BeeneHue [lpeBecunHa nonyyaeT Bce Hosbllee pacnpoCcTpaHEeHNe B COCTaBe
pa3JINyHbIX COBPEMEHHbIX KOMMO3UTHLIX MaTepuasnos. NMpuMmeHsemMble B HacTosLLee
BpeMsa KOMMNO3UTHblIe MaTepuasibl HA OCHOBE ApeBEeCUHbl N ee 0TX040B UMeT
pa3Hoobpa3Hoe Ha3HaveHue: anda Tenaomsonauun [1], ona 3sykomsonauun [2], ons
cTpouTenbcTBa [3], oNns oTaenoyHbix paboT [4], 4N 3aWMTbl OT PEHTIeHOBCKUX
n3nyydeHun [5] u T.4. Cpegn Bcero pasHoobpasmsa 4peBeCHO-KOMMNO3UTHbIX
MaTepuasioB C pa3nnyHbIMK TpebyemMbiMn CBOMCTBAMM HE PAaCCMOTPEH MaTepuan,
NMELWNN TENI0M3019UMOHHO-bannacTHble CBONCTBA. Takon MaTepmnan Heobxoamm
A8 TennoBon nsonaumm n 6annacTMpoBKM NOABOAHbLIX Tenaonposonos. K noasoaHom
TpybonpoBOAHOW KOHCTPYKLMKN NpeabasnseTcs pag TpebosaHuin. OHa [o/KHaA
obnapaTb oTpuLATENIbHON NJAaBYy4YeCTbio, HEOOXOONMOW MPOYHOCTLIO U UMETb
TEnJ0BY0 U30AAUNI0 AN MUHUMU3aUMUM NOTepPb TPAHCNOPTUPYEMOW TEMJ0BON
3Heprun. Llenb nccnenoBaHna 3akoyaeTCcss B KOMMJIEKCHOM peLleHnn 3TUX 3a4a
nyTem rnosiyd4eHUs KOMMo3nTHOro Mmatepuana, onTuUMasibHO yA0B/eTBOpPSoLWero
yKa3aHHbIM TpeboBaHMAM. B B0/bLUMHCTBE KOMMNO3UTOB (33 UCKJIKOYEHNEM C/IOUCTbIX)
KOMMOHEHTbl AeNATCA Ha MaTpuuy (Unm CBA3yowee) U BKIKOYEHHbIE B HEE
apMupyowme asnieMeHTbl (Mnn HanosHnTenn). Ons n3rotoBneHna matepuana,
KOTOpPbIN COOTBETCTBOBAJ Bbl yKazaHHbIM TpeboBaHUAM, BblIN NCMOJIb30BaHbI
nopTnaHaueMeHT Mapku M400, bapuToBas pyaa c pa3mepoM Yactuu ot 0,01 go 160
MKM, ApeBecHas CTPy>XKa C pa3MepoM YacTtuy ot 0,5 oo 20 mm n Boaa. B nonyvyaemom
MaTepuase NnopTaaHLLUEMEHT BbIMOJIHAET POJib CBA3YIOLLEro Mexay HanoJHUTeNaMun
Nel n Ne2. BapuToBas pyaa UMeeT BbICOKYI MAOTHOCTb =4700 Kr/mM3, no3TOMY
npMMeHeHa A/19 NOBbIWEHNSA yAeNbHOro Beca nojsy4yaeMoro matepmana. [JpesecHas
CTPY>XKa, uMmes KoadhdununeHT TensonposogHoctn =0,09 BT/(M*K), npuagaeTt
rnosiyHaeMomy MaTepuasny BbICOKNE TEMI0U30AUNOHHbIE CBONCTBA. NpnMeHeHHble
KOMMOHEHTbI, C/iefoBaTesIbHO, U BECb KOMMO3UTHbLIN MaTepuan ABJAITCA
3KOJIOrMYeCKM YNCTbIMN MaTepunasiaMu, Kak B npoLecce N3roToBJeHUs, Tak U B
rnpouecce akcnayatauum v ytunmsaumun. OnpeneneHme naoTHOCTU KOMMO3NUTHOIO
MaTepunana B obuiem cnyyae NNOTHOCTb KOMMNO3MTHOMO MaTepuasa pacCinTbiBaeTCH
rno ¢opmyne [6]: (1) roe - NIOTHOCTb KOMMO3UTHONO0 MaTepuana; - NJI0OTHOCTb
3/IeMeHTa KOMMo3unTa; - obbemMHasa o4 i-ro aneMeHTa komMno3uTta; Ons
TPEXKOMMOHEHTHOro MaTepuasna (ceasywowee, HanosHUTeslb Nel 1 HanosHUTeNb
Ne2)tbopmyna (1) umeeT BuAa: (2) roe - NJIOTHOCTb COOTBETCTBEHHO 1,2,3 KOMMOHEHTa;
- 0bbeMHasa 009 COOTBETCTBEHHO 1,2,3 KOMMoHeHTa. Npn paBHbIX A40NSX NEPBOro U
BTOPOro KOMMOHEHTOB ypaBHeHMe (2) OTHOCUTENbHO 06bEeMHON 00N 3-To
KOMMNOHeHTa uMeeT Buna: (3) OnpeneneHne Tens0NPoOBOAHOCTN KOMMNO3UTHOMO
MaTepuana K Knaccnyecknm pewieHnsam teopmm o6o6LLeHHONn NpoBOANUMOCTM
OTHOCUTCA ypaBHeHMe MakcBessia, paccHMTaBLUEro rnosie CUCTeMbl, COCTOSALWEN N3
N30TPOMNHOW Cpefibl, B KOTOPYIO BKpanjeHbl MOCTOPOHHME YacTuubl. B nony4yeHHOM
KOMNO3MUTe HenpepbiBHas (pa3a BKAKOYaeT B cebs BewecTBa nopowkoobpasHom
hpakuun: ceasyuwee - noptnaHguemeHT M-400 n HanosHUTeNb Nel - KOHUEHTpaT



bapunToBbIN rpaBUTaALMOHHBLIN (CynibdaT bapua BaSO4) c pasmepom vactuy ot 0,01 o
160 MKM. [lpeBecHas CTpy>XKa C pa3mepoM vacTtuy oT 0,5 no 20 MM gaengeTcs
HanonHutenem Ne2, obpasyeT ancneprnpoBaHHyto ga3y. C y4eToM 3TOro pacyeTHas
dopmyna nmeet Bua: (4) roe - KOspPUUMEeHT TensI0NPoOBOAHOCTU reTeporeHHON
CUCTEMBI; - KOOPPUUMEHT TENJIONPOBOAHOCTN HENPEpPbIBHOW (ha3bl (MOPTAaHALEMEHT,
bapuT); - KOIPPULUNEHT TENIONPOBOAHOCTU ANCNEeprupoBaHHON a3kl (ApeBecuHa); -
obbeMHasa KOHUEeHTpaumsa gucneprmpoBaHHoOn a3kl (ApeBecuHbl). U3 ypaBHeHNs (4)
MO>XHO BbIBECTU 3aBUCUMOCTb TEMJ0NPOBOAHOCTN KOMMO3UTHOrO MaTepmnana ot
NJOTHOCTN KOMMOHEHTOB 1 06beMHON Aonu HanonHuTens: (5) Beengem obosHavyeHUs
napameTpos: 1 (6) C y4yeTom (6) chopmyna (5) byaet nmetb Buna: (7) Pusmko-
MeXaHM4YeCcKmne XapakKTepUCTUKN KOMMOHEHTOB MPUHATLI COrsiacHo [6,7,8] n ceefeHsbl
B Tabn.l. Tabnnua 1 - PU3MKO-MeXaHNYECKNE XapaKTepUCTUKM KOMNOHeHTOB Ne n/n
KoMnoHeHT M0THOCTb HackinHas, Kr/m3 KoadduumeHT TennonposoaHocTu, BT/(M*K)
1 Ceasytowee - nopTnaHguemeHT 400 1300 0,7 2 HanonHuTenb Nel - 6aput 4700 0,7
3 HanonHutenb Ne2 - apeBecHas cTpy»xka 200 0,09 C nomolbio nporpamMmmbl Microsoft
Office Excel, ucnonb3ysa gopmyny (3) n gaHHble Tabn.1l nony4ynmm 3aBUCUMOCTb
NJAOTHOCTUN KOMMO3NLMOHHOIO MaTepurana oT o6beMHon Josm HanonHUTensa Ne2 -
OPEBECHON CTPYXKWN, NCronb3ysa opmyny (5) n gaHHble Tabn.1l nony4um
3aBUCMMOCTb KO3hPuruUMeHTa TenaonpoBoAHOCTU KOMMO3ULNOHHOIO MaTepnana ot
obbeMHON fonn HanonHUTena Ne2 - ApeBeCHbIX YacTul,. Pe3ynbTaThl pacyeTosB
npeacTtaBuM B rpaduyeckom suge puc.l. Ucnonbsysa cdopmyny (7) u gaHHble Tabn.l
BblBeleM 3aBNCUMOCTb KO3(h(PMLMEeHTa TernJionpoBOAHOCTM OT MJIOTHOCTWU
KOMMNO3UTHOIro MaTtepuana (puc.2). Puc. 1 - PesynbTaTbl pac4eToB 3aBUCMMOCTH
NJOTHOCTU 1 TEMNJIONPOBOAHOCTN KOMMNO3UTHOIO MaTepuana oT obbemMHoOM 4oaun
HanonHuTens Ne2 - npeBecHOn CTPYXXKK Puc. 2 - 3aBNCMMOCTb KO3 dunumeHTa
TenaonpoBOAHOCTW OT MJIOTHOCTU KOMMO3UTHOro Mmatepuana M3 aHannsa
NMOJly4YeHHbIX 3aBUCUMOCTEN B KOHTEKCTE BbllLeyKa3aHHbIX TpeboBaHUi
TenaonpoBogHOCTUN N BannacTUPOBKN CriefyeT, 4TO BeIM4YMHa ONTMMasibHON
06beMHON KOHUEeHTpauun HanosHnTensa Ne2 - npeBeCcHON CTPY>XKKN B UCcriefyemMom
KOMMO3UTHOM TenJon3onsaumoHHo-bannacTtHoM Mmatepunane pasHa 0,714. Mpwn 3Tom
pacyeTHbIN KO3IPPNLUNEHT TEMONPOBOAHOCTN KOMMO3UTHONo0 MaTtepuana paseH 0,161
BT/(M*K), a ero nnoTtHocTb 1000 kr/m3. Ncnonb3ys nosly4eHHble pacyeTHble LaHHble
MAOTHOCTM N TENJI0NPOBOAHOCTN KOMMO3UTHOMO MaTepunasna, BbINOJHUM pacyeT
nepenayn TenaoTbl U MPOBEPKY Ha YCTOMYUBOCTb TPYOONPOBOAHON KOHCTPYKLUN,
COCTOSALLEN N3 CTaNbHOW paboyen Tpybbl, MOMELEHHOW B 3aLLUTHYIO MOJINSTUIEHOBYIO
060/104Ky C MeXTPYOHbLIM NPOCTPAaHCTBOM, 3arMOJIHEHHbIM pa3paboTaHHbIM
KOMMO3UTHbLIM MaTepuanom. lNepenayvya TennoTbl NpU NpPoKaagKe Tensonposoia B
noasogHom TpaHwee Uccnepyemasa TpybonpoBoaHas KOHCTPYKLUMA NnpencrtaBnseT
cobon cTanbHyo TpyOy, MOMELLEHHYIO B MNOJINITUAEHOBYIO 060/104KY. MexxTpybHoe
MPOCTPaHCTBO 3aMnoJsiIHeHO pa3paboTaHHbLIM TenI0M30AA9LNOHHO-6aN1aCTHBLIM
MaTepunasnom [10]. Takum o6pa3oM, AaHHYIO KOHCTPYKLMIO MOXKHO pacCMaTpuMBaTb Kak



LUWNINHOPUNYECKYIO MHOFOC/I0MHY0 Tpyby. OcobeHHOCTb TeNJI0NPOBOAHOCTY Yyepes
UWJIMHOPUNYECKYIO CTEHKY, KaK N Yepes3 apyrue KpUBOJIMHENHbIE OrpaXKAeHMNS,
3aKJ1l04aeTCa B TOM, 4TO NPU NPOXOXKLEHUN Yepe3 Hee TerJa NoBepXHOCTN BXoha n
BbIX04a TEMNJIOBOro NMOTOKa He paBHbI. [1pn pacnpocTpaHeHUn Tennaa N3HyTpu Tpyobhl,
MOBEPXHOCTb BXO4a TernsioBOro NoToka MeHblue, 4YeM NOBEePXHOCTb ero Bbixoaa
[6,7,8]. PacyeTbl Nnepenaydun Tenaa BbIMOJHUM UCNOb3Yya cxemy puc.3. Puc. 3 - Cxema
rnepenayun Tensa 4yepes MHOMOCJONHY LUANHOPUYECKYIO CTEHKY N MaCcCUB FPyHTa
Mpn ycnoBumn ycTaHOBUBLLErocs (CTauMoOHapPHOro) TernJioBoro COCTOAHUA NJOTHOCTb
TEenJI0OBOro NnoTokKa Yyepes KOHCTpYKUuto pasHa [6,7,9]: (8) CornacHo ypaBHeHUo (8)
BHYTPU Ka>Kgoro cnos TpybonpoBogHON KOHCTPYKUUN TeMnepaTypa N3MeHseTCs Nno
norapupmMmn4eckomMmy 3akoHy. 119 MHOrOC/IOMHON CTEHKU TeMrnepaTypHasa Kpueas
npencrtaBnsieT cobon ioMaHyo KpuByto. OnpeaeneHmne KosahdunumeHTa Teno0oTaauqm
CO CTOPOHbI TEMJIOHOCUTENS K CTEeHKEe TPpybbl n KoadhdnumeHTa TennooTnavym co
CTOPOHbI FPYHTOBOW 3acCbINKN TpaHLWen ABNSeTCA 3a4a4en, pelieHmne KoTopon
BO3MOXXHO TOJIbKO 3KCMepUMeHTasibHbIM cNocoboM. PacnpoCcTpaHATb pe3ysbTaThbl
3KCMEePUMEHTOB MOXXHO TOJIbKO Ha NofobHble mexay cobon asneHns. Teopus
nonobusa yctaHaB/MBaAET, NPU KaKUX YCII0BUAX ABNEHNSA NOA0OHbI, Ha KakKmne aBneHus
MO>XHO pPacnpOoCTPaHATb BbIBOAbl AAaHHOIO onbiTa 1 Np. Teopusa nogobunsa nonoxeHa B
OCHOBY MeTo4a MOOeNNpPOBaHMSA, MO3BONSIOLLEr0 NPOM3BOANTL UCCeaoBaHne paboTbl
Kaknx-nnbo yCcTponCTB 1 annapaToB HE Ha UX CaMUX, @ Ha NO06HbIX UM MoOensxX.
3aKoH TennoBoro nogobusa onpenenseT yCcnoBus, NP KOTOPbIX FeOMeTPUYECKM 1
rmapoMexaHmnyeckm NnofgobHble cucTemMbl MOAOOHbBI U B TEMJIOBOM OTHOLLUEHUN.
Tennosoe nonobune onpepenserca kputepuamun: PenHonspca, Nekne, HyccensbTa,
MpaHaTna [7]. KoadhdnumeHT TennooTaaym oT TENJIOHOCUTENS K CTeHKe TpyObl
onpenenseTtcs no gopmyne: (9) Ang pacyeTa BHeWHero KoagduuneHTa TenaooTaaumn
noasoaHoro Tpybonposoaa npumMmeHsieM gopmyny dopxrenmepa-Bnacosa npu [6,7]:
(10) ABTopamu [8] onbITHLIM NyTEM MPU OLLEHOYHbIX pacyeTaX YCTAaHOBJIEHO, YTO , U
ONs BNaXXHOW MIMHbI MOXXHO NPUHATL - 1,5; 4na Mmokporo necka - 3,5. TepMmuyeckoe
CONpPOTUBIIEHNE MacCMBa FPyHTa NpU COBMECTHOM NPOKiaaKe NoAatoLwero u
obpaTHoro Tpy6onpoBoAoOB C y4eTOM NX B3aUMOBJIMAHUSA onpeaenseTcs rno gopmyne:
(11) CpenHeronoBsble YacoBble yaesibHbie TeMNJI0Bble NOTepyM nogatmwero n obpaTHoOro
TpybonpoBoaoB onpenensatoTcsa no gopmynam: PacyeT BbIMOJHUM OJ19 pa3HbIX
TUNopa3MepoB CTaslbHOW TPy6Obl Npu cnefyrLwmx NCXOOHbIX AaHHbIX: + Pusnyeckune
CBOWCTBa BOAbI MPN MaKCMMaJibHOW TemMnepaType TENJIOHOCUTENSA B NOLAlOLLEM
Tpybonposoae 1500C coctaBnsaoT, , [11]. - CpegHerogoBas TemnepaTtypa B
nogatowem Tpybonposoae - 90 0C, B obpaTHOM Tpybonposoae - 50 0C [13]; -
TemnepaTypa rpyHTa - k2 = 3 0C [14]; - TnybunHa 3ano)xeHns 0o Bepxa
Tpybonposoaos - H=1,0 m [8]. - PaccTossHME MeXxay Tenaon3onsaumamm NoaatoLero n
obpaTHoro Tpybonposoaos - s= 0,5 M [8]. - KoadhpunumeHT TenNoNpoBOaHOCTH
KOMMNO3UTHOIO TEMNJOU30N5UNOHHO-banacTHOro Mmatepmana corsnacHo lmson =0,161
BT/(M*K). - KoadhdmumeHT TennonpoBogHOCTU rpyHTa Irp =1,1 BT/(M*K),



KO3 PUNLMEHT TENNOMPOBOAHOCTU cTanu IcT=54,52B1/(M*K),KoahpurumneHT
TenaonpoBoAHOCTU nonuaTuneHa lInonnsTt=0,35 BT/(M*K) [12]. Pe3ynbTaTbl pacyeTos
ceenem B Tabn.2. Tabnuuya 2 - CpegHeronoBble HacoBble yae/ibHble TEMNJI0BbIE MOTEPU
TenaoBoOW 3Heprum YCnoBHbIN gnameTp Tpybonposoaa ly , MM CpeaHeronoBble
YacoBble yaesibHble NoTepu TenJaoBon sHeprum , BT/m HOpMbl NAOTHOCTM TENJ0BOIro
notoka Bt/m [13] 50 68,99 41 70 80,83 49 80 89,24 52 100 95,14 58 125 111,44 66
150 90,75 73 200 92,73 93 250 102,25 106 300 117,74 121 400 139,11 148 500
159,45 176 600 175,88 205 700 184,56 229 800 193,38 257 900 179,94 284 1000
187,79 312 1200 197,46 368 1400 214,61 425 Takum obpa3oM, NpoOBEAEHHbIN pacyeT
MOKa3bIBaET, YTO TEMNJION30NALNOHHBbIE XapaKTePUCTKM pa3paboTaHHOro
KOMMNO3UTHOI0 TENJ0OU3015UNOHHO-0an1acTHOro MmaTepmaia Ha OCHOBE OpeBeCHbIX
OTXOA0B COOTBETCTBYIOT NpeabsaBasgeMbiM TpeboBaHMAM N0 Tenso3awmTte
TpybonpoBoAoOB C YCNOBHbIM AnameTpoM [ly200 Bkao4YMTEeNbHO 1 Bonee. NpuMeHeHne
AaHHOM Tennounsonsaunm Tpybonposonos asa TpybonpoBoaoB AMMETPOM MeHee
y200 BO3MO)XHO NyTeM yBeNIM4YeHUs TOJWMNHBbI nsonaunun. OnpeneneHune
KPUTUYECKOro AnamMeTpa Tenaoson nsonaumm tpybonposona M3 aHanusa popmynbl
(8) cnepyeT, 4TO NpW MOCTOSAHHbLIX 3HAYEHUAX MOJIHOE TEPMMYECKOE CONPOTUBIIEHNE
Tenjaonepenayn MHOrOCJONHON LUINHOPUYECKON CTEHKN ByaeT 3aBucCeTb OT
BHeELWIHero gnamMeTpa , KOJIN4eCcTBO rnepenaBaemMoro TenJja npu yseanyeHnm BHeLwHero
AnameTpa TensoBom n3onsaunm cHavdyana bygert Bo3pactaTh U npu byaet nmeTb
MakcumyM. MNMpn ganbHenLWeM yBeanyeHnn BHELLWHEro agnamMeTpa nionauum bynetr
CHMmXaTbcA. Nocne Bbibopa TENIOM309LMNOHHOIO0 MaTepuana Tpybonposoaa
PacCYUTbIBAOT KPUTUYECKUA OMAMETP A8 U3BECTHbIX . Ecnn B pe3ynbTaTe
BbIYNC/IEHNW , TO MPUMEHEHME LAaHHOMo MaTepunasa B Ka4eCTBe TEernJioBOW U30aaUnn
HeuenecoobpasHo. B obnactu npn yBennyeHnn ToAWwWnHbl n3onaumm bynetr
HabnwgaTbCA yBEIMYEHNE TEMJIOBbLIX NOTEPb. TOJIbKO NPU TEMNJ10BbIE MOTEPU BHOBb
CTaHYT TakKMMN XKe, KakK 4719 NepBoHaYasibHOro Hen3oampoBaHHOro Tpybonposoaa.
CnepoBaTefNlbHO, HEKOTOPLIN C/ION TEMNJI0BOW U30a8UMK He ByaeT onpaBabiBaTb
CBOEro Ha3sHa4eHus. ToswmnHa TenJaon3onauUnoHHoro cnos () onpegenseT pasmep
TpybOnNpoBOAHOM KOHCTPYKLMW U MPUHUMAETCA N3 YCJIOBUS MaKCMMasibHOr0 3Ha4YeHUS
TEPMMNYECKOro CONPOTUBAEHNA. 3HAYEHNSA TOJLWMNH CTasIbHOW TPy6Obl 1 3aLLMTHON
NosIN3TUNEHOBOM 060/104KN CTaHOAaPTU3NPOBaHbI, C/ieAoBaTesIbHO, ABIAIOTCS
NOCTOAHHbIMWU Ang Tpybonposona, MMeLLero BHyTPEHHU AUuamMeTp CTasibHOW TpyObl
. Nccnepys Ha MakCMMyM TepMU4ecKoe ConpoTmBieHMNE KakK PYHKLUMIO , 415 Yero
BO3bMeM MPOU3BOAHYIO N NpUpaBHMBaeM ee K Hyo: (12) OTcroga: (13) Takmm
obpa3oMm, KpUTUYECKUI AnaMeTp TENJOBOM nonaunm paseH: (14) CnegoBaTenbHO,
ansa apdekTneHom paboTbl TennoBon nsonaumm Heobxogumo, 4Tobel . NMoactasms
COOTBETCTBYOLWME 3Ha4YeHnsa B popmyny (14) nmeem: (15) U3 cpaBHeHUS
NMOJly4eHHOr 0 3Ha4YeHUsa KpUTUYeCKoro gnameTpa nsonaumm Tpybonposoga ¢
BEJINYMHON HApPY>XHOro AMamMeTpa TenJo0BOon U3onaumm cienyeT, 4To ycnosue
athhekTMBHOM paboTbl TENNOBOW N30AA9LMN C MPUMEHEHMEM KOMMO3UTHOIO



Tenaon3onaunoHHo-6annacTHOro Mmatepuasa Ha OCHOBe OpeBeCHbIX OTXOL0B
cobnogaeTca ona Bcero paga tunopasmMmepos Tpyb. BbiBoA4 BbiNo/IHEHHbIE pacyHeTbl
nokKasasiv, 4TO PU3NKOo-MexaHN4YeCKne CBONCTBa KOMMNO3UTHOIMO TeMNJI0U30A5LNOHHO-
6annacTHoOro MmaTepmasia Ha OCHOBE ApPEeBECHbIX OTXOL0B YOOB/ETBOPAIOT 3a4aHHbIM
ycnosuam (nnoTHocTb 6onee 1000 Kr/M3 n KO3 DULMEHT TENIONPOBOAHOCTMU HE
bonee 0,25 B1/(M+°C)) ero ncnosib3oBaHusa oaa NOABOOHbIX KOHCTPYKLWUN
Tpy6onpoBOAOB LEHTPaIM30BaHHOIO TenaocHab)xeHuns



