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Weconsidered the equilibrium and portable thermal characteristics of moisture-containing materials. A prelimi-
nary analysis of the possibilities of the dynamic method for the measurement of heat-humidity characteristics
was carried out. Noted that with the creation of some of the boundary conditions of heating and cooling of the
samples there is a real opportunity to provide a full range of restrictive requirements for the temperature regime
of experiments that will provide information about the heat-humidity properties of investigated materials.
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Cpe,ll,11 nOpa3I1TeJTbHoro MHOro06pa3l151 BCTpel.lalO-

IUI1XC51 B npl1pO,ll,e BelUecTB n04eTHoe MeCTO 3aHI1MalOT

MaTepl1aJ1bI C ,ll,I1CnepcHot'I CTpYKTypot'I. TenJTOBa51 ,ll,I1C-

nepCHocTb CTaHOBI1TC51 3aMeTHot'I TOJThKO TOf,ll,a, KOr,ll,a

BHyrpl1 MaTepl1aJ1a Ha411HalOT ¢OpMl1pOBaThC5I I.IeTKO

Pa3JT11411Mhle arperaTHble 11 CTpyKTypHhle npOCTpaHC-

TBeHHO pa3,ll,eJTbHble ¢a3hI C pa3MepaMI1 nOp5I,ll,Ka,ll,eC5IT-

KOB HaHOMeTpOB 11 60JTee. TaKl1e MaTepl1aJ1hI npl1H5lTO

C411TaTh rpy60,ll,I1CnepCHhIMI1. HMeHHO K HI1M OTHOCI1T-

C5106Wl1pHa5l rpyrrna BJTaroCO,ll,ep)[(aI.lI,11X MaTepl1aJ10B.

BJTarOCO,ll,ep)[(aIUI1MI1 5IBJT5lIOTC5I Bce n04BeHHO-

rpYHTOBble nOpO,ll,bl, Bce 06'heKThl paCTI1TeJIbHoro 11)[(11-

BOTHoro npOI1CXO)[(,ll,eHI15I, nl1llJ,eBble np0,LJ,yKTbI, CTpO-

I1TeJIbHbie MaTepl1aJ1bl, ,ll,3)[(e Me,ll,I1UI1HCKI1e npenapaTbI

11MHoroe, MHOrOe,ll,pyroe [1].
00 XMMI14eCKOMY cocTaBy 11MeXaHl14ecKot'I CTpYK-

Type BJIarocO,ll,ep)[(alUl1e MaTepl1aJ1bI pa3H006pa3HhI:

OHI1 MOryr 6bITb nOpI1CTbIMI1, 5l4eI1CThIMH 11 OCTaBaTb-

C5l TBep,ll,bIMI1, coxpaH5l5l CBOIO ¢OPMY; I1MeTb 3epHl1C-

rylO cTpYKTYPY, npo5IBJT5l5I cblny'-lecTb, 11 BOJIOKHI1CTYIO

CTpyKTypy, CTaHOB51Cb M5lrKl1MI1 H yrrpyrHMH; cymec-

TBOBaTb B Bl1,ll,e reJIet'I, naCT 11 cycneH3HM, npH06peTa5l

Bce cBot'IcTBa B513K11XH TeKY411X )[(I1,ll,KOCTeM. 3T0 cymec-

TBeHHO BJIH5IeT He TOJIbKO Ha I1X MeXaHl14eCKI1e, TepMO-

,ll,HHaMI14eCKI1e, HO 11Ha TeITJTO¢H3H4eCKI1e CBot'IcTBa.

Bo BJTarOCO,ll,ep)[(allJ,HX MaTepl1aJ1aX OT4eTJIHBO

np051BJI5lIOT ce651 pa3Hble cj:JOPMbl 3HepreTI14eCKI1X CB5I-

3et'I BO,ll,bI C ,ll,pyrHMI1 (KaK TBep,ll,bIMI1, TaK 11)[(I1,ll,KI1MH)

KOMnOHeHTaMI1. no 3TOt'I npH411He 3aMep3aHI1e pa3HhlX

¢paKUI1t'I BO,ll,bI BHYTpl1 ,ll,I1CnepCHoro MaTepHaJla BCer,ll,a

npOI1CXO,ll,HT Hl1)[(e 0 °C, npH4eM Ha Pa3HhlX TeMnepa-

TypHblX ypOBH5lX. no Mepe OXJIa)[(,ll,eHl15l CHa4aJ1a 3a-

Mep3aeT BO,ll,a, HaxO,ll,5II.lI,a5lC5I B KpyrrHhlX nopax B CBO-

60,ll,HOM COCT05lHI1I1 (oHa npl1 B03MO)[(HOCTI1 CB060,ll,HO

BbITeKaeT 113 ero nop). 3aTeM 3aMep3aeT OCMOTH4eCKI1

11KanI1JTJI5lpHO CB513aHHa51 BO,ll,a, 3anOJTH5lIOIUa5l TOHKI1e

KaHaJlbI 11MeJIKI1e nOphI. BCJIe,ll, 3a HI1MH BbIMOp3)[(l1Ba-

IOTC51 nJIeHKI1 a,LJ,COp6UHOHHOM BJIam TOJTllJ,HHOt'I B Ha-

HOMeTpbI, np04HO npHJIl1nWl1e K nOBepXHOCTI1 Kanl1JT-

JI51POB H nop. VI TOJIbKO nOCJIe HI1X, npl1 TeMnepaTypax

Hl1)[(e 20°C Ha411HaeT BbIMOp3)[(J1BaTbC5I BO,ll,a, XI1MI1-

4eCKH CB5l3aHHa5I C MI1HepaJIhHblM KapKaCOM ,ll,l1cnepc-

Horo MaTepl1aJ1a. B pe3YJIhTaTe BeCb npouecc npOMep-

3aHI15l BJI3)[(HOrO MaTepHaJla npOI1CXO,ll,I1T B WI1POKOM

TeMneparypHoM 30He, 3aBepWa51Cb npH -(30 ... 50) 0c.
KOHKpeTHhIM xapaKTep 3aMep3aHI15l cymecTBeHHO 3a-

BHCHT OT CTpYKTypbI ,ll,I1CnepCHoro MaTepl1aJ1a 11ero co-

CTaBa, n03TOMY BCer,ll,a 11H,ll,I1Bl1,ll,YaJleH.

npouecc OTTal1BaHl15l BJIarOCO,ll,ep)[(allJ,11X MaTepl1a-

JIOB OCTaeTC5I TaKl1M )[(e CJIO)[(HbIM HHH,ll,I1BI1,ll,YaJIbHbIM,

KaK H npouecc 3aMOp3)[(l1BaHI15l, npl14eM Me)[(,ll,y HHMI1

4eTKO np05lBJI5lIOTC5I npH3HaKl1 mCTepe3Hca. A 3TO 03-

Ha4aeT, 4TO BJIarOCO,ll,ep)[(allJ,He MaTepl1aJ1bI npaKTI1'-IeC-

KI1 BCer,ll,a HaXO,ll,5ITC5l B HepaBHoBecHoM TepMO,ll,I1HaMI1-

4eCKOM COCT05lHHI1, n03ToMY I1X CBot'IcTBa, B TOM 4HCJIe

11 TenJIO¢113I1'-1eCKI1e, npl1 npOl.l11X paBHblX yCJIOBI15lX

3aBI1C5IT OT npe,ll,hICTOpHI1 cj:JOpMHpOBaHI15l MaTepl1aJ1a.

npl1 MaJIOt'I CTeneHI1 YBJI3)[(HeHI15l ,ll,HCnepCHbIe

MaTepHaJlbI Moryr CO,ll,ep)[(aTh B CBOI1X nopax He TOJIbKO

)[(I1,ll,KYIO BO,ll,y 11JTe,ll" HO 11BO,ll,5lHOt'I nap. BO,ll,51HOt'I nap

B B03,ll,yuIHhIX nopax MO)[(eT npHcyrcTBoBaTb npl1 JIIO-

60t'I TeMnepaType. Ero napUHaJlbHOe ,ll,aBJIeHl1e HaCbl-

lUeHI15I npl1 nOBbIWeHHI1 TeMnepaTyphI 6bICTPO paCTeT

npaKTI14eCKI1 no 3KcnOHeHUl1aJIbHOMY 3aKoHy. n03-

TOMy BO BJIarocO,ll,ep)[(aI.lI,I1X nOpl1CTbIX MaTep11 aJlax,

KaK npaBHJIO, O,ll,HOBpeMeHHO cocymecTBYIOT Bce Tpl1

¢OPMbI BHyrpeHHero TenJIo06MeHa.

B 06JIaCTI1 OTpHuaTeJIbHbIX TeMnepaTyp Ha Ten-

JIOBble CBot'IcTBa BJIH5IeT paCT5IHyrblt'I no TeMnepaType

¢a30BbIM nepeXO,ll, «BO,ll,a-JIe,ll,». npH nOJTO)[(HTeJIbHot'I

TeMneparype Bce 3aMeTHee np051BJI51eT ce651 BO,ll,51HOt'I

nap, 06JIa,LJ,alOlUl1t'I YHI1KaJlbHO BbICOKOM cnoc06HOC-

TblO npOCTpaHcTBeHHoro nepeHoca TenJIOTbI B MaTe-

pl1aJ1ax C KanI1JIJI51pHOt'I CTpyKTypOM. 3cj:J¢eKTHBHa51



Tef1JlOeMKOCTb y BJlarOCO)J,ep)l(all.(l1X TeJl npl1 OTpl1l..l,a-

TeJlbHblX TeMnepaTypax MO)l(eT npeBbIWaTb 06bPIHYIO,

MOJleKyJl5lpHylO TenJlOeMKOCTb B )J,eC5ITKl1 pa3 1160JIee

Ha cPOHe OTHOCI1TeJlbHO cJIa60ro B03)J,eHCTBl151 BJIarl1

Ha I1X TenJlOnpOBO)J,HOCTb. O)J,HaKO npl1 nOJlO)\(l1TeJIb-

HbIX TeMnepaTypax y cJIa60 YBJl3)l(HeHHbIX MaTepl1a-

JlOB, I1MelOUJ,I1X OTKPblTyIO Kanl1JIJI5lpHyIO CTPYKTypy,

BO)J,51HOH nap cnoc06eH YBeJlWII1BaTb TenJIOnpOBO)J,-

HOCTb MaTepl1aJIOB B HeCKOJIbKO pa3, BeCbMa cJIa60

BJlI15151Ha I1X TenJIOeMKOCTb [l, 2].

BO)J,a C ee pa3HblMl1 cP0pMaMI1 CB5I311, 3HeproeM-

Kl1MI1 cPa30BbIMl1 npeBpall.I,eHl15IMl1 11TpeM5I cPopMaMM

npOCTpaHCTBeHHoro nepeHoca TenJIOTbI 06eCne'-IMBaeT

YHI1KaJIbHOe cBoe06pa3Me TenJIOBbLX CBOHCTB BJIarOCO-

)J,ep)l(aUJ,I1X MaTepl1aJIOB, 6Jlaro)J,ap51 '-IeMy I1X 1106be)J,M-

H5IIOT B oc06ylo rpynny )J,McnepCHbIX MaTepl1aJIOB.

Cpe)J,11 BJlaroco)J,ep)l(all.(WX MaTepl1aJIOB HaM60JIh-

WI1H npaKTWleCKl1H MHTepec yMCCJIe)J,oBaTeJleH BbI3hIBa-

lOT nMUJ,eBble npO)J,yKTbl 11rpYHTOBble nop0)J,bI.EJIaro)J,a-

p51 BO)J,eOHI1 Bcer)J,a OCTaIOTC5I CTPYKTYPHO 11Xl1MWleCKl1

HepaBHOBeCHbIMI1, a MXTenJIOBhle CBOHCTBa I1MelOT MHO-

ro 06UJ,ero 11nO)J,Bep)l(eHhI Heo6paTl1MbIM 113MeHeH1151M.

O)J,HaKO Me)l()J,y HMMM cyw:eCTByIOT 11 3aMeTHhle

pa3JlWll151. TaK, nO'-ITI1 Bce rpYHTOBble nopO)J,hl, 51B-

Jl5l5lCb B OCHOBe HeOpraHM'-IeCKl1Ml1, COXpaH51IOT CTa-

6l1JlbHOCTb Xl1MI1l.feCKOrO COCTaBa. ITpOI1CXOMll.I,Me )I(e

B Hl1X He06paTl1Mble 113MeHeHl15I B OCHOBHOM CB5I3aHhI

co CTpyKTypHOH HeycToti'-IMBOCTblO. O)J,HOH 113ee npM-

l.fI1H 51BJI5leTC5I ce30HHoe npOMep3aHl1e 11 orraMBaHl1e

rpYHTOB. K TOMy )I(e nOBepXHOCTHblH CJIOH rpYHTa ne-

pl1o)J,l1l.feCKl1 nO)J,BepraeTC5I BHeWHeMY B03)J,eHCTBMIO

B BI1)J,e)J,O)l()J,5111CHera. OCHOBY)l(e nl1ll.(eBbfX npOLJYKTOB

COCTaBJI5lIOT OpraHMl.J:eCKl1e Bell.(eCTBa 11 MaTepl1aJIhl,

n03TOMY npO)J,yKTbI Ol.feHh Cl1JlbHO nO)J,Bep)l(eHbl He06-

paTI1MoMy B03)J,eHCTBl1lO TeMnepaTypbl M BHYTPeHHMX

6M0Xl1MI1l.feCKl1X peaKl..l,l1H, npWleM )J,3)I(e npl1 OTpMl..l,a-

TeJIbHblX TeMnepaTypax.

EJlaro)J,ap51 CXO)J,CTBy CTPYKTypHbIX, TenJIOBblX

11 Macco06MeHHbiX CBOHCTB BJIarOCO)J,ep)l(all.(MX Ma-

Tepl1aJIOB )J,Jl51 3KcnepMMeHTaJIbHOrO I1CCJle)J,OBaHl151

MX TenJlocPI13J.1LleCKl1X xapaKTepl1CTI1K 06bI'IHO y)J,aeT-

C5I I1CnOJlb30BaTb 06ll.I,Me MeTO)J,bl 113MepeHl1H 116JIM3-

Kl1e no KOHCTpyKl..l,I1M TenJIOM3Mepl1TeJIbHble 51l.feHKl1,

npaKTI1l.feCKI1 COBna)J,alOll.(Me no )J,l1ana30HY pa60'-IMX

TeMnepaTyp 11pe)\(l1MY orrhITOB.

Cpe)J,11 113BeCTHbIX MeTO)J,OB 113MepeHl151 Ha1160-

Jlee I1HcPopMaTI1BHhIMM M rrpOCTbIMI1 B peaJI113al..l,MI1,

Ha Haw B3rJl5l)J" B HaCT05lll.I,ee BpeM5I CJIe)J,yeT np113HaTh

)J,l1HaMI1l.feCKl1e MeTO)J,bl, npe)),yCMaTpl1BalOll.(l1e B03-

MO)I(HOCTb I1CCJIe)J,OBaHMH rrpM MOHOTOHHOM OXJl3)l(-

)J,eHMI1 11 pa30rpeBe 06pa3l..l,OB B 06JIaCTl1 TeMnepaTyp

OT MI1HYC 50)J,0 20°C, a rrpM He06xo)J,I1MOCTl111)J,0 80°C,

l.fTO n03BOJl5leT nOJIHOCThlO OXBaTMTb np0I1CXO)J,51ll.I,Me

BO BJIarOCO)J,ep)l(all.(I1X MaTepMaJIaX np0l..l,eCCbI 3aMopa-

)l(MBaHH5I 11orraMBaHl15I.

ITpI1BJlel.feHMe )J,MHaMMl.J:eCKMX MeTO)J,OB K M3yqe-

HMIO TenJlocPl1311l.feCKMX xapaKTepl1CTHK BJIarOCO)J,ep-

)I(aUJ,I1X MaTepl1aJIOB (oc06eHHo rpyHToBbLX rropo)J,)

onpaB)J,aHO TeM, '-ITO pe)I(MM MOHOTOHHoro pa30rpeBa

11 OXJla)l()J,eHI151 Ha1160JIee 6JIM30K K eCTeCTBeHHOMY

COCT05lHl11O 11YCJlOBl15IM 3KCIlJIYaTal..l,Ml1 TaKl1X MaTepM-

aJIOB, n03BOJI5l.51 B O)J,HOM onbITe 11 Ha O)J,HOM 06pa3LJ,e

M3Mep5lTb Bce TenJIOBhle xapaKTepl1CTI1Kl1 KaK cPYH-

Kl..l,MM TeMrrepaTypbl. ITpaB)J,a, rrpl1 3TOM He1136e)I(H0

B03HHKaeT He06xo)J,MMOCTb MO)J,epHI13aLJ,1111TaKMX Me-

TO)J,OB. EOJIbWe )J,pyrwx Crrel..l,McPl1KY BJlarOCO)J,ep)l(all.(MX

MaTepl1aJIOB yqHTblBalOT MeTO)J,hl, 06pa3LJ,bI B KOTOpbLX

MMelOT cPOpMy LJ,MJIHH)J,pOB. Pe)l(e, HO Bce )I(e y)J,aeTC5I

rrpMcnoca6JIHBaTb MeTO)J,hI, B KOTOpblX 06pa3eLJ, 3a-

nOJIH5IeT nJlOcKyIO KIOBeTy. O)J,HaKo BO Bcex cJIY'-Ia5IX

,Ll)I5I 60JIee CTpororo 060CHOBaHM5I MeTO)J,a 113MepeHHH

rrpWXO)J,l1TC5I 06pall.I,aTbC5I K HeJIMHeHHbIM ypaBHeHl15IM

TerrJIOnpOBO)J,HOCTI1 11 l1CrrOJIh30BaTb TenJlOBble 51l.f.eH-

Kl1, l1H)J,MBI1)),yaJIhHhle ,ll,JUI Ka)I()J,OH rpynnbI MaTepl1a-

JIOB[1,2].

TenJlOBa51 CneLJ,McPMKa BJIarocO)J,ep)l(aUJ,I1X MaTe-

Pl1aJIOB 06yCJIOBJleHa, B OCHOBHOM, )J,BYM5I oc06eH-

HOCT5IMI1.

Bo-nepBblx, TeM, l.fTO B 30He npOMep3aHI151 11OT-

TaMBaHM5I HX TenJI0cPM3M'-IeCKMe xapaKTepl1CTI1KH

(oc06eHHo 3cPcPeKTHBHa51 TenJIOeMKOCTb 11 TeMnepa-

TyponpoBo)J,HOCTb) CTaHOB5ITC5I cyry60 nepeMeHHbfMM

BeJlH'-II1HaMH, pe3KO 3aBHC5Ill.I,MMH OT TeMnepaTypbI,

TaK KaK B6HpalOT B ce651 pacnpe)J,eJleHHyro no TeM-

rrepaType TenJIOTy cPa30Bhlx npeBpall.(eHI1H BO)J,bl.

Pa3)J,eJIMTb HX y)J,aeTC5I TOJIbKO npH aHaJIHTI1l.feCKOH

06pa60TKe onblTa. IT03TOMY,ll,JUI COXpaHeHI151 npl1eM-

JIeMOH MeTpOJIOfM'-IeCKOH KoppeKTHOCTI1 nOJIYl.faeMbIX

pe3YJlbTaTOB npI1XO)J,MTC5I npOBO)J,I1Tb onblTbl npl1 npe-

)J,eJIhHO MaJIbLX nepena)J,ax TeMnepaTypbl B 06pa3LJ,e.

BO-BTOpbIX, rrpM rrOill3JIeHMM B 06pa3LJ,e 3aMeTHoro

TeMnepaTYPHoro rreperra)J,a HaxOMll.(a51C5I B HeM BJlara,

)J,3)I(e CB5I3aHHa5I, npM06peTaeT cnoc06HOCTb MMrpl1-

pOBaTh 11 TeM caMbfM H3MeH5lTh ero TenJlocPI13Hl.feCKl1e

xapaKTepHCTI1KI1. I1HTeHcl1BHoCTb Ml1rpaLJ,HI1 BJlafH He-

rrocpe)J,CTBeHHO 3aBMCMT OT BeJIM'-Il1HbI TeMnepaTYPHO-

ro rpa)J,l1eHTa B 06pa3l..l,e. IT03TOMY )J,Jl51ee yCTpaHeHl15l

CJIe)J,yeT, KaK 11 B rrepBOM cJIyqae, npe)J,eJlbHO CHJ1)I(aTh

TeMIlepaTypHble nepena)J,bI B o6pa3LJ,e 11 CTpeMI1TbC5I

COKPall.I,aTh )J,JlMTeJIhHOCTh onhiTOB, TaK KaK npOLJ,eCChI

MMrpal..l,MH BJlafH OTJll1l.faIOTC5I 3Ha'-Il1TeJlbHOH I1HepLJ,l1-

OHHOCTblO.

K CO)l(aJIeHl1IO, 06a 3Tl1 Tpe60BaHl15l, KaK 06bfl.f-

HO, OKa3blBaIOTC5I B3aMMOHCKJIIO'-IalOll.(I1MI1. I1x OnTI1-

MaJIhHOe COl.f.eTaHMe M COCTaBJI5leT fJIaBHyIO np06JIeMY

rrpM pa3pa60TKe TenJIOBhIX 5I'-IeeK, eCJIH OHI1 npe,Wia-

3Ha'-IaIOTC5I ,ll,JUI HCCJIe)J,OBaHl15l BJlaroco)J,ep)l(all.I,MX Ma-

Tepl1aJIOB B YCJlOBH5IX 3aMOp3)l(l1BaHl15l H OTTal1BaHl15l.

Ho ,ll,JUI peWeHl15I 3TOH rrp06JIeMbI LJ,eJleC006pa3HO

CHal.faJIa paCCMOTpeTh BCIO COBOKynHOCTb cP113H'-IeCKMX

CBOHCTB, KOTopble onpe)J,eJUIlOT TenJlOBOe COCT05lHl1e

11 nOBe)J,eIDIe BJlaroco)J,ep)l(all.I,ero MaTepHaJla, Bbl5lBl1Tb

ero paBHOBeCHble M rrepeHOCHble TenJIOBbie xapaKTepMC-

TMKl1 H TOJIhKO nOCJle 3TOro rrepeHTM K aHaJlH3Y KOHKpeT-

HbIX MeTO)J,OB M3MepeHl15l ero TenJIOBbIX xapaKTepl1CTl1K.

PaBHOBeCHble H nepeHocHble xapaKTepHCTHKJI BJIarO-

cO)J,ep:>KaIll,HXMaTepHaJIOB

PaBHOBeCHoe TenJIOBOe COCT05lHl1e KOH)J,eHCl1pO-

BaHHblX (TBep)J,blx H )I(M)J,KMX) TeJI npl1 HOpMaJlbHOM

BHelllHeM )J,aBJleHMH onpe)J,eJI5leT yoeJlbHafl 3HmMbnUfl



I

h(t,to)= f Cp (t)dt,

Y TBep,lJ,blX O,lJ,HOPO,lJ,HbIXTeJl Y,lJ,eJlhHa5I 3HTaJJhrrJ15I

06bl'-IHO 5IBJl5IeTC5I MOHOTOHHOH, rrOLITH JIHHeHHOH

¢YHKI..I,HeH TeMrrepaTypbI, KaK rrOKa3aHO Ha rpa¢HKe

pHC. 1 (KpHBa5I I). Y BO,lJ,bI, KOTOpa5I B CB060,lJ,HOM co-

CT05IHHH rrpeBpallJ,aeTC5I B Jle,lJ, rrpH to = 0 °C, C YtIeTOM

TerrJlOTbl nJlaBJleHH5I q. Jlh,lJ,a, Y,lJ,eJIhHa5I 3HTaJJbrrJ15I

B TO'-IKe to = 0 °C rrpeTeprreBaeT pe3KHH CKa'-IOK, paB-

HbIH BeJIWIHHe q. (KpHBa5I 2). Y BJIarOCO,lJ,ep)[(aIlI,HX)[(e

MaTepHaJJoB TeMnepaTYPHhIH XO,lJ,3HTaJJhrrHH OKa3hI-

BaeTC5I pe3Ko HHbIM. B 06J1aCTH OTpHl..I,aTeJlhHblX TeM-

nepaTYP HX 3HTaJJbnJ15I npH06peTaeT BH,lJ, rrJIaBHOH,

HO Y)f(e cyry60 HeJlHHeHHOH ¢YHKlJ,HH (KpHBa5I J).
TerrJlOBOe COCT05IHHe 06bI'{HbIX O,lJ,HOPO,lJ,HhIX

H ,lJ,HCrrepCHhlx TeJl C ¢HKcHpoBaHHoH MaKpocTpyKTy-

pOH y,lJ,aeTC5I 0,lJ,H03Ha'-IHO xapaKTepH30BaTb cOBoKyrr-

HOCThlO rrJlOTHOCTH p H JlI06blX ,lJ,Byx TenJIO¢H3H'-IeC-

KHX xapaKTepHCTHK (c, A HJIH a). Y BJIarOCO,lJ,ep)f(aIlJ,HX

MaTepHaJJoB cHTyal..l,H5I rOpa3,lJ,0 ~JIo)[(Hee. Ha HX Terr-

JlOBOe COCT05IHJ1e, KaK rrOKa3aHO Ha pHC. 1, pewalO-

llJ,ee BJlH5IHHe OKa3bIBaeT CB5I3aHHa5I BO,lJ,a. II03ToMY

HX rrpJ1XO,lJ,HTC5I C'-IHTaTb ,lJ,ByxKoMrroHeHTHhIMH reTe-

poreHHblMH CHCTeMaMH, T. e. CHCTeMaMJ1 C ,lJ,OrrOJlHH-

TeJlbHOH TepMO,lJ,HHaMWlecKoH CTerreHblO CB060,lJ,bl.

B Ka'-IeCTBe ,lJ,OnOJlHHTeJlhHOrO orrpe,lJ,eJl5IlOIlI,ero rrapa-

MeTpa y HHX BblcTyrralOT BJlarOCO,lJ,ep)[(aHHe d J1J1HOT-

HOCHTeJlhHa5I BJla)[(HOCTb q>

d- Mu Mu,q>=-,
M-MB M

me M - cyMMapHa5I Macca TeJla; M
B

- Macca CO,lJ,ep-

)f(allJ,eHC5I B TeJle BO,lJ,bI.

Y,lJ,eJlhHYIO 3HTaJJbrrHIO h(t, to) TeJl B KaJJopHMeT-

pHH '-IaCTO orrpe,lJ,eJl5IIOT B He3aBJ1CJ1MhIX OrrhITax. Ho,

comaCHO HHTerpany (1), ee y,lJ,aeTC5I orrpe,lJ,eJl5ITh H rry-

TeM cooTBeTCTByIOllJ,eH aHaJJJ1TJ1'{eCKOH 06pa60TKH

3KcnepHMeHTaJJhHo HaH,lJ,eHHOH y,lJ,eJIhHOH J1306apHoH

TerrJlOeMKOCTH c(t) KaK ¢YHKlJ,HJ1 TeMrrepaTypbI.

TIoK~eM, '-ITO B cJIYtIae BJlarOCO,lJ,ep)f(aIlI,J1x Ma-

TepHaJJOB HaJJH'-IHe 3KcrrepHMeHTaJJbHO HaH,lJ,eHHOH

¢YHKI..I,HH h(t, to) 06pa31..1,a rr03BOJI5IeT aHaJJJ1TH'-IeCKHM

nyreM HaHTJ1 l..I,eJIbIH PM ,lJ,OnOJIHHTeJlbHbIX xapaK-

TepJ1CTHK YCJlOBHO paBHOBecHoro (H30TepMH'-IeC-

Koro) COCT05IHJ15I BJla)[(HOrO MaTepHaJJa, a HMeHHO:

y,lJ,eJlbHyIO TenJIOeMKOCTb rrOJlHOCThlO 3aMOpO)f(eH-

Horo J1 nOJlHOCThlO pa3MOpO)[(eHHOrO MaTepHaJJa;

3¢¢eKTHBHYIO y,lJ,eJlhHYIO HHTerpaJJbHylO TerrJloTY

3aMop~BaHH5I MaTepHaJJa q3<j>; ,lJ,H¢¢epeHI..I,HaJJb-

HylO TerrJloTY BhIMOpa)f(HBaHH5I CB5I3aHHOH BO,lJ,bl w(t);
KpuocKonulfecKylO TeMrrepaTYPY tKP MaTepHaJJa, a TaK)f(e

BJlarOCO,lJ,ep)f(aHHe d(t) J1 OTHOCHTeJlbHyIO BJI~HOCTh

q>(t), npH'-IeM KaK HCXO,lJ,Hhle, TaK H Ha Ka)[(,lJ,OM TeMne-

paTypHoM ypoBHe 3aMop~BaHH5I 06pa3ua.

IIepe4HCJIeHHble xapaKTepJ1CTHKH MOryr y,lJ,aYHO

,lJ,OrrOJIH5ITh TPa,lJ,HUHOHHhle 3KcnepHMeHTaJJhHhie CBe-

,lJ,eHJ15I06 3¢¢eKTHBHbIX 3Ha'-IeHl15IX y,lJ,eJlbHOH TerrJlO-

eMKOCTH c3<j>(t), TefIJIOrrpOBO,lJ,HOCTH A3<j>(t) H TeMrrepaTY-

pOrrpOBO,lJ,HOCTH a3<j>(t). Ba)[(Ho, '-ITO B YCJlOBH5IX Henpe-

pblBHoro, nJlaBHOrO 3aMOp~BaHJ15I H Pa3MOp~Ba-

HH5I 06pa31..1,a HX y,lJ,aeTC5Iorrpe,lJ,eJI5lTh B O,lJ,HOMorrhITe.

,ll.JI5I KOHKpeTJ13aI..l,HH YKa3aHHbIX B03MO)[(HOCTeH

CJle;:ryeT 06paTHTbC5I K pHC. 2 H pHC. 3, Ha KOTOpbIX

11306p~eHhl THnOBhle rpa¢HKH y,lJ,eJlhHoH3HTaJJhnHH

h(t, to) J13¢¢eKTHBHoH y,lJ,eJlbHOH TerrJlOeMKOCTH c3<j>(t)
BJla)[(HOrO 06pa3ua.

fpa¢HKH rr03BOJl5IIOT ,lJ,aTb HHTeprrpeTaUJ110 rrepe-

4HCJleHHhIM TenJlOBblM 11 BJla)[(HOCTHbIM xapaKTepHC-

THKaM BJlarOCO,lJ,ep)[(aIlI,ero MaTepHaJIa.



TaK, Y4aCTKM ab H HX aCHMnTOTbI afHa rpa¢HKaX

COOTBeTCTByK)T y,ll,eJ1bHOH 3HTallbmll1l1 y,ll,eJ1bHOH Ten-

J10eMKOCTH MaTepHalla, eCJ1l16Y,ll,eT l1CKJ1IO'IeHa TenJ10-

Ta ¢a30BbIX npeBpaLUeHl1H CB5I3aHHOH BO,ll,bI. B CBOIO

04epe,ll,b, yLIaCTKM de 11 l1X aCHMnTOTbI ge Ha rpa¢HKax

onpe,ll,eJUllOT y,ll,eJ1bHYIO 3HTallbnl11O l1 y,ll,eJ1bH)'lO Ten-

J10eMKOCTb MaTepHalla, KOr,ll,a H3 Hl1X l1CKJ1IO'IeHa Ten-

J10Ta ¢a30Bblx npeBpaLUeHHH BO,ll,bI.

Cpe,ll,HHe y'lacTKH bcd 06eHx Kpl1BbIX oxsaTbIBalOT

npaKTWleCKH BCIO TeMnepaTypHyK) 30HY ¢a30BbIX npe-

BpaLUeHl1H CB513aHHOH BO,ll,bl H n03BOJI5IIOT onpe,ll,eJ1I1Tb

HX HHTeHCHBHOCTb 4epe3 3¢¢eKTI1BH)'lO TenJ10eM-

KOCTb.)J.JuI onpe,ll,eJ1eHl15I3¢¢eKTHBHoH HHTerpallbHOH

y,ll,eJ1bHOH TenJ10TbI q><p3aMOpIDKl1BaHl151 11 Orral1BaHl15I

BJ1IDKHOrO MaTepl1alla ,ll,OCTaTO'lHO l13Mepl1Tb AJIl1HY

BepTI1KallbHOro oTpe3Kafcg Ha rpa¢l1Ke 3HTallbn11H.

/l.uq)(pepeHlI,UaflbHylO merulOmy w (t) BbIMOp<l)f(J1Ba-

HH51 BO,ll,bI 1l03B0J151eT Ollpe,ll,eJ151Tb rpa¢I1K 3¢¢eKTI1B-

HOH TenJ10eMKOCTl1. TaK, CJ1eBa OT MaKCHMYMa (TO'lKa

c Ha rpa¢HKe) Kpl1BOH c3<!> (t) TenJ10Ta BbiMOpa)l(l1BaHl15I

w (t) COBna,ll,aeT C paCCT05lHHeM 110 BepTI1Kall11 Me)I(Ay

KpHBOH abc H np51MOH abl CnpaBa OT TOYKM C Ha Kpl1-

BOH c",p (f) TenJIOTa BbIMOp<l)f(J1BaH1151 w (f) cOBna,ll,aeT

C paCCT05IHl1eM Me)I(Ay Kpl1BOH cde 11 np5lMOH gde.
KpuocKOnUtteCKou meMnepamypou fKP 06bIYHO Ha3bI-

BalOT TeMllepaTypy MaKCl1MYMa Kpl1BOH C><jJ (f).
)l.JI51 onpe,ll,eJ1eHl15I OTHOCHTeJIbHOH BJIa)I(HOCTl1

H BJ1arOCO,ll,ep)l(aHl151 06pa31..1,a CJ1e,ll,yeT 3HaTb ero Maccy

M H Maccy M
B
(t) CO,ll,ep)l(all.l,eHC5I B HeM HeBbIMOpO-

)l(eHHOH BO,ll,bI. KOJ1WleCTBO ee B YCJIOBI151X 3aMOp<l)f(J1-

BaHH5I H orraHBaHl151 H3MeH5IeTC5I, n03TOMY, comaCHO

Bblpa)l(eHH51M (2), OTHOCl1TeJ1bHa51 BJIIDKHOCTb <p H BJIa-

rocO,ll,ep)l(aHHe d OKa3bIBaIOTC51 B onbITe ¢YHKIJ,l151Ml1

TeMnepaTypbl - <p(f) H d(f).
OOJIHOCTblO pa3MOpO)l(eHHyK) Maccy M

B
. HCX BO,ll,bI

MO)I(HO BbI4HCJ1l1Tb Yepe3 Maccy M 06pa3ua l1 y,ll,eJIb-

HylO 3¢¢eKTHBHyK) TellJ10TY 3aMOp<l)f(J1BaHl15I q3<!>. OHa

1l0Ka3aHa Ha rpa¢HKe 3HTallblll1M h(t, fo). ,o:JI5I pacqe-

TOB ,ll,OCTaTOLIHO Y4ecTb ¢l13WleCKMH CMbICJ1 3¢¢eK-

THBHOH TellJ10TbI 1l0JIHOrO orraMBaHH51 Ilpe,ll,Bapl1-

TeJ1bHO 1l0J1HOCTblO 3aMOp0)l(eHHOrO 06pa3ua H BOC-

n0J1b30BaTbC51 OTBe'laIOLUMM eMy COOTHOlIIeHMeM

q><jJ M =qn MB , (3)

r,ll,e q - y,ll,eJ1bHa51TellJIOTa llJ1aBJ1eHl15I J1b,ll,a,q:= 3,32· L05 ~/Kf.
ComaCHO COOTHOllIeHl151M (2), (3), ¢OPMYJIbI

AJI5I paCLleTa HCXO,ll,HOrO BJ1arOCO,ll,ep)l(aHl15I d
HCX

H I1C-

XO,ll,HOH OTHOCI1TeJ1bHOH BJ1IDKHOCTM <PHCX npl106peTa-

JOT BH,ll,

d - MB q><jJ _ MB _ q><jJ
"cx M M ----,<pHcx--M --.

- B qn -q><p qn

,o:J151BbI5lBJIeHl151 KOJIMyeCTBa HeBbIMOp0)l(eHHOH

B 06pa3ue BO,ll,bI BHOBb 06paTl1MC5I K rpa¢l1KY 3HTallb-

IlHH. OH 1l03BOJI5leT Ollpe,ll,eJ1I1Tb Maccy OCTaIOLUeHC5I

B 06pa3ue BO,ll,bI npH JII060H HHTepeCyK)LUeH Hac TeM-

nepaTYpe. ,o:JUI 3TOro CJIe,ll,yeT onpe,ll,eJI5lTb no rpa¢HKY

3HTallbnl1l1 paCCT05lHl151 (no BepTMKallbHOH OCM) Me)l()l.y

KpHBOH h (f, fo) M np5lMOH JIMHHeH abl OHI1 COBna,ll,aIOT

C y,ll,eJ1bHOH (OTHeceHHOH K nOJIHOH Macce 06pa31..1,a)

TellJIOTOH 3aMep3aHH5I q" B (t) Bce eLUe HeBbIMOp0)l(eH-

HOH yaCTl1 BO,ll,bI B 06pa31..1,e npH TeMnepaType f.
<!>0PMYJ1bI AJI5I paC'IeTa TeKYlUero BJ1arOCO,ll,ep)l(a-

HH5I d (f) 11 OTHOCl1TeJIbHOH BJ1a)I(HOCTH <p (f) 06pa31..1,a

IlpH IlPOM3BOJIbHOH TeMnepaType f MO)I(HO nOJ1Y4HTb,

eCJ1H B ¢opMYJ1aX (4) 3aMeHMTb q3<!> TeKYLUHM 3HaLleHH-

eM qH B (f),

d(f)= qHB(f) , <p(f)=qHB(f). (5)
qn -qHB (f) qn

TeIlJIOllpOBO,ll,HOCTb, KaK l13BeCTHO, He 3aBH-

CHT OT TellJ10eMKOCTH MaTepHalla H TellJ10TbI ¢a30-

BbIX IlpeBpaLUeHMH ero KOMIlOHeHTOB, B TOM L!HCJ1e

l1 BO,ll,bI. OHa CB5l3aHa C npHpO,ll,OH MaTepHalla Hero

CTPYKTypHbIM COCT05lHMeM, KOTopble BO BJIarocO,ll,ep-

)l(aLUMX MaTepMallaX cJIa60 MeH5IIOTC5I ,ll,~e B yCJ10BH-

51X3aMOp<l)f(J1BaHI151 H orraHBaHH5I. BJ1ara MO)l(eT BHO-

CHTb 113MeHeHl151, l1 CYUIeCTBeHHble, eCJIH C03,ll,aIOTC5I

Ilpe,ll,nOCblJ1KM AJI5I ee Ml1rpal..l,J.1H BHYTpJ.1 06pa3ua. O,ll,-

HaKO IlpJ.1 TenJ10BbIX H3MepeHJ.151X Ml1rpaUJ.151 OCTaeTC5I

n060'lHb1M 11 He)l(eJ1aTeJ1bHbIM 51BJ1eHHeM, 1l03TOMY

BCer,ll,a npI1HMMaIOTC5I MepbI M5I ee yCTpaHeHH5I. 00-

)l(allYH, e,ll,J.1HCTBeHHbIM cepbe3HbIM ¢aKTopOM, OKa-

3bIBalOIl.I,HM 3aMeTHoe BJIM5IHl1e Ha TellJ10IlpOBO,ll,HOCTb

BJ1a)I(HbIX MaTepJ.1allOB, 51BJI5IeTC5I COOTHOlIIeHl1e BO,ll,bl

J.1 J1b,ll,a, KOTopoe H3MeH5IeTC5I npM 3aMOp<l)f(J1BaHI1I1

H orraMBaH HH MaTepHalla, TaK KaK 1l0CJ1e,ll,Hl1e no Tell-

J10npOBO,ll,HOCTl1 pa3J1l1'1aIOTC5I 1l0'lTM B 4 pa3a.

TenJ10npOBO,ll,HOCTb ,ll,I1CllepCHbIX MaTepHallOB,

B TOM 'IMCJIe 11BJIarocO,ll,ep)l(aLUHX, 51BJ151IOLUHXC5IreTepo-

reHHbIMM, HHOr,ll,a y,ll,aeTC5I BbIYJ.1CJI5lTb Yepe3 TenJ10npo-

BO,ll,HOCTI1 YHCTbIX KOMnOHeHTOB.)J.JuI 3TOrO pa3pa60Ta-

HO ,ll,OCTaTO'lHO MHorO 3MnMpl1yeCKMX J.1nOJIY3MnJ.1pJ.1-

yeCKl1X paCyeTHbIX MeTO,ll,MK. OLJ,HaKO nOKa HaH60J1ee

,ll,OCTOBepHble 3Ha'leHllil 3¢¢eKTMBHOH TenJ10npOBO,ll,-

HOCTI1 BJ1arOCO,ll,ep)l(aLUMX MaTepl1allOB, KaK H ,ll,pymx

,ll,J.1CnepCHbIX MaTepJ.1allOB, ,ll,alOT np51Mble H3MepeHJ.15I.

003TOMY B HaM60JIee OTBeTCTBeHHbIX CHTYal..l,l15IX npe,ll,-

nO'lTeHl1e OT,ll,aeTC5I np5lMbIM J.13MepeHl15IM.

TeMnepaTyponpOBO,ll,HOCTb BO MHOrJ.1X TenJ10Bb1X

3a,ll,ayaX OKa3bIBaeTC5I BTOpl1'1HOH xapaKTepJ.1CTHKOH.

B He3aBHCHMOM BH,ll,e OHa BXO,ll,l1T TOJIbKO B HeKOTO-

pble HeCTaUMOHapHble ypaBHeHl15I TenJ10npOBO,ll,HOC-

TH. O,ll,HaKO npM TenJIO¢M3l1'1eCKMX 113MepeHH51X OHa

CTaHOBl1TC5I paBHonpaBHOH xapaKTepHCTMKOH, a ee

np5lMOe H3MepeHl1e OKa3bIBaeTC5I ,ll,~e 6oJ1ee npe,ll,-

nOYTMTeJ1bHbIM, 'IeM l13MepeHl1e TenJIOllpOBOLJ,HOC-

TH l1JIM TenJIOeMKOCTI1. CKa3aHHoe OCTaeTC5I B CHJ1e

J.1AJI5I BJIarOCO,ll,ep)l(aLUl1X MaTepl1allOB. IlpH MX J.1CCJIe-

,ll,OBaHHH yaLUe Bcero OrpaHJ.1YJ.1BaIOTC5I rrp5lMbIM 011-

pe,ll,eJIeHMeM TeMnepaTyponpOBO,ll,HOCTH MaTepHalla.

Bo BTOPOH yaCTI1 CTaTbl1 aBTOpaMl1 6y,ll,yT pac-

CMOTpeHbI ,ll,MHaMMyeCKMe MeTO,ll,bI H TenJ10Bble WleH-

KH, KOTopble npOlliJIM ,ll,eTallbHyK) 3KCnep"MeHTallb-

HyK) IlpOBepKY H nO,ll,TBep,ll,J.1J1H CBOIO Ilpl1rO,ll,HOCTb

npl1 I1CCJ1e,ll,OBaHI1M nHll.I,eBblX MaTepJ.1allOB l1 rpyHTo-

BblX nopo,ll,.

Ilpe,ll,Bapl1TeJ1bHblH aHallH3 ,ll,MHaMl1yeCKMX MeTO-

,ll,OB nOKa3all, 'ITO npl1 C03,ll,aHI1M onpe,ll,eJ1eHHbIX rpa-

HHYHbIX YCJ10BMH pa30rpeBa 11 OXJIa)l(AeHI15I 06pa3UOB

HMeeTC5I peallbHa51 B03MO)I(HOCTb 06eClle'lMBaTb BeCb



KOMnJleKC OrpaHWII1TeJlbHbIX Tpe60BamlH K TeMTIepa-

TypHOMy pe)((MMy OnbITOB. 3TO 06CT05lTeJlbCTBO cJle-

,ll,yeT Cl.JI1TaTb Ol.JeHb BCOKHblM, TaK KaK pe)((MM MOHO-

TOHHOrO OXJImKjJ,eHI151 11 pa30rpeBa BJlarOCO,ll,ep)KallI,I1X

MaTepl1aJJOB JlyYwe ,ll,PYfl1X KOnl1pyeT YCJlOBHJl I1X 3KC-

nJlyaTaUI1I1. KTOMy)Ke B )),11HaMI1l.JeCKI1X MeTO)),aX I1Me-

eTC51 B03MO)KHOCTb ynpaBJl51Tb CKOpOCTbIO 113MeHeHI151

TeMnepaTypbI 06pa3ua 11 TIpl1 Heo6xo)),I1MOCTI1 coxpa-

H51Tb OnTI1MaJJbHble TeMneparypHble nepeTIa)),bI BHyr-

pl1 Hero Ha pa3HbiX yYaCTKax Bcero UMKJla 3aMOpa)((M-

BaHI151 11OTTaI1BaHI151, npl1l.JeM )),OCTaTOl.JHO npOCTbIMI1

TeXHI1l.JeCKl1MI1 cpe)),CTBaMI1. OPI1 paCCMOTpeHl111 KOH-

KpeTHblX MeTO)),OB 11I1X TenJlOBbIX 51'-IeeK 3TOH CTopOHe

np06J1eMbI 6y)),eT y)),eJleHO )),OJDKHoe BHI1MaHl1e.
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