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Paccmampusawmcs pasaudHble MUNyl 31eMeHNO08 Heae300eMOHHbLX NepeKkpbulmull, peaiu-
308aHHble 8 NPAKMUKE CMPOUMEAbCMEd U UMeU e PA3AUYUHble KOHCMPYKMUBHbBLE 0COOEH -
HOCMU N0 3aKpPenieHlLio ApMaAmypPHOo20 ddemenma 8 bemone. Jlasa onpedeseHus napamempos
HanpsaxeHHo-0epopMUPOBAHHO20 COCMOAHUS Heae300eMOHH020 IAeMeHmd UCNOAb3YeNm A
mo0env cocmasHoeo cmepiHa A.P. Pwanuyeina, adanmupogannas 048 pewenus 3adau ¢
yuemom HeAuHelHuXx Ipdekmos, conposoxdarnuux npouecc deopMupo8arHus aApMUpo-
8aHHO020 cmepiHsa. Cneyuduxoii npedrazaemozo nodxoda s16a5emcsa 603MOMHOCMb MOOe-
AUpPOBAHUS npoyecca mpewuHoobpaszosarnus ¢ eude cucmemuvl I80ANYUOHUPpYIOWUX OUC-
Kpemuulx mpewun. IlonyuenHole pe3yAbmamel n0380A210M 8800UMb 8 PACUEN HECMKOCMb
ceazell cdsueza pasauynozo muna. Memoduka pacuema yuumuieaem mpaduyuoHHbLI pac-
npedeseHHbLI MUN KOHMAKMa mexdy apmamypoti u 6emoHom. B pabome maxkyce npedcmasg-
AeH n00x00 0as ywema OuCkpemH020 MUna KOHMAKMA ApMamypHozo diemenma ¢ 6emon-
HUlM 3/1eMEeHMOM, UIMO UMeen MeCcmo Npu YCUAeHUU XHeae300emOHHbLX KOHCMPYKYUl, a
makce 8 NOCMHANPAHCEHHBLX KOHCMPYKUYULX.

IIpednazaemas modenav no3eoasem paccmampueams xHeae300emoHHble KOHCMPYKUULU C
00bIUHBIM APMUPOBAHLUEM, MAKNHE UMELTNCA 803MOMHOCMb onpedeaims ycuaue 04 nped-
8APUMEALHO HANPANEHHBIX U NOCMHANDANEHHBLX dlemenmos. Pesyasvmamul dogedenvl do

KOHeUHbIX POpMYA U peaal3y10m YUCAEHHO-AHAAUMUYeCKUT N00X00 npu peuleHUuU 3adayll.

Kiao4eBrbie CJI0OBA: CllellJieHUE apMaTyphsl ¢ 6ETOHOM, COCTaBHOI CTep)XeHb, pacmpe-
JeNeHHBI KOHTAKT, JUCKPETHBI KOHTAKT, ZUCKPEeTHAs TPeEIINHA, )KeCTKOCTh CBA3el

CABHUTA, IOCTHANIPAXEHHbIe KOHCTPYKIINH, MOHOCTpPEH/

J1a pUTUPOBAHUA:

Banymkus A.JI. JKesne306eTOHHBIE KOHCTPYKI[UU C PA3JIUIHBIMU criocobaMu pUKCAI[UY apMaTyp-
HBIX 3JIEMEHTOB. YMHble kxomno3umul. 8 cmpoumeavcmee. 2021. T. 2. Ne 3. C. 7-21 URL:
http://comincon.ru/index.php/tor/V2N3_2021

DOI: 10.52957/27821919_2021_3_7
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The article considers the different types of reinforced concrete slabs for construction. They
have different features for fixing the reinforcing element in concrete. To determine the pa-
rameters of the stress-strain state of a reinforced concrete element we use the A. R. Rzha-
nitsyn,'s compound bar model. It was adapted to solve problems taking into account the
nonlinear effects accompanying the deformation process of a reinforced rod. A specific fea-
ture of the approach is the possibility of modelling the crack formation process as a system
of evolving discrete cracks. The results allow to introduce different types of shear bond
stiffness into the calculation. The method considers the traditional distributed type of con-
tact between reinforcement and concrete. The study also presents an approach to account
for the discrete type of contact both between the reinforcement and the concrete elements,
which occurs in reinforced concrete structures as well as in post-tensioned structures.

The proposed model allows the consideration of reinforced concrete structures with regular
reinforcement. It is also possible to determine the forces for prestressed and post-stressed
elements. The results are presented as finite formulas and implemented the numerical-ana-
lytical approach.

Key words: concrete-to-steel bond, compaund bar, distributed contact, discrete con-
tact, discrete crack, shear bond stiffness, post-tensioned structures, monostrand

For citation:

Balushkin A.L. Reinforced concrete constructions with different methods of armouring fixing. Smart
Composite in Construction. 2021. Vol. 2. No. 3. P. 7-21 URL: http://comincon.ru/in-
dex.php/tor/V2N3_2021

DOI: 10.52957/27821919_2021_3_7
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BBEJEHUE

B XXI Gyarozapsl ycrexaMm B MaTepHaloOBeJeHUN, PasBU-
THUH TEXHOJIOTUU Kele300eTOHA, ITOSIBIIOCh 3HAYUTEIbHOE
YHCJIO aPMHUPOBAHHBIX KOHCTPYKIUI, B KOTOPBIX PEaH30-
BaHbl pPasHBIE CIIOCOOBI KOHTAKTHOTO B3aUMOZeEHCTBUS
MexZy 6GeTOHOM M apMaTypHBHIMU 3jeMeHTaMu. Besomac-
HOCTB TaKUX KOHCTPYKIIUH, a TAKKe 9KOHOMUYIHOCTD U CPOK
cay»x06Bl, ONlpesieIeHHbIE C yI€TOM 0O0CHOBAaHHEIX TpeboBa-
HUH, )1 BCeX CTaAUI )XU3HEHHOT'0 IIKJIa BO MHOT'OM OIIpe-
JeJISIIOTCS  JOCTOBepHOH HH(QopMalyeil o IapaMeTrpax
HaIpsbKeHHO-AedopMupoBanHHoro cocrosHus (H/C) apmu-
poBaHus. ’Kene306eTOH - MHOTOKOMIIOHEHTHBIH KOHCTPYK-
IIMOHHBIN MaTepHas — peajnu30BaH U BHeJPEH B IPAKTUKY
CTPOUTENBCTBA OJIAr0Aaps COYETAHNIO TPEX 0COBEHHOCTEH
B3aUMOJIEHCTBUS 0eTOHa U CTaJIbHOTO apMHUPOBaHU.
IIpexxze BCero 9TO CBOMCTBO B3aMMHOTO JebOPMHUPOBAHUS
6eToHa U CTaIH, 3aIuTHAS QYHKISI 6ETOHA 10 OTHOIIEHUIO
K CTaJbHOU apMaType, a Takke G1uskue KO3QPUIEHTHI
TeMIlepaTypHBIX Aedopmanuil. BsaumHoCTb fedopMUpoBa-
HUs MaTepuayoB obecrednBaeTcs 00pasOBaHUEM CBs3eil
C/ABHTA B 30He HEIOCPeJCTBEHHOIO KOHTAaKTa 0eToHa U
CTaJbHOH apMaTypBhl.

B mpaxtuke BosBegeHus JKBK peannsoBaHbl JBe pasHO-
BUJHOCTH KOHTAKTa.

1-¥i TN - HeNpepBIBHBEIN paclpeZeleHHbIH KOHTAKT I10
JJIVHe 37IeMeHTa CIUIOLIHOM MK B BU/IE YYaCTKOB KOHEYHOH
panuHel. IIof0OHBIN TUII KOHTaKTa MMeeT MeCTO s 6osb-
[IMHCTBA JKe1e306eTOHHBIX aeMeHTOB (KBD), KoTopsle u3-
TOTOBJIEHBI 10 TPAAUIIMOHHOM T€XHOJIOTUU OOBIYHOTO M
IIpe/BapUTEIbHO HAIPSXKEHHOro Kene3obeToHa. Hanudaue
KOMOWHAIIUY U3 YIaCTKOB C paclpeieIeHHbIM CIell/IeHueM
Y IIPOTSDKEHHBIX YYaCTKOB 6e3 CLeIIIeHNUs, XapaKTePHO AJIs
aKcIuTyaTHpyeMbix JKBD, nMeromux cyliecTBeHHbIE [IOBpe-
JKAEHUS 3alIUTHOTO C0s1 6eTOHA, BCAeACTBYE IIPOSIBIEHUS
M3HOCOBBIX IIPOIECCOB, KOPPO3UM apMaTypHl, TEMIIEPATYP-
HBIX BO3/IEMCTBUI B JMalla30He KIMMATHIECKUX OTPHUIla-
TeJbHBIX TEMIIEPATYP, & TAKKe OT BO3AEHUCTBUA IOBBIIIEH-
HBIX ¥ BEICOKUX TeMIIepaTyp.

2-11 TUI KOHTAKTa apMaTypsl u betona B JKBD peanusyercs
B BU/e AUCKPETHBIX CBsI3€li, BOCIPUHUMAIOUINX CJBUTAIO-
IMe U MTONlepeyHble (B HAlIpaBIeHUY BBICOTHI CEYeHMUS) YCU-
snus. Takoi crioco6 B3auMOeHCTBYS apMUPOBAHUS C XKeJle-
306€TOHHBIM 3J€MEHTOM peajln30BaH B KOHCTPYKLIMAX C
MIOCTHAIIPSDKEHNeM IIpeZBapUTeNbHO HampsbkeHHOU (ITH)
apMaTypel TIPU YCHIEHHUN >XeJe300eTOHHBIX 3J€eMEeHTOB
BHEIIHUM apMUPOBAaHUEM, a TAKKe B HEKOTOPBIX CTAJIEXKe-
J1e300eTOHHBIX 3JIeMeHTaX. MUHIMAaIbHOE KOJTHMIECTBO CBSI-
3eli JO/DKHO PUKCUPOBATDH apMATYPHBIH 31EMEHT TOJIBKO 110
KOHIIaM, YTO SKBUBAJIEHTHO II0 paboTe CBOeOOpasHOIl «3a-
TDKKe». JIUCKPETHBIE CBS3H CIBUTA TAKOKe MOTYT ObITh yCTa-
HOBJIEHHI B IPOMEXYTOYHBIX TOYKaX B IIPOJIETe JIEMEHTa,
HO KOJIMYEeCTBO TaKUX 3aKpellIeHuH, KaK IpaBUIO, He IIpe-
BhIIIaeT 5. IT0JI0KeHNe IPOMEXYTOYHBIX TOUEK COTJIACOBBI-
BaeTCI C TOYKAMH a TaKke

«HYJIEBbIX» MOMEHTOB,

1

YMHbBIE KOMMO3WTbI B CTPOUTE/bCTBE

SMART COMPOSITE IN CONSTRUCTION

PACIIOIOXKeHNeM TEeXHOJOTMYEeCKHX IIBOB GeTOHMPOBAHUS.
PassuTue u BHegpeHue nocTHanpsnkeHHbIX KBK He Tonbko
B TPaHCIIOPTHOM, HO U B TPaXJAHCKOM CTPOUTENbCTBE, aK-
TyaJqu3upoBalo IpobieMy pacdera JKBD ¢ pasIuuHBIMU
yCIOBUSMU KOHTaKTa apMaTypHOTO 3JeMeHTa C GeTOHOM.
Oco6eHHOCTh TAKUX KOHCTPYKIIMI B TOM, YTO Tpacca MOHO-
WId MyJIbTHUCTPEH/A He NpsaMoinHeliHa. ITH apMaTypHbIi
3JIEMEHT, BBIIIOJTHAEMBIN, KaK IIPaBUJIO, B BHZAE MOHO-
CTpeHZa pa3Melnaercsi B obObeMe »Kene300eTOHHON KOH-
CTPYKLUH 10 KPUBOJIMHENHHON TPAeKTOPUU KaK II0 BBICOTE
cedeHUs, TaK U B IIJIaHe.

B npakTuke npuMeHenus JKBK cyliecTBYIOT 3JIeMeHTEL, B
KOTOPBIX, paclipe/ieIeHHbIH KOHTAKT JOIOJHUTENIbHO YCH-
JIBaeTCs AUCKPETHO PACIIOJIOXKEHHBIMM aHKepaMH (Kak
IIPaBUJIO, HA KOHIIaX 3JeMeHTa). CyIleCTBYIOT U Apyrue 60-
Jlee CJIOKHBIE THUIIBI KOHTaKTa apMUPOBAHHSA ¢ 6€TOHOM, B
YaCTHOCTU B COOPHO-MOHOJUTHBIX IIE€PEKPBITUSIX CUCTEMBI
BabbleDeck min paspaGoTaHHBIX Ha ee OCHOBE CHCTeMax:
Airdeck, Beeplate, Cobiax, DonutType, Nautilus, U-Boot
Beton u ap. YacTh NpOJ0JIbHOTO apPMHUPOBAaHUs pacloJara-
€TCs B JKeJ1e300eTOHHOM 3JIeMeHTe — HeCheMHOH onarybke
3aBOJICKOTO M3TOTOBJEHMS, [pyrasg 4acTb apMaTyphl ycTa-
HaBJIMBAETCH [10 MECTY B MOHOJTUTHON 9aCTHU KOHCTPYKIIHMH.
IIpy TaKOH TEXHOJOTHH apMaTyPa, PACIIOIOKEeHHAs B PACTH-
HYTOI WJIH CKAaTOHN 30HAX CedeHUs, MOXKeT UMEThb PasHble
crocoOpl ¢uKcanuu U OyZeT UMeTb pasHble JKECTKOCTH
CIeIJIeHNs.

IIpu Bcex pasHOOOpasusIX apMHUpOBaHUs B pacderax JKBD
Ha BCeX 3Tallax >KM3HEHHOTO I[UKJa IJIaBHBIM SBJIAeTCS I10-
JIydeHUe MaKCUMaJIbHO JOCTOBEPHON nHpopManuu o6 ycu-
JINY B apMaTyPHOM 3jieMeHTe N; UM COOTBETCTBEHHO OTHO-
cuTesbHOH Aebopmannu & = Ny/(E;Ag). C y1eToM AaHHBIX
IapamMeTpoB MOKHO oIleHUTh xapakTep HJ/IC Bo Bcex MUKpPO-
obbeMax GeTOHA Ha BCeX CTaAUsIX AeOopMUPOBaHMUS, BKIIIO-
9asg 3aKpUTHUYECKUe, 11 0O0CHOBAHUS PUCKOB IIPOTPECCH-
pytoiero o6pymenus. Ilapamerpst HZC ArcKpeTHOTO apMa-
TYpPHOTO 3JIeMeHTa: IIPoJ0JbHOe ycuaue - N;, HopMaabHOe
HaIpshKeHUe - 05, OTHOCUTeIbHasA JedopMalus - £, B3auM-
HBII CABUT OTHOCUTEJBHO DETOHHOM 4acTU 3JIeMEHTa - ;.
Haubosee pacrnpoctpaneHnHsie Tunsl JKBD ¢ pasmudHbIMU
criocobaMy 3aKpeIIeHHs apMaTypbl IIpeACTaBlIeHbl Ha
puc. 1.

CoBMecTHas paGora GeToHa 1 apMUPOBAHUS [IPU BCEX BU-
Jax nedopMupoBaHus obecriedrBaeTCs HATUYNEM IIPSIMOTO
(HemOCpeZCTBEHHOI0) KOHTAKTa MEXIy KOMIIOHEHTaMU
JKB3. B moHaTHu coBMecTHas paboTa — TO eCTh COBMECTHOE
JebopMupoBaHUe - Ipejmonaraercs GakT, 4To gedopMa-
1y 6eToHa ¥ KOHTAKTUPYIOIINX C HUM BOJIOKOH apMaTyp-
HOTO 3JIeMeHTa OyAyT MoZoOHBIMU. DTO He O3HAYAET alpU-
opu GaKT TOTO, 9YTO B KOHKPETHOH TOYKE CTEPKHS, B 30HE
KOHTaKTa, MPUpalleHNss OTHOCUTEIbHBIX AedopMariuii be-

TOHA M apMaTyphl COBNAAAIOT Ag, = Agg. /I1a peanbHbIx YKBD
UMeeT MeCTO COOTHolleHme Ag, = Agg unu Ag, = Agg, ipu
OY€eHb «KEeCTKOM» WM, KaK IPHUHATO YIOTPeOIATh IpU HC-

[I0JIb30BAaHUM MeToZoB pacyera mo CII 63.13330.2012 [12],
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«0DeCIIeyeHHOM» CLEIJIEHNN B CTaJUU YIPyroi paboTsl.
Eciu clerleHde MOAATINBOE, TO JJIsl SKCILIYyaTHPYeMbIX
9JIeMeHTOB Ag;, # Agg, ¥ TOTZIa yMeCTHEE HCII0JIb30BATh TEP-
MUH B3aHMHOe e(pOopMUpPOBaHUE.

KoHTakT MexAy 6eTOHOM U apMUPYIOIIUM 3JeMEeHTOM
obecrieunBalOT IONepeYHble CBSI3M, KaK IIpaBmiIo, abco-
JIIOTHO JKECTKUE U CBSI3H, paboTalollre Ha CABUT — BOCIIPU-
HUMalOT cAapurawomue ycunusa Tg(x) WIKM cABUTaloOlINe
HaNpssKeHUs (HanpskeHus crermnenus) Tq(x) = T;(x),x -
TeKyllas KOOPAUHATA II0 JJINHe CTePXKHI. PU3NIeCKU KOH-
TaKT MeXYy apMaTypPHBIM 3JIEMEHTOM U OeTOHOM obecIiedn-
BaeTcs CLelIeHueM.

B o6branbIx XKBD ¢ rubKoit apMaTypoii BHEIIHNE CUJIOBEIE
(aKTOpHI BO3AEHCTBYIOT Ha 6eTOH. BeToH AedopMupyeTcs,
3a CYeT CILeIUIEHUs BKJIIOYAaeTcs B paboTy apMmaTypa, HO C

YMHbBIE KOMMO3WTbI B CTPOUTE/bCTBE

SMART COMPOSITE IN CONSTRUCTION

HEKOTOPOH 3a/Iep>KKOM 110 BpeMeHU U MHTEHCUBHOCTHU Je-
dopmariuii. DTO BBI3BAHO TEM, UTO CBS3U CABUTra 00JIaJal0T
KOHEUHOU YECTKOCTBIO Gy (x) (mogatauBocTbio Gy (X)),
KOTOpasi pealbHO SBJIIETCS IIepeMeHHOU BeJUYMHOHN IIo
JJIVHE 3JIeMeHTa.

XapakTep pacupegesneHus AedopManuil ¥ HaIpsHKEHUH
Ha yJacCTKaX C TpelllMHaMU HauboJee ogApo6HO paccMaTpH-
Bazcs B paborax H.W. Kapnenko [6, 7] 1 ero mociezoBaTe-
Jel, a Taxke B paborax M.M. XonmMsHCcKoro [14] u npezcTa-
BUTeJIel] ero IIKOJIbIL.

B xadecTBe pacueTHOU MOJeNU UCIOJIb3YIOTCS OCHOBHEIE
II0JIOXKEHUSI TEOPUH COCTABHBIX CTep)KHel A.P. PxaHUIIBIHA
[9] ¢ yuerom cmenuduKy, HOpHUCYInel Xere306eTOHHBIM
CTep>KHEBBIM 3JIeMeHTaM.

i

b} - = ". b:_

Grink (X) Giine(@; < x < b;) = 0.i=1,2
B)
Gyp — @ Ggp = @
A Grinif(X)
o)
y I
A FaY
Gai(x4:) = Gani=01..ng G4(0) = Gao G(L) = Gay
Giink,aa(X)
€)
Ga(0) = Gao . Gg(L) = Gay
Grink(x)
)
G4(0) = Gyao Ga(L) = Gy
X
Gg (xsp) =Gasp
1) tz G4(L) = G

Puc. 1. Usrubaemeble xej1e300eTOHHbBIE 3JIEMEHTBI C PasHBIMU TUIIAMU KOHTAKTa:

' - aKTUBHBIN aHKEP, UCIIOJb3YEeMBIH /11 GUKCALIMH U HATSHKEHUS apMaTyPHOTO 3JIEMEHTA;

& - - TaCCUBHBIHN aHKep IIpeJfHa3Ha4vYeH TOJbKO JJI ¢)HKC3HI/II/I apMaTypHOTO 3JIEeMeHTa

Fig. 1. Flexible reinforced concrete elements with different types of contact
8. active anchor used to fix and tension the reinforcing element;

&3 - the passive anchor is intended only for fixing the reinforcing element

12



TOM 2, BbINMYCK 3, 2021 | VOL. 2, ISSUE 3

Ha puc. 1 nokasaHo:

a) PacnpezesieHHBI HENPEPBIBHBIM KOHTAKT IIO BCeH
JJIMHEe — 9TO JIEMEHTHI C OOBIYHON apMaTypoii, HaXOASII-
ecsi B HOpPMaTHUBHOM TEXHUYECKOM COCTOSIHUU;

6) PacupezesneHHBINI KOHTAaKT C y4acTKaMH KOHEYHO
JJUHBI B COYeTAaHUU C yYacTKAMU, e CIeIIeHHe II0JTHO-
CTBIO OTCYTCTBYeT. JKene300eTOHHBIH 3JIeMEHT, UM
Y4aCTKU PaspyLIeHHOTO 3alIUTHOrO cJo0s. TaKoH ciydail Mo-
KeT IMeTb MeCTO KaK JedeKT U3rOTOBIEeHUS WK TPaHCIIOP-
THPOBKH, HO Yallle 9TO MeXaHHIEeCKOe IIOBPeXJeHIe WU I10-
BpeXZIeHNe BCIEeJACTBHE PA3BUTHUSA IIpollecca KOPPO3UU ap-
MaTypBl;

6) PacripesiesleHHBINI HeIPephIBHBI KOHTAKT IIO BCeH
JJIVHE C JOIIOJHUTEIbHBIMY aHKepaMU 110 KOHI[aM. Jlomo-
HUTeJIbHbIE aHKEPHI — 3aKJIa/Hble JeTall, K KOTOPhIM (PUK-
cupyeTcs IPOAOJIbHAA apMaTypa A yCUIEeHNs aHKePOBK;

2)

MeHTa ¢ QUKcalell K CyllecTByoIel apMaType. Peanusy-

PasMelienne JOIOJHUTENBLHOTO apMaTypHOTO 3ile-

€TCsl B HECKOJIbKUX BapHUaHTaX: 3aKpelieHHe AOIOJTHUTEb-
HOH apMaTypHl TOJIBKO 10 KOHIIAM, 3aKpeIlIeHHe B BUJe CHU-
CcTeMBl aHKEPOB, pasMelleHHbIX I10 BCell JINHe 3J1eMEeHTa,
3aKpeIUIeHNe II0 Bcel [JINHe 3jJeMeHTa. OTO peaju3alus
criocoba ycrreHus o6braHoro YKBD MeToZ0M HapauiBaHus
C PACTSHYTOH 30HBI IIyTeM yBeJHNIeHHU IIPOJOTIbHOTO aPMHU-
poBaHUs. B IepBBIX IBYX BAPUAHTAX HCIIOIb3YEeTCsI CTAIbHAs
apMaTypa, B TPeTbeM BapuaHTe KOMIIO3UTHAs B BUJE XOJ-
CTOB, IIOJIOTEH, JJaMeJIeH, KTYTOB MJIN KOMIIO3UTHBIX CTEPK-
Heil. Hau6osee apheKTUBHBIN BAPHUAHT YCUIEHUS — UCIIOIb-
30BaHMe KOMIIO3UTOB Ha OCHOBE YIJIEPOJHBIX BOJOKOH;

0) )XBD ¢ mocTHampsbKeHHueM. PasMelrieHrie apMaTypPHOTO
3JIeMEeHTA B KaHaJIe WJIU B I1a3ax 6e3 MHbeIIMPOBAHNUS C yCTa-
HOBKOH aHKepoB A1 ukcanuu ITH apmaTypHOTo sjeMeHTa
TOJIBKO II0 KOHITaM;

e) IlocTHAIIPSKEHHBIM 3JIeMEeHT C 2-MsI aHKepaMH, ycTa-
HOBJIEHHBIMU II0 KOHIIAM U C ITOCJIeAYIOUINM HHBEIUPOBa-
HUeM KaHasa. CxeMBl 6) U €) IOX0XKH, TOCKOJIBKY B 00eUX pe-
aJTM30BaH pacIpe/ie/IeHHBIH 110 ATHHe KOHTAKT, YCUIeHHBIH
10 KOHIIaM aHKepaMU (e)) WU OIIOPHBIMU 3aKJIaJHBIMHU Jie-
TanaMu (6)). MOXXHO TPaKTOBaTh KaK KOHTAKT apMaTypHI C
6GeTOHHBIM 3JIEMEHTOM II0 KOHIIAM C IIOCIeAyoleli opranu-
3aIjel KOHTAKTa I10 BCeH JJIMHE 3IeMeHTa, HO KOTOPBIH BbI-
IIOJIHEH TI0 PA3JIHUYHBIM TEXHOJOTUAM. B BapHaHTe 6) 3KeCT-
KOCTbB CIeIIeHus Gy, (X) IpejorpesensieTcs CBOMCTBAMU
GeTOHa BCero 3JeMeHTa, B BAPUAHTE ¢) /JIs NHBEIIMPOBAHUS
KaHaJa MOXXHO HCIIOJIb30BAThb Pa3sHble COCTABBI C MOZAYJIEM
nedopmanuu Eqqyinj S Ep, OTIMIHBIM OT MOZYJIA Aedopma-
1y 6EeTOHHOTO 3JIeMeHTA.

o) TlocTHANIPSKEHHBIH 27eMeHT 6e3 MHBelPOBaHus Ka-
Haja. DJeMeHT UMeeT II0 KOHIIaM /IBa aKTUBHBIX aHKepa /s
HaTSDKEHUsS apMaTyphl. B cpezHell 4aCTH yCTAaHOBJIEH IIIy-
XOH, MAaCCUBHBIH CUMMETPUYHBIN aHKep. Takoe KOHCTPYK-
TUBHOE pellleHHEe MOMKET HCIIOJIb30BATBCS IIPH OOJIBIIOHN
JIVHe KOHCTPYKIUU U COOTBeTCTBeHHO ITH ajmeMeHTa, a
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TaKXke /JI1 BO3MOXXHOCTHU YCTPOMCTBA TEXHOJOTMYECKUX
IIBOB GETOHMPOBAHMS.

3) IlocTHANIPSHKEHHBIH 9JIEMEHT, UMEION[UI KPUBOJIHHEH-
HYIO TPaccy KaHaJja /s pasMelleH’s MOHOCTpeHAa. ApMa-
TYPHBIN 3JIeMEHT MMeeT HadaJbHyI0 KPHUBU3HY IIO BBICOTE
CedeHUs U I10 JINHE JKele306eTOHHOM KOHCTPYKIIUHU.

PaccMaTpuBaeTcs Kele306eTOHHBIIN 3JIeMeHT C ABOMHOM
rubKo apMaTypoii, paclioNOKeHHON B BepXHEH 1 HIDKHeH
JacTAX cedeHHS. ApMaTypa MMeeT ILIOMIAJH MOIIepevyHOro
CeYeHUs] COOTBETCTBEHHO: Ay, Ay,. Takum obpasom, aie-
MEHT IIpeJCTaBIsgeT cOOOH COCTaBHOM CTepKeHb, COCTOS-
MUl U3 Tpex BeTBei: B I[€HTPe PaCIoyoKeHa OeTOHHAas
BETBb, BBEDXY U BHU3Y — apMaTypHEIe BeTBU. Bce BeTBU CO-
e[IMHEHbl MeXZy Cco00I abCONIOTHO KECTKUMU IIoIeped-
HBIMU CBS3SMHU U TOJATIUBBIMHU CBI3SIMU CABUTA.

CrepskeHb paboTaeT 110 6aJI0YHON CXeMe B YCIOBUSX IOTIe-
pedHoro usruba. B 30He KOHTaKTa apMaTYPHBIX 97IEMEHTOB
1 OeTOHHOH BeTBHU JAeHCTBYIOT CJBUTAIOLINE YCUIHS:
Ty, i = 1,2. IIpu 3TOM B BEpXHEH apMaTypHOﬁ BeTBU Ay, BO3-
HUKaeT CxuMamollee ycunve N, B HIDKHEH apMaTypHOMH
BETBU A, BOZHUKAET pacTarusaolnee ycuiaue Ng,. beTonHas
BETBb IIOJBEpPraeTcs JeHCTBUIO M3TUOAIOIIEr0 MOMEHTa U
npozonpHbIX cwil. HJC B ceueHUM GETOHHOM BETBU MOXKET
cooTBeTcTBOBaTh H/IC BHELIEHTPEHHO HArPY:KE€HHOTO 3JIe-
MeHTa. Eciau paccMaTpuBaTh OOBIUHBIN 3Kele300eTOHHBIH
3JIEMEHT, KOTZa B apMaTypPHBIX BETBSIX HET HaudaJbHBIX
HaIpPSKEHUH OT IIPeABAapUTEIBHOIO HAIPSKEeHUs, TeMIle-
PaTypsl U Ap., TO €CTh Jgyo; = 0, [ = 1,2, Torga ycunus B ap-
MaTypHBIX BETBAX TOXXJECTBEHHO PaBHbI CABUTAIOIINM YCH-
N,

JINAM B COOTBETCTBYIOLHMX IIBAX: Vg

i =Ty ,i = 1,2. CaBuraro-
mye yCUaus U3MEHSIOTCS 110 JJMHe 3JeMeHTa, YTO IIPUBO-
JUT K BOBHUKHOBEHUIO KacaTeJbHBIX HANIPSHKEHUH B CBI3SIX

caBUra

75 (x) = Tg; (%), i=1.2, 1)

rje x — TeKylasd KOOPAMHATA, OTCYMTHIBaeMasd IO JJIWHE
cTepHs. IIoCKONbKY CBA3HM CABUTA MOJATIMBbIE, KacaTeslb-
Hble HanpsoxkeHus (B JKBK NpUHATO Takke UAeHTUDUIIPO-
BaTh MX KaK HaIIPsDKEHUs CLIEIUIEHN) BBI3BIBAIOT 06pasoBa-
HHe B3aMMHBIX CIBUTOB B IIIBaX COCTaBHOTO CTEPXKHA: §; (x),
i=1.2.

IIpu pemrennu 3afauu o6 onpezenenun HJC B asleMeHTax
COCTaBHOTI'O CTEPXHS OCHOBHAA 3a/la4a COCTOMUT B OIIpefieie-
HUM CABUTAIOIINX YCUINH B COOTBETCTBYIOMIUX IBax: Ty; (X),
i =1,2 uam ycuauil B apMaTypHbIX BeTBAx: Ny (x), i = 1,2.
OZHOBpEMEHHO pelIaeTcs 3ajada o6 oIpeZeleHUN B3aUM-
HBIX C/IBUTOB B IIBaX — KOHTAKTHBIX 30HAX apMHPOBAHHOTO
crepskHs g (x), i = 1,2.

B3auMHBIH CIBUT B LIBE C ITO3UI[UY I'€OMETPUH — 3TO Pas-
HOCTb CMeIlleHIH CMEeXXHBIX BOJIOKOH apMaTyPHOTO CTEPXKHSI
U COOTBETCTBYIOIIUX BOJOKOH OETOHHOH BETBH B MeECTax
PacIoJIoXKeHUsI apMaTyPHBIX BeTBel Ay, Ag, ONIpesensioTcs
COOTBETCTBEHHO KaK
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§51(x) = 1Tstl (X) - ﬁsl(x) = f (851 (X) — Eps1 (x))dx + Z H(X, xcrc,i)[gs,l,j]J
0 i=1
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Nere

@

Nere

gsz(x) = ﬁSZ (x) - 1TstZ (X) = f (SSZ (x) - Ebsz(x))dx - Z H(X, xcrc,j)[gsz,j]J
0

rae ig;(x), i = 1,2 - nepeMelleHre BOJIOKOH COOTBETCTBYIO-
el apMaTypHOH BETBU B HAIIPaBJIEHUU IIPOJOJBHOHN OCU
CTep>KHS;
o . .
Ups;(x), i =12 - mepeMelleHUs BOJOKOH 6eTOHHOM
BETBH, PACIOJOXXEHHBIX Ha YPOBHE I[€HTPa TSKECTH COOT-
BETCTBYIOIIel apMaTypHOU BeTBU IO HAIpPaBJIeHUIO IIPO-

JIOJIbHOH OCU CTEPIKHS;

0, X < Xgpei
_ 4 2

j - HOMep TpeIINHHI 110 IJINHE 3JIeMeHTa;

- dyukuus XeBucaiza;

Nepe — OOl YHCI0 HOPMAbHBIX TPEIINH;

[9si,j] - cradkm gedopManyil B3AMMHOTO CABHTA U CKAYKH
cMellleHUI GeTOHAa Ha YpOBHE IIEHTpa TSIKECTH COOTBET-
CTBYIOIIMX apMaTyPHBIX BETBei, MMeIOIye MeCcTO B Tpe-
IKHe.

C mosunuii cryoBoro geopMUPOBAHUS B3AUMHBIN CABUT
MeXJy BETBAIMU OIIpefeseTcs C y4eTOM 3aBHCHUMOCTH
MeX/y HallpsDKEHUSIMU B CBSI3SIX CABUTA U XKECTKOCTBIO CBSI-

3eli cBura (()KeCTKOCTb CIIeIIICHMs):

Gsi () = =G i () Ty; = =G, COT5 (),

i=12

(©)

rae Gik:(x), i = 1,2 - XeCTKOCTb CBfI3€H CABUTA B COOTBET-
CTBYIOIINX IIBaX COCTABHOTO CTEPXHA [ = 1 COOTBETCTByeT
LIBY, IZle PACIIOJIOXKeHa apMaTypHas BeTBb Agy, | = 2 414 Ay,
COOTBETCTBEHHO.

B dopmyne (3) mapameTp Gjipy;(X) — KECTKOCTD CBA3eH
CABUTA — 5TO CKaJIApHAd BeJUYMHA ONpeJessIeTcsa C yIeTOM
TOTO, 4YTO OOMWI CABUT MeXJy BETBIMH COCTAaBHOTO
CTep>KHS OIpeZleNAeTCs KaK

si(X) = gy; (X) + gp; (%), i =12, (4)

CABUT MEX/y BETBIMHU IIPOVICXOJUT Ha yIaCcTKe 6ETOHHON
CTEeHKHU IIUPUHOM My — Ay ,, i = 2. O603HAUNM ero KaK g, (x).
Jpyras 4acTb CABUTA IIPOMCXOAUT B KOHTAKTHOM CJIO€. DTO
B3aVIMHBII CABUT MEX/Y apMaTypOi ¥ OKPYKAIIUM 6eTo-
HOM Jjonq (%), 1IN COKpaIEéHHoO g, (x) [14].

JKecTkocTh cBsA3€ll CABUTA ONIPEZEISIeTCs U3 COOTHOLIEHUS

1 _ 1 + 1
Gunk(®) G (%) Gpona(x)

B nanHOM BBIpakeHUU G, (X) oIpeziesieT >KeCTKOCTh IIPOo-

®)

JOJIBHOMY CABUTY y4acTKa 6eTOHHOI BeTBU B IIpeZiesiax pac-
CTOSIHUS MEXJY [[eHTPaMU TSHKeCTU GeTOHHOM U COOTBET-
CTByIOIIlel apMaTypHOI BETBH; Gpypq(X) — KECTKOCTD 0612~
CTHU HENOCpeJCTBEHHOTO KOHTaKTa OeTOHHOM BETBU C apMa-
TypHBIMU BeTBIMHU, H/MM? (MIIa).

V peanbubix JKBK »XeCTKOCTB CBsI3eH cABUTA Gy (X) UMeET
KOHeYHOe 3HAaueHWe U B IIpoIlecce 3KCILIyaTallud HMeeT
TeHJEHINI0O K CHIDKEHUIO

BCIeACTBHE IIPOABJIEHUS

14

j=1

HM3HOCOBBIX IIPOLIECCOB M/WIU AeHCTBUS arpecCUBHBIX (ak-
TOPOB BHeIlHel cpegsl. [Ipy crioBoM AepOpMUPOBAHUH B
CeYEeHUHU C TPEIMNHOH Gy (x) = 0. B mporecce gedopmupo-
BaHusa JKBD obpasyercs cucTeMa JUCKPETHBIX TPELIMH.
DakT yIIOMUHAHUS O pealbHON (U3NIECKOHN KapTHHE IIpo-
Ijecca TPeIMHO06Pa3oBaHNUs, a TaKXKe IOIBITKY PACCMOTpe-
HUs paboThI U3rubaeMBbIX 3JIEMEHTOB C OTAEIBHO PACIIONIO-
’KeHHBIMHU HOPMaJIbHBIMU TPEIIMHAMU II0 JJIMHE 3JIeMeHTa
IpeJIPUHIMAINCh DaHee PasHBIMU HCCIeLOBATeNIIMHU B
YaCcTHOCTHU B paborax [1, 5, 13]. Haubosee yAauHoi u MaTe-
MaTH49eCKH OOOCHOBaHHOH CllefiyeT IpHU3HATh «OJIOUHYIO
Mozenb» (BOBMOXHO BIIEPBbIe YIIOMSHYTYyIO B pabore B.H.
BaiikoBa [1]), MMEBIIyIO 3HAYUTEIBHOE PACIETHOE 06OCHOBA-
Hue B paboTax B.B. BesoBa, II.1. Bacuibesa, E.H. IlepecsIn-
kuHa, I.II. SIKOBJIeHKO U APYrux IocjezoBaTeslel JaHHOM
IIKOJIBL.

B crasexene306eTOHHBIX ITOCTHANPSXKEHHBIX KOHCTPYK-
1uax (6e3 UHbEIUPOBAHNUS KaHAIOB) IPU YCUJIEHUH JKeJIe30-
OeTOHHBIX GANOK BHEIIHEN apMaTypoil MMeeT MeCTO JHC-
KpeTHOe pacIojoKeHHe CBA3el casura (puc. 2). ledopma-
IIMY B3aMMHOTO C/BUTa UMEIOT MECTO TOJBKO B MECTaxX 3a-
KpeIUIeHUs apMaTypHOTO 3jieMeHTa. MeXAy TOYKaMH 3a-
KpeIUIeHUs, €CJIU He YYUTHIBATh TPEHNUE, YCUIUA MEXAY BET-
BSIMU CTEPXKHS U CABUTOBBIE JeOpMaIlY He BOSHUKAIOT, Ha
9TUX y4acCTKaX BO3HHKAeT TOJBKO B3aUMHOE CMellleHUe ap-
MaTypHOTO 3JeMeHTa OTHOCUTEIbHO GeTOHHOrO, BHELIHHE
YCUINS B 30HE HEIIOCPEACTBEHHOr0 KOHTaKTa 6eToHa U ap-
MAaTyPHOTO 3JIeMeHTa HUKAKOH pabOThI Ha 3TUX yIaCTKaxX He
coBepmraioT. Eciu pasMepsl y4acTKOB 3aKpeIUIeHUH apMa-
TypPHOTO 37IeMeHTa CYLeCTBEHHO MEeHbIIIEe JTHHBI CTePXKHS,
TO B TOYKAaX 3aKpeILUIEHUS NMeeT MeCTO COCPeJOTOYEeHHBIH
CZABUT. 3HaYeHHe CABUTAIONIETO YCUINS MEXY ABYMS CMeX-
HBIMU CBA3SIMU UMeeT II0CTOsTHHOE 3HadeHue, Torga Ty (x) =
745(x) = 0. B MecTe pacTONOXeHUs AUCKPETHON CBA3M j
MMeeT MeCTO CKa4yOK 3HaueHHs C/[BUTatolIero ycumus ATy ;.

BrlparkeHUe JJI CABUTAIONIETO YCHUINSA IO AJUHE 3Je-
MEHTa MOXHO 3aIlHCaTh C HCIOIb30BaHNeM GYHKIUN XeBU-
caitaa H(x, x4 ;):

j=na
Tsi(x) =T, (0) + Z H(x = x4,)ATy; , (6)
j=0

raen; — 06Luee YHnCJIO SaerHJIeHI/Iﬁ apMaTypHOTO 3JIeMeHTa

110 JJINHE;
AT, ; = Tsij+1 — T, j — CKAYOK CABUTAIOLIEro yCUINs B Me-

CTe PacloJIOKeHUd CBA3U j 110 AJIMHE 3JIeMeHTa;
TS.i.J'

B MECT€ PacCIIOJIOXKEHHNA CBA3 C HOMEPOM ] II0 AJINHE 3J1e-

- cABUTAIOIIIEE YCUIIVE IS i-apMaTyPHOH BeTBU (IIBA)

MEHTa.
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Bpra)KEHI/Ie B3aMMHOT'O CABHIa M JKECTKOCTHU cBsizett
CABUTA II0 AJIMHE 3JIEMEHTA MOXXKHO 3aIllcaTh, UCII0JIb3yA aIl-

napat 00006LUeHHbIX QYHKIIUI

jzna @)
Gg,i(x) = z Gq,j6(x — Xq,5),
=1

rfie Gg;; — KECTKOCTb Ha CABUT ANUCKPETHON CBA3M [JIA
i-apMaTypHOH BeTBU (IIIBA) B MeCTe PaCIOJOXKEeHUs CBA3H C
HOMEPOM j I10 UINHE 3JIeMEeHTa;

Xq; — KOODJAMHATA TOYKM AUCKPETHOH CBA3M IO JJIMHE

9JIEMEHTa.

z
4

(%)
lllllllllllllllllqllllllllHlHllll

|Gd,1,1

Xq2

I Gyz1

X1

Gaoz | X

Xar

Puc. 2. CxeMa xej1e306€TOHHOH 6ajIKM C JUCKPETHBIM 3a-
KpeIlIeHreM apMaTyPHOTO 3JIeMeHTa.
TTokasaHBI AMIOPHI CABUTAIOLINX YCHINH U XKeCTKOCTH
[VCKPETHBIX CBsI3eH CABUra
Fig. 2. Scheme of a reinforced concrete beam with dis-
crete fastening of the reinforcing element.
Diagrams of shearing forces and stiffness of discrete
shear bonds are shown

B panpHeHIINX pacyeTax s mapameTpa §(x) - Aenbra-
dyHkuny lupaka - MCIIOAb3yeTCsl Hanbosiee IpocToe mpes-
craBieHUe B Buze h, (x) - AeabTo0OpasHOM QYHKIIUY C yue-
TOM peKoMeHzanui [10]:

56 = Jim, b
1 ®)
3 prx e[—-4A/2,A/2],(A> 0),

Ompux € |—oo,—A/2[U]A/2,00].

ha(x) =

BzamMHBIH cABUT g ;(x) ompesenseTcs ¢ y9eTOM BEIpaKe-
HU (3), HO UMeeT HeHyJleBoe 3HaYeHMe TOJbKO B TOUKAX 3a-
KpeIIeHUs

Jj=nq
Tsl,i(") _ z:j=0

Gai(x) zjﬁ:‘d

AT j6(x—xq,j)

9s5i(x) = — ©)

Ga,i,j6(x=Xq,j)

Ecau gucKpeTHbIe CBSI3U B IIPOJIeTe UMEIOT OAMHAKOBYIO
JKECTKOCTb, PACIIOJNIOKEHBI C IIOCTOSHHBIM IIaroM (Sy), pu
Yucjie CBs3ell B IpojeTe ng — 2 =5 TUI CBA3ed cABUTA
MOKHO 3aMEeHUTb, IIPUHSIB PABHOMEPHO paclpefieseHHble

10 JTMHE CBA3U C JKECTKOCTBIO Gpona; = Gqi/Sq. IIpH
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YMEHBIIIeHHUH 1I1ara 3aKperJIeHUH apMaTypHOU BETBH, KOTZa
54 = Ax, 3HAUeHUA JedopMalIUY CABUTA ONIPeeIII0TCI KaK
—_T -1 -
Isij = _Ts,i(x)Gd,i5(x - xd,i,j) =

_ _Tsijr1~Tsij Ax
Ax

_ Tsij+1=Tsij

Ga,i Ga,i

(10)
j=12..n4—1,

TZIe Xq; ; — j-KOOPJIMHATA TOYKY 3aKPeIIeHUs i-apMaTypHO#M
BETBU.

Ecnm »KeCTKOCTb 3aKpeIUIeHUH apMaTypHOH BeTBH IIO
JJIVHe OTIH4YaeTcd, 3HauYeHNe COCPeJOTOYeHHOIO CABUTa B
cilyd4ae JUCKPETHBIX CBsI3el OIpeesieTCs Kak
Ts,i,j+1 - Ts,i,j .
gS,l,] Gd,i,j ] 1'2 Mg 1. (11)

lebopManiuu CABUTA (s, Jsin, OTIPEAEAIOTCA U3 Ipa-
HUYHBIX YCJIOBUH, ITOCKOIBKY KOHCTPYKIIUY OTIOPHBIX U ITPO-
MeXyTOYHBIX 3aKpeIUIEHUIT (AHKEPOB) MOTYT OTJINYAThCH.

B3auMHBIF CABUT MEXIY BETBIMHU COCTaBHOTO CTEP)KHS
Js;(x), i = 1,2 - BeKTOpHAA BeJUYMHA, UMeloLas aarebpau-
JeCKHH 3HaK. B pacueTax peasbHBIX )ele306eTOHHBIX dJle-
MEHTOB 3HaK JepopMalliy CIBUTa 3HAYEHNs He UMeeT. [
Iepexo/ia K CKaIIPHBIM BeJUYMHAM, UHTEIPaIbHOE ypaBHe-
Hue (2) mpeobpasyercs B gubdepeHaIbHOE, €CIH IPUMe-
HUTD IIPOLeypPY BBIYUCIEHNUS AUBEPTreHIIUN. [[BepreHIus
- 3TO JIMHEeHHHH guddepeHINATbHBIN OIepaTop, 0ToOpa-
JKAIOIUH BEKTOPHOE II0JIe Ha CKAIIPHOE, JJIs KaXKA0H TOYKU
CTep)KHs. B 3azagax mcciefoBaHUs CTepKHel (ozHOMep-
HBIH  ciydaii)
divgs; (x) = g5, (x), i =1,2.

Ilpy BBMUCIEHUU JUBEPreHINM OYHKIUK B3aUMHBIX

AVBEPreHI s orpezesaeTca Kak

caBuroB divg,;(x), i = 1,2 y4TeHo, 4TO moCJIe 06Pa30BaHUL
TpemuH GYHKINA g, ; (X) 10 AJIMHE CTEP>KHS MMeeT Pa3PhIBBI
IIEPBOTO POZa. BrlparkeHUe AMBEPreHIUN 3alllCaHO B BUJe
0600IIeHHOM [POM3BOAHON. IlpupalneHre B3aUMHOIO
c/BUra II0 JJIMHe IosIydaeM, AubdepeHunpys BbIpaKeHUs
(2) ¢ yuerom mpaBun AuddepeHIPoBaHUS 060OCIIEHHBIX

byHKIM [2]:

Nere

gsi(x) = {g;,i(x)} - Z 5(’5 - xcrc,j) [.gsi,j]- (12)
=

O6beANHSS BRIpAKEHUS A cABUTa (2) U (3), moTydaeM

Nere

div-ﬁs,i(x) = Asg,i(x) + Z 5(9( - xcrc,j) [gs,i]l
=1

Xcre,j

= (<G @TL®), 13)

i=1,2.

IIpuMeHeHNe IPOLeiYPHI AUBePreHINY [TePeBOANT GyHK-
IJUI0 TIOTOKA BEKTOPHOTO TI0JIS §,; B CKAIIPHOE II0JIe ILIOT-
HOCTH NCTOYHUKOB fedopManuii B3auMHoro casura. ITo du-
3UIEeCKOMY CMBICILY — 9TO Pa3HOCTb OTHOCHUTEJIBHEIX Aedop-
MAaIil CMEXHBIX BOJOKOH B IIBE COCTaBHOIO CTEPIKHS
Aggy;(x). Jnsa YMCIEHHON peanusanyuy ypasHeHue (13) samu-
CBIBA€TCS B TPAJUIIIOHHOM BH/E

(14)
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(~GibiCITL®)) = €540 = i) +

Nere
+ z 1) (x - chEJ)[gs'i”
j=1

i=12.

(14)

M
Xcre,j

3necsk &;;(x) - oTHOCUTeNbHAA AedopManys i-apMaTypHOH
BETBU; &p,;(X) — OTHOCUTeNbHAS ZepopMaIis BOJOKOH Oe-
TOHHOM BETBH, PACIIONIOKEHHBIX Ha yPOBHE LIEHTPA TKECTH
i-apMaTypHOI BeTBU; [gsyi]Lij - cKauok AedopManuii Bsa-

MIMHOTO C/IBUTA B CEYEHHUY C TPEIIUHOMH, (110 a6COII0THOL Be-
JINYVHE YMCJIEHHO PaBeH IIMPUHE PACKPBITUSI HOPMaJIbHOMH
TPEIIVHB) KUMeIeld KOOPAWHATY IO JJINHE 3JIeMeHTa
Xere,j; | — HOMEP TPEIIUHBI 0 JJTHE.

Onpegensas 3HaUeHUsS OTHOCUTENBHBIX ZedopManuil ap-
MaTypsl ¥ CMeXHBIX BOJIOKOH OETOHHOI BETBU U UCIIOJIb3YS
COOTHOIIEHUSI COTPOTHBIEHNS MATEPUAIOB, OKOHIATEIHHO
[I0JIy4aeTCs ypaBHEHHe JAJs OIpeZeseHUs CABUTraIOIIero
yCUJINS B KOHTAKTHOH 30He KeJ1e300eTOHHOTO aeMeHTa Ty.
3HaK MUHYC OIIpeZiesIIeT OdYepTaHMEe SIIOPH B3aUMHBIX
czBUroB. II0CKOJIBKY ypaBHEHIE OIIePUPYET CO CKaISIPHBIMU
BeJIMYMHAMU, anrebpandeckuil 3HaK oIyckaeM. Jist aie-
MeHTa C apMHPOBaHUEM TOJBKO B HIDKHEI 30He (A;,) MOIy-
JaeTcs

(T’ 2Giinia)” = Ts 202 + Ay, 0<x <L, (15)

rze Ayy= €5, (X) — €5, - K09DOULIHIEHT KAHOHUYECKOTO ypaB-
HEHHUsI MeToZa CHWJI, YUCIEeHHO PaBHBIE PasHOCTH OTHOCH-
TeapHBIX AedopMarnuil apMaTypHOUM BETBU U BOJIOKOH Oe-
TOHHOH BETBU Ha yPOBHE IIeHTpPa TSDKECTH PACTSIHYTOU ap-
MaTypHOH BeTBU Ipu AerdcTBum T, = 1,

(my — ay)

B,

: Fy(w, 2), (16)

rge B,; A,; my — XapaKTepPUCTUKY CedeHUs 6eTOHHOI BeTBU:
COOTBETCTBEHHO JKE€CTKOCTb IIPU M3rube, KEeCTKOCTb IIPHU
C)KATHU, PACCTOSHUE OT HIDKHEH I'PaHU JI0 IIeHTPa TSKECTH;

A;, - cBOGOJHBIM YIeH ypaBHEHUs, PaBHbIH CyMMe OTHO-
CUTeJNbHBIX JedopMalui, BO3ZHUKAIOUIUX OT AeHCTBUSA
BHEIIHUX CHJIOBBIX (DAKTOPOB B CTEDPXKHAX OCHOBHOH CH-
CTeMbl, BBIYMCJIE€HHbIX Ha YPOBHE LIeHTPA TAXKeCTU apMaTyp-
HBIX BeTBeH U NpHpPAIIeHUs COCPeJOTOYeHHOIO B3aMHOT0

CABUTa B CEYEHUU C BO3MOXXHOM TPEIIVHOM:

M
Agp=— ;X) (my — a,)F,(w,2) +
Nere ‘ (17)
+ Z 5(95 - xcro.]')[gsz'j] |xL’Ver,
j=1
(18)

X wy 1— AN
Ae(mo - az) Be

rge F,(w, z) - GyHKIUS, yIUTHIBAIOIAs PA3BUTHE HEYIPYTUX

Fy(w,z) = <1 +

gedbopmanuii U TpemnHbI B 6eTOHHO! BeTBH;

M (x) - MOMEHT OT ZIeHiCTBUs BHEIIIHEH Harpy3Ku;

@y, = w/p~t, 2z, - yHKUUYU BAUAHNS, yIUTHIBAIOIUE PA3-
BUTHe Heynpyrux gebopManuii B pPacTIHYTOM, CXKaTOM
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GeToHe U TpelnHOOGpasoBaHue. JJaHHbIE TapaMeTpPhl 3aBU-
CAT OT cTazuu AedopMUpPOBaHUS GETOHHOH BETBU, IPUHS-
TOM AuarpaMMsl g, — €, @ TAKXKE OT THIIA IIOIIEPEYHOTO Ce-
YeHUs1 6ETOHHOM BETBH.

JomonHss ypaBHeHHe (15) TPaHUYHBIMU YCJIOBUSIMH, IIO-
JIydaeM MaTeMaTH4IecKylo GpopMalu3anuio s 1-i KpaeBon
3a7la4y, KOTopasi HauboJee YaCTO MUMeeT MECTO B ITPaKTHIe-

CKUX pacdeTax:

(T'sZGl;ikz)' - AZZTS = AZp ’ 0<x< L'

19)
TsZ (0) = TSZOJ TsZ (L) = Tszl'

Jene300eTOHHBIN 371eMEHT C ABOMHBIM apMUPOBaHHEM
COCTOUT M3 TpeX 3JeMeHTOB U IKMeeT JBa ImBa. Homepa
IIIBOB COCTABHOT'O CTeP)KHs CBepxy BHH3 (i = 1,2) cooTBeT-
CTBYIOT apMaTypaM Agy, Ag,. CucTeMa ypaBHEHUN U IPaHUY-

HBbIe YCJIOBUS BBIIVIAAT CIeAYIOMNM 06pasoM:

(TS,.l(x)Gl_iTlLk,l (x)), =41, ()T (x) +
+A1, ()T, (x) + Ay (%)

, ) 20
(Ts'.z (x)Gﬁﬁk,z (x)) = Ay ()T (x) +
FA2, ()T (x) + Ay (x)
0<x<IL,
Ts10 = #11Ts11 = 1,
Tan —#12Ts1n-1 = M1z @1

Ts20 = #21Ts21 = Moy,
Ton —#22Tson-1 = Haa-

BrIpaskeHUe AJI IPAaHUYHBIX YCIOBUIM, HEOOX0AUMOE JJIs
(bopMUPOBaHUS CUCTEMBI PA3HOCTHBIX YPAaBHEHUH, 3aITHCHI-
BaeTcs B 00LIeM BHJE, [TO3BOJIAIONIEM YUUTHIBATD LIAPHUP-
HOe ONMpaHye U XeCTKoe 3aleMeHue Ha orope [11].

1. IIpu mWapHUPHOM OIMPaAHUHU pellaeTcda 1-4 Kpaesad 3a-
Jada (3agaya Jupuxie) »=0, u=0.

2. KecTkas 3aZiesika Ha OTIOpe COOTBETCTBYET 2-51 KPAaeBOU
3azave (3agaua Hetimana) »=1, p=0. JKecTkas 3aesKa MOXXeT
OBITH IPUHATA [PU MOJEIUPOBAHUU PABOTHI CTATUYECKU
HEeOIIpe/IeIMBIX MOHOJIUTHBIX GAIOK U PaM JyIst CTaJUH pa-
6oTbr 1 1 2.

3. IlojaTIMBOE 3aKpeIlJIeHHe Ha OIlope MoJenupyeTcs 3-i
KpaeBol 3azauel (3azaua Pobena) »x# 0, u#0. FimeeT MecTO
IIpu pacyeTe COOPHBIX KAPKACOB U IIPU PacdyeTe MOHOJIHT-
HBIX GaJIOK B IIpeZiesIbHOM CTaZiu!, a TaKKe KOTZa apMaTyp-
HBI 97IeMEeHT, UMeIOIUl pacIlipe/ieIeHHbIH KOHTAKT ¢ 6eTo-
HOM II0 /IIMHE, Ha onope GUKCUPYeTCs IOJATINBEIM aHKe-
poM (3aKIafHOM JeTalbio).

IIpu pasnugHbIX criocobax GUKcaruy apMaTypHOIo 3je-
MeHTa ¢ GeToHHOMH dacThio B JKBD mMMeT MecTo pasHbie
THUIIBI yPaBHEHUH JIs1 OIIpesie/IeHUsT yCUINs B JUCKPETHOM
apMaTypHOM ajeMeHTe Ny.

dJIeMeHT ¢ pacnpezeieHHbIM KOHTAKTOM (CLernieHueM)
o Bceii AiuuHe (M. puc. 1, a).

CornacrHo CIT 63.13330.2018, n151 pacyeTa HOPMaJIbHBIX Ce-
YeHUH CTepKHEBHIX 3JIEeMEHTOB IPUHITA AedopMalioHHasd
MOJleJIb, B TAKOM CJIydae IIPOZ0JIbHOE YCUIre B apMaType Ny
ompezenseTcs MpU «obecriedeHHOM CIeIIeHNH » UIn abco-
JIIOTHO JXE€CTKOM KOHTAaKTe apMaTypel ¢ OeToHoM. /Jlis
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06b1uHbIX JKBD oTHOCHUTENbHBIE AehopMaruy apMaTypsl U
6eToHA PaBHHI &(X) = &,,s(x) MM &,(x) — gy5(x) = gi(x) =
0. /lna s;1eMeHTOB, UMEIOLIUX B cocTaBe apMupoBaHusa ITH
apMaTypHble 3JIeMeHTBI, YCI0BUE B3aUMHOCTH Ae(popMUpO-
BaHUs 0€TOHA 1 apMaTypPHOTO 9JIeMeHTa 3al1ChIBATCS A
NpUpalleHNH OTHOCUTENIbHBIX ZeopMaIii KaKk
Aes(x) — Mgy (x) = Ags(x) =0,
(22)

Ny =20 g,

B manHOI dopMyse M - U3rubaronuii MOMEHT B pacCMar-
pHBaeMOM CEUEHUHU OT BHEIIHEH Harpy3KH; X — BBICOTA CXKa-
Tol1 30HBI; fip - paboyast BLICOTA CedeHNUsT; B — eCTKOCTh IIpU
nsrube.

V 6GONBIIMHCTBA PeaTN30BaHHBIX U SKCILIYaTHPYIOIUXCS
JKB3 5XeCTKOCTh KOHTAKTa apMaTyphbl C 0ETOHOM HJIH YKeCT-
KOCTb  CIeIUIeHHS  HMeeT  KOHeYHOoe  3HaueHue

0 < Gyipg,i(x) < 0. IToaTOMY B IIpOIIECCe CHIOBOTO eopMU-
POBaHUsA NPUpALIeHNUs OTHOCUTEIbHBIX AedopManuii apma-
TYpbl ¥ OKpy’Kalolero 6eToHa B OZHOI TOUKe IO ATUHE He
OyayT Agg(x) — Agpes(x) =

Agi(x) # 0. IIpu aToM onrpesenenue napamerpos HJC apma-

coBmazaTh Agg(x) # Agyes(x),

TYypPHOTO 3JIeMeHTa 110 opMyiie (22) MOXKeT AaBaTh 3HAYU-
TeJIbHBIE MOTPELIHOCTH, KOTOpBle OyAyT BO3pacTaTh, €CIu
Grink,i(x) = 0.

B kagecTBe 6a30BOI pacyeTHOI MOZeIN UCIIOIb3yeTCs MO-
JleJIb COCTaBHOTO CTEP)KHsI C abCOIOTHO YKECTKUMU IIOoTIe-
PeYHBIMU CBA3IMU U CBA3SIMU CABUTA, paclipe/ieIeHHBIMU
I10 IIMHE 3JIeMeHTa B BU/le YYaCTKOB C Pa3IMYHOMN JKeCTKO-
CTBIO G i (X), 1= 1,2 < Ny, TAKIKE I10 ITIHE 3JIEMEHTA MO-
IyT OBITh YCTaHOBJIEHHI AUCKPETHbIEe aOCOMIOTHO >KECTKUe
WY TNOZAT/JMNBble AVCKpPeTHBble aHKephbl, MMeIoIue XeCT-
KOCTb Ggj, j =1,2..14.

HepBaﬂ KpaeBas 3aJada

(T’ 52Giinkz)” — Doz Ts = by, 0<x<L,

(23)
T2 (0) = Tsp0, Tsa (L) = Ty

IToACTPOYHBIN MHJEKC «2» 0603HAYaeT apMaTypHBIH dJie-
MEHT, PAaCIOJOXKEHHBIH B HIDKHeH dYacTu cedeHud. /[lis
06b19HBIX JKBD N, (x) = Ty, (x).

JKB), umeonmuii Mo JJIMHE YYaCTKH OTOJIEHHOH apMma-
TypblI (CM. puc. 1, 6).

DeMeHT ¢ yyacTKaMu 6e3 clienseHus. PelleHue ypaBHe-
Hus (19) ocylecTBIseTCs METOZAOM KOHEYHBIX Pa3HOCTEH C
HCIIOJIb30BaHIEM HEeSIBHBIX PA3HOCTHBIX cXeM. [IJIs ITOCTpoe-
HUS PasHOCTHOH CXEMBI HCIIOIb3yeTCS METOJ KOHEYHBIX
06BbeMOB. JIJIsI pellleHNs CUCTEeMBI yPaBHEHUI UCIIONIb3YETCS
MeTO/| «[I0TOKOBOM IIPOTOHKM», KOTOPBIM ITO3BOJISIET aJall-
TUPOBATb AJITOPUTM PACUETa, IIPU KOTOPOM KO3(DOUIIEHTHI
ypaBHEeHUs CHJIBHO MEHSIOTCS B y31ax ceTku [10, 11]. Ilpu-
HUMAaeTCsl Pa3HOCTHAsI CXeMa, MOHOTOHHAS /IS Y4aCTKOB C
obecIie4eHHBIM CIIeIIEHUEM U JJIS YYaCTKOB, Ha KOTOPBIX
Giini(x) = 0.

B3, umeromuii pacnpezeieHHOe CliellJIeHHe U YCUJIeH-
HBIii 110 KOHIIaM /I0II0/THUTEIbHBIMH JUCKPETHBIMU aHKe-

pamu (cM. puc. 1, 8).
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Vcunue B apMaType oIIpefiesiseTcss U3 PeIleHUs BTOPOH
KpaeBO 3a/a4u:

(T"52Giimiz) — Doz Ts = Ay, 0<x <L,

T.,(0) = 0, T5 (L) = 0. (24)

B3, ycuiuBaeMblii BHeNIHeH apMaTypoOii, IPUCOeAUHA-
eMOli B OTJEe/JbHBIX, HECKOJIBKUX TOYKAaX IO AJIuHe (CM.
puc. 1, 2).

PaccmaTpuBaetcs ycunuBaeMblil JKBD. IIpesBapuTeIpbHO
JKECTKOCTbD CIeIIEHNUS CYLIeCTBYIOIel apMaTypsl (4,,) ¢ Ge-
TOHOM Gy, — 0. IIpHcoesuHAeMas CHapyXH apMaTypa
Aszqq MIMEET KeCTKOCTh KOHTAKTa B JUCKDPETHBIX TOYKAaX
Gd,i(xd,i) =Gy 1 = 1,2..ny. 3HaUEHNUA CABUTAIOMINX YCUINN
{Tuaz,i} OTIPeZIENAIOTCA U3 pelleHHs CHCTeMbl ypaBHEHMIA.
Yuco ypaBHEHUH paBHO ny — 1. B wacTHOCTH, eciu ny = 4,
TpebyeTcs PelInTb CUCTeMY TPeX ypPaBHEHUEH, KOTOpas I0-
JIy4aeTcs IIPU PaCCMOTPEHUHU CABUTOB

Gadaz(X) = Gaazi = (Tadz,i+1 - Tadz.i)GEz}dz,i'i =12.n5-2

U UHTEIPUPOBAHUU ypaBHeHHUs (13) Ay KaXKAOTO ydacTKa

MEXAy CMEXHBIMU TOYKaMU 3aKPeIJIeHNd:

-1 -1 -1 _
TadZ,I(Gdadz,O - Gdadz,l - ‘11) + TadZ,ZGdadZ,l =by,

-1 -1 -1 -1 _
Taaz1Gaaaz1 — Tadz,Z(Gdadl,l + Gagaz2 + az) + Taa23Gaaaz2 = bz,

l Toa22Ganazz + Tad2,3(Gt;a1d2,L — Gaauzz — a3) = bs;
a; = f;ﬂi_lAzz(x)dx}bi = f;:;i_'l Agp(x)dx, 25)
i=12..ny—2

Takoii T0AX0/ MOXKHO Pealn30BaTh, €CJIU TEXHUYECKOe CO-
crosaue XBD nHopmatusHoe. Ycunenue JKBK numeer mecro,
KakK IIPaBIJIO, AJIS 3KCILIYaTHPYEMBIX KOHCTPYKIUI, HAaXo0-
JAIMIAXCS B OTPaHUYEHHO PaboTOCIIOCOGHOM COCTOSTHHUU, B
TaKOM CJIydae >KeCTKOCTb CIleIJIeHHd apMaTyphl Ay, cylle-
CTBEHHO CHM)KEHA, a Ha HEKOTOPBIX yJ4aCTKax M3-3a 3HAYM-
TeJIbHBIX TIOBPEXEHUH 3alIUTHOTO CJI0S1 6€TOHA Gy n — 0.
ITosToMy npu onpezieneHUN yeuiaui Ny, = Ty, B Agy U Tgy, B
Auqz TpeOyeTcs yIUTHIBATh IOAATINBOCTh KOHTAKTa 00enx
apMaTypHBIX BeTBel, PacIIOJIOKEHHBIX B HIDKHEN 30He 3Jie-
MeHTa. OnpeaenuTs To, (X) U {Ty42, } MOMKHO, pemus cuctemy
auddepeHIATBHBIX YPAaBHEHUN METOJOM BEKTOPHOMH IIpO-
rouku [11].

ApMaTypHBIH 371eMeHT Ay, UMEeET 3aKpellyieHre K OCHOB-
HoMy JKBD B IUCKPETHBIX TOYKaX. JKeCTKOCTD 3aKpeIrieHui
MIPOTUB CABUTa {Gdadz,i, i—12 ...nd}. B peanbHBIX YCIOBUAX
3aKpeIlIeHre BHEIIHETO 9IeMeHTa YCUIeHUs A 4, Bcerza 6y-
ZeT peaJn30BaHO He ANCKPETHO, a Ha y4acTKe KOHEYHOH
JAJIUHBL B TakoM cilyyae 3sakpeIjieHNe B JUCKPEeTHBIX TOYKaxX
MOJKHO 3aMeHHUTb Ha (PUKCALMIO apMaTypEl Ha y4acTKaxX KO-
HEYHOU JJINHBI {ladz,b i=12.. nd}. Torga »XeCTKOCTb CBsI3eH
CABUTA OIIPEJeTUTCA KaK

_ Gdadz,i

Gaazi = , i=12..n4 (26)

ladz,i

Kenes00eTOHHBIA 3JIEMEHT C ,Z[BOI;'IHbIM apMUPOBaHUEM
COCTOUT 13 TPEX JIEMEHTOB 1 UMeeT ZiBa IIBa. HOMepa IIBOB

COCTaBHOT'O CTeP)KHA CBEPXY BHU3 (i =2,2ad)
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COOTBETCTBYIOT apMaTypaM Ag,, A,4,. CUCTEMa ypaBHEHUH U
IpaHUYHbIE YCIOBUS BHIIIAT CIeAYIOLUIIM 06pasoM:

(TG ®) = AT + )
F02,0a () Tgq,(x) + Ayo(x)
(Taaz ()G (1)) = Do, (T () + J
FAga2,2(X)Taq2(x) + Dggao ()

(27)

0<x<L;
TSZ,O = O,
TSZ,N = O,

Taazo — *aaz0Tad21 = Haazos

Taaon — aaziTaazn-1 = Hadz,L.

I'paHUYHbBIe YCJIOBUS AJ apMaTypbl Ag, IPUHUMAIOTCA
[1epBOTO THUIA, & A1 Ayy, - TPEThEro THUIIA.

IlocTHANPS:KEHHBII 3/IeMeHT, APMUPOBAHHBIN NIPAMO-
JINHEITHBIM MOHOCTPEHZIOM M MMEIOIHii aHKePhI TOJIbKO
Ha KOHIaX (cM. puc. 1, ).

3aZaya 1O oOIpeZie/leHUI0 YCHIMS MOHO- WU MYJb-
TUCTPeHZle pellaeTcs B JABa dTana. 3aZaeTcs HadaJIbHBIN
YPOBEHb TIPE/IBAPUTEIBHOTO HATAXKEHWUS apMaTypbl g,
OIIpeieNIAI0TCA IePBble IIOTEPU Oy 51, OLLEHUBAETCS yCUINE
Ipe/iBapUTeJIbHOr0 HaTshkeHUa Pj,. [Jlalee oLeHHBaeTCs
cABUTraplllee yCUIMe Ha 3Talle CO3/laHUs IIpeiBAPUTENbHOTO
06xaTusa B 6ETOHHOM 3J7eMeHTe. YpaBHEHHUE IOJIYIaeTCs C

y4eTOM COOTHOLIEHUA

Agg, (x) — Mgy o (x) = Aggp 2 (%), (28)

KOTOpOe MHTETPUPYETCs I10 AJIMHE CTEPXKHS II0 yIacTKaM
MEXy CMeXHBIMU aHKePaMu:

L

[ 8042 G0x = 920 = 93 =

(29)
0
= SP.ZG;}J + Tsp,ZG;.(l) =Tsp20a, + by,
Topo = b 30
PTGt + Gy —ay (30)
ay = [ Dy (0)dx; by = [} Ay (x)dx, (31)

Ycunue B ITH apmaTtypHoMm asemenTe Ny, o = Py + Tgp .

OmnpezensioTcsl BTOpPble IIOTepU NpeABApUTENbHOTO HATS-
JKEHUS OT YCaJKU U I0JI3y4eCTH OeTOHA 0,s,, PACCIUTHIBA-
ercs Py, Ngp o = Py + Tepo- 3aTEM paCCMaTPUBAETCA CTAAVS
sKkcrryatanuu. KoadduiyeHnt b; 3aBUCUT OT MHTEHCUBHO-
CTHU U3rubaloliero MOMeHTa CO37laBaeMOro BHEIIIHEe Harpys-
KOM Ha KOHCTpyKIuio. CHOBa OII€HMBAeTCs CJABUTAloIee
ycunue Ty, yxKe A CTaZinK SKCIUIyaTallui U OKOHYATEJIbHO
ycuiue B apMatype Ag, , - Ny, = Poy + T

IMocTHaNPs:KEeHHBIH 3JIEMEHT C MHbeMIPOBAHHBIM KaHa-
JIOM 1 co3AaHusA KoHTakTa ITH 3;1eMeHTa ¢ 6eTOHOM 110
Beeil funHe. Tak:Ke 3T0 MOKeT GBITH 3JIEMEHT C IIpeABapu-
TeJbHO HANPSKEHHOM apMaTypoil ¢ HaTsDKeHHeM Ha
yIOpbI, UMEIIMA Ha KOHIAX IONOJHUTEIbHbIe aHKepPbI
(cm. puc. 1, e).

Vcuive B HamlpsraeMoil apMmaType OIpeJesseTcs B JBa
stamna. [lepBoHAYIBHO /IJIS1 CTAANH CO3JaHMUsI 00XKATHUS U 3a-

TeM 414 CTaANU SKCIIyaTallU.

18

YMHbBIE KOMMO3WTbI B CTPOUTE/bCTBE

SMART COMPOSITE IN CONSTRUCTION

[ omlpezeseHUs CABUTAlOIIero yCUIHSA TpebyeTcs pe-
IIATH KPaeByIo 3aZa4y 3-T'0 TUIIa. ' DaHUYHBIE YCIOBUS OIIpe-
JeJISII0TCS U3 YCJIOBUS, YTO B3aUMHBIN CABUT B AVICKPETHOM
aHKepe M Ha KOHIIe 30HBI C PaclpeeJeHHBIM KOHTaKTOM

PaBHBI, TOTJa

T2(0)Gap = T52(0)Giink (0),

Gad (32)
2(0) = ——"=T,(0) = 0,
52 G”T}k (0) 52
To(L)Ggt = T (L) Ginie (L),
Gai (33)
T (L) — === T (L) = 0;
52 G”ik(l‘) 52
(T’ 52Giinka)” = Bz Tsp + byp, 0<x<L; (34)
r G_l
TSZ (0) - ﬁTSZ (0) = 0) (35)
VW) - = (1) = 0 (36)
PO gm0 =

3amnuceiBas 3HaYEHUS IPOU3BOAHBIX 1 | = 0 B TepeHUX,
a 71g y371a ¢ HoMepoM i = N B 3aJHUX Pa3HOCTSX, I10JIy4aeM
JiBa JOIIOJIHUTEJIbHBIX YPaBHEHUS JJIs1 CUCTEMbI YyPaBHEHHUH,
pemias KOTOPYIO METOJOM IIOTOKOBOM IIPOTOHKH, OIIpeJe-

sieM {Tsz,i} u {gsz,i}'

Nsp,o(x) =Py + Ts,z (x):Nsp,z(x) =

= Ngyo (%) + Tz (%) 37)

BrinorHUB 4uciaeHHOe AuddepeHIpoBaHUe, MOIydaeM
{952}, aTO HaeT BosMOMKHOCTb Ha OCHOBaHMM MHGOOPMALIUH
0 &,(x) ompeseNUTh OTHOCUTENIbHBIE JehopMaly 6eToH-
HOTO 3JIeMeHTa Ha ypoBHe LieHTpa TskecTu ITH apmaTyp-
HOTO 3JIEMEHTa U Jajee OCYIIeCTBUTh pacdyeT KPUBU3HBI
p~(x) u Apyrux Heob6xoAUMBIX TapamMeTpos HJIC.

IlocTHANPS:KeHHBII 3/1eMeHT, UMeloIHii B IIpoJieTe K0-
IOJIHUTE/IbHBIN IACCUBHBIN aHKep (CM. puc. 1, ).

PaccMaTpuBaeTCs IOCTHAIPS)KEHHBIN 3JeMEeHT C KaHa-
JIOM 3aIIOJIHEHHBIM CMa3KOd, B IIPOJIETHOM 30HE pacIIoJIo-
JKeH ITaCCHBHBIHN aHKep.

Casuratomee yeunue {Ty,,; } A4 cTaguu cosnanus oGxatus
U B CTaJUY SKCIUIyaTallUU ONIpeZeisieTcs IPU pPelleHu! CH-
CTeMBI JIByX YPaBHEHUH:

{Tsz,l(G.;,é =Gl —ay) + TpGat = by, 38)
To21Gat + To22(Gal — G — az) = by
by (Ga} — Gt — a2) = b,Ga}
Tn = 27 (39)
-1 -1 -1 -1 -1
(Gd,L —Ggy — a2) ’ (Gu,o =Gy — a1) - (Ga,1
_ by(Ggo — Gat — ar) = biGai
Ts22 = -1 -1 -1 -1 —1)2 (40)
(6ot —6ai—a2) (Ggo—Gai—a) = (Gz1)
Xd,i . _ X, i, P
a; = fxd‘i{_lAzz(x)dx,bi = fx:i—l Ayp(X)dx, i=12.  (41)

IloCTHANPS:KEHHBII 3/IEMEHT C MOHOCTPEHOM KPHBO-
JIMHEeHHOro oyepTaHus (cM. puc. 1, 3).

PaccMaTpuBaeTcs IOCTHANPSKEHHBIN 3JIeMEHT C KPUBO-
JUHeHHOH Tpaccod ITH MoHocTpeHza. KaHan samosHeH
CMa3KOH. AKTUBHBIM U IACCUBHBIE aHKEPBI PACIIOIOMXKEHBI
II0 KOHIIAM KOHCTPYKIIUU.

,Z[aHHOE KOHCTPYKTHBHOE
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pelileHye MCIIONb3YETCs AJIsl apMUPOBaHUA KakK GaloK B CO-
CTaBe [TePEeKPHITHSL, TaK U ILIUT IUIOCKUX De3PUTeIbHBIX IIe-
PeKphITHii (pHUC. 3).

ITocnenoBaTe bHOCTD pacdeTa HocTHanpsbKeHHoro JKBD ¢
HeJWHEHHOH Tpaccol MOHOCTpPEHJAa BBIIOJHSETCS B JBa
aTama: 1-i - B CTaZWUK CO3ZaHUA IIPEABAPUTENIBHOTO 06XKa-
THs, 2-H - B CTaAUU SKCILTyaTanuu. IIofpo6HO STOT mpoliecc
onucaH B [3, 4, 7, 8, 15,16].

IIpesBapuTEIBPHO HA3HAYAETCS [eOMETPHS TPACCH KaHaIa
MOHOCTpeHZA. YpaBHEHNUE TPAEKTOPUY OCH KaHaJIa [JIs pas-
MellleHUs MOHOCTPeH/a IPUHUMAETCsI Hauboee IpoCTOro
Buga B bopMe ypaBHEHHs KBaZpaTHOH Iapaboibl. 3aTeM
Ha3HA4aeTCs HadalbHBIM ypOBEHb IIpeJBapUTENbHOTO
HAaIPSKEHUS Oy 9, PACCIUTBIBAIOTCS TI€PBbI€ TIOTEPU o551 U
onpezesnseTcs yCHJIWEe INpeABapUTeNbHOro obxatus P =
Po1 = (Ospo — Oloss1) AspCOse . Jlaniee ompenensieTcs BepTH-
KaJIbHAsI COCTABIIIONIAS PEAKTUBHOM [TIOCTOSIHHOM Harpy3Ku
gp(), BO3HUKaOLIEH 13-3a KpUBOJINHEHOH Tpaccs [TH ae-
MeHTa, U OlLleHMBaeTcs ob6Ijas IJIOIMaAb CeYeHUs MOHO-
cTpeHzia Ay, B II€PBOM NMPUOMLKEHUU. YTouHAETCA BaKTU-
4ecKasl IJIMHA MOHOCTPeH/Aa Lg,. HanpskeHus o, KOHTPO-
JIApyeMble B MOMEHT BO3BEZIeHUs IIE€PEKPBITUS NPU OCY-
I[eCTBIeHUH HATSKeHUs apMaTypsl A, Ha 6eToH, ompese-
JIIIOTCSL C YYETOM YIIPYroro 06:xaTus 6eTOHa B COOTBETCTBUH
c [4,15]. DiieMeHT peanbHOMH XKe1e300e TOHHOM KOHCTPYKIIMK
“MeeT 00bIYHOE apMUpOBaHUe Ay ; A,,, @ TAK)KE IIOCTHAIIPS-
YKEHHOe apMMPOBaHMe B BI/Je CUCTEMBl MOHOCTPEH/OB Ag,.
11 BHOBb BO3BOJUMBIX KOHCTPYKIIUH JKECTKOCTH ClieIlie-
HUs i OGBIYHOM apMaTypsl: Ag; A, — Giink,1(2) = - Auc-
KpeTHBIE CBSI3U CABUTA AJs IOCTHANPSKEHHOHN apMaTyphl
Ag, IMEIOT KOHEeYHOe 3HaYeHNe KeCTKOCTH TIPU CABUTe G 4.
Jedopmanmi
cTpeHza Asg,(x) U BOJOKOH 6ETOHA, PACHOIOXEHHBIX Ha

IIpypameHnss OTHOCUTEIbHBIX MOHO-
YPOBHE LIeHTPa TSKECTH CedeHUs MOHOCTpeHAa Agy g, (X),
OIIpeZIeNIAIOTCS C YYEeTOM IIOJIOKEHHUIN TEOPHU COCTABHBIX
cTepykHel A.P. PxxaHUIIbIHA HA OCHOBAaHUHY JaHHBIX O 3HAaYe-
HUM czBurawonteii cunsl B mBe Ty, (x) B 30He KOHTakTa ITH
aseMeHTa 1 6eToHa. [lJI pacueTa MOHOCTPEH/a Ha 3TalIle Co-
3JaHHA IIPeIBAPUTETBHOIO HATSDKEHUSA B MOHOCTPEH e YIH-
THIBA€TCS yupyras pabora 6eTOHHOM 9acTU KOHCTPYKIIUU U

IIpeABapUTEeJbHO HAIIPATaeMOI'o 3JIeMeHTa:

Agsp (X) - A‘Eb,sp (x) = g;p (JC) (42)

Tsp

Aey, = —2
P = E Ay,

Poy +T.
u),]—l(x)_

Agb,sp = esp(x)P_l(x) = (esp,o x) - 2

KpI/IBI/IBHa, BbI3bIBa€MadaA CHJIOBBIM Ae(bopMI/IpoBaHI/IeM

p~1(x), onpesensercsa us ypaBHEHUS

M(x) = Be p™ () + (Poy + Top () €0 (), (“3)

rzae M(x) - nsrubarouiyii MOMEHT B CEU€HUH 3JIEMeHTa Iepe-
KPBITUA OT MOCTOSHHOM Harpysku g(x) + gp,(x). IlocToan-
Has HarpysKa BKJIOYaeT COOCTBEHHBII BeC BCeX COCTABIAIO-

X IEePeKpbhITUd U peaKTI/IBHBII;'I OTIIOP, BOSHHKaIOH.[HfI
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BCJIe/ICTBHE KPUBOJMHEHHON TpacChl KaHala MOHOCTpeHAa
110 BBICOTe cedeHus. JIist Gasbl CO3ZaHuUsI HATSHKEHUS B MO-
HOCTpeH/le BpeMeHHasl HarpysKa Ha ITepeKphITHe He YIUThI-
BaeTcs;

e5p,0(X) — PacCTOSHME OT IEHTPA TKECTU Kele306eToH-

HOTO Ce4YeHMd 40 OCH KaHasla MOHOCTPEH/a,

esp,o(x) = (2 — asp,l(x)) +

FH(ZL(x); 0) [mo = a5 (0) = (20— asp,l(x))], “4)

rae my; Z, — paCCTOAHUA OT LIEHTPA TAXKECTU 3Ke1e3006eToH-
HOro ce4yeHud A0 HIDKHEN 1 BerHeI;'I I'paHU C€4YeHUA COOT-

BETCTBEHHO.

V4
A 20¢)+ (%)
i

Asp.t

AL A LRI L P VL]l

‘-wf_'w
=WV =

Puc. 3. Cxema Jj1s pacdeTa IOCTHAIIPSKEHHOTO dJIe-
MEHTa ITePEeKPBITHUS
JJI CTaJuH CO3AaHUs HATSKeHHS apMaTyphl
Fig. 3. Scheme for calculating the posttensioned floor ele-
ment
for the stage of reinforcement tensioning

IToCKOIBKY MOHOCTPEH/, UMEET AUCKPETHOE 3aKpellIeHNe
B Toukax: x(0) = x, ¥ x(L) = x,, UHTErpHUPYs COOTHOLIEHHUE

(42), nonyyaem

gsp(L) —YIsp 0) = TspGE,é + Tssz;Jl, =
L

= f(AsSp —Agyg,) =
0

L
(45)
= f(TS,,A11 +Agp)dx =
0
L L
=Tep J. A dx + f Ajodx = Tgay + by,
0 0

VpaBHeHUe IIpeIHa3HAYEHO JJIsl OIlpe/leJIeHUs OJHOTO He-
M3BECTHOTO C/IBUTAIOIIETO yCUHNsA Ty, BOSHUKAIOIIETO B IUC-
KPETHBIX CBS3X CIBUTA — AKTHBHOM U [TACCHBHOM aHKepax —
MecTax 3aKpeIlieHuss MoHocTpeHJa. KoadduriueHTs ypas-
HEHUS OIPeJeNSIOTCS B IPEAIONOXKEHUH YIPYTroli paboThl

BCE€X KOMIIOHEHTOB CHUCTEMBbI

1 ego x) 2

A= —_ 3 46
" EqpAsp * A, * B, (46)

M(x) — Po1espo(x) Py
o= T @)

Cﬂ;BI/IFaIOU_Iee ycuine onpeznendaeTcsa U3 ypaBHEeHN A
Tsp(G(;,é + G(;ll,) = Tspal + bl! (48)
by

T, (49)

T Gy +Gat—ay
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Jlajee MOXXHO OIIpeJeIUTh YCUJIKE B apMaTypPHOU BETBU
Ny, = Py + T, v ycusIne B kee306eTOHHOM 4acTy IIepeKphI-
Tus N, = —Pyy — T, 3aTEM OLIEHUBAETCS KPUBU3HA AJIS Pas-

HBIX Y9aCTKOB II0 JJIMHE 3JIEMEHTa KaK

M(x) — Nspesp,o(x)

B, (50)

pi) =
TToCKOIBbKY XapaKTep a0 phl u3rubaroiiero MmomesTa M (x)
1o JJMHEe 3JeMeHTa 3HAaKOIlepeMEeHHBIN, TO KpHBHU3HA
p~1(x) Takke MeHseT 3HayeHUd. [IPUHMMAIOTCS IIOJIOKU-
TeJbHBIE 3HAUYE€HUSA MOMEHTA U KPHUBU3HBI €CIM PACTIHYTHI
HIDKHIE BOJIOKHA )KeJle300eTOHHOTO 3JIeMeHTa. BbicoTa pac-
TSHYTOHN 30HBI, PACIOJIOKEHHAs C HIDKHEH CTOPOHHI (IIPo-
JIETHBIE YYAaCTKU), COCTABUT

m_m Nsp

= __w (51)
h h  Ahp~1(x)
a BBICOTA PACTSHYTOMH 30HbI, PACIIOIOXKEHHAs C BEPXHEN CTO-

POHBI (Yy4aCTKH, IIPUMBIKAIOLIVE K OIIOPaM):

m z Nsp

R h T ARGl (52)
OTHOCI/ITeJII)HI)Ie Ae(bopMauI/IH KpaﬁHHX paCTﬂHyTbIX BO-
JIOKOH &,,(X) U KpaliHMX CXaThIX BOJIOKOH &,.(x) ompeze-

JIATCA AJId IIPOJIETHBIX CedeHuli ¢ y4€eTOM I'IIoTe3bl IIJIOCKUX

CedeHuI:
N,
epe(X) = mop™H () — 7%, (53)
e
a1 Ny
epc(x) = 2p7H(x) + R (54)

e

KoHTpoib &, (x) >< €4, HEOOXOAUM /I IPOBEPKU HAU-
91 HOPMaJIbHBIX TPEIINH.

Koutpous &,.(x) < R,/E, Heo6x0AuM [JI IPOBEPKH YIPY-
roit paboTel C;XaToro 6eTOHa, YTOGH MaKCUMAaIbHO 3hdex-
THUBHO Peajn30BaTh PeXXUMHBIH XapaKTep HarpyXeHUs Iie-
PEKPHITHS.

Jlasee oCyIeCTBIsIETCA pacdeT B CTaAMNM IKCIUIyaTaIl[UU C
y4eTOM IOJy4€HHOTO 3HaueHUsl YCUJINSI B MOHOCTPEHJE B
CTaZiy CO3JaHUSA 00XKATHUL N;p,. 3HaueHue U3rubaoIero Mo-
MeHTa M(x) pacCYMUTHIBAeTCSA C YI€TOM IIOJHOH IT0JIe3HOMN

Harpy3KU Ha ITepeKphITHE.

BBIBO/J bI

PaccMOTpeHa IIpoLeAypa OIpeJeseHus I[1apaMeTpoB
HaNPSHKEHHO-ZePOPMUPOBAHHOTO COCTOSHUS JJIsl XKeJle30-
6GeTOHHBIX U3r1bGaeMbIX 3JIEMEHTOB C BOCEMbIO PA3INUHBIMU
criocobamu prKcanny apMupoBaHuys ¢ 6eToHoM. Ilpeasara-
€MBIH [T0AX0/, II03BOJISIET YIUTHIBATD KAK «TPaAUIIFOHHBII»
- pacIpeziesIeHHBIH THUI KOHTAKTa apMaTyphl 1 6eTOHa, TaK
Y AVCKPETHBIN TUII KOHTAKTa aPMATyPHOTO 3JIEMEHTa, KOTO-
PBIil Hallle]l IPUMeHeHHe B HACTOsIIee BPeMs B KOHCTPYK-
I[USX C TIOCTHANpsDKeHHeM. JIaHHBIH MeToJ TakKe II03BO-
JISIeT OIpeZIeNIATD YCUIVe B apMaType JJIs XeJ1e300e TOHHBIX
9JIeMEHTOB, UMEIOI[UX Pa3pyLIeHHbIH 3alUTHBIN CI0H Oe-
TOHA Ha y4aCTKax KOHEYHOH /IIHBI, a TAK)XKE 151 9JIeMEHTOB
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¢ TUOPUAHBIM KOHTAKTOM — 9TO PaCIpe/ieNleHHbII KOHTaKT
II0 BCell JJIMHe 3JIeMeHTa, JOIOTHHUTENbHO YCUJIeHHBIN B

AUCKPETHDBIX TOYKaX.

JIUTEPATYPA

1. BaiikoB B.H. CrerieHre apMatypsl ¢ 6€TOHOM B KOH-
cTpykuusx. Bemon u scenesobemon. 1968. Ne 12. C. 14-16.

2. Baagumupos B.C. VpaBHeHHs MaTeMaTHU4ecKol ¢u-
3UKU. 4-e u3g. M.: Hayka. ['1aBHas pegakuus Qpu3NKO-
MaTeMaTHU4YeCKOU JuTepaTypsl. 1981. 512 c.

3. EBpoxkog 2. IIpoeKTHpOBaHUE >XejIe300eTOHHBIX KOH-
crpykuuii. Yactp 1-1. OImue mpaBua U MpaBHiIa A
37aHUi. MUHCK: MUHHUCTEPCTBO apXUTEKTYPhI U CTPOU-
TenbcTBa Pecriybnuku Benapycs. 2010. 191 c.

4. 3enun C.A., Ilapunos P.II., Kyaunos 0.B., CemeHoB
B.A. CTaTuyecKUH pacyeT 31eMEHTOB KOHCTPYKTUBHBIX
CHCTEM C IOCTHAIPSHKEHHBIMHU IIePeKPHITUAMU 0e3
CIeIUIeHHs apMaTypel c OeToHOM. CmpoumenvHas
MexaHuka u paciem coopyxceruti. 2017. Ne 4. C. 11-16.

5. Kapmenko H.U. Teopus aedhopMupoBaHUs ese3obe-
TOHa ¢ TpemuHaMu. M.: Crpoiinszar. 1976. 208 c.

6. Kapmenko H.U. O6iirie Mozenu MeXaHUKU Xeye3obe-
ToHa. M.: CTpoiinszar. 1996. 416 c.

7. KoHCTpyKIuu Xese300eTOHHbIE MOHOJIUTHBIE C HAaIIps-
raeMoii apMaTypoii 6es cuerureHus ¢ 6eroroM. IIpasuia
[IPOEKTHUPOBaHUA: MeToaudeckoe mmocobue. M.: Munu-
CTEepCTBO CTPOMTENbCTBA U KUINITHO-KOMMYHaJIbHOTO
xossricTBa Poccutickoit ®egepannu. 2017. 109 p.

8. Tlopraes /JI.B. PacuéT 1 KOHCTPyHPOBaHNE MOHOJIUTHBIX
NpeAHANPSDKEHHBIX KOHCTPYKIUN TI'DOKAAHCKUX 37a-
Huii. M.: UsgatenscTBo ABC. 2011. 248 c.

9. PxanunpiH A.P. CocTaBHbIE CTEPXKHU U IJIACTUHKU. M.:
Crporinsgar. 1986. 316 c.

10. Camapckmii A.A., AHxpeeB B.B. Pa3HOCTHBIE METOJbI

A5 3JLIANITUYeCKUX YpaBHeHUH. M.: I'1aBHas peflakus

($H3UKO-MaTeMaTUIeCKOU INTepaTypHl U3A-Ba «Hayka».

1976. 352 c.

11. Camapckmii A.A., Hukoaaes E.C. MeTo bl pelieHus ce-

TOYHBIX ypaBHeHI/Iﬁ. M.: I'maBHas pezaknys GU3NKO-Ma-

TeMaTU4YeCKOH JINTepaTyphl u3j-Ba «Hayka». 1978. 592 c.

12. CII 63.13330.2018. BeToHHBIe U >Xee300eTOHHbIE KOH-

cTpykiuu. OCHOBHBle ToJokeHMA. M.: CTaHZapTUH-

dopm. 2018. 118 c.

13. Tuxwuii M., Pakocauk . PacueT xee306e TOHHBIX pam-

HBIX I{OHCprKLII/Iﬁ B IIACTUYECKOH CTaguu.

Ilepepacmpesenenve ycuiauid. Ilep. ¢ demck. M.:
Crporinusgat. 1976. 198 c.

14. XoamsaHckuii M.M. KoHTakT apMaTypsl ¢ 6eToHOM. M.:

CrporinsgaT.1981. 184 c.

15. IMapunos P.III., 3enuH C.A., Kyaunos 0.B. IIpo6ieMbl

pacueTa Ipe/iBApUTEIbHO HAIIPSDKEHHBIX JKeJIe300eToH-

HBIX KOHCTPYKIIUI 6e3 ClieIIeHUs apMaTyphl ¢ 6e TOHOM

110 HepBOﬁ u BTOpOﬁ rpynmam npezaeabHbIX COCTOSTHUH U



TOM 2, BbINMYCK 3, 2021 | VOL. 2, ISSUE 3

le.

10.

11.

12.

13.

CII0CcO6bI UX pelleHus . ApXumeknypa u Cmpoumenscmeo.
2017. Ne 1. C. 129-132.

TR 43. Post-tensioned Concrete Floors. Design Handbook.
The Concrete Society, 1994. 151 c.

ITocmynuaa 8 pedaxyuio 06.09.2021
Ipunama x ony6aukosaruio 20.09.2021

REFERENCES

Baikov V.N. Bond of reinforcement with concrete in
structures. Beton i zhelezobeton. 1968. N 12. P. 14-16 (in
Russian).

Vladimirov V.S. Equations of mathematical physics. M.:
Nauka. Glavnaya redakciya fiziko-matematicheskoj liter-
atury. 1981. 512 p. (in Russian).

Eurocode 2. Design of reinforced concrete structures.
Part 1-1. General rules and regulations for buildings.
Minsk: Ministerstvo stroitel'stva i zhilishchno-kommu-
nal'nogo hozyajstva Rossijskoj Federacii. 2010. 191 p. (in
Russian).

Zenin S.A., Sharipov R.Sh., Kudinov 0.V., Semenov V.A.
Static calculation of elements of structural systems with
post-stressed floors without bond of reinforcement to
concrete. Stroitel'naya mekhanika i raschet sooruzhenij.
2017. N 4. P. 11 (in Russian).

Karpenko N.I. The theory of deformation of cracked re-
inforced concrete. M: Strojizdat. 1976. 208 p. (in Russian).
Karpenko N.I. General models of reinforced concrete
mechanics. M.: Strojizdat. 1996. 416 p. (in Russian).
Monolithic reinforced concrete structures with pre-
stressing reinforcement without bond to concrete. Design
rules: Methodological guide. M.: Ministerstvo stroitel'stva
i zhilishchno-kommunal'nogo hozyajstva Rossijskoj Fed-
eracii. 2017. 109 p. (in Russian).

Portaev D.V. Calculation and design of monolithic pre-
stressed structures of civil buildings. M.: Izdatel'stvo AVS.
2011. 248 p. (in Russian).

Rzhanitsyn A.R. Built-up bars and plates. M.: Strojizdat.
1986. 316 p. (in Russian).

Samarskiy A.A., Andreev V.B. Difference methods for el-
liptic equations. M.: Glavnaya redakciya fiziko-ma-
tematicheskoj literatury izd-va «Nauka». 1976. 352 p. (in
Russian).

Samarskiy A.A., Nikolaev E.S. Methods for solving grid
equations. M.: Glavnaya redakciya fiziko-matematich-
eskoj literatury izd-va «Nauka». 1978. 592 p. (in Russian).
SP 63.13330.2018. Concrete and reinforced concrete struc-
tures. Basic provisions. M.: Standartinform. 2012 118 p.
(in Russian).

Tikhy M., Rakosnik J. Calculation of reinforced concrete
frame structures in the plastic stage. Redistribution of ef-
forts. Per. from Czech. M.: Strojizdat. 1976. 198 p. (in Rus-
sian).

21

14.

15.

16.

YMHbBIE KOMMO3WTbI B CTPOUTE/bCTBE

SMART COMPOSITE IN CONSTRUCTION

Kholmyanskiy M.M. Reinforcement contact with con-
crete. M.: Strojizdat, 1981. 184 p. (in Russian).

Sharipov R.Sh., Zenin S.A., Kudinov O.V. Problems of
calculating prestressed reinforced concrete structures
without bond of reinforcement to concrete according to
the first and second groups of limiting states and methods
for their solution. Arhitektura i stroitel'stvo. 2017. N 1. P.
129 (in Russian).

TR 43. Post-tensioned Concrete Floors. Design Handbook.
The Concrete Society. 1994. 151 c.

Received 06.09.2021
Accepted 20.09.2021



TOM 2, BbIMYCK 3, 2021 | VOL. 2, ISSUE 3 YMHbIE KOMNO3WTbl B CTPOUTE/bCTBE
SMART COMPOSITE IN CONSTRUCTION

VAK 691.3

KOMIIOSUIITVNOHHBIE MATEPVAJIBI
HA OCHOBE

[TIOJIMCTPYKTYPHOU
WMHTEI'PAITU 'ETEPOI'EHHBIX
CUCTEM

A.A. OBunHHUKOB', /I.B. O0pyueB?, U.H. JlaHn10B>

Anexkcanzp AnexkcaHapoBrud OBYMHHUKOB

l00mecTBO € OrpaHUYEHHON OTBeTCTBEHHOCTBIO «CrpoiiKom», 2-it CoBxo3HbIN mmep., 19, IBaHOBO,
Poccuiickas ®egeparus, 153023

E-mail: nisigasa@mail.ru
JmvuTpuit Buransesua O6pydues

200weCTBO C OrPaHUYEHHOM OTBETCTBEHHOCThIO «DKcmpecc-Ilapraep» yia. Burebckas, 24, UBaHOBO,
Poccuiickas ®egeparus, 153029

E-mail: nisigasa@mail.ru
Hrops Hukosaesud JlaHnI0B

306uecTBO ¢ OrpaHUYEHHON OTBETCTBEHHOCTBIO «DKcmpecc-IlapTHep» yia. Butebckas, 24, MBaHoBO,
Poccuiickas ®egeparius, 153029

E-mail: nisigasa@mail.ru

21


mailto:nisigasa@mail.ru
mailto:nisigasa@mail.ru
mailto:nisigasa@mail.ru

TOM 2, BbIMYCK 3, 2021 | VOL. 2, ISSUE 3 YMHbIE KOMNO3WTbl B CTPOUTE/bCTBE
SMART COMPOSITE IN CONSTRUCTION

Cmamuva Hanpasaena 0606ujeHue MmeopemuuecKux npedcmasieniiil 0 3a6UCUMOCTU IKCNAY-
AMAYUOHHBLX XAPAKMEePUCTNUK KOMNOIUYUOHHBLX MAMeEPUAL08 OMm UX COCMmaga U CMmpyk-
mypul. B nell, ucx00s u3 noaucmpykmyphot meopuu 6emona, QOpMYyAUPYIOMCSL NOAOHCEHUS
0 6AUSAHUL KOMNOHEHMO8 HA pA3AUYHble CMPYKMYPHbLe YPOBHU KOMNO3UMA, IKCNePpUMEH-
manvHo 0oKa3vleaemcs 603MOMHOCMYb KA4eCMEeHH020 YyNpagaeHUus Ceolcmeam mamepu-
ano08 u KOHeuHblX 00BeKmo8 20p00dCcKOll UHGpacmpyKmypsl Ha UX 0CHOBe. B cmamve npuso-
dumcsa ananu3 ocobenHocmell MexHOA02ULECKUX U KOHCMPYKMUBHBLX pelleHUll MAAbLX ap-
XUMeKMypHuX GopM, NpumeHsemblx 048 c030aHUL YCAOBUIL NOBbLULEHUS Ka4ecmed U KOM-
¢opma 2opodckoil cpedvl U yuacmeynouwux 8 meponpusmusnx no ee 6aazoycmpoticmay. Pac-
CMOMpeHbL Cyuecmayoujlie U nepcnekmueHnble 8apuanmol NpUMeHeHUss KOMNOIUYUOHHBLY
mamepuanos npu npouzeodcmee 006sexmos z2opodckoil cpedul. [Ipogedena dexoHcmpyKyUL
OCHOBHBLX CBOULCME KOMNOZUYUOHHBLX MAMepuanos 6 paspe3e ypoeHell OpeaHU3AYUL
cmpykmypul komnozuma. Ilpedaosxenv meopemuneckue peuwenus 048 unmeepayull pasHo-
POOHbBLX mamepuanog 6 e0UHbLIL KOMNOIUM HA PA3AUUHBLX CMPYKMYpPpHULX YposHax. IIped-
CMageHbl pe3yAbmanmel IKCNePUMEHMO8 10 n0060py U ONMUMUIAYUL CTPYKMYPbL KOMTLO-
3uma, obecneuugalouux IQPekmusHy cogmecmnuyio pabomy I1eMmenMO08 zemepoee HHO20
mamepuana, obecneyusanuux payuoHalbHoe YynpagieHue C60lcmeami KOHeuH020 00%-
exma 2opodckoill uHppacmpyxmypsl, ¢ yuemom mpeb08aHUL K YCAOBUAM IKCNAYAMAYUL.

Kiamo4deBple CJI0BAa: CTPOUTEeNbHbIE MaTepHaabl, KOMIO3UTH, KOMIO3UIIMOHHbIE MaTe-
pHaibl, IOJNUCTPYKTypHAsI MHTerpanus, HIONUCTPYKTypHasa Teopus 6beToHa, 6eTOH, Ba-
pUOTpPONHAA CTPYKTypa
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The article aims to generalize the theoretical concepts of the dependence of the performance
characteristics of composite materials on their composition and structure. The authors for-
mulate the provisions on the influence of components on various structural levels of the
composite In terms of the concrete polystructural theory. Also the article provides the pos-
sibility of high-quality control of the properties of materials and final objects of urban
infrastructure based on them. The article analyzes the features of technological and design
solutions for small architectural forms used to provide the conditions for improving the
quality and comfort of the urban environment and participating in measures to improve
the urban environment. Also we consider existing and promising options for using compo-
site materials in the production of of the urban environment objects. And carry out the
main properties of composite materials deconstruction in terms of the levels of organization
of the composite structure. We proposed the theoretical solutions for the integration of dis-
similar materials into a single composite at various structural levels. The article presents
the results of experiments on the selection and optimization of the structure of the compo-
site. These provide the effective heterogeneous elements activity, which ensure the rational
control the urban infrastructure final object properties, taking into account the operating
conditions requirements.

Key words: building materials, composites, composite materials, polystructural inte-
gration, polystructural theory of concrete, concrete, variotropic structure
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INTRODUCTION

The State Programme of the Russian Federation "Providing
Affordable and Comfortable Housing and Communal Ser-
vices to Citizens of the Russian Federation", approved by Res-
olution No. 1710 of the Government of the Russian Federation
of 30 December 2017 [1] not only aims to provide affordable
and comfortable housing and communal services to citizens
of the Russian Federation. Also there is the Sub-Program 2
"Creating Conditions for Providing Quality Housing and Com-
munal Services to Russian Citizens" requires forming com-
fortable urban environments. It aims to radical increase of
the urban environment comfort, the quality index of the ur-
ban environment, reduce the number of cities with an unfa-
vourable environment, provide the conditions for a system-
atic improvement of the quality and comfort of the urban en-
vironment through the implementation of a set of priority im-
provement measures, including the implementation of inte-
grated beautification projects. In this context, the creation of
urban environments and infrastructures that increase the
comfort of human habitation and at the same time are de-
signed to maintain their performance over the long term with
minimum maintenance costs is of utmost importance.

This regard, the development of urban environments and
infrastructure increases the human habitation comfort and at
the same time designs to maintain their performance with
minimal costs. The development of such materials is very im-
portant.

The scientific importance of the implemented approaches
in the development of compositions and production technol-
ogy of composites with improved performance properties
consist in:

- complex use of methods of structural modification of com-
posite systems by introduction of dispersed functional addi-
tives and polymeric component, providing directed for-
mation of variotropic structure;

- methods for the bulk and surface transformation of poly-
mer and fibre elements using promising types of physical and
chemical action and peripheral layer generation to modify
the reactivity of components in, thus converting components
that are inert in their analogues into chemically active ones;

- methods for controlling the micro- and macroporosity pa-
rameters of the composite material by introducing a system
of fatty acid esters and organomodified silicones, which en-
sures the composite's density properties can be adjusted
within a wide range while maintaining its high strength prop-
erties;

- the technology for managing the adhesive interactions be-
tween the composite components and the mineral-polymer
matrix, increasing the inclusion of the filler surface in the sys-
tem by 50% more, compared to analogues;

- the control system of processes of three-dimensional self-
organization of objects during formation and hardening, con-
sisting in consistent provision of optimal conditions for the
course of reactions in the formation of microstructure, and
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directed mechanical influences, providing the formation of
meso- and macrostructure of the composite.

The purpose of the study is to select and optimise the com-
posite structure using the method of polystructural integra-
tion of heterogeneous materials for the manufacture of urban
environment objects.

In order to achieve the goal, the following tasks were set and
resolved in the work:

1) To analyse the design solutions of small architectural
forms in order to be able to use composite materials for their
production.

2) To develop material compositions for the polystruc-
tural integration of heterogeneous components into a single
composite.

3) To study prototypes of the resulting composite materi-
als.

4) To optimise the structure of composite materials and
develop technology for the polystructural integration of het-
erogeneous composite materials for the manufacture of small
architectural forms used in urban environments.

The presented scientific and engineering issues provide the
production of heterogeneous composite material for the pro-
duction of urban environment objects - small architectural
forms, allowing to reduce operating costs by 40-60% and to
increase the service life of such objects up to 25-30 years,
while maintaining high technological efficiency of their pro-
duction. The achievement of these goals allows us to develop
and optimise the industrial technologies for the production of
small architectural forms and other urban environment ob-
jects with high and stable properties, develop technical docu-
mentation, certify the product and act at the world market.

ANALYSIS OF DESIGN FEATURES OF SMALL
ARCHITECTURAL FORMS

In the Russian legal and normative system the components
of the architectural environment are the elements of complex
improvement, differentiated into the following types: land-
scaping; coverings; fencing; and small architectural forms.
Small architectural forms (SAF) include: elements of monu-
mental-decorative design, mobile and vertical landscaping
design devices, water devices, urban furniture, utility and
technical equipment of the city, as well as sports, lighting
equipment, means of outdoor advertising and information.
When designing and choosing small architectural forms, it is
recommended to use catalogues of certified products. The
small architectural forms should be designed individually for
areas of historic buildings, the central core of the city and ur-
ban multifunctional centres [2]. Individual design objects
have more free interpretation of the typology. For example, a
seating area is not only a bench, but also a tiered platform, an
amphitheatre and a module system [3, 4].

The design of a SAF structure, in terms of its aesthetic ex-
pression, is based on the technique of proportionality (from
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the Latin "Proportio" - "ratio, proportionality of the parts") is
a method of establishing the relationship between the parts
of a form. The process of relating proportions of design is the
first step to design the architecturally expressive highly artis-
tic objects and small architectural forms. The right propor-
tions produce new people's perception [5, 6]. Small propor-
tions with a ratio between 1.0 and 1.618 are perceived by peo-
ple as not causing aggression and tension. SAF with small pro-
portions is perceived more harmoniously at close range due
to its relatively small size.

In addition to artistic expression in the design of the SAF,
the variability of their structure should be taken into account
This structure implies irregular properties across the cross-
section of the product. It is the result of the specific require-
ments for the functional purpose, expression, and the using
specific conditions of the SAF.

The surface of the SAF requires increased resistance to
weathering, mechanical stress and UV radiation. At the same
time, the SAF should retain its artistic expression and have
pleasing organoleptic properties. There are micro- and mac-
rolevels of SAF structure.

The macro level provides the cross-section properties
change, which is structurally expressed by the integration of
load-bearing layers made of a stronger material and decora-
tive and protective or insulating layers that give the material
its special properties.

Other way of integrating heterogeneous materials to pro-
duce a variatropic structure of the final product is to transit to
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the meso- and micro-level, i.e. to combine heterogeneous el-
ements in a quasi-monolithic material, which together give
the composite new, unique properties.

By these features we have developed a method that com-
bines options for integrating heterogeneous materials into a
single composite on both macro-, meso- and micro-levels. But
it depends on the type and purpose of the SAF. The technol-
ogy combines macro- and mesostructure control by a rational
combination of heterogeneous components to solve the prob-
lems of mass-size formation at the macro level, including the
use of fixed components that work first as formwork forming
elements and then as product components to reduce its aver-
age density, heat capacity and thermal conductivity. The ra-
tional combination of the particle size distribution of hetero-
geneous inert components and chemically active components
at the meso level provides a three-dimensional co-program-
ming of the system. At a micro level, the technology provides
the formation of strength and hydrophobic properties of the
composite and the product as a whole, through targeted con-
trol of hydration reactions of chemically active components
and the introduction into the mineral body of the artificial
stone of a polymerised three-dimensional reinforcing lattice
formed by polymerising the copolymer.

The final SAF characteristics dependence on the properties
of the composite at the micro, meso and macro level is shown
in Table 1. Analysis of Table 1 shows that only a systematic
approach to managing the structure of the composite at all
levels, provides improved product using.

Table 1. Dependence of the main properties of composite materials in terms of the levels of organization structure

Composite structure | Composite properties form-

level ing at the level

Properties of SAF

Micro level Density

The bearing capacity of the product. Maintainability of the proper-
ties for a long time.

Heat conductivity

Organoleptic comfort

Hydrophobicity

The ability to resist penetration of moisture, solutions and aggres-
sive media into the composite body, and as a consequence the sta-
bility of the product properties, increased frost resistance and wa-
ter resistance.

Meso level

Friction resistance

The ability to resist mechanical abrasion during use as a long-last-
ing maintenance of the product's appearance without the need for
additional painting.

Linear deformations

The ability to keep linear and volumetric characteristics under
changing temperature and humidity conditions as a long-lasting
maintenance of the use of the product

Crack resistance

The ability to support the crack growth and increased resistance to
mechanical impact and shearing, both on the surface and in the

Macro level

volume.

Density Provides the product's mass dimensions within a rational range for
the intended product use.

Heat capacity It decreases in heat capacity, and as a consequence provides com-
fortable organoleptic using.

Durability Thus, it provides guaranteed service life in urban environments by

combining the components into a single system.
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We identified the constructive principles for the integration
of heterogeneous materials at the macro level, which have re-
sulted in a variatropic structure of the final product. Further
we implemented the ideas of managing the structure at all
levels.

EXPERIMENTAL PART

The disadvantages of such traditional materials as metal,
concrete, wood or plastic are the limited application possibil-
ities and the relatively low resistance of much of the material
to external aggressive influences. These classic materials do
not integrate well with each other, which lead to a rapid loss
of their functions, including decorative and aesthetics fea-
tures of the product. To provide these features the urban en-
vironment objects should be made of the composites.

Composite materials are artificial, stone-like mixtures ob-
tained by combining two or more heterogeneous elements.
Their characteristic features are high physical and mechani-
cal properties. They are not a sum of the properties of each
individual component. The advantages of these materials are:
high strength over a wide temperature range, chemical re-
sistance, weathering and light fastness, resistance to wear
and tear and durability as a rule.

The basic principles of mineral base modified by polymer
additives composites production with a complex of improved
physical-mechanical and operational properties are pre-
sented in works of Yu.M. Bazhenov [7], S.V. Fedosov,
V.T. Erofeev, [8], V.I. Kalashnikov [9-11], etc. The main idea
is the formation of mineral binders on a microlevel of low-
base calcium hydrosilicates crystals by hardening. They com-
pacted in a gel of hydrated initial binder components and new
formations - the results of hydration of clinker minerals. This
material has high physical and mechanical parameters, theo-
retically reaching values of 8-12 GPa, but due to the high de-
fect structure resulting from its stochastic formation, the real
strength of the composite is 90-120 MPa. It is difficult to use
it directly because of its low cracking resistance, high thermal
capacity and thermal conductivity, and relatively low re-
sistance to aggressive environments.

To compensate for the disadvantages, the composite struc-
ture has traditionally been improved by the introduction of
processing aids of various nature and purpose. Mineral seal-
ing additives - fillers, both inert and chemically active are
used to control the microstructure. Inert fillers become the
centres of crystallisation and form the initial skeleton of the
composite on a micro level. Chemically active fillers interact
with the hydration products and bind products that can lead
to undesirable processes, including corrosion. Other chemi-
cal-active components, such as rheological additives, are
used to control the time, process and concentration of the
mortar during the hydration.

We use the inert coarser fillers and fine aggregate of differ-
ent nature at the meso level. We can obtain the less defective
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structure with controlled average density by air regulating
and by controlling the fractional composition and the ratio of
the different filler and aggregate fractions of the binder. This
level provides the composite's specified density, water and va-
pour diffusion, water absorption, friction as well as thermal
characteristics.

We add the coarse aggregate, reinforcing cage and embed-
ded elements into the composite to form the properties for
the specific product and conditions at the macro level. The fi-
nal characteristics of both the material and the product made
from it are controlling the shape, dimensions and content of
the macro components forms.

But mineral-binder composite is a capillary-porous body ca-
pable of sorbing solutions and gases from the environment
and degrading under their influence. Its surface remains in-
sufficiently tactile and has a low artistic expression. Thus, we
proposed and implemented measures to compensate these
disadvantages.

We used White Portland cement 2-400-D0-GOST-965-89 and
1-500-D0-GOST 965-89 as the main binder. Its characteristics
were regard to GOST 310.1 - GOST 310.4. The fineness of the
cement was 4500-5000 cm?/g, normal density 23-26%, setting
time - the beginning not earlier than 40 minutes and the end
not later than 10 hours, activity 49.0-52.5 MPa.

We use sealing and hydrophobic additives, such as micro-
calcite KM80 GOST R 56775-2015 and zinc stearate TU 6-09-17-
316-96 to provide low water and vapour permeability and low
water absorption.

To control rheological properties, we used hardening accel-
erator - calcium nitrate, setting retarder - nitrilotrime-
thylphosphonic acid (NTPh) TU 2439-347-05763441-2001, hy-
perplasticizer PC-40 TU 5745-005-13453677-2008. All additives
meet GOST 24211-2008.

We used the various fractions quartz sand for the glass in-
dustry GOST 22551-2019 as a fine aggregate.

Mixture parameters are determined by GOST 10181-2014,
strength of samples by GOST 18105-2018 and GOST 10180-
2012, abrasion by GOST 13087-2018, density by GOST 12730.1-
2020, porosity by GOST 12730.4-2010, water absorption by
GOST 12730.3-2020, heat capacity by GOST 23250-78, thermal
conductivity by GOST 7076-99, linear expansion by GOST
30459-2008. The selection of compositions was by GOST
27006-2019.

The structure of the developed composite material should
contain such a concentration of fillers, which is rationally and
physically justified. Also, they should correspond to the
amount of the binder, which predetermines the speed of
chemical reactions. This allows to see the regularities for the
mutual arrangement of binder, filler and fine aggregate par-
ticles. This provides the following conditions:

- we achieve a conditional optimum filler concentration and
an optimum system packaging at the final stage of structure
formation.
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- we reduce the nucleation energy of the crystals due to the
presence of the filler crystallisation centres.

- we reduce the surface tension at the crystal-liquid inter-
face through the use of various processing aids. The nuclea-
tion rate of the new phase is increased.

- the resulting composite contains oversized particles - a
fine aggregate designed to compensate for the internal
stresses generated by high filler concentration.

- mechanical action on the filler phase provides maximum
contact strength between the particles.

Table 2. Technological decisions by selecting the composition
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- the use of surface-active additives provides the change of
the cement rheology, including polycarboxylate-type hyper-
plasticisers.

- the filler, provides maximum adhesion between the
binder and the aggregate and consequently maximum
strength and minimum hollowness, by displacing the binder
into the contact zone at the macro level.

Table 2 presents the summary of the technological solu-
tions adopted for shaping the composite properties.

Composite structure level

Composite properties at the level

Technological decision
by selecting the composition

Micro level Density

The use of high-strength hydraulic binder White
Portland cement CEM 1B provides a composite
strength of up to 60 MPa.

Heat conductivity

We reduce the thermal conductivity by using a
finely ground filler. It forms a three-dimensional
bulk grid of low thermal conductivity at the mi-
cro level, displacing the highly conductive water
and forming the insulating interlayers between
the composite components.

Hydrophobicity

The use of a sealing additive - microcalcite KM 80
and a hydrophobic additive - zinc stearate, pro-
vides a reduction of water absorption below 2.5%

Meso level Friction resistance

The use of high-quality White Portland cement
CEM 1B together with polycarboxylate hyper-
plasticiser PC-40 provides a hard dense product
surface

Linear deformations

Application of discrete, grain-optimised aggre-
gate

Crack resistance

Use of micro-calcite as a filler, together with re-
dispersible powder and hyperplasticiser

Macro level Density

Use of large dimensioned fixed elements for the
formation of macrostructure, playing the role of
forming element, permanent formwork and
coarse aggregate at different stages of the tech-
nology

Heat capacity

Application of large-sized non-removable ele-
ments with low heat capacity for the formation of
macrostructures

Durability

Integration of individual heterogeneous ele-

ments into a single composite

The composite mixture has colloidal-sized particles and
larger particles, due to a discrete filler grain composition of
0.1 mm or less. The electrolyte is a calcium nitrate hardening
accelerator. The polycarboxylate hyperplasticiser PC-40 reg-
ulates the rheological properties of the mixture and influ-
ences the crystallisation process of low-base calcium hydro-
silicates.

The methods for calculating the composition consist in es-
tablishing the volumes of inert and filler fractions, taking into
account the coating of grains. But the amount of fine fraction
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is calculated by the displacement of the binder from the inter-
granular voids. Thus, the aggregate with the lowest porosity
will be the most rational fractional composition.

The purpose of applying the mixture is to make SAF ele-
ments. They are not very thick. The maximum aggregate
grain size should be less than 1/4 of the thikness of SAF ele-
ment, the maximum aggregate grain size will be 5.0-2.5 mm.
A composite similar to fine-grained concrete will be the re-
sult.
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During the experiments it was found that the introduction
of sufficiently fine sand of continuous fraction with fineness
modulus 1.5-1.3 into the binder when the mass ratio of ce-
ment: sand exceeds 1: 1.5, leads to a sharp decrease of
strength (Fig. 1).
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Fig. 1. The dependence of composite strength on the
amount of filler

The shape of the fine filler grains plays a significant role in
this process. Sand obtained by crushing or sieving is irregu-
larly shaped grains, so the total porosity of the mixture
reaches 25-28%. Indirectly, the value of the porosity can be
determined by the bulk density - the higher the filler bulk
density, the denser the mixture and therefore the lower the
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porosity. Thus, a denser mixture of fine filler fractions will
require less cement to produce a composite. Fig. 2 shows the
results of the experiment to identify the dependence of the
bulk density on the amount of finer fraction.

Fig. 2 analysis shows the maximum bulk density lies within
the range of fine fraction consumption of 20-40%, the finer
fraction most effectively fills the inter-grain voids, so a mix-
ture including both coarse and fine fractions has a higher
density. Andersen [12], Fuller and S.R. Zamyatin [13] laid the
theoretical background and basic laws of formation of prop-
erties for mixtures with continuous filler fraction composi-
tions. P.I. Bozhenov 14] and L.I. Dvorkin [15] identified ratios
between coarse and fine fractions for fractional mixtures.

The most effective is a discrete particle size distribution of
the mixture. The real filler grains are not perfect, so the frac-
tion-to-fraction transition factor proposed by L.I. Dvorkin [16]
becomes ineffective. Thus, the most appropriate transition
coefficient is the value suggested by P.I. Bozhenov - 0.255 [14].
The average sand fraction size of 2.5 to 5.0 corresponds to 3.75
mm, the next fraction should be 3.75-0.255=0.84 mm, which
corresponds to a fraction of 1.25-0.63 mm. By the Fuller equa-
tion the amount of this fraction is 44-46%. The following frac-
tion is required to increase packing density. Calculating the
size of the new fraction by analogy, we obtain a fraction of
0.315-0.14 mm. The amount of component will be 24% of the
weight of the medium fraction. The porosity will be 29%.
Thus, the ratio of the fractions in the mixture would be: 9:4:1
by mass, for fractions 5.0-2.5, 1.25-0.63, 0.315-0.14.

Amount of fines in a mixture of grains 2.5-5.0 mm,%

——0,14-0,315 —=—0,315-0,63 ——0,63-1,25 —<—1,25-2,5

Fig. 2. Dependence of filler bulk density on the mixture particle size distribution

Effective production requires a high level of mobility to pro-
vide complete filling of the mould, before the surface self-lev-
els and the entrapped air is released. Fig. 3 shows the flowa-
bility dependence of the mixture by the Suttard viscometer
for the composition with optimised particle size distribution.
The polycarboxylatehyperplasticiser has a higher efficiency
than the traditional phenol-formaldehyde-based plasticiser at

equal costs per mass of binder.
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RESULTS AND DISCUSSIONS

The presented principles for determining the structureof
the composite consist of selecting the ratio of the amount of
binder to the volume of optimised filler. The maximum
strength of the composite material provides its high mobility.
By a grain coating thickness of 0.05-0.06 mm, the filler volume
ratio will be 2. The results are shown in Table 3.



TOM 2, BbINMYCK 3, 2021 | VOL. 2, ISSUE 3

YMHbBIE KOMMO3WTbI B CTPOUTE/bCTBE

SMART COMPOSITE IN CONSTRUCTION

240

230

220

210

/

200
190

180

170

160 _—

150 T

Mobility of the mixture, mm

0 0,5

IIK-

Consumption of plasticising agent,
% of binder weight

40

0,75

1,0 1,5

C-3

Fig. 3. The dependence of the mobility of the concrete mixture on the consumption of the plasticizing additive

Table 3. The dependence of the strength of the composite on the consumption of components and the activity of cement

Cement, kg Filler, kg Optimised filler, Density Density
kg at CEM 1 42.5, MPa at CEM 1 42.5, MPa
250 125 1725 12.0 15.2
300 150 1650 13.8 17.5
350 175 1575 15.8 19.9
400 200 1500 24.2 30.4
450 225 1425 30.5 35.6
500 250 1350 35.8 41.9
550 275 1275 38.2 46.8
600 300 1200 40.1 49.1

We can see a non-linear increase in strength with increas-
ing cement consumption, with a slowing down of the growth
during the complete matrix saturation phase on Table 3. A
further increase in the binder consumption does not lead to
an increase in strength, as the maximum possible strength for
the cement grade has been reached. The strength parameters
of the of SP
63.13330.2012 "Concrete and reinforced concrete structures"

composite provide the requirements

and correspond to the strength class B35-B40 for fine-grained
concretes of natural solidification.

CONCLUSIONS

Thus, in our study we identified the basic structural param-
eters for obtaining a new type of composite material, combin-
ing the properties of polymer and mineral-based composites,
characterised by high strength, low crack resistance, low heat
capacity and thermal conductivity. The new material, unlike
traditional materials, can have a variatropic structure. It will
allow to form the properties of products for different direc-
tions. Also, this will provide the product with unique struc-
tural, thermal and aesthetic properties, high consumer
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qualities and will made it possible to use it in urban environ-
ment and infrastructure objects. Integration of mineral com-
ponents will allow the material to resist effectively to external
aggressive influences, having increased terms of nonrepair
operation of products in 2-3 times in comparison with tradi-
tional. That will lead to considerable decrease in expenses for
maintenance of a normative condition of products from the
developed composite material.

This gives a composite with a density of 2.1 g/cm?, a com-
pressive strength of 46-49 N/mm? an abrasion resistance of
0.55 g/cm?, a linear expansion coefficient of 0.52 mm/m, a
heat capacity of 1.14 kJ/(kg -°C) and a thermal conductivity of
0.65 W/(m -°C). The achieved characteristics of the composite
material are sufficient for products exposed to alternating
wetting-drying, freezing-thawing, abrasion and mechanical
stress. The resulting properties meet the requirements of
structural concrete for products over 100 years of age.
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Ha npumepe uccaedoganusn donzogeunocmu 06pas3y08 cmekAONAACMUKOBOL apmamypel n0d
Jdeiicmeuem nocmosHHOL uzeubaouell Hazpy3ku npu memnepamype murnyc 30 °C npodemon-
cmpupogan memod OAUMEeAbHBLX UCTLLMARUL CMPOUMeAbHBLX KOMNO3UMO8 U CMAMUCMmU-
ueckas obpabomka pesyavmamog. I[Ipedaoxcens ycmpoticmea 0AUMeAbHBLX UCNLLMARUL Ha
npodoabHulil u3eub, nosgoasiouue Hazpyrams o0Hospemenno no 20 obpasyos. Ionyuen-
Hble IKCNepUMEHMAAbHO 3aKOHbL pacnpedeneHus 06pa3y,08 No NPOLHOCMU COOMBeMCMmeyom
HOPMAAbLHOMY, N0 004208€HHOCTMU - A02aAPUPMULECKU-HOPMAALHOMY pacnpedeseHUio.
Janvl pexomendayuu no 060CHO8AHHOMY 8bL60pY NOCMOAHHO Jelicmeyiloujeli Hazpy3Ku no
pe3yavmamam onpedeneHus NPOYHOCMU, NO3B0AANUEL NOAYHLUMb pa3pyuleHue 00abulell
yacmu 06pas3yoe 3a cpok Ikcnepumenma 0o mpex mecsayes. Ilpedaosen arzopumm npoge-
OeHus OAUMEeAbHBLX UCTLLMAHUL UL cNOCO6 cOBMecmMHOL mamemamuyeckoll obpabomku cma-
MUCMUYECKUX Pe3yAbMmamos NpouHoCcmu U 004208e4HOCMU 045 NOCMPOEHUs CUAOBBLX 3d-
gucumocmeil. IIpugedentvl pe3ysvmamul OAUMEAbHBLX UCHLLMAHUL 06pa3yoe cmekaonaa-
cmukoeoll apmamypul 8 duana3one memnepamyp om munyc 30 do naioc 50 °C. C nomowvio
npedaosicennozo memoda noAyueHvl 3a8UCUMOCTMU, KOMOPble N03B0ARLIOM CNPOZHO3UPOBAMD
3HaveHue daumenvHoll npounocmu 0,6 daa donzoseunocmu 100 nem. IIonyueHHble pe3yab-

mMamol COOMEEMCMEYIONM AUMepAMYPHLIM OAHHBIM Opy2eUx a8mopos.
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We demonstrate methods for long-term testing of construction composites and statistical
processing through examining the durability of the fiberglass-reinforced bar specimens un-
der continuous flexural load at -30°C. Prolonged flexural test apparatuses allow to load by
20 samples simultaneously. The strength laws of the experimentally obtained sample distri-
butions correspond to a normal distribution, while the durability laws correspond to a log-
arithmic-normal distribution. Guidelines are given on the reasonable choice of a permanent
load based on a strength determination that would result in the destruction of most of the
samples over a period of up to three months. The invention relates to an algorithm for
conducting long-term tests and to a method for mathematically co-processing statistical
results of strength and durability for generating power relationships. The results of the
long-term tests of fiberglass-reinforced bar samples are given in the range of temperatures
from minus 30 to plus 50°C. The proposed method produces relationships and makes it pos-
sible to predict a value of a lasting strength of 0.6 for a durability of 100 years. Using the
suggested method, relationships have been derived that can predict a long-term strength of
0.6 for durability of 100 years. The results are in accordance with the studies of the other
authors.

Key words: fiberglass-reinforced bar, long-time strength, durability, test method, sta-
tistical data processing, distribution law
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BBEJEHUE

JIuTebHAsA IPOYHOCTD U JOJITOBEYHOCTD SBJISIOTCS BaXK-
HeHIINMH XapaKTePUCTUKAMU JII060r0 KOHCTPYKIIMOHHOTO
Marepuana. Ocoboe BHUMaHUE yeseTcs 9STUM SKCILIyaTa-
IIOHHBIM CBONCTBAM /I U3ZeJINH, UCII0Ib3yeMBIX B OTBET-
CTBEHHBIX CTPOUTENbHBIX KOHCTPYKIIUAX, TAKUX KaK KUJIbIe
goMa [1]. IIpuMepOM ATHTENBHOTO KCIOTIb30BAHUS IOJH-
MepHBIX KOMIIO3UIIMOHHBIX MaTepuanoB (IIKM) B cTpou-
TeJIbCTBE MOTYT CIYXXUTh THOKMe CBA3U CTEKIO- U 6a3aabTo-
IIJJACTUKOBOM apMaTyphl K KOMIIO3UTHBIE CTePXHU IIePHO-
Aurdeckoro npoduis [1, 2], KOTOpbIe IOABEPraOTCs BO3ZEH-
CTBUIO HAI'PY3KU U TEMIIEPATYPEHI B TEYEHIE BCETO CPOKA IKC-
rryatanuu (oT 50 go 100 seT). IIoCKOJBKY MeXaHUYeCcKue
CBOMCTBa, B TOM 4MCJE U JJIUTeJIbHas NpoyHocTh ITKM,
CUJIBHO 3aBUCST OT TEXHOJIOTUHU UX U3TOTOBJIEHHUS U COCTABA,
BO3HMKaeT HeOoOXOAWMOCTb IIPOBEeJeHUs HCCIeA0BaTe b
CKUX, THIOBBIX M NEPUOANYECKUX HCIIBITAHUIN BHIITyCKae-
MBIX M3/IeJTNI Ha ATUTENbHYIO IPOYHOCTD U JOJITOBEYHOCTb.

B HacTos1mel paboTe pedb UJET 0 «MeXaHUIECKO» JOJITo-
BEYHOCTH, KOT/Ia Ha U3/eJIMe B ITpoliecce 3KCILIyaTalluy BO3-
JeHCTBYIOT TOJIBKO IIOCTOSIHHAs HArpy3Ka U IIOCTOSTHHAs
TeMIlepaTypa, ¥ He yIUTHIBAIOTCS JPYyTrHe BO3JeHCTBYIONIe
(aKTOpBI, TaKKe KaK XUMUYECKOe CTapeHHE, CyTOUHBIE U Ce-
30HHBIE ITUKJIBl T€MIIEPATYPHI, BIAXKHOCTD, yIbTpabuoIeT
[3].

OmpezieseHNsT TEPMUHOB «I0JTOBEYHOCTb» U «AJIUTEJb-
Has IPOYHOCTb» IPUHATH B COOTBETCTBUM C [4]: doszogeu-
HOCMb — BpeMs, MpoIIe/lee ¢ MOMEHTA IIPIJIOKEHHUI K 00-
pasily Marepuasa He U3MeHSIOIelcs MeXaHUIeCKOH
HarpysK{ 0 MOMEHTa ero paspylIeHus; 0AumenvHas npoy-
HOCMb — He WU3MEHAIIAACA II0 BeJIMYHHEe MeXaHHMYecKas
HarpysKa, IIPUJIOKeHHas K 00pasIly MaTepHala 1 BEI3bIBAIO-
II1as ero paspylleHue 3a 3aJaHHBII IPOMEKYTOK BpeMEHH.

CusoBasi 3aBHCHMOCTD [OJTOBEYHOCTH - 3aBUCHMOCTD
BPEMEHHU T JI0 pas3pylIeHUs OT MPUIOKEHHOH ITOCTOSTHHON
I10 BeJTMYMHE Harpy3KH, XapaKTePU3yeMOIl HallpsSKeHUeM O«
- OblJIa YETKO yCTAHOBJEHA Ha CHJIMKAaTHBIX CTeKIax [5-8].
JJIs1 CUTMKATHBIX CTEKOJI OBLIO MPesI0KeHO HECKOIBKO 9M-
nupudeckux (GopMys, M3 KOTOPBIX HauboJblilee pPacIpo-
cTpaHeHne noayuuna popmyina l'omnanza u TepHepa miIu
CTeINeHHOH 3aKOH:

1=B-0-b, Q)

rZe T - JOJITOBEYHOCTD;0 — 3a/JaHHOE PACTSTUBAIOLIEe HATIPSI-
>keHUe; B 1 b - KOHCTaHTHI.

B xozie mcCef0BaHUS IIPOLIECCOB Pa3pyIIEHUs TBEPABIX
TeJI CJIOXKIIOCH /IBa TIOAX0/1A K OO'BSICHEHIIO STOTO CJIOKHOTO
seieHus1. OAVH U3 HUX — Teopus paspyienus ['puddurca-
VpBuHA — paccMaTpUBaeT paspylleHHe, KaK IIpopacTaHue
MaKpOTpeIMHbL U3 Harbosee onacHOro fedekra depes He-
MOBPEXAEHHBII MaTepria. OHA IPUBOAUT K JIMHENHON Me-
XaHUKe paspylieHus. DTa Teopus, Co3jaHHas Ay ogHobas-
HBIX MaTepHajoB, He Bcerga nmpumenuma K IIKM, nposiBis-
0IUM Ha MacmTabHOM

HEOJHOPOAHOCTDb YpOBHE,
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CPaBHUMOM C pasMepaMU TPeUIuHBI, IIOCKOIbKY IIpeAIIoa-
raet ee NpsIMOJINHENHOE paclpocTpaHeHue [1, 6].

ITo Mepe HaKOILIEHUS De3yJbTATOB HCCIeZOBAHUA AJIU-
TeJIbHOI IIPOYHOCTU MaTePHasIoOB KOHIIENIUA, pacCMaTpH-
Balolljag paspylleHre KaK IPOTeKaoIUH BO BpeMeHH IIPo-
Ijecc, IPUILIA Ha CMeHy IpeJCTaBIeHUAM O pa3pylIeHNH,
KaK KPUTHUYIECKOM COOBITUM (€JUHUYHOM aKTe), HACTyIIao-
II1eM IIpU JOCTHXEHUY NTpefleIbHOTO HalpsbkeHud [6, 9].

VicciesoBaHUS pa3pylIeHUs B YCIOBHAX CTaTHYECKOTO
Harpy>KeHUs, NPOBeleHHbIe 3aPYOEXXHBIMU U OTEUECTBEH-
HBIMU y4YeHBIMM, IIPUBEJM K TOCIOJACTBY KUHETHUYeCKHUX
IIpeACTaBIE€HUH O IPOYHOCTU MaTepHuasoB [10-12]. PasBuBa-
eTcs HOBBIY pas/esl MeXaHUKY TBEPABIX TeJl - KHHeTHIecKas
MexaHUKa paspylleHus. Haubosee 3Ha9MMBIe PabOTHI BBI-
IIOJIHEHH! B JabopaTopuu GUSHUKU IPOIHOCTH U3UKO-TEX-
HH4YecKoro MHCTUTyTa uM. A.®. Modpde AH CCCP B Hauase
1950-x rozos C.H. JXypkoBeIM u coTpygHukamu. HesaBu-
cumo zpyr oT apyra ®. Byute [13] u C.H. JKypkoBbIM GrlTa
yCTaHOBJEHa 3MIIMPUYECcKass 3aBUCUMOCTb, KOTOpas IIOJY-
gpIa HasBaHue GopMyIisl XKypkoa:
Uy — yo)

BT @

T=T0€xp(

rZie To - [IOCTOSIHHASI BpeMeHH (711 CTEKJIOIIACTUKOB 1073 ¢),
Uo - 9Heprus aKTUBALUY IIPOLlecca paspylIeHus; Y — CTPYK-
TYPHO YyBCTBUTEJbHBI Iapamerp, gocTturamomuii 10-10°
aTOMHBIX 06BEMOB; O — ITOCTOSIHHOE MPUJIOKEHHOe HAIpsi-
xeHUe; R = 8,314 Lx/(moinp-K) - yHUBepcanbpHas ra3osas Io-
crosiHHas; T - TeMnepatypa, K.

CoTpysHUKaMu MHCTUTYTA UM. A.®. Modde AH CCCP Bo
riaBe ¢ C.H. JKypxoBbiM [10-12] 6110 yCTaHOBJIEHO, UTO MPsi-
MBIe JI0JITOBEYHOCTH B KOOpZAWHaTax In T - 1/T npu pasnamuy-
HBIX 3HAUEHUSX O CXOJITCS B OAHOM TOUKe U Y Pa3HBIX IJIACT-
Macc abcrucca Mmojaoca HaXOAUTCS B Pa3IUYHBIX MeECTax.
st o6psicHeHus aToro dakra C.B. Patuep, B.IL. SIpries B pa-
6orax [14, 15] mpesIoKuIn CiaeAymoliee 06001IeHYe ypaBHe-
Hus C.H. Xypxosa:

ror )

®3)

rge Tm - MUHUMaJIbHasl JOJITOBEYHOCTh MaTepuala, OTBeda-
I0Iasi MAaKCHMAaJIbHO JOIyCTUMOU TeMuepaType Tm, TP KO-
TOPOI1 Ipu 060N HarpysKe wiu 6e3 Hee MaTeprasl PasMsr-
YaeTcs BCJAEACTBHE WHTEHCHBHOIO paspbiBa MEXMOJEKY-
JIIPHBIX CBSI3H WM Pa3pyIIaeTCs B Pe3yIbTaTe AeCTPYKIIIU
T. €. pPa3pbIBa MEXATOMHBIX CBA3€H.

B pa6ore [15] PaTHep C.B. IPOBOAUT KPUTUYECKUI aHAIN3
MHOJeCTBa BbIpaKeHUI /IS pacyeTa JOJAr0BEYHOCTH IIOIH-
MepoB. HeKoTOpBle pe3yIbTaThl M BBIBOJABI HA3BAHBI OLIH-
6ounbMU. [TokasaHo, 4TO c110c06 06pabOTKY 110 PA3TUYHBIM
BBIPKEHUSIM 9KCIIePUMEHTaIbHBIX JAaHHBIX IT03BOJISET I10-
JIyYUTD CYIIeCTBEHHO pasjudaroluecs pesyabTaTsl. OTau-
9y B pe3yJIbTaTax aBTOP paboThl [13] 060CHOBBIBAET HeIO-
CTOSIHCTBOM IIapaMeTpoB To; Y ¥ Up B bopmy.te JKypkoBa, 1 ux
3aBHCHUMOCTBIO OT TeMmnepaTyphl. PaTHep C.B. mpegnaraer

Ha OCHOBaHMM GOPMyJH (3) IPUHLIUI TeMIIepaTypHO-
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BPEMEHHOMH-CHJIOBOM 9KBHUBAJEHTHOCTH, COIJIACHO KOTO-
poMy 0060# M3 IpefenbHbIX II0Ka3aTelell MexaHUIeCKOH
paboTocmocobHoCTH (0, T ¥ T) MOXKET OBbITH IIOBBILIEH 3 CUET
[TOHIDKEHUs JII000T0 APYroro moKasaress WM UX KOMOUHa-
nuu. Vicxozas us 9TOro, 4Tobbl 00€CIIeunTh POCT IIPeAesb-
HOTO II0Ka3aTeJIst MeXaHNYeCKOH paboTOCIIOCOOHOCTH MOAY-
GUIMPOBAaHHBIX IIACTUYECKUX MAacC CJIEAYeT IIOBBIIIATH
KoHCTaHTHI Uy, Tin U T ¥ IOHIDKATB .

V3 popmyssl (3) cieayeT, 4TO pacTATHBaIOlIee HaIpsiKe-
HUe 0, BbI3BIBAIOIE€e KPUTUIECKOe COObITHE — paspyLIeHue
("mpegen" mpoyHocTy) UK AedopMupoBaHue ("mpegen" BH-
HY>XZIEHHOH 3JIACTUYHOCTU WM "TekydecTu") [13], MOXHO
OIIpeseNuTh 110 GopMyie

1
=

RT

g T1-71/T,

T
In—|. (4)
Tm
ITousaTHe "Ipesen" 03HAYAET, YTO YKa3aHHbIE IIpe/ieJIbHbIE
COCTOSIHUS MOTYT OBbITh JOCTUTHYTEHL IIPU JI060M HaIpsiKe-
HUU U YMEHBINIAIOTCSA C POCTOM TeMIlepaTypsl T U BpeMeHU
ee JeHCTBUA T. AHAJOTMYHBIN BBIBOJ, CIeAyeT U JJs "Ipe-

JeNbHOH" TeMIlepaTyphbl pabOTOCIOCOGHOCTH - TEIJIOCTOM-
KOCTH IIPU pasMArYeHUU U TEPMOJECTPYKIIUU IIPH Paspy-
meHuu. 113 hopmyanel (3) niu (4) creayer [13]:
1 Uy—vo

+ %

Rint /Ty

=7 (5)

1
T

CymectByet 6oabuioii kracc IIKM, f0AroBEYHOCTH KOTO-
peIx He yzaaercs omnmcaTth dopmyson C.H. JKypkosa. s
sToro knacca I'M. BapTeHes [7] mpeJIoXu caejyloliee Bbl-
pakeHue:

1= C-0-b-exp(U/RT). (6)

ABTOpBI paboTHI [8] Z€1al0T BHIBOZ O TOM, YTO IIPH COXpa-
HEHUN KMHETUYEeCKOH NPUPoAbl IpouHocTH hopmyra Kyp-
KOBa CIIPaBe[JIMBA TOJBKO B TeX CJIy4adx, KOIZA 3aBHCH-
MOCTb MeXJy HalpshKkeHueM U fedopmariyieli TuHeHHa, Co-
OTBETCTByeT 3aKoHy I'yKa.
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G

Gi)
Ig (v)

Puc. 1. 3aBUCHMOCTb ANUTEIbHON IPOYHOCTH OT ZOJITO-
BEYHOCTH 110 ZJaHHBIM paboTH!I [5]:
crIomHas — o popmyiie (1), MyHKTUPHAs — IO BRIPAXKe-
Huwo (7)
Fig. 1. The dependence of long-term strength on durabil-
ity according to the data of [5]:
solid - according to the formula (1), dotted-according to
the expression (7)

VcTaHOBIEHO TaKXe, YTO B OIpeJeleHHOM HHTepBaje
BpPeMeHHU [0 pa3pyLIeHUs, ZOCTYIIHOM JJIs 3KCIIepPUMEHTa,
CBsI3b MEXAY AJUTEIbHOHN NPOYHOCTHIO 0 U Ig (1) miau In (1)
“MeeT JTUHENHBIN XapaKTep (PUC. 1), 4YTO COOTBETCTBYET BHI-
pakenwuio (1). IIpu 6osee ATUTENBHEIX OBITAX U [IOBBIIIEH-
HBIX TeMIlepaTypax HabIoaeTcs IepejioM Ha JuarpaMme o
-1n (1) [16], uTO, 110 MHEHHIO aBTOPOB pabOTHI [5], CBUZAETEND-
CTBYeT O CyIeCTBOBAHUH IIpefiesia [JINTEIbHON IIPOYHOCTH
O - TAKOTO MAaKCUMaJIPHOTO HAIpPsDKEHUs, HIDKe KOTOPOTro
MaTepuaJ He OyAeT paspylIaThCsi CKOJIb YTOAHO AOITO (pHC.
1).

Ha ocHOBe (heHOMEHOJIOTMYECKUX IIpesCTaBiIeHuil A.M.
Ckyzapa u @.51. BynaBc IpeIoKIUIN CIeAYIOLIyI0 SMINpUYe-
CKYIO 3aBUCHMOCTbD /I ONKCAHUA JOJTOBEYHOCTH CTEKJIO-

MJIaCTUKOB [5]:

(1—¢4) Ey+da-Ey

T—To)

T=n-exp(— B

(1= ¢,) - Hy + s Ey
(EM_HM)'EA'(1_¢A)'F

XM A0 B Foe B A ((1— o)

rge n, B - koaddumuenTsl, F - IOCTOSIHHAA HArpy3Ka, A -
IJIOLIAZIb ITOTIEPEYHOr0 cedeHus, Hu — MoAy/nb JIUTeNbHON
YIPYTOCTU MaTPHILBL.

ITo sKcIIepUMeHTAIbHBIM IAHHBIM paboTeI [5] A1 0AHOHA-
MIpaBJIeHHO apMHUPOBAHHOTO CTEKJIOIIACTUKA Ha OCHOBE I10-
JU3(UPHOTO CBA3YIOIIETO OLIEeHKA JJIUTEIbHON MPOYHOCTHU
JlaeT 3HaueHUe O» ~ 410 MIla, uTo cocTaBiasgeT okoso 0,65 OT
BeJIMYMHBI BpeMeHHOI mpoyHocTy. TakuM obpasoM, puc. 1
HarJISIAHO JEMOHCTPUPYET BAUSIHIE MeToAa 06paboTKH 9KC-
reprUMeHTaJbHBIX JaHHBIX 10 0JTOBEYHOCTU Ha Pe3yJIbTaT.
B ob1acTy BpeMeHH OT T1 [0 T2 (CM. pHUC. 1), JOCTYIIHOTO A
9KCIIepUMEHTa, pasindyHble TEOPUM AAOT OJIM3KMUe 3HAUe-
HUs, HO CYIIECTBEHHO pacXOAATCS B O0JACTH HU3KUX

“Hy + ¢4 ED] - [(1 = da) - Hy + b4 - Eal

37

HaIpsDKEeHUH NIPU A0AroBe4HocTH 50 1 100 JIeT, YTo Kak pa3s
U IIpeACTaBiseT HauOOJIbLUINI UHTepeC AT U3yIeHUs 9KC-
IIJIyaTallIOHHBIX CBOMCTB MaTepHaa.

VccienoBaTe MU OTMeYeHBI BHICOKUE Pa3OpPOCHI JOJIrO-
BeyHocTH ITKM IIpM OZIHOM ypOBHE HAarpy3okK, YTO IIPersT-
CTBYeT IIOCTAaHOBKe IPSMOrO JKCIIepUMeHTa Ha JAJUTEeJb-
HBI cpok. KpoMe Toro, crapeHre MaTepHasIoB B Ipolecce
JJIUTENbHBIX HUCIBITAHUN MOXET IIPOU30HTHU OT JeHCTBUS
OKpY>Karollleid cpezbl, PU3NKO-XUMHUYECKUX NIPeBpallleHUH B
caMOM MaTepuasie W JApyrux (axTopos [3], He mMeoIUX
[IPSIMOTO OTHOLIEHUSI K «MeXaHHYeCKOI» JJOJITOBEYHOCTH,
T.e. U3MEHEeHUs CBOICTB 10/ eiICTBHEM TOJbKO HAaI'PY3KHU.
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Lesnbio AaHHOM PabOTHI SBIAIOTCSA IKCIIEPHUMEHTAIbHBIE
HICCIIe/{0BAHUS LOJITOBEYHOCTH CTEKIIONIACTUKOBBIX CTEPK-
HeH, [IPUMEHSeMbIX B CTPOUTEBCTBE, C IOMOIIBIO OPUTH-
HaJIBHOTO MEeTOZa, OCHOBAaHHOTO Ha CTaTHUCTUYECKOH 00pa-
GOTKe Pe3yIbTaTOB.

SDKCIIEPUMEHTAJIbHAA YACTD

B kadecTBe 06pasIOB [JI UCCIEAOBAaHUI HCIOIb30BAIU
CTEP)KHU CTEKJIOIUIACTUKOBON apMaTyphl HOMHWHAIbHBIM
puameTpoM 5,5 MM (CIIA-5,5), CepUITHO U3TrOTaBINBAaeMOMH
o TV 2296-001-20994511.

CyIIIHOCTh METO/A AIUTEIbHBIX UCIIBITAHUH U 06paboTKU
PesyJIbTAaTOB COCTOUT B CIeyIOLIEM:

- ICIIBITHIBAIOT [1PE/CTABUTENBHYIO BEIGOPKY 00pasIioB 0/-
HUIM 13 METOZOB CTATUYIECKUX UCIIBITAHUI (Ha PaCTsLKEHNE,
Cc)KaTue Win usrub);

- OIIPEeZENISIOT AOIyCTUMOE 3HaYEeHIE IINTEIBHO JEHUCTBRY-
IOIET0 HANIPSDKEHUS 10 MUHUMAJIbHBIM 3HAYEHUSIM IIPOY-

HOCTH B IIEpBOH TIpymIme o6pasloB C TaKUM pacyeToM,
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4TOGBI, C O/HOI CTOPOHBI, HAIIPSLKEHHE He 0Ka3aI0Ch CIMII-
KOM BBICOKHM, IIPY KOTOPOM Pa3pyIInTCs 60JIbIIask 4acThb 06-
PaswoB, IpeAHasHAYEHHBIX JJIS ATUTEIbHBIX UCIIBITAaHUH, U,
C APYTOii CTOPOHBL, He 0Ka3aJI0Ch CIMIIKOM HU3KHUM, IIPU KO-
TOPOM He Pa3pyLINTCS HU OAUH 06pasel; B BHIOOPKE;

- HarPy>KaloT BBIOPAaHHOM BeTMYHNHOM JIUTEIBHO JEeHCTBY-
IOI[ETO HAIIPSDKEHUSA BCe 06pasIipl, MpeJHasHauYeHHBIE [T
[JIATENbHBIX UCIIBITAHUI TeM )K€ MeTOZOM (pacTsKeHUe,
cxxaTre 1160 usrub), U U3MepsIoT JOJITOBEYHOCTD — BpeMs,
Ipolle/lIee C MOMEHTa Harpy)KeHUs 0 MOMEHTa paspylie-
HUs 06pasIoB.

ITo npesBapUTENbHBIM SKCIIEPUMEHTAIBHBIM JAHHBIM [6,
9], pacmpezesieHre IPOYHOCTU CTEKJIOIIACTUKOB COOTBET-
CTByeT HOPMaJbHOMY 3aKOHy. Ha puc. 2 mpuBeJeHBI pe3yib-
TaTHl UCIBITAHUN Ha IPOJOJBHBIM M3rU6 IPeACTaBUTENb-
HOU BBIOOPKY 00PA3IOB OT TPEXCePUMHBIX IAPTUI CTEKIIO-
IIJIACTUKOBBIX cTepxHeH CIIA-5,5 mo TV 2296-001-20994511.
IIo ZaHHBIM pUC. 2 MOXHO OTMETUTD, YTO 3aKOH pacIipese-
JIEHUS CTepKHel II0 IIPOYHOCTU COOTBETCTBYET HOPMaJb-
HOMY C BBICOKUM K03hdUUUeHTOM Koppersnuu R?=0,98-
0,99.

o, Ma
2,5
6=0,104z + 2,27
R?=0,98
2,3

6 =0,077z + 1,98

2,1 1
1,9 1
©=0,083z +1,70
R*=0,99
1,7
1,5 T T T T T T T T T
-2,5 -2 -1,5 -1 -0,5 0 0,5 1 1,5 2 r4

Puc. 2. Pacipezesnenvie 06pasuos CIIA-5,5 0T Tpex mapTUi 110 IPOYHOCTH

Fig. 2. Distribution of SPA-5.5 samples from three batches by strength

ITpuBeseM npuMep peaansaliii METOZA AJIUTENbHbBIX VC-
IBITAHUHA U 06pabOTKU Pe3yJbTaTOB Ha KOHKPETHBIX U3Je-
JINAX U3 CTEKJIOIIAaCTHKA.

Br16op TeMIepaTyp AJIs UCIBITAHUH ObLI 0OYCIOBIEH Clle-
JyIOLUIMMU 06CTOATEIbCTBAMU. JIOIIyCTUMBIH ANaNa3oH Xpa-
HEHUS U SKCILIyaTallMH CTEKJIOMJIACTUKOBOM apMaTypBhI 110
TV 2296-001-20994511 ot MmuHyc 60 mo maoc 50 °C, cooTBeT-
CTBYeT KIMMaTU4eCKUM 30HaM PO. TeMniepaTypHas 3aBUCH-
MOCTb IIPOYHOCTH MCCIe0Bajgach BO BCEM JMaIla30He TeM-
repaTyp U IpuBeZeHa B paborax [17, 18], N3 KOTOPHIX Cle-
JIYEeT, 4TO MPOYHOCTD U e(POPMATHUBHOCTb CTEKIOIIACTHKA
C IIOHWXEeHNHeM TeMIlepaTyphl BO3PACTaeT, a C IIOBhIIIeHueM
- YMeHbIIAEeTCsA. DTO ellle OAHO II0JIE€3HOe CBOKMCTBO KOMIIO-
3UTOB, B OTJWYME OT CTajled -

HE IIPONCXOAUT
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OXPYIYMBAHUS BILIOTD ZI0 3aMOPO3KH B XKUAKOM as3oTe [19].
JUIs CTQJIBHBIX U3JIe/IUEH U3BECTHBI CIy4au XPYIIKOTO U3JI0Ma
[IPY HUBKUX TEMIIEPATypax, PUBOAUBIINE K aBapuUsM Ha
CTPOUTENbHBIX 0OBEKTAX.

TTOCKOJIBKY IIPeABapUTEIbHO GBIIO YCTAHOBIEHO [IOBBIIIIe-
HUEe MeXaHMYeCKUX CBOMCTB CTEKJIOILIACTUKOB B 06JaCTU
OTPULIATENBHBIX TEMIEPATYP, AMUTEIbHbIE WCIIBITAHS
ObLIM OTpaHHYEHBl MMEIOUINMCS 000pyAOBaHMEM — IIPO-
MBIIIJIEHHOHM XOJIOAUJIBHON KaMepoM, CIOCOOHOI moazep-
JKUBATh IIOCTOSIHHYIO TeMIiepaTypy Munyc 30 °C B TeueHue
BCETo 9KCIlepUMeHTa. BepxHUI TeMIepaTypHbIi AuanasoH
9KCIUIyaTalliy KOMIIO3UTOB OlPaHMYEH TeMIIepaTypoil
Hayaja [epexofia U3 CTEKI006PasHOr0 B BBICOKO3IACTHIYE-
CKoe COCTOSIHHE, KOTOpOe

A1 HCCIenyeMbIx
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CTEeKJIOIIACTUKOB COCTaBJsieT He MeHee 75-80 °C, 1mosToMy
[IOBBIIIEHHAsI TeMIIepaTypa JJINTeNbHbIX UCIBITAHU OblIa
BbIGpaHa 50 °C, COOTBETCTBYIOIIAS CTEKI006Pa3HOMY COCTO-
STHUIO CBA3YIOIETO U MaKCUMATIBHOH TeMIIepaType 9KCILIya-
TalUU 10 KINMaTHU4YeCKUM 30Ham PO,

Beibop MeToZa WMCHBITAHUI Ha IPOJOJBHBIN U3rub ObLI
06yCIOBJIEH €ro JOCTOMHCTBAMH [17], Ba)KHEHIINMU U3 KO-
TOPBHIX ABJIAIOTCA: OTCYTCTBHE BO3JEHCTBUA MeTaIIMYeCKUX
yacTell (OTCYTCTBHE KOHTAKTHBIX HAIPSIKEHUH) B MecTe
HaubosbIero mporuba o6pasiia; KOMILIEKCHAs HArpysKa oJ-
HOBpPEMEHHO BHYTPEHHUX CJIOEB Ha CXKaTHe, HAPY)KHBIX — Ha
pacTspKeHMe; IPOCTOTa METO/A — BO3MOXXHOCTD IIPOBEIeHUS
OJZHOBPEMEHHO MacCOBBIX MCIIBITAHHU IPU Majblx rabapu-
Tax yCTPOMCTB M MaJbIX 3HAYEHUIX YCHIMH (CHIa MOTEPHU
YCTOMYMBOCTH IIPH NIPOZAOJIbHOM U3TMbe IPHUMEPHO B 50 pas
MEHbIIIE CUJIBI, HEOOXOAMUMOM ISl PACTSKEHHS/CATUSL 00-
pasiia TOro )K€ CedeHMs); IPU MPOJOTbHOM M3rnbe CTEeKIo-
IIJIACTUKOBBIH 0Opasel] UMeeT yIpyrue gedopmaruu u pabo-
TaeT NMOJOOHO IPYXUHe — KOHCEPBUPYET HATPysKy Ha AJH-
TeJpHOE BpeMs, IPAKTUIEeCKU OTCYTCTBYET PeJaKcalus, U
obpasel] paspylaeTcs B CpeAHell 9acTU NMPHU AOCTIKEHUU
IIpesieIbHOM AOITOBEYHOCTH BCIE€ACTBLE 3aIlaCeHHOM 3Hep-
T'UU YIPYTOU «IIPYKUHBI».

B Ta61. 1 mpuBeZieHH! AaHHBIE 110 pe3yIbTaTaM U3MepeHMUs
IIPOYHOCTHU UccaeAyeMoii maptuu CIIA-5,5 Ha IPOJOTBbHBIH
usrub [17, 20] mpu TeMnepaType MuHyc 30 °C.

AnropuT™ 06paboOTKU 9KCIIepUMEHTANbHBIX JaHHBIX ClIe-
JYIOIIMH.

Bce mosiydeHHBIe pe3yJbTATHl OIpeJeNeHUs MPOYHOCTU
CTep:KHell pacroyiaraioT B ITOPsiAKe BO3paCTaHMs, IPUCBAK-
Bast K&XX/I0My 00pasily IOpsIIKOBBIN HOMED 1.

Jls KakAoro obpasiia pacCYUTHIBAIOT 3HAUEHUS BEPOST-
HocTH P 1o dpopmyie [21]:

P()=i/(n+1), ®)

rze i - MOPsAKOBBIII HOMep 06paslia B yIOPAZ0YeHHOM Mac-
CHBe; 71 — KOJIU9eCTBO 06PasIioB.

ITo IoIy4eHHBIM pe3yIbTaTaM HaXxO AT 3HaUeHUs TabIud-
HOH GyHKIMYU Z 00paTHOTO HOPMAaJbHOTO pacIipeeseHus ¢
[IOMOIIBIO CTATUCTUYECKUX TalblWl, HAIpUMep, B IIPO-
rpammMe Excel. [TonyueHHble JaHHBIE CBeleHBI B Ta0I. 1.

ITo gaHHBIM Tabs. 1 CTPOAT rpaduUUecKyio 3aBUCHMOCTb
0:(1)=fZ(i)) (puc. 3). Kak mokasaHo Ha puc. 2 U 3, Ucciezye-
Mble 06pasibl CTEKIOIIACTUKOB II0 IIPOYHOCTH YOBIETBO-
PSIOT HOPMaJbHOMY 3aKOHY, C BBICOKUM K03(dULreHTOM
KOppeJsLyN. 3aBUCHMOCTb IIPOYHOCTH OT HOPMUPOBaHHOM
dyHKIIE 06paTHOrO HOPMAJIBHOTO pacIpeesieHus (1o faH-
HBIM PHUC. 3) ONMCHIBAETCS TNHEHHBIM 3aKOHOM:

0s= bo*(Z) + ao,

©)

rze bo, ac — aMnupudeckre KoaGGUINEHTH], B pacCCMaTpPUBa-
e€MOM IIpuMepe DPaBHHI b,=93,107 MIIa (ompezenseT yroa
as=2055 Mlla
(ompezenseTr cpefiHee apudMeTHYeCKOe 3HaUeHMe ITPOYHO-

HaKJIOHA AaIlIIPOKCHMUPYIOLIEH IpPsSMOL);

CTHU B BEIGOpPKE).
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YMHbBIE KOMMO3WTbI B CTPOUTE/bCTBE

SMART COMPOSITE IN CONSTRUCTION

B Tabi1. 1 mpuBeJeHbl pacdeTHbIe 3HAYEHUS IIPOYHOCTH I10
BBIpaXKEHUIO (9) U BeJMYMHA OTHOCHUTEIBHOTO OTKJIOHEHUS
9KCIIepUMEHTAIbHBIX JAHHEIX OT PaCUeTHBIX. [IorpelrHoCcTh
He IIPEBHIMIAET +1%, YTO TOBOPUT O BBICOKOM COOTBETCTBUH
PacyeTHBIX U 9KCIIePUMEHTAaIbHbIX JaHHBIX.

BpI6Op BeTMYMHBI IIOCTOSHHO [eHCTBYyOINell Harpysku
HMeeT pelllaolllee 3HaYeHUe U1 UCIBITAHUIN Ha JOJIroBed-
HOCTb. DTa Harpyska He JOJ/DKHA GbITh CIIHIIKOM BBICOKOH,
BBI3BIBAIOIIEH [TPEXKAEBPEMEHHOE paspylieHye 6obleli da-
cTU 00pasIoB, HO TaKXe U He [OJDKHA ObITh CIMIIKOM HU3-
KO, IIpU KOTOPOI He paspyLINTCS HU OAUH obpasel 3a pa-
3yMHOe BpeMs 3KCIIePUMeHTa. JIOCTaTOYHO IOJyYUThb Ta-
PaHTHUPOBAHHOE paspylIeHNe IIOJOBHHBI 06PAasIioB B BBI-
GopKe 3a BpeMs SKCIIeDUMEHTA JJIs CTATUCTUIEeCKOH obpa-
6OTKU pe3yIbTaTOB.

VI3 ombITa UCIBITAHUH HA JJOJTOBEYHOCTD, ZJIS ITOJIYIe€HUS
paspyiieHus o6pasIoB IPH JIUTEIbHOCTH SKCIIEPUMEHTOB
Z0 Tpex MecslleB MOXXHO PEKOMEH/0BaTh 3HaueHue JJu-
TeJbHO JeHCTBYIONero HalpsXKeHts, oIpe/enseMoe 110 MU-
HUMaJIbHOMY 3HAQ4YeHHUIO IIPOYHOCTU O6OpPasIoB B BBIGOPKE
IIPY BEPOATHOCTHU paspyuieHusa P=2,4%.

BeJIN9MHY O (0,024) ONIPEAENAIOT 10 BEIpXKEHHIO (9), moa-

cTaBjsAd 3HaYeHUe Z =-1,97.

BelWYMHY AJIUTENBHO [JEHCTBYIOLIEr0 IIOCTOSHHOTO
HATIPSKEHUS ONPEAESIOT 110 BRIPAXKEHUIO
0= KOs (0,029), (10)

rze K - smnupudeckuil KoappuiueHT, mnpuHrMaemsii 0,89-
0,92 [9].

B paccMaTpuBaeMOM IIpUMepe pacdyeTHas BeJIUYMHA O
(0,024 = 1872 MIIa.

JvTenbHOE HAIpsKEHUe M3HAYaJbHO OBLIO IOZ0OpaHo
SMITMPUYECKU U COCTAaBUJIO 0-=1727 MIlla, mpu 3TOM K03(-
¢dunuent K =0,923.

Ha BeIM4MHYy HamnpspKeHUs: or = 1727 MIla Geutn 3arpy-
JKeHBbI Bce 00pasiibl BTOPOU IPYILIEI OT TOM K€ HapTUM, ITO
KCIBITQHBI Ha IIPOYHOCTb.

71 ATUTEeNbHBIX UCIBITAHUI HCIIOIb30BAIN IIPUCIIOCO6-
JIeHUe, TIOKa3aHHOe Ha PUC. 4, d, B KOTOpPOe OJHOBPEMEHHO
ycraHaBiauBaeTcs 1o 20 obpasnos CITA-5,5 anuHOH 200 MM.
TpebyeMblii ypoBeHb HaNpPSKEHUIH 3aJaeTCs C IIOMOIIBIO
mporu6a o6pasIioB B CpefHel YacTU U PeryJaupyeTcs BUH-
TOM (OCEBBIM IlepeMelleHreM — cOMKeHeM KOHI[OB IIap-
HUPHO OIIEPTOro CTep:kHs). OceBas CHJIa IIPU 9TOM paBHA
CuJIe TIOTepe YCTOHYMBOCTH (KPUTHYECKOH crie Diinepa) U
ocTaeTcs NMPAKTUYEeCKH ITOCTOSHHOH B IIpOIlecce Harpyke-
HUS U yBeJIM4YeHUs nporuba. IIepHoAMIEcKU IPOBOAUIICS
«OTIPOC» 06PA3IIOB C TOMOIIBIO TEH304ATINKA CUIIbI — 3HAIH-
TeJbHOE YMeHbIIIeHe OCEBOI CHJIBI CBHZETEIbCTBOBAIO O
paspyueHnn obpasua. /I cOXpaHeHUs TeMIIepaTyphl 06-
pasia Ipu IepUOANYECKON BBIEMKE M3 MOPO3MJIBPHOM Ka-
Mepsl ¥ KOHTPOJIST OCEBO CHJIbl, YCTPOHCTBA IMOMeNLaIN B
G&yTaAsSphl M3 MEHOIIACTa, USHYTPU YTEI/UIN IIOPOJOHOM

KaK [T0Ka3aHO Ha PUC. 4, 6.
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Ta6auya 1. Pe3yabTaThl HCHBITAHUE 06PA310B Ha IPOYHOCTH IPU TeMIiepaType Munyc 30 °C

YMHbBIE KOMMO3WTbI B CTPOUTE/bCTBE

Table 1. Results of strength tests of samples at a temperature of minus 30 °C

SMART COMPOSITE IN CONSTRUCTION

i P(i) Z 03, MIIa Opacs, MITa OTkI0HEHUE, %
1 0,024 -1,97 1867 1872 0,24
2 0,049 -1,66 1907 1901 -0,32
3 0,073 -1,45 1915 1920 0,27
4 0,098 -1,30 1957 1934 -1,16
5 0,122 -1,17 1960 1947 -0,67
6 0,146 -1,05 1969 1957 -0,60
7 0,171 -0,95 1971 1967 -0,24
8 0,195 -0,86 1973 1975 0,12
9 0,220 0,77 1977 1983 0,31
10 0,244 -0,69 1981 1991 0,49
11 0,268 -0,62 1986 1998 0,56
12 0,293 -0,55 2000 2004 0,20
13 0,317 -0,48 2007 2011 0,18
14 0,342 -0,41 2018 2017 -0,03
15 0,366 -0,34 2023 2023 0,01
16 0,390 -0,28 2025 2029 0,22
17 0,415 -0,22 2029 2035 0,29
18 0,439 -0,15 2031 2041 0,49
19 0,463 -0,09 2043 2047 0,16
20 0,488 -0,03 2053 2052 -0,02
21 0,512 0,03 2064 2058 -0,27
22 0,537 0,09 2065 2064 -0,08
23 0,561 0,15 2070 2069 -0,04
24 0,585 0,22 2081 2075 -0,30
25 0,610 0,28 2088 2081 -0,32
26 0,634 0,34 2090 2087 -0,16
27 0,659 0,41 2091 2093 0,09
28 0,683 0,48 2096 2099 0,16
29 0,707 0,55 2099 2106 0,34
30 0,732 0,62 2101 2113 0,53
31 0,756 0,69 2104 2120 0,75
32 0,780 0,77 2114 2127 0,62
33 0,805 0,86 2140 2135 0,24
34 0,829 0,95 2147 2144 -0,16
35 0,854 1,05 2157 2153 -0,18
36 0,878 1,17 2157 2164 0,30
37 0,902 1,30 2187 2176 -0,54
38 0,927 1,45 2192 2190 -0,06
39 0,951 1,66 2231 2209 -1,00
40 0,976 1,97 2237 2239 0,05

40
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Puc. 3. PactipezienieHre 06pasnoB CIIA-5,5 110 IPOYHOCTH IIpU TeMIepaType MuHyc 30 °C

Fig. 3. Distribution of SPA-5.5 samples by strength at a temperature of minus 30 °C

Puc. 4. CTeH/bl AJIS1 UCTIBITAHUE 0fHOBpeMeHHO 20 o6pasioB CIIA-5,5:

a - Ha JOJITOBEYHOCTHD IIPU IIPOAOJIPHOM I/IBI‘I/I6E; 6 - Cl)yTJIﬂpr AJIA COXpaHeHNd TeMIIePaTypPhl o6pa3u03

Fig. 4. Test benches for 20 SPA-5.5 samples at the same time:

a - for durability during longitudinal bending; b - cases for maintaining the temperature of the samples

O6paboTKa pesypbTATOB IO JOJTOBEYHOCTU aHAJIOTUIHA
IIPUBEIEHHOMY BBbIIlIe AJITOPUTMY CTATUCTHYECKOH 00pa-
6GOTKU JaHHBIX OIIpeZieJIeHUsI IPOYHOCTH 00pasIOB.

OmpeziessioT 3HaUY€HHUe BepOSTHOCTH P(i) ¥ BeIu4uHy Z
06paTHOrO HOPMAJIBHOIO PACIpefeseHus, KaK ObII0 IOKa-
3aHO BBIIIe. [l KOJIMYeCTBa UCIIBITAHHBIX 00pasioB 40 IIT.
9TU BeJIMYMHBI IMEIOT Te jKe 3HAUeHMsI, 4TO U B TabJ. 1. DKc-
reprMeHTaTbHbIE 3HaUeHUS [I0JITOBEYHOCTH PACIIOIaraioT B
nopsizike Bo3pactauus. CTpoAT rpadrK 3aBUCUMOCTHU JIOTA-
pudMa ZOoJITOBEUHOCTH OT BeIUUUHEI Z (puc. 5).

3aKOH pacrpeseeHus JOJIr0BEYHOCTY 06Pas3LoB COOTBET-
CTByeT JorapupMUIeCKHU-HOPMaJIbHOMY C BBICOKOIH KOppe-
nanued (R?=0,985). 3aBUCUMOCTb JioraprudMa J0JrOBEYHO-
¢ty 06pasIioB OT 06paTHOHM YHKIINY HOPMaTbHOTO paclpe-
JleJIeHVsI HOCUT JIMHEHHbIH XapaKTep:

In(7) = b (2) +a, (11)

rae b:, a: - sMnupudeckre Ko3hUINEeHTHl, paBHbIE COOT-
BeTCTBeHHO: b=1,166; a=11,835.

4

B Tabs. 2 mpuBeJeHBl pacdyeTHbIe 3HAYeHHs Jorapudma
J0JITOBEYHOCTH 06PA3IIOB, 1 OTKJIOHEHUS SKCIIEPUMEHTAIb-
HBIX JaHHBIX OT PacyeTHBIX. MOKHO 3aKJII0YUTh, YTO OTKJIO-
HEHUS He IIPEeBbILIAOT +1,5-2%, JIVIIb Y IePBBIX ABYX 00pas-
I[0B B BbIOOPKeE 3KCIIepUMeHTaIbHbIe 3HAY€HU J0ITOBETHO-
CTU aHOMAaJIbHO OTJIMYAIOTCS OT PAaCYeTHHIX (Ha 64% u 34%).
9ty ABa obpasija CIOMalKCh B IIPOIleCCe HATPYKeHHUs U B
pacyeT He NIPUHUMAJNCD.

Ciefyroluii aTal — COBMeCTHasl 00paboTKa pe3yIbTaToB
oIpesieJIeHUs IIPOYHOCTH U 0JITOBEYHOCTH. B 0OCHOBY 110J10-
’KeHa T'UII0Te3a O TOM, UTO JBe IIPeACTABUTEIbHbIE BEIGOPKH
OT OJHOU MAapPTUH UMEIOT 06pasIbl, HAEHTUIHBIE 10 CBOMM
CBOICTBAM — IIPOYHOCTH U JOJITOBEYHOCTHU. IIOCKONBKY 06a
BU/IAa UCIIBITAHUN SBJIAIOTCA Pa3pyIIAOUIIMU, TO Ha OAHUX
U TeX Xe obpaslax u3MepeHre KOHTPOJIA UX MIPOYHOCTU U
ZI0JITOBEYHOCTH BBIIIOJHUTD HEBO3MOXKHO.
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B COOTBETCTBUY C TUIIOTE30M, IPUCBANBAIOT BEPOATHOCTb
paspyiueHus Gojiee Harpy>KeHHBIX OOPas3LOB WX MeEHbIIEH
JOJITOBEYHOCTH (3TO COOTBETCTBYeT U (QyHAaMEHTAIbHBIM
[IpeACTaBIeHNsM — 4eM 60JIblile Harpy3Ka, TeM MeHbIIIe J0J-
rOBEYHOCTb, CM. PUC. 1). 3a BeJIMYMHY HHTEHCUBHOCTH IIPU-
JIOKEHHOH HAarpysKd IIPHHATO OTHOLIEHVE IIOCTOSHHO

YMHbIE KOMMO3WUTbI B CTPOUTE/IbCTBE

SMART COMPOSITE IN CONSTRUCTION

[IeCTBYIOIEr0 HANPSHKEHUs K UX BPEMEHHOMN IIPOYHOCTHU
Oomn= 0+/05, KOTOPOE [TOKA3bIBAET, HA KAKYIO BeINIMHY HAarpy-
KeH WHAVUBUIYJIBHO KaXKIBIA 00pasen OT ero MUCXOAHOM
npouHoctu. CoBMecTHass 00paboTKa pe3yJIbTATOB IPUBE-
ZleHa B TabuI. 3.
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13.5 — ’./_\./ A
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12.5 QM
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Puc. 3. Pacpezenenue o6pasios CITA-5,5 10 IPOYHOCTH IIPH TeMIlepaType MuHyc 30 °C

Fig. 3. Distribution of SPA-5.5 samples by strength at a temperature of minus 30 °C

Ta6/ml;a 3. CoBMecTHAA OGPaGOTKa Pe3yJIbTaTOB OIIpeae/IeHUsA IPOYHOCTH U JOJIrOBEYHOCTH

Table 3. Joint processing of the results of determining strength and durability

; Opacs, MIIa GCorn In (T pac, C) i Opacs, MIIa Goru ln(Tpacq, C)

11,871
1 1872 0,923 9,537 21 2058 0,839

11,942
2 1901 0,909 9,903 22 2064 0,837

12,014
3 1920 0,900 10,141 23 2069 0,835

12,086
4 1934 0,893 10,324 24 2075 0,832

12,160
5 1947 0,887 10,476 25 2081 0,830

12,235
6 1957 0,882 10,608 26 2087 0,827

12,311
7 1967 0,878 10,726 27 2093 0,825

12,390
8 1975 0,874 10,833 28 2099 0,823

12,471
9 1983 0,871 10,933 29 2106 0,820

12,556
10 1991 0,868 11,026 30 2113 0,817

12,644
11 1998 0,865 11,114 31 2120 0,815

12,737
12 2004 0,862 11,199 32 2127 0,812

12,837
13 2011 0,859 11,280 33 2135 0,809

12,944
14 | 2017 0,856 11,359 34 2144 0,806

13,062
15 2023 0,854 11,435 35 2153 0,802

13,194
16 2029 0,851 11,510 36 2164 0,798

13,346
17 2035 0,849 11,584 37 2176 0,794

13,529
18 2041 0,846 11,656 38 2190 0,788

13,767
19 2047 0,844 11,728 39 2209 0,782

14,133
20 2052 0,842 11,799 40 2239 0,771

42
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Ha puc. 6 moxasaHa CHJIOBas 3aBUCHMOCTb J0JITOBEYHOCTH
- 3aBUCUMOCTb OTHOCUTEJIPHOH AJIUTENbHOH IPOIHOCTH OT
JOJITOBEYHOCTH /IS CCJIeJOBAHHEIX 06Pa3IjoB CTEKJIOIIA-
cTUKa. MOXXHO 3aKJIIOYUTh, YTO B MIPUBEJEHHBIX KOOPAHA-
Tax (0 OCHU OPAMHAT —OTHOCUTEIbHOU IIPOYHOCTH, 10 OCH
abcrucc - sgorapudma JOJrOBEYHOCTH) CHJIOBAs 3aBHUCU-
MOCTBb COOTBETCTBYET CTEIIEHHOMY 3aKOHY C BBICOKUM K03(-
¢dunuentom koppeasuuu R?=0,999.

Oomn = 2,594 - (InT) 0456, (12)

DTy 3aBUCUMOCTb MOXKHO HCIIOJBb30BaTh AJIs1 IIpe/CcKasa-
HUS J0JITOBEYHOCTU HCCJIe[lyeMOTro CTeKIOILIaCTUKA B 3aBU-
CHMOCTY OT YPOBHS IIPUJIOKEHHOTO HAIIPSXKEHUS IIPU TeM-
nepatype muHyc 30 °C.

C IOMOIIBIO IIPOAEMOHCTPHUPOBAHHOTO MeTO/a AJIUTEb-
HBIX UCIIBITAHUHM U CTATHCTUYECKOH 06paboTKU pesyJsbTa-
TOB ObLIN IIPOBEJEHBI MaCCOBbIE HCIBITAHUS Ha JOJTOBEY-
HOCTb OZIHOH U TOH K€ ITapTUU CTEKJIOIIACTUKOBBIX CTEPIK-
Heli CITIA-5,5 B Anana3oHe TeMIlepaTyp OoT MUHYC 30 Zo0 ILTIOC
50 °C mIpu IPOJOIBbHOM M3TH0e U pacTssKeHUH, 00001eHHbIe
PpesysIbTaTH IPUBEEHE! B paboTe [22] 1 Ha puc. 7.

Gom T
y = 2,5939x 45%°
’\ R? =0,9991
0,90 \\
0,85 \\
0,80 \\*\
M
0,75
9 10 1 12 13 14 In(t,c)

Puc. 6. 3aBUCUMOCTh OTHOCUTEJIBbHOU JAJTUTENIbHOMN
MIPOYHOCTH OT Z0JITOBEYHOCTH 06pasnoB CIIA-5,5
npu TemmepaTtype Musyc 30 °C
Fig. 6. The dependence of the relative long-term strength
on the durability of SPA-5.5 samples
at a temperature of minus 30 °C

YuuThIBaA TEMIIEPATYPHYIO 3aBUCMMOCTD IIPOYHOCTH, BCE
pe3yJIbTaThl UCIIBITAHUI IIPU Pa3HBIX TeMIIepaTypax MprBe-
JleHbl K HOPMaJIbHBIM yCJIOBUSAM — OTHECEeHBI K 3Ha4eHUAM
IIPOYHOCTU IIPH KOMHATHOH TeMIIepaType, I03TOMY BeJH-
YHHA Gors IMEET 3HaUeHUs 6oJblre 1,0 1711 06pasIioB, UCIIBI-
TaHHBIX IPU TeMIepaType MuHyc 30 °C. CuIoBble 3aBUCHMO-
CTH Ha PUCYHKe 7 IO3BOJSAIOT OLEHUTD AJATENIbHYIO IIPOY-
HOCTD JJI1 CPOKa CIIYKOBI CTPOUTENBHEIX CTEKIOILIACTUKO-
BbIX u3fieant 100 set (Int = 21,87), Bce KpUBBIE ACUMIITOTH-
YeCKU CXOJATCA OKOJIO 3HAYeHUA Gom= 0,6. DTO COOTBET-
CTBYeT JAaHHBIM PaboT [5, 23-24], corsacHO KOTOPHIM IIpeZes
JIUTENbHON IPOYHOCTH CTEKJIOILIACTHKA COCTaBJAET 0,6-
0,65 OT BpeMeHHOH WcneiTaHuA

IIPOYHOCTHU. pu
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KOMHATHOH TeMmiepaType o6pasios CITA-5,5, HarpyXxeHHbIX
[IPOZOJIBHEIM M3ruboM HampshreHueM 1206 MIla, HaCUUTHI-
BaloT yxe 20 JIeT U IPoAoIKAITCsA [22] (32 9TO BpeMs paspy-
mics 21 obpaser us 40).

IIpesIOKeHHBIH METOJ WCIBITAHUM K CTaTHUCTUYECKOH
06paboTKY Pe3yabTaTOB MOXKET OBITh HCIIOAB30BaH U B APY-
I'UX NPUJIOKEHUAX — HaIlpuMep, IIPU UCCIeJOBaHUU XUMU-
9YEeCKOT0 CTapeHHd, ITUKINYECKON YCTaJOCTH, KOPPO3HOH-
HOTO paspyLIeHUs I0J Harpy3KoH HJIN JJIUTEJIbHOMN 3JIeK-
TPUYECKOH IIPOYHOCTH MATEPHAJIOB B 3JIeKTPOTEXHUKE I107
JefCTBUeM YaCTUYHBIX Pas3ps/ZioB. YCJIOBHEM YCIIEIIHOTO
IIpUMeHeHHs 3TUX MEeTOJOB fABJgeTCs IIMPOKUM AMala3oH
PasbpocoB xapaKTEPUCTHUK 06PasIjoB BHYTPU BHIGOPKU - B
IIPOAEMOHCTPUPOBAHHOM IIpHMMepe OKOJIO BEeJMYMHa pas-
6poca cocTaBuia 10-16% 110 IPOYHOCTU OT CPeJHEro 3Have-

HUs, U B 10° pa3 - 110 ZOJTOBEIHOCTH.

Com o1
? X2
A 03
1,0 A4
AS
0,9 - 06
AT
0,8 . ®3
*9
0,7 %
o
0,6
0,5

12 15 18 In(1)

Puc. 7. 'paduk CUIOBOII 3aBUCHMOCTH [22] cTep:KHel
CIIA-5,5 npu ipoAosbHOM u3rube (1-4, 6-9)
U pacTsbKeHuH (5) IOZ fefiCTBIEeM IIOCTOSHHBIX HAIIps-
JKEHUH U TeMIepaTyp (BpeMs B CeKyHAaX):
1 - 1206 MIa, +23 °C; 2 - 1368 MIIa, +23 °C; 3 - 1471 MIla,
+20 °C; 4 — 1520 MITa, +20 °C; 5 - 836 MIIa, +20 °C;
6 - 1172 MIla, +50 °C; 7 - 1213 MIIa, +50 °C; 8 - 1280 MITa,
+50 °C; 9 - 1727 MIla, -30 °C
Fig. 7. Graph of the force dependence [22] of SPA-5.5 rods
under longitudinal bending (1-4, 6-9) and stretching (5)
under the action of constant stresses and temperatures
(time in ¢):
1 - 1206 MPa, +23 °C; 2 - 1368 MPa, +23 °C; 3 - 1471 MPa,
+20 °C; 4 — 1520 MPa, +20 °C; 5 — 836 MPa, +20 °C;
6 - 1172 MPa, +50 °C; 7 - 1213 MPa, +50 °C; 8 — 1280 MPa,
+50 °C; 9 - 1727 MPa, -30 °C

BBIBO/ bI

1. IToka3aHO pacxoXxeHNe TEOPUE OTHOCUTENbHO IIPOTHO-
3UPOBAHUA [JOJTOBEYHOCTU IOJIUMEPHBIX KOMITO3UI[UOH-
HBIX MATEPUAJIOB, B GOJIBLIEH CTEIEHN PE3YIbTATH IIPOTHO-
3MPOBaHMS 3aBUCIT OT MeTO/a MaTeMaTUIeCKoi 06paboTKu
9KCIIEPUMEHTAbHbIX JaHHBIX.
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2. IlpeAsoXeH HOBBIK MeTOJ HCIIBITAHUE CTPOUTENbHEIX
CTEeKJIOILIACTHKOB Ha JI0JITOBEYHOCTD 10/ IeICTBHEM II0CTO-
SHHBIX HalPSDKEHUH NIPU MPOJOIBHOM U3rube U CTATHUCTHU-
9eCcKoIl 06pabOTKY Pe3yIbTaTOB AJUTEIbHBIX HCIIBITAHUH.

3. MeTo/, IpOZeMOHCTPUPOBAH Ha IIpHUMepe JAJIUTEJIbHbIX
HCIBITAaHUH CTEKJIOIIACTUKOBOH apMaTypHl JUaMeTpoM 5,5
MM Ipu Temiepatype MuHyc 30 °C AJIUTeIbHOCTHIO 12 CYyTOK.
ITosryueHHBIH 3aKOH pacIpezesleHus o6pasIoB 10 IPOIHO-
CTU COOTBETCTBYET HOPMaJbHOMY, 110 JOJITOBEYHOCTHU — JIO-
rapu@mMuUIecKr-HOPMaJIbHOMY 3aKOHY paclpezeleHus.

4. CuoBble 3aBMCUMOCTH JIOJITOBEYHOCTHA HOCAT CTEIleH-
HOU xapakTep. OllpeziesieHa BeJIMYMHA OTHOCUTEIbHOH AIH-
TeJbHON IpOoYHOCTU 0,6 IPU JOJTOBEYHOCTH CTEKJIOILIA-
ctuka 100 yieT B AuamnasoHe TemIlepaTyp oT MuHyc 30 o
mioc 50 °C, 9TO COOTBETCTBYET 3KCIIePUMEHTAaIbHbIM JJaH-

HBIM JPYTHX aBTOPOB.

Hccnedosanus 6binoaHerbl npu UCnoab308anuL 060py0osanus
Buiickoz0 peetlonanvHozo Yenmpa KOALeKMUEHO20 NOAb308AHUS
CO PAH (HUIIXDT CO PAH, . Buiick).

Paboma evinoaHena 8 pamkax eoczadanus na memy "®ynoa-
MEHMAAbHble OCHOBbL CO30AHUSL UHMEeZPUPOBAHHOTLL MeXHOA0UL
nepepabomku 1ezk080300H0BEMO20 HENUUEB020 PACTIUMENb-
HO20 Cblpbsi 8 80CMpeb08aAHHble IKOHOMUKOLL PD npodyxkmul",
Ne zocpeeucmpayuu 121061500030-3.
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Paccmompena eaybuna npoHUKHOBEHUS INEKMPOMACHUMHO20 NOASL 8 MAMEPUANbL 8 3A8U-
cumocmu om ezo wacmomul. Obcysxidensv. pabomel o mamemamuieckomy mo0eAUpPOBAHUIO
npoyeccos IAeKMPOMAZHUNMHO20 HaA2pedd U CYUKUL MAMepUanos 8 URPpakpacHom U ceepx-
gvlcokouacmomuom duana3onax. Ykasaunul npeumyuecmea u Hedocmamxu AHAAUMULECKUX
U HUCACHHBLX Mem0dog peuleHUs 3aday INeKMPOMACHUMHO20 Haepesa uddeauii. Ommeuero,
YUMo INeKMPOMACHUMMHBLI HAZPe8 8AAMHBLLX CMPOUMEAbHBLX MAMEPUANLO8 LACTO CONpO-
gosxdaemcsa ucnapenuem U3 HUX 8adzu, Ymo caedyem YUUmuleams Npu MAmemamuieckKom
M00eAUPOBAHUL NPOYeCcCa UX INeKMPOMAZHUMHO20 Haepesd. Beidesensl poab menaogoil 06-
pabomka bemona, komopas cmaaa 6axHolU cmadueil MexHOA02UYECK020 NPOYeccd 8 NPouU3-
godcmee cmpoumenvHulx u3deaull, 3HAYUMOCMY IAeKmpomepmuieckoll obpabomku xese-
300emoHHbBIX U3DeAUl U IAEKMPOMAZHUMHBLX Mem0J08 Hazpesad - 8 pA3AUYHbBLX 0UANA30HAX
yacmom. I[Ipedcmasnena aHaAUMUYeCKASL MAMEMAMUYECKAAL MOOeAb INEKMPOMAZHUMHO20
Haepega naacmuHul nod gosdeiicmeuem nomoka U3AyueHus, NPOHUKAIOUE20 8 Mea0 NO 3a-
KoHY Byeepa. Ona yuumuieaem CmMoOK MenAombs. HA UCnAperlue 8Adzl, NPOUCXO0AWUIL Y NO-
8EePXHOCTMU NAACMUHDBL, U €e KOHBEKMUBHBLIL MeNnAOMACCO0OMEH ¢ 8HeUHell 2a30801L cpedol.
Modeav npoanaau3uposana Ha COOmMeEemMcmeue pedibHoMy NPoyeccy 8 ycA08uUaX unppa-
KpacHozo Haezpega nymem CONOCMABAEHUS PACHEMHBIX U IKCNEPUMEHMAALHBLLX MepMO-
epamm. Ilokazana ee adekgamuocme peasvHomy npoyeccy. Ha ocnoge amoii modeau noxa-
3aHa 803MOXMHOCMYL 8blOOpA MemoJoOM HYUCAEHHO020 KOMNbIOMepHO20 aHAAU3d Heobxo0u-
MO020 MeXHOA02UUEeCK020 PeXUMA IAEKMPOMAZHUMHO20 Hazpedd. Paccmompennan mame-
mamuueckas modeav pekoMeHO08aHA K NMPAKMUUECKOMY NPUMEHEHUI0 8 CMPOUmeAbHOl

mexHo/si02UU.
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The paper considers the depth of penetration of electromagnetic fields into materials as a
function of frequency. The author discusses the works on mathematical modelling of elec-
tromagnetic heating and drying of materials in the infrared and ultra-high frequency
ranges. The article indicates the advantages and disadvantages of analytical and numerical
methods for solving problems of electromagnetic product heating. It is noted that the elec-
tromagnetic heating of moist building materials is often accompanied by evaporation of
moisture. It should be taken into account in the mathematical modelling of their electro-
magnetic heating process. Futher the article highlights the role of heat treatment of con-
crete, which has become an important stage of the technological process of building mate-
rials production. The electro-thermal treatment of reinforced concrete products and elec-
tromagnetic heating methods in different frequency ranges are relevant. The article presents
the analytical mathematical model of electromagnetic heating of a plate under the influence
of a radiation flux penetrating the body according to Booger's law. It takes into account
the heat flow to the evaporation of moisture occurring at the surface of the plate, and its
convective heat and mass exchange with the external gas medium. We analyse the model for
consistency with the real process under infra-red heating conditions by comparing calcu-
lated and experimental thermograms. Its relevance to the real process is shown. The author
shows the possibility of selecting the required electromagnetic heating process mode by
means of numerical computer analysis. The mathematical model considered is recommended
for practical application in building technology.

Key words: electromagnetic heating, building materials, mathematical modeling,
heating dynamics
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BBEJEHUE

DJIeKTPOMATrHUTHEIN HarpeB MaTePHaJOB TOKAMU Pa3Ind-
HOH 4acTOTHI - B nH@pakpacHoM (1K), BEICOKOYaCTOTHOM
(TBY) u cBepxBbicOKOUacTOTHOM (CBY) AriamaszoHax B HACTO-
dIjee BpeMs JOCTaTOYHO LIMPOKO IIPUMEHSeTCA B Pasjiud-
HBIX TexHosoruax [1, 2]. Ero 0CTOMHCTBOM SIBJISIETCS BhblJe-
JIeHUe 3JeKTPOMAarHUTHOM 3Hepruy BHYTPU MaTepHala,
49TO 0OeCIeynBaeT Kad4eCTBEHHBIN U GBICTPHIM HarpeB U3ze-
sus. TybuHa IPOHUKHOBEHHS 3JeKTPOMArHUTHOI 9Hep-
ruy A (M) Ipu 00JIy4eHUY U3JeJIUs OIIpeJesseTcs Bhpake-
HueM [3]

4=955-107/fVe'tgs, (1)
rze f- 9acToTa 9JIeKTPOMAarHUTHOrO 1o, I'1;

¢'- oTHOCHTE IbHAS AUAIEKTPUYEeCcKast IPOHUIIAeMOCTb Ma-
Tepuana;

g6 - TAaHTEHC yIJa JU3JIeKTPUIEeCKUX I10TePb.

Ilpu TBY-HarpeBe f = 10-25 MIm, mpu CBY-Harpese
06BIYHO HCIIOIb3yeTCs paspellleHHas yacToTa f = 2450 MI'L.
AHanus TIyOWHBI IIPOHUKHOBEHUS 3JIEKTPOMAarHUTHOTO
IoJIsI B MaTepua Ha OCHOBe ypaBHeHUs (1) IIpH 4acToTax f,
xapakTepHbIX Aag TBY- m CBY-zmamasoHOB, IOKa3bIBaeT,
YTO OHa JOCTATOYHO BeJUKa (MaclTab CAHTMETPOB), a KO-
3 PULMEHT 3aTyXaHU JIyIUCTOr0 IIOTOKA, IIOCTYIIAIOIIEro B
TeJlo, COOTBETCTBeHHO MaJl. ITo aTo# npuyune npu TBY- u
CBY-HarpeBe CTPOUTENBHOTO U3/ENUS, B CHIIY GOJIBIIOH IIIy-
OMHBI IPOHUKHOBEHUsI B HETO 3J€KTPOMArHUTHOTO IIOJI,
BHYTPEHHMII O6BEMHBI UCTOYHUK TEIIOTH ¢v (Br/M°) B
TeJle MOXXHO IIPUHATD IIOCTOSIHHBIM: ¢y = const. JI/THa BOJIH B
UHOpPaKpacHOM
A = 0.8.10°-0.8.10° M, dYeMy COOTBETCTByeT 4YacTOTa
f=C*A=3.75.10"-3.75.10"T. IIpu 9THX YaCcTOTAX IIybUHA
[IPOHUKHOBEHUS 3J€KTPOMArHUTHOTO I10JI He IIPEBbIIIAET

AuarasoHe CcoCTaBadeT

HECKOJIbKUX MM, 4TO U IIpeZoIpesieaseT 00J1acTh IpuMeHe-
Huda MK-HarpeBa: 3TO TOHKOCTEHHBbIE U3JeHns.

ITpu 371eKTPOMAarHUTHOM SHEProIIOZBOJE K BIaKHBIM Ma-
TepuajiaM, OZHOBPEMEHHO C UX HarpeBOM, IIPOUCXOAUT UC-
MnapeHue BJIaTHU, CONPOBOXKAAIOIIeecs CTOKOM TeIUIOTHI Ha
9TOT IIPOIIECC, YTO HEOOXOANMO YIUTHIBATh B MaTeMaTHYe-
CKOI MoZiesii. Bo MHOTHX CiIy4asix UMeHHO yajJeHue Blaru
13 Marepuana (CyIIKa) SBISETCS IIeJAbI0 3JTeKTPOMAarHUT-
HOTO 3HepromoABoza. /i TepMOoJaOUIbHBIX MaTepHajoB
JJIST COXpaHeHUsI UX KauyeCTBa 9JEKTPOMAarHUTHBINA 9HEpro-
MOZIBOJ, OCYILIIeCTBIAETCS, KaK IPAaBUJIO, B OCHMJINPYIOIIEeM
(npepeiBUCTOM) pexuMe [5, 7-15], KOTOPBIH II03BOJIET HE
reperpeBaTb MaTepuaJ. DIEKTPOMArHUTHBIN 3HEPromnoj-
BOJI YaCTO KOMOUHUPYIOT C KOHBEKTUBHBIM [1, 2, 4, 5, 7]. Ma-
TeMaTH4ecKre MOJeJH, OIMCHIBaIOIIMe TeIllJloMaccoliepe-
HOC IIPU IPEPBIBUCTOM KOHBEKTHUBHOM, 3JIEKTPOMarHUTHOM
¥ KOMOMHUPOBaHHOM 9HEPIOIIOZBOE, IPHBE/IEHH! B [5-8, 10-
15]. OHM UCHIOIB3YIOT KaK YHUCIeHHEIe [6-8, 11, 12, 15], Tak u
a”anuTU4deckue [3, 10, 13, 14] meTobI pemieHus 3a4a4. B [11,

13, 14] mosy4eHHBIE pelleHUs OBUIM HCIIOJIb30BAHBI JJIs
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KOMITBIOTEPHOTO aHaIM3a BAMSHUS MapaMeTPOB OCIIWJIIH-
PYIOIIET0 3JeKTPOMAarHUTHOTO HarpeBa Ha TEeXHOJOTHYe-
CKUII IIPOLIECC C IIeJIbI0 IIOUCKA HEOOXOAUMOrO TEXHOJIOTH-
YeCKOTO peXuMa.

JOCTOMHCTBOM aHAJINTHUYECKUX METOZOB SIBJSIETCS IIPO-
3pavHOCTD MOJIyYEeHHBIX PeLIeHNi [ aHalIu3a M BO3MOXK-
HOCTb He IIPOTOHSITH pellleHre HeCTAllMOHAPHBIX 3a/ad 4e-
pe3 BeCb BpeMeHHOI MHTEepBaJl, a CPasy BBIYUCIATH HCKO-
Myio GYHKIINIO, YTO YyCKOpseT BhlunciaeHre. Ho aHaIuTHe-
CKUe pellleHNs, KaK IPaBUJIO, YAAETCS IOTYIUTD TOTBKO IS
JIMHENHBIX 3a/]a4, XapaKTePU3YIOMIUXCS IIOCTOSTHCTBOM TeIl-
J0hU3NIECKUX XapaKTePUCTHUK U APYTUX [apaMeTPOB IIPO-
Ijecca. BaXXHBIM IIPEUMYIECTBOM YHCIEHHBIX METOZOB SIB-
JIIETCSI BO3MOXKHOCTD BBITIOJIHEHUSI PACYeTOB JJIs1 HEeJTHMHeH-
HBIX 337124 - [IPU TIepeMEeHHBIX 3JIEKTPO- U TEII0DHU3UIECKUX
XapaKTepPUCTHKax mporecca. OTMeTHM, YTO IIPHUMeHEHNE,
TaK Ha3bIBaeMOro, «30HAJIBHOI'O MeToZa» [16], B cooTBeT-
CTBUU C KOTOPBEIM BeCh IIpoliecc pa3buBaeTcs Ha psf 30H, B
KOTOPBIX IIapaMeTphl IIpoliecca NPUHUMAIOTCS IIOCTOSH-
HBIMU, I103BOJIsIET PACCYUTHIBATh KUHETHUKY Ha OCHOBE aHa-
JINTAYECKUX pellleHHU INHEMHBIX 33ja4 MacCo- U TeIIONPO-
BOZHOCTH. BIu3KuM 1o pU3UIecKoil CYIIHOCTH, HO UMEIO-
M CBOM OTJIMYUTEIbHbIE OCOOEHHOCTH, SIBJISETCS <METOZ
MUKpoIporeccos» [17]. O6a MeToza B HacToslLlee BpeMs C
yCIleXOM IPUMEHSIOTCS AJIS pacueTa TeIlJloMaccolepeHoca
B Pa3JIMYHBIX TEXHOJOTMYECKUX IIpolieccax. 30HANIbHBIH Me-
TOJ, KNHETUYECKOT0 pacyeTa Pas3JINIHBIX IIPOL[€CCOB UCIIOIb-
30BaJICSI BO MHOrMX paboTax, B YaCTHOCTH, B paboTax Iio-
cienHero BpeMeHu [18-22].

IIpyu IPUTOTOBIEHUYN CTPOUTENBHBIX cMeceil (6eTOHOB U
Zp.) B CTPOUTENBHON HHAYCTPUU B HACTOsIIlee BpeMs HC-
IIOJIB3YIOTCS Pa3IMYHBIE CIIOCOOBI YIYYIIeHUS WX KauecTBa
WY Kad4eCcTBa CaMOro TeXHOJIOTHMYECKOro Ipoliecca (Ipume-
HEeHUe Pas3INYHbIX [00aBOK, HaIIpuMep B [23], TerIoBoi 06-
paboTKM, 3JE€KTPUYECKHUX U 3I€KTPOMArHUTHBIX BO3JEH-
cTBuUii [24]). B [24] oTMeuaeTcst, 4TO TeIsIoBast 00paboTKa be-
TOHA, BBIITOJIHsIEMasi TeM MM MHBIM CII0COO0M, CTajla HEOT -
eMJIEMOH 4YacThI0 COBPEMEHHOIO TEeXHOJOTMYECKOTo IIpo-
1jecca B CTPOUTEIbHON MHAYCTPUM U, ITO HAPSIAY C TPaAU-
[IMOHHBIM METO/IOM TeIlJIOBJIaKHOCTHOH 06paboTku 6eTo-
HOB BOZSHBIM I1apoM, B IIOCJIeAHUE TOABI GOJIBIIOE BHUMA-
HUe yzeJsieTcs IPUMEeHEeHHIO PasIUIHbIX METOAOB 9I€KTPO-
TepMUYECKON 00paboTKM Kene306eTOHHBIX W3JeNnil, a
TaKXXe 3JIeKTPOMarHWTHBIX Bo3zelicTBuil. CorsacHo [25] B
[IPOMBILJIEHHOCTH 9KCIIIYaTUPYIOTCSI BBICOKOIIPOU3BOZY-
TeJIbHBIE YCTAHOBKU JJs TeruioBoii CBY-06paboTku 6eToH-
HBIX u3Zenuii. IIperMyIecTBOM 3TUX YCTAHOBOK SIBJISIETCS
PaBHOMEpHBII HarpeB IO BceMy 00beMy GETOHHOTO u3Ze-
JIVisi, B Pe3yJIbTaTe 4ero 3HaYUTeIbHO YCKOPSIeTCSI TeXHOJIO-
rudeckui mporiecc. IIpu TemnnoBoi 06paboTke 0GBIYHO OCY-
IIeCTBIISIETCS HaIrPeB UCXOAHBIX KOMIIOHEHTOB WK TOTOBOH
6eToHHOU cMecH (f0 wau mocie GOPMOBAHUSA U3ZAENU) [0
TeMmnepaTypsl nopszika 50-80°C - 9TO IpeJBapUTEIbHBIN
Pasorpes, 3aTeM H3/ere BBIAEPXKUBAETCS IIPY 3TOH TeMITe-
paType u TBepZeeT B TedeHUe ONpPeZAeJIEHHOTO BpeMeHH
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(u3oTepMuYecKas CTaAus), IIOCJHE 3TOIO OHO IIOCTEIIEHHO
OXJIKZAETCSI U IIPOXOAUT CiIeAyIolle CTaANU TeXHOJIOTH-
YyecKoro mporecca [24]. VI3 aToro ciezyer, 9TO IpU Harpese
TeMIepaTypa CTPOUTEIbHOTO U3/eINs He [OJDKHA IPEBBI-
IaTh OIpe/eJIeHHOHN BEJWYUHBI, a B TeYyeHHe BCEero Ipo-
1jecca U3MeHsIThCS Ollpee/IeHHBIM 00pa3oM.

[l IpaBUIBHOTO BBIOOpA TEIJIOBOTO PEXKMa 3JIEKTPO-
MarHuTHOro HarpeBa OeronHoro muszenus (CBY, nudpa-
KPaCHOTO U T.JI.) [1eJIeCO00pa3HO UMETb OITHCHIBAIOIIYIO 3TOT
porecc MaTeMaTHYECKyI0 MOJENb, C IOMOIIbIO KOTOPOL
MO>KHO OCYIL[ECTBJISTh KOMIIBIOTEPHOE MO eI POBaHIeE ITPO-
1jecca ¥ HaXOAUTh He0OXOANMBIN TEXHOIOTUUECKUI PEKIM.

ITesp ZaHHO PabOTHI — PACCMOTPETH AHAIUTUIECKYIO Ma-
TeMaTUIECKYI0 MOJeJb, OMKCHIBAIOIIYIO OCIIJIIHPYIOUIU
3JIeKTPOMAarHUTHBII HarpeB CTPOUTENBHOTO U3Zenus (MaTe-
puraina) B GopMe IIACTHUHBI U [TIOKA3aTh €€ BO3MOXXHOCTH IIPU
BbIGOPE HEOOXOANMOTO TEXHOJIOTMIECKOTO PEKUMA.

MATEMATUYECKOE MOJIEJIMPOBAHUE
OCIIWJLIUPYIOIIETO
BJIEKTPOMATHUTHOTO HATPEBA IIJIA-
CTUHBI

IIpy NpPakTU4YeCKOM IIPUMEHEHUM OCIVJINPYIOIIEro
9JIEKTPOMAarHUTHOTO HAarpeBa IIPEPHIBHUCTOCTD OOIyIeHUs
MaTepHuala MOXeT 006eClIeYrBaThCS 3a CYeT KOHTPOJIEpa,
OTCJIEXKUMBAIOIETO TEMIIEPATYPY B TOH MM MHOM TOYKE Ma-
Tepuasa ¥ OTKIIOYAIOIIero, ¥ BKIIOYAIOIEro NCTOYHUK U3-
JIy4eHUsI B Hy>KHBIE MOMEHTHI BpeMeHU. Ho Heo6X0ANMBIH
OCLIM/UINPYIOUINE TeMIIePaTypHHIH PeXUM MOXHO 3aJaTh
M3HAYaJIBHO C ITOMOIIBIO IIPOrPaMMBbl, OITMCHIBAIOIEH 3TOT
rporecc, ¥, WCIOJB3YysS KOMIIBIOTEpP, MOZEJUPOBATH IIPO-
1iecc, nmoz6upas ero Heo6xoAUMble MapaMeTpsl. B [10, 13, 14]
GbLIN pa3paboTaHbl aHAIUTHYECKHUE MaTeMaTHIeCKUe MO-
Jesu s Tesl pasHoi GopMbl: ImacTuHH [10], mapa [13] u
nyInHzApa [14], omucHBaIOIINe UX OCHWIINPYIOMINH 3JIeK-
TPOMarHUTHBIN HarpeB. PacCMOTpUM MoJenb A ILIa-
CTHHBI, IOCKOJIbKY OHa Haubosee TUIINIHA [JI CTPOUTENb-
HBIX U3JeINN.

3azayva B [10] chopMyIrpoBaHa IPUMEHUTENBHO K BIAXK-
HOMY TeJly U IIpejIosaraeT UCIapeHue Ux Hero Baary. Ilpu
9TOM ObUIN IPUHATHI CIeYIOYe YCAOBUS U JONYIeHNs: 1)
Tesio uMeeT HopMy HeOTPaHUIEHHOM MJIACTHUHBI TOJIIIMHOM
R 11 HaX0ZUTCS Ha TIOBEPXHOCTH, HEIIPOHUIIAeMO /I TOTO-
KOB TeILJIOTHI U BJIary; 2) IPOTHBOIIOJIOXKHAS ee I0BEPXHOCTh
V4acTBYeT B IIpoliecce TeIioMaccobMeHa C ra3oBOM cpeAoi
10 3aKOHaM TeIUIO U MaccoTzauy; 3) BHyTpeHHUe (Ha30oBbIe
IpeBpallieHus (CTOK TEIIOTHl Ha HCIapeHHe Biaru uMeeT
MeCTO y [IOBEPXHOCTH TeJIa); 4) IOrJIoLeHYe JIyYUCTOH dHep-
U IPOMCXOJUT COTJIACHO 3aKOHY Byrepa-JlambepTa-Bepa;
5) k03b(dUIMEHT NPOHUIIAEMOCTH TeJa pPaBeH HYJIIO; 6)
IUKJIBl “HarpeB-OCThIBaHUE” Tesa OAMHAKOBHI 110 JJIUTEb-
HOCTH C OJMHAKOBBIMU 3HAUeHUSIMHU B HUX JJIUTEIbHOCTEN
CTaNil HATPEBA Trar U OCTHIBAHUS To; 7) BCE TeILIodusmye-
CKMe U 3TeKTpodu3nUecKre XapaKTepUCTHUKN MaTepHaia,
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KMHEeTHYeCKHe XapaKTepUCTUKHU IIPoliecca, a TaKkKe TeMIle-
paTtypa rasoBoii cpeZibl U KOHIIEHTPALKs IIapa B HeH 1oCTo-
STHHBI. 3a/1a4a 9JIeKTPOMarHUTHOTO HarpeBa TeJia [peAroa-
raeT ero TEIJIOOOMEH C BHeNIHel rasoBOI Cpesoil U CTOK
TeIUIOTHl Ha HCIIapeHre BIary, KOTOPBIHM IIPOUCXOJUT Y IIO-
BEPXHOCTH TeJia. 33/la4ya OIIMCHIBAET TaKXKe JBYXCTOPOHHUHN
Harpes ILIACTUHBI, IPY 9TOM Ha4aJI0 KOOPAUHAT pa3MelieHo
B IIeHTPAJIBHOM IIJIOCKOCTH IIJIACTHHBI.

C y4yeTOM IpUBELEHHBIX BhHINIE YCJIOBUH 3aJjadya Harpesa
[JIACTUHBI B OCHWLIHPYIOIIEM 3JeKTPOMarHUTHOM II0JIe
UMeeT CIeAyIoUUH BUA:

c=astowgen[-w(R-0] -0, @
t(x Do =f,(x), 0<sx<R; (3
o _ :
po 0, >0 4)
2= = a(t, - t(R)) -7 - i(x), T>0; (5)
f,@ = z n(r—nr,) —n[r = (ne,+ tmar)],  ©
n=0

rae a, ¢, Po, U, qo, A, A, &, Ryt "= const;

t — IOKaJbHasA TeMIlepaTypa B IJIacTUHe, °C;

T - BpeM,

¢ a, A cp - K03bPULKEHTH TEeMIIepaTypOIPOBOAHOCTHU
(M%/c) u TernonpoBogrocTH (BT/(M-K)), 06bEMHAas TEILIOEM-
kocTb ractussl (Ix/(M*>K)), COOTBETCTBEHHO;

u*- kosbdunueHT ocrnabreHust, m?;

R*- xoapdunmeHT oTpaxkeHus, 6e3pasMepHBILi;

r*- TemoTa napoobpasoBanus, JK/Kr;

o - TNIOTHOCTD TIOTOKA JIyYHCTON SHEPTuH, Majarolei Ha
IacTuny, Br/m?

o - koaddunuent rerroorsaun, Br/(m*K); tc - remnepa-
Typa BHeIIHeH cpezsl, °C

f1(t)- eguHMYHAA nepuoamyeckas GYHKINSI, OIMCHIBAIO-
Iasi TUKIMIHOCTD OOIydeHus;

i(T) - UHTEHCUBHOCTD CYLIKH, Kr/(M*C);

7 - eAMHUYHAA QYHKIUA XeBHUcali[a, ¢ UCIOIb30BaHUEM
KoTopor GyHKuus f;(T)MoxeT OBITH
fi@) =n() —n( —14,) (Wpu n = 0 - oZUH IUKI 00Iyde-
HUA).

3allrcaHa Kak

Ilepruogudeckas GyHKUA f; (T) WIUTIOCTpUPyeTCs puc. 1.

Bropoe ciaraemMoe ypaBHeHHs (2) BBIpaKaeT AeHCTBYIO-
U BHYTPH IJIACTHUHBI ICTOYHUK TEIIJIOTHI, BHI3BAHHBIH I10-
[JIOIeHHeM JIYYUCTOH SHEpruy, ypaBHeHUe (3) OIIHCHIBAET
HayaJbHOE YCIOBHE, KOTOPOe B IIeJAX OOLIHOCTH IIOCTa-
HOBKM 33/la4d INIPUHATO HEepPaBHOMEDPHHIM, ypaBHeHHe (4)
BBIp@)KaeT OTCYTCTBHE TEIUIOBOrO IIOTOKA B IIJIACTHUHE IIPU
KoopAuHaTe x =0, ypaBHeHUe (5) - rpaHUYHOe yCIOBHe Tell-
J006MeHa 3-TO POZa, KOTOPOe ONMCHIBAET TEIUIOOOMEH II0
3aKOHY TeIJI00TAa4u HbI0TOHA C y4eTOM CTOKa TeIJIOTH Ha
WCIIapeHNe BJaru y IOBepxXHOCTH Tesia. Ilpu i(t) = 0
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KCIIapeHe OTCYTCTBYeT, M 3ajada OIVCHIBAET «IKCTHIM»
TerIoo0MeH ILIACTUHBI C 3J€KTPOMArHUTHBIM I10JBOZOM
9HEPTUU U KOHBEKTUBHBIM ee TEeIJIOOOMEHOM C BHeUIHel
cpegnoii. IIpu aToM npu t > tc YacCThb IIOJBELEHHON 3JIEKTPO-
MarHuTHOHN 9HePruy TePSIeTCs B OKPYKAIOIIYIO CPEAY, a TP
t < t. UMeeT MeCTO KOMOMHUPOBAaHHEIN KOHBEKTHBHO-3JIEK-
TPOMarHUTHBIN HarpeB IJIaCTUHBI.

fi(1)

To

Thar Ty T,C

Puc. 1. [leproguueckas dyukuus f1(t) B ypaBHeHHH (2):
Ty — BpeMsI IIUKJIA; To — BpeMs Harpesa B I[UKIIE;
To — BPEMsI OCTHIBAHIS B [{KJIIE
Fig. 1. The periodic function fi (1) in equation (2):
Tc - cycle time; To - heating time in the cycle; T, - cooling
time in the cycle

IIpuBeseM pelteHue A5 caydas t(x, )|, = t,, OHO paBHO
cyMMe ciaraeMmsix [10]:

W(§,Fo) = Wy(§,Fo) + W, (§, Fo) + W;(§, Fo) @)
rae:
e N R+ BiRAL(0) oS
Wi, Fo) = 2Ny Zl W2+BE+BI ®)
_p N\ W+ BB A () W (Fo)cos iy §
WZ(E’FO)_ZQOZ 12 + Bi? + Bi ®)
_ N (B3 + BiY)An(0) Dy (Fo)cos pn§ o
Wa(é, Fo) = zz e e (10)
3/1€CH [n > 0 — KOPHU ypPaBHEHMU,
u
ctgu = o (11)

Bi = aR/A - uyncio Buo TemioBoe;

&=x/R; Fo = at/R? - uncio ®ypbe TEIIOBOE;

t. - HayaJIbHasA TeMIlepaTypa MaTepuana, °C;
ty, —t*,

o ty —tc

)

52

YMHbBIE KOMMO3WTbI B CTPOUTE/bCTBE

SMART COMPOSITE IN CONSTRUCTION

* oAR2 1\ — L
00 = gt w (.poC HHEDES),
0@ =", o1 = 1) + 00

CpezHss 110 06beMy TeMIIepaTypa IJIaCTHHBI PaBHA

W(Fo) = f 1W(g, Fo) d¢. (12)
0

ITpy HeGOJIBIINX UHTEPBAAX Tuae U To B IUKJIAX Ty «HATPEB-
OCTBIBAaHHE» OCIUJUISLIY TEMIIEPATYPhl He NCKAKAIOT KPH-
BYIO KMHETUKHU CYIIKU M OHA MMeEET IIaJKUi MOHOTOHHBIH
XapaKTep, YTO IOATBEPKAAETCS SKCIIEPUMEHTAIBHO [26].
9TO 103BOJIAET UCIIONb30BATD AJI PacueTa MHTEHCUBHOCTH
CYIIKH i(T), BXOASIE! B ITapaMeTp (1), aHAIUTHUIECKOe pe-
IIeHHe 3a/la4l MacCONIPOBOSHOCTH, KOTOPOe JJIS IIJIAaCTUHBI
[IPUMEHUTENBHO K CPeIHe0GBEMHOMY BJIArocoJep:kKaHuio B
Tese it Ipu k, B¢, u,, C. = const umeeT Buz [27]

noy _ (13)

©
2
> Beexp(- 5 Foy,),
Uy — Uy
k=1
TJe Ux U Up — HadaJIbHOE ¥ PAaBHOBECHOE BJIArOCOZEp:KaHue
IIJIACTHHBI COOTBETCTBEHHO, KI/(KI CyX. M-Ja);

B - KOPHU XapaKTePUCTUIECKOTO YpaBHEHU (B> 0);

B
ctgf =——, 14
9B Bi,. (14)

2Bi,
s S 15
* 7 BZ(BiZ + B2 + Biy) (13)

Bi,, = 2% qycno Buo MaccOoOOMEeHHOE;
m kpoAp

k - koapbunuenT macconpoBogHOCTH, M%/C;
Bc - koapunIeHT MaccooTAaYH, M/C;
o — IITIOTHOCTH ab6COIIOTHO CYXOT0 MaTepuaia, Kr/m>,

Ha ocHoge (13) HaliZIéM UHTEHCUBHOCTbD CYLIKH i(T)

dﬁR _
dr Po =

pok C _
=|— ) ByBZexp(— BZFon)|(it, —up).
[R kZl «Pic k p

i(t)=—
(16)

KoaddunmeHT MacconpoBOAHOCTH k B Ipoliecce CYLIKU
HU3MeHseTcs, BIAACh QYHKIMEH TeMIepaTypbl U BJIaroco-
JepxkaHus Matepuana: k = f(u,t), HoO IpUMeHeHVe 30Hab-
HOTO MeToZa pacuéTa [27] 03BOJIIEeT yY4eCThb 3TO U3MEHeHHUe.

IIpoananusupyeM NpuBeJeHHOe pellleHre 3aJa4y OCII-
JINPYIOIIEro HarpeBa IUIACTUHBI IIyTEM pacyéTa N3MeHEeHUs
ee temnepatypsl. IIyctb R = 0,9 - 1073M. B pacuérax npu-
MeM: 1) OTKpBITasi MOBEPXHOCTH [LJIACTHUHBI, OOpalIEHHAST K
HCTOYHUKY U3/Iy4eHUs, 00yBaeTCs IOTOKOM BO3/yXa C TeM-
mepaTypoti t.= 20 °C u BrarocogepxanueM d = 0,01 xr/(xr cy-
IIMJIBHOTO areHTa), CO CKOPOCThIO U = 1,5 M/C; 2) HauaIpHasd

TeMIlepaTypa IUVIACTUHBL: 1y = 18 °C; 3) AJMHA IUIACTHUHBI 110
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HaIIpaBJIEHUIO JBIDKEHUs Bo3ayxa [ = 0,12 M. [ljis1 3TUX ycJo-
BUH GBI paccYUTaHbl KO3bOUINEHTH TEILIO- ¥ MacCOOT-
Jla4y JJIS yCIOBUM KOHBEKTUBHOM CYIIKU B IEPBOM IIepHOJe
- 0 KpUTepHuanbHbIM ypaBHeHHAM A.B. Hectepenko. ITo-
CKOJIbKy 4uciao Re COCTaBUJIO

JJIsT  9THX  YCJIOBUH

Re=1,15-10*% To 6buIM HCIIONB30BaHBI ciaexyoomue Gop-

Myl [28]:
Nu = 0,51Re%61 pr033 G 0175 (17)
Sh = 0,49 Re%61 5¢033G 0135 (18)
rze Re = vl/ v. - yucio PefiHonbAca;

Pr=vy/a. - auciuo Ilpanarns;
Gu

T-T,
= “—*% —yucyo 'yxmaHa;

¢

Sh = Bcl/D - gucino lllepByaa;

U - CKOpPOCTb BO37yXa, M/C;

Ve, dc - KHHEMaTH4YeCKas BA3KOCTb M TeMIIePATypPOIIPOBOJ-
HOCTb BO3JyXa, COOTBETCTBEHHO, M?/C;

Bc - koahduIreHT MaccooTgaUH, M/C;

D - koapdunpent auddysnu napa B Boszpyxe (koapdury-
et B3aumoauddysun), m%/c;

Te, Tor — TEMIIEPATYpPa CPeAHI (BO3ZAYXa) M MOKPOTO TEPMO-
MeTpa, COOTBETCTBEHHO, K.
a = 13,8B1/(M*K);

B. = 0,015 Mm/c. PacueTs! BBIIIOJIHSJIN IIPU 3TUX 3HAYEHUIX

B pesysbraTe OBLIO II0JLyYEHO:
K03()PUIMEHTOB TEIJI0- M MAacCOOTJA4YM, CIUTAs UX HEU3-
MEHHBIMU B IIPOL[ECCE CYLIKY - AJISI MaTepuaa, NMeIIero
Clefyolye XapaKTePUCTUKY:
p = 680 ke/m> ;py = 470 ke/m3; a = 2,1-1077 mM?/c;
BT
A= 0,33ﬁ; k=4,5-10"1m2/c;
R*=0,1;u, = 0,51 kr/(kr cyx.M — Jjia) ;
u, = 0,037 kr/(kr cyx.M —s1a); u* =10001/m.

PacyeTsl BBIIOIHSIN AJIST YCIOBUMH, KOTOPBIE OBLIM B 9KC-
nepumMenTe [9] ¢ TeM, YTOObI UMeTh BO3MOXKHOCTH IIPOBE-
PUTh afleKBaTHOCTb MaTeMaTH4ecKol Mogenu. IlosTomy
qo = 2000 Bt/Mm?;
r* = 2437103 ix/kr (3TO 3HAYEHMe r*pPaBHO TeIUIOTe Ia-

6BLIO Janee MIPUHSATO:
poob6pasoBanus (6e3 y4éTa TEIIOTH aACOPOLNH) IIPU Cpel-
HeH IIpeJBapUTEIbHO NPUHATOH B pacuéTe TeMIepaType
mnacTUHBL 37 °C; Tuee = 15 ¢; Ty = 60 C.

TeMmneparypa IJIAaCTHHEL B I[UKJIEe U3MEHSIETCS OT MUHU-
MaJIBHOTO 3HAYEHUS tmin O MAKCUMAIBHOIO fmax; Tuar = 15 C;
Ty = 60 c. C 1CII0/Ib30BaHMEM IIPUBEAECHHBIX BHIIIE JaHHBIX
6b11 paccauTaH KO3QPUITHEHT A, , U Aanee 9ucyo Bi,,. OHK
OKasaquCh PaBHBIMU: Ay, = U,,/Ccy = 3,42 (kr/(KT cyx. M-
na)/(kr/m*); Biy, = (B.R)/(kpoApy) = 187. IlonydenHoe 3Ha-
YyeHue 4ucia Bi,,CBUZETeIbCTBYET O TOM, YTO B pacCMaTpH-
BaeMOM IIPOIecCe PeaTu3yeTcsl YUCTO BHYTPUAUGDY3UOH-
HBIN KUHETUYECKUH PEeXXUM CYIIKH U, CIeJ0BaTeJbHO, Tapa-
MeTphI i, u By, B ypaBHeHU:X (14) u (15) onpezensioTCs BbI-
« = 2k — 1)m/2; B, = 2/BZ, xoTopble u
GBI UCIT0JIb30BAHBI B pacyéTe.

paxeHuaMu [27]:

PacueTrnt mnponecca 3JIEKTPOMArHuTHOI'O Harpesa ILjIa-
CTHHBI BBIIIOJIHAJIUCH IIPU PA3HbIX 3HAYEHUAX BEJIMYNH Ty U
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Tuar. Ha puc. 2 moKa3aHO pacmpefie/ieHre TeMIIePaTyphl 10
TOJI[MHE IJIACTUHBI B OJHOM M3 BapUaHTOB pacyeTa. Kak
BU/IHO M3 PUCYHKA, B J]AHHOM CJIydae OHO He3Ha4YUTeJbHO.
JTO0 06BICHIETCS TEM, YTO YUCJIO B0 IPU NPUHATHIX B Pac-
yéTe rapamerpax Maio (Bi = aR/A = 0,038).

; 437
¢, %
42.75¢
42.5--4\
4225t
42 } } i
0 3 5 9
M

Puc. 2. PacuéTHoe pacrpe/iesieHre TeMIIepaTypsl 110
TOJIIIMHE IUIACTHHEI B KOHIIe CTaZll HarpeBa
B ogHOM nukie (tc =20 °C; t; = 18 °C)
Fig. 2. Calculated temperature distribution over the plate
thickness at the end of the heating stage in one cycle
(te=20°C; ta = 18 °C)

BBLIM MTOJIy4€eHEl Jajlee PacuEéTHBIE TeMIIepaTypHbIe KpU-
BBIE t|x=r = f(T), KOTOpble GBLIM COIOCTABJIEHBI C Pe3ysbTa-
TaMU 9KCIIepUMEHTAIbHBIX U3MepeHuil paboTs [9]. Ha puc.
3 mokasaHO pacdeTHOe M3MeHeHHe BO BDeMeHHU TeMIlepa-
TYpPHI IOBEPXHOCTH IITACTUHEL. Kak BUAHO U3 PUCYHKA, TEM-
IepaTypa Ha I0BePXHOCTH ILIACTUHBI KOJe0IeTcs B ITUKIaX
34°C [0 tmax =
HOCTb IIMKJIa COCTaBJIfgeT Ty = 60 C, a MPOJOIKUTENbHOCTD

OT B IIpeJesax OT tmin = 40 °C, mpoJO/IKUTENb-

CTaZuY HarpeBa B HEM Tuar = 15 C.
o

t,C S0

50T

101

307,

20

10 t t u t d
0

Puc. 3. PacyéTHOe N3MeHeHIe TeMIIePaTyphl II0BEPXHO-
CTH IUIACTUHBI BO BpEMEHH
NIpY OCLUUIUPYIOLIelt NHPPAKPACHOH CYIIKe:
1-ter=f(1);2-1=20°C;3-t:=18°C
Fig. 3. Calculated change of the plate surface temperature
over time during oscillating infrared drying:
1-tr=f1);2-1=20°C;3-t.=18°C

Ha puc. 4 nokasaHO U3MeHEeHUe TeMIlePaTyPhl IIOBEPXHO-
cTu Tena B GopMe IIACTHHBI (BT&XKHOTO MOHOCJIOS TUIOCKUX
TeJl — CeMAH - TONMUHOM) R = 0,9 - 1073M, KOTOpBIEe UMenu
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Te e TemodusUdecKue MapaMeTphl, YTO U B pacdeTe.
CylIKa MOHOCJIOSI OCYIIECTBIsIach HH(PAKPACHBIM CIIOCO-
60M B OCIHWILIHPYIOIIEM peXHMe IPU OJHOBPEMEHHOM
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IIPOJ0IbHOM 06/[yBe IIOBEPXHOCTH CJIOSI XOJIOZHBIM IOTOKOM
BO3Zyxa Cc TeMItepaTypok 20 °C co ckopocThio 1,8 M/c.

C MOMOIIBIO PEryIaTopa TeMIlepaTypa IOBEPXHOCTH CJI0S
oA JepXuBajaach B uHTepBase 34-40 °C.

\ .'\.)'JL. \1‘\_1'

AV

W

4

A

g 10 11 12 13 14 15 16 17 18 19

1/60.c

Puc. 4. BKCHepI/IMeHTa]II)HOE HU3MEHEHNEe TeEMIIEPATyPhl IOBEPXHOCTHU MOHOCJION BJAAXKHBIX IIJIOCKUX TEJI TOJIH_[I/IHOIjI

R =0,9-107% M Bo BpeMeHU I1pu Ux ocuuiaupyoumem UK-o6aysennn
(v=1,8 M/c; ux= 0,51 Kr/(KT CyX. M-118); tpar= 40 °C; tpin= 34 °C [9]
Fig. 4. Experimental change in the surface temperature of a monolayer of wet flat bodies

with a thickness R = 0,9 - 102 m in time under their oscillating IR-irradiation
(v=1.8 m/s; in = 0.51 kg/(kg dry. m-la); t;,q,= 40 °C; tin= 34 °C [9]

Kak mokasplBaeT COIOCTaBJIeHUE PUC. 3 U PUC. 4, pe3yJib-
TaThl pacdyeTa COIJIACYIOTCA C ONBITHBIMU JaHHBIMH, a
MMEHHO: TepMOTrpaMMBbI HarpeBa ITOBEPXHOCTH CJIOS B 000UX
cny4asx 6ausku. CyI[eCTBEHHO OTMETUTbh, YTO B 9KCIIEPU-
MeHTe 3HAYeHHUH L q,= 40 °C; tp;,= 34 °C IOAAE PXKUBATHCH C
TIOMOIIIBIO PETYIATOPa CUCTEMbI aBTOMATUYECKOTO yIIpaBJle-
HUS MPOIECCOM, a NMPU MaTeMaTHIeCKOM MOJeJHpPOBaHNN
OHU IT0J0OpaHHI IIyTEM 3a/IaHUS COOTBETCTBYIOIUX 3HAYE-
HUH ITapaMeTPOB Ty U Tuz IPU IIPOYMX PABHBIX ITapaMeTpax
mporjecca, IpudeM 3HaueHHe Ty B 000X CIydasx OAUHAKOBO
U paBHO 60 c. IIpoA0/KUTENIbHOCTD CTaJUU HarpeBa B OIbI-
TaX CO BpeMeHeM HeCKOJIbKO YBeTNUUBAeTCs, YTO OOBSICHS-
eTcsl M3MeHeHUeM TeIlTohHU3NYeCKUX XapaKTepUCTUK ce-
MSH BCJIe/ICTBHE UX CYIIKH.

IIpoBeseHHOE CpaBHEHHE IIOKAa3blBaeT, UYTO aHAJIUTUYe-
CKHe 3aBHUCHMOCTH II0 AMHAMUKe HarpeBa BIXHOH ILIa-
CTHUHBI U ee CyIIIKe aZleKBaTHbI PeaJIbHOMY IIPOIleccy 1 MOTyT
OBITH MCIIOJIB30BAHBI IS PacuéTa U YKCIEHHOTO aHalIu3a
OCHUJLIAPYIOIIEro
Harpesa. V3MeHss mapaMeTphl OCHUJIINPYIOIEro Harpesa,

oponecca ee SJIEKTPOMATrHUTHOT'O

54

TaKye KaK IJIOTHOCTb JIyYHCTOTO II0TOKA go, IPOJOJIKATEb-
HOCTb IIUKJIA Ty ¥ CTaJUM HArpeBa Tu. B HEM, TeMIepaTypy
HapY)KHOTO BO3JyXa fc U CKOPOCTb U 06/yBa IOBEPXHOCTH
ILIACTHHBI, MOXHO PEeryJupoBaTh JUHAMUKY HarpeBa U 4uc-
JIEHHBIM METO/OM HaxOJUTb >KeJaeMbIil TeMIlepaTypHBII
pexxuM. Tak, IpU YBeJIUIEHUU o U Tuar SHAYCHUS fmax U Imin
GyAyT pacTy u OyZeT yBeIUYNBAThCS TEMII Harpesa — 0 TeX
10D, MOKa MOABEAEHHOE C ITOMOIIBIO JT€KTPOMArHUTHOIO
I10JI51 TEIUIOTA He OYZAEeT IOJHOCTHIO OTBOAKTHCS 33 CUET KOH-
BEKTUBHOTO OXJaXJeHMs. IIpu BBICOKOH TeMIleparype
BHeIIHeH cpefsl (t. > 1) 6yZAeT oCyieCcTBIITHC KOMOHUHUPO-
BaHHBIH «KOHBEKTHBHO-3JIEKTPOMAarHUTHBIM» HarpeB Hsze-
Iusl, a MaTeMaTUdecKas MOZeNb GyJeT IOKasbIBaTh AMHA-
MUKy HarpeBa. TakuM o0pa3oM, NIpHBeZeHHOe aHAIUTUYe-
CKOe pellleHre 3a4a4y JUHAMUKY HarpeBa IJIACTHHBI B yCJIO-
BUSIX OCLMJUIMPYIONIEH 3J1€KTPOMAarHUTHOTO SHEeProIoj-
BOZIa B COBOKYITHOCTH C PellleHHeM 3a/ady MacCOIIPOBOJHO-
CTH U 3aBHCHMOCTH, CJIeAylollire U3 HUX, IO3BOJIIOT pac-
CYMTHIBATH TEMIIEPATYPHOE II0JIe B IUIACTUHE, M3MEHEHHe
ee cpeHe0O'bEMHOI TeMIIePaTyPHI BO BpEMEHH, YTO HECET B
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cebe nHGOPMALNIO, CYLIECTBEHHYIO AJIsl OPraHH3aliy [IPO-
1jecca TepMoOoOpPabOTKY BIAKHOIO CTPOUTEIHHOIO MaTepPH-
ana.

BBIBO/J bI

1) IIpoBesieHHOE HCCIeI0BaHNE OCIUJIINPYIOIIEro 3IeK-
TPOMarHUTHOTO HarpeBa BJIQKHOW ILTACTUHEI Ha OCHOBE
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2) Bapbupys Takue IapaMeTpsl Ipoljecca, KakK IIJIOT-
HOCTb JIyIHCTOrO ITOTOKA, IIPOAOKUTENIHOCTD LINKJIA 06IIy-
YeHUS U CTaZiuM Harpesa B HeM, THT€HCUBHOCTb KOHBEKTUB-
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B KOHIIE CTaA1 HATrpeBa U3Jeaunsd.
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s noguiwenus 8000HeNPOHUYAEMOCMU U NPOUHOCMU ACPAAbMOOEMOHHBLX NOKPLLMUIL
WUPOKO NPUMEHAIOMCL MUHEPAAbHbBLEe NOPOUKU, KOMOPbLle 8 OCHOBHOM NOAYHAOM U3 KAp-
bonamcodepaucauux 2o0prulx nopod (Jdosomumossvie MmuHepaavhvle nopowku). C ygeauue-
Huem 06BEM08 JOpOXHO20 CMpoUmeabcmEd pacmém nompebHOCMb 8 CMPOUNMEALHBLX Ma-
mepuanax 0AfL ee0 npouzsodcmed, 6 MOM HuUCAe U 8 MUHEPAAbHOM nopouke. OOHUM U3
HanpaeneHull ycmpanenus deuyuma 264semcs NpuMeHeHUe MeCMHBLX CMPOUMEeAbHbLY
mamepuanos, 6 mom wucae u canponeaeii. B Apocaasckoii obaacmu 6 03. Hepo Hakonuaocy
6onee 250 man Kybomempos canponeas, Komopulii 2ybum amo 03epo. JJas eoccmanosaernus
IKocucmembl 03epa npedaazaemcs €20 OHUCMKA C 8bleMKOLL canponens U UCNOAb308AHUEM
ec0 044 pasAuuHbLX ompacaell NPOMbLULAEHHOCMU U 8 CeAbCKOoM xo3alicmee. O0HUM u3
HanpagaeHull UCNOAb30BAHUSL BbLCOKO30ALHO20 CANpONeas MOKcem ObLmb 00OpOo*CHOe CIMPOU-
meavcmeo. OH MO em UCNOAb308AMbCA 8 Katnecmee MUHEPAAbHO20 NOPOULKA NPU NPOU3-
godcmee acasvmobemonnbLx cmecell. B 0annoil pabome paccmampugaemcs 603MONHOCTb
npumeHnerHus canponeas 03. Hepo das npouseodcmea zopaiux acanrvmobemontslx cmecell.

KnroueBbie caoBa: achanpTobeTOHHAsS cMeCh, MUHepaJbHbIH MOPOLUIOK, CAIPOIMENb,

OCHOBHBIe IIOKasaTenu achanbTobeTOHA

J1a puTUpPOBaHUA:

Jyznus B.M., Cmekano H.C., OkyTuH A.D IlpuMeHeHUe canpores 03. Hepo sipociaBckoi o6racTu
JJIST TPOU3BO/CTBA ac(aibTOOETOHHBIX CMeCei. YMHble komnoszumel 6 cmpoumenscmee. 2021. T. 2.
Ne 3. C. 57-67 URL: http://comincon.ru/index.php/tor/V2N3_2021
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Mineral fillers are widely used to improve the water-resisting property and durability of
asphalt pavements. Mainly fillers are obtained from carbonate-bearing rocks (dolomite
mineral flours). The increasing of road construction leads to the need for increasing of road
construction materials, including the mineral flours. Sapropel could help to eliminate this
shortage. In the Yaroslavl region, more than 250 million cubic metres of sapropel have
accumulated in Lake Nero. It is damaging the lake. To restore the lake's ecosystem, cleaning
with sapropel extraction and using for various industries and agriculture are proposed.
The road construction can use the high-ash sapropel. It can be used as a mineral flour in
production of road concrete mixtures. This paper concerns the possibility of Lake Nero sap-
ropel application for production of road concrete mixtures.

Key words: road concrete mixture, mineral flour, sapropel, features of road concrete
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BBEJEHUE

IToBhIIIEHHE KAa4eCTBA CTPOUTENBCTBA aBTOMOOMJIBHBIX
JIOPOT 3aBUCUT OT MHOeCTBa (aKTopoB. OZHUM U3 BaXKHEH-
IIUX - 9TO IPUMeHeHNe KaueCTBeHHBIX achaJbTOOETOHHBIX
cMmeceil. AchanbTo0eTOHHAsE CMECh COCTOUT U3 MUHEPAIb-
HOH cocTaBisiolle (mebeHb U IIecoK) U achasbTOBOTO Bsi-
XKyiero. AchanabToBOe BSDKYIee BKIIOYAET B cebs GUTYM U
MUHEePaIbHBIH IIOPOLIOK.

MuHepaapHBII IIOPOLIOK IIPeACTaBIsAeT Cob0il MaTepual,
KOTODPHII IOJYy4aloT IIyTeM M3MeJbUYeHUs TOPHBIX II0POJ
MY OCTATKOB IIPOMBIIITEHHOCTH. MUHepaJIbHBIHA MOPOIIOK
CJIy>KUT AJIS1 TIOBBIIIEHUS TEXHUYECKUX XapaKTEPUCTUK aB-
TOMOOMIBHOM foporu. IIpu f06aBieHnH ero B achaabTobe-
TOHHYIO CMeCh YZAaeTCs JOOUTHCS YBeIUYEHUS ee IPOYHO-
CTU U IUIOTHOCTH 3a CYeT TOTO, YTO MeJKUEe YaCTUIIBI I10-
POIIIKA 3aIIOJIHSIOT CBOGO/AHBIE BO3AYLIHbIE IIOPHI.

BcilezcTBre 3TOro MOHIDKAETCS BOJOHACHIIeHHe achab-
TOGETOHA, UCXOJS M3 Yero, yMeHbIIaeTCsI IPOHUKHOBEHUE
aTMOoc(hePHBIX 0CaZKOB U YBEJIUYUBAETCSI CPOK CIYKOBI IT0-
KDBITHA.

MuHepabHBIE MOPOIIOK MOAPA3AENA0T Ha CleAyolne
Mapku (T'OCT 32761-2014 [loporu aBTOMOOUJIBHBIE OOIIETO
mosib3oBaHus. [TopouIok MuHepanbHbIA. TeXxHUYeCKUe Tpe-
6oBaHUA):

- MII-1 - MUHepaJbHBIN IIOPOIIOK, AKTUBMPOBAHHBIN U3
KapOOHATHBIX TOPHBIX IOPOZ;

- MII-2 - MyuHepaJbHBIH OPOLIOK HEAKTUBUPOBAHHBIN 13
KapOOHATHBIX TOPHBIX TIOPOJ;

- MII-3 - MUHepaIbHBIH MOPOLIOK HEAKTUBUPOBAHHBIN 13
HeKapOOHATHBIX TOPHEIX IIOPOJ, TBEPABIX U TOPOIIKOBBIX OT-
XO/IOB IIPOMBIIIUIEHHOTO ITPOU3BO/CTBA.

MuHepaipHBIEe IIOPOLUTKY OBIBAIOT AKTUBUPOBAHHEIE U He-
aKTUBUPOBAaHHbIE. AKTHBALIUs 3aKJII0YaeTCs B TOM, UTO BO
BpeMs ITOMOJIa MCXOZHOTO MaTepHaia B ero COCTaB Zo6aB-
JIIOT CIelNaJbHble ITI0BePXHOCTHO-aKTUBHBIE BeIecTBa
WY COBEpIIAIOTCS JOMOJHUTEIbHbIE BO3JEHCTBUSA Ha 4a-
CTHUIIBI TOpoIKa. HeaKTMBMPOBAHHBIF MUHEPaIbHBII IOPO-
IIIOK TI0JIy4aeTcsl OOBIKHOBEHHBIM JpobieHreM KapboHaT-
HBIX TOPHBIX ITOPOJ, C IIOCJIeAYIOIIIM ITIOMOJIOM.

TpasUIMOHHO MUHEPAIbHbIE IIOPOLIKY U3TOTaBINBAIOTCS
13 KapOOHATHBIX TOPHBIX TIOPOJ, (M3BECTHIKU, ZOJOMUTHI U
JOMeHHbIe 1uTaky) [1, 2]. VBenudeHne 065EMOB CTPOUTENb-
CTBa aBTOMOOUJIBHBIX IOPOT IPUBOAUT K Ae(DUIIUTY CTPOU-
TeJbHBIX MATEPUAaJIOB, II03TOMY NpHMeHEHNEe HeTPaJullu-
OHHOTO CBIPBSI aKTYaIbHO.

Tak B KaueCTBe MUHEPAJIbHOTO ITOPOLIKA P, UCCIEA0BA-
TeJlell IpeAJaraloT KCIOJIb30BATh 30JIOILIAKOBBIE OTXOZBI
TBII u THC. [Tepepaboranubie 0Tx0Abl THC MO3BOISIOT CHU-
3UTh II0Ka3aTelb GUTYMOEMKOCTH, ITOBBICUTD IIPOYHOCTD U
nedopMaTUBHOCTh achanbTo0eTOHOB [3-6]. DTO MO3BOIUT
CHHU3UTH KoJleeobpasoBaHue Ha achanbTo6ETOHHBIX TIOKPHI-
TUSX.

s CHIDKeHUS TUAPODUIPHOCTH U YBEeIUYEHUS afcop6-
LIOHHON aKTUBHOCTH MUHEPAIbHBIX [TOPOIIKOB BO3MOXHO
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HCII0JIb30BaHNE HEKOHAUIIMOHHBIX aJJIOMOCHUINKATHBIX TOP-
HBIX IIOPOJ TI0CJIE€ TePMUYECKOi 00paboTku. VccienoBanus
[I0Ka3aJay, YTO BBeJleHEe TaKUX [TOPOIIKOB MOBHIIAIOT TPe-
IIMHOCTONKOCTh, CABUTOYCTOMYMBOCTh U IIPOYHOCTH IIPU
cxatuu [7, 8].

IIpuMeHeHMe U3MeTbUYEHHOTO BYJIKAHUYECKOTr0 Tyda Ipu-
BOJIUT K IIOBBINIEHHOM TPEU[MHOCTONKOCTH 1 HU3KOH TEILI0-
IIPOBOZHOCTH I10 CPAaBHEHMUIO ¢ achaIbTOOETOHOM Ha ILIOT-
HOM 3aroiauTee [9-13].

[IpuMeHeHVe MUHEPATIbHOTO [TOPOLIKA 13 FTOPIOYUX CJIaH-
1eB i1 achanbTo6eTOHOB OMKMCAHO B paboTax [14-17]. Hanu-
Yye B COCTaBe IOPIOYUX CIAHIIEB KeporeHa (IIOJMMEpPHOTO
OpraHMYecKOro MaTepuasa, SBJISIOLerocs OL4HON U3 GopM
HeTPaAUIMOHHON He(TH) [TOBHIIIAET a/Ie3UI0 BDKYLIETO K
ITIOBEPXHOCTH MUHEPAIBHOI'O MaTepuaa. 3a CUET 3TOro Io-
BBIIIIAETCS [IPOYHOCTD U BOJOCTOHKOCTD achasbTobeTOHA.

IIpepnaraercs MOAMGUIINPOBAHUE BSIKYIIETO LE0JUTOM
[18-20]. BBezieHMe 11€0JIUTA B I'YPOH IIOBBILIAET KOJIUYECTBO
acdaybTeHOB, YTO IIOBHIIIAET IIPOYHOCTb OYPOYTOJBHBIX
O6prKeTOoB, C(POPMOBAHHBIX U3 OTXOZOB YTOJBHBIX IIPEIPH-
aTuil. Cxoxasg KUHeTUKa (GOPMUPOBAHUSA, BSKYIIETO /IS
GPUKeTHPOBAHUSA OYPHIX YITIeH, II03BOISET CAeIaTh IIPEATIO-
JIOKEHIE 0 BOSMOXXHOCTHU IIPUMeHeHNs JaHHOHN TeXHOJIOT U
IIpY IIPOU3BOJCTBE ac(harbTOOETOHOB.

IIpuMeHeHMe TPOTUBOTOJIONEAHBIX [00ABOK /IS IOJTHOM
WM YaCTUYHOHN 3aMeHbl TPAJUIMOHHOTO MUHEpPaJbHOTO
rmopomka B achanbTo6eTOHHON CMeCH II03BOJIUT IIOBBICUTH
6€e30I1aCHOCTb ZOPOXKHOIO JBVIKEHUS B 3UMHUI IIepuog, 6e3
VXyZAllIeHUs OCHOBHBIX CBOMCTB actanbprobeToHa [21, 22].

Psap uccinepoBateseli [23] mpezyaraeT NCIOJIb30BATh B Ka-
YecTBe ChIPbs JJIS IIPOM3BOJCTBA MUHEPAIBHOTO MOPOILIKA
carponess.

Jns slpocnaBckoil 06acTH M3ydeHUEe BO3MOXKXHOCTU HC-
I10JIb30BAHUSI CAIIPOIIENS B JOPOXKHOM CTPOUTEIBCTBE SIBJIS-
€TCsl aKTyaJbHOM 3ajadel, T.K. HAa TEPPUTOPUU 06JIACTH
HUMeeTCs YHUKaJIbHOe 03epo Hepo, 3amacsl carpormness B KO-
TOPOM IIPEeBHIIIAET 250 MJIH KyOHUYECKUX METPOB.

IIpubsusuTenpHble pasMepsl 03epa — 13x8 KUIOMETPOB,
oburast mIomazs BOZHOro 6acceiina 4yTh Hosee 51 KBazpat-
HOoro KuioMmerpa. OZHOM M3 HMHTEPECHBIX OCOOEHHOCTEN
o3epa SIBJSIeTCS OTPOMHOEe KOJMYECTBO CaIlpoIlesieli, pacio-
JIOKEHHBIX Ha ero gHe. CoBpeMeHHbIe MCCIeI0BATEe ! I10JIa-
raioT, YTO B JaJIeKOM IIPOLUIOM MaKCHUMajbHas IJIyOuHa
3aech ObLIa 25-35 MeTpoB [24].

Ha cerofHSIIHUE ZleHb OHA COCTAaBJISIET OKOJIO YeThIPex
MeTpOB. A pasHHIIA MeXAY STUMH 3HaYeHUsSIMH — TOJIINHA
cy10s1 canporeseit. YTo xe KacaeTcs CpeJHEero 3Ha4eHU IIIy-
OUHBI, TO OHO COCTaBJIsIET HOpsiZKa 1,3 MeTpa [24].

Carnpornenb IpeJCTaBiseT cobol MPUPOAHBIL OpraHOMU-
HepaJbHBIN KOMILIEKC BelecTB. COZepKUT I'yMUHOBbIE KIIC-
JIOTHI, QYIBBOKUCIOTEL, 1[€JIII0JI03Y, OUTYMBL, 301y. B 3aBu-
CHMOCTH OT COZlep>KaHUS 30JIbl PasjINdyaioT MaO30JbHBIN,
Cpe/He30IbHBII U IOBBIIIEHHO30bHBIH campornenb. Crery-
aJUCTBl  BBIEJISAIOT YeThIpe (o

THUIIA canponeﬂeﬁ
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npeobazamieMy KOMIIOHEHTY) — KapGOHATHBIMN, JKeje3u-
CTBIM, KPEMHE3eMUCTBIH U OpraHUYecKui [25].

JleTasbHas pas3BeJKa MeCTODOXAEHHS campoleneil o3.
Hepo 6b171a BBITIOJTHEHA I'€0JIOTOIIOMCKOBOM IapTHEl TpecTa
"Teontopdpassesgka" B 1974-1975 rogax. V3bICKaHUSIMYU OBLIO
YCTaHOBJIEHO, YTO callpoIlejieBble OTJIOXeHUs o3zepa Hepo
pacrpocTpaHeHsl Ha Itoiazy 5308 ra u uMeroT 3amnac 169309
ThIC. M®, win 107795 ThIC. T B IepecueTe Ha 60% YCIOBHYIO
BJIQKHOCTb. CpefiHAS MOIIHOCTb OTJIOKEHHUS callpomes -
3,19 M, HauboIbLIAL - 7,4 M.

ITo cozep:kaHUIO ¥ COCTAaBy OPraHUYECKOTO ¥ MUHEpPasb-
HOTO BellleCTBa callpoIlesieBble OTJIO0XKEHUs 03epa Moz pasze-
JIEHBI Ha 4YeThIpe BHJA: IIMHUCTBIHM, BOJZOPOCIEBO-KeIe3U-
CTBIH, BOJOPOCIEBO-U3BECTKOBUCTHIM U N3BECTKOBUCTHIH.

I'IMHUCTEII callporieslb 3aHUMAaeT TPU YeTBEPTH ILI0IaLu
o3epa (73% 1uromazy). B mprbpexHOIT 30He OH PACIIONIOKEH
He6OJIBIION MOIIHOCTHIO 0 0,9 M B BEPXHUX CJIOAX ILIacTa.
Ha foro-3amnaze o3epa U y3K0Ii [T0JOCOH BAOIb Gepera IIIMHU-
CTBHIH calpoIlesib 3ajleraeT Ha BCIO TOJIIY U JOCTUTAeT IJIy-
GuUHBI 0 2,8 M. 3amac IJIMHUCTOTO camporess Ha IIOaAu
3854 ra paBeH 33144 Thic. M° (3a6aTaHCOBBIE 3aI1aCHI), 9YTO CO-
craBisieT 19,6% oT 0o011ero 3amaca carnporens.

Coziep>kaHrie OpPraHMYECKUX BellecTB (0CTaTKU BOZOPOC-
JIell ¥ )KUBBIX OPTaHU3MOB) Y 9TOrO BHJa CaIlpolienei Ko-
snebnercst ot 9,4 10 32,27%; 30JBHOCTD - OT 67,73 70 90,6%
(rnvHa, U3BECTD, IIECOK).

Bozi0pocieBo-KeIe3UCTHII CallPOIIesIh PACIIONOMXKEH B IJ€H-
TPaJbHOM 4aCcTU 03epa Ha IIowazu 1347 ra (25% miomazu).
CpenHsas I‘JIy61/IHa - 1,08 M. MakcuMasbHasi MOLIHOCTD OTJIO-
sKeHud - 2,9 M. 3anac 14548 Teic. M%, unu 8,6% oT obIero 3a-
raca. 3ajeraeT OH IPeMMYIeCTBEHHO B BEPXHUX CJIOSX IIa-
CTa, JIUIIb Ha HeGOJIBIIOH MJIOMaAN B BOCTOYHOM U CeBepo-
BOCTOYHOH YaCTSX 3aJeXU BOZOPOCJIEBO-KEIe3UCTOro ca-
IIpOIIeJIs IEPEKPHITHI JKeJIEe3UCTHIM CaIIpPOIIeIeM.

CozepskaHe OPraHUIECKHUX BEIIeCTB Y 3TOTO BUA CAIIPO-
neseit kosnebiercs ot 28,21 10 36,53%; 30JIbHOCTS - OT 63,47
7o 71,79%.

Boz0pOC/IeBO-U3BECTKOBUCTHIN CaIlpoOIlesb CaMBIM pac-
MIPOCTPaHEHHBIN Ha 03epe BUJ camporiessi. PacmonoxeH 1o-
YTH Ha BCel IIomazau osepa - 3529 ra. CpenHss raybuna - 2,0
M. MoIHOCTb OTIOKeHUH Koaebiercs oT 1,0 go 5,0 M. 3a-
machl - 70567 Teic. M3, nm 41,6% oT 061I1ero 3amaca Ha MECTO-
POXZeHUN. 3aeraeT BOAOPOCIE€BO-U3BECTKOBUCTHIH CaIpo-
1ejib B OCHOBHOM B CPe/IHUX CJIOAX CaIllpOIeIeBhIX OTI0Xe-
HUH. Cpeau OTJIIOKEHUH 3TOT0 BHJA CAIIPOIIess Ha Pa3sHBIX
ry6MHAX BCTPEYAIOTCS IPOCIOMKU H3BECTKOBUCTOTO, H3-
BECTKOBUCTO-TJTMHHUCTOTO M IJIMHUCTOIO CaIllpoIesiel MOIl-
HOCTbIO 0,2-0,5 M.

B MUHepaIbHYIO 9aCTb BXOAST U3BECTb, IJIMHA X JACTUIHO
necok. Cozep:XxaHUe OPraHWYECKUX BEIeCTB y 3TOr0 BHZA
campormnesei konebiaeTcs ot 12,42 10 23,17%; 30J1bHOCTD - OT
76,83 1o 87,58%.

VI3BeCTKOBUCTBIM CalpoIlesb TaKKe O4eHb IIMPOKO pac-
pocTpaHeH Ha o3epe. O6Las IUIOIA/b, 3aHATAs ITUM ca-
mpormeseM, paBHa 2530 ra, riybuHa - 2,02 M. 3amac - 51050
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ThIC. M®, wiu 30,2% oT obiuero samaca camnporness. Pacmipo-
CTpaHeH II0 IIOIIaAY 03epa OTAeJIbHBIMU KOHTYpaMU. Bcero
BbIZI€JIEHO 6 KOHTYpoB. CaMblil 6OJIBIION KOHTYP pacIoJo-
JKEH B 3aIIaZJHOM YacTH 03epa.

3asleraeT M3BECTKOBUCTBIM CAIpOIle]b B HIDKHUX CJIOSX
OTJIOKEHUH. B I1acTax U3BECTKOBUCTOIO CAIIPOIIess BCTpe-
4alOTCS MPOCIOMKU BOZOPOCIEBO-U3BECTKOBUCTOI'O CaIpo-
reJig MOUJHOCTBIO 70 0,5 M.

B MuHepaJIbHYIO 4acTh BXOJAT U3BECTh, [NIMHA, IIecok. Ha
JI0JTI0 M3BECTU IPUXOAUTCS 40-65% MUHEpaIbHOM YaCTH.

Cozep:kaHre OpraHUYeCKUX BEIeCTB B M3BECTKOBHCTHIX
campornessx caMoe HHU3Koe u Kosebiercs oT 1-2 1o 16,3%;
30JIBHOCT®D - OT 83,7 710 91,58%.

Ananusnpys cocTaB BUJOB Callpoliesis 03epa, MOXHO cJe-
JIaThb BBIBOJ, 4YTO JJ IIPOM3BOJCTBA MMHEPAJIbHOIO IIO-
polIka K3 campornens o3. Hepo BO3MOXHO HCIIOTb30BaHUE
camporesel ¢ HU3KMUM COZiepKaHueM OPraHMKY, TaKUX Kak
[JIMHUCTBIY callpolleb, BOJOPOCIEBO-U3BECTKOBUCTHIN ca-
IIpOIIeJb, U3BECTKOBUCTHIHN CaIlpOIIeb.

Osepo Hepo moCTeneHHO 3aIl0JIHAETCS CaIlpoIlle]eBBIMU
oTaoxeHUuAMH. O3epo MeJIeHHO, HO BepHO MeseeT. C Kax-
JOBIM TOJOM YMEHbIIAeTCs KOJHUYECTBO PHIOBI M HCUe3aeT
CBeJOOHBIH MIaHKTOH. O3€ep0 «yMHUpPaeT» — TAaKOU JUArHo3
IIOCTABWJIN yYeHBble, COCTOSIHME BOJOeMa IIOYTH KpUTHU4e-
cKoe [26].

CyMMupysl BCe BhIIIeCKa3aHHOE, MOXXHO CZeJaTb BBIBO/J,
YTO eJMHCTBEHHBIH IIyTh criaceHus o3epa Hepo - mosrHas ero
PEKOHCTPYKIUS IIyTeM yZAaJeHUs JOHHBIX OTJIOXeHu. Puc.
Ne - HazBaHMe PUCYHKaA

SKCITEPUMEHTAJIbBHAA YACTD

Ha ceroguamHuil geHp nHGOPMALUY O peannsanuy Ka-
KUX-I100 [IPOEKTOB I10 PEKOHCTPyKIny o3epa Hepo HeT, HO
JIPYroro BapuaHTa IO €ro «CIIACeHWIO» IIPOCTO He Cylle-
CTByeT. YUUTHIBas TOT (paKT, 4TO He Bee canporenu o3. Hepo
IIPUTOJHEI IS UCIIOIb30BAHUS B CEJIbCKOM XO3SIHCTBE KaK
yAOOPEHNUS UM MEJIUOPAHTEL [10YB, LIeJecO06Pa3Ho IIpoBe-
JeHue JalbHEeHIINX MCCIeJOBaHUN II0 PpaCHIMPEHUIO
HalpaBJeHUN ero MUCHIOoAb30BaHUd. OJHUM U3 TaKUX
HaIlpaBJIeHUH MOXET OBITh OPOKHOE CTPOUTENBCTBO. YUU-
ThIBas BCE BBIIIEU3TIOXKEHHOE, OBUIO IPUHITO pellleHue o
IIPOBeIEHUN HAyYHBIX HCCJIEeJOBAaHUI II0 HCIIOJb30BAaHUIO
camporess 03. Hepo npu npousBoacTee achanbTo6e TOHHBIX
cMecei.

J71s1 cpaBHEHUsI, ObLIM U3TOTOBJIEHbI 00PAsIibl C UCII0Ib30-
BaHMEM aKTUBUPOBAaHHOTO M HEAKTHMBHPOBAHHOIO CaIpo-
meJist. AKTUBALYSL OCYLIECTBISUIACH ET0 OBXKUIOM C ITOCTIEAY-
0IUM 110MOoJI0M. [Tony4unBinascs achanpTo6eTOHHAS CMeCh
J0/DKHA COOTBETCTBOBATH TPEOOBAHUIM, IIPEBIBIIEMBIM K
acdanpTOOETOHY [JI HIDKHErO CJO0S IOKPBITHS COTJIACHO
T'OCT 9128-2013.

IIpu mpoBefeHUN HAyYHBIX HCCIEeJOBaHUI HCIIOJIb30Ba-
JIOCH ciefyoliiee o6opyzoBaHue: HA0OP CTAaHAAPTHBIX CUT
(pasmepsr oTBepcTuit 11,2; 8; 4; 0,125 MM) C NOAJOHOM U
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KPBILIKON AJIs pasfieJleHHs MaTepHaJoB Ha HeobGXoAuMble
¢dpaxuny; Bubportomazka BIIV-O ans Goiee addekTus-
HOTO IIPOCeMBaHUs MaTePHAJIOB Yepe3 CUTAa; BEChl C TOYHO-
CThIO B3BelInBaHu Zo 0,01 T A1 onipe/iesIeHusi MacChl Heob-
XOZUMBIX KOMIIOHEHTOB acdaibTobeToHHOM cMecH; hapdo-
poBas CTyNKa U IeCTUK JJIf U3MeJbueHUS MUHEePaJIbHOrO
IIOPOIIKA M3 CaIpollesns; CyummibHbIH mkap UT-4610 [25]
(zsi1 mpuroToBieHus ropsdelt achanbTobeTOHHOI cMecnh);
snabopaTopHas anexrporedb CHOJI 1.6.2.5.1/11-M1 zaist 06-
JKHAT'a MUHEPaJIbHOTO IOPOIIKA M3 calponess; GopMbl s
VILIOTHEHHUs1 acdanbTOOETOHHBIX 06pasIioB; BaKyyMHas
ycraHoBka ®YTYPYM ajst UCHBITaHUSA achaabTOOeTOHHBIX

Gmb,r/cm®
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00pasIjoB Ha BOAOHACHIIIEHNE U BOZOCTOMKOCTB; IIPeCC s
VILIOTHEHUS U OIIpeeieHus pejena IPOIHOCTH 00pasiioB
[IpY CKATUU. BBUIO M3rOTOBIEHO MO TPU 06pasua A KaxK-
JIO¥ CepUuM UCIIBITAaHUH.

PE3VJIBTATHI 1 UX OBCYXIEHUE

CpaBHeHMe Pe3yJIbTaTOB ONpeseieHUs 00bEMHON ILIOT-
HocTu ¢ TpeboBanueMm I'OCT 9128-2013 mpejcTaBieHO Ha
puc. 1.

24
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Puc. 1. O6beMHas JIOTHOCTD 00PasIoB
Fig. 1. Bulk density of samples

BbIBOA: 06pasiubl ¢ 060XKEHHBIM MUHEPAJIbHbIM IIOPOLLI-
KOM M3 campores (cepuu 4, 5, 6) UMeIOT OOJBIIYIO IIIOT-
HOCTb. IIpy 9TOM MOKa3aTeau Bcex 00pasiioB OTBEYAIOT Tpe-
6oBanusiM 'OCTa (0603HAYEHO KPACHOU JIMHUEH).

W, %
4.5

CpaBHEHUe Pe3yJbTaTOB UCIIBITAHUIN BOAOHACHILEHNUS ac-
danprobeToOHHBIX 00pasioB ¢ TpeboBanreMm 'OCT 9128-2013

IIpesCTaBIeHO Ha PUC. 2.
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2
15

2.2 2.19

1 4
0.5 +—
0 T

1 2

4 5

Puc. 2. BopoHaceimeHue 06pasinos
Fig. 2. Water saturation of samples
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BbIBOA: BOZOHACHIIIEHYE cepuu 00pasioB 1, 2 (c Heobo-
JCKEHHBIM CaIlpollesieM) He MMeeT 3HaUUTeAbHBIX OTIUIHH
OT BOZIOHACHIIIEHNs 00pasI[oB cepuu 00pasiioB 4, 5 (¢ 060xk-
JKEHHBIM camporneneM). [Ipu 3ToM IOKas3aTeIn BcexX 0Opas-
110B orBevaioT TpeboBanusM I'OCTa (0603HAUYEHO KpacHOM
JIUHUET).

Rcx, MIIa
6 5.71
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CpaBHEeHIe Pe3y/IbTaTOB UCIIBITAHUI IIPOYHOCTH achaibTo-
GeTOHHBIX 00pasioB ¢ TpeboBanmeMm I'OCT 9128-2013 mpea-
CTaBJIEHO Ha puUC. 3.

5.55
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5.45
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4.69

4.5

3.5

2.5

2 T T

1 2

4 5 6

Puc. 3. IIpeses IpOYHOCTH 06PA3LIOB IIPY CKATUM

BhIBOA: cepuu 06pasIioB ¢ HEOOOXKEHHBIM MIHEPATbHBIM
ropomkoM (1, 2, 3) HoKa3axy GOJIBLIYIO TPOYHOCTD [IPH CKa-
Tun. IIpu 9TOM II0Ka3aTeIu BCcex 00pasi[oB OTBEYAOT TPe6o-
BauusaM 'OCTa (0603HaUY€HO KpaCHOM THUHUEH).

CpaBHEHUe pe3yJbTaTOB UCIIBITAaHUE acarbTOOETOHHBIX
06pasoe 1o K03bOUIMEHTY BOLOCTOMKOCTU C TpebGoBa-
HreMm T'OCT 9128-2013 mpezAcTaBlIeHO HA puC. 4. 06pasLoB

Ky

orBevaioT TpeboBaHMIM I'OCTa (0603HaUYEHO KpacHOM Ju-

HUem).

CpaBHEeHUe pe3yIbTaTOB UCIBITAHUH IPOYHOCTH achaIbTo-
GeTOHHBIX 00pasioB ¢ TpeboBaHueM I'OCT 9128-2013 mpea-
CTaBJIEHO Ha pHC. 3.
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Puc. 4. BoZoCTOMKOCTD 06pasioB
Fig. 4. Water resistance of samples

BeIBOA: cepum 00pasIioB ¢ 060MKEHHBIM MUHEDPAJIbHBIM
IIOPOIIKOM (4, 5) ITOKasaay GOIBIIYI0 BOJOCTOMKOCTb. IIpu

9TOM II0Ka3aTesN BCeX YeThIpex 00pasIioB 0TBevaoT Tpebo-
BaHuaM 'OCTa (0603HaYeHO KpacHO IUHMeH).
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BBIBO/J bl

B pesyibTaTe BHIIIOJHEHHUS II€PBOTO 3Talla SKCIepHUMeH-
TaJIbHBIX HCCIEJOBAaHUU JAaHHOH PabOTBI MOXHO CZeJaTh
cJleAyiolIrie BEIBOJBI:

- IpeAJIOXKEHHBIH cocTaB acanbTOOETOHHON CMECH C MU-
HepaJbHBIM IIOPOIIKOM 3 CAIIPOIIeis IpeiBAPUTENbHO MO-
JKeT HCIOJIb30BAaThCS B Ka4eCTBE HIDKHETO CJI0S ITOKPBITHSI
JOPOXXHOH OZI€KBI;

- o6pasisl achanbTo6ETOHHO CMecH 110 06beMHOH III0T-
HOCTH, BOZIOHACHIIIIEHHIO, BOZOCTOMKOCTH U IpeZely Ipod-
HOCTH IIPH CKaTUH OTBe4aloT TpeboBanusM ['OCT 9128-2013.
CTOUT OTMETUTB, YTO UCIIBITyeMBIE 00PA3IIHI B IBa pasa Ipe-
BBICHJIM JOIYCTUMBIH IIpeZiesl IIPOYHOCTH IIPH CXKATUU, UTO
ABJIIETCS XOPOIIEH IPeAIOCHIIKON IS UCIIONb30BAHUS MU-
HePaJIbHOTO IOPOIIKA U3 CAIIPOIIEIs;

- I10 IIPOBEIEHHBIM SKCIIePHMEHTAIbHBIM UCCIe0BAHNIM
BU/JHO, 9YTO OOXXHUT MUHEPaIbHOTO IIOPOIIKA He IIPUBEJ K CY-
IIIeCTBEHHOMY Y/Iy4LUIEHUIO XapaKTEePUCTHUK acharbTobe-
ToHa. B JasnbHelineM, Ipu Mpou3BoACTBe acharbTo6eTOH-
HOU CMeCH C TaKUM COCTaBOM, HET HEOOXOAUMOCTU O0XKU-
raTh MUHePaJbHEIH IOPOIIOK, TAK KaK 9TO BeZIeT K yZ0POXKa-
HUIO CMeCH, a IPOYHOCTHbIE XapaKTePUCTUKU He H3MeH:d-
10TCs. BO3MOXKHO, 06pasLbl ¢ 060M¥CKEHHBIM MUHEPATbHBIM
IIOPOIIKOM ITOKaXYT JIy4IINe XapaKTePUCTUKH IIPHU IIPOBe-
JeHUH JIPYTUX JOTIOJHUTEIbHBIX SKCIIePUMEHTAIbHBIX HC-
caelOoBaHUI.
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Bonpocel nosviuteHUs Kaiecmea 00poxCHbLX OUMYMO8 U 8AUAHUE C80TLCME 8AHCYUL20 HA IKC-
nAyamayuoHHble nokazameau acasvmobemona 284s10mcsa 8 nocaednue 200vl 8ecoMd aAK-
myanavHuimu. Uccaedoganus, npogodumeie Ha kagedpe agmomobusvHuix dopoe Baadumup-
CK020 20CYHUBepCcUMema, nokazaiu, umo daxce Haubosee appexmusHnvie moduduyupyouue
dobasku, npumeHnsemole 8 0OPOHCHOM CMpoumenvcmae, He gcezda datom mpebyemulii pe3ynv-
mam, uAu pe3ysvmam docmueaemcsa 6gedeHlulem 3HAUUMEAbHO20 Koaudecmea moduduxa-
mopa, wmo daem 3amemmoe y0Opoxcanue 8axcyuezo U acparvmobemona Ha e2o0 0CHOBe.
Lleavio dannoii pabomul s8asiemcs 86bl60p H0B020 (paHee He UCNOAb306ABULE20CA 8 06AACTU)
moduguxkamopa 041 6umymos, npumensemozo 8 JOpOHHLLX Opeanusayusx Baadumupckoil
obaacmu, u uccaedosanue ezo cgoiicme. Ilo pesyavmamam dKkcnepumenma bvina paspabo-
mana memoduxka npogedeHuss ONbLMHBLX UCNLLMAHUI, onpedeseHbl C80TCMEA NOAYLEHHO20
MOOUPUYUPOBAHHO020 BAIHCYUE20 U 8bLNOAHEHO CPABHEHUE CO C80LCMBAMU UCXOOHBLX 06pa3-
yo8 u nodbop cocmasa 0dobasok, popmosanue u ucneimanue 06pas3y06 Ha NOAY4eHHOM MO-
OuduyuposarnHom eaxcyuem. IIonyuenHble pe3yAbmambl N0360AUAU cOenamb 661800 0 MOM,
umo npumeHenHulll modudukamop daem Ayuliue nokazamenu, Hexceil paHee NpuMeHSe-
Mble moduguxkamopul.

Kaio4deBbie €JI0Ba: JOPOXHBIK OUTYyM, MOAUPUKATOP, HAHOMOAUDUKATOD, YIIEepOL-
Hble HAHOTPYOKU, KONEHHOCTh, TPEU[MHOCTOHUKOCTD

J1a nUTUPOBAHMA:

IIpoBatoposa I'.B. [IpuMeHeHre HAHOMOANGDUKATOPOB JJIs TOBBIIIEHUS Ka4eCTBa JOPOXKHBIX OU-
TYMOB. YMmHble Komno3umu. 6 cmpoumeavcmee. 2021. T. 2. Ne 3. C. 68-76 URL:
http://comincon.ru/index.php/tor/V2N3_2021

DOI: 10.52957/27821919_2021_3_68
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Recently it has become quite important to improve the quality of paving asphalt and study
the influence of the properties of the binder on the asphalt concrete performance. Research
conducted at the Department of Highways of Vladimir State University has shown that even
the most effective modifying additives used in road construction do not always give the
required result, or the result is achieved by introducing a significant amount of modifier,
which gives a noticeable increase in the cost of binder and asphalt concrete that use it.
The purpose of this work is to select a new (previously not used in the Vladimir region)
modifier for bitumen used in road construction companies in the Vladimir region, and study
its properties. The results of experiment were used to develop the procedure of experimental
tests, determine the properties of obtained modified binder, compare with the properties of
original samples, select additives composition, mold and test samples on the obtained mod-
ified binder. The results allowed us to conclude that the applied modifier gives better per-
formance than the previously used modifiers.

Key words: paving asphalt, modifier, nanomodifier, carbon nanotubes, rutting, crack
resistance, asphalt concrete
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INTRODUCTION

Recently it has become quite important to improve the qual-
ity of paving asphalt and study the influence of the properties
of the binder on the asphalt concrete performance. The prob-
lem is important mostly due to changes in the traffic compo-
sition. Significant increase in traffic and increase in axle loads
of vehicles on the roads has led to the fact that asphalt con-
crete does not guarantee the required durability of road pave-
ment. The durability of asphalt pavements is directly related
to the quality of the materials used, primarily bitumen. Bitu-
men is most susceptible to change under the influence of
transport loads and weather conditions. At the same time, bi-
tumen largely determines the condition of the road surface.
Bitumen behavior can be changed by modifying it with addi-
tives. The bitumen modifier can lead to a road coating re-
sistant to cracking at low temperatures and fatigue at high
temperatures. It also leads to rut resistance.

An important issue in selecting a modifier is the increased
coating cost, as well as the cost of additional equipment, sta-
bility of the modified binder during storage and transporta-
tion, etc.

The purpose of this work is to develop a nano-modifier for
bitumens used in road organizations in the Vladimir region,
and to study its properties.

Recently, there has been a tremendous breakthrough
worldwide in the production, study, and use of nanomateri-
als. Nanomaterials can act as modifiers of chemical reactions,
technological and structural properties of materials they are
added to [1].

Nanotechnological approaches lead to an increase in the
competitiveness of Russian products, solving important prob-
lems of our time - energy saving and reducing the techno-
genic pressure of the building materials industry on the envi-
ronment [2]. Modern trends in the development of nanodis-
perse modifiers cause a large and stable growth of other ar-
eas, including road material science [3].

Introduction of nanomodifying additives gives consumers
the opportunity to increase strength and shear characteristics
of road surfaces at elevated temperatures and improve the
performance of road surfaces under traffic load with minor
changes in the method of asphalt-concrete preparation.

Among carbon nanomaterials (CNMs), a special place be-
longs to carbon nanotubes (CNTs), which are 1-50 nm wide,
several micrometers long, and form a new class of quasi-di-
mensional nanobjects. CNTs have several unique properties
due to the ordered structure of their nanofragments. CNT-
based materials can be successfully used as structural modi-
fiers of construction materials [4]. The introduction of carbon
nanotubes [5-8] into liquid bitumen significantly increases
the durability and elasticity of the resulting asphalt coating.

It is important to note that due to the significant increase in
the compressive strength index at +50°C, CNT in asphalt con-

crete mix can minimize the rutting of the road surface and
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improve its performance in summer, while maintaining the
plasticity and necessary characteristics in winter.

Carbon nanotubes are molecular compounds that are long
cylindrical structures, one to several tens of nanometers in di-
ameter and one to several micrometers in length. CNTs can
consist of one or more layers, each of which represents a hex-
agonal mesh of graphite (graphene), embedded into each
other or rolled up into a tube. The grid is based on hexagons
with carbon atoms in the corners. In all cases, the distance
between the layers is 0.34 nm, as in graphite. The upper ends
of the tubes are often closed with hemispherical lids, each
layer composed of hexagons and pentagons. Carbon nano-
tubes are formed by thermal sputtering of graphite electrode
in arc discharge plasma burning in helium atmosphere [9-11,
14, 15].

EXPERIMENT

The purpose of investigation is, firstly, to determine an op-
timal amount of additive introduced into bitumen and study
properties of obtained binder, secondly, to improve main in-
dicators of asphalt concrete mix based on the modification
without a significant increase in production cost, thirdly, to
increase asphalt concrete mix service life, which in its turn
will reduce road maintenance costs.

The main objective is to analyze the effectiveness of the
modification effect on the change in bitumen characteristics
and, consequently, the effect on the strength properties of as-
phalt concrete.

Carbon nanotubes were used as a modifier for asphalt mix-
tures in the first phase of work.

The study was conducted with BND 70/100, which is the
most widely used bitumen in the Vladimir region at this time.
The technology for the preparation of modified bitumen in-
cludes the following processes:

1) Loading the initial bitumen preheated to a given tem-
perature (160-165 °C), in a laboratory mixer.

2) Injection of a pre-dosed number of nanotubes into
heated bitumen.

3) Thorough mixing of the binder with the modifier in the
mixing unit, simultaneously heating it until a homogeneous
state is reached within 2 hours.

The binder study includes:

- testing of the initial petroleum road bitumen of a given
grade (Table 1);

- testing of modified petroleum road bitumen prepared in a
lab (Fig. 1);

- subsequent analysis of the obtained data (Table 2).

As the results of research show, modifying bitumen by in-
troducing inorganic binders, such as carbon nanotubes, cre-
ates a strong link between the binder and the stone material,
increases the bitumen softening temperature, preventing
ruts on the asphalt concrete pavement. It also becomes possi-
ble to increase the transportation distance of asphalt-
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concrete mixtures and extend the season of road works be-
cause it becomes possible to compact asphalt-concrete mix-
tures at a lower temperature.

During the experiment it was found that adding the modi-
fier into the bituminous binder decreased Needle penetration

Table 1. Test results of BND 70/100 grade bitumen
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depth at 25 °C and increased Softening point along the circle
and ball and Dynamic viscosity at 60 °C. It should also be
noted that cohesion and adhesion to mineral materials and
resistance to oxidation and aging increases. The results are
shown in Table 2.

No. Indicator name, unit of measurement | Test GOST normal values | Real
of method value
item
1 Needle penetration depth GOST 33136 71-100
at 25°C, 0.1 mm
75
2 Softening point GOST 33142 at least 47
along the ring and ball, °C 57.0
3 Stretchability at 0 °C, cm: GOST 33138 atleast3.7
-at1cm/min 3.91
- at 5 cm/min 3.80
4 Maximum tensile GOST 33138
force at 0 °C, N:
-at1cm/min 77.1
- at5 cm/min 142.6
Brittle temperature, °C GOST 33143 at most -18 -20
Flash point, °C GOST 33141 at least 230 230
Table 2. Test results of bitumen grade BND 70/100+UN T
No. Indicator name, unit of measurement Test method GOST normal values Real
of value
item
1 Needle penetration depth GOST 33136 71-100
at 25°C, 0.1 mm 71
2 Softening point GOST 33142 at least 47
along the ring and ball, °C 54.1
3 Stretchability at 0 °C, cm: GOST 33138
-at1cm/min at least 3.7 4.20
- at 5 cm/min 3.88
4 Maximum tensile GOST 33138
force at 0 °C, N:
-at 1 cm/min 77.9
- at 5 cm/min 161.3
Brittle temperature, °C GOST 33143 at most -18 -22
Flash point, °C GOST 33141 at least 230 230

The next step is the asphalt concrete mixture formulation
which includes choosing the asphalt concrete grain composi-
tion and the optimal amount of bitumen (Table 3) followed by
shaping and testing the manufactured samples.

Asphalt concrete mix A 16Vn was chosen for the base. Ini-
tially, the mineral asphalt mixture was selected, and then the
optimum amount of initial bitumen and modified bitumen
was determined.

Asphalt mixtures were based on the same granulometric
composition. One series of samples was prepared on the

13

original BND 70/100 grade bitumen, the second series used
the modified CNT bitumen.

The following processes are included in the asphalt mixture
preparation technology:

1. Preparation of asphalt concrete mixture based on
the initial binder - BND 70/100 grade bitumen in the
mixing unit in the lab.

2. Preparation of asphalt-concrete mixture based on
the obtained modified binder in a mixing unit in the
lab.
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3. Production of laboratory samples of a given size in
the required quantity for the study (Fig. 2).
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4.  Testing of the obtained samples (Fig. 3).
5. Results analysis

Table 3. Selection of the composition of asphalt concrete mixture A 16Vn

Amount
Complete Grain size, mm, at most of binder
passes, % (over
100%)
22.4 16 11.2 4 2.0 0.125 0.063
Grain composition
100 90-100 70-85 37-58 25-40 7-20 5-10 -
acc. to GOST R 58406.2-2020
Grain composition acc. to the recipe 100 98.7 75.8 49.0 36.9 9.5 7.7 5.1
Grain composition, real
100 97.11 79.77 53.16 37.17 11.00 8.10 5.1
BND 70/100
Grain composition, real
100 97.44 77.52 52.55 38.84 10.66 8.04 5.0
BND 70/100 + CNT
*Values +5.0 +5.0 +5.0 +3.0 +3.0 +0.4

Fig. 1. Testing of bitumen grade BND 700/100

The research was using samples from asphalt-concrete
mixture of the specified type based on oil road bitumen of the
specified grade, as well as samples from asphalt-concrete
mixture of the same type based on modified bituminous
binder. This was followed by the analysis of the obtained re-
sults.

The experiment revealed a significant improvement in the
main parameters of the asphalt mixtures, and the results
showed maximum permissible deviations in the amount of
binder in the asphalt mixture and in the main parameters.
Moreover, the most important thing that has been achieved is
a significant increase in rut resistance when rolling a loaded
wheel (see Fig. 3).
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Fig. 2. Production of asphalt concrete samples

RESULTS

Based on the data obtained, it can be concluded that with
the help of bitumen modification, it is possible to solve a num-
ber of problems arising during the construction of asphalt
concrete layers and during the operational phase of the road
surface.

The tests of the molded samples of asphalt concrete re-
vealed a significant improvement in the main parameters of
the asphalt mixtures, and the results stayed within maximum
permissible deviations in the amount of binder in the asphalt
mixture and in the main parameters. And the most important
thing that has been achieved is a significant increase in rut
resistance by rolling a loaded wheel [13].

Test results of asphalt-concrete mixtures A16Vn are given
in Table 4.
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Table 4. Test results of asphalt concrete mixture A 16 Vn. Key indicators

Names Unit Maximum per- | GOST require- | Results Actual Actual
of indicators of missible devia- | ments proj. results results
meas. | tions of individ- | R 58406.2-2020 BND 70/100 BND 70/100 +
ual values from CNT
the recipe
Bulk density g/cm3 | - - 2.695 2.692 2.706
air voids content % +1.2 2.5-4.5 incl. 3.0 3.24 3.01
Voids in Mineral
% - atleast 12.0 14.7 14.8 14.3
Aggregate (VMA)
Voids filled with bi-
tumen binder | % - 67-80 79.9 78.14 78.95
(VBB)
Average track
depth mm - at most 4.5 1.5 3.23 1.3
Water resistance - at least 0.85 0.87 0.87 0.87
Maximum density g/cm3 | - - 2.777 2.782 2.790

Fig. 2. Production of asphalt concrete samples Fig. 3.

Testing of asphalt concrete samples according to GOST R
58406.2-2020

CONCLUSIONS

Carbon nanotubes can be used to create a new composite
material with unique properties and characteristics, which
will ensure its use in the production of high-quality and relia-
ble in operation systems and materials. Carbon nanotubes,
which have close to the best mechanical properties, are con-
sidered as an effective means to improve the strength proper-
ties of composite polymeric materials. Nanotubes introduced
into the asphalt mixture reinforce it, turning it into a compo-
site material. Nanotubes behave like a network or matrix that
binds the entire asphalt mixture together [4].

During the research:

75

1) The possibility of using inorganicbinders as road bitu-
men modifiers has been proved.

2) Introduction of 2% of carbon nanotubes into road bitu-
men has yielded an organic binder with the improved opera-
tional properties.

The use of asphalt concrete on modified bitumen will in-
crease the service life by 5 years, as well as reduce the cost of
road maintenance by road organizations.
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B 1932-1934 ¢2. 8 2. fIpocnasae napanneivHo CO CMpPOUMeEAbCTIEOM 3A68004 CUHMemuUYe-
CK020 Kayuyka 603600umcsa HOBbLU HUAOL KOMNAEKC («coynocenok») 0asa ezo pabouux u
caymawux. Ha eco npumepe paccmampueaemcsa cneyuduka opeanu3ayl c08emckozo pa-
6ouez0 noceaKa cK803b NPUMY OCHOBHBLX NPUHYUNOB U YCMAHOBOK 20CydapcmeernHoll 2pa-
JocmpoumenvHOll NOAUMUKU 8MOpPOil NoA08UHbL 1920-x 2. B cmambe cmasumca 3adaua
dokasambv, umo danHoe epadocmpoumenvrhoe 06pazosane - xapakmepHulii munosozute-
ckuil obpasey co08emcK020 8peMeHl, UAAOCMPUPYIOUWUL JOKMPUHY CO8emck020 pabouezo
noceaka. Ilybaukylomcs Hogble c8edenus MO UCMOPUU epadoCcmMpouUmenbcmad C08emcKkozo
nepuoda e. Apocaasas.

KiaodyeBbie cJI0Ba: IrpaZoCTPOUTENBCTBO, apXUTeKTypa, SpociaBib, KOHCTPYKTU-
BU3M, IPOEKT, THUIl, COBETCKUH, COIUAJINCTUYECKNH, paboduii mocesok, KBapTaa, 06-

pasern

J1a IUTUPOBAHMA:

CanpeixkuHa H.C. ITocesiok 3aBojia CHHTETHYECKOT0 Kaydyka B Ipocyasie — aBaHrapAHBIHN TUII CO-
BETCKOTO I'PaZloCTPOUTENBHOTO 00Pa3oBaHUs. YMHble KOMNO3UMbL 8 cmpoumenscmae. 2021. T. 2. Ne.
3. C. 77-86 URL: http://comincon.ru/index.php/tor/V2N3_2021

DOI: 10.52957/27821919_2021_3_77

78



TOM 2, BbINYCK 3, 2021 | VOL. 2, ISSUE 3 YMHbIE KOMMO3WUTbI B CTPOUTE/IbCTBE
nnnnnnnnnnnnnnnnnnnnnnnnnnnn

UDC 72.03

SETTLEMENT OF SYNTHETIC
RUBBER PLANT IN YAROSLAVL -
AVANT-GARDE TYPE OF SOVIET
URBAN DEVELOPMENT

N.S. Saprykina

Nataliya S. Saprykina

Department of Urban Development, Academy MUBINT, Sovetskaya st., 80, Yaroslavl, 150999, Russia
E-mail: saprykinans@edu.mubint.ru

79



TOM 2, BbIMYCK 3, 2021 | VOL. 2, ISSUE 3 YMHbIE KOMNO3WTbl B CTPOUTE/bCTBE
SMART COMPOSITE IN CONSTRUCTION

In 1932-1934, a new synthetic rubber plant and a new housing estate for its workers and
staff had been constructing in Yaroslavl (Russia, Yaroslavl Oblast). Such a housing resi-
dence was called “sotsposelok”, that literally means “social settlement”. Building on the
example of this particular “social settlement” and taking into account the main principles
of USSR urban planning, the paper establishes the idiosyncrasies of urban planning in the
1920s. The paper argues that a “social settlement” of Yaroslavl is a characteristic of the
typological sample of the Soviet era illustrating the doctrine of the Soviet working village
and provides new historic facts about urban planning of the city.
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The last decade has seen sites of architectural and urban
heritage disappearing from city maps. Arguing for the "real
facts" of history is strongly opposed by potential investors in
"redevelopment areas" and "renovation projects", since the
restoration and renovation of historic buildings requires sig-
nificant cost with minimal (or even no) benefit, while new
construction in the central part of the city is quite profitable.
This problem is especially troubling for the Soviet architec-
tural and urban planning legacy of the 1920s-1960s, as build-
ings and structures were often made of low-quality materials,
the layout and architecture were (especially during construc-
tivism) rather ascetic and economic, and therefore unattrac-
tive to a modern potential owner, often not the brightest per-
son but with above-average demands. The more so since the
"age" of a historical object is comparatively short, and its
value is usually measured in our consciousness by the limita-
tion period; that is why the fate of the Soviet heritage is so un-
enviable today.

It seems that such a fate awaits the Soviet workers settle-
ment ("sotsposelok") of the Synthetic Rubber Plant. It was
built in Yaroslavl, Russia in the first half of the 1930s and re-
flects the basic principles and objectives of urban develop-
ment in the studied period (Fig. 1). In the evolutionary devel-
opment of urban planning concepts of the Soviet era, this res-
idential format became an intermediate stage between the
theory of "garden settlements" of housing cooperatives
(HCCP), influenced largely by Howard's garden cities (gar-
den-city Diadkovo as an example in Yaroslavl), and social cit-
ies (e.g., Yaroslavl Rubber and Asbestos Plant (YarRAK) social
city), which became the basis in the development of the USSR
[1].

site, 1932-1934

This residential format - a Soviet townsite - was first and
foremost in line with the official urban planning policy of the
time, which shifted priorities towards the governmental-in-
dustrial form of building settlements for industrial enter-
prises.

Construction of the world's first synthetic rubber plant
(SK-1) started in June 1931. As the host city for the plant, Ya-
roslavl was chosen for several reasons:

- firstly, the proximity of the city to the scientific and tech-
nological centers and industrial centers of the country, in-
cluding Moscow and Leningrad;

- secondly, a large rubber-asbestos plant had started the
construction in the city, and it was the main consumer of SK-
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1 products (thus, the plants were being constructed next to
each other);

- thirdly, a significant number of raw resources (potatoes)
for the alcohol production were produced in the Ivanovo re-
gion (which Yaroslavl was a part of in 1928-1936), which, in
turn, is the main raw material used in the synthetic rubber
manufacturing;

- fourthly, the transport network is quite convenient and ro-
bust: there are railways, highways, and waterways for trans-
portation of products to different regions;

- fifthly, the number of human resources: in 1931, the pop-
ulation of Yaroslavl was 155.5 thousand people [2, p. 16].

High construction pace (the goal was to put the plant into
operation as early as June 1932), lack of qualified staff and
poor construction management, difficult working conditions
(lack of labor mechanization), and poor living conditions es-
pecially led to a constant turnover of staff. At first, the work-
ers were accommodated in uncomfortable, hastily erected
barracks, some of which were located in the Pochinki village
behind the Krasny Perekop industrial complex, others were
put near the Vspolye station. Unsanitary conditions, over-
crowding, remoteness from the construction site - all these
problems had to be urgently resolved to retain staff and to in-
crease productivity. On July, 25th, 1931, the bureau of the Ya-
roslavl City Committee of the All-Union Communist Party
made a decision on housing construction for builders and
workers of SK-1 which had to be conducted at the same time
as the construction of the plant'. But it wasn't all that easy to
put into action. The heavy overwork of the specialists of Ya-
roslavl construction office, lack of materials and manpower
did not allow to tackle the problem at once. Only in 1932, the
designers and builders could begin the construction of the
complex housing, starting with the first stage of SK Social Set-
tlement within the quarters No. 70-71, then the second stage
within the quarters No. 61-69'.

It was a vivid example of the implementation of Soviet ur-
ban policy in the 1920-1930's, when the industrial object be-
gan to act exclusively as a "city-forming" impulse for the are
development and the key factor for the decision to expand the
settlements or build a new workers village, often on an empty
place.

In many early projects of Soviet worker settlements, the in-
dustrial facility was usually located in the center of the settle-
ment, which, however, was not a strict legal rule for real de-
sign practice, since the distance of the industrial facility from
the residential buildings was not specified numerically. Only
a qualitative requirement was specified - the gap must "shield
the residences from harmful effects". Therefore, the archi-
tects proposed layout options each time according to their
own ideas.

When the production was too harmful and had to be put
considerably far from the settlement (e.g., SK townsite), the
"substitute object" began to play the dominant compositional
role instead of industrial enterprise - a public building (com-
munity hall, club, party body building, guest house, or even a
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bath, laundry, etc.). Another option was building a plant man-
agement office, which was the Yaroslavl tobacco factory at
first (it hosted the SK management) and a club-canteen later.

September 27, 1926. The All-Russian Central Executive
Committee and SNK RSFSR officially adopted the decree "On
Worker Settlements", which established certain parameters
and requirements for their organization [3].

In 1927, the architect G.Ya. Wolfensohn published a book
"Planning Working Dwellings. Workhouse and Townsite
Planning Guide". In this book, he collected and described in
sufficient detail the basics for the organization and arrange-
ment of tonwsites [4].

Let us consider the specifics of organization of a Soviet
worker settlement - a residential complex ("sotsposelok") of
the SK factory built in the first half of the 1930s (1932-1934) in
Yaroslavl through the prism of the basic principles and atti-
tudes declared by the state urban policy of the second half of
the 1920s. It helped form and implement the doctrine of the
Soviet worker settlement, which was reflected in the well-
known work of G.Ya. Wolfensohn to appreciate the signifi-
cance of the example and its typological essence®.

DISTINCTIVE FEATURES OF THE SOVIET
TOWNSITES, SPECIFIC HISTORIC URBAN
FORMATION

1) According to the Workhouse and Townsite Planning
Guide, all types of townsites were boiled down to three main
designations: a) a settlement of "urban" or "semi-urban" type
"with all the elements of urban amenities with more exten-
sive, but sufficiently cost-effective in terms of urban land de-
velopment" of 2-4 storey "open" type (usually located in the
areas and neighborhoods of large cities; b) "semi-rural" settle-
ment with predominantly built-up small apartment com-
plexes with simplified sanitary equipment (appeared at some
large factory-factory enterprises near industrial centres, con-
sidered as a temporary settlement when transitioning); c) a
rural-type settlement with extensive development of small
apartment buildings made of local materials and following lo-
cal construction techniques, usually without centralized engi-
neering networks.

Obviously, the SK settlement belongs to the first type of worker
settlement - "urban". The area was located within the city line in
the late 1920s, closer to its northwestern boundary, on the street
directly leading to the factory site. Development of residential
buildings along ul. Grazhdanskaya - 3-storey, ul. Nekrasova cor-
ner - 4-storey, club-canteen - 4-storey, kindergarten - 2-storey. All
centralized engineering networks were assumed to be installed.

2) "Cheapening the cost of workers' housing should be
achieved by reducing the cost of both construction itself and
the cheapening of operating costs" - this was the basic idea in
the design of worker settlements and dwellings [4, p. 4].
Therefore, all the Soviet worker settlements of the turn of
1920-1930s were formed on regular planning, focused on the
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maximum saving of funds and material resources. This type
of layout (as opposed to "free", picturesque structure of "gar-
den-cities") allowed to reduce the total length of driveways,
the number of driveways with one-directional construction
and the length of engineering networks (water, sewage, heat
pipelines). This and the priorities of maximum standardiza-
tion of housing for mass construction led to a reduction in the
cost of landscaping and engineering equipment in the area
and generally reduced the cost of construction of the settle-
ment, as it was the "economy" that laid the basis for the pro-
jects'.

It follows from the above-mentioned installations that the "SK
plant townsite" is a typical example of such a planning solution.
The archive drawings for the heating of the SK-1 plant settlement
(1935) and the master plan for the project of building a 40-apart-
ment house for the SK-1 plant at ul. Lubimskaya (now ul. Tchai-
kovsky), covering the entire area of the neighborhood, including
the first phase of the SK-1 plant settlement, can clearly read all the
basic solutions adopted in accordance with the requirements for
the planning of a worker settlement of the turn of 1920s-1930s

(Fig. 2).

i

Fig. 2. Archival drawing from the heating project of SK-1
plants settlement (first and second stages of construction),
1935

Main positions formulated by G.Ya. Wolfensohn in his work
[4, p. 118] lead to the following ideas:

1. Uniform development of the entire perimeter of
the block. At the same time, a string of recurring res-
idential buildings along ul. Grazhdanskaya allowed
minimizing the length and volume of all networks,
roads, and other elements of improvement, as well as
to achieve a sufficiently high residential density.

2. Preservation of the quadrangular outline of the
block.

3. Maximize the use of frontage at street intersec-
tions, which is accomplished by cutting land at block
corners or reducing the size of corner lots. In the de-
velopment project of the SK-1 plant settlement, this
requirement is met by shifting buildings from the cor-
ner of the intersection and creating the green square
on the corner.

4. Reducing gaps between houses.
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5. Intersect streets and driveways at right angles
whenever possible.

6. Topography of the settlement area is quite im-
portant in terms of upstream and runoff water drain-
age in relation to the overall choice of direction of
streets and driveways.

3) Unlike the garden-city, the Soviet worker settlement
eliminated private businesses and introduced state (public)
service, which required a preliminary calculation of both the
optimal composition of the living conditions and the mini-
mum services offered, which continued later, when design-
ing social cities (settlements ten times larger than the Soviet
worker settlements).

As a mandatory component, the projects of worker settle-
ments had to include collective service facilities [5]. In the
mid-1920s, this system already had several spatial and territo-
rial levels:

1. institutions to serve the needs within a small group
of the primary group (within a residential building),
e.g., replacing common rooms in apartments (living
rooms) with common rooms for all tenants (common
laundry rooms, workshops, spaces for reading, so-
cializing, political, and cultural propaganda, etc.) or
replacing individual kitchens with communal cook-
ing facilities;

2. Facilities to serve several groups with attached
community services, such as kitchen-canteens;

3. institutions for the needs of the whole settlement
in separate buildings: library with a reading space,
public meeting hall (community hall), kindergarten,
school, bathhouse and laundromat, etc. [6, p. 92-93].

The structure of the settlement of 1500-2000 inhabitants
had to provide for a certain list of public buildings of collec-
tive use".

All levels of community service facilities from those listed above
exist in the "SK worker settlement" with a small adjustment, which
is putting the second and third levels of service together in the sep-
arately located social and cultural spaces, in particular, the club-
canteen. The choice of a site for the worker settlement, despite of
approximately 1000 people (about 400 people could be accommo-
dated in the constructed houses of the first phase, which occupy
half of the block), assumed good accessibility to the necessary ele-
ments of a social and cultural life that exist in other blocks: Yar-
RAK public bath and laundromat; the school on ul. Mologskaya
(Pobedi); the city hospital on ul. Zagorodny Sad; the administra-
tion of the plant and settlement, located on the territory of the for-
mer Dunayev's tobacco factory diagonally from the intersection of
Grazhdanskaya and Mologskaya streets (October prospekt and ul.
Pobedi; shops™.

4) Compared to the garden-city, in Soviet worker settle-
ments, the functions of residential areas expanded due to the
inclusion of public service facilities, as well as the creation of

common recreational, sports, children's playgrounds, and
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intra-block public spaces within blocks of houses, mostly for
economic and recreational purposes. The layout of the Soviet
worker settlement also called for the creation of a special
zone in which "institutions for the needs of the entire settle-
ment" were located in green areas: school, children's institu-
tions, hospital, settlement-wide sports facility. A network of
small sports facilities (sports grounds at houses, schools, and
clubs) was also formed in the social settlements, and the reg-
ulations provided for a green area for occasional recreation of
the settlement inhabitants on the edge of the settlement.

All these "arrangement specifics" were envisaged in the structure
of the "SK-1 social settlement". The central part of the area deep
into the block was allotted for a kindergarten, surrounded by a lot
of greenery with a central alley leading to the main entrance from
ul. Grazhdanskaya. Located at the intersection of two composi-
tional axes of the block, with equal accessibility from all built and
designed residential buildings of the block, it became the main
compositional node of a new type of residential formation and a
place of concentration of different types of community spaces and
areas for purchases and recreation (Fig. 3).
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Fig. 3. Archive drawing of the general plan of the territory of
the 1st stage of SK-1 social settlement, 1935.

L.I. Knyazev, Head of the General Plan Group

Judging by its present condition and the found archive
drawings, many of the solutions for the settlement landscap-
ing, the formation of street plantings corresponded to the re-
quirements described in the Planning Working Dwellings.
Workhouse and Townsite Planning Guide".

And although G.Y. Wolfensohn pointed out that "the issue
of arrangement of green spaces in the settlements often
demonstrates completely opposite approaches and complete
variability," however, compliance with the basic principles of
gardening can be traced in the SK-1 worker village™ [4, p. 96]:

- deep penetration of greenery from the borders of the set-
tlement to its center;

- proximity of public landscaping areas (parks and squares)
to residential areas and their convenient transportation (the
central alley of the SK social settlement is connected directly
to the square on the opposite side of ul. Grazhdanskaya (Oc-
tober prospekt, where the monument to Dimitrov was erected
later) and further straight to the YarRAK park in the Volga
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River floodplain and in the opposite direction - to the park of
the "Butusov's settlement");

- use of green areas for recreation and creation of sports and
children's playgrounds within their boundaries.

5) The settlement area had to be formed by a special type
of housing - communal, family-to-room settlements by
groups of workers of the city-forming enterprise and service
institutions. That was stipulated in the project of the SK-1
plant settlement.

And although according to all requirements and temporary
building norms in the 1920's and 1930's, the small-family
house was the "preferred type" of township housing, yet even
then it was recognized that multi-storey apartment buildings
were more appropriate for urban areas®.

For the construction of the first stage of the settlement, a
typical two-family section was chosen. It became the basis for
the design of four three-storey residential buildings placed at
the ends of the street. The building was constructed in the ul.
Grazhdanskaya (two three-section and two four-section, 18-
and 24-apartments, respectively). This choice was very typical
then. It was an attempt to get closer to creating 'standardized
urban housing designed for the mass working consumer'. In
doing so, the condition of creating the most economical in all
solutions and indicators buildings was met: from the used im-
provised materials - silicate or ceramic bricks (which were
available including from demolition of famous construc-
tions), insulation with fiberboard slabs, the simplest volume
solution of buildings as parallelepipeds, no balconies, limited
number of types of windows and doors - the main elements
of facades to obtain the maximum number of living space
apartments in room-by-room settlement (Fig. 4).

24-apartment build-
ings of the first stage of SK-1 plant settlement, the drawings

Fig. 4. Fragments of facades of 18- and

were signed on April 10, 1932

Another residential building of a worker settlement - a
four-storey building, on the corner of intersection of Mo-
logskaya and Nekrasovskaya streets (Pobedy and Nekrasova).
Its first phase was built along ul. Nekrasovskaya and featured
the same characteristics as the three-storey houses, but its
corner section and the sections along ul. Mologskaya (the sec-
ond phase) are decorated with small "excesses" - balconies on
the long facade on the side of ul. Mologskaya (from the second
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to the fourth floor). It was apparently dictated by the orienta-
tion to one of the main city streets, as well as changes in time
building requirements (Fig. 5).

Fig. 5. Residential 4-storey apartment building at ul. Mo-
logskaya (Pobedy) (second stage of house construction)
Thus, "SK social settlement" is a typical example of a standard-
ized solution of the architecture of residential buildings, as evi-
denced by the layout of the sections and equal living conditions
(quality of housing) of rank and file and management employees
of the enterprise. One can see the same tendencies (in the same se-
quence) in the residential buildings of the worker settlement as
elsewhere in the USSR, and it achieved the main goal at the time
formulated by G.Ya. Wolfensohn*.

6) Soviet worker settlements were built when constructiv-
ism dominated the architecture of buildings and facilities,
and their styles traditionally reflected the most typical tech-
niques and principles of this avant-garde movement. These
include:

- functional and constructive appropriateness, rationality
of forms;

- geometric clarity and conciseness of volumes,

- long strips of glazing,

- contrast of blank surfaces with large areas of glazing,

- identifying the social specificity of the building in its ap-
pearance,

- the presence of imagery and monumentality, the pre-
ferred dynamism in many compositional solutions of build-
ings and structures, reflecting the spirit of the time, the new
era and the constant progressive development of the country.

All these principles are reflected in the architecture of resi-
dential and public buildings of the SK-1 plant worker settle-
ment. Residential buildings, for all their economic and geo-
metric expediency, minimalism in the use of techniques and
details, are nevertheless distinguished by a bright memorable
appearance. It is the end location of the four residential build-
ings, supported by the asymmetrical arrangement of the bal-
conies on them and the stepped parapet, which forms an ac-
tive dynamic rhythm of development along ul. Grazhdan-
skaya (October prospekt), makes the architecture memorable
and bright. The contrast of plaster horizontal stripes with the
rhythm of the vertical stairwells and canopies of entrances,
emphasized by minimally protruding risalits (created by the
same fiberboard overlays and surface plaster) is the main
theme of simple in its composition extended flat facades,
which would not look so advantageous in the case of perime-
ter development of the block. The author of the project very
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accurately chooses the layout of the building, on the one
hand, playing with the strengths and weaknesses of the stand-
ard projects of houses, on the other hand, satisfying the regu-
latory requirements of that time for the artistic design of
working-class housing, particularly cooperative housing*!
(Fig. 6).

Fig. 6. Computer model of the residential development of the
working village of the SK-1 plant.
Computer graphics - S. Shavman

The brick building of the club-canteen also looks original
[7]. Designed to serve a single company, it was a compact box
(7,500 m®). The enlarged scale of the building as compared to
the residential buildings singled it out from the environment
as a composite urban accent of the worker settlement. The
site at the intersection of ul. Mologskaya (ul. Pobedy) and ul.
Grazhdanskaya (October prospekt), was chosen as the con-
struction site, with a significant indentation from the latter,
where a green square was laid out in the formed triangular
area. The composition of the building is not actively angled
due to the chosen position. At the same time, the facade of the
building on the side of ul. Grazhdanskaya (lateral) has a
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pronounced dynamics and is the fifth (final) component of
the frontal rhythm of the development along ul. Grazhdan-
skaya (together with the facing houses). From ul. Mologskaya
(ul. Pobedy), key priority was the static symmetrical solution
of the main extended facade, which logically fit into the
block's layout with a large corner four-storey building, form-
ing its "compositional counterbalance". The frontal composi-
tion of the main facade is geometrically simple, with a clear
rhythm of windows, the "movement" of which stops at the
edges and ends with the vertical blank sections of the wall,
accented by two symmetrical entrances with rectangular can-
opies and a simple cornice. And although the volume of the
building is not divided into parts, the internal content is
clearly readable through its basic details - windows of differ-
ent sizes of square and rectangular shapes. The largest win-
dows on the first floor emphasize the location of the main
clubroom, slightly smaller windows on the first floor - the
canteen, the third largest windows on floors 3-4 are the cell-
like club rooms, the smallest windows on the side facades -
the rooms of economic and auxiliary purposes. Two symmet-
rical staircases, enclosed by blank wall sections on the main
facade, are marked at the ends of the volume by a vertical row
of windows, constituting the main compositional axis of the
lateral facades. Strict rectangular outline of the building, un-
derlined by a simple rhythm of windows, ascetic detailing, re-
flects the official nature of the institution and simultaneously
the difficult economic conditions in which the plant was built
and the social infrastructure for its workers. Absolute logic
and naturalness of the organization of social processes, for
which the building was intended, as well as the artistic image
are the indisputable merits of this construction, a striking em-
bodiment of the spirit of its time (Fig. 7).

Fig. 7. Club-canteen of the SK plant social settlement, 29 ul. Pobedy, 1934. Side and main facades

The solution of the kindergarten is as much unique. It or-
ganically fit into the context of the worker settlement with its
shape and volume. In 2019, it was promptly demolished with-
out any approvals (Fig. 8).

Based on this analysis, we can safely say that the "SK social set-
tlement" is a typical example of avant-garde stylistic direction, as
evidenced by the architecture of all residential and public build-
ings. The stylistic properties and the organized environment create
that necessary "psychological comfort" (already at that time such
concept was thought of!), which resulted not only from utilitarian
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residence conveniences, but also from the perception of environ-
ment, the general cultural level of people, their lifestyle, health,
economic level, and professional specifics of the consumer.

A great influence on the development of a new type of ur-
ban housing (SK-1 plant worker settlement) and architecture
of its residential and public buildings was coming from the
competitions and numerous residential complexes built by
that time, primarily in Moscow, Leningrad, Ivanovo, Sverd-
lovsk, and others, including Yaroslavl, as well as professional
skill and experience of the project author I.I. Knyazev*ii,
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Conclusion. Summarizing the conducted analysis of the or-
ganization specifics of the Soviet worker settlement such as
"SK social settlement" in Yaroslavl, we can safely say that it
fully complies with all the principles of socialist urban planning of
the second half of the 1920s - first half of the 1930s and is a typical
example of such urban development.

Today, the SK plant settlement still exists, despite the dis-
mal appearance of its buildings and the state of improvement,
and the demolition of the kindergarten. It can and should still
be restored and preserved. It is necessary to thoroughly re-
store the village, returning everything that was lost during
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irresponsible exploitation and various reconstructions, to
find a new functional filling of the ensemble. It will make it
not only profitable and viable, but also attractive for a new
theme for tourism in the city - the theme of Soviet urban plan-
ning and architecture. After all, this is a detailed version of
the urban planning concept as it was interpreted and pre-
sented by supporters of the Soviet avant-garde and the Soviet
authorities in the 1920s and 1930s. Our professional duty is to
preserve for posterity a unique type of such urban formation
in Yaroslavl, in which the dream of a society of social justice

is reflected.

Fig. 8. Archival drawings of the plan and facade of the kindergarten building showing the date of approval of the project on
July 4, 1932
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Notes:

! Every year more and more funds were allocated for
improving the living conditions of the SK-1 workers. For
example, in 1935, up to 70% of the funds received from the
excessive production cost reduction were used for residential
construction. By 1937, the townsite had expanded with a
complex of residential buildings with a total area of 7260
square meters, a kindergarten, a club house, and even a one-
day rest house for 80 persons in Norskoe; apartment buildings
for the plant's specialists in different central streets of the
town had also been laid [2, p. 62].

i The choice of the site for the construction of the settlement
was not accidental. The construction management of the SK-
1 plant was located on the territory of the tobacco factory
(mothballed at that time) since May, 1931. Therefore, the
nearby territory (diagonally from and opposite the factory)
was the best option for that period - always under control,
convenient location within the city, close to the YarRAK social
town with the already functioning infrastructure (bathhouse,
laundry, sound cinema within the social town and many other
facilities). In the immediate vicinity there also was a technical
school at the SK-1 plant.

fiThus, the first paragraph of the decree of the All-Russian
Central Executive Committee and SNK RSFSR stated that
"settlements ... may be recognized as worker settlements,
provided that the number of adults in them is not less than
four hundred people, and for the majority of the population
(not less than sixty-five percent), the main source of
subsistence is wages".

¥ Georgii Yakovlevich Wolfensohn (1893-1948), architect (civil
engineer). Graduated from PIGI in 1918.

v At the same time, according to the "...Guide" by G.Ya.
Wolfensohn, "the principles of economy, carried out in the
planning of a particular settlement, must be linked to the
individual character of the settlement..." [4, p. 118].

¥ According to the "...Guide" by G.Ya. Wolfensohn, a normal
townsite designed for 1500-2000 people, shall provide for the
the
administration building (near the main street or square); post

following facilities: cooperative shop; township
office, public canteen ("under it, usually a club with reading
room"), which "are located in the central and sufficiently
advantageous architecturally settlement space; a fire station
near the administration; kindergarten and nursery school
(designed "according to the number of children, based on 3-
4% of the total population of the village"), first grade school
(on a fairly large plot); an outpatient clinic with a pharmacy
and a laundry [4, p. 97-98].

¥ii According to the provisional building rules and regulations
for the construction of houses in townsites dated July 28, 1926

(para. 16), when determining the size of an apartment
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according to the number of future occupants, 9-10 m? of living
space per person shall be assumed; when determining the
area of rooms intended only for sleeping (bedrooms) and
being part of an apartment that meets the above norms, 6-7
m? of floor space and 20 m? per person shall be assumed.

viii "Street plantings constitute one of the essential elements of
a working village, communicating to it, besides its coziness
and attractiveness..., coolness and fresh air. In addition, they
serve as protection of residential buildings from street dust.

For this purpose, the pedestrian part of the sidewalks is
arranged in the form of an alley planted with trees on one or
both sides. For double-sided planting, it is advisable to stagger
the trees; this results in a more uniform shade, and the alley
itself benefits aesthetically.

The most suitable tree species for street planting in the
middle and northern part of the USSR are linden, poplar,
maple, birch, willow...

... boulevards, squares and parks ... should constitute a
system of continuous network of greenery...." [4, p. 95].

X Construction project of a 40-apartment building for SK-1 in
ul. Lyubimskaya (ul. Tchaikovsky) (tentatively 1935) and the
project of "Heating of the residential construction of SK-1"
dated 12.06.1935 (from archival materials of SK-1).
*"Development of valuable urban land requires intensive use
in terms of both the number of stories of structures erected
and the density of development. Due to this, the settlement
requires sufficiently profitable residential buildings in
comfortable urban areas and to take into account the costs of
communal amenities besides the construction costs. In this
respect, low-family and low-rise houses, despite all their
economic and sanitary-hygienic advantages, in conditions of
urban and large suburban construction, should often give
way to high-rise buildings..." [4, p. 43].

X "The standardization of whole houses or parts of houses
(sections) may be considered appropriate in the context of
township construction or simultaneous development of large
urban complexes. Repetition of a few standard types is the
surest way to improve and cheapen them..." [4, p. 11].

i "No ornamentation such as moulding, elaborate cornices,
etc., should be allowed in facades; it is necessary to strive to
the external beauty and coziness by applying successful
proportions and using elements of the house, which can have
at the same time a utilitarian purpose, such as windows,
doors, balconies, bay windows, parapets, etc." [4, p. 14].

Xiii It was established that the author of the complex was the
architect I.I. Knyazev, a fairly well-known creative figure of
the 1920s era in Yaroslavl. He designed such famous
structures in the city as the Gigant cinema (club) (1931-1934),
the Soviet Bank building in ul. Komsomolskaya (1928-1929,
together with G.P. Goltz), and other buildings.
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U3yuens ocobennocmu co3danus HOBbLLX Munog obujecmeentuvlx 30anuil 8 1920-1930-x 2o-
dax nocmpegonoyuoHHoi Poccuu 6 eanoso-Bo3Hnecencke, noayuugulem aOMUHUCTPATUE-
HOBLIl cmamyc yenmpa HO80U HMU3HU. Dmom cmamyc npednonaean co3danie cO0Meemcmaey-
oweill unPpacmpykmypul U 8KkA0LeHUe 20p0JCKOLL MeppuUMOpUL 8 NAAH peasu3ayul nepe-
0068bLX APXUMEKMYPHBLLX U UHNMEeHepHbX udell MUupogozo ypoewns. Ilaansl coyuasucmuye-
CK020 cmpoumenbcmea npedycmampuear. KOMNAEKCHOe apXumekmyproe oopmaeHle 20-
poda, omobpaxanujee «udeon02Ul0 Nposemapuama» U L8A10UeecCs <KMOUHLM opyduem
Kaaccosoll 6opvbu». Jannvie meponpusmusl 6ulAl 8bl38AHbL AKMUBHLLM PA36UMUEM MeEK-
CMuUABHO020 Npou3sodcmea U pocmom 20po00cK020 HaceneHUs, NepeyCcmpoicmeom Hapodnozo
6vima. ITpoexmel 6edyWux apXumexmopos Cmpansl U MeCmMHbLX CNeyualucmos, OpueHmu-
posaHHble Ha c030anue QYHKYUOHANBHO-KOHCMPYKMUBHOIL 0CHOB8bL 30aHUIL, Ne2Al 8 OCHOBY
manupecma xoncmpykmueuama Ha podune Ilepgozo Cosema pegontoyuonnoil Poccuu - ¢
eopode Heanoso-Bosnecerncke. B cmambve paccmampugaonmcs npoexkmosl. apXumexmypHoi
nponazandvl - pabpuunble U HUAUUWHBLE MEPPUMOPUL, KOMOPbLEe 3AMBLULASLAUCL KAK UDeO-
Ao2uYecKue YeHmpol 20podcKo20 npocmpancmaed.
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J1a nUTUPOBAHMA:

Juuak H.A. Peanusanus KOHIIeNIIUIN KOHCTPYKTHBU3MA Ha IIpHUMepe KU3HU IBaHOBO-Bo3HeceH-
cka 1920-1930-x rozoB. Ymnuuie komnosumsl. 8 cmpoumenvcmee. 2021. T. 2. Ne 3. C. 88-96 URL:
http://comincon.ru/index.php/tor/V2N3_2021

DOI: 10.52957/27821919_2021_3_88

89



TOM 2, BbINYCK 3, 2021 | VOL. 2, ISSUE 3 YMHbIE KOMMO3WUTbI B CTPOUTE/IbCTBE
ssssssssssssssssssssssssssss

UDC 72.038

THE IMPLEMENTATION

OF CONSTRUCTIVISM CONCEPTS
IN IVANOVO-VOZNESENSK

IN THE 1920s-1930s

N.A. Lichak

Nataliya A. Lichak

Department of Humanities, Yaroslavl State Technical University, Moskovsky ave., 88, Yaroslavl, 150023, Russia
E-mail: lichakna@ystu.ru

2



TOM 2, BbIMYCK 3, 2021 | VOL. 2, ISSUE 3 YMHbIE KOMNO3WTbl B CTPOUTE/bCTBE
SMART COMPOSITE IN CONSTRUCTION

We study the specific features of new public building construction types in post-revolution-
ary Russia in Ivanovo-Voznesensk in 1920-1930s. That time the city acquired the adminis-
trative status of the centre of new life. This status meant the development of appropriate
infrastructure and the integration of the urban area into a plan to realise world-class ar-
chitectural and engineering ideas. The plans of the socialist construction provided for a
complex architectural design of the city, which represents «the ideology of the proletariat»
and «powerful tool of class struggle». The active development of textile production and the
growth of the urban population along with the transformation of the national way of life
caused this change. The projects of the country's leading and local architects, focusing on
the functional and structural basis of buildings, laid the foundations of the constructivist
manifesto in Ivanovo-Voznesensk, the birthplace of the First Council of Revolutionary Rus-
sia. This article considers architectural propaganda projects - factory and housing estates
that were designed as ideological centres of urban space.

Key words: constructivism, architectural projects of Ivanovo-Voznesensk, ideology,
“House-bullet”, “Horseshoe”-house, “House-ship”, the Spinning building of the fac-
tory “Krasnaya Talka”, the building of F.E. Dzerzhinsky factory
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INTRODUCTION

The methodological basis of the constructivist concept

The work of architects professionally involved into the cre-
ation of city planning structure forms the any city image. The
process of forming new mechanisms of agitation and propa-
ganda influenced to the specific arrangement of Russian cit-
ies urban space. In the 1920s and 1930s, the idea of urban
modernisation and reconstruction in terms of ideological ob-
jectives became widespread. The characteristic feature of that
period architecture was the tendency towards enormous
building sizes and arranged spaces.

In order to understand the implementation of constructiv-
ism concept in 1920s and 1930s revolutionary Russia, it is nec-
essary to analyse the conditions for the implementation of ur-
ban planning ideas. The theory and practice of architecture
requirements of that time expressed the political and eco-
nomic changes in the country. In addition, urban policies
were an effective means of influencing the attitudes of both
the individual and social groups. The scale of the architec-
tural development was an achievement not only for the capi-
tal cities, but also for the provincial towns.

Constructivism became one of the leading trends not only
in Russia, but also in Western Europe among architects and
artists who actively promoted scientific and technological
progress. Design and functionality are the main features of
constructivism. There were debates among the constructiv-
ists on the meaning of 'construction'. Combinations of differ-
ent height cubic volumes, sharp angles, semi-circles, decora-
tions - all these functional details pointed the external com-
position.

The rapid development of construction industry, creative
competitions and the participation of leading European archi-
tects in post-revolutionary construction Russia's projects pro-
vided the opportunity to implement a wide variety of interna-
tional architectural ideas for a short time. Constructivism as
an art trend was associated with the names of Tatlin, Rod-
chenko, Hahn and Stepanova, while in architecture it was as-
sociated with Karl Melnikov, the Vesnin brothers, Ginzburg,
Nikolsky and Golosov. In a short period of time the leaders of
constructivism implemented projects for the Soviet citizens'
everyday life developed new types of public buildings - Pal-
aces of Labour, Council Houses, workers' clubs and com-
mune houses [1]. The main idea of constructivism was: "Art
had to serve industry, and industry was to serve the people"
[2]. The garden city was built in the Sokol settlement in Mos-
cow, an October garden settlement in Vologda, and Red Gar-
den City project was developed in Rostov-on-Don. More than
50 buildings in the constructivist style were constructed in
Ivanovo-Voznesensk.

When talking about the early period of constructivism, re-
searchers points two characteristics features. Firstly, it is
originality in artistic matters of form: that time Western ar-
chitecture and its newest trends had practically no influence
on the constructivist architects, they developed by their own
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way without contact with their Western colleagues. Secondly,
the desire to find architectural expressiveness. The Construc-
tivists did not replace architectural decoration with painting
or sculpture. They experimented and searched for new possi-
bilities of architecture. Constructivist components can be
seen in Western high-tech projects in Paris, New York and
Chicago.

But in the 1930s, constructivism was declared an irrelevant
phenomenon in the USSR. Architects and engineers began to
be persecuted and the 'Stalinist Empire' came to the forefront
of architecture. At the same time, in Europe, constructivism
was extended with new forms and proved for many years to
be the most popular international style [3-5].

Discussion of constructivism as an artistic and architectural
philosophy of Ivanovo-Voznesensk in the 1920s and 1930s

Ivanovo-Voznesensk (since 1932 - Ivanovo) became a
unique example of the transformation of the architectural en-
vironment under the influence of constructivist ideas. Iva-
novo, the actively developing textile capital of the USSR
claimed the role of the "third proletarian capital" (after Mos-
cow and Leningrad) [6]. It had the special status. By the Reso-
lution of the Presidium of the Central Executive Committee of
14 January 1929, the districts of Aleksandrovsk, Vladimir,
Kineshma, Kostroma, Rybinsk, Shuisky, Yaroslavl and Iva-
novo-Voznesensk became part of the Ivanovo Industrial Re-
gion (IOR) [7].

In the capital of the industrial region, architects began to
implement the idea of a socialist 'garden city' by introducing
industrial and residential buildings, institutes, public infra-
structure facilities, etc. However, the old buildings were not
kept. Thus, at the turn of the 1920s and 1930s, the main church
complex of the city, consisting of the churches of the Exalta-
tion of the Cross (1795) and the Nativity of Christ (1858, arch.
N. K. Reim), was destroyed and replaced by the Revolution
Square. The building of the Drama Theatre is located on the
place of destroyed Virgin Protection Cathedral (1693) and the
Church of the Holy Trinity (1817). The Cathedral of the All-
Mereciful Saviour (1898-1903, arch. F.O. Shekhtel) and the New
Kazan Chapel (1915-1917, arch. I.E. Bondarenko) were re-
placed by the building of the central post office. The center of
Ascension Township was left without Ascension Church
(1851) [8]. The rapid development of the weaving industry in
Ivanovo required the foundation of new factories In 1927 the
architects B.V. Gladkov and I.S. Nikolaev realised their con-
structivist project - the Spinning building of the factory
“Krasnaya Talka” (Fig. 1).

The Dzerzhinsky F.E. factory was also an example of early
industrial architecture in constructivism (Fig. 2). There was
an all-union design competition in 1926. The work of the local
design bureau of the Ivanovo Textile Trust and its authors, the
architect A.A. Staborowsky and the engineer N.V. Rudnitsky
won the 1st prize. There were evident new expressive means
in the appearance of the factory. The young engineers, grad-
uates of the Ivanovo-Voznesensk Frunze Polytechnic Institute
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designed the individual elements of the factory building. The
factory was the first large textile enterprise built by the Soviet
authorities in the Ivanovo region.

Fig. 1. The Spinning building of the factory
“Krasnaya Talka” [9]

Fig. 2. The factory named after F.E. Dzerzhinsky [10]

Fig. 3. “House-ship”, Lenin ave.

The country's leadership, having industrialised the country,
provided the necessary conditions for systematic work and
the restructuring of everyday life by socialist principles. The
Resolution of the Central Committee of the All-Union Com-
munist Party of Bolsheviks "On the Restructuring of Living
Conditions" of 16 May 1930 legally enshrined the workers' ac-
tive position in improving their living conditions. For
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example, a compact settlement at a large industrial enterprise
with a population of no more than 100,000 people had to have
living houses and infrastructure [13].

Fig. 4. “Horseshoe”- house, Gromoboya st.

The new designs of "metaphor houses" - the "House-ship"
(1929-1930, arch. D.F. Fridman; Fig. 3) and the "Horseshoe"
house (1933-1934, arch. A.I. Panov; Fig. 4), as well as the
"House-bullet" (1930-1932, arch. N.I. Kadnikov; Fig. 5) and the
"four-hundredth" (400-apartment) "Collective House" in the
First Workers' Settlement (1929-1931, arch. I.A. Golosov) [13]
were the brilliant examples of costructivism. The designs of
the newbuildings have rational and utilitarian features. The
lower floors were adapted for a nursery, kindergarten, can-
teen, laundry, meeting rooms, etc. The flats free of kitchens
and baths were at the upper floors. The social institutions
close to the work and living space were supposed to help to
woman in the domestic work. According to informal sources,
the "House-bullet" is connected with the "Horseshoe" house
by an underground tunnel.

Fig. 5. “House-bullet”, Red Army st. [13]

Designers believed the factory kitchens will become the
places serving as a canteens, libraries and clubs. The building
of the Narpit No. 2 canteen factory. (arch. A.A. Zhuravlev;
1930-1933) was an example of constructivism. The g-shaped
building with a rounded outer corner has three floors full of
large halls. The main entrance was on a corner, in a deep
niche, under an overhanging second-floor corner supported
by concrete pillars [6]. Huge, wide, almost ribbon-like hori-
zontal windows flanked the main entrance. They are flanked
by towers (in which the stairwells are located) that loomed
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over the entire volume. This architectural composition has
become characteristic for this type of building.

These large-scale works had ultra-modern appearance.
Their logic of construction and external simplicity seems to
be a single mechanism of the creative group and the similar
architects' views. "Red-brick constructivism", with its unusual
layout of projects and original planning of living space stayed
in Ivanovo-Voznesensk for a long time.

The logical, rational, simple art of constructivism did not al-
ways realise the real needs of people. These ambitious urban
ideas collapsed as rapid industrialisation became increas-
ingly exposed to the problem of resource deficit. Not all plans
were reasonable and appropriate. By opinion of the architect
M.]. Ginzburg, "...a complete work of architecture, like any
truly modern thing, is not a house, not a thing plus some aes-
thetic addition to it, but a reasonably and planned concrete
task, containing the maximum of its expressiveness in the
method of its organisation" [16].

Fig. 6. The Circus building [14]

Thus, the building of the first Soviet state circus, con-
structed in the early 1930s. (arch. S.A. Minofyev [17], engineer
B.V. Lopatin, Fig. 6), became the most striking architectural
object not only of Ivanovo-Voznesensk, but also of Soviet Rus-
sia. The architects created a unique engineering dome struc-
ture made of wooden lattice trusses with half arches. The
arena could be used not only for circus, but also for theatre,
music, film performances and other public events.

The culmination of the ideas of constructivism was the con-
struction of the Railway station (arch. V.M. Kaverinsky, 1933),
building of Iveselbank (arch. V.A. Vesnin, 1928), hotel "Cen-
tralnaya" (dormitory of Ivanovo City Council, arch. D.V. Ra-
zov, 1930), buildings of Ivanovo-Voznesensk Polytechnic In-
stitute (arch. I.A. Fomin, 1928-1937) [6]. The contrast of two
buildings of equal height but different lengths, united by the
angular, semi-circular volume of the staircase is the base of
the building structural composition. The clear planes of con-
tinuous glazing on three floors contrastingly complement
their monolithic facades. This composition of the fagade gives

94

YMHbBIE KOMMO3WTbI B CTPOUTE/bCTBE

SMART COMPOSITE IN CONSTRUCTION

the effect of elevating the volume of the building above the
ground and visually lightens the construction [6].

Constructivism had a widespread in Soviet architecture in
the mid and second half of the 1920s. The twentieth century,
corresponded to the new, revolutionary spirit of the time and
became in fact a great, dominant style, replacing the eclecti-
cism and art nouveau of the preceding decades. It should be
noted that not all plans were implemented in the practice of
urban architecture of Ivanovo-Voznesensk. For example, res-
idential houses for Gostekstiltrest's employees (arch. I.I. Le-
onidov); the People's House with a theatre (1200 seats), Lenin
Museum, library and gymnasium designed by the Moscow ar-
chitects Boris and Mikhail Barkhin; two buildings of the
House of Soviets on Revolution Square (arch. V.M. Galperin;
1935) were not built. The non-realisation of the projects con-
cerns with the change of political situation of mid-1930s. And,
of course, it led to a complete change of Ivanovo-Voznesensk
architectural policy.

CONCLUSIONS

In the 1920s and 1930s, the urban planning policy of Iva-
novo-Voznesensk took a contradictory route marked by both
achievements and mistakes, with significant consequences
for the local architectural practice. The idea of constructivism
was one of the factors in the realisation of basic socialist ideas
and the forming of public opinion. The face of the city has
changed radically within a decade. In particular, new facto-
ries, schools, cultural institutions and housing complexes
were built.

By experts, constructivism in Ivanovo-Voznesensk is an ex-
perience of combining utopian architectural images with re-
ality. At the same time, the designers found the unusual com-
positional and stylistic concepts during the industrial and res-
idential development of the city. The use of constructivist
ideas focused people's attention on the revolutionary past, a
call to action. Ivanovo-Voznesensk (Ivanovo) transformed
into the third proletarian capital of the revolutionary repub-
lic. Urban blocks were the complete architectural ensemble,
encouraging people to redevelopment of the entire city's ar-
chitecture.

Leading architects of Moscow and Leningrad - the Vesnin
brothers - Alexander Alexandrovich, Viktor Alexandrovich,
Leonid Alexandrovich, A.V. Vlasov, I.A. Golosov, I.A. Fomin,
as well as representatives of the local architectural school -
V.I. Pankov, S.A. Minofyev, N.I. Kadnikov - developed and
implemented their projects in a short time. But not all plans
have been realised. The limited abilities of local design organ-
isations, regular architectural workshops management
changes and the lack of experience influenced negative on
the further history of constructivism in Ivanovo.

Nowadays the most buildings are in a strong decline. Many
of the buildings have rather historical than architectural
value. Touristic guides offer the new sightseeing routes: "Iva-
novo - Soviet and Industrial", "Ivanovo: Myths and Reality".
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ABSTRACTS

A.L. BALUSHKIN

REINFORCED CONCRETE CONSTRUCTIONS
WITH DIFFERENT METHODS OF ARMOURING FIXING

Key words: concrete-to-steel bond, compaund bar, distributed contact, discrete
contact, discrete crack, shear bond stiffness, post-tensioned structures, monostrand.

The article considers the different types of reinforced concrete slabs for construction. They
have different features for fixing the reinforcing element in concrete. To determine the pa-
rameters of the stress-strain state of a reinforced concrete element we use the A. R. Rzha-
nitsyn,'s compound bar model. It was adapted to solve problems taking into account the
nonlinear effects accompanying the deformation process of a reinforced rod. A specific fea-
ture of the approach is the possibility of modelling the crack formation process as a system of
evolving discrete cracks. The results allow to introduce different types of shear bond stiffness
into the calculation. The method considers the traditional distributed type of contact between
reinforcement and concrete. The study also presents an approach to account for the discrete
type of contact both between the reinforcement and the concrete elements, which occurs in
reinforced concrete structures as well as in post-tensioned structures.

The proposed model allows the consideration of reinforced concrete structures with regu-
lar reinforcement. It is also possible to determine the forces for prestressed and post-stressed
elements. The results are presented as finite formulas and implemented the numerical-ana-
lytical approach.

A.A. OVCHINNIKOV, D.V. OBRUCHEYV, I.N. DANILOV

COMPOSITE MATERIALS BASED
ON POLYSTURCTURAL INTEGRATION OF HETEROGENEOUS MATERIALS

Key words: dry mix mortar, restoration, hollow glass microspheres, lightweight
structures building materials, composites, composite materials, polystructural inte-
gration, poly-structural theory of concrete, concrete, variotropic structure.

The article aims to generalize the theoretical concepts of the dependence of the perfor-
mance characteristics of composite materials on their composition and structure. The au-
thors formu-late the provisions on the influence of components on various structural levels
of the composite In terms of the concrete polystructural theory. Also the article provides the
possibility of high-quality control of the properties of materials and final objects of urban
infrastructure based on them. The article analyzes the features of technological and design
solutions for small architec-tural forms used to provide the conditions for improving the
quality and comfort of the urban environment and participating in measures to improve the
urban environment. Also we consider existing and promising options for using composite
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materials in the production of of the urban environment objects. And carry out the main
properties of composite materials deconstruction in terms of the levels of organization of the
composite structure. We proposed the theoretical solu-tions for the integration of dissimilar
materials into a single composite at various structural levels. The article presents the results
of experiments on the selection and optimization of the structure of the composite. These
provide the effective heterogeneous elements activity, which ensure the rational control the
urban infrastructure final object properties, taking into account the operating conditions
requirements.

A.N. BLAZNOV, V.B. MARKIN, V.F. SAVIN, V.V. FIRSOV,
A.A. GENINA, E.G. SAKOSHEV

THE METHOD OF STUDYING THE DURABILITY
OF FIBERGLASS CONSTRUCTION REINFORCEMENT

Key words: fiberglass-reinforced bar, long-time strength, durability, test method,
statistical data processing, distribution law.

We demonstrate methods for long-term testing of construction composites and statistical
processing through examining the durability of the fiberglass-reinforced bar specimens un-
der continuous flexural load at -30°C. Prolonged flexural test apparatuses allow to load by
20 samples simultaneously. The strength laws of the experimentally obtained sample distri-
butions correspond to a normal distribution, while the durability laws correspond to a log-
arithmic-normal distribution. Guidelines are given on the reasonable choice of a permanent
load based on a strength determination that would result in the destruction of most of the
samples over a period of up to three months. The invention relates to an algorithm for con-
ducting long-term tests and to a method for mathematically co-processing statistical results
of strength and durability for generating power relationships. The results of the long-term
tests of fiberglass-reinforced bar samples are given in the range of temperatures from minus
30 to plus 50°C. The proposed method produces relationships and makes it possible to predict
a value of a lasting strength of 0.6 for a durability of 100 years. Using the suggested method,
relationships have been derived that can predict a long-term strength of 0.6 for durability of
100 years. The results are in accordance with the studies of the other authors.

S.P. RUDOBASHTA

MATHEMATICAL MODELING
OF ELECTROMAGNETIC HEATING PROCESSES OF BUILDING MATERIALS

Key words: electromagnetic heating, building materials, mathematical modeling,
heating dynamics.
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The paper considers the depth of penetration of electromagnetic fields into materials as a
function of frequency. The author discusses the works on mathematical modelling of electro-
magnetic heating and drying of materials in the infrared and ultra-high frequency ranges.
The article indicates the advantages and disadvantages of analytical and numerical methods
for solving problems of electromagnetic product heating. It is noted that the electromagnetic
heating of moist building materials is often accompanied by evaporation of moisture. It
should be taken into account in the mathematical modelling of their electromagnetic heating
process. Futher the article highlights the role of heat treatment of concrete, which has become
an important stage of the technological process of building materials production. The electro-
thermal treatment of reinforced concrete products and electromagnetic heating methods in
different frequency ranges are relevant. The article presents the analytical mathematical
model of electromagnetic heating of a plate under the influence of a radiation flux penetrat-
ing the body according to Booger's law. It takes into account the heat flow to the evaporation
of moisture occurring at the surface of the plate, and its convective heat and mass exchange
with the external gas medium. We analyse the model for consistency with the real process
under infra-red heating conditions by comparing calculated and experimental thermo-
grams. Its relevance to the real process is shown. The author shows the possibility of selecting
the required electromagnetic heating process mode by means of numerical computer analy-
sis. The mathematical model considered is recommended for practical application in build-
ing technology.

V.M. DUDIN, N.S. SMEKALOV, A.E. OKUTIN

APPLICATION OF SAPROPEL FROM LAKE NERO, YAROSLAVL REGION, RUSSIA
FOR PRODUCTION OF ROAD CONCRETE MIXTURES

Key words: road concrete mixture, mineral flour, sapropel, features of road con-
crete.

Mineral fillers are widely used to improve the water-resisting property and durability of
asphalt pavements. Mainly fillers are obtained from carbonate-bearing rocks (dolomite min-
eral flours). The increasing of road construction leads to the need for increasing of road con-
struction materials, including the mineral flours. Sapropel could help to eliminate this short-
age. In the Yaroslavl region, more than 250 million cubic metres of sapropel have accumu-
lated in Lake Nero. It is damaging the lake. To restore the lake's ecosystem, cleaning with
sapropel extraction and using for various industries and agriculture are proposed. The road
construction can use the high-ash sapropel. It can be used as a mineral flour in production
of road concrete mixtures. This paper concerns the possibility of Lake Nero sapropel applica-
tion for production of road concrete mixtures.

G.V.PROVATOROVA
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NANOMODIFIERS IN PRODUCING HIGHER QUALITY PAVING ASPHALT

Key words: paving asphalt, modifier, nanomodifier, carbon nanotubes, rutting,
crack resistance, asphalt concrete.

Recently it has become quite important to improve the quality of paving asphalt and study
the influence of the properties of the binder on the asphalt concrete performance. Research
conducted at the Department of Highways of Vladimir State University has shown that even
the most effective modifying additives used in road construction do not always give the re-
quired result, or the result is achieved by introducing a significant amount of modifier,
which gives a noticeable increase in the cost of binder and asphalt concrete that use it.

The purpose of this work is to select a new (previously not used in the Vladimir region)
modifier for bitumen used in road construction companies in the Vladimir region, and study
its properties. The results of experiment were used to develop the procedure of experimental
tests, determine the properties of obtained modified binder, compare with the properties of
original samples, select additives composition, mold and test samples on the obtained modi-
fied binder. The results allowed us to conclude that the applied modifier gives better perfor-
mance than the previously used modifiers.

N.S. SAPRYKINA

SETTLEMENT OF SYNTHETIC RUBBER PLANT IN YAROSLAVL - AVANT-GARDE
TYPE OF SOVIET URBAN DEVELOPMENT

Key words: urban planning, architecture, Yaroslavl, constructivism, project, type,
Soviet, socialist, working settlement, quarter, sample.

In 1932-1934, a new synthetic rubber plant and a new housing estate for its workers and
staff had been constructing in Yaroslavl (Russia, Yaroslavl Oblast). Such a housing residence
was called “sotsposelok”, that literally means “social settlement”. Building on the example
of this particular “social settlement” and taking into account the main principles of USSR
urban planning, the paper establishes the idiosyncrasies of urban planning in the 1920s. The
paper argues that a “social settlement” of Yaroslavlis a characteristic of the typological sam-
ple of the Soviet era illustrating the doctrine of the Soviet working village and provides new
historic facts about urban planning of the city.

N.A.LICHAK

THE IMPLEMENTATION OF CONSTRUCTIVISM CONCEPTS
IN IVANOVO-VOZNESENSK IN THE 1920S-1930S

Key words: constructivism, architectural projects of Ivanovo-Voznesensk, ideol-
ogy, “House-bullet”, “Horseshoe”-house, “House-ship”, the Spinning building of the
factory “Krasnaya Talka”, the building of F.E. Dzerzhinsky factory.
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We study the specific features of new public building construction types in post-revolu-
tionary Russia in Ivanovo-Voznesensk in 1920-1930s. That time the city acquired the ad-
ministrative status of the centre of new life. This status meant the development of appropriate
infrastructure and the integration of the urban area into a plan to realise world-class archi-
tectural and engineering ideas. The plans of the socialist construction provided for a complex
architectural design of the city, which represents «the ideology of the proletariat» and «pow-
erful tool of class struggle». The active development of textile production and the growth of
the urban population along with the transformation of the national way of life caused this
change. The projects of the country's leading and local architects, focusing on the functional
and structural basis of buildings, laid the foundations of the constructivist manifesto in Iva-
novo-Voznesensk, the birthplace of the First Council of Revolutionary Russia. This article
considers architectural propaganda projects - factory and housing estates that were designed
as ideological centres of urban space.
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NMHOOPMALIVIA IJI51 ABTOPOB

PeflaKIiyisi CTPOro IpUAEPKUBAETCS HOPM U IIPaBUJI MEXAYHAPOAHOU IMybInKa-
IIIOHHOM 9TUKHU.

ITpaBOBYIO OCHOBY 0becIiedeHNs ITyOINKAIIMOHHOM STUKY COCTABIISIOT MEXAyHa-
POZHBIE CTaHAAPTHI: mooKeHus I BceMupHOU KoOH(DEPEHITUHY 10 BOITPOCAM COOJIIO-
ZeHUsT JZOOPOCOBECTHOCTM HAy4YHBIX HCCJIEJOBAaHWH, MojoxeHUs Komurera 1o
3TUKe HayuHbIX mybankanuii (The Committee on Publication Ethics - COPE) 1 HOpMBI
paszeina «<ABTOpPCKOe IpaBo» I'paxkgaHCKOro Kogekca PO.

IIpescTaBieHre CTAThU B XKypHAJ II0ZIpasyMeBaeT cileyollee:

- paboTa He ObLTa OIyOJIMKOBaHA paHee B APYroM KypHaJe;

- He HaXOJUTCS Ha PACCMOTPEHUH B IPyTOM JKXypHAJE;

— BCe COABTOPBI COTJIACHHI C IIyOIMKalIel CTaThy;

- IIOJIyYeHO corJacue (B IBHOUM WM HesIBHOU dopme) opraHusanuu, B KOTOPOU
OBLIO ITPOBEJIEHO VCCIelOBaHUE.

ITpu mpeAcTaBIeHUN PYKOIKCH B XKypPHAJTI aBTOPHI JODKHBI YOeAUTHCS, YTO BCE
IIUTUPOBAHUSI 0GOPMJIEHB KOPPEKTHO, YKa3aHbl 3aMMCTBOBAHHbIE HCTOYHUKHU B
IOATIVCAX K PUCYHKAM M HaAIIICIM Tabu, Ecii TakoBble He IIPUBEEeHEL, IIPeZIIo-
JIaraeTcs, YTO PUCYHKU U TaOIULIBI IPEACTABIISIOT COOOM /10 aBTOPCKOMH J1esTeb-
HOCTH. PeZlaKk1iyisl OCyIleCTBIsIET IIPOBEPKY CTaTel HAa aHTUILIAryuar.

ABTOpCKHe MpaBa

ABTOpBI, HAIPABJISIOIIE CBOM PAOOTHI B )KypHAJI, COIJIAIIAIOTCS CO CIeAYIOIIIM:

1.ABTOpHI COXPaHSIOT 32 COOOM aBTOPCKME IpaBa Ha pabOTy U MPeAOCTABISIIOT
KypHaJIy IIPaBo IIEePBOI MyOINKauu paboThl.

2.ABTOpPBI COXPaAHSIOT IIPABO 3aKII04YaTh OT/eIbHble KOHTPAKTHBIE IOTOBOPEHHO-
CTHU, Kacalollyecs He-3KCKJII3UBHOTO PAacIpOCTPaHeHUs Bepcuu paboThHI B
OITyOJIMKOBAaHHOM 37IeCh BH/e (HalpuMep, pasMelleHre ee B UHCTUTYTCKOM
XpaHUINIIE, MyOJNKaMIo B KHUTE), CO CCHIJIKOM Ha ee OPUTHMHAIbHYIO Iy0-
JIUKAIIUIO B 9TOM KypHaJle.

IIpuBaTHOCTD

VMeHa 1 azipeca 3JIeKTPOHHOU IIOYTHI, BBeZIeHHBIE Ha CaliTe 3TOTO XypHaJa, 0y-
ZYT UCIIOJIb30BaHBI NCKIIOYUTEIbHO JJIs Iesiel, 0003HaYeHHBIX XXYPHATIOM; JOCTYII
K HUM UHBIX JIUI] ¥ OpTraHU3alui I JPYTUX Iejel He IIpeJoCTaBseTcs.

OCHOBHEBIE ITPABUJIA O®OPMJIEHUSA CTATEN

B )xypHase «YMHBIe KOMIIO3UTHI B CTpouTeabcTBe» / «Smart Composite in Con-
struction» nmegaTaroTcsl pabOTHI IIperoaBaTesel U COTPYAHUKOB BBICIINX yIeOHBIX
saBegeHuli PO, PAH, PAACH, apyrux uccjefioBaTeJ bCKUX MOApaszieeHn, pabora-
I0IUX B cpepe IPOMBIIIIEHHOTO U I'PaXXJAAHCKOTO CTPOUTENbCTBA U apXUTEKTYPHI,
B TOM 4mcJie B cTpaHax crpaH CHT u 3a pybesxoM.

102



TOM 2, BbIMYCK 1, 2021 | VOL. 2, ISSUE 1 YMHbIE KOMNO3WTbl B CTPOUTE/bCTBE
SMART COMPOSITE IN CONSTRUCTION

PyOopuKHU ;KypHaIa

05.23.01 CTpouTesbHbBIE KOHCTPYKLINY, 3MaHUA U COOPYKEHUA

05.23.05 CTpouTenbHBIE MAaTePUAJIBL U U3JENU

05.23.11 IIpoexkTHpOBaHEe U CTPOUTEIbCTBO JOPOT, METPOIIOJINTEHOB

05.23.19 Dxosoru4yeckas 6€30IMacHOCTh CTPOUTEIBCTBA U TOPOACKOTO X035 CTBA

05.23.21 ApxuTeKTypa 3aHUl U coopyxkeHull. TBopUyecKre KOHLIENIIUY apXUTEK-
TYPHO J1eTeTbHOCTH

CraTbu, HanpasjsgeMble B ;KypPHaJI, JO/KHBI Y/A0BJIETBOPATD CAeAyIOIIMM Tpe-
OoBaHUAM:

1. PaboTa Z0ODKHA COOTBETCTBOBATH IPOGIIIIO KypHAsIa, 00JaJaTh aKTyaJlbHO-
CTbI0, HOBU3HOU, UMETh IPUKJIaZHOe 3HaueHUe (U1/UIu TeopeTudeckoe 0O00CHOBa-
Hue). Borpoc 00 ony0JIMKOBaHUU CTAThY, €€ OTKJIOHEHUM pellaeT pPeJaKIMOHHAS
KOJLJIErUs XXypHasa, U ee pellleHNre ABI1eTCA OKOHYaTeIbHbIM.

2. CTaTbU AOJLKHBI IIPE/CTABIATh CKAaTOe, KOHKPETHOE M3JIOKEeHMe I10Jy4eHHbIX
aBTOPOM pe3yJIbTAaTOB, 0e3 TIOBTOPEHMS OJHUX U TeX JKe JaHHBIX B TEKCTe, PUCYHKaX
U Tabauiiax.

3. Bce mpezcTaBieHHBIE CTATHU AOJIKHBI OBITH IIOATOTOBIEHBI 12 KeryieM, mpudT
Times New Roman, uatepsai 1.1. IToyisi: BepxHee U HIDKHee — 3 CM, JIEBOe U IIPaBoe —
2.5 cM. Ab3anHbIi oTcTym - 0,75 cM. O6'beM CTaThU — 6-15 CTPAaHUIL, BKJIIOYAs CIIHICOK
JUTEPATypHl, TabaULbI (He Gosiee 3, MIMpPUHA 8 CM) U PUCYHKU (He bosee 5, fs 06-
30PHOM CTaThU — He OoJiee 8, MUPUHA § CM), B TOM YKCJIe TIOMeUYeHHble OyKBaMU d, O
u T.7. Pucynku oopmisioTcs 6e3 paMOK U pasMeniaioTcs, KaK U NOAINCH K HUM,
TabJINITEI ¥ 3aT'0JIOBKY K HUM, IIPMeYaHUs], CTPOTO II0 TEKCTY CTaThU. B paszes «06-
30pHBIE CTAThU» IPUHUMAIOTCS MaTepuaabl 00beMoM 0T 25 10 30 CTpaHUII.

4. IIpu opopMJIeHUYU CTATbU PeKOMEHIyeTCsI U3beraTh yrnoTpebaeHus J00bIX CO-
KpalleHu, KpoMe o01eTpUHATHIX. I[Ipu IepBoM yIOMUHAHUU COKPAL[eHHOTO Tep-
MMHa 00s13aTeIbHO MPUBOAUTCS €ro paciim@poBKa B IIOJHOM BUJe. PyKomucHBIE
BCTaBKMU He JionycKaioTcsa. KaBbraky opopMIIsioTes eoukoii. TekcT HabupaeTcs 6e3
HyMepaluu CTPaHUL].

CTpyKTypa cTarbu

Ha mepBoli CcTpaHHUIle PyKOINCH CJIeBa IIPOCTABJISIETCS MH/EKC I10 YHUBEpPCab-
HOU gecaTuyHou kinaccubukauum (VAK, mpudt 10 T, npsamoii, Verdana, 6e3 oT-
ctyna. ITocime VK mpomnycKaeTcsi CTPOKa, [aeTCs HAaUMeHOBaHYe PaboThI 10 IEHTPY
(mpudT 12 T, IPIMOU, MOMYXKUPHBIH, Bce OYKBBI ITponucHble, mpudT Verdana).
Hixe 110 11eHTPY — HHUTIVATBI, GamMuansa aBTopoB (mpudt 11 nT, Kypcus, Verdana,
nonyxupHsI). [Tocsie paMuanii aBTOPOB YKa3bIBAIOTCS UX MeCTO paboTHI: Mogpas-
ZleJleHre U Ha3BaHUeE OPraHW3alluy, IOYTOBBIN ajpec (wpudT 10 nT, Kypcus, Ver-
dana). OTAenbHOY CTPOKOM YKa3bIBaeTCs 3JIEKTPOHHBIN aZipec aBTOPOB (Kypcus). Jla-
see depe3 wuHTepBan (1 cTpoka) pasMemnaerca aHHoTauus (150-200 cioB,
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BBIPaBHMBaHUeE [0 MKUPUHe, pasMep mpudTa 10 0T, Kypcus, oTcTym ciaesa 0.75 cM,
mpudTt Times New Roman). Ilocie aHHOTaIM U NHTepBaJa (1 CTPOKa) IOIYKUPHBIM
mpudTOM KypcuBOoM HabupaeTcs Kawouesvle cr06a i mpuBoaaT mpudTom Times New
Roman pasmepowm 10 0T 5-8 cjioBocOoYeTaHU (He KypCUB), 6€3 TOUKU B KOHIIE.

3aTeM cieflyeT TEKCT CTaTbU, B KOTOPOM 4epe3 UHTePBaJl BbIJeNAI0TCA paszebl:
BBesileHUe, DKCIIepUMeHTaJIbHAs YacTh, Pe3yIbTaThl U UX 00CyKJeHVe, BhIBOAHI (B
0030pHOU CTaThe BHIAEISAIOTCS BBeseHMe, Ha3BaHUS IO Pa3zesloB KypcUBOM, BbI-
Bozbl). CTaThsl 3aKkaHYUBaeTcs paszesoM JluTeparypa. ONnTUMaIbHOE KOJIHUYECTBO
IIUTUPOBAHHBIX UCTOYHUKOB OT 15 710 20, KeJlaTeJbHO BKIIOYUTh He MeHee 3 paboT,
BXOZAIIMX B 6236l W0S/Scopus. B 0630pHBIX paboTax IPUHUMAIOTCS CCBHIIKU Ha 50-
80 MCTOYHUKOB. IIoZ CIIMCKOM JIMTEPATYPHBIX UCTOYHUKOB Yepe3 UHTEePBaJ CIeBa
KyPCUBOM IPUBOAATCS cyoBa: [locmynuaa @ pedakyuio, Ha ciaezyolieli cTpoke: I[Ipu-
HAMA K 0ny6AUKOB8AHUIO.

5. B azgpec pegakuyu, KpoMe 3JIEKTPOHHOI'O BApHMAHTA, HAIIPABJIAIOT 1 3K3eMILIAP
CTaTbHU B paclie4aTaHHOM BH/Je C IOAINKUCAMU BCeX aBTOPOB IIOCe CJIOB [Ipunama K
ony6AUKOBAHUIO.

dopmar

Pefakuus MpUHUMAaET TEKCTBI, COXpaHeHHble B mporpaMmMe Microsoft Word B
dopmaTax .doc mnm .docx. MaTepuasnabl, He COOTBETCTBYIOLIME BBHIIIEYKa3aHHBIM
TpebOBaHUAM, HE paCCMaTPUBAIOTCH.

OdopmiieHNE IUTEPATYPHBIX CCHLIOK

Bce pyCCKOS3bIUHBIE JTUTEPATYPHbIE UCTOYHUKU JOJIKHBI OBITh YKa3aHbI HA aH-
TJINHICKOM sI3bIKe. VI3JaHVsI, KOTOpbIe He IePeBOASITCS, He0OX0AMMO YKa3aTh TPAHC-
JUTepalyel B COOTBETCTBUU C OOIIENTPUHITHIMU MeXXAYHAPOAHBIMU ITPaBUIAMU, B
KOHIle Ka)KIOTO TaKOTO HCTOYHUKA JOJDKHA CTOSATh IoMmeTKa (in Russian) (cM.
http://www.cas.org/expertise/cascontent/caplus/corejournals.html).

1 )KypHaJIBHOW CTAaThU JOJUKHBI OBITH YKa3aHbl GaMUJINKM U WHUIIMAIBI BCEX
aBTOPOB, Ha3BaHUE CTATbU, COKpallleHHOe Ha3BaHYe XypHaJa, I'oJ, HOMepP TOMa, HO-
Mep WJIM BBIIYCK, AuanasoH crpaHun, u DOI (mpu Hanmuuu), Hanpumep, DOI:
10.6060/2012.01.01.

CChUIKH HA CTAThU M3 MHOCTPAHHBIX NICTOYHUKOB:

1 dammma HU.0. (anrn), 2 damuana HNU.0. (anrn.) HasBaHue cTaTbu
(anru.). Hazsanue scyprana (auea.). Top. Tom (V). Homep (N). Juama3oH CTpaHUIL
(manipumep, P. 465-472). DOI (manmpumep, DOI: 10.13655/1.6.1234567).

CChUIKH HA CTAaThU HA PYCCKOM s3BbIKe [[IepeBoj Ha aHIJIUHCKUM]:

1 ®amuiaua U.0., 2 Pamuaua U.0. Hassanue cratbu. Hassanue sxypraaa. I'op,.
Tom. Homep. Juanason crpanul. [1 Familia I.O., 2 Familia I.0. IlepeBos Ha3BaHUs
cratbu. OduyuanvHoe HazeaHue Ha aHeAulickom f3vike/Tpancaumepayus HA38AHUS
wyprana. Tox. Tom (V). Homep (N). JuamnaszoH cTpaHull, Hanpumep: P. 17-23 (in
Russian)].
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CchuUIKHM Ha MOHOTrpad i Ha MTHOCTPAHHOM A3BIKE:

1 damuana U.0. (anra.), 2 @avuaua U.0. (anra.) Hasganue kHueu (anen.). Homep
nepeusganus. l'opog (auri.): MsgaTenbcTBo (aHri.). I'og. OOijee 4mcio CTPaHUIL
(marrpumep: 372 p.)

CchUIKHM HA MOHOTrpaduu Ha PyCCKOM A3bIKe [ImepeBo Ha aHTIMHCKU]:

1 ®amunus 1.0., 2 Pamunusa U.0. Hazsanue monoepaduu. I'opoa: M3gaTenbcTBo.
T'og. O6iree yucio crpanut (HarpumMep: 456 c.) [1 Familia I.0., 2 Familia I.0. ITepesod
Has3gaHus mMoHozpaguu Ha anen. a3vik. Gorod: Izdatelstvo. God. 456 p. (in Russian)].

CCBIJIKM HA UHTEePHET-pPecypcChl:

HasBaHue MaTepuasa Ha caiiTe [caiiT]. HasBaHue caiita; 2016 [06HOBIEeHO 19 OK-
Ts16ps 2016; mporuTrpoBaHo 30 okTa6ps 2016]. JoctymHo: http://www.example.ru

IIpuMepsb! 0(popMIeHHA CCBIOK HA JINTEePATypPHbIe NCTOYHUKU

JIuteparypa

1. Prokof'ev V.Yu., Razgovorov P.B., Gordina N.E. The adsorption of undesirable
impurities from sunflower oil the granulated sorbents based on caolin clay. Int. J.
Food Eng. 2014. V. 10. N 4. P. 713-720.

2. PasroBoposB I1.B., CutanoB C.B., Ko3/10B B.A. V3yueHre B3aMO/eliICTBUS He-
KOTOPBIX 3aTPABOYHBIX MATEPUAJIOB U CIOKHOI(DUPHOUN COCTABISAIOIIEH BOCKOIIO-
IOOHBIX BelllecTB. 138. 8y308. Xumus u Xum. mexroaozus. 2002. T. 45. Beim. 1. C. 34-37.

3. PasroBopoBII.b., Curanos C.B. Dxcrnipecc-aHain3 BOCKOB B PACTUTEJIbHBIX MaC-
Jnax. Macaoxcup. npom-cmo. 2009. Ne 3. C. 21-23.

4. PasroBopoB IL.B., TopmkoB B.K. TexHonorndeckoe o60pyzoBaHNe OTPACIIH:
pacyeTsl B MAacCJOXUPOBBIX ITPOU3BOJACTBAxX: yuyeb. mocobue. MIBaHOBO: VBaH. roc.
XUM.-TeXHOJI. YH-T. 2009. 48 c.
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