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U3MEPEHHME YJAEJIBHOTI'O TEIIJNIOCONIPOTHUBJIEHUSA
CTPOUTEJIBHBIX MATEPHUAJIOB NTIPOBOJIOYHBIM 30H/IOM
B KBABUCTAIIMOHAPHOM PEXXUME

Annomauusn. bvicmpvie HecmayuoHapHvle Memoobl UsMepeHuss Mmenionpo8oOHOCIU HeoOX00UMbl 05
NOJYUeHUs] ONEePAMUGHbIX OAHHbIX O MEeNIOUZ0IUPYIOWUX CEOUCMBAX CMPOUMENTbHbLIX MAMEPUALO8 6
VCAOBUAX — NPOU3BOOCMBA U Ipeonoocen  memoo  uzmepenuss  yOenbHO2O
MEnIOCONPOMUBNIeHUs. EEPOblX MAMEPUAIos NPoeoLoUHbIM Hazpesamenem (OH Jice uzmepumens
memnepamypbl), HOMEWEHHbIM MeNCOY 08YMA NAOCKUMU NAACMUHAMU U3 UCCTe0YeMo20 Mamepudid.
Bpewms naepesa nebonvuioe, cmabunusuposantoe. Hznoocenst pesyibmamol ucciedo8anus npeoiazaemon
cxemuvl usmepenus. Ilpusedena KOMnvlOMepHas MoOelb U IKCNEPUMEHMAIbHbIE Pe3Vabmambl ¢ Yeibio
000CHOBAHUSL ee NPeUMYULeCME.

IKCNIyamayuu.

Knwuesvie cnosa:. CMpOUME/IbHbIE Mamepuanvl, uMepeHue memwnpoeot)uocmu;
menJjioconpomueéjienue, npOGOHDlJHbll? Hazpesameib, Keazucmamuueckuil Hazpeesa

yoenvHoe

paguManbHO, a W30TEPMBI 00pasyroT [HIMHIAPUYECKUE
MOBEPXHOCTH [7]. DTOT Cmoco® H3MEpeHuit HMeeT
W3BECTHBIE HEIOCTATKH: HEBO3MOXKHO HA MPAKTUKE
00€eCIeYnTh TOCTATOYHO IUIOTHBIA TEIIOBOM KOHTAKT C

ITocTanoBKa MpodJieMbI

H3BecTHBI CIIOCOOBI HU3MCPCHUA YACJIBbHOTO
TCTJIOCOTIPOTUBJICHUS (TeHHOHpOBO,HHOCTI/I)

CTPOUTENBHBIX MaTEPHAIOB C IWINHAPUIECKAM 30HIOM
B KadyecTBe uctouHuka teruia [1; 4; 7]. Harpesarenem
SIBISIETCSl METaJUIMYecKas IPOBOJIOKA, uepe3 KOTOPYIO
MPOIYCKAETCSI  TOCTOSIHHBIM ~ 3JICKTPUYECKUNA  TOK.
KoHcTpykuusi momerieHa BO BHEUTHHI METaNIMYECKUIN
nonblii  Kapkac (30Ha). TemIoBOil KOHTAKT MEXIY
HarpeBaTeleM U 30HAOM OOECTICUMBACTCS 3aIOJHEHHEM

BHYTpPEHHEr0o  o0BeMa  30HAAa  TEIDIOIPOBOJISILEH
KHUIKOCThIO.  TemmepaTypa H3MepseTcs JaTYMKOM
TEeMIIepaTypbl, KaK TPaBWiO, 3TO TepMomapa IHOo
TepmopesucTop. Ilepen HagasoM W3MEpEHHS 30HI
MOMEIIACTCS  BHYTPh  HCCICAYEMOr0  MaTepHaa.
Hckomast ynenbHas TEIUIONPOBOJHOCTh BBIYUCISACTCS T10
pe3yibTaTtam TOJTY9eHHBIX JTUHAMHYECKUX

XapaKTepUCTUK Mpoliecca Harpesa 3oH1a. OnHaKo, Takas
cxeMa U3MEpEHHWil CBs3aHa C pPSIOM HEpeleHHBIX
MPaKTHYECKUX Mpo0iIeM ¥ HaIMdHEeM HCTOYHHKOB
MOTPEIIHOCTEH.

AHaJIN3 NOCJeTHUX HCCIeT0BaHNI
U myO0JauKanuii

TBEpABIM 00pa3oM 10 BCel TOBEPXHOCTH HarpeBaTels;
CYIIECTBEHHOE BIUSHUE HA PE3YNIbTAThl U3MEPEHUS HE
TONILKO  TCIUIOCOTIPOTUBJICHUS, HO W  OOBEMHOH
TEIJIOEMKOCTH  HUCCJIEyeMOT0 MaTepuana, KOTopast
3apaHee HEW3BECTHA, B CiIydae TPHUMEHEHHUS pPEeKUMa
YCTAaHOBHBIIECTOCS  TCIUIOBOTO  TOJS  HEOOXOAUMO
JUIUTENIbHOE BpeMs  JUIsl €ro JOCTHXKEHHUS, KOTOpOe
MIPOTIOPIIMOHAIIEHO KBaJpaTy AWaMeTpa 30HAa W TIpH
JUaMEeTpPe MOCICTHET0 5 MM JOCTUTaET MHOTHX YaCOB.
B npensiaymeit nyoaukamuu [8] Mbl mpeaaoxuim
HCIIONB30BaTh HArpeBaTelb (OH K€ 30HI, OH K
HU3MEPHUTENb TEMIIEPATYPHI) B BHIE TOHKON HHMKEJIEBOM
mpoBojioku  muamerpom 0,2 MM, a  BMecTo
00BOJIAKMBAIOIIETO TEIUIOBOTO KOHTakTa oOpasma ¢
HarpeBaTejeM HKCIOJb30BaTh KacaTeJIbHBbIM TEIIOBOM
KOHTakT. HarpeB ocCyIIecTBIISIICS MOCTOSIHHBIM TOKOM
JI0 JTIOCTHXKEHUSl yCTaHOBUBLIEHCs TemmepaTypbl. s

N3MEPECHNUS TEMIIEPaTyPhI HCTIONIb30BANIaCh
3aBUCUMOCTb CKOPOCTH PacHpOCTpPaHEHUs yIbTpa3ByKa
B IPOBOJOKE OT  TEMIEpPaTypbl.  YIbTpa3ByK
TCHEpUPOBAICS 33 CYET MAarHUTOCTPUKIHOHHOTO

I[Ipy ucnosb30BaHUM  M3BECTHBIX  30HIOBBIX sbdekra. Oxasanoch, 4TO TaKOH METON HM3MEPEHHUS
u3Mepurenei YAEIBHOTO TEIJIOCONpPOTHBIICHUsT ~ YACJIBHOTO TCIUIOCOIPOTUBIICHUSA ABJILACTCA
CO3@eTCA  WWIMHADHYECKOE — TEINIOBOe roje B NCPCICKTHBHBIM M 3aCIY)XHBACT  JaJIbHCHINEro
ucciaeIyeMoM — oOpasie, KOrja TemwioBoi motok — MCCICAOBAHMA W PA3BUTHA.
pacnpocTpaHsieTcss  OT  IWIMHAPHYCCKOrO  30HIA
© C.B. Unocos, T.IO. Ipucraiino 199
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eab uccaenoBanusi

B mporiecce YCOBEPIICHCTBOBAHUS
SKCIIEPUMEHTATBHOM YCTaHOBKH
1eNIeco00pa3HbIM YBEIMYUTh HHTCHCHBHOCTH HAarpeBa
3a CUCT OrPAaHMYCHHS BPEMCHH HarpeBa U MEPEHTH K
Oonee TPOCTOMYy ¥ HAACKHOMY METOLY H3MEpPEHHS
TEMIEpPATyphl 3a CUYCT W3MCHCHUS DSJICKTPUYECKOTO
COMPOTHUBIICHUS IPOBOJIOKM B TMPOIECCE HArpena.

OKa3aJioCh

Ha puc. 1 mpuBengena cxema MOIUPHUITUPOBAHHON
IKCIEPUMEHTANIbHOM  YCTAHOBKH Ul OIPEACICHUs
VACIBHOTO  TCIUIOCOTPOTUBICHUS  CTPOMTEIBHBIX
MaTepuaoB.

Peructpupyemoe

HanpsixeHue

O6pazey
uccneayemoro
martepuana
>
\ Tennogoi
/ HukeneBbiii notok B
UMnynbCcHeIn npoeoz obpasue
TOK HarpeBa (HarpeBarens)
2A,1cek 0.2 MM

Pucynox 1 —Cxema sxcnepumenmansHoil ycmanosxu 01
onpeoenenus yoeibHo20 menioconpOmueieHus

B kauecTBe HarpeBaTens M JaTIMKa TEMIEpPaTyphI

UCIIONIB30BAaHA  HHKENeBas IPOBOJIOKA  JAHAMETPOM
0.2mMm u mmnoit 25cm. IlpoBosioka HarpeBaercs
UMITYJIbCHBIM IEKTPUUECKUM TOKOM 2A
IIUTENbHOCTEI0O 1 cek.  VYka3aHHBIE —IapaMeTpel

crabunusupoBanbl. [lo Mepe HarpeBa yBeTMUUBAETCS
JJIEKTPUUECKOE  CONPOTHBICHUE  IPOBOJOKH |
COOTBETCTBEHHO PETHCTpHpyeMoe HampspkeHne. Harpes
178 HU3MEpEeHus TIPOM3BOIATCS OJTHOBPEMEHHO.
HarpeBatenp momermaercss MeXIy OBYMS IUIACTHHAMH
ucciuegyemMoro  marepuana. B
YAETHHOTO TEIUIOCOTPOTUBICHUS 00pas3ia MeHSeTCs
0oTOOp TemIa OT HarpeBaTellsl, TEMIIEpaTypa Harpea u
peructpupyemoe HaIpsDKEHHE. Wzmenenus
HaNPSOKEHUS obpabaTtbIBatoTCS c MTOMOTITBIO
10-paspsauoro ananoro-udpoBoro mnpeodpazoBaresis
" pe3yJbTaThl COXPaHSIOTCA B
MHUKPOKOHTPOJIIEpA ISl TTIOCIEAYIOMIETO aHaIH3a.
HAa0Op TapaMeTpPoB  YCTaHOBKH
SBJISIETCS PE3YJIBTAaTOM KOMIIPOMHCCA MEXIY MHOTUMHU
MPOTHBOPEUYUBHIMH TPEOOBAHUIMH.

3aBUCHUMOCTH oT

naMsTb

VYka3zaHHbBIH

Beibop Hukens oOBICHICTCS €ro  OOJBITUM
YCIbHBIM AJIEKTPOCONIPOTHBIICHHUEM, BBICOKHM
TEMICPATYPHBIM  KO3(PQPUIMEHTOM,  CTaOHIbHBIMU

xapaktepuctTukamMu. OH HE OKHCISAETCS, JOCTaTOYHO
npodeH, THOOK U TBEP/I.

VBennueHue JAuaMeTpa HarpeBaTeisd n0Tpe60Bano
OBl PE3KOro yBCIIMYCHUS TOKa HarpeéBa MW BPEMCHHU

n3MepeHus.  HarpeBaremp  MEHBIIETO  JHaMeTpa
HETIPOYCH.
KpaTkoBpeMeHHOCTh Harpera MO3BOJISICT

orpannunth neperpeB 100 rpamycamm npu padore c
«TEIUIBIM»  MaTepHalloM [OpOJIOHA |
OJTHOBPEMEHHO JIOCTHYb CYLIECTBEHHOI'O Harpesa Jo
25 rpamycoB npHu paboOTe C <«XOJOIHBIM» MaTepHalloM
THIIA CTEKJIa 3@ CUET ITOBBIIICHHOW MOIIHOCTH Harpesa.
Kpome Toro, riyOuHa NPOHUKHOBEHHUS TEIIOBOTO ITOJIA
B 00pasel CTAHOBUTCSI KOHTPOJIUPYEMOH.

Hike wusnaraioTcss pesyiabTaThl HMCCIICIOBAHUS
npeuaraeMoil CXeMbl U3MEpEeHHsI eKCIIePEeMEHTaIbHO U
C TOMOIIbIO KOMIIBIOTEDHOH MOJENH C  IEJbIo
000CHOBaHMS €€ IPEUMYIECTB.

THIIA

H310:keHHE OCHOBHOIO marTrepuaJja

Ipu U3MEPEHUSIX YIEIBHOTO
TEIUTOCONPOTHBIICHNS BO3/yXa, IIOPOJIOHA, MSTKOM
MOPHCTOW  pe3wHBl B o0pasme  peaam3yeTcs

uIMHApUYeckoe mojie HarpeBa (puc. 2). TerutoBoit
MOTOK PaclpOCTPaHsIETCsl OT HArpeBaTels paguaibHo, a
M30TepMbl 00Pa3yIOT MMIMHAPHYECKHE MOBEPXHOCTH.
Takue wMarepuanbl HMMEIOT  OOJNBIIOE  YICIBHOE
TEIUIOCONPOTUBIICHAE M BEChbMa Malyl0 OOBEMHYIO
TEIJIOEMKOCTh, [I03TOMY, B CpPaBHEHHH C TBEPIbIMH
MaTepuajiaMH, OIKMCAHHBIC Jajee MpoOJIeMBbI HE
BO3HHKAIOT.

I[Ipy wu3MEpeHUH TEIUIONPOBOAHOCTH TBEPABIX
MarepuanoB (CTEKJIO, OPICTEKIO W T.I.) BO3HHKAIOT
CJIe/TyOLIHE TIPOOIIEMBI.

1. HeBo3moxHO HI€abHBIN
TEIJIOBOH KOHTAKT C OOpa3IioM IO BCEH MOBEPXHOCTH

o0ecreunTh

Harpesarensd. Marneiiue BO3AYIIHBIE POMEXYTKU
OpepbIBalOT  TemioBoi  motok.  Mcmonb3oBaHue
TEIJIONPOBOAIIMX CMa30K HCKaXaeT PpE3yIbTaThl

nu3MepeHus. B TBepabIx Marepuanax (CTEKI0) CO3maHue
HOJIOCTH JUTs HArpeBaTess KpailHe 3aTPYAHUTENBHO.

2. Ha guHaMuWKy HarpeBa BIHSET HE TOJBKO
TEIIOCOMIPOTHBIICHNE, HO M O0BEMHAs TEIIOEMKOCTh
UCCIIElyeMOrO  Marepuana, KoTtopas s TBEPIBIX
MaTepualioB CYIIECTBEHHA U 3apaHee HEM3BECTHA.

3. Tpebyercs BpeMsI
JOCTYOKEHHsT YCTAHOBHBILIETOCS TEMIOBOTO PEKUMA.

Jlnst mpeoosieHnsl  BHIMIEYITOMSHYTBEIX TPOOeM
JUSL  TBEPABIX MAaTepPHANOB  MPEIAracTCst
WU3MEPEHHN C KacaTellbHBIM TEIUIOBBIM KOHTAKTOM
(puc. 3). Harpesarenb TOMEIIEH MEXKIY IBYMs
IVIOCKMMH [UIACTHHAMH W3 HCCIIEAYEeMOTo MaTephaia
(mepeBo, INIMTKH, CTEKJIO W T.J1.). TEIIOBOM KOHTAaKT
obecrieunBaeTcs TOJNBKO IO JBYM JIMHUSAM KacaHust
BJIOJIb HarpeBaTEIs.

3HAYUTCIBHOC JIIS

cxXema
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PuCyHOK 3 -Honepetmoe cederHue menjioeoco noJis
6 caydae KacamelbHo20 menjioeoco0 KOHmaxkma

Kak oxa3zanoch, Takas cxema HarpeBa MMEET psf
MPEUMYILECTB TIePe/] BAPUAHTOM Ha puc. 2.

Bo-niepBbiX, obecneyeHne XOpOIIETro TEIIOBOTO
KOHTaKTa T'MOKOH IPOBOJOKM C 00pa3loM IO JIMHUSIM
KacaHUS HE COCTaBISIET MPOOJIEMBI s TBEPIBIX
MaTepHalioB, Jaxe 0e3 uX  IpeaBapHUTEIbHOM
obpaborku. Kak mpaBmio, Bce  CTPOHTENBHBIC
MaTepHaIbl UMEIOT TTIAAKYIO JIUIEBYIO TIOBEPXHOCTb.

Bo-BTOpBIX, yHaercs NpPaKTUYECKH MOIHOCTHIO
HCKJIIOYHTh MEILIAIoNIee BIMSHUE HEONPEACICHHOM
00BEMHOW TEIUIOEMKOCTH Marepuana. DOuzndeckuit
CMBICIT TIOJIy4E€HHOTO 3P (PEeKTa COCTOUT B CIECAYIOUIEM:
00beM IporpeBacMoil 00JacTH W ee TEeIIOEMKOCTb
YMEHBIIAOTCS Ha JBa ToOpsaka (IO CpaBHEHHIO C
BapMaHTOM HAa PUC. 2) W CTAHOBHUTCS MPCHEOPEKHUMO
MaJIOW 0 CPaBHEHMIO C TEIUIOEMKOCTBIO HarpeBaTels.
B pesynbrare pexum HarpeBa oOpaslia CTaHOBHUTCS
KBa3UCTAI[HOHAPHBIM.

B-Tpersux, BpeMs H3MEpPEHHS MOXKHO COKPATUTh
10 1 cek. 3a 3T0 BpeMs TeMIIEpaTypa Cpe/ibl, BIAXKHOCTb
oOpasiia ¥ MHOTWE JApyrue Mmemaromue (GakTopsl He
YCIIEBAIOT CYIICCTBEHHO HW3MEHHTHCS M TI0OATOMY HE
TPeOYIOT CTA0MITU3AIMH.

B-uerBepThiX, He TpeOyercs oOpasen Mmarepuaia
OopIION  TONmMHBL — [JyOMHA  POHUKHOBEHUSI
TEIJIOBOTO TONsT B oOpaszerny He mpeBblmaer 1 M.
MO’KHO IPOBOIUTE U3MEPEHHSI C TETLIOM30JIHPYIOITHMH
Kpackamu [9], IICHKaMH U T.II.

Ipeqnaraemplii  METOJ  HM3MEPEHUs.  COYETAeT
JOCTOMHCTBA JIUHAMHYECKUX (6bIcTpOTA) u
cratndeckux  (HEUyBCTBUTEIBHOCTH K  BIHMSHUIO
TEIUIOEMKOCTH ~ Marepuaia) METOJOB  HW3MEPCHHS.
W3mepuTensHas yCTaHOBKA [elieBa U MPOCTa.

ATIpHOpH 0KHIAJIOCh, YTO HEKOHTPOIHUPYEMOCTh
[UIOI[aJId  TEIUIOBOrO  KOHTAKTa  HArpeBaTens ¢
U3MEPSEMBIM ~ MarepHaioM  OyleT  OCHOBHBIM
HEJOCTATKOM TIPEAJIaraeMoi CXeMBl H3MEpEHHS |
OCHOBHBIM HCTOYHHUKOM MOrpemHocTd. OIHAKO 3TH
OIIaCeHHs HE OITBEPIMINCh. DKCIEPUMEHT M PacyeThl
MOKa3ajd, 4YTO  YyBCTBHUTCIBHOCTH  pE3ysbTaTa
U3MEpEeHHsT K HECTaOWIBHOCTH TEILIOBOIO KOHTAaKTa
HE3HaYMTelbHa, 4 CaM TEIUIOBOM KOHTAKT IPaKTUYCCKHU
HE 3aBHUCHT OT CHJIBI TIPIXKATHs 00pasia K HarpeBaTelIio.

Jnst IpaBUITBHOTO TIAHUPOBAHUS 3KCIIEPUMEHTOB
W MHTEPOpETAlMH WX PE3yIbTATOB  MapalieIbHO
OCYIIECTBIUIOCH  KOMITBIOTEPHOS  MOJICIHPOBAHHE
OVWHAMUKA  HAarpeBa B pEaJbHOM  BpPCMEHH.
Wcnonb30BaHHas MOJENb HArpeBa B BHIC TEIUIOBON
LEMH PUBEJICHA Ha puC. 4.

VICTOYHMK TEIUIOBOTO IOTOKa (HarpeBaTesib)
reHepupyeT (B TEUCHHE OMHON CEKYHJBI) MOITHOCTh
HarpeBa Q (BT), onpezaensemyto popmynoit:

—12
Q - | r! (1)
rae | — snexkTpuyueckuid TOK, A; I — DJIEKTPUIECKOE
COMpoTHBIICHHE HarpeBareis, OM, 3aBHcslIce OT

TemnepaTypsl Harpepatens Op, rpax. Jlns Hukens, ans
temneparyp Hmwke 200°C, I paccyMTHIBAIOT IO
(hopmyiie moIMHOMA BTOPOTO MOPSIIKA!

r =r,(1+aé, +bé?), 2

rae o — HavdajgbHOE OJIICKTPHUYECKOE CONPOTHBIIEHUE
narpesaress npu 20 °C, pasaoe 0.820m.
KoadhpummenTs! mosmmHOMa 711 HUKEIIS

a=5,17-18 rpax’™;

b=7,06-16 rpaz(.'l
TemnoeMKoCTh HarpeBaTes (Mox/rpan)
obo3HaYeHa Co. OHa  paccuuThIBaeTCI  Kak
Mpou3BeJCHHE OOBEMHOW  TEIUIOEMKOCTH  HHKEJsI

(4.45-16 Jx-m3rpag?) Ha oGbeM  Harpesatels
(8,80-10° M*) 1 cocraBmsier 0.039]x/rpas.

Oopaszerg YCIIOBHO pasnencH Ha 18
KOHIEHTPUYECKHMX CJIOEB BOKPYI Harpesatens (puc. 2).
[lpuMepHO Ha Takyl TIyOHHY pacIpOCTPAHACTCS
TEIUIOBAst BOJIHA 3a OJHY CEKYHAy, Kak [OKa3ajo

mocuenymmee — MoaenupoBanue. Jns  ymoOctBa
MPUHATO, YTO OHAMETPHl CIIOEB BO3pPacTalOT B
TeOMEeTPUYECKOMN MIPOTPECCUU. ITokazarens

TEOMETPUYECKOM MPOrpecCHuy NPUHSAT PaBHBIM V2.
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Ynpasninnsa pozeumkom ckraonux cucmem (22 — 2015) ISSN 2219-5300
Ipu 5ToM Teroconporusienus (rpam/Br) Becex cimoes  Ilostomy omm ymembmawoorcs B 25 = 625 pa3 mo
R; — Ryg paBHBI Mexay co0oit W ONpenessioTCs MO  CPAaBHCHHIO C BAapUAHTOM HA pUC. 2 U CTAHOBSTCS
KJaccnaeckoil  ¢opmyne  TemmocompoTuBiIeHHs R mpeHeOpexxuMo  MalBIMH IO CpPaBHCHHIO  C
[MJIAHIPAYECKOTO CTAIOHAPHOTO TEIUIOBOTO mojis [5]:  Terutoemkocteto  HarpeBatenss — Co.  OcrambHbIe

D napaMeTpbl MOJICIIH OCTAOTCS IPEIKHUMH,

In d 3. Biusinuem BO3/IYILIHOTO OPOMEKYTKA
R=ﬁﬁb, (3)  mpemebperaem, Tak Kak BO3AYX MMEET OYCHb MAIYIO

rae D/d — otHotienne Hapyxuoro D u BHyTpenuero d
JIMaMETPOB IWIMHApUYEeCKOro cmosi; L — mmuna
HarpeBarteisi, M; O — yICIbHOE TEIUIOCOIPOTUBIICHNE
Marepuana oopasia, M-rpau/Br.

TemtoconpoTusieHne oTxayn Teruia B
OKpyXaromytlo cpeny Ryg cumtaeM mnpeHeOpexuMo
MAJIBIM.

Temmneparypbl cinoeB (B rpax) 0OO3HAYEHBI Kak

0, — B¢ Temneparypa cpemsl npunsTa 3a 0.

Termoemkoct cnoee C; — Cig  (dx/rpan)
BO3pPACTAlOT B  TCOMETPHYCCKONH  MPOrPecCHH ¢
nokaszareneM 2. OHHM  PacCUMTBIBAIOTCS  Kak

npou3BeicHrE 0OBEMHOM TEIUIOEMKOCTH MarepHana X
(Jux-M>-rpax’™) Ha o6wem ciost Vi (M%) 1 onpexersorces
no gopmysIe:

C =V, GC:%(Df—df)g(DL, €

rme | — Homep chos.  TemmoeMkocTH M
TEIUIOCOTIPOTHUBIICHUSI ~ SBJIAIOTCSI KOHCTAHTaMHU  JJIf
KOHKPETHOTO dKCIIepUMeHTa. Bce ocTabHbIC BETMIMHBI
W3MEHSIOTCS BO BPEMCHH.

TeMIepaTyp HyJeBhIC.

HaganpHble 3HadeHUS

MOL[CJ'H; peanM:-sOBaHa B HpOFpaMMHOﬁ cpeue
VisSim.

017
Ry Rz[ Rz R1a/-

C, |C T C17|Cus
(@] T
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Pucyrnox 4 - Mooenv nacpesa
6 BUOEe MHO20EeMKOCMHOU Meniosol yenu

Jdnst ciydyas KacaTenbHOrO TEIUIOBOTO KOHTAKTa
(puc. 3) npumensimace Ta ke Momenb (puc. 4) Ha
OCHOBAHHH CJIEAYIOIINX THIIOTES:

1. Cumraem, 4TO ABE IIOJOBHHKH KAacaTeJIbHOTO
TEIJIOBOTO TOJISI Ha PUC. 3 TEOMETPUYECKU IOJOOHBI
HIOJIOBUHKAaM OOBOJIaKMBAIOLIETO TEIUIOBOTO IO Ha
puc. 2;

2. IlpuaumaeM, 4yTo MacmTad ciloeB Ha puc. 3
yMEHbIIAeTCsl MPUMEPHO B 25 pa3 MO CpaBHEHHIO
c BapuaHToM Ha puc. 4. TemioeMkocTH cloeB
C; — Cig TpOMOpUHOHANBHBI KBajpary Maciiraba.

00BEMHYIO TEIJIOEMKOCTh ¥ B TOHKHE IIEJIU OOJIANA0T
OYEHb OOJBLINM YIETBHBIM TEIUIOCOIPOTHBICHHEM.

B ciyyae TpuWHSTHS ~ yKa3aHHBIX ~ THIIOTES3,
pe3yibTaThl MOJENUpoBaHus (Moaels Ha puc. 4)
NOATBEPKIAIOTCS  Pe3yJIbTaTaMU OKCIIEPUMEHTOB. B
KauecTBe WIUTIOCTPAIlMd Ha pHUC. 5, 6 MpeacTaBieHbI
rpaduKHE BO3paCTaHUs IEKTPUICCKOTO HATIPSDKEHHS Ha
HarpesaTesie JUIS PasHBIX HMCCIENYEMBIX MaTEpUasIoB.
Ipu MOJICITUPOBAHUH NPUHATHI CleIyIoIune
CIIPaBOYHBIC 3HAYCHUS YICTbHBIX TEIUIOCOTIPOTUBIICHHU I
martepuanoB (M-rpaa/BT): Bozayx — 42;noposnon — 25;
oprerekio — 5,2;ctexio — 2,2.

CooTBeTcTBYIOMNE 00bEMHBIE TEIUIOEMKOCTH
(ux-m>-rpax’): 1,23-16; 8,25-16; 1,75-16; 2,0-16.
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PuCyHOK 5 'ﬂMHaMMKa 803paACMAHUs JJIEKMpU4ecKoco
HANpAdCeHUs Ha Hazpesameie ons PA3HbLX ucmec)ythlx
mamepuaiios. Pe3yﬂbmamb1 MO()@]ZMPOBLIHM}I

I'pabmkr  mit  BO3MyXa ©  IOPOJIOHA
COOTBETCTBYIOT OOJICraroleMy TEINIOBOMY KOHTAKTY
(puc. 2), rpaduku IS CTEKNA M OPrCTEKia
COOTBETCTBYIOT KacaTeJlbHOMY KOHTaKTy (puc. 3).

B cinydae moponona u BO3ayxa MEpPEXOTHOM
OpOLIECC MEPEeCTaeT CTPEMHUTHCS K YCTAHOBHBLIEMYCS
peKMMY W3-3a YCWICHHUS TIOJIOKUTEIBHONH OOpaTHOM
CBSI3W TIO CIICAYIOIIEMY MEXaHU3My. POCT Temiieparypbl
OPHUBOAUT K BO3PACTAHUIO  DJIEKTPOCOIPOTHBICHUSI
HarpeBaTelid, 4YTO YBEJIWYMBAET MOIIHOCTH HAIPEBa,
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4YTO, B CBOIO OYepenb, elle OOoJbLIE YCKOPSET POCT
teMnepatypsl. OJHAKO OrpaHHYEHHE BPEMEHU HArpeBa
(1 cek) MO3BOJISIET MCIIOJIB30BATh JJIsI U3MEPEHHS JIaxe
TaKhe HEYCTOWYMBBIC TIPOLECCHl, 4YTO OBUIO  OBI
HEBO3MOKHO JIJIs CTATHYECKUX METOI0B M3MEPEHUSL.

B pesynbrare sKCHepUMEHTAIBHBIX UCCIIEI0BAHMUIMA
¥ MOJICJIMPOBAHMUS BBISBIICHO CIICIYOIICE.

Tak Kak TemIOeMKOCTh 00JIACTH HarpeBa obpasia
HE3HAYMTENBHA [0 CPAaBHEHUIO C  TEIIOEMKOCTBIO
HarpeBatess, IPOLECC HarpeBa JIOCTATOYHO TOYHO
MOJKET OBITh OIHCAaH OJHOCMKOCTHOM Mozelnbio (puc. 7),
rae R —sKBUBaeHTHOE TEMIOCOMPOTHBIIEHHE 00pasIia.
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PL{CyHOK 6 —ﬂuHaMuKa 603pacmaHusl JIeKmpuieckKkoco
HANpAdMCeHUs Ha Hazpesameie ons PAa3HbLX ucmedyeMblx
mamepuaiios. Pe3yﬂbmamb1 IKCnepumernma
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Pucynok 7 —Ynpowennas mooenv nacpesa 6 sude

00HOEMKOCIMHOU MEeNnio6ol yenu

B KadecTBe WILIIOCTpAIMKM Ha PHUC. 8 MPUBEICHBI
MPAaKTHYCCKH WICHTHYHBbIC TrpaduKkd  BO3pacTaHUS
JJICKTPHYECKOTO HAINpsDKEHHWS Ha HarpeBaresne Jyis
MHOTOEMKOCTHOM W JKBHBAJICHTHOW OJHOEMKOCTHOM
Moienieii (MccieryeMblii MaTepHua — OPreTeKIio).

DTO 3HAYUT, YTO TEIUIOBas WHEPIMOHHOCTH
Marepuaia  o0pa3la NpeHeOpekMMO  Maja 1o
CPaBHCHHIO C TEIUIOBOW MHEPIMOHHOCTBIO HArpeBaTes
u o0paseny mporpeBaeTcss B KBa3UCTAIMOHAPHOM
pexuMe.

KBasucranronapHocTs TEIIOBOTO noJist
MOATBEPKAAETCS rpaduKom pacrpeneneHus
TEMIIEPATYP 10 PajUyCy TEIUIOBOrO MOJs B KOHIE
nporpesa (puc. 9). TemIoBo# KOHTAKT IO CXeMe puc. 3.
Pacuernas mMonens MHoroemkoctHas (puc. 4). I'papux
pacnpeneseHus TEMIEparyp JorapuMUUECKUi, YTO
COOTBETCTBYET CTALMOHAPHOMY pexuMy. TOJBKO Ha
nepeaHeM (QPOHTE TEIJIOBOM BOJHBI MMEKOT MECTO
JMHAMWYECKUE  sBJeHMA.  KBa3MCTAIlMOHAPHOCTH
03HAYa€eT, YTO XOTsA PACIPOCTPAHEHHE TEILIOBOIO MOJIS
[POJIOJDKAETCS, PACIPENETIEHUE TEMIIEPATYD OJIM3KO K
paBHoBecHOMy. Toukamu Ha rpaduke OTMEYEHBI
YETHbIE CJIOM MOJENHM. TeIUIOCONPOTHBIIEHHUS CIIOEB
OJIMHAKOBBI, MOJYTOMY PABHOBECHOE pPAaCIpEEIECHUE
TEMIIEPATYP TI0 CIIOAM COOTBETCTBYET MPSIMOMN JIMHHH.
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PacnpepaeneHue TennoBoi BoNHbI MO paguycy, MM

Pucynok 9 - Pacnpedenenue memnepamypol no paouycy
mennogoeo nons yepes 1 cex om nauana npozpesa
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TernoconpoTusieHNE LHJIMHAPUYECKOTO
TEIUIOBOTO 1O R B KBa3MCTALMOHAPHOM PEXHUME
OPONOPLHOHAIBHO YASIBHOMY TEIJIOCONPOTUBICHHUIO
Mmarepuana P 3). Ho K03 pumeHT
OpPONOPLHOHATBHOCTH  3aBHCHT OT  OTHOCHUTENBHOI
[IyOHHBI IPOHUKHOBEHUSI TEILUIOBOW BOJIHBI, TOYHEE OT
In(D/d), rmne D/d — ortHomenue HapyxkHoro D wu
BHyTpeHHero d  amameTpoB

TCIIJIOBOTO I10JIA.

HecTtabuibsHOCTE 9TOI0 OTHOLICHUA (BI)I3BaHHaH

HEONPEIEIEHHOCTHIO yIEIbHON TEIIOEMKOCTH
o0pasna, IIomaal TEIIOBOTO0 KOHTAKTA WIH JPYTHMH
(daxTopamu) MOXKET

CIIY)KUTH HCTOYHHUKOM

MOTPEITHOCTH. Onnako YYBCTBUTEIBHOCTh
KO3 (UIIMEHTa MPOTMOPIHOHATBPHOCTH K H3MEHEHUSIM
D/d Becema Mana npu Gosbmiux 3Hauenusix D/ u s
paccmatpuBaemoro npumepa (D/d = 500) cocrasmsier
Bcero 0,1. To ecTpb HECTaOMJIBHOCTH IAPaMETPOB
teroBoro moyii 1o 20% mnpuBeneT K TMOTrPEIIHOCTH
n3Mepenust He Oonee 2%. Takum 00pa3oM, B MEPBOM
npubmkenun (¢ K0d3pPUIMEHTOM UyBCTBUTEIBHOCTH
paBHBIM COWHHIEC) HA PE3yJAbTaT HM3MEPCHUS BIHSCT
TOJIBKO HM3MEPSIEMOE YICIBHOE TEIUIOCOMPOTUBICHUE
Mmarepuana O (Mo0ble APyrue MEIIAION[He BIUSHUS Ha
MOPSIJIOK MEHBIIIE).
HenocpencTBeHHbIM HU3MepeHneM MOYKHO
OTPEJICIUTh MPUPAIICHUE IIEKTPUUECKOTO HAMPSKEHUSI
Ha HarpeBaTeie 3a Bpemsi HarpeBa. Ha puc. 10

NPUBEJICHBl TapUPOBOYHBIE I'padUKu U (HOPMYIIBI JUIS

OIIPCACIICHUA YAEIBbHOTO TEIIOCOIIPOTUBJICHUA
ucciegyemoro MaTtepuajia 10 HU3MEPCHHOMY
MpyupamcHnuIo HalpsKCHUS . CromrHas JIMHUSA

COOTBETCTBYET KacaTeJIbHOMY TEINIOBOMY KOHTAKTy IO
cxeMe puc. 3 Jus TBEPIbIX MAaTCPUANIOB C TIYOHHOM
MPOHUKHOBCHHSI TEIUIOBOTO oJIst 10 1 MM. ITyHKTHpHAS
JIMHUS COOTBETCTBYET OOBOJIAKMBAIOIIEMY TCIUIOBOMY
KOHTaKTy ISl MATKHX MAaTepHaloB IO CXEME pHC. 2,
C TIIYOMHOM MPOHUKHOBEHUS TEIUIOBOrO mojst 10 10 mm.
TapupoBoYHBIE 3aBHCHUMOCTH MOJTy4eHbI
KOMITBIOTEPHBIM MOJICTUPOBaHKEM (cxema Ha puc. 4).

Jnst  HEeKOTOPBIX ~MAaTepHalioB €  WM3BECTHBIM (W3

CIPaBOYHBIX TabuIr) YCIbHBIM
TETIOCOTIPOTHBIICHUEM yYKa3aHHEIC 3aBUCHMOCTH
MOJITBEPKJICHBI JKCIIEPUMEHTAIILHO. CoBragenue

pe3yapTaTOB B IIpelenaXx HECKOJNBKHX IPOIEHTOB. 3a
npeenaMy OTMEUEHHBIX TUANa30HOB U3MEPEHUE TaKKe
BO3MOYKHO, HO C BBEZICHHEM HEOOJIBIINX TTONPABOK.
IIpeumymiecTBa ONMMCAHHOW METOJIMKH U3MEPECHHUS
WTIOCTPUPYET, Takoe

SKCHepI/IMeHTaHLHO

HaIlpumep, HUCCICOA0OBAHUC.
qToO MOKpas

ApCBECHUHA UMCCT yACIbHOC TCIJIOCONPOTHUBIICHUC B 2,5

YCTaHOBJICHO,

pasa MeHblIe, YeM cyxas. brarogaps ManoMy BpeMeHH
u3mepernsi (1 cex) BIaxKHOCTH 0Opasia B Ipolecce

HarpeBa rapaHTHPOBAHO OCTABAJIACh HEM3MEHHOM, Yero
HEJb3s CKa3aTh PO TPAJAUIIMOHHBIE METO/IBI H3MEPEHHUSI
C JUTUTEIbHBIM BPEMEHEM Harpena.

Tapupoaotmble 3aBUCUMOCTH
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MpupalweHne HaNpsHKeHWA NpU Harpese, B

Pucynox 10 —Tapuposounvie 3asucumocmu

BriBoabl
Hpe,uﬂaraeTCﬂ npu HU3MEPCHUAX YACIBHOTO
TCTIJIOCOIIPOTHUBIICHUA TBEPABIX MaTepuaioB
NPOBOJIOYHBIM HarpeBareib (OH K€ HM3MEPUTEND

TEMIEPaTyphl) MOMEMaTh MEKAY IBYMS IUIOCKHMH
IUTACTHHAMH W3 HCCIEIyeMOro MaTepHaia, 4To JaeT
CIIEYIOIIHE PEUMYIIECTBA.

OOecrieueHre XOpPOLIETO TEIUIOBOTO KOHTaKTa
rMOKOH TOHKOW IIPOBOJIOKM C ITACTHHAMH M3
UCCIIeyeMOro Marepuaja II0 JIMHHMSAM KacaHusl He
COCTaBJIET IIPOOJIEMBl U HE TpeOyeT MpeaBapUTEeIbHOM
MOATOTOBKH.

Hckomoe yIeIbpHOe TEIUIOCONPOTHUBIICHHE
MaTepHaja BEIYUCIIETCS IO TAPUPOBOYHEIM (hopMyTaM
B 3aBUCHUMOCTH OT TIPHUPAIlCHUS HANpSOKCHHSA Ha
HarpeBaTele 3a BpeMs NporpeBa. TapHUpOBOYHEIC
(hopmyBI BBIYUCIISIOTCS KOMITBIOTEPHBIM
MOJICJIMPOBAaHWEM W MOTYT  OBITb  YTOYHEHBI
9KCIIEPUMEHTAIIBHO.

VYpaercsi NPaKTUYECKH MOJHOCTBIO HCKIIOYHUTh
Memampniee  BIMSHHE  OOBEMHOWH  TEIUIOEMKOCTH
MaTepuaia W psjga Apyrux (aKTOPOB HA PE3yNIbTaT
M3MepeHus Oiaromapsl KBa3HCTAI[HOHAPHOCTH PEXUMa
TpoTpeBa.
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W3mepenne oCyImecTBIsieTcst Bcero 3a 1 cekyHmy, 49To
yIoOHO
ABTOMATHYECKHA WCKIIFOYAETCsS MEIIAloee BIHSHUC

OpU  JKCIpecc-aHanmu3axX. llpu  3ToM
MEUIEHHO HM3MEHSIIOIUXCST (PAKTOPOB  (TEMIEpaTypsl
Cpemsl, BIQXHOCTH oOpasiia W T.M.) M3mepurenbHast
yCTaHOBKA JICIICBA U MPOCTA.

He Ttpebyercs oOpasenm wmarepuana OoOJBIION

TOJIINHBI. Fny61/1Ha IMPOHUKHOBCHUA TCIJIOBOTO IIOJIA

He mpesbiiraeT 1 MM. MOXHO ITPOBOANUTH U3MEPEHHUS C
TEIUIOM30IUPYIOIUMH KpacKaMH, TNICHKAMH U T.I1.

B nmepsoMm npubnmkeHun (¢ K0d(pPHIUEHTOM
YYBCTBUTEJIBHOCTH DPABHBIM EIMHHIE) HA PE3YJIbTaT
MU3MEpPEeHUs] BIHMSET TOJBKO H3MEpseMOe yIelbHOe
TETIOCOMPOTHBIIEHIE MaTeprana P (4yBCTBUTEIHLHOCTh
K JIIOOBIM IPYTUM MEUIAIOIIMM BJIHMSHHAM Ha MOPSIOK
MEHBIIIE).
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BUMIPIOBAHHS IIUTOMOT'O TEIIJIOOIIOPY BYAIBEJIbBHUX MATEPIAJIIB
JPOTOBHUM 30HAOM Y KBA3ICTAHIOHAPHOMY PEXHUMI

Anomauia. /[na ompumanna onepamueHux OAHUX Npo mennoizonioyi enacmueocmi 6y0igerbHUx mamepianieé 6 ymosax
BUPOOHUYMBA MaA eKcnayamayii HeoOXIOHO GUKOPUCIOB8YEAMU WEUOKI HeCMAYiOHApHI 3aco0uU 6UMIDY MEenIonposiOHOCHIL.
3anpononoeano memoo SUMIPIOBAHHS NUMOMO20 MENIOONOPY MEEPOUX Mamepianie Opomosum Hazpieauem (8iH dce sumiposay
memnepamypu), KUl PO3MIWeHo Midic 080MA NAACKUMU NAACIMUHKAMU 3 Mamepiany, wo docriodcyemocs. Yac nacpieanms
Hesenukull, cmabinizoganuil. Buxnadeno pezynbmamu 0ocnioxcenHs 3anponoHoeanoi cxemu eumiprosanua. Haeedeno

KOMR' IOMepHy MOOelb i eKCHepUMEeHMAanbHi pe3yibmamu 3 Memoio 062pynmysanns ii nepesaz.

Knwuoei cnoea. 0yoieenvni mamepianu, 6uMIpl08anHA MeNIONPOGIOHOCMI;, RUMOMUIL MENa0OnIp; OpPomoguil
Hazpieau; Keazicmamuyune HAZPi6AHHA
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MEASUREMENT OF THE SPECIFIC THERMAL RESISTANCE OF BUILDING MATERIALS
WITH WIRE PROBE IN QUASI-STATIONARY M ODE

Abstract. Fast transient methods for measuring thermal cotidilg are necessary for getting operational data the
heat-insulating properties of building materials.nfethod for measuring the specific thermal resistaof solid materials with
wire heater (also known as temperature meter), bplaged between two flat plates of the test matéwal been proposed. The
heating time is stabilized. The results of expenitalestudies of the proposed measurement schemprasented. A computer
model and the experimental results are presententdier to justify benefits of the scheme. It isgile to virtually eliminate
interferences of volume heat capacity of the malttexnd other factors on the measurement resultg, fbuquasi-stationary
heating mode. Measurement takes only 1 second, vidichnvenient for express analysis. Interferermfeslowly changing
factors (ambient temperature, humidity of the sanptc.) are automatically excluded. The measuréiinetallation is cheap
and simple. There is no need for a thick samplaatkrial. The depth of penetration of the thernmeltlfis not more than 1 mm.
It is possible to perform measurements with insagapaints, films, etc.

Keywords: building materials; measurement of thermal conductivity; specific heat resistance; wire heater; quasi-static
heating
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