiuil CIT 63.13330.2012 c TpeboBaHUAMU MEXAYHAPOJHOTO
craggapra CO 19338 // Academia. Apxumexmypa u cmpoumenscmeso. 2019. Ne 1. C. 93-98.

Jdy:xkHoB E.A. CpaBHUTeJBHBIY aHaIM3 IIOJMMEPHBIX KPOBEIBHBIX MaTepuanoB [/
Ilepcnexmuevl pazgumus Hayku u obpaszosanus: mamepuansvl. MexcdyHapooHoil (3a04uHOIL)
HayuHo-npaxmuyeckoil kongepernyuu. Hedprekamck, 2021. C. 115-125.

CrenanoBa B.®., CokonoBa C.E., IoaymkuH A.JI. DddeKTUBHBIE CIOCOOB BTOPHUIHOH
3aIMUTH JJIS IIOBBIIIEHUS JOJATOBEYHOCTU 3JaHUM U coopykeHUH [/ Becmuux HUI]
Cmpoumenscmeo. 2017. Ne 1(12). C. 126-133.

CrenanoBa B.®., CoxosoBa C.E., IToaymkun A.JI. 3alluTHbIE JAKOKPACOYHBIE ITOKPLITUA
41 OGeTOHHBIX U ’KeJe300€TOHHBIX KOHCTPYKUWE [/ JlakokpacouHbvle mamepuanvl
u ux npumererue. 2018. Ne 6. C. 30-34.

YyouanmBuwin A.T. IIprMeHeHVe ClIeNHaIN3UPOBAHHBIX I'MAPOU30IALNOHHBIX MeMOpaH
B II0/I3eMHOM CTPOUTEILCTBe // Mempo u monHeau. 2015. Ne 6. C. 31-33.

CemoBa A.A. OcoOeHHOCTM IIpMMEHEHHS CHUCTEM THJPOU30IANUU (PYHIAMEHTOB,
BKJIOUaOIUX MeMbOpaubl // Cepus "Cmpoumeavcmeo": cOopHuk cmameil MA2UCMpanmos
u acnupanmos. CII6.: CII6I'ACY. 2020. T. 2, Beim. 3. C. 385-398.

HoBocTtu cTpouTesbHOro KoMIiekca // Kposeavruie u uzonayuonnsie mamepuanst. 2018. Ne 6.
C. 5-8.

IIp1oeHKo  A.B. HccnemoBaHue BOZIOHEIIPOHUIIAEMOCTH repMETUYHBIX  CEeKIIUH
TUPOUI0JIANNY U3 TTOJTUMEPHBIX MeMOpPaH U TUAPOIIIOHOK // ®yndamenmol. 2021. Ne 1(3).
C. 72-75.

YyounnmeBwin A.T., IpiGenxko A.B., HasuH [J.A. UVccregoBaHue YCTONYHUBOCTU

TUAPOU3OIILMOHHBIX  MeMOpaH K  BO3JEHCTBUI0O THAPOCTATUYECKOTO  JaBlIeHUs

42



LWamumos B.H., piberko A.B., lornieB U.H. YMHbBIE KOMMO3WTbl B CTPOUTE/IbCTBE

DOI: 10.52957/27821919.2022 2 29 SMART COMPOSITE IN CONSTRUCTION

Ha HEPOBHOU IOBepXHOCTU ocHOBaHus // ALITinform: Llemenm. Bemon. Cyxue cmecu. 2018.
Ne 1(50). C. 68-74.

ITocmynuaa 6 pedaxyuio 09.06.2022

Odobpena nocae peyensuposanus 20.06.2022

IIpunsma x onybaukosanuio 22.06.2022

10.

11.

REFERENCES

Klovsky, A.V. & Mareeva, 0.V. (2018) Features of objects designing of the increased level
of responsibility under boundary values of seismicity of the construction site,
Prirodoobustrojstvo, (3), pp. 63-69. DOI: 10.34677/1997-6011 (in Russian).

Kirillov, A.N. & Pastukhok, S.M. (2011) Engineering and geological conditions
for the construction of foundations in the floodplain of the Veselka and Seversky Donets
rivers in Belgorod, Uspexi sovremennogo estestvoznaniya, (11), pp. 97-98 (in Russian).

Goglev, I.N. (2021) A new promising method for detecting carbonization of reinforced
concrete building structures during inspections, Smart Composite in Construction, 2(4),
pp. 35-45. DOI: 10.52957/27821919_2021_4_35 [online]. Available at:
https://drive.google.com/file/d/1PPYDXwPdCXwJOMe5vA1h8iPcFBebZPwz/view
Rumyantseva, V.E., Goglev, I.N. & Loginova, S.A. (2019) Application of field and laboratory
methods for the determination of carbonation, chloride and sulfate corrosion
in the examination of building structures of buildings and structures, Stroitel stvo
i tekhnogennaya bezopasnost', (15), pp. 51-58 (in Russian).

Rumyantseva, V.E. & Goglev, I.N. (2016) Features of the corrosion process of concrete
and reinforced concrete, complicated by the effects of chlorides and carbon dioxide,
Dolgovechnost” stroitel 'nykh materialov, izdelij i konstrukcij. Materialy® Vserossijskoj nauchno-
texnicheskoj konferencii, posvyashchennoj pamyati zasluzhennogo deyatelya nauki Rossijskoj
Federacii, akademika RAASN, doktora texnicheskix nauk, professora Solomatova Vasiliya Il'icha.
Saransk: Izd-vo Nacional'nyj issled. Mordov. gos. un-ta im. N.P. Ogaryova, pp. 106-111
(in Russian).

Rosenthal, N.K. (2009) Corrosion and repair of reinforced concrete structures, StrojPROFIL’,
2(72), pp- 22-28 (in Russian).

Alekseev, S.N. (1976) Corrosion resistance of reinforced concrete structures in an aggressive
industrial environment. M.: Stroyizdat (in Russian).

Vasilyev, A.A. (2017) Estimation of applicability of concretes in reinforce-concrete elements
and constructions for different operating terms, Vestnik Belorusskogo gosudarstvennogo
universiteta transporta: nauka i transport, 2(35), pp. 133-135 (in Russian).

Ioskevich, V.V. (2017) Comparison of methods for calculating steel-concrete slabs using SET
OF RULES 266.1325800.2016 and SET OF RULES 63.13330.2012. In: G.Yu. Gulyaev (Ed.), Science
and Education, pp. 197-204 (in Russian).

Krylov, S.B., Sharipov, R.S., Zenin, S.A. & Volkov, Yu.S. (2019) Directions of convergence
of the requirements of the main domestic standard for the design of concrete and reinforced
concrete structures SP 63.13330.2012 with the requirements of the International Standard ISO
19338, Academia. Arkhitektura i stroitel 'stvo, (1), pp. 93-98. DOI: 10.22337/2077-9038-2019-1-93-
98 (in Russian).

Luzhnov, E.A. (2021) Comparative analysis of polymer roofing materials, Perspektivy’
razvitiya nauki i obrazovaniya: materialy’ Mezhdunarodnoj (zaochnoj) nauchno-prakticheskoj
konferencii. Neftekamsk, pp. 115-125 (in Russian).

43



Shalimov V.N., Cybenko A.V., Goglev I.N. YMHbIE KOMNO3WTbl B CTPOUTE/IbCTBE

DOI: 10.52957/27821919.2022 2 29 SMART COMPOSITE IN CONSTRUCTION

12.

13.

14.

15.

16.

17.

18.

Stepanova, V.F., Sokolova, S.E. & Polushkin, A.L. (2017) Effective means of secondary
protection to improve the durability of buildings and structures, Vestnik NIC Stroitel'stvo,
1(12), pp- 126-133. DOI: 10.37538 (in Russian).

Stepanova, V.F., Sokolova, S.E. & Polushkin, A.L. (2018) Protective paint and varnish
coatings for concrete and reinforced concrete structures, Lakokrasochny'e materialy’
i ikh primenenie, (6), pp. 30-34 (in Russian).

Chubinishvili, A.T. (2015) Application of special polymeric waterproofing membrane
for underground works, Metro i tonneli, (6), pp. 31-33 (in Russian).

Sedova, A.A. (2020) Features of application of waterproofing systems of foundations,
including membranes, Seriya "Stroitel'stvo": sbornik statej magistrantov i aspirantovs. SPb.:
SPbGASU, 2(3), pp. 385-398 (in Russian).

News of the construction complex (2018), Krovel'ny'e i izolyacionny'e materialy,” (6), pp. 5-8
(in Russian).

Tsybenko, A.V. (2021) Investigation of the waterproofness of sealed sections
of waterproofing made of polymer membranes and hydraulic pads, Fundamenty, 1(3),
pp. 72-75 (in Russian).

Chubinishvili, A.T., Tsybenko, A.V. & Ilyin, D.A. (2018) The studies of resistance
of waterproofing membranes to the impact of hydrostatic pressure on rough surface,
ALITinform: Cement. Beton. Sukhi’e smesi, 1(50), pp. 68-74 (in Russian).

Received 09.06.2022
Approved after reviewing 20.06.2022
Accepted 22.06.2022

44



2022. Tom 3, Beinyck 2. C. 45-53 YMHbIE KOMMNO3UTbl B CTPOUTE/IbCTBE

2022. Volume 3, Issue 2. P. 45-53 SMART COMPOSITE IN CONSTRUCTION

RESEARCH ARTICLE
DOI: 10.52957/27821919_2022_2_45

Study of Biostability of Concretes

S.A. Loginova

Svetlana A. Loginova
Yaroslavl State Technical University, Yaroslavl, Russia
5179066171227 @yandex.ru

© Loginova S.A. 2022
45



YMHBIE KOMNO3WTbI B CTPOUTE/IbCTBE
SMART COMPOSITE IN CONSTRUCTION

The problem of corrosion destruction of building structures, despite the existing
scientific and engineering achievements in this area, does not lose its relevance. The
purpose of the study is to determine the degree of impact of various types of
microorganisms on the physical and mechanical properties of concrete. We carry out the
assessment of the possibility of concrete to serve as a substrate for various types of
biodestructors by determining the moisture absorption and pH of the extract of the
concrete samples. As a result, we experimentally determine the mechanism of action of
various microorganisms on concrete. Also we define the taxonomic composition of the
most aggressive microorganisms for concrete. During the study we assess the effect of
biofouling on the physical and mechanical properties of concrete. The results of the
study serve as a basis for the selection of the most effective corrosion protection methods

for concrete structures operated in biologically aggressive environments.
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YMHBIE KOMNO3WTbI B CTPOUTE/IbCTBE
SMART COMPOSITE IN CONSTRUCTION

IIpobaema KOppoO3UOHHOU OeCMpPYKYUU CMPOUMENbHLLX KOHCMPYKYUL, HecMOmMps Ha
cywecmeyloule HaAy4uHble U UHICeHepHble JOCMUdNMEHUSL 8 ImMOoll obaacmu, He mepaem
ceoeil axmyaavHocmu. ILleavio uccaedosanHus A84840Cb onpedeeHue CmeneHu
go3delicmeus pa3AudHbLX 8U008 MUKPOOP2AHU3MO8 HA PUIUKO-MeXaHUYeCKUe C80licmaa
bemona. Oyenka 803MoNHOCMU OemoHa CAYH UMb cybcmpamom 0as pa3AudHblx 8Ud08
6uodecmpykmopoe npogodusacst ¢ nomouvio onpedeseHus eadazonozaoujeHus u pH
gumsaMku u3 npob obpaszyoe Oemouna. B pesysvmame O6blA IKCTEPUMEHTNAABLHO
YCMAHOBAEH MeXAHU3M 6030elicmeus pa3fudHblX MUKPOOPeaAHU3MO8 Ha OemoH.
Onpedenen  makconomuuweckuii  cocmaeé  Haubosee  aepecCuBHblX K  Oemouy
mukpoopeanuzmos. Ilpogedena oyenka eausnus Obuoobpacmanus Ha Gu3auko-
MexaHuueckue ceoticmea bemoHna. Pesysvmamul uccaed08aHUL CAYHCAM OCHOB0U 045
nodbopa Haubosee IppekmusHblX Memo0008 AHMUKOPPOIUOHHOU 3AUUMb. OEMOHHBLY
KOHCMpPYKYUll, IKCNAYAMUPYOUWUXCA 8 OUL0A02UYeCKU depecCUBHbLY cpedax.

Kamo4deBbie cJjoBa: 6eTOH, AECTPYKI KNI, MHUKPOOPraHM3MBbl, BOZOIIOIJOINEHUE,

KOoppo3us
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INTRODUCTION

Concretes are prone to deterioration and premature ageing in corrosive environments. In the
most cases of corrosion detection in concrete structures the several types of corrosion damage are
observed together at the same time during the survey phase. According to classification by V.M.
Moskvin, corrosion of the first and second type, or biological and chemical corrosion (Fig. 1, 2) are
combined [1, 2]. These types of corrosion damage are characterised by the complexity and high cost
of repair measures because they require the use of spot repair technology, especially in vertical
compressed and horizontal bent structures [1-3].

Fig. 1. Corrosion destruction of the reinforced concrete wall

Biological corrosion is still the one of the most poorly studied type of concrete corrosion.
Therefore, nowadays the study of corrosive processes developing in concrete under the influence of
various microorganisms is relevant. There are three types of biological corrosion of concrete:
bacterial, algal and fungal one [4].

Studies of corrosion destruction of concrete are caused by the necessity of increasing the
durability and reliability of concrete and reinforced concrete structures; the development of
measures to prevent accidents; significant material losses due to corrosion degradation of concrete;
the problem of environmental pollution by corrosion products and metabolites of biodegraders [5, 6].

Biological corrosion of concrete is a multifactorial process; its kinetics depends on the species
diversity of biodegraders, a number of abiotic factors and the properties of the concrete itself.
Successful research of biological corrosion of concrete is possible only through a thorough study of
the physical and chemical processes developing in concrete as a result of damaging by

microorganisms.
EXPERIMENTAL PART

The study of biological destruction of concrete was carried out in accordance with the
requirements of State standards. The method consists in correlation of parameters characterizing the
biostability of concrete specimens subjected to biofouling with the values of indicators characteristic
of control concrete specimens [7].

In accordance with the requirements of State standards, the experimental samples were
pretreated with a nutrient solution promoting the growth of algae, bacteria, and fungi. The
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mechanisms of all types of biological corrosion of concrete are reduced to the physical and chemical
processes occuring as a result of release of acidic products of metabolism of microorganisms.
Therefore, to study the mechanisms of various types of biocorrosion of concrete, the following
methods were chosen: determination of moisture absorption of concrete by mass and volume,
registration of changes in the pH of aqueous concrete by potentiometric method using a
pH-meter/ionometer Anion-4100. To define the taxonomic composition of biodamage, scrapes were
taken from the surface of concrete samples. Electron microscopy was performed by using a Meiji

Techno microscope (Japan).
RESULT AND DISCUSSION

Concrete samples, some of which had no visually detectable biological contamination, were
examined for bioresistance. Electron microscopy detected biodegradation of all samples (Fig. 2).

The samples subjected to algal corrosion showed a greenish plaque with grayish inclusions. The
method of electron microscopy recorded large accumulations of algae on the surface of the concrete
(Fig. 2, a, d). The taxonomic composition of the biota, namely algae of Gloeocapsa, Chlorococcum,
and Chlorella, was established by using identifiers [8-10]. Algae produce oxygen as a coproduct of
photosynthesis. Algae blue-green color is due to the presence of chlorophyll and phycocyanin, so
they are sometimes called blue-green algae [11].

Fig. 2. The surface of a concrete sample: a, d - algal corrosion,
b, e - bacterial corrosion; ¢, f - fungal corrosion;
d, e, f- at 300x magnification

The surface of the concrete samples subjected to bacterial corrosion was severely damaged (Fig.
2, b, e). The rodlike bacteria were identified by light microscopy and using identifiers [8-10]. During
the experiment, it was fixed that the most common causative agents of bacterial corrosion of
concrete are Bacillus bacteria.

The presence of fungal corrosion severely damages the surface of the concrete samples and
caused the whitish-gray plaque with black inclusions in the penetrations (Fig. 2, c, f). The taxonomic
composition of micromycetes showed the presence of fungi of the genera Mucor, Penicillium, and
Aspergillus in the samples. Fungi are heterotrophic and have no chlorophyll, so they depend on
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available organic matter. They attach to the surface of the substrate and usually look like fluffy gray,
green, black or brown patches.

According to experiments, the most aggressive biodegraders of concrete are fungi and bacteria.
Meanwhile, clusters of both bacteria and fungi were found on some samples. This fact indirectly
correlates with the hypothesis of biocenoses forming by microorganisms. As a rule, the first to
appear in these communities are chemolithotrophic bacteria, which are able to obtain adenosine
triphosphoric acid by using the energy released during oxidation-reduction reactions of an inorganic
substrate - concrete. The clusters of organic matter formed as a result of the vital activity of
chemolithotrophic bacteria serve as a substrate for the vital activity of fungi [12].

The rate of biofilm formation can vary. According to references, biofilm can form in minutes
when a substrate comes into contact with water containing various metabolites [12].

In order to define the degree of impact of different types of microorganisms on concrete, a
number of studies were conducted to assess the water absorption of concrete samples by mass.

Assessment of water absorption of concrete by mass, %, is calculated according to the formula

m,—m

——=-100, 1)

W =
m md

where W, - sample water absorption by mass, %; m, - mass of dried sample, g; m,, - mass of water-
saturated sample, g.

The water absorption of concrete control samples by mass was 11.41%, for samples subjected to
algal corrosion - 13.66%, for samples damaged by bacterial and fungal corrosion - 16.71% and 19.84%,
respectively. Therefore, the bacterial and fungal corrosion leads to a significant increasing of water
absorption by mass.

By Fig. 3, samples affected by fungal and bacterial corrosion were saturated with water at the
first 24 hours, while the control samples and the samples with algal corrosion reached a constant
weight only on the second or third day of storage of samples in water. The curve of change in the rate
of water absorption by mass of samples subjected to algal corrosion practically repeated the curve
describing this process for the control series of samples. The processes described in Fig. 3 may be a
consequence of different porosity and density of the samples. The greater volume and pore size of
samples subjected to fungal and bacterial attack is direct evidence of the greater aggressiveness of
fungi and bacteria to concrete than algae [13].
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Fig. 3. Water saturation curves
The number of experiments was conducted to assess the water absorption of samples by

volume.
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Water absorption of concrete samples by volume was calculated according to the formula

w,=—n e 2)

where W, is the water absorption of the sample by volume, %; W, is the water absorption of the
sample by mass, %; po is the density of dry concrete, kg/m?; p,, is the density of water, assumed to be
1 g/cm’.

The samples subjected to algal corrosion showed no significant changes in water absorption by
volume in compare with the control sample series. Bacterial and fungal corrosion was accompanied
by a significant increase of water absorption of the concrete samples by volume.

The increased volumetric water absorption of concrete samples subjected to bacteria and fungi
confirms the high degree of aggressiveness of these bioagents. As a result, increased porosity and
decreased density of concrete leads to a reduction of strength.

Experimentally obtained pH values of the aqueous extracts of the samples made it possible to
determine the degree of corrosion activity of various biodegraders (bacteria, fungi, algae). For the
control samples pH was 8, for algal corrosion - 8.1, for bacterial corrosion - 7.7 and for fungal
corrosion - 7.2. Decreasing of pH of the aqueous extract of concrete samples indicates that bacteria
and fungi, compared to algae, are more aggressive towards concrete due to their metabolites, which
are mainly represented by organic acids (oxalic acid, citric acid, succinic acid, etc.). Organic acids act
as catalysts for the corrosion damage of concrete.

CONCLUSIONS

The following conclusions were obtained:

1) Fungi and bacteria are the most corrosive biodegraders of concrete.

2) The main cause of damage to concrete in biodegradation is the effect of microbial
metabolites, which are a mixture of organic acids.

3) Effects on concrete by algae, bacteria and fungi are accompanied by an increase in porosity
and a reduction in density, which leads to a significant deterioration of the physical and mechanical
properties of concrete.

4) Concrete can be protected against bio-damage by treating the material surface in a suitable

period of time with various anti-microbial compounds and by producing low-porosity concretes.
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Paccmompens. npobaemsl noddepianus cyuwecmsyoujeil cemu asmomobusvruix dopoe 6
HOPMAMUBHOM COCMOAHUL 8 YCA0BUAX NOBLLULEHHBLX Mpeb08aHUll K cpoKam Cay#Ovl
JdoposHBLX KOHCMPYKYuUll, OUHAMUYUHO20 pocma asmomobusuzayuy, u3mMeHeHus
KAumMama, COKpaujeHus 3ampam npupooHblX pecypcos U COXPAHeHUS OKpyxcaioueil
cpedol. B kauecmee 3ppexmuenozo memoda ycunenus 0opoxiHblX 00exncd cyuecmeaytoueil
cemu asmomoOuAbHLLX 00pOe pACCMOMpeHd MeXHOA02US XO0A00H020 pecdiikKAuHed.
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X0100H020 pecailkAuHed, B6blABAEHbL OCHOB8HLIe HedoCcmamKu NPpUMEHEHUSL MeXHOA02UU
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The paper considers the problems of maintaining the existing road network in standard
condition under the conditions of increased requirements to the service life of road
structures, dynamic growth of motorization, climate change, reduction of natural
resources costs and environmental conservation. The technology of cold recycling is
considered as an effective method of strengthening the pavements of the existing road
network. The normative documentation regulating the cold recycling technology was
analyzed, the main drawbacks of the technology application in the territory of the
Russian Federation, which prevent its effective implementation in the road industry are
identified, and possible variants for their elimination are proposed.
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BBEAEHUNE

TeppuTOPHUAIBHYIO I1€JI0CTHOCTb PP 1 e JUHCTBO ee 53KOHOMUYECKOTO IIPOCTPAHCTBA obecredn -
BalOT TPAHCIIOPTHBIE CBSI3H, KOTOPHIE BBHIIIOJIHSIIOT POJIb «KKPOBEHOCHON CHCTEMBI» BHYTPU IOCyJap-
CTBa U OCYIIECTBJAIOT BHELIHIOI CBSI3b C MHMPOBBIM COOOIIECTBOM, TeM CaMbIM obeclieymBas
nHTEerpanuio Poccuu B ri106agbHYI0 9KOHOMUYECKYIO cucTemy [1].

PasBuTHe TpaHCIOPTHOM cucTeMbl Poccuu sABIsieTCs OAHOM M3 IPHOPUTETHBIX 33/1a4 rocyap-
CTBEHHOMU JeITeJTbHOCTHU.

Pacmopspxenunem IlpaBurtenbcTBa Poccutickoit ®ezepariuu ot 27 Hostopsi 2021 roga Ne 3363-p
ObL1a yrBep:kgeHa TpaHcnopTHas crpaTerus Poccuiickoit @egepariuu g0 2030 rosia ¢ IporHo3oM Ha
nepuoZ Ao 2035 roza, B paMKax KOTOPOIN HeobxoguMo obecrednTh 3G(GEKTUBHYIO U 6e30I1acHYIO
TPAHCIOPTHYIO CETh.

B HacrosIee BpeMsl OJHOHM U3 aKTYaJIbHBIX IIPO0JIEM SIBJISETCA COXpaHeHHe U MoJJepKaHue
TPaHCIIOPTHO-9KCILIYaTAIOHHOI'O COCTOSIHUS CYILECTBYIOIIEH CeTH aBTOMOOMIBHBIX Jopor. OIBIT
9KCIIyaTalluM MX C achaJbTOOETOHHBIMU IOKPBITHSMU IIOKas3blBaeT, 4TO (aKTUIECKM HopMa-
TUBHBIH CPOK CIIYKOBI OPOXKHBIX 0K He obecriednBaeTCs, 60 Iblile II0JTOBUHBI JOPOT PETHOHAIb-
HOTO M MEXMYHHUIIUIAJIBPHOTO 3HAYEHUSA HE OTBeYaeT HOPMAaTHUBHBIM TpeboBanusM (puc. 1).
Oco6eHHO 3TO XapaKTePHO /JIs1 PETHOHOB C ITepeMEeHYUBHIM KIMMATOM U XapaKTePHBIM Ce30HHBIM
IepeyBIaXHEeHHEeM.

pona Aopor HE OTBEMAKO WX HOPMATUBHbBIM

TPEBOBAHUAM
(%)
on @ o2
7 o 3 = ©
% - A
Leo0 C3e0 N0 CKeO neo Y®O cCe0 o0

Puc. 1. [Jonsi JOpor PerdoHAJIBHOTO M MEXMYHHUIIWIIAJIBHOIO 3HAYEeHHUs, He OTBedalollux
HOPMAaTUBHBIM TPeOOBaHUSM II0 PETHOHAM [2]

Fig. 1. Share of regional and intermunicipal roads that do not meet the regulatory requirements

Ha done yapyualomell cTaTHUCTHUKH COCTOSHUSA JOPOr Ilepel, MPeANPUATUAMHU JOPOXKHOIO
xo3s¥icTBa ¢ 2017 roza IIOCTaBjleHa 3afZiadya JABYKPATHOI'O yBEIWYEHUS MEXPEMOHTHBIX CPOKOB
JOPOKHOU OZIEeXX/IbI HEKECTKOT'O THUIIA:

— I KallUTAJIbHOI'O PEMOHTA — 24 ToAa;
— [JJIS TeKylero peMoHTa - 12 yet [3].
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CobroeHre HOBBIX MEXPEMOHTHBIX CPOKOB COCTAaBJSET OOJBIIYIO IPO6IeMy JJIsd CYIIeCTBY-
IOIell CeTH aBTOMOOWJIBHBIX JOPOT, KOTOPYIO CleAyeT IOJAepPXHUBATb B YZOBIETBOPUTEIbHOM
COCTOSIHUHU 32 CuYeT IPOBeJleHHsS COOTBETCTBYIOUIUX NPO(UIAKTUUYECKUX PEeMOHTHO-BOCCTAHOBU-

TeJIbHBIX PaboT C yCUIeHNEeM.
BOJA KAK IIPUYMHA PASPYIIEHUA JOPOXHBIX OAEX/

OfHO! 13 OCHOBHBIX IIPUYHMH OTKasa JOPOXKHON OZEeXABl HEXEeCTKOro THUIIA U IIPOBEeJEeHUs
BHEIIJIAHOBOI'O KalIUTaJbHOI'O PEMOHTA SBJSETCS HeJOIIyCTHMOe HapylleHUe POBHOCTH IOKPBITUS
ABTOMOOWMJIBHOH JOPOTM B BHJE IIOBBIIIEHHOTO TPEIIMHOOOPA30BaHUS, JOKAJIBHBIX IIPOCAZOK
1 popMUPOBAHUS KOJIEN.

Mo)XHO BBIZIEJIUTH TPU OCHOBHBIE IPUYMHBI HapylIeHHUs POBHOCTU IIOKPHITUN JOPOXKHBIX

o€ HEeXKXECTKOro TuIia:

— mnactudeckue fgedopMmanuu acharbTo0eTOHA K3-32 €ro pasMArdYeHUs I0J BO3JeHCTBHEeM
COJIHEYHOH paZuialiiy U TPAHCIIOPTHOH HArpy3Ku;

— ocraTouHble JedopManuy, BO3HUKAIOUIVME B IIEPUOJ IEPEYBJKHEHUS, CO CHIDKEHHEM
IIPOYHOCTH CJIOEB OCHOBAHUS U ITOACTHUIAIOIINX CJI0EB JOPOXKHOM KOHCTPYKIIUY;

— IpeXZeBpeMeHHBIH M3HOC MaTepuala B BEPXHEM CJIO€ IOKPBITUS IO/ BO3ZEHCTBUEM IINH

aBTOMOOMUIIEH.

HakomyeHne OCTaTOYHBIX AedopMalnyil B IOKPBITUM U CJIOSIX OCHOBAHMS 3aBUCHUT KaK OT
06111eli IPOYHOCTU JOPOXKHOM OZEXKABI, TaK U MPOYHOCTU KAKAOTO ee CJIos. Bojee MpoyHble ClI0M
HECYIIEero OCHOBAaHHS MOIYT 3HAUUTEIBHO CHHU3HUTH BEPOSITHOCTb 00pasoBaHUs JedopManui,
KOTOpPble BO3HHKAIOT BCJEJCTBUE HAKOIUIEHHUd OCTATOYHBIX HANPSKEHUN B CI0IX IOKPBITHUS,
a TakKe 3allUINATh HIDKEPACIOJOXKeHHBbIe IMOACTHJIAIONINE CJIOM IIPU UX OciaabjeHUM U IIPeBHI-
IIeHNU TPAHCIIOPTHBIX HarpysokK [4].

B mpomecce sKcIulyaTanuy aBTOMOOMJIBHOHN JOPOTH IIPOUCXOJUT PEryJISpHOEe Ce30HHOe
CHIDKeHHe HeCyllel CIOCOOHOCTH [OPOXKHBIX OJEX[ BCIEACTBHE IIePeyBIKHEHUS HeCBI3HBIX
KOHCTPYKTHUBHBIX cJ0eB. Hauboblee ociabieHre 0TMe4aeTCs B BECEHHUH IIEPUOJ rofja, IPYU 3TOM
OCHOBHBIMM MCTOYHHNKaMU YBJIAXXHEHUA ABJIAIOTCS IIOBEPXHOCTHDBIE (I{JII/ITCJHJHO CTOHmHe) U I'pyH-
TOBBIE BOZBI (pHC. 2). HacklmeHNe rpyHTa 3e MJISTHOTO [TOJIOTHA BIArOM SIBJISETCS KpalHe OIIaCHBIM U

B 3HAYUTEJLHOU CTEIIeHU CHIXAeT ero OCHOBHBIE XapaKTepPUuCTUKU:

— MoayJb yupyroctu E;
— yroJj BHyTpeHHero TpeHUs ¢;

— yZenbHOe clellIeHNe C.

IIpu HeZOCTATOYHO MPOYHOI JOPOKHOU OZ€X/e, HE CIOCODHON MaKCUMAaJIbHO MOTJIOTUTHh U
pacmpezieuTh HaNpPsSXKEHUsS OT IIOABIDKHOTO COCTaBa, a TaKKe B pe3yJbTaTe IIPeBBINIEHUS
PacYeTHBIX HATrPy30K OT TPAHCIOPTHBIX CPEJCTB B TPYHTOBOM OCHOBAaHUM MOTYT ITPOM30UTHU
IJIaCTUYHbIE JeopMany U CABUTH, B ZaJbHENIIEM CIIOCOOCTBYIOIUE [IPEKAEBPEMEHHOMY OTKa3y
JOPOKHON KOHCTPYKIIUH.

B ciabbIx HECBSI3BHBIX KOHCTPYKTUBHBIX CJIOSIX ZOPOKHBIX OJEXK, a TAKKE B IO/CTUIAIIIEM
TPYHTe IIOJ JelCTBUEM HAarpy3Kd MOIYT BO3HUKATH 30HBI IIJIACTUYECKOT'O TEUYEeHUs, pPa3BUTLE
KOTOPBIX IIPUBOAUT K HEOOPATUMBIM CBUTAM U ITOTEPE MPOYHOCTU JOPOKHOM o€k aAbl. OUeBUIHO,
YTO NPUYUHON BO3HUKHOBEHUS TOYEK IJIACTUYECKOrO0 Te4YeHUs B HECBSI3HBIX TPYHTaxX IOJ
ZeiCTBEM HATPYy3KU SIBJASETCS HapylleHUe IMPeJeIbHOTO PABHOBECUS MEXAY YaCTHUILIAMU, T.€.

IIpeBbIIIEHE UX COIIPOTUBIISIEMOCTU CABUTY [5].
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MogcTunaowmi rpyHT
Puc. 2. HapyIieHre pOBHOCTU IIOKPBHITUS BCIEACTBHE HEOOPATHMBIX CJBUTOB HECBSI3HBIX CJIOEB
OCHOBAHUU JIOPOKHOM OJEXBI IT0J HATPY3KOH
Fig. 2. Disturbance of pavement flatness due to irreversible shifts of unbound pavement layers
under load

B HeCBSI3HBIX TPYHTAaxX IIOZ JeUCTBHEM HArpy3Ku TOYKU IIACTUYECKOTO Te€YeHUS BO3HUKAIOT
[IpY HapyLUIEHUH IIpe/ieIbHOIO PABHOBECHS MEXY YaCTUI[AMH,

Ocoboe BHHUMaHUe CeJyeT YAEeNSITh JOPOXHBIM KOHCTPYKIUSM B PETHOHAX, JJIS KOTOPBIX
XapaKTepHO Ce30HHOe IlepeyBIaKHeHNe [6].

KagecTBO NpPOEKTHPOBAHHUSA U CPOK CJIYKObI aBTOMOOMJIBHBIX JOPOT B 3HAYUTEJBbHON Mepe
3aBUCAT OT IIOJIHOTBI y4éTa OCOOEHHOCTEH NIPUPOAHO-KINMATUYECKUX YCIOBHH TeppUTOpUil
JVICIOKAIINU 00 BEKTOB TPAHCIIOPTHOTO CTPOUTEIbCTBA.

ITo mToraMm ucciefoBaHUil [7] ycTaHOBIEHA yCTOMYMBasg TeHJEHIMUS K M3MEHEHUIO CPeJHUX
TeMIIepaTyp B CTOPOHYy IIOTeIlIeHUs Ha Bcell Tepputopuu PP, a Takke NPOTHO3UPYeTCHA Aajb-
Helilllee yBeJUYeHUe OCAZKOB, UTO HANpsIMyl0 OyZeT OKa3blBaTh BAMSHNE Ha BOAHO-TEIJIOBOH
PeXUM 3eMJISTHOT'O IIOJIOTHA (puc. 3).

VI3 ce30HOB BBIZEIACTCA:

— BJIQKHAS BECHA;
— CyxXoe JIETO;
— CHe)XHas 3uMa.
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PocT 0caZkOB MOXKeT IIPOSIBUTBCS B JI000H ce30H. Hambosiee 3HAUYUTENBHBIH POCT CE30HHBIX
CyMM OCaZIKOB 110 TeppuTopuu Poccun Habiiogaercs BecHOH (5.9% HOpMBI/10 seT). B mopoxkHO-
KIMMaTH4eCKOM palioHnpoBaHuy PP yxe BblZesieHBl PalfioHbl C M3OBITOYHBIM VBILKHEHUEM,
KOTOpBIE B JaJIbHEHIIIEM, B paMKax U3MEHEHUs KINMarTa, OyAyT XapaKTepU30BaThCs ellle 60JIbIINM
VBJIaXKHEHHEM.

IToMuMo ocnabieHUss OCHOBAHUS JOPOXKHBIX OJEXKJ IIPU IepeyBIaKHEHUU, TakKe ClelyeT
VUUTHIBATh IIPOTPECCUpYIOIIYe pPa3pyIIeHNs MOHOJMUTHBIX CJI0eB, BO3HUKAIOIIMEe IIPU COBOKYII-
HOCTU (GaKTOPOB «mukpompewyuna — IIAB - duHamuudeckoe 8o3deiicmsue» Kak ciaeacTBue 3dderta
Pebunzepa. IIpy BOSHMKHOBEHUM «4allll Mporuba» B JOPOXKHBIX OZAEXKJAaX BO3HUKAIOT PacTIrUBa-
IOIl[ie HANpPsDKEHUs B MOHOJHUTHBIX CJIOSIX, IIPEBBIIIEHHE KOTOPBIX IIPUBOAUT K OOpPas’oBaHHUIO
MUKpPOTpelnH. Bozja mpu momajaHuy B 06pa3soBaBIIMECS MUKPOTPEIINHBI uUrpaer poib I[IAB,
CHITXKAs IPOYHOCTD CBsI3el B achanbToOeTOHE U YCKOPsAS IIPOLIECC paspyLIeHNs MaTepraa.

Puc. 3. Jlebopmariys OKPHITHS ¥ BO3MOXKHAS MOJIETbHAS CXeMa Pa3BUTHS TPELIUHBI C y4ACTUEM
aZCOPOIIMOHHO-aKTUBHON Ccpeabl (MOJIEKYJIbl A, aAcopOUpyIOl[ecs B BepIINHE, CHIDKAIOT
IIPOYHOCTb CBsi3eli B-B) [8]

Fig. 3. Deformation of the coating and a possible model scheme of the crack development with
the participation of the adsorption-active medium (A, molecules adsorbed at the apex reduce
the strength of B-B bonds)

Ciezyet BeIAeUTH ABe HOopMBI TposiBieHus addekTa PebuHzepa B ZOPOXKHBIX KOHCTPYKIIHIX:

1) MHOTOKpaTHOe CHIDKEHHE IIPOYHOCTH MAaTepHaloB IIpU Hanuuuu IIAB M MexaHHYeCKOM
BO3/IeHICTBU;
2) nnactudunupyomue geiictusg [IAB Ha MaTepual (TJTHHUCTBIHN I'PYHT).

AHanusupys BHIIIEN3I0KEHHOE, CIeAyeT OTMETUTD, YTO obecriedeHre HOPMATUBHBIX MeEXKpe-
MOHTHBIX CPOKOB CJIY)KOBI Ha CYIIECTBYIOIIEl CeTH aBTOMOOMIBHBIX JAOPOT SIBJISETCS TPyAHOpaspe-
IMMMOH 3aziadeli, Tpedyolell KOJIOCCAIbHBIX MaTepUaTIbHEIX M (DMHAHCOBBIX 3aTPaT U yCTPaHEHUs
YCTaJIOCTHBIX OCTATOYHBIX HAIIPSDKEHUH.

Jlng ycuneHns KOHCTPYKIUYM HY>KHO PeIlluTh TPU 3aJa4uu:

1) obecrieueHre MaKCUMAaJbHOTO TIOTJIOIIEHUS HAMPSDKEHWE OT TPAHCIOPTHBIX CPEACTB Ha
VBIaXHEeHHOEe I'PYHTOBOe OCHOBaHMUe, 3a CUeT CO3JaHUS MOIIHOTO 'OMOTE€HHOTO CJIOS HecCyllero
OCHOBaHUS;

2) TUKBUZAYS OCTATOYHBIX HATIPSIKEHUH B CI0SX HECYL[Er0 OCHOBAHUS;

3) TUKBUZAIUS TPEIIUH U obecliedeHre MUHUMAIbHOTO YKMC/Ia TPAHUI] CJI0EB B KOMIIO3UTHOM

KOHCTPYKIIUY JOPOXKHOM OJ€XbI.
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IlepeuncieHHbIe 334241 MOXKHO pelllaTh B paMKaX KallUTaJIbHOI'O PEMOHTA, C ITI0JTHOH 3aMeHOMH
CJI0€B HeCYIIIero OCHOBAHNSA U IIOKPBITHSA JOPOXKHBIX OZlex /. B yclI0BUAX He0OCTaTOYHOrO GUHAHCH -
POBaHUS U OTCYTCTBHS KadeCTBEHHBIX CTPOUTEJBHBIX MaTEPUAIOB 3TO CZeIaTh IPOOIeMaTHIHO.
CpenHAgd CTOMMOCTD KaIlUTaJTbHOT'O PEeMOHTA OFHOU IOJIOCH! JBIDKEHMSA IPOTSKEHHOCTBIO 1 KM I10
CeTU POCCUMCKUX Jopor cocTariaseT 20 400.41 Tvic. py6. [9]. [Ipu 3TOM CpeHSSI CTOUMOCTDH PEMOHTA
1 KM aBTOMOOUIBHOI JOPOTH C YCIOBHOI HIMPUHOM 7 M B I[€JIOM II0 CETH JOPOT COCTABIIET BJBOE
Menbie - 10 581.42 Teic. py6. [9]. OfHAKO 3a4acTyi0 B COCTAB PEMOHTHBIX PabOT BXOAUT TOJBKO
3aMeHa cJ0eB achasbTOOETOHHOTO IIOKPHITHS, 0e3 YCHIeHNs U JMKBUJAIIUY OCTATOYHBIX Jedop-
Malui 1 HaIpsbKeHUH B HeCYIIMX CI0SIX OCHOBAHMS, YTO BIIOCJIE/ICTBUU IIPOSBISETCS B BUZE OTpa-

YKEHHBIX TPEI[UH B IOKPBITUM.
PECAVKJIMHT JOPOXHO-CTPOUTENBFHEIX MATEPUAJIOB

DPeKTUBHBIM CIIOCOOOM IIOBBIIIEHUS MPOYHOCTU HEKECTKUX JOPOXKHBIX OJAEXKZ SIBISETCS
Co3/jlaHre MOHOJIMTHOT'O CJI0S HeCylllero OCHOBaHM{, IIPU 3TOM BCe TEXHOJOTMYeCKHe pellleHUsd
JOJKHBI OBITh IIOJYMHEHBI OOLIeH IleJU — JOCTVIKEHMIO ONTHMAJIbHBIX CTPYKTYP IIOJydaeMbIX
MaTepuagoB, 06ECIEYNBAIONINX UX [JOJTOBEYHOCTh MPU MHUHUMAJIbHBIX PECYPCHBIX 3aTpaTax u
MaKCUMaJIbHOH OXpaHe OKPY:KaIolell cpebl.

YuuThIBas HeOOXOAMMOCTh COKpAlleHUs 00BeMOB KCIIOJIb30BAHUS IEPBUYHBIX IIPUPOJHBIX
PECYPCOB B JOPOKHOM CTPOUTEIHCTBE (B TOM umcie - achanbTo0eTOHa), BOSHUKAET OTZAeNbHAas
TEXHUKO-9KOHOMMYECKas pobieMa ONTUMHU3AINY PACXOA0B HAa MAaTePUATIbl B CMETHONH CTOMMOCTH
CTPOUTEIbCTBA.

B mociezHue roApl BO BCeEM MHpe pacTeT MHTEpeCc K OTXO0JaM KaK I[eHHOMY BUAY CHIPb,
IIOCKOJIbKY TOBTOPHOE HCIIOJIb30BaHUE MAaTepUaJOB pellaeT MpPobIeMy YTHIMU3AIUU OTXOAOB U
COKpaiaeT 06beMbl JOOBIYN HOBBIX MCKOIIaeMBbIX; OTCIOZIa BO3HUKAET OLIyTUMas 3KOJIOTUYecKas 1
9KOHOMMYECKad BBIT0/a OT PeIJUKJINHIA.

JlopoxxHas oTpacib B 9TOM BOIIPOCe He SBJIAeTCA MCKIIYeHHEeM: IOBTOPHOE HCIIOJIb30BaHUE
MaTepHuaoB OT pa3bopku acdarbTOOETOHHOIO MOKPBHITHS IIPU BOCCTAHOBIEHUU aBTOMOOMJIBHBIX
ZIOpOT IIPUBJIEKAET B Hallle BpeMs 60JIbIlIoe BHUMAaHUe.

Ecnu paccMaTpuBaTh TEXHOJOTHIO IEPEPabOTKU achasbTOBOTO TPAHYJIATA HE TOJBKO C TOYKU
3peHus SKOHOMMKH, a YYHUTHIBAaTh TaKXXe 5KOJIOI'MYECKYI0 COCTaBJAIONIyI0, TO IIpeAIIouTeHIe
clefyeT OTJATh XOJOJHON pereHepanuu, TO ecThb IepepaboTke acdaibTOBOIO IpaHyIATa I
CO3/laHUsI KOHCTPYKTUBHBIX CJI0€B JOPOXKHBIX O/ 0e3 IIpesBapUTEIbHOIO HarpeBa U JOIOJHU-
TeJIbHBIX TPAHCIIOPTHUPOBOK.

OCHOBHOE IIPEUMYIEeCTBO JAHHOU TEeXHOJIOTHHU Ilepe] TPAAULIMOHHBIMU METOZAaMM PEMOHTA
JI0POT — BO3MOXXHOCTD CO3/IaHMSI pereHepUPOBaHHBIX CJI0€B He TOJBKO JJIs YCTPOMCTBA IOKPBITUH,
HO ¥ CO3[jJaHHe MOIIHBIX F'OMOTeHHBIX CJIO€B HeCyIero OCHOBAHMS; TaKXe TEeXHOJOTHUSA OTBedaeT
NIPUHIOUIIAM YCTONYMBOIO Pa3BUTUS B CTPOUTENBCTBE B YACTU PEIMKINHTA U COXPAHEHUS OKPYKa-
IoIllel cpefpl. BMecTe ¢ TeM K HAaCcTOALEMY BpeMeH!U He IIPOBesieHa IeTaIbHO 000CHOBaHHAS CUCTe-
MaTHu3aus KOHCTPYMPOBAHUS [JOPOXKHBIX OJEXZ C MCIIOJb30BAHMEM METOZAA XOJOLHOM
pereHeparuy, YTO IPENATCTBYET ee IHMPOKOMY BHepeHUIo 1 3()PeKTUBHOMY HCII0JIb30BAHUIO.

ITpu xos0AHOH pereHepanyy CJIOEB CYIIECTBYIOIIEH JOPOXKHON OZEXJbI CO3JaeTcCs CIOH M3
acanprorpanynoberonHoir cmecu (manee AI'BC). OcHOBHOI Hpo6ieMOM SBASETCS CIOXKHOCTH
CO3ZaHUS ONTUMAJIBHOU CTPYKTYPHI; IIPU 3TOM, HAPSIAY C HEIIOCTOSIHCTBOM TOJIIUHBI ZOPOXKHOU
OZleXX/Ibl, BeCbMa BaKHO OIIpeZIeIUTHCS C BUAOM U KOJIUYEeCTBOM BSIKYIIIEro.

@aKTOpPHI, BAUAIOLINE HA CTPYKTYPY U cocTaB AI'BC, MOXXHO paszielnuTb Ha TPU IPYIIIBL:

— BHEIIHUE;
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— (baKTOPHI KKOHCTPYKTUBHOIN 0COGEHHOCTU»;

— BHYTpeHHUE;

K BHemHUM cilefyeT OTHECTH HNPUPOAHO-KINMAaTHUecKHe (PaKTOPbHl M pacueTHYIO TpaHC-
MOPTHYIO HarpysKy, COrJacHO TPaZMUIIMOHHON MeTOAUKe NPOeKTHPOBAHUA HEXKEeCTKUX JOPOXKHBIX
ogexn. [Ipu yueTe BHEIIHUX (GAKTOPOB TaKKe HEOOXOAUMO Y€ sTh BHUMAaHIE JOPOKHO-KJIMMAaTH -
YeCKOMY PaliOHMPOBaHUIO, B YaCTHOCTH, TPe6OBaHUIM K BOZO- I MOPO30YCTOMYNBOCTH, KOTOPHIE, K
pUMepPy, [JIs CeBepHBIX paiioHoB Poccuiickoii ®esepanuu AODKHBL OBITh B MPUOPUTETE IIPU
npoeKTUpoBaHuU coctaBoB ATBC. Tarke METOAMKY UCIBITAHUI 00PasIioB 11€1eCO00pasHo «IIPUBS-
3BIBATH» K YUETY PETMOHATBHEIX OCOOEHHOCTEN.

B 3aBHCHMOCTH OT TOTO, B KAKOM KOHCTPYKTHMBHOM CJIO€ JOPOXKHOU OZeXJbl OyJeT pacroJa-
raTbcst ATBC (HOKpBITHE UK OCHOBaHUE), ee CTPYKTYpa U COCTaB OYAyT IepeMeHHbIMU.

BuyTpeHHNMU (haKTOpaMH, KOTOpble OYAyT OKa3bIBaTh BIWSHUE HA KOJUYECTBO M BUJ, BSLKY-
mero B ATBC, ABISIOTCS KOJIMYECTBO U CTENEHb CTapeHUs 6uTyMa B acajbTOBOM I'DAHYJIATE, a
TaK)Xe ero rpaHyJIOMeTPUIeCKUH COCTaB.

Hapsazay c ucciezoBaHreM IIPOYHOCTHBIX ITOKa3aTeel, MOAY/Ib YIPYTOCTU He ABJISETCS ucdep-
mbIBalolel xapakrepucTukoii AI'BC. CrezyeT TakKe YUUTHIBATh OCODEHHOCTH I3KCILIyaTallny
TOTOBBIX MaTepHUaIoOB — IIPeXJe BCEro, B palioHax ¢ M3OGBITOYHBIM YBI&KHEHVEM U JacTHIM Iepe-

X0Z,0M TeMIlepaTyphl 4epes 0°C.
XOJIOAHBIV PECAUKJIVHT 1 HOPMATUBHOE OBECITEYEHUE B PO

ITpn aHanM3e HOPMATHBHOM JOKyMEHTAIWM, perJaMeHTUPYIOllell TeXHOJOTHI0 XOJOAHOTO
pecatiknunra B Poccuiickoil ®enepanuu, ciesyeT OTMETUTD IOBEPXHOCTHOCTD, OTCYTCTBUE YETKUX
PEeKOMeHZAIMH 10 IPOEeKTUPOBAaHUIO cocTaBOB AI'BC, a Takke y4eTy ZOPOXKHO-KINMATHIECKOTO

palioHNpoOBaHUS:

1) CTO HOCTPOM 2.25.159-2014 «XojogHas pereHepanus KOHCTPYKTHUBHBIX CJIOEB
JJIs1 yCTPOICTBA OCHOBAHUI JOPOKHBIX OZEXK»:

— nogbop Bsxymwero giaa  AIBC  ocymjecTBisgeTcs II0 pesysibTaTaM JabopaTOPHBIX
KICCJIeJOBAHU;

— TpeboBaHMA K QPUINKO-MeXxaHUIeCKUM CBOHCTBaM mozbupaiorcs coriaacHo I'OCT 9128-2009,
I'OCT 23558-94, 'OCT 30491-2012;

— peruoHaibHble OCOGEHHOCTU VYUTBHIBAIOTCA coriacHo I'OCT 9128-2009, I'OCT 23558-94,
I'OCT 0491-2012;

2) ITIHCT 306-2018 «CMmecu OpraHOMHHepaJIbHBIE  XOJOZHBIE C  KCIIOJIb30BAaHUEM
nepepaboranHoro achanbrobetona (PAII)»:

— TpeboBaHUA K (DUINKO-MeXxaHUYECKUM IoKasaTeasaM ATBC y4uTHIBAIOTCS B 3aBUCHUMOCTU
OT BBINIOJIHSEMO PYHKIINU — IOKPBITHE UIN OCHOBAHUE;

— HeET y4yeTa PErmoHaJIbHbIX OCO6eHHOCTeI>JI;

3) CTO HOCTPOM 2.25.35-2011 «YCTPOMCTBO OCHOBAaHUH JOPOXHBIX ofexs. Yactp 7
CTPOUTEJBCTBO OCHOBAHUI C UCII0Ib30BaHNEM ac(haibTOOETOHHOIO IPAHYIATA»:

— mpu nozbope coctaBa AT'BC cienyert ccpiiaTbes Ha OC-568-p;

— MpeACTaBJeHBl  pacyeTHble  3HAUYEHUs  KPaTKOBPEMEHHBIX  MOJyJIed  yIpyrocTu
ZJ1s pa3nnuyHbiX BUA0B AI'BC;

— HET y4yeTa PETMOHAJIbBHBIX 0CO6€HHOCT€I>)I;

4) OAM 218.6.1.005-2021 «MeToguyeckue peKoMeHanuu o BOCCTAHOBJIEHUIO

aC(l)a]IbTO6eTOHHbIX HOKpI)ITI/Iﬁ M OCHOBaHME aBTOMOOMJIbHBIX Zopor MeToAOoM XOJIO,CLHOI';i
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pereHepanum»:
— ¢dusuko-MexaHUYecKre mokasarenu AI'B mozbupaioTcs B 3aBUCHUMOCTY OT BBIITOJHIEMOIH
(YHKIIUY - TOKPBITHE WK OCHOBAHMUE;

— HET y4yeTa permoHaJIbHbIX OCO6€HHOCTefI;

5) CTO 03441578-0005-2016 «Cmecu acdanbTorpanysnobeToHHsle U achanbTorpaHya06eToH
[J1s aBTOMOOUIBHBIX OPOT» :

— HET y4yeTa PETMOHAJIbHBIX 0COBEHHOCTEN.

AxTyaspHble HOPMATHUBBI, pPerjJaMeHTHUPYIOIIe TEXHOIOTUIO X0JI0JHOI'O0 PeCalKINHTa, HOCIT
IIOBEPXHOCTHBIN XapakTep. Ilonbop cocraBoB ATBC peKoMeHAyeTCs OIpesessaTh J1abopaTOpHBIM
MyTeM I10 ODIIMM IPOYHOCTHBIM XapPaKTEPUCTHUKAM U BOJOCTOMKOCTHU, IIPU 3TOM METOAMNKA UCIIHI-
TaHUU 06pasI[OB He YIUTHIBAET 0CODEHHOCTEN MOCIeAyIOUIel IKCIIyaTalluy MaTepuanta. B 3Toi
CBSI3M CJlefyeT PAacCMOTPETb BOIIPOC O BBEJEHUM PETHOHAJIbHBIX ITOIPAaBOK, B OCOOEHHOCTU JJIs
PETMOHOB C M30BITOYHBIM YBIAKHEHHUEM.

AHanmy3 oTeYeCTBEHHBIX CTaTell TaKKe I'OBOPUT O 3aMHTEPECOBAHHOCTU HCCJeZoBaTesell B
BoIIpoce rozbopa onTuManbHbIX cocTaBoB AT'BC. Tak, B [10] mpejnoxeHa pa3paboTka METOAUKU
ONTHMU3AINN IIpoIlecca MPOEeKTUPOBAHUSA JOPOXKHBIX OZEXZ, HaIpaBleHHas Ha pas3paboTKy
CHCTEMBI TUIIOBBIX KOHCTPYKIIMY C UCIIOJIb30BaHUEM acaTbTOIpaHyIaTa METOJOM X0JIO0JHOMU pere-
Hepauuy, MOJy4eHHOTO Ha OCHOBe 3KOJOTMYeCKU 0e30ITacHBIX U 3Heproah@deKTUBHBIX MaTepu-
asoB. B KauecTBe TEOPETHYECKUX IIPEANOChIIOK AJsi 000OCHOBaHUS TAaKOH METOJUKU IIPEJJIOKEHO
HICII0JIB30BATh 9KOCUCTEMHBIN ITOAX0/] B UHXEHEPHOH JesITeTbHOCTH.

B [11,12] obuiue npunnumsl nogdopa coctaBa ATBC ¢ mpussskoii k OC-568-p B BOIIpocax orpe-
JleJIeHUs] ONTHMAaJbHOIO KOJIMYECTBa BSDKYIErO, a TaKXKe KUAKOr0 KOMIIOHEHTa, HeoOXOAMMOro
A7l VIIJIOTHEeHUsI, IIpeAJjaraeTcs pACCMOTPETh ¢ MOMOIIbI0 MOANDULIIMPOBAaHHOTO TecTa I[IpokTopa,
a TaK)Xe OPEroOHCKOro MeToza.

Pag pabot [13-15], 3aTparvBaioiux BOIPOCH IIPOEKTUPOBAHUS ONITUMAaIbHBIX cOCTaBOB AT'BC,
HOCHT OOIIUY XapakTep. PellenTypbl IPUTOTOBIEHUS CMeCeH IIPUTOTOBISIOT HA OCHOBE OpraHuye-
CKHUX WJMN KOMILJIEKCHBIX BSDKYIIUX C HMCIBITAHUSIMM B CTaHZAPTHBIX yCA0BUAX. ONTHUMaJbHOCTD
COCTaBOB yCTAaHABJIMWBAIOT PAaCUYETHBIM HYTéM IO CTaHAAPTHBIM IIPOYHOCTHBIM IIOKa3aTe/ldAM U
BOJIOCTOMKOCTH, C y9eTOM WiIu Oe3 yueTa KoadduIijreHTa yIakoBKU rpaHy. IIpy1 3TOM OTCYTCTBYIOT
WCCIEA0BAaHMA, BBIXOJSAIINE 32 PaMKU CYIIECTBYIOIIMX HOPMAaTHUBHBIX TpPebGOBaHUY, KOTOpPHIE
auddepeHIUPYIOT YCA0BUS AalbHEHIIEH 9KCILIyaTal[iu pa3pabaTbiBA€MbIX MATEPUAIOB.

IIpoBeseHHOE CpaBHEHUE METOAUK Imoabopa coctaBoB ATBC mo oTeyeCTBEHHBIM HOPMaM U
HeMeIlKol MeToauke Wirtgen [16], B CBOIo ouepe/ib, He YUUTHIBAET pasHoOOpasue reorpa@uIecKkux
30H Poccutickoii ®esepanuy; mpu 3TOM KavueCcTBO MoZ00paHHbIX cocTaBoB ATBC Takke OlleHMBAIOT
obmuMu TpebOBaHUIMU K IPOYHOCTHU U BOJOCTOMKOCTH. 3HAUMTEJbHOE BHUMAaHUE CJIeLyeT
VAEIUTb U U3YUYEHUIO aClIeKTOB caMOM TeXHOJIOTMU XOJOLHOU pereHepanuy, IOCKOJIbKY ee apdek-
THUBHOCTb U IPOM3BOJAUTENbHOCTD, II0 CPABHEHUIO C TPAAUIIMOHHBIMU MeTOZaMU PeMOHTa aBTOMO-

OUIBHBIX ZOpOT [17], He BBI3BIBAET COMHEHUI.
BBIBO/IbI

B P® TexHOJIOTUSA XOJIOAHOTO PeCAWKIMHIA HAXOAUTCS HA CTAJUU CTAHOBJIEHUS. DTO MOATBEP-
KJaeTcsl, C OZHON CTOPOHBI, HECOBEPIIEHCTBOM HOPMATHUBHOHN JOKyMEHTALNUY, IIpeJCTaBIeHHOHN B
OCHOBHOM DPEKOMEHANUSIMHY, 0e3 yTBeP:KAEHUsI HeOOX0AMMbBIX CTAaHAAPTOB, a C APYTOil CTOPOHBI —
BBICOKOI IyOJUKAIIMOHHON aKTUBHOCTHIO, MPOSBISIEMOIN OTEYECTBEHHBIMU HCCIEAO0BATENAMU B
yKa3aHHOU 00J1aCTH.

JlIs TIOJTHOLIEHHOTO BHEJPEHUsS TEXHOJOTHM pereHepanuy Ha Teppuropuu PO Heobxoauma
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pa3paboTka KOHKPETHBIX METOJWK, YUYUTBHIBAIOIINX pasHooOpasue KIMMATHYEeCKUX YCJIOBUH U

HIDKEIIePedICIE€HHbIX HpO6JIeM:

— IPOTHO3UPYEMBIN AMHAMWYHBI POCT aABTOMOOMJIM3AIMK U IOABMXKHOCTU HaceJeHUs
(yBesnueHMe pacyeTHBIX HaIPy30K);

— IIPOTHO3UpPyeMOe yBeJIudeHNe OCaJKOB Ha Bcell Tepputopum Poccuiickoii Pegepanmu
B paMKax I7100a71bHOr0 M3MeHeHMI KiIuMarta (MOBBIIIeHNe BIAKHOCTYU I'PYHTOB CO CHIDKEHUEM HX
Hecy1ell CIoCOOHOCTH);

— IIOBBINIEHVE HOPMATUBHBIX MEXPEMOHTHBIX CPOKOB JI0 24 jieT (Bo3pocuivie TpebOBaHUS K
33/JaHHBIM YPOBHSIM Ha/I€3KHOCTY COOPYKEHUI);

— mpobJieMa yTHUIN3aIY 0TX0A0B (acaybTOrpaHyIIT OTHOCUTCS K IV KJIaccy OIIacHOCTH, YTO
moJpasyMeBaeT HapylleHue 5KOJOTMYeCKON CHCTEeMBI C IIepPHOJO0M CaMOBOCCTAHOBJIEHUS bOoJee 3
jeT, 94To TpebyeT B coorBeTcTBUU C 'TlocTaHOBiIeHMEe 3 00 yTBEpKJEeHUM CAaHUTAPHBIX IIPaBUI U
HopM CanlluH 2.1.3684-21 "CaHI/ITapHO-SI‘II/I,Z[GMI/IOJIOI‘I/I‘IGCKI/IG Tpe6OBaHI/I${ K COJZepiKaHUIO
TEPPUTOPUI F'OPOACKUX U CEJIBCKUX II0CETeHHUH, K BOAHBIM 00'beKTaM, IUThEBOH BOJE U IUTHEBOMY
BOJIOCHAOXEHUIO, aTMOC(HEpPHOMY BO3/AyXy, II0YBaM, JKWJIBIM IIOMENIEHUSIM, OSKCILIyaTaliu
IIPOM3BOACTBEHHBIX, OOIIECTBEHHBIX IIOMEIIeHMI, OpraHu3aly U IIPOBEAEHHIO CaHUTAPHO-
MIPOTUBOANUAEMUYECKUX (IPOPUIAKTHUIECKUX) MEPOIPUATUI", IIeJOr0 psifa JOPOTOCTOSIINX

MePOIPUSTHH 110 IIPeJOTBPAIleHHUI0 HETaTUBHOTO BO3/I€HICTBUS Ha OKPYKAIOLIYIO CPey);

9MHCCHA ITAPHUKOBBIX I'a30B, B IIEPBYIO O9€peb YIJIEKNCJIOIO ra3a COZ,

— HeBO300HOBJIIEMOCTb IPUPOAHEIX PECYPCOB (MUHEpaIbHOE ChIPbe).
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YMHBIE KOMNO3WTbI B CTPOUTE/IbCTBE
SMART COMPOSITE IN CONSTRUCTION

The significant increasing of both road traffic and loads on the vehicle axle led
to unavailability of asphalt concrete to provide the necessary durability of road
surfaces. The durability of road surfaces is directly related to the quality
of the construction materials used and, above all, to the roadstone aggregate used to
form the asphalt concrete. The quality assurance and control of road products re-quires
a systematic approach, which is ensured primarily by having a proper quality
assessment sys-tem, methods and instruments for testing the properties of road
materials, products and structural layers, in accordance with the established standards,
indicators. The paper considers the issues of optimizing the choice of a large aggregate
(crushed stone) for asphalt concrete in terms of the best adhesion with bitumen used by
road construction companies of the Viadimir region. For laboratory testing we use
the roadstone aggregate by various manufacturers in order to produce a durable, shear-
resistant and crack-resistant road surface material. By the experimental results,
crushed gab-bro-diabase crushed stone is the most suitable for the preparation of hot
asphalt mixtures. The paper contains a crushed stone test report, information
on gabbro-diabase crushed stone selection of as-phalt concrete composition and results
of asphalt concrete testing.

Key words: coarse aggregate, crushed stone, gabbro-diabase, asphalt concrete
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YMHbIE KOMMNO3UTbl B CTPOUTE/IbCTBE

SMART COMPOSITE IN CONSTRUCTION

3HauumenvHOe NOBLLULEHIUE UHTNEHCUBHOCTIL A8MOMOOUALHO20 J8UNMEHUSL U 803POCULLLE
Hazpy3Ku HA O0Cb MPAHCNOPMHBIX Ccpedcme HA O0opoedx mnNpusedl K MOMY, UMO
acanvmobemons. He 8 cocmoaHuu obecneyums Heobxodumyio 004208e4HOCTD
doposxcHulx mnokpeimuil. JoazogeuHocmv acanvmobe-moHHbLX NOKPLLMUL HANPAMYIO
C843aHA C KAYeCMBOM UCNOAb3YEeMbIX mamepuanog u, npexde 6cez0, ¢ KAMEHHbLIMU
mamepuanamu, Gopmupyrowumu cmpykmypy acasvmobemona. 3adauu obecnevenus
Kauecmea 00poXHcHOIU NPoOYKYUU U €20 KOHMPOAbL mpebylom cucmemHnozo nodxoda, umo
obecneuuga-emcsa, npexde 8cez0, Haluuluem Halaexaujell cucmembvl OUeHKU Kavecmad,
memo0oe u npubopog 045 npogedeHus UCNLLMAHUL C801LCME JOPONHBLX MAMEPUANLOS,
u3deautl U KOHCMPYKMUBHBLX CA0-€8, 6 COOMEemcmeul ¢ YCMAHOBAEHHLIMU
HOpMAMUBHULMU OOKyMeHmaMmu, nokazameasmu. B pabome paccmompeHrHvl. 80MPOCHL
onmumuzayuu ewvlbopa Kpynuozo 3anoanumens (webns) 0as acpasvmobe-mona
U3 ycaoeusa  Hauaydweldl adee3uu ¢ OUMYMOM, TNPUMeHAEMO20 8 OOPONCHBLX
opeanusayuax Baadumupckoii obaacmu. BuinoanHsAucb AabopamopHble UCNBLMAHUL
KAMEeHHO020 Mmamepuand pas-AuuHulx mnpouszgodumeneili 041 nNOAYyHUeHUS NPOUHOZO,
c0suzoycmoiiugoeo U MPeWUHOCMOLUK0e0 mamepuasa OOPONHHLLX NOKpbLMUL.
Pesysvmamul ucnelmanuil nokasaiu, 4mo Haubosee NpuzodHvIM 045 NPUZOMOBAEHUS
eopavux acpanvmobemonuslx cmecell aeasemca uwebenv u3 2abbpo-duabasa.
IIpusodumca npomokoa ucnuimanuil webHs, nodbop cocmaea acpasvmobemona
Ha 2abbpo-duabazom webHe U pe3yavmamel ucnvlmanuil acpasvmobemona.

Kiao4eBbie cioBa: KPYIHBIH 3aMOJTHUTED, mebeHb, rabbpo-guabas,
achanpTobeTOH
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INTRODUCTION

Roads are an essential part of infrastructure contributing to economic growth, achieving of so-
cial objectives and providing the national security. The development of roads in terms of increasing
economic activity and intensive motorisation of the population should provide access to settlements,
match the capacity of the road network to road traffic flows and meet the challenges of transport
system in future.

Despite the recent emergence of modern highways, the traffic conditions of the most automo-
bile roads can be regarded as unsatisfactory. More than half of them have insufficient road surface
durability and more than a third of the trunk roads need upgrading to a higher technical category [1-
5].

Their low technical level, inconsistency of road parameters with the volume and traffic struc-
ture, regular overloading of certain road sections do not allow the performance qualities of modern
vehicles to be realised: average speeds in Russia are more than half those in European countries.
The unsatisfactory condition of road surfaces on a significant number of roads causes the increasing
of the shipping operations costs. These factors increase the transport costs and time costs of delivery
of goods and passengers of Russian manufacturers and consumers, reduce the defense capability
and security of the country, the competitiveness of domestic goods, especially goods produced in re-
gions remote from the borders of the Russian Federation [2].

A particular issue is the improving of road surface conditions in order to reduce the rate of wear
and increase the permissible stress (only about a quarter of all paved roads are designed for axle
loads of 10 tonnes and the European limit requires roads to be designed for 11.5 tonnes). Analysis
of the Russian Federation roads condition shows the high percentage of the road under repair and
the shortage of working life of built and major repaired asphalt concrete road surfaces. Erosion and
cracks often appear at the first year of use, whereas abroad road surfaces can be exploited up to 15
years. Largely the low quality of road surfaces is due to their insufficient water resistance and frost
resistance as a consequence of the low adhesion of road bitumen to the aggregate. Therefore, special
attention needs to be paid to the issue of road surface condition, as it determines the condition of the
transport network as a whole [6].

By the experience of a number of countries, the issues of road network developing can only be
accomplished through the government programmes defyning the main directions and measures for
road development and their funding providing. The national project “Safe and High Quality Roads”
is currently being implemented in 84 regions of the Russian Federation.

It includes works to ensure the safety of federal and regional public highways, improve the
transport and operational condition of the road network and reduce the slippage rate of federal and
regional public highways in terms of repair schedules. Improving the transport and operational con-
dition of roads, increasing the technical level and length of the road network will increase the speed,
comfort, safety and efficiency of road transport and ensure a 15-20% reduction in the cost of road
freight and passenger transport across the country, contributing to economic growth [7].

Reducing transport costs will increase the competitiveness of products in various sectors
of the economy and decrease costs in the social sphere, which will contribute to increased
production and better living standards of the population.

In this regard, the quality assurance of road construction, and of all the structural elements
of roads, is also becoming increasingly important. The quality assurance and control of road
products requires a systematic approach, which is ensured primarily by having a proper quality
assessment system, methods and instruments for testing the properties of road materials, products
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and structural layers, in accordance with the established standards, indicators.

The purpose of this work is to analyse the test results of crushed stone used in the Vladimir re-
gion and provide a background for choosing one or another material for use in the production of as-
phalt mixtures by road construction companies.

It is very important to identify any inconsistencies of road construction materials or structural
layers during the initial stages of road construction. This requires both skills and a short timeframe
for conducting the analysis. In order to meet both criteria at once, it is necessary to develop addi-
tional documentation not conflicting with normative one, but rather supplements and clarifies it,
which would serve to assist professionals working of the industry and enable optimal solutions to be
applied based on an option comparison. This paper examines the issue.

EXPERIMENTAL PART

One of the main challenges in achieving a dense and durable asphalt concrete meeting the re-
quirements of the regulations is to ensure the quality of the input materials and, most importantly,
to maintain compatibility of the constituents when mixing, laying and compacting the asphalt
mixture. The most important condition for the asphalt concrete quality is good adhesion
of the bitumen to the surface of the mineral materials, including the coarse aggregate - crushed
stone.

The research was carried out on the basis of the Laboratory Control and Implementation of New
Technologies Department of GUP VO “DSU-3".

During selecting the composition of the asphalt mixtures, a large number of materials
of the mixture were tested. Road construction companies of the Vladimir region use limestone,
crushed stone from the Vladimir Karieroupravlenie (VKU), crushed stone from the Brykovy
Mountains de-posit in the Alexandrov district of the Vladimir region, gabbro-diabase from deposits of
Ranta-Myaki, “KP-Gabbro”, Iron Mountain, Holodai Mountain, VKU, Zhukov Kamen, etc.

Diabase-gabbro crushed stone of 11.2- 16 M1400 grades, produced by “KP-Gabbro”, Petroza-
vodsk, is the most widely used at the moment and it was taken as the basis for testing and selection
of asphalt concrete mixture.

Testing of the initial crushed stone, according to [8-15], used to select the composition
of the asphalt mixture and its manufacture includes determining (Fig. 1):

1) aggregate gradation composition;
2) aggregate packed density;

3) natural moisture content of the material;

5) grains of flaky aggregate and needle shaped;

)
)
)
4) brand by crushing capacity;
)
6) gritty and clay particles content;
)

7) medium density.

Experimentally it was found the gabbro-diabase rock of “KP-Gabbro” is the most suitable
for the production of asphalt mixtures according to GOST R 58406.2-2020, as the best values of all
the tested materials of the similar group are observed. We use this material for our further work.

The study was carried out on asphalt-concrete mixture A16Vn used in the top layer of the pilot
section during the repair of the road in Kolchuginsky district of Vladimir region. Also we made
a selection of asphalt concrete mixture composition (Table 1).
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Fig. 1. Testing of crushed stone gabbro-diabase gr. 11,2-16 M1400 "KP-Gabbro"

The next step of the research is the development of an asphalt concrete mixture formula with
the selection of the grain composition of the asphalt concrete and the optimum amount of bitumen,
followed by the moulding and testing of the samples produced. The following materials were used

to prepare the mixture:

— crushed stone gabbro-diabase gr. 11,2-16 M1400 “KP-Gabbro”

— crushed stone gabbro-diabase gr. 8-11,2-16 M1400 “KP-Gabbro”;
— crushed stone gabbro-diabase gr. 4-8 M1400 “KP-Gabbro” “Karieroupravlenie No. 1, Iron

Mountain deposit”;
— crushed sand, gabbro-diabase, M1400 “Karieroupravlenie No. 1, Iron Mountain deposit”;

— MP-2 mineral powder by “CAPITAL MAGNESIT”.
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Table 1. Selection of asphalt concrete mix composition

YMHbIE KOMMNO3UTbl B CTPOUTE/IbCTBE

SMART COMPOSITE IN CONSTRUCTION

23 November 2021

Composition of asphalt-concrete mixture
A16Vn by GOST R 58406.2-2020(TWA-160)

For construction of top layer jf the road surface

For road repairing in Kolchugino district, Vladimir region

Contract # 27, 7 JTune 2021

1. Construction materials

N | Name of the material Compositio | Average | Particle-size distribution
n of asphalt- | and true | (passed through a sieve with holes mm), % by mass
concrete specific
mixture gravity,
. 3 22.4 16 11.2 8 4 2 0.12 0.063
(bitumen g/cm
over 100%) 5
1 | crushed stone gabbro- 2.99 100.0 93.3 5.16 2.14 0.00 0.00 0.00 0.00
diabase gr. 11,2-16 M1400
“KP-Gabbro”
2 | crushed stone gabbro- 2.99 100.0 | 100.0 | 92.82 9.72 1.02 0.00 0.00 0.00
diabase gr.  8-11,2-16
M1400 “KP-Gabbro”
3 | crushed stone gabbro-
diabase gr. 4-8 M1400 “KP-
Gabbro”, 3.00 100.0 100.0 100.0 | 92.82 7.86 1.17 0.00 0.00
“Karieroupravlenie No. 1,
Iron Mountain deposit”
4 | crushed sand, gabbro-
dlabé.lse’ . M1400 3.04 100.0 100.0 100.0 100.0 | 92.36 67.03 12.97 8.01
“Karieroupravlenie No. 1,
Iron Mountain deposit”
5 | MP-2 mineral powder by 2.83 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 98.32 | 84.78
“CAPITAL MAGNESIT”
2. Grain composition of asphalt concrete mixture
Mixture composition % 22.4 16.0 11.2 8 4 2 0.125 | 0.063
1 | crushed stone gabbro- 25.0
diabase gr. 11,2-16 M1400 25.0 23.3 1.3 0.5 0.0 0.0 0.0 0.0
“KP-Gabbro”
2 | crushed stone gabbro- 15.0
diabase gr. 8-11,2-16 15.0 15.0 13.9 1.5 1.2 0.0 0.0 0.0
M1400 “KP-Gabbro”
3 | crushed stone gabbro- 17.0
diabase gr. 4-8 M1400 “KP-
Gabbro”, 17.0 17.0 17.0 15.8 1.3 0.2 0.0 0.0
“Karieroupravlenie No. 1,
Iron Mountain deposit”
4 | crushed sand, gabbro- 38.0
diabase, M1400
. . 38.0 38.0 38.0 38.0 35.1 25.5 4.9 3.0
“Karieroupravlenie No. 1,
Iron Mountain deposit”
5 | MP-2 mineral powder by 5.0
“CAPITAL MAGNESIT” 5.0 5.0 5.0 5.0 5.0 4.9 4.2
6 | Total 100.0 100.0 98.3 75.2 60.8 41.6 30.7 9.8 7.3
7 | Grain  composition by 100.0 | 100.0 | 85.0 - 58.0 | 40.0 | 200 | 10.0
GOST R 58406.2-2020
100.0 90.0 70.0 - 37.0 25.0 7.0 5.0
8 | Actual grain composition
100.0 98.3 75.2 60.8 41.6 30.7 9.8 7.3

The mixture preparation technology included the following processes:

1) Preparation of asphalt concrete mixture based on the initial binder - modified bitumen grade

BND 70/100, under laboratory conditions in a mixing plant (Fig. 2).
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Fig. 3. Preparation of asphalt concrete samples by GOST R 58406.2-2020

3) Testing of the samples obtained.
4) Analysis of the samples obtained.

RESULTS

During the testing, a laboratory sample of the material, prepared from a composite assay, was
formed for all laboratory tests for this type of crushed stone. This assay was used to prepare an ana-
lytical sample from which individual samples were taken in accordance with the test procedure. Ac-
cording to [8] it is allowed to use one analytical sample for more than one type of test.

The test results are shown in Table 2.

One of the most important quality parameters is the adhesion of the binder to the surface of the
aggregate providing almost all the technological and performance parameters of asphalt surfaces.

By the results of the experiments, a strong bond between the binder and the gabbro-diabase
stone material is ensured. The cohesion and adhesion to mineral materials increases, as well as re-
sistance to oxidation and ageing. The asphalt mixture was prepared with the using of modified bi-
tumen.
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Table 2. Test report for crushed stone gabbro-diabase gr. 11,2-16 M1400 “KP-Gabbro”

Test report for crushed stone gabbro-diabase
Name of the material: crushed stone gabbro-diabase gravel 11.2-16 M 1400 (brand 90/100)
Sampling point: Ulybyshevo railway station
Date of sampling:15 November 2021
Manufacturer: “KP-Gabbro”
Laboratory testing results
N Name Unit GOST requirements Actual value
of measurement 32703-2014
bulk density g/cm® - 1.62
2 moisture % - 0.75
brand by - M1400 (gr.=1.44%)
crushing
capacity
4 | grains of flaky % by mass - 5.6 (L10)
aggregate and
needle
shaped
5 | gritty and clay % by mass less than 1 0.34
particles
content
6 medium g/cm® - 2.99
density
Grain composition
N | Amount of balance Grain size, mm
31.5 22.4 16 11.2 5.6 Less
than 5.6
2D 1.4D D d d/2
1 Private, g 0 0 670 8814 302 214
2 Private, % 0.00 0.00 6.70 88.14 3.02 2.14
3 Total, % 0.00 0.00 6.70 94.84 97.86 100.0
4 Total, % 100.0 100.0 93.30 5.16 2.14
5 GOST requirements 100.0 100.0 900-100 0-10 0-2
32703-2014 to total, %
(brand 90/100)
Conclusion: crushed stone gabbro-diabase gravel 11.2-16 M1400 (brand 90/100) corresponds to GOST
requirements
32703-2014

The “KP Gabbro” asphalt mix on crushed stone gabbro-diabase gravel 11.2-16 M1400 also show
good results. The study was carried out on samples of a given type of asphalt concrete mixture
prepared on the basis of petroleum road bitumen [16, 17].

Test results of asphalt mix A16Vn are shown in Table 3.

CONCLUSIONS

The use of crushed gabbro-diabase stone as a coarse aggregate for the preparation of asphalt
mixtures makes it possible to obtain a strong, durable, shear-resistant and wear-resistant surface ma-
terial, reliable in operation during the entire normative service life.

1) A rationality of use of crushed gabbro-diabase in asphalt-concrete mixtures on modified road
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bitumen used by road constructing companies of the Vladimir region is proved.

2) Increased cohesion and increased adhesion, as well as resistance to oxidation and ageing,
which also improves the physical and mechanical properties of the asphalt concrete and increases
the life between repairs of the road surfaces.

Table 3. Test results of asphalt concrete mixture A 16Vn. Key indicators

Permissible
Unit variation of
. T . The actual
Indicators of individual GOST requirements Results It
results
name measurem indicators P 58406.2-2020 by formula
BND 70/100
ent from the
formula
Bulk density g/em® - - 2.650 2.655
Air void % +1,2 2.5to0 4.5 included 3.3 3.21
Air void

. . % - at least 12.0 16.2 16.0

in mineral aggregate

Air void filled with
] % - 67-80 79.7 79.95
asphalt binder
Average track depth mm - max 4.5 2.4 2.41
Waterproofing - atleast 0.85 0.86 0.86
Maximum density g/em® - - 2.740 2.743
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The garage building in the style of post-constructivism designed by a graduate of the
Leningrad Higher Art and Technical Institute I. N. Dubov in 1935 in Yaroslavl. The
article analyzes the peculiarities of architectural planning in the context of economic
prerequisites for the appearance of this type of building in the city, the influence of
European and domestic avant-garde ideas, as well as the time guideline son the
development of the creative concept. The author's task is to objectively prove the
historical and cultural value of the building in order to preserve its unique typological
example which illustrate some of the program and stylistic milestones in the
development of a new type of building in the USSR. New information on the
architectural history of the Soviet era and the work of the architect Ivan Dubov is
published.
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BBEAEHUNE

B amrycre 2018 r. aktuBuctamu SpocnaBckoro otzenenus BOOIIVK 6plia MHUIUMMpPOBaHA
IoZia4a 3asIBKU O BKIIOYEHUH BbISIBJIEHHOIO MCTOPUYECKOTO 3aHUS rapa)ka, BRIIIOJTHEHHOTO B CTUJIE
IIOCTKOHCTPYKTUBH3MA B cepefuHe 1930-X roZ0B, B eAMHBIE rOCyZapCTBEHHBIH peecTp 0OBEKTOB
KyJbTYPHOTO HacjaeAus. B 9ToM OBIJIO OTKAa3aHO «II0 MPUYUHE OTCYTCTBUS UCTOPUKO-KYIbTYPHOM
LIEHHOCTH, C TOYKU 3peHMs HCTOPHUH, apXUTEKTyphl, I'PafOCTPOUTENbCTBA, UCKYyCCTBa, HAYKU U
TeXHUKU, STUOJOTHUY WU aHTPOIIOJOTHUH, COIUATbHOM KYJIbTypPhl» 0e3 KaKOH-1100 apryMeHTalllu.
[TonmpobyeM pa3obpaThCs B COCTOSITEIPHOCTY JAHHOTO YTBEPXKAEHUS, COIIOCTABAA GaKTH, JaHHbIE

u CO6bITI/I${, BKJIIOYasd apXVBHbBIE MCCI€J0BaHNA.

SKOHOMMUWYECKHUE 1M UCTOPUKO-KYJ/IBTYPHBIE ITPEAITIOCBIIKIA
CTPOUTEJILCTBA

B 1928 r. ObLT HNPUHAT IEPBBIM MATHUIETHUI IIaH pasBUTUS HapoaHoro xossiicrea CCCP,
I[eJIbI0 KOTOPOrO OBLTIO KOPEHHOe IIEePeBOOPYKEHUEe COBETCKOHN IPOMBIINIIEHHOCTH, BKJIIOYas
aBTOMOOMJIBHYIO. B CcBOIO oOuepezap, 3ajada pa3BUTHUSI aBTOMOOHMJIBHOTO TPAHCIIOPTA B CTpaHe
TpeboBana Co3JaHUSI MOIIHBIX IPEeANPUITUI 10 MPOU3BOJCTBY aBTOMOOUIEH, KOMIIIEKTYIOUINX
W37leJIUH, UIVH, TOIUIMBA, CIIEI[UaJbHBIX CTajlel, CTAHKOB U 00OpPYyJOBaHUs. DTOT IJIaH YCIIELIHO
NIpeTBOPAJICA B XKU3Hb. Hanmpumep, TOJIbKO Ha TEPPUTOPHUU ropoja fpociasis B KoHIle 1920-Havaie
1930-x rr. OBLIM IIOCTPOEHBI HOBBIE IIPOMBIIIIEHHbIE NPeANpHUATHS - SIpOoCIaBCKUI
pesunoacbectoBbiii kombuHat (pPAK), 3aBog cunTeTmdeckoro kayuyka (CK-1), zaBox «ACEA»
(IDM3), a TakKe MOZEePHU3UPOBaH SIPOCIABCKUI IOCyJapCTBEHHBIH aBTOMOOWIBHBIN 3aBog No 3
(AITA3). CoBMecTHO ¢ 3aBoZamMu «AMO 3UJI» u «Cnaprak» (Mocksa) ITA3 gaBas cTpaHe B 1929 1. —
1712 mamtug, B 1930 1. - 4226 MaIiuH, U3 KOTOPBIX 839 TsDKENbIX IPY30BUKOB U aBTOOYCHBIX IIACCHU
BBIITYCTHJI sipocyaBckuii 3aBog Ne 3 [1]. Hakonus k cepeguHe 1930-X IT. HeMaJIbIi OIIBIT B PEMOHTE
MalllH, HaJaXWBaHUU CEPHUIHOIO ITPOM3BOJCTBA, COBETCKOE aBTOMOOMJIECTPOEHHE IOJOLIIO K
HOBOMY Py0exy — MacCOBOMY IIPOM3BOACTBY aBTOMOOUIIEH.

Vi3MeHeHU B XKU3HMU JIIOZEH U CTPaHbl HeN30€)XXHO OTPaKaInCh Ha ClIeU(UKe apXUTEKTYPHO-
CTPOUTENBHON JesATenbHOCTH. HapaBHe ¢ JoMaMu-KOMMyHaMy, (abpuKaMu-KyxHIMH,
IPOJIETAPCKUMM KIybaM{, MeXaHU3UPOBAHHBIMU IIPAavYeYHBIMU-0aHAMU U JAPYyrUMU TUIIAMU
00BeKTOB cepeANHBI 1920-X TOZOB CTAIN IPOEKTHUPOBATHCS 3AaHUSA OOLIECTBEHHBIX rapaxeii. OHU
NpeHa3HAYaINCh JJIs XpaHEeHUs U 00CTy:KUBaHUSI aBTOOYCOB, BEZIOMCTBEHHBIX aBTOMOOUIIEH U B
OCHOBHOM CTPOMJIHCH B cToIUIlEe — MoCKBe. YHCIIO YaCTHBIX aBTOBJI/IE€IbIIEB TOT/A OBIJIO HEBEIUKO,
a [pyrve ropozia He pacIoJiaraiy OOUIMPHBIM [TapKOM 00IIeCTBEHHOTO U IPy30BOTO TpaHCIOpTa. Bo
MHOTHX TOpOZax KOHHBIM BMJ TPaHCIIOPTa BCe ele Ipeobiajan HajZ aBTOMOOMJIBHBIM. KapeTsl,
IIOBO3KH, IIPOJIETKU ABJIAJIUCH AOMUHHUPYIOIIMMU IIPU IepeABIKEHNM ITacCaXUPOB. B ImpoekTax
KOHIIa 1920-X IT. Ha IeHepajbHBIX IIJIaHAX B SKCIUIMKALVK 3JaHUU U COOPYKEHUU IIOSABJISINCH
Takye HasBaHWUsd, KaK KapeTHWK, KapeTHBIN capal, KapeTHBII gBop u Ap. Hampumep, Ha
reHepaJbHOM IUIaHe 3AaHusA [ocyzapcTBeHHOro 6aHka B flpociaBie, CIPOEKTHPOBAHHOIO U
IIOCTPOEHHOr0 B KOHIle 1920-x rr. (aBTopwl — U. 1. Kuases, I'. B. Capenko, 1. A. PycaHoB mpu
yuactuu I'. II. Tosnblla), IpeAyCMOTPEHO YCTPONCTBO KapeTHuKa [2] (pumc. 1). YucieHHOCTH
aBTOMOOMJIBHOTO ITapKa Pa3sBUBAIOLIETOCS COIUAINCTHUIECKOTO TOCYAapCTBa K Hadaxy 1928 r. ObLia
HIKe, yeM B Ounnaaauy, [loneie, Pymbinuy, Iopryranuu [1].

B X0Zle TEXHUYECKOTO IIEPEBOOPYKEHUS ABTOMOOWIBHOM MPOMBINUIEHHOCTH K 1935 T.

npoussozacTBo MammuH B CCCP Bo3dpocio 6osee uem B 20 pa3s (mo cpaBHeHwuio ¢ 1930 r.) — 0 97 ThIC.
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IITYK; OCBOEH MAaCCOBBIH BBIIIYCK TPeX 0a30BBIX MoOJesel, KOTOpble IIOCTABJISINCh BO BCE PETHOHBI
crpassl [1]. BosHUKJIA IOTPeOHOCTD B CTPOUTENBCTBE 3JAHUU [JI1 XpaHEHUS U OOCIy)KUBaHUS

MallrH (Hpe}K,ZLe BCero, FPYSOBI:IX) - rapameﬁ B PA3/IM9IHBIX I'OPOJax.
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Puc. 1. 3zanue T'ocyzapcTBeHHOro 6aHKa B fIpociiaBie, CIIPOEKTHPOBAHHOE U IIOCTPOEHHOE
B KOHIle 1920-x rr. ABTopsl: .1. Kua3es, I'.B. Capenko, 1.A. Pycanos nipu ygactuu I'.Il. l'onbna
(1928-1929 rr.). [L1aH MepBOro 3TaXKa ¢ TEPPUTOPHEL yaacTKa (IpoekT) [2]

Fig. 1. The building of the State Bank in Yaroslavl, designed and built in the late 1920s. Authors:
L.I. Knyazev, G.V. Sarenko, I.A. Rusanov with the participation of G.P. Golts (1928-1929). Ground
floor plan with the territory of the plot (project) [2]

37aHus rapajkeil BTOPOI ITOJIOBUHBI 1920-X IT., KaK M BCe IIPOEKTH KOHCTPYKTUBUCTOB, OBLIHN
pellleHbl B COOTBETCTBUM C (PYHKIMOHANbHO-TEXHOJOTMYECKMMH M CUMBOJIHUYECKUMU 3aJadaMu
BpeMeHU. BrigaromuMcesa aBToOpoM Takux mocTpoek B Mockse 6511 K. C. MenpHUKOB, TBOPYECTBY
KOTOPOTO CEeroZHs IOCBAIEHO MHOTO KHUT U CTaTell COBpeMeHHBIX HccaegoBartesnel [3-6]. B pany
€ro paHHUX IIOCTPOEK BBIZENAIOTCA Tapakyu JAiasd aBToOycoB Ha BaxMeTbeBcKoil yauiie (yiI.
O6pasrioBa) (1926-1928 rr.) U Ipy30BBIX aBTOMAauIMH MoccoBeTa Ha HoBopssaHckol yiuie (1926-
1929 rr.) B MOCKBe, ITPOEKTH KOTOPHIX CO3/IaBaICh COBMECTHO ¢ NHKeHepoM B. @. IllyxoBeIM (puc.

2, 3).

TaRAw —
CHCTEMIM  APT MEAMHMKDEA
T

Puc. 2. 37aHue rapaxka Ha BaxmerbeBckoli yiuiie (yia. OOpasioBa) B MOCKBe, apXUTEKTOP

K.C. MenabHUKOB (1926-1928 1T.) [7, 8]
Fig. 2. Garage building on Bakhmetevskaya st. (Obraztsova st.) in Moscow, architect K.S. Melnikov

(1926-1928) [7, 8]
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Puc. 3. 3zaHue rapaxa /s Ipy30BbIX aBTOMaluH MoccoBeTa Ha HoBopsi3aHCKOH yi. B MOCKBe,
apxurtextop K.C. MenpHUKOB (1926-1929 rT.) [9, 10]

Fig. 3. The building of the garage for trucks of the Moscow City Council on Novoryazanskaya st. in
Moscow, architect K.S. Melnikov (1926-1929) [9, 10]
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CeroziHs 3TV OOBEKTHl SIBAAIOTCS BBIZAIONMMICS TUIIOJIOTMYECKUMU 00pasiaMu I'. MOCKBBI.
BrInoJIHEHHblE B aBaHTapJHOM CTHJIE, OHU OTJIMYAIOTCS SPKOM OOPasHOCTHIO, XapaKTepPHBIMU
JeTalsIMU U MeTaJUIOKOHCTPYKIIUSAMU, KOTOPble OPUTMHAIBHO COUEeTAIOTCS ¢ KMPINYHOMN KIaZKOH.
B cepeamte 1930-x ToZ0B (B Mepuo/, IOCTKOHCTPYKTHBU3MA) B MOCKBE ObLIO IIOCTPOEHO ellle /Ba
BeJJOMCTBEHHBIX rapaka I10 IIPOEeKTy MacTepcKoil MenpHUKOBA: rapax 'ocriyiaHa Ha ABIaMOTOPHOU
yauie (1934-1936 rr.) u rapax «MHTypucta» Ha CyieBckoM Basty (1933-1934 r., 1938 r.) (puc. 4, 5).
3necp K. C. MesbHUKOB 3aHMMAJICS B OCHOBHOM pellleHHeM apXUTEeKTypHoU (opMbl ¢acazos
3JaHUN. ABTOp WpHZAT 3JAaHUSIM OPUTUHATIBHBIE o00pas, ¢opMmy, MIACTUKY U AUHAMUKY,
XapaKTepHBble /JIs aBaHrapJHON apXUTEKTYphl, HECMOTpPs Ha OYeBHJHbIE CJABUTU B 0OIei
CTHJIMCTUYECKON HAIlpaBJE€HHOCTH apXUTEKTYPHl B CTOPOHY HeOKJacCHUIM3Ma B cepeiuHe 1930-x
rr. OZHAKO He BCerza IPOeKTHl PEaNN30BhIBAINCh B COOTBETCTBUU C IT€PBOHAYAIbHBIM 3aMbICIOM.
Tak, B mpoljecce CTPOUTEIbCTBA MacTepCKas BBIHYy)XJeHa OblIa OTKasaTbCs OT Jjorotrumna BAO
«VIHTYypHCT» BBUAY IlepeZiauu rapaxka B BeZieHre HKB/I. JleBas mosioBUHA 37aHUS OblIa PafUKaJIbHO
IlepecTpoeHa II0J «HOBBIM CTHJIb», OTBeYas 33aJaHHOU IapTHeld U IIPaBUTEIbCTBOM JIMHUU
PasBUTHSA apXUTEKTyphl. DTO pellleHMe BHU3yalbHO pa3buIo OOBEKT Ha JBe YacTH, pasBajuB
OpUTHUHAJIBHYI0 KOMIIO3UIIMIO. Ilocieyolnye JKeCTKHe CTUIeoOpasyoolye YCTaHOBKY 3aCTaBUIH
MacTepa OTKas3aThCs OT JaJbHeNIIel apXUTEeKTYPHON IIPAKTUKH.

Puc. 4. 3paHme rapaxa l'ociiana Ha ABHaMOTOPHOH yiI. B Mockse, MacTepckas K.C. MesbHIKOBa
(1934-1936 rr.) [11]

Fig. 4. Gosplan garage building on Aviamotornaya st. in Moscow, workshop of K.S. Melnikov
(1934-1936) [11]
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Puc. 5. 3gaHme rapaxa «UHTypucta» Ha yia. CymeBckuii Baa B MockBe, MacTepckas
K.C. MesbHuKOBa (1933 - 1938 IT.) (IpOEKT 1 peasn3oBaHHAs IOCTPOIKA) [12, 13]

Fig. 5. The Intourist garage building on Sushchevsky Val st. in Moscow, workshop
of K.S. Melnikov (1933 - 1938) (project and completed construction) [12, 13]

3OAHUE I'APAXA [JI1 ABTOMAIIMH HA ITPOCIIEKTE OKTABPA
B APOCJIABIJIE

3aHue rapaxa g aBTOMAIIMH Ha npocrekre OKTA0ps B I. fIpociaBie, CIIPOEKTHPOBAHHOE
apxutexkropoMm U.H. [ly6oBeiM B 1935 T., SIBJISI€TCSA IOCJIE/0BATEIbHBIM IIPUMEPOM <IIEPEXOJHOTO
CTHJISI» B apXUTEKType (TeXHUYEeCKUH IPOEKT BBHIIOJHEH B 1938 r. yxe 1o QakTy MOCTpoiiku). B
3TOM OOBEKTe aBTOPY YAAJIOCh CO3JATh OPUTMHAJBHBIA OOJIMK, OTBEYAIOUIMII KaK BHYTPEHHEMY
COZlepKaHUIO, TaK U CTUINCTHUYECKUM YCTAHOBKaM BpeMeHHU (puC. 6). [IOCTKOHCTPYKTUBU3M yiKe
JOMUHHMPOBaJ B CTpaHe, IpU STOM VPOBEHb «BO3MOXKXHOCTEH BhIOOpa» PErruoHaJIbHOTO
apXuUTeKTOopa, HeCMOTpsI Ha AuIioM JlenuHrpazackoro BXYVTENHa (1925-1930 rr.), He IT03BOJISLI €MY
AyMaTb 00 MHBIX CTUINCTUIECKUX IIPEeJIIOYTEHUIX B apXUTEKTYPHOM TBOpUYecTBe [2, 14].

Puc. 6. Potorpadus rapaxa (11.H. [lydos 1935). oto C.U. Tapaesa, 2018 .
Fig. 6. Photo of the garage (I.N. Dubov, 1935). Photo by S.I. Taraev (2018)

BocniuTaHHBIN B Jyxe aBaHrapAHbIXx Tpagunuil N.H. [/lyboB cBOOOZHO BiIajel OCHOBaMU
IIPOEKTUPOBAHUS HEOPJWHAPHBIX M SPKUX KOMIIO3MIWI, YeTKO BbIBEPEHHBIX ILTAHOB,
VAOBIETBOPAIOMNUX TeM (QYHKIMOHAJIbHBIM IIpolleccaM, /s KOTOPbIX OHU IIpefHa3sHa4YalUCh.
VBieyeHNe MHOIMX COBETCKHX apXHUTEKTOPoB 1920-1930-X IT. TBOPYECKUM METOJOM HeMeIKOU
mMKOJBI «Bayxays» — M3BeCTHBIH (DaKT BpeMeHU, ITOATBEPKAEHHBIN PasIUIHbIMU IIyOJNKALIUIMY,
MITyAUSIMH W3BECTHBIX IIPOEKTOB KaK CTYAEHTOB, TaK WU COCTOSIBIIUXCSI apXUTEKTOpPOB [5]. HTo
Hen30e)XXHO HaKJIaAbIBaJI0 CBOM OTIIEYATOK — HOBBIH B3IJVISZ Ha COBPEMEHHYIO apXUTEKTYPY, BIHUIIO0
Ha BBIPabOTKy KOHIennui. ITo-BUAUMOMY, U IIPOEKT HOBOTO rapaka AJjs fIpociaBis coszaBajcs
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10/, BI€YaTJEHHEM OT SPKOrO M 3allOMUHAIONIEroCs IIPOU3BEAEHUS BBIAIONUIUXCS HEMEIKUX
apxuTekTopoB B. I'pomuyca u A. Meliepa - aAMUHUCTPAaTUBHO-)a6PUUHOr0 KOpmyca U 3ana Al
MamuH «O6pasnoBoil habpukm» (BbICTaBKa HeMeIKOro coo3a peMeCTIeHHBIX NIPEANPUATHH B
KénpHe B 1914 r.). OpurrHaibHas KOMIIO3UIYS [JIaHA, KOHTpAacT GpabpudHoi 1 opUCHOHN YacTel,
JIETKasi U U3SIIHAs JUHaMHU4YHas GopMa 3faHus oduca IOIYIWJIN NPOJOKEHHE M Pa3sBUTHE B
0O0JIBIIIOM KOJIMYECTBE IPOEKTOB U MOCTPoeK XX Beka (puc. 7, 8).

; e o s
Puc. 7. AgMuHUCTPaTUBHO-(GabPUIHBIL

KOpnyCc 1 3ajl

A MamuH «O6pasioBoil (Gabpuku»
ZJ1s1 BBICTaBKM HeMeIKoro co3a peMecIeHHbIX IpeAnpusTuil B KénpHe. ApxuTeKTOphI BasbTep
I'ponuyc u Agonbd Metiep, 1914 r. (o0uiuii BuA U miaH ataxa) [3, 15]

Fig. 7. The administrative and factory building and the hall for the machines of the "Model
Factory" for the exhibition of the German Union of Handicraft Enterprises in Cologne. Architects
Walter Gropius and Adolf Meyer, (1914) (general view and floor plan) [3, 15]

Puc. 8. Cxema reHmsiaHa rapaxa B SIpociabie (13 TeXHUYECKOTo ITpoekTa 1938 1.) [16]
Fig. 8. The scheme of the general plan of the garage in Yaroslavl (from the technical project
of 1938) [16]

Cneuuguxa pasmewjerus u zenniau. Bpibop IIOmaAKy AJsl pasMelleHrss HOBOTO rapaka B T.
fApocnaBie - pSAOM C TEpPpUTOpHEN HOBOTO 3aBoZa CHUHTeTHMdeckoro kaydyka (CK-1) Bzosp

TYTaeBCKOI‘O mocce - IIpenoIrpenelcH Tpe6OBaHI/IHMI/I BpeMEHU, a TaKXe BeAOMCTBeHHOﬁ
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IPUHAJJIEKHOCTBIO K 3aBoAy [17]. Ecam mepBble rapaky paclosaralich JOCTATOYHO OJIM3KO OT
TPaXJAHCKOI 3aCTPOHMKU HJIH B ee CTPYKType, TO ¢ 1930 I. 3TO He [OMyCKaIocCh, 1o «IIpaBuaaM
pasMelleHUsT aBTOMOOUIIE» C IIeJIbI0 «YIIOPSJ09eHNs NIPABUJI CTPOUTENIbCTBA rapakei» [18]. Dru
IIpaBUJa KCXOAWIM K3 YCTAHOBKM, YTO MeCTa CTOSHOK IIPHMPAaBHUBAJINUCh K «OIHEOIACHBIM
IIPOU3BOJCTBEHHBIM YYacTKaM» M WX CTPOUTEIBCTBO K SKCILIyaTaLUs AOJDKHBI OBLIM OTBEYaTh
onpeZeneHHBIM TpeboBaHUAM. I109TOMy HOBBIE YYaCTKU IIOJ, TapaXy BBIOMPANUCh JOCTATOYHO
JIaJIEKO OT CeTUTEeOHOM 3aCTPOMKY U Yalle BCET0 B CTPYKTYPEe MIPOMBINIIEHHOM 1iu 0ypepHON 30HbBI
- MeXJy Hell U COLTopoJKaMU.

l'enmnaH oTaMYaeTCsa IPOCTOTOM pellleHNA. YUacTOK, OTBeleHHBIH 110/ 3aCTPOIKY, IPHUMBIKaJ
HerocpeAcTBeHHO K TyraeBckomy 1iocce (mpocmekTt OkTsa6ps) u Trepputopuu 3aBoga CK-1. 3ganue
IIPOJIOJIBHOM OCBIO BBICTPOEHO CTPOrO MePIeHAUKYIIPHO K MarucTpaau. JJaHHBIM pelleHreM OHO
3aKpeIisieT JIMHUIO 3aCTPOMKM Imocce «OGHCHOM 4YacTbio» KOMIUIEKCA, IIOBBIIIAS €€
Ipe3eHTabebHOCTD U CO3/aBasi BEIPA3UTEIbHbIN apXUTEKTYPHBIN aKkileHT QPOHTA MPOMBIILIEHHOMH

3aCTpOMKU. ['apaKHOM YacThio 3ZaHKe YIaybIseTcss B CTPYKTYPY IPOMBIIILIEHHOH 30HHI (puc. 9).

Puc. 9. DparMeHT KapThl SpociaBis ¢ IOKa30M TePPUTOPUU rapaXka
Fig. 9. A fragment of a map of Yaroslavl showing the territory of the garage

ApxumekmypHas KOMNO3UYUSL asmoedpadca BHIIIOIHeHa B T-oOpa3HoU KoHurypanuu. 3gaHue
COCTOUT U3 /IByX OOBEKTOB: ABYX3TAXKHOTO NPSIMOYIOJIBHOIO 00'beMa C 3aKPYIJIeHHbBIMYU TOPLAMH U
MPOTSKEHHOTO OZTHOATAXKHOTO 06'beMa C TPEYroJbHOM Kpbliieii (puc. 10, 11).

XapakTep apXUTEKTYPHOI'O peLIeHWsS B IIOJHOH Mepe COOTBETCTBYET YCTAaHOBKaM-
0COBEHHOCTSIM MEePEeXOJHOTO CTUJIS TOCTKOHCTPYKTHUBU3MA: JJAKOHUIHASI TeOMeTpPUs, COIpshKeHNe
MPSIMOYTOJBHOMN, TPEYrOJIbHOMN U KPYIJbIX GopM dacTell 3gaHus (XapaKTepHBIM THUIT aBaHTAPAHBIX
kommosunui). [Ipu sTtoMm opopmireHue pacazoB OTIHNIAETCS HATHYNEM HEOKJIACCUYECKUX JieTaleH,
a VX pacIioJjioKeHUe Ha IJIOCKOCTHU — JKeCTKOM cuMMeTpuell. Tak, Ha ryIaBHOM (dacazie JByX3TaXKHOU
aMUHVCTPATHUBHON YaCTH 3ZaHUS B IIEHTPEe KOMIIO3UIIUY BbIZI€JIETCS I'PYyINIla Bbe3ZHBIX BOPOT,
KOTOpasi oOpaMJIsieTcss CBOeOOpPasHBIMU IEPCIeKTUBHBIMU IOopTajaMu. HaJ KaKIBIMU BOPOTaMU
pacrosiaraloTcs o JiBa KBaZpaTHBIX OKHA B IIEPCIEKTHBHOM CTYyIEeHYaTOM obpamieHuu. TakuMu
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K€ «CTymeHsAMMU» O(QOpPMJIEHBI U MIPOCTEHKU-HUIIN MEXAY JOHaTKaMu, 0000uias OT/ejbHble
OKOHHBIE ITPOEMBI Ha /IBYX 3Ta)KaX B €JMHYIO BePTUKAIbHYIO IIJIOCKOCTb, HAIIOMHUHAIOIYIO O JIEHTaX
BepPTUKAJIBHOTO OCTEKJIEHUS KOHCTPYKTUBU3MA (puc. 12).

—

Puc. 10. YepTex miaHa mepBoro sTaxxa aprorapaxka saroga CK-1 B fIpociasie (19.08.1935) [16]

Fig. 10. Drawing of the ground floor plan of the auto garage of the SK-1 plant in Yaroslavl
(08/19/1935) [16]

Puc. 11. ®parMeHT dYepTelka ILIAHA C HCIPAaBICHUSIMH-YKAa3aHUSIMU aBTOPa-apXUTEKTOpa
W.H. y6osa ot 25.01.1937 r. 1 13.02.1937 1. [16]
Fig. 11. Fragment of the plan drawing with corrections-instructions of the author-architect
L.N. Dubov dated 25.01.1937 and 13.02.1937 [16]

BepTukasbHas CTPYKTypa JIOIATOK 3aBepllaeTcss KapHU3HOM YacTbIO, COCTOSIIEN W3 Tpex
II0JI04YeK IIPOCTOTO IIPSIMOYTOJBbHOIO OYepTaHUd U Bajauka. HaZ KapHU30M B CTBOPE C ILIOCKOCTBIO
JIONIATOK IIpeflyCMOTpPeHa BHICOKAs IlapaleTHas CTeHa (aTTUK), OIOSCHIBAalOWas 3AaHUE IIO
[IepUMeTpy C pa3peIBOM HaJ MECTOM IPUMbIKAHUI OZHOITAXKHOTO 00beMa. OHa oopMieHa BBEPXY
JIByXCTYIIEHYaTBHIM KapHU30M U IepdopHpoBaHa PaBHOMEPHOH IeNbl0 MaleHbKUX KBaJpaTHBIX
CKBO3HBIX IIPOEMOB B HIDKHell wacTU. B HIDKHeH 4YacTH HapyKHble CTeHBlI IIepeXoJfAT B
TOPU30OHTANBHYIO JIEHTY I[OKOJI, HaXOZAdIlerocss B 00mel IUIOCKOCTH C BBICTYHIAIOMIUMU

JIOITaTKaMMU.
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Puc. 12. Yeprex riaBHoro ¢acaza aprorapaxka 3aBoja CK-1 B SpociaBie (depTex us
TeXHUYECKOTo IpoekTa 1938 r.) [16]

Fig. 12. Drawing of the main facade of the auto garage of the SK-1 plant in Yaroslavl (drawing from
the technical project of 1938) [16]

IIpojonbHble dacajpl OJHOITAKHOM YacTH rapaxa OBLIM pelleHbl MPaKTUYeCKH HUAEeHTUIHO.
OCHOBa KOMIIO3UIIUM - IIPOCTOM METPUYECKUH psZ IIPOCTEHKOB U IIPIMOYTOJBHBIX HHUII C
OKOHHBIMU ITpOeMaMU IIPSIMOYTOJIBHOI'O O4ePTaHUs, IOBTOPSIOMNN PUTM U pasMepbl IPOCTEHKOB
OBYXSTOXXHONU 4YacTH 3AaHusi. HIDKHAS YacTh HApPYXHbIX CTeH U KOH(MUrypauus KapHHU3a
OJHOSTAKHOM YaCTU rapaka TaKKe aHAJOTMYHBI JBYXOTAKHOU. [lepBOHAYATIBHO B IPOEKTE ObLI
mpopaboTaH APyroil BapHaHT apXUTEKTYPHOro IIabJoHA KapHU3a - 0OJiee CIOKHOIO OYEePTAHUS
(puc. 13).

Puc. 13. ApxuTeKTypHble abi0HBl aBTorapaka saBoga CK-1. Ia6ioH KapHM3a M IHJISACTP
OJHOITAXHON vacTu (apXUBHBI 4YepTeX Ha  KajabKe). SIpociaBcKoe  OTZAeseHUe
VBobamnpoekTpecta. Apxutektop U.H. /Iy60oB [16]

Fig. 13. Architectural templates of the auto garage of the SK-1 plant. Template of the cornice and
pilasters of the one-story part (archival drawing on tracing paper). Yaroslavl branch
of Ivobproektrest. Architect I.N. Dubov [16]
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Top1ioBBIlT CUMMeETPUYHBIN GacaZ OJHO3ITAXXHOTO KOPILyca, II0 IIPOEKTy, codeTan B cebe

npueMbl 0popMIeHNs IIaBHOTO U 60KoBoro dacazos (puc. 14).

5

%fg

Puc. 14. Yeprexx TopuoBoro dacaza aprorapaxka 3aBoga CK-1 B fpocnaBne (depTexx us

TeXHUYIEeCKOro mpoekTa 1938 r.) [16]
Fig. 14. Drawing of the end facade of the auto garage of the SK-1 plant in Yaroslavl (drawing from
the technical project of 1938) [16]

IIpumevyaTebHO, YTO B €ro KOHGUIYpAIUM C IUIABHBIMU JUHUSIMU U TeOMETPUYECKOM
CTPYKTYPOU MPOCMATPUBAIOTCS «OTTOJIOCKI» apXUTEKTYPHI rapaka Ha 25 MaIlIUH «JJIs HYXKJ JBOpa
BO BpeMs JieTHero npebbiBanus B Kpeimy» B JIuBaguu (1911 r.) (puc. 15), a Taxxke 3ganus «Besoro
rapaka» Ilapckocenbckoro HmmepaTopckoro rapaka (apxutektop A. K. Mwunses, 1913 r1.) ¢
MMOXOXKUM CTEeKJISTHHBIM (DoHapeMm BepxHero cera (puc. 16). Ilo-BUAUMOMY, PEAKOCTDH MOZOOHBIX
3aHUM, a TaKkKe HeOKJIAacCUYeCKUe VCTAaHOBKM IIPU IIPOEKTUPOBAHUY 3aCTABUJIMU aBTOPA
BHUMAaTebHEe U3YYUTh BCE HCTOPUYECKVE IPOTOTUIBI U BHIOPATh y3HABaeMble THUIIOJOTUYECKUE
IIPU3HAKU IOJOOHBIX OOBEKTOB, YTOOBI aApPXUTEKTYpPHOe pelleHHe rapaxka 3By4Jalo OoJjee

ybeanTeNbHO.

Puc. 15. ITapckas ceMbst oKoJio rapaxxa. JIusagus. ®oto 1914 r. [19]
Fig. 15. The royal family near the garage. Livadia. Photo of 1914 [19]

Ilnanupogounas cmpykmypa 34aHUS NPAKTUYeCKH He 4YUTaeTcs B apxXuTekType dacazios,
HeB3Wpas Ha SPKUN «KOHCTPYKTHMBUCTCKUI» KOHTpacT JAByX (opM KopmycoB (opHUCHOH U
IIPOM3BOACTBEHHOH uacTell). Takoe «HeHTpalbHOE» pelleHHe apPXUTEKTYPhl IO OTHOIIEHHIO K
BHYTPeHHEH IUIAHUPOBOYHOHN CTPYKTYype IOMENeHUH B COYETAaHUM C KOHCTPYKTHBHUCTCKUM
hopMoobpasoBaHrIEeM ABISIETCS OJHUM U3 OTIUINUTENbHBIX IPUHIIUIIOB IOCTKOHCTPYKTHUBU3MA.

B [ByXsTa)XHOU aJMUHUCTPAaTUBHON dYacTU 34aHUS aBTOPOM Obul pasMmemieH «CeKTop

yipaBjieHUSA» - pa3jIndHble CJIy)K6bI, IIoMeIneHua [Ajd IIepCoHa/la YW BCIIOMOraTeJIbHOTO
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HasHadyeHUd. [[IaHMPOBOYHOe pellleHHEe IIePBOTO 3Taka aJAMUHHCTPATHMBHOIO KOpPIIyca rapaxa
CTPOMJIOCH Ha JleJleHUM Ha TPU 4YacTH (OTCEeKa) — IEeHTPaJIbHYIO0 YacTb (IBISJIACh BBE3JHBIM
IIPOCTPAHCTBOM B Tapax, IZe pasMellanach MoedyHas JJsi MalliH M IIpeAyCMaTPUBAINCh JBa
AOIIOJIHUTEJIbHBIX ITaPKOBOYHBIX MeCTa) u JBE€ CUMMETPUYIHbIC 60KOBI)Ie JacTH, 3aBepliaarommecsd
MOJIYKPYIJIBIMU TOpIIaMU. B HUX pacrosiarajauch OTHOCUTENIBHO KPYIIHbIE 3aJIbHbIE IIPOCTPAHCTBA —
«modepckas» U pasfeBaska Aai PabOTHUKOB CEKTOpPAa PeMOHTa M OOCIyXMBaHUA. BTopoil sTax
«CeKTOpa yHIpaBieHUs» pelleH MOHOOOBEMHBIM, C KOPHUAOPHO-KAaOWHETHOH CHCTeMOH U
MOJIYKPYIJIBIMU 3aJIbHBIMU IPOCTPAHCTBAMH II0 TOpIaM (IIOMEIIeHUSIMU KPAcHOTO YrojiKa U
TPaHCIOPTHOTO OTZesa). B JBYXSTaXHON 4YaCTM 3JaHUS Trapaxa IIpeJyCMaTPUBAJINChH [JBe
JIECTHUYHBIE KJIETKU, TaKXKe He BBIAesdIomuecst Ha ¢acagax 3gaHua. OJHa U3 HUX pa3MelleHa B
JIEBOHM 4YacTU 3aKPyrJIeHHOTo oObeMa, Jpyras — B MeCTe IPUMBIKAHUA C OJZHO3TAKHON YacThIO
rapaxa (C IpOTHBOIIOJIOKHON CTOPOHBI OT IJIaBHOTO (hacaZia «CEKTopa yIpaBaeHusI»). [IpaBas 4acThb

IIepBOIo 3TaXXa He c0061ua11a013 HaIIpaAMyI0 CO BTOPBIM 3TaXOM.

Puc. 16. «benplil rapax» KoMmIulekca Llapckocenbckoro VMMIIepaTOpCKOTO rapaxka, apXUTEKTOp
A.K. MuHses, 1913 1. [20]

Fig. 16. "White garage" of the Tsarskoye Selo Imperial Garage complex, architect
A.K. Minyaev, 1913 [20]

KpynHeIf OZHOITaXHBIE 00BEM rapaska COCTOSI U3 [JByX IUIAHMPOBOYHBIX YaCTel,
pasfgeneHHbIX OpaHAMayIpHON CTEHOM U CJAYKAIIMX [Js1 XPAaHEHUS U PEMOHTA-O0CIYKUBAHUS
aBToMOOUIell. «CeKTOp XpaHeHUs: aBTOMOOMIEl» Ha 22 MAUIUHBI IIPOEKTUPOBAIY C BHYTPEHHUM
npoesnoM mupuHou 10.0 M. DTa 4acTh CBsI3aHA €JUHBIM IIPOCTPAHCTBOM C I[€HTPAJbHOM YacThIO
MEPBOTO 3Ta)ka ABYXITAXKHOTO oOBeMa (rge mpeAycMaTpUBaiach MOMKA U CTOSHKA [JS JIBYX
aBTOMOOwuIett). IloMUMO IIEHTPAThHOTO Bbe3/a C ABYMs BOPOTaMU, ObLIM MPEAyCMOTPEHO [Ba
Bbe3/la — Yepe3 BOPOTa UIMPUHOU 4.0 M C IPaBOI CTOPOHBI 3ZJaHUA PSIAOM C «CEKTOPOM PEMOHTa» U
[IpOeM IIUPUHOL 4.5 M II0 OCH LIeHTPaJbHOTO IIPOe3ja B 30HY OOCAYKUBAaHUS 1 PEeMOHTA MAIINH.
«CeKTOp peMOHTa U OOCIYy)XMBaHUA» C JOIOJHUTEIbHBIM MECTOM JJIsI XPaHEHUs MaIllWH BMelasl
YeThIpe «II0CTa» C PEMOHTHBIMU SIMaMM, MacTepCKUe, CKJIaJbl U AP. IOMeIeHUs BCIIOMOTaTeIbHO-
MIPOM3BOJCTBEHHOTO HasHadeHUs. CHapyKU CTEeHbl B 3TON 30He II0 BCEU [JJIWHE PacCIIojarajics
MPUSIMOK.

KoncmpykmueHoe peiueHue U MAamepuansl PeJCTaBISIOT COOOI JOCTATOYHO TPAaJUIMOHHBIN
BbIOOp JZaHHOTO BpeMeHU. OyHJaMeHTHl - JIEHTOYHble OyTOBBIe, BBIIIOJHEHBl K3 KUpINYa:
JBYX3TaXHOU YaCTU — TOJIIMHOHM B Tpu Kupnuda (780 MM), OZHOSTaXKHOU — B JBa C ITOJOBUHOU

Kuplunda. BHyTpeHHUe CTeHbl UMEIOT PasjIN4yHyI0 TOJIINHY - OAWUH, IOJTOPAa U ABa KUPIINYa, B
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3aBUCHUMOCTH OT pasziesieHus (PYHKIMOHAIbHBIX 30H. MEXITaKHOE IEePEeKPHITHE ABYXITAKHOM
YacTU IIPOEKTHUPOBAJIN KOMOMHUPOBAHHBIM (ZepeBSHHOe U Keine306eTOHHOe pebprcToe
(pparmeHnTamMm)), a dyepZadyHOe IEPEKPHITHE - JepeBIHHBIM. KpwImia ABYX3Ta)KHOIO KOpIyca —
OJHOCKaTHasl, C OpPraHM30BaHHBIM BOJOCTOKAMU IIOKPBITMEM U3 JKeje3a II0 OOpeLIeTKe.
OpUTMHAIBHBIM SIBJISJIOCH IIEPEKPBITHE OJHOITAKHOTO KOPIyca, KOTOpPOe BBHINOJHSJIOCh U3
IepeBIHHbIX (GepM apoYHOrO OYepPTAHUSI BHICOTOM 3.0 M U MEPEeKIMKATIOCh C IIUPKYJIbHBIMU

OYepTaHUSIMU B IIJIaHe 3aKPYTIeHN ABYX9TAXXKHOM YacTu rapaka (puc. 17, 18).

Puc. 17. Paspessr 1-1, 3-3 (uepTex-cuHbKa) 05.09.1935 1. [16]
Fig. 17. Sections 1-1, 3-3 (blueprint) 05.09.1935 [16]

ITo mpoekTy, AaHHbIEe (epMBI 3aBEPIIAINCH AJINHHON ZepeBIHHOH (OHAPHOU HAaACTPONKOU
[IOYTU II0 Bcell JiuHe Kopiiyca. IIOKphITHe OBLIO BBIIIOJHEHO «M3 JBYX CJIOeB pybepouza Ha
ky1ebemMacce IO CIJIOUIHON onaiyOKe K3 JOCOK». I[poOeKTHBIe TEXHUKO-9KOHOMUYECKUE [T0Ka3aTeau

(T3II) 3manud rapaka: IIomaAb 3acTPOHKY — 2390 M?; cTpouTeIbHasA KybaTypa — 11700 M3,
p P ; CTP yoaTyp

Puc. 18. Paspes 3-3 (bparmMeHT YepTeka-CUHbKY 13 TEXHUYECKOTo IIpoekTa) 23.05.1938 r. [16]
Fig. 18. Section 3-3 (fragment of the blueprint from the technical project) 05.23.1938 [16]
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B 1938 r. Ha TeppUTOpPUU aBTOrapaka OBLIO IIOCTPOEHO HeOOJIBIIIOE COOpYKEeHUe
0eH30pa3AaTOYHON cTaHIUU (CM. PUC. 19) C «GEH3MHOKOJIOHKAMU» — B TOM K€ CTHINCTUYECKOM
KJII04e, 9YTO M OCHOBHOE 3JaHue.

nr‘ wdl :

-
i

Puc. 19. dparMeHTHI UepTeKa OeH30pa3JaTOYHOI cTaHI[UH, 1938 T. [16]
Fig. 19. Fragments of a drawing of a petrol distribution station, 1938 [16]

TakuM 06pasoM, TOpokaHe MOIJIM HabJIIJaTh TAPMOHUYHBIA aHCaMb6yb, 0Opa3sOBAHHBIM
BMECTE C OCHOBHBIM O(UCHO-IIPOU3BOACTBEHHBIM 3/jaHHEM (Ha COBPEMEHHOM 3Tarle — yTPadeHo)
(puc. 19).

IIOCAEAVIONIUE 3TAIILI IPOEKTUPOBAHUA T'APAXKEN

Ilocneayiomyie 3Tambl MPOEKTUPOBAHUS Trapa)keil Obiv  OOYCIOBJIEHBI U3JAaHHBIMU
periaMeHTaMu U 60Jiee KOHKPETHBIMU yCTaHOBKaMu. B 1939 r. ycraHoBIeHH «EAnHEIe TpeboBaHMA
10 YCTPOMCTBY rapa)keil ¥ CTOSHOK» IpU BBeZeHUM 'ocyzapcTBeHHBIX 'apaskHBIX IIpaBui. B aTom
JOKYMEHTe, HapsaAy C YKasaHHWAMH II0 CTPOUTEJbCTBY M 3KCILUIyaTalluM, BIIepBble K3JarajlCh
00s13aHHOCTH 3aKa3YMKOB II0 BO3BEJEHUIO Trapa)Kelli U aBTOCTOSHOK, 4YTO CKas3blBaJOCh Ha
[IPe/ICKa3yeMOCTH U CXOXKEeCTH IOCIeAyIOUUX MPOEKTHHIX pa3paboTok. B mocieBoeHHBIN mepuoj
rapaxx B CCCP yxxe He ABJISUICS PeAKUM U OPUTMHAIBHBIM BU/IOM 3JaHUU U COOpPYKeHUH. B 1960 r.
Boinwio IloctanoBnenue CoBeta MuHUCTPOB PCOCP Ne 1475 «O6 opraHM3aIivl KOOIEPATUBOB IO
CTPOUTENbCTBY M 9SKCIUIyaTallMd KOJJIEKTMBHBIX Trapakell - CTOSHOK JJs aBToMoOuien
UHIUBUYAIbHBIX BlafesblieB». C 3TOTO BpeMeH! CTPOUTENIBCTBO rapa)keil paspelnansoch TOIbKO 110
TUIIOBBIM IIpoeKTaM. VICKIIOUeHHMs ObLIM BO3MOXKHBI B TeX CAydasX, KOTAa IO OCOOBIM
coobpaxkeHUsIM TpeboBalICSI HWHAUBUAYAIbHBIN IPOEKT, HO U OH IPOEKTHUPOBAICS JHUIIb C
NIpuMeHeHHeM TUIIOBBIX KOHCTPYKTHBHBIX 3JIeMEHTOB [18].

AV CKYCCHMOHHBIE ITOJIOKEHW A

IIpoBeIeHHBIN aHAIN3 IPEAIIOCBIIOK M KOHTEKCTA IPOEKTUPOBAHMS, 4 TAKXKE aPXUTEKTYPHBIX
XapaKTepUCTUK 3JaHus aBTorapaxa 3aBoga CK-1 (1935-1938 rT.) mpejcTaBIsgeT XapaKTEPUCTUKH U
(dakTel, IOATBEpXKAAIOUIVE  HCTOPUKO-KYJbTYPHYI0  IIeHHOCTb  O0BEKTa,  OIpoBepras
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HeoDOCHOBaHHOE YTBEPXKJEHUE B ee OTCYyTCTBUU (Tabi. 1).

Taﬁmzma 1. KoMILIeKCHBIINT aHaIu3 HCTOpHKO-KyanypHOﬁ OEHHOCTH 3[4aHUA aBTOrapaka 3aBoJa

CK-1r. Apocnasig

Table 1. Complex analysis of the historical and cultural value of the building of the garage of the

plant SK-1 in Yaroslavl

Ne HcTopuKo-
KyJIbTypHas XapaKkTepHCTUKHA DakTpI
m/n IleHHOCTD
1 Cucropuueckoit | Ceasb obbexTa ¢ KakuM-1uGo | CrpoutenscTBo 3aBoga Ne 1 1m0  IPOM3BOACTBY
TOYKH 3PEHUS HUCTOPUYECKUM cOOBITHEM, | CHHTETHYECKOTO Kaydyka B T. fIpociaBie - B IepBOH
3HAUMTEJbHBIM /JIS WCTOPUM | IosioBHHe 1930-x rr. [21, 22].
Poccun, fIpocnaBckoil obractu | MozepHu3anusa Apocnasckoro rocyZlapCTBEHHOTO
WU ropoja aBTOMOOMJIBHOTO 3aBoZa Ne3 (SITA 3), HamaXuBaHUe
BBINTyCKAa TI'PY30BHKOB M aBTOOycoB. B 1935 rozy 3aBog
BBIITYCTHJI CBOM 10-TBICSYHBIH IPy30BOIi aBTOMOGMIIB [23].
IlosiB/IeHNe «IIapKa I'PYy30BBIX aBTOMOOMJIEI», KOTOpbIe
He0obX0AUMO ObLIO XPaHUTh U 06CIYKUBATh.
CBA3bp OOBEKTa C JXU3HBIO U | PYyKOBOJHMTENEM CTPOUTEIbCTBA U IEPBEIM AUPEKTOPOM
JesITeJIbHOCThIO  Bblatomuxcs | 3aBoga CK-1 (1931-1936 rr.) OburJlyka TpodumoBud
JnYHOCTEH, nMmeroumux ocobsie | Crpex (1901 - paccrpensn 30 zexabpst 1937), B 9TOT xe
3aciayru nepez, Poccueli, | mepuoz 6BLT IIOCTPOEH U BeJOMCTBEHHBII aBTOrapaXK Ha
fApocnaBckoit ob6sacTeio wau | 25 mammH [24]. «JI.T. CTpe)x BHEC OrPOMHBIM BKJIAZ
ropozioM fIpociaBiemMm B pellleHMe 33Ja4H 110 yCIIeITHOMY 3aIlyCKy IIPOM3BO/CTBA
HCKyCCTBEHHOIO KaydyKa. Bo Bcecol03HOI IIpecce ero
NPUBOJUIN BIIPUMep KaK COBDPEMEHHOIO, I'DaMOTHOTO
PYKOBOJUTETS. OH obecrieuyns  BBICOKHE  TeMIIbI
CTPOMUTEJBCTBA M IYCK  3aBOJA B MCKJIIOYHTEIBHO
KopoTkue cpoku (11,5 mec.). Ilog ero pykoBOACTBOM
IIPOU3OILIO CTAHOBJIEHUE IIPeAIPUATHA: OCBOeHUe
IIPOU3BO/ICTBA, OBJaJleHHe CJOXKHBIM TeXHOJOTMYeCKUM
IIpOLIECCOM  IIOJIy4eHUs CHHTETHYECKOTO  KaydyKa,
OoTpaboTKa TEXHOJOTMYECKHX PeXuMOB. B 1935T.3a
yCIIeIHOe OCBOEHHEe CHUHTeTHYecKoro Kaydyka CTpex
IIpEMUPOBAH HApPKOMOM TSDKEJIOH IIPOMBIIIIEHHOCTHU
C. OpXOHMKU/I3€ JIETKOBOM aBTOMAIINHOMN» [25].
2 C IIpu3HaKY TPajOCTPOUTENPHON | 3aKpeIiseT JIWHHUIO 3aCTPOMKHM mnpocmekta OKTa6ps,
IPaZlOCTPOUTENbH | LIeHHOCTHU (bopMupoBaHHe | 3aKpeIlIsIeT OChb TPEYroJbHOIO y4acTKa TEePPUTOPUH,
OM TOYKM 3peHHUs | JIMHUM  3aCTPOMKM  YJIHI|, | IpUMBIKaollero K teppuropuu 3asoga CK, dopmupyer
9JIEMEHT T'PaZlOCTPOUTENBHOTO | (QPPOHT 3aCTPOHKM «OGDHUCHOH YaCThIO» KOMILIEKCA,
aHcaM0Jis1, JOMUHAHTA, IIpsIMas | IIOBBHIIIAs TeM CaMBIM ee IIpe3eHTabelbHOCTb, SBIIETCI
BU3yaJIbHAs CBS3b C O0BEKTAMU | aKIEHTHBIM 3JIEMEHTOM 3aCTPONKH Ip. OKTAOps (30HBI
KyJIbTYPHOT'O HACJIeAUs) IPOMBIIIIEHHOH 3aCTPOHKY).
3 C apxuTektypHOoH | T'og TIPOEeKTHUPOBAHUA u | 1935r.,1938T.
TOYKH 3PEHUS TOCTPOHKU CorylacHO apXMUBHOH JOKyMeHTanuu (IaclmopTy 3JaHud

or 13 mag 1949 r.) ykasaH roj IOCTpoHkKu - 1935.
Ha nmpoeKTHBIX YepTekax eCThb JaThl — 1935 T.

TeXHMYeCKUH MPOEKT BBINOIHSIICA B 1938 I'. IPOEKTHBIM
CK-1 HKM-CCCP
(TUIIPOKAYYVK) yxxe 1o ¢aKTy BHICTPOEHHOTO 3IaHUS,

OTAENOM  3aBOoJa I'nmaBkay4dyka
BKJIOYasA IIOSCHUTEJbHYIO 3amucKy oT 11.10 1938 r.
CorsacHO 3anmucAM U IIOMETKAaM Ha 4epTeXaX U TEKCTY
MIOSCHUTEIBHON  3allMCKM  TEXHUYEeCKOTO  IIPOEeKTa
OTZeJIOYHbIe PAbOTBI M MOHT@X DPAa3HBIX HWHXXEHEPHBIX

CHCTeM IIPOJ0JDKAIUCh BILIOTH 710 1938 1. [16]
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/o

HcTopuko-
KyJbTypHas
LIIeHHOCTDb

XapaKkTepuCTHKU

DaKTBI

ABTOD IIpOEKTa

IlpoexT 6bI1 paspaboTaH opraHusanueil «IpociaBckoe
otzenenue ViBobanpoekTpecta» B 1935 rogy. HauaibHUK
A. TI. BOpOBCKHI.

ABTOpP 1poeKTa («IPOEKTUPOBAI») - aAPXUTEKTOP
U. H. [ly6os [16]

C 1925 1o 1930 rozer Jy6os U.H. mpoxozans obydeHre Ha
apXUTEKTYPHOM (aKyjbTeTe BBICIIEIO Xy/J0:KeCTBEHHO-
TeXHUYEeCKOro uHcTuTyTa JleHuHrpaga - BXVTEMHa
(JIeHMHTPAJCKOTO WHCTUTYTA >KUBOIIKCH, CKYJIBITYPHI
U apXUTEKTYpH, 1o3gHee ¢ 1932 rogma Bcepoccurickoi
akageMuu xyznoxecTB (BAX)). B HacToAmMN MOMEHT —
CaHkr-IleTepOyprekuit rocyZapCTBEHHBIH
aKaJeMUYeCKUH HMHCTUTYT J>KUBOIIMCHU, CKYJBITYPHI
U apxuTeKTyphl uMeHu I. E. PertnHa.

ITpoekT Ha3bIBAJICA «ABTO-TapaXk Ha 25 MalllH».

Crunesbie IIpU3HaKU

ITOCTKOHCTPYKTUBU3M (mepexoJHBIN CTUJIb
OT KOHCTPYKTHUBU3MAa K HEOKJIACCUIIU3MY)

O6mee ¢GopmMooOpasoBaHue CTPOUTCS Ha  YETKOU
reOMeTPUU  3JE€MEHTOB  KOMIIO3HIIMH,  HaJIUIUU
KOHTpacTa IIPSIMOYIOJIbHOM, TPEYroIbHOH M KPYIJBIX
dopM, XxapakTepHOM THIlEe IUIaHa KOMIIO3UIIUH,
HAIIOMUHAIOIEM aBaHTapZAHble PEeIIeHUs BBIAAIOMINXCS
apXUTEKTOPOB XX BeKa.

OdopMmieHre U «IOCTpoeHHe» (acafloB OTINYIAETCI
HajIuyueM  HEeOKJacCHYeCKUX  JeTajel  (KapHH3a
CJIOXKHOTO OYepTaHUs, aTTHUKA, MIIACTP U Ap.), a TAKKe

JKECTKOHM CUMMeTpHeH UX PACIIONIOXEeHHUs.

VHUKaJbHbIE 3JIeMEHTBI
XyZ0XKeCTBEHHO-
TEKTOHUYECKOM [LTACTHKH,
ZIeKOPaTUBHOH 06paboTKu
dacazos

- KapHu3Bl OpUIMHAJIBHOrO mpoduias (COXpaHUIUCH
aBTOPCKUe YepTeXU-1U1abIoHbl, II03BOJIIOIIIE
BOCCTAHOBUTH YETKYIO TEOMETPUIO);

- TPONOPIMOHAJIBHO BHIBEPEHHBIH pPUTM IHJIOHOB
C «IIePCIEKTUBHBIMU» HUIIAMU IPOCTEHKOB;

- yZadHBle TIPOIOPIIMM AaTTHUKA, MOAYEPKUBAIOIINE
reOMEeTPHUIO  JABYXITAKHOTO  KOPIyCca,  CO3ZAoIfre
WJUTIO3UIO TIOCKOM KPOBJIY;

- BBICTyIAIOIIMeE IIapHble IIOPTaJbl BBE3ZOB (BOPOT),
[IOJYEPKUBAIOIIYE OCh CUMMETPUY 34aHus U (acaza);

- ¢doHapHasg HaACTpoOIiKa rapaxHoH uacTu (yTpadeHa,
HO COXPAHWINCh IIOAPOOHbBlE ABTOPCKHE YepPTEXU,
IIO3BOJIIONIVE €€ BOCCTAHOBUTD B OPUTHUHATBHOM BUJE)

OpuruHajabHOe
IJIAHUPOBOYHOE PellleHue

- IlnaH KOMIIO3UIIMM HAIIOMHHAaeT aBaHTapJHEIE
pelieHus BBIJAIOIUXCS apXUTeKTOpoB XX Beka (Banbrep
I'ponmyc, Azonsd Mekep): HUCHOIB3yeTCs KOHTPACTHOE
COUeTaHHE TeOMeTPUYEeCKUX (OpPM, aCCOIMATHUBHO
HallOMUHaIee HeKui o0pa3 TeXHUKU (MAalluHEL,
caMoJIeTa U T.A.);

- HaJW4YMe YeTKOTo (GYHKIMOHAIBHOTO 30HUPOBAHUI
3JaHUS;

- HaJu4aue yA06HO! CXeMEI ITepe/IBIDKEHUS TPAHCIIOPTa;

- TpoAyMaHHas CxeMa OOCIyXUBaHUS TPaHCIIOPTA
U 30HBI pabOYNX-CITyKAIINX;

- XOPOIIIasi OCBEIleHHOCTD IPOCTPAHCTBA Paboyeli 30HbI
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Ne HcTopuko-
KyJAbTypHas XapaKTepUCTUKHA dakTbI
n/n IIeHHOCTD
CBefieHUss 00 WCMOJNB30BaHUU | - OpUTHMHANIbHAs KOHCTPYKIMS IIOKPBHITUS TapaKHOMH
PeKUX U [IeHHBIX MAaTePHAaJOB, | 9aCTU KOMILIEKCAa (ZepeBIHHBIE CerMeHTHble (DepMbI)
TEeXHOJIOTUH, KOHCTPYKIUN U | ¢ GOHAPHOI HAACTPOHKOH TpalenneBUJHOIO O4ePTaHUS
NIpreMOB obpabotku | (6el1a B opurKHaiue, TpebyeT HATYPHOIO HMCCIELOBAHMUS,
MaTepHaoB BO3MOXXHO BOCCTAHOBJIEHHE IE€PBOHAYAJIBHOTO peIleHUT
13 TeXHUYECKUX YepTexel);
- BEHTWIALUA IPUTOYHO-BBITSDKHAS IIPU  [TOMOIIYU
BEHTWJIATOPOB «CHPOKKO» U  BBITSDKHBIX KaHAJIOB
c gedsekropamu  tumna  «IllaHap-dDTyanp» (6B
B OpUTHHAJIE, TPeOyeT HATYPHOrO UCCAef0BaHMU) [16]
CBefileHUA o Hanumauy | OTCYTCTBYIOT CBeJEHUS BBHUZY HEZOIyCKA Ha OOBEKT,
37IeMEeHTOB apXUTEKTYPHO- | TpeGyeTcs OCMOTP U OLIeHKa 06BeKTa
XyZA0XeCcTBeHHoe O(OpMJIeHH
UHTEpPbEPOB
4 Marepuaisbl, C ToukM 3peHHUS MHCKycCcTBa, | CM. CIIMCOK MCTOYHUKOB CTAaThU
06OCHOBBIBAIOIINE | HayKH, TEXHUKH, 3CTETHUKH,
HCTOPUKO- 9THOJIOTHUU, aHTPOIIOJIOTUH,
KyJIBTYPHYIO COIIATIBHOM KYJIBTYPBHI,
LIEHHOCTD

Ha coBpemennoMm oTame B fIpociaBiie yHUKaJabHOe 3JaHHUe rapaxa cepeauHbl 1930-x rT.
COXPaHUJIOCH ZOCTATOYHO XOPOIIO, HECMOTPS Ha Pa3HOBPEMEHHbIE MCKAXEHUA: K OJHOITAKHOMY
KOPIIyCy IIPUCTPOEHO HECKOJIbKO HOBBIX IIPHCTPOEK C Pa3sJIWIHBIX CTOPOH 00BeMa; OKOHHBIE,
[BepHBble IIPOEMBl X BOPOTa 0OOUX 4YacTell 00BbEeKTa pacTeCaHbl/3aJ0KEHBI B COOTBETCTBUU C
0COGEHHOCTSMH 9KCILIyaTalluy O0beKTa; AeMOHTHpoBaHa (oHapHas HAACTPOMKa OJHO3TAKHOM
4acTHd, eCTb U Jpyrue yTpaThl-IepeCTPOHKMU. B IleoM e apxuTeKTypa He IOBIMAJa Ha
KadeCTBEHHble  XapaKTePUCTUKUA  OOBEKTa, «obpaTuMoCTI»

COXpPaHUB BO3MOXHOCTbH

IIePBOHAYAIBHOIO OOGJIMKA 3/JaHUS rapaxa.
BBIBO/IbI

JaHHOe 3ZaHue MOTJIO OBl CTaThb OZHUM K3 KJIIOUEBHIX OOBEKTOB COBETCKOI'O HCTOPUYECKOTO
Hacjlegus, OOOramaloUIUX TYPUCTHUYECKYI0 HHOPACTPYKTypy fpocnasis. Mysell COBETCKOTO
ABTOMOOMIECTPOEHNS, AeMOHCTPHUPYIOMINE pasHble 00pasubl IPOAYKIIUY OBIBIIEro SIPOCIaBCKOTO
(ITA3),

peTpoaBTOMOGI/IJIeﬁ Pa3HBIX BPEMEH C BOSMOXHBIM paCIHIMPEHNEM TEPpPUTOPUU 00'beKTa Ha MecCTe

TOCyZapCTBEHHOIO aBTOMOOWMJIBHOTO 3aBoja Ne 3 WIN WHTEPAaKTUBHBIN My3el

yTpa49€HHOTO 3aBOJa CK - Takoe (I)YHKI_II/IOHaJIbHOG IIpegHasHa4yeHrue MOIJI0O OpraHUYIHO

COEAVHUTBCA C THUIIOJIOTUYECKOH CYLIHOCTBIO OOBEKTa, JaThb €My BTOPYIO JKM3Hb U CTaTh

VHUKAJTbHBIM MECTOM IIPUTSKEHU KaK KUTe e, TaK ¥ rocTel ropoza.
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