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1. 3aganue

1. DkcnepuMeHTAILHO HAWTH KOA(DHUIIMEHT Terionepea-
91 B PEKYNEPAaTHBHOM TEIUIOOOMEHHOM armapaTe THUIA «Tpy-
6a B TpyOe».

2. PaccunTarth K03(GQHUUIMEHT TerUIonepenad, HUCIONb3Ys
KpUTEpHaIbHBIE (OPMYIIBI ISl OnpeaeneHust KO3 PUIMEHTOB
TEIJIOOTJaYH OT TEIUIOHOCHUTEINCH K CTEHKaM TEeII0O00OMEHHOTO
ammapara.

3. CpaBHUTH IKCIIEPHUMEHTAIIFHOE W PacyeTHOE 3HAYCHHUS
KodQuIMeHTa TemIonepeaadd B TEIMJIOOOMEHHHUKE THIA
«Tpy0ba B TpyOe».

2. OcHOBBI TEOpUH

JIJ1st TETIIIOBOTO pacyeTa peKynepaTuBHOTO TEIII000MEHHUKA
UCTIOJB3YIOT CICAYIOIINE OCHOBHBIC YPABHCHHUS:
a) ypaBHEHHUE TEIJIOBOTO OanaHca

Ql = QZ + Qn()'r ’ (1)

KOTOpOE€ B Pa3BEpHYTOM BHUJIE JUI OJHO(DA3HBIX TEIJIOHOCHTE-
neii 0e3 ydera TerioBbiX MoTepb (Quor = 0) mpuHUMaeT BUI

Q:Gl'cpl'(TJI._T:I‘.‘):GZ'Cp2'(T£_Té); (2)
0) ypaBHEHHUE TEIUIONEpeIaun
Q=Kk-AT-F. 3)

B dopmyinax (1) + (3): Q1 — KOIMUYECTBO TEIUIOTHI, OT/IaBac-
MO€ TOPSTYUM TEIIOHOCUTEIIEM B eAWHHITY BpeMmernu, Bt; Q, —
KOJMYECTBO TEIUIOTHI, MOTy4aeMO€ XOJOJIHBIM TEIIOHOCHTE-
JIeM B €IUHUILY BpeMeHH, BT; Qor — TOTEPH TEILIOTH B OKPY-
xKarorryto cpeny, Bt; G; u G, — MaccoBbie pacxo/ibl TOPSYETro U
XOJIOJIHOTO TEIIOHOCHTENEH, KI/C; Cpy U Cp2 —MACCOBBIE H30-



OapHbBIE TEIUIOEMKOCTH TOPSYETrO0 U XOJOAHOTO TEIJIOHOCUTE-
neit, Ix/(kr-K); T, u T, — TeMneparypsl rops4ero TEIIOHO-

CHUTEJISI Ha BXOJIE U BBIXOJE U3 TEII00OMeHHuKa, °C; Té u Tg -
TEMIIepPaTypPhl XOJIOJHOTO TETNIOHOCHUTEIS Ha BXOJE U BBIXOJIE U3
termooomennnka, °C; K — koapdHIMEHT Teruionepeaayq,
BT/(MZ'K); AT — cpenusisi pa3HOCTh TEMIIEPATYP MEXKIY TOpsi-
YUM ¥ XOJIOJHBIM TEIUIOHOCUTEISIMH (CPETHUN TeMIlepaTypHBIT
Harop), °C; F — momaap MoBepXHOCTH TEIIIO0OMEHa, M.

Pacxospl TETUTOHOCHTEIIEH PacCUUTHIBAIOT MO0 YPABHEHUIO HE-
Pa3pBIBHOCTH:

G=p-w-f, (4)

e p — IUIOTHOCTh TEIUIOHOCUTEIS, KI/M>; W — CPELHSs CKO-
poCTh TemIoHocuTeNs, M/c; f — momane momepeyHoro ceve-
HYsI KaHAJIa JUTS TIPOXO0J[a TEIIOHOCHTEIS, M-,
[Tnomanp MOMepeyHOro CeYeHUs] KaHajla PaCCUUTHIBAIOT
o ¢popmynam:
— KpyIJiasi OIMHOYHAs TPyOa ¢ BHyTpeHHHUM auamerpoM d.,
_ T d2, .

f — (5)

— KOJBILIEBOM KaHaI TEITI000MEHHHMKA TUTIA «pr6a B pr6e»

n-D? ﬁ'dia
f= 4BH_ 2 P’ (6)

rae Dy, — BHYTpEHHUIi JUaMeTp HapyKHOU TpyOsl, M; d,. —

HapyXHbBIH AMaMETp BHYTPEHHEH TpyOsl, M.

[T1oTHOCT, W YICTNBHYIO TEIIOEMKOCTh TEIUIOHOCHUTEIS
HAXOJIAT IO CIMPABOYHBIM Tabnuiam [2] npu cpeaHei Temmnepa-
Type TeTUIOHOCHUTEIIS:



T:¥’ 7)

rme T u T — TeMmeparypsl TEIIIOHOCHTENS HA BXOJE H BbI-
X0/JIe U3 Tem1000MeHHoro annapara, °C.

VYpaBHeHHe TemIoBOro OamaHca A 0AHO(A3HBIX TEIIOHO-
cutenei (2) MOXHO 3alucaTh B BUIE

W, -8T, =W, - 8T, mmm 8T, /8T, =W, /W, , ®)

rone W, = Gl'Cpl n W,=G, *Cpp — PACXO/HBIC TEILUIOEMKO-
CTU (BOJSHBIC SKBUBAJICHTHI) TOPSYETO U XOJOAHOTO TEIUIOHO-
cureneii, Br/K; 8T,=T,-T, u 8T,=T, -T, — usMeHeHHe
TEeMIIepaTyp TOPSiUero U XOJIOAHOTO TEIUIOHOCHUTENIEH B TEILIO-
obmenHoM armapare, °C.

Temneparypa TEIUIOHOCUTENIEH BIOJIb TOBEPXHOCTH TEILIO-
oOMeHa H3MEHSETCS IO SKCIOHEHIUAIBLHOMY 3akoHy. I[lpu
3TOM M3 COOTHOIIEHUH (8) cienyer oOpaTHO MPONOPIHOHAIb-
Hasl 3aBUCHMOCTh MEXIY BOISHBIMH JKBHBAJICHTAMH U H3MeE-
HCHUSMH TEMIIEPaTyphl TETIOHOCUTECH BOJIb MOBEPXHOCTH
TerioooMena (cM. puc. 1 u puc. 2):

ectu W, >W,, to 8T, <0T,;
ecin W, <W,, 1o 8T, >0T,.

IIpy DpPOTHBOTOYHON CXEME MABUKEHUS TEIJIOHOCUTENEH
(puc. 2) BBIMYKJIOCTb KPUBBIX U3MEHEHHs TEMIIEpaTyphl TEIIO-
HOCHUTEJICH HarpaBjeHa B CTOPOHY OOJBIIErO BOJASHOTO JKBH-
BaJIEHTA, T.€. B CTOPOHY TEIJIOHOCUTENS C MEHBIIUM H3MEHE-
HUEM TeMIIepaTyphl.

CpenHioro pa3HOCTb TEMIIEpATyp AJs MPSIMOTOYHOM M IPO-
THBOTOYHOW CXEM JIBH)KEHUS TEIJIOHOCUTENIEH pacCUUTHIBAIOT
o opmymnam:



AT — ATmax + ATmin

AT, e, ecn AT o ATin <2 9)
WU
— AT . —AT .
AT, = %, ecmu AT /AT i > 2, (10)
In—max
ATmin

e ATmax 1 AT pin — MakcuMalibHasi © MUHUMAaJIbHAsT pa3HOCTU
Temrepatyp TemioHocuteneit (cMm. puc.l u puc.2), °C; AT, —
cpenneapudmernyeckas pasHocTh Temmeparyp, °C; AT, —
cpenHenorapupMudecKasl pa3HoCTh Temmepatyp, °C.

VY TemnooOMeHHOro amnmnapara, YCTaHOBJICHHOTO Ha Jiabopa-
TOPHOM CTEHJI€, JUIsl BHYTPEHHEH TPYOBbl BBHIIIOIHSIETCS YCIOBHE
Ouap/Tee < 2, O3TOMY KOI(PQUIMEHT TEIIONepeayn paccyu-
TBIBAIOT 1O (popMyJie TEIUIoNepeaun yepes MIOCKYI0 CTECHKY:

1
T 1 ¢y
o0, A o,

rae o — KO3 ULIMEHT TEIUI00TIauM OT TOPSYETO TEINIOHOCUTENS K
crenke, Br/(M ‘K); & — TommuHa CTeHKH, M; A — k03(duLmeHT rern-
JIONPOBOAHOCTH MaTepuaia creHku, Br/(m-K); o — koadduiment
TEIUIOOT/AAa4 OT CTEHKH K XOJIOJJHOMY TEIUIOHOCUTEIIO, BT/(M2 ‘K).

KoahduimenTs! TemIooTauu oy M O PAaCCUUTHIBAIOT IO
KpUTEpUAIbHBIM  (popMynaM JUIsl BBIHYXKJIEHHOTO JIBHXKEHUS
¢monna B TpyOax u kananax [1]. [Ipu nBrkeHHU >KUIKOCTEH U
ra3oB B TpyOax M KaHajax (opMa KpUTEpPHAIBLHOTO ypaBHEHUS
3aBHCUT OT pEXUMa JBHKEHUS XUAKOCTH. B obmem cimyyae
KpUTEpUATIbHOE YpaBHEHUE, UMEET BU/

Nu =f(Gr,Re,Pr...), (12)

rae Nu, Gr, Re, Pr — kputepun mogoowus.
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Puc. 1. M3meHenue temneparyp ropsdero u XoJOAHOTO TEIUIOHOCHUTE-
JIel BIIOJIb TIOBEPXHOCTU TEIJIOOOMEHA MpH MPSIMOTOYHON CXEME JIBH-
YKEHHS B 3aBUCUMOCTH OT COOTHOIIEHHSI UX BOJSHBIX SKBUBAJICHTOB
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Puc. 2. 3menenue temMneparypsl TOpSYero ¥ X0JIO0IHOTO TEIJIOHOCUTE-
JIel BJOJIb MOBEPXHOCTH TEMI000MEHA PH MPOTUBOTOYHOM CXeMe JIBU-
JKEHUS B 3aBUCUMOCTH OT COOTHOILLEHUS UX BOJSHBIX SKBUBAJICHTOB



Kpurepnit Hyccensta

_ %Ry
A

rae o — KodhPUIMEHT TeIIo0T1auHu, BT/(MZ'K); R, — ompene-

Nu , (13)

JSIFOIMH (XapaKTepHBIN) pasmep, M; A — K03(Q UIMEHT Teruio-
MIPOBOJTHOCTH TeKyuell cpenbl, Br/(m:K).

Kpurepnii ['pacroda
‘R3
Gr:%B-AT, (14)

rieg =98 M/c? — yCKOpeHHue CBOOOJHOrO MajeHusl; v — KUHE-
MaTUYeCKHi KOd(DPUIIMEHT BA3KOCTU TEKyuded Cpe.bl, M/c;
f — xoaddunment obwvemHoro pacummpenus ¢uronna, 1/K;
AT — MoIynb pa3HOCTH TeMIepaTyp MEXAy CTEHKON u (ou-
oM, °C.

Koadurmment o00BEMHOTO pacHMpeHusi KarleabHbIX
KHUJIKOCTEH TIPHBENIEH B CIPAaBOYHBIX TaOnuiax [2] B 3aBHCH-
MOCTH OT TeMIIepaTypbl (UIFOHIA, a JUIS Ta30B €r0 PacCUUTHI-
BaIOT 10 opmyIe

1
=—, 15
B T, (15)
rae Ty — onpenenstomas TeMneparypa ¢uronna, K.
Kpurepuii Pelinonbpaca
%

rae W, — ompezensiomas (xapakTepHas) CKOpocTb, M/c; Ry —
OIpeAeISIFoNIHiA (XapaKTepHbIi) pa3mep, M.



Kpurepuii [Ipanaris

Pr:V

a

rae v — KHHEMaTW4ecKuil Kod(pQUIIMEeHT BA3KOCTH TeKyde
cpembl, MY/C; a — KOIDHIHMEHT TEMIIEPaTypOIPOBOIHOCTH
bmrounna, M2/c.

[Ipu 1BWXEHUU JKUIKOCTEH M Ta30B B TPyOaxX M KaHajax Cy-
wecTByloT  samuHapubii - (Rep  <2300),  TypOyneHTHBIA

(Refq 2 10") ¥ mepexoHbIA OT TAMUHAPHOTO K TYPOYICHTHOMY

(2300 < Re; 4 < 10*) pexxumb! TeueHus (Iroma.

Cpennuii  k03()(UUUEHT TEIUIOOTAAYM IIPU JAMHHAPHOM
BSI3KOCTHO-TPaBUTALMOHHOM pexume TedeHus (Re;  <2300)
MOXKET OBITh PACCUMTAH IO KPUTEPUATBHOMY YPaBHEHUIO, MO-
nydyeHHOMY M. A. MuxeeBbIM:

Nurg =0,15-Re{ 3 PP (Gr; 4 - Pr; )% -, -, . (18)

[TonpaBounblii KO3()pOUIMEHT €,, yYUTHIBAIOUIUN BIUSHHUE

Ha TCIIOOTAAYY FHI[pO,I[HH&MH‘ICCKOfI CTa6I/IJ'II/I3aI_II/II/I II0TOKa
Ha HAYAJIbHOM YYaCTKC TGHJ’IOO6M€H3, paBCH:

npu //d <50 3HaueHue 5 HaXOIAT 110 JaHHBIM Ta0I. 1;
mpu (/d>50 — g, =1.

Tabmuna 1

3Hauenue 8( IIpU BASKOCTHO-TPAaBUTAIITUOHHOM PEKUME

TedeHus (Qrarouaa

fd | 1] 2| 5 | 10| 15| 20 | 30 | 40 | 50

&y 19 | 1,7 | 144128118113 |1,05(1,02| 1,0




Cpenauii KOX(QQUIMEHT TEIIOOTIAud IMpPU TYPOYIEHTHOM
Teuennn Qumonna (Re; 4 > 10%) B IpAMBIX TIaAKEX TPyGax pac-

CUUTHIBAIOT IO popmyne M. A. Muxeesa:
Nurg =0,021-Re2§- PP ®. ¢, ¢, . (19)

[onpaBounblii KO3QQUIMEHT &, , YIUTHIBAIONIUN BIMIHHE

Ha TCILNIOOTAAYY I‘HI[pOI[HHElMH‘IGCKOﬁ CTa6I/IJII/ISaI_II/II/I II0TOKa
Ha HaA4YaJIbHOM Y4YaCTKE TeHJ'IOO6MeHa, PpaBE€H:

npu //d <50 — g, ~1+2d/¢;

npu //d >50 — ¢, =1.
ITepexonupiii pexxum Teuenus (2300 < Re; 4 <10*) xapaxre-

pHU3yeTcsl MepeMeKaeMOCThIO JIAMHHAPHOTO M TYpOYJIEHTHOTO
TeueHuil. B 3Tom ciydae xodddummeHT TermmooTnaun MOXKHO
paccuuTats 1o gopmyse:

mf,d =Ky- Prfo,'c?g' &€, (20)

rae komruieke Ko 3aBucuT oT umcna Pelinonpiaca (tabmn. 2), a
MOIIPABKY €, PACCUUTHIBAIOT TaK K€, KAK U MPU TYpOYIEHTHOM

pexxumMe TedeHus Qironna.

Tabmuna 2
3aBucumocth Komiuiekca Kq ot uncna Petinonsaca

Re-10%|2,212,3|25|3,01(35/40| 5 | 6| 7| 8| 9 |10

Ko 122(36(49|75|10(12,2(16,5/20|24 |27 |30 | 33

[TonpaBky ¢, B hopmynax (18), (19) u (20), yunTeIBaronIyro
MU3MCHEHUE (PU3MYECKUX CBOWCTB Cpelbl B 3aBUCHMOCTH OT
TeMIIEpaTyphl, PACCYUTHIBAIOT 110 (popMmyIie

10



p 0,25
& = (—”j , (21)

Pr,,

rae kpurepuit IIpanaris Pr; npuHUMAOT O CIPaBOYHBIM JIaH-
HBIM JJISl TEKY4el Cpeibl IpU CpeaHel Temieparype ¢ionsa, a
kputepuil Ilpanarns Pr, mpUHHMarT MO CIPABOYHBIM JlaH-

HBIM JIUIS TEKYUCH CpeJIbl P TEMIIEPATYpPE CTEHKH.
Omnpenensiomue mapaMeTpsl IS pacuera KPUTEPUEB B
dopmynax (18), (19) u (20):

— ompenersomas (XapakTepHas) TemIeparypa — CpeaHss
TeMIepaTypa BOJibl B TPyO€ WIIM KOJILIIEBOM KaHaJIe

Ty =T, =05-(T; +T;); 22)
— ONpEeIeNsIIoINN (XapakTepHbI) pa3Mep A BHYTpEHHEH
TpyOBI — BHYTPEHHHI TUaMeTp TPyObl

R, =d (23)
— OMpEeNeNSIomUui (XapakTepHbIil) pa3Mep ISl KOJIBIIEBOTO
KaHaJla — SKBUBAJICHTHBIN WJIM TUJIPABINYECKUN JUAMETP

R0 :d3l<B = DBH _d

BH

(24)

Hap !

— onpezensionas (xapakTepHas) CKOPOCTb — CpPeJHss 10 ce-
YEHHUIO TPYObl CKOPOCTb JABMKEHUS (Irona

wo =G/(p-f), (25)

rae T; m T; — TeMmepaTypa XOJOJHOM M ropsdedl BOJbI Ha
BXOJZI€ U BbIXOZ€ U3 TemnooOMmeHHuka, °C; D, — BHyTpeHHuUi
JIMaMETp HapyXHOW TpyOwl, M; d,, — HAapyXHbIA IHAMETP

BHYTpPEHHEH TPYyOBbI, M.

11



3. DKCepMMEHTAJIbHAS YCTAHOBKA

BuemHuii BUJ 3KCIIEpUMEHTAIBHON YCTAaHOBKU M ITPHUHIIH-
nuaipHas cxema e€ pabouero yyactka MOKas3aHbl Ha puc. 3 U
puc. 4.

CocraB yCTaHOBKHU:

1 — TermooOMeHHBIH anmapar Tura «rpyoba B Tpyoe»;

2 — BOJIOTIOIOTPEBATETIb;

3 — HacoC BOJIOIIOIOTPEBATEIIS;

4 — pacmIMpUTENIbHBINA OAYOK BOJOIOI0TPEBATENS;

5 — BEHTWJIb PETYIMPOBAHUS pacxo/ia ropsiuei BOJIBI;

6 — XOJOAMIBHYK ISl OXJIaXKICHUS BOJIBL;

7 — HacoC XOJIOMIIbHHKA,;

8 — pacmMpHTENBHBIH 0aYOK XOJIOAMIEHHKA;

9 — cueT4MK ropsueit BOJIBI;

10 — cyeTYnK XOJIOJHON BOJIBI;

11 — BEeHTUIATOP XOJIOIUIBHUKA;

12 — BeHTHIIb, PEryTUPYIONIINI HAlpaBICHUE IBUKCHHUS
xoJioaHou Boael — K1;

13 — BeHTHWIIb, PEryNUPYIOIIUI HAlpaBICHUE BUKECHHUS
XO0JIOIHOM BOJbI — K2;

14 — BeHTWIIB, PETYIHMPYIOUINI HAMIPABJICHUE JIBIKECHHUS U
pacxo]1 XOJIOHOM BOJIBI ITpH mpsiMoToke — K3;

15 — BeHTWIIb, PETYNUPYIOUIUN HANPaBJICHUE ABWKCHUS U
pacxo]] X0JIO0AHOM BO/bI ITPU NPOTUBOTOKE — K4;

16 — Tym6nep «Cetb»;

17 — tym6nep «Hacoc xonoauibHuKay;

18 — Tym6nep«BeHTUNIATOp XOIOAUIBHUKAY;

19 — rym6nep«Hacoc HarpeBaTens»;

20 — tym0Onep«Harpesarenby;

21 — u3MepHTeNb TEMITEPATYPHI;

22 — TyMOJIep BKJIFOUCHUS H3MEPUTEIIS TEMIIEPATYP;

23 — TyMOJIep NepeKITFOUeHHST TEpPMOoTIap.

12



B maGopatoproii paboTe M3y4aroT MpOIEecC TEIIonepeaadn
B PEKyNEepaTUBHOM BOO-BOASHOM TEIJIOOOMEHHOM armapare
THIA «Tpy0a B TpyOe». ['opsidas Boja IBMXKETCS 110 BHYTPEHHEH
TpyOke pasmepamu Ogu/dy,p, = 13/15 mm. XononHas Boja JBH-
KETCS 110 KOJBLEBOMY KaHally MEXTPYOHOro IpOCTPAaHCTBA
TErI00OMEHHOTO — anmapara. Pa3mepsl HapyKHOH TpyOKu
Duu/Dyap = 23/25 MM, [IyinHa pabodero ydactka TerjIo00MeHHH-
Ka / =1wm.

I'opsiuas Boja HarpeBaeTcs B BOJOIIOAOTpEBATENE 2 U JBU-
KETCs 10 3aMKHYTOMY KOHTYpY (BOJOIOJArpeBarelb — TeIIo-
OOMEHHUK — BOJIONIOIrpeBATeb) MO ASHCTBIEM Hacoca 3.

JUia perynupoBaHus pacxona ropsdeil BoAsl Ha BXOJE B BO-
JOTIOZIOTpEBATENb 2 YCTAaHOBJIEH BeHTWIb 5. Pacxon ropsyeit
BOJBl ONPEIENAIOT MO CYETYMKY 9, yCTAaHOBJIEHHOMY I€pen
TEMI000MEHHUKOM.

XoJio1Hasl BOJIa TAKXKE JIBUKETCS [0 3aMKHYTOMY KOHTYpY
(XONOIUIBPHUK — TEIIOOOMEHHMK — XOJOAWIBHUK) TIOJ JeH-
cTBHMEM Hacoca 7. B TernmooOMeHHOM armapare X0JIoHasi Bojia
IIOJIy4aeT TEIUIOTY OT ropsiuel BOJbl U Harpesaercs. s oxna-
KJICHUS HarpeTOU BOJIbI IPUMEHEH XOJOAWIBHUK O, B KAUECTBE
KOTOPOT0 HCIIOJIb30BaH aBTOMOOWIBbHBIA panuatop. Paguarop
MIOCTOSIHHO 00/1yBaeTcsi BeHTuisTopoM 11,

Pacxon xonogHo#M BoApl OonpenesnstoT no cuetuuky 10, ycra-
HOBJICHHOMY TI€pe]l TEIUIOOOMEHHBIM ammnaparoM. M3MeHuTb
pacxo XOoJIOJHOM BOJBI MOXHO ¢ momolsio BeHTuwIs 14 (K3)
IpU NPSIMOTOYHOM JBM)KEHUHU TEIUIOHOCUTENIEH WM BEHTHUJIEM
15 (K4) npu npoTUBOTOYHOM JABM>KEHUU TETIJIOHOCUTETICH.

JIBrkeHue ropsued BOJBI OPTaHHW30BaHO BCETJa B OJHOM
HampaBlieHUH (cleBa HarpaBo). J[BH)KEHHE XOJOIHOW BOJBI C
noMoupto BeHtuien 12, 13, 14, 15 MoxkHO opraHuzoBaTh B
JIBYX HallpaBJICHUSX !

— CJIeBa HaIpaBo IPU NPSIMOTOKE;

— CIIpaBa HaJIEBO IPU IPOTUBOTOKE.
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B TemnmooOMeHHOM ammapare H3MepsIOT TeMIEpaTypsl Ha
BXOJIE M BBIXOJIE€ TOPSAYEr0 M XOJOJHOrO TEIUIOHOCcuTenen. B
KauecTBE JATYUKOB TEMIIEPATyphl MCHOJB30BAHBI TEPMOIAPHI.
Bce tepmonapsl uepe3 TymoOiep 23 moAKIOYEHBI K U3MEpUTE-
710 Temriepatyp 21 B onpeeieHHON MOCiIe10BaTebHOCTH:

T1 — TemmepaTypa rops4ero TEIIOHOCUTENsI Ha BXOJE B
TernooOMennsIi armapar (T, );

T, — TeMmiepatrypa ropsidero TEIJIOHOCHUTENS Ha BBIXOJE
u3 TennoodMenHoro anmapara (T, );

T3 — TeMrnepaTypa X0JIOAHOIO TEIJIOHOCUTENSI Ha BXOJE B
TEMIOOOMEHHBIH anmapar (IpH MPSIMOTOKE — T,) WIIM TeMIie-
paTypa XOJOJHOTO TEIJIOHOCUTENSI Ha BBIXOJIE U3 TEII00OMEH-
HOTO anmnapara (pyu IPOTUBOTOKE — T, );

T4 — TemnepaTypa X0J0JHOTO TEIIOHOCUTENSI HA BBIXOJIE
U3 TEIIo0OMEHHOro anmaparta (MpU NpAMOTOKE — T,) MK
TeMIIepaTypa XO0JIO0JHOTO TEIUIOHOCUTENSI Ha BXOJE B TEILI000-
MEHHBIH anmapat (Mpu IPOTHBOTOKE — T, ).

4. Ilopsaok MpoBeeHUs IKCIIEPHMEHTA

Buumanue! Sxcnepumenmanvhyro ycmanosky exnouaem u
BBIKIIOUAET UHIHCEHED WU NPeno0asamers.

1. Byunth ycTpOMCTBO 3KCIEPUMEHTAIBHON YCTAHOBKH U
MOJIFOTOBUTH JKypHaJl HAOIIOIEHU.

2. O TOTOBHOCTH K TIPOBEJCHUIO YKCIIEPUMEHTA COOOIIUTH
MIPETo/1aBaTelto.

3. BrirrounTs muTaHue yCTaHOBKH TyMOJiepoM 16 «CeTby.

4. BKITIOYUTH HAcOC MOJIa4M Tops4Yeit Boabl 3 TymoOiepom 19
«Hacoc HarpeBaTens».

5. Ilo yka3aHuIO TpenojaBarels yCTaHOBUTH MOPSAOK JBH-
KEHHSI TEIUIOHOCUTENE! (MPSMOTOK MJIM IPOTUBOTOK).

[Tpu mpsmoroke Bentunu 12 (K1) u 15 (K4) Heobxomumo
3aKpbITh, @ BeHTUIH 13 (K2) u 14 (K3) — OoTKpbITH.
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ITpu mporuBoroke Bentuau 13 (K2) u 14 (K3) nHeobxonumo
3aKpbITh, @ BeHTwM 12 (K1) u 15 (K4) — OTKpHITS.

6. BxirounTh HacoC MOAAaYu XOJOJHOW BOABI 7 TyMOJIEpOM
17 «Hacoc X010 1UIEHUKA).

7. Onpenenuts 00bEMHBIN pacxo]l TopsYelt BOJIbI, GUKCUPYS
JIBa TIOKa3aHMs CUETYMKa ropsyeil BoAbl 9 BHavaje M B KOHIIE
3aJIaHHOT'O IPOMEXKYTKA BPEMEHHU.

[Tokazanust cyerunka 9 U cekyHIOMEepa BHECTHU B KypHaI
HAOJIOICHUI.

8. OnpenenuTb 00BEMHBINA PACXO XOJOTHON BOJIBI, (DUKCH-
pys JBa MOKa3aHMs CYETYUKA XOJOAHON Boabl 10 BHavane u B
KOHIIE 3a/IaHHOT0 TPOMEXyTKa BpeMeHH. [lokazanus cueTdynka
10 u cekyHOMEpa BHECTH B KypHAJI HAOIIOICHHIA.

9. Bxirounth u3mepurens Temmneparypsl 21 TymGaepom 22.

10. Bkimrouuth BomomogorpeBarens 2 Tymbiepom 20
«HarpeBarenby.

11. BkirounTs BeHTUISATOp XonoamibHuka 11 TymOnepom 18
«BeHTUIIATOP XOIOIUIBHUKA.

12. Ompenenuth TeMmepaTypbl MO M3MEPUTENO TEeMIlepa-
Typ 21 ¢ noMoIbto Nepekoyarens Tepmonap 23.

[Toxazanus TemmniepaTyp BHECTH B )KypHaI HAOIIOICHHIA.

13. ®ukcupoBaTh 3HaYEHUS Temmeparyp Kaxiaele 5+10 mu-
HYT.

14. TIpoBOIUTH SKCIEPUMEHT 10 TOCTHIKEHHSI CTAlIHOHAPHOTO
pexxuma.

15. O0 oOKOHYaHMU TPOBEICHUS IKCIIEPUMEHTA JOJOKUTh
MIPENOaBaTeNto UJIH HHKEHEPY.

16. BbIKIIOUNTE U3MEPUTENH TEMIIEPATYphl TyMOJIEpoM 22,
BBIKJIIOUHTH IOCJIe0BaTeNbHO TyMOepsl 19, 20, 17, 18 u BbI-
KIIIOUUTH CTEHT TyMOepom 16.
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Kypnan nabaonennii

. 3
KommuecTBo ropsiaeit Bonst Vi = M 3a BpeMs Tp = C.
KonnuectBo xonoauoit Boasl Vs, = M 32 BpeMs T = C.

Ne T

eMIeparypa
OIIbITA patyp
T4, °C T,, °C T, °C T, °C
N

5. O0pa6oTKa pe3yIbTATOB IKCIIEPUMEHTA

OxcnepumenmanvHoe onpeoenenue Kodppuyuenma
menionepeoaiu

1. OnpenenuTs 00bEMHBIE PACXObl TOPSYEH M XOJOTHOM
BOJIBI, M/c

Vie Vi (26)
T
Vo=Y2, 27)

2. Haiitn maccoBble pacxoipl TOpsideii M XOJIOAHOW BOJIBI,
Kr/c:

Gy =p, Vi ; (28)
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G, =p, '\./2 , (29)

rje pi — IUIOTHOCTH TOpsSYeil BOABI, OompenessieMas Mo crpa-
BOYHBIM Ta0uuIaM [2] mpu cpeaHeii TemrepaType ropsiueii Bo-
JIBL, KI/M>; P2 — IUIOTHOCTH XOJIOJIHOM BOJBI, ONpeessiemMast o
[2] mpu cpenneit TemnepaType X0I0HOM BOJIBI, K/,

3. PaccuuraTh TEmIoBOM MOTOK, OT/IaBa€Mblil TOPSYUM TeI-
JIOHOCUTEJIEM:

Q1 = Gl Co1 (Tl _Tlu)’ (30)

IJ€ Cp1 — MaccoBas n300apHas TEIIOEMKOCTb TOpsiuei BOJBI,
onpenensieMast 1o [2] npu cpenHei TemrepaType ropsdei Bo-
1wl JLx/(xr -K).

4. PaccunTarh TEIUIOBOI MOTOK, BOCHPUHMMAEMBINA XOJIO-
HBIM TETJIOHOCHUTEJIEM:

Qz = Gz Cp2 (Tz _Tzl)’ (31)

IJIE Cpy — MAaccoBask N300apHas TEMJIOEMKOCTh XOJOAHOM BOJIBI,
onpenensieMasi o [2] mpu cpenHeil Temmeparype XOJOIHON
Boabl, Jx/(xr -K).

5. HaiiTu TensoBble MOTEPU B OKPYKAIOIIYIO Cpeay:

Quor =Q1 Q2. (32)

6. Iloctpouts rpadmk M3MEHEHUS TEMIIEpaTyp BAOJb TIO-
BEPXHOCTH TertoooMena (cMm.puc. 1 u puc.2).

7. PaccuuTaTh CpelHIOI pa3HOCTb TemrepaTyp mno ¢opmy-
nam (9) uiu (10).

8. Onpenenuth KO3PGUIUEHT TEIUIoNepenauu u3 Gopmysbl
(3), cuutas Q paBubM Q!

_Q
k‘A_t-F’ (33)

e F=n-d_ -¢,ad =0,5(dBH +dHap).

cp
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Teopemuueckoe onpeoenenue
Koaghhuyuenma menionepedayu

1. HaliTu cKOpOCTH IBUKEHUS TEMJIOHOCUTEINECH:
— TOpsYer BOJbI
Gl
py-fy

w, = , (34)
rae f) — miomnane momepeyHOro cedeHus: BHYTPEHHEH TpyOKH
Haxomat 1o ¢popmyie (5);

— XOJIOJTHON BOJEBI

G
W2 = 2 ) (35)
p,-f,
rae f, — momnaae momnepevyHoro ceYeHusl KOJbIIEBOrO KaHaia
HaxoiT 1o popmyie (6).
2. Paccuurare kpurepuu Pelinomnbaca:
— ISl TOpSTYEd BOJIBI

R
Re, = —10L (36)
Vi

rae Roi — onpenensronmii pa3mep Ul pacuera pexxuma JBHxKe-
HUS Topsiuei BOJIbI HaXoAAT 1o popmyne (23); vi — KuHeMaTHye-
CKUM KO3(P(UITMEHT BSI3KOCTH ropsyell BOJbI, ONpEENsIeMblil 110
[2] mpu cpenHeit TemiiepaType ropsiuei Boabl, M/
— JUISA XOJIOTHOM BOJIBI

_W,Rg

Re, =292 (37)
2
V2

rae Roy — onpenensiommyii pazmep Ui pacuera peskKiuMa JIBHKESHHS
XOJIOJTHOM BOABI HaXoAAT 1o ¢opmyne (24); v, — KuHeMaruue-
CKHMI KO3()(ULIMEHT BA3KOCTH XOJIOTHOM BOABL, ONpPEesieMblil 10
[2] npu cpenHel TemnepaType X0JI0HOU BObI, Mc.
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3. Ilo 3HaueHussM kputepueB PeliHonbaca onpenenuTs pe-
KHMMBbI TEUEHUS KaXJI0T0 U3 TEINIOHOCUTENEH.

PaccunTars 6e3pazmepHbie KOI((OUIIUEHTH TEMJIO0TIAYN —
kputepun HyccenbTa 1s1 TOpAYero u XOJIOAHOTO TEIIOHOCH-
teneit o dpopmynam (18), (19) wiu (20) B 3aBHCHMOCTH OT pe-
KHMMa TEeUEHHsI TeIUIOHOCUTEIIECH.

3ameuanme. /[ pacuera mompaBoyHoro Ko3dduimenra
g,, Bxomiamero B Qopmyinsl (18), (19) u (20) Heobxoammo
3HaTh TEMIIEPaTypbl BHYTPEHHEH M HapyXXHOH MOBEPXHOCTH
LEHTPAIBHOU TPYOBI, KOTOPHIE HAXOAT METOJIOM UTepanuii. B
NIEpPBOM NPUOJIMKEHUU TeMIlepaTypy CTeHoK T,, u T, MOX-

HO paccuMTaTh MO MPHUOIMKEHHBIM QopMysiam:

AT
Tw1=T1_7; Ty =Ty -1, (38)

rae AT — cpensss pa3HOCTb TeMIlepaTyp TeraoHocurenel, °C.
4. Paccuntarh K03()(UIIMEHTHI TEIIOO0TIa4H:
— OT ropsi4eil BOJbl K CTEHKE
A
Ros

rae A1 — KO3(pQUIMEHT TEeIUIONPOBOAHOCTH Topsiued BOJBI,
oIpezesnsieMblii 1o [2] npu cpeHel Temreparype ropsiueil Bosl,
Bt/(m-K);

— OT CTEHKH K XOJIOIHO! BOJE

OL2 = NUZ_, (40)
02

riae Ay — KOd(DPUIUEHT TEMIOMPOBOJHOCTA XOJIOTHOW BOJIBI,
oTpeieNsieMblii TIo [2] mpu cpeiHel TeMIepaType XOJI0IHON BOJBI,
Bt/(m:-K).
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5. Onpenenuth KO3QPUIMEHT Teruionepenadn mo Gopmyse
(11), npunnmas K03()GHUIKEHT TEIUIONMPOBOAHOCTH MaTepraa
CTeHKHU BHYTpeHHeH TpyOsl A =15 B1/(M:-K).

6. CpaBHHTH SKCIEPUMEHTAIBHOE M PACYCTHOC 3HAYCHHS
KO3 pHLKEHTa TeTIonepeIayu.

OT4eT 0 BBINOJHEHUH J1A00OPATOPHOI padoThI
HOJIKEH COAepPKATh:
— 3aJlaHK€ Ha BBIMOJIHEHHE J1a00paTOPHOI pabOTHI;
— NPUHIUIHAIBHYIO CXEMY SKCIEPUMEHTAIBHOTO CTEH/IA;
— JKypHaJ HaOIIOACHHIA;
—pe3yabTaThl 00pabOTKHU IKCIIEPUMEHTA;
— BBIBOJIBI IO paboTe.
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10.

11.

12.

13.

14.

15.

6. KoHTpoJibHBIE BONIPOCHI

Kakue ycmpoiicmea nazvigarom meniooOMeHHbIMU anna-
pamamu?

Havime xnaccughuxkayuro meniooOMeHHbIX annapamos no
NPUHYUNY UX OelCMBUSL.

laiime onpedenenue noHamuil «menjionepeoaiay u «men-
J100Mmoa4ay.

Jatime onpedenenue koappuyuenma menioomoayu u Ko-
sgppuyuenma mennonepeoayu. Yxadxcume ux pazmepHo-
cmu.

Hanuwume ypasnenue mennogoeo banauca pexynepamopa.
Jlatime onpeoenenue noHsamus «800SIHOU IKGUBANEHMN»?
Hanuwume ypasnenue mennonepedauyu 8 pexynepamope.
Hanvuwume ¢opmyny ons pacuema xosgppuyuenma meno-
nepeoauu.

H3o06pazume cxemamuuno epaguxu usmeHeHus memnepa-
myp menjionocumerieti 800Jib NOBEPXHOCMU MEN00OMeEHA.
Onuwiume memooOuxKy pacuema cpeoneu pasHocmu memne-
pamyp 8 pekynepamope?

loacnume npunyun pabomvl u HA3HAYEHUE DJIEMEHMO8
9KCNEPUMEHMAILHOL YCIMAHOBKU.

Ilepeuucnume usmepumenvuvie npubopsl u oavime Xapakx-
MePUCMUKY UBMEPIEMbIX 8eUYUH, YKA3A8 eOUHUYbl UX U3-
MepeHusl.

Toscnume mMemoouKy 3KCNepuMeHmaibHo20 OnpeoeieHus
Koaghhuyuenma menionepeoayu.

Toscnume memoouky pacuema Kodghguyuenma mennone-
peoadu no KpumepuaibHulM QopMyIam.

Onuwume pedxcumvl meyeHus. 20pa4e2o U X0100H020 Men-
JoHocumerneu 8 Bawem skcnepumenme.

Onuwume aneopumm paciema Kod3@duyuenmos menioom-
o0auu om 2opsue20 MenioHOCUmensi K CmeHKe U om CMeHKU
K X0100HOMY MeNnI0HOCUMENIO.
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16. [latime xapaxmepucmuxy noHsmuu «onpeoeiirowuil pas-
Mepy, «onpedensiouas memMnepamypay, «onpeoensoudst
CKOPOCMb Y.

17. Onuwume memoo pacuema pacxodoe menioHocumenel 8
meni000MeHHOM annapame.

18. Onuwume memoo pacuema cxopocmu 08UICEHUS MENTOHO-
cumeneli 8 men100OMeHHOM annapame.

7. Cniucok peKoMeH/1yeMoii TuTepaTypbl

1. Ucauenko, B.II. Temtonepenaya: yued. s By30B /
B.II. Ucauenko, B.A. Ocunosa, A.C. Cykomen — M.: Duepro-
u3nar, 1981. — 416 c.

2. KpacnomekoB, E.A. 3agavyHuk 1Mo Teruionepeaaye:
yueb. mocooue s By3oB / E.A. Kpacuomekos, A.C. Cyko-
Mmen— M.: DuHeprus, 1980. — 288 c.
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