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YMHBIE KOMNO3WTbI B CTPOUTE/IbCTBE
SMART COMPOSITE IN CONSTRUCTION

Cosmecmuasa paboma ObOemoHa U KOMNO3UMHOL apmamypbl Npeumyu,ecmeenHo
obecneuugaemcs MexadHUuuecKUM cyensenuem. IIpedcmaenenHvl IKCnepumeHmManbvHble
pe3yavmamul  uccAedo8aHUSL NPOUHOCMU CyenseHus ¢ 0OemoOHOM KOMMO3UMHOU
noaumepHoil apmamypo. (AKIT). Hcnoumansl 06pasybl cmekA0KOMNOIUMHOL apmamypul
(ACK) ¢ uwacmuuno Jdedopmuposarnnvim npoduaem. Hccanedosanus nposoduau Ha
ocHoganuu mpebosanuii I'OCT 32492-2015. YcpedHeHHOe MmaKCUMAAbHOE 3HAYEHUE
npounocmu cyenaernus AKII ¢ nepuoduuno-depopmuposannvim npopusem u bemona
cocmasuno 12.7 MIla, wmo coomeemcmeayem mpeb08aHUAM YKA3AHH020 cmaHdapma.

Kno4yeBble cJI0Ba: KOMIIO3WTHAs IOJMMepHas apMarypa, CTEeKJOKOMIIO3UTHAas
apMmarypa, npodujap apMaTypsl, clenjeHue ¢ bGeToHoM, HampsoKkeHue, Pull-Out

TECT

JJ1A U THPOBAHMA:

Niabna [.A., HoBoaoackaa /.B. HccnemoBanve MPOYHOCTU CLEIIEHUs C OeToOHOM
KOMITO3UTHOU apMaTyphl C YaCTUYHO Ae(POPMUPOBAHHBIM IpoduieM // YmHble Komno3umol 8
cmpoumenscmae. 2023. T. 4, Ne 1. C. 7-16. URL:
http://comincon.ru/index.php/tor/issue/view/V4N1_2023.

DOI: 10.52957/27821919_2023_1_7
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YMHBIE KOMNO3WTbI B CTPOUTE/IbCTBE
SMART COMPOSITE IN CONSTRUCTION

Generally the mechanical adhesion provides the mutual interaction of concrete and
composite reinforcement. The paper presents the experimental results of a study of the
adhesion strength to concrete of fiber-reinforced polymer (FRP). In the study we tested
the samples of glass-reinforced plastic (GRP) with a partially deformed profile in
accordance with GOST 32492-2015. The average maximum value of the adhesion
strength of an ACP with a periodically deformed profile and concrete was 12.7 MPa. It
agrees with the requirements of state standards.

Key words: fiber reinforced polymer, glass-reinforced plastic, rebar profile,
adhesion to concrete, straining, Pull-Out test

For citation:

Ilyin, D.A. & Novolodskaya, D.V. (2023) Investigation of the concrete adhesion strength of
composite reinforcement with a partially deformed profile, Smart Composite in Construction, 4(1),
pp. 7-16 [online]. Available at: http://comincon.ru/index.php/tor/issue/view/V4N1_2023
(in Russian).
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BBEAEHUNE

IIpOYHOCTH CLEIJIEHUST KOMIIO3UTHOM moiuMepHoii apmatypsl (AKII) ¢ GeToHOM sBisieTCs
Ba)XHBIM CBOHCTBOM. McCiieZIoBaHUAM JaHHOT'O BOIIPOCA ITOCBSIIEH PsiJ, HAYYHBIX pabor [1-6].

B my6aukamuax B.I. Xosuna [1-3] oTpakeH xapakTep pabOThl KOMIIO3UTHON apMaTyphl C
GeToHOM, M3ydeHo BausHue npodris AKII Ha sKCIIIyaTalOHHEIE IIapaMeTphl.

B IleTepOyprckoM TIOCyZapCTBEHHOM YHHUBEPCUTETe IIyTeld COOOLIeHHUS IIPOBOJSATCS
ucciaepopanusa azgresun AKII c beroHoM. Ha OCHOBaHMM 3THX HCCJIELOBAaHUI BBIIBJIEHO, YTO y
KOMITO3UTHOU apMaTypHl C IUIOCKOM HaBUBKOU ITOKa3aTesu CIeIUIeHU JIydlle, YeM Y apMaTypsl C

Apyrumu Buzamu npoduia. CMmogenuposaH nporecc «Pull-Out» Tecra [4-6].

B UBaHOBCKOM TOCYZapCTBEHHOM IIOJUTEXHUYECKOM YHHBEPCUTETE W3y4aeTCs BIMIHUE
TUIIOB NpoduJs CTEPKHS apMaTyphl Ha CHJy aHKepoBKHU. B [7-10] mokasaH BkJaJ B pa3pabOTKy
MaTeMaTH4eCKUX MOo/ieslel HalpshKeHHO-ZeopMUPOBaHHOrO cocTossHUS B cucTteMe AKII - 6eToH.

SDKCITEPUMEHTAJIBHAA YACTb

VccnepoBaHbl  00pasupl  CTeKJIOKOMIO3UTHOM  apMarypel (ACK) ¢  mepuoguyHo-
JepopMupoBaHHBIM IpoduneM. dopMupoBaHMe YaCTUYHO JAedOPMUPOBAHHOTO IPOPUIIL
OCYIIEeCTBJISIIN NyTeM OOMOTKM JIABCAHOBOM HUTHIO Ha IIPOM3BOACTBEHHOIN JWHHUU JO IIOJHOIO
oTBepxkAeHus crepxus AKIIL. Ha puc. 1 mpescTaBieHB cxeMa 0OMOTKH CTEPKH (a) 1 u300pakeHue

CTEKJIOKOMIIO3UTHOM apMaTypsl 110/, MUKPOCKOIIOM (6).

'.

ovee e e lel

a(a) 6 (b)
Puc. 1. CxeMa 06MOTKY CTEPKHS (4) ¥ CTEKJIOKOMITO3UTHASI apMaTypa IO MUKPOCKOIIOM (6)
Fig. 1. Rod winding diagram (a) and glass-reinforced plastic microscopically (b)

IIpoYHOCTH clielieHUs ¢ OeTOHOM OIleHMBaIU C Hcnonb3oBaHueM Pull-Out Tecta - MeTozOM
BeIlepruBanus crepskHell AKII n3 6eToHHBIX KybOB [2, 4-6, 11, 12]. ObpasuamMu AJs UCIIBITAHUM
SIBISITUCH GeTOHHBIE KyObI (150X150X150 MM), 110 LIeHTPY KOTOPHIX ITePIeHUKYIIPHO HallpaBIeHUIO
ykiIaaku 6eTtoHa ycranaBiauaics crepxeHb AKIL. Ilpu aToM ¢ 6ETOHOM KOHTAKTHPOBAIa TOJIBKO
HIDKHSS 9aCTh apMaTypPHOTO CTepXXHs, MMEIOINero JJNHY, PaBHYIO IATU AuaMeTrpam (puc. 2, a).
Pazmep Kyba 3aBuces oT guamerpa AKII.

PaboTHI 110 OIIpeseeHHUI0 IIpejesia IIPOYHOCTH CIeIlIeHusI ¢ 6€TOHOM 06pasIjoB KOMIIO3UTHOM
MIOJIMMEPHOI apMaTyphl BHIIOJHSINCH II0 UCTEUYeHUU 28 CyT. Iocjie Habopa MIPOYHOCTU GETOHOM
Kyacca B25 [13].
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BKNAALIL AW TPYDKa
.‘ .l. = b BeronHbiA
‘- .'.. '. -.-. B[
a(a) 6(b)

Puc. 2. Cxema ycranoBku AKII B 6eToH Ky6a (a) u o6paser; AKII mipy MCIBITAHUY Ha ClielieHue ¢ 6eToHoM (6)
Fig. 2. Scheme for installing of fiber-reinforced polymer (FRP) in a concrete cube (a)
and sample of FRP during the adhesion test with concrete (b)

HanpsokeHue cremnieHuss KOMIIO3UTHOM ITONMMEPHOH apMaTypsl ¢ GeToHOM 1, Mlla, mpu
9KCIIePUMEHTATBHOM HCCJIeZ0BAaHUY BhIIEPTUBAHUEM U3 KyOa oIpesesIsiiu 1o GopMyie:

[ = p

r— )

cLﬂ,

rae P - mnpunaraemaa Harpyska, H; ¢ - HOMHMHalbHad [JJIUHA OKPYXHOCTU CTEPXKHI,

paccunuThIBaeMas KaK IIPOU3BeleHUe TT*dyoy, MM; Lp— JJMHA 33/IeJIKU CTeP)KHSA B 0€TOH (5Xd, ), MM.

PE3VJIBTATHI 1 X OBCYXIEHUE

VcupiTanue npouHocTy cuemnieHus ACK ¢ 6eTOHOM IPOBOAMIN CTYIIEHYATBIM HATPYKEHUEM C
maroMm 50 H u BbIZlepXKOH B TedeHue 10 ¢ Ha KaxJoM 3rare. Ha mare Harpysku 3alTMChIBaJIN
3HaYeHNe IlepeMelleHNs CBOOOZHOrO Topua obpasua apMaTypbl. BEIIM NPUHATHL OTUYETHBIE
mokasaTesny nepeMeinenus crepxasa ACK (0.05, 0.10, 0.25 MM) ¥ MaKCHMaJIbHOE IlepeMelleHue.
Pe3y/pTaThl MCIBITAHUI Ha IPOYHOCTb, CTATUCTUYECKH 00paboTaHHbIe [14], IpesCcTaBIeHbl HUKE B
Tabi. 1.

OCHOBBIBasSICh Ha pe3ysIbTaTax UCCIeL0BaHNUM, IPUBEeHHBIX B TabJ. 1, ycpeAHeHHOe 3HaUeHNe
MaKCHUMaJIbHOU IIPOYHOCTY CLIEIJIEHUs C 6ETOHOM CTEKJIOKOMIIO3UTHOIN apMaTypHl C IePUOJUIHO-
ZedopMupoBaHHEIM npoduieM coctaBua 12.7 MIla, 94To coorBeTCcTByeT TpeboBanusaMm I'OCT 31938-
2022 [15].

Ha ocHOBaHUM UCIBITAHUH CIEIJIEHUS C 0ETOHOM CTEKIOKOMIIO3UTHON apMaTyphl C IeCUaHOU
OOCBIIIKOI aBTOPBI HaOMIOAQIN, YTO BCIEJCTBHE HU3KOH IIPOYHOCTU CBSI3U MEXJYy IIeCKOM U
[IOJIMMEPHON apMaTypoil IpU BBHICOKUX HAIPSKEHUIX paspyliaeTcs 0eTOH M 4aCTUYHO IlecyaHas
o6ceinka ACK [16-18].
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Ta6iuna 1. IIPOYHOCTH ClelIeHHsT 00paslOB CTEKJIOKOMIIOSUTHOHM apMaTyphl C IepHOAUYHO-AeOPMUPOBAHHBIM

npoduieMm
Table 1. Adhesion strength of glass composite reinforcement samples with a periodically deformed profile
Ne HoMuHaTbHBIN Hanpsxenue 1, MITa
MapkupoBka
n/m AramMeTp, MM 0.05 MM 0.10 MM 0.25 MM max, MM
1 ACK-1 4.39 5.71 8.35 12.70
2 ACK-2 3.52 5.27 7.91 12.80
3 ACK-3 3.52 5.27 7.03 12.50
12.04
4 ACK-4 3.52 4.83 7.03 12.30
5 ACK-5 4.39 6.15 8.79 13.60
6 ACK-6 4.39 5.71 7.47 12.50
8 cp. 3.96 5.49 7.76 12.70
9 CpeZHeKBaZpaTU4YeCKOe OTKJIOHeHUue S 0.50
10 KoadpdunuenT Bapuanuu v, % 3.60
11 MuHUMaJIbHOE 3HAYCHUE T, mix 411 NapTuu, Mlla 12.00

B nHacTosmeM ucciaeAoBaHMU NPODUIP KOMIIO3UTHON IOJMMEPHOM apMaTypbl YacTUYHO-
nedbopMUpOBaHHBIN (CM. pUC. 1), 4TO CIOCOBCTByeT CTabUIBHOMY M PaBHOMEPHOMY IIOBEJEHUIO
CTepXHs1 B 0OeToHe. DTO UYeTKO MPOCAEKUBAETCI IIPU aHalIM3e JAuarpaMMbl «HalpshKeHVe-

IepeMelrieHHe», KOTOpas COCTaBleHa Ha OCHOBe pe3yabTaToB Pull-Out TecToB (puc. 3).

15
14
13
12
& 11
s 10 —— ACK-1
g 2] —5¢~ ACK-2
3
2 7 —4— ACK-3
Z 6
o
E 5 ACK-4
T a4
p —8—ACK-5
i ona 1 —— ACK-6
0

o o2 04 06 08 1 12 14 16 1,8 2
MNepemeuleHHe, MM

Puc. 3. luarpaMma «HaIpsDKeHUe-TlepeMellleHre» IIPU UCIbITaHnu 06pasuoB ACK
Fig. 3. Diagram "straining-displacement" when testing samples of glass-reinforced plastic

Ha rpadukax mpociexrBaeTcss KpUBOJIWHENHAsI 3aBUCUMOCTS IepeMelreHus oopasnos ACK ot

HaIllpAXKeHUd. Beigensaiorcs TPU 30HBI:

1l)or 0 mo 2.2 MIla - 30Ha ynpyrux zAedopMainuii; OTCYTCTBYIOT IepeMeIeHHUs CTepPKHS
KOMIIO3UTHOU ITOJIMMEPHO apMaTyphl;

2) 1o 0.4-0.6 MM - C yBeJIW4YeHUeM HArpPy3KH IOSBJSIOTCS CABUIOBBIE TPEIIVHBI, YIACTKU C
JIOKaJIbHBIM IIPOCKaJIb3bIBAHUEM,

3) ucyepnaHue Hecyllell CIocOGHOCTU OeTOHa, apMaTypa ellle IMeeT ClieIlIeHre ¢ 6eToHOM (3a

cueT ZeOpPMHPOBAHHOTO IPOMUIIS U CUJI TPEHHUS).

Takas kKapTHUHA paspylIeHUs oOpasija MOJHOCThIO COBIAZaeT C HOPMAaTHUBHBIMU JaHHBIMU I10
MaTeMaTHU4eCKOMY MO/IeJIMPOBaHUIO IIpollecca HapylleHus clierieHus ¢ beToHoMm [17, 18].

ITo pesyipTaTaM ucciefoBaHU [19] BRIABIEHO, YTO BRIpbIBaHUe 06pasnoB ACK mog gelicTBreM
Harpy3ku IIPOMCXOJUT IIO 30He KOHTAKTa «apMarypa — O0eToH» (puc. 4). BrICOKVe HampshKeHUS

CIeIIJIEHNS He IPUBOJAT K paspylleHNIo OeTOHHOro Kyba (cM. puc. 4, a).
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a(a) 6(b)

Puc. 4. O6pasen; AKII u GeTOHHBIH Ky0 (a); 6e TOHHBII Ky0 mocie ucnsiTanus (6)

Fig. 4. Fiber reinforced polymer sample and concrete cube (a); concrete cube after testing (b)

YacTuyHO-4eOPMUPOBAHHEIH MPODUIb IOTUMEPKOMIIO3UTHOM apMaTypbl COIIPUKACAETCS C
0eTOHOM IO MaKCHMalbHOHN IIIOIIAaZA{, YTO ObecledrBaeT CTaOWIBHYIO COBMECTHyIO paboTy
apMatypsl 4 6beToHa (CM. pucC. 4, 0).
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s noguvliwenus 004208e4HOCTMU JHeeAe300eMOHRbLX U30eAUll 8aXcHO onpedeaimb CPOKU
npexpaujeHus 3au,umel CMAAbHOU apmamypbl 6eMOHHbLM NOKpbiMuem U pazpabomamb
cnocobul ysenuueHus KOppO3UOHHOL cmolikocmu bemona 8 cpedax 8b.COKOU cmemneHu
azpeccusnocmu. B yemenmmuyio cmecv ggoduau 0,3-1,3 mac. % cmeapama kaavyus ¢
yenvio obecnevenus 06semuoil cudpogobusayuu yemenmnozo kamus 6emona. Cucmema
«YyeMeHMHUI KaMeHb - CcmaabvHas apmamypa» nodeepeanacv eo3delicmeuio 2%-2o
pacmeopa MgCl,. Yepes 6 mec. koppo3uu 8 azpeccusHoil xaopudcodepicauseil cpede 8
YeMeHMHOM KamHe, He codepxaujem cmeapama KAAbYUi, NPOUCX00UM HApYuleHUe
naccugHocmu apmamypel, mozda KAk 8 UYeMeHmMHOM kKamHe ¢ Jdobaskoil cmeapama
Kaavyus 68 meueHue O08YX JAem NOMeHYUAA TNOBePXHOCMU CMAAU OcCmaemcs
Heu3meHHbIM. Manvie 3HauenUus nokazameneil CKOpocmu KOoppo3uu ceudemenbcmeyiom
06 omcymcmeuu noepedxOeHUll CMAALHOU apmamypul 8 yemeHmMHOM KamHe. OO0HaKo
azpeccuenble wacmuybsl, Hakanaugaoujueca y nogepxmnocmu apmamypul,
uHmeHcupuyupyrom xoppo3uio cmaau. B yemenmnom bemone mapok W4-W1é no
6odoHenpoHUlYaeMOCMU KOpPpO3UL CMAALHOL apmamyps. npomekaem 6 2-5 pas
MedneHHee MO CpaeHeHUl ¢ apmamypoii e bemowne 6e3 dobasku eudpogobuszamopa.
Kopposus cmanau 6 eudpogobusuposannom bemone HavuHaemcsa no3dHee, mak Kaxk 0as
docmudicernua npedeavbHoeo codepiaHUil XAOPUO-UOHO8 Y NOBEPXHOCMU ApMamypul
mpebyemcs 3nadumenvio 60abvule BpemMeHl.

Knao4deBbie ciaoBa: ruzipodobusupyomas gobaBka, rugpodobusupoBaHHbIll 6ETOH,
XJTOPUAHAS KOPPO3Us, KOPPO3US apMaTyphl, CKOPOCTh KOPPO3UU
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To increase the durability of reinforced concrete products it is important to determine
the period of termination of the steel reinforcement protection with concrete coating,
and develop ways to increase the corrosion resistance of concrete in environments with
a high degree of corrosion. We enter 0.3-1.3 wt. % of calcium stearate into the cement
mixture at the stage of sample preparation to ensure volumetric hydrophobization of
cement brick. Also we treated the «cement brick - steel reinforcement» system with 2%
MgCl, solution. The sample of cement brick do not containing calcium stearate has a
reinforcement passivity violation after 6 months in a highly corrosive chloride-
containing medium. The sample of cement brick containing calcium stearate have not
changed during 2 years of testing. Small values of the corrosion rate indicators show
the absence of corrosion damage of steel reinforcement in cement brick. However,
corrosive particles accumulating at the surface of the reinforcement over time intensify
the corrosion of steel. In cement concrete of waterproof grades W4-W16 corrosion of
steel reinforcement proceeds 2-5 times slower compared to reinforcement in concrete
without the addition of a hydrophobizer. Indeed, corrosion of steel in hydrophobized
concrete starts later, as it takes considerably longer to reach the chloride ion limit at
the surface of the reinforcement.

Key words: hydrophobizing additive, hydrophobized concrete, chloride induced
corrosion, reinforcement corrosion, corrosion rate
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BBEAEHUNE

IIpu sKcmIyaTaluu B PasiIUYHBIX CpeJax Ha 0eTOH BO3/EMCTBYIOT arpecCHBHBbIE BeIeCcTBa
IIUPOKOro crekTpa. OIleHKa JOJTOBEYHOCTU CBSI3aHA C OXUAAEMBIMMU SKCIUIyaTaIllIOHHBIMU
XapaKTePUCTUKAMU M3ZeNUs U 3aKJII0YaeTcs B yCTaHOBIeHUU (GaKTOPOB, MMEOIIUX pellaollee
3HaYeHMe IS ZeCTPYKLUMU MaTepuaja B 3aBUCHMOCTU OT €ro COCTaBa, CBONCTB M HM3MeHEeHUH,
BBI3BAHHBIX B3aNMOJIeHiICTBHEM MaTepuaia C BHEITHUMY arpeCCUBHBIMU CpeJaMU.

DU3NKO-XUMHUYECKHE IPOIECCH JECTPYKIUU B JKesle300€TOHHBIX U3ZeNUSIX ITPOHCXOASAT II0
MpUYrHEe MTPOHUKHOBEHUS BOJBL B CTPYKTYpy GeToHa [1-5]. IlomaziaHre BOABI B MOPHI IPOUCXOJUT
10 PA3IMYHBIM MeXaHN3MaM, B 3aBUCUMOCTY OT CTeleH! HachileHus beToHa. IIpu aToM GoJibiioe
BJIMSTHUE OKa3blBaeT MUKPOCTPYKTypa OeTOHHOM Macchl. Ecii HeHaChIIeHHBIH 0eTOH HAXOJUTCS B
BOZHOMU cpefie, BOJja BIIUTHIBAETCS B MMOPOBYIO CTPYKTYPY Oj1arozapsa KanuIIIPHOMY BCACHIBAHUIO B
OTCYTCTBHeE JaBjeHUsg [6, 7].

C 1enbl0 CHIIKEHUS CTEIIeHU IPOHUKHOBEHUS BOABI B IIOPOBYIO CTPYKTYpPy OeTOHa IPOBOAAT
mporecc ruapobobusanuu. Ileap o0bemMHON ruzapodobH3ANUM - YIUIOTHEHWE GETOHA,
npeobpa3oBaHUEe CMAaYMBAEMBIX KAIWLIAPOB B HECMadBaeMble, CHUKEHNE BPETHOTO BO3AENCTBUS
PAaCTBOPEHHBIX B BO/ZIe aIrpeCCHBHBIX BEIIECTB.

T'uapodobusupyonie n06aBKY, IpeACTaBISIONIKE CODOM JKUAKVE WJIU IOPOIIKOOOpasHbIe
BEIIECTBA, UCIIOJb3YIOT JJIA CO3/aHMUsA BOJOHEIPOHUIIaeMOT0 6eToHa. OHU CHUKAIOT BEPOSTHOCTH
MOTIaZlaHUsI BOABI, YMEHbINAs IPOHUIIAEMOCTDb U yCaZKy OeToHa mpu BhichixaHuu [8]. IX BBOAAT B
CMeCh BO/IbI, lIEMEHTA U 3aII0JTHUTESA B HEOOMBIINX KOTUIECTBAX, YTOOBI IIOBHICUTD AOJTOBEYHOCTH
OeTOHa, YJYYIINUTH €ro CBONCTBA M KOHTPOJMPOBATH CXBaTBIBAHME WJIU TBepAeHue [9-11].
Tuapodobusupymolinye A00aBKYU, B 3aBUCHMOCTU OT BHJAa 0OETOHA, PacTBOpa WM IITYKATYPKU,
MOTL'YT Pa3INdaThCs 110 XUMUYIECKOH mpupoze [8, 12].

BBoguMble B cOCTaB OeTOHa, OHU JAEMCTBYIOT Ha OCHOBE OJHOTO WJIM KOMOWHAIIMU TpeX
MEXaHU3MOB — CHIDKEHUS KallWJUISPHOCTH 32 CUET YMEHbIIeHUs BOAOLIEMEHTHOI'0 COOTHOIIEHS,
ruapodobu3aUy  KanuwIsgpoB, GU3NYECKONH WJIM XUMHYECKOH OJOoKUpoBKU mop. /[is
PEryJIupOBaHUsa KaNWUISPHOCTU KCIOJb3YIOT PEaKI[MOHHOCIIOCOOHBIE CUIMKATBl [13, 14],
KaJIbIIMHUPOBAaHHBIE TJIMHBI [15, 16], KONTOUAHBIN AUOKCUA KpeMHUA [17, 18], uraocyabhoHaTH
[8, 19], HadpTanuHcyabOHAT dhopManbgeruy [8, 20-22], cy1bPHpPOBaHHBIN MeJIaMUH-GOPMaTbIerus
[22, 23], adbup nomukapboxcuiata [24-26]. T'mapodobusalsg KaNWIIAPOB AOCTUTAETCSI IIPU
BBeJIeHUU MbLIa [27], butyma [27, 28], MuHepaJbHBIX Maces [29, 30], }KUPHBIX KUCJIOT C AJUHHON
remnbio [8, 31], creapaToB Kambuus u uHKA [32-35], GyTumicreapaTa [36, 37], aKpUIOBBIX CMOJ
[38, 39], aMysIbCHIT TOHKUX BOCKOB [40, 41], CIUKOHOB [42, 43], CMIaHOB-CHJIOKCAHOB [44, 45]. Tak,
HaIlpuMep, cTeapaThl BCTYNAIOT B XUMUYECKYI0 peaKIUI0 C T'MAPOKCUAOM KajlbllUsg B COCTaBe
OeToHa, B pe3ysIbTaTe Yero Ha CTEHKAaX IO IJeMeHTHOIo KaMHs obpasyeTcs ruapodoOHbIN CI0H 13
HepPacTBOPUMOTIO cTeapaTa Kaabuus [46]. Pusnudeckas GJIOKMPOBKA IOP MOXKET OBITh JOCTUTHYTa
IyTeM BBeJeHUs WHEPTHHIX I[OPOUIKOBBIX HAIOJHUTeNel - Tanabka [47], GeHToHuTa [48],
MEeJIKOAMCIIEPCHBIX BOCKOB [49], 6uTymMOB [50] mMau akpuUIOBBIX aMyJabcuil [39, 51], sMyJIbCUOHHBIX
OyTaZieH-CTUPOJbHBIX KaydykoB [52, 53]. Xumudeckas OJOKMPOBKA IOP OCYIIECTBISETCS C
IIOMOII[BIO YCOBEPIIEHCTBOBAHHBIX MUKPOTOHKUX CKPBITHIX PEaKIMOHHOCIIOCOOHBIX CUIUKATOB [54]
WM TyILLIOJaHOBBIX HaHOYacTHI [55, 56], obecIeuuBaiOIINX BTOPUYHYIO TUAPATAIUIO ]I
JOCTIDKEHUS MaKCHUMAaJbHO IIJIOTHON YymakoBku rensd C-S-H B LeMeHTHOH MaTpulle B
HaHoMmacuitabe. B BrillleyKa3aHHBIX MaTepuatax JJjsl MePeKPUCTALIN3AINYN U 00Pa30BaHUsI HOBBIX
crabuiapHbX (a3 C-S-H u C-A-S-H B mprcyTCTBHUM BOABI IpUMeHseTcs cBobogHas nsBectb Ca(OH),
[57].

21



Konovalova V.S. YMHbIE KOMMNO3WTbl B CTPOUTE/IbCTBE

DOI: 10.52957/27821919.2023 1.17 SMART COMPOSITE IN CONSTRUCTION

ITonoxutenpHOe felicTBre OT rupodobusany 6eToHa 0OBIYHO 3aKI0YAETCSI B TOM, YTO 3TOT
BU 00paboOTKM WpPOJJjieBaeT MHEPUOA [0 Hadajda Kopposuu. Korga HaYMHAETCS KOPPO3Ws,
ruApoboOHOCTh MOP I[EMEHTHOro KaMHs 3(G(MEKTUBHO MPEISITCTBYeT MPOHUKHOBEHUIO JKUAKOM
Cpefpl U CHIDKaeT CKOPOCTb Kopposuu [58]. OTCyTCTBHME NIPOHUKHOBEHHS XJIOPUZOB B
ruzpodobusnpoBaHHbIll 6eTOH GBIIO OOHAPY)KEHO HA MIUPCe aBTOMATUCTPaIM IIOCTIE CeMU JIET
skcruryatanuu [59]. Tuzapodobusupymoime n06aBKM HE OKAa3bIBAIOT HETaTHBHOTO BAUSHUS Ha
MPOYHOCTh 0OEeTOHa, BMECTO ITOrO HEKOTOpble OETOHBI 00JaZAl0T IOBBIIIEHHON ITPOYHOCTHIO
[11, 60]. IIoCKOJBKY BOZOOTTAJIKUBAIOLINE CpPEJCTBA PABHOMEPHO paclpefieseHsl 10 00beMy
0eTOHa, OHU He MPUBOJAT K M3MEHEHUIO BHENIHEro Buja uszenus. Kpome Toro, ruapodobHbIe
n06aBku 3GbGOEKTUBHBI /11 YMEHbBIIEHUs] BBICOJIOB, ITOCKOJBKY B MX ITPUCYTCTBHUU CHIDKAETCS
MUTpAIKI BOAHI 10 00beMy 6eToHa [61, 62].

Ilenp  paboTBl -  HCCIEAOBAaHWE  KOPPO3MOHHON  CTOHMKOCTM  Kejae306eToHa  C
ruApoboOHU3UPYOIMMU A00aBKAMK B arpecCUBHOI XJOpuAcoaepskaiieil cpese. YToObl OIEHUTD
BKJIaZ ruapodobUsanuu B IOJTOBEYHOCTh KOHCTPYKIMHM, HEOOXOAMMO 3HATh, HACKOJIBKO
3¢b(dEeKTUBHO 3TOT CII0COO 06PabOTKY MPEISITCTByeT IPOHUKHOBEHUIO arpeCCUBHBIX BEIIECTB U KaK

nouro coxpansercss 3G PeKT OT BBeJeHNUs 106aBOK.
DKCITIEPUMEHTAJIBHAA YACTD

ViccnesoBaHUS TPOBOAMIIM Ha IIPYTKAX CTAJIbHOM apMaTyphl Kiaacca mpokaTa A500C, KoTopble B
IUINHAPUYECKOH  ¢opMe  3alMBaJd  I[IeMEHTHBIM  PacTBOPOM,  H3TOTOBJIEHHBIM U3
nopTiaaHzaeMeHTa Mapku LIEM I 42,5H ¢ B/I1 =0.3.

Bo BpeMs 3amMelMBaHUS LIEMEHTHOI'O PacTBOpa B KadecTBe I'uzApodobH3upylollell A006aBKU
BBOJUIM CTeapaT Kaubliusg. [Iisg oIpejeneHuss MapKu 0OeToHa IO BOZOHENPOHUIAEMOCTH
NpPUMEHAIN MeTOJAUKHU, ONucaHHble B mnaTeHTe PO Ne 2187804 «Cmocob ompezesneHUs
BOJOHEIIPOHUIIAEMOCTH LIeMEeHTHBIX MaTepuaioB» u MM 2625-2000 «Pexkomengauua I'CHU.
Marepuansl LeMeHTHble. MeToAMKAa  BBIIOTHEHUS W3MEPEHUH  BOJOHENPOHUIIAEMOCTHU
VCKOpPEHHBIM  MeTofoM». KonmdecTBo  BBOAUMOM  A00aBKM U MapKu 0OeToHa  IIO
BOJIOHEIIPOHUIIAEMOCTH YKa3aHbl B Ta0JI. 1.

Ta6auna 1. Cogepxanue ruzpodobusrpyroieii 706aBKU B [[EMEHTHOM KaMHe
Table 1. The content of a water-repellent agent in cement brick

KosimgecTBo cTeapaTa KajlblUf, Mapka 6eToHa 110
Ne obpasija
Mac. %. BO/IOHENIPOHUIIA€MOCTH

1 - -

2 0.3 W4

3 0.5 W6

4 0,7 W8

5 0.8 W10

6 1.1 W14

7 1.3 W16

KopposnoHHEbIe HCIIBITAHNS IPOBOAMIN II0CTIe OTBEPXKAeHMUs 06pasIioB I[eMeHTHOT0 KaMHs Ha
BO37lyxe B Te4eHUe 28 cyT. lleMeHTHBIN KaMeHb IIOMeIIaIN B eMKOCTH, 3aII0JJHEHHbIE arPeCCUBHOMN
cpezoi 2%-Mm pactBopom MgCl,. Konuenrtparnus pactsopa MgCl, 20 r-1" npuHATa Kak arpeccuBHas
II0 OTHOIIeHHI0O K OeToHy B cooTBercTBUM ¢ CII 28.13330.2012 «3amuTa CTPOUTENbHBIX
KOHCTPYKIIUH OT KOPPO3U».

B TeueHme 24 Mec. M3MepsIM IMOTEHIIMAT apMaTyphel B IIeMEHTHOM KaMHe. DJIeKTPOJHBIN
IIOTEHIVaJ TIOBEPXHOCTH CTAJbHOM apMaTyphl B OeTOHEe OIpeZessv HepaspylLIaloliuM MeTOJ0M

(cMm. puc. 1).
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Puc. 1. VI3aMepeHUe NTOTeHIIMalIa IOBEPXHOCTH apMaTyphI B OeTOHe

MeTOZOM ITIOTeHIIMAJIOB II0JIy3JIEMEHTAa C OAHNM 3JIEKTPOJOM CPAaBHEHUA

Fig. 1. Measurement of the reinforcement surface potential in concrete
by the method of half-element potentials with one reference electrode

VisMepeHIe OCYIIECTBIISIN IIyTEM YCTAHOBKU Ha OETOHHYIO IIOBEPXHOCTH Yepe3 YBIaKHEHHYIO
rybKy 9JIeKTpoAa CpaBHEHUs, IIOJKIIOYEHHOTO K OTPUIIATEJIbHOMY IIOJNIOCY BOJBTMeETpA.
IToJI0KUTENBHEIH IIOJIIOC BOJIBTMETPA IOAKIIOYAJIN K CTAJIBHON apMaType, NPOBOAUIN (DUKCALIHIIO
JAHHBIX [10CJIe CTa0MIM3aIuy IToKa3aHui nprubopa. [TokasaHus cYUTaNIN CTaOMIBHBIMU, €CJIU OHU
OCTaBaIMCh HEM3MEHHBIMM B TedeHHe KaK MHHHUMYM 15 ¢ B pexuMe paboTsl mpubopa c
AVCKPETHOCTbhIO 1 MB.

g mepecdeTa moTeHIMala CTAIbHON apMaTypel Ey, 0CTATOYHO K M3MEePEeHHOMY I10 JaHHOU
MeTOoAVKe moTeHnuany E,,, B3ITOMy CO CBOMM 3HAaKOM, NPHUOaBUTH IOTEHIUAN 3JIEKTPOJa
cpaBHeHUsa E, . :

EMe = EmM + Ee.c- (1)

VsmepeHre MONIPU3ALUOHHOIO CONPOTUBIEHUS IPOBOAUIN IIPU INEPEMEHHOM TOKE B
JBYX3JIEKTPOAHON sUeliKe, NPe/CTaBISIONIel cOO0M CTakaH C KPBIIIKOM, IZe ObLIN 3aKperJeHbl
3JIeKTPOABI (puC. 2). PabouyuM 3JeKTPOJOM SBJISAANCH 0Opaslbl apMaTyphl B IIeMEHTHOM KaMHe.
PaccTostHre MeXAYy pabouMMu 4YacTSIMHM 3JIEKTPoAa CcoCTasiasio 20 M. f4eliKy 3amoaHsSIN
HCCIEAYEMBIM PACTBOPOM, 3aTE€M €€ MOAKIIoYaIu K u3MepuTeapbHOMy npubopy. IloxasaHus
CHUMAaJIV OTHOCUTEJBHO XJIOPCEPEOPSHOro 3J1eKTpoja cpaBHeHUsI. COIPOTUBIEHUE UCCIeAyeMON
CUCTEeMBl PerucTpupoBaiu B TedeHue 30 MUH IIpU KOMHATHOM TeMIlepaType — IepBble 5 MUH
Kaxzble 20 ¢, 3aTeM [0 KOHIIA OIIbITa — KKAble 60 c.

Puc. 2. CxeMa 5KCIIEPUMEHTAJIBHOH YCTAaHOBKY JJIs IPOBEAEHUS OIS PU3ALOHHBIX U3MePEHUH:
1 - 3JIeKTpOXUMUYecKas sIelika; 2 — mporpammarop I1P-8; 3 - morennuocrar I11-50-1;
4 - IByXKOOPAWHATHBHIH peructpupyomuii npubop IIJIA-1; 5 - paGouuii anekTpos (p.3.);
6 — BCIIOMOTaTeIbHBII 3JIEKTPO/, (B.9.); 7 — SJIEKTPOJ CpaBHEHU (3.C.)

Fig. 2. Scheme of the experimental setup for conducting polarization measurements: 1 - electrochemical cell;
2 - programmer PR-8; 3 - potentiostat PI-50-1; 4 - two-coordinate recording device PDA-1;
5 - working electrode (w.e.); 6 - auxiliary electrode (a.e.); 7 - reference electrode (r.e.)

23



Konovalova V.S. YMHbIE KOMMNO3WTbl B CTPOUTE/IbCTBE

DOI: 10.52957/27821919.2023 1.17 SMART COMPOSITE IN CONSTRUCTION

IlonsgpusalOHHble U3MepeHHsd, KpoMe HHGOpPManuu 06 3JeKTPOXMMUYECKOM IIOBeAeHUU

CTaJIbHOK apMaTypbl B L€EMEHTHOM KaMHE, IIO3BOJWJIN PACCIUTATh IIOKAa3aTeJ CKOPOCTU

KOPPO3UMU:
k=24 )
2-:26.8
_ 8.76
K=K, —, 3)

Me

rae K, - OTPUILIATEbHBIN MOKA3aTeJb N3MEHEHUS MacChl, 4 *M”; j — IJIOTHOCTh TOKAa KOPPO3UH,
A-M? A - aToOMHas Macca MeTajlia, [*MOJb ; Z — BaJIEHTHOCTh MOHA MeTajlla, [IPEXOAAIIEr0 B
pactBop; 26.8 - mocrosHHas ®Papages, A-u-mMonb'; K, - [IyOMHHBIA IIOKAasaTelb KOPPO3UU,

MMTOZ "} Pye — INIOTHOCTD METAJIJIA, I*CM .

PE3VJIBTATBI 1 UX OBCYXKIEHUE

Haxopgamiasgcss B IleMeHTHOM KaMHe CTajJbHas apMaTypa Ha HadaJbHOM 3Talle He MeHSeT
IOTEHIMaJ BCIEeACTBHE HATMYMS IIaCCMBHOM IUIEHKM Ha ee MOBepXHOCTHU (puc. 3). IlacCUBHOCTH
CTaJIbHOM apMaTypsl B IeMEHTHOM KaMHe COXPaHAeTCd B TeUeHUe 6 MecC. BO3JeMCTBUA Ha CUCTEMY
arpecCUBHOM XJIOPUACOAep:Kalllell cpeAbl, 3aTeM IOTeHIINal IIOBEPXHOCTH HayMHAeT MeJJIeHHO

CABUTATHCS B OTPUIIATEIBHYIO CTOPOHY.

360
m
=
w 310
260
2-7
L e 1
210 T T T T 1
0 7] 10 15 20 25
Mecsaubl

Puc. 3. I3MeHeHHe IOTEHIATa apMAaTyPhl U3 CTaIX K1acca Ipokara A500C B IIeMEeHTHOM KaMHe
B YCJIOBUSIX JKUAKOCTHOH KOppo3uu B 2%-M pacTBope MgCl,: muHus 1 - 6e3 106aBKy;

nuHuY 2-7 - ruApobobU3NPOBaHHbIN GETOH PA3INIHBIX MAPOK 10 BOAOHEIIPOHUIIAeMOCTH (CM. Tabu. 1)

Fig. 3. Change in the potential of reinforcement made of rolled steel A500C in cement brick
in liquid corrosion medium of 2% MgCl, solution: line 1 - without additives;
lines 2-7 - hydrophobized concrete of various grades for water resistance (see Table 1)

IIpu pocTwXKeHMU NOTeHIMana Hipke -350 MB IIOBEPXHOCTBH CTaa{ IIEPEXOJUT B aKTHUBHOE
COCTOSIHHE, B KOTOPOM C HU3KOU CKOPOCTBIO IIPOMCXOAUT Pa3BUTHE KOPPO3HMOHHBIX IIPOLIeCCOoB [63].
JanbHellllee CHIDKeHME IIOTeHIMAla CBUJAETENIbCTBYeT O TOM, YTO KOPPO3MOHHBIM IIpoliecc
MHTeHCUDUIIVIPYETCS U CTAaHOBUTCA KAaTOAHO KOHTpoaupyeMbiM. Yepe3 18 Mec. U3MeHeHUe
[OTeHIMAaNa 3aMeJAJseTcs, 4YTO OOBICHIeTCS IepermaccuBanyiell IIOBEpPXHOCTH BCJIEJCTBHE
06pa3oBaHUs IPOJSYKTOB KOPPO3UU.

B TeueHme 24 Mec. UCIIBITAHUH B TUAPOPOOM3NPOBAHHBIX OETOHAX IOTEHIINA TI0BEPXHOCTH
CTaJIbHOM apMaTyphl He U3MEHSJICS, CIeJ0BATEeJbHO, KOPPO3HUOHHBIE ITPOIECCH B JAHHOM CIydae He
VHUIITHPOBAINCH.

ITonapusanoHHBIE KPUBBIE (PUC. 4) TOKA3BIBAIOT, YTO AJI CTATbHOM apMaTypsl B IEMEHTHOM
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KaMHe 6e3 n00aBKM XapaKTepHBbI 6ojiee BBICOKHE 3HAa4eHUs IJIOTHOCTH KOPPO3HOHHOIO TOKA;

3HAYUT, KOPPO3NOHHOE pa3pyLIieHMe GYAGT CUuJIbHEe.

i 2
ol MKA/cm
50 1
40 _ — =3

Puc. 4. [TongpusalilioHHbBIe KPHBBle apMaTyPHI U3 CTAIN Kaacca npokaTa A500C B IleMeHTHOM KaMHe,
HaXOZSIIeMCs B YCIOBHUAX XKUAKOCTHOM KOppo3uu B 2%-M pacTBope MgCl,: tunus 1 - 6e3 fo6aBKy;

JIMHUY 2-7 - TUApodoOU3NPOBaHHEIN OETOH PA3IMYHbIX MapOK 10 BOZOHEIIPOHUIIAeMOCTH (CM. Tabi. 1)

Fig. 4. Polarization curves of fittings made of rolled steel A500C in cement brick in liquid corrosion medium
of 2% MgCl, solution: line 1 - without additives; lines 2-7 - hydrophobized concrete of various grades
for water resistance (see Table 1)

IIpn pmocTmxkeHuu 3HadeHUd -290 MB HaumHaeTcd aHOJZHOe paspylleHHe II0BePXHOCTU
apMaTypsl. DTOT IIPOIleCC HaXOAUTCSI B aKTUBHOM CTaANM 0 IIOBBIIIEHUS ITOTEHIIMANA K YPOBHIO
+760 wMB. TIlocie HeENpPOAO/DKUTEIBHON IIACCUBAIIMM IIOBEPXHOCTU CTAIM HAadYMHAETCs
MUTTUHTOOOpa3oBaHUe.

AHopHOe pacTBOpeHHe CTaJbHON apMaTypbl, Haxojduleidcs B TIUAPodoOU3NpPOBAaHHOM
IIeMEeHTHOM KaMHe, OCYILIEeCTBJSeTCA IIPU IIOTeHIuane -255 MB. IIpy ZOCTHXeHMM MHOTeHIjhaka
+340 MB IHOBepXHOCTb CTaJIM IIePEXOAUT B AKTUBHO-TIACCUBHOE coCTOgHMe. C yBeJIWYeHUEM
CoZiepKaHUA CTeapaTa KaJlbLlUd B COCTaBe I[EMEHTHOIO KaMHsA IIPOMCXOJUT CIJIQXUBaHUeE
MOJIIPU3AIIOHHBIX KPUBBIX (pUC. 4, IMHUU 5-7). DTO CBUJETEIbCTBYET O JIUTEJIbHOM COXPaHeHUU
IIaCCUBHOI'0 COCTOAHMSA apMaTypbl. IIacCMBHOCTD CTalu He HapyllaeTca B CBASKU C 3aMeJJIEHHEM
MIOCTYIIEHUS XJIOPH/-NOHOB K [IOBEPXHOCTU METAJJIA; IIeMEeHTHBIN KaMeHb BCJIe/ICTBHE OCAKAEHUS
B [IOPOBO¥ CTPYKType ruzpodobusaTopa obrasaeT IOBHIIIEHHOHN IIOTHOCTHIO.

Huke (Tab:. 2) mpecTaBieHa CKOPOCTb KOPPO3UU CTATHHOM apMaTyphl B IEMEHTHOM KaMHE B
VCJIOBUSX BO3/IEHCTBUS arPeCCUBHON XJIOPUCOAEPKaleli Cpesibl, onpeesseMas BIpaKeHUAMY (2)
U (3) o pesysbTaTaM MOIIPU3AIOHHBIX U3MEPEHUH.

Ta6iuna 2. IIokasaTear CKOPOCTH KOPPO3UM CTaJIbHOH apMmarypbl A500C B IleMEHTHOM KaMHe II0CJe KOPPO3UU B 2%-M

pactBope MgCl, B TeueHme 24 Mmec.
Table 2. Corrosion rates of A500C steel reinforcement in cement brick after corrosion in 2% MgCl, solution for 24 months

- ITokasaTesib U3MEHEHUS . B
K, Howmep o6pasia L T'y6uHHBIN T0Ka3aTeab Kopposuu K, Mm-roza’
MaccChl , 'Y M

1 4.26:10° 4.77-10°

2 2.24-10° 2.51-10°

3 1.79:10° 2.01-10°

4 1.63-10° 1,83-10°

5 0.98:10° 1.10-10°

6 0.82:10° 0.92:10°

7 0.81:10° 0.91-10°

Korga y IIOBEpXHOCTU CTaJbHON apMaTypbl HAaKaILIMBAIOTCS XJIOPUJ-WOHBI, KOJUYECTBO

KOTOPBIX AOCTATOYHO JJId HapPYHIE€HUWd IIaCCMBHOCTH M HadYajla KOPPO3MOHHOI'O pa3pylIeHUd,
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KOPPO3Us apMaTypsl B HernipohobH3MpoBaHHOM I[eMeHTHOM KaMHe IIpoTeKaeT B 1.9 pas ObIcTpee,
yeM B oOpasme mapku W4 1o BosoHempoHuIaemoctu. C yBeIWYEHUEM COAEPKaHUS CTeapaTa
KaJIbIIUSI CKOPOCTh KOPPO3UU apMaTyphl B OeTOHE yMeHbIaeTcs B 2.5-5.0 pas.

OZHAKO AJIS JOCTYDKEHUS MPe/ieIbHON KOHIIEHTPAIIUY arpEeCCUBHBIX BEIIECTB Y TOBEPXHOCTU
CTaNbHOI apMaTyphl B rupodobu3npoBaHHOM GeToHe Tpe6GyeTcs 3HAYUTEIbHO GOJIbIlle BpEMEH.
VcraHoBieHo [58], 4TO TOPOroBoe 3HAUYEHME KOHI[EHTPAIIUY XJIOPU/-UOHOB JOCTUTAETCS Yepes TPU
roza B 6eToHax Mapok W6 1 W8 1o BOZIOHEIIPOHUI[aeMOCTH. J[JIsT HAKOIIJIEHUSI TAKOTO KOJIMYeCTBa
XJIOPU/I-OHOB Yy ITIOBEPXHOCTU apMaTyphl B 6eToHe 6e3 ruapodobusrpyomux 100aBoK B YCIOBUIX
JetictBus 2%-ro pactsopa MgCl, moHazobuTcs 6 mec.

PacueTHble CPOKM Hadajla PasBUTHUsS KOPPO3MOHHBIX IIPOIECCOB HA IIOBEPXHOCTHU CTAJIbHOMN
apMaTypsl B GeTOHE MOATBEPKZAIT Pe3yJbTaThl 3aMepoB IOTEHIMala apMaTyphl B I[eMEeHTHOM

KaMHe, HaxoZsaieMcs B 2%-M pactBope MgCl, (cMm. puc. 3).
BBIBO/IbI

O6pemMHas ruZpohoOU3aNyd 32 CUET OCAKAEHNUS B IIOPAX HEPACTBOPHMOTO CTeapaTa KalblIUs
IPUBOAUT K IOBBIIIEHUIO IIJIOTHOCTY IIeMEHTHOTO KaMH{, YMEHbIIeHUI0 o0beMa IIOCTymalolleit
BHYTPb O€TOHA arpecCUBHOU CpeJbl, 3aMeJIEHHUIO KOPPO3UHU CTAIBHOMN apMaTyphI.

YcTaHOBJIEHO, YTO U3MeHeHNe 3JeKTPOJHOro MOTeHI1ala II0BePXHOCTY CTaJIbHOM apMaTypbl
B GeTOHe HauMHAETCH Yepe3 6 MecC. HaXOXAeHus ob0pasuoB B 2%-M pacTBope MgCl, Torza kak Aas
rupooOU3MPOBaHHBIX OETOHOB MOTEeHIMal apMaTypel B TedeHHe JABYX JeT OCTaeTcs
HEU3MEHHBIM.

C y4eToM CKOPOCTH KOPPO3HM CTaJIbHOM apMaTypel B 0eTOHe, pacTBOpPeHHE MeTajla Ha
HavJaJIbHOM 3Talle IKCIUIyaTallMH B XXKUAKOH XJIOPUCOJepKaliell cpeje MPOUCXOAUT MeJIEHHO. 3a
CUeT BBeJEHHUs CcTeapaTa KaJbllUsg B IIeMEHTHYIO CMeCh Ha CTaZWMU H3TOTOBJIEHHSI OeTOHA MOXKHO
3HAYUTEIbHO YBEJIUYUTD IEPUOJ, COXpPaHEeHUs ITaCCUBHOTO COCTOSHUS IIOBEPXHOCTH apMaTypHOM
CTaju B OeTOHe, CHU3UTh CKOPOCTb KOPPO3UU IIOC/IE€ HAKOILJIEHHS KPUTUYECKON KOHIIEHTPAIU
XJIOPUJ-UOHOB y ITOBEPXHOCTU apMaTyphl. DTOT o0ecIedMBaeT MpoJJeHre CPOKa 0e3peMOHTHOMH
CIYKOBI >Kee300eTOHHOTO HW3JeNus B KUAKUX XJIOPUACOJEPKAIIMX Cpejax, OTIMYAIOLIMXCS

BBICOKOM CTEIIeHbIO arpeCCuBHOCTH.
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OyeHueaemcss  803MONHOCTMb  UCNOAL30BAHUSR  noaumepHwvix  (IIBX)  membpan
LOGICBASE" 6 peeuonax Poccuu ¢ nosbvluleHHOL celicMUUeCKOl AKMUBHOCTMBIO.
Paccmompen  mexanusm  pabomv.  noAuMepHblx ~ MemOpaH 8  KOHCMPYKUUAX
¢pyHdamenmos 8 YcA08USLX NOCTMOAHHBLX NepeMeljeHUll U mpeHus. B xode uccaedosanuil
MHO0200CHO020 pacmaxenHus o00pa3ybl NoAUMepHBLX MmemOpaH  Kpyzaoil ¢opmel
3AKpenAiAl 8 3aMUMAX UCNbLMAMeAbHOL Kamepvl, npukaadsvieanru eudpagauveckoe
dasnenue 0o momenma ux paspwviea (modeauposanue pabomv. 8 OJepopMAYUOHHBLY
weax). Bulagaeno, 4mo MaKcuUMAanbHAsL NPOYHOCME 00pa3yoe npu paspuvige docmueaem
6.95 MIla, a ydauneHnue obpa3yosé npu paspwviee cocmassem 114%. Hccaedosana
3a8UCUMOCTY dedpopmayuu obpa3yos om 8eAUUUHDBL npuxaadsvleaemozo
eudpasauveckoeo dasaenus. Ilokazamo, wmo noaumepHvle Membpanevl obaadawom
gblcOKOl usomponueti mamepuana, 6aazodaps wemy obecneuusaemcs UX pasHoOMepHAS
paboma Ha pacmsaeuBan Uy MHO2Z00CHYI0 HApY3KY. DMO nN036041eMm UCNOAL30BAMb UX
8 KOHCMPYKYUAX YHUKAALHLLX U CMpamezuieckux 006sekmos — moHHeAell, pe3ep8yapos
0das numvesoil 800vl. Onpedesensl kKoIpPuyuenmo. mpenus 045 CUCHEMbL «NOAUMEPHBLIL
(IIBX) 2udpou3onsyuonHuili mamepuan — Gemonnas (#ene306emorHHas) KOHCMPYKUUSL»
8 YCA0B8UAX NOGBbLULEHHOTU CellcmUuieckoll akmugrnocmu no wkase MSK-64. Ycmanoeaeno,
umo IIBX-membpanv. 0458 UHXMCeHepHOU 2udpou30AAYUL MOMKHO UCNOAL30BAML 8
pailoHax cmpoumenvcmea ¢ celicmuunocmovio do 9 6aanos no wkase MSK-64.

KnaodyeBbie ciaoBa: 0OeroH, xene3obeToH, GyHJaMeHTH, celicMU4YecKas

6e30I1acHOCTD, TUAPOUSONALUS, IOTUMEePHble MeMOpaHbl, KO9GDUINEHT TPeHUS
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The two-stage study assesses the possibility of using LOGICBASE™ polymer (PVC)
membranes in regions of increased seismic activity in the territory of the Russian
Federation. The first stage considers the mechanism of polymer membranes operation in
foundation structures under conditions of constant displacement and friction. The
second stage of the research examines the round-shaped samples made of polymer
membranes on a special multiaxial stretching unit according to GOST 33067-2014,
Application DV. During the study, we fix the samples in the clamps of the test chamber
and use a hydraulic pressure to stepwise them until they burst (simulation of work in
deformation seams). According to the results of LOGICBASE™ V-SL polymer membranes
for multiaxial stretching studies, the maximum tensile strength of the samples was
6948.22 kPa (~ 6.95 MPa). The stretching of the samples was 113.89%. Additionally,
we constructed the graphs of the deformation (stretching) dependence of samples on the
applied hydraulic pressure. Indeed, polymer membranes have a high isotropy of the
material. It ensures their uniform operation on a tensile multiaxial load, and allows
them to be used in the construction of unique and strategic facilities (tunnels, nuclear
power plants, drinking water tanks, etc.). The study determined the coefficient of
friction in the system "polymer (PVC) waterproofing material-concrete (reinforced
concrete) structure" in conditions of increased seismic activity. Thus, in terms of the
results of the study, PVC membranes for engineering waterproofing could be used in
construction areas with seismicity up to 9 points (inclusive) on the MSK-64 scale.

Key words: concrete, reinforced concrete, foundations, seismic safety,
waterproofing, polymer membranes, coeffi cient of friction
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BBEAEHUNE

Tepputopuu Poccurickoii @ezsepanuy XapaKTepusyloTcs 0OoiblIinM  pasHoobpasueM
snaHAmadToB, YaCOBBIX, KINMATUYECKUX U CelCMUYecKuX 30H. [Ipu aToMm Gosee 30% TeppuTopuun
P® HaxoAMTCS B paliOHaX C ITOBBIIIEHHON CEHCMUYECKOH aKTUBHOCTBIO [1-3]. B 9aCTHOCTH, K TaKUM
pationam otHocatcs CeeepHsbiii KaBkas, Kpeim, Asraii, yacts AxkyTum, 3abatikanbe, CaxaiuH,
Kamuatka u Kypunbckue octposa [2]. Tak, cormacHo CIT 14.13330.2018 u Ilpunoxkenus A - KapTsl
ceficMuyeckoro parioHupoBaHus (OCP-2015-A, B), celicMuyeckas aKTHBHOCTb Ha Kypuibckux
octpoBax cocrtapiaseT 10 6amnoB mo imkane MSK-64. CTpOHUTENbCTBO B TaKUX 30HaX TpedyeT
obecrieueHUs]T MaKCUMaJbHONU HAJEXHOCTM UM MPOYHOCTH IMPUMEHSIEMBIX CTPOUTENbHBIX
MaTepuasoB u usgenuii [2, 3]. A1 o6bextoB knacca KC-3 [4] mogbop KaueCcTBEHHBIX CTPOUTENBHBIX
MaTepUaJoB Ha 3Talle IIPOEKTUPOBAHUS TaKKe IIPeAyCMOTpPeH HOPMATUBHBIMHU JOKYMEHTaMMU.
Hampumep, npy CTPOUTENbCTBE 3[aHUU U COOPY)XEHUI MOBBHIIIEHHOTO YPOBHSI OTBETCTBEHHOCTH,
ZIJ1s1 KOTOPBIX OTCYTCTBYIOT allpoOMpOBaHHbIe pellleHys (B TOM YHCIe U B 001aCTH THAPOU30IISIIINN),
corsacHo 1. 3.7 TOCT 27751-2014, He0OXOAMMO KCIOJb30BATh JaHHbIE HCIIBITAHUI, TPOBeJeHHbBIX
Ha MOJeJIX WIM HATYPHBIX KOHCTPYKUMIX [5, 6]. PacyeT KOHCTPYKIIUHM W OCHOBAHMH JJ TaKUX
COOPYKEHUU pEeKOMEHJAYEeTCS BBIIIOJIHATb HAa OCHOBE CIIEIJUATbHBIX TEOPEeTHUYEeCKUX U
anpobOHPOBAaHHBIX YUCIEHHBIX U 9KCIIePUMEHTAIbHBIX UCCIeJ0BaHUH [5-8].

TuapoM30MAIIIOHHBIe MaTepuajbl, MIPUTOAHBIE [JJs IpPUMeHEeHUs B TaKUX 30HAX
CTPOUTENBCTBA, JOJIKHBI 00J1aZlaTh IOBBIIIEHHON IIPOYHOCTHIO HAa pacTsKeHUeE [9], BBICOKMMU
XapaKTepUCTUKAMM OTHOCUTEIBHOTO VAJUHEHUs [9] U  CIOCOGHOCTBIO BOCIPUHUMATH
MHOrooceBBle Harpysku [9, 10]. K Takum MaTeprasaM oTHocsATcS noaumepHble (IIBX) memOpaHbI
[9, 10]. Mx wmcmosip30BaHME BeCchbMa aKTyaJbHO B 30HAX ZedOpPMAIIMOHHBIX IIBOB 3JaHUH, re

BO3HUKAIOT MHOTOOCHBIE PaCTATMBAOIINe HAIPY3KU, HAIpUMep, IPOJOIbHBIN cABUT (puc. 1).

Puc. 1. PaGoTa ruipou30JIsIIOHHOM IIITOHKN Ha IPOJOIbHBIN CABUT

Fig. 1. The work of the waterproofing key on the longitudinal shift

IIpn wncnonb3oBaHMM TI'MAPOU3ONALNVOHHOIO MaTepHala BO3HUKAeT TPeHHEe MaTepuaaa o
CTeHKH OEeTOHHBIX U ’KeJe300eTOHHBIX KOHCTPYKLMIN, a BO3HUKAWOI[UEe MHOTOOCHBIE
pacTArvBamoolye HAarpy3Kd IIO3BOJSIOT OLEHUTH paboTy, HalpaBleHHYyI0 Ha obeclieyeHue
IIeJIOCTHOCTY U JOJITOBEYHOCTM KOHCTPYKLIMI IIPU BO3AEHCTBUM IIOA3eMHBIX BOZA. B ciydae
MOBPEXAEHUSI TUAPOU30JAIUY MOXKeT HadaThCsl IIPOollecC KOPposuU OeTOHA MU JKesle300eToHa
[11-13], compssKeHHBIH ¢ psAZOM PUCKOB. I'JIaBHBINE PUCK - CHIDKEHMe IIPOYHOCTH M Hecyued
CIIOCOOHOCTM KOHCTPYKIMI [11-13], 4uTO mpeAcTaBiaseT OOJBLIYI0O OMACHOCTb IIPU BBICOKOU
celiCMHYeCKOHN aKTUBHOCTH.

Ilenp paboTel — OIleHKa PabOThl TMPOU30AALMOHHBIX [IBX-MeMOpaH B yCIOBUSX MOBBIIIIEHHON
CEICMUYHOCTH U IpOBeZeHUe pPacyeTHON IPOBEPKM CABUTA W BO3MOMXHOCTH OIIPOKHJBIBAHUS

3A4aHUA IIPU CceliCMHUYEeCKOM BOSﬂeﬁCTBHH.
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SKCIIEPUMEHTAJIBHAA YACTb

Onpedenerue koapduyuenma mpeHus NOAUMEPHBIX MeMOPAH

KoaddunueHT TperuUs y onpezensioT o opmyie [14-16]:
"o (1)
= P

rae F,, - cpejHee apudmeTnyecKoe 3Ha4YeHMe CHJIBL TpeHus F (puc. 2), onpezeseMoe /s BCeX
TPYIIII 00pasIioB C yIeTOM IIOTephb Ha TPeHHe B caMoi MamuHe, H;

P - Harpyska, npmxumMaroias ob6pasisl K KOHTpTeny, H.

f i J ]
- » -— \
G
! mqg
Puc. 2. [IppHIUNNaIbHAsA CXeMa OllpeiesIeHNs Koa(pdrnmeHTa TpeHus

Fig. 2. Schematic diagram of the friction coefficient determination

Eciu Opycok TAHYT C IIOMOIIBIO JUHAMOMETpPa C IIOCTOSHHOHM CKOPOCTBIO, JUHAMOMET]
TIOKa3bIBAET MOZYJIb CHJIBI TPEHUS CKOJIbXeHUs F . B ZaHHON cxeMe Cuja yIPYrOCTU IIPYXKHHBI
JVHaMOMETPa YPaBHOBEIINBAET BO3HUKAIOIIYIO CHUJIY TPEHUS CKOJIbXeHUs.

VI3BeCTHO, YTO CHJIa TPEHUS CKOJBKEHUS 3aBUCUT OT CHJIBI HOPMaJbHOHN peakuuu omopsl N,
BOBHUKAIOIIEH BCIEACTBUE AENCTBUA Beca Teja [14-16]. COOTBETCTBEHHO, GOJIBINNE BEC CO3JaeT
06IbIIYIO CHITY TPeHUs. MeXAY 9TUMU CUIaMU CYyIleCTByeT IIpsiMast 3aBUCUMOCTb:

F,=uN. (2)

KosddurpeHT TpeHNs ITOKa3bIBAET, KaK CUJIa TPEHUS CKOJbXEHUs 3aBUCUT OT Beca TeJja WU
CUJIBI HOPMaJIBHOM PeakKLMU U KaKylo JOJIO OT Hee OHa cocTaBiseT [14-16]. [ pasiudHBIX Iap
MOBEPXHOCTEL K03GbDUIMEHT TPEHUS HEOJUHAKOB U SIBISETCS De3pasMepHOl BelnduHON. Takum
obpasom, ucmonb3ys dhopmyisl (1) u (2) 1 3Hasd 3HAYEHUS CUJIBI TPEHUS U HOPMAaJbHOU peakiuu,

MOJHO OIIpeZeINTh KO3(POULNEHT TPeHUs [JIs JTI00BIX IIOBEPXHOCTEH:

F
— __mp
p=—". 3
N
Cujia HOPMaJbHOHN peakIUy OIOPHl 3aBHCUT OT Beca Teja W PaBHA eMy II0 MOZYJIIO, HO
IIPOTUBOIOJIOKHA 110 HallpaBleHUI0. Bec Tesa P MOXXHO BBIYMCJIMUTD HUCXOJA U3 3HAUYEHUS MaCCHI
Tejla U yCKOpeHUs cBoboAHOTO aseHus [14-16]; ciegoBaTenbHo, N=P=m-g.
Torga popmya (3) mprobperaeT BUA:
F
— mp
p=—"2 ()
m-g
TpeHue moKost p, IPOSABIAETCS, €CIU TEJ0, HaXOAsIleeCs B COCTOSHUU ITOKOs, IIPUBOAUTCA B

ABHXKXEHUE. TpeHI/Ie CKOJIBXXE€HWA [, THPOABJIAETCA IIPHU ABWXEHHWHN TE€J1a, U OHO 3HAYUTEJIBHO
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MeHbIIIe TPEHUA ITOKOA (‘LlCK < uo) Cuna TpEeHMA CKOJBbXEHUS BCerJa IIPOTHUBOIIOJIOXHA ABUXEHUIO

Tesa [14-16], a mpu U3MeHEHNU HaNpaBIeHNA CKOPOCTU U3MeHSIeTCs U HallpaBjleHHe CUJIbl TPeHU.
Ecnu BHemHAd cuia F NPeBbICUT MaKCUMaJIbHOE 3HAaYeHMe CUJIbl TPeHUd IIOKOS UN, Tejlo HauHeT
JBIDKEHUe.

Jns onpepeneHus koadgduireHTa HCIOJb30Bajlach paspbiBHasg MamuHa MUWPK-1000K,
IpefHa3HauYeHHAs] [JIg CTATUYECKUX MCIBITAHUI 00pasIioB CTATbHBIX KAHATOB U M3JeIUH U3 HUX.
TexHUYeCKUe XapaKTepUCTUKY MaIlVHbI (HanboJblas HOMUHaIbHAsA Harpyska — 1000 kH, mupuHa
pabouero mpocTpaHCTBa — 450 MM U Jp.) HO3BOJSIIOT IPOBOJUTH HU3MepEHUE CUJIBl TPEHUS C
HOT'PELIHOCThI0 He Oosiee 5% OT M3MepsieMOI BeJMYMUHBI NP CTATUYECKOH TapUpOBKe, a TaKXKe
BBIITOJIHATh MHOTOKPATHOE CKOJIbKEHNe 00pasIjoB IO OJHOMY M TOMY JXe CleJy Ha IIJIOCKOCTH
KOHTpTeJIA.

VcusiTaTenpHbIl 06paser o TpeboBanusam 'OCT P 58753-2019 (Ilpuioxenue B) momenjany B
3aXBaTHBIE YCTPOMCTBA TUIIA «BIJIKa» [15, 16], 0IHO 13 KOTOPBIX OBLJIO YCTAHOBIEHO Ha ITOABUKHOM
TpaBepce, a APYroe — BBIIIOJHEHO HEIIOABIIKHBIM. 30HA IIPOBEJ€HUS UCIBITAHUN NMeeT 3alUTHOe
orpaxkzaeHue. PaspeiBHag mammnaa MIMPK-1000K ocHamjeHa aBTOMAaTH3HMPOBAHHBIMHU CHUCTEMaMU
ynpaBieHUs/u3MepeHusa, Oyarojaps deMy obecrieunBaeTcs HeIpepbIBHOE aBTOMAaTHUYECKOe
yIpaBjleHHe IIPOLleCCOM HarpyXeHUs U ero Busyaausanus. Juag gasiaeHudl 0.1-0.3 MlIla
HCII0JIb30BaTH AMHaMoMeTp ¢pupmbl Tidemann ¢ MaKCUMaTbHBIM yCUIMEM pacTshkeHud 1 kH, a ains
naBieHu# 0.4-0.9 MIla - suramMoMeTp JIIV-5 ¢ MaKCUMaIbHBEIM YCHUJINEM pacTskeHUs 5 KH.

OropHOI MOBEPXHOCTHIO CAyXKuIa GeToHHas GopaiopHas miamta 500%X200 MM UM TOJIIMHON
70 MM (MoOZeIVpOBaHUe peaJbHOU OETOHHOH NoBepxHOCTH). IIATHO HATPY3KU IepejaBajoch Ha
OIIOPHYI0 IIOBEPXHOCTb IIPX IIOMOIIM CTAaHZAPTHOTO OeTOHHOTO KybOumka S50x50x50 MM (z71s
MOBBILIEHHOTO AaBaeHus 0.4-0.9 MIla) vau 6eToHHOM Hpu3Mbl 50X180%100 MM (4711 IOHMKEHHOTO
pasieHus 0.1-0.3 MIla). Mexzay GeTOHHBIMU ITOBEPXHOCTSIMU YKJIAJBIBAIU TUAPOU3O0JIAIIMOHHBIN
KoBep pasMepoMm 200x400 MM, COCTOSAIIMII M3 ABYX CJIOEB T€OTEKCTUJIBHOIO MaTepuaua, MexIy
KOTOPbIMU pasMelnanack nonumMepHas I[IBX-mem6pana LOGICBASE™ mapku V-SL (aByxCioiiHas
MeMOpaHa C JKeJITBIM CUTHAJIbHBIM CJI0eM). [IIs IOJCTUIAIONEr0 U Pasfie]UTeIbHOTO CJIOS B
TUPOU30JISALIIOHHOM KOBpe HCII0JIb30BAIN UTJIONIPOOUBHOM TepM0o0oOpaboTaHHBIH
TIOJIUTTPOTIUIEHOBBIN T€0TEKCTUIb IUIOTHOCTHI0 300-500 M.

CxeMy OIpe/ieJIeHUs CUJIBI TPEHUS Peajn30Baiu COTIacHo [15, 16] (puc. 2). BetonHble 06pasiibl
BMeCTe C THAPOM30JSAIOHHBEIM IIaKeTOM (KOBPOM) U JepiKaTeIsIMU YCTaHaBIMBaIM Ha MalIVHY,
Iocje 4ero K HUM IIPUKIAABIBAIN yAelabHYI0 Harpysky 0.1-1.0 MIla. B mpoliecce BO3HUKAIOIIET'O
IepeMelleHUd HU3MepSaad CUIy TpeHusd, QUKCUPYeMyl AUHAMOMeTPaMU KakJAble 5 MUH IOCIe
HayajJa MCHBITaHUA. VICIIBITaHME CUYUTATH 3aKOHYEHHBIM IIPU JOCTIKEHHUM IIOCTOSIHHOM CHJIBI
TPEeHUs, HO He paHee 4eM depes (25+5) MUH I10CJ/Ie Hadyaia UCIIBITaHU.

Hcnvimanue NnoAUMEPHBLX M€M6pCLH HA MHO0200CHOE pacmaiceHue

I'OCT 33067-2014 «MaTepuaabl reOCUHTETHYECKIE AJIsI TOHHeJIeH U IOA3E€MHBIX COOPYKeHUH.
O6mue TexHUYECKHE TpPebOBaHUS» COAEPKUT pasfesa II0 OIpeJeSeHUI0 MPOYHOCTU MPU
MHOTOOCHOM pAaCTsDKeHUW mia marepuanoB. Crenudura paborsl gedbopMaIlMOHHBIX LIBOB B
KOHCTPYKI[USIX  IOJpasyMeBaeT  Hajddhe  OOJBIIOTO  KOJWYECTBA  PasHOHAMPABIEHHBIX
pacTArmMBalOIIMX M CABUTAOIIUX Harpysok [10, 17, 18], BO3HUKAIOMIMNX IIPU CEHCMHYECKUX
BO3ZIeCTBUAX. IIpU 9TOM KJIaCcCUYECKUe MCIBITAHUS IOJMMEPHBIX MeMOpaH Ha pacTsikeHue [9] B
MPOJOJPHOM U IOMEPEeYHOM HAMNpaBJIEeHUM He IMO3BOJAIT IPUOGIUIUTH YCIOBUSI PaboOThHI
TUZAPOU30JIANOHHOTO MaTepuaia K paboTe peasbHbIX fePOPMAIIOHHBIX IIBOB.

VcTaHOBKa 71 UCIIBITAHUH B 00111eM Buze (pUC. 3, @) BKIIOYAET YeThIPe OCHOBHBIX y3J1a.

HUcnvimamenvHasa Kamepa. CocTOUT W3 OCHOBAaHUS U B3aXKUMHBIX KOJeIl C BHYTPEHHUM
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guaMmeTpoM (200+2) MM, YTO COOTBETCTBYeT pasMepy OOpasioB Jisi HCHObITaHUi. HinKkHUN
BHYTPEHHUH Kpal 3a)KMMHBIX KOJIel] UMeeT PaAuyc 3aKpyIJIeHNs 3 MM.

OcHoganue ucnvlmamenvHoll kamepul. PacIiosoxeHO TOPHU30HTAIbHO, [OJDKHO OBITH IIOCKUM
WJIY C BIIYCKHBIM OTBEPCTHUEM JJIsI XKUAKOCTH B LIEHTPeE.

Vempoiicmeo 0as  usmepenus npoeuba. TodHOCTH u3MepeHHs 0.5 MM (MOXET Take
HICIIOTb30BAaThCS YYBCTBUTENbHBIN TEH30JaTUUK).

Yempoiicmeo 0as usmepenus Odasnenus scudxkocmu. TOYHOCTD mM3MepeHHUS +1%; TeMiepaTypa
JKUJKOCTHU ZI0JDKHA [TOAAePKUBATHCS B Te€YEHYe BCEI'O UCIIBITAaHUS Ha ypoBHe (20+2) °C.

a(a) 6(b)
Puc. 3. cnibiTaTe/IbHAsI yCTAHOBKA: d — 001N BUA; 6 — HCIbITaTe bHbIe 06pasisl u3 [IBX MeMOpaHbL

Fig. 3. Test facility: a - main view of the test facility; b - PVC membrane test samples

Ucneitanus npoBoawiau 1o I'OCT 33067-2014, Ilpunoxkenue B (eBpomeickuii cTaHapT
EN 14151:2010 «I'eocunTeTnku. OIpejeneHue IMIPOYHOCTH IIpU paspriBe»). O6BeKTaMU
ucciefoBanus Cayxuian o6pasusr LOGICBASE™ V-SL kpyrioii Gopmbl auamerpom (200+2) MM u
TONIIUHON 2 MM C CUTHAJIBHBIM cjoeM. IIpesBapuUTeNbHO OYMINEHHAs JIWIeBas ITOBEPXHOCTD
06pasioB He uMesia BUAUMBIX AedeKToB (puc. 3, 6). X KOHANIMOHUPOBAIN IIPU OTHOCUTEIbHOMN
BJIQXKHOCTH Bo3fyxa (6515)% u TeMmmepatype (20+2) °C, yKIaAbpIBaIM Ha OINOPHYIO IIOBEPXHOCTH
KaMepBl CHUTHAJIBHBIM CJIOE€M BBEPX, a TBUIBHOU CTOPOHOM YEpHOTO IIBETa - K OCHOBAHUIO.
OcHOBaHUE UCHBITATENbHON KaMepPH! AJIs IJIOTHOT'O IIpUJjIeraHus 00pasIioB 3aIll0THAIN BOLOH Yepes
BIlyCKHOE OTBepcTHe. CKOPOCTh MOTOKA >KUAKOCTU COCTaBasAiaa 3 cM:c'. B 1eHTp 06pasuos
yCTaHABIUBAIW YCTPOHCTBO Jyisg usMepeHus Jgedopmanuii. K obpasmam CcTymeHYaTo
NPUKIaAbIBAIN TUpaBIUdecKoe JaBlIeHre 0 MOMeHTa pa3pbiBa, GUKCUPYS UX AedOPMAaIUIO IO
JeMCTBUEM JaBJIEHU.

PE3VJIBTATBHI U UX OBCYIKIEHUE
B pesysnpraTe mMcnbeITaHUU cucTeM «rnonuMepHBIH ([IBX) ruzpon30iinHOHHBIE MaTepuan —

OeToHHas (Kese300eTOHHAST) KOHCTPYKIMS» [OJyIeHbl CleAyoure AaHHble (Tabut. 1).
B Tabaurie 2 npuBeseHbl Pe3yabTaThl CTATUCTUIECKO 06pabOTKY SKCIIEPUMEHTOB.
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Ta6auna 1. PesynbraTs onpezenerus koabdunnenrta tpernus [IBX MmeMOpaHbl 0 6ETOHHYIO IOBEPXHOCTH

Table 1. Results of friction coefficient determination of a PVC membrane on a concrete surface

JaBieHue
Macca Il10mazs onupaHusa IToxasanusa KoadpPpunuenT rpenns
INpuUrpysa m, Kr S,cm’ HA OHOpHy0 Aunamomertpa F, kKT’ M
noBepxHocTsb P, MIIa
- pist pasnenut ot 0.1 1o 0.3 MIIa - GeToHHas mpusMa pasMepamu 5x18x10 cm; gzuHamomeTp 20 100 KT’
30 0.309
97 90 0.11 31 0.320
32 0.330
54 0.314
172 90 0.19 56 0.326
59 0.343
71 0.343
207 90 0.23 73 0.353
75 0.362
91 0.327
278 90 0.30 93 0.335
95 0.342
- st jaBieHut ot 0.4 1o 1.0 MIIa - 6eTOHHBIN Ky6UK pasMepoM 5x5x5 cM; AruHamMoMeTp 10 1000 kT
32.6 0.326
100 25 0.4 33.6 0.336
35.4 0.354
36.1 0.282
156 25 0.62 45.9 0.359
49.5 0.387
70.8 0.337
210 25 0.84 73.1 0.348
77.2 0.368
86.1 0.338
255 25 1.02 90.6 0.355
101.7 0.399
Ta6auna 2. Pe3yIbTaTh CTATUCTUYECKOM 06pabOTKY 9KCIIEPUMEHTOB
Table 2. Results of statistical processing of experiments
JlaB/IeHHe Ha OIIOPHYIO CpeaHuii
HoBepXHOCTD A —— CrangapTt AGcosmoTHaAsA /lnana3oH u3MeHeHUA
P, MITa — OTKJIOHEHHS HOrPenrHoCTh ko3 PunrieHTa TpeHus
Oy A, H=Hp* A,
Hep
0.106 0.324 0.008 0.011 0.324+0.011
0.187 0.326 0.010 0.013 0.326 +0.013
0.226 0.353 0.007 0.009 0.353 +0.009
0.303 0.337 0.006 0.007 0.337 +£0.007
0.402 0.340 0.010 0.015 0.340 +0.015
0.624 0.349 0.043 0.060 0.349 + 0.060
0.840 0.353 0.012 0.018 0.353+0.018
1.020 0.343 0.042 0.063 0.343+0.063

Ha puc. 4 nokasaHo usMeHeHUe Ko3p(PUIEHTa TPEHUS B 3aBUCHMOCTU OT BEJIUYUHEBI

JaBJICHUA Ha

TUAPOU30JAIOHHBIN

(3xe1e300eTOHHOE) OCHOBAHME».

ITaKeT

(cucrema

«[IBX wMemb6pana -

6eToOHHOE

Jna MoaenupoBaHHA IIpollecca OIPOKUJBIBAHUA B YCIOBUAX CEHCMHYECKOH aKTUBHOCTHU

PpacCMOTpEHa VYIIpOIIE€HHada KJIaCCru4YeCKad MOJeJib,

13BECTHad U3

KypPCOB TeOPeTUIEeCKON

MeXaHUKH, COIIPOTUBIEHUSA MaTepuaaoB U TeOpUU ynpyrocTu. C TOUYKU 3peHUs CONPOTUBIEHUSI
MaTepHuajoB, TEOPETUYECKas MOJeJb IIPOIlecca BBIMISAUT CIeAyIIuM obpasoM [15-19]: 6pycok ¢
HUTHIO, IPUBSI3AHHON K JINHHOU

rpaHy, YyCTaHaBJ/JIMBAIOT TOPHOM Ha TOPHU30HTAJbHYIO

IIOBEPXHOCTH CTOJIA. Eciu HUTH 3aKpeIllsieHa HEBBICOKO Ha/Z IIOBEPXHOCTbIO CTOJIA, IIpU ee
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HNOTATUBAHUU OPYCOK OyJeT CKOJBb3UTh, a B CIy4ae OOJBIION BBICOTHI 3aKPEIJIEHUS HUTHU MOXET
ONIPOKUHYTHCSI IPU MUHHUMAJIbHOM CKOJNbXeHUW. IIpu ompezeneHHON BbicoTe h Touku A

KpeIlJIeHUsI HUTU CUJIa HATSDKeHUs HUTU F OpOKUABIBaeT OPycok (cM. puc. 5).

A

Koadpuuent tpesns, p

e
2.4 0.5 0.6 7 08 0.8

Jarnenne P, MIla
Puc. 4. llameHeHUe KOB(i)CpI/II_II/IeHTa TpeHUA B 3aBUCHUMOCTHU OT JaBJI€HUA Ha FH[IpOHSOJIS{L[HOHHbIﬁ ITakKeT

Fig. 4. Change in the coefficient of friction depending on the pressure on the waterproofing package

Puc. 5. BpycoK U /IefiCTByIOII /e Ha Hero YCHUIHS

Fig. 5. The bar and the forces acting on it

YcaoBusa paBHOBECHUA [Jidd 3TOro CJjydasd OTHOCUTEJIbHO TOYKMU - YyIJla OIIPOKMABIBAHUA

BBITJISIZISIT CIEAYIOMIUM 06pasoMm:

Fh - mga/2 = 0. )
F- F,,=0. 6)
N-mg=0. (7)

C yaetoM dhopMyIIH (2), mosydaeM umg = mgay/2.
W3 sTOro BeITEKaeT

H=g ®)

U3 BeipaxeHuul (6)-(8) ciexyeT, 9YTO CABUT 3[aHUS KaK IIOJHOIIEHHOM CHCTEMBbI ITPOMU30HJET
IIPU YCIAOBUU Fmp = uN < Amg, rae A =0.1, 0.2 vau 0.4 pu CEACMUYHOCTH ILJIOMAAKYU 7, 8 1 9 6aJLIOB

coorBeTcTBeHHO (cM. CIT 14.13330.2018) [15-19].
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VuuteBasg ycioBue (8) m u > A, MOXHO CZeJaThb BBIBOZ, YTO IIPU JAaHHBIX II0KA3aTeJsIX
CEICMUYHOCTY OIPOKUABIBAHIE He TPOU30ET.
Pe3ysibTaThl UCHBITAHUN TUAPOU3OJANNOHHBIX [IBX MeMmMOpaH Ha MHOTOOCHOE PAaCTSIKEHUE

IIpUBeZIeHBl Ha PUC. 6 U B TabI. 3.

Avarpamma vucnbiTaHnA Jluarpamma HCnbITaHHS
300
3 r 2 I~ _"'\--\.\__\_\_\___\_
= 7 i - i S ——
i P
Q S/ /
R /
v / /
/
5 /
, = 0 //
0 100 0 50 100 150 200
BepTuKkanoHoe nepemelleHume ]l:i_'|‘l HELUIBHOC NICPEMEIIICHNC, MM
a(a) 6(b)

Puc. 6. Pe3yIbTaThl UCIIBITAHUY THAPOU30JIALNOHHBIX IIBX MeM6paH Ha MHOTOOCHOE pacTsKeHHe:

a, 6 - rpaduKy rUAPaBINYECKOTO JaBIeHHs U COOTBETCTBYIOLINE eMy AebopMaIiii o6pasijon

Fig. 6. Test results of waterproofing PVC membranes for multiaxial tension:

a, b - Graphs of hydraulic pressure and corresponding deformations of samples

TaGaupa 3. PesysbTaThl UCHBITAHMEM II0 ONPEJENEHUI0 IIPOYHOCTH IIPU MHOTLOOCHOM pacTskeHuu IIBX memOGpaH

LOGICBASE™
Table 3. Test results for determining the multiaxial tensile strength of LOGICBASE™ PVC membranes
Ne OmnpezensieMble .
O6o3HaYeHIe HOPMAaTHUBHOMN Pe3syb-
n/ TOoKasaTeau EauHuiia VcinoBus
. JOKyMeHTalln1 . TaTHl
o HCIIBITBIBAEMOM U3MepeHus . HCIIBITaHUH
Ha MEeTO/bI UCIIBITAHUHI
MPOAYKLINH
T'OCT 33067-2014 IIpuioxeHue| cpenHee:
1. IIpoyHOCTb IIPU pa3phuIBe klTa
IIB 5591
2. | MakcuMmanbHag I'OCT 33067-2014 t =22.2°C, cpenHee:
IIPOYHOCTh klla ITpunoxenue /IB W=46.8% 6948
3. | Jedopmarus obpasua mpu I'OCT 33067-2014 cpenHee:
paspeiBe % ITpunoxenue /IB 114

Ha ocHOBaHUM pe3yJbTAaTOB HCCJHEJOBAHUH IIOJy4eHBl COOTBETCTBYIOIINE 3aKJII0YeHNs,
KOTOpBIE ITO3BOJISIOT HCIIOJIB30BaTh MeMOpaHbl Ha 00BEKTaX ITOBBIIIEHHOIO U BBICOKOI'O YPOBHS
OTBETCTBEHHOCTH (B YaCTHOCTH, TOHHeJIX, GYHAAMEeHTaX YVHUKATbHBIX 37aHUM, IIPOMBIIIIEHHBIX
pe3epByapax, 3al[UTHBIX 3KpaHaX IOJUIOHOB TBEPABIX OBITOBBIX OTX0Z0B) [9, 10, 19]. Taxxke
Pe3yJIbTaThl HCCIeAOBaHUN OyAYT I0OJIE3HBI [JI PacyeTOB CEHCMOCTONKUX 3JaHUIN B Pa3JIUYHBIX
MPOTrpaMMHBIX KOMILIeKcax [17-19] (ANSYS, STARKES, SCAD u gp.).

BBIBO/IbI

ITokasano, uyto Koabduiuent Tpenus [IBX-membpan He mpessiinaet 0.4. JlaHHas BeauduHa
OTBeYaeT YCTOMYMBOMY COCTOSIHUIO 3ZIaHUSI, MCKIIOYAIOIEeMY OIIPOKW/IbIBAHYE TP CEICMUYHOCTH
IJIOINAAKY 7, 8 1 9 6aJIoB.

BoIsiBieHa BBICOKAsl 3JACTUYHOCTb TUAPOU3OISIUOHHBIX [IBX-MeM6paH, uTO obecriednBaeT
BBICOKME MOKa3aTeJaU UX IPOYHOCTH Ha MHOTOOCHOE pacTsKeHMe M OTHOCUTEJNbHOrO YIJINHEHU.
ITpouHOCTH MaTepuaja IIPU BO3ZEeHCTBUM MHOT'OOCHOI HArpy3KU COXpaHsaeTcsl B HEN3MeHHOM BH/E,

6e3 MIPUBA3KU K HAIIPABJIE€HUIO IIPUJIOXKEHU I HarPy3KHU.
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PacueTHble K03h(UINEHTH TPEeHUS U Pe3yIbTaThl YHCIEHHOIO MOJEeIHNPOBAHUS IIpolecca

OIIPOKUIBIBAHUSA 3JaHUA C TUAPOU30JANMel u3 mem6pan LOGICBASE™ mokasanu, 4TO yKasaHHbIE
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YMHbIE KOMMNO3WTbl B CTPOUTE/IbCTBE

SMART COMPOSITE IN CONSTRUCTION

In order to improve the quality of roads it is advisable to build foundations and
pavements of cement concrete. It requires a considerable amount of cement-concrete
mixtures and, consequently, cement. One way to increase the production volume of
cement-concrete mixtures and cement is to use inert additives. The choice of inert
additives can reduce the cost of cement and cement-concrete mixtures without
compromising the properties of the cement concrete. In particular, sapropel can serve as
an additive. The article proposes to conduct scientific research and obtain
recommendations for the use of sapropel in the production of cement-concrete mixtures
for road construction.
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YMHBIE KOMNO3WTbI B CTPOUTE/IbCTBE
SMART COMPOSITE IN CONSTRUCTION

Jas noeviuenus kavecmea agmomobuavHbLX 00poz 14eaec006pA3HO CMPOUMEAbCMEO
OCHOBAHUIL U nokpuimuil u3 yemenmobemona. Jas amozo mpebyemcs 3HAUUMENAbHOE
KOAUYeCmE0 UyeMeHmoOemoHHbLX CMecell U, coomeemcmeenHo, yemenma. OOHUM U3
cnocobog ygenuuenus 06semos npouzsodcmeda yemeHmobemMoOHHbLX CMecell U UemeHma
A6/5eMCl NpuMeHeHUe UHepmHblX 006a60k. Buvlbop uHepmHulx dJdobagoxk Mosxem
CHU3UMb CMOUMOCMYb YeMeHmd U yemeHmobemoHHblx cmecell Oe3 yxydwenus ceoticme
yemenmobemona. Takoili 000agkoll, 6 UACMHOCMU, MONem CAYHUMb CANPONENd.
IIpednaczaemcsa npogederHue HAYUHLLX UCCAeJ08AHUI U TNoAYYeHUe peKoMeHOAyuil no
UCNOAB30BAHUIO CATIPONEAsR 8 NPOU3B0OICMEe YeMeHMOOemOHHbLX cMmecell 04 JOPOHHO20
cmpoumensvcmad.

KiaodyeBbie CJ0OBa: aBTOMOOUJIbHAs Jgopora, 1[eMeHTODeTOH, MHepTHas JobOaBKa,
campormesnb

Ansa OUTUPOBAHUA:

Odyauna B.M. BinusHue 100aBKM U3 Campollesis Ha CBOKCTBA LieMeHTOOeTOHA [ ZOPOXKHOTO
CTPOUTENBbCTBA [/ YmHble kKomnosumwvl. 6 cmpoumenvcmee. 2023. T.4, Nel. C.48-56. URL:
http://comincon.ru/index.php/tor/issue/view/V4N1_2023.

DOI: 10.52957/27821919_2023_1_48
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INTRODUCTION

Road construction and reconstruction work is actively conducted in Russia. New GOSTs have
been adopted for quality construction, which should ensure the inter-repair normative terms for
overhaul and repair of roads of technical categories I-IV not less than 24 years and 10 years,
respectively (Russian Government Resolution No. 658 of 30.05.2017, Annex 4). For this purpose
different repair and overhaul technologies can be applied: injection method, hot and cold
regeneration, surface treatment, etc. The use of grouted concrete foundations and pavements is one
of the most feasible solutions for the construction and reconstruction of highways, which ensures an
increase in the time between repairs, structural quality, and durability [1].

Increasing the production volumes of cement-concrete mixtures for road construction will
require an increase of cement demand. Cement is the most expensive component in the production
of mixtures. To reduce its cost it is possible to use mineral additives (GOST 30515-2013), which can be
active (AMA) and inert (IMA). The use of active additives can reduce cement consumption when
preparing cement concrete mixture and change its properties (curing time, compressive strength).
The use of inert additives also reduces the consumption of cement, but does not affect the strength of
the cement concrete product. Curing times tend to increase in this case.

A difference is made between manufactured mineral additives (crushed slag, fly ash, micro-
silica, burnt slate) and natural mineral additives (ash, tuff, volcanic slag, zeolite).

A number of researchers suggest using sapropel, clayey rocks, and fly ash as raw materials for
the production of IMAs [2-5].

The formation of sapropel sediments takes place over a long period of time and is characterized
by a number of catchment-specific features. High-ash clay and sandy sapropels are formed in water
bodies characterizing by a low proportion of dissolved nutrients in water, which determines the
absence of favorable conditions for the deposition of organic compounds on the bottom
(characteristic for deep water bodies).

Algal-clay and algal-lime sapropels are usually formed in nutrient-rich bodies of water in the
presence of benthic plants, which, dying off, create conditions for the formation of these sapropels.
The same types of sapropels may form in well-warmed basins, rich with bottom vegetation and
plankton. Algae-lime sapropels are formed in the presence of similar conditions and feeding by
carbonate waters.

The sapropel sediments include both organic and mineral part. The organic part is formed by
the flora and fauna of the water bodies and the mineral part by surface runoff from the watershed
area. In addition, the accumulation of mineral matter occurs as a result of the life activity of aquatic
organisms. Thus, sapropel, along with organic matter, is enriched with calcium, phosphorus, iron,
trace elements and physiologically active substances as a result of physical, chemical, and biological
processes.

According to GOST 25100-2020 (Soils, classification. - Moscow: Standartinform, 2020. 41 p.),
«sapropel is an organomineral or organic sediment of freshwater stagnant water bodies (or buried
sediment) with more than 10% mass of organic matter, of flowing or liquid consistency».

Studying the possibility of using sapropel for road construction is an urgent task for the
Yaroslavl region, as there is a unique Lake Nero in the region, with sapropel reserves of over 250
million m®.

According to the content and composition of organic and mineral matter, the lake sapropel
deposits are divided into four types: clayey, algal-iron, algal-limestone, and calcareous.

It is possible to use low organic content sapropels - clayey, algal-limestone and calcareous - for
the production of IMA from Lake Nero sapropel.
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Considering the fact that not all the sapropels of Lake Nero are suitable for use in agriculture as

fertilisers or soil ameliorants, it is advisable to conduct further research to expand the areas of its

application.

Road construction can be one of the important directions of sapropel application. Taking into

account the studies on the use of sapropel in the production of cement-concrete mixtures in the

Omsk region [7, 8], we decided to conduct research on the use of sapropel from Lake Nero in the

Yaroslavl region for the production of cement-concrete mixtures and cement-sand mortars.

Samples were made using activated sapropel during testing. Activation of sapropel was

conducted by roasting in laboratory furnace SNOL 1.6.2.5.1/11-M1 with subsequent grinding and

sifting through sieves with square cells. The cement-concrete mixture was designed according to the

methodical recommendations of Rosavtodor (Methodical recommendations on the selection of

cement-concrete compositions for road construction in different climatic zones and taking into

account the operating conditions of road surfaces / FDA Rosavtodor. - M., 2017. 81 p.).

The research was conducted at the road laboratory of Yaroslavl State Technical University.

Limestone sapropel of Nero Lake, Yaroslavl region was used as a solid material. The compressive

strength of 10x10x10 cm samples was determined after moulding and curing for 28 days. Table 1 (for

cement concrete specimens) and Table 2 (for cement-sand mixture specimens) present the test

results.

Table 1. Results of laboratory tests to determine the strength of ready-mixed concrete samples

Ta6una 1. Pe3yibTaThl 1aG0PaTOPHBIX MCIBITAHUI 110 OIIPe/ieIeHHIO IPOYHOCTH 00PasIioB 13 TOBAPHOI0 OeTOHA

i Ratio of
Mineral content . . .
Compressive Average compressive compressive strength
Sample number of sapropel ) Y
Lo strength, kg/cm strength, kg-cm for test samples
in binder, %
to control samples
1.1 2.5 170
161 1.40
1.2 2.5 152
2.1 5.0 167
167 1.28
2.2 5.0 167
3.1 10.0 135
143 1.10
3.2 10.0 151
4.1 15.0 130
132 1.01
4.2 15.0 134
5.1 20.0 124
124 0.95
5.2 20.0 123
6.1 Monitoring 124 130
6.2 without sapropel 136

Table 2. The results of laboratory studies to determine the strength of samples from commercial cement-sand mortar

Ta6iuna 2. Pe3ynpTaThl Ja60PaTOPHBIX UCCIELOBAHUI 110 ONpeAeIeHNIO IIPOYHOCTH 06PasIioB U3 TOBAPHOIO I[eMEeHTHO-

IIecyaHoro pacTsopa

Sample number

Mineral content
of sapropel
in binder, %

Compressive
strength, kg/cm®

Average compressive
strength, kg-cm™

Ratio of
compressive strength
for test samples
to control samples

1.1 2.5 25
1.2 2.5 15 31.7 0.54
1.3 2.5 55
2.1 5.0 85
2.2 5.0 25 65.0 1.11
2.3 5.0 85
3.1 10.0 105 98.3 1.68
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. Ratio of
Mineral content . . .
Compressive Average compressive compressive strength
Sample number of sapropel ) »
. strength, kg/cm strength, kg-cm for test samples
in binder, %
to control samples
3.2 10.0 100
3.3 10.0 90
4.1 15.0 100
4.2 15.0 65 85.0 1.45
4.3 15.0 90
5.1 o 75
Monitoring
5.2 . 50 58.3 -
without sapropel
5.3 50

After the tests, the strength properties of samples made of cement-concrete mixtures and

cement-sand mortars were compared.
RESULTS AND DISCUSSION

The data obtained by laboratory studies show an increase in the strength characteristics of
samples made from experimental cement concrete mixtures and cement-sand mortars. The analysis
of the results of investigations to determine the strength of experimental samples showed that the
addition to cement-concrete mixtures IMA from sapropel Lake Nero increases the strength of
cement-concrete. The most rational amount of sapropel IMA was 5%. The strength of the samples
compared to the control samples is increased by up to 28% with this amount of IMA. The use of
sapropel IMA for the production of commercial cement-sand mortar also leads to an increase in the
strength of the samples. The rationally chosen quantity of IMA is 10%. The strength of the control
samples increased by 68% (compared to the control samples without IMA) with the specified amount
of IMA. According to the colloid-chemical hypothesis, the hardening of Portland cement is due to the
formation of a gel-like component of calcium hydrosilicates, which occurs due to the addition of
water to the original substance without its dissolution. The gel-like constituent glues the binder and
aggregate particles together. The hydration of the underlying layers of the cement grains takes place
over time and by sucking the water out of the gel, it causes the gel to harden and consolidate [9].

The increased strength can be explained by the accelerated hydration of the three-calcium
silicate (alite) of the cement when limestone sapropel ash from Lake Nero is added to the cement in
the early period of hardening (up to 3 months) [10].

CONCLUSIONS

The construction of cement-concrete foundations and pavements is directly related to cement
requirements. Indeed, it is important to find a profitable cement-concrete composition without loss
of quality. The solution is achieved by using inert mineral additives based on calcareous sapropel ash
from freshwater reservoirs.

Sapropel reserves in Russia exceed 5 billion tonnes. The use of high ash sapropel deposits in
construction will not only reduce the cost of cement concrete mixes, but also protect water bodies of
bottom sediments and restore their ecological balance. As sapropel always has a different chemical
composition, separate tests are required for each of their deposits.
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Consumers have quite high requirements for modern housing. At the first place is the
requirement for comfort. Comfort is a concept combining many factors of objective and
subjective nature. General, it is a state of human satisfaction provided by a set of
positive psychological and physiological sensations from the spatial environment. One
important prerequisite for comfort is the automation of building and room systems,
lighting, security, and climate control, i.e. the "smart home" system. The smart home
structure is a private comfort criterion. It is appropriate to classify the "intelligence of
the home" indicator as a criterion of comfort, along with the other criteria. Current
methods for analysing of buildings comfort do not consider this system. The paper
presents the results of the practical application of the methodology for structural
analysis of low-rise residential buildings predicted mean vote. A novelty is the proposal
to include an indicator for building automation in the comfort assessment methodology.
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BBEAEHUNE

K coBpeMeHHOMY JMKUJIBIO IIpPeAbIBIIETCS MHOXECTBO TpPeOOBaHHM, KOTOpPBIE MOXKHO
00BEANHUTD EMKUM CJIOBOM «KOM(OPTHOCTb». I[ToHATHE «KOM(OPTHOCTH» — ZIOBOJIBHO LINPOKOE,
VMeeT psZ OOBEKTUBHBIX U CYOBEKTHBHBIX XapaKTEPUCTHUK. B I[eIOM MOXXHO CKaszaTh, UTO
KOMGOPTHOCTD — 3TO COCTOSHUE VZOBJIETBOPEHMS dUelI0BeKa, ODecliedeHHOe COBOKYIIHOCTHIO
IIOJIO}KUTEJIBHBIX IICUX0JIOTMYeCKUX U (QU3NOIOTNIECKUX OIIYIEHUH OT IPOCTPAHCTBEHHOM Cpebl.
VpoBeHb KOM(OPTHOCTH BJIHSET Ha IIOTPEeOUTENbCKYE XapaKTePUCTUKU KaK OT/ENbHBIX 3JaHUM,
TaK U BCEU JKUJIOHN 3aCTPOMKU B I[€JIOM, U OT TOTO, HACKOJBKO TOYHO IIPOM3BEJIeHA €ro OLleHKa,
3aBUCAT CIIPOC Ha Te WU UHbIe 00bEKTH, NPe/JI0KEeHUs PhIHKA, IIPOEKTHBIE U 9KCILIyaTalllOHHbIE
XapaKTepUCTHUKU, a TaKKe YPOBEHb U TPEeHABl PasBUTHUS CPeJBl KU3HEJEATEJIbHOCTH B IIEJIOM.
ITosTOMY METOAMYECKIE BOIIPOCH! OLIEHKY YPOBHS KOM(MDOPTHOCTHU JKUJIbSI OCTAIOTCS aKTYaTbHBIMU.

IIpobieMa OLIEHKU OOBEKTOB JKUJIOHM 3aCTPOUKU IO YPOBHIO KOMMOPTHOCTU OOyCIOBIEHA
CJIOKHOCTBIO CaMOTO IIOHATHS, KOTOpPOe HeOOXOJMMO PacCMaTpPUBaTh KaK OOBEKT I'PaKJaHCKHUX
IIpaB U KaK OOBEeKT MaTepHaJbHOIO MUpA, a TaKKe HEOJZHO3HAYHOCTBIO OIpeZiesleHUs CTEIeHU
KOMGbOPTHOCTH JKUJIOHM 3aCTPOMKM KaK CpPaBHUTENbHON XapaKTepUCTUKU YIOTa, yZ4oOCTBa U
VIOBIETBOPEHUs, OIpeJeIsieMOl COBOKYIHOCTBIO IIOJIOKUTEJNbHBIX IICUXOJOTUYECKUX U
(usnosIornYecKux OIyIIeHNI YeJ0BeKa B KOHKPETHOM OKpy:Kaloleil cpefe.

KomdopTHOCTP B COBpeMEHHOM IOHMMaHUKM - TakKe CHCTeMa aBTOMAaTUYeCKOTO
peryinpoBaHusI MHXXeHepPHBIMU CUCTeMaMU 3JaHNs; B [[eJIOM TaKoe yIpaBieHNe U IIpeJCTaBisIeT
CUCTEMY «yMHBIE Jom». Ha COBpeMeHHOM 3Tare PasBUTUS 4Ye€JOBEYECTBa, B 30Xy TOTATHHOM
KOMIIBIOTEpPU3AUK KOHIEeNT «JoM» («HOUSE/HOME») TpaHchOpMUpPYeTCS B «YMHBIH JOM»
(«SSMART HOUSE/SMART HOME»). Cerogus koHument «SMART HOUSE/SMART HOME» 3Byuut
aKTyaJIbHO, T.K. BKJIIOYaeT He TOJIBKO 3HaHUe O JloMe, HO U O TeXHNYEeCKOM KOMILTeKce, KOTOPBI
VIIpaBIsSeTcs eJUHBIM IIeHTPOM U obecriedrBaeT KOMMOPT 1 6€30MMacHOCTb KUBYIIUX B HEM JIOZAEH
[1]. «YMHBIM» MOXXHO Ha3BaTb JII000€ 37[aHNe, OCHAIleHHOE KOMIIBIOTEPHON ¥ KOMMYHHUKAIIIOHHOK
TEXHUKOH, KOTOpOe MOKeT aBTOMAaTHYeCKH peardpoBaTh Ha BHYTPEHHHMe WJIM BHEIIHUeE
pasgpakurenu. PesyabraToM — SIBASE€TCS ~ aBTOMAaTHU3UPOBaHHAas U IPeAyCMOTPUTENbHAs
ZesITeIbHOCTD, ITO3BOJIIONIAs CHHU3UTb OKCILIYaTAllMOHHBIE PACXOJBl U IOBBICUTH KOMQOPT.
CrocobaMu  peanusaliyl  «yMHOTO»  3JaHUS  SBJISIIOTCI  CTPOUTENBCTBO C  HUBKUM
9HepromnoTpedieHreM, YCTPOMCTBO TAaCCUBHOTO 3AaHUs WU 3JaHUS C BBICOKON S5KOHOMUEH [2].

IouaTuA «<KOMDPOPT» U «YMHOE 3aHKE» B PA3TUYHBIX UICTOYHUKAX 4aCTO QUIYPUPYIOT BMeECTe.
B psge 3apyOeXHBIX K OTeYeCTBEHHBIX HCCIeJOBATeJbCKUX paboT Ipezjaraercs CHUCTEMHBIH
MOZIX0/Z K peau3aliui MOJEeNUd CHUCTEMBI «YMHOTO JOMa», KOTOpas MOXKeT VIPaBiIsITh BCEM
3JIEKTPUYECKUM 000pYyZOBaHUEM, & TaK¥Ke KOHTPOJUPOBATh MCIIOIb30BaHNE KaXKJOI0 YCTPOICTBA,
HCIIOJb3yeMOr0 B «yMHOM JoMe». CucTrema OyZeT WHCIOIb30BATh COYETAHUE TEXHOJOTHH
HCKyCCTBEHHOI'O UHTeJJIeKTa U VIHTepHeTa Bellleil. DTa cucTeMa IIpu3BaHa obecreynBaTh KOMPOPT
B IIOBCEJHEBHOH >XM3HU. CHCTeMa He TOJIBKO ONTHMHU3SHPYeT HCIOJIb30BaHME SHEPTUU, HO U
IO le PXKUBAET MOsBIeHNe 000PyAOBAHMA, KOTOPOE BXOAUT B IIOTHHBII IIAKET «yMHOT0 JoMa» [3-6].

TemaTnka KOMGOPTHOCTH XUJIOHM 3aCTPOHKU pacCMaTpUBaeTCs Kak Haubosee 3HaYmMas B
peanusanyu KOHLENIUU «YMHBIM JOM», YTO CBSI3bIBAETCS C COI[HAJIbHO-3KOHOMUYECKOU POJIBIO
KUIIbA. JKunuine BXOAUT B YHCJIO TJIABHBIX TIOTPEOHOCTEN YeoBeKa, U €ro OlleHKa, C TOYKU 3peHUs
ypoBHsa KoM}OpTa, J0DKHA UMeTh afleKBaTHYI0 MeTOLUIEeCKYIO OCHOBY. B HacTos1iee BpeMs ocoboe
BHHUMaHVe HeoOXOJUMO VZAeNATh MeTOAMYEeCKUM IIpobjeMaM OIleHKM M IIPUCBOEHUs Kiacca
O0BEKTAM MaJIOTAXXHOM JKWJIOH 3aCTPOMKU II0 CTelleHM KOMQOPTHOCTH. Malo3Ta)KHBIN

MHOI‘OKBapTHprIfI KOMILJIEKC - >KUJIOH MacCCHuBs, BOSBeﬂeHHbeI Ha OT,Z[eJIbHOﬁ Teppuropuu, rae
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BBICOTA 3/IaHUI He IIpeBbIIaeT 3-5 (B OTAENBHBIX CIy4asax 6-7) sTaxed. Majlo3TaXHOMY KUJIOMY
CTPOUTEJILCTBY B HACTOsIee BpeMs yAesseTcs 60Iblioe BHIMAHUE, TAKOH THUII )KUJIOH 3aCTPOUKH
CJIOXMJICS TI0J, BIWSHHUEM KCTOPUKO-KYJAbTYPHBIX (DAKTOPOB U SBJASETCS AKTYyaJbHBIM B CHIIY

MEHTaJIbHBIX, reorpadryecKux ¥ 9KOHOMUKO-TIOJTUTUYECKUX 0CODEHHOCTEH Halllel CTPaHbl.

SKCIIEPUMEHTAJIBHAA YACTb

JlJ1st olleHKY YPOBHS KOM(OPTHOCTHU CYIIECTBYET JOCTATOYHO MHOI'O METOAVK U PeHTHHTOBBIX
IIOKa3aTesel, IIOCTOSTHHO COBEPIIEHCTBYIOUIUXCS B CHUIY OSBOJIOIOHHOTO PasBUTHUS HayKH,
MOSIBJIEHUSI HOBBIX TEXHOJOTWU U 3HaHWN. OOINue TMOJOXEHUS U [PUHIUIB OLEHKU
koMmpopTHOCTH wu3noxkeHsl B CTO HOCTPOM 2.35.4-2011. OHu 6asupyloTcs Ha IPUHITMIIE
YCTOMYMBOIO PasBUTHUA OOINECTBa, BKJIIOYAIOIIEr0 TPU acClleKTa 4YeJOBEYECKOM JesSTeNbHOCTHU:
COIIMAJNbHO-KYJAbTYPHBIN, 2HEPro-3KOJOIMYeCKHUH U JKOHOMUYeCKMH. JlaHHBIA [JOKYMEHT
yCTaHaBIMBAaeT 0a30Bble KATErOPUU C YKasaHWeM UX KPUTEPUEB, MaKCUMaJbHO BO3MOXKHBIX
3Ha4YeHUN 6aJIOB OIIEHKH I10 KaXKAOMY U3 HUX, a TAKXKe J0JIU 3HAYMMOCTU KaKJOU KaTeropuu B
WHTETPaJbHOU OlleHKe YCTOMYUBOCTU Cpefbl 00MTaHUSI. MaKCUMaabHBIEN OLIEHOYHBIN 0a/ll paBeH
650, mosst Kareroputii — 100%. PeliTHHTOBast CCTEMA OIIEHHUBAET YCTOMYUBOCTD CPEABI OOUTAHUS 110
46 KpUTepHUSIM, KOTOpPBIE CI'PYIIHPOBAaHH B 10 KaTeropmil. Kaxablli U3 KpPUTEPHEB BBIPAKAETCS
OJHUM WJIM TPYIIOH WHAWKATOPOB. MHAWKATOPB HMEIOT YHCJIOBOE OIlpeJeseHVe B BHE
rmapamMeTpa, mapaMeTpaJbHOrO PIZa WIN IapaMeTPaTbHON XapaKTePUCTUKU, KOTOPBIM OTBedaeT
Oa/IbHBIN 9KBUBAJIEHT OIeHKU. OlleHKa KPUTEPHUs OCYIECTBISETCS M0 DaNIbHOMY SKBHUBAJIEHTY
XapaKTepusyollero HHANKaTopa. KpuTepuu omeHKH KOM@POPTHOCTH MAJO3TAKHOU SKUIOH
3aCTPOHKH, C yIeTOM €BpPOIEHCKUX TpebOOBaHMI K KadeCTBY, IpeACTaBleHH B [7]. B pasnuuHbBIX
HCCIe[J0BAaHUAX MOXXHO 03HAKOMUTBCA ¢ pakTopaMu, GOPMHUPYIOLIMMYU IOHATHE KOMPOPTHOCTU U
VX OIEHOYHBIMHU KpuTepusmu. Hampumep, >KUTenIM MOJeAbHON TepputTopum MOCKBBEL Oojee
BaYKHBI COITUAIbHbIE (DAKTOPBI C OOLTUM BecoM 65.5% (TpaHCHOPTHAS AOCTYIIHOCTh C BecoM 39.1% u
JOCTYITHOCTb OO BEKTOB MHPPACTPYKTYPHL C BeCOM 26.4%), yeM 3KoJorudeckre GakTOphl ¢ 00IIUM
BecoM 34.5% (aKycTmuecKoe 3arpsisHeHre ¢ BecoM 11.7%, JOCTYIIHOCTb U Ka4eCTBO 3eJI€HBIX 30H C
BecoM 11.5%, 3arps3HeHUe OKpYKamoIllell cpeibl ¢ BecoM 8.9%, HebiaronpusTHBIE
reoMopdoJiorudecKye IpoIecch ¢ BecoM 2.4%) [8].

Takum 06pa3oM, MOKHO BBIIEIUTD, YTO ITOHITHE «KOMGMOPTHOCTU» HEPA3PHIBHO CBSI3aHO C
MHOXeCcTBOM (aKTOPOB; OJHUM K3 TaKMUX (PaKTOPOB SABJISETCS MUKpOKIUMAT. [lapaMeTpamu
MUKPOKJINMATa SBJSIOTCS TENJI0BOM KOMOPT, COCTaB BO3AyXa BHYTPHU IIOMeIeHUH,
KPaTHOCTb BO3AyX0OOMeHa U Apyrue xapaxktepucTuku [9, 10]. Takxke OJHUM U3 BaXKHEUIINX
rmapaMeTpoB KOMGMOPTHOI'0O MUKPOKJIMMATA SIBJISIETCSI aKyCcTU4YecKui koMmdopt [11]. He meHee
B)KHBI BHeIIHMEe (aKTOPB — MHPPACTPYKTYpHAs U TPAHCIIOPTHAS JOCTYIIHOCTH, 0O'BEMHO-
ITAaHUPOBOUYHBIe pelleHUs. C 0OZHOMI CTOPOHBI, pa3iMiHble METOAUKHN pacueTa KOMMOPTHOCTU
He IIpeyCMaTPUBAIOT HAJIUYNE CUCTEMBI «YMHBIN IOM», C IPYTOH CTOPOHBI — CUCTEMAa KYMHOT'O
loMa» SBJSETCS YacTHBIM KputepueM KoMmdopTHocTu. Takum o06pasoMm, [OKasaTeslb
aBTOMAaTH3AIIUM YIIPABIEHUs 3JaHUEM I1eJeCO0Opa3HO OTHECTU K KPUTepPUI0 KOMMOPTHOCTH,

HapsAy ¢ APYTUMU KPUTEePUSIMU.
PE3VJIBTATHI 1 UX OBCYXXJIEHUE

OCHOBBIBAsICh Ha BHIIIIEU3I0KEHHOM, aBTOPOM HACTOSIel paboThl MpeiaraeTcs CUcTeMa
JaCTHBIX IOKasaTeseil olleHKr KoMpOpPTHOCTH, cPOPMUPOBAHHBIX Ha ocHoBe CTO HOCTPOI
2.35.4-2011, CII 42.13330.2011 u CII 30-102-99. [lamHad MeTOJVWKa U ee IIpPaKTHU4YeCKoe
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IIpUMeHeHVe Ha OCHOBe OJHOTO M3 pacCMaTpPHBAaeMBbIX IIPOEKTOB IIpeJCTaBIeHsl B Tabaue 1.

PaccmaTpuBaeMbiii IpoeKT AoMa HasbiBaeTcs «KoMmdopTHEIi». ILnomaas goma — 165 Mm% MecTo

CTpOUTENbCTBA — I. fIpociaBib. XapaKTepUCTUKY JoMa YKa3aHbl B TabauIe 2.

Ta6auna 1. OrieHKy crerreHH KoMbOopPTHOCTH IIpoekTa goma «KombopTHBI»

Table 1. Assessment of the "Comfortable house" project comfort level

Ne .
) KpuTtepuit WHpukaTop -(0) | + | Bamas
I/
1. | PacronoxeHue 34aHUA PacroyioxXeHHOCTb BOJIM3K KIaJ0HIl; MyCOPHBIX cBalok;| - | Her | 1.0
U OKpyXeHue XOCIIICOB; JOMOB IIPECTApENbIX; TIOPEM; <TPYII06»;
CTaporo aBapUHHOI'O U BETXOTO MXUIMIIHOTO (oHZa, C
HEOZHOPOAHBIM COLIMATbHBIM OKPYXeHHeM; BOIN3U
MPOMBIIIJIEHHBIX IPeANPUATUH] U IIP.
Pacnosyio;KeHHOCTh B pPaiioHaX C PasBUTOH COLMAIBHOMN | - Ja 1.0
UHOPACTPYKTYPOI U 30HAMU OTZbIXA.
2. | Paguychl nenexofHOU JocTynHocTH | Hammdaue peANnpUATHUS Toproso-6srToBoro | Her | - 1.0
06BEKTOB 0OCTYKIBaHUS 06CIIyKUBaHUS ITOBCEAHEBHOTO IOJIb30BaHUA (B pajuyce
70 800 M)
Hanuuuve oTZAeneHUs CBI3M U OGaHKOBCKUX yciyr, | Her | - 1.0
OIIOPHBIN IIyHKT OXpaHBbI TIopsziKa
(B paguyce zo 800 m)
Hanuuue anteku (B paguyce 2o 800 M) Hetr | - 1.0
Hanuuve 00bekToB aMmbynaTopHo-monukiInHuYeckue | Her | - 1.0
yupexAeHns
(B paguyce zo 1000 m)
Hannuyue JIOIIKOJIBHBIX yqpe)xaeﬁnfx’l Het - 1.0
(B paguyce zo 500 m)
Hanuuue 06111606 pa30BaTEIBHBIX mkoxn | Her | - 1.0
(B paguyce zo 750 m)
Hanuuue MOMellleHUH AN ¢duskyaprypHo- | Her | - 1.0
03710POBUTEIbHBIX u ZI0CYTOBBIX 3aHATUH
(B pazuyce mo 800 M)
PacrosioxeHHOCThb LIeHTpa agMuHUCTpaTuBHOro | Her | - 1.0
caMOyTIpaBJIeHus
(B paguyce zo 1200 m)
3. | KompopTHOCTH 06BEMHO- BrIcoTa ITOMeleHUI COCTaBIseT He MeHee 2,5 M - Ja 1.0
MJIAaHUPOBOYHBIX U KOHCTPYKTUBHBIX
. KoadpdrureHT COOTHOINEHUS IIMPUHBL U TIyOMHBI 60% | - Ja 1.0
peleHun .
ToMellleHUH B 3JaHNN
4. | O3e/1leHEHHOCTb TEPPUTOPUU OTHOIIeHWe IUIOMIAZM  O3eJ€eHeHHOH  IPHAOMOBOH | - Ja 1.0
TeppuTopun K  oOmel  Iulomasu  IPUAOMOBOI
Teppuropuu 6oee 15%
5. | KompopTHOCTB OT cTenneHu Bricoko3apeKTBHEIE aBTOMaTHU4YeCKHe CHUCTEeMBI | - - 1.0
aBTOMATHU3AIMY yIIPaBIeHNUs yIPaBJeHUs 34aHueM «A»
34aHneM (He0O6X0AUMO BhIOPATh N
. CucreMbl  yopaBieHUS 3JaHHeM C  IIOBBIIIEHHOM | - - 0.6
OZIVH U3 TTOKa3aTesett)
3¢ PeKTUBHOCTBIO «B»
CTaHJapTHBIE CHUCTEeMbl aBTOMAaTH4YeCKOrO YINpaBJeHud | - - 0.3
3gaHreM «C»
ABTOMaTHMYECKOE yIpaBJeHHe OTOILJIEHHEM OTCYTCTBYeT| - Ja 0
«[I»
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i\i Kputepuit WHaukaTop -(0) | + |Bamas
6. | JanpHOCTB IemiexogHoro noaxoza o | o 200 - - 1.0

OCTaHOBKH
006111eCTBEHHOTO TPAHCIIOPTA, M Ot 200 70 300 - - 0.6
(Heobx0A¥IMO BBIOPATH OAVH U3 Or 300 20 500 _ ~ 0.3
rokasaTeJiei)
Bouiee 500 Ja - 0
7. | KauecTBO apXUTEKTYPHOro 06IHKa Bricmaa - - 1.0
37aHUSI. MeTO/ 3KCIIEPTHOU OLIeHKH
rapMOHUU 3JaHUS C BHEIIHEH
3aCTPOUKOM, COOTBETCTBUS
dyHKIMOHAIPHOMY Ha3HA4eHUIO, OTnraHas - fla 0.6
OPUTHHAJIBHOCTHU, 3CTETUYHOCTH,
UZleaIbHOCTU LIBETOBBIX PelIeHUH.
(Heobx0¥IMO BHIOPATH OAVH U3
rokasaTeeit) Xopomas - - 0.3
8. | [IpuMeHeHNe albTepPHATUBHOMH Hcnosb3oBaHME BTOPUYHBIX SHEPrOPECyPCOB Her | - 1.0
¥ BO30OHOBJISIEMOI 9HEPTUU
Vicniosib30BaHME BO30GHOBIsSIEMbIX 9HEPTOPECYPCOB Her | - 1.0
HWroro: 5.6

ITpuBen€HHBIN B M. 5 KPUTEPHH, OLIEHUBAIONIUM CTelleHb aBTOMATHU3ALMU YIIPAaBIEHUS
3laHKeM, BOpasyMeBaeT clefylollee:

- kracc A (ot 75 o 100%) - Beicokas aBTOMAaTHU3MPOBAHHAS CHCTEMBI YIIPABJIEHUS 3aHHEM;

- kiacc B (ot 50 50 75%) — CricTeMBl yIIpaBIeHUs 3faHKeM C IIOBHIIIEHHOMN aBTOMAaTU3al[Uel;

- xkiacc C (ot 25 50 50%) - CTaHZapTHBIE CUCTEMBI aBTOMATHU3AI[UY YIIPABIEHUS 3JaHUEM;

- xiacc [ (mo 25%) — CucTeMBl yIIpaBiIeHUs 3JaHIeM C ITOHIKeHHOU aBToOMaTH3aIuen.

B cooTBeTCTBUU C MTPE/I0KEHHBIMU [T0Ka3aTeNsIMHU, OIlpe/ieieHa CyMMa 6aJIoB U IPOEKT JoMa
MOXKeT OBITh OTHECEH K OZHOMY M3 IIpeJJjlaraeMbIX KJIacCOB KOM(MOPTHOCTH MaJIO3TAKHOU KUJIOH
3aCTPOUKU:

- OautHbii (6osee 13.5 6a1I0B);

- Busnec (9.0-13.5 6ani0B);

- KomdbopTHbIii (4.5-9.0 6a1y10B);

- Craugaprt (MeHee 4.5 6anioB).

HasBaHusa kinaccoB KOM@OPTHOCTH COOTHECEHBI C KJaccaMM IIPOEKTHPYEMOTO >KUJIbI,
yKasaHHBIMH B «EamHOM MeToAMKe KJIacCUPUIUPOBAHUS O KUJIBIX HOBOCTPOEK IIO
MOTPe6GUTENTBCKOMY KadyeCTBY (KJIaccy)», yTBep:KAeHHOH B 2012 r. pernernueMm HaimoHaabHOTO
coBeTa POCCHUCKOM TWUJIBAUM PUIJITOPOB B KadeCTBe CTaHAApTa POCCHUUCKON TIUIbANU
puaaropoB [11]. CoriacHo AaHHONM MeTOAUKe, HOBOCTPOMKHU IIOAPA3fessiOTCS Ha 4YeThIpe
Kjacca JKHJIbS - CTaHZapT, koMmdopT, O6usHec U 3JIUTHBIH. [Ipu3HaKM, IO KOTOPHIM
OIIEeHUBAIOTCSI ITPOEKTHI JKUJbS, IIOAPA3ZessioTCSI II0 PEerruoOHy 3aCTPONKM, apXUTEKType U
61arOyCTPOMCTBY JABOPOB, OOBEMHO-IUIAHUPOBOYHBIM U WHKEHEPHBIM XapaKTEePUCTUKAM
KBapTHUp.
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Ta6auna 2. OreHKY crereHu KoMbOPTHOCTH IpoekTa goma «KombopTHBI»

Table 2. Assessment of the "Comfortable house" project comfort level

Ne i/t XapaKTepUucTUKa Onucanue
1. Tun pyHsameHnTa MoHoINTHas JKeJle306eTOHHAS [IIUTa
2. Tumn Hapy>XHBIX CT€H T'a3obeToOHHBIE 6IOKU TONIIMHOH 375 MM, IIJIOTHOCTHI0 D400, 06IUII0BOYHBIH KUPITUY
Tun BHYTpeHHUX CTeH | /IBOMHOM HOPCKUII KUPIINY
4. Tum nepexpoITHI MOHOJIUTHEIE XKeJIe300e TOHHbIE — HaZl 1-M 3Ta)X0M, II0 JePeBIHHBIM OalKaM - HafZ 2-M
9TaXXOM
5. Kprima YepgavyHas CTPONUIbHAS KOHCTPYKIIUS
6. Tumn kposiu MeTaytodepenuna
7. KonuuecTBo saTa)keit 2 + yepzlagHoe omelneHue 20 Mm*
8. BepxHUIl sTax TlonymaHcapAHbII
9. Vrennurenanb MunepanbHad BaTa 200 MM
VKnafKa IINTKU B CaHy3/Iax.
IToAroTOBKa CTEH I10/, IOKPACKY MK 060MU.
Okpacka cTeH (TokJelika 060eB).
VerpoiicTBo mosa 1-ro sTaxka BKJIOYaeT: yTeluleHHe (100 MM), [apoOM30JALUSL,
10. OTzAenouHbIe PaGOTHI .
YKMCTOBOM I10JI IO/, IJAMUHAT, IIJIMHTYCBI.
ITox 2-ro 3Ta)ka: BhIpaBHUBaHUe 110714 (HaJUBHOM 1ot 20-30 MM) 110/ JJaMUHAT.
VCTpOHCTBO IIOTOIKOB BKIOYAET: OOLINBKA IMIICOKAPTOHHOM, IIAKIeBKa, IOKPACcKa,
JI160 yCTPOHCTBO HATSHKHBIX IIOTOJIKOB.
OToImIeHHe: 3IeKTPUYECKUH KoTel — Proterm.
1-#1 aTaxx - 100% IIOKPBITHE, TEILIBIH IOJI.
2-11 9TaX — aJIOMUHNEBble PaZNaTOPhl, Pa3BOAKa TPYO, OIIPECCOBKA, IIyCKO-HaIafKa.
11. KommyHumKanumu
DIEeKTPUYIECTBO (PO3ETKU U BBIKJIIOYATENH, C1ab0TOUKA).
VeTpoicTBO BBIBOJA KaHATU3AI U,
YVcTpoiicTBO BOJOIIPOBOAA.
B oTgenky He BKJIIOYEHbl CMeCHUTeNIM, MeEXKKOMHAaTHbIe JBepH, CaHTeXHHUKa U
12. IIpumeuanue
CBETUJIPHUKM.

Takol MOJX0J, I0 MHEHHMIO aBTOpa HacToslel paboTsl, 06J1erduT noTpedbuTesM BrI6OP

MIPOEKTa I10 IPUBBIYHBIM KPUTEPUIM.

BbIBO/IbI

IIpeanaraemMas MeToAUKa pacieTa KOMGMOPTHOCTH MaJTO3TAXKHOM KUIOH 3aCTPOHKY C yIeTOM

I[IOKa3aTeJsd «yMa» II03BOJIAeT YIaCTHUKAaM PbIHKA HEJABVIXKMMOCTHU foJsiee 4eTKO OPUEHTUPOBATHCA B

yCiaoBUAX COBPEMEHHOIO

U IIPOTPECCUBHOIO CTPOUTENbCTBA. METOAUKY TaKKe MOXKHO

HCITIOJIb30BATh B KA4€CTBE SCPCI)GKTI/IBHOI‘O WHCTPYMEHTAa OI€HKU HEABUXXNMOCTU.

OmpezieneHne kinacca KOMGMOPTHOCTU JKHUJIbS OOYCJIOBIEHO BJIHUSHUEM H3MEHSIIOUIUXCS

(bakTOpOB BHeLIHEHN cpeJbl U TeXHOJOTUH. Tema SBIAETCI OTKPBITON JAJsg OOCyXAeHUs, a

L[aJIbHeﬁHIHe HaIlpaBJIEHUd €€ pPa3BUTUA [JOJIKHDBL Cl)OpMI/IpOBaTbCH B obsactu CO3JaHUA

IIPOrpaMMHBIX KOMIIJIEKCOB JJI1 aBTOMATU3aINKY METOIUK, pa3MeEIleHrd Ha HH¢)pOBbIX cepBHUuCax n

HCIIOJIb30BaHUA JeBeJsioliepaMy, IMPOEKTUPOBINUKaAMU, 3aCTpOI;'IHlI/II{aMI/I AJIs1 COBEPIIECHCTBOBaHUA

JeATeNbHOCTH 1 GOPMUPOBAHUS YCTONINBOL KOMMOPTHOH cpeabl.
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The paper considers the influence of different input parameters on the ultrafiltration
process of oily wastewater from reinforced concrete structures manufacturing plants,
which are water-oil systems. Also we defined quantitative and qualitative indicators of
the wastewater composition as the concentration of pollutants, particle sizes of
pollutants, density, hydrogen index, specific electrical conductivity (SEC), etc. Based on
this analysis, we determined the choice of material and physical characteristics of the
membranes, the development of technological processes for the treatment of oily
wastewater for specific production conditions. The study contains data on quantitative
and chemical analysis of oily wastewater; an experimental installation for separation
into components of water-oil systems; the effect of operating pressure, medium
temperature, and flow velocity on the ultrafiltration process kinetics; experimental

studies on separation of oily wastewater.
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YMHBIE KOMNO3WTbI B CTPOUTE/IbCTBE
SMART COMPOSITE IN CONSTRUCTION

Hccnedosano gAUAHUE  PAZAUUHBLX 8X00HBLX napamempog Ha npouyecc
yavmpagduaempayuu Hepmecodepicauux cmouHslx 600 npednpuamuii no npousgodcmasy
dene300eMmoOHHBLX KOHCMPYKYUL, npedcmagasiouux coboil 8000MaCASIHblLEe CUCTIEMEBL.
Onpedenentl KOHUeHMpaAyus 3AepA3HAIOWUX GeujeCme 6 HedmecodepHauyux CMOUYHBLX
godax, pasmepu. uHacmuy 3depA3HeHUll, naAomHOcmMb, 6000p0JHBLI nNoKa3zamenv,
yOeavHaa anekmpuyeckaa npogodumocmsv (YDII). Ha ocHose npogedenHH020 aHaAAU3A
noAyueHvl ApeyMeHMUPOBAHHbLe OMEemb. HA BONPOCHL, CBA3AHHLIE C 6bLOOPOM
mamepuansa U Qu3uveckux xapakmepucmuk memb6parn, paspabomke MmexHOAO2ULECKUX
npoyecco8 no ouucmke Hepmecodeprucauux CmMoOuHLLX 600 048 KOHKPeMHbLX
npouseodcmeenHblx ycaoguil. Co30ana IKCnepumMeHmMalbHaL YCMAHO8KA N0 pa3deseHULIo
Ha KOMNOHeHMb. 8000MACASLHBLX CUCHTeM, TO0380ARI0WASL OUeHUMb 8AULHUe pabodezo
dasnenus, memnepamypsl cpedvl U CKOpOCMU NOMOKA HA KUHEMUKY npoyecca
yavmpaguavmpayuu.

KnaodyeBble ciaoBa: HedTecozepxamue CTOYHBIe BOAB, VyJAbTpaduUIbTpanusd,
KepaMudeckue MeMOpaHBI
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INTRODUCTION

The construction industry, which consumes a huge amount of water resources, effluents of
various compositions and with different physico-chemical properties are formed [1-4].

The reuse of wastewater in the water recycling system reduces discharges into water bodies.
According to the principle of permissible use in recycling water supply wastewater is divided into
groups A and B [1-4].

Group A includes wastewater can be used in the general water recycling system, i.e.
contaminated only with easily oxidised substances[1-4] - after cooling of surface refrigerators and
condensers, glands of pumps and other units of various machines, condensates from steam injectors,
water steam distillation, settling water of distillate products, etc. Water of this type can be discharged
to the sewerage system of technological units through local settling tanks. These waters may also
include rainwater, water from flushing of floors, technological and construction sites. Water of this
type must be routed to the recycling water system via settling tanks.

Group B is wastewater which cannot be diverted into the general water recycling system. These
waters are polluted with non-volatile salts, acids, alkalis, and oil products (OP), as well as organic
substances with increased solubility in water or resistance to oxidation by air oxygen. Wastewaters of
this group are divided into four types according to the composition of pollutants and the nature of
their effect on water bodies and aquatic organisms [1- 4].

Petroleum products are the most hazardous substances of anthropogenic origin. The operation
of construction, road and motor-tractor machinery, enterprises producing reinforced concrete
structures and sand-lime bricks, machine-building industry, petrol stations, as well as accidents at oil
storages and refineries, pipelines lead to pollution of water resources and create a serious ecological
threat to any region [6-12].

Wastewater may contain gasoline, kerosene, fuel and lubricating oils, benzene, toluene,
xylenes, fatty acids, phenols, glycerides, steroids, pesticides, and organometallic compounds [6-12],
which is about 90% of the total amount of all organic impurities.

Wastewater is divided into low-concentrated and concentrated wastewater in terms of
petroleum products concentration. Low-concentrated wastewater is produced when metal products
are washed after heat treatment and canning. At many enterprises concentrated oil-containing
wastewater is diluted with a large amount of conditionally clean water and becomes low-
concentrated. The content of oil in them varies from 10 to 500 mg-dm™ [1, 13, 14].

Oil-contaminated wastewater mainly contains used cleaning solutions and used cutting fluids
(coolants). They are oil-in-water emulsions consisting of industrial oils, asidol, ethylene glycol,
sodium nitrite, etc. [1, 6-14]. Indeed, coolants contain various stabilisers as well as a large number of
additives (anticorrosive, antibacterial, extreme pressure, etc.) [13, 14].

The main reasons for changing coolants are the presence of large amounts of suspended solids
(metal dust, abrasive particles), loosening and rotting. Emulsion heterogeneity indicates the
significant presence of "alien" oil, while the occurrence of a putrid (hydrogen sulphide) odour
indicates the water-oil emulsion (WME) is affected by bacteria [13, 14].

According to the Federal Waste Classification Catalogue, waste water-oil emulsions are Hazard
Class III wastes [1]. According to the order of the Ministry of Natural Resources of the Ministry of
Natural Resources (MNR) of Russia from June 15, 2001 No. 511, the multiplicity of dilution with clean
water, in which there is no harmful effect on hydrobiota, is 101-1000 times. Such wastewater can be
treated by mechanical, physico-chemical, chemical, and biological methods [6-14].

Coarse impurities (suspended solids, floating oil products, etc.) are removed mechanically.
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These include sedimentation, filtration, and centrifugation. The finely dispersed, colloid-dissolved,
and dissolved impurities are separated by coagulation, flotation, sorption, aeration, ion exchange
(physical-chemical methods), ultrafiltration, electrodialysis, ozonation, reagent treatment, softening,
etc. (chemical methods) [6-13].

Currently, membrane methods of liquid separation have been greatly developed. They are
characterized by simplicity of hardware design, low energy consumption, non-reactivity, etc.
[13-17].

The purpose of this work is an experimental assessment of oily wastewater purification
possibility from construction industries by ultrafiltration.

THE EXPERIMENTAL PART

Semi-permeable polymer ultrafiltration membranes of tubular type manufactured by RPA
Vladipor made of fluoroplast, polysulfone, polyestersulfone, polysulfonamide, polyvinyl chloride,
modified polyvinyl chloride, manufactured according to TS 6559-88, 605-221-734-83, 655-4-88, and
ceramic monotube membranes with a selective layer based on Al,O; manufactured by LTD
Keramikfilter were used as the filter material (Russia, Moscow).

Wastewater from steaming chambers and forming stations of reinforced concrete structures
containing oil products (emulsol) was used as an object of investigation. The samples were taken at
the company for production of reinforced concrete structures of CBS Holding (Ivanovo, Russia).

To conduct experimental studies on the baromembrane separation of water-oil systems,
a laboratory installation was created (Fig. 1).

|NI
| o

13 | T

Fig. 1. Schematic diagram of a laboratory installation for the separation of water-oil emulsions:
1 - a tank with spent engine oil; 2 - a pump; 3 - a three-way valve; 4, 9 - pressure gauges, respectively, at the inlet
and outlet of the filter module; 5 - ultrafiltration module; 6 - dimensional flask with permeate; 7 - shut-off valves;
8 - a tap for filling waste oil; 10 - heating device; 11 - pressure line; 12 - bypass line; 13 - drain valve

Puc. 1. [IpyHnUNIaIpHas cxeMa JabopaTOPHOH YCTAHOBKY 110 Pa3zie/IeHHIO BOJOMACSTHBIX AMYJIbCHH:
1 - pesepByap ¢ OTpabOTaHHBIM MOTOPHBIM MacJIOM; 2 — HacOC; 3 - TPEXXO/0BOM KpaH; 4, 9 — MAaHOMETPEHI Ha BXOJe
1 BBIXOZIe 113 QUIBTPYIOLIEro MOAyIs; 5 — yIbTpaduIbTPallIOHHbIN MOZYJIb; 6 — MepHas KoJba ¢ mepMeaToM;
7 - 3aII0pHAas apMaTypa; 8 — KpaH JJIs 3aJIMBa OTpaboTaHHOro Maca; 10 - HarpeBaTe IbHBIM IPU6OD;

11- HamopHasa MarucTpaslb; 12 — GaiiacHas MarucTpaib; 13 - CIMBHOM BEHTUIb

The initial solution for separation is pumped by pump 2 from tank 1 to the tubular membrane
element 5. The ultrafiltrate (permeate) is collected in a volumetric flask 6. The solution is heated with
electric heater 10. Pressure in the system is controlled by manometers 4, 9. To supply the working
solution to the membrane element the pump is switched on and the handle of three-way valve 3 is
turned. To change the pressure in the system turn the handle of the three-way valve making the
connection of the main pressure line 11 with the bypass line 12.

The concentrate is returned to tank 1 by opening shut-off valve 7. Drain the concentrated
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solution from the original tank 1 after separation by means of valve 13.

This laboratory installation allowed conducting studies of wastewater treatment from petroleum
products under various process modes: pressure drop Ap = 0.1-0.6 MPa; solution temperature
t=20-90 °C, separated flow velocity V =1-5 m-s™.

For the physico-chemical analysis, water-emulsion effluents of the holding of the Combine of
Building Structures (Russia, Ivanovo) containing grease for molds and formwork of the Polyplast
Forms brand type 3 were used.

According to TS 0258-038-58042865-2009 Polyplast Form type 3 contains in its composition
mineral oils, corrosion inhibitors, active film-forming additives, hydrocarbons (paraffins,
isoparaffins, naphthenes, oleic acid), organic alcohols (isopropyl, butyl) [18]. Polyplast Form type 3 is
a ready-to-use universal grease for all kinds of forms (horizontal and vertical application). It is
manufactured by Polyplast-UralSib, LTD (Russia, Pervouralsk, Sverdlovsk region).

In order to obtain reliable results three wastewater samples were taken from the storage tanks of
the production base of Combinat of Building Structures (CBS, Russia, Ivanovo) for the manufacture of
reinforced concrete structures in reusable metal moulds before discharge of such water to the
wastewater treatment plant. The results of the physico-chemical analysis of samples No. 1, No. 2,
No. 3 are presented in Table 1.

Table 1. Results of physico-chemical analysis of the water-oil emulsions of the holding KSK (Ivanovo, Russia)
Ta6una 1. PesynbraTsl GUsuKo-xuMHUIecKoro aHannsa BM3 xongunra KCK (Poccus, r. IBaHOBO)

With + A mg-dm®, P=0.95,n=2
Indicator Standard
Sample No. 1 Sample No. 2 Sample No. 3
pH, 6.0-9.0 8.3+0.1 8.2+0.1 8.9+0.1
Suspended substances, mg-dm™ 300 23161463 572+114 15544233
Dry residue, mg-dm™ 3000 20500+4100 16233+3247 19900+3980
Chemical oxygen consumption,
500 18760+3752 15600+£3120 18215+3643
mg O,:dm”*
Content: Standard*
Nitrate ions, mg-dm® Not regulated 183.0+36,6 51.6+10.3 54.6+11.0
Nitrite ions, mg-dm™ Not regulated 4.61+0.92 2.12+0.42 2.91+0.582
Sulphate ions, mg-dm™ 300 188.0+37.6 71.8+14.4 121+24
Phosphate ions, mg-dm™ Not regulated 13.10+2.62 15.20+3.04 24.30+4.86
Chloride ions, mg-dm™ 1000 202+40 175+35 280456
Fluoride ions, mg-dm™ Not regulated 36.5+7.3 39.4+7.9 54.6+11.0
Petroleum products, g-dm™ 10 109351094 92904929 14400+2880
Fats, mg-dm™ 50 16316+3263 10071+2014 10100£2525
Anionic surfactants, mg-dm™ 10 2.20+0.44 0.440+0.088 3.15+0.79
Nonionic surfactants, mg-dm™ Not regulated 6187+1237 40831817 47114942

* - permissible concentrations of pollutants in wastewater allowed to discharge into wastewater disposal systems, approved by
Resolution No. 644 of the Government of the Russian Federation dated 29.07.2013 "On Approval of the rules of cold water
supply and sanitation" [19].

The main components in the waste water composition are: suspended substances, oil products,
grease, non-ionic surface-active substances. In samples No. 1, No. 2, No. 3 the concentration of
pollutants exceeds the permissible concentration for discharge into the sewage system regarding
suspended solids by 1.9-8.0 times, regarding the parameter dry residue by 5-7 times, chemical oxygen
demand by 31-38 times, oil products content by 900-1400 times, fat content by 200-326 times.

Oil-containing wastewater stratifies into components over time and the particles become larger.
Therefore, particle size measurement was carried out twice - immediately after formation and after 3
months. The acoustic method based on measuring the degree of attenuation of the ultrasonic signal
was used [20]. The results are tabulated (Table 2) and illustrated in Fig. 2.
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Table 2. Average values of the particle size of the dispersed phase of emulsions
Ta6auna 2. CpefHUe 3HaYeHUS pasMepa YaCTHI] AUCIIEPCHOH (asbl SMyIbCU

Particle size Particle size
Type of emulsion (main peak) (second peak)
Dy, nm Dy, nm
Sample of used oil-water emulsion immediately after
. 5642 14424
formation
Sample of the spent water-oil emulsion after settling
113+3 959+25
for 3 months
120 | p, days
100 /
s\
80 . \
/ \
60 \
/
l' / A
40 'l / \
| \
20 |y / \
1A j A
0 i s i il AN
0 500 1000 1500 2000
Dy, nm

Fig. 2. Comparison of the particle size distribution of oil-containing wastewater dispersed phase: solid line - immediately
after formation; dotted line - after destruction (stratification) after 3 months

Puc. 2. CpaBHeHMe pacipe/ieeHus pasMepa JacTHUL] JUCIIePCHOH (asbl CTOYHBIX HehTeCcogepKaIIUX BOA:

CIUTOLTHAS JIMHUS - CPa3y IocjIe 06pa3oBaHUs; IyHKTUPHAS JIMHUS — IIOCJIE Pa3pyIIeHUs (PacCIOeHNUs) Yepes 3 Mec.

Thus, the size of the contamination particles was 0.05-0.15 um. To remove such particles,
membrane elements with a pore size of the active layer of 0.01-0.05 pm were selected.

RESULTS AND DISCUSSION

Figure 3 shows the results of a study of the permeability of polymer membranes for 8 hours. For
the experiment we use a model oil-in-water solution with a concentration of petroleum products of
500 mg-dm”.

Figure 4 shows the results of experimental studies on the effect of the duration of the process on
the retention capacity of membranes with the same model solution.

The analysis of the curves shown in Fig. 3 shows a 50-60% drop in permeability 4 hours after the
start of the separation process, then stabilization is observed. This phenomenon is associated with
shrinkage of the membranes and the formation of a layer on the membrane surface.

Selectivity increases by 2-5% over time (see Fig. 4), which is also explained by a decrease in the
average pore size as a result of shrinkage of the membranes and the formation of a layer on the
surface.

Increasing the temperature of the separated solution is the main way to intensify the process on
the one hand and reducing selectivity on the other.

The effect of temperature on the productivity and selectivity of the process is shown in Fig. 5.
The studies were carried out for the most productive membranes made of fluoroplast and
polysulfonamide. The temperature of the solution varied from 293 to 323 K with an interval of 10
degrees.
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Conditions for conducting experimental studies:
- model solution with a concentration of petroleum products 500 mg-dm™;
- working pressure 0.4 Mpa.
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Fig. 3. Dependence of polymer membrane selectivity on time at ¢ = 323 K, petroleum products concentration 500 mg-dm?,
AP=0.4 MPa: 1 - phtoroplast; 2 - polysulfonamide; 3 - polysulfone; 4 - polyvinyl chloride; 5 - polyestersulfone (curves

obtained by approximation of data by the least squares method)

Puc. 3. 3aBUCHMOCTD CEJIEKTUBHOCTY IOJIMMEPHBIX MeMOpaH 0T BpeMeHH npu Temieparype 323 K, KoHIeHTpanuu
HedTenpoayKToB 500 Mr-aMm~, AP = 0.4 MIIa: 1 - ¢proporuiact; 2 - monucyabGpoHaMuz; 3 — MoaucyabhoH;

4 - IOJIMBUHWIXJIOPUZ,; 5 — TOAU3GUPCyNIbdOH (KPUBBIE ITOJTYyIeHBl allIPOKCUMAIIMEN JaHHBIX METOZOM HalMEHBIINX

KBa/[paToR)
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Fig. 4. Dependence of polymer membrane selectivity on time at ¢ = 323 K, petroleum products concentration 500 mg-dm?,
AP=0.4 MPa: 1 - phtoroplast; 2 - polysulfonamide; 3 - polysulfone; 4 - polyvinyl chloride; 5 - polyestersulfone (curves

obtained by approximation of data by the least squares method)

Puc. 4. 3aBUCHMOCTD CEJIEKTUBHOCTH IIOIMMEPHBIX MeMOpaH OT BpeMeHU Ipu TeMmeparype 323 K, KoHIleHTpanuu
HedTrenpoaykToB 500 Mr-aM”, AP = 0.4 MIIa: 1 - dbTopomiact; 2 - HoaucyIbGoHaMUZ; 3 — IMOIUCYIbHOH;
4 - MOJIMBUHUIXJIOPUT; 5 — ToMuaupcyIbGoH (KpUBbIE IIONYIeHbl allIPOKCUMAINell JaHHBIX METOJOM HalMEHBIINX

KBaZpaToB)

The analysis of the dependencies presented in Fig. 5 allows us to observe the expected response
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of the membrane-solution system to temperature changes. With a change in temperature to 323 K,
the permeability predictably increased by 40%, and the selectivity decreased from 93-95 to 85-87%.
This is due to a decrease in the viscosity of the solution and an increasing slip of dirt particles through
a semi-permeable partition.

i o
500 Productivity G, dm®h 96 Selectivity- g, %
R? = 0.9866 i & N 2
450 L 94 ‘N )
Rl m, A o
" & i . oy R,2=0.9918
S . ’ ~ ~
’ s, ™ i e
% 7 ’ ) A ~ ‘N
350 o’ . 90 /’\ A\
300 L A 2 88 : s -
- \ '
-'," R?=0.9945 s &
250 | A *
% R>=0.980 -
200“90 - - — 84
2 3 3 32 : 290 300 310 320 LK
a(a) b (6)

Fig. 5. The effect of the solution temperature on the permeability (a) and selectivity of the process (b);
1 - polysulfonamide; 2 - fluoroplast (curves are obtained by data approximation by the least squares method)

Puc. 5. BiusHNe TeMIIepaTyphl pacTBOpa Ha IPOHUIIAeMOCTh MeMOpaH (a) U CeJIeKTUBHOCTS Ipoliecca (6);
1 - nonucyabbonamuz; 2 - propomact (KpUBbIe ITOJyIeHBI alIIPOKCUMAIIeH JaHHBIX
MeTOZ0M HalMEHBIINX KBaJPaTOB)

The linear approximation of the experimental data (Fig. 5) gives a high confidence value
R?=0.98-0.99. Thus, the effect of temperature on permeability and selectivity can be described by the
equation [21]:

y=a-x+b, (1)

where g, b are the approximation coefficients; x is the variable parameter, temperature.
Coefficients a and b were calculated according to the formulas [21]:

ADIERLEDIERD I

_ i=1 i=1 i=1 .
a= - — (2)
A DIES
i=1 i=1
Yima L X,
b_ i=1 i=1 (3)
n )

where n is the number of experiments.
As a result of calculations, we have obtained equations adequately describing the effect of
temperature:

for selectivity (see Fig. 5, a)
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¢,=6,49t—1635,7; o)
¢,=6t—1513; )

for permeability (Fig. 5, b)

G,=—0.28t-175.24; (6)
G,=—0.27t—174.41. @)

The obtained patterns adequately describe the change in permeability and selectivity from
temperature in the range from 373 to 323 K.

CONCLUSIONS

We develop the installation for separation of water-oil systems using polymer and ceramic
membranes. The composition of the tested systems was determined using certified methods through
the use of modern analytical equipment. The spent emulsion contains particles of 56 and 144 nm in
size, and after its destruction, particles grow to 113-959 nm.

Membranes made of fluoroplast and ceramics are advisable to use when separating used engine
oils. Theproductivity of such membranes depends on the structure of the microporous layer and its
properties. With an increase in the concentration of petroleum products in the water-oil emulsion to
g/dm’®, the specific capacity of the membranes decreases by 40-50%, which is associated with an
increase in the viscosity of the liquid phase.

It was also revealed that with an increase in the temperature of the separated solution (from 313
to 383 K), the ultrafiltration process is intensified by 8 times.
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Jepbenm - Opeguetlwuil u 8 2eozpauieckom OmMHOWeEHUL camblil 104HbLE 20pod Poccuu;
¢ 2003 200a ekaiouen 6 cnucok Bcemuprozo wHacaedus IOHECKO. Ocobennocmu
cpednegeko8020 epadocmpoenus Jepbenma u apxumekmypHuas cpedd pacCMOmMpeHrbl
uepe3 npusmy Quaocodckux kamezopuil - npocmpamcmeo, Gopmy u codeprucanue,
npoyecc PopMuposanus MUpPOB033PeHUeCKUX YCMAHOB80K U cmblca08. ITokasano, umo
MUpPOBO33peHUe, MPAHCAUPYEMOe Hepe3 ApXUMeKmYpHYI0 cpedy U HANpagaeHHOe Ha
mupogocnpuamue, MUpoOOWyujeHue U  MUPONOHUMAHUE, 6eKAMU  6AUILAO HA
guicmpauseaemoe 20pOHCAHAMU COYUOKYAbMYPHOe TNpocmpancmeo. B pesysvmame
apxumekmypHuili 06Bekm 8 20po0CKOM NPOCMPAHCMEe 20POXCAHUH-CO8PeMEHHUK
gocnpuHumaem 6 eJuHcmee copa3mepHocmu, Gopmul, eapmoHuwHocmu. Jaemcsa
Onucanue apxumekmypHblX 00Bekmos, ee0 (PYHKYUOHAAbHOEe 3HAHUeHUe U MeCmo 8
COYUOKYALMYPHOM npocmpancmee. Apxumekmypuas cpeda Jepbenma u opeanuszayus
eopodckozo npocmpancmea onpedeiuau HA MHozue 8eka 06pas, ykaad HUHU
20poscanHuHna, cnocobcmeosasu pazgumulo pemeces U mMOpeoeAl. IIpeemcmeeHHOCMD
COYUOKYALMYPHBLLX YCMAHOB0K 20p0daAH onpedeaund HA MHOzUe 8eKad ApXUMeKmMYpHuLl
obauk 2opoda, mpaduyuu cmpoumenbcmed 06wWecmeeHHbLX U 2paXIAHCKUX NOCMPOeK.
IIpomekatowue Kak 8 NMpPoOWAOM, Mak U HACMOAWeM, Npoyeccb. 0bpa3ylom KOHYenm
2opoda Jepbenma.

KiaodyeBble CJ0Ba: apXUTeKTypHas cpeja, apXUTEeKTYpPHBIH 00BEeKT, TropojcKoe
MPOCTPAHCTBO, dopwma, MUPOBO33PEHUE, cMbIcI00bOpasymoias cucreMma,

dusocodus ropoza
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Derbent is Russia's oldest and geographically most southern city; it has been a UNESCO
World Heritage Site since 2003. The paper considers the specific features of medieval
urban Derbent planning and its architectural environment through the prism of
philosophical categories - space, form, and content. Also the author points out on the
process of forming ideological attitudes and meanings. The ideology as the vision of the
world, transmitted through the architectural environment and aimed at the perception
of the world, world-view and world-understanding, has influenced the socio-cultural
space built by the citizens of the city for centuries. As a result, people perceive the
architectural object in the urban space as a unity of proportionality, form, and
harmony. The article describes architectural objects, their functional significance, and
place in the socio-cultural space. The architectural environment of Derbent and the
organisation of its urban space determined the lifestyle of the city dwellers for many
centuries, and promoted the development of crafts and trade. For many centuries the
continuity of the socio-cultural attitudes of the city dwellers determined the
architectural aspect of the city, the traditions of public and civil construction. Indeed,
processes both past and present form the concept of the Derbent city.

Key words: architectural environment, architectural object, urban space, form,
attitude, contextual system, city philosophy
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BBEAEHUNE

CioxHas ucropus JepOeHTa, ero KyJIbTypHBIE IepellIeTeHUs CIOCOOCTBOBAJIN CO3JAHUIO
VHUKATbHOM TOPOACKOMN apXUTEeKTypHl. IIpH CTPOUTENbCTBE ropofia U YCTAaHOBKe apXUTEeKTYPHBIX
IIaMATHUKOB HAIUIM CBOE€ OTPaXeHHe KyJIbTypHble LEeHHOCTU U MOJUTHUYECKUEe YCTAaHOBKU
3aBoeBaTesel, KaXKAbIN 13 KOTOPHIX, KaK IIPABUJIO, OCTABJIS CBOM «apXUTEKTYPHBIN CIes».

IlepBOHAYaJPHO OpraHM3ALNs IIPOCTPAHCTBA CpejHeBeKOBOro [lepbeHTa OBLIA CBS3aHA C
(yHKIMOHATPHBIM Ha3HaueHMHeM IToceseHudA. Ha Tpex kunoMeTpax Mexay Kacrnuiickum MopeM u
KaBka3ckuMU ropamMu y4aCTOK PaBHUHBI CTajl apeHoli G0pbOBI rOCyZapCTB, Kelaminux 001a7aTh
mpaBoM BiaseHus [JepOeHTCKUM MpPOXoJoM. HCKIIOYUTENbHOE TMoJoxKeHne JepOeHTCKOro
IIPOXO/la, €ro CTpaTeru4eckoe X TOProBoe 3HAYEeHME OTMEeYalTCHd B JIETOIIMCHAX. 3[eCh CTPOMIMN
00OPOHUTENbHBIE U KyJbTOBBIE COOPYKEHHs, CO37aBall IIOCEJIeHUsS U BeJUd TOPLOBJIIO IEPCHI,
xasapsbl, apabbl, TYpKU, pyCUdH U Jp. lepbeHT U ero ropoZicKoe pacIoJIoKeH1e ONUCHBAIOT yIeHble
[IPEeBHOCTH M IIyTelleCTBEHHUKH. BoJybIIol Bkaaj B u3ydeHHe J[epbeHTa BHecau paboThl IO
HCCIeJOBAHUIO JpeBHEl apXUTeKTYpPHI ropoa (akaZeMuk PocCHUICKON aKaJeMUH apXUTeKTypHl U
crpouTenpHbix Hayk C.0. XaH-MaromezoB). 3HAUMUTeJbHYIO II€HHOCTb ITPEJCTaBISIOT CBEAEHUS,
nonayd4eHHble yxXe B XX Beke B XOJ€ apXeoJOrMYeCKHMX PpAaCKOIOK TII0J, PYKOBOACTBOM
A.A. Kyzpsasuesa.

ApxuTekTypa sBisSeTCI OTpakeHHeM BpeMeHH. C y4eTOM MacIITabHOCTH OOBEKTOB U
CeMHOTHUYeCKOro 3HadeHUsd, OHa gBAEeTCS MOIIHBIM HHCTPYMEHTOM XpaHeHUS UH(OpMaluu O
KyJbType KU HCTOPHUYECKOM pasBUTHM obOmecTBa. [lepbeHT - TOT TropoJ, IZie apXHUTeKTYpHBIE
IIaMATHUKY, COXPAaHMBIIMECH B HAIWU JHU, JEMOHCTPUPYIOT MHUDY CJIOXKHYIO HCTOPUIO B KaMHe
yepes cBou QOpTUDUKAIMOHHBIE COOPYKEHU, JUTaZesb, YIUIBl CTAPOTO TOPoJa, 3JaHU. 31eCh
BBISIBJIEHBI J€CATh Pa3JIUIHBIX CIIOCOOOB KIaZKU KaMHS, apXUTEKTYPHBIE 3JIeMEeHTHl, CBOHCTBEHHBIE
CTPOUTEJSIM CTpaH-3aBOeBaTesel, IIMCbMeHAa pPe3YnKoB KaMHsd. CoBpeMeHHBIH [lepbeHT, ero
apXUTEeKTypa peajn30BaJlCh IIyTeM IIePellJIeTeHUA KyJAbTYPHBIX OCHOB CTPOUTENbCTBA C

WICIIOJIb30BaHMEM KaMHs-PaKyIIeYHNKA.
OPTAHU3AINA ITPOCTPAHCTBA YEPE3 APXUTEKTYPHBIE ©OPMBEI

IlpocTpancTBO U (opMa B apXUTEKType SABISIOT COOOM CMBICIOOOpasyolnye 3J1eMeHTH
MHOTOYPOBHEBOHN  XYZOXXECTBEHHO-0OpasHOU cucTeMbl, GYHKIMOHUPYIOIIEH B KOHTEKCTE
croxuBLIelicsa cpeAbl. IIo cBoeil CyTH, apXUTeKTypa ecTh objedeHHOe B (HOPMY IIPOCTPAHCTBO
(apxuTexkTypHOE IPOCTPAHCTBO JAeTepPMHHHPOBAHO GopMoii). IIpoCcTpaHCTBO  SABISETCS
oIlpeZiesIAIONIEll OCHOBOM apXUTEKTYphl M He cyllecTByeT BHe QopMel. ClefoBaTelbHO,
IIPOCTPAHCTBO U GopMa B apXUTEKType B3aMOCBSI3aHHI [1].

ApxuTekTypHas cpeja cpeHeBeKoBoro [lepbeHTa IpeAcTaBisja CODOH MeTacHCTeMy,
BKJIIOYAIOIYI0, IVIABHBIM 00pasoM, (opTuUKAIMOHHBIE COOPYXEHUs, IuTazenb, CeBepHyO U
IOkHYyIO CTeHBI, KyJbTOBBIE COOpY)XeHHUs. Ilo CyTH, apXUTEKTypa BBICTYIAeT MaTepHUaTbHOMN
KOHCTPYKI[eH, OOBEeKTOM B IDaJOCTPOEHHH, HO OHa Xe (OpMHpPyeT MBICIb, 00pa3 >KU3HU
ropoxxannHa. Tpu uinocopckre KaTeropum - <«IIPOCTPAHCTBO», «(popMar, «CoZepKaHUEe» -—
AKTUBHO HCIIOJIb3YET apXUTEKTYPHOE MBIILIeHUe [2]. ApXUTeKTypHOe MbllIeHne U puaocodckoe
CO3HAHMeE MOTYT YCIIEIHO B3aMMOZEHCTBOBATh B TOPOACKOM IIPOCTPAHCTBE, A YeJIOBEK CTAHOBUTCS
MEepUJIOM 3TOTO B3aUMOZeHUCTBHA. Uepe3 OCO3HAaHHE IIPOCTPAHCTBA, COPAa3MEpPHOCTb (OPMBI M
IIOHMMaHUe COZlepPKaHNs YeJOBEeK BRICTPAaUBaJ CBOE MUPOBO33PEHHE.

IIpaBainas s1uTa Ha «I3BIKE APXUTEKTYpbl» obpaijasack K HapoAy, obycTpamBaia TOpof,
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omnpezensna obpas XKU3HU ropokaH. ljuTtazenp HapblH-Kaja — IPaHAMO3HBIE ODOPOHUTENbHBIN
KOMILTIeKC (IocTpoiika guHacTum CacaHuzoB) Obla OKPY)KeHA C TPEX CTOPOH KPYTHIMU CKJIOHAMU U
JBYMs MOIIHBIMM KaMEeHHBIMM CTeHaMu (ToumumHa 2.5-3.8 M, BbicoTa 10-15 M). «Teppuropus
Jepbenta ¢ VI-XIX cToseTH# ocTaBajach HeM3MeHHOMH. ['0poJ HEemoCpeACTBEHHO PaCIIOJIaraics
MeXAY ABYMs MMapaylIeIbHBIMU CT€HAMU, COeJUHUBUINMU LUTAJeNb C TaBaHblo (mopToM). Ha aTo
Tepputopuu (anamHa 2.7 KM, mupuHa 200-400 M) ¥ IPOUCXOAUIO MHOTOBEKOBOE PasBUTHE OpPOAa»
[3]. CeBepHas u FOxxkHast rOPOACKME CTEHBI OJIOKUPOBAIN MIPOXO/ MEKAY MOPEM U ropaMu. 3a BCIO
HCTOPHUIO cpefHeBeKoBbs B CeBepHON u HKHOU cTeHax ObLIO IOCTPOEHO 73 0OOPOHUTENBHBIE

6amrHy, 14 Bopot(puc. 1).

10. Mnaw fQepGarnra:

28 =
a

1. 3anaganwue sopota yeTanenn
I, Hapuw-<ana-uans; 3. Amapum-
wanw: 4. Hupxasp-xanw; 5. Kana-xa.
ru: 6. Bbamt-xkanu: 7. Opras«anu
B, OyBaps-wane; 7. Opessas Cwpuo-
sax crewa; 10. Ocrarem Qopra Fop-
nor creds; 11, Mecra pacnoaomo-
L S L] otmoanmx Bawewn;
12. HArcyrma-rmoere - meLpece
13. Keiprnap-mesars; (4. Muwspor-
mouere; 15, Hunswca-mavors; 14, Bba-
na-mevers: 17. Baww XVII a.; 1B. Ba-
M XIX @ 19, Bopoxpasenuuie;
20. Xawcuwn psopeu: 21. Taynreax-
ra; 22. Hapawan-copai; 23, [Jom
A. Bectymesa-Mapnuncuoro; 24, Ap-
mEncxan gepwoces; 25, [osa ¢ xkpon-
WTERMAMS & 8O0 Apencron; 26, Me-
cro gemanuum (erpa I; 27. Pogrnxe
¥ ropolc=wx sopor;, 28 [lpynna ~o
run Kuprmap: 27, Xaucuwi smasle-
naw; 30. Tpynna moren « sy -lwcysen;
31. Fpynna morks sceMoGcTes Jchem-
awspe: 32, fepbenrcxua <paceonve-
CHMA mMylen

Puc. 1. ITnaH-kapTa [lepbeHTa ¢ MIaMATHUKAMU apXUTEKTYPHI cepeAnHbI XX BeKa,
npezacrasneHHas C.0. XaH-Marome0BbIM [4]
Fig. 1. The plan of Derbent with architectural monuments of the mid-twentieth century,
presented by S.0. Khan-Magomedov [4]

Topoz 3a ABa THICAYeNETHS NIPeobpaswiIcsa U AaBHO ITepeMeCTHIICS 3a PAMKHU JBYX CTeH, Torza

KaK ApeBHss 9acTb JlepOeHTa 10 CUX IIOP SIBISETCS «IIOYETHBIM IEHTPOM» JJISI TOPOKaH.
APXUTEKTYPHASA CPEJA 11 COONOKYJIbTYPHOE ITPOCTPAHCTBO

ApXUTEKTypHble OOBEKTBHI, SIBJISASICh YaCTbIO JKM3HEHHON CpeJbl TOPOXKAHWHA, OKa3bIBaIU
Gosbiioe BAUSHUe Ha GOPMUPOBAHIE €0 BIIJIAA0B U njell. Beankue coopyxeHUs HAIOMUHAIU
YeJIOBEKY: IIyCTb 3TO He ero TBOPeHMe, OJHAKO OH JO0J/DKEH COOTBETCTBOBATD 3TOM Cpefie U JKUTH B
Hell. B yc0BuAX cpe/iHeBeKOBOI'O TOPOJa pPasBUTHE KU3HEHHOTO YKJIaZa OCYLIeCTBISEeTCI B paMKax
BeCbMa MHOTOCJIOMHOIO U AMHAMMYHOTO COLMOKYJBTYPHOI'O IIPOCTPAHCTBA. B TeyeHMe MHOTUX
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BEKOB MEHSIJIUCH JKUTEJIU U KyJIbTypHbIe TPAJAULINHI, OCBANBATIICH SI3bIKH, 00YCTpPanBaiach JKU3Hb.

ApxuTeKTypa - MaTepHUaJIbHO BOCCO3ZaHHas Guiocodus roposa, OpraHu3aIis IPoCTPAaHCTBA
C TOMOIIBI0 reoMeTpudeckux ¢opm, 1seta u np. HeobXoAMMO OTMETUTh, YTO aAPXUTEKTypa U
¢dunocodrs B OTAEIPHBIX CIAy4asX HCIONb3YIOT CXOXKYI0 TEPMUHOJIOTHIO: KapKac, IOCTPOEHUE,
Bo3BeZieHUe, GyH/IaMeHT, KOHCTPYKLIMS, HaJICTPOLKa, KpaeyroJbHbIl KaMeHb, OIlopa U T.Z. MBICIb
MOXKET CTPOUTHCA IMOZOOHO 3JaHUI0 U, €CIu eCTh HeOOXOAMMOCTb VTBEpPXAATh cebs,
peobpa3oBEIBATH I[€ble TOPOJa WM K€ KOHKPETHBIe 3[aHHs, OHA CIIOCOOHA OCHOBATH HOBBIM
ropoz [5].

ApXUTEKTOp CpeAZHEBEKOBbS — 30J4MIH C OIpe/leIeHHBIM MUPOBO33PEHUEM U 3THUYECKOM
KynbTypoii. Co3zaTh 00pa3 M BO3ABUTHYTH OIIpefeleHHBIH OODBEKT - He MPOCTO 3ajada, a
BO3MOXXKHOCTh IlepeZiaTh KYJIbTYPHBIH KOJ, COIIUAJIbHO-KYJIBTYpHBIE YCTAaHOBKH. Jlo cux mop B
JepbeHTe MOXHO BCTPETUTSD IIeXJIEeBUIICKIe, apabckue U Jpyrue HaJINCH, OCTaBJIeHHbIE 30AYMU
Pa3HBIX CTpaH, IIPUBJIEKAEMBIX JJSI CTPOUTENBCTBA APXUTEKTYPHBIX O00BeKTOB. Kaxzabli
3aBOEBATEJNb C IIOMOIIIBIO 30/9€r0 IOA9ePKUBAJ CBOIO 3HAYMMOCTbD Ha BeKa. [I0aTOMy B apXuUTEKType
JepbeHTa TecHO IMeperieauch Tpaguiuu bBawxHero Boctoka u Ilepesneit Asuu. 3oauuii
CpeJHEBEKOBbs, OyAyYM CIeIUaJNCTOM IIMPOKOTO mpoduns («MacTep», «CTPOUTENb»,
«KaMeHIVK»), IOHUMaJ, YTO BOCIpPUHUMAaeMas BHeWHI1 ¢opMa - T[JAaBHBIH HCTOYHUK
nHbopmaluu o6 00beKTe U yZesnsaa 00JbIloe BHUMaHUE 3JeMeHTaM 3CTeTUKU. TakuM obpaszom
BBICTPAMBAaJINCh CUCTEMOODOpa3yolLIe CBA3U «Cpefia — 00BEKT — KyJIbTYPHBIH 2JIEMEHT».

B3anMMOCBS3b APXUTEKTYPHOTO O00BEKTa, 3049€er0 U TOPOXKAHWHA BBIPAKAETCA Uepes
XyZO0KeCTBEHHBIN 00pa3. 3HAUMMOCTh BO3HUKAIIINX CHUCTEMHBIX CBSI3€lM — SIBHBIX U CKPBITBIX —
BBICOK4, UMEHHO OHH OIPEeJEAIOT CIenu(dUKy CHCTEMBI, T.e. SBJISIOTCSI CMBICJI000Pa3yIOINMU.
OZHU U Te 3Ke 3JIeMEHTHI MOTYT BBICTYIIATh B Pa3IMYHOM KadeCTBE — B 3aBUCUMOCTH OT TOT'0, KAKUM
06pa3oM MPOM30IILIa UX NHTErpanys, BKIYeHUe B 11ey10e [6].

ApxXuUTeKTypHbIe 0O0BEKTHI BO3BUTATUCH C VI BeKa, He IIPOCTO OIIpesieisis IPAHUIIbI, HO TAKKE
yCTaHaBIMBas JXKU3HEHHBIM YKJIaJ, M MHPOBO33PEHUYECKUE IIPEeAIOChUIKU. [liIg CpesHEeBEKOBOTO
ropojia BKHEHIINM SBJISETCS pasBUTHE CTPOUTeJbHOro pemecna. Ocobyio 3HAaYMMOCTh
MproOpeTaoT CleruaJlu3ipOBaHHbIE BUJBl CTPOUTEIBHBIX PaboT U KaMHeoOpabaThIBarOU[Uil
IpOMBICEJ. B 3TOT mepuos 37ech HOSBISIOTCS CIIeNUaIu3upOBaHHbIE KaMEHOJOMHU, T/
Z00OBIBaETCSI MECTHBIHM PaKyIIeYHUK, PACIIMINBAEMBIN Ha CTaHJZAPTHBIE OJ0KU. V3 KaMEHOJIOMEH,
pacroJsiaraBIiinuxcs B 4 KM CeBepHee ropoja, KaMeHb B J[epOeHT AOCTaBJIAIU IO MOPIO, a 3aTeM
OTIIPABJISIY IO CIIEIIMAIBHO IIPOJIOKEHHBIM ZIOPOTaM B paliOHbI CTPOUTENbCTBA. [JIoMHMO pabouux,
3aHATHIX A00BIYEl, PaCIMJIOBKON U JOCTaBKON KaMHS, B CTPOUTEJIBHOM IIPOLlECCE YIacTBOBAIM
KaMEeHOTeChl, MacTepa-KaMHeYKIaJUUKY, IIPUTOTOBUTENH CIIEINATbHOTO PACTBOpPA HEOObIYAHOM
npouHocTH [7]. O MacTepcTBe KaMeHOTeCOB IopoJia CBUAETENbCTBYIOT MHOTOYMCIEHHbIE Pe3HbIe
apXUTEKTYPHBIE JeTalU PACKOIIAaHHBIX U COXPAHUBIIMXCS [0 HAIUX AHEH CTPOeHNH, oopMieHe
IpeBHeHIUX BOpoT JlepbeHTa.

Ckomenve B JlepbeHTe IpUBE3€HHBIX 3aBOEBATENSIMU JIOACKAX MacC, OTOPBAHHBIX OT
MIPUBBIYHOM X0O3HCTBEHHOH eI TeJbHOCTH U HYXK/JABIINXCS B IpeAMeTax IepBoii He0OX0AMMOCTY,
CII0COGCTBOBAIO OBICTPOMY PasBUTHIO peMecja K TOPTOBIH, 3HAYUTENbHOMY YBEIHMUEHHIO YKCia
peMecCIeHHUKOB U TOPToBleB. Hapsaay ¢ BOeHHBIMU, pPeMECI€HHUKH B 3TO BpPeMs COCTABJISIIOT
Haubojslee MHOTOYKCJIEHHble TPYIIIBl TOPOJCKOTO HaceJeHUs. VYAUBUTeJbHasd ILJIAHUPOBKA
JepbeHTa, IPOTAHYBIIErocs y3KOU JIEHTOHN Yepe3 Bech MpoxoJ, GopTHU(DUKAIIMOHHBIE COOPYKEHU,
0JIarOyCTPOEHHbIE YJIOYKM, BbIMOIIEHHBIE KaMEHHBIMU IUIUTAMU, C TYIUKAMM, MEYETIMU U
KaMEHHBIM BOJOIIPOBOJIOM SIBJISIIOTCSI [JOCTIDKEHUSIMU apabCKux 3aBoeBaTesell W depe3 BeKa
CBU/JETEJbCTBYIOT O 3HAUUTEIBbHOM Pa3BUTUU rOPoJa.

ApxuTeKTypa CO3JaeT 3CTETHKy TIOpoja, OTPaKaeT TOCIOACTBYIOIyO (duirocoduio,
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WJe0JIOTUIO. Pelurusa CTaHOBUTCA HEOTHEeMJIEMOH YacTbl0 KU3HH M BAXKHBIM COCTAaBJISIOIIUM
MUPOBO33pEHMS, TaK B 310Xy apabckux 3aBoeBanuil (VIII B.) pacripocTpaHseTcs nciaaM. KyapToBsle
COOpPY)KeHHs IIOJy4aloT IIMPOKOEe paclpocTpaHeHHWe. MedeTH NOAJEPXUBAIOT M Pa3BUBAIOT
penuruosHble HaCTPOeHUs B obujecTBe. IIpu Kaxaod ysnuie (Maxane) U B LUTaAeJd OblIa CBOS
MeueTb (Bcero 8 Meuerell) U IpU KXo U3 HUX — MuHapeT. CobopHas /xxyma — meuets VIII-XIV
BB. IIPe/ICTaBJIsJIa KOMILIEKC «Me4eTh — MeJpece — JKWJOoe 3[aHue AyXOBeHCTBa», Ile Bce 3JaHUf

pacrioyarajavuch BOKPYT KBaIpaTHOTO JBopa (puc. 2).
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Puc. 2. [IpeBHelias MedeTs ropoga Jepbent. ®acaz v mian (ueprex C.0. Xan-Maromezosa) [3]
Fig. 2. The oldest Derbent mosque. Facade and plan (drawing by S.0. Khan-Magomedov) [3]
Tpagunus cbopa ropoxaH Ha NITHUYHYIO MOJUTBY COXPAHSETCS M IO CETOAHSIIHUU JeHb.
Taxue CbaKTbI CBUAETEJbCTBYIOT O TOM, 49TO IIpM IIOMOIIN apXI/ITeKTypHO-I‘pa,Z[OCTpOI/ITeJIbeIX
peumreHNHE GOPMUPOBAICT YKIAZA >KU3HU, KOTOPHIM CKAa3BIBICI Ha MHPOBO33PEHUU TOPOXKAH,

InpuaaBast CMbICJI UX CYyII€eCTBOBAHUIO.

JEPBEHT - HEHTP KABKA3A C BBICOKOPA3BUTBHIM PEMECJ/IOM
N TOPTOBBIMU CBA3AMMU

JepOeHT CTaHOBUTCS BRKHBIM LIEHTPOM MEXIYHAapOAHOH TOProBIM. B 3TOT mepuos oOH
BBICTyIIaeT KaK KpYyIHeHIMH TPaH3UTHBINI IYHKT Ha IIPHUKAcCIUIICKON Toprosoil Tpacce [8].
KapaBaHHbIe IyTH, IIpoJeramolmiye yepes lepbeHT, HecIu MHPOPMALIMIO O CTPAHAX; BHICTPAUBAIOTCS
KOMMYHHKAIIIY, PACIINPSIETCS MIPOBO33PEHE TOPOXKAH.

Topoz BBICTpaMBaJCs, SIBJASACH He TOJBKO IIOIPAHMYHBIM OOBEKTOM, HO M MECTOM >XHM3HU
JIoJel ¢ pasJUIHBIMU NOTpebHOCTAMU. Tak BOSHUKIN PBIHOYHBIE ILJIOMIAAW, KapaBaH-capad U Ap.
crpoerusa. [Jepbent B VIII-X BB. - KpyHHEHIIWN SKOHOMUYECKUI, aJMUHUCTPATUBHBIN U
KyJIbTYPHBEIY IeHTp KaBKa3a ¢ BHICOKOPA3BUTBHIM PEMECJOM U OOGIIMPHBIMU TOPTOBBIMU CBSI3SIMU.
KaxbIli apXUTEeKTYypHBIE OOBEKT OpPraHM30BBIBAJI IIPOCTPAHCTBO BOKPYT cebs. BaKHyIO poJib
WI'PAIN CMBICIOO0pa3yolyie CBA3H, KOTOPhle XapaKTePH30BAINCh YIIOPAL0IeHHOCTBIO, HePAPXUE,
IIJIOTHOCTBIO, YTO T'OBOPUJIO O IIEJIOCTHOCTU CHCTEMBbl. YCTPOMCTBO ropoja 4 ero IJaHUPOBKa
CHMBOJIU3UPOBAJIN 3Ty Hepapxuio U CBA3b. Ha /[lep6eHTCKOM XOJMe BeJINYeCTBEHHO
PACIIOJIOKUIACh IUTAZeNb KaK CUMBOJI BJIACTH U YIIPaBJIeHH, Y IOAHOXKUS — J0Ma MECTHOH 3HaTH,
a HIDKe - TIPaXJAHCKHe IIOCTPOUKHU. l[eHTpaMm OOIIeCTBEHHOW >XM3HU CTAHOBITCS Oa3apHbIe
IJIOIIAaAY, BOKPYT KOTOPBIX TPYIIUPYIOTCS TOPrOBBIe pPSABI, KapaBaH-capau, MeYeTH,

O6LLI€CTB€HHbIe 34aHuA.

88



KropebexoBa M.H. YMHbIE KOMMNO3WTbl B CTPOUTE/IbCTBE

DOI: 10.52957/27821919.2023 1.81 SMART COMPOSITE IN CONSTRUCTION

ApxeosorM4ecKMMM pPacKOIKaMHU [IOKa3aHO, YTO TOPOJ pa3BUBAJCA MCKJIIOYUTENbHO Ha
TEPPUTOPUHN MEXIY AByMs cTeHaMu. /lepOeHT, cOxXpaHss BHeLIHe ABYXYACTHYIO CTPYKTYpy, B
nepuog VIII-X BB. dakTUYeCKH MMeJ YK€ TPU YacTH, THUIIWYHBIE JJ CPESHEBEKOBBIX I'OPOJOB
BocToka - nuTtazens (HapblH Kaa), IOJTHOCTHIO COXPAHUBILYIO IPEXKHIO IIAaHUPOBKY; IIIaXPUCTaH
(TOpProBo-ZOCYroBBIli paiioH) Ha MEXCTEeHHON TeppUTOPHUM, B «BEepXHEM ropoge»; pabaz
(peMecyeHHBIH PaliOH) - B IIpeZieaX KPENOCTHBIX CTEH, B «HIDKHEM Tropoge». Jlaxxe cerofHs
COXpaHSIEeTCS B CBOeM 3HAYEHUU TOProBhiii patioH Jepbenta. l'opokaHe, HAXOASICh B OIIPe/ieIeHHON
IIPOCTPAHCTBEHHOH cpeZie, GOpMUPOBATIN 3aKOHOMEPHOCTH OBITUS KaK B KYJIbTYPHBIX TPAAUIUIX,
TaKk U B cepe CHMBOJUYECKUX OTHOIIEHUM. B Hay4dHOU suTepaType cOpMUPOBAIOCH ITOHATHE
«CEMHUOTHYECKHEe MEXaHU3Mbl B apXUTEKType». OTU MeXaHU3Mbl SBISIOT COOOM B3aWMOCBS3b
(opMBbI 1 QPYHKIIUY, CPEACTBO ITOPOXKAEHU YYBCTB, NTePEeKUBAHNE, HACTPOEHUH, ITepepacTaIoINX
B CMBICJIOBYIO COCTaBJISAOMYIO [9].

dunocodus roposa HaUMHAETCS C APXUTEKTYPHI, KOTOPas oIpesiesieT ee ObITHe. POCCUICKUH
apxuTekTop A.I'. PannmanopT B cTaTbe «APXUTEKTYypa M OHTOJIOTUA» nucal: «MHoOrza nNpuxoguTcs
YUTaTh, YTO APXUTEKTypa «MOJEINPYyeT» o0pa3 MUpa WA OHTOJOTUYECKYIO ZeHCTBUTENbHOCTD.
YTo 3TO 3HAYUT? DTO 3HAYUT, OTHOIIEHNE apPXUTEKTYpPbl K MUPY He KCYEpIIBIBAETCS TEM, YTO
apXUTEKTYpa COCTABJSET 4aCTh 3TOT'0 MHpPA, YTO APXUTEKTYpPa BXOAUT B MUP WM BKJIIOYAETCS B
Hero. TO 3HAYUT ellje U TO, YTO He OyAy4du paBHOM BCeMy MHUPY I10 00beMy U COCTABJIAS JIHUIIb 4YaCTh
MUpa apXxUTEKTypa CHUMBOJUYECKH, OTPaXaeT €ro CTPYKTypy B megoMm» [10]. IIosTomMy MOXHO
clienaTh BBHIBOZ, YTO AapXUTEKTypa CIIOCOOHAa TPaHCAMPOBATh B IIPOCTPAHCTBE U BpPEeMeHU
MHUPOBO33peHUe OlIpe/ieIeHHO SII0XH, 1IeJId U IIyTU Pa3BUTHUs 00IIecTBa.

B Hamm JHU KOHLENIUS IpafocTpoeHus B [lepOeHTe BhIpakaeTcs dUepe3 pean3alluio
ApXUTEKTYPHBIX IIPOEKTOB, HAIPaBJIEHHBIX Ha COXpaHEHMe APeBHEHUIINX IIOCTPOEK U CO3JaHUe

KOMGbOPTHOH TYPUCTUIECKOH Cpebl.
BBIBO/IbI

ApxuTekTypHas cpeza JlepbeHTa criocobCTBOBaa Pa3BUTHIO B FOPOJE PA3IUYHBIX peMeces U
TOPTOBJIM U Ha CTOJIETUS BIIEpe/, OlIpesiennia oopas, a TakKe YKIa/, *KU3HU TOPOXKaHMHA.

Kak u B cpesiHivie BeKa, B HACTOSIIEE BPEMs OPTaHU3ANUS TOPOJCKOTO IpocTpancTra JepbeHTa
oTINYaeTcsl eJUHCTBOM (OpPMBI, COPasMepPHOCTbI0 M TapMOHUYHOCTHIO, CHMBOJIU3UPYS
eJUHOMBICIMEe U corsache. PopMUpoBaHNe MUPOBO33PEHUYECKUX YCTAaHOBOK, MHPOBOCIIPHUATHE,
MUPOOLIYIleHe U MUPOIIOHMMaHYe uis xuTtens Jepbenta VI-XIX cToseTuil o3Hagaao obpeTeHue
CMBbICJIa Pa3BUTHA.

[l COIMOKY/NIBTYPHBIX YCTAaHOBOK I'OPOXKAH XapaKTepHa IIpeeMCTBEHHOCTb. ApXUTeKTypHas
cpeZia, TOPoACKOe MPOCTPaHCTBO JepbeHTa 1 MUPOBO33PEHUE KUTENEH JPEBHETO I0XHOTO ropoza

ABJIAIOTCA 3JIEMEHTAMU €I1HOT'0 CMbICJIOO6pa3y10U.IeI‘O KOHIeIITa.
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PELLEH3US
Ha moHorpaduio «Mojesnu 1 METO/Ibl BEICOKOTEMIIEpaTypHOM TEPMUYECKOH
00pabOTKH B TEXHOJIOTHH MIEHOCTEK/Ia»
(aBropsl: C.B. ®enocos, M.O. bakanos)

[IpencraBieHHas Ha peLieH3UI0 MOHOrpadus ABJISETCs CePbe3HbIM HAaY4YHBIM
u3nauueM. OHa HanucaHa Ha 302 ¢Tp. TEKCTa, COCTOMT W3 7 riias, cojepiKHuT 231
JIUTEpPaTypPHBIA HCTOYHUK U MPHIIOKEHHUS.

B HaydyHOM H3aHMM NpeACTaBlIeHbl MaTeMaTHYECKHe METOAbl M MOJEJH,
[O3BOJIAIOIIME OMUCATh MPOLECC BBICOKOTEMIIEPATYPHOH TepMUYecKoi 06paboTKu
B TEXHOJIOTHH NeHocTekna. Ocoboe BHUMaHHUe YEI€HO MOJIe/IiM, OCHOBAHHbBIM Ha
TEOPUH TEIUIONPOBOAHOCTH ¢ IPHMEHEHHWEM MeTOAa «MHUKPOIPOLECCOB)
akagemuka C.B. ®enocoBa, KOTOpble, 10 MHEHHIO a@BTOPOB, 3aHMMAIOT
MPOMEKYTOUHYIO MO3MLMIO MEXKIY MOJEISMH, ONEepUpYIOIMMH ¢ OECKOHEYHO
MaJIBIMH MIPOMEKYTKAMH BpeMEHH TEePMUYECKOro BO3JEHCTBMS HA MarepHal, M
MOJIEJIAMH, PacCMaTPHUBAIOIMMH [POLECC BBICOKOTEMIIEPATypPHOH TEpPMHUYECKOH
00paboTKH Kak OIHO LieJioe, YTO, B KOHEUHOM CYeTe, MO3BOJISeT paccMaTpuBaTh
o0e 3TH npeeabHbIE CUTYALHH.

HecomHeHHOe MpenMy11ecTBO HayYHOr0 U3/1aHUsl COCTOMT B TOM, 4TO B HEM
OTpa)KeHbl pe3yJbTaThl HOBEHIIMX MCC/IEJ0BaHMH B 001aCTH MOJEIHPOBaHUS H
pa3pabOTKH METOAMK pacyera TeMIEepaTypHbIX Iojed B  Iporeccax
BBICOKOTEMIIepaTypHOii TepMu4eckoi 00paboTKH MaTepHasos.

B Hay4YHOM M3TaHUH TaKKe LLIKPOKO paccMaTpHUBalOTCA
(eHOMEHOIOTHYeCKHe  OCOOEHHOCTH  TeIUIONepeHoca B 3aBUCHMMOCTH  OT
MOPUCTOCTH  Marepuaia, [MpHBEJEH AaHalM3 TIeOMeTPUYECKHX  MojeseH
pacrnoioxKeHus mop B npoctpaHcTse. [Ipeanoxkena Guinyeckas U MaTeMaTHYeCKas
MOCTAaHOBKAa 3a/laud /Ul MOJIEJIMpOBaHMs Mpolecca (OpMHPOBAHMS [OPHCTOM
CTPYKTYpBI B 00beMe ChIpheBOi CMECH [Ulsl IOJIy4eHHs MEHOCTEKIIa.

ABTOpBI TepexoasT K (opMalu3aluMi W MOJCIUPOBAHHIO BTOPOro 3Tamna
(hopMHUpOBaHHS MTOPHCTOM CTPYKTYpBI MeHocTeKa (BCrieHUBaHUe).
MaremaTHyeckass MOJENb J0JKHA MO3BOJISATh PacCUMTaTh BpeMs (OPMUPOBAHHUS
nopsl pasMepa R. 3agada coCTOMT B TOM, YTOObI HAWTH 3aBUCHMOCTb U3MEHEHUS
pajiiyca Mnopbl OT BpEMEHH, TOI/la MOSBIISAETCS BO3MOKHOCTb PaCCYHTBIBATE BPEeMS
HeoOxo1uMoe st POPMUPOBAHUS OP HEOOXOAMMOrO pajauyca.

Marematuyeckas Mojeslb paszpaboraHa Ha OCHOBE YpaBHEHHS JIBHIKEHHS
BA3KO# HeckumaeMoit xuakocti (HaBbe—CTOKCa) M ypaBHEHHE HEPA3PbIBHOCTH B
chepuyeckux koopauHaraxX. [IpemnoxkeHHbie rpaduyeckue 3aBUCHUMOCTH U5
pa3IM4HBIX 3HAYEHHH aKTUBHOCTU MCTOYHMKA ra3000pa30BaHMs JAEMOHCTPUPYIOT

© Kotnos B.T'., 2023
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KJIIOUEBOH BKJIaJ Ha MPOAOIIKHTENBHOCTD Mpolecca nopoodpasoBaHus CKOPOCTH
ra3006pa3oBaHHs HCTOYHHKA, TO €CTh YeM GOIbllle HHTEHCHBHOCTD, TeM ObICTpee
(hopmupyercs nopa 3aaa4yHoro paauyca.

Mogorpadusi COAEPKHUT JOCTATOYHOE KOIMYECTBO HCXOAHBIX JaHHBIX,
MMeeT HeoOXOAMMble TMOSCHEHHs, PUCYHKH, TpadHKH, MPUMEpbl, AJIrOPHTMBbI
pacyeToB, HAMHCaHa TeXHWYECKH TIPAMOTHBIM A3BIKOM, C NPUMEHEHHEM
TEPMMHOJIOTHYECKOTO  anmapara, XapakTepHoro /uis  o0lIacTH  Hay4HbIX
yccneioBaHui, oopmiIeHa akKypaTHO, MMEOTCsS BbIBOJbI, OTpaxalolue cCyTb
MOJIy4eHHbIX pe3yJbTaToB.

VueGHOe W3/laHMe PEeKOMEHIYeTCs CTyJIeHTaM, MarucTpam, acrnupaHram
CTPOMTENBHBIX By30B, @ TaKXKe HAYYHBIM COTPYAHMKaM, pafoTaioumum B 001acTH
MaTeMaTHYeCKOro MOJIEIUPOBAaHUS TEIJIOBbIX ITPOLECCOB.

Mouorpapus «Mojeni ¥ MeTOJbl BbICOKOTEMIEPaTYpHOH TepMHYECKOH
00pabOTKM B TEXHOJOrMWHM [EHOCTEK/a» 3aciy)KWBaeT BBICOKOH OLEHKH H
pEeKOMEHyeTCs! K MPaKTHYECKOMY MCIIOIB30BaHHIO.
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