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Hunpamenue NOATrOTOBKMH
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MPOAOAXKNTEABHOCTb MPOrPAMMbI 2 roaa

fi3bik 0By4eHus Pycckui

BloaxeTHble mecTa 10

YcaoBusi npuéma
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BCTYMMUTEAbHbBIX MCbITAHMNA.
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AVMNAOMQA COBMECTHO C yHusepcutetom Chemie Paris Tech (PpaHums). Ha 2-m kypce
obyyeHne ocyLLecTBAfeTCa Ha naoLLaakax Chemie Paris Tech. 3a nepuoa obyverus no
OAHOM MPOrPAMME  MATMCTPATYPbI BO3MOXHO MOAYYMTH AMMAOMbI ABYX YHMBEPCUTETOB,
YIAYBAEHO OCBOMTL KYPChl XMMUHECKOM TEXHOAOTMM U MHXEHEPUN MATEPUAAOB.
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XKUHEAESATEAbHOCTHU
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NPOU3BOACTBA (PAPMALLEBTUHECKUX CYBCTAHUMI U GUOMEAULIMHCKMX MATEPUAAOB

Maructpatypa (TPAHCAILUMOHHBIE XMMUYECKUE 1 BUOMEAULIMHCKUE TEXHOAOTHMY) —

* MEXAUCUMN/IMHAPHBIE 3HAHWUS Ha CTbiKe
XuMum, Gruonorum, hapmakonoruu,
KNETOYHOM N MONEeKyNsipHON 6rome AnLMHbI

* CTaXWPOBKYM B BEAYLLMX MAPOBbIX
yHMBEpCUTETaX

* UNIOM MEXAYHAPOAHOTO YPOBHS!
* KOMMETEHLMM MO NPOBEAEHUIO

LOKNIMHNYECKWX U KITMHUMECKUX UCTIbITAHWIA,
paspaboTka TEXHONOr4eCKoro
pernameHTa, ceptuukaLmmn, MapkeTuHry u
MasIoTOHHaXHOMY MPOV3BOACTBY
npoayKTa

KOHTAKTbI
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TomcKa, YHUBEPCUTETOB
lenaeasbepra v MioHCTEPQ
(fepmarms)

BeayLume 3apybexHblie u
POCCUMCKME CNELIMAAUCTDI

MHAMBMAYOABHOS OBPA30BATEALHAS
TPaeKTopUs

boaee 30% y4eBHbIX AUCLIMNAMH
COCTABASIOT KYPCbl NO BbIGOPY

BoCTpe6oBAHHOCTb CMEUMAAUCTOB
MO TPAHCAFUMOHHBIM XUMUHECKMM
1 BUOMEAULMHCKUM TEXHOAOTUIM
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nporpaMMbi;

A.§-M.H., AoueHT, npodeccop Kadeapbl
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MeauuvHexkuia akyneTeT, Saseaytolas
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WHcTtuTyTa TpatcdysuoHHon
MeaunumHbl 1 UMMyHonorum,
MahHreim, Mepmanmna.

Pa6oe Bauecnae Banepbesuy
L.M.H,, 3aMeCTUTe/lb NpeKTopa no
Hay4HoN 1 neveéHown pabote HAN
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BEAYLUMA HayYHbIi COTPYAHUK
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KNETOYHON GuomMeanumHbI HA TIY.

Yypuxa Enena leopruesHa

AM.H., npodeccop Kadeapb!
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3NNEPronoros u KNMHUYECKNX
WMMyHON0roB, ToMcK, Poccus

Xaiinpux Jlotap Anbdpen

A.X.H., B.H.C. nabopatopuu
TPAHCARLMOHHOM KNETOYHOM 1
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President of marcotech oHG, Honorary
professor of the Westphalian Wilhlems
University, Muenster PykosoauTtens
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NS pereHepaTUBHON MeAULIMHBI,
MioHcTep, lepmanns
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HanpaeneHue nogrotoBku:
TexHnyeckoe

YcnoBua yyactua:

1. CpegHuii bann ycnesaemocTtu

He Huxe 4.5

2. PekomeHgauma pgekaHa darynsteta/
Hay4HOro pykosoguTens

3. YpoBeHb  aHmMMCKOro/dpaHLy3CcKoro
A3blKa He HUXKe upper-intermediate.

®opma obyueHus: ouHas
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A3bIK 06y4eHun: GpaHLy3CKNIN, aHIUNCKUIA
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ABOMHOro aunaoma, ctyaeHTsl Chimie Paris-
Tech pgononHWTENbHO MOAYYaOT CTeneHb
marmctpa B TIY, a crygeHTtel TIY
A0MONHUTENbHO nony4aroT cTeneHb
«Diplome d'Ingénieur de Chimie ParisTech» B
Chimie ParisTech (cooTeetcTByer creneHu
MarmcTpa B 06/1aCTV MHMKEHEePHbIX HayK).

WWW: http://smti.tsu.ru/ru/diplome-ding-
enieur-de-chimie-paristech/
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Abstract. The new method of decorative ceramic bricks production, painted using technogenic wastes with a
reduced chromophores content, which includes granulation of basic materials, covering granules with wastes,
semi-dry pressing, drying and firing of products is described. The requirements for raw materials for the
granules and the coloring shell of a decorative ceramic composite are listed. It was established that the
developed method provides wall ceramics with a strength of 20,9-42,5 MPa, water absorption of 14,4-8,3 % and
an average density of 1890-2050 kg/m’.

BBenenmne. Ha ceromusmmHuil AeHb OJHUM U3 CaMBIX BOCTPEOOBAHHBIX MEIKOIITYYHBIX CTPOUTEIHHBIX
MaTEepUANIOB HA PBIHKE SIBJISACTCS JICKOPATHBHBIA KEPaMHUYCCKUHA KUpNu4. J[JIs MOMydeHHs W3ICTUA CTCHOBOU
KEepaMHKH HECTAaHAAPTHHIX (GopM, (akTyp W IBETOB UCIOJIB3YeTCS OOJBIIOE KOJIUYECTBO TEXHUK M IPUCMOB
[1,2]. Cpenn HuUX HamOoJiee pAacCIpPOCTPAHEHO TPAAWIIMOHHOE OOBEMHOE OKpalllMBaHWE KHPIHYa 3a CYET
BBEJCHHA B IUIACTHYHYIO MacCy BIAXKHOCTBIO 14-25 % pa3immdHBIX MHHEPATBHBIX JT00aBOK, CBETIIOKIYIIHXCS
TJIMH ¥ KOHIICHTPUPOBAaHHBIX TUTMEHTOB [3, 4].

OpmHako B CBSI3W C TOBCEMECTHBIM HCTOLICHHEM 3aIlacOB BBHICOKOKAYECTBEHHBIX TIJIMH JEHCTBYIOIIHE
KepaMHYCCKHE TMPEIIPUATUS HAICH CTPaHbI COPUCHTHPOBAHBI HA MPHUMCHCHHE HU3KOCOPTHOTO MPHUPOJIHOIO
CBIPbsl M TCXHOTCHHBIX OTXOJIOB. Takue MaTepualibl, KaK MpPaBWIO, OOJIAAAI0T HU3KHUMH TEXHOJIOTHYCCKUMU
CBOWCTBaMH U 0€3 KOPPEKTUPOBKH MX BEIIECTBCHHOTO COCTAaBa HE MPUTOIHBI JUIS UCTIONB30BAHUS B TEXHOJIOTUU
IUTACTHYECKOTO0 (opMOBaHMs Kuprnuya. [l03TOMy CErojmHs IEepPCIEeKTUBHBIM SIBISICTCS IPHUIOTOBIICHHE
MAaJIOBJIaXXHBIX Tpecc-mopomkoB (8-13 %) u popmMoBaHHe CHIpIa MyTeM MOIYCYyXOTo MPECCOBAHUS H3IeHH [5].

Kpome Toro, Ha TeppUTOpUHU MIPOMBILIIIEHHBIX perioHOB Poccuiickoit denepanuy HAKOMIIEHB MUJITHOHBI
TOHH MHHEPAJIFHBIX TPOMBIIUICHHBIX OTX0J0B, B COCTaBE KOTOPHIX IIPHUCYTCTBYIOT T€ K€ COCTMHEHHUS Ha OCHOBE
MeTaiuioB-xpomodopos (Fe, Mn, Cr, V, Cu u ap), 94T0 U B KOMMepYecKuX nurmeHrax [6, 7]. Takum oOpazom,
MOTCHIMANbHAS 3aMEHAa JOPOTOCTOSIUX HMIIOPTHBIX MOJM(DHUKATOPOB IIBETA HA KpAaCSIIAC TEXHOTCHHBIC
OTXOJIBI SIBJIICTCS aKTYaJIbHOW, TIOCKOJIBKY HE TOJBKO MOBBICUT YKOHOMHUYECKYIO 3()()eKTUBHOCTh IIPOU3BOICTBA,
HO Y TIPUBEJIET K YIYYLICHUIO DKOJOTHYECKOW 0OCTAHOBKY 3arpsi3HEHHBIX TEPPUTOPUH.

JKcnepuMeHTaJbHAasA 4YacTh. CormacHO Hay4yHOM  THWIIOTE3€  WCCIICAOBAaHHMS  OKpAIIUBaHHE
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KepaMHM4YeCKOr0 KHMpIHM4Ya BO3MOXHO 3a CUET MCIOJb30BAaHMSA TEXHOTEHHBIX OTXOAOB, COJEPXKALIUX TE XKe
COCIMHEHUS-XPOMO(DOPBI, YUTO ¥ KOMMepUYeckHe MUrMeHThl. OHaKO B OTJIMYME OT HUX JOCTHYb TPeOyemoro
[BETOBOTO OTTCHKA M3ACIHA C TPUMEHEHHEM OTXOJOB IOCTAaTOYHO CIJIOKHO, ITOCKOJBKY B HMX COCTaBe
MIPUCYTCTBYET OOJIBIIOE KOINIECTBO MPUMECEH, a KOHIICHTPANUS CaMHIX XPOMO(OPOB MOXKET OBITH HIDKE, 9€M B
papuHIPOBaHHOH Kpacke, B ACCATKH pa3.

AHanmmM3 COBPEMEHHOH 3aBOJCKOM NPAKTUKK ITOKAa3BIBAaeT: IS MONy4YeHHWS HEO0OXOIMMOTo IIBeTa
KEpaMHUYECKOTO KHpIHYa II0cie O0XHra B IIMXTE JOCTaTOYHO PAaBHOMEPHO pachpeaenuTb a0 3-5%
paduHHpoBaHHOTO MUrMeHTa. [Ipy Takux ke MacCOBOW KOHLCHTPALMH U YIEIbHOM PaclpeieiIeHH: o 00beMy
LIMXTBl OTXOJbl C TIOHI)KEHHBIM COJIEpPXKaHUEM XpOoMO(GOpOB HE MJaAyT CONOCTaBUMOIO pe3yJibTara
okparmuBaHus. [ 3TOro He0oOXOAMMO MTOBBICUTH JOJIO KPACAMINX TEXHOTEHHBIX J00aBOK B mHXTE 10 25-50 %.
B TakoMm cirydae CHIDKEHHE TIIMHHACTON KOMIIOHEHTHI HEN30€KHO MPUBEIET K HAPYIICHUIO MPOIECCOB CICKAHUS
1, KaK CIIeICTBHUE, 3HAUNTEIIFHOMY YXYALIICHAIO (U3NKO-MEXaHUIECKUX XapaKTEePUCTHK KUPIIHYa.

Takum 00pazom, TpamUIIMOHHAS CYIIMIEHO-ITOMOJIBHAS TOATOTOBKA MPECC-TIOPOIIKOB C MEXaHHYECKUM
NepeMeIIBaHNEeM KOMIIOHEHTOB HE NPUTOAHA AN OKpallUBaHWUS CTPOMUTENBHOM KepaMHMKM TEXHOTEHHBIMU
OTXOJIaMH C TIOHIKCHHBIM COJEp)KaHHeM XpoModopoB. PaHee mpoBeieHHBIE HCCIICOBAHUS IMOKA3aJId, 4TO
NEPCHEKTUBHBIM  SIBISIETCA  IMOJMYy4YeHHE  JEKOPAaTHUBHOTO  KEPAMUYECKOTO  MATPUYHOIO  KOMIIO3UTA
MIPOCTPAaHCTBEHHOMN KapKaCHO-OKpaIIeHHON CTPYKTyphl MaTepuana [8].

B cooTBercTBHE ¢ pa3paboTaHHOH TEXHOJOTHEH (HOPMHPOBAHNE MATPUIHON CTPYKTYPHI MIPOUCXOIUT 32
cdeT arjoMmepani 0a30BOTO CHIppS B TpaHYIbl Cepudeckodl QOpMbI, HAaHECEHHS Ha IOBEPXHOCTh
c(OPMHUPOBAHHBIX TPaHyN Kpacsmied 000J09YKH U3 TEXHOTCHHBIX OTXOJOB, ITOJIyCYXOTO MPECCOBAHUS H3/IEIHH,
WX CYIIKH 1 00Xxwura. ['paHyJIsIist MPOBOANTCS C MCTIONB30BaHIEM TypOOIIOIACTHOTO TPaHYJISITOPa, a CHIPHEBEIC
MaTepHabl IpeABapUTEIbHO IPOXOJAT CYLIKY 10 MHOCTOSHHON MacChl U IBYXCTaJAUNHOE U3MEIbUCHUE.

B kauecTBe 0a30BOTr0 CHIPHEBOTO KOMIIOHEHTA INWXTHI JUISl MOJYYEHHS JEKOPATHBHBIX KEPAMHUYECKHX
MaTepHaJIOB MCIOJIB30BAINCH HU3KOCOPTHOE TIPUPOJHOE MIIMHUCTOE Chiphe CHOMPCKOTO PEernoHa M IUIAMHCTHIE
0TXO0JIbl 00OTaIIEeHUs JKeJIe3HBIX pyA. B ponm kpacsmux TeXHOTeHHBIX 100aBOK ObUIM OTOOpAHBI MapraHer]
BaHaINHCOepIKAIIIE OTXOIBI OT TOOBIYH Py U BHIIIABKH (PEePpOCIIIIABOB.

PesyabTarsl. KoMmuiekcHbIE HCCIEIOBAaHUS CTPYKTYpPHI, ()a30BOrO COCTaBa M CBOMCTB 00OMOKEHHBIX
KepaMHYEeCKHX MaTepHaJIOB MTOKAa3alM, YTO MIPH OOXKHTE M3 OMYAPEHHBIX CIIPECCOBAHHBIX TPaHyN (GopMupyeTCs
KepaMHUUYeCKHH MaTpUYHBIA KOMITO3MT. B mpornecce sxunkodasHoro crekanusi KepaMuKy UpoIuiacTuuHas dasa,
oOpa3oBaHHasi Ha TIpaHHIE pasjena cpel Mexay O0a3oBBIM CHIPhEM W TEXHOTEHHOW Kpacsiieil 100aBKOH,
3aI0JIHSET MEX3EPHOBBIE ITyCTOTHI, CBSA3bIBAsl YACTHIBI 000JI0YKU M IPaHysl MEXIY cO00i, 1 HHTEHCUPULIUPYET
npoTekaHne TBepao(ha3HbIX peakiuidi ¢ 00pa3oBaHMEM HOBBIX MUHEpalbHBIX (a3. B pesynbrate dopmupyercs
KapKaCHO-OKpAIIeHHAs CTPYKTypa KepaMHYecKOro MAaTPHUYHOTO KOMIO3WTa. [IpOYHBI NpOCTpaHCTBEHHBIN
KapKac TeMHOTO IBeTa 00eCIIeYnBaeT BRICOKHE IEKOPATUBHBIE U (PU3NKO-MEXaHWIECKHE CBOUCTBA M3/ICIUH.

Pa3paboTaHHBIN ¥ 3aNIaTEHTOBAHHBINM CITOCOO MOJTyUEHUs IEKOPATUBHON CTPOUTENbHOM KepaMuk [9, 10]
MPOIIET ONBITHO-3aBOJACKYIO ampoOaliio B YCIOBHSAX JEHCTBYIOIIETO KHPIUYHOTO 3aBofa TI. bepack
(HoBocubupckast 061.). Pe3ynbraThl ncnbITaHUK MMOKa3aiu cooTBeTcTBHE M3nenuii TpedosanusiMm 'OCT 530-
2012 «Kupnuy v kamMeHb Kepamuieckue. OOIIne TEXHHYECKUE YCIOBUS» It MapKu 150: KUpIHY ITyCTOTEJBIH,
onuHapHbId, pazmMepa 1H®; mapka no npounoctu uznenuit — M150; knacc cpeaHeil mIOTHOCTA — 2; Mapka 1o

Mopo3ocToiikoctu — F50.
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3akuawdenne. [lo pe3ynaprataM MNPOBEACHHBIX MCCICIOBAaHUN OBUTH COOPMYIUPOBAHBI OCHOBHEIC
TpeOOBaHUS K TCXHOTCHHBIM CBHIPHCBBIM MaTepUallaM Ui OKpAIIUBaHHUS KEPAMHUYECKOTO KHPIHYA [0
pa3paboTaHHOMY CHIOCOOY: cojepaHhe coenuHeHU-xpoModopoB Ha ocHoBe Mn, V, Cr, Fe, Co, Cu wiu Ni
6omee 25 %; conepxanue kKapOoHATOB MeHee 5 %, 0 TUCTIEpCHOCTH — Kiace -50+0 mxm. B kagectBe 6a3zoBoro
KOMIIOHEHTa IINXTHl MOXKET OBITh MCHOJB30BAHO IMPUPOJHOE CHIPhE M TEXHOTCHHBIE NMPOIYKTHI, OTBEUYAIOIIHE
CIIEAYIOMHUM TpPeOOBaHMIM: KHCIIOE WM IONYKHCIOE CHIPbE; BBICOKOE COAEp)KaHHEe CBOOOJHOTO KpeMHEe3eMa
(27-34 %) u kpacsmux okcumoB (Oomee 6 %); conmepxkaHue KapOOHaTOB MeHee 8 %, MO IUIACTHYHOCTH —
YMEPEHHO- U CPEIHEIUIACTUYHOE; IO JUCIIEPCHOCTH — Kitacc -250+0 MKM.

Takum o00pa3oM, MpPH HKCHOJB30BAHWU CHIPHEBBIX MATEPHANOB, OTBEYAKOIIUX BBHIIICYKa3aHHBIM
TpeOoBaHUAM, pa3paboTaHHBIN CIOCO0 OOecreYrBaeT MOIYYCHHE ACKOPATUBHOTO KEPAMHYECKOTO KHpPIIHYa

npouHocThio 20,9-42,5 Mlla, Bogonorsionienuem 14,4-8,3 % u cpemueit mmoraocThio 1890-2050 Kr/M>.
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30.09.2019, Bron. Ne 28. -6 c.

Poccus, Tomck, 21-24 anpensa 2020 r. Tom 6. CTpoUTENBCTBO U APXUTEKTYpa



12

XVII MEXJIYHAPOJIHA A KOH®EPEHLIMA CTYAEHTOB, ACITMPAHTOB U MOJIOABIX YUEHBIX

«TEPCIIEKTUBbI PA3ZBUTUA ®YHAAMEHTAJIbHBIX HAVK»
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SURVEY AND TEST OF THE BRIDGE THROUGH THE HANGAR RIVER - ARCHITECTURE
MONUMENT IN IRKUTSK
A.A. Bannikov
Scientific Supervisor: A/Professor PhD. P.A. Elugachev
Tomsk State University of Architecture and Building, Russia, Tomsk, Solyanaya sq., 2, 634003

E-mail: Lexsew@mail.ru

Abstract. In this work, we carried out work on the examination and testing of the bridge across the river. Angara

located in the city of Irkutsk, which is a monument of architecture. The survey was conducted in September 2019.

Bgenenue. I'opornckoit MocT depes p. AHrapy 3ampoektrpoBat [IpoekrHoit korTopoit Moctotpecta HKIIC — LIC
TI0/T aBTOMOOMITBHYTO Harpy3ky H-10 (1o omHo mosioce ABIKEHHS B KKIYI0 CTOPOHY), TPaMBaiHy!0 HArpy3Ky (I1Ba IyTH
TI0 OCH COOPYKEHUST; ABYXOCHBIE TpaMBaH JJIMHOHM 12,2 M ¢ oceBoit Harpyskoi 10 Tc, paccTaBiieHHbIE TPyHITaMH TI0 JIBa
BaroHa Ha pacctostHuK 20 METPOB JIPYT OT JAPYTa), JKEJIE3HOIOPOKHYIO HAarpy3Ky (IByXOCHBIH JIOKOMOTHB TOJIHOM Maccoi
25 TC M YeTBIPEXOCHBIE BaroHbl Maccoil 72 Tc), a TakkKe INMEIIEXOAHYI0 HAarpy3Ky Ha TPOTyapax MHTEHCHBHOCTBHIO 300
Krc/M2 B COOTBETCTBUH € TpeOoBaumsiMu HopM Llynoprpanca 1933 roza, a Takke ¢ yU4eTOM CCHCMHUYECKON aKTUBHOCTH B 8
6awoB no mkane Mepkawm. CrpourensetBo coopyxkenust B 1931-1934 rr. Benoch dyHpameHTcTpoeM (BO3BEICHBI
OTOPBI PYCIIOBOM YacT MocTa), a B 1934-1936 r.r. — koHTOpoit Moctotpecta HKTIC [1-4].

I'ma3koBCKUi MOCT MpEACTABIISET COO0M KOMIUIEKC COOPYKESHHUI:

— pycloBas dYacTb, COCTOAINAS W3 AapOYHOTO IMIPOJICTHOTO CTPOCHWS C €310H IOBEpXy IO CXeMe
73,0+2x86,5+73,0 M (110 OCSIM OIIOP); OTOPBI PYCIIOBOM YacTh MMerOT Hymeparwto ot Ne 0 1o Ne 4 mo HanpaBieHHIO
OT JICBOTO Oepera peKu K IpaBoMy;

— npaBoOepekHast 3CTaKaaa, KOTopas HaulHaeTcsi oT oropsl Ne 4 pyciioBOi 4acTW M COCTOMT W3 ABCHAALATH
KEJIe300CTOHHBIX OaJIOUHBIX NPOJETHBIX CTpoeHud mo cxeme 13+11x12,0 M (1O ocsiM OMOp), YCTAHOBJICHHBIX Ha
OeTOHHBIE OTIOPHI, IMetoIe HyMeparuro oT Ne 1 1o Ne 12 o HampaBieHHIO OT peKH K IeHTpy ropoaa (yi. Ukasosa);

— JIeBOOepeXXHas JCTakaja, HauWHAMoMmAsIcs OoT omopsl Ne (O pyclnoBod 4YacTH W cocTosmas w3 7
JKeJIe300€TOHHBIX OAJIOUHBIX MPOJIETHBIX CTPOSHUH 1Mo cxeme 22,61+15,36+15,35+15,4+19,92+15,4+15,8 (0 ocsim
orop) Ha OETOHHBIX Omopax, WMelomux Hymepammio oT Ne | mo Ne 7 mo HampaBIeHHIO OT pPeKHd K
HKEJIE3HOOPO’KHOMY Bok3auty (yi1. [xamOyia);

— cbe3f Ha yi1. VIpKyTHAs, HAYMHAOIIMICS OT IposieTa 4-5 J1eBOOePEKHOM ICTaKaIbl, U COCTOSIIUIA 13 BOCHMHU
KeJe300eTOHHBIX OaTOYHBIX IPOJIETHBIX CTPOeHMi 1o cxeme 8x15,35 M (IO ocsiM Omop), YCTAHOBJIEHHBIX HA

OeTOHHbIE Onopbl, UMCIOIUE HYyMEPALMIO OT Ne'l J10 Ne 8 mo HaIrpaBJICHUIO OT 3CTaKa/bl K YJI. I/IpKyTHaﬂ;
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— TIIyTENpOBOA 4Yepe3 >KEJIE3HOJIOPOXKHBIE IyTH CT. MpPKyTCK-acCa)kKMPCKUH, COCTOSIIMHM W3 YeThIpex
METAJUTMYECKUX OallOUHBIX MPOJICTHBIX CTpoeHWit mo cxeme 19,0+2x34,55+16,95 M (o ocsiM OmOp); OMOPSI
MyTENPOBOJIa UMEIOT HyMmeparuio oT Ne 7 1o Ne 11 B pooinkeHre HyMepaliy OTop JIEBOOEPEIKHOM ICTaKaIbI.

Marepuaabl ¥ MeTOAbI HccdeqoBaHus. B mpomecce o0cmemoBaHWS W WCOBITAaHWSA U3YYEHBI H
MPOAHATN3UPOBAHEl UMEIOIICHCS TEXHUYECKOW NOKYMEHTAIMH Ha COOpPY)KEHHE, IPOBEAECHB 0OMEpOYHBIE paboTHI,
reofie3ndeckre n3mepeHust. [poseneHo BI3yaspHOE 00CIe0BaHIEe, TPHOOPHOE M HHCTPYMEHTAIBHOE 00CIeI0BaHNE,
nojiBoiHOEe  oOciemoBanme Tenma omop. CTaTWueckne W JMHAMUYCCKUC WCIIBITAHKS TIPOJICTHBIX CTPOCHHH,
TIPOU3BE/ICHBI PacyeThl IPY30MOABEMHOCTH KOHCTPYKIMH MOCTOBOTO COOPYXKEHHMSI, PacdeThbl MPOJICTHBIX CTPOCHHM
Ha CeHCMMYECKMe BO3/ICWCTBHMS M OLEHKAa TI'eoJMHaMH4eckoid Oe3omacHocTH. [IpoBeZieH MOHHMTOPHHT PabOTHI
KOHCTPYKIMH TOJA TIPOXOAAIICH Harpy3kol TOpOACKOTO IBIKEHHS, TIOCJE BBHITOJTHEHHS BCEX PabOT IMpOW3BEIH
00paboTKy 1 aHAIN3 MTOIYYCHHBIX Pe3yJIFTATOB M JaH PEKOMEH AN 110 JaTbHEHIIeH SKCIUTyaTaliL.

PesyabraThl. [lo pe3ymprataM BBIIOJTHEHHOTO OOCIEIOBAHWA W HCHBITAHWH KOHCTPYKIHN
['ma3skoBCKOTO MOCTa, WX HMHCTPYMEHTAIBHOM MJHATHOCTHKH, a TaKXXe pacdyeToB TPy30MOABEMHOCTH
BBISIBIICHBI CJICAYIONIUE Ae(EKTH KOHCTPYKITUH.

MocToBOE€ MOJIOTHO.

Hapymienre rumpon3oNsyy, HEHCIPABHOCTh CHCTEMBI BOJOOTBOJA, TPCIIMHBI B  ac(aibTOOCTOHHOM
MOKPBITUM HAJl Je(OPMANMOHHBIMHM IIBaMH HA BCEX MPOJETHBIX CTPOCHMAX, OCTOH HECYIIMX KOHCTPYKIIUA
TPOTYapoOB TOIBEPIKEH HHTEHCUBHOMY JETPaIalMOHHHOMY pa3pyIICHHIO.

B mecrax ommpaHHUs KeJIe300eTOHHBIX IUINT, MEPEKPHIBAIONINX KOMMYHHKAIIOHHBIE KaHAJBI HPOJIETHBIX
CTPOEHHH PYCIIOBOH YacTH, OTMEUEHO pa3pymieHe OeToHa C 00HAXKSHHEM apMaTypHhl HE TOJIBKO TPOTYyapHBIX OIOKOB,
HO 1 OOpTHKA TIATHI MPOe3KeH JacTH.

Ha npaBoGeperxHo# 1 1eBOOEPEKHON ICTaKaiax NMEIOTCS IPOEMBI B OIPKACHUH O€30I1aCHOCTH, BIUSFOIINX
Ha 0e30MacHOCTb JIBHIKEHUSL.

Ha mnyrenpoBone, B pesyibrare paboT 1O 3aMeHE OTpakAeHHs Oe30MacHOCTH oA HHMM oOpa3oBaHa
MIPOJIOJIbHAS CTYTICHBKA U3 ac(aIbTOOCTOHA, UTO MPUBOJIUT K 3aCTOO BOJIBI HA TPOTyapax M MPOe3kKeH 4acTu.

IIponerHsie cTpoeHusl.

OCHOBHBIM JIe(DeKTOM HECYIMX KOHCTPYKIMH apOYHBIX MPOJETHBIX CTPOSHHI SBISIETCS OTCIIOCHHUE
3aIIUTHOTO CJIOS OeTOHa B pe3yibTare KOPPO3WH apMaTyphl B MECTaX HATEKaHHWsS BOABI C TPOEIKEH dacTH
(penMyIIIECTBEHHO Ha BHEITHUX TPAHSX).

Merautmyeckue OallKi IyTEHPOBOAA B PE3yJbTaTe IMOCTOSIHHOTO OOBOTHEHMS TOJYYIIM TITyOOKUE
KOPPO3HOHHBIE OBPEXKIECHHS BILIOTH 0 TIOJHOTO Pa3pyLIEHHs OTAEIbHBIX DJIEMEHTOB MOIEPEYHOTO CEUCHUSL.

OnopHble YacTH METAUIMYCCKUX MPOJICTHBIX CTPOCHHUH IMyTENpPOBOJa HWMEIOT 3HAYHUTCIILHBIC
KOPPO3HOHHEIEC TOBPEXKICHHUS.

Bce omopsl coopyXeHHsT He MMEIOT CYIIECTBEHHBIX AedekToB. OOIHIIOBKA OTOp PYCIIOBOW YacTH HMEET
JIOKAJILHOE PACCTPOUCTBO IIIBOB KIIA KL

[TomMocToBOE TIPOCTPAHCTBO.

OOcneoBaHUE TMOJBOIHON YacTH OMOpP W JHA PEKH AHTaphl MOKAa3ajo, YTO MECTHBIC Pa3MBIBBI Y OIOP
PYCJIOBOH 4acTH OTCYTCTBYIOT.

IMoxmocToBoii rabaput mnposnerHoro crpoenust 10-11 mpaBoOepexHOl 3crakanbl HepocTtatodeH. [Ipyrux

CYHIECTBECHHBIX ﬂe(i)eKTOB TOAMOCTOBOI'O MPOCTPAHCTBA HE 06Hapy>KeHo.
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Iomxopl

Ha nozixoze x nmpaBoOepexHOH cTaka e OTMEUEHO OTCYTCTBUE YacTH HACTHUIIA JIEBOTO TPOTyapa Haj ONOpoi
Ne 12. Ha mosixozie k cbe3y Ha yiI. IpKyTHas BBISIBICHO HAJIMYUE TIPOMOWH H Ie(OpPMAITH TIOKPBITHS TPOTYapOB.

Kommynukanumu.

3HauuTeNIbHBIE KOPPO3MOHHBIC TOBPEKICHUS MONYYIIH METAUIOKOHCTPYKIINHA KaOeTbHBIX KaHAJOB C
TIPOBOJIAMH CBSI3H H 3JIEKTPOCHAOKEHMSI.

B pesynbrare 1abopaTopHBIX UCHBITAHUN OOpAa3IOB MATEPHATIOB, OTOOPAHHBIX U3 HECYNIMX KOHCTPYKIIUMA
MOCTa, YCTAHOBIICHO, YTO MX MPOYHOCTHBIC XapaKTEPUCTUKH HE HU)KE MPOCKTHBIX 3HAYCHHIA.

CraThyeckue UCHBITAHMS MOCTa IIOKa3alld COOTBETCTBHE (PAKTHYECKOW pabOThl KOHCTPYKIIUU
pPacYeTHBIM TPEIIOCHIITKAM.

Juaammdeckast paboTa KOHCTPYKIMH B IIEIOM OIICHHBAETCS KaK YHOBIETBOPUTENbHas. J{OMONHUTENHHASL
JMHAMPYECKasi Harpy3ka OT TpamBas HE OKa3bIBACT CYIECTBEHHOTO BIHMAHHS HA HANPsKEHHO-IE(POPMHPOBAHHOE
COCTOSTHHSI MOCTa B I1e7IoM. He oTMedeHo Taxoke M pe30HAHCHBIX SBIICHUI TIPH IBIKCHUH TPAMBAEB.

o pesynbraram pacuera rpy30M0JbEMHOCTH, IPY30IOBEMHOCTE MOCTa O0ECIICUNBACT HPOITYCK HArpy3oK,
cootBercTByIOmMX A4, H6 W TpPexXOoCHBIX TIpy30BhIX aBToMoOwied mo cxeme OH3 maccoit mo 14 Ttown. Ilo
pe3ysbTaTaM M3MepeHHit 1101 00pallaroLIeiicst Harpy3Kol 0TMEYeHo, 4To oHa cootBercTByeT A2,8 1 H3,8.

OreHKa TeOIMHAMUYECKON Oe30MacHOCTH COOPYXKECHHs IOKa3alla, YTO Ha YpPOBHE MAaKCHUMAaJbHOTO
pacuetHoro 3emierpsiceans (MP3) B MecTax 3aieiKé apoK B PYCIOBBIE OINOPHI (TISITBI) BO3MOXKHO
BO3HMKHOBEHHE IUIACTHYECKOTO MIApHWpA W TIOBPEXKACHHE CEYCHHS apoK, OJHAKO Hecymas CII0COOHOCTH
KOHCTpYKIMi obecneunBaetcs ¢ 3amacoMm 20 %. Jlms obecriedeHUs] HOPMAIBHOW JKCINTyaTallHd COOPYKEHHS
HEO0OX0IMMO MPOBECTH CIETYIONIHI KOMITJIEKC paboT:

® 3aMEHUTDH BCE IPOJIETHBIE CTPOSHUSI ITyTETPOBO/IA YePEe3 JKEJIE3HOIOPOXKHBIE ITyTH;

® BEINONHNUTE 1epeyCTpOHCTBO MOCTOBOTO TOJIOTHA C 3aMEHOM THMIIPOU30JISILIUN, OIPAXKACHUsST O€3011aCHOCTH

U, TIPY COOTBETCTBYIOIIEM TEXHHKO-ODKOHOMHUYECKOM 00OCHOBAaHMH, YIIUPEHUEM ITPOEIKEH YacTy;

® BEINONHNUTE TIEpeycTpOHCTBO CUCTEMBI BOJIOOTBOJA C YYETOM COBPEMEHHBIX TPEOOBAHMI HKOJIOTMUYECKOM

0e30IacHOCTH;

o OTpeMOHTHPOBATH Pa3pyLIEHHbIE KOHCOJIH MOTIEPEYHBIX OAIOK HaIapOYHOTO CTPOSHHUS PYCIOBOI 4acTH;

o [Ipom3BecT PEMOHT CKOJIOB M TPEIIHMH KeJIe300€TOHHBIX 3JIEMEHTOB, BOCCTAHOBJIEHHE 3aIlIUTHOTO CIIOS,

Ppa3pyILEHHOTO KOPPO3HEH.
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INFLUENCE OF MINERAL ADDITIVES ON POROUS CONCRETE POROSITY
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Abstract. A promising material for low-rise housing construction is non-autoclave foam concrete. The
introduction of dispersed wollastonite and diopside promotes the formation of conditionally closed pores, the
volume increases by 47-49%. The introduction of wollastonite reduces 2.34 times the pore volume with a
diameter of more than 0.1 um, the introduction of diopside reduces by 8.2%. Found that the introduction of

mineral additives can regulate the porous structure of non-autoclaved foam concrete.

BBenenne. C poctoM 00BEMOB MaJOdTaXKHOTO JIOMOCTPOCHHUS BCE dalle BHUMAaHHE OOpamalT Ha
HeaBTOKJIaBHBIH mneHobeton [1, 2]. OpHako paHHBIA MaTepuan o0JagaeT BBICOKMMH —YCaJOYHBIMHU
neGopManusMK, YTO MPHBOJMUT K TIOBBIIICHHAI) €r0 IUIOTHOCTH, YXYIIICHUIO MOPUCTOH CTPYKTYpHI H
TEIUION30JSIIMOHHBIX CBOMCTB [3]. [l TOBBINIEHWs KadecTBa IEHOOETOHAa paHee BBOAWIM IPUPOJIHBIC
KaJbLHIcoIep)KaIye CIITNKATHRIE MIUHEpAIbHbIE JOOABKHM, TIPH 3TOM OBIIH OIpe/IeNieHbl ONTHMAIbHBIE COCTABHL,
oTMedeHa 0oJiee HU3Kas ycaika 00pasioB, CHIDKEHHE TEIUIONIPOBOIHOCTH, YBEIMIEHHE 00beMa TIop B MaTepHale.

Lenpro paboTHI SBISAETCS HCCIIEIOBAHIE BIMSHUS KATBIIMHACOIEPIKAIIINX CHIIMKATHBIX MUHEPAIBHBIX T00aBOK
Ha MOPUCTOCTh HEABTOKJIABHOT'O LIEMEHTHOT'O IIEHOOETOHA Ha OCHOBE TEXHOT€HHBIX OTXOI0B ITPOU3BOJICTB.

Marepuanabl u MeToabl HccjenoBaHus. B pabore mnpumensuics nopriannuement [HEM 1 42,5H
(AO "Uckurumiement"), 3oma-ynoca (TILI-5, r. HoBocubupck), mpoTenHOBEI meHooOpa3oBarenb «Foamcem»
(Laston Italiana S.p.A). [dns ynydmeHns KadecTBa MaTepHaja B TEHOOCTOHBI BBOIWIIN AWCICPCHBIC
MHHEpaIIbHbIE T0OABKH (TUOTICH]] ¥ BOJUIACTOHMT).

OmnpeneneHne pa3MepoB U pacrpesieieHne mop B o0pas3max neHoOeToHa MPOBOIMIOCH METOIOM PTYTHON
nopomMeTpur Ha mopomepe Quantachrome PoreMaster 33 (nccieoBaHus BBITIOIHEHBI Ha 000pYIOBaHUH IIEHTPA
KoJuleKTUBHOTrO moJib3oBanus TIIY). MakcumanbHoe naBieHue ais nopo3umerpa PoreMaster 33 cocrasiser
33000 psi. [Jumamason ompenensembix pasmepoB mop 0,0004..950 wmxm. IleHOOETOH TOTOBWICSA IO
JIBYXCTaJMHON TEXHOJOTUH Ha J1abOPAaTOPHOH yCTaHOBKE TypOyJeHTHOro THHa. Takke MopucToCTh IeHOOETOHA

ompenensnach B coorBercTBrH ¢ [OCT 12730.4-78 «betonbl. MeToab! onpeie/ieHrs TToKa3aTeed TOPUCTOCTI.
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Tabruya 1

Ceoiicmea Hea8moKIa8H020 NeHOOemoHa

TToxaszarenu Bun nobasin
be3 nobasok | [lnoncua| BommacToHuT
CpeaHsist JIOTHOCTb, Kr/m> 547 274 345
KoadummeHT TemmonpoBofHOCTH B CyX0oM cocTostHiH, BT/(M*°C) 0,122 0,069 0,070
Mapka no MOpo30CTOHKOCTU 20 25 25
Bogonornomenne no macce,% 28 45 40
Cop0OunoHHas BIaXHOCTh IPH OTHOCHUT. BIAXKHOCTB Bo3ayxa 97% 13 15 15

Tabauya 2
THopucmocms nenobemona uccnedyemvix cOCmagos
Bun nobasku
ITokazaTens KonTtpomnbhslil
Hwnoncun Bomnmactonur
oOpasern
Ionubiii 00BeM 1Op, %o 67,0 87,0 81,0
O0beM OTKPBITHIX KaNWJLISIPHBIX TTOP, %o 14,9 13,6 15,3
O0beM OTKPBITHIX HEKAWIIISPHBIX TTOP, %0 16,22 20,53 11,90
O06bem ycitoBHO-3aKpHITHIX TIOp T16, % 35,9 52,9 53,8
MukponopucTocTs, % 0,42 0,44 0,55

3akiouenue. Beenenre AMCIEPCHBIX BOJUIACTOHUTA U AUOTICH/A CIIOCOOCTBYET 00pa30BaHHIO YCIOBHO-
3aKpBITBEIX TOp, 00BeM yBenmumBaercss Ha 47-49%, dro ONarompusTHO CKa3bIBa€TCS Ha CBOWCTBAaX
HEaBTOKJIABHOTO MEHOOCTOHa. MUKPOIIOPUCTOCTh YBEIMYHMBACTCS MPH BBEJACHUU BOJUTacTOHHMTA Ha 31%, 4yTO
MOJKET OKa3bIBaTh BJIHMSHUC HA CHI)KCHHUE TCILUIONPOBOJHOCTU Marepuaia. [1o JaHHBIM PTYTHOH MUKPOCKOIIHH
IIPH BBEJICHUH UOIICUIA YBEINYHBACTC 00beM mmop ¢ auamerpoM Mernee 0,01 mxm B 2,1 pasa, a mpu BBEICHUH

BOJUIACTOHHUTA B 2,34 pa3a cHIKaeTcs 00beM mop ¢ auamerpom 6oiee 0,1 MKMm.
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COBEPHIEHCTBOBAHHME CPEACTB PEAJINZAIIUU TEXHOJIOTUH ITPEJABAPUTEJBHOI'O
3JEKTPOPA3OI'PEBA BETOHHOIN CMECH
M.U. batiok
Hayunsrii pykoBoaurens: npodeccop, A.1.H. B.S. Ymakos, Hayursrit korcynsTant: npodeccop, 1.1.H. A.W. I'Heips
Hanuonanenelit ncciaegoBaTenbcKuid TOMCKHUI MOMUTEXHUYECKUN YHUBEPCUTET,
Poccus, r. Tomck, mip. Jlennna, 30, 634034
E-mail: mbl10@yandex.ru

IMPROVING OF CONCRETE MIXTURE ELECTRIC PREHEATING EQUIPMENT

M.I. Batyuk
Scientific Supervisor: Prof., Dr. V.Ya. Ushakov, Scientific Consultant: Prof., Dr. A.I. Gnyrya
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634034
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Abstract. In this paper an assessment of the reduction of energy consumption while using electric heating of concrete
mix instead of conventional methods is given. It is determined that its implementation can significantly reduce the cost

of production. In conclusion a solution of the drawback of uneven heating of the mixture is presented.

BBenenne. B HacTosee BpeMs MMPOU3BOIUTENHN Kesle300eTOHHBIX u3nenuii (JKbU) HaunHaioT yuensaTsh
3HAYUTEIbHOC BHHUMAaHHE BOIPOCAM TIOBBINICHHS JHEProd(peKTHBHOCTH TEXHOIOTHYECKOTO Ipolecca.
Haumbonmpmmit mwHTEpEC B acleKTe peann3aliil IMOTEHIIHAlla YHEProcOepeXeHUS  NPEACTaBISIeT TEIUIoBas
00paboTka OeTOHa, MOCKOJIBKY SIBISIETCS HaubOoJiee IHEProéMKONM M HauMeHee dHeprod(dexTHBHOW craauei
npousBonacTBa JXBU. Haubonee pacnpocTpaHEHHBIM CIOCOOOM TEIUIOBOW 00pabOTKHM HM3MEIHU B 3aBOJCKUX
YCIIOBUSIX SIBJISICTCS NPONIApUBAHUE B SIMHBIX M LIeleBhIX kamepax [1]. Koadduuuent mnonesHoro neictBus
(KIIA) nanHbIX TepMmoarperatoB Haxojurcsi B mpeaenax 10-30 %. Jpyrum pacnpocTpaHEHHBIM THIIOM
obopynoBanus B chepe m3rotoBineHuss JKBU gBISIOTCS yCTaHOBKH KacceTHOTo Tuma. OHM Takke SIBIISIOTCS
HU3K0dQPekTHBHBIMH, TockouibKy ux KII/l e mpessimaet 35 %. MeHee pacpocTpaHEHHBIM, HO HAOMPAIOIIAM
MIOYJIIPHOCTh METOJIOM  SIBISIETCSL TIPOTPEB B Cpefie MPOAyKTOB cropanus mpupomnoro raza (KIT 20-40 %).
Huskast 3 QeKkTHBHOCTh IEpEeUnCICHHBIX METOJO0B OOYCIOBJIEHA IPEKAE BCEro 3HAUUTEIBHBIMH 3aTpaTaMu
SHEPriuM Ha HarpeB JIEMEHTOB OOOpYAOBaHUS, METAUIOEMKUX (POPM M MHOHM OCHACTKH, a TaKKe Ha MOTEpPH
yepe3 CUCTEMY BEHTUJISILIMU U HECOBEPILEHHbIE OTPaXKACHUSI.

Hawubonee sneprosheKTMBHEIMM METOAaMH TEIUIOBOTO BO3/EHCTBUSI SIBISIFOTCS 3JIEKTPOAHBIN IPOTPEB
0cToHa U MpeABapUTENbHBIN deKTpopazorpeB 6etonHoM cMmecu ([IDPBC), momyuyusime mmpokoe mMpuMeHeHUE
B MOHOJIUTHOM CTPOHUTENLCTBE. M MepBEIi, M BTOPOl OCHOBAHBI Ha SBICHUH BBIJCIICHUS TEIJIa B BEIIECTBE MpPH
MIPOTEKaHUN Yepe3 HEeTO JIEKTPHUECKOro ToKa. B 3ToM 1 3aKirodaeTcs MX MPEUMYIIECTBO — TEIIO BBIACIIACTCS
HETIOCPEICTBEHHO B CMECH WM OeTOHe, W JIMIIE 3aTeM Iepenaéress oKpyxaromeil cpene n oovextam. Cpeqauit
KII[l metona snexkrpoaHoro nporpesa cocrasisieT 55 %, a [IIDPBC — 80 % [2]. CnenyeT oTMETUTH, YTO AaHHBIE
MOKa3aTeNu JOCTUTHYTHl B YCJOBHUSX CTPOMTENBbHBIX IUIOIIAJOK, TJE BCIEACTBHE HECTaOMIBHOCTH

MeTeOYCJ'IOBI/Iﬁ 1 HECOBCPUICHCTBA onany61<1/1 HEM30EKHBI IMOTEPHU TEILJIa B OKPYKAIOUIYIO CPEaY. O‘{eBI/II[HO, 4qTo
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UX TMPUMEHCHUE B YCIOBHSAX OTAILIMBAEMOr0 MPOM3BOJCTBCHHOTO MOMEIICHUS C BO3MOXXHOCTBIO OOCCIICYHTH
XOPOIIIYIO TEIUIOM30JISIMI0 KOHCTPYKIIUH, TO3BOJUT AOCTHYB Ooee Beicokoro KIT/I.

B nmannoit pabote ocnoBHO# uaTepec npencrasisietr [IDPBC. CyTs taHHOTO MeTOAa 3aKII0YaeTCs B TOM,
YTO BHECEHHE TEIUIA B CMECh OCYIIECTBIIIETCS 3a JOCTATOYHO HEOOJBIION MPOMEXYTOK BpeMeHH. beToHHyI0
cMmech pasorpesaioT 3a 10-15 munyt mo 70-90°C, ykianpBaioT B (HOpPMYy W YIUIOTHSIOT. Ilpu JOCTATOYHOM
TEIUIOM30JIYA KOHCTPYKIMK OOECIIEYNBACTCSI COXPAHEHHE BBICOKOH TEMIIEpaTyphl B TEUYEHHE IIMTEIHHOTO
BPEMEHH, IOCIEeAyIoIIee IIaBHOE OCTHIBAHHE 0€3 JOTOIHUTEIHHOTO TEIUIOBOTO BO3ACUCTBHUS W JOCTHKCHHE
OTITyCKHOH TpogHOCTH OeToHa B TedeHue 10-20 gacos. Micxonas n3 HOpM pacxoga MaTepHaIOB Ha U3TOTOBIICHHE
OCHOBHOHM HOMEHKJIATYpHI U3xemwi 3aBoxoB JKBU Obu1 mpom3Ben€H pacuéT 3aTpar YHEprUr Ha 3JIEKTPOPa3orpeB
cMeceil pa3inYHBIX COCTaBOB. [loNydeHHOE 3HAYCHHE YACIBHOTO PacXo/a AJIEKTPOIHEPTHU COCTaBWIO 38-42
kBru/M’, uto CBHJICTEIBCTBYET O TOM, YTO B 3aBOJICKHUX YCIOBHUAX BO3MOXkHO noctrxkenue KIIJ1 95 % u Goree.
Hus onenkn sddexruBroctr [I9PBC Ha pucynke | mpeicraBiieHbl cpeJHHE 3HAYEHHUS YAEIBHOIO pacxoja

SHEPI'UH Ha TETUIOBYIO 00paboTKy | M° GETOHA PACCMOTPEHHBIMH METOIAMH.
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Puc. 1. Yoenvuvie pacxoowr suepeuu Ha mennogyio oopabomky Im” bemona

Jnst Toro 4ToObl B MOJNHOW Mepe McIojb3oBaTh Bce npeumyniectBa [IDPBC u noctnup HanGoubleit
sHeproapdexTuBHOCTH Oe3 ymepba KadecTBy OeTOHA, HEOOXOAUMO JTOOUTHCS PABHOMEPHOTO Pa3orpeBa CMECH.
Kak m3BecTHO, HEpaBHOMEPHBIN pa3orpeB cMecH M0 00bEMY OyHKepa SBISETCS OAHOM M3 MpoOJIeM M3BECTHBIX
ycTpoiicTB. HeoqHOPOAHOCTE 3JEKTPHUIECKOTO TIOJSI, BOSHUKAIOMIAs 3a CUET Pa3NUIHBIX (PaKTOPOB (TE€OMETPHS
AEKTPOAOB B EMKOCTH, Pa3INIHOE IIEPEXOJHOE COTPOTUBICHHE «CMECh-METAIUD) HA OTHENBHBIX AJIEKTPOAax U
TIp.), CIOCOOCTBYET HEPABHOMEPHOMY HAarpeBy CMECH, 4TO Iocie €€ yKJaJblBaHUsS OKa3bIBaeT OTPHUIATEIILHOE
BIIMSIHHE HAa ()OPMUPYIOLIYIOCS CTPYKTYpY OeToHa.

Jyis peureHusl MaHHOM MPOOJIEMBI MpeIIaraeTcsl HCIOJIh30BaHUE pa3pabOTaHHON aBTOpAMH CUCTEMBI
pasorpeBa OeroHHOW cMmecu (3asBka Ha wu3obpercHue Ne 2019144884), mo3BosiONIeld OCYIIECTBIATH
HETIPEPHIBHBI KOHTPOIb M KOPPEKIHIO TEMIIEPaTypHOTO IO B O00BEME cMecH ITyTEM W3MEHEHHS
AIEKTPHYECKOTO OIS C TIOMOIIBIO PETYIMPOBAHUS CHIIBI AIEKTPHYECKOTO TOKA, MTPOTEKAIOIIET0 Yepe3 KaKIbIi
a5eKkTpoa (puc.2). OCHOBHBIMYM KOMITOHEHTAMH TAHHOTO KOMILUIEKCA SBIIIOTCS: EMKOCTh 1 ¢ BMOHTHPOBaHHBIMHU
B e¢ CTeHKHM dJeKTpomamu 2, Onok aBromarmdeckoro ympasieHHs (BAY) 3 ¢ KOMIUIEKTOM JaTYWKOB

TeMrepatypsl 4, KOMMYTHPYIOIIEE YCTPOMCTBO 5, HCTOYHUKHM MEPEMEHHOro HampspbkeHus 6,7.  JlaTuuku
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TeMIepaTyphbl pacipeelICHbl pABHOMEPHO 10 00bEMY EMKOCTH (aHAIOTUYHO B3aUMHOMY PACIIOJIOKCHHIO Y3JIOB
KpHUCTaJUTU4ecKoil pemérku). KommyTupyromiee ycTpoHcTBO MpeAcTaBiseT u3 cebs HaOOp KOHTAKTHBIX H
OECKOHTAKTHBIX KJIIOYEH, TO3BOJAIONINX MMOIKIIOYATh KaXIBIH W3 D3JCKTPOIOB K JIOOOMY BBIBOIY
YCTaHOBIICHHBIX WCTOYHHWKOB MUTAHUS, B TOM YHCJIE W B UMIYJIBCHOM pexuMme. B mpormecce pazorpeBa cMecu
BAY npou3BoauT NEpUOAUYECKHI OIPOC NAaTYMKOB TEMIEPATypbl U CpPaBHMBAET TEKYIUE 3HAYECHHUSA C
3aJaHHBIM JUIS HACTOSIIETO MOMEHTa BpeMeHH. lIpm BO3HMKHOBEHHH OOJACTH C TIPENENbHO IOITYCTHMBIM
otkiioHeHueM temmepaTypsl AT BAY mnogaér curHan Ha KOPPEKLHIO AJIEKTPUUECKOTO MOl MOCPEACTBOM
KOMMYTHPYIOIIETO ycTpoiicTBa. Hampumep, B porecce pa3orpesa uneHTuduimpoana 3oHa neperpesa +AT. B
naHHOM cirydae BAY momacTt curHan nb0 Ha YMEHBIICHHE TOKA, MPOTEKAIOIIETo yepe3 OMbKaiiiiue K JaHHOU
30HE ANIEKTPOMBI, TMOO0 MOTHOCTHIO OTKIIOYHUT MX OT MCTOYHHWKA muTaHus. Ilocie ocTeiBaHMS 10 HEOOXOIUMON
TeMIepaTypbl pa3orpeB JAHHOH 30HBI 00bEMA MPOIODKUTCA B OOBITHOM pEKHAME.

[TocKONMBKY OIHMM W3 HEJIOCTATKOB TPAJWIMOHHBIX METOJIOB TEIJIOBOM OOpaOOTKU SBIIETCS HAarpeB
M3JENNs Yepe3 ero MOBEPXHOCTh, TO CTAHOBHUTCS OuYeBHMAHBIM, uTo mpuMmeneHme I[IOPBC ¢ Bo3MoxHOCTBIO
obecrieunTh 00Jice pAaBHOMEPHOE TEMIIEPATYPHOE TOJIE TI0 BCEMY 00BEMY CIOCOOCTBYET HE TOJIBKO CHUXKCHUIO

OHEPro3arpar, HO MOBBIIICHUIO KAY€CTBA OeToHa.

~|BAY

oH By

e

Puc. 2. Cmpykmypuas cxema cucmemvl 21eKmpopasozpesa OemoHHOU cmecu
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Abstract. The article considers the principles of obtaining autoclave-hardened cellular concrete based on

mechanical activation of the silica component, which allows optimizing the structure formation of aerated concrete.

BBenenune. KoHmemmust COBpPEMEHHOTO pPAa3BHTHS HAayJHO-DKCIIEPHMEHTAIBHBIX OCHOB B OOJIACTH
SMCHCTBIX GETOHOB — CHIDKGHHE IUIOTHOCTH 10 mapamerpoB 300-350 xr/m® [1, 2]. OxHako mis obecredeHus
HU3KOH IDIOTHOCTH HEOOXOIWMO YBEIHYUTH MOPHCTOCTH Marepuaia 10 85%, 4TO NMPHUBOAWT K CHIKCHHIO
mmoKaszaTeleii MpOoYHOCTH. PemieHue mpoOIEeMbl IMpeaycMaTpUBAcT TIyOOKHM aHAlU3 MPOLIECCOB CHHTE3a
CTPYKTYPOOOpa3oBaHusI.

JKCHepuMEHTANbHAS YaCTh. B X0/1¢ BBHINIOIHEHUS UCCIICAOBAHMS IPUMCHSITUCH CTaHIAPTHEBIC (DPU3UKO-
MEXaHUYECKUE U (PU3UKO-XMMHICCKHE METOJIbl UCCIICAOBAHMIA, & TAK)KE COBPEMEHHBIC METOIUKH UCCIICIOBAHHUS
nipu oMot PDA, 3neKTpoHHOI MUKPOCKOIINH, JTa3€PHOTO aHAJINU3aToOpa YaCTUIl U IPYTUX METOJIOB aHaIM3a.

Ha mavanpHOM »3Tame wWccienoBaHWS, OBUT MPOM3BEACH COBMECTHBI IOMOJ KBapIEBOTO IEcKa C
W3BECTHIO, B TMPHUCYTCTBUH H00aBKM TODA (TpHITaHONAMUH), C LENBI0 YIYYIICHHS KPUCTAJUIOXUMHYECKUX
XapaKTePUCTHK HOBOOOPA30BaHUI U CTPYKTYPBI MATPHYHOTO MaTepuaia sdercToro oberona. B pesynprate ObLIO
YCTAHOBJIEHO, YTO BBEJICHHE KBAPIEBOrO IECKA C BEIMUMHON yIEIbHOM MOBEPXHOCTH He MeHee 350 M°/r
CIIOCOOCTBYET IOBBILIEHHIO IPOYHOCTH SYEHCTOro OETOHA, BIMSET Ha MPOTEKAIONIME MPOLECCHI
CTPYKTYpOOOpa30BaHMs, CO3/aBas JIOKAJM30BAaHHBIC I[CHTPHl KPUCTAJUIM3AIUK M aKTHBHPYS MPOLECCHI
TBEPJCHHSI CHIPHEBON CMECH.

Ha cnenyromem 3Tame SKCIepHMEHTa pacCMaTpHBajach 3aMeHa YacTH KBapIEBOTO Iecka 30Jou. s
ATOr0, Ha HAYaJHLHOM dTare ObUT BBITIOJHEH CPaBHUTENBHBIN aHaM3 30J-yHoca Pedrurckoit [POC u OMckoit
TOC. bruto BeIsBIEHO, uTO PedrrHCcKas 307a obnagaer OombIIel MyHIoJaHOBOW aKTUBHOCTBIO, ueM OMcKad,
YTO CBHUJICTECIBCTBYET O TPUCYTCTBHM B 30JIaX-YHOCAa PEAKIMOHHO-CIIOCOOHBIX KOMIIOHEHTOB. JlJis
YCTAHOBJICHHUS TNPUYHMH IIOBBINICHHOW aKTUBHOCTH KOMIIOHCHTOB, OBUI HW3y4eH (ha3oBBIH  COCTaB
HOBOOOpa30BaHMI IEMEHTHOT'O KaMHs ¢ 30J10i-yHOca B kKonmuectBe 18% ot maccel nemenTa [3]. OTMeudeHo, 4yTo

BBCJICHHUC 30JI-yHOCA MO3BOJISICT YBCIUYNUTH KUMHCTUKY POCTAa U BCIIMYUHY IPOYHOCTH Ha CKATUC LCMCHTHOTI'O
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KaMHi. B TO ’xe Bpems, INpOYHOCTH OOPA3LOB, MW3TOTOBJICHHBIX C MHpUMEHEHHEM PedTHHCKOI 301bl,
npeoOiaiaeT HaJ MPOYHOCTHIO 00pPA3OB KOHTPOJBHOrO 0e330ibHOTO coctaBa Ha 32,1%, ¢ ImpUMEHEHHEM
Owmckotit 30151 Ha 7,8% cooTBEeTCTBEHHO [4].

B nmanpHeiimeM HcclenOBaHWM B KAadecTBE KPEMHE3EMHCTOTO KOMIIOHEHTAa OBUIM HCIOIBb30BaHBI
KBapIeBBIN Tecok W 3oma-yHoc Pedrmackoit 'POC. [l BBIABICHHS NPEHMYIIECTBEHHBIX XapaKTEPHCTUK
SIMENCTOOETOHHONM cMecH © OeToHa Oblla M3TOTOBJIEHA CEpPHsl COCTAaBOB C BapbHpPOBAaHWEM BHJIA
KpeMHe3eMUCTOro KommoHeHta (tabn. 1). OOpa3upl TrOTOBWINCH C COOJIOICHHEM TIOCTOSIHCTBA
TEXHOJNIOTMYECKHX I1apaMETPOB: JHUCIEPCHOCTH KPEMHE3EMHCTOro KommoseHTa (350-370 M°/r), pacxomsl
OCHOBHBIX KOMIIOHEHTOB, BOJOTBEPJIOE OTHOLICHHE, PEXHUM T'HIpOTepMalbHOM o00paborku. [lanee Oblan
3aUKCHPOBaHBI MTOKA3ATEIN BPEMEHH, H3MEHEHNSI 00beMa MPH BCITYYWBAHUH CHIPHEBOM CMECH W IIACTHIECKas

MIPOYHOCTH CHIPIIA.

Tabauya 1
Cocmagvl cmecu kpemHe3eMUcmo20 KOMROHEHMA
ChIpbeBble KOMIIOHEHTHI, %
Ne cocraBa

KBapuesslii mecok W3BecTh Heramenas 3ona-yHoca TOA
1 100 - - -
2 100 8 - -
3 100 8 - 0,02
4 82 - 18 -
5 82 8 18 -
6 82 8 18 0,02

B pesynbTare ucciieoBaHus ObUIO BBISIBICHO, YTO BBEICHUE IPU MEXaHOAKTUBALUH KPEMHE3EMHCTOTO
KOMITOHEHTa nHTeHcH(uKaropa moMoia — TOA He TONbKO OKa3bIBAET COJACHCTBHE MOBBIIICHUIO JHCIEPCHOCTH
KPEMHE3eMUCTOT0 KOMIIOHEHTA, YTO IOJIOKHUTEIBHO IPOSBISETCS HA IMPOYHOCTH OETOHA, HO M IMO3BOJISET
MOJYYUTh  ONTUMHU3MPOBAHHBIE  XapaKTEPUCTHKH  IOPOBOM  CTPYKTYpbl  ra3o0eTOHa, CTOMKOrO K
TPEIUHOOOPA30BAHHIO, C MAJIBIMU BHYTPECHHUMH HATIPSDKCHUSIMH.

PesynbTarsl. [1010XXUTETPHOE BIMSHUE MEXaHOXUMHUYCCKON aKTHBAIMH CMEIIAHHOTO KPEMHE3EMHUCTOTO
KOMIIOHCHTa JUarHOCTUPOBAHO HA TOBBINICHUH MPOYHOCTH KOHTJIOMEpAaTa IMOCJe aBTOKIABHON 00pabOTKH 10
penmuuHbl 3,5-3,8 Mlla.

C mnomoriplo  peHTreHo(a30BOr0  aHajiW3a YCTAHOBICHO, 4YTO MEXAHOAKTHUBALMS CMEIIAHHOTO
KPEMHE3eMUCTOT0 KOMIIOHEHTA MO3BOJISIET YCKOPUTD MPOLECCHI THAPOCUIUKATHOTO TBEPCHUS, C YMEHBILIECHUEM
KOJIMYEeCTBA HE CBA3aHHOTO B ruaparHsie (aszel kpemHesema [5]. Tlo Mepe yBeaHUYCHHUS] KOJUYECTBA THAPATHBIX
00pa3oBaHU W YMEHBIICHHS OOBEMa XHUIKOW (a3pl CO3MAIOTCS YCIOBHS IS (POPMHUPOBAHHS IMPOYHBIX
KPHUCTAJUTU3AI[IOHHBIX KOHTAKTOB CPACTaHUsL.

3a cyeT MOJHOTHI MPOTCKAHHS (U3UKO-XUMHYCCKUX MPOIECCOB IPH IOBBIIICHHOM JIABICHUH U
TemnepaType (GOPMHUPYIOTCS THAPOCUIMKATHBIC ()a3bl THIIA KCOHOTIUTA, YTO B KOHEYHOM WTOTE MPHUBEIET K
HW3MEHEHHIO eIlle OJHOr0 MapamMerpa — CHIKEHHE BIAXHOCTHBIX AedopMaliii NpU 3HAKOIEPEMEHHBIX

Iponeccax — BhICYIIMBAHUE-YBJIA)KHEHHUE.
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l'a300eToH, MONy4YEeHHBI HAa OCHOBE CMEIIAHHOTO KpPEMHE3eMa, HMMEET pa3BETBICHHOE II0POBOE
CTpOEHHE, C pa3MepaMH 1op B auamnasoHe ot 1,5 1o 4 MkM. ChopMupoBaHa MOHOIMCIIEPCHAS TOJINDIPUYECKast

CTPYKTYpa, yKIIaJbIlBacMasi B TeKCaroHAJILHYI0 Moaens (puc. | a).

Puc. 1. Cmpykmypupogannblii aueucmodemonnslili KOHeIOMepam: a) MOHOOUCNEPCHASI NOAUIOPUYECcKas

cmpykmypa, 6) Kpucmaiisl SMMPUHSUMONOO0OHbBIX COeOUHEHU

AHanu3 MHKPOCTPYKTYPBI TO3BOJISICT BBISBHTH €IIE OJHY OCOOCHHOCTh — IOPOBOE MPOCTPAHCTBO
MPEJCTaBIsICT COOOM CHCTEMHOEC CIUHCTBO. T.c. Ha TpAHHWIAX I[MOP U TBEPAOW MATPHUIBI (HOPMHUPYIOTCS
rugpatHeie  (aspl, KOTOpBIC IEPECEKAOT TOPY M CPacTaloTcsl ¢ O00pa30BaHUSIMH MPOTHBOIIOIOKCHHOU
MOBEPXHOCTH, YTO MO3BOJISIET PAcCMATPUBATh MOJYYCHHYIO CTPYKTYPY, HAHOAPMHUPOBAHHYIO COOCTBEHHBIMHU
rUJpaTHBIMU (Da3aMK IPU3MATHYECKOTO U UTOJILYATOrO CTPOCHHUSL.

3akiouenue. B pesyibraTe MNPOBENEHHBIX HCCIEAOBAHUN BBISABICHO, YTO MEXaHOXHUMHUYECKas
aKTHBAIMs U COCTaB KPEMHE3EMHCTOr0 KOMIIOHEHTa BBIMOJIHSIOT CTPYKTYpOOOpa3yollyl0 pojb B CHHTE3e
KPUCTaJUIOTUIPATOB, HAPSAY C IEMCHTHOW COCTABJISIONICH. Y CTAHOBJICHO YTO IO PE3yJIbTaTaM aKTHBAIlUH JIOJIS
YYACTBYIOIIETO B CHHTE3¢ HOBBIX THApAaTHBIX (a3 SiO, NBYXKpPaTHO BO3PACTacT, MPAKTUYCCKU ITOJHOCTHIO
Ca(OH), cBs3pIBacTCS B HOBBIC THIPOCHIIHKATHI.

Pa3pa6OTaHLI YCJI0BUSA U MOJYUYCHBI A4C€HUCTBIC OCTOHBI C HOBEIM TUIIOM KapKaCHbIX CTPYKTYP.
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3KCNEPUMEHTAJIBHBIE UCCJIEJJOBAHUSI ACDPAJIBTOBETOHOB HA YCTOMYHUBOCTH
K KOJIEEOBPA30OBAHUIO B JIABOPATOPHBIX YCJIOBHUSAX
B.C. Uypwmun, C.J1. Bekrac, A.3. Tpodhumon
Hayunslit pyKOBOANTENE: AOIEHT, KaH. TexH. HayK B.C. Uypmma
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EXPERIMENT RESEARCH OF RUTTING POTENTIAL HOT MIX ASPHALT
IN THE LABORATORY
V.S. Churilin, S.D. Bektasc, A.E. Trofimov
Scientific Supervisor: associate professor, candidate of engineering sciences V.S. Churilin
Tomsk State University um of Architecture and Building, Russia, Tomsk, Solyanaya Sq. 2, 634003

E-mail: bektas.spandiyar@bk.ru

Abstract. The article deals with the issue of road resistance of hot mix asphalt most used in the territory of southern

Kazakhstan. Experimental studies of rutting of hot mix asphalt been performed in the laboratory conditions in

accordance with the requirements of EN 12697-22 and the PNST 181-2019 valid in the Russian Federation.

BBenenne. Poct xonmuectBa aBToMoOwmiei 3a mocieqaue 10 et B Kazaxcrane mo mHGpOpMaIMmoHHON
kapte EBpomneiickoii sxonomugeckoit komuccru OOH [1] cocraBmsier 22 % . ITo craructuke Ha 2018 1. HA 1000
xuteneid mpuxogutcs 209 aBromoOwieir. C pocToM YHCIa aBTOMOOWIEH B T€OMETPUYECKOH IMPOTpecCHH
BO3pPAcTacT U CyMMAapHOE YHMCJIO NPHIOKEHUH HArpy3kd K TOYKE IOBEPXHOCTH MOKPHITHSA. DTO, B YAaCTHOCTH,
NPUBOJAUT K HWHTCHCUBHOMY YXY/IIICHHUIO TIONEPEYHOW POBHOCTH IOKPBITHS aBTOMOOWIBHOH J0OpOTrH
(KOJIEHHOCTH) U CHIDKEHHUIO 0€3011aCHOCTH JOPOKHOTO JBMXKEHUS [2, 3].

Hns HOxupIX parioHoB Kazaxcrana, e JIeTo TPOAODKUTEIRHOE, TEMIIEpaTypa BO3MyXa JAOCTHUTAaeT BBIIIE
40°C, a pacu€rHas TIOJIOKUTENIFHAS TEMIEpaTypa MOKPHITHA, YCTAaHOBICHHAS 10 MeToay «Superpavey [4], MoxeT
nocrurars 6osee 45 C. Tlpu 3t0ii Temneparype y OuTyMa 3HAUMTENBHO CHIKAETCsl MOAY b ynpyroctd [5], [loatomy
MOXKHO IIPEANOJIOKUTh, YTO K Haubosiee BO3MOXKHBIM MEXaHM3MaM KOJIeeoOpa3oBaHWs B OTUX palioHaX MOXKHO
OTHECTH IUIACTHYECKHUE JIe(hOpMAaIMH, BEI3BaHHbIE HEJIOCTATOUHON C/IBUTOYCTOHYNBOCTBIO acaibToOeTOHA.

JKcnepuMeHTAJbHAA YacTh. [y BBIOJHEHNS HCCIEIOBAHHUA yCTOWYMBOCTH K KOOJEeoOpa30BaHUIO
achanpToO0eTOHOB OBUTH MPHUTOTOBJICHBI cMecH Tuma b Ha 6utyme 100/130 ¢ mo6asnennem mo6aBok Elvaloy u
Butonal, xotopeie Hamboxee 4YacCTO MPUMEHSIOTCS MPH YCTPOWCTBE IOKPBHITHS aBTOMOOIIBHBIX JOPOT Ha
tepputopun HOxnoro Kazaxcrana. Acdanbro0eToHHasi CMECh IPUTOTOBIICHA B COOTBETCTBHUHU C JICHCTBYIOIINM
Ha Teppuropun Kazaxcrana 'OCT B mabopaTopHOM JIonacTHOM cMecutesie 00béMoM 10 30 utpoB. OTKpbITHE
1 3aKPBITHE KPBIIIKHA B CMECHUTEJIE OCYIIECTBIIACTCS aBTOMATHYECKH. bapabaH mMMeeT MOCTOSHHYIO CKOPOCTBH
nmepeMemuBaHus. BHyTpm 0apabaHa yCTaHOBIEHBI HAarpeBaTeNbHBIE 3JIEMEHTHI, KOTOPHIE IO3BOJIAIOT
BEIJIEP)KUBATh ONPEICICHHYIO TEMIIepaTypy.

Jlanee BBIMOJHSUIOCH YIUIOTHEHUE ac(abTo0eTOHHO# cMecu B (hopme pazmepamu 10,0 x 30,5 x 30,5 cm

Ha ycranoBke CRT-RC2S no ITHCT 185-2019 [6].
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[TpuroroBneHHbIN 00pa3eL-IIUTH YCTaHABIUBAJICS B HcIbITaTesbHYI0 MamnHy Wheel Tracker BO38 s
OLICHKH YCTOHYMBOCTH K KojieeoOpazoBaHuio acanbroberoHoB tuna b Ha Ooutyme 100/130 ¢ moGasnennem
no6asok Elvaloy u Butonal.

CymHOCTh METO/a 3aKIIF0YAETCs B MPOKATHIBAHUHM HATPY>KEHHOTO KOJIeca TI0 UCIBITYEMOMY 00pasily mpu
temrieparype (60 + 1) °C wm onpenmenennu TrtayOuHbl Kosen Tmocie 10000 [MKIOB HArpy3Ku
(20000 mpoxaThIBaHWH) HITH TIO JOCTHYKCHHUH TIpeeapbHoro 3HaueHus cornacuo I[THCT 181 —2019 [7].

PesyabraTel. Ha pucynke 1 mpencraBiieH pe3ysbTaT NPOBEIEHHOTO WCIBITAaHUS HAa YCTOWYMBOCTH K
kosiecoOpazoBanuio acganbroderona tuna b wa 6uryme BHJ] 100/130. [Ins kaxmoro tuma acdambToOeToHA
UCIIBITHIBAJIOCH 110 TpH 00pasua. [lorydeHHble pe3yabTaThl CBHIACTEIBCTBYIOT, 4TO 1ocie 500 IHUKIOB Harpy3Ku

rpaduk uMeeT TMHEHHYIO 3aBUCUMOCTh M COTJIACyeTCs C pe3yibTaTaMu [8].

[Rut Depth Graph
30+
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Puc. 1. Koneeobpasosanue acgparomodoemona mun b na oumyme BH/[ 100/130

Jns ananmu3a pe3ysibTaTOB HUCHBITAHMH Ha YCTOHYMBOCTH K KojieeoOpazoBaHuio B Tabiune 1
NIPEACTAaBICHBl CPEJHNE 3HAueHUs] TIyOuMHBI Kosien. Acdanbroberon tuma b na Omryme BHJI 100/130 c
npuMeHeHreM Mouduuupytomeii nobdasku Elvaloy 4170 mokasan ycToW4HMBOCTb K KOJI€EOOPO30BaHUIO ~ B 2
pa3za, yeM acanbTobeToH Tuna b Ha O6utyme BHJI 100/130. OgHako 3TH pe3ynbTaThl HOCSIT OTHOCHTEIbHBIH
XapakTep W HE MOTYT MPOTHO3MPOBATH PA3BUTHE KOJECH B MOKPHITHH B PEAJBHBIX YCIOBHIX HKCIUTyaTaIllH
aBTOMOOWJIbHOHM noporu. Tem He MEHee, BBINOJIHCHHBIC Ta0opaTopHble UCTIbITaHus 10 MeToxy EN 12697 — 22
[9] MO3BONAIOT OICHHUTH pa3iMuHbIe achaabTOOCTOHBI MEXIY COOOW W YCTAaHOBHTH HamOoJee YCTOWYMBBIA K
KoJIeeoOpa30BaHUIO MaTEepHalL.

3akmiouenne. [lo pesynbTaraM SKCIEPUMEHTAJIBHBIX HCCIICIOBAHUM MOXHO MPEANOJIOXKHUTh O
TIOBBILIEHUH >KECTKOCTH OUTYyMa, MPUTOTOBJICHHOI'O C NMPUMEHEHHEM MOAM(PHULIMPYIOUIUX J100aBOK, KOTOpBIC
OKa3bIBAIOT BJIMSIHME Ha pa3BuTHe Kosen. Kpome Ttoro, s FOxHbIX palionoB Kaszaxcrana mpu ycrpoiicTse
nokpeiTuit THMa b Ha Omtyme BHJ] 100/130 cnemyer mpumensaTh Moauduuupyoomue Mo0aBKH, KOTOPHIC
MPOMTIAT CPOK CHYXKOBI TOKPBITHH aBTOMOOWJIBHBIX JIOPOTH 3a CUYET MEHBIIEH BENWYMHBI [eTpatalliy
TIOTIePEYHON POBHOCTH.

Tabnuya 1

P€3y.7lbmambl IKCNepUmMernmaibHblX uccnedo8anuil PasiudHblx vaba]lbm06€mOH06 Ha KOﬂeeO6pa306‘aHM€

AcdanbTobeToH Tun b
BHJ 100/130 | BHJT 100/130 + Elvaloy 4170 | BHJI 100/130 + Butonal NS 198
I'myOuHa xoyiee B MM
1 000 2,32 0,94 1,36
2 000 2,99 1,23 1,84

Huxsr
poxoJa Kojeca
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Ipooonscenue Tabruyal

3000 3,56 1,46 2,23
4 000 4,07 1,64 2,55
5000 4,56 1,79 2,84
6 000 5,01 1,93 3,10
7000 5,44 2,04 3,32
8 000 5,87 2,12 3,53
9 000 6,26 2,20 3,71
10 000 6,63 2,27 3,86
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HUCCJIIEJOBAHUE BJIUSAHUSA OPUEHTUPOBAHHOI'O OPTOTPOITHOI'O KOMIIOHEHTA
B BUJIE CTAJIbHBIX IIPYKWUH HA IPOYHOCTHBIE CBOMCTBA
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RESEARCH OF INFLUENCE OF THE ORIENTED ORTHOTROPIC COMPONENT IN THE FORM
OF STEEL SPRINGS ON STRENGTH THE PROPERTIES OF CEMENT COMPOSITES
0.S. Bochkareva, M.A. Melin, E.S. Biryukov
Scientific Supervisor: PhD, G.A. Zimakova
Industrial University of Tyumen, Russia, Tyumen, Volodarskogo str., 38, 625000

E-mail: bochkarevaos@tyuiu.ru

Abstract. Presented the results of studying the influence of the oriented orthotropic component in the form of
steel springs on the mechanical properties of concrete. The result of studies is that using oriented orthotropic

component in the form of steel springs can increase the bending tensile strength of concrete composites.

BBenenue. 3ansaB muaupyroniie mo3unuu B XX Beke OeroH M B XXI ocraeTcs omHUM U3 Hambojee
MEPCIICKTUBHBIX KOHCTPYKIIMOHHBIX CTPOUTEIHHBIX MATCPHUATIOB. MHOTOYHCIICHHBIC UCCIICIOBAHUS POCCUHCKUX
U 3apyOC)KHBIX YYCHBIX HAIMpPABIICHBI HA IOBBINICHUE JKCILTYyaTAI[HOHHO-TEXHHMYECKHX CBOWCTB I[EMEHTHBIX
KOMITO3UTOB 3a CYET ONTUMH3alMH HMX COCTaBa W CTPYKTypbl. Cpean pa3iuyHbIX CIIOCOOOB YIpPaBIICHUS
CTPYKTYpOOOpa30BaHMEM MOXHO BBIJIEJINTh: Ha MHKPOYPOBHE — IPUMEHEHHE J00aBOK XHMHYECKOTO U
MHUHEPAIbHOIO TUIA, Ha MAKPOYPOBHE — BBE/ICHHE B COCTAB JIOMOJHHUTEIbHBIX KOMIIOHEHTOB C XapaKTEPHBIMH
pa3Mepami MopsKa CaHTUMETPOB. B KadyecTBe TaKMX KOMIIOHEHTOB MOTYT BBICTYIATh BBICOKOMOJYJIbHbBIE
JHCTIEpCHO-apMUpYIoIIHe BojokHa (Guopsl) [1-3], HU3KOMOAYIBHEIE NeMITHUPYIOIIHe BKIIOYeHU [4].

B psny aucrnepcHO-apMHPYIOIIMX KOMIOHEHTOB OCOOBI MHTEpEC NPEJCTaBISIOT CTaybHblE (GUOpHI,
MOJyJb yINPYTOCTH KOTOPBIX 3HAYUTENBHO MPEBBINIACT MOJYJIb YHOPYrOCTH LEMCHTHOW MATpPUIBL
O¢dexTuBHOCTD paboThl cranedpudpoOeTOHa OnpeesieTcs CHIaMy CIEIUICHHsT Ha rpaHule pasjena «dudpa —
LIEMCHTHBIA KaMEHb». B CBSI3M C 3TUM aKTyallbHBIM SBJISICTCS BOIIPOC TOBBIMICHHUS aHKEPYIOIMIEH CIIOCOOHOCTH
CTalmbHBIX (pubp. DTy mpobieMy HCClIeOBATENH NPEAaraloT PElIUTh MyTeM H3MEHEHHS TeOMETPHUYECKIX
napamerpoB (aHKepbl Ha KOHIAX, [IEPOXOBATOCTh ITOBEPXHOCTH) BBOJMMBIX BOJIOKOH. IIpoBezeHHbIE
HCCIleoBaHuA [5] ¢ TNpUMEHEHHEM JHHEHHOW CTaabHON (HOpOBOWM apMaTypsl C 3allellaMd Ha KOHIIAX HE
MO3BOJIMIIM THarHOCTUPOBATh 3HAYUTEIBHOIO MPUPOCTA MPOYHOCTHBIX XapaKTePUCTHK KOMIIO3HTA, B MPOLEcce
UCTBITAHHS HAOJIFOIAT0Ch BBIICPTUBAHIE (UOP U3 MATPHUIIBL.

B pamkax pemeHuss 0003HA4EHHOH NPOOJIEMBI OBLT TPEIUIOKEH OPTOTPONHBIA KOMIIOHEHT B BHJE
CTaNbHBIX NpyXHH. KoHdurypamms naHHOrO KOMIIOHEHTa OOECIIEYHMBAET €ro BBICOKYIO aHKEPYIOIIYIO

CIIOCOOHOCTH B 6€TOHe, 1 TIO3BOJIACT IMPOSABUTH PA3JTIUYHBIC CBOMCTBa B JABYX B3aUMHO NECPHCHAUKYIIAPHBIX
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HATIPABJICHUSAX: BJIOJIb MPYXHHBI KOMIIOHCHT paboTaeT Kak JeMmIidep, MOMepeKk — KaK KCCTKHH TUCIICPCHO-
apMUpPYIOIIKA 3yeMeHT. B naHHOW pa®oTe BBINOJIHEHA OIICHKA MPOYHOCTHBIX IIOKAa3aTeNed IIEMEHTHOTO
KOMIIO3HTa C OPHEHTHPOBAHHBIM OPTOTPOITHEIM KOMIIOHEHTOM, MOAN(HUIIIPOBAHHOTO CYTIEPIDIACTH(HHKATOPOM.

JKcnepuMeHTAJbHAA 4YacThb. /(I cpaBHEHHMS OBUIM W3y4YeHBI MPOYHOCTHBIE XapaKTEPHCTHUKH 4
CcOCTaBOB OeTOHAa ¢ MPUMEHEHWEM JIMHEHHOW cTainbHOW (GuOpPH, (pe3epoBaHHON M3 CTAIBHOTO JHCTA H
nMeromei OTTHOR Ha KOHIIAX M OPTOTPOITHBIM KOMITIOHEHTOM B BHJIE CTAJNBHBIX HPYKUH C UX MPOU3BOIBHBIM H
OpUEHTHPOBAHHBEIM paclpe/iejicHueM. B kadecTBe Marpuibl Obljla HKCIONB30BaHA CAMOYILUIOTHSIOLIASICS
MEJKO3epHHCTasl OeTOHHas cMech. B ponm n00aBku OBLT NMPUMEHEH CYNEPIUIACTU(HKATOP HA OCHOBE
nonukapookcmwiatoB Sika ViscoCrete-5-600 B mo3upoBke 1% ot pacxona mementa. @opmoBaHue 00pa3IoB
mpm3M  7x7x28cM. B Ciydae OpPHEHTHPOBAHHOTO pacupeaeieHuss (GuOp WM MpYyXHH OCYIIECTBILUIOCH
CIEIYIONMM 00pa3oM: cHadana B ()OpMy YKJIaIBIBAJICS CIIOH CaMOYIUIOTHSIOMICHCS METKO3EPHUCTOH OETOHHOM
CMeCH, 3aTeM B YeTHIpE psa B IIaXMaTHOM MOPSIKE OPUEHTHPOBAHHO BIONb [UIMHBI MPHU3MEI IPOHU3BOANIACH
yKJaaka ¢puop Win Npy>XHWH, aHATOTHYHBEIM 00pa30M B 00IIeH CII0)KHOCTH MPOU3BOIIIIACH YKIIaIKa 4 CIIOEB.

OOpa3ipl  KCHBITHIBATHCE B 28-CYTOYHOM BO3pACcTe, TBEPIACHHE MPOUCXOAWIO B HOPMAJIBbHO-
BJIQXKHOCTHBIX YCJIOBUSIX. KOHTpONHMpYeMBIMU TapamMeTpaMH SBJSUIMCH IIOKa3aTeNd Mpeaelia MPOYHOCTH Ha
cxarue (MpU3MeHHas MPOYHOCTB) M PACTSHKEHUE MPH U3ruoe.

PesyanaTu. H3menenne MPOYHOCTHBIX NMMAPAMETPOB U3YUCHHBIX COCTABOB NPCACTABICHO Ha PUCYHKE 1.

R, MIIa 60

50,4 SLS 50.8
50

44,1

40

30

20

7.82 8.78
10 14 5.95

1 2 3 4 Coctas
Rex Rusr

Puc. 1. Juacpamma noxaszamenei npedena npouHOCmu Ha cocamue (RPU3MEHHAs RPOYHOCG),

pacmsdiceHue npu uzeube

HcnpiTaHuIo IOBEPTraliuCh CICTYIONINE COCTABBI:

1 — ¢ MPOM3BOIBHBIM pacmpeeieHueM JIMHEHHOW cTanbHON (GUOPHI, Ppe3epoBaHHON U3 CTAIHHOTO JTUCTA
U UMEIOIIEH OTrUObI Ha KOHIIAX;

2 — C OPUEHTHPOBAHHBIM pachpeelieHueM JTHHEHHON CTabHON (UOpHI, ppe3epoBaHHONW U3 CTAILHOTO

JINCTA ¥ UMEIOIIEN OTrHOBI Ha KOHIIAX;
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3 — ¢ IPOU3BOJBHEIM PaCIPEICICHUEM OPTOTPOITHOTO KOMIIOHEHTA B BUJIC CTAJBHBIX IPYKUH;

4 — c OpUCHTUPOBAHHBIM PACIIPEIICIICHUEM OPTOTPOITHOTO KOMIIOHEHTA B BUE CTAJBHBIX MPYKUH;

CorylacHO TOJY4YEHHBIM pPe3yJibTaTaM OPHEHTHPOBAHHOE BJOJIb JUIMHBI HPU3MbBI paclpeieieHHe Kak
(GuOpBI, TaK U OPTOTPOITHOIO KOMIIOHEHTA B BHE MPYKHUH MPUBOIMUT K CHMYKEHHIO TIPU3MEHHOM MPOYHOCTH Ha
C)KaTHe 10 CPABHEHHIO C TIPOU3BOJIBHBIM pacTpe/iesiecHneM. DTO 0OBSICHIETCS BOBICUEHHEM B pabOTy OOJIBIIETO
o0bemMa OeTOHA TIPY XaOTHYHOM pachpeelieHud Kak GuOphI, TAK U OPTOTPOITHOTO KOMITOHEHTa. [IpoYHOCTh Ha
paCTsDKCHHE MPH M3TU0e IS COCTaBa C OPUCHTUPOBAHHBIM BJIOJb JUTHHBI IIPU3MBI OPTOTPOITHBIM KOMIIOHCHTOM
B BHJC MPYXHH npeBanupyeT Ha 48% MO CpaBHEHHIO C MPOU3BOJBHBIM pacnpeaeicHueM. s coctaBa ¢
JIUHEWHOW CTalbHOW (UOPOW NAHHBIA MMOKAa3aTelb NPU OPUCHTUPOBAHHOM PACIPEACICHUU TI0 CPAaBHEHHIO C
MIPOU3BOJIFHBIM TpeBbImaeT Ha 9,5%. Dddexr ynmpouHeHHs B 3HAUMTEILHOW MeEpe 3aBHCHT OT XapakTepa
CLEIUICHHST  BBOJMMBIX  KOMIIOHEHTOB C OCTOHHOH  MaTpHIICH. Cuneprerudeckoe  jeiicTBue
cynepriactuukaTopa 1 OpUSHTUPOBAHHOTO OPTOTPOITHOI'O KOMIIOHEHTA B BU/IE CTAJbHBIX HPYKHH [TO3BOJISET
MOJYYUTh BBICOKHE MTOKA3aTeNIM MPOYHOCTH Ha PACTSIKEHUE NPU U3rHOe.

3akuwdenne. B pesynbTare MpPOBEACHHBIX HCCICIOBAHUN OBLIO BBISBICHO, YTO KOH(HUIypalus
APMUPYIOIIET0 KOMIIOHEHTA WIPAacT CYIICCTBEHHYIO pOJb B (POPMHPOBAHHH IPOYHOCTHBIX XAPaKTEPHUCTHUK
LEMCHTHBIX KOMIIO3HUTOB. [IpHMEHEHHE OpPUEHTHPOBAHHOI'O OPTOTPOIHOTO KOMIIOHCHTa B BHAC CTaJbHBIX
MPYXUH TMO3BOJIJIO JUATHOCTUPOBATh 3HAYMTEIBHOE IOBBINICHAE MPOYHOCTH HA PACTSDKCHHE IPH HM3THOe

MEJIKO3EPHHUCTOTO OeTOoHA.
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PACUYET U AHAJIU3 CE3OHHOI'O XOJIA TEMIIEPATYPbI B KOHTAKTHOM 30HE
OBJIMIIOBOYHOI'O CJIOSI U 3ABYTOBKH INOCJIE BOCCTAHOBJIEHUSI OI'PAKJIAIOLIENA
KOHCTPYKIIMH
A.A. beikos, JI.I". Tloptasirun, E.E. 16e
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CALCULATION AND ANALYSIS OF THE SEASONAL COURSE OF TEMPERATURE IN THE
CONTACT ZONE OF THE FACING LAYER AND BACKFILL AFTER THE RESTORATION OF
THE ENCLOSING STRUCTURE
A. A. Bykov, D. G. Portnyagin, E. E. Ibe
Scientific Supervisor: docent, Ph.D. in Technology G.N. Shibaeva
Khakass technical Institute - branch «Siberian Federal University», Russia, Abakan, Shchetinkina str., 27, 655017

E-mail: bikov_andrei98@mail.ru

Abstract. In article results of mathematical modelling of distribution of a thermal field in an external brick wall
with the facing verst attached by means of metal anchors are resulted. Calculation is executed depending on
change of temperature of external air in software package Elcut. Settlement occurrence of a local zone of the
lowered temperatures near to an anchor of fastening of facing verst in which the material of a wall tests a lot of
cycles of alternate freezing and thawing is by established. In turn, it negatively affects durability of fixture and

occurrence of cold bridges.

BBenenne. Ha 00bekTax, BO3BEACHHBIX C UCIIOIB30BAHUEM TEXHOJIOTHH CIOUCTHIX KIAJIOK C OOJIHIIOBKOM
KHPIIMYOM, uepe3 3-5 JeT dKCIulyaraluyd BO3MOXKHO TMPOSBICHHS Ae(EKTOB M MOBPEKICHHUN: BEPTUKAIbHbBIC
TPELIMHBI B JMIEBOM CIIO€ KJIaKH, pa3pyLICHHs] KUPIIHYEH JUIEBOTO CJIO0sl B YPOBHE IUTUT MEPEKPHITUI U TaXe
0oOpyIIeHUs] yJ4acTKOB KUPIMUYHOW oOymioBku [1]. B OoNBIIMHCTBE Cily4aeB K BO3HUKHOBEHHUIO aBapUHHBIX
CUTYyallMi MPHUBEIN ONIMOKHU, JOMYIICHHBIC HA CTAJUU MPOCKTHPOBAHUS WIH CTPOUTEIHCTBA. B OCHOBHOM ke
MPUYMHAMYU Pa3BUTHs JICCTPYKTUBHBIX MPOIIECCOB B HAPYKHOW YACTH KJIAJKU SIBHJICS KOMIUIEKC MPOOIeM:
rpyOble HAPYIICHUS TEXHOJOTHMH YCTPOWCTBA CTEH B COYETAHHMH C OIIMOKAMH MPOCKTUPOBAHHS M 3a4aCTYIO C
HU3KHUM Ka4eCTBOM CTPOUTENEHBIX MATECPUAIIOB.

ABTOpamu [2] OTMEUYEHO, YTO BEPOSTHOCTh 00Pa30BaHUS BEPTHKAIBHBIX TPEIIUH MOXKET ObITh CHHKCHA
MyTeM YCTPOWCTBA BEPTUKAIBHBIX TEMIEPATypHBIX Ae(OPMALMOHHBIX IIBOB, & TaKXe MOMOJHUTEIHLHOIO
YCHJICHUsI KJIaIKU OOJIHMIIOBKY Ha yriiaX 37aHHi U B 30HE OKOHHBIX IPOEMOB IIyTEM YCTaHOBKHU JIOTIOJHHUTEIbHBIX
JJIEMEHTOB apMHUPOBAaHUS M TMOKUX cBsi3edl. OHAKO, IPH ITOM JIOCKOHAIBLHO HE M3y4eH BOIPOC 00pa3oBaHUs
MOCTHKOB XOJIOJIa Yepe3 AIEMEHThHI aPMUPOBAHUSI U TUOKUE CBSI3H.

OCHOBHOY TENTBIO PAOOTHI SBISACTCS MATEMATHUECKOE MOJICIIMPOBAHUE PACIIPEICIICHUS TEIJIOBOTO MOJIS B
HAPY)KHOW KHPIUYHOW CTCHE C METAJUIMYCCKOH AHKEPOBKOW OOJMIIOBOYHOW BEPCTHI B 3aBUCHMOCTH OT

M3MEHEHMs TeMIIepaTypHBIN MapaMeTpoB Hapy>KHOTO BO31yXa.
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JKcnepuMeHTaIbHAS 9acTh. OOBEKT 00CICIOBAHMS NPEACTABISIET COO0H MHOTO3TaXKHBIH KON JIOM
ciioxHO# (opmbl B munaHe. CTpouTensbcTBO Besock B mepuos ¢ 1994 mo 1996 rr. 3paHue MMeeT CTEHOBYIO
KOHCTPYKTUBHYIO CXEMY, MaTepHal CTeH — KHpPHOUY KepaMH4YeCKH Ha I[eMEHTHO-TIECYaHOM pacTBOpE.
KoncTpykuusi cTeHBI B pa3pese: Kianka w3 Kuprnuda pspoBoro 510 mMMm; HapyxkHas oONHMIIOBOYHAs BepcTa —
KepaMU4EeCKUN OAMHAPHBIA KUPHHY. THIT IEPEBA3KH — IETTHAS.

B xo7€e crutomHoOro BU3yaabHOTo 00CIIeTOBaHHUS OBUIO BBISBICHO, YTO YIaCTOK OOJIMIIOBOYHOM BEpCTHI HA
103KHOM (hacazie MIomanpio 25 M” moyum e OpMaIii OTCIOCHHS. B mocie1yromeM IpoU30IIo 06pyIIeH e
aBapUIHOTO y4yacTKa BEPCTHI BCIICJCTBHE €€ OTCIOCHHS OT OCHOBHOM KJIagKu CTeH. B pamkax mpoBemeHuUs
BOCCTAHOBJICHUSI OOJIMIIOBOYHOHW BEPCTHI OBIIM BBIIOJHEHBI pPabOThl 1O €€ 3aKpeIUICHHIO. 3aKperieHUE
HapY>KHOTO CIJIOSI BHITIONIHEHO B BHE IOSICOB C ITOMOINBIO CTAJbHBIX aHKEPOB M3 apMaTyphl HEPHOIIYECKOTO
npoduns d10 mMm, kmace AIIl (puc. 1). Jnmaa kaxknoro crepxHs coctaBiusier 400 MMm. AHkepa 3a0UTHI B
mIaxMaTHOM mopsake Ha rinyomny 350-370 mM, T.e. oOpasys koHcoms 30-50 mm. Mecra ycTpoWCTBa TOSICOB

OTIpe/IeNICHbI Ha OCHOBE T€0IC3NUECKOM ChEMKH [2].
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Puc. 1. llpunyunuanvhas cxema ycmpoucmea noscos, 3aKkpenienust Kiaoxku [2]

Pe3yabTaTnsl. MOIHOCTH TIOTOKOB TEIUIOTHI Yepe3 Ka)I0€ TEIIOMPOBOTIHOE BKIIFOUCHHUE OMPEICIICHBI C
MMOMOIIBI0 pacyeTa TEMIEpPATYPHBIX MMoJiei B mporpaMmHoM komiuiekce Elcut (puc. 2). 3amaHbsl rpaHUYHBIC
ycnoBus Aiis T. AGakaHa peciyOauKy Xakacusi.

VYCTaHOBIIEHO, YTO HAIMYME METAUIMYECKOro aHKepa MPHBOAUT K CYHIECTBEHHOMY H3MEHEHHIO
TEMIIEPaTYpbl U BIAXHOCTH. JlaHHBIM pe3ynbTaT CBA3aH C TEM, YTO B OOJIACTH KPEIUICHHS METAJUINYECKOro
aHKepa Pe3KO CHMXKACTCS TEIIOBOE CONMPOTHBJICHHUE, YTO B CBOIO OYepe/lb MIPUBOJMUT K TOBBIIICHHIO TEILIOBOTO
MOTOKa M, KaK CIEICTBUE, K CHIDKCHUIO TEMIIEPaTypbl BHYTPEHHEH MOBEPXHOCTH OTPAXKIAIONIEH KOHCTPYKIIHH.
B cBorw ouepeapr MOXKHO CHENaTh BBIBOJ, YTO 3TO BEIET 32 COOOM CHM)KEHHC MapLIUAIBLHOTO JaBICHUS
HACBIIIEHHOT'O BOJSHOTO Mapa U, CJICJ0BATEIILHO, MOBBIIICHUE OTHOCUTEIBHOM BIaXXHOCTH. JlaHHBIN pe3ynbTar
OBUT TONYYCH [UIS CTAIlMOHAPHBIX YCJIOBUA. B pealbHOCTH KJIMMATHYCCKHE XAPAaKTEPUCTHKH IOCTOSHHO
U3MEHSIOTCS, YTO NPUBOJUT K KOJCOAHWSIM TEMIICPATYPHBIX M BIAXKHOCTHBIX moyied. B cBow ouepenp,
XapaKkTepHble BpEMEHa pellaKCalldH Ui TeMIIepaTypHbIX MOJeH BBIIIEC HA MOPSIOK, YeM ISl BIAKHOCTHBIX
nosteli [3]. CrnemoBarenbHO, TPU PE3KOM TMOHIKEHUH TEMIIEPATyphl TNPOHM3OUIET CMEIIEHHE H30TepPM B
HANpaBJICHUH K BHYTPEHHEW MOBEPXHOCTH CTEHBI, a BIAKHOCTHBIE TOJISI Oy/AyT 3ama3[biBaTh, YTO MPUBEIET K

TOBBIIICHUIO BEPOATHOCTHU BbINIAACHUSA KOHACHCATA.
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Puc. 2. Ilone epaouenma memnepamypsi HAPYHCHOU CMEHbL C 80CCMAHOBIEHHOU 00IUYOBOUHOU 8epPCOl

AHanu3upysi TOJIyY4CHHBIC PE3YJIbTaThl, MOXEM CJENaTh BBIBOJ 4YTO TCIUIOBOH TOTOK HJACT IO
PaCTBOPHOMY IIIBY, @ BMECTE C HMM MUTpAIHsl KAMMUIIPHOH BlIaru (0COOCHHO XapaKTepHO YIS 0CO00 BIaKHBIX
MTOMEIICHUH) U B 00JIACTH MPUMBIKaHHS OOIHMIIOBOYHOM BEPCTHI K HECYIICH YacTh pacHpeelsieTCs O PacTBOpY.
[Ipu sTOM C KanmwUIAPHOH BIAroi BBIHOCATCS W MUHEpaNbHBIE colu pacTBopa. COOTBETCTBEHHO €CIH
LIEMEHTHBIH KaMEHb TEepsSeT 3TH BOJOPACTBOPMMBIE MHHEPAJbHBIC COJM, Y HEr0 HAuYMHAET MPOUCXOIHTH
KOppO3WsI IIEMEHTHOTO KaMHS W pacTBOp B JAHHOM MECTE€ IMOCTEIICHHO pPa3pylIaeTcs, YTO M MPOM30LUIO0 B
oOclieryeMol cTeHe.

3akiaiouenne. Ha OCHOBaHMHU BBIIEHU3IIOKEHHOTO MOXXHO CJAEJaTh BBIBOJ, YTO MPOEKTUPOBAHUE
OTPKAAIONINX KOHCTPYKIMH 1O CYIISCTBYIOIIMM HOpPMaM HE SBISCTCA O€3yCJIOBHOW TrapaHTHEH UX
9KCIUTYaTalMOHHOW HAJIC)KHOCTH, a OTCYTCTBUE HA CTAJHMU MPOCKTUPOBAHUS MOJCIMPOBAHUS CTAI[MOHAPHBIX U
HECTAIMOHAPHBIX TEIUIO-BIAXKHOCTHBIX MPOIECCOB, MPOTEKAONINX B KOHCTPYKIUAX BO BPeMsI IKCIUTyaTalllH, C
Y4€TOM KIMMAaTHYECKHX OCOOCHHOCTEH palfOHAa CTPOWTENBCTBA NMPUBOIUT K YMEHBIICHHIO IOJTOBEYHOCTH,
YBEIMYCHUIO TEIUIOTIOTEPs U K IPEKICBPEMEHHOMY CTApEHHIO KOHCTPYKUWH. Ilpn MOHMKEHWH TeMmIeparypbl
OKpY>KaloIIeH cpelbl OBBIIIACTCS BIAKHOCTE B 00JIACTH OOJIMIIOBOYHON BEPCTHI, T.€. HA TOBEPXHOCTH pa3iena

(1)213 <<O6JII/IHOBO‘IHaSI BepCTa-336yTOBKa». ITtoT nmpouecc ycyFy6J'ISIeTC$I HaJIMYMCM METAJUIMYCCKUX aHKEPOB.
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ANALYSIS OF DEFORMATION OF REINFORCED CONCRETE BEAMS ON
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Abstract. The paper presents the outcomes of theoretical studies of RC beam structures on yielding supports
subjected to thrust under short-term dynamic loading. The influence of thrust on the strength, deformation
property and crack resistance of RC structures under short-term dynamic loading was investigated. The
combined use of flexible bearings and the restriction of horizontal displacement of the support contour were also
considered in the study. Research results testify on the positive outcome when flexible bearings are applied in

the structures subjected to thrust.

BBenenne. 31anus 1 COOPY>KEHUS TI0JIBEPKEHHBIE KPATKOBPEMEHHBIM JIMHAMHYECKUM Harpy3kaM UMEIOT B
CBOEM COCTaBE CTATHYECKH HEOIpeIeTIMMbIe KOHCTPYKINH, C CBS3M C YeM BO3HHKAET PEaKIHs pacropa B MpoIecce
nedopmupoBaans. DpQeEKT pacmopa HEOAHO3HAYEH, C OJHOH CTOPOHBI YBEIHYEHHE >KECTKOCTH TPUBOIAWNT K
YBETMYIEHHS HecyIel clocCOOHOCTH, € IPYTroil CTOPOHBI K YMEHBIICHHE ITaCTHIeCKON paboThl KOHCTPYKIWH [1, 4].

C menpi0 TOBBIIICHWE B3PHIBOOE3ONMACHOCTH 3AaHHMH M COOPYKEHHH YacTO MPHUMEHSIOT DPa3UYHBIC
YCTPOWCTBA 3aIIMTHI (racuTeau Kojiebanui, nemmndepsl, moaatiuseie onopsl). CymecTByonme padbots [1-3] mo
9KCIIEPUMEHTAILHO-TEOPETHYECKUM HCCIICOBAHHUSAM I10 IMPUMEHEHUIO MOJATIMBBIX ONOP CBUICTEIBCTBYIOT O
nx 3¢ ¢GeKTHBHOCTH paboThl B yNpyrol M ympyromiactuueckoil craamu. OJIHAKO IpU Iepexoje B CTaHI0
OTBEpJEHUS MOJATIUBBIX OMOP, MPOUCXOIUT PE3KUN POCT MHEPIIMOHHBIX CHJI, OTPHUIIATEIFHO CKA3bIBAIOIIUXCS
HAa IIEJIOCTHOCTH KOHCTPYKIINH.

Bomnpoc onTEMu3anuu mapaMeTpoB IOAATIMBEIX OIOP B CTATHYECKH HEONPEIENUMBIX CHCTEMaX IPH
KPaTKOBPEMEHHOM IHHAMHYECKOM HATPYXXCHHW SBIACTCS 3aJadeldl HOBOHM, akKTyalbHOH H TpeOyromen
JIETAIILHOTO W3y4YEHUSI.

Metoabl ucciaenoBanus. C 1enpio OUEHKH 3(GQEKTHBHOCTH INPUMEHEHHs IOJATIMBBIX ONOp Ha
xKeJae300eToHHbIe 0anKH, padoTalolMe B YCIOBHMHM OTPAaHMYEHHOTO TOPH30HTAIBHOTO CMELIEHHs OIIOPHOTo
ceyeHusi, Oan pa3paboTaH METOJ pacyera. pacCMOTPEHa OJHOIIPOJIETHAs Kele300eToHHasi Oajika ¢ pacropoM

(puc. 1.a), umerommas ynpyryoo BEpTHKAIbHYIO MOJATINBOCTE 3arpyKeHHAs, PABHOMEPHO PacIpeaeneéHHo 1Mo
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MPOJIETY KPAaTKOBPEMEHHOH JWHaMUYeckor Harpy3kod Buma p(t)= p(l1—-t/6) (puc. 1.6), tne 6 — Bpems

JeHCTBUS HATPY3KH, p — MAaKCUMaJIbHOE 3HAYCHHUE HATPY3KH, ! — TEKYIIHH MOMEHT BPEMCHH.

0)

FEEEEEEEEEEEEEREEEEREN P
0 IR T —————r—r i U H
—b» |

a)

a4

u

\:: o)
1 | Ac

Puc. 1. Pacuemnas cxema dicenesobemonnoui 6aiKu ¢ pacnopom Ha ROOAMIUEbIX Onopax (a),

3AKOH U3MEHEHUs. KPAMKOBPEeMEHHOU OuHamuuecko Hazpysxu (0)

[Ipu pacuere KOHCTPYKIMI B YIPYroi CTaJiuy OCHOBHOE 3HAaUCHHE UMEET KOI(PHUINEHT TMHAMUYHOCTH

K WIA MaKCHMallbHas BeNMWYMHA (YHKIMHA IUHAMHYHOCTH 7'(f), KOTOpas ONMCHIBaeT IEpEeMEIICHHE

d,el
KOHCTPYKIIMM BO BPEMCHHU. Hﬂﬂ €C OonpeacJICHUA IMOJTYYCHO YPABHCHHUC JIBUKCHUA 0ajJKyM Ha OCHOBAHUHU
NpUHIOUIIA BO3MOKHBIX HepeMemeHI/H‘/i, H3 YCJIOBHA PABCHCTBA HYIIIO pa60T BCEX HeﬁcTByIOHIHX CHJI Ha

BO3MOXHBIX TiepeMemeHusX. [Ipu 3Tom yduThiBaeTcs pabota cui wHepumu (ma) u pacnopa (H(t)) Ha

COOTBETCTBYIOMINX NEPEMECICHUAX

1 1 1 2
j p(t)S ydx —jM yydx—2H (£)0A — j m(%} Sydx =0 (1
0 0 0

[Tpounterpuposas BbipaxkeHHe (1) MOIyYyHM ypaBHEHHE TMHAMHYECKOTO PABHOBECHS YCJIOBHO YIPYToOif
Keae300eTOHHOM OaJikh ¢ pacrnopoM Ha MOJATIAMBBIX ONOpax Ha OCHOBAaHWMM IPUHLMUIA BO3MOXKHBIX

TepeMeIleHUN U UMEET BUJIL:

2

d
?T(fﬂT(f)kl +ao/T(t) =] f(1) 2)
PesymbraToM pemieHUs ypaBHEHHS TUHAMHUYECKOTO paBHOBECHS (2) SBISIFOTCS BBIPAKCHUS UIA

k03¢ UIMeHTOB JuHaMu4HOCTH K, , !

o't —0
K,,= sin(JaJI2 +kt, m)A1 +cos(\/a)12 +kt, m)B1 —M 3)
' ' ' (o) +k)
Kdﬂ = sin(\/a)l2 +k tz)mm)A2 + cos(qlwf +k by o )82 4)

®opmyity (3) MOXKHO MPUMEHATH NP £ <6, T.. KOIJa HArpy3Ka MPOJOJIKAET NEHCTBOBATH MOCIIE

JOCTIDKEHISI MAKCUMAITBHBIX MTEPEMEIIEHH, B IPOTUBHOM CITydae HCIOIB3yeTcs popmyna (4).
PesyabTaTrsl. Ha ocHoBanmm mpemmokeHHBIX 3aBucuMocTedl (3) u (4) MOCTpOEHBI AWArpaMMEI,

OTpaXaromue M3MCHCHHUC KO3(1)(1)I/IIII/IGHT3 JAUWHAMUYHOCTU OT IapaMeTpa 0l JJIA ’KeJ1e300€TOHHOM Oajaky Ha

KECTKHUX OMopax ¢ pacmopom, mpu k, =0...100000 (puc. 2, a), Ha MoaTIMBLIX onopax 6e3 pacnopa (puc. 2, 0),
Ha IOJATIUBBIX OIOpax ¢ pacmopoM, mpu k =1000 (puc. 2, 6), Ha MOJATIUBLIX ONOPAX C PAcIOPOM, IIpU

k, =100000 (puc. 2, 2).
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BI)IBO)JI)I. Ilo NOJTYYCHHBIM MAaTCMATUYCCKHUM 3aBUCHUMOCTIM NOJYUCHbBI KOS(l)(I)I/IIII/IeHTI)I JUHaAMHWYHOCTU

K, xene300eToHHbIX OaloK C PacliopoM B yCJIOBHO YIPYTOH CTa/MH Ha MOJATIMBBIX ONOpPax 1epOpMHUPYEMBIX

B YOpyroit o0yiacTd, MpH PA3NUYHBIX JKECTKOCTSAX IOJATIMBBIX ONOP M IMOAATIMBOCTHIO B TOPU30HTAJIBHOM
HanpasieHun (puc. 2). M3 rpadMkoB BHIHO, YTO CHWKEHHE KOX(PQUIMEHTOB JIMHAMUYHOCTH CBS3aHO C
YBEIMUCHHEM KECTKOCTH B TOPU30HTAIBHOM HAIPABICHUH A, U CHIDKCHHEM JKECTKOCTU MOJATIMBEIX OTIOP.

a)
2,0 1

1,5 1
1,0 1
0,5 1

0,0 1

0,

B)
2,0

1,51
1,0 1
0,5 1

0,0 1

0.1

Puc. 2. Koappuyuenm ounamuunocmu K, , 01s ynpyeou sicene300emonnot 6aKu.:
¢ pacnopomk; =0...100000 6e3 nooamauswvix onopax (a); Ha nooamaugwix onopax npuW,, =1...100 bes
pacnopa (6); na nodamauswix onopax npu W, =1...100 ¢ pacnopom npu k, =1000 (8); na nooamausvix onopax

npuW, =1...100 ¢ pacnopom npu k; =100000 (2)

HccnenoBanue BBIMOIHEHO TPH (HHAHCOBOH noaepkke PODU B pamkax Haydroro mnpoekra Ne 19-31-90097.
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Abstract. The article presents the results of studies of the developed compositions and production technology of
composite heat-insulating material based on peat for dome construction, used as a binder, aggregate of

vermiculite and modifying additives regulating the construction and technical properties of the material.

BBenenune. J[lng co3maHMS CTEHOBBIX TEIUIOM3OJLIIMOHHBIX MaHENeH W3 TOP(HOBEPMHUKYIUTHOM
KOMIIO3HINI OBUIM WCCIIEIOBaHBl HAMPABICHHUS MOBBIIICHUS WX NPOYHOCTH W TIOHIDKEHHS YCaAKH MpH
COXPAaHCHHWU CpEJHEH IUIOTHOCTH M TEIUIONPOBOMHOCTUH. B Topde OCHOBHAs Macca MHTEHCHBHBIX TPYIII
MPUCYTCTBYIOT B HEHHOTEHHOM COCTOSIHHH, & aCCOLUATHI HMEIOT PHIXJIVIO CTPYKTYpY [1].

VYcanka npu cylike B JaHHOM CIy4ae HICT pa3MEPEHHO BO BCeM 00beMe 0e3 BOZHUKHOBEHHS OOJBIIIOTO
KOJUTHYECTBA HEJJOCTATKOB B CTPYKTYpE, COOCTBEHHO, YTO W MOATBEPIKAACTCS JOBOJIHHO BBICOKOH KPEMOCTHIO
mpoxykiun. [lo JaHHOMY OCHOBaHHMIO TIPH pa3pabOTKe CTEHOBBIX KOHCTPYKIIMOHHO-TEIUIOM3OJISIIHOHHBIX
TOpMAHBIX TaHeNeld ¥ TEXHOJOTHH WX IPOW3BOJCTBA, BEJCS aHAIN3 W3YyYCHHWs HAa HHU3WHHBIX Topdax
ACHHOBCKOTO MecTopoxaeHus Tomckoit obnactu [2].

C JaHHOW 1ENBI0 UCCIICIOBAIOCH BO3ICHCTBIE HA XapaKTEPUCTUKH CBOMCTBA MaTepHuaioB Ha Oa3e Topda:
OpPraHUYECKUX U MUHEPAIBHBIX TOOABOK, MOBHIIIAIOIINX KOT€3UOHHBIC, a/IT€3HOHHBIC U MPOYHOCTHBIC KaYeCTBa,
YMEHBIIIAIOIINE YCaIOUHbIC JECTPYKIUH. 3a 0a3y ObUIN MPHUHATHI IPOTIOPIIUHN TOP(SIHON MACTHI, BEPMUKYIUTA H
smynbcuu [1BA [3].

MatepuaJjbl 4 MeTOABI HccaeaoBaHus. VccienoBanue MPOM3BOAMIOCH PH HEM3MEHHOM COJIEpIKaHIH
Topdha W BEPMHUKYJIHTa, W3MeHsIoch cooTHomeHne [IBA ot 0-55% ot maccel cyxoro BemectBa. B mporecce
HCCIIEZIOBAHUS OBUTH OTPEIeNICHBI: TUIOTHOCTD, MMPOYHOCTh HAa CXKAaTHE Ha M3THO, JaHHBIC NMPHUBEICHBI Ha pHc. 1, 2,
3. C moBBHIIICHHEM TMPOIEHTa conepKaHUI SMyiIbcun [IBA B TOpQOBEpMHUKYIHTHYIO CMECh NPHBOAWT K
YBEIMYCHHUIO IJIOTHOCTH KOHCTPYKIIMOHHO-TEIUIOM30JIIIMOHHOTO MaTepuana. [[puBeicHHbIC TaHHBIC B AUArpaMme
Ha puc. 1, 2 JEMOHCTPHUPYIOT, YTO CPEAHSIS IUIOTHOCTh MaTepUalia OKa3hIBAIOT Pa3HOE BO3/ICHCTBUE HA MPOYHOCTh

IIpH CXKaTUU.
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Puc. 1. Brusnue codepacanus IIBA na niomrHocms meniou3onAyUOHHO20 Mamepuaia Ha 0cHogse mopga
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Puc. 2. 3asucumocmov npounocmu npu cocamuu u npu uzeube om cpeoueli nIomHOCmu

meniou3oIAYUOHHO20 mamepuaila Ha OCHoee moqua

PesynbTart. 13 monyueHHBIX JaHHBIX BHIHO, YTO IPOHUCXOAWT 3HAYUTEIHHOC YBEIWYCHUE MPOYHOCTH
00pasoB B CPaBHEHUH ¢ KOHTPOJIBHBIM 00Opa3iioM. Pe3ynbTaTHBHOCTH BBeneHUs aMyiabcuu [IBA Ha cBoiicTBa
TOpDSAHOW CMECH OIICHWBAJIOCh KOA(PPHUIMEHTOM KOHCTPYKTHBHOTO KadecTBa, KOTOpPOE OIPEIessioch
OTHOIIEHHEM IPOYHOCTH HCTBITYEMBIX 00pa3loB K BeNWYHMHE cpeaHedl mpouHoctu [4, 5]. Ha pucynke 3
MMOKa3aHo 3HauyeHHe KOd(p(HUIMeHTa KOHCTPYKTHBHOTO KadecTBa 110 OTHONICHHWIO K COICpP)KaHUIO JTOOaBKH.
HauOonpiine 3HaueHUs KO3(PQHUIMEHTa KOHCTPYKTHBHOTO KadecTBa TOP(MOBEPMUKYIUTHOTO MaTepHaia
MOJIy4yaroTcs Mpu coepkanuu smynscun IIBA B cMech B cooTHomenun 50-55 %.

Brnaronapst mpoBeICHHOMY aHAJIM3y KadecTBa HCIIOJIB3YEMBIX CTPOHUTEIBHBIX MAaTECPHATIOB B CHCTEME
OTPaXNAIOIIMX KOHCTPYKIMH M MOJYYCHHOW WH(OPMAIUU B MPOIECCE HMCCIICIOBaHUs, ObUIH chOpMUPOBAHBI
TeXHUYECKHE TPeOOBAHUS K TETUIOM30JIAIIMOHHBIM U3/IEHUSIM Ha OCHOBE Topda [6].

[Ipy  pa3mUUHBIX  YCIOBHSIX  OKCIDIyaTalldd  WMCCIEJOBAaHBI  3HAYCHUS  TEIUIONPOBOIHOCTH
TOp(OBEPMHUKYIMTHBIX MaTepuano p 250-45 xr/m3. ®opmoBouHble dK3eMILIApbl B rabapurax 150x150x30.
PesynbraThl 9KCIEPUMEHTANIBHBIX UCCIICAOBAHUN TEIUIONPOBOAHOCTH TOP(SHBIX U3CITUI TPU MOJOKUTEIBHBIX
TeMIepaTypax B 3aBHCUMOCTH OT CpeIHEH IUIOTHOCTH, BIAXXHOCTH U BHJIA M3/ICINH pUBEACHBI B Ta0muie 1.

MerTox onpeneneHus TeIIONPOBOJHOCTH U TEPMHYECKOTO COTPOTHBIICHHS TP CTAIIHOHAPHOM TETIIIOBOM

pekuMe MaTepHuaaoB Ha ocHOBe Top(da onpeaensuch cornacHo [OCT 7076-99.
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Puc. 3. Brusinue 0obasku I1BA na koaguyuenm xoncmpykmugnozo kawecmea THUM

Tabruya 1
Tennonpogoonocms mopghsaHbix uzdenutl
HanmMeHnoBanue uspenuit CpenHss NIOTHOCTh KI/M> Koadpdmument tem., Br/(mK)
250 0,059
ITmuTa TopdsHas TEMIOU30AITUOHHAS 300 0,060
350 0,061

3aknouenne. [lupokoe 3HaUeHNE NaHHOTO UCCIEAOBAHUA COCTOUT B TOM, YTO UCXOJS, U3 MOTYyYEHHBIX
HCCIIEJOBAaHUH MOXHO ClieNaTh BBIBOJX 00 3 eKkTUBHOCTH n00aBKM sMyibcuu [IBA B TophoBEpMUKYIUTHOM
cmecH. I[lepcriekTHBBI JaJbHEHIIEro HMCCIEeN0BaHUS Mbl BUAUM B Oojiee HMOAPOOHOM HCCIENOBAaHUU (U3HKO-
MEXaHWYECKUX CBOHCTB U OMNPEAEICHUM IPOLEHTHOTO COOTHOIICHUS 3allOJHUTENCH W  CBSI3YIOIIETO

TEIION30JSIIIMOHHOTO MaTeprala Ha OCHOBe Topda.
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Abstract. The article presents the results of experimental studies of the influence of the Reynolds number on the
external integral heat transfer of a building model with a relative height H / a = 5, located in the system on the

same line with another obstacle model when the transverse caliber between them changes L1 /a = 1,2 and 3 .

Beenenue. IMuTepec k mpobieMe TEIUIOMAcCOIEPEHOCA IUIOXO OOTEKaeMBIX TEN BO3HHK JaBHO,
Onarogapst OOIIMPHBIM NPaKTHYECKUM IpuMeHeHHssM. HanOonee BaXKHBIMH M3 HUX SIBJISIIOTCS adpOJMHAMHKA
3JIaHUI U apXUTEKTYPHBIX 00BEKTOB, a TAKXKE OOJIBIIOE KOJMYECTBO KOHCTPYKTUBHBIX SJIEMEHTOB.

HarypHble wuccienoBaHus JalOT IOJHYIO KapTHHY paclpeleNieHus] JIOKaIbHOTO M CPEIHEro
k03(h(UIMeHTa TEIUIOOTAYN 30aHUH U COOPYXKEHHUH, HO OHH, M3-3a CBOCH OPOTOBH3HBI U B CIIOKHOCTAX HX
OpraHU3alUH, UCIONB3YIOTCS KpaifHe PeIKO U B ONPEICICHHBIX CITyJasX.

Ienbro HacTosmiedt pabOTBI SBISIETCS MPOBEACHHE SKCHEPUMEHTANBHBIX WCCIENOBAHUN BIUSHHS 4HCIA
PeiiHomnb/ica Ha MHTETPATBHBIN BHEIIHU TEIIIOOOMEH CUCTEMBI U3 IBYX MOJIENICH 31aHHH B BUJIE KBaAPATHBIX MPH3M.

IKCNepHMEHTATBHAS YaCTh. DKCIIEPUMEHTHI 10 M3YUYEHHIO BHEITHETO TEIUIOOOMEHA CHCTEMbI MOJIeIIeH

3/1aHU TPOBOAMINCH Ha adpoauHamudeckoM crenne kadeapsl TCITI TTACY (puc. 1).

Puc. 1. Obwuii 6u0 aspoounamuueckozo cmenoda
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B skcniepuMeHTax MCHOIB30BANIMCH IBE MOJICNN B BUJIE KBaJPATHBIX IPU3M C MONIEPEUHBIM CEUEHHEM a =
30x30 mm u BeicoTOl H = 150 MM. Mozenu ycTaHaBIMBaINCh B pabouylo KamMepy TpyObl Ha OJHOM JMHUM Ha
paccrostHuH L1/a = 1+3 apyr oT Apyra nepneHINKYIIpHO-BO3AYIIHOMY TOTOKY (pHc. 2). Monens «1» sBuseTcs
MOJIETIBIO-TIPETIATCTBUEM M HE HarpeBajiach, MOJIENb «2» — UCIBITYyeMas Mojenb ¢ HarpeBoM. MccnenoBanus
IPOBOMIACH B MHTEpBane uncen Peiimomsaca Re = 1,87x10% + 5,65x10* (ckopocts Betpa 9,4-28,4 wm/c
COOTBETCTBEHHO) U HaNpaBlieHHH Bo3xyxa 0 rpamycos.

KoHCcTpyKums MCTIBITaTeIEHOW MOJETH «2» U X0 MPOBEACHHUS SKCIIEpUMEHTa IPEACTaBIeHE B [1, 2].

L1/a

Puc. 2. Cxema pacnonodcenuss mooeneti OmHOCUMENbHO 6emMPo8020 NOMOKA U 0003HaueHue panell
Mooenu: a— 6uo cOoKy;, 6 — 6epMUKAIbHbIE U 2OPUSOHMATIbHBIE CEUEHUsI MOOEIU «2» NO SPAHAM, 6 — NIAH

PAaAcCnonloxdceHus MO()eflelz,' 1 —Moc)eﬂb—npenﬂmcmgue; 2— ucnslmyemas nazcpeeaemasi MoOenb

W3mepenne Temmepatrypsl Ha OJHON W3 TpaHEH Monenn «2» MpOoU3BOAMIOCH ¢ moMoIms XK-tepmomap
nrametpom 0,5 mm. TepMmomaphl ycTaHABIMBAIKCEH M B TOPU30HTAIHHOM U B BEPTHKAIBHOM HAIPaBICHUH.

PesyasTarsl. Ha puc. 3 npencraBnens! rpaduki W3MEHEHHUS HHTETPAJIHHOTO BHEITHETO TEIUIOOOMEHA OT
BCEH MOBEPXHOCTU MOJICIIU 3JIaHKsI C OTHOCUTEILHON BBICOTON H/a = 5 mpu u3MeHeHUH uucia PeiHonmbaca s
Ll/a=1,2u 3. Tam xe npeacrasieH rpaduk ais L1/a = oo, TO €CTh IS OAMHOYHO CTOSIIEH MOJIEIH.

W3 rpaduxoB BHIHO, YTO ¢ YBEIHUYCHHEM 4Hcia PeifHonbaca MpoMCXOIUT pocT TeriooOMeHa IpH BeexX
TIOTIEPEYHBIX paccTOSHUAX (Kanmopax) L1/a mexny monensamu 3manuid «1» u «2». DTo xe SBICHHE XapaKTepHO
U I OJWHOYHO cTosAmedl Mozenu. B cpemHeM ¢ pocrom uucia PeiiHonmbaca B 3 pa3a WHTEHCHUBHOCTH
TeroooMeHa yBenmuunBaeTes: aias Ll/a =1 -8 1,56 pasa; mis L1/a =2 — B 1,64 pa3a; L1/a =3 — B 1,56 pa3sa;
Ll/a=o0 -8 1,69 pa3za.

[pn MuHHManbHOM wrcie Peiinombaca 1,87x10* sHaueHne mHTErpagbHOrO YmcIa Hyccensta pacrer ¢
YBEIMYCHHUEM TIONIEPEYHOTO PACCTOSIHUSA MEeXAy monemsmu Ll/a ¢ 1 go 3 w manee Uil OOMHOYHO CTOSIIEH
Mozenu «2». Poct wucna Hyccensra s Ll/a ¢ 1 no 3 cocraBmsiet 5,7%, a qisa Ll/a = 1 go L1/a = o poct

cocrasiser 14,8%.
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[pu umcne Peiinombaca 3,74x10* TeHIeHIHs pOCTa TEIIOOOMEHA COXPAHSETCS M COCTABISCT IUIS

Ll/a = 1+ 8,7%; ana uucina Pelinompaca 5,

TermoooMeHa Moaenu «2» - 24,2%.

65x10* HaGmonaeTcss MakCHMAIbHBII POCT — BHENIHETO

Taxke OTMETHM, YTO TIPH yBEIMYEHUHM YuciIa PeliHombaca ¢ 1,87X104 Ji o] 3,74><104 MHTEHCUBHOCTD

TemnoobMena ropaszo Beime (1,35+1,41 pasa), uem npu u3menenun uncia Peiinonsaca ¢ 3,74x10* 1o 5,65x10*

(1,1+1,13 pasza).
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Puc. 3. Unmeepanvubiii 6newnutl menjiooomeHn Mooenu 30anus ¢ OMHOCUmenbHou gsicomoul H/a = 5, yenom

Habezatowezo 6o30yxa ¢ = 0°, npu eapuayuu cKopocmu 6empo8o2o NOMOKA U PACCMOAHUSL MEHCOY MOOETAMU

3akmouenne. (13MeHeHnn yncia Peiironsaca ¢ 3,74x10% 1o 5,65x10% (1,1+1,13 pasa).
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Annomayun. YcogepuieHCMEOBAHHASL MEXHONO2U NEeHOOEemOoHa ¢ YIbMPAaOUCHEPCHbIMU — KEAPYEeGbLMU
omxX00amu no360J5em Cc030ams CIMPYKMypy nop u CHMpYKmypy nopooopasyiouux nepecopoooKk NOGbIUEHHOU
NPOYHOCMU U NOHUICEHHOU MeNnionpogooHocmu. Hcnonv3oeanue yiompaoucnepcHoeo HAnoOIHUmens: 6
neHobemore no380asen NOBbICUMb NIOMHOCMb YEMEHMH020 KAMHs 00 4% u npounocms nenobemona 0o 10%
npu 3MoM ROHU3UMb KO3pduyuenm mennonposoorocmu 00 8%. Ilpedcmasnennas mexnoao2us cnocobcmsayem

YAYHUEHUIO IKCNyamayuOHHbIX U (ﬁu3u1<0-MexaHultec1<ux xapaxkmepucmuk neHobemomna.

Introduction. Foam concrete is a solid material from cement stone forming walls of evenly distributed
pores (macropores). The capillary and gel pores (micropores) are evenly distributed in the cement stone. The
macroporosity and microporosity of foam concrete depend on the type and properties of the foam-generating
agent, granulometric composition of the filler, chemical additives, preparation technology, solid-to-liquid ratio,
water-to-cement ratio and temperature of the mixture.

The subject of the study is the effect of activated quartz waste as ultrafine filler on the structure of the
pore walls in foamed concrete. The study shows that the strength properties of foamed concrete increase due to
the discrete reinforcement of the pore walls and, as a consequence, reduces cement consumption.

Hydration of cement determines the properties of cement-stone pore walls. Various physical and chemical
processes are responsible for the formation of high-strength cement stone. A crucially important characteristic is
strong adhesion of quartz particles to cement formations conditioned by secondary bonding with quartz grains
formed from hydrates recrystallized from plates. These particles give rise to zones of crystalized inclusions. The
filler should actively react with Ca(OH)2 and other clinker hydration products. Its surface should have maximum
possible compatibility with the structure of crystallizing hydrates, serving as a substrate for them [1-4].

The aim of the study was to improve a technology of foam concrete production using activated quartz
waste as an ultrafine filler of the cement stone structure forming pore walls of the foam. Such technology can
enable an evenly distributed pore structure with the same cross-section of pore walls, increase strength and
reduce thermal conductivity of foam concrete.

Research methods. The specific surface and average particle size were determined on PSKh-12

instrument (Russia). The heat conductivity of the specimens was measured by the method of stationary heat flux
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using ITP-MG4 device (Russia). The structure of the specimens was determined using a REM-100U scanning
electron microscope (Russia).

Experimental. To prepare the mortar for foam concrete production, quartz waste from production of ultrapure
quartz concentrate (LLC "Polar Quartz", Russia) was used. It consisted of secondary waste after grit magnetic
separation (25-26 um) and powder classification (6—7 pm), and dust from an on-site suction system (3—6 pum).

To prepare the experimental concrete specimens, the following technological scheme was used.

1. The quartz waste was fed into a centrifugal disk mill for activation.

2. The ultrafine quartz filler (10 wt%) and cement (TsEM II / A-Sh 42.5N) with common granulated blast
furnace slag were dosed and mixed, and then fed into a feed hopper by a pneumatic transporter.

3. A frothing agent and water at a temperature of 20-25 °C were fed to a foam generator. The frothing
time was 5—6 minutes.

4. The foam was mixed with the mortar in a mixer for 3—4 minutes;

5. Then, the foam was poured into molds, and cured for 3—4 hours at a temperature of 20 °C.

6. Then, the specimens were subjected to hygrothermal treatment in an autoclave at 12 atm as per the
following heating regime: gradual temperature increase up to 80 °C over 4 hours; isothermal soaking at 80 °C for
6 hours; and gradual temperature decrease down to 20 °C over 4hours.

The values of specific surface area (Ssp) and the average size (d) of quartz waste particles after dry activation:

- grit magnetic separation waste - 1575-1950 cm*/g and d = 17-20 pm;

- powder classification waste - 3320-4815 cm2/g and d = 4-7 um;

- dust from on-site suction system - 5580-9545 cm*/g and d = 2—4 pum.

The proposed technology of foam concrete provides an evenly distributed closed-pore structure with pore
walls having similar cross-section. The walls are reinforced by ultrafine quartz filler: needle-like crystals
penetrate the pore space and strengthen the structure of the foam concrete. The properties of the specimen are
affected by pore volume and pore dimensions: the total pore volume in the pore walls of the specimens was
0.04 cm’/g with a pore diameter of 0.061 um, while the total pore volume of the specimens was 0.75 cm’/g with
a pore diameter of 1-50 pm.

Figures 1 illustrate the microstructure of pore space and pore walls of the specimens, respectively.

Evidently from the figures, needle-like ettringite crystals penetrate calcium hydrosilicate particles, which
contributes to the strengthening of the microstructure and augments the characteristics of the foam concrete
specimens as a whole.

The main physical and technological properties of foam concrete specimens with addition of activated
ultrafine quartz filler. Concrete grade in terms of average density - D400. Water vapor transmission rate - 0.18
kg/m h Pa. Sorption humidity (at relative humidity of 75%) - less than 7-9%.

Compression strength:

- grit magnetic separation waste — 1.49 - 1.57 MPa;

- powder classification waste — 1.19 - 1.21 MPa;

- dust from on-site suction system — 0,88 - 0.98 MPa.
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10pm

Fig. 1. Microstructure of pore space of foam concrete

Conclusion. Following the results of the research, the addition of an ultrafine filler (activated secondary
quartz waste after grit magnetic separation and powder classification, and dust from on-site suction system) to
the foam cement mortar leads to the quartz particles penetrating the structure of pore walls, which saves up to
10% of cement, increases the cement stone density by 4%, improves the foamed concrete of by 10% and lowers
the thermal conductivity coefficient by 8%.

The technology of foam concrete with the use of activated quartz waste allows creating a structure
increases strength and reduces thermal conductivity of the concrete. The share of the pore volume in the cement
stone pore walls is less than 0.4% of the total pore volume and varies with the cement hydration degree. The

increased pore wall strength is due to discrete reinforcement by ultrafine quartz waste filler.

REFERENCES

1. Gusev B.V. Concrete with fillers of various dispersion and their nanomodification // Nanotechnologies in
Construction. —2019. — No. 11 (4). — P. 384-393, DOI: 10.15828/2075-8545-2019-11-4-384-393.

2. Akhverdov I.N. Osnovy fiziki betona. Moscow, Stroyizdat, 1981. — 464 p.

3. Kosach A.F., Rashchupkina M.A., Darulis M.A., Gorchakov V.G. Cement brick properties modified by
ultrafine ash-based additive. Vestnik Tomskogo gosudarstvennogo arkhitekturno-stroitel'nogo universiteta.
JOURNAL of Construction and Architecture. 2019. — No 1. — P. 150-158. (In Russ.) doi.org/10.31675/1607-
1859-2019-21-1-150-158.

4. Kosach AF., Kuznetsova L.N., Darulis M.A., Berezkina Y.V. Structure and properties of cement brick
modifiend by ultrafine quartz waste additive. Vestnik Tomskogo gosudarstvennogo arkhitekturno-
stroitel'nogo universiteta. JOURNAL of Construction and Architecture. — 2018. — No 6. — P. 148-159. (In
Russ.) doi.org/10.31675/1607-1859-2018-20-6-148-159.

Poccus, Tomck, 21-24 anpenst 2020 r. Tom 6. CTpOUTENBCTBO U apXUTEKTypa



XVII MEXJIYHAPOJIHA A KOH®EPEHLIMA CTYAEHTOB, ACITMPAHTOB U MOJIOABIX YUEHBIX
«IEPCIIEKTUBbI PASBUTUA ®YHAAMEHTAJIbBHBIX HAYK»
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INFLUENCE OF RELATIVE HEIGHT ON THE INTEGRAL EXTERNAL HEAT EXCHANGE OF
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Tomsk State University of Architecture and Building, Russia, Tomsk, Solyanaya sq., 2, 634003
E-mail: kylakovgg@gmail.com

Abstract. The article presents the results of experimental studies of the influence of relative height on the
external integral heat transfer of a building model located in a system of similar models. We considered a model
in the form of a square prism with a relative height H/ a = 3 and 5, located in the system in line with another

obstacle model with a transverse gauge between them L1 /a = 1, 2 and 3.

BBenenne. MuTepec k mpoOiieMe TerioMaccorepeHoca IUIoX0 OO0TeKaeMbIX Tel BO3HHK JaBHO,
Omaronmapst OOIIMPHBIM MPAKTHYECKUM MpuUMeHeHusM. Hanbonee BaKHBIMU M3 HUX SIBJSIOTCS a’3pOJUHAMUKA
3JIaHUI U apXUTCKTYPHBIX 00BEKTOB, & TAKIKE OOJIBIIOE KOJHMYSCTBO KOHCTPYKTHBHBIX 3JICMCHTOB.

Hatyprable wmccnenoBaHus MalOT TOJHYIO KAapTHHY PpACHpEleNeHHs JIOKATBHOTO W CPETHETo
KOd(pPHUIHEHTa TEIUIOOTAAYHN 3JaHUN W COOPYKEHHH, HO OHH, M3-3a CBOCH JOPOTOBHU3HBI M B CIOXHOCTAX UX
OpTaHM3aIlUH, UCTIONB3YIOTCS KpaHEe PEeAKO W B ONPENESNCHHBIX CAydasx. I mporHO3MpoBaHHS TETUIOBBIX
MOTEPh HAUOOJIBIIUI MPAKTUUCCKUI MHTEPEC MPEICTABIAIOT JaHHBIC IO CPeAHEH (MHTErpalbHON) TEILIOOTAYe
OT BCEl MOBEPXHOCTU MOJIEIIH.

Henpto HacTosimiedl pabOTHI SABISIETCS MPOBEACHUEC SKCICPUMEHTANIBHBIX WCCICIOBAHUN BIUSHHUS
OTHOCHTEIBHOM BBICOTHI Ha MHTETPANbHBIA BHEIIHUI TEIIIOOOMEH CHCTEMBI M3 ABYX MOJEJCH 3[aHUil B BHUIE
KBaJIPATHBIX TPU3M.

JKCNEPAMEHTAIbHASI YACTh. DKCICPUMCHTHI 10 W3YYCHHIO BHEIIHETO TEIUIOOOMEHA CHUCTEMBI MOJICIICH

3J[aHKI B 3aBUCHMOCTH OT BBICOTHOCTH MPOBOMITICH Ha a3poauHamraeckoM crerie kapenpsl TCITI TTACY (puc. 1).

Puc. 1. Obwuii 6u0 aspoounamuyeckoeo cmenoa
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B skcnepuMeHTax HMCHONIB30BAINCH JIBE MOJAEIH B BHJE KBaJAPAaTHBIX NPH3M C INONEPEYHBIM CEUYCHHEM
a = 30x30 mm u BeicoToit H = 90 u 150 MmM. Monenu ycraHaBiIMBaJuCh B pabouylo kamepy TpyObl Ha OJHOM
JIMHUM Ha paccTosiHuu L1/a = 1+3 apyr ot Apyra nepneHAnKyIspHO-BO3AYIIHOMY HOTOKY (puc. 2). Mozeib «1»
SIBJISIETCSI MOJICTIBIO-NIPEISITCTBMEM M HE HarpeBajlach, MOJENb «2» — HCIBITYeMas MOJEIb C HarpeBOM.
VcemenoBannst POBOIMINCH B MHTepBae urcen Peitmonsaca Re = 1,87x10% + 5,65x10* (ckopocts Betpa
9,4+28,4 M/c COOTBETCTBEHHO) M HAaIPaBJICHNH Bo3ryxa ) rpamycos.

KoHCcTpyKuus NCTIBITaTeIEHOW MOJETH «2» W X0 MPOBEACHHUS SKCIIEpUMEHTa PEACTaBIeHE B [1, 2].

Puc. 2. Obwguil 6ud pacnonodxcenus mooenel OMHOCUMEIbHO 6emMPO8020 NOMOKA. Cledd — MOOelb-

npensamcmeue «1)),' cnpaea - ucnvlmyemas Hazpesaemas Mmooenb «2»

W3mepenne Temmepatrypsl Ha OJHON W3 TpaHEH Monenn «2» MpOoU3BOAMIOCH ¢ moMoms XK-tepmomap
muamerpom 0,5 mm. Tepmomnapbl ycTaHaBINBAIUCh ¥ B TOPH30HTAIBHOM M B BEPTUKAILHOM HalPaBJICHUU.

Pesyabrarsl. Ha puc. 3 npencrasiieHsl rpaduKi U3MEHEHUS] HHTETPAILHOTO BHEIIHETO TEINIO0OMEHa OT
BCEH MOBEPXHOCTH MOJIEIH 31aHHsI C OTHOCHUTENIbHOW BbICOTOM H/a = 3 u 5 npu n3menenuun 4ucia PeitHonbaca
it L1/a =1, 2 u 3. Tam xe npezncrasieH rpaduk it L1/a = oo, TO ecTh 151 OANHOYHO CTOSIICH MOIETH.

U3 rpadmukoB BUAHO, 94TO C yBeTMUEHHEM ducia PeifHompaca Ui MOAETH C OTHOCHTEIBHOM BBICOTOM
H/a = 3 npoucxoauT poCT TEIUIoOOMEHa TpPH BCEX IONEPEYHBIX paccTosHUsX (kanmubpax) Ll/a mexny
MozenaMu 3manuid «1» u «2» B 166+1,74 pasa, a ans monenu H/a = 5 — B 1,56+1,64 pasa. D10 ke siBICHHE
XapaKTEepHO U JUIsl OAUHOYHO CTOSILEH MOAETH.

Taroke BHAHO, YTO HE 3aBHCUMO OT uucia PeitHonbjaca u momepeuHoro kxanubpa L1/a mHTErpanbHbII
TEIIO00OMEH OT BCEi MOBEPXHOCTH MOJENIHN «2)» 3HAYUTEILHO CHHKACTCS 10 MEPE YBEINYEHHSI OTHOCHUTEIBHON
BBICOTHI Mogien H/a. Tak npn uncne Peitnonsaca 1,87x10* u momepeunom kamuépe Ll/a = 1 5T0 cHIbKeHue
cocraBisietr 22,3%, npu Ll/a = 2 — 31,4%, npu Ll/a = 3 — 27,5%. Ilpu uucne PeitHonpaca 3,74><104 u
noriepeyHoM kanuope L1/a = 1 sto cHmkenue cocrasiset 33,1%, npu L1/a =2 — 35,9%, npu L1/a =3 —35,5%,
T.e. TCHICHIHS YBEIMYCHHS TeIoobMeHa coxpamsercs.. Ilpn umcie Peitronbaca 5,65x10* u momepeunom
kanubpe L1/a = 1 ato cHmkenue coctapisier 36,6%, npu L1/a =2 —33,1%, npu L1/a =3 — 40,3%.

Jnst omuHOuHO crosimeit Mmonenu (L1/a = o) siBieHue cHukeHus 3HayeHust Hyccenbra nmpu yBenuyeHnu
OTHOCHTEINbHO# BBICOTHI H/a ¢ 3 110 5 coxpansercs. Tak npu uncie Peitnonsaca 1,87x10* camkenne cocrapmser
18,5; npu uncne PeHonbaca 3,74x10% - 30,3% u ipu uucie PeliHonbaca 5,65%x10% — 22,4%.

Taroke OTMETHM, 9TO 1 Ui Mojem «2» ¢ Hla= 3 u 5 npu yBenmuennn umcia Peitromsaca ¢ 1,87x10* 1o

3,74><104 HMHTEHCHUBHOCTH TEINIOOOMEHA ropas/io BBIIIIE, YeM IpY N3MEHEHNH yrciia PeitHomsca ¢ 3,74><104 05 ,65><104.
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Habezaowe2o 6030yxa ¢ = 0°, npu eapuayuu cKkoOpocmu 8empo8020 NOMOKA U PACCMOSHUSL MENCOY MOOEIAMU

3akmouenne. Takum 00pa3oM, yCTAaHOBIICHO, YTO HAJIMYHE BETPA OKA3bIBACT CYILECTBEHHOE BIMSIHUE Ha
BHEITHUH TEII0O0OMEH HCIBITYEMOI MOJEIH «2» 3/1aHHs, PAcIIOI0KEHHOH B cucTeMe cebe T0100HbIX MOIEIICH.

VYcraHOBIIEHO, YTO HE 3aBHCHUMO OT uMciia PeliHonbica u momepedHoro kanubpa L1/a mHTErpanbHBIN
TEII000OMEH OT BCEH MOBEPXHOCTH MOJECIHN «2) 3HAYMTENILHO CHHXKACTCS 110 MEPE YBEIMYEHHSI OTHOCUTEIbHON
BBICOTHI Mozenu H/a. 31o cHmkeHue TerioodmMena cocrasisieT 22+40%.

MexaHn3M CHMKEHHUS TETJIO0OMEHa MU YBETMYIEHUN OTHOCHTEIBHOW BBICOTHI H/a = 3+5 oObpacHseTcs
KaK yXyZAIICHUEM YCIOBHH pacTeKaHWs HAaOErarolero MoToKa IO IOBEPXHOCTH MPU3MBI, TaK M CHIDKEHHEM
TypOyJIEHTHBIX ITyJIbCALUH MO0 MEPE YBEINUEHHS €€ OTHOCHTEIBHOMN BBICOTHI.

Jnst omuHOuHO crosieit Mmonenu (L1/a = o) siBieHue cHukeHus 3HayeHust Hyccenbra nmpu yBenmyeHnu
OTHOCHTEJILHO BbICOTHI H/a ¢ 3 10 5 coxpansercs.

Taxxe oTMeTiM, 910 M IyIE MogelH «2» ¢ Hla= 3 u 5 npu yBenmdaennn uncia PeliHomnbica ¢ 1,87><104 bi (e}

3,74x10" MHTEHCHBHOCTB TEIUI000MEHa ropaszio BbILLIE, YeM NPHU U3MEHEHUH urciia PeliHomnbca ¢ 3,74x10* 1o 5,65x10".
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STUDY OF THE INFLUENCE OF MODIFIING ADDITIVES ON THE PROPERTIES
OF BUILDING MIXES

A.A. Kulikova, O.V. Demyanenko
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Abstract. Recently, research aimed at creating multifunctional modifying additives for building mixtures of
domestic production has been relevant. Interest in the use of by-products and industrial wastes in the production of
building materials is promising and relevant, as it allows solving acute technical and economic issues. It is shown
that the introduction of the developed modifying additive with cement replacement leads to an improvement in the

operational characteristics of cement-sand mortars in comparison with the control composition.

Beenenne. CoBpemennsie cyxue crpoutenbubie cMecr (CCC) — 3To0 He MPOCTO TOHKOJMCTIEPCHAS CMECH,
cocTosIIast U3 JBYX KOMIOHCHTOB: IIECMEHTA M KBapIICBOTO IECKA, a PE3yJIbTaT HAYKOCMKUX TEXHOJIOTHYCCKIX
MIPOIIECCOB, MPUMEHEHHE KOTOPBIX CIIOCOOCTBYET HE TOJNLKO 3HAYUTECIFHOMY YBEIIMYCHUIO TIPOU3BOIUTEIBEHOCTH
TpyJa, HO W TOJNYYCHHIO COBEPIICHHO WHBIX BBICOKOKAYCCTBEHHBIX II0KA3aTelicH, KOTOPhIE HEBO3MOXKHO
JOCTHYG B CITydae IMPUMCHEHUS TPAJIUIMOHHBIX [IEMEHTHO-TIECYaHbIX MOPomKoB [1]. CoBpeMEeHHBIC pelenTyphl
MOIU(UIMPOBAHHBIX CTPOUTEIBHBIX CMECEH OTJIIMYAIOTCS MHOTOKOMIIOHCHTHOCTBIO CHCTEMBI, B KOTOPYIO
BXOJISIT MHUHEpPAIbHBIE BSDKYIIHE, TOHKOAWCIEPCHBIC aKTHBHBIC WM WHEPTHBIE MHUKPOHAIIONHHUTEIH, a TaKKe
MOIUGUIMPYIONTIE J0OABKH pa3nuIHOro aeiicteus [1-3].

B crpouTenmpHBIX pacTBOpax OCHOBHBIE IIPOIECCH (OPMHUPOBAHUS CBOWHCTB TIPOHWCXOIAT dHepes
B3aMMOJICHCTBHS B CHCTEME «MUHEPATBHOC BSDKYILEC-3aIIOIHUTENIb-BOa», HO BBEICHHE MOAUMDUIIUPYIOIINX
J00AaBOK B 3Ty CUCTEMY MO3BOJISICT CYIICCTBEHHO BIIMATH HAa XapaKTEPUCTHKH MaTepHaja U MOoIy4aTh PacTBOPHI
C 3aJIaHHBIMHU CBOWCTBamMHU [4].

B nocnennee BpeMs B MaTepUANlOBEICHHE 3HAYUTEIHHO BO3POC HHTEPEC K UCCIICIOBAHUSM CBSI3aHHBIM C
HCTIOF30BaHNEM HAHOCTPYKTYp. MHOTHE HHIYCTPHAIBHO DPa3BHUTHIC CTPAaHBI 3aHUMAIOTCA MPOABIDKEHHEM MU
(uHAHCHPOBaHUEM HAHOTEXHOJIOTHH, CUNTAs JaHHOE HAIIPaBICHHE NHHOBAIIOHHBIM U IEPCIEKTHBHBIM [5].

W3menpyenre THOKCHIA KPEMHUS IO HAHOPa3MEpHBIX YacTHII, KOTOPBIE OJ1aroapsi BEICOKOH MOBEPXHOCTHOM
SHEpruu 0O0Jice AaKTHBHO AarperupyroTCs, MO3BOJSIET HE TOJBKO TOBBINATH IPOYHOCTHBIC XaPAKTCPUCTUKU

MaTepuasoB, HO U CHWXKaTh PacXo/l BKYIIETo [6], uTo B cBOIO ouepenb BeeT k yaewmesnenuto CCC [7].
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Panee mpoBoamIMCH HCCIIEAOBaHUS O BO3MOXKHOCTH CO3/IaHMS KOMILIEKCHOH MOIUMUIMPYIOIIEH
JN00aBKM JUIs IIEMEHTHBIX CHCTEM, COCTOSIICH M3 OTXOJOB NpH JOOBIMM MpamMopa (MHUKPOKaJIbLUT) |
HaHOMOIU(HUKATOPA, B BUIE AUOKCHIA KPEMHHUSI, TOTyYSCHHOTO IIa3MEHHBIM METOZIOM. BBeieHe KoMIUTeKCHON
n00aBKH, C 3aMEHOI 1eMeHTa Ha 2,5 %, MMO3BOJSET YBEIMYUTH NMPOYHOCTh HA CXKATHE LIEMEHTHOTO KaMHS Ha
25 %, v CHU3HUTH €To BOAONOTpeOHOCTH Ha 8,2 % [8].

UccrenoBanmst B JaHHOM paboTe MPOBOAMINCH C IENBI0 HM3YYCHUS BIUSIHUA KOMIUIEKCHOM
MouduImpyomeil 100aBKM Ha CBOMCTBA IIEMEHTHO-IIECUYAHBIX PAcTBOPOB W BO3MOXKHOCTH YIYUIICHHS HX
9KCILTYaTallHOHHBIX XapaKTEPHUCTHK.

Marepuaibl 1 MeTOABI. 1151 TPOBEICHUS HCCIIEI0BaHUH MCIIOIb30BANIUCE CJIEYIOLINE MaTepHaIIb.

Bspxymiee: moptnananement LIEM 1 42,5H Tonxwmackoro nementroro 3asoga ('OCT 31108-2016).

3amoiHUTENh: TPHUPONHBIA KBapueBeI mecok KynpoBckoro mectopoximeHuss Tomckoil obmacty,
ynosierBopstommid TpedoBanmsimM ['OCT 8736-2014.

Momudunupyromue 100aBKH:

— MpaMopHas Myka (TOHKOAMUCHEpPCHBbIH mopomiok) cooTtBercTByromas I['OCT P 56775-2015.
MHUKpOKaNbIUT SBISIETCS OTXOJOM IIPOM3BOJCTBA MNpPH J0OBIYM Mpamopa, KOTOpBIH J0ObIBaeTCs Ha
paspabateiBaeMom OO0 «IBepect» Hopo-MBaHOBCKOM Kapbepe. Y ienbHas moBepxHocTs 0,25 M7/T.;

— HAaHOMOJU(HKATOP B BUJE AMOKCHAA KPEMHUs IOJIyYEHHOTO IUIA3MEHHBIM MeTojoM. HaHomoporok
momy4yanu w3 Auaromurta KampimnioBckoro mectopokaenus CsepmmoBckoir obmactu Poccnm. VaenpHas
IIOBEPXHOCTH 38 M/T.

TotoBminch o6pasmbi-6anmoduku pasmepamu 40x40x160 MM, U3 TecTa CTaHAAPTHOH KOHCHICTCHIIWH,
KOTOPBIE XPAaHWINCH BO BIAXHBIX ycloBHAX (T=204+1°C) m MCHBITHIBAINCH HAa MPOYHOCTH B 7 W 28 CyTOK
(I'OCT 30744-2001).

Pesyabrarsl. [ MmoguduimpoBanus cocraBa | KommiekcHas go0aBka BBOJMIIACh B KosmuecTse 2,5 %
MukpokaibpuuTa u 0,02 % HagoanoKcHaa KpEMHHUS OT MacChl IEMEHTa, B MOAN(HUINPOBaHHbIH cocTaB 2 — 2,5 %
mukpokaibpuuta u 0,03 % Hano-SiO,. Pacxon nemeHTa cokpamiaics Ha KOJIMYECTBO BBEICHHOW JOOABKH.

Jlis OLEHKW BIUSHHUA KOMIUICKCHOH MoanpuIMpyromeil 1o0aBKH Ha CBOHCTBAa IEMEHTHO-TIECYAHBIX
PacTBOPOB MPOBOJAMINCH MCIBITAHUS KOHTPOJIHLHOTO W MOIU(PHUITUPOBAHHBIX 00pa3IioB HA MPOYHOCTh B 7 U 28

CyTOK. Pe3ynbpTaTsl IpecTaBiIeHb! Ha pUCYHKE 1.

[lpouHocTb Ha U3rKU6 [lpoyHocTb Ha CKaTHE
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Puc. 1. I[Ipounocme Ha uzeub u Ha cocamue yemeHMHO-NeCYanblx 00pasyos

Poccus, Tomck, 21-24 anpens 2020 r. Tom 6. CTpOUTENBCTBO U apXUTEKTypa

49



50

XVII MEXJIYHAPOJIHA A KOH®EPEHLIMA CTYAEHTOB, ACITMPAHTOB U MOJIOABIX YUEHBIX
«TEPCIIEKTUBbI PA3ZBUTUA ®YHAAMEHTAJIbHBIX HAVK»

U3 mpepacTaBieHHBIX JAMArpaMM BUJIHO, YTO KOMIUICKCHAs MOOABKa IOBBIIIACT MPOYHOCTH IEMEHTHOTO
KaMHsl Ha BceX cpokax TeepueHus (7, 28 CyTOk), M0 CPaBHEHHUIO C KOHTPOJIbHBIM 0OpasnoMm. Ilpu BBeneHHH
KOMITIEKCHOM m100aBku 2,5 % mukpokanpimra u 0,02 % HaHO-SiO,, ¢ OJHOBpEMEHHBIM CHIDKEHHEM pacxoja
memMenta Ha 2,5 %, kK 28 cyTkaMm TBepIEHHUS TNPOYHOCTh LEMEHTHOTO KaMHS MPEBBIMACT IPOYHOCTH
KOHTPOJIFHOTO COCTaBa Ha n3rud Ha 77 %, Ha cxxaTue Ha 63%.

3akiouenue. [IpoBeJeHHbIC HCCIICAOBAHUS SIBISIOTCS TEPCIEKTHBHBIMH M aKTyalbHBIMH, TaK Kak
MpeUIOKEHHAsT KOMIUICKCHAss Mojuduiupyromas nobaBka, COCTOsIIas W3 OTXOJIOB JOOBIYM Mpamopa u
HAHOJMOKCHU/Ia KPEMHUSI, 3HAUUTEILHO YIIYUYIIAET YKCILTyaTAllHOHHBIC XapaKTEPUCTHKH CTPOUTEIBHBIX CMECEH

Ha OCHOBEC LICMCHTA, MMO3BOJIAA IPHU 3TOM CHU3UTDH PACXOd BSIXKYIICTO.
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IMPACT OF ALUMINOSILICATE MICROSPHERE ON THE COMPRESSIVE STRENGTH
OF HARDENED CEMENT PASTE
0.D. Nabokin, V.A. Nasyrov
Scientific Supervisor: A/Professor PhD. A.B. Steshenko
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Abstract. The results of studies of modified hardened cement paste with aluminosilicate microsphere additive are
given in this article. The goal was to study the patterns of influence of aluminosilicate microsphere on
compressive strength of hardened cement paste. Introduction of aluminosilicate microsphere instead of cement
in the amount of 5, 10, 15 and 20% in the cement paste leads to the increase in the compressive strength of

hardened cement paste in 28 days by 16%.

BBenenne. AKTyaJIbHOCTH HCCIIEAOBaHUSI OOYyCIOBIEHa HEOOXOIMMOCTBIO OOECHEedYeHUs! TPeOyeMbIX
MIPOYHOCTHBIX XapaKTEPUCTHK OETOHHBIX M3IEIHH M KOHCTPYKIMH C MCIOJIb30BAHUEM MECTHOI'O TEXHOT'€HHOTO
chIpbsi. Yale Bcero mpu COBEPLICHCTBOBAHHE CBOWCTB IIEMEHTHBIX OETOHOB MCIOJB3YIOT JIBYXKOMIIOHEHTHYIO
MOJIeJIb, BKJIIOYAIOIIYIO KapKac W3 3alojHUTENsI 1 MaTpHIly M3 [eMEHTHOro kamHs. [Ipu aTom Gojblias poib B
00eCleYeHN: TPOYHOCTHBIX  XApPAKTEPUCTHK OTBOAWTCA CBOWCTBAM LEMEHTHOTO KaMHsS, KOTOpBIE
00€CNeunBalOTCSl BBEACHHEM MOIU(PHUIUPYIOMNAX W MHKPOAPMHUPYIOMIMX [JO0OABOK MpH IPUTOTOBICHUH
6eroHHBIX cmeceil [1-6]. Mcxoms W3 3TOro Ui MOBBIMIEHHUS KadecTBa OCTOHOB IOCPEACTBOM YIIYUIICHHUS
CTPYKTYpPbl LIEMEHTHOTO KaMHS HPEIJI0XKEH METOJ] NPUMEHEHHS TOHKOAMCIIEPCHBIX AKTHBHBIX MHHEPAIBbHBIX
JN00aBOK, HAIpPaBJICHHO BO3JCHCTBYIOIMX HAa HOBOOOPAa30BaHMS B CHUCTEME «IEMEHT-BOAA», YTO JaeT
BO3MOXKHOCTh ~ YIIPaBJISATH  NPOIECCOM  CTPYKTypooOpa3oBaHMsl IEMEHTHOro KaMHS. O QeKTHBHON
TOHKOJIMCIIEPCHOI aKTUBHOI MUHEPaJIbHOW J0OABKOM SIBIISIETCS AJIIOMOCHIIMKATHAs MUKpocdepa, o3BosIsIonas
CHU3UTH pacxo] IeMenTa [4, 5].

Oco0eHHOCTH BIHMSAHUS TOHKOIUCIIEPCHBIX aKTHBHBIX MUHEPAIBHBIX J0OABOK Ha CTPYKTYpPOoOpa3oBaHUe
1 GU3UKO-MEXaHUIECKUE XapaKTEPUCTHKH [IEMEHTHOTO KaMHS 3aKJIIOYalOTCsl B YCKOPEHHE HadaJbHON CTaaAuu
CTPYKTYpoOOpa3oBaHMsI ILEMEHTHOM MaTpUIBl 3a CUET B3aHUMOJCHCTBHA C THAPOKCHIOM KaJbIHA
KpPUCTaJUIOTUAPATHON HEMEHTHON MaTpHLsbI [5].

Ha ocHoBe pe3ynapraToB paHee BBHIOJHEHHBIX  HWCCIEJOBAaHMH  CTPOUTENBHBIX  CMeced ¢
Moudumpyromumu 1o6aBkaMu [2, 3, 5] nosoxurenbHbIi 3@ dexT gocTuraeTcs MpeuMyIleCTBEHHO 32 CUET

YIpaBJIeHUs MHMKPOCTPYKTYPOHl KOMIIO3UTa, a WMEHHO HW3MeHeHHs (YCKOpPEHHs) CTPYKTypooOpa3oBaHUs
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LEMEHTHOTO KaMHs1. [103TOMy B Ka4eCTBE OCHOBHBIX KPUTEPHEB OICHKH ITOJIOKUTEIHHOTO 3 (heKTa IIeMEeHTHBIX
KOMIIO3HIUI C BBIOpAHBI: HOPMAJIbHAS TYCTOTAa IEMEHTHOTO TECTa IPHU 3aJaHHOW IJIACTUYHOCTH, KOHTPAKIIHS
LIEMEHTHOTO TecTa, Kak J((EKTHUBHBIN CrOco0 IPOTHO3MPOBAHMSA AKTUBHOCTH IIEMEHTAa, W KHHETHKa
CTPYKTypooOpa3oBanwusi (MPOYHOCTh Ha CKaTHE B pa3iudHble cpokH). KoHTpakius (YMEHBIIICHHE CYMMapHOTO
00Bb€Ma HOBOOOPA30BaHUN OTHOCHTEIHHO O0BEMA BCTYIAIOIINX B PEAKIMIO BEMIECTB) OKA3bIBACT BIHMSHHUE Ha
CTPYKTYpOOOpa3oBaHHE M CBOIICTBA IIEMEHTHBIX CTPOUTEIHEHBIX KOMITO3HIINHA.

enp wuccrnemoBaHMs: YCTAaHOBHTh 3aKOHOMEPHOCTH BIUSHHS aTFOMOCHIMKATHOH MHKpochepsl Ha
MIPOYHOCTh IIECMEHTHOTO KaMHSL.

JKcHepuMeHTAJbHAS 4YacTh. B 1aHHOW paboTe B KayecTBE THIPABIUYCCKOTO BSDKYINETO JUIS
MPUTOTOBIICHUS IIEMEHTHOTO TECTa TPUMCEHSICS TOPTIAHANEMEHT TONKHHCKOTO IIEMEHTHOTO 3aBOJa
HEM142.5B (I'OCT 30515-2013). B xadecTBe TOHKOIUCIIEPCHOW AaKTUBHOW MUHEPATHLHOW JTOOABKH
HCIOJIb30BaJIaCh aJIOMOCHIIMKATHAsI MUKpocdepa 3010nuiakoBeix otxooB Ceepckoit TOI Tomckoii odmacry.
XuMIdecKuii coctaB MEKpoc(hepsl B OCHOBHOM IpeAcTaBieH okcuaamu kpeMmHus (SiO, — 47,06%), amomMuHAsA
(ALOs; — 22,67%) u xene3a (Fe,0; — 12,44%). Mukpocdepa Ceepckoii TIL] BBogMIack B COCTaB IIEMEHTHOTO
TecTa B3aMEH LieMeHTa B KoaudectBe 5, 10, 15 u 20%.

HccrienoBanusi IIEMEHTHOTO TeCTa M IIEMCHTHOTO KaMHs TNPOBOAWIM B Jlaboparopusx Kademapsl
«Ctpoutenbuble Marepuaibl W TexHosorun» TIACY. [Ins onpeneneHus KOHTPAKIUM LIEMEHTHOTO TeCTa
TOTOBHJIMICH 00pas3Ilbl U3 IIEMEHTHOTO TECTa C HOPMaJIbHOHN TycTOTOH. VcciemoBanne KOHTPAKIUN [IEMEHTHOTO
TecTa ocymecTtBisuiock Ha npudope « UIEMEHT-ITPOI'HO3-2», npegHa3HaueHHOM Il U3MEPEHUs] 00BbEMHBIX
neopmanuii IEMEHTHOTO TecTa W IPOTHO3a aKTHBHOCTH IIEMEHTa. V3MepeHHs MpOBOAMINCH MO METOAHKAM
MU 2486-98 u MU 2487-98.

PesynbTarnl. Pe3ynbTaThl BAMSHUS aTFOMOCHIMKATHOH MHUKpOC(hEpbl Ha IOKa3aTellb HOPMAaJIbHON
TYCTOTHl M KOHTPAKIIMU LIEMCHTHOTO TeCTa MPHUBEICHBI B Ta0N. 1. M3ydyeHHe LIEMEHTHOTO TeCTa HOPMAILHOU
TYCTOTHI TIO3BOJIMIIO YCTAHOBHTH, YTO MPH BBEJCHUN ATFOMOCHINKATHON MUKPOC(HEPHI MOBBIIIACTCS KOJTUYSCTBO
BOJIBI 3aTBOPEHUS LIEMEHTHOTO TecTa 10 12% 1Mo CpaBHEHHIO ¢ HOPMAJIbHOM I'yCTOTOW KOHTPOJIHHOTO COCTABA.

[lo pesynpraTaM HCCIEAOBAHHUM, NPEACTABICHHBIX B Tabn. 1, yCTAaHOBIEHO, YTO TPH BBEICHHUH
ATIOMOCHJIMKAaTHOM MuKpochepsl B KoimyectBe 15 % B3aMeH IIeMEHTa KOHTPAKIMA LEMEHTHOTO TecTa
yBenmnumiack Ha 15% mo cpaBHeHHMIO ¢ cocTaBoM 0e3 mobaBkm m coctaBmia 3,34 mur. [lomydeHHBIE TaHHEIC
MO3BOJISIOT MPOTHO3UPOBATH MPUPOCT MPOYHOCTHU IIEMEHTHOTO KaMHs (AKTUBHOCTh IIEMEHTA) B 28-MH CyTOYHOM
Bo3pacre. [IporHosupyemasi akTHBHOCTH Oe3mo0aBOoYHOro IeMeHTa cocraBmwia 39,6 MIla. Tlpu BBeneHum
ATIOMOCHJIMKATHOW MUKpOC(ephl B KoimdecTBe 15 % B3aMeH IleMEHTa aKTUBHOCTh LIeMEHTa cocTaBuia 46,2
MIla, a npu BBenenuu 10% B3amen nemenra — 40,8 MIla [5]. 3a cueT MoBBILIEHUsS] CTENEHH THAPATALUU
[IEMeHTa, HaOoJaroTCd ycagouyHble nedopManuyd B IIEMEHTHOM TECTe, YTO NPUBOIUT K YBEIWICHHUIO
KOHTpaKIuu (00beMHBIM JiepOpManisaM) IEMEHTHOTO TecTa 10 15% ¥ Kak ciieicTBUE, MOBBIIICHUIO aKTHBHOCTH
meMeHta g0 16% 10 CcpaBHEHHIO C KOHTPOJBHBIM 00pa3noM. OIHAKO YBENIWYEHHE KOJIHMIECTBA
ATIOMOCHIIMKATHON MHKpocdeps! 10 20% B3aMeH IeMEHTa MPUBOINT K CHIDKEHUIO KOHTPAKIIMH IIEMEHTHOTO
Tecta Ha 12 % MO CpaBHEHUIO C KOHTPOJBHBIM cocTaBoM (2,53 wmu). [lauHbId 3QQeKkT 00BsICHICTCS
MePeI03UPOBKOI IIEMEHTa MHHEPaIbHOM JT0OABKOI BBI3BIBAIOIIMN «TOPMOXKCHHE» THApATAIMM IIEMCHTA, B

CJIEZICTBUE UE€T0 NMPOrHO3UpyeMast IPO4YHOCTh cocTaBuina 34,8 MIla.
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Z[anee ObLIU MpOBEACHBI HCHbITAHUA HEMCHTHOI'O KaMHSI C MHKpOC(i)epOfI 1 ObUIH OIPCACITICHBL

MIPOYHOCTHBIC TIOKA3aTEeNIX B paHHUE CPOKHU TBEPACHUS U Bo3pacte 28 cyT. (puc. 1).

Tabnuya 1
Pesynomamul ucciedosanus KOHMPAKYUY YeMeHmMHO20 mecma
IIporuo3zupyemast
Cocras Hopwmasbhast rycrota, % | KouTpakums, mi AKTHBHOCTH LIEMEHTA,

MIla

KouTponbhblit 245 2,89 39,6
5% MuKpochepst 24,7 2,66 36,4
10% muxpochepst 25,1 2,89 40,8
15% mukpochepst 25,9 3,34 46,2
20% muxpochepst 274 2,53 34,8

3akarouenne. [Ipumenenne amomocunrkatHoi Mukpocgepsr Ceepckoit TOL] B xommuectBe 15%
B3aMEH IIEMEHTa MO Macce MO3BOIWIO YBEIHYHTH KOHTPAKIHMIO IeMeHTHOoro Tecta Ha 15% (3,34 mu) u kak
CIIEZICTBHE, IIOBBICUTH IIPOTHO3UPYEMYIO AaKTHBHOCTH IleMeHTa Ha 16% (46,2 MIla) mo cpaBHEHHIO C

KOHTPOJBHBIM 00pa3IioMm.
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Abstract. In the present study, the effect of temperature on the mechanical properties and plastic strain
localization patterns in tensile tested polycrystals of stainless steel AISI 301 has been studied using a double
exposure speckle photography technique. The main parameters of plastic flow localization at various stages of
the deformation hardening have been determined in polycrystals of steel at low temperature T = 123...373 K. It
was found that temperature enhances deformation localization and alters the mechanical properties and
quantitative parameters of the plastic strain localization pictures: the length period and band velocity. The
measurements of local strain distributions using the double exposure speckle photography method showed that

the strain is macroscopically localized at all stages of plastic flow in stainless steel polycrystals.

BBenenmne. Baxneifieil 3aKOHOMEPHOCTBIO MPOIECCa IUIACTHYSCKOTO SIBISICTCS €r0 CKIOHHOCTh K
JIOKAU3allMi Ha BCEX JTamaX. [JIaBHBIM pE3yJbTaTOM, IIOJYYEHHBIM TIPU WCCICIOBAHUU JIOKAIA3ALUU
IUTACTHYECKOTO TEUYCHHUs, SBISICTCS OOHAPYKCHHUE YHHBEPCAJIBHOTO XapakTepa JIOKAIU3alUH IUIACTHYCCKOU
nedopManu U oOmIHOCTH (HOPM €Tro TPOSBICHWA B MeTamiax M craBax [1]. Jlokamm3ammst compoBoXxaaeT
IUTACTHYECKYI0 AedopMaIiio OT Havaja A0 KOHHA (IO pa3pylleHHs), MPUHUMAas Ha 3TOM IYTH DPa3IHYHBIC
3aKOHOMEPHO MeHsromuecs: GOpMBL. DTO XapaKTepHO UII MOHO- M TIONHWKPUCTAUIOB METAJUIOB M CIUIaBOB, B
MOJMKPUCTAIUIAX C pa3HBIM pa3MepoM 3¢pHA, B MaTephallaXx C pPa3HBIMH MEXaHU3MaMH IUIACTHYECKOM
nepopmanmu [1]. Hacrosimass paboTta mMOCBSIEHA KCCICJOBAHUIO 3aKOHOMEPHOCTEH MAaKpOCKOMHYECKOM
JIOKIM3AMK  IJIACTHYECKOH gedopmanuu aycTeHUTHOM Hepxkasetomeil cramm  12X18H9T, xoropas
HCTONB3YeTCsl JUIS TMPOU3BOJICTBA CBapHBIX alllapaToB M COCYAOB, paOOTAIONMIMX B YCIOBUSX BIUSHUS
arpecCUBHBIX Cpell.

JKcnepuMeHTadbHas YacThb. C OTOW IENbIO MPEIBapUTEILHO IMOATOTOBIECHHBIE 00pa3isl B (opme
JIBOMTHOM JIOMIATKHU C pa3MepaMu padoueit gactu 50x10X2 MM pacTATHBaINCh B HHTEpBasie Temneparyp 123...373

K co ckopoctbio 6,67x107 ¢!

Ha HUcTbITaTeNibHON MammHe LFM-125. Busyanusanusi U 5BOJIONHS TTOJIOC
MaKpPOCKOIIMYECCKOH  JIOKAIM30BAaHHOM IJIACTUYECKOM JedopManvu Ha pa3HBIX CTauusaX HaATPYKCHUS
OCYILECTBIISUIACH METOJIOM KOppeJsiiud NUGPOBBIX CHEKI W300paxeHWd u crnekni — Qotorpadun. I[lpu
peanu3any 3THX METOJIOB PACTATHMBAEMbIA 00pa3ell OCBEIIAIM KOT€PCHTHBIM IYYKOM MOIYHPOBOIHHKOBOTO

Jlasepa ¢ JJIMHOW BOJIHBI 635 HM M MomHOocThIO 15 BT. M300paxenus nedpopmupyemoro odpasua, moryyeHHbIS
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IIPU TAaKOM OCBCLICHWH, C HAIOKEHHBIMH Ha HHUX CIEKJI - CTPYKTypaMH, PErHCTPUPOBaIH LH(PPOBOI
Buseokamepoii pixellink PL-B781 ¢ wacroroii 10 ', oudpoBanu u coxpansiau B Buae ¢ainos. CyTb MeTona
Koppessauun HH(POBBIX CIEKI H300paKEHHH 3aKITI0YaeTCsI B BO3MOYKHOCTH OTIPE/IENICHHUS C BBICOKOH TOYHOCTHIO
Mojied CMEIIEHHH TIyTeM OTCIICKUBAHMUS HM3MEHEHHI Ha [OBEPXHOCTH HCCIEIYyeMOro MaTepuaia |
TTOCJISAYIOMIET0 CpaBHEHMS MUPPOBLIX (oTorpaduii, 3apUKCUPOBAHHBIX B MPOIECCE OJHOOCHOTO PACTSHKCHHUS.
B mertone nupoBoif cTaTHCTHIECKOH ek — poTorpaduu s KaXKIOH TOYKH H300paKeHUS CIIEKI-CTPYKTYPHI
(opMHpoOBajIach MOCIEA0BATEIFHOCT OTCYETOB, XapaKTEepU3yollas BpeMEHHOH X0J1 ee SIPKOCTH, BBIYHUCIISUINCD
JMCIEPCHST M MaTeMaTHYECKOe OXKHJaHHWE, COOTHOLIEHHE KOTOPBIX HMCIOJIb30BAJIOCH Ui OTOOpa)KeHUs! 30H
JIOKaJIM3alMHY TIaCTHYEeCKO# nedopmanni.

Pesyabrarsl. [IpoBeneHbl UCTIBITAaHKUST HA OJHOOCHOE pacTshKEHHE Ha o0Opaslax HepiKaBerolleil craiu

12X 18HIT B unTepBane temmeparyp /23...373 K. Pe3ynbTaThl 3THX SKCIIEPIMEHTOB MIPHUBEICHEI B Tabmwe 1.

Tabnuya 1
Mexanuueckue xapaxmepucmuxu Hepaxcagseroweu cmanu 12X18HIT ¢ unmepegane memnepamyp 123...373 K
Temneparypa, | IIpenen TekydectH, [penen npounocty, OTHOCHTEEHOE YIJIMHCHUC
K MIla MIla JI0 pa3psbiBa, %
123 504 1560 35
173 500 1401 37
213 443 1244 41
223 425 1204 44
233 417 1177 45
243 400 1151 47
258 378 1070 52
273 364 1058 56
296 328 880 76
323 313 744 90
248 290 647 73
373 296 622 55

Jduarpamma pacTskeHus o (¢ ) oOpasuoB cranm 12X18HOT oxBaTeiBaeT 007acTH  yNpYTHX,

acTuieckux aedopmanuii u paspymenus. [locie ompeneneHHOro ypoBHS IUIACTHYECKOH IedopmManuu Ha
KPHBOH Harpy>XeHHs 3aMETHBI KoyicOaHNs Ne()OPMHUPYIOIIETO HANPSHKEHHUS HA CTAANH MPEPBIBICTON TEKy4EeCTH.
Cnansl HanpshKeHHH TpU  yBeqMYeHWH oOmel nedopmanmum jnocturaor 1-2 Mlla, mpupoga KOTOpBIX
oOycioBiieHa Y-0'-pa30BbIM IIpEeBpallleHHEM, HaBEJICHHBIM IUIACTH4ecKoW nedopmanuneit, u 3sdpdexTom
[Mopresena—Jle Hlarense (ITJILI ) [2, 3].

AHanu3 pacupenesieHUi JIOKaJIbHBIX yUIMHEHUH 0Ka3all, YTO Ha CTansX JIMHEHHOTO Je(opMannoHHOTo
YIPOYHEHHS B COOTBETCTBYIOIEM PETHCTPUPYEMOM HHTepBalie nedopmanus pacrnpenencHa HeogHopoaHo. Ha
KapTUHAX PACHPENEICHUH JIOKAIbHBIX AehopManuii HaONOAAIOTCS BBICOKOAMIUINTYAHBIE SKBUANCTAHTHO
PACIONIOKCHHBIE OYaru JIOKAIN3aINK IIACTHYECKOH, pa3/ieleHHbIe HU3KOaMIUINTYAHBIMU odaramMu. B oOpasie
ctram  12X18HI9T 3adukcupoBaHO CHHXPOHH3MPOBAHHOE JBIDKEHHE CHUCTEMBl OYaroB JIOKAJU3allid
IIaCTHYECKOH e OPMALIMH BJIOJb OCH PACTSIKEHHS C OJMHAKOBOI CKOpOCThIo ~ 10 M/c, KoTOpyIo onpenensin
10 HAKJIOHYy TPSAMBIX Ha KHHETHMYECKOW JHarpaMMe MaKCHMYMOB JIOKAIBHBIX VYJUIMHCHUH BJOJb OCH
pacTsDKeHHs B 3aBUCUMOCTH OT BpeMeHH. [IpocTpaHCTBEHHBIN NEpHOl JIOKAJIBHBIX YIUIMHEHUI B DTOM cllydae,

cocraBun A =4...7 MM.
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B oTnmuue ot cTamuu TMHEHHOrO Ae(hOPMAIMOHHOTO YIPOYHCHHS, Ha CTAUH MPEPBHIBUCTON TEKYUCCTH
HAOJIOAaeTCs PACIPOCTPAHCHHUE OJMHOYHBIX (DPOHTOB JIOKANHM3AlMU IUIACTHYECKON nedopmanuu  (mojoc
[JII), mocnemoBaTeNbHO BO3HHUKAIOMIMX JPYr 3a JPYyroM IO JAinuHe oOpas3iia B COOTBETCTBYIOIIEM
peTHCTpUpYEeMOM HHTepBayie ob0merd nedopmanuu. [lepBelii  QPOHT JIOKATW30BAaHHOW TUIACTHYECKON
nedopmanuu mox yriiom 60° K OCH pacTsDKCHHs NMPH KOMHATHOH TeMIlepaType 3apokmaeTcs Tpu oOmmei
nedopmanmu € = 0,575, BOBHUKHOBEHHE KOTOPOTO COOTBETCTBYET CKAuKy HAINpPsDKCHHs Ha JehOopMannoOHHON
kpuBod. ®poHT | JOKanIM3aNMU TUIACTHYCCKOW AedopManuu IBMXKETCS MO JIUHE o0paslia ¢ IMOCTOSHHOM
CKOPOCTBIO B HAIIPABJICHUU K HETIOJBHKHOMY 3aXBaTy HCIBITATCIBHON MAIIIMHBL.

[Mocne mpoxoKIACHUS MEPBOro (PPOHTA JOKATHM3AIMK IUIACTUYECKON Aedopmaruu o obpasiy aajnee ¢
pocToM o0IIeH nedhopMaIin €, 3apOKAAIOTCS: GPOHT 2 TP & = 0,59; dponT 3 nipH & = 0,61 u PpoHT 4 Mpu
€t = 0,64. Kaxxapiii GpOHT JIOKATU3AIUH TUIACTHIECKON Ae(OopMaIlii BOSHUKAET, Cpa3y kKe MOCie MPOXOKICHHUS
0 BCEH JTMHE TpeapIaymero Ggponta. Bo3HHKHOBEHNE BBIMICONHCAHHBIX 0YaroB JIOKAJTN3AINH TUIaCTHYECKOM
nedopManuy Takke COOTBETCTBYET CKayKaM HaIpsHKCHHA Ha JedOpMalMOHHONW KpWBOW B Todkax 2, 3, 4.
CKOpOCTH PacIpOCTPaHEHHUs YEThIPEX (POHTOB COCTABMIH V| = 2,1-10'4 M/c , Vo= 2,1-10'4 M/c, V= 1,7 10
M/c, V4= 1,3 -10™ m/c.

Crnemyer OTMETHTB, YTO C(OPMHUPOBABIIMICS YCTBEPTHIN (PPOHT JOKAIHM3AIKUU MOCIE MPOXOKICHUS 110
JUTMHE 00pa3slia He MCYE3aeT, B OTIMYHUE OT TPEX MPEbIAYIINX (PPOHTOB, a IpH 00IIeH nedopmanuu g, = 0,738,
OCHIITMPYET OTHOCHUTEIBFHO OCH HATPYXCHHS W MPOMOIDKAeT JBIKCHHE C JAPYroll CKOPOCTBIO B CTOPOHY
MOJIBIDKHOTO 3axBaTa MCIBITATEILHOW MaImuHbl. 3areM mpu obmed nedpopmammm gy - 0,74 ¢dponr 4
ocraHaBimuBaercs noj yriaoM 80° K ocH HarpyXeHus BOMM3U KoopAwHATH X ~ 10 ¥ MPOUCXOAMT pa3pylIieHNe
oOpa3ma Taxoke Mo yriioM 80° K OCH HarpYy>XEHHS B BU/IE MaruCTPalbHON TPEIINHEL

3akuwdenne. B pesynbraTe MpOBEICHHBIX UCCIICAOBAHUIA YCTAHOBIICHO, YTO HA CTaIUH HPEPBIBUCTON
TEKYUYCCTH, SBJISIOIICHCS 3aKIIOYUTEIBHON cTajuell mepes paspylleHHeM o0pasiia, He MPOUCXOAUT CIUSHHUE
OYaroB JioKamu3almu jaedopmMaruu, Beayllee K 0Opa30BaHUIO IIEHKU, KaK 3TO HAOIIOAATIOCH IUIs paHee st
HCCIICIOBAaHHBIX MaTepuasioB. [loaTtomy aedopMaIiOHHBIC TPOLECCH HAa TOCHEAHEM (POHTE JIOKATU3AINH
IUTacTHUeCKo  aedopmarii  CleayeT  paccMaTpuWBaTh  KaK — CTaAWMI0  TpeApa3pylIeHus  CIUIaBa,
JEMOHCTPHPYIOIIETO MPEPHIBUCTYIO TEKYIECTb.

Pabora BemonaeHa npu noaaep:xke Poccutickoro Hayanoro ®@onna (rpant Ne 16-19-0025-1T)
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Abstract. The research results of thefire-retardant efficiency of the developed liquid-glass building compositions
for fire protection of wood products and structures are presented. The developed liquid-glass building
compositions containing sodium liquid glass, surfactant additive and carbon quartz filler (black slate) have
made it possible to obtain an effective coating for fire protection of wood products and structures. Based on the
results of the carried out studies, it has been found that the effect of fire-retardant action of the developed
coatings consists in thermal conductivity reduction of the layer during coating expansion. The additional fire-
retardant effect is achieved due to fillingup the voids in the structure of the expanded layer with water vapours

and non-burning gases: CO2, SO2.

Benenne. B orpacinu cTponTenbcTBa nmpodOiieMa OTHE3AIUThl M3JENHH M KOHCTPYKUMI M3 JApEeBECHHBI
SBIISICTCS BechbMa akTyanbHOW. Ilpn HarpeBe npeBecwHbl cBbiie 200 °C HacTymaeT cTaaus pacrnajaa IMOoJo3 ¢
BeiienieaneM CO, CHy 1 Apyrux HU3KOMOJICKYIISIPHBIX YTIICBOJOPOAOB, KOTOPBIE CIIOCOOHBI BOCILIAMEHSTRCS. JIJIst
3alIUTHl OT BO3TOPAHHSA W3MCMUA M KOHCTPYKIMH M3 APEBECHHBI HEOOXOAMMO MPHUMEHATh 3(PQEKTUBHBIC
OTHE3alIUTHBIC MaTepHabl, CACPKUBAIOIINE Pa3BUTHE MpoLiecca TOPEHUs JIPEBECHHBI JI0 TEMIEPAaTyphl Hadala
Bocrtamenenust (200-250 °C). IlepcrieKTMBHBIM HampaBieHHEM B O0JACTH OTHE3ALIUTHI JPEBECHUHBI SIBISCTCS
pa3paboTKa BCIyUMBAIOIIMXCS OTHE3AIUTHBIX KOMIIO3UIN, KOTOPbIE HAHOCATCS TOHKHM CJIOEM Ha ITOBEPXHOCTh
JIPEBECHHBI U MPOSIBIISIIOT 3AIUTHBIH 3((EKT MPpU BEICOKUX TEMIIEpaTypax ¥ OTHEBOM BO3IECHCTBHH.

HarpueBoe xuakoe CTEKJIO SIBISETCS AOCTYIMHBIM M 3(P(QEKTUBHBIM CBS3YIOIIMM B OOJACTH CO3JaHUS
OTHE3aIMTHBIX KoMno3uiwi [1]. OnHaKko npu BCIYYMBAHWU TOHKOIUICHOYHBIX JKHUIKOCTEKOJBHBIX IOKPBITHH
00pa3yroTcst ciaadble TI0 IPOYHOCTH YTIIEPOIHBIE TICHBI, KOTOPHIE B PEaJbHBIX YCIOBUAX IMOXKapa MPH BBICOKHUX
CKOPOCTSIX Ta3000pa3HBIX MPOIYKTOB TOPEHUS OyAYyT CPBIBATHCS C 3ALIMIAEMOIl MOBEPXHOCTH W YHOCHUTCS C
MMOTOKAMH Ta30B, YTO 3HAYMTEIBHO CHIKAaeT orHe3amuTHBIA 3¢dekt [1]. st GopmupoBanus onTuMaabHOU
CTPYKTYPHI H MTOBBITICHHUS SKCIUTYyaTAIIHOHHBIX CBOWCTB OTHE3AIIUTHBIX KUIKOCTEKOJIBFHBIX KOMIIO3HIINN BBOJIST

TOHKOJUCTICPCHBIC HAIIOJTHUTCIIN.
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enpto Hacrosimeilt paboOTHI sABISETCS pa3padOTKa HAaydHO OOOCHOBAHHBIX COCTABOB M TCXHOJOTHH
U3TOTOBJICHUS IKHUJIKOCTCKOJIBHBIX CTPOUTCIBHBIX KOMIIO3UIMIA [ 3aIMUTHl OT BO3TOPaHUS HU3JCIUN H
KOHCTPYKIWH U3 IPEBECHUHBI.

JKcnepuMeHTAJbHAA 4YacTb. Ha OCHOBE TPOBEIEHHBIX HAyYHBIX HCCIIEIOBAaHUI pa3paboTaHBI
KHUJIKOCTEKOJIbHBIE CTPOUTENFHBIE KOMITO3HMIIMH, COJAEPIKAIlie B COCTABE B KAa4UeCTBE CBA3YIOIIETO HATPUEBOE
)uakoe crekio n3 cumkaT-rbiopl (TOCT 13078-81), win HaTpUeBOE KHUAKOE CTEKIO M3 MUKPOKpEMHE3eMa,
JN00aBKy MMOBEpXHOCTHO-akTuBHOrO BemectBa ([IAB) ¥ TOHKOIWCIIEPCHBIM HANOJIHHUTENL — KBapil
YIIEPOOUCThIA (YEpHBIC CJAHIBI), HW3MEIbUCHHBIH B pe3ylbTare MNepepadOTKU MpU J0ObUE 30JI0Ta HA
30JI0TOA00BIBAIOIIMX TpeanpusTusax bomaiiduackoro paiiona Hpkyrtckoir obmactu [2]. XKunkoctekonbHbie
KOMITO3UIIMM TOTOBWJIM ITyTE€M COBMECTHOTO II€PEMEIIMBAHUS JKUAKOTO CcTekia ¢ npobaBkoir [IAB wu
HanoHATeNeM. C TOMOIIBI0 MAJISIPHOW KHCTH JKHAKOCTEKOJBbHBIE KOMIIO3WIIMM HAHOCWIM B 3 CIIOS Ha
MTOBEPXHOCTh TMPEABAPUTEIHHO HW3TOTOBJICHHBIX O00pasloB JPEeBECHHBI COCHBI pazMepoM 30x60x150 mm,
BBICYIIEHHBIX JI0 TIOCTOSHHOW Macchl. PaHee wu3ydeHBI 0OCOOCHHOCTH (DOPMHPOBAHUSA CTPYKTYpPHI MpH
COBMECTHOM TBEPACHUU KHIKOTO cTekia ¢ nobaBkoil [IAB u uepHbIMH ClIaHIIAMH, KaKk NpPU CCTECTBEHHOMN
TeMmnepaType, Tak U IPH TEIUIOBOM Bo3zzeicTeum [2]. TepMudeckue npeBpamieHus, MPOUCXOSIIUE B CTPYKTYPE
KHUJIKOCTEKONBHBIX KOMMO3uli B auanasone temmeparyp 20°C - 1000 °C uccrnenoBaHbl ¢ MOMOILBIO
KOMILIEKCA CHHXPOHHOTO TEPMHUYECKOT0 aHamu3a [2].

KoadhpumpeHT TermonpoBoAHOCTH pa3pabOTaHHBIX OTHE3aNIUTHBIX MOKpBITUH (A, BT/M°C) onpexnensaun

pacyeTHBIM ITyTeM I10 SMIupudeckoii popmyne B.I1. Hexpacosa:

/1:1,169\/0,0196 +0,22d2? - 0,16,
r7ie d- OTHOCUTENbHAS IUIOTHOCTD MaTepHaa.

PesyabTarhl. {11 OIEHKHM TEMJIOMPOBOTHOCTH pa3padOTaHHBIX IKUIKOCTEKOJIBHBIX CTPOUTEIHHBIX
KOMITO3HMLIMH TPOBEAEHBI pacueThl KO (GHUIMEHTa TEIIIONPOBOIHOCTH JUIS )KUAKOCTEKOIbHBIX KOMITO3MLIUI Ha
ocHoBe xuakoro crekiaa nmo I'OCT 13078-81 u kmaxoro crekia U3 MHUKPOKPEMHE3€Ma C y4eTOM JaHHBIX
TEPMHUUECKOT0 aHanu3a. [1o pe3ynbrataM NMpOBEICHHBIX WCCIECIOBAHUH YCTAHOBJIEHO 3HAYUTEIBHOE CHU)KCHHE
KOd(pHUIHEHTa TEIJIOMPOBOJIHOCTH Pa3padOTaHHBIX OTHE3AIIMTHBIX MOKPBITHH TPH  TEeMIIEPaTypHOM
BosneiicTBun ot 120-150 °C. Ha maHHOM JTame TeMmIepaTypHOrO BO3ACHCTBHS MPOMCXOMUT WHTEHCHUBHOE
BCITyYMBAHHME OTHE3AIIUTHOTO MOKPHITHSA, 00pa3oBaHKE TOp, yBEIMUEHIE 00heMa MOBEPXHOCTHOTO 3aIIUTHOTO
CITOSI M 3HAYMTENHFHOE yMEHBIIIEHHE ero IIoTHOCTH. Ha pucyHke 1 mpesactaBieHa BBISBICHHAs 3aBHCHMOCTH
n3MeHEeHHs Ko PHUIMEHTA TETTIONPOBOIHOCTH Pa3padOTaHHBIX KUAKOCTEKOIBHBIX CTPOUTEIBHBIX KOMITO3HLIUH
(OKCK) or Bo3zeiictBust Temneparypbl. Takxke IpUBEIEH CPaBHUTEIBHBIH pAacyeT TEIUIONPOBOIHOCTH JIJIs
NOKpbITHS U3 xkuakoro crexia nmo FOCT 13078-81 (6e3 nob6aBok n HanoiaHuteneit). [Ipu orneBoM Bo3nelcTBUM
roce focTikeHus temnepatypsl 600 °C mpou3onuIo pa3pyueHne BCIy4eHHOTO CII0st )KHIAKOTO CTEKIa.

[locne mpoBeaeHWS WCIBITAHUHA OTHE3AIMUTHON 3S(()EKTHBHOCTH 10 METONY «OTHEBOW TPYOBI»,
ormmcanHoM B ['OCT 16363-98, coxpanuiachk saercTasi CTpyKTypa BerydeHHoro cinosi nokpeitust JKCK (puc. 2).
B moBepXHOCTHOM CJI0€ TIOKPBITHSI MOXHO PacCMOTPETh MOPHI chepuueckoil Gopmbl pazMepoM OT 1 10 6 MM,
oOpa3zoBaBIIrecs MPH BCIIYYUBAHUH JKUTKOCTEKOJIBLHON KOMITO3UITUH TIOCIIE OTHEBOTO BO3JIEHCTBUS (pHC. 2).

Ilo pesymbraTaM TEpMHUYECKOro aHanu3a [2] YCTaHOBIEHO, YTO BCIlyYMBaHWUE MaTepHaNa IpH
BBICOKOTEMIIEPaTypHOM BO3JICHCTBHH CONPOBOKAACTCS BBIICICHHEM IapOB BOJbI M 00pa3oBaHHMEM Ia30B, He

noanepxxupaimux ropeaue: CO,, SO,.

Poccus, Tomck, 21-24 anpensa 2020 r. Tom 6. CTpoUTENBCTBO U APXUTEKTYpa



XVII MEXJIYHAPOJIHA A KOH®EPEHLIMA CTYAEHTOB, ACITMPAHTOB U MOJIOABIX YUEHBIX
«IEPCIIEKTUBbI PASBUTUA ®YHAAMEHTAJIbBHBIX HAYK»

HOTepI/I MacCChl 06pa3u03 IOCJIE OTHEBBIX HCIBITAHUM COCTABUJIM MCHEE 9%, YTO T'OBOpUT O nepBoﬁ

rpynre 0FHC3aH.lHTHOﬁ S(b(beKTI/IBHOCTI/I paBpa6OTaHHHX KUJKOCTCKOJIbHBIX CTPOUTCIIbHBIX KOMHO3HI.[I/Iﬁ.

0,8 . .
z 0.7 ! ! [ToxpreiTHE XUIKUM
= }‘ i BCIY4YHBAHUE / CTEKIIOM
o ==} 0,6 A ) 1 1
s «\\ : ' /
=503 ‘\. | -
= 204 A\ W : e e e e Tlokprrtue XKCK c
E § 03 \\ i / nanoaurenem UC
[sa) s (] : :
§ g‘ .0 \ 1 1 /
£ 02 .
E 0,1 = = Tlokpsitue XXCK Ha
= 0 ; %0esecsccc®’ OCHOBE JKUJIKOTO CTEKIIA
20 120 150 200 550 800 ffCMK ¢ HaTOJHITEACM
Temneparypa, °C

Puc. 1. H3menenue koagpdpuyuenma menionpogooHoCmu 6Cnyuudaroujuxcs 02He3auumnsblx NOKpbulmuil

6 3asucumocmu om memnepamypHoco 8030elicmeus

Puc. 2. Becnyuennulii cioii 0eHe3auumno20 nOKpbulmusi HOCe 02HebIX UCHbIMAHUL

3akimouenue. [1o pesynpraTaM NpoBEIECHHBIX UCCIEIOBAaHUN YCTaHOBJIEHO, YTO 3((EKT OTHE3aUTHOTO
JOCHUCTBHSL pa3pabOTaHHBIX JKHUIKOCTEKOJBHBIX CTPOMTEIBHBIX KOMIIO3MLUI 3aKIIOYaeTCsl B CHIDKCHUHU
TEIUIONPOBOAHOCTH CIIOSl TP BCITyYMBAHUM HOKPHITUSA. JOMOMHUTENBHBIN 3()(EeKT OrHEe3ammTHOTO AEHCTBUS

JOCTUTAETCsS 3a CYET HANONHEHHS IIyCTOT B CTPYKType BCIIyYEHHOTO CJIOSl TapaMH BOIBI W HE

noaep kuBatoMu roperne razamu: CO,, SO,.
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COMPREHENSIVE CONSTRUCTION AND AUTOTECHNICAL EXAMINATION
FALLING OF THE SNOW-ICE MASS ON THE CAR
R.V. Nuzhnykh, V.S. Kalinichenko
Scientific Supervisor: Prof., Dr. Yu.A. Vlasov
Tomsk State University of Architecture and Building, Russia, Tomsk, 2 sq. Solyanaya, 634050

E-mail: romichnu@gmail.com

Abstract. The determination of the mass of snow (ice) is sufficient evidence of the impossibility of an answer to this
question. The work is a generalization of the physical and mathematical foundations in the conduct of complex

construction and technical studies during the deformation of car body elements as a result of a fall in snow-ice mass.

Beaenue. Opranuzanust yOOpKH CKOIUICHHBIX CHEXXHBIX MacCc Ha KPOBIIX 3JaHHH M COOPYKEHHH,
BO3JIaraeTcsi Ha COOCTBEHHMKA 3[aHMs WM yIpaBisiomylo kommanuio (YK), oTBeTcTBeHHYIO 3a Hajiexaliee
BBINIOJIHEHHE CBOMX MPSMBIX OO0s3aHHOCTEH MO coJlepikaHHio oOciyxuBaemoro crpoenust [1]. B 3amannoii
Cubupu, Ce30HHO CHEr NPUXOJUTCS YOUpaTh IPAaKTHYECKH eXeIHEeBHO. Pa3zymeercs, ¢ KpOBelb 3aHUM
CKOIMBILMECS CHEXHbIE MacChl CKUJIBIBAIOT HE TaK YacTo, KaK pEerjJaMeHTUPYeTCs, B YaCTHOCTH, H3-3a
HEOOXOAMMOCTH HalMa KBaJH(UIMPOBAHHOW OpHrajpl IPOW3BOJALIEH pabdOThl Ha BbICOTE. U Kak MOXHO
3aMETHT BO MHOTMX CHOHMPCKHX TIOPOJAX, NPOJOJDKHUTEIBHOE CKOIUICHHME M CBHCAHME CHEXHBIX MEIIKOB C

KpOBEJIb 3/IaHUH, JOBOJIHHO pacHpocTpaHnEéHHast TeHaeHImA (puc.1-2).

ft | '
i | 37 8

Puc. 1. Ceucanue cHexiCHO-1e05HbIX MACC C Kposeiu Puc. 2. Ceucanue cHesxicHbIX MeUIKO8 ¢ Kposeiu

PeFI/ICTpaHI/ISI n (bl/IKcaHI/ISI CJIy4yacB IMaJICHUSA CHEXKHBIX MacCcC C KpPOBEJb 3HaHHﬁ, KaK IIOKa3bIBacT
MpaKTUKa, O3HA4YacT MHNOBPCKJACHHUC 4YaCTHOTO HMYIICCTBA, B YHUCIC KOTOPOro, HpI/IHapKOBaHHHﬁ Yy Aoma

aBromoOwis [2], (puc.3-4). 3amaua ompeneneHus Macchl cHera (Jbja), AOCTATOYHOW ISl HPUYUHEHHS
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aBTOMOOWJIIO HAJIMYECTBYIOLIUX TOBPEXKICHUI, MOXET IPHUBECTH OJKCIEpTa K BBIBOAY O TEXHHYECKOM
HEBO3MOXXHOCTH OTBETa Ha JaHHBIA Bompoc. Llenbio pabotsl siBisiercs 06o0meHne Gpu3nKko-MaTeMaTHuecKux
OCHOB IPH NMPOBEICHUN KOMIUICKCHOH CTPOUTENBHO-aBTOTEXHIUECKOH SKCIIEpPTH3BI TP IeOPMAINU Ky30BHBIX

3JIECMEHTOB aBTOMOOUIIS B pe3yabTaTe NagCHUSL CHEXHO-JICASTHOW MaCCHI.

Puc. 3. I[lospescoenue Ky308HbIX 2eMEHMO8 Puc. 4. [lospescoenue Ky308HbIX 2eMEHMO8

asmomobuns 6 pesylbmame NAOeHUsl CHENCHBIX MACC asmomoouns 6 pe3yibmame NAOeHUsl CHENCHBIX MACC

Metoasbl. PykoBoCcTBYsICH OOIIENPUHATHIMH 3aKOHaMH (u3uku [3], onpenenanm Maccy Najarouiero reia
(cHera, ribIOBI b1a). [Ipu Manbix aedopmanmsx (|x| <</) cunia yrnpyrocty nponopLUroHabHa ieopMalyu Teaa u

HaIpaBJICHa B CTOPOHY, TPOTUBOIIOJIOKHYIO HAIIPABICHNIO IEPEMEIIICHIS YaCcTHII Tella PH AeOpMAaLIH:
F =F =—kx. €))
x ynp

CootHorrenue (1) BeIpakaeT SKCIIEPUMEHTAIBHO YCTaHOBIICHHBIH 3aKoH [yKa.
Koaddunuent k HaspiBaeTcs xecTKOCThIO Tena. B cucteme CU KeCTKOCTh M3MEPSETCSl B HBIOTOHAX HA METP
(H/m). KoaddunmeHT keCTKOCTH 3aBUCUT OT MaTepuaia, GOpMbI U pa3MepoB Tea.

B o61em Buze, paboTy, NOTpaueHHYO Ha JedopManuio, MOXKHO MPEACTaBUTh B BUJIE MHTETpasia:

kx> kxex
;:—: ; (2)

2 2

x xZ
j ko - dx = k—
0 2

F

yap

rae kx = = [F;], CJIICIOBATCIIbHO, pa60Ta, NoTpavYCHHad Ha ue(popMaumo TCJla, B UCCICAYEMOM CJiydac,
HUMECT BU:

* X

ynp

2

A= 3)

W3 onpenmeneHmss 3akoHa COXpaHEHHMS MexaHWdeckod sHeprum: «llpm r00BIX  QE3HUIECKHX
B3aNMOJICHCTBHAX YHEPTUsI HE BO3HUKAET M He ncue3aeT. OHa JIMIIb IPEBPAIACTCS U3 OJHOW (GOPMBI B IPYTYION.
B uccnexyemom ciryuae, moTeHIuaNbHas 3HEPTHA Tena (CHeTa, TTIBIOBI IbJa), HaXosIeHcs Ha BeIcOTe H,

IIPY MAJEHUH TPaHC(HOPMUPYETCS] B KHHETHUECKYIO SHEPTHUIO:

m-V?
e = ; “4)
2
gtz 2H
TJie, CKOPOCTh V/=gt; BbICOTa NaJieHus Tena (CHera, MIbIObI JIbaa) H = =—, OTKyJa ¢ = , |[—— ; TorJa, CKOpOCTh
2 g

MOKHO ONPENEHTH Mo clemyromei Gopmyine V =+/2gH ;
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CJIEAOBATCIIbHO, KHHECTUYCCKYIO SOHCPTHUIO BO3MOXKHO NPEACTABUTH B CICAYIONIEM BUAC!:

=m-g-H. 5)

e

PyKkoBOACTBYsICE H3BECTHBIMU 3aKOHAMH MEXaHUKH, IPHXOIUM K 3aKIFOUCHUIO O TOM, YTO KHHETHYECKas
9Heprus Tena (CHera, IIIBIOHI JIbA) MaJaloIeTO ¢ BRICOTHI, IEPEXOANT B padboTy aedopmarin (He3HAYNTEIEHON
4acThIO PHEPTHH, pacceMBaeMoil B mporecce aedopmaliy, riaBHEIM 00pa3oM, B BHJE TEIDIOTH IpeHeOperaem),

JaHHOC y6C)KZ[6HI/Ie 3aIIMIICM B BUJC PABCHCTBA!

ynp

mgH = (6)
2
W3 paBeHcTBa (6), BRIpakaeM Maccy MaIarolero Tena (CHera, TIbIObI JIbaa):
F-x
m = ; (7
2gH

roe, F'= [F ] — Harpyska Ha Hccienyemsblii snemeHT, (H), (H=1<r-M/ ¢’ ); X — yCpeIHEHHOE IepeMeleHHe

TOYEK HCCIELYEMOr0 JIEMEHTa aBTOMOGHIS (M); g — YCKOpeHHe cBOGoxHOro magenms (M/c’); H — BbICOTa
najieHust Tefa (CHera, TIbIObI JIbJia), 32 BEIY€TOM BBICOTHI UCCIIEYEMOTO dJIEMEHTa aBTOMOOUIIS (M).

PesyabTarsl. OCHOBBIBasACh Ha OOIIEU3BECTHBIX 3aKOHAX (PU3MKM BBIpaXKCHA Macca Majarouied CHeXHO-
JICASTHOW TJIBIOBI, MPUYMHHUBIICH HAIMYECTBYIONIUC MOBPEKACHUS Ha KY30BHBIX 3JIEMEHTaX aBTOMOOWIIA, C
Y4eTOM yCpeIHESHHOTO IIePEMEIICHNUS BEICIICHHBIX TOYEK HCCIEeTyeMOH METaJUINIECKOH TaHe B 3aBUCUMOCTH
OT BBICOTHI MaJIeHUsT Macchl (7).

3akaiouenue. B pesynbraTe IpOBEICHHBIX HCCIEIOBAaHUI BEIBEJCHA (pOpMyIla OTIpe/IeICHUs Magatonlei
CHOXXHO-JIEASHOM MacChl TIpH TOBPSKIACHWM aBTOMOOWIA. [IpormObl  ABISAIOTCS OYEHb  Ba)KHBIMHU
KOJINYECTBEHHBIMH ITapaMeTPaMHy B JAHHOM HCCIICJIOBAHUH, B CBSI3H C 3TUM BEAYTCS UCCIICAOBAHUS alTOPUTMOB
00pabOTKM JAaHHBIX MOOWIBHBIX BHJCOU3MEPEHHUH U  (oToduKcauu s OLUCHKH IOBPESIKIACHUI
aBTOMOTOTPAHCHOPTHBIX CPEACTB [4].

B paMkax KOMIUICKCHBIX CTPOUTEIbHO-aBTOTCXHUUCCKUX OJKCIEPTH3 MPOBEICHHBIC HCCICIOBAHUS
MTO3BOJIIOT CPOPMHUPOBATH HU3NKO-MATEMAaTHIESCKYIO0 OCHOBY JUIA pa3paOOTKU U ampoOauil COOTBETCTBYIONICH
METOJMKH HCCIIEIOBAaHUN HANPSHKCHHO-IC(POPMHUPOBAHHOTO COCTOSHHS KY30BHBIX JJIEMEHTOB aBTOMOOWIS B

pesyabTaTe NMaJeHNs Ha HUX CHEKHO-JIEISHBIX Mace.
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MODERN DIRECTIONS OF APPLICATION OF TRANSLUCENT STRUCTURES
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Abstract. This paper presents the basic requirements that are imposed on new translucent enclosing structures
and modern technologies that will allow the creation of translucent structures of a new generation with

improved thermal performance.

Beenenne. CBeronpo3pauHble OTpaXKIaroOLIMe KOHCTPYKLHUM SIBJISIOTCS BAKHEHIIMM DJIEMEHTOM HE
TOJIBKO JKMJIBIX, HO U OOIECTBEHHBIX 31aHNH U coopyxeHuH. OKOHHbIE KOHCTPYKLUH CIY>XKaT HE TOJIbKO JUIS
OCBEILCHHUS TIOMEIICHUH COJIHEYHBIM CBETOM, €CTECTBEHHOW BEHTHJIILIMU, HO M ISl CO3/IaHMSI SMOLMOHAILHOM
CBSI3H C OKPY’KarOIMM MHPOM, yKpalleHUs] BHYTPEHHET0 M HAPYKHOT'O MPOCTPAHCTBA M TaK JaJee.

Heckonbko [ECSTKOB JIET Ha3al Mbl HE MOTJIM MPEACTaBHUTh, YTO CTBOPKH CETOTHSIIHUX OKOH CMOTYT
OTKpBIBATHCS HE B OJTHOM, & B HECKOJIBKUX HANPABICHUSX, IPAKTHUECKH UCUE3HYT (DOPTOUKU B TOM HOHNMAHHH,
KOTOpO€ OBUIO HECKOJIBKO AECATKOB JIET Ha3aJ, YTO paMbl HE OyoyT TpeOOBaTh PETYISIPHON MOKPACKH U IPyTHE
COCTaBJIAIOLINE, O KOTOPBIX MBI YK€ 3a0bIJIH.

CoOTBETCTBEHHO, BO3HUKAET APYTOi BONPOC, KOTOPBIM KacaeTcs HE TOJIbKO Oimkaiiiiero, Ho u Oojee
OTHAJIEHHOT0 OyAyLIEro CBETONPO3padyHbIX KOHCTpykumit [1, 2]. B ocHOBHOM »3TO Kacaercs Oynaymumx
KOHCTPYKIMI OKOHHBIX CUCTEM U TeX (YHKLH, KOTOPbIE OHU OyIyT BBIIOJIHATH HE TOJIBKO B OJMKalIIei, HO U
Oonee oTmameHHOW mepcnekTuBe. COOTBETCTBEHHO, BO3HHKAET BOIMPOC, KAKUM OYIET OKHO OYyIyImero u
HACKOJIBKO OHO OYJIET OTIMYATHCS OT OOBIYHOTO OKHA?

Marepuaiabl U MeToAbl HccienoBaHus. Ilpm paccMOTpEeHMH COBPEMEHHBIX MHUPOBBIX TEHICHIWI
MOJKHO MPEATOI0XKHNTh, YTO BCE CTPOUTENILHBIE MaTE€PUalIb, Ul POU3BOACTBA KOTOPBIX TPEOyeTCsl SHEPTHs U
MIPUPOJTHOE CBHIPbE, TAKHE KaK CTEKJIO, OETOH, IIACTHK U TaK jaaiee, OynyT nopoxarh. CBS3aHO TO C TEM, 4TO
KOJIMYECTBO NMPHUPOAHBIX MAaTEPHAIIOB 110 MEPE UX UCIIOJIb30BaHHS OYAET COKPAIAThCsl, TAK XKe KaK U ChIPbs JJIs
BBIPa0OTKH 3HEPIUH, HEOOXOJMMOW ISl IIPOU3BOJICTBA CTPOUTENILHBIX Marepuasios. IIpu aToM, ckopee Bcero,
TEXHOJIOTMYECKHE MPUOOPHI M TEXHOJIOTUH JUIS NMPOM3BOACTBA MAaTEPUANIbHBIX DJIEMEHTOB, TAKUE KaK Pa3HOTro

pOJia IOKPBITHS, YJIEKTPOHUKA, aBTOMAaTHIECKOE IPOESKTUPOBAHKE U TaK Jaliee, OyayT menieBeTs [3, 4].

Poccus, Tomck, 21-24 anpensa 2020 r. Tom 6. CTpoUTENBCTBO U APXUTEKTYpa

63



XVII MEXJIYHAPOJIHA A KOH®EPEHLIMA CTYAEHTOB, ACITMPAHTOB U MOJIOABIX YUEHBIX
«TEPCIIEKTUBbI PA3ZBUTUA ®YHAAMEHTAJIbBHBIX HAVK»

O"IGBI/IIIHO, 4YTO Iporpecc B 00J1aCTH OKOHHOI'O MIPOU3BOACTBA HANPAMYIO CBS3aH C TCXHOJOTHYCCKUM

MpoLEeccoM B LiesioM [3, 4].

Puc. 1. Obwuii 6u0 éaxyymnoeo cmekionakema

Ha coBpemeHHOM 3Tare, MOKHO MEPEYHUCIIUTh CIEAYIONIEe HOBUHKH, KOTOPbIE €CTh ceifuac U KOTOpbIe
CMOTYT MOBJIMATH Ha KOHCTPYKITHIO W CBOVCTBAOKHA [S]:

" BaKyyMHbIE CTEKJIONAaKeThl (KOTAa MEXIy CTEKIaMHi HeOOJblIMe He3aMETHbIE MIAPUKH, a BO3AYX
OTKadaH 0 COCTOSHUS BakyyMma) (puc. 1);

"  KOMIIO3UTHBIC CTEKJIa — CTEKJIO M TUIACTHK (TPUILICKC);

"  CaMOMOIOLINECS CTEKIIA;

" KHJIKOKPUCTAJUIMICCKHUE IKPAHBI;

®  CBETSNIUECS MPO3pPayHbIC MOBEPXHOCTH (pHC. 2);

"  yMHBIC CTEKJIa, M3MEHSIOIIHME CBOIO MPO3PAYHOCTh B 3aBUCUMOCTH OT BHEILIHUX YCIOBHIT;

"  [pO3payHbIe COJHEYHbIE KOJUIEKTOPBL;

"  MaTepHajbl HA OCHOBE YIJIEPOIHBIX BOJIOKOH;

® DJJICKTPOHHBIC CUCTEMBI YIIPABJICHUA OCBCIICHUEM U KIIMMATOM.

Puc. 2. Ceemawueca npospaunvie nosepxnocmu
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Ha ocHOBaHuM 3THX TEXHOJOTHH MOTLYT NPOU30HTH H3MEHEHHS B TEXHOJOTHMH MPOU3BOJCTBA U
UCTOJBb30BaHuM OKOH. Cpeu Haubouiee MPOIBUHYTHIX TEXHOJIOTHI MOKHO OTMETHTH CIICAYIOIINE TEXHOIOTUH:

"  OKHO MOXET CTaTh HCTOYHHKOM CBETa HE TOJBKO JTHEM, MPOTTYCKAsi COTHEYHBIN CBET, HO U HOUBIO;

" [IyTeM H3MEHEHHS MPO3PAYHOCTH OKHA MOXKHO OyJeT 3aTeMHITh HEKOTOpbIe 00JacTH, NPEBPAaTHB,
HaIpuMep, TAHOPAMHOE OKHO B MaJICHHKOE OKOIIIKO;

" KQJIFO3U M IITOPHI MOTYT CTaTh BUPTYaIbHBIMU;

"  BUPTyaJbHBIM MOXET CTaTh M IEH3a)X 32 OKHOM, IPU STOM, €CIU MOJIYYHTCS TEXHOJOTHYCCKH
JOOUTHCS TMOKa3a M300paKCHHs, WHAWBUAYAILHOTO JUIS KaXKJOTO, HAXOJAIICrOCsS B MOMCIICHHUH, TO MOXHO
MEHSTH MMEH3aX 32 OKHOM, IpEBpallasi IaCMypHBIHA JCHb B COJNHCYHBIN JCHB; MOXKHO TaKke MOOABUTH ITHIl U
COXPAHMTD MPH ATOM PEANBHBIX MTPOXOKHUX, & TAKXKE IMPEBPATUTH HOUb B JCHD;

=  Hapy>XHBIC CTEHBI MOTYT COCTOSTH IIEJIMKOM U3 OKOH;

"  OKHO BIOJHE MOXET ITOKa3bIBaTh HOBOCTH M KHHO;

"  CTEKJIOMAKEThl CTAaHYT TOHbINIE, Mpo3padHee W OYyAyT comepkKaTh MO HECKOJbKHX JCCSITKOB CIIOCB:
CTEKJIO, MIACTUK, CBETAIIMICS CIION, )KUIKOKPUCTAIUIMUECKUM CI0M, BAKYYMHBIH CIIOH U T.11.;

® HEKOTOpbIE 30HbI OKOHHBIX KOHCTPYKLMHA WJIM BCE OKHO CMOKET MPOMYyCKaTh BO3JYX, BhICTyHasl Mpu
9TOM (QWIBTPOM (HarpuMep, MEMOPaHHBIM (QHILTPOM);

®  OKOHHBIC KOHCTPYKIIMH, BO3MOXHO, OyIyT 00J1a1aTh PYHKIUSIMEI KOHIAITUOHEPA.

3akiarouenue. [IpencraBieHHbI aHATN3 OCHOBAaH Ha YK€ CYIIECTBYIOMIMX TEXHOJIOTHSX, KOTOPBIE CO
BpeMeHeM OyIyT JeHmEeBETh U, CIeI0BATEIbHO, CTAHOBUTHCS 00JIee MAaCCOBBIMH B MCIIOIH30BAHHM, a B KAUECTBE
OCHOBHOTO MaTepuaja i OKOH OyIyT UCTIOIh30BaTHCSA MaTEpHabl HA OCHOBE YTIIEPOIHBIX BOJOKOH, KOTOPHIE

yXKe ceiyac mpeBOCXOAAT IUIACTHK U aTFOMUHHM.
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Abstract. In the present study, we determined the optimal geometric characteristics of ceramic tubular brick.

Benenne. [lycrorensiii kepaMHUYECKU KUPIHUY SBJISICTCS OJJHUM U3 MaJIOOHEProEMKHX U 3()(HEKTUBHBIX
CTPOUTENBHBIX MaTepuaioB. OOyclaBIMBaeTCs 3TO HAJIMYMEM IWIMHAPHYECKUX MM JK€ IIEJIEBUIHBIX
CKBO3HBIX OTBEPCTHH, PACIHOJIOKEHHBIX NepreHauKyasapHo moctenu. CormacHo ['OCT 530-2012 pasmepst
JAHHBIX IyCTOT HE MOTYT NpeBbimars 20 MM B JUaMeTpe — ISl HUIMHAPHIECKUX CKBO3HBIX ITYCTOT, 16 MM 1O
IUpUHE — JUIA IIEIeBHIHBIX CKBO3HBIX MycToT. Kak mnpuBomutcs B ydeOHuke Caitdymaroa C.0K.
«ITpon3BOACTBO KEPaMHYECKOTO KHPIINYa», HAJIWYHE CKBO3HBIX ITyCTOT CYIIECTBEHHO CHIDKAET CTOMMOCTD
IIPOM3BOJICTBA IYCTOTEJNIBIX KEPAMHUUECKUX CTEHOBBIX M3/IENINH, TaK KaK Ul 3TOro TpeOyeTcst MEHbIIE ChIPbS U
TOIUIMBA, HEOOXOAMMOro Juis OOKHMra H3Ienus-chiplia. Pacxonx TomiuBa NPONOPLMOHAIBHO CHIKAETCS C
YBEJIMYEHUEM IYCTOTHOCTH, B CpelHeM Ha 5-6% Ha kaxnble 10% mycrorHocTu. Takxke yckopsieTcst mpoliecc
CYIIKH M 00ura takux uzgenuid. CHukaercs 00beM TpyAoBbIX 3arpar 0 15%, ymeHblaeTcsi ce0ecTOMMOCTb
mpoaykiun Ha 10-20%. [IprMeHeHHe MycTOTENBIX KepaMHYECKHUX KHPIHWYEH B BO3BEICHHWU CTEH ITO3BOJIIET
CHM3UTh MaTepHAIOEMKOCTh OTpakiaronux KoHCTpykuui Ha 20-30%, 9TO yMEHBIIaeT Harpys3Ky OT JITHX
KOHCTPYKIMH Ha OCHOBaHME, YTO B CBOI OYEPEIb CYIIECTBEHHO CHM)KAET PAacXo[bl Ha TEIIIO3AIIUTY
nomenieHusi. KoapuimeHT TernonpoBoJHOCTH Yy ITyCTOTENOro Kepamudeckoro kuprnuua paseH 0,34-0,43
[BT/(M*C°)], B TO BpeMsl KaK y MOJHOTEIOr0 KEPaMUIECKOro Kupnuya KodpQUIHeHT TermonpoBoHOCTH paBeH
0,7-0,82 [B1/(M*C®)]. DT0 NM0O3BOJIAET YMEHBIIUTL HEOOXOIMMYIO TOJIIMHY Hapy>KHBIX CTE€H MOMELIeHHs Ha 25-
30% 06e3 notepu Hecymiel crocoOHOCTH. CKBO3HBIE MYCTOTHI TAKXKE MPEMSATCTBYIOT BOSHUKHOBEHHIO BHYTPEHHHX
HaINpsDKEHUH B U3JETIMH, YTO B CBOIO OYEPE/Ib YMEHBIIAET BO3MOKHOCTD MOSIBICHUSI TPELINH MPH 00KHTE.

OnmHako, TpH BO3BEJCHWH CTCH U3 IIYCTOTENBIX KEPaMHYECKHX KHPHNHYEH pPacTBOPHOH CMecH
pacxomyeTrcs Oomnbllle, TaK KaKk 4YacTh €€ IIONAAacT B IyCTOTBI. JTO HETATUBHO CKa3bIBAaeTCs HA IIPOIECCE
BO3BEJICHUS CTEH. Y B&TMUMBACTCS PACXO/ PACTBOPHOI CMECH, eCli Ha | M° KHPIHYHOM KJIAAKH U3 TIOJTHOTENOT0
kuprmua pacxoayercs 0,118 M’ roTOBOI PacTBOPHOI CMECH, TO HA TAaKOM e 00beM KHPIHUHON KIaJKH W3
MyCTOTENOro Kupnuua pacxoayercs 0,144 M TOTOBOIL pacTBopHO#l cMecH, uTo Oonbme Ha 22%. Taxke,

MOMABIINHA B IMyCTOTBI PACTBOP IMOBLIIIACT KOS(I)(I)I/IIII/ICHT TCIUIOMPOBOAHOCTU KOHCTPYKI MU, KAK coo61uaeTc;1 B
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cratbe A.M. AHanbeBa «BiusHHE TEXHOJOTHYECKUX (aKTOPOB Ha TEIUIONPOBOJHOCTh M BIAKHOCTHBIH PEXUM
KHPIIMYHBIX KJIAJOK Hapy>KHBIX CTEH M3 IyCTOTEJNIOro Kupruya ¥ kamus» ¢ A=0,43 [Bt/(M*C°)] no A=0,54
[BT/(M*C®)] a1 MyCTOTENOTO KHPIUIA, YTO YBEIMYHUBAET PACXOJIBI HA TEIJIO3AIIUTY IOMelIeHus. B HacTosiee
BpeMsl s KIAaIKA CTEH M3 ITyCTOTENOTO KePaMHYECKOTO KHPIHYa HCIIONB3YIOTCS CIIEIHAIBHBIE PAacTBOPHL,
nMmynie Oonee TycTyl0 KOHCHCTCHIMIO, YTO B CBOIO OYepelb CHIDKAET KOJMYECTBO PACTBOPHOM cMecH,
MoTafaromeil B oTBepeTrs Kupnuda. Ho mcrmonp30BaHne TaKMX paCTBOPHBIX CMECEH MOBBIMIAET TPYIOOEMKOCTh
orepanyii ¥ NOBBIIAECT KOI(PGHULIUEHT TEINIONPOBOAHOCTH BCEH KOHCTPYKIIHUH.

Llenpro faHHOTO HCCIENOBAaHMS SIBISETCS BHECEHHE ONTHUMAJIBbHBIX HM3MEHEHUH B TIE€OMETPHYECKHUE
XapaKTEPUCTUKU IyCTOTEJOr0 KEpaMHUYECKOro KHPIIM4Ya, Ul COKpAaIleHHWs pacxoja pacTBOPHOH cMecH,
CHIDKCHHS YPOBHS TPYAOEMKOCTH OIIEpaliii, IPH 3TOM 0e3 3HAYHTEIHHOTO M3MEHEHHS OCHOBHBIX CBOWCTB U
XapaKTepUCTHK KUPIHYa, B YACTHOCTH — COXPaHEHHBIE CBOICTB TETIONPOBOIHOCTH.

Pacuer. PaccMoTpuM TycTOTENBIN Kepamudecknit kuprind Mapki M200 ¢ ceMHaaIaThio [MIHHAPAYECKUMHI
OTBEpCTHAMHU JUMETPOM 16 MM kaxoe (puc. 1, a). O6BeM 0HOTO MIMHAPHYECKOT0 OTBepCTHA paBeH V=ThR?, rae
h — BeIcoTa OTBepCTHS, R — pammyc otBepeTHs, cooTBeTcTBEHHO V=13.069 cM’. ITyCTOTHOCTb JAHHOTO KHMPIIMYA IO
oboveMy Oyner paBHATBCS 235,24 CM’, 4TO BISICT HA TEILIONMPOBOJHOCTH KHPIIHYA, [0 CPABHEHHIO C TOMHOTENIBIM,

T.K. K09 durmeHT TeruionpoBogHocTr Bo3ayxa mpu 20° C pasen 0,026 [BT/(M*C°)].

.fli‘
- 8)

Puc. 1. [Tycmomenviii kepamuyecKutl KUpnu4: a — co CKBO3HbIMU YUTUHOPUUECKUMU OMEEPCNUAMU,
6 — ¢ HeCKBO3HBIMU YUTUHOPUHECKUMU OMBEPCMUAMU C 3AYHCEHHOU 8epXHell YACbIO,

6 — CO CK6O3HbIMU L[MﬂuH()pu%eCKuMl/l omeepcmusimu C 3ay9fC6HH011 6erH€ﬁ uacmsro

Jis mpeAoTBpallleHUsT TOMAJaHUs IIEMEHTHOTO PAcTBOpa B IMYCTOTHI MPEAIOJNIATAeTCS OPraHW30BaTh
HECKBO3HBIC MYCTOTHI Ha paccTOsHUHM 10 MM OT BepXHEH IUIOCKOCTH IMOCTENH C 3ay)KCHHOW BEPXHEW YacThIO
(puc. 1, 6). O6GbeM Takoro orBepcTHs paBeH V=9.718 cm’. BTopoili BapHAHT — CKBO3HOE LHIMHIPHYECKOS
OTBEPCTHE ¢ 3ay’KEHHO} BepXHeil yacTbio (prc. 1, B). O6beM Takoro orseperus paser V=11.394 cv’. Bimsiane

ITyCTOTHOCTH Ha KO3(p(PHUIIMEHT TEIIONPOBOIHOCTH MPHUBEICHBI B TabuIe 1.
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Tabnuya 1

3asucumocms ko3 puyuenma menionposoOHOCmU 0m 00bEMA NYCmMom

. ITycrotHocts mo | Koad. remonposoanocTw, A,
Ne Bun xkupmiria 06bemy, cm’ Bt/(M*C°)
1 | Kupnuy kepaMuuecKuil MOJTHOTENbIH 0 0,75
) Kuprnnu kepamudeckuii ¢ HECKBO3HBIMHU 165.206 0.51*
otBepcTusiMu (puc.l 6)
3 Kuprnu kepamudeckuii co CKBOSHBIMU OTBEPCTHAMHU 193,698 0,47
(puc.1 B)
4 | Kupnuy kepaMuueckuii mycrorensid (puc.1 a) 222,242 0,43

* 3HAYCHUC, TOJTYUYCHHOC METOJAOM JIMHEHHOU HUHTCPIIOJIALN.

BbIBoa: Takoe M3MEHEHHE FEOMETPUIECKUX XapAKTEPUCTUK OTBEPCTHH B IIEPBOM Cilydyae MPeJOTBPATHT,
a BO BTOPOM COKpAaTUT KOJHMYECTBO pAcTBOpa I[OMAJAEMOr0 B OTBEPCTHS U HECYIIECTBEHHO HW3MEHUT
TEIIOTEXHUYECKUE XaPaKTEPUCTUKU KUPIINYA.

Crefryer OTMETHTD, YTO MPOU3BOJICTBO KHPIHYEH TAKOrO BHIAa BO3MOXHO TOJILKO METOJOM MOJIYCYXOTO
npeccoBanus. J{Jst TOro0 MeToia HeoOX0oAuMa CIelHaIbHAs MAaTPHUUYHAs (JOpPMa U3 CTAIU JIUTOW KOHCTPYKIIHH,

KOTOpast MPUIACT HEOOXOUMYIO (POPMY OTBEPCTHSIM B KHPIIHYC-CHIPIIC.
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Abstract. This paper presents the results of studies of magnetic activation and nanoscale additives on the
properties of cement stone. Studies of the strength of cement stone with a change in the technological methods of
preparing a cement test with a nanomodifier are carried out. Cycle magnetic activation was carried out in a
device with magnetic induction in the center of 40 mT. Water activation was carried out cyclically in the range
of 0-10 in increments of 5 cycles. The greatest increase in the strength of CK is observed with the number of 5
cycles by magnetic activation of mixing water and the use of a nanomodifier according to the scheme (C + Ts) +
W-92.1 MPa, which is 27.1% higher than the control sample. The smallest strength value in the technological
scheme C + (Ts + W) is 56.3 MPa.

Beenenne. IlepcriekTHBB, a Takke M IPOOJEMBbl HAHOTEXHOJIOTHH B CTPOMTEILCTBE OOCY)KIAIOTCS
BeChMa IMUPOKO. Pe3ynbTaThl 3KCIEPUMEHTAIBHBIX HCCIICOBAHUI NMPHUBEICHBI B CTaThix bBywauenko A.JI,
Kucenesa B.®., 'opnenko H.I1., Capkucosa 10.C, Capponosa B.H. u apyrux.

HaHOTeXHOJIOTMH B CTPOUTEIHHOM MATCPHAJIOBEACHUU SBISCTCS TIEPCICKTUBHBIM U aKTyaJlbHBIM
HaIpaBJICHWEM, TaK KaK II03BOJISIET CYIIECTBEHHO pACIIMPHUTh BO3MOXXHOCTH PETyIHUPOBAHHUS CBOMCTB
MaTepualioB Ha HaHOMAacHmITaOHOM YypOBHE, HCIIOJIB3ys HaHOpa3MepHble KommoHeHThl [1-3]. Ilpumenenue
HAaHOMOJU(DULMPYIOMKUX J00aBOK JUIA DPErYJIMPOBAaHUS CBOMCTB ILeMeHTa MpHoOpeTaeT Bce OOJIBIIYIO
MIOMYJISIPHOCTh B COBPEMEHHOM MaTepHaNIOBEICHUH. VX WCIIONB30BAaHWE 3HAUYHWTENBHO YIyYIIaeT CBOMCTBa
CTPOMTEITFHBIX MaTEPUAIIOB, U TIPEXK/IE BCETO CTPOUTEIFHBIX KOMIIO3UTOB Ha OCHOBE MOPTIaHANIEMEHTa [4].

Baxnoe 3HaueHwe s A(HPEKTUBHOCTH HAHOTEXHOJIOTHMH HMMEET Takke OOOCHOBAHHBIH BBIOOD
HAaHOMOITU(HUKATOPOB M CHOCOOOB WX BBEICHHA. YIIPaBICHHE CTPYKTypooOpa3oBaHWEM MaTepuana Ha
BEIODAHHOM MAacUITA0HOM YpPOBHE OCYIICCTBISICTCS TPAIUIMOHHO BapbHPOBAHUECM PCLEHTYPHBIMUA U
TEXHOJIOTUYCCKAMHU (aKTOpPaMH, a TAKKE IYTEM BBEICHHS IEPBHUYHBIX HAHOPA3MEPHBIX KOMIIOHEHTOB B
KOMIIO3HIIMOHHBIC MaTEPHajbl HA OCHOBE IEMCHTHBIX BSDKYIIUX.

MarHuTHasT aKTUBAIWsi BOJBI 3aTBOPCHHS B COBPEMCHHBIX CTPOUTEIBHBIX TEXHOJOTHSX, CBSI3aHHBIX

UMCHHO CO CTPOUTECIbHBIMU MaTC€pruaiaMu IMIPUMEHAKOT JOCTATOYHO JTaBHO. HO, HE CMOTpPA HAa NIEPCIICKTUBHOCTH
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WCIOJNB30BaHUS] MArHATHOW AaKTHBAallMM B CTPOUTEIBHBIX TEXHOJOTHSAX, IIUPOKOTO IMPUMEHEHUS OHA [0
HACTOSIIETO BPEMECHM HE HAXOAUT. JTO BO3MOXKHO OOBSICHUTH IUIOXOW BOCIPOH3BOIUMOCTBHIO PE3YJIBTATOB,
[MOJy4aeMbIX C ITOMOINBIO CTAaHIAPTHBIX AalllapaToOB BBITYCKAEMBIX JUII «OMArHHYMBAHMS» BOJBI, HE
obecrieunBaeT HEOOXOIUMYIO CTETICHh MAarHUTHON aKTHUBAITUU BOJIBI [S].

MarHuTHasT aKTHBALIKS BOIBI 3aTBOPEHHS BIMSCT Ha XapaKTCPUCTUKH MPOIIECCa TBEPACHHUS:

1.CrOpOCTh CXBAaThIBAHKS U MPOYHOCTDH [IEMEHTHOTO TECTA,

2.YMeHbIlIeHHE Pa3MepOB IIEMEHTHBIX TPaHyJI, TO €CTh 00pa3yeTcs 0oyiee TOHKO3EPHHUCTAs! CTPYKTYPa;

3.YBenuueHue CKOpOCTU THApATALHUU.

MarHuTHass aKTUBAIMs BOJBl 3aTBOPCHHS 3aMETHO BIHUSICT HA UW3MCHCHHE IUTACTHYHOCTH, a
CIIeZI0BATENBHO, B YI0O0YKIIaIbIBAeMOCTH OETOHHON CMECH.

Ilenbro HacTOsIICH pPabOThl SBISETCS: N3Yy4YUTb COBMECTHOC BIIMAHHUC MarHUTHOM aKTHUBAIlUH W

HaHOPa3MEPHBIX J0OABOK Ha CBOMCTBA IIEMEHTHOTO KAMHSI.

[{ukiioBas MarHUTHas aKTUBAaLMs IPOBOAMIIACH B YCTPOMCTBE C MAarHUTHOM MHIYKLMEN B LIEHTPE PAaBHOMI
40 MTn. AKTUBaLMS BOJBI OCYIIECTBIISIETCS UKINYHO B quana3zoHe 0-10 ¢ marom 5 HUKIIOB.

Hus  ompeneneHuss  (QU3HKO-MEXaHMYSCKUX CBOWCTB  MOJU(DHUIIMPOBAHHOTO IEMEHTHOIO  KaMHS
ucnonb3oBanu nopianauement LIEM 1 42,5 H. Hanopa3mepHblii JHOKCH KPEMHUS, MOJY4YEHHBIH criocoOoM
HCTIApEeHHs BEIIeCTBAa IOJ, BO3ICHCTBHEM OJJIEKTPOHHOTO IYy4Ka, CO3JAaBAEMOI0 JJIEKTPOHHBIM YCKOPHUTENIEM
MONy4rJT Ha3BaHue «Ts» ,c yAeIpHOHN MOBEpXHOCTHIO 38 M/, VI3 LeMEHTHOro TecTa ¢ HOpMaJIbHOW T'yCTOTOM,
paBHOI1 28 % M3roTaBIMBAINCH 00pa3IBI-KyOHKH pazmepoM 20x20%20 MM, 00pa3mbl XpaHWIHCH 1 CYT B popmax
mpu t = 20-22 °C, W = 90-95 %, 3atem 6e3 ¢opm, B IKCHKATOpe, HaJ BoIoW B TeueHue 27 cyT. [Ipounocts Ha
C)KaTHhe OIIEHUBAJIACh B 28-CYyTOYHOM BO3PACTE TBEPACHHSI.

CHmxkenue BojonieMeHTHoro otHomeHus (B/L] = 0,28) mpuBOAMT K CYIIECTBEHHOMY YBEIUYCHHUIO
MPOYHOCTH BO BCEM [HMANa30HE KOJMYECTBA [HMKJIOB MArHUTHOM aKTUBAIlMM BOJBI  3aTBOPCHHS.
TeXHOIOTHYECKUE PEKUMBI TIOJTOTOBKU IIEMEHTHOTO TECTa ¢ HAHOMOAU(UKATOPOM IPUBEACHBI B Ta0II. 1.

Tabruya 1

Texunonozuueckue pesrcumol Nn0020MOBKU YemeHmHnozo mecma c HaHOMO()ud)uKamOPOM

CocTaB M TEXHOJIOTHYCCKHE IHNEMCHTHOI'O TCCTAa CXCMBI ITOATOTOBKH

+B | (I1+Ts)+B | I[+(Ts+B)

I[aHHBIe II0 MPOYHOCTHU HEMCHTHOTO KaMHs IIPU PA3JIMYHBIX TEXHOJOTHYCCKUX INpHEMaX CMCEHIMBAHUA

KOMITOHEHTOB cucTembl L[+T+B npencrasiens! B Tabmuie 2.

Tabauya 2
IIpounocmo yemenmno20 KAMHA RPU PAZTULHBIX MEXHOI02ULECKUX NPUEMAX CMEUEeHUs KOMROHEHNO8 CUCTeMbl
1[+Ts+B
Ne TexHomOrMuecKue NpUeMsl Konuuectso Mapka |Hopmansnas rycrora | [Ipounocts B 28-
CMEIIEHNUS KOMIIOHEHTOB LUKJIOB MarHUTHOM | IIleMeHTa, | LIEMEHTHOIO TeCTa |CYTOK TBEpACHUS,
IIEMEHTHOTO TECTa aKTHUBallUU MIla (HT",%) MIla
1 11+B - 500 28 73,9
2 (II+Ts)+B - 500 28 81,9
3 I+(Ts+B) - 500 28 56,3
4 I+(Ts+B) 5 500 28 77,1
5 (II+Ts)+B 5 500 28 92,1
6 I+(Ts+B) 10 500 28 65
7 (II+Ts)+B 10 500 28 87
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Pe3yabrarsl. VI3 npuBeeHHBIX JaHHBIX PE3yJIbTAaTOB MCCIIEIOBAHUN, IPUMEHEHNE HAHOMOIU(HKATOPA -
HaHOo-Si0; (TS) 1 pa3NIMYHBIX TEXHOJIOTHYECKUX NPUEMOB €ro Ha YPOBHE HAHOCTPYKTYPHOTO HMCIOJIb30BaHUS B
cucreme L[+B+Ts npuBoasT K peryl1mpoBKe MPOYHOCTHBIX CBOMCTB IEeMEHTHOTO KaMHs. [Ipu 3TOM npumeHneHnue
MarHUTHOM aKTHBHPOBAHHOW BOZBI AJIS 3aTBOPEHHS IIEMEHTHOTO TECTa COMPSIKEHO TakkKe C HM3MEHEHHEM
MPOYHOCTH ILEMEHTHOro KaMmHA. Kpome Toro, maHHbIE TaONHIIBI CBHACTEIHCTBYIOT O Pa3IMYMH IPOYHOCTEH
LIEMEHTHOTO KaMH$, CBA3aHHBIX C TEXHOJOTHYECKUM MPHUEMOM peanu3anun HaHo-Si0,. [Ipu cMemennyu nemenTa
¢ HaHO-S10, 1 MoCJIeaYIOIUM BBOZOM BOABI IIPH MOJATOTOBKE TECTAa UMEET MECTO 00Jiee MOBBIIEHHOE 3HAYCHHUE
MIPOYHOCTEH, 10 CPAaBHEHMIO C HOArOTOBKOW Tecta mo cxeme LI+(Ts+B) npu NmpUHATBIX TEXHOJIOTHYECKHX
cxemax. JloCTaTOYHO OTMETHThH, NPOYHOCTh LIEMEHTHOIO KaMHs IPH HCIOJb30BAHWU CMELICHHS LIEMEHTa C
HaHO-Si0, U OTCYTCTBHM aKTHUBAIIMK BOABI 3aTBOpeHus coctaBisieT 81,9 Mlla ( Ha 16,9% OT KOHTPOIBHOTO).
IIpu 5 MWKIOB MarHUTHON aKTHBAIMEHW BOJBI 3aTBOPSHHsI W NMPUMEHEHMs] HaHOMoaudukatopa mo cxeme (II+
Ts)+ B npounocts LK B 28 cyTok TBepaenus cocrasisier 92,1 Mlla ( Ha 27,1 % BBIIIIe KOHTPOIBHOTO 0Opa3Iia).
B 10 Bpems kak, mpu TexHosiorndeckoit cxeme I+ (Ts+ B) mpounocts cocrasnser 56,3 MIla.

3akmaoyenne. TakuM 00pa3oM, pe3ynabTaThl IPOBEACHHBIX HCCIEIOBAHMN IO3BOJMIN  BBIIBHTH
TIOBBIIICHUE IPOYHOCTH LIEMEHTHOTO KaMHs ¢ MOAUGHIHMpPYIOIel 100aBkoi HaHO-SiO, IpH IIMKIIOBOH MarHUTHOM

AKTHUBAIMU BOJbI 3aTBOPCHUSL. I[anLHeﬁmee HUCCIICI0BAHUC B 9TOM 00JIACTH SBJIIETCS aKTyaJ'ILHOﬁ 3az1aqel71.
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Abstract. This article analyzes and selects the most effective foaming agent, as well as selects the optimal

concentration of hardening accelerators and their effect on the foaming agent.

BBenenme. IleHOOCTOH Kak  TEIUIOM3ONSAIMOHHBIA M KOHCTPYKIIHOHHO-TEIUIOM3OJISIIMOHHBIH
CTPOUTENbHBIN MaTephal u3BecTeH ¢ Hadama XX B. OCOOCHHOCTBIO ITOTO MaTepuaja SBJISETCS IMOPUCTAs
CTPYKTYypa, oOpa3zyemasi 3a C4eT BBEACHHUS B COCTaB PacTBOPa CHENHANIBHBIX IIEHOOOpa3zoBareieil. M3roTosieHne
MIEHOOETOHHBIX OJIOKOB OCYIIECTBISIETCS COTJIACHO PELENTypaM, PETYIHPYIONINM IIPOLEHTHOE COACp)KaHHe
HHTPEUECHTOB B 3aBUCMOCTH OT HEOOXOAMMOM TUIOTHOCTH KoMIo3uTa [1].

Bce Buasl penenTyp INpEAyCMATPHUBAIOT —HANIWYHME  CICAYIONMX  COCTABJISIOIIUX:  BSDKYIIHC
(mopTHaHAIEMEHT, NYIIIOIAHOBBIA M IIUIAKOBBIA MNOPTIAHIIECMEHTA, W JPYTHE L[EMEHTHI Ha OCHOBE
MOPTJIAHALIEMCHTHOTO KIIMHKEPa), KPEMHE3EMHCThIC KOMIIOHCHTHI (IIECOK KBApPLEBBIA MOJIOTHIH, MECOK
KBapIICBBIN MEIKUIA HEMOJIOTBIN THUIA MAPIIAIUT, 30JIa-YHOCA MBUICYTOJILHOTO CKUTAHUSI, NUTAK JTOMEHHBINA WIIH
KOTEJBHBIA MOJIOTHIM, MOJIOTBIE Tpermel, Tyd, mem3a, TAUHUT U Jp), TeHooOpa3oBaTenn (KiIeeKaHU(OIbHBIMH,
CMOJIOCAIIOHUHOBBIH, aMfOMOCyNIb(poHA(TEHOBBIN), YCKOPUTEIW CXBaTBIBAHHUA JJIs IeMEHTa (XJIOPHUCTHIN
KLU, OKcaaT KaJbIHs, KapOaMul MOYEBHUHBI), BOJIA.

OOecnicucHe Ka4eCcTBA TOTOBBIX HM3JCIHIA 3aBUCHT OT OOJBIIOTO KOJUYECTBA ()AaKTOPOB, B TOM UHCIIC
peuentypHo-TexHudeckuxX. OIMH W3 BaXXHBIX HMHIPCAMCHTOB MEHOOCTOHHOW CMECH, OT KOTOPOTO 3aBHCUT
IUTACTUYECKAs YCaJIKa U MPOYHOCTb, SBJISIETCS MEHO0Opa3oBates [2].

OCHOBHBIMU TIapaMeTpPaMU IICH, MOJIYYaeMbIX BCIICHUBACM IIEHOOOPA30BATEINS, SBISICTCS COICPKAHUC H
Bun ITAB, a Takxke, CTOWKOCTh W KpaTHOCTh TeHBL. CTOHKOCTh TIEHBI OMNpPENesIeTcs KauyecTBOM
mmeHooOpa3oBaTels, ero KOJMYECTBOM, CIIOCOOOM BcleHHMBaHHUS. Hecymias cOCOOHOCTh TEHBI ONpeAemseTcs
TEM, 4TO TBEPJbIC YaCTHIBI IIEHOOSTOHHON CMECH MOJDKHBI PacIoiaraTtbCsi Ha MOBEPXHOCTH aICOPOIMOHHOTO
CJIOSl TUTGHOK TICHBI, He pa3pbiBas ero. IIpu HeToCTaTOYHONW CTOWKOCTH M HECYyIeH CIIOCOOHOCTH IEHBI IICHKH
Pa3phIBAIOTCS, MPOUCXOJUT YCalKa, MOBBIIIACTCS IUIOTHOCTH IEHBI, HAapyIIaeTcs ee cTpocHue. [loBblieHue
KOHIICHTPAILlMU MEHO00pa30BaTelisi B ICHOOETOHHOW CMECH TAaK)KE OKa3hIBACT HETATHBHOE BIUSHHE, MIOCKOJIBKY
eHo00pa30BaTellb, OOBOJIAKUBAS YACTHUIIBI BSOHKYIIETO, CYIIECTBEHHO 3aMEJUIICT €ro CXBAaThIBAHUEC U CHIDKACT

MIPOYHOCTB IIEHOOETOHA.
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OCHOBHOI1 LIEJTBIO MCCIICIOBAHUS MOTyYaeMbIX TICH SBIISUIOCH OMPEACIICHUE BO3MOXKHOCTH MX HCIIOIBb30BAHUS
JUISL TIOpW3AIMM MHHCPAJBHBIX IIEMCHTHBIX MATpPHIl TICHOOCTOHA, a TAaKXKe, MOJYYCHHUE TMCHBI C HauOOJIbIIeH
CTOWKOCTBIO, T.K. CTOMKOCTH II€HBI MIMEET OYCHb BaKHOE 3HAYCHWE B HAYAJBHBIN IMEPHOJ CTPYKTYPOOOpa30BaHUA
NIeHOOETOHa, M (PaKTUIECKU 00ECTIeUNBAECT CTOWKOCTH IEHOOETOHHOM MaCChI IO Havyajla €€ CXBaThIBAHUSL.

JKcnepuMeHTaIbHAs YacTh. B nccienoBaHuy NMPUHUMAIIA y4acTHe YeThIpe rmeHoodpasoparens: Zelle,
IMuonep-bapo, I1b-JIroke, IT6C.

[Ipu onpenencHUN CTOWKOCTH M KPATHOCTH MEHOOOpa3oBares ucmoib3oanu 400 Ma BOIONPOBOIHOM
Bousl ('OCT 23732-2011 «Bopma it GETOHOB M CTPOMTENBHBIX PACTBOPOB. TEXHHYECKUE YCIOBHAY),
meHooOpa3oBaTellb, B KOJWYeCTBe 2% OT Macchl IIEMEHTAa W YCKOPHUTEIH TBEPACHUS (XJIOPUCTHIN KabIIHA;
KapbaMu MOUYEBMHA; OKcaylaT Kamblusa. Bece 100aBKM BBOIWIMCH B pacTBOP IMEHOOOpA30BATENs B KOJIHIECCTBE
0,5, 1,2 1 3 % oT Macchl meMeHTa. Y CJIOBHO OBUIO PHUHATO BOJOIIEMEHTHOE OTHOIIEHHE paBHoe 0,5

PactBop meHooOpa3zoBarensi B3OWBaeTCsl J1aOOpaTOPHBIM MHKCEpOM B TedeHHWe 1 MuHYTHL. OIlleHKa
TOTOBOH IEHBI OCYIIECTBISIOT IO €€ CTOHKOCTH M KPaTHOCTH, a TaKXKe BHU3YaJbHBIM OCMOTPOM BO3IyLITHBIX
y3BIPEKOB. BRICOTY cTOJI0A TICHBI H3MEPSIOT C TOMOIIBI0 METALTUYCCKOM JTHHEHKH.

Hanee ompenensieTcss CTOMKOCTh TIEHBI, KOTOpas XapaKTepH3yeTcs BPEMEHEM JI0 Hadvaja
CaMOIPOM3BOJIBHOTO Pa3PYIICHUS CTOI0A TICHEI.

HeobxonuMo MOMYYHTh TAaKylo IEHY, MPOILECC pa3pyIUICHUs KOTOPOW, MPOUMCXOAWI IMOIKE Haydaia
(hopMHUpOBaHKS TUTACTHYECKON MPOYHOCTH LEMEHTHOTo TecTa. Ecim He o0ecrednTh yKa3aHHBIE yCIOBHS, TO
HeM30eXHa AeCTPYKTYpH3alns, U KaK CIEICTBHE, OOJbINas ycaaka M CHIDKCHHE MPOYHOCTH meHoOeToHa [3, 4].
Ecim cTpykTypHas MpOYHOCTH MEKIOPOBBIX HEPETOPONOK IMOPHU30BAHHON CMECH Maja, TOTAa IPOU30HUIET
YaCTUYHOE FIIM TOJHOE CIHSHUE TOpP. DTH M3MEHEHHS HM3MEPSIOTCS BBICOTOM OCAJKH TMEHBl K Ha4YaJbHOMY
00beMy cMemaHHOro BemecTBa. ClieIoBaTeNIbHO, YeM OOJIbIIIe OCalKa, TeM, COOTBETCTBEHHO, KAYECTBO MICHBI U
MeHOOETOHA OYET HIDKE.

Ha puc. 1 u 2 mnpexacraBiieHbl pe3yibTaThl UCCICIOBAHHNA MO OMPEICICHHIO CTOMKOCTH W KPAaTHOCTH
MOJTyYaeMBbIX TICH C Pa3IMYHBIMU IEHO00PAa30BaTEIISIMHU.

AHamM3 TIONyYeHHBIX pe3yJIbTAaTOB pa3pylleHHs IeH II0Ka3aj, YTO TOTeps CTOWKOCTH TIIEHBI C
HCIIOJIb30BaHUEM TieHooOpasoBarenei Zelle u Ilnonep-bapo Hactynaer Ha 45 MunyTe, a ieHoobpazoBatenu [1b-
Jlioxc u [IBC Ha 60 MUHYyTEe, HHTEHCHBHOE Pa3pyIIeHHE TIEHBI MPOUCXOIUT Ha 60 MUHYTE.

Ocoboe BHHMAaHHEC 3aCIIy’)KUBACT CTOWKOCTh TMEHBI, T.K. OTOT TEXHOJOTHMYCCKUA MapaMeTp
XapaKTepU3yeTcss KOIPPHUIMEHTOM CTOWKOCTh HEHBI B pacTBope. UeM Bbilie KOI()(GUIIMEHT CTOWKOCTH IICHBI,
TEM MEHBIIHN PacXo/ NEHOO0pa3oBaTes.

Jist mpoBeieHns TabHEHIINX KCIIEPUMEHTOB ObLT BBIOpaH nieHooopasoBaress [1b-Jlokc.

HccrienoBanre BIUSHUA YCKOPHUTENIEW TBEpACHHS HAa KPATHOCTh M CTOMKOCTH MeHooOpaszoBatens [1b-
JIIOKC TIPOBOAMIIOCH C HCIIONB30BAaHUEM PA3IMIHOTO MPOIEHTHOTO COoAepyKaHus BBIOpaHHBIX mobaBok (0,5 %,
1 %,2 %, 3 %)

Ha pucynke 3 u 4 mpencraBieHBI pe3yiabTaThl IO OMPEICICHUI0O CTOWKOCTH W KPATHOCTH TEHBI C

XJIOPUCTBIM KaJIbIITUEM, KaPGaMI/IIl MOYE€BHUHOM M OKCAJIATOM KaJIbIIHS.

Poccus, Tomck, 21-24 anpensa 2020 r. Tom 6. CTpoUTENBCTBO U APXUTEKTYpa



74 XVII MEXJIYHAPOJIHA A KOH®EPEHLIMA CTYAEHTOB, ACITMPAHTOB U MOJIOABIX YUEHBIX
«TEPCIIEKTUBbI PA3ZBUTUA ®YHAAMEHTAJIbBHBIX HAVK»

E

14
12,07

1332
ol 60 118 116
15 13
I I 2
0

CTOHHOCTL NEHbI, VMK,

5 8B 8 & 8 8
KpatocT nexel

P oo wm BB

=}

Zelle 2% Nuoxep-bapo 2% Ne-Nwoke 2% nec 2% Zelle 2% Muoxep-bapo2% Ne-Nwoke 2% NneC 2%
Bug nenoobpasosatens Brua nenoobpasosarens
Puc. 1. Cmotikocmb nen u3 600HbIX pAcmeopos ¢ Puc. 2. Kpamnocmo ner u3 00HbIX pacmeopos ¢

06veMHoIL donell neHoobpaszoeameis 8 Konuvecmse 2 % 06veMHOU doJell neHoobpazoeameis 6 Koauvecmse 2 %

13,2
120 119 12,06 12,06 123
£ | [ o 11,5 117 11,3 11,3 11,3 iy
105 &
100 -
o0 20 20
75 75 o 15
m I I I

o I i

05 1 2 3 05 i 2 3

CToOHKOCTE NMEHbI, VMH
)

8 & B 8 3 28

KpamHocTe nenbl

P oo ow & B R

a2
=
ra

= yckop! i % C yckop i %
m Kansupitnopucreil @ KapBamuamodesuia 1w Okcanat kanbups u KanbUumi xnopucTeiii @ HapBamug MoYesHHa OKCanaT Kanbuya
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PA3TUYHBIM COOEPHCAHUEM YCKOpUmeneli meepoeHus PA3IUYHBIM COOePIHCAHUEM YCKOpUmenel meepoeHus

U3 pucynka 3.3 BUIHO, YTO HamOoJiee YCTONUYMBAs IEHA MOJYYaeTCs IMPHU YBEIMYCHHU CJICIYFOIIUX
N00aBOK: KaJbIIMK XJIOPUCTBIA U KapOaMua MoueBMHA. BBeneHue okcanara xaueius 6onee 0.5 % mpuBOIuT K
YXYILIEHUIO CBONCTB MEHBI: KPAaTHOCTh M CTOMKOCTD MEHbI 3HAUUTEIbHO YMEHBIIAETCS

3akaouenue. [lo pesymbraTaM TPOBENCHHBIX HCCICAOBAHUM BIHSHUS YCKOPHUTENEH TBEpACHHUA Ha
pactBop meHooOpa3zoBarens ObUIM BbIOpaHbl cienyone 3(GeKTHBHbIE [JO3UPOBKH AaHHBIX J100ABOK:

XJIOPUCTHIA Kl — 2 %, kKapbamu ModeBruHa — 3 %, okcanaT Kaubiws — 0,5 %.
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KOMIIBIOTEPHOE MOJIEJIMPOBAHUE PACIPEJIEJEHUSI TEPMUYECKUX HATIPSI)KEHU M
B IECKOHEMEHTHOM CTEPXHE B YCJIOBUSX T'PAJUEHTA TEMIIEPATYP
B.B. Cagennes, C.B. Kopobkos
Hayunsrit pyxoBoanTens: npodeccop, 1.1.H. A.W. I'apips
Tomckuil rocy1apCTBEHHBIM apXUTEKTYPHO-CTPOUTENIbHBIA YHUBEPCUTET,

Poccus, r. Tomck, 1. Comsnas, 2, 634003
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COMPUTER SIMULATION OF THE DISTRIBUTION OF THERMAL STRESSES IN A PESCEMENT
CENTER UNDER A TEMPERATURE GRADIENT
V.V. Saveliev, S.V. Korobkov
Scientific Supervisor: Prof., Dr. A.I. Gnyrya
Tomsk State University of Architecture and Building, Russia, Tomsk, Solyanaya sq., 2, 634003

E-mail: savelyev994@gmail.com

Abstract. The article presents the results of computer simulation in the Elcut Pro software package of the
strength characteristics of a core consisting of sand cement with a different water-cement ratio (W / C) and

hardening under conditions of temperature gradients within 4 days.

BBenenune. Ilpm wm3roroBneHMH OCTOHHBIX KOHCTPYKIMHA TPaJWCHTH TEMIEpaTyp OKa3bIBAaIOT
CyIIECTBEHHOE BIHUSHHE Ha MexaHu3Mbel TBepaeHus [1-3]. K ocHoBHOMY akTopy, OKa3bIBaroOmIero
CYIIECTBEHHOE BJIHMSHHAC HEOOXOIUMO OTHECTH TPONECChl Temio u Maccomepenoca [3]. Ilpeacramiser
OTIpeNIeIIEHHBIN MHTepeC M3YYEeHHE 3aKOHOMEPHOCTEH TBEPACHUS IMECKOIEMEHTOB C Pa3HBIM BOIOIEMEHTHBIM
orHomenneM (B/Il) B ycmoBusAX TpaaneHTOB TemIepaTyp. lIpencraBisercs axkTyadbHBIM KOMITBIOTEPHOE
MOJICITUPOBAHKE BIIHSHUS TPAJUCHTOB TEMIICPATyp HA MPEAET TEKyYeCTH M YIPYTrUe MOJYJIH IECKOIIEMECHTOB B
MPOILIECCe TBEPACHUS, a TAaKKE H3YYCHHUEC 3aKOHOMEPHOCTEH TBEpJACHUS, MOBEACHHUS SKCICPHUMCHTAIBHBIX
XapaKTEPUCTUK KPUBBIX HAPSHKCHHE-IC(POPMAIIHS, YIPYTUX XapAKTEPUCTHK TBEPICIOIIETO IIEMEHTHOTO CTEPIKHS
B YCIIOBHSAX TPAICHTOM TEMIIEPATyp, U BIUSHHE HA STH 3aKOHOMEPHOCTH BOJOIIEMEHTHOTO OTHOIIICHUSI.

Ienpio maHHON pabOTHI SIBIISIETCS KOMITBIOTEPHOE MOJISITMPOBAHKNE B IporpaMMHOM kKomiuiekce Elcut Pro
6.3 [4] Bamsams rpaguentoB Temmeparyp (T = +70 — (-20) °C) Ha NPOYHOCTHHIE CBOMCTBA TBEPACIOIIETO
CTEpIKHsI, COCTOSIICTO M3 MECKOLIEMEHTa B IPOLIECCE TBEPACHUS C YUCTOM BIUSHHS TSPMHUUYCCKUX HATPSIKCHUM,
00yCJIOBJICHHBIX THIPATAIIMOHHBIMU MPOIECCAMM, a TAK)KE OICHKA BKJIAJa TEPMUYCCKHX HANPSIKCHUH Ha
HAKOTUICHHS IPOYHOCTHBIX XapaKTEPHUCTHK ITECKOIIEMEHTOB.

JKcnepuMeHTaAJbHAsA YacThb. B paboTe OBIT MCClIeOBAaHBI IEMEHTHBIE CTEP)KHHU, COCTOSIINE U3 CMECH
IIEMEHTa C TIECKOM, B KOTOPOM B Ka4eCTBE CBS3YIOIIET0 MUCIOIB30BANICs MopTiaananeMeHT kiacca Llem I 42,5b.
s uccnenoBanus ObUTH BBIOpaHBI 00pasibl ¢ BoAoleMeHTHBIM oTHomeHueM (B/IT) 0,40; 0,44; 0,49 u 0,54.
PaccmarpuBancst MIIOCKWMH ciydail: HEMEHTHBIH cTepkeHb, pasmepamu 70x70x700 MM pacmosarajics B
omaixyOke W3 meHorurekca TommmHOM 3 cMm (puc. 1). Ha pucynke mudpamm oTMedeHBI HOMEpa 00pasIioB,
MOCTIEIOBATENBHO yAalleHHBIE OT Trops4ei rpaHu. Ctpenkamu BeigeneHsl oOpasmel Ne9, 10, Haxomsammecs B

MOpPO3HIEHOM Kamepe rpu Temnepatype (-20) °C. CTepkeHb OKPYKEH ONaayOKON U3 TIEHOIIIEKCA.
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Puc. 1. Cxema nnockoeo ceuenus meepdeiou;eeo NECKOYEMEHMHO20 CMEPIHCHA 8 YCI08UAX epaéuenmoe

memnepamypul

B ™omenmn paccmaTpuBalioch TBEpACHHE B Te4eHHE 4 CYTOK. DBBUTM HCIOJIB30BAHBI CIETYOIIHE
rapamMeTpsl  MOJEJIMPOBaHUS B MOJIYJIE «CTAallMOHApHAs TEIUIONepeiava» il  CBEXero OeToHa:
TernonpoBoaHocTh A=2,04 B1/(M-°C), ynenbHas temnoemkocts — C = 1050 Jx/(xr-°C), miotHocts p = 2500
kr/M° 1 06beMHoe TeroBbiaeneHne Q = 50x335x(1—(0,04x(t/3600)+1)xexp(—0,04x(t/3600)))/((t+1)/3600)/36
Br/™’, rie T — Bpems B cekyHzax. Jljis NeHoIIeKca TeonpoBOAHOCTh paBHa A = 0,032 B1/(m-°C), yxenbHas
temoemkocts — C = 1380 Ji/(xr-°C), mnoTHOCTS p = 40 kr/M’. TeIIoBbiIeIeHHE B IEHOIIEKCE PABHO HYIIIO. B
MOJyJie «HANpsDKeHHE — edopManus» IMapaMeTpbl MOAEIMPOBAHUS M CBEXKEro OeToHa ObUIM BHIOpAaHBI
paBHBIME: Moxynb FOura E,=103 Mlla, xosddumuent Ilyaccona v = 0,1, moxyns cnura G = 454,55 Mlla,
ko3¢ duupenT TermoBoro pacmmperns o = 10° K. Jlns nexomrexca Monyns lOnra E; = 10 Mlla,
koo punment Ilyaccona v = 0,12, monyns casura G = 4,4643 MIla, koauImeHT TEI0BOrO pacIMpeHus o =
10° K. B nanHOM ciydae onpe/essuiuch HanpskeHus Museca, [IaBHbIe HATIPS/KSHHS, HANPSKEHHMS, KaK BIOJIb
ocell, Tak u B mwiockoctH XOY.

Pe3ynbTaThl. Pe3ynpTaThl MOJCTHPOBAHUS KapThl TEMIICPATYPHOTO PACIPEACICHUS HA OCHOBE IIKAJBI

rpajanMu 1BeTa MpUBENeHBl Ha puc. 2a. [[BeToBoe pacrpe/iesieHrie MEXaHHUECKIX XapaKTep Ha OCHOBE

IIKaJIBI TPaIalluy [IBETa PUBEACHO Ha puc. 20.

| Temneparypa
T(C)
7000
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Kpurepuii Musec
o (10°Hm?)
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5248
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0928

0464
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a) 0)

Puc. 2. Pesynomamul MOOETUposanusi meepoeHus neCKOYeMeHma 8 yCio8usx epaouennos memnepamypul:
a) pacnpedenenue memnepamypul 8 YeMeHMHOM CIepICHe, NeHONIeKce U ee YBemosas 2paoyuposKa,
6) 3asucumocmu kpumepus Muzeca om paccmosnus 80016 KOHMYPA CMEPIHCHS, PACNOTOHCEHHO20 HA 8biCOme

y=815cm
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W3 ananu3a pacrpeierncHusi TEMIIEpaTyp CICAYeT, YTO B LEMEHTHOM CTEpXKHE HaOIIONAeTCs MOHOTOHHOC
MOHIDKCHHUE TEMIIEPaTypbl OT MAKCHMAIIBHOTO 3HAYCHMs (BEPXHs IPaHb) O MUHHAMAIBHOTO (HIDKHSAS TpaHb). M3
aHANM3a PE3YyNIBbTaToOB CIIEAYyeT, YTO HAWOOJNBIINE HANpPSHKEHWS 10 abCONIOTHOM BENMMYMHE W KpUTepuii Mmseca
HaOMONAIOTCS BONM3M HATPETOH M OXJIaXIECHHOW MPUTIOBEPXHOCTHBIX OONACTSIX. B MPHITOBEPXHOCTHBIX OOIACTSIX
TPaJIMCHTHI TEMIIEPATYP OKa3bIBAIOTCS HAMOOIBIIMMU (CM. pHUC. 2a). BHYTpH CTep>KHS MMPOYHOCTHBIEC XapaKTEPUCTHKH
M3MEHSIOTCS MOHOTOHHO, HANPSDKEHWSI BO3pAcTaloT, a Kpurepuii Mimeca, HaoOOpoT, ymeHbmaercs. I[lpudem
BEJTMYMHA HANPSDKCHUI U KpUTepuilt Mu3eca OKa3bIBacTCsl CYILECTBCHHO MEHBIIIE MPe/ieia TeKYYeCTH.

Ha puc. 3 moka3ana 3aBUCUMOCTH Mpejefia TEKY4eCTH OT PACCTOSHUS JI0 TPaHH C ITOBBIIICHHOW

temnepatypoit mpu B/I] = 0,40; 0,44; 0,49 u 0,54.
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Puc. 3. I[Ipeden mexyuecmu 0bpa3yos ¢ pasHvim 8000yeMeHMHbIM OMHOUIEHUEM 8 3A8UCUMOCTIU OM
VOaneHHOCMU Om 20pAYell SPAHU YEMEHMHO20 CIEPICHSL:

1)-B/]=0,40;2)-B/ =044, 3) - B/l] = 0,49; 4) - B/] = 0,54

3akuawdenne. Takum 00pa3oM, aHaIW3 MPOYHOCTHBIX XapaKTEPUCTHUK TBEPICIOIIETO MECKOICMEHTA B
mpenenax 4-x CyTOK IOKa3ajl, 9TO HAaKOIUIEHHE IPOYHOCTH OKAa3bIBAETCS CYIIECTBEHHO HEMOHOTOHHBIM.
MakcuManbpHbIe 3HAUCHUSI ITpeesia TeKY4eCTH U YIIPYTUX MOIyJIel JoCTUraroT Ha pacctosausax 10 — 20 cm ot
TpaHM CTEP)KHA C MOBHIIEHHON TemmepaTypoii. [lpeaen Tekydectn U Moxyns casura BospactaiotT B (1.1 — 1.2)
pa3 B 3aBUCHMOCTH OT PacCTOSHUS JJIs IIeMeHTHBIX cTepxHed ¢ B/11=0,40; 0,44; 0,49 u 0,54 coOTBETCTBEHHO.
[Ipu OoNBIIMX PACCTOSHUSAX HAONIOJACTCS MHTCHCHBHOC CHIDKCHHC IpEJeNia TEKYYeCTH U YIPYTHX MOJIYICH.
JIBrokyIeil CUIol JTaHHOTO MpoLecca SBISIOTCA TPaJAMeHTHl TeMieparyp u3 uaTepsana T = +70 ... (-20) °C,
KOTOpBIE CTHUMYJIUPYIOT TU(PPY3MOHHBIC MPOIECCH, MACCOMEPEHOC BOJHOTO pPacTBOpa, M, KaK CICICTBHE,
WHTCHCUBHOCTh HAKOIUIEHWS NPOYHOCTHBIX ITapaMeTpoB. BKiam TepMHUYECKHMX HANpPSKCHHH B HHTEpBaie

HCCIEAYEMBIX TEMIICPATYP OKA3bIBACTCA HE3HAYNTCIIbHBIM.
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HUCIBITAHUE CYXOI'O LITENCEJBHOI'O CTBIKA KOJIOHH MHOTI'O9TAKHbBIX
3JIAHUI 1 COOPY KEHUMN
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DRY TEST OF THE PLUG JOINT OF COLUMNS OF MULTI-STOREY
BUILDINGS AND STRUCTURES
M.A. Sergeev
Scientific Supervisor: Prof., Dr. V.S. Plevkov
Tomsk State University of Architecture and Building, Russia, Tomsk, sq. Solyanaya, 2, 634003

E-mail: mascsv@gmail.com

Abstract. This article discusses the test of the junction of the columns, which will be used in the construction of
the building to accumulate excess electricity. The columns are interconnected using a dry plug joint, crimped
with metal bandages and placed under a press. Movement indicators are set. After each loading of the column
by press, readings are taken from the indicators and cracks formed in the joint are fixed. A verdict is issued

whether the column meets the requirements for strength and deformability.

BBenenme. lcmeiTaHre CyxXOro MITENCENFHOIO CTHIKA KOJIOHH OBUIO TPOBEICHO B J1abopaTtopuu
kagenpsl «Kenezo0eToHHbIe 1 KaMeHHbIe KOHCTpYKIun» TTACY.

CTBIK KOJIOHH cocTOUT U3 AByX PparmenToB K-1 u K-2 BeicoTo# 900 MM Kaxk/ast, COSIMHEHHBIX MEXK]TY
c000if MPU MOMOIIU CYXOTO IITENCEIBHOTO CTHIKA, UMCIOINUN KIMHOBUAHBIA 3a30p 1,5 M. Takoil cThik
COTIPSDKEHUSI KOJIOHH MTPUMEHSETCA B YHUKAIBHOM 3/IaHHUH 10 HAKOTIIICHUIO 3JIEKTPOIHEPTHH « DHEpro3amacy.

a) 0)

Puc. 1. Obwuii 6u0 ucneimanusi cmoika 24c/0 KOJIOHH ¢ KIUHOBUOHBIM 3a30pOM 6 1.5 mm:

a) cmopona A; 6) cmopouna I’

Poccus, Tomck, 21-24 anpenst 2020 r. Tom 6. CTpOUTENBCTBO U apXUTEKTypa



XVII MEXJIYHAPOJIHA A KOH®EPEHLIMA CTYAEHTOB, ACITMPAHTOB U MOJIOABIX YUEHBIX 79
«IEPCIIEKTUBbI PASBUTUA ®YHAAMEHTAJIbBHBIX HAYK»

IKClNepuMeHTAIbHASA 4acTh. CornacHo IIPOEKTa TADBC-80-2019-KXK «KoHncTpyxuun
xene3obeTonnsle. Kononna Brytpenuss 900 mm», pazpadoraHubix OO0 «MT-UHXUHUPUHTY, KaXK1asi KOJIOHHA
JIOJKHA UMETh CJICTYIOIINE TEXHHUECKHE XapaKTepUCTHKU: JiuHa - 900 MM; BeIcOTa ceueHus - 450 MM; mupuHa
ceueHus - 450 mm; npounocts GeroHa - 400 MIla; npomonbHas apmatypa - 4 & 16 A500CII; nonepeuHas
apmarypa - & 10 A500cn, mar 150 mMM; ceTkn KocBeHHOro apmupoBanus - & 6 AS500cm, sueiika 60x60 Mwm;
COeIMHUTENBHBIH cTepxkeHb - & 32 AS00CII; kmacec Gerona - B35; konTposbHas paspyliaromias Harpyska
(mpu C = 1,4 kH, Ni=4340), (mpu C = 1,6 kH, Ng=4960 xH).

IKCIepuMeHTAIbHAA YacTh. VcnbiTaHus CThIKa KOJIOHH nposoaunu B cootBeTcTBuu ¢ [OCT 8829-94
«M3nenus cTpouWTENbHBIE JKEJIe300€TOHHBIE M OETOHHBIE 3aBOJCKOIO H3rOTOBJICHHS. METOIbl HMCHBITAHUH
HarpyxeHueM. [IpaBuiia OLIEHKH IPOYHOCTH, KECTKOCTH U TPEIIUHOCTORKOCTI [1].

HcnbiTanne cThIKa MPOBOAMIIOCH B pabodeM TOJOKEHUU TPOJOIBHONW OCEBOW CHIIOi. J[ms 3arpyxeHwHst
OTIBITHBIX 00PA3IIOB MPOJIOJILHOM cHiol nctob3yeTcs tuapaiudeckuit mpecc IIM-1000 (Ny,,,=1000 tc) [2].

Harpyska Ha CTBIK KOJIOHH IpuKIaabBagachk crynersMu mo 300 + 500 kH. ITocne nmprtoskeHUs KaxIoi
CTYIICHH HArpy3KH HPOM3BOIIIIACH BBIACpKKa B TedeHue 10...15 muuyT. B 3TO Bpems ocmatpuBanu oOpaser,
¢dukcupoBany 00pazoBaHe U pa3BUTHE TPeIH. [locie BbIIEp)KKH CHUMAIN TIOKa3aHus IPHOOPOB.

[Ipy wucnplTaHMM W3MEPSUTM: BEIMYMHY YCHJIMH Ha Ka)KAOM JTale HarpyKeHus; HpOJOJbHBIC
nedopmanmu OeTOHAa OCHOBHOM KOHCTPYKIMH, IIBAa COINPSDKCHUS; BEPTUKAIbHBIE IEPEMELICHHsS CTHIKA;
noniepeyHsle Aedopmanuy 6eToHa 00pa3loB; IUPUHY PACKPBITHS TPELIMH B OETOHE OCHOBHOW KOHCTPYKLIHMH.

Jns n3MepeHns MpoAOIBHBIX W IOTIEPEYHBIX AedopManuii CThIKa MCIIOIh30BAMCH HHIANKATOPEI YaCOBOTO
tina NU-10, yauThiBas KperieHHs IprOOpOB Ha yroJKax TOYHOCTh M3MEPEHHs cocTansua (4...5)+107 [3].

Jlist onipeienieHnst BETUIMHBI PACKPBITUS TPEUTUH HCIIONIb30BasICs Mukpockorn MITB-20.

CormacHO cxeMe pacCTaHOBKH NMPHOOPOB (pHC. 2) yCTaHABIMBAIOTCA MHIWKATOPH MEPEMEUICHNHN, I

HU3y4YCHU pa6OTI>I HITCIICCIIBPHOI'O CThIKA KOJIOHH.

Tponomas oce TIpozonssat oce Tponomnas oce Ipozomsas o
KomoRHE BurB KonoRHA Bun T KonoRHEL
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Puc. 1.9 (mponomxentte) Cxena paccTasOBKI MPHGOPOB NPH I eI TAHIH CTaTHYECKO HArpyKOI
Puic. 1.9 (nasam0) CxeMa pacCTaHOBKK NpHGOPO IPH HCIHTHIIH CTATHYECK Ol HArpy3Koit omTHOTO oGpasa
omsTHoro o6pastia

Puc. 2. Cxema paccmanosku npubopos cmuvika xonioun K-4
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Puc. 3. I'paghuxu pazeumust npodoavhuix (a) u nonepeunvix (6) degpopmayuii

BeiBoabl. VcnbiTanubll CTBIK ()parMeHTOB JKENIE300€TOHHBIX KOJIOHH «HEPro3anacs, W3roTOBJIECHHBIX
3aBostioM OO0 «3aBox XKBU-12» mns OO0 «MT-UuxuaupuHT» yaoBiaeTBopstoT TpedoBanuaM ['OCT 8829-94
10 MPOYHOCTH U NIe(hOPMATHBHOCTH MPH 3aIaHHBIX 3aKa3YMKOM KOHTPOJIbHBIX mapaMerpax. CThIK pparMeHToB
KeNe300eTOHHBIX KOJIOHH «JHeprosamnacy, U3roTosieHHbx 3aBogoM OO0 «3aeoa XKBU-12» mis OO0 «MT-

WHXUHUPUHT» MOTYT OBITh HCTOJB30BaHBI MO PACUETHYIO Npycq = 3100 xH.
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MOAEJIUPOBAHUE HAIIPSIKEHHO-AE®OPMUPOBAHHOI'O COCTOAHUSA ITPEABAPUTEJIBHO
HATIPSKEHHOM TPYBOBETOHHOM CTOVKHA ITPY BHELIEHTPEHHOM CKATHAA
B.A.Cuurupena
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SIMULATION STRESS-STRAIN STATE OF PRESTRESSED
CONCRETE-FILLED STEEL TUBE COLUMN UNDER ECCENTRIC COMPRESSION
V.A. Snigireva
Scientific Supervisor: Doc., Dr. G.L. Gorynin
Surgut State University, Russia, Surgut, Lenin str., 1, 628400

E-mail: snow-vera@mail.ru

Abstract. The article proposes a solution to the constructive problem of traditional concrete-filled steel tube
column, namely the use of a new type of structure - prestressed concrete-filled steel tube columns (PCFSTC).
The three-dimensional structural behaviour of the proposed structure with eccentric compression is described.
The paper presents the formulas for determining the bearing capacity of PCFSTC, the interaction of the pressure

of the steel tube and concrete core taking into account the non-linear diagram of concrete deformation.

BBenenme. B pesynbraTre MHOTOYHCIICHHBIX OINBITOB OBLIO BBIABICHO, 4YTO MPH HATPYKCHUH
TPAIUIMOHHBIX TPYOOOETOHHBIX CTOCK MPOUCXOAUT OTPBIB CTATBHON TPYOBI OT OETOHHOTO s/Ipa B MOTIEPCUYHOM
HanpaBieHuu [1]. MaremaTuyeckoe MOJCTUPOBAHHE pPAa0OOTHI TPAJUIMOHHBIX TPYyOOOCTOHHBIX CTOCK,
MpeJcTaBIeHHOe B paHHed pabore [2], TOATBEp)KIaeT pe3yabTaThl 3KCIepuMeHToB. Ilpm pacuere
TPaIUIIMOHHBIX TPYOOOSTOHHBIX CTOEK COTJIACHO HOPMAaTHMBHON MeTomuku [3] (akT HapyIIeHHS COBMECTHOM
paboThI cTasi 1 OeTOHA HE YYTEH, M pacyeT OCHOBAH Ha JOMYIICHHH 00 oOkatmn OeToHa TpyOoil. B cBs3m ¢
ATUM aKTyaJIbHbI TIOUCK pEHIeHHS TpoOJeMbl 00ecTieueHrs] COBMECTHONW pabOThl cTaabHOW TpyOBl M OeToHa, a
TaKkKe pa3paboTKka METOIUKM pacueTa TPYOOOCTOHHBIX KOHCTPYKIMA C YYETOM MPOCTPAHCTBEHHOTO
B3aMMOJICHCTBHSI OETOHHOTO S/[pa ¥ CTAILHON TPYOHI.

[enbto mpencTaBieHHON PabOTHI ABJISETCS NPEAIOKUTD YIYUIICHHBIH BApUAHT TPYOOOCTOHHBIX CTOCK U
HOBBIH cITOCO0 pacyeTa X HaNpsHKEHHO-1e(hOPMUPOBAHHOTO COCTOSHUS.

Marepuajbl U MeTOAbI UcciaenoBanus. J[nsg obecniedeHnuss COBMECTHOH paboOThl OeTOHA M CTAIBHOM
TPYOBI MIpeIaraeTcsi HOBBIN THII CTOMKH — IpeIBapUTEIbHO HANPSDKEHHAS TpyOOOETOHHAs CTOWKa, KOTOpas 10
MIPUJIOKCHNS BHEIIHEH HArpy3KH TNPEICTaBIseT cOO0H CTalpHYyI0 TpyOy, 3aloNHEHHYI0 OCTOHHOW CMECHIO C
BBICTYNIOM OETOHHOTO s]pa Ha BEJIMYMHY d B BepxHel omopHoi yactu (puc.l). Pabora npemiaraemMoii cToiky,
XapaKTepU3yeTcss JIBYMs CTaJMsAMHU, HEPEXOJ MEXKAYy KOTOPBIMH pPEaNnu3yeTCs B CICACTBUU BO3PACTaHHUS
BHEIIIHEH HArpy3KU.

Cramust 1 «beToHHas cTOWKA B CTAILHOM 000#Me»: OCeBast COKUMAIOIIAs HATPY3Ka MIPHUKIIABIBACTCS TOIBKO

Ha O6eToHHOE PO, TpyOa paboTaeT B kKauecTBe 000MMBI, OKa3bIBask CKUMAIOIIIee JaBJIeHHE Ha OETOH B PaIuaIbHOM

Poccus, Tomck, 21-24 anpensa 2020 r. Tom 6. CTpoUTENBCTBO U APXUTEKTYpa



82

XVII MEXJIYHAPOJIHA A KOH®EPEHLIMA CTYAEHTOB, ACITMPAHTOB U MOJIOABIX YUEHBIX
«TEPCIIEKTUBbI PA3ZBUTUA ®YHAAMEHTAJIbHBIX HAVK»

HanpaBJICHUU p,,. B PE3YyIbTATC BCCCTOPOHHCTO CXKATUA TPOYHOCTH OeToHa BO3pacCTacrT. HpI/I TMPUJIOKECHUN
Harpy3ku P 4, BBICOTa OCTOHHO sgApa YKOpauuBacTCs Ha BEJIMYHUHY d, pa60Ta CTOUKH MepeXoaUT Ha HOBYIO CTA/IUIO.

Cragua 2 «TpaaummonHas TpyOOOETOHHAs CTOMKA C NPEABAPUTEIBLHO 00KATHIM OETOHHBIM SIPOMY:

oceBasl CKMMAroIas Harpy3ka P ¥ BHEIIHAS Mmapa Cuil M NpUKiIanbIBacTcsl Ha BCE ceueHue ctoiku. CrampbHas
TpyOa TMIpeTeprieBaeT IMpHpalleHHe MOMEPEeYHbIX NepeMeNleHHd OT MACUCTBUS TPOJOIBHOM Harpy3KH,
MIpEeBhIIIAIONIee MPUpANICHUE IepeMeIIeHni OeToHa, B pe3yinpTare 4ero oOkatwe OeToHa TpyOOiH mamaer.
[IpenenbHBIM COCTOSHUEM CYHMTACTCS YMCHBIICHUE JaBJICHUS OO0aTus OeToHa TpyOoOH g0 Hyns JHOO
JIOCTIDKEHHE HATIPSHKCHUH B CTAIM W/WIH OSTOHE BEJIMYUHBI PACUCTHOTO CONPOTHUBIICHUS.

MeTtopmonorusi pabOTBl OCHOBaHAa Ha HCIOJB30BAaHUHM KIACCHYECKHUX IOJIOXKCHHUN MPOCTPAHCTBEHHOM

TEOpHU YHPYTOCTH. [|JIsi MOAEIMPOBaHUS HEIMHEHHOTO IMOBEICHHS OETOHA HCIIOJIB3YEM JIOKAIbHYIO JTHHEHHO-

yupyryio teopuio [4].

Pl _Bemon
;r////////;////,,;
Cmans ‘//4////4//://4/—//%; d po
T Lk
%, i
-
/4
L j Ry

Puc. 1. Pacuemnas cxema npedgapumenbHo HanpsijceHHou mpybobemoHHOU CIOUKU, cedeHuUsi DemOHHO20 0pa

U cmanvbHoUu mpyosl CMOUKU

Pesyabrarsl. IlpencraBum moxydeHHBIE (OpMYyIBl HamOoee 3HAYMMBIX BEIWYHH, OMHMCHIBAIOIINX
HaTPSHKCHHO-Ie(OPMUPOBAHHOE COCTOSHHE IIPEABAPHUTEIBHO HANpsDKEHHONH TpyOoOeToHHON cToiiku. B
JanpHeneM Uit 0003HaueHUsI (PU3MYSCKUX BEIMYMH, OTHOCSIIMXCS K CTaJbHON TpyOe, Oy/eM HCIoIb30BaTh

BepxHuil nHuekc «S» (steel), k 6erony — BepxHuit nunexc «C» (concrete).
Cramus_1: P, =AP,+P., AP,=Ad-FC/(h(2G (L ~K)+N,)) Ad=d-d,., te d.- Bemmuuna

i

BBICTyTIa GeTOHHOTO Anpa npu P, =P, F©- momap cedenust GeToHa, /- HadaIbHAs BBICOTA OETOHHOTO S/IPA.

i=1{0,1,2}, B,=0,ecmu 0<P,<P,; B, =P, ¢cclu P <P, <P, B.=P,.ccm B, <P,

e _06R, - F(L,—K) CL2R, - FO(+v)uC (L, - K) N - (A, +u,) y - A+ ut
7 L,-K-2G, 5 E(Gy+L,~K) Lo BA2u,) w2 +2u%)
_ MG v () R R} Do 73
2u° (2 + p*)34 +2u) R} R, 2u°(R;-R;) 207 B2 +2u%)
CMBAAE) () s A oo Za R,
" 2w, (A rp)BA+2u) T 2u,(32,42u;) (A +24°) R -R,,

rae: i=0 mpu 0<P, <P, tpu, =pu  =E/2U+v ), 4y =4 =EVv NA-2v )1 +v));

i=lmpu P, <P <P, ¢y =p"=E°/QU+v) s A =2 = A7 +2(u —u®)/3;

2 %
Sh

i=2 npu Po, SFiy =y = =EL/2U+v)) 5 4, :/ﬁ: :Elcvc A((1=2v)A+v)).
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JlaBmeHue o0xaTusi OCTOHA Do =Ap, + Do #» Ap, (cmadus 1) = —(AP, /FC)-G,. (L, —K)- FS- mnomans

ceueHHs TPYOBI, & n ,uS— KOHCTaHTH! Jlame cramu, EC- HauambHbIH Monyns lOnra Gerona u E ,C- MOZYJIb
nedopMarii GeToHa Ha BTOPOi BeTBU AuarpamMbl aedopmupopanus [2], vE- koadduuuent [Tyaccona 6etona.

Cranus 2: [Ipu nmepexose Ha BTOPYIO CTaaUI0 PabOTH TpyOOOETOHHON CTOMKHM Harpyska BO3pacTaeT Ha
BCIUYUHY AP :P=P,+AP, p, (cmaoual)=p,, +Ap,, P,,- AaBICHHC obxaTus npu AeicTBUM cuibl Py ,
Ap, (cmadus2)=(P— P,)(N,D+YG)/(F (Y(K - L,)+ DQ2G, — a)) + F*(G,(2G, —a) - N,(K - L,)))>
AP =Ap,(F (Y(K - L,)+ D2G, —a))+ F*(G,(2G, —a)— N,(K — L,))) (N,D + YG,).

[eiictBue Ha CTOWKY MNpPOAONBHONM CHKUMAWIIEH CHJIBI € 3KCUEHTPUCUTETOM HKBHUBAJIEHTHO
OJIHOBPEMEHHOMY JIEHCTBHIO LIEHTPAIbHON OCEBOM CKMMAIOLIEH CUIIbI M Maphl cuil. Toraa oceBble HANPSDKEHUS B

OETOHHOM SIIpe TPEICTABIISAIOT COO0H CYMMY HaIlpsKEHHUH, BO3HUKAIOIINX OT JACHCTBUS CHIIBI P v mapbl cui M.

Y(K -L,)+DQ2G, —a) ~
FC(Y(K-L,)+DQ2G, —a))+ F*(G,(2G, —a) - N,(K - L,))

£

: Of;j +527M :_F_(P_Pd)

zz T

° c

.M e . R} R! R,
—yEf ——, [ENN=EIS +E°I’ =Efm—2+ E’n| —- ——2 |,
[EI] 4 4 4
BenmurHa npuiosxeHHO napsl cuil M orpaHH4YHMBaeTCs BETMYMHON HOPMalbHBIX OCEBBIX HAIIPSOKCHUI,
ONpesieNsieMbIX M3 YCJIOBHS INPOYHOCTH OCTOHHOTO sApa B YCIOBHAX BCECTOPOHHETO CXKATHSA
O'ZCZ <R,, =R, +4p, (tne Ry ;- npeaen Npo4HOCTH A/Ipa B 00XaTOM COCTOAHHUM) [2]:
P Y(K-L,)+ DG, -
B gy (K~ L)+ DCG, ~a) .
[EI] F F (Y(K_Li)+D(2Gi_a))+F (Gi(ZGi_a)_Ni(K_Li))

npeo = C
R _E; N,D+7YG,
“U N+ R, +4p,, +4(P-P)) - S
F*Y(K-L)+DQ2G,—a)+ F’(G,(2G, —a)-N,(K -L,))

3akaouenue. Co3naHue NpPEABAPUTEIHHOTO HANPSDIKCHHS OETOHHOTO snpa TpyOOOSTOHHOH CTOWKH
MPEUTOKEHHBIM  CIIOCOOOM  pelraeT KOHCTPYKTHBHYIO MpOOJeMy TpaJWIIHOHHBIX CTOEK, OOecreduBacTcs
COBMeCTHasl paboTa ctaidum W OerToHa. B pesympraTe MaTeMaTHUECKOTO MOIEIHWPOBAHUS TTONyYEHBI (hOPMYITBI
MIPOCTPAHCTBEHHOTO pacdeTa HaNpsKCHHO-IC(GOPMUPOBAHHOTO COCTOSHHS NpPH BHEIECHTPEHHOM CXKaTHU

IIPEABapPUTEIHHO HANPSDKEHHOW TPYOOOETOHHOM CTOWKM C yueToM HelHHEHHOCTH AeopMHUpOBaHus OeTOHa.
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STUDY OF ASPHALT CONCRETE PAVEMENT WEAR RATE ON THE STREET
AND ROAD NETWORK OF TOMSK (PART II)
A.V. Sukhorukov, A.Je. Trofimov, S.A. Petrov

Scientific Supervisor: A/Professor, Dr. S.V. Efimenko
Tomsk State University of Architecture and Building, Russia, Tomsk, Solyanaya sq., 2, 634003
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Abstract. The article gives the overview of the stages of experimental research on pivot points layout for
measuring rut parameters and defining actual wear rate. The data processing results are given for annual values

of asphalt concrete pavement wear rate over the observation period for Krasnoarmeyskaya street.

Benenue. Hacrosmas myOnukamms sBisgeTcs MpoAoiDKeHHWeM nokimama «VcciemoBaHWe BEIMYHHBI
n3HOCa acGarbTOOCTOHHBIX MOKPHITHH Ha YIMYHO-TOPOXKHON cetm ropoma Tomcka (wacte I)» B xoTopom
OCHOBHO€ BHHMMAaHHE YAEJIEHO OKCIIEPUMEHTAIbHBIM HCCICJOBAHMSAM II0 ONPEACICHHI0 (haKTHYECKOH
WHTEHCHBHOCTH JBMJKCHHUSI U COCTaBa TPAHCHOPTHHIX MOTOKOB, a Takxke napamerpoB yiun r. Tomcka. Kpome
9TOrO0 B HEH IpUBEICHBI pe3yNbTaThl OOpPaOOTKM JAHHBIX Y4€Ta WHTCHCHBHOCTM M COCTaBa JIBW)KCHHS
TPaHCHOPTHBIX IOTOKOB Ha BBIOPAHHBIX MEPErOHAX YJIUII M MX OOILKE NapaMeTpbl B MECTaX OpraHNU3alH IOCTOB.

JKcnepuMeHTAJbHAsA YacTh. BusyanbHas OlleHKa COCTOSTHHS MPOE3Kei 9acTH B MpeesiaX BRIOpPaHHBIX
YYacTKOB YJIHII BBHIIIOJHEHA IO CIEAYIOMIMM KPUTEPUSAM: COCTOSHHE Hpoeked dactu; popma M odepTraHue
KpaéB; Hanmuuywe TpeOHEH BHIIOpAa M WX XapakTep; HaJMYHe IUIACTHYECKUX AehopMaruii ¥WIN IMPU3HAKOB
UCTHUPaHMs MaTepHajoB; BUABI JIE(EKTOB M Pa3pyLICHUH Ha MOBEPXHOCTH MOKPBITHS; HAIWYME HA TOKPHITUH
CJICJIOB OT KOJIEC aBTOMOOMJIEH; COCTOSTHUE MOKPHITUSI BOKPYT Kosied. V3Mepenne TiiyOuHbI ¥ IIMPHHBI KOJICH
BBINIOJTHEHO YNPOLIEHHBIM CIIOCOOOM C ITOMOIIBIO YKOPOUSHHOH peiikH, cornacHo TpeboBaHusaM [1]. CuenHble
Ka4yecTBa MOKPBITUS ONPEJIeNsuIn ¢ IPUMEHEHNEM opTaTuBHOro npudopa Kysneunosa F0.M.

BusyaneHBIA OCMOTpP BBIOpAaHHBIX YYaCTKOB YJIHI] IPOU3BOIIIIHN, ABUTAsICh TI0 HAM MEIIKOM B IPSMOM H
o0paTHOM HampaBJCHUAX. B mporecce BH3yallbHOTO OCMOTpa YTOYHSIM MECTOIOJIOKEHHE Hadala W KOHIIA
YYaCTKOB € KOJICEH 1 IPUBSA3BIBAIN 3TH MOJIOKEHHS K 00IIeMYy KHIIOMETPAXKy YIIHIIBL.

B MecTax m3mMepeHns mapaMeTpoB KoJien pa3duBaiu 6 cTBOpOB Ha paccTossHIH 20 METPOB APYT OT ApyTa,
a MX MECTOIIOJIOKCHUE 3aHOCWIM B BeIOMOCTb. Pa30MBKa CTBOPOB BBINOJHEHA M3MEPHUTEIBHOW PYJIETKOH C
MapKUPOBKOH TOYEK MEJIOM JUIS TIOCJIEIyIOIIEero KEpHEHUsI COIJIaCHO CXeMe, MPUBEAEHHO Ha pucyHke 1 a.

KepHenne mnpousBOAMIM pPYYHBIM CHOCOOOM — yaapamMy KyBaJIbl IO 3aTBUIBHHKY CTPOMTEIILHOTO

KepHepa. Vcrnonb3oBaHue KepHepa IO3BOJIAIO (OPMHPOBATH JIYHKHM I0J LUIANKK arodeneid. IloBropHas
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MapKHPOBKA TOYCK BBHIIIOJHEHA OBICTPOCOXHYIIIEH KPacKoii (CM. prcyHOK 1 0).
3areM B OTMEUCHHBIX CTBOPAaX YKIAJBIBAIU PEHKY HA BBIOPHI KOJICH M (PUKCHPOBAIU OJUH OTCUET B
TOYKE, COOTBETCTBYIOIICH HaubomblieMy yriyOjeHuro kosied. @Dukcalus BBINONHSIACH IPU  TTOMOIIU

MU3MEPUTEIBHOIO IIymna ¢ TOYHOCTBIO 10 1 MM, a PE3YJIbTAaThbl 3aHOCHUJIN B CIICLIUAJIBHBIE BEAOMOCTH.

a 7]

Puc. 1. Cxema pazbusku cmeopog 015 usmepenus napamempog koieu Ha yyacmke yi. Kpacnoapmeiickas

VYcraHoBIEeHHE TOJIIMHBI IIOKPHITHS M XapakTepa 00pa3oBaHMs KOJEH OCYIIECTBIEHO MyTéM OTOOpa
BBIpYOOK. [IponuIibl OCyIIeCTBIsIN B 1TOJIOCE HaKaTa OEH30pe30M, TaK 4TOOBI OTOOpaHHBIN 00pa3el NOIHOCTHIO
nepecekan NHKM Kosiem Ha ydactke. Ilocme oTOopa 00pasloB OCYHIECTBIISUIM  33/€NKY ITOKPBITHS
acdambTOOETOHHOM CMECH NpeIBApUTENBHO BBHIIIOJIHUB OYHCTKY MECTa 0TOOpa OT MBUIM W TPSA3K U 00paboTaB
Kpasi ONTYMHOH MaCTHKOM.

ITo xaxooMy H3MEpPUTENBHOMY YYacTKy OIpeNeNsulM pacu€THylo IiyOuHy Kkosen. Jlnst sToro
AQHAIM3HPOBAJIN PE3YJIBTATHl U3MEPEHUH B 6 CTBOpaxX M3MEPHUTEIBHOIO YIacTKa, 0TOPACHIBATIM CaMyl0 OOJIBLIYIO
BEJIIMYMHY, a CJICAYIOUIYI0 3a HEil BENMYUHY IJIyOHMHBI KOJICHM B YOBIBAalOLIEM psijieé NPUHMMAIU B KadyecTBE
pacyéTHOM Ha JaHHOM H3MEpUTENbHOM YyuacTtke. CpenHsisi pacu€THass TJIyOMHA KOJIEM IIOJy4eHa Kak
cpenHeaprdMeTHIecKoe 3HaUCHNE U3 BCEX 3HAUCHUH pacy€THOMN ITyOMHBI KOJIEH Ha U3MEPHUTEIILHBIX Y4acTKaXx.

Pesyabrarsl. [lo 3HaueHHsAM pacuy€THON IITyOMHBI KOJIEU JUIsl KaXJIOW MOJIOCH HaKaTa ObUIM MOCTPOCHBI
THCTOIPaMMBbI HaKOIUICHHS BETMYHMHBI H3HOCA ac(haabTOOETOHHOTIO MMOKPBITHS 10 TOJaM 3a NepHoJ| HabJIIoAeHUI

(cM. puCyHOK 2).
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o
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Beaunuuna H3HOCAa, MM
_— e N
S L O

1
5 M &= = I I
8 7 6 5 4 3
®29.09.2019 4 1 1 1 3 7 5 2
m26.04.2019 3 0 0 2 5 1
209.09.2018 5 6 2 2 4 4 20 17

Ilosioca HakaTa

Puc. 2. Fucmozpamma HAKonJIeHUus 6eJiudunsbl U3Hoca ac¢aﬂbmo6emor-mozo HOKpblmMus no 200am 3a nepuoé

Habnodenuil na yi. Kpacnoapmetickas
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Ha nocrty, pacnonoxxenHoM Ha yi. KpacHoapmeiickasi, COCTOSHHE MOKPBITHS IPOE3KEH YacTH MOXKHO
OLICHUTHh KaK HE YJOBICTBOPHUTEIILHOC. BOKpyr koien HaOmonaroTcs AeeKTsl B BHIC BBIKPAIIMBAHUSA
Marepuaia MoKpeITHs. 3a mepuoj HaOmonenui ¢ 2017 mo 2019 1. u cpoke skcruryaranuu 4 roxa pacdeéTHas
nIyOnHa Kojiem Ha ac(ambToOETOHHOM TMOKpPBITHH cocTaBwia 37,38 mm, a e€ mmpuHa mopsaka 50-60 cm ¢
BBIpOKEHHOW QopMoil kpaéB. BemmumHa Koyien, BbUHCIACHHAsS 1o Meroaumke [1] cocraBuma 2,67 MM.
Haubonpsmmit mpupocT Kojien Ha yiuie 3apUKCHPOBAH B 3UMHHN IEPHOM TOfa U Ha CTBOPAX PaCIIOJIOKESHHBIX
ommke K cBetodopHOMy 0OBEKTy. Hammuue mpH3HAKOB UCTHpAaHUS MaTEpHalIoOB Ha YYacTKe HaOIoaeTcs
JOCTaTOYHO XOPOLIO.

OTHeNnbHO CTOUT OTMETh TOT (DakKT, YTO M3-3a 00pa30BaHUsS KOJICH 33 IEPBBIC JIBA rOJa DKCILTyaTallHH
MOKPBITHSL HAa YYacTKe HM3MEpPEHHWH, HapYIIMIACh CHCTEMa IOBEPXHOCTHOTO TOPOXKHOTO BomoorBona. [lpm
BBINTAJICHAN KUIKUX WIA CMEIICHHBIX OCAIKOB, a TAaKoke ITOCIE TasHUA CHEra BoJa HE CTeKajla K O0pTOBOMY
KaMHIO 32 CYET HAIMYHS MOTIEPEYHOTO YKIOHA, a aKKyMYyJIHPOBAJIACh M CTEKalIa B IIPOAOIGHOM HANPABICHUH TI0
KoJIee B T0JIOCax HakaT. JTO MpHBEJIO K 0Oojiee MHTEHCHBHOMY M3HOCY IOKPBITHS Mpoe3xer dacTu. B ces3m ¢
YeM 3HAYCHUS BEIMYMHBI CIMHUYHOTO U3HOCA JOCTHTAIOT 67 MM.

3akmiouenne. [lo pesynbraTaM BBINOJIHEHHOW HCCIIEAOBATENILCKON pabOTHl Cpeay NPUYMH H3HOCA
acanbToOETOHHBIX MTOKPHITHI Ha yIMYHO-JOPOXKHON ceTH ropoja ToMcka MOXKHO BBIAEIHUTD CIEAYIONIUE:

1. 'HTEHCUBHOCTh JBIDKCHHS — HAWOOJBIINC 3HAYCHUS BEIHUYMHBI M3HOCA XapaKTEPHBI VIS YJIHIl C
BBICOKOM WHTEHCHUBHOCTBIO ABIDKCHHS ¢ IpeoOIaJaHWeM JIETKOBOTO TPAHCIIOPTAa MPH YCTPOWUCTBE TOKPHITHH
KOTOPBIX IPUMEHSIIACh acPabToOeTOHHAst cMech Mapku A-I.

2. YcioBus ABIKEHHMS Ha Y9acTKe YJIHMIBI — HAa Y9acTKaxX YIHUI[ B IpefesiaXx KOTOPBIX IPOHUCXOIST
W3MEHEHHsI YCJIOBHH [BIKCHHS CBS3aHHBIE C HAJIWYAEM CBETOQOPHBIX OOBEKTOB, IE€pPEeceYeHHEM C
TpaMBaWHBIMU WJIM JKEJIC3HOJAOPOKHBIMU MYTSIMHU, HATMYUEM 3HAYUTEIBHBIX MPOJOIBHBIX YKIOHOB IPOE3KEH
YacTH Ha OJbEM U CITyCK HAOJIOAAETCs MOBBIIICHHBIA H3HOC ac(paabTOOCTOHHOTO OKPBITHUSL.

3. HecBoeBpeMeHHOE BBISBIEHHE Y4YacTKOB ¢ 0Opa3zoBaBLIEHCS Koie€il — NPUBOAWUT K HApYIICHHIO
CHCTEMBI BOJJOOTBO/JIA.

4. HapymeHnne cuCTEMBI BOZOOTBOJBI C MOKPHITHS MPOE3KEH YaCTH — Ha Mpoe3KeH JacTH OTCYTCTBYET
crcTeMa BOJOOTBOJA WIM HAXOAWTCS B HEHAIJIC)KAIIIEM COCTOSIHHH, B CJICACTBUH YEro BoJla aKKyMYyJIHpyeTcs Ha
Mpoe3Ker JacTH U 1O/ BO3ACHCTBHEM TPAHCIIOPTHBIX CPEICTB CIIOCOOCTBYET MOBLINIEHHOMY N3HOCY MaTepHaia
MOKPBITUS TIPOE3IKEH YacTu.

5. Marepuasibl — HCHOJNB3YeMBIH B KadecTBe HOKpbITUS acdanbroberon wim IIMA, mebens
MPUMEHSICMBII B KA4ECTBE 3aIIOJHUTENIS, KAYECTBO OUTYMHOTO BSKYIIETO.

6. AKTUBHOE HCIIOJIb30BaHHE MINTIOBAHHOW PE3UHBI (B TOM YHCIIE B HETIPEIHA3HAYEHHOE ISl TOr'0 BpeMs
rojia) — BO BpeMsI SKCILTyaTallid aBTOMOOWIICH C IMUITOBAHHOW PE3WHOM M3HOC ac(hanbTOOCTOHHOTO IMOKPBITHS

3HAYUTCIIBHO YBCIIMYNUBACTCA.

CIIMCOK JIMTEPATYPBI

1. OJM. PexomeHanuu no BBISIBICHUIO U YCTPAHEHUIO KOJIEH Ha HEXKECTKUX JOPOXKHBIX ojaexaax. Yacts 1-3.

M.: Uudopmasronop, 2002. — 181 c.
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HNEPCIHHEKTUBBI IPUMEHEHUSA OTXOJ0B T'NAPOJU3HOI'O 3ABOJA
PX B CTPOUTEJBCTBE
A.1O. YexkanoBa
Hayunsrit pykoBoauTens: 101eHT, K.T.H. E.E. 16e.
XakaccKuil TeXHHIeCKUH MHCTUTYT- (rmman CHOMPCKOTo roCyIapCTBEHHOTO YHHBEPCHTETA,
Poccus, r.AGakan, yin. lllernakuna 27, 655017

E-mail: chekalova-alena@mail.ru

PROSPECTS FOR THE USE OF WASTE FROM THE RH HYDROLYSIS
PLANT IN CONSTRUCTION
A.Y. Chekalova
Scientific Supervisor: docent, Candidate of Engineering Sciences E.E. Ibe

Khakass technical Institute-branch of the Siberian State University, Russia, Abakan, Shchetinkina str. 27, 655017

Abstract. The issue of waste disposal of a hydrolysis plant located in the territory of the Khakassia republic is

considered. It is shown that lignin waste can be used in the production of finishing materials.

BBenenune. OTXOMBI - 3TO OJHA U3 OCHOBHBIX COBPEMEHHBIX IKOJIOTHIECKUX MPOOIeM, KOTOpas HECeT B
cebe OMmacHOCTh JIJIS 3I0POBBS JITOJIEH U OKpYysKarolel cpenbl B mesoM. B Pecrrybmuke Xakacust Ha TeppUTOpUN
Ycrh-AbGakaHCKOTO pailoHa HaXOIUTCS 3a0pOIIEHHBIM THAPOIU3HEIN 3aBO IUIOMaabi0 Oosiee 70 Ta, KOTOPHIA HE
skcruryatupyercs 6omnee 20 mer. IlomyoOBanuBimecs 34aHus, 3aJIeKH JIMTHAHA W 03epa Ma3yTa MPHBOIAT K
BO3HMKHOBEHHIO II0KapoB W THOENN JIOJEH, Clie0BaTeIbHO, HEOOXOANMO YTHIIM3UPOBATh JaHHBIC OTXOJbI.
Teppuropus 3aBona Haxomutcs B 150 mMeTpax OT XKHUIBIX JOMOB M MPHHOCIT HEMONPABUMEIN BpEl 30POBBIO
JIIOJIEH U OKpY>Karolleil cpeae.

enbto pabOTBI SBJISIETCS OMpPEICICHUE BO3MOXHBIX IIyTCH YTHIM3AalUU JAHHBIX OTXOJOB JUIS
YIIyHIICHUS YKOJIOTHIECKON CUTYalnu.

JKcnepuMeHTAJbHASA YacTh. PAacCMOTPHM OCHOBHBIE THITHI OTXOJOB HA TEPPUTOPHH 3aBOAA — IUTHUH H
MasyT. B pabote [1] 3aTparuBaercs TemMa yTWIM3alMH OTXOAOB IMPOHM3BOACTBA U MOTPEOIICHHS. ABTOP IPHUBEI
XapaKTEPUCTUKY OTXOJOB IPOM3BOJACTBA, KJIACCOB «OMACHOCTH OTXOJOB», a Takxke TpeOoBaHHMsA K cOopy,
pa3sMelIEeHHNI0, TPAHCIIOPTUPOBKM M 3aXOPOHEHHIO OTXOAOB. JIMFHMH OTHOCHTCS K OTXOJaM IPOW3BOJCTBA
LIEJUTIOJI03BI, KJIACC ONACHOCTH AJIsl OKpY Katolel cpessl - 4.

Vrunuzanus O0TXO0J0B 4 knacca MMPOU3BOAUTCH 1O CIACAYIOLIUM aJIrOpUTMaM:

1. TIpowsBoauTCst COOP OTXOMAOB, COPTHPOBKA;

2. Odopmienne JOKyMEHTOB,

3. Mycop ynakoBbIBaeTCs, 3arpyKaercsi B TPAHCIIOPT;
4. 3aTeM B3BEIIMBAETCS;

5. TpaHCTIOPTUPYETCS K MECTY 3aXOPOHCHHS,

6. 3akaneIBaeTCs B 3€MIIIO.
MasyT — KUIKUH TPOAYKT TEMHO-KOPHYHEBOTO IIBETA, OCTATOK MOCIE BBIACICHHUS M3 HE()TH, OTHOCUTCS

kK 3 KJIacCy OIIaCHOCTH. XpaHeHHe OTXO0O0B 3 kjacca ONAacHOCTH JOJKHO TIPOUCXOAWTH B CIICHUAJBHBIX

Poccus, Tomck, 21-24 anpensa 2020 r. Tom 6. CTpoUTENBCTBO U APXUTEKTYpa



88

XVII MEXJIYHAPOJIHA A KOH®EPEHLIMA CTYAEHTOB, ACITMPAHTOB U MOJIOABIX YUEHBIX

«TEPCIIEKTUBbI PA3ZBUTUA ®YHAAMEHTAJIbBHBIX HAVK»

KoHTelHepax. Cxurath HEPTEMPOAYKTHl KATCTOPHYCCKU HENB3s. B 3aBUCHMOCTH OT XUMHYECKUX CBOMCTB,
Ma3yT MOXET OBbITh HCIIOJIb30BaH KaK JKUIKOE KOTEIBHOE TOIUIMBO, JJIS MPOU3BOJCTBA OMTYMOB WM APYTUX
nenef. YTHIM3aus OTXOA0B 3 KJlacca OCYIIECTBISAETCS Ha CIEHUATEHOM 000pyZOBaHHH, KOTOPOE CIIOCOOHO B
MTOJTHOH Mepe YCTPaHWTh WX HETaTHBHOE BIMSHHE Ha OKPY)KalomIylo cpexy. B ciydae ¢ ma3yrom BO3MOXKHaA
TOJIBKO TIOJTHAS JTUKBUAAIMS IyTeM OHOJIOTHYECKONW peKyIbTHBALINH, T.K. Ha TeppuTopnu PX HET mpeanpusTui,
nepepabaThIBaOMNX MaHHBINH 0TX0A. OIHAKO JUTHHH BO3MOXKHO HCIOJB30BATH B MPOM3BOJCTBE Pa3IMIHBIX
CTPOUTENBHBIX MaTEPUAJIOB.

Pabora [2] mocBsmieHa TeMe YTWIM3alUU JUTHHHOB. B CcTaThe pPaccCMOTPEHBI CTPOCHUEC M CBOWCTBA,
OCHOBHBIE 00JIACTU UCTIOJIF30BAHMS, a TAKIKE XapAKTCPUCTHKH HOBBIX BUIOB JIMTHHUHA.

JIMrHUH-TONTMMEP TIPHPOTHOTO TPOUCXOXKICHHSA, KOTOPHIH BXOIWUT B COCTaB PACTEHHH W SIBISETCS
mpoaykToM OmocwHTE3a. JINTHUH BBITONHSET B OCHOBHOM MEXaHWYECKHE (YHKIMH — TPHUAAET KECTKOCTh
OJIPEBECHEBIICH PAaCTHTEIIFHOW TKaHM, KOTOpas HeoOXoIWMa Ui CO3JaHMS OIOPHOW cHCTeMbl pacTeHMid. Ha

pHucyHKe | mpencTaBieH BBICYILICHHBIIN JIUTHHH.

Puc. 1. Boicywennulii aueHun

CymiecTByIOMNE METOAbI IPUMEHEHHS IMTHIHA B CTPOUTEIBHON OTPACIIM MPEACTABICHBI HA PUCYHKE 2.

JIUrHUH |

FopHopobbiBatowWwan HedTenobbiBatouiasn
NPOMbILIJIEHHOCTb NPOMbILNEHHOCTD

ITPOVITelleaﬂ MHp,ycrpul | BogoobpaboTtka

BeToHHble ypeHue HedpTAaHbI
cmecn CKBaXMH

3amepneHune
lemeHTaumMmn HedTAHb
CKBaXMH

Kupnuum 1 kepamuka

Cyxasn
WTyKaTypKa

MNosbiweHne
NpPOAYKTUBHOCTN
He@TAHbIX CKBaXKMUH

Puc. 2. Ilpumenenue nuecnuna
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Taroke TUrHUH MOKET IPUMEHSTHCS:

1. Kak nopooOpasytommas 1o6aBka B IIPOM3BOACTBE TEIIIOM3O0IALMOHHBIX M JIETKHMX KOHCTPYKIIMOHHBIX
KEpaMU4ECKUX U3JENNI;

2. BwmecTo onmiIok B MPOU3BOCTBE arjoONOpPHUTa;

3. B 1opo’XHOM CTPOUTENHCTBE B KAUECTBE HAMIOTHHUTEIS ac(haIbTOBEIX OCTOHOB,;

4. B xadecTBe HANOJIHUTEIS IIACTMACC, PE3MHOTEXHUUECKUX M3AEIHH, TUHOIEYMa U Ap.

I'maponusHblil TUTHUH 00J1aJaeT YHUKAIbHBIMU CBOWCTBAMH U CTPOCHHUEM.

OKcHepyMEHT TMoKa3aj, 4To Kod(p¢uumeHt TtemionpoogHoctn mauramHa 0,047 Br/m °C, dro
o0yciiaBnuBacT BO3MOXKHOCTBIO €ro INPUMEHEHHMs B TEIUIOM30JILMOHHBIX Marepuanax. Ha pucyHke 3

MIPEACTABICH KEPAMHICCKHUIT YEPETIOK.

Puc. 3. Kepamuueckuii uepenox: 1-c onunkamu; 2-c 1ueHUHOM

B pe3ynbraTe npoBeieHHOTO SKCIIEPUMEHTA MO>KHO OTMETHUTb, YTO IIPUMEHEHHE JIMTHUHA KaK II0poo0pasyorei
J00aBKH HeA(PEKTUBHO, T.K. JJUTHUH HAapYIIAET CTPYKTYPy KEPaAMHUECKOT0 YeperKa, Pa3phIxJIsis ero.

[IpumMeHeHne NHWIHUHA B KayecTBE KOMIIOHEHTAa IIPH IIPOM3BOJCTBE OT/AEIOYHBIX MAaTEPHANIOB JAJIO
MTOJIOKUTETBHBIN 3¢ dexr, cHmkas KodQQHUINEHT TEIUIONPOBOJHOCTH, IOBBIMIAS aAre3Wi0 K OCHOBAHUIO U
yiIydinast 9KOJIOTHIHOCTE MaTepraia [3].

3akaouyenue. JIMKBHamus OTXOIOB THAPOJIM3HOTO TPOM3BOACTBA Ha Tepputopmu PX BecbMa
aKTyainbHa. JINTHUMH B AaHHOM CIydac NPEACTaBISCT MHTEPEC C MO3MLIUHM BO3MOXKHOCTH €r0 NPHMEHEHUS B

MMPOU3BOACTBE OTACIIOYHBIX MATCPUATIOB.

CIIMCOK JIMTEPATYPbBI
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2. [ewinexo W.II. YTunu3auusi JUCHAHOB: JOCTHXXEHUS, TIPOOJIEMbI U MEPCIEKTUBBI // XUMUSI PACTHTEILHOTO
ceipbs. —2012. — No. 1. — C. 5-20.
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OBECIHEYEHUE MOPO30YCTOMYUBOCTHU HEXKECTKHUX JOPOXKHBIX OJEXK HA
NPUMEPE TOMCKOM OBJIACTH
C.B. Edumenko, B.C. Uypunus, A.3. Tpodumon
Hayunsrit pykoBoauTens: npodeccop, a-p.rexs. Hayk B.H. Edpumenko
Tomckuil rocyJapCTBEHHBIN apXUTEKTYPHO-CTPOUTEIbHBIA YHUBEPCUTET,

Poccus, r. Tomck, Coisras mit. 2, 634003

E-mail: lex-16-2008(@mail.ru

FROST RESISTANCE FLEXIBLE PAVEMENT FOR EXAMPLE OF TOMSK REGION
S.V. Efimenko, V.S. Churilin, A.E. Trofimov
Scientific Supervisor: Prof., Dr. V.N. Efimenko
Tomsk State University um of Architecture and Building, Russia, Tomsk, Solyanaya Sq. 2, 634003
E-mail: lex-16-2008@mail.ru

Abstract. In order to comply with Government decree No. 658 of 30.05.2017, it is necessary to increase the inter-repair
service life by 2 times compared to existing standards (up to 12 years for repairs and up to 24 years for the overhaul of
the road). Achieving the recommended repair deadlines requires the implementation of a number of measures including

improving the regulatory framework when justifying the frost resistance of non-rigid road clothing.

BBenenne. B mocranosiennu [IpaButensctBa Ne658 ot 30.05.2017 «O HOpMaTHBaxX GUHAHCOBBIX 3aTpaT
u [IpaBunax pacuéra OI0KETHBIX aCCUTHOBaHHH (helepabHOro OI0/pKeTa Ha KalMTaIbHBIA PEMOHT, PEMOHT H
COIepKaHWE aBTOMOOWIBHBIX JOpor (enepanbHOTO 3HAYEHHUS» YBEIMYCHBl MEXPEMOHTHBIE CPOKH
IKCIUTyaTallii aBTOMOOWIBHBIX JO 12 JeT, a Mo KaluTaIbHOMY PEMOHTY a0 24 JeT, HEe3aBUCHMO OT
WHTEHCHBHOCTH M COCTaBa JBIDKCHHS. B TMOSCHEHMM K 3TOMY IOCTaHOBJICHHIO OTMEYAETCs, YTO MEepexoi Ha
HOBBIC MEXPEMOHTHBIE CPOKH OYZET OCYIIECTBISATHCS MMOCTENEHHO, [0 MEpe MPOBeIeHNs paboT Mo YCHIICHUIO
KOHCTPYKIHUH TOPOKHBIX OJICXK]I B paMKaX PEKOHCTPYKIIMU M KaIIMTAIFHOTO PEMOHTA.

B nacrosimiee Bpemsi B PO ynensiercss BHUMaHHUE afalTHPOBAHUIO aMEPUKAHCKOW METOUKH 00BEMHOTO
NIPOEKTUpOBaHMs acganbroOeToHHbIX cMeceld Superior Performing Asphalt Pavements «Superpavey,
noxyuusiuee pycckoe HazaHue «CITACy». Cuctema 00bEMHOTO IPOEKTUPOBaHUs pa3padboTaHa B Havane 1990-x
TOJIOB IO IPOTpPaMMeE CTPATErnYecKOro HCCIIeI0BaHUsT aBTOMOOMIBHBIX Jopor [1] m mpenmonarana 4 srama.
ITepsiii aTan — BEIOOp MaTepuanoB sl achanmsTodeToHHOH cMecH. BTopoii atam — moadop 3epHOBOTO COCTaBa U
BBIOOD COIEpIKaHUS BSOKYIIETO. TpeTuit atanm — 00bEMHBIN aHAIN3 00pa3IoB, MPUTOTOBICHHBIX B THPATOPHOM
ymoTHUTeRe. YeTBEPTHIA 3Tan — NMPOTHO3MPOBAaHUE MOBEAEHHS ac(anbTOOCTOHHON cMecH B MOKPBITHU IPH
3a[JlaHHBIX JKCIUTyaTAl[MOHHBIX YCJIOBHAX. Yepe3 mIeCTh JET MOJHOMACIITAOHBIX WCHBITAHUN TOKPBITHIA
aBTOMOOWJIBHBIX JIOPOT, 3alpOeKTHPOBAHHBIX MO cucreMe «Superpave» B 1996 r., mpuHsATa METOJMKA
00BEMHOTO MPOEKTHPOBAHUS achanbToOeTOHHBIX cMecel [2]. Ha MOMEHT BHeApeHUsI CUCTEMBI «Superpave» B
1996 r. ObT OTMEUYEHBI €€ HENOCTaTKH, B YAaCTHOCTH, HEJIOCTATOYHBIN Y4YET TPAHCIOPTHON HATPY3KH U
IIMPOKHUA CTIeKTp KimMaTtideckux ycnouii CIIA, a Takke OoTCYyTCTBOBaN 4 3Tam, KOTOPBIA OBLT pean30BaH

no3aHee, B 2005 r. B ucropum pasButus «Superpave», MOXKHO 3aMETUTh IMOCTOSIHHOE COBEpPLICHCTBOBAaHHE
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npuOOPOB W KPHUTEPHUEB I OLCHKU MPOTHO3HPYEMBIX pa3pylleHU achanibTOOCTOHHBIX MOKPHITUH, YTO
[03BOJISIET BBIJICPIKUBATH YCTAHOBJICHHBIC CPOKH MEXK/Ty KalUTAIbHBIMU PEMOHTAMH.

JKcnepuMeHTaIbHAas YacThb. UTOOBI acanbToOETOHHBIC TMOKPHITHS, 3allPOCKTHPOBAHHBIE IO HOBOM
Meroauke [3], mpekmeBpeMEeHHO HE pa3pyllalnch, HEOOXOIWMO Yy4ecTh WX paboTy B 3HMMHEE BpeMs H
o0ecreynTh MOPO30YCTOMYHMBOCTh JOPOXHBIX OAEXKI B TOM HJIM HHOM peruoHe cTpaHbl. KOHCTpYKIus

JIOPOXKHOM OJICHKIbI CYMTACTCS MOPO30YCTOMYMBOM, €CIIA COOITIOJACTCS YCIIOBUE:

lr[y!{ S l;mr[s
rae lpy — pacuérHoe (0XXKMIAEMOE) MOPO3HOE MyYeHHE TPYHTa 3EMIITHOIO TOJOTHA, CM; [, — AOMyCTHMas
BEJIMYUHA MOPO3HOT'O ITyYCHHUS, CM.

Ecmu pacuéTHOl BeNMYMHE MOPO3HOTO IyYCHHsI MMOCBSIICHBI MHOTOYHCIICHHBIE UccaenoBanus [4], To
MacmTaOHBIX pabOT 1O YTOYHCHHWIO KPUTEPUS MOPO30YCTOWYMBOCTH HE MPOBOIIIOCH, HECMOTpS Ha
AKTyaJIbHOCTh TaKOH TeMbl. [|JIsl M3ydeHus 3TOTO HAIPaBJICHUS, HAPUMED, IUTsl TEPPUTOPUH TOMCKOI o0acTH,
BBITIOJTHEHBI WCCJICIOBAHMsS, BKJIIOYAIONIUE TEOPETUYECKUE, Ja0OpaTopHble M IMOJIeBbIe padoTel [4-6].

Ha pucynke 1 npepcraBieHa MeToAIECKast CXeMa BBITTOJIHEHHBIX MCCIIEI0BaHUN.

YrouHeHue paC‘léTlIbIX SHAYCHUH XAPAKTEPUCTHK TPYHTOR SCMITAHOIO IIONOTHA U BEPXHUX
CIIOCB aC(})‘dJ’[bTOﬁe’IUHHLIK HOKP};ITHf"I, HEOGXO}IHM}JX TIPU OPOCKTAPOBAHIH
MOpOf}OyCT();I UHBLIX HEXECTKIX AOPOKHbIX

Hcenepopanns

y
TTaBopaTopusic Iosesnie

Teopetuyeckue

1. Hoerposuue
MATEMATHYIECKOH MOTEIM
HanpsurReHnit A aedopmarmii
BEPRHHX CIIOCR

acanETOOETOHHBIX TOKPHITHIA,

BOSHMKAONINX B PE3yIIkrare
npoMep'sa,uux H Hy‘i@ﬂﬂﬂ
TPYHTA JCMIAHOTG TIOTOTHA

2. Yeranorienue pacuETHo
OTPHITEIN HOH TEMIEPATYPHL
acthunETOGSTOHNOIO MOKPHITHS

1. YCTaHOBIGHNS 3aKOHOMEPHOCTH
H3MCHCHUA BCIIAIHIEL KOG PUIHCHTA
UYHEHHA B 3aBUCHMOCTH OT
IJIOTHOCTH IPYHTA, BECA TOPOIKHOK
OJCKIBI H KOMATECTRA UHKIOR
NPOMOPAKUBAHHS

2. YCranosneHue 3aK0H0MSpHOcTH
W3MEHEHHS 1edOPMATINOHHEIX 1
OPOUHOCTHEIX XAPAKTEPHCTHI
HauBosIce PACIPOCTPAHEHHOTO B
PalioHe HCCACAOBAHMS
acdansTobeTONA TP OTPHUATENEHOH
TEMNEPaType BO3TYRa

1. Onpenetenne
0coBEHHOCTH COCTABA H
CBOACIB LTMHHCTBIX
IPYHIOB HA TEPPHTOPHH
HECTENOBAHHS

2. OnpeaeneHne 3HAYEHIA
pacugTHoTo KoshdruneHTa
nepmauumep}mcm
TIOIHSTHA TIOBEPXHOCTH
llO}.‘pthl(lﬂ v
XaPAKIEPHLIX JOPOKHBIX
KOHCTPYKUHH

I

PEKOMCH&I)’EMHE pﬂCqéTHHE JHAYCHHA XAPAKTEPHCTHKY INIMHHCTHIX MPYHTOR H BEPXHUX CIIOEB ac@anmoﬁemmmx
TIOKPBITHIE SIS OTPeETEeHES TONIMITHLT TOPOKHON OAESK/L MO YCTOBHIO MOPO30YCTORUHBOCTH

I

|060(}HOB€1HH€ DKOHOMHUECKOH HPPEKTHBHOCTH PEKOMEH AL

l

CTanfapT3alys PEKOMEHIOBAHHBIX 3HAUEHUH XapaKTEPUCTHR
acanbTOOETOHHBIX TOKPBITHI, HEOGXOMMBIX NPH MPOSKTUPOBAHHM

MOPOIOYCTOHUHBBIX HEMECTKAX JOPOKHBIX ONEHS

Puc. 1. Cmpyxkmypa uccnedosarus

[IpencraBneHHas cxema Ha pPUCYHKe 2 U3 paboOThl [6] UMEET psii HEJOCTAaTKOB, OJHAKO JIENacT Iar B
pPa3sBUTHH HKCCJICAOBAHUS MOPO30YCTOMYMBOCTH MOPOXKHBIX OACKI C YYETOM YCIOBHMH 3KCILIyaTalluu
ABTOMOOWJIHOM TOPOTH.

PesyabTaThl. B Tabmuiie npeacTaBiIcHbl 3HAYCHUS JOMYCTHMOM BEITHMYMHBI MOPO3HOTO My4YCHHS TPYHTA

IIpU pac4y€THOI oTpHLaTeNIbHOM Temiieparype nokpbitus —34 C s tepputopun Tomckol obnacTy.
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Tabruya 1
Honycmumas eenuuuna Moposno2o nyyenus epyuma oas meppumopuu Tomckotl odracmu npu pacuémmoi

ompuyamenvrot memnepamype noxpoimus —34 C

s = JlonycTumasi BeJIMYMHa MOPO3HOTO MY4EHHsI TPYHTA JIJIst
8 ; :ﬂ aBTOMOOMIBHBIX J0pOoT C KaltuTaJIbHBIM TUIIOM HOpO)KHOﬁ HOHyCTI/IMaﬂ BEJIMYHUHA
2 ; ’E = OJCKIbI, CM MOPO3HOI'0 IIyYEHUs I'PyHTA IJIsL
5 g9 g ABTOMOOMJILHBIX JOPOT €
g = 8 Ioxpertre m3 achansrodberona BT, BH ¢ BH/I 100/130 sop N
s 55 KallMTaIbHBIM THIIOM JOPOXHOM
Q o ..
22 K5 PacuéTHas cxema yBIaKHEHHs pabodero ciost semmsroro  |OAexks 1o ITHCT 265-2018, cm

O

552 = HIOJIOTHA
T S E

N @ 1-s1 2-1 1 3-a

12 3,2 2,7

13 3,5 2,9 A

14 3,8 3.1

15 4,0 3,4

16 4,0 3,6

W3 Tabnuibl ciieayeT, 9To AeUCTBYIONINA TOKYMEHT [4], He B TIOJTHOM Mepe YIUTHIBAET PabOTy TOKPBITHS
ABTOMOOWJIBHBIX JOPOT B 3UMHEE BpeMsI B PA3IUIHBIX IPUPOIHO-KINMATHICCKUX yCIOBUAX PD n 3HAUNTEIHHO
3aBBIIIACT HOPMHPOBAHHBIH KPUTEPUH MOPO30YCTOMYMBOCTH JOPOXKHOM KOHCTPYKIMH. TakuM oOpa3som,
BBIMOJIHUTG TOcTaHOBieHUe IlpaButenscTBa Ne658 ot 30.05.2017 mo MEXpEeMOHTHBIM CpPOKaM Ha CTaJuH
MIPOCKTUPOBAHMS TIPEJCTABIACTCS 3aTPYAHUTEIBHBIM 0€3 JOIOJHHUTENBHBIX paboT 1o 00ecreYeHuro
MOPO30yCTOMYMBOCTH JOPOKHBIX OJEK].

3akarouenue. Bemonnennas padora [5] as repputopun ToMckoi 00macTH yKa3blBaeT Ha aKTyaIbHOCTD
BOTIpOCAa YTOYHEHHUS ONMMyCTHMOW BEMYWHBI MOPO3HOTo my4eHus. I[IpencraBieHHas cxema HCCICIOBAHUS
MOXeT ObITh T epeHIupoBanHa Ha BCIO TeppUTOpHIO PD, 9T0 CIOCOOCTBYET HJOCTHKEHHUIO PEKOMEHJOBAHHBIX

MECKPEMOHTHBIX CPOKOB 3KCILTyaTalluu aBTOMOOHMILHBIX JA0por.
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APPLICATION OF THE SECONDARY FILLER IN CONCRETE PRODUCTION
Shnajder A. V., Dimakova A. V., Denisevich D. S.
Scientific Supervisor: Ass. Prof., Cand. of Sc., E. E. Ibe
Khakass technical Institute - branch of Siberian Federal University, Russia, Abakan, Shchetinkina str., 27, 655017

E-mail: anastasiya2010dimakova@yande.ru

Abstract. The presented article is devoted to the urgent problem of utilization of technogenic products in the form of
ceramic brick fight and ceramic industry waste, which can be used as small and large aggregate in concrete. The

article presents the results of experimental studies of concrete based on aggregate from brick fighting.

BBenenue. B Hacrosmee BpeMs Ha TEppUTOpUH Poccum mponormkaeTcss mporece HaKOIUICHUS TBEPABIX
OBITOBBIX M IPOMBIIUICHHBIX OTXOIOB, B TOM YHCIIE M OTXOABl Pa30OpKH 3JaHWH M COOPYKEHHH B BHIE
OETOHHOTO, KEJIe3006TOHHOTO ¥ KUPITUIHOTO 004,

B mocnenaune roxsl 00bEMBI OMTOTO KHMPNHYAa HEYKIOHHO BO3PACTAIOT. YBEIWYHMBACTCS YHCIO CTAPBIX
JIOMOB, UAYIIUX O] CHOC. BEIOpackIBaTh MOJ00HEIN MycOp HEYJJOOHO M SKOHOMHUYECKU HEIP)(DEKTHBHO, IOTOMY
00JIOMKH BCE Yallle OTIPAaBJISIOT HA NepepaboTKy. B pesynabrare OuThIN Kupnud OyKBaJbHO 0OpETacT BTOPYIO
KU3Hb. TakuM 00pa3oM, MOITYYCHHBIH BTOPHYHBIN MaTepUaT MOXKET C YCIEXOM HCIIOJIb30BaThCS BO MHOTHX
cdepax CTPOUTENIBCTRA.

AHann3 OTeYeCTBEHHOW u 3apyOexHoW smreparypsl [l] mokazan, dYTo BONPOC O NPUMEHEHUH
KEepaMH4YeCKOTO KHPIUYHOTO 005 M MPOM3BOACTBEHHOTO Opaka KHpIHYa SBISAETCS HEIOCTATOYHO H3YUCHHBIM,
OTCYTCTBYET INPAKTUYECKHI OIBIT ero mepepaboTku. B HacTosmiee BpeMs KUPIUIHBIA OOW HCIONB3yeTcs MpH
YCTPOMCTBE TEIUIO- U 3BYKOU3OJIAIIMOHHOW 3aCBHINKH KOJIOAICBOW KJIAIKU CTCH, IPU CTPOUTEIBCTBE MECTHBIX
JIOPOT, B KA4yeCTBC OCHOBAHHUS IIOJ] OCHOBHOC IIOKPBITHE, OTCHINKA JIOPOTH K 3aropOJTHBIM y4acTKaM
KepaMHYCCKHM 0OEM, 3aChITKa SIM U BEIOOWH IPU PEMOHTE TIOCTPOCHHON JACHCTBYIOUICH JOPOTH; IPUMEHSICTCS B
Ka4yeCTBE JPCHAXKHBIX CIIOEB B 3a00JOYCHHBIX TPYHTAX, MOACTHIIAIONICTO CJOS B TPAHIICSIX MPU MPOKIAIKE
WH)KEHEPHBIX KOMMYHHUKAIUK; TIPH 3JIMBKE OTMOCTOK I10 TIepuMeTpy 31aHus. CTOUT OTMETHTH, YTO B Ka4eCTBE
BTOPHUYHOTO CHIPbS KHPHHYHBIA OO WMeeT OrpaHWYCHHYIO OONAacTh NPHUMEHEHHS B CTPOUTEIBCTBE,
CIIeZIOBATENBHO, MX JajJbHEHIIee HAKOIUIGHHE B MECTaX OTBaJia WM HAa TEPPUTOPUH CaMUX HPOMBIIIICHHBIX
00BEKTaxX HEU30EKHO.

[[Iupokue BO3MOKHOCTUA I YTHIM3ALUU OTXOJOB KHUPIUYHOTO OO0sI HMMEET MPOMBIIUICHHOCTD
CTPOMTEIILHBIX MaTepuajoB. V3BeCcTHO, 4TO MPUMEHEHUE KUPITUIHOTO 00st T03BOIIsIeT 10 30% CHU3UTH 3aTpaThl

Ha HM3roTOBJICHUC CTPOUTCIIbHBIX H3ﬂ€ﬂHI7[ O CpaBHCHHIO C IMPOU3BOACTBOM HX U3 MPUPOAHOTO CbIPpbA, a
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SKOHOMMUsI KaUTaJdbHBIX BIokeHUH cocTtaBiseT 30-50%. Kpome Toro, yrunmsanus 60% oTxona KHPHHUYHOIO
0051 oOecIieunBacT COKpaIICHUE 3arpsI3HeHU Bo3ayxa [2].

Iemnbio mccnenoBaTenbCKOi paboThI ABIISIETCS MPOBEICHUE CPABHUTEIBHOTO aHANN3a (DPHU3HKO-MEXaHHIECKUX
CBOMCTB OETOHHBIX CMECEH Ha IPUPOJHOM 3aIlOTHHUTETIE U 3aIIOJHUTENIEC HA OCHOBE KMPITIIHOTO 001,

JKcnepuMeHTANBHAA YacThb. J[19 JOCTMKEHHS e HEOOX0ANMO pa3paboTaTh ONTHMAIbHBIC COCTABBI
JeTKUX OCETOHOB Ha OCHOBE 3alOJHHUTENS] W3 KEPaMHUYECKOTO KHPIUYHOTO O0s, OLEHHWTh CBOMHCTBA
3aI0JIHUTENIEH, MTOJy4aeMbIX B pe3yJbTaTe APOOJICHHs! KUpIHUYa, YCTAHOBUTH 3aBUCHMOCTh CBOMCTB OCTOHHBIX
cMeceil 1 OETOHOB Ha 3aIOJIHUTEISIX U3 BTOPUYHOTO CHIPBSI.

OCOOEHHOCTh BTOPHUYHOT'O 3arlOJHUTENS SBISIETCS TO, YTO 3€pHA COCTOST M3 (pparMeHTOB IpoOMMOTO
KEpPaMHUYECKOTO KHpPIHYa M PACTBOPUMON YacTH MEXTy HHUMH (pHc.l), KOIHMYECTBO KOTOPOH COCTABISAET
15-20% maccel nepepabatsiBacMoit mpoxyknun. CopepaHHe Tak Ha3blBaeMOH KaMEHHOH MyKH, T.€. YacTHUI
pasmepom meree 0,16 MM mmm 3—6% maccsl IpoOUMOTO ChIpbs. OTIMYUTENHEHON YEPTOH TaKKe SBIACTCA U

HaJIMYUe TOPUCTOH CTPYKTYPHI €r0 3€pEH, KOTOPask MPUBOIUT K TOBBIIICHHOMY BOJIOILIOTOILICHHUIO 3aMOTHUTEIS.

Puc. 1. Cmpyxmypa emopuunozo Puc. 2. [Ipooyxkmei Puc. 3. Ucnvimanue
3aNOTHUMENSA U3 KEPAMULECKO20 KUPNUUHOO nepepabomxiu bemonHo2o obpasya Ha
0o0s: 1 — 3epHa, cocmoswyue u3 Kiado4HO20 Kepamuiecko2o KUpnuiHo2o corcamue
pacmeopa u kupnuua, 2 — 3epHa u3 Kupnuia; 6o

3 — 3epHa uz k1adouHoeo pacmeopa; 4, 5 —
yacmuybl pazmepom menee 5 mm (omceg
Opobnenust) u menee 0,16 mm (Kamennas

MyKa)

Pesyabrarsl. Ilo pe3ynpraTaM HCCIENOBaHMS BBIABICHO, YTO BTOPHUYHBIA 3aIlONIHUTENb Ha OCHOBE
KEPaMHUUYECKOTO KHPIUYHOTO 008 HMEET Ty XK€ CTPYKTypy, YTO W H3HA4YalbHBIM MaTepHan — KHPIIHY,
o0Iaaromuii CBoeH MPOEKTHOW IPOYHOCTHIO, CTOMKOCTBIO M IOPUCTOH CTPYKTYpOit (puc.2).

Jnst M3ydeHus! CTPOUTEIbHO-TEXHUYECKUX CBOMCTB OCTOHOB HAa 3allOJIHMTENE M3 KUPIUYHOro 005 ObuIM
OIIpe/IeJICHbl OCHOBHBIE (DM3MKO-MEXaHHYECKHE XapaKTEPUCTHKY IIeOHS, TOJyYCHHOTO HaMH U3 Kupiuda (Tadi.1).

Jnst 9KCHIepUMEHTANIBHBIX MCCIIEAOBAaHNN OBbUIM M3TrOTOBJIEHBI OCTOHHBIE OOpa3lbl Ha 3aIOJHHUTENE M3
kupruyHOTo 6051. OOpa3ubl OBUTH U3TOTOBIEHHI B (hopme KyOoB ¢ BricoTOH pedpa 10 cMm B KonmdecTBe 3 MTYK H
B hopMme Ganouek 16x4 cM — 1 IIT. HIKE MPUBEICH PACXO MATEPHAIIOB Ha 1M

- ieMeHT — 352 kr;

- IecoK — 652 Kr;

- mebeHb (KUpIIYHbIA 00i1) — 393 Kkr;

- B/I] = 0,54
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Tabnuya 1

Duszuro-mexaHuvweckue xapakmepucmuku nojly4eHHoco W€6H}Z

95

ITlnoTHOCTB, KI/M3 2580
ITycrotHOCTB, % 45
ITopuctocts, % 16

Bogonornomienne, % 12

9KCHepI/IMeHTaJ'II)HI)IC HCCIICOBAHUS OBLIN CBS3aHBI C N3YYCHHUEM ITOBEACHUS OCTOHHBIX JIECMEHTOB pu

OTIpeJICIICHNN TIPOYHOCTHBIX XapakTepUcTuK (puc.3).

AHanu3 TMOJY4YeHHBIX JaHHBIX TMoKazan (puc.4),

4YTO MPOYHOCTDH OcToHa HA 3alOJIHHUTENIE U3

KEpaMHUICCKOTO KHUPIIUYHOTO 0ost ABISIETCS ﬂOCTaTO‘IHOﬁ A1 OpUMCEHCHHA B MaJIOOTA)KHOM CTPOUTCIIBLCTBEC.

[Monmy4yeHHbI 6eTOH COOTBETCTBYET Kiaccy B10.

30,00

y =4,2768In(x) - 0,002

20,00
10,00 -

Rcex, MIla

0,00
0

20

40

60 80 100
CyTknu

Puc. 4. Pezynomamol npounocmu 6emona Ha cocamue

3aknaouyenne. TakuM o00pa3oM, NPHUMEHEHHE KEPaMHYECKOTO KHPIHYHOTO 00s IMO3BOJHT IIONYYHTH

3¢ ¢eKTHBHBIE BUIBI JETKUX OETOHOB, KOTOPHIC XapaKTEPH3YIOTCS MEHBIIEH IUIOTHOCTHIO M JOCTaTOYHOM

mpouyHocThio [3]. Jlerkuii GEeTOH BO3MOXXHO OYIET HCIIONB30BaTh HE TONBKO IS PEMOHTHO-CTPOUTEIHHBIX

pa60T, HO W JJId KaIllUTAJIbHOIO0 CTPOUTEIIBCTBA. CHHM3UTCS HETaTHMBHOC BIIUSHHE OTXOZOB Ha OKPYXKAroUIyro

cpeny, OCBOGOHHTCH TEPPUTOPUU 3EMCJIb JId APYTUX HYXKIA, U YMCHBIIUTCA ce0eCTOMMOCTL TOTOBOM

MIPOYKIUH.

CIIUCOK JIUTEPATYPBI

1. BaxenoB lO. M. beron: TtexHoiorun Oyxymero // CTpOWTENBCTBO; HOBBIE TEXHOJIOTHWH, HOBOE

obopynosanue. — 2009. — Ne§. — C. 29.

2. Myprazaes C-A. 0., baraes [I. K-C., A6yxanoB A. 3., XamucoB B. X, Xamkues M. P. ®opmupoBanue

ce0eCTOMMOCTH CTPOUTEIIBHBIX KOMIIO3UTOB, TIOJIyYEHHBIX C MCIOJIb30BAHUEM KEPAMUUECKOTO KUPIHYHOTO
6051 // DxoHOMHKa 1 ynpasieHue. — 2012. — Ne2(87). — C. 100-103.

3. Myprazaes C-A. 0., Xagucos B. X, Xamkues M. P. lcronp3oBaHne KepaMU4eCKOT0 KUPIHYHOTO 0051 IS

MOJIY9ICHHUS JISTKUX KepaMoOeTOHOB // DKOJIOTHs 1 MpoMBINUIeHHOCTh Poccnu. — 2014, — Nel0. — C. 22-25.

Poccus, Tomck, 21-24 anpensa 2020 r.

Tom 6. CTpoUTENBCTBO U APXUTEKTYpa



96

XVII MEXJIYHAPOJIHA A KOH®EPEHLIMA CTYAEHTOB, ACITMPAHTOB U MOJIOABIX YUEHBIX

«TEPCIIEKTUBbI PA3ZBUTUA ®YHAAMEHTAJIbHBIX HAVK»

MPOBJEMbI PEHOBAIIUY TEPPUTOPUM T'HJIPOJIM3HOIO 3ABOJIA PX O] 3ACTPOMKY

JI.M. AGauBanTOBa

Hayu4Hsrit pykoBouTENb: NOLIEHT, K.T.H. E.E. 1106e
Xakacckuil TeXHUUECKU HHCTUTYT — prunmnan COY,
Poccus, 1. Abakan, yi. llletunkuna, 1. 27, 655017

E-mail: dalial 997 @mail.ru
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Abstract. The article addressed the problems of hydrolysis factory territory renovation and presented methods

for solving them.

BBenenne. PeHoBarusi MpOMBIIUICHHBIX TEPPUTOPUI SBISETCS TOMYJSIPHBIM BUAOM padoT. B oTimmuanu
OT PEKOHCTPYKIIMH, 3TO HanboJiee mamsmas ¢opma npeodpa3oBaHusl MPOMBIIIIICHHBIX 00BEKTOB C U3MEHEHUEM
X (QYHKIHOHAIBHOTO Ha3HAYCHHA. TakkKe MPEHMYIIECTBOM SBISETCS SKOHOMHUYHOCTH IO CPAaBHEHHIO C HOBBIM
CTPOUTENHCTBOM [1].

[pobnema sKosI0rnyecKoii karacTpodsl Ha TEPPUTOPHH OBIBILIETO MPOMBIIIIEHHOTO IIPEAIPHSITHS BO3HUKIIA B
pe3ynbrate OankporctBa OAO «Mubudkey» 23 mapra 2007 roga. OcHOBHOH 3aaucii XakacCKOro THAPOIU3HOTO
3aBOJia SIBJSUIOCH TPOM3BOJCTBO STHIIOBOTO CIHPTA, OENIKOBBIX KOPMOBBIX ApoxokeHd, Gypdypona n yriekucinorst
METO/IOM THIPOJIM3a Ha 6ase rnepepaboTKH APeBECHBIX 0TX0/10B. CIIOHTAaHHO TAaKOe KPYITHOE, SKOJIOTMYECKH OIacHOE
TIPEANPHUSITHE 3aKPhIBATh OBIIO HEJB3s, HEOOXO MO OBIIIO IPOBECTH IKOJIOTUIECKYTO AKCIIEPTH3Y.

Bce mMymiecTBo mpeanpusTHS TOINLIO HA pachpogaxy, B ToM uucie B 2008 romay OBLIH TpomaHbI
eMKocTH, BMecTe ¢ 300-Mu KyOoMeTpaMH TOMIOYHOTO Ma3yTa, Ha METAIIONOM. Ma3yT ObUI HUKOMY He HYXKEH, U
€MKOCTH OBIIIM OCBOOOXIEHBI OT HEro, a MeTajul OblI caaH. Y THiu3auus He(QTSHBIX OTXOIOB Bcerza Oblia
npoOieMoii 3aTpaTHOM. XajlaTHOE OTHOIIEHHWE NPUBENO K ToMmy, yTo Oonee 300 xyOomeTpoB Maszyra ObUIH
BBUIMTBI Ha TPYHT Npeanpustus. JnnHa oOpa3oBaBiierocs Ma3yTHOrO o3epa npeBbiniaia 80 MeTpoB, Iuonaib
poznusa 0,75 ra. JIums B 2016 rogy MazyTHOE 03epo OBLIO YTHIM3HPOBAHO, HO HE 9KOJIOIMYECKUM CIIOCOO0M, a
HamboJlee BRITOJHBIM: Ma3yT BIEPEMEINIKY C MOYBOW Obim mepeBe3eHsl Ha ThO m. Ycrp-AbakaH, 4TO Takxke
ABJISICTCS HAPYIICHUEM YTHIN3AINH HEPTH-TIPOAYKTOB [2].

Ha maHHBIil MOMEHT TEppUTOPHSI ITyCTast ¥ POBOUTCS pa300p M IEMOHTaX IPOM3BOICTBEHHBIX 3aHMIL. (pHc. 1)
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Puc. 1. Onpedenenue epanuy meppumopuu 2udpou3Ho2o 3a800a 6 n. Ycmo-Abakau

[TpoGnembl peHOBaLIMK JaHHOM TEPPUTOPUH 3aKIIFOYAIOTCS B CIICAYIOIINX aCHEKTaX:

1. Dxomoruyeckast mpodeMa (JMKBUAALMS OCTaTKOB Ma3yTa B IIOYBE);

2. HeparpoHansHOE HCTIONB30BaHKE 3a0pOIICHHON TEPPUTOPHH OBIBIIETO MPOMBILIIIEHHOTO IPEATPHSTHS;

3. HeoOxommMocTh TpaMOTHOH pa3pabOTKM TIIaHA MHKpOpaioHa C yYeTOM JCHCTBYIOIIUX
XapaKTEPUCTHUK TEPPUTOPHH.

B mepByro ouepens, 4TOOBI IPOBECTH PEHOBALMIO 3aKPBITOTO 3KOJOTMIECKH OMACHOTO NMPOMBIIIIIEHHOTO
MIPEATIPUATHS, TPEOYETCs MPABUIIBHO MPOBECTHU MPOLEAYPY JUKBUAANNH OCTABIIETOCS Ma3yTa.

[ombiTKa NMKBHAAMKM Ma3yTa Oblla OCYIIECTBJICHA ITyTEM 4YaCTHYHOTO CHATHS IOBEPXHOCTHOTO
3arpsA3HEHHOrO CJI0S 3€MJIM, OJHAKO MEPOMNPUSATHE MPOBOJWIOCH C HAPYIIEHUSAMH U JO KOHIA YTHJIU3ALMs HE
npoBeJicHa. ENMHCTBEHHBIM peajbHBIM B HacTosllee BpeMs CIocoOOM OOphOBI C IMOCIEACTBUSMHU pa3iuBa
HedTH ¥ HEPTEHPOIYKTOB SBJISCTCS KOMIUICKC paboT, BKIIOYAIOIINI MEXaHHYECKOe WM (PU3NKO-XHMHYECKOE
yAaJeHWE pasIHTBIX HEPTENPOAYKTOB C TIOCHEAYIOMIEH OYHCTKOH, OcCTalomeics B TOYBe HE(TH,
OMOTIOTMIECKUMH METOJAMH NIPH TIOMOIIN OHOAECTPYKIMH HE(DTECOKUCISFOIIMMU MUKPOOPTraHN3MaMHU.

VYenemHsM TpUMEpOM JIMKBHIAMU HE(TAHBIX 3arpsA3HECHMH MOUYBBI B HACTOSILEE BPEMSI SIBILSIETCS
JIMKBUJALMS KPYIHOIO OdYara Ma3yTHOIO 3arpsi3HeHus nmoJ MalikoloM ¢ IOMOLIbI0 mpenaparta JlecTpori.
Kommepueckuii ipenapar, BeITyckaeMblii bepicknm 3aBoioM OHOJIOrHYECKUX IpernaparoB, MOJIyYCHHbIH Ha OCHOBE,
BBIJICJICHHOW M3 MPUPOJIBI, MUKPOOHOI KyibTypbl Acinetobacter sp. o0JiajaeT BEICOKOBBIPaYKEHHON aKTUBHOCTBIO B
OTHOLICHUH YIJIEBOJOPOJOB He(TH M HETEHPOAYKTOB, BBI3bIBAas B HHUX IIyOOKHE HeoOpaTHMbIE HPOLECCHI
JeTpajaliy 10 OCTaTOYHBIX IPOAYKTOB, OTHOCAIINXCS K 9KOJOTMUECKU HEUTPATbHBIM COeTUHEHUSM [3].

PesynbTaThl Mccnen0BaHMH MOKA3aJIM, YTO MOCTIE NPUMEHEHMSI OaKTEpHaIbHOTO MpenapaTa KOJINIECTBO
HE(TENPOOYKTOB 3HAYMTENHHO COKPAIATIOCh MM HE OOHApyKHBAJIOCh BOBCE IO MCTCUCHHUH Mecsaua. Taxoi
OTIBIT pabOT UMEET MECTO OBITH Ha TEPPUTOPUH OBIBILIETO MPOMBIIUICHHOTO IPEINPHUITHS B 1. Y CTh-AbakaH At
MIOJTHOW YTHIIM3aUK Ma3yTa U3 TOYBBL.

[ToMuMo 5KONOTrMYECKOH MpOOJIEMBI JaHHBI YYacTOK TEPPUTOpUM OBIBIIEr0 3aBOAa U  €ro
PacIoyIoKEeHUE HECeT TPaJoCTPOUTENbHBIN MOTEeHIUAN Ul Pa3BUTHs MPOXKUBAIOIIETO psiaoM HaceneHus. [Ipu
PCHOBALMM YacTh 3AaHUH MOXKET OBbITh COXpaHEHa M PEeCTaBpHpOBaHA, YTO COKOHOMHUT Oropker. Hekoropwie

3IaHMSI MOXXHO OYyZET WCIOIB30BaTh I afMHHHUCTPATHBHO-0(GUCHBIX QyHKIHNH (puc. 2). HexoTopsle 3maHus
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6y}.'[yT JACMOHTHUPOBAHBI, 4 HECYIIUEC KOHCTPYKTUBHBIC 3JIECMCHTBHI, UMCIOLIUC 0OJIBIION CpOK CJ'Iy)KGLI, MOTyT

OBITH MCIIOJIL30BAHbI IIpyU BO3BECACHUUN HOBBLIX 3HaHHﬁ.

L AT

n. Yemo-Abaxan 6 nacmoswee spems

Jnst maHHOM TeppuTOopuM OBIT TPOBEAEH pacdeT OajgaHca TEPPUTOPHM IUIAHHPYEMOTO IKHIIOTO
MHKpOpaiioHa. B pesynprare, Ha TeppuTopmu miomansio 45 ra OblIa ompeielcHa YHCICHHOCTh HACEICHUS
MHKpopaiiona, pasHas 16 000 ueroBek. O6Ias mIoma b KHI0ro Goraa coctasmia S = 194415 m”.

Jnst paccuMTaHHOW YMCIEHHOCTH HAaceJIEeHUsI ObIIIM IPOCUUTAHBI XKWIbIE 3/1aHHS, A TAKKEe YUPSKACHUS
NpeAnpusTHs o0CIy)KuBaHus. B xkuinom MukpopaiioHe OyayT pasMeIleHbl YYpEesKACHHs KYJIbTYpPHO-OBITOBOTO
oOciry)KMBaHMs ~ HAaceJeHWs, Takhe Kak IOJMKIMHUKA, JEeTCKMEe caabl B  KOJIMYECTBE S5, [Ba
001meo0pa30BaTEeIbHBIX ~ YUPEXKICHUS, Mara3uHbl, TNPEIIPHUATHS OOIIECTBEHHOTO MHUTAHHA, SKIIHIIHO-
9KCIITyaTallHOHHBIE YUPEXKICHUS M Pa3BICKAaTEIbHO-AOCYTOBBIE LEHTPHI. Takke MOZOOpaHBl THUIIOBBIE
COBpPEMEHHBIEC TIPOEKTHI KHUJIBIX ToMOB: cepust P/[-17.04 B xommuectBe 22 mTyK, cepust C-220 B kommuectse 10
mTyK. Benercst pa3paboTka mpoexTa MUKpopaioHa.

Jnst peann3aiyy MpoeKTa CTPOUTENILCTBA MUKPOPAioHa B JAHHOM MECTE MMEETCS PSJ] MOJI0XKUTEIbHBIX
(akTOpoB, B TOM 4YHCIE HAIMYME HHKXEHEPHBIX KOMMYHHUKAIMH M XOpOIIEe MECTOINOJOXKEHHE Yy4acTKa.
Tepputopust npuseraer x 3aiuBy p. EHUCEH, YTO HOJIOKUTENBEHO CKaXKkeTcsl Ha (YOPMHUPOBAHHUHU OOLIEJOCTYITHBIX

MECT OT/IbIXA JJIsl HACETICHUSI.
CIIMCOK JIMTEPATYPbI

1. Tapyra C.B., Honurak II1.X. CoBpeMeHHBIE HAyYHO-TEOPETUUECKHE ITOIXOABI K OINPENEICHUIO MOHSTHSA
«peHoBauus» // DkoHOMHUKa chepbl cepBuca: mpodIeMbl U MEPCIEKTHBBI : Martepuansl V Beepoc. Hayu.-
npakT. koHd. (Omck, 20-22 Hos6. 2018 r.) / MunobpHaykun Poccun, OMI'TY ; mom oOm. pen.
A.C. Iloneiackoro. — Omck : U3a-Bo OMI'TY, 2019. — C.8-13.

2. UA Xakacus. O6mectBo. O3epo cMepTH CeMb JIET OTpaBisieT XakacHuio [DIeKTpoHHBIN pecypc]. — Pexum
nocrymna:  http://www.19rus.info/index.php/obshchestvo/item/38737-mazutnoe-ozero (ara oOpatenus:
22.01.2020).

3. Kupmit O.A. [IpumeHerne 6akTepHaIbHOTO Mpenaparta «lecTpoiimy Ui O9UCTKH OT MaszyTa 3arps3HEHHBIX

MOYB U BOJI0eMOB B Maiikornickom paiione // Hayunstit sxxypran KyoI'AY. — 2013. — T.1., Ne85.
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BJIMSAHUE «OBPA3LHOBOI'O» CTPOUTEJIbCTBA HA JEPEBSHHYIO APXUTEKTYPY I'. TOMCKA
H.V. babunoBmu
HayuHsIil pyKOBOAWTENH: TOIEHT, KaH. apX. E.B. CutHnkoBa
Tomckuil rocyJapCTBEHHBIN apXUTEKTYPHO - CTPOUTEIIbHBI YHUBEPCUTET,

Poccus, r. Tomck, . Comasaast, 2, 634003
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INFLUENCE OF "EXEMPLARY" CONSTRUCTION ON WOODEN ARCHITECTURE IN TOMSK
N.U. Babinovich
Scientific Supervisor: associate Professor, candidate of architecture, E.V. Sitnikova
Tomsk State University of Architecture and Building, Russia, Tomsk, Solyanaya sq., 2, 634003

E-mail:_nadezda.babinovich@gmail.com

Abstract. The article is devoted to the study of Tomsk wooden architecture in the classicism style, made under
the influence of" exemplary " construction. The work is based on the study of historical and archival documents,
bibliographic materials and full-scale survey of wooden manor buildings in Tomsk in the second half of the XIX
century. The Author identified the types of houses made under the influence of" exemplary " projects, taking into

account the existing local traditions.

BBenenne. B Hacrosmiee BpeMs [epeBSHHBIC [OMa, BEIOJHEHHBIE B CTWIEC KIACCHUIM3M, CTaJH
HACTOSIIEH PENKOCThIO, OJNHAKO, OHM HecyT MH(OpMaluio O I1eNoil apxuTeKTypHOW smoxe. HecmoTps Ha
IIMPOKUH KPYr aBTOPOB, 3aHUMABIIMXCA H3YUYEHHEM apXUTEKTypbl Kiaccuuu3Ma B ropogax Poccuu,
KJIACCULUCTUYECKAs apXUTeKTypa I. ToMcka, u3yueHa HeI0CTaTOYHO.

Lenp craThm — HW3y4eHHE BIMAHUS «OOpA3I[OBOTO» CTPOMTEIHCTBA HA MEPEBSAHHYIO ApXUTEKTYPY
r. Tomcka. HoBu3Ha wHcciaenoBaHUs 3aKJIIOYAETCSl B BBIABICHUM M aHAJIM3€ 3aCTPOMKHU, BBINOJIHEHHOH I10
«00pa3oBEIM» NpoeKTaM B I. TOMCKe 110 apXMBHBIM U HATYPHBIM HCCIIEIOBAHUSIM.

Benymast pons Poccunm B co3maHMm paHHEH KIacCHMYECKOH apXWUTEKTyphl OblLla IOYTH IOJHOCTHIO
ces3aHa c mnpasineHueMm Exartepunsl II. Ilox ee pyxoBonctBom Cankr-IlerepOypr Obin mpeBpaméH B
Oecrmog00HBIA My3el KITACCUYECKUX 3/IaHNH, TAKUX JK€ COBPEMEHHBIX, KaK (paHIly3cKue U aHTauiickue. Kak u B
IPYTUX CTpaHaX, HOBBIH BKYC K AQHTHYHOM IPOCTOTE TMPEACTABILI COOOM pEeakIMio TPOTHB H3JIMIISCTB
MIPEIIIECTBYIOMIETO apXUTEKTYPHOTO CTIIS — 6apokko. B Poccun BakHYIO poJib B 3TOM HampaBICHUH CHITPAIIN
JiBa MHOCTpAaHHBIX apxuTekTopa: motiaangen Yapas3 KamepoH u uranesHen [lxakomMo AHTOHHO J[OMEHMKO
Ksapenru, npuosBmmii B Poccuto B 1780 r. [1]. C 70-x rr. XVIII B. Havancs mepwoa HOBOTO PYCCKOTO
TPaIOCTPOUTEIHCTBA. DTOT TEPUOJ CBS3aH C MAacCOBOWM IMEPECTPONKOM MHOTHX CTApUHHBIX TOPOAOB. B aToT
MEPUONl  ApXHUTEKTYypHO-CTPOUTENbHAS IEeSATeTBHOCTh B Poccmm ObUla  TIOMHOCTBIO — IIEHTPAIM30BAHA.
Obpa3zoBanHas B 1762 r. Komuccus o kameHHoMm ctpoeHnu Cankr-IlerepOypra m MOCKBBI HOJy4mia yKas
«O chenaHuM BCeM TOpoJaM, MX CTPOCHHIO M YJIMIAM CIIEHHAJbHBIX IUIAHOB 10 KaXJOH ryOepHHU 0co00».
ITocne yero Komuccusa npesparunach B chenuanbHblil opran npu CeHare, pelaBIINi I'paJoCTPOUTENIBHBIE
npobiembl B Maciutabe Bceit crpanbl [2]. B Cubupckue ropona, B ToM uucine M TOMCK KIacCHIU3M

pacrpoCTpaHmWiICs TOJ BO3ACUCTBHEM OOIECTBEHHOro mporecca. OTHENbHBIE KHUIBIE 3MaHUS B CTHIIE
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KJIACCHIIU3M 0 aPXUTCKTYPHO-XYJOKECTBEHHBIM PEUICHUSAM MPOIUIH MYyTh OT aJaNTalud TPAJAUIUOHHOIO
KpEeCThIHCKOTO Aoma K skiextuke [3]. mst r. Tomcka perymspHbli uiaH Obi1 yTBepkaeH B 1830 roxmy, ero
pazpaboTtankom cran apxurekTop B.U. 'ecte. C yueTom ocoOeHHOCTEH MECTHOTO perbeda IiaH HEeCKOJIBKO pa3
JI0pabaThIBAIM M TOJIBKO TOCJE 3TOr0 OH ObUI «BBICOYAMile YTBEPIKACH» M SIBISUICS OCHOBOM MJIsI 3aCTPOMKH
ropoga BILUIOTH A0 70-x romoB. Tak >ke B Topoi ObUIM TPUCIAHBI M TpaBWIa 3acTPOWKd. B mpaBmiax
YKa3bIBAJIUCh Ta0apUTHI )KUJIBIX JOMOB U CITY)KCOHBIX TIOMCIICHHA. BBIJIO BBEICHO MOHATHE «KPACHAS JIMHUS TI0
KOTOPOH OMNpPENesIOoCh MOJ0KECHUE 3IaHUMN, PErJaMeHTHPOBAIACh dTAXKHOCTh B 3aBUCUMOCTH OT XapakTepa U
3HaueHus yiui [1]. TIo yTBepKAECHHBIM MMPOEKTaM Hallle BCETO BEJIOCh CTPOUTEIBCTBO KAMEHHbBIX 3lIaHHM, HO
TTOCTETICHHO KJIACCHIIM3M DPACIIPOCTPAHMIICS W Ha JepeBsSHHOE cTpouTenbcTBO. OcobenHo B Cubupw, rae qoMa
CTPOIIN B OCHOBHOM M3 JiepeBa. Kitaccummcruaeckue popMbl IPEACTABISLIN CO00# CTPOTrHe U MPOCTHIC ACTANH,
a TaKkKe YETKOE IOCTPOCHHE IUIAHOB JIETKO OCBaWBAIOCh IUIOTHUKaMu. [lox BimMsHUEM «0OPas3IOBOTOY
CTPOMTENBCTBA M TPAIUIUOHHOTO APXUTEKTYPHO-IUIAHKPOBOYHOTO PEIICHHS JCPEBIHHOTO CHOMPCKOIO J0Ma,
3acTpoiiKa B CTWJIE KJIACCHIM3M TOJy4YHJia HIMPOKOe pacrpocTpaHeHue. Takue ujble I0Ma Kak MPaBUIIO
CTpOMII HeOOraThie KPECThsiHE U MelllaHe. B HUX BOSIUHO CIMIMCH NPUHIIUIIBI TPAJUIIMOHHOTO KPECThIHCKOTO
JIOMa, BBIP@KEHHOTO B IUIAHUPOBOYHOM M KOHCTPYKTMBHOM pELICHUH, H «00pa3loBOr0» IMPOEKTa,
OTPA3UBIIETOCS B OONBIICH CTENCHH B KOMIIO3HIIMOHHOM M apXUTCKTYPHO-XYJOXECTBEHHOM O(QOPMICHHU
¢dacamoB (puc. 1, 2). K TakomMy THIly OTHOCWJIOCH OOJBIIMHCTBO JCPEBSHHBIX JKWIBIX JIOMOB. JTO
TPaJMIUOHHBIC THIIbI CPYOOB — 1302 CO CBsI3bIO, ISITUCTEHOK MM KpecToBas n30a; OJJHO- JABYXITaXHas, B JiBa

WM Yalie B TPU OKHA 10 TIIaBHOMY (acay, C IIUIIOBON KPHIIEH, HEPEIKO YKPAIIEHHOHW COJSIPHBIM 3HaKOM. [3]
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Puc. 1. IIpoexm o evioaue paspewenusn M.1. Muxeegy na cmpoumenscmeo ooma no yi. Kpusas

[TATO. @. 233 On. 2. J]. 305]

Puc. 2. XKunvie Ooma «nonyoomxuy ¢ mpu okHa no nasHomy ¢acady no yi. 3aeopuas, 68;

ya. Axoenesa, 24 ; yn. Beaas, 10

3aKUTOYHBIC CIIOM HACENCHWS 3aKa3blBaIM Ooliee CIIOKHBIE IO IUIAHUPOBKE W JIEKOPATHBHOMY
0pOPMIICHHIO JIOMa, KOTOPBIE MMUTHPOBAIN KAMEHHYIO apXHTEKTypy W TOBTOPSUIM T€ K€ KOMIIO3HUIIHOHHBIE

MpUEMbl, HO BBLINIOJIHCHHBIC U3 JCpPEBa. Chv'i 3JaHusa 4dJaume BCCro HMMCIHU O6IIII/IBKy HpO(I)HHBHOﬁ HOCKOﬁ, C
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O(bOpMJ'IeHI/IeM YIJIOB «110[ PYyCT», YKpallajJucChb MNUWIACTpaMH, MOAYJIbOHHBIMU KapHU3aMH, TPCYroJIbHbIMU

(poHTOHUMKAMU, OaTKOHYMKAMH ¢ TOYSHBIMHU OaJsichHaMH| U T.1. (puc. 3, 4).

A

Puc. 3. Ilpoexm, 3assnenue E.C. 'opwrosa na cmpoumenbcmego doma no yi. [yxoeckou

[TATO. ®. 233. On. 2. JT. 416]

Puc. 4. JJoxoonwvie doma 6 cmune knaccuyuzm no ya. luwxosa, 6 u

ya. Cosemckas, 2

Hano oTMeTHTh, YTO BIMSHHUE «0OPa3LOBOT0» CTPOUTENHCTBA HA ACPEBSIHHYIO 3aCTPOMKY, IIPOSBUIIOCH U
B IIBETOBOM pelleHnu aoma. OOIIMTHIE >KWIIBIE JOMa, a TakKe BOPOTa M OrPajbl, BHINOJHEHHBIE B CTHIIC
KJIaCCHIIN3M, M3JJaBHA KPacCHJINCh MAacisIHBIMH KpacKaM{ B T€ XK€ LIBETa, YTO ObUIM YTBEP)KAEHBI JJIsI OKPACKU
KaMEHHBIX 3aHui. Yale BCero NpUMEHsUIN 0XpY WIIM KHHOBAph B COUETAHHH C OENBIM, a TAKXKE CBETIIO-CEPHIH,
roxy0o¥i, cuamii (oHOBHIE IBETa [4].
3akioueHue. B epeBsHHBIX 10MaX, BBIIOJHEHHBIX B CTHJIE KIACCHIU3M, OBLIN 3aUMCTBOBAHBI (hOPMBI
U3 KaMEHHOH apXWTeKTyphl. PyOiileHBIe CTEHBI CHAapyXH OOIIMBAINCH NPO(HUIBHON TOCKOH, TEM CaMbIM
yiTy4ias TeIIIOTEXHUYEeCKUE KadecTBa CTeH, Juisi CHOMpH 3TO ObLI HEe MaJIo BayKHBIH acriekT. YacTo mpuMeHsIcs
MOJYJIbOHHBIH KapHU3, MHJISICTPBI, PYCTOBKY — ODJIEMEHTHI, MMUTHPYIOIINE KaMEHHBIC CTEHBI B JIEpEBE.
HanmyHukyM OKOHHBIX MPOEMOB NPHMEHSIIMCH NPOCTHIE CO CTPOTOCTBHIO Kilaccui3Ma. OOMHNTEIE JoMa B CTHIIE
KJIACCHIIN3M NPAKTHYECKH MOJHOCTHIO OKPAIIMBAJIM B IIBETA, IPUHATHIC JUIST OKPACKH KAMEHHBIX 3[JaHUH.
CIIMCOK JIMTEPATYPbI
1. babunoBuu H.Y., CurnukoBa E.B. Kiaccuimsm B 3actpoiike ropomoB Poccum u Cubupu // BecTHHK
TTACY.-2019.-T. 22, Ne 2. — C. 9-23.
2. Manonuna T.H. ®opmupoBanue 3actpoiiku ropoaos 3ananHoit Cubupu B niepBoii Tpetu XIX B // BectHuk
ToMCKOTo rocyJapCTBEHHOTO apXUTEKTYPHO-CTPOUTENbHOr0 yHUBepcuTeTa. — 2010. — Ne3. — C59-69.
3. Curnukosa E.B. [lepeBsiuublii kimaccuumsMm r. Tomcka // PerroHanbHble apXUTEKTYPHO-XY/0KECTBEHHbIE
mkonasl. —2013. — Ne 1. — C. 305-309.
4. CunraukoBa E.B., Omneitnnk A.lJO. Knaccunmsm B nepeBstHHOM SKHIIOH apXuTeKType ropoia Tomcka //

Bectauk TTACY. —2014. — Ne 3 (44). — C. 18-34.
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VARIATION OF GRAPHIC IMAGES IN ARCHITECTURAL IDEA CREATIVE SEARCH
V.A. Dedov, E.V. Kokorina
Scientific Supervisor: Associate professor, phd E.V. Kokorina
Voronezh State Technical University, Russia, Voronezh, ul. 20-ya Oktyabrya, d. 84, 394036

E-mail: dedov.viktor@inbox.ru

Abstract. In the present study the processes of creative search of an architectural idea, as the first stage of design with

using of four categories of graphic images (“sketch”, “content”, “image”, “exercise”), are presented. The report also

examined the interaction of these categories of graphic images and their using in the search for a concept.

BBenenue. B apXxuTeKTypHOM NPOEKTHPOBAHHMH, CTPOSILIEMCS HA CHHTE3€ HAyKH, TEXHHKH M HCKYCCTBa,
BBIOOpD MEXIy BapuUaHTHBIMH PEIICHUSMH pPa3BUTHUsSI IIPOEKTA OCHOBBIBACTCS Ha aHaJIM3e COBOKYIHOCTH
paLMOHANBHBIX W HPPALMOHANBHBIX KOMIOHEHTOB [1]. TlomoOHass AMXOTOMHSI BOCHIPHSATHSI APXUTEKTYPHBIX
pelieHunit TpedyeT rryO0oKoW MpOopadOTKU MPOEKTa YKE HA HAYAIBHBIX €ro CTAAMAX IUIS TPaMOTHOTO BHEAPCHUS
UICHHOTO HATIOJHEHHUS U TICHXOAMOILMOHANBHOW OKpacKkW. TBOPYECKHI MOUCK apXUTEKTyPHOW WU MOIKHO
CUMTATh MEPBUYHON M OCHOBOOOpA3yIOUICH CTaIUCH apXUTEKTYPHOTO MPOCKTUPOBAHMS, TaK KaK (POPMHUPOBAHUE
HIed TPOUCXOJUT uepe3 MOPQOIOTHUECKUH, CHMBOJIMYECKHH W ()EHOMEHOJOTHYECKHH YPOBHH, COTJIACHO
KOHIIETIITUU  Pa3BUTHUS TBOPYECKOTO MeETOJa apXurekrtopa, paccMmarpuBaemorn FO.U. Kapmasuabim  [2].
ApXHUTEKTYpHBIIl PUCYHOK MPEACTABIsIET CO00il HMHTErpalbHYI0 TBOPYECKYI) CIIOCOOHOCTh BOILIOIICHHS
ABTOPCKMX KPEATUBHBIX PEIICHWH 4epe3 BapHaHTHOCTh rpapuyecKuX H300paKeHHil B HpOLECC TBOPYECKOTO
MIOUCKA B apXUTEKTYPHYIO UJeI0 IpoekTa [3].

HUcnoan3oBanne rpapukn. DPPEKTHBHOCTh apXUTEKTypHOW Tpadukm, Kak paboyero ammapara
IIPOCKTUPOBAHMS, 3aBUCHT OT LEHHOCTH INPHMEHEHHMs H300paXCHUH B Tporecce npoekTupoBanus [4]. B
TBOPYECCKOM IMOUCKE apXUTEKTYPHOW HJICH aBTOpP HCIOIB3YeT Ui (PUKCAIUU M Pa3BUTHUS WJCU IOJHBIA CHEKTP
BO3MOXHBIX TpaQuuecKkux H300pakeHHUH, HEOTheMJIEMOH M caMoil d(h()EKTHBHONW YacThIO KOTOPBIX SBIISETCS
pydHas rpaduka. DMOIMOHAIFHO-YYBCTBEHHAs] CTOPOHA TAKOTO apXHTEKTYPHOIO PUCYHKA BBICTYHAET SI3BIKOM
KOMMYHHUKAaTHBHOTO IPOCTPAaHCTBA MeXAy crhenmanucramu [5].  TlepuentuBHBIH — XapakTep CO3JaHHs
n300pakeHHs, KaK CPEJICTBAa MPOSKTHPOBAHMS, MOXHO Pa3[elHTh HA JBa B3aUMOJOMOJHSIOUIMX APYr Apyra
mpoIecca: «PUCOBAaHUEY, KaK (DUKCAIMIO WJICH U BBIpaXXCHHE e HATJSIIHO Ha MaTepuaie, U «IPOYTCHHE», KaK
OCO3HaHME, aHAJIN3 HAPHUCOBAHHOI'O M300pa’KeHNsI U KOPPEJsKs pe/ICTaBIeHUi. B 9TOM 1MKIIe naes nepexoaur

U3 COCTOSAHMA HpeIlBapI/ITeHLHOﬁ OCO3HAHHOCTU W HWHTYUTUBHOCTHU B COCTOSHHEC IOJIHOM OCO3HAaHHOCTH, I'Ac
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CTaHOBUTCSl PALIMOHAJILHOM M ITIOPOYK/IaeT HOBBIE MJICH, PACCMOTPEHUE KOTOPHIX MPOJIOJIKAET MIPOLECC OCO3HAHMUS
HEJI00CO3HAHHBIX UHTYUTHBHBIX PELICHHH.

[Ipoucxonsmue OecrpepbIBHBIE CKAaYKH CMBICIOB OT HMHTEIUIEKTa aBTOpa K M300paKeHWSIM B OOpaTHO
ABJISIIOTCST BOIUIOIIEHHEM TBOPYECKOTO IMMOWCKA WICH, T/ KaXIbI dTall BIOHUTHIBAET CBEICHHS U CTPOHTCS Ha
MTOCTOSTHHOW aKTyaJM3alliy JaHHBIX 00 yYacTKe, THIIOJOTHH O00BEKTa, pealn30BaHHBIX pedepeHcax, pa3BUTHH U
BIMSIHAW COIMANIBHON M KyJIBTYpHOI cepsl u T.1. [lapamiensHpIii TBOPYECKOMY MOUCKY MPOLECC aKKyMYJISIIIHA
nH}poOpMannU CYMTAECTCS HEOTAEIMMBIM OT IEPBOr0. TBOpYECKHIl IOMCK CTPOUTCS Ha B3aMMHO IOJYHMHSEMOM
pa3paboTke 0OBEMHO-TIACTHYECKHX, TNIAHUPOBOYHBIX, IPaOCTPOUTEIILHBIX, COIMAIBHBIX U HH(PPACTPYKTYPHBIX
U JIpyTuX pELICHUH, KOTOpask CONPOBOKAACTCS HMCHOJIb30BAaHUEM H300paKECHHH, NMPUYMCIIEMBIX K Pa3IMYHBIM
KaTeropusM py4qHOH rpadukm.

KaTteropum wu3o0paxeHuii. B mpoBenéHHom panee aHanm3e (oHma rpadguueckux H300paKeHWH, Tie
n300pakeHNe paccMaTpUBAIOCh, KaK MEPENaroIluii ¥ KOOUPYEMBIH MCTOYHHWK WH(OPMAIWH, aBTOPHI BBIIBUIN
YeThIpe KaTerOPHH, CO3JaHNEe KOTOPHIX IMPOU3BOINTCS MPEUMYIIECTBEHHO B (popMaTe pydHOH rpad ik — «CKeTd»,
«COJepIKaHue», «00pas3y, «ynpaxHeHue» [6].

HyneBbIM IIMKIIOM IOMCKa HMJEW MOXXKHO CUMTATh Pa3pabOTKy M300paKeHHH KAaTErOpHH «yNpPaKHEHHE).
Ona BKJIIOYAIOT B ce0s1 aOCTpaKTHBIE 3apUCOBKH, HAOPOCKH, CTUIIMCTUYECKHIE ITIOBI, TOIEPKUBAIOINE YPOBEHb
rpaduku, Gopmupyromue npuémMsl, 00K CTHIL aBTOpa U IOMOrarolue HapadboraTh 6a3y (GOpM, IaTTEPHOB U
[BETOBBIX COYETAaHUH. «YIpaKHEHHE» — M300paXeHHEe pajgu M300pakeHWs, I7ie OCO3HAHWE WAECW BTOPHUYHO U
CTPOWTCS HA IICHXOJIOTMYECKH IIPOJUKTOBAHHOM MexaHW3Me wuHcaiita. [lomoOHas kimay3ypHas pa3MHHKA
OTKPBIBAET MPOIIECC APXUTEKTYPHOTO TBOPUYECTBA, I/ie HOpMUPOBaHHUE HICH IPOUCXOANUT YKE O] BO3ACHCTBHEM
JAHHBIX ¥ Pe3yIbTaTOB UCCIICAOBAHIH.

CeronHst BBISBIICHA IIOJKATErOpUsl «YNPaXHEHHS» — «IIPOTOTHUI», CTPOSINAasics Ha IOBTOPEHHH,
MIEPEPUCOBKE W TMOJPAKAHUN PEaTM30BaHHBIM O0BbEKTaM M HMEIOLIMM LEHHOCTh MPOEKTaM C LENBI0 M3YyYeHHMs
OTEUECTBEHHOTO M 3apy0eKHOTO ONbITAa apXUTEKTyphl. Uepes rpaduky aBTOp YyBCTBYET M PAaCKphIBAET sl ceds
BJIOXKEHHBIN CO3/1aTEISIMU 3aMbIcell, OepET Ha BOOPYKEHHE PELICHUs], KOTOPbIE, TOCPEJCTBOM B3aUMOJICHCTBHS C
M300paKeHISIMHA KaTEeTOPUH «YIIPAKHEHNEY», CTAHOBSTCSA 0a30# U Oy IyIIUX MPOEKTHBIX PEIICHIH.

Ha mepBoM 3Tame TBOPYECKOTO ITOMCKAa HCHOIB3YIOTCS M300paKEHHS KaTETOPHH «obpa3y», Tae rpaduka
CTpEMHTCS JOHECTH CyTh 0e3 TPUBA3KH K pEATbHOCTH — OHAa COCTOMT M3 Mal0 PEealTuCTHIHOTO,
NICUXO3MOIIMOHAJILHOTO OTOOpayKeHUsI 00pasa, 4epe3 KOTOPBIH MPOUCXOIUT NMPOTPaMMHUPOBAHKE BIEYATICHHUS U
BBISBJICHHE OOBEMHO-IUIACTUYECKOTO MNOTEeHIManta oObekra. «O0pas3» CIyKUT CTapTOBBIM YMO3aKIIOUCHHEM,
MEpBUYHBIM OCO3HaHWEM OOBEKTa M IPEICTaBICHHEM €ro HJealbHOW Mojeny, (QUKCHPyeMO CBOOOJHOW B
UCIIOJTHEHUH TpadUKOi, 3aImycKaromiel MexaHu3M pPa3BUTHS HJICH.

JJ11 OCHOBHOTO 3Tara TBOPYECKOTO TIOMCKA MCTIONIB3YIOTCS «CKETI» M «COJAEPKAHNE), KOTOPBIE CTPEMSTCS
JOHECTH CYTh YyXe C HYETKOM MPHUBA3KOW K peambHOCTH. KaTeropms «CKeTd», SBILICH CaMON OOIIMPHOM,
o0benuHsIeT B ce0e aBTOPCKHE 3CKH3BI, HATJSAIHBIE, PEATHCTHYHBIE N300pakeHNs] 00BEKTa YyKe C JTOCTAaTOYHOH
CTETIEHBIO JCTANM3ANNH, HPOpabOTKONH MaTepHalioB M OKpyxkeHHA. [yisg maHHON KaTeropum pazHOOOpasme
UCIIONIB3YEMBbIX TIpaMuecKUX MaTepualioB IIOMOTaeT MAaKCUMajbHO pAacKphITh IMoTeHnuan oObekra. Takas
rpajuka HOBCEMECTHO MCIIOJB3yeTCs ISl IPOPadOTKH 00bEMHO—TUIACTHYECKUX PEIIeHHH 00BeKTa: ero (hopMmsl,
LBETOBOTO pEIICHHs, PEUIeHHW 10 MaTepuanaM, BIHMCAaHHS B Cpely, B3aMMOJCHUCTBUS C OKpYXCHHEM,

COOTBETCTBUC CTUIIHMCTHUKE.
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Kateropust «coneprkanue» oObeIUHACT M300paXKECHUS, CTPOSIIMECS] Ha COYETAaHUU TPaUKU M CIOBECHO-
CHUMBOJIBHOI wHH(poOrpaduKu, vepe3 KOTOpPhIe MPOUCXOJUT HATJISHOC OOBSCHCHUE 3aMbICIa aBTOpa: IOUCK
BHYTpPEHHEH IUIAaHUPOBKH, B3aWMoJeiicTBHe 00BEMOB, (YHKIMOHAIHHOE 30HHPOBaHHE, HPOTPAMMHUPOBAHHE
CIICHApHEeB, B3aWMOJICHICTBHE BHYTPEHHUX IIPOCTPAHCTB C BHEUIHHMH, MHOTOYPOBHEBAasS B3aWMOCBA3b C
OKPY’KaIOIUMHU OOBEKTaMH, COIMAJbHBIC CBSA3H, MEIIEXOIHbIC U TPAHCIOPTHBIE IOTOKH U T.A. BBICOKast cTerneHp
JOCTYITHOCTH MIOHUMAHUS TaKUX H300pa)kKEHUH YCKOPSET MPOIECC «PUCOBAHID - IIPOUYTCHUS), UTO YBEINIUBACT
CTETICHb CMBICIIOBO# MPOPAOOTKH M AKTUBHO BIHSIET HA N300pPaKCHUS KATETOPUHU «CKETU».

Mexanu3msbl B3anMojeiicTBusi rpaguyeckux mn3odpaxkenmii. B mponecce crynenuartoil pa3paboTku
MPOEKTa U CO3/aHus Ipad)UIecKuX M300paKCHHUN BCEX YETHIPEX KATETOPHH MPOUCXOAUT MEXAHW3M BIUSHUS U
B3aMMHOTO TOJYHMHEHHS WX IPYr APYTY B CBS3M C W3MEHECHMSAMH, NOpPaOOTKON M yTOYHEHHWSIMH HPOCKTHBIX
pemeHnid. J[pyruM MeXaHH3MOM BBICTYIAET MEpeTeKaHWe OJHUX THUIOB M300pa’keHWH B Ipyrue M oOpa3oBaHHE
CHHTE3MPOBAHHBIX KOMIIOHEHTOB, COYETAIOIINX B ce0e IMpHU3HAKH HECKONBKUX KaTeropuil. TpeTbuM MEeXaHH3MOM
ABJISICTCS CHHYCOWIOAIFHOE YCIOKHEHHE W YIPOIUICHHE Tpadudeckoro H300pakeHHsd, Korga OO0BEM HOBOH
nH}opManuy HaclauBaeTcsi Ha rpaduyeckoe N300pakeHHe, B TOCIEICTBUU CTPYKTYPHPYETCS M YIPOILAETCS O
ciienyonero yciuoxsHeHus. Ha ¢QuHaipbHOM 3Tame TBOPYECKOTO IOWCKA HPOUCXOJUT UYETBEPTHIA MEXaHHM3M
CTHIJIMCTUYECKOTO M CMBICIIOBOTO CIUSHHS TpapUUSCKUX U300pKCHUN B SIUHYIO KOHICIIIHIO, KOTOpas HIET Ha
CTaJIMI0 IPOPAOOTKH C MOMOLIBIO CPEACTB KOMITBIOTEPHOM Tpaduky.

3axaouenne. Pygnas rpaduka Obl1a 1 0OCTaETCSl OCHOBOIIONIATAIOIIEH TIPH TBOPUECKOM ITOUCKE apXUTEKTYPHOU
nmen. PasnmiyHbIe THITBI BOSMOXHBIX TpapHUYIECKUX HM300pakeHUH, B3aMMOICHCTBYS MEXIy COOOH, KaTal3HpYIOT
TIpoIiecC pa3paboTKH KOHIIETIIHH. VIcToIb30BaHue BCEX YETHIPEX KATETOPHH U Pa3IMIHBIX BAPUAHTOB UX COUSTAHWH B
MIPOIIECCEe TBOPUECKOTO TIOMCKA SIBIISICTCS Ba)KHOW COCTABIIIONIEH TPaMOTHOH pa3pabOTKH IMPOEKTa, MMO3BOJISIONICH

MAaKCUMAJIbHO TIOJIHO U apryMCHTHUPOBAHHO C(i)OpMyJ'II/IpOBaTI) MPOCKTHLIC PCHICHUA.
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Abstract. The relevance of the article is due to the development of the dissertation research “Graphic
reconstruction of the Bishop’s House in the city of Tomsk” materials are necessary as analogues for studying
this functional type of structures. A comparison of the planning structure, the functional purpose of the premises,
architectural and artistic characteristics, as well as the modern use of bishops 'houses in Siberia will reveal the

degree of uniqueness of the Bishops' house in Tomsk.

BBenenune. ApxuepedCKuii IOM TPEACTaBISUI COO0OW IEPKOBHO-aJIMUHHCTPATHBHOE YUPEKACHHUE,
HMEIoIIee CBOIO CTPYKTYPY, IITAT CIYXAIIUX W ONpeeNieHHbIe (DYHKIHH, TTOCPEICTBOM KOTOPOTO apXuepen
OCYILECTBIISI CBOK BJIACTh HaJl MOJABEAOMCTBEHHBIM €My IYXOBEHCTBOM, BEpIIMI CyA HAJ KIUPUKAMU U
HaceJIeHHEM NPUHAJISKABIIMX €My LEpKOBHBIX BOTYMH [l]. YOpaHCTBO, OOIIMPHOCTE TEPPUTOPHU U
KOJIMYECTBO JIOJDKHOCTHBIX JIUII 3aBECIUIM Ha IpsMyro oT OorarctBa emapxuu. Jlo XVIII apxuepeiickue moma
HMeNN BaXKHOE aJMUHHCTPATUBHOE 3HadeHue. B cocraB apxuepeiickoro noma, BO IJIaBe KOTOPOIO CTOSUI
JBOPEIKHHA, BXOAMIO OOJBIIOE YHCIO CBETCKHX BACCAIOB apxHepes, HCIONHIBIINX OJDKHOCTH 00sp,
CTOJIGHUKOB, YAallHUKOB, KPaBUMX, SCEIbHUYMX, a Takke CIyr. J(OXOomsl ¢ 3eMENbHBIX M APYTHX YTOIWH
JIOCTaBISUINCh B «ApXMEpEHCKyr0 Ka3Hy». Ka3HOM apxuepelckoro noma Benajd Ka3Hauel, XO03siHCTBOM B
pe3ulIeHINH apxuepesl — KIIOYHUK, KOTOPOMY MOJYUHSIICS MHOTOYMCIICHHBIN nepconan [2]. B konne XIX B. B
COCTaB apXHepeucKUX JAOMOB, KaK IpPaBUIO, BXOAWIM DSKOHOM, Ka3Haduel, HECKOJIbKO HEePOMOHAXOB,
HEepPOJMAKOH, ICAJIOMIINK, KEJIeHHUK W XOp W3 HECKOJBbKHMX JIECATKOB IEBUYMX. ApXuepeickue noma ObLIH
YHUUYTOXEHBI npuHsATHeM 23 stHBaps 1918 r. nekpera «O0 oTheneHUHM LEPKBU OT TOCYIApCTBa M INKOJBI OT
LIEPKBU», JIUTIITUBIIIETO IEPKOBH MIPaBa IOPUIUIECKOTO JIUIA U MpaBa BIaJeHus cOOCTBEHHOCTHIO [2]. Ha BocToke
3ananHoit Cubupu ObUTIO HECKOJIBKO KPYITHBIX APXHUEPEHCKUX JOMOB.

Hccaenyemasi yactb. Apxuepeiickuii 1oMm B ToGosbeke. Pesunennus Boiciiero nyxoBeHcTBa Cudupu
— «Apxuepelickuii TomM», OblTa TIocTpoeHa B 1775 roxy. Pacmomarascs Ha Codutickoit ctopore ToO0IbCKOTO
Kkpemist. B Apxuepeiickom gome pacronaraercst pabouunii kabuHet neiictBytomiero MurpononuTa To6oabckoro
n Troomenckoro Jumutpus, emapxuanbHas kanuenspus [3]. B mepuon c¢ 1920 r. mo konma XX B. 3qaHMe
yTPaTHIIO CBOW PENMIHO3HbIH craryc. CHavyana B HeM 00OCHOBAJICS JIETCKUI MPHIOT, 1I0CIIE — FOCYAapCTBEHHbIE

opraunzanuu. B Hayane XXI B. B /loMe Hadaiauch pecTaBpalliOHHBIE PaOOTHI, B pe3yjbTaTe 4Yero OH ObLI
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o0HOBIICH 1 npeBpaileH B My3selt uctopun npasocnasus Cubupu [4]. Ceronust ToOonbCKuii apxuepencKuil 1oM
SIBIISICTCS  JOCTONPHUMEYATEILHOCTRIO JIUIsl TYPUCTOB WM kutTenedl ropojga. B Jlome Haxomurcs pabodee mMecTo
mutporonuTta Tobomsckoro M TIOMEHCKOTO, a Takoke KaHIELIpUs ermapXun. B 3amax My3es IpoXoIsIT My3bIKaIbHbIC
Beuepa, BCTPEUH PENTMTHO3HBIX ASSTENeH ¢ IPUX0’KaHAMH, BOCTIMTAHHUKAMH JyXOBHBIX CEMUHAPHIA.

Apxuepeiickuii 1omM B T. KpacHosipcke. Enunceiickas emapxust Oblia opranu3zoBana B 1861r. B 1864r.
Henasieko oT KadenpamsHoro cobopa KpacHosipcka ObUT MOCTpOEH, 1O TMPOEKTY apXuTekropa XeiHa, [2]
JICPEBSHHBIN apXUEePCHCKUNA IOM — aJIMUHHCTPATUBHBIN LICHTP EHNapXWd, B KOTOPOM PACIOJIATajiiCh JTUYHBIC
IOKOU apXuepes, IIEPKOBHAs KaHICISpUs U MpHEeMHas, BO IBope Obiia KoHromHsA. B 1890r. — nmepepsiHHOE
3maHue OBUIO TEPECTPOCHO B KaMEHHOC 3[aHHE, CYHICCTBYIOIICE W IOHBIHE, OBbLI MOCTPOCH IO IPOCKTY
apxurektopoB II. M. MacnennukoBa u E. JI. Mopo3oBa B OCHOBHOM Ha CpEACTBa IEPBOT0 apXHEMUCKOIa
Kpacnosipckoro n Enuceiickoro Hukoanma. 31aHue OCTPOCHO B PYCCKO-BH3aHTHIICKOM cTmie. [lepeynok, B
KOTOPOM pacrojlarajicsi apXWeperucKuil JOM, CTal Ha3bIBaThCid APXUEPEHCKUM — 3TO HBIHEIIHSS YJIWIa
T'opekoro [3]. Ilocme peBomonnu OblIa cAelaHa TOJNHAS TEPEIUIaHUPOBKA BHYTPEHHHUX IMOMEIICHUN
apxXHeperickoro JaomMa © Xpama. bbumn pa3oOpaHbl MIATPhl 3BOHHHIEI M JOMOBOH IIEPKBH, IIO3TOMY
MepBOHAYANBHBIN BUJ 3[IaHUSl HE cOXpaHWiIca. B pazHoe Bpems B 34aHUU pacroyiaraiuchk Aetckuit jom, 3ATC,
TeparneBTHYCCKas OOJBHUIA, TYOSPKYJIC3HBIN TUCITAHCED, TTOIUKINHHKA.

Apxuepeiicknii oM B 1. Tomcke. Apxuepeiickuii noM pasmemiaics B ObIBIIeH ycaabOe
3onoronpomeinuienanka M. JI. Acrtamesa. ITocme cmeptu W.JI. Actamesa (1869 r.) ycaapba Obuta mpomaHa
Tomckomy nyxoBHOMY BeZoMcTBY. B 1878 1. IIpeocBsmiennbiit [1€rp Becenwmiics B OBIBIIMIA acTalIeBCKUN JIOM,
cTaBmmii 10 KoHma 1919 r., pesugeHIMEr TOMCKHX apxuepeeB. OTO 3JaHHE IEPEUMEHOBBIBAETCS B
«Apxueperckuii 1oM», 1 K Hemy B 1884—1886 rT. mpou3BOANUTCS PUCTPOHKA — JOMOBast 1iepkoBb. B 1879-1881
IT., K IBOPOBOMY (JIMIeIt0 OBLIM MPUCTPOCHBI JOMOBAs apXUepericKas IEPKOBb U KOJIOKOJbHS. APXUTEKTYpa
KOHCTPYKIIMM JIOMOBOW IIEPKBU OBLIM BBIIEPXKAHBI B TPAIUIUAX PYCCKOTO XPaMOBOIO 30[4€CTBA CO
CTapUHHBIMH CBOJYATHIMH MOTONKaMu. Hax BX0IOM B ABOPOBBIN (hiures 6alia mocTpoeHa KOJIOKOIbHs (1884—
1886 rr.). JIBopoBBIii Quurens, emé paHee COeTMHEHHBIA C JIOMOBOH LIEPKOBBIO, MOJIYYMI MPUCTPOHKY U K
OBIBIIIEMY acTalIEBCKOMY JoMy. TakuM oOpa3om, Bce TPH 3/1aHUs ObUTH OOBETMHEHBI B €MHBIN KOMITJICKC IO
onHOM kpeimiei. B 1892 r. ObIBIIME KaMEHHBIE KIIaJ0BBIe AcTallleBa Ha9alld IMEPECTPanBaATLCS ISl TOMEIEHUH
IIEPKOBHO-TIPUXOJICKON IIKOJBI, KBAPTUPHI yuuTens u Omomumoreku. 1920-1922 rr. B ycaapbe pasmemanoch
moMenieHus: BenomctBa HapomgHoro oOpasoBanus. 1922r. [Ipousonuio oTkpbiTie TOMCKOTO KpaeBOro Mys3es.
1941-1944rr. —3nanume OBUIO 3aHATO bBENOIEPKOBCKUM MEXOTHBIM —YUYHIHUINEM, TYJIBCKHM OpYXKEHHO-
TEXHHYECKUM y4wimiieM, ciyx0amu Tomckoro mnemarormdeckoro wuncturyta. C 1945 r., W mo HbIHE
pacrionaraercs ToMckuii 001acTHOW KpaeBeuecKuit myseit [5].

Apxuepeiickuii 1omM B r. OMcke. B 1904 1. pagom ¢ Ycenenckum KadenpanbHbiM co00poM Hadalioch
CTPOUTENLCTBO Apxueperickoro goma ¢ KpectoBoidt 1epkoBpio. B sHBape 1903 roma apXuTekTopom
E.JI. Mopo30BBIM OB 3aITPOSKTHPOBAH COOOP B PyCCKOM CTHIIE, ApXHUepercKuil 1oM 1 JlyXOBHASE KOHCHCTOPHS
COCTaBIISUTM €IUHBIN aHcaMOJb ¢ cobopoM. 15 mMas 1904 . Obia coBepIieHa 3aKiagka ApPXHEpPEHCcKOTo JoMa.
KpecroBas mepkoBb mpu gome apxuepes Obuia ocesimieHa B 1907 r. B yecth brnarosemenus [Ipecssroit JIeBs
Mapuu. XpaM BeHYANl IIATep C JIYKOBHYHOW TJIABKOM, POCIUCH BHYTPH OBUIM CICNIAHBI XYJIOKHHUKOM
AprembeBbiM. B 1920-M roxmy B cBs3uM ¢ jgekperoM o0 oraeneHuM llepkBu OT rocynapcrBa, OOJIBIICBUKH

HO’I’pe6OBaJ'II/I OT CMUCKOIIA MMePEAATh B UX PACIIOPSIKCHUC 31aHUC, N€]Ia U UMYILIECTBO I[yXOBHOﬁ KOHCHUCTOPpHH,
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a Taxxe Apxuepeickuil 1oM I pa3MEILEeHNs B HEM CBOUX yupexjaeHui [2]. B ApxuepelickoMm nome cHauana
pasMeCTHIM IICHUXHAaTPUUECKYI0 OOJIbHMIYY, a 3aTeM YUpesBbryaiiHyio Komuccuio ¢ BHyTpeHHed TiopbMoi. B
1930-e rr. B 3maHWW pa3MeNaioch YTpaBlieHHE OXpaHbl OOIIecTBEHHOTO Topsiaka. B 1935 roay Hawamachk
repecTpoiika ApXUEpelHCKOro JoMa W KOHCHUCTOPHH B OOJIBIIIOE YETBHIPEXITAXKHOE 37aHHWe Y IIPaBJICHUS
Hapomnoro komuccapuara BayTpennux aen ( HKBJI ) B ctuie cranuackoro ammmpa [6].

BsiBoa. B pe3yipraTe MpoBeIeHHOTO NCCIICAOBAHMS YCTaHOBICHO!

1. Apxuepeickue I0Ma, NPEACTABIISBIINE LEPKOBHBIC AJMUHHUCTPATUBHBIC YyupexaeHus B Poccuwm,
HUMENH Ba)XXHOE aJIMHHUCTPATUBHOE 3HAYEHHE, OBLIM yTpadeHBI IOCIE OTICJICHMS LIEPKBH OT I'OCYAapcTBa B
staBape 1918r.

2. 3maHus ApXHEpEeHCKUX JIOMOB B KPYMHBIX Topojgax CuOupu BUAOU3MEHSIIUCH B IpOIEcce
PEKOHCTPYKIIMH B Pe3yNIbTaTe N3MEHEHNE QYHKIIMOHAIBHOTO HCIIOIb30BaHUS.

3. 3manue ToMCKOTO ApXHEPEHCKOTro IoMa HMEET CBOIO YHUKAIBHYIO U 00TraTyio ncTopuio. OTimdaeTcst
CTHJIICTUYECKA OT IPYTUX apXHepeHCKUX ITOMOB, COXpaHWIA OOJBIIYI0 YacTh IMEPBOHAYAIEHOTO OOJHKA,
yTpaTuia He3HaYUTeIbHbIE eTald. [JJTUTeNbHOe UCII0JIb30BAHIE KOMIUIEKCA 31aHUH apXUepercKoro oMa Mmoj

KpaeBeauecKuii My3el criocoOCTBYeT COXpaHEHHUIO €ro pa3HOOOpa3HbIX LIEHHOCTEH.
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Abstract. To study and develop the process of architectural design, the current topic is the study of the
versatility of the creative space, the architect. The principles and laws of philosophy, science and art that
form the theoretical basis for the implementation of the universal conceptual space of architectural solutions

are the basis for the development of the versatility of the architect's creative space.

BBeaenne. MHOTOTpaHHOCTh TBOPUYECKOTO MPOCTPAHCTBA, Pa3BUTHE MMOTEHIMATIA 1 TBOPUECKOTO KPEIOo
ApXUTEKTOpa SIBIAIOTCS CETOMHS aKTyaJdbHOH TeMOH B O0ONAacTH W3Y4YeHHs W pa3BUTHS IIpolecca
ApPXUTEKTYPHOTO MPOEKTHPOBAaHMA. VICKyCcCTBO apXHWTEKTYpPHI NPONLIO MHOTOBEKOBYIO HCTOPHIO Pa3BHUTHS,
OoTpakasi JyXOBHBIH M Hay4HBIH IIOTCHLMAJl Pa3BUTHs 4YelloBeka M oOmiectBa. B ocHoOBe pa3BuUTHA
MHOTOI'PAaHHOCTH TBOPYECKOTO0 MPOCTPAHCTBA AapPXUTEKTOPa SBHJIUCH HPHUHIUIBI U 3aKOHOMEPHOCTH
¢wmiocodun, HayKu U UCKYCCTBa, (pOpPMUPYIOIIME TEOPETHYECKYIO0 0a3y Ul BOIUIOLICHUS! KOHIENTYaIbHOTO
MHUpa apXUTEKTYPHBIX pemieHuit [1].

Marepuanabl ucciaenoBaHusi. B ocHoBe mo0oro TBOpuecTBa, OyIp TO apXHUTEKTypa, T€aTp WU KUHO
HaXOJUTCS HACS, 3aMBICENI, YyBCTBO, DMOIMS, WHBIMH CIIOBAMH — JyXOBHas COCTaBisgomas. J/[yXoBHOCTH
MpeaCTaBIsAeT CO0O0W HAWBBHICIIMK YpPOBEHb CAMOPETYJSIIMM W Pa3BUTHA JUYHOCTH, KOTJa B OCHOBE
KHU3HEJESTEIbHOCTH HaXOSTCS BBICIINE YelIOBeUeCKHe EeHHOCTH. KOHIenTyalbHOe TPOEKTHOE TBOPYECTBO
IIpeBpallaeTcs B OCHOBY JJIsl JTyXOBHOI'O Pa3BUTHS YEJOBEKA, TaK KaK CIIOCOOCTBYET JOCTH)KEHHIO BBICLIETO
YpOBHS camopeanu3anuy. JlyXOBHOCTb MpeJICTaeT B KPYr'y pPOJCTBEHHBIX IOHSTHH, COCTaBISIOIINX
CEMaHTHUYECKOE II0JIe €€ KOHLENTYaJbHOIO IPUTSHKEHUs. B KauecTBe OCHOBHBIX €r0 «HHIPEANEHTOB)
BBICTYMAIOT TOHATHS «IyX», «IyIIa», «CO3HaHHUE», «pa3dym». IlloHATHE «OyX» OTHOCHUTCS K UHCIY
(yHIaMEHTAIBHBIX KaTeropuih ¢uimocopuu, WUMEIOMMX INTENbHYI0 wucTtopuio u  Tpagumun. C
BO3HHKHOBEHHEM IICHUXOJIOTHH KaK HayK{, MOHATHE «IYIIa» CTAaHOBHUTCA INPEUMYIIECTBEHHO, XOTS W HE
HCKITIOYUTENBHO, ee KaTeropuel. JyxoBHOCTE popMupyeT o0pa3 Meicin denoeka. Oco3HaHHAS TyXOBHOCTH
JIaéT TONYOK it GOPMHUPOBAHHS TBOPYECKOTO KPEJO apXUTEKTOpa, €ro JIMYHOTO yOEeXKIEHUsS, OCHOBBI €T0
MHUpPOBO33peHus. TBOpUECKOe KpPEeIOo CBHUICTENBCTBYET O TBOPYECKMX INPUOPHUTETaX aBTOPa, OTPAXKaeT ero

OCHOBOIIOJIAraloIIie MPUHIIMIIBI, TOYKY 3PEHHUS M OTpa)kaeT OCHOBBI ero ¢uiocopuu [2]. dopmupoBanue u
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pa3BUTHE TBOPYECKOTO TOTCHIMANIA aBTOPa 3aBHCUT W OT WHAWBHIYaIbHBIX OCOOCHHOCTEH XapakTtepa U
TBOPYECKONH MHOTOCTOPOHHOCTH JINYHOCTH.

TBopueckoro uenoBeka (GOpPMHPYET MHOXKECTBO (PAKTOPOB, KaK BHEIIHWX, TaK W BHYTPEHHUX.
PesynmpraToM 3TOTO CTaHOBJICHHA SBIAIOTCS €r0 paboThl. To, HACKOIBKO pa3BHUTa TyXOBHAS CTOPOHA JIMYHOCTH
ApPXUTEKTOPa, ¥ HACKOJIBKO IIPH ATOM OH CBOIO JYXOBHOCTH OCO3HAET, OTPOMHOE 3HAUC€HNE UMEET B €T0 paboTre
B TIpOIECCe CO3MAHMS APXUTEKTYpHOTO MpomsseneHus. Co3maHWe apXUTEKTYPHOTO IPOW3BENCHUS — 3TO
HCKYCCTBO (DOPMHUPOBAHHSI OIPENEIEHHOIO CMBICIOBOIO IPOCTPAHCTBA, KOTOPOE HAINOJIHEHO peajbHOM
Marepueil u peajgbHbIM BpeMeHeM [3]. OTBET Ha BONPOC, UTO AENAET apXUTEKTypy aBTOpa YHUKaJIbHOH, YTO
MPOCIABJISICT APXUTCKTOPOB U UX PabOTHI: OHU CaMH, UX TAJAHT, 00pa3 MBICIH, OCOOBIA CTHIIb HIIK BUJICHUE,
ABIISICTCSL JOCTATOYHO HENPOCTHIM. TBopUeckas cuemudrka, aBTOPCKHHA MOTYepK (OPMHUPYIOTCS HE TOIBKO
MTOCPEICTBOM BPOXACHHOTO Japa, HO W Oiarojapsi BCEMy MHOTOCTOPOHHEMY KOMIUIEKCY 3HAaHWH, KOTOpHIE
APXUTEKTOP MPHUOOPEI 3a TOABI TBOPUIECKOTO Pa3BUTHA. B KOHTEKCTE MOAHATON TEMBI MOYKHO MPUBECTH HECKOIBKO
MIPUMEPOB MHOTOTPAHHO TaJaHTIMBBIX apXUTEKTOPOB, BEPIIMHOW TBOPYECKOH peai3alliy Ul KOTOPHIX SIBHIIACH
00JIaCTh apXHUTEKTYPBL, ABTOPOB, BOIUIOTHBIIIMX CBOU HIICH B BEJIMKOJICITHBIC APXUTCKTYPHBIC TIPOU3BEICHMS.

ApPXUTEKTOp, CKYJIBNTOP, H300peTarens W yueHbli @Oumunmno bBpyHemiecku OBLT  HACTOAIIMM
HOBAaTOPOM M TE€HHMEM CBoero BpeMeHU. HemoBropumblii 00nuk @iopeHuuu ObLT CO374aH BO MHOI'OM
Onarosapst €ro apxXUTEeKTypHBIM HieneBpaM. Emie B M0JI0JJ0M BO3pacTe pa3HOCTOPOHHE OJapeHHbIH duiumnmo
yBJIEKaJICS >KHBOMMUCHIO, U BMECTE C TeM KOHCTPYHPOBAJI W MacCTEpHJ BCEBO3MOXHBIE IMPHUCIIOCOOICHUS H
TeXHHYeCKHe HOBHHKH. JIF0OOBb K TBOPYECTBY OMpeaeimia >KU3HEHHBIH MyTh BpyHEIUIeCKH, PEIIdBIIEro
MMOCBATUTH ce0sl IOBENMPHOMY [IeIy, KOTOPO€ B CpeAHHE BeKa OBIJIO0 TECHO COIPSDKEHO C HCKYCCTBOM
CKYJIBIITYPbl M apXuUTeKTyphl. PaboTra B KadecTBE CKyJIbNTOpa HAa PaHHHUX 3Tamax NpoQecCHOHAIBHOTO
cranoBneHuss Pwmunmno BpyHemnecku ceirpana OOJbIIYI0 pOJib, MOMOTIa CHOPMHUPOBATH €r0 yMEHHUE
IUIACTUYECKH MBICIUTh M MOJICIMPOBATh TBOPYECKHI MOUCK. BO3MOXKHO, UMEHHO Olarojgaps 3TOMY €ro
paboTHI SIBISIOTCS HEMPEB30HAEHHBIME TPOU3BEICHUSIMU aPXUTEKTYPhI BO BCEM MUPE.

Muxkenanmkeno ByoHappoTH mpociaBWiCS KaK BEIMKHA XYJOKHUK W TCHHUANBHBIA CKYJIBITOP.
OpHako TakXKe OH SBISUICS TPEKPacHBIM apXUTEKTOPOM W BEIHKOJIEHNHBIM Mo3ToM. Jlyumras pabota
MukenaHKeI0 Kak XyAOKHHKa — 3T0 pocrnuch CHKCTHHCKON Kameiulbl, a OJHWM W3 TJIaBHBIX €ro
aApXHUTEKTYpHBIX TBopeHui sBisieTcss Cobop Cesartoro [erpa B Pume (puc. 1). MukenaHpKeno ObIT YEJIOBEKOM
HCKYCCTBa B CaMbIX Pa3HOOOPA3HBIX €0 MPOSBICHUIX. Pe3yabTaT 3TOTO yIUBUTEIBHOTO Jlapa HAXOIUTCS BHE
BPEMEHHBIX PaMOK.

B xome uccienoBaHMsA HeENb3s HE BCIOMHHUTh H3BECTHOIO PYCCKOIO apXUTEKTOpa BPEMEH 3MOXU
npasnenus Exatepunsl II H.A. JIsBoBa. CoBpemenHuku HasbiBanu H.A. JIbBoBa «pycckum Jleonapno»: oH
OCBOWJI CTPOUTENBCTBO M MO33MI0, MY3BIKY U Teojoruio. Ho B mepByto ouepens H.A. JIbBOB OBUT H3BECTHBIM
apxuTekTopoM, aBTopoM Hesckux BopoT IlerpomaBioBckoit kpemoctu u 3manus [louramta B CaHKT-
[TerepOypre. Bo Bpemst ciayx0b1 JIbBOB mocemman mkony reHepana A. bubGukoBa, rae n3y4aa HEMEUKHH U
(dpaHIy3cKue S3BIKH, Teorpaduio ¥ MaTeMaTHKy, MY3BIKy W rpaMMaTuky. Ho Gonbpime Bcero ero mpuBiieKaia
sureparypa. FOHoma iaxke co3nan Kpy»Kok Jirobutenei cioBecHoCTH. Tam coOMpaiich MOJIOIbIE JIFOJM U YUTAIN
KHUTH, O0CYXIaIu MyOJMKAllMKM B >KypHanax, NEIIINCh CBOMMH CTUXaMH, NEPEBOJUIN COHETBHI MO3TA JIMOXU
Bospoxxnenus [lerpapku. BriociencTBum Mbl BUMM €ro 3/IaHUS: CTPOMHBIC U PUTMHUYHBIC, KaK CTPO(dHI B mMo3Me,

pa361/ITI)Ie Ha IMOBI U XOpeu — psiabl OKOH U CTPOKU KapHU30B HA 3JaHUN Ilouramra B CaHKr—HeTep6ypr C.
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MHororpaHHo TBOpYecKoe NpocTpaHcTBO Buto Akkonun. HaumHaBmMi Kak MOAT-KOHLENTYaJUCT,
puoOpeTIIMi MHUPOBYIO CIIaBy Kak Nep(OpMaHCHCT W OAMH M3 OTKpBIBAaTEJICH BHIEO0apTa, OH OJHAaXKIbI
MTOJTHOCTBIO CMEHWI cdepy IeATENbHOCTH, ocHOBan Acconci Studio m cram 3aHHMAaThCS apXHUTEKTYpOH U
maHAmMAPTHEIM AU3aifHOM, peaqn30BaB ACCITKH MPOeKTOB. Ero BM3nTHOM KapToukoit ctan «OctpoB Myp» B
aBcTpuiickoM ropoje I'par — cuMOn03 ZETCKOH IUTOIIA KK, KOHIIEPTHOTO 3aJIa U MOCTA.

MynsTHKYIBTYpHOE 00pazoBaHue cHOPMHPOBAIO OCOOBIH MOAX0A K 00pa3HOMY IOMCKY MPOEKTHBIX
pewenuid /1. Jlubecknnga. OH MpomycKaeT MBICIM 4Yepe3 «(QHUIbTPBI» pa3HBIX HAYK W HCKYCCTB, M 3TO
(opMHpYET ero COBEPLICHHO YHUKAIbHBIN TBOpUECKUi MeTo1. Ero TBOpUEeCTBO — HE TOJBKO apXUTEKTYpa, HO U
MY3bIKa, H (QUI0CO(Us, IPUUYEM B STHX 00JIACTSIX OH TaK XKe BBICOKO MpodeccHoHaleH, Kak 1 B apxuTektype. Ero
3[IaHUS y3HaBaeMBbI — OHH 3BYYaT, Kak ero My3bIKa, 3Ha9aT MHOTO0, Kak ero ¢miocodus (puc. 1).

BorpmmHCTBO k€ apXUTEKTOPOB HAYMHAIOT CBOM MyTh B MHpP TpodeccHn ¢ pucyHKa. BakHyio poib
ApXUTEKTYPHBIH PUCYHOK UTPAET Ha CTAANH KOHLENTYaJbHOTO IIONCKA B TBOPYECTBE COBPEMEHHBIX POCCHICKUX H
3apy0OexxHsIx apxutekTopoB: Cepres Ky3nernona, Cepres Yob6ana, Maccummmbsiao @ykcaca, Cantesaro Kanarpaga,
Hopmana ®ocrepa, Penno [nano, Jaunans JInbeskunaa n apyrux aBtopos [4]. B ux TBopuyecTBe apXUTeKTypHas
rpaduka npencraeT 00pasHbIM «I3bIKOBBIM KOJIOM» JJIs BOIUIOIICHUS] aBTOPCKHX pereHui [3].

CB0e00Opa3HbIii TPOEKTHBIN M XyI0’KECTBEHHBIH SI3BIK SBISICTCS OCHOBOW TBOpuecTBa 3axu Xaaua. OHa
BOILIOLIAaeT B TBOPYECTBE BCe OOraTcTBO M CHIIy PHCYHKa, €ro MHOTooOpa3ue B OCHOBE IOCTPOCHHS
apXUTEeKTypHOH WAEM TMpPOEeKTa, IOWCKAa OHEPTHH JBIKEHUs ¢GopMmbl. B rpaduyeckmx coBMemeHUsIX
a0CTpaKkTHBIX 00pa30B, MHOTOJMKHX HACIIOCHUSIX BAapPHAHTOB JMHEHHBIX KOHTYPOB 3aKJIIOYAETCS OCOOBIH

CMBICIT TPUEMOB ITONCKA U Pa3BUTHS UICH, PACKPBIBAIOIINE CYTh METOJUKH €€ IPOCKTUPOBAHUS [5].
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Puc. 1. Cobop Ceamozo Ilempa. Pum. Umanusa [6]. Apxumexmop Muxenandocero Byonappomu;

Komnnexc Ké-Bogen. /[toccenvoopg. I'epmanus [7]. Apxumexmop Hanusnw Jlubeckuno

Pesyabrarbl. VHTErpanMoHHBIM NOAXOJA JEXKHUT B OCHOBE AapXUTEKTYPHOHW IEATEIBHOCTH — OH
MIOMOTAeT PAa3BUTHIO TPOEKTHOTO TIpoIecca W MNPOQPECCHOHANBHBIX IPHOPHUTETOB. Takke WHTErparus
CTAaHOBUTCS OCHOBOH JUIS PACKPBITHS TBOPYECKOTO KPEJO apXUTEKTOPA M BOIUIOIIEHHS €r0 MHOTOTPAHHOCTH
TBOPUYECKOI0 MPOCTPAHCTBA B KOHLEMHIIUIO AUHAMUKH IPOEKTUPOBAHHUS.

3akiaouenue. B coBpeMEeHHON apXWMTEKTYpHOH Hayke OoJblIe 3HAYEHUE YJIENseTCs H3yYCHHIO
($m10co(PCKO-MUPOBO33PEHUYECKUX  OCHOB  apXUTEKTypHOI'O  TBOPYECTBA, JYXOBHOM  COCTaBIISIOIICH,
SBOJIIOLIMOHHOMY  Pa3BUTHIO COJEP)KaHUS TBOPYECKOTO MeETOJa UM MHOTOTPAHHOCTH TBOPUYECKOIO

MIPOCTPAHCTBA APXUTEKTOpAa — crenuduke (HOPMUPOBAHUS KOHIENITYyaJbHOTO MAacTEpPCTBA, HAIMOJIHSIOMIETO
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FJ'Iy6OKI/IM COJACPIKAHUEM HOBYIO MNapaaurMy pasBUTUSA OpoHecca MOACIMPOBAHUS, OGLGIIHHSIIOHIYIO B cebe

BCIO COBOKYIHOCTb 3HaHUI pa3IUYHbIX HayK.
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DETERMINATION OF THE VECTOR OF DEVELOPMENT OF BIOCLIMATIC ARCHITECTURE
AT THE MODERN STAGE
E.V. Karpunina
Scientific Supervisor: Associate Professor, C.A A.V. Navolotskaya
Novosibirsk State University of Architecture and Building, Russia, Novosibirsk, Leningradskaya 113, 630008
E-mail: karpunina.elena2018@yandex.ru

Abstract. On each stage of development, humanity faces new different environmental and social problems. Due
to today’s pandemic ecological, health and social distance issues are becoming more relevant than ever.
Spending a day in concrete anthills, people are more and more thinking about an individual home place that can
provide them with the maximum level of safety and comfort, both psychological and physical. Today
architectural design strategies are not able to meet the needs for a healthy and environmentally friendly home.
Therefore, they need to be changed. Health-based design should be of a new standard. Passive strategies for
indoor comfort, ventilation, sunlight and humidity should be a necessity. Then architecture will turn towards

unity with nature.

Beenenne (nmpodiaema). CymiecTByeT aBHAS M M300peTaTeNnbHast TPAIULUS CO3JaHus 3[JaHNi, KOTOpbIE
YyBCTBUTEJIbHBl K MECTy M KiIuMaTy. bonblias dacTe MUPOBOM apXUTEKTypel 0 XX-ro BEKa OTBevala
pPETHOHANBHOMY KIMMaTy M MOTJIa CUMTAThCS OMOKIMMaTHdeckoil. UemoBek paccrmaOmics, kKoraa Ha pyOee
MPOLIUIOTO BEKa IIOSIBUINCh KOHIUIMOHEPHI M 3JIEKTPHUECKOE OCBEIICHHE. IIpOMBIMITIEHHAs pPEBOIIOLUS
CII0COOCTBOBAJIA MOSBJICHUIO TEXHOJIOTUH, MPe0o0pa3oBaBIINX CTPOUTEIBHBIA CEKTOP, YTO MO3BOJIMIIO 3JaHUSM
MIOCTETICHHO CTAaHOBUTHCS BCe OOJiee OTOPBAHHBIMH OT OKpYXKarollel cpeabl. MHOIMM M3 3THX 3JIaHHUH ylaeTcs
o0ecreynTh NpUEMIIEMBIH YPOBEHb TEIUIOBOTO M BU3yalbHOro KoM¢oprta B nomenieHnn. OgHaKo, MOSBISETCS
Bce OOJIbILIE JIOKA3aTENIbCTB TOTrO, YTO HMCKYCCTBEHHO MOJJIEP)KMBAEMbIE YCIIOBUS BO MHOTHX COBPEMEHHBIX
3/JaHMSX HETAaTUBHO BIMSIOT Ha 370POBHE UEIIOBEKA M OKPYKAIOIIYIO CPey.

YenoBeueckasi AEATEIbHOCTh BCErJa BbI3bIBAJNA TOT WJIM MHOW THI YXYAIICHHS OKPYXXAlOUIEH CpEIbI.
Korma uwncmo sxureneit 3emum ObpUIO HEOONBIIMM, a NEATETHFHOCTh UYEIOBEKa ObUIa MAaTOMHIYCTPUATBHOM,
BO3/eiicTBE HE OBUIO ONIYTHMBIM, M NPUPOJA aJaNTHpOBalach K ymepOy, NMPUIMHEHHOMY 4YEJIOBEKOM.
CerojHsi, Korja OrpOMHOE KOJHMYECTBO JIFOJICH BEIyT JKECTKYIO MPOM3BOJCTBEHHYIO JIESITEIBLHOCTD, MPHPOJIBI
0oJIbIIIE HE MOKET HAXOANUTH CHIIBI JUIS €€ MOTJIOMICHHS.

CTpOHUTENHCTBO — 3TO AEATEIBHOCTh YEJIOBEKA, KOTOPask 3HAUUTENIBHO yXYALIAeT OKpYyKalolyto cpeay. B

KPYIHBIX CTpaHax 3/1aHus NoTpedisior okono 50% sHeprun. CTpouTenbHbIid cekTop B oTBeTe 3a 50% CcBaIOK
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OTXOJIOB ¥ BEIOPOCOB BO BCEM MHUpPE. OTH JaHHBIC TOKA3BIBAIOT, YTO, €CJIH YTO-TO OJDKHO M3MEHUTHCS B HAILIEM
00IIeCTBE, ITO CTPOUTEIBHBIN CEKTOP.

ApPXUTEKTypa CerofHs HE HMMEeT HHYEero OOIIero ¢ HOPMaMH, PETyTUPYIOIINMH OCHOBHBIC ITHKIIBI
npuponabl. B3anMopeiicTBue uenmoBeka M TPUPOJALI HETAaTHBHO IS HPHUPOJBI, TaK KaK HMMEET JIMHEHHBIN
XapakTep: HOTpeOIIsieMbIe PeCypChl M YHEPTHIO YeJIOBEK HE BO3BpAIIAET B ITOJHON Mepe, W 3a4acTyI0 Pe3yIbTaThI
MIPOU3BOJICTBA CTAHOBATCSA OTXOIaMH. B3amMOCBS3p BceX cdep KU3HEACATCIHPHOCTH YEIIOBEKA H TIPHPOJIBI
JIOJDKHA OBITh IUKIMYHA, TAKXKE, KaK U BCE MPOLECCH B ipupojae. [103ToMy OueHb BaXKHO HAYYUTHCS MOIPAKATh
MPHUPOJIC, TOOUBASCH HE CTOJIBKO BU3YaIbHOTO CXOJICTBA , @ (PU3HOIOTHIECKOTO.

OTBeTOM Ha HEraTMBHOE BJIMSHHE AapPXUTEKTYpPbl HA OKPYKAIOIIYIO Cpely SBISIETCS YCTOWYMBOE
MPOEKTHPOBaHNE OOBEIUHSAIONMIEe TEHWH MecTa W HOBBIE TexHoJormu [l]. UYToOBI co3maTh yCTOMYMBYIO
aApXHUTEKTypy, HEOOXOIUMO PECTPYKTYPHPOBATH CTPOUTEIBHBI CEKTOP W MEXaHU3MBI IPOJBMKCHUS 3IaHUS.
Heo0xonnmo co3maTh HOBBIM apXUTEKTYPHBIHN S3BIK C HYIS, HOBBIE CHHTAKCHYECKHE MPaBWIIA IS KOMITO3UIHH
1 KOHCTPYHPOBAHUS apXUTEKTYPHBIX 00BEKTOB.

B ©Oopebe 3a 3Heprodp(eKTUBHOCTH 3MaHUH HEOOXOIUMO OOpaTUThCI K OMOKIMMATHYCCKON
apxuTekType. buoknumaTtuueckuil Iu3ailH 3JaHHUA — BTO JAEATEIbHOCTh C CaMOM BBICOKOW SKOJIOTMYECKON
3¢ (EKTUBHOCTHIO ¥ HAMMEHBIIIMMHU YKOHOMHYCCKUMH 3aTPATaAMH M3 BCEX, KOTOPBIC MOXHO MPHUHATH. 3HAYHMO,
YTO 3TOT METOJI HE HYKIAKTCS B OOJBIINX BIOKEHHUAX, BCE YTO HYKHO, 3TO TPAMOTHO CIIPOCKTUPOBATH 3JIaHUE,
C y4eTOM OCOOEHHOCTEH KIMMaTa KOHKPETHON MECTHOCTH. IIpHHATHE YNCTO apXUTEKTYPHBIX PEIICHUH MOXET
C/IeaTh 3aHKe TEIUIBIM 3UMON M MPOXJIaIHBIM JeTOM. MHOTHE U3 3THX PEIISHIH NMEIOT OTHOIICHHE TOJIBKO K
OpHEHTAINH, TIOATOMY OHU HE YBEITMIHUBAIOT CTONMOCTH 3aHUS.

Hemp — 0000muTh HpHEMB OMOKIMMATHYECKOTO IPOEKTUPOBAHMSA, PEATU30BAHHBIE B MHPOBOM
MIPaKTUKE, U OMPENEIUTh BEKTOP €ro JajJbHEHIIEero pa3BUTHsL.

HccnenoBanus. O0bekTaMu uccieoBanus spuiiichk 20 31aHui, moctpoeHHslie B mepuon 1990- 2019r.

Ha yem sxe cTpouTCsi OMOKITMMATHYECKOE MPOSKTUPOBAHME M OT YEro CICIYeT OTTAKUBATHCI? AHam3
MPaKTUKK TPOSKTHPOBAHUSA W PEATU3alMK OMOKIIMMATHYCCKHX 3aHUHA IMOKa3aj, YTO OHU XapaKTePU3YIOTCS
HCTIONIF30BaHUEM CTPOUTEIBHBIX AJIEMEHTOB, B TOM YHCIIE CTE€H, OKOH, KPBIII W IIOJIOB, s cOOpa, XpaHEHUs H
pacrpeeneHus COTHEYHON TEIUIOBOH YHEPTHH. TeIIOBRIEe TIOTOKH ITPOMCXOAT B OCHOBHOM 32 CYET €CTECTBEHHBIX
MEeXaHM3MOB KOHBEKIIUH, IIPOBOIMMOCTH U M3Iy4IEHHS, a HE 3a CUET MCIOIBb30BAHNS HACOCOB M BEHTHIIITOPOB.

3amaya COCTOMT B TOM, YTOOBI YIPAaBISATH IMOTOKAMH SHEPIHH W, TaKUM 00pa3oM, 00ecreurBaTh
KOMGOPTHBIC YCIOBHS B 3aHATHIX YaCTsIX 3MaHUS B JI00OC BpeMs roja W JHA. B Takoil momxom K
MIPOEKTUPOBAHUIO TMPUMEHUM KO BCEM 3JIaHUSIM M MeECTaM, XOTS OTHOCHUTEJIbHAas Ba)KHOCTb OTOIUICHHS,
OXJKJIEHUS] WM JHEBHOI'O OCBEIICHMs 3aBUCUT OT peruoHa W Ttuma 31aHus. llaccuBHOe OTOIUIEHHE,
€CTeCTBEHHOE OXJIAKICHHE W JHEBHOE OCBEIICHHWE IIPEJCTABIAIOT COOOH OCHOBHOM CIIEKTp CTpaTerui
OMOKITMMATHYECKOTO IPOSKTHPOBAHNSI.

IMaccuBHOE O0TOM/IEHUE 3aHIMAET IIEHTPAITEHOE MECTO B CTPATETMIECKOM 3MMHEM TOAX0/e, U OIaromaps
MexaHu3MaM cOopa, abcopOunm, HaKOTUICHHS, pacHpeaeeHAsS U JOKATU3AINH yIOBIETBOPSIET SKOJIOTHIECKIM
TpeOOBaHUAM, OTPAHUYKBAS MOTPEOICHUE, TOTYyYaeMOe OT AKTUBHOTO HArpeBa CHCTEM.

B 3aBucuMOCTH OT MECTHOTO KJIMMaTa, MPOEKTUPOBILUKY 3/IaHUS JOCTYNEH IIUPOKUNA CIIEKTP MaCCUBHBIX
METOJIOB, KOTOPBIC TpEIaraoT 0ojiee BHICOKHE CTaHIAAPTHI BU3YaIbHOTO U TEILIOBOrO KOM(OPTA H 3I0POBBS

KUIBLIOB. OHM BKIIOYAIOT B CeOs: COJTHEYHBIH C60p, AKKYMYJIMPOBAaHUE TCIUIA, pacOpeacjiceHUue TeIlia,
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COXpaHCHHE TeIlIa, a TAaKXKE CHUCTEMbI KOCBCHHOro W mpsiMmoro ycuieHus. Ilpsimoe ycmieHme — Hambomee
pacIpOCTpaHEHHBIH MOAXOJ: OOJBINKNE OCTCKJICHHBIC OTBEPCTHUS, OPUCHTHPOBAHBI HAa FOT, OTKPBIBAIOTCS
HEMOCPECTBEHHO B JKHIIbIE TOMELICHHs, B KOTOPBIX YYaCTKH TSDKEJBIX MATEPUANIOB IMOJXOJSIIET0 pa3Mepa
obecrieuynBaroT HakorwieHHe Teria. CHCTeMbl KOCBEHHOr0 YCHJIeHHsI BKIIOUaloT B cebs «cteHa TpomoOa-

Mumens» (puc. 1), cucremy bappa-Koncrantunu (puc. 2) u BOJHBIC CTCHEIL.

- MMOM
3uMon el

fETOM AETCH

Puc. 1. Cmena Tpomba-Muwens Puc. 2. Bappa-Kocmanmunu

TepMI/IH «IMMAaCCMBHOE OXJIAXKACHHE» OXBATBIBACT CHUTYyallMH, KOraga COCOUHCHHUC MIOMEIICHUH U
QJICMCHTOB 3J1aHHs C TCILIOOTBOJaMU oxpymafomef/i Cpeabl (B03HyX, H€60, 3EMJIA U BOIIa) ocpeaACTBOM
C€CTCCTBCHHBIX PCIKUMOB TeImIoooMeHa OpUBOAUT K 3aMCETHOMY OXJIaKAaromeMy 3(1)(1)6KTy B INIOMCUICHHHU.
Ilone3nas CTpaTerud TMpPOCKTUPOBAHUA I CC30HA TNEPETpeBa 3aKIOYACTCd B TOM, yTOOBI CHAyaja
KOHTPOJHUPOBATHE KOJIUYCCTBO TCIIJIA OT COJTHEYHOU pagnany U Harpe€Toro BO3ayxa, IMONaAarolIero B 31aHUEC,
AaJIe€ MUHUMU3UPOBATH BIIMAHUE HEXKEIATCIIBHOI'O COJTHEYHOI'O TEIIJIa BHYTPH OOIIMBKH 30aHUA WINA B IIPpOEMaAX,
a 3aTeéM YMCHBIINTH BHYTPECHHEC WA cnyqaﬁHoe terto. CXeMbl JAEMOHCTPUPYIOT METOAbI €CTECCTBEHHOT'O

oxnaxneHus (puc. 3-5).

— -
hf% Fi i__fi '
Puc. 3. Kposenvnuiii npyo Puc. 4. I[Tooszemuvie mpyoui Puc. 5. Connyesawyumnuvie mexcmypsi

3akiaoyenue. OdUeBHIHO, YTO CETOMHS HYXHO pa3BUBaTh CTPATeTHH  OMOKIMMATHYECKOTO
mpoekTrpoBaHus. OHM MOMOTYT CO3aTh APXUTEKTYPY, KOTOPas HHTETPUPYETCS B KI3HCHHBIC IUKIIBI TIPUPOJIBL.
Martepuansl 1 KOHCTPYKTHB 3JIaHHS TOJDKHBI TTIO3BOJISITh apXUTEKType MOACTPAWBATHCS MO KINMATHIECKUE H
couyajbHble M3MEHEHHs. Toraa apXMTeKTypa BOJNBETCS BO Bce OECKOHEUYHBIE IMPOLECCHl NPUPOJBI M CTaHET
YacThIO I7I00aIbHON 3KOCHCTEMBI.
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APXUTEKTYPHO-INIAHUPOBOYHOE ®OPMHUPOBAHUE I'OPOACKOI'O CAJA TOMCKA
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E-mail: tsuab.univer.tia@gmail.com

Annomayusn. /lannas paboma nocesuena UCMopuu CMAaHoGIeHUs U PA36UMUS UCMOPUYECKU YEHHO2O
pekpeayuonnozo npocmpancmea Tomcka — «I'opodckoeo cada», chOpMUPOBaAHHO20 8 UCMOPUYECKOM YeHmpe
2opooa 6 xonye XIX 6. kax 30na muxozo omovixa. Cao Ovi1 3a109ice 6.1a200apsi Y4aCmuio Y4eH020 CA008HUKA
bomanuuecrkoco cada Hmnepamopckozo Tomckozo ynusepcumema I1.H. Kpviiosa, komopulil udeanvbHo enuca
Ha MecmHOCmu neui3axcuvill napk 6 aueauiickom cmune. C NoMOwbl0 6bIAGIEHHBIX UCOPUKO-APXUBHBIX U
UKOHOZpAaUUeCKUX Mamepuaios Mamepuaibl No360J[A10M  bINOJIHUMb  2PADUUECKYI0  PEeKOHCIMPYKYUIO
APXUMEKMYPHO-NIAHUPOBOYHOU CMPYKMYPbL UCHIOPUUECKO20 YEeHMPA 20p00d. 20pOOCKOl NAPKOBOU 30HbL C
npunezarowei meppumopuei ni. Hoeo-Cobophoii. Peszynemamel npo6edenHbiX uUcCcie008aHUll NO360MUNU

BbIABUMb YEHHOCHIHbLE XAPAKMEPUCMUKU U BNEPBbLE BLINOIHUMb PeKOHCMPYKYuio cada (k. X1X 6.)

Introduction. Open public spaces today are important elements of the urban environment that make a
positive contribution to the quality of life. The durability of the 19th-century gardens and parks plays a great role
in urbanizing areas and are still actively used by urban residents. A review of publications showed that by the
beginning of the XIX century Tomsk was considered to be quite green and well maintained had well-maintained
public and private gardens, groves and loans, squares and boulevards, and parks for recreation [1, 2]. In this
regard, it is important to analyze the formation and use of public green historical spaces in Tomsk, which have
undergone significant changes over time. Let us pay attention to the history of the emergence and architectural
and planning formation of the public City Garden.

Materials and methods. The paper uses previously unpublished written and cartographic materials of
the Russian State historical archive of Saint Petersburg (RSHA), the state archive of the Tomsk region (SATR)
and the Tomsk museum of regional studies and periodicals. A used structural-genetic method revealed the
process of development, formation and a number of transformations of City Garden during the period at the end
of the 19th and at the beginning of the 20th centuries.

Results. At the end of the 19th century the architectural ensemble of Cathedral Square began to be
formed. The identified cartographic materials made up in 1810, 1830, 1872 allow presenting the initial
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formation of the square: an area for the construction of a spiritual institution was allocated here (for the
cathedral), at the Eastern part there were temporary military barracks [3, 4]. On the mapping extract of the city
plan (1877) to the South of Cathedral Square there were stone buildings of provincial integral places, Lutheran
church with garden, the South-west area was occupied by the theater E.I. Korolev and Yurtochny private
administration [5]. On the maps of the end of the 19th and the beginning of the 20th centuries on the Eastern
part of square you can see graphic images of the City Garden [6].

It is known that on the initiative of Governor Hermann Augustine Tobizen works on improvement of the
territory of Cathedral Square began. In 1883 the City Duma allocated money for the construction of the City
Garden on the Cathedral Square: the garden was laid out with flowerbeds and seedlings from the greenhouse of
the horticulture society, fir trees were planted near the garden fence and iron bars with entrance gates were
installed. The layout and arrangement of the garden were carried out under the guidance of the scientific
gardener Porfiriy Nikolayevich Krylov until 1887 [7].

Illustrations and photographs are important sources that make it possible to identify garden objects and
structures, as well as the whole concept and nature of the formation of the square. On the Eastern side of the
square there were one-storey buildings of military barracks, on the Northern side — the territory of the men 's
gymnasium, on the Western side — part of the Cathedral’s territory. The whole area of the garden was
protected, at the Northern side there was an arched entrance. The paths connected by light smooth curves are
visible in sufficient details, dividing the garden territory into many "islands", recesses for planting deciduous
and coniferous trees. The garden area was gradually transformed, trees along the fence grew. In the central part
there was a pavilion with a mosaic dome and a spire in the center (built in 1911, arch. V. F. Orzheshko). On the
territory of the garden there were wooden structures: benches for seats along the paths and in the quiet
recreation area on the Southern side, a summer theatre on the Eastern side, swings, dance platform on the
Northern side, beautiful bridges and fountain at the Northern entrance with flower beds (Fig. 3). Photos allow
us to say that the garden was arranged in the tradition of landscape style, typical of the design techniques of the
famous gardener Arnold Eduardovich Regel [8]. Now the entire territory is green and has a well-maintained
appearance, along the city street — deciduous trees.

By the beginning of the 20th century, the Lutheran church (1930) and Trinity Cathedral (1934) situated
on the square were completely destroyed. In 1935, festive stands with a monument to V.I. Lenin were installed
on the Western territory of the former cathedral, and the stadium Dynamo was built on the Northern part, where
sports events and concerts were held, and an ice rink was opened in winter. The stadium operated until 1964,
and then the square was laid out here.

Meanwhile, the territory of the City Garden continues to develop — amusements are being renewed and
complicated, alleys are being reconstructed. A fountain built in 1907 by the Bromley brothers was preserved on
the territory of the garden. A fountain on Nov-Soborny Square was opened in 2003, and a monument to
students was later erected. Today this square is a recreational area of the city.

Conclusion. We can emphasize the value characteristics of the studied territory: the historical layout of
the area remained almost in its original form, street names were changed, some passes were blocked; the
historical spatial composition of the territory was preserved, but the main dominants — Trinity Cathedral and

Lutheran church were lost and the purpose of the territory changed (Fig.1). The City Garden retained its
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original planning structure, landscape style, and public function. Historical gardens are still actively used by

urban residents, so today it is important to preserve their significance and aesthetic value.

GENERAL COMPOSITIONAL DECISION
OF THE CITY GARDEN
(for the period of the 19th century)

STAGES OF FORMATION OF THE HISTORICAL CENTER
“SOBORNAYA SQUARE" AND THE GARDEN-PARK ZONE

the end of XIX -
- beginning of XX centuries

the 2nd half of the 19th century -

- the end of the 19th century Type of garden layout: landscape
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EXPLICATION
[A] Cathedral Square [C] Revolution Square
[B] Territory of the city garden (founded in 1884) Territory of the City Garden (expansion of the territory)
[l Objects and structures [E] Place of present attractions
[J Thelake on the Cathedral square Destroyed objects
Objects name Historical / current state
Dynamo Stadium (1929-1964), TpouuKuii ckeep

Trinity Cathedral

N

Provincial government offices (1838-1842) The building of the provincial government: now the building EXPLICATION

of the Siberian Institute of Physics and Technology

Provincial House: 1891, now the House of Scientists

Fountain, 1907 (saved)

3| County government offices, 1891

4 | The Evangelical Lutheran Church, 1859 Lutheran church: it was destroyed 1936 @ Summer playground
5 | Temporary military barracks (until the end of the 19th century) The stadium G.S.P.S .: now the “Labor” stadium @ Kiosk

6 | Provincial men’s gymnasium, 1838 Provincial men’s gymnasium, now Gazprom TG @ The central pavilion
7 | Tipo-Lithography of M.N. Kononov and LF. Skulimovsky Bolotov Trading House (built in XX century). ©® Garden object

8

9

Correctional Detention Unit, 1858 Correctional Detention Unit and the Church of A. Nevsky

Functionality: quiet relaxation area

Treasury building, arch. K. K. Lygin, 1887 saved,now the Administration of Leninsky district

Poccus, Tomck, 21-24 anpens 2020 r.

Fig. 1. Graphic reconstruction of the City Garden (by E.E. Mamedova, 2020)
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U3MEHEHUE IEPBOHAYAJIbBHOI'O OBJIUMKA JIEPEBSIHHOM 3ACTPOMKHU I'. TOMCKA BTOP.
MOJI XIX — HAY. XX BB. HA IPUMEPE UICTOPTYECKOT' O PAHOHA «TATAPCKAS CJIOBOJA»
A.I1. TlonmopoBa
HayunsIit pyKOBOANTENB: TOIEHT, KaH. apX., JI.C. PomanoBa
Tomckuit rocy1apCTBEHHBIM apXUTEKTYPHO-CTPOUTENIbHBIA YHUBEPCUTET,

Poccus, r. Tomck, . Consnas, 2, 634003

E-mail: podorovaap@gmail.com

CHANGE OF THE INITIAL APPEARANCE OF THE WOODEN BUILDING OF TOMSK SECOND.
FLOOR. XIX - START. XX VV. ON THE EXAMPLE OF THE CONSTRUCTION OF THE
HISTORICAL DISTRICT “TATAR SETTLEMENT”

A.P. Podorova
Scientific Supervisor: docent, phd L.S. Romanova
Tomsk State University of Architecture and Building, Russia, Tomsk, Solyanaya sq., 2, 634003

E-mail: podorovaap@gmail.com

Abstract. The city of Tomsk has the status of a historical settlement of federal significance. Objects of cultural
heritage of federal and regional significance. The number of objects of wooden architecture within the
boundaries of a historical settlement is estimated by experts to two thousand.

On the territory of modern Russia, such a number of preserved architectural monuments is a rare phenomenon.
However, the preservation of historical values, the preservation of heritage is at risk.

The development experience in the field of conservation of ancient historical objects suggests that the main
problems of its conservation are associated with the exploitation of users. Unfortunately, users often do not have
sufficient knowledge about how to properly operate the building and carry out repairs.

The second half of the XIX - the beginning of the twentieth centuries. For research, one of the streets of the
historical district was chosen. Tomsk "Tatar settlement".

In the course of research, 38 objects of wooden architecture were identified. Statistical data and data on their

impact on the technical condition and architectural and artistic appearance.

BBenenmne. AKTyanbHOCTh HCCIIEIOBaHUS 00YCIOBICHA TEM, YTO CTAPHHHBIN cuOUpCKuil ropoa ToMck —
HCTOpHYECKOEe IMOCeIeHne (eaepasbHOTO 3HAYeHHSA. OTOT BBICOKMHA CTaTyC TOPOJA TONYYWI BO MHOTOM
Omaromaps TOMY, 9TO Ha €ro TEPPUTOPHUH COXPAHWIINCH OOJBIIHNE MACCHBBHI JIEPEBSIHHOW 3aCTPOMKH BTOPOH
monoBuHEI XIX — Hayama XX Beka. OmHAKO OTCYTCTBHE IMPABWIBHOTO W CBOEBPEMEHHOTO yXOJa TPHUBENO K
TOMY, YTO yTpaTa JepeBSIHHON apXWUTEKTyphl HaOpama BBICOKHE TEMIIBI U COXPAHEHHE 3TOT0 YHUKAIBHOTO
SIBJICHUSI MUPOBOM KYJIBTYpPbl HAXOJUTCS MO yrpo3ou [1].

Bornbiiasi 4acTh MCTOPUYECKON JIEPEBSIHHON 3aCTPOMKH MPEACTAaBlICHA KUJIBIMU JIOMaMH, CTABIIUMH
MHOTOKBAPTUPHBIMU B pe3yjbTaTe YIUIOTHEHHS B pasiuuHble nepuoisl. K coxkaneHuto, pecypcoB mis
pecTtaBpanMu BCeX OOBEKTOB HET, a (POHABI KANHWTAJIBHOTO PEMOHTAa HE MOTYT O00ECHEeYUTh HYKHOTO

¢unancupoBanus. [103TOMY XHUIBIBI TAKOH 3aCTPOUKH OEpPyT HHHLIMATHBY B COOCTBEHHBIE PYKH M 3aHIMAIOTCS

Poccus, Tomck, 21-24 anpensa 2020 r. Tom 6. CTpoUTENBCTBO U APXUTEKTYpa
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PEMOHTOM CaMOCTOsITENbHO. B pesynbraTe cOom B cucTeMe BOJOOTBEICHHMS, IJIACTUKOBBIE OKHA M MaTepUalibl
HECOBMECTHMBIC C TIO/TTMHHBIMH, CIIOCOOCTBYIOT CKOPEHILIEMY Pa3pyIICHHIO 3aHUH.

Hens manHO# paboTHI 3aKIIOYAETCS BBIABICHUN OCHOBHBIX OIMMOOK MOJB30BATENIEH MpPH AKCIUTyaTaIlUH
HCTOPHYECKOHN JACPEBSIHHON KUIIOH 3aCTPOIKH B cOOpe CTATHCTUIECKUX JAHHBIX MO KOIUYECTBY TAaKUX OIIHOOK.
MeToanKkoii uccie0BaHns OCHOBBIBASTCS HAa MMPOBEACHNH KOMIUICKCHOTO aHAJII3a COBPEMEHHOH AKCILTyaTaIliH
JKWJION JepEeBIHHON 3acTpOMKU BTOpoi nosoBuHbl XIX — Hauana XX BEKOB, BKIIOYAIOUIEH BU3yaJIbHBII OCMOTP
00BEKTOB UCCIIEAOBAHUS U UX (POTODHUKCALIHS.

KommiiekcHsrii anamm3. [ KOMIUIEKCHOTO aHanu3a Oblia BeiOpaHa ynuua Makcuma ['opbkoro B T.
Tomcke, 