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4 BBEJIEH BIIEPBBIE
1 OBJJACTHb IPUMEHEHUWSA

Hacrosammii craHmapT pacmpocTpaHsSeTcs Ha CTPOHWTENBHBIE MaTepHanbl W W3ICTHA
reronpoBogHocThid o7 0,01 mo 2 Br/(m ¢ K) u ycraHaBmuBaeT MeTOJ OIpPEACICHUs
TEIUIONPOBOAHOCTH IIWJIMHIPUYECKUM 30HIOM IIPHU HECTAI[MOHAPHOM TEIJIOBOM PEXUME B AMAINa30HE
temnepaTtypbl 90—573 K, ocHOBaHHBIM Ha 3aBUCHUMOCTH TEMIIEpaTypbl BHEAPEHHOI'O B MaTepuall
HarpeBaeMoro Teia (MMINHAPUIECKOTO 30Ha) OT TEIJIONPOBOIHOCTH OKPYKAIOIIEr0 30H MaTepHara.

2 CPEJICTBA UCHIBITAHUM U BCIIOMOTIATEJIBHBIE YCTPOMCTBA

2.1 JInst ucnplTaHUN TPUMEHSIIOT:

— IWJIMHAPHYECKHE 30H/IBI CIICAYIONINX TUIIOPA3MEPOB:

a) muamerpoMm (1£0,1) mm u mmmeHOH (200£10) MM — AN TEIUIOM3OJSAIMOHHBIX MaTEpHAlIOB
teronpoBoaHocThio 0T 0,01 10 0,2 B1/(M-K) B tnanazone remneparypst 90—573 K;

6) muamerpom (3+0,1) MM u guaO# (300+£10) MM — 7151 MaTEpPHAIOB TEILIOMPOBOAHOCTHIO OT 0,1



1o 1 Br/(m'K) B nnanazone remneparypst 200—350 K;

B) nuamerpoM (5+0,1) mm n giuaOM (420+10) MM — 7151 MaTepHaIoOB TEIUIONPOBOJHOCTEIO OT (0,2
1o 2 Br/(m'K) B quamazone temmeparypsr 200—350 K;

— MHKpOBOJIBTMETp 11 peructpanmuu DJIC tepmomapel 30HAa B mpenenax 10—1000 mMxB ¢
MOTPEIHOCTHIO He Ooiee 1 %o;

— aMIepMeTp Ul U3MEepeHus CHJIbl TOKa Harpesa 30Haa B npenenax 0,05—1 A ¢ morpeniHoctsio
He 6onee 0,5 %;

— CTa0MIM3aTOp HANPSDKEHHS Ul HarpeBa LIMTMHIPUYECKOTO 30HAa. CTaOMIBHOCTH BBIXOIHOTO
HarpspDKeHUs! 10JbKHa ObITh He Xyke 0,1 % oT Tekymiero 3HaYeHus;

— CEeKYHJIOMEp JJIsl pETHCTPallii MOMEHTOB BpeMeHH n3Mepenust DJ]C repmomnapsl 30H/1a;

— 3JIEMEHTHl KOMMYTALlUH JUIS TIOAKIIOUCHHSI 30H10B. KOHTAKTH 371EMEHTOB KOMMYTallMd TOKa
HarpeBa JOJDKHBI HAJEXKHO PaboOTaTh NpH 3HAYEHHUAX KOMMYTHPYEMOro TOKa 10 | A, KOHTaKThI
aneMeHToB koMMyTanuu DJ]C 1omkHbI 00ecneunBaTh HaeKHOE MEPEKIIIOYeHIE TPU 3HAYSHUH ToKa 1
MKA;

— TepMoKamepa ISl TEpMOCTaTUPOBaHUS 00pas3noB. JlomycTMMasi MOTPENIHOCTh 3aJaHus
TEMIIEpaTypbl TEPMOCTATHPOBAaHMS B TEpMOKaMepe He JOKHA mpesbimars 5 K, ngomyctumas
MOTPENIHOCTh MOJJIepKaHus 3aJaHHOW TeMIleparypsl He JojbkHa ObiTh Oonee 0,5 K, momycTumsrii
TPa/IMEHT I10 TepMOCTaTUpyeMoMy o0beMy — He Ooutee 0,2 K/em.

B pabouem oObemMe TepMOKamMephl [OIDKHO pa3MelaThcs HE MEHee JABYyX 00pasIoB.
[TpuHyAnTENBHOE TIEpEMEIINBAHNE BO3AYXa Ul BBIPDABHUBAHUS TEMIIEPaTypbl B paboueM oObeMe He
JIOITYCKaeTcsl.

2.2 YCTpOoHCTBO 30H/1a M AJIEKTPUYECKast CXeMa COeIMHEHHs IPUOOPOB IprBeieHs! B [Ipriioxenun
A.

3 TMTOPAAOK ITOATOTOBKHU K NTPOBEJIEHUIO NUCIIBITAHUS

3.1 3ongamu auamerpaMu | ¥ 3 MM ONpENeNsIOT TEIUIONPOBOJHOCTh Ha o0paslax M M3JeIHsX,
30H/IaMH INAMETPOM 5 MM — TOJIBKO Ha U3JIETHSX.

3.2 Jlna ompeneneHUs] TEIUIONPOBOAHOCTH HM3TOTABIMBAIOT 00paslbl MaTepHana B BHUAE Opycka
pa3smepom He MeHee 50x50x200 MM win nuuHApa quameTpoM He Meree 50,0 MM U JUIMHON He MEeHee
200 MM as 30HAa TUaMeTpoM | MM, pa3MepoM He MeHee 65x65x250 MM — 1 30HAa AUaMeTpoM 3
MM.

3.3 OOpasen pBIXJIOro, CHITyYero MW JHMCTOBOTO MaTepHana pa3MeInaloT B (opme, MMerouen
pa3Mepbl B COOTBETCTBHM C 3.2 M M3TOTOBJICHHOM M3 HEMETAJUIMYECKUX MAaTEpHAJOB TOJIIUHON He
6oree 2 MM.

CreneHb YIJIOTHEHWS BOJIOKHUCTBIX MAaTE€pHANIOB IIpU YKiIagke B (OopMax yKasblBalOT B
HOPMAaTHBHBIX JOKyMEHTaX Ha KOHKPETHYIO IPOYKIIHIO.

3.4 Pa3smep 3epeH ChHITyYyMX MaTEpHAIOB, 3AIOJHHUTENS HIM IYCTOT B MaTepHale HE JOJDKEH
MPEBBILIATH MSTH AUAMETPOB 30H1A.

3.5 OO0pa3ubl gomyckaercss HaOuparb B BHJIE Nakera (s JIMNCTOBBIX MaTepualioB) WIH
W3rOTaBIMBaTh M3 JIByX WACHTUYHBIX IIOJIOBUHOK, IIPH 3TOM KOHTAKTHPYIOIIHE ITOBEPXHOCTH
MOJIOBHMHOK WJIM CPEIHUX CJIOEB 00paslia JODKHBI ObITh XOPOIIO MPUTEPTH M B HUX BBIOPAHBI KAHABKH
JUISl pa3MeIeHus 30H/1a.

3.6 B obOpazen 6eToHa NMpH U3rOTOBJICHHH HE00X0IMMO 3aOpMOBATH 110 IIEHTPY 00paslia HaJAETyIo
Ha JKECTKMH CTAIbHOW MPYTOK METAIMYECKYIO TPYOKy (THib3y). TosmmHa CTEHKH THIIB3BI JOJDKHA
O5ITE He Ooee 0,05 MM, 3a30p MEXIY THIH301 M BBEICHHBIM B HE€ 30HIOM JOJDKeH ObITh He 6omee 0,1
MM, JUTHHA THJIB3BI TOJDKHA OBITh HE MEHEE UTMHBI 00pa3iia OeToHa.

3.7 B m3menuu u3 OeToHa B 3aBHCHUMOCTH OT €ro pasMmepa 3a)OpMOBBIBAIOT OJHY WJIM JBE
METaJUTMYECKHE THIIB3bI JUIMHOW HE MEHEe JIMHBI 30Ha. PaccTosHIE MEX Ty IBYMS THIIb3aMH JOJDKHO
ObITH He MeHee | M.

Jlyist 30H12 TMaMETPOM 5 MM TOJIIIMHA CTEHKH T'HJIb3bl U 3a30p MEX/I1y THIIb30W U 30HIIOM JIOJKHBI
ObITH He Ooutee 0,1 MM, TS 30H1a TUAMETPOM 3 MM — COOTBETCTBOBAThH TPeOOBaHUAM 3.6.

B xene300eTOHHBIX M3/IeNusIX AOIyCKaeTCs KpeIyIeHNnE THITh3 K apMaType IIPH TOMOIIH BS3aJIbHON
MPOBOJIOKH, YKPEIUICHHOW Ha 000MX KOHLAX THJIB3bl HE fanee 10 MM OT KOHIa; B MECTax KPEIUICHHS
MPOBOJIOKK K THJIb3€ HEOOXOJMMO OCYIIECTBUTh HMX TEIUIOBYIO pa3Bsi3Ky 3a CYET HAMOTKH CIIOS
XJIOITYaTOOYMayKHOM MITM MTOJIMXJIOPBUHUIIOBOH 3JIEKTPOU3OIISIIIN TOJIIMHON 5 MM.

I'mnb3a nowKHA OBITH OKpPYXKEHa CII0OEM KOHTPOJIMPYEMOro OeTOHA TONIIMHOW HE MEHee 5 CM U He
COJIEPIKAILETO METAIIMYECKNX BKIFOUCHHUH.

I'mnb3bl crieyeT yCTaHaBIUBATh CO CTOPOHBI TOPLIEBBIX MOBEPXHOCTEH U3/IEIIHS.



3.8 B o0Opasen wiu nzzienue u3 6etoHa 30HI BBOAST B 3adopMoBaHHY0 ruiib3y. [lepen BBeneHuem
30H/1a B THJIB3Y €€ He0OXOIMMO NPOYNCTUTH U CMa3aTh MalIMHHBIM MaciOM.

3.9 Ilpu ompenelieHUH TEIUIONPOBOAHOCTH TEIUIOM3OJSIIMOHHBIX MAaTEpPUaJIOB 30HI BBOIAT B
o0pasel WK M3JeHe IyTeM MX IPOKaJbIBAHMA WM B IPEIBAPUTEIHHO MOATOTOBICHHOE OTBEPCTHE
JuaMeTpoMm 1 MM ¢ yuetom TpeboBanmii 3.2.

[Tpu pasmenieHun B M3JEJUH ABYX 30HIOB PacCTOSHHE MEXIy HHUMH JIOJDKHO ObITh He meHee 0,8
MM.

3.10 /JInga mOBBIIEHHS TOYHOCTH H3MEPEHHHA PEKOMEHAYEeTCS 30HABI, OObEAMHEHHBIC OIHIM
pa3beMOM, BBOAUTHL B UACHTUYHBIC 06pa3Lu)1 WK U3CIINA.

3.11 O6pa3usl ¢ BBeACGHHBIMH B HUX 30HJIaMH Pa3MEIIaloT B TEPMOKaMepe, yCTaHABINBAs KayKIbId
oOpasery Ha JBe HEMETaJUIMYECKHE OHOpbl. PaccTosHME MEXIy COCeIHHMH OOpa3uamMu H
MOBEPXHOCTAMHU pabodero o0peMa TepMOKaMepHl TOJKHO OBITh He MeHee | cM.

HpI/I OMpEACICHUN TCIUIOMPOBOAHOCTU B M3ACIHAX HUX CJICAYCT pa3MelllaTb B 3aKPbITOM
MIOMEIIEHNH, HE TIOIBEPraroIeMcsl BO3ICHCTBHUIO CKBO3HSIKOB U NPSIMBIX COJTHEYHBIX JIy4eH.

3.12 OOpa3usl ¥ W3JEIMs C 30HAAMHU JOJDKHBI OBITH BBIICp)KAHBI NPU 3aJlaHHOM Temreparype
U3MEpEHUI He MeHee 2 4 [UIS TeIUIOM30JIIMOHHBIX MaTePHANIOB U 4 4 — JUIsl IPYyTHX MaTepHaoB.

3.13 TermnonpoBoJHOCTb ONPECISIOT HE MEHEe YeM Ha JIByX 00paslax WM M3JeNUsIX U Ha OJTHOM
W3/IeJIMY B CITyyae pa3MeEIleHUsI B HEM JIBYX 30HJIOB.

4 TIOPSIJIOK IMTPOBEJIEHUS UCTILITAHUI

4.1 OnHOBpPEMEHHO C IYCKOM CEKyHIOMepa Ha 30HA A (TIpmiokeHWe A) MOJAIOT TOK Harpena.
3HaueHHe TOKa HarpeBa JOJDKHO BBHIOMPATHCS TakuM 00pa3oMm, 4TOObI 3a BpeMs n3MepeHuid (12 MuH)
HPUPOCT TEMIIEPATYPHI 30H/1a HE TPEBbIIIA:

5 K — npu onpezneneHuH TEMIONPOBOJHOCTH BIAXHBIX MAaTEpHaJOB WM TPH OIPEIEICHUN
TEIUIONPOBOAHOCTH Iipu Temmepatype ke 280 K;

15 K — B OCTaJIbHBIX CiIy4asX.

3a BpeMsl UCTIBITAaHUH CHITY TOKa U3MEPSIOT HE MEHEe IIATH pa3 ¢ MHTEPBAJIOM HE MeHee 5 C.

4.2 Peructpupytor 3HadeHne J/IC TepMomapsl JaHHOTO 30HIA B MPOMEKYTKAaX BpeMeHH 4—O6 u
8—12 MuH ¢ MOMEHTa Havaja UCIIBITAHUI.

B ykazaHHBIX NPOMEXYTKax, BKJIIOYAs WX TPaHMIBI, JOJDKHO OBITH NMPOBEIEHO HE MEHEe MSITH
n3mepennii OJIC ¢ paBHBIMM WHTEpBaJaMH BPEMEHHU B KaXXIOM NPOMEXyTKe. [Ipu 3ToM MHTEepBalIbI
Mexny MomeHTamu peructpammu JC T2 B mpoMexyTke 8—12 MHH JOIDKHBI YIOBIETBOPSATH
YCIIOBUIO

=T (D

re T; — UHTepBaJI MeX Iy MoMeHTaMu peructpauuu J]C B npomexkyTke 4—6 MUH.

4.3 OnpeneneHne TEIUIOMPOBOAHOCTH 30HAOM b (TpmitoskeHre A) OCYIIECTBISIIOT HE paHee, YeM
yepe3 2 4 1ociie OKOHYaHHS U3MEPEHUH 30HI0M A [UIsl TEIUIOM30JILIMOHHBIX MAaTEPHAIOB U 4 4 — IS
JIPYTHX MaTepHajoB.

4.4 TloBTOpHOE ONpEAEICHHE TEIUIONPOBOJHOCTH 30HAOM A MPOBOIAT C MHTEPBATIOM, YKa3aHHBIM
B 4.3.

5 IPABUJIA OBPABOTKHU PE3YJIbTATOB UCIIBITAHUI

5.1 BBIUHCIAIOT TEIUIONPOBOJHOCTh A, MaTepHalia B BaTTaxX HAa METP-KEIbBUH IO (opMyie Uis
JIMHEHHOT'0 UCTOYHHKA TEIIJIa TOCTOSTHHON MOIITHOCTH

Aa=0,5516 I* R E,/ AE, )

rie / — cuia TOKa Harpesa 30H7a, A;

R — compotuBieHue HarpeBaress 30H1a, OM/M;

Ey — gyBcTBUTENBHOCTH TEpMONAaphI 30H1a, MKB/K;

AE — mpupoct 3/1C Tepmonapsl 30H1a, MKB.

BemnunHy AE paccuMTBHIBAlOT KakK Pa3HOCTh MEXIY CPEAHUMH apu(pMETHUYECKHMMH 3HAYCHUSIMH
O/1C, u3MepeHHBIMH B IPOMEKYTKax BpeMeH:n 8—12 u 4—6 MuH.

5.2 C mpuMEHEHHEM CpEICTB BBIYMCIUTEIBHOW TEXHUKH OIPEAEISIIOT YTOYHEHHOE 3HAYEHHE
TerionpoBoAHocTH JI Marepuana B BaTTax Ha MeETP-KeabBHH 1o Qopmynam (3)—(5) mis 30Haa



quamerpoM 1 MM u o hopmyiam (3), (4) — It 30HAOB AUAMETPAMH 3 U 5 MM:
A=a;/ ot ar+ash,+ag V2 3)
ai=b /C+by/C+by+b,C+bsC (4
by=d, +d, T +dT* + d,T° %)
rnei=1,2,3,4;7=1,2,...,5;

T — temmepaTypa, [Py KOTOPOW ONpeAeiaaach TEIIONPOBOIHOCTD, K;

C — p(c + 42W) — obbeMHast TeroeMKocTs Matepuana, Jix/(m>-K);

C — yIeNbHas TeIUIOEMKOCTh MaTepuaia B cyxoM coctossHud, JIx/(xkr-K);

p — IUIOTHOCTH MaTePHaIa B CyXOM COCTOSIHHH, KI/M';

W — BnaXXHOCTh MaTepuana, % mo mMacce.

Ipu MpOBEICHHH PacueTOB 3HaUeHHE 06beMHOI TertoemkocTi C ymensmaioT B 10° pa3 st 30112
quamerpoMm 1 MM 1 B 10° pa3 — I 30HI0B THAMETpaMu 3 U 5 MM.

5.3 3nauenus KodhPHULIUEHTOB d|— d4, HCTONB3yeMble Uil pacueTa Koddduuuenra b mpu
OMpPEICIICHUU TEIUIONPOBOIHOCTH 30HIOM JHaMeTpoM 1 MM, u 3HaueHHsS KO3(hGUIMEeHTOB by — bs ,
UCTIONB3yeMble Ul pacuera KoddduimeHnta a Tpu ONpeACNCHHH TEIDIONPOBOJHOCTH 30HIaMHU
JuaMeTpaMu 3 U 5 MM, IPUBEAECHBI B IPUIIOKEHUU [

[Iporpamma pacuera TEMIONPOBOJHOCTH Ha si3blKe belicuk mpuBeeHa B npuioxenuu /.

5.4 3HadeHue yJeNbHON TEIIOEMKOCTH MaTepualia JIOMyCcKaeTcs 3ajaBaTh ¢ MOrpemHocThio 0 30
%.

5.5 3a pe3ympTaT WCHBITAHWSA NPUHUMAIOT CpegHee apu(MeTHUecKoe 3HaUCHHE pe3yJbTaToOB
YeThIpeX NapaUleNbHBIX m3MepeHud. [lomydeHHOe 3HAa4YeHHE TEIUIONPOBOAHOCTH OKPYTJSIOT 10
BTOPOI 3HAYAIICH ITUPPHI.

5.6 lanuble 00 oOpasnax Marepuana W pe3yJbTaThl ONPEACICHUS TEIUIONPOBOAHOCTH 3aHOCST B
JKypHAJ pETUCTPAIIH U3MEPeHuit 110 GpopmyIie, MPUBEICHHOHN B MPIIOKEHUA B.

5.7 IlorpemHocTh METOa OIIPEIeIICHHs TETIIONPOBOIHOCTH IPH JOBEPHUTENBbHOM BepositHocTH 0,9
cocranister 7 %.

TIPHIIO)KEHHUE A
(pexomeHndyemoe)

YCTPOMCTBO IMWINHIPHYECKOI'O 30HJIA M DJIEKTPUYECKASI CXEMA
COEJVMHEHMUsI TIPUBOPOB

YCTpoHCcTBO 30HAA@ U 3JIEKTPHYECKas CXeMa COCIWHEHHS NpUOOpPOB TMpH  ONpEIeNICHUH
TETIONPOBOAHOCTH MPEACTABIICHBI HA PUCYHKE 1.

30HI COCTOMT W3 Kopmyca (MEeTalsIMYecKoi TpyOKH), PYKOSTKH, 3JEKTpOHarpeBarelisi B BHIE
CJIIO’)KEHHOrO II0NOJaM 3MajMpPOBAHHOTO IPOBOJA U3 CIJIaBa COMNPOTHBIECHUS I MPOBOJIOYHOM
TEpMOIIapHlI.

Kopmyc 30812 amameTpom | MM H3roTaBIHMBAaIOT, U3 HUKENeBor TpyOku 1x0,15 mm. HarpeBatens u
TEepMOIapy M3rOTaBIMBAIOT U3 AMAUPOBAHHOM MmpoBojyioku auaMerpoM 0,2 mm. TomnmuHa 3ManeBoro
MOKPBITHS T0JDKHA OBITH B penenax 10—20 MkM.

Koprryc 30HmOB mmamerpamu Y w5 MM m3rotaBimBaroT m3 Tpybok 3x0,2 m 5x1 MM m3
HEP)KaBEIOIEH CTalli, HarpeBaTeN M TEPMOINAPbl — U3 SMAJIUPOBAHHBIX MEJHBIX U KOHCTAHTAHOBBIX
poBoJIok quamerpoM 0,35 M.

OneKkTpoHarpeBaTelb pa3MEIIeH B KOpPIyce IO BCEM €ro AIMHE, B 30HE DPYKOSTKH K HEMY
MPUCOETMHEHBl MEAHBIC BBIBOAHBIC TPOBOJA TOTO JK€ AMAMETPa, YTO W Harpesarenb. Tepmomapa
BBE/ICHA B KOPITYC 10 CEPEIMHBI I 30HIO0B AuaMeTpaMu | u 3 MM U HE JOXOAsA 75 MM 0 €ro KOHIa
— 1y 30H1a auaMeTpoM 5 MM. CBoOOIHOE BHYTPH KOpITyca MPOCTPAHCTBO AN 30HIOB AMaMETpaMu
3 ¥ 5 MM JOJDKHO OBITH 3amoiHeHO ciiaBoM Byxaa mnm Pose. Ecnm pykosiTka 30HIa BBIIIONHEHA U3
METaJIa, MEXIy KOPILyCOM 30H/Aa M PYKOATKOW JOJDKEH OBITh pasMelleH CIIOH HEMETAIIHIECKOTO
Marepuaa TOJIIMHON He MEHEE 2 MM.

Junst ynoOctBa u3MepeHuid 30Ha6I A U b 10JKHBI OBITE 00BEIMHEHBI B TIapy ¢ AU GepeHIInaIbHO
COEIMHEHHOHN TepMONapoii 1 UMeTh 00N BBIBOJ dNIeKTpoHarpeBareneil. JBa BeiBoga Tepmomnap (TA
u TB) u Tpu BeBo#a HarpeBateneit (HA, Hb u HO — o0miuit) nprcoennHSIOT K dmeKkTpopasbemy L11.



JlnvHa BBIBOAHBIX IPOBOJIOB OT PYKOSTKM 30HIA' 10 pasbeMa JODKHAa ObiTh 1—2 M. BbiBonHbIE
NpoBO/a CJelyeT pa3MelaTh B METAJUINYECKOW OIIETKE C BBHIBOAOM ee Ha Kinemmy «3emis». (s
obpazoBanus nudQepeHIHaTbHON TepMonapsl OJHOMMEHHbBIE 3JIEKTPOJBI O0EHX TepMomap 30HIA
HE00XOINMO COETUHHTS Y dIeKTpopazsema [17].

Beixon crabuwimzatopa HampsbkeHust  (IocTosHHOro wiu  nepemeHHoro Ttoka) CH ¢
MOCE0BATENBHO IOACOEIUHEHHBIM aMIEpMETpOM A TMOAKIIOUEH IOCPEACTBOM pasbeMa [[12 x
OHOMY W3 HarpeBaTeled mapbl 30HI0B. BriOop 30Hma (A mmm b) ocymiecTBIsiOT mpH MOMOIIH
nepexrodatenst B3, KOTOpPBI OJHOBPEMEHHO MEHSET MOJSPHOCTh MOIKIIOYEHHS TEpMOMapsl K
MHUKpoBoJIbT™METpY AJIKB B ciydae paboTbl 3oHaa b. Pesucrop RI sBisiercss SKBUBaJICHTHBIM
HarpeBaTeio 30HJa COINPOTHBIICHHEM; Ha HEro 3aMKHYT crabmimzatop HampspkeHuss CH Ha Bpems
nporpesa MpuOOPOB W Mex1y u3MepeHusMH. IlepexmroueHnem D/ OCymIECTBIAIOT 1OJady TOKa Ha
HarpesaTtenb 30H7a.

Bxoa MukpoBosIbTMETpa MOCTOSIHHOTO ToKa MKB MOAKIIOUeH MOCPEACTBOM Nepexiodarenet 112,
B3 u xonTaxToB pazvema /112 x Tepmonape 30Haa. [Ipu nomonu nepexitouarens /72 MUKpPOBOIBTMETP
MIEPEBOAAT B PEKUM HACTPOUKHU HYJIS.
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Pucynox 1 — YcTpoiicTBO 30HAA U 3TEKTpUIECKas CXeMa COeTMHEHUS IPUOOPOB

TIPUJIOJKEHUE b
(obs3amenvroe)

OCHOBHBIE TPEBOBAHMNS K IIOBEPKE HWJIMHJAPUYECKOI'O 30HJA

[Ipu mnoBepke 30HIA ONPENENSIOT BEJIWYMHY OTHOCHUTEIBHOW TMOIPEUIHOCTH H3MEpPEeHHs
TETJIONPOBOIHOCTH, BBIYHMCIIEHHYI0  DKCIIEPUMEHTAJIbHO o CTaHAapTHBIM  oOpa3snam
terutonpoBogHocTH (CO), aTTeCTOBaHHBIM B yCTaHOBJICHHOM mopsiake. O6mue TpedoBanns k CO —
mo 'OCT 8.315—91 I'CU. Cranmaptabie o0Opasiibl. OCHOBHEIE TIOJIOKEHUS, MOPAIOK pa3paboTKH,
aTTeCTallN, YTBEP)KACHHS, PETUCTPALIUH U TPUMEHEHHSI.

[ToBepky 30HAZa HEOOXOAMMO MPOBOAMTH IPH YYacTUH [ OCYZapCTBEHHBIX METPOJIOTMYECKUX
ciryx0, MeXImoBepoYHBIi HHTEPBAJ TOJDKEH OBITh He Oonee 3 neT.

IToBepka 30HIAa BO BCEM AMANa30HE U3MEPEHUIl JOIKHA OCYIIECTBISTHCS HE MEHEE YEM IO TPEM
CO ¢ pa3nuuHBIMM  3HAQYEHHSMH  TEIUIONPOBOAHOCTH, HW3TOTOBICHHBIM, HampuMmep, U3
MIEHOTIOJICTHPOJIa, MOIMMETWIMETaKpHiaTa, KBapueBoro crekia. Iloepka 3onma mo CO omnOrO
3HA4YEHH TETUIONPOBOJIHOCTH Aco AAET MPABO aTTECTAIMU 30H/a B JUANA30HE TEMIONPOBOAHOCTH

Al= 0,33 }\-CO —3 }"CO~



Jlonyckaercsi Ipy MCHOJIb30BaHUH 30HJIA B Y3KOM JMana3oHe M3MEPEHHUH OBEPKY BBIIOJIHATH 110
CO ojHOro 3Ha4€HUs TEIUIOIPOBOJHOCTH.

ITo Bcem TemmepaTypHOM [HMana3oHE H3MEPEHUH TEIUIONPOBOAHOCTH IIOBEPKA 30HIA OJDKHA
MPOBOANTHCS HE MEHEE YeM B TPEX TEMIIEPaTypHBIX TOYKAX; B CPeJHEH 30HE AMAIa30Ha M MO €ro
kpasim B 20 % OT 3HaueHHUH IrpaHuIl UaNa30Ha.

Ecnu 308 mpeqHazHaueH ISl ONpeseNeHus TEIUIONPOBOAHOCTH P HOPMAJIBHOM TeMmeparype,
JIOITyCKAETCs ero MoBepKa TOIBKO Ipu Temrieparype (298+5) K.

Ecmn moBepka mpoBoamiach NpH OOHOH Temmeparype wu3MmepeHumii Ho CO  pasnmu4HOM
TETJIONPOBO/IHOCTH, 38 OTHOCHUTEJILHYIO HOTPELIHOCTh M3MEPEHHH ClIeAyeT NMPUHUMAaTh HanOoJibllee
3Ha4YeHHe TOTPEIHOCTH n3MepeHnit kaxaoro CO.

Ecnu moBepka mnpoBoawiach NPH HECKOJIBKUX TEMIEpaTypax H3MEpEHHH, 3a MOTrpPEeIIHOCTh
pe3ynbTata TNPHUHUMAETCS CpeAHee apu(METHYECKOE 3HAUCHHWE IIOTPEHIHOCTEH MpU  KaXIol
TEeMIIEpaType U3MEPECHUN.

[MorpemHoCTh pe3yibpTaTa YeThIpex omnpenesieHuit TeronpoBoaHoct CO He JODKHA NPEeBHIIATh
4 %, pa3bpoc pe3yNbTaTOB €ANHUYHBIX M3MEPEHUH JOJDKEH ObITh He Oomee 7 % OT aTTecTOBaHHOTO
3Ha4YeHwus TerionpoBoaHoctu CO.

TIPUJIO)KEHHUE B
(unghopmayuonrnoe)

®OPMA TABJIAIBI JIJISI BEJIEHUSA 3ATIMCEM B )KYPHAJIE PETUCTPAIIAA
N3MEPEHUU

Homepa |IlocraBumk |Haumeno|Temne [IInotHocTs|Y nenbHas Bnaxn |Temnonposo |IIpume
30HJIOB |00pa3uoB BaHUE U|paTypa |MaTepuaia |TeIUIOEMKOCTb |OCTh  |IHOCTb yaHue
MapKa  |HCIIBITA |p, kr/™m’ MaTepuana c,|MaTepH [MaTepuaia

Mmarepua |Hui Jhox/(xr-K) anma W, |A,Bt/(mK)
Ja TK %
1 2 3 4 5 0 7 8 9

IPHIIOKEHUE I’
(obs3amenvroe)

3HAYEHMUSI KOOYPPUITUEHTOB d IJI51 30HAA AUAMETPOM 1 mm

dl d2 d3 d4
a; b, —5,264912-10* 9,298950-10® 7,460507-10” —1,258118-10""
b, 8,192884:10° —2,208323-107 —6,924561-10"° 1,543708:10"2
by 2,908496-107 —7,439792:10°® 1,944416:10™" —2,000361-10"
by 4,801413-107 2,011094-10" —2,966512:10" 5,147135-107"
bs 1,466467-10"2 —1,108187-10™" 7,572601-107'¢ —1,072936-107"®
as by 7,529694-107 —1,233433-10° 2,085300-10°° —1,093406-10”
b,—1,119937-107 3,067699:10* —5,824644-107 3,848859-107"°
b;—5,328111-10" 4,140791-10° —1,012855:107 8,990343-10™"!
by —5,595799-107 —6,642407-10® 1,875572:10"° —1,885517-107"
bs—1,214982-10° 7,600441-10" —2,394873-10™" 2,520323-107"¢
as by —3,106465 1,176927-102 —3,431803-10° 3,304641-107
b, 3,598126:10! —1,912008:107 4,340167-10°° —3,495677-10°
by 1,003886 1,190298:10* —2,732335:107 2,090454-107"°
b4 1,992789-10° —3,347174:10° —2,250579-10"° 4,974324-10"
bs—3,178875-107 —1,076759-10"° 8,858746-107"° —1,349945-10™"
a; |b; 1,873263-10™ —3,948442-10 1,395332-10* —1,613696-107
b, —2,948811 5,377334-10° —1,368204-107 1,387906:10°®
by4,817911-102 —2,601051-10* 5,785622-107 —4,683022-107"°
by, —2,444594-10" 6,468640-107 5,316976-107"° —1,164867-10"
bs 3,342744-107 3,241060-107"° —2,837465-10"2 4,066818-10™"




3HAYEHU S KOODOULIMEHTOB b 151 30HAA JTUAMETPOM 3 MM

b, by bs b, bs
a —1,140412:10°  |1,970453-10 —2,248353-10°  {1,881465-10* —5,603005-10°
—7,850611-10°  |1,487609-102 5,145511-107 —4,23268:107 1,009902-10*

a
as
aq

7,231279-10°
—3,064699-10*

—2,141416°107
—1,855334-107

1,08263
7,882954-10°°

—1,650732-107
—2,672207-107

1,877744-10°
1,249825-10™

3HAYEHNS KOSODUIIMEHTOB b U151 30HJAA AIMAMETPOM 5 mm

b, b, bs b, bs
a,  10,2719263 —0,1214019 7,948724-107 —2,248915-10*  [—2,121039:10°°
as 1,776974 8,976666-107 1,606757-107 4,189064:10 —2,181071-10*
a;  |—41,63453 13,39313 —1,488281-10°  |5,453655-10° 1,062015-10
a;  |—0,0178708 —1,389932:102  |—8,105834-102  |5,701583-10° —1,278852:10*
IIPUJIOJKEHUE ]I
( ungpopmayuonnoe)
MPOI'PAMMA PACYETA TEILIOINPOBOJHOCTH
10 REM
20 REM I[IporpamMma pacdera TEIIONPOBOAHOCTH 1o hopmynam (3) — (5) ms
30 REM 30m1a nuametpoMm | MM u no dopmynam (3), (4) — 1IA 30HIOB
40 REM JMaMeTpaMu 3 U 5 MM.
50 REM
60 OPTION BASE 1
70 REM Bgox B onepatuBHYI0 maMaTs K03 durpentos d u b

80 DIM A [4], B1 [20], B3 [4,5], B5 [4,5], D [20,4]

90 FOR K=1 TO 20 Bon d s 30512 AnameTpom 1 MM
100 FUR J=1 TO 4

110 READ D [K,J]

120 NEXT J

130 NEXT K

140 FOR K=1TO 4

150 FOR J=1 TO 5 BBog b mns 3052 AHaMeTpOM 3 MM
160 READ B3 [K,]]

170 NEXT J

180 NEXT K

190 FOR K=1 TO 4 BBopx b 1y 30H12 IHAMETPOM 5 MM
200 FOR J=1 TO 5

210 READ BS5 [K,]]

220 NEXT J
230 NEXT K
240 REM
250 REM

260 REM

270 PRINT:PRINT

280 LPRINT:LPRINT

290 PRINT "MCXOIHBIE TAHHBIE"

300 LPRINT "MCXOJHBIE JAHHBIE"

310 INPUT "IMAMETP 30HZIA, mm"; DP

320 LPRINT "IMAMETP 30HIIA, mm"; DP

330 INPUT "TEMIIEPATYPA UCIIBITAHUM, K"; T
340 LPRINT "TEMIIEPATYPA UCIIBITAHUM, K"; T
350 INPUT "BJIA)XKHOCTb MATEPUAIJIA, %"; W
360 LPRINT "BJIAXKHOCTb MATEPHAIJIA, %"; W
370 INPUT "IJZIOTHOCTh MATEPUAIJIA, kr/m*"; RO
380 LPRINT "TUIOTHOCTh MATEPHUAJIA, kr/m™"; RO

| BBoxa MCXOMHBIX TaHHBIX




390 INPUT "TEIZIOEMKOCTb MATEPUAJIA, Tx/(xrK)"; C

400 LPRINT "TEIIJIOEMKOCTBb MATEPUAJIA, Jix/(xr-K)"; C

410 INPUT "TEIUIOITIPOBOJHOCTD ITO ®OPMVIJIE (1), Br/(m’K)"; LL
420 LPRINT "TEIIJIOITIPOBOAHOCTD 1O ®OPMVIJIE (1), Br/(MK)"; LL
430 REM

440 REM Pacuer 00BbeMHOI TEIJI0EMKOCTH
MaTepHuaa

450 REM

460 CO=RO* (C+42*W)1000

470 IF DP=3 THEN 620

480 IF DP=5 THEN 690 490 REM

500 REM |Pa0qu TEIIONPOBOIHOCTH 10 popMynam (3)—(5) |

510 REM

520 FOR K=1 TO 20

530 B [1,K]=D [K,1]+D [K,2]*T+D[K,3]*T"2+D[K,4]*T"3
540 NEXT K

550 N=0

560 FOR M=1 TO 4

570 A [M]=B1[M+N]/CO"2+B1[M+N+1]/CO+B1[M+N+2]
580 A [M]=A[M]+B1[M+N+3]*CO+B1[M+N+4]*CO" 2
590 N=N+4

600 NEXT M: GOTO 750

610 REM

620 REM | Pacuer TemmonpoBognocTs 1o opmynam (3), (4) Ans 30HIA IHAMETPOM 3
MM

630 REM
640 CO=CO/100

650 FOR K=1 TO 4

660 A [K]=B3[K,1] /CO*2+B3 [K,2] /CO+B3 [K,3]+B3 [K,4]*CO+B3[K,5]*CO2
670 NEXT K: GOTO 750

630 REM

690 REM |Pa0qu TEIIONPOBOIHOCTH 110 hopmynam (3), (4) s 30HAa THAMETPOM 5 MM

700 REM

710 CO=CO/100

720 FOR K=1TO 4

730 A[K]=B5[K,1]/CO"2+B5[K,2]/CO+B5[K,3]+B5[K,4]*CO+B5[K,5]*CO" 2
740 NEXT K

750 L=A[1)/LL+A[2]+A[3]*LL+A[4]+LL"2

760 PRINT

770 LPRINT

780 LPRINT "PE3VYJIbTAT PACUETA:"

790 LPRINT "PE3VJIbTAT PACUETA:"

800 PRINT "TEIIJIOITPOBOIHOCTD ="

810 LPRINT "TEIIJIOITPOBOJIHOCTbB ="

820 PRINT USING "#.###";L;

830 LPRINT USING "####";L;

840 PRINT "Bt/(Mm'K)"

850 LPRINT "Bt/(Mm'K)"

860 GOTO 270

870 REM 3nauenust koapunueHTos a u b:

880 DATA —5,2649.12E—04;9,29895E—08;7,460507E—09;—1,258118E—11
890 DATA 8.192884E—05 u T.1. B COOTBETCTBHH C JaHHBIMH MPHIOKESHUSA I
1150 END

JAHHBIE JJI1 TECTUPOBAHUSA ITPOI'PAMMBbI

Hpumep 1



UCXO/IHBIE JAHHBIE
JUAMETP 30HJIA | mm

TEMIIEPATYPA HUCIIBITAHUI 95 K

BJIAXXKHOCTb MATEPHAIJIA 3 %

[UIOTHOCTb MATEPUAJIA 30 kr/m’

TEIJIOEMKOCTb MATEPHAJIA 1100 Tx/(xkr-K)
TEIUIOIIPOBOJHOCTD 10 ®OPMV/JIE (1) 0,0089 Br/(m'K)
PE3YJIbTAT PACUETA:

TEIJIOITPOBOHOCTD = 0,011 Br/(MK)

IIpumep 2

HNCXOJHBIE JAHHBIE JUAMETP 30H/JIA 1 My
TEMITEPATYPA UCITLITAHUI 573 K

BJIAXKHOCTL MATEPUAIJIA 0 %

TJIOTHOCTB MATEPUAIJIA 300 kr/nm’
TEIUIOEMKOCTb MATEPHAJIA 1000 [x/(kr-K)
TEIUIOIIPOBOJIHOCTD IT0 ®OPMYVYIJIE (1) 0,29 Br/(m-K)
PE3YJIbTAT PACUETA:

TEIUIOIPOBOJIHOCTD = 0,298 Br/(m-K)

Ipumep 3

UCXOJIHBIE JAHHBIE JIMAMETP 30HJIA 3 MM
TEMIIEPATYPA VUCIIBITAHUI 293 K

BJIAJKHOCTb MATEPHAIJIA 0 %

[UIOTHOCTb MATEPHUAIJIA 1180 kr/m’
TEIJIOEMKOCTb MATEPHAIJIA 1450 Tx/(xr-K)
TEIUIOIIPOBOJHOCTD 10 ®OPMVJIE (1) 0,165 Br/(m-K)
PE3YJIbTAT PACUYETA:

TEILJIOITPOBOJHOCTD = 0,180 Br/(MK)

IMpumep 4

HNCXOJHBIE JAHHBIE JUAMETP 30H/IA 3 mum
TEMITEPATYPA UCITLITAHUI 200 K

BJIAXKHOCTL MATEPUAIJIA 5 %

TJIOTHOCTb MATEPUAIJIA 400 kr/nm’

TEIUIOEMKOCTb MATEPHAJIA 800 x/(kr-K)
TEIUIOIIPOBOJIHOCTD 1O ®OPMYVYIJIE (1) 0,097 Br/(mK)
PE3YJILTAT PACUETA:

TEIUIOIPOBOJIHOCTS - 0,132 Br/(m'K)

Hpumep 5

UCXOJIHBIE JAHHBIE JIMAMETP 30HJIA 5 MM
TEMIIEPATYPA VCIIBITAHUI 293 K

BJIAJXHOCTb MATEPHAIJIA 12 %

[UIOTHOCTb MATEPHUAIJIA 1100 kr/m’
TEIIJIOEMKOCTb MATEPHAIJIA 840 Ji/(xrK)
TEIUIOIIPOBOJHOCTD 10 ®OPMVJIE (1) 0,43 Br/(MK)
PE3YJIbTAT PACYETA:

TEIIJIOIIPOBOJHOCT - 0,455 Br/(m-K)

Copnepxanue
1 O6nacTh MpUMEHEHMS
2 CpezacTBa UCTIBITaHUI U BCTIOMOTaTeIbHBIE YCTPOHCTBA
3 TTopsa 0K MOATOTOBKH K MIPOBEJEHUIO UCTIBITAHUS
4 Tlopsimok MPOBECHHUS UCTIBITAHUIN



5 IlpaBuna 06pabOTKH Pe3yIbTaTOB HCIBITAHUIH

IIpunoxenne A VYcTpoHCTBO LUIMHIPUYECKOTO 30HAA M IJEKTPUYECKAs CXE€Ma COEAMHEHUS
puOOpoOB

[Tpunoxxerne b OcHOBHBIE TPeOOBaHMSI K HOBEPKE IIMIMHAPUIECKOrO 30HIA

[Mpunoxxenne B hopma Tabuuipl 1uist BeASHUS 3aUCced B XKypHAJIE pETUCTPALlK U3MEPEHUIH

[punoxenne I' 3HaueHus k03¢ HUIIECHTOB

[punoxenne I IIporpamma pacyera TEIIONPOBOIHOCTH

YK 691:536.2:006.354 OKC91.100 K19 OKCTY 5709
KnroueBble ciioBa: TEMIONPOBOAHOCTh, IWIMHAPHYECKUI 30HJI, HECTALMOHAPHBIM TEMIOBOM
PEXUM, CTPOUTENBHBIC MATEPHAIIBI U H3IEITHS



