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YMHbIE KOMNO3WUTbl B CTPOUTENbCTBE

SMART COMPOSITE IN CONSTRUCTION

IIpedcmagienbl pe3yAbmMambl OYeHKIL Kawecmed 3y64amozo KAeeg0eo COeOUHeHUs NPl CMamu4eckom
useube 3a20mMogoK 8 npou3eo0cmee JepedsHHBLX KAeeHbLX KOHCmpYKyuil. B xo0e uccaiedoganuil 06pasyos,
0mobpanHbLX CAYHATiHBIM 00pA30M 8 NPOU3BOOCTBEHHBIX YCAOBUAX MPU U320MOBAEHUL 0epeBsSHHBLX
KAGEHBIX KOHCMPYKYUll U3 OpesecuHbl X60UMbIX TOpod, onpedefeHO HanpsiceHue Npu useube
NpULOJCeHUeM HAZPY3KU 6 mpemsax npoema Ha naacmv. IIpumereHue maxoil cxembvl Ha2pyHeHUS
1n0380AUN0 €030amb 8 paciemHoll 30He Jedopmayuio wucmoezo uszeuba. 53.3% obpasyos umenu
MAKCUMANbHble HanpaweHus npu useube, ydosaemeopswowue mpebosanusm TI'OCT 20850-2014.
«Koncmpykyuu OepessiiHble KaeeHvle Hecywjue. Obujue mexuuweckue ycaogus». CpedHee 3HaHeHUe
paspywanujez0 Hanpsajerus npu useube 6 3youamom kaeeom coedumenuu cocmasuno 19.8 Mlla, a
koagpuyuenm sapuayuu - 8.9%. Ilo pe3yavmamam uccae008aHUll YCMAHOBACHO, 4MO HA NPOYHOCTL
3y6uamoeo xneeg0z0 coeduHeHU CYLeCneeHHoe BAUSHIE 0KA3LIBAIOM PAGHOMEPHOCTb HAHeCeHUS KAes
Ha NO0BePXHOCMb WUNO08 U HAAUYLE NOPOKOS 8 Mecme HapesKu wunos u ebausu ux. C ydemom amux
axmopos, no MHeHUI0 A8MOpPos CMambvll U OpyeUX POCCULICKUX YHEeHbLX, MONCHO MAKdice NPO2HO3UPO8ATIb
MAAylo MpouHOCMb Npu cmamuudeckom useube. YcmpaHerue ykasanHulx Hedocmamxkos docmuedaemcs
nymem 3ameHvl KAeeHAHOCAUUX 2pebeHOK, pezyAUpOBaHUs YACTNOMbL KOHMPOALHbIX Meponpusmuil 6

Xx00e MexHOo10211ecK020 npovecca u3eomos/eHus aepeeﬂHHbe K/1eeHblxX Koncmpym;uﬁ.

KiaiogyeBbie ciaoBa: AE€PEBAHHBIE KJI€€HbI€ KOHCTPYKINM, AEPEBAHHOE AOMOCTPOEHNE, 3y6anoe

KJIeeBOoe coeJrHeHNre, IIPOYHOCTD IIPU CTAaTUYEeCKOM nsrube

J1a nuTUpOBaHUA:

Tutyuus A.A., llogbsues A.B., [Istbakun C.B., [llybposuna 10.10. BiusiHue ApeBeCHHOBEAIECKUX
U TeXHOJIOTUYECKUX (PaKTOPOB HA IIPOYHOCTD 3y6UaTOTO COeMHEHMS B KJIeeHbIX KOHCTPYKITUAIX //
Ymnoie xomnosumut 6 cmpoumenscmee. 2023. T. 4, Boi1n. 2. C. 8-17.

URL: http://comincon.ru/index.php/tor/issue/view/v4n2_2023
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YMHbIE KOMNO3WUTbl B CTPOUTENbCTBE

SMART COMPOSITE IN CONSTRUCTION

The paper presents the results of finger joint quality assessment at the static bending in the production of
wooden laminated structures. We selected the softwood samples randomly. This study concerns with
detecting of bending stress with load application in thirds of the plate span. This loading scheme allows us
to make pure bending deformation for the area under study. 53.3% of the selected samples had the values of
maximum bending stress satisfying the regulatory requirements. The average value of the destructive
bending stress in the finger joint was 19.8 MPa, the coefficient of variation - 8.9%. According to the study
results, surface defects and the glue application uniformity on surface of the joint significantly affected the
strength of finger joints. This explains the insufficient adhesive strength in the place of finger joint and, as a
consequence, low strength at static bending. Therefore, it is necessary to replace glue-bearing applicators,

and control the technological process of wooden laminated structures manufacturing regularly.

Keywords: wooden laminated constructions, wooden housing construction, finger joint, static

bending strength

For citation:
Titunin, A.A., Podyachev, A.V., Tsybakin, S.V. & Dubrovina, Yu.Yu. (2023) Influence of wood and
technological factors on the strength of the finger joint in laminated constructions, Smart Composite

in Construction, 4(2), pp. 8-17 [online]. Available at: http://comincon.ru/index.php/tor/issue/view/v4n2_2023
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BBEJJEHUE

CoBpeMeHHBINI 3Tall pPasBUTUS CTPOUTEIBHOIO KOMILIEKCA XapaKTepusyeTcs UIINPOKUM
IIpUMeHeHNeM JepeBIHHBIX KileeHbIX KOHCTPYKuuil (JKK) nmpu Bo3BeZeHUU pasiIUYHBIX 3JaHUH U
COOPY)XeHHH, a TakKe 00BEKTOB JePeBIHHOIO ZOMOCTpoeHUs. IIpy cOXpaHEeHUU IOJIOKUTETbHBIX
HIPUPOJAHBIX CBONCTB ipeBECUHBI B KJIeeHbIX KOHCTPYKIIUAX OTCYTCTBYeT Psif 1e(deKTOB, CHIKAIOIIUX
IIPOYHOCTHBIE ITOKa3aTeIN IOTOBBIX JeTaned. BaxxHo, yTo KK mosy4aioT myTeM CKIEUBAaHUS CYXOH
JPEBEeCUHB! (BJIAKHOCTh He IpeBbmIaeT 10-12%), MMO3TOMY B IpoOIlecCe 3KCIIyaTalld TOTOBBIM
MaTepuai ob1azaet GopMOyCTONINBOCTHIO.

JepeBsHHBIE KIeeHble KOHCTPYKLIMU HA4daJMl IIPUMEHATbCSI B CTPOUTENBbCTBE 3JaHUH U
coopyxeHHH B 30-40-x rogmax XX croseTms. 3a mpomegmue 80 JeT HAKOIJIEH OOJBIIOH OIIBIT
IIPOEKTUPOBAHUS, IIPOU3BOJACTBA, MOHTaXa U skciayaranuu JKK. OTzenbHO ciesyeT OTMETHUTH
Hay4YHble HCCJIEJOBaHUSA U BKJIAJ B pa3paboTKy HOPMAaTUBHBEIX JOKYMEHTOB, pabouux deprexeri
KOHCTPYKIIMI U IPOEKTOB YHUKAJIBHBIX 3JaHNl ¢ npuMeHeHueM JKK, BrimonHeHHbIx B ITHUVICK
uM. B.A. Kyuepenko, ITHUU-IIpomsgauuii, [THUMBIIcenscTpoii, THUMUMO/, LITHUUDII um.
B.C. MesenneBa, MI'CY, CII6IACY u JApyrux Hay4HBIX U NPOQUIBHEIX 00pa30BaTeIbHBIX
OpraHu3alunax.

B mHacTrodmee BpeMsa Ha MNPOTHKEHUM HECKOJIbKMX JIeT, II0 CJI0BaM JUPEKTopa II0
peruoHajJbHOMY pa3BUTHIO U PR Acconmanuu fepeBIHHOTO JOMOCTpoeHUda MakcuMa MoJ4aHoBa,
HabII0laeTCsl YCTOMYMBBIE TPEHJ PpasBUTHA JAepeBIHHOro gomoctpoenus [1]. C 2016 r.
3adUKCUPOBaH POCT BBOJA B SKCILIyaTalMI0 MaJO3TaXHBIX ZoMOB. B 2021 r., Bnepsbie ¢ 2009 r.,
CTPOUTEJNbCTBO TaKUX JOMOB 3aHSJIO JUAVPYIOIIME IO3UIUM II0 obbeMaM U Joje B 00IieM
KUJIUIHOM CTpouTenbcTBe Poccuu. B mapTe 2022 T. Z0Js AEPEBIHHOTO ZOMOCTPOEHUS B 00I[eM
06'beMe MaJO3TaXKHOI'O CTPOUTENBCTBA BIJIOTHYIO IIPUOAM3UIACh K OTMeTKe 40%. DTO CBS3aHO C
HCII0JIb30BaHMEM KapKaCHBIX, KapKaCHO-TIAHEJbHBIX U ITaHeJbHBIX TeXHOJOruh, rge pouan JKK
TPYZHO IlepelleHUuTs [1].

ITupokoe npumeHeHre JKK B cTpouTe1bCTBE BO MHOTOM OO'BSICHSIETCS C ITO3UIUY IIOCTOSIHHOTO
COBEPLIEHCTBOBAHMUS TEXHOJOI'MU M3IOTOBJIEHUsS U obecredeHUs TpeOOBaHMI HOPMATHBHOM
JokyMeHTanuu. IIpu 3TOM, KaKk OTMeYalOT MHOTHE CIELHaJIUCTHI, AJSI Pa3JINYHBIX BapUaHTOB
TexHosIoruY IpousBozcTBa JIKK xapakTepHa 0OIHOCTD: IIPY UX U3TOTOBIEHUM HET HEOOXOAMMOCTH
HCII0JIb30BaTh HCKJIIOUUTEIbHO BBICOKOKaueCTBeHHOe cbipbe [2]. IlonydeHUe MHOT'OCIOMHBIX
KJIE€HBIX KOHCTPYKIIUI BO3MOXKHO ITPU HCIIOJIB30BAHUY IINJIOBOYHOTO CHIPBSI CPeJHUX JUAMETPOB,
9YTO BeChbMa aKTyaJbHO BBHM/y 3HAUMTEJIbHOIO COKpalleHUSI Ka4eCTBEHHBIX KDPYIIHO-PasMepHBIX
MIJIOBOYHBIX OpeBeH B IIPOMBIIIIIEHHO-OCBOEHHBIX palioHax [2-7]. HaKOIIeHHBIN 0Te4eCTBEHHBIN U
3apybexxHbii onblT mpuMeHeHus JKK rmokasas, 94To o CpaBHEHUIO C TPAAULIMOHHBIMU PeIIeHUsIMU
OHU MMEIOT 3HAUYUTeJbHble NIPENMYIIEeCTBa: MeTaJI0eMKOCTDb 3ZaHUI CHIDKAeTCs BTPOe, Macca —
B 2-3 pa3a, TPyA0eMKOCTb MOHTaXa — Z10 2.5 pas [8].

Jis coxpaHeHMs CYIIECTBYIONIUX MO3ULMU U yBeJIWUeHHUsS TEeMIIOB Pa3sBUTHSA JePEeBSIHHOTO
JoMocTpoeHUs B Poccuy BaXKHBIM HallpaBieHNeM sIBJIseTcs obecriedeHrie KadeCTBa KOHCTPYKIMET Ha
OCHOBe JpeBeCUHBHI. PeleHme 3TOH 3azauu OyZeT CIIOCOOCTBOBATH YCKOPEHHOMY POCTY Kak
ZJEePEeBIHHOI0 JOMOCTPOEHM S, TaK U JIECOIIPOMBIIIJIEHHOTO KOMILJIEKCa CTPAaHBbL.

OCHOBHBIMU [JJOKYMEHTaMU, perjaMeHTUPYIUUMU TpebOBaHUA K TEXHOJIOTUIECKOMY
IIpoLeccy U3roTOBIEHUA, KOHTPOJIIO KadeCcTBa M IIPHUEMKe 3JIEeMEHTOB HeCYIIUX U OrpaXZaloIlnxX
ZlepeBSIHHBIX KJIeeHbIX KOHCTPYKIIUHN, UCII0Ib3yeMbIX B IPOMBIIIIEHHOM, IPAXAaHCKOM U CeITbCKOM
CTPOUTEJIbCTBE, ABJIAIOTCA:

- «PyKOBOZCTBO I10 U3TOTOBJIEHNIO ¥ KOHTPOJIIO Ka4yeCTBa AePEBIHHBIX KI€€HBIX KOHCTPYKLIMI»,
paspaborannoe B THVVCK um. B.A. Kyuepenko B 1982 1. [9];

- TOCT 20850-2014. KoHCTpyKIMU JepeBsSHHble KileeHble Hecymiue. OO6IIue TeXHUYECKUe
YCJIOBUS;

- T'OCT 19414-90. [lpeBecuna KieeHas MaccuBHasg. Obmive TpeboBaHUS K 3y0UaTHIM KI€€BbIM
COeJIMHEeHUsIM.
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CobirofieHre TpebOBaHUI, YKa3aHHBIX B 9TUX JOKYMEHTAaX, II03BOJsIeT mpousBoauTeasm JKK
MOCTaBAATh Ha CTPOUTEJBHYIO IJIOMIAZKY KaueCTBeHHYIO IPOAYKIIUIO, YTO BO MHOTOM OIIpeJesseT
0e30I1acHYIO 9KCILIyaTaluio 0ObEKTA B Te€UeHNe CPOKA CIYKOBL.

OzHUM M3 TpeOOBAaHUIN HOPMATUBHBIX JOKYMEHTOB, B yacTHocTu I'OCT 20850-2014, aBiseTcs
PEryJIsapHOCTb KOHTPOJS KaueCTBa KJEeBBIX 3yOYaThIX COeJUHEHHUI B JIaMeJsX MHOTIOCJIOHHBIX
KJIEeHBIX KOHCTPYKUUHM. Eciam gig OGOJbLIENIPOJIETHBIX KOHCTPYKIUE TpebyeTcs IIPOBOAUTH
HICIIBITaHUA 3y0UaThIX COeJUHEHUN Ha M3rub He MeHee IIITH 00pasloB B CMeHY U He MeHee JBYX
obpasioB Ha oxuH 31eMeHT JKK, To j1 3/1eMEeHTOB ITePEKPBITUH IIPOJIETOM 0 7.5 M U BpeMEeHHBIX
IIOCTPOEK MOXKHO OTOMpPATh AJIs MCIBITAHUI He MeHee IIITU 00pasIioB B TeueHUe HeJelu. JlaHHOe
TpeboBaHKMe OTYACTX OOYCJOBJIEHO BIMSHMEM Ha IIPOYHOCTDH 3yOUaTOro KJIEEBOTO COeAMHEHUS
0COOEHHOCTEN MAaKpPOCTPOEHUs CKJIEVMBAeMOM JApPEeBECHHBI M Psifia TEXHOJIOTMYECKUX (PaKTOpPOB,
TaKMUX KaK IIepOXOBaTOCTb ITIOBEPXHOCTHU [pEBECHHBI B 30He Hape3KU IIUIIOB, KOTUIeCTBO, KaueCTBO
4 PaBHOMEPHOCTb HaHeCeHHd Kied, JaBjlleHHe U IIPOJOIKUTENbHOCTb IIPeCCOBAHUA IIpHU
CKJIeMBaHWY, BpeMs BBIJEPKKU CKIEeHHBIX JaMesell. BeieacTBre BapuabeabHOCTH B TapaMeTpax
MaKpOCTPOEHUS JpPEBECUHBbl, HaJU4YMsI IIOPOKOB, a TaKXKe TEeXHOJOTNYeCKUX OCOOEHHOCTEeH
npousBoAcTBa ofHUX U Tex ke JKK Ha pasiWYHBIX IPOMU3BOJACTBEHHBIX IIJIOIIAaZKaX KadeCTBO
KJIeeBBIX 3y0O4YaThIX COeAWHEHUH NpK IPOYMX PaBHBIX YCIOBHAX MOXeT OTJINYaThCA. lleibio
HACTOSILIETO KCCJIEJOBAaHUS SIBUJIOCh YCTAaHOBJIEHME BIMSHMSA Ha KadyeCTBO KJIEEeBBIX 3y04YaThIX
CcoeJMHEHN! PAaBHOMEPHOCTH HaHeCeHNs Kies IIPY CPAIMBAHUHU 3aTOTOBOK M HAJIWYUS IIOPOKOB, B
YaCTHOCTHU — CY4KOB.

OKCIIEPUMEHTAJIBHAA YACTD

B xoJe sKCIepUMEHTaJbHBIX KCCIEAOBAHUM B JIAOOPATOPHUU CONPOTUBJIEHUS MaTepHalIoB
KocTpoMCKOro rocyZapCTBEHHOTO VHUBEPCHUTETA ITPOBEJEHBI MCCIEeLOBAaHUSA KadecTBa 3y09aToro
KJIEEBOI'O COeJVHEHUs IIPU CTATUYeCKOM u3rube. OOpPasibl [y MCIBITAHUN ObUIM BBIIMJIEHBI B
KocTpoMckoii obiacTu U3 JaMeJel, NOATOTOBIEHHBIX AJS CKJIEUBAHUS IO IJIACTU C 3y0YaTBIM
KJIeeBBIM COE€JUHEHMNEM IIoCepeZiiHe AJUHBL. X XapaKTepuCTUKU: pasMep — 45x195x1000 MM,
IIOpOZia JPEeBEeCUHBl — COCHA, BAAXHOCTH — (10.0+2.0)%, anmua muma — 20 MM. [I1s CKJIeMBaHUS
KCIIOJB30BAJICS MeJTaMUHO-MOYeBUHOMOPMaTIbJEIUIHbIN K€l IIpu HOpMe pacxoza 240 r-Mm?
(AByCTOpPOHHee HaHeCeHHe); KOJIMYeCTBO 00pasIioB s UCIIBITAHUH — 15 T, VICIBITaHUS ITPOBOJUIN
B coorBeTcTBUU C TpeboBaHusaMU I'OCT 33120-2014 «KOHCTPYKUMYU JepeBIHHbIE KIeeHble. MeTo/ bl
ompeJiesIeHUs MPOYHOCTU KieeBbix coeguHeHmil (EN 302-1:2013, NEQ)» peann3oBaHbl Ha MalllHE
AmslerZBD 30, koTopas Obl1a IPOBEPEHA C TIOMOIIbI0 06PA3I[0BOr0 AUHAMOMeTpa cucTeMbl Tokaps,
9YTO 06ecIIeyrBaeT TOYHOCTh U3MEPEHUI.

VictipiTaHUS IPOBOJAUIIM II0 CXeMe, YKa3aHHOH Ha pHucC. 1, ¢ IpUIOKeHWeM Harpy3K{ B TPeTIX
IpoJjeTa Ha I1acThb. IIpruMeHeHMe TaKOM cxeMbl HaI'py)KeHUs IT03BOJIUJIO CO3/aTh B pacueTHOU 30He
aedopMaIuio YMCTOTo U3ruda.

P/2 P/2

[

s
£ 3 (/3

[ 15h

Puc. 1. CxeMa UCIIBITaHUS 3y0UaTHIX KJI€EBBIX COEAMHEHNH IIpY U3rube:

1 - Harpy’karolire HOXHY, 2 — obpasell, 3 - [UJINHAPUIECKUH HIapHUD, 4 — ortopa
Fig. 1. Scheme of finger joint at bending: 1- loading blades, 2 - sample, 3 - cylindrical joint, 4 - bearing
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OO6paser] Harpy:xajay paBHOMEPHO C ITOCTOSIHHOL CKOPOCTHIO, IIPU KOTOPOLi 06pasels paspyiaics
gepes 3-5 MUH I10CJIe TPUIOKEHUS HarPYKEeHUS.
3HaveHUe pa3pylIalollero HalIpsHKEeHMs B 3y64aTOM KIeeBOM COeJUHEHUY ONpeesIsain:

_ Pl
6_bh2)

rge P - paspymaromas Harpyska, H; | - BesmumHa IpoJieTa HCIBITYyeMOro obpasua, [ = 600 mMM;
b - mupuHa obpasia, MM; h — ToaIHA 00pasIia, MM.

ITocre perucTpanuy 3HAYEHUH paspylLIaolieldl HATPy3KH IIPOBOJWJICS BHU3YAJIBHBIM OCMOTP
00pasIos.

PE3YJIBTATBI 1 UX OBCYXXJIEHUE

IIpu ucnbiTaHUAX 15 06Pa3LOB OBLIM ITOJy4eHbI pe3yJabTaThl (Tabi. 1), U3 KOTOPHIX BUAHO, YTO
MUHHMAaJIbHOE 3HAUeHe HallpsHKeHNUs [IPY CTaTUIeCKOM U3rube cocrasuio 10.6 MITa, a MaKCMaIbHOE
3HaueHre - 22.9 MIla. B Tex ciy4asdx, KOorZa paspylleHUe IIPOMCXOJWJIO II0 LpeBecHHe, 3HaueHMe
paspylIaolero HapsKeHUs B 3y64aToM KIeeBoM COoeANHeHNH Kosiebanroch B fruamnasoHe 17.3-22.9 MIla
IIpn sTOM cCpeZHee 3Ha4YeHMe paspyllalollero HampsskeHua cocrasuiao 19.8 MlIla, cpezanee

KBa/IpaTU4YECKOe OTKJIOHEHUe — 1.77, aucnepcus BRIGOPKY — 3.15; kK0apuiireHT Bapuanuu — 8.9%.

TaGmuua 1. Pe3ynbraTsl J1ab0PAaTOPHBIX HUCIBITAHUIN II0 OIPEAETIEHUI0 IIPOYHOCTH 3y0YaTOro KJIEeBOr0 COeAUHEHUs IIPU
CTaTUYECKOM M3rubde
Table 1. Results of laboratory tests on the finger joint strength at static bending

PasMepsl I10IIepeYHOTo
Paspymaromas MakcumManabHOe
Homep cedeHus obpasra
Harpyska HanpshbKeHHe XapakTep pa3pylleHUs
obpasiia Mupuna TonmuHa
P, H o, MIIa
b, Mmm h, MM
1 45.5 193.0 15250 22.90 IIo gpeBecuHe
2 45.6 194.5 11750 17.43 ITo ppeBecune
3 45.8 195.0 9500 13.94 Hasngue cydka B paboueii 30He
4 45.7 195.0 11750 17.31 ITo apeBecune
5 45.8 194.6 14000 20.58 IIo gpeBecuHe
6 45.7 194.5 9500 14.03 Mauto KJes1, Cy490K B pabodeli 30He
7 45.5 194.4 13500 20.13 ITo apeBecune
8 45.6 195.0 12400 18.35 ITo ppeBecune
9 45.3 194.7 14250 21.40 IIo gpeBecuHe
10 45.3 194.0 12800 19.29 IIo gpeBecuHe
11 45.8 194.3 7200 10.60 Hert kies Ha 1/3 mupuHs! obpasia
12 45.5 194.6 9100 13.55 Mauio kies
13 45.6 193.2 14500 21.66 ITo ppeBecune
14 45.7 194.5 13250 19.57 IIo gpeBecuHe
15 45.2 194.8 12500 18.84 IIo gpeBecuHe

Jumrs  53.3% 00pasioB uMeNTN 3HAYEeHUsS MAaKCHUMAaJbHOIO HaNpshKeHUs [Opu  usrube,
yzaosieTBopsiomye Tpebopanuam I'OCT 20850-2014. IIpu sToMm 20% 06pasiioB COOTBETCTBOBAIU
kiaccy npouHoctu Cl4, 26.6% - xmaccy C16, 6.7 % — kiaccy C18. Haubosiee BEpOSITHOMN MPUINHON
HepaBHOMEPHOTO HAHeCEeHMs Kjes Ha IIWIBl II0 IINpUHe o0pasua SBASeTCS YaCTUYHBIM HM3HOC
rpebGeHKY /1 HaHeCeHUs Kiies.

B kadecTBe 1npuMepa, MLTIOCTPUPYIOIIEr0 3HAYMMOCTh COOMIOZeHUS TpeboBaHUM
HOPMAaTUBHBIX IOKYMEHTOB, Ha pHUC. 2-4 MOKa3aH BHEIIHNI BK/ 06pasIioB [T0CjIe UCTIBITaHu . BuaHo,
YTO HU3KOe 3HaueHUe paspylIaolnero HaNpsKEeHUs MpU u3rube MMeeT MeCTO JJs 06pasiioB, B

Harpy)XeHHOH 30He KOTOPBIX IPUCYTCTBYIOT HEAOIIYCTUMBIE CYYKH (CM. pUC. 2, 06pasibl Ne 3 11 Ne 6).
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B HekoTOpPBIX 00pasliax Kjiel Ha LMLl ObLI HAHECeH HepaBHOMEPHO MM Aa)Ke He HAHOCHJICS Ha
9acTb MINTIOB (pHC. 3, 06pasibl Ne 11 u No 12). [Tpu paBHOMEPHOM HaHECEHUH KJyles Ha IITHUIIBI 110 BCeH

IIMpPHHE 3aTOTOBOK HabJII0/JaeMBI XapaKTep paspyLUIeHus IpeCTaBlIeH Ha pucC. 4.

= .
-
s
%
s — a
Puc. 2. PaspyiieHre Ipy HeJOIIyCTUMOM PaCIIOIOXKEeHU N Puc. 3. PaspylieHre Ipy HEIIOJHOM HaHECEHUHU Kies
CY4KOB B paboueii 30He Ha II0BEPXHOCTD IIUIIOB
Fig. 2. Failure due to unacceptable knots Fig. 3. Failure due to incomplete glue application
in the working area to the finger joints surface

Puc. 4. XapakTepHOe pa3pyllleHue B 30He 3y64aTOro CoeMHEHNs [IPY OTCYTCTBUY Ae(DeKTOB 1 Ka4eCTBEHHOM HaHECEHHH KJlest
Fig. 4. Characteristic failure in the location of the finger joints at the absence of defects and proper application of glue

CHIKeHUe IIPOYHOCTH KJIE€EHOH APeBeCHHBI B 30He 3y09aTOro CoeANHEHUS MOXHO OOBICHUTD
HaJIM4reM KOCOCPEe3aHHBIX BOJIOKOH B MecCTaX Hape3KH IIMIIOB, KaK 3TO oTMeuaeTcs B [7]. Jpyroi
IIPUYMHOM fBJISETCS UCKPHBJIEHUE JPEBECHBIX BOJIOKOH BOJM3U CYYKOB, €CJU OHHM JOCTATOYHO
KpPYIIHbIE U PACIIOJIOKEeHbBI BOMIU3Y MecTa Hape3Kuy mumnos [10, 11]. B pe3ynbTaTe yIIMpeHUs TOAUIHBIX
CJI0eB B UCKPUBJIEHHON 30He IOBBIINAETCS BIMTHIBAEMOCTD KJIesd B PAHHIOIO 30HY F'OJAUYHOTO CJI0S U
HabII0/1aeTCsl «TOJIOAHBIM» KJIeeBOM ILIOB - TOHKas KJeBas IMIPOCJIONKa, He obecreduBaiolas
TpebyeMyio aAre3VOHHYI0 IPOYHOCTb B MECTE COeAMHEHHUs. BaXHBIM (DaKTOPOM MAJsg IIPOYHOTO
KJIEEBOTO COeJUHeHUs, II0 MHeHHUI0 ucciaefoBaTenell [12], saBiaserca obecliedeHHe B XOJe
TEXHOJIOTUYEeCKOro mnpoliecca usrorosieHnsa JKK TOHKOro, ofHOPOLHOIO U CILJIOIIHOTO KJIEE€BOI'O
CJI04, B KOTOPOM CBe/leHbl K MUHIMYMY BHyTpPeHHMe HanpsokeHnA. Ecitu kel o ce4eHHIo 3aT0TOBOK
HaHeceH HePaBHOMEPHO, MEXAy HUM M APeBECHHON 00pasyloTcs MyCTOTH UM MHKPOIIOJIOCTH,
yMeHBIIAETCA IUIOMIAAb AaAre3VOHHOTO B3aMMOJEHWCTBHA. OTH YYaCTKU TaKXKe CIy)XaT
KOHIIEHTPAaTOpaMU HaIpsDKEHUH, OCHabJAIOUUX IIPOYHOCTh COEAMHEHUs. YCTAaHOBJIEHO, YTO
TOJIIMHA KJIEEeBOrO CJIO HEe OKasblBaeT CYIIeCTBEHHOrO BIMUSAHUA Ha IIPOYHOCTH KJIEEBOTO
COeJIVHEeHUs J[peBeCUHBl. IIpOYHOCTH KJI€eBOrO COEAVHEHUA IIPEUMYILIECTBEHHO 3aBUCUT OT
IJIOUIaZY KOHTAKTa CBS3YIOIIEro ¢ JPeBeCHHON, IPUPOABL Kilesd U IJyOUHEL ero IPOHUKHOBEHUS B
apeBecuny [7, 10-13]. B 2Toli cBsA3M OCOOEHHO BaXKHO, YTOOBI B YCJIOBUSAX IIPOU3BOJACTBA
KCIIONB30BAJICS KaYeCTBEHHBIN KJEH OIpeZeNeHHON BSI3KOCTH, COOMIOJanuch Tpebyemble
TeXHOJIOTUYeCKUE PeXXUMBI OTKPBITOMN 1 3aKPBITOH BBIEPKKU.
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BBIBO/IbI

KauecTBo 3y04aThIX KI€EBbIX COEAMHEHMIT 3aTOTOBOK IIPY IIPOU3BO/CTBE J€PEBIHHBIX KIEEHbIX
KOHCTPYKLIMI obecmeyuBaeTcs HpU COOMIOJeHUM TpeboBaHUN HOPMAaTUBHO-TEXHUYIECKON
JOKyMEHTAallUU K IapaMeTpaMm KJjes, PaBHOMEPHOCTH €ro HaHeCeHWUs Ha ILIMNbl U OTCYTCTBUU
KPYIIHBIX CYYKOB BOJIM3U IIMIIOBOTO COEAVHEHMA. B 3TOM ciIydae MPOYHOCTDb HpU usrube jamene,
CPOILeHHBIX Ha 3ybuaThIii mu, 6yzeT Beiile 18 MIla, uTo oTBedaeT TpeboBanusaM ['OCT 20850-2014.

Jna obecriedeHuss PaBHOMEPHOCTY HaHECEHWsS Kjes B MecTaX 3yD4aTOTO COeAMHEHUs
HeobOXOZMMO CBOEBPEMEHHO 3aMeHATh IpebeHKU, Jalle MPOBOAUTH KOHTPOJIbHEIE MEPOIIPUATUSI B
XO0Jile TEXHOJIOTMYECKOro IIpollecca. IIpyM MOATroTOBKE 3aroTOBOK K CKJAEHMBAHUIO Ha OIlepaluu
BbIpe3Ku Je(deKTHBIX MeCT BaXHO cobmiozaTh TpeboBaHus T'OCT 19414-90 u He [JOMyCKAaTh
IIPUCYTCTBUE CYYKOB JUaMeTpPOM OoJiee 5 MM B MeCTe Hape3KU LINUIIOB.
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YMHbIE KOMNO3WUTbl B CTPOUTENbCTBE

SMART COMPOSITE IN CONSTRUCTION

Hmumayuonnoe M0oOeAuposanue CMpOUmMenvHovlX KOHCMPYKYUll npedcmasneno Kak MOUSHbLI
UHCTMPYMEH NO08blIUeHUS IPPeKMUBHOCTIU 1 KA1eCTN8A NPOYeCCo8, C83AHHBLX C NPOEKMUPOBAHUEM,
CMpOUmMensCmeom U IKCnAyamayuell CmMpoumenvhulx 00Bekmos. PaccmompeHs.  pa3autHble
npozpammuule Npodykmoul 0458 UMUMALUOHHO20 MOOeAUPOBAHUSL CMPOUMEAbHbIX KOHCMPYKYUL, Ux
B03MOMHOCTIU U NPUMEHEHUE 8 PA3AUHHLIX TpoeKmax no ecemy mupy. IIpoeeden cpagrumenvHblil
AHAAU3 OMeYeCmBeHHbLX U 3apYOexcHbLX MeXHOA02UL UHGOPMAYUOHHO20 MOOEAUPOBAHUS HUSHEHHO20
yukaa 06BeKmoe CmpoumensCmed, 8blaeAeHbl UX npeumyujecmsa u Hedocmamxku. IIpugedensl npumepbel
YCNEWHOU  pea/u3ayull  WUPOKO  PACNPOCMPAHEHHbIX U  NPUMEHAEMbX  UHPOPMAYUOHHBLX
uHcmpymenmos 8 Poccuu u 3a pybexcom. Jana oyenka Aanaiusa 603MOHCHOCTIU adanmayu 3apybencHulx
UHCMPYMeHRMApUli-MexHOA02ULl K OmeyecmeeHHblM Ycaosuam. IIpu evlbope uncmpymenmapus 04s
pelwenus 3aday 8 dannoil 061acmu HeodbXo0UMO yHUmul8ams QYHKYUOHAA U 803MONCHOCTIL NPOZPAMM,

a maksce ux Cmoumocmeo.

KnioyeBble CJIOBAa: CTPOHWTENIbHBIE KOHCTPYKIUH, HH(OPMAIOHHOE MOJeINPOBaHNUE,

TEeXHOJIOTUN-MHCTPYMEHTAPUU, BIM-CI/ICTeMI:I, JKH3HEHHbBIN IOTUKJI 00BEKTOB CTPOUTEJIBCTBA
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YMHbIE KOMNO3WUTbl B CTPOUTENbCTBE

SMART COMPOSITE IN CONSTRUCTION

The paper dwells on construction simulation as a powerful tool to improve the efficiency and quality of
design, construction, and operation of building structures. Also the paper considers different features of
software products global application experience for simulation modeling of building structures. We conduct
the comparative analysis of domestic and foreign technologies for information modeling of the construction
objects life cycle, and assess their advantages and disadvantages. Also we provide examples of the most
widespread and applicable software tools successful implementation in Russia and abroad. The paper also
provides the analysis of foreign tool-technologies adaptations to domestic fields. Therefore, while selecting a
tool for this particular issue, the functionality and capability of the software, as well as its cost, should be

considered.

Keywords: building structures, information modelling, tools technologies, BIM systems, lifecycle of

construction objects
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BBEJJEHUE

CTpPOUTENBCTBO ABISIETCS BAXKHOU OTPACibl0 5KOHOMUKY, KOTOpas HallpaBieHa Ha CO3ZaHue
00BEKTOB, HEOOXOAMMBIX [Js JKU3HU U PpaboThl Jiozeii. OAHAKO IIPOIECCH], CBS3aHHBIE C
IIPOEKTHPOBAHUEM, CTPOUTENBCTBOM M IKCILIyaTalyell OOBEKTOB, TpPeOyIOT IIOCTOSHHOTO
roBeinieHUsT 3b(deKTUBHOCTH U KadecTBa. OCHOBOM JI00OOTO COOpYKEHUS (3AaHUA, MOCTa WIU
JaMOBI) SBISAIOTCS CTPOUTENbHbE KOHCTPYKUUM. IIpy IIPOEKTHUPOBAHUM U CTPOUTENBCTBE
KOHCTPYKIMH HeoOXOJUMO YYUTBIBATH MHOMECTBO (PaKTOPOB, TAaKUX KaK HArpy3Ky, BHOpanmu,
TeMIlepaTypHble U3MeHeHUs U JpyTrre BO3AeNCTBUI, KOTOPble MOT'YT IIOBJIHATE Ha UX IPOYHOCTD U
HaJIeXXKHOCTH [1, 2].

VHCTpyMeHTapyi MMHUTAIMOHHOI'O MOJEJIHNPOBAHUS CTPOUTEIbHBIX KOHCTPYKIIMY ITO3BOJISET
IIPOBOJUTH WX pacyeThl Ha MIPOYHOCTh M HAZEXKHOCTb IIPU Pa3JIMYHBIX YCIOBUSIX SKCILIyaTallUH,
ONTUMU3UPOBATh IIPOIECCHl CTPOUTENbCTBA U IKCILIyaTal[i OOBEKTOB, IOBBICUTH UX
3bPeKTUBHOCTD U 6€30I1aCHOCTBD, a TAKXKE CHU3UTD PUCKU U 3aTPATHL.

VIMUTAlIIOHHOE MOJeIMPOBaHNe CTPOUTEIbHBIX KOHCTPYKIINE IIpe/icTaBiasieT cobo mpoiiecc
CO3ZIaHMs BUPTYAJIbHOHM MO 34aHUS WIN COOPYKeHHUsI, KOTOPBIH IT03BOJISIET IIPOBOJUTD aHATIN3
U ONTHMH3AIUIO IIpollecca CTPOUTENbCTBA. I 3TOr0 MCIIONB3YIOT CIELMATU3NPOBAHHBIE
[IpOTpaMMHbIe IPOAYKTHI, HA OCHOBE KOTOPHIX co3AaioT 3D-Moeu, obierdaioiiye MoeaupoBaHme
B cpepe CTPOUTENBCTBA PA3JIUYHBIX CHCTEM — OTOILJIEHMS, BEHTHIAIUM M KOHAMIMOHMPOBAHUS
BO3/IyXa, a TAK)KEe 3JIEKTPOCHAOKEHU U CBA3M [3-5].

Posib MHCTPyMeHTapus B MMHTAIIMIOHHOM MOJEJIVPOBAHUM 3aKJII0YaeTcs B TOM, 4TO 0Oe3
CIIeIIUATBHBIX IIPOrPaMM U UHCTPYMEHTOB CO3JaHHe UM aHalIu3 KOMIIBIOTEPHBIX MoJeel
CTAaHOBUTCSA HEBO3MOXXHBIM. CyllleCTByeT MHOXeCTBO IporpaMM U ussecTHol BIM / THM-
TEXHOJIOTMH HMHQOPMAIIMOHHOIO MOJEJIMPOBAHUS JKM3HEHHOIO IMKJIAa OOBEKTOB CTPOUTENbCTBA
(’KI10C), corrpoBoXXAaIoIIrie KOMILIEKCHBIN aHaMN3 TPOYHOCTH, TEIJIOTEXHUIECKYe PACIeTHl, IIONCK
OTNITUMAJIbHBIX TEXHOJIOTUIECKUX PEIIeHUH, yIIpaBIeHre OI0/3KeTOM ITpoeKTa [6].

[IpuBeeM THUIIOBBIe IIPUMEPBI  HCIIOJAb30BAHUS UHCTPYMEHTApUs HMUTAIOHHOIO
MO/JeIIPOBaHYsI, OTHOCSIKECS K BO3BEJEHUIO CTPOUTEIBHBIX KOHCTPYKIIHI:

1. OnrTrMu3anys Iporecca CTpouTenbecTBa. HampumMep, mpyu MoZeInpoBaHU M KOHCTPYKTHUBHBIX
9JIeMEHTOB MHOTO3TA)XXHOTI'O 3JaHUS MOXKHO BBIOPATh IOAXOZSANIYIO IIOCJIEJOBATEIBHOCTb PaboT,
4TOOBI MUHUMU3UPOBATD BPEMS U 3aTPAThl Ha CTPOUTEIHCTBO.

2. Onenka 3G(PeKTUBHOCTH U PUCKOB. IMUTAIIOHHOE MOJEINPOBAHUE II03BOJISIET OLIEHUTD
3b(EeKTUBHOCTb CTPOUTEIBCTBA 3JAHUI NN COOPYKEHUS, a TAKXKE OIIPEJEeIUTh BO3MOXKHbIE PUCKU
U npobyieMbl, KOTOpPble MOTYT BO3HUKHYTH B IIPOLleCCe BO3BEJEHUST CTPOUTENbHBIX KOHCTPYKLIMH.
Hanpumep, npy MoZeINPOBaHUY CTPOUTEIBCTBA MOCTA MOXKHO OIIPEJEeIUTbh, KaKre GaKTOPBI MOTYT
MOBJIUATH HAa IIPOYHOCTD U 6€30IaCHOCTh KOHCTPYKIIUH, IIPOBECTU aHAIN3 PUCKOB.

3. Pa3spaboTka IIPOEKTHOM JOKyMeHTaUM{. MMUTAIIOHHOE MOJEIVPOBaHUE I103BOJISIET
CO37aBaTh TOUHYIO U [IETAJBHYIO IPOEKTHYIO JOKYMEHTAIMIO, KOTOpas YIUThIBAET OCOBEHHOCTU U
TpeboBaHUs obObekTa. HampuMmep, IpyM MOJAEJUPOBAHUU CTPOUTENBCTBA OOJBHUILIBI MOXKHO
paspaboTaTh ZeTaabHbIN IIJIaH IIOMeIleHNH, YIUThIBas TpeOOBaHUS K YCTAaHOBKe 000pyJOBaHUS, a
TaKXKe CHUCTeMaM BeHTUIALNU U KOHAUIIMOHNPOBAHUS BO3/yXa, 3I€KTPOCHAOKEHUS U T./,.

4. ObyuyeHMe U TpPEeHUPOBKA CIEIUAJNCTOB. MIMUTAIIMOHHOE MOJeJUpPOBaHUE I103BOJISIET
MPOBOAUTH OOyueHUe U TPEHUPOBKY CIIELMATHCTOB, KOTOpPble OyAyT 3aHUMATHCS BO3BeJEeHUEM
CTPOUTENbHBIX KOHCTPYKIIVH 3JaHUS UJIH COOPYKEHUS.

5. IIpoBezeHNE 9KCIIEPUMEHTOB U UCCIeI0BaHNH. IMUTAIIMOHHOE MO POBaHYIE [TI03BOJIIET
IPOBOJUTH SKCIEPHMEHTH U HCCJIEJOBaHUS, KOTOpble IIOMOralT pas3pabaThiBaTh HOBBIE
TEXHOJIOTUU U MeTOJbl CTPOUTENbCTBA, a TaKXe YJIydIIaThb CylmecTBylomue. Hampumep, mnpu
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MOJIeIIPOBAaHUY CTPOUTEJNbCTBA BBICOTHOTO 3JAaHHUA MOXHO IIPOBECTH 3KCIIEPUMEHTEl C
PasIUYHBIMU MaTepuaJaMM M KOHCTPYKLUMSAMM, 4YTOOBI BBIJEIUTH Haubojee IIPOYHBIE U
3(pdeKTHBHBIE BApHAHTHI.

IIpuMeHeHNe UMUTAIIMOHHOIO MOZEJINPOBAHMS IIPU BO3BeJ€HUU CTPOUTETbHBIX KOHCTPYKIIUH
MOXXHO paccCMaTpPHBATh B TPEX HAIIPABJIEHUAX:

1. OueHKa NPOYHOCTH U HAZIEKHOCTU KOHCTPYKUIMH. C IIOMOIIBIO CIIEI[HaJIbHBIX IPOTPAMMHBIX
IPOJYKTOB MOXKHO C03/1aBaTh 3D-Mo/iein 06beKTOB, IPOBOAUTD AHATN3 X IIPOYHOCTH B PA3IUIHBIX
ycaoBuax. Hampumep, nmpu MoZelHMpPOBAHWM CTPOUTENBCTBA MOCTa MOXHO OIIPeZeUThb, KaKHe
(baKTOPHI MOT'YT IIOBJIUSTD Ha €ro IIPOYHOCTD U 6€30I1aCHOCTD, IPOBECTH aHAIN3 PHUCKOB [7].

IIpuMepoM  yCHENIHON peajlw3allid B 3TOM HaNpaBJeHUU SABJISIETCA IporpaMma
«KoHcTpykiusa», paspaboranHas HWHCTUTYTOM MpobyeM 6e30MacHOCTH aTOMHOM 9HEPreTUKU
Poccuiickoil akazeMuu HayK. Takas ImporpaMma II03BOJIIET IPOBOJAUTH PAacYeThl HA MPOYHOCTh U
HaJIeXKHOCTb KOHCTPYKIUH MNP PasJUYHBIX YCIOBHUAX IKCILIyaTalluM, BKJIIO4Yas BO3JEUCTBUE
BHEIIHNX (GaKTOPOB, TAKMUX KaK CelICMUYeCKUe Harpy3KU U TepMHUYEeCKHe BO3AeHCTBHA.

2. OnTUMU3aNUSg IKCIIyaTallid OOBEKTOB Ha 3TalaxX >XM3HEHHOIO IMKIa (0 IepCIeKTHUBax
JAHHOT'O HAIIpaBJIEHU VKe YIIOMHUHAIOCH BBIIIIE).

[lokasaTesJeH OIBIT peaausaluy MpOrpaMMbl, paspaboranHoit B HUU cTpouTenpHON
TexHosoruu (PocToBckas o06s., r. HoBouepkacck). IIporpaMma IIO3BOJIIET ONTHMHU3HPOBATH
IIPOIIECCHl CTPOUTENBCTBA 3AAHWH WM COOPYKEHUH, YIUTBIBAs pa3niudHble (AKTOPBI, TaKHe Kak
JOCTYIIHOCTb MaTEepPHUaIOB, TEXHOJIOI'MY CTPOUTENBCTBA, IIOTOLHbIE YCIOBUS U T.J.

3. IIporHo3upoBaHME BO3MOXHBIX aBApPUNHBIX CUTyauuid. MoJeJupoBaHUe aBapUITHbIX
CUTYyaIlUH B IIPOIleCCe CTPOUTEIBCTBA U SKCILIyaTallui 00bEKTOB [TIOMOTaeT pa3paboTaTh Mephl II0
WX TIpejoTBpamleHuo. Hampumep, Nnpu BO3BeJIeHMU BBICOTHOTO 3JaHHUS MOXXHO IIPOBECTHU
9KCIIEPUMEHTHl C PAasINYHBIMU MaTepUajJaMU U CTPOUTENbHBIMU KOHCTPYKLUSIMU, UYTOOBI
oIIpezieUTh HambosIee MpouHble U 3(pdeKTUBHEIE BADUAHTHI U IIPEAOTBPATUTh BO3MOXKHBIE aBapUU.

[IporpamMMa «ABapUHHBIM aHaIu3», IHpeAloXeHHas B HMHCTUTyTe npobieM 0e30macHOCTU
aTOMHOU 2HepreTHKM POCCHICKON akKaJeMH! HayK, II03BOJSET IIPOTrHO3MPOBATb BO3MOMKHBIE
aBapHUiiHBle CHUTyalluM B IIPOIjecCe 3KCIUIyaTallud OOBEKTOB, IIPOBOJUTH aHAIU3 WX IPUYUH U
paspabaTeIBaTh MePHI 110 IIPeOTBPaLeHUIO ITOZO00HBIX CUTYAIWH B OyAyIeM.

9TO JMIb OTZAesNbHBIE IIPUMEPH], KOTOPBIE VCIIENIHO IIPUMEHAITCS B Pa3JIUYHBIX
OTEYeCTBEHHBIX IIPOEKTaX CTPOUTENBCTBA U SKCIUIyaTallud OOBEKTOB (B TOM YHCJE — ATOMHBIX
3JIeKTPOCTAHIIMI, MOCTOB, BEICOTHBIX 3JaHUU U APYTUX COOPYKEHUHN). OTINYIUSI 0T€YECTBEHHOIO U
3apyOeXHOT0  HHCTPYMeHTapusi MOJEIHNPOBAHUS CTPOUTENbHBIX KOHCTPYKLMIN  3JaHU
3aKJII0YAl0TCI B (YHKIMOHATBHBIX BO3MOXKHOCTAX IIpOrpaMM M UX aJalTUPOBAHHOCTH K
POCCUHMCKOMY PBIHKY CTPOUTENbCTBA [8].

Ilenp HacToslnel paboTBl - CPaBHUTENBHBIH aHajJU3 IIPOTPAMMHBIX IIPOAYKTOB s
OCYIeCTBJIEHUS MMUTAIIOHHOTO MOZEJIVPOBAHUS CTPOUTENBHBIX KOHCTPYKIIUH, BBIIBIEHUE HX
CHJIBHBIX U CJa0bIX CTOPOH UM BBHIOOP IIOAXOAAINMX TEXHUYECKUH pelleHUi B cdepe >KU3HEHHOTO
IIUKJIa 00BEKTOB CTPOUTEIbCTBA.

AHAJIN3 OTEYECTBEHHBIX 1 3APYEEXHBIX CUCTEM 1 CPEJCTB
NMHUTALIMOHHOI'O MOJAEJINPOBAHMA B CTPOUTEJ/ILCTBE

B Poccun BIM / TUM JXKIIOC akTuBHO pasBuBaiorTcs ¢ 2010-x rozoB. PacmpocTpaHeHHBIE
oTedecTBeHHBIe BIM-CHCTEMBI AJII MOAETUPOBAHUS CTPOUTENbHEIX KOHCTPYKIMY (pHC. 1) OmMCaHbI

HUXe.
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BIM-TEXHOJIOI'HH HMHTALOHOHHOI'O MOJIEJIHPOBAHHUSA CTPOUTEJIbHBIX

KOHCTPYKIHH
OneHKa NPOYHOCTH N CUDBSIS Dptirae IIpornosupoBasne
CTPONTETLCTRA M YKCILIYATALND
HAIEKHOCTI KONCTPY K1 e e T ABAPHITHBIX CHTY AL
IHK. 1A
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Puc. 1. THbOpMaIMOHHbIE TEXHOJIOTUY NMUTALIIOHHOTO MO/IEINPOBAHNUS CTPOUTEIbHBIX KOHCTPYKIIUE
Fig. 1. Information technology simulation modeling of building structures

Renga! - poccuiickas BIM-cucrtema, paspaborannas xommauueii ASCON. OHa I03BOJIAET
CO37aBaTh TPeXMepHBIE MOJeJU OOBEKTOB, IPOBOAUTDH aHATH3 IMPOYHOCTU U TEIIOTEXHUYECKUE
pacueTnl. Renga ucnoib3yeTcs B apXUTEKTYPHOM IIPOEKTHUPOBAHUM 3AAaHUH, NPOMBIIIIEHHBIX
06BEKTOB U COIIyTCTBYIOIIeH NHPPACTPYKTYPBHI.

JIUPA CAIIP? - KOMIIJIEKC IpPOTpaMM /s IPOEKTHUPOBaHUSI M pacueTa KOHCTPYKIIWH,
BKJIIOYAIOMIMK B cebs MOZYIH JJI CO3JAaHHUS TPEXMEpPHBIX MOJeJel, aHajJu3a INPOYHOCTH U
YCTOHYMBOCTY KOHCTPYKIIUH, pacdeTa AedbopMarnyii 1 HapsyKeHUH.

CKAZI-O®UC® - KOMILIEKC NIPOTPAMMHBIX CPEJCTB AJS IIPOEKTUPOBAHUS U VIIpPaBIeHUS
CTPOUTENbCTBOM, BKJIIOYAIOMMUNE B cebid MOAYIM JJs CO3L4aHUS TPeXMEepHBIX MoJeeH,
IJIAHVPOBAHUS TEXHOJIOTUH ITPOM3BOCTBEHHBIX ITPOIIECCOB U YIIPaBIeHUs OI0/KETOM IIPOEKTA.

ApxuKaz* - mnporpaMma /s IIPOEKTUPOBAaHMS 3JaHUY, KOTopas II03BOJSAET CO3JaBaTh
3D-Mozieny OOBEKTOB, NMPOBOAUTH PacyeThl Ha IIPOYHOCTb KOHCTPYKIUH M OITHMU3HPOBATH
IIPOLECCHl CTPOUTENIbCTBA.

TexnoHMKOJIb® - mporpaMma /s IPOEKTUPOBAaHUS KPOBEJbHBIX U THUJPOM30JISAIMOHHBIX
CHCTeM, KOTOpasl II03BOJIIET co3AaBaTh 3D-Mozieny 06BEeKTOB, IIPOBOJUTD PacueThl Ha IIPOYHOCTH
KOHCTPYKIMH U OITUMU3UPOBATD IIPOIECCHI CTPOUTENbCTBA.

! Renga. URL: https://rengabim.com/

2 IUPA CAIIP. URL: https://www.lirasapr.com/

3 CKAZ-O®UC. URL: https://scadsoft.com/

* ApxuKazg. URL: https://graphisoft.com/ru/solutions/archicad

® TexHoHuKkosb. URL: https://nav.tn.ru/systems/ploskaya-krysha/tn-krovlya-praktik/
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Crpoiika-Ilpodpu® - mporpamma Jias IPOEKTUPOBAHUS 3ZAHUH U COOPYKEHHUU, KOoTopas
II03BOJIIET CcO3JaBaTh 3D-Mozenu 0OBEKTOB, MIPOBOJUTH PAacUyeThl Ha IIPOYHOCTb KOHCTPYKLUU U
ONITHMM3UPOBATh IIPOLECCH CTPOUTENbCTBA.

CanpoH’ - mporpamMma JAJs IPOeKTUPOBAHUS 3ZAHUU U COOPY)XEHUIH, KOTOpas II03BOJISIET
cos3gaBath 3D-Mozenu OOBEKTOB, IPOBOAUTH pacueThl Ha MPOYHOCTb KOHCTPYKIUM U
ONITHMM3UPOBATh IIPOLECCH] CTPOUTENbCTBA.

B Poccuiickoii Pezepanuy W3BeCTHB IIPUMEPHI YCIENIHON peajn3anuy apXUTEeKTYPHO-
IIPOEKTHBIX pellleHNH ¢ ucnoab3oBaHueM oTedecTBeHHBIX TIM JKIJOC:

- CTPOUTENBCTBO KOMILIEKca «JlefoBBIM ABOper» B OMCKe; mcrojb3oBaHa BIM-cucrtema c
WHCTPYMEeHTOM peanusanmyu Renga aAnsd co3faHUS TpPeXMEpPHOH MOJeNH O0BeKTa, a Takxe
[IPOBeJIeHUS aHAIN3a IIPOYHOCTY KOHCTPYKLIM;

- PeKOHCTPYKIUs 37aHus MuHucTepcTBa 060poHbl PO B MockBe; ncnosip3oBaHa BIM-cucrema,
peanusoBaHHas B nporpamMMme «JIMPA CAIIP» g co3maHusS TpPeXMEpPHOU MoJenu 3JaHUS U
[IPOBeJIeHUS aHAIN3a IIPOYHOCTY KOHCTPYKLINY;

— CTPOMTEJIbCTBO XUIoro koMiiekca «Hosoe Tymnuo» B MockBe; ucrionb3oBaHa BIM-cucreMma,
nporpaMMHBIE HHCTpyMeHT CKJIAZI-OOVIC psns co3jaHUS TPeXMEpPHOH MOJenu O00BeKTa,
IJIAaHUPOBAHUS ITPOUSBOCTBEHHBIX ITPOLIECCOB U YIIPAaBIeHUA OI0KETOM IIPOEKTa.

3apybexubie BIM / TUM JKITOC ABASIOTCS BEAYIIMMU B MUpPE U aKTUBHO pa3BUBaioTcs ¢ 2000-x
rogoB. OHU IIpeACTaBIeHH cieayoiumu BIM-cuctemamu (cM. puc. 1.):

Autodesk Revit® - amepukaHnckas BIM-cucTteMa, KOTOpas MO3BOJISIET CO3JaBaTh TPEXMeEpPHBIE
MOJien 00BEKTOB, IPOBOJUTH aHATN3 IPOYHOCTHU U TEIIOTEXHUYECKUE PacyeThl, MOJEJUPOBAThH
CHCTeMBl OTOIJIEHUs, BEHTUIANUU M KOHAWIMOHMPOBAHUS BO3JyXa, a TakKXe IIJIAHMPOBATH
TEXHOJIOTUIO TPOU3BO/ACTBEHHBIX IIPOIIECCOB U YIIPABIITD OI0KETOM IIPOEKTa;

Bentley Systems® - amepukaHCKas KOMIIaHUs, KOTOpas mpefocrasiseT BIM-cucTeMsl s
Pa3IMYHBIX OTpacjel, BKJIIOUAS CTPOUTENbCTBO, MHDPACTPYKTYPY, SHepreTuky u Ap. OpHOU us
Haubosee momyasipHbix BIM-cuctem ot Bentley Systems sBaserca AECOsim Building Designer.
Bentley Microstation — mporpamMma st IpOeKTUPOBAHUS 3TaHUI U COOPYKEHUH, KOTOpast II03BOJISIET
coszaBaTh 3D-Mofenu OOBEKTOB, INPOBOAUTH PaCUeThl HA IPOYHOCTb KOHCTPYKIIUI, a TarKe
MOJIeTNPOBATH CUCTEMBI 3JIEKTPOCHA0XKEHUS U CBSI3Y;

ArchiCAD' - BIM-cucteMa, paspaboTaHHas BeHIepcKoil kommnanuel Graphisoft. OHa mo3BosseT
Co3AaBaTh TpPeXMepHble MOJeaN OOBEKTOB, a TakkKe IPOBOAUTH aHATU3 IIPOYHOCTU U
TeIJIOTEXHUYeCKIe pacyeThl;

Tekla Structures!! - BIM-cucTteMma, paspaboranHas dpunckoii komnanueit Tekla Corporation. OHa
CIlenyaau3upyeTCs Ha IIPOEKTUPOBAHUM M pacueTe KOHCTPYKUMI U3 cTaiu U 6eToHa. ITo3BossgeT
co3gaBaTh 3D-mMozenu OOBEKTOB, MPOBOAUTH pacyeThl Ha MIPOYHOCTb KOHCTPYKIUH U

OIITUMUIVPOBATH ITPOIECCHI CTPOUTEJIBCTBA,

¢ Crpotika-IIpodu. URL: https://metallprofil.ru/shop/informatsiya/press-tsentr/stati/luchshie-
programmy-dlya-proektirovaniya-domov/

7 CamrpoH. URL: https://www.ivd.ru/dizajn-i-dekor/zagorodnyj-dom/10-lucsih-besplatnyh-programm-
dla-proektirovania-domov-27181

8 Autodesk Revit. URL: https://www.autodesk.com/products/revit/overview

° Bentley Systems. URL: https://www.bentley.com/

1 ArchiCAD. URL: https://www.graphisoft.com/archicad/

11 Tekla Structures. URL: https://www.tekla.com/products/tekla-structures
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SketchUp* - mporpamMma /i1 IPOEKTUPOBAHUA 3JaHUN M COOPYKEHUH, KOTOpas [103BOJSIET
cos3gaBath 3D-Mozenu OOBEKTOB, IPOBOAUTH pacueThl Ha MPOYHOCTb KOHCTPYKIUM U
OIITMMU3HPOBATH IIPOIECCH CTPOUTENbCTBA;

SAP2000® - mporpamma kommanuu CSI (Computers and Structures, Inc.), KoTopas
IpeJHa3HadyeHa /I aHaJIU3a U IIPOEKTUPOBAHUSI KOHCTPYKIMH pasJUdHbIX THUIIOB. OHA I103BOJIIET
MOZIeTMPOBATh KOHCTPYKIIUU U3 PasindYHbIX MaTepuajoB — OeToHa, cTanu, AepeBa u Ap. SAP2000
TaKXKe VYUTHIBAET pAa3jUYHBIe BO3/JEHCTBUS, TaKWe KaK BeTep, CeHCMUYeCKHe HarpysKy,
TeMIlepaTypHble U3MeHeHUs U Jpyrue. IIporpaMma MMeeT HIUPOKUM CHEKTP (PYHKUIME, BKIIOYAs
aBTOMAaTHYEeCKOe CO3ZaHue MoJesIel, aHaJIN3 ¥ ONITUMU3ALMI0 KOHCTPYKIINEH, a TAK)Xe BO3MOXXHOCTD
MIPOBOAUTH JUHAMUYECKUE PACUETHI;

ANSYS™ - mporpamma komnanuu ANSYS, Inc., KoTopas IpefHasHadeHa JJs IIPOBeJEeHUS
KOMILJIEKCHBIX PACUeTOB U aHATN3a KOHCTPYKIMY Pa3INYHbIX TUIIOB. OHA IT03BOJISET MOZEIHUPOBATH
KOHCTPYKIIMU U3 PA3INYHBIX MATEPUAJIOB, a TAKKE YIUTHIBATh Pa3JMUHble BO3AEHCTBUS, TaKHe KaK
BeTep, celicMUYecKre HArPy3KU, TeMIepaTypHble u3MeHeHUsI u Apyrue. ANSYS uMeeT mIUpoOKUil
crieKTp GYHKIIUI, BKJIIOYas BO3MOXXHOCTb IIPOBOJUTH CTATHYECKVe U AWHAMHYECKHE PacueThl,
aHanu3 paKTOPOB 6€30MACHOCTH ¥ OIITUMU3AIMIO KOHCTPYKIIUH;

Abaqus® - nporpamma kommnanuu Dassault Systémes, koTopas IpesHa3HadeHa 1 IPOBeAeHUS
KOMILJIEKCHBIX PACUeTOB U aHATN3a KOHCTPYKLIMY Pa3INYHbIX TUIIOB. OHA IT03BOJISIET MOZEIHNPOBATH
KOHCTPYKIIMU U3 PA3IUYHBIX MATEPUAJIOB, a TAKXKE YIUTHIBATh Pa3JUUHble BO3AEHCTBUI, TAKHE KaK
BeTep, celicMUYecKHe Harpysky, TeMIepaTypHble N3MeHeHUs U Apyrue. Abaqus uMeeT MHUPOKUH
crieKTp GYHKIIUH, BKJIIOYas BO3MOXXHOCTb IIPOBOJUTH CTATHYECKVe U AWHAMHYECKHE PacueThl,
aHanu3 GaKkTOpPOB 6€30MMACHOCTH ¥ OIITUMU3AIINIO KOHCTPYKIIUH;

LS-DYNA' - mporpamma kommnaHuu Livermore Software Technology Corporation, xotopas
IpesHa3HadYeHa /IS IIPOBEJEHUs JUHAMUYECKUX PAcuyeTOB U aHAMN3a KOHCTPYKIUIN PasJIHYHBIX
TunoB. OHa IT03BOJISIET MOZEIUPOBATh KOHCTPYKIIUY U3 PA3JIUUYHBIX MaTEPUAJIOB, a TAK)Ke YUUTHIBATD
pasInYHbIe BO3JEHCTBUSA, TaKMe KaK B3PBIBBI, yAaphl U Apyrue AUHaMU4YecKrue Harpysku. LS-DYNA
UMeeT IINPOKWH CreKTp (QYHKIMI, BKJIIOYAsI BO3MOXHOCTbD IIPOBOJUTH CTATUYECKHE U
JUHAMMIYeCKe pacyeThl, aHaIN3 GaKTOPOB 6e30IMaCHOCTH ¥ OIITUMU3AIINIO KOHCTPYKIIUH;

ETABSY - nporpamma komnauuu CSI (Computers and Structures, Inc.), KoTopas npeHasHadyeHa
JJIs1 aHaJIN3a U IPOEKTUPOBAHUS 3ZJaHUH U coopy:KeHNH. OHa IM03BOJIIET MOJETHUPOBATD 3JaHUS U3
Pa3IMYHbIX MaTepPUaIOB, TAKUX KaK O€TOH, CTajb, ZepeBo u Apyrue. ETABS yuuTsiBaeT pasiudHbie
BO3JIeHICTBUS, TaKMe KaK BeTep, CeliCMUYeCKUe HarpysKy, TeMIlepaTypHble U3MeHEeHUs U Jpyrue.
IIporpamMMa MMeeT IIMPOKUU CHeKTp (GYHKIIWM, BKIIOYas aBTOMATHYECKOe CO3ZaHUe MoJesel,
aHATVU3 U OINTUMU3AIUIO CTPOUTENBHBIX KOHCTPYKIIMI, a TaKKe BO3MOXHOCTb IIPOBOAUTH
JUHAMUYeCKHe pacyeTsl.

IlepeuniciieHHble MPOTPAMMBI IIPUMEHSIOTCA B Pa3IUYHBIX IIPOEKTaxX o BceMy Mupy. OHuU
TIO3BOJISIIOT IIPOBOAUTH KOMILJIEKCHBIE PACUETHl U aHAIN3 CTPOUTENbHBIX KOHCTPYKIIWH, YIUTHIBAST

MHOeCTBO (aKTOPOB, KOTOPble MOI'YT IIOBJUATDH Ha UX IIPOYHOCTD U HAJl€KHOCTD.

12 SketchUp. URL: https://www.sketchup.com/ru

13 SAP2000. URL: https://steel-concrete.ru/products/csi/sap2000/

14 ANSYS. URL: https://www.ansys.com/

15 Abaqus. URL: https://tesis.com.ru/cae_brands/abaqus/

16 .S-DYNA. URL: https://www.cadfem-cis.ru/products/ansys/structures/Isdyna/
7 ETABS. URL: https://steel-concrete.ru/products/csi/etabs/
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[IpuMepbl YCHEIIHOM peaju3aliiy MPOEKTOB C HCIIONIb30BaHMeM 3apybexxkHbix BIM JKIIOC
ABJIAIOTCA:

1. CTpOUTENIBCTBO MEXAYHAPOLHOIO asporiopra Xaiixs B Kurtae. B mpoekTe mcrnosb3oBastach
BIM-cuctema Autodesk Revit ass cosmaHus TpexMepHOW MoJenu O0beKTa U IJIaHUPOBAHUS
IIPOM3BOJACTBEHHBIX ITPOIECCOB.

2. CrpoutenbctBo Mocta Queensferry Crossing B IlloTiaHauu. B mpoekTe MCIIONb30BaIach
BIM-cuctema Tekla Structures i co3zaHus TpeXMepPHON MOJEIU MOCTAa U NMPOBeJEHUs aHaIN3a
IIPOYHOCTU KOHCTPYKLIMH.

3. CrpouTtennscTBo oducHoro 3ganusa The Edge B Amcrepgame. B mpoekTe HCHOJIb30BaNIaCh
BIM-cucteMa Revit 17151 co3zaHusa TpexMepHOU MoJiesIN 3JaHUS U [IJITaHUPOBAHUS TEXHOJOIMYEeCKUX
IIPOU3BOJACTBEHHBIX ITPOIIECCOB.

OreuecTBeHHbIe U 3apydexHble TUM JKIIOC nMeIoT CBOU IIperMylilecTBa U HeJocTaTKy (TabJ. 1).

Ta6muna 1. IIperMylecTBa U HeJOCTATKY OTeYeCTBEHHBIX U 3aPyOeXHBIX TEXHOIOTUI NHMOPMAIIIOHHOTO MO/JeINPOBAHUSI
JKM3HEHHOT'O LIKJIA 06'BEKTOB CTPOUTEICTBA

Table 1. Advantages and disadvantages of domestic and foreign technologies for information modeling of the construction
objects life cycle

THUM XXII0C IIpeumyiecTsa HezocTaTku
OTeuecTBeHHbIE - pocculicKue CTaHAaPThl 1 HOPMAaTHUBEL, - HeoCcTaTo4HasA (PYHKIMOHAIBHOCTD
y4UTBIBAIOIINE 0COGEHHOCTH OT€UeCTBEHHOM I10 CPaBHEHMIO C 3apyOeXHbBIMU aHAIOTaMU;
CTPOUTENLHOM OTPACIH; - OrpaHHYEHHOE KOJIMIeCTBO MHTEerPallui
- HaJIN4Me PYCCKOSI3BIYHBIX NHTEP(EUCOB 1 ¢ IpyrUMH IPOrpaMMaMU;
TEeXHUYEeCKOH IOAAEPKKY; - He BCET/J]a YYUTBIBAETCS MEXAYHAPOAHBII
- CTOMMOCTD HIDKE, UeM y 3apYOEeXHBIX aHATIOTOB [9] OIIBIT U TPeOOBAHNUS 3aKA3UUKOB
3apybe)xHbIe - 6oJree MIPOKUIL YHKI[MOHAI, - BBICOKAsA CTOMMOCTb 10 CPAaBHEHUIO
4yeM y 0TedeCTBEHHBIX aHAJIOTOB; C 0Te4eCTBEHHBIMU aHAJIOTaMU;
- 6oJIBIIIOE KOMTMYECTBO MHTErPalnii ¢ APYTUMHU - He BCer/ia yIUThIBAaIOT 0COOEHHOCTH
porpamMMamu; 0Te4eCTBEHHOH CTPOUTEIBHOMN OTPACIIH;
- MEeXXZYHAPOJHBIH OIBIT U yieT TpeboBaHMI - He Bcer/ia ZIOCTYIIHBI PYCCKOS3BIYHEIE
3aKa34MKOB HHTepdelCh U TEXHUYeCKas II0ALEPIKKa

B mesioM, [JIs1 yCIEIIHOI afanTaluy 3apyOe’KHbIX TEXHOJOTUN K OT€UYeCTBEHHBIM YCIOBUIM
UHGOPMAIIIOHHOI'O MOJZle T POBaHUSA 00'bEKTOB CTPOUTEIHCTBA HeoO0X0AUMO BECTU
JOTIOTHUTENbHYI0 paboTy IO PasBUTHIO yueTa HAUVOHAJBHBIX CTAaHJAPTOB U IIPABUI

IIPOEKTUPOBAHMUS, a TAKXKE YIUTHIBATD PA3BUTHE OTE€UECTBEHHOU CTPOUTENBHOH oTpacu [8, 9].

PE3VJIBTATHI 1 UX OBCYKIEHUE

VisydyeHHBIEe IPUMePHI YCIIEIIHON peatnus3aluy 3apyOeKHBIX U 0TeYeCTBEeHHBIX UHCTPYMEHTOB
MMUTAI[OHHOTO MOJeIMPOBAaHUs CTPOUTENbHBIX KOHCTPYKIMIH, 61ar01apst BO3MOKHOCTH CO3AaHUs
BUPTYaJIbHOMN MOJ€H, ObLIYN YITEHBI aBTOPAMU HACTOSIIEH paboTHI.

[TpuMeHeHMEe HHCTPYMEHTOB OCYIECTBIEHO 10 CAeAYIONINM HallpaBIeHUIM:

1. IIpoeKTHpOBaHNE U ONITUMU3AINS CTPOUTETbHBIX KOHCTPYKIIUH.

Co3szlaHVe TOYHBIX U JJOCTOBEPHEBIX MOJIeJIell KOHCTPYKIIWH, aHAIN3 UX ITI0BEeJeHUS B PA3JINIHBIX
VCIOBUSAX B COOTBETCTBUU C [10], CIIOCOOCTBYeT CHIDKEHUWIO BEPOSITHOCTU BO3SHUKHOBEHUS
aBapUIHBIX CUTYallNii 1 IOBBIIIeHNs 0e301acHOCTh SKCILIyaTaI[1 .

2. AHanu3 NOBeJEHUS CTPOUTENBHBIX KOHCTPYKIMU B PasJMYHBIX VCIOBHUSAX: H3MEHEHUE
Harpy3oK, TeMIIEPATyPHBIX PEXXVMOB WU BO3/eHCTBUE eCTEeCTBEHHBIX CTUXUHHBIX SIBJIeHUU.

Takoii 1OAXOZ CIOCOOCTBYeT IIOBBIIIEHUIO KadyeCTBAa CTPOUTENBPHON KOHCTPYKIUU,
3(pdeKTUBHOCTU ee SKCILIyaTaIlUU.

3. DKOHOMMUECKHUE pacCdeThl 1 OIITUMU3AN VA 3aTpaT Ha CTPOUTEJ/IBCTBO.
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Takoii mogxox, mo aHamoruu c [11], cmocobcTByeT BbIOOPY 3(PGIEKTUBHBIX MaTepUaIoB U
TEXHOJIOTUI CTPOUTEIBCTBA.

4. YckopeHUe Ipoljecca MPOeKTUPOBaHYS U COKpallleHle BpeMeH! Ha pa3paboTKy U UCIIbITaHVe
KOHCTPYKIIHU.

IToaxox mpefoCTaBiIseT BO3MOKHOCTb aHATHU3UPOBATH Pe3yIbTaThl AHAJIOTUYHO IIPHUMeEDY,
omrcaHHOMY B [12], 63 He06X0AMMOCTY MPOBeAeHNA GU3NIECKUX UCIIBITAHUH.

Ha BbIOOp MHCTpPYMEHTApUs MMUTAIMOHHOTO MOJEJUPOBAaHUSA CTPOUTEIbHBIX KOHCTPYKIIUH
OKaszaJI BAUSHUE PsJ CIefyIux (pakTopoB:

1. OyHKIUOHAJIbHBIE BO3MOXKHOCTM IMPOTPAaMMBI; VYTEHBl Haaudue HeOOXOJUMBIX
WHCTPYMEHTOB /IS CO3JaHUSI U aHAIN3a MOJeJel, BOSMOXXHOCTh PabOTH C PasJIUYHBIMU TUIIAMU
KOHCTPYKIMH U MaTepHasoB.

2. YA06CTBO HCIIOB30BaHUS U II0Jb30BaTeNbCKUE HMHTepdelic; paspaboTaHa mporpamma c
MIOHSATHBIM U MHTYUTHUBHO IIOHATHBIM HHTepdelicoM, a TakKe YITEeHO HaIudue JOKyYMEeHTaluU U
00yJaouinx MaTepruaioB.

3. CTOMMOCTb IPOrpaMMbl U HalIM4Me OeCIIATHBIX BEepPCUM; IPOBEJEHO COIOCTABIEHUE C
(DYHKIIMOHAIBHOCTHIO ¥ BO3MOXKHOCTSIMU, & TAK)Ke YITeHbI IPOOHBIE TEPUOEL.

4. Hanudve TeXHUYECKOH MOAZEP>KKU 1 0OHOBJIEHU; pa3paboTaHa mporpaMMa ¢ peryasipHbIMU
OOHOBJIEHUSMY U UCIIPABJIEHHEM OIIHOOK.

5. KauecTBO pe3y/ibTaTOB MOZENIUPOBAHUS; pa3paboTaHa MporpaMma, IO3BOJISIONIas CO3/JaBaTh
TOYHBIE U JOCTOBEPHBIE MO/IEIM, KOTOPhIE MOTYT OBITH MCIIOJIb30BAHEI I10 IIPUMEPY, ONUCAHHOMY B
[13], A1 IPOrHO3MPOBaHUS Pe3yJIbTAaTOB IIPOEKTOB.

6. COBMECTUMOCTH C JPYTUMU IporpaMMaMu u ¢popMmatamu $aiinios; paspaboTaHa mporpaMmma
¢ pasnudHbBIMU (popMaTamu (aiinos, 0 4eM ob6Cy:kgaIoCh B [14].

7. Hannume cHenuaju3upOBaHHBIX (GYHKIUK [ KOHKPETHBIX 33Zad B CTPOUTEJBCTBE;
paspaboTaHa mporpaMma, MpeJOoCTABISIIONAA NHCTPYMEHTHI 1 PaboThl ¢ KOHKPETHBIMU TUIIAMU
KOHCTPYKUIMIH U MaTepUasoB, a TaKXKe IT03BOJISIONIas peliaTh crerudryeckue 3aJadu B 001acTu
CTPOUTENBCTBA.

IIpu BEIOGOPE MPOTPAMMBI /i1 UMUTALIIOHHOTO MOZEINPOBAHUS CTPOUTEIbHBIX KOHCTPYKIIUH
TaKKe YITeHBl BOSMOXXHOCTb IPUMEHEeHUs JJIs1 Pa3JIUYHbIX CTPOUTENbHBIX KOHCTPYKIIUH, MacuITab
IIpoeKTa ¥ TpeOOBaHUSA K TOUHOCTU MOJI€INPOBAHUS, KaK 3TO OMMCAHO [15].

Pa3paboTaHHBIII HOPOrPpaMMHBIM HPOAYKT [16] saBAsgeTCs MTPUMEPOM HCIIOJb30BAHUS
BIM-TexHosoruii Ha nmpakTuke yrpasiaeHus JKITOC B pexxuMe sHeprosadGeKTUBHOH peannsarui, 4YTo
oTBeyaeT TpeOOBaHUIM HAIIMOHATIBPHOIO cTaHAapTa Poccum [17].

[TporpammMa IpejHa3Ha4ueHa AJIS pacdeTa paclipefiejieHUs TeMIlepaTyp 10 TOJILIUHe CTEeHKU
TpybornpoBoga GpeoHOBOro KOHTypa TEIJI000MEHHO CHCTeMbl CTPOUTENBHOT0 00bekTa. [Ipu aTOM
IpeyCMOTPeHbl BO3MOXXHBIE BapUallM{ TOJIIWHB BEJIWYMHBI I[IPOBOAUMMOCTH HCCIELyeMBIX
cnoes [18]. Takasa mporpaMMma IIO3BOJSIET OIEHUTb BAUSIHUE TEIJOOOMEHHBIX IIPOLIECCOB,
ompezenaIUX sHeprocbeperaounii aGGeKT, 3aTpaThl TEIIONepPeHoca, TeM CaMBIM IIOJHUMAas
IIPOU3BOAUTENBHOCTh CHUCTEMEBI. IloydeHO CBUZETENbCTBO O TOCYJAapCTBEHHOI perucTpanuu
nporpamMmel g1 9BM Ne 2022666150 ot 25 aBrycTa 2022 roza [16].

O6obmiasi oTeyeCTBeHHBIN U 3apyOeXKHBIH OINBIT pealu3aliiyd MPOTrPpaMM KMMUTAIOHHOTO
MOZeJIVPOBaHUS CTPOUTENBHBIX KOHCTPYKIIUH, ITpeAIaraeTcs:

- IpOJOJIKATh pa3BuBaTh oTedecTBeHHble BIM / TUM JKIIOC, yuyuTeiBass 0COOEHHOCTH U
AVUHAMUKY OTE€YeCTBEHHOHN CTPOUTEIBHOU OTPACIH, aJAlITUPYs HAIlMOHAIbHBIE CTAHZAPTH [17] u
IpaBUJa HIPOEKTUPOBAHUI [19] K COBpEeMeHHBIM YCJOBUAM, 00yd4aTh CIELUAJNCTOB C BBICOKUM

ypoBHeM KBanudukanuu pabore ¢ BIM-rexHosorusamMuy;
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- CO3AaBaTh OJATONPHUATHBIE YCIOBHUS JJjsd WHTerpauuu BIM-TeXHOJOTHME C APyrUMU
IIporpaMMaMM U CHCTEMaMM YIIPaBI€HUs IIPOEKTaMU; PasBUBATb PHIHOK COBPEMEHHBIX YCJIYyT U
VYUTBHIBATh KOHBIOHKTYPY I10 co3gaHuio BIM-mozeneli, obecriedyrBas UxX MOALEPKKY Ha BCEX Tarax
’KU3HEHHOT'O IIMKJIa 06'beKTa CTPOUTEIBCTBA, KaK 9TO OMKCAHO B [2];

- TIpoABUTraTb HCIOJb30BaHMe BIM-TexHosormii B TOCyZapCTBEHHBIX 3aKyNKax WU

CTUMYJINPOBATh UX MCIIOJIb30BaAHME B pPEIII€HNU 3a4a4.

BBIBO/IbI

Pa3paboTaH HOBBII HOPOAYKT [MJd HMUTAIMOHHOTO MOJEJUPOBAHUSI CTPOUTETbHBIX
KOHCTPYKLIMIU 3JaHUM U COOPYKEHUI, IMO3BOJAIIINN OLEHUTh BIUSHUE TEMI000MEHHBIX
IpoIieccoB, sHeprocbeperaomuii apdeKT 1 3aTpaThl Ha TEIIONEPEHOC U 0Ka3aTb TeM CaMBbIM
II0JIOKUTEbHOE BAUSHIE Ha IIPOU3BOJUTENIbHOCTD CUCTEMBI.

B pesyipTaTe aHanM3a OTEYECTBEHHOTO U 3apybeXHOTO OIBITA peanrus3aluy IIPorpamMm
UMUTAIIVOHHOTO MOJEJINPOBAHUS CTPOUTENBHBIX KOHCTPYKIMH IIpejsaraeTcsi IIPOJOJIKATH
co3ZaBaTh ycJaOBUS A MHTerpanuu BIM-TexHOJOrHi ¢ ApPyrUMU IIporpaMMaMH M CHCTEMaMU
VIpaBJeHUsS U IIPOJBUTATh CTHUMYJINPOBAHNE K HCIIOJIB30BAHUIO TAKWUX TEXHOJOTUH B CHUCTEMeE

rocyZlapCTBEHHBIX 3aKYIIOK.
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The paper considers the possibility of obtaining a high-quality binder based on sodium liquid glass suitable
for construction works. According to the author, by varying the dilution of sodium silicate solution and
carbamide concentration at a fixed elevated temperature (353 K) we can obtain a modified product with a
certain molecular weight and a given particle size in the solution. Based on the data of thermomechanical
analysis and testing the properties of 200-270 um thick films obtained by curing the system "sodium liquid
glass with a density of 1.36-1.41 g-cm® - carbamide", we have identified the conditions for providing the
necessary hardness and tensile strength of the material. The author recommends the resulting modified
material for using in silicate compositions for the protection and decorative finishing of mineral surfaces of

building structures.

Keywords: sodium liquid glass, carbamide, modified binder, particle size, molecular weight,
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YMHbIE KOMNO3WUTbl B CTPOUTENbCTBE

SMART COMPOSITE IN CONSTRUCTION

Paccmompera 603MOHCHOCTb NOAYUCHUA KAYECTIBEHHO020 CBA3Y101,e20 MAMepuad HA 0CHOBE HAMpUe8020
Hmudkoeo cmekaa, npuzodHozo 048 npoeedeHus cmpoumenvHulx pabom. Ilokazamo, umo mnymem
8APLUPOBAHUS pa3eeleHUs paAcmeopa CuAukama Hampus U KOHUeHmpayuu kapbamuda npu
QuxrcuposanHoil nosviuleHHol memnepamype (353 K) moscro noayiums moouduyuposannulii npodykm
¢ onpedeneHHOl MOAEKYAAPHOU MACCOLl U 3a0AHHBIM pasmepom dacmuy 6 pacmeope. Ha ocnosanuu
OAHHBLX MEePMOMEXAHUUECK020 AHAAU3A U UCNBIMAHUSL C80IiCME NAEHOK MOAWUHOL 200-270 MKM,
NOAYUEHHBLX NPLL 0MEepHOeHUL CUCTMeMbL «Hampuegoe HudKkoe cmekao ¢ naomHuocmuio 1.36-1.41 z-cm™
- kapbamuo», evis8eHbL yca08us 045 obecneueHus Heobxo0umotl meepdocmu U pa3pbleHOLl MPOUHOCTILL
mamepuana. IToayuenHulil MOOUPUYUPOBAHHBLIL Mamepuanr peKoMeHIYemc s UCNO0Ab308AMb 8 COCmase
CUAUKATMHBIX KOMNOSUYULL ¢ Yeablo 3auumyl U 0eKOpamusHoil 0mdoeakl MUHEPAAbHbLX N08ePXHOCTEN

CMpOouUmeaAbHblX 06Bexmos.

KiioueBble C/I0BA: HATPHEBOe JKUJKOe CTeKJIO, KapbamMuz, MoAUGUIIMPOBAHHBIN CBI3YIOIIN

MaTepuaa, pasMep 9aCTull, MOJIEKYyJdpHad MacCa, TBEpPAOCTDh, PA3PbIBHAA IIPOYHOCTD ITJIEHOK

J11 HUTUPOBAHMA:
PasroBopos II.B. IloayueHue MoAMQUIIMPOBAaHHOTO CBA3YIOLIET0 MaTepuaga U3 HaTPHEBOTO
’KUJKOTO CTEKJA /I CTPOUTEIbHBIX paboT // YmHuble komnozumel 8 cmpoumensvcmee. 2023. T. 4,

BHIIL 2. C. 8-17. URL: http://comincon.ru/index.php/tor/issue/view/v4n2_2023

35


http://comincon.ru/index.php/tor/issue/view/v4n2_2023

P.B. Razgovorov YMHbIE KOMNO3WUTbl B CTPOUTENbCTBE

2023. Volume 4, issue 2. P. 32-42 SMART COMPOSITE IN CONSTRUCTION

INTRODUCTION

Previously [1-4] we have presented studies highlighting the prospects of introducing carbamide
into liquid glass solutions (potassium, sodium, lithium) to produce a promising bonding material used
for the protection and decorative finishing of building facades. We found, firstly, that it is possible to
obtain a qualitatively new film-forming agent with improved properties (higher hardness, water
resistance, and film flexibility) at higher temperatures (333-353 K). Secondly, the conditions for
maintaining the rheological properties of the modified product [3] are established at a level required
and sufficient for producing one-pack silicate materials, the benefits of which at the construction site
are very substantial. For example, materials based on modified liquid glass are very cost-effective,
environmentally friendly, fire-safe and have a long service life (at least 10 years). It is evident in the
protection and decorative finishing of mineral and metal surfaces of building structures with
compositions containing liquid glass modified with additives of various genes.

The materials of liquid glass with inclusion of carbamide are used in Russia to increase the
adhesion and water resistance of the resulting materials [3, 5], as well as to make them cheaper in
comparison to other materials suitable for surface protection of building structures. Sodium silicate
liquid glass is thus of particular interest as an economical raw material compared to potassium silicate
(potassium silicate liquid glass).

The purpose of this paper is to study the production conditions and strength properties of new
binder materials based on non-deficient sodium liquid glass and a carbamide modifier. These
conditions should provide a production of a new bonding material for single-pack sand lime paints,
suitable for surface protection of modern construction sites.

EXPERIMENTAL PART

Materials

Sodium liquid glass, sand lime modulus 2.7-3.3, initial density 1.36-1.41 g-cm™; total sodium oxide
and silicon oxide content 30.2-38.5 wt%.
Carbamide is of type "h"; melting point is 405.7 K at 1 bar, boiling point is decomposable.

Producing a modified binder

We filled sodium liquid glass with a modulus of 2.7-3.3 and a density of 1.36-1.41 g-cm™ in the raw
state or after dilution with water to a density of 1.12-1.24 g-cm™ into a 250 mL three-neck flask with
connections to a reflux condenser, thermometer, and stirrer. We added carbamide at an amount of
5.0-17.5 wt% to the system at room temperature and rotation of the stirrer at 60-90 s*, heated the
mixture to a temperature of 343 K at a drift of +1 K, incubated at this temperature until a conditional
viscosity (system run out time) of 25-30 s was reached using a 100 ml VZ-4 funnel. The treatment time
was 1-6 h, after which the modified binder was discharged, and its properties were analyzed.

Determination of particle size and molecular weight of the modified material

We estimated the average mass size of particles (r) by expressions (1)-(4), defining it through
turbidity (expression (1)) and the optical density of the system (D), particle volume (v) (expression (2))
and index of refraction of the dispersed phase (expression (3)):
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It should be noted that to calculate by formula (4), it is necessary to know the following parameters:
L is cuvette thickness (9.995 mm);

Cyis the volume concentration (proportion) of the dispersed phase [6];

m = n1/ npis the ratio of the refractive index of the "dry" film-forming substance (dispersion phase) [6]
to the refractive index of the dispersion medium (water);

A is the wavelength of light in a dispersive medium,;

A=A vac / 1o, A vac (Wavelength in vacuum) = 665 nm [7].

We calculated the molecular weight of the formations in the sodium liquid glass solution according

to the method of Tager [8]. According to Einstein's theory of fluctuational light scattering and Debye's
provisions for sodium liquid glass (sodium silicate) solutions the following dependence is fulfilled:

= S RT (% + 24,¢) = = + 24sc. (5)

Within the range of concentrations, we use

H:%_n'n_g(m)’z ©)
3 Ny-A4 c
where N, is Avogadro's number;

c is the concentration of the solution;

A, is concentration factor;

M is the average molecular weight of the compounds in solution;

Ais assumed in this case to be 665 nm.

We determined at the first stage % for sodium liquid glass solutions (1.5-4.5 g in 100 ml).
We have extrapolated on the ordinate axis the dependence obtained % =f(c) and at ¢ > 0

we found the value: % = %
Also we determined the average molecular weight of the formations in the modified material.
Since the condition was met where the particle size (r) did not exceed the value A/20, the necessary

precision of the results was ensured experimentally.
Thermo-mechanical curve acquisition

We put samples of modified sodium liquid glass on a lavsan substrate. We dried the films at
(273%5) K for 24 hours. Then we separated the film from the substrate and measured its thickness with
a micrometer MK-0.25 with a division value of 0.01 mm. We selected the sample width so that the
sample load was 0.8-1.0 kg-cm; the sample length was 35 mm. We shot the thermo-mechanical curves
on the UMIV-3 device at a diagram rate of 60 mm-h™. The rate of temperature rise was 1.8 K-min™.
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RESULTS AND DISCUSSION

Dilution of sodium liquid glass with water with an initial density of 1.41 g-cm™ to a density of
1.18-1.24 g-cm™ causes intensive growth over time (2-6 hours) of particles when treated with carbamide
at high temperatures (343 K) (Table 1).

Table 1. Particle size in sodium liquid glass solution at different degrees of dilution with water and carbamide treatment at 343 K

Particle diameter in the system, nm
Processing time
of sodium liquid Sodium liquid glass (1.41*) | Sodium liquid glass (1.36) | Sodium liquid glass (1.24) | Sodium liquid glass (1.18)
+ + + +
glass, hours
carbamide carbamide carbamide carbamide
0 8.0 8.5 8.8 9.3
2 8.7 10.2 10.3 10.8
4 9.1 10.9 11.5 12.3
6 9.3 11.2 11.8 12.5

* Density of the liquid glass solution is given in brackets, g-cm™

The author explains this with phenomenon by the accumulation of silica-type formations
as described in the fundamental study [9]. The performed experiment and the following calculation
of average molecular weights showed that at 343 K in diluted sodium liquid glass solutions
with a density of 1.18 g-cm™ with the introduction of 10 wt% carbamide modifier in time (up to 6 h),
along with hydrolysis, the polycondensation process proceeds rather intensively. The molecular
weight of the formations increases from 480 to 1200.

At the same time, the molecular weight of the modified film-forming material for construction
works increases weakly from 710 to 780-800 with the transition to higher dilution solutions (density
1.12 g-cm™®). This is due to the significant counteracting effect of depolymerization.

Dilution with water promotes the formation of polysilicon formations which should have negative
impact on the film-forming properties of sodium liquid glass-carbamide systems [10]. In this regard,
we propose to use sodium liquid glass with a density in the range of 1.36-1.41 g-cm™ as an effective
binder for construction works.

We studied particle growth (from 9 to 14 nm) in the system 'sodium liquid glass with a density
of 1.36 g-cm™ - carbamide' at a fixed temperature (343 K) by increasing the content of the modifier in
the range from 5 to 15 wt% (Fig. 1).

15pd, nm
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Fig. 1. Dynamics of particle entropy over time in a sodium liquid glass solution (1.36) when carbamide is introduced into the solution.
Conditions: temperature 343 K; modifier concentration, wt%: 1 - 5; 2-10; 3-15
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The average molecular weight of the modification product increases simultaneously with the
increasing of colloidal particles in the solutions. It increases from 380 to 450 in treatment time (6 hours)
ata concentration of 5 wt% carbamide. The increase of the carbamide concentration to 10 wt% doubles
the average molecular weight of the product (380 to 760). However, the functional silanol groups in the
binder solutions may be blocked by carbamide if the content of the modifying additive is high. The
bonding is both chemical and physical in nature. In this case some of the carbamide, not interacting
with the sodium liquid glass molecules, will contribute to the production of low-base silicates in the
process of redistribution of solvation water. The study of the character of the thermomechanical curves
(Fig. 2) indicates an increase in creep as the modifier is introduced.

To maintain a suitable binder/modifier ratio we recommend not exceeding 12-14 wt% of the latter.
The presence of carbamide in the system in an amount of 15-17 wt% or more in sodium liquid glass
(1.36) has a negative effect on the physico-chemical properties of the cured films.
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Fig. 2. Thermomechanical curves of films (270 pm thickness) made of sodium liquid glass (1.36)
modified with carbamide in an amount, wt%: 1 - 0; 2 -7.5; 3 - 10.0; 4 - 12.5; 5-15.0; 6 - 17.5.
Conditions: Treat temperature with carbamide is 343 K, time 2 hours

Such negative consequences, which are a consequence of violation of the optimum ratio of
crystalline and amorphous phases in the film, are described in the studies of V.A. Kargin [11, 12]. In
particular, the tensile strength (o) and absolute hardness (T, s) of modified product specimens decrease
sharply due to an increase in the number of defects. According to the analysis of thermomechanical
curves (Fig. 2, curve 6), fracture of test specimens, which are characterized by "oversaturation" with
modifier, can be realized already in the working zone of 333-338 K.

An excess of carbamide (from 12.5 to 17.5-20.0 wt%) contributes to a significant decrease
(from 1230-1900 to 430-480) in the calculated molecular masses of the formations (M) in the modified
binder (see fig. 3, curve 2). In addition, the disruption of the molar ratio between the liquid glass and
the modifier as well as the prolonged (7 = 6 hours) treatment at 343 K led to a sharp increase in the
viscosity of the system. Stirring becomes problematic [13]; at the same time, a reduction in the
performance of the resulting material is to be expected.

A relatively fast treatment (see Fig. 3, curve 1, =2 hours) is, at the same time, possible with the
specified amount of modifier. However, it would require a minimum variation of reagent
concentrations (< 0.5 wt%) in the reactor volume. Thus, a suitable addition of carbamide to the sodium
liquid glass solution should not exceed 10-12 wt%, and the treatment at 323-343 K is recommended to
be conducted within 1-2 hours.
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Fig. 3. Molecular weight of the formations in the modified sodium liquid glass (1.36) at different carbamide contents in the mixture
Conditions for carbamide treatment: temperature 343 K; time, hours: 1-2; 2-6
The molecular weight (Y) of carbamide-modified sodium liquid glass (1.36) changes according to
equation (7) depending on the additive content in the solution (X, wt%):

_exg)® )
Y = Yo + Ae 2w?

If the treatment time is 1-2 hours, the following calculated coefficients for equation (7) are
revealed: A =822.9 +36.6; x¢c = 14.0+0,1; w = 2.37+0.15; Y, = 407.4+24.4.

Calculation factors for the polycondensation process when treating sodium liquid glass with
carbamide for 6 hours are: A = 1445.7+74.9; xc = 13.4£0,1; w=2.16+0.16; Y, = 448.1+45.8.

The R? coefficients in the range 0.975-0.983 confirm that equation (7) adequately describes the

formation of new structures in sodium liquid glass at carbamide modifier concentrations of 0-20 wt%.

The curves of tensile strength and average hardness (Fig. 4) show resulting modification of liquid
glass solutions with a density of 1.41 g-cm™ and the formation of a three-dimensional lattice structure.
The predictions about increase of cross-linking degree of compounds during carbamide treatment of
sodium silicate are confirmed [3, 4]. The presence of a maximum on the o-curve can be explained both
by cross-linking between OH groups, which is reflected in film hardening, and by the factor of internal
stresses growth. These stresses stimulate the growth of microcracks in the resulting product.

The growth of internal micro-cracks on structure defects during fast polycondensation processes
is not compensated by polymer thickening (light refraction index decreases only by 0.001-0.002 units).
In this case, the strength of the cured films increases. If the modification process lasts at least 4 hours,
the micro-crack growth factor already dominates. As a result, the breaking strength (o) decreases. As
for the average absolute hardness of the films, already in the first 2-3 hours of carbamide treatment

acceptable hardness values (98-105 s) are reached (see Fig. 4).
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Fig. 4. Dynamics of changes of strength and average hardness of films (200 um thickness) from the system
"sodium liquid glass (1.41) - carbamide (12.5 wt%)" during treatment with the modifier at 343 K

The presented data confirm the possibility of mixed nature of interaction of sodium liquid glass
molecules and carbamide modifier to obtain a quality binder suitable to produce protective building
materials. A new product with silazanic bonds can be expected at 333-353 K under conditions of stirring
the system with an intensity of 60-90 s [4]. On the other hand, an increased content of carbamide in
the system (> 12.5-15.0 wt%) should not be excluded an intensification of the desalting effect of
carbamide on the liquid glass. In this case the redistribution of solvation water will contribute to the
formation of low-base silicates.

CONCLUSIONS

Therefore, to maintain the necessary film-forming properties of sodium liquid glass used to
prepare protective materials in the construction industry, the density of its solutions diluted with water
should be in the range of 1.36-1.41 g/cm?.

The introduction of carbamide as a sodium silicate liquid glass modifier at 333-353 is reasonable
and justified for all cases, provided the threshold concentration of the introduced additive is
12.5-15.0 wt%, and the treatment under stirring does not exceed 2-3 hours. The particle size in modified
sodium silicate solutions should not exceed 15 nm and the average molecular weight of the polymer
compounds should not be higher than 1600-1800. Otherwise, defects in the modified product will be
activated and the sample will be damaged already in the temperature range of 333-338 K.

We obtained data on the change in molecular weight, breaking strength, and absolute hardness
of the modified binder during the treatment of sodium liquid glass with a modifier. We obtained
regression equations describing with a high degree of accuracy (R* = 0.975-0.981) an increase in the
average mass of polymer formations in the system as the urea modifier addition increases.
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YMHbIE KOMNO3WUTbl B CTPOUTENbCTBE

SMART COMPOSITE IN CONSTRUCTION

Jocmynusim cnocobom nogulileHus mexHoA02U1ecKUX U PUIUKO-MeXAHUUECKUX CBOTICTNE e MEeHITHBLY
bemonos aeasemcs npumeHenue moduduyupyiowux 0obagox. OOHAKO 6blCOKASL CMOUMOCTb U
Meppumopuaibias 02paHudeHHOCb npousgodcmea Haubonee 3pgexmusHblx Mmoduguxamopos
(MUKpOKpeMHe3em, MemAaKAOAUH) He 10380/5em 8 NOAHOM 0bBeme YJ081emeopsams 803pacmaiouuil
cnpoc Ha Hux. Paspabomka muuepanvHulx 006a80K HA OCHOBe Cblpbs U3 OAUKOPACNOAOHCEHHBLYX
JOCYNHBLX UCTNOYHUKO8 NOoMozdem pewiums npobaemy Jdeuyuma moduduyupyrowux 0obasox u
CHU3uUms obsemul nompebaenus nopmaanduyemenma. IIpedcmagnenvl pedynvmamul onpedesneHus
8A3KOCTU paspyiuerus (MpewuHoCmotkocmi) MeAKO3ePHUCTbLIX OeTOH08 U3 CAMOYNAOMHIIOUUXCS
cmecell, MOOUPUUUPOBAHHBLX MepPMOAKMUSUPO8aHHOll eaunoli (Hukumckoe mecmoposcdeHrue,
2. Capanck, Pecnybauxka Mopdosus) U MepMOAKMUBUPOBAHHOL CMeCbI0 2AUHbL U U36eCTNHAKA
(c. Amemap, Pecnybauxa Mopdosus). TpewuHoCmMOLiKOCMbs MeAKO3EPHUCTIILLX OeMOH08 OUeHUBAAL NPU
PABHOBECHLLX UCNLIMAHUAX HA u32ub obpasyos I muna. Ycmanosaeno nosvieHue Ha 9-38%
IHepzemMu1eckUX XApAKMepUCTuK 813KOCMU paspyuleHus MOoOUPUUUPOBAHHBLX MeAKO3EPHUCTIBLY
6emono0s npu yseauUeHULL pacxoda 8axcyujezo 3a cuem 68e0eHUs 8 COCTNAB UCCALYeMbLX MUHEPAALHBLX

dobasox.
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YMHbIE KOMNO3WUTbl B CTPOUTENbCTBE

SMART COMPOSITE IN CONSTRUCTION

The use of modifying additives in cement concrete compositions is the most affordable way to improve their
technological, physical, and mechanical properties. However, the high cost and territorial limitation of the
most effective modifiers (microsilica, metakaolin) production do not meet the growing customer’s demand.
The development of mineral additives based on local raw materials will bridge deficit the most common
additives, as well as reduce the consumption of Portland cement. The paper presents the results of
determining the fracture toughness (crack growth resistance) of fine-grained concretes obtained from self-
compacting concrete mixtures modified with thermally activated clay (Nikitskoye deposit, Saransk, Republic
of Mordovia) and thermally activated mixture of clay and limestone (Atemar village, Republic of
Mordovia). The paper contains the assessment of crack resistance of fine-grained concretes conducted in
accordance with GOST 29167-2021 during equilibrium bending tests of type I samples. The paper found a
9-38% increase in fracture toughness of modified fine-grained concretes with increasing binder consumption

due to the introduction of mineral additives in the composition under study.

Keywords: crack resistance, fine-grained concrete, self-compacting mixtures, mineral additives,

thermoactivated clay, limestone, polycarboxylate plasticizer, fine sands
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BBEJJEHUE

HeobxozuMocTs  obecliedeHUs]  BBICOKMX  TEXHOJOTMYECKMX U 3KCILIYaTaIlMOHHBIX
XapaKTEePUCTUK COBPEMEHHBIX IIEMEHTHBIX 6€TOHOB IIpeoNpeeiseT aKTyalbHOCTh UCCIeJ0BAHUI
10 pa3paboTKe U COBEPIIEHCTBOBAHUIO MX PELENTYpPbl M TEXHOJIOTMHU mojiydeHus [1-4]. Ocoboe
BHUMaHUe B IIOCJIeAHUe TOABI IIOCBSIIEHO paspaboTKe COCTaBOB MOZAMMDUIINPOBAHHBIX
MeJIKO3ePHUCTHIX GE€TOHOB, YTO BECbMA aKTYaJIbHO JJisE PETUOHOB, TZ€ OTCYTCTBYET KaueCTBEHHBIMH
KPYIIHBIM 3aII0JHUTENb. IIpU 3TOM BaXKHOH 3aZaded sBiaseTcsS pa3paboTka caMOYIJIOTHSIOUIUXCS
LIeMEeHTHBIX KOMIIO3UIUH, 00J1aJaloNUX MTOBHIIIIEHHBIMU IPOYHOCTHBIMU U 3KCILIyaTaI[MOHHBIMU
XapaKTepUCTUKAMHU, YA0OOyKIaAbIBaeMOoCThi0. HeoOX0Mble TEeXHOJIOTUYECKHe XapaKTEePUCTUKU
CaMOYIUIOTHSAIOIIUXCSI ~ OETOHHBIX CMeCeH  JIOCTHraloTcsd 3a CYeT BBeJEHUs B  HUX
CylepruIacTu(GUKATOPOB M aKTUBHBIX MUHEPATbHBIX 00aBOK [5-8]. OfHaKO 00bEMBI ITPOHU3BO/CTBA
MUHepaabHbIX [J00ABOK HE CIIOCOGHBI YZOBJIETBOPUTH BO3pacTamliye HOTPebHOCTH OeTOHHOM
IPOMBIIITIEHHOCTH, YTO CBSI3aHO C TEPPUTOPUAIBHON OIrpaHUUYEHHOCTBIO, HEIIOCTOSHCTBOM COCTaBa
U BBICOKOM CTOMMOCTBIO Hanbosee BOCTpeOOBaHHBIX M 3(GGEKTUBHBIX MOAUGDUKATOPOB
(MUKpPOKpeMHe3eM, MeTaKaoJIVH, 30JIbl, JIOMEHHbIE TPAHYIMPOBAHHbIE IIJAKH).

B cBA3M ¢ 93TUM aKTyaJbHBIM HaIpaBJIeHUEM KCCJIeJOBaHUM sBJAseTcI paspaboTka
MoAMDUITUPYIOIUX J006aBOK Ha OCHOBE HIMPOKO PaCIpPOCTPAHEHHBIX INIMHUCTHIX ITopoy [9-11]. Ilpu
3TOM ZI0Ka3aHO [12-14], 4To TaKue ITOPO/BI ITOCIe 00KUTra 006/1a1al0T aKTUBHOCTBIO, HE YCTYMaloIei
IIMPOKO PACIIPOCTPAHEHHBIM MUHEPAIBHEIM Z00aBKaM — MUKPOKpPEMHe3eMYy U MeTaKaoauHy. Jis
cpezHeli 1mosnockl PoccuM MEpPCHIEKTUBHBIMU MHHEpPaJbHBIMU J0oOaBKaMH MOTYT CTaTh
TepMOAaKTUBUPOBAaHHbBIE IIOJMMUHEPAJIbHBIE TJIUHBI, IIPUMEHdeMble CaMOCTOATEJIbHO U B
KOMILJIEKCaxX ¢ KapOOHATHRIMU Iopogamu [15-18].

Bs3koCTb paspyleHus (TPeIMHOCTONKOCTD) SIBISETCS BAYKHBIM KPUTEPHEM, UCII0JIb3yeMbIM ITPHU
HCCIIeJOBAaHUN PSAOBBIX 0OETOHOB U OETOHOB HOBOIO IIOKOJIEHUS — [MCIEPCHO-apMUPOBAHHBIX,
MIOPOIIKOBO-aKTUBUPOBAHHBIX U T.A. [19, 20]. DTOT mOKasaTenb XapaKTepPU3yeT CIOCOOHOCTH
MaTepHuaja TOPMO3UTh pa3BUTHeE Je(deKTOB CTPYKTYPHl, IPOTUBOCTOATh XPYIIKOMY U IIOCTEIIEHHOMY
paspylIeHUI0 B TedeHUe 3aJaHHOIO BpeMeHM [1, 21-25]. OCHOBHBIE JOCTIDKEHMS IIPU U3YIEeHUU
MeXaHU4YeCKOTo IOBe/leHUs TBepJbIX Tell CBA3aHBI C HCIIOJIb30BaHUEM KoHIenmnuu ['puddurca -
OpoBana - HpBuHa [22]. BrepBble BbIPasUTh IHEPIUI0 paspylleHUs MaTepuaga depe3 paboTy,
HeoOXoaVMyIo Ans oOpa3soBaHMSA TpeIuHBI, npeantoxun A.A. Tpuddurc [26]. IIpesmoKeHHBIN
SHepreTH4YecKUN KpPUTEePUU WCIIOJb30BaH IIPU OIleHKe XPYIKOTO paspylieHus OJHOPOAHBIX
MaTepuasnoB, B YaCTHOCTU cTekiaa. Ilozxe k. VpBuH u E. OpoBaH peKOMeH/0BalIu UCII0Jb30BATH
Teopuio A.A. I'pudduTca A1 U3yueHNI KBAa3UXPYIIKOTrO paspylleHUs MeTaJIOB, 3aMeHUB KOHCTaHTY
IIOBEPXHOCTHOI 3HEPTUM MaTepuana Ha yAeNbHYI0 paboTy IulacTudeckod gedopmanmu [27, 28].
Taxke /x. IpBUH MOKa3aJ, 4TO MoJsd AebopMaluil ¥ HANPSKeHUH Ha GPOHTE TPEUUHBI MOXKHO
OIIKCaTh C IOMOIIbI0 K03 PUITHeHTa UHTEHCUBHOCTY HaNpshKeHU [27].

Llenp faHHOI pabOTHI — KCCIEZ0BaHYE BINSHUS MUHEPATbHEIX 00aBOK HAa OCHOBE TJIMHUCTHIX

1 KapOOHATHBIX TOPO/, Ha BA3KOCTD paspylIeHus MoAuGUIIMPOBAHHBIX METKO3€PHUCTHIX OETOHOB.

OKCIIEPUMEHTAJIBHAA YACTD

B kauecTBe 06BEKTOB HCCIEJOBAHUA HCIIONIb30BAIN MeJKO3ePHUCTHIE IleMEeHTHBIe OETOHBI B
Bo3pacTe 28 CyT. CO cleAyIOIIMMH (PU3NKO-MeXaHN4YeCKHMMU IOKasaTelsMU: IpeJes] IPOYHOCTU
Ha pacTsbkeHUe Ipu usrube - 8.2-9.5 Mlla; mpezen IPOYHOCTH IIpH CKATUM - 59.2-72.1 MIla;

IUIOTHOCTh — 2248-2327 xr-mM? (Ttabs. 1). MesKo3epHUCTHIe OeTOHBI U3rOTABIUBATIU U3
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noptTiaaHaueMenTa LIEM I 42,55 npoussoacTtBa AO «MOpAOBLIEMEHT», IeCKa C MOAYyJIeM KPYIIHOCTHU
M, = 1.8 1 psga MuHepanbHbIX Aob6aBok: TTH - HukuTcKasd IiInWHA, IpolleAlnas TepMUYECKYIO
06paboTKy U M3MeJbueHUe, [0 YAeIbHOU moBepxHOCTU 7800 cM?*T! (IIMTENbHOCTh IOMOJa 1 9);
TC (TH+MA) - cmech 2:1 mo macce HUKUTCKOU TJIMHBI U ATeMapCKOTO H3BECTHSKA IIOCJIe
TepMudecKoii obpaborku. O6xur fob6asok TI'H u TC (TH+MA) npousBoguau npu Temneparype 700 °C
B TeueHue 2 4. B kauecTBe rracTudunupymomeil A00aBKU MPUMEHSIIN MOJINKapOOKCUIATHBIH
cynepruiactudukarop Melflux 5581 F.

Ta6muna 1. CoctaB 1 GU3UKO-MeXxaHIUYeCKHe CBOHCTBA MeJIKO3€PHUCTHIX 6ETOHOB
Table 1. Composition and physical and mechanical properties of fine-grained concrete

DUBUKO-MeXaHUIECKUIEe
PenenTypHO-TEXHOJIOTMYECKUE XaparTepHCTHIN
[Ipezaesn MPOYHOCTU
Homep Homep TI0KasaTenu
B IIPOEKTHOM BO3pacTe
cocTaBa | TPYIIIBI H}IOTHO;)TI), (28 cyr.), MIla
MM, | B/(LMD), MM, % o npu npu
OTH. e/, OTH. e/, TIrH TC (TH+HA) CKaTUU usrube
1 (K1) 2.05 0.29 - - 2299 62.8 8.2
2 1 2.04 0.29 10 - 2298 66.7 8.7
3 2.04 0.29 - 10 2293 64.4 8.4
4 (K2) 1.86 0.29 - - 2321 69.3 10.6
5 2 1.84 0.29 15 - 2282 72.1 8.2
6 1.84 0.29 - 15 2271 68.2 8.5
7(K3) 1.66 0.27 - - 2327 74.3 11.4
8 3 1.63 0.27 20 - 2280 65.6 8.9
9 1.64 0.27 - 20 2264 59.2 9.5
10 (K4) - 2.37 0.32 - - 2248 50.9 7.5

TpemMHOCTONKOCTD MEJKO3ePHUCTBIX 0eTOHOB, MOAMGUIMPOBAHHBIX HCCIESyeMbIMHU
MHUHepalbHBIMU Job6aBKaMu, wucciaefoBanu cornacHo TI'OCT 29167-2021 mnpu paBHOBECHBIX

UCIBITAHUAX Ha U3rub 06pasuoB mepBoro Tuna (puc. 1) ¢ pasmepamu 40x40x160 MM.

" ah

Ig’

Ha4anbHelO HOOpes

| 5
A ] _,787_, t
Lo |

L

1]
o

Puc. 1. CxeMa onsITHOTO 06pasia (tum 1, TOCT 29167-2021) 47151 onpeie/IeHUS XapaKTePUCTUK
TPEINHOCTOMKOCTH OETOHOB IIPU CTATUYECKOM HarpyKeHHH
Fig. 1. Scheme of a prototype (type 1, GOST 29167-2021) for determining the characteristics
of crack resistance of concrete under static loading

IlepBOHauYaIbHBIE HAZAPe3bl HAHOCUJIY JJI HIDKHEN (do) U BepxHel (do) rpaHei Ha rybuny 10 1
5 mM. CKopocTh Harpy:xeHus coctapisia 0.02 MM-MuH'. B X0Z]e UCTIBITAaHUI 00Pa3Iipl HATPY:KAIU

HENPEPBIBHO, 0 pasfeieHus WX Ha 4YacTu. IloJydeHHBIE AUArpPaMMBl TPaHCHOPMUPOBAIU B
pacueTHyIO cxeMy (puc. 2).
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F A

Vi

Puc. 2. Jluarpamma cocToaHus matepuana «F - V»

Fig. 2. Material state diagram «F - V»

DYHeprosaTpaTsl Ha AebopMUpoBaHLe OETOHHBIX 00pa3IloB, a TAKKE CUJIOBBIE U 9HEPreTUuIecKue
XapaKTepPUCTUKU TPEUMHOCTOMKOCTH OLEHUBAJIU C IIOMOINbI0O OOOJIOYKH, IMpPeJCTaBI€HHON B

nporpaMmme Microsoft Excel.
PE3VJIBTATEHI 1 OBCYXXJAEHUE

PacueTHas paBHOBeCHas guarpaMma JeopMupoBaHs MeJKO3epHUCTOr0 IleMEeHTHOTo 6eToHa
coctaa Ne 1 mpuBeZieHa Ha puUC. 3, a pe3yJbTaThl HCCIEAOBAaHUS TPEIIMHOCTONKOCTU

MEJKO3EPHUCTBIX 6eTOHOB, B CBOIO 049€pesib, OTPaXKEHBbI B Tabi. 2.
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Puc. 3. PacyeTHas paBHOBeCHas ArarpaMma AeopMUPOBaHUS MeIKO3epHICTOTO IleMeHTHOTo OeToHa cocTaBa Ne 1
Fig. 3. Calculated equilibrium diagram of deformation of fine-grained cement concrete composition No 1
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Ta6mua 2. [TapaMeTphl TPELHOCTONKOCTH MEJIKO3€PHUCTHIX GETOHOB
Table 2. Parameters of crack resistance of fine-grained concrete

% g BHepFeTH‘{ECKHe Xapa}(TepI/ICTI/IKI/I TpemHHOCTOﬁKOCTH Me]IKOSepHI/ICTbIX 6€TOHOB

(1

E g Wy ok | W Ik | Wy lx | WS, I MﬂiﬁjMQ . Z{;{M MHI:.MD,S Nfllzl’a . ; ; .

1 (K1) 0.0049 0.0219 0.0524 0.0170 26.80 9.83 0.958 34251 74.36
2 0.0045 0.0267 0.0598 0.0206 31.13 10.53 0.993 31655 86.43
3 0.0045 0.0249 0.0531 0.0193 29.41 10.16 0.965 31639 78.01

4 (K2) 0.0063 0.0319 0.0566 0.0247 38.18 13.51 1.232 39778 88.55
5 0.0045 0.0251 0.0646 0.0194 29.65 10.23 0.951 30517 89.73
6 0.0060 0.0267 0.0529 0.0206 32.69 12.06 0.965 28477 79.54

7 (K3) 0.0056 0.0376 0.0570 0.0290 43.14 14.10 1.282 38097 94.55
8 0.0043 0.0262 0.0570 0.0203 30.51 10.23 1.020 34074 83.25
9 0.0054 0.0285 0.0485 0.0220 33.89 11.89 1.094 35341 77.00

10 (K4) 0.0048 0.0198 0.0468 0.0153 24.52 9.25 0.872 31047 66.60

AHanu3s faHHBIX, IPeACTaBIeHHbIX B Ta0JI. 2, IOKA3bIBAET, YTO YBEJUYEHUE PACXO/Ia BIKYIIETO
3a cyeT BBeAeHUs MuHepaabHbIX 706aBoK TI'H 1 TC (TH+MA) mo3BOJISIET ITOBBICUTD 9HEPTETUYECKUE

XapaKTEePUCTUKYU TPEIIMHOCTONKOCTH MEJIKO3ePHUCTHIX O€TOHOB.

a 7
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‘VBeJuI4eHIe pacxona BUKYIIEro 3a CYéT BBeeHILT:

—@—nobapku TTH ~ —@—podaskn TC(TH+HA)  ==x== pemenTa

Puc. 4. BiusHIe pacxo/ia CMeLIaHHOTO BSUKYILETO B COCTaBe MeJIKO3ePHUCTHIX 6@TOHOB Ha U3MeHeHUe: d — YAETbHBIX

3HEpro3aTpar Ha CTATMYECKOe PaspylieHue A0 MOMEHTa Hadasa ABIDKeHHs MarucTpaibHoi Tpemunst (G;);

6 - XxapaKTepUCTHUK I10JIeH HaNpspKeHUH U feopManyil BOIN3M BepPIINHBI MaruCTPAIbHOM TPELIHbI IIPY Hadale

eé awkenws (J;); 6 - craTUYecKOro KpUTUIECKOro Koaddunrenta nuTeHcnBHOCTH HanpsbxeHud (K;)
Fig. 4. The influence of the consumption of mixed binder in the composition of fine-grained concretes on the change:

a - specific energy consumption for static fracture until the main crack begins to move (G;); b - characteristics of stress and

strain fields near the top of the main crack at the beginning of its movement (J;); c - static critical stress intensity factor (K;)
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ITpu 3TOM, COOTBETCTBEHHO, NU3MEHSIIOTCS CIeAYIOIIe TI0Ka3aTe !

e Ha 21-27% u 20-38% - yZeJbHBIE 3HEPros3aTpaThl Ha CTaTU4YECKOe pas3pylleHMe JO MOMEHTa

Havyaja ABIDKEeHUS MaruCTPaIbHOI TpeuuHs (G;);

e Ha 11-14% u 10-30% - XapaKTEePUCTUKHU IT0JIEI HAIPHKEHU U gedbopMaiiuii BOIU3U BEPIIUHBI

MAarucTPaJbHOM TPEIIVNHEI IPU Hauasle ee ABIKeHU ( J;);

e Ha 9-17% wu 11-25% - CcTaTUYEeCKUU KPUTUYECKUH KO0I(hPUIIMEHT WHTEHCUBHOCTU

HanpsorkeHu# (K;);

e Ha25-35% 1 16-9% - ynenbHble 3pPEeKTUBHbIE SHEPTO3aTPAThl HA CTaTUYeCKOoe paspyuenue (Gy).

CormacHo [22, 25], cmoco6HOCTh OeTOHAa CONMPOTUBIATHCS OOPA30BAHUIO TPEIIUH
XapaKTepU3yeTcs KpUTepuaMu G;, J;, K;. 'padpuueckue 3aBICMOCTU H3MeHEHN 3TUX KPUTEPUEB OT
pacxojia CMeIIaHHOTO BSDKYIIETO TPeACTaBIeHbl Ha PUC. 4.

JomonHuTenbHOE BBefeHre 10% MHHepPaJbHBIX J00aBOK (K Macce BSKYLIEro) IMPUBOAUT K
TIOBHIIIEHUIO 3HaUYeHUH G, J;, K; 10 cpaBHEHUIO C KOHTPOJIbHBIM HEMOAU(PUITUPOBAHHBIM COCTABOM
1(K1) c pacxozom mopTiaanzameMenta 720 kr-m?. JlajgpHelilllee TIOBBINIEHNE KOHIIEHTPAI[UU
BBOgUMBIX A06aBok TTH u TC (TH+MA) mo 15-20% OT MaccChl BSDKYLIETO He ITO3BOJISIET JOCTUYD
SHepPreTUYeCKUX IIOKasaTeslell TPeI[MHOCTOMKOCTY MEJIKO3epHUCThIX OETOHOB Ha VpOBHE
KOHTPOJIBHBIX cocTaBoB 4 (K2) 1 7 (K3). [Ipu 3ToM yBeJHYeHUe BDKYIEro 3a CYeT OPTAaHAIIEMeHTa
COIIPOBOXKJAETCSI MPAKTUYECKW MOHOTOHHBIM IIOBBIIIEHWEM CHJIOBBIX U 9SHEPTeTUYECKUX

XapaKTEePUCTUK TPEU[MHOCTOMKOCTY MEIKO3ePHUCTHIX OETOHOB.

BBIBO/ZIbI

OmnpezeneHbl TMOKa3aTeaW TPEUIMHOCTOMKOCTU pa3paboTaHHBIX MEJKO3€PHUCTHIX OeTOHOB,
MoAUGUITMPOBAaHHBIX MUHEPATbHBIMU 00aBKaMU Ha OCHOBE TePMOAKTUBUPOBAHHBIX IJIMHUCTHIX U
KapOOHATHBIX ITOPO.

IIpy yBeanYeHMM pacxoZa BXKYIIEro 3a CYeT BBEJEHUA B COCTaB MUHepPaJbHBIX
Mozudunupyouux gobasok TT'H u TC (ITH+VA) ycraHOBNeHO moBbilieHue Ha 20-38%, 10-30% u
9-25% SHepPreTUYeCKUX XapPaKTEePUCTUK TPEIIMHOCTOMKOCTH - COOTBETCTBEHHO, YZeJbHBIX
SHeprosaTpaT Ha CTaTUYECKOe paspylleHMe JO MOMEHTa Hadaja JABIDKEHUS MarucTpaJbHOU
TPEIINHBI, CTAaTUYEeCKOTo /KeH-MHTerpajsa U CTAaTUYECKOTO KPUTHYECKOro KoadduireHTa

MHTEHCUBHOCTU HANPDKEHUH MOAMDUITPOBAHHBIX MEJIKO3ePHUCTHIX 6€TOHOB.
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The article points out the lack of radically effective worldwide methods of anti-biocorrosion protection. The
author considers the role of microorganisms on concrete corrosion, describes the mechanisms of biological
effect and biofilm formation on concrete surface. The article focuses on the determination of causes and
peculiarities of cement concrete biocorrosion in conditions of high humidity. According to the author,
biocorrosive impact reduces strength characteristics of concrete and causes its fast destruction. The author
has revealed changes in structural-phase composition of concrete during surface biofouling. Although there
are available methods to increase the bio-resistance of cement-based concretes, it is problematic to guarantee
their preservation because bio-destructors have the ability to adapt to the work environment. The paper

attempts to assess and predict the resistance of a building material in a biologically aggressive environment

properly.
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Ommeuaemcs Hedocmamok KapOuHAAbHO Oelicmeylowux 8 Mupe cnocobog AHMUOUOKOPPOIUOHHOU
3awumel. Paccmompena poab MUKDOOP2aHU3MO8 NpU KOppo3ul 6emoHd, ONUCAHbL MeXAHUIMbL
buonoeuteckozo 8o3deticmeus u 06pasosanus OUONAEHOK HA NO8epxXHOCMU bemoHa. AKyeHmupyemcs
BHUMAHUe HA YCMAHOBAEHUU MNPUYUH U 0cobeHHOCmell OUOKOppO3UlL UeMeHMHbX 0emoHos,
IKCIAYAMUPYeMbIX 68 YCAOBUAX TOGbLULEHHOU BAANCHOCMU. YCcmaHnoeneHo, umo go3delicmeue
6uodecmpykmopoe CHUXicaem Npo4HOCMHble Xapakmepucmuku bemona, npusodum k Ovicmpomy e20
paspyulenuio. Buiagaenvl usmeHenus cmpykmypHo-¢a3o80z0 cocmaga bemona npu buoobpacmanuu
nosepxrnocmu. Hecmompss Ha u3secmubvle Cnocobbl NOBblUeHUs OUOCONPOMUBACHUS LeMEeHITHbIX
6emono08, npobAeMAMUUHO 2APAHMUPOBAMb UX COXPAHHOCTY, NOCKOALKY buodecmpykmopul 0baadaiom
CNOCOOHOCMBIO MPUCNOCOOUMBCS K IKCNAYAMAUUOHHOLL cpede. IIpednpunsma nonsimka adek8amHou
OUeHKLU U NPOZHO3UPOBAHUS CONPOMUBACHUS CMPOUMENbHO20 MAMEPUAd 8 OUL0A02UHECKI A2pecCUBHOT

cpede.
KioueBble ci1oBa: 6eTOH, OHMOIIIeHKa, O1ogerpasariys, KOppo3us, IPOIHOCTh

JJ1a puTUpOBaHUA:
JlorunoBa C.A. OueHKa BAUSHUS OUOJOTUYECKM AarpecCUBHON CpeAbl Ha IIPOYHOCTHBIE
XapaKTEePUCTUKU U CTPYKTYPHO-GA30BbIH cOCTaB GETOHA // YMHble KOMNO3UMbL 8 CPOUMeAbCmEae.
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INTRODUCTION

The area of biological corrosion of concrete still remains understudied. The issue of protecting
structures against biofouling affects all sectors of the economy. Biodegradation negatively affects on
the underground and aboveground structures, oil and gas industry equipment, pipeline systems, etc.
The development of a systematic approach to predicting the corrosion of concrete in biologically
aggressive environments is of increasing relevance due to the growth of the species diversity of
microorganisms damaging the human health.

Concrete is a composite material. It has the capillary-porous structure providing the penetration
of biological agents and chemical compounds from the external environment into it. Researchers
differentiate several types of biocorrosion in concrete - bacterial, fungal, and algal [1]. The most
dangerous for concrete are bacterial and fungal ones. Biocorrosion of concrete is most often localised
and characterised by the appearance of a biofilm on its surface. Penicillium and Aspergillus fungi pose
the greatest danger to humans (Fig. 1) [2].

Meanwhile, researchers have studied biofilms in many systems. Probably, since Van
Leeuwenhoek examined plaque on his own teeth in the 17th century [2]. However, a theory describing
the process of biofilm formation appeared only in 1978 [2, 3]. According to this theory, the majority of
bacteria grow in biofilms enclosed in a matrix attaching to surfaces in aquatic ecosystems with
sufficient nutrients. Decades of studies confirmed the similar formation of bacterial biofilms in any
ecosystem [4].

Fig. 1. Fungi of the genus Penicillium (a) and Aspergillus (b)

Some micro-organisms exist in a free state. But most often micro-organisms form biocenoses on
a substrate. The process of biofilm formation involves several stages:

- Stage I (reversible process): Adhesion of microorganisms to the substrate, biofilm formation due
to the interaction of physical and chemical forces between the cell wall elements of the
microorganisms and the substrate;
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- Stage II (irreversible process): firm attachment of the microorganisms to the substrate,
characterised by loss of intercellular interaction and bacterial cell motility;

- Stage III: microbial synthesis of extracellular polymeric matter, which makes up about 85% of
the mature biofilm [5];

- Stage IV: formation and growth of a mature biofilm, including attaching new micro-organisms
to an existing biofilm.

As a rule, formation of tightly bound microbial colonies takes several hours [6]. In addition,
biofilms can quickly regain their integrity after any mechanical impact. The roughness of the surface
has no effect on the settlement of microorganisms.

Indeed, the rate of biofilm formation significantly increases in high shear conditions. Note, it is
characteristic for aqueous media. Microorganisms can adhere to surfaces and initiate biofilm
formation in the presence of shear forces that exceed Reynolds number. Turbulent flow enhances
microbial adhesion and biofilm formation. When biofilms occur in media with low shear force, they
tend to have a low tensile strength and therefore collapse easily [5-7].

When biofilms occur in media with low shear force, they tend to have a low tensile strength and
therefore collapse easily [5-7].

Many years the RAACS academician, Professor V.T. Erofeev and his colleagues have been working
on biocorrosion processes of various construction materials as well as development of anticorrosion
protection methods [8-10]. However, the mechanism of microbial action on concrete remains
uncertain [11].

The assessment of the micro-organisms impact on the concrete general degradation is quite
formidable for the development of corrosion protection measures.

The purpose of the study is to assess the strength and structural-phase changes observed in
concrete as a result of bio-damage.

EXPERIMENTAL PART

We conducted a biodegradation resistance test on cubic samples made of Portland cement CEM 142.5.

The bioaffection of the test samples was of localised nature, with 3/4 of their surface covered by a
biofilm. We tested the samples under conditions of high humidity.

We applied compression and differential thermal analysis methods to study the structural
changes in the solid phase of concrete.

Furthermore, we determined the strength characteristics of the samples by destructive testing on
the press, in compliance with the requirements of GOST 10180-2012.

Procedure for the compression test: the samples are placed alternately on the cleaned base plate
of the press, centered precisely in accordance with the marks on the base plate. The capacity of the
testing machine is selected to ensure the expected breaking loads are in the range of 20-80% of the
force-measuring scale. The samples are loaded continuously at a constant rate of (60+20) kPa-s™. The
value of destructive load is taken as equal to the maximum force achieved during the test. The average
cross-sectional area of the sample is determined as the arithmetic average of the areas of its opposite
faces in contact with the press plates.

The resistance of concrete to compression is calculated as follows:

RC:aZ ’

where F is the maximum load, N; A is the working cross-sectional area of the sample, mm? « is the
scaling factor to convert the strength of the cement stone to that of samples of basic size and shape.
We conducted differential thermal analysis on a Q-1500D derivatograph (Fig. 2). The order of the
test is as follows: a sample of crushed material is placed in a box, poured into 100% ethanol and
incubated for 10 hours. The alcohol is separated from the material by filtration. The dehydrated
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material is ground in a mortar to a powder passing through a No. 008 sieve. A 0.5 g sample is then
placed in the crucible of a derivatograph, after which a temperature and mass loss curve of the material
is recorded. We analysed at a heating rate of 10 °C-min™ in the temperature range 20-1000 °C.

The differential thermal analysis of concrete samples indicates the course of characteristic
endothermic reactions caused by dehydration of hydrate new formations and destruction of their
crystalline structure, as well as exothermic reactions caused by the formation of new compounds at
high temperatures.

Fig. 2. Test equipment: a - press, b - Q-1500D derivatograph

With the help of the mentioned method there is a principal possibility to determine in the system
calcium hydroxide, hydrosilicates and hydroaluminates, calcite, various complex compounds, types
and modifications of gypsum, and other new formations in the cement stone.

RESULTS AND DISCUSSION

The average compressive strength of samples unexposed to microorganisms for 90 days was
36.2 MPa. On the other hand, the average compressive strength of samples exposed for 90 days in a
bioaggressive environment was estimated to be 19.6 MPa. The results obtained confirm the negative
effect of microorganisms on the physico-mechanical properties of concrete.

The results of the differential thermal analysis of the bioimpacted samples are shown in Fig. 3 and
Table 1.

o 1000
1000 TG & 2
¢ E £
2 i = g
E 5 g 900 2
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g = = E
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Fig. 3. Results of differential thermal analysis of control sample (a) and biodegradable samples (b)
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Table 1. Results of biodegradation test on a derivatograph

Weight change before Weight change after
t, °C Effect i .
external influences, % external influences, %
Bio-damaged samples
100-130 Removing physically bound water 6.2 11.7
Dehydration of calcium hydroxide
430-480 1.8 0.8
Ca (OH),~ Ca0 + H,0
Polymorphic transformations of quartz
550-650 . . 7.9 1.1
a-Si02 > B-Si02
650-815 Decarbonisation
4.4 6.8
(2 peaks) CaCOs3 - CaO + CO2
Total weight change 20.3 20.4

We identified four main endothermic effects from the differential thermal analysis of the concrete
samples: (-) 130 °C, (-) 450 °C, (-) 550 °C, (-) 700 °C, (-) 790 °C, which are responsible for the dehydration
of the respective hydrate compounds.

We determined the mineralogical composition of the samples by comparing the thermograms
with the reference samples. The amount of bound water in the bio-damaged samples is 40% higher
than in the control samples. Additionally, we fixed the change of Ca(OH), content by endo-effect at
430-480 °C in the samples. We fixed a decrease in the area by the effect characterizing dehydration of
Ca(OH), to a greater extent in biologically damaged samples. At the same time they were characterized
by a decrease in the temperature of final hydrate dehydration (down to 790-800 °C), indicating the
presence of a small amount of calcium carbonates in the cement stone. The bio-damaged samples
showed a peak at 700 °C, further indicating decarbonisation of CaCOs;. The decarbonisation of CaCOs
begins at 600 °C, but proceeds slowly. Complete decomposition of the sample occurs at 790 °C.

CONCLUSIONS

A reduction in the mechanical strength of concrete is directly related to the enzymatic activity of
microorganisms. Changes in the physical and mechanical properties of materials are one of the criteria
for the bioproofness assessment.

On the basis of the differential-thermal analysis of concrete samples it has been revealed a phase
composition of a cement stone at biocorrosion changes aside reduction of Ca(OH), and increase of
other calcium compounds in a solid phase of system.

Results of research provide a basis for the further development of anticorrosive protection
methods of concrete structures maintained in biologically aggressive environments.
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YMHbIE KOMNO3WUTbl B CTPOUTENbCTBE

SMART COMPOSITE IN CONSTRUCTION

Bnepsuvle ycmanoenen MexaHusm 00pa3oéanuss kKaeepH (HApYUlEHUS UeAOCMHOCMU) 6 CAoe
2UdpOU30AAYUL HA CKAOHE BbICTYNA MAKPOULEPOX0BATIOCTIU, CBI3AHHDLIL C MeMNepamypoti U pacxodom
HANBIASEMOTL  CMeClU, 8peMeHeM OCMblBAHUS, 4 makxe WUPUHOL U  8blcomoll  ewvicmyna
Maxpoulepoxosamocmu. BuiseneHo makdce, YmMO MoueHHOe KaseprHoobpazosanue npoucxodum Ha
CKAOHAX YHACTKO8 C MAKCUMANLHBIMU HEPOBHOCMAMU (Hauboablell eAyOUHOT 6na0UHbL OTMHOCUMEALHO
cocedHezo evicmyna). C yuemom pe3yAbIMAmos npou3eo0CMEeHH020 IKCNEPUMEHMA PeKOMeHIYemcs
YeeAudumy memnepamypy Hanviasemoli cmecu 0o 70-80 °C 045 obecnedenuss cKOpoCmu NOAUMEPUSAYUL
cmecu 0o 1-2 munymol. IIpu amom nysvipex naposo3odyuLnoll cmecu He ycnegaem 0oCmuib NogepxXHOCIU
HANBIASLEMO20 CAO0SL U AONHY MY ¢ 00pa308aniiem Kasephul (Oedexma yeA0CMHOCU €05 2UOPOU30AIYUU
MOCT06020 COOpYxHceHUs). IIoKA3aHbL TIepCNeKMUL8bL MACCO8020 NPUMEHEHUS HANbLASEMOTL NOAUMEPHOTL
MpexcAOUHOIL 2UOPOU30AAYUUL MOCTIIOBBLX COOPYXHCEHUT UL HAKON/IeHUe HO8bLX MeopemuyecKuX 3HaHUlL 8

cmpoumeasvcmee U peMOHITE MOCITOBbLX coopymeuuﬁ.

KiioueBble C/I0Ba: T'MJPOU3OJSAINS, MOCTOBOE COOPY)KeHMUe, HaIlblJIeHMe, HarpeB, KaBepHa,

HapylieHvre [eJOCTHOCTH, IIOHVXXE€HHbIEe TEMIIEPATYPhI, ITy3bIPbKU

[ BUTHUPOBAHUA:
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The paper concerns the mechanism of bugholes formation (breach) in the waterproofing layer on the slope
of the macro-roughness protrusion associated with the temperature and flow rate of the sprayed mixture,
cooling time, width, and height of the macro-roughness protrusion. The point bugholes formation occurs on
the slopes of areas with maximum irregularities (the greatest depth of the depression relative to the adjacent
ledge). Taking into account the results of the production experiment, the research recommends ones to
increase the temperature of the sprayed mixture to 70-80 °C to ensure the polymerization rate of the mixture
up to 1-2 minutes. Meanwhile, the bubble of the vapor-air mixture does not have time to reach the surface
of the sprayed layer and burst with the formation of a bugholes (a defect in the integrity of the waterproofing
layer of the bridge structure). The paper shows the prospects of mass application of sprayed polymer
three-layer waterproofing of bridge structures and the accumulation of new theoretical knowledge in the

construction and repairing of bridges.
Keywords: waterproofing, bridges, spraying, heating, bughole, breach, low temperatures, bubbles
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BBEJJEHUE

B HacTosIIEe BpeMs HAKOILIEH OOJIBIION OIMBIT UCIO0JIb30BaHUSA JIUTOTO acanbTobeToHa (a/0) U
TUJPOU30JANVM B MOCTOBBIX COOpPYXeHUsX [1-5]. i JOCTIDKEHUS CLEIJIeHUS KOHCTPYKIIUK
MOCTOBOTO II0JIOTHA C TPOJIETHBIM CTPOEHUEM, a TAK)KE B KA4eCTBE TUAPOU3O0JISIIMOHHOM 06paboTKU
MIpUMEHsETCs HaIblIsgeMas HarpeBaeMas ABYXKOMIIOHEHTHAas CMeCh Ha OCHOBe K30I[MOHATa U
oTBepAuTeNss. Marepran AoKeH 001aZaTh aHTUKOPPO3UOHHBIMU U TUAPOUIOJISIIUOHHBIMU
CBOICTBaMU, MOBHIIIEHHON 3JIaCTUYHOCTHIO, UMETh XOPOIIYIO aZTe3Ui0 CO CTAJIbHON OPTOTPOITHON
WLJIY JKeJIe300€ TOHHOH IIJINTaMU U JOPOXKHOM oAex A0l [6, 7].

OfHOU W3 IPUYMH IPEXJEeBPeMEHHOTO pa3pylIeHUsI MOCTOBBIX COOPYXEHUH SIBISIETCS
JeCTpPyKIUs 0eToHa M KOPPO3Us apMaTyphl IUIMTHL U 0aJOK IMPOJETHBIX CTPOEHUM, a TaKKe
MeTaJJINYeCKUX KOHCTPYKIMI M3-32 HEYZOBJIETBOPUTEIBHOIO COCTOSHUS TUAPOU3OIINUU [8].
DdpbeKTUBHBIM pelleHreM MOPO0JEeMbl SABJIAETCI MPUMEHEHWEe HaIbUIIeMON TPeXCAOHHON
MIOJIMMEPHOM T'UIPOU30JIAIIUY, B TOM YHCJIe U3 HOBBIX OT€YECTBEHHBIX MAaTePUAJIOB.

IIprMeHeHNe OTeUeCTBEHHBIX MaTepUaIOB IPU TeMIlepaTypax Hinke 10 °C BBUAY AJIUTEIHHOTO
3aBepIIeHU (10 2 CyT.) XUMHUYECKON peakIny MeXAy KOMIIOHEHTaMH (M30I[OHAT ¥ OTBEPAUTEND),
MIPUBOJAUT K IOSIBIEHUIO Ze(deKTOB B BH/le KaBepH K3-3a IMy3BIPhKOB BO3/yXa U Mapa, BOSHUKAIOIINUX
BO BpeMs XMMUYECKOH PeaKINU [0CIe HAHECEHUS CI0SI TUAPOU30IAIINU.

Llesnp HACTOSIIEH PabOTHI — IIOJyYEHYE JaHHBIX [10 00€CIIeYeHUIO I1€JI0CTHOCTY TUAPOU30 AU
MOCTOBBIX COOPYKE€HUH TP HOHIKEHHBIX TeMIIepaTypax.

TEOPETUYECKAA YACTb 1 U3BECTHBIE METO/ZIbI ICCIIEJOBAHU A
COCTOAHUA TUAPON3OJIALINN

JluTepaTypHble MCTOYHUKH, Kacawlirecs OOIIUX BOIPOCOB IPUMEHUTENBHO K HACTOSALIEMY
ucciaefoBaHuio [1-9], u yacTHbIE MyOJUKAI[UY 10 JaHHOM TeMaTUKe OTPaHUYeHEI TepeyHeM [10-13].

IIpy oOCyllnecTBIeHUN IIaTEHTHOTO IIOWCKA OJM3KUX aHaJOTOB OIpeZesieHbl WHAEKCHI
MeX/yHapOAHOM MaTEeHTHOM KiacCU(UKAIUM, COIJIACHO O0JIaCTH TEeXHUKU KCCIeyeMOI TeMBl,
KOTOpPBIE BKIIOUMIJIN:

Knacc E01C - CTpouTenIbCTBO AOPOT, AOPOKHBIX MOKPBITHY, CIIOPTUBHBIX ILIOMIAZIOK U T.II.;
MalIWHBI ¥ BCIIOMOTaTeIbHOEe 0060 pyfOBaHUE [IJIsI CTPOUTENbCTBA I PEMOHTAE;

Kiacc E01D - MocTs;

Knacc E04B - CtpouTesibHBIE KOHCTPYKIIUU B IIeJIOM; CT€HBI, HAlIpUMep, IIeperopoAKU; KPHIIIY;
[IePEKPHITUS; MOTOJKY; U30JAIUA WJIM IPOYMe CPeJCTBA U CIIOCOOBI 3aIlUTHI CTPOUTENbHBIX
KOHCTPYKLIUU U COOPYKeHUI;

Kinacc C04 - IlemeHTHI; 6€TOH; NCKYCCTBEeHHbIE KAMHU; KEPaMUKa; OTHEYIIOPHI;

Kmacc CO8L - KoMIIO3HUITUH BEICOKOMOJIEKYJITPHBIX COeJUHEHNH.

IIpu mouricke MHGOPMAIIUY UCIIOIb30BaHbI KIIOUeBble CI0BA: TUAPoUusoIInusa (waterproofing),
moct (bridge), monmyperan (polyurethane), nmroii acdanproberoH (cast asphalt concrete),
IoJIMepHBle KoMIIo3uIuu (polymer compositions), monumepHoe Bsoxyiee (polymer binder).

Ilo pesyibTaTaM HIPOBEAEHHOTO MATEHTHOTO IIOMCKA OTOOPaHBI CJIeAyIoINue JOKYMEHTHI:
maTeHThl Ha n3obperenus RU NeNe 2177523, 2298023, 2341479, 2341480, 2477736, 2504523, 2504565,
2516605, 2560033, 2662493; maTeHTH Ha IToJe3HbIe MoZear RU NeNe 21051, 69874, 81500, 84859, 117454,
naTeHTHl CN NoNe 209144654, 108439861, 108442250, 106739310, 101914894; maTeHT KR Ne 20070001411,
nateHT EP Ne 0457667; maTteHT DE Ne 20205590.
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AHany3 yKa3aHHBIX IIAaTEHTOB II0OKAa3aJ, YTO pelleHNe TeXHUYEeCKON 3aJadu YCTPOHCTBA
TUAPOU3BOJSAIUYU MOCTOBBIX COOPYKEHUH 110/ ropsare acharbToO6GETOHHBIE CMECH OCYIIECTBIISIETCS
IIyTEM YCTPOICTBA CI0€B IMOKPHITUS U3 TUTOTO achanpTobeToHa U paspaboTKU COCTABOB CMeceH AJist
M3TOTOBJIEHUs CJIOSI TUAPOU30AANUU ¢ obecriedeHreM aZre3suy MeXAy HUM U BEPXHUM CJIO0eM U3
auToro achanbTobeToHa.

B coBpeMeHHBIX [ABYXKOMIIOHEHTHBIX YCTAaHOBKax [JI PACHbUIEHUS IIOJUMOYEBUHBI
KOMIIOHEHTHBI IIOZAI0TCA IIoJ AaBieHueM oT 150 zo 200 aT™M., ¥ MX MTHOBEHHOE€ CMeIlNBaHUe
MIPOUCXOJUT 32 CYET COyAapeHus MOTOKOB. O6GopyaoBaHUe [ HAHECEHUS [JOJIKHO 001aJaTh
BO3MOXXHOCTBIO TOYHOM [O3UPOBKM, OOeCIeuuBaTh IIpeJBapUTEIbHBIN HE3aBHUCUMBIN Harpes
KOMITOHEHTOB /11 CHIDKEHUS UX BSI3KOCTU, a PACHBUINTENbHBIN MUCTOJIET — UMETh BO3MOXXHOCTH
peryaupoBku Qakea.

IMocTaBieHHad B HACTOAIIEM MCCAeJOBAaHMM  3afada obOeclledeHUsa  I[eJOCTHOCTU
TUJPOU30IALUN IIPU IIOHM)KEHHBIX TeMIlepaTypaX B M3BECTHBIX TEXHUYECKUX pelleHUdIX He
BBISIBJIEHA.

HebyaronpusTHas CUTyalyst CKIaAbIBAE€TCS 110 IPUYUHE TOTO, YTO IIy3bIPbKU raza, MUTPUPYH,
MPOHUKAIOT YePe3 BEPXHIOK MTOBEPXHOCTD CJIOS TUAPOUSOJSIUU U JIOMAIOTCS, 00pasyst KaBepHHI C
HapylleHWeM LIeJOCTHOCTU CJI04 Imapousondaumnu. Ilpomecc Murpanuu ny3spbKOB CMECU ra3oB U
rmapa B CpeJHUX U BEPXHUX CJIOsAX pabouero Mareprana ¢ obpasoBaHueM KaBepH IPe/JCTaBIeH Ha
puc. 1.

Puc. 1. KaBepHooGpasoBaHue
Fig. 1. Bugholesformation

B cepezyiHe HaxXOAUTCS PHIXJIBII CIOH, B KOTOPOM COGMPAIOTCS IIY3BIPhKY, MUTPUPOBABIILE K3

HYIXHEroO CJI04 K COeJVTHUBIINMMCA C ITy3bIPbKaMU CPEAHETO CJI0S.

Puc. 2. [Iy3pippKO0Opa3oBaHue B Tesle 00pasiia U3 oJuMepa Ha OCHOBe M30I[MOoHaTA([I0INypeTaHa);

BUZIHBI ITy3BIPbKY BHYTPU CJIOSI ITOJIIMeEpa
Fig. 2. Bubble formation in the body of a polymer sample based on isocyanate (polyurethane);
bubbles are visible inside the polymer layer

DTH Iy3BIPBKU HE YCIIeBAIOT MUT'PUPOBATH Yepe3 TBEPABIN BEPXHUH CJI0H (puc. 2).
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PE3VJIBTATHI 1 OBCYXXKAEHWE OBCIEAOBAHUA TAPON30JIALINN
HA ITPOU3BOZICTBEHHOM OBBEKTE

IIpon3BOACTBEHHbIE PabOTHl [0 HAHECEHWIO TUAPOU3OISIIUU Ha cbe3se C KosbieBoit
aBTOMOOUJIBHOM JOPOTU CaHKT—HeTep6ypra (Poccuiickas ®enepanusa) npoBegeHs 4 mas 2023 T.

TeMmnepaTypa okpy:karmwliero sosgyxa 9 °C.

Bpemsa HaHeceHud - ¢ 10.00 mo 16.00.

Pe3ysbTaThl BEIITOJTHEHHOTO 00CIe[0BaHN IT0 00pa30BaHUIO KaBePH (PHC. 3), OCYIIEeCTBIIEMBIX
paboT 10 HaHECEeHUIO CJIO0sl TUApousogAnuU (puc. 4) U UCHBITAHUM THUAPOU3OAALUU (PUC. 5, 6)

IIpeACTaBJIECHBI HIXKE.

8(c)
Puc. 3. IIpumeps! (a-6) 06pa3oBaHus KaBepH Ha CKJIOHE TEKCTYPHI MaKPOLIEPOXOBATOCTH
Fig. 3. Formation (a-c) of bugholes on the slope of the macro-roughness texture

Puc. 4. HaHeceHue €105 TUAPOU30ISIIIIN

Fig. 4. Applying a waterproofing layer
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a(a) 6(b)
Puc. 5. Busyannsaiysi TeIJIOBOTO [0S HAIIBIJIEHHOTO CJI0S TH/POU30JIIIIN:
a - epBasi MUHYTA, 0 — AecaTas MUHyTa
Fig. 5. Visualization of the thermal field of the sprayed waterproofing layer:
a - the first minute, b - the tenth minute

Tak, Ha puc. 5 (M306pakeHle C TEILIOBU30Pa) XOPOIIO BUAHBI HEOCTHIBIINE JOKATbHbIE TOUKY,
OTBeYaIe COCTOSHUIO (HEOCTHIBIIEIO IIOJNMepa) HAIBUIEHHOrO IoJuMepa HaJ JedeKTHBIMU
y4acTKaMHM CTaexee300e TOHHOH IIJIUTHL.

Pexomendayuu no onpedenenuro adze3ul. Mamepuaios
0214 2u0pOU30AAY UL MOCTILOBLLX KOHCMPYKYUTL

PazpaboTaHHblE PEKOMEHJAIINN YCTAHABINBAIOT METOABI ONpeJeeHUs aZre3nuy MaTepuaaoB
JJIS1 TUZPOU3O0JISIIY MOCTOBBIX KOHCTPYKI[UE, B TOM YHCJI€ HA OCHOBE TEXHOJIOTUYECKUX IPO06.

PekoMeHZAIUM JAaHbl K HPOBEJEHUIO WCIBITAHUN MaTepUaoB JJsI THUAPOUIOALUUN MIPU
U3TOTOBJIEHUY, OCYIIECTBJIEHUM BXOZHOTO KOHTPOJSA KadecTBa B JIADOPATOPHBIX YCIOBUAX,
WHCIIEKIIMOHHOTO KOHTPOJIS KayecTBa MaTepraja Ha CTPOUTENbHOM O00BeKTe (HermocpeACcTBEeHHO
IIPU YyCTPOUCTBE TUAPOUSOJISIIIUY U aHTUKOPPO3UOHHOM 00paboTKe MOCTOBBIX KOHCTPYKITULL).

B pexoMeHganusax GUTYPUPYIOT TEPMUHBI, IPeACTABIeHHbBIE HIDKE.

Agresus (ot mnat. adhaesio - nOpuiINIaHVe) - cClelieHHe (CAUIIaHME) ITOBEPXHOCTEMN
pasHopoAHBIX Ten. Ilof azAresmell MOJUMEPHO-OUTYMHBIX BSDKYIIUX JJS TUAPOU30JSIUUN
CTajleXxene300eTOHHBIX U OPTOTPOIHBIX META/JIMYECKUX MOCTOBBIX KOHCTPYKIIUI ClIeAyeT
oHUMAaTh 3(DPEKTHI CBsA3el MOTMMEPHBIX BDKYIUX U YKa3aHHBIX KOHCTPYKLMI, 00yCIOBIEHHbIE
MeXaHUYeCKUMU, KJIeeBbIMU U B3aMOTIpOHUKaImuMu addekramu. OHA BU3YyaTbHO ONIPeeIsIeTcs
BEJIMYMHOM IJIOIIAAN MTOBEPXHOCTU IOJIMMEPHBIX BSDKYIINX, COXPAaHUBIINX YaCTUIIBI MaTepuaia
OPTOTPOIHBIX MeTaIMYeCKUX MOCTOBBIX KOHCTPYKUMI (OUTYMHYIO IJIEHKY) IIOCJE MPUJIOKEHUS
VCIIBITATEIbHBIX BO3AEHCTBUM.

TexHoJiOTUYECKas Mpoba — UCIHBITAaHKE 00pPaslloB MaTEePUAJIOB, BBHIIIOJHIEMBIX HECIOKHBIMU
criocobamu 6e3 TIATEeTbHOTO U3MePEHUsT HAabII0JaeMbIX CBOMCTB, C I€JIbI0 BBISIBJIEHHS CIIOCOOHOCTH
Takux O0OpasI0oB K OIpelAeleHHBIM JAebopManusaM (CABUT - JJSd IOJIUMEPHBIX BSDKYIIUX,
KCIIOJIb3yeMBbIX B KAUeCTBE TUPOU30JISIIINY MOCTOBBIX KOHCTPYKLIUE).

XapakTep paspylleHUs UCIIBITyeMOro obpasiia moApasziesisioT Ha a/[Te31OHHbBIN U KOT€3NOHHBIN
(rTo MaTepuay A TUAPOUIOJISAIINN), KOTe3MOHHBIH (110 MOCTOBOM KOHCTPYKIIVU) M CMENIaHHbIH.

AZTe3VOHHBIN XapaKTep paspylleHHUs — paspyLIeHHe UCIBITYyeMOro obpasiia IPOUCXOAUT Ha
mwiomazau 6osee 50% IO JUHUK KOHTAKTa MEXAY MaTepUAIOM JJI TUAPOUIOISAIUU U MOCTOBOM

KOHCTpPYKIIHeH.
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KoresnoHHBIN XapakTep paspylleHUs - MaTepuasna Jad TUAPOU3OJALMU paspylaeTcsa Ha
mowmazu 6osee 50%.

CMeIIaHHBIN XapaKTep pa3pyLIeHUs — IPY HaJUIUU PA3TUIHBIX XapaKTepPOB paspylleHusd, HU
OZIVH 13 KOTOPHIX He mpeBbImaeT 50% I10 MIoLaau.

OmpezneneHue ajresuy Ha CABUT MeXAy MaTepUaIoOM /IS TUAPOU3OJISIIUM M MOCTOBOH
KOHCTPYKLIMEN Ha CABUT 3aKJI0YaeTci B OIpeJeJeHUH XapakTepa paspylleHUsd M YCUJINA,
HeobXOJUMOro JJjs CABUTa KaTHMOPOBOYHOH IUIACTHHBI C MaTepHUaJoM AJs THAPOUIOIALUH
OTHOCHUTEJIBHO IUINTHI (BPyYHYI0, MOMEHTHBIM KJII0UOM).

VcnipITaHUSA IIPOBOAAT HA CYXOH, TIIATEJIbHO OYHIIEHHOH IUIMTe HEIlOCPeACTBEHHO Ha MecCTe
HaHeCEeHUs CJI0S TUAPOU30IAL Y. MecTa U3MepeHNH Ha3HAYaIOT Ha pacCcTOsSHUU 0.5 M PYyT OT Apyra.
TeMnepaTypa U BIQXXHOCTH IIOKPBITHS U BO3AYXA JOIKHBI COOTBETCTBOBATH TEXHUIECKUM YCIOBUAM
H3TOTOBUTEJISI HA MaTepHaJsbl AJds rugpousossnuu. IIpoda moiumepa 3aamuBaeTcs B Ba OTBEPCTUS
KaJINOPOBOYHOM IMacTUHBI guaMeTpoM 20.0 MM TakuMm 06pa3oM, 4TOOBI IIOJUMEpP BBICTYIAT B
CTOPOHBI 32 Kpast OTBEPCTUH He MeHee 4eM Ha 2.0 MM.

ITocse oTBePXIeHUA KOMIIOHEHTOB I'MPOU30IAIIUY IIPOBOAAT OTAeleHre IIJTACTUH OT IJTUTHI
CABUTOM C ITOMOIIBIO TPOCOBOM CHCTEMBI M KaauOPOBOYHOM IJIACTHUHBI JJI UCIBITAHUI aATe3ny,
KOTOpas BKJIIOYAeT B cebs IJIACTUHY, TafiKy W phrIM-60aT. XapakTep paspyLIeHUs OIpPeZessioT
BU3YaJIbHO U, €CTU TAKOBOH ABJIIETCA aATe3MOHHBIM, BBIYMCISAIOT II0Ka3aTeNlb aATe3uy Ha CBUT.

IToxazaTesb a/ire3UM BHIYUCIIIOT KaK cpeHee apu(dMeTHYeCKOe 13 Pe3yIbTAaTOB He MEHee TPeX
HCIIBITAHUH, pacxoxJeHHe MeXAy MaKCHMalbHBIM M MUHUMAJIbHBIM 3HAa4eHUSIMU He [OJLKHO
npesbIaTh 10%.

PemreHve 0 NPUTOJHOCTH MaTeprala JJjs TUAPOUSOIALMU NPUHUMAETCA II0 XapaKTepy
paspylieHus u CpaBHeHUeM (HaKTUYeCKOU BeJIWYMHBI aJresuu cABura ¢ TpebyeMoil 110
JeHCTBYIOIINM HOPMATUBHBIM JOKyMeHTaM.

HpOBe/IeHI/Ie IIPAKTHUYIECKOT'O UCCIAEA0BAHNA a[iT€3NN TNAPOU30JIANNY IIPEACTABIEHO Ha PUC. 6.

__h!h-p
\ N\ 9
Puc. 6. cnibITaHye THAPOM3OIALNAY Ha aAire3nio (KOTe3MOHHBII XapaKTep OTPHIBA)
Fig. 6. Waterproofing adhesion tests (cohesive nature of separation)
HpOBeﬂeHO oIpezesenve (bI/ISI/IKO-MeXB.HI/I‘-IeCKI/IX XapaKTepUuCTUK IIOJIy94€HHOTI'O

TUPOU30IANMOHHOTO  3JacToMepHoro  Marepuana  «[mgpodiekc-1» Ha  COOTBETCTBUE
CTO 80576145-001-2017 «['uApousoianus >Kene300€TOHHBIX U CTaJbHBIX OPTOTPOIHBIX ILTUT
IIPOJIETHBIX CTPOEHUI MOCTOBBIX COOPYKEHUH U JPYTUX CTPOUTENBHBIX KOHCTPYKIIUH U3 CTAIU U
KenezobeToHa. TexHosorus ycrpoiictBa» u OIM 218.3.045-2015 «PekoMeHAaluU 10 YCTPOUCTBY

OecIIOBHOM U HAIBLISIEMON MOCTOBOIM THUAPOU3OSIINM U3 KOMIIO3UIIMOHHBIX MaTepHayoB Ha
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KeJ1e300€TOHHBIX U CTAIbHBIX OPTOTPOIHBIX IIUTAX IPOJETHHIX CTPOEHUI MOCTOBBIX COOPYKEeHUH,
a TaK)Ke Ha PYIUX CTPOUTENbHBIX KOHCTPYKIIUAX U3 CTANU U JKele300eToHa.

IIpu stom «T'ugpodiiekc-1» ABAsgeTCAd [ABYXKOMIIOHEHTHBIM IIPOAYKTOM, COCTOAIIMM U3
doprionuMepa Ha OCHOBe H30LMaHATa (KOMIIOHEHT A) U OTBEPAUTENS IOJNAMHHHOTO THIIA
(xkoMmmoHeHT B). [I11 OKpacKM KOMIIO3UITUY B KOMIIOHEHT B BBOJAT IUTMEHTHI.

CucTteMa rupous0IsIiy MeTaINYEeCKUX U JKes1e300€TOHHBIX KOHCTPYKIUH COCTOUT U3 TPEX
CJIOEB:

- IPYHT - KOMIIO3UIIMA 3MOKCHUAHaA Mapku OI'-101; TV 2257-155-98644048-2009; ToIIIMHA CJIOS
cocTtasigeT 450-500 MKM;

— OCHOBHOU CJIOY — MaTepHaJ 3J1aCTOMEPHBIY I'MIPON30ISIIOHHBIN HAa OCHOBE IT0JIMMOYEBUHEL;
TV 5775-007-98644048-2013; TonmuHa cao4g cocTaBiagerl.2-1.8 Mmy;

- BepxHHMIU cio¥ kommosunuu Mapkum ITA-105; TV 2257-156-98644048-2009; ToiIyHA CIOS
cocrasygeT 500-550 MKM.

Pacxos wMarepuaysoB Ha 0Oase rugpousonanuu «I'uapodiekc-1», UCHOIB3yeMOI IIpU

CTPOUTEJIbCTBE U SKCILIyaTAIlX MOCTOBBIX COOPYKEHUH, IIpeACTaBIeHbI B Ta0I. 1, 2.

Ta6auna 1. Pacxos MaTepuasIoB Ha OCHOBe ruzipousossnuu «I'ugpodiexc-1»
Table 1. Materials consumption on the basis of waterproofing "Hydroflex-1"

TeopeTudecKui . ) PasHuna (3amoJHeHHbINA 06beM
HaumeHOBaHUe ) ITpaKTHYeCKUl PacXof, KI*M’
Pacxof, Kr-M" MaKpOILIePOXOBATOCTH)
T'pyHT-KOMIIO3UIMA DI-101 0.48 0.54 (moTepu 10% mpu K=1.12) 0.06
T'napodiexc-1 1.59 2.28 (morepu 30% mpu K=1.43) 0.69
Kommnosunus ITA-105 0.44 0.51 (morepu 10% mpu K=1.12) 0.07

PesysnbTaThl UCHBITAaHUN «I'nApodIekc-1» OTpaxkeHH B Ta0I. 2.

Ta6mua 2. Pe3ybTaTsl UCIBITAHUI IUAPOU30ISLIOHHOIO 31aCTOMEPHOTO MaTepraa
Table 2. Test results of waterproofing elastomeric material

Haspanue Tpebosanusa 'OCT 59179-2021 T'uapodiekc-1
XuMudeckast OCHOBA Tonukap6amug, (MoJIuMOIeBUHA)
TII0THOCTB, ICM™ Ot 1.04 10 1.06
Bpemsa nonuMepusanuv, MUH 0Tt 0.5 50 2.0
Cucrema 1.50r-101
2.TU MembpaHa
3. ITA-105
CpOK CIIy>K0bI Boiee 47 et
OcHoBaHue
DyHKIIMOHAIbHBIE [TOKa3aTe!
R Beron Cranb Beron Cranb
oiMepHoi ruzponsonsnnu (I'M)
IIpounocTs cuerutenys ' ciost ¢
IUTUTOH OCHOBAaHMs IIpH OTpbIBe, MITa, 1.00 3.00 3.20 9.80
He MeHee, IIpy TemItepaType 23 °C
IIpounocts cuerienya I'M cios ¢
VILIOTHsIeMbIM a/6 ripu oTpbiBe, MITa, 0.40 0.40 0.45 0.45

He MeHee, IpU TemnepaTtype 23 °C

IIpounocTts cuemnenus I'Y cioda ¢
nuTHIM a/6 Ipu oTpbiBe, MIla, 0.40 0.40 0.45 0.45

He MeHee, IIpu TeMiiepatype 23 °C

IIpounocts cuemnenusa 'Y cios ¢
yIUTOTHsIeMBIM a/6 Ipu casure, MIla, 0.15 0.15 0.30 0.30

He MeHee, Ipu TemnepaType 23 °C
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OKOHYAHHE TAGAUIIBI 2
Table 2 (ending)

YMHbIE KOMNO3WUTbl B CTPOUTENbCTBE

SMART COMPOSITE IN CONSTRUCTION

HasBanue

Tpeboanusa 'OCT 59179-2021

T'ugpodrexc-1

IIpounocTs cuemnenusa 'Y cios ¢
JuTHIM a/6 1pu caBure, Mlla,
He MeHee, IIpu TeMIiieparype 23 °C

0.15 0.15

0.30

0.30

BozoHennpoHUIIaeMOCTh

He napymeHna

He napymeHna

He napymeHna

BopomnoroneHue 1o Macce,

2.5 2.5 2.0 2.0
%, He bosiee
IIpouynocTs nipu pacTsxenuu I'
cnosi, MIla, He MeHee, 5.0 5.9 19.0 19.0
pu Temieparype 23 °C
OTHOCUTenbHOE yanuHeHue '
CJIOS IIPU PaspeIBe, %, He MeHee, 40 40 200-400 200-400
npu temueparype 23 °C
Conporusienue I'M cios B npegenax B npezpenax
IIPOHMKHOBEHMUIO XJIOPHU/-MOHOB 0.04 - TOTPELIHOCTH TOTPELIHOCTH
1o Macce, %, He 6osee U3MepeHns U3MepeHus

AHTHKOPPO3UOHHAS CTOHKOCTD

B npeznenax

B npezenax

170 °C, %, He MeHee,
npu temueparype 50 °C

B YCJIOBUAX aTMOCheEPHI - TIOTPEIIHOCTA TIOTPEIIHOCTA
HEUTPaJIBbHOIO COJITHOTO TyMaHa U3MepeHns U3MepeHus
. OTCyTCTBUE B3AYTHUH, OTCyTCTBUE B3AyTHUH,
BHenrHuti Buj, -
P>XKaBYMHBI U TPEIIUH P>XKaBYMHBI U TPELUH
JluajieKTpuyecKas CILIOIIHOCTD - OTcyTcTBUE IIPOGOEB OTcyTcTBUE IPOGOEB
MuHMMaIbHad TOJIIAHA
TUAPOU30JIALIIOHHOrO CJI0S
AP 8 2 2 2 2
(c yaeToM AOIyCKOB
1o TOCTP 58942-2020), MM
OTHOCHUTeIbHOE YAIMHEHNE CI0A
IIpH pasphIBe [10CjIe BO3AeHCTBUSA
. 40 40 200-400 200-400
TeMuepaTypsl 140°C, %,
He MeHee, Tpu TemnepaTtype 50 °C
OTHOCcHuTenbHOE yanuHeHue '
CJ104 IIPY pa3phIBe MOCIe
BO3/IeHICTBUS TEMIIEPATYPbI 40 40 200-400 200-400

CoriacHO IOJy4YeHHBIM JaHHBIM, TH/POU30ISAIIOHHBIHN 3J1aCTOMEPHBIH MaTeprajl COOTBETCTBYET
TpeboBaHuaM OJM 218.3.045-2015 u CTO 80576145-001-2017. Ilo 3axniioueHuio AO ITHUUC
Ne HMT'A3-19-9286, mpepyaraerca ciaeayowmasa cucremMa OO0 «HII® «CoBpeMeHHBbIE MOKPBITUA»:
KoMITo3uLMs BSmokcugHasa dI-101 - 150-250 miM; «[ugpodiekc-1/1» (TY 5775-007-98644048-2013);
TonmuHa - 1.2-1.8 MM. TakoBas ycIeIIHO Ipollga KJIMMAaTHWYeCKUe WCIBITAHUS AJS YCIOBUM
skcmnyaTtanuu 02 mo merozy 18 T'OCT 9.401, mpeaycMaTpuUBaOIIUX AJAUTEIbHOE U ILMKINYECKOe
BO3/I€HICTBUE OTPUIATEIbHBIX TeMimepatyp (0T -60 °C). IIporHO3upyeMblil CPOK CIYKOBI HMOKPHITHUS
COCTaBUJI He MeHee 47 JIeT.

C y4ueTOM pe3yJbTaTOB IIPOM3BOJCTBEHHOIO OSKCIEPUMEHTAa, pPeKOMeHZyeTCs IIOBBICUTH
TeMIlepaTypy HanbluigseMol cMecu 0 70-80 °C s obecriedyeHUs TOTMMePHU3aII CMECH B TeYeHIe
1-2 MuH. B 3TUX yCI0BUAX Iy3BIPbKY IIAPOBO3ZAYIIHOM CMeCH He yAaeTcs AOCTUYb ITOBEPXHOCTU
HAIBIIIEMOTO CJIOSI M JIONHYTh C o0Opa3oBaHMeM KaBepHBl (ZedeKTa IeJIOCTHOCTH CJIOS

TUAPOU30JIAIIUYI MOCTOBOTO COOPYKEHM:), KaK 3TO OITMCAaHO B [8, 9].
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BBIBO/IbI

B u3BeCTHBIX TEXHUYECKUX peIleHUsX He 3asBjieHa 3ajada obecledeHUs I[[€J0CTHOCTHU
T'UAPOU30JIAIUY [IPU IMOHIKEHHBIX TeMIlepaTypax. B 3Toll cBA3K BIepBble YCTAHOBJIEH MEXaHU3M
obpasoBaHUs KaBepH (HapylleHUs II€JIOCTHOCTH) B CJIOe THUJPOU3OJSIIUM Ha CKJIOHE BBICTYIIA
MaKpOIIEPOXOBATOCTH, CBSI3AHHBIN C TeMIlepaTypol M pacXoJoM HambLIsIeMOU cMecH, BpeMeHeM
OCTBIBaHUS, a TAKXKe [N PUHOU U BEICOTOM BEICTYIIa MAKPOIIEPOXOBATOCTH. BEISIBIEHO, YTO TOUEUHOE
KaBepHOOOpa3oBaHMEe IIPOUCXOAUT Ha CKJIOHAaX YYaCTKOB C MAaKCHUMaJIbHBIMU HEPOBHOCTIMU
(HamboJiblIe ITyOMHOM BIAAWHBI OTHOCUTEIBHO COCETHETO BRICTYIIA).

[IpuMeHeHMe HANIBLISEMON ITOJUMEPHOU TPEXCIOMHOU I'UAPOU30JISIIINY IPU CTPOUTENBCTBE U

PEMOHTE MOCTOBBIX COOPYKEHUI ITO3BOJIUT IIOBBICUTH CPOK UX CIY>KOBI 1 CHU3UTD aBAPUITHOCTb.
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Onucwuleaiomces peaau3o8anHble U NAAHUPYeMble MEPONPUSMUS, C853aHHbLlE ¢ peHO8alUell NAMAMHUKOS
ycalebHOL KyAbMYpblL HA co8pemeHHOM dmane. B fpocaasckoil obaacmu pacnonoxeHuvl ycadebHule
KoMMAeKCul U 06Bexkmbl, souleduilie 8@ npoekm «Ycadebroe docmosnue PO». Axyenmupyemcs eHUMAHUE
Ha jycunenue pabomel 8 YKA3AHHOM Hanpaeaenuu. Boccmawnoenena ycadvba xynuya Yucmosa 8
2. Muuwkune. Obpaujaemcst BHUMAHUE APXUMEKMOPO8 K HOBbLLM NPOEKMAam; cpedu HUX — OpaHdicepes U
BUHHbBLL ckaad ycadvbvr H.A. Hekpacosa 6 Kapabuxe, ancambav ¢ 0. Yepeaucurno. PenosayuornHuie
Meponpusmus cnocobcmeym akmueHoMy U Ka4ecmeeHHOMY pA3sumuio ycadebHo20 npocmpancmed
NpU COXpaHeHUL Y3HABALMO20 APXUMEKMYPHO20 06pa3a ycadeb, a makdice CrACEHUIO PA3PYULAIOUUXCS
30anuil. Hogvle meopueckue demanu u 3/1eMeHmMol 00ecneugaiom 6uU3ydAbHYI0 TPUE/AeKAMe/bHOCb

YKA3AHHBIX APXUMEKMYPHBLX U CMPOUMEAbHBLX 00BeKIMO8.

KiroueBble C/IOBa: NTaMSITHUKY ycaZleOHON KyJAbTyphl, IpociaBckas rybepHUs, peHOBAIOHHBIN
IpoeKT, ycaapba Kymua YucroBa, opaHKepes M BUHHBIM ckiaag ycagpbel H.A. Hekpacosa,
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The paper describes the current implemented and planned activities on manor culture monuments
renovation. "The Estate Property of the Russian Federation" project involves many estate complexes and
cultural objects of the Yaroslavl region. Within the framework of this project, the estate of the merchant
Chistov in Myshkin was restored. There are also the other projects - the orangery and wine warehouse of
N.A. Nekrasov's estate in Karabikha, the ensemble in Cherelisino village, etc. Renovation activities provide
the active and qualitative development of the estate space while preserving the recognizable architectural
image of the estates. Also, these projects ensure the salvation of deteriorating buildings. New creative details

and elements enhance the visual attractiveness of these architectural and cultural objects.

Keywords: manor culture monuments, Yaroslavl province, renovation project, merchant Chistov's
manor, N.A. Nekrasov manor orangery and wine warehouse, Cherelisino village ensemble, visual

appeal
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BBEJJEHUNE

B fpociaBckoii 00JacTU UMEIOTCS OpPUTUHAJIbHBIE ycaZeOHble OOBEKTHI, BOIIEeANINE B IPOEKT
«YcazebHoe pocrosHue P®». K coxameHuio, He Bce ycaApbbl B HallM JHU HaxOJATCI B
VZOBJIETBOPUTENBHOM cOCTOSIHUM. B KoHIle XIX B. B Poccuu Hauascs mpoijecc pa3pylieHus pasMepeHHOU
’KU3HY; SKOHOMUYECKU JBOPSHCKHE XO3dJHCTBa TPYJZHO BIIMCHIBAJNCh B HOBBIE YCJIOBUS IIOCIE
ocyiiecTBiaeHus pepopmsar 1861 roza [1]. B pesynbTare B COBETCKUI ITEPHOJ MHOTHE ycaieOHble KOMITIEKCHI
MPAaKTUYECKU MOTePSIU MPUBBIYHBIN OOJUK, a T€ TEPPUTOPUU, YTO COXPAHUJINCH, OBLIN BKJIIOUEHBl B
AKTUBHYIO OOILIECTBEHHYIO JKU3Hb 0Jarofapsi MeCTOPACIIONOKEHHUI0 U BO3MOXKHOCTHM pasMelleHus Ha
IJIOLIA/SIX HOBBIX MYy3€MHBIX SKCIIO3UIUH [2].

IIpobiema cOepexeHUsA PyCCKOU ycaabObl Ha COBPEMEHHOM 3Talle CYIUTAETCS CI0KHOMN. TeM He MeHee
BeZleHNEe TBOPYECKOH U apXUTEKTYPHOU JesATeJbHOCTH B JAaHHOM HaIlpaBJeHUU SBJSEeTCS BecbMa
aKTyaJIbHBIM. YcazebHas KyJbTypa ABISIETCSI BAXKHOUM COCTABJSIOIIEN OTEUEeCTBEHHOTO MUPOIIOHUMAaHM,
YacThIO UCTOpUYECKON nmamaTu Poccuu. Ilpu 3TOM coxpaHeHNe INaMITHHUKOB MCKYCCTBA M CTApPUHBI KaK
JYXOBHO-MaTepHUATbHOIO HacJeAus SIBASETCS 3aJadell He TOJIbKO apXUTEKTOPOB M KYJIbTYPOJIOTOB, HO U
My3€0JI0TOB, HCTOPUKOB, (DUJIOJOrOB M BCEX HEPABHOAYIIHBIX aiofei [3]. BaxxHo, 4TOOBI K Ipoleccy
COXpaHeHUs 3TOro HacjeJus MOAKJIIOYAIOCh MOJIOZOE IIOKOJIeHHe depe3 pealn3alliio OPUTHHAaIbHBIX
TBOPUYECKUX IIPOEKTOB. APXUTEKTOPbl MOIYT BHEJPUTb ONBIT (YHKIVOHUPOBAHUS UCTOPUIECKUX
00BEKTOB B XOJle TIOMCKAa PallMOHAJBHOTO ITOAXO0JAa K M3MEHEeHMIO Jokanuil. He cieayer 3abbiBaTh u
[JIaBHBIN IPUHIUII MHBECTOPA IIPU BOCCO3ZAHUU CTAPOTO WM BO3BEJEHUM HOBOTO 3JaHUS — IIOJYYUTH
MaKCHUMYM OT CyL[eCTBYIOLIETO 00'bEKTA IPU MUHUMAIbHBIX BIOKEHUAX [4].

PEHOBAITIOHHBIE MEPOIIPUATHUSA B VCAZIBBAX APOCTTABCKOU OBJIACTU

Ci10’kHOCTDb (POPMUPOBAHUS My3€IHOM 5KCIIO3UIIUY IIPX U3MEHAOIINXCA BHEITHUX YCIOBUAX JUKTYeT
HeOOXOZMMOCTh M3MEHEHUs CpeJbl ObITOBaHUS ycaZed M COXpaHEHUs HX B HCKyCCTBEHHOH
«KOHCepBUpYIOIleH» cpefe [5]. ONTMManbHOH HCTOPHUYECKU BBHIPAOOTAHHOH (GOPMOI TaKOH Cpeabl
SIBISeTCS My3eliHOe IPOCTPaHCTBO. BmecTe ¢ Tem MyseliHag cpeZa Ha COBpPeMeHHOM B3Talle
XapaKTepU3yeTcs BBICOKON I'MOKOCTBIO, JIETKO BOMpas B cebs, COXpaHsIs U TPaHCHOPMUPYSI B My3elHBIE
0O6BEKTHI CaMble pa3HO000pa3Hble GparMeHTH! ycaZebHO e ICTBUTEIPHOCTH.

PasBuTHe BHYTPEHHETO TYypHU3Ma, WHAYCTPUM TOCTEIIPUMMCTBA M 00pPa30BaTEeIbHBIX IIPOEKTOB
II03BOJIIET CTUMY/JIHUPOBATh MECTHBIE OPTaHbI BJIACTH U COTPYAHHUKOB MY3eHHBIX IPOCTPAHCTB K IIOUCKY
pelleHWH II0 WCIOJb30BAaHHUIO pa3pyLUIEHHBIX IIOMEIeHWH U JAOMOB. TBOpYecKHMe WHUIINATHUBBI
apXUTEKTOPOB IIPUBOJAAT K CO3ZAHMIO IIPOEeKTOB. IIoAy4MB TIpaHT Ha IIpoBeJileHHe JeTaJbHBIX
HCClIeIOBaHUN, CIIeIINAMUCThl NPUXOAAT K peannsaly 3afyMaHHoro. IIpuMeHSIOT HeCKOJIbKO METO/IOB,
HCIIOJIB3YEMBIX IIPU PeHOBAaIlUM OOBEKTOB, — aNIUIMKAIUio (Co3ZlaHKWe KOMIIO3UIIMOHHBIX pEIIETOK,
CTPYKTYp, GOpMUpOBaHUE IIBETOBBIX pelleHUH), WHTerpanuio (Bpe3ka JOMOJHUTEJbHBIX 00BEMOB B
CTPYKTYPY 3AaHUS, YCTPOMCTBO JOMHHAHT, CO3JAaHHE [ONOJHUTEIbHBIX IIPOCTPAHCTB), AHAJIOTHUIO
(cTrin3oBaHHOE Ay6IMpPOBaHYE U CO3AaHMEe CeMaHTUIECKUX GOPM 34aHUsI, CBI3aHHBIX C 00bEKTOM), 4aCTO
HCII0JIb3yeMyI0 KaK JOII0JHeHNe K UHTerpanuu [4].

ITenecoobpasHOCTD SABJSETCS OCHOBON PEHOBAIJOHHBIX U3MEHEHUMN. ADXUTEKTOPHI, SKOHOMUCTHI U
JleBeJIONIEPHl B YCIOBUSIX AMaiora IpopabaThIBAlOT HECKOJBKO BAPHAHTOB CLieHApHs PasBUTHS OOBEKTa.
B urore BHezpsieTcs HanuboJiee PalMOHAIBHBIN, C TOYKHM 3PEHUS 3aTPaT Ha PEKOHCTPYKLUIO, CIleHapHUH,
KOTOPBII OyZeT IPUHOCUTD HanbO0IBIIYIO IIPUOBLIb IPU SKCILIyaTalUi U3MeHEeHHOTro 00beKTa [4].

B SIpociaBCKOM peruoHe eCThb IIOJIOKHUTeJbHble NPUMepPhl PEHOBAIUM - Myseli-ycaabba JBOPSAH
JleoHTheBBIX B cesne BopoHuHO PocToBckoro paibioHa, «Ycagpba TuxomupoBa. I'1aBHBIN JOM» B
fIpocnasie [6]. B uwncio mnpeTeHAeHTOB Ha (QefepaJbHYIO MOAAEPKKY TaKXKe BKIIOYEHHI ycazbpba
KokoBueBsix (SIpociasib) u aHcam0JIb 3aTOPOAHOI ycaabobl MuxankoBbix (PIOMHCK).
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Bo3MOXHOCTD TpaHchopManuu B OyAylleM IIOSBUJIACh Y IONypaspyLIeHHBIX 3JaHUH U3 KPAcHOIO

KUpIMYa - Opamxeper ¥ BUHHOTO CKIaza ycagebHoro komiiekca H.A. Hekpacosa B Kapabuxe (puc. 1).
) , —

®
|

~\

+
= 3 ! Wil G
Puc. 1. Opamxepes: u BUHHBIH ckiaj ycans0er H.A. Hekpacosa B Kapa6uxe (poekr) [7]

Fig. 1. Orangery and wine warehouse in N.A. Nekrasov's estate in Karabikha, the Yaroslavl region, Russia (project) [7]

JaHHBIEe JIOKaIlMd B pPaMKaxX JAUIUIOMHOTO IIPOeKTa CTyZeHTa fIpocIaBCKOro rocyZapCTBEHHOTO
TexHU4YecKoro yHuBepcuTeTa A. KokyeBo#l mpezmosaraeTcss AOIOJIHUTH CBETOIIPO3PAYHBIM MaTOBBIM
CTEKJIOM JJs CO3JaHUsg HeHTpalabHOro obpasa. Takoe BOCCTAaHOBJIEHHE IO3BOJIUT COOIIOCTH GanaHC
BU3yaJbHBIX KOMMYHUKAIUH ycagb0bl. APXUTEKTOPH! IIPe/araloT OTBECTH 3allaZlHOe KPBLJIO OpaHXepeu
oz kodeliHIO-ca Ha 25-30 4eI0BEK, a BOCTOYHOE KPBLJIO — 10/ OpaHXepeln. BUHHBIN CKIaJ, 110 MHEHUIO
apPXUTEKTOPOB [7], IIOCIe PEeHOBAIUM MOXET CTaTh MY3eHHBIM BHU3UT-LIEHTPOM (OTKPBITHIM apXHBOM) C
BO3MO>KHOCTBIO IIPOBeleHUsI KOH(DepeHIU 1 Kode-OpeiKoB.

Taxke MHTePECHBIM IIPOEKTHHIM 00OPasIloM SIBJISEeTCS] aHCaMOJIb, PACIIOJOXEHHBIN B GJIM30CTU OT
ycazpopr H.A. HekpacoBa - 4. Yepenucuno (puc. 2). IIpoeKT mpeaIrojiaraeT CosZaHUe 3aropogHOMN
pesuzeHIny s BBICOKOIIOCTABIEHHBIX JAWL. JIBYX3TaKHBINA ycageOHBIN AOM C KOJOHHAMU B CTHIE

HEOKJIACCUIIM3MA U PETYIAPHBIH apK 6yAyT BBICTYNIATh ZJOMUHAHTAMU B aPXUTEKTYPHOH KOMITO3UIIHMH.

LTSN N

Puc. 2. Aucam6isb B 4. YepenucuHo (poexT) [7]
Fig. 2. Cherelisino village ensemble, the Yaroslavl region, Russia (project) [7]
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B KauecTBe y)ke peaJil30BaHHOIO U YCIIEITHOTO IPOEKTa CJIeJyeT IPUBeCTH ycaapdy Kymia YucTosa
(1830-e rr.). Panee TeppuTOpUs Hapyllaja 3CTeTUYECKUH BHJ Tropofia MBIIIKWHA, PacIOJOKEHHOTO B
fIpociaBckoii obmacTu. Mainsle apxuTeKTypHble (OPMBI HAXOAUINCH B HEYZOBIETBOPUTEIBHOM
coctossHuU. IIpoeKT b1aroycTpoiicTea ObLI Ipe/iCcTaBIeH Ha BcepoccriickoM KOHKYpCe JIy4IInX BapUaHTOB
co3fanusg KOMMOPTHOH TOPOACKON Cpefpbl B MalbIX TOPOZAAaX U MUCTOPUYECKUX IIOCENEHUSIX C IIEJIBI0
HCIIOJIb30BAHUS TEPPUTOPUU JJI1 IIpUBIedYeHUsd TypuUCTOB. KoHKypcHasd KoMuccud OlleHUIa
HeCTaHZapTHOCTb Ken. MecTHBIe BJIACTH OJIYYMUIM IPAHT Ha peajns3aluio JaHHOTO IIPOeKTa B pa3Mepe
30 mutH py6. [9]. Ha mosiyueHHbBIE CPECTBA OPTraHU30BaHbl PEHOBAIIOHHBIE MEPOIIPUSITUS [JIABHOTO ZI0Ma,
IpezcTaBIeHHOro Ha puc. 3. Orpaza ¢ BopoTaMu Gbia He TOJIbKO BOCCTAHOBJIEHA B [IEPBOHAYATBHOM BUJE,

HO 1 JOIIOJTHEHA HOBBIMU J€TATAMU.

Puc. 3. Vcazsba Kyma YncToBa 0 U mocie peHoBanuu (r. MermkuH) [9]
Fig. 3. Merchant Chistov's estate before and after renovation (Myshkin the Yaroslavl region, Russia) [9]
Ilocne ycmemrHoW peanm3alliy OCHOBHOTO IIPOEKTA Ha TEePPUTOPUM ycaAbbpl Kymia YucToBa K
PEeHOBalU IIOATOTOBJIEHBI APyrue 3JaHUA U CTPOEHUA. B r1aBHOM AoMe yca,ab61>1 CTaJi IIPOBOAUTHCA

OnOYMHUHCKYE YTeHUS U APYyTrue TBOPYECKUe U 00IeCTBeHHO-3HAaUMble MEPOIIPUATHS.

«YCAZIEBHOE KOJIBITO APOCJTABCKUX ITPEAMECTU»

CiefyeT mpuU3HATh, UTO YCaZeOHYIO KU3Hb IIPU MOAJEPIKKe OMBITHBIX CIEINAJNCTOB B Pa3IUYHbIX
cdepax menecoobpasHo TpanchopMupoBaTh. OKUAAETCS, YTO MOMBITKN HU3MeHeHUsT PYHKIMOHAIbHOTO
Ha3Ha4YeHUs ycazieb Ha COBpeMeHHOM 3TaIe OyAyT YCIeIIHbIMU 61arofaps I0J0KUTEIbHBIM IPUMepaM.

JanpHelilllee pasBUTHE TEPPUTOPUH MOXKET IPOXOJUTh B paMKaX 3KCKYPCUU, HaIpuUMep, IO

«YcazebHOMY KOIbIly SIpOCIaBCKUX IpeAMecTHi» (puc. 4).

I f.‘?fcfm!m ’ Cnacckoe Ao s e
\v—\ S 3
CapacoHoso Hauano ' % 1
™~ Kapaunia : ‘ N -
fApocnaens

Menaxin

Moplauoeo

P
’ Nérreso UV o ‘E‘
; 3 Ommanme N§

Kocrpoue

2’\"_"‘:_‘ siinncos IS /mZ:.,

KosumOgmbmch pr "

Msarmieso

 Buncer Conases Venneus wene

Puc. 4. MapuipyT «YcazebHOe KOIbLI0 IPOCcIaBCKUX IpeaMecTHE [10]
Fig. 4. Route «Manor ring of the Yaroslavl suburbs» [10]
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B ocHOBe 3TOTO KyJIbTyPHO-TIO3HABATEJIbHOTO Typa 75-KMJIOMETPOBOTO MapUIPyTa JEXKUT IIOCelleHne
OBIBLIINX JBOPSHCKUX ycaZebd, pacmosaraBmuxcs paHee B cenax CapadonoBe, CnacckoMm, JlerreBe, Kypbe,
BacusibeBckoM, MuxaiyjoBckoM. MapiipyT 3aBepuiaeTcs B Mysee-ycagbbe moata Hukosnas HexpacoBa B
Kapabuxe. VcciezoBaTessM IpeAJaraioTcs AOMOJHUTENbHBIE MapuIpyTsl [10], Hampumep, IHmocelleHue
nocesnka KpacHble Tkauy, B KOTOPOM pacrosaraercs goM dabpukanTa H.U. CakuHa, kopnyca Gabpuku
bpanra.

MapiipyT mpeacTaBiasieT co00i KyJAbTYpHO-IIO3HABATEJNbHBIA Typ IO IOT0-3aMafHON YacTu
AIpocnaBckoro palioHa, BKJIIOYAIOIUE [TOCeleHe OBIBIINX JBOPIHCKUX ycaseb Ha JaHHON TEPPUTOPUU.
IIpu 3TOM Kpyr OOBEKTOB, IPEeACTABISIOIINX WHTEpPEeC AJs JIO0UTeNeld TypusMa II0 UCTOPUYECKUM U
aApXUTEKTYPHO-3HAYMMBIM MeCTaM, MOXKET ObITh paciiupeH [11, 12].

ITorpyxeHue B XU3HB JIIOJEH PYCCKOU ycaAbbOBl IIPUBEJET K JalbHEHIIEMY M3Y4YeHUIO ITOCTPOEK U
CTUJIeH Pa3IUYHBIX 310X, TpaHCHOPMAINU IIPOCTPAHCTBA B COOTBETCTBUM C TE€HJEHUMAMU HBIHENIHeH
MO/Ibl, BO3MOXKHOCTAMMU M BKyCaM{ COBPEMEHHUKOB, a TakKXe OyJeT CII0COOCTBOBATh YBeJUYEHUIO
o3ejleHeHUs U CO3/IaHUIO YIOTa Ha COXPaHsieMOl TeppUTOPUH.

ITocTpoOHKHU, KOTOPEIE A0 IIOCIEeLHEr0 BpeMeH! He ObLIN BKJIIOYEHEI B KPYT HUCII0JIb3yeMBIX 00BEKTOB,
06peTyT HACHIIIEHHYIO XKM3Hb B POJIOBBIX THe3/1aX POCCUHCKON NpoBUHLINHU. OHU He OyAyT KOHKYPHUPOBATbh
C COXpaHEeHHBIMU My3ee(pHUIIPOBAHHBIMU 00 bEKTaMU, A IPUBJIEKYT K TYPUCTUIECKUM MapIIpyTaM HOBBIX

9KCKYpPCaHTOB.

BbIBO/IbI

CoBpeMeHHOe KyJbTypHOE ycaZiebHOe MPOCTPAHCTBO MHTEPECHO IO COAEPIKAHUIO U BO3MOXKHOCTSIM
rcrosnb3oBaHusg. Ha Tepputopuax MyseeB-ycaze® NIPOBOAATCSI KyJlIbTYPHO-MAacCOBBIE MEpONPUITHUSA,
MPa3AHUKMY, JIEKI[UH, PEATU3YIOTCS SKCKYPCUOHHBIE TPOrPaMMBbl. 3aIPOCHI TOCETUTENEN (MaCTepP-KIacChl
I fleTel, o6pasoBaTeNbHbIE KyPChl, TEMATUYECKUE BeYepa) PACHIUPSIIOT BO3MOXXHOCTU IPUBJIEYEHUS
TYPHCTOB, HCCef0oBaTeNel], apXUTEKTOPOB U 1€BEIOIIEPOB.

PeHoOBanMM OCYIIECTBJAIOTCS 4Yepe3 KOHKYPCHEBIE OTOGOPH OOBEKTOB, KOTOpble pasAesdioT IIo
KPUTEpPUsIM, YKa3aHHBIM OPTraHU3aTOPaMM IIPOEKTAa. B paMKax TPAHTOBOM MOAJEPIKKM YUUTHIBAETCS
COCTOsIHME, UCTOPUKO-KYJbTYPHAs 3HAUMMOCTb, (popMa COOGCTBEHHOCTU, COCTaB yCaAbOBI, CBEJEHUS O
3eMeJIbHOM y4acTKe, Haluuue B6I13u 06beKTOB peKpealu.

IlpuBneyeHre BHEOIO/KETHOrO (DUHAHCUPOBAHUSA, TPAHTOBAs WIM WHAI WHBECTUIMOHHASL
MO/IIEPYKKA YCKOPSIT COXPaHeHe 06 bEKTOB KYJIbTYPHOTO HACAEANS, IPOCTUMYIHPYIOT aKTUBHOE Pa3BUTHUE
ycaZiebHOTO MPOCTPAHCTBA, MPUBEAYT K CIIACEHUIO Pa3pyIIAINMXCSI 3AaHUNA U YMECTHON CMeHe WX
GYHKIIMOHATBHOTO Ha3HA4YeHUs. IIpU 9TOM BaKHEUIIMM SIBAAeTCA (PAKT COXPAHHOCTU Y3HABAEMOTO
aApXUTEKTypHOro obpasa ycagpbul. B cBOIO ouepenb, HOBble JeTany U 3JI€MEHTH OyAyT CIIOCOGCTBOBATDH

IIOBBIIIIEHU IO BH3y&]IbHOI>i IIPUBJICKATEJIbHOCTU TAKNUX 00'BEKTOB.
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YMHbIE KOMMO3WUTbl B CTPOUTENbCTBE

SMART COMPOSITE IN CONSTRUCTION

NHOOPMAIINA J1A ABTOPOB

Pepakiius CTPOro npuep:KUBaeTcss HOPM U IIPaBUJI MEXAYHAPOAHOM MyOINKAIIOHHOM 3TUKU.

IIpaBOBYI0 OCHOBY obecriedeHUs IyOIMKAIIMOHHON 3STUKU COCTABJISIOT MEXAYHAapOAHbIE
cTaHzapTh: mooxxeHus II BceMmupHO# KoHbEpPEHIUH 10 BOITPOCaM COOII0AeHU Z06POCOBECTHOCTH
HayYHBIX CCIE0BaHU, To0keHNsa KoMmuTeTa 1o aTuke HaydHbIx mybaukanui (The Committeeon
Publication Ethics - COPE) u HOpMBI pasziesia «kABTOPCKOe IpaBo» ['paxZaHCKOTO KoJeKca PD.

IIpencTaBieHye CTATbY B XKyPHAJI IO Pa3yMeBaeT CleAyIolnee:

- paboTa He ObLTa ONyOJIMKOBaHA paHee B IPYTOM XKypHae;

- He HaXOJUTCS HA PACCMOTPEHUU B APYIOM XypHaJe;

- BCe COaBTOPBI COIJIACHHI C IIyOINKaLeli CTaThy;

- IIOJIyY€HO coriacue (B SBHOU MU HESIBHOU (popMe) OpraHu3anuy, B KOTOPOL OBLIIO IPOBEAEHO
HccaeoBaHue.

IIpu mipejCTaBIeHUN PYKOIIKUCU B JKypHAaJ aBTOPHI LOJDKHBI YOeJUTHCS, YTO BCE IIUTUPOBAHUS
obopMJIeHBI KOPPEKTHO, YKa3aHbl 3aWMCTBOBaHHBIe HCTOYHUKU B IOAIMUCIX K PUCYHKAM U
HajgmucaM Tabnui. Eciu TakoBble He INpUBEAEHBI, IPEAIIOJAraeTcs, 4TO PUCYHKU U TabIUIlbI
IIPe/JICTABISAIOT COOOL IJI0Z aBTOPCKOM eI TeIbHOCTU. PeJaKITys OCyIeCTBIsIeT IPOBEPKY CTATel Ha
aHTUIIAaruatT (He MeHee 70% OPUTrMHAIBHOCTH).

ABTOpPCKHMeE mpaBa

ABTOpBI, HAIIPABJSION[KEe CBOK PabOTHI B XKy pHAJI, COTJIALIAIOTCS CO CAEAYIOLIIM:

1) ABTOpBI COXpaAHAIOT 3a CODO0It aBTOPCKIUe IpaBa Ha paboTy U MPeJoCTaBIgIOT XKypHAy [IPaBo
repBo mybanKanuy paboTsl.

2) ABTOpBI COXPAHSIIOT MIPABO 3aKJI0YaTh OTJAEAbHBIE KOHTPAKTHBIE JOTOBOPEHHOCTH,
Kacallyecs pacpoCTPaHeH!s BEPCUU PabOThI B OIYOJINKOBAHHOM BUZe (HAllpUMep, pasMeleHe
€€ B UHCTUTYTCKOM XPaHIINIIE, TYBIUKALMA B KHUTE), CO CCBUIKOM Ha OPUTMHATIBHYIO Iy BINKALIHIO

B 9TOM JXypHaJe.

IIpuBaTHOCTD

VMeHa U ajpeca 3J€KTPOHHOM IIOYTHI, BBeJEHHBIE Ha calTe 3TOro JXypHaua, OyAyT
HICIIOJIb30BaHbl NCKIIOYUTENIBHO JJIA lesiel, 0003HAUeHHBIX JXyPHAIOM; JOCTYII K HUM WHBIX JIUI] U

OpTaHM3aNUH AJIs JPYIUX Lieslell He IIpeJOoCTaBIsIeTCs.
IIPABUJIA O®OPMJIEHUS CTATEN

B xypHame «YMHBle KOMIIO3UTBHI B cTpouTenbcTBe Smart Composite in Construction»
rmeyaTanTcs paboThl IIperosaBaTesell U COTPYAHUKOB BBICHINX y4eOHBIX 3aBefeHuii P®, PAH,
PAACH, a TakXe ApPyrux y4eOHBIX U HCCJIEZOBATEIbCKUX IOAPA3/eJeHUN CTpaH, paboTalomuX B
cepe MPOMBILIIIEHHOTO U I'PAXKAAHCKOTO CTPOUTENIbCTBA U aPXUTEKTYPHI.

IlepedyeHb crielMATBHOCTEH ¢ YKa3aHHeM OTpac/ieii HayKH,
KOTOPBHIM OTBEYAIOT PyOPHUKH ;KypHA/Ia

2.1.1. CtpouTenbHble KOHCTPYKIINU, 3JaHUS U COOPYKEHUS (TeXHUYECKUe);

2.1.5. CTpouTesnbHBIE MaTEepUAJBl U N3NNI (TEXHUIECKUE);

2.1.8. IIpoekTUpOBaHWE U CTPOUTEIbCTBO JOPOT, METPOIOJUTEHOB, a3pOAPOMOB, MOCTOB U
TPAHCIIOPTHBIX TOHHEJIEH (TeXHUYEeCKUE);

2.1.12. ApxXuUTeKTypa 3JaHUH U COOpPYXeHUH. TBOpYeCKVe KOHIENIIUM apXUTEeKTYPHOH

JeATeJbHOCTY (apXUTEKTypa; TEXHUYECKIEe)
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CraTbl, HAPaBJigeMble B ;KypHaJl, JO/KHBI YAOBIETBOPATH C/IeAYIONIVM TPeGOBaHUAM:

1. PaboTa f0/KHA COOTBETCTBOBATDH IPOMUIIIO XKypHaia, 061akaTh aKTyalbHOCTHIO, HOBU3HOM,
UMETh MPUKJIaJHOE 3HadYeHUe (U/UIM TeopeTudeckoe obOCHOBaHUe). Bompoc 06 omy6amKoBaHUU
CTaTby WM OTKJIOHEHWU pelllaeT peJaKUMOHHAs KOJJIETUsS JKypHajua, U ee pelleHUe SBISETCS
OKOHYATEIHHBIM.

2. CTaTh¥ JOKHBI IPE/ICTABISATh KOHKPETHOE U3JI0KEeHNe [T0IyIeHHbIX aBTOPOM Pe3yJIbTaTOB,
6e3 MOBTOPEHUSI OJHUX U TEX e JAHHBIX B TEKCTE, PUCYHKAX U TabanIax.

3. OCHOBHOU TEKCT CTaTbU AOJKEH OBITh MOATOTOBJIEH 12 KersieMm, mpudt Times New Roman,
uHTepBain 1.1. ITons: BepxHee U HIDKHee — 3 CM, JIeBOe U IIpaBoe — 2.5 cM. AG3arHbIii oTcTyn - 0.75 CM.
O6beM cTaThu - 7-15 CTpaHUI, BKJIOYAs CIKCOK HCTOYHUKOB, TabiuIbl (He Oojsee 5, mInpuHa
8 cM) u prucyHKU (He Gojee 5, Ay 0630pHOM cTaThbu — He Gosee 10, miMpuHa 8 CM), B TOM YUCIe
roMe4eHHbIEe OyKBaMU da, 6, ¢ U T.n. PucyHku - B pefaktope B MS Excel unu Origin, 6e3 paMoK,
dopmyaer - B Chem Wind. OHu pasMemjaioTcs, KaK U MOAIKCU K HUM, TabOJUIBI U 3aTOJIOBKY,
MPUMeYaHUsl, TI0 TEKCTY CTaThU. B paszen «0630pHbIe CTATHU» MIPUHUMAIOTCSI MaTEPUAIBI 06 EMOM
oT 20-25 cTpaHuIl.

IIpu odopMIeHUU CTaThbU PEKOMeHAyeTcss u3berath yrnoTpebseHus JIOOBIX COKpPAlleHUI,
KpoMe OOUenpuHATHIX. [Ipy MepBOM YIOMHWHAHUM COKPAIleHHOTO TepMUHa 00653aTeIbHO
MIPUBOJUTCS €ro pacmudpoBKa B IOJHOM Bu/e. PyKOIIMCHBIE BCTABKU HE JOMyCKATCA. KaBpIaku

odopmsaIoTcs e1049Koi. TekeT HabupaeTcs 6e3 HyMepauy CTPAHUII.

CTpyKTYypa cTaTbH

Ha nepBoii cTpanulle pyKOIIMCH CIeBa IIPOCTABISETCI NHAEKC 10 YHUBEPCAIBHOU AeCATUYHON
knaccubukanuu (VIK, mpudt 10 ot, npamoi, Verdana, 6e3 orcryna. Ilocie YK mpomyckaercs
CTPOKa, ZaeTcsd HauMeHOBaHMeE paboThl Mo HeHTpy (wpudT 12 OT, OPIMOU, MOIYKUPHBIH,
Bce OYKBHI mpomucHble, mpudt Verdana). Hirke 1o IIeHTPy - MHULUANB, HaMUIINS aBTOPOB
(mpudT 11 nT, Kypcus, Verdana, mony:xupHbIH). Ilocie daMuanil aBTOPOB YKa3bIBAIOTCSI X MECTO
paboTH: TOoApasfesieHUe U Ha3BaHMeE OPraHU3AIUM, MOYTOBBIN azpec (mpudTt 10 OT, Kypcus,
Verdana). OTAenbHOM CTPOKOM YKa3bIBAeTCsA 3JEKTPOHHBIN azpec aBTOPoB (kypcuB). Janee depes
uHTepBat (1 cTpoka) pasMmeniaercs aHHoTarusa (150-200 c10B, BRIpaBHUBAaHUE 110 IIHMPUHE, pasMep
mpudTra 10 0T, Kypcus, OTCTyI cieBa 1 cM, mpudT Times New Roman). Ilocie aHHOTAIIMU U
uHTepBaja (1 CTpoka) MOMYXKUPHBIM MIPUPTOM KypcUBOM HabupaeTcsa Kawouesble ¢106a ¥ TPUBOJAT
mpudTtom Times New Roman, pasmep urpudra 10 0T, 5-8 cioBocodeTaHunii (He KypcuB), 6€3 TOUKU B
KOHIIE.

Dru ke faHHbIe, KpoMe YK, npecTaBIsSI0TCS Ha aHTJINHCKOM SI3BIKE, HA OT/eJIbHOH CTPaHUIIE.

3areM pacrioyiaraeTcs TeKCT cTaThu (pudT 12 T, mpsamoi, Times New Roman), BKOTOPOM depes
uHTepBal Boigeadaorca pasgensl: BBEJEHUWE, DKCIIEPUMEHTAJIBHASA YACTD, PE3VJIBTATEI 1
UX OBCYXIEHUE, BBIBO/ZBI (B 0630pHOI cTaThe BhiAeasorcss BBEJEHUE, HasBaHMs TOAPa3ea0B
KypcusoM, BBIBO/IbI). Ilognucu K pUCYHKaM M HasBaHUs TabIUI] IPEeACTABISIOT Ha PYCCKOM U
aHTJIUHCKOM f3bIKe. Ymcia, He ABJIAIOUIMECS I[eJBIMU (ZeCATUYHBIE), YKa3bIBAIOT Yepe3 TOUKY,
Hanpumep: 5.3 uau 395.18.

Cratps 3akaHguBaetrcs pasgenoMm CIIMCOK MCTOYHUKOB (wpudt 10 ut, Times New Roman).
KonugecTBO NUTHPOBAHHBIX UCTOYHUKOB — He MeHee 10, onTuManbHoe - OoT 15 g0 20. KenaTeabHo
BKJIIOYATh PaboTHl U3 KYypHAIOB, BXOJAIUX B cricoK BAK PO, u He MeHee 2-3 paboT, BXOASIINX B
MexJyHapoHble 6a3pl. B 0030pHBIX paboTax IPUHUMAIOTCS CCHLIKY OT 40-50 MCTOYHUKOB U BBIIIIE.
ITog crnuckoM JNTepPaTypPHBIX MCTOYHMKOB Uepe3 MHTEPBAJ CjeBa KypPCHUBOM IPUBOAATCS CJIOBA:

ITocmynunaa 6 pedakuyuto, Ha caenymoieil cTpoke: 00obpena nocae peyeH3upoganus, Ha CIeAyIouiei
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ctpoke: IIpunama k onybaukoganuio. Pasgen CIMCOK UCTOYHUKOB [IOTIOIHUTEIBHO IIPEACTABISIETCS
Ha aHrauiickoM ga3bike (REFERENCES, cM. OdopMireHHe INTEepaTyPHBIX CCHLUIOK).

4. B azpec peAakiiuu, KpoMe 3JEeKTPOHHOTO BapHUaHTA, IO 3JEKTPOHHOU IMOYTe HATPABJISIOT
cBeZeHUs 06 aBTOpaxX, C yKa3aHMEM HUX YYEeHOU CTelleHHU, y4eHOTO 3BaHUs, MecTa paboTsl u
3aHUMaeMoll JOJDKHOCTH, afipeca, TeaedoHa U e-mail, a Takke IOAMNCIMY, 03HAYAIOIINMU COTJIACHE
Ha onybJIMKOoBaHUe paboTHI.

dopmar

Pepakius IpUHUMAaET TEKCTHI, COXpaHEHHBIEe B iporpamme Microsoft Word B dopmaTax .doc miau
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