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SMART COMPOSITE IN CONSTRUCTION

OBPAIITEHIE PYKOBOIHUTEJIA APOCJIABCKOI'O
I'OCYZJAPCTBEHHOI'O TEXHHYECKOI'O YHUBEPCUTETA K
YUTATEIAM

Yeascaemeoie konnezu!

ITo3dpasasaro ¢ 6b1X000M 8 ceem MNepeo20 HoOMepa HCypHaaa <YMHble
KOMMno3umot 8 cmpoumeancinee»!

H3yyeHue 60NpPOCO8 NOGLIUEHUA Kadecmea CHmpoumenvHulX pabom,
YAyHWeHUs 20podcKoil cpedol, pa3pabomKu CO8pemMeHHbIX N00X0008 K CO30aHUI0
2PaNCOaAHCKUX U NPOMDBUUACHHBIX 00BEKMOo8 — HACYujHOe MmpedosaHue epemeHuU.
Yeepena, 4wmo 6vtx00 usdanusn cmanei adekeamHuoviM OMMeernom Ha maxue 3anpocot
U 3HAKOBLIM COObimMueM 6 HAYYHOM Mupe, 3aHAMOM UCCAC008AHUAMU
CMpOoUmMeabHbIX MAmMepuanos U mexHoA02Uil, apXumeKkmypol u 2padooopa3oeanust.

Boipascato nadexcdy, 4mo HypHaa <YMHble KOMNO3UMblL 8 CIMPOUNeabCinge»
00BeduHum ycuausa cneyuaucinos CmpoumeavHoll u apxumexknypuoii wkoa ArTY,
eedywux y4eHnolx Poccuiickoii Akademuu apxumeKkmypol U CIMpoUumeavHbviX HayK,
3aHumanwuxca papabomkoil HOBbIX MexHO0A02Ull, Ko0.4/1e2, NpedcmasaAluux
dpyzue poccuiickue akademuu u yHugepcuimemeol, u IKCnepmoe u3 opy2ux Cmpat.

Mot 20moevt cmame naowjadkoii 0O6MeHA MHEHUAMU U JeMOHCmpayuu
Ay4HWuUX UHHOBAUUIL.

Mot omkpoimel k compydnuvecmay!

JKenalo HOBOMY HAYYHOMY U30AHUI0O NPOYBEMAHUA, )CNEX08, HOBLIX
omxkpuumuii u ceeputeHuil!

H.o. pekmopa v Eaena Cmenanoea
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OBPAIIJEHNE ITEIIAPTAMEHTA CTPOUTE/IBCTBA
APOCJIABCKOU OBJIACTU K YUTATE/IAM

Yeaxncaemote vumameau!

Bavicneilweil cocmagaaiowell, n03604ai0uell YCneuwHo peuams e0npocul no
HAYUOHAALHBIX NPOEeKMam, ABAAEMCA BblCMpAusAHUe UemKOll 63aumoceasu
Mexncdy yueHbimMu U npakmukamu. IIpakmuko-opueHmuposanHvlii n00x00
noseoaum onpedeaume nepcneKmueHvle B6eKMOopbl paszeumus CO8pPeMeHHO20
cmpoumeavcmea, yCHMaHoBUMb noJe3Hble KOHMakmot medxcdy napmuepamu, a
2/1a8HO€ — KA4eCMBeHHO NOBLICUIMb YPOBeHb N0020MOBKU OYdyuux cneyuaucnos.
HecomHeHHO, HOBble MeEXHO0.102ul 00 CHbL ONEpamueHo 8HedpAmMbCA 8 paboniy
CmpoumenvHblX Op2aHuU3auyuil u npednpuamuil, a Cneyuaaucmel - ymemo
MakcumaavHo 3pgekmueno npumename ux 6 pabome. HUMEHHO npu maxkom
e83aumoobmene ece 3ada4u, nNocmMaes.1eHHovle neped HAMU 8 pAMKAX HAYUOHAAbHLIX
npoexmos, 6ydym Ka1ecmeeHHO peaau3o8ansl.

Baazodapa HoBOMY KHCYpHAAY <YMHble KOMNO3UmMbL 8 Cmpoumeavcmee» y
pabomuukoe cmpoumeavHoil ompacau u apxumexkmopoe Apocaasckoili u dpyaux
obaacmeit Poccuu, npenodasameaneii, HAY4HbIX PpPAOGOMHUKO8 U CHYOeHMO8
npoguavHbLIX 8Y308 KAK 8 Haweil cmpaHe, maxk u 3a py6eicom noaeAAemc:
803MOXMCHOCMb Y3HAMbL O NOCACOHUX OJOCMuUdCeHUAX 8 obaacmu co30aHus
cmpoiimamepuanos, mexHoaA02ull, UHHCEHEePHbIX KOHCMpYKUUil, 00cydume HA e20
CMpaHuyax axKmyaavHovie mMmemMbl NPOEeKMuUpo8anus 30anuil, JaaHdwagpmuozo
Jdusaiina.

JKenaro koppecnondenmam HypHaaa HeEYCMAHHOZ0 MBOPHECKO20 NOUCKA,
YBEHUAHHO020 APKUM U KA4EeCMBEHHbIM pe3yabmamom! YeepeH, IHMy3uasm u eepa
8 ceou Cuavl NOMOZym HAM OCywecmeumsv 6ce NAaHbl, evleecmu cepot
cmpoumeasCmea u apxumexmyput Ha 60.1ee 8bLCOKUIL YPOBEHD.

Jupexmop denapmamenma cmpoumenvcmea
Apocaaeckoii ooracmu

Buxkmop Kyuxkoe
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OBPAIIJEHUE PEJJAKITMOHHOI'O COBETA K YUUTATEIAM

I1.b. Pa3zoeopos A.A. Uenamoves
C.B. ®edocos
3amecmumeansv " 3amecmumeans
TI'aaenulit pedakmop
2/1a8H020 pedakmopa 2/1a8H020 pedakmopa
Jopozue wumameau!

Ileped0 Bamu nepeovlii HOMeEpP HAYHHO-MEXHUYECKO20 MHCypHAAaA <YMHble
Komnosumost @ cmpoumeavcmee» / «Smart Composite in Construction». 5mo
HA36aHUE MNCYPHAA NOAYHUA 8 4eCmb OUHAMUYHO pa3eusawuyelica ompacau
mamepuanogedeHusn, u3y4aouell YyHuKaabHoe Ce0ICME0 «Namamiu» mamepua.nos
u ¢yHKyuoHanvbHbLIE UX B03MONCHOCMU, HepedKo evlxodaujue 3a pamku
mMpaouyuoOHHbIX.

Bcem Xopowio u3eecmuo, KAKUMu memnamiu ce200Hsa eo3pacmaiom 0d6semol
cmpoumeavcmea. dmo cmaesum neped HAY4YHbLIMU CO00UecMBamu  amouyUo3HbLe
3adaqu 8 wacmu paspabomku <«YMHGLIX» KOMNO3UMO8, CNOCOOHbLLX, C O00HOIL
CMOPOHBL, «CHUUMDBIBAMb» U3MEHEeHUA 6HellHell cpedvl, a ¢ Jdpy20il CMOPOHbLL -
001adarWux nNOBLIWEHHOU IKOHOMUHHOCMbIO. fApKum npumepom maxkux
KOMNO3UMmoe8 A8AAI0NMCA Npo3pa4Hble CAMOYNA0OMHAIOWUEC OemoHbl, KOomopoie
Haxodam ece 0oavWee pacnpocmpaHeHue 6 PpPAa3AUYHBLIX  OMPACAAX
npomoluli1eHHOCML.

Mpbt uckpenne Hadeemcs, 4mo HOBLLIL HYPHAA Halldem c80e20 0.1a200apH020
yumameansn, OKad3cemcsa NONe3HbLIM He MOAbKO aKademuvecKum pabomHuxkam
YHueepcumemos, HO U 0ydem NONYAAPHbLIM Cpedu NPAKMUKOE NPOMbGLULIEHHBLX
npednpuamuil, UH}CEHEPHO-CMPOUMENbHBIX U APXUMEKMYPHLIX OP2AHU3AUUIL.

akademuxk PAACH, d.m.H., npogpeccop Cepzeii dedocoe

K.Mm.H., douenm Aaekceii Uecnamvoes

0.m.H., npogpeccop Ilasea Pazzo60pos
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B 0630pe Ha OCHOBAHUU aHAAU3A AUMEPAMYPHBLX pabom omeuecmEeHHbLLX U 3ApYOeHHbLY
YUEeHBX U IKCNePUMEHMAAbHBLX A8MOPCKUX UCCAeJ08AHUIL PUIUKO-XUMUUECKUX CB0ILLCME
npupodnoeo AaAOMOCUAUKAMHOZ0 Cblpbsi U 0MEAA08 CMPOUNMEAbCMEd MeMPONnoAUNMeHd
Mockesl ycmauogaeHO, WMO makue Mamepudav. nocie npokaiuganus do 350-400 °C u
MOoOuUdUUUpOBAHUSL MO2YTM UCTIOALI0BAMBCA 8 KAUeCmee KOMNO3UYUOHHLLX copbenmos 041
ouucmku macaocodepiawux cped. AKMUBHOCMbL MAMepuanos onpededsiom pasmepom
uacmuy, NOpuUCmMocmsvio U pacnpedeseHem nop no 06semy, KOHyeHmpayuel Had NOBEPXHO-
cmu JdonoanumenvHbuix yYenmpos Jviouca u Bpencmeda 6 pe3yavmame KUCAOMHO-
wenouHol obpabomku. Takue yenmpul no3goaam copbupogams npumec 800HLLX UL MdC-
nocodepxmawux cped 8 3a8UCUMOCMU OM NOAAPHOCMU MOAeKYA adcopbama. BuisgaeHuvl
nepcnexkmueHble HANPABAEHUS OMeuecmEeHHblX U MUPOBLLX pa3pabomok, C8A3AHHBLX C
noayueHuem KOMMO3UYUOHHBLX COpbeHmo8 mnymem MeXaHOXUuMuueckoi obpabomku
ANOMOCUAUKAMHOZ0 CbLPbA U CMPOUMEAbHBLX eAUHUCMBLX 0MX0008, A MAK#e ¢ UCNOAb3O-
8aHUeM KOMNO3UMO8 C 8KAIOUEHUEeM AKMUBUPOBAHHO020 OpedecH0z0 yeas. OmdeavHo pac-
cmampueaemcs 60NpOC NpumeHeHUS IKCMPYOUPOBAHHLLX KOMNO3UMO8 045 YNPOUeHUS
MeXHO0A02UYeCK020 YUKAA OHUCMKU Mmacaocodeprcawux cped. ITokazano, umo pezceHepu-
pyrowas cnocobHocms noayuaemulx copbenmos 60 MHozoM onpedensemcs Npucymcmaeyio-
WUMU 8 HUX WeAOUHbIMU acenmamu. IIpedaaezaemcs nepeuenHv QuUIUKO-XUMUUECKUX Me-
modo8 KOMNAEKCHO20 UccAed08aRHUs Kavecmea ouucmku cped nocae ocyujecmenetus KOH-
maxkma u nocaedyioujezo pazdesenus ¢as nymem puasempayuu.

Knawuesvie canoea: npupodnoe arioMOCUAUKAMHOE Cblpbe; 0MEAAb. CMPOUMEAbCMEa Mem-
ponoaumena; moduduyupoganue; KOMNOIUYUOHHbBLE COPOEHMbL; MOHMMOPUAAOHUM, KAO-
AUHUM; 8600Hble U MAcCAOCOOepicaujlie cpedbl
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The study establishes that natural raw aluminosilicate and dumps from Moscow subway
construction can be used as composite sorbents for treatment of oil containing media after
calcination to 350-400 °C and further modification. To do this, we have analyzed the
works of Russian and foreign scientists and authors’ experimental studies of physical and
chemical properties of these materials. The activity of materials is determined by particle
size, porosity, and pore volume distribution, as well as concentration of additional Lewis
and Bronsted centers on the sur-face as a result of acid-alkali treatment. These centers
can be used to sorb impurities in aqueous and oily media depending on the polarity of the
adsorbate molecules. The study revealed promising directions of research into obtaining
composite sorbents by treating raw aluminosilicate raw materials and construction clay
waste mechanically and chemically as well as using composites with activated charcoal.
The study also elaborates on using extruded composites to simplify technological cycle of
purification of oil-containing media. It shows that the regenerating ability of the ob-
tained sorbents is determined in many respects by the alkaline agents present in them. It
also includes a list of physical-chemical methods for complex research of media purifica-
tion quality after contact and subsequent separation of the phases by filtration.

Key words: natural aluminosilicate raw materials, underground construction dumps,
modification, composite sorbents, montmorillonite, kaolinite, water and oil-containing
media
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BBEJEHUE

IIpupodroe antomocuaukamuoe coipve (IIAC) Poccuu, npume-
Hslemoe 0as owucmku 8o0Hwlx (BC) u macaocodepycaujux cped
(MC) om npumeceil — 80CKO8bLX, NepeKUCHbIX COeOUHeHUTL U Jp.
[1-3], xapaxmepugyemcs pasHopoOHOCTIbI0 PUSUKO-XUMUHECKUX
ceoticma. Caedyem makse ommemuma, umo nodoop ITAC nped-
1n04d2aem UCNOAb308aHUe CNEeYUAAbH020 000pydosanus [4] u
npuMeHerue ULLPOKO2O CTeKMpd COBPEMEHHbLX Memo0o8 ucc/e-
dosanus - UK u pK cnexmpockonuu, cnekmpogomomempuu,
peHmeenogas306020 1 OUCNEPCUOHHO20 AHAAU3A, POMAYUOHHOLL
suckosumempuu [5]. Jas peutenus npobiembl 4acmo UCNOAb-
sytom sapybexcuvle ananoeu (Tonsil, Engelhard u dp.), omau-
uanouuecs Masblm pasbpocom no OUCnepcHoCmU Yacmuy, ooHa-
KO 8vlcokoll cmoumocmuio (1-2 moic. doa./m). B amoil cessu
TepcnekmueHblM HANpag/aeHuem npedcmasasemcs Nouck Hede-
uyUMHO20 ANIOMOCUAUKATIIHOZO CbLPbsl C PASAULHOTL 2AYOUHOT
3asezanus Ha meppumopuu Poccuu, Komopoe MONHO nepepa-
bomame 6 komnosuyuoHHvle copbenmet (KC) ¢ Heboavwumu
sampamamu. ITo Hawum OarHbIM [6], XOpoulue pe3yAbmarnbvl
Jdocmuzarmes npu UCNOAb308AHUL C YKAAHHOU 1eAbl0 0MmXxo-
Jdog cmpoumenvcmea Memponoaumena Mockebl — MOHMMO-
puanonum  (MM)-co0epycawux — (eonyboit) [6],  Fe(IIl)-
codepacawjux (po3oeoil), Fe(II)-codepacawjux (3enenoil) u eud-
pocaoducmulx (wepHoll) NOPOULKOBbIX 2/AUH, TPed8apumenvHo
NPOKA/NEHHDBLX, OMMYHEHHbLX UL NPOCESHHIX C 8bl0eseHUeM Ha-
cmuy, pasmepom 5-20 Mkm. Ommemum, 4wmo 045 NOBbLULEHUS
copbyUOHHOTL akmusHocmi n00006H020 Cblpbs 3AHACTYI0 €20
Heobx00UMO XUMUYeCKU MOOUPUUUPO8AMb UAL AKIMUSUPO-
samv [7]; npu 3Imom Munogoil MexHoA0ZUHeCKUIL Mpoyecc
npedycmampugaenm UCNoAb3osanue 04s MOOUPUYUPOBAHUSL
MUHEPANLHBIX KUCAOM, 6bl3bl6AloWUX paspyuleHue KapKaca
nopodoobpasyowux munepanros. Takum obpasom, npedaazae-
Mulil 1100x00 3aKAI04AEMCA 8 3ameHe MPAOUYUOHHbIX beHmo-
Humoe (nopodoobpasyowuil MuHepas - MOHMMOPUALOHUM,
3anacet 8 Poccuu - 111 MAH. MOHK) 04 OHUCTKU YKA3AHHbLX
cped Ha 6osee Oeiuegble — OMX00bL CPOUMENLCNEBA MENPOTO-
AumeHa, noodeepeHymble BLLULEYKA3AHHOU MeXHOA0eU1ecKOl
obpabomxe.

B xauecmege modugpuuyupyroueii 006a8Kl MOMHO UCNOALIO-
6aMb pacmeopsl OpeaHUHecKUx kucaom (Uagenesoll, AHMap-
HOL, YKCYCHOIL), He 6bl3bleaioujlle CUAbHO20 DA3PYULEHUS 6e-
wecme ITAC. B amom cayuae 045 06pa308anus Ha 10BEPXHOCTIL
KOMNO3UYUOHHbLX copbenmog (KC) donoaHumenvHulx axkmue-
HBIX YeHmpoe UenecoobpasHo makdce nodobpame Hededuuyum-
Hbll  WeAOYHOU  AKMUBUPYIOWULL  azeHm 8  HAYYHO-
000CH0BAHHOTL KOHYeHmpayuu. Dmo obecnewum peuieHue ak-
myanvroil 3a0a4i NOAY4eHUs Me30NOPUCTIIbLIX MAMepuaos,
CTOCOOHBIX U36/1eKAMb MMe UAL UHble NPUMeCHble UHZpeOUeH bl
u3 BC u MC u dobusamucs Heobxodumoil cmeneru ovucmku. Ha
0CHOBE MAK020 CbLPbS MOKHCHO pa3pabamuleams u IpdexmusHuie
cmpoumenvhble Kpacki 04 3auumul MUHepanbHulx (bemoH,
acboyemenm, Kupnuu) u memannuveckux nogepxrocmeti [8]. C
UeNbl0 YCMAHO08AeHUS 8AUAHUA KUCAOMHO-UeA04HOl Modudu-
Kayuu HedeUuyumHo20 AA0MOCUAUKAMHOZ0 Cblpbs HA IPgek-
mugHocmb e2o nepepabomku 8 KC u 3aujummsle cmpoumenvtole
KOMNO3UMbL, B0-NEPBbIX, BAHCHO 06PAMUML SHUMAHUE HA XU-
muueckuil cocmas u cmpykmypy ITAC, obecnewusaiowyux ux
nompebumenvckue Bo-gmopblx,  yenecoobpasuo
060cH08aMb NOCA00BAMENLHOCTIL TMEXHON02UHECKUX NPUEMO8

ceoticmed.
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nepepabomku ITAC. B-mpemvux, Heo0X00UMO 8bi8UMb OCHOB8-
Hble 803MOdCHOCMUL pezeHepayuu ceoticme KC nocae ompabom-
KU 8 MeXHO/A02UHECKOM YUK/e.

Hacmoswas 0630pras paboma nocesuena usy4eHuio u and-
AU3Y IMUX 601POCOB.

XVMMUYECKHUM COCTAB 1 CTPYKTYPA

IPUPOJHOI'O ATIOMOCHUJIHUKATHOI'O

CHIPhS B KOHTEKCTE OBECIIEYEHHA
COPBIIMOHHBIX CBOHUCTB

VHukanvryio gusuxo-xumuyeckyio akmugrocmos IIAC obecne-
4ueaiwm nosepxHocmHule eudpokcuavivle (Si-OH, Al-OH, Fe-
OH, Mg-OH), mocmuxkosvie Si-O(H”-Al u dp. epynnul kucaom-
HO020 UL OCHOSHO20 XApaKmepd, NOAAPU306AHHblLE MO/EKYAbL
800bL (yenmpol Bpencmeda), KoOpOUHALUOHHO-HEHACHLULEHHbLE
kamuonvl AI*, Fe?'/Fe®, nosepxnocmmule anuoHbl Kucaopoda
(yenmpor Jviouca), a maxdce Oegpexmul cmpykmypul (pebpa,
epamu, ckoawt) [9]. Ocoboe 6HUMAHUE 6 U3YHeHUL COPOYLLOHHBLX
ceoticme ITAC ydeastom eausnuio pH, memnepamype U KOH-
yenmpayuu meepdoil ¢asv. 6 obpabamvieaemvix BC u MC.
Hseecmmo [10], wmo 3emHas xopa 6o1ee wem Ha ¥4 cocmoum u3
CUAUKAMHBLX NOpo0d, 8 MeHbluell cmenenu — u3 Juokcuda Kpem-
Hua (Si02) U pa3AUMHBLX 2AUHUCTIBLX MUHEPAA08, OMAUHAIO-
UWUXCA XUMUHECKUM cOCmasom U cmpykmypoil. Cpedu enunu-
cMulx MuMepanos Haubosee pacnpocmpatens. MM, kaoauHu-
mul U eudpocaodsl (unaumet). OHU pasAULAIOMCS CMpoeHUeM
KPUCMAAAUMECKOTL peulemK, Noamomy ux copoylloHHble C80li-
CTMea npoasAAIoOmCa no-pasHomy. B sasucumocmu om paiiona
pacnonodcenus U enybumsl 3aneeanus. cocmasvt IIAC cyuje-
CIMEEHHO 8apbUpyIomcs, 8caedcmeue Heeo 044 ux udeHmuguka-
yuu Heobxo0umo nposodumv MIYAMEAbHbLL XUMUYeCKUD U
MUHEPAN02UHeCKUL AHAAUSIbL.

Colpre, gkaloHaioujee KAOAUHUM, UMeenl KOHMUHEeHMANbHOe
npoucxodxcerue (2AUHbL KOpbL 6blEEMPUBAHUSA, O03epHble, 60-
/I0MHble, pedHble) U 00pa3yIomcs, KaK npasuio, 8 KUcaoii cpede.
Tudpocnoducmule mamepuanvl moeym Obime U KOHMUHEH-
MAAbHLIML, U  MOPCKUMU,  (QopmUpyembiMl 8  KUCAOL,
HellmpaavHoll U wenaouHoll cpedax. MM-cuipve umeenm mMopckoe
npoucxodxcerue u 06pazyemcs NpeumMyuLecmneeHHo 8 WeAouHOL
cpede [11].0cnosy cmpykmypol ITAC 80 8cex caywasx cocmag-
A510m Mempasdputeckile KpemHeKUCAOpOOHble U OKMmasdpute-
CKUe ant0MOKUCA0POOHO-2UOpOKCUAbHbLe cemKu. OHu 00pasyiom
o0HoamadxcHulil (00Ha okmasdpudeckas cemxa), a npu coeduHe-
Huw dpye ¢ Opyeom — 08yxamascHulil (mempasdpuyeckas U ok-
mas0puyeckas Cemxi,) U mpexamaxcHulil caou (mempasdpude-
ckasa u dse okmaadpudeckue cemxu). Y pasauunoeo IIAC caou
umetom Heodunaxoeoe cmpoenue. Haubosee npocmole Kpu-
CManAuMecKue peulemxu Xapakmepusyom epynmny KaoAuHumd.
Pacnpocmpanennbimi MUHepasamu 6 Imoil epynne vlcmyna-
tom kaoaunum Alx03-25102-H20 u eannyasum. Kascouiii nakem
pewemku kaoauruma (puc. 1,a) exawouaem dea cA0s U cocmo-
um u3 mempasdpueckoil U OKmMadIoOpuU1ecKoll cemokx, oepaHu-
ueHHbLX 08YMS NAPANNEALHBIMU OA3ANLHOLMU TOBEPXHOCTNAMU
[11, 12].

Ha 00Ho1l nogepxHOCMU KAOAUHUMA PACNOAAZAIOMCSL 2UOPOK-
cunvHele (OH-) epynnul, Ha Opyeoil — amomul Kucaopoda, no-
amomy 6a3anvHble NOBEPXHOCMU NAKemd KAOAUHUMA 2udpo-
Xumuuecku pazaudnvl. Ilakem kaoaunuma o6uiMHO Hellimpa-
/leH.
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Ce536 Mexc0y cA0AMU 06YCcA08AeHA 83aumodelicnauem mexncdy
OH-epynnamu u amomamu kucaopoda (8000opodHas cea3b).
Takas sce 8000po0HAs C853b CKpenasem OmOeAbHble naxemul
Mmexncdy coboii; 9Hepeus cea3u cocmagasem 34-42 klw/monv, a
Mmedcnaockocmuoe paccmoanue — 0,71 um. H3-3a yxecmkux cés-
3eil gHympeHHUe 6a3aAbHble TOSEPXHOCTL NAKENO8 PellemKi
He moeym e3aumodeticmgeosams ¢ BC u npunumams yuacmiue 8
O0OMEHHBLYX PeaKyUsLX.

Brewnue 6azanvhble n06ePXHOCU MALOAKMUBHDL, 6 OMAL-
Ylle 0M Kpaesulx y1acmKos8 Kpucmaniog 8 Mecmax HapyuleHut,
ck0108 U Jepexmog [11].

Puc. 1. CpasHerue cmpykmypul KaoAuHuma (a), MOHMMOpuL-

aonuma (b) u eudpocaiodet (c):
1-0;2-0H; 3-Si;4,5-Al; 6 - Al, Mg; 7 - K; 8 - mesxcna-

KemHoe paccmosiiue, HM [11]

Fig. 1. Comparison of the structure of kaolinite (a), montmoril-
lonite (b) and hydromica (c):

1-0; 2-0H; 3-Si; 4, 5-Al; 6 -Al, Mg; 7 -K; 8 - interpacket

distance, nm [11]

Beicokue nokasamenu adcopOyuu pasiudMblX Beujecms u3
pacmeopos omaunaiom IIAC Ha ocrnose MM (puc. 1,b) [13].
Ecau cuipve codepaum no macce He menee 70 % muMepana
epynnet MM, ezo Hazviearom benmonumom. Taxue ITAC uepa-
101 3HAYUMYIO PONb 8 IKOHOMUHECKOM paseumuu cmpah [14,
15]. Kpome ouucmku BC u MC, e20 akmusHO UCNOAb3YIOM 8
cmpoumenvHoll uHdycmpuu 048 eudpou3oaayulL CoopyHceHUl,
npu 6ypenul Hegpmezaszogvlx ckeadcur (6yposvle pacmeopet), a
makdice 6 AumeilHoM npousgodcmee (PopmosouHvie cmecl),
memannypeuu (céazyoujie 048 npoussodcmea pyoHblX OKAMMbL-
weti). 3a nocnednue OecAmuaemus MUposoe NPoU3B00CIE0
benmonpodykmos 6ecoma GolCMpbLMU MeMNAMU PA3EUBAETICS. 8
Kumae, IToavwe, Unduu u Pecnybauxe Kopes [15]. Odnako u
Poccuiickas Pedepayus obnadaem 603MONHOCAMU Obecre-
UMb OMeweceerHyI0 IKOHOMUKY benmonpodykmamu mpeGy-
eM020 Kauecmea — nymem 6bla6/1eHUL HOBbLX MeCTOPOK#OeHUTL L
CO8EPULEHCITIB08AHUS TMEXHOA02ULL NepepabomKU Kak cpedHe-,
Max U HU3KOKAHeCMBeHHOo20 Coipbs. Ha Haw 632440, 00HUM U3
UCMOYHUKO8 MAK020 Cblpbsl, KAK YdHe ONMeUanoch, MOeym cay-
scums Hedepuyummuoe ITAC — omxodel cmpoumenvcmea cmam-
YUl MempOnoAUNeHa 8 KPYNHbIX 20p00ax CpaHbl.

Ymobbl NOHAMb NPULUHY YeHHOCMU OeHMOHUMA KaK mame-
puana 0as nepepabomku 6 KC, paccmompum cmpykmypy ezo
0CHOBH020 MuHepaaa - MM (cm. puc. 1,b) 6oaee nodpobro. Kak
8U0HO U3 puc. 2, 8 ocHoge MM sexcum mpexcaotinelil naxem
(2:1); 8 Hem 08a CN105L KPeMHeEKUCAOPOOHbLX Mempasdpos, obpa-
WeHHbIX sepuuuHamiL dpye k 0pyey, ¢ 08yX CIMOPOH NOKpbLeaiom
CAL0TL ANIOMO2UOPOKCUABHBIX 0KMAaddpos [16].
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o“fé'- ;{V}F’.

00 ©O0H @Al Fe,Mg oeSi yactuyno Al

Puc. 2. Kpucmaanudeckas cmpykmypa MOHIMMOPUAAOHUMA
[16]
Fig. 2. The crystal structure of montmorillonite [16]

Kucnopodnas 6asanvhas nogepxrocms 00H020 nakema 83au-
modelicmayem ¢ aHAN02UHHOTL N0BePXHOCTMbIO 3a cHem cua Ban-
Oep-Baanvca. Duepeus céasu cocmagasem 8-12 k/ls/monv (8 3-4
pasa meMbvlie, N0 CPABHEHUIO ¢ KaoAuHumom). B amoil cesasu
600a u Jp. noaspHsle HUOKOCMU MOZYM NPOHUKAMG MeNcOy
nakemamu MM u pasdsuzamv ux, wmo nposiasemcs 6 boaee
CUNbHOM Ha6yxanuu maxux IIAM,
6Nn.10Mb 00 paAcKoAA PeLLemKLL.

Mesxcnaockocmuoe paccmosnue 042 MM Hescecmkoe U 8apbli-
pyemca om 1,0 (cyxoe cocmosnue) do 14,0 Hm (pazobuyeHue
c/10e8 Npl CUALHOM 6000HACbIUjeHUL). B MM axmueHbl éHelu-
HlUe U 8HYMpeHHILe T08epXHOCMUL 6A3ANbHbIX 2patell, a makdice
Kpaeevle y1acmku, KaK Y KA0AUHUMA. B co8oKynHocmu axmue-
Has nosepxrocme MM-mamepuanog 20pa3do boavite, uem y
KAOAUHUMOBbLY, 4 eMKOCTb KAMUOHH020 00MeHa cocmasasiem
80-150 mmonv/100 2, mozda kak no danHeim [11], y kaoaunuma
OHa He npesviiaem 3-15 mmonw/100 e. B mempasdpuueckoil
cemke MM KpemHuil 3ameuyaemcs aitOMUHUEM U, B03MOINCHO,
docgopcodeprcauyumis coedunenusmu (conymemayloujue geije-
cmea evluleyka3antvlx cped). B okmasdpuueckoil cemke anio-
MUHUIL 3aMeULaemcs MazHueM, KHene30M, UUHKOM, HUKeaeM U
Op. NPUMECHBIMU MeMAnidML, KOMOpble SEASIOMCS pe3ynb-
Mamom HAKON/AeHUs 6 No46e U KOHMAKMA Colpbsl 6blULeYKA3AH-
Hblx cped ¢ memaanudeckum obopydosanuem. B pesyavmame
MAKUX USOMOPPHBLX 3aMeujeH ULl CHUNCATMCA NOAOHCUMENbHBLIL
3aps0 pewemKil, YpagHOBeUUBACMbLIL 0OMEHHBIMU KATNUOHAMU
npu adcopbyuu npumeceli ouulyaemulx cped mexncdy CA0SMU U
80kpye ux kpaeg. OcobenHOCMUL cocmasa U CIMPYKMYypbl MUHe-
Panos 3moti epynnsl 0mpaseHsl Ha puc. 3.

B epynny 2udpocaiod ¢ npomexcymouHoll naowadvio akmue-
HOll moeepxHocmu (Medxdy KaoauHumosuim u MM-coipvem)
6X004M UAAUM, 2AAYKOHUM, 2UJPOMYCKOBUM U Op.; NPl IMOM
nakem Kpucmaniudeckoil peulemxu, Ka3aaocv Obl, s6Asemcs
amanozom maxoeozo 0as MM (puc. 1,¢) [11]. OcrosHoe omau-
4le 3aKAI01UAeMCs 8 MOM, IO 6 MEHNAKEMHOM CA0e NPUCYM-
CMEYyIom UOHLL KaAus, obecnedugaioujiie IMOLL pellenke npoy-
Hocmb. YV 2udpocaiod axmueHwl 8HewlHlUe mnosepxHocmu ba-
3a4bHLIX epaMell U Kpaesble YHACMKL, 4 6HYMpeHHUe n08epx-
HOCTU He akmueHul. IIpu peakyuu 0OMeHA KAMUOHBL 6cmyna-
1011 8 XUMUHECKYIO C6513b C MOeKYAaMU meepdoil Pasbl, nepexo-
04 6 cOCMA8 KPUCTANAUYECKOTL pelemKiL.

KAk KaoAuHUMmMoswslxX,
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Meanaxersoe paccTosinue ne B rerpasipuyieckiy cerkax:
SIBISETCS ACCTRUM H MOKET Al
MEHSITHCS Si
P
B okra)ipuyiecku cerkax:
AKTHBHBIMI SBJSIOTCH 1 BHEUIHHE, 0
BHYTPEHHHE 10BEPXHOCTH Ga3aIbHbIX Al—Mg; Fe— Zn; = Ni u
rpaneii, 8 TAKKE KPACBbIe YHACTRH i

Puc. 3. Ocobennocmu cocmasa u CmpyKImypol MUHepanos epyn-
noL MOHmMMmopuaionuma [17]
Fig. 3. Features of the composition and structure of minerals of
the montmorillonite group [17]

Takum 0b6pasom, MOJICHO NOAA2AMb, 4IMO 0OMeHHble peaKyuL
C ydacmuem NPUMECHbIX COeOUHeHUI KAMUOHO8 Memansos,
codepacawjuxcs 6 BC u MC, 042 KaoAuHUMOB020 Cbipbs 6ydym
npomexams no cKOAAM KpUCmanAudeckoll peuemxi, 045 Colpbs
Ha ocHoge 2udpocaiod — no ckoAam U nAowadu eHewHux 6a-
3anvHblx nogepxHocmeli, a 8 MM-cucmemax - no CcKoAdM,
BHEWHUM 0A3aNbHOIM U GHYMPEHHUM TIOBEPXHOCTNAM KPU-
CMAAAUYecKOTL peutemKu.

ITo amepeulL NO2A0ULHUSL PUMECHBlE KATMUOHBL Cped pacnoad-
eatomesi:

Fe>Al>H>Ba>Ca>Mg>NH4>K>Na>Li (1)
a no dHepeul 8blx00a OHU cocmasasiom pad [11]:
Li>Na > K > NHs>Mg > Ca > Ba > H >Al >Fe. )

B zasucumocmu om zeozpaguueckozo mecmononoscerus ITAC
codepacum MuHepasvl, OMAULAIOUUECS UBeMOBbLMIL OMIMeH-
Kamu u ceoticmeamu. Tak, Hanpumep, beaas, xeamas u Kpac-
Has eAuHbl 8 patione Xapmapmaca YOCHYPCK0z0 aiimaxa umerom
HeoJUuHAKOBble CUAUKAMMBLIL U 2AUHO3eMHbLL modyau [18].
Cunukamuulii mo0yav 6enoil enunvl pagen 6,3, sceamoii — 2,4,
KpacHoil - 3,3; 2AUHO3eMHbLL MOJYAb 60Tl 2AUHbL COCABAS-
em 12,8, sceamoti — 2,4, a kpacHoil — 2,9.

16

YMHbIE KOMNO3WTbI B CTPOMUTE/IbCTBE

SMART COMPOSITE IN CONSTRUCTION

Penmeenogasoswiii anarus obpasya 6enoll eAuHbL NOKA3AN
[18], umo ona omHOocumCcs K NOAUMUHEPAALHOLL epynne, U Oc-
HOBHBIMU 110p00006PA3YIOUUMU MUHEPAAAMU 8 Hell 8bicTyna-
tom kaoaunum, MM, aavbum u x6apy, a Npumecsimi — MycKo-
eum u xaavyum. Cocmag dHeamoil 2Aunbl 6AU30K K MAKOBOMY
05 6enoil enuHbl, 00HAKO, Nepsblil JONOAHUMEALHO COOePHCUIM
Heb0.1bU0e KOAUHECT80 1101e8blX Wnamos u eudpocaiod. B ceowo
ouepedv, kpacnas eauna, 006bleaemas Npu CMPOUMENbHLIX
pabomax, exaouaem MM, @ ocnosHoMm, 6 6ude npumecu (Kaxk u
1n0/egble WNAMbL), 3aMO 6 Hell NPucymcmeyiom eemamum u
eemum, npudarujie COOMBEemcmayouuil ygem.

B pabome A.U. Besenuesa ¢ coasmopamu [19] Ha ocrhosanuu
aHanusa pasnudHblx ugpakmozpamm nokazawo, umo MM e
cocmase eAUHUCTINOZO0 Cblpbsi 8 OOABULLHCIIBE CY1aes BbICTYNA-
em, Kax npasuio, OCHOBHbIM NOpodoobpa3yIUM MUHEPANOM,
npuiem obozaujeruem yoaemcs YeeAuuwums ezo codepicanue 8
mamepuane 0o 75-95 mac. %. JJonoaHumenvHuLil IKCNepuUMeHn,
nposedennuiil epynnoii M.A. Trezza [20] nymem eosdeiicmeus
UK ayueil Ha obpasupl IIAC, 63simoble U3 pa3AudHbLX CTpPOU-
MeAbHBLX KAPbepos, 8blisuUl HAAUYUe 8 UX cocmase nupoua-
auma, umo 00BAcHAA0CL asmopamu [20] npoyeccom eudpo-
mepmanvrozo usmenerus nopod. Ilpu nomowu Odugdepenyu-
ANbHO-MEPMU1ECKO20 AHAAU3A Cblpbsi, OCYULECTI6AEHHO20 C
obucuzom npu memnepamype 550-1050 °C, 6viau 3agukcuposa-
Hbl TMOBbLUEHHble 3HAYEHUS NPOYHOCMU MAKUX 00pas3yos Ha
coamue.

IIpumensiemuie 8 Hacmosujee 6peMs COBpeMeHHble PUIUKO-
Xumuyeckue Memodvl AHAAU3A TIO3B0AAIONM C BbLCOKOL docmo-
6epHOCMBIO OYeHUMb pacnpedenenue Ha nogepxrocmu ITAC
KUC/LOTHBIX U OCHOBHBIX UeHmpos (6percmedo8cKuX, AbloUCOs-
ckux) [21, 22], npoeHo3upogamu npomekarue 83aumodeiicmsuil
¢ akmueHulMu yeHmpamu adcopbama [23] u nposecmu cob-
cmeenHo e2o kaaccugukayuio. Tax, Hanpumep, 6bLIO 8bLSL6AEHO,
umo 06pasyvl HuxcHeyseavcko2o mecmoposcOeHus OMHOCAMCS K
NOAYKUCAOMY Colpbio [24].

HnmepecHvlm 6onpocom npedcmasasemcs u3yieHue npoyecca
Oecudpamayuu ITAC, a makice 6AUAHUE UX XUMUUECKOZO CO-
cmaea U Xapaxmepucmuk KpUcmaniudeckoii cmpykmypul Ha
appexmusrocmub u ckopocms paszosuix nepexo0os mexncdy Mue-
panamu. Hanpumep, npespaujerue KAOAUHUMA 6 MEMAKAOAU-
HUM npomekaem ¢ nozioujeHuem menaa (IHOOMepmudeckuil
npouecc) [25]:

2A1:8105(OH4)->2A1:S1,07 + 4H20 3)

IIpu smom uccnedosanus obpasyos Jpysikosckoeo u Tpout-
KOBCK020 MeCcmoposcOeH1LTl 8bLABUAL BbICOKYIO CKOPOCHL Oe2lil-
pamayuu u 06pasosanus memaxaosunuma [25]: 6vixod npo-
dykma 90 % Oocmuzaemcs 6yKeaavHo 3a wemgepmov yaca. Je-
MAanvHoe U3yierue KUHeMUKU Makux npoyeccog npedcmasuni
M. Chelly u E. Srasra [26] na obpasyax kaoaunuma Tabapku u
eannyazuma Kaccepuna. Hazpesas maxue o6pasyst do 100, 300,
500, 700, 1000 u 1200 °C 6 meuenue 1 4, OHU NpoGeAl peHm2e-
HocmpykmypHulli u UK anaausvl u onpedeaunu y0eavHyio no-
6epXHOCMb, HA OCHOBAHUL 120, 8 YACMHOCTU, ObL10 BbLABIEHO
Cblpbe, uMeroljee CKAOHHOCTb K XOpouLell OKpUCTAAAUZ08AHHO-
cmu  (kaonunum Tabapku) u omAUHAIOWEECs 8bICOKOTL Crmene-
Hbl0 eudpamayuu (eannyasum Kaccepuna). B [27] O.H. Kanui-
2UHA C COaBMOpamu NoKa3anad, 4mo ¢ udmeHenuem JucnepcHo-
cmu eapbupyemcs U Qasoeviil cocmas nopowkosulx eAuH. B
IMOM CAYyHae Ka4ecmeeHHas unmepnpemayus OAHHbLX CKAHU-
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pyrouyeil INeKMpoHHOTL MUKpOCKonuu npedocmasasem uccaedo-
8AMENAM B03MONCHOCTL OUEHUMb He MOALKO pa3mepbl Hd-
cmuy, exodsawux 8 cocmas ITAC, Ho u onpedeaums, Kakue nopo-
doobpasyloujue seujecmsa npeobaadaiom 6 HUX, 0KA3bleAs KAI0-
uegoe BAUAHUE HA COPOUUOHHOE U3BAeHeHUe U3 Cped NPUMECHBLX
getyecma.

Paspabomxka HOBbLX MemOJUK AHAAU3A UCXOOHOZ0 Cblpbs 045
nepepabomku ¢ KC, no muenuio Y. Tardy u B. Fritz [28], cno-
C06HA NONOAHUMb KOMUAKY MeOpemu4eckux O0CHO8 @usuko-
xumuueckoil mexanuku ITAC, 8 wacmHocmu, 3a Cuem HOBbIX
cedenuil 0 seauvunax c8ob600HbLx aHepeuti T'ubbca 1 oyeHKu
CImeneHu yCcmotinugocmiL CA0#HbIX cucmem «MC - npumechuie
unzpeduenmol». O0nako asmopul [28] 6 mo e 8pems ykazvlea-
101, 4Mo pacuemHuble IKCNePUMEHMANbHbLe PACTBOPUMOCTILL, C
YHemoM TNOAUMUHEPAALHO20 COCMABA NPUPOOHBIX MAmepua-
2108, Mozym Gbimb HeJOCMAMOYHO MOYHLLMU NpU ompabomxke
MO0 CMEULUBAHUS INNEMEHTTIOB 8 CUCTIeME.

CIIOCOBBI
U IIOCJEJOBATEJIBHOCTD
TEXHOJIOTMYECKHUX ITPOLIECCOB
ITEPEPABOTKH ITPMPOJHOI'O
AJTFOMOCHUJIMKATHOI'O CBIPBA
B KOMIIO3UIIMMOHHBIE COPEEHTBIIIYTEM
AKTHUBAIIMH IIOBEPXHOCTHU
U MOJHUPUITMPOBAHUA CBOMICTB

Jas yaywwenus u npudanus ITAC cneyuguueckux noeaomu-
MeAbHbLX Cc80Licms ocyujecmeasiom modupuyuposarue (Uil
akmusayurw) ux nogepxrnocmu [7, 10, 12, 14, 29]. Jias anomo-
CUAUKAMO8 NpednoumumenvHo Xumuyeckoe moouduiyuposa-
Hue, CYUHOCMb KOMOpoeo c800umcs K 0bpabomke KUCAbIMU U
wWenouHbIMU peacenmamu. Mccaedosanusmu P. Kumar 6 epyn-
ne [30] dokasarno, umo MM-mamepuanv. nocae moduguyupo-
8aMUs KUC/AOMOLL MOZYM AKMUEHO «pabomams» He MOAbKO 8
Kauecmee adcopbenmos, HO U Kamaausamopog (Aubo xamanu-
Mu4eckoll onopul 044 NPOMeKAHUs pA3AUYHLLX npoyeccos). B
3a8UCUMOCTU OM KOHUEHMpAyUul KUCA0msl npoucxodum u3-
MeHeHue copbyuonHoil cnocobHocmu ITAC [29, 31]. Ilpescde
8cez0, Heobxodumo Habaodamov 3a mem, 4mo npoucxooum c
M08EPXHOCMbIO 2AUH T0CAe KUCAOMH020 MOOUGUUUPOBAHUS,
6oaviuoe 3HaveHue npudaemcs yxe 038y4eHHOMY Memody cka-
HUpyloujeil 3NeKMpoHHOTL MUKPOCKONUL U INeMEeHMHOMY aHd-
AU3Y, 4mo nodmeepdcdaemcs, 6 MOM HUCAe, NPOBeOeHHBIMU
Hamu uccaedosanuamu [31]. BulsigneHo, 8 4ACMHOCMU, 1Mo
CepHas KUcAoma cnocobcmeyem paspyuleHuio Kpucmaniuve-
cKux popm muHepanos, uz komopulx cocmoum IIAC. Bmo doka-
3amenvHo ycmanoeneno 6onee Jecamu nem Ha3ad [7] u Ixcne-
PUMEHMANLHO N00MEepdcIeHO UCCAe08AHUAMU, NPOBeJeHHbl-
mu 8 2010-x ze. [31]. YmobbL CHUSUMY pa3pyuleHue CIMPYKIMYpbl
MUHEpanos, 045 moOuGUUUPOBAHUS 1eec006pA3HO UCTIONAB3O-
eamv omHocuMenvHo caabvle kucaomel [32], npexcde ecezo,
opeanuueckue. Tak, npu moduguyuposanuu kaoaura 3 %-m
Ppacmeopom YKCYcHoll Kucaomel 0aHHble Jepusamozpaguueckux
uccaedosanuti u ducnepcHocmu, noaydenHvle B.@. Cmpoearo-
suim U M.O. Amenvuenko [32], ceudemenvcmayiom, wmo colpve
He npemepneganc 3HaA4UMeAbHO20 CMPYKIMYPHO20 U3MeHeHUs, U
makue BLICOKUX — A02e3UOHHBIX

Komnosumeul, scaedcmeue

ceoﬁcme, 6Ll peKOMeHaOSdH.bL K NpuMeHeHur 6 Cmpoumens-
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cmee 6 Kavecmee 00/120CPOHUHBLX 3aUUMHbLX NoKpbimuil. Panee
[29] npu onmumusayuu cocmasa ITAC - moduguxkamop Hamu
maxdce ObLAO TOKA3AHO, HYIMO PACMBOPbL YKCYCHOU KUCAOMLbL
cnedyem Gpamov 6 KoHyenmpayuu 3-6 mac. %; 6 Imom cayuae
noAy4aemble KOMNO3UNbL NpedAdedioch UCTOAb308AMb 8 Kade-
cmee ahexmueHoz0 COpOYLOHHO20 MATMEPUAAA.

C 0ononHUMeNbHbLM UCTIONb308AHUEM, COBMECTTIHO C MUKPO-
CKONUPOBAHUEM, PeHIMeeH08cK020 UsnyHerus [33] bviaa sadux-
CUPO8AHA YemKas 83aAUMOCE53b USMEHeHUS COCMA8d UCX00HO020
aniomocodepircauieeo Colpbs U AKMUBHOCMU €20 KUCAOMHOLL
o6pabomku. DaemeHMHbLIL COCMA8 NOAYHAEMBIX KOMNOIUMO8,
no dannvim [33], npedcmasaen Si, Al, K, Fe, Mg; npu amom
pocm  KOHUeHmpayul KUcCAombl npusodum K YeeAuHeHulo 6
Mo0upuyuposanHom npodykme codepianus KpeMHus, a 04s
AMOMUHUS 3O codepicanue cHudxcaemca. C 1evio pacuudpos-
Kl C801iCIM8 NOAYHaeMbIX KOMNO3UMOS cAedyem makdice nod-
katouams MK cnexmpockonuio, ¢ nomouplo Komopoil nossaeHue
HOBbLX XUMUHECKUX C853ell He YKPOemCs O ONblmH020 ucc1edo-
eamens. Tax, 0o xucaomuoti obpabomxu IIAC noaocul nozao-
wenus npu 2805, 3010 u 3100 cm™ H. Ming u K.M. Spark [34]
00BACHUAL paCmsdicerHueM 2UOPOKCUALHBLY epynn, d NOC/e 803-
deiicmeus KUcA0muvL 06HapyHceHHble noaockl npu 1407 cm™ un-
Mepnpemuposalt. Kak pe3yavmam us2ubarouux koaebanuil
epynn  Al-O- uau Si-O- u 803HUKHOBeHU HA Imom QoHe 8000-
pooHbLx ceazell c OH-epynnamu. JI.B. Kypmykoea ¢ coasmopamu
[35], Ha ocrosanuu Oannbix MK cnekmpockonuyeckux uccaedo-
6anull, bipasual oblyee MHeHUe, 1IMO COCMABbL GeHMOHUMO-
8bLX 2AUH PA3AUMHbIX MeCTOPONCOeHUT pasauaiomes, ckopee
8Ce20, He3HA4UMeNbHO, 00HAKO UHITEHCUBHOCTL MOAOC N0210-
weHus 6 3agucumocmu om gozdeiicmsus Ha ITAC kucaomot,
€0001i UL CONBI0 MOJHCEN 8APLUPOSAMLCSL 8eCOMA CYULECTIIBEHHO.
IToamomy yenecoobpasmo komOuHUposame memodul uccaedosa-
HUs, KOmopble, 83auUMHO 0onoanas Opye Opyea, obecneuam He-
06x00umyro enybuny coenanHoim gvigodam. Tax, é [30] nosepx-
Hocmb u nopucmocms MM-mamepuana nocae 0bpabomku cep-
HOUL KUCAOMOU 8 pA3AU4HOL KOHUeHmpayul OYeHUBAAUCH C
JONoAHUMENbHbIM TIpUB/eHeHUeM pernmeeHoeckoz0 1 UK aua-
auza. Ilpu obpabomke ITAC pacmeopom COASHOL KUCAOMbL C
KoHyenmpayueil 4-10 % obwas nopucmocmov eAuH, no A.A.
Meanvdewosy [36], cocmasasna 50-54 %, a cymmapHolil 06sem
nop - 0,36-0,40 cm’/e. ITocnedyiowee nogvliueHie KOHYEHMpa-
yuu HCl npugoduto x caabomy CHUdNCEHUIO COPOYUOHHBLY Xd-
paxmepucmux mamepuand. Beposmno, amo seasemcs caed-
cmeuem paspyuwenus ceasell Si-0-Al, umo coenacyemcs ¢ 0au-
Hblmu, npusedennbimu ¢ [32]. Ipu obpabomke Hamu 204y60il
MM-eaunvt, uccaedyemoti 8 [6] cunvHoimu kucaomamu (0,5-2,0
M) 6vLa6/1€H0, 4MO KAMUOHbL KAALYUA U HAMPUSL BbLMbLEAIOTNIC
u3 Hee Ha 67-70 %. H.A. BopcuHa c coasmopamu [37] ucnoawvso-
saau 0as obpabomku ITAC sawmaphyl KUCAOMY; Npu 3mMom
npomexaem MexXaHOXUMUYeCKas PpeaKyus Helimpaiusayuu
OCHOBHBIX UEHMPO8 NPOMOHAMU KUCAOMbL € 06pa3osanuem

MeXaHOKOMNOo3Uumos:
C masavKom (4)
[Mgs(Si4010)J**+(COO")2(CHz)2,
C KaoaAuHumom
()

[Al2(S1205)(OH)s]*-(COO)]*+(COOH) * (CHz)2.

Anmapuas Kucaoma, Kax ewlscHuAoce [37], eausem Ha
cmpykmypy KC: 8 ungpaxpachom cnekmpe cuAUKAmMO8 HAOAIO-
Oaemcst CMeHA HemKUX MAKCUMYMO8 YuiupeHuem noaocul (8§
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Si0+) 6 mempaadpuueckoil peuiemke; paspyuienue nodmeep-
sclaemes OaHHbIMU permeenoda3o80e0 ananusa. Komnaekcroe
u3yuenue ausHus Kucaomuotl akmusayuu ITAC, nposedettoe
8 nocnedHee decamu/iemue pa3AULHbLMU 2pYNNAmU yueHolx [31,
33], noxasvleaem, umo 6 cocmage aAIOMOCUAUKAMIA NPU IMOM
nosvluLaemcs codepdcariie OUOKCUOA KpeMHUAL.

Iomumo kucromnoii obpabomxu, do cux nop gedymcs ucce-
dosanus eAUAHUSL Wea0uHOoz20 moduduuyuposanus ITAC Ha
CNOCOBGHOCMb K U3B/EHeHUI0 OMOeAbHLIX HeHCeAAIMeNbHBLY
npumecetl u3 MC, nanpumep, coedunenuti Cs [38]. A.U. Tyu-
Kosa ¢ coasmopamu [38] ycmanosuau Gakm Kax yeeiuueHus,
max u YMeHbUleHUS pa3mepos 4acmuy, meepdoil pasvl nocae
8030eliCMBUA HA HUX W4eA0ULL, UIMO MOJCeN HeeadmugHo nosAu-
AMb HA NO2A0MUMEALHYIO CNOCOOHOCTL MOOUPUUUPOBAHHBLX
npodykmos. B xo0e Helimpaausayuu nocAe0HUX CepHOll KUCAO-
motl 3HA4UMenbHble U3MeHeHUs pa3mepo8 4acmi He Obvlau
B8bLABEHBL, UIMO YKA3bL8AeN HA NOAOKHUMEAbHOE BAUSHUE CHU-
JHeHUS WeA0uHOCmU cpedul npu adcopbyuu npumeceii MC. IIpu
nepepabomke ANIOMOCUAUKAIMO8 C 6030eticmauem weaouu 06-
Hapyd#eHo obpaszosanuie cuAUKama U AIOMUHATNA HAMPUS 1O
cxemam [39]:

Si02 + 2NaOH -> Na2Si03 + H20;
Al203 + 2NaOH -> 2NaAlO2 + H20.

(6)
)

Oxkos0 noayseka Hazad 8 xX00e U3yHeHlA XUMUHECKUX C0Licme
yeoaumos 6vLao nokasano [40], umo cessv Si-O-Si 8 weaouHoil
cpede meHee ycmolinuea no cpasHeHuio co ceasvio Si-O-Al, no-
amomy 6vix00 uoHa kpemHusa u3 ITAC & pacmeop oxcudaemcs
nezie, wem BblX00 UOHA antomuHus. CospemeHHbvle OaHHble
penmeenogaszoe0z0 anausa, ocyujecmeneHnuie zpynnoti JLH.
Beavuunckoti [39], sviaguau obujee cruscerue codepycanus MM
8 MOOUQUYUPOBAHHOM Mpodykme npu 00HOBPEMEHHOM Y8eu-
wenuu (8 2,2 pasa) CyMmapHozo obsema nop u yOeavHoli no-
gepxrocmu (6 1,5 pas) 3a cuem wacmuuHo2o0 no0paCMBEOpeHUs
Si02 u Al:Os.

K moduduyuposanuio gusuxo-xumuueckux ceoticms ITAC
npueodum maxkice mepmoobpabomxa, He mpebyOWas UCTOAb-
308aHUA OONOAHUMENbHBIX PedazeHIo8 U C/AO0#H020 annapd-
mypHoeo oopmaenus. Jannvie penmeenoepaguu u UK cnek-
mpockonuu 06pasyos, nodsepzHymuix NPOKAAUBAHUIO TPU
memnepamype 500 °C [41], ykasvieatom Ha u3meHeHUe GOpMbL
waCmuy: MUHepansl, CMpYKIMYpHO OmHeceHHble K CAOUCTbLM
antomocuaukamam, 0aiom obpazoeanus, ecmpedarouyiecs 8
MUHepanax yeoaumosoll epynnul. B ceoto ouepedv, apgexm
Mmexanoxumureckozo moduguyuposarnusa ITAC ceasvieaemca ¢
ducnepeuposanuem wacmuy. Tak, ®.A. Tpogpumosa u dp. [42]
npu cmandapmuoti memoduke MeXAHOAKMUBAYUL USMEAbHAAL
ucxodnwLit MM (cpednuil pasmep wacmuy, 5,3 mMkm) 00 2,5 MKM,
a 6 umoze MHOZ0KPAMHO20 NAACMUYECK020 B8030elicmeus Ha
obpasey nHabaw0danu, kak u3 cpedHedUCnepcHoz0 COCOSHUSL OH
nepexodun 8 gvicokoducnepcroe (1,8 Mkm) ¢ pazgumoti 6azanv-
ROl nogepxHocmuio. He uckaOuaemcs U no2ioujeHuUe YeaeKuc-
21020 2a3a KAAYULL- UL MAZHUTLCO0ePHAUUML CUAUKAMAMU 100
BAUAHUEM MeXAHUYeckux 6030elicmeuil, nposeaawujeecs no
Mepe pocma co0epicatua Kaavyls 6 MuHepane:

CaMgSi;0s + 2CO, = CaCOs (kanvyum) + MgCOs (maznesum) + 25i0..

®)

B [43] svickasana eunomesa 0 NPOHUKHOBEHUL MOAEKY Yene-
Kucn020 easa 8 obsem wacmuy ITAC u ux «pacmeopeHuu» 6
CMpYKmMYpHO pa3ynopsadouerHoll cuauKamnoil mampuye @ sude
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uckaxcenHvix COs*-UOHO08. AHAN0ZUYHAA KAPMURA XApaKImepl-
3yem nosederue CO; 6 cuaukammubvix pacnaasax. H.O. 3yryman
¢ coasmopamu [44] npu noaydeHul MexaHoaKMuUEUPOBAHHO20
kaoaunuma (AlySi4010](OH)s) nabawdaru ompuie OH-2pynn u
obpasosarue «2uOpOKCUNBHOL 800bL»; 8 TO Je 8pemst IHepeuL
0415 paspul8a CUAOKCAHOBLIX MOCIUKO8 8 2eKCAZOHANbHBLX KO/lb-
yax kaoauruma Hedocmamouro (ceasu Si-O, copmuposariovle
8 MazMe MpU BbICOKUX 0dBNeHUAX U Mmemnepamypax, docma-
MO4HO NPOUHBL).

B Hacmosuyee 6pems AKMUBHO paspabamul8aionicss HOBble
MemoOuKu c030aHUA UHMEPKAAUPOBAHHBIX U  PACCAOEHHBIX
«YMHBIX» Komnosumog Ha ocHoge ITAC. Tax, nod pyxosod-
cmgom M.®. Bymmana u A.B. Azagonosa [45] noaydenvl 06-
pasybl nuasapuposarnozo MM c 8blcokoil y0eabHOll n08epXHO-
CTIBI0 U 3HAYUMEALHUIM CYMMAPHBIM 06Bemom nop. OCHOBHOIL
3adaueil uccnedosaHus HAHOCUCTEM MUNA <CAOUCTIbLEL CUAU-
Kam — noAumep» A8AAMCA YAy1uLeHUe COBMECTNUMOCTIL 8 HUX
couemaemulx KOMNOHEHIMO8, 1Mo noomeepounl pesynvmarmol
R. Akkari u E. Spasra [46], komopble noayuanu noaubeH3uduH-
2AUHBL IYMeM UHmMepKaAayul 6eH3uduna mexcdy CA0AMU MU-
Hepanog ITAC. IIpu amom 800y YOananu MexaHoXumuuecku, a
NOAUMEPUZAYUIO OCYUECTNBAANL 8 MEeHCAOUHOM TPOCPAH-
cmee. Takum obpasom, asmopul [46] dokasaau, umo ITAC seas-
emcs UCTMOYHUKOM 045 MOAYHeHUS H08020 KOMNO3UMA, KOmo-
pulil 8 beeaunogom 06pasye He Cyuecmeyern; neperekmueHbIM
0KA3ANCA U MeXAHOXUMUHeCKULL cunme3 cucmemul «MM - no-
AubeH3udum>».

Hnmepecnbimu  npedcmasasiomes  MoOu@puyuposanHole
cmekmumul epynnol S. Arfaoui [47]. Anaaus dugpaxkmoepamm
noxkasaz, 1wmo Mexniockocmuoe paccmoarue 21,13 A omeeua-
em unmepkanayuu Cr(IIl) 6 peutemxy cmekmuma, a no mepmo-
2paAMMam bl6/eH0, UIMO CMmpykmypa obecnewusaent cmabuiv-
HOCTMb MAMepuana 8 no/e 8vlCOKUX Memnepamyp; ¢ nomoubio
CKAHUpYyloweil 3/1eKMpoHHOlL MUKPOCKONUL YCMAHO8AEHO, 1Mo
expanaenus Cr(III) obecnewusaiom mamepuany zybuamyio
mexkcmypy.

KPATKHUE CBEJEHUA
OB UCIIOJIb30BAHUU
AJTFOMOCHUIINKATHOI'O CBIPbA
1 MATEPHUAJIOB JlJI1 OYMCTKHM BOJHBIX
CPEJ] OT COENJUHEHUI METAJIJIOB

IIAC, dobbleaemoe npu cmpoumenvHolx pabomax u 3auacnyo
Hanpas/semoe 8 0Mmea/ibl Ha noAuzoHbl PO, Haxodum npumeHe-
Hle 80 MHOZUX OMPACAAX NPOU3Bo0CmeeH Ol cdepbl, 00HOTL U3
KOMOpblX ABAAEMC COPOYUOHHAS OUUCTIKA NPOMbLULAEHHBIX
cmounblx 800 [16, 17]. Konmpoav cmenenu 3aepssvenus BC
OCYULeCMBARIOM NYMeM aHAAU3A COpOUUL KAMUOHO8 Memas-
108 u3 pacmeopos. B XXI cmosemuu 3HA4UMeAbHO 8blpoC UH-
mepec K UCNOAb308AHUI0 Hedopozux cOpbermos; ¢ amoil poavio
xopowo cnpaengomcs cmect ITAC U cenvbckoxo3aticmeeHHblx
omxodoe [48]. ITpu amom makue KC obecneuusarom nokasa-
menb OYUCTKL NPOMBLULLEHHBIX CMOYHBIX 600 0m coeduHeH Uil
madicenvlx memannos na 90-97 %.

Henocpedcmeenno ITAC npumensiom oaa owucmxu BC om
MeMAannopeaHUMecKUX U KOAAOUOHbIX coeOuHeHUll, Hegpmenpo-
dykmos, a makice Aukeudayuu cumyayuil, C6S3aHHbIX C 3d-
2pAa3HeHUemM NPUpoOHbLX cped paduoHykAudamu, KAk dmo noxa-
3aHo Ha npumepe Cs [38]. B amoii cea3u B.B. MuaiomuHuim ¢
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epynnoil uccaedogameneil [49] 8vls64eH0, MO UCNOABI0BAHUE
ITAC npu yemenmuposaHuu HUOKUX paduoaKkmueHulx cped
(Ky608blx 0CMAMKO08 AMOMHBLYX IAEKMPOCMAHYULL) N0380Asem
CHU3UMb CKOPOCTMb BblIeAAHUBAHUA Ue3UsL U3 OMBepHCOeHHbLX
komnayndoe @ 5-16 pas; naubonee noOXOOAUUM CoLPbeM SLBASL-
emcst MM-zauna. Ousuko-xumuyecKue c8oticmeda CMeKMmumo-
goil enunvt Cegeproeo TyHuca, HACbliyeHHOU O0HO-, 08YX- U
MpexeaneHmublm Kamuonamu [50], onpedeasiomcs 8AUSHUEM
NPOMUBOUOHO8, A4 MAKJKHe 3ABUCAIM OM 8030elicmausL memnepa-
mypeL (om 25 0o 400 °C). Tepmoobpabomka cHuxicaem o6MeH-
HYI0 cnocoGHoCmb U eausiem Ha zudpogobusayuio ¢ yuacmuem
Li*, K', Mg*, F&*" u AI*". O6wupHble uccnedoganus ¢ ucnoav3o-
8aHUeM KUCAOMHO-AKMUBUPOBAHHO20 KaoauHna 8 kauecmee KC,
a maxsce MM npedcmasnenst 6 [32, 51]. K.JI. Tumogpees ¢ co-
asmopamu [52] Ookazanu yenecoobpasHOCMb UCNOABL308AHUSL
axmugupogannozo MM 0aa usenevenus coeduHeHull UHOUSL U3
CALONMCHBIX pacmeopos YUHK08020 npousgodcmea. Hccnedosanu-
amu epynnoti M.A. Patel [53] copbyuu Eu(III) na MM u3 cped ¢
pasaudHbiMu pH 1OKA3aHO, 1Mo npoyecc axmusudupyemcs 8
npucymcmeuu gocgamos u npu kKoHyeHmpayuu copbenma 0,5
2/n, a npu bosee gvicokoll 3azpyske MM-cuipbe He oKasvieaem
BAUAHUS Ha 3¢PekmusHocmb ussnewenus. MM u ycmoiiuuevle
coedunenus mexcdy amudo- u cynbpoeudpusvHLLMU epynnamu,
no Q. Zhou, G. Pan, W. Shen [54], mozym npumensamuocs 0as
svldenenus xpoma (VI) uz BC.

Bedymcs paspabomki KOMNnAekcHozo no0xo0a K «nacnopmu-
sayuu» ITAC, ocobenHO akmyanvHble 8 KOHMeEKCMe mozo ak-
ma, Wmo noayuaemele 8 pe3yAvmame KUCAOMHO-U4eA0HHOL
MOOUGUKAY UL KOMNOIUMBL YAYHULAIOM MeXaHUYecKue U mep-
Mudeckue c80licmea NoAUMEpos 8 Ynakoske nuujeswvlx npodyx-
moe [55]. B yeaom, cepa npumerenus npupodrozo u moougu-
YUPOBAHH020 ANIOMOCUAUKATIIHOZO Cblpbs — pA3HOo0bpasHa, u
ocoboe mecmo 6 amom pady sanumarom MC.

YIIPABJIEHUE XUMHWKO-
TEXHOJIOTMYECKHUM IIPOLIECCOM
OYMICTKHU MACJIOCOZEP)XAIITNX CPE]]
IIYTEM BBEJIEHNA B HUX
KOMITO3HUIIMMIOHHBIX COPEEHTOB

Octogy MC cocmasasiom mpuzAuyepudbl HUPHbLX KUCAOM
(TIOKK), komopule umetont 06uyyto opmyay:

cH,—0—C—R'
(‘:H— 0—C—-R" @
cH,—0—C—R"

’

20e R', R" u R"" — ocmamxku 8blCOKOMOAEKYAAPHBIX HCUPHBLX
Kucaom (NaAbMUMUHO80L, CMeapuHosoll, 01eUuH080ll, AUHOLe-
8oil u dp.). Taxue cpedvl codepacam pad HexceAAMeAbHBLX NPU-
MeCHbIX UHepeduenmog (KAmuoHbL Memannos, nepexkucHvie U
docgopcodepacaujue coedurenuss, KOMNOHEHMbL NULMEHMHO20
KoMn.ieKca — kKapomunoudsl 1L X0poduansl, 80CK U Op.), KOMO-
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pble, ¢ ydemom noAy4eHHuvlx Hamu OauwHulx [1, 6, 22, 23, 31],
Mmo2ym ecmynamov 8 konmakm ¢ moaekyaamu ITAC u npodyk-
mog ezo nepepabomxku 8 KC.

dusuko-xumueckue ceoiicmsa u ycmoiiuueocme MC x xpa-
HEHUI0 8 MPUCYMCMEUL npuMmecell pasiudHoz0 XapaKkmepa ye-
/1ec006pA3HO U3YHAMb NPU COBMECTHOM Oelicmeul Ha HuX
IIAC, KC, a makxte cmabuausupyowux opeanuseckux 0o6agox
[56] - PB-naxmoenobyauna, mupo3ond, MAAbLMOOEKCMPUHOS,
835MbIX 8 PA3AUHHBLX KOHUeHmpayusx. [Ipu smom ¢ egedeHiem
KC u opeanuueckux eeujecme 6 macaa 603pacmaen 643KOCIMb
MY NbCULL U 00eCTIeHUBALMNCS 8bLCOKAS 3AUUMA O OKUC/EHUS.

ITockoavky MC u3-nod npecca, Kax yse ommeuanocs, codep-
HAM 3HAYUMENbHOe KOAUUECN80 COMYMCmeyouux uxepedu-
eHMO8, CYUECTBEHHO BAUAIUUX HA PUIUKO-XUMUHECKUE Xd-
pakmepucmuxu, 041 NOBbLUEHUS CPOKA UX XPAHEHUSL OCY-
wecmeaaiom O0onoAHumMenbHble cmadull OYUCTKU, npedcmas-
/lenHble Ha puc. 4.

Jas ouucmxku macen (TIVKK) om MUHOPHbIX KOMNOHEHIMOS
[57], 8 ocobenmocmu, cnekmpa KOMNOHEHINO8 NUZMEHITHO20
KOMILAEKCd, 6 TPOMbLUAEHHOCMI NPUMEHAION  ombenbHble
2AUHbL — Mamepuanvl Ha 6ase MM uau xaoauwa [1, 23, 24] u
006a8KU-UHUYUAMOPbL KPUCTAAAUZAYUL B80CKOBbIX COedUHe-
HUIl, uMerlyle maxdxe AIOMOCUAUKATIHYIO OCHO8Y [58, 59].

B Poccuu usgecmmbl omadenvible namenmHole papabomku 6
cepe ouwucmxu MC om npumecHbvlX 60CK08 U 3a2PASHAIOULUX
sewyecme [60], 00HAKO IKOHOMUHECKAS CMOPOHA 80NPOCA 8 HUX
He cez0a si8asemcs yenenonazarouell. OCHO8Hble HANPABAEHUA
Uccnedo8anull c8s3anbl ¢ OemanvHulM udydenuem [61] u usme-
HeHUeM COPOYUOHHOL aKMUSHOCMIL HeDA8HO OMKPLLIMbIX MU~
posvlx  mecmopodcdenuil copbyuonHblx mamepuanos. Tax,
epynnoil A.A. Cabumosa u3ydeHvl CenuoAumosvle 2AuHsl. Me-
mezepckozo nposenenus (Pecnybauxa Caxa, Axymus) [62],
KOmopble MO2YMm NPUMEHAMbCA 045 OHUCMKL MAced. A.
Singeru u E. Galan, @ cgoto ouepeds, 3a16UAlL, MO MAZHE3UANb-
Hulll eaunucmolil munepan MgsSii2030(OH)+(OHz)+8H:0, ume-
fowuil croucmyio yenoukoobpasuyio cmpykmypy [63], maxoce
npueoder 0as ouucmku MC. C.II. Ucmamosomu u JI.Y. Xy-
Ooeposoim [64] npoeedero cpasreHue COpOYUOHHOL AKMUEHO-
cmu ackanuma (ITpy3us), 6enmonuma Haebaxopckozo mecmo-
POdHOeHUS, MYALCOXCKO20 NAAbLZOPCKUMA 1 ONOKOBUOHOIL 2Au-
HoL Kepmune 6 omuouleHuL 3pPexmusHocmu o4uUcmKy macen,
8vl0esleHHbLY U3 xAonka. ITonydentble pesyavmamut [64] donoa-
HUMeAbHO N00MEepduAlL, MO PA3AUdHble MUHEPAAbL NPOsE-
A810M HeOOUHAKO8YI0 U3OUPAMeNbHOCTb NpU COpOYUL NpUMe-
ceti MC: GeHmoHumbL X0poulo copbupyiom Kucavle uHepedueH-
Mbl, @ ONOKU AYHULe U3BAEKAIOT COeJUHEHUS MeMAannos.

Kax yoce ommeuanoce pamee, 045 YAyduleHus cOpOYUOHHBLX
ceoticme ITAC npubezarom k ux moduguyuposaruio. Hauboree
pacnpocmpanena KucAomuas obpabomka, npu KOmopotl usme-
HAIOMCA CMpYKMypa, NOPUCMOCMb U CBOLCMSa 108epXHOCMU
mamepuanos. Tax, aHanus QuUIUKO-XUMUHECKUX XapaKmepu-
cmuk TyHucckux 2aun [65], OmHeceHHbIX K CMEKMUIMOBbIM,
noxasan, 4mo mModuguyuposanue ux COALHOLU KUCAOMOIL npu-
600um K yBeAuueHUI0 YO0eAbHOU NOBEPXHOCMU U TMOSbLULEHUIO
cmenenu océemaenus MC. B cgoto ouepeds, usyuenue usomep-
mul adcopbyuu Ha KC - KUCAOMHO-AKMUBUPOBAHHOM CENnuLo-
aume obuux ocgoaunudos us cped Ha 0CHOBE PLLHCUKOBOZO
U pancoeoeo macen, 8 ycAo8uax JOnoAHUMENbHO20 868e0eHUS
dobaski AUMOHHOLL KUCAOMbL [66], N0360AUAO 8bLABUMb OM-
HOoCuMeAvHo caabulii konmakm GocopHokucavix dpazmen-
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moe ¢ wacmuyamu meepdoil ¢asel. IIpu 3mom coau Hampus
cHudxcalom emkocmo Hacvlwenus KC, a coau xanvyua u mae-
HUSL He CnocoOHbL copmuposams ycmoiiugyio CmpyKmypy
Ha TL08ePXHOCTMU NOAY1AeM020 NPU AKMUBALUL MATEPUAAA.

Paspabomxku HO8blx MexXHOA02UTL CBA3AHBL C 80NPOCAMU CHU-
HeHUA KOHUEHMPAYUL AKMUBUPYIOUUX KUCAOM U NPOOOANCU-
meavHocmu moduduyuposanus ITAC. Dmom gonpoc, 8 uacm-
HOCMU, U3Y4AACA NPU YAbMpa3eykosoil obpabomke cped [67]. B
umoze yoanenue NpUMeCHbLX COeOUHEHUTL U3 HUX OCYUeCn8As-
emcs ¢ HAUMEHbULUMU TOMEPAMIL JHCeAamenbHblX Gpakyuil.
IIpu amom He caedyem Ompuyamb BAUAHUSL TMEXHON02UHECKUX
ocobennocmell, C8A3AHHbLX C USMEHeHUeM KUCAOMHOCMIL Md-
mepuanos. C nomowwio ITAC u e2o moduguyuposanmsix Gopm
yOaemcs, Hanpumep, Kak OMMe4dn0Ch Gbllle, U3BAeKaMb 601b-
ULYI0 4ACMb KAMUOH08 NPUMECHBLX MEeMAaAn08, NPUCymcmeyio-
wux 6 MC, ynpocmumb MHO20CMAOUIHYI0 UX O4UCMKY, 4
maxdice UCKMIO4UMb 06pabomky O0ONOAHUMENbHLIMUL pedeeH-
mamu. Kucromuo-akmueupoeannoe eAuHucmoe cuipve, 000bl-
gaemoe U3 CMpPOUMENbHbIX KAPLepos, MOdcem Mmakice npume-
HAMbCs 045 Y0aieHUs NUeMEHMUPYIOWUX eeuyecms i c80600-
HBIX HCUPHBIX KUCAOTL TLYMeM 0CaxcOeHUs U IKCMPAaKyUL 2eKca-
Hom [68]. Kopetickum yuenoim [68] npu dobasaenuu 3,5 2 enunol
K 10 MA HeOHUWEHHO20 MACAAHO20 pacmeopa Y0asanoct 0o-
bumecs cmeneHu O4UCKU cpedbl OM U3OLUMOUHBLY KUCAbIX
uHepeduenmos, docmuearoweil 37 %. Ycmarnosaeno [69], umo
nooxodaujas npoOoAXUMEALHOCMb — OCENIeHUS  CUCTIeMbL
«MACAO0 - npumecu» 0becnedusaemcs yyce wepes 2 4 06pabomxu
ITAC3M coaanoti Kucaomotl; npu amom go3pacmaem yOeAvHas
nosepxuocms noayuaemvix KC. Axmueayus nosepxrocmu my-
HUCCKUX 2/1UH CONAHOTL KUCAOMOTL € Ueablo YAYHULeHUS U3UKO-
XUMUHECKUX U COpOYUOHHBLX colicme [70] npu sapbuposanuu
npodoascumenvHocmu (2, 4 u 6 w) u memnepamypel (20, 50, 75
u 90 °C) ux xonmaxma ¢ MC evia6ura onmumanvHele napa-
mempul: 2-6 uw go3deiicmeus npu 75 °C; koauvecmeo copbenma
0,75 mac. %; cmeneHv oceemeHus cpedol cocmaguaa 55 %.
Omb6eausanue e MC ¢ pedxum nabopom TIDKK (npumep -
macno Yyga) [71] pexomendyemcs nposodums ¢ UCnoAb308aHU-
em MOOUPUUUPOBAHHBIX 2AUHUCTILLX MAMEPUAnos 8 KOAuHe-
cmee, OJocmueatiowem yue 2,0 mac. %. Ompabomannvie KC
ydansiom ¢ nomowwio yenmpugye, a xwudkyio ¢azy puivmpy-
om.

B nacmosauiee 8pema neped npomuluLIeHHOCMbBIO OCMPO CMO-
AM BONPOCHL, CBA3AHHbIE C paspabomKoll mexHonoeuil 6esom-
x00H020 npoussodcmea owucmku MC om npumeceil, a makace
10AyHeHUeM HOBbLX COPOEHITIOB C BbLCOKUM PeCypcom pabomul U
MANBIMU 3AMPAMAMIL 6peMeHl HA UX pezerepayuro [72]. Dmo
OoaxcHo npugecmu Kk momy, umo npumersemoe ITAC u KC 6y-
Oem 6bl200HO UCNOAb308AMb KAK C IKON0ZUHECKOL, MaK U KO-
HOMUYeCKOl mouKU 3peHus. B uwacmmuocmu, npedcmaeasiom
unmepec uccaedosanusn B.Y. Cysanoeoil [73], npedaaearoueil
nposodums moouduyuposarue nosepxrnocmu u cywxy IIAC npu
memnepamype 350-400 °C, umo no3soAum noAHOCHbIO 60CCMA-
HOBUMb UX COpOYUOHHbLE COLicmea nocae ompabomku 8 KOoH-
maxkme ¢ KOMINOHEHMAMU NUeMeHMH0e0 Komnaekca MC; npu
MOM MmepMuUeckoe 8030elicmeaue He AU HA MUHEPALLHYIO
cmpyxkmypy copbenma. B npunyune, ITAC moxcHo HeoOHOKpam-
HO 8600umb 6 macaa be3 nomepu adcopbYUOHHOTL cnOCOOHOCTIL,
ecAu npokaausams ux npu memnepamype 600 °C. Taxoce caedy-
em 3HamMb, 4Mo WeA0UHO-KucromHoe moduduyuposarue ITAC,
XOMs U NOGblULAEM  pe2eHepupyioULyIo CrnocobHocmy, 00HAKO
OHa 8Ce Jce HUe, HeM Y MAmepuasos nocie KUCAOMHOL Ul
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KUCAOMHO-1en04HOTL 06pabomku. Ha 0CHOBAHUL 311020 MOHCHO
clenamv noeuteckutl 8v1800, 4IMO peceHepupylOWas Ccnocod-
HOCIMb ANIOMOCUAUKATIHBLX COPOEHINO8 80 MHO20M Onpedensen-
AL NPUCYMCMEYIOUUMLU 8 HUX 1e/04HbIMU A2eHMAMLL.

H,0
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——>| Helitpanusauus
XUPHbIE KMCOTHI
Y
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—_—
(aniomocunukars!)

Robask-HiL¥aTopsl (~ByiyonaxuBahite | Bock
KpucTannusaLuu (BUHTEpH3ALIA)
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Puc. 4. ITonnas cxema ouucmxu macen (TIKK) ¢
ucnoav3ogéanuem ITAC
Fig. 4. Complete purification scheme for cleaning of oils (fatty
acids triglycerides) using natural aluminosilicate materials

OmdenvHble nepcnekmugHble HANPABAEHUS C8A3aHbL C pa3pa-
6omxoil KC, sxaouaiouyux 006asky akmueuposanHozo opegec-
HO20 YeAsl U OMAUMAIOULUXCS BbICOKUM NoKA3amesnem ombent-
6aHUA U YMEPEHHOIL MACA0eMKOCTIBIO [74], a maKdice NoAYHeHU-
em  IKCMpYOUPOBAHHBIX ANOMOCUAUKATIIHBIX KOMNO3UINO8 C
KOMIN.EKCOM HOBbIX ceolicms. IIoHAmHo, umo eeedeHue 8 Huo-
Kyto @azy 106020 nopouikogoeo copbenma 0AR U36/eHeHUs
npumeceii MC no okonuanuu obpabomxu mpebyem o6s3amens-
Holl puavmpayuu. B cayuae ucnonv306anua epanyAuUpo8aHHozo
uau 6104H020 copberma npoyecc, Kak HAMU ycmanosaero [75],
MONMHO OCYUeCMAAMb 8 HeNpepbleHOM pexcume, UCKAIOUAS
cmaduio pasdenenus meepdoii u xHudkoii ¢az u ynpowas mex-
HoA02uMecKUll yuka. Xapakmepro, 4mo cgopmosantbvie 6A0KU
UMem HU3Koe 2udpasaudeckoe CONMpomueneHue CA0A U,
HANpOmue, 3HA4UMEALHYIO CIMeneHb UCTO0Ab308AHUL 8HYMpPeH-
Hell nosepxHocmu. ITymem modupuyuposanus IIAC, 6 mom
4ucle MAMeEPUAnos U3 0medanos CMmpoumensCmed Mempononu-
meHa, nodsepeHymuvlX OMMYHUBAHUIO U 8bldeneHUI0 Ppakyuu
wacmuy pasmepom 5-20 MKM, OelicmeEUmenvHo, MOMHO I¢-
dexmueno sapvuposamv GuUIUKO-XUMULECKUE CE0Ticmea COp-
benma, 8 wacmHocmu, ez0 nopucmocmu (Modudukamop — yk-
cycHaa kucaoma) [75]. O0Hako npu amom nonymHo o3pacma-
em u xpynkocmuv 640k, 4mo sampyousem skcmpysuio. IIpo-
baema peutaemcs 0ONOAHUMEALHBIM 88e0eHUeM 8 COCIAB COp-
benma Hampuegozo dcudkozo cmekada. Tak, O.H. 3axapos c
coasmopamu [76] ucnonvsosanu 6 xadecmee ITAC xapvephyro
eauny ManocmynkuHcko20 Mecmopoxcdenus, mnodsepeHymyio
MOOUPUYUPOBAHUIO YKCYCHOTL KUCAOMOLL U HAMPUEBLIM HUOD-
kum cmekaom (5-10 mac. %), ¢ 8bICOKOLL CLOCOOGHOCTIBIO POPMO-
604HOIL Maccbl K IKCmpy3uu U co3danulo 610k08 comosoil
cmpykmypul. Ouucmky MC om npumeceil MOXCHO MaKdice ocy-
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1eCcmensmy ¢ npuMeHeHUeM NPoCmulx Gopm IKCmpyOuposa-
HO020 copbenma (Hanpumep, cepuueckux Ul epamyn).

Zlna oyenku kawecmaa owucmxu MC om npumecetl pazaudHoil
npupodsl U XUMUHECKO20 CMpOeHUs, Kpome mpaduyllOHHbLX
Memodos PuKCAyUL USMEHeHUS TNoKasameneil KUCAOMHOZO0,
TePeKUCHO20 U YBemH020 Hucaa cpedvl, yeaecoobpazno 0onoa-
HUIMeAbHO NPUBAeKAMb MemoObl /1eKMpomepMULecKoll amom-
HO-abcopbyuoHHoll  cnekmpomempuu  [77],  xpomamomacc-
cnekmpomemputeckoll udenmuguxayuu, uccaredosanus adep-
HO-MAZHUMMHBLX PeNaKCAUUOHHLIX XAPAKMEPUCTUK  HCUOKOTL
pasvl, pe¢ppaxmomempuu, cnekmpogomomempuu u UK cnek-
MpocKonuu, a maxdxce oupdepeHyuarbHoll ckanupyowell Kano-
pumempuu.
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CeNbCKOXO3STICTNBEHHBLX 0MX0008 UL aKMUBUPOBAHHO20 Y2 sl.
IIpu smom ucnoav3oeanue 610uHbLX copbermog cnocobcmeyem
CHUxMceHul0 mpydosampam 8 xo0e OCYyujeCmeneHus O4UCMKU
cped 8 HenpepuleHOM pexcuMe U UCKAIOUeHUs onepayuu ¢uib-
mpayuu s#uokoii gasvl.

IIpupodHoe anioMOCUAUKAMHOE Cblpbe U3 CTMPOUMEAbHBIX Ka-
Pbepo8 MONHHO nepepabamvleams 8 KOMNO3UYUOHHbLe COpOeH-
Mbl, AKMUBHOCMb KOMOPbIX pezyAupyemcs 8apbuposaHuem
KOHUeHmpayuy 0OnoAHUMmenvHulx yenmpos Jviouca u Bpen-
cmeda, obpazyrowjuxcs npu o6pabomxke wacmuy, meepdoil gasel
(MOHmMMOpUALOHUMA, KAOAUHUMA) OP2AHUYeCKUMU KUCAOMA-
Mmu (YKCYcHOIL, waesenegoti, AUMOHHOL U dp.) 8 Koaudecmse 0o
6 mac. % u wenouwvio, DmMo n036045%em U3BAEKAMb NpUMeCU
800HBIX U MACAOCO0eporcauyux cped 8 3a8UCUMOCTIL O NOCMAs-
/IeHHOTL MexXHOA02UHecKOll 3a0aUiL.

IlepcnekmueHoe Hanpaenerue OMedeCmBeHHbIX UL MUPOBBLX
pas3pabomok Ces3aHo ¢ NOAYUeHUeM KOMNOIUYUOHHBLX COpOeH-
moe Ha 6ase CIMpOUMeAbHOZO Cblpbs € BKAIOUEHUEM MOHIMMO-
puasoHuma, no08epeHymMoz0 MexXaHOXUMULeCKOMY 8030eli-
CMeuIo ¢ nocAedyIoWUM NPomMeKaHUem NOAUMEPUIAULUL MeNcTY
€20 CLOAMU.

Hanuuue akmugHulx YeHmpos Wei04H020 Xapakmepa Ha no-
BEPXHOCTILL AAOMOCUAUKAMHOZ0 Cblpbs, 000bl8aemozo 8 xode
cmpoumenvuulx pabom, u €20 MoOuPuUUUPOBAHHBIX Gopm 6
KOHUeHmpayuy, uHOueudyaavHoll 0as kancdozo euda copben-
ma, 60 MHO20M onpedeasem CNOCOOHOCME K NOCAedyIouemy
B0CCMAHOBACHUIO NO2A0MUMEALHbLX CBOUCME  NOAYLAEMbLX
KOMNO3UYUOHHBLX MATEPUANO8.

JUTEPATYPA

1. Prokof'ev V.Yu., Razgovorov P.B., Gordina N.E. The ad-
sorption of undesirable impurities from sunflower oil the
granulated sorbents based on caolin clay. Int. J. Food Eng.
2014. V. 10. N4. P. 713-720.

2. Paseoeopos II.B., Cumanoe C.B., Koznoe B.A. H3yuenue
63aumo0eiicmeus HeKomopvLX 3AMpagouHblX MAMepUaLos U
CNLOICHOIPUPHOTL cocmasasiouyeli 80ckonoJoOHbLX 8eljecna.
H3e. 8y306. Xumusa u xum. mexuoaoeus. 2002. T. 45. Boin. 1.
C. 34-37.

21

YMHbIE KOMNO3WTbI B CTPOMUTE/IbCTBE

SMART COMPOSITE IN CONSTRUCTION

3. Paszoeopos I1.B., Cumanoe C.B. Dxcnpecc-ananu3 60CKo8 8
pacmumenvrulx macaax. Macaoxcup. npom-cmo. 2009. Ne 3.
C. 21-23.

4. Pa3zzo080pos I1.B., I'opwkoe B.K. Texnonozuteckoe 060pydo-
8AHUE OMPACAL: DPACHeNb. 8 MACA0MUPOBLIX NPOU3BO0-
cmeax: yueb. nocobue. Meanogo: Heam. 2oc. XUM.-mMexHOA.
yH-m. 2009. 48 c.

5. Toieuna T.3., Muxaiinosa 0.A. dusuko-xumuueckue u ao-
copbyuonHble Memodsl UCC1e008AHUS HEOP2AHUHECKUX NpU-
POOHbBIX MUHepanvHblx copbenmos: yueb. nocobue. Kasamu:
Kasamn. zoc. mexnoa. yn-m. 2009. 80 c.

6. Pazeosopos II.B., Hazoptos P.C., Paszogoposa M.II. Hc-
n01b308aHUe 20400l eAunbl 04 BblOeNeHUL NPUMECHbLX
seljecme U3 AvHAHO020 Macad. H3e. 8y306. Xumus U Xum.
mexnonozus. 2014. T. 57. Buin. 12. C. 72-75.

7. Tuieuna T.3., Muxaiinosa O.A., Xaypunoe A.H, Konioxo-
8a T.II. TexHon02UL XUMUHYECKOTL AKMUBAUUL HeOpeaHUte-
CKUX NpUpoOHbLX MUHepanbHblx copbenmos. Kasamo: Kasan.
20c. mexHoA. yn-m. 2009. 120 c.

8. Jlyxomckuii F0.[., TI'opwkoe B.K., Paseoeopoe ILB.
Tanveanuueckue U AAKOKPACOUHBIE — MOKpbUMUA — HA
amomunuu u eeo cnaasax. HMeanoeo: Heam.
mexHoA. yH-m. 2010. 239 c.

9. Bel'chinskaya L.I., Khodosova N.A., Novikova L.A.,
Strel'nikova 0.Yu., Roessner F., Petukhova G.A., Zhabin
A.V. Regulation of sorption processes in natural nanoporous
aluminosilicates. 2. Determination of the ratio bitween active
sites. Protect. Met. Phys. Chem.Surf. 2016. V. 52. N 4. P. 599-
606.

10. I'vesyes B.A., Juieuna T.3. Mopgonoeuueckue u cmpyk-
mypHele 0COOeHHOCMU NPUPOOHBLX, AKMUBUPOBAHHBIX U
CUHMe3UPOBAHHbLX eeujecms. Becmu. KasaH. mexHon. yH-
ma. 2010. Ne 8. C. 236-249.

11. Toavdbepe B. M., Ckeopyoe H.II. IIponuyaemocmv u
¢uavmpayusa 6 enunax. M.: Hedpa. 1986. 160 c.

12, Shapkin N.P., Razov V.I., Khal’chenko L.G., Shkuratov
A.L., Korochentsev V.V., Mayorov V.I. Studies of natural
kaolinite and its modified forms. J. Inorg. Chem. 2016. V. 61.
N 11. P. 1463-1471.

13. Muxaiinoe I.I., Jonsunzep T.M., Mopososa A.l.,
Cxomnuxoe B.A., Jlonsunzep A.B., Kymyee A.A. Baua-
Hle cOCmasa 1 CmpyKmypbl nPUpOOHbLX A0 MOCUAUKATIHBIX
mamepuanos Yeasbumnckoil obaacmu Ha copoyuoHHbLe C801l-
cmea. Becmu. FOxcno-Ypan. eoc. yn-ma. Cep. Memannypeus.
2015. T. 15. Ne 4. C. 42-50.

14. Mlapagues J.P., Xaypunoe A.H., Yemanos H.B., Kacol-
mosa I.H. Modu-¢uyuposanmsie npupodrvle adcopbermol
015 pagunayuu pacmumenvhulx macen. Becmu. TexHon. yH-
ma. 2017. T. 20. Ne 18. C. 88-92.

15. Cabumosg A.A., Pyceaux E.C., Tpodumosa ®.A., Teme-
pun A.H. Benmorumul Poccuu: cocmosamnue 0C60eHUA 1 1ep-
CeKmuebl paseumus culpbesoli basvl. MuHepan. pecypcul
Poccuu. Dxonomuxa uynpasaerue. 2010. Ne 5. C. 8-17.

16. Xodocosa H.A., Ipancenyesa K.A., 3omosa C.A. Oyenka
COPOUUOHHOTL  CNOCOOHOCMU  NPUPOOHBIX U KUCAOMHO-
AKMUBUPOBAHHBIX AAIOMOCUAUKAMOS PA3AULHOLL CPYKMLY-
pol. Hayd. eecmu. BopoHedc. 20C. apxXumexm.-Cmpoum. yH-
ma. Cep. Buicokue mexwnonozuu. dxoaoeus. 2016. Nel. C.
130-136.

17. Canponosa X.A., Tomec M.XK., Ceepzysoea C.B. Yao-
mpaguosemosas akmueayus npupoOHblX 2AUH AH20AbCKUX

20C. XuMm.-


https://elibrary.ru/item.asp?id=27591770
https://elibrary.ru/item.asp?id=27591770
https://elibrary.ru/contents.asp?id=34330068

TOM 1, BbIMYCK 1, 2020 | VOL. 1, ISSUE1

Mmecmnopodcdenutl 045 NOBvLULeHUS UX COPOYUOHHOL akmus-
Hocmu 6 npoyeccax eodoouucmxu. Beneopod: Beazopod. eoc.
mexHoA. yH-m. 2015. 157 c.

18. Iapanxand B., Baspaa B., Joamaa I. Xumuueckuil u
MUHEPAN02UHecKULl COCA8 HeKOMOopblX 2AUH YOCHYpPCKO20
atimaka (MoHeonus). Becmu. Bypam. eoc. yu-ma. 2014. T. 3.
C. 17-20.

19. Besenyes A.H., Kopmow E.B., 3dopernko H.M., I'ondos-
ckas-Ilepucmas JI.O. Adcopbyuonnvie ceoticmea npodyk-
moe 060zaujeHus NpupodHbIX MOHMMOPUALOHUMCOOeptca-
wux eaun. Hayu. eedomocmu. Cep. Ecmecme. nayku. 2011.
Ne 9. Buin. 15. C. 103-109.

20. Trezza M.A., Tironi A., Irassar E.F. Thermal Activation of
Two Complex Clays (Kaolinite-Pyrophillite-Illite) from Tan-
dilia System, Buenos Aires, Argentina. In book: Calcined
Clays for Sustainable Concrete. 2018. P. 469-474.

21. Ryazanov M.A., Dudkin B.N. Acid-Base Properties of y-
Al>03 Suspension Studied by pK Spectroscopy. Colloid J. 2003.
V. 65. No 6. P. 761-766.

22. Paseosopoe II.B., Haeopnoe P.C., Paszoeoposa M.IIL.,
I'peuun 0.B. Pezynuposarue KUCAOMHO-OCHOBHLLX C8OLLCME
ANOMOCUAUKATHBIX MAMeEpuanos ¢ Ueavlo BAUAHUL Ha
CrmeneHb O4UCMKU 04UBK08020 macaa. H3e. y308. Xumus u
xum. mexnoaoeus. 2015. T. 58. Buin. 10. C. 58-63.

23. IIpokogpves B.IO., Pazeosopos II.B. Dusuko-xumuueckue
NpoYeccel, npomexkaioujile Npu 68e0eHUL KAOAUHOBbLX 2AUH 8
pacmumenviule Mmacaa. Xumus pacmumensvHozo Culpbsl.
2010. Ne 2. C. 159-164.

24. Ilepbakoe A.A., Kaenkoe M.C., Conodxuii H.®., Cepu-
ko8 A.C., Pyxasuwnuxoe B.B., )Kecmkoe B.M., Besegu-
mun B.A. Qusuxo-xumudeckue uccAe008aHUL KOHOULUOH-
HbLX U HeKOHOUYUOHHBLX 2Aur HudicHeyseabckozo mecmo-
poscOenus Yeaabunckoil obaacmu. Bawxup. xum. iHypH.
2011. T. 18. Ne 4. C. 236-239.

25. lambepos A.A., Cumnukoea E.FO., A60yazaneeea A.IIL
BausHue cocmaga uw cmpyKmypbl KAOAUHUMOBbIX eAUH HA
ycaosus nepexoda KAOAUHUMA 68 MemaKaoAUHum. Becmu.
Kasan. mexnon. yn-ma. 2011. Ne 7. C. 17-23.

26. Chelly M., Srasra E. Physicocemical characterization and
thermal behavior of two Tunisians kaolins. Surf. Eng. Appl.
Electrochem. 2009. V. 45. N 1. P. 47-55.

27. Kanwvieuna O.H., Kpaeyoea O.C., Yemeepukosa A.I.,
Kyneeea A.X., CanvHuxoea E.B., Boakos E.B., Illam6by-
namosa A.T. PpakyuoHHble COCMABLL KUPNUUHLIX 2AUH
Openbypoicos. Becmu. OI'Y. 2011. T. 131. Ne 12. C. 396-398.

28. Tardy Y., Fritz B. An ideal solid solution model for calculat-
ing solubility of clay minerals. Clay Minerals. 1981. V. 16. N
4. P. 361-373.

29. IlpokogvesB.FO., Pa3zogoposIl.B., CmuproeK.B., Unvu-
HAIL, Illywxura E.A. O4ucmka AbHAHO20 MACAA HA MO-
Ouguyuposanoil 6enoil eaune. 13e. y308. Xumus u Xum.
mexHoaoeus. 2007. T. 50. Buin. 6. C. 56-59.

30. Kumar P., Jasra R.V., Bhat T.S.G. Evolution of Porosity
and Surface Acidity in Montmorillonite Clay on Acid. Ind.
Eng. Chem. Res. 1995. N 34. P. 1440-1448.

31. HazopHog P.C., Pa3zoeopoe I1.B.. lenuaosa A.M., Cmpo-
2anosa I0.1., Cmupnoe II.P., Kouemkoe C.II. Il[adawas
aKmMueayus NOAUMUHEPAALHO20 COpbeHMA U ee BAUAHUE HA
NpoYecc OHUCTKU MACA0CO0epHauyux cped Om NpuUMecHblx
uHepeduenmos. H3e. 6y306. Xumus U XUM. MeXHOA0US.
2017. T. 60. Buin. 8. C. 53-59.

22

YMHbIE KOMNO3WTbI B CTPOMUTE/IbCTBE

SMART COMPOSITE IN CONSTRUCTION

32. Cmpozanos B. ., Ameavuerko M.O. Hccredosanue énu-
SHUe KUCAOMHOU AKMUBAYUL KAOAUHA HA C80LCMBa 800HO-
OuCnepcUonNbIX 3awumnblx nokpuimuil. Mss. Kasan. eoc.
apxum.-cmpoum. yH-ma. 2014. T. 30. Ne 4. C. 284-290.

33. Yahaya S., Jikan S.S., Badarulzaman N.A., Adamu A.D.
Effects of Acid Treatment on the SEM-EDX Characteristics of
Kaolin Clay. Path Sci. 2017. V. 9. N3. P. 4001-4002.

34. Ming H., Spark K.M. Radio Frequency Plasma-Induced
Hydrogen Bonding on Kaolinite. J. Phys. Chem. 2003. V. 107.
N 3. P. 694-702.

35. Kypmyxosa JI.B., Comun B.A., Komaposa JI.D. Hsmene-
Hle C801iCcme beHMOHUMO8bLX 2AUH 100 Jelicmeuem pasaud-
HblX akmueamopos. IToazynosckuii eecmu. 2013. Nel. C.
287-289.

36. Meavdewos A.A. AdcopbyuoHHble XAPAKMEPUCTUKL AK-
mueguposannoii Kenecckolli eaunvl. Becmu. Kasax. Axad.
mpancnopma U KomMmyrukayuii um. M. Toinvliunaesd.
2017. T. 101. Ne 2. C. 48-52.

37. Vorsina L.A., Grigor'eva T.F., Devyatkina E.T., Vosmer-
ikov S.V., Udalova T.A., Lyakhov N.Z. Interaction of organ-
ic acids with silicates in the cource of joint mechanical activa-
tion. J. Appl. Chem. 2017. V. 90. N 3. P. 334-341.

38. Tyukosea A.HU., Tionuna E.A., Paxumos M.I. Bauanue
WeN0UHOTL AKMUBAYUL 2AUHUCTIbLLY MUHEPAA08 HA UX COPO-
YUOHHYI0 cnocobrocme k useaedenuio Cs-137 u3 ompabo-
masuiezo macad. Ycn.  xumuu u xum. mexuoaozuu. 2012.
T. XXVI. Ne 6. C. 92-95.

39. Bel'chinskaya L.I., Voishcheva O.V., Khokhlov V.Y., Lu
T.Y., Zhabin A.V., Petukhova G.A. The influence of alkaline
treatment on the chemical composition and adsorption-
structural characteristics of mineral nanoporous sorbent
MsKz. Protect. Met. Phys. Chem. Surf. 2012. V. 48. No 3. P.
322-327.

40. JK0danoe C.IL., Ezopoea E.H. Xumus yeorumos. JI.: Hayxa.
1968. 158 c.

41. Lebedev M., Zhernovsky I., Strokova V. Effect of Heat
Treatment on Phase Compositions of Clay Aluminosilicates.
Nanotechnology in Construction. 2015. P.123-129.

42. Tpogpumosa ®.A., I'ybaiidynauna A.M., Jemudosa M.J.
Cmenenv ducnepcHocmu, Kax 00uH U3 Kpumepues Kauecmsa
npupodruix asomocuuxkamos. Becmn. Kasan. mexnon. yu-
ma. 2010. Ne 6. C. 218-224.

43. Kalinkin A.M., Kalinkina E.V., Zalkind O.A. Mechano-
sorption of carbon dioxide by Ca- and Mg-containing silicates
and alumosilicates. Sorption of COzand structure-related
chemical changes. Colloid J. 2009. V. 71. No 2. P. 185-192.

44. Zulumyan N.H., Papakhchyan L.R., Isahakyan A.R.,
Beglaryan H.A., Aloyan S.G. Effect of mechanical treatment
on the silicate lattice of kaolinite. J. Phys. Chem. 2012. V.
86. No 12. P. 1887-1891.

45. Bymman M.®., Osuunnukoe H.JI., Ap6ysnuxoseB.B.,
Azagonos A.B. Cunmes u ceoiicmea Al-nuarapuposannozo
MOHMMOPUALOHUMA NPUpoOHO20 npoucxoxcdenus. 13s. 8y-
308. Xumusa u xum. mexuonoaus. 2012. T. 55. Ne 8. C. 73-77.

46. Akkari R.,Srasra E. Polybenzidine-montmorillonite nano-
composites: synthesis via a mechanochemical intercalation
method. Surf. Eng. Appl. Electrochem. 2010. V. 46. N 4. P.
361-366.

47. Arfaoui S., Frini-Srasra N., Srasra E. Synthesis and char-
acterization of hydroxy-chromium pillared bentonite. Surf.
Eng. Appl. Electrochem.2009. V. 45. N 3. P. 239-245.


https://elibrary.ru/item.asp?id=13432764
https://elibrary.ru/item.asp?id=13432764
https://elibrary.ru/contents.asp?id=33170028
https://elibrary.ru/item.asp?id=17991181
https://elibrary.ru/item.asp?id=17991181
https://elibrary.ru/item.asp?id=17991181
https://elibrary.ru/item.asp?id=17991181
https://elibrary.ru/contents.asp?id=33752549
https://elibrary.ru/item.asp?id=13601062
https://elibrary.ru/item.asp?id=13601062
https://elibrary.ru/item.asp?id=13601062
https://elibrary.ru/item.asp?id=13601062
https://elibrary.ru/contents.asp?id=33375102
https://elibrary.ru/contents.asp?id=33375102&selid=13601062
https://elibrary.ru/item.asp?id=20674519
https://elibrary.ru/item.asp?id=20674519
https://elibrary.ru/contents.asp?id=33864035

TOM 1, BbIMYCK 1, 2020 | VOL. 1, ISSUE1

48. Hlihor R.M., Gavrilescu M. Removal of some environmen-
tally relevant heavy metals using low-cost natural sorbents.
Environ. Eng. Manag. J. 2009. V. 2. N 8. P. 353-372.

49. Mulyutin V.V., Gelis V.M., Nekrasova N.A., Kononenko
0.A., Vezentsev A.l., Volovicheva N.A., Korol'kova S.V.
Sorption of Cs, Sr, U, and Pu radionuclides on natural and
modified clays. Radiochem. 2012. V. 54. N 1. P. 75-78.

50. Ayari F., Srasra E., Trabelsi-Ayad M. Effect of exchangea-
ble cations on the physicochemical properties of smectite. Surf.
Eng. Appl. Electrochem. 2007. V. 43. N 5. P. 369-378.

51. Teng M.-Y. Lin S.-H. Removal of basic dye from water onto
pristine and HCl-activated montmorillonite in fixed beds. De-
salination. 2006. V. 194. N 1-3. P. 156-165.

52. TumodeesK.JI., Manvyee I.H., CeupudoeA.B. H3sneue-
Hue UHOUs U3 pacmeopos 8blCOKOOUCTepCHbLMU MOOUGUYU-
POBAHHLIMU  amioMocusukamamu. Hse. 8ysos. Xumus u
xum. mexuonoaus.2016. T. 59. Buin. 7. C. 35-41.

53. Patel M.A.,Kar A.S., Kumar S., Tomar B.S. Effect of phos-
phate on sorption of Eu (III) by montmorillonite. J. Radio-
anal. Nucl. Chem. 2017. V. 313. N 3. P. 537-545.

54. Zhou Q., Pan G., Shen W. Enhanced sorption of perfluorooc-
tane sulfonate and Cr(VI) on organomontmorillonite: Influ-
ence of solution pH and uptake mechanism. Adsorption.
2013. V. 19. N 2-4. P. 709-715.

55. Goyal S., Goyal G.K. Nanotechnology in food packaging - a
critical review. Rus. J. Agricult. and Soc.-Econ. Sci. 2012. V.
10. N 10. P. 10-24.

56. Mattia C.D., Paradiso V.M., Andrich L., Giarnetti M.,
Caponio F., Pittia P. Effect of Olive Oil Phenolic Compounds
and Maltodextrins on the Physical Properties and Oxidative
Stability of Olive Oil O/W Emulsions. Food Biophys. 2014. V.
9. N 4. P. 396-405.

57. Aladedunye F.A., Przybylsk R. Frying Performance of
Canola Oil Triacylglycerides as Affected by Vegetable Oils
Minor Components. J. Amer. Oil Chem. Soc. 2012. V. 89. N
1.P. 41-53.

58. Paseoeopos II.B. Bovl0eserle 80CKO8 U3 MACAOCOOEPHCAULUX
cucmem 8 npucymcmeut 006a8ok cOpbeHmMo8 U IMYNbeamo-
pos. H36. 8y306. Xumua u xum. mexuoaozus. 2006. T. 49.
Buwin. 5. C. 3-10.

59. Paseogopos IL.b., IIpoxogvee B.IO., Pa3szosoposa
M.II. M3yuenue npoyecca KpUCmanno06-pasoeaniis 60ckos 8
PACMUMeNbHbIX MACAAX NPU 86e0eHULL 3AMPABOHHBIX MUHE-
panviblx 006asok. Xumus pacmumenvhozo colpvsi. 2013.
Buwin. 2. C. 207-212.

60. I'epacumenxo E.O. ITamenm PP Ne 2174993. 2001.

61. NasedkinV.V., Boeva N.M., Garbuzova L. A., Koval'chuk
M.V., Vasil'iev A.L. The crystal structure and chemistry of
several palygorskite samples with different geneses. Crystal-
logr. Reports. 2009. V. 54. N 5. P. 884-900.

62. Cabumoe A.A., Taruaxmemos P.I., Tpodpumosa &.A.,
Pyceaux E.C., Hukoaaesa JI.M. Cenuoaumosvie 2AuHbl
Memezepckozo nposenenus (Pecnybauka Caxa (Akymus)) -
HogbLll 8ud HepyOHO20 cbipbsi 8 Poccuu. Paszeedka u oxpaua
Hedp. 2015. Ne 4. C. 29-34.

63. Singer A., Galan E. Develoopments in Palygorskite-Sepiolite
Research.A New Outlook of these Nanomaterials. Elsevier:
Oxford-Amsterdam.2011. 520 p.

64. Hcmamos C.III., Xydoepoe J.Y. Dpdexmul mecmuuix ao-
copbeHmos 05 OHUCTKLL XA0NK08020 MACAA U NpodyKmoe

23

YMHbIE KOMNO3WTbI B CTPOMUTE/IbCTBE

SMART COMPOSITE IN CONSTRUCTION

e2o nepepabomxu. Bonp. Hayku u obpazoeanus. 2017. Ne 1.
C. 45-46.

65. HechiE., Amor O.B., Srasra E., Zargouni F. Physico-
chemical characterization of acid-activated clay: its industrial
application in the clarification of vegetable oils. Surf. Eng.
Appl. Electrochem. 2009. V. 45. N 2. P. 140-144.

66. Laatikainen M., Srithammavut W., Toukoniitty B.,
Turunen I., Sainio T. Phospholipid adsorption from vege-
table oils on acid-activated sepiolite. Adsorption. 2015. V.
21. N 5. P. 409-417.

67. Essid K., Jahwach-Rabai W., Trabelsi M., Frikha M.H.
Sterolic Composition of Neutralized Oils Bleached with Clays
Activated with Ultrasound. Iran. J. Sci. Technol. Transact.
A: Sci. 2016. V. 40. N 3. P. 183-189.

68. SuH., Wang X., Kim Y.G., Kim S.B., Seo Y.-G., Kim J.S.,
Kim C.-J. Optimization of decoloring conditions of crude
fatty acids recovered from crude glycerol by acid-activated
clay using response surface method. Korean J. Chem.
Eng. 2014. V. 31. N 11. P. 2070-2076.

69. Hechi A.E., SrasraE., ZargouniF. Physico-chemical charac-
terization of acid-activated clay: its industrial application in
the clarification of vegetable oils. Mater. Sci. Ind. J. 2007. V.
3. N 3. P. 146-149.

70. Chakroun S., Herchi M., Mechti W., Gaied M.E. Acid
activation of upper Eocene Ca-bentonite for soybean oil
clarification. Environ. Sci. Pollut. Res. Int. 2017. V.
24. N 28. P. 22557-22569.

71. Yoon S.H. Optimization of the refining process and oxida-
tive stability of chufa (Cyperusesculentus L.) oil for edible
purposes. Food Sci. Biotechnol. 2016. V. 25. N 1. P. 85-90.

72. Iapanyx A.A., Xpuconudu B.A., Ilonomapesa I'.B., I'y-
wemaw 3.9., Tvicenko FO.A. Paspabomka ycmanogku ocyut-
KU macaa Ha yeoaumax. Ycn. cospem. Hayku. 2017. T. 2.
Ne 6. C. 169-173.

73. Cysanosa ®.Y. IIpumenenue adcopbermos 015 nepepabom-
KU XI0NKOB020 MACAA U MUcYeansl. Akmyan. Hayu. uccaed.
6 cogpem. mupe. 2016. T. 13. Ne 5-2. C. 130-134.

74. Mycaumoe B.B., Ucmamoe C.III., Hlapugosa H.A. Om-
GenvHble MeXHOA02UL PAPUHALLL X0NK08020 MAacad. Bonp.
Hayku u obpasosanus. 2017. Ne 5 (6). C. 11-13.

75. Prokof'ev V.Yu., Razgovorov P.B., Smirnov K.V., Shush-
kina E.A., Il'in A.P. Extrusion molding of kaolin sorbents.
Glass and Ceramics. 2007. V. 64. N 7-8. P. 287-290.

76. 3axapos O.H., IIpokogves B.IO., Paszogopos IL.B., Pasu-
Ha X.B. dopmosanue copbenma uz moouguyuposarmoil
2nuHbL mecmoposcdenuil Mieanosckoil obaacmu. H38. 8y308.
Xumusa u xum. mexnonoeus. 2009. T. 52. Buwin. 2. C. 87-90.

77. Zakharov Yu.A., Motygullin E.K , Gil’'mutdinov A.Kh.
Direct determination of phosphorus in vegetable oils by elec-
trothermal atomic absorption spectrometry. J. Anal. Chem.
2000. V. 55. N 7. P. 649-652.

ITocmynuaa 6 pedaxyuio 11.09.2020
IIpunama x ony6aukogaruio 12.10.2020

REFERENCES

1. Prokof’ev V.Yu., Razgovorov P.B., Gordina N.E. The ad-
sorption of undesirable impurities from sunflower oil the



TOM 1, BbIMYCK 1, 2020 | VOL. 1, ISSUE1

granulated sorbents based on caolin clay. Int. J. Food Eng.
2014. V. 10. N 4. P. 713-720.

2. Razgovorov P.B., Sitanov S.V., Kozlov V.A. Investigation of
interaction of some priming (fuse) materials and ester com-
ponent of wax-like compounds. Izv. Vyssh. Uchebn. Zaved.
Khim. Khim. Tekhnol. 2002. T. 45. N. 1. P. 34-37 (in Rus-
sian).

3. Razgovorov P.B., Sitanov S.V. Express analysis of waxes in
vegetable oils. Maslozhir. promyshl. 2009. N 3. P. 21-23 (in
Russian).

. Razgovorov P.B., Gorshkov V.K. Processing equipment of
industry: calculations in oil and fat productions: tutorial.
Ivanovo: ISUCT. 2009. 48 p. (in Russian).

5. Lygina T.Z., Mikhailova O.A. Physico-chemical and adsorp-
tion methods for studying inorganic natural mineral sorbents:
tutorial. Kazan: KSTU. 2009. 80 p. (in Russian).

6. Razgovorov P.B., Nagornov R.S., Razgovorova M.P. Utili-
zation of blue clay for separation of impurities from linseed
oil.Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2014. V.
57. N 12. P. 72-75 (in Russian).

7. Lygina T.Z., Mikhailova O.A., Khatsrinov A.I, Konyu-

khova T.P. Technology of chemical activation of inorganic

natural mineral sorbents. Kazan: KSTU. 2009. 120 p. (in

Russian).

Lukomskiy Yu.Ya., Gorshkov V.K., Razgovorov P.B. Gal-

vanic and paint coatings on aluminum and its alloys. Ivano-

vo: ISUCT. 2019. 239 p. (in Russian).

Bel'chinskaya L.I., Khodosova N.A., Novikova L.A.,
Strel'nikova 0.Yu., Roessner F., Petukhova G.A., Zhabin
A.V. Regulation of sorption processes in natural nanoporous
aluminosilicates. 2. Determination of the ratio bitween active
sites. Protect. Met. Phys. Chem. Surf. 2016. V. 52. N 4. P.
599-606.

10. Grevtsev V.A., Lygina T.Z. Morphological and structural
features of natural, activated and synthesized substances.
2010. Vestn. Kazan.technol. Univer. 2010. No. 8. P. 236-249
(in Russian).

11. Goldberg V.M., Skvortsov N.P. Permeability and filtration
in clays. M.: Nedra. 1986. 160 p. (in Russian).

12. Shapkin N.P., Razov V.I., Khal’chenko I.G., Shkuratov
A.L., KorochentsevV.V., MayorovV.I. Studies of natural ka-
olinite and its modified forms. J. Inorg. Chem. 2016. V. 61. N
11. P. 1463-1471.

13. Mikhailov G.G., LongzingerT.M., Morozova A.G., Skot-
nikov V.A., Lonzinger A.V., Kutuev A.A. Influence of com-
position and structure of natural aluminosilicate materials of
the Chelyabinsk region their sorption properties. Vestn. Yu-
zhn.-Ural. gos. Univer. Ser. Metallurgiya. 2015. V. 15. N. 4.
P. 42-50 (in Russian).

14. Sharafiev D.R., Hatsrinov A.I, Usmanov N.V.,
Kasymova G.I. Modified natural adsorbents for refining of
vegetable oils. Vestn. technol.Univer. 2017. V. 20. N. 18. P.
88-92 (in Russian).

15. Sabitov A.A., Ruselik E.S., Trofimova F.A., Teterin A.N.
Russian behtonite: the curreht state and prospects for the de-
velopment of the resource base. Mineral resources of Russia.
Economics and management. 2010. N. 5. P. 8-17 (in Rus-
sian).

16. Khodosova N.A., Pryazhentseva K.A., Zotova S.A. Eval-
uation of sorption capacity of natural and acid-activated

24

YMHbIE KOMNO3WTbI B CTPOMUTE/IbCTBE

SMART COMPOSITE IN CONSTRUCTION

alumosilicates of various structures. Sci. Bullet. Voronezh.
State Univer. Arch. Civil Eng. Ser. High technol. Ecology.
2016. N. 1. P. 130-136 (in Russian).

17. Sapronova Zh.A., Gomez M.Zh., Sverguzova S.V. Ultravio-
let activation of natural clays of Angolan deposits to increase
their sorption activity in water treatment processes. Belgorod:
BSTU. 2015. 157 p. (in Russian).

18. Tserenkhand B., Bolmaa G., Bayaraa B. Chemical and

mineralogical composition of some clays in uvsnuuraimak

(Mongolia). Bullet. Buryat State Univer. 2014. V. 3. P. 17-20

(in Russian).

Vezenizev A.l., Kormosh E.V., Zdorenko N.M.,
Goldovskaja-Peristaja L.F. Adsorption properties of enrich-
ment products of natural montmorilloniteclays. Nauch. ve-
domosti. Ser. Estestv. nauki. 2011. N. 9. V. 15. P. 103-109.
20. Trezza M.A., TironiA., Irassar E.F. Thermal Activation

of Two Complex Clays (Kaolinite-Pyrophillite-Illite) from
Tandilia System, Buenos Aires, Argentina. In book: Calcined
Clays for Sustainable Concrete. 2018. P. 469-474

21. Ryazanov M.A., Dudkin B.N. Acid-Base Properties of y-
Al>0s Suspension Studied by pK Spectroscopy. Colloid J. 2003.
V. 65. No 6. P. 761-766.

22. Razgovorov P.B., Nagornov R.S., RazgovorovaM.P.,
Grechin 0.V. Regulation of aluminosilicate materials acid-
base properties for action on purification degree of olive oil.
Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2015. V.
58. N 10. P. 58-63 (in Russian).

23. Prokof’ev V.Yu., Razgovorov P.B. Phusical and chemical
processes occurring when introducing of kaolin clays in vege-
table oils. Khimiya rastitel'nogo syr'ya. 2010. N. 2. P. 159-
164 (in Russian).

24. Shcherbakov A.A., Klepikov M.S., Solodkii N.F., Serikov
A.S., Rukavishnikov V.V., Zhestkov V.M., Belevitin V.A.
Chemical composition of the conditioned and nonconditioned
Nigneuvelyskayas clay Chelyabinsk region. Bashkir. Chem. J.
2011. V. 18. N. 4. P. 236-239 (in Russian).

25. Lamberov A.A., Sitnikova E.Yu., Abdulganeeva A.Sh.
Influence of the composition and structure of kaolinite clays
on the conditions of transition of kaolinite to metacaolinite.
Vestn. Kazan. technol. Univer. 2011. N. 7. P. 17-23 (in Rus-
sian).

26. Chelly M., Srasra E. Physico-cemical characterization and
thermal behavior of two Tunisians kaolins. Surf. Engin. Appl.
Electrochem.2009. V. 45. N 1. P. 47-55.

27. Kanygina O.N., Kravtzova O.S., Chetverikova A.G., Ku-
leeva A.H., Salnikova E.V., Volkov E.V., Shambulatova
A.T. Fractional structures of brick clays from Orenburzhye.
Vestn. Omsk. gos. Univer. 2011. V. 131.N 12. P. 396-398 (in
Russian).

28. Tardy Y., Fritz B. An ideal solid solution model for calculat-
ing solubility of clay minerals. Clay Minerals.1981. V. 16. N
4. P. 361-373.

29. Prokof'ev V.Yu., Razgovorov P.B., Smirnov K.V,
Ilyin A.P., Shushkina E.A. Flax oil purification on a modi-
fied white clay. Izv. Vyssh. Uchebn. Zaved. Khim. Khim.
Tekhnol. 2007. V. 50. N 6. P. 65-69 (in Russian).

30. Kumar P., Jasra R.V., Bhat T.S.G. Evolution of Porosity
and Surface Acidity in Montmorillonite Clay on Acid.Indian
Eng. Chem. Res. 1995. N 34. P. 1440-1448.

31. Nagornov R.S., Razgovorov P.B., Lepilova A.M., Stroga-
nova Y.I., Smirnov P.R., Kochetkov S.P. Gentle activation

19.


https://elibrary.ru/item.asp?id=27591770
https://elibrary.ru/item.asp?id=27591770
https://elibrary.ru/contents.asp?id=34330068
https://elibrary.ru/author_items.asp?authorid=529748
https://elibrary.ru/item.asp?id=13432764
https://elibrary.ru/item.asp?id=13432764
https://elibrary.ru/contents.asp?id=33170028
https://elibrary.ru/author_items.asp?authorid=679992
https://elibrary.ru/author_items.asp?authorid=544140
https://elibrary.ru/author_items.asp?authorid=544140
https://elibrary.ru/author_items.asp?authorid=238795
https://elibrary.ru/author_items.asp?authorid=152110
https://elibrary.ru/author_items.asp?authorid=271936

TOM 1, BbIMYCK 1, 2020 | VOL. 1, ISSUE1

of polymineral sorbent and its influence on the process of
cleaning oil-containing media from impurity ingredients. Izv.
Vyssh. Uchebn. Zaved. Khim. Khim.Tekhnol. 2017. V. 60. N
8. P. 53-59 (in Russian).

32. Stroganov V.F., Amelchenko M.O. Study the effect of acid
activated kaolin on the properties of waterborne coatings. Izv.
KGASU. 2014. V. 30. N 4. P. 284-290 (in Russian).

33. Yahaya S., Jikan S.S., Badarulzaman N.A., Adamu
A.D. Effects of Acid Treatment on the SEM-EDX Character-
istics of Kaolin Clay.Path Sci. 2017. V.9. N 3. P. 4001-4002.

34. Ming H., Spark K.M. Radio Frequency Plasma-Induced
Hydrogen Bonding on Kaolinite. J. Phys. Chem.2003. V. 107.
N 3. P. 694-702.

35. Kurtukova L.V., Somin V.A., Komarova L.F. Changing the
properties of bentonite clays under the action of various acti-
vators. Polzunovskiy Vestn. 2013. N. 1. P. 287-289 (in Rus-
sian).

36. Meldeshov A.A. Adsorption descriptions of the activated
Keles clay. Bullet. of Kazakh. Acad. transport and communi-
cat. nam. M. Tynyshpaeva. 2017. V. 101. N 2. P. 48-52 (in
Russian).

37. Vorsina L.A., Grigor'eva T.F., Devyatkina E.T., Vosmer-
ikov S.V., Udalova T.A., Lyakhov N.Z. Interaction of organ-
ic acids with silicates in the cource of joint mechanical activa-
tion. J. Appl. Chem. 2017. V. 90. N 3. P. 334-341.

38. Tuchkova A.L, Tyupina E.A., Rakhimov M.G. Influence of
alkaline activation of clay minerals on their sorption ability
to extract Cs-137 from spent oil. Usp. Khim. Khim. Tekhnol.
2012. V. XXVI. N 6. P. 92-95 (in Russian).

39. Bel'chinskaya L.I., Voishcheva 0.V., Khokhlov V.Y., Lu
T.Y., Zhabin A.V., Petukhova G.A. The influence of alkaline
treatment on the chemical composition and adsorption-
structural characteristics of mineral nanoporous sorbent
MysKz. Protect. Met. Phys. Chem.Surf. 2012. V. 48. No 3. P.
322-327.

40. Zhdanov S.P., Egorova E.N. Chemistry of zeolites. L.: Nau-
ka. 1968. 158 p. (in Russian).

41. Lebedev M., Zhernovsky 1., Strokova V. Effect of Heat
Treatment on Phase Compositions of Clay Aluminosilicates.
Nanotechnology in Construction. 2015. P. 123-129.

42. Trofimova F.A., Gubaidullina A.M., Demidova M.I. The
degree of dispersion as one of the criteria for the quality of
natural aluminosilicates. Vestn. Kazan. tekhnol. Univer.
2010. N 6. P. 218-224 (in Russian).

43. Kalinkin A.M., Kalinkina E.V., Zalkind O.A. Mechano-
sorption of carbon dioxide by Ca- and Mg-containing silicates
and alumosilicates. Sorption of CO:and structure-related
chemical changes. Colloid J. 2009. V. 71. No 2. P. 185-192.

44. Zulumyan N.H., Papakhchyan L.R., Isahakyan A.R.,
Beglaryan H.A., Aloyan S.G. Effect of mechanical treatment
on the silicate lattice of kaolinite. J. Phys. Chem.2012. V.
86. No 12. P. 1887-1891.

45. Butman M.F., Ovchinnikov N.L., Arbuznikov V.V.,
Agafonov A.V. Synthesis andproperties of Al-pillared mont-
morillonite of natural origin. Izv. Vyssh. Uchebn. Zaved.
Khim. Khim. Tekhnol. 2012. V. 55. N 8. P. 73-77 (in Rus-
sian).

46. Akkari R., SrasraE. Polybenzidine-montmorillonite nano-
composites: synthesis via a mechanochemical intercalation
method. Surf. Eng. Appl. Electrochem. 2010. V. 46. N 4. P.
361-366.

25

YMHbIE KOMNO3WTbI B CTPOMUTE/IbCTBE

SMART COMPOSITE IN CONSTRUCTION

47. Arfaoui S., Frini-Srasra N., Srasra E. Synthesis and
characterization of hydroxy-chromium pillared bentonite.
Surf. Eng. Appl. Electrochem. 2009. V. 45.N 3. P. 239-245.

48. Hlihor R. M., Gavrilescu M. Removal of some environmen-
tally relevant heavy metals using low-cost natural sorbents.
Environ. Eng. and Manag. J. 2009. V. 2. N 8. P. 353-372.

49. Mulyutin V.V., Gelis V.M., Nekrasova N.A., Kononenko
0.A., Vezentsev A.I., Volovicheva N.A., Korol'kova S.V.
Sorption of Cs, Sr, U, and Pu radionuclides on natural and
modified clays. Radiochem. 2012. V. 54. N 1. P. 75-78 (in
Russian).

50. Ayari F., Srasra E., Trabelsi-Ayad M. Effect of exchangea-
ble cations on the physicochemical properties of smectite. Surf.
Eng. Appl. Electrochem. 2007. V. 43. I. 5. P. 369-378.

51. Teng M.-Y. Lin S.-H. Removal of basic dye from water onto
pristine and HCl-activated montmorillonite in fixed beds. De-
salination. 2006. V. 194. I. 1-3. P. 156-165.

52. Timofeev K.L., Maltsev G.1., Sviridov A.V. Indium extrac-
tion from solutions with modified aluminosilicates. Izv.
Vyssh.Uchebn. Zaved. Khim. Khim. Tekhnol. 2016. V. 59. N
7. P. 35-41 (in Russian).

53. PatelM.A., Kar A.S., Kumar S., Tomar B.S. Effect of phos-
phate on sorption of Eu (III) by montmorillonite. J. Radio-
anal. Nucl. Chem.2017. V. 313. N 3. P. 537-545.

54. Zhou Q., Pan G., Shen W. Enhanced sorption of perfluorooc-
tane sulfonate and Cr (VI) on organomontmorillonite: Influ-
ence of solution pH and uptake mechanism. Adsorption.
2013. V. 19. N 2-4. P. 709-715.

55. Goyal S., Goyal G.K. Nanotechnology in food packaging -
a critical review. Rus. J. Agricult. and Soc.-Econ. Sci. 2012.
V. 10. N 10. P.10-24.

56. Mattia C.D., Paradiso V.M., Andrich L., Giarnetti M.,
Caponio F., Pittia P. Effect of Olive Oil Phenolic Compounds
and Maltodextrins on the Physical Properties and Oxidative
Stability of Olive Oil O/W Emulsions. Food Biophys. 2014. V.
9. N 4. P. 396-405.

57. Aladedunye F.A., Przybylsk R. Frying Performance of
Canola Oil Triacylglycerides as Affected by Vegetable Oils
Minor Components. J. Amer. Oil Chem. Soc. 2012. V. 89. N
1. P. 41-53.

58. Razgovorov P.B. Extraction of waxes from oil-containing
systems in the presence of sorbents and emulsifiers. Izv. Vyssh.
Uchebn. Zaved. Khim. Khim. Tekhnol. 2006. V. 49. N 5. P. 3-
10 (in Russian).

59. Prokof’ev V.Yu., Razgovorov P.B., Razgovorova M.P.
Studying of waxes crystal formation process in vegetable oils
in the presence of primed mineral additives. Khimiya ras-
titel’nogo syr'ya. 2013. N 2. P. 207-212 (in Russian).

60. Gerasimenko E.O. Patent RUN 2174993. 2001.

61. Nasedkin V.V., Boeva N.M., Garbuzova L.A., Koval'chuk
M.V., Vasil'iev A.L. The crystal structure and chemistry of
several palygorskite samples with different geneses. Crystal-
logr. Reports. 2009. V. 54. N 5. P. 884-900.

62. Sabitov A.A., Galiakhmetov R.G., Trofimova F.A., Ruselik
E.S., Nikolaeva L.M. Sepiolite clays of Meteger origin (Re-
public of Sakha (Yakutia)) - a new type of nonmetallic raw
material in Russia. Razvedka i okhrana nedr. 2015. N. 4. P.
29-34 (in Russian).

63. Singer A., Galan E. Develoopments in Palygorskite-Sepiolite
Research.A New Outlook of these Nanomaterials. Elsevier:
Oxford-Amsterdam. 2011. 520 p.


https://elibrary.ru/item.asp?id=17991181
https://elibrary.ru/item.asp?id=17991181
https://elibrary.ru/item.asp?id=17991181
https://elibrary.ru/item.asp?id=17991181
https://elibrary.ru/contents.asp?id=33752549
https://elibrary.ru/item.asp?id=13601062
https://elibrary.ru/item.asp?id=13601062
https://elibrary.ru/item.asp?id=13601062
https://elibrary.ru/item.asp?id=13601062
https://elibrary.ru/contents.asp?id=33375102
https://elibrary.ru/item.asp?id=20674519
https://elibrary.ru/item.asp?id=20674519
https://elibrary.ru/contents.asp?id=33864035

TOM 1, BbIMYCK 1, 2020 | VOL. 1, ISSUE1

64. Ismatov S.Sh., Khudoerov D.U. Effects of local adsorbents
for cleaning cotton oil and products of its processing. Vopr.
nauki i obrazovaniya. 2017. N 1.P. 45-46 (in Russian).

65. Hechi E., Amor O.B., Srasra E., Zargouni F. Physico-
chemical characterization of acid-activated clay: its industrial
application in the clarification of vegetable oils. Surf. Eng.
Appl. Electrochem. 2009. V. 45. N 2. P. 140-144.

66. Laatikainen M., Srithammavut W., Toukoniitty B.,
Turunen I., Sainio T. Phospholipid adsorption from vege-
table oils on acid-activated sepiolite. Adsorption. 2015. V.
21. N 5. P. 409-417.

67. Essid K., Jahwach-Rabai W., Trabelsi M., Frikha M.H.
Sterolic Composition of Neutralized Oils Bleached with Clays
Activated with Ultrasound. Iran. J. Sci. Technol. Transact.
A: Sci. 2016. V. 40. N 3. P. 183-189.

68. SuH., Wang X., Kim Y.G., Kim S.B., Seo Y.-G., Kim J.S.,
Kim C.-J. Optimization of decoloring conditions of crude
fatty acids recovered from crude glycerol by acid-activated
clay using response surface method. Korean J. Chem.
Eng. 2014.V. 31. N 11. P. 2070-2076.

69. Hechi A.E., Srasra E., Zargouni F. Physico-chemical char-
acterization of acid-activated clay: its industrial application
in the clarification of vegetable oils. Mater. Sci. Ind. J. 2007.
V. 3. 1. 3. P. 146-149.

70. Chakroun S.,Herchi M., Mechti W., Gaied M.E. Acid
activation of upper Eocene Ca-bentonite for soybean oil clari-
fication.Environ. Sci. Pollut. Res. Int. 2017. V. 24. N 28.
P. 22557-22569.

71. Yoon S.H. Optimization of the refining process and oxida-
tive stability of chufa (Cyperusesculentus L.) oil for edible
purposes. Food Sci. Biotechn. 2016.V. 25. N 1. P. 85-90.

72. Paranuk A.A., Khrisonidi V.A., Ponomareva G.V., Gu-
chetl Z.Ch., Lysenko Yu.A. Development of oil drying instal-
lation on zeolites. Usp. sovrem. nauki. 2017. V. 2. N. 6. P.
169-173 (in Russian).

73. Suvanova F.U. Application of adsorbents for processing
cottonseed oil and miscella. Aktual. nauchn. issled. v sovrem.
mire. 2016. V. 13. N. 5-2. P. 130-134 (in Russian).

74. Muslimov B.B., IsmatovS.Sh., SharifovaN.A. Selected
technologies for cottonseed oilrefining. Vopr. nauki i obra-
Zovaniya. 2017. N. 5 (6). P. 11-13 (in Russian).

75. Prokof'ev V.Yu., Razgovorov P.B., Smirnov K.V., Shush-
kina E.A., Il'in A.P. Extru-sion molding of kaolin sorbents.
Glass and Ceramics. 2007. V. 64. N 7-8. P. 287-290.

76. Zakharov O.N., Prokof’ev V.Yu., Razgovorov P.B., Razi-
na Zh.V. Sorbent forming from modified clay of Ivanovo re-
gion field. Izv. Viyssh. Uchebn. Zaved. Khim. Khim. Tekhnol.
2009. V. 52. N 2. P. 87-90 (in Russian).

77. Zakharov Yu.A., Motygullin E.K , Gil’'muidinov A.Kh.
Direct determination of phosphorus in vegetable oils by elec-
trothermal atomic absorption spectrometry. J. Anal. Chem.
2000. V. 55. N 7. P. 649-652.

Received 11.09.2020
Accepted 12.10.2020

26

YMHbIE KOMNO3WTbI B CTPOMUTE/IbCTBE

SMART COMPOSITE IN CONSTRUCTION



TOM 1, BBIMYCK 1, 2020 | VOL.1,ISSUE T YMHbIE KOMMO3WUTbI B CTPOUTE/bCTBE
SMART COMPOSITE IN CONSTRUCTION

VIK 691:620.17

AHAJIN3 KHHETHKY HAKOIIEHUA
I[IOBPEXXKJTEHUU

B CTPYKTYPE SDITIOKCHIHEIX
I[IOJIMMEPOB, DKCIIOHHPOBAHHFIX
B YCJIOBHAX YMEPEHHO-
KOHTHHEHTAJIFHOI'O KJIMMATA

T.A. Hu3una, B.Il. Ceases, J.P. Husun, H.C. KaHnaesa,
A.A. Apmamonos

Tamvana AnamoavesHa HusuHa

E-mail: nizinata@yandex.ru

Baadumup Iasrosuu Censies
E-mail: ntorm80@mail.ru

Kadgedpa CMpOUMenbHbLX KOHCMpYKUYUl, HayuonanvHulil
JAmumpuii Pydonvposun Husuu uccnedosamenvckuili Mopdosckuil 20cy0apcmeeHHblil YHUBepcumem uM.
H.II. Oeapésa, yn. Boavwesucmckas, 68, Capanck, Poccuiickas
Dedepayus, 430005

E-mail: nizindi@yandex.ru

Hadexda Cepeeesna Kanaesa

E-mail: aniknadya@yandex.ru

Zenuc Anexcandposuu Apmamonog

E-mail: denartam@gmail.com

27



TOM 1, BbIMYCK 1, 2020 | VOL.1,15SUE 1 YMHbBIE KOMMNO3WTbI B CTPOUTE/IbCTBE
SMART COMPOSITE IN CONSTRUCTION

B pabome na npumepe 08yx 8ud08 NOAUMEPHLIX KOMNO3UMOSE, 3HAYUMEAbHO PA3AULATI0-
WUXCA KAUMAMUHLECKO CMOUKOCMbI0, NPOoAHAAUIUPOBAHA KUHemMUKd HAKONAEeHUL NOo-
gpencdeHuUll Npu IKCNOHUPOBAHUL 8 YCAOBUAX YMePeHHO-KOHMUHEHMAAbH020 KAUMAMA.
Cywrnocmb npedioxenHOl memoOuku 3akalowaemcs 6 anaAAU3e U3MeEHeHUSL UHOeKca
¢paxmanvrnocmu, onpedenaemozo ¢ NOMOUbIO Memoda HAUMEHbULE20 NOKPLLMUA NO KPU-
guim Jepopmuposanuss npu pacmaxeHul, QUKCUPYeMblM C 8bLCOKOIL 4ACMOMOl CHAMUA
noxasanuil (0,01 cex.). Yucaosevle 3HaueHua UHOeKC08 PppakmanvHocmu onpedenanucs U3
axnaausa npeduecmeyou,ezo peMenH020 yuacmka, coomeemcmeyouwezo 16 (2*) akcnepu-
MenmanvHueim moukam, m.e. 0,16 cek. YpoeHU «Kpumuweckux» COCMOAHUIL coomeemn-
CMeosasu MUHUMAALHBIM 3HAYEHUAM UHOEKC08 QpaKmaAbHOCTMU, PAHMUPOBAHHBIX 044
uccnedyemulx Kpugvlx 0epopMUpo8aAnUL OM HAYAAA HApYHeHUL 00 YPOBHA JOCMUMEHUS
06pasyamu MAaKCUMAALHBLLX PACMAZUBAIWUX HanpaxceHul. Hamyproe kaumamuueckoe
cmapenue uccaedyemulx NOAUMEPO8 NPOBOOUNLOCH 8 MedeHUe 00H020 KaaeHdapHOo20 2oda.
Qukcayusn u3mMeHeHUus YNpyzo0-npouHOCMHbLX Xapakmepucmuk obpasyos nposodusacy de-
pe3 45, 90, 180, 270 u 360 cymoxk.

Ha ocnoee npogedenno2o uccnedosanHus 6vla81eHbl CYUeCMEeHHble pa3AU4UL 8 KUHemuke
HaKOnAeHUS noepedxdeHUll INOKCUOHBLX nNoAuMepo8 nod Jdeiicmeuem pacmsazueanujux
HANPpAXCEHUI, 8 MOM HUCAE 8 3ABUCUMOCTIU O0Mm 8Uda INOKCUOHOIL CMOALL U omeepdumens,
a maxkoce OAUMEALHOCMU HAMYPHO20 IKCNOHUPOBAHUL. YCmMAHO8AEHO, 4MO 048 KAUMA-
MuyecKu HeCmMOUKUX cocmasos yxe nocae 180 cymok kKAumamuueckozo eosdeiicmeus
Habaodaemcs epynnupoganile «KpUmuueckux» mouek 8 ancambau, 6AU3KUe N0 8peMeHL,
YPOBHIO HANPAMEHUT U OMHOCUMeAbRUX YOAUREHUL npu pacmaxenuu. Jas kaumamuie-
CKU cmolikux noaumepos, Hanpomus, Habawdaemcs 6onee pasHomepHOoe pacnpedenenue
«KPpUMUYECKUX» MmMOoUYeK no Kpusuim Jdedpopmupoeanus, umo, ouyesudHO, N0O3goAsem UM
ycnewHo nepepacnpedeasimb 603HUKAIOWUe TNepeHanpaxernus Ha pabomocnocobHble
CMpyKmypHbvle JdAeMeHmMbl U, KAk cAedcmeue, 80CNPUHUMAMbL 3HAYUMEAbHO Ooavulue
YPOBHU pacmazueanuux Hazpy30k U OMHOCUMeAbHbLX Jepopmayuil.

Knawouesvie caoga: anokcudnvle noasumepsl, kpusvle deopmayuu, Hakonienue noepeide-
HUll, ppakmanvHblil aHaAAU3, MeMm00 MUHUMAABHOZ0 NOKPbLLMUS
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The study deals with the kinetics of damage accumulation during exposure in a temperate
cli-mate. The research uses two types of polymer composites of significantly different cli-
matic resistance as an example. The proposed method is the analysis of changes in the
fractality index determined by the least-coverage method by tensile strain curves recorded
with a high reading frequency (0.01 sec.). The fractality indices were calculated by ana-
lyzing the preceding time section that corresponds to 16 (24) experimental points, i.e.,
0.16 sec. The levels of "critical" states corresponded to the minimum values of fractality
indices ranged for the studied deformation curves from the beginning of loading to the
level of reaching maximum tensile stresses by the specimens. The study included a field
experiment on climatic aging of the studied polymers for one calendar year. We have rec-
orded the changes in the elastic-strength characteristics of the samples after 45, 90, 180,
270 and 360 days.

The results of the study showed significant differences in the damage accumulation kinet-
ics of epoxy polymers impacted by tensile stresses, including those depending on the type
of epoxy res-in and hardener, as well as the duration of full-scale exposure. It was found
that for climatically unstable compositions after just 180 days of climatic there is a
grouping of "critical" points into ensembles similar in time, stress level, and relative
elongation after stretching. At the same time, the climatic resistant polymers have a more
uniform distribution of "critical" points along the deformation curves, which obviously
allows them to successfully redistribute the occurring overstresses onto the workable
structural elements and, consequently, to accept significantly higher levels of tensile loads
and relative deformations.

Key words: epoxy polymers, strain curves, damage accumulation, fractal analysis, mini-
mum cov-erage method
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BBEJEHUE

3adata obecnedenus HA0eHHOU IKCNAYAMAYUL CIPOUTNEALHBLX
usdeauil u KOHCMpYKYuUll, nodsepeaemMulx HAMYpPHOMY KAUMA-
muueckomy 8030elicmeuio, CMaHosumcs ece 601ee aKMyasbHoll
200 om 200a. Pocm He2amugHo20 8AUAHUS (AKMOpPos OKpydHca-
foweil cpedvl (conmednas paduayus, 3azps3HalOUjlLe 8el,ecmad,
nepenadsl Mmemnepamypol U 8AA4CHOCTL, 8eMposble HAZPY3KUL U
m.0.) npueodum k HeobXxo0uMOCMU 3aUyUMbL IAEMEHMO8 30a-
HUIL U COOpYIHCeHUIL C LeAbl0 NOBbLILEHUS UX 00/1208¢4HOCTIIL.
IIpumenumensHo Kk GemoHHBIM U KHee300eMOHHbBIM U30eAUIM
U KOHCMPYKYUAM Hauboee sGeKmueHbim cnocobom 3auyumbl
A8AAEMCA UCTI0Nb308AHIE NOKPLUNUIL HA OCHO8E TOAUMEPHBLX
mamepuanos. OOHAKO, 8 npoyecce HAMYPHOU IKCNAYAMAYUL 8
YCA0BUAX KOMMNAGKCHO20 8030elicmeus KAUMAMu4eckux Qax-
mopos npoucxodum cmapeHue TNOAUMEPHBIX KOMIO3UMOS,
conpososcdaemoe HAKONAEHULEM 8 CPYKNYpe NOKPbUMULL MUK-
podepexmos U nospesxcOenull, NpuBoOAUUX CO BpemeHeM K pas-
pywenuto. IToamomy npu paspabomke cOCMAB08 3AUUMHBLX
NOAUMEPHBLX NOKPbIMULL HeobX00UMO YHUMbLBATNb UX KAUMA-
MutecKylo cmoiikocmy, 0yeHKY KOmopoil yenecoobpasto npoeo-
OJumb Ha 0CHOBe Pe3yAbIMAMmOo8 HAMYPHbLX UCTILIMAHULL.
Axmuenoe eHedpeHue 8 nocaednue 2006l 8 NPAKMUKY HAYHHBLX
uCcce008aAHUTL COBPeMEHHO20 UCTbIMAMenbHO20 060pydosanus,
OCHAULEHH020 TPOZPAMMHBIM ObecneveHueM, npedcmasasnio-
wum coboll BbICOKOMOUHYIO cucmemy cbopa U pesucmpayuu
pe3yavmamos, npueooum K HAKONAeHulo 60avwux 00Bemos
IKCNEPUMEHMANLHBLX 0aHHbLX, 045 06pabomKu U aHAAU3A KO-
mopulx mpebyemcs npumerenue cCneyudibHo paspabomantblx
Memoduk. B uacmuocmu, npu ucnulmanuu KOMNOSUYUOHHBIX
Mamepuanos Kaxk Ha cxamue [1, 2], max u Ha pacmsicerue [3,
4] udem ¢uxcayus dannovlx ¢ wacmomotii ¢ 0,01 cex., 4mo no3eo-
Aslem noAy4amv 041 Kavwdozo 06pasyd, 8 3AeUCUMOCTL Om
CKOPOCMUL HAZPYXHCEHUS U €20 NPOHHOCTHBLX nokasameneil, 06s-
emuvl 0anMblx, codepacaujux, 8 cpednem, om 1,5 do 150 muic.
cmpox [5]. O6pabomxka noAyHeHHbIX MACCUB08 OAHHLLX, 8 MOM
4ucae ¢ npusiedeHuem memodos PpakmanvHozo UCHUCAEHUS,
110360/151€M NOAYHUMb HOBYIO UeHHYI0 UHGOPMAYUI0 O npoyecce
Oecpopmuposanus, a makdie paspabomams MemoOuKU OUeHKL
KOAUYECITIBEHHBLX 3HAYEHULI «KPUMUYECKUX» MOYeK Npouecca
Hazpystcenus KOMNO3UYUOHHbIX mamepuanog nod Oeticmeuem
MeXAHUYeCKUX HA2PY30K, 4mo, 0e3 COMMHeHUs, S8ALeMCs 8adic-
HOllL mamepuanogedueckoli 3adauei.

XapaxmepHoil 0CO6eHHOCMbIO NOAUMEPHBLX KOMNOSUYUOHHBLX
Mamepuanos ABAAEMCS HAAUYUE CAOMCHOL MHO020YpO8Hesoll
cmpykmypul, npueodsueil Kk CyuyecmeeHHbLM pasAudUIM 8 Xd-
pakmepe paspyuleHus pasAudHulx 6udos mnoaumepos [6]. B
HAY4HOll Aumepamype npugodamcss UCCAe008aHUS BAUSHUSL
CMeneny CMpYKMYypHOil He0OHOpPOOHOCTML KOMNO3UYUOHHBIX
Mamepuanog Ha ux nogedeHue nod deiicmeuem cmamu4eckux u
yOapuvix Haepysok. ITokasano [7], 4mo umMeHHO 6blcoKAs CTe-
TeHb CMpyKMypHOLi HeoOHOPOOHOCTML TOAUMEDPOS, 3AA0HCeHHAS
Ha amane (GopMUPOBAHUSL, ABAALMCA KAIOHeBbIM (PAKIMOPOM,
BAULIOUUM HA 20 PU3UKO-MexaHuHecKue ceoticmea. B wacmmo-
cmu, npu JuHamuyeckom Oepopmuposanuu 8 mamepuane 803-
HUKAem pa3eumas uepapxus CMpyKmypHulx yposHeil depopma-
yuu, xomopas o0yCAA6AUBAEN CAMOCO2AAC08aHHOe Oedpopmu-
posanue u paspyulerue ecezo obsema mamepuand. B pabome [8]
Jdoka3amo, wmo npu U3y4eHuu npoyeccog depopmuposanus u
DA3pYULeHUS. NOAUMEPO8 8 pAMKAX Memodoaozul Quauveckoll
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ME30MeXAHUKL HeoOX00UMO yHUMbleams Uepapxuio CMmpyk-
MYypHOIX YPOBHell U CBA3AHHYIO C Hell UepapXuio MacumabHblx
YposHell KOHYEHMPATMOPO8 HANPSIHEeHUL, 603HUKAIOUWUX NPLL UX
HazpyxceHuU.

Hmenno cmpykmypras HeoOHOpPOOHOCTb KOMMOSULUOHHbLX
CMPpOUMeAbHbIX MAMepUaios 0adxe NpU OMHOCUMEAbHO He-
O0ABULLX YPOBHAX MEXAHUHECKUX HATPAHEHUTL MOJNCEm Npuso-
Oumbv K paspulxAeHuio 0CAAb/LeHHbIX 30H, C KOMOpbX 6nocaed-
CMeUL U HAYUHAemCs paspyuieHue komnosumos. IIpu smom
npoyecc paspyulenus umeem OUCKpemHO-HenpepuleHblil Xapax-
mep, paseusarwulics 60 épemMeHl, XApaxmepusyrouuiics npo-
TMeKAH1LeM MHOXMCECITI8EHHO20 3apOXOeHUs, PA3BUMUA U dzpead-
YU pazauinozo poda degexmog 6naomuv 00 NosAGAEHUSL MAKPO-
Mpewun, NpugodAULLX K paspyulenuio obpasya [9-13].

B asmopckux uccaedosanusx [1-5, 14] das anaausa npoyecca
HAZPYIHCeHUS PASAULHBIX KOMNO3UMO8 100 Jelicmeuem Mexanu-
4eCKUX HAz2py30K npedNodcer AN20pUMM, OCHOBAHHBLIL HA UC-
101b308AHUL Memoda (Ppakmanvioz0 AHAAU3A BPeMEHHBLX
008, NOAYHAEMBIX C 8bLCOKOL Hacmomoil ¢ukcayuu nokasd-
Hull, N0360ASIOWULL KOAUHECTIBeHHO Onpedensimb KOOpOuHAMmbL
«KPUMUYeCKUX» MOoUeK Kpusblx Jepopmuposanus, ceudemens-
CMEYIOUUX 0 BO3HUKHOBEHUL 8 CMPYKMYpe KOMNO3UNO8 Onpe-
Oenennvlx «mpydHocmeti» (mouek 6ugypxayuw). Jas onpede-
/leHUS U3MeHeHUs 3HAYeHUTl UHOeKCo8 GpaKmanvHoCcmu, nos-
80NAIOUUX BbIABAAM «KPUMUHECKUE» YPOBHI HANPANEHUT U
Jepopmayuil 8 npoyecce HA2pYHeHUA CMPOUMENLHLIX KOMIO-
3UMmMo8, NpedfoKHeHO UCNOAb30BAMb Memo0 HAUMEHblLeZ0 TO-
Kpuimus, u3AoxieHHwll 6 pabomax [15, 16], saeasiowuiics
Haubonee Neeko peanusyemvim Odaxce 0N BpeMeHHbIX pdos
boavuLux 06semos.

B dannoil pabome Ha npumepe 08yx 81008 NOAUMEPHBLX KOM-
TI03UMO08, 3HAYUUMENLHO OMAUYAIOUUXC N0 YPOSHIO KAUMA-
muu4eckoil YCAOBUAX yMepeHHo-
KOHMUHEHMAALHO20 KAuMama, 6y0ym npoaHasu3uposaHsl
pasaudus 8 KuHemuke HAKONAeHUs noepedxcOeHull, oyeHusae-
MOl MO U3SMEHEHUI0 UHOeKCO8 @pakmanvHOCMU 6peMeHHbLX
pAados.

cmotikocmu 8

DKCIIEPUMEHTAJIbHAA 9YACTDb

Memoduka onpedenenus KOOpOUHAM «KPUMUHECKUX» MOU4eK
Kpugslx Oepopmuposanus noaumepHelx 0bpasyos 6 npouecce
Hazpyscenus usaoxcena 6 pabomax [5, 14]. Jas onpedeaeHus
undekca @pakmanvHocmu (L Npu AHAAU3e YHACMKA KPUBOll
OepOpMUPOBAHUSA NOAUMEPHBIX KOMNOIUIMO8 UCNOAb308ANAACH
10¢1e008aMeAbHOCTIL M 8/10MHEHHBLX pa3bueHull, 2de m = 2",
20e n=0,1,2,3,4. IIpu amom 042 kaxcdoii mouku kpugoti Je-
dopmuposanus uccaedosancs npediecmgyouyull 8pemMeHHOl
unmepsan, coomgemcmeyouuii 16 (2*) sxcnepumenmanvroim
moukam, m.e. 0,16 c. Ilocne 3aeepuleHus amanu3a nepeozo
yuacmka 06pabomku ocyujecmeAsncs nepexod k caedyiouyemy,
CMelyeHHOMY OMHOCUmenbHO npedoldyuieeo Ha 0,01 c.

Kavowdoe pasbuenue cocmosno us 2" unmepsanos, codepicauyux
2% srcnepumenmanvivix mouex. Jas kascdoeo pazouenus

wp=la=t, <t; < <ty=>b],

6 3asucumocmu om waea § (§ = (b — a)/m) sviuucagau am-
naumyonyio eapuayuio Vy () no popmyae [15, 16]:

V: (8) = LiZ, Ki (6), @
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20e Ki(&)onpedeaanu xax pasHuyy mexncdy MaxCUMAasbHbim U
MUHUMAALHOLM NPUPOCTIOM — HATPAIICEHUS NP PACTNANCEHUL
Ha 8peMeHHOM unmepeane [t;_q,t;]. B dannom cayuae mouxa "a"
Xxapakmepusyem HA4AA0 UccAedYeM020 yuacmka 0aunoti 0,16 c,
mouxa "b" — e2o okoHuaHUe.

Ilo xoagpduyuenmy B ypasnenus pezpeccuu log (Vi (8)) =
a, + B xlog (8), onpedenennomy ¢ nomowpio memoda
HAUMEHbWUX K8adpamog, onpedeasnu undekc ¢ppaxmanvrocmu
U pa3mepHOCT MUHUMAALHO20 NOKpLLMUS 0AS Kaxnd02o ucce-
Jyemoeo yuacmxa:

(€]

Pacuem undekcos ¢paxmanvhocmu kpugulx Oeopmuposanus
npou3soducs ¢ IOMOULLIO ABMOPCKO20 NPOZPAMMHOZ0 NPOJYK-
ma, peanu306amnHoe0 Ha A3vike Python.

B kauecmee 06sexmos uccnedosanus 6bLAU 6bI0paHbL NOAUME-
pbl, noayuaemole HA OCHO8e InOKcudHol cmonvt BJ-20 (IOCT
10587-84), omeepacdaemoil omeepdumenem dman-1460 (TY
2257-010-18826195-99), a maxkdice MoOuPuyUpo8anHoll Inok-
cudnoil cmonvl dman-247 (TY 2257-247-18826195-07), omaep-
adaemoti Bman-1472 (TY 2257-1472-18826195-05). Hcnoawsy-
emble omeepdument. npedcmasAsiom coboll cmect apomamuye-
cKux u anugamudeckux 0u- UAU NOAUAMUHO8. Maccosvle 0oL
anokcudHuvlx epynn 04s cmon BJ-20 u Dman-247 6ausku u co-
cmaeaaiom, coomseemcmeento, 20,0-22,5 % u 21,4-22,8 %. IIpu
Imom  B8S3KOCMb  MOOUGPUYUPOBAHHOTL INOKCUOHOT  CMOAbL
Bman-247 6 20-22 pasa Huxce, wem y BJ-20, umo seasemca
TIOA0HCUMENbHBIM PAKMOM NPU UCTIONb308AHUL OAHHBIX CO-
CMagos 8 Kawecmee 3auUMmHulx NOKpuLMuil 6emoHHbLY U dtcese-
300eMOHHbLX CTPOUMENbHbLX KOHCPYKYUIL.

Paspabomannas memoduxa no onpedeneHuio KOAUHECBEH-
HbLX XAPAKMepucmux ouazpamm OepopMuposanus noiumep-
HbIX KOMNO3UIMOS NPU PACMANCEHUL, OCHOBAHHAA HA UCNOAbL3O-
sanuu memoda (PpaxmanvHoz0 AHAAU3A BPEMEHHLIX PAdos,
6viaa npumerena 04 UCCAe008AHUS NPOYECCA HAZPYHCEHUSL
IMOKCUOHBIX TNOAUMEPOS PACMAUBAIOUell HAZPY3KOIL KK 6
KOHMPOALHOM COCMOAHUL, mak u nocae 45, 90, 180, 270 u 360
CYMOK KAUMAMUYECKO20 CIAPEHUAL.

Hamypnoe skcnonuposanue o6pasiyoe nposoounoct Ha uc-
NblMAmenbHblX CMeH0ax HAY4HO-UCCAe008aMenbckoll Aabopa-
MOPUL  IKO0/1020-MEMeopON0ZUHECKO20 MOHUMOPUH2A, CMpOoU-
MeAbHbLX MexHoAo2Ull U dkcnepmu3 Hayuonaavhoeo uccaedo-
samenvckoeo Mopdosckozo 20cy0apcmeeHH020 YHUBEPClL-
meme um. H.II. Ozapesa (Capanck) ¢ 1 dexabps 6 meuenue 00-
H020 KanendapHozo 200a. JIAsi npoeedeHUss MeXAHU4eCKUX Uc-
NLUMAHULL COCMABO8 NOAUMEPHBLX KOMTO3UMOE HA pacmsasie-
Hle UCN0Ab30684AACh pa3pbléHas mawuna cepur AGS-X ¢ npo-
epammuvim obecneuenuem TRAPEZIUM X. Yacmoma ¢ukca-
yuu 3Havenull Hanpajcenull u degopmayuii cocmasasaa 0,01
cex. Hcnwimanus npogoduaucs Ha obpasyax «80CbMepKax»
(mun 2) 6 coomgemcmeuu ¢ 'OCT 11262-2017 (ISO 527-2:2012)
«IInacmmaccol. Memod UCMbIMAHUA HA PACMANCEHUE» NpU
memnepamype 23+2 °C 1. OMHOCUMEALHOTL 8AANCHOCMU 8030YXA
50+5 %. Ckopocmbv nepemeiyeHus 3aicUMO8 UCTILLMAMenbHOLl
DA3pPyLeHOTL MAULUHBL COCTABAANA 2 MM/MUH.

Ha ocHoge IKCTiepuUMeHmanbHblx UCCAeJ08AHULL YCMaHOBAEHO
(cm. maba.), 4mo NpoUHOCMHble XAPAKIMePUCTUKL NOAUMEPA
BA-20 + Dman-1460 xapakmepusyomcs pesKUM CHUNCCHLUEM
NpoOUHOCTHbIX U Jepopmamuenblx noxasameneil ysce x 180
CYMKAM HATMYPHO20 IKCMOHUPOBAHUAL.

u=-B;D,=1+u
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Tabauya. HsmeHeHue ynpyzo-npouHOCMHbLX nokd3ame-
aell INOKCUOHBLX NMOAUMEPOE 6 Npoyecce HATMYPHOZO KAU-
MAMUYEcKoz0 CMApeHUs 6 YCA0BUSX YMEpEeHHO-
KOHMUHEHMAALHO20 KAUMATMA

Table. Changes in the elastic-strength parameters of epoxy
polymers in the process of natural climate aging in a tem-
perate continental climate

Ynpyeo-npouHocmHwle nokasameAau nokcud-
HbIX NOAUMEPOB
Anu- D720 + Dman-1460 Bman-247 + Dman-
menb- 1472
HOCMb
Hamyp- IIpe- Ommo- IIpe- Ommo-
HO20 Jen cumensv- Oen cumens-
IKCTO- npou- | Hoe yoau- npou- | Hoe yoau-
Huposa- Hocmu HeHue npu | HOCMu HeHue npu
Hus, cym- | TPU MaKcu- npu Maxcu-
- pacms- manvholl | pacms- ManbHOTL
dHceHULL, Haepyske, | gcenui, Hazpyske,
MIla % MIla %
0 47,16 8,18 50,92 10,76
1,00 1,00 1,00 1,00
45 42,67 6,43 50,80 8.76
0,90 0,79 1,00 0,81
90 34,98 4,23 51,28 8,55
0,74 0,52 1,01 0,79
180 16,37 1,40 53,36 8,39
0,35 0,17 1,05 0,78
270 12,56 1,07 49,00 7,63
0,27 0,13 0,96 0,71
360 14,52 1,22 50,83 8.50
0,31 0,15 1,00 0,79
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Ipumeuanue * @ yucaumene npugedervl ab6CoNIOMHbLe 3HAYE-
HUS, 8 3HAMeHAMe e — OMHOCUMENbHDLE.

IIpu smom noaumep Ha 0cHo8e MOOUPUYUPOBAHHOTL INOKCUO-
HOTL cMOoAbL Dman-247, omeeprcOaemulii Dman-1472, npakmue-
CKU He MeHAem C80UX MPO4HOCMHbIX nokadameneil dadce uepes
200 HaMypHO20 IKCNOHUposanus. IIpedcmasaenHole 6 mabauye
OanMble NOAYHEHbL N0 pe3yAbmamam CmMamucmu4eckoli obpa-
bomku 12 napannenvHo-UCMbIMAHHLIX 06pa3y08 UccaAedyemMblx
noAUMEpOS.

TunuyHelil npumep mMOAYHAEMbLX MO ABMOPCKOLL memoduke
epaguteckux 3agucumocmell usmeHerus undexca GpaxkmansHo-
cmu kpueoil Jegpopmuposanus obpasya snokcudHozo
aumepa (DJ-20 + dman-1460,0 cym.) npedcmasner Ha puc. 1.
Koopdunamosl «kpumuueckux» mMo4eK, COOMEEMCmayouux
HAUMEHBUUM YPOBHAM UHOEKCO8 PpakmanvHOCMu, eblleseHbl
Kpyscoukamu kpacnozo (Ne 1, 2) u sweamozo ysemos (Ne 3-15). B
Oannom uccnedosanul 064aCTb AHAAU3A 02PAHUMUBANACH

no-

moukoil Ha Kpueoil Jeopmuposanus, coomeemcmayouell
YpoBHIo JocmuiceHUs 00pa3UOM MAKCUMANLHLIX PACTSL2UBAIO-
WUX HANpstceHU.
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Puc. 1. Mamenenue undexca ppaxmanvrHocmu kpugoti de¢popmupo-
8anUs 06pasuya IMOKCUOH020 noAUMepa BJI-20+Dman-1460
NpuU pacmsasceHUL 8 3A8UCUMOCITLLL O OMHOCUMEAbHO20 YOAUHEHUS
NpU pacmsasiceHUL ¢ HAHECEeHHbIMU «KPUTMUYECKUMIL» MOYKAMU,
onpedeneHHbIMU MemOJOM PPaKMaabHO20 AHAAU3A
Fig. 1. Change in the fractal index of the deformation curve sample of
Ed-20+Etal-1460 epoxy polymer under tension depending on the

relative elongation at tension with the applied critical points defined

by fractal analysis
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Puc. 2. Kpuevle depopmuposanus noaumepa cocmaga DJ-20 +
Dman-1460 npu pacmsadieHUL ¢ HAHECeHHbIMU <KPUMUYECKUMU»
moukamu, onpedefeHHbLMU Memodom PpakmanvHoeo aHaiusa:
a - 0; 6 =360 cym. HamypHO20 IKCMOHUPOBAHUSL
Fig. 2. The curves of deformation of a polymer composition Ed-20 +
Etal-1460 when stretched with «critical» points applied, defined by
the fractal analysis method:

a - 0; b - 360 days of full-scale exposure
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Puc. 3. Kpusvle JepopmMuposanus noaumepa cocmasa
dman-247 + Bman-1472
NpU pacmaxiceHUl ¢ HAHECeHHbIMU «KPUMUHECKUMU» MO4KAMU,
onpedeneHHbIMU MemOOOM PpakmaibHO20 AHAAU3A:
a - 0; 6 - 360 cym. HAMYpHO20 IKCMOHUPOBAHUS
Fig. 3. The curves of deformation of a polymer composition Etal-247 +
Etal-1472
when stretched with «critical» points applied, defined by the fractal
analysis method:
a - 0; b- 360 days of full-scale exposure

© KPHTHYECKHE TOUKH

Kpusvle depopmuposanus ¢ HaHeCeHHbLMU HA HUX «KpUMute-
CKUMU» MOUKAMU 045 08YX 8bluleneperlc/ieHHbLX COCMaso8 8
ucxo0HOM COCTOAHUL U Hwepe3 360 cym. HamypHozo IKCNOHUPO-
6anus npueedeHvl Ha puc. 2, 3.

PE3YJIBTATHI U OBCYKJJEHUE

U3 ananusa npedcmasennblx 0AHHbIX HAZAAOHO BUOHO, 4mMO
IKCNoHUposanue 06pa3iy08 IMOKCUOHBLY TOAUMEPO8 8 YCAOBUSX
6030elicmeus. HamypHulX Gaxmopog npueodum K oxpyniued-
HUIO, 8bLpANAeMOMY 8 OAHHOM CAy4de 8 CHUMNEHUL OMHOCU-
MeAbHOo20 YOAUHEHUS NpU pacmsdceHull (cm. maba., puc. 2, 3).
IIpu amom, ecau 041 noaumepa cocmasa dman-247 + dman-
1472 uepe3 360 cymok HAMypHO20 IKCMOHUpOSaHUs Habaioda-
emcs (puc. 3) cHudcerue Jepopmamuserocmu Ha 21 %, mo 045
noaumepa 8J-20 + Dman-1460 - om 8,18 0o 1,22 %, m.e. 6oaee,
uem 6 6,5 pas (puc. 2), npuiem ymeHblleHUe OMHOCUIMEAbHOZ0
yoaurenus noumu Ha 50 %  Habarodaemcs Yoce k 90 cymkam
HAMYpHO20 IKCNOHUPO8aHUs (cM. MabaL.).

Ileperoc kpumuueckux mouex, onpedefeHHbLX C TOMOULLIO pa3-
pabomanHozo memoda PpakmanvHoe0 AHAAU3A, HA Kpusble
«0 — €» N0360AUL HA2ASOHO Npocaedums Haubosee Kpumute-
CKue yposHu Hanpsascerull u Jegopmayuil (puc. 2, 3). Kom-
TIAEKCHOBLIL AHAAU3 NOAYHEHHbIX HA 6CeX 8PeMEHHbLX UHMepsa-
AaX KAUMAMUYECK020 CMapenus 0anHblX c8udemenbcmeyem o
60s1ee pagHoMepHOM pacnpedefeHUll <KPUMUHECKUX» 1MOYeK 8
npouecce Hazpydxcenus obpasyos, obnadarouux 601ee 8bLCOKUM
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Komnaekcom  ceolicms.  Jamuulil  npoyecc
nospesxcdenuii Hauboiee xapakmeper 045 KOHMPOAbHULX 00pas-
406 (00 KAuMamu4eckozo 8030elicmaus), a makice KAumamuye-
CKU CMOUKUX NOAUMepos8, 8 uacmHocmu, dman-247 + Dman-
1472 (puc. 2,a, 3). IIpu 3mom KOHUeHMpayus HeCKOAbKUX MOo-
wex Gugypkayuu Ha GAUSKUX 8PeMEHHBLY YHACKAX Npueodum
K Na8UHO00PA3HOMY paspyuleHuio obpasyos npu manvix Oe-
Gopmayuax U YposHSX paspyuwlanujux Hazpy3ok. TunuduHbim
NpuMepom Makxux npoyeccos CAYxam Kpugvle 0epopMuposanus
0na cocmasa BJ-20 + Dman-1460, onpedenennvle Ha 06pasyax
He MOAbKO noce 200a HAMYpHO20 IKcnoHuposanus (puc. 2,6), a
yorce uepez 180 u 270 cymoxk. Kpome moeo, 045 pada uccaedye-
Mblx napmuil 06pasyoe 6viseAeHA BAPUATMUBHOCTIL <KpUMUYe-
CKUX» YyposHell Hanpsadicerull u depopmayuii 8 3agUCUMOCTIUL O
uccnedyemoeo 0bpasya, 4mo, npednoNOHCUMENbHO, CBI3AHO C
CYUeCTNB08aHUEM 8 CTIPYKILYPe «0C00bLX» 00pa3ly08 nop u nep-
BUUHBLX Jeghekmos.

Haxon/AeHua

BBIBOJIbI

Pesynvmamet nposederHblx 1UCCA008AHULL NOKA3AAU, IO
015 noayuenus Haubosee 06BeKMUBHOL KAPMUHBL O Npoyecce
HAKON/IeHUS TI08Pe#OeHULl 8 CMpYKMype NOAUMEPHBLX KOMNO-
3UMO06 PA3AULHDBLX COCTIAB08, 8 TMOM YuCAe U 8 X00e KAUMAMU-
1ecK020 cmapenus, Heobxo0umo nposodums cmamucmuyeckyo
obpabomky pe3yavmamog écex uccredyemuix 0bpasyog 00HOlL
cepuu. ITpu smom Hauboavwas wacmoma Qukcayuu MUHU-
MANBHBLX 3HA4eHUll uHdekca PpakmanvHocmu 048 onpedeseH-
HbLX YPOSHell OMHOCUMeAbHO20 YOAUHEHUS U HANDPAXCeHUT Npu
pacmsdcerun 6ydem ceudemenvcmeosams 0 JOCMUNMCEHUL KpU-
MuYeckux cocmosHuil noaumepos. Ilpedaoxcennulil nodxod 0as
UCCNe008AHUL MeXAHUIMA 0eOpMUPOBAHUSL KOMNOZULUOHHBLY
MaAmMepuanos Npu pacmamnceHul, OCyujeCmensemulii Ha 0CHO8e
Memoda PpakmanvHozo AHAAU3A KPUBLLX OepopMUpO8aHUS,
peeucmpupyemulx ¢ NOMOUBI0 COBPEMEHHO20 UCTILLMAMENABHOZ0
060opydosanus ¢ BbICOKOU HACMOMOll, 1038048em NOAYHUMb
YeHHYI0 UHPOPMALUI0 0 NpoLecce HAKONAECHUSL 8 €20 CMPYKNLype
MUKPO- U Maxkpodegpekmos, npusodauyux K pa3pyuLeHuio KOMno-
3umos.

* Paboma evinoaHeHa npu QuHancoeoli noddepicke epanma
POPIT Ne 18-08-01050 A «Hccnedosanue BAUAHUSL UHMEHCUS-
HOCMU 6030elicmaus KAUMAMU1ecKUX akmopos Ha Xapakmep
DpA3pyUlenUs NOAUMEPHBLX KOMNO3UIMO8 U NPOZHOUPOBAHUE UX
001120814 HOCTMU 8 YCAOBUAX HATLYPHOZO 8030eliCMEuUsL».

* This work was supported by the RFBR grant No. 18-08-01050.
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The design-based analysis of buildings made of ferro-concrete at
random emergency effects is widely used in construction due to a
reasonable probability of man-caused threats: accidents of mu-
nicipal life support systems, fires, explosions, as well as effects of
nature (natural disasters) [1, 2]. The intensity of emergency loads
associated with the operation of facilities has a tendency to in-
crease. The importance of the calculations of various structural
systems for the progressive collapse is confirmed by the develop-
ment of the regulatory framework, in particular, the regulatory
documents of the Russian Federation: SP 296.1325800.2017 [3] ,
SP 385.1235800.2018 [4]. As for similar documents from other
countries, UCF 4-023-03 should be mentioned [5].

Calculation of progressive collapse fully implements the nonlin-
ear approach in the calculation of reinforced concrete structures.
The specifics of calculations are manifested at different levels: a
system, a system element (bar), an element cross-section. One of
the most common emergency scenarios is when an inner column
in a multi-storey multi-span frame fails (Fig. 1). When assessing
the bearing capacity of a slab element located directly in the area
of the destroyed support, the following effects occur.

The structural system level. A sudden method of external
load application (impulse action), increase in span, presence of
elastic support in the middle of the span.

The element level. Deformation with expansion force, pres-
ence of discrete cracks along the element. Transformation of the
design scheme of the floor element (bendable element - rigid
thread). Change of loading mode — from soft mode (torque load)
to hard mode (curvature load).

The element cross-section level. Modal section loading, su-
per-critical section work, deplanation of the cross section.

A modified deformation model is used to calculate the bearing
capacity of a bendable reinforced concrete element. Adaptation of
the deformation model is performed to obtain the crack formation
process in the form of a system of discrete cracks, as well as to
account for deplanation of concrete.

During the life cycle, the stress-strain state (SSS) of a bendable
reinforced concrete element is usually transformed by continuous
force deformation. Qualitative and quantitative changes of the
parameters of an SSS element are determined in the specific stages
(Table 1).

If the internal support suddenly fails, the dynamic effects of
loading are manifested. Dynamic load factork g, is related to the
plasticity factork,,;, which allows to use a quasi-static calculation
instead of a dynamic one. For the quantitative estimation of the
coefficients ky,; and kg;, the calculation of the boundary curva-
ture values is performed.

According to the calculation data, the maximum value
k,;=12,83 is obtained at symmetrical reinforcement and taking
into account the work of stretched reinforcement bar A, accord-
ing to the strengthening scheme. For the case of unilateral rein-
forcement, the properties of which are described in the Prandtl
diagram, k,, = 4,26. The corresponding dynamic coefficient val-
ues are kg, = 1,04 and kg;,, = 1,13. It is to be expected that, tak-
ing into account the clutch resilience, the values k,;, will increase
slightly, which is optimal for improving the safety of the slab
elements, as the effect of dynamic load application is minimized.
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Table 1. Possible stress-strain state stages during defor-
mation of a bendable reinforced concrete bar element

Stagel Stage 2 Stage 3 Stage 4 Stage 5
Before cracking Service pre-destruction Supercritical | Changing the
EL,CRC SLS ULS deformation design model of
the element.
Rigid thread
1 G.4; 2 f 3 T 5 —h s
O:2ds i —
3a |
5a
la 2a _r—— |
€--
E 3ab___
-t € -
-
3b
1b 2b 5b
— —
) 1
= 3bb--
— —f—
3¢ —
5c
1
1c 2c -
<«
ﬁ 3cb---
< e fl---
< -p---- I
— 5 - elastic work of reinforcement A, (45,)
——————— > - - elastic-plastic deformations in reinforcement A4, (4;;)

Values of bending moments in the cross-sections of a slab ele-
ment at the operation stage (Ms,) and after the failure of the
internal column (Mfr) are shown in Table 2.

Table 2. Values of bending moments in cross-sections of a
crossbar

Cross-sections
Powerfactor 1-1 2-2 3-3
Meor -0,77 0,095 0,152
My -0,173 0,146 0,280
My /Mgy 2,250 1,540 1,850
(msr/Mger ) kaim 2,340 1,600 1,920
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Mgy = L = ”’—fn W = bh?/6,kyy = 1,04.
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The modal loading of ferro-concrete elements was most fully
considered in the works of N.I. Karpenko and his followers [2]. In
the zone of the failed support (section 3-3, Fig. 1), the influence of
changes in the original design scheme is shown: the designed span
increases twice in the presence of elastic suspension in the form of
a column of the second floor.

The work of section 3-3 is accompanied by initially forced un-
loading, then the process of deformation continues when the
bending moment sign changes. This process should be interpreted
as "hard mode" of loading - curvature loading.

Taking into account the effect of expansion is one of the addi-
tional reserves when assessing the bearing capacity for bendable
elements of monolithic reinforced concrete structures at h/L = 30
(Fig. 2).

In the process of calculation, the deformed scheme of the rein-
forced concrete element is considered with regard to the scheme of
discrete cracks location (future stationary plastic joints).
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Fig. 1. Design scheme of a slab element in case of failure of the
internal column of the ground floor
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Fig. 2. Design scheme of a reinforced concrete element working
with a split

After the relative deformations in one of the sections of the ele-
ment in the extreme compressible concrete fibers have reached
their ultimate compressibility: €,c(2)|z=Epcy, the critical defor-
mation stage is realized. This stage is realized only in the "hard
mode" of loading. In the critical stage, the bendable bar element
under the transverse load and longitudinal force is transformed
into a rigid thread.

Discrete cracks - the curvature concentrators — determine the
places of fracture of the axis of the bar and lead to the develop-
ment of deplanation of the cross-sections of the concrete branch.
Therefore, after the cracks are formed, the Bernoulli's hypothesis
can be used to model the process of force resistance of a bendable
reinforced concrete element to a limited extent. The V.Z. Vlasov's
bimoment theory approach was used to account for deplanations
in the concrete branch. This theory was designed for continuous
cross-section bars.

38

YMHbIE KOMNO3WTbI B CTPOMUTE/IbCTBE

SMART COMPOSITE IN CONSTRUCTION

REFERENCES

Vlasov V.Z. Selected works. M.: Izd. A.N. SSSR. 1963. V. II.
507 p. (in Russian).

Karpenko N.I. General models of reinforced concrete me-
chanics. M.: Stroyizdat. 1996. 416 p. (in Russian).

SP 296.1325800.2017 Buildings and structures. Accidental
actions. M.: Standartinform. 2017. 24 p. (in Russian).

SP 385.1325800.2018 Protection of buildings and structures
against progressive collapse. Design code. Basic provisions.
M.: Standartinform. 2018. 20 p. (in Russian).

UCF 4-023-03. Unified Facilities Criteria (UFC). Design of
Buildings to Resist Progressive Collapse / Department of De-
fense USA. 2005.

Received 11.09.2020
Accepted 15.10.2020



TOM 1, BBIMYCK 1, 2020 | VOL. 1, ISSUE YMHbBIE KOMNO3WTbI B CTPOUTE/IbCTBE
SMART COMPOSITE IN CONSTRUCTION

UDC 691-404.8

TRANSFORMATION
OF A DISTURBED
SITTING DROP

A.A. Ignatyev, V.M. Gotovtsev

Aleksey Aleksandrovich Ignatyev Hydraulic and Road Engineering Department, Yaroslavl State Technical
E-mail: ignatyevaa@ystu.ru University, 40, Krivova St., Yaroslavl, 150048, Russia

Enterprise Management Department, Yaroslavl State Technical

; ) University, Yaroslavl State Technical University, 40, Krivova St.,
E-mail: gotovtsev_vm@mail.ru Yaroslavl, 150048, Russia

Valeriy Mihailovich Gotovtsev

The paper presents the results of a study of equilibrium of a sitting drop from the stand-
point of continuum mechanics. It is shown that the connection between internal forces
and interfacial tensions is formed by gradients of internal pressures of a medium in inter-
face layers that lead to forming body forces. It was found that the shape of a sitting drop
with the contact angle equal 6, = %is the minimum surface energy state, in which the lig-
uid - solid interface layer is not formed, and the surface energy of the drop takes the min-
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INTRODUCTION

The history of surface phenomena research spans over more
than two hundred years — almost all the important scientists of
their time were involved in it. The first practical result was ob-
tained by Young in 1805 when he was studying the liquid wetting
of a solid surface. He derived an equation to determine the equi-
librium value of a contact angle, which was named after him [1].
Almost at the same time as Young, Laplace also derived a formu-
la linking the capillary pressure defined by the curvature of the
free liquid surface with the surface tension and main radii of the
curvature [2]. When studying the effects of liquid lifting and
lowering in thin capillaries (capillary effects), Jurin obtained a
formula determining the height of lifting (lowering) of the liquid
column in the capillary tube [3].

The results are based on the equilibrium equations of the ele-
ments of the medium volume examined in combination with the
Laplace formula, which connects the capillary pressure of the
liquid-gas interface layer with the curvature of the free liquid
surface. However, the recent publications [4-5] indicate inconsist-
encies and direct contradictions in the practical study of surface
effects. Therefore, a question arises about the actual possibility of
using a macroscopic approach to describe surface phenomena.
Instead, it is proposed to switch to the micro level of surface ef-
fects, i.e. the level of intermolecular interactions [6]. This ap-
proach is based on the representation of molecules by separate
objects, between which the body forces of attraction and repulsion
act. It is assumed that the gravitational force acts at a distance,
decreasing sharply with its increase. The range of attraction
forces is several diameters of interacting molecules [5], the range
of repulsive forces is assumed to be zero [7].

In the monograph [8], an alternative to the simulation of sur-
face phenomena was proposed by not taking into account the
body forces of the intermolecular interactions by replacing them
with an equivalent stress tensor. This representation of the stress
state of the medium makes it possible to establish a connection
between the body forces of molecular interaction and surface
forces, based on the general concepts of mechanics of continuous
media. The forces of intermolecular gravity (van der Waals forces
[9]) form the internal pressure of the medium, the value of which
is immeasurably greater than the external manifestations of
surface effects.

This discrepancy is determined by the small range of molecular
gravity forces comparable to the size of molecules. In the equilib-
rium state of the medium, the molecular forces of attraction and
repulsion balance each other in the absence of external manifesta-
tions of intermolecular interaction. However, when media with
different internal properties come into contact with each other, a
region needs to be formed, in which one internal state of the envi-
ronment transitions to another, i.e. the interface layer is formed.
The thickness of the interface layer depends on the range of the
forces of gravity, the value of which is small, while the difference
in the internal state of the contact media can be very significant.
This leads to the fact that powerful gradients of internal pressure
of the medium at the thickness of the interface layer are formed in
the interface layers.

The presence of an internal pressure gradient in accordance
with the principles of continuum mechanics results in a body
force, the value of which is determined by the expression:
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1dp

Fy =12
V= a

@

where Fy is the body force, P is the internal pressure of the me-
dium, p is the density, z is linear coordinate flatwise to the sur-
face of the interface layer. The body force is considered to be an
external force in relation to the interface layer - this is the force
that determines the external manifestations of surface effects.
These include capillary pressure, surface tension, and other force
factors to be measured experimentally. The value of the body force
is determined by the ratio of the force acting on a small element of
the medium caused by the pressure gradient to the mass of the
element examined. The direction of the body force coincides with
the direction of the pressure gradient vector, i.e. the body force is
directed towards an increase in the internal pressure of the medi-
um.

It follows from the above that the pressure gradient value in the
interface layer can reach huge values, in the process of reduction
the body force must be multiplied by the mass, the value of which
is negligible if the thickness of the layer is taken into account.
Accordingly, the integral effect of the body force on the macro-
scopic object will come in line with the external force factors act-
ing on it. In the literature sources [5], the described mechanism is
interpreted as the reason the liquid-gas interface layer can be
formed. Internal pressures in the contacting vapor and liquid
phases differ by several orders of magnitude, which leads to form-
ing a powerful pressure gradient that creates the liquid-gas sur-
face tension. However, the mechanism of its formation is rather
complicated, it assumes that the compressibility of steam and
phase transition is taken into account, and its examination is
beyond the scope of this work.

MATERIALS AND METHODS

Fig. 1 shows the force factors acting on the sitting drop. The fol-
lowing notation is used here: P, is the capillary pressure of the
liquid-gas interface layer; ys is the liquid-solid surface tension;
Py is the solid surface reaction; Fy is the body force. These power
factors are the external macroscopic load on the examined object.
The right side of each figure shows the distribution of internal
medium pressures over the thickness of the interface layers: P, is
the internal pressure in the liquid body phase; Py is the internal
pressure of the medium in the interface layer; P, is the internal
pressure of the medium on a solid wall. These force factors are
internal and therefore are not included in the equilibrium equa-
tions.

Internal pressure values can be found in the reference literature
using the thermodynamic equation of the state of the medium
[10] Note that the internal pressures are incomparably greater
than the values of external force factors necessary to ensure the
equilibrium of the drop. This is why the external force factors
cannot change the internal pressures of the medium.
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Fig. 1. Force factors in the liquid-solid interface layer:
a- 90<§; b —90>§

Fig. 1,a shows that when 6,< 900 the body force Fy is directed
to the solid surface and therefore creates additional pressure in
the liquid-solid interface layer which tends to push the liquid out
from the interface layer. However, the stresses created by the
surface tension yys lock the area of high pressure, preventing the
liquid to be pushed out. When 90>§, the reverse is observed, when
a vacuum is created in the interface layer, and the stresses created
by surface tension yys prevent the inflow of liquid into the area of
the interface layer. Thus the stress tensor in the liquid-solid inter-
face layer is a pressure tensor. By definition, pressure determines
the stress state in which the tensor contains three identical com-
ponents.

RESULTS

Let us calculate the parameters of the sitting drop depending on
the contact angle, modeling its shape by the ball segment on the
known geometric ratios. Table presents the results of the calcula-
tion for a drop of constant volume equal to the volume of the ball
with a radius of 1-10-3 m, which is V = 4.19-10-9m3. The table
uses the following notation: 6,- contact angle; R—- curvature
radius of the free spherical surface of a drop; Si— free surface
area; Sc,— contact area; Sy - the total interfacial area; P,~ capil-
lary pressure; h— height of the ball segment.

The data given in the table shows that the minimum value of a
full interface surface is reached when the contact angle 6, = 1800,
and it corresponds to the complete non-wetting condition. At the
same time, the capillary pressure in the drop reaches the maxi-
mum value and decreases with the decrease of the contact angle,
taking the value P, = 0 when 6, = 00. The tendency of the liquid
body to take the shape of a ball with a minimum surface energy is
a universally recognized fact, but in the case of interaction of the
liguid with a solid surface, the situation changes dramatically. In
the academic literature, the fact of decrease in surface energy of a
liquid in the course of wetting is mentioned, but during the simu-
lation of the process this point is not taken into account.

When 6, = 900, the forces of adhesion and cohesion become
equal, and it is no longer necessary to form an interface layer
liquid-solid as a transition zone between contacting phases. Fig.
2,c shows the equilibrium of the liquid-gas interface layer under
the capillary pressure P, and surface tension forces yis. It is not
difficult to verify the equation: yis-27R = P, TR2, which leads to
the equilibrium of the examined object with no additional impact
from the tension yis. Accordingly, the contact area of a liquid
with a solid surface will not be a part of the full area of an inter-
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face surface, which in this case is Sgy = 9.97-10-6, m? It is clear
that this value is less than the surface area of the ball, which is
12.56-10-6, m®. Thus, when examining the interaction of a drop
with a solid surface, the minimum surface energy of system is
reached at 6, = 900, i.e. the drop tends to change to this state
under any wetting conditions. For the sake of brevity, this state
will be called equilibrium.

Table. Results of the calculation for a drop of constant vol-
ume to the volume of the ball

8o 180° 150° 90° 30° 0’
R-10%,m  1.000  1.004  1.26 426 oo
0% pse 1182 997 1527 0

m
Sca;anO' ’ 0 0.79 4.99  14.25
Sfu“r;é 0% 1256 1261 149 2052
h-10°,m 2000  1.866  1.000  0.134 0

P,Pa  140.0 1394  111.1 3286 0

v’

The result obtained is quite unexpected, and it does not fall
within the scope of existing notions. To substantiate this, we will
use the following assumptions. Fig. 1,b shows the direction of the
interface tension yys from the gas phase to the liquid phase, which
corresponds to the accepted notions. The liquid-solid interface
layer is in a stretched state and acts as a spring, preventing the
system from reducing the contact angle and moving to a state
close to equilibrium. When 6y< 900, the interface layer is com-
pressed, i.e. works as a "spacer" that prevents the contact angle
from increasing and approaching the equilibrium state. Thus, in
both cases, the system tends to transition to the equilibrium state,
and the liquid-solid interface layer prevents it. The introduction
of the concept of the equilibrium state of the sitting drop allows us
to bring in line and unify the theoretical base not only for the
known manifestations of surface effects, but also to explain the
new, sometimes unexpected phenomena.

DISCUSSION

In recent years, due to the active development of outer space,
the impact of gravity on many physical phenomena, including
wetting, is being examined. As an example, there are some stud-
ies of various aspects of the spreading of drops on a solid substrate
[11-13], in which it is noted that there is the process of wetting
under conditions of changing gravity is not understood sufficient-
ly. The work [14] shows the results of an experiment on studying
the impact of gravity on the shape of a sitting drop. The experi-
ment was conducted during parabolic flights of the European
Space Agency, providing stable levels of gravity. It has been estab-
lished that the change in gravity has a different effect on the
shape of the drops depending on the contact angles.

Thus, when 6, >§, the increase in gravity causes the drop to flat-
ten out and spread over the substrate at the same contact angle.
When 90<g, the drop does not spread, and the diameter of the

wetted area remains constant with increasing gravity. The liquid
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at the edge of the drop "clings" to the substrate, and the contact
angle changes to adjust to different levels of gravity. Fig. 2 shows
the drop profiles when changing the gravity level and contact
angle. Fig. 2,a shows the transformation of a drop with the in-
crease in gravity when 90>§ . The disturbance, as it can be seen,
has no effect on the contact angle, while the contact area increas-
es. When the contact angle 90<;, its value increases with the
increase of gravity, while the contact area stays the same, as
shown in Fig. 2,b.

Note that the increase in gravity causes the drop to flatten re-
gardless of the type of wetting. The center of gravity of the drop
moves lower, and the force of gravity, as an external force, per-
forms a positive work in this process. According to the principles
of thermodynamics, the internal energy in this process should
decrease, and the disturbance caused by the increase in gravity
should be accompanied by changes that bring the system closer to
the equilibrium state. It is necessary to keep in mind that the type
of wetting does not change with the change in gravity, i.e. the
medium state parameters do not change as well as the character
of their distribution over the layer thickness.

When 6, >§, approaching the equilibrium state by the system is
associated with a contact value decrease accompanied by an
increase in the radius of the free surface of the drop R and a drop
in capillary pressure. To analyze the transformation of a drop,
the following equation of equilibrium of a liquid-solid interface
layer will be used according to the diagram in Fig. 1,b:

2

The equation above takes into account the force factors distrib-
uted over the contact area of the liquid and solid phases. When
gravity increases, the values in the equation change: Py increases,
Fy remains unchanged for the reasons discussed above, P, de-
creases, reflecting the tendency of the system to equilibrium.

Two variants of the drop transformation are possible — when
the contact angle decreases and when the contact angle is con-

Py+Fy =P,
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When 90<g, approaching the equilibrium state by the system is
associated with the decrease of R and the increase of capillary
pressure P,. The alternative associated with the increase of a
contact angle is not examined for the reason noted above. The
equation of equilibrium of the liquid-solid interface layer in ac-
cordance with Fig. 1,a is as follows:

Py-Fy = P,. (3)

The increase in gravity should result in the flattening of the
drop, the lowering of its center of gravity, and the increase in the
value of the reaction of the solid surface Py. The equilibrium
equation above shows that, at F, = const , the process should be
accompanied by an increase of capillary pressure P,, which is
possible due to the decrease of radius of the free surface of the
drop R and the corresponding decrease of the phase contact area.
As shown in Fig. 2,b the contact area of the disturbed drop re-
mains the same as before the disturbance begins. However, the
increase in gravity should increase the contact area during the
spreading process, and its preservation at an undisturbed level
should be considered as a reaction of the system to external dis-
turbances. In accordance with the Le Chatelier principle, the
system reacts to external influences in a way that minimizes
them. Keeping the contact area constant prevents the drop's cen-
ter of gravity from lowering, i.e. opposes external disturbance.

However, it leads to a new contradiction, which is associated
with the increase of the contact angle, and that should not hap-
pen according to the foregoing principles. However, it is necessary
to pay attention to the fact that all the stated principles were
based on the hypothesis about the spherical shape of the free sur-
face of the drop, therefore, the change in capillary pressure was
possible only when the value of R changed. Another way of influ-
encing the capillary pressure is used in this case: it is related to
the increase of free surface curvature in the area of three-phase
contact line. Hence, the apparent change of the contact angle in
this abnormal situation cannot be seen as the change in the wet-
ting conditions.

Fig. 2. Dependence of drop profile on gravity level and contact angle:
1 - gravity level is g (9,81 m/s?); 2 - gravity level is higher than g;

s U
a-80<; b-6p>5; -0 = 7

stant: 6, = const. Decrease of the contact angle is due to the
change of wetting conditions, and that contradicts the accepted
hypothesis Fy = const, and means that the external power factors
have an impact on an internal state of medium. The second al-
ternative 0, = const satisfies the requirement of constancy of body
force taking into account the increase of the contact area of phas-
es due to increase of radius R. The considered scheme is in full
accordance with Fig. 2,a.
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The study examines the change in gravity as a force factor of
disturbance, i.e. the impact on the external force factor - the force
of gravity. Let us examine a "simpler" task associated with the
transformation of a sitting drop when the wetting conditions
change, i.e. the internal force factors defined by the contact angle
value. Let us assume that in the course of the experiment a mate-
rial with a higher adhesive capacity was used as a substrate. In
this case, the system is disturbed by influencing the internal pa-
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rameter of the system, which leads to the increase of liquid attrac-
tion by a solid surface.
When the contact angle is 90<g, such disturbance will lead to

the increase of P in distribution of internal pressure of the medi-
um along the thickness of an interface layer according to Fig. 1,a.
The law of pressure change caused by intermolecular interaction
in the liquid phase will not change, but the thickness of the inter-
face layer along with P, will increase. Thus, taking into account
the fixed position of solid phase molecules and the limited radius
of action of molecular forces, the impact of the solid phase will be
reduced to a change in the boundary condition. If the nature of
distribution of internal pressure stays the same, it becomes possi-
ble only at the increase in a thickness of an interface layer while
preserving the dependence of Pig(z) on initial thickness, where z is
a linear coordinate flatwise to its surface.

The examined disturbance of the system is associated with the
change of internal parameters of the system, i.e. the increase in
its internal energy. That is why the system moves away from its
equilibrium state under such influence. In the extreme case, when
6y~> 0 and R > , all the drops of liquid are dispersed in the lig-
uid-solid interface layer. However, this issue is related to the
stability of thin liquid films on a solid surface and is not exam-
ined in this work.

Let us examine the behavior of a sitting drop when 6, >g with
the strengthening of hydrophobic properties of a solid surface.
The distribution of the internal medium pressure shown in Fig.
1,b will also change, which is necessary to increase the value of
the volume force Fy. However, in this case, the force is directed
from the solid surface into the liquid phase, contributing to the
separation of the liquid from the separating plane. When 6> 1
P> 0, the liquid-solid interface layer is transformed into a liquid-
gas layer, and the drop takes the shape of a ball. Thus, the condi-
tion of complete non-wetting of the solid surface by the liquid is
met.

It should be noted that measuring the contact angle is one of
the most common ways to assess the adhesive properties of a lig-
uid-solid body system. This raises the question of the effect of the
drop volume on the contact angle. In terms of the ideas presented,
the answer is negative for the following reason. As shown, the
parameters of the liquid-solid interface layer are determined by
the intermolecular interaction of liquid and solid phases, i.e.
internal parameters of the system state, and the internal pressure
of the liquid phase is the deciding factor. The impact of a solid
surface is reduced to the boundary condition, i.e. to the pressure
between the interface layer and the solid surface. Given that the
internal pressure of the medium is incomparably greater than the
external force factors discussed above, they cannot influence the
interaction of the phases that determine the contact angle.
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CONCLUSIONS

The following principles can be used to summarize the ideas
discussed above.

The paper presents the force factors applied to a sitting drop in
the equilibrium state. The factors applied were classified as exter-
nal and internal. It is shown that the internal force factors such
as the internal pressure of the medium is immeasurably greater
that the external manifestations of surface effects. Accordingly,
the interfacial tensions that define the shape of a sitting drop
have no effect on the internal parameters of the state of the medi-
um.

It is shown that the connection between internal forces and in-
terfacial tensions is formed by gradients of internal pressures of a
medium in interface layers that lead to forming body forces.

It was found that the shape of a sitting drop with the contact
angle equal 6, = g is the minimum surface energy state, i.e. the
equilibrium state. Under these conditions, the liquid-solid inter-
face layer is not formed, and the surface energy of the drop is not
included in the total internal energy of the sitting drop.

It is shown that under any wetting conditions, the system tends
to take a form close to equilibrium, and the interface liquid-solid
layer prevents it, providing the equilibrium of the object.

It was found that the thickness of the interface layer changes
depending on the contact angle. It is zero in the equilibrium state
and increases at any deviation of the angle from this value. When
0, = 0, in case of complete wetting, all the liquid in the drop is
spread in the solid-liquid interface layer. When 6,= m, in case of
complete non-wetting, the liquid-solid interface layer is trans-
formed into a liquid-gas layer.

The work also reveals the mechanism of transformation of a
drop with change in gravity, which was impossible within the
scope of the previously established principles and views.
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Pewenue 3adau 6 obaacmu noguvliweHus cmoiikocmu bemonos Kk 8030eilicmeuio 6uosozute-
CKU aepeccugHnblx cped He mepsalom ceoell AKMYAAbHOCMU, NOCKOAbKY 8udogoe pa3noobpa-
3ue buodecmpykmopog8 HeyKAOHHO pacmem. B yeasx pazpabomku Hoeulx Idpdexmusnulx
memodos buozauyumu. bemona Heobx00umo npogedenile KOMNAEKCHBLYX UCCAeJ08AHULL NPO-
1eccos8 KOppo3uu 8 buoa0zuuecKU azpeccusHulx cpedax. B cmamuve usnodneno cospemennoe
npedcmaenenue 0 MeXaHU3MAaXx pa3pyulenus bemona 6 pezysvmame Jelicmeus KOppo3uUOH-
HblX npoyeccos. YcmaHno8AeHA 3ABUCUMOCME cmeneHu Ouonospexdenuil om @uauko-
MexanuuecKux ceolicme bemona, om cmenenu azpeccugnocmu 6uodecmpykmopos, a mak-
we psada conymcmeyouux amomy ezaumodelicmeuio ¢gakmopos. B kauecmee 00Bekmos
uccnedo8anus UCNOABLI0BAAUCL 00pa3ybl YyemeHmMHO020 bGemoHna, nodeeprucennuvie buoobpac-
manuio. CPopmyaupoeanvl 0OCHOB8HbLE NOAONHEHUS, HA OCHOBE KOMOPLLX Uenec000pa3Ho no-
CmpoeHue mamemamuyueckoil meopuu npoyeccog buosozuyeckoil kopposuu. O60cH08aHO
ycaosue obuHocmu memodonozuieckoeo nodxoda Kk Mo0eAUpOB8AHUI0O NPOYECCO8 MACCOne-
peHoca npu 6UOKOppO3UL U HUOKOCMHOU KOPPO3UL CMPOUMEAbHLLX MAMEPUALOE.

Knawuesvie caosa: b6emon, 6uokopposus, 6uodecmpykmopul, MUKPOOP2AHU3MbL, Mdame-
mamuueckoe M0OeAUPOBAHUE, MACCONEPEHOC
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It is increasingly important to solve problems of increasing resistance of concrete to bio-
logically aggressive media, since the species diversity of biodestructors is growing steadi-
ly. To develop new effective methods of concrete bioprotection, it is necessary to conduct
complex research of corrosion processes in biologically aggressive media. The paper pre-
sents a modern view on mechanisms of concrete destruction as a result of corrosion. The
study determined the depend-ence of biological damage on the physical and mechanical
properties of concrete, on the aggres-siveness of biodegraders, as well as a number of fac-
tors accompanying this interaction. Cement concrete samples subjected to biofouling were
used as objects of study. The study includes the main provisions which can be used to for-
mulate the mathematical theory of biological corro-sion. Finally, the study substantiates
the condition of generality of the methodological approach to the modeling of mass trans-
fer processes at biocorrosion and liquid corrosion of building ma-terials.

Key words: concrete, biocorrosion, biodestructors, microorganisms, mathematic simula-
tion, mass transfer
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Buonospesicdetiie CMpoumenbHulX MAmepuanog Hecem cepb-
e3MY10 Yepo3y Kax 04 Camux KOHCMpyKyuil 30aHuil u coopyoice-
Hutl, max u 0aa wenogeueckoil usHu [1]. IToomeepscdeHuem
aeasemcs mpazuteckoe cobvimue, npouszoutedutee 10 uions 1999
2. 8 Cankm-Ilemep6ypee [2], - 0b6pyuLenie KO3bipbka 6ecmubions
cmanyuu mempo «CenHas naowadv». Tpacedus yHecaa HUSHU
7 uen. He3asucumotl skcnepmuotl komuccueil 00HOT U3 NPpUHUH
06pywenus 66110 NpU3HAHo 61L0102U1ecKOe NogpesxcdeHLe 6emo-
Ha [2]. 100 eausHUeM 8HEWHUX PAKIMOPO8 HA KO3blpbKe 8eCTiL-
67015 NOSBUAUCL KOPPOSUOHHbLE MPeljUHbL, PACKPbLMUE KOMO-
PblX YCKOPALOCH 8 pe3yAbmame 8030eiicmeus Ha 6emon Kucaom,
cosell U wenouell Opeanu1ecko20 NPOUCXOHOEHUS.

B mo e 8pemsl, C02AACHO CMAMUCTUYECKUM OAHHbIM, IKO-
HoMUHecKuil yuepb om 61L0nospexcOeHiLil pasAULHbBLX COOpYJice-
Hull no ecemy mupy docmuzaem Jdecamkog mapo. doa. 6 200 [3].
Haubonee wacmo 6uonospescdenus npossasiomes 8 8ude 8blco-
/108, OMCAOEHUS, PA3PYUEHUS 3AUUMHLIX C10e8 OemoHHbLX
koucmpykyuil u m.0. [4]. Heobxodumocme noucka éce 6osee
appexmuervix memodos 60pbObL ¢ 6LONOBPeHIeHUIMU 0UesUD-
Ha.

CaoxcHocme  Ucc1e008aHUL  COCTOAHUA  IKCHAYAMUDYeMbLX
CMpoumenbHbIX KOHCMpYKYUL, nodsepsiceHHbix 6uonospescde-
HUSM, COCMOUIL 8 TTOM, UITI0 He803MONHHO 00HO3HAUHO ymeep-
#0AMb, 4MO UMEIOULUECA USMEHEHUS S8ALIOMCS Pe3yAbMmanom
MOALKO HenocpedCmeenH0z0 6030elicmeus MUKPOOPeAHUIMOS.
KopposuoHnHtble usmeHeHUs Hale 8cee0 ABAAIOMC CAedcmeuem
8030elicmBlA He MOALKO MUKPOOP2AHU3MO8, HO U 8030elicmeuio
COBOKYNHOCMIL CONymMcmaylouux Gaxmopos: memnepamypul,
ceema, MexanHu4ecKux Hazpy3oK U m.im.

IIpu 6uonozudeckoil Koppo3uu Ha paHuyax 6GemoHHOL KOH-
CMPYKYULL 803HUKAIOM YCA0BUS, OMAUYAIOUUECS OM YCA0BUILL,
suavlarowyux kopposuto I, II u III eudos. Kpome moeo, ucxo0-
Has cucmema onpedensiouyux ypagrenuil 0oasxicHa 6vimb coeme-
CMuMotl ¢ ypasHeHUAMU Mmodenell CONYMCMBYIUUX Npoyeccos
(Henpepvlroe 3aposcdetue, pocm, 2ubenb MUKPOOP2AHUIMOS).

OcHogubimu  6uodecmpykmopamu aeasiomes bakmepuu
2pubbL. Bakmepuu npedcmasasiiom coboil 00HOKAemMOUHble KO-
/OHUANbHVLE MUKPOOP2AHU3MYL, KOMOPLIM CE0LICNBEHHbL pas-
Hule 6udvl obmena eewjecms. I'pubvl npedcmasnervl 00HOK/Ae-
MOYHbIMU UAL MHO2OKAEMOYHBLML 2e1MepOompOPHbIMU MUKPO-
opeanusmamu. Haubosee wacmo 00HOKAeMOUHble 2pUbbL pa3su-
gaiomca 6 cpede, 0002aujeHHOLl OpeanuuecKum yenepodom
[5]. IIpodykmamu memaboAuSMa MHOZOKAEMOUHBLX  2pubo8
ABAAIOMCA COeOUHEHUS XUMUHECKU depecCugHble 10 OMHOULe-
HUIO K CTMPOUMENbHbIM MATEPUALAM, 8 OCOOEHHOCTU K Germomy
(Hanpumep, WUPOKUIL CTIeKmp OpeaHU4ecKux Kucaom u m.o.)
[5]. Hepedxo 6axmepuu u epubbl obpaszyiom OUON/AEHKU HA
1108ePXHOCTU CTPOUMEAbHbLX MAITEPUA/LO8, KOMOpble A0KALb-
HO 2eHepupyIom 6blCOKUE KOHUEHMpPAyUll azpecCUBHLIX Memd-
60aumos. B mo e pems 6UONACHKLL 0OLIMHO 3AMeDALION NPO-
yeccol 83aUMO0eliCBUS YeMEHMHO020 KAMHS C OCHOBHBIMU
A2peccUBHLIMIL KOMNOHEHMAMU OKpYdHcatowell cpedvl, npuiem
UX KOAbMAMUPYIOWAs COCOOHOCMb HANPSIMYIO 3A8UCUML OM
CMPYKMYpHOLL NOPUCTOCTU MATEPUAAA.

Iodsuscnocms w boavuioe pasnoobpasue (epmeHmHblX Cu-
CMeMm 1036040 MUKPOMULEMAM UCTIOAb308AMb 8 KAHecImee
UCTMOYHUKO8 NUMAHUL MAMEPUANbl PA3AULHOZ0 TPOUCX0XHcOe-
HUsl, 8 MOM Hucae 1 6emoH. Hccaedosanus 8 061acmu Mukpoob-
Hoz0 6030eiicmeus Ha bemoH [6, 7] nokasaau, umo K epubam,
Haubosee 4acMo ydacmeylouwum e buopaspyuenut bGemowua,
omHocames epubvl podos: Penicillium (P. ochrochloron, P.

49

YMHbIE KOMNO3WTbI B CTPOMUTE/IbCTBE

SMART COMPOSITE IN CONSTRUCTION

purpurogenum, P. funiculosum, P. citronum) u
Aspergillus (A. niger, A. fumigatus, A. terreus, A. flavus),
Trichoderma (T. viride, T. sp.) (puc. 1).

Tpubbvt poda Penicillium evideasiom, zaagHblm 06paszom, Au-
MOHHYIO U 2/I0KOHO8YI0 Kucaomel, Aspergillus — AuMOHHYIO,
2n10KkoH08YI0 U wageneayio. Hepedko odun u mom ace 6ud epuba
Cnocober CUHMe3UPOsAMb pa3HOOOpasHble poOCMEeHHble KIC-
nomul. Pod Aspergillus [6] npedcmagnen 00HOKAEMOYUHbIMLL,
Hepa3eemeneHHbIMIL  KOHUOUEHOCUAMU, 8epXYUIKLL KOMOPbLX
630ymblL U Hecym HA C80ell MO8epXHOCMIU Uenouku KoHuouil,
UMEWUX OKpYeaylo QOpMY U PA3AUMHYI0 OKPACKY (3e/eHyio,
aceamyio, Kopuumesyio). Pod Penicillium [8] - konuduenocywvl
MHOZOKNEMOYHble, BeMBAUUECS; HA KOHUAX Ppa3eemeneHull
KOHUOUEHOCYA pACTIONAzalOMCs CMepuzmbl C Ueno4Kamil KOHU-
Outl, komopule bvlearom 3eneHoll, 204y00li, cepo-3eneHoll OKpac-
KU unu becygemmule. Bepxusas uacme konuduernocya umeern uod
KUCIMOYKU PA3HOLL CITeneHl CAOHCHOCIL

Ycmanosneno, 4imo MuKomoKCUHbL, npodyyupyemole epubamu
poda Aspergillus u Penicillium, 06aadaiom nogvluleHHOLL KaHye-
pozennoll axmusHocmuio [9].Pesyavmamom pocma 2pubog Ha
n0BepXHOCMU bOemoHa A6ALemcs CHUMeHUe e20 (PUUKO-
MeXAHUHeCKUX U IKCMAYAMAYUOHHBIX XAPAKMePUCTUK, a
maxowe yxyoulenue ezo gHewHezo guda. Kpailnum npossaenuem
6uonospexcdatouezo Oeiicmeus 8 OMHOWeEHUL OeMOHHBIX I/e-
MEHMO8 ABAAELMCA UX HACMUUHOEe UAL TOAHOe 0bpyuleHue.
Ipamas 6uomexanuueckas Oeepadayus npoucxodum mnymem
NPOHUKHOBEHUS 2pubHbix 2ugos 6 meno Gemoua. I'pubhuie
euguL mozym 6030eticmeosams o 3HAUUMEAbHOLE MeXaHuYe-
ckoil cuoil, Komopas 603HUKAENM 8 pe3yAbimame MypeopHO20
Oasnenus 6 zuge [10].

Maxkcumanvroe npodyyuposanie KUCAOM KyAbMypaMu epu-
606 npoucxodum npu 6bLCOKUX MeMNepamypax U HUSKUX 3Hd-
uenusx pH. Wsmenenus 6 pH enympenHell u eHewuHell cpedol
0KA3bLBAIOM 3aMemHOe BAUSHUE HA POCM MUKPOOP2AHU3MOS,
UBMEHASL AKMUBHOCTb U CUHMe3 6eAK08, C853AHHLLIL ¢ pasaud-
HbLMU KACMOYHBIMU NPOYECCAML. YCMAHOB/EHO, YMO CMieneHb
aepeccugrozo 6uono0zuteckoeo 8o3deticmeus cpedvl Ha bGemow
6y0em makcumanvHotl npu 3Havenuu pH = 7,2-7,6 [10].

Hccnedosanus yemeHmHoz0 KamMHs Ha 6LOCMOTUKOCITLb Npogo-
Ouaucy Had 06pasyamu -ky6amu ¢ epaHvio 3 CM, U320MOB/EH-
HuLX U3 nopmaandyemenma mapxu I 500-70 ¢ sodoyemenm-
Hum omuowenuem B/IT = 0,3 [11]. Janee nposodunoce 3apasice-
Hue 00pa3y08  UeMeHmHO20 KAMMS — MUKPOMUYEmAmuU
Aspergillus (puc. 2). Coenacto CII 1.3.2322-08 ece wmammol
podos Aspergillus gpopmanvio ommeceHuvl k namozenam IV epyn-
net. Cpedoil 0na neperoca WMAMMA CAYHUAU: MAABITL IKC-
mpakm - 30 g/a, nenmou - 1 2/a, azap - 20 ¢/a, oda (Oucmua.)
- 1 2. Ha 28-e cymku nposedenus dkcnepumenma Gula omuem-
AUBO 8UdeH XOPOUWLO PA3BUMbLLL HepHOBAMO-KOPULHEB020 18end
muyenuil zpuba poda Aspergillus niger. Kyavmueupoeanue
MUKPOOP2aHU3MO8 NpoodUnOCy HA dA2APU308AHHBIX NUMA-
menvHbLx cpedax 6 wawkax [Tempu. Hexkomopele yueHbvle CKAOH-
Hbl 6bl0ensimb OUOKOPPO3UI0 KAK CAMOCTOAMENbHbLL, 0CO0bLiL
6ud xopposuu [12]. B 8o0Hblx cpedax adee3us MUKPOOP2AHU3-
M08, 8videnenue memaboaumos u obpasosanue GUOMNAEHOK HA
1n08epXHOCTU GeTOHA MEHSIOM XUMU1EeCKUe YCA08US HA 2PAHU-
ye paslena «bemona — HUOKOCMb», 8bl3vléaloOUjlle UL YCKOPS-
oujue obuwyutl Koppo3uoHHbLll npoyecc 8 bemoHe. Buonsenka,
803HUKaAIOWAR NOCAe adcopOyULL Op2aHUH4ecKUX U HeopeaHuYe-
CKUX MOAEKY/A HA TOBEPXHOCTMU MAMepUudand, usMeHsem cyuye-
cmgyrouyo Kunemuxy peakyuil [14]. B 6uonienkax MukpobHule
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00/KCHBL ObLMb N0A0NCEHBL MOYHBLE IKCNEPUMEHMANLHO T100-
meepoiclenHule npedcmasaenus o Guauueckoil Kapmure npoyec-
c08 mpu 06u0102U4eCKOll KOPPO3UL UeMeHMHbLX bemoHos 6

Puc. 1. Koaonuu epub6os: a - pod Aspergillus; 6 - pod Penicillium
Fig. 1. Colonies of fungi: a- genus Aspergillus; b - the genus Penicillium

Zaxce usnauanvHo epubocmotixuil 6emorn nod eosdeticmeuem
cogokynHocmu abuomudeckux u 6uomu1eckux Gaxmopos cpe-
Obl HAYUHAeM paspywamucs U UCTIONb308AMbCS 8 Kadecmee
UCTMOYHUKA IHepeUll OnpedeéHHbIMU 8UIAMU MUKPOOP2AHU3-
M08, PacnoNAzaOUWUML NOOXOOAUUM KOMNLAEKCOM Memaboau-
mos.

Iockonvky cmapenue bemoHa A6AAEMCE KYMYASMUBHBIM
NPOUECCOM, MO NOBMOPAIOULECS USMEHEHUS BHEULHUX (aKmo-
pos (Hanpumep, nosbluleHlUe UL NOHUNMCEHUe MeMnepanmypol
cpedul), HACMO OMPAdNAEMCS 8 CKAYKOOOPAZHOM NPOMeKaHUU
npoyecca paspyulenus. B amo e epems, koz0a memnepamypa
cpedvl 06UMAHUSL CTAHOBUMCS HeOAA2ONPUSMHOLL 04 pa3eu-
mus mukpoopeanusmos (nudce -10 °C) [10], ckopocmub 6uonoeu-
ueck0z0 paspyulenus OemoHa 3Hawumenvno nadaem. Cmoum
OmMemumy mom @akm, 4mo pad MUKPOOP2AHUIMO8 MOdNCe
npodoANCUMeNbHOe BPeMS COXPAHAMbL HCUBHECNOCOOHOCb 6
AHABUOMUHECKOM COCTMOAHUL 8 YCA0BUAX OMPULAMeNbHbLX
memnepamyp [10]. IIpu ycmanoeAeHUL ONMUMAALHOTL memne-
pamypul (>0 °C) npoucxodum 6bicmpulil nepexod mukpoopea-
HU3MO08 8 akmugHyto ¢a3y [10].

Ycmanoeneno, 4mo npouyecc NpoHUKHOBeHUs OU0A02UHeCKOL
cpedvL 8 cmpykmypy 6emoHa usmersem ezo GUIUKO-XUMULECKUe
nokasamenu. B 0CHO8Y Mmamemamuueckozo MOOeAUPOBAHUL

50

azpeccugnulx cpedax. Co30anue npozHOCMUHeCKOL MaAmeMamu-
ueckoil modeau 6uopaspyuternus 6emona 3ampyOHUMeAbHO U3-
30 63AUMHO20 BAUAHUSL MUKPOOP2AHUMOS, 8X00UUX 8 Ouole-
HO3bL.

Ananus aumepamypHulx ucmodHuxos [14-20] nokasan, 4mo
Ha cez00HAWHULL OeHb HAKON/eH 60AbULOLL 00BeM HAYUHbBIX OaH-
HblX 0 KOPPO3UOHHbBLX Npoyeccax 8 OemoHe 8 mamepuanosede-
HUL CMPOUMeAbHbIX MAMePUANos: YCMAH08AeHbL U Ucc1ed08d-
Hbl OCHOBHblE CXeMbl XUMUHECKUX peakyull; 0ano mamemamu-
Heckoe ONUCAHUEe HeKOMOpblX Npoyecco8 KOppo3ul; co30aHd
CUCTeMA HOPMAMUBHBIX OOKYMEHITO8 10 AHMUKOPPO3UOHHOTLL
saujume. OOHAKO 6UL0A02UHECKOe paspyuleHie bemona ocmaen-
L MAN0U3YHenHOl npobaemoil kax é Poccuu, max u 3a pybe-
sHcom [14-20].

Buoobpacmarue onop mocmos u He@medobvleaouyux niam-
dopm, nupcos, a maxdice Opyeux 2UOpPOMeXHULECKUX COOPYdHce-
HUil npueooum K yeeauteHUI0 60AH08bLX HA2PY30K, K YCKOPeHUIO
KOPPO3UOHHBLX Npoleccos 1 m.o.

Obpasosarue 6ULONAEHOK HA BEPMUKAALHBIX 108EPXHOCTIAX,
Kak npaguao, npoucxodum 6 061acmsax maaslx 0asaeHuil #uo-
KOCTu, m.e. 8 MeCmax cpbléa nomoxa. Kpumepuem cyujecmeo-
8aHUS MO20 UAL UHO20 PeHCUMA 0BUNCEHUL HCUOKO
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a- oxpacka no I'pamy; 6 - enewnuil 6ud koaoHull Aspergillus nigertna cedomule CYmKUL KYAbMUBUPOSAHUS

Fig. 2:

a - Gram stain; b - the appearance of Aspergillus niger colonies on the 7th day of cultivation

cmu seasemcs wucao Petinoavdca (Re), npedcmasasiouyee co-
601l omHowWeHUe CUA UHEPYUL K CUAAM TPEHUS, 803HUKAIOUUM
8 deuoicywyetics scudkocmu:

_pdv _dv
TR

Re (1)

20e 17 — v —cpeduas ckopocmv O0sudceHus Hcudkocmu, m/c;
d — d —eeaununa, Xxapakmepuzyiowas AuHeilHvle pazmepul
mena, obmexaemozo dHudkocmuio, m; u —L — Junamuyeckuil
koappuyuenm easxkocmu scudkocmu, Ila-c; p —F — naom-

Hocme Keudkocmu, ke/mb, 9 —13 — Koappuyuenm xuHemamu-

yeckoil askocmu 800bL, M/c.

IIpu cpedneii ckopocmu meuenus pex = 1,8-2 km/dac pacuem-
Hoe 3HaueHue uucaa Pelinoavdca cocmaeasem 1,9-2-10° [21].
JIn8 20pHbIX peK, CKOpoCcMb MmedeHUs KOmopblx Modcerm Jocmu-
2amv 6-10 m/c, pacuemmble 3HaveHus qucaa Petinoavdca 06buy-
HO Haxodamcs é duanasone 4,3-5,8-10° [21].

Bbausu obmekaemoll N08epXHOCMU  CKOPOCTMb  MeweHUs
HAMHO20 MeHblle, YeM 8 OCHOBHOIL 4acmi nomoka, a 8 mecme
KOHMAKMa nosepxHocmu u scudkocmu pagHa Hyaio. CoanacHo
Meopul NOZPAHUYH020 CA0SL HA O00MEKAeMbLX 10BEPXHOCTIAX
cywecmgyem  0se  30HbL: 30HA  HAMeEKAHUS U  30HA
YCMAHOBUBULEZ0C  pA3Mepd  MLYPOYAEHMHO020 TNOZPAHUYHOZ0
cnos [21]. B cayuae obmekanus wepoxoeamoil nogepxHocmu,
nodsepscennoil buoobpacmanuio, mypOyieHmHocmy 8 nozpa-
HUYHOM C/0e BO3HUKAEN 3HAYUMEAbHO PAHbULE, YeM NpU 00me-
Kanuu enadkux nogepxuocmetl. ToAWUHA NOZPAHUYHOZ0 CAO0S
He mooicern 064a0amb 4emKo BblpadteHHOl 2panuyell 8 c8a3u ¢
NpupoOHoil HepagHOMEPHOCTBIO OLL00OPACTNAHUS TIOBEPXHOCTIUL
[21].

aw

p—

dt @

1
=R — gradp + pAW + g,ugrad(divW),
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Cxema 06mekaHus 0OUHOUHOTL OTOPbL MOCTA MOTOKOM. HCUO-
KOCTMU npu manvix wucaax Peiinonvdca npedcmasnena Ha puc.
3.

Pewenus ypasnenuil Hagve-Cmokca obaadaiom 60abuium
3Hadenuem 6 eudpodunamuxe. IIpu meuenuw #udKoCmu ¢ Ma-
Avlmu wucaamu Petinonvoca HeaunetiHocmy ypasHeHuil He npo-
A6AAEMCA.

B gexmopnoii ¢opme ypasuenus Hasve-Cmokca ceodsmcs K
ypasHenuio guda [22]:

ac(r,t) _
T+w—grad[c‘ﬁ‘r)] = 3)
=div{D(7,7) - grad[C(T,T)]};
r={xyz} *)
w=0; )

20e R - eexmop HanpssiceHus 06seMHOTL CUbL.

Jugdepenyuanvroe ypasHenue kougekmusHol Jupdysuu
umeem eud [23]:

Toz0a npu HU3KOLL CKOpOCMuU 08UINCEHUL HUOKOCTILL:

C(xyzT)
at -

D - div{grad[C (x,v,z,71)]}. (6)

IIpu 6uoobpacmanuu pocm U zeHepayus Guomaccul npeo-
CIMa/ieHbl HenpepbleHbLMIL 60 BPEMEHL NPOLeCCAML, NOIMOMY
buonaenka umeem pasHyio MoAWUHY No 8celi naowadu nogepx-
Hocmu  koHcmpykyuu. Ckopocmb Hakonaenus 6Guomaccel 6
nepsyio ouepedb onpedendenics CKOpOCMb0 moKa 600bl, Om Ko-
Mopotl 3a8UCUmM 803MONCHOCTE Ocedanus U yOepicanus opea-
HU3MO08 HA cybcmpame, CHAONCEHUS UX NUMATEAbHbIMUL 8elje-
cmeamu u kucaopodom u Op. HenpepwigHole npoyeccul pocma,
pasmHoxcerus U 2ubeal NONYAAYUll MUKPOOP2aHU3MO8 3d-
mpyOHsem pellleHile NOCMABACHHbIX 3a0aH.



TOM 1, BbIMYCK 1, 2020 | VOL. 1, ISSUE1

L i -

\/".
Puc. 3. Cxema 06meKaHus onopvl MOCHA NOMOKOM HUOKOCTLL
npu manvix wucaax Peiinoavoca
Fig. 3. Scheme of the flow around the bridge support fluid flow at
low Reynolds numbers

B [23] asmopamu npednoscena Guauko-mamemamuieckas
M00ent Oup@y3UOHHBIX TPOYecco8 8 CUCmeme <UYeMeHMHbLIL
bemon — GuoneHka — HUOKOCMbY, y4UMblealowas KUHEMUKy
poYecco8 pocma, pasMHOINCeHUS U 2UbeAl MUKPOOP2AHUIMOB.

Du3UKO-MaATEMAMULECKAS MOOeNb MACCONEPEHOCA 8 Heozpa-
HUueHHOLL 08YXCAOTIHOL naacmuHe mosxcem Ovime npedcmasie-
Ha 6 eude cucmemol dugpdeperyuanvrulx ypasnenuii napaboau-
4ecK020 Mund 8 YacnHulX NPOU3BOOHbLX ¢ 2PAHUYHBLMU YCA0BU-
AMU 8MOpP020 poda Ha epaHule 6emoHa ¢ HUOKOCTbIO U Hem-
8epmoz0 poda Ha epaule medxcdy bemoHom u buonaeHxoi [23]:

9C, (x,1) 02C, (x7)
;—T”=k1~%, >0, =6, <x=<0, 7)
aC, (x,1) k2 92 Cz(x‘r) > 0 0<x< 52, (8)
at
20e Cy(x,T) — KOHUenmpayus «c80600H020» zudpokcuda

kaavyus 6 nepepacieme Ha CaO 8 6emoHe 8 MOMEHIN 8peMeHLL T
8 NpoU3B0ALHOLL mouKe ¢ Koopduramoil x, (ke CaO/ke 6emona);
C,(x,7) — KoHUenmpayus «c80600H020» 2udpokcuda Kasbyus 8
nepepacueme Ha CaO @ 6uonIeHKe 8 MOMEHITL BPeMEHU T 8 NpPO-
13601bHOT moyKe ¢ koopdunamoli x, (ke CaO/ke buomaccel); ki ,

ky 2 - xospuyuenms macconposodnocmu, m%/c; §; G- moa-

wuma GemonHotl koHcmpyKyuy, m; G7- moauuHa GUOTACHKL,

M.
Hauanvnule ycaosus:
G(x7) _, =Ci(x0)=C,p. )
C,(x7)_, =C,(x0)=C,, (10)
20e  Cyp— HAYAALHASL  KOHUEHMpayus  «c80600H020»
CaO, ke CaO/ke bemona;
Cypo — HAYANbHAS KOHUeHmpayus «c80600H020»
CaO, ke CaO/xe buomaccot.
T'panudnbsle ycaosua:
ac,(x,7)
i AR -0. 11
ox (11)

X==0p

B mecme xonmaxma 6emona u 6uonaenxu. Pagrosecue 6 cu-
cmeme noduuHsemcs 3akony I'enpu:
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Cl(X,TXX:[): m C( )‘x 01

20e m - koHcmauma pasHoeecus I'enpu, ke buonaenku/ke be-
MoHa.

(12)

oC,(x,7) oC,(x,7)
— P Ky - — =P Ky — (13)
aX Xx=0 aX x=0
20€ Pgers Ponon NAOMHOCTIL GemoHa U Guomaccel, keg/m>.
)|
ke =2 e q,(@)- (14)

4

20e q,(T) naomHocmv nomoka maccel, yxodsweii om 6uo-
TAEHKLL 8 NOTNOK HCUOKOCTUL.
O6wyee pewenue cucmemet (7) - (14) umeem euo:

Z,(;.Fom)zﬁ{l NK +NK|H[F0 NE 2) +o(K,,N,K )J}
+ Zl# v (‘ )(unsmun[cm(p %)o0s(u, K K ) =K, K, sin(as, ¥ysin(u, K, K,)|- (15)
—%coswn(1+x)>exp<—u:Fom)‘

2,(x Fo,,) :m(k NK , + Ki, [x - Fo, K, K, |+ NKi, (0(K, N, K ;)

L ;/liw, Gy coslu, K; (K, =]

- ”K”k sin(/zm\/ﬁKa){N cosu,, cosczm\/ﬁx7)+‘/i—ksinumsin(ym/ﬁi)}r (16)
+Ki, {N c0s 1, cos{sty Ky ;)+%sin s sin(y Ky ;)} exp(—u2K, Fo, ).
“’(KN“% )= [Zo@eon, 0oz )

tgu, = N\K, 19 (K, K,).
30ecv  Zy(X,Fo,) — OespasmepHas  KOHUeHmMpayus

NePeHOCUMO20 KOMNOHEHMA N0 MoAWUHe 6emoHa; Z,(X, Fo,,)-
be3pasmepHas. KOHUEHMPAyUs NepeHOCUMO20 KOMNOHEHMA 1o
moaujuHe buonnenku;
X =x/6,- Oespasmepnas  kooplunama;  Kkodppuuyuenm
Ky = k,/ky; xoappuyuenm Ks = 8,/8,; qu— naomuocms nomo-
Ka maccel, yxolsueil om OUONAEHKU 8 NOMOK KHUOKOCTIL;
N = (Psyon * k2)/ (Poer k=) = xO3(PPuyuenm, ywumeisaro-
wuil xapaxmepucmuku ¢as; Fo,, = (k,-1)/8? - kpumepuil
@ypve; Kiy; = qy - R/k, - C - maccoobmennuiii kpumepuil Kup-
nuyesa.

CA0MCHDLIL MeXAHUSM POCTA, PASMHONMCEHUS U 2ubel MUKPO-
opeanuamos ylaemcs ydecmbv egederuem Kkoddguyuenma N,
YHUMBLEAIOUe20 USMEHEHUS TLAOMHOCTNU OUOMACCHL.

Coenacro B.T. Epogeegy [4, 12, 19], ypasHeHue, y4umoleaio-
Ujee pocm, pasmHodcerue U 2ubenb MUKPOOP2AHUZMOS C YHUermom
ecmecmeeHHotl

CMepmHocmu, cmoxacmuueckuil Xapaxkmep

amux npoyeccos, modxcem bbimy npedcmaesaeHo 6 gude:
X =X(ux — Ay). (18)

20e X — npedeavnas kpumudeckas 6uomacca; py — ydenvrasn
ckopocmb pocma buomaccol; Ay — yOeavHas CKOpoCms OMMUpPA-

HUA K/1emoK.
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Puc. 4. IIpogunu GespasmepHulx KOHYeHMpayuli no moauyuHe
6emona u 6uonaenxu npu K, = 1;Ks = 0,1; N = 1;Fo,, = 1,
Kiy:1-0,5;2-1;3-1,5;4-2;5-2,5;6-3.
Fig. 4. Profiles of dimensionless
concentrations over the thickness of
concrete and biofilm at K, = 1;Ks = 0,1; N = 1;Fo,,
Kiy:1-0,5;2-1;3-1,5;4-2;5-2,5;6-3.

1,

ITonyuennvle goipascerus (15) - (17) nosgoasiom onpedeasmo

3HaueHUus KOHUeHmpayuil «c60600H020» 2udpokcuda Kaavyus
10 moAujuHe 6emoHHOl KOHCMPYKYuL U 6uonieHku 8 10601
MOMEHM, a Makxce 0alom 603MONCHOCTb PACHEMA KUHeMUKL
npouyecca 8 #uokoti aze, umo, 8 KOHEHHOM UMO2e, N10360/5eM C
MUHUMAALHOLL  N0ZPEULHOCTLIO  NMPOZHO3UPOBAMb  00/1208e4-
HOCTMb GeMOHHBIX KOHCMPYKYUL, IKCNAYAMUPYeMBLX 8 O6U00-
2udecKu azpeccusHulx cpedax. Hexomopuie pesynvmamol pacie-
mMo8 no noAy4eHHuiM suipadcerusm (15) - (17) npusedenvl Ha
puc. 4, 5.
ITonyuennole npedcmasaenust 0 2u0pOOUHAMULECKUX NPOUECCAX,
uMewux mecmo npu 6uoobpacmanuu GemMoOHHBLX KOHCTPYK-
yuil Ha epanuye pasdena ¢as, no3eoasiom uccaedo8ams npoyec-
Cbl MACCONEPEHOCA 8 HeroOBUNCHOM MNomoke 600bl, a makdice 8
nepcnekmuege paccuumams kKodgguiyuenmoL macconepernoca 015
PA3AUMHBIX CKOpocmell nomoKa.

IoHuManue NPULUR U MeXAHUIMO8 BLON08pexcOeHUs Cmpo-
UMeAbHBIX KOHCMPYKYUIL 10380AUM 0amb pasyMmHble peKOMeH-
Oayuu no aukeudayuu nocredcmsuil Guonopadterus u no npe-
JynpescOeHuI0 IMOo20 He2AmusHoz0 feaeHus 8 Gydyuem. Mo-
HUMOPUHE TeXHUHYeCK020 COCMOAHUL KOHCMPYKYUIL, NpozHO3U-
posarue ux 001208e4HOCTU 1L HAOEHCHOCTILL B03MOXHCHBL MOALKO
HA O0CHOGe COOMEeMCmeyIoujux memodos paciemd, NO360ALI0-
UWUX BLUTIOAHAM COOMBEMCMEYIoUUe KOAUYECTN8EHHbLe OUEHKIL
¢ Haonedxcauyeil MoYHOCMbIO.
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Paszpabomana cucmema KOHMPOASL Kadecmea cuinyyeil cmecu, noayuaemoll 8 ycmpoiicmee
Henpepulenozo OJelicmgus. Konmpoaupyemvim napamempom feasemcs Kpumepuil odno-
podHOoCmU cMecU, N0 KOMOPOMY U OYeHUBdemcsa eé kauecmeo. B ocnose memoda konmponsa
nexcum cnocob onpedenenus ceolicme cuinyuell cmecu no pacnpedeseHuio 4acmuy nepepa-
bamvieaemovlx KOMNOHEHMO8 8 NONEPEUHOM CeHeHUlU, PUKCUPYeMOMY NpU NpoXoiOeHUU
uepe3 npo3pauHnylo nepezopodky Ha 6vlxode u3 ycmpoiicmea. dPPexmusnocms memoduxku
obecneuusaemcs UCNOAb308aHUeM OeCKOHMAKMHO020 Memodd Oyenku 00HOpPOOHOCMU Cbi-
nyiezo cocmaed, NpuMeHeHUe KOMOp0eo UCKAOHYAENM UCKAXCeHUe TPOCMPaHCMEeHHO020
pacnpedesenuss 4aCMUlY 8 COYeMAHUU C UHMeZPAAbHULM Kpumepuem OyeHKU 00HOpOoJdHO-
Cmu cmecu, OMAULAIUUMCA 8bLCOKOL UHGOPMATMUBHOCTLLIO.

Kawmouesvie caoga: KoHmpoasv kawecmea, cbinyuas cmecv, 00HOpoOHOCMYb, Memod OyeHKU,
UHMe2panbHbLI Kpumepuil, UHGOpMAamMUBHOCMD
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Within the course of study, we have developed the system of quality control of bulk mix
blended in a continuously operating device. The controlled parameter is the homogeneity
criterion of the mixture which is used to assess its quality. The control method is based on
the method of deter-mining the properties of the bulk mixture by the distribution of parti-
cles of the processed com-ponents in the cross section, which is fixed when passing
through a transparent partition at the device outlet. The effectiveness of the methodology
is ensured by using a non-contact method of assessing the homogeneity of bulk contents.
This method eliminates the distortion of the spatial distribution of particles in combina-
tion with the integral criterion for assessing the homogeneity of the mixture, which is
highly informative.

Key words: quality control, bulk mixture, uniformity, evaluation method, integral crite-
rion, informativeness
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BBEJEHUE

3adaua npoekmuposarus ycmpoiicmea 045 NpuzomoeaeHuUs
COINYYUX MAMEPUAnos, Kaxk U 11006020 MeXHUUeCK020 YCmpoti-
Cmea, peludaemcs HA OCHO8e AHAAU3A De3YAbImamos IKCTepu-
MEHMAABHBIX UL Meopemu1eckux Ucce008aHuUll peaau3yemozo
um npoyecca. Kax npasuno, 6 pegyavmame makux uccaedosa-
HUil moeym Oulme NOAYHEeHbL 3ABUCUMOCTIL, C8A3bleaioujie
Kpumepuil kavecmea npodykma (cCMecu) ¢ Napamempamu cme-
CUMEAbHOTL CUCTeMbL (CMecumenb, 003amopbl, mamepuanvt) [1,
2]. O0Hako npu Npaxmuueckoll pedAuU3ayUL Npoyecca Mozym
MEHAMbC 8HEULHUE YCA08USL €20 NPOMeKAHUs KaK 8 CULY 803-
HUKHOBEHUS CAYHATiHbIX aKMOpos, MAK U Npu UCNOAbI0BAHUL
ycmpoiicmea 0as nepepabOmKU  MAMepuaios, nNApamempeol
KOMOpLLX HAX00AMCA 3d npedeAamiu nposedeHHbLX UCCAed08d-
Huil. IIpu smom napamempol Kawecmaa noAy4aemMulx cocmagos
mozym gvixodumu 3a Jonyckaemvle npedeavl. B amom cayuae
Heobxo0umo obecrederle HeNpepbleHO20 KOHMPOAS KA4ecmed
cmecu u, npu Heobxodumocmu, nposedeHue KOPPeKMUPOSKL
napamempos CMecumenvHo CUCTeMbL.

B dannoil pabome paccmampugaemcs CUCTeMd KOHMPOAs
Kavecmea coinyyeil cmecu 6 bapabanHulx ycmpolicmeax Henpe-
puleHoz0 Oeticmeus. BapabanHble cmecumenil HenpepwvleHO20
Jelicmeust WUPOKO NpuMeHsiomcs 6 pade ompacaeil cmpou-
MeAbH020 NPOU3BOOCTNEA, XUMUUECKOL NPOMbLUAEHHOCTIL,
MEMAnnypeul, Ceavckozo XO03UCMea U 80 MHoeux Opyeux. 3a
nocaedue 200l npednoxcen pad Koncmpykuyuil ycmpoticme
maxkozo muna [3, 4], omaunalowuxcs ddpexmusHocmuio npu
pabome 6 He6AZONPUSIMHBIX YCAOBULX (8 MOM HUCAe, YCMpOli-
cmea 045 NpueomoenerHus cmecetl, CKAOHHBIX K Cezpeayuil
wacmuy, ux dasaomepayuu, ycmpoticmea 045 nepepabomxu
cocmasos, codepycawjux 006asKU 6 MAnOl KOHUeHmpayuu u
m.d.). VIMeHHO makue ycmpoticmea Henpepvleroeo Oelicmeus
00AxCHBL ObLMb OCHALEHBL CUCTNEMOTL HeNpepbleHo20 KOHMPOs
U KOppeKMuposKL Kadecmaa noayiaemoeo cocmasda. C dpyeoil
CTOPOHDL, CUCTEeMA KOHMPOsL 0C06eHHO Heobxoduma 04 no-
AYUeHUs MAmepuanos, Heobxodumvle cgolicmea Komopulx obec-
TeUUBAIOMCS MOYHOCTILIO KOHYEHMPAayUil KOMNOHEHITO8, 8X0-
Oy UX 8 CMECD.

OITMCAHUE CUCTEMBI KOHTPOJISI KAYE-
CTBA CBIIIVYEM CMECH B YCTPOMCTBE
HEIIPEPBIBHOI'O JEMCTBHA

Koneunoil yeavio ocyujecmenenus KOHMpoas Kaiecmesa Colny-
well cMecU, NOAY1AemOll 8 CMeCUMeAbHOLL cucmeMme, ABA[emcs
noddepscanie nApamempos Kawecmed cmecu 8 mpebyemolx
npedenax, nymem KOHCMPYKMUBHBIX U PeHUMHBLX 6030eli-
cmeuil Ha camy cucmemy. Ha puc. 1 nokasam eapuanm peanui-
3AUUL CUCTMeMbL KOHMPOAs Kavecmead culnydell cmecug bapa-
banHo-10nacmHubLX yempoticmeax HenpepvleHozo Oeiicmeus [5,
6]. Cucmema u azpezam 6KA0OUAIOM CMecumens 1 ¢ npugodom 2,
nampybku 3azpy3ku KOMNOHEHMO8 3, 4 U coomeemcmayoujue
dosupyiowue ycmpoiicmea 5, 6, 6yHkep 7 — 6blepy3KlL CMeCU.
Topyesas cmenka 8 (6opm, nodnoproe koavyo) uau eé ¢pae-
MeHIM. BbINOAHEH U3 NPO3paiHoz0 mamepuana. Budeokamepol 9
YCMAHOB/IeHbL HANPOMUE CMeHKU 8 U Had mpaHcnopmepom 10
cmecu. Mngopmayus ¢ kamep 9 nocmynaem Ha komnviomep 11
U 8b1800UMCA HA IKPAH MOHUMOpA 12.
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Puc. 1. Cuctema KOHTPOJIS U KOPPEKTUPOBKU
KayecTBa ChIMy4el cMecuB OapabaHHOM arperare
Fig. 1.System for monitoring and adjusting the
quality of the bulk mixture in the drum unit

Heobxo0umo ommemumu, 4mo 045 KOHMPOAS KA4ecmed Col-
ny4etl cCMecl 8ANCHYI0 PONb UMeenm 8bl00p Memoda NoAyHeHUs
uHgopmayuL 0 pacnpedeseHUl KOMNOHEHO8 8 00BeMe CMeCLL.
Taxkoti 8vl60p Jondxcer ObiMb OCHOBAH HA AHAAU3E U3BECTTIHBLX
SKCNEPUMEHMANLHBLX MemOoJUK, KOMmopble MOXCHO pa3deiumb
Ha xonmakmuule [1, 2, 7] u beckonmaxmuote [4, 8-16]. B dan-
HOM CAy4de MpuHam OecKOMMAKMHbLL Memod OyeHKU, OCHO-
8anHbLll Ha ananuse Gomou3obpasceHus MNAOCKO20 CeHweHUs
cMecu Hepe3 npospauHylo cmenky [13, 14, 16]. Dmom memod
appexmusen u3-3a e2o HU3KoU mMpydoemKoCmu, CKOpocmu u
mouHocmu (8 CULy OMCYMCMEUSL NPl e20 UCTOAb308AHUL UC-
KasxceHull cmpyKmypol cmecu). B kauecmee kpumepus ouyeHKu
Kavecmea (0OHOPOOHOCMUL) CMeCU UCNOAb3YIOMCA MpaduylloH-
MLl Koagduyuenm HeoOHOPOOHOCTMU, WLUPOKO NPUMEHAEMBLIL 8
Hawell cmpate [1, 2]:

100 1
== / t (¢ —c)2, 0
co N1 —1(1 O) , %,

20e ci — maccosas (Uau 00BeMHAL) KOHYEHMPAYUL KAI04e8020
KOMNOHeHma 8 i-npobe;

1 - KoAuuecmeo npoo;

Co- CPeOHASL KOHUeHMPAayUs KAI04e8020 KOMNOHeHMa no 00s-
emy cmecu.

B kauecmge Opy2020 UH(POpMAMUBHO20 Kpumepus napai-
/IeILHO UCNONB3YeNMCs UHMeZPAAbHbLIL aHanoe kKoapduyuenma
HeodHopodnocmu [15, 17], nosgoasiowuil dams OueHKy Kaue-
cmea ¢ wupokom duanasone macumabog npob:

Ve (1)

1
(1-cJ)

- 1
20e ¢(R, 1) =skao

Yus KAI04e8020 KOMTOHeHma 6 npobe pasmepom l, essmoii 8

(@RD=((RD) ), (2)

ve(h) =
c
c(R+7)drP — obsemuas konyenmpa-

o
oKpecmHoCmU MOYKU R;
Co— 06BeMHas 0015 KA104eB020 KOMNOHEHMA 80 BCell CMeCL;
D=1, 2, 3 - pasmeprHocmb npocmpancmea;

f kw drP obosnauaem unmezpuposarue no D-mepHomy Ky6y ¢

R
pebpom Onunet L u ¢ yenmpom 6 mouxe R ;
7_ paduyc-eekmop, onpedensiowuil NOAONMEHUEe HACTULbL

KA101eB8020 KOMNOHeHmMA.
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OIIMCAHUE BJIOK-CXEMBI OCYIIECTBJIE-
HUA KOHTPOJIA KAYECTBA CEITIVYEU
CMECH

Ha puc. 2 npedcmasnena 610K-CXeMad OCYU,eCMEACHUSL KOH-
MpoAs U KOppeKMUpOsKU Kadecmea Colnywell cMecu, noiydae-
Mo1l 6 6apabarHO-10NACITIHOM dzpezaine.

Kpamxo paccmompum amansl ocyuyecmeneHus KOHMpoas u
KOpPeKMuUposKl Kauecmea Culny4ell cMeCl 8 COOMeemcmeuu ¢
Oannoll 6a0k-cxemoll. Ha nepgom amane ycmaHasAUeaiomcs
02paHUHeHUS €1 U €2 HA OMKAOHEHUs MeKyUe20 3HAYeHU KpU-
mepus V¢ xawecmea (00HOpOOHOCMLL) NOAYHACMOTL CMeCU O ee
3a0anH020 3Havenus [Vc].
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4) 3adarom 6aoku 9-12. ITpu 6bLNOAHEHUL YCA0BUS 3A0AHHOZ0 8
6/10Ke 5 0CYWeCMBASIOMC KOHCMPYKIMUGHbLE USMEHeHL, onpede-
Asemble 6710koM 6.

B 0cHO8Y cucmembl KOHMPOAsL U KOPPeKMUPOSKU Kawecmeda
counyyell cmecu 8 6apabaHHO-10NACMHOM dzpezaime Henpepuie-
HOo20 Oelicmeus noaoxeHa memoduka 6eCKOHMAaxKMmMHozo onpede-
/eHUS. KA4ecmea CMecl 10 U306pajeHuio MA0CK020 CedeHus
pabouezo o6sema. Memoduka no3eoasem QuKkcuposams Kaue-
Ccmeo cmecu, uccedosamv I80AI0ULI0 0OHOPOOHOCTUL nepepa-
6ambleaeMotl cmecl, He 8HOCS UCKANCEHUTL 8 TPOCTIPAHCIBEeH-
Hoe pacnpedenenue wacmuy, KOMNOHEHMO8 8 410001l mouke ce-
ueHus pabouezo 06seMa HA 8blx00e CMeCUMens U He npepuleas
ezo pabomy.

O xauecmee cmecu, noiyiaemoii e 6apabanHO-AONACTIHOM
annapame HenpepuleHoeo Oelicmeuis MOoXcHO cyOumb 1o pacnpe-

1. BBox ucxoausix maHueix [Vc], €, €

|¢

2. Tony4nTh H300paskeHre MOMEPEYHOro CEUCHHs MaTepHaa Ha BBIXOAECMECHTEIS .
IpeapapurenbHas 00paboTKan300paKeHUs pa3/ieeHIe KOMIIOHEHTOB 10 [IBETY

v

3.Pa

3. Pa3zienieHue NONEepEeYHOr0 CeUeHUs MaTepralia Ha poOHbIe 30HbI.  Onpe/esieHre KpUTepus KadeCcTBa CMeCH

Aa

[Ve| < [Vc] +&1

h 4

U3menenne PEKUMHBIX ITapamMeT
> POB cMecHTes, 4
Jo03aTopa
—p{ 10. M3meneHue napametpos | — gy
JIONAcTe CMeCHTels
—p| 11. Ycranoeka gononnn-
TENbHOHN CeKILUU
L /Ipyrue usMeHeHus K KOHCTPY
MU CMECHUTEJIS

7. BbIBOJ KOHTPOIMPYEMBIX
apamMmeTpoB

6. VI3MeHUTB pazMephl CTyNEHH
CMeCHTeJIs, CHATh CTyNeHb

v

v
( 8. Konerg

D

Puc. 2. Baok-cxema ocyujecmeneHiis KOKMpoAst U KOPPeKMUPOSKIL Ka1ecmaa CuliyHeli cmect
8 6apabanHO-10NACTHOM dzpe2dine HenpepbleHo2o Oelicmaus
Fig. 2. Flowchart for monitoring and adjusting the quality of the bulk mixture

Memoduky onpedenenus Kpumepuu Kauecmea cmecu Ompa-
scarom 610ku 2 u 3 HA cxeme, npedcmasaeHHoll Ha puc. 2. Kou-
mponb oepanuyeHull & ¥ €,0cywecmensemcs 640kamu 4 u 5.
Ozpanuuenue & onpedensem npedenvHo Jomycmumoe 6epxHee
3HaveHue kpumepua Ve (donycmumyio HeoOHOpoOHOCMb CMeCLL),
a &, — npedenvHo donycmumoe HudxcHee 3Ha4eHue Kpumepus Ve
(donycmumyro odnopodrnocmu cmecw). To ecmo

V-e<sV.<sV]l+g 3

Credyem ommemumy, 4mo &, YCMaHA8AUBAEM 02pAHUYEHUE
HeonpaglanHoe0 PpOCMaA Memaal0eMKOCTLL  CMeCUMenbHO20
obopydosanus.

Koppexmuposku napamemposg cMecumenvHoil cucmemvl npu
HeBbLMOAHEHUL YCA08USL, ONpedesleHHO20 0Zpanuierem &, (60K

61

Oe/leHUI0 HACTUY, CMelLUBAeMbLX PPAKYUIL 8 CedeHUl, nepreH-
JuKyAsApHOM OCU Ycmpolicmea Ha 6vlxode U3 Heeo, HA (QpPOoH-
MAAbHOIL NOBEPXHOCTMU  Cblnydell MAcCCbl, KOMOPYIO MOXCHO
clenamv JocmynHoil OAf HenocpedCcmeeHHo20 BU3YaAbHO20
Habaodenus u Qukcayuu uzobpaxcenus (Hanpumep, Yyugposoii
8udeocsemkoil). B c8010 ouepedv, AHAAU3 NOAYHAEMbIX TPU
aMoMm nAoCKUX pacnpedeneHuil Moxcem Gbimb Ae2Ko 0Cyujecms-
/leH C IOMOWBIO COBPEMEHHBLX Mem0008 KOMNLIomepHoll 06pa-
6omxu u306padcenuil.

METO/] OLIEHKHM KAYECTBA CMECHU

TpaduyuonHsie memodul [1, 2, 7], npedycmampusaioujue om-
60p KOHMpoavHuiX npob no ecemy obvemy cuinmyueil maccol ¢



TOM 1, BbIMYCK 1, 2020 | VOL. 1, ISSUE1

N0CAeYIOUWUM UX AHAAUIOM, KAK NPABUAO, He 8noAHe YJose-
meopsiom Imum mpebosanusm, Odaxce ecau npednonazarom
UCTI0Ab308AHUE CA0XHCHO020 000pydosanus 04a ombopa U aHaAu-
3a npob. CospemenHuie memodvl UccAe008AHUSL TPOLECCO8 CMe-
wWuganus mpeGyiom OyeHKU 6kAad08 8 HUX KOHEEKMUBHLIX U
Ougpy3uoHHbIX MEXAHUBMOB CMEUUBAHUS, HEeNOoCPedCmEeHHO
CBA3AHHBIX C KOHCTPYKMUBHULLMIL 0COOEHHOCTIAMU CMeCUMmens
U PUIUKO-MeXAHUHeCKUMU Xapakmepucmukamu cmecetl [18].
IToamomy, npu oyerke kauecmea cmecu Heobxo0UMO CoOXpaHe-
Hue Haubo/ee NOAHOU UHGOPMAYUL O ee CIMPYKILYpe HA MUKDO-
CKONU4eCKUX (CPABHUMBLX C PASMEPOM HACTUUDL) U HA MAKPO-
ckonuveckux (nopsodka pasmepos pabouezo 06sema cmecumens)
Mmacwmabax [1, 2, 13]. Dmo moaxcem b6vimb obecnewero Ucnonw-
308anuUeM GeCKOHMAKMHBIX Menod08 AHAAU3A CMeCU Henocpeo-
CTBEHHO 8 ycmpolicmee UAU 8 NOMOoKe HA 8vlxo0e U3 Hezo U
npumeHeruem 045 OUeHKIL KA4eCcTnaa CMecl HOBbLX CNeKmpaib-
HbLX Kpumepues, Y4umol8aouux cnenetb 00HOpoOHOCU Npo-
CTPAHCTNBEHHO20 pacnpedeneHUs KAK4e8020 KOMMOHEHMA 8
WUPOKOM CTieKImpe Macumabos.

Paccmompum nodpobuee beckonmakmuulii memod [4, 13],
Komopblil 6bia UCNOAb308AH 045 NPAKMU4ECKOl OYeHKU Kade-
cmea cmecu 8 npouecce ee nepepabomxu 6 6apabaHHbix Ycmpoti-
cmaax HenpepuleHozo Oeticmeus. CmeHka 8 Kopnyca cmecumens
1 (puc. 1), npumuikanouwas K 60K080il nogepxHOCMU paboyezo
00Bema, 8bINOAHEHA U3 NPO3PAHO20 Mamepuand, 4mo obecne-
HUNO B03MONHCHOCTIL BUIYAALHOZ0 KORMPOAS, PUKCAYUL U Yud-
po8020 aHanusa npoyecca cmewusanus. Yepro-benoe gomo-
epaguueckoe usobpadxcenue nosepxHocmu pabouezo obvema
cMecumens nodeepeaemcs KOMNvlomepHoii 0bpabomke, 8 xo00e
komopoli Ha ¢omozpaduu cHauara omdeasemcs o0b6aachiv,
3anamas cmeceio (puc. 3).

M
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Y ¥ 4 hd
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L | 4

Puc. 3. Omdenenue cevenus, 3aHAMO20 CMECHIO, U pa3bueHle HA
npobHbLe 30HbL
Fig. 3. Separating the section occupied by the mixture and divid-
ing it into test zones

Dma obaacme pasbusaemcs Ha keadpammule NPoOHble 30HbL

00UHAK08020 pasmepa l, 8 Kasooli U3 KOMOopblxX KOHYeHMpayusl
(2D)
i

nAowWadu 30Hbl, 3aHAMOLL KA104e8blM KOMNOHEHMOM, K NAOWA-

KAI04e8020 KOMNOMEHMA C;  ’ BbIMUCAACMCL KAK OMHOULEHUe
Ou ecetl 30HubL.

IIpu smom mouka omdeneHus KAIOUe8020 KOMMOHEHMA ONL
Hecyujezo Ha WKdle OMMEeHKO8 cepoeo ueema onpedensemcs Kak
MOYUKA MUHUMYMA MHO20U/1EHA Yemeepmoli CImeneHl, anmnpok-
cumupyioujezo pacnpedenetue nukcenei (puc. 4).
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Puc. 4. Onpedeneniie mouki omdeaeHus KAIO1e8020 KOMTMOHEH-
ma Ha WKae OMMmeHKo8 cepozo ueema: 1 - pacnpede-
AleHle nuKceaell 1o OMMeHKAM Cepozo ygema;

2 - annpokcumayus pacnpedeneniis MHOZO4AEHOM Hemeepmoil
cmenenu
Fig. 4. Determining the separation point of a key component on
the grayscale:

1 - distribution of pixels by grayscale;

2 - approximation of the distribution by a fourth-degree polyno-
mial

(2D)

3amem no HaildeHHbIM KOHUeHmpauuiam c; sovliucasemcs

koagduyuenm HeoOHOpoOHOCTLL VC(ZD). Ionyuennuwiil koagpdu-
Yuenm HeoOHOPOOHOCTMU KOHYEHMPAUUL KAI04e8020 KOMMNO-
HeHMA CMeCU Ha TIOCKOM U300padceHu VC(ZD) MOdicern. omAau-
wamucs om Koaguyuenma eapuayuu, noayHeHH020 mpaduyu-
OHHBLM CNOCOBOM HA OCHOBe aHaau3a obsemHblx npob V, npu
00HOTL U MOl e KOHYEHMPAyUL 8 NPUMBbLKAIOWeM K npobHOL
30He yuacmke 00BeMHO20 €05, MAK KAK HaA Gukcupyemoti no-
6epXHOCIL 30HbL MOJICeT OKA3AMbCS PA3AULHOE HUCAO0 HACTNUY,
KA104€6020 KOMTLOHEHMA.

Oyenka 00nOAHUMENbHO20 pa3bpoca 06BemH020 KOIPPuyu-
enma HeoOHopoOHocmu [4] u onpedeasemcs npedenamu:

Ve, = Jmax (O, (VC(ZD))2 — 30) = (VC(ZD))2 +30, (4

20e 0 = 4(d/D)\/(1 — cy)/con.

Taxum 06pazom, memoouxa 6eCKOHMAKNMHO20 KOHMPOAs Ka-
1ecmea cmect 0ONINCHA BKAIOUAMY CAedYIouLyi0 nocaedosament-
HOCMb Onepayuil:

- noayuenue (Pukcayus) uzobpasgceHus cedenus pabouezo
00Bema 1epe3 npo3payunylo cmenky 8 (puc. 1);

- evllenenue u npedsapumenvias obpabomka uacmu obaa-
cmu 3anamoil cmecwio (puc. 3);

— HaxoxcOeHue MOYKU OmOeNeHUS KAIOH4eB020 KOMMNOHEHMA
0 Hecyuje20 Ha WKaie OMMmeHKos cepozo ysema (puc. 4);

- pasldeneHue ceueHUs cMeCl HA NPOOHble YHACTKU U 8bIYUC-

/leHue Kpumepus Kaiecmea:
- gvluUCAeHUe 00BeMHO020 KOIPPuyLenma HeoOHOPOOHOCTLL.
Jns peanusayuu yka3amHoli nocaedo8amenvHOCMU UCTONb-
308aHa KomnviomepHas npozpamma [16]. Taxum obpasom,
U3/109ceHHbLL GeCKOHMAKMHbLL Memod oueHKL 00HOpoOHOCMLL
cmecu npednoaazaem nocaedo8amenvHylo 8 meweHue npoyecca
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dukcayuio u3obpasceHull NAOCKUX TOBEPXHOCTHBIX pacnpede-
AleHUl Yacmuy, CMeuL8aemMblx KOMILOHEHNO8, UX KOMNbiomep-
Hy10 06pabomKy ¢ yenvlo NOAYHeHUs CIMAMUCTUYeCKUX XAPaK-
MepUCTMUK U BblHUCACHUE PEANbHbIX KpUMmepled 00HOPOJHOCTILL.
Memoduka no3gonsem 3HAYUIMEALHO TOBLICUMb UccAed08d-
TMeAbCKILe 803MONHCHOCITLLL 110 ONpede/leHLI0 Ka4ecmead CMecu.
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INTRODUCTION

Constantly increasing intensity of traffic on the highways of
general use, increased loads on the axle of trucks require an in-
crease in the load-bearing capacity of the road surface of the
operated roads, which is achieved by reconstructing or overhaul-
ing the roads. Nowadays, along with the traditional methods of
overhaul, reconstruction, and strengthening of road surface,
fundamentally new technologies have appeared that meet the
latest requirements of ever-increasing traffic volume, based on the
latest achievements of science and technology. One such technolo-
gy that most fully meets the requirements for road surface rein-
forcement is "cold in-place regeneration” or "recycling" [1, 2].
This technology consists of crushing and mixing the existing
asphalt concrete surface and a layer of the underlying material
with the addition of binders in order to obtain a strong, homoge-
neous road base - asphalt granulated concrete, which is a compo-
site material with new properties that differ significantly from the
original [3]. A new asphalt concrete pavement or surface treat-
ment layer is subsequently laid on this base [3]. The result is a
new road with improved physical and mechanical characteristics.

The main task of this technology is solved with the help of high-

tech machinery - a recycler (Fig. 1).

23.03.2017

Fig. 1. Wirtgen 2500 recycler during an overhaul of road surface
in Yaroslavl region

Fine tuning systems of the recycler allow to achieve high quali-
ty mixing of components in the right proportion, which is the key
to the quality of the regeneration

RESULTS AND DISCUSSION

In order to substantiate the choice of cold in-place recycling
technology, Wirtgen offers a certain algorithm of actions (Fig. 2)
[3], which includes: collection and initial processing of data;
preliminary and detailed studies to select the most rational com-
position of asphalt granulated concrete mixture; preliminary and
final calculation of the road surface structure obtained after cold
recycling; economic analysis of the efficiency of the designed rein-
forcement of road surface structure; comparing the proposed

technology with known ones.
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The determining factor when choosing a technology for road
overhaul is primarily economic analysis. The choice stems from
the need to reduce budget expenditures while reducing the time of
construction and repair and minimizing the costs associated with
the road closure or traffic reduction in the area of overhaul or
reconstruction.

Defining the
qui of road
services for 3 givenroad

Step 1

Additionzl data collection |

step2

similar road patches

]

Detailed reszarch
Information consclidation

{

Forming prefiminary options for calculation of road
surface based on found properties of recycled 4—‘
material
l Ccomparison of ahernatives that can
be used to change material
properties:
- using another binder;
- using [adding} new material;
- deep inplace recyding, etc.

‘ Preliminary studies Identification of ‘

Checking the suitability of recycied material in
the laboratory

step s

Are properties
expected for recycled
material achieved?

[ Final cabculations for road surface |

Fig. 2. Technology selection algorithm for road surface overhaul

The purpose of this paper is to develop a substantiation of the
choice of the overhaul technology using technical and economic
indicators.

The project of overhauling or reconstruction of a road section
may be characterized by a number of technical and economic
indicators that determine the degree of efficiency of the planned
works, namely:

1. Estimated cost of construction and repair work.

2. Labor costs of workers and machines.

3. Mechanization and automation of work.

4. Material intensity of work.

5. Efficiency of subsequent operation of the road.

6. Special work conditions.

Estimated cost is the sum of money required for construction or
overhaul according to the design materials. The estimated cost
includes all construction costs, which are the purchase of materi-
als, costs of operation of machines and mechanisms, labor costs of
workers and machine operators, costs of administrative and
managerial staff [4].

Estimated cost consists of the cost of works and estimated profit
and it is calculated by the formula [4]:

Cest = Cpr + EP, (1)
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where Cp, - prime costs, RUB, in thousands; EP - estimated
profit, RUB, in thousands.

Prime cost is the cash cost of construction, production, and ser-
vices. Depending on how they are included in the cost of produc-
tion, these costs are divided into direct and overhead (indirect).
The largest part of construction costs are direct costs. They are
determined based on the scope of work, cost estimates, and prices.
The direct costs include: the basic salary of workers engaged in
manual labor, the cost of materials, parts, and structures, the
cost of operating construction equipment [4].

Overhead (indirect) costs are costs associated with the organi-
zation and management of construction and installation. To-
gether with direct costs, they constitute the estimated cost of con-
struction and installation [4].

The prime costs of construction and repairs is calculated [4]:

Cpr = DC +0C, 2

where DC - direct costs, RUB, in thousands; OC - overhead
costs, RUB, in thousands.

Direct costs include expenditure items directly attributable to
construction and repairs:

- the cost of materials;

— the cost of operating machines and mechanisms; wage fund
(including salary costs for the main construction workers and
machinery operators).

The formula for calculating direct costs is [4]:

DC = MC + MMC + WF, 3

where MC - cost of materials, RUB, in thousands; MMC - cost of
operating machines and mechanisms, RUB, in thousands; WF -
salary costs for construction workers and operators, RUB, in
thousands.

Estimated profit is the sum of funds spent by the contractor on
development of production, social services, and financial incen-
tives for employees. Estimated profit, which are also called
planned savings, as well as overhead costs, are calculated from
the wage fund by type of work [4].

The cost of repairing one kilometer of road is calculated by the
formula:

)

where DC - direct costs, RUB, in thousands; L - road length, km.
The cost of repairing 1000 m? of road is calculated by the for-
mula:

DC
0= 5 ()
where S - road surface, m?, in thousands.

To determine the level of profitability, the following formula
will be used [4]:

EP

P=--:100

Cor

(6)

The material capacity is calculated by the formula [4, 5]:
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McC

Mmat = C
est

-100, )
where MC - cost of materials, RUB, in thousands.

Important technical and economic indicators are the total and
specific labor intensity of repairs.

Labor intensity is quantity of working time of a person spent on
a unit of production [4]. To determine labor intensity of all kinds
of works, we use the State Elementary Estimates Norms (SEEN)
to determine labor costs for each job and then summarize their
averages in each working category provided in the Norms. Using
the formula 8, we determine the weighted average category of
workers needed to perform the work, which will help to under-
stand the average qualification of workers for a particular meth-
od of road repairs.

We calculate the weighted average of working categories as the
arithmetic mean weighted by the formula [4, 5]:

_Z?ai X

- n
i-1%i

X , ®)
where ai - labor costs of workers of the xi-th category, man-hours;
Xi — worker category.

The average number of workers is calculated by the formula:

_ Q- Keon

N= 8-t ’ ®)

where Q - total labor costs, from SEEN, man-hours; t — work
completion period, shifts;
[6].

An important indicator is the specific labor intensity of work,

Keon = 1,08 - contingency factor

i.e. labor costs per 1 RUB. of the estimated cost of construction
and installation — Kr. The indicator of specific labor intensity
reflects the costs of labor in the construction and installation and
characterizes the manufacturability of structural solutions of the
object under construction and the level of mechanization of con-
struction and installation.

The specific work intensity can be calculated by the following
formulas [4]:

To

Krest = ?v (10)
Kpp = TO (11)

where To - total labor costs, man-hours; Cest — estimated repairs
cost, RUB, in thousands; L - road length being repaired.

Another important indicator is the mechanical equipment ra-
tio, which is the ratio of the cost of operation of machines and
mechanisms (MMC) required to perform work to the cost of con-
struction and installation. A good mechanical equipment ratio is
about 10-18%. This indicator is calculated by the formula [4]:

_ MMC-100

(12)
CBSf

w

Determining the composition of the brigade is an important el-
ement in the organization of the construction process. The overall
efficiency of the work depends on the choice of the brigade ele-
ments.
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The shift cost of brigade operation is a sum of the products of
the cost of one hour of equipment operation, the number of re-

quired units, and the work duration per shift [4, 5]:
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Table. Summary table of technical and economic indicators of methods of overhaul of a road section

Repair method
Indicator Traditional Existing . .
method method from Cold in-place recycling
submittals
Strength characteristics of the finished roadway structure, MPa 291 299 399*
Strength reserve factor 1.19 1.16 1.6*
Direct costs, RUB,
in thousands:
- full road length 73823.62 89724.77 65 087.52*
- per 1 km 10 851.63 13189.00 9 806.62*
- per 1000 m? 1 808.61 2198.17 1634.44*
Materials, RUB, in thousands 64 394.39 83213.87 53 600.14*
Operation of machines and mechanisms, RUB, in thousands 9109.26 6174.57* 11133.08
Wage fund, RUB, in thousands 733.68* 658.97 732.58
Overhead expenses, RUB, in thousands 1013.80 913.12* 1037.48
Estimated profit, RUB, in thousands 569.85 519.16 589.43*
Prime cost, RUB, 74837.42 90 637.89 66 125*
in thousands
Estimated cost, RUB, in thousands 75407.27 91 157.05 66 714.43*
Profitability, % 7.5 5.7 8.8*
Material intensity, % 86.0 91.8 81.1*
Average-weighted worker category 3.4 3.8 3.4*
Average number of workers 21* 21* 23
Specific labor intensity indicator
~ g: 0.069 0.057* 0.085
760.0* 763.0 838.0
Mechanical equipment ratio, % 12.2 6.8 16.8*
Total number of units of equipment in the brigade 29 17 16*
Cost of one shift
of the brigade operation, RUB, in thousands 260-36 239.99 315.56
Number of technological operations 39 29* 31
Technological break, days - - 7
Maintenance cost, RUB, in thousands 1085.1 1314.2 958.8
. N Road closure Traffic on one Traffic on one half of the

Special work conditions and a tempo- half of .

rary bypass the roadway™ roadway
Note: *- optimal values for different overhaul technologies

j
Csift = Z Crinch Nt (13)
i=1
where C'men — operation cost of one machine-hour, RUB; ni -
number of operated equipment units; t — work duration per shift,
hours.

Let us consider the application of the given approach for the se-
lection of technology of overhaul using a section of a highway
Tunoshna - Burmakino as an example. This highway is in the
Yaroslavl region, technical category IV, 6,803 km long [7].

Let us consider three construction technologies: traditional [8],
from submittals [7], and cold in-place recycling [3]. The tradi-
tional method of repairs includes disassembling the asphalt con-
crete surface and the base, installing a new layer of crushed stone
base and a two-layer asphalt concrete surface. The technology
from the existing submittals includes the milling of the existing
road surface, the levelling of the asphalt concrete mixture and the
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construction of a two-layer asphalt concrete surface. Cold in-
place recycling technology includes the recycling of the existing
asphalt concrete surface and base layer to produce an asphalt
granulated concrete mixture. In this example, let us consider the
method of roadway strengthening by cementing [9] with the
addition of 3% of CEM I 42,5N grade cement. Based on the exper-
imental studies [10-12] conducted in the laboratory of road facili-
ties of YSTU, we selected the cement quantity and the ratio of
asphalt concrete mass to the mass of crushed stone base, which is
captured by a cold planer installed on the recycler.

For each technology, the road surface was calculated using
PNST 265-2018 [13]. Recommendations of PNST 184-2019 and
GOST 58406.2-2020 were taken into account in the development
of roadway structure. After that, construction operations were
compiled in a list, their scope was determined, construction
equipment was selected, process flowcharts were drawn up. Pro-
cess flowcharts for the traditional method of overhaul and tech-
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nology from existing submittals were developed with the recom-
mendations of SP 78 [8] taken into account. Then, based on the
federal estimate and regulatory framework of 2001 in the 2017
edition with changes No. 4, as well as the base index method with
the index of conversion to the current prices for the 1st quarter of
2020, local cost sheets have been composed for each repair meth-
od.

The results of calculations are summarized in Table.

Table shows the indices from 1 to 19, which are determined by
strength and technological calculations and calculations that
follow the formulas above. The contents of indices 20-22 require
some clarification.

Cement was chosen as the binder for the cold in-place recycling
technology with a mineral binder. Laboratory research has
shown that a seven-day technological break is required to set up a
recycled base of sufficient strength. During this period, the struc-
tural layer will gain initial strength which will not allow the
material to collapse under the influence of internal stresses at the
strength gain of asphalt granulated concrete and the load of con-
struction equipment. For other methods, no technological breaks
are required One of the most important factors is the cost of main-
taining the road.

Scheduled and quality road maintenance ensures maximum
service life of the roadway, keeping its main technical parameters
at the normative level.

The scope of work includes (Recommendations of GOST 33180-
2014. Automobile roads of general use. Requirements for sum-
mer maintenance level, GOST 33181-2014. Automobile roads of
general use. Requirements for winter maintenance level):

1. Work on right-of-way, earth bed, and drainage system:

e removing debris from the right-of-way, the curb;

e cleaning and profiling of roadside ditches;

o Dbackfilling and layout of the natural side of the road;

o cleaning culverts, drains;

e planning of embankments and excavations with damage
correction of the reinforced part.

2. Work on road surface:

o cleaning up the garbage and dirt on the roadway;

o restoring the adherence of the coating;

e climinating deformation and damage to the coating such
as potholes, paintwork, cracks;

o climinating the rut;

o restoring the transverse profile and evenness of the road.

3. Work on artificial and protective road structures:

o cleaning the bridges and sidewalks, spans, staircases from
dust and dirt;

o fixing culverts, drainage trays;

e painting metal structures of spans and supports;

® restructuring cracks, deformation joints on the bridge bed.
4. Work on elements of arrangement of roadways:
o cleaning and washing road signs, pedestrian, barrier, rope
fences;
e repainting and restoring the old road markings;
e painting the elements of furnishing and arrangement of
roadways.
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5. Work on winter maintenance:

e rmaintaining permanent snow protection structures;

e preparing, installing, relocating and cleaning temporary
snow protection structures;

o mechanized snow clearing with snow removal;

o fighting against winter slipperiness, distributing anti-
icing materials;

o cleaning culverts in spring.

According to Supplement N 14 [5], annual road maintenance
costs range from 0,68 to 1,5% of the cost of road surface.

In this example, only one road is considered, and it is repaired
by different methods, therefore, the elements of arrangement,
artificial structures, and the earth bed do not change, and respec-
tively, the cost of maintaining these elements will be equal.

Based on this information, it is possible to compare the annual
maintenance costs of a road after its overhaul by calculating the
annual maintenance cost using the formula [4]:

Cor K

E4S 14
100 ° a9

Crnaint =

where K,r — annual maintenance costs, %.

According to Supplement N 14 [5], the technical category IV
road with an asphalt concrete pavement K, will be 1,45%. Re-
spectively, we will calculate the cost of annual road maintenance
after major repairs by each method:

ClR it = %402'1'45 = 1,085.1 thousand rubles;
Coubm = %::M: =1,314.2 thousand rubles;
CCIR = 881251%5 _ 958 8 thousand rubles;

100

As a result, it will turn out that the cost of maintaining a sec-
tion of the road repaired using the technology from submittals is
37% more expensive than the cold in-place recycling method and
21% more expensive than the traditional method, which indi-
cates the lack of efficiency of this repair method. The cold in-place
regeneration method wins the traditional method by about 13%.

An important factor in the economic efficiency of a roadway is
the work conditions. When performing work using the traditional
method, it is necessary to close a road section or organize tempo-
rary roads, which is an additional cost of large volumes of im-
ported material (sand, sandy soil), work on the embankment of a
temporary road, remove them after the main work and then
restore the roadside. All this entails additional costs. If the road
is fully closed, it affects the economic component of the area, as
the efficiency of transport links decreases.

In case of overhaul using technology from existing submittals
and cold in-place recycling, the repair can be done in lanes. Yes, it
reduces the economic efficiency of the road, as the capacity of the
road becomes reduced, but if the contractor works properly, this
reduction is minimal.

The structure of the roadway repaired by cold in-place recycling
has greater strength, the elasticity modulo of the resulting struc-
ture is almost 35% higher than other methods. The strength re-
serve factor shows that such a design has a large safety margin
(60%) in strength compared to other design solutions. This will
ensure the required overhaul time.
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In terms of direct costs and prime costs of construction, cold
in-place recycling technology is also the most profitable. The cost
of this method is 13% and 37% lower than the cost of the tradi-
tional method and the method chosen in the existing submittals
respectively. For the customer's services, these figures are a great
help in case of any doubts about the selection of the overhaul
method.

Indices of profitability also show cold in-place recycling as
the most profitable repair option, allowing to receive the planned
profit at a rate of 8.8% from cost of construction; it is 14% higher
than traditional repair and 54% higher than a method from the
existing submittals.

Materials make up a huge share of direct costs when work-
ing with the method from submittals. In this type of repair, there
is an increased consumption of asphalt concrete mixtures, which
have the highest price of all materials used in the construction
and repair of roadways. This method, as well as the traditional
method, has increased volumes of imported materials, as old
materials are not used, as opposed to cold in-place recycling.

The traditional method of repair requires a large amount of
removal of old material and delivery of new inert materials,
which leads to the need to use a large number of dump trucks.
According to this indicator, cold in-place recycling also saves on
technology, as all work is done on site without unnecessary
transportation costs.

A large part of the budget is spent on road maintenance.
These savings will make it possible to direct the remaining funds
to the running repair of another part of the road. The cold in-
place recycling method saves money on road maintenance.

Closure of roads is a big problem that occurs during major
repairs. The construction of temporary roads is not always possi-
ble due to the impossibility of placing these roads within the
right-of-way, as well as in terms of material costs and work on
construction and liquidation of these roads, and repair of the
roadside. In this case, the lane-by-lane work is a huge advantage.
Both the existing method from the submittals and the cold in-
place recycling have these advantages.

CONCLUSION

When choosing technologies for road overhaul, it is advisable to
select technologies that will strengthen the structure of the road
surface. For a reasonable choice of technology and road equip-
ment, it is reasonable to perform a set of preliminary and final
studies and calculations. The performed technical and economic
analysis has shown that cold in-place recycling is undoubtedly
promising when used in the overhaul of road surface.
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B pabome cmagumcsa npobaema usyuenus mopgoaoesuu obujecmeenHo20 npocmpancmea
Ha npumepe 00HOU U3 eaasHblx naowadeili zopoda Heanoso. Paccmompeno sausHue Ha
¢popmoobpaszosanue zopodckux naowadeil pazauunsvlx ¢axmopoe (aandwagm yuacmka,
MpAHCNOpMHble KOMMYHUKAYUL, COYUOKYALMYPHbE U 8peMmeHHble dakmopul). H3yuena
0C00eHHOCMb NMPOCMPAHCTMBEHHOU Op2AHU3AYUU NAOWAOU HA PASAULHBLX BPEeMEHHbLX
amanax ee gopmuposanus. Onpedenena poab obujecmeeHHblx 30aHULl, 6AUAHUE UX HA
dopmuposanue xydoxecmeennozo obpasa, ancambaesoll U apXUMeKMypHOL CMUAUCTIUKU
06w ecmeeHHbLX NPOCMPAHCMEA.

IIpoanasusuposana apxumexkmypa 803600UMbLX COOPYXHCeHUL U UX 83aumogausnue Opye
Ha Opyea, a makode HA ceomempuio npocmpancmea. ObpaujeHo eHuManHue Ha npobaemy
g3aumodeiicmeus cmapoeo U H08020, UX COBMECMHO020 CYWeCMEO8aAnHUL 8 CmMpyKmype
naowadu. Buiseaenv HanpagaeHus, nNo KOMOPLIM MO2YM pa3éusambvcs Npocmpancmed
naowadeil 8 ucmopuueckux yenmpax eopodos. IToduepkHymul 0cobeHHOCMU 8U3YANAbHO20
gocnpuamue npocmpancmea naowadu, GAUAHUE 6LICOMHOLU 3acmpoliku Ha macwmab-
HOCMb U 8U3YaAbHbLIL KoMpopm. Beicomnuie 30anHus Aubo 0onoAHAIOM 8U3YAAbHbLE NAHO-
pamul npocmpancmed, AUb60 ecmynaiom 6 Npomueopedus ¢ CyueCmsynouyumu obsemamu
naowadeil.

Paccmompenuvl npuemv. HugeAupogarus owubok 2opodckoil 3acmpoiiku npu ¢gopmuposa-
Huu naowadeil. IIpedaaczaromca 06a nymu ux ucCnpagienHus — npuMeHeHUe COBPeMEHHBLX
mexHoA02ULl OcMekAeHUs nogepxHocmell 30anuill u epaduueckoeo dusaiin (epagppumu).

Kawueesle caosa: popmuposarue naowadeii, mopdoarozus, 6u3yasvHoe cocmosHue npo-
cmpancmea, OUCCOHAHC, APXUMeKMYPHAR CTMUAUCTMUKA 00U eCTMBEeHHbLX NPOCPAHCME
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The paper studies the problem of studying the morphology of public space based on one of
the main squares of Ivanovo, Russia. It considers the influence of different factors (site
landscape, transport communications, socio-cultural and temporal factors) on the shap-
ing of urban areas. The study includes the analysis of specific aspects of spatial organiza-
tion at different stages of its formation. The paper defines the role of public buildings,
their influence on the building up the artistic image, ensemble, and architectural stylis-
tics of a public space.

We have analyzed the architecture of the erected structures and their mutual influence on
each other as well as on the geometry of the space. The study draws attention to the prob-
lem of inter-action of the old and the new, their coexistence in the structure of the square.
We have identified the directions for the development of space in the historic city center.
The paper highlights the visual perception of the square's space, the influence of high-rise
development on the scale of the square and its visual comfort. The tall buildings either
complement the visual panoramas of the space or clash with the existing square.

The study considers the methods of leveling errors of urban development in the formation
of squares. Two ways to fix it are proposed —modern technologies of glazing the surfaces
of buildings and graphic design (graffiti).

Key words: square formation, morphology, visual state of space, dissonance, architectur-
al style of public spaces
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Cospemennulil 832110 HA NpobreMy CTPYKMYPHOLL opeanu3a-
yuu naowadeil u ee MOpgoao2utecKyl0 OCHO8Y 8blasAasem psd
gonpocog npu gopmuposanuu 2opodckux npocmpaucme. IIo
cymu, ¢ 6oavuLuHCcmBe 20p0008 NPOCMPAHCMEO NAOWAOU Yoice
30./100€HO 8 NOHAMUL «20p00>.

B naanuposouHoil opeanu3ayulL co8pemenHoz0 20poda, 6 orm-
Audue om OpesHUX 20p0008, CKAAObLBAeMCs CUCTeMd NAoUjd-
Oetl, pacuupsemcss ux munoao2us. AKmyassHocms obpaujenus
K 20p0o0CKOTl memamuxe Ha nOCMCo8emcKOM NpoCMpanciniee, 6o-
nepevlx, 00yCA06/1eHA BOSHUKHOBEHUEM HOBbLX 00BeKMo8 — che-
HOMeHO8, mpebylowux omoeAbHo20 paccmompeHus. Bo-
8MOPbLX, OHA CBA3AHA C NOABAEHUEM Y 20DONCAH B03MONCHOCTILL
NPUHUMATMb HeNoCpedCmeeHHOoe Y1acmue 8 KOHCMpYUposarull
20podcKoil cpedbl. AKMuBHAs NO3UYUS dHcumenell 20poda modxcem
6bimb pacyenena Kak UHOUKAMOP MPAHCHOPMAYUOHHBLX Npo-
1eccos, NPoUCXO0AUWUX 8 pamKax 601bIL020 20p00a, 8 HACTHO-
CMU, U3MeHeHUll 3HAYUMOCTLL meX UALL UHbIX 00BeKmoe 8 co-
0Meemcmeul. ¢ U3MeHSIOWUMUCT TLOMPeOHOCMAMU HACeNeHUSL
[1].

Zlas ananusa eopodckoil cpedvl U NPOUCXOOAULUX 6 ee PAMKAX
COYUANBHBLY TIPOUECCO8 UCTIOABIYEMC A CeyUGUUHAL MEPMUHO-
02USL: «MPOCMPAHCMEEHHAA OP2AHUBAYUUA» UAU <TPOCTPAH-
CMEeHHAA (POopMa OpeaHU3AYUL», «20podckas mopgonozus».
IIpu smom nouamue 20podckotl mopgoaozuu paccmampueaen-
cA 8 pady ¢ MAKUMU NOHAMUAMU, KAK Qu3auyeckoe 20podckoe
NpOCMpancmeo, NAAHUPOBAHUe 20podckoli cpedsbl, m.e. He nped-
nosazaemcs Henocpedcmeennoe obpaujenie K COYUOKYALIMYp-
HbIM Xapakmepucmukam. B mo sice epems umenno 8 mopgosno-
2ul 20po0a 3a/03CeH 3HAMUMEAbHbLL NOMeHYLA, N0380510-
wuil 2080pumMb KAk 0 NPOCMPAHCIBEHHLIX, 2e02paduuecKux
Xapaxmepucmukax 2opodckoli cpedol, max u 00 UX COYUANBHOLL
HanoaHeHHocmu [1].

Mopdonoeusn 6 apxumexmype - 4acmo apXumeKmypHoil cu-
cmemul, 00BeOUHAIOWAL INeMEHMAPHbLE TPOCTMPAHCITIBEHHDLE
KOMNOHEHMbL KAK HOCUMeAL CMPYKMYPHbLX 3HA4EHUT], 3AKOHbL
ux cyujecmeosanus u ¢opmoobpaszosarus. Mopdonoeuveckas
KAACCUPUKAYUS apXUMEKMYPHbIX CUCMeM — Kaaccuukayus
APXUMEKMYPHBIX CUCTIEM, 2Ad8HBIM 00pa3om, 1o ocobeHHoCmU
CIMPYKIMYPbl 3AeMEHMAPHBLX NPOCMPAHCEEHHBLX IAEMEHINO8 U
ux covemanuil [2].

B ocHoge cmpykmypHoeo memoda Aexcum eblaseHue apXu-
MeKMypHo20 06BeKma Kak OMHOCUMEAbHO YCMOiHUgoll co6o-
KYNHOCMU OMHOWeHULl; NpusHaHue Memo0oi0eU4ecKoz0 Np-
mama omuowenull Had afemMeHmamMu 8 CUCmeme; 4acmu1Hoe
omeneuenue om passumus 06seKmos 60 epemeni [2].

ApxumexmopbL. 8 c80em MBOpHecmee NOCMOSHHO npopaba-
MbLEAION.  MHOMCECINB0  BAPUAHIMOS  BO3MONCHOLL  06BEMHO-
NPOCMPAHCBEHHOTL 1L NAAHUPOBOUHOLL cpykmypel 6y0yweil
apxumexmypHoti gpopmut. Teopueckuil npoyecc npob u owuboxk,
TOUCK 2e0MemMpUHecKUX peuleHUll Mol Ul UHOT 3a0aqu onpe-
Oensiem  npobnemel 2nyOUHLL 2e0Mempudeckoil npopabomxu
npoekma, 3aHuMaent MHO20 8pemeHU U mpeGyem 604b1UOZ0
NCUX0A02U1ecK020 Hanpsycenus. JI06as nomowb no onmumu-
3ayULL 3M020 NpPoYeccd, PAyUOHAAUIAYUL NPUHAMUS peuleHUl
npu ompabomxke 803MOXNCHLIX 6APUAHTIOE NOAe3HA O apXu-
mekmopa-npoexmuposujuxa. Takoce, o0uegudro,
3HAHUE APXUMEKIMOPOM 2e0MEMPUUECKUX 3AKOHOMepHOCmell
nocmpoerus onpedenenHO20 6udd 2eoMempuHeckux ceme,
XxapakmepHulx ocobennocmell ux 81008 moeno 6bl u3basums ezo
O MULEMHBLX TIONLUMOK CO30AHUS HeSbINOAHUMO20 NAAHUPO-
804H020 peuteHus [2].

3asedomoe
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IIpocmpancmea yeHmpaavHblx naowadeii 8 eopodax uauie
8cez0 uMmelom onpedeseniyio Mopdoa02UI0, CBAIAHHYIO C X00OM
uCmopuieckoeo pazgumus 2padocmpoumenstoll cucmemot. B
nocnednee epems 06cyxdenus npobrem COXPAHEHUs ApXUIMeK-
MYpPHO20 HACAeOUs MPOULI0Z0 U BKAIOHEHUS COBPeMEHHBLX 00B-
€KMo 8 3aCmpoliKy 20p0008 HAXO0AM OMPAKHeHUs 8 KOPPeKIMU-
POBKAX 2eHePANbHBIX NAAHO8 U MpU pas3pabomke TNpoeKmos
Jemanwroli naanuposku. CAoJCHbLe 3a0a1L COUemanUs cmapozo
U HOB020 6 3acmpolike HY#HO 060YMAHHO U 0OOCHOBAHHO pe-
ULamb U NPl peKOHCMPYKYUL UCTOPUHECKUX 4eHITpos 20podos.
IIpu mom umo 6 Hacmosuyee 8pems 60bULOe BHUMANHUE YOeAs-
emcs co30anuro komgopmuoil eopodckoil cpedvl, Ynyckaomcs
npobemel CMpPYKMYpHOLL 0peanu3ayul. NPOCMPAHCMBaA 20po0-
CK020 yeHmpa.

Inowadu, 8o3HUKAIOWUe 8 LeHMPAAbHOLL Hacmu eopoda Ul
Ha e20 nepudepul, a8A110Mcs HAUOONee SHAHUMBIMU I/NLeMeH-
mamu NAAHUPOBOHHO20 KapKacd, Ywyscmaylom @ ¢opmuposa-
HUU KOMTMO3ULUL UeHmpos 00CAYHUSAHUS U NpOU3800Cmed.
OHU Xapaxmepusylomcst 8blCOKUM COYUOKYALIMYPHBIM, aApPXU-
MeKMYpPHO-NAAHUPOBOUHBIM, MPAHCTLOPMHLIM NOMEHUUALOM,
NPOABASIOUSUMCS 8 8bLCOKOLL eMKOCMUL U NAOMHOCTU GYHKYUO-
HAABHOLL CMPYKMYPbl, UHMEHCUSHOCTU NelleXOOHbIX U MPaHC-
nopmuulx nomokos [3]. B cosdanuu 2opodckozo awcambas, 6
popmuposanun cmuas u obpasa apxumekmypol 0cobyio potb
6cezda uepanu obuecmeennvle 30anus. Topodckaa naowads
A6AAeMCA  CMPYKIMYPHOLM ~ NpOABAEHUEM  COYUAALHO-
PYHKYUOHANBHBIX U NCUX0A02UHECKUX nompeGHOCTmell Yen08e-
Ka.

Bonwuteil wacmu 20podckue naoujadu Kak KPynHulx cmoAuy-
HblxX 20p0008, MAK U MAAbLX UMeIOM 00Ujle XxapakmepHble 1ep-
mol. O0HA U3 HUX IMO 2eoMempus, komopas gokycupyem u
cmpykmypupyem npocmpancmgo. ITosmomy, xozda paccmam-
pusaem mopdonozuio kaxkoli-aubo naowadu, Mol uzyidaem, Kax
ck1a0bl8ANACL U PA3BUBANACL €€ 2e0MeTNPUL.

Omcymcmeue OpeaHU308aHHOLL CUCTEMbL Op2AHO8 CAMO-
ynpaenenus npuseno k 6ecnopsdouHomy nepepacnpedeneHuio
3eMeNbHbIX HAOeN08 U CAYHATIHOMY Xapakmepy cesnsell medxcdy
Humu. ITo amoil npudume 8 Hacmosujee 8pems 20po0a CMAAKU-
8aIOMC C NepezpyieHHOCMbI0 UeRmpanbholl yacmu. Kpome
QYHKYUOHANLHBLX d/leMeHMOo8 001e20po0cko20 YposHA, Ha
NAOWA0SX peau3ylomcs pasauinble Gopmul OesmensbHOCTLU —
0en08as, HAY4HAsL, KYALMYPHAS, NPOCGeMUMeNbHAS, COPMUS-
Has, 0300posumenvras, mopeosas. Ha naoujadsx opeanusyion-
s 001eCImBeHHble MEPONPUSMUS, MeAmpanu308daktsle npaso-
HUKL, CHOpMuUBHble (Pecmuedanl, Mmopicecmed, APMApPKU, 6bl-
cmaeku um. 0.

Jias paccmompenus npobaem, 803HUKAOWUX 6 x00e pa3eu-
mus npocmpancme 20podckux naowadeti, mvl 06pAMUAUCL K
Haubosee npobaemamuunoli naowadu e. Uearnogo - naowadu
IIywxuna (puc. 1). O0HO U3 8adxcHeliwux 2padocmpoumensHulx
34108 20p00a HA NPOMSHCEHUL CB0e20 UCTOPUHECKO20 PA3BUMUS
NOCMOSAHHO nodeepeaemcs. nepeycmpolicmey, nepuoouyecKu
603HUKAIOM HOBblE 00BEMYL, MEHSIOU U MACWMAD, NPONOPYLL,
6udogoe gocnpusmue MO0 YHACMKA Meppumopul 20podad.
IIpobaema e3aumodeiicmeus cmapozo u Hogozo ecezda 6ydopa-
HCUAA YMbL APXUMEKITOPO8: KaK HATLOU MY N02UHECKYI0 UYenouKy
UX COBMECMHO20 CYULeCmBo8aHus, KAK CHOpMuUposams npo-
CIMPAHCMBO, KOMOpoe Mbl HA3bleAeM NAOWA0bI0?
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aomuuupoeamb 8 npocmpancmee UMeHHO Kak maccueHasd, a He

£
2

4 ) 11

Puc. 1. T'panuya naowadu Iywkuna 6 2020 200y
Fig. 1. Border of Pushkin square in 2020

Ilnowade IIywxuHa pacnonoxeHda 8 UCMOPUHecKoll 4acmu
20poda 6 Henocpedcmaennoll 6ausocmu kx peke Yeodv. Ceoe
HasgaMue naowads noayuuaa 8 1937 2., 8 wecmuv cmonemus co
Onst cmepmu A.C. ITywxuna, mecmeuko ITecKu nepeumeHo8ant 8
naowads Iywxuna [4].

Hcmopuyecku COKCUAOC, HITO 8 IMOM Mecmme, Ha bepeey pe-
Ku Y800b Ha e03eviueHHocmu IToKpoeckoil zope, HAXOOUACS
MYKHCKOTL MOHAcMbLpb. Lienmpom 06BeMHOTE KOMNOZUYUL Cmad-
nosumcs Iokposckuil u Tpouyxkuil cobopu.

Dmo mecmo, asasUeecs He 0014eCMBEHHbLM UeHIMPOM Cend
Heamnoso, a eeo oxpauHoii, Hasvieanu «Ilecku». IlocmenerHo
ceno paspacmanocs, u 8 1871 2. oHo 6b110 06Bedunero ¢ Boste-
CEHCKUM N0CA0OM, KOMOpbLL pacnondzancs Ha 1e6om Gepezy
pexu Ye800v. BosHuk eopod Heanoso-Bosnecenck. ITokposckas
20pa, Ha KOMOopoil pacnonazaics MOHACMbLPY, nepecmana Guimo
OKpauHHblM mecmom. Tloseunace nepeas mpanHcnopmHuas Kom-
MYHUKAYUS, KOmopas pas3leiund mnpedMOCTO80e NMpOCMpaH-
CmMeo Ha dee uacmu.

B 1931 2. ITokposckuii u Tpouyxuii cobopel 6bia1L CHeceHbl. A 8
1932 2. no npoexmy apxumexkmopa A.B. Baacoea Hauanocv
CMpOUMensCmaeo 00H020 U3 KpynHeliux 6 cmpaxe meampos.
IInowade ITywkuna MUnoAozu4eckl CMaHo8UMCs meampais-
HOlL naowadvio, 8 A3 ¢ 3asepuleHuem ¢ 1940 2. cmpoumens-
cmea meampa ¢ 3aA0M, paccuumanHolim Ha 1500 wen. Ilo npo-
exmy npednonazanocy Gopmuposarie MakCUMALLHO GOALULOZO
npocmpancmea neped meampom 045 nposedenus demoncmpa-
yuil mpyoaujuXca, KpynHolX MAccosblx Meponpusmuil, meam-
DPanu308anKblx npedcmagaenutl, npucyuux Jyxy mozo epeme-
nu. Ha naowadu neped Hum 6bia ycmanosaen namamuux Cma-
AUHY, 4MO 8 NPUHLUNe XAPAKMepHO 04 KOMNo3uyuil niowa-
Oeil 60 8cem mupe. B 1959 2. namamuux Cmaauny ¢ naowaou
IIywxkuna y6panu [5].

Taxum, Kakum mul 8UOUM meamp ceiinac, OH Cman noce pe-
KOHCMpPYKYUL, KOMOpas 3aKoH4uAacs 8 1987 2. PekoHcmpyKyus
Ha4anacy Yepe3 8 /em nocie 3aeepuleHus Cmpoumenscmea no
npuduHe HebAAZONPUSIMHBIX 2e0/02Udeckux ycaosuil. IIpome-
kaswull u enadaswuil 8 pexy Yeo0v pyueii Kokyil npu cmpou-
menbvcmee deopya 6via 3a0pan 8 KOAAEKMOPHYI0 mpy6y, HO Mo
He Cnacao 3damue ¢ BbICOKOU MAcCCOl, QyHOamenmul cmanu
npocedams. OCHOBHble BHeWlHUe 2abapumul 30AHUA U KANU-
manvHble KUPNU4Hble CIMeHbl OblAL COXpaHeHbl, U 06Bem cman
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sepmukanvhas domunanma (puc. 2).

¥

Puc.2. Jleopeu, uckyccme 6 M18anogo (noce pekoHCmpyKyui 8
19872.)
Fig. 2. The Palace of arts in Ivanovo (after reconstruction in
1987)

Teomemputeckoe ouepmanue npocmpaucmea 06vl10 U3HA-
4AAbHO CHOPMUPOBAHO eCTNECTI8EHHbIMU NPUPOOHBLLMU Npeepa-
damu (pexa Yeo0v, pyueti Kokyil) u mpancnopmuoii KOMMYHU-
kayueil, coedunsatoueil ceno Meanoso u Bosnecenckuil ITocad.

AHanusupysa paseumie 2padocmpounesbHblx CUCITeM, MOXNC-
HO cOeaamb 6b1800, UIMO PA3BUMLE NPOCMPAHCMea naowadell 6
UCTOpUUecKUX LeHmpax 20podos modxcem udmu no 08ym
HANPABAEHUAM:

- naowadb coxpamsem ceol0 2eOMempui0 HA NPOMANCeHUL
OAUMENbHO20 BpeMeHL, TOABAAIOULUECS B3AMEH UCHE3AIOULUX
30aHUA COXPAHAIOM ee MACULMAOHOCIL, CMPYKIMYPHOCTLb;

- naowade HA4UHAeNM MEHAMb C80I0 260MeMpPUIO, Y8eAULUBA-
emcs 3a cuem c80600HbLX Meppumopuil uiu 0co60c0arUUXCS
npu aukeudayuu 06seKmMos 6emxoli 3acmpotiku.

Ecau ¢ nepsom eapuanme nouck apXumeKmypHblX peuleHuil
10 COXPAHeHUI0 MOopPomuna 06ycA08AeH CAOHCUBUUMUCS Nd-
pamempamii, 6o 8mMopom CaAyHde, Npu HoiHeUHeM 2padocmpou-
MeAbHOM  3AKOHOOAmenvcmee, COOCMBEHHUKU YHACTKOB He
6ce20a NPUCAYWUBATOMCS K MHEHUIO APXUMEeKIMYpHO20 co00Uye-
Cmea no co30aHUI0 MPOCMpPAHcme naoujadeil ¢ y4emom OCHO8
apxumexkmypHoil komnoauyuu. Bosnuxaiom Hosvle 06BeKmbL,
Hapyuanujie yeAoCmHOCMy, ancambae8ocmy naouadet.

ApxumexmypHule 006Bekmbl, Komopvle (GOpMUpOsAnlL NA.
IIywxuna 6 2opode Meanoso, nepuoduyecku USMeHAAL ee MAC-
wmab, NponopyLL, 2e0Mempuio naaHd.

Kpome domunupyioujeeo Ha naowadu obsema 30anus meam-
pa, 10 cocedcmsy ¢ HUM HA 8036bLULEHHOCTUL NOSBUAOCH 30aHe
noumamma.

IToumamm pacnonoixcer Ha NPUpoOHOTL 8036bLULEHHOCTL HA
npasom bepezy pexi Y800b, n0amomy HA MOMeHN NOCMPOLKU
A8AAACS 8axcHOL 20podckoti domunanmoti. Tpexamadxicroe 30a-
Hue, 6auskoe 6 naaue k I-o6paznomy, 6vLa0 nocmpoero 6 1931 e.
no npoexmy I'.C. I'ypesuu-I'ypvesa 6 cmusie KOHCMpPYK-
mueusma. IIpu cmpoumensvcmee UCNOAL30SAAL XAPAKMEPHDbLe
012 apxXumexmopoe-KOHCMpYKMUBLCNO8 MAMepUanbl — Kup-
nuY U dcene306emoH.

B 1957 2. no npoexmy apxumekmopa Anexkcandpa Bodseuna
nepeogopmasinca ¢gacad enagnoumamma 6 dyxe CMAAUHCKOU



TOM 1, BbIMYCK 1, 2020 | VOL. 1, ISSUE1

YMHbIE KOMNO3WTbI B CTPOMUTE/IbCTBE

SMART COMPOSITE IN CONSTRUCTION

IMHO202m ax HbIU Hunoli dom 20162.

Puc. 3. Bozgodumvie 0b6sexkmel Ha naowadu ITywkuxa
Fig. 3. Objects under Construction on Pushkin square

apXumMeKmypuL ¢ I1emMeHmami Heokaaccuyusma. Buiaa nepe-
cmpoena bawns no ocu ¢acada co cmopoHsl npocnekma Jlenu-
Ha: 8 8epxHell wacmu GbLAL 3a/1091CeHbL BEPIMUKANLHBLE SIeHTNOY-
Hble OKHA, NOABUAUCL HOBble OalLeHHble HaChl, KAPHU3 U baato-
cmpada c obenuckamu-wnuaamu. Taxyce 6biau yOpabL y2a08vie
OKHa, coumpl 6aAKOHbL, npumvikaguue K bawHe. KupnuuHsle
CTMeHbL OWMYKAmypuAw U pazdeadanu nod pycm.

T'padocmpoumenvHbim cogemom 20poda Heanoso om 9 uOHA
2005 2. 6bi1 ymeepocder Npoexm OQUCHO-MOP208020 UeHmpa
apxumexmopa Cepees Jloca. Kpynuoe obsemuoe 30anue cogep-
ULeHHO He 8NUCAN0CH 8 UCTTOPUHYECKYIO 3ACTIPOTIKY.

Ha npomugononoicHotl 0m MpaHcnopmHoll mazucmpant
cmopoHe (npocnekm JIeHUHA) COXPAHUNOCL UCMOpUHecKoe 30d-
Hue — Jlom Kyaaxosa nocmpoiixu 1912 200a, 6viewuil Jom pa-
bomHukos npocseujerus (NpocmoperHoe NputCUBlULeecs HA36d-
Hue - Jlom ydumens), a HolHe 00BeKM KYAbIMYPHO20 HACAeOUS
De2UOHANBHO20 SHAYEHU.

Tpanuyy c 10%HOt cmopoHsL naowadu 3aguxcupoeano soamue
6usnec-yenmpa «Keadpo Cumu». Heydaunvim, Ha Haul 632440,
peweruem 6bL10 8038edenue Ha naowadu 6 1997 2. 30anuil kage
«Beprucaoe» (1997) u 6ucmpo «Mopcen» (2013) (nocaedwnee y

77

20podckux obvieameneli NOAYHUAO HA36AHUe «Ymioe»). B 2019
2. 6via npuseden 6 nopadox u 6aazoycmpoen Tpouykuil ckeep
okozn0 Tpouyxkoil yepxeu.

Psdom ¢ 8036e0eHHbLM Xpamom GuKcupyem nosopom 0opoeu ¢
naowadu Ha ya. XKaposa mHozoamacHulll Hcuaoli dom, 603ge-
OJennolii 8 2016 2. PacnosodcusULUch Ha 6036bLULEHHOCMU, OH
cman JOMUHUPO8AMb 8 NPOCMpAHCmee NAOWAJU 1O 8blcorme.
Tax caoxcunacy 0080ALHO necmpas 3acmpoiika, gopmupyowas
npocmparcmeo naowadu (puc. 3).

IToucku no YAy4uweHuI0 NPoCMpPaHCMEEHHOT OpeaHu3ayull
naowadu npodoAXcalomcs U Ha cospemenHom amane (puc. 4).

B mapme 2020 e. 2padocmpoumensHulmM CO8emMom ymeepiucoer
TPOEK PEeKOHCMPYKYULL MOPANbHO Yycmapesuieeo 30anus xage
«Beprucade» nod 30arue mopeo60-passLeKamenbHoz0 LeHmpd,
KOmopbulil  6bl36an  HEOOHO3HAHWHOE MHEeHUue He MOAbKO
ApXUMeEKMypHo20 c000Wecmaa, Ho U epaxcdan eopoda, AKMuUEHO
00Cy2#0aguLUX 3MO peuteHue 8 COYUANLHBLY CEMmSX.
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Puc. 4. 3]-modenv wacmu naowadu Ilywkuna Hanpomus 30a-
Hus Jlsopya uckyccms
Fig. 4. 3D model of part of Pushkin square opposite the Palace of
arts building

EoduncmeeHHbIM, KIMO He C02AACUACS ¢ NPe0S0KHeHHbIM pelile-
Huem U 8030epicancs Npu 2040C08AHUL, ABUACA O0UH U3 A8Mmo-
o8 Hacmosujell cmamvu, paHee 2AA8HbLIL APXUMEKMOp 20poda
Heanoso. Bulio 3as61eH0 06 0CMPOSHOL KOHUeNUuL 3mozo
06Bekma, omcymemeul npoCcmpancimeentozo gponma. «dmom
00%BeKkm He COOMEemMcmayem Hu 00HOMY U3 OKPYHAIOULUX €20
30anuil, - ommeuanoc 8 06ujecmeeHHOM BbicmynieHul. — Ox
He omgevdem UCMOPUYECKOMY XapaKmepy 3acmpoiiki 0aHH020
mecma. Apxumexkmypa ceoeobpasna, undugudyanvha, abco-
MIOMHO NAPKOBAs... Beina 6bl OHA HA MPOMUBONOAOHCHOLL CIMO-
pone uau 6audsce k «CepebpsaHomy 20pody»... A 30ece He 8UdKHCY
20p00CKOTL YeHmp 8 MAKOM apxXumeKmypHom cmusne» [6].

Kaxk ckaszan agmop npoexma Anexcandp Jloces, 4mo «...cama
noiima npedcmagasem coboil koHeaoMepam 00BekmMo8 pasauH-
HbLX INOX, KOMOpble cami no cebe UMeION MHO020 MO3UMUBHOZ0
COO0epocanusl 8 UCTOPUHECKOM U apxumeKmypHom naaHe. Kax
npumep, obpamume @HUMAHUe, 8 MOIL 4ACMU, KOMOpas HAC
UHMepecyent, pasmewaiomecs 06BeKmbl, KOmMopble CO8eplULeHHO,
Ha nepevlil 832140, dpye ¢ dpyeom He Koppeaupyiom. Hx apxu-
MeKmypHas COCMAsAAIOWAR OMHOCUMCA K PA3AUMHBIM CTMUL-
ASIM, COBEPULEHHO pasHule OCU opuenmayuu. Mol npednrazaem
3aKpenumu Mo Ce01iCmeo, NOUYUOHUPOBAMb €20 He KaK Head-
mueHoe, a KAk ceolicmeo, Komopoe Hedo8blpadceHo. ...Dmu
pacceinantble OCKOAKL 8 npedendx NoiiMel, ¢ Haulell mMOuKU
3peHus, 0O/VCHBL CMAMb MeM C80LiCMBOM, KOomopoe HAdo noo-
4epKHYMb, U CAMbILM CYU4eCTBEHHbIM UHCMPYMEHMOM 05
amozo noduepkusanus moxcem bvims 6aazoycmpoticmeo. Kak
1eCOK, HANpUMep, Op2aHu3yen npocmMpancmeo 6 cady Kamueil.
H... xaomuuHo pasbpocanvle KYcKu 80pye cobupaiomes 8 3ame-
waMmenvHyIo KOMNOUYUIo...» [7].

Ilosuyus asmopa uHmepecHa, HO Cmpykmypa naowadu pas-
ganugaemcs. ComHumenvno, wmo edunas KoHyenyus 6aazo-
ycmpoticmea cmodxcem obecnedums co30anue ypagHOBeULeHHOT
00BeMHO NPOCPAHCTBEHHOL KOMNOZUYULL.

He moavko enedpsiowjuecss 8 cmpykmypy naowadeil 30anus
6bL3bl6aI0M  CNIOpHBle 8onpocsl. Ha eusyanvmoe socnpusmue
NpoCMpancmea éAuUsLen 8blCOMHAL 3ACMPOLiKA, KOHYEHMpPUpy-
rouasca 8 yenmpe 20poda. OHa JdonoaHAem 6U3YaNbHble NAHO-
Dpamul npocmpancmea Aubo scmynaen 8 nPomMueoperus ¢ cyuje-
cmgyruumu obsemamu naowadet.

Ha npumepe naowadu ITywkuna MOXcHO HabAodamb 803-
HUKHOBeHUe KOHPAUKMA Mexncdy 00BeMamiL 30aHUs meampa U
CMPOAUL20CA MHO20IMANHCHO20 KHUN020 doma (puc. 5).
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Puc. 5. Bud Ha 30anue meampa U MHO20IMANCHBLIL HCUAOTL oM
Fig. 5. View of the theater building and multi-storey residential
building

Takue cumyayuu 8ce 4diye 8CIMPeHAlONcs 8 UCTOPUHECKUX
yenmpax eopodog npu HecobaoleHuL 2padocmpoumenvHoll
Oucyunaunvt. Kax yste ynomunanocs, Hogoe 8vlcomuoe 30anue
HU CTUAUCTUYECKU, HU 2e0MeMpUdecki He COHermndencs co
30anuem meampa. ObpamueULLCy, K aApXUmeKmoHUKe, HecA0dH -
HO y8udemy, 4Mo NpoeKmMuposuukom 6blall HAPYULeHbL NPAsU-
/14 KOMNOHOBKUL I1eMeHm08 Opye ¢ OpyeoM.

Cmposiyeecs 30anue HApyuLdem CUMMEMPUYHYIO KOMMO3U-
yuio npocmparncmea amotl wacmu naowadu ITywxuna. Cum-
MeMmpus 1o3604sen HAM OMKPbLeAMMb €80€20 poda CmpyKmyp-
HbLll amanon s muozux eeyeli. OHa ceoumi opmamiL opea-
Hu3ayu onpedensem c60e0bpasHyio HOpMY, K Komopoil cmpe-
MUITCS 8Ce HUBOE 1L HEXHCULBOe, XOMA U He OCTUL2As ee, U 8 ITMOM
npossasemcs bonee 2nyboxkas u obwas npupoda Qusuueckozo
cywecmeosanus eeujeil. B ucmopuu apxumexkmypol U Uckyc-
CIMBA MOXMCHO HATiMU MHO20 NPUMEPO8 M020, KAK ApXUINeKmo-
pol U XYOOMHUKL pACCMAMPUBAAL CUMMEMPUIO 8 Kadecmee
60d1cecmeenH020 HAUAAA, 3HAHUSL, OAHHO20 CEbLILE, HAUBBLCULE20
NPOSBACHUS YUCITO20 pa3yma U nopsdka. Bo ecex caywasx cum-
Mempus CMaHosUACh BePULLIHOLL COBEPULEHCITBA 8 ee NPOTNUEO-
CIMOAHUL XA0CY U IHMPONULL.

30anue Jlgopya uckyccme s6A5emcs NAMAMHUKOM UCTNOPULL,
u cmamyc obsekma ApXumeKmypHozo Hacnedus obepezaem
30aHue om cHOCA, BOAOHMAPUCTIUYECKOLl DeKOHCMPYKUUU U
camosonvHoli nepedeaxu. I10Imomy cmanoBUMCs 04eBUOHLIM,
umo 0ns 8038pawjeHus meampy poau OOMUHAHMbL NPOCMPAH-
cmea, pabomamv HYHCHO HeNocpedCmeeHHO €O Cmposuyetics
6bLCOMKOTL.

C nosenenuem 8 CMPpOUMEAbCNIBe HOBbIX APXUIMEKITYPHbLX
paspabomok eHeULHULL 8UD COBpPeMeRHbIX 20p0008 CUNLLHO UaMe-
Huacst. OOHO U3 CaMbLX NONYAAPHBLX peuleHuil ceco0Hs — pacad
u3 cmekaa. OH umeem CMUAbHBLIL 8HEWHUT 8U0, KApOUHANLHO
npeobpasicaem HapyixcHble CMeHbl, BbleAS0UM ULICKAHHO, OpU-
2UHANBHO UL OMAUYHO BNUCHLBACNICS 8 APXUMEKMYPY Ce200HAUL-
HUX 20p00os. Ju3aiin CMeKAAHHbIX, 3epKaavHulx ¢acadog om-
AUHACMCS, AAKOHUMHOCTILIO, 8 HeM Helm HUYe20 AUULHE2O.

CmeHosoe ocmeknenue 30anuil 8 nocaednue 200bl AKMUBHO
npumensiom 8 apxumexniype. OHO UMeem MACCY NPeuMyuecms
u xapaxkmephuix ocobennocmeti. OcmeknenHvle acadvl 10360-
As10m 30aHUI0 8bl2N10emb dNe2AHMHbLIM U HeecOMbiM. Ha
nepevlil 8324510, CMEKAO KANCEMC XPYNKUM MaAmepuanom, oo-
HaKo 61a200aps UCTIOAL308AHUI0 UHHOBAYUOHHBLY pa3pabomok
OHO 06peno 0oCmAmo4HyI0 NPOYHOCTIb, TLOIMOMY CMA0 Halye
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UCTI0Nb308AMbCA 68 UHMepbepe U IKCMepbepe CIMPOUTNenbHbIX
06%exmos [8].

Cospemennnlil pacad us cmekna umeem caedyioujue npeumy-
ujecmea:

- Buewnuil eud. HapyxcHvle CmeHbl U3 CMeKAd CMOMPAMCS
U3bICKAHHO, OPUSUHAALHO U HeobbluHO, 10380455 3adeiicmeo-
8amb Ganmasuio 6 noAHoL mepe.

- Ceemonpospaurocmey. I1oAHOCMbIO NpO3pauHble CMeHbL He
Npensamcmeyen NpoHUKHOBEHUIO COAHEUHO20 CBeMmd, 1Mo 8a-
HO 045 nomewjeHuli ¢ 6oAbUUM CKONAeHUeM A100ell — Mopeostie,
KoMMepHecKue 0peanu3aylil, 80K3Aabl, A3PONOPMbL U NPodLe.

- Tenso-, 3gyxousonayus. CospemerHble KOHCMPYKYUL MO-
2ym OMAUHHO COXPAHAMb meno. OHU NPouU3so0sMcs Co crmek-
/01aKemo8 ¢ onpede/leHHbIM KOAUHECTBOM KaMep, KOmopbie
3an0/4HeHbL UHEPMHbIM 2430M, AUOO OK/AeeHbl IHepeochepeeaio-
wumu naenkamu. Onpedenenivle 8udbl CITIEKAONAKEINO8 MaKice
1LOMO02aI0T CNACTMUCL 0T CUABHOLL JHeapol [8].

OcnogHotl Hedocmamok 1nodo6HvLX U30eAull — BbICOKASL XPYTL-
KOCMb 8 cpagHerul ¢ Opysumu sapuanmamu. Hecmomps na mo
4IMo cospemeHHble CIMeKAd NPOU3B0OAMCS N0 UHHOBAYUOHHBIM
mexHonoeusM, 6aaz00aps wemy OHU Npuobpesl NOSblULeHHbLE
NPOYHOCTHblE XAPAKIMePUCTUKU, N0 CPABHEHUIO ¢ OemoHoM U
KUPnu4om npourocmu udeauil ece sce Hudce. C dpyeoil cmopo-
Hbl, 2PAMOMHO CTPOEKMUPOSAHHAS KOHCPYKUUS CNMOCoOHA
gvidepacueams 60abluLe HAZpy3KL [9].

KauecmeenHble, npasunvho ycmauosaeHHbvie ¢acadsl npu
MUHUMAALHOM YX00e He Mepsalom Ceoll nepeoHaianvHulil eud
Jecamunemuamu.

Jpyeum, 60see 6100HcemMHbIM peuleHLeM, MOJCEN CMAMb UC-
noav3oeauue cynepepaguxu. ITod nousmuem cynepepaduxa
cnedyem NOHUMAMY, KAK Npuem GopMUPOBAHUSL 2APMOHUYHOTLL
1 y006HOLL cpedvl 06UMAHUA YeA08eKd, 6 MOM HUCAe ee KOAO-
PUCTIKU HA PA3AUHHBLIX MACUMAOHIX YPOBHSX (COOMHOULEHLE C
NpupooHuim GoHOM, OUHAMUHUHBLIL UBemosoll KOHMmeKcm, on-
muueckas Hetimpaausayus 06semos u dp.).

B omaudue om KpamkospemeHHO20 npas3dHUuH020 xy0odice-
CMBeHHO-0eKOpamugHo20 0POpMAeHUS, APXUMEKIMYPHASL CY-
nepepaguxa Hocum 00A20CPOUHbBLIL Xapakmep, CMAHOBACh, He-
CMOMpS HA paduKAAbHbLIL HACMPOLl, HACMbIO APXUMEKIMYPHO-
Xy0ostcecmeenHoe0 ancambas, 3avacmyio onpedensioujeil ezo
HOB0e 00pa3Ho-cemanmuyeckoe codepycarnie. Hecmomps Ha mo
umo cynepepaduxa 6u3yasvHo umeHsem o0semHyI0 GopmY,
enaome 00 mpancopmayun u Oaxce paspyulenus, OHA, KAk
npasuno, noduunsemcs obuweil nozuke 2padoCmMpoUmenvHoL
KOMNO3UYUL, 1000epIicUBAs ee KAI0Hesble NOUYULL.

Ha 63en30 asmopos Hacmosiuyeil pabomel, pAyUOHAALHO
npumenumy O0aHHbLll Npuem K HO8OMY 30aAHIO, AKMUBHO UC-
10463y OmmeHKU 20/Y6020 yeema, 4mobul co3damv Igpexm
«pacmeopeHus» 8blCOMHO020 30aHUs Ha GoHe Heba.

B cayuae ucnonv308aHus ONUCAHHBLX cnocobos npeobpasosa-
HUSL CIpOsWe20cst 30aHUSL TLOSBUMIC 803MOHCHOCTIL COXPAHUML
aKyenm Ha 30aHuu Meampd, He HAPYWAS UCTMOPUHECKU CAO0-
srcusuezocst obpasa naowadu Ilywxuna é 2opode Hearoso.

BBIBOJIbI

Ha npumepe naowadu IIywkuna 6 zopode Fieanogo paccmom-
peHa npobaemvl NPOCMPAHCIBEHHOL Op2aHU3ayULL 20pOOCKUX
naowadeti, 8AUAHUSL YpbaHu3Ayuu HA O6AUK UCTOPUHECKO20
yenmpa zopoda. ITpednodcersl cocobbL HULEBEAUPOBAHUSL OWUOOK
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3acmpoiiki, He nNpedycCMOMPeHHbIX NpPU NPOeKMUPOBAHUL,
umobbl, ¢ 00HOLL CMOPOHbL, He NPensmcmeosams pa3summiLio
20p00a 1 MOBBLULEHUIO YPOBHSL HCUSH 8 HeM, a ¢ Opyeotl cmopo-
Hbl — C8eCTU K MUHUMYMY CHOPHble peuleHUs Pa3MeujeHus
ucmopudeckux 30aHull U COBPEMEHHbLX NMOCMPOeK 8 apXumex-
MYPHOM NPOCMpaHcmee.

RESULTS

On the example of Pushkin square in the city of Ivanovo exam-
ined the problem of spatial organization of urban areas, effects of
urbanization on the character of historic downtown. Suggested
ways of leveling errors of construction not provided for in the
design below, on the one hand, hinder the development of the city
and increasing the standard of living, and on the other hand, to
minimize the controversial decision host of historic buildings and
modern structures in architectural space.
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B cmamve paccmampusanmcs npoekmHuo-memooduveckue acnekmsl Hellmpaau3ayuu 803-
delicmeus HO8020 CMPOUMEAbCMEA HA UeAOCMHOCMb UCMOPUUECKOU cpedbl 8 YCA0BUAX ee
peKkoHcmpyKyuu-peceHepayuu. Ha ocHo6e OA3UCHLLX NPUHYUNOE KOHMEKCMYAAU3Ma KAk
NO3UMUBHO20 MBOPHecK020 Kpedo 8 pexume NpusHanus JOMUHUPYIOWell YeHHOCMU UCmo-
pudeckoil cpeduvl 8 YeAOM AHAAUBUPYIOMCA MEopHecKUe cpedcmea adxokpamuieckozo nod-
xo0da 6 cogpemenHoll apxumexkmyproii npakmuke. IIpugodumcs opueuHanbHas Kaaccuu-
Kayus 06Bexkmos HO8020 cmpoumenvcmed 8 Hmaupe «adhoc», komopuie 06sedunsem obwuil
memo0 desusyasuzayuu. Memod Jegu3yasusdayuu 6 mexHULECKOM dacnekme OCHOBAH HA
NpUMeHEeHUU CO8PEMEHHBLX BbLLCOKOMEXHON0ZUUHBLLX CMPOUMEAbHUX MAMEPUALO8 — C8e-
MONPO3PALHBLX U CBEMOOMPANAIOUWUX 00HOBPEeMEHHO NAAHApAX, NO Pu3uueckol cmpyk-
mype ABAANOWUXCS  KOMNOIUMHBIMU  mamepuasamu. Onpedensiomcs NpoOeKmMHO-
Mmemoduueckue YCA08USL U 02PAHUYEHUSL 8 NPUMEHeHUU mMAKuXx ozpaxdarnuux-gpacadnuvix
mamepuanog. B xanecmee 0CHO8H020 8bl800a cmambvlu ymeepiodaemcs, Ymo pa3eumue gbi-
COKUX MeXHOA02UIL 8 COBPeMEHHOI apXumeKmype ¢ NpuUMeHeHlUem <YMHLLX KOMNO3UMO8»
no3goaum I3¢PekmusHo peasu3osamsv memod 0e8U3YaAUIAYUL HOB020 CMPOUTMEAbCMEA 8
ycaosuax pezeHepayuu ucmopuyeckoil cpedel. Takum obpaszom pewaemcsa npobrema edun-
CmMea «Ccmapozo» U «H08020» 8 npakmuke 2padocmpoumenscmed, 8 YACMHOCMU — NPAK-
muke peKOHCMpYKYuu 20podos.

Kawmuesvle cnosa: ucmopuueckas cpeda, pezeHepayus, KOHMeKCMYaAiUu3mM HO08020 CMpOU-
meavcmea, adxokpamus, degu3yanusayus, nAaHaApHoe OCMmeKAeHlUe, APXUMUT
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The paper deals with the design and methodology of neutralizing the impact of new con-
struction on the integrity of the historic environment under its reconstruction - regenera-
tion. Creative adhoc methods are analyzed in contemporary architectural practice by ap-
plying the basic prin-ciples of contextualism as a positive creative credo recognizing the
dominant value of the historical environment. The paper provides an original classifica-
tion of new construction objects in the "adhoc" genre. They come together by a common
method of devisualization. Technically, this method is based on using modern high-tech
building materials — translucent and light-reflective planars, which are composites by the
physical structure. We define the design conditions and limitations to using these facade-
enveloping materials. In conclusion, it is argued that the development of high technology
in modern architecture with the use of "smart compo-sites" can pave a way to effectively
implement the method of new construction withing the re-generation of the historic envi-
ronment. Thus, the problem of harmony of "old" and "new" in urban planning — the ur-
ban renewal specifically — is solved.

Key words: historical environment, regeneration, contextualism in new construction,
adhocracy, devisualization, planar glazing, architecture
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BBEJEHUE

B pabome npednazaemcs HeCKOALKO MemMOOUHECKUX DeKOMEH-
Oayuil no Helimpaausayuu e030elicmsus HO8020 CMpOUMenb-
cmea Ha  00BeKMbl  ApXUMEKMYpHO-2padocmpoumensHozo
Hacaedus 6 ucmopuueckoli cpede. Memoduueckue pekomendd-
yuu o6sedunenvl nod MePMUHOM «Oe8U3yarusayus», ob603Ha-
HAWUM Memod peKOHCMPYKYUlL-peceHepaylll UCMOopu1eckoll
cpedul, BbLABAEHHULI KAK HA OCHOBe Memo00A02UYecKUX UCCae-
Joganuil, Mak U HA OCHOBe APXUMEKIMYPHO-CMPOUMeAbHOL
NPAKMUKU.

IIpoyecc pecenepayuu ucmopuueckoil cpedvl 00BeKMUBHO
npednoaaeaem 0gyeduncmego ee (ucmopuueckoii cpedol) coxpa-
HeHus U paseumus. JyaAusm COXpaHeHUus U pa3eumus uiu
803p0XO0eHUS U pA3BUMUS YMEepHOaemcs NPAKMUKoLl KOHMexK-
CTYaAU3Ma HA OCHO8e COeOUHeHUS NPUHYUN0E U Menodos ad-
Xokpamuu u ypbanusma. BunoaspHocmu npoyecca pezenepayuu
100 0e8U30M «COXPAHAL - PA3BUBAMb» UL <PA3BUBASL - COXPA-
HAMb» S6A5eMCs. KOHUenmyaavHoli 6a30il Wupoko pacnpo-
CMpanénHHOll apxumekmypHoll npakmuku, 0ocmoiHoll eHuMA-
MeAbHO20 U3YHeHUsL U 2A1Y60K020 Memodu1eckozo dHAAU3d.

METOJZIOJIOTUYECKHUE OCHOBBI PETEHE-
PAITUY UCTOPUYECKOM CPEJIBI

Pezenepayus ucmopuueckoil cpedol npednonazaem, 8 nepeyio
ouepedv, KOMTEHCAYUOHHOe CMPOUNENbCMB0 83AMEH YMPadeH-
HULX 2/1eMeHMNO08 UCTOPULeCKOlL 2padocmpourmenbHotl KOMNO3U-
YU 6 YCA0BUAX NPUSHAHUA JOMUHUPYIOWell eHHOCMU UCTO-
puueckoil cpedvl U 6 YenoM NOOHUHAENMC NPABULY KOHITIeKCILY-
anusma: ad hoc + urbanism.

Adxokpamuueckuil no0xo0 Kk npoyeccy pezeHepayull UCTOPU-
yeckoll cpedol (adhocracy) peanusyemcs 8 npakmuke co8pemeH-
HOTL apXUMeKIMmypblL cpedCcmeamiL:

- He0BepHAKYAAPA KAK POPMAAUCTIULECKO20 80CTPOU3BE0eHUA
KOMMNOSUYUOHHBIX CE0TICIME UCTMOPUHLECKOTl 3aCMpotiKu, 4acmo 6
abcmpakmnom, onocpedo8aHHOM 8u0e;

- apXUMeKNMYypHO20 NAAUMNCECTA — HACAAUBAHUS CMAPOe0 U
HO0B020, KAK Cnocoba packpulms, IKCNOHUPOBAML UCTOPUIO
MeCTa - «2080pAWAs» APXUMEKNYPA CO CIMpeMaeHUeM, 8blpd-
3ums, cywHocmo «genius loci» («dyxa mecma»);

- memamuueckozo eJUHCMBa 2padoKOMNO3UYUL KAK cpel-
cmea 6vlAB/eHUA U YCU/eHUs, Hepedko, B803podOeHuUs «dyxa
MeCa», COXpAHeHUs U B038PALyeHIs UCTNOPULeCKOLl namamu
Mmecma;

- Xy0odtecmeenH020 KOHMpacma cmapoeo U Ho8020 Kak dya-
Ausma Jemanu i ona, KOHKpemHozo U abCmpakmuoeo, nopso-
Ka u xaocad.

Bce paccmompentole cpedcmea uau memodudeckue npuHyunbl
Gopmuposanus HOBOU 3acmpoliku 8 cyujecmeyouem epado-
CMpOUmMenvHOM KOHMeKCme peeeHepayul (803pocdeHus U
passumus) ucmopudeckoil cpedol ymeepicdarom npuopumem
/I0KAAbHO20 HAO «beCnouBeHHbIM», 3HAHUMOCTL KOPeHHOL,
KOHUENMYanbHOlL C8A3U COBPEMEHHOTL apXUMeKMYpbl C MeCmom
ee co3danusl, co crodxcugulelics (WAL ympadeHHotl) dpamamypeu-
ell npocmpancmead.

Jannvle memooduuecKue NpUHLUNLL U cpedcmed OMpuyaiom
GopManvHO N0BEPXHOCHBLIL NOCMMOOEPHUCMCKULL UCTOPUSM
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¢ eeo crmuausayueti, yumupoganuem u ganvcupuxayueil ucmo-
puu. Cmapoe 00A3CHO OCMABAMbCSL CMAPbIM, A HOB0e — Oblmb
HOBbLM, 4mobbL He Panbcuduyuposams UCmopuio.

IIpu amom 6 npoyecce pezeHepayuu 410645 HO8As NOCMPOTKA
MpancGopmupyem mecmo u cpedy 8 yeaoM. Dma mparcdopma-
Yus 3a4acmyio modcem 00e3AULUMb UCTOPULecKyio cpedy, noo-
HUHUMb CMapoe HOBOMY, YHUWMOX UMb 0yX mecmd, co30ae
OUCCOHAHC, paA30peamb KOHMeEKCM KAK MKAHb UCMOpUHecKoll
epadocmpoumensroil komnoauyuu. Cyujecmeosane ycmoiinu-
8020 MHeHUS, a4 Mo Cymu, Muga O HecosMecrmumocmu 08yx
OCHO8 peceHepalull UCMOopu1eckoil cpedsl — CMApo2o U HO8020 —
n000epueaemcs HezamMUBHbIM ONbLMOM NOAEACHUS /0KA1b-
HblX OUCCOHAMCO8, CO3HAIMEALHO C030A8AeMblX APXUITEKMOopd-
MU - npomugHukamu adxokpamuu (adhocracy). 3anpem Ha
NpuUMeHeHle COBPeMEHHbIX — HOBbLX APXUIMEKITYPHBLX Cpedcma,
8 MOM HUCAe COBPEMEHHBIX CMPOUMENbHbIX MAMepudanos,
BKNI0UASL <YMHDBLE» KOMNO3UMbL, 3APUKCUPOBAH 80 MHOdYceCL8e
De2NaMeHIMo8 TPOeKIMo8 30H 0XPAaHbL UCTOPUKO-KYABITLYPHO20
Hacnedus 1 0oCmonpuMevamenvHulX Mecm. Dmom 3anpem
S6A5eMCs peakyuell HA CMOAL e MHOOHUC/AeHHble HApyule-
HUS, 4alye - UZHOPUPOBAHLLE MeMOOUYeCKUX OCHO8, NPUHLUTO8
U Npagu pezeHepayUl. UCTOPUHECKOLL cpedbl. B mo e spems
60zamulil U ycnewHslil NpaKmMueckuil Onwim peKOHCMpPYKYULL
ucmopuueckoil cpedul cmapblx egponeiickux 20podoe ceudemens-
cmeyem o0 mom, 4Imo cogpemerHble 02paxcoalouye Cmpoument-
Hble MAMeEPUANbL U KOHCMPYKYUU, 8 YACMHOCTMU, KOMNO3UNbL,
obnadawouyue, 8 Cuny ceoeil IHMpOnuueckoll npupodvl, YHu-
KAAbHOLL NAACTUYHOCTbIO U HellmpaavHoil Gesaukoil gakmy-
poil, ABAAIOMCA YHUBEPCAALHBIM MAMEPUALOM O pelleHUs
3adaqu Oesusyanusayuu u 0eMamepualu3ayil. Hogozo CmMpou-
menvcmaa 8 ucmopueckoii cpede.

AHAJIN3 APXUTEKTYPHOU ITPAKTUKH PE-
TEHEPAIIUY UCTOPUYECKOU CPEJFI

Ilo pesynrvmamam anaau3a apxumexkmypHoil Npaxmuxiy 6
ucmopuueckoii cpede MOXCHO Bbl0eAUMb Hemblpe OCHOBHbLX
A0XOKpAMUYECKUX apXUMUNd H08020 CIpOUMeAbCmed: 30anue-
«KyAuca», 30anue-«xameneon», 30aHue-«nNpu3pak» u 30axue-
«3epKano».

30anue-«kyauca» dauje 8cez0 80nA0WALT AOXOKPAMUYECKUL
Mmemo0 apxumexmypHoeo naaumncecma. Kyauca paccmampu-
eaemcs Kak ydaunoe peuteHue npobaemul demanu u ¢oua, gop-
mupys kowmpacm 6e3 koHgaukma cmapozo u Ho8ozo. Kyauca
co30aém HelimpanvHulil QoH - PoHO8YI0 MKAHYL, HA KOMOPYIO
«Hawusawmes» OpazoyeHHole pazmenmul 6bL1020, Hecyujue
aypy mecma, dyx mecma (genius loci). EQuncmeo demaau (cma-
po2o) u oHa (H06020) cambim APKUM 06pPA30M B0OTAOWEHO 8
mysee Kenvrckoeo duoyesa «Koaymba» (“Kolumba” Diocesan
Museum, arch. Peter Zumtor, 2007). ApxumekmypHulii 06sexm
mpaxmyemcs Kak 6PUKOAAAXNC NAACTO8, cnAas cnedos, Ppae-
MEHITO08 1L I1eMEHIMO8 UCTOPUHeCKOlL Cpedbl.

30aHus-«<xameneonvl» 8 6YK8ANbLHOM CMbICAE PACTIBOPSIONICS
6 oKpyscaroujeil cpede, CAUBAACL C KOHMEKCTOM, UMUMUPYIOM
¢paemernmul npupoOHbLX UAL 2padoCTNPOUMEenbHbIX Aandulag-
mos, mo camoe mecmo — ad hoc, ucnoawv3ys cpedcmea apxu-
MeKMYpHo20 KAMYPAAKA UAUL MUMUKDUL U MeAmpanbHo-
CleHu4ecKue npuemvl 0eKOPUPOBAHUS, U3BECTHLIE CO 6PeMEH
3MOXU POKOKO, a4 8 Hawl OHU — cynepepaguueckue NpUHML,
cnaiid-gpacadvl, ckpuieasice 3a data-naanapamu.
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Hauboavuuee, Oasice maccosoe, pacnpocmpanerue 8 CO8peMeH-
HOIL apXumeKkmypHoll npaxmuke noayduau 0ea apxumuna:
30anue-«npuspak» u 30aHue-«3epkano». Oba apxumuna uc-
n0AL3YIOM 8 Kawecmese oepadxcoaioujeco gacadnoeo mamepuana
CMeKA0 Kak cobupamenvulii 0606War WUl mepmuH, a no ceoet
CYMU — CAONHCHDBLIL, <YMHDBLL» - BbLLCOKOMEXHON02UHbLIL KOMTLO-
SUMMbBLIL MAMepudas ¢ NOAAPHLIMU, OUAMEMPAALHO NPOMUBO-
TIOA0MCHBLMU CBOTICMBAML, 4 UMEHHO: NOAHbLM C8emoompasice-
HUeM 3epKAAbHbLX NosepxHocmell gacados (30aHue-«3epKano»)
UAL MAKCUMAALHLIM CBEMONPONYCKAHUEeM ¢ 3pdekmom npo-
3paunocmu (30anue-«npuspak») (puc. 1). Oba apxumuna eo-
naowarm 00UH U3 NMPUHLUNOS NCUXOA02UL S0CNPUAMUL HA
ocnose GESTALT-gunocoduu: «omcymcmeue npucymcmeusn»
UAU «TPUCymcmeue omcymcmeus». 30anue-«npuspak» co3da-
em agpgpexm pacmeopenus 6 npocmpancmee KoHmekcma u cay-
HUM 8 Kauecmee 3aNOAHEHUs NAy3ul 8 mekcme 2padocmpou-
MeAbHOLL MKAKU. DMOm apXxumun uauje 803HUKAEM 8 YCA0BULX
paspedxcenHoll, ¢ AAKyHamMU, 3aCMpolKU U HU3KOLL NAOMHOCMU
UCTMOPUKO-KYALIMYPHOTL cpedbl ¢ OMHOCUMEAbHO MAAOLL Icme-
muueckoil maccoil, komopas onpedensiemcss no gopmyne M =
0/C. 30ecv M - acmemuueckas macca, O - pakmop nopsoxa, C -
axmop croxcrnocmu (3.H. Apeuna, dcmemuka 2opoda,).

- = T T2 N 02 2

Puc. 1. LVR - Landes Museum Bonn. Architektur gruppe

Stuttgart. 2003.

Domo: Jorgens.mi. IIpumep apxumuna 30aHue-<NpU3pax»
¢ 08yxcA0UHbIM pacadom — NAAHAPHBIM Pymaspom
Fig. 1. LVR - Landes Museum Bonn. Architektur gruppe
Stuttgart. 2003.

Photo: Jorgens.mi. An example of a building-ghost architecture

with a two-layer facade - a planar case

Pexoncmpyxuyua-pacuiuperue 3emeAbH020 UCTOPULECK020 MY-
3ea 6 Bonune, T'epmanua. HeokoHcmpykmugucmckoe 30anue 6
«pupmerHOTL» Icmemuke Cmpoeo nYpu3ma 8 céoeil npocmome u
CYNpeMamu4HOCMIL «6He MeCMa U 8He 8pemerU» J0AHCHO OblA0
Hecmu uder0 AHMUUCMOPULHOCIU U YHUBepcanbHocmu. Jendu-
Nypusm 30aHus My3es 56A5emcs HelimpanvHblm GoHom, be3nu-
Kum Gymaapom Ons XpaneHus U IKCNO3ULUL OpesHez0 COKpo-
8UWA 60 BHYMpeHHeM NMPOCMPAHCMEe U CMoAb e be3obpas-
HbIM, «Malouum» 8 20podcKoil cpede NPOCMPAHCIEA BHEULHEZO.
Henopupys camo nousmue «mecma» u, mem bonee, «dyxa me-
cma», Imo 30aHle «MOAHUNM», He MeUlds MOHO002Y UCMOopuYe-
cKoll cpedul.

ApxumexkmypHas NpaKmMuka <«npu3pakog» ONupaemcs Ha
onvim dendu-nypusma Muca Ban Jep Po3 u 4pko nposieunace 8
Heomodeprucmckom meopuecmee XKana Hysena u O0unv Jexk
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(puc. 2). B uucne KOMNO3ULUOHHBLX NPUEMOE COBPEMEHHBLY
MACTEPO8 IMO20 HAHPA MONCHO ONpedenumb:

— CAOUCTNOCMb C8emOnpo3pauHblx acados, coCMOoSWUX U3
08YX-Mpéx KYAUC MO MUY MHO2OHUCAEHHOLL OpanuposKi;

— Hewemkuil - pasmulmulil - pearblLil KOHMYpP, OMKPbLMbLL HA
KOHMeKCm;

- NA0CKOCMHble U 2Aa0Kue Pacadbl ¢ MUHUMAALHbLIM KOAUYe-
cmeom epanell;

-  MUHUMAAUCMUYHOCMb (Npocmoma U AAnudapHoCmy)
dopmul «akeapuyma».

Puc. 2. MACRO - Mys3eii cospemeHH020 uckyccmea 8 Pume. Apx.
Oduaw Jlexk (Odile Decq). 2002.
®omo: Massimiliano Tonelli. [Tpumep couemanus 08yx apxu-
munos: 30amue-«KyAuca» U 30anue-« npuapak» 6 0gyeduncmee
CO CMAPLIMUL CITEHAMU APXUMEKMYPHO20 NAAUMNCECTA
Fig. 2. MACRO - Museum of Contemporary Art in Rome. Arkh.
Odile Decq. 2002.

Photo: Massimiliano Tonelli. An example of a combination of
two architects: «building - backstage» and
«building - ghost» in double unity
with the old walls of the architectural palimpsest

MACRO  Pumckuil my3seil co8pemMeHHO020 UCKYCCMed, apx.
Odile Decq (Odunv Jexx), (obvexm Ne 91, 1990 2.) é cmenax
Vpbana VII y Bopom ITus (Porta Pia). Myseii MACRO 3anuma-
erm 3HAYUMeAbHYI0 4acmb UCTOPU1ecK020 K8apmanda nocie eeo
PeKOHCMPYKUUL — CAHAYUL /AAKYHbL, 603HUKULEll HA Mmecme
cmapoil nusosapHu «Ileponu». KoneepcuoHHbLil npoyecc pekoH-
CMPYKYUL - pezeHepalull UCMOopu4eckoli cpedbl N0 NPOeKImy apx.
O0unv Jlekk, nocae CMpykmypHoll peopeanu3ayuu Keapmand
103604UA C030aMb KYABIMYPHBLIL YeHMp MUPOBO2O YPOSHS 00-

weti naowadvio 6onee 12000 .

MACRO coedunsem 6 ceoell komno3uyuu 08a apxumuna:
30aMue-«KyAUCA» U 30aHue- «NpU3pax», 6 NoAHOL Mepe 80n/10-
was memod Oegu3yanusayuu H08ozo Kak 6e3auxozo (Hegudum-
Ka-npuspax) ¢oua @ 0gyeduHcmaee apxXumekmypHo20 naiumnce-
CMa co cmapelmu CrmeHamul.

30anue-«3epkano»
NPUHYUNAM PezeHepayull 8 YCA0BUSX NAOMHOL U C8epXTLAOM-
HOU - CMeCHeHHOl 3acmpoliku, ¢ NJAOMHOU UCMOPUKO-
KyAvmypHoil cpedoil, obaadaroujeil 604vwW0ll dcmemuueckol
maccoil, komopas onpedensemcs no ¢opmyne M = C: O. 3dece M
- acmemudueckas macca, C - ¢axmop caoxcrocmu, O — pakmop
nopsadka (3.H. Apeuna. Dcmemuxa zopoda).

3epkanvHole @acadsl, obpawéHHble HA KYAbMUHALUOHHbIE
ppaemenmul ucmoputeckoii cpedul, 8 OMpadteHUAX PACKPbLEAs U
YMHOXHCASL UX ICITeMULECKYI0 UYeHHOCMb, YCUAUBAS UX OOMUHU-

MAKCUMA/ALHO  KOPpPeKmHO omeedaem
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pyiouyee 3Haderue, 1 popmupyrom obpasbl UcmopuHeckoil cpedet
8 HOBbLX pakypcax (puc. 3).

Puc. 3. Pacwupenue ucmopuueckoeo myses. Bepn, Illgetiyapus.
Apx. «:mlzd».ch (mit Liebezum Detail). 2009. WillYs Fotowerk-
statt. IIpumep apxumuna 30anue-«3epkano»

Fig. 3. Expansion of the historical museum. Bern, Switzerland.
Arkh. «:mlzd».ch (mit Liebezum Detail). 2009. WillYs
Fotowerkstatt. Example of a building-mirror architecture

Kax u 30anus-«npuspaxu», «3epkana» S6A10mcs paseumu-
em Oendu-nypucmckoti mpaduyuu u 06bIYHO BOCNPUHUMAIOMCS
8 kauecmee apm-o06sekmos, NOPMAAL08, OMKPbIBAIOWUX TYMb 8
npouwinoe (puc. 4).

Puc. 4. Glascubus («Cmexasnnulii ky6»). Aachen. Apx. Marcus
Vonhoegen. 1998.
®omo: Thomas Robbin. ITpumep apxumuna 30anue-«3epKano»
Fig. 4. Glascubus ("Glass Cube"). Aachen. Arkh. Marcus
Vonhoegen. 1998.
Photo: Thomas Robbin. Example of a building-mirror
architecture

O0Hako Hukakoli mamepuan He pewdem npobremy cosme-
CIMUMOCMU CMApPoz0 U HO8020 ASMOMAMULECKU. YcneuiHoe
pewleHue adxoKpamudeckoeo nodxoda 6 npouecce pezeHepayuil
ucmoputeckoil cpedvl B03MONCHO NPLL BbLLNOAHEHUL YHILBEPCANb-
HO20 mpuHyuna: cobnio0eHus Mpéx OCHOBHBIX NAPAMEMPO8
ucmopuueckoii cpedol: macumaba (MS), modyas (MD), u pum-
ma (R) sacmpoiixu no gopmyne "munumaxcog" - cmpozux He-
pasencme: He 6onvlle 60AbUE20 U He MeHblle MeHbULe20 U3
coomeemcmesyuUX napamempos ucmopuueckoii cpedo. (MS ,
MD, R). B kauecmee npumepa U3 asmopckoll npaxmuxu npu-
MeHEHUSL COBPEMEHHBLX BblCOKOMEXHOM02UUHBLX CIMPOUIMenb-
HLIX MAMepuanos MOXCHO NPUeecmiL NPoeKm pezeHepayull Uc-
mopuyeckoeo keapmana Ne 2 (puc. 5), pacnonosceHHozo Ha
meppumopuu o6sekma Bcemuprozo nacnedus — docmonpume-
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uamenvHoz0 Mecma «Hcmopuueckuil yenmp eopoda fApocaas-
AA».

ezl

\Colcoo

Puc. 5. @pazmenm 3CKU3H020 NPOEKMA pezeHepayull Ucmopute-
ck020 kgapmana Ne 2
6 Apocnaene. Teppumopus obsexma Bcemuproeo Hacaedus
«Hcmopuueckuil yenmp
2opoda Apocnasaa». Apx. H.H. Kyopsawos, M.H. Kyopsuios.
2017.

IIpumep covemanus apxumunos 30anue-<kKyAuca» u 30amue-
«XAMeNeOH» N0 Memody apXUMeKIMypHo20 NAAUMNCeCA
Fig. 5. Fragment of the preliminary project of regeneration of the
historical quarter N 2
in Yaroslavl. Territory of the World Heritage Site «Historical
Center of Yaroslavl».

Arkh. N.N. Kudryashov, M.N. Kudryashov. 2017. Example of a
combination of architects building- «backstage» and building-
«chameleon» according to the method of architectural palimpsest

Pezenepayus ucmopuyeckoti cpedbl OCHOBAHA HA BO3POKC-
OeHuu obpasza cmapurHoil ycadebsl, ymonatroweil ¢ cady. Obpas
ycadvbul 8 cady 80cco3daemcs HA COMEMAHUL APXUMUNOB <KY-
AUCHL» U «XAMeNeOHa». JlgyxcAoliHble CMeKAAHHble NAAHAPbL
HOBbLX NOCMPOeK UMUMUpYIONm 06pa3 cmapoeo cada-xameneoud,
OKpYXHCaIOWez0 8 Kauecmeae GoHA-KYAUCHL OTPeCcaBpUPO8AHHbLE
ycadebrvle gacadsl, co3dasas 08YeQUHCMEO APXUMEKNLYPHO20
naaumncecmad.

BBIBOJIbI

BuinosiHenue NPUHYUN08 KOHMeEKCMYaAusma u memooa 0egu-
3YaNU3aUUL H08020 CIMPOUIMENbCITIBA 8 IMOM NPOeKIe 10368015~
erm U3MeHUMb pe2ameHmblL 00CMONPUMeHAmenbHo20 MeCma Ha
onpedeneHHOLL MeppuUmMoOpuLL:

ITpunoscenue x npukasy Munucmepcmea xyavmypv. PO om
11 aneapa 2016 2. Ne 14: «... IIpu ocyuecmenenuu pezeHepayuil
UCTOPUKO-2padocmpoumensHoil cpedol 8 UeAsx COXPaAHeHUS UAL
6bLABNCHUS €e OCHOSHBIX 2pA0OCTPOUMENbHBIX U KOMNOSUYL-
OHMbLX Xapaxmepucmux, Jonyckaemcs @pazmenmapHoe npu-
MeHeH1e COBPeMEeHHbLX Mamepuanos (NAaHapHoe ocmexieHue)
045 HellMpaiu3ayull HeeamugHo20 8AUAHUS HOBbLX 00BeKIMo8
HA 30HbL NPAMO20 8U3YANbHO20 KOHMAKMA ¢ 00BeKMamu Kyiv-
MmypHo20 Hacaedun»".

Pazsumue 8blCOKUX MEXHONO02ULL 8 COBPEMEHHOTL APXUMEKILY-
pe He 8 (QOPMANLHO-CMUAUCTIUYECKOM U  T08ePXHOCTMHO-
0eKOpAmueHOM CMbLCAe, 4 8 UX UCMUHHOM 3HAYEHUL C NpUMe-
HeHUeM, 8 MOM HUCAe KYMHBIX KOMNOHEHIN08», 0dem 603MO-
HOCMb  IeKmUBHO peanu308ams memod O0esU3yanu3ayull
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H08020 cmpoumeascmea 8 YCA08UAX peceHepayull ucmopuue-

CcKolL cpedti.
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ABSTRACTS

P.B. RAZGOVOROV, A.A. IGNATYEV, M.A. ABRAMOYV, R.S. NAGORNOV
PROCESSING OF RAW ALUMINOSILICATES AND SUBWAY CONSTRUCTION
DUMPS INTO COMPOSITE SORBENTS FOR PURIFICATION OF WATER AND OIL-
CONTAINING MEDIA

Key words: natural aluminosilicate raw materials, underground construction
dumps, modification, composite sorbents, montmorillonite, kaolinite, water and oil-
containing media

The study establishes that natural raw aluminosilicate and dumps from Moscow sub-
way construction can be used as composite sorbents for treatment of oil containing media
after calcination to 350-400 °C and further modification. To do this, we have analyzed the
works of Russian and foreign scientists and authors’ experimental studies of physical and
chemical properties of these materials. The activity of materials is determined by particle
size, porosity, and pore volume distribution, as well as concentration of additional Lewis
and Bronsted centers on the sur-face as a result of acid-alkali treatment. These centers can
be used to sorb impurities in aqueous and oily media depending on the polarity of the ad-
sorbate molecules. The study revealed promising directions of research into obtaining com-
posite sorbents by treating raw aluminosilicate raw materials and construction clay waste
mechanically and chemically as well as using composites with activated charcoal. The
study also elaborates on using extruded composites to simplify technological cycle of purifi-
cation of oil-containing media. It shows that the regenerating ability of the obtained
sorbents is determined in mamny respects by the alkaline agents present in them. It also in-
cludes a list of physical-chemical methods for complex research of media purification quali-
ty after contact and subsequent separation of the phases by filtration.

T.A. NIZINA, V.P. SELYAEV, D.R. NIZIN, N.S. KANAEVA, D.A. ARTAMONOV
KINETICS OF DAMAGE ACCUMULATION IN THE STRUCTURE OF EPOXY
POLYMERS EXPOSED IN A TEMPERATE CONTINENTAL CLIMATE

Key words: epoxy polymers, strain curves, damage accumulation, fractal analy-
sis, minimum coverage method

The study deals with the kinetics of damage accumulation during exposure in a temper-
ate cli-mate. The research uses two types of polymer composites of significantly different
climatic resistance as an example. The proposed method is the analysis of changes in the
fractality index determined by the least-coverage method by tensile strain curves recorded
with a high reading frequency (0.01 sec.). The fractality indices were calculated by analyz-
ing the preceding time section that corresponds to 16 (24) experimental points, i.e., 0.16
sec. The levels of "critical" states corresponded to the minimum values of fractality indices
ranged for the studied deformation curves from the beginning of loading to the level of
reaching maximum tensile stresses by the specimens. The study included a field experiment
on climatic aging of the studied polymers for one calendar year. We have recorded the
changes in the elastic-strength characteristics of the samples after 45, 90, 180, 270 and 360
days.

The results of the study showed significant differences in the damage accumulation ki-
netics of epoxy polymers impacted by tensile stresses, including those depending on the type
of epoxy res-in and hardener, as well as the duration of full-scale exposure. It was found
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that for climatically unstable compositions after just 180 days of climatic there is a group-
ing of "critical” points into ensembles similar in time, stress level, and relative elongation
after stretching. At the same time, the climatic resistant polymers have a more uniform dis-
tribution of "critical" points along the deformation curves, which obviously allows them to
successfully redistribute the occurring overstresses onto the workable structural elements
and, consequently, to accept significantly higher levels of tensile loads and relative defor-
mations.

A.L. BALUSHKIN
ASSESSMENT OF THE BEARING CAPACITY OF ELEMENTS OF REINFORCED
CONCRETE FLOORS WITH REGARD TO ADAPTATION TO SPECIAL EFFECTS
Key words: special effects, progressive collapse, super-critical stages of defor-
mation, transformation of the design scheme
The paper discusses the features of the calculation of reinforced concrete bar structures
during possible emergencies. A modified deformation model is used to calculate the bearing
capacity of a bendable reinforced concrete element. Specific calculations can be performed
at different levels: an element cross-section, an individual element, a structural system.

A.A.IGNATYEV, V.M. GOTOVTSEV
TRANSFORMATION OF A DISTURBED SITTING DROP

Key words: sitting drop, interphase layer, wetting angle

The paper presents the results of a study of equilibrium of a sitting drop from the stand-
point of continuum mechanics. It is shown that the connection between internal forces and
interfacial tensions is formed by gradients of internal pressures of a medium in interface
layers that lead to forming body forces. It was found that the shape of a sitting drop with
the contact angle equal 6, = g is the minimum surface energy state, in which the liquid -

solid interface layer is not formed, and the surface energy of the drop takes the minimum
value. It was also determined that the thickness of the interface layer varies depending on
the values of the contact angle and reaches a maximum value at the complete wetting and
complete non-wetting. Finally, the paper examines the impact of external and internal dis-
turbances on the shape of a sitting drop.

S.V.FEDOSOV, V.E. RUMYANTSEVA, S.A. LOGINOVA
BIODEGRADATION OF HYDROTECHNICAL CONCRETE

Key words: concrete, biocorrosion, biodestructors, microorganisms, mathematic
simulation, mass transfer

It is increasingly important to solve problems of increasing resistance of concrete to bio-
logically aggressive media, since the species diversity of biodestructors is growing steadily.
To develop new effective methods of concrete bioprotection, it is necessary to conduct com-
plex research of corrosion processes in biologically aggressive media. The paper presents a
modern view on mechanisms of concrete destruction as a result of corrosion. The study de-
termined the dependence of biological damage on the physical and mechanical properties of
concrete, on the aggressiveness of biodegraders, as well as a number of factors accompany-
ing this interaction. Cement concrete samples subjected to biofouling were used as objects of
study. The study includes the main provisions which can be used to formulate the mathe-
matical theory of biological corrosion. Finally, the study substantiates the condition of
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generality of the methodological approach to the modeling of mass transfer processes at bi-
ocorrosion and liquid corrosion of building ma-terials.

M.Y. TARSHIS, L.V. KOROLEV, S.N. CHERPITSKY, A B. KAPRANOVA
QUALITY CONTROL SYSTEM FOR BULK MIX IN A CONTINUOUS DRUM DEVICE
Key words: quality control, bulk mixture, uniformity, evaluation method, integral
criterion, informativeness
Within the course of study, we have developed the system of quality control of bulk mix
blended in a continuously operating device. The controlled parameter is the homogeneity
criterion of the mixture which is used to assess its quality. The control method is based on
the method of determining the properties of the bulk mixture by the distribution of particles
of the processed components in the cross section, which is fixed when passing through a
transparent partition at the device outlet. The effectiveness of the methodology is ensured
by using a non-contact method of assessing the homogeneity of bulk contents. This method
eliminates the distortion of the spatial distribution of particles in combination with the in-
tegral criterion for assessing the homogeneity of the mixture, which is highly informative.

V.YU. VERBIN, V.M. DUDIN
SELECTION OF TECHNOLOGY FOR HIGHWAY ROAD SURFACE OVERHAUL

Key words: road surface, overhaul, cold in-place recycling, strength calculations,
feasibility comparison

In the construction and overhaul of roads, the complex-mechanized method is widely
used. It is based on modern technologies, machines, and mechanisms. It leads to the max-
imum productivity, minimum cost, and optimal terms of work. There are many approach-
es to choosing technologies for construction. One of them is the technical and economic
comparison of different technologies, which helps to consider many factors affecting the
construction process in the most complete way. The proposed paper considers the use of
such an approach to the choice of technology for the overhaul of road surface. Cold in-place
recycling technology is offered as an innovation. Based on the calculations done during the
comparison of different technologies for a particular road section, the paper provides the
list of recommended actions prior to the selection of a particular technology.

A.V.ZAKHAROV, N.A. ISAEVA, M.YU. POKROVSKAYA
SPATIAL ORGANIZATION PROBLEMS (PUSHKIN SQUARE, IVANOVO)

Key words: square formation, morphology, visual state of space, dissonance, ar-
chitectural style of public spaces

The paper studies the problem of studying the morphology of public space based on one
of the main squares of Ivanovo, Russia. It considers the influence of different factors (site
landscape, transport communications, socio-cultural and temporal factors) on the shaping
of urban areas. The study includes the analysis of specific aspects of spatial organization at
different stages of its formation. The paper defines the role of public buildings, their influ-
ence on the building up the artistic image, ensemble, and architectural stylistics of a public
space.

We have analyzed the architecture of the erected structures and their mutual influence
on each other as well as on the geometry of the space. The study draws attention to the
problem of inter-action of the old and the new, their coexistence in the structure of the
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square. We have identified the directions for the development of space in the historic city
center. The paper highlights the visual perception of the square's space, the influence of
high-rise development on the scale of the square and its visual comfort. The tall buildings
either complement the visual panoramas of the space or clash with the existing square.

The study considers the methods of leveling errors of urban development in the for-
mation of squares. Two ways to fix it are proposed —modern technologies of glazing the
surfaces of buildings and graphic design (graffiti).

N.N. KUDRYASHOV
DEVISUALIZATION AS A METHOD OF NEUTRALIZING THE IMPACT OF NEW
CONSTRUCTION ON THE HISTORICAL ENVIRONMENT DURING ITS
REGENERATION

Key words: historical environment, regeneration, contextualism in new construc-
tion, adhocracy, devisualization, planar glazing, architecture

The paper deals with the design and methodology of neutralizing the impact of new con-
struction on the integrity of the historic environment under its reconstruction - regenera-
tion. Creative adhoc methods are analyzed in contemporary architectural practice by ap-
plying the basic principles of contextualism as a positive creative credo recognizing the
dominant value of the historical environment. The paper provides an original classification
of new construction objects in the "adhoc" genre. They come together by a common method
of devisualization. Technically, this method is based on using modern high-tech building
materials — translucent and light-reflective planars, which are composites by the physical
structure. We define the design conditions and limitations to using these facade- enveloping
materials. In conclusion, it is argued that the development of high technology in modern
architecture with the use of "smart compo-sites" can pave a way to effectively implement
the method of new construction withing the re-generation of the historic environment.
Thus, the problem of harmony of "old" and "new" in urban planning — the urban renewal
specifically — is solved.
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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-
Os0eHNA ZOOPOCOBECTHOCTY HAYYHBIX MCCIEAOBaHU, og0XeHus 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 6pLIa OITy6IMKOBaHA paHee B PYrOM 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 Zes-
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] ¥ OpTaHU3alMY I JPYyTUX Lejell He IIpeJoCcTaBaseTcs.

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 IMOApaszeneHuii, 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 IIpoexkTHpoOBaHEe U CTPOUTEIbCTBO 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 YJOBJETBOPATH 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 ABIIeTCA OKOHYaTeIbHbIM.

2. CTaTbU AOJLKHBI IIPE/CTABIATD CKaTOe, KOHKPETHOE M3JI0KEeHMe IT0Jy4eHHbIX
aBTOPOM pe3yJIbTAaTOB, Oe3 IOBTOPEHUS OAHUX U TeX K€ JJaHHBIX B TEKCTe, PUCYH-
Kax 1 TabJuIiax.

3. Bce mpeacTaBieHHbIE CTAThU JOJDKHBI OBITH IIOJATOTOBJIEHEBI 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 0630pHO CTAaThU — He GoJiee 8, UpPHHA 8 CM), B TOM YHCJIe IOMEYeHHbIe
OykBaMu a, 6 u T.A. PucyHku odopMisaoTcs 6e3 paMOK U pasMeIlaroTcs, KaKk U
IOATIMCY K HUM, TaOJIWIBl M 3aTOJIOBKU K HUM, IIPUMEYaHUs, CTPOTO II0 TEKCTY
craThu. B paszen «O030pHbIE CTAThU» MIPUHUMAIOTCA MaTepHaabl 00beMOM OT 25
710 30 cTpaHuIL,.

4. TIpu odopmIeHUM CTAaTbU PEKOMEHAyeTcs n3beraTh ymoTpebIeHUs JTI0OBIX
COKpallleHUl, KpoMe OOIIenpUHATHIX. [Ipy IepBOM YIOMUHAHUU COKPALeHHOTO
TepMUHa 00s3aTeJIbHO IPUBOAUTCS ero paciudpoBKa B IIOTHOM Buze. Pykormmc-
HbIe BCTaBKU He J0IMycKarTcsa. KaBbiuky opopMIIAIOTCS e109Koi. TekcT HabupaeT-
cs1 6e3 HyMepalyu CTPaHuUll.

CTpyKTypa cTaThu

Ha mepBoIi cTpaHUIle PYKOIIMCU CJIeBa ITPOCTABISIETCSI WH/EKC 10 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 damMuInii aBTOPOB YKa3bIBAIOTCS UX MECTO PAOOTHI:
IoZipaszieleHre 1 Ha3BaHMe OpraHu3alluM, MOYTOBBIN ajpec (mpudt 10 0T, Kyp-
cuB, Verdana). OTZenbHOM CTPOKOIM yKasbIBaeTCs 3JEKTPOHHBIN aZijpec 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). Ilocie anHOTanuu 1 uHTepBajia (1 cTpoka) Io-
JYXUPHBIM IIpUGTOM KypcuBOM Habupaetcs Kawouesvie c106a 1 IPUBOAAT IIPUP-

9%



TOM 1, BBIMYCK 1, 2020 | VOL. 1, ISSUE YMHbBIE KOMNO3WTbI B CTPOUTE/IbCTBE
SMART COMPOSITE IN CONSTRUCTION

ToM Times New Roman pazmepoM 10 riT 5-8 c1oBOCOYETaHUH (HE KypPCUB), 6€3 TOUKHU
B KHIJE.

3aTeM cieflyeT TeKCT CTaTbM, B KOTOPOM Yepe3 MHTEePBaJl BbIAENAI0TCA Pas/ielbl:
BBezieHe, DKCIIEPUMEHTAIbHAS YaCTh, Pe3yibTaThl U UX 00CyXAeHue, BbIBOAHI (B
0030pHOI cTaThe BBIJENAIOTCS BBeZeHUe, Ha3BaHUA IO Pa3ZiesloB KypCUBOM, BeI-
BozbI). CTaThsl 3aKaHUYMBaeTCsI paszesoM JluTeparypa. OnTUMaJbHOE KOJINYECTBO
IIUTUPOBAHHBIX UCTOYHUKOB OT 15 710 20, ’KeJlaTeJIbHO BKJIIOYUTH He MeHee 3 paborT,
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 x onyb6AUKO8AHUIO.

5. B agpec pezakuuu, KpoMme 3JI€KTPOHHOI'O BapMUaHTa, HAIPABJIAIOT 1 3K3eM-
IUIAP CTAaThbU B pacliedaTaHHOM BU/JE C IIOAIKUCAMU BCEX aBTOPOB IIOCe CJIOB IIpu-
HAMA K ony6AUKOBAHUIO.

dopmar

Pejakuys MpUHUMAaET TEKCTHl, COXpaHeHHBle B IporpaMMe Microsoft Word B
dopmarax .doc mau .docx. MaTepranbl, He COOTBETCTBYIOILIVE BbIIIEYKA3aHHBIM
TpebOBaHMAM, HE paCCMATPUBAIOTCS.

OdopmiieHHEe IUTEPATYPHBIX CCHIIOK

Bce pyCCKOS3bIYHBIE JUTEPATYPHbIE UCTOYHUKY JO/DKHBI OBITH YKa3aHBI Ha aH-
TJIMHCKOM $I3BIKe. V37aHus, KOTOpble He IIepeBOJASTCs, He0OXOAVMMO 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 WJIV BBINYCK, Auanas3oH crpaHul] u DOI (mpu Hanuuwmu), 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
(anrs.). Hazsanue xypuana (avea.). Tom. Tom (V). Homep (N). JluamasoH 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 cratou. 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)].

CcpuUIKHU HA MOHOTrpad 1y Ha MTHOCTPAHHOM 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 A3bIKe [IIepeBoJ Ha aHTIMECKUI]:
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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
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