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TBHJ]OHSO.HH]JHOHHBIE MaTepHaJbl HA OCHOBE COJIOMbBI

Annoranng

PaccmoTtpensl mpobrieMa H COCTOAHHE CTPOHTETBCTBA COMOMEHHBIX JoMOB. B pabote
MOKA3aHa TEPCHEKTHBHOCT H  S(PEeKTHBHOCTL HCHONB30BAHHA CONOMBI B KaucCTBE
TEIOH3OIIIHOHHOTO ~ MaTepHaia ¢ TPHMEHEHHEM pa3THJHBIX  BHAOB  S(PeKTHBHBIX
cespyronmx BeniecTs. [IpuBoggrcs TpeGoBaHHA K COIOME KAK 3AIOMHHTETIO H K CBI3YIOITHM
BEMIECTBAM C TOYKH 3PEHHA SKCIUTYATATHOHHBIX H  (PYHKIHOHATBHBIX MOKa3aTeleH
COJIOMEHHBIX TEIUIOH3O/III[HOHHBIX OJIOKOB.

KaoueBble caoBa: coinoma, ko3(dpHIHSHT TEIUIONPOBOJHOCTH, COMIOMEHHBIC OJIOKH,
OPTaHO-HEOPTAHHUECKHE CRA3VIONIHE.

Beenenue

Bo3ssenenne J0MOB H3 COJIOMEHHBIX OOKOB SBIAETCS 3KOHOMHYECKH H TEXHHUYCCKH
T1eneco0OpasHBIM B CBI3H C MaJbIM YPOBHEM MATEPHANBHBIX 3aTPAT H TPOCTOH TEXHOIOTHEH
Bo3BeACHHS. 1IpH 5TOM He HCKITIOYAaeTCs MPOARTICHHE CAMBIX PA3HOOOPa3HBIX HHIHBHTYATBHBIX
TBOPYECKUX PEILICHUIH.

B mpaktHke CTpOHTENBCTBA JOMOB M3 CONIOMEHHBIX OJOKOB MOXKHO BBIJICTTHTH JIBa
OCHOBHBIX Moaxoga [1, 2]:

- TEpPBBIH — 3TO HMCOOIB3OBAHHE JOMOMHHTEIBHOTO HECYINETO Kapkaca W3 Jepera,
KOTOPBIH 3aM0JHACTCS COJIOMCHHBIMHE OJIOKaMH,

- BTOpOH TOAXOJ COCTOMT B TOM, YTO HECYIIIHE CTEHB BHIKIAABIBATOTCS
HEMOCPEACTBEHHO H3 COTTOMEHHBIX OITOKOB.

KauecTBo IpUMEHACMEIX COOMEHHBIX OJIOKOB H KOHKPETHBIC KIMMATHUCCKHE H JIPYTHE
VCTOBHS OTPENSIIOT BHIOOP TOH WM WHOH TEXHOIOTHH CTPOHTENIBCTBA, OMHAKO Hauboree
YACTO HCIOIL3YSTCH TEXHOIOIHS CO3AHHS HECYIIETO ASPEBIHHOIO KAPKACA C [OCISIYIOIIMM
3aTTOTHEHHEM €T0 TETUTOH3OMSITHOHHBIMH OJTOKAMH.

Ha ocHoBe comoMel moryr OBITH C YCIIEXOM IIOJIYYCHBI TEIUIOH3O/SIMHOHHBIE H
KOHCTPYKITHOHHO-TETUTOM3OISIIHOHHBIE  MAaTEPHAIBI, KOTOPHIE HE SBISIOTCS OCHOBHBIM
BIIEMEHTOM IIpH CTPOMTEIBCTBE 34AHHH M COOPY:KSHHIH, a HECYT TOIBKO OIpPEICI/ICHHBIC
TeIo3alMTHee (yHKUUH. MHOTOYHCICHHBIE SKCIIEPHMEHTBI IIOKa3aIH, 4To HauOomce
TOTXOATIHM CHIPHEM JITTSI H3TOTOBJICHHS TETUIOH3OMMOHHBX MaTepHanos ( THUM) apmsrores
JIMTHOLICUTFOJIO3HBIE CEJIbCKOXO3MHCTBCHHBIE OTXOJBL, IOJIYYEHHBIE IOC/IE YOOPKH YpOiKas:
KaMBITIL, TPOCTHHK, CTEONTH XTOMIATHHKA, BHHOTPATHAS J1032, TTETyXa XJTOTMKOBBIX CEMSTH, pHCa,
MOACOTHESYHHKA, COIOMA 371aKOBBRIX KYIBTYp [3-5].

Ha mpaxtike MoTyT OBITh PEaTH30BaHBI PA3THUHBEIE BAPHAHTHI TETUTOH3OISIIHOHHBIX
MATCPHAJIOB H3 COJIOMBL:

1. IlpoumeHeic MaTEL, CKPCIJIEHHBIE CTAIBHOM IIPOBNIOKOH;

2. IlpeccoBaHHbIE TUTHTH HA OCHOBE TIEpepaboTaHHOH BOTTOKHHCTOH COTTOMET,

3. IlpeccoBaHHbIC IUIMTEL U3 COJIOMBL B THOKAX;

4. IlpeccoBaHHbIE TUTHTH HA OCHOBE H3METBUECHHOH (PYOIEHOMH) COMOMBL.

IIpeccoBanHBIC IUHMTH Ha OCHOBS PYOJICHOH COJIOMBI C NPHMEHEHHEM CBS3VIOIIHX IO
CBOHM TEXHOMOTHYECKHM, HKCIUTYATAIHOHHBIM H TEXHHKO-KOHOMHUYSCKHM TTAPaMETPaM MOKHO
CUHTATH HAHOOJICE IIEPCIIEKTHBHEIMH B CPABHCHHH C IIPOIIHBHBIMA MAaTAMH H IUTHTAMH Ha OCHOBS
nepepaboTaHHOH TEPMHUYSCKUM HIH TCPMOXHMHYCCKHM ITYTSM BOJIOKHHCTOH COTOMEL.
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O0LeKTbI H MEeTOALI HecJaeq0BaHnii

B KkayccTBe OCHOBHBIX KOMIIOHCHTOB (HAIIOJIHMTCIIA H CBA3YIOINCIO) JUIA IIOIYYCHHSA
TETUTOH3OJISIIMHOHHBIX MaTEPHAIOB OBUTH HCIIOIB30BAHBL:

- pybrieHas conoma: uHHa BorokHa 30-50 MM, tuamMeTp 2-4 MM;

- KHMAKHE CTEKJIA — HH3KOMOJYJIBHBIE M  BBICOKOMOJYIBHBIE (KPEMHE3OIH),
IpPeACTABIONIME BOJHBIC pAacTBOPH CHIMKATOB HAaTpHA, OTIHYAIOIMECT BA3KOCTHIO,
CHJIMKAaTHBIM MOAYJIEM H COEPKaHHEM CYXOTO BEIECTBA H BOJHI [6].

PexyasTarel

IInoTHOCTE M MPOYHOCTH KOMIIO3HTOB Ha OCHOBE COJIOMBI H BBICOKOMOAYJIBHOTO CTEK/IA
TMPUBEAEHH Ha puc. 1, 2.
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Prc. 1. 3aBHCHMOCTH ITIOTHOCTH KOMIIO3HTOB Puc. 2. 3aBHCHMOCTH MPOYHOCTH TIPH CIKATHH
OT COACPKAHITA CBA3YIOMIETO KOMIIO3HUTOB OT COACPIKAHITA CEA3YVIOIICTO

M3 npeacTaBIeHHBIX JaHHBIX CIIEAYET, YTO C YBETHUEHHEM COAEPKaHHS CBAZVIONIETO (CO
100 mace. u crazyromiero Ha 100 mace. ¥ comomsl Ao 120-140 mace. 9) MIOTHOCTE KOMITO3HTOR
BospactaeT co 170-175 kr/m’ (mipm) g0 190-195 xr/a’. IlpH 3ToM B cTyuae HCTOMB30BAHHS
cemyiomere THma 1 (CHauHOM-30) 3aBHCHMOCTE TPOUYHOCTH TIPH CHKATHH KOMIIO3MTa OT
COJIEPPKAHHA CRAIVIONMIETO HOCHT BKCTpPEManbHEIM  xXapaktep: wMakcumyM (0,25 Mlla)
HaOmo aeted mpH 130 Mace. 4 cBs3yrolero. B ciayyae HCMOMb30BaHHS OHHAPHOTO CBSI3VIOIIETO
trna 2 (CamuHoM-30 + 20 Macc. 4 akpHIoBOH JHCTIEPCHH) MaKCHMaTbHOH mpodHocTeio (0,20
MlIa) xapaktepusyrorcs 00pasisl, coaepxanme 100-105 mMace. 4 CBA3VIONIETO.

HcnonbzopaHHe HU3KOMOAYIIBHBIX SKHAKHX CTEKOT B JIaHHOM  CIydae MeHee
5> CKTHBHO: MOIYYCHHBIC OOPasIbl XapaKTCpH3YIOTCH GONbIICH IIOTHOCTRIO (220 KI/M’) H
MCHBUICH BOJOCTOHKOCTBIO IIPH TOM KC 3HAUCHHH MCXaHHUYCCKOH IIPOYHOCTH.

B kayecTBe ONTHMAIBHBIX COCTABOB HAMH OBUIM BBIODAHBI COCTABBl CBS3YIOILMX,
0071aa10IHE OTHOCHTE/IPHO HEBBICOKOH IUIOTHOCTBIO, BBICOKOH IIPOYHOCTHIO H MHHHMAaJIbHBIM
BOJONOIJIOLCHHEM.

B T1abn. 1 npuBecHBl XapaKTepHCTHKH pPa3palOTaHHBIX KOMIIO3HTOB ONTHMAIBHBIX
COCTaBOB H TOP(OIUIHT, pACCMAaTPHBACMBIX B KAUCCTBE aHAJIOTA.

Tatnura 1
Croiicrea THM Ha ocHoBe c0JI0MBI H TOP$ONIIHT
Crsiayioniee
Caolictea Crmimon30 CrmpHoM-30+ Topdomnmura
AKPHIIOBAs TUCTIEPCHS

[[NOTHOCTE, KT/M 190 170 170-220
KoadhdummeHT TemonpoponsocTi, Briv "C 0,052 0,048 0,056-0,075
ITpounocts mpu caxkatuw, Mlla 0,24 0,22 0,1-0,5
[Ipounocts npu m3rude, Mlla 0,27 0,17 0,3
Bopomornomienme, % 3a 24 gaca 17,0 14,0 170
CopbIIioHHOe VBIaxkHeHNe, %o 3a 24 yaca 2.8 2,2 12
Toprouects Heroprounii Toprounit
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[lo cpapHeHHIO ¢ TOPQOMTHTAMH TOTYYCHHBIE MATEPHAIBI HAa OCHOBE COJIOMBI H
BBICOKOMOJIYJIBHOTO CTEKIA IIPH TOM JKE YPOBHE MPOYHOCTHBIX XapaKICPHCTHK OONAJaioT
3HAYUTENBHO OONBIICH BOJOCTOMKOCTHIO (BoJONOITIONICHHE MeHbIie B 10-12 pa3) wu
OTHECTOHKOCTBIO (SBIISIOTCS HETOPIOUHMH MAaTEPHATIAMH B OTTHYHE OT TOPPOTUTHT).

Ecrmu cpasuuBaTh pazpaboTaHHBIE MaTepHAIEL ¢ (PHOpOIHTOM H apOOIHTOM, TO CIEAYET
OTMETHTh 3HAYHTETBHO O0J€e BBICOKVIO IUIOTHOCTh W TETUTONMPOBOTHOCTh  TTOCTICAHHX
(wiotHocts o1 400 Kr/m’, Koodurment Ttemmonposogmoctd — or 0,08 Br/m°C), uro
CBHJIETENTLCTBYET 00 WX MEHBIEH Temmon3onamuoHHoi sddektupHocTH. Kpome ToTO,
BOJIOIOTTIONICHHE 32 24 yaca apGomuTa U pudpormuTa cocraBiseT 35-85 % mo macce.

H: npopeaéHHoro aHajM3sa MOMKHO CJAC/HATh BBIBOJ, © BBICOKOH TEXHHYECKOMH
5(PEKTHBHOCTH MOTYUEHHEIX KOMMO3HTOB (MO0 OCHOBHBIM HKCIUTYaTAHOHHO-TEXHHYECKHM
XapaKTePHCTHKAM ) HAJl CYLIECTBYIOIMMY HA PHIHKS MATEPHAIAMHU aHAJIOTHYHOI'O CTPOSHHS.

3HaYHTENBHEIH BKITAJ] B ONTHMH3AIHIO CTPYKTYPH H CBOHCTE HCCHETYEMBIX KOMIIOZHTOR
BHOCAT [ApaMETPhl HANOJHHTSIA, B JAaHHOM CiIydac, pyOJNIcHOH CONMOMBI, Kak
KapkacooOpa3syioniero sneMenTa. MexaHHYecKHe MoKa3aTeMH TeTIOH30IIITHOHHOTO MAaTepHATA
B OCHOBHOM OIIPSACIBIOTCA AAIS3HOHHOH [IPOUHOCTBIO B CHCTEME «CBI3YIOIIEE — COJIOMEHHBIH
HATIOITHHTETTh».

[losToMy mamee HaMH OBITO H3YVUCHO BITHSHHE (PPAKIHOHHOTO COCTaBa PYOICHOH
COJIOMBI ~ Ha  IPOLECCHl  CIPYKTYpooOpa3oBaHHS H  KOMIDIEKC  XapaKTEPHCTHK
TEMIOH3MIIHOHHOTO MaTEPHATIA.

JU1s poBeJCHHS CPAaBHHTC/IBHOIC aHA/M3a OBUTH BHIOpPAaHBI OOpa3Lbl ¢ OJAHHAKOBOH
MMOTHOCTRIO. (JKazariochk, YTo JTHHA COTOMEHHOTO HATIOMTHUTENA (BapbupoRamachk oT 20 go 50 Mm)
BIHMACT HAa CBOHCTBA IIONIYYCHHBIX KOMIIO3MTOB: HaO/mMOJAIOTCA JHHEHHBIE 3aBHCHMOCTH
VBEITHYCHUS MEXAHWYECKOH TPOYHOCTH M CHIDKEHHA BOJOMOTIIONICHHS 00pasioB TpH
VBEIHYCHHH IHHBE HATOTHHUTENS. B CBS3M C 3THM B TETSX VIIVYINICHHS CBOWCTR IUTHT B
TEXHOJIOTHH I10ci1e poOIeHHUS COTOMBI He0OX0JUMO [IPEAYCMOTPETh YAAJICHHE (PPaKIUH MEHES
20 MM TTyTeM MEXAHHYECKOTO OTCERA.

C yu€ToM pe3yiIbTaToB SKCHEPHMEHTAIBHBIX HCCIICAOBAHUH [IPEJIOKSHEL 1BA BAPHAHTA
TEXHOIOTHYECKHX ~pekuMor  miroTornenust THM Ha ocHoBe pyOneHoH CcolMOMBI  H
HEOPTaHHYCSCKOTO CBA3YIOMETo [7]:

- 1 BapHaHT — KoHBeHepHasl JTHHHS, TJle KOBEp HETPEpPHIBHO VKIAABIBACTCS Ha JICHTY,
TPOXOTHT TETIOBYIO 00pabOTKY B TYHHETBHOH KAMEPE H PEMKETCS Ha TUTHTHI TpeGyeMOoTo pazMepa;

- 2 BapHaHT — arperaTHO-MOTOYHAS JHHASA. CHIpheBas Macca yKIaJpBacTcs B (POPMBL ¢
(PHKCHPYEMBIMH KPBITITKAMH, KOTOPHIE TIONAIOTCS B CYNIHIBHYIO KAMEPY HITH Ha MHOTO3TaXKHBIH
Ipecc TOPAYEIO THIA, II0 OKOHYAHHH IIpolecca TEIIOBOH 00paloTKH NPOH3BOJUTCS
pacmamyOka TOTOBBIX M3IETHH, YHCTKa H TMOATOTOBKa dopM | mporece mopTopseTes. JanHas
TCXHOJIOTHS HaHOOJIEE MPOcTa B  H3TOTOBJICHHH, OOCIY/KHBAaHHH H MOMKET IOJIYUHTD
HauOOIBIIIEe PACTIPOCTPAHEHHE HA MAITBIX TIPS TTPHSITHSIX.

B rtabGnune 2 mpenctaBiicH CpAaBHHTCIIBHBIH AHAIW3 CBOMCTB pa3paboTaHHBIX IUTHT HA
OCHOBS pYOJICHOH COJIOMBl H HEOPTAaHHYECKOTO CBM3YIOIIETO H MHHEPAIOBATHBIX IUIHT
TMOBBIIIEHHOH KecTkocTH. llo TokazaTemsM TAOTHOCTH M TEIIONPOBOAHOCTH MAaTEPHAITEL,
IpUBC/CHHBIE B TaOnHIE, OIH3KH, OJHAKO PazpabOTAHHBIC MATEPHAJBI OT/IHYaroTcs B 1,5-2
pa3a MEHBITHM BOJOTOTTIONIEHHEM H OONBINCH TpPOYHOCTRIO Ha cxkaThe TipH 10 %o-Hoi
JAehopManHy (Iociic COpOMHOHHOTO VBIasKHEHH). TaK, BOJOIOIVIONICHHE 0 Macce 3a 24 yaca
JUIA TITHT Ha OCHOBE COJIOMBI M KHIKOCTEKOIEHOTO CBA3VIONIETO He mperbimaet 17 %, a mpis
MHHEPAIOBATHBIX IUTHT MOBBIIICHHOH KECTKOCTH cocTapipieT He Oosee 30 %o.

Tabnmma 2
XapakTepHCTHKH pa3padoTAHHBIX TeNIOH3OIALUHOHHBIX INTHT
H MHHEPAJIOBATHBIX ITHT NOBBILICHHOH 5KeCTKOCTH
[TpoUHOCTD Ha CKaTHe Koadhprrment
[110THOCTD, .
Martepuan PN npu 10%-noii nedopmanu, Mlla TEIUIOPOBOAHOCTI
(mmocrne copOLHOHHOIO YBIAKHEHIA) npu 25°C, Brym ' C
[Tmita 13 pybmeHoil comoMBI
H KHIKOCTEKOIBHOTO 200 He menee 0,35 (0,30) He Homee 0,052
CBA3YIOIIEro
MuHepanopaTHAS TIH Ta 200 £25 ne menee 0,1 (0,08) He Homee 0,052
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JakaueHne

M3pecTHhIC  TEIVIOH30/EIHOHHO-KOHCTPYKIHOHHBIC MAaTCPHAJIbl  AHAJIOTHYHOIO  CTPOCHHA
3HAYMTEFHO ~ YCTYIAIOT — pa3paGoOTaHHBIM 1O TEIUIO3ANUTHBIM  XapaKTepPHCTHKAM  H
THIPOCKOIIHYHOCTH. Byayud TpyJHOTOPIOYHMH, JOCTATOYHO BOJOCTOHKHMH, OTHOCHTC/ILHO
TPOYHBIMH H, B TO JKe BpeMs, ¢ SPDEKTHBHBIMH TETUTOH3HPYIOIHMHE CBOHCTBAMH pa3paboTaHHBIC
MATCPHAIIBI MOTI'YT ObITh PEKOMEHIOBAHBI K IIPHMCHCHHIO UL TCIUIOH30/BILIHH 3/ HHH.
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Heat-insulating materials on the basis of straw

Resume

Straw bale house building is a perspective technique. First of all it is connected with the
low level of construction costs and the simplicity of construction.

In practice various variants of heat-insulating materials from straw can be implemented:

1. stitched mats, fixed with a steel wire;

2. pressed slabs on the basis of recycled fibrous straw,

3. pressed slabs from bales of straw;

4. pressed slabs on the basis of chopped straw.

Pressed slabs on the basis of chopped straw with the use of binders, according to their
technological, exploitative, technical and economic indicators, are considered to be the most
promising in comparison with the stitched mats and slabs, made on the basis of processed
thermal and thermo-chemical way of fibrous straw.

As the binder in heat insulating materials was analyzed liquid glass and «silica sol» —
highly modular liquid glass, that differs from each other by viscosity, silicate module and a dry
matter content.

On the basis of the obtained experimental data various variants of the production
technology of heat-insulating slabs on the basis of chopped straw and liquid glass as a binder
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are worked out. First variant is the conveyor line, where the carpet continuously fit on the tape,
passes thermal processing in the tunnel camera and is cut on the slabs of the desired size.
Second variant is the aggregate-production line. The raw material mass is fitted in the form with
fixed lids, which are served in the kiln or to a multi-press hot type. At the end of the process of
thermal treatment strip of finished products cleaning and preparation of forms is performed, and
the process is repeated. This technology is the simplest in manufacturing, service and can be the
most widespread way in small enterprises.

For technical specifications, the boards of chopped straw close to the boards of the
increased rigidity of mineral cotton wool, but they surpass them on durability, water resistance,
sanitary-and-hygienic indicators.

Being fire resistant substance, enough water resistant, relatively stable and, at the same
time, with effective insulation characteristics, developed materials can be recommended for
application for thermal insulation of buildings.

Keywords: straw, thermal conductivity, straw bales, organic and non-organic binders.
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