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OIM 218.2.061-2015
OTPACJIEBOM JOPOXKHbBIA METOJNYECKWHN NOKYMEHT

PEKOMEH/IALIWU 110 OIPEAEJIEHHIO TEILIOOH3UYECKHUX CBONMCTB
JOPOXHO-CTPOUTEJIBHBIX MATEPHUAJIOB YU TPYHTOB

1 O6aacTs npuMeHeHust

1.1 OrtpacneBoii JOPOXHBIN METOJMYECKHH AOKYMEHT «PekoMeHmanmu mo
OIPENENICHHIO TETUIO(H3HIECKHX CBOMCTB AOPOIKHO-CTPOUTENBHBIX MATEPHAIIOB H
TPYHTOBY (Hanee — METOAMYECKHIl JOKYMEHT) pa3paboTaH B COOTBETCTBHH C
IJIAHOM ~ Hay4HO-HCCIEAOBAaTeNECKMX W OMBITHO-KOHCTPYKTOPCKHX — pabor
denepanbHOIO JOpPOXKHOro areHrctBa Ha 2013-2015 rr.  moamporpamMbl
«ABTOMOOUIBHBIE TOPOTH» (hefepanbHOl LenmeBoit  mporpammsl «Paspurie
TpaHCHOpTHOM  cucteMbl  Poccmm  (2010-2020  romel),  YTBEPXKICHHBIH
pacniopsxennem PocaBtomopa 06.08.2013 Ne  1120-p, ¢ U3MEHEHUsIMH,
BHECCHHBIMH pacropsbkeHueM Pocasromopa ot 27.12.2013 Ne 2310-p.

1.2 Hacrosmmii MeTOOMYECKHUI JOKYMEHT yCTAHABIMBACT PEKOMEHAIMH
1o OMNPENENCHUI0  TEIUIOPU3MUECKMX CBOWCTB  JOPOXHO-CTPOUTENBHBIX
MaTepuaioB W TPYHTOB, BO3MO)KHOTO [Mala30Ha W3MEHECHUS BIAXHOCTH,
IUIOTHOCTH M TEMIIEPATYPhl MATEPHATIOB U TPYHTOB, PACHIONIOXKEHHBIX B IOPOSKHBIX
KOHCTPYKISAX B paifoHaX CE30HHOTO NPOMEP3aHus (OTTaMBaHWUs) TPAHCIOPTHBIX
COOpYXeHHH, BhIOOpa TpuOOPOB, 00ECHECUMBAIOIIUX AOCTOBEPHBIC PE3YIbTaThl
HU3MEHEHHS TETUIO(PU3NYCCKUX XApaKTEPUCTUK MATEPHANIOB JOPOKHBIX OAEKI W

TPYHTOB 3€MJLSIHOTO NOJIOTHA.
2 HopMaTHBHBIE CCBLIKH

B HacrosimieM METOAMYECKOM JOKYMEHTE HCIONBb30BAHBI CCHUIKH HA
CTIEAYFOIINE NOKYMEHTEI:
Denepanbhbiii 3ak0oH or 27 nekabps 2002 Ne 184-D3 «O TeXHHYECKOM

perynupoBadumy B peaakiud deaepanbHBIX 3akoHoB oT 09.05.2005 Ne 45-@3, ot

1
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01.05.2007 Ne 65-@3, or 01.12.2007 Ne 309-®3, ot 23.07.2008 Ne 160-D3, ot
18.07.2009 Ne 189-®3, ot 23.11.2009 Ne 261-®3, ot 30.12.2009 Ne 384-D3, ot
30.12.2009 Ne 385-®3 (nanee — @3 «O TEXHMYECKOM PETYIMPOBAHAK )

I'OCT P 1.12-2004 Cranpaprusaius B Poccuiickoit deaepauun. TepMUHBI
H ONpeJeNeHus

I'OCT 23250-78 «Marepuansl CTpouTeNbHEIE. MeTox onpeaeneHns
VAENBbHOH TEIIOEMKOCTIDY

F'OCT 30290-94 «Marepuanbl cTpouTenbHble. MeTox OnpeneneHus
TEIIONPOBOJHOCTH OBEPXHOCTHBIM TIPe0Opa3oBaTeieM»

CHull II-3-79* CrponTenbHas TEMIOTEXHHKA

CHulI 2.02.01-83. OcHoBaHUS 30aHAH W COOPYKEHHUIT

CHull 2.02.04-88. OcHoBaHHs U (HyHAAMEHTH HA BEUHOMEP3JIBIX TPYHTaX

CHull 2.06.05-84 TIOTHHBI H3 TPYHTOBBIX MaTepUalIoB

CHulI 23-02-2003. Tennopas 3aiura 31aHui

CHull 23-101-2004 ITpoeKTHPOBaHWE TEIUIOBOH 3alUTHl 3MAaHUH

CI122.13330.2011 OcHoBaHus 30aHHN ¥ COOPY>KEHHMH. AKTYaIM3upOBaHHAS
penakuus CHull 2.02.01-83*

CIT 25.13330.2012 OcHoBanuss W (yHIAMEHTHI HAa BEUYHOMEP3JBIX
rpyHTax. AktyammsupoBanHas penakuus CHwull2.02.04-88

OJIH 218.046-01 TTpoeKTUpOBAaHUE HEXMECTKUX AOPOXKHBIX OLEKH

PyKkOBOACTBO 10  ONpENENiCeHHI0  (U3UYECKUX, TEIMINOPU3MUECKUX U
MEXaHMYIECKHX XapPaKTCPHCTUK MEP3BIX IPyHTOB, 2010 T.

CTO 218.3.001-2006 ITpoekTHpOBaHWE U YCTPOHCTBO TETIOM30JIUPYHOIIHX
clioeB W3 OKcTpyampoBanHoro meHonomuctuposa  "STYROFOAM" Ha

aBTOMOOMJIbHBIX oporax Poccuu
3 Tepmunbl 1 onpeesIeHus

B HACTOSAIIEM OIMnprMEHEHBL CIIEAYIOIMHNE TEPMUHEL c

COOTBETCTBYIONTMMHE OTIPEACNICHUSIMHU, cooTBeTcTBYIOmMe CHull I1-3-79%*, CHull
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23-02-2003, CHulI 23-101-2004, CII 25 .13330.2012, CHull 2.02.04-88, CII
22.13330.2011, O/TH 218.046-01,CTB 4.206-94:

aBTOMOOHIBLHAS Aopora: WHXEHEPHOE COOPY)KEHHE, MpeAHAa3HAUCHHOE
JUIA  OBHOKCHHUSA aBTOMO6I/IJ'ICI71, OCHOBHBIMH J3JICMCHTAMH KOTOPOI'O SABJISAIOTCS
3eMIITHOE  MOJIOTHO, [JOPOXKHAS — OAEKIa, Opoedkas 4acTb, OOOUHMHBL,
UCKYCCTBEHHBEIC U JTMHEHHEIE COOPYKEHUS U BCE BUJBI JOPOXKHOH 00CTaHOBKH.

BOJONOIJIOIEHNE NPH KamuuisipHoM moacoce: CnocoOHocTh oOpasua
3aTBEp/EBIIEr0 pacTBopa (O€TOHA), BBICYIIEHHOTO 10 TIOCTOSHHOM Macchl, K
HOMJIOIIEHUIO BOABI IPH arMocepHOM MAaBICHUM 3a CUET KAMWUISPHBIX UM
a/ICOPOITMOHHBIX CHIL

rpyHT: TOpHBIE TIOpOABI, TOYBBl, TEXHOTEHHBIE  OOpa3OBaHUS,
TIPEICTARIISIOLITIE coboii MHOTOKOMIIOHEHTHYIO u MHOT000pa3Hy 0
TEOJIOTHYECKYIO0 CHCTEMY U SIBJISIOIINECS OOBEKTOM HHKEHEPHO-XO3SHCTBEHHO#M
JACATC/IbHOCTHU YCJIOBCKA.

MOP030CTOiiKoCThL: CBONCTBO MaTepHana B BOAOHACHILEHHOM COCTOSHUH
BBIICP)KMBATh TPEOYEMOE HUHCIO LMKIIOB IMONEPEMEHHOTO 3aMOPaKMBAHUS W
OTTaMBaHUS MPU JOIYCTUMOM CHIDKEHHH IIPOYHOCTH U MIOTEPE MACCHL

CTPYKTYpa rpyHra: IIpocTpaHcTBEHHAss OpraHu3aus KOMITOHEHTOB
TPYHTA, XapaKTepH3YIOIasics COBOKYIHOCTbIO MOpGoioruieckux (pamep, hopma
YaCTHII, X KONMYECTBEHHOE COOTHONICHNE), TCOMETPHYECKHX (IIPOCTPaHCTBEHHAS
KOMIIO3ULMSA CTPYKTYPHBIX OBJIEMEHTOB) M DHEPreTHYECKUX IPU3HAKOB (THI
CTPYKTYPHBIX CBsizeli W oOLas 3SHEPrusi CTPYKTYpPEl) M ONpEAENSAIomascs
COCTABOM, KOJINUECTBEHHBIM COOTHOLICHMEM W B3aUMOJCHCTBHEM KOMITOHEHTOB
TPYHTA.

TenJIONPOBOIHOCTD: CIOCOOHOCTL MaTepHaa MpoIMyCcKaTh TEIOBOM MOTOK
IpH YCIOBUM pa3HBEIX TEMIIEPATyp MOBEpXHOCTH. CTENEHb TEIUIONPOBOAHOCTH
MaTepHAIOB XapaKTepu3yeT Ko3(h(UIMEHT, KOTOPHIM paBeH KONMYECTBY TEIUIa,
MPOXOALIETO Yepe3 CTeHy U3 HCIBITYEMOro MaTepyana TONIUHOM 1 M miomanso
1M 3aluy MIPU PA3HOCTH TEMIEPATYP MPOTUBOMOJIOKHBIX IOBEPXHOCTEI CTEHBI 1

K. Koa¢duumeHT TemnonpoBoHOCTH u3MepstoT B B1/(M<K).

w
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TeII0eMKoCcTh: CBOMCTBO ~MaTepHaja MHOINOMATh IPU  HATPEBAHUU
OTIpEIENICHHOE KOJNMYECTBO Tera. [IpH OXJNKICHWH MAaTEpHAITBI BHIIEISIOT
TEMNO, Mpu4eM TeM OOJblle, 4YeM BBIIE WX TemioeMKocTb. Koadduuuent
TEMIIOEMKOCTH PaBeH KonuuecTBy Terna ([[x), HeoOXOAMMOTo Uit HarpeBaHus |
kr Matepuana Ha 1 K.

TEMIEepPaTYyPONpPOBOTHOCTE: Dr3ndecKkass BENMYMHA, XaPaKTEPHU3YIOMIas
CKOPOCTb U3MEHEHUS (BbIPABHUBAHMS) TEMIIEPATYPhl BEILECTBA B HEPABHOBECHBIX
TEIUIOBBIX IIpoleccaXx. YUHMCIEHHO paBHAa OTHOIICHUIO TEIUIONPOBOAHOCTH K
00BEMHOM TEMIOEMKOCTH IPU NOCTOSHHOM AaBleHUH, B cucteme CU m3mepsercs
B M/cC.

XHMHYecKass HJIH KOPPO3HOHHASI CTOHKocTh. CBONCTBO MAaTepHAJIOB
IPOTHBOCTOATE  Pa3spyLIAIOMIEMy  JACHCTBHIO KUAKHX M ra3oo0pa3HbIX
arpeccHBHBIX cpel. XUMWYECKYH) CTOWKOCTh OLCHHMBAIOT — CHELHATbHBIM
K03(PUUMEHTOM, KOTODPBIA PACCUUTHIBAIOT MO OTHOILCHWIO MPOYHOCTH (MAaccChl)
Martepuaia Tocie KOPPO3HOHHBIX WCIBITAaHWH (B Cyyae KHCIOT W OICNOYCH
00pasubl B TEYEHHE ABYX YacOB KHIATAT COOTBETCTBEHHO B KOHLIEHTPHPOBAaHHOM
pacTBOpe KHUCIOTHl WIH LIENOYM) K NMPOYHOCTH (Macce) A0 uchbiTaHuil. Ilpu
koa(pdummente 0,90 — 0,95 marepuan NpPU3HACTCS XUMHYECKH CTOHKMM IO
OTHOLIECHUIO K HUccieayeMoil cperne. OpraHuueckue marepuansl — APEBECUHA,
OWTYMBI, TTACTMACCH — MPH OOBIYHBIX TEMIIEPATYPaX OTHOCHTENBHO CTOHKH K
JICHCTBMIO KUCIOT W mienoveii cmaboit um cpeaneii konueHrpamuu. CBoiicTBa

HEOPraHWYECKUX MAaTEPUATIOB 3aBHCST OT UX COCTaBa.
4 O003Ha49eHHA H COKPALIEHHUS

z:: TonmmpHa MOPO30YCTOHYMBOTO €O JOPOKHOM OJCHK/BL.

p: ITn0THOCTD, KT/M”.

A: Koadpduument remnonporoanocth, Bt/(M-K).

C: YaenbHas TemioeMkocTs, [/ (kr-K).

¢p: OOBeMHas TemnoeMKocTs, Jx/(M3-K) (p- IIIOTHOCTS BemecTsa, KI/M).

k: KoopduimenTremMmneparyponposoaHocTk=A/cp, M*/c.
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W: BiaxkHOCTE,% WK 1.€.
Dyar: 3acomeHHOCTD, %.
N: [lopucroctsb ,a.€.
G: Crenenb BIAKHOCTH, J.€.
qwf: HTCHCUBHOCTD MUIPALIIOHHOIO MIOTOKA BJIArY.
vf: CkopocTr mpoMep3aHusl.
Vi, OnTHMAaNbHAs CKOPOCTB IPOMEP3AHUSL.
Ty Temneparypa Havana 3aMep3anus rpynra, °C.

ey Koahdumrent nopucTocTy MEP3Noro rpyHTa, A0 €.

Pex,

M- MnoreocTs IPYHTa B CYyXOM BUJE.

'DS : IIMOTHOCTE YacTHIl FPyHTA.

Sr: CteneHp 3amonHEHNs 0P BIAroH.

Cin: O0beMHas TEMII0EMKOCTh TAJIOr0 MPYHTA.
Ci. OObeMHas TEILIOEMKOCTb MEP3JI0I0 IPYHTA.

ly: TemmompoBoAHOCT TANOro U IPyHTA.

I TennonpoBOAHOCTH MEP3NOTO IPYHTA.

5 OO0uue noj1oKeHmst

5.1 OnueHka cTeneHy IpOMEp3aHusl JOPOXKHBIX OAEKA U IPYHTOB 3€MIITHOIO
MOJIOTHA SIBISIETCA B@OKHOH 3ala4eii, Tak Kak pe3yjbTaTbl Takod OLIEHKHA
VYUTHIBAOTCA TIPA NPOSKTUPOBAHUM AaBTOMOOMJBHBIX JOPOr Ha OOMIbIIONH
tepputopun Poccuiickoit @enepannu. IIpn 3T0M HOPMATUBHBIE METOABI pacyera
rIyOMH ~ [pOMEp3aHus  J0  HACTOSIIETO  BPEeMEHH  OasupyroTes — Ha
MONYIMIUPHIECKAX — MOAXOAaX, pPa3padOTaHHBIX OO Hayaga AaKTHBHOIO
UCIONb30BaHus OBM B HHIKEHEPHOH MPAKTHKE.

5.2 B Hacrosiliee BpeMs CYHMIECTBYIOT BBIYHMCIIUTENBHBIE KOMIUIEKCH H
OTJETIBHBIE IPOrPAMMBI, TO3BONAIOLINE PEIIATh 3a0a9M IPOMEP3aHus JOPOXKHBIX

ONCXKO U TPYHTOB 3CMJISHOTO TMOJIOTHA € TOYHOCTBIO, y,[[OBJ'IGTBOpHIOH.[eﬁ
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COBPEMEHHBIM TpeOOBaHUAM aBTOMAaTU3UPOBAHHOTO MPOEKTUPOBAHUS
CTPOUTENBCTBA M PEMOHTA aBTOMOOMJIBHBIX Aopor. s obecriedyeHms BBICOKOM
TOYHOCTH PE3YJIbTATOB HEOOXOJUM COOTBETCTBYIOIIHMI YPOBEHB aCKBATHOCTH B
3aaHWU  MCXOAHBIX  fAaHHBIX. OCHOBHOE  MECTO  3/[€Ch  OTBOAWTCS
TCHJ'[O(I)I/I?,I/I'—IGCKI/IM XapakTCPUCTUKAM JTOPOKHO-CTPOUTCIIBHBIX MAaTCpHAIIOB W
TPYHTOB.

53 B COBPEMCHHBIX IOAXOHAAaX K PCUICHHUI TCIUIOTCXHUYCCKUX 3aJadv Imo
[IPOMEP3aHUIO JTOPOKHBIX KOHCTPYKLUY MONHOCTBIO UCHONb3YETCS TOAO0BOM LMK
W3MEHEHHsl TEMIleparypbl BO3JyXa € YYEeTOM paAdaloHHOTO OanaHca Ha
cBOOOAHON TOBEPXHOCTH. B 3MMHE-BECEHHWH MEPHOI IMPOUCXOAUT OCHOBHOM
TpoLIecC — POMEP3aHAE TOPOXNKHOM OFEKIBI M TPYHTOB 3€MJITHOTO TIOJIOTHA, & B
JIETHE-OCEHHMI TIEPHO OCYIIECTRIIETCS AKKYMYJIISAIUS TeIIa B TOJIIE 3eMIITHOIO
MIOJIOTHA, OKa3blBAIOIIAs CEPbE3HOC BIMSHUE HA MPOLECC €ro MpOMep3aHws.
ITo3TOMY B&KHO MMETb HaHHBIE O TEIUIOGH3UYECKUX CBOMCTBAX JOPOXKHO-
CTPOMTENBHBIX MATEPUAIOB W TPYHTOB B PEaIbHOM WHTEDPBAC W3MCHCHHS
Temmeparyp. B ocofoii cTeneHH 3TO OTHOCHTCS K BOAOHACHIIEHHBIM TPYHTaM,
CBOIICTBA KOTOPBIX MEHSIOTCS B 3aBHCUMOCTH OT NMPOLIEHTHOTO COAEPKAHUS B HUX
3aMep3Ieil BOJIbI, KOTOpOe sBysiercs pyHKuuel TeMneparypel.

5.4 TepmuHy «TemNO(QU3UUECKUEC XAPAKTECPHUCTUKW» OOBIYHO NPHIAECTCS
LMIMPOKHH CMBICII, TMOJ KOTOPbIM HMECTCA B BHJY KOMIUIEKC ITapaMeTpoB,
XapaKTePU3YIOIMX OJHOBPEMEHHO PEakLMI0 MaTepHaia Ha HPOLECCH TEILIO- H
MaccooOMeHa. K mociefHuM OTHOCAT B IIEPBYIO OYEPEb:

a) TEPMUUYCCKUE XapaKTEPUCTUKH:

1) Kk0>((HULIHEHT TSMIONPOBOAHOCTH A,;
2) k03 (ULIEHT TEMIIEPATYPONPOBOAHOCTHK;

3) o0beMHYIO TEMI0eMKOCTH

4) TemmoyceoseMocteh = v AC,
6) MaccoOOMEHHBIE XapPAKTEPHCTHKH:

1) ko3¢ dUIEEHT BIaronpoBOAHOCTHK,
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2) K0>(p(HHULHMEHT TEPMOBIATOIPOBOAHOCTHS,;
3) k0> HULIHEHT MACCOEMKOCTHO, M AP.
B naHHBIX MeTOAMYECKHX PEKOMEHIALMAX OCHOBHOM yIOp CHelaH Ha

BCCCTOPOHHEE H3YUYCHMC JIMIIE KOMIUIEKCA TEPMHUYCCKUX XAapaKTCPUCTHUK, T.©

BENWYUH A, k, C 1 h. JIJid OLIEHKU TEIUIOBBIX CBOWCTB JAUCIIEPCHBIX MAaTEPHANIOB H
JJIsl IOHUMaHUSl OCHOBHBIX TEPMHYCCKHMX IPOLIECCOB, IIPOTEKAOIIUX B HUX IPH
CaMBIX PA3INIHBIX PEKUMaX N YCIIOBUSX, HGO6X0[[I/IMO H J0CTATOYHO 3HAHHUC 3THX
YETBIPEX NApaMeTPOB, NMOHHUMACMBIX KaK 3((CKTHBHBIC XAPAKTCPUCTUKH BCEH
COBOKYMHOCTH TEIIOOOMEHHBIX M MacCOOOMEHHBIX TPOLIECCOB B MaTepHaIC.
Tennonepe;[aqa BHYTPU TBEPAOIo CIJIOMIHOIO TCa OrpaHu4uBacTCs JULIb
OJHUM TIPOLECCOM — TEIIONPOBOAHOCTEIO. OCHOBHOH 3amaueit B oOnactu
TemIoo0MeHa BHYTpH TBEPAbIX TCI ABJIACTCS 3agaya HaXOXXOCHUA
TEMIIEPaTyPHOTO TOJIS B HUX. TeMnepaTypHbIM MOJIEM HAa3bIBAETCS COBOKYTTHOCTD
MTHOBEHHBIX 3HAUESHHI TEMIEPATYPbl BO BCEX TOUYKAX UCCIIEAYEMOr0 OOBEKTA HITH
pacmpeneNieHre TEMIIEpPATYpsl BO BpPEMEHH W B 00beMe. 3amada HaxOXKIACHHA
TEMIIEPATYPHOrO MOJIsl B TEIE COCTOMT B ONpPEACTICHUHN TeMneparypbl 7 B Jt000it

TOuKe Tena M (X,y,z) B 1000H MOMEHT BpeMeHHU 7, T.€ B packpeiTii Qyskmum (1)

T =f(x,v.zt). (D

CraumyoHapHoOe 1oJIe MPEACTABILET coO0H pacnpeneieHne TeMIEPaTyphl OT

OJHON TOUYKH IMOJIA K APYrOi HE3aBHCHMO OT BPEMEHHM, HECTALMOHAPHOE IOJIe —
pacIpeeNeHIe TEMIIEPATYPHI 110 KOOPAWHATAM X,V,Z M BO BPEMEHH /.

Jns pelmeHns NCKIIOYUTENBHO BOKHBIX BOIPOCOB O MEPEHOCE TETIA Yepe3

TENO, O TEIUIOOTBOAE B OKPYXKAIOMIYK Cpelly, O TEIUIOBHIX IIOTEPAX, O

TETUTOAKKYMYJISIIIAHA — BO BCEX CydasX, Koraa TpeOyeTcsl 3HaHWE TMOTOKOB TEIia

yepe3 TeNo, MBI JOMKHBI 00palmarbcs K PpEUICHHI0 TOH ke mpoOieMbl

TEMIIEPaTypHOro mons. MHBEIMH ciioBaMu pedb HAET 00 OTHICKAHWH PEIIeHHi

ypaBHeHus: (1) B K&KAOM KOHKDETHOM ClIydae, SBISIOIINXCS YaCTHBIMH

PEIIECHUSMHU OCHOBHOTO U dhepeHIMaTBHOTO YpaBHEHN)S TEILIONPOBOAHOCTH (2)
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B ypaBHeHue (2), moMumo Ko3(hdHIMEHTa TEMIOMPOBOIHOCTH, BXOIUT
BTOpas (U3UUECKAsd XapaKTePUCTHKA Marepuaia — OOBEMHAs TEILIOEMKOCTh (.
TpeTbs XapakTepHCTHKa OOBEKTa — KOI(P(MHUIMEHT TEMIEPaTypOIPOBOJHOCTHA

€CThb NPOU3BO/HAS U3 ABYX IEpBBIX A u C(3):

¢ €)
BeceMa pacnpoCcTpaHEHHOH WM HY>KHOH SIBIISIETCA 4eTBEpTas (QU3MUecKast
XapakTepucTuka — Kod(QGULMEHT TEMIOYCBOSEMOCTH, TPEICTaRIIOMmAas co0oi

IIPOU3BOAHYIO TEX K€ OCHOBHBIX BEJIMYMH A, £, u(C(4):

4)

CoBokynHocTe BenuuuH A, k, C ¥ b HazpaHa TeWIOPU3NUECCKUMH
XapaKTEPUCTHUKAMH.

®Or3udeckuii  cMblcn  3THX  BeNMYHH  chenytommii.  KosgduuumeHT
TEIUIONPOBOJHOCTH YHCIEHHO pPaBeH KOJIMYECTBY TEIJa, MHPOXOJANEMY B
CTAllHOHAPHOM COCTOSHHH B €IVHHIy BPEMCHW depe3 JBE MPOTHBOIOJIOXKHBIC
TpaHU eIuHUIBI 00beMa MaTepuana, Ha KOTOPBIX MOJJEPIKHBAECTCS Pa3HOCTD
temmeparyp B 1°C. Takum 00pasoM, 3Ta BENWYHHA XapaKTEPH3YET CTENEHb
MPOBOAMMOCTH TeIlla BEUIECTBOM. Pa3MEPHOCTb 3TOM BEIMYMHBI B (PM3MUYECKOM U
TEXHUYECKOH  cHUCTEME  E€AHHHUIL  COOTBETCTBEHHO  kaw/em*cex*epad n
krkavm*uac*zpad. O6beMHas TEIIOEMKOCTb YUCJICHHO paBHA KOJMYECTBY TEIUIA,
HeoOXONMMOMY HA HAarpeBaHHE WIH OXJIDKACHWE €AWHWIB o0heMa Ha
1°C.CnenoBarenpio, 3Ta BEIHYMHA XAPAKTEPU3YET MHTCHCHMBHOCTH H3MEHEHHS
TEMIEPATYpHl TENla NPH €r0 HArpeBaHWW WIH OXJIAKIACHWW. Pa3MepHOCTH 3TOH
BENIMIMHBI B (PM3AUCCKONl M TEXHWYCCKONW CHCTEME CIWHWI[ COOTBETCTBEHHO
kaw/em® m xxaw/s’. JIpyrue nIBe Temodm3MYecKhe XapaKTePUCTHKH MaTephana
OIICHWBAIOT €r0 C TOYKH 3PEHHS OBICTPOTH BHIPABHHBAHWS TEMIIEPATYphl U
CTENEHU TEIUIOAKKYMYJSIIMY. TakuMu BeMUYMHAMM SBIAIOTCA KO3(QUIueHTH

TEMIICPATY POITPOBOAHOCTH U TCIIIOYCBOACMOCTH. P33MepHOCTI/I OTHUX BCJIMYHUH B
8
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(U3MUECKON M TEXHUUECKOM CHCTEME €MHHIL COOTBETCTBEHHO clieayromme: [k] —

er’/eex v ar/uac, [h]- kaw/en’ *eex?#2pad® u kxan/s *uac” *epac'”.

PaccMOTpEM HM3MEHSIOLIEECS BO BPEMEHM TEMIIEPATypHOE IOJIE BHYTPH
oOpaslla MaTepuana, BBIPE3aHHOTO IO H30TEPMHYECKOH  IMTOBEPXHOCTH.
IoBbIIEHNE TEMIIEPATYPHI B TAKOM 00paslie B JaHHEIM MOMEHT BPEMEHHU CBS3aHO
C HAaKOIUICHHEM IIPOBOJAMMOTO K HEMY TeIUla M OyOeT TeM OOJbIle, YeM MEHBIIe
TETIOEMKOCTE  €AMHULEBI 00BbeMa oOpa3ua. IloaToMy CKOpOCTB Mporpesa
Mmarepuana, Mepoit KOTOpO#t SBJISETCS €ro ko3 urment
TEMIEPATy PONPOBOHOCTH, AODKHA OBITH 00paTHO MponopuuroHanbHa C.

C npyroii cTopoHBI, OHa O0YCIOBI€Ha WHTEHCHBHOCTBIO MEpPEeadl TeIa
NpH JTAHHOH Pa3sHOCTH TEMIEpaTyp OT COCEAHETO CIOA K paccMaTphBacMOMYy.
CnenoBatenbHo, KO3Q(HUIUEHT TEMITEPATyPOIPOBOAHOCTHA JOJDKEH OBITh MPSAMO
IpONoOpUHOHANEH K03((HIMEHTY TEIIONpOBOAHOCTH A. TosToMy chpaBeqMBO

CICOYIOLICC PABCHCTBO!

roe Dn — xodddunueHT, YncieHHas BENMYMHA KOTOPOrO 3aBUCHUT OT BbIOOpa

emuHuI i A, k, u C.

TTonmaras ».=1, uMeeM

Ecnu p — mioTHOCTH Mmarcepuaia, a ¢ — €ro yAacjibHasd TCMJIOCMKOCTb, TO

C=co (5

p. (%)
D10 ypaBHCHHUE CBSA3BIBACT BOCAMHO (PH3MUECKUE MAPAMETPBHI MaTepHana —
€ro TeoQU3nYECKue XapakrepucTuku. UMEHHO 3TH XapaKTepHCTHKH (A, k, U

C)UOpO3Hb, B COBOKYITHOCTH ¥ B PA3IMYHBIX KOMOWHAIHMAX (B YaCTHOCTH, B BHIE
9
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b =+/1C) Bxomsr B pacueTHbIC (opMyIBI  TEMIIEPATYPHOTO MO, TEMIOBBIX
HOTOKOB, TEIIOAKKYMYJISILIAHA U TETJIOBBIX MOTEPb.

Benenacrteue orpoMHoOro pasHooOpasuss HEMETALIMYECKHX MAaTEpUalioB
yI00HO CTpyNnHUpoOBaTh MX B HECKOJBKO THIOB, KXK/bI M3 KOTOPHIX OyJaeT
OOBEAMHATE MaTepUalbl, CXOAHBIE 1O MOPUPOJE, 1O TIEOMETPUYECKHM
0COOCHHOCTAM HIIM 1O CHOCO0Y UX MCCIIEIOBAHMS.

1)  Teepaple KaNMLISIPHO-MIOPUCTHIE MAaTepUaibl (CBA3AHHBIE). DTOT THII
00beanHIET OONBIIOE KOJMMYECTBO H3OJISIIMOHHO-CTPOMTEIILHBIX MAaTEpHalioB 110
TOMY MPU3HAKY, YTO OHU JOCTATOYHO TBEPABI M MOITOMY TpeOYIOT CHENUaIbHOTO
METOAUYECKOTO MOAXO/a TIPU HUCCIICAOBAaHWN TEILUIOBBIX CBOHMCTB. K 3TOMYy THITY
BEIECTB OTHOCATCS, HATPUMEP, MPaMOp, aeOacTPOBBIE TUIMTHI, KHPIINY, Pa3HOTO
KagecTBa U 0OpadOTKM THIICHI, W3BECTHSK, OETOHBI, TPAHUT, MPOOKOBas NOCKA,
LEIUTYJION .

2)  Haceimaeie Mmatepuansl  (3epHHCThie). K 3TOMYy THOY BeILECTB
OTHOCSTCSL M3OJIILMOHHBIE 3aCHIKH, MEN, Yrojib, MUK, MH(Y30pHas 3eMid,
IJIMHBL, 3014, 3CPHUCTHIA KIMHKEP, NBUICBHAHBIA KOKC, MOPOMIKOOOpasHas
MarHe3us, HaKWilb, OMUIIKW, CaKa, NBUICBHIHbIA AUATOMUT, TUMC B IOPOLIKE.
Crozna >xe Hy>XHO IPUYMCIUTE KYPOPTHYIO I'Psi3b, TOYBBL

3) BonokHucTble ~ MaTepHanbl.  MeToAWKa  HCCIACNOBAaHMA  3THX
MaTEPHATIOB JOJDKHA OTJIMYATHCS OT COOTBETCTBYIOIIEH METOTUKH AJISl 3E€PHUCTHIX
BEIIECTB. B jaHHOM ciiyyae, KOrga pPedb MJET O BOJIOKHHMCTOM, YeIIyil4aroi,
IJIACTUHYATOM CTPYKTYpE BELIECTBA, BAYKHO WMETH IIPEACTABICHHE O Pa3IM4HbIX
TEIUIOBBIX CBOMCTBAaX BIOJb M NONMEPEK BOMOKOH. K MarepmanaM JaHHOIO THIA
CIIEIYET OTHECTH JIbHSHOE BOJIOKHO, acOeCTOBBII BOMIOK, BOJIOKHHCTBIA acOecT,
XJIOTOK, JIEPEBO BJIOJIb M MOMIEPEK BOJIOKOH M T.11.

4)  Marepuainsl B BUJEC TOHKUX CJIOEB. PE3UHOBBIE JIUCTHI, CIIOM MAaCTHKH,
BCEBO3MO)KHBIE TUIEHKH U T.J. — BCE 3TH MATE€PUAIbl MOXKHO OOBEAUHUTL MEXKIY
co0oif, Tak Kak TEOMETPUYECKOE CXOJCTBO (Majias TOJIOUHA) TpedyeT

crienu(UYECKUX METOI0B MCCIIEIOBAHMS TEIIO(PU3NIECKIX XapPaKTEPUCTHK.

10
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5)  TlouBOrpyHTHI, MIaXTHO-PYAHBIE U 3aKIaJ09HbIE MaTepHalbl. Bee 3tn
BELIeCTBA TPEOYIOT CNEUUATBHOTO MOAX0/a MPU OMPEAEICHUH TEIUIO(H3NUECKUX
XapaKTEPUCTHK, TaK KaK X HCCIEJOBAHHME JOIDKHO HPOU3BOAMTHCA B MOJEBBIX
YCIIOBHSX, NP HAJIMYUH COJHEYHOro oOiydeHms, O€3 HapyLIEHHs CTPYKTYpbl U
0e3 B3sTHs POOKL, IPY ECTECTBEHHOM CIIOKEHMH.
6)  3amopokeHHbIC MaTephaibl. MIMEIOTCS BBHIY Takhe BELIECTBA, KaK
Je, CHEr, MEP3Nble TPYHTH U T.I. [IpU MCCIEJOBAHUM HX TEIUIOBBIX CBOMCTB
BO3HUKAIOT CIEHUAIBHBIC 33[Ja4d, CBA3aHHbIC ¢ HEJOMYCTUMOCTHIO IOATAUBAHUS
BEIIECTBA, & TAKXKE C HEJONMYCTUMOCTBIO MHUIPALMK BIard M BOISHBIX IApOB.
Oco60o¢e 3HaueHUE MMEIOT MCCIEA0BAHMS TEMIOPU3NUECKAX XAPAKTEPHCTHK 3THX
MAaTepraToB IPH BEChMA HU3KUX TEMIEPATypax M BHIACHEHUE WX 3aBUCUMOCTH OT
TeMIIepaTypHl B 3Toi obmacTu.
5.5 Llemsto paboTel sBisieTcs OOECIEUEHHE OCTOBEPHOCTH 3HAUYCHHUI
TEIUIO(HU3UIECKAX CBONCTB JOPOKHO-CTPOMTENIBHBIX MATEPHAJIOB M TPYHTOB,

MIPAMEHSIEMBIX B pacdeTax IpH MPOEKTUPOBAHMH ABTOMOOMITBHBIX IOPOT.

6 Ilpomeccel BOAHO-TEIVIOBOT0 PEKHM 3€MJISIHOTO NOJIOTHA H

OCHOBaHHUSA HOpO)KHOﬁ 0A€CKIbI

6.1 BOOHO-TEMIIOBOI peXUMXapaKTepU3yeT 3aKOHOMEPHbIC M3MEHEHHS BO
BPEMEHHU BIQKHOCTH M TEMIEPATYPbl B Pa3HBIX MECTaX 3€MIISTHOTO MOJIOTHA W
JOPOKHOM  OfeKIBLB  Teuenwe roja BI@KHOCTb, TEMIIEparypa TIPYHTOB H
MAaTepHasioB U3MEHSAIOTCS B 3aBHCHMOCTU OT CE30HHBIX KOJICOaHWM TeMIepaTyphl
BO3/yXa, KOJIMUECTBA U Xapakrepa aTMOC(HEPHBIX 0CATKOB.

IlockonbKy YpPOBHM TOJOBBIX OC3JKOB W TEMIEPATYPHbIC H3MEHEHMs
Pa3IMYHEL A711 Pa3HBIX KIMMATHYECKUX 30H, XapakTep BOAHO-TEIUIOBOTO PEXXUMA B
HMX TOXE€ pasiuueH. B omHOH KiuMmarwyeckodf 30HE BIAKHOCTh TI'PYHTOB
3€MJIIHOrO MOJIOTHA M MAaTepHAOB JOPOKHOW OAEKHBl 3aBHCHT OT MHOTHX
(hakTOpOB: CONMHEYHOM pajaualuy, IBETa MOKPHITHMA, BAIA U XapaKTepa TPYHTOB,
CIIATAIOIIMX 3€MJISHOE IOJAOTHO M HAaXOAAIIMXCS II0J HWUM, CTCIEHH HX
YIIOTHEHUS, ITIyOUHBl YPOBHS TPYHTOBEIX BOJI, MOTIEPEYHBIX MpoduiIeH (HACHIIb,

11
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BbIEMKAa W T.O.), OTMETOK TOJIOTHA, OOECIIEYEHHOCTH OTBOJIA MOBEPXHOCTHBIX M
TPYHTOBBIX BOJ H T.J.

6.2 BonsgHoii map B IpyHTaxX,HaxOAAIIMIICS B HACHIIICHHOM COCTOSHHH, B
MPOLECCE MEPEMEILEHUsT KOHACHCHPYETCAd H MEPEXOMUT B JKUAKOE COCTOSHHE.
Bopa xe B pe3yibTare BHYTPUIIOPOTOBOIO HCIIAPECHHUS MOXKET NEPEXOAUTH H3
JKUJKOTO B Mapoo0pa3HOe COCTOSHUE MIEPEMELIAECTCS MO ICHCTBUEM JaBJICHUS,
BO3HUKAIOLIETO B IJICHKAX.

C yBenmueHWEM BIAXHOCTH IPyHTa BOAHAS IUICHKA CTAHOBHTCS TOJIILE,
MOBEPXHOCTHOE  HATSHKCHHE  YMEHBIIACTCS, pajMyC KPUBU3HBL  IUICHKU
YBEIUUUBACTCA. B pe3ynprare 3TOr0 JaBICHHE TAPOBO3AYHIHOH CMeECH,
CXKAMAEMOM KUAKOM BIArou, MOBBIIIACTC.

6.3 MexaHnuecKue CBOMCTBA I'PYHTOB 3€MIITHOTO TMOJIOTHA W MaTepHalioB
JOPO>KHOH OAEXKABI C TOBHIMIEHHEM BIOXHOCTH CHIDKAIOTCS, 0coOeHHO B [ m 11
KIAMATHIYECKAX 30HAX. 3aMETHO H3MEHSIOTCS CBOWMCTBAa Talkke y IIECKOB B
JPEHUPYIOIINX ¥ MOPO30YCTOMUMBEIX c10AX. C TeueHHEM BPEMEHHU TTPU TOAHATHH
KalUUIAPHON BOJBI IMPOUCXOAUT OIVIEEHUE MECKOB. IIpH moTepe APEHHUPYIOLINX
CBOMCTB NECKaMU B JOINOJIHUTENIBHBIX CIOAX OCHOBAHUN CHMKAETCS MPOYHOCTH
JOPO’KHOM OEXKIBL

6.4B 3uMHMI TeproA MPOMEpP3aHue TPYHTA BBI3BHIBAET B HEM WHTCHCHBHOE
nepeMeleHne Biaard. K BEpXHMM CJOSM 3€MJISTHOTO MOJOTHA MOJHAMAETCS
BOJsAHON map. IlomHuMaromascs OT ypOBHsS TPYHTOBEIX BOJ KaNWJUIAPHAS BOIA
NEPEMEINACT BBEPX IUICHOYHYIO DBHIXJIOCBSA3aHHYK) BOJAY, HAaXOIIYIOCS B
CBOOOZHOM COCTOSHMH. YeMm MEHbIe CKOPOCTH TIPOMEp3aHusi, TeM OoJiblle B
3aMEP3aroLIEM I'PYHTE HAKAIUIMBAETCS BIATH, MEPEYRIKHAIOIICH BEPXHIO YacTh
3eMJIHOrO mos1oTHA. ITpy ckopocTy mpoMep3aHus MeHee 2 CM/CYT B LEHTPAJIbHBIX
paifonax Poccum OOBIMHO MPOUCXOAUT 3HAUUTENHHOE MOPO3HOE TYUCHHE.
CKkOpocTh IPOMEP3aHUST 3€MJISTHOTO TIOJIOTHA 3aBHCHT HE TOJBKO OT MOTOJHO-
KIMMAaTHYECKUX YCIOBHH, HO M OT €ro mnomepewyHoro mnpodwis. B BeieMke
CKOPOCTh IPOMEP3aHMsi MEHbLIE, YeM B Hachimsax. HawmOojbluee BIMAHHE Ha

CKOPOCTBh MPOMEP3aHNA OKa3bIBAIOT MOTOTHO-KIMMATHYCCKHE YCIOBH . B TeueHue
12
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rojia U3MEHECHHE TEMIIEPAaTypHOIO PpeXMMa 3EMIIIHOIO TMOJIOTHA MPAKTHYECKU
HOCHUT CHHYCOHUJIANIbHELH XapaKTep.

6.5 Yem Gonblie B TPYHTE MBUIEBATHIX U OCOOEHHO IMIMHUCTHIX YaCTHLI, TEM
GonblIC B HEM COJACPXKUTCS He3aMep3atollel BOJbI, KOTOpas BIUACT HA BENUYUHY
MOPO3HOI'0 [yYEHHUSI.

6.6C yMmeHbIICHHEM DIIyOMHBI 3ajieraHdsi TPYHTOBBIX BOJ MOPO3HOE
My9ICHUE YBEIMYABACTCS M HA YIACTKAX JOPOT TPETHETO THIA YBIAKHEHNS (CHIPBIE
MecTa), OHO JocTuraeT Haubonblued BeamduHbl. Ha 3THX ydYacTKax AOPOXKHYIO
OJIEXKIy HY>KHO PAcCUUTHIBATH U3 YCJIOBMHA JIOMYCTUMOIO MOPO3HOIO My4EHHS H
OHA J0JDKHA UMETh GOMBIIYI0 IPOYHOCTE.

TeopeTHUecKyI0 3aBUCHMOCTE MEKAY BEMWYMHOW MOPO3HOIO My4YEHUS! U
TOJIIIUHOM MOPO30YCTOMYMBOIO CJIOSI JOPOKHON ONSKAB Z\IUIsl pasiHYHbIX
TPYHTOB IIpU TPETHEM THIIE YBIAKHEHMS BBIPAKAIOT B BUAE HOMorpammel. C ece
TMOMOINBID MOJXKHO pAacCUMTarh BCE HEOOXOAMMBIE MAPAMETPHI, HCHONbB3Ys
KOHTPOJIbHBIE CKBKUHEI. 3Has TOMIIMHY JOPOKHOM OJEXKIbI, MOKHO MPEABUIETH
€e TIOBEJCHHE B BECCHHWH TEpPHON M OMNpedenuTh Ko3(pduImeHT MOpo3HOro
TyYEHUSI.

6.7 BomHO-TENMIOBOMH PEKUM €r0 B 3HAYUTENBHOM CTEMEHN 3aBUCUT OT BUAA
7 MOLLHOCTH MCTOYHHMKOB yBhaxHeHus(puc. 1). Ha nonepeunom mpodue goporu
TIOKAa3aHBL; CNIEBAa — BBl YBIQKHECHUS MPH MOJOKUTEIBHON TeMIeparype roja,

CIIPaBa — P OTPULATENBHOM.
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1 - armMoctepHbie ocanku (kupkie); 2 - TOBEPXHOCTHAS BOAA;, 3-BOAA, TIPOHHUKAIOINAS B
3eMJITHO€E MOJIOTHO; 4 - KanWUBIpHAs BOAA, S—mapooOpa3Has BOAa, IIEHOYHAs BOa; 7 -
TPYHTOBBIE BOAbL, 8 - cHer; 9 - nen; /0 - 3amep31Iuii IPyHT

PucyHok 1 — Buasl yBna)xHeHHs TPYHTOB 3EMIITHOTO TOJIOTHA (CJIEBA — IIPH
MOJIOXKUTENLHON TEMIIEpAType, CIpaBa - TPy OTPUIIATEIIBHOMN )

6.8B Termblii mepuoj TPYHT YBIKHAETCS 3a CUET BBHIMAACHUS AOXKAA, OT
CTOKA IIOBEPXHOCTHBIX BOA M MPOHUKAHHUA UX B 3€MJITHOE TMOJIOTHO YEPE3 OTKOCHI
NOJIOTHA U 0004MHBLIIpH BBICOKOM ypOBHE I'DYHTOBBIX BOJ (MeHee 1 M OT Hu3a
JOPOXKHOH  OJEXKIBI) TPYHT MOXET VYBIDKHATHCS KANWUIADHOH  BOJOH,
NOJHUMAIOIIEHCA OT YpOBHS IPYHTOBBIX BOA. B 3eMIJISHOM IOJIOTHE FPYHT HOJ
BOJOHEIIPOHUIIAEMOM ONEXKION 3amoiHEH mapooOpa3sHod Bomoi. Mexay
YacTHUI[AMH TPYHTA MOXKET OKa3arbes cBOOOJHAS BOJA, M TOTJA KaXKIas yacTULa
rpyHTa OyZeT OKpy>KeHa MIICHOUHOM BOAOH. B 3aBMCUMOCTH OT MECTHBIX yCIOBHI
MOXKET TTpeobIanaTh U 0Ka3bBaTh HAUOOMbIIEE BIMSHAC HA TPYHT TOT WM JPYroi
BUJI YBII)KHEHUS.

6.9B oceHHul MNEpPHOA BIAKHOCTH [PYHTOB 3E€MIISIHOIO  I10JIOTHA
MOBBIIAECTCS OT OOJIBIIEr0 KOJMYECTBA aTMOC(EPHBIX OCAJKOB, MOBEPXHOCTHBIX
BOJI M YMEHBIICHUS UCAPEHNs BOJbI (XOJI0IHAS TIOTO/1A, BO3AYX NEPEYBIAKHEH U
T.IL.). Bo BpeMsl mOX0JI04aHKs U NEPBBIX MOPO30B BOJASHBIE IAPHl IEPEMEMIAKOTCS
oT Oo0j€e TEIUIBIX HIDKHUX CJIO€B K OOJIee XONOAHBIM IOBEPXHOCTHBIM CIIOSIM
3€MIIIHOTO 10JI0THA. Hauano 3uMHEro nepuoja XapakTepU3YeTCsl BBIIAACHUEM
CHEra M 3aMeEp3aHMEM MAaTepHaloB OOPOXKHOM OAEKObl U TPyHTOB. B memax

obecriedeHnst JBIDKCHHs aBTOMOOWIEH B MEPBYIO Ovepedb YAAIIIOT CHET C
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mpoeaxeil vactu. Beneacreue Oosblnel  TEINIONPOBOAHOCTH — MAaTCpPHANIOB
JIOPOXKHOM OJIEKIBI, YEM ITOKPBITOIO CHETOM I'PYHTA, OH 3aMEP3acT CHavasa Mmoj
JIOPOXHOM ofiex0# (puc. 1).

6.10Y rpaHunBl MpoMEp3aHWs KOHACHCHPYETCs BOJSHOH map, BCE MOpPHI
TPyHTa 3amlONHAIOTCA BOJOH, BBITECHAIOWIEH BO3AYX B HIDKHHE CIIOM. OTO
MPOUCXOAUT B 30HE MEXAy(}asoBoro nepexoja, B KOTOPOHl TIpyHT HMeeET
OTPHULIATENBHYI0 TEMIIEPATYpy, @ BOJA B €r0 NOPaX HaXOIUTCA €LIE B >KHIKOM
cocrossHum (puc. 2). IlneHounas Boja 3amep3aer npu MuUHyc 3°C um HHUXKe, a
KamwUIApHas Boja — mpu Ooliee HU3KOH TeMmmeparype, B 3aBHCHMOCTH OT
TOHKOCTH KamwumipoB. IlostoMy B 30He MexkAy}a3oBoro mepexoma IIpH
TeMmeparype rpyHTa Hike 0°C Boia MOKET HAXOAUTECS B XKHJAKOM COCTOSHHH, H
K Hell MOJAHMMAIOTCS HOBBIC YacCTUIILI BOJSHOIO Mapa; KOHACHCHUPYIOIIACS BOAA
3aMONHAET BCE NYCTOTHI MEXIY YaCTHLAMH IPYHTa, BHITECHsS Bo3ayx. ITo mepe
TOHIDKEHHS TEMIEpaTypsl MIyOMHA NPOMEp3aHUsl yBENMUUBACTCS, M OOmbluasd

Y9aCTb BOOEI IEPEXOONT B JICA.

CHeroBoit TOKpoB

PucyHox 2— HagabHELH 3UMHUMIT IEPHO/ M POMEP3aHUE IPYHTOB 3EMJISTHOTO
HIOJIOTHA, B IEPBYIO OUEPEAB MO JOPOXKHOMN OIEKIOM

6.11. Ecnu mpouecc mpoMep3aHus MPOMCXOANT MEUICHHO W BOJa YCIIEBAET
3aMOTHATE BCE MYCTOTHI MEKAY YacTHIIAMM I'PYHTA, TO MPU HEPEXOAE B TBEPAOE
COCTOSHME (JIE[) YBENMUYMBACT OOBEM 3aMep3Ieifl YacTh 3eMIITHOTO II0JIO0THA
UMPOUCXOJNT MyurHOOOpa3oBaHue. [IpH 3TOM OCYINECTBIAETCSA TEIIOOOMEH 3a
CUeT TEIUIONPOBOAHOCTH TPYHTOB M (DAa30BBIX NpeBpallieHuit Biard. B 30HE
KOH/ICHCAIIUM BOASHOT'O Napa TEMmIo 0CBOOOXKAAETCS, a B 30HE 00pa30BaHus JIbA —

norsiowmaercs (PUCYHOK 3).
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1 — BBICOTa CHEXKHOIO NMOKPOBA; 2 — MOAHATHE MOBEPXHOCTU AOPOSKHON OEXIBI B pe-
3yJbTaTe My4HHOOOpasoBaHus; 3 — riyOHHA IMPOMEP3aHuMsi TPYHTOB 3eMJITHOTO TIOJIOTHA;, 4 —
r1y0MHa NPOHMKAHU OTPHLATENILHON TeMneparypsr, 3—4 — 30Ha Mexay}a3oBoro nepexosna;
5 — JMH3BI ¥ TPOCIIOHKH JIbJA

PucyHok 3— 3emiisiHOE MONIOTHO B pa3rap 3UMHETO MEpUoa

6.12. BO3MOXHOCTH Ny4HHOOOPA30BaHUS M €r0 pa3Mepbl 3aBHCAT OT
MOPUCTOCTH M CTEHNCHU BIAXHOCTH TrpyHTa. Ecmm o6bem JibaooOpazoBaHHs
BCJIEICTBAC MOPO3HOIO HAKOIJICHHs BIard MpeB30HIeT 00beM BO3IyXa B MOopax
TPYHTa, TO 00BEM IPYHTAa YBEIMUMTCS BCIIEACTBHE MyYMHOOOpa3oBaHHsA. Tak Kak
(U3HKO-MEXaHUYECCKHE CBOMCTBA IPYHTA 3€MJISIHOTO TOJIOTHA HEOJHOPOIHBI M
NOPHI 3aMOJHAIOTCA BOJOH M JIbJIOM HEPAaBHOMEDPHO, TO M MpoMep3aHue Oyner
HEPABHOMEPHBIM.

6.13. BecHOI rpyHT OTTanBaeT B MEPBYKO OUEPEIb MO JOPOXKHON OEKIOM
(puc. 4). B 310 Bpems MOXKET PEKPATUTECS JabHEHIIee IpOMEp3aHue TPYHTa, a
3aTeéM IIOCTEIIEHHO HA4YHETCS OTTAaMBaHWE €ro mnoBceMecTHo. OTTauBaHUE
IIPOMCXOMUT KaK CBEPXY, TAK M CHU3Y IPOMEP3IIEro rpyHTa. B ToT nepuon, koraa
TPYHT MOX JOPO’KHOM OfEXIOoM OTTasm Ha HEKOTOpYH TIiyOuHy, wu3-3a

NEPEYBIAKHEHNS MOLYJIb YIPYTOCTH €r0 HAaMMEHBIIHA.

I'nyOuna oTTauBaHua ~ Pa3KiKeHHBIH [PYHT

1-ypoBeHb OTTaMBaHuUs rPyHTA, 2- NIyOWHA MPOMEP3aHHSI TPYHTA
Pucynok 4-Hagano oTrauBaHus rpyHTOB 3€MJISIHOTO TOJIOTHA B BECEHHUM MEPUO/T

6.14. IIpu NOBCEMECTHOM OTTAWBAHWY TPYHTA B IICHTPE 3EMJITHOTO MOJIOTHA

OCTaeTCss Ha HEKOTOPOE BpeMs HEOTTasBLIMA OnroancoOpasHoil GopMbl MacCHB
16



OJIM 218.2.061-2015
3aMep3IIero rpyHTa, HadbiBaeMblii JOHHHKOM (puc. 5). JIoHHWK oOpasyercs 3a
cuer Oonpllielf TIyOMHBI NPOMEP3aHHs 3EMIITHOTO TIOJIOTHA TMOJA JIOPOXKHOM
OIEKIOH.

PayKIDKeHHBIH TPYHT

1 — nuHKUA oTTauBaHus, 2 — HauOoJbIuast rTyOuHa IPOMEP3aHust;, 3 — rpaHHLbI

PucyHOK 5— 3eMJISHOE MOJIOTHO MOCIIE TIOBCEMECTHOTO OTTaMBaHUs TPYHTOB
C HEOTTASBIIAM JOHHUKOM

Tor mepwoa, B KOTOPHIM TIpyHT [JOHHMKA €HIE€ HE OTTas, s
aBTOMOOWJILHOTO [IBIDKSHHS HauOOJiee OMACEH, TaK Kak JA0POXKHAs OAekKIa
OKa3blBACTCA PACIONOXKEHHON Ha PpadKIDKCHHOM rpyHTe. Ilocne MOJHOro
OTTaMBaHUS JOHHUKA TPYHT HAYMHAET BBHICHIXATb.

Takum 00pa3oM, HCIONF30BAHHE 3aKOHOMEPHOCTEH U IMpeACTaBiieHUH 00
OCHOBHBIX CX€MaX IBWI)KCHHS BOIBI B BEPXHEH YacTH 3eMJISHOTO MOJIOTHA IIOJ
JNEeHCTBHEM BHEUIHETO NABJICHUS MO3BOJAET TOYHEE OMPENETUTh OOBEM BOJBL,
MOCTyNaoUei B JPSHUPYIONMI CIOM M HAa3HAUYUTh (PU3HUeCKH 0OOCHOBAHHBIC

KOHCTPYKTHUBHBIC IMapaMeETpPHI.

7 ®axTopbl, BIHSIOLIHE HA TeILIO(PH3HYECKHE XAPAKTEPHCTHKH

TPYHTOB

CornacHo npuHsATeiM HOpmam CHull [1], mo ocoOeHHOCTAM (H3AKO-
MEXAaHHYECKUX  CBOWCTB  CpeAM  BEYHOMED3NBIX  TPYHTOB  BBIEIICHE
CWJIBHONBIUCTHIE, 3aCOJICHHble U OWOTeHHBIE (3aTOp(OBaHHBIE) TPYHTHI,
TBEPIOMEPSIIBIE, IJIACTHYHOMEP3IBIC M CHITyYeMeP3IIble IPYHTHL

HeoGxomumele mis pacuera OCHOBaHMN M (yHJAMEHTOB (M3MHECKHe H

ac (bOpMaHI/IOHHO-HquHOCTHHC XapaKTCPUCTUKA BECYHOMCP3JIBIX TPYHTOB

17
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OTIpENENSFOTCSA, KaK IIPABMIO, HA OCHOBAaHMM WX MOJEBBIX WM Ja00PaTOPHBIX
ucnbITaHui. XapakTepUCTHKH TPYHTA CIEAYET YCTAHABIMBATH JUTS BEHIICICHHBIX
IpUd U3BICKAHUAX HH)KCHEPHO-TEOJNOTMUECKUX DJJEMEHTOB HAa  OCHOBAHHUH
CTaTHCTHYECKOH 0OpabOTKH pe3yITbTaTOB IKCIICPHMEHTANBHBIX OTpPEAcNeHnil B
COOTBETCTBUY C YUETOM NPEIYCMOTPEHHOIO NPOEKTOM COCTOSIHUS M TEMIIEPATYPh
TPYHTOB OCHOBAHWSL.

CornmacHo OOLMM CTPOMTENBHBIM HOPMaM Il OCHOBaHMM 31aHuii M
coopyxkeHuil [2] OCHOBaHMS JOJDKHBI PACCUMTBIBATHCA II0 JBYM [pymIIam
OpefenbHbIX COCTOSHUN — MO Hecyluel cnocoOHocTH W AedopMaLusM IpyHTOB.
OCHOBHBIMH TIapaMETPaMH MEXAHWIECKHX CBOMCTB TPYHTOB, ONPEACIISOIUMHA
HECYIIYIO CMTOCOOHOCTh OCHOBAHWI W UX JAC(POPMAIIHH, SBISIOTCA TPOTHOCTHBIC H
Ie(hOopMaIIOHHEIE XAPAKTEPUCTUKH TPYHTOB (YrOolX BHYTPEHHETO TPEHUA ],
VIENBHOE CIEINICHUE ¢, MOAYJb AehopManny TpyHTOB E, penen mpoYHoCTH Ha
OJJHOOCHOE CXKATHE CKATBHBIX TPYHTOB Re 1 T.11.).

s pacuera BEUHOMEP3JIBIX OCHOBAaHWM MOMHMO (QH3MYECKHX H
MEXaHWMIECKHX XapaKTCPUCTHK TPYHTOB, MPEAYCMOTPEHHBIX B CTPOUTEBHBIX
HOpMax [2], TOIKHBI JIOTMOIHUTEIEHO BXOIUTB!

a) Qusnueckie N TETOGU3NIECKHE XapaKTEPHCTHKH MEP3IIBIX TPYHTOB!

1) cymMmapHas BIQKHOCTb MEP3JIOTO TPYHTA U BIOKHOCTH MEP3IIOro
TPYHTa MEXIY BKIIOUEHUSMH JIBJA,

2) cyMMapHas JbAMCTOCTb MEP3JIOr0 IPYHTA M JBAUCTOCTH MEP3JIOro
TPYHTa 3a CUeT BKJIIOUCHHIA JTb1a,;

3) cTemeHp 3amOMHEHHS O00bEMa MOP MEP3JOoro rpyHTa JbIOM H
HE3aMeP3LLICH BONOI;

4) BIAKXHOCTH MEP3JIOTO IPYHTA 32 CUET HE3AMEP3ILEH BOIBI;

5) Temmeparypa Hadaxa 3aMep3aHus IPYHTA;

6) Temnou3NYECKNEe XAPaKTEPUCTHKM TPYHTA (TEIUIONPOBOJHOCTH H
00BbEMHAs TEMI0EMKOCTH ),

7) TemnoTa TasHus (3aMEp3aHus) TPYHTA;
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6) nmepopMalMOHHBIE W TPOYHOCTHBIE XAPAaKTEPUCTHKU T[PYHTOB I
pacdeTa Mep3JIbix OCHOBaHHH 10 AeopMaLiiisaM 1 HECYIIEH CHOCOOHOCTH:

1) ko3¢ dHULMEHT CKIMAEMOCTH MEP3JIOTO IPYHTA;
2) pacueTHOE MaBJICHHC W CONPOTHUBIACHHE MEP3JIOrO TIPyHTa WIH
TPYHTOBOTO PacTBOPA CABUIY IO MOBEPXHOCTH CMEP3aHMUS,

B) seopMaIlMOHHBIE XapaKTEPHCTHKN TPYHTOB JUI pacyeTa OTTaHBaKOLIETO
OCHOBAHHS M0 AehopMaLsIM:

1) xo3(dduumenHT oTTanBaHus ¥ CKUMAEMOCTH OTTaWBAIOLIETO IPYHTA,
2) OTHOCHTEJIbHAs 0CaJlKa OTTAUBAIOIIETO IPYHTA,

) XapaKTEePHCTHKH IPYHTOB CIIOS CE30HHOI0 MPOMEP3aHNA-0TTANBAHKS JUTS
pacueTa OCHOBaHMI W (QyHIAMEHTOB Ha BO3JCHCTBHE CHJI MOPO3HOTO Iy4YCHHS
TPYHTOB, & TaKXKe XapaKTEPUCTUKH MEP3JIbIX TPYHTOB JIsl pacyeTa OCHOBAHMH Ha
TOPM3OHTATIBHEIE CTATUIECKUE U CEHCMIUECKUE BO3ACHCTBHUSL.

IIpr HEeoOXOOWMOCTH CHEAYET ONPEAEeNATh M JPYTUE XapaKTEePHCTUKU
MEpP3JIBbIX TPYHTOB, XapakTEPH3YIOMME OCOOCHHOCTH HX COCTOSHHS VM
B3aMMOJICHCTBHIS ¢ (DYHAAMCHTAMH:

-BUJI KPHOTEHHOM TEKCTYPHI,

-K03(p(PUILUEHT BSI3KOCTH,

-3KBUBAJICHTHOE CLICTLICHHE;

-CKOPOCTB BSA3KO-TUIACTHYECKOTO TEUECHHMS JIbJIA,;

-HETaTUBHOE TPEHUE OTTAUBAIOIIETO IPYHTa
U IpyTHE.

YacTb XapakTEePUCTHK [JIS Pa3MMYHBEIX I'PYHTOB MOXKHO ONPEICIHUTH MO
tabmunam coryiacio Cuull [1]. TIpm 3TOM MOKHO BBIAETHUTH AOMOIHUTEIBHO
CNeIYIOIIHME XAPAKTEPUCTUKY TPYHTA!

a) CTEIEHb 3aCONIEHHOCTH TPYHTa,

6) MIOTHOCTh CYXOTO TPYHTA (CKEJIETa IPYHTA),

B) IUIOTHOCTH TaJIOTO W MEP3JIOTO TPYHTA;

T) BS3KOCTh JIbJA, OTPENEIIEMYI0 W3 NCHBITaHWH 0OpasloB Jibia Ha
OIHOOCHOE CIKATHUE,
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J)IIIOTHOCTBIPYHTA,

€) INIOTHOCTE MEP3JIOro IPYHTA,

JK) TUTOTHOCTB YACTHII TPYHTA,

1) K03 PUIIEeHT NOPHCTOCTH MEP3IIOT0 TPYHTA,

Ilpu pacuerax XapakTepUCTUK pa3MUYHBEIX IpyHTOB cornacHo CHull [1]
TaKxe TpedyroTCs:

a) pacueTHas CPEAHET0I0Bas TEMIIEPATyPa BETHOMEP3IIOro IPYHTA,

0) cpenHss BEICOTA CHETOBOTO IIOKPOBA, M, IPHHUMAEMAsl 10 METCONaHHbBIM;

B) cCpedHsisl IUIOTHOCTh CHETOBOTO TIIOKPOBA, T/M, NpUHAMAaeMas 1o
METEOIaHHbIM,

T') CpEHss CKOPOCTh BETPa B 3UMHHUI EPHOL;

1) HOPMAaTUBHEIE TTYOWHBI CE30HHOTO OTTAMBAHUS W MIPOMEP3IAHHS;

€) CpemHsAS IO MHOTONCTHHM JaHHBIM TeMIEparypa BO3AyXa 3a TEpHOJ
OTPHIATENBHEIX TEMIEpPATyp, °C, U MPOAOIDKUTENIBHOCTD 3TOTO IEPHOAA, T,

k) mpupomHoe (OBITOBOE) JaBICHWE B TPYHTE HA YPOBHE TOIOLIBHI
(GyHIaMEHTa OT Beca BBILICISKAIMMX CIOEB TPYHTOB (0 OTMETKW TPHPOIHOTO
penbeda), kI1a (xkrc/cm);

1) JONOJHUTENBHOE (K TPUPOIHOMY) BEPTHKATEHOE JAaBJICHUE HA TPYHT MO
nonomBsoipynaaMenTa, kKlla (kre/cM),

K) CpeJiHee TABIEHIE HA TPYHT MO MOOMBON GyHIAMEHTa OT MOCTOSHHBIX
U JUIUTETIBHBIX 0JIEH BpEMEHHBIX HATPYy30K, KI1a (Kkre/cm);

JI) PaCYETHBIH CPOK SKCILIyaTali COOPY KEHHS,

M) TEIUIOBOE BITHSTHAE COOPYIKCHHS,

7.1 TennoBoe BIHSHAE COOPYKEHUS

B pabore [3] npeimoxeHBl THIIOBBIC pEIICHHS II0 OCHOBAHHAM U
¢GyHmaMeHTaM IS 30aHUAl [P HCIIONB30BAHMM BEPTHKANBHBIX TPYOUATHIX
CE30HHOACHCTBYIOMINX OXTOKAAFOIINX CHCTEM MAJIOTO JUAMETPA.

Ha puc. 6 mpuBencHBI CPEOHE3WNMHHME M CPCIHENCTHHE TEMIIEPATYPHI

BO3JyXa B 30HC TPAacCbl MaruCTpajibHOIO ra3onpoBOaa, KOTOpBIﬁ nepecCKacT B
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MEepUANOHaNbHOM Hanpas/ieHUN KpuonuTo3oHy HAmana, [lNonspHoro Ypana u

cesepa Pecny6nunku Komu 1 npoxoguT no MHoroneTHemMépsnbivM nopogam (MMIT)
BCEX M3BECTHbIX TMMOB (MMI1 co cimBatoLLeiics KpoB/el, BbICOKOTEMMNEPaTypHas
MMM, MM c 3arny6néHHO KpOB/ei, MacCBHOOCTPOBHAsA, OCTPOBHasA U PeAKO
ocTpoBHass MMIM). Ha pwuc. 7 npefcTaBneHbl pesynbTaTbl pacyeTa TeMnepaTyp B

FPyHTE C NCNONb30BaHNEM HECTaUNOHAPHbIX ypaBHeHVII7I TENn10MpoBOAHOCTH.

PVCYyHOK 6 - CpefiHe3UMHME U CpefHeNeTHWe TeMnepaTypbl BO3AyxXa Mo JaHHbIM
MeTeoCTaHLuiA BAOb TPACChl CUCTEMbI MarncTpanbHbIX ra3onpoBoLOB
boBaHeHKOBO-YXTa [3]
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8 PacctoaHue, m

14,50

o

PucyHok 7 - PacueTHoe none Temnepatyp B rpyHTe C MPUMEHEHNEM CE30HHO
oxnaxgawuumx ycTpoicTs [3]

UncneHHble MOAeNM [Jal0T  [OCTaTOMHO  cnabyk  3aBUCMMOCTb  OT
TEeNNOMU3NYECKNX XapaKTePUCTUK TFPYHTOB €CTeCTBEHHOr0 OCHOBaHWA, Tuna
MM 1 cpeaHerofoBoi TeMnepaTypbl OKPY>KarLEro BO3ayxa U onpegenstoTcs B
OCHOBHOM  MOLLHOCTbKO UCKYCCTBEHHOIO WCTOYHMKA XOM04a, MOTHOCTHIO
YCTaHOBKW BEPTMKa/bHbIX MNapOXMUAKOCTHLIX TPY6UaThIX CUCTEM W CPefHE3UMHEN

TemnepaTypo.

7.2 BnunsHWe CTerneHu 3ac0/IeHHOCTU FpyHTa

BnuaHne 3aconeHns Ha Tenao(u3vuyeckMe  CBOWCTBA  3aCO/IEHHbIX
MHOrONIETHEMEP3/IbIX MOPOJ  HeofHO3HAa4YHO. 3TO0 06YCNOBJEHO COBMECTHbLIM
B/IMAHNEM  COOTHOLIEHWA  /ibda W He3amepsweid  BOAbl,  W3MEHEHWEM
TEMN/IONPOBOAHOCTM MOPOBOr0 pacTsopa B 3aBMCMMOCTM OT KOHLEHTpauuu,
Temnepatrypbl ¥ gpyrux @aktopos [4]. Mo paHHbIM [4] KO3ahpuuUeHT
TENMoNPOBOAHOCTN COOTBETCTBEHHO YMEHbLUAETCS C YBENMYEHNEM 3aCONEHHOCTH,
a KO3I(PULMEHT TenjoeMKocTM YBENMYMBAETCA B YKa3aHHOM AnanasoHe
KOHLEHTpaumnin (pucyHok8).

22



OJIM 218.2.061-2015
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Pucynok 8 — HekoTopbie TETIOGU3NICCKAE CBONCTBA 3aCOJICHHBIX MHOTOJICTHHX
TPYHTOB [4]

Ilpu pacuerax TEeMIEPATYPHOIO COCTOSHHS COOPYXXEHHMH HEKOTOPBIX
KJIacCOB W UX OCHOBAaHMI, a TakXKe MpPU BHINOJIHEHUN INPEIBAPHTCIHHBIX
TEIUIOTEXHUYECKUX  PAcueTOB  PACUETHBIE  3HAUYEHHUA  TEITO(U3MYCCKUX
XapaKTePUCTUK TaJBIX M MEp3JIbIX MECKOB, CYIecel, CYITIMHKOB, IJIHH,
3arop(OoBaHHEIX TPYHTOB WM TOpda IpH HAIUYUU 3aCOJICHHOCTH IOITyCKAcTCs
MpUHAMATH 3HaYcHUA U3 Tabmun no CHull [5]. B 1abn. 1 npuBeaeHs! HEKOTOPhIE
3HAYCHUS TEIUIONPOBOJHOCTH M TEIUIOEMKOCTH HCKYCCTBEHHBIX HACHITHBIX
TPYHTOB B 3aBHCUMOCTH OT KOHICHTpalMM MpH  OAMHAKOBONW CyMMapHOIi

BIIQ’KHOCTH.
23
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Ta6nuna 1 —3HaueHHsA TEIUIOMPOBOJHOCTH U TEIUIOEMKOCTH HMCKYCCTBEHHBIX

HACHINIHBIX TPYHTOB B 3aBHCHMOCTH OT KOHIIGHTpAlMM TP  OAMHAKOBOM
CYMMAapHO# BIQKHOCTU
O6beMHast
CmeapHaﬂ Tel‘[J‘lOl‘lpOB()Z[HOCTb TCMIIOEMKOCTh
Konuentpaumst Inornocts BJIXKHOCTb rpyHTa, B1/(Mx°C) rpyHTa
nopoBsoro 5 Cyxoro r;;yHra, TPyHTa, OOJU [KKaJ'[/(MX‘lXOC)] I[)I(/(M3><OC)10_6
pacTBoOpa, T/M /™M eIHHULIBI
[kkan/(m*x°C)]
lth lf
3aconenue xnopugamu Na
0,04 1,80 0,13 0,99(0,85) 0,86(0,74)
0,16 1,80 0,13 1,14(0,98) 1,04(0,89)
0,26 1,80 0,13 1,08(0,93) 0,92(0,80)

Mpumeuanne — ly; lf— TEWIONPOBOAHOCT COOTBETCTBEHHO TAJIOTO M MEP3NIOro rpyHTOB; Cyy;

C¢— 00beMHAs TSINIOEMKOCTh COOTBETCTBEHHO TAJIOTO H MEP3JIOro IPYHTOB.

7.3 BausiAre MOPUCTOCTH FPYHTOB HA TEMJIONPOBOIHOCTH

Bmmsaue

TIOPUCTOCTH

TPYHTOB

Ha

TCILIOIIPOBOOHOCTD

MO>KHO

NPOAEMOHCTPUPOBATh Ha TIPUMEPE MEP3IIBLIX TIOPOA B palioHe ByJkaHOB Kamuarku

Ha BeIcoTax oT 1000 mo 1500 m [5].

BnusgHue mnOpUCTOCTH mpencTaBlicHO Ha pucyHkeY. Ilpu yBenuueHuM

IIOPACTOCTH TCIUIONPOBOAHOCTE MOHWKACTCA KaKk B TaJlOM, TaKk W B MEP3JIOM

cocrosHUH. [Ipm 3TOM HYETKO MPOCIICKMBACTCS 3aBUCHMOCTh KOd(duuueHTa

TEIJIONPOBOHOCTH OT CTETEHU 3anoyiHeHus nop snaroi Sr. [Ipu Sr>0,8 3Hauenus

K03(¢dUIeHTa TEIIONPOBOAHOCTH BhIME, a mpu Sr = 0,4-0,6 — mwke. Cambie

HU3KHE 3HAUCHHS KO3 (DUMeHTa TEIONPOBOIHOCTH MOMYUEHBI WIS IUIAKOB MPH

Sr=0,2-04.
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3aBucumoctH k03¢ duLEeHTa TEINIONPOBOIHOCTH OT IIOPUCTOCTH (€) LISl HCCIIENYEMBIX
BYJIKAHHYECKUX TOpox; 1 - makos, 2 u 3 - nemos (2 - npu S>0,8, 3 - mpu S, = 0,4-0,6) B

TanoMm (A) u mep3noM (b) cocrostaum [5]

Pucynok 9 — 3aBucumocTd K03 (PHLHEHTA TETUIONPOBOJHOCTH OT HOPHCTOCTH

7.4 BiusiHHe TJyOHHBI CE30HHBIX OTTAHBAHHS H TNPOMEP3aHHS Ha
MOPHCTOCTH IPYHTA

Koa¢pduumenT nopucTocTi MEp3I0ro rpyHTa €y, JOJIH €1I., TECHO CBS3aH C

[JIOTHOCTBIO TPYHTA B CYXOM BHIE “°< W TJIOTHOCTBIO YaCTHIl TPyHTa S M €ro
WU3MECHEHWE TIPM CC30HHOM OTTAWBAHWHU-TIPOMEP3aHUM  OKA3bIBAET CHIIBHOE
BIMSIHUE HA TEIUIOTIPOBOHOCTH M TEIUIOEMKOCTH(6) [6]

_Ps—Pexar

ey =
Poxu (6)

B BeprukanpHOM paspe3e MHOTOJCTHEMEP3JIBIX TONMI BBIACIAIOTCS CIIOMH
CYTOYHBIX KOIcOaHUI TeMIleparyp, CIoi roJOBbIX KoNeOaHWil TeMmeparyp, 30Ha
BEKOBBIX U 30HA SMOXANBHBIX KoJeOaHuii Temmeparyp. [1pu oTTauBaHuu Mep3iibIX
TPYHTOB, C MEPEXOJOM JbJa B BOIY, PE3KO CHIDKACTCA WX TPOYHOCTH H
YBEIMYUBAECTCS CKUMaeMocTh [7]. TIpoHCXOmUT 3TO B OCHOBHOM 3a CHET

3HAQYUTCIIBHOIO YMCHBIICHHUSA CLCIUICHUA OTTaMBAKOIIUX TPYHTOB, BEIMAYMHA
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KOTOPOrO OMNPEAENSeTcsl JKCIEPHUMEHTATBHO METOJOM INAPHKOBOH IPOOHL.
Temnopu3ndeckre mapamMmeTpsl IS TAIBIX U MEP3JIBIX TPYHTOB OTJIHYAOTCA [6].

Tlpu oTTamBaHWM  MEp3JIBIX TPYHTOB B  HUX BO3HHUKAET  [1Ba
TIPOTHBOIONIOXKHBIX TIPOIecca; YIUIOTHEHHE, T.€. YMEHBIIEHHE MOPHCTOCTH IIpU
OT)KATHH TaNol BOABI, M HaOyXaHUE arperaroB, KOTOPOE MOMKET OOYCIOBHTH IIPH
HE3HAUMTENLHONM Harpy3ke Ha IPYHT VYBEIWUYECHHE €ro mopucrocTH. OxHaKo
Hanbomee XapaxkTCPHBIM ABJICHUCM, ITOYTU BCCrAa UMCHOLIUM MECTO B PCAIBHBIX
yCJIOBUSX, OYJET YBEJIMUYCHHUE TIOPUCTOCTH TIPH IIPOMEP3aHUK-OTTauBaHuu [7]. B
3TOM CJTydae MPONCXOINT HabyxaHne arperaToB, Beayliee 3a coboi H3MEHEeHHE, B
TOM YHUCJIE U TEIO(PU3NUECKUX XaPAKTEPUCTHUK (pUcyHOK 10).

B cinydyae ymioTHeHHs AedopMalii, BO3HHKAIOIIME TpPU OTTAUBAaHUHM
MEP3IIBIX TPYHTOB, HOCAT XapakTep 0caJoK Wid npocagok. Ocaaku MPOUCXOAAT B
pe3yabTare YIUIOTHEHHS OTTasBIIET0 TPYHTa MOJ HArpy3koi, a TpPOCaaKh
BBIZBIBAKOTCS OTTAMBAHUEM JICOAAHBIX BKJIFOUCHHIT — CErperalmoOHHOro JIbaa. B
TOCTTEAYIONIEM IPOMCXOAUT AOYIUIOTHEHHE IPYHTA, OOYCIOBICHHOE B OCHOBHOM
TIOJI3YYECTHI0 MUHEPATIBHOTO CKENETa OTTasBIIEro rpyHTa. Ha koMrmpeccuoHHO#M
kpuBoit (pucyHOK 10a) COOTBETCTBEHHO BBIIENSIOTCS TPH XapPaKTEPHBIX y4yacTKa:
0-1 — ymIoTHEHWE TPYHTA B MEP3JIOM COCTOSHWM; 1—2 — pe3koe H3MEHEHHE
CTPYKTYPHl TPYHTa B MOMEHT IpOCaaku;, 2-3 — JAOYIUIOTHEHHWE IPyHTa MOA
Harpy3ko#t. CkaukooOpa3HOe yMEHBIIEHHE Kod((ULMeHTa MOPUCTOCTH Ha
yaacTke 1-2, Kak MOKa3all OSKCIEPHMEHTAlbHbIE PabOTEl [7], OMUCHIBAETCS

3aBHCHUMOCTEBIO, KOTOPAas IIpyu HEOONBIINX JABJICHHASTX UMEET JIMHCUHBII XapakTep.
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a — KOMIIPECCHOHHAs! KPUBAasi MEP3JIOro rPYHTA MPU OTTaUBaHKUK, O — 3aBUCHMOCTb

OTHOCHTEJTLHOTO CXKaThsl OT AaBieHus (1 — 1Jist OTTauBaIOIIKX U 2 — HEMEP3JIbIX FPYHTOB)[7]

Pucynok 10 — Jlepopmaniuyi oTTauBaroLMX IPYHTOB MO/ Harpy3Ko

3aBUCHMOCTh M3MEHEHUS NOPUCTOCTH Af OTTaMBAIOIIMX T[PYHTOB OT

JIABIICHAS 0 3 KI/CM” CTPOTO JIMHElHa (pHCYHOK 11).

1-necok 2- riMHa

Pucynok 11— 3aBHCHMOCTb H3MEHEHUS IIOPHCTOCTH MEP3JIBIX TPYHTOB MPH
OTTanBaHMM OT BHELIHETO JABJICHHS [7]
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7.5 BausitHue TeMIepaTy pbl HA4aJ1a 3aMep3aHus IPyHTa

an/ICyTCTBI/Ie B MCP3JIBIX TPYHTaXx TOro WJIA HMHOI'0 KOJHYICCTBA
HezaMep3lieil BoAbl 00yCIIOBIMBACT 3aBUCHMOCTb UX CBONHCTB OT TEMIIEPATYpHL
Tbf °C, xapakTepusyeT TemIeparypy Mepexoja TIPyHTa M3 Taloro B MeEp3Jioe
COCTOsIHUC. ﬂﬂﬂ HE3aCOJICHHbIX IICCYAaHBIX H prﬂHOOGJ’[OMO‘IHHX TPYHTOB
3naueHne Tbf mpuammaercs mo I'OCT paabim O °C. Temmeparypy Hauana
3aMep3aHus NbLIEBATO-ITIMHUCTBIX, 3aCOJECHHBIX M OMOr€HHHBIX (3aTOPHOBAHHEIX)
rpyrToB Tbf cneayer ycraHaBiMBaTh ONBITHBIM IyTeM. [ IpeaBapuTElbHBIX
pacueToB Mep3JbIX OCHOBaHWil 3HaueHume Tbf nomyckaercs TpWHUMATH TIO
tabmuie 2 [1] B 3aBUCMMOCTH OT BHAAa TPYHTA W KOHIIEHTPALMM HOPOBOIrO
pacTBOpa Cps, JOJIH CAUHHALIBL.

Ta6nuna 2 — Temneparypa Hauana 3aMmep3anus rpynra Tbf

TemmepaTypa Havaa 3aMep3anus rpyaTa 1y, °Cripn

I'pyHTEL KOHIICHTPAIIMH [IOPOBOI'0 PACTBOPA Cpy, NOJIH €THHMIILI

0 0,005 | 0,01 | 002 | 003 | 0,04

Tlecuanbie 0 -0,6 -0.8 -1,6 2,2 -2.8

IIpIeBaTO-TIIMHUCTHIC:

cynecu -0,1 -0,6 -0,9 -1,7 -2,3 -2,9

CYIJIMHKH M TJIMHBI -0,2 -0,6 -1,1 -1,8 -2,5 -3,2

7.6 BiusiHMe MHIDAUHH BJIarH BCIeICTBHE HEPABHOMEPHOCTH
npoMep3aHHsi IPyATa

Hccnepopanus NOKa3bIBalOT, YTO BAKHBLIM IIPOLIECCOM B MPOMEP3AOIIUX
TPYHTaX ABJAETCS MepepacnpenesieHue B HUX BIKHOCTH BCJIEJICTBHE MHMIPALUH
BOJIBI TPU IPOMEP3AHUHL.

3aBHCUMOCTh MHTEHCHBHOCTH MUTPALMOHHOTO TIOTOKA BiIard qwf K (poHTY
TpPOMEpP3aHUd OT CKOPOCTH mpoMep3aHmst vi Ui MIHPOKOro AWamasoHa

npeacrapieHa B paborax [8; 9], rae mokasano, 9TO I K&KIOI0 IPYHTa MMEETCS
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CBOs OIITUMAJIbHAA CKOPOCTH IMMPOMEP3aHMsT vionT , COOTBETCTBYIOIIAA MaKCUMYMY

qwf (pucynok 12).

a4

max

q wif

min omnr - InAX
A} ¥
f f f

PucyHok 12— 3aBHCHMOCTE MUTPAIIMOHHOTO TTOTOKA BOJIBI OT CKOPOCTH
IIpOMEP3aHus IPyHTA IPU MUHUMAJIBHOM PACCTOSIHMM OT YPOBHS HOA3EMHBIX BOX
Z2=0,1m[9]

C yBemueHneM unu yMeHblieHueM viornocurensno vfonrt 3nauenue qwf
YMEHBIIAETCA. JlMana3oH ONTHUMAIBHOH ckopoctu cocrasisier vionr =0,6...1.0
MM/4, HIKE MHHHMQIBHOH CKOPOCTH IIpOMep3anws, paBHOW vimin ~0,02...0,04
MM/4, TIPOIecca MUTPALK HET, & BBINIE MAKCHMAIBHON CKOPOCTH, paBHOM vimax
~8...15 MM/4 IydeHHE TaKKe OTCYTCTBYET [9].

B pabote [10] mpoBeaeHO YHCIEHHOE HCCAECIOBAHNE M3MEHEHUS BIKHOCTH
B MPOMEP3AIOMIUX IPYHTAX B 3a8BECHMOCTH OT CKOPOCTH MPOMEP3AHUs OCHOBAHMS
3a rogmuHbeli mukil Ilpm yBemmueHuwm ckopoctd mpomep3aHus ¢ 0,03 mo

0,07 M/CyTKH BIaXXHOCTb Y ()POHTA MPOMEP3AHHUS YBETMUABACTCS TIOUTH Ha 50 %

(pucyHoK 13).

29



O/1M 218.2 061-2015

PucyHok 13 - 3aBUCMMOCTb BNaXXHOCTU FPyHTa 'y ()poHTa NpoMep3aHus ot
CKOpOCTU NpomMep3aHms rpyHTa [10]

7.7 BnusHuWe cpegHero AaBneHUA Ha NOPUCTOCTb FPyHTa

Mep3nble ¥ BEYHOMEP3/ble TPYHTbl ABAAOTCA TenamMu, B KOTOPbIX
HanpshKeHns v gedopMaummn, BOSHUKHYB MOJ, AeACTBUEM BHELUHEA Harpysku, He
OCTAlTCA TMOCTOSHHBIMK, & C TeyeHMeM BpEMEHW MeHstTCs, 06ycnasnusas
npoueccsl penakcauun u nonsyvectn [7]. CnegyeT paccmatpuBaTb ABa Knacca
nonsyyectu: 1 - 3aTyxatoLlylo NON3y4yeCTb U 2 - He3aTyxaloLyt Mof3yyectb
(pucyHok 14).

B cnyuyae 3aTyxawolleii nonsyvecT Mep3nibiX TPYHTOB npeobnagaet
npoLecc 3aKkpbITUA  MUKPOTPELMH, YMeHblleHWs CBOOOAHLIX MycTOT MU
HeobpaTMMble CABWIM 4YacTUL, OTHOCWTENbHO Apyr Agpyra. B pesynbrate
NNacTUYHO-Mep3/ble TPYHTbI MO Harpy3koi ymnnoTHAOTCH. 3TO 06BACHSAETCS
YMeHbLUEHMEM MOPUCTOCTU FPyHTa B pe3y/ibTaTe OTXaTWs He3amep3lueld BOAbl U1

BO34yXa.
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HaNpsDKEHUEM M OTHOCHUTENbHOM neopmariueii (€)

Prcynok 14 — Peonorndeckue 3aBUCUMOCTH JJT MEP3JIBIX TPYHTOB TIPH
CTYNEHYATOMHAIPY>KEHUM

OO1mast

OTHOCUTENIbHAA  JieopMarus  (pUCYHOK

14e¢) mnpuBomUT K

M3MEHEHUIO TUIOTHOCTH M MOPUCTOCTH cpensl. B paGore [S] Obum mpoBeneHbI

KOMIIPECCHOHHBIC WCTBITAaHUS (ZaBneHue 1,2 Kr/cM’) 00pa3moB  MEp3JIoro

CYIJIMHKA C OMHOCTOPOHHAM IPOMOP2KMBAHWEM TMpPH 3acoyieHHOCTH 1 % wu

temmeparype Munyc 2 °C (tabmuua 3). Mi3MeHeHre NOPHCTOCTH M BIKHOCTH MPU

3TOM coctasiigeT 10 30%.

Ta6nuia3— Pe3yibTaTl KOMIPECCHOHHBIX HCIBITAHUN 00pa3oB MEp3Ioro

CYITIMHKA
Bnaxuocts | [InotHocTs | 3aconennocts | ITopucrocts Creners
Ne Bpems W o D 0 BJIA)KHOCTH
> 2 sal )
obpasua | onpeaeneHust e, o % e, nGé
1 Jo onbiTa 0,48 1,43 1,0 0,64 0,74
ITocne onbiTa 0,31 1,90 0,28 0,46 0,97
2 Jlo onbiTa 0,48 1,43 1,0 0,64 0,74
ITocne onbiTa 0,36 1,74 0,35 0,53 0,38
3 Jlo onbiTa 0,48 1,50 1,0 0,62 0,77
Tlocne onbiTa 0,37 1,80 0,31 0,51 0,95
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Mep3ibIM IpyHTaM MO HArPy3KO# IPHCYINE Takke CBOMHCTBO penmaKcarjin
(ocmabneHre IWIOTHOCTH ), BO3HUKAIOIIEe BCIAESACTBIE TEUEHHS JIbJA M CHIDKAOIIEE

MIPOYHOCTH IPYHTOB BO BpeMeHHU [7].

8 DakTOphl, BIHSIONHE HA TeIIO(H3NYECKHEe XAPAKTEPHCTHKH

AUCTIEPCHBIX MaTe€pHaAJIOB

BooOmie  u3MeHeHHE  TEIUIOQU3UYECKHX  XAPAKTEPUCTHK  CHCTEMbL
OPOMCXOOUT B OCHOBHOM B PE3yIbTaTe BApPbUPOBAHUS COCTOSHUS CUCTEMBI,
OIIPEENAEMOT0 TpeMs (aKTOpaMH: MOPUCTOCTEIO, TEMIIEPATYPOH M BIKHOCTLIO.
WHBIMH CITOBaMH, KOTOa M30paHa AaHHAS CHCTEMAa C 3aJaHHOM CTPYKTYpol u
XUMHUKO-MUHEPATOTHYECKOH OCHOBOM, MMeeTCs BO3MOKHOCTb KpaifHE pe3KuM U
CYIIECTBEHHEIM 00pa3oM MOBIMATL HA BEJIMYHHBL €€ TEIIOQU3MUYECKUX
XapaKTEePUCTUK:

a) YIUIOTHCHUEM WA PBLIXJICHUCM CUCTEMBI,

6) HarpeBaHUEM HITH OXJIKICHUEM €€,

B) VBITOKHCHAEM FITH CYIIKOM.

He paccmarpuBaercs BIHSHHE HAa TEIUIOQHU3MYECKHE XaPaKTEPHCTHKH
MaTepHaIOB CTPYKTYPHO-MEXaHHYECKUX (DaKTOpPOB: pasMepa, (OPMBEI 3€peH H
CHOCOO0B KOHTAKTHPOBAHHSI.

Ot (aKTOpHI, ONMPENETAIOIME COCTOSHHE CHCTEMBI (IUTOTHAsi, pbIXJiasd,
BI@KHAA, CyXas, Topsdasd, XOJIOAHAsd), MOTYT OBITh 3aJaHbl M IIHPOKO
BapbHPOBATECSA  DKCIIEPHMEHTATOpoM. Kak Tpu 3TOM HM3MEHSIOTCS  TETUIo-
(I)PISPI‘ICCKPIC XapakTCPUCTUKH, MBI U TIONBITACMCA PACCMOTPETH B JAHHOM pa3aciic.
Kak m pamee, B KadecTBe oOBekTa OyiaeT Hm3bpaHa Hambojee CloOXHad U3
HEMCTAIUTHYCCKAX MaTCpHaiIoB — JUCTICPCHAs CUCTEMA.

Cneagyer DOAYEPKHYTb, YTO, TOBOPL O Pe3KOil  3aBUCUMOCTH
TGI'IJTOCI)I/IBPI‘{CCKI/IX XapakTCPUCTHK OT Cbal(TOPOB COCTOAHUA CHCTCMBI, MBI BOBCC HEC
OTpMLAEM  BO3MOXKHOCTH  PALIOHAJIGHOTO  PETYIHPOBAHHSA  CTPYKTYPHO-
MEXAHWIECKHX W XAMHUKO-MHAHEpaornueckux ¢aktopos. Takoe peryaupoBaHue
BIIOJITHEC BO3MO’KHO, HANpUMEp, 3a CUCT OPUMCHIMBAHUA K CKEJICTY CHCTCMBI
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PasnHUHBIX (PAKIUK YACTHLl WM [EMEHTHUPYIONIIUX, OamNacTHBIX MM HHBIX
cBa30K. Ho HeoOxomuMO WMETh B BHAY, 4YTO TIPH J3TOM  MEHSAETCS
MOPUCTOCTH CHCTEMBI M (DaKTUUECKH CO3JacTcs HOBad CHCTeMa. Jlng JaHHOM ke
CHCTEMBI JIHIIE TOPHCTOCTh, TEMIMEpaTypa W BIDKHOCTE — TpH (akTopa,
CIOCOOHBIE IPHBECTH HA MPAKTHKE K JKEIATEIbHBIM 3HAYCHHSM TEMITOPA3HYECKAX

XapaKTePUCTHK.

8.1 BiuusHHe MNOPHCTOCTH [JHCHEPCHOTO MATepHANa HA  €ro
TemoduinyecKkne CBOHCTBA
Yynuosckuii A.@. [63] npeanaraer cienyromne MIAPAIECKAE GOPMYITBI
tina A = f(y) s cneyromen KinaccupuKanuy JUCIEPCHBIX MaTeprHalloB.
1)  Heopranuyeckue Cbllyude MaTepuanbl 3€PHACTOTO  CTPOCHHS
(MuHNMAaNBHEIH pa3mep 3epeH 0-15 mm) (popmyna (7)
A=
0,13y + 0,016y? + 0,022. 0
@opmyna (7) copaBeAnuBa Ais MaTepHAoB caMoOil pa3NnUyHO# IIOTHOCTH
400-1800kr/M3 mipn cpenHelt Temueparype 25°C.
2) Heopranuueckue CBsI3aHHBIE MaTepHANIB SYCHCTOTO CTPOCHHS (8)
A=
0,11y**1,68y + 0,22. 8)
dopmyna copaBeqiMBa JUIT  OOIIMPHOTO  Kilacca  METKOMOPHCTHIX
MarepuasioB (pasmMep mop 0,5-2MM) B IIMPOKOM HHTEpBaje ImioTHOCTeH 800-
1800Kr/m’.
3) Heopranudeckue CBsi3aHHbIE MaTepHaibl CMEIIAHHOTO CTPOeHHUS (9)
A = 0,0935/y2,28Y+0,025. ©)
®opmyina (9) onuCHIBaeT 3aBUCUMOCTD A = f(y) Anst OETOHOB.
Dopmyna crpaseuBa U MaTepPUaNioB ¢ TIOTHOCTEIO 900-1800 Kr/m’ npH

KOMHATHOM TeMIeparype.
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4)  HeopranMyecKME€ PBIXJIbIE MaTE€PHAIBl BOJIOKHHCTOTO CTPOECHMS.
OCHOBHBIM ~ MArepHATIOM, C KOTOPHIM TIPOBEACHO HamOONBINEE dYUCIIO
SKCIIEPUMEHTOB, SIBJLACTCA MUHEPAIbHASL U CTCKIIIHHAS BaTa.

dopmyna, MPETOKECHHAS JUTSt BBIYHMCIICHH Kkoa(durmenTa
TEIUTONPOBOJHOCTH BATBl, YYUTBHIBACT JIMIIb POCT KPUBOH A=f(y)d umeeT
crnenyromit Bua (10)

A=0,047 +0,055(y — 0,15) 4+ 0,00015(M — 10) + 0,0005(d —

3), (10)

JUTIsL CTEKIITHEOM BaTel mMeeT Bux (11)
A=
0,043 + 0,06(y — 0,15) 4+ 0,00025(d — 3), (11)

IJIe Y— OOBEMHBIH BEC BATHL B CYXOM COCTOSHHH B T/M’;
M- coneprkaHue BKIIOYEHUH B IPOLIEHTAX IO BECY,
d— cpemHsist TONIMHA BOIOKOH B MUKPOHAX.
5) HeopraHudecKHe pPbIXJIBIE MaTE€pUabl BOJIOKHHCTOIO CTPOCHHSA. Jlis
obmactu A= 125-350 kr/M3 crpaBemrBa crenytomas ¢opmyna (12)
A=
0,804y? — 0,618y — 0,0128y + 0,025. (12)
6) Opranndeckue CBA3aHHBIE MaTEPHAIIB BOJIOKHUCTOTO CTPOEHMS. J{Iis HHX
cripaBeTMBa cieaytomas hopmymna (13):
A=0,136y% — 0,072y® — 0,097y + 0,022 +
Ay™. (13)
Ota ¢opMyna NpUrofHa i MarepyaioB rpyOOBONOKHUCTOM (A=0,052;
n=0,55), cpeaneBonokHucroit (A=0,027; n=0,7), TonkoBonokHucroii (A=0,0073;
n=0,8) CTpykTyp M MWii OPEBECHHBI IONEPEK BONOKOH (A=0). B stoMm ciydae
CXOJMMOCTb ONBITHBIX JAAaHHBIX Pa3HBIX aBTOPOB XOPOLIAs, CPEAHSS KpHBasg A =

f(Y) M3 X DaHHBIX OTpaXKaeT XapakTep GOPMYIIEL

8.2 BuusiHHe BIArocoJepKaHusl JHCIEPCHOTO MaTepHAa HAa €ro

Temopu3uYecKHe XapaKkTePHCTHKH

34



OIIM 218.2.061-2015

Y4eT BIaKHOCTH AUCIEPCHOTO MaTeprasa IpH KOIMIECTBEHHOM OLICHKE eTo
TETNTOOU3NUECKUX XAPAKTEPUCTHK TIPEACTABIACT COOOM CIOXKHYK —3amady,
HOCKOJBKY TpeOyeTcss pacCMOTpeHHE Mpolecca TEINIONEepefadn yxke B
TpexdazHoit (BMecTo aByxdaszHolM) cucreme. IIONBITKM TEOPETHYECKOTO
PaccMOTPEHMS BOIPOCA PEANM30BAaHBl HA OCHOBE TEX )K€ MOJENBHEIX CXEM, O
KOTOPBEIX TOBOPIUIOCH BHINE. B IEpBYIO Odepenb CIEOYET HA3BarTh TCOPHIO
3NIEKTPOTEIVIOBOM aHANOTHH, KOTOpas PACIpOCTPAHSAETCS HAa CMEIIAHHOE Teo,
COCTOSIIEE W3 TBEPIOBIX 3EPEH, BO3AYIIHBIX MOP ¥ OKPYXKAIOWIEH WX BOAHOMN
cpeasl. [Ipy 3TOM BO3MOXKHBI TPH BAPAAHTA BHIYUCICHUMN.

1) [dons mop OTHOCHUTENBHO BEIMKA 110 CPABHEHHIO C 3€pPHAMH OCHOBHOI'O
KOCTSIKa CUCTEMEL B 3TOM ciIydae Bilara + 3epHa paccMaTpHBaIOTCS Kak HEKOTOpas
olmiast cpema 1O OTHOIICHWIO K mopaM. CpenHee 3HaueHHE KoddduuueHTa
TEIUTONPOBOIHOCTH TOJOOHON CHCTEMBI MOXET OBITB BEIUKCICHO TO (hopMyIie
Oiikena (14)

2
A= 2p3,1 (1 13‘1)
TRk
A3,1
A2
p3,1(1—r)
3,1
(s k| (14)
23,1

Hupekcel 1, 2, 3 oTHOCATCA K 3€pHaM, MopaM M Biare, a 3HA40K «3,1»
OTHOCHUTCH K 00L1eii Macce Biara+3epHa.

2) lons nop ¥ 3epeH MoYTH OAMHAKOBA B cucTeMe. [IpH 5TOM cnpaBeuinBa
(popmyna (15)
1+2p1(1—;—i)

Az
21_1+1

1‘[’11_}t3

P3
25341+

- 3

3) Monsg 3epeH OTHOCHTENBHO BEJWKA, O CPABHCHWIO C MOPAaMH, Biarat
nopel  OOpa3yIOT ~ OTHOCHTENBHO  CKEJlETa  KBAa3MOJHOPOIHYKO  Cpendy.

COOTBETCTBEHHO 3TOMY CIEAYET PUMEHUATH (hopmyny (16)
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A=

~
A Ehs2) (16)

1+
2

€ P32 — OTHOCUTENbHBINH 00beM, MPHXOAAIIMICS Ha OOIIYIO Cpefy Biara-+mopsl.

KpoMe TOro yrBepKmaercs, 4Yr0 TIPH MajOM BIIArOCOACPKAHUN
KOB(bq)MHHeHT TEIMJIONMPOBOAHOCTH BOABI MAJIO BJIMACT HA TCTUIOTIPOBOAHOCTDL BCEH
cucteMbl. [lo cymecTBy, 3amaua CBOJUTCH K PacCMOTPEHUIO ABYX(a3HOH
CHCTEMBI: 3epHa-BJlara, IPHYEM y TOYEK KOHTakTa 00pa3yeTcsi BOAIHOE KOINBLO
pamiyca r, a cdepuueckas TOBEPXHOCTh HaCTHIEI (pagMyca R) 3ameHsercs
TIOBEPXHOCTBIO, OXBAaThIBAIOMIEH NaHHYIO cdepy B BAAE mapabosonaa BpaIIcHHS,
0Cb KOTOPOro MPOXOJMT YePe3 IIEHTP YacTHITEL. Bce ympoIeHns MOo3BONISIOT AaTh

crenyromyto Gpopmyiy (17) s BIaKHOCTH MaTeprana

*

[o- RX=

Wy =

= (17)

30eck p3 U p; — COOTBETCTBEHHO IUIOTHOCThL BJIATM W Marepuaia 3€peH.
QdopMmyna, HCIoNb3yemas ANd PacdeToB KO3(QHUIHEHTa TEILIOMPOBOTHOCTH,

umeer cnenyroumii Bux (18)

A=

T2p
M 16p: * Wp. (18)

Coornomrenne (18) cnpapeIMBO I YCIOBAH %s 1. OfHako WMeEroTCA

OCHOBAaHHMs CYMTaTh, 4TO MPH MAJIOH CTENCHHW yBIAKHEHHS Marephaia WMeeT
MecTo Gosiee CHIIbHAA 3aBUCHMOCTBA = f(w), YeM Ta, KOTOpas naetcs (opMyIoi
(18).
3aBUCHMOCTE BENMYMHbL 8y OT OOBEMHOro Beca NPEJACTABIEHA B BHIE
(dopmyust (19)
80 =80 (o

y03x5,7Y

1) (19)
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@opmyna (19) copasemmupa [ TPYIIEL SYEHCTHIX MEJKOMOPHCTHIX
MarepuanoB B uutepsane y =0,4-1,2 /m>.

Bnusinue pasmMepos 3eped Ha X0 GyHKIMHOS,, = f (Y )BIIONHE 3aKOHOMEPHO

U 151 T€X JK€ MarepHajioB MOXKHO Hamucars Gopmyiry (20)

84 =80 (o3 +1) + 7,12(d — 0,14)°8 x 0,05 (20)

yO3x5,7V
JIns sAUencTIX MaTepHaIoB B TIpejeNaX YKa3aHHOI IJIOTHOCTH, BIUIOTH JO
15 %-20 % oO0BEMHOH BIAKHOCTM M C COACPKAHMEM YACTHI[ AHAMETPOM
0,45-1,87 MM, MOXHO pekoMenoBaTh Gopmyny (21) ans pacyera koshduuuenta

TCIUIOTIPOBOHOCTH!
Ao = Ac(1+

100 /°
rae A; — K03(HUMEHT TEIIONPOBOAHOCTH CYXOT0 MEJKOIOPUCTOr0 MATEPHANA,
omnpeaenseMslii no Gopmyie (7).

Bemnuuna 8, Haxomures mo Gopmyie (20).

@opmyna (22) st BEIYMCIEHUS! TEMIONPOBOAHOCTH [EPEBA, Kak (HYHKIHH
BIIQKHOCTH, B BIJE:

AN =2[140,01(w; —

wp)], (22)

rae A" A’ — koo unmenTs TEMIONPOBOAHOCTH EpeBa IIPH BECOBOI BIBKHOCTH
Wy 1wy,

KoHeuHO, HeNB3s MpemtoxuTh 00mIeH (GOPMYILL Jjid BCEX THUIOB IIOYB B
culy ux Goipmoro pasHooOpasust. OOHAKO YIS HEKOTOPBIX THIIOB PACUCTHBIE
3aBUCMMOCTHAA = f(w)MOTYT OBITH TPEITOKEHBL. Tak JUlst OONOTHCTHIX IMOYB
IpeUIaracTcs COOTHoIeHne (23)

A= Agoc+ N(w —
10), (23)
rae Agoc — K03 dummenT TenmonpoBoaHoCTH TOYBEL npu Temmeparype 6 °C, a

N=(1:7) x 1075,
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B.HKaypman momydaer cemeiicTBo KpHMBHIX 8, = f(w), Ha OCHOBaHMM

on

KOTOPBIX ACIacT CJICII;YIOH.II/Iﬁ BBIBOJI O XapaKTCpC U3MCHCHUA 800 = PR
[}

1) 8., TeMm Ooibine, YeM Gonblle 00BEMHBLI BEC MaTEpHaa;

2) 8, HEe M3MEHAETCA N0 TOW CTENMEHH BJIATOCOACPIKAHMs, KOTOpas
COOTBCTCTBYCT NMEPEXOAY BJIar U3 BHYTPEC3CPHOBBIX B MEXXTY3CPHOBEIC TIOPEI, IPH
MOCTEAYIONEM  YBIOKHEHHH  KOXDQHMIMEHT  TEIUIONPOBOAHOCTM  PE3KO
YMEHDLIIAETCS,

3) numHEHHOCT, B XOA€ KPUBOHA = f(w)NpOCTHpAETCS Iy 3epPHOBBIX
MATEPHATOB A0 BILKHOCTH 15 %-20 %, XOTOpas B CTPOMTENBHOM Jelie PEAKO
UMEET MeCTO, oOLMil XapakTep 3aBHCHMOCTH K = f(w) TakoB: ¢ yBeIMYECHHUEM
BITYKHOCTH KO3(PPUIMEHT TEMIICPaTypPOPOBOTHOCTH CHAYAlla PACTET, JOCTHTAET
MaKCHMyMa, 3aTeM IIaJacT, CTPEMACh B HEKOTOPBIX CIyYasX K MOCTOSHHOMY
3HAYEHUIO.

YeM BEIINIE BIAKHOCTH IIOYBEI, TCM OoJbLIE €¢ YAChabHasA TCINIOCEMKOCTb U
TEMIIEPATyPOIIPOBOAHOCTE. KpoMe TOro, ¢ yBENMYCHHEM BIAXHOCTH [PH
HCKOTOPOM 3HAYCHUH TIOCJTCZ[HCI‘/JL XapaxkTCpHOM Jid JaHHOrO THHA I04YB,
TIPOUCXOTUT YMEHBILCHUE YICAbHOro oObeMa. TakuMm o0pa3oM, B H3BECTHOM
UHTEpBAIE  BJIAKHOCTH  BIOJHE BEPOATHO MOCTOSHCTBOK = f(w), wubo
TEIUIOIPOBO/THOCTE PACTET € YBEIMUCHHEM INIOTHOCTH U YACTBHOM TEII0EMKOCTH.
L[anLHeI‘/’Imee TIOHWKCHUC TEMIICPATypPONPOBOAHOCTH C YBCIIHUYCHUEM BJIAKHOCTH
MOXXET OBITH OOBSICHEHO TEM, UTO TEIUIONPOBOAHOCTH MaTepuaia Npu 3ToMm Gyaer
HMETB 3aTyXaromiee 3Ha4eHuIe, MPHOIIKaromeeca K 3HAaYEHHIO TCIIOPOBOHOCTH
BozBL C YBENMYCHHEM BIDKHOCTH MOYBbI MOABUBIINECS BHAYATIE TOHKHE, & IIOTOM
Bce Oonee YTOJIAIIUECS BOJHBIC TUICHKM HAYUHAKOT HUIParthb pPOJIb BOISHBIX
MOCTOB, 10 KOTOPBIM TEIUIO OBICTPO PACHPOCTPAHAETCS OT OAHOH HaCTHIBI K
JIPYTOii, a, CJIEAOBATENBLHO, 3HAUCHUS A U KHAYMHAIOT PacTH.

Ha xapaxkrep 3aBucumoctuA = f (w)BImsieT psia HakTopos:

a) IVIOTHOCTD WJIK IOPUCTOCTD,

6) KPYIHOCTE 3€pEH;
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B) MPUpPOJA MaTepHaa.

Uem Marepuall MENKOAWUCIEPCHEH, TEM €ro TEIIONPOBOAHOCTE HIKE.
CrnenoBaTenbHO, HMEIOT CMBICT TOJNBKO JIUIIB T€ BEMYMHBL A H K, 11 KOTOPBIX
yKa3aHBI BIIKHOCTB, MOPUCTOCTb, MEXAHUUECKHIl COCTaB WM AMCHEPCHOCTL. I1pu
OJMHAKOBBIX BJIXHOCTAX M HOPUCTOCTAX CYILECTBEHHOE 3HAYECHHE WMEET
JIMCTIEPCHOCTh MaTepHana, oOycnapiWBarolias CrelH(UUecKyl0 s Matepuaia
CTENEHDb CBSA3HOCTH CKEJIETA C BIIATrOM.

OO1ue BBHIBOIBI OTHOCUTENIBHO XapakTepa 3aBUCUMOCTUA = f(w).

BhIBOABIL, MOMyYEHHHIE Il MOYBCHHOIO MaTepHalla, HUMEIOT GOJbIIOe
3HAYEHHE M MOTYT OBITh PacHPOCTPAHEHHI HAa BCE JPYTHE MOPOIIKOOOpPA3HBIE H
3€PHUCTHIE MAaTEPHAIEL

1) B 3aBucHMOCTH OT KPYIHOCTH 3€pEH BCE AUCTIEPCHBIE MATCPHAIBI MOTYT
OBbITh Pa3feiicHbl HA TPU IPYHIBL KPYNHO-, CPelHe-, U MenkoaucnepcHbie. C
YBEIMYCHHUEM  BJIAKHOCTH  TEIUIONPOBOAHOCTD 3THX TIPYNN  MaTepHaioB
YBEIUYUBACTCS B JINHEHHON 3aBUCHMMOCTH, MPUYEMTEMII 3TOI0 BO3PACTAHUS TEM
Gosbllle, YeM 3epHA BEIIECTBA KPYITHEE.

2) Ilpu panpHeiilleM yBIOKHEHUM Marepuana, HAQUMHAs C OMPEACIICHHOM
CTCIICHH YBIQKHEHMS €r0, POCT TEIUIONPOBOAHOCTH JmMOO  3aryxaer
(KpYIIHO3EPHHUCTEIE ~ BEILIECTBA), JMOO, HA0OOpPOT, CTAHOBUTCS  CHIIBHO
BBIP@KCHHBIM  (MEIKO3CPHHCTHIE BEMIECTBA), JIMOO, HAKOHEN, IIPOJOSIKACT
TIO{IMHATECS JTMHEHHOM 3aBICAMOCTH (CPEIHEANCIICPCHEIC BEIIECTRA).

3) HaOmomaercs Ha ONBITE MHOTHX CTPOMTENHHBIX W W30JIAIMOHHBIX
MaTepuaioB JIMHEHHOE H3MEHEHHE TEIIOMPOBOXHOCTH C W3MCHCHIEM BIIAKHOCTH,
9TO BIOJIHE 3aKOHOMEPHO, C TOUKM NPHBOJMMOrO 31eCh OOBACHEHHS, MOCKOJIBKY
peds HMIET O HEBBHICOKMX BIOKHOCTIX M O Marephaiax CpeIHEIUCTICPCHOM
CTPYKTYPBL

4) B nmpemenax KakaoW W3 Tpex TpyNmn MarepuajoB B JIOBOJIBHO
LIUPOKUX NpeJeNiax M3MEHEHHsS CTENEHH 3€PHUCTOCTH XapaKTep 3aBUCHMOCTH

k03¢ dHIMEHTA TETUIOMPOBOHOCTH OT BIIAXKHOCTH COXPAHAETCS OTHAKOBBIM.
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OGpaboTKo# GONBLIOro YHMCIa IKCIepUMeHTaIbHBIX JaHHbIX b.H. Kaybman
nomyunn GopMyssl (0GBEMHBIH BeC BEIPAKEH B I/CM® HITH, 4TO TO )K€ CAMOE, B
T/M?), IPHrOIHBIE JUTS PAA BAKHEIX MATEPHAIOB.

JIst HEOPTAHIMYECKUX CBSI3AHHBIX MATEPHANIOB SIUEACTOrO CTPOEHUs (24)

8 =80 (sm= + 1) +7,12(d — 0,14)°% 5 0,057 (24)

yu,a 5’7)/
,HJISI HECOPraHUYCCKUX CBA3AHHBIX MaTCpUaaoB 3CPHUCTOTO CTPOCHUA (25)

1,78
y0.313¥

8, =58( +1) +1,48(d — 0,06)°° (25)

B HHTEPBAJIE o5 = 0+ 15 — 20 % u 114 3epeH HEKPUCTAJUIMYECKOH CTPYKTYPBI.
J1J1s1 HEOPraHWIECKHUX CBA3aHHBIX MaTEPUAIOB CMEIIAHHOTO CTPOeHuUS (26)
8~AY -By+C (26)
i TpamboBaHHBIX OeToHOB A=1,15; B=6,05; C=14,3, a Taicke /i €CTECTBEHHBIX
KaMEHHEIX MaTepHaloB, MECUYAHMKA, BYJIKAaHMYECKOro Tyda M CHIMKATHOrO
KHPIHYA TIPH 04 =10 — 15%; mns mreikoBanHbIx 6eToHOB A=1,1; B=7.3; C=18,3.

JI7st HeOPTraHMIECKUX PHIXJIBIX MAaTEPUAIOB BOJIOKHUCTOTO CTPOocHHUS (27)

1
50 =13 @7)

(1S CTEKIITHHOM ¥ MUHEPAITLHOM BaThl A0 &, = 10%).
JIIst opraHyuecKuX PHIXIIBIX MarepraioB BOJTOKHACTOTO cTpoeHus (28)
8, = 96y%> — 100y + 20 (28)
(kpomka TOp(siHAs, CEYKa COJIOMEHHAS, ONWIIKH JPCBECHBIC, LICTyXa PHCOBAS,
KOCTpa JIbHSHAs, JIy3ra HOACOIHEYHAI NPHWsA0 15 %-20 %).

J1st opraHMyecKuX CBA3aHHBIX MATEPHAIIOB BOJIOKHUCTOTO cTpocHus (29)

_ 51 B
B = omsmy T (29)

riae B=1,5 nns marepuanos rpyOOBOIOKHACTON CTPYKTYPHI (CONOMHT, (GHOPONHT);
B=1,05 ans MaTepuanos CpeIHEBONIOKHUCTON CTPYKTYPHI;
B=0,35 pgna MarepuanoB TOHKOBONOKHHCTOH CTPYKTYpPH  (LEJOTEKC,
JPEBECHOBOJIOKHUCTAS IIUTA U T. 11.),

B=0 ans npeBecHHBI MONEPEK BOIOKOH.
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B cnyuae cioxHBEIX MHOTO(a3HBEIX CHCTEM Yy 00€MX KOMIIOHEHT CHCTEMBI
KO3(PULHEHT TEMIIOMPOBOJHOCTH PACTET € YBEIUUEHHUEM TEMIIEPATYPHI.

TemmonpoBOAHOCTE B KPUCTA/UIAX MOHIKAECTCA C YBEIMYEHUEM MPUMECEH.
TemnIompoBOAHOCTE TSN B TBEPAOM COCTOSHHUH OOIBIIE, €M B SKHIKOM.B skumkom
COCTOSHMH TCILUIONPOBOOHOCTE BBILIC, YEM B Fa3006p33HOM. HHbiMu CJIOBAMH,
TEIUIONPOBOTHOCTE B 3HAYNTENHHOM CTETIEHH 3aBHUCUT OT CTPYKTYpHI MarepHaia.
CrpyxTtypHo Oonee OpraHuM3oBaHHbIE MaTepuaibl OOHApPY)KUBAIOT OGOJBLIYIO
TEIUIONPOBO/THOCTE.

Ha ochoBe Oonblmoro jskcnepuMeHTanbHoro marepuana b.H.Kaypman
TpeyiaraeT MIUpPUUecKiue GOPMYJIBI, YIUTHIBAIOIINE BIMAHUE 000UX (pakTOpoB
(pasmepa 3epeH W 0OBEMHOTO Beca) Ha TEIUIONPOBOJHOCTE TPEX OCHOBHBIX THIIOB
MaTepuanos:

-3epHUCTBIX (30):

&t = 0,0065(2,45Y + 1) + 0,095(d — 0,66)*2, (30)
-srgenucThIX (31):
&1 = 0,0065(1,7y% + 1) + 0,0105(d — 0,14)%9 % 0,557, 31)

-BOJIOKHUCTHIX (32):
0.325

51 = 0,085 [2,55y2 + 1,6y +0,0325(d — 3)°8 2] +1 (32)

Bce (opMynel mpurogHel ans uutepsana temmeparyp 25°C -300°C u

OXBAaThIBAIOT JIMIIb KOMIUICKC HCOPTAHUICCKUX MaTCPUAJIOB.

9 OnpexaeneHne Tem0QPH3NIECKHX CBOCTB J0POKHO-CTPOHTEIBHBIX

MaTepHAIOB H TPYHTOB

9.1 OGocHoBaHHe BbIGOpa MPHOOPOB, 00ecHeYHBAIOIINX AOCTOBEPHbIE
pe3yJbTaThl HM3MEpPEeHHs1 TeNMJIO(H3HYECKHX XAPAKTEPHCTHK MAaTepHAJIOB
JOPOKHBIX OEKA H INIHHHCTHIX TPYHTOB 3eMJISTHOTO ITOJIOTHA

B Hacrosimee BpeMs K TEIUIO(M3MIECKHM CBOIMCTBAM U XapaKTepHCTHKaM

BEIIECTB  OTHOCAT mopsaka 70  ¢u3uyeckux BenuumH. JIsS  ONEHKH
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IKCIULyaTallMOHHBIX MOKa3aTeled MarepHajloB JOPOXKHBIX OAEKA KU TNIHHUCTBIX
TPYHTOB 3€MJISHOTO TIOJIOTHA PACCMATPHBAOTCS TAKUE XaPAKTEPUCTHKH, KaK:

-yAenbHas TemI0eMKocCTs ¢, JIx/(kr-K);

-06beMHast TemoeMKocTh ¢p, JLK/(M-K) (p- IIIOTHOCTb BEIECTBa, KI/M’);

-TEIUTOMPOBOAHOCTD A, BT/(M-K);

k09 QBUIMEHT TeMIEPaTyPOIPOBOTHOCTH a=A/cp, M/c.

9.1.1 YaenbHast (00beMHAasT) TEMJI0EMKOCTh

9.1.1.1 H3mepeHue yAENBHON TEMIOEMKOCTH JOPOKHO-CTPOUTEIBHBIX
matepuanos peryaupyerca 'OCT 23250-78 «Matepuanbl cTpouTenbHbIE. MeToj
OMpeNeNeHUs YAETbHON TemwioeMKocTH». CTaHAapT —paclpocTpaHsETCs Ha
CTPOUTENbHBIE MaTEpHalbl U YCTAHABIMBAET METOJ ONPEAC/ICHUS WX YJEIbHOMH
TEIJIOEMKOCTH B jAuana3oHe Temmeparyp or mioc 20 °C go 100°C. Meron
OIIpeAeeHsl YOETbHOM TEIUIOEMKOCTH OCHOBAH HAa M3MEPEHMH KOJIMYECTBA
TEIUIOTHI, OTJAHHOM KaJOPUMETPYy OOpa3lloM H3BECTHON MAacChl, HArpeThiM 0
3aIaHHOM TEMIIEPATYPHI.

JlaHHBI MeETON SBIAETCS ONPEACIAIOIAM B CIEAYIOLIEM OCHCTBYIOIEM
HopMaTuBHOM okymeHTe — CTO 218.3.001-2006 [12].

9.1.1.2 Meton siBisercs gaboparopHbiM. [IpUMEHMM Kak Uil CIUIOIIHBIX,
TaK M CHITy4nX BelecTB. CIUIONIHBIE BEMIECTRA TIepe/] U3MEPEHUEM J0JDKHEI OBITh
N3MENbUEHBl, HM3MEBUEHHOE BELIECTBO 3achlacTcs M yTpaMOOBHIBAcTCI B
CIICTIHATBHYI0  M3MEPUTENBbHYIO Kamcylry. Meroguka TpeOyeT —BBICYLINTH
UCCIEAYEMOE BEINECTBO Tiepea M3MepeHueM. TpeboBaHME CyXOCTH CBSI3aHO C
HEOOXOIUMOCThIO yTpamMOOBBLIBaTH 0Opasell B Kamcyle, a Takke Maoi
JOMYCTUMO# Maccoif MccieyeMoro BelecTsa (nopsaka 5 r).

9.1.1.3  OtHocuTenbHass  TOTPEIIHOCTb  ONpPEAEICHHA  YAENbHOM
TEIUIOEMKOCTH TI0 JAHHOM MeTOmuKe He mpeBblacT 5 %. J[aHHas mOrpemHocTh
SIBIISETCS MHHUMATBHOM TS BCEX TaONMMUHBIX 3HAYCHUN yACTIBHOM TEMIOEMKOCTH,
IPUBEACHHEIX B CTPOUTENIBHBIX CIIPABOYHUKAX.

B pabore 3aBesuioBa [13] mpHBeNEHBI Pe3yabTaThl 3KCMEPUMEHTAIBHOIO

ONpPENENICHUsT 3HAUCHWH YAECTBHOM TEIIOEMKOCTH Marepuajia  JOPO’KHOTO
42



OJIM 218.2.061-2015
ac(anbTOOETOHHOTO MOKPHITHS B TEYEHHE €ro >KU3HEHHOTo mmKia. [lpenensi
YACIbHON TEIUIOEMKOCTH OT BpPEMEHW MPUHUMAKOT 3HAUYeHus OoT 975 no
1578 JIx/(xr-°C), B 3aBHCMMOCTH OT YCJIOBHI OKCIUTyaTaldu JOPOXKHOTO
HOKPHITUA U THIA ac(anbToOeToHA.

9.1.14 BenmuuuHa  yJOCNbHOH  TEMIOEMKOCTH  MOXET  SIBJISITHCS
(CHOMEHOIOTUYECKUM MAapaMeTpoM Ul omlpeleneHuss OOOCHOBAaHHBIX CPOKOB
PEMOHTHBIX MEPONPHATHHA. 3aBHCHMOCTh TEIUIOEMKOCTH OT BPEMEHH OYEHB

cwibHas (3a 5 et Ha 15 %) 1 nerko MoskeT OBITh AuarHoctuposana (puc. 15).
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1 — kpynmHO3epHHUCTHIN mopucThiii achanbTodeTon mapku II (kareropus moporu I-b,
UHTEHCUBHOCTb JABH>KEeHUs 7-10 ThIC. aBT./CYTKHU); 2 — MEJIKO3€PHUCTBII IIOTHBII
actanbrobeton Trna A, Mapku I (kareropus noporu I-b, unreHcUBHOCTD nBIDKEHMs 15-20 ThIC.
aBT./CyTKH), 3 — MEJNIKO3EPHHCTHII IIOTHBII acdanbroderon Tuna b, Mapku I (kareropus noporu
I-A, nareHcuBHOCTD OBIKEHHS >20 TBHIC. aBT./CYTKH); 4 — MEJIKO3epHUCTHIH ILIOTHBIA
actanbroberon Tvna b, mapku I (kareropus noporu I, ”HTEHCHBHOCTb ABMKEHHS 5-7 THIC.
aBT./CyTKH)

PucyHok 15 — 3aBMCHMOCTB yAETBHOH TEMIIOEMKOCTH OT BPEMEHA
SKCILTyaTaluy JOPOKHOTO MOKPHITUSA [13]
9.1.1.5 HccnemoBaHue XapakTepa TMOJYYEHHBIX 3aBACUMOCTEH W
COMOCTABJIEHUE WX C OKCIEPUMEHTAIPHBIMM JAaHHBIMA W BH3YaJIbHBIMU

HAOJMFOJICHUSAIMM ~ TIO3BOJIMJIM ~ aBTOpy  pabotel  [13] caenare  cienyroiiee
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3aKJIHOYEHHME. BPEMsI HAyaJla BBIMOJIHEHUS PEMOHTHBIX PaboT tp AOPOKHOIO
ac(anbTOOETOHHOTO HOKPBITHS OnpeaemseTcs MOMEHTOM yTparsl
KBA3WIMHEHHOCTH rpadukaMy (PYHKIUM YJICIbHOH TEIUIOEMKOCTH OT BPEMEHHU
SKCIUTyaTaluu TOKpPbITHS (pUCyHOK 16). Ilpm >TOM B HayanbHBIA NEPHOT
SKCIUTyaTalul  JOPOXKHOTO  ac(hanbTOOETOHHOIO — MOKPBITHSL — BCIECACTBHE
NPOAOIDKAIOIIUXCA  MPOLECCOB  (POPMHPOBAHUS CTPYKTYPHl  ac(anbToOeTOHA
INPOUCXOIUT YBEIUYCHHUE IUIOTHOCTH ac(asbTOOETOHA B MOKPHITUM M yACIBHAs

TETJIOEMKOCTB YOBIBACT (PUCYHOK 16).

Cm, | Ox/(kroC)

0 tc tx te t, ron

IlyHkTHpHON  JuHMe#H  O00O3HAYeHAa  MPOMOJUKHUTENIBHOCTH — STalad  3aBEPLICHHS
CTPOUTENBCTBA M HAYaJbHOIO IEpUOAa HKCIUTyaTalluy; tC — MOMEHT BPEMEHH 3aBeplleHMsI
CTPOUTENBCTBA; tX — MOMEHT BPEMEHU HEPaBHOBECHOI'O CTALIMOHAPHOIO COCTOSIHMA Marepuaia
ac(hanbTo0eTOHa, IIPU KOTOPOM BEJHYKMHA YASIbHON TEMIOEMKOCTH JOCTUIaeT MUHUMyMa; tp —

BpEMs HavdaJla pEMOHTA AOPOXKHOI'O MOKPBITHUS

Pucynok 16 — Xapakrep 3aBUCUMOCTH yAEIBHOMN TEIUIOEMKOCTH ac(hanbToO0eToOHa
Cmort BPCMCHHA t 5)KU3HEHHOTO [[UKJIA JOPOXKHOTO MOKPBITUA

9.1.1.6 3aBUCMMOCTb TEMIOPU3NUYECKUX XAPAKTEPUCTUK JOPOIKHOTO

IMOJIOTHA OT BpPEMCHU MOKHO HCIOJb30BaAThL JJId CO3JdHUA MOOUJIBHOTO
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KOHTpOJLIEpa, KOTOPBIH dukcupyer M3MEHEHUE
MIOBEPXHOCTHONTEMIIEPATYPONIPOBOJHOCTH  AOPOKHOTO  achabTOOETOHHOTO

noKpeITHA [14]. Pabota [14] 3ammmena narentom [15] (pucynoxk 17).

Pucynok 17 — O6umit Bug npudopa: MOOMIBHOTO KOHTpOIIIEpa

9.1.1.7 3HaueHus YICHABbHOW TEIUIOEMKOCTH HEOOXOAMMEBI TakXke s
TPOBEICHHS PACUCTOB B 33a9ax MPOTHOHPOBAHMS TEIUIOPU3MIECKUX PEKUMOB
TEXHOJIOTHU JTOPOKHOrO cTpouTenbeTBa [16]. JlaHHBIE pacdeTBl CTAHOBATCA BCE
6onec axkTyambHBIMHM, TaK KaK KadeCcTBO OOJIBIIMHCTBA TEXHOJIOTHYECKAX
MPOLIECCOB NPUHIMIHMAILHO ONpelenseTcs UX TEIIOQU3NUYECKUM pexuMoM. B
YCIIOBUAX HEONPENENICHHOCTH TEMIO(PU3NIECKOTO PEXKUMA BO3HHKAET PHCK
yTpatsl TpeOyeMOro KauyecTBa WM MPOCTOS, YTO NPUBOIUT K CYIIECTBEHHOMY

HOBLIIICHUIO cebecrommocTi pador. Tak, HampuMmep, u3-3a TeMIEpaTypHOH
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HEOJHOPOAHOCTH ac(arbTOOETOHHBIX cMeceil TpH YKIagKe HEIOYIUIOTHAETCS
okoso 10 % mnomanu cnos. CornmacHo maHaeiM Cubl[HWUMCa, mo pe3ynpraram
IPOTHO3UPOBAHUS BJIAXKHOCTHOTO PEKMMa TPYHTOBBIX PE3EPBOB HA CTaaMU
PazpaboTKy NPOeKTa MPOU3BOACTBA PabOT, YIAeTCs TIOBBICHTE BHIPAOOTKY 10 50 %
U CHU3UTH ce0ecTOMMOCTh paboT Gonee uem Ha 20 %.

9.1.1.8 OueHka BIUAHUS MOIPEHIHOCTH ONPEACICHUS TEIUIO(PH3UIECKUX
CBOMCTB TPyHTa HA PacCIpeAclieHUE TEMIEPaTyPhl B €r0 MAcCHBE ONPEACICHA B
pabote [17]. BrUl0 MpOBENEHO MOIETMPOBAHWE TEIIOBOTO PEXHMA B CHCTEME
(YHIAMEHT-TPYHT 0OpPM Pa3MMYHBIX 3HAUYCHUSIX TEIIO(PU3UIECKUX CBOMCTB.
Tloka3aHa criibHAs 3aBUCHMOCTH OIPEEICHNs BO3MOXKHOM 30HEL IPOMEP3aHus OT
OPUHATHIX 3HAYCHWH TEMIO(U3MUECKHX CBOMCTB TpyHTa (B YaCTHOCTH,
TEMIOEMKOCTH).

9.1.1.9Takum o0O0pa3oM, MOXHO KOHCTaTHPOBaTb, YTO COBPEMEHHOE
HOOPOXKHOE CTPOUTEIILCTBO BCE OoIBIIIe OTXOOUT OT THUIIOBBIX CXCM, TpCGyﬂ
HEMOCPEACTBEHHOM OLCHKM CBOMCTB MaTepuajoB M TIpyHTa Ha MecTe
CTPOUTENLCTBA. [IpM 3TOM YUMTHIBAIOTCA OCOOEHHOCTH cocTaBa W (haKTyphl

MaTepuaiioB, IIPUMCHACMBIX H UCTIOJIB3YCMEBIX HA ITAHHOM KOHKPECTHOM o0BeKTe.

9.2 Ten10npoBOIHOCTH

9.2.1 CranaapTHble METOAbl H3MEPEHHs TEIJIONPOBOAHOCTH AOPOIKHO-
CTPOHTEJILHBIX MATEPHAJIOB H TPYHTOB

B mHacrosimiee BpeMs B JOPOXKHOH OTpaciu ACHCTBYIOT —CIEAYROIHE
CTAHJAPTHHIE METOJBI M3MEPEHHS TEMIOMPOBOJHOCTH JOPOKHO-CTPOUTEIBHBIX
Marepuanos [18].

9.2.1.1 Metox onpe/eneHns TEMIONPOBOJHOCTH LIIIMHAPUYECKUM 30HI0M

Pernamentupyercs  T'OCT  30256-94  «Marepuansl M u3jenus
cTpouTenbHBIe. MeToa ompeaefeHus TEIUIONPOBOJHOCTH — LIMIMHAPAYECKUM
30HHOM». CTaHHapT PacmpOCTPaHACTCS HA CTPOMTENBHBIE MATEPUANBl M H3JCIUs
TemnonporoHocThIO OT 0,01 1o 2 B1/(M K) 1 ycranaBiuBaeT METOA ONPEACTICHUS

TCIJIOMPOBOAHOCTH IAIMHAPHYICCKUM 30HAOM IPH HECTALMOHAPDHOM TEMJIOBOM

46



O/IM 218.2.061-2015
peKUMe B JAMamnasoHe Temmeparypel 90-573 K, OCHOBaHHBIA Ha 3aBHCHMOCTH
TeMIIEpaTypsl BHEAPEHHOTO B MaTepHall HarpeBaeMoro Tena (MIAHAPAYECKOro
30H/2) OT TEILIONPOBOJHOCTH OKPY>KAFOILIETO 30H] MaTepHaa.

JlaHHBI METOA SBNAETCA ONPEJAENSIONIMM B CICAYIOMEM ACHCTBYIOMIEM
HOPMaTHBHOM JI0OKyMeHTe [20].

lNorpemuocts  MeToZa  OMpeAcNeHUs  TEIUIONPOBOJHOCTH  IPH
JoBepUTENbHOI BeposatHocTH 0,9 coctaBnser 7 %.

Merox npuMeHUM Kak B JIAOOPAaTOPHBIX, TaKk M MOJIEBBIX YCIIOBHIX
(mepenBiKHBIE Tab0opaTopun). Hemoctatok MeTosia — « pa3pyLIEHHE) LEIOCTHOCTH
obpasia, HeoOxomaumoe M YCTaHOBKM 30HHA. OCHOBHas MeToauuecKas
HOTPEIIHOCTE CBsA3aHa ¢ MPoOJeMoit obeciedeHns XOPONIEro TEMIOBOro KOHTAKTa
Marepuaia odpasia u 30H4a.

92.12 HMnynecHBIi  METOA  ONPEICICHHMS  TEMJIONPOBOJHOCTH
MIOBEPXHOCTHBIM NIPe0Opa3oBaTeneM

Pernamentupyromuii 1okymMmeHT I'OCT 30290-94 «Martepuansl ¥ M3ACTHsA
CTPOMTENBHBIE. MEeETOA ONpejcieHus TEMIONPOBOJHOCTH  IOBEPXHOCTHBIM
npeoOpasoBaresieMy». CTaHAapT pacHpOCTPAHAECTCS HA CTPOUTENBHBIE MAaTepHaIbI
7 u3jenus TemwonposoaHocTeo oT 0,02 no 1 Br/(M-K) M ycTaHaBIuBaeT METOX
HEPa3pyLUAIOILEr0 YCKOPEHHOIO OIpPEAECNICHUs TEIIONPOBOAHOCTH B HHTEPBAE
temneparyp 278-313 K (5 °C - 40 °C). Merox 3akimroyaeTcsi B CO3JaHWH
OJHOCTOPOHHETO KPATKOBPEMEHHOIO TEMJIOBOrO MMIYJbCa HAa IOBEPXHOCTH
U3AeUs W PETUCTPAlMd M3MEHEHHS TEMIEPATyphl Ha 3TOH IOBEPXHOCTH.
CTaHnapT He pacnpoCTPaHSETCs. HA MHOTOCTIOHHBIE M3/ICTHS.

Meroj mpuMeHMM Kak B JIa0OpDAaTOPHBIX, TaK M MOJEBBIX YCJIOBHAX
(nepenpmxabie aboparopun). OcoOEHHOCTH METOJa: HM3AENUS JOJDKHBL UMETh
IUIOCKYI0 TOBEPXHOCTh JUIS DPa3sMEHICHUs MEPBHYHOrO MpeoOpasoBarens |
obecrieueHns] TEMJIOBOTO KOHTaKTa MEXKAYy HHMH. JIOMycKaeTcs ONpeicisiTh
TEIUIONPOBOJAHOCTh HA M3JCNUAX MPABWIBHOM M HENPaBWIBHOH (OPMBIL.
KonmuuectBo m3menmuii, OTOMpacMbIX MJId HCHOBITAHHS, YCTaHABIMBAIOT B

HOPMATMBHBIX [JOKYMEHTAX HA 3TH M3[CNUA, HO HE MeHee TpexX. H3MepeHus
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IIPOBOJIAT HE MEHEE YEM HA IIATH YYacTKax MOBEPXHOCTH HCCIIEAYEMOTO U3MEIHsL,
B TOM 4YHCJI€ Ha Y4YacTKaX ¢ HEOJHOPOAHBIMH MO TEMJIONPOBOIHOCTH
BKIIOYEHUAMU. [TOTPEIHOCTE ONPEAEICHNUS TEIUIONPOBOJHOCTH JAHHBIM METOAOM
cocTasisieT He Oonee 7 .

9.2.1.3 Meroa ompeacncHus TEIWIONPOBONHOCTH U TEPMHYECKOIO
CONPOTHUBJICHUS NIPH CTALIMOHAPHOM TEIUIOBOM PEXUME

Pernamentupyercs [OCT 7076-99 «Matepuainsl 1 U3ENUs CTPOUTENBHbIE.
Meron ompeneneHusl TEIUIONPOBOAHOCTH M TEPMHUYECKOTO CONPOTUBJIEHUS MpU
CTAIMOHAPHOM  TEMWIOBOM  pexxuMme». CraHgapT  pacIpocTpaHseTcs  Ha
CTPOMTENbHEIE MaTepHalbl M M3AEMUA JUIL OmpefeneHus ux 3¢deKkThBHON
TEIUTONPOBOTHOCTH M TEPMHYECKOTO COMPOTHBIICHHS IIPH CPEAHEH TeMreparype
obpazma ot munHyc 40 °C no mmoc 200 °C. CtaHaapt HE paclpoCTpaHSETCS Ha
MaTepHanbl 1 U3EHs ¢ TEIIONpOBOAHOCTEIO Oonee 1,5 B1/(M-K).

CranmapT  YCTaHaBIMBacT  METOJ  OMNPEACNEHUS.  TEPMHMYECKOTO
CONpOTUBICHUA U 3(QCKTUBHOH TEIUIONPOBOJHOCTH C IOMOINBIO IpHOODPa,
OCHAaIEHHOro TemaoMepoM. CyYIIHOCTP METOAA 3aKIIYacTCs B CO3JAHUH
CTALlMOHAPHOTO TEIJIOBOrO IIOTOKA, IIPOXOJSALIEro uepe3 IUIOCKUil oOpasel
OTIPENIETICHHONW TOJNMIMHEI M HAMpPABJICHHOTO TEPNEHINKYJSAPHO K JIMIIEBBIM
(HaubosbIIKMM) TpaHsIM 00pa3lia, U3MEPEHUH TUIOTHOCTH 3TOTO TEMJIOBOIO MOTOKA,
TEMIIEPATYPHI TIPOTHBOIIOJIOKHEIX JIMIIEBBIX TPaHeit U TONIIHHE 00pasIa.

B HacrosiueM cTaHaapTe yCcTaHOBJIEHBI TpeOOBaHUs K oOpa3uam, npubopy u
€r0 TPAyMPOBKE, TIPHHSATHI JIBE OCHOBHBIE CXEMBI HCITHITAHMS. ACAHMMETpUYHAs (C
OJTHUM TEMJIOMEPOM ) M CHMMETPHYHAS (C ABYMS TEIJIOMEPAMH ).

JlanHBII METOX SBISIETCS ONPEACISIIONMM B CIEAYIOMMX JCHCTBYOMMX
HOPMAaTHBHBIX JokyMeHTax [27]-[33].

Oco0eHHOCTH METO/1A:

-3((EKTUBHYIO TEIJIONPOBOAHOCTL MM TEPMUYECKOE COTPOTHUBIICHUE
ONPEEISIIOT B CPEAHEM Ha MSTH 00pasuax;

-)KECTKHE O0pa3lbl, HMEIOIUE PAa3HOTOMIHUHHOCT M OTKJIOHEHHS OT

IUIOCKOCTHOCTH, LIUTUQYIOT;
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-M3MEPAIOT TEIUIONPOBOAHOCTE BEICYIIEHHOTO MaTEPHAIIA,

-JIOMYCKAETCs UCHBITAHNE BIIAYKHOTO 00pasia TpH TEeMIIepaType XOJOAHOM
JmueBoii rpanu 6onee 273 K u nepenane temneparypsl He Oonee 2 K Ha 1 cM
TOJIIHUHEI 00pa3ua.

Cpennuii pasMep BKIIOYCHHI (IpaHyJibl 3aMOJIHUTENS, KPYMHBIE MOPHI H
T.IL.), ONIMYHBIX O CBOMM TEIUIOH3MYECKAM MOKA3aTelsiM OT OCHOBHOTO
o0pasia, I0KEH cocTaBsTh He Goee 0,1 Tonmmunel oOpasna.

JlonyckaeTcs HembITanne o0pasia, HMEIOMET0 HEOJHOPOAHBIE BKITIOUCHHUS,
cpenHuii pasMep koropbix mnpepbimaer 0,1 ero tomuuHbl. Meton mMmo3BONsET
M3MEPATH TEILUIOMPOBOJHOCTE CHIYYHX BemecTB. ToimmuHa o6pas3lia HACBHITHOIO
Marepuana AOKHA ObITh He MeHee yeM B 10 pa3 Oonblue CpelHEro pasmepa
TpaHyJl, 36peH M YemyeK, H3 KOTOPBIX COCTOMT 3TOT Marepail. B mpotokone
UCTIBITAHUA JOKEH OBITh YKa3aH CPEIHMI pasMep BKIFOUESHHH.

MakcumanbHoe H30BITOYHOE JABIEHUE, CO3AaBAEMOE HA HCHBITHIBACMBIN
obpazen, nowKHO OBITH He Oonee 2,5 kl1a, MunuMaisHoe — 0,5 kTTa.

OtHocutenbHas MOTPEITHOCTh oTnpeeTICHUs 3¢ dexTuBHOM
TEIIONPOBOJHOCT M TEPMHUYECKOTO COMPOTHBIICHUS TI0 NAHHOMY METOIy He
npesblmaeTr +3 %, €CTM WCHBITAHWE TMPOBEACHO B TMOJHOM COOTBETCTBHM C
TpeOOBAaHUSIMU HACTOSLLIETO CTAHAAPTA.

Meton sBasercs JabOpaTOpHBIM, TpeOYeT BEICOKOW —KBaIM(UKALMH
nepcoHaia W Haubonee IPUCHOCOOICH s U3MEPEHHs TEIUIONPOBOIHOCTH
TEMIOU30ISIHH.

OCHOBHBIE XapPaKTEPUCTUKH CTAHAAPTHBIX METOAOB MPUBEICHE B TA0M. 4.

Tabnuna 4 — OCHOBHBIE XapaKTEPUCTHKH CTAHNAPTHHIX METONOB HU3MEPEHUs

TEIUIOIPOBOAHOCTU
'OCT 30256-94 T'OCT 30290-94 T'OCT 7076-99
HeCTaJ.[IrIS)HapHBIIrI Vimysmcrbit 5
TEILUTIOBOM PEKUM. TeILIOBO OTOK CranuoHapHBII
Knrouessie cnosa Harpepaemsrit . TEIUIOBOM IOTOK.
. [ToBepxHOCTHBIH
IITHHAPHIECKUAN Tenmomep
30H1 mpeodpa3oBaTeNb
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Huama3on
TETUIOTIPOBO- ot 0,01 no 2 BT/(MK) | 010,02 mo 1 Br/(m K) | He Gonee 1,5 B/(m K)
HOCTH MaTepHasa
Oxonuanue mabnuyvr 4
Juanazon 90-573 K 278 -313 K 233 -293 K
TeMIepaTyp (-183 +200 °C) (+5+40°0) (-40 +200°C)
TpeboBanue Her Her Jla
CYXOCTH 00pasiia
Csimyume
obpa3zupt Jla Jla Hla
Paspymenue
TETTOCTHOCTH Ha Her Her
obpasua

He npespimaer 3,
Horpeuu;ocn, Bonee 7 He Gonee 7 TIPH cTpOroM
meroaa, % COOIFOIEHHH

YCIOBHH

[Tonessie
YCIIOBHS
(mepenBroKHAS Jla fla Ha
mabopaToprrst)

Kak Bugno u3 TaOHTIBI 4, M3MEPECHUE BIIAOKHBIX MATCPHAJIOB B IIHPOKOM

JMANa3oHe TEMIEPATyp MOKET OBITh BBEIIOJHEHO MPEUMYIIECTBEHHO METOIOM
LUIMHIPHYECKOrO 30HIA ¢ Pa3spylICHHEM LEIOCTHOCTH oOpasua. IlorpemHocts
METO/1a BEICOKA — Topsiaka 7 Y.

Crenyer OTMETUTH [OBOJIbHO Y3KHIM [JMAna3oH JONYCTUMBIX 3HAYeHUit
temnonpoBoaHoct: 10 2 Br/(M-K). Ecim paccMOTpeTh nuana3oH W3MEHEHHS
TEIJIONPOBOAHOCTA MATEpUalOB, MCIOJb3YEMbIX B JOPOKHOM CTPOHMTENIBCTBE
(HampuMep, COTJIaCHO CIIPaBOYHBIM JaHHBIM, TpuBeeHHbIM B OJ[H 218.046-01,
Tabmama 2.1), MOXHO 3aMeTHTh, 4To mpexen B 2 Br/(M-K) spnsgercs
HenoctarouHbM (Tabnwmna 5).

Tabnuna 5 -Temnodusznueckne XapaKTE€PUCTHKM KOHCTPYKTHBHBIX CIIOEB M3

PasIUYHBIX JOPOXKHO-CTPOUTEIIBHBIX MaTCPHUAJIOB

Kos¢pdunuent
Marepuan, rpyHT [noTHOCTS p, KT/M® TEIUIONPOBOAHOCTH
A, Bt/(M-K)
AcanpToberoH ropsuuii INTOTHBIH 2400 1,40
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To xe, TOPUCTHIN

2300

1,25

To xe, BBICOKOTIOPHUCTHIN, B TOM
yrcneduTyMonecuanas cmech (TY 218
PCOCP)

[Ipoooacenue mabauywl 5

2200-1900

1,10-1,00

ATTIOTIOPUTOBEIHA MIEOEHD,
00padOTAHHBII BSI3KHH OHTYMOM

800

Kepam3utosblii rpaBuii, 00padoTaHHBIH
BSI3KHM OHTYMOM

1100

0,64

I'paBuii (1meOeHb) ¢ TETKUMH
3AMOJHATEIIME, 00Pa0OTAHHBIC BA3KHM
OHTYMOM

2000

0,52

Cynecs, ykperuieHHas 10 Yo-Hoi
SMYIIbCHEHN

1700-1900

1,456

IeMmeHTOOETOH

2400

1,74

Ilecok pa3HOMEPHBIN, YKpPEILICHHbINA
6 %-10 % nemenra

2100

1,86

Ilecok MenKHi, OTHOMEPHBIH,
ykpemwieHHbid 10 % nemMenTa

2100

1,62

LleMEHTOTPYHT C KEpaM3HUTOM: TIECOK -
75 % (macchr), Kepam3uT - 25 %, UEMEHT
-5%

1500-1600

IleMeHTOrpYHT C rpaHyaaMu
MOJTUCTHPOIIA: TIecOK 97 % -98 %,
rpatyibl noauctapona 3 %-2 %,
nemeHt 7 %-6 %

1300-1500

0,41-0,58

BHTYMOLIEMEHTOTPYHT C IEPITHTOM,
COCTaBa: MEPIUTOBBIHN mieOeHb 25 %o-
20 %, recok 75 %-80 %, uemenr 3 %-
4 %, ourym 12 %-10 % (ot Maccer
MECKa, MEPITUTA M IEMEHTA)

1400

0,52-0,58

LleMeHTOTPYHT C aromoOpUTOM,
cocTaBa: cymech wiH necok 70 %-80 % -
arnonopur 30 %-20 % - uement 6 %

1700-1800

0,64-0,75

IInakoOeTon

1600

0,58

KepamsurobeToH

1400

0,75

CtuponopOeToH

1000-1100

0,23

Cna0orpo4Hbie U3BECTHAKH,
YKPEIUIeHHBIE H3BECTHIO

2000

CyTrIuHOK, YKpeIuteHHbIH 6 %-12 %
LEMEHTa

1750-1900

CyrimuHOK, yKpereHHsI 2 %-5 %
uemeHTa ¥ 6 %-2 % HU3BECTBIO

1800-1900

Cymecs, ykperuieHHas 8 %-10 %
LEMEHTa

1700-1900

1,51

ITenonmact

38,5-60

0,03-0,052

Ilenonmke

38,5-50

0,03-0,032
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KameHHOYTONMBHAA30TI0IIIIAKOBAS, 1600 0.7
yKperneHHas 6 %-8 % uemenTa ’
IInak TOmOYHBIH 800 0,46
Ile6ens us rpanurTa 1800 1,86
Oxonuanue mabauyvt 5

[Ile6eHb M3 M3BECTHIKA 1600 1,39
I'paBuit 1800 1,86
Iecok KpymHBIH TANbI 2000 1,74
To xe, Mep3ablid 2000 2,32
Iecok cpemneil KPYITHOCTH TaJIbIH 1950 1,91
To xe, Mep3abLid 1950 2,44
Tlecox MeTKHH TaIbIH 1850 1,91
To xe, Mep3ablid 1850 2,32
Tlecok TeITEBATHIN TAJIBIA 1750 1,80
To ke, Mep3mbIi 1750 2,20
Cyrtiecs Tanast 2100 1,80
To ke, Mep3mas 2100 2,03
CyT/IHHOK ¥ ITIHHA TaJIbIe 2000 1,62
To ke, Mep3nbie 2000 1,97
Jlecchl Tanble 1500 1,51
To ke, Mep3nble 1500 2,09
OnHOMEPHBIH “l'“pa.HI/ITHBII/I meOeHb, 1850 1,28
00paboTaHHEIH BA3KUM OHTYMOM

I'paBuiiHo-TiecyaHas cMech 2000 2,10
I'paButino-necuyanas cMmech, 2000 202
ykperierHas 10 % memenra ’

9.2.2 CoBpeMeHHBbIC HANPABJICHHSI PA3BHTHSI METOJ0B oONpeae/ieHHs
TEIL10NIPOBOJHOCTH A0POKHO-CTPOUTE/IbHBIX MATEPUAJIOB H IPYHTOB

9.2.2.1 Onpenenenne ko3GpPULHEHTa TEMIIEPATYPOITPOBOHOCTH

B wmoHorpapuun B.M. @oxuna [35] mnpeacraBieHa METOAMKA IS
KOMIIJIEKCHOTO ONPEACNICHUS] TEMNOPH3NUECKUX XaPAKTEPUCTHK CTPOUTENBHBIX
MaTepUaIOB M M3AENMIl METOAOM HEPa3PyIIAMOIIEro KOHTPOd. IlpuBomurcs
armaparHoe obecIeueH e TS SKCTIEPUMEHTATBHOTO OnpeaeeHus kodhdunnerTa
TEMIIEPaTyPOIPOBOJHOCTH, OOBEMHOM  TEMIOEMKOCTH,  TEILTONPOBOJHOCTH
CTPOUTENBHBIX MAaTEPUAIOB U M3/ENNUM, a TAKKE JAHbl METOAUYECKUE YKA3aHUs IO
CO3AaHUI0 SKCIEPUMEHTAIbHBIX YCTAHOBOK U IPOBEACHUIO OIBITOB.

ABTODBl HCIOJIB30BAIM JAHHBIA METOJ Ul  3KCIEPHMEHTAILHOIO
OTIpEAENICHNs TEIUTOMH3NICCKUX XapaKTepUCTHK OpreTexia, (ropomnacra,

6eToHa, KPaCHOTO W CHIIMKATHOTO KAPNMYA NPU Pa3IMYHBEIX YCIOBHSX HArPEBa U
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oxnaxgeHns. OfAHAKO [aHHbIi MeTOL MOXET OblTb MCMOMb30BaH W AN
onpeaeneHns TennoMn3nYecKnX CBOMCTB AOPOXHO-CTPOUTENBHBIX MaTepKanos.

MeTog ®OKMHa-YUepHbILOBA OCHOBaH Ha KOHTaKTHOM  U3MEpPeHWM
TemnepaTypbl Ha MOBEPXHOCTU WCCNeAyemMoro ob6pasua B Buae MNpU3Mbl
KBafpaTHOro CeyeHWs.. V3aMepeHMs NpPoBOAATCS B [BYX TOUKax - Ha pebpe u
CepefnHe rpaHuW npusmbl. Onpegensemas XapakKTepucTuka - KO3(PHULMEHT
TeMnepaTyponpoBOAHOCTM MaTepuana.

MeTog OTHOCMTCS K HepaspyluatoluMM MeTofam, Tak KakK OCHOBaH Ha
N3MEPEHUAX TemMnepaTyp Ha MOBEPXHOCTM 6e3 HapyLUEeHUS LeNOCTHOCTU 06pasLa.

OC06eHHOCTY NPOBEAEHNS IKCNEPUMEHTA:

-KEeCTKMe YCNnoBMs Ha (opMy obpasua: npuaMa KBafpaTHOrO CeuyeHus,
[ANVHA rpaHn Npu3Mbl BO MHOTO pa3s (B 6 1 60/1ee) NpeBbILLaeT WNPUHY;

-Heo6X0AMMO TLLATENIbHOE KPenneHue cnaes Tepmonap K obpasuy;

-TpebyeTca neyb 41 Harpesa o6pasua (PUCcyHoK 18).

PucyHok 18 - OnpegeneHune TeMnepaTyponpoBO4HOCTM KPacHOro Kupnuya
KOHTaKTHbIM METOA0M YepHbiwoBa-PoKMHa
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IMpeanmaraemas MeTOAMKa BBITONHO OTIMYAETCS OT HM3BECTHBIX METOJ0B
OBICTpOAEHCTBIEM,  HEOONBIION  MOTPEITHOCTRIO  (TOpsiIKa  HECKOJIBKHX
MIPOLIEHTOR ), 00Ia1a€T HOBU3HOM U OPUTHHATILHOCTBIO.

Henocrarku merona:

-HE [IPUMEHUM K CBHIIy4HM MaTepuasam,

-IPOBOMUTCA  U3MEpeHHMEe Kod(ummeHTta TeMIEpaTypoIpOBOTHOCTH,
CNeJ0BaTEeNbHO, KOAP(UUUEHT TEIIONPOBOAHOCTH MM 3HAYECHUE TEIUIOEMKOCTH
MOTyT OBITh HalfieHHl TOMBKO B pe3yibTaTe IiepecueTa (METOAMKA MepecydeTra
NpuBeIcHa B MOHOTpadun ),

-TIOTPETITHOCTh M3MEPEHMH HEOTHOPOTHA: JUIl MaTepHanoB HEOJHOPOAHOM
CTPYKTYPHI (OKapOTIPOYHEIit 6eToH) MOTPEITHOCTE HA3MEPEHUS
TEMIIEPaTyPOIPOBOJHOCTH  JOCTHraeT 7 %, MOTPEelIHOCTh — IIepecdera
TETUTOTPOBOTHOCTH M TEITOEMKOCTH COCTABIISIET OTMEUCHHBIC panee 5 %-7 %.

Meroq 3amuiieH NaTeHTaMK U aBTOPCKUMU CBUAETENbCTBaMU [59]-[62].

9222 DBeckoHTakTHbIE  METOABl  ONpPEACTCHUS  TEMTOQH3UYECKHX
XapaKTepHUCTHK (MeTo 6! MHGPaKpacHOH THArHOCTHKH)

JlaHHBIE METO/AB AKTHBHO BHEAPSAIOTCS B cepy AOPOKHO-CTPOHTENBEHOH
TIPOMBNIUICHHOCTH IS TEIUIOBOTO  KOHTPONSL  CTPYKTYPHI  YKJIAABIBAEMOTO
achansta W wAeHTM(UKAIMA MECT BO3MOKHOTO Pa3pyILEHUs] AOPO>KHOIO
nokpeitisa. B pabore Mmyx MH. u gp. [36] paccMOTpeHO yMEHbLIEHHE
METOWYECKOI MOTPEIIHOCTH U3MEPEHUS TEMIOPU3HUECKUX CBOMCTB U CHIDKEHHE
BEIYHCIIUTEIIBHBIX 3aTpat Ha 00paboTKy kybomnma MK-n300pakeHwit.

Jns mpoBeneHusa u3MepeHuil TeIohu3u4ecKuX CBOHCTB aBTOpaMu paboTh
Obuta co3maHa pPOOGOTH3MPOBAHHAS YCTAaHOBKA HA TIONBIDKHON 1wiaThopMme

(pucyHoK 19).
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Pucynok 19 — BHemHuit BUA poOOTH3NPOBAHHOMN YCTAHOBKH

TexHuueckas peanu3alysi YCTAHOBKH JUIS JUCTAHIMOHHOTO H3MEPCHHUS
TEIUIO(U3NUECKIX CBOMCTB ONMUpAETCs HA UCMOIb30BAaHUE NMPUHLUNA AKTHBHOMN
TEIUIOBOIi  JIOKAIIMM MAall03aMETHEIX OOBEKTOB M BKJIFOYACT  CJICAYIONIUC
KOMITOHEHTHI:

-ardopmy;

-KoJecHyto 6azy;

-0ONOK  ympaBJieHWs, OCYIIECTBISIONIMHA  ympaBieHHe HH(pakpacHbIM
H3JIy4aTCIICM, TCILUIOBU3UOHHBIM IIPUCMHHUKOM, maroBbIMHU JBUTaTCIIAMH,
TIPOU3BOASTIII I TIPEABAPUTENBHYIO 00paboTKy JTAaHHBIX U3MEpeHuit
TEeMIEpaTypHBIX MOJeH, a TaKKEe MNPOrpaMMHYI0 pEaTU3aLlUI0 HETMHEHHOro
npeoOpa3oBaHusl  JUHAMHYECKMX ~ TEPMOrpaMM B IPOCTPAHCTBEHHOE
pacripeieNieHie TeroGU3NIECKIX TapaMeTPOB;

-vH(ppaKpaCHE!T HCTOYHMK HarpeBa, OCYIIECTBIIONMM paJauaIliOHHEIN
HarpeB  WCCICIyeMONW  TOBEPXHOCTH B  COOTBETCTBHH C  3aJaHHBIMH
NPOCTPAHCTBEHHO-D)HEPT€TUUECKUMU W BPEMEHHBIMH  XapaKTEPUCTUKAMH
BO3JICHCTBHS,

-TEIJIOBU3MOHHBLIA TIPUEMHIK, OCYIIECTBIIAFOIINN MOHUTOPUAT
MIPOCTPAHCTBEHHOTO paclpeseneHuss aOCOMIOTHBIX 3HA4YEHWH TeMmmeparyp Ha

HCCIIEAYEMOH MOBEPXHOCTU B TEYECHUE 3aJaHHOTO HHTEPBAIA BPEMEHH.

55



O/IM 218.2.061-2015

H3mepenne Temwopu3nIecKuX CBOMCTB OCYLIECTBIAETCS 34 CUET Harpesa
WHQPAKpacHBIM W3NydyareldeM HcclaeayeMoli MOBEPXHOCTH M MOHUTOPHHTA
mpouecca HarpeBa M OCTHIBAHMS IPH MOMOIIM TEIUIOBH3HOHHOTO MPHEMHWKA.
ITporpaMMmHOe oOecnedeHne, SBISIOMEecs] COCTaBHOM 4acThio OJI0Ka YIpaBIICHHS,
NpOM3BOAMT aHanu3 U 06paboTky kybomma MK-m300pakeHns, MOCTYHAOLIETO C
TEIJIOBU3UOHHOTO TPUEMHHKA, HA OCHOBE pelieHus Ko3(duuuenTHoi oOpaTHOi
33241 TEMJIONPOBOAHOCTH € HCTIONb30BAHUEM HESBHBIX Pa3HOCTHBIX cxeM. [Tocie
3TOrO 3a CUYET MONYYCHHBIX 3HAYCHUH M3OBITOYHBIX TEMIIEPATyp B KaXIOH TOuke
IOPOCTPAHCTBA HA KOKAOM BPEMEHHOM HHTEpBANE, C MOMOLIBIO pa3pabOTaHHOTO
OPOrpaMMHOro  00ecHeyeHHUs MOYYaroT IPOCTPAHCTBEHHOE paclpelcieHue
TEMIOPU3NUECKIX CBOMCTB.

Co3nanHas poOOTH3MpOBAHHAS YCTAHOBKA I HCCIENOBAHMA Ipolecca
MOMCKA MaNO3aMETHEIX OOBEKTOB, 10 MHEHHIO aBTOPOB, MO3BOJAET Gojice TOUHO
peain3oBate MCTOA AOUCTAHLIHUOHHOTO M3MCPCHUA 01'[TI/IKO-TCHJ'[O(1)I/I3I/I'—ICCKI/IX
CBOICTB MaJlO3aMETHEIX OOBEKTOB, a B COBOKYITHOCTH C COBpEMEHHOI
BEIYHCIUTCILHOM armapaTypoﬁ — NPOU3BOAUTH MTIHOBCHHBIC BBIYHCIIUTCIIBHBIC
OIePALIVK.

K coxarennro, aBTopel pabOTEl HE TIPUBENH OIEHKY BO3MOXKHOM
MOTPEIIHOCTH JaHHOI'O METOaa. MozkHo IpeaAnoOKUTb, 4yTO JaHHast
NOTPEUTHOCTh, MPH CaMbIX ONTHMHUCTHYHBIX OXKAJAHHUAX, COCTABIACT NOpsAKa
15 %-20%.

JIOCTOWHCTBO METOAA:

a) HEMOCPEACTBEHHBIM KOHTPOJIb MPoLiecca MPSMO Ha 00OBEKTE;

0) HE IPOUCXOAUT Pa3pyIICHUs HCCIIENYEMOI0 00BEKTA.

9.2.2.3 MeTozpl TMHEHHOrO UCTOYHHKA U ONITUYECKOI0 CKAHUPOBAHUS

JlaHHBIE METOJBI ONPEACNCHHUSA TEIUIO(PHU3NIECKAX CBOMCTB MaTepHUaioB
TIPHUILLIIA B IOPO>KHOE CTPOUTENLCTBO CPABHUTEBHO HEABHO. MeTOABI TUHEHHOrO
HCTOYHWKA W ONTHYECKOTO CKAHHPOBAHHSA W3BECTHH MJABHO U  IINHMPOKO
HCTIONB3YIOTCS B TEOJIOTMYECKOM pasBemke W He(pTenoOblue IS ONpEACIEHUST

CBOMCTB TBEPABIX TOPHBIX TOPOA, MOOBITHIX B KepHe. METOABI SBILIOTCA
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KOMIUIEKCHBIMM M TIO3BOJISIIOT ~ ONPEIENIMTh  Cpa3y TPU  OCHOBHBIX
TeMI0PU3UIECKIX XapaKTCPUCTHKH Marepuana: TEIONPOBOJHOCTD,
TEMIEPATYPONIPOBOAHOCTE M TEIUIOEMKOCTb.  JIOCTOMHCTBO  METOOB:
BO3MOKHOCTh OOHAPYKHUTh U BBLACIUTEH aHU30TPOIIHIO CBOMCTB B 00beMe 00pasia.
TOYHOCTH METOAOB JIOBOJBHO BBICOKA M HE YCTYNAET TPAAULMOHHO U3BECTHHIM U
CTaHJAPTH3UPOBAHHBIM METO/IaM CTAllMOHAPHOTO TEIUIOBOTO MOTOKA (Hampumep,
otpaxkeHHbIM B 'OCT 25820-2000).

Merton nHHEHHOT0 UCTOYHNKA, G0Jiee H3BECTHBIN Kak METO HATPETOM HUTH,
OTHOCHUTCS K METOAAM HECTAIMOHAPHOTO TEIJIOBOTO MOTOKA U TPEOYET BHEAPEHUS
JaTyuKa — Harpetod HUTH B oOpasen. Huth sBiiseTcs OJHOBPEMEHHO U
WCTOYHUKOM TEMJIOBOTO TMOTOKA M TPHUOOPOM TEMIMEPATYPHBIX HU3MEPEHHIA
B0O3MOXHOCTH METO/Ia CBA3AHBI MPEXKIEC BCET0 C BO3MOXKHOCTHIO 3alMCH CHTHAIA
HUTH ¥ TIOCIEAYIONIEH MPOrpaMMHO-BBIYHCIUTENBHON 00paboTKOM MOMy4YEeHHBIX
JIQHHBIX.

MeToa oNTUYECKOro CKaHWPOBAHMS MPEJICTABIAET CO00H METOA M3MEPEHUS
pacIUIBIBaHUA TEIUIOBOTO IIATHA, CO3JAHHOIO TOYEYHBIM MCTOYHHKOM H3JIy4CHUS
(HanpuMep, Na3epHBIM JTy4oM). BOo3MOXHOCTH METOAa 3aBHUCAT OT BO3MOKHOCTH
TpagyrpOBKYA W3MEPHUTEIBHOM CHCTEMBI IO 0OpasiaM ¢ 3apaHee H3BECTHBIMHU
cBoficTBaMu. FIMEHHO MO3TOMY METOJ ONTHYECKOTO CKaHHUPOBAHUS BCErnaa
pPacCMaTpUBAKOT «B CBA3KE» C JAPYIMM METOAOM ONPEICIICHUS CBOMCTB, B
YaCTHOCTH, METOJIOM JIMHEWHOIO HCTOYHHMKA. TOYHOCTE METOHA ONTHYECKOTO
CKaHUPOBAHHA XOPOIIO WITIOCTPUPYET PUCYHOK 20.

IIpumeHeHrE  METOAOB  JIMHEMHOIO  MCTOYHMKA M ONTHYECKOIO
CKaHUPOBAHUS [O3BOJSIFOT CYILECTBEHHO pAaClIMPUTh [OUANA30H H3MEPEHUs
TemronpoBogHOCTH (A0 6 BT/(MK) mpuM cOoXpaHEHWH BBICOKOH TOYHOCTH
HU3MEPECHHUM.

Apantanysg =~ MeTOAa  JIMHEHHOIO  MCTOYHWKA Ui M3MEPEHUS
TeIUIO(U3UIECKUX CBOMCTB AMCIEPCHBIX CHCTEM (TPYHTOB) OTP)KEHA B HAYIHBIX

paboTax TOCIEAHETO BPEMEHH — HapuMep, B pabdorax [17; 41].
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MapameTp 3HaueHue
[uana3oH TennonpoBogHOCTH 0,2— 6,0 Br/(m K)
[nanasoH TeMnepaTyponpoBOAHOCTY (0,1— 2,5) X 10" m”~c
TOYHOCTb OMpe/eNieHns TeNIONPOBOAHOCTM 4%
ToYHOCTb OnpesenieHns TemnepaTyponpoBoOgHOCTH 5%
[pocTpaHCcTBEHHOE pa3peLueHre Npu NpouaNpPoBaHK Nlyywe 0,4 MM
CKOpOCTb CKaHUpOBaHUs 3,0 mm/c

PucyHok 20 -ONTUYECKUin CKaHep BbICOKOro paspelleHuns B LieHTpe
MHHOBaUWMi komnaHum «Schlumberger» (ConT-J1eik-CuTu, wrat KOTa, CLUA) n
ero OCHOBHble mapameTpbl [39]

AfanTauus MeTofoB NIMHEAHOro UCTOUYHMKA M ONTMYECKOr0 CKaHWUPOBaHMS
NPUMEHNTENBHO K 3aja4aM onpegeneHns Tennohn3nyecknx CBOMCTB AMCMEPCHbIX
NnopoA Ha Npumepe FMHUCTBIX FPYHTOB I0AMOCKOBbLS BbINOMHEHA B paboTe [17].
ABTOPOM MO/yYyeHa LENOCTHass KapTuHa TennoM3nYecknx CBOWCTB TFPYHTOB
Lie/Ioro permoHa NyTemM CKaHMpoBaHMs 1 0606LeHNa 6oee 300 06pa3LLoB Nopod,
Nnony4YeHHbIX B KepHe. MOXHO OTMETUTb, YTO METOAbI NO3BONAIOT PaboTaTh Kak C
CYXVMM, TaK W BNaroHacblLLeHbIMKU 06pasLamu.

lNaBHbIAi HEAOCTaTOK METOAO0B KaK JIMHEMHOro WCTOYHMKA, TakK W

ONTNYECKOIo CKaHMpOBaHUA - UX 60nbLUas HayKoemMKoCTb. MeTtogbl Tp66yPOT
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BBICOKOH KBaimpuKamuy oOCTy>XHBAIONIETO IIEPCOHANA, U, CY/s 1O BCEMY, TaK H

OCTaHYTCH METOJAMH HAYTHO-HCCIIEA0BATENLCKHX IIEHTPOB M 1a00paTopHii.

9.3 CoBpemeHHblii ypoBeHbL Ompee/ieHusl TeIIOQU3HIECKHX CBOICTB
TEIVIOH30JSIMAOHHBIX ~ MATEPHAJIOB, TNPHMEHSIEMBIX B JOPOKHOM

CTPOUTEILCTBE

AHanmu3 CymIeCTBYIOINX HAYYHO-WUCCIIEIOBATENBCKUX paboT, MPOBOAUMEBIX
KaK B Haleil cTpaHe, Tak M 3a pyOeXKoM, MO3BOMAET OTMETUTh BBICOKUI YPOBEHb
HCCIICa0BaHUsA TC]TJTO(I)I/I?:I/I‘IGCKI/IX CBOMCTB TEITON30JIIIIHOHHBIX Marcpuanos,
NMPUMEHSACMBIX B JIOPOXKHOM crpoutenscTBe [42]. B pabore mnpuBeneHsI
PpE3yNbTaTHI HCCIICA0OBAHHUSA BHyTpeHHeﬁ MUKPOCTPYKTYPBI TMCHOIUIAaCTOB,
OTMEYEHO, 4YTO TONYYEHHBIC 3HAYECHHS TEIUIONPOBOJHOCTH OCHOBAaHBl Ha
o0paboTke OOJNBIIOTO MAacCHBa ONBITHBIX 3HAYEHWH (TEIUIONPOBOIAHOCTH
NEHOILIACTOB XapaKTepu3yeTcs 3¢ dexTUBHBIM ko3 dunmerTOM
TEIUIONPOBOJHOCTH JUlsl 45 MapoK pa3jIMuHbIX Opou3oauresnci npumepno 0,032-
0,035 Br/(mK).

MHOTONETHHE WCCICIOBAHMS TTOKA3HIBAIOT, YTO MEHOMOJUCTHPOI SBIACTCS
JOCTaTOYHO CTOMKMM IO OTHOIICHMIO K AeHCTBUIO Brard. 3a CUéT HaanuMs
3aKPBITOIIOPUCTOTO CTPOCHUAA BOJIOMOMIOLICHUCTICHOMOUCTHPOJIA COCTaBJIACT
menee 0,2 % B oOnéMe. Takoe HHMYTOKHOE BOJOIOIVIOIICHHE O0O0€CICUMBACT
npeﬂe6pe>KHMo MaJio€ M3MCHCHHUC TCIIJIOMPOBOAHOCTH BO BJIKHBIX YCJIOBHAX,
KOTOPOE COCTABISICT 1[0 JAHHBIM PA3MUYHBIX HCCIEIOBaHW He Oonee
0,001-0,002 B1/(M-K). 310 MO3BOJIAET TIPUMEHSATH
3KCpr3I/IOHHBII71]'[CHOI'[OJ'II/ICTI/IpOJ'I oe3 TIPUMCHCHUA I[OHOHHHTGHBHOﬁ
ruaponsosiuy. Taroke mpeHeOpekuMo Mal Kod(pGHUIIMEHT MapolpOHUIAEMOCTH
(B 3aBHCHMOCTH  OT  TUIOTHOCTH  Marepmama —  menee 0,02
mr/(M-u-Ila).IIpoBeicHHBIE HAYYHBIC HCCICHOBAHMS IOKAa3BIBAOT, UYTO €
YBEINYCHHUEM KaKYIIEHCs TUIOTHOCTH M TpH TOBBIMIEHHBIX TeMIIEpaTypax

NPOHULAEMOCTE BOASHBIX MTAPOB B ICHOMOJIUCTUPOJIC CHUXKACTCA.
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IleHomnacTsl MOAPOOHO HCCIEAOBAHBI HA MOPO30CTOMKOCTH. Jlake mocie
1000 UKIIOB 3aMOPXHBAHKUA-OTTAHBAHMS, KaK NMOKAa3HIBAFOT IKCIIEPAMEHTAITBHBIE
HCCICIOBAHAA, H3MEHEHHE TEPMHYECCKOTO CONPOTUBICHUS MAaTEpUaia He
IpeBbImIacT 5 %.

Pe3ynbrarel HCCIENOBAHHUS TEIUIOQU3NMYCCKUX CBOWCTB MEHOILIACTOB B
3aBHCHMOCTH OT BpPEMEHH TOKAa3bIBAIOT, 49To 3a 20 JeT 3KCINIyaTanud
TEIIOOPOBOJHOCTH 00PA3LOB NPAKTHYECKH HE U3MCHUIIACD.

HccneoBanock  BIMSHAE AarpecCHBHEIX  cpejl  (TIPOTHBOTOJIONETHEIE
peareHTbl) Ha TEWIO(PU3NYECKHE CBOMCTBA MNEHOMIACTOB. [loKa3aHO, uYTO
TOCTOSIHCTBO KO3(h(HIleHTa TEIIONPOBOAHOCTH TPH BO3JACHCTBHM MOTOAHO-
KITAMATHYeCKHX (DaKTOPOB W arpecCWBHEIX CpeJl YKa3HBaCT Ha COXPaHCHHE
MAaKpOCTPYKTYPBI MaTepraa B IIPOIECCe IKCINTyaTaIH .

He MeHee moApoOHO W BCECTOPOHHE WCCIICAOBAHBI MEXaHUICCKHE
XapaKTEPUCTHUKY TIEHOIIACTOB, UX 3aBUCHMOCTb OT BU/IA, UKIMYHOCTH HArPy3KHy,
TPONOJDKUTEILHOCTA BO3ACHUCTBUSA B YCIOBHAX HEONArONMPHUSATHBIX BHENTHHUX
dakTopoB ¥ T.1.

CTOnb BBICOKHE COBPEMEHHBIE TPEOOBAHHS K HCCICHOBAHHUIO MOBEICHUS
MaTepHalioB B VCIOBHSAX OSKCIUTyaTAlMH TOJYEPKUBAIOT BAKHOCTH TOYHOTO
ONIPEENECHUS W 3aJaHusl TEeIO(QU3UYECKUX CBONCTB MaTepuaioB JOPOKHBIX
OJICK ¥ TIOACTUIAIONIETr0 TPYHTA.

Taxkum 00pa3oM,B HACTOSILIEE BPEMS CYIIECTBYIOT XOPOLIO pa3padoTaHHbIE
METOIB  DKCIECPHMEHTAIBHOTO  OMpEJCICHUS  TEITOMM3NUECKHX  CBOMCTB
JOPOXKHBIX MATEPUATIOB M MOACTUIAIOIIMX TPYHTOB. lIOrpelHOCTb JaHHBIX
METO/IOB ONPEAEIAETCS KaK TPYIHOCTHIO ITIPOBENECHHS OHKCIEPHMEHTA, TaK W
CIIO)KHOCTBIO ~ 0OpaOOTKH  JKCIEPUMEHTAIBbHBIX  JAaHHBIX.  3HAUMTENBLHOIO
TIOBBILICHUsI TOYHOCTH, HECMOTPSL Ha GOJIBIINE YCWIHS W 3aTParhl, JOCTHYb TaK W
HE yIANOCh. TEIUIONPOBOAHOCTE CTPOUTENBHBIX MaTEpPHAIOB B HACTOSILICE BPEMS

ompeaensiercs He TouHee 3 %, TEMIOEMKOCTh — HE ToYHEe 5 %.
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3HAYNTENBHO COKPATIIIOCH BPEMsl IIPOBE/ICHMS SKCIIEPUMEHTa, YBEINYIIach

oTaava (KaK OKOHOMHUYCCKAA, TaK H TCXHOJTO]"I/I‘ICCKEU[) OT MNPOBCACHHBIX
HCCIICOBaHUH.

OcHOBHOI HEIOCTAaTOK BCEX COBPCMCHHBIX METOO0B U3MCPCHIA
TEWI0(U3NUECKUX CBOMCTB — MX OOJBILAHAYKOEMKOCTh, TPEOYHOIIAs BBICOKOM
KBamGuKarmu  OOCHyXHBafomero mnepcoHama. COBpeMeHHOE  JOPOXKHOE
CTPOMTENBCTBO TPEOYET HOBOTO MOAX0AA K KaApaM, OT KOTOPBIX 3aBUCHT KaueCTBO
M YPOBEHD BHEJPSIEMBIX TEXHOJIOTHH.

JIONONHUTENBHO METOAMKM M3MEPEHUH TEIUIOPU3UYECKHX XapPaKTEPHUCTHK
npuseaeHsl B pabore UynHosckoro A.®. (mmasa 10) B 3aBHCHMOCTH OT
MPUMCHSEMOrO MaTepuajia W Hucmoib3yeMoro mnpubopa [63]. PaccmorpeHo
noipoOHO BimsHWE (AKTOPOB MO BHAAM MaTepHaia, NPUBEACHBI HEKOTOPHIE
SMIIMPUICCKHUEC 3HAYCHHUS Tel'lJ'lO(l)I/BI/I‘ICCKI/IX XapaKTCPUCTHUK MAaTCPHAJIOB.

IIpeacraBnensl METOAbI U MPUOOPHL [/ ONPEACIEHUS TEII0OPUINUECKHX
XapakTCPUCTUK JUCTICPCHBIX MAaTCPHUAJIOB:

a) MCTOJBI ONTPEACNICHNA TCIIJIOCMKOCTH JUCIICPCHBLIX MATCPUATIOB!

1) 6anaHCHBI! MeTOA (IPHOOP — KATOPAMETD);,
2) merton ammabaTUdeckoro kanopumerpa (mpuOOp — KaloOpuMeTp ¢
HENPEPHIBHBIM BBOJOM ),

0) cTarroHAPHBIE METOARI onpeaeneHus Ko3((puLuenTa TemonpoBoJHOCTH
JACIIEPCHBIX MATEPUAIOB:

1) abCcoMOTHBIE CTamMOHApHBIE METOAbl (mpubop ANd OmpeaesieHuUs
k03 dunmeHTa TENIOIPOBOAHOCTH METOIOM TUIACTHHBI,

2) cthepudeckuit METO ONPENENEHHS TEMIONPOBOAHOCTH 00pa3Lia,

3)npubop UL oTpeneeHus TETUIONPOBOIHOCTH METOJIOM
MUTUHPUYECKOTO CIIOS);

B) METO/IbI, OCHOBAHHBIE Ha PErYJISPHOM TEILUIOBOM PEKUME:

1) METO/IBI aKATIOPUMETPOB W JTAMOIAKATOPUMETPOB (M COOTBETCBYIONIHE

mprOOpEl);
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2) MeTOmBl IBYX M MHOTMX TOYEK (YCTAaHOBKA JUId ONpPEHCICHUS
TeITO(QU3UYECKHX XAPAKTEPUCTHUK IT0 METOIY ABYX TOUYEK/ MHOTHX TOUYEK ),

3) MeTomBl OWKATOPUMETPOB (LIPHOOPH — INAPOBBLIHOMKAIOPHMETP €O
cmabo pasBUTEIM AAPOM/ CHJTBHO Pa3BUTHIM SAPOM; TIPOCTOM OHKaIOpHMETP;
WIMHIPUYECKI OUKaTOpHMETD),

I) KBa3WCTALMOHAPHBIC  METOOBl  OMPEACICHUS  TEINO(U3MIECKUX
XapaKTePUCTHK JTUCTIEPCHBIX MaTepHaoB (IIPHBEAEHBI YCTAHOBKH);

I)  HECTAUMOHAPHBIE  METOABl  ONpPENENECHUs  TEeIUTO(QU3MUeCKHX
XapPAKTEPUCTHK:

1) cxema ycraHoBku [ITOTHHKOBA,

2) N30TEPMUYECKAN MIOCKUH 30HT;

3) U30TEPMHUYUECKUI [IMIMHIPUICCKUM 30H]T,

4) MrHOBEHHBIH IIOCKUI 30HT;

5)mocKwif 30H1 ¢ MTHOBEHHBEIM MMITYJIbCOM TEILIA,

6) ITMHAPHYECKAH 30H TOCTOSIHHOM MOIIHOCTH,

7) mapoBELi 30HA IOCTOSHHOM MOIIHOCTH

U JIp.
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IIpunoxenne A

Temnoduznveckasi XapaKTePHCTHKA — TENJIONPOBOJHOCTH

TennonpoBoAHOCTb — CIOCOOHOCTh MaTepuaja MpOMyCKaTh TEIUIOBOM MOTOK MpH
VCIOBHH pa3sHbIX TeMIepatyp mnoBepXHOCTH. CTemeHb TEIUIONPOBOAHOCTH MAaTepPHAJOB
xapaktepusyer KO3 pULHEHT, KOTOPBIil pPaBeH KOJIMYECTBY TEIUIA, IPOXOIAILEro 4epe3 CTeHy U3
UCOBITYEMOro MaTepHaja TOJMMHON 1 M mowansio 1 M 3a1u MPU Pa3HOCTH TEMIIEPATyp
IPOTHBOIOJIOXKHBIX NOBepxHOCTer cTens! 1 K.

TemonpoBOAHOCTL MaTephaja 3aBUCHT OT BEIIECTBEHHOIO COCTaBa, CTPOEHHST U
XapakTepa MOPUCTOCTH, TEMIEPATypsl W BlakHOCTH MaTtepuana. OcoGEeHHOCTH CTPYKTYpBI
OKa3bIBAIOT 3HAYUTENbHOE BJIMSHHE HA TEIUIONPOBOAHOCTb. Hampumep, ecny Matepuan umeer
BOJIOKHHCTOE CTPOEHHE, TO TEIUIO BIOJNb BOJIOKOH Ieperaercs OpicTpee, yeM momepek. Tak,
TEIUIONPOBOIHOCTL JIPEBECHHBI BIOJNL BOJNOKOH pasHa 0,30, a momepek — 0,15 Bt/(mxK).
MenKonopucTbie MaTepuajbl MeHee TEIUIONPOBOIHBI, 4Y€M KDPYHMHOMOPHCTBIE, MAaTepHaibl C
3aMKHYTHIMH IIOpaMH HMEIOT MEHBLIYIO  TEIUIONPOBOAHOCTb, YE€M  MATEPHANBl  C
COODINAIOIMMHUCS TIOPAMH. ITO OOBSICHSAETCSA TEM, 9TO B KPYMHBIX U COOOIIAIOIUXCS IOpax
BO3HUKAEeT JBIDKEHHE BO3dyxa, olOuyierdaiouiee nepeHoc Temia. Hanudme BOABI B nopax
MaTepHana MOBBINIAET €ro TEIUIONPOBOOHOCTh, TaK Kak Boja uMeeT Kkodpouiment 0,50
B1/(MxK), a Bo3nyx — 0,02 Br/( MxK). IIpu 3amep3aHny BIaXHBIX MaTepuanos kodddumuent
TEMIONPOBOAHOCTH elle (oJiee MOBBILIAETCS, MOTOMY YTO KO3((GHUUEHT TEIIONPOBOJHOCTH
nbaa paseH 2, T.e. B 100 pas Gosnblue, yeM y BO3OyXa.

Tabnuua A.1 — KoshduuueHTs! TEUIONPOBOAHOCTH OCHOBHBIX CTPOUTENBHBIX MATEPHAIIOB B

pasmeproctu Br/(M’K)=B1/(M’C) 1 moTHOCTH

ITnoTHOCTH (117151 CRIMYYHX Kospdurment
Marepuan — HACBIMTHAS TJIOTHOCTD), TEIIONPOBOIHOCTH, BT/
kr/m’® (MOK)

Acbect 600 0,151
AcdansrobeTon 2100 1,05
BeroH (CM. Takke jkeNie300€TOH) 2300-2400 1,28-1,51
Butym 1400 0,27
Bogna npu TemMnepatypax Bbiwe 0 °C ~1000 ~0,6
I'panur 2800 3,49
JKenezoberon 2500 1,69
Kepamsur 200 0,1
Kepamsur 800 0,18
Kepamsutoberon 1800 0,66
Oxonuanue mabnuyer A.1

| Kepamsutoberon 500 0,14
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Kupnuu xepamuueckuii 1200 0,35
nycrorensiii (bpyrTo1000)

Kupnuu xepamudeckuii 1600 0,41
nycrotesslii (6pyrTo1400)

Kupnuu xkpacHbIf IMUHSAHBIA 1800 0,56
Kupnuu cunukaTHelid 1800 0,7
Jlen npu Temneparypax Hmke 0 °C 920 233
Mpamop 2800 2,91
ITenoGeToH 1000 0,29
ITenobeToH 300 0,08
Ilenononuctupon 40 0,038
ITeHOIOMUCTUPOIIKCTPY AUPOBAHBII 33 0,031
Ilenocrexno 200 0,07
Ilecok cyxoit 1600 0,35
Ilecok BiIaskHBIH 1900 0,814
IlonnyperanoBast MacTuka 1400 0,25
TlonnsTunen 1500 0,3
Cranp 7850 58
CTanp HeprKaBeromast 7900 17,5
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IIpunoxenne b

Temnopuznyeckasi XapaKTepPpHCTHKA — TEIJIOEMKOCTD

TennoeMKocTb — CBOIICTBO MaTepuaja NOMNIOWATh IPHU HATPEBAHHH ONPENECICHHOE
KOJIMYECTBO TEILIA. HpI/I OXJIAKJACHUHA MAaTEePHAJIbl BBIACISIIOT TEIUIO, MPHYEM TEM 60.]'[])]]]6, (51
BBIIIE HX TEMIOEMKOCTh. Koo(huIMeHT TemnoeMKocTH paBeH KkonudecTBy Temia (Jx),
HeoOxoxumoro st HarpeBaHusi 1 kr Matepuana Ha 1 K

TemnoeMKOCTh HEOPraHWYECKMX CTPOMTENbHBIX  MarepuanoB (6eToH, kupmud,
NPUPOAHBIE KaMEHHBIE MaTepuaJbl) HU3MEHSIETCS B npeaenax 0,75 -
0,92 xJx/(xrxK), mpesecunsl — 0,7 xJDx/(xkrxK), Boma uMeer HauOONBIIYIO TEIIOEMKOCTb —4
k[Dx/(kr<K). TIosToMy ¢ HOBBIIEHHEM BIAKHOCTH MaTEPHAJNIOB HX TEILUIOEMKOCTb BO3PACTaeT.
ITOT moKaszaTeNlb MMEeT OONBINOE 3HAYEHHE MIPU MPOBEPKE TEIIOOTHAYM CTEH W IMEePEeKPHITHI,
pacdere [OAOrpeBa MaTepHAJIOB AJs 3UMHUX padoT.

Ha 3HaueHwe yaeapHOW TEIUTIOEMKOCTH BIMAET TEMIEpaTypa BEIIeCTBa M JpyTHE
TepMOAuHaMu4eckue napamerpel. K nmpumepy, u3MepeHue yAeabHON TEIUIOEMKOCTH BOJBI JACT
pasHsle pesyaerarsl npu 20 °C u 60 °C. Kpome Toro, yaenbHas TeIIOEMKOCTb 3aBHCUT OT TOTO,
KakuM O00pasoM IO3BOJIEHO M3MEHSThCS TEPMONMHAMUYECKHM MapaMeTpaM BeLIeCTBa
(naBnennio, 0OBbEMY W T. 11.), HAIIPUMED, VIENbHAS TEMIOEMKOCTH MPU TMOCTOSHHOM JIaBJIEHUH
(Cp) u npu mocrostHHOM 00BéMe (Cy), BOOOIIE TOBOPSI, PA3JIMYHBL.

@opmyna (b.1) pacuéra ynenpHOM TEMIOEMKOCTH:

C=0mAT, (b.1)
I7e ¢ — yIenbHas TEIIOEMKOCTb;
() — KOJMYECTBO TEIJIOTHI, [TOJYyYEHHOE BELIECTBOM NPH Harpese (WM BbIAEUBIIEECS HIPH
OXJIUKIEHHHN),
m — Macca HarpeBaeMoro (OXJIaXXIaroLIerocst) BeecTsa;
AT — pa3sHOCTb KOHEUHOI 1 HAYAJIBHOW TEMIIEPATYP BELIECTBA.

Tabnuna B.1-3HaueHns ynenbHOM TEMIOEMKOCTH HEKOTOPBIX BELLECTB

Bemectso ArperaTHoe COCTOsIHUE VACIbHAs TEMIIOSMKOCTS,
kJx/(kr-K)
Bosnyx (cyxoit) T'a3 1,005
Bosxyx (100 % Bi1asxHOCTB) I'as 1,0301
Kenezo Teépnoe Teno 0,444
Yyryn Teépnoe Tesno 0,540
Kucnopon T'a3 0,920
Bona 373 K (100 °C) I'as 2,020
Bona XKungkoctb 4,187
JIén TBépnoe Teno 2,060
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Tabnuuma b2 — 3HayeHus ynenbHOH TEIIOEMKOCTH JJIsI HEKOTOPBIX CTPOUTENBHBIX
MaTepuajoB
Bemectso VnhenpHass TEMIOEMKOCTB,
kJUx/(kr-K)
Acdasr 0,92
ITosnHOTENBIN KUPIUY 0,84
CunukaTHel Kupnuy 1,00
beron 0,88
Kponrnac (cTexio) 0,67
I'panut 0,790
TanpkoxJ0puT 0,98
T'unc 1,09
Mpawmop, ciroga 0,880
Tlecok 0,835
Crasp 0,47
Tlousa 0,80
Jpesecuna 1,7
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