3.3. Jlabopamopnasa paboma: «Hccnedosanue meniooomena usiyueHuem»
3.3.1. Beeoenue

B mHXKEHEpHOW MpaKTHKE IPU pacyeTe NOTOKAa M3JIyYEHMsI C IOBEPXHOCTU
TEXHUUYECKOTO YCTPOHCTBA HEOOXOIMMO 3HAHHME MHTErpaJbHOTO Ko3(duimeHra
TEIJIOBOTO M3JIy4EHHs TBEPAbIX Tel. B cilydae OTCYTCTBUS JaHHBIX I10
¢u3nyecKkuM CBOMCTBAM HEOOXOIMMOTO BEIIECTBA B CIPABOYHUKE, CIIEIYET
IPUOETHYTH K IPAKTUKE TEIJIOTEXHUYECKOIO SKCIIEPUMEHTA.

[Ipu BeIMONHEHHH PabOTHI CTYACHTHI CAaMOCTOSITENILHO MPOBEAYT HAy4dHOE
UCCJIEIOBAaHUE 3aBUCHMOCTH MHTETPAIbHOTO KO3 (UIIMEHTA U3TyUYeHUsT pealbHON
(cepoil) MOBEPXHOCTH OT TEMIIEPATypbl KAJIOPUMETPUUYECKHUM MeTonoM. Kpome
TOTO, CTYJCHTBI 3aKPETSIT 3HaHUSI TEOPUU TEINIOOOMEHA U3TyYeHUEM, IPUOOPETYT
HaBBIKU MPOBEACHUS U 00pabOTKN HAYYHOI'O SKCIIEPUMEHTA.

3.3.2. Ilenu u 3a0auu n1abopamopHoit padbomot

[{enbto paboThI SABIISIETCA MOJIyY€HUE HABBIKOB SKCIIEPUMEHTAIBHOTO ONPEIEICHUS
UHTETPAIIbHOTO KO3 PUIIMEHTA TEIUIOBOTO U3JIyY€HUs TBEPAOIO Tela.
3ajayaMy UCCIIEA0BAHMS SIBISIIOTCS:
1) ompeneneHne MHTErpalbHOW M3Ty4aTEIbHOM CIHOCOOHOCTH TBEPAOIrO Tela
IIPU pa3HbIX TEMIEPATYPAX U3IIyHAIOIIEl TOBEPXHOCTH;
2) NOCTPOEHUE 3aBUCUMOCTH M3Ty4aTeIbHON CIIOCOOHOCTH OT TEMIIEPATYPHhI;
3) comocTaBlieHHE MOJYYEHHBIX PE3yJbTAaTOB C MU3BECTHBIMU JIMTEPATYPHBIMU
JAHHBIMU;
4) cocTaBieHue OTYETa MO BBIMOJIHEHHOU padoTe.

3.3.3. OcHoéHble meopemuuecKue c6e0eHuUs

JlanHast pabora cBsf3aHa C TakUM (U3UYECKUM SIBIIEHUEM Kak TEIIOBOE
u3nydyeHue. B Buay Toro, uto Bce HAarpeTble MaTe€pUabHbIE OOBEKTHI M3IydaroT
PHEPrUI0 B OKpYXarollee MpPOCTPAHCTBO, BO3HUKIA HEOOXOAUMOCTh yueTa
COCTaBJISIFOLICH JIyYUCTOrO TEIUIOOOMEHa MEXIYy TellaMd NpU HHKEHEPHBIX
pacuerax. B yuctom BHJie Iy4HCTBIN TEINIOOOMEH UMEET MECTO JIUIb B YCIOBUSIX
rJ1yOOKOro BaKyyma.

TeroBoe H3IyyeHUE KaK MPOLIECC PACIPOCTPAHEHMS AIEKTPOMATHUTHBIX
BOJIH XapaKTePU3yeTCs JJIMHON BOJIHBI A M 4acTOTOM Koyiebanud v=C/A, rae ¢ —
CKOpPOCTh CBeTa (B BakKyyMe ¢=3-10° m/c). Bce BHIBI DIEKTPOMATHUTHOTO
U3TYyYEHUS] UMEIOT OJIMHAKOBYIO MPHUPONY, MOITOMY KiIacCHU(PHUKAIUSA U3TyUCHUS
10 JJIMHAM BOJIH B 3aBUCHUMOCTU OT NMPOU3BOJMMOTO MMHU 3(deKxTa HOCUT JIUIIb
YCJIOBHBIM XapakTep. TermioBOM MOTOK, M3Jy4aeMblii HAa BCEX IJIMHAX BOJH C
€AMHUIIBI TIOBEPXHOCTHU TeJa MO0 BCEM HAMpPABJICHUSIM, HA3bIBAETCSl IOBEPXHOCTHOM
IUIOTHOCTBIO MOTOKA HMHTErpaibHOro m3mydenus E, Br/m’. OHa ompememsercs
NPUPOAON TAHHOTO TeJla U €ro TeMIIepaTypoil. IT0 COOCTBEHHOE U3IyUEHHUE Tea.



[ToBepxHOCTHAs MJIOTHOCTh NMOTOKA MHTErPAIbHOIO M3Iy4eHUS aOCONIOTHO
gepHoro tema Eg, BT/M°, B 3aBHCHMOCTH OT €r0 TEMIIEPATyPhl OMHCHIBACTCS
3akoHOM Credana-bonbimMana:

E,=oc,T".
3nech  0¢=5,67-10"° Br/(M°K") - mocrosimuas Credana-bonsumana.  J{is
TEXHUYECKHUX pacueToB 3akoH Ctedana-bonbiiMaHa 0ObIYHO 3aMKCHIBAIOT B BUIE
E, =C, (T /100)*,
rme  Co=0,-10°=5,67 Br/(M°’K")  HasbiBacTcs  KOP(DGHUIHEHTOM — H3ITydeHHS
a0COJIFOTHO YEpPHOTO TeJa.

Tena, ¢ KOTOpHIMH MBI MMEEM [€JI0 Ha TMPAKTHKE, H3JIy4yaloT MEHBIIIE
TEIUIOBOM SHEpPruu, 4em aOCONIOTHO YEpHOE TeJO IMpH TOH Ke TeMIeparype.
Berpewass Ha cBoeM IyTH JPYroe BEIIECTBO, TEIUIOBBIE JIy4d YacCTHYHO
NOTJIOIIAIOTCS,, W WX DHEPrusi CHOBAa NPEBpallaeTcs B TEIJIOTY, YaCTHYHO
OTPaXKAIOTCSI ¥ MPOXOAAT CKBO3b TeNl0. B OOJBIIMHCTBE TBEPABIX M KUIKUX Tel
HOTJIOUIEHUE TEIUIOBBIX JIyyell 3aBepIIaeTcs B TOHKOM IOBEPXHOCTHOM CIIOE, T.€.
HE 3aBUCUT OT TOJIIMHBI Tena. s 3TUX Ten TemIoBOe HM3IydeHHE OOBIUYHO
paccmaTpuBaeTcsi Kak IOBEPXHOCTHOE siBieHHE. B naHHON paboTe B OCHOBY
METOJla  TIOJIO)KEHO  YpaBHEHHME  PE3yJIbTUPYIOLIETO  JIYYHCTOTO  IOTOKa,
OTKCHIBAIOIIECE TEIUIOOOMEH HU3ITYyYEeHHEM CHCTEMBl Tel B MPO3PayHOU cpefe
MEXIy HarpeTbiM TejaoM (Bosib(ppamMoBasi MPOBOJIOKA) M OXJIAXKAAEMOU 000I0UKON

(cTexnsiHHAs TPYyOKa):
TY (T,Y
=g CF||l =X | —-| =% | 3.3.1

TI€ €y, — IPUBEICHHBI HMHTETPANbHBIA KOY(GHUIHMEHT TEIUIOBOTO H3Iy4EHUS
CUCTEMBI TeJl

YRR |
’ g Fl\s,

€1, € — COOTBETCTBEHHO WHTETPaJIbHBIE KOA(DPUIIMEHTHI TEIUIOBOTO HW3IIYYCHHS
uccienyeMoi MpoBoJIOkM M obomouku; Fi, F, — moBepxHOCTH TPOBOJIOKK U
00004k, M. [TocKoNbKY TIIOIIah TOBEPXHOCTH BOJIL(PPAMOBOM MTPOBOJIOKU Majia
M0 CPABHEHUIO C TUIOMIAbI0 TOBEpXHOCTH 000ouku (F1<<F,), To B dopmyie (1)
Emp—E1.

Jlnst ompeneneHusi € HEOOXOIWMO 3HATH TEMIEPATypy MPOBOJIOKH T; U
TEeMIIepaTypy CTCHKUA BHYTpPEHHEH CTeKIIsiHHON TpyOku 7, (B mikane KenbBuHa) u
OTIPEJICTUTH MNIOTHOCTH MOTOKA U3ITYUYCHHUSI C IOBEPXHOCTH MTPOBOJIOKU

E = Q/(ndl),
rie Q — MoOIIHOCTh, HEOOXOAMMAs Ui HarpeBa MpPOBOJIOKH, BT; d — nuametp
BOJIL(PaMOBO# ITPOBOJIOKH, M; | — UIMHA IIPOBOJIOKH, M.

BonbdpamoBass mpoBosiOKa HarpeBaeTcs ITOCTOSHHBIM TOKOM, BEJIMYMHA
KOTOPOTO OIPEACISASTCS pacueTHBIM IyTeM 10 TAJCHHUIO HAmpsHKESHUS Ha
00pa3IloBOM AJIEMEHTE COMPOTUBIICHUS

| =U,/R,, A.



B ycraHoBuBIIEMCS TEIJIOBOM pPEXHUME BbIAENseMas MOCTOSHHAs MOIIHOCTh
IPONOPLMOHAIIbHA MAICHUIO HAPSKEHUS Ha pab0YeM ydacTKe MPOBOJIOKH
Q=IU,.

Temnepatypy Bosnb(ppamMOBOil POBOJIOKU 1; BBIUUCISIOT MO €€ 3JIEKTPUUECKOMY
COIIPOTHUBIIEHUIO R1, KOTOPOE HAXOAUTCS MO HANPSKEHUIO U CUJIE TOKA

R =U,/I, Om.
[Ipu HarpeBe MPOBOJOKH JJIEKTPUUECKUM TOKOM HEOOXOJIUMO YUMTHIBATh
3aBHCHUMOCTb COIIPOTUBJICHUS METAJIa OT TEMIIEPATYPhI

Rl = R12[1+ O('R(t1 _tz)]a Owm, (332)
rae Or — TEMIEPATypPHbIA KO3()QHIMEHT CONPOTHBIECHUS MeTamia, Rip —
CONPOTHBJIEHNE BOJL(PAMOBOI IIPOBOJOKM INPHU TEMIIEPATYPE OKPYKAIOIIEi

cpensl t, °C.
Ucnonb3ys 3aBucumMocts (3.3.2), dhopmyiia s onpeaesieHUs] TeMIlepaTypbl
BOJTH()PAMOBOM MPOBOJIOKU TTPUMET BU]T

=Ry o,

aR R12
T, =t;+273,15, K.

3.3.4. Konmpons 3nanuit cmyoenma

BXOnHON TEOpPETUYECKUM KOHTPOJIb IO3BOJAET OLEHUTh YCBOCHHBIC
CTYJ€HTOM 3HaHHUS U MOIYYUTh JAOIMYCK K padoTe.

Umo nazvieaemcsa abconiomno Yepuvlm meaom?

d) TBEpPAOE TEJIO YEPHOTO IIBETa, KOTOPOE MNpU JHOOOW HHTEHCUBHOCTH €TO0

OCBEIICHMS OCTAETCS YEPHBIM;

0) Ten0, KOTOPOE UMEET OJIMHAKOBYIO CIIEKTPAIbHYIO XapaKTEPUCTHUKY,
MOTJIOIIEHHE BO BCEM JIMAIa30HE JIJIMH BOJIH;

B) T€JI0, KOTOPOE B 33aJIaHHOM JIMana30He JUIMH BOJIH, TOJIbKO MOTJIOIIAET
ANIEKTPOMATHUTHOE U3JIy4YEHUE, IIPU 3TOM HUYETO HE MPOMYCKAET U HUYEro HE

OTpax<aer.

Haiime ¢popmynupoexy 3axona Cmegpana — boavuymana.

a) MHTErpaibHasi NHTEHCUBHOCTD U3ITy4yeHUs! aDCOIIOTHO YEPHOTO TeJa,
oOpaTHO-MPOTIOPIIMOHAIbHA A0COJIOTHON TeMIIEpaType €ro MOBEPXHOCTH B 4

CTEIECHU;

0) MHTErpagbHas UHTEHCUBHOCTh U3JIy4eHHs] aDCOTIOTHO YEPHOTO Tela,
3aBUCHUT TOJBKO OT XapaKTEPUCTUK MMOBEPXHOCTH TEINA;

B) MHTErpajbHasi MHTEHCUBHOCTD U3IIy4YEeHUs A0COIIOTHO YEPHOTO Tea,
MPOIOPIIMOHANIbHA a0COIIOTHON TeMITepaType ero MOBEPXHOCTH B 4 crere-
HU.

H3 wuweco cocmoum 3IKCnepUMEHMANbHBLL YUACMOK 0714 UCCAE006AHUSA

mennooomena uznyuenuem?

a) HarpeBaeMas HUTb, TIOMEIICHHAs B BAKYYMUPOBAHHYIO TPYOKY, OKPYKEH-
HYI0 000JI0YKOM C OXJIXKIAIOIIEeH KUIKOCTHIO BHYTPH;



0) HarpeBaeMasi HUTh, IOMEIIEHHAs B TPYOKY, [0 KOTOPOI T€UET BO3YX,
OKPY>KEHHYIO 000JIOUKON ¢ OXJIaKIAIOLIEH KUAKOCTbIO BHYTPH;

B) HUTh, IOMEUICHHAs] B BaKYyMHPOBAaHHYIO TPYyOKY, OKPYEHHYIO 00OJIOUKOH, C

HarpeTou *HUAKOCThIO BHYTPH.

3.3.5. IIpozpamma uccneoosanus
3.3.5.1. Onucanue skcnepumeHmanbHoOl yCMAHOBKU

Cxema 3KCiepuMEHTAIbHOM YCTaHOBKM MpuBeaeHa Ha puc.3.3.1.
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Puc. 3.3.1. Cxema ycmanosxu Puc. 3.3.2.. Pabouuii yuacmox ycmanosKu

Ha nepenneit manenn HaXOAUTCs ABYXKaHAIbHBIA U3MEPHUTENb TeMIepaTypsl (2)
tuna 2TPMO, nogkito4€HHBIN K XpOMENTb-KOIEJIEBOW TepMoIiape, YHUBEpCalb-
Helid BosibT™METp (1) Tma MY-67 ¢ aBTOMAaTHYECKUM TEPEKITIOYEHUEM TPEIEIIOB
U3MEpeHu, TyMOn€p osnekTpornutanus yctaHoBku (3), paszwémbr (V) s
noakIroYeHus: BoapT™MeTpa (1), TyMmOn€p (5) s mepexitoueHus BOJBTMETPA Ha
U3MEpEeHuEe TMajJeHUs HampsoKeHUss Ha oOpasimoBoM compoTuBieHun (U0) u
HanpsHKeHUs Ha BoJib(ppamoBoi nipoBosioke (UH).

Ha pwuc.3.3.2. mpuBeneHa MNpUHIMIHUAIbLHAS cXxeMa paboyero ydacTka,
JJNIEKTpUUEcKasi cxemMa MNuTaHus W u3MepeHuil. HarpeBaemast Bosb(pamoBas
npoBosioka (7) HaxoAWTCS B MWIMHAPUYECKOM CTEKISSHHOM OaiuioHe (8) ¢
JBOMHBIMU CTEHKAMH, MEXIY KOTOPBIMM HAXOJWUTCS BojAa. BHyTpeHHss] TpyOka
BAKYyYMHpOBaHa 10 10 MM.pT.cT. Temmneparypa CTeHKH 3TOH TpyOoku 75



CUMTACTCA PABHOM TEMIEPAType BOABI LUPKYJIHMPYIOIIEM MEXKAY JIBOWHBIMU
CTEHKaMH M TOCTOSHHOM B TedyeHue ombiTa. OHa Oompeaensercss Xpomeb-
KoresieBoi Tepmonapoit (9), coenMHEHHON ¢ H3MepHUTeraeM TemmepaTypbl (2).
bannon ¢ HUTBIO yKperieH B MojyJie (6), KOTOpbId HaXOAUTCS Ha J1abOpaToOpHOM
CTeH/e. DJIEKTPONUTAHME K BOJb(PaMOBOH NMPOBOJIOKE MOJABOAUTCS BHYTPH
YCTAHOBKHM OT McTOYHUKA nutaHusi (4). [locnenoBatensHo ¢ BoJibppamMoBOM
IPOBOJIOKOM BKIIIOUEHO 00pasioBoe comnpotusienue (Rg) mis onpenenenus
BEJIMYMHBI IIEKTPUYECKOr0 TOKA B LIENMHM [0 U3MEPEHHOMY Ha HEM 3HAYEHUIO
najeHuss HanpsbkeHus. [{ns u3MepeHus HampsDKeHHs Ha  BOJIb(PPaMOBOii
npoBosioke U; 1 HanpspkeHHus Ha 00pas3ioBoM conpotusieHnn Uy k pazpémam (V)
noAkovaeTcss Myiabtumetp (1).

3.3.5.2. Ilposedenue onvima

Ilocne o3HaKOMJICHHS C OINMCAHUEM BKCHepHMeHTaHBHOﬁ YCTaHOBKH
H€O6XOIIHMO 3aroTOBUTDH (1)OpMy IIPOTOKOJIA IJIS 3aIIMCHU HEI6J'IIOI[CHPIﬁ.

[IpoBeneHne 3KCIEPUMEHTA OCYILIECTBIIIETCS MO CIEAYIOIIEH CXeMe:

1. 3anucath TaHHBIE YCTAHOBKH, YCJIOBHS OIIBITA.

2. Yoeoumubcsa 6 mom, umo éce npuoopwt évikiouensl. VaMeputs MyJIbTUMETPOM
(B pexuMme U3MEpPEHMsI COINPOTUBIICHUS) AJICKTPUUECKOE COMPOTUBJICHUE
BOJIL()PaMOBO MPOBOJIOKU R1, MpU KOMHATHOM Temmepatype to.

3. [loBepHYTHh perynaTop HampspKEHUs OJO0Ka MUTAHUS MPOTHB YaCOBOW CTPENIKH
1o ynopa. Bximtounuts crenn tym6aepom (3). Brimtounts HCTOUYHUK nuTaHus (4),
MynbTUMETp (1) 1 u3Mepurens Temneparypsl (2).

4. OnpenenuTs (3a7a€T MpernojiaBaresib) 3HAUYCHHS] HANpPsDKEHWH, MpU KOTOPBIX
OpPOBOJATCA ~ HU3MEpeHUs.  PEeKOMEHJyemble  3HA4€HUs  HaIpsDKEHUH,
yCTaHaBJIMBaeMbIe Ha Oj10Kke nutanus: 6, 8, 10, 12, 16 BoibT.

5. Iepexmtounts TymOnep (5) B monoxenue UH. YCTaHOBUTH MepBOe 3HAYCHUE
HaIIpSDKEHUS. Ha MPOBOJIOKE, CIIENS 32 NMOKa3aHWsAMU BoJIbTMeTpa. IIpomsBecTu
OTCYET HaIlpsLKeHUs Ha poBosioke U;.

6. [Tepexmounts TyMOJEp (5) B monoxkenue UO. [IponsBectn oTcUeT HAMPsKEHUS
Ha oO0pa3ioBoM conpoTtuBieHuu Uy.

7. OnpenenuTh TEMIEpATypy CTEHKUW TPYOKU t; MO TMOKa3aHUSIM HU3MEpPUTENs
temiiepatyp (2).

8. Ilynktel 5 w 6 TOBTOPUTH M CJCAYIONIMX 3HAYCHWH HaMpPsDKEHUH,
yCTaHaBJIMBAEMbIX Ha BOJL(PAMOBOIl MPOBOJIOKE.

9. Y6parh HanpskeHHe Ha TPOBOJIOKE. BBIKIIOUUTE TPUOOPHI U CTEH,.

3.3.6. Odpabomka pe3yi1omamos ucciedo8anus

JlaHHbIE YCTAaHOBKHU U TaOJIMIIA PE3yJIbTaTOB U3MEPEHU:
JTuaMeTp BoJIb(PpaMOBOI TIPOBOJIOKH d=0,15-10" m;
00pa3IoBoe CONMPOTHUBIICHUE Ro=0,1 Owm;
TeMITepaTypHbIN KOAPHUIIMEHT COTPOTUBIICHUS



BONIBb(pama ar= (3,9-4,5)107, 1/K;
JUJTMHA TPOBOJIOKH | =0,45 m.

Hcnone3yss [aHHbIE H3MEpPEHHH Ha paboyeM ydacTKe YCTAaHOBKH, IIO
ypaBHeHUIO (1) HaxomaT KOA(PGUIMEHT W3ITydeHHs] HCCIEAyeMOoro Teia. Takou
pacuer jAenaercs A KaKIOro TEMIIEPATypHOTO PEKMMa, 3aHOCITCS B TaOJIHILY
HaAOJI0/ICHUH, a 3aTeM CTPOUTCA TpaduK 3aBUCUMOCTH KOIPPHUIIMEHTA U3TyUCHUS
ot Temrieparypsi €=f(t;) B ucciemyemMomM uHTEpBAIIEC TEMIIEPATYDP.

Tabauya 3.3.1Pe3yivmamot uzmepenuti u 8bI4UCIeHULL

NQ t11 Tl! t21 TZ! U01 U11 I! Q! €1
n/m | °C K °C K B B A Bt

1

5

3.3.7. Ananu3s pezyromamos

[TonyyeHHyto 3aBUCHUMOCTh KOX((HUIMEHTa H3Iy4eHUs OT TEeMIEpaTyphbl
HEOOXOJMMO CpaBHUTH C JIUTEPATYpPHBIMU JAHHBIMH, Hampumep [6], mpoBectu
OLIEHKY MOTPEIIHOCTH U3MEPEHUsS U CAeNaTh BhIBOJbI. MaKCUMaIbHO BO3MOXKHAS
HOTPEIIHOCTh MU3MEPEHUsI MHTErPajbHOro Kod((HIMEHTa TEIUIOBOTO H3ITy4YEHUS
UCCIIeTyeMOM MOBEPXHOCTH ONPEICIACTCS MPU UCIOIb30BaHUN ypaBHeHUs (3.3.1)
C YYETOM IPUMEHSAEMBIX U3MEPUTENIbHBIX TPUOOPOB:

Ag, _ AQ N AF N 4(AT, + AT,)
4 4
g Q F =T,
rae A — abCOMIOTHBIC TOTPEITHOCTA U3MEPEHHUSI OTACIBHBIX BETHUWH.

3.3.8. Tpebosanusa k codepricanuto omuema no paoome

PexomennyeTcs cienyromas CTpyKTypa oTdera o j1abopaTopHoi padoTe:
TUTYIBHBIN JIUCT.

3aganue K 1abopaTopHOi padore.

Onucanue cXembl SKCIIEPUMEHTAILHON YCTAHOBKH M METOJUKU pacyéTa.
Pesynbrathl pacuera opopMuTh B BUae Tadauis (3.3.1) .

AHanu3 pe3yabTaTOB M BBIBOJIBI 11O paboTe.
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