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BbICOKOJ®DEKTMUBHDBIE TENJION30NALUUOHHBLIE
MNNTbI ANd OrPAXXAAKOLWNX KOHCTPYKUUN 30AHUN

HIGH-PERFORMANCE INSULATING PANELS FOR
FENCING CONSTRUCTIONS OF BUILDINGS

AHHOTALUA

TIpugedensvt 06sembl HO YPONUCAUHOCMU COAOMbL 31AKOBBIX KYALIMYP U KOCHDbL
AbHA. Buinoanen cpagHumenvHulii AHAAU3 OCHOBHBIX (PUUKO-MEXAHUYECKUX Xa-
DPAKMePUCmuK menaou30NAUyUOHHbIX MAMePUano8 Ha OCHOBe COAOMbl U KOCMPbl
AvHa. Paccmompenvl pe3yasmamot 21eKmMpoHHOI MUKPOCKORUU PICAHOU COA0MbL U
/bHA, N0360AAI0UWUe 006ACHUMb NOAYYEHHble NOKA3amenl (U3UKO-MeXAHUeCKUX
XapaKkmepucmuk KocmpocoioMeHHbIX naum. Jggexmuerocms npumerenus Ko-
CMPOCONOMEHHBIX MENAOU30AAYUOHHBIX NAUM NOKA3AHA HA Npumepe HAMYPHbIX
UCNbIMAHUL HAPYICHO20 CMEH08020 02PAJNCOCHUs C GEHMUAUPYEMOT CUCMEMO]
ymenaenus. [Ipedcmaenen pacuem 61a3CHOCHHOZ0 PENCUMA HAPYICHOO CEHOB020
02padCcOeHUs ¢ BeHMUAUPYEMOTl CUCIEMOIl ymenaeHUsl 8 CAYUOHAPHbIX YCAOBUSIX.

ABSTRACT

The paper presents the volume of the yield of grain crops straw and flax
shive and comparative analysis of the main physical and mechanical properties of
thermal insulation materials based on straw and flax shive. The results of electron
microscopy of rye straw and flax allowing to explain the obtained indices of physical
and mechanical characteristics of straw-boon slabs are examined. The effectiveness
of thermal insulation straw-boon slabs was demonstrated through full-scale testing
of the outer wall fence with a ventilated insulation system. The article provides a
calculation of outer wall fence humidity conditions with a ventilated insulation
system under stationary conditions.

BBEAEHUE

B Hacrostimee BpPEMs B CTpaHax EBpOHbI u B Poccun YIaCIACTCA IOBBIIICH-
HO€ BHUMAaHUCE TCITJION30JIALIMOHHBIM MaT€purajaM Ha OCHOBE PaCTUTCJIbHBIX
OTXOJIOB CEJIbCKOT0 XO3SMCTBA, YTO O6YC.J'IOBJTCHO 9KOJIOTMYECKOM YUCTOTOMN
oJIy4acMbIX YTenﬂﬂTeﬂeﬁ 1 BO30OHOBJISIEMOCTHIO CBIPLEBBIX PECYPCOB.

76



B benapycu cojioMa 371aKOBbIX KYJIBTYP PXXH, MIIEHUIIbI, OBCA U TUMEHS
SIBJISIETCS. MHOTOTOHHAXHBIM OTXOAOM IPOU3BOJACTBEHHOU NesATEIbHOCTH
CeJIbCKOX03SICTBEHHOTO KoMmIieKca. CojloMa IpencTaBisieT co0oli cyxue
cTe0JIM 3/1aKOBbIX 3€PHOBBIX KYJbTYpP, OCTalOIIMECS MOcae oOMoJIoTa, a
Takke cTeOJIM JIbHA U JPYTUX PACTEHUI, OCBOOOXIEHHBIE OT JIUCTHEB, CO-
LIBETUIA, CEMSH.

bBonblias yacTh COJIOMBI B pyJIOHaX WM TIOKaX C MOJIEN 1OCTaBJISETCS HA
KMBOTHOBOJYECKHE (PEPMBbI, TIe CKIaIUPYETCsl B CKUPAAX U UCTIOJNb3YETCS B
JAJbHEWIIeM JJIS1 CKapMJIMBAaHUS WX MOACTUIKM cKOTy. Kak mokasbiBaer
MpaKTHKa, 1U3-3a OONBIINX 00beMOB MPoU3BoACTBa, 10 40—50 % comoMbl
MPOCTO HE UCTOJIb3YETCS U CTHUBAET B CKUPAAX MO OTKPHITHIM HEOOM Ha
MOJISIX UJIM Ha TEPPUTOPUSIX KMBOTHOBOIYECKUX KOMIIJIEKCOB.

OCHOBBIBAsICh Ha TAHHBIX MO YPOXANHOCTU 36pHOBBIX KYJIBTYD (MYHKT
15.1.17) [1, c. 333] u MeTOAMKY pacyeTa ypoxXaliHOCTU COJOMHI [2, ¢. 215], B
tabaue 1 mpuBeneHbl MoKa3aTean ypokKahHOCTU COJIOMbI 371aKOBbBIX KYJIBTYP
Ha Tepputopun Pecnyonuku benapyce.

Tabauuya 1

YpOXXarHOCTb COJIOMbI 31aKOBbIX KYJIbTYP

3nakopas | YPOXKAAHOCTH COJIOMBI 37IAKOBBIX KYJIBTYP 1O FOJaM, ThICSY TOHH
KyJsTypa | 2000 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012

Poxs 1648,4 | 1404,8 | 1298,9 | 1590,8 | 1798,6 | 1492,7 | 903,9 | 987,8 | 1321,5

MMennna 976,3 | 1184,1 | 1085,7 | 1407,1 | 2053,7 | 1989,5 | 1765,8 | 2214,4 | 2577,6

Aumenn 1118,7 | 1510,5 | 1465,3 | 1550,4 | 1779 | 1720,6 | 1597,5 | 1654,3 | 1552,1

Osec 504,5 | 617,1 | 563,3 | 594,9 | 609,7 | 559,5 | 454,5 | 473,1 | 431,5

Exeromno Ha npHO3aBogax ButeOckoii obmacTu o6pasyeTcs OKOJIO
45 TBIC. TOHH OTXOMAOB JiIbHOMNEpepaboTKU. Tak, TOJBKO IO JaHHBIM 00b-
enuHeHuss OAO «ButeO6ckoO/1IeH» KOCTpa JIbHA COCTaBIISIET 25 THIC. TOHH,
13 HUX 4 THIC. TOHH MJET Ha U3TOTOBJICHNE TOIJIUBHBLIX OpUKETOB, 17 THIC.
TOHH NOTPeOJISIIOT Ha COOCTBEHHBIE HYXIbI KOTEJbHBIE JTbHO3aBOJOB, U3
OCTaBIIMXCS 4 THIC. TOHH OKOJIO 1 THIC. TOHH MCIIOJb3yeTCsS B Ka4eCTBE
OpraHMYecKuX yaoopeHuii B mouBy. Kak rmokasbiBaeT IpOBEeAeHHBIN 110
JIbHO3aBOAaM MOHUTOPUHT, He yTUJIM3UPOBaHHAsI KOCTpa THUET B OTBajIax
Ha TEPPUTOPUSIX TIPEATIPUITHUIA.

Oo6pasyromuecs 00beMbl COJIOMBI 3JIAKOBBIX KYJIBTYD, a TAKXe KOCTPHI
JIbHA, OTCYTCTBUE TEXHOJIOTUH, TIO3BOJISIOIIMX ITOTHOCTHIO U PALlIOHABHO
MIPUMEHSTH MOJy4aeMble ChIPbEBBIC OTXO/bI, YKa3bIBAIOT Ha HEOOXOIMMOCTD
MOMCKa ONTHUMAaJbHOIO pelleHUs M0 YTUJIN3all K.
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AHanu3 3KCNepUMEHTaNbHBIX PAOOT MO UCCIEAOBAHUIO TEMJIOU30I5-
LIMOHHBIX MaTepuayioB MOATBEePXKAaeT MePCIeKTUBHOCTb U aKTyaJlbHOCTb
MPUMEHEHUST OTXOJ0B PaCTEHUEBOACTBA B KAYeCTBE 3aMOJHUTENs B MPO-
M3BOACTBE TEIJIOU3ONSIIIMOHHBIX MJIUT ¢ JOCTUXEHUEM MaKCHUMaJlbHOTO
3KOHOMMYECKOTO0 3¢ ekTa mpu obecIeueHUM SKOJIOTMIECKOI 6e30ITacHOCTI
IUJIs OKpYy>Kalolleil cpeabl U YeJoBeKa.

AHanu3 OCHOBHbIX (bVISI/IKO-MexaHVI'-IeCKVIX
XapaKTepucTuk Tenyion3onsaumMoHHbIX maTepuanoB Ha
OCHOB€ COJIOMbl U KOCTpPbI NIbHa

B npoBoaMMBIX MCCIeIOBAaHUSAX UCIOJIb30BaJU COJIOMY 3J1aKOBBIX
KYJIBTYD, BbIpallleHHbIX Ha moceBHbIX miomaasax OAO «Kuxosa», CITK
«Kymmukns» [onoukoro paitona, OAO «[IpynrHku», KYCXII «KoxaHoBu4u»
BepxHenBUHCKOTO paiioHa ¥ KOCTpPY JIbHA, oJlyyaeMmyto Ha [locTaBckoM n
BepxnenBuHCcKOM JIbHO3aBomax Buredckoii obmacTu.

OCHOBHBIE (PM3MKO-MeXaHNYECKUE XapaKTEPUCTUKHU TEIJION30ISIIIH-
OHHBIX MaTepUaJIOB Ha OCHOBE COJIOMBI 3IaKOBLIX KYJIBTYP U KOCTPHI JIbHA
MpuBeIeHbI B Tabnule 2. B KauecTBe BSXXYIIEro UCMOJAb30BaIl HATPUEBOE
KMIKOE CTEKJIO, JaTekc U aMmyabcuio ITBA B konuuecTBe 1,4 Macc.a. mo
cyxoMy BeulecTBy. [laBieHue opmoBaHus 00pa3ioB coctapisuio 0,03 MIla.

[Mony4yeHHbIe PU3MKO-MEXaHMYECKHE TTOKA3aTeIM COCTaBOB 3, 5 Ha Oc-
HOBE MIIEHUYHOI COJIOMBI X KOCTPHI JIbHA MOATBEPXKIAIOTCS pe3yabTaTaMu,
MpUBeIeHHBIMU B paboTtax [3, c. 77; 4, c. 48].

Cpeau uccienyeMblX MaTeprasoB U3 COJIOMBI 3J1aKOBBIX KYJIbTYp (CO-
craBbl 1—4) 00pa3ibl Ha OCHOBE APOOJIEHOI pPXKaHOM COJIOMBI (cocTaB 1)
00J1a1al0T OJHUMU U3 JYUYIIUX (PU3UKO-MEXaHUUYECKUX XapaKTEPUCTUK.
[Tpu nmpakTUYeCcKU paBHBIX 3HAYEHUSIX TJIOTHOCTU M KO3 hUIIMEHTA TEI0-
IIPOBOTHOCTH, TTOKa3aTeNlb IIPOYHOCTH Ha cxkatue Tipu 10 % nedopmanmu
cocTaBa 1 mpeBbIIIAeT 3HAUEHUS cOCTaBOB 2—4 Ha 17—30 %, a 1o mpoYHOCTH
Ha u3rub — Ha 26—41 %, 4T0 00BICHIETCS OOJBIIEH «KEeCTKOCTBIO» CTeOIei
P>KaHOM COJIOMBI.

Tenon3onsILIMOHHBI MaTepual Ha OCHOBE KOCTpbI JibHA (COCTaB J)
XapaKTepu3yeTcs HauJIyYIIMMU IToKa3aTeIMU IIPOYHOCTH Ha CXaTue Mpu
10 % nedopmaniuu u K03(GEGHULIMEHTOM TEIIONPOBOIHOCTH 110 OTHOIIEH IO
K coctaBaM 1—4. BeanunHa nmpoyHocTH Ha cxarue mpu 10 % nedopmanuu
MaTepualia coctaBa 5 6onblire Ha 37—78 %, a K03 PULIMEHT TEJIOMPOBO-
JTHOCTH MeHbIIIe 3HaueHU i cocTaBoB 1—4 Ha 4—14 %. [1pu 3TOM IMoKa3aTeb
MIPOYHOCTH Ha M3rM6 MaTeprajia Ha OCHOBE KOCTPHI JIbHA yCTyIaeT Ha 5—24 %
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AHAJIOTUYHOMY TOKa3aTesllo MaTepuasoB Ha OCHOBE COJIOMbI 3J1aKOBBIX
KYJIbTYp (cOCTaBhl 1, 3) M peBBIIAeT 3HaUeHUS cocTaBoB 2 1 4 Ha 3—7%.

®dU3nKO-MexaHUYeCKne XapaKTepUCTUKU

Tabauuya 2

Tenaon3onaunoHHbIX MmaTepuasoB Ha OCHOBE OTXO40B

pacTeHneBoAcCTBa
CocraB Du3NKO-MeXaHUIECKHE XapAKTePUCTHKH
MPOYHOCTb npenae K03 punu-
N . IIOT- | HACXKATHE | MPOYHOCTH | EHT Temlo-
H/M| sanommmTens ee’ HocTh, | mnpu 10 % TIpH U3- NPOBOIHO-
a Kr/m? nedopma- rude, cTH,
mun, MIla MIla Br/(mM:°C)
1 |Pxanasicomoma | XPHKOC 1 95 0,35 0,82 0,059
CTEKJIIO
y |uvennan KMIKOE | 5 0,27 0,58 0,063
coJioMa CTEKIIO
3 nHJCHI/IqHaﬂ KNOKOE 220 0,3 0,65 0,056
coJioMa CTEKJIIO
4 |OscsHast conoma | XMAKOC 1 90 0,27 0,6 0,058
CTEKJIIO
5 | Koctpa sibHa KULKOE | 53 0,48 0,62 0,054
CTEKIIO0
6 PxxaHas conoma KUOKOE 225 0,6 0’95 0,049
1 KOCTpa JibHa CTEKJIIO
7 |Pwanasconoma | .0 230 0,64 1,03 0,057
M KOCTpa JIbHa
3 PxaHasi conmoma | aMyJIbCcHst 225 0,65 1.0 0,058
¥ KOCTpa JIbHA ITIBA

B coctaBax 6—8 pxxaHylo COJIOMY BBOAMJIN KaK KPYITHBIN 3aITOTHUTENb,
a KOCTpa JibHa ABJIsIach MEJIKUM 3anojHuTeaeM. CoOTHOIIeHUE KPYITHOTO
Y MEJIKOTO 3alOoJIHUTENIeH B CMECH 110 Macce MpMHKUMau paBHbIM 7:3. Hc-
MOJIb30BAJIM PXKaHYIO COJIOMY ¢ IJIMHOI TpyOOK He 6oiee 80 MM, pakLus
KOCTpBI JIbHA COCTaBJsLIa He OoJiee 15 MM.

[MpuMeHeHMEe KOMIIO3UTHOTO 3aMOJTHUTES MO3BOISET YAYUYIIUTD DU-
3UKO-MEeXaHMYeCKHUE XapaKTePUCTUKU TEIIOM30JSIIMOHHBIX MaTepraoB
(cocTaBBl 6—8) MO OTHOIIEHUIO K COCTaBaM 1—5 ¢ OMHOKOMITOHEHTHBIMHU
3aMOJIHUTEISIMU. B KauecTBe BSXKYIIEro HauOOIbIINI NHTEpeC BhI3bIBACT
MpUMEHEeHUe XUIKOro cTekaa. Kak u3BecTHO, B OTIIMYME OT JJaTeKca U IUC-
nepcun [1BA ucnonb3oBaHMe XKMAKOTO CTEKJA CYIIECTBEHHO MOBHIIIAET
OTHECTOMKOCTh MaTepHaoB [5, c. 72]; 3TO CBOMCTBO OyIeT MPOSBISTLCA U
JUJISI TOPIOUMX 3aMOJTHUTENEH U3 IpoOJIeHOM COMOMBI U KOCTpPHI JbHa. [Ipn
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3TOM, U3 TAaHHBIX TAOJUIIE 2 CJIEYeT, YTO TIOKAa3aTeIM COCTaBa 6 U3 cMecH
P>KaHOM COJIOMBI C KOCTPOI#i JIbHA Ha XKUIKOM CTEKJIe TIPEBHIIIAIOT 3HAUCHU ST
cocTaBoB 1,5 o mpoyHocTH Ha cxatue ripu 10 % necdopmanum Ha 251 71 %,
IO TIpe/ieNTy TIPOYHOCTH TIpU U3rnde — Ha 53 1 16 % 1 nMeroT 6oJiee HU3KUIA
Ha 9 u 17 % Kod(pOUIIMEHT TEeIIOMPOBOTHOCTH COOTBETCTBEHHO. TakuM
00pa3oM, YTETUIMTETM Ha OCHOBE CMECH PXaHOM COJIOMBI C KOCTPOIA JIbHA
(coctaBbl 6—8) cremyeT cuuTaTh 6ojice 3PHEKTUBHBIMU 110 CPABHEHUIO C
TEIUTOU30IALIMOHHBIMUY MaTepraaMy Ha OCHOBE COJIOMEBI 3JTAKOBBIX KYJIBTYP
WUJIM KOCTPHI JibHA (cocTaBbl 1-5).

[TonydeHHBIE pe3yIbTaThl UCCIEIOBAHMI TO3BOISTIOT TIPOrHO3MPOBATh
BO3MOXHOCTb ITOJTYYEHH I BBICOKOA(D(PEKTUBHBIX TETUIOM30 I IIMOHHBIX ILTAT
Ha OCHOBE PXKaHOM COJOMBI, KOCTPBI JIbHA W KUIKOTO CTEKJIA.

Pe3ynbTaTbl aNeKTPOHHOW MUKPOCKONUM

C LeAbl0 YCTAaHOBJIEHUS BO3MOXHBIX (haKTOPOB, 00yCAaBAUBAOLIUX
(bu3MKo-MexaHNUYeCK1e XapaKTEPUCTUKHU TETION30JISILIMOHHBIX KOCTPOCO-
JIOMEHHBIX TIJIUT, U3yYeHa MUKPOCTPYKTYpa COJIOMBI PXU U JIbHA C PUMe-
HEHUEM 3JIeKTPOHHOI MUKPOCKONUHU. B npoliecce nccaeqoBaHms MoayyeHbl
“300pakeHus ToMepeYHbIX CPe30B BBICYLIEHHBIX CTE0EN COJOMbBI PXHU U
JIbHA (pUCyHKH 1, 2).

é:!‘
G e

PucyHok 1. ®parmeHT nonepe4Horo PucyHok 2. ®parmMeHT nonepeyvHoro
cpesa cTebns 03UMON PXu Npy yBenu- cpesa cTebns nbHa Npu ysenmyeHnm
YyeHuun 200 kpaT 200 kpar

ITo popme cTeban pxXu MPeAcTaBIsSIOT COO0H MYCTOTENbINA HUAUHAP C
JMaMETPOM BHYTPEHHEH MOJI0CTH, 3HAYUTEIHHO MPEBBIIIAIOIIAM TOJIIUHY
cteHKU. CTeHKa CTeOJIsT pxXU IIPEACTaBIISIET COO0I TYCTYIO CeTh MPOIOJbHBIX
KanUuJJISIPOB ¢ KPYTIJIOW, OBaJbHOM, reKCaroHaJbHOM U HEOINPEACIEHHOM
(bopmoii monepeyHoro ceueHus1 (pUCyHoK 1).

ITno1mans NycTOT HAa MONEPEYHOM CEYEHUM CTEOJIsT pxKU MOXHO Olie-
HUTh KaK 3HAYMTEJbHO MPEBBIIIAIONIYIO MIOLIAaAb MEXKAaIUIISIPHOTO
MPOCTPaHCTBA.
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N3yueHue nomnepevHoro cpesa 006pa3oB COJOMbI TO3BOJIMIIO YCTAHOBUTD
JIB€ YETKO Pa3IMUMUMBbIE CTPYKTYPHBIC 00JIACTH CTPOSHU S KAaITUJLISIPOB CTEOIs.
BHyTpeHHS1s1 001aCTh € MOMEPEYHBIM pa3MepoM KanuaspoB 40—90 MkM,
pasieeHHBbIX TOHKUMU MPO3PAaYHbIMU MEPEropogKaMy TOJLIMHON MeHee
0,5 MM, coctaBnsieT 50—60 % ot Bcero 06beMa CTPYKTYPbl CTEHKHU CTEOJIs1
1 HAITOMUHAET TI0 CTPOCHMIO ITYETUHBIC COTHI.

B momepeyHOM ceYeHWM BHEUTHAS 00JAacTh MpeacTaBlicHa Kalus-
pamMu pa3mepoM 5—40 MKM ¢ ImeperopoaKaMy TONIIWHOK 0KoJio 1—3 MKM
1 3aHMMaeT o0beM, paBHBIN 40—50 %. CTe6Genb COJOMBI, KaK ¢ BHEIIHEI,
TaK M C BHYTPEHHEN CTOPOHBI, UMEET 000JIOUKH, 3aLIMILAI0II e BHELITHIOO
Y BHYTPEHHIOI CTPYKTYPHEIE 00JIACTY OT MOBPEXICHUI 1 pa3pyIlleHUs.

B cnydae ¢hopMOBaHMS TIJIUT U3 OJHOM COJIOMBI CTEHKU CTebJIei pXu
MOABEPTaloTCs 3HAYNTETbHBIM Ae(POpPMaIIHIM, TIPUBOASIIINM K pa3pyIICHIIO
KaIVJUIIPHON CTPYKTYPBI IMIMHApa cTeOIIsI pXXu. B pesynbraTe nedopmammi
cTe6J1s1 00pa3yIoTCsl pa3pbIBbl CTPYKTYPHI BO BHEIIHEH 00JIaCTH, U MTPOKC-
XOIMUT CMSITHE KaNUJLISIPOB BHYTPEHHEN 001aCTU, O YeM CBUAETEIbCTBYIOT
Pe3yIbTATH 3JICKTPOHHOW MUKPOCKOITUY, TIPUBEICHHOM Ha pUCYHKE 3.

PucyHok 3. ®parmMeHT nonepe4Horo
cpesa [ethopMMpOBaHHOro cTebns
03UMOW PXu Npu ysenuyeHnn 200 kpaT

[TonyyeHHbIe OBpeXIeHUsT cTeOIell CoMOMbI B mpoliecce (hOPMOBKU
COJIOMEHHBIX TJIMT OKa3bIBAIOT CYyLIECTBEHHOE BIAMSHUE HAa CHUXKEHME
(bu3MKO-MexaHUUECKUX XapaKTePUCTUK YTEIIUTEIS.

[TonyyeHHbIE TAHHBIE CBUAECTENLCTBYIOT O TOM, YTO HAUOOIbLIIEE BAUSIHUE
Ha TETUIOU30JISIIIMOHHbIE CBOMCTBA PXKaHOI COJIOMBI OKa3biBaeT 3 (PeKTUBHOE
SIYEUCTOE CTPOCHME KaIlMJIISIPOB BHYTPEeHHEH 001acTu cTe0J1s, 011M3Koe 1o
CTPOCHUIO CO CTPYKTY POl TIEHOIIOIMCTHPOJIA, MMEIOIIETO STUYSHKY pa3MepoM
80—150 MKM ¢ TOJIIIIMHOMH Teperoponok 1—-2 Mxwm |6, c. 17].

Mukpockonuyeckue ucciaenoBaHusl MOMEPEUYHOro cpesa cTedsl JbHa
(pUCYHOK 2) TIO3BOJIMJIM YCTAHOBUTh HAJIM4YME KANIUJLISIPHON CTPYKTYPHI,
AQHAJIOTUYHON CTPOCHUIO CTEOIST PKM, OMHAKO IPU 3TOM HMMEIOIIeH CBON
0COOEHHOCTH.
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BHYTpeHHSST KanmujsgpHas o0J1acTh cocTaBisgeT okoio 15-20 % or
o0111ero 00beMa CTPYKTYPhI CTeOJIs AbHA. [1Ipy 9TOM OTCYTCTBYET BHYTPEHHSAS
3allMTHas 000JI04Ka B cTebJjie JbHA. B momepeyHoM ceueHuM Kamuisaphbl
pasmepoM 30—70 MKM UMEIOT TaKyI0 Xe (hopMy, KaK y p>KaHOH COJOMBI.

CrenyeT OTMETUTD, YTO B MpPOLIECCE TEXHOJIOTMUYECKOW omnepauuu Mo
OTIEJICHUIO BOJIOKHA TPOUCXOAUT pa3pyllieHe CTEHKHU CTeOJIsI IbHA Ha OT-
JeNbHbIe (DparMEHTHI, B Pe3yJIbTaTe Yero MoJyJaloT KOCcTpy JibHa. Ha maHHOM
TEXHOJIOTMYECKOM 3TaIle MPOU3BOACTBA BHYTPEHHSIST 00J1aCTh CTEHKU CTEOIIS
MPakKTUYeCKU MOJHOCThIO pa3pyliaeTcs, a MePeropoiaku COXpaHUBIICHCS
YacTu KaluJaspoB 3HAUMTEIbHO MOBpeXaaoTes nmpu aedopmanusax. B
pe3ynbTaTe CTPYKTYpa KOCTPHI JIbHA COCTOUT B OCHOBHOM U3 BHEIIHEH 00-
JIACTU CTEHKHU JIbHSHOTO CTeOJIsI, TIpeCTaBIsoNeill U3 cebst mapajiebHO
pacroyioXXeHHbIe KanmuIsipbl pazmMepoM 5—30 MKM ¢ TOTNepedHbIMU Tepe-
ropoaKaMu ToJaIMHOM 1—2 MKM. Bo BHelIHe# 061acTy cTe01s KanujuIsphbl
HUMEIOT OJIM3KYIO K KBaAPATHOW UK MIPSIMOYTOJIBHOM (hOPMY TTOIIEpEeUHOTO
CeYeHMsI, M HaOIoIaeTCsl JOCTATOYHO YETKO OPUEHTUPOBAHHBIM CTPYKTYPHBIIA
KapKac 13 MPOA0JIbHbIX IEPErOPOA0K, 00YCIOBAEHHBIN MOCIeN0BaTEIbHBIM
pacroioXeHUeM KamuJIsipoB OT BHYTPeHHEN 00,1aCTH K BHEILIHE 000I0UKe.

Takum oOpa3oM, TEXHOJOTUYECKMI ITpoliecc 00pa3oBaHuUsI KOCTPHI IbHA
He TI03BOJISIET MOIYYaTh MEJIKUI 3aTIOIHUTENb IS TeIION30JSLIMOHHOTO
MaTepualia C COXpaHeHHOM KamUJUISIPHOM CTPYKTYpOil BHYTPEHHEN 001acTh
CTeOJIsI, YTO HECKOJIIBKO CHUXXAET TEIJIOTEXHUYECKHE MT0Ka3aTeau KOCTPHI
JIbHA 110 CPAaBHEHUIO CO CTEOJISIMU TPECTHI JIbHA.

B mpouecce n3yueHuns n3obpaxkeHU cpe3oB 0oTMeUaeTcs, 4To mepe-
TOpOAKY KamuJUISIPOB BHEIIHEeW objacTu cTebsis, KaK pXu, TaK U JIbHA,
IO TOJIINHE B 4—6 pa3 TMPEeBHIIIAIOT TOJIIINHY TTePErOPOIOK KaUJIISIpOB
BHYTpEHHEH 001acTu. AHAIU3UPYS CTPOCHME KANUJLISIPOB IMOMEPEUHBIX
CeueHUN cTebieil pxku M JIbHA, MPAaBUJIBHEIM OYyleT CUMTATh, YTO MPOU-
HOCTHbIE XapaKTePUCTUKU PKaHOM COJIOMBI M KOCTPBI JIbHA TOCTUTAIOTCS 3a
cueT hOopMUPYEMOIi B TIpoliecce pocTa KaUJISIPHON CTPYKTYPbl BHEIIHUX
obyacteil ctebeil.

[TpuMeHeHMe KPYITHOTO 3aITOJIHUTE]IS, TOJyYEHHOTrO ITyTeM Hape3KH CTe-
Ot comombl pyrHOM 20—40 MM, ONITMMAaJILHO ITOI00pPaHHOE COOTHOILIEHNE
COJIOMBI ¥ KOCTPHI JIbHA, a TakxXe nasieHune opmoBanus 0,02—0,03 MIla
MO3BOJISIET COXPAHUTD KAMTWJUISIPHYIO CTPYKTYPY COJIOMbI C MUHUMAJIbHBIMU
MOBPEXACHUSIMY, 0COOEHHO TOHKOCTEHHBIX STYeeK KaluJUISIPOB BHYTPEHHEN
obJacTu cTebId B mpouecce GOPMOBKY U3AETUI, UYTO U IeJTa€T BO3MOKHBIM
MOJyYeHHe KOCTPOCOJOMEHHBIX TIJUT C BHICOKUMM MPOYHOCTHBIMU U Te-
IUIOTEXHUYECKUMU XapaKTepUCTUKAMMU.
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MpuMeHeHne TenNon30NALMOHHBIX MJUT B HAPY>XHOM
CTEHOBOM OrpaXAeHUU C BEHTUIMPYEMOW CMCTEMOM
yTenneHus

Heo0xonmMo yYuThIBaTh, YTO OKOHYATebHas 3(PHEeKTUBHOCTH KOCTPO-
COJIOMEHHBIX IJIMT MOXET ObITh MOATBEPKIEHA TOJIBKO MPSIMBIMU HATYPHBIMU
WCTIBITAHUSIMU YTETUIUTENSI B KOHCTPYKUMSAX SKCIIIYyaTUPYEMBbIX 3MaHUM C
MOCTOSIHHOM (brKcallMeil OCHOBHBIX TEMIO(PU3NUYECKUX XapaKTePUCTUK U
MOHUTOPUHTIOM OOIIETO COCTOSTHUSI KOHCTPYKIIUIA.

PesynbraThl uccieqoBaHUil MO MPUMEHEHUIO TEMJIOM30JSLIMOHHBIX
IUIUT B KOJOALEBOM KJIaAKe CTEeH MpuBeleHBl B padore [7, c. 117]. Huxke
paccMOTpPEHBI Pe3YJIbTaThl IPUMEHEH M S COJIOMEHHBIX M KOCTPOCOJIOMEHHbIX
TUIAT J1S1 HAPYXKHOTO CTEHOBOTO OTPaXIEHUS C BEHTUJIMPYEMOI CUCTEMOIA
yTerieHus. [IuThl yrerinTenss GUKCUpoBaiv Ha KUPIIMYHOW CTEHE UH-
JUBUIYaJTbHOTO XWJIOTO J0Ma TMpHU MOMOIIM aro0esieil ¢ OLMHKOBAHHBIM
METAJJINYECKUM CepACUYHUKOM.

HapyxHoe cTeHOBOEe orpaxjaeHue ¢ BEeHTUJIUPYEMOU CUCTEMOU yTe-
TIEHU S TIPEJCTaBJIsIeT CO0OI TPEXCIOMHYI0 KOHCTPYKIIMIO € 3(D(EeKTUBHOMN
TEIJIOU30JISIIMeN U3 COJJOMEHHBIX (CTeHa 1) U KOCTPOCOJOMEHHBIX MJIUT
(ctena 2). B cTeHOBOIM KOHCTPYKUMHA A1 KaXKA0M UCCIEAyeMOI TEIION30-
JISILIMOHHOM TUIMTHI YCTaHABIMBAJIUCH TEPMOMNAPhl U JaTYMKU TEMJIOBOTO
MOTOKA COTJIAaCHO CXeMe, MPUBEIEHHOW Ha pUCyHKe 4.

I M 2 v
1 5
._\\ /: 5 §
@ | P @ 1 cnon— KUY Kepamn4eckiii
3 NMOJIHOTENbIN;
-1 2 cnovi — Tennon3onsaLunoHHas
4 nnuTa,;
4 3 cnon — BeTpoBas 3aLuuTa;
4 cnow — BEHTUNMpyemas Bo3-
OyLHas nNpocrionka;
5 Cnow — NMCT MeTanInyeckuit
\I\/ ctansHow; I, I, 11, IV — rpanmupbl
150 100 L 50 CNOEB OrpaxaeHus
400 .

® - MECTO YCTaHOBKH TEPMOMNaphI
% - MECTO YCTAHOBKH JaTIMKa TEIUIOBOTO IIOTOKA

PucyHok 4. Cxema pacrofioxXeHust TepMonap 1 AaT4ikoB TensoBbIX MOTOKOB MO
CEYEHUI0 HAPYXXHOW CTEHbI C BEHTUNIMPYEMOW CUCTEMOW YTenneHus

[Toxa3zaTenu TeMIiepaTyp U INIOTHOCTEH TETJIOBBIX TOTOKOB (DMKCHPOBA-
JIACh MHGOPMALIMOHHO-U3MepUTENbHEIM KoMITTIeKcoM PTII-1-16T B TeueHue
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OCEeHHe-3MMHe-BeceHHero rnepuojaa. B kauecTse mpumepa paccCMOTPEH Bpe-
MEHHOI TTpoMeXyToK ¢ 15 siHBaps no 3 despans 2014 roga, gapasitouAiics
HauOoJjiee XOJIOAHBIM 3a 3MMHMI TIEpUO]I.

Ha pucyHke 5 mpenctaBiieHBl pacipeneeHrs TeMIiepaTyp 10 TONIINHE
creHsbl 1 1 creHsl 2 3a nepuoxa 20 CyToK. 3HAYEHUS TeMIIepaTyp MPUHSITHI
KaK cpemHVe BeJMYMHBI IMOKA3aHUM TeMIepaTyp ¢ 22 9acoB Bevepa JI0
6 4acoB yTpa.

M3 rpadukoB pacripeaeeHus TEMIIEpaTyp CAeIyeT, UTO IJIs1 HapyKHOTO
OrpaxXJeHMs CTEeHbI 1 CpemHsIsa TeMIeparypa BHyTpEeHHe! MOBEpXHOCTH Ha
rpanuiie | Mmenbie Ha 1,6 °C, yeM 1151 cTeHBI 2. [Tpy MUHIMAJTBHO# TemMTiepa-
Type HapyXHOro Bo3ayxat, = —22,6 °C rmokasaTtejii TeMIIepaTyp BHYTPEHHEN
MOBEPXHOCTH OrpaxeHusl Ha rpaHuiie | otnuyarotcs Ha 2°C.

CpenHee 3HaueHMe TeMIIepaTyphl TEMIOM30SIIMOHHON MJIUTHI Ha Ipa-
Hute Il crensl 1 Ha 2,4°C MeHblIe BeMUMHBI TeMIlepaTypbl cTeHbl 2. Ha
rpanwutie [11 cpenamit mokazaTenb TeMIIepaTyphl YTETIJINTEN S Ha OCHOBE CO-
JIOMBI CTAHOBMTCS OOJIbIIE 3HAUYCHUS TEMIIEPATYPhl YTEILUIUTENS U3 CMeCH
COJIOMBI U KOCTpHI JTbHA Ha 1,9 °C.

AMILIATYOA CpeaHEH TeMIepaTyphl AJis CTeHBI 1 ¢ COJJOMEHHBIMU TIH-
TaMHu cocTtaBiser 26,5°C, a crensl 2 coorBercTyet 30 °C. I1pn MUHUMAIIb-
HOM 3HaYeHUHU TeMIIepaTypbl HAPYKHOTO BO3yXa MMOKa3aTeau aMILIUTYIbl
TeMIleparyp yBeanuuBaroTcs u paBHbl 29,2 °C u 33,8 °C coOTBETCTBEHHO.

Ha naHHBI! MOMEHT BeHTUJIMpYyeMasl cUCTeMa YTeTeHUsI PyHKIIMOH M-
pyeT 2 rofia; NoBpeXIeHU 1, pa3pyllleHU I U CMELEH N TeTJIOU30/SIIMOHHBIX
IUIUT He HabnropaeTcss. TakuM oOpa3oM, HaTypHbIe UCTIBITAHUS TEIIO-
M30JIIIIMOHHOTO MaTepHajia MOATBEPXKIAI0T BO3MOXHOCTD TPUMEHEHU S
KOCTPOCOJIOMEHHBIX TUIUT KaK 3(PGEKTUBHOTO YTEIIUTENS IS CTEH TPU
YCTPOMCTBE BEHTUJIMPYEMOI CUCTEMBI YTEIICHUS.

PaccMoTpuM BIaXKHOCTHBIM PEXKUM Hapy>KHOTO CTEHOBOTO OTPaK ICHM ST
C BEHTUJIUPYEMOI CUCTEMOM YTEIJICHUS B CTAlIMOHAPHBIX YCIOBUSX IS
WHAMBUAYATBHOTO XUJIOTO I0MA.

PacueTHble mapaMeTphl 1151 KIMMaTUUECKUX ycJIoBuii T. [Tojouk: TeM-
repatypa BHyTpeHHero Bosayxa f, = 18°C, oTHocuTenbHas BIaXHOCTb
BHYTpEHHero Bo3nyxa (9, = 55 %, cpenHssl MecsiuHasi TeMIepaTypa Haubolee
xonomHOTO Mecsita £, = —6,4°C, cpenHsIs MecsTYHasi OTHOCUTENbHAsT BIaX-
HOCTb HapyXHOT'0 BO31yXa Han0oJee XonoqHoro Mecsua @, = 82 %.

B cootBercTBuM ¢ u3smeHeHreM Ne 5 TKIT 45-2.04-43-2006 nomyckaeTtcst
CHUXEHME HOPMATHUBHOTO COIPOTHUBJIEHUS TeTLIONepeaade orpaxaaromeit
KoHCcTpykuuu Ha 20 %. CiemoBare/ibHO, TOJLIMHA TEIJIOU30ISLHOHHOIO
cios coctaBut 0,16 M, ¥ COPOTUBIEHUE TEILIONEPEIAUYE OrPAXKAAIOIIEH
KOHCTPYKILIMU TI0 «Tagu» paBHo 3,79 (M>-°C)/Br.
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PMCVHOK 5. Pacnpe,qeneHme Temnepartypsbl No TOJILLKWHE HAPYXXHOro CTEHOBOIO
orpaxneHua ¢ BeHTI/IJ'II/IpyeMOI?I cucTeMon yTenneHuna:

a) C CONIOMEHHON MAUTOW;
6) C KOCTPOCONTIOMEHHOW NNUTOW;

1 — Temnepatypa BHyTpeHHero Bo3gyxa, °C;

2 — Temneparypa matepuana 1-ro cnos Ha rpanuue |, °C;

3 — Temneparypa Tenon3onaUMOHHOro Matepuana 2-ro cnos Ha rpanuue ll, °C;
4 — Temneparypa Tennon3onAunMoHHOro Matepmana 2-ro cnosi Ha rpanuue lll, °C;
5 — TemnepaTtypa HapyxHoro Bo3gyxa, °C
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TemIrepaTypbl Ha MOBEPXHOCTSAX OTPaXICHUS, B CEUCHUSIX MaTepHAJIOB
CTEHBI ¥ TTApIIMaTbHBIE TaBJICHUS BOASHOTO Tapa OIpeeeHbI B COOTBETCTBIH
¢ TKIT45-2.04-43-2006. Ha ocHOBaHMY TOTY9eHHBIX JAHHBIX ITPEICTABICHEI
pacrpeneneHus TeMITepaTypbl, MAKCUMAJBHOTO MMapIiMaJbHOTO TaBICHUS
¥ TIapIIMajbHOTO JaBJICHMS BOMSHOTO ITapa TI0 TOJIIIIe CTEHBI (PUCYHOK 6).

Tax KaK TMHUM TapIUaTbLHOTO NaBIeHUS (€) 1 MAaKCHMAaJbHOTO Iap-
uuanbsHoro aasiaeHud (E) He mepecekaloTcs, KOHAEHCAIIMY BOASIHOTO I1apa
B CTeHE He Oymer.

B Toime cTeHBI M3MEHSACTCS TaKKe OTHOCUTEIbHAS BIAXKHOCTH BO3-
Jlyxa B Opax MaTepraioB orpaxaeHus. MaccoBble BIaXKHOCTH MaTeprasioB
CTEHBI, COOTBETCTBYIOIINE OTHOCUTETHLHOI BIaXKHOCTH BO3yXa B X TIOPaXx,
MPUHSTH 0 AaHHBIM [§, ¢. 280; 9, c. 89] u mpuBeaeHbI B TabauIIe 3.

Tabauya 3
Ne HaumeHoBaHne OTtHocuTebHaAsS MaccoBas
CJ'I(;SI MaTepuaja BJIAJKHOCTb BO3IyXa BJIAXKHOCTD
KOHCTPYKIIMH CTEHBI B OPaxX MaTepUANIOB ¢, % W, %
MN3BECTKOBO-II€ECUYaHas
1 56,55 0,931
LITyKaTypKa
KEepaMMUUYECKUIA
2 P c 41,12 0,058
IIYCTOTHbLIN KUPIINY
3 KOCTPOCOJIOMEHHasI TUIuTa 40,1 6,62

[TonydyeHHBIE 3HAYEHU I MACCOBBIX BJIaXKHOCTE MaTeprajioB Orpaxkie-
HUS 3HAYUTEJBHO MEHBIIIE ITOKa3aTeNiell paCIeTHBIX MaCCOBBIX OTHOIIEHM I
BJIaTH JUTSI U3BECTKOBO-TIECUaHOM ITYKATYpKu (W=4%), 1151 KepaMU4eCcKOro
nycrotHoro kupnuyva (W=2%), npuseneHHbix B Tabaune Al TKIT 45-2.04-
43-2006 u SKCIIepUMEHTAIBHO ompeneaeHHoro [9, ¢. 89] mis KkocTpocoo-
MeHHBIX muT (W=31%).
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PucyHok 6. Pacnpepenenue Temnepatypsl (t), MakcMmanbHOro napumanbHoro gas-
nenus (E) n napumansHoro gaeneHus (€) no TonLle CTeHbI

Takum 006pa3oM, pe3yJabTaThl BEIITOJIHEHHOIO pacueTa BIaXXKHOCTHOIO
peXrMa Hapy>XHOM CTEHBI MOATBEPXKIAI0T BO3MOXHOCTh 3KCILJyaTalluu
KOCTPOCOJIOMEHHBIX TIJIUT B KAYeCTBE TEIIOU30JISILIMOHHOTO CJIOS JIsT Ha-
PYXKHOT'O CTEHOBOTO OTpaXXJACHUS ¢ BEHTUJIUPYEMOI CUCTEMOM yTeIIeHUs
Mpu o0ecrneYeHU U COXpaHEHUHN TpedyeMbIX (PM3NKO-MEXaHUUYECKUX Xa-
PaKTEPUCTUK MaTepUaIoB OTpakIeHUSI.

3AKJTIOHEHUE

1. YuuTeIBas CIOXMBIIYIOCS COBPEMEHHYIO KOHBIOHKTYPY Ha PhIHKE
TEILIOM3O0JISIIUOHHBIX MaTepHaJioB, MMOJyIeHNE SKOJIOTUIEeCK 6e3-
OTIACHOTO YTETUIUTENS C BHICOKMMM TETIJIOTEXHUIECKUMU XapaKTepH-
CTHKaMU Ha OCHOBE COJIOMbI M KOCTPHI JIbHA C TPUMEHEHHUEM XUIKOTO
CTeKJIa B BUJIE BSIXKYIIETO SBJSIETCS MEePCNeKTUBHBIM TEXHUYECKUM
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1 9KOHOMUWUYECKMM pellIeHMEeM IT0 YCIEIIHO IepepadboTKe CeabCKO-
XO3SIMCTBEHHBIX PACTUTEIbHBIX OTXOJIOB.

BHyTpeHHME 001aCTH COJIOMBI PXKM U JIBHA I10 CTPYKTYPE CXOXHU CO
CTPYKTYpOI IEHOMOJUCTUPOJIa, IPU pa3Mepe sT4eeK, MEHbIIEM B
1,5—2 pa3a, 9To 00BSICHSIET BEICOKME TEIIJIOM30JISIIIMOHHEIE CBOMICTBA
MoJIy4deHHOro KomMro3uTta. Bo BHelIHel objlacTu cTebeit pa3Mephl
KallUJUISIPOB B MOIEPEYHOM CEYCHUU B 2—8 pa3 MEHBbIIIe pa3MepOB
KanuJUISIpOB BHYTPEHHE 00JacTH, a TOJIIMHA MePeropoaok B
2—6pa3 mpeBBIIIAET pa3Mep MEPErOPOLOK BHYTPEHHEN 00IaCTH.
Taxkast cTpyKTypa BHEITHE 00J1aCTH MO CPABHEHUIO CO CTPOCHUEM
BHYTPEHHEl 00JIaCTH ITO3BOJISIET 00ECIEYNTh KECTKOCTD U IIPOYHOCTD
cTebJIeil COJIOMBI pXXKU M KOCTPHI JIbHA ¥ B 3HAYUTEJILHOM CTEIEHU
o0ycJIaBIMBaeT MPOYHOCTHBIC XapaKTEPUCTUKMU ITOJYUEHHOTO TEILJIO-
M30ISIIIMOHHOTO MaTepuaa.

IToBblIEHME aMIUTUTYIBI TEMIIEpaTyp Ha 4—5°C B MccienyeMbIX KOH-
CTPYKIMSIX C IIPUMEHEHNEM KOCTPOCOJIOMEHHBIX IUIUT 110 CPAaBHEHUIO
C COJJIOMEHHBIMHU TUIMTAMU AOCTUTAETCS 3a CYET MUKPOCTPYKTYPhI
KOMIIOHEHTOB 3aMOJHUTENSI, ONTUMAaJIbHO ITOTOOPaHHOTO COOT-
HOIIIEHU ST KOMIIOHEHTOB KOCTPOCOJIOMEHHOTO YTEIIUTEIISI, TI03BO-
JISIOIIET0 MUHUMU3UPOBATh MyCTOTHOCTD B MJIMTAX, a TaKxXe 0oJjiee
HM3KOM 3KCIUTyaTallMOHHOM BJIaXKHOCTU KOMITO3UTa. JJoCTUTHYTOE
yBeJMYECHUE aMILUIUTYAbl TEMIEPAaTyp B 3UMHUI IIePUOJ IIO3BOJIUT
COKPaTUTh Pacxo]l SHEPrOHOCUTEJIel, a CIeA0BaTeIbHO, CHU3UTD
¢MHAaHCOBbBIEC 3aTpaThl HA OTOIJICHUE 3MaHUI.

PesynbraThl pacdyeTa BIIaXKHOCTHOTO peXMMa IMOATBEePXKAAI0T 3 hek-
TUBHOCTb IPUMEHEHU I KOCTPOCOJIOMEHHBIX TUIUT JJIST OT paK AAIOIIX
KOHCTPYKIMI ¢ 00ecliedeHUEM BBICOKMX (PM3UKO-MeXaHNIECKUX
XapaKTEPUCTUK ITPU AJIUTEIbHOM 3KCIIJIyaTallii, YTO CIIOCOOCTBYET
MOBBIIIEHH IO JOJITOBEYHOCTU CTEHOBOI'O OTPaKACHHUS C BEHTUINPY-
€MOI CUCTEMOU YTEIMJIEHUS.
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