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1. ITacopT OLEHOYHBIX MATEPHAJIOB 110 JMCHUILIHHE
b1.B.08 «TEXHUYECKAS TEPMOJNHAMUKA U TEIINIOMACCOOBMEH»

1.1 TIIpomecc oOydeHUs 1O JTUCHUIUIMHE HAMpaBJIeH Ha (OPMUPOBAHHUE CIIEAYIOUIUX

KOMIIETEHIINH

Komnerenuus mo ®I'OC

O)I(I/I)IaeMble pPe3yJdbTaThbl oﬁyqennﬂ

OIIK-2 - crtocOOHOCTBIO BBISIBUTH
€CTEeCTBCHHOHAYYHYIO CYIIHOCTh
MpoOIeM, BO3HUKAIOIIHNX B XOJI¢

po(heCCUOHATBHON EATEIbHOCTH,
MPpUBJICYb JIA UX PCHICHUA
COOTBETCTBYIOIIHH (DU3HUKO-
MaTeMaTHUYECKHIA armapar

3narh - (hyHIaMEeHTaIbHBIE OCHOBBI (PU3HKH, BKITFOUAS
pa3zmenbl «IaBJICHUE KUAKOCTU U Ta30B», «MOJIEKYJsipHast (hu3u-
Ka», «TeTuIoTay;

- TEPMHHOJIOTHIO, OCHOBHBIE TIOHSATHS, OTHOCSIIHECIK
TEIIOTEXHUKE; - (hyHIaMEHTaJbHbIE OCHOBBI BBICIIEH
MaTeMaTHKH, BKIIOYast TUHEWHYIO alreOpy U MaTeMaTn4ecKui
aHaIn3;

- OCHOBHBIE 3aKOHBI TEPMOJMHAMUKE U TeTJIoNepe1adH;

- OCHOBHOE TEIJIOBOE 00OpYyIOBaHUE, IPUMEHIEMOE B CHCTEMax
TI'B.

YMeTb -  TIPOBOIUTH (hOPMATTU3AIIMIO TIOCTABICHHOM 3a/1a4H Ha
OCHOBE COBPEMEHHOI'0 MaTEMaTUYECKOTO aIllapara;

- BBISIBUTH €CTECTBEHHOHAYYHYIO CYITHOCTH MPOOJIeM,
BO3HHKAIOIUX B X0J€ NMPOECCHOHANBHON ACATEILHOCTH,
MPUBJICYD IS UX PEIICHHsI COOTBETCTBYIOMINN (U3HKO-
MaTeMaTUYeCKUH armnapar

- ONIPENIENATh TEIUIOBBIE HArPY3KH, TEIUIONOTEPH;

- IPaBUJIBHO BHIOMPATH TEIUIOBOE 000pYI0BAaHUE;

- IPOBOANTH (hOPMATH3ALNIO TIOCTABIICHHOW 33/1a4 HA OCHOBE
COBPEMEHHOI'0 MATEMATHUYECKOI' O alllapara;

-[10JIb30BATHCS TEIUIOTEXHUYECKUMH ITPUOOpaMu;

- 10JIb30BaThCS CIPABOYHON HAYYHO-TEXHUYECKOM JIMTEPATYPOI;

B.]IaIIeTL - ICPBUYHBIMU HABbIKaMH 1 OCHOBHBIMU METOAaMU
pPeICHUA MAaTCMAaTHYCCKHUX 3a4a4 MPUMCHUTECIIbHO K
TCPMOJINHAMUKE

IIK-14- BnageHreM METOOAMA U
cpencTBaMu (PpU3NIECKOTO U
MaTeMaTHYECKOTO (KOMITBEOTEPHOTO)
MOJICIMPOBAHUS B TOM UYHUCJIE C
HCTIONTH30BAHUEM YHUBEPCATHHBIX U
CIIeMAIU3UPOBAHHBIX IPOTPAMMHO-
BBIYHCIIHTEIHLHBIX KOMITJIEKCOB,
CHUCTEM aBTOMATHU3UPOBAHHBIX
MIPOCKTUPOBAHMSI, CTAHIAPTHBIX
MaKeTOB aBTOMAaTH3aIlNH
HCCIIE0BAaHUM, BIaJieHHE METOJaMHt
HCIIBITAHUHN CTPOUTEIIBHBIX
KOHCTPYKIUI U U3ACIUNA, METOIaMU
MIOCTAaHOBKH U NPOBEIACHUS
AKCIIEPUMEHTOB TI0 3aIaHHBIM
METOIMKaM

3HaTh- TEPMUHOJIOTHIO, OCHOBHBIE TTOHATHS, OTHOCAIIHECS K
TH/IPaBJIMKE U TEINIOTEXHHKE;
- (yHIaMEHTaJIbHbIE OCHOBBI BBICIICH MAaTEeMaTHKH, BKIIOYas

JTUHEHHYI0 anreOpy U MaTeMaTHYeCKUN aHalu3;

- OCHOBHBIE 3aKOHBI TEPMOJIMHAMUKH U TEILIONEpEIaun

- (hyHIaMeHTaIbHBIE OCHOBBI (DM3UKH, BKIIOYAs pa3aeibl
«MOJIEKYJISIpHas (GU3UKA», KTEIIOTAY;

- METO[bl pacyeTa TEPMOJINHAMUYECKUX IIPOLIECCOB;

- METOJIbl pacueTa TEMIIEPaTypHBIX MOJIEH U TEIJIOBBIX
IIOTOKOB

YMeTh- - hOpMyIHpPOBATh U PEIIaTh TEIIIOTEXHUICCKIE
3aJla4¥ B CTPOUTENHCTBE;
- IPOBOAMTE (POPMATH3ALIMIO TIOCTABICHHON 3314l HA OCHOBE
COBPEMEHHOT'0 MaTeMaTUYECKOT0 alapara;
- TI0JIB30BAThCS CIIPABOYHON HAYUYHO-TEXHUYECKON
JUTEpaTypon

Baagers - MCTOJaMH pCUHICHHUA MMPOCTHIX 3a1a4
TEPMOINHAMUKHU U TCHHOMaCC006MCHa;

- BJIaA€Thb METOAaMU pacueTa TCINIOTEXHUYCCKUX IPOIECCOB B
CTPOUTCIILCTBE;

- NICPBUYHBIMU HAaBBIKaMKU W OCHOBHBIMU ME€TOJaMU PECIICHUA
MaATCMAaTHYCCKUX 3a7a4,




1.2 ®opmupoBaHHe KOMIIETCHIIMN B Ipoliecce 00yueHUs 10 TUCIHUIIIINHE

No KonTposmpyembie pa3aeibl Koxa koHTpompyemoi HaumeHoBanue
B (TeMbl) IMCUHUIIHHBI KOMIEeTeHIUH OLICHOYHOI0 CpPe/ICTBA
Pasnen 1. OCHOBHBIE NOHATHUS U 3aKOHBI IIPAKTUYECKHE PAOOTHI,
TCPMOTMHAMUKH OIIK-2 nabopaTopHbIE pabOTHI,
1 I1K-14 pacueTHO-Tpaduyeckas
pabora,
BONPOCHI K 3aUETy
Pazpen 2. TepMOIUHAMUYECKUE LIUKIIBI IpakTH4ecKue paboThl,
2 OIIK-2 n1abopaTopHbIe PabOTHI,
[1K-14 BOMPOCHI K 3aUeTy
Paznen 3. OCHOBHBIE MOHATHS U 3aKOHBI nabopaTopHbIE pabOTHI,
nepeHoca TEMJIOThl U BEIISCTBA OIIK-2 MPaKTUYECKUE pa6OTI)I,
3 I1K-14 pacueTHO-Tpadudeckas
pabora,
BOMPOCHI K 3aUETy

2. Kpurepuu olieHKH ycrieBaeMOCTH 00y4AKOLIUXCS
@®opMbl ¥ BUABI KOHTPOJS 3HAHWA OOYYAIOUIMXCS, NPEAYCMOTPEHHBIC IO JaHHOU
JUCITUIIIINHE:
- TEKyIHMH KOHTpoJib (3ammra Ja0OpaTOpHBIX, MPAKTHUYECKHX paldoT, BBHINOIHEHUE
ayJIUTOPHBIX KOHTPOJIbHBIX padoT, pacueTHO-rpaduueckas padoTa);
- IPOMEKYTOYHAs aTTecTalus (3auer).

IIpoueaypa oneHMBaHUsA NPH NMPOBEAECHHH TEKYLIEr0 KOHTPOJIS YCIIeBAeMOCTH

Texymuil KOHTPOJb  YCIEBAEMOCTH IPOBOJUTCA C LEIBIO INPOBEPKA 3HAHUU
oOyuaronuxcsi, IpuoOpPEeTeHNs U Pa3BUTHUSI HABBIKOB CAMOCTOSITENILHON paOOThl, YCUIIEHUS CBA3H
MEXy MpernoiaBaTesieM U 00y4arolIMcs, COBEPIICHCTBOBAHUS pabOThl Kadeap Mo pa3BUTHIO
HaBBIKOB  CaMOCTOSITEIbHOW  paboOThl, IO TMOBBIICHUIO AaKaJEMHUYECKOM  aKTHUBHOCTH
oOyJaromuxcs.

[TpomexxyTouHast artectanusi, Kak (opmMa KOHTPOJS YCIEBAEMOCTH IO JUCIMILIMHAM
(paznmenaM IUCUMIUIMH) U BUAAM y4eOHOH NESTENbHOCTH, MPOBOJUTCS JUIsl IPOBEPKU CTEIEHU
YCBOEHHUS 00YUYaIOIUMUCS MPOTPAMMHOI0 Y4eOHOTO MaTepHala U yCTaHOBJIEHUSI COOTBETCTBUS
pe3yJbTaTOB MPOBEPKU TpPeOOBAHMSIM TOCYIAapCTBEHHBIX O00pa30BaTENbHBIX CTaHIAPTOB K
00513aTeIbHOMY MHUHMMYMY COJEpKaHHs MM (HOPMUPOBAHMS KOMIIETEHIIUH, YCTaHOBJIEHHBIX
(benepaabHBIMHU FOCy1apCTBEHHBIMU 00pa30BaTeIbHBIMH CTaHIAPTaMH BBICILIETO 0Opa30BaHMUS.

K npomexyTouHoil aTTecTaluy AOMYCKAarOTCS OO0ydYaroluecs, YCIELUIHO MpOLIeAnIne
TEKYIUN KOHTPOJIb 3HAHUH, YMEHHUI U HaBBIKOB.

Kpurepun nonydyeHnus 3a4era 1o JUCUHIIMHE:

- OLEHKAa «3a4YTeHO» CTaBUTCS, €clu OOydaloIluics 3allUTUI Bce J1a0OpaTOpHBIE U
NpaKTUYeCKHe padOThl, OTBETHII HA MOJIOBUHY BOIPOCOB K 3a4ETYy.

- OLICHKA «HE 3a4TE€HO» CTABUTCS, €CIM OOy4arolMiCs He 3alUTUII BCe J1a00opaToOpHble U
NpaKkTUYeCKHe padOThl, HE OTBETHII Ha MOJIOBHUHY BOIIPOCOB K 3a4ETy.

Kpurepun oueHKkH pacyeTHO-rpaduyeckoii padoThi:
«3auTeHo» - paboTa BBHIIIOJHEHA B COOTBETCTBHU C YTBEP)KIECHHBIM IUIAHOM, MOJHOCTHIO
PACKpBITO COJEPKAHUE KaKAOTO BOMPOCA, CTYACHTOM C(HOPMYIHPOBaHBI COOCTBEHHBIC
apryMEHTHPOBAaHHBIE BBIBOABI 1O Teme paborbl. OdopmieHne pabOThl COOTBETCTBYET
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npeabaBiIsieMbiM  TpeboBaHusAM. [Ipu 3amuTe paboThl oOyuarommiicss CBOOOIHO BIAAET
MaTepruaioM ¥ OTBEYaJ Ha BOIPOCHL.

«He 3auteHo» - eciu paboTa BBHINOJHEHA HE B COOTBETCTBHU C YTBEPKACHHBIM IUIAHOM,
HE PACKpBITO COJEpXKAaHUE KaKJOro BOMpPOCa, OOydYaromMMcs HE CIEJaHbl BBIBOJBI IO TEME
paboThl, WMEIOTCS TpyOble HENOCTaTKH B OGOpPMIIEHMH paboOThl, NpPHU 3aMUTE PabOTHI
o0ydJaromMics He BIaJIeNl MAaTepHaIoOM, HE OTBEYa] Ha BONPOCH, TO paboTa HAmpaBisieTCs Ha
JTATBHEUITYIO0 TOPa0OTKY.

Ilpumepnaa memamuka pacuemuo-zpaguueckux paoom

(Konmponupyemore komnemenyuu OIIK-2,T1K-14)

CornacHo yueOHOMY IJIaHy CTYJCHTY, U3ydarouemMy Kypc «Texauueckas TepMOJMHAMUKA
U TEeIJIOMaccoOOMEeH» HEOOXOAMMO BBIIOJHUTH pacdueTHO-rpaduueckyto padoty. PacuetHo-
rpadudeckas paboTa COCTOAT U3 5 3a1ad.

[Ipy BBIMONMHEHUH pacUeTHO-Tpaduueckord paboOThl CIEAyeT CTPOro MPUAECPKUBATHCS
CcBOero BapuaHTta. Bapuantsl 3amau omnpenensitor mo Tabn. B.1 "Bapuantel 3amanuii" B
3aBHCHUMOCTH OT JIBYX mocienuux 1udp mudpa crynenra. Hanpumep, npu mudpe 116 nmm 166
(mBe mocneaHue MU(PBI COOTBETCTBEHHO 16 m 66) CTYISHT OTBEYaeT HA BOIPOCHI M PEIIaeT
cienyrwomue BapuanTel 3ana4: 4, 20, 29, 37, 44. @opMyaupOBKU YCIOBUS BapUaHTOB 3a7ad B
KOHTPOJIbHOM paboTe HY>KHO MEPENUCHIBATh OJHOCTHIO.

Pemenust 3amad JOMKHBI COMPOBOXKIATHCS KPATKUMHU OOBSICHEHUSMU M MOAPOOHBIMU
BblunciaeHusIMU. [Ipu pacuere kakoi-1100 BEJIMYMHBI HY’KHO CJIOBaMH yKa3aTh, Kakasl BEIMUMHA
ompezensercs. B mpomecce pemeHus 3amad HEOOXOJUMO CHayana TMPUBECTH (POPMYIIHI,
JIeKalle B OCHOBE BBIUMCIICHUM, MPOAEIaTh C HUMU BCE BBIKJIAIKU (B OYKBEHHOM BBIPa)KEHUN)
W JUUIb 3aT€M TMOJACTaBIATh COOTBETCTBYIOUIME YHCIOBBIE 3HAUYEHUS W IPOU3BOJUTH
BblunciaeHus. HyXHO yka3aTb €IMHHUIbBI BEIMYUH, KaK 33JaHHBIX B YCIOBHM 3aJad, Tak U
HalJIEHHBIX B pE3YyJbTaTE PEIICHUS.

[Ipu pemeHuu 3a7a4 U B OTBETaX Ha BOIPOCHI CIEAYET NMPUACPKUBATHCS MPUHATON B
yueOHuke [1] cuctembl 0003Ha4eHUH, TEpMUHOB U MexxayHapoiHoH cucteMsl eaunul (CH).

TOYHOCTH BBIUMCIEHUN 3aBUCUT OT TOYHOCTH 3a/JIaHHBIX BEJIMYUH WM BBIOPAHHBIX
UCXOJHBIX JAHHBIX, HO B OOIIEM CiIy4ae He CIelyeT CTPEMHUThCS K TOYHOCTH Bhie, yeM 0,5 %.

Pacuetno-rpaduueckas pabora BeIMOIHAIOTCS Ha popmare A4. JIis 3aMETOK peleH3eHTa
OCTaBIISIFOT TOJIS U B KOHIIE paOOThl YHCTHIN JTUCT.

[lepen BbINOIHEHHEM KOHTPOJIBHOIO 33aJIJaHUS CTYACHT JOJHKEH 03HAKOMUTHCSI C METOIUKON
pELIEHUs] COOTBETCTBYIOINX 3a/1a4.

Tabnuna 1. BapuanTel 3ananuit

JIBe mocnennue Homepa Bonpocos Be nmociennue Howmepa Bomnpocos
udpsl mudpa U BapHaHTOB 3aja4 udpsl mudpa U BapHaHTOB 3aJa4
CTy/ICHTA CTY/ACHTA

01, 51 2,12,23,34,41 26, 76 7,16, 25, 34, 48
02, 52 6, 14, 26, 38, 42 27,77 6, 15, 24, 33, 44
03, 53 4,15, 27, 39, 43 28,78 5,14, 23, 32, 50
04, 54 5,14, 24, 34, 44 29, 79 4,13, 22,31,43
05, 55 6, 15, 25, 35, 45 30, 80 3,12, 21, 40, 48
06, 56 10, 16, 26, 36, 46 31,81 4,12, 30, 38, 47
07,57 9,17, 27,37, 47 32,82 6, 14, 22, 36, 46
08, 58 8, 18, 28, 38, 48 33, 83 8, 16, 24, 34, 45
09, 59 7,19, 29, 39, 49 34, 84 10, 18, 26, 32, 44
10, 60 6, 20, 30, 40, 50 35,85 2,20, 28, 40, 43
11,61 9, 18, 27, 36, 49 36, 86 1,15, 25, 35, 42
12, 62 8, 17, 26, 35, 48 37, 87 3,16, 30, 31, 41
13, 63 7,18, 22, 40, 47 38, 88 5,15, 21, 35, 42




14,64 6,17, 21, 39, 46 39, 89 7,17, 28, 38,43
15, 65 5, 16, 30, 38, 45 40, 90 9, 18, 23, 34, 44
16, 66 4, 20, 29, 37, 44 41,91 10, 20, 21, 33, 45
17, 67 3, 19, 28, 36, 43 42,92 9, 13, 30, 33, 46
18, 68 2,13, 27, 35,42 43, 93 6, 14, 29, 40, 47
19, 69 1,11, 26, 34, 41 44, 94 4,16, 30, 36, 48
20,70 10, 12, 25, 33, 42 45, 95 2,20, 27, 35, 49
21,71 10, 18, 24, 32, 43 46, 96 9, 11, 26, 40, 50
22,72 9,16, 23,31, 44 47, 97 7,12, 25, 39, 48
23,73 6, 14, 22, 38, 45 48, 98 6, 15, 22, 31 47
24,74 7,17,21, 39, 46 49, 99 5, 13, 24, 38, 48
25,75 8, 18, 22, 40, 47 50, 00 3,14, 23, 34, 45
3aoaua 1.

Kawmepa cropanus BeinonHeHa u3 mamoTHoro kupruda (A = 0,9 Bt/(M-K)) TonmmuHo# O, =
250 mm. CHapyXu CTEHKHM KaMepbl M30JIMPOBAHBI JABOWHBIM clioeM u30Jsiiuu. [lepBwiid cioi
u3osAuu (Aysr = 0,08 B1/(M-K)) TonmuHON Oys1, MM, BTOPON HApy>KHBINA CIIOM M30JAUUU (Ays =
0,15 Br/(mK)) Tommuunoi 8,5, MM. TeMmrieparypa ra3oB B Kamepe cropanus ty, °C, Temmeparypa
BO31yXa B IOMEWIEHUN {0, °C. KoaddummeHT Teroornadyu OT IBIMOBBIX Ta30B K KUPIUIHON
CTEHKE 01, BT/(M2~K), a OT HapY>KHOU MOBEPXHOCTH U3OJISIUHU K BO3AyXy momerieHus oy = 10
Br/(M*K)

Onpenenuth KOAQGUIMEHT TEIUIoNepeaadd, IMIOTHOCTh TEIIOBOTO TIOTOKA (€ClIi OHA He
3aJjaHa), TeMIepaTypbl TEIJIOHOCUTENEH U TeMIepaTypbl Ha TPaHUIIE CII0€B OOMYPOBKH, CUUTAs
KOHTAKT MEX]Ty CIIOSIMH UJICATHHBIM.

OnpenenuTh TakKe TEPMUYECKUE COMPOTUBICHHS TEIIOOTAAYM M TEIUIONPOBOTHOCTH IS
Kaxa0ro cios (R;) ¥ COOTBETCTBYIOIIHE UM TTepenabl TeMeparyp (At).

N300pa3uth rpaduyecku U3MEHEHHE TEMIIEPATYPhI M0 TONIIUHE CIOEB U B MOTPAHUYHBIX
ciosix. Maciiral 1o TOJIIMHE CI0EB U 10 TeMIIEpaType BEIOpaTh CAMOCTOSTEIBHO.

Tabnuna 1.1 BapuanTs! k 3anage 1

W cXOqHbIe Bapuantsl
AQHHbIC 1 2 3 4 5 6 7 8 9 10
Oysl, MM 190 | 180 | 150 | 230 | 265 | 240 | 195 | 270 | 220 | 300
Ouz2, MM 100 70 130 | 140 | 135 | 140 | 155 | 165 | 170 | 130
o, Br/(M%K) 100 80 70 130 60 90 80 150 | 250 | 150
ty1, °C 1150 1000 1040 | 1030
[Iponomxenne tabi. 1
HUcxonurnie BapuanTsl
AQHHBIC 1 2 3 4 5 6 7 8 9 10
te1, °C 900 1170 | 1230
te2, °C 890 1170
tes, °C 290 390 275
tea, °C 50 52 50
tyo, °C 25 28 30
q, Br/m? 310 225
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Puc. 1.1

Ha pHucC. 1.1 cxeMaTHYHO MOKAa3aHO PaCIoOJIOKCHUEC CIIOEB CTCHOK TOIIOYHOM KaMCpBhI.
PeByﬂBTaTH pacucToB HeO6XOI[I/IMO 3aHeCTH B Tabm. 1.2.

Tabnuna 1.2. Pe3yabTaThl pacueToB

k q,

Bapuanr Br/ (MZ-K) B/

ti, °C | 1e1,°C | 12, °C | 1e3,°C | s, °C | Ty, °C

MeToauueckue YKa3aHusl K PCHICHUI0 3a1a4 Nel

[Tepen pemenueM 3agau Ne 1 pekoMeHayeM M3y4yuTh MaTepuaiibl yueOHuka [1] Ha c. 24 +
40.

[Mox Temsonepenaueii MOHUMAIOT Mepeadyy TEIUIOThI OT JIBHKYIICHCS cpebl (FKUIKOCTH)
¢ OonplIel TemrepaTypoi K JBIDKYIIEHCs cpele (KUAKOCTH) C MEHBIIEH TeMIepaTypoi yepes
HENPOHUIAEMYIO0 CTE€HKY Jt000i ¢gopmbl. Takum oOpa3oM, Teruionepenadya BKIOYAET B ceOs
TEIUIO0Tady OT HarpeToi >KMJIKOCTH K CTEHKE, TEIJIONPOBOJHOCTh BHYTPHU CTEHKH, KOTOpas B
o0miemM ciydae MOKeT OBITh MHOTIOCIOWHOHM, M TEIUIOOTHady OT CTEHKH K HarpeBaeMoi
xuaKkocTH. [lox TepMUHOM '"KUAKOCTH" MOHMMAIOT JIOOYIO TEKY4dyl Cpely: M KarejlbHble
KUJKOCTH, U Ta3bl.

B cranmonapHoM peXuMme TEIUIONEpeNaYd  TEIIOBOW IOTOK 4Yepe3  IUIOCKYIO,
IUIMHAPUYECKYI0 M CHEpUYeCKyl0 CTEHKHM eCTh BeIMYMHA TMocTosiHHAas (Q = mocT) u
TEMIIEPATYPHOE II0JIE HE U3MEHSIETCS BO BPEMEHH, a 3aBUCUT TOJIBKO OT KOOpAMHATHL. B 3TOM
cilydae IpH YCIOBHUHU MOCTOSHCTBA TEIIO(U3MUECKUX CBOMCTB Tesa, TeMIepaTypa B IJIOCKOH
CTEHKE M3MEHSETCS JIMHEHHO, a B IIMHAPHUYECKON — MO JOrapu(pMUIECKOMY 3aKOHY.

Tennonepeoaua uepes nioCKyio CeHKy
Pacyer temnonepenaun dYepe3 IUIOCKYIO CTEHKY YJOOHO BBIMOJHSATh, HCIONb3YS
MOBEPXHOCTHYIO INIOTHOCTh TEIJIOBOTO MTOTOKA

q= 9 1)
F
rae Q — TemioBoM MOTOK, BT; F — miommans CTeHKH, M2,
B aTom ciiyuae

At
q== )

R t
rae At — mepenasn Temreparyphbl Ha 3agaHHoM yuactke rermnooomena, K (°C), KoTopblii MOXKET
COCTOATL M3 OJHOI'O0 MU HECKOJBKHX CMCKHBIX JJICMCHTAPHBIX YY4aCTKOB TGHHOOGMeHaZ
TETUTOOT/IaYM U TEIUIONPOBOJHOCTH, a Ry — TepMHUYecKkoe CONMPOTUBICHUE TEIIOOOMEHA 3TOTO

y4acTKa WM COBOKYITHOCTU CMEXHBIX Y4aCTKOB, (M*K)/Br.
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Tepmuueckoe CONPOTUBICHUE TEIUIOOTAAYN PACCUUTHIBACTCS 1O (hopMmyIie

1
R ta = ©)
(04
rae o — KO3hOUIMEHT TETUIO0TAauH, BT/(MZ-K), a ¢dopmyna I pacdera TEPMHUUYECKOTO
COITPOTHUBIICHUS TEIUIONPOBOIHOCTH Yepe3 I-i CII0H MII0CKOI CTEHKU UMEET BH/T
_9i
Ryj=ob, (4)

rae & — TOJIIKHA I-T0 CJIos, M; Aj — KOOQ(UIIUEHT TEIUIONMPOBOIHOCTH I-T'0O CJIOS MHOTOCIOWHON
crenku, Br/(m-K).

Tepmuueckoe COMPOTHUBICHUE TEIUIONEPEIauld €CTh CyMMa TEPMUYECKHX COMPOTHUBICHUN
BCEX DJIEMEHTAPHBIX YYaCTKOB TEINIOOOMEHA.

Pexomenryemas mociie1oBaTeIbHOCTh PEIICHUS:

a) OMPENICISIFOT TEPMUYCCKHE COMTPOTHBIICHUS BCEX 3JICMEHTAPHBIX YYaCTKOB;

0) TO JABYM 3aJaHHBIM TEMIIEpaTypaM B CHCTEME TEIIOOOMEHA HaxOIST IUIOTHOCTD
TEIUIOBOTO MOTOKa o (hopmyiie (2);

B) 1O Hai/IECHHOMY 3HAYEHHWIO ( W OJHOW M3 HM3BECTHBIX TEMIIEPATyp PACCUUTHIBAIOT
OCTaJIbHbIC HEM3BECTHBIC TEMIIEPATYPHI CIIOEB M KHUIKOCTCH.

Tennonepedaua uepes yuAUHOPUUECKYIO CHIEHKY
g pacdera Temsonepenayd 4epe3 CTEHKY MWJIMHAPUYECKON (OpPMBbI HCHOIb3YIOT
yJIeIbHBIM TEIIOBOM MOTOK, KOTOPbII Ha3bIBAE€TCS JIMHEHHOMN MJIOTHOCTBIO TEIIIOBOIO MOTOKA

Q

q) = Ik (%)
riae Q — TernoBoit moTok, B | — myinHa NUIMHAPUYIECKON CTEHKH, M.
Tornma
q At )
| =5
R

rae At — meperaj Temreparyphl Ha 3aJlaHHOM ydacTke Teriooomena, K (°C), KoTopbiii MOXKET
COCTOSITh U3 Ps/ia IEMEHTapHBIX YJaCTKOB TEIUNIO0OMEHA: TEMIOOTAAYH U TEIUIONPOBOIHOCTH, A
R| — nuneitHOEe TepMHUUYecKOe CONPOTUBIIEHHE TEIJI00OMeHa 3Toro yuyactka, (M-K)/Br.

JIvuHeiHOe TepMUYECKOE COIIPOTHUBIICHUE TEIIOOTAAYH PACCUUTHIBAETCS MO (hopMyIie

R la = L' (7
o-d

rae o — Kod(pPUIHEHT TEerIo0TIauH, Br/(M*K), a d — TUAMETP OMBIBAEMOU TMOBEPXHOCTH
[UIMHIPAYECKON CTEHKH, M.

JIuHeliHOe TEPMUYECKOE COMPOTHBIICHHE TEIUIOMPOBOIHOCTH I-TO CIOS IUIHHAPUIECKOM
CTEHKH OTpeensieTcs mo popmyie

R|i=i|nd'+l1 6)
B KOTOPOH Aj — KO3(GHUIMEHT TEIIIONPOBOIHOCTH I-TO CIIOs IHIHHAPUIEcKol cTeHkH, Br/(M-K);
di u di+1 — BHyTpEeHHUI 1 HAPYKHBIN JUAMETPBI I-TO CIIOS IWINHAPUIESCKON CTCHKH, M.

PekoMenayeMblii TOPSAOK pelIeHusl 3aaddl O TeIulonepenadye uepe3 LHIUHAPUYECKYIO
CTEHKY MOJIHOCTHIO COBMA/Ia€T C PACCMOTPEHHBIM BBIIIIE JJIsl TUIOCKOW CTEHKH.

[Ipu pemenun 3amaun 1-2 oOpaTMTe BHUMAHHE, YTO B JAHHOM CIIy4ae TEIUIOBON MOTOK
HATPAaBIICH OT JBIMOBBIX Ta30B K BOJIE, IBUKYIIECIHCS BHYTPH TPYOKH.

3aoaua 2.
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Onpenenuth TEIUIOBOM MOTOK, XapaKTEpU3YIOIMH KOHBEKTHUBHYIO TEIUIOOTIAdy K CTpye
KUJKOCTHU, MPOTEKaromIei no kanany anuHoi 3 M. OO0CHOBaTH BHIOOP PACYETHOIO ypaBHEHUS,
IIPUMEHSIEMOT0 IIPU PEILICHUU 33a4u.

Tabmuna 2.1 BapuanTsl k 3a1aue 2

Bapuantsl 3a1a4
HanmenoBanmne
21 22 23 24 25 26 27 28 29 20
Tewneparypa | 5 | 15 | 30 | 120 | 90 | -5 | 15 | 60 | 85 | 45
CTeHKH TpyOBbI, “C
Cpenusis
TeMIeparypa 0 10 20 30 30 20 10 10 90 50
xuakocty, °C
Pop xmaxoctu Bosny Boma | Boga Bosny| Bosny| Bosny Boga Bosny Boma | Bona
X X X X X
Cpennsis
CKOpPOCTh MmOoTOKa, | 10 3,9 5 6 4 2,25 2,8 1,9 0,55 1,2
M/c
d . d d d d
To /@/ b /@/ To Q/ Ib Q/ Ib Q/
Pasmep kanana, — ¥ — ¥ - ¥ - -
| > ! < >
MM
a=30 a=35 a=30 a=70 a=75
b=40{d=35|b=45|d=40|b=40{d=75|b=80|d=80|b=85|d=85

MeToanyeckne yKa3aHHUA K pelIeHHIo 3a1a4 Ne 2

OCHOBHBIE TOJIOKEHUS YYEHHMsI O KOHBEKTHMBHOM TEIUIOOOMEHE M3JI0KEHbI B UETBEPTOH
IJIaBe, a pacueT TEIUIOOTAAYd INPHU BBIHYKJICHHOM TEUEHUHU JKUIKOCTH B TpyOax M KaHamax
npejcTaBieH B BOCbMOH IiaBe yueOHuKa [1]. Jlecsitas rnaBa Toro ke yuebHuKa [1] mocssiieHa
pacuery Temjao0TAauu Npy CBOOOAHOM ABMXKEHUU TEKyUYel Cpebl.

TennoBoil moTok Q, mepenaBaeMblii OT MOBEPXHOCTH K OMBIBAIOIIEH ee TeKyueil cpene
(’KUIKOCTH) WJIM, HAa0OOPOT, OT JKUAKOCTH K CTEHKE PacCUMTHIBAIOT MO 3akoHy HpioToHa —
Puxmana:

Q:a‘tc_tm“:’ 1)
mm  Q=oaAtF, (2)
umm (= aAt, 3)

rae Q — teruoBo motok, Bt; g = Q/F — moBepXHOCTHASI IJIOTHOCTH TEIJIOBOTO MOTOKA, Br/m?; F
— IUIOIIAJb TOBEPXHOCTU TeEII000MeHa, M% o — cpenHuil K03((PUIMEHT KOHBEKTUBHOM
TEIJIO0TIa4H, BT/(MZ'K); At = [t — | — TemrepaTypHbliii Hamop temtooraayn, ‘C (K); to —
TemIieparypa nosepxunoctu remiooomena, °C (K); t — Temneparypa Tekydeil cpebl (KUIKOCTH)
BJIaJIU OT NoBepXHOCTH Termnooomena, °C (K).

[Ipr 3amaHHBIX TEOMETPHUYECKUX pa3Mepax CHCTEMBI TEIIOOOMEHa U TeMIiepaTrypax
MOBEPXHOCTU W JKUAKOCTU 3a/laya pacyera TEMJIOBOrO0 IMOTOKAa CBOAUTCSA K OIPEAETICHHUIO
ko3 durreHTa TermooTaadn (o).

Benmnuuny kos(dduiimeHta TEIIOOTAaud HaXOIAT M3 0e3pa3MepHOro (KPUTEPUATBLHOTO)
ypaBHEHHS,  KOTOpOE€  TONy4yaloT B  pe3yibrare  oOpabOTKM  MHOTOYHMCIICHHBIX
SKCIIEPUMEHTAIBHBIX JaHHBIX. DOpMa KpUTEPUATILHOTO YPAaBHEHUS 3aBUCHUT OT BHUJa KOHBEKIIUU
(cBOOOHAS WM BBIHYKJICHHAsI) M PEKHUMa JBMXKCHUS KUAKOCTU (JIAMUHAPHBIN, MEPEeXOIHBIH
WU TYpOYIICHTHBIN ):
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— MPU BBIHYXKJIEHHOW KOHBEKIIMM U UHTEHCUBHOM JABUKEHUU KUAKOCTH (IIEPEXOIHBIN U
TypOyJECHTHBIN PEKUMBI) KpUTEpUAIbHOE YpaBHEHHE, KaK MPaBUIIO, UMEET BH/]T

Nu=cRe" Pr'™gg; (4)

— TIpH BBIHY)KJICHHOM JIJAMHHAPHOM TEUCHHH KUIKOCTH

Nu =cGrK Re" pr™ EtE; (5)

— Ipu CBOOOHON KOHBEKIIUHU

Nu=cGr" Pr"eg,. (6)

B dopmymax (4)+(6): ¢, n, m, kK — smompuueckue mocrossHHbie; NU = o lo/A —
ompenensgeMblii kputepuii — uucio Hyccenpra; Re = w lp/v — onpeaensrommii Kputepuii
Peitnonbxca; Pr = vla - ONPEAEIISIOINI KpUTEPUIL [Tpannaras;

Gr = (g lo*/v%)-p-At — onpenernsommii kpurepuii I'pacroda; & — MOMpaBOYHbIH KOIOHUIHEHT,
YUUTBIBAIOIIMNA 3aBUCHUMOCTb TEIJIO(PU3UYECKHX CBOMCTB JKMIKOCTU OT TEMIIEpaTyphl; &€
MOTIPABOYHBIA  KOA(PPHUIMEHT, YYUTHIBAIOIINKA OCOOEHHOCTh TEIUIOOOMEHAa Ha HavalbHOM
y4acTKe THUAPOAMHAMHYECCKON M TEIUIOBOM cTa0WiM3aly TeYeHUs B TpyOax M KaHamax; lg —
ONpeNeNAIomuil  (XapakTepHbli) pa3Mep CHUCTEMbl TEIUIOOOMEHa, M; W— Ompeesstonas
CKOpPOCTBh, M/C; § =9,8 M/c? — YCKOpEHHE CBOOOHOTO majieHus; At = It — t,| — TEeMIIepPaTypPHBII
nanop tertoorgaun, °C (K).
Yacro mi1s1 pacdera monpaBovYHOro KOAPPHUIMEHTA & UCTIONB3YIOT (GOPMYITY
0,25
Pr.
Pre ) (7)
Pre
rnae Pry — xputepuit [Ipannmis KuIKOCTH, KOTOPBIA HAXOJAT MO TabJUI[aM CBOMCTB >KUIKOCTH
py TeMIlepatype KUAKOCTH, a Pr. — kpurtepuit IIpaHnmis XUIKOCTH, HO €ro HaXOAAT IO
TabJIMIIaM CBOWCTB JKUKOCTH MPH TeMIepaType NOBEPXHOCTHU TEMI000MeHa (CTEHKN).
duznyeckue CBOMCTBA TeKyder cpeapl (A — koadduuueHT Temnonposoanoct, Br/(m-K); v
— KMHEMaTU4eCKUI KO3pPUIIEHT BSA3KOCTH, m2/c; a — K03 unmeHt
TEMIIEpaTypOIPOBOHOCTH, M2/c; B — ko3 uument oopremHoro pacumpenus, 1/K), Bxoasiue B
KpUTEpUaJIbHbIE ypaBHEHUS HAXOAAT B CIpaBOYHBIX Tabmumax [1, 2] mpu Tak Ha3bIBaeMOM
omnpenensmomeil (xapakrepHoii) Temmeparype (1), KoTopast Hauboee TOYHO YUUTHIBAET BIMSHHUE
TEMIIEPaTypHOTO OIS )KUIAKOCTH Ha ITH CBOWCTBA.
Jnis ra3oB KO3 PUIHEHT 00BEMHOT0 pacHIMpeHus B TaOiauuax (U3NYECKUX CBOMCTB He
MIPUBOJIUTCS, TOCKOJIBKY OH JIETKO PACCYUTHIBACTCS 110 POpMyIIe

R
Tyg to+273

€t =

(8)
rae To — xapakTepHas temneparypa, K.
IIpy nBMKEHMM XUIKOCTH B KaHajaxX HEKPYIJIOrO IIONEPEYHOr0 CEYEHUs] B KAueCTBE
ONPEAEIISIONIEr0 pa3Mepa UCHOJIb3YIOT TaK HA3bIBAEMbIN YKBUBAJICHTHBIN WIIM THIPABINYECKUN
JAAMETD

lo=—, 9)

e f — mIoIab TOMepeYHOro KHBOTO CeUeHNMs KaHaa, M*; 11 —CMOUYEHHbI epiuMeTp KaHaIa,
M.

Oco6o0 criegyer 0OpaTuTh BHUMaHUE Ha TO, YTO B pacueTax Mo KPUTEPHAIbHBIM (OopMysiaM
OTIpEICTISIONINE pasMep M TEMIIEpaTypy CIEAYeT MPUHUMATh TOYHO TaKHe e, KaK MX TPHHSII
aBTOp hopmyibl ipu ee mosydeHuu. [IpuHsaThIe aBTOpOM (HOPMYIIBI XapaKTepHbIe BETUUUHBI | ,
to ¥ Wp yKa3pIBaroTCsl B KOMMEHTApHAX K hopmyre.

Anroputm pacyera K03 puureHTa TEIIO0TAaYH 3aKII0YAETCS B CIESIYIOIIEM:
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1. OmpenensioT BHUJ KOHBEKTHBHOTO TeliooOMeHa: CBOOOJHAs WM BBIHYKICHHAs
KOHBEKIIUSI U OOBEKT, TJIe OHA MPOUCXOIUT. 3aTeM B JIUTeparype, Hampumep, B yueOHuke [1]
HAXOJAT KpUTepUalibHbIe (OPMYINIBI 3TOTO BHJa KOHBEeKIMH. B 3amaue Ne 1-4 wuccnemyror
KOHBEKTHUBHBIN TEMIOOOMEH IPU BBIHYKJICHHOM TEUEHHUH >KUJKOCTH B TpyOax M KaHajax (CM. C.
183+192 yuebnuka [1]), a B 3amaue Ne 1-5 paccMoTpeHa cBOOOIHAsT KOHBEKIHS OKOJIO
BEPTUKAIBHON MMOBEPXHOCTU M MOBEPXHOCTU FOPU3OHTANBHON TPYOBb! (cM. ¢ 206208 yuebHMKa
[1]).

2. CornacHo TpeOOBaHUSAM, U3JI0)KEHHBIM B KOMMEHTAPHUAX K KPUTEPHAIBHBIM (hopMysaMm,
HAXOJAT OMpPEENSIONINe TapaMeTPhl:

— ONPEACIISIIOIINN pa3Mep;

— ONPEETSAINIYI0 TeMIEpaTrypy, Mo KOTOPOH W3 TaOmHI] CBOMCTB >XuAKocTH [1, 2]
HaXoJAT ee (hu3mueckue croiictea (v, A, Pru t.1.);

— TpU BBIHY)XJIEHHOM TEUYEHUHU >KUIKOCTH B TpyOdax M KaHajax IO HUHTErpaibHOMY
YPaBHEHHIO HEPA3PHIBHOCTH PACCUUTHIBAIOT OIPEIEIISIONIYI0 CKOPOCTh YKHUIKOCTH

G
pf’
rae G — MaccOBBIH Pacxoi JKHIKOCTH, KI/C; p — INIOTHOCT JKHAKOCTH, Kr/M>; f — ruromans
MOIEPEYHOr0 CEeUCHHs KaHaa, M-,
3. OnpenensroT peyKuM TEYCHUS CPEJIbL:
— MpH BBIHYXJICHHOM JIBI)KCHUU 110 KpuTeputo Peiinombaca (Re);
— 1TIpu CBOOOIHOM JBMXKEHUH 110 Kpureputo Paes (Ra = Gr - Pr)
¥ OKOHYATEeJIbHO BBIOMPAIOT 3HAYEHUS SMIUpHYecKnX KoddduuumentoB B Qopmynax Buma
(4)+(6), npuBencHHBIX B yueOHuKe [1].
4. Ilo xpuTepualbHOMY YpaBHEHHUIO HaXoJAT Oe3pa3MepHbIN K03()(DUIIMEHT TemIo0TIaun
— uucio Hyccensta (NU).
5. 3Has umcno HyccenbTa pacCUMTHIBAIOT BEIMYMHY KOd((HIIMEHTa KOHBEKTHBHOM
TETUTOOT/AAa4H Ol

Wo (10)

a=Nu (1)
lo
B 3aKIIFOYCHUEC pa3jciia TMpPUBCACM HCEKOTOPLIC HaI/I6OJIee 4qacTo BCTpCHACMBIC
KpPHUTEPUAIIbHBIC YPABHEHHUSI.
1. TerutooTaua mpu CBOOOAHOM KOHBEKIIUH OKOJIO TOPHU3OHTATBHBIX TPYO (popmyaa M.M.
MuxeeBoit)

Nu = 0,50(Gr - Pr)>® - (Pr, /Pr. )>% (12)

lo = dy — HapyXHBI AUamMeTp TPYOsI; ty = t, — Temmeparypa KUIKOCTH BIAJIH OT CTCHKH.

®opmyia cripaseuiBa pr yeiosun 10° < Gr-Pr < 10%, uro cooTBeTCTBYET NTaMHHAPHOMY
PSKUMY TEUEHHS JKUAKOCTH. TypOyIeHTHBI peXHM TIpH CBOOOJHOW KOHBEKIIMH Ha
TOPU3OHTANIBHBIX TpyOax, Kak MpaBHJOo, HE HaOM0OJaeTcs M3-3a MAJOro JuaMeTrpa Tpyo,
UCTIOJIB3YEMBIX B TETNIOOOOMEHHBIX YCTAaHOBKAX.

2. Temnoornaua mnpu CcBOOOJHOW KOHBEKIIMM OKOJO BEPTHKAIBHBIX IOBEPXHOCTEH
(BepTUKaJIbHBIE TPYOBI, MNIACTUHBI U T.11.):

a) JIJaMUHAPHBIN PEeKUM (10°< Gr-Pr< 109):

Nu =0,75(Gr - Pr)®® . (pr. /Pr, )%%, (13)
6) TypGyseHTHSI pexum (Gr-Pr 2 6-10%):
Nu = 0,415(Gr - Pr)t’3 - (Pr, /Pr, )02, (14)

B) mepexoausii pexcam (10° < Gr-Pr < 6:10™).
[lepexoaHbIN peKUM OTIMYAETCA HEYCTOMYMBOCTBIO MPOLIECCa TEUEHHS U TEIUIOOTAAYH, U
TEIUIOOT/Ia4a BO3PACTACT OT Olyay [0 Olrypoyn [1]-
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B  ¢dopmynax (13) u (14) mnpuHATH CJlEOyIONME ONPEACHSAIONINE IapaMeTphL:
lo = h — BBIcOTa MOBepxHOCTH; ty = ) — TEMIIEpaTypa KUIKOCTH BIAIH OT CTCHKH.
3. Temmootnaya mpu CBOOOAHON KOHBEKIMHM OKOJIO TeJ PA3IU4HON (opmbl (IIapoB,

TOPU30HTAIIBHBIX M BEPTHUKAIBHBIX TPYO, BEPTHKAIBHBIX IUTACTHH W T.1.) — (opmyna M.A.
Muxeena:
n
Nu =C(Gr-Pr)". (15)
Ra=Gr-Pr Pexxum nBrkeHus C n
5- 102+ 2:10° JIAMHHAPHBIIT 0,54 0,25
>2.10° TypOyJICHTHBIN 0,135 0,333

B dopmyrne (15): to = 0,5 - (tx + t.) — cpemnss temmeparypa; lp = h — Beicota mis
BEPTHKAIBHBIX IUIACTHH © TpyO (wwmuHiapoB); lo = dy — HapyxkHbI aumamerp s
TOPU3OHTAIBHBIX TPYO (IIMJIMHIPOB) U MIAPOB.

4. TermooTna4a Npy BEIHYXKJICHHOM JIBUKEHUU B TpyOe:

a) JTaMHHAPHBIN BI3KOCTHO-TPaBUTALHOHHbI pexuM (Re < 2300 u Ra > 8-10°):

Nu =015Re®3 Grot prO® (pr,_ /pr, )" % g, . (16)

[MTonpaBka Ha HavaabHbIH yyacTok g = f (1/d), rae | — muHa TpyOHI.

I/d 1 2 5 10 15 20 30 40 50

gl 1,90 1,70 1,44 1,28 1,18 1,13 1,05 1,02 1,00

6) Typ6ynenTHbIt pexnm (Re > 10%):
Nu = 0,021 Re®® Pr&® (pr,_/Pr, )%, . (17)

ITonpaBka Ha HaYaJIbHBIM Y4aCTOK:

2
gl = 1+ — rme | — mnna TPYOBL.
1/d

B) nepexoHbIi pexxuM Teuenus (8300 € Re< 104):

Nu = Ko - Pro®(pr, /Pr, )02, (18)
rae 3nadeHue komriekca Ko 3aBucut ot uncia Peitnonpaca (cMm. puc. 1.3).

B dpopmynax (16), (17) u (18) B kauecTBe onpenestoneii TeMneparypsl MPUHATA CPEAHS
TeMIepaTypa KHUAKOCTU B TpyOe

t0 = O|5 : (th + tBBIX)v
a XapaKTEePHBI pa3Mep paBeH BHYTPEHHEMY AuamMeTpy TpyOs lg = Oyy.
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3aoaua 3.

[Ipn 3amaHHBIX YCHOBHSIX KOHACHCAIMU OMNPENENHUTh: a) CpemHuidl KodPPUIMeHT
TEIJIO0Ta4M; 0) TETUIOBOM MOTOK, OTBOJAUMBIN Yepe3 CTEHKY TPYOBI IIPU KOHJICHCAIIUH Mapa; B)
pacxol KOHJEHCaTa, CTEKAMIIero ¢ TpyObl (peXUM KOHJEHCAIMM paccMaTpUBaTh Kak
TUICHOYHYIO KOH/ICHCAIIMIO HETIOIBHYKHOTO T1apa).

JlanHble, HEOOXOMUMBIC ISl PEUICHHs] CBOETO BapHaHTa 3a/adyd, BBIOpaTh u3 Tabm. 2.1
corjacHo Tabmuiie BapuanToB (cM. Tad. B.1, pazaen "OOGmue meTonuueckue ykazanus').

Tab6muma 3.1. BapuanTs! k 3amaue 3

Hcxonnpie Bapuantst

AQHHBIC 31 32 33 34 35 36 37 38 39 30

JlaBiieHHne cyxoro
HACBIIIIEHHOT'O 233 | 424 | 4,24 | 424 | 7,37 | 233 | 4,24 | 424 | 4,24 | 7,37
napa p, klla
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[Tap
KOHJICHCUPYETCSI
Ha BHEIIIHEH
CTEHKE TPYOBI

Tpy0a pacnionoxena BeptukansHo | TpyOa pacmonoxeHa ropu30HTaIBHO

JlnmuHa TpyOBI, M 2 25 3 35 4 2 2,5 3 3,5 4

Huametp TpyOsl,

" 0,02 | 0,024 | 0,02 | 0,024 | 0,04 | 0,024 | 0,02 | 0,024 | 0,02 | 0,024

Cpenusis
TeMIiepaTypa 15 25 20 27 35 15 25 20 27 35
crenku, °C

Metoanyeckue ykazaHus K 3agade Ne 3

[Ipy mneHOYHON KOHAEHCAIIMM CYXOTO HACBIIIEHHOTO Tapa Ha BEPTUKAIbHOW TpyoOe
CpeIHMIA IO BICOTE KO DUIMEHT TEIUIOTAAa4YH onpenaensiercs no ¢popmyse [1]:

a) JJaMUHAPHBIA PEKUM TEUCHUS TUICHKU KoHaeHcaTa (Z €< 2300):

Re=0,957%7". (1)

0) cMelIaHHbIN PEeKUM TeUeHHsI TVICHKU KOHJIeHCaTa — JIAMUHAPHBIN PEXUM Ha BEpXHEM
y4acCTKe BEPTHKAILHOU TPYOBI U TYpOYJIECHTHBIN PEKUM Ha HIDKHEM YYacTKe:

/
Re =[89 + 0,024 Pr%°(Z — 2300)- &, ]4 3, (2)

rie & = (Pru/Pro)®® — HOIPAaBOYHBIN K03()PULIMEHT, yUNTHIBAIOUINN 3aBUCUMOCTD (PU3UUECKUX
CBOWCTB IUICHKHM KOHJIEHCaTa OT Temmeparypsbl, kpurepuu [lpannrna Pry, u Pr. ompenenstorcs
JUTSL KOHJIEHCATa TpU TeMIIepaTypax HACHIIEHHs U CPeAHEN TeMITepaType CTEHKH.

B BeIenpuBeieHHBIX GopMyiax:

aAth o AthB
Re = =
rvp 4

(3)

— Kputepuid PeitHombca Tpu KOHAEHCAIIMU: oL — KO3 (GUIIMEHT TETUIO0TIauH, BT/(MZ-K); At =ty
— tc — TemmnepatypHblii Hanop, °C; t, — Temneparypa Haceinienus, °C; t. — TemmepaTypa CTeHKH
tpyosl, °C; h — BBICOTA TpYOBI, M; I — CKpbiTas TeIIOTa MapoobpasoBanus, JIK/KT; v —
KMHEMaTH4eckuil Ko3((UIMEHT BSI3KOCTH IUICHKH KOHJEHcaTa, m/c; p — IUIOTHOCTh

KOHJIeHCaTa, KI/M>; B = 4/(r p V) — KOMIUIEKC, KOTOPBI HaXoAAT 1o Tabu. 8-1 3amaynuka [2,
ctp. 159].

1/3
h3| At
z=| 8 A2 _haAta )
v rvp
— mpuBeeHHas BBICOTA TPYOE: § = 9,8 M/C? — YCKOpEHHE CBOGONHOTO TMACHHSA —
K02 (UIIMEHT TEIJIONPOBOAHOCTH KOHAeHcaTa, B1/(M-K);
1/3
A
a=(9] ~ (5)
\% rvp

— KOMIUIEKC, TpuBeACHHBIH B Tabm. 8-1 Ha crp. 159 3amaunumka [2] B 3aBUCHMMOCTH OT
TeMIIepaTypbl HACBILICHHUS.

dusnuecKkue CBOHCTBA KOHIEGHCATa HAXOAAT IO CIPABOYHBIM TaOIuIaM, Hampumep,
3aJlauHUKa [2] o TeMIlepaType HaChIIEHUS KOHIEHCaTa.
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3HaueHue YAENbHOW TEeIUIOTHI ()a30BOTO IMepexoaa I TakkKe HaXOIIT IO TeMIlepaTrype
HACBIIICHUS] WM 1O 33JaHHOMY JaBJICHUIO CYXOrO HACBIIIEHHOTO Iapa M0 Talauiam
TEPMOJIMHAMUYECKUX CBOMCTB BOJBI U BOJASIHOrO mapa [12] uim BOCHIOIB30BATHCS JAaHHBIMHU
Tab1. 2.2 HaCTOSAIIUX METOIUYCCKUX YKa3aHUM.

Tabsmia 2.2. 3aBUCHMOCTb TeMIIEPATYPhl U TEIJIOTHI MAP000Pa30BaHMsl OT JaBJIEHHS

p, MIla t,, °C r, KJIx/Kr p, MIla t,, °C r, KJIx/Kr
0,00123 10 24774 0,00737 40 2406,5
0,00234 20 2453,8 0,01234 50 2382,5
0,00424 30 2430,2 0,1000 99,63 2258,2

3ameTuM, 4YTO B pacyeTHble (GOPMyINbl TEIUIOTAAYM MpU KOHJEHCAlMH I Clexyer
MOACTaBJIATh B JIK/Kr!

PaccuntaB kpurepuii Peiinombaca mo oaHoit u3 popmyn Re = f(Z) nerko MoxHO HalTH U
3HaueHUE K0P PHUIMCHTA TSTUIOOTIAYH MTPY KOHICHCAIIHH:

rvp:Re 4 |
Ath AthB

ANrOpuTM pacueTa TEIUIOOTAAYd TMPU KOHJCHCAIMM Ha TOPH30HTAIBHOW TpyoOe
HE3HAYUTEIFHO OTJIMYACTCSl OT W3JIOKEHHOTO BbImie. [lodTOMy Tiepen HavaaoM pacdera
PEKOMEH/IyeM O3HAKOMHUTBLCS C TPUMEPOM PEUICHHS aHAJOTUYHOW 3a7a4yd, WU3JIOKCHHOM Ha
c.157-159 3a

o =Re

(6)

3aoaua 4.

[Tonp3ysice hopmynoit Kyratenanze u gopmynoit Muxeesa, onpenenuts KodOPHUIIUEHT
TEIJIOOTJAYM O, TeMIepaTypHblii Hamop At m Temmeparypy t. MOBEpXHOCTH HarpeBa Ipu
My3BIPbKOBOM KHUIIEHHH BOJABl B HEOIPAaHUYEHHOM OO0BEME, €CIM JaHbl IUIOTHOCTH TETIOBOTO
II0OTOKa q, moABOAMMOr0 K MHNOBCPXHOCTH Harpe€Ba, U AABJICHUC P, IIPU KOTOPOM HNPOUCXOIHUT
kunenre. ComocTaBUTh pe3yJbTaThl pacyeTa mo obOeuM (opMyliaM, BBIUKCIHB TMPOIEHT
HECOBITAJICHUSI.

[TocTpouth cxeMaTU4HO rpaduK 3aBUCUMOCTU ( U At IpU KUTIEHUU BOBI, YKa3aB HA HEH
o0Jacte IMY3BIPEKOBOI'0 KHUIICHHUA W OPUCHTHUPOBOYHO ITOJIOKCHHUEC TOYKH, COOTBeTCTByIOHIefI
3a/IAHHOMY PEKUMY.

Tabnuna 4.1 BapuanTsl k 3anaye 4

HUcxonurnie BapuanTst

AaHHBIC 41 42 43 44 45 46 47 48 49 40
HaTeHcuBHOCTD
TEIIOBOTO 0,2 0,2 0,2 0,2 0,2 0,6 0,6 0,6 0,6 0,6
MOTOKA (, MB1/Mm?
JlaBnenne
HACBIILLICHHUS D, 1,0 156 | 2,32 | 3,35 47 1,0 156 | 2,32 | 3,35 4,7
Mlla

MeToanueckne ykazanus k 3agade Ne 4

N3yunre pexxuMbl MPOLECCOB KUTEHUS, a IS Iy3bIPhKOBOTO M IUNIEHOYHOTO PEKUMOB —
METOAMKY OIpeaesieHus: K03 (HUIIMEHTOB TEIUIOOTAAYH.



16

3anHTEepeCOBaHHOCTh B BBICOKOW HMHTEHCHBHOCTH TEMJIOOOMEHa 3acTaBiisieT 0oOpaTuTh
BHHUMaHUE, OCOOCHHO Ha MYy3bIPHKOBBIM pekuM kumneHus. OJHaKO MMEHHO JJisi 3TOi 00JacTu
KUIIEHHUS [10Ka HE CYILECTBYET cTporoi Teopuu. IloaToMy, a Takyke BCIEICTBUE ONIEYATOK B pSC
u3nanuii, Qopmynbl AN pacyeTa TEIUIOOTAAYd MPU Pa3BUTOM Iy3BIPHKOBOM KHUIICHHH
pa3IMYHBIX XHUAKOCTEH, B TOM 4YMCJIE M BOJbl, HHOI/A OTIMYAIOTCS JIPYr OT ApYyra, TaKk 4To
pe3yNbTaThl BBIUMCICHUM MO HUM CYIIECTBEHHO He coBmanaioT. [loaTomy pexomeHmyercs
MOJIb30BATHCS  CIAEAYIOIIUMHU (popMylaMH Ui MYy3bIPHKOBOTO KHIICHHS B HEOTPAHUYCHHOM
o0beme (Bce BEJIMYMHBI, BXOJASIINE B HUX, BbIpaxeHsl B equHunax CH). Jlns mpou3BOIbHBIX
xuakocteid — dopmyna Kyrarenamze:

( ) 0,5 0,7
a=70-10"%%, 9\Px ~Pu 4Py pr 035,
O x rpnamg(pm _pn)

IJIe 3HAUYCHHE B MIEPBBIX CKOOKAX BEIPAXKACTCA B M 2, BO BTOPBIX CKOOKaX — 6€3pasMepHO, g =
9,81 m/c?; p — MJIOTHOCTHh KHUISIIEH >XUAKOCTH U CYXOro HACBIIIEHHOTO Mapa, kr/m>; A —
KOO QHUIMEHT TETIONPOBOAHOCTH KHIsimed xuakoctu, B1/(M-K); o — ee moBepxHOCTHOE
HaTsDKeHHe, H/M; a — ee KOA(pUIMEHT TeMIepaTypOIpOBOIHOCTH, M/c; Pu — €€ JaBJeHUue
Haceimienus, Ila; r — ynenpHas Teruiota napoobpa3oBanus, JK/KT; ( — IIIOTHOCTh TEIIOBOTO
MOTOKA, BT/MZ; Pr — uucno Ilpanarns sxupkoctu. KOHTpoOdb 3a eAMHUIIAMU BEJIUYUH,
MOJICTaBJISIEMBIX B OPMYITY, AOKEH OBITh OCOOCHHO TIIATEIbHBIM.

bonee mpocras u Ttounas (£ 35 %) ¢dbopmyna pacuera TEIJIOOTAAYU MPHU MY3BIPHKOBOM
KUIICHUU, HO TpPUMEHseMas TOJbKO IJsi BOJbI, pekoMmeHaoBaHa MuxeeBbiM. C ydyeTom
nocneaytomero yrouneHus (cm.: Paccoxun H.I'., IlBemoB P.C., Ky3smun A.B. Pacuer
TeII00TAa4M npu kuneHuu. TemnosHepreruka, 1970, Ne 9, ¢. 58—59) ona umeer Bu:

ITpu 0,1 MlIla < p <3 Mlla a=06,0 pl/5 q2’3;

npu 3 MIla <p <20 Mlla a=3,33 p3/4 q2’3,
rae o — BT/(MZ-K), p—Mlla, g - Br/m.

Haunbomnee BeposATHBIN UCTOUHUK OMIMOOK MTPH BHIYUCICHUHU 0L — HEIOCTATOYHBIA KOHTPOJIb
3a eIMHUIAMH BEJIMYUH, MOJCTaBIseMbIX B (opMynbl. [locie BeMHCIEHHS MO YKa3aHHBIM
dbopMyiiam kodpduIMeHTa TEIIo0TAauM o ornpeaensor no (opmyne Hrerotona — Puxmana
TEMIIEpaTypHbI Harop At mpu KumneHuW. 3Has JaBJICHUE KHUIIAIIEH BOJBI, OMPENEISIOT IO
TabIUIIaM TEPMOJUHAMUYECKUX CBOMCTB HACBHIIIEHHOTO BOJASHOTO TMapa M BOABI (WK MO Tadu. 5
npwiokeHus [1]) remneparypy Haceimenus t,, a o t; u At HaxoAIT Temneparypy MOBEpXHOCTH
Harpesa. ['paduk 3aBucumoctr q u At cxemaTuyHo npuBeseH Ha puc. 13.6 u 13.7 yuebnuka [1].
[IpaBMIIBHOCTH pelIeHHs] 3aadyd  MOXHO MPOKOHTPOJIUPOBATH, CONOCTABUB pPE3YNIbTaT C
JIMara3oHOM 3HaueHui Kod(huIMeHTa TerIo0TJauu MNPy MMy3bIphKOBOM (ITy3bIPUYAaTOM) KHUIIEHUU
BoAbl. HmxHss rpanuma storo auanazoHa o ~ 20 kBr/(M*K), BEpXHssl MpEJICTaBJeHa B
3aBUCUMOCTH OT JaBJlieHUs Ha puc. 13.26 [1].

3aoaua 5.

Yepes ra3oxoj MPOXOAAT MPOIYKTHI CTOPaHHs, COACpKAIIUE BOJSHONH TMap M JIBYOKHCH
yraepona. O6mee naBienwe cmecu 0,1 Mlla. Onpenenuts MIOTHOCTH PE3YIBTHPYIOIIETO
TEIIOBOTO TIOTOKA OT MPOAYKTOB CrOPaHHS K CTEHKaM ra30Xxoja.

Tabnuna 5.1 BapuanTs! k 3amaue 5

Bapuant
HaunmenoBanue ycinoBus
o1 52 53 54 55
;[CeMnepaTypa IIPOJYKTOB CrOpPaHUs, 500 600 700 800 900




17

Temmneparypa cTeHok razoxona, °C 100 150 200 250 300
CremneHb 4YepHOTHI CTEHOK T'a30X0/1a 0,75 0,8 0,85 0,9 0,75
06’561\:)IH06 COJIepKaHKUE BOJITHOTO 4 4 5 5 v
napa, %
O0BeMHOE coiepKAHKE TBYOKHCH 10 15 10 12 10
yraepona, %
A d A d
b Q/ b Q/ b
Pasmeps! razoxona
a=03m |d=04Mm | a=04Mm | d=05m | a=0,5m
b=0,4m b=0,5mMm b=0,6 m
[Iponomxenue tadi. 2.5
Bapuant
HanmenoBanue ycnoBus
56 57 58 59 50
(,TgMnepaTypa HPOAYKTOB CLOpatitdl, | 1400 1100 1200 1300 1400
Temneparypa cTeHOK razoxoza, °C 350 400 100 200 300
CrerneHb YepHOTHI CTEHOK T'a30X0/1a 0,8 0,85 0,9 0,75 0,8
O6’bel\gH06 COJIepKaHHUE BOJITHOTO 7 75 75 10 10
napa, %
O6’I)€MHOGOC0I[€p)KaHI/IC JIBYOKHCH 12 12 15 15 15
yraepoja, %
d : d d
oorig dr g
Pasmepsl razoxona ey i
d=0,6m | a=0,6m | d=08M | a=08m [ d=1,0Mm
b=0,8m b=10wm

Meroanyeckue ykasaHus K 3agade Ne S

TeOpI/Ifl pacucTa paauaiunoOHHOIO TEIJI000MEHa B HU3JTydJaromux MW IMOorjiIomariux cpeaax,
K KOTOPBIM MOKHO OTHECTHU MMPOAYKTHI CrOpaHus OPraHuv4CCKUX TOIIJIUB, HO,Z[p06HO H3JI0KCHBI B

BOCEMHA/IIATOM riaBe yueOHuka [1].

Pe3ynpTupyromuii NOTOK HM3JIyd€HHEM Ha MOBEPXHOCTH obOonouku (temmeparypa T,
cpeny c¢ Ttemmneparypor T

CTENeHb YEpPHOTHI &),
paccuuThiBaeTcs o popmyse:

OTPAaHWYMBAIOINICH Ta3000pa3HYIO

a) hopmyna HycenbTa (ipu gONyIIeHNH & = Ay)

4 4
Qc=gpool\ls —T¢ R,

B KOTOpOM NMpUBEACHHAS CTENICHh YEPHOTHI paBHA

Empp = —+—-1! ,
€r &g

0) dhopmyia [Monsika (¢ yueTom, 4TO B ICHCTBUTEIBHOCTH & # A;)

(1)

)
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Er o 4 4
Q¢ =€pOo AF T -T |Fe, 3)
r
B KOTOPO#i MPUBEICHHAS CTEIIEHb YEPHOTHI paBHA
-1
1 1
e, =|—+—-1| . 4)

p
AL g
B dopmynax (1) + (4): T — abcomtoTrHas temmneparypa, K; F — miomans moBepxHOCTH
TeriooOMeHa; o, — moctosiHHas Credana-bonbimana; & u A, — CTCNEHb YEPHOTHI U

norjomarcibHasn CIIOCOOHOCTH raza, KOTOPBIC 3aBUCAT OT COCTaBa rasa, €ro TCMIICPATyphbl U
TCOMETPHUHN CUCTEMBI TemooOMeHa:

& =€co, +Ben,0. (5)
Ar =Aco, +BAR,0: (6)
rac SCOZ y SHZO — CTCIICHU YCPHOTHI YIJICKUCIIOTO r'a3a W BOAAHOI'O IIapa HaXOIAT IIO

HOMOTpamMMaM, TMpUBEIECHHBIM Ha c. 211-212 3amaunuka [2] mo Temmeparype raza I,
AC02 u AHZO — MOTJIOUIATeNbHBIE CIIOCOOHOCTH YIIIEKUCIIOTO T'a3a M BOJASHOTO Mapa HaXOIsIT

no Homorpammam [2] Ha c. 211-212 mo Temneparype cteHku T, [ — HONpaBOYHBIN
KO3 PHUIMEHT TaKk)Ke HAXOIAT 10 HOMOTpaMMaM, IIPUBEACHHBIM B 3aavyHuKe [2] Ha c. 213.

st pacyeToB MO BBINIEYKa3aHHBIM HOMOTpamMMaM IPEIBapUTEIbHO HEOOXOIUMO HANTH
s dexTrBHAS IIMHA TyTH JTy4a 1o GopMyIie

V
T
I 3(1) = 3,6F—, (7)
T
rae V. — oObeM, 3aHMMaeMblii Ta30BOM cpemoit; F. — miomanp orpaHUYMBAIONIEH Ta3

IMMOBCPXHOCTH.

Kpurepun onenkn pacuerHo-rpaguyeckoii padornl:

«3auTeHo» - paboTa BBHIIIOJHEHA B COOTBETCTBHM C YTBEP)KIECHHBIM IUIAHOM, MOJIHOCTHIO
PAaCKpBITO COAEp)KaHUE KaXJIOTo BONPOCA, CTYACHTOM C(HOPMYIUPOBaHBl COOCTBEHHBIE
apryMEHTHPOBAaHHbIE BBIBOJBI MO TeMe paboTel. OdopmieHre pabdoTbl COOTBETCTBYET
npeabaBisieMbiM  TpeboBaHusAM. [Ipu 3amuTe paboThl oOydaromuiics CBOOOJHO BiajeN
MaTepHrajJoM M OTBEYasl Ha BOIIPOCHI.

«He 3auteHo» - eciu paboTa BBHINOJIHEHA HE B COOTBETCTBUU C YTBEPXKACHHBIM IUIAHOM,
HE PACKPBITO COJEpXKaHME KaKJOro BOMPOCa, OOyJaroIIMMCS HE C/AETaHBl BBHIBOABI IO TEMe
paboThl, HMEIOTCS TpyOble HENOCTaTKM B O(OPMIIEHMHM padOThl, NpPU 3alIUTe PabOThI
00ydJaroIMiCs He BIAJeNl MaTepHalIoM, HE OTBEYa]I HAa BONPOCH, TO padoTa HAIMPaBISAETCS Ha
JanbHEeHIyo J0paboTKy.



