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IIpouseedena oyeHka 6AUAHUSL HEOOHOPOJHOCMU 2PYHM 06020 OCHOBAHUAL HA HANPANEHHO-
depopmuposannoe cocmostue sHeae306emoHH020 NAUMHO020 yHIAMeHMA U KOHCMPYKYUL
3danus c yuemom pazsumus deopmayuil epyHmogo20 0CHO8AHUS 80 8pemenHU. HeodnopoOo-
HOCMb OCHOBAHUA BLIPANEHA PAZAUYHLIMU QUALBMPAYUOHHBIMU CEOUCMBAMU 2PYHMOS,
cAdzarnuux ocCHogaHue naumuozo ¢yndamenma. IIod nodoweoii pyndamenmuoil naumel 8
moauje 6000HACHLUEHHBLX LECK08 pAcnoAdeaemcsa AUH3A eAUHUCMO020 epyHma. IIpusodumecsa
conocmasnenue pe3yabmamog pacuyema KOHCMpYyKyuil 30anus u QyHdameHmHOI naumel
3danus, onpedenennoe 048 OUCKPemMHbLX 3HAUECHUI 8peMeHU C pe3yAbmamamil, NOAYHUEH-
HULMU pacyemom no cmabuaus3upoganteim deopmayuam. B pacuemax npumenen ycaos-
Holll Modyab dedpopmayuu epynma. IIpuHumaemcs, 4mo 8 HAYAAbHLLIL MOMEHM 8peMeHU
NPUNOHCEHUS HAZPY3KU YCAO0BHULI M0OYyAb DepopMalyul epyHma epyHmoeoeo ocHoganus E;
cmpemumcs Kk 6eCKOHeUHOCTMU, a4 8 KOHeuHbulll momenm cmabuauzayuu depopmayuil - K
daxmuueckomy pasmepy E. Ycaosnuiii mMoOdyav depopmMayul 8bl4UCASLEMCS N0 NPUOAUINCEH-
HOU 3a8UCUMOCMU, NOAYUEHHOIL U3 OCHOBHO020 YPA8HEHUSL MeopuUl QUALMPAUUOHHOL KOH-
coaudayuu. Modeaupoganue 30aHUL U YUCAEHHBLI paciem 6blNOAHIEMCA 8 NPOPAMMHOM
komnaexkce SCAD.

Knawmouesvie caoea: epynmosoe ocCHO8aHUe, QuUAbMPAYUOHHAA KOHcoaAudayus, HANpa-
dHeHHOo-OepopMUupoB8aAHHOe cOcmosHUe, npoepammublil komnaekc SCAD.

Jas yumupoeanua:

Tymaxoe C.A., T'oay6e I'.H. BuiuucaeHue HANPAXCEHUIL 8 CTMPOUTNEAbHbLX KOHCPYKYUSLX 30aAHUSL C Yie-
mom paseumus Jepopmayuil 2pyHIMo8oeo 0OCHOBAHUS. YMHble KOMNo3umbl 8 cmpoumenscmae. 2021. T.
2. Bun. 1. C. 7-13 URL: http://comincon.ru/index.php/tor/V2N1_2021

DOI: 10.52957/27821919_2021_1_7
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The paper reflects the assessment of the effect the heterogeneity of the ground base has on
the stress-strain state of the reinforced concrete slab foundation and the structure of the
building. It takes into account the development of deformations of ground base in time.
Different filtration properties of subfoundation show the heterogeneity of the slab founda-
tions. There is a lens of loam soil in series of saturated sands under the foot portion of the
base slab. The paper shows the comparison of calculation results for the building structure
and the base slab within the discrete time with the results obtained by the calculation of
the steady-state deformations. The calculations contain the conditional soil deformation
modulus. It is assumed that, at the initial time of application of the load, the conditional
deformation modulus of the ground base Et tends to infinity, but at the final moment of
deformation stabilization, it tends to the actual size E instead. The conditional deformation
module is calculated using the approximate dependence obtained from the basic equation
of the theory of soil filtration consolidation. SCAD software package serves for building
modeling and numerical calculation

Key words: ground base, soil filtration consolidation, stress-strain state, SCAD software
package.

For citation:
Tumakov S.A., Golub G. N. Calculation of stresses in the building structures, taking into account ground
base deformations. Smart Composite in Construction. 2021. V. 2. No 1. P. 7-13 URL:
http://comincon.ru/index.php/tor/V2N1_2021

DOI: 10.52957/27821919_2021_1_7
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BBEJEHUE

HopmamueHsle 0OKyMeHMbL paciema U npoekmuposanus oc-
HoBaHull, 30aHUll U COOpYMCeHULl yKA3vlearom Ha Heobxodu-
MOCITIL COBMECTIIHO20 PACHENA 2PYHMOBbLX OCHO8ANUIL 30aHull U
coopydcenutl. Bmecme ¢ amum caedyem y4umoléams 0c0beHHO-
CMU CBOICM8 2PYHIMOBLIX OCHOBAHULL, C/AOJCEHHBIX MeDNeHHO
YNAOMHAIOUUMUCS 2PYHMAMLU, K020a 0N OUeHKIL HANPSHCeHHO-
Oechopmuposaniozo cocmosus HadPyHIameHmHbIX KOHCMPYK-
yuil, ¢ yuemom OAUMENbHbIX NPOYECCO8 pa3sumus depopmayuil
OCHOBAHUA, HYHCHO NPo8o0UMb COBMECTHBLIL pacuemm ¢ y4emom
KOHCOAUOAYUL 2PYHITIOB 80 8PeMEHL.

Teopus KOHCOAUOAYUL, NPOZHOUPYIOWAS 3ABUCAULYIO O 8pe-
MeHU DehopMaLUI0 2PYHITIOB020 OCHOBAHUS, S8ALEMC OOHUM U3
BAMNCHETLULUX BOTPOCO8 MEXAHUKL 2pyHMos. Mamemamuyeckoe
MOo0enuposare PuALMPAYUOHHOZO0 Npolecca Noposoli 800bL U3
epynma bepem nauano ¢ pabomot K. Tepyazu [1], 8 komopoii o1
86en noHamue IGpekmusHblX HANPANCEHUT, TpedaoHUA, NO
aManozuu ¢ ypasHenuem menaonposooHocmu, dupdepeHyuans-
Hoe ypasHenue GuAbMpayUoHHOL KOHCOAUOAYUL 2PYHINO8 U pe-
wun 00HOMepHYI0 3adaty ynaomHeHus 6000HACHIUEHHO20 2/
HUCMO20 2pyHma 8 8ude c105 KOHeuHOll moauwjunel. Jupgepen-
yuanvHoe ypagHenue O0OHOMEPHO20 YNAOMHEHUS 2pYHIMOB0LL
Maccol o 8pemenu t u enybute 2

dp, ®

ot’

’p,
e 0z
20e ¢v — K0apuyuenm Koncoaudayuu epynma; p: — Ipdexmus-
HOe HanpsaiceHue.

JanvHetiulee pazsumue meopus QuUALMPAYUOHHOLU KOHCOAU-
dayuu noayduna e mpydax H.M. T'epcesanosa [2], B.A.Daopuna
[3], H.A. LTeumoguua [4]. M. Buo 0onoAHUmMensHo u3y4ua 3au-
Mmodeiicmeue medxcdy pacnpedeneruem u3bvbLMouHvlx 0adAeHUTl U
Jecpopmayueii ckenema epyHma U paseun CeA3AHHYI0 Meopuio
KOHCOAUOAYUL HA CAYHAll mpexmepHblx 3adad [5].

Hccnedosanue paszsumus degpopmayuil epyHmo8swlx 0CHOBAHUIL
80 8peMeHU NpodoAICAeIT OCABATIECSA AKNYAALHBLM UL 8 HACTIO-
Aee gpems. DmMo npoOuKmMOoBaHo Heobx00UMOCTbIO NOAYHEeHUA
60n1ee HadescHbIX KOHCMPYKMUBHbLY peuteHull 30anuil 3a cuem
JemanvHoz0 U3yHeHUs U yuema QUAbMpayUOHHbIX NPOUeccos 8
2PYHMAX 8 PA3NUHHDBLX 2PY306bLX COCMOAHUAX OCHOBAHUS, COPA3-
MepHO €O cneyuduueckumu 0CO6eHHOCMAMU 2PYHIMOBbIX MACCU-
606, AHAAUMUMECKUMU U YUCAEHHLIMU Memodamu [6-10].

DKCIIEPUMEHTAJIDHAA 9YACTb

B pamkax nayuHo-uccaedosamensvckoii pabomul npoussedena
OUeHKA BAUAHUA HeOOHOPOOHOCMLL 2pYHIT08020 OCHOBAHUS HA
HanpajicenHo-0epOpMUPOBAHHOe COCTOAHUE JHene300e1mOHH020
naumHozo gyndamenma u koHcmpykyuii 30anus. Paccmampu-
84/10Cb 2PYHMOB0e HANAACTIOBANUE, HeOOHOPOOHOCTIL KOIMOPO20
00ycAaBAUBANAC,  PABAUMHBIMU  PUALMPAYUOHHBLMU  CEOLi-
CMBAMU 2PYHIMO08, CAA2AIOWUX OCHO8AHUe NMAUMHO20 GyHOa-
menma. I1od nodoweoil gyHdamenmuoll naumol Ha eAy6UHY 5
MeMmpos pacnpocmpanenbl. 8000HACHLUYeHHblE TeCKU CpedHeil
Kpynnocmu ¢ modynem Oepopmayuu E=20 MIla u xoappduyuen-
mom guavmpayuu Kp=15 m/cym, umeiowjue 6 c6oem cocmase
AUH3Y 2AUHUCTO0Z0 2pyHma ¢ modynem Oegopmayuu E=10 MIla
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u koagppuyuenmom guavmpayuu Kp=0,1 m/cym. Huswce, 0o eny-
OUHDBL CoHamotl MoAWL, HAXOOSMCS NeCKU MeAKUe ¢ MOJyaem Oe-
gopmayuu E=30 MIla. B xauecmee obsexma ucc1edo8anus 6vl-
Opan npoekm: NpomMoOmMun KUpnuwHozo O0eésmuImanicHozo 30ad-
Hus T-obpasuoil gopmuvl ¢ eabapumamiu 6 niaHe 8 OCAX
22,01-18,71 m 8 2. Apocnasne.

IIpu cmpoumenscmee 30aHull HA HEOOHOPOOHLIX OCHOBAHUAX
803MOJNCHbL PA3AUYHBLE KOHCTPYKMUBHbLE PeUleHUs, N0360510-
Uujite, mem UAL UHBLM 00PA30M, YMEHLULUMb UAL UCKAIOWUNb He-
pasHoMepHble JepopMayulL OCHOBAH UL, Bbl36AHHbIE HEOOUHAKO-
8bLMUL JepOpMALUOHHBLMU CBOTICTII8AMU 2PYHITO8 UL PASHBLML
ckopocmamu npuobpemenus amux degopmayuil nod deiicmeyio-
wumu Haepyskami. B npoeedennoil pabome paccmampusancs
mMoAvKO 00UH éapuanm, 3danue ¢ ynoamenmom 6 sude cnaoul-
HOU naumel moawuroii 0,6 M, onepmoil Ha HeOOHOPOOHOe OCHO-
sanue. 3adadetl ucc1e008aHUL ObLAO OLEHUMb USMeHeHUe HANDS-
HeHHO-0epOpMUPOBAHHO20 COCTMOAHUSL PYHOAMEHMHOT NAUMbL
U Ha0PYHOAMEHMHBLX KOHCTMPYKYUTL C MedeHlleM 8peMeHL 8 3d-
BUCUMOCTLL OM cKopocmu 3amyxanus Oepopmayuil epynmos
100 pasAudHbIMU YYacmKamu @yHoamenmad, o06YCcA08/eHHbLX
HeoOUHAKOBbIMU (PUABMPAYUOHHLIMU CE0LICMBAMI 2pYHITO8,
YHecmb amo npu pacyeme mead NAUMbL U HAOPYHOAMEHMHbIX
KOHCMpYKYUl, N08bLCUMb HAOEHHOCTIL OMOeAbHBIX KOHCTPYK-
yuil u HalexrHOCMYb 30aHUS 8 1eNOM.

Jlna npozHO3UpoBaHUL N0BeJeHUS 2PYHMOBbLX MACCUBO8 MO0
Hazpy3Koll 8 6OALULLHCTBE CAYHAes 8 UHIeHePHOTL NpaKmuKe Uuc-
n0Ab3YI0MCA Memodbl, OCHOBAHHbIE HA YNpowaruux npedno-
cvlakax. B dannoil pabome 0OnOAHUMENAbHO K 0OUYeNPUHSAIBLM
JonyujeHUAM, NPUHAMBLM 8 pAcHemax GuAbmMpayuOHHOL KOHCO-
Audayuu, maxum Kax npeHebpedcerue CHUMACMOCTBLIO 100
Hazpy3Koii nopoeoti HuOKoCmU 1 3eper cKeaema NoAYNpoCmpan-
cmea, donyujeruem 06 Omcymcmaeue 3a8UCUMOCITIL CYMMAPHBLX
HanpsvceHull om epemenu, clenansvl credyioujue donyujerus. Je-
dopmayuonHule nokazameau, modyasv degopmayuu u kodpgu-
YUeHM OMHOCUMENbHOLL CHCUMACMOCTIL, 2PYHMA He 3d6Ucm
om pasmepa HanpaxceHuil. IIpu onpedenenuu pasmepa degopma-
YUL C MedeHuemM BpeMeHL 80 8peMs CMpoumenscmed, depopma-
Yus 8blHUCASeMCs, 045 OUCKPEMHbLX NAPAMEMpPO8 BpemMenl, 6bl-
OpaHHbLX C Onpede/eHHbLM UHITLeP8AAOM, O OUCKDEMHbLX pa3-
Mepo8 Hazpy3KL, 6bLLUCACHHBLX Ha OAHHbLIL MOMEHITL 860368e0eH U
30anus 6 coomeemcmeue ¢ pa3pabomaHHblm KaieHOApHbIM NAd-
HOM.

Caedyiowee donywenue c0enano 8 OMHOULEHUL KOIPPUyUeH-
1mMoe nocmenu modeu 2pyHmogoeo ochosarus I1.JI. IlacmepHaka
[11]. ITIpunumaem, 4mo @ pacuemHoil momenm epemeru t=0 Oe-
dopmayus epyHmoeoeo 0OCHOBAHUS 8 PACCMAMPUBAEMOTL MoKe
pasHa HYA10 U pasHa pasmepy KOHewHOU cmabuAUUpO8aHHOL
Jepopmayuu 8 MOMeHM 8pemMeHl t=tumas. JA2 OanvHelluux pac-
1emos 6800UM YCA08HULIL MOOYAb Oepopmayuu epyHmd, Kak
dynkyuio epemenu Er. Jlonyckaem, 4mo 6 HAYAAbHYLL MOMEHT
8peMeHU NPUAOKHCeHUS HAZPY3KU YCA0BHBLLL MOOYAL Depopmayuu
epynma epynmosozo ocroganus E: cmpemumcs x 6eckoHeuHo-
Cmu, a 8 KOHeuHblil Momenm cmabuauzayuu Oeopmayuil — k
axmuueckomy pasmepy E, onpedenennomy umscenepHo-2eon0-
2uteckUMU U3bickanuamu. OuegudHo, 4mo 045 epyHmos, umero-
WUX pasnuyHble PUALMPAYULOHHbLE CBOTICTEA, 8pemst cabuau-
sayuu depopmayuil 6ydem pazauuno. Jjas xkascdozo epyHma
YCA08HBLTL MOOYAL ehopMatul. HAXOOUM O AHAA02UL C U3BECT-
HOUL popmynoil pazsumus depopmayuil epyHma 6o epemeru [4]
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20e St — pasmep OepopMatulL OCHOBAHUSL 8 NPOU3BONLHBLIL MO-
MeNM 8peMenl t;

Sema6— pasmep KOHeuHOl cmabuausuposannoli depopmayuu
CA105L pacuemnotl moawuHul h;

m2c, 3

N = t.
4h?

Iockonvky Oegpopmayuu epynmog 184110mcs 06pamuoil 3a8u-
CUMOCTIBIO OM MOOYAS OepOpMAYUL, NPUHUMAEM 8 PACHEMAX
NPUOAUNCEHHYIO BeAUHUHY YCA08HO20 MO0y Oepopmayuu
epynma, onpedensiemyio 045 NPOU3BOALHOZ0 MOMEHITA BPEMEHLL
no gopmyne

E
[1 _%. (e—N +§.e—9N +%-e‘25"’ + )]

C))

E, =

Modenuposanue u pacuem Hecyuyux KOHCMpyKyuil 30anus ¢
YHemom CpoKoe ezo 8038e0eHUs, 4 MAKJHe C YHemom pa3eumus
Oepopmayuil no epemenu, nNpou3sedeno 8 NPozpAMMHOM KOM-
naexce SCAD++ Office (Cepsuchuiil konmpaxm 800908099). ITpu
ONUCAHUL XAPAKMEPUCTUK 2PYHMOB8020 OCHO8AHUS 0l Ouc-
KPemHblX 3HAUEHUIL 8peMeHL, COOMBeMCcmaYIouUX pa3AULHbLM
amanam 603gedenus 30anus, 6600UAUCL pasmepbl M0dYs Deghop-
mayuu, onpedenertvle no gopmyae (4). Takum obpasom, xoag-
¢uyuenmul nocmenn modeau ITacmepHaka NOAYHAAU 3A6UCU-
Mmocmu om epemenu [12]

_ Et ) _ Et “h (5)
GEra—m Y Tsaswy
3AKJIIOYEHUE

B pesyavmane 6blM0AHEHHbLX PACHEMO8 U nocaedyoueeo ux
AHAAU3AYCTAHOBAEHO, YN0 HANPsXCeHHO-0e(hop MUPOBAHHOE CO-
cmosiHue Hecyuyux kKoucmpykyuil 30anus [13] u ¢yndamenmnuoil
nAumet, onpedeneHroe 045 OUCKPemHbLX 3HA4EeHUTl 8peMeHL, Om-
AUHACMCS OM BbIMUCACHULL, NOAYHeHHbLX 0458 CMAOUAUZUPOBAs-
1Le20C5L COCMOAHUA, KOMOpoe 045 paccmampueaemozo 6apuaHma
2pyHMmMOoebLX ycAoeull Hacmynaem uepe3 40 nem. AHAAU3 NOAY-
HeHHbLX HANPAXHCeHUIL NOKA3A, YN0 NPU YHeme QUALMPALUOH-
HOTL KOHCcOAUOAY UL 8 npoyecce 8036edeHUs 30aHUA 8 30He PACTO-
N103CeHUA AUH3bL B00OHACHILEHHOU eAUHbL 8 HAYAAbHbLIL MO-
MEHM CMpPOUMebCmMBa 3HALUMEAbHO NOGbLUAIMCL 3HAUEHUA
omnopa epynma Rz, 10 CPaSHEHUIO C pactemom no KOHewHbiM
ocadkam, 4mo CKA3vlBaemcs HA HANPAteHHO-0eopmMUpOBaH-
HOM COCMOSHUL KaK QyHOAMeHMHOIL NAUMbL, MAK U KOHCMPYK-
yuil 30anus. Bmo Heobxodumo yuumeleame npu pazpabomke
KOHCTPYKMUGHBLX peulenull 30anus, obecnevusanujux mpe6ye-
Mble UX POHHOCITIL U YCMOUHUBOCTIG K HEpABHOMePHbIM Oedop-
mayusam. B pesynvmame pabomel ycmaH061eHO, YIMO APMUPOBA-
Hue yHOamenmHOLl NAUMbL NPU pacHerne ¢ Y4emom paseumust
Oehopmayuil pyHImOo8 80 BpemMeHU KOAUHECITIBEHHO OMAULALTICS
0 apMUPOBAHUSL, TIOAYHEeHHO20 8 pacHere N0 KOHe4HbIM Jeop-
mayuam. Ecau no pacuemy no KoHeuHbvim 0ca0KAM MAKCUMANb-
Has naowads sepxHeli pabouell apmarmypul Ha 00UH Memp no ocu
X cocmaeasn 49,1 cm?, mo ¢ yuemom pazeumus degpopmayuii oc-
HOBAHUS B0 BPEMEHIL OHA COCTNABUAA 76 CMP. AHAN0ZUUHO UMe-
HUAUC, naowadu ocmanvHoii paboueil apmamypel. Taxum

1 1
St = Somas® [1 - (e-N tgre Nt e+ )]
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@

06pasom, ycmawoeneno, wmo yuem pasgumus Oedopmayuil
2PYHIMOBbLYX OCHOBAHULL 8 KOHCTPYKMUBHBLY PACHEMAX NOBLICU
HAO0eHCHOCTIIb NPOEKMUPYeMbLX 30AHUTL.

JHUTEPATYPA

1. Tepyazu K. CmpoumenvHas mexaruka epynma. M.:
Toccmpotiuzdam, 1933. 392 c.

2. Tepcesanos H.M. OcHo8b. OUHAMUKU 2PYHIMOBOTL MACCHL.
M.: T'occmpotiuzdam, 1933. 196 c.

3. Paopun B.A. Teopua ynaomueHus 3eMAAHbBLX

macc. M.: Foccmpoiiuzdam, 1948. 284 c.

4. Ilumosuw  H.A. Mexanuka 2pynmos. M.:
Toccmpoiiusdam, 1940. 390 c.
5. Biot M.A. General theory of three-dimensional

consolidation. Journal of Applied Physics. 1941. V. 12. N
2. P. 155-164.

6. Epuenxo I.E., ®edopenxo E.B. Bepugukayus pacuemos
Guabmpayuonnoll  KoHcoAUOAYUL 8  2e0MeXHUHeCKUX
npoepammax. JJopoeu u mocmot. 2017. Ne 2(38). C. 207-217.

7. Kocmepun A.B., Ckeopyoe O.B. QuavmpayuorHas
KOHCOAUOAYUS ~ Ynpye020 — NOAynpocmpaxcmeda — 1nod
ocecummempuyHotl Hazpy3koil. Mzeecmus PAH. Mexanuka
scudkocmu u easa. 2014. Ne 5. C. 74-80.

8. Tep-Mapmupocan 3.I., Tep-Mapmupocan A.3., Heyen
Xyu Xuen. Kowncoaudayus u mnoa3y4ecmv OCHOBAHULL
dyHdamenmos KoHeuHOU wupuHsl. Becmuux MICY. 2013.
Ne 4. C. 38-52.

9. L. Ho, Fatahi B., Khabbaz H. Analytical solution for one-

dimensional consolidation of unsaturated soils using

eigenfunction expansion method. International Journal for

Numerical and Analytical Methods in Geomechanics. 2014.

V. 38.N 10. P. 1058-1077.

Huang J., Griffiths D.V., Fenton G.A. Probabilistic analysis

of coupled soil consolidation. Journal of Geotechnical and

Geoenvironmental Engineering. 2010. V. 136. N 3. P. 417-

430.

ITacmepnax IIJI. OcHogb. HOB020 Memoda pacuema

¢yHOamenmos HA YnpyzoM OCHOBAHUL NPU NOMOWL 08YX

koaguyuenmos nocmeau. M.: Toccmpoiiuzdam, 1954. 56 c.

Kwoxkep A.E., I'pubkoe A.A., Tymaxoe C.A. K eonpocy

yuema pazsumus 0cadok GyHOameHmos 60 epemeHU Npu

6bINOAHEHUL HUCAEHHLLX DpACHemo8 HA0PYHOAMeHMHbLX

KOHCTPYKYUIL. 8cepoccuiickas

Hay4Ho- KoHQepenyus  cmydenmos,

MAZUCTPAHMOB UL ACNUPAHTNOS BbLCULLX Y1eOHbLX 3a8e0eHUL

¢ MmexndyHapooHvim yuacmuem. 20 anpens 2016 .

SApocaasav. Co. mamepuanos kone. Apocaasav: Fizdam. dom

AT'TY, 2016. C. 1139-1142.

Balushkin A.L. Assessment of the bearing capacity of

elements of reinforced concrete floors with regard to

adaptation to special effects. Smart composite in construction.

2020. V. 1. N 1. P. 36-38. URL:

http://comincon.ru/index.php/tor/VIN1_2020.

10.

11.

12.

Illecmuvlecam  desamas
mexHu4ecKas

13.

ITocmynuna 6 pedaxyuio 16.11.2020



TOM 2, BbIMYCK 1, 2021 | VOL. 2, ISSUE 1

10.

11.

12.

13.

IIpunama x onybaukosaruio 15.02.2021

REFERENCES

Terzaghi K. Construction soil mechanics. M.: Gosstroyizdat.
1933. 392 p. (in Russian).

Gersevanov N.M. Basics of soil mass dynamics. M.:
Gosstroyizdat. 1933. 196 p. (in Russian).

Florin V.A. Theory of Soil Consolidation. M.: Gosstroyizdat.
1948. 284 p. (in Russian).

Citovich N.A. Mechanics of soils. M.: Gosstroyizdat. 1940.
390 p. (in Russian,).

Biot M.A. General theory of three-dimensional
consolidation. Journal of Applied Physics. 1941. V. 12. N
2. P. 155-164.

Fedorenko E.V., Erchenko D.E. Solving the consolidation
task by various methods. Roads and bridges. 2017. N 2(38). P.
207-217. (in Russian).

Kosterin A.V., Skvortsov E.V. Filtration consolidation of
elastic half-space under axisymmetric load. Izvestiya RAN.
Mekhanika zhidkosti i gaza. 2013. N 4. P. 38-52. (in
Russian).

Ter-Martirosyan Z.G., Ter-Martirosyan A.Z., Nguyen
Huy Hiep. Consolidation and creep of subfoundations having
finite widths. Vestnik MGSU. 2013. N 4. P. 38-52 (in
Russian).

L. Ho, Fatahi B., Khabbaz H. Analytical solution for one-
dimensional consolidation of unsaturated soils using
eigenfunction expansion method. International Journal for
Numerical and Analytical Methods in Geomechanics. 2014.
V. 38. N 10. P. 1058-1077.

Huang J., Griffiths D.V., Fenton G.A. Probabilistic analysis
of coupled soil consolidation. Journal of Geotechnical and
Geoenvironmental Engineering. 2010. V. 136. N 3. P. 417-
430.

Pasternak P.L. On a new method of analysis of an
elastic foundation by means of two foundation constants. M.:
Gosstroyizdat. 1954. 56 p. (in Russian).

Kyukker A.E., Gribkov A.A., Tumakov S.A. On the issue of
accounting for the development of sediments of foundations
over time when performing numerical calculations of above-
foundation structures. The sixty-ninth scientific and technical
conference of students, undergraduates and graduate students
of higher educational institutions with international
participation. 20 April 2016. Yaroslavl. Sat. materials conf.
Yaroslavl: Published. house of YSTU. 2016. P. 1139-1142. (in
Russian).

Balushkin A.L. Assessment of the bearing capacity of
elements of reinforced concrete floors with regard to
adaptation to special effects. Smart composite in construction.
2020. V. 1. N 1. P. 36-38. URL:
http://comincon.ru/index.php/tor/VIN1_2020.

Received 16.11.2020
Accepted 15.02.2021

13

YMHbBIE KOMMO3WTbI B CTPOUTE/bCTBE

SMART COMPOSITE IN CONSTRUCTION


https://www.amazon.com/Gersevanov-postroenie-inzhenernyh-construction-engineering/dp/B072PCSD3J
https://www.amazon.com/Gersevanov-postroenie-inzhenernyh-construction-engineering/dp/B072PCSD3J

TOM 2, BbINYCK 1, 2021 | VOL. 2, ISSUE T YMHbIE KOMMO3WUTbI B CTPOUTE/IbCTBE

SMART COMPOSITE IN CONSTRUCTION

VIIK 691.3

CYXASA CTPOUTEJIBHASI CMECH
JIJIS PECTABPAITUY
U BOCCTAHOBJIEHUA 3MAHU

C.B. Ilepeso3uuxoea, B.B. Beaos

Cogpus Banepvesta ITepegosuukosa
E-mail: ya.sonyal995@yandex.ru Kagedpa npoussodcmea cmpoumenvhvlx usleauil U KOHCMpYKyuil,
Teepckoil 2ocydapcmeenHblil mexHuueckuil yHueepcumeni, Hab. Ad.

Baadumup Bradumuposur. Beaos Huxumuna, 22, Teepv, Poccuiickaa ®edepauyus, 170026

E-mail: vladim-bel@yandex.ru

B pabome ompascaemcs akmyaavHoCmb npobaembl pecmagpayuil U 60CCMAHO08AEHUS APXU-
MeKMmMypHuLX 31emenmos Ha ¢acadax 30anuii. Takxie ompanxcenvl pe3yAbmanmol IKCLePUMEH-
manvHoil pabomusl no n0d60OpY ONMUMAALHOZ0 COCMABA CMeCU 045 00Ae2UeHHbLX ApXUMmeK-
MYPHULX INeMEHMO08, 8 COCMA8 KOmMOopoil 8xodum 6eavlll yemeHm, NOAbLE CTMEKALHHbLE MUK-
pocgepst, moduduyupyrouwue dobasku u 00A0MUMOBAL MYKA 8 KAnecnmee MUKPOHATLOAHU-
meas. [Ipedcmaenens. pe3yabmamus. MUKPOCKONUYECK020 AHAAU3A CMPYKMYPbL Mamepuaid

Kawuesvie caoea: cyxas cmpoumenvHas Cmecsb, pecmaspayus, noisvie cmekisHHble MUK-
pocepul, 0brezuenHble KOHCMPYKYLUL

Aaa yumupoeanusa:

ITepesosuukosa C.B., Beaog B.B. Cyxas cmpoumenvHas cmecb 048 pecmaspayull U 80CCMAHO8/1eHUS
30anuil. Ymuvie xomnosumws. 6 cmpoumenvcmee. 2021. V. 2. No 1. P. 14-19 URL:
http://comincon.ru/index.php/tor/V2N1_2021

DOI: 10.52957/27821919_2021_1_14

14



TOM 2, BbINYCK 1, 2021 | VOL 2, ISSUE | YMHBIE KOMMO3UTbI B CTPOUTENbCTBE
SMART COMPOSITE IN CONSTRUCTION

UDC 691.3

DRY MIX MORTAR FOR RESTORATION
OF BUILDINGS

S.V. Perevozchikova, V.V. Belov

Sofia V. Perevozchikova
Department of Construction Products and Structures Production, Tver

State Technical University, Naberezhnaya Af. Nikitin, 22, Tver, Russia,
Vladimir V. Belov 170026

E-mail: ya.sonyal995@yandex.ru

E-mail: vladim-bel@yandex.ru

The paper reflects the relevance of the problem of restoration of architectural elements on
the facades of buildings. It also reflects the results of experimental work on the selection of
the optimal mix for lightweight architectural elements, which includes white cement, hol-
low glass microspheres, modifying additives, and dolomitic powder as a microfill. The paper
shows the results of microscopic analysis of the structure of the material.

Key words: dry mix mortar, restoration, hollow glass microspheres, lightweight structures

For citation:
Perevozchikova S.V., Belov V.V. Dry mix mortar for restoration of buildings. Smart Composite in
Construction. 2021. V. 2. No 1. P. 14-19 URL: http://comincon.ru/index.php/tor/V2N1_2021

DOI: 10.52957/27821919_2021_1_14

15



TOM 2, BbIMYCK 1, 2021 | VOL. 2, ISSUE 1

The restoration of buildings bears both cultural and common
significance for the development of the country and the nation as
a whole. The attractive appearance of cities promotes tourism,
which contributes significantly to the well-being of the country.

Repair and restoration are the second most important tools, af-
ter the construction of new buildings to maintain and improve the
appearance of Russian cities [1].

The restoration and repair of buildings largely depends not only
on the technology used for this [2, 3], but also on the materials that
are used. At this stage in the development of the building materials
industry there are a large number of different mixtures and com-
positions used for repair work. Every year the requirements for
these materials are becoming stricter. This contributes to a more
thorough analysis of the materials developed and a positive final
outcome.

Despite of this, the problem of developing building materials, the
characteristics of which meet the requirements of modern realities
of economic and physical - chemical indicators, is not solved [4].
There is still the question of the compatibility of restoration mate-
rials of old and new times. High-strength a-modification gypsum,
which has an average density of 1900 kg/m?, is the most often used
material in restoration work [5]. However, the use of such gypsum
in compositions can destroy the old wooden ceilings of restored
monuments and other objects when restoring the ceiling elements.
Authors [6] believe that the introduction of a certain amount of
hollow glass microspheres in a restoration composition can lead to
reduction in the weight of the element by almost half without loss
of strength.

Gypsum composites are not as durable in an environment where
they are exposed to precipitation, as cement-based composites,
which in this case have a significant role, as the intended compo-
site will be used for exterior finishing of buildings and restoration
of architectural monuments.

The working life of materials used in restoration is determined
by the influence of precipitation and temperature changes. These
conditions clearly cause deformations in the finishing layer. Con-
densation leads to the delamination between the layer of the build-
ing envelope and the element to be restored [7]. The behavior of
materials with a porous structure depends directly on the process
of mass transfer within these materials [8, 9].

According to the previous studies we can say that the main dis-
advantage of lightweight cement composites is the reduction of
strength by reducing the density. The use of hollow glass micro-
spheres, which are durable fillers but with low density, solves this
problem and makes it possible to obtain a material with the com-
pact particle packing. In this material, the cement stone is a thin
bonding layer, which makes it possible to obtain a material with a
conglomerate type of structure [10].

During the repairs, it is necessary to choose the appropriate mix-
ture to ensure compatibility of materials [11]. It is necessary to
consider the activity of the outer layer in its interaction with the
environment because the surface layer of the material has a struc-
ture different from that of the inner layer [12].

The paper [13] proposes the following mortar for civil and indus-
trial purposes, including repair work. Mortar includes cement,
sand, modifiers, water, and active mineral additive containing
aluminosilicate microspheres (cenospheres), amorphous silicon di-
oxide (microsilica) and high calcium ash, with the following ratio
of components, %: cement 25.0-40.0, sand 5.0-30.0, active min-
eral additive 35.0-60.0, modifiers 0.2-2.0.
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The authors [14] initially studied the structuring of the cement
matrix when ash microspheres were introduced into it. The second
part of the study consisted of mechanical activation of ash micro-
spheres. The microspheres were ground in a ball drum, which
made it possible to achieve more active hardening of the composi-
tion at the boundary between the cement matrix and ash micro-
spheres. The formation of calcium hydrosilicates and hydroalumi-
nates proceeds more intensively due to the formation of mechani-
cally activated microspheres of the base sheet 14]. This indicates
the increase of structural density and leads to the improvement of
the cement-containing material properties. Thus, the results ob-
tained by the authors [14], when using in concrete mechanically
activated particles of 15% of the weight of the cement, showed
fairly good results: water resistance grade increased from W10 to
W16, strength reached 75 MPa, and frost resistance increased by
two steps.

The compositions of building mortars contain fill materials in
the form of spheres such as fine-dispersion fillers based on calcium
silicates, which are used for acceleration of the lime composites
structure formation [15-17].

In this regard, the development of lightweight cement mortars
with hollow glass microspheres for the restoration of architectural
monuments is a pressing issue.

During the experiment there were the compositions of mortars
selected to evaluate the effect of carbonate microfillers, the ratio of
hollow glass microspheres and PVA on the strength, density, frost
resistance and water absorption of the mortar. The quantity of wa-
ter was taken according to the optimal plasticity of the mortar.

To obtain the complex characteristics of this mortar there were
molded sample cubes 100x100x100 mm. The size of the samples is
important for measurement of thermal conductivity. The sample
cube of 70,7x70,7x70,7 mm serves for measuring of frost re-
sistance, water absorption, softening factor; 20x20x20 mm serves
for measuring of porosity, density, compressive strength. The
standard methods require larger samples to obtain these charac-
teristics, but it was decided to characterize the material by smaller
samples for economical use of the expensive materials. Replacing
large samples with smaller ones did not distort the results because
the structure of the developing material does not have the coarse
filler and is fine grained. The characteristics were determined by
standard methods.

Data on the complex analysis of samples are shown in summary
table 1.

The material has a fine-grained structure with the inclusion of
pores of significant size. Approximately, these pores may have re-
sulted from the mortar undervibration.

The hollow microspheres should prevent undesirable shrinkage
of the material. They prevent the material from being destroyed by
precipitation. This hypothesis can be confirmed by microscopic
analysis. Photomicrographs of the structure on the sample bent
fracture were made in the laboratory of Research Institute of Syn-
thetic Fiber with the Pilot Plant (VNIISV), Tver, Russia. The ma-
terial sample was a fragment of a cement monolith separated by
brittle fracture.

Table 1. Complex characteristics of the optimal composition
Characteristics

Average value
of one sample set

16.0
1.4

Compression strength, MPa
Average density, g/cm®
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True density, g/cm® 1.8

Moisture, % 24.4
The water absorption by mass, % 20.4
Total porosity volume, % 26.3
Thermal conductivity, W/ (m-K) 0.502
Softening factor 0.40

The surface of the fragment for observation in an electron scan-
ning microscope was coated with a film of aluminum by vapor sed-
imentation method in vacuum. Photomicrographs were obtained
by using a Hitachi-S450 electron scanning microscope. The accel-
erating potential was 10 kV, the photos were obtained on second-
ary electrons.

Fig. 1 shows photos with increasing magnification of the cleav-
age of surface. It can be seen that the glass microspheres (as well as
traces of fallen out microspheres) are chaotically distributed
throughout the material. The size of the microspheres varies
greatly. The protruding part of the surface of the microspheres is
almost flat (Fig. 2) and bears no traces of interaction with the ce-
ment. As microspheres pass through a crack in the material (see
Fig. 2), they separate from one of its edges, usually without being
subjected to fracture.

Fig. 3 shows a photomicrograph of a crack and a dimple caused
by the microsphere. It can be seen that there are no fragments of
the microsphere wall in the dimple. The contact surface is the same
as the microsphere surface, i.e., the contact of the microsphere with
the cement mass occurs almost over the entire surface, but without
the formation of persistent bonds.

Based on the data obtained in Table 1 and Fig. 1-3, we can draw
conclusions about the characteristics of the developed material.
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One of the important characteristics of this composite is the re-
sistance of the cement stone in the material to periodical moisten-
ing and drying-out. Frequent moistening and drying-out leads to
accumulation of permanent deformations and material wear. But
in contrast to laboratory tests, where temperature and humidity
were high enough, in real conditions the composite is not dried to
zero humidity so its values can be taken from 10 to 100%. It means
that it is impossible to remove water completely from the compo-
site.

Also, the average density of the sample is quite low (1400 kg/m?)
for the restoration composition. According to the paper [5], the av-
erage density of high-strength gypsum alpha-modification used for
the restoration should be 1900 kg/m?. Further density reduction is
possible by introducing an additional amount of hollow glass mi-
crospheres but may have a negative effect on other physical and
mechanical properties of the composite, such as average strength,
softening factor.

As the material is expected to be used in an environment and will
be subjected to precipitation, alternating freezing and defrosting,
these pores may give rise to micro-cracks in the material due to the
expansion of water at low temperatures. It could affect the dura-
bility of the material. Thus, the mixture has to be compacted more
thoroughly to avoid the formation of large spores.

The softening factor is the water resistance of the material re-
lated to water absorption and the nature of the aggregate sub-
stance. The water absorption is related to the porosity and struc-
ture of the material. The samefactors determine the frost resistance
of the filler. The material is not expected to be used in an aqueous
media (the coefficient of softening of the material should not be less
than 0.8), the value of 0.4 can be considered satisfactory.
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Fig. 3. Morphology of the material in the crack passage zone

Microspheres are used to reduce the weight of finished products.
This can lead to a reduction in labor costs to perform reconstruc-
tion and will reduce the load on the wooden structures of historic
buildings or obsolete parts of stone products. A stable pore struc-
ture can also be created. The proper spherical shape of the filler
makes it possible to use a smaller number of binders for wetting,
which leads to a reduction in viscosity and shrinkage. The micro-
spheres act as a «damping» additive.

The use of natural carbonates as an additive has a positive effect
on the regulation of the water - solid ratio of the gypsum molding
plaster. This additive has the plasticizing effect which can signifi-
cantly reduce the water - binder ratio and increase the strength of
the final product. Also, the positive effect on the formation of the
material structure can be achieved. Reducing the amount of water
will reduce the number of capillary pores, thereby increasing the
frost resistance of the material.

CONCLUSIONS

YMHbBIE KOMMO3WTbI B CTPOUTE/bCTBE

SMART COMPOSITE IN CONSTRUCTION

Fig. 2. The surface of the glass microsphere at high magnification
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The lightweight corrosion-resistant dry mix mortar including
hollow glass microspheres used to create, repair and restore archi-
tectural elements. Also, it will increase the crack resistance of prod-
ucts due to the "damping" effect and microspheres themselves serve
as a framework for the cement matrix, which prevents its undesir-
able shrinkage. In addition, the presence of hollow glass micro-
spheres in the material reduces its alkalinity and makes it more
resistant to aggressive media.

Development of composition and production technology for
lightweight corrosion-resistant dry mix mortar with a density of
900 kg/m?® and compression strength of 5.0...10.0 MPa (grades 50,
75, 100) will allow to improve the quality of repair and restoration
work and durability of architectural elements and facades of build-
ings so as improve their appearance.

The paper is published with the support of the Innovations Assis-
tance Foundation, UMNIK-2019 program.
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B cmamve paccmampugaemcs NpumeHeHue MeXHOA0ZUU AA3ePHO20 CKAHUPOBAHUSL 044
OyeHKU 00BeMa, MACCHL CLINYHUUX MAMEPUAL08, A MAKKHe NOCMPpoeHle Ha 0CHO8e NOAYUYEH-
Holx 0anHblx 3D modeneil. PazpabomanHnoe ycmpoiicmeo umeem npakmuieckoe npumeHerue
8 cmpoumenvHoil cepe. Coinyuee colpbé cocmagasem 60AbWYI0 HaACMb pacx0008 npednpu-
amuil, u 011 agppexmusnozo ezo pacnpedesenus Heobx00UMO KOHMPOAUPOBAML 00BEM.
HyscHnas mouHocms onpedenenus 065emM08 3a8UCUM OM CMOUMOCTMU eJUHUYbL 00BeMa Cbl-
nyueeco mamepuand U mModx¥em 8apbupo8amscs 8 wWwupokux npedesax. Ilpobaema 3amepa 3a-
KANYUAEMCs 8 MOM, YN0 YACMO 2py30nepeso3uuKl U KOMNAHUL, 3AHUMAIOUUECS epy30oTne-
pesos3kamu, pasvcuduyupyrom dannuvie 00 06seme/macce epysa. IIoamomy ¢ yeavio peutenus
JdanHoll akmyanvHoil npobaemv Heobxodumo pazpabomams KOMNAEKC Memodos U Creyu-
anvHbLX ycmpotlicme 0458 IKCNpecc-0yeHKU 00Bema ColnyLuX Mamepudanos, nepeso3uUMblx 6
Ky308e agmomobunn 0o ezo gviepy3Ku. YCMaH064eHO, WMO 3AKAZHUKU CHLNYHUX MAMepua-
108, MaAKUX Kak epasuil, ujebenv, necok, 6 cpednem mepsiom om 16% epysa. Takas eenu-
YUHA 98A8eMCA CYUeCMBeHHOl, MAK KAK HYHHASL MOYHOCMb onpedenerus 06Bemo8 3a81-
cum om cmoumocmu eOUHUYbL 00BeMa CbLNYHe20 Mamepuald U Moxem 8apbUpO8AMbCs 8
wupokux npedenax. IIpedaoscennulii cnocob nomodxcem CHUIUMDb IMY 8eAUHURY 8 7 pas, m.e.
do 2,2%.

Kawuessie cnosa: colnyvuue mamepuansvl, Cmpoumensvcmeo, nepeeo3ka, Aa3ep, CKaHupoea-
HUe
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The article discusses the application of laser scanning technology to assess the volume and
mass of bulk materials, as well as the construction of the 3D models on the basis of data
obtained. The developed device has practical application in construction. Bulk raw materi-
als is a significant part of the costs of the enterprises and it is necessary to control its
volume for the efficient distribution. The required accuracy of volume determination de-
pends on the cost per unit volume of bulk material and can vary widely. The problem with
measurement is that the volume/mass of cargo is often falsified by freight forwarders and
shipping companies. In order to solve this problem it is necessary to develop a set of methods
and special devices for rapid assessment of the volume of bulk materials carried in the car
body before its unloading. It was found that customers of bulk materials such as gravel,
crushed stone, sand lose at least 16% of the cargo on average. This value is essential, since
the required accuracy of determining the volume depends on the cost per unit volume of
bulk material and can vary widely. The proposed method will help to make it 85% lower,
i.e. down to 2.2%

Key words: bulk materials, construction, transportation, laser, scanning.
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BBEJEHUE

Colnydue mamepuasvl WUPOKO UCTIOAB3YIOMCA 80 8CeX OMpac-
A9X NPOMBLIUAEHHOCTLL CTPOUTNEAbCITBE, CeAbCKOM X035Ticmae
U m.0. U 28A710MCSL OOHUMU U3 HAUDO/Iee «CAOHCHBLX» 8 NAAHE
ucnoavosarus. Ilpoyeccol nepepabomku colny4ux cped, maxue
KaK CMeuleHue, usmenvieue, 003uposanue, yniomueHue 164s-
fomcs mpy0oemKumMU U dHepeo3ampammsimu. Obopydosarue s
amux yesetl BKAIOUALITL MHOICECBO Y3108 U Azpeedinos, Komo-
pble UCNoAb3YIoM 8 coeli pabome pasAudHble NPUHYUTLL, 8 TOM
wucse, yoapHble Npoyeccul, yeHmpobexHoe pacnvlieHue U m.o.
O0Hako caosxcHOCMU npu pabome ¢ ColNy4uUMU cpedamu 803HU-
Kalom He MOALKO NPU OCYUeCMEAeHUL NPOYECccos UX nepepa-
6omxku, HO U NPU OYeHKe UX KOAUUeCT8, 0COOeHHO Npu HAx0dx4cle-
HUL 8 HeCMAHOAPMHbIX eMKOCMAX, Komaosanax, epydax. Jeii-
CMBUIMeAbHO, NPAKMU4ecKU OMCYMCMeYIom UHCMpYMeHImbl
015 onpedenenus Koaudecmsa (MAccol uAu 00Bema) coinydezo
2py3a, Haxo0a1yezocs 8 Ky308e Camocednd, UMEIOULez0 YeeaudeH-
Hble 60pmMa 1 HACLINAHHO20 € «20PKOIL», WAL NPLU OyeHKe 00BeM08
epynma, 6vlHymoeo u3 komaosaua. IIpobnema ycyzybasemcs
Haauduem He0OOPOCOBECTIHBIX NepPeso3uUK0s, 8600AUX 8 3d-
6ayxcleHue 0 KoAuuecmge MAMePUAnda 8 Ky306e UL B8azoHe.
Otenb uacmo 3azpy3ka OCyuecmensencs 8 NMOHHAX, d OM2epy3Ka
8 KyboMempax, mo3momy OCyuecmeums ConocmasaeHie Uil
OUeHKY O1eHb npobremamuyro. IIoepewHOCLL 8 OyeHKe MOZYIm
NPUHOCUTIG 02POMHBLE YObIMKL KAK NPOU3BOOUNEAIM, MAK U NO-
mpebumensam Colnydux mamepuanos. Bce amo ceudemenv-
cmgyem o mMoM, 4mo npobaema IKCNpecc-OUeHKU KOAUYecmed
COINYHUX Cped, 8 MOM HUC/le CMPOUMeAbHO20 HASHAYEHUS, A6~
emcs. akmyanbHoll U 80CMpeb08aHHOLL.

AHAJIN3 CYIECTBYIOIINX CIIOCOBE0OB
DKCIIPECC-OLIEHKHM KOJTMYECTB
CBIIIYYUX CPEJ

TouHble 3amepbl 00BeMO8 CHLNYHUX MATMEPUANO8 — IO 8AdHc-
Has u Heobxo0umas wacmos pabonul 20pH0000bLEAIOU X, Hedme-
nepepabamul8aroujux 3a60008, XUMU1ECKUX Npousgodcms, pas-
AUYHBIX MPAHCTIOPMHBIX KOMNAHULL U A2PONpOMBbLULACHHBLY
npednpusmuii.

Dmo ceA3aMOo ¢ meM, Umo Cuinydue Mamepuatvt mpyoro nod-
Oaromcs nodcuemy. Colnyuee colpbé cocmasasgem 60AbULYIO YaCTMb
pacxodog npednpuamultl, u 019 dppexmusnozo e2o pacnpedene-
HUSL He0OX00UMO KOHMPOAUPOB8amb 06séM. HyxHas mouHoCmb
onpedeneHus 00BeM08 3ABUCUM OM CMOUMOCMU eOUHUYbL

| P e |
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06BeMa Colnydezo MAMepuaid U Modien 6apbUpoBaATNbCs 8 ULL-
poxux npedenax. Yem Joposce mamepuan, mem Heobxodumo 6o-
/lee Mo4HOe BbluUCAeHUe 06Bema. Buicokie mpebosanus Kk moy-
HOMY NOOCHeNmy 3eMASHbLX pabom npedssesiom 6 HAcmosujee
8peMmsa U Cmpoumenl.

Ha puc. 1 paccmompum cyujecmsyioujue Ha cez00HAWHUIL OeHb
CNOCOBbL OYeHKIL KOAUHECTN8A CbLNYHUX Cped OOHUM U3 TIPOCTIbIX
UHCMpPYMeHMo8 05 onpedefeHUs ColiyHUX MAIMeplalos, S8Asl-
emcs 2e00e3udeckas CsemMKa C OMOUBIO 2NEKMPOHHOZ0 1MaXeo-
mempa. Teode3uteckas ceemMKa 10360/5eMm onpedeAums 005EMbL
Mamepuanos ¢ Manoil mourocmuio. Oepanuyumenem npu npu-
MEHeHUL MAXeoMempos ABAALMCS HUSKASL CKOPOCTb U3MepeHUl
U Qusuueckas He803MONCHOCTL OemaabHOlL CBEMKL 6OAbULUX
06Bémoe mamepuanos [1, 2].

Ha npaxmuxe, nomMumo 2e00e3u4eckoil ceeMKU, NPUMEHSION
Ha3eMHoe /1a3epHoe CKAHUPOBAHUe — OeCKOHMAKMHAS MeXHO0-
eus usmepenus 3D nosepxrocmell ¢ UCTLOAB30BAHUEM CNEYUANL-
Hblx npubopos, naszeprulx ckanepos. ITo omuoweHuio k mpadu-
YUOHHBLM ONMUYECKUM U CTLYMHUKOBbIM 2e00e3UHecKUM Memo-
0am xapaxmepusyemcs 8blcoKoll 0emaabHOCMbI0, CKOPOCMbIO U
mourocmuio usmeperui. OCHO8Hble Napamempbl 1a3epHo20 CKa-
Hepa — 0a/bHOCb, MOYHOCITL, CKOPOCTY, Y204 0630pa [3, 4].

IToMUMO HA3eMHO20 /A3ePHO20 CKAHUPOBAHUS, KOMOpbLiL
umeem pad HeDOCMAMmMKo8 Ha Npaxmuke, ce boavliee npumeHe-
Hlle npu cmpoumenscmee, a maksice 04 cozdanus 3D modeneil
nanduwagmos, NpuMeHAI0M 8030YULHOE 1d3epHOe CKAHUPOBAHLE.

Bosdyuinoe nasepHoe CKaHUpOBAHUe NO3BOALEN BbINOAHUIMDb
CBeMKY pailoH08, HA3eMHAs CBeMKA KOMOPbIX AUOO O1eHb 00pe-
MeHUMeAbHA, AUB0 NpaKmu4ecKu He8o3mosucHa. Imo cnpased-
AU80 048 MpyOHOOOCYNHBIX PATiOH08: OOLUUPHBLX 3ACHeMCeH-
HbLX, /IeCHBLX 1 3A00104eHHbLX Meppumoputi, myndp, nyCcmolib,
a maxdice omOaseHHbLX BbLCOKO2OPHBLX pationos. IIpunyun Oeil-
cmeus u3obpasicer Ha puc. 2.

II00 culnyqumu mamepuaramu 6 U3MepeHull YpOsHs MOHU-
Maiom He MOALKO MAMeEPUANbl, COCMOAUUE U3 MHONCeCTEd
meepdblx MUKPOCKONUHECKUX YACTUY, HANPUMED, MYKA UL Ye-
MeHm, HO U meepdvle mamepuansl ¢ 6osee KpyNHuIMU 2pany-
namu, obradarouiie ycA08HOL MeKyueCmblo, Hanpumep, ujebeHs,
usmenvieHnas pyoa u m.0. B boavwuncmee cayuaes, 045 3adad
UBMEPeHUS YPOBHSA CLINYHUX MATMEPUALO8 He 8aKHCHO, SBASLEMCs
8eecmaeo 00HOLL npupodsl, AUOO MO CMECh PA3AULHBIX CLLILYHUX
sewecms [5].

IIpusedem 8 mabauye 1 cpasHenue CyUecmayouux memodos
110 OCHOBHBIM KPUMePUM, KOMOpble ObLAL U3104ceHbl blille. Boi-
cmasasem 8 baanax no 10-6annvHoil cucmeme.

Hazemnoe
Ja3epHOe CKAHUPOBAHHE

Ieonesnueckas
CbEMKa

Ja3epHOe CKAHUPOBAHUE

Bo3znymnoe JlaT4uku ypoBHS

CBIMYYUX MATCPHAJIOB

Puc. 1. CnocobbL OyeHKU Coinyuux cped
Fig. 1. Methods for evaluating bulk media
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Hagnraymonsii

Puc. 2. [Ipunyun delicmeus 6030yULH020 CKAHUPOBAHUSL
Fig. 2. The principle of operation of air scanning

Tabauya 1. CpasHeHue cywecmeyouyux memodos usme- 6aanbl N0 BLLOPAHHLIM Kpumepusam 045 AHAAU3A NPOMOMUNA
peHus 06Bema CLLNYHUX MAMEPUanoe ycmpoticmea.
Table 1. Comparison of existing methods for measuring the

volume of bulk materials Tabauya 2. Bapuanmul peaiusayuu cxem

Table 2. Scheme implementation options
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Taxum 06pasom, no0sods umoeu, MONIHO CKA3AIMb, UMO KAdK- 1 KOHCTPYKLIMHM YCTPOUCTBA
Oblil cnocob no-ceoemy ydoben. ITpoananu3uposas cyujecmaeyio-
wue Mmemodsl onpedenenus 00BeMO8 CLINYYUX MAMepuaos, Ilepesoska coinydux ewecme A644emcs 00HOL U3 pacnpo-
Hev3s onpede/léHHO CcKA3amb, 4MO KakolU-Aubo u3 memodos CMPAHEHHBIX 3a0a4 8 PA3AUHLHbLX OMPACAAX POMBLULAEHHOCTIU.
ycmynaem Opyeum, m.K. 66L60p Memoda 6 Kasdom KOHKPErmHoM Mo c6A3aH0 ¢ MmeM, MO ColnyHdie MAmepuatbl mpyoHo nodda-
caydae 3a8UCUm Om MHO2UX (‘Ibakmopog; MOYHOCTU UBMEpeHUA, romcsa noacuemy. Cbmyttee Cprbé cocmaesaaem 50/lbLuy70 Hacmo
1e06X00UMOTl CKOPOCTILL MOAYHeHUS pe3yAvmama, nepuoduuno-  pacxodos npednpusmuil u 043 sgexmuenoeo ezo pacnpedese-
cmu, cmoumocmu, mpydozampam u m.o. HUSL He0OX0OUMO KOHMPOAUPOBATL 00BEM. HYMHCHASL MOYHOCTL
B cesa3u ¢ smum, 6ulbop memoda onpedenenus 06seM08 Cblry- onpedesenus 00%eMO8 3ABUCUTL OM. CMOUMOCTILL eJUHULbL 00%-
HUX MAMEPUAnos Heobxo0umo oCyuLecmensiny, 0CHO8bL8AAC, HA ema colnyvezo mamepuana u MOojerm eapbuposamscsi 8 WUPOKUX
NpuopumemHbulx npom@oacmgeHHbe 4)a;<mopax, Hpu 6bL50pe npeae/zax. Yem aOpOME mamepuan, mem Jdonicna 6bime 6oavuLe
Haubonee paylloHanbHOL cxembl ycmpoticmed, Heobxo0umo py- MO4HOCNb 6bliUCACHU 065eMA.
K0800CIMB0BAMbCS KPUMEPUIMLL, YKA3AHHLIMU 6 mabauye 1, u Odnaxo, npu MpancnopmuposKe Colry“ux 2py306 mpyoHo oue-
apyzumu, Hanpumep: npocmoma KOHCMpYKUuil, 803MOHCHOCILb HUumo 06sem mamepuanos, 4em 4acmo noAwv3yromca Heao6pOCO-
NPUMEHAMb HA 10661 00BeKMax. secmuule pupmol. Fmeem mecmo: HedOCbin CullyHux mamepua-
Bolbpantsle kpumepuu no3eoAL10m Omceusamo Cmpantbvle u 2108, cMmavusarue 8000il, yMeHbULeHUE 00BeMa KY3084 UL MHO20€
cneyuguueckue udeu, makue Kak npumeHerue 045 CKAHUPOBa- dpyeoe. Jlanmyio npobremy pewums CAOHCHO, a Cyuecmeyiouue
Hus paduoakmueHulx eewjecmg. Takum obpaszom, Haubosee no- cnocobbL oyerkl mpydoemKue 1L 00po2oCmoaLLe.
nyAsSpHble U peanbHble 8apUAHMbL UCTIOAHEHUS POEKMUPYeMO20 B cea3u ¢ amum 6bL10 npedioKero CpoeKmuposams cretyil-
ycmpoiicmea caedyiowue: npuMeHenie YAbMpaseyKoeolx 604H, anvHoe ycmpoticmeo 045 IKcnpecc-3amepa 00seMa Colnyuux ma-
omozpaguposanue ¢ pasauunbix movex 0aa OanvHeiiweil mepuanos, Haxodsauwjeecs 8 Ky308e 2py308020 a8MOMOOUAAL.
«CKAelKU» 8 00BeMHYI0 KAPMUHY, NPUMEHEHUE AA3EPHbLX TeX- Yempoticmeo npednoaazaem codepocame 6 cebe:

Honoeull. B mabauye 2 no 10-6annvholl wkaie npuceausaem
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- 3D na3sepHulil ckanep — 045 co30anus 3D-modeau coinyyeeo
Mmamepuand;

- YALMpA3eyk U peHmeeH — 048 HAX0HDEHUS XAPAKMEPUCTIUK
cmectL.

Cobpantule ycmpoiicmeom OanHbie Gydym nepedagamvcs Ha
KOMNBIOMep 8 CNeyudAbHYI0 Npoepammy, KOmopas, 8 C0i0 ove-
pedv, npoussedem HeobXxo0uMble 8bIMUCACHUS U 8bIOACTIL pe3yib-
mam anaausa. ITo daHnvim mabauysl 2 MOHHO cenamsb 861800,
4mo Haubo/ee NPUEMAEMBIM BAPUAHITIOM SLBASLETCS TMeXHO0-
eus 3D nasepa. Jlns noevlueHus MOYHOCMU pa3pabomanHoe
ycmpoticmeo ekaiouaem @ cebs: asmomobuavivle gecvl, 3D aa-
3epHulil ckaHep U NOOBUINCHYIO CMOTIKY.

IIpu ewibope naszepHozo ckamepa Heobx0O0UMO pyko8odcmeo-
8amMuCs CAe0YIOWUMU TEXHUYECKUMU MPeb08aHUIMU:

1) mouHoCMb U3MepeHUL, KOMOopas MOXcerm 8apbupO8AMuCs 8
boaviuux npedenax;

2) paspelwienue ckamepa — OKa3vleaem 6AUSHUE HA KAUECTEO
noayuaemoii 3D-modenu;

3) MakcumanvHas 0anbHOCTIG CKAHUPOBAHUSL;

4) ckopocmb U3MepeHus;

5) 803MONCHOCTIIL COBMeEUeHUSL € OpyeUMU NPUBOPAMLL.

Ipusedem 6 mabauye 3 KAACCUPUKAYUIO CKAHEPOS MO MUY
U3MepeHUs U MOYHOCMU C YKAa3aHuem Qupm-npoussodumene.

Tabauya 3. Kaaccuukayus Aa3epHuLx CKaHepos
Table 3. Classification of laser scanners
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Taxum 06pasom, paccmompes Aa3epHble CKAHEPbl PASAUHHBLX
munos, 05 0anHoil pabomel Hauboree nodxodswumu 6ydym se-
ASIMbCS CKAHepbL HA 0CHOB8e Pa308020 Memooda usmepeHus i Ha
OCHOBe Memodd ONMuUYecKoli MpUAHZYAALUL, MAK KAK OHL
umeiom 6OABLULYI0 TOHHOCTL USMepPeHUs Npl Y0081emeopsio-
ujeM paccmosHulL.

Cxanuposanue 2py3a OCHOBAHO HA MMEXHOA02UAX /NA3ePHO20
CKAHUPO8AHUS, YALMPA3BYKA UAL permeeHd. TexHo02Us na3ep-
HO20 CKAHUPOBAHUS UCNOAL3YeMCs Oi TNOAYHeHUS O4eHb Oe-
manvrovix 3D-modeneli 06Bekmos, 6 Hallem CAYHAe KY3084 2pY30-
6020 A8MOMOOUNS C HACHINHBLM 2py30M. Jla3epHblil ckanep no3-
80/15em OMCHAMY 00BekmbL pasmepom 00 0,5-2 M € MOUHOCTTILIO
00 0,5-5 MM, M.e. UMEEMCst B03MONICHOCTIE Y3HAIb, UMEIOMCS AU
Hedomnycmumble npumect (Mycop) 8 HACLINHOM 2py3e, Makue KaK
6ymoiaxu, barku m.n. Jlaseproe ckanuposamiie 803MONCHO NpPo-
800umb 8 N11060€ 8peMs CYMoK, 4mo aeasemcs boavuum 0ocmo-
UHCTBOM.

IIpunyun deticmeus ycmpoticmea caedyowull: epysicenuiii as-
MomobUAb 3ae3dcaem HA ABMOMOOUNLHBLE 8ecbl, 20e npedsapu-
MeAbHO YCMAH06/1eHa Mmpebyemas BbicOma NeKMPOMeXaHUYe-
ckux cmoex. JlasepHuiil ckanep ¢ Hacadkoil 6 8ude npoeyupyiouyeti
CemKU YCMAaHA8AUBAEIMCA 8 eHMPAAbHOe MO0 e KY308a U
npou3godum cKaHupoeaHue éepxHell 4acmi HACbINU. A8momo-
OUbHBLE BEChL C IOMOUBIO MEH300aMHUUKO8 USMEPAION NOAHbLIL
gec epysiceroeo agmomobuas. ITocae weeo cobpanivie dannble, a
UMEHHO 00BeM 6epxHell 4acmiL HACLINU, NOAHAS MACCA 2pyce-
HO20 ABMOMOOUAS, CHAPAKHCEHHAS Macca, 00BeM KY3068d, COCA8
mamepuana (NAOMHOCMYb, BAANCHOCML U M.T.) 0bpabamblea-
10MCA 8 CNeYUAbHOLl npozpamme, KOMOpas 6bl0aC KOHeUHbLiL
pe3yavmam o epy3e.

Ecau pesynvmam npospammul U HAKAAOHble O 2py3e co6nd-
0aiom ¢ yuemom nozpeuHocmu npu nepegoske, mo 8blHOCUMCS
peulerue 0 npuemxe 2py3d, 8 NPOMUEHOM CAYHAe - OMKA3.

Ionydentvle pe3yAbmamul CpAGHUBAIOMCS € HAKAAOHLIMU, U
BLLHOCUMCSL pelllerlie O Bblepy3Ke WAL OMNpaske 2py3a OMnpagu-
meato. Ha puc. 3 usobpasicer npunyun deiicmeus, Ha puc. 4 u3o6-
pascer 0bwyuil eud ycmpoticmea.

Mecmo Bblzpy3ku
CbiNy4ez0 Mamepuana

(kaHupobaHue
ONepamopaM 2pyaa

|:>

TouHOCTH OMpe-
M3mepsie- DupMsI-
Brix n3mepe- JIeTIEHHsT PacCTOsI-
Moe pac- IPOU3BO-
HUS Hus (morpen-
CTOSIHHE, M AUTEH
HOCTb), MM
i
Wmmynbc- 50-300 (=o < _dUSv
g 1000) 10°20 e
Trimble
, 1QSun,
dazoBblit 1o 100 o 10 Leica, Z+F
(T)n;u:eckzﬂ 5 | Trimble,
PHAHTYIT 1o Ao Minolta
st
© © 4

Bepdukm o npuemke
nudo omkase

<t ==

OBpadomka
NONY4EHHbIX JaHHbIX

&

Puc. 3. IIpunyun deticmeus ycmpoticmea
Fig. 3. The principle of the device

IIpu nposederuu ananusa cnpoca u npedaoxcerus, 6ydem cpas-
HUBAMb CYUecmayiouyue cnocobbl ¢ paspabamuleaemobim Memo-
dom 1o Haubosee 3HAUUMBIM KPUTMEPUIM 8 HACTNOSILee BPeM:
«CIMOUMOCTIL» U <TMOYHOCTb», MAK KAK 0N IMUX NApaMempos
6ydem 3agucems penmabeabHOCTL, A MAK4ce CIPOC U Npedaodice-
Hue.

U3 cywecmeyowux (axmopos, OKa3vlearouux AUSHUE HA
¢opmuposanue  cnpoca npeonoxiceHus,

u Haubonee
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uHMepecHbLMUL (/15 peliLeHus npobaeMbL 8bL0BUIICEHIA HA PLIHOK
paspabamuigaemoti npodyKyuL) A6ALI0MCA cAedyiouyue:

®  naauule Mmoeapos-3amerumenetl i OONOAHLIOULUX;
®  pasmepul polHKa;

®  ypogenv 00x0006;

°

YPOBeHb MexHoA02ULl.
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Puc. 4. O6wuil 6ud ycmpoiicmea — mpexmepHas Modensv
Fig. 4. General view of the device - three-dimensional model

Takum 06paszom, yeHa u cnpoc Ha paspabamuiéaemoe ycmpoti-
cmeo 6ydem, 6 boavuLell cmeneHu, 3dgUcenv ONl IMUX pakmo-
pos. K num 006a8A510MCs KpumepuiL OyeHKL, yKa3anHbvle 8 mab-
auye 4. ITpouseedem nodpobHbLil AHAAUZ CNPOCA U NPeDA0KHeHUS
Ha poitke. IIpedcmagum, 4mo paspabomarnHoe yCmpoicmeo no-
CMynuAo 8 npodasy ¢ yeHoll Huxce UAL NPUMEPHO MAKOLL e,
Kax Uy cywecmsyrouux ycmpoticme. 3anecem OaHHble 10 CHPOCY
U npedaodceruio 6 mabauyy 4.

Kaxk sudHo us mabauywt 4, wmo Hauboavllee 4UCAO KOMNAHULL
20MO6YbL Kynumb npousgedenHulil mosap no yeue 750000 pyb6aeil
34 WMYKY, 4mo He npuem/iemo 04 Npou3eooumens, m.x. no-
cnednuil 6ydem 6 ybvumxe. s HAX0KHOeHUS HAULYHULE20 TIOKA-
3amens yeHbl NOCMPOUM epaduk cnpoca U npedaoxerus (puc.
5).

Takum 06pa3om, Hausy4was yena 04 npou3eodumens u no-
mpebumens Haxodumcs é npedeaax {1,5-1,75} man pybaeii.
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Puc. 5. Kpusas cnpoca 1 npesiosxxeHus
Fig. 5. Supply and demand curve

BEBEIBOJIBI

B Oannoii cmameve onucan 00un u3 cnocob08 peuienus npo-
61eMbl OUeHKU 00BeMO8 COINYHUX MATMEPUAN08, 4 UMEHHO NpU-
meHeHue 3D naseproeo ckanuposanus. IIpednodceno 8 kauecmae
CKAHUPYIOUe20 3/leMeHMA NPUMEHATb AA3EPHYI0 CeMKY Ha 00B-
exmul. Taxas cemka nomozaem onpedeAumns 8blCOMul U BNAOUHBL,
mem camuvim cnocobecmeyem onpedeneHuio 06sema sepxuetl ua-
cmu Hacvinu. Hujcnss vacme Haceinu npedcmasasem cobotl
obBem Ky308a 2py308020 agmomobuas. IIpu cymmuposanuu 06s-
eM06 BepxHell U HUdKCHell LaCTU HACLINU 8 UIMoze NoLY1dem No/-
Hulil 00BeM Cblryiezo mamepudad.

Cpedusas owubka OmHOCUMeAbHbLX NOKA3amenell cocmagasem
5%, noepewHoCmb CKaHupyoujezo 060pydo8aniis coCmasasem
2%. IIpumenenue 8 NPOeKMUPYeMOM YCPOLCMBe HeCKOAbKUX
3/leMeHIMO8, MAKUX KAK Ad3epHblil CKaMep U d8moMoOUAbHble
8eCbl, CNOCOOCMBYem NOBbLULEHLIO MOYHOCTU Onpede/eHUS.

Tabauya 4. JanHvle 1o Cnpocy u npedAoienuUI0 Ha 8biNYCKAeMYIO NPoOyKYUI0
Table 4. Data on supply and demand for manufactured products

Ilena ToBapa, MiH pyoO. 0,75 0,95 1,15 1,3 15 1,75 2 2,25 2,7 3
[pemnoxenue 2 4 6 8 9 11 12 13 15
Ilena ToBapa, MiIH pyo. 3 2,7 2,25 1,75 15 1,3 1,15 0,95 0,75
Cnpoc 2 4 6 8 9 11 12 13 15
5. Jamuuxk yposHs cvinydux mamepuanos. URL: http://rusau-
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Jlabopamopus mamepuanogedeHuss MUHEPAAbHOZ0 Cblpbst, THcmumym
npobiem  xumuko-snepeemuueckux — mexnonoeuil  Cubupckoeo
omdenenus Poccuiickoil axademuu Hayk (HMIIXDT CO PAH), ya.
Coyuanucmuueckast, 1, Buiick, Aamaiickuil Kpail, Poccuiickas
Dedepayus, 659322;

Kagedpa mawun u annapamos Xumuueckux u nuujegulx npoussoocms,
Buiickuii mexHonoeudeckull uncmumym (guauan) Aamaiickozo
2ocydapcmeennoeo0  mexHuweckozo  yHueepcumema — um. H.H.
ITonsynosa, ya. um. I'epos Cosemckozo Cotosa Tpogumosa, 27, Buiick,
Aamaiickuti kpail, Poccuiickas @edepayus, 659305;

Kagpedpa cospemeHHbLX cneyuanvHulx mamepuanos, Aamaiickuil
2ocydapcmeennulil mexnudeckuil yHugepcumem um. H.H. Iloa3ynosa,
np. Jlenuna, 46, Bapuays, Aamaiickuil kpail, Poccuiickas Pedepayus,
656038;

Jlabopamopus mamepuanogedeHus MUHEPALbHOZ0 Cbipbst, THcmumym
npobiem  XuMuko-sHepeemudeckux — mexHoaozuil  Cubupckozo
omdenenus Poccuiickoil akademuu Hayk (UIIXDT CO PAH), ya.
Coyuanucmuueckas, 1, Buiick, Aamaiickuii «pail, Poccuiickas
Dedepayus, 659322.
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IIpusedenul pesyavmamel KAUMAMUYECKUX UCNBLMAHUL 00HOHANpABAEHHbLX ba3asbmonaa-
CcTMuKoe8 nocae 8vllepHku ¢ kaumamuueckoi kamepe GRONLAND npu memnepamype 60 °C
u ganasxnocmu 100% 6 mevenue 1, 2 u 3 mec. IIokaszano, wmo 8 nepeulii mecay mexaHuveckue
ceoiicmea He MeHAIOMCA, NOCAE 8MOP02O U Mpemve20 Mecalyd IKCNO3UYUU M0JYAb ynpyeo-
cmu obpasyoe eo3pacmaem Ha 6-10 %, npedeavnas dedopmayus ymenvuiaemcs Ha 5-7%,
npouHOCMb NpaKmuuecku ne udmenaemca. Ilo peayasvmamam mepmomexanuieckux uccie-
doganuii memodom JupdepenHyuarvrHoil cKkanupyeujeil KaLo0puMmempuu YCmaHo8AeHO NO-
CTeneHHOe NOSbLULEHUE Memnepampul cmekao8anus obpasuyoe om 124.4 °C (1 mec.) do
125.8 °C (2 mec.) u 126.4 °C (3 mec.). Dmo ceudemenvcmeaem 0 JONOAHUMEAbHOL NOAUME-
pu3ayuu cea3ymwuez0 8 memnepamypHo-8AANHOCMHBLX YCAOBUAX KAUMAMUUECKOU Ka-
mepol. ITo pesyasvmamam yugposoii obpabomku mukpogpomozpaduil nogepxnocmu obpas-
108 ycmaHno8/AeHa Ka4ecmeeHHaa KOppeaayul mexoy u3MeHeHem C80ILCME U COCMOAHUEM
nogepxHoCmu.

Katoueetie caosa: o0HoHanpagaenHble 6A3AAbMONAACMUKL, KAUMAMUYLeCKOe CmapeHrle,
MexaHudeckue ceolicmea, npodoabHblll U3eub, memnepamypa cmekaioganus, JugepeHyu-
ANbHASL CKAHUDPYIOUWAS KAAOpUMemMpUL, MUKpodomoepaduu no-gepxnocmu, yugposas 06-
pabomka.
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The paper presents results of climatic tests of unidirectional basalt plastics after curing in
GRONLAND climatic chamber at 60 °C and 100% humidity for 1, 2, and 3 months. The
mechanical properties do not change in the first month, but after the second and third
months of exposure elasticity modulo of samples increases by 6-10%, ultimate strain de-
creases by 5-7%, strength sees almost no change. The results of thermomechanical research
using differential scanning calorimetry show the gradual increase of temperature of glass
transition of samples from 124.4 °C (1 month) up to 125.8 °C (2 months) and 126.4 °C (3
months). It means that the binder is additionally polymerized in the temperature and hu-
midity conditions of the climatic chamber. After the digital processing of photomicrographs
of samples' surfaces, we have established a qualitative correlation between the change in
properties and the surface condition.

Key words: unidirectional basalt plastics, climatic aging, mechanical properties, longitu-
dinal bending, glass transition temperature, differential scanning calorimetry, surface
photomicrography, digital processing.
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INTRODUCTION

The climatic tests are necessary because of the increasing use of
polymer composite materials in chemical industry, aviation, car
manufacturing, shipbuilding, various branches of mechanical en-
gineering, and modern construction [1]. The polymer composite
materials (PCM) age under operating conditions, which is the re-
sult of various physical, chemical, and structural transformations
on the surface and inside the structural elements. It is not possible
yet to predict reliably the change of mechanical parameters of PCM
when using more than 30-50 because there is insufficient
knowledge about their ageing considering the synergistic effect of
daily and seasonal cycles of temperature, humidity, solar radia-
tion, precipitation, wind, and mechanical loads [1].

There is a significant impact on polymer composites used in con-
struction that comes from atmospheric factors (temperature, hu-
midity, solar radiation, etc.), which, as aging facilitators, contrib-
ute to the development of physical and chemical processes in the
materials and during the operation may significantly reduce their
properties [1, 2]. Most PCM used in construction are in direct con-
tact with air or water. A great number of modern studies in Russia
[3-8] and internationally [9-18] are devoted to problems of dura-
bility of PCM under the effect of increased temperature, humidity,
and mechanical loads.

There are studies of the durability of carbon and glass plastics in
seawater [10, 11], UV resistance of wood-polymer [12] and hybrid
composites [13]. The durability of fiberglass plastics under the
combined effects of moisture and mechanical loads was investi-
gated in [14], of temperature and load — [15]. Glass-epoxy, car-
bon-epoxy and hybrid composites under hydrothermal aging con-
ditions were studied in [9, 16]. The long-term strength of polymer
composite reinforcement was also studied in a concrete environ-
ment [17], and the durability of basalt plastics was studied at an
increased temperature [18].

The current world practice is to establish relationships between
surface degradation and changes in composite material properties
[19-24]. This allows a non-destructive way to perform an express
analysis of its condition and evaluate the critical change of prop-
erties as a result of aging. The authors propose an original method
for analyzing climatic aging of PCM based on digital processing of
surface photomicrographs [25], which follows the advanced trends
in the field of polymer construction materials science. The method
has been tested and the relationship between the sample surface
condition and the change in physical-mechanical and thermome-
chanical properties as a result of climatic aging has been estab-
lished [8].

The purpose of this work is to study the degradation of basalt
plastic properties during climatic aging under conditions of ele-
vated humidity and temperature.

EXPERIMENT

Samples for research were produced in the form of unidirectional
basalt plastics using basalt roving BCF 17-2520-KV13 (Kamenniy
Vek, Dubna) and hot-cured epoxyhydride binder EDI: ED-22
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epoxy resin (100 wt. %), iso-MTGFA hardener (85 wt.%), acceler-
ator UP-606/2 (1 wt. %) [26].

Unidirectional samples of basalt plastics were made by winding
using the authors' patented method [27]. The technology of making
such samples is described in more detail in [28]. The method of pro-
ducing unidirectional plates is based on tight winding (turn to
turn) of a cylindrical shell of binder-impregnated roving on a
metal mandrel (Fig. 1, a), followed by cutting (Fig. 1, b), unfold-
ing to sheet (Fig. 1, ¢), under-pressing in the mold, and polymeriz-
ing the product as follows: 0.5 h at 120°C, then 4 h at 150°C. Thus,
three unidirectional sheet samples of basalt plastic (named Z1, Z2,
Z3 for convenience) were produced. All 3 sheets were produced
with the same binder, same batch of roving, same winding, press-
ing, and curing.

After the sheets were cured, thin plates were cut out of them as
samples (12 mm wide and with the same sheet thickness without
treating the outer surface) and tested as is by the longitudinal
bending method [29, 30] (Fig. 1, d). The test results are shown in
Table 1.

The samples from each batch were subjected to unloaded climatic
testing at 60°C and 100% humidity in a GRONLAND climatic
chamber: samples from batch Z1 - for 1 month, samples from batch
Z2 - for 2 months, samples from batch Z3 - for 3 months.

The choice of temperature and humidity for testing was based on
publicly available data and previous studies of the authors. The
territory of Russia is notable for its large geographical length that
covers a large number of climatic zones — from extremely cold (Ya-
kutsk, Far North, and the Arctic) to warm humid sea (Sochi,
Gelendzhik). It is established that cold and moderate climate ren-
ders the least destructive influence on a composite, and warm hu-
mid climate impacts it the most. Therefore, the choice of tempera-
ture 60 °C and humidity of 100% in the climatic chamber is due to
the worst-case scenario of PCM operation.

After climatic aging, the samples were subjected to mechanical
longitudinal bending tests, DSC analysis to determine the thermo-
mechanical properties and examine the surface state of the samples
by digital processing of photomicrographs.

The data of mechanical tests for longitudinal bending of samples
after climatic exposure are given in Table 2.

The data in Tables 1, 2 show that in the first month of exposure
there was almost no change in the mechanical properties of basalt
plastic samples. In the second and third months the elastic modu-
lus E increased noticeably (by 6-10%), the critical strain &, respec-
tively, decreased by 5-7% with the strength o practically un-
changed. Additional polymerization of material at temperature
60°C and humidity 100% could result in the increase of elastic
modulus (increase of stiffness of samples) [8].

To study the thermomechanical properties, tests were conducted
according to ISO 11357-2:1999 [31] by differential scanning calo-
rimetry (DSC). We determined exo-effects on NETZSCH DSC 204
F1 with the speed of heating samples 10 ° C / min to 200-250 °C in
an inert nitrogen environment flowing through the measuring cell
at 30 ml/ (min- ° C). Typical DSC diagrams of the field samples of
climatic tests are shown in Fig. 2.
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Fig. 1. Demonstration of the method of manufacturing sheet samples of winding products [28]:
a-wet winding of the roving on the mandrel (turn to turn); b - cutting of the wound billet along the axis;
¢ - reaming and pressing of the sheet; d - testing of samples for longitudinal bending

Table 1. Test results of unidirectional basalt plastics in the initial state

Batch marking L, mm b, mm s, mm s % E, MPa o, MPa
Z1
99.9 11.97 2.09 4.27 42684 1569
99.8 11.75 2.27 4.20 41900 1629
100.2 11.53 2.19 4.02 42504 1516
Average value
4.16 42363 1571
22 100.0 12.53 1.99 3.97 45739 1613
100.3 12.75 2.08 3.71 42754 1298
100.3 11.97 2.06 3.97 45393 1611
Average value
3.88 44628 1508
z3 100.0 11.89 2.23 4.12 42190 1501
100.0 11.92 2.20 4.06 41870 1610
100.0 11.97 2.19 4.02 41398 1488
Average value
4.06 41819 1533

Legend: L - sample length, b - sample width, s - sample thickness, € - critical strain (at crushing), o - strength, E - elasticity modulus.

The peak on the curves corresponds to the glass transition tem- the effect: when plasticizing with moisture, the efficiency of inter-
perature. Note that as the samples stay in the thermo-moisture molecular interaction decreases, the active groups acquire greater
conditions of the climatic chamber, the glass transition tempera- mobility, due to which additional transverse bonds are formed.

ture gradually increases - from 124.4 °C (Z1, 1 month) to 125.8 °C The glass transition temperature, elastic moduli, and strength of
(22, 2 months) and 126.4 °C (23, 3 months). This confirms the ef- epoxy polymers increase after removing moisture [8, 24, 32, 33].
fect of binder post-curing, an increase in the elastic modulus ob-

served earlier in [8] and explained by the catalytic effect of mois-

ture on epoxy polymer post-curing in [24, 32, 33]. The essence of
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Table 2. Results of longitudinal bending tests of unidirectional basalt plastics after climatic aging in the GRONLAND chamber at

a temperature of 60 °C and a humidity of 100%

Batch mark.lng, L, mm b, mm s, mm £ % E, MPa 0, MPa
exposure time
100.0 11.99 2.07 3.49 40072 1307
100.0 12.05 2.02 4.20 43703 1562
(1 mzolnth) 100.0 11.95 1.97 4.10 42203 1512
100.0 12.04 2.23 4.21 40641 1546
100.0 12.04 2.22 3.97 39650 1433
Average value
3.99 41254 1472
100.0 12.06 1.88 3.81 46384 1579
Z2 100.0 12.01 1.77 3.67 46150 1487
(2 months) 100.0 12.07 1.89 3.84 45756 1517
100.0 12.08 1.90 3.39 48313 1524
Average value
3.68 46651 1527
100.0 11.99 1.96 3.37 46713 1490
73 100.0 12.04 2.12 4.08 43232 1538
(3 months) 100.0 11.99 2.17 4.08 45181 1543
100.0 12.11 2.12 3.68 45514 1509
100.0 11.89 1.93 3.91 46784 1561
Average value
3.82 45485 1528

The changes on the surface of samples as a result of climatic ef-
fects was studied using the original method of digital processing of
surface photomicrographs [25]. Anaconda 3 development environ-
ment (https://www.anaconda.com/) was used to make histograms
that show the gradation distribution of gray depicted in the photo-
micrographs of samples taken from three types of basalt plastics in

DSC | mWimag
1 BXO

-0.18 4

=0.20 1

Baegining * 102.4 °C

the initial state and after climate aging. Examples of histograms
are presented as follows: Top - the original image, next - the histo-
gram of shades of gray (blue columns), and the cumulative distri-

bution function (CDF) - a red curve (https://en.wikipe-

dia.org/wiki/cumulative_distribution_function) (Fig. 3).
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Fig. 2. DSC diagrams of basalt plastic samples after climatic aging in the GRONLAND chamber
at a temperature of 60 ° C and humidity of 100%:
a - sample Z1 after exposure for 1 month, b - sample Z2 after exposure for 2 months,
¢ - sample Z3 after exposure for 3 months
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Fig. 3. Photomicrographs of the surface of the samples basalto-
plastica (magnification x 500) after the climatic aging in the
camera GRONLAND at a temperature of 60 °C and humidity

100% and their digital processing:

a - Z1 sample after incubation for 1 month, b - Z2 sample after
incubation for 2 months, ¢ - sample Z3 after incubation for 3

months

The difference between the states of exposure (initial, after cli-
matic effect) were assessed by comparing the cumulative distribu-
tion function (CDF) (Fig. 4).

The difference of CDF functions for samples Z1 and Z2, Z1 and
Z3 shows the structural changes in the surface of the samples after
their exposure in the climatic chamber for 2 and 3 months. Com-
paring these data with the results of mechanical and thermome-
chanical tests, it can be stated that there was a climatic impact,

08 2 . .
3 but the destruction of the surface and structure of the composite
2 E did not occur (the properties even slightly improved). This is due
] k) to the short time of the basalt plastic samples in the climatic cham-
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Fig. 4. Comparison of cumulative distribution functions (CDF) of samples from batches Z1-Z3
after climatic aging (solid lines), dotted lines — the difference between the CDF functions

CONCLUSIONS

1. The climatic research of unidirectional basalt plastics has
been carried out at exposure in unloaded condition at 60 °C and
100% humidity in climatic chamber GRONLAND for 1, 2, and 3
months.

2. Determining the mechanical properties of the samples by
the longitudinal bending method, showed that the properties of the
samples stayed almost the same in the first month of climatic ag-
ing, but in the second and third months, the elastic modulus in-
creased by 6-10%, the critical deformation during the destruction
decreased by 5-7% compared to the initial samples, while the
strength also stayed at the same level.

3. The study of the thermomechanical properties of samples by
the method of differential scanning calorimetry showed an in-
crease in glass transition temperature from 124.4 °C (1 month) to
125.8 °C (2 months) and 126.4 °C (3 months). This occured due to
the catalytic effect of moisture on curing of epoxy polymers.

4. The digital processing of photomicrographs of the samples'
surface after climate aging revealed structural changes for samples
after 2 and 3 months of exposure. Thus, a qualitative relationship
is established between the change in the properties of the samples
(on the macro level) and the change in the state of their surface (at
the micro level) according to the data obtained from the photomi-
crographs of the surface.

5. Climatic tests of basalt plastic samples at 60 °C and 100%
humidity for 3 months led to an improvement in mechanical and
thermomechanical properties. It follows from this that the expo-
sure time was insufficient in order for noticeable destructive
changes in composites.

The work was conducted using the equipment of the Biysk Re-
gional Center for Collective Use, Siberian Branch of the Russian
Academy of Sciences (IPCET, Siberian Branch of the Russian
Academy of Sciences, Biysk).
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B cmamve o6ocHogana akmyaavHocmy npobaemel nogvluleHUs IPPekmugHocmu opearnusa-
YUU CMpPOUMmMeAbHO20 Npou3sodcmea nymem Mo0eAUpo8aAHUL OPeadHU3AYULOHHO-MEXHOA02U-
Yueckoll HadeXHOCTU CMpPOUMeAbCMBd HA co8pemenHoM Imane. [Ipedcmasaen 0630p ome-
uecmeenno020 U 3apybenHozo onvima peuweHus ykazanHnoi npobaemvl. Chopmyauposanul
OCHOBHULEe 8bl80JbL MO COBPEeMEHHOMY COCTMOAHUIO MmMeopemuueckolil npopabomanHoCmU
membl U ee npakmuueckoil peasuzayuu. OnpedeseHbl 0CHO8Hble HANpAasAeHUs 0aAbHelLULUX
HayuHblX UcCaedosaHUull. OCHOB8AHUEM N00X00d A8MOP0O8 L8ALENMCA NOAONHEHUEe, UMO MODe-
AUpOBAHUE OP2AHU3AUUOHHO-MEXHO0A02UUeCKOU HAOeHHOCMU CMpPOUMeAbHO20 NPOU3800-
cmea Kak CAOMHOL cucmembvl HeoO6X00UMO HAUUHAMDL ¢ M00eAUPOBAHUSL e€ MOoJCUCmeM:
CTMPOUMEAbHO-MOHMANCHBLYX pabom, mak Kak HAOEHHOCMb CUCMeMbl 3A8UCUM OM HAOEHC-
HOcmu eé Komnonenmos. Jannas cmamovs HAnNpagaend HA cucmeMHoe npedcmagaerie me-
mo0doe M00eAUPOBAHUS CTPOUMEAbHO-MOHTNANHBLX PAOOM C UeAbl0 NOBbLULEHUS Op2aAHU3A-
YUOHHO-TEeXHO0A02U1eCKOll HaleéxmHocmu cmpoumenvnozo npouzsodcmea. Ifeav cmamou -
KOMNAeKCHOe npedcmasaerHue menmodos MO0eAUPOBAHUL OP2aHU3AYUOHHO-MeEXHOA02UYE-
CKOUl HaO€XcHOCMU CMpOUMeAbH020 NPOU3E0ICMEA, NPUMEHAWUUXCL HA COBPeMEHHOM
amane paszgumus CMpouUnMeAbHOl HAYKU U HAYKU 00 0p2adHU3AYUL CMPOUTNEAbHO20 NPOU3-
godcmea. Cmamvs unmepecHa 04s vumamedaetl, UHMepPecyOUUXCL UCTLOALI0BAHUEM IKOHO-
MUKO-Mamemamuyeckux modeseil L Memodos 8 CO8peMeHHOl cucmeme OpeaHU3AYUL CMPO-
UmeAvHO20 Npousgodcmea npu evlbope 8aApUAHIMO8 CMPOUMEAbHO-MOHMANHULYX pabom: a
UMEHHO, pYK080JCMB08AMbCA MOOEAAMU, YUUMBLEAIOWUMU PA3AULHbLE Yeledble KPUMepUL
cmpoumenvcmeda 30aHUL U COOpPYHCeHUT, 8 MOM HlUCAe PAZHOHANPABACHHbLE UL HeuémKUe.

Knawuesvie caosa: cmpoumenvcmeo, modeaupoganie, Opeanu3ayuOHHO-MeXHOA02UYeCKAs
HadénHocmy, cmpoumenbHoe npou3godcmaeo, CMpoumensbHo-MOHMANHbLEe pabombl
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The paper argues that the problem of an increased efficiency of a construction production
company is important nowadays by simulating the organizational and technological relia-
bility of construction. An overview of Russian and international experience in solving this
problem is presented. The current state of theoretical elaboration of the topic and its prac-
tical implementation are outlined in the paper. The main directions of further scientific
research are also defined. The authors base their approach on the simulation of the organ-
izational and technological reliability of construction production as a complex system,
which should start with simulation of its subsystems such as construction and installation
works, since the reliability of the system depends on the reliability of its components. This
paper systematically reflects the modeling methods of construction and installation works
in order to improve the organizational and technological reliability of construction pro-
duction. The purpose of the article is the integrated presentation of methods for modeling
the organizational and technological reliability of construction, which are used at the cur-
rent stage of development of science of construction operations organization and the con-
struction science as a whole. The article is particularly useful to the readers interested in
the use of economic-mathematical models and methods in modern construction operations
system, namely, to use models that account for different target criteria for the construc-
tions, including multi-directional and fuzzy.

Key words: construction, simulation, organizational and technological reliability, con-
struction operations, construction and installation works
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The study is relevant to the scientists and practitioners in the
field of construction due to the fact that modern buildings are sub-
jected to high requirements of compliance with safety, reliability,
comfort, energy efficiency [15-17]. These requirements should be
satisfied throughout the building life cycle, but the required pa-
rameters of the future building are being developed in its early
stages of design and construction. At the design stage, the future
parameters can be calculated precisely, but during the construc-
tion and installation process they can undergo significant changes
because the main characteristic feature of construction and instal-
lation works is their versatility (CIW). These particular works can
be carried out in different technological ways even with the same
building materials, products and structures, but, for example, by
different contracting construction organizations. It is the cause of
different construction time and costs or engineering and economi-
cal indicators for the same construction. Additionally, the produc-
tion of CIW may be altered by force majeure, due to changes of
weather, disruptions in the supply of building materials, products
and structures, returns of the materials due to poor quality, etc.
All of these conditions affect the quality of the construction site.
Targets for the construction of buildings may be the achievement
of certain energy efficiency indicators, a certain value of construc-
tion costs, and precise timing. The successful completion of one or
several construction sites is defined as the achievement of the
planned objectives within the established limits on the duration
and time of completion, the estimated cost of construction, the
quality of the work and the specification of the requirements for the
results. At the same time the deliverable must be accepted by the
customer in the prescribed order. Thus, the key parameters affect-
ing the final result of the construction are the duration, cost, and
quality of the performed works. The concept of organizational and
technological reliability (OTR) of construction production unites
these parameters. Considering that construction production is a
complex man-machine system, consisting of technical and labour
resources, as well as taking into account the multi-variant produc-
tion of construction works and the presence of many factors, affect-
ing the quality of construction facilities, it is possible to improve
the OTR of construction production by modelling it as a whole and
modelling the production of CIW for different target criteria. Thus,
the simulation of the OTR of construction operations as a complex
system should begin with the simulation of its subsystems: con-
struction and installation works, since the reliability of the system
depends on the reliability of its components. Also it seems necessary
to systematize and comprehensively present models for increasing
the organizational and technological reliability of construction
operations when selecting CIW by technological and organiza-
tional aspects. Moreover, there are contradictions in both practice
and theory that determine the relevance of the study.

Methodological issues of the organizational and technological
reliability of the construction were investigated in the works of
A.A. Volkov, V.M. Lebedev, which investigated the OTR control
systems of construction. A.V. Ginsburg considered OTR of con-
struction production in terms of automation and management of
building organizations. M.L. Shpric evaluated OTR construction
of multi - variant building complexes.V.V. Burchik, N.P.
Kuz'mich considered OTR in terms of sustainable development of
organizations. S.M. Kuznetsova, N.A. Sirotkina, O.A. Legosta-
eva, S.N. Yachmen'kova examined the evaluation of OTR of con-
struction.

V.A. Afanas'eva, V.S. Balickiy, S.A. Barkalov, S.A. Bolotin,
M.S. Budnikov, S.N. Bulgakov, V.N. Burkov, N.V. Varlamov, V.I.
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Voropaev, 1.G. Galkin, L.G. Golub, A.A. Gusakov, L.B. Zelencov,
N.I. Il'in, YU.A. Kulikov, S.V. Nikolaev, YU.B. Monfred, P.P.
Olejnik, B.V. Prykin, V.I. Rybal'skiy, V.I. Telichenko, V.I. Tor-
katyuk, V.N. Trenev, S.A. Ushackiy, V.D. Shapiro, A.K. Shrejber,
T.N. Cay, A.D. Cvirkun, R.I. Fokov, etc. studied the development
of methods and selection of organizational and technological tech-
niques for construction and installation work in terms of organi-
zational and technological reliability.

Modern international research is also aimed at developing cal-
endar plans of work schedules along with linking them to BIM -
models of construction objects [1]. The international publications
contain a systematic approach to the modelling of building pro-
cesses, considering the influence of construction work on the char-
acteristics of the construction site and the environment. Also the
impact of the life cycle of a building on the choice of construction
and installation options is considered [2]. Different simulation
techniques are applied. For example, Life Cycle Assessment Meth-
odology (LCA) is a systematic environmental management tool for
analysing and evaluating the environmental impact of a product
or process in a holistic manner. Bilek, Rice and Matthew described
it in their study [3]. Their paper states that in assessing the life cy-
cle of a building, the building processes play not a major but still a
significant role, and proposed LCA design model is aggregated into
eight main categories: site preparation, foundation, concrete
works, blockwork, metal framing, finishing works, load handling,
power consumptions. This approach is justified by the fact that
construction has many processes and it is not appropriate to model
each of them separately.

The authors of the monograph «Model of building processes» use
IDEF o(Integrated Computer Aided Manufacturing Definition) to
simulate the construction and installation works by the methodol-
ogy of functional modeling, allowing graphical representation of
all CIW stages: site preparation, "zero" cycle, erection of building
superstructure block, finishing works, special purpose works and
commissioning of a facility [4]. The functions of the system are an-
alyzed independently of the objects they operate by. It allows more
precise modelling of the logic and interaction of processes. Authors
fully encourage using the methodology of functional modeling [5,
6].

International scientists have also developed simulation tech-
niques for large construction projects that are exposed to external
and uncontrolled events that affect their schedule and financial re-
sults. The study [7] proposes criteria for modeling large and com-
plex systems, such as construction projects, to support life cycle
management, risk assessment and simulation of cyclical opera-
tions. Providing these items, they introduce the concept of hybrid
modelling, which includes a set of models: the modelling of net-
works vertically (bottom-up and top-down) and horizontally (de-
pendency/relativity) to represent a hierarchy of construction oper-
ations and organizations; use of library item concepts, agent
model philosophy, Monte Carlo analysis and Discrete Event Simu-
lation (DES) with resource use analysis, including Queuing algo-
rithms. The programming paradigm is object-oriented program-
ming, modified according to an agent-based modeling philosophy
and automating generation of modeling library icons. Hybrid
modeling allows life-cycle management: import and export capa-
bilities to databases and automation of data and documentation
input operations.

Many studies by domestic and foreign scientists are devoted to
CIW scheduling and networking, affecting various aspects of their
planning and modelling [8]. The study presents the construction
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planning model with temporary links based on the scheduling al-
gorithm.This model deals with the problem of the correct sequence
with calculation of the process of «Live Partition Mobility» (LPM)
taking into account technical and organizational constraints. The
study [9] presents a linear programming model for the flow organ-
ization of construction, aimed at the formation of linear schedules
by the criterion of the lowest cost of construction resources under
the constraints of possible reduction of construction time under the
influence of risks and force majeure. Monograph [10] presents a
created neurodynamic model for optimizing engineering design
CONSCOM. It is a prototype of software package for construction
planning, cost optimization, and change order management that
can be used by both owners and contractors to effectively manage
construction projects, with which repetitive and non-repetitive
work can be simulated, strategies for multiple construction organ-
izations developed, and the impact of different working conditions
on their performance evaluated. It also presents the optimization
formulation of the problem of planning a construction project in
order to minimize the direct costs of construction, which due to its
nonlinear nature is solved by using a neurodynamic model.

The authors of the study [11] draw attention to the fact that the
problem of construction planning and resource allocation is a com-
plex and has a stochastic nature. To solve it, it is proposed to im-
plement multi-object optimization, in which project completion
time and expected costs are minimized simultaneously. Biruk and
Szakowski propose construction planning using resource-con-
strained methods by creating a mathematical model for optimized
planning of linear construction projects, in terms of resource con-
straints and operational continuity [12].

The complex models require powerful computers and software,
so the digitalization of construction is a modern trend. According
to Jose Maria Delos Santos, an expert and member of team of Pro-
ject-Management.com, the modern technological and software
trends in construction are construction management software, use
of drones, robotic equipment, augmented/virtual reality and 3D
printing [13].

Summarizing the review of scientific literature, we can say that
the methods and models obtained in these sources are aimed
mainly at ensuring the resources involved in the construction or-
ganization meet the requirements dictated by the work performed,
and choose a rational scheme of crews on construction sites to re-
duce construction time by reducing crews downtime when moving
from site to site. The dependence of the cost of the work on the time
of its performance was noted, but it was considered only in the clas-
sical formulation of L. Ford and D. Falkerson [14]. Consequently,
it is necessary to solve the problem of scheduling work with a close
alignment of the necessary resources for their implementation, in-
cluding limited by the technological relationship of the work per-
formed, which can often be of a different nature. In cases the con-
struction and installation work are on the same site, the depend-
ence between the works is rigid, that is, their violation is impossible
or very costly. On the other hand, if the construction and installa-
tion work is carried out at various sites, the dependence between
such works has advisory nature. So, there could be a possibility of
the violation of such dependencies, this leads to additional costs.
The acceptability of these costs for a particular enterprise should be
required to establish at the stage of organizational and technolog-
ical design. However, at the stages of implementation of organiza-
tional and technological concept, there are often situations when,
as a result of quality control of construction and installation work,
the company has to redo the already completed sections or to make
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major changes, which leads to an increase in execution time and
involvement of additional resources. Thus, quality assurance is
one of the sub-tasks of organizational and technological reliability
of construction production, based on theories of flow construction,
network planning, control systems. Reliability of the technological
system of construction and installation works should be considered
in terms of timing, costs, quality parameters of products. At the
same time, the methodology of organizational reliability (in terms
of timing) has been developed the most.

Thus, the modeling of organizational and technological reliabil-
ity should be considered from the standpoint of both deterministic
nature (as construction processes are regulated), but also taking
into account the probabilistic nature inherent in construction as a
complex stochastic system.
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BBEJEHUE

Bonpocol npumeHeHUs 6MOPULHBIX MAMEPUAN08 8 HACTOS-
Wuil MOMeHM 8peMeHl ABAAIOMCA KpaliHe akmyanvHeimu. OHL
70360410 YAYHWUMb 001208€4HOCL CIMPOUMEALHBIX KOH-
cmpykyuil, npooAums CMpouUmenbHolil Ce30H, a Makice cnocob-
cmgyrom co3danuio usdeauil ¢ 6onee neekoll U HAOeHCHOTL KOH-
cmpyKyueii.

B nocednee spems 6ce 6ovlle BHUMARUS YOensemcs npobe-
MM YMUAUZAYUL PASAULHbIX 0Mmx0008. Pasnuyunble KpynHuie
Op2aHU3ayUlL U KOpnopayul Kax uccaedoeamensckue, maxk u
npou3eodCImeeHHble aKMUBHO 806./1eHeHbL 8 U3YHeHUe U NoaYde-
Hlle HOBbLX CE0TICIME NpU U320MO6ACHUL CTNPOUMEAbHbLX MATe-
puanos.

Heo6x00umocmp nocmosHH020 NoBblUeHUsS KA4eCmed 6blnyc-
KaemblX CMpoumenbHblX U30eAUll U MAmepuanos 6 nocaeduee
8pema seasemcs sadxcnetiweil 3adaveil. Tak, HenpepuleHulil pocm
MPAHCTIOPMHBLX HAZPY30K HA ABMOMOOUALHBLX OpO2aX, 603pac-
marnujue HAzpysKl HA CMpouMmenbHble KORCMPYKUUL, 8AUAHUE
aepeccusHuvix cped 8 npoyecce pabomvl KOHCMPYKYULL npusodsm
K CHUNCEHLIO CPOKO8 CAYIHCObL U IKCTLAYAMAYUL U YBeAUHEHUIO U3-
Hoca u paspywaiowux gozdeticmeuil [1, 5-7].

B pamkax npedcmagnennoil pabomul npogoduaucs uccaedosa-
HUS HANPASAEeHHble HA U3YHeHlUe C80TICIIE 0p2aHOMUHEPANLbHBLX
cMeceil 1 Mamepuanos, NpUMeHAeMblX O UX U320MO8AEHUA.
ITo0pobHo paccmampusantcy 6uimossle 1L NPOMbLULIEHHbLE O~
Xx00bl, NepcneKMUHOCb NPUMEHEHUS KOMOPbX 8 JOPOHCHOM
CMpoUmMensCmee 04eHb 6blCOKA.

Ymuausayus 6046UUHCMBA PA3AUMHBLX 0mXx0008, U 8 HacT-
Hocmu 0mx0006 U3 pazHozo poda NAACMUKO8, CMAaHo8umcs 60-
nee HacywHoll u akmyanvroil. Koaudecmso evinyckaemoil Ha
DblHKe NpoOyKYULL U3 8MOPUHHO20 NOAUSMUAeHMepepmanama
(PET) esxcez00H0 yeeaunusaemcs. Tak, npu npousgoocmee HOBbLX
usdenuil u3 noausmuienmepegmanama Oeiicmeyem mpebosa-
Hue 0 Heobx00uMOCMLL 0053aMeAbHO20 UCTOAL30BAHUS BTMOPUH-
HO20 noausmusenmepegpmanama. Bes amoeo vinyck Hogoll npo-
OYKUULL CMAHOBUMCS Heo3modceH. IIoamomy eonpoc nepepa-
bomku 6mopu4Ho20 NOAUIMULEHMEPeMANAMA OCITPO CTNOUNL
6 mupe. O0HOTL U3 HauboAee nepcnekmMuHbLX ompacaeii 048 npu-
MeHeHUs 8mopudHoeo noausmusenmepegpmanama (PET) sens-
emcs JOpodcHOe CMPOUMeAbCmeo, U 8 HACMHOCMU MOOuduKa-
yus 0OpOXHCHbLX OUMYMO8.

Bmopuunas nepepabomxa noausmunenmepegpmanama (PET),
Kax 1okasvleaent npakmukad, A6/5emcs OMHOCUMEAbHO Ne2KOTL
3adaveil. IITupoxie 603MONCHOCTIU UCTIONB308AHUL 0MX0008 10-
AUIMULEHMEPePMAnama, e20 mMexHOA0UMHOCTb U C80licmea
cOenanu ImMom Mamepuas Camolm nepepadamvl8aemuim 80 6cem
mupe. Tax no pezysvmamanm uccaedosaruil ewe 8 2013 200y 6ui-
nyck noauamunenmepegpmanama (PET) 044 useomosienus nia-
cmuxogulx GymuLaok cocmasun 6oaee 20 man mouH. ITposeden-
Hble cramucmuueckue UccAedo8anuis noKa3vleaion, 4mo obuyee
KOAU1eCNB0 Npou3sedeHHOll NpodyKyul U3 noAudIMuULeHMepe-
¢manama yoce ceiinac npegoiiuaem 500 mapd wm. Takoe ozpom-
HOe KOAu4ecmeo usleauil u3 noaAudmuienmepedmanama co-
30aem npobaemvl ¢ 3azpsi3HerUem OKpyxcalowell cpedst, 6kA104AS
npubpedcruie 30HbL MUP0B020 OKeard. Omxodul u3 6ymuvli0K MO-
2ym c60600H0 MUZPUPOBATL 8 MUPOBOM OKeaHe U dadce 0Opaso-
8vl8amy yeavle ocmposd. IIpu smom ux noAHASL UHEPMHOCTb U
be30nacHocmb He KOMTIEHCUpYem mex npobieM, KOmopble B03HL-
kaiom om ux 6ypHoz0 HakonaeHus. Taxdte U36eCTNHO, MO
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108MopHas nepepabomka 1 monHbL noAUdIMUAeHMepedpmaama
(PET) cnocobcmeyem 3HA4UMeALHOLL IKOHOMUL MeppUmopul
101120108 1100 CKAAOUPOBAHILE NPOMBLULAEHHBLX U ObLITOBLLX 0T~
x0008.

Bmopoii He meHee akmyaavHoll 3adaveil seasemcs 6opvba,
HANpasAeHHAs HA CHUdKeHUe 8bl6poCcos yenekucaoeo easa COz 6
ammocdepy 3emau. IIpobremel 2n06a1bHO020 TOMeENAeHUA
HANPSMYIO C85L3AHDbL € 8bLOPOCAMIL YeNEKUCA020 2a3d. Peluerue 80-
1npocos nepepabomku 8MOPULHOZ0 NOAUIMULEHMepedmanama
(PET) 6ydem maxotce cnocobcmeoeams HALUMEALHOMY COKpd-
wenuto gvlbpocog CO:2 8 ammocgepy. Omaunumenvuoii ocoben-
HOCMbI0 N0CAe0He20 8peMeHL ABASLEMCA U MOM GaKm, UImo UeHd
Ha emopuunblil noausmuaenmepegmanam (PET) @ 6046wt~
cmee cmpan Mupa o4eHb 8blcoka. Tak OHa MOdcen COCMABAANb
Jdo 70-80% om cmoumocmu nepsutHo20 noAuImuieHmepedma-
Aama.

B nocaednue 2006t co cmopoHsL 0bujecmeenHocmL 6ce boavuLe
BHUMAHUSL YOeNsemCs 60NPOCAM IKON02UL, U IMO, 6e3YCA08HO,
cnocobcmeyem ygeaudenHuio 06emo8 nepepabomKi UCTIONb30-
8aHHOll mapvl U3 noausmuienmepepmanama. Ilo pesyrvma-
mam ucc1ed08anuil YCmaHo8AeHo, 4mo excec00Ho 6 mupe cobU-
paemcs 60/ee 9 MAH MOHK 0Mx0008 U3 NoAUdMUAEHMepedma-
Aama, 6 mom uucie U C NOBePXHOCU MUPOB020 OkeaHda. B
Hacmosyee 8pems 06BeMbL NPOU3BOOCIEA U3 6MOPULHOZ0 NOALU-
amunenmepegmanama (PET) HenpepbleHO Y6eAUHUEAIOMCA.

B Hacmosuee 8pems 06BemblL cOopa U nepepabomKiL 6mopuH-
Hoz0 noausmunenmepegmanama (PET) e pasuvix cmpanax
ouenv pasaudaiomcs. Ecau 6 cmpanax Bocmoka o6semul pas-
Oenvro20 c6opa mycopa u GYMublAOK, U320MOBAEHHLIX U3 NOAU-
smunenmepepmanama, cocmagasiom okono 80%, e egponeii-
ckux cmpanax om 50 do 70%, mo e Bocmouroii Egpone, u 8
nepegyio ouepedv 8 Haulell cmpaHe, IMOM NOKA3amenb HAXOOUMCS
6 npedenax 20%. Cezo0Hs puinok PET-omxodoe cocmasasem
okon0 1,5 man monH. B Ceseproli Amepuxke cobupaemcs 6onee
1,3 man monun, 6 Kumae - 6osee 3,0 man monn [16].

Ilepepabomka 8mMopunHO20 NOAUIMUAEHMepedmarama, u3
cobparHulx 0mxo008, 8 0CHOBHOM CKOHUEHMPUPOBAHA HA NPOU3-
800cmge WmManeAbHblx 60A0KOH U NPl NPpouU3600Cci8e HemKaHblx
CuHmMemuueckux mamepuanog (0o 70% om coOPaHHbIX OMXO-
008). OcmanvHoil 06sem nepepabomannozo omxoda udem Ha
Npou3o0cimeo pasAUiHbLX NAEHOK U 6YMbLAOK NULLLe8020 U Henl-
146020 HasHavenus. B nocnednee spema x nosuamusenmepe-
dmanamy cmaiu NposA6AAMb WUPOKULL uHmepec U JOpOXHCHbLE
0p2aHU3ALUL. DMO CBA3AHO C HAAUYLEM UeA020 PAOA N0Ae3HBIX
0411 JopoxcHoeo bumyma ceoticme.

Taxum 0b6pasom, peulerue npobrembl YMUAUSAYUUL 8MOPUY-
HO020 NOAUIMUAeHMepedMAnama cnocobcmeyem U peueHuio ye-
21020 psida IKON02UHECKUX NPobAeM, HANPUMED, BMOPUHHDBLIL 10~
AusSMULeHMepeMAnam moxcenm 3pPekmiueHo UCNOAbI0BANbCS
0/ NOYHeH UL HOBbLX MAMEPUAL08 C HOBbLMIL CBOTICMBAMU 014
6cell cmMpoumenvbHoll ompacal.

O0noil u3 sasxcHeliwux ocobeHHocmell noausmuieHmepegma-
AAma A814emcs CO4emaHue 8blCOKOL MeXAHUecKOll NpouHOCMU
¢ 6000cmoliKOCMbI0, XOPOULUMU  OUINEKMPUHECKUMU  C801i-
CMEAMU 8 WUPOKOM UHmepeate memnepamyp (om -20 do 80°C).
Xpynkocmb He nposgasemcs 0axce npu —50 °C u noausmuaenme-
pedpmanam MOXHO ucnoav3osame 0o memnepamyput 175 °C.
ITnacmuku PET aamunuposanuele (TY 49-5761783-334-90) no-
/YHAIOm HenpepoleHbIM Memodom nymem HAHeCeHUs pacnaas-
/IeHHO020 NOAUIMUAEHA HUSKOT NAOMHOCMU HA NOAUIMUAEHTE-
pe@manamuyio ocnosy [2, 3, 12].
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Camolm pacnpocmpaneHHbLM U, KAK Npasuio, Hauboiee IKOHO-
MUYHBIM  S8ASEMCS  MeXAHUKO-XUMUYeCcKUll Memod nepepa-
6omKU UBMeNbUeHHbIX U OULLeHHbIX omxodos PET, npedcmas-
asiowull coboil MexHOA02UHECKYIO UenoUuKY, 8 COOMEemcmeul ¢
KOMOpoli OHU N0CAe008aMENLHO NAABAIMCA, 20MOZEHUSUPYIOMCA,
ouUWAIOMCs Om 3depasHeHull u puavmpylomes 8 Ikcmpydepe ¢
Oezazayueil nod eakyymom. Paseueaiomcs Ho8vle HANPABAEHUS
peyukaunea noaudmunenmepe¢pmanama (PET). Jlaa pewenus
3a0ay peyukauHea nposoodsamcs ucc1e0o8anus 8 kawecmaee mMoou-
puyupyroweii dobasku ¢ Gumym.

DKCIIEPMUMEHTAJIBHAA 9ACTb

Besedenue 6 cmpykmypy 8xcyujezo pasnuiHblx Moouguyupyro-
Wux U noaumepHolx 006480k cnocobcmayem 3HAUUMENALHOMY
USMEHEHUIO  (PUSUKO-MEXAHUUECKUX CB0UCME U  U3MeHAem
CMpyKmypy 6scyujezo, okasvleas naacmuguiyupyroujee 603deli-
cmeue Ha JucnepcuoHHyio cpedy. IIpu mMom KOMNOHEHMbL CU-
cmembL GUMym-noaumep 6cmynaiom mescdy coboil 8 xumueckoe
g3aumodeiicmeue. B pesynvmame obpaszyemcs edunas npo-
CMpAHCMBeHHaAs. CMPYKMYpa NOAUMEPHO-OUMYMHO20  85CY-
weeo [3, 4, 17].

Kax nokasvieaiom nocaedHue uccae0o8anus, UHmepec 8 noau-
MepHO-OUMYMHOMY U MOOUPUYUPOBAHHOMY BAAHCY UMY SHAUU-
MeAbHO 803pacmaen, wmo, npexcoe 6cezo, C6A3aHO ¢ 86edeHUeM 8
Oeticmeue FOCTo6 108020 nokonerus. Micnvimanus acganvmobe-
MmMoHa, npueomoeaenHozo no Hogeim I'OCTam, nokasanu, 4mo
HeAb35 NOAYHUMb HOPMAMUEHbLE 3HAYEHUA 20CTNOBCKUX 110KA3A-
menell Ha MpadUyUOHHbIX OUMYMAX, 0COBEHHO MO Kacdemcs
ucnulmanus Ha Koneeobpasosanuu. IIpu ucnoab308aHUL CTAH-
JapmHoz0 HemoOUPUYUPOBAHHO20 BANHCYUIE20 Pe3yAbMAIbL UC-
NLUMAHUIL 0KA3bL8AIOM CHUMNCeHUE dPPeKmMUSHOCMIL NPUL Npose-
Oenuu ucnvimanuil Ha 2ayOuny Koneu U paspyulenue obpasya
Npu UMUMAYUL NPUNOHCEHUS MPAHCTIOPTHBIX HA2PY3O0K.

Moduguyupyrowue dobasku deiicmgyiom kak apmupyouuil
anemenm. IIpu amom xumuueckoe 63aumodeiicmeue Omcym-
cmeyem, HO 8 Cucmeme OGUMyMm-noaumep 06pas3yiomcs He3asucu-
Mble NnpoCmpancmeeHHble cmpykmypul. Cmpykmypupyioujue 0o-
basku cyujecmeenHO NOBLUULAION MeXAHUHecKue c8olicmea u
MeMNepamypHyI0 YCmoiiugoCb 85#YULe20.

Hedocmamouroe conpomusieHile NOBbLULEHHbIM Memnepa-
MypHbLM 8030elicmeusm npugooum K momy, umo obpasuywl pas-
pywaiomes, u 8 npedeaax pabodux memnepamyp peko omaud-
emcs npouHocme acganvmobemona [12-14]. Taxoii agpgpexm 6 ac-
panvmobemore npoucxodum u3-3a UCNOAL30BAHUS 8 KAHeCImee
sicywyeeo Gumyma. II0amomy usmenss ceoticmaa bumyma ¢ ye-
/1610 TIOBBLULEHUS €20 TMeTAI0CTOLKOCTILL, MOHCHO 006UMbCS He0b-
x00umblx  c80licme  20mosoll  acanvmobemonHoll
Hmenno smy npobaemy mel U NbLMAAUC, peULimb, 86005 8 OU-
mym PET.

DusuKo-mexanu1eckue ce0licmea noAuImuLenmepepmanama
(maba. 1) xapakmepusyiomcs 6blCOKOLL cMabUAbHOCTbIO 8 UH-
mepeane memnepamyp om — 50 0o 200 °C. Bgods ezo 8 bumym,
MOMHO NMOHUUMb MeMNepamypy Xpynkocmu, nogulcums mem-
nepamypy pasmazuenus, da, ¢1e008ameabHO, NOBbICUMb Mpeujl-
HOCMOTIKOCTb U c08U20YCMOTIHULE0CTb ACPanbmobemoHd.

cmecu.

Tabauya 1. Pusuko-mexanuueckue ceoiicmea PET
Table 1. Physical and mechanical properties of PET
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Ne Cesoticmea 3HaueHua
1 Iaomnocmy, ke/m? 1380
P,
2 aspywarouiee HANPAHCeHUA, 120-185
MIla
0
3 Omrocumenvroe yonuneHue 50-70
npu paspuige, %
4 YOapnas easzkocmo, ku/m? 70-90
5 Bodonozaowenue, % 0,3
6 Moposocmoiikocmb -50
7 Temnepamypa naasaenus, °C 265
8 Mousnexynapraa macca 15000-30000

Iockonvky ceoiicmea bumyma u noausmuienmepedpmanama
OMAUMAIOMCA, OCHOBHAL C/LOHCHOCIIL BO3HUKAA 8 NLpoYecce 86ede-
Hus naacmuka 6 6umym. Ecau e8odums noausmunenmepegpma-
/am HenocpedCmeeHHo 8 OGUMyM, Mo OAuMmenvHoe Hazpesanue
NPU BHLCOKULX MeMNEPATYpax NOAYHeHHOL cMecu cnocobcmayem
YCKOpeHUI0 Npoyecca cmaperus Gumyma u yxyOouleHuro IKcnayd-
MAYLOHHBLX CBOLLCNE Yotce 20MO80il acdarbmobemoHHOLL cMecl.

Mpl nowau no nymu pacmeopenus npedsapumenbHo UsMeNb-
4eHHO020 NAACTUKA 8 00X00AULeM pacmeopuimene, KOmopbli, 8
6010 ouepeds, xopoulo cosmewjaemcs ¢ bumymom. Tax wmo npu
memnepamype 130 °C 6bL10 NOLYHEHO NLOAHOE PACTEOPEHUE, NPLL
3MOM pacmeopument 6bi0esACs 8 810e HeMOKCULHbLY NLAPO8.

Moduguxamoper esodunu ¢ 6umym BHJ[ 60/90 caedyiowum
obpasom. B3aau nasecky bumyma maccoii 50 epamm. K dannomy
ssrcyujemy dobasasau moduguxamopet 8 coomrouerue 0,5% no
macce, 0,75% no macce, 1,0% no macce. ITocae egederus moou-
duyupyrowux 006a80K USMEPUAL 2AYOUHY NPOHUKAHUSL U2/bL
npu 25 u 0 °C, memnepamypy pasmsevuenus no Kulll u pacmsaxcu-
mocmo npu 25 u 0 °C.

IIo pesynvmamam Aa60pamopHuLX UCCAe008AHUTL MOXCHO TPO-
AHAAUZUPOBAMYb UIMeHeHUe c8olicme moduduyuposantozo 6u-
myma, nocAe 86edenus 8 Heeo NOAUIMUAeHMepedmarama. Y mo-
Ouuyupoeannoeo bUMyma NOGbLULAENCS MeMNepamypa pas-
MARYEHUA UL CHUYCAeMCs, memnepamypa xpynkocmu. Ha ocnoea-
HUL NOAYHeHHbLX 3A8UCUMOCTell paccuumuleaemcs mpebyemulil
00%BeM NAACMUKA, Uzpaiouleeo poas moduduxamopa.

PE3YJIBTATHBI

B x00e nabopamopHbix uccaedosanuil npoeepaucy nokasd-
1MeAl NPOHUKHOBEHUS UeAbl 8 BSCYee, MeMNepamypa pasmae-
4eHUs 110 KOAbLY U ULAPY, PACTANCUMOCITIL U XPYNKOCHb. Pe3ynb-
mamol npedcmasnensl ¢ mabauye 2.

Caedyem obpamume 0cob0e 6HUMAHUE HA U3MeHEHLLe CBOLICTE
8IICYUWe20. B uacmnocmu Ha yeeAuueHue meMnepanmypol pas-
MA2HeHUS, 4 MAKice CHUdCeHLe Memnepamypol xpynkocmiL. Tem-
nepamypul Xpynkocmu moouuyuposannuix b6umymos Oviiu
onpedeneHbl U3 MeMNEPANYpPHLIX 3A8UCUMOCTIell 2AYOUHbL pO-
HUKAHUS U2Abl 8 8sicywjee. B pesyavmame npogedeniozo ana-
Ausa y0anoce YCmMaHo8UMb 3a6UCUMOCTIU, NO3BOASIOU e OTpe-
Jeaums  onmumanvHoe codepicanue noAUIMUAeHMepedma-
nama, 8600uM020 8 bumym 6 kawecmee moduguyupyoweii do-
6asku [2, 7, 8].

BBIBOJIbI
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Kax 2080punoce evlile, HaUbONblULEe pACIPOCTPAHEHUE NPU U3-
20MOBAEHUL PA3AUMHOLL NUULEE0Tl MAPbL U NPOMBLULAEHHBLX TLe-
HOK noaydua noausmuaenmepegmanam (PET). Dmo o6sscHs-
emcsa HAAUUUeM Y He20 YHUKAABHBLX CB0TLCNS, MAKUX KAK XUMU-
Heckas CMoiKOCMb, UHEPMHOCTb, 803MOXCHOCTL NOBMOPHO20
UCTI0Nb3068AHUS, 4MO 0Jdem emy 6biCOKUe KOHKYPEeHIHble
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TPeUMYULECTIBA TIO CPABHEHUIO C OpY2UMU KPYNHOMOKHANCHBLMUL
NOAUMEPHBLMU MATEPUALAMU 1020 Hee HAZHAUEHUA.

B pesynvmame ucnoavdosanus PET noayuaem 603MOHCHOCTb
co30anus. 001206e4H020 ACPANLIMOGEMOHHO20 TOKPLUNUSL C
HAUAYHULUMU IKCTLAYAMAYUOHHBLMU CB0TCEAMU, 4 MAKdCe pe-
uteHue npobaemuL ymuauzayuu omxodos.

Tabauya 2. CpasHumenvrutii anaiu3 moduduyuposannovix u Hemoduduyuposannslx 6umymos
Table 2. Comparative analysis of modified and unmodified bitumen

No Haumenosanue Jobaska Eo. Bumym modugpuyuposaniolii Hemodudg.
n/n nokasamens % U3M. BHJT 60/90
A30JI-1001 PET 60/90
1 Taybuna npownu- 0,5 85 24 83 22
KAHUA U2/bl, NpU 83
25 Cnpu 0,75 0,1 mm 88 25 84 23 22
0 °C He meHee
1,0 93 26 86 23
2 Temnepamypa 0,5 48 50 48
pasmseueHus no
KoAvyy U wapy, He 0,75 °C 50 52
MeHee
1,0 51 53
3 Pacmaxcumocmey, 0,5
He MeHee npu 99 3,5 101 3,5
25°C ot 97
npu 0 °C 0,75 98 3,6 102 3,7 35
1,0 105 3,6 107 3,7
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Cmamuva nocesawena genomeny, ece bonee 3akpenasiouemycs 8 Poccuiickom coyuyme, a
UMEHHO, CMpeMAeHUI0 K 3a20p00HOT HU3HU, 00HAKO MbL He Gepem 60 BHUMAHUE CMABULYTO
yoce MpaduyuoHHOl KommeduHy10 3acmpoiky 8 moil uAu UHOU ¢opme noceseHuil — Mbul
paccmampueaem 80Npoc c030aHUSL IKONAPKOB, IKONOCEACHUIL U YeHMpPOo8 IKOMYpu3sma, Ko-
mopule 8 nocaednee spemsa gce 6oiee AKMUBHO NOABASLIONMCA HA NPOCMOpax Hauell poouHbl.

Hccnedosanus 6 0aHHOM HANpasAeHUU, npedcmasnentble 8 amoil pabome, Haxodamcs
HA HauaabHOU cmaduu u umeiom s6HbLIL MeHOUCYUNAUHAPHBLI XapaKmep, HA CMblke CO-
YUONO2UUL, UCMOPUL, KYALMYPLL, 3004eCmed, CMPOUMesbHbLX MeXHOA02UL, UHNIEHEPHbLX
mendenyuil u dusaiina cpedul.

B cmamve 0603HaueHbL HEKOMOpble NepcnekmugHble HANPAsAeHUL POCCUTICKUX U 3anal-
HOeg8ponelicKUX apXumeKmypHo-mexXHU4ecKUX UL 00pa3HO-CUMB0AUYECKUX MeHIeH YUl 8 pe-
WeHUU 80NPOCO6 NPAKMUYECKO20 NPOeKMUPOBAHUS, OCHOBAHHblE HA UCMOPUKO-KYAbMYP-
HbLX UCCAeJ08AHUAX 8 PA3HBLX CMPAHAX.

CneyuanvHo évilensemcs mema 603MOHCHOCTU UCNOALI0BAHUS Opedecu bl KAk Haubosee
PAYUOHAAbLHO20 U 8 MO e 8pems mMpalduyuOHHO020 Mamepuana 045 6036edeHUs HECYUUX U
oepaxndaouux KOHCMpYKyuil, a makdxie 0eKOpAMUSBHO-CUMBOAUUECKUX IAEMEHMO8, UIMO
cKopee 8cezo npusedem K NOXOHUM HaA Yie Cyuecmeyouue npakmuieckue cyenapuu. Ho 6
mo sce epems, o6obujan 3apybexncnulii onvim 6 amoil cepe, Mol BUOUM U PA3AUUHBLE UHHO-
8aUUOHHBle nymuU c030anHus 00BEM08 nocmpoek 045 3a20p00HOIL IKOWUSHU HA 8peMeHHOL
UAU NOCMOAHHOIL OCHOBe.

JUCKYCCUOHHBIM A6A5€MCL 80NPOC 0 MOM, KAKUM APXUMEKMYPHUIM QOpMAM U MeXHO-
A02UAM PA3BUEATMHCA HA POCCUNCKUX MEPPUMOPULX U HACKOALKO 3O 3A8UCUM OM KOH-
KpemHoz0 Mecma ¢ Mmo4kKu 3peHus UCMOPUL U OKpYdcalouezo Aanduagma.

IIpednazaemcsa 6onee eay60Kko u3yuums npobiemy, 8bia8UMb NOAe3Hble UCTMOPUKO-1MeEO0-
pemuyecKue acnekmul U KOHCMPYKMUBHO-MeXHUYeCKUe, pelUleHlUs, WMo nomoxcem pa3pabo-
mamov memoouky co30anus 6U3YAAbHO 2APMOHUUHBLY, ICMeMUYeCKU NpUeMAeMbLX U pAylL-
OHAALHLLX 6APUAHIMOE 80NAOUEHUS 3A20PO0HBLX NOCMPOEK U KOMNAECKCO8 HA MePPUTOPULX
9KOnoceneHUll, NPUPOOHLLX MYPUCTHUYECKUX YeHMPOo8 U IKONAPKOE.

Kawuesvle cnosa: sxonapk, skonoceneHue, HAYUOHAAbHARL UOEHMUYHOCMb, 8U3YaAAbHAS
Ikoaozus, depegsiHHble KOHCMPYKYUL, 2YMAHUIAYUSL APXUMEKMYPbl, 8U3YAAbHO IKOAOZUY-
Hole popMmbl, «ycmoiuugan» apxumexkmypa.
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The paper considers a phenomenon that is becoming more and more entrenched in Rus-
sian society, namely, the desire for suburban life. For this paper, it does not mean the
traditional cottage development in its different forms. On the contrary, it considers the
creation of eco-parks, eco-villages and eco-tourism centers, which have recently started to
appear across Russia.

Presented research is at an early stage and has a clear interdisciplinary character. It is
at the intersection of sociology, history, culture, architecture, construction technology, en-
gineering trends and environmental design.

The article identifies some promising directions of Russian and Western European archi-
tectural, technical, and figurative-symbolic trends in addressing practical design issues,
based on historical and cultural studies in different countries.

The author specifically notes wood as the most rational and at the same time traditional
material for the construction of load-bearing and enclosing structures, as well as decorative
and symbolic elements. But this practice will likely lead to similar and already existing
scenarios. But at the same time, international experience in this area shows various inno-
vative ways of creating volumes of buildings for suburban eco-life temporarily or perma-
nently.

The paper questions the architectural forms and technologies to be developed across Rus-
sia and its dependence on the specific place in terms of history and the surrounding land-
scape.

It is proposed to study the problem in depth to identify useful historical and theoretical
aspects and constructive and technical means, which will help to develop a methodology for
creating visually harmonious, aesthetically acceptable and rational options for the reali-
zation of countryside buildings and complexes on the territory of ecovillages, natural tour-
ist centers and eco-parks.

Key words: eco-park, eco-village, national identity, visual ecology, wooden constructions,
humanization of architecture, visually ecological forms, sustainable architecture.
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BBEJEHUE

3a npedvldywjue 20 nem, U 0c0beHHO 3a nocAedHuUe 102004, 8
Poccuu padukanvho UMEHUAOCH OMHOUeHUe K 3a20po0HOLL
Jcu3HL. Bee 6oavliLe 1100eli OMHOCAMCS K HCUSHU 3a 20p00OM KAK
K 0mOblxy, N0360AI0UEMY NOAYHUML YOOBOALCMBUE ONL 3eMALL,
om npupodvl, 0MeAeubCs 0 20pO0CKOTLL Cyemul U NpeOnpuUHAMb
nymeiuecmaue no pasAuiHsim opmam Oepeserckozo UAL MYpl-
cmuyecko20 HusHeycmpolicmead. Bce wauje nossasomecs uHee-
CMopbl, 20CY0apcmeerHble OP2AHUIAYUL UL PA3AUYHbLE HACTT-
Hble AULA, HeAalolyle COPeaHU308aMb Ha A0He NPUpPodbl mepplL-
Mopui0 04 HUSHU 1L 0MObLXA C B03MOHCHOCITILIO MHO2006PA3HbIX
3aHAMUIL 8 PABAUMHBIX MPAOULUOHHBIX UAL HOBOTIONYAAPHbIX
sxomemamuxax. KonmaxmHbwle 300napku, 6000embl 045 paseede-
Hus poibvl, gomocagapu, 030oposumenvhvle 6aHU U Kynea,
epmbL OOMAUHUX 1L OUKUX HCUBOMHBLX U NMULY, NPOHUSAHUE 8
KeMNUHeax U polbaaxa, CnAagvl N0 pekam U noceujenue ucmo-
PUKO-KYAbMYpHbLX docmonpumedamensHocmeli - 6om 0a/eko He
TN0AHbLIL Nepedens npedidazaeMblX CIOKHCEMO8 3a20pO0H020 BpeMsL-
npoBoscOeHUsL.

U ecmecmeenno, 4mo 045 KompopmHozo npebbléanus 6 Imux
npupodHbLx KAacmepax Heobxo0uMo Copeanu308ame NPOCMPat-
cmeo u npopabomamse ungppacmpykmypy 045 obecnedenus 603-
MOIICHOCTNU MPOHCUBAHUS U NUMAHUS NOcemumenell, NAPKOBKU
A8MOMpAancnopma U, KOHeHHO, peaiu3ayull 3aseAeHHbLX MUC-
cuetl pyHkyuil omdeixa, pazeneverus Aubo 06pa308anus u pas-
eumus.

U eom mym, Ha HauL 632440, U KPOeMmcs. MAccd 80Npocos, Ha
KOMOopble KOMNAEKCHbLE 0MBeMmbl OKA He 0aHbL HUL 8 Meopul, HiL
Ha npaxkmuke. Xoms, 6e3ycA06HO, CYU4eCMEYIOm 8noAHe YOauHble
edunuyHble 06pA3YbL MepPUMOPULL HAYUOHAALHBLX NAPKO8, IKO-
napkos U MypUucmu4eckux KeMnuHeos, makxie Kax, Hanpumep,
«fcronoae» 6 Tyavckoil obnacmu uau Kenosepckuil HayuoHanb-
HbLIL napK 8 ApxaHzensckoil.

C yeavio npusHecenus 60AvULeT ACHOCTLL 8 ML BONPOCHL U CO-
30ana 0aHHAs CMAMbsA, NPU3BAHHAS 3AMPOHYMb MeMY NOHUMA-
HUSL 1020, KAKUMU, C MOYKU 3peHUs. APXUMeKMYpHOTL Oesme -
HOCMu, cpedo8020 JU3AliHA, UHICEHEPHO-MEeXHUUECKUX 80NPOCO8
U koHcmpykyutl, 00AxHHbL ObiMb NOCMPOLUKL U COOPYHEHUSL HA
OanHeix meppumopusix. Kak KOMnosuyilonHo U mexHusecku ux
ceszvleamy medxncdy cobotl, Kakoil xyd0secmeeHHOL U CUMBOAUYe-
cKotl 06pazHocmbio OHU J0vcHbL 061a0ame? Kak 2pamomno yuu-
Mmul8ams meHOeHYULL apXUMEKMYPHOU IKOA0UL U COYUANLHO-
9KOHOMUHeCKUe NOMpPeGHOCU dHcumenell, npuiem pedsv udem o
1005X pA3HO20 803PACHIHO20 U COYUAABHOZO0 CMaAmyca, U 0co-
OeHHO MO0 KACAemcs Me2anoAucos, makux kax Mockea u
Cankm-Ilemep6ype: Mo U noxuUAble A100U, KOMOPble 6PEMEHHO
cOaiom @ 20pode Keapmupy, npeOnoHUMasn Humo 6AuUNMce K Npu-
pode, u coscem HeDagHO 06pa308aBIULASCS, HO Yice MHOZOUUCAEH-
Has npocaolika mex, kmo pabomaem OUCMAHUUOHHO, A 8 20p00
Hasedbleaemcs AULL 05 KAKUX-MO 0060 8adcHbix scmped. 20
/lem Ha3a0, KOHEeYHO, 6ce OblA0 UHAYe.

Hacmoswas paboma noceésujena ugy4enuio u aHaiudy Imux
80MpOCO8, a4 MAaKdie NOCMAHO8Ke HOBbLX. IIoKa cnekmp umero-
wuxcs npobem MOXCHO YCA08HO pa30eAums HA MPU OCHOBHbLE
epynnul:
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1. OBPA3HO - CTUJIUCTUYECKHUE
ACIIEKTBI CO3ZJAHNUA KOMIIJIEKCOB U
OTJEJIBHO CTOAIINX IIOCTPOEK
3ATOPOJHEIX DKOIIOCEJEHUM.

Cosdanue cpedvl, 06pasa wcusnu, obecnewusaouyux 0yxoeHbLil
POCm 4enoeexa, e2o Camopeasu3ayuio, 0OCMuUiCeHUe CHACTIbL —
801 HeKOMopble 3a0a4ll, KOmopble HeOHX00UMO peau308ams 6
aKokaacmepax. B kakom sce Hanpasaenuu Gydem uckamo pee-
Hua? Jasaiime 045 Hauana obpamumcs k mpaduyuam. U 30eco
npedcmagALemcs yMecmHolm 06pamumucs K gaxmy, noomeueH-
HOMY HOPBENCCKUM Meopemukom 6 O06AACMiL ApXUMeKmypbl
Xancom Cxomime, 0 mMOM, UIMO 80 6cexX CMPAHAX UCTIOUHUKOM
800XH08eHUA O/1A NOUCKO8 HAYUOHAALHOLL UOEHMUYHOCUL CaY-
A DepesHs KAK MeCTo, 8 KOMOPOM «8peMs 3aCIbLAO 8 Hero-
dsuscrocmu» [4].

Ho 8ascHo He 00HOMEPHO, N08ePXHOCMHO, d KYAbITYPHO, 2pa-
MOMHO TNPUMEHSAMb 3HAKOBO-CUMBOAUYECKUE CUCTTIeMbL,
AHCUBULUECS BeKAMUL 8 KaHcOOM KOHKPemHOM Mecme, c030a8amy
OCMBICAEHHYIO 8 IMOTL n0euke apxumekmypy. Hanpumep, sce au
X0pOWLO MOHUMAIOT, 4IMO Makoe 6aHSA NO-4epHOMY UL 4O 3HA-
HUM MbLTILCS 8 TiedKe U 8 HeM bl CMBLC/L COBMECTTIHOTLL JICUSHIL C
KpYNHbIMU OOMAUHUMIL HCUBOMHBIMU 1100 00HOTL Kpbiiuet. Ja u
8 HeM CYUHOCIY U KYAbMYPHOe 3HA4eHUe CamMOll pyccKoll neuku
uau noepeba-nedHuka? Takux 80npocog MHOMECIEO.

Mpvl, pasymeemcs, He Npusbieaem 8epHYMbCs K NPUMUMUG-
HOMY  UCTIOAb308AHUI0  MOOOOHBIX  (QYHKYUOHAALHLIX —TpO-
CMPpAHCme - peyb udemm 0 NOHUMAHUL CYMU UCTOAb308AHHO20 8
NPOULAOM U BblHIEHEHIE MeXHUYeCKLL IPPeKmMUEHO20 NPUHYUNA
C HANOJCEHUEM €20 HA CO8PeMEHHbLe NOMPeOHOCU U MeXHOA0-
euu. Bedb maxk ecmecmeento, k npumepy, cobupamu 0odxcdegyio
600y € KPOBAL U UCNOAB308AMb 015 MACCHL YMUAUTNAPHBLX HYK4CO,
umo deadnu @ JepeHsx Hawl Oedvl U npadedvl, 00HAKO MblL Y8e-
PeHHo npodoaxcaem onsemamv OOMUKU MAACTMUKOBLLMIL TpY-
60ukamu, no Komopvim bexcum yeHHas 006bLMas U3 CKEANCUHBL
uau donzo ovuwaemas 800a, KOmopot Mbl HAHUHAEM MbLIMb NOA
U MOAUBAMMY YBermbL.

IIpedcmasasemcs eancHviM noddepycams u Mblicav Xawca
Cxomme 0 mpeGyemom 0CO3HAHUL, HIMO 21a6HOe He PopMbL KaK
mMaxogele, a Mo, KaK OHU BO3HUKAIOM, CO3UOAIOMCS 8 KOHKpen-
HblX ycnogusx. I1oamomy ouerb wynobiM Y HAC MOdHcEN CMOML-
pemubcs  ackemuYHbllL CKAHOUHABCKUIL MUHUMAAU3M, "myx-
n0cmy" U HANbLWEeHHOCMb AAbLNULICK020 Wate UAL MpaduyUuoH-
HAA KAACCUKA AMEPUKAHCK020 0COOHAKA. Xoms, Hax00ACh 6 ecime-
CIMEEeHHO-UCTOpUHecKOTL cpede, IMIL APXeMUNbL HAC 04eHb 8000Y-
ULe8ASIOM U HACMPAUBAION HA NOBMOopeHUe. BnoaHe cnopHbim
MOdicern ObLMb 1L UCNIOAB308AHUE COBPEMEHHBIX MOOEPHUCTTICKUX
U OeKOHCMPYKMUBUCMCKUX pOpMO0OPA308AHUIL 8 1eCax U NOALX
Poccuu. Ho u 6e3dymHoe, opmanvro nosmopsemoe mpaduyu-
OHHO pYCCKOe Y30potbe HA HenponopyUoOHAAbHbLX, 2py60 CKOAO-
HeHHBLX 00BEMAX, eCTNeCTBeHHO, Modce KAImezopuiecKu Henpu-
MEHUMO 05 POpMUPOBANUS HOBOLL APXUMEKMYPHOLL UdeHmuy-
HocMu nocmpoek 04 3a20pOOHOLL HUSHU 6 IKOTIOCeNEHUIX U
IKOMYPUCTHUHECKUX 30HAX.

IIpekpacHbiM TNPpUMEPOM  KOMNACKCHOU HAY4HO-UcCAed08a-
MenvcKotl esimenvHOCMU, a HA ee 0CHO8e U PedAU3AYULL HOBbLX
nocmpoex u cpedvl 8 CMiLie UHMepnpemayul u npodoadxeHus ap-
XUIMeKIMYpPHO-0eKOpamueHbLX U KyAbMypHulx mpaduyuii cegepo-
PYCCKuX Oepeserv U e/ MONCHO Ha3samb «HayuonarvHulil napk
«Kenosepckuii» 6 Apxaneenvckoii obnacmu. 30ecv, Ha HAuL

cno-
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832150, YCTIEWHO UL NepCTieKmugHo npodoadcaen pa3eusamucs
npeemcmeenHocmy mpaduyuil depessiHH020 3004ecmea 8 ymuau-
mapHo U u0e0N02U1ecKl HOBbLX MOCMPOUKAX, U KOMMAEKCAX.
Teopuu u memoduxu, 1o Komopuim Jeticmeytom uccaedosaments
U co30ament pezyAspHO 06CYHOAIOMCA HA €d4e200HbIX HAYHHO-
npaxmuieckux koHpepenyusx «Kernozepckue umenus» [2], uno-
006HbLIL OnbLM peKoMeHOYemcs K 0053ameAbHOMY OCMbICAEHUIO
1 MemoOu4eckoMy UCTONb30BAHLIO.

CospemenHuie apxumekmopsl U OusailHepol 0OAXMCHbL BHUMA-
menbHee NPUCMOMpPensCs K MpauyllOHHbIM Memodam, Komo-
Dble 6ce elje MO2YIM COXPAHAMb 3 GHeKmUSHOCTb, K UCTOpUYe-
CKU NPUBLIYHLIM MAMEPUALAM U 0eMANAM, K CYULeCTTLE08ABULUM
paHee MUNAm NMpoCMpAHcme U NAACTUYECKUM CpedCmBam, K
onpobosannbim cuerapuam Oeticmeus. Ho anarusuposams ace
aMO0 He C UeAvlo C/enoeo nosmopenus, npedadzaem Xamc
Cxomime, a 8 CpagHeHUL ¢ UHHOBAYUSIML, 8 MOM HUC/e C apXiL-
mekmypHemu [4]. Apxumexkmop He 0053aH CAeno CAYHCUMDb
HAYUOHAAUBMY>», d, Hapomug, 0o/dceH co30asams HOBYIO 10-
KAAbHO-A0ANMUPOBAHHYI0 apXUmekmypy, u 2mo Oelicmeu-
menvHo Henpocmo. Caedo8amensHo, MO MONCHO 6NOAHE Y6e-
DEHHO HA36AMb Ue/1bl0 603MOMCHBIX UHMEeHYUIL POCCUTICKUX 1Meo-
Demuxo8 u 3004UX-NPaxkmuKos.

B umoze noka umeem CMblCA OMMEMUMb 084 803MONCHbIX
HANpasieHus pa3eumus memoOuku cO30aHUsL APXUIMEKIYPHO-
Xy 003#eCmBeHHbLX NPOEKITIO8 NOCMPOeK U KOMNAEKCO8 Ha Mmeppu-
mMopuL 3KONapkos, IKONOCeAeHUll U 3a20pO0HbLX Mypucmude-
CKUX KOMTLeKco8: 1 — mujamenbHoe u3ydeHue U 80MA0ULeHUe
mpaduyuil 06EMHO-NPOCTNPAHCTNBEHHBLX pelleHUll, KOHCMPYK-
yuil, Mamepuanoe u 0exopa 8 GyHKYUOHAALHO AKIMYANbHbLX 015
COYUYMA Ha ce200HAWHUL DeHb nocmpoiikax u 2 - co30anue Ho-
BbLX «YHUKAALHBIX» POPM U I/1eMeHMO08 HOBOLL PYCCKOlL apxu-
mekmypul 045 HUAbLX 00MO8, 00ULECTIBEHHBLX NOCIPOeK U OpY-
2UX MUTO8 COOPYHCeHUI.

2. OBBPEMHO - IIJTAHUPOBOYHEIE U
®OPMOOBPA3OBATEJIbHBIE PEIIIEHNA.

3ada4a apxumexmopa, npeKpacHo cHOpMYAUPOBAHHASL HOP-
BEICCKUM APXUIMEKMOPOM, UCTOPUKOM U meopemukom Kpucmu-
anom Hopbepe-Illynvyem, cocmoum @ HadeaeHuu mecma gop-
MO, KOMOpas MOXcen eMecmuma & ceds Heobxodumoe codepaca-
Hue [3]. Pasmulwiass Had caodxcuselics cumyayuell 8 2opodax
YHeHbLil ymeepacOaen, wimo 8 HUX HA Camom Oese Hem Mecma Ue-
n08eKy. Meeanoaucvl — 3mo OelicmeumenvHo CcAOJCHellLLe
CIMPYKNMYPHO pA3eumble Op2aHU3MbL, 8 KOMOPbLX NPUOPUMentbL
HAX0xc0eHUS Y KOMMYHUKAYULL, ABMOMPAHCNOPMHBLX 1IOMOKO8
AUHUTL MEMPONOAUINeHd, CIAMULHBLY HeHUBO0L Npupodl UCTo-
AUHO8, KOTMOPbLX Mbl HA3bIBAEM 30AHUAMU U COOPYHCEHUAMU, U
maccol Opyeux anemenmos. Ho He uenoseka kax makogozo, xoms
UM dice IMMO 8ce U c030an0 Kak bl a5 cebs. He yenybassce 6 dan-
Hulll napadokc, xomenocy Obl HANPABUML PASMBLULAEHUS 8 CTO-
DOHY MO020, 4Mo ce200HA 4en08eK 6ce b0/lee CIMPeMUMC K NpU-
pode, HO 8ce sice K npupode, KOMPOPMHO 06YCMpPOoeHHOTL.

Hecmomps Ha 8bluLeU3N0%iCeHHble MbICAL O N000epIiHCaHULL UC-
MOpU1ecKoll CMUAUCTIUKL U KYABITYPHBLX OCHO8 8 yKAale JHeu3-
HedesmenbHOCMLL, pelleHUs N0 00BEMHO-TLAAHUPOBOUHOMY MO-
Oenuposanuio 06sexmos 3az0po0HOLL HCUSHU, KAK Npedcmass-
emcs, 00A9CHbL ObLMb UHBLMU, wem Oblau dasice 50 nem Ha3al. Ce-
200HAWHSSL 3a20pOOHAS HCUSHDB Yoce He ModdecmeeHHa JUCKOM-
GopmHbLM YcaosuaM BulicuBAHUs Be3 omonAeHus U menaoil
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60001 € Myanemom Ha yAuYe U Y3KOU cnaavHoll 3a neukotl. Tobvle
apxumexmypHble udell 0 Kawecmee NOCMOSHHOLL HCUSHU UL Bpe-
MeHH020 npebbleanus HA npupole OelicmeumensHo ocyuje-
CmeuMbl.

U 3mo 8nonHe 603MOHCHO UMEHHO C NOS8ACHUEM COBPEMEHHBLX
1MexXHO002ULL 8 KOHCMPYKMUSHO-CMpPOUMenbHOlL chepe, a maxice
8 80MPOCAX UHMEHEPHO20 OCHAlLeHUS. Yiice He B03HUKAEI Hepe-
ULAeMbLX 80TPOCO8 TNPUMEHeHUS UHOUBUOYANLHBIX B00SHbIX
CKBAXMCUH, CenimuKo8, KOMeAbHbLX, U 0ajce npuMeHeHle Mmeno-
8blX HACOCO8 8Ce Halje HAX0OUM peaAu3ayuio Ha meppumopui
Poccuu 6 nocaedrue 200t

3.KOHCTPYKTUBHO-TEXHUYECKHUE
BOIIPOCHI CO3JAHHA IIOCTPOEK.
CTPOUTEJIBHBIE 1 OTAEJIOYHBIE
MATEPHAJIBI PAITIOHAJIBHBIE B
IIPUMEHEHHHW B 3AT'OPOJJHOM
DKOCTPOUTEJIBCTBE.

Tym MOXCHO MHO20 2080PUIMb O BHEOPeHUL MeXHOA02ULL CTpo-
UMeAbCMea IKON0SUHECKILX, IHEP2OHEe3A8UCUMbLX 00MO8, O Npl-
MeHEeHUL HeCMAaHOApPMHbLY UCMOYHUKO8 JHePeUl 1L 8Ce803MOdNHC-
HblX 0d6HO CYWeCm8YIoWUX U NOABAAIOULUXCA MAMepUudlos.
Dmo, 6e3yc06Ho, WUPOHATlILULL 80MPOC, KOMOPbLIL HEBOZMOHCHO
8MeCmuUmMb 8 pamku OaHHOLL cmamul, U N0MoMy KOCHEMCS OKA
00H020 MOMEHMA, CBA3AHHO20 C Bbl00POM TPUOPUITLEHOT KOH-
CMPYKMUSHOTL CUCTEMbL U MATEPUAN0B.

Tax Kaxue dce CXeMbl U MeXHOA02ULL MO2YTM NPUMEHAMbCA 0N
pewenus nodobHbLx 3a0au? Kadwcemcs, 0meem Aesicuimn Ha 1nosepx-
HOCTIU — KOHeUHO, npuxodum Ha ym depeso 1 u3deaus us Heeo. 1
mym, K coxanenuro, suiumcsa Hedocmamo4HbLM YpO8eHb pa3el-
Mus 80npoca mexHoA02ull cmpoumenscmea u3 depeea 8 Poccuu.
To, wmo celinac npuMeHsiemcsl, — 1Mo 8 0CHOBHOM OpesHo, bpyc i
a/leMeHmapHble KAPKACHble MMexXHOA02UU. B-nocrednux, xo-
HeuHO, 803MONHCHOCLL BHeULHell UL BHYmMpeHHell 0mOeAKL MO2Ym
SHAUUMENbHO 8aPbUPOSAMECS, 0a U CAMA GOPMA 6 KAPKACHUKE
Oaem wiupokoe nose 04 MEOPHeCMBd, HO, KAK Npasuao, ama
cxema blOUpaemcs no npuite OewesU3HbL U KAK cAedcmeue 80-
NA0WACNC 8eCoMA NPUMUMUEHO KAK C MOYKU 3peHUs 3P2OHO-
MUKU NAGHUPOSKU, TAK U C ICMEeMUHecKOTl MouKu 3peHuUsL.

IIpumepom Oocmoiinoti 04 NoOpaANCAHUS MACCHL BAPUAHIOB
APXUMEKIMYPHO-MEeXHUHECKUX PelleHUil MOdXcem CAYICUMb CO-
8ceM, Ka3daoch bvl, «Oauskaa» Punaandus. 30eco mexHoA02UL
cmpoumenscmea u3 Oepesa nocaedHue decamunemust s6HO He
cmosm Ha mecme. Koneuro, peus udem 6 6oavuLeti crmenenu o ma-
Mepuanax Ha ocHo8e OpegecuHbl, Hem 0 NOAHOYeHHOM bpesHe, Uc-
101b3YeMOM 8 MPAOUlUOHHKOLL apxumekmype. II0cmMOAHHble UC-
cnedoganus u paspabomxa Ho8ozo0 8 0baacmu OepeBsHHbLX KOH-
cmpykyuil u 06Auy08KY 6edyMmcs 6 HACMHBIX U NpaAsumment-
CMBEHHBIX KOMNAHUAX, HANpumep, 8 DUHCKOM UHCMUIyme ec-
HbLX uccnedosanuil u TexHU4eckom UCCAe008amMenbCKOM eHmpe
dunaanduu VIT, - koncmamupyem Mapus Tpowiuna, He nepeulil
200 uccaedyiouyas 80npocel depesaniozo domocmpoenus [5]. Yuu-
8epcumenvl pasublx 20podos UMEIOM 1a60pamopul, 3aHUMAal-
ujuecss u3yueHuem ceolicme 0pesecurbl U CO8EPULEHCTNB08aHILeM
DA3NUMHBIX ACTEeKMO8 ee UCNOoAb306anus. Cosdaiomea pasauy-
Hble 06paszosamensule Npozpammel 8 IMomM Hanpagaenuu. O0-
HOTL U3 CAMbLX YCTIeWHbLX Uccaedoéament Hasvieaem Wood Pro-
gramm xagedpol apxumexmypvl Yrusepcumema Aanamo. 30eco

HA OCHO8e U3y4daemblx IKO/N02UUECKUX, MeXHU4eCKUxX U
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APXUMeKMYPHbLX CBOTICME OpeseCutbl C030aI0MCs IKCNEepUMEH-
manvHole HeboNbILUUE 00BeKMbL, HA NpPAKMUKe NOKA3LLBAIOULLE
B03MOJCHOCTUL NpUMeHeHUs. Oepedd 8 COBPeMEHHOL apxumex-
mype.

Y nac se paseumue unHosayuil 6 cgepe KoHcmpyKyuil uz de-
pesa He3acAyiHceHHO 3amoposcero. O0HO mo, umo 6 Hautem Apo-
CALABCKOM 20CY0ApCIMBEHHOM MeXHUYeCKOM YHUSepCUmeme Kype
KJI «Koncmpyxyuu Jepessntble» He 6x00um 8 npozpammy cmy-
Oenmoe apxumexmopos yce 60aee 20 nem, 20860pUIn 0 MHOZOM.
B npoyecce 06yteHus cmapamenbHo NPOCHUMbLEAIONCS Heeae30-
bemoHHble KOOHHBL U Memaanudeckue 6axu, a eedv y depesa
Co8epULeHHO Opy2ue NPUHYUNbL pabommbl, OHO HCUBOE USHAUAALHO
- Kak cnedcmetle, NMPOEKMUPOBULUKLL He YMelom ¢ Hum pabo-
mame.

A 8edb Oadice 3HameHumulil puHcKUll apxumexkmop u dusatinep,
«omey, modeprusma» @ Cegeproil Eepone, Angap Aaamo nucan:
«Zlns mens Oepeeo He Hellmpanvras cybcmanyus, 01 MeHs IMo
HCUBOLL MaTEPUAN, IO CBOEMY CMPOCHUIO NOXOHCULL HA Hes08eHe-
cKue mulwysl». Hyscen onpedenenHulii omxod om mpaduyuoH-
H020 UCTI016308aHUsL Depesa KAk UeA0CTHO20 MAMepudnd 8 Cmo-
POHY NPUMEHEeHUS ZHYMOKAeeHOl OpeseCumbl, MHOOCAOLHBIX
naueseil, KOMNO3UMO8 HA OCHO8e OpeBeCUHbL, A MAKice co30anue
HOBbLX 3aWUmHbLX cpedcme 1 cnocobos obpabomxku depesa [5].

IIpu evibope mamepuanos, 6e3ycA08HO, AKMYAAbHO Oeaamb
AKYeHmM U HA <8U3YAAbHYIO IK0A02UI0». Cez00HAWHUL cmpou-
MeAbHBLIL PLIHOK, K COHCANEHUIO, C YCNeXOM «3a2pA3Hsem» 3az0-
POOHbBle MPOCMPAHCMBa NAACTMUKOBLIMU CaliOuHzaAMU, MUNO-
BbIMU  20pOOCKUMU  OKHAMU, 2AYXUMU 3a60pamu u3 npog-
HACMUAQ U MHO2UMU Opyeumu IKOHOMUHECKU OOCTYNHBIMU
Hacenenulo «OewlegblMu padocmamu» omdeaxu. Cmuicaosas
UeHHOCMb UCTOPUHecKlL NPUPOOHLIX MAMepudasos 8 MAaccax
HaceneHUs ympaieHd, a HAlimu 2apMOHUYHYIO AAbMepHaAmugy
6e3 nomowju cneyuanucma apxumexmopa-ousaiinepa 3a4acmyio
He NpedCMagAsemcs 603MONCHBIM.

U som mul yoice e30um cmompemu Ha OepegeHckue domd, 8 Ko-
Mopblx HUAU Haw 6a6ywKL, Ha ambapel U capat, Kak Ha Ouko-
BUHHblE MY3eliHble IKCNOHAMbL N00 OmKpbimblm HeboM. Xoms,
Kasanocy 6vl, 8 wem npobaema - npodomiums mpaduyuio,
MpancGopmMuposams HaKONAeHHbLIL paHee OTLLITL 8 COBPeMeHHbLE
mamepuansl 06AUYOBKU U CAMOTL KORCMPYKYULL. B amom cmuicae
0uepedHOll pa3 NOUMUBHBIM 8bl2AA0UIN OTbLITL 3ACMPOLIKLL 3d20-
podubix meppumopuil 8 Ckandunasckux cmpanax. Tym cdeaan
aKyeHM Ha, Ka3aA0Ch Obl, 3/1eMeHmapHble OepessiHHble U30enls 8
0621UY08Ke, HO Kawecmeo YkAaJKU L OKpacKu co30aem beccnopHoe
8U3YANbHO 2P MOHURHOE 3pealille.

Bydem ymecmuuim 0obagums u makoe nOHAMuUe, KaK «2yma-
HU3AYUSL APXUMEKNYPbl» — 8 KAKOM-TO CMbiCAe OHO 03HA4Aen
cnocobHocme nocmpoenus 0oma cBOUMU PYKAMU, UMO Npubau-
JHcaem WAL 8036palydem HAC K npupode HAULUX B03MONACHOCTEIL,
a cnedosamenvo, Oaem IMOYUOHAALHYIO CULY HCUMbL U MEO-
pumb Oanvute. Ymo Npsmo NpPOMUBONOAOHCHO CAOHCUBULETCS
menOeHyuL npespalyeHus wea08eka 8 beckoHewHoz0 nompebu-
mes, MOMAAbHO NpedcKa3yemoeo U pasouaposantozo [3].
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BBIBOJIbI

Bepoammo, Hy#HbL <YMHble» CUHepzemuieckue KOMIAEKCHbLE
memoduxu, 0bsedunsiouyue, ¢ 0OHOLL CTNOPOHYL, 8eCb HAKOM/AEH-
HbLll UCTNOPUKO-KYALIMYPHYLL Onbim, mpaduyuoHHO pa3yMHble
CI0cO0bL U MaMEpUuansl, a ¢ Opyeoti — mexHudeckue UHHOBAUUL 8
KOHCMPYKUULX, UHdMceHepuu u omdenxe. Kax nonams, umo
JoAxCHO 80LIMU 8 CNUCOK Heobx00UMO020, 4 4MO Hemi, cKopee
6ce20, paspelLLmcs 8 pe3yAvmaine aHAAUMU1eCK020 paccaedosa-
HUSL 8 OQHHOM HANPABACHUL 6 PASAUMHBIX MeOpemuieckux U
npakmudeckux o6Aacmsx.

U mym onamv xouemcs obpamumucst k croéam Kpucmuana
Hopbepe-IIlyavya 0 803MOXCHOCTISX APXUMEKMYpbl — Ub0 OHaA,
6ydyuu, no cymu, xy0oscecmeenHotli 0eimeabHOCMbIO, NPU3BAHA
C0e0UHAMb PaKMOpbL CAMO20 PA3AUHHOZ0 TMUNA 8 CUHITemuUYe-
cKue popmanvHole eQUHCMBA U OMUMO PellleHUs 80Npoco8 Pu-
3uueckoll cpedvl 0653amenvHo co3dasamyv «cpedy CUMBOAUUe-
ckyo» [3].

Yenogeueckoe OKpysceHUe Kak 8 YCA0BUSX 3a20POOHOTL HUSHU,
MaK 1 8 cCmpykmype IKonoceneHus 00A%HO COCMOAMb U3 0CMBblC-
/IeHHbIX, BU3YAAbHO IKONOZUYHLIX (POpM, a MAKdHe OCHOBbL-
6amuCs HA NMPUHYUNAX <YCmoluugoil» apxumekmypul. Takoil
cunmemuueckuil no0xod abcoamHo Heobxodum, umobuvl He npe-
epamumb @ nodo6ue naoxoil ypOaHUCTUKL menepsb U NpupooHbsle
3az0po0Hble meppumopuu. A paspabomka nodo6HbLx memodux 6
OaHHBLX HANPABACHUAX, CHUMACM, NOMONCEI ZpAMOTIHee NpU-
MEHAMb UMEIOWjUecs HA CMpOUMenbHOM PblHKe MexXHOA02UL
6036e0eHUS UL CMPOUMEAbCMBA IKONOCMpPOoeK 0A% NOCTMOSAHHO
npoxcusaiowyux 1 A1060NbLLMCMEYIOWUX MYPUCTI0S, 8Ce AKIMUE-
Hee Nnocewanujux 3a20podHsle meppumopull.
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B daunoil cmamve paccmampuganmcs memod, KOmMopulil 3akA0Uaemcs 8 npoeyuposanul
c80licme OpedHU4eCKUX NAPA3UMO8 8 NoAe APXUMEKMYPbl, MeM CAMbLM 10380485 onpede-
aumsb udenmuuyupyrouue Kpumepu apxunmexmypHuolx napa3umos. Ha ocnogse nepgocme-
MeHHbLX NPUSHAKO8 OpeaHU1eCKUX NApAa3umos, Kak euda 63aumMo0OmHOoULeHUL 08YX OpeaHU3-
M08, AHAAUBUPYIOMCS OMHOUWEHUS O0P2AHU3MO8 apxumekmypHulx. IIpusodumcsa opueu-
HaAvHas cucmema udeHMu@ukayuu U kKadccupukayuu apxumekmypHbulX NApa3UmMos.
Onpedeastomcs ycao8us U 0O2paHuderHUus 8 npumenenuu smotl udenmuduxayuu. B npoyecce
anaausa 6viau chopmyaupogarnsvl onpedensiouile c80UCMeEa apXumekmypHozo napasuma, a
UMEHHO: deMEHN 3A8UCUMOCTIU — napa3um JoaxeH 6blmb KOHCMPYKMUBHO 3A8UCUMBLM
0Mm X034UHA; PeKOHCMPYKUUL — Y Nnapa3uma U €20 X032UHA J0ANHO OblMb pa3Hoe epems
NOCMpOlKU U pA3Hble A8MOPLL; KOHMpAcm — napa3um 00AxeH Oblmb 8U3YAALHO OMAUYEH
om ce0ez0 xX033iUHA; nponopuus 065emos — koadduyuenm macwmaba napa3uma oOmHoCU-
MeAbHO X038UHA 00AXNCeH CMPeMUMbCL K MUHUMYMY. Dmu npusHaku 8 dasvHellulem NOMO-
2ym yémue OCMBLCAUMD CE3b NAPA3UN-X03SUH, ONpedeAUmMb CYMb APXUMEKNMYPHO20 napa-
aumuama u co3damov memod, komopulil 6bL nomoz omceudv «ncegdonapasumos». Takoce 6viau
chopmMyaupoBaAHbL CUCMEMAMUIUPYIOWUE NPUSHAKL, YACTMb U3 KOMOPHLX Oblia MPAHCAUPO-
gana uz obaacmu buosozuu. Co60p JaHHbBLX NO CUCMEMAMUZUPYIOU UM NPUSHAKAM A8ASEMC
npednoculakoll K AHAAU3Y APXUMeEeKMYPHO20 NApa3umu3ma ¢ ucmopuueckoii, epadocmpou-
MeAbHOL U ApXUMEKMYPHO-KOMNO3UYUOHHOL MOoYek 3peHUs C UeAbl0 NPOoZHO3UPOBAHUS
nepcnekmue pa3eumus HANpagieHUS.

Knawouwesvie caosa: napasumuueckas apxumexmypa, napasumu3m 6 apxumexmype, acme-
MUKa apXumexkmypol, Opeanuieckas apxumexkmypa, MUHUMAAbHbLE NPOCMpancmea, oucm-
poeo3sodumble 30aHUS
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A method that involves projecting the properties of organic parasites into the field of ar-
chitecture, thereby allowing the identification criteria of architectural parasites to be de-
termined, is considered in this article. The relations of architectural organisms are ana-
lyzed based on of the primary features of organic parasites, as a type of relationship between
two organisms. The original system of identification and classification of architectural
parasites is presented. The conditions and restrictions in the application of this identifica-
tion are defined. In the course of the analysis, the defining properties of the architectural
parasite were formulated, namely: dependency element — the parasite must be structurally
dependent on the host; reconstruction — the parasite and its host must have different con-
struction times and different authors; contrast — the parasite must be visually diverse from
its host; volume proportion — the coefficient of the scale of parasite relative to the host
should be tend to a minimum. Ulteriorly these signs will help more clearly understand the
parasite-host relationship, determine the essence of architectural parasitism and create a
method, that would help to cut off «pseudoparasites». Systematizing features were also
formulated, some of which were borrowed from the field of biology. The data collection on
systematizing features is a prerequisite to the analysis of architectural parasitism from the
historical, urban-planning and architectural-compositional points of view in order to pre-
dict the development prospects of the direction.

Key words: parasitic architecture, parasitism in architecture, aesthetics of architecture,
organic architecture, minimal spaces, prefabricated buildings
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BBEJEHUE

B 1966 200y 6 apxumekmypHoMm T0/e NOABUAUCL 30aHUS, KO-
mopble 3aUMCMEYION CB0€ Ha38aHUe U3 6UOA0UL. DMU 30aHUs
6bLAU HA38AHBL APXUMeEKMYPHbIMU napasumamu. OHu omauda-
10mcs mem, 4mo, nodobHO ceOUM OpeaHuUHuecKUM COOpaAmbam,
NPUKPenASIomcs k Opyeum 30aHUAM, Tiepedasas Ha HUX pe2yas-
YUI0 C80UX 83AUMOOMHOUWEHULL ¢ OKpYsHcatoueli cpedoil (puc. 1,

2).

Puc. 1. M3menenue kpviwu Ha Panvkewmpacce - Bena, As-
cmpua. 1998.
IIpumep apxumexmypHozo napa3uma.
Fig. 1. Rooftop Remodeling Falkestrasse - Vienna, Austria. Coop
Himmelb(l)au. 1998.

Example of an architectural parasite.

IIpescOe wem NbLMAMbCsL BbLABUMb 0COOEHHOCTIL COBPEMEHHO20
COCMOSHUS APXUMEKIMYPHO20 NAPA3UMUSMA U U3Y4UMb nep-
CTeKMugbL pazeumus 0aHHO20 ApXUMeKmypHOz0 HANpPABAeHUS,
cnedyem onpedeaums, 4mo 8006ue cedyem CHUMmMams apxumex-
MYPHBIM NAPAIUMUSMOM.

Yuumuieas mom ¢akm, 4mo meopemusuposanie 0aHHO2O0 516-
/leHUs HAYAA0Ch CPABHUMENbHO Heda8HO, AKMYAAbHbIM 0CMma-
emces gonpoc udenmuukayuu u kraccugurkayuy, max kak 0o
CUX 1LOP Hem 001enpUHAMbIX KpUMeplies, Komopble 0bL 8 n0AHOTL
Mepe ONUCLIBANL APXUMeKMYpHbLll napasumusm. Hanpumep,
I'spu Bpayn xapaxmepusyem napa3umuim Kaxk aHOMAAUIO 20-
podckoil cpedvi: «Ilapasum (Para-site om para - napaHopmaib-
Hulll U Site - naoujadka) 0O3HA4Aen KOHUeNnmyalvHoe pa3audue 8
nodxode K UCNOAb308aHU0 naowadku». Capa I'paxam 6 ceoeil
cmamee  ONUCLIBAEN  APXUMEKMYPHLLL NApasumusm mak:
«...adanmupyemas, epeMeHHAs U dKcnayamamopckas gopma
ApXUMeKMmMypbl, KOMopas 6blCmpausdaen OMHOWEHUS ¢ NPUHU-
maouumu 30anusmu, 4mobul 3agepuiums cebs». B bpuge kom-
Kypca Parasitic Architecture (2020 2.) opeanusamopbl ymeepouau
cnedyloujile  Kpumepuu — ApXumekmypHoz0 — NApa3UMuUIMA:
«Imobvl  6bimb  UOeHMUPUYUPOBAHHOT KAK NApa3UmMHAs,
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apxumexmypa 00MHCHA COOMBEMCMe0same no kpaiinetl mepe
08yM U3 CAeOYIOUUX KpUumepues:

1) Jlonwena cmpykmypHo noddepacugamucs  30anuem-
XO3AUHOM.
2) JonmHa Obimb  MUNOAOZUMECKU — peleSaHMHOL K

NepeoHaANbHOLL PYHKYUL C80€20 30aHUA-X03AUHA.
3) Zoascna 6vims docmynHoil uepe3 30aHue-X03SUH. »

Puc. 2. Oazuc Ne. 7 - Kaccenv, I'epmanua. 1972.
IIpumep apxumexmypHozo napasuma.
Fig. 2. Oase no. 7 - Kassel, Germany. Haus-Rucker-Co. 1972.

Example of an architectural parasite.

N3 ecmpeuatouyuxcs Ha ce2c00HAWHUIL OeHb mMe3ucos 00 apxu-
MeKMypHOM napasumusme 0080AbHO CAOHCHO TOHAMb, MONCEM
AU Myl Hadcmpoumb Had 30aH1LeM KOHMEKCITYAAbHbLIL Me30HUH
u Hassame amo napasumom? Kaxoil moscem 6bime donycmumas
comaumabHoOCMy NApasuma OMHOCUMEAbHO 30AHUA-X035UHA,
umobbL IMO He nepexoduno 8 «XuujHble» omHuoweHus? Modcem
AU apxumexmypHulil napasum 6bime UCNOAB30BAH 8 8Ude Xy00-
JHcecmeenH020 npuéma npu Hogom cmpoumenvcmge? Tax aAu
8AVKCHA MUNOA0UHECKAS PeNeBAHMHOC, 8e0b /1e2KO MONCHO
npedcmagume #1020 NApa3uma Ha obujecmeeHHoM 30aHuu u
Haobopom? Jlannas paboma - uLaz 8 noucke Omeernos Ha AMmu 80o-
npoce.

Obsexmom pabomul A8/5eMCs NAPAIUMUIM 8 APXUTIEKITLYpe.

IIpedmem pabomul — C80LCMBA APXUMEKIMYPHBLX NAPAZUTNOE.

Llenvio s815emCs 8bléedeHie KpUMepLes, o380ALIOUUX UdeH-
Mmuduyuposams U CUCMeMAMU3uposany apXumeKkmypHulx na-
pasumos.

B coomeemcmeui ¢ yeavio pabomul 0CHOBHOIL 3adatell 2645~
emcs usyeHle napasumuama 6 610102uL, KOmopoe 1n0360AUM
8LLABUMY CES3U MedHCOY NAPAIUITIOM UL €20 XO3SUHOM.



https://www.spatialagency.net/database/haus-rucker-co
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AHAJIFI3 AHAJIOTOB

ApxumexmypHulil napasumusm — 6 601vuLell cmenenu mema-
opa buonoeureckozo napasumusma. IIoHUMAHLE MO20, MO dHce
03HAYAeN NAPA3UMUSM 8 OLL0N02ULL, NO3BOAUNN AYHILE OCMBLC-
AUMb APXUMEKIMYPHBLIL NAPASUMUSM.

Puc. 3. Ilempos xpecm.
IIpumep pacmenusa-napasumad.
Fig. 3. Peter's cross.
Example of a parasite plant.

Hauamu cmoum ¢ moezo, 4mo 6 6uoA02uu makdxce Hem yoosne-
MEOPUMeNbHO20 OnpedeseHus NAPASUMUSMA, OOHAKO NOHUMA-
Hlue Jmoe0 MepMUHa modcem Obimb C8e0eHO0 K OMHOUWEHUIM
MedcOy 08YMS OP2aAHUSMAMU — NAPASUMOM U €20 XO3AUHOM (PUC.
3, 4). Tax, ¢ mouKu 3peHus 6LLOA02UL COCYUECTIB08AHILE MONHCEITL
PA3AUMAMBCS IO THUTY OTHOWEHUTL:

1) Kommencaauzm (0+): 00un opeanu3m noaydaem noav3y
01M 83AUMOOMHOULEH LI, Opy2oli Jce He NOAYHAem HU NOAb3bL,
HU épeda;

2) Mymyaauzm (++): ¢opma 83a1LMOBbI200H020
CoNHCUMeNbCmea Opeanu3mos 08yx u 6osee 6udos, npu
KOMOpOM 83aUMO8bL200HASL NOMOUL Heobx00uMA, MAK KaK
o0ba opeanuma 83auMo3asucumsl opye om Opyea;

3) Hapasumusm (-+): popma cumbuo3a, npu komopoii 00uH
opeanu3m (napasum) ucnoavdyem 0pyzo0zo (X03auHa) 8
Kadecmee UCMOYHUKA NUMAHUL uau cpedol obumauus,
803/1d2as TNpU IMOM HA XO03AUHA Pe2yAAYUI0 CE0UX
OmHOULeHUTL ¢ 8HeuHell cpedoil;

4) Unxeuaunusm (-+): 00HA 0cobb, NPOHUKAS 6 wyxcoe
HCUAULYE, YHUHLMONCAeM XO3AUHA, 3AmeM UCTI0Ab3Yem IMO
HCUAULYE 8 CEOUX UeNIX;

5) XuwHuyvecmeo (-+):  sie1eHue, NpU  KOMOpoM 00uM
OpeaHu3mM NUMAEMCL MKAHAMU 0pye020 OpeaHusma, npu
amom He Hab100aemcs CUMOUOMUYECKUX OTMHOULEHUTL;
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6) Hetimpaausm (00): ocobu He o0Kka3vleaiom HUKAKOZO
sauaHus Opye Ha Opyeaa, Hanpumep, CAOH U NUH2BUH.

Hapaaumoe makate MOMCHO pa3iuiams no muny npuxkpense-
HUA K XO3AUHY:

1)  Dxmonapasumusm: napasum obumaem Ha X03suHe U
CB3AH C €20 NOKPOBAMLL;
2)  Dulonapasumusm: napasum HuUeem 8 mesae X03AUHd.

Taxoice napasumusm MOMCHO epynnupoearb no mecHome céA3u
napasuma u xo3auHa:

1)  Obaueamuuuii: napasum eedem UCKAIOHUIMEAbHO
napasumuveckuil 00pas HUSHU U He evwiusdem 6e3
83AUMOCBA3U C XOIAUHOM;

2)  daxyavmamusHblil: napasumel, Kaxk npasuo, eedym
c80600HbLIL 00pa3 HU3HL U Nepexolam K NApasumuamy
AUULL 8 0COOBLX CAYHASIX.

Cpedu opeanuteckoz0 napasumuama cmoum evlleAums napa-
3Umu3m cpedu pacmenuil Kax camulil cXoxicuil ¢ apxumexkmyp-
HbLM TAPA3UMUSMOM 8 TOM CMbLCAe, MO U APXUIMeKMYpHbLiL
Napasumusm, i napasumusm cpedu pacmenuil npedcmasasem
0601 OMHOUEHUS CINATNUHHBIX CPYKITYP.

Puc. 4. MuimHux 6010mHbLil.
IIpumep pacmenus-napasumd.
Fig. 4. Marsh lousewort.
An example of a parasite plant.

Cpedu pacmenuil u36ecmHbl MHOZOHUC/AEHHblE NAPAIUMUHe-
ckue epubbl, baxmepuu, 8upyCel, MUKOMAAIMbL, NAPA3UMUYeE-
CKUe YBemKosble pacmenus, HemHoeue 6odopocau. OHU C853bL68a-
101MCAL € XO3SUHOM 3a CUEM 2ayCcmOopuil — OpzaHo8 napasumd, Ko-
Mopble HYXCHbL eMy Os NUMAHUA U NPUKpenteHus kK cy6-
cmpamy.

Cpedu pacmeHuii-napazumos, kax u cpedu 0OcmaAvHulX napa-
3UmMOo8, pa3Auialom GaxysbmamueHsLx U 00AUamHbLX NAPA3U-
mos. Dmu 6uo0eUHecKUe ZpYNTIbL NAPA3UTMO8 NOHUMAIMCS KAK
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CTIYNeHU 3804104 UL, JOCTUZHYMble 8 NPUCTIOCOOAEHUL K NAPA3LL-
muamy. Taxoce 8vl0ens10Mm NAPAZUMOE-PACTIEHULL U 1O MuUny
ces3u ¢ napasumom. Cmebegule napasumol Gopmupyom ceou
eaycmopuu u3 mraHeli cmebas. KopHegvle napasumut — u3 mxa-
Hell KOpHSL.

Iapasumusm medxcdy HUBLIMU OPeAHUSMAMU UHMeEpeceH €20
pasaudHbIMU popmamu. Dmo mom nodxod, KOmopuiil apxumex-
Mypa UMUMupyem 8 OMHOUEHUSLX Mex#DY 30AHUEM-XO3AUHOM U
30anuem-napasumom. menno usz amoii memagopet 8 60avuetl
CMeneHl Nnapasumuyeckas apxXumeKmypa wepndem céou CuM-
buomuueckue ceoticmea.

Csoiicmea opeaHuHecKuX Napasumos, KOmopsie U3yHaiomcs 8
eCTecmeeHHO1 610A02ULL, MOZY NOCAYHCUMb KATOUAMU K NOHU-
MAHUIO IMUX 80NPOCO8 U UdeSMU K OaAbHellileMy PA3BUmuIo na-
DpA3Umu3ma 8 npoCMpancmee apxXumeKknypol.

CBOVICTBA APXUTEKTYPHEBIX ITAPA3UTOB

Memodom cpasHeHus, ¢ 02A20K0Ll HA OpeaHU4eCKUX NApa3u-
1108, MOJNCHO CTIPOEYUPOBATTL UX CBOLICMEA 8 NPOCTPAHCIMEO ap-
XUMeKMYpbl, MeM CAMbLM CHOPMYAUPOBAB NPUSHAKU, OTpedensi-
owjue 30amue Kak napasuma:

1) Daemenm 3agucumocmi. Dma epynna npu3Hakos ces3aHa
€O CNOCOGHOCTMLIO NAPASUMOE-PACTEH ULl NPUCACELBAMbCSL K
cB0eMY XO03SUMY, 6031d2ds HA He20 peyASyuio CeOUX
83aumoomuoutenuil co cpedoii. Ceoiicmeo nodpaszymesaem
nod coboil  3a8UCUMOCTL  KOHCTPYKMUGHOLU  4acmu
napasuma om  30aHUA-X03AUHA. HHbIMU  CA08AMU,
npednazaemcs AHAAU3UPOBAML MO, KAK CKAXHEMCS HA
¢usuueckoil ycmolimueocmu napasuma  Omcymcmeue
30anus-xo3auna. Ilapasum dosxcen no Gosvuiell wacmu
3agucemv OmM X03AUHA: Y Hee0 He O00AMHO Obimb
He3agUCUMO20 ~ om  30aHUA-X03AUHA  (yHOamenma,
TOCKOAbKY €20 PYHOAMEHITIOM U A8ASEMCS 30aHUe-X03AUH.

Cnocob ouyeHKl — BU3YANbHBLIL AHAAU3. 3ANUC — KOHCTPYK-
MUBHBLIL I1eMeHMm 30aHUS UAL COOPYKHeeHUs, K KOMOpomY npu-
Kpenaén napasum.

2) Pexoncmpykuyus CMpOUMenbCImeo.
Opeanuyeckuil napasum ecee0a OmAuteH 0N c80e20 X03AUHA
Qunozeremuueckl, OHU Pa3HOPOOHBL, UMEIOM  PA3HO20
npedka. CoomeemcmeeHHo, IMOM  Kpye NPUHAKO8
codepacum 6 cebe mo, ¢ KAKOIL pasHuueli 60 8pemeHU
napasum 6vl1 8036eJeH OMHOCUMENBHO (80€20 XO3SAUHA.
Basro Oasxe He mo,
UCTNOPUHECKUM, 8AXNCHA PASHULA B0 8PeMeHL NOCMPOLKU U
pasHvle aemopel 30aHUSA-X03AUMA U napasuma. B
NPOMUBHOM CAYHAe MO NPespAlLAeImCcs 8 Xy00icecmeeHHbLIL
npuém,  KOmopulil  yxie He  MOMem  CHUMAMbCSL
napasumu3mom 8 HUCMom eude.

uau HoB0¢e

umobbl  30aHue-x03aun  ObLAO

Cnocob oyeHku npednoaazaem HaAu4Ue OAHHbLX O 200aX No-
CMpOTiKLL U A8MOPCIMEo Npoekmos. 3anucy — OGUHApHbLIL napa-
Memp: peKOHCMPYKYUA UAL HOB0€ CIPOUITLEAbCTB0.

3) Cmenenv KoHmpacma napasuma x Xo3fauwy. BusyarvHo
napasum ecez0a OMAUHEH OM C80€20 XO3AUHA, MUMUKPUSL
nod ecmpeuaemcs  cKopee
CoomeemcmeeHHo, 8 NpoeKyuU apxumexmypy
npedndaeaemcs onpedensimv, KOHMpACMeH ndApasum K

Hez0 Kak UCKAYeHUe.

Ha
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X039UHY UAU KOHmMeKcmyanen emy. Bascen cam axm
AHOMAAULL APXUTMEKYPHO20 NAPA3UMMA, €20 HeCX0NHecms C
XO3AUHOM.

Cnocob oueHKU A6A51eMCsl BU3YANBHUIM U, MAKJHE KAK U PeKOH-
cmpykyus, Imom kpumepuil — OUHAPHbLL napamemp: KOH-
Mpacm ual KOHMeKC.

4) Iponopyus 06Bémoe napasuma u xo03suxd. B mupe
napasumusma pacmeHuil napasum ceeda OUYMUMO
MeHblLLe CB0e20 X035UHA, 8 IPOMUBHOM CLYHAe IMO ObLAU ObL
XUUjHble OMHOWeEHUs, 8 KOMOPbLX HAXAeOHUK TPOCTo
ybusaa 6bL cgoezo kopmuavyd. B obwem u yeaom, smom
Kpumepuil 645emcs camoim 00BeKMUBHLLM NAPAMEPOM,
OH MpaxkmuuecKu AUlleH pa3HOYmeHUll, aeeko noddaemcs

UCHUCNeHUIO U 1N0380asem  cobpamb  epadyuposaniyio
CMAMUCTIUKY. IIpednazaemcs BLIHUCAAMY e20
coomHoueHuem 00BemM08 napasuma U XO03AUHA U

npedcmaesasme Koapduyuenmom.

Cnocob oyeHku — mpexmepHoe MoOeAuposanlie napasumos u
UX X0351e8, COOMHeceH e UX 06B8emo8 Opye ¢ Opy2oM U BblaBAeHIe
3aKOHOMepHOCTell dmux coomHoweHull. 3anuce 8 gopmame
4UCAA C UleCTU 3HAKAMU noce 3anamotl. Ces13ano Imo ¢ mem,
UImo 3a4acmyio 06sEMbL IMOTL NAPbL CAULLKOM MAbL, U MAK KAK
Mo0enuposarue npednondzaemcs N0 UMEUUMCS Yepmenam,
mo makue napamempul OeCMUYHO20 pa3denumens 6nOAHE
MOJCHO CHUMATMb ONPABOAHHBLMLL.

Ko ecem evluenepeduicienHblmM UOeHMUPUUUPYIOWUM CBOTi-
cmeam npednazaromcs K AHAAU3Y C80TiCMBa CUCTeMAMUIUPYIO-
ujue. K Hum omuocames:

1) Asmopcmeo npoekma. Ykasviéaemcs KOANEKMUS UAU
uenogex,  KOMOpulil — CNpoeKMupoean  NApa3umwyio
cmpyxmypy.

2) I'o0. Vxasuvisaemcs 200 NpoeKMUpOSAHUSL UAU, eCAU
napasum nocmpoeH, 200 nocmpoiiku. Dmom napamemp
11036015 OUeHUMb NPOUecc pa3sumus Napasumusma 8
XpOHON02ULL.

3) Cmpana. Yxasvleaemcs 20cy0apcmeo, 6 KOMOPOM
CNpOeKMUpPosar Ul nocmpoeH napasum. IIpu amom, ecau
napasum  pacnoaoxced, — Aubo  npednoadazancsi — k
CMpOUMenbCmey 8 CMpaHe, OMAULAIOUEILCS O CMpaHbl, 8
KOMOpOM OH NPOEKMUPOBAACS, MO NUULEMCS UMEHHO Ma, 8
komopoil on npednondeancs k cmpoumenscmsy. JanHolil
napamemp  1o0360Afem  OUeHUMb  pacnpeleseHuie
napasumusma é macuimabe naaHeno.

4) I'opoO. Ykasvieaemcs 2opod, 8 KOMOPOM. ClpoeKMuUpPOBaH
uAu nocmpoen napasum. IIpu amom, ecau napasum
pacnonosxcer, — Aubo  npednonaeancs 8  20pode,
OMAUMAIOWeMCL  OM  20po0da, U3  KOMOpP020  6eA0Cb
NpOeKMUpoBanLe, O BHOCUMCS UMEHHO mom 2opod, 8
KOMopom OH Nnpednondzancs K cmpoumenvcmsy. JauHolil
napamemp

noseossem OUeHUMmMb

napasumusama e macwmabe CMpat.

pacnpedeneue

5) 3acmpoiika. Dmom kpumepuil xapaxmepusyem mo,
NPOeKMUPOBACS NAPASUMUIM 8 Cpedoeoll 3acmpoiike UL
ucmopuyeckoil. Baxcen 045 oyeHKu mozo, 20e NApa3umu3m
6611 60s1e€ 8OCMpebOBaH.

6) T'opodckas naomuocme. Hmeemcss 88udy n/A0MHOCTIL
Hacenenus. Xapakmepucmuka Oepemcs U3 OMKpPbUMbLY
OaMHBIX U BbLPACACCS 8 HUC/Ae dHcUmenell, NPuxXoOSUemcs
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Ha 1 km? meppumopuu. JlauHvie npednonazaemcs cobupamo
no 2opodam u npusa3vleams K 200y
nocmpotiku/npoekmuposanus. Ilromnocmu cobupaemcs 8
adMuHucmpamusHolx epanuyax. Kpumepuil wyscen 0as
OUEHKU Me3UCo8 O MOM, YN0 NApA3UMU3M TNOAEALeMCs
MOLKO 8 NAOTMHOILL U C8epxypOaAHUIUPOBAHHOL cpede.

7) Cmadus. Ceoiicmeo onucvieaem, 6bla Npoekm napasuma
peanusosan uau Hem. IIpednondaeaemcs 045 NOCMpOeHUS
cmamucmuku o6weil meHOeHyuLL.

8) ®opmoobpaszosanue. Yuumuieaem ¢opmanvroe
npoucxosxcdenue napasuma. Ilapamemp easen 8 cesaske ¢
2000M 045 XPOHONOZUHECKOUL OUeHKU U  6blsleNeHUs
YHUKAAbHBLX npedcmasumeneil.

9) Koauuwecmeo. Kpumepuil Xapakmepu3yem, HACKOALKO
OUCNepCHbLM  ABAAEMCA NMPOEKM — MHOKHCEC80 Al MO
00HOPOOHbIX NAPA3UMOo8 UL 00UHOUHBLIL 00BeKM.

10) Qynkyuonanvias nponopyus. Onucvieaem mo, Kaxyio
(npusammuyio unu obuecmaeenmyio) yHkyuio Hecem 3a coboil
napasum u 3anuce 86  gopmame
npusamuas/obujecmeennas, 20e nepsoe 3HAUeHUe
QyHKyus napasuma, a emopoe — QYHKYUA XO3AUHA.
ITossonsaem ouyeHums meHOeHYUIO K Munam QyHKyuu, a
makdce  eviaeumb  npeobaadarowjue  Munvi
npodondcerie QYHKYUL XO03SUHA UAL NAPASUM SB/SeMC
CAMOCTMOAIMEALHBIM 8 PYHKUUOHAALHOM TLAAHE.

11) O6sem napasuma. CayHUm UCTOYHUKOM HACTIU
OanHulx 041 udenmuuuyupyiowezo ceoticmea. HMamepenus
npedaazaemcs npouzgodums  m>, mounocms 00 08yx 3HAK08
nocae 3anamotl. Hyxcen 04a oyenku mendeHyuu u obwet
CMAMUCMUKU.

12) Gopma uckyccmea. Dmom kpumepuil xapaxmepusyem
mo, k kakomy eudy OesimenbHOCTU OMHOCUMCA NApa3um:

XO034UH.

ceA3u:

apxumexmype, — apxumekmypHoil  uxcmasrayuy  (He
nodpasymesaiowjeii.  QyHKyuw) — uAlL  COYUANLHOMY
kommenmapuio.  Ouyenka  CcYOBeKMUBHASA,  3aNUCL 8

onucamenvHom gopmame.
13) bxmonapasumusm uau IndonApasumum. BDmom
Kpumepuil ccolaaemcs HA Op2AHUMeCKUIl NaApa3umum u
onucvlgaem, HAPYHCHLLIL IMO NApA3UMU3IM  UAL  OH
Haxodumcs 8HYmpu cgoezo xo3auHa. OyeHka 8u3yanvHas, 8
onucamenviom gopmame, napamemp GUHAPHBLIL.
14) Tun omHoweHull. Dmo ceolicmeo, makxe kKak U
BLLULEHATIUCAHHOE, CCbLAAEMCS HA OpedHudecKull nodxod u
nosgoasem ycmauosume, NoA0HUMENbHOE uau
ompuyamenvioe 6o3delicmeue naApasum U X03AUH
okasvleaiom Opye Ha Opyea:

a) [+] — nonosxcumenvroe;

6) [-] — ompuyamenvroe;

8) [0] — HellmpanvHoe.

3anuco 8 gopmame «++», 20e nepeoe 3HadeHue onpedensent,
Mo, KAk X03AUH pedzupyem HA NApasumad, 6mopoe 3HaueHue —
KaK napasum peazupyem Ha c80e20 xo3sauna. Oyenka cybsexmus-
HAsl, HO ONLUPACTICSL NPEUMYUECITIBEHHO HA AHAAU3 QYHKYOHANb-
Hotl nponopyuu. ITo360asem AyHLe packpblmb céA3b GUOA0UL U
apxumexmypboL.

15) O6baueamuolii  uau  gakyavmamuenoiil. BunapHolil
napamemp, kax u npeduidyuyue 08a napamempa, A8AMeMCs
npoekyueil ceolicme pacmeHuil napasumos 8 no/e
apxumekmypbl.  Onpedeasiem — 8peMeHHOCMb,  AUOO

68

YMHbBIE KOMMO3WTbI B CTPOUTE/bCTBE

SMART COMPOSITE IN CONSTRUCTION

nocmoaxHocms napasuma. Oyenka — aHaAU3 MeKCIMo6020
conposodcdeHUs npoekma. 3anuce OnUCamenbHas.

16) Yposeno buomMuMUKpULL. ITapamemp,
Xapakmepusylouwuii yposeHt OGUOMUMUKPUL NApa3uma.
Ocrogan Ha kpumepusx Guomumuxpuu JKanun Benvioc.
3anucsy 8 uucrosom gopmame, 20e 1, 2 u 3 amo npusbILHble
yposHu buomumuxkpuu, a 0 O3HAuAem OMCYymcmeue
NpU3HAK08, MO KOMOPbIM MONCHO OblLA0 Obl NPpUHUCAUMD
napasuma K Kakomy-Aubo U3 UMEIOWUXCS YpPoeHeil.
Cyx0OeHus asmopa OCHOBAHbL HA TOM, WO cosnadenue no
UOeHMUPUUUPYIOWUM — KPUMepUAM  Yice  ABAsemcs
NpusHakom OUOMUMUKpUL 100 NAPA3UMU3M, HYHCHO
moAvko onpedeaumsv eé ypogerv. Ho He o6sa3amenvHo me
0b0Bexmul, KOmopsle He 6YJym COOMEEMcmeosams IMum
Kpumepusam, 6ydym umems 3Haverue 0 — OHU Mogym Obimb
6UOMUMEMUYHDL, HO He NAPA3UMUSMY.

BBIBOJIbI

B pesyavmame gvinoanenus pabomut 6blau 8bleedeHbl CBOLi-
CIMBA apXUMEKMYPHLIX NAPA3UMmMos, crnocobcmeyioujie ux udeH-
mudukayuu. Jlns evleedenus kpumepues 6bia UCTIONb308AH Me-
mMo0 CpagHUMeNbHO20 AHAAU3A, KOIMOPbLLL 03B0AUA CTIPOEYUPO-
8amy colicmea 61L0102U1ecKUX NAPA3UITLO8 8 POCTPAHCITLEO Ap-
xumekmypul. OcHogy cocmasasiom udeHmuuyupyowue Kkpu-
mepuu:

Daemenm 3a8UCUMOCTILL — APXUMEKIMYPHULIL napasum onpede-
/15lemcsl KOHCMPYKIMUBHOTL 3a8UCUMOCTIbIO 0 30AHUA-X03AURA;

PexoHcmpykyus — apxumekmypHulil napasum onpedensemcs
pasHuyell 80 8peMeHl NOCMPOTKU U pasHUYell 8 ABMOpax OmHo-
CUMEeAbHO 30AHUA-X03AUHA;

Konmpacm — apxumexmypHulil napasum onpedensemcs gax-
MOM AHOMAAUL, €20 HECXOHeCTbIO ¢ 30aHUeM-XO3AUHOM;

IIponopyus 066éM08 — ApXUMeKMypHbLi napasum onpedens-
emca KoIPuyLeHmom comacumabHOCMIL ¢ X03AUHOM — OH
donsicer GbLMb MUHUMAALHBLM.

Taxkoice 6bLAU 8bl8edeHbL CUCTIEMAMUIUpYIOULLe CBOTiCMEd, KO-
Mopble MOZYIM NOMOUb 8 NPOZHOZUPOSAHUL PA3BUMUSL HeAHPA.

Hanpasnenus danvHeliwux uccnedoganuil ekA04awm 6 ceds
CpasHUMmMenvHbLll AHAAU3 BbIOOPKU APXUMEKMYPHBLX NAPAZUTIO8
0415 KOHKpemusayuu onpedeseHus ApXUIMeEKITLYPHO20 NApa3u-
MU3MA U 6bLABAEHUL NPOCTPAHCINGA 045l pOCTA APXUMEKMYp-
HO020 HANpPABAEHUS.
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ABSTRACTS

S.A. TUMAKOV, G.N. GOLUB
CALCULATION OF STRESSES
IN THE BUILDING STRUCTURES, TAKING INTO ACCOUNT
GROUND BASE DEFORMATIONS

Key words: ground base, soil filtration consolidation, stress-strain state, SCAD
software package.

The paper reflects the assessment of the effect the heterogeneity of the ground base has on
the stress-strain state of the reinforced concrete slab foundation and the structure of the
building. It takes into account the development of deformations of ground base in time.
Different filtration properties of subfoundation show the heterogeneity of the slab founda-
tions. There is a lens of loam soil in series of saturated sands under the foot portion of the
base slab. The paper shows the comparison of calculation results for the building structure
and the base slab within the discrete time with the results obtained by the calculation of the
steady-state deformations. The calculations contain the conditional soil deformation mod-
ulus. It is assumed that, at the initial time of application of the load, the conditional de-
formation modulus of the ground base Et tends to infinity, but at the final moment of de-
formation stabilization, it tends to the actual size E instead. The conditional deformation
module is calculated using the approximate dependence obtained from the basic equation
of the theory of soil filtration consolidation. SCAD software package serves for building
modeling and numerical calculation

S.V. PEREVOZCHIKOVA, V.V. BELOV
DRY MIX MORTAR FOR RESTORATION OF BUILDINGS

Key words: dry mix mortar, restoration, hollow glass microspheres, lightweight
structures.

The paper reflects the relevance of the problem of restoration of architectural elements on
the facades of buildings. It also reflects the results of experimental work on the selection of
the optimal mix for lightweight architectural elements, which includes white cement, hol-
low glass microspheres, modifying additives, and dolomitic powder as a microfill. The pa-
per shows the results of microscopic analysis of the structure of the material.

A.A. VATAGIN, A.E. LEBEDEV, A.B. KAPRANOVA, 1.S. GUDANOV
LASER SCANNING TECHNOLOGY IN ASSESSING THE VOLUME OF BULK MA-
TERIALS WHEN EVALUATING THE VOLUMES OF BULK MATERIALS

Key words: bulk materials, construction, transportation, laser, scanning.

The article discusses the application of laser scanning technology to assess the volume
and mass of bulk materials, as well as the construction of the 3D models on the basis of da-
ta obtained. The developed device has practical application in construction. Bulk raw ma-
terials is a significant part of the costs of the enterprises and it is necessary to control its
volume for the efficient distribution. The required accuracy of volume determination de-
pends on the cost per unit volume of bulk material and can vary widely. The problem with
measurement is that the volume/mass of cargo is often falsified by freight forwarders and
shipping companies. In order to solve this problem it is necessary to develop a set of meth-
ods and special devices for rapid assessment of the volume of bulk materials carried in the
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car body before its unloading. It was found that customers of bulk materials such as gravel,
crushed stone, sand lose at least 16% of the cargo on average. This value is essential, since
the required accuracy of determining the volume depends on the cost per unit volume of
bulk material and can vary widely. The proposed method will help to make it 85% lower,
i.e. downto 2.2%

A.N. BLAZNOV, V.B. MARKIN, A.S. KROTOV, V.V. FIRSOV, N.V. BYCHIN,
Z.G. SAKOSHEV
BASALT PLASTIC PROPERTIES UNDER CLIMATIC AGING CONDITIONS

Key words: unidirectional basalt plastics, climatic aging, mechanical properties,
longitudinal bending, glass transition temperature, differential scanning calorime-
try, surface photomicrography, digital processing.

The paper presents results of climatic tests of unidirectional basalt plastics after curing
in GRONLAND climatic chamber at 60 °C and 100% humidity for 1, 2, and 3 months. The
mechanical properties do not change in the first month, but after the second and third
months of exposure elasticity modulo of samples increases by 6-10%, ultimate strain de-
creases by 5-7%, strength sees almost no change. The results of thermomechanical research
using differential scanning calorimetry show the gradual increase of temperature of glass
transition of samples from 124.4 °C (1 month) up to 125.8 °C (2 months) and 126.4 °C (3
months). It means that the binder is additionally polymerized in the temperature and hu-
midity conditions of the climatic chamber. After the digital processing of photomicro-
graphs of samples' surfaces, we have established a qualitative correlation between the
change in properties and the surface condition.

S.V.FEDOSOV, L. A. OPARINA, A.L. MAILYAN, A.B. PETRUHIN,
V.N. FEDOSEEV
RUSSIAN AND INTERNATIONAL EXPERIENCE IN SIMULATION
OF THE ORGANIZATIONAL AND TECHNOLOGICAL RELIABILITY OF MODERN
CONSTRUCTION PRODUCTION

Key words: construction, simulation, organizational and technological reliability,
construction operations, construction and installation works.

The paper argues that the problem of an increased efficiency of a construction produc-
tion company is important nowadays by simulating the organizational and technological
reliability of construction. An overview of Russian and international experience in solving
this problem is presented. The current state of theoretical elaboration of the topic and its
practical implementation are outlined in the paper. The main directions of further scien-
tific research are also defined. The authors base their approach on the simulation of the or-
ganizational and technological reliability of construction production as a complex system,
which should start with simulation of its subsystems such as construction and installation
works, since the reliability of the system depends on the reliability of its components. This
paper systematically reflects the modeling methods of construction and installation works
in order to improve the organizational and technological reliability of construction pro-
duction. The purpose of the article is the integrated presentation of methods for modeling
the organizational and technological reliability of construction, which are used at the cur-
rent stage of development of science of construction operations organization and the con-
struction science as a whole. The article is particularly useful to the readers interested in
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the use of economic-mathematical models and methods in modern construction operations
system, namely, to use models that account for different target criteria for the construc-
tions, including multi-directional and fuzzy.

G.V.PROVATOROVA
ENVIRONMENTAL ASPECTS OF BITUMEN MODIFICATION

Key words: bitumen, additives, PET, emulsion-mineral mixtures, bitumen-
mineral mixtures, modifier, plastic and polymer waste.

The paper reflects the relevance of recycled materials and various polymer waste, pro-
vides information on the amount of plastic waste and the main directions of recycling and
disposal. The paper outlines the ways to introduce additives in road bitumen during the
plastic waste recycling, both domestic and industrial production. The paper provides the
methods for bitumen modifications which becomes more resistant to aggressive environ-
mental conditions and obtains new improved properties such as a lower temperature of
embrittlement, a higher temperature of softening, and consequently, a higher resistance to
cracking and shear stability of asphalt concrete.

E.V. MITROFANOVA
DESIGN ISSUES FOR ECO-PARKS IN RUSSIA

Key words: eco-park, eco-village, national identity, visual ecology, wooden con-
structions, humanization of architecture, visually ecological forms, sustainable ar-
chitecture.

The paper considers a phenomenon that is becoming more and more entrenched in Rus-
sian society, namely, the desire for suburban life. For this paper, it does not mean the tradi-
tional cottage development in its different forms. On the contrary, it considers the creation
of eco-parks, eco-villages and eco-tourism centers, which have recently started to appear
across Russia.

Presented research is at an early stage and has a clear interdisciplinary character. It is
at the intersection of sociology, history, culture, architecture, construction technology, en-
gineering trends and environmental design.

The article identifies some promising directions of Russian and Western European archi-
tectural, technical, and figurative-symbolic trends in addressing practical design issues,
based on historical and cultural studies in different countries.

The author specifically notes wood as the most rational and at the same time traditional
material for the construction of load-bearing and enclosing structures, as well as decorative
and symbolic elements. But this practice will likely lead to similar and already existing
scenarios. But at the same time, international experience in this area shows various inno-
vative ways of creating volumes of buildings for suburban eco-life temporarily or perma-
nently.

The paper questions the architectural forms and technologies to be developed across Rus-
sia and its dependence on the specific place in terms of history and the surrounding land-
scape.

It is proposed to study the problem in depth to identify useful historical and theoretical
aspects and constructive and technical means, which will help to develop a methodology for
creating visually harmonious, aesthetically acceptable and rational options for the realiza-

72



TOM 2, BBIMYCK 1, 2021 | VOL. 2, ISSUE 1 YMHbBIE KOMNO3WTbI B CTPOUTE/IbCTBE
SMART COMPOSITE IN CONSTRUCTION

tion of countryside buildings and complexes on the territory of ecovillages, natural tourist
centers and eco-parks.

A.A. MEREKIN
ABOUT THE IDENTIFICATION AND SYSTEMATIZATION OF ARCHITECTURAL
PARASITES

Key words: parasitic architecture, parasitism in architecture, aesthetics of archi-
tecture, organic architecture, minimal spaces, prefabricated buildings.

A method that involves projecting the properties of organic parasites into the field of ar-
chitecture, thereby allowing the identification criteria of architectural parasites to be de-
termined, is considered in this article. The relations of architectural organisms are ana-
lyzed based on of the primary features of organic parasites, as a type of relationship be-
tween two organisms. The original system of identification and classification of architec-
tural parasites is presented. The conditions and restrictions in the application of this iden-
tification are defined. In the course of the analysis, the defining properties of the architec-
tural parasite were formulated, namely: dependency element — the parasite must be struc-
turally dependent on the host; reconstruction — the parasite and its host must have differ-
ent construction times and different authors; contrast — the parasite must be visually di-
verse from its host; volume proportion — the coefficient of the scale of parasite relative to
the host should be tend to a minimum. Ulteriorly these signs will help more clearly under-
stand the parasite-host relationship, determine the essence of architectural parasitism and
create a method, that would help to cut off «pseudoparasites». Systematizing features were
also formulated, some of which were borrowed from the field of biology. The data collection
on systematizing features is a prerequisite to the analysis of architectural parasitism from
the historical, urban-planning and architectural-compositional points of view in order to
predict the development prospects of the direction.
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NMHOOPMALIVIA IJI51 ABTOPOB

PeflakIiyisi CTPOro IpUAEPKUBAETCSI HOPM U IIPaBUJI MEXAYHAPOAHOU IMybIMKa-
IIMOHHOU 3TUKU.

IIpaBOBYIO OCHOBY OOecriedeHUsl IMyOIMKAIIMOHHON 3TUKU COCTABISIOT MEXAY-
HapoJHble CTaHAAPTHI: ouoxeHud Il BcemupHol koHDepeHIIM IO BOIIpOCaM CO-
Os0eHNS ZOOPOCOBECTHOCTY HAYYHBIX MCCIE0BaHUN, Ioa0XeHus KomuTeTa 1o
3TUKe HaydHBIX nyosukanuil (The Committee on Publication Ethics - COPE) u Hop-
MBI paszesna «KABTOPCKOe IIpaBo» I'pakAaHCKOro Kogekca PO.

IIpescTaBieHre CTAaThU B KypHAJ II0ZpasyMeBaeT cieAyloliee:

- paboTa He 6pLiIa OITy6IMKOBaHA paHee B JPYroOM KypHAJIE;

- He HaXOJUTCS Ha PaCCMOTPEHUU B IpyTOM JXypHaJe;

— BCe COABTOPBI COTJIACHBHI C IIyOIMKaLIel CTaThY;

- IIOJIy4eHO corjacue (B IBHOM WJIM HessBHOU (dopMe) opraHusaryii, B KOTOPOU
OBLIO IIPOBE/IEHO NCCIIEZ0OBAHUE.

IIpu mpeACcTaBlIeHUN PYKOIIUCHU B XKypPHAJI aBTOPHI JODKHBI YOeAUTHCS, YTO BCe
IIUTUPOBAHUSI 0GOPMJIEHB KOPPEKTHO, YKa3aHbl 3aMMCTBOBAHHbIE HCTOYHUKHU B
IOATIVCAX K PUCYHKAaM U HAANIWCAM Tabsmil, Ecau TakoBble He IPUBEJEHBI, ITpej-
II0JIATaeTCsl, YTO PUCYHKU U TaOJUIIBI IPeACTABISIOT COOOM IO aBTOPCKOM Jes-
TEeJBPHOCTH. PeJaKIIus OCYIIeCTBIsET IIPOBEPKY CTATEl HAa aHTUILIAruaT.

ABTOpPCKHe IIpaBa

ABTOpBI, HATIPABJISIOIIIE CBOU PAbOTHI B )KypHAJI, COIJIAIIAIOTCS CO CIeAYIOIINIM:

1.ABTOpHI COXPaHSIOT 32 COOOM aBTOPCKME IpaBa Ha pabOTy U MPeLOCTABISIIOT
’KypHaJIy IIpaBo MepBOM MyOJIMKaIU pabOoTHI.

2.ABTOpBI COXPAHSIOT IIPABO 3aKJII0YATh OT/EeNbHbIE KOHTPAKTHbIE JOTOBOPEH-
HOCTY, KacalIrecs He-9KCKI3NUBHOI'O PACIIPOCTPaHEHUSI BepCuU paboTeI
B OIyOJMKOBAaHHOM 3/leCh BHJe (HalpuMmep, pasMelleHUe ee B MHCTUTYT-
CKOM XpaHWJINIIe, MyOJIHUKAIVIO B KHUTE), CO CCHIIKOM Ha ee OPUTHHAIBHYIO
MyOJUKAIIUIO B 3TOM XKypHaJe.

IIpuBaTHOCTDH

VMeHa U afipeca 3JIeKTPOHHOU IIOYTHI, BBEZIeHHbIE Ha CaliTe 3TOTO KypHaJa, Oy-
ZyT UCII0JIb30BAHbI UCKJIIOYNTENBHO AJIS Ieseld, 0003HaYeHHBIX KyPHAJIOM; ZOCTYII
K HUM UHBIX JIUI] ¥ OpTraHU3aluU I JPYyTUX Lejell He IpeJoCcTaBaseTcs.

OCHOBHGBIE ITPABUJIA OPOPMJIEHVS CTATEN

B )xypHase «YMHBIe KOMIIO3UTHI B CTpouTeabcTBe» / «Smart Composite in Con-
struction» nmegaTaroTcsl pabOTHI IIperoaBaTesel U COTPYAHUKOB BBICIINX yIeOHbIX
saBegeHuli PO, PAH, PAACH, apyrux ucciaefoBaTeIbCKUX MOApaszeeHn, pabo-
TAalOIIHX B C(pepe IIPOMBINIJIEHHOTO U I'PAMJAHCKOTO CTPOUTEJIbCTBA U aPXUTEKTY-
PBL, B TOM 4Hcie B cTpaHax ctpad CHI' u 3a pybexxoM.
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PyOopuKH ;KypHaIa

05.23.01 CTpouTesnbHbBIE KOHCTPYKLWY, 34aHUSA U COOPYKEHUSA

05.23.05 CTpouTesbHBIE MAaTEPUAJIBL U U3 e

05.23.11 IIpoexTrpoOBaHYe U CTPOUTENbCTBO JOPOT, METPOIIOJINTEHOB

05.23.19 Dxosoru4yeckas 6e30IMacHOCTh CTPOUTETIBCTBA U TOPOACKOTO X031 CTBA

05.23.21 ApxuTeKTypa 3JaHUU U COOpy:KeHUU. TBopueckue KOHIIENIIUU apXu-
TeKTYPHOMU JlesITeJIbHOCTHU

CraTby, HampasBjsdeMble B KypHaJ, AO/LKHBI YAOBJIETBOPATH ClAeAYIOIIHM
TPpeOOBaAHUAM:

1. PaboTa Z0/DKHA COOTBETCTBOBATH IPOUIIIO KypHaIa, 00JajaTh aKTyaJbHO-
CTbI0, HOBU3HOW, UMeTh IIPUKJIAZHOE 3HaUeHre (V/UIU TeopeTHudecKoe 000CHOBA-
Hue). Borpoc 06 ony0IMKOBaHUU CTAThU, €€ OTKJIOHEHUU pellaeT peJaKI[OHHas
KOJLJIErUs XXypHasa, U ee pellleHNre ABI1eTCA OKOHYaTeIbHbIM.

2. CTaTbU AOJLKHBI IIPE/CTABIATD CKaTOe, KOHKPETHOE M3JI0KEeHMe IT0Jy4eHHbIX
aBTOPOM pe3yJbTAaTOB, Oe3 IOBTOPEHUS OAHUX U TeX K€ JJaHHBIX B TEKCTe, PUCYH-
Kax 1 TabJuIiax.

3. Bce mpeacTaBieHHbIE CTAThU JOJDKHBI OBITH IIOJATOTOBJIEHHI 12 KerJeM,
upudT Times New Roman, natepBai 1.1. Iloys: BepxHee U HUKHee — 3 CM, JIEBOE U
npasoe - 2.5 cM. A63anHbIi oTCTyI - 0,75 cM. O6'beM cTaThU — 6-15 CTPaHULI, BKIIO-
Yasl CIIMCOK JINTEPATyphl, TabauIlsl (He Gosiee 3, mupuHa 8 CM) U PUCYHKU (He 0o-
nee 5, 111 0630pHOY CTAaThU — He GoJiee 8, MUpPHHA 8 CM), B TOM YKCJIe IOMEYeHHbIe
OykBaMu a, 6 u T.A. Pucynku odopmisaioTcs 6e3 paMOK U pasMeInaroTcs, KaK U
IOATIMCY K HUM, TaOJIWIBl M 3aTOJIOBKU K HUM, IIPUMEYaHUs, CTPOTO II0 TEKCTY
crtaThu. B paszen «O030pHBIE CTATHU» MPUHUMAIOTCS MaTePUaIbl 00bEeMOM OT 25
710 30 cTpaHuIL,.

4. TIpu odopmIeHUM CTAaTbU PEKOMEHAyeTcs n3beraTh ymoTpebIeHUs JTI0OBIX
COKpallleHUIi, KpoMe OOIIenpuHATHIX. [Ip1 IepBOM YIIOMHUHAHUM COKPAIEeHHOTO
TepMUHa 00s3aTeJIbHO IPUBOAUTCS ero paciudpoBKa B IIOTHOM Buze. Pykormmc-
Hble BCTAaBKU He ZonyckaooTcsa. KaBpraky obopMIIsioTes: e109Koi. TeKeT HabupaeT-
cs1 6e3 HyMepalyu CTPaHuUll.

CTpyKTypa cTaThu

Ha mepBoIi cTpaHUIle PYKOIIMCU CJI€Ba ITPOCTABISIETCS UHAEKC II0 YHUBePCab-
HOU gecsatudHoN kinaccupuranuu (VIK, mpudt 10 T, npsamoii, Verdana, 6e3 oT-
cryna. I[Tocne YK mpomyckaeTcsl CTPOKa, JaeTcss HaMeHOBaHMe PaboThI 10 IieH-
Tpy (mwpudT 12 0T, NPSIMOH, MOMYXKUPHBIH, Bce OYKBBI MPONUCHBIE, HIPUDT
Verdana). Huxe 110 IeHTPY — MHUIUAJBI, PaMUINsg aBTOPOB (LIpU@T 11 IIT, KYypPCUB,
Verdana, nonyxupHsii). [Tocie daMuInii aBTOPOB YKa3bIBAIOTCS UX MECTO PabOTHI:
IoZipaszieleHre 1 Ha3BaHMe OpraHu3alluM, MOYTOBBIN ajpec (mpudt 10 0T, Kyp-
cuB, Verdana). OTZenbHOM CTPOKOIM yKasbIBaeTCs 3JIEKTPOHHBIM aZjpec aBTOPOB
(kypcuB). Janee uepe3 mHTepBaa (1 cTpoka) pasMmemaercsa aHHoTanus (150-200
CJIOB, BBIpaBHUBAaHUeE I10 IINPHUHe, pasMep mpudTa 10 0T, KypcHUB, OTCTYII CleBa
0.75 cm, mipudt Times New Roman). Ilocsie anHOTanuu 1 uHTepBaia (1 cTpoka) mo-
JYXUPHBIM IpudTOM KypcuBOM Habupaetcs Kaouesvle c106a 1 IPUBOAAT IIPUP-
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ToM Times New Roman pazmepoM 10 riT 5-8 c1oBOCOYETaHUH (HE KypPCUB), 6€3 TOUKHU
B KOHIIE.

3aTeM cieflyeT TeKCT CTaTbM, B KOTOPOM Yepe3 MHTEePBaJl BbIAENAI0TCA Pas/ielbl:
BBezieHMe, DKCIIePUMEHTAIbHAS YaCTh, Pe3yIbTaThl U UX 00CyXzZeHue, BoIBObI (B
0030pHOI cTaThe BBIJENAIOTCS BBeZeHUe, Ha3BaHUA IO Pa3ZiesloB KypCUBOM, BeI-
BozbI). CTaThsl 3aKaHUYMBaeTCsI paszesoM JluTeparypa. OnTUMaJbHOE KOJINYECTBO
IIUTUPOBAHHBIX ICTOYHUKOB OT 15 710 20, KeJiaTeJbHO BKIIOYUTH He MeHee 3 paboT,
BXOZASIINX B 6236l WoS/Scopus. B 0630pHBEIX paboTax NpUHMUMAIOTCS CCBIIKY Ha 50-
80 ncTOYHUKOB. IloZ CIMCKOM JIMTEPaTyPHBIX NCTOYHUKOB Yepe3 MHTEePBaJl CleBa
KypPCUBOM IIPUBOJATCA cjaoBa: Ilocmynuaa 6 pedaxkyutwo, Ha cleAylollell CTpOKe:
IIpunama k onyb6AUKO8AHUIO.

5. B agpec pezakuuu, KpoMme 3J€KTPOHHOI'O BapUaHTa, HAIPABIAIT 1 3K3eM-
IUIAP CTAaThbU B pacliedaTaHHOM BU/JE C IIOAIKUCAMU BCEX aBTOPOB IIOCe CJIOB IIpu-
HAMA K ony6AUK08AHUIO.

dopmar

Pejakuys MpUHUMAaET TEKCTHl, COXpaHeHHBle B IporpaMMe Microsoft Word B
dopmarax .doc mau .docx. MaTepuansl, He COOTBETCTBYIOILINE BBIIIEYKA3AHHBIM
TpebOBaHMAM, HE paCCMATPUBAIOTCS.

OdopmiieHHEe IUTEPATYPHBIX CCHIIOK

Bce pycCKOs3BIYHBIE JUTEPATYPHbIE MCTOYHUKY JOJ/DKHBI OBITH YKa3aHBI HA aH-
TJIMHCKOM $I3BIKe. VI3aHus, KOTOpble He IIepeBOASTCs, HeoOX0AMMO YKas3aTb
TPaHCIUTEparell B COOTBETCTBUU C OOIIENIPUHATHIMU MEXAYHAPOAHBIMU IIPABU-
JaMy, B KOHIle KaKJOIO TaKOro HCTOYHHKA JOJDKHA CTOATh IIoMeTKa (in
Russian) (cm. http://www.cas.org/expertise/cascontent/caplus/corejournals.html).

151 )KypHaJIBHOM CTAaThU [JOJDKHBI OBITh YKa3aHbl (paMUINHM Y WHUIVAIBI BCEX
aBTOPOB, Ha3BaHUeE CTAaTbU, COKpallleHHOe Ha3BaHMe KXypHaJa, rojJi, HoMep TOMa,
HOMEp WJIN BBINYCK, Auanas3oH crpaHul] u DOI (mpu Hanuuwmm), HanpuMep, DOI:
10.6060/2012.01.01.

CCBUIKH HA CTAThU M3 HHOCTPAHHBIX NICTOYHUKOB:

1 damuaua H.0. (amrn), 2 damuaua HN.0. (anrn.) HasBaHue cTaTbhu
(anru.). Hazsanue xypuana (avea.). Tom. Tom (V). Homep (N). luamasoH CTpaHUI]
(naripumep, P. 465-472). DOI (mampumep, DOI: 10.13655/1.6.1234567).

CCBUIKY HA CTAaThU HA PYCCKOM fA3bIKe [[IepeBoj, Ha aHIINHCKUM]:

1 ®amuma 1N.0., 2 ®amuiana NU.0. HasBanue cratvu. Haseanue xypraaa. I'op,.
Tom. Homep. Jlnanaszon ctpanu,. [1 Familia I.O., 2 Familia I.0. I[TepeBoz Ha3BaHUs
cratpu. OduyuanvHoe HazeaHue HA aHeAulickom a3vike/Tpancaumepauus HA38AHUS
acypHana. Tox. Tom (V). Homep (N). JuamaszoH cTpaHull, Hanpumep: P. 17-23 (in
Russian)].

CcpuUIKYU HA MOHOTrpad 1y Ha THOCTPAHHOM A3BIKeE:

1 damuausa U.0. (aHra.), 2 damuaua U.0. (anrin.) HassaHue kHueu (avea.). Ho-
Mep nepeusganusd. l'opoz (anru.): UszatenbcTBo (aHri.). I'og. O6mee grcio cTpa-
Hu1 (Hanpumep: 372 p.)

CchUIKHM HA MOHOTrpaduu Ha PyCCKOM s3bIKe [IIepeBoJ Ha aHTINHCKU]:
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1 ®amunus 1.0., 2 Pamunusa U.0. Hazsanue monoepaduu. I'opoa: M3gaTenbcTBo.
Tox. OGmiee umciao crpanul] (Hampumep: 456 c¢.) [1 Familia I1.0., 2 Familia
1.0. ITepesod HazsaHus moHoepaduu Ha aHea. a3bik. Gorod: Izdatelstvo. God. 456 p. (in
Russian)].

CChUIKY HAa MHTEpPHeT-PecypcChl:

HasBaHue MaTepuasna Ha caiiTe [caiiT]. HasBaHue caiita; 2016 [06HOBIEeHO 19 OK-
T6ps 2016; mporuTrpoBano 30 okTa6ps 2016]. JoctymHo: http://www.example.ru

IIpuMeps! 0(popMIIeHHA CCBIOK HA TUTepaTypHble HCTOYHUKU

JIuteparypa

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

2. PasroBopos I1.B., CutanoB C.B., Ko310B B.A. VI3yueHne B3aMO/|eliCTBUS He-
KOTOPBIX 3aTPABOYHBIX MATEPUAJIOB U CIOXKHO3I(DUPHOU COCTABASIOIIEN BOCKOIIO-
ZMOOHBIX BellecTB. [36. 8y308. Xumus u xum. mexHosozus. 2002, T. 45. Boim. 1. C. 34-
37.

3. Pasrosopos IL.B., CutanoB C.B. Dkclpecc-aHaIu3 BOCKOB B PaCTUTEIbHBIX
MacJsax. Macaoxcup. npom-cme. 2009. Ne 3. C. 21-23.

4. PasroBopos II.B., TopmkoB B.K. TexHosornueckoe o60pyzoBaHVe OTPACIIH:
pacyeTsl B MAaCJOXUPOBBIX ITPOU3BOJACTBAX: yuyeb. mocobue. MIBaHOBO: VBaH. roc.
XUM.-TeXHOJI. YH-T. 2009. 48 c.
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