3.1. Jlabopamopnasa paboma: «Onpedenenue KoIghpuuuenma
mMenaonpo8oOHOCHU 6030yXa MEMOOOM HAZPEM Ol HUMU)

3.1.1. Bgeoenue

B uHxkeHepHOH MpaKkTUKE MPU NPOBEACHUU TEIJIOBOTO pacyeTa TEXHUYECKOTO
YCTPOMCTBA WJIM OPraHU3yeMOTO TEXHOJIOTMYECKOro Ipoiecca HeoOXOAUMO
3HaHuEe Kod((dUIIMEeHTa TETUIONPOBOIHOCTH HCIONb3yEeMbIX KUIKOCTEH MM rasa.
B cnydae oTCcyTCTBHS JaHHBIX MO (PU3UYECKHMM CBONCTBAM HEOOXOIWMOTO
BEILECTBA B CIIPABOYHHUKE, CIEAYET NPHUOErHYTh K MPAKTUKE TEIUIOTEXHUYECKOrO
DKCIIEPUMEHTA.

[Ipu BbIIONIHEHUH PAOOTHI CTYJEHTHI CaMOCTOSTENIBHO MPOBEAYT HAYYHOE
UCCIIEIOBAaHUE 3aBHUCHUMOCTH Ko3(HIMEeHTa TEIIONPOBOJIHOCTH BO3AyXa OT
TEeMIIepaTypbl METOJIOM HarpeTol HUTH. Kpome TOro, CTy€HTHI 3aKpensT 3HAaHUS
TEOpPUU TEIIO0OMEHA U3IIyYEHUEM, IPUOOPETYT HABBIKU IPOBEACHUS U 00pabOTKU
HAay4YHOTI'O DKCIIEPUMEHTA.

3.1.2. Ilenu u 3a0auu nabopamopnoit padbomot

[{enbto paboOTHI SIBIISIETCA MOJIyY€HUE HABBIKOB KCIIEPUMEHTAIBHOTO ONIpEACICHUS
ko3 puIeHTa TeITONPOBOAHOCTH Ira3a.
3amauaMu UCCIICHOBAHUS SIBIITIOTCS:
1) ompenenenue ko3(p(UIMEHTA TEIUIONPOBOJHOCTH BO3JyXa MpPH pPa3HbIX
TEeMIIepaTypax U3aydarollen MOBEPXHOCTH;
2) TIOCTPOCHHME 3aBUCUMOCTH KOA(PUIIMEHTA TEIIOMPOBOJHOCTH BO31yXa OT
TEeMIIepaTyphbl;
3) comocTaBlIeHHE MOJIYYEHHBIX PE3YyJbTAaTOB C MU3BECTHBIMU JIMTEPATyPHBIMU
JAHHBIMU;
4) cocTaBiieHHE OTUYETa IO BBHIMOJIHEHHOM padoTe.

3.1.3. Ocnoenblie meopemuueckue céeoeHus

Jannass pabotra cBsizZaHa C TakuM  (PU3UYECKUM  SIBICHHUEM  Kak
TEIJIOMPOBOAHOCT.  METOMBI  OMpENETCHUsI  TETUIONPOBOJHOCTH  BEIIECTB
HE3aBUCUMO OT UX arperaTHoro COCTOSIHMS M JIMala30Ha pPeaTn3yeMbIX
TEeMITepaTyp ACISITCS Ha JIBE TPYIIIHI: CTAIMOHAPHBIC M HECTAIIHOHAPHBIC.

CranmroHapHbBIE METOJBI OCHOBAaHBI HA HWCCICAOBAaHUM HEU3MEHHBIX BO
BpEMEHHU TEMITepaTypHBIX Mojick. B HacTosiee BpeMs 3TH METOABI pa3padOTaHbI
Hanboee moaHo. JJOCTOMHCTBO CTAIMOHAPHBIX METOOB 3aKI0YACTCS B TOM, YTO
B OKCIEPUMEHTE JIETKO Peau30BaTh yCIOBUS, 3aJ0KEHHBIE B TEOPHUH METOJA.
HaunGonee ynoTpeOUTEIbHBIMU SIBISIOTCS: CTAIIHOHAPHBIE METO/IBI TUIOCKOTO CIIOS,
KOAKCHAJIBHBIX IHJIMH]IPOB, HATPETOU HUTH.

Hecrannonapasie METOABI OCHOBAaHBI HA WCCIIEIOBAHUW MEHSIOIINXCS BO
BPEMEHU TI0 OTPEACIICHHOMY 3aKOHY TEeMIIEPATYPHBIX MOJIeH, OHU 00JIee CII0KHBI B
peanu3anuu.



Meronx HarpeToi mpOBOJIOKH [2] M3-3a MPOCTOTHI KOHCTPYKIIMH U JETATHHOU
pa3pabOTKM  TEOpUM  3aHUMAET  BeAyllleeé MeCTO B HCCIEAOBAHMSIX
TEIUIONPOBOJHOCTEN KUAKOCTEd M Ta30B. OKCIEPUMEHTAJIBHOE OIpPEACICHUE
Koa(duIeHTa TemIONPOBOJHOCTH CJIOS Ta3000pa3HOTO BEUIECTBA OCHOBAHO Ha
U3MEPEHUN TEIUIOBOTO IIOTOKA W TpaJWEHTa TEMIEpaTyp B HCCIECIyEMOM
BellecTBe. B cooTBeTcTBUU € 3aKk0HOM Dyphe B CTALIMOHAPHOM PEXKUME TEIIOBOU
MOTOK, IME€PEJAaBAEMBbIil TEIUIONPOBOJHOCTBIO 4YE€pe3 LWIMHAPUYECKUN CIIOH,
BBIPAYKAETCA B BUJIC:

27iA
Q—m(q—tz) , Br, (3.1.1)

rae A — koddduumeHT TemionpoBogHocTH Bemectsa cios, Br/(m-K); dy, dp, | —

BHYTPEHHUH, BHEIIHUN TUAMETPHl W JJIWHA IMIMHAPUYECKOTO ciosi, M; fp, t, —

TeMIIEpaTypsl BHYTPEHHEN M BHENIHEH OrpaHMYHMBAIOIINX MOBEPXHOCTEN ciios, °C.
st onpenenenust A u3 ypaBuenus (3.1.1) HeoOXoAMMO 3HATH TEMIIEPATypPy

NPOBOJIOKA [; ® TeMmrepaTrypy TEpMOCTAaTUPOBAHHOW XOJIOMHOH CTCHKH

BHYTPEHHEH CTEKJITHHOW TPYOKH t; M ONpeNeuTh BEIMYHMHY TEIUIOBOTO IMOTOKA,

PaBHYIO AJIEKTPUIECCKON MOITHOCTH, HEOOXOAMMOM JIJIsl HarpeBa MPOBOJIOKH

Q=1U,.

BonbsdpamoBass mpoBosOKa HArpeBaceTCs IOCTOSHHBIM TOKOM, BEJIHMYMHA
KOTOPOTO OIPEACISAETCS pacueTHBIM IyTeM IO TAJCHHUIO HANpsHKEHUS Ha
00pa3ll0BOM DJIEMEHTE CONPOTUBIICHHUS

I =U,/R,, A.
TemmepaTtypy BoOJb()paMOBON TPOBOJOKHU t; BBIUUCISIOT MO €€ AJICKTPHICCKOMY
COMPOTHUBJICHUIO Ry, KOTOPOE HAXOIUTCS IO HAMPSHKCHUIO M CHJIE TOKA

R =U,/I, Om.
[Ipu HarpeBe MPOBOJOKH JJICKTPHUUYECKUM TOKOM HEOOXOJIUMO YYHTHIBATH
3aBUCUMOCTH COIPOTHBIICHHSI METAJIJIa OT TEMITEPaTypPhl

R, =R,[1+0o;(t —t,)], Om, (3.1.2)

rie Oor — TEMIEpaTypHbId KOI()PUIMEHT COMpOTUBICHUS MeTamia, R, —
CONPOTHBIIEHUE BOJIH(PAMOBON TPOBOJIOKM TIPH TOCTOSHHON TemIepaType
okpyaromieii cpespi t, °C.

Hcnone3ys 3aBucuMocTs (3.1.2), dopmyna amnst onpeaeneHus: TeMmnepaTypsbl
BOJIb()PaMOBOIA TPOBOJIOKH MIPUMET BHT
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Tax kak BOJIM3U MPOBOJOKH TEIIOMPOBOJHOCTH HCCIIEIYyEMOTO BEIECTBa
OTIpE/IEISETCs] TEMIIEpaTypol MPOBOJIOKH, TO A OTHOCUTCS K Temrepatype 1. [lpu
BO3PACTaHUHM TEMIIEPATYphl MPOBOJOKM Ha Of; JIOMONHUTENBHBIH MEPEHOC
TErIOBOM MomHOCTH 0Q OT TPOBOJOKM K CTEHKE OXJIAXIaeMOW TpYyOKH
OINPENEIAETCS TOJBKO TEIJIONPOBOJHOCTBIO HCCIEAYEMOrO BEIIEeCTBAa BOIM3U

poBoJioku. 13 cootHomenus (1) momyunm:
ML) = In(d,/d,) dQ
b 27l dt,

(3.1.3)



s onpenenenus npousBogHoM OQ mpu Temmeparype, KOTOPOH COOTBETCTBYET
BeanunHa A(t;), HeoOxoaumo 3HaTh 3aBucuMocTh Q=f(t;), KoTOpyI0 HaXxoAsAT MO
AKCIIEPUMEHTAIBHBIM JIAHHBIM.

3.1.4. Konmpons 3nanuit cmyoenma

BXOI[HOﬁ TeOpeTI/ILIGCKI/Iﬁ KOHTPOJIb IIO3BOJEICT OLOCHUTL YCBOCHHBIC
CTYACHTOM 3HAHHA U ITOJIYUUTH AOITYCK K pa60Te.

Umo asenaemcsa HeoOX00UMbBIM YC108UEM 0TI OCYULECHIBIEHUSA NPOYeCcCa
mMenaonpoeooOHOCmU 8 NPOU3E0ILHO 8bLOPAHHOUL cpede?
d) HaJM4YKe y Cpe/ibl CBOMCTBA AIIEKTPOIPOBOTHOCTH;
0) HAJIMYKE HEHYJIEBOTO TPaJIMEHTa TEMIIEPATYypP B CPEIE;
B) UTOOBI 9Ta cpejia ObliIa TBEPABIM TEIOM.

Buvioepume u3z mpex eapuanmoé npasuibHyio mpakmoeKy 3aKOHO8
Dypove:
a) KOJIMYECTBO TEIUIA, MPOXOJIAIEe Yepe3 €IUHHUIY MOBEPXHOCTH B €IUHUILY
BPEMEHU MPOMOPIUOHAIBHO TPAJAUCHTY TEMIEPATypPHOrO paclpeeeHHs,
B3SITOMY C OOpaTHBIM 3HAKOM;
0) KOd(pPUIUMEHT TETIOMPOBOJHOCTH CHCTEMbl YHCJICHHO PaBEH TEIJIOBOMY
MOTOKY 4epe3 JI00W ee AJIEeMEHT, YMHOKEHHOMY Ha CPEIHIOI TeMIepaTypy
IIPU KOTOPOU HAXOOUTCSA CUCTEMA;
B) TeMmIlepaTypa CHUCTEMBl €CTh Pe3yJabTaT MOJBOJAa K CHCTEME HEKOTOpPOTO
KOJIMYECTBA TEIUIOTHI 32 OMPEICIICHHBIN IPOMEKYTOK BPEMCHH.

Onuwiume 3IKCNEPUMEHMANbHBLI YUACMOK YCMAHOGKU NO U3YUEHUIO
mennionpogooHocmu 6030yxa.
a) BaKyyMUpOBaHHasi CTEKJSHHas TpyOKa, OKpYKEHHas  O00O0JOUYKOU
(TepMocTaTOM) B KOTOPOM HAxXOJIUTCA OXJIAXKJIAoIIas >KUIKOCTb. B TpyOke
KOAaKCHAJIbHO  3aKperieHa BoJb(paMoBas TPOBOJIOKA, COCAMHEHHAs C
AIEKTPUYECKON CXEMOM YCTaHOBKH;
0) TpyOka 3amoJiHEHa BOJOW M OKpYXEHa BaKyyMHUPOBAHHON OOOJOUYKOM.
BHyTpu TpyOKM KOaKCHAJIBHO PACTOI0KEeHA BOJIb(paMoBasi TPOBOJIOKA;
B) CTEKJISIHHas TPyOKa, OKpyXKeHHasi 000JOYKOW (TepMOCTaToM) B KOTOPOM
HaXOAWTCA OXJIAXAAIOMas XUAKOCTh. B TpyOke KoakcHanbHO 3aKperieHa
BOJIb()paMoBasi MPOBOJIOKA, COSAMHEHHAS C DIEKTPUIECKON CXEMOH YCTaHOBKH.

3.1.5. IIpozpamma uccneoosanus
3.1.5.1. Onucanue 3xcnepumeHmanbHOl yCMAHOBKU

Cxema 3KCIepuMEHTaIbHON YCTAHOBKY MPUBEJEHA HA puUc.3.
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Puc. 3.1.1. Cxema ycmanosxu Puc. 3.1.2.. Pabouuii yuacmox
YCMAanosKu

Ha nepenneit nanenn HaXoAuTCs ABYXKaHAIbHBIA U3MEpPUTENb Temneparypsl (1)
tuna 2TPMO, noaxkaod€HHBIA K XpOMEIb-KONIEJIEBOM TepMomnape, MyJbTUMETP
(2) Tuma MY-67 ¢ aBTOMaTHYECKMM IMEPEKIIOUCHUEM IMPEACIOB HU3MEPECHHI,
TyMOn€p snexkrponuTaHusi yctaHoBku (3), pasbémbl (M) nns monkimrodenHwus
ucTOYHMKA nuTaHus (4), pazpémbl (V) g NOAKIIOYEHUs BoJbTMETpa (2),
TyMONEp (5) A1 MepeKIIIoUYeHUsI BOJIbTMETPA HAa U3MEPEHUE NaJCHUS HAPsHKEHUS
Ha oOpasuoBoM conpotuBieHun (Uo) u HanpspbkeHuss Ha BOJb(paMoBOi
npoBosioke (Uy).

Ha pwuc.3.1.2. mpuBeneHa mnpuHIUNHAIbHAs cxema pabodero ydacTka,
ANIEKTpUUYECKasi cxemMa MNUTaHus M u3MepeHuid. HarpeBaemas Bosb(ppamoBas
IPOBOJIOKA-HUTH (6) HaXOAUTCA B IMUJIMHAPUYECKOM CTEKIsSIHHOM Oarone (7) ¢
JBOMHBIMU CTEHKAaMH, MEXAY KOTOPBIMH HAXOJUTCS BOJA, 3allOJHEHHas 4epes
BUHUJIOBYIO TPYOKY (Ha 3aJHEll MmaHeau yCcTaHOBKH). TemmepaTypa CTEHKH 3TOM
TpyOKku t, cuuTaercs paBHOM TemIepaType BOJABI LUPKYIUPYIOUIEH MEXITy
JBOMHBIMU CTEHKaMHU M TIOCTOSIHHOM B TedeHue ombiTa. OHa ompeaensercs
XpOMeIb-KONeaeBoM  TepMomnapoil  (8), COEOMMHEHHOW C  U3MEPUTENIEM
temriepatypsl  (1). bBammon ¢ mnpoBoiokoit ykperuieH B moayie  (9).
DJIeKTpONUTaHUEe K BOJb(PaMOBOil NMPOBOJOKE MOJABOAUTCA OT MCTOYHHKA
nutanust (4) uepe3 pazbémbl (HUII). IlocnenoBatenbHO ¢ BOJb(PpamMoBOit
IIPOBOJIOKOM BKJIIOYEHO 00pas3iioBoe comnpoTtuieHne (Rp) mis omnpeneneHus
BEJIMYMHBI AJIEKTPUUECKOTO TOKA B LEMU MO HM3MEPEHHOMY Ha HEM 3HAYEHUIO



najgeHuss HanpspkeHus. J[ns  u3MepeHuss HanpsDKeHHWsT Ha  BOJIh(PaMOBOM
npoBosioke U; 1 HampsbkeHHs Ha 00pas3ioBoM conpoTusieHnn Uy k pazpémam (V)
MOKJIIOYAETCS MYJIbTUMETP (2).

3.1.5.2. Ilposeoenue onvima

[Tocne O3HAKOMIICHHS C OINKMCAHUEM SKCICPHUMEHTAILHOW YCTAaHOBKH
HEO0OXOMMO 3arOTOBUTH (POPMY TPOTOKOJIA TS 3aMTMCH HAOTIOACHUIA.

[IpoBeneHue 3KCIEPUMEHTA OCYIIECTBIIETCS MO CIAEAYIOIEH CXeMe:

1. 3anucarh TaHHBIE YCTAHOBKH, YCIOBHS OIbBITA.

2. Yoeoumuvca 6 mom, umo éce npuodopul 8vikar0ueHsl. I3MepuTh MyJIbTUMETPOM
(B pexuMme H3MEpPEHHsI COINPOTHUBIICHUS) AJIEKTPUUECKOE COMPOTUBJICHUE
BOJIL()PaMOBOM MPOBOJIOKU Ri, MpU KOMHATHOM Temmepatype to.

3. [loBepHYyTh perynsTop HampsbKeHHs! 0J0Ka MUTaHUS MPOTHUB YacCOBOW CTPEIKH
1o ynopa. Bxiatounts crenn tymonepom (3). BkirounTh UCTOUHUK NUTaHUA (4),
MyJIbTUMETP (2) 1 u3Mepurens Temmneparypsi (1).

4. Onpenenuth (3a7a€T MpernojiaBatelib) 3HAUYCHHS] HANPSDKCHHUH, MpU KOTOPBIX
NpPOBOAATCA  U3MEpeHHs.  PexoMeHayeMble  3HAY€HUs]  HaIpsHKECHH,
yCTaHaBJIMBaeMble Ha Oi0ke nutanus: 1,5; 2,0; 2,5; 3,0; 3,5; 4,0 BOJBT.

5. Ilepexmounts TyMOaep (5) B mosoxxkenne UH. YCTaHOBUTH MEPBOE 3HAUCHUE
HanpsOKEHUS Ha TPOBOJIOKE, CleAs 3a TOKa3aHUSAMH BoOJbTMeTpa (4).
[IpousBectu oTCUET HANPsHKEHUS HA TPOBOJIoKe U; 0 MyIbTUMETPY (2).

6. [Tepexmrounts TymOIEep (5) B monoxenue Ug. [IpousBectn oTcueT HampsHKSHUS
Ha 00pa3ioBoM comnpoTtuBieHuu Uy.

7. OnpenenuTh TEMIEpATypy CTEHKUW TPYOKU t; MO TMOKa3aHUSIM HU3MEpPUTENs
temrepatyp (1).

8.Ilyuktel 5 u 6 TOBTOPUTH ISl CIEAYIOIIMX 3HAYCHUN HAINPSHKECHUH,
yCTaHaBJIMBAEMbIX Ha BOJL()PAMOBOIl MPOBOJIOKE.

9. Y6parth HanpskeHHEe Ha TPOBOJIOKE. BBIKITIOUUTE IPUOOPHI U CTEHI.

3.1.6. Oopadbomka pezy1bmamos ucciedo6anus

JlaHHbBIE YCTAaHOBKH U TaOJMIIA PE3YIHTATOB U3MEPEHUI:

JTMaMeTp BOJIb(PpaMOBOI IPOBOJIOKHU d;=0,15-10° m;
BHYTPEHHUI TUaMeTp TPyOKHU d=9-10° m;

00pasIoBOE COMPOTUBIICHUE Ro=0,1 Owm;
TeMIIepaTypHbIN KOAP(HUIIMEHT COPOTUBIICHUS

BoNb(pama ar= (3,9 -4,5)107, 1/K;
JUTHHA POBOJIOKH | =0,45 m.

Wcnonb3ysi JaHHBIE U3MEPEHUN Ha paboueM ydacTKe YCTaHOBKH, MO YPaBHEHHIO
(3) HaxoasaT KOAI(PGUIMEHT TEIIOMPOBOJHOCTH HCCIEIYEMOIo BemecTBa. Takoi
pacyeT jaenaercs IS KaKJIOTO TEMIEPaTypHOro PeKHUMa, 3aHOCSTCS B TaOJIMILY



HaOmroieHnii, a 3areM crpoutcs rpaduk 3aBucumoctu Q=f(t;) B mccraemyemom
UHTEpBaJie TEMIIepaTyp u omnpeaensercs nmpouspoaHas dQ/dt;.

Metoauka onpeneeHus MPOU3BOIHON 1O TpaduKy (YHKIMH NPUBEICHA B
npuioxeHud. OOs3aTebHBIMH ISl OTYETa OLEHKAMHU TOTPEIIHOCTEeH JOJDKHBI
OBITh BBIYUCIICHUS OTKJIOHEHUH A(1;) OT TaOJIMYHBIX 3HAYCHUI U OIICHKA KaueCcTBa
anmpokcuMaruu Q(ty), T.e. KOAPPUIMEHT KOPPEIAIUK U CPEHEe KBaJApaTHYHOE
OTKJIOHCHHE.

Tabnuya 3.1.1.Pe3ynemamul uzmepeHuti U 8bl4UcieHull

Ne tl, T1, tz, T2, Uo, Ul, |, Q, }\.,
n/n | °C K °C K B B A Bt Bt/(M-K)
1
2
3
A
5

BBIYHCITUTE MOTPENTHOCTh M3MEpEeHHsS KO3 (HUIIMEHTa TEIJIONMPOBOIHOCTH
BO3/yXa.

3.1.7. Tpebosanusn K codeprcanuro omuema no pabome

Pekomennyetcs cienyromas CTpyKTypa oTyera 1o j1abopaTopHoi padoTe:
TUTYNBHBIN JIUCT.

3aganue K 1abopaTopHOi padorTe.

OnucaHue cXemMbl SKCIIEPUMEHTAIBHON YCTAaHOBKM M METOJUKH pacyéra.
Pesynbrathl pacuera opopMuTh B BUae Tadbmuis (3.1.1.) .

AHanu3 pe3yiabTaTOB U BBIBOJIBI 110 paboTe.
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