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1. ITacnopT OLEHOYHBIX MATEPHAJIOB MO JUCIUIIHHE
b1.B.08 «TEXHUYECKAS TEPMOJINHAMUKA U TEIINIOMACCOOBMEH»

1.1 TIIpouecc oOydeHus MO JUCHUIUIMHE HampaBieH Ha (OPMUPOBAHUE CIEAYIOLIUX

KOMIIETEHIIUHA

Komnerennus mo ®I'OC

O)I(I/I)IaeMble pPe3yJdbTaThbl oﬁyqennﬂ

OIIK-2 - crtocoOHOCTBIO BBISIBUTH
€CTECTBCHHOHAYYHYIO CYIIHOCTh
mpo0JeM, BO3HUKAIOIINX B X0JIe

po(heCCUOHATBHON IEATEIbHOCTH,
MPUBJICYD IS UX PEIICHHUS
COOTBETCTBYIOIIUH (HU3HUKO-
MaTeMaTUYECKUH amnmapar

3uarb -  ¢QyHAaMEHTaIbHBIE OCHOBHI (PU3MKH, BKIIOYAS
pa3zmenbl «1aBJICHUE KUAKOCTU U Ia30B», «MOJIEKYJIsIpHast (huzu-
Kay, «TEIIOTa;

- TEPMUHOJIOTHIO, OCHOBHBIE TTOHATHS, OTHOCSIIIHECSK
TEIUIOTEXHUKE; - (PyHIaMEHTaJbHbIE OCHOBBI BBICILIECH
MaTEeMaTHKH, BKJIIOYas JMHEHHYIO alre0py U MareMaTH4ecKuil
aHaus3;

- OCHOBHBIE 3aKOHBI TEPMOIMHAMHKE U TEILIONEPEIauu;

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

YMeTs -  TPOBOAUTH POPMATM3AIUIO TOCTABICHHOH 3a/1aud Ha
OCHOBE COBPEMEHHOTO MATEMaTHYECKOTO aNlapara;

- BBISIBUTH €CTECTBEHHOHAYYHYIO CYLTHOCTH IPOOJIEM,
BO3HHKAIOIIMX B X0OJI€ MPOPECCUOHANBLHON IS TEIHLHOCTH,
MPUBJICYD IS MX PEIICHHsI COOTBETCTBYIOMINN (PU3HKO-
MaTeMaTHUYECKHUN anmapar

- ONIPEJENSATh TEILUIOBBIE HArPY3KH, TEILUIONOTEPH;

- IPaBUJIBHO BHEIOMPATH TEINIOBOE 000pYI0BaHUE;

- IPOBOAMTE (hOPMATU3ALMIO IOCTABJICHHON 33/1a4l HA OCHOBE
COBPEMEHHOI'0 MaTEMATUYECKOI0 alapara;

-[10JIb30BATHCS TEIUIOTEXHUYESCKUMH ITPUOOPAMHU;

- I0JIb30BAThCS CIIPABOYHON HAYYHO-TEXHUYECKOU JIMTEPATYPOM;

B.]'Ial]eTb - ICPBUYHBIMU HaBbIKaMH 1 OCHOBHBIMU METOAaMU
peHICHUA MAaTCMATHYCCKUX 3a4a4 IPUMCHUTCIILHO K
TCPMOJNHAMHUKE,

IIK-14- BnageHueM METOIaMU U
cpencTBaMu (PU3NIECKOTO U
MaTeMaTHYECKOTO (KOMITBEOTEPHOTO)
MOJICIMPOBAHUS B TOM UHCJIE C
WCTIONTH30BAHUEM YHUBEPCATHHBIX U
CIIEUAIU3UPOBAHHBIX IPOTPAMMHO-
BBIYUCIUTEIBHBIX KOMIUIEKCOB,
CHUCTEM aBTOMATHU3UPOBAHHBIX
MIPOEKTUPOBAHMUS, CTAHJAPTHBIX
MaKeTOB aBTOMATU3AI[UU
WCCIIEOBAHMM, BIIaZICHUE METOaMHU
WCTIBITAaHUHN CTPOUTEIIBHBIX
KOHCTPYKUUH U U3IECIHUM, METOIAMU
MTOCTAHOBKH ¥ ITPOBECHIIS
9KCIIEPUMEHTOB T10 33IaHHBIM
METOAUKAM

3HaTB- TEpPMUHOJIOTHIO, OCHOBHBIE TOHATHS, OTHOCAIIHECS K
THIPABIMKE U TEIJIOTEXHUKE;
- (yHIaMEHTaIbHBIE OCHOBBI BBICIIICH MaTeMaTHKH, BKIFOUAs

JUHEHHYIO0 anre0py U MaTeMaTH4eCKUi aHaIn3;

- OCHOBHBIE 3aKOHBI TEPMOAMHAMHUKHY U TETUIONEPEIaUH

- (hynmamMeHTabHBIE OCHOBBI (DM3HMKH, BKITIOUYAs Pa3/IEIbl
«MOJIEKYJISIpHas (U3UKA», KTEIIOTAY;

- METOJIbl pacyeTa TEPMOJMHAMHYECKUX MTPOLIECCOB;

- METO/JIBI pacueTa TEMIEPaTypPHBIX MOJIEH U TEIIIOBBIX
MTOTOKOB

YMersb- - GOpMyNIHPOBaTh U pelIaTh TEINIOTEXHUIECKUE
3a/1a4d B CTPOUTEIILCTBE;
- IPOBOJUTH (hOPMAITH3ALINIO TOCTABIEHHOM 3a/1a4l HA OCHOBE
COBPEMEHHOI'0 MaTEMAaTHYECKOr0O allapara;
- TI0JIB30BATHCS CIPABOYHON HAYYHO-TEXHUYECKON
JINTEPATYpPOU

Baaners - MeTomaMul peieHMs MPOCTHIX 3a7a9
TEPMOJMHAMUKH U TETLIOMAaCCOOOMEHA;

- BJIaJIETh METOIaMH PacyeTa TeIUIOTEXHUUYECKUX MPOILIECCOB B
CTPOUTEILCTBE;

- TICPBUYHBIMH HaBBIKAMH M OCHOBHBIMH METOJAMH PEIICHUS
MaTeMaTUYECKUX 3a7aY;
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1.2 ®opmupoBaHHe KOMIIETCHIIMN B Ipoliecce 00yueHUs 10 TUCIHUITIIMHE

No KonTposmmpyembie pa3ieibl Koa konTpompyemoi HaumenoBanue
(TeMbl) IMCHHUIJIMHBI KOMIIeTEeHI[UH OIIEHOYHOI0 CPeCTBA
Paznen 1. OCHOBHBIE TIOHATHS U 3aKOHBI MPAKTUYECKUE pa6OTLI,
TCPMOTMHAMUKH OIIK-2 nabopaTopHbIE pabOTHI,
1 I1K-14 pacueTHO-Tpaduyeckas
pabora,
BOIIPOCHI K 3a4eTy
Paznen 2. TepMOAMHAMUYECKHUE LUKIIBI IpakTH4ecKue paboThl,
2 OIIK-2 nabopaTopHbIie paboTHI,
I1K-14 BOITPOCHI K 3a4eTy
Paznen 3. OCHOBHBIE MOHATHS U 3aKOHBI nabopaTopHbIE pabOTHI,
MepeHoca TEMJIOThl U BEIISCTBA OIIK-2 MPaKTUYECKUE pa6OTI)I,
3 I1K-14 pacueTHO-Tpadudeckas
pabora,
BOMPOCHI K 3aUeTy

2. Kputepuu olleHKH yCcrieBaeMOCTH 00y4aKOIIUXCS
@®opMbl ¥ BUABI KOHTPOJS 3HAHWA OOYYAIOUIMXCS, NPEAYCMOTPEHHBIC IO JIaHHOU
JOUCIAIIIINHE:
- TEKyIHUHd KOHTpPOJIb (3ammra JabOpaTOpHBIX, MPAKTHYECKHX padoT, BBINOJIHEHUE
ayJUTOPHBIX KOHTPOJIBHBIX paboT, pacyeTHO-rpadudeckas padora);
- IPOMEKYTOYHAs aTTecTalus (3auer).

IIpoueaypa oneHMBaHUs NIPH NMPOBEAECHHH TEKYILIEr0 KOHTPOJISA yCIIeBaeMOCTH

Texkymuil KOHTPOJb  YCIEBAEMOCTH IPOBOJUTCA C LEIbIO INPOBEPKH 3HAHUU
oOyuaronuxcsi, NpuoOpPETeHNs U Pa3BUTHUSI HABBIKOB CAMOCTOSITENILHON paOOThl, YCUIIEHUS CBA3H
MEXy IMperoiaBaTesieM U 00y4arolMMCcs, COBEpPIIEHCTBOBAHUS PabOThl Kadeap Mo pa3BUTHIO
HaBBIKOB  CaMOCTOSITEIbHOW  paboThl, [0 MOBBIIIEHUIO aKaJAEeMHUYECKON  aKTHMBHOCTHU
oOyJaromuxcs.

[TpomexxyTouHast arrectanusi, Kak (opmMa KOHTPOJS YCIEBAEMOCTH IO JUCIMILIMHAM
(pa3genaM JMCLUIUIMH) U BUJAM y4eOHOM NeATeNbHOCTH, MPOBOAMUTCS Ui NMPOBEPKHU CTEIIEHU
YCBOEHHS 00yUaIOIUMUCS MPOrPaMMHOI0 Y4eOHOTr0 MaTepuaia U yCTaHOBJICHHUSI COOTBETCTBUS
pe3y/bTaTOB MPOBEPKH TPeOOBaHUSIM TOCYIapCTBEHHBIX O0Opa30BaTENbHBIX CTaHAAPTOB K
00s3aTeNIbHOMY MUHHUMYMY COJEpXaHUs WK (OPMUPOBAHMS KOMIETEHLIUH, YCTAaHOBJICHHBIX
(benepaabHBIMHU FOCY1apCTBEHHBIMU 00pa30BaTeIbHBIMH CTAHIAPTaMH BBICIIETO 0Opa30BaHMUS.

K npomexyTouHoil aTTecTalvy AOMYyCKAarOTCS OO0ydYarolivecs, YCIEUIHO MpOLIeAnIne
TEKYIUN KOHTPOJIb 3HAHUH, YMEHHUI U HaBBIKOB.

Kpurepun nonydyeHnus 3a4era 1o JUCUMIIMHE:

- OIIEHKAa «3a4TE€HO» CTABHUTCS, €CIM OOYYarOIIUICs 3allUTHI BCE€ JIaOOpAaTOpHBIE U
NpaKkTUYeCKHe pabOThl, OTBETHII Ha MOJIOBUHY BOIPOCOB K 3a4ETYy.

- OLICHKA «HE 3a4TE€HO» CTAaBUTCS, €CJIM OOyJaroIIMICs HE 3alUTUI BCE JIaDOpaTOpHbIE U
NpaKkTUYeCKHe padOoThl, HE OTBETHII Ha MOJIOBUHY BOIIPOCOB K 3a4ETy.

Kpurepun oueHKH pacyeTHO-rpaduyeckoii padoThl:

«3auTeHo» - paboTa BBHIIIOJHEHA B COOTBETCTBHH C YTBEPXKIECHHBIM IUIAHOM, MOJIHOCTBHIO
PacKpbITO COAEpKaHUE KaXIOro BOIPOCa, CTYIEHTOM CQOPMYIUPOBAHBI COOCTBEHHBIE
apryMEHTHPOBAaHHBIE BBIBOABI TO Teme paboTel. Odopmienue paboOThl COOTBETCTBYET
npeabsBiIsieMbiM  TpeboBanusaM. [Ipu 3ammurTe paboOTHl O0ydYarOmMICS CBOOOJHO Biaae
MaTepHajJoM U OTBeYas Ha BOIIPOCHI.

«He 3auTeHo» - ecnu paboTa BBHINOJHEHA HE B COOTBETCTBUU C YTBEPKJACHHBIM IJIAHOM,
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HE PaCKpPBITO COJEP’KaHUE KaXKIOTO BOMpPOCAa, OOYYAIOIIMMCS HE CAENAHBI BBIBOJBI IO TEME
paboThl, WUMEITCS TpyOble HEAOCTaTKM B O(QOpMIECHHWH pabOThl, MPHU 3alIUTe PadOTHI
oOyJaromuicss He BJaJe)l MaTepUuaioM, He OTBEYaJ Ha BOMPOCHL, TO paboTa HANpaBiseTCs Ha
JABHEHITYI0 JOPadoTKY.

Ilpumepnaa memamuka pacuemuo-zpagpuueckux paoom

(Konmponupyemoie komnemenyuu OI1K-2,11K-14)

CornacHo yueOHOMY IJIaHYy CTYACHTY, U3ydarouiemy kypc «Texauueckas TepMOAMHAMUKA
U TEIIOMAaccOOOMEeH» HEOOXOIUMO BBINOJIHHUTH pacyeTHO-rpaduyeckyto padboty. PacuerHo-
rpaduueckas paboTa cocToAT U3 5 3a1ad.

[Ipr BBIMONHEHUH pacdyeTHO-TpapUUecKoil paboTHl CIEAYET CTPOrO MPHUAEPKUBATHCA
CBOEro BapuaHTa. BapmanThl 3amau ompenenstor mo Tadm. B.1 "Bapuantel 3amanuii" B
3aBHCHUMOCTH OT JIBYX NocieqHux uudp mudpa cryaenra. Hanpumep, npu mmdpe 116 nam 166
(mBe mocneaHue HUQPHI COOTBETCTBEHHO 16 M 66) CTYIEHT OTBEYAaeT HA BOMPOCHI U pelIaeT
cienyomuye BapuanTel 3agaud: 4, 20, 29, 37, 44. ®opMyaMpOBKU yCIOBHsI BapUaHTOB 3ajad B
KOHTPOJIbHOHM paboTe HY>KHO MEePENUCHIBATH MOTHOCTHIO.

Pemenunst 3ama4 JDODKHBI COMPOBOXAATHCS KPATKUMH OOBSICHEHUSMH U IOJPOOHBIMH
BbIunciaeHusiMH. [Ipu pacueTte kakoi-1100 BEIUYMHBI HY>KHO CJIIOBAaMU yKa3aTh, Kakas BEJIHUMHA
ompenensercs. B mporecce pemeHus 3aaad HEOOXOIUMO CHadana MpUBECTH (HOpMYIIH,
JieKale B OCHOBE BBIUMCIICHHH, MPOAeTaTh C HUMHU BCE BBIKJIAIKU (B OYKBEHHOM BBIPAKEHUU)
U JIMIIb 3aT€M [OJCTaBISATh COOTBETCTBYIOIME YHCIOBBIE 3HAUEHUS U IPOU3BOAUTH
BbluncieHus. HyXHO yka3aThb €IMHHUIBI BEIMYUH, KaK 3aJaHHBIX B YCIOBHHM 3aJad, TaKk H
HalJICHHBIX B PE3YJIbTATE PEIICHHUS.

ITpu pemenun 3agad U B OTBETAX HA BOIPOCHI CIENYET NPUICPKUBATHCSA NMPUHATON B
yaeOnuke [1] cucteMbl 0603HaueHUH, TepMUHOB U MexayHapoaHoi cuctemsbl eaunuil (CH).

TOYHOCTH BBIYMCICHMH 3aBUCUT OT TOYHOCTH 33JaHHBIX BEIMYMH WM BBIOPaHHBIX
MCXOJHBIX JJAaHHBIX, HO B OOIIEM CiIy4ae He CJIelyeT CTPEMUThCS K TOYHOCTH Bbille, yeM 0,5 %.

PacueTHo-Tpaduueckas paboTa BeImonHAOTCA Ha popmaTte A4. Jlns 3aMEeTOK peleH3eHTa
OCTaBJISIFOT MOJIS U B KOHIIE pabOThl YHCTHIH JIUCT.

Ilepen BBIMOIHEHNEM KOHTPOJIBHOIO 3aJaHUS CTYACHT JOJDKEH 03HAKOMUTBCS C METOIUKON
pelIeHNs COOTBETCTBYIOIIMX 3ajau.

Tab6muma 1. BapuanTs! 3aganui

JIBe nocieHue Howmepa Bonpocos JBe nocienHue Howmepa Bonpocos
uugps! mudpa Y BAPUAHTOB 3a/1a4 uugps! mudpa Y BAPUAHTOB 3a/1a4
CTyJIEHTa CTyZIEHTa

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.

Kamepa cropanust BbIIIOJIHEHA U3 MaMOTHOTO Kupnuya (A, = 0,9 Bt/(Mm-K)) Tommmuo#i O =
250 mM. CHapyXu CTEHKH KaMmepbl HM30JMPOBaHbI JIBOMHBIM CJOoeM H30JuM. [lepBbiii cioii
3oisiu (A1 = 0,08 B1/(M-K)) TommuHON Oy31, MM, BTOPOM HApY>KHBIA CIIOW U30JAIUN (Ays =
0,15 Br/(m-K)) Tomuunol 8,5, MM. Temmeparypa ra3oB B kamepe cropanus ty, °C, Temmeparypa
BO3/lyXa B MOMEIIEHHH o, °C. Kod(PUIMEHT TEIO0TAaYM OT ABIMOBBIX I'a30B K KHPIHMYHOM
CTEHKE O, BT/(MZ-K), a OT Hapy)XKHOH MOBEPXHOCTH M3OJLALIUHM K BO3AYXY MomeuieHus op = 10
Br/(M*K)

Onpenenutb KO3PPUIHEHT TEIIoNepeadyn, MIIOTHOCTh TEIIOBOrO MOTOKA (eciu OHa He
3a/1aHa), TeMIIepaTyphl TETUIOHOCUTENICH M TEMIIEpaTyphl Ha TPAHUIIE CIIOCB OOMYpPOBKH, CUUTAs
KOHTAaKT MEX]y CJIOSMH UJICAIbHBIM.

OnpenenuTh TakKe TEPMUYICCKUE COMPOTHBIICHHS TEIUIOOTIAYN M TEIUIONPOBOTHOCTH IS
kakoro ciost (Ry) 1 cooTBeTCTBYIOMIIE UM TIepena bl Temreparyp (At).

N300pa3uTth rpaduyuecKku H3MEHEHHE TEMIIEPATYPhI 110 TOJIIUHE CJIOCB U B MOTPAHUIHBIX
cinosix. Macmral mo TOJIIMHE CI0eB U 0 TeMIIepaType BEIOPATh CAMOCTOSITENBHO.

Tab6muma 1.1 BapuanTsl k 3agaue 1

Hcxonnabie BapuanTst
AQHHBIC 1 2 3 4 5 6 7 8 9 10
Ous1, MM 190 180 150 230 265 240 195 270 220 300
Ouz2, MM 100 70 130 140 135 140 155 165 170 130
oy, BT/(MZ-K) 100 80 70 130 60 90 80 150 250 150
ty1, °C 1150 1000 1040 | 1030
ITponomkenue Tad. 1
Hcxonnabie BapuanTst
AQHHBIC 1 2 3 4 5 6 7 8 9 10
t.1, °C 900 1170 | 1230
teo, °C 890 1170
tes, °C 290 390 275
tea, °C 50 52 50
tyo, °C 25 28 30
q, Br/m® 310 225
Ak Azt Auz2
t
g tez O b
tea Q
Ol tra O (0%
| 8K 6I/131 81/132 P
» <




Puc. 1.1

Ha puc.1.1 cxemMaTuuHO OKa3aHO PACIIOJIOKECHUE CIIOEB CTCHOK TOIIOYHON KaMephl.
PesynbTarhel pacyeToB HE0OX0UMO 3aHeCTH B Tabmd. 1.2.

Tabmuna 1.2. Pe3yJbTaThl pacyeToB

k a,

Bapuanr Br/ (M2~K) Br/a2

ti, °C | 1c1,°C | 12, °C | 1e3,°C | s, °C | Ty, °C

MeToauueckue YKa3aHusl K PCHICHUI0 3a1a4 Nel

[lepen pemenueM 3amgau Ne 1 pekoMeHyeM U3ydyuTh MaTepualibl yueOHuka [1] Ha c. 24 +
40.

[Ton Temonepenayeld NOHUMAIOT Mepeavy TEIJIOTHI OT ABMXKYLIEHCS cpeabl (KHUIKOCTH)
¢ OonpmIel TemrepaTypoi K IBIDKYIIEHCS cpele (KUIKOCTH) C MEHBIIeH TeMIlepaTypor depes
HEMPOHUIAEMYIO CTEHKY Jt000i ¢dopmbl. Takum oOpa3zom, Terulonepenaya BKIIOYaeT B ceOs
TEIUI00TIady OT HarpeToil *KUIKOCTH K CTEHKE, TeIUIONPOBOJIHOCTh BHYTPH CTEHKH, KOTOpas B
o0meM ciay4ae MOXXET OBITh MHOTIOCIOHHON, M TEIIoOTHauy OT CTEHKHM K HarpeBaeMoi
)kuakoctd. [log TepMuHOM '"KHAKOCTH" TMOHHMAIOT JIOOYI0 TEKYy4yl0 Cpeay: M KarellbHbIe
KUJKOCTH, U Ta3bl.

B cranmonapHoM pexume TeEIUIONEpeNayd  TEIUIOBOM IOTOK 4Yepe3  IUIOCKYHO,
IWINHAPUYECKYI0 M CEpUYecKyl0 CTeHKH €cTh BelMuMHa mocrossHHas (Q = mocT) u
TEMIIEPATYpHOE T0JIE HE U3MEHSIETCS BO BPEMEHH, a 3aBUCHUT TOJBKO OT KOOpJAWHATHL. B 3TOM
cilyyae IMpH YCJIOBHUU MOCTOSHCTBA TEIIO()U3MUYECKUX CBOMCTB Teja, TEMIlepaTypa B IUIOCKOH
CTEHKE U3MEHSETCS JINHEHHO, a B IIMJINHAPUYECKON — 110 JIOTapu(pMUIECKOMY 3aKOHY.

Tennonepedaua uepes niocKyrw cmenkKy
Pacuer Ttemmomepegaun uepe3 IUIOCKYIO CTEHKY YyIOOHO BBHIMOIMHATH, HCIOIB3YS
MOBEPXHOCTHYIO TJIOTHOCTH TEIJIOBOTO TIOTOKA

Q
=—, 1
q = 1)

rie Q — TemoBoii notok, Br; F — miomans creHkn, M.
B stoMm cityuae
q At
- )
R t
rae At — mepenan Temmeparyphbl Ha 3agaHHoM yuactke temnooomena, K (°C), KoTopblii MOXKET
COCTOATL M3 OJHOI'O0 MKW HECKOJBKHUX CMCKHBIX JJCMCHTAPHBIX YY4aCTKOB TGHHOOGMeHaZ
TEIUIOOTIa4l U TEIIONPOBOJHOCTH, a Ry — TepMHUUYecKoe COMPOTHUBIEHUE TEMJI000MEHa ATOrO

y4acTKa WM COBOKYITHOCTU CMEXHBIX Y4aCTKOB, (M*K)/Br.
Tepmuueckoe CONPOTUBIICHUE TEIUIOOTaul PACCUUTHIBAETCA MO (hopmyIe
1
R ta = ©)
(0

()
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2
rae o — kod3pduuument rteroormaun, Br/(M™K), a ¢opmyna mns pacuera TepMHUECKOTrO
COIPOTHBJICHHS TEIUIOPOBOIHOCTH Yepe3 i-i CIIOH IIOCKOH CTEHKH MMEET BH/

Rt,i = (4)

rae & — TOJIIMHA I-T0 CJIos, M; Aj — KOAQ(UIIUEHT TEIUIONPOBOIHOCTH I-T'0 CJI0S MHOTOCIOWHON
crenku, Br/(m-K).

TepMmuueckoe CONMPOTHBICHUE TEIUIONEPEIaul €CTh CyMMa TEPMUYECKHX COMPOTHUBICHUN
BCEX DJIEMEHTAPHBIX YYaCTKOB TEIIOOOMEHA.

Pexomenryemast mocie0BaTeIbHOCTh PELICHUS:

a) ONPENICISIFOT TEPMUYECKHE COMTPOTHBIICHUS BCEX 3JICMEHTAPHBIX YYaCTKOB,

0) Mo JABYM 3aJaHHBIM TEMIIEpaTypaM B CHUCTeME TemjIooOMeHa HaXOAAT IUIOTHOCTh
TEIUIOBOTO MOTOKa o hopmyiie (2);

B) 1O HAi/IEHHOMY 3HAYCHHWIO ( W OJHOW W3 M3BECTHBIX TEMIIEPATYp PACCUUTHIBAIOT
OCTaJIbHbIC HEM3BECTHBIC TEMIIEPATYPHI CIIOEB M HKHUIKOCTCH.

Tennonepedaua uepe3 yunuHOPUYECKYI0 CHEHKY
Jns pacyera Teruionepenayd 4epe3 CTEHKY MHIMHIPUYECKOW (OPMBI HCHOIB3YIOT
yIeTbHBINA TEIIOBOI MOTOK, KOTOPBII Ha3bIBAETCS JIMHEWHOM MIIOTHOCTHIO TEINIOBOTO IMMOTOKA

Q

G =" ()
rae Q — TerioBoit MoTok, Bt | — myinHa NUIMHAPUYIECKON CTEHKH, M.
Torma
L ©)
| = '
R

rae At — mepenaj Temreparyphl Ha 3aJaHHOM ydacTke Temiooomena, K (°C), KOTOpBI MOXKET
COCTOSITh U3 Ps/ia PJIEMEHTAPHBIX YYAaCTKOB TEINIOOOMEHA: TETJIO0TAaYd U TeTUIOMPOBOIHOCTH, a
R| — nuHeiitHOe TepMUYECKOE CONPOTUBIICHUE TETUIO0OMEHA 3TOro ydactka, (M-K)/BT.

JluneitHOE TepMUYECKOe COMPOTHBIICHNE TEMIOOTAAUN PACCUYUTHIBAETCS o (hopmyrie

R la = i' (7
o-d

rae o — kod(duiment termooraaun, Br/(M*K), a d — ImaMerp oMBIBAEMOii MOBEPXHOCTH
IITHHIPUYECKON CTEHKH, M.

JIuHeiHOe TepMHUYECKOE COMPOTUBIICHHE TEIJIONPOBOJIHOCTH I-T0 CJIOSI IMJIAHAPHYCCKOM
CTEHKH oIpeensiercs no popmyie

R|i=i|ndl+1, (8)

T2 d

B KOTOPO# Aj — KOO PHUIUEHT TEIUIOMPOBOIHOCTH I-TO CIIOS IWIMHAPUYIECKOl cTenku, Bt/(M-K);
di u di+1 — BHYTpEHHUI ¥ HAPYXKHBII JUAMETPBI I-TO CJI0S [MIHHAPHYSCKON CTCHKH, M.

PexkomeHtyeMblii MOPAIOK pELICHUs 3a/aud O TeIuIoNepenadye yepe3 HMIMHAPUYECKYIO
CTEHKY TOJTHOCTBIO COBIIAJIACT C PACCMOTPEHHBIM BBIIIE JJIS TUTOCKON CTEHKH.

[Ipu pemenun 3amaun 1-2 oOpaThTe BHUMaHUE, YTO B JJAHHOM CIy4ae TEIUIOBOH IOTOK
HAIpaBJICH OT JBIMOBBIX Ta30B K BOJIE, ABIIKYIIECHCS] BHYTPH TPYOKH.

3aoaua 2.

Onpenenuts TEIUIOBOM MOTOK, XapaKTEPU3YIOINN KOHBEKTUBHYIO TEIUIOOTAAYY K CTpye
KUIKOCTH, MPOTEKAIOIIEH 10 KaHany JUHON 3 M. OO0CHOBATh BHIOOP pPacuE€THOTO ypaBHEHMUS,
MPUMEHSIEMOI'0 IIPH PEIICHUN 3a1a4H.



Tabnuna 2.1 BapuanTsl k 3a1aue 2

Bapuantsl 3a1a4
HaumenoBanue
21 22 23 24 25 26 27 28 29 20
Tewmepatypa - | 5 | 15 | 30 | 120 | 90 | -5 | 15 | 60 | 85 | 45
CTeHKH TpYyOBbI, “C
Cpenusis
TeMIiepaTypa 0 10 20 30 30 20 10 10 90 50
xunkocrtu, °C
Poj xxunxoctu Bosny Boga | Bona Bosay | Bosay | Bosny Bonxa Bosny Boga | Bona
X X X X X
Cpennsis
CKOpPOCTh MOTOKa, | 10 3,9 5 6 4 2,25 2,8 1,9 0,55 1,2
M/C
d d d d d
Smgm SO g
Pasmep kanana, - - - ¥ - -
! D = <pl >
MM
a=230 a=35 a=30 a=170 a=175
b=40{d=35|b=45|d=40|b=40|{d=75|b=80|d=80|b=85|d=285

MeToanyeckne yKa3aHHUs K pelIeHHIo 3a1a4 Ne 2

OCHOBHBIE TOJIOKEHUS YYEHHMs] O KOHBEKTHMBHOM TEIUIOOOMEHE H3JIOKEHbI B UETBEPTOH
IJIaBe, a pacueT TEIUIOOTAAYd IMPHU BBIHYKJICHHOM TEUEHUHU JKUIKOCTH B TpyOax M KaHamax
npeJcTaBiIeH B BOCbMOH IiiaBe yueOHuKa [1]. Jlecsatas riaBa Toro ke yueOHHKa [ 1] mocsieHa
pacuery Temjao0TAauu Npy CBOOOAHOM ABM)KEHUU TEKyUYel Cpebl.

TennoBoil motok Q, mepenaBaeMblil OT MOBEPXHOCTH K OMBIBAIOIIEH ee TeKyueil cpene
(’KUIKOCTH) WJIM, HAa0OOPOT, OT JKUAKOCTH K CTEHKE PacCUMTHIBAIOT MO 3akoHy HbproToHa —
PuxmaHa:

Q=alt, —t,|F, (1)
mm Q=oaAtF, (2)
wm  (=aAt, 3)

rae Q — teruoBo# nmotok, Bt; g = Q/F — moBepXHOCTHASI IJIOTHOCTH TEIJIOBOTO MOTOKA, Br/m?; F
— IUIOIIAJb TOBEPXHOCTU TeEII00OMEHa, M% o — cpenHuil K03()(PUIMEHT KOHBEKTUBHOM
TEIJIO0TIa4H, BT/(MZ'K); At = [t — | — TemrepaTypHbiii Hamop temooraayn, ‘C (K); to —
TemIieparypa nosepxunoctu remiooomena, °C (K); t — Temneparypa Tekydeit cpebl (KUIKOCTH)
BJIaJIU OT NoBepXHOCTH Termnooomena, °C (K).

[Ipy 3amaHHBIX TEOMETPHUECKHUX pa3Mepax CHCTEMBI TEIIOOOMEHa W TeMIepaTrypax
MOBEPXHOCTH M JKHUJKOCTH 3ajJada pacueTa TEIUIOBOTO IOTOKA CBOAWUTCS K OIPENEICHHUIO
ko3 durrenTa TermooTaaqn (o).

Benmnuuny kosdduiimeHta TETUIOOTAaud HaXOIAT W3 0e3pa3MepHOTo (KPUTEPUATBLHOTO)
ypaBHEHHS,  KOTOpOE€  TONy4yalOT B  pe3yibTrare  oOpabOTKM  MHOTOYHMCIICHHBIX
9KCIIEPUMEHTAIBHBIX JaHHBIX. DOpMa KpUTEPUATILHOTO YPaBHEHHS 3aBUCHUT OT BHUJIa KOHBEKIIUU
(cBOOOHAS WM BBIHYKJICHHAsI) M PEKHUMA JBMXKCHUS KHUAKOCTU (JIAMUHAPHBIN, MEPEXOIHBIH
WU TYpOYJICHTHBIN ):

— TIPU BBIHY>KJICHHOW KOHBEKIIMA U WHTCHCUBHOM JIBIYKEHUU KUIKOCTH (TIEPEXOTHBIA U
TypOyJIEHTHBIN PEKUMBI) KpUTEpUATbHOE ypaBHEHHUE, KaK MIPABHUIIO, UMEET BUJL

Nu=cRe" Pr'™ g¢; (4)
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— IIPU BBIHYXXICHHOM JIAMUHAPHOM TCUYCHUHU KUJAKOCTH

Nu =cGr€ Re" Pr™ e.e,; (5)

— Ipu CBOOOJTHON KOHBEKIUHU

Nu=cGr"Pr™e,. (6)

B dopmynax (4)+(6): ¢, n, m, K — smmnupuueckue mnocrosiHHbie; NU = o lo/A —
omnpenensgeMblii kputepuii — uucio Hyccenpra; Re = w lp/v — onpeaensrommii Kputepuii
Peiinonprca; Pr = via - ONpEeACIISIOMNI KpUTEPUil [Ipannaras;

Gr = (g lo*/v%)-p-At — onpenensiommii kpurepuii I'pacroda; & — MOMpaBoOYHbIH KOIOOUIHEHT,
YUUTHIBAIOIIMNA 3aBUCHUMOCTh TEIIO(PU3MYECKHX CBONCTB JKHMIKOCTH OT TEMIEpaTypbl, € —
HONPABOYHBIM KOA(QGHUIMEHT, YYUTHIBAIOIIMNA OCOOEHHOCTh TEIUIOOOMEHAa Ha HadajlbHOM
y4acTKe TUAPOAMHAMHYECCKON W TEIUIOBOM cTaOWiM3alMy TeYeHUs B TpyOax M KaHauax; lg —
ONpeseNsomuil  (XapakTepHbli) pa3Mep CHUCTEMbl TEIUIOOOMEHa, M; W— Ompeessionas
CKOpPOCTBh, M/C; § =9,8 M/c? — YCKOpPEHHE CBOOOIHOTO majieHus; At = It — t,| — TEeMIIePATyPHBII
Hanop remtooraaun, ‘C (K).

YacTo a5 pacuera nonpaBoyHOro Ko3dduiuuenTa g UCoab3yroT Gopmyiry

0,25
Pr..
et = — ' (7)
Pr.
rae Pry — kpurepuid [Ipanatist )KuIKOCTH, KOTOPBIA HAXOIAT MO TabJIWIlaM CBOMCTB JKUJKOCTH
OpU TeMIleparype >XKUAKOCTH, a Pr. — kputepuit IlpaHnrnsg XMIKOCTH, HO €ro HaXxoJAT IO
TaOJIMIIaM CBOWCTB JKUIKOCTH IPH TEMIIEpaType NOBEPXHOCTHU TEIII000MeHa (CTEHKH).
dusnueckue cBoicTBa TeKyueil cpeasl (A — koadumeHt reronpoBogHocty, Br/(m-K); v

— KMHEMaTU4YeCKUI KO3QPUIIEHT BSA3KOCTH, m2/c; a — K03 umeHt
TEMIIEpaTypOIPOBOIHOCTH, M2/ B — ko3 Punment oopremHoro pacumpenus, 1/K), Bxoasiue B
KpUTEpHAJIbHbIE YPAaBHEHUS HAXOJSAT B CHpPaBOYHBIX Tabmuuax [1, 2] mpu Tak Ha3bIBaeMOM
ompenenstonen (xapaktepHoii) temmepatype (i), KoTopas Handoiee TOYHO YIUTHIBACT BIUSIHUE
TEMIIepaTypHOTO MOJIS )KUAKOCTH Ha 3TU CBOUCTBA.

Jnst razoB KOA(DPUITUEHT 00BEMHOTO paCHIMPEeHHs B TaOnuIax (U3NIECKUX CBOWUCTB HE
IPUBOJUTCS, MOCKOJIBKY OH JIETKO PACCUUTHIBAETCS 1O popmyIie

B 1 1
Ty ty+273
(8)
rae To — xapakrepHas Temneparypa, K.
HpI/I ABWXKCHUM KUIAKOCTH B KaHajlaX HCKPYIJIOro IMOINEPEYHOro CCUCHUA B KadC€CTBC

OIIPEIEIAIOIIEr0 pa3Mepa UCIONIB3YIOT TaK HA3bIBAEMbIN YKBUBAJICHTHBIM UM THIPABINYECKUN
JuaMeTp

o=+ ©)

rac f — IJiom@anab MOIMEPEYHOr0 XKMBOI'0 CCUCHUS KaHajla, M2; I1 —cMoueHHbIH NEpuMETP KaHaja,
M.

Oco60 cnemxyer 0OpaTUTh BHUMAHUE Ha TO, YTO B pacueTax Mo KPUTEPUATLHBIM (hopMysiam
OIIpENEIIAIONINE pa3MepP U TEMIIEPATYPY CIEAYET IMPUHUMATL TOYHO TAKUE XK€, KaK UX MPUHII
aBTOp (hopMyIibl TipH ee monydeHuu. [IpuHsAThIe aBTOpOM (POpMYITbI XapakTepHbIe BelUYnHbI g,
to 1 Wy yKasbpIBaloTCsS B KOMMEHTapUsx K hopmyIie.

Anroputm pacuera K03 PUIMEHTa TEIUIOOTIAUN 3aKII0YAETCS B CIEAYIOIIEM:

1. OHp@I[eJISHOT BUJA KOHBCKTHBHOI'O TGHHOOGMeHaZ CBOGOIIH&SI HUJIM BBIHYXXICHHAA
KOHBEKIIUS U OOBEKT, T/ OHA MPOMCXOIUT. 3aTeM B JIUTEpaType, Hampumep, B ydcOHuKe [1]
HAXOJIAT KpUTepualibHble (OPMYINIBI 3TOTO BHJa KOHBEKIMH. B 3amaue Ne 1-4 wuccnemyror
KOHBEKTHUBHBIN TEMJIOOOMEH MPH BBIHYKJIEHHOM TEUEHHUH KMJIKOCTH B TpyOax M KaHanax (CM. C.
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183+192 yueOGnuka [1]), a B 3amaue Ne 1-5 paccmoTpeHa cBOOOIHAsT KOHBEKIHS OKOJIO
BEPTUKAIBHON MMOBEPXHOCTU M MOBEPXHOCTU FOPU3OHTANBHON TPYyOH! (cM. ¢ 206208 yuebHUKa
[1]).

2. CornacHo TpeOOBaHUSM, U3JI0)KEHHBIM B KOMMEHTApHIX K KpUTEPUATIBLHBIM (opMyiam,
HAXOJAT OMpPEENSIONINe TapaMeTPhl:

— ONPEACIISIIOIINN pa3Mep;

— ONPENETSAIINIYI0 TeMIepaTypy, MO0 KOTOPOW M3 TaOnWI CBOMCTB >Xuakoctu [1, 2]
HaXoJAT ee (hu3mueckue croiictra (v, A, Pru t.1.);

— TpU BBIHY)KJIEHHOM TEUYEHUHU >KUJIKOCTH B Tpy0ax M KaHajax IO HHTETPATbHOMY
YpaBHEHUIO HEPA3PHIBHOCTH PACCUMUTHIBAIOT OMPEACIISIONIYI0 CKOPOCTh KUAKOCTH

G
pf’
rae G — MaccOBBIH Pacxoi JKHIKOCTH, KI/C; p — IUIOTHOCTH JKHAKOCTH, Kr/M>; f — ruromans
IOIIEPEYHOr0 CCUCHUs KaHaa, M.
3. OnpenenstoT peKuM TeUEHUS CPEIbL:
— MpH BBIHYXICHHOM JIBM)KCHUU 110 KpuTepuio Peiinombaca (Re);
— 1pu CBOOOJHOM JBHKCHUU 10 Kputeputo Panes (Ra = Gr - Pr)
M OKOHYATEeNIbHO BHIOMPAIOT 3HAYEHHUS SMIMPHYECKHX Kod(duuueHToB B Qopmynax Buaa
(4)+(6), npuBencHHBIX B yueOHuKe [1].
4. Tlo xpuTepruaIbHOMY YPaBHCHHIO HAXOAAT Oe3pa3MepHBIN KOIPPUIIUCHT TEIIOO0TAaYH
— uucno Hyccensta (NU).
5. 3mas uymcno HyccenmbTa pacCUMTHIBAIOT BENWYMHY KOX(PQUIMEHTAa KOHBEKTUBHOMN
TEIIOOTAAYH O

Wo (10)

o= Nu M . (11)
lo
B 3akmroueHue pasgena mpuBENEeM HEKOTOpble HauOojiee 4YacTo BCTpEYaeMble
KpUTEpUaIbHbIC yPaBHEHUSI.
1. Termootaavya mpu cBOOOHON KOHBEKIIUU OKOJIO TOPU3OHTANIBHBIX TPYO (popmyna .M.
MuxeeBoit)
Nu = 0,50(Gr - Pr)>% - (Pr,_ /Pr, )", (12)
lo = dy — HapyXHBI AHamMeTp TPYOBI; ty = t, — Temmeparypa KUIKOCTH BIAJIH OT CTEHKH.
®dopmyna cipaBesIvBa MPH YCIOBUHU 10% < Gr-Pr < 10°, uro COOTBETCTBYET JIAMHHAPHOMY
PeKUMY TEUEHHUS JKUAKOCTH. TypOyJleHTHBIH pexuM TMpH CBOOOJHON KOHBEKIUMH Ha
TOPU30HTAIBHBIX TpyOax, Kak IpaBWiIo, He HaONIOAaeTcs H3-3a MaJoro JauaMerpa Tpyo,
UCIIOJIb3YEMBbIX B TEINIO0O0OOMEHHBIX YCTaHOBKAX.
2. Temnootnaua mpu CBOOOJHOW KOHBEKIIMM OKOJIO BEPTUKAJIBHBIX IOBEPXHOCTEH

(BepTHUKaJIbHBIE TPYOBI, INIACTUHBI U T.11.):
a) mamuHapHEIi pexnm (10° < Gr-Pr < 10°%):

Nu =0,75(Gr - Pr)>® . (pr,. /Pr, )*%, (13)
0) TypOynentHsIif pexum (Gr-Pr 2 6-10"):
Nu =0415(Gr - Pr)¥'3 . (Pr, /Pr. )*%, (14)

B) mepexousiii pexcm (10° < Gr-Pr < 6:10™).

[lepexoaHbIi peKUM OTIMYAETCA HEYCTOMYMBOCTHIO MPOLIECCA TEUEHUS U TEINIOOTAAYH, U
TEIUIOOT/Ia4a BO3PACTACT OT Olyay [0 Olrypoyn [1]-

B  ¢dopmynax (13) u (14) mnpuHATH CJlEOyIONME ONPEACHSIONINE apaMeTphl:
lo = h — BeIcoTa moBepxHOCTH; ty = t, — Temmeparypa KUIKOCTH BTN OT CTCHKH.
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3. Temmootnaya mpu CBOOOAHON KOHBEKIMHM OKOJO TN Pa3IU4HOW (GopMbl (IIapoB,
TOPU30HTAJIBHBIX M BEPTUKAIbHBIX TPYO, BEPTUKAJIBHBIX IUIACTMH U T.A.) — Qopmyna M.A.

MuxeeBa:

Nu = C(Gr-Pr)".

Ra=Gr-Pr Pexxum nBrkeHus C n
5- 102+ 2:10° JIAMHHAPHBIIT 0,54 0,25
>2.10° TypOyJICHTHBIN 0,135 0,333

(15)

B dopmyne (15): top = 0,5 - (tx + t.) — cpemusas temmeparypa; lgp = h — BeicoTa ms
BEPTHKAIBHBIX IUIACTHH W Tpy0 (wwmmHApoB); lg = dy — HapyKHBIH auamerp Juis

TOPU30HTANIBHBIX TPYO (LMJIMHIPOB) U 1IAPOB.
4. TemmooTia4ya IpU BBIHYKJEHHOM JIBUKEHUU B TpyOe:
a) JaMUHapPHBIHN BI3KOCTHO-rpaBUTAMOHHBIN pexuM (Re <2300 u Ra > 8-105):

Nu =0,15Re%* Grot pro® (pr._ /pr,)°%¢, . (16)
[TorpaBka Ha HavanbHbIi yuacTok € = f (1/d), rae | — nuHa TpyOHI.
I/d 1 2 5 10 15 20 30 40 50
€l 1,90 1,70 1,44 1,28 1,18 1,13 1,05 1,02 1,00
6) Typ6ynenTHbIil pexcum (Re > 10%):
Nu =0,021 Re®8 pro® (pr_/Pr, )0 %, (17)
ITonpaBka Ha HayaJIbHBIA Y4aCTOK:
2
€] =14+ —, rne | — nnuna TpyoGHL
1/d
B) nepexoHbIi pexxuM TeueHus (8300 € Re< 104):
0,43 0,25
Nu = Ko - Pr® (Pr,, /Pr. )", (18)

rae 3HadeHue komruiekca Ko 3aBucut ot uncna Peitnonbaca (cm. puc. 1.3).

B dpopmynax (16), (17) u (18) B kauecTBe onpenestoneil TeMneparypbl MPUHATA CPEIHS

TeMIIepaTypa KUJIKOCTH B TPyOe
t0 = O|5 : (th + tBBIX)v
a XapaKTepHBII\/'I pasMEp paBC€H BHYTPECHHEMY JUAMETPY pr6LI |0 = dBH.
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3aodaua 3.

[Ipr 3amaHHBIX YCIOBHUAX KOHJAEHCAIMM ONPEACTUTH: a) CpeAHud Kod(p(UIMEHT
TEIUI00TIa4yM; 0) TEIIOBOM MOTOK, OTBOJUMBIN Yepe3 CTEHKY TPYOb! IPU KOHAECHCALlUHU 11apa; B)
pacxoJ KOHJEHcaTa, CTEKalollero ¢ TpyObl (PeXUM KOHACHCAIMM paccMaTpuBaTh Kak
IUICHOYHYIO KOHEHCALIMIO HETOABMXKHOTO 1apa).

JlaHHble, HEOOXOAMMBIE Ul PELIeHHs CBOEr0 BapuaHTa 3ajgaud, BeIOpaTh u3 Tabdm. 2.1
corjacHo Tabmuiie BapuanToB (cM. Tadm. B.1, paznen "OOGmme meTonnueckue ykazanus').

Tabnuna 3.1. BapuanTs! k 3agade 3

Ucxonubie BapuanTsl

AQHHBIC 31 32 33 34 35 36 37 38 39 30

JlaBiieHHne cyxoro
HACBIIIEHHOTO 233 | 424 | 424 | 424 | 7,37 | 2,33 | 424 | 4,24 | 424 | 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 TpyOsI,

" 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
CpeIHUIA IO BBICOTE KOO DUIMEHT TEIUIOTAAa4YH onpenensiercs no ¢popmyse [1]:

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

Re=0,957%". (1)

0) cMelIaHHbIN PEeKUM TeUeHHsI TVICHKU KOHJIeHCaTa — JIAMUHAPHBIN PEXUM Ha BEpXHEM
Yy4aCTKe BEPTHKAILHOU TPYOBI U TYpOYJICHTHBIM PEXUM Ha HIDKHEM YYacTKe:

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

rie & = (Pru/Pro)®® — HOMPABOYHBIN KO3(PUIMEHT, YUUTHIBAIOLINI 3aBUCUMOCTb (hU3MYECKHX
CBOWCTB IUIGHKHM KOHJIEHCaTa OT Temmeparypsbl, kpurepuu [lpannrnsa Pry, u Pr. ompenenstorcs
JUTSL KOHJIEHCATa IpU TeMIIepaTypax HACHIIEHHS U CPEHEH TeMIlepaType CTEHKH.

B BeIIenpuBeieHHBIX GopMyiax:

aAth o AthB
Re = =
rvp 4

(3)

— Kputepuii PeliHonbaca mpu KOHAEHCAMH: O — KO3 (DUIIMEHT TeIIo0Tauu, BT/(MZ-K); At =1,
— 1t — Temneparypusbiii Harop, °C; t, — Temreparypa Hacwimenus, “C; t. — TeMepaTypa CTEHKH
tpyosl, °C; h — BbIcOTA TpyOBI, M; I — CKpbITas TemIOTa IapoobpasoBanus, JIK/KT; v —
KMHEeMaTH4ecKuil Kod((UIMEeHT BI3KOCTH IUICHKM KOHJEHCATa, MZ/C; p — TIUIOTHOCThb

KOHJIeHCaTa, KI/M°; B = 4/(r p V) — KOMILIEKC, KOTOPBIA HaXoAAT 1Mo Tabi. 8-1 3amaunuka [2,
ctp. 159].

1/3
h3| aat
z=| 8 A2 _haAta )
v rvp
— TpuBeleHHas BBICOTa TpyOs: g = 9.8 m/c? — YCKOpPEHUE CBOOOJHOTO MaIeHUs ;A —
KO3(PUITMEHT TETUIONPOBOIHOCTH KOHAeHcaTa, BT/(M-K);
1/3
A
A=l2] 2~ (5)
\% rvp

— KOMIUIEKC, TpUBEACHHBIA B Tabn. 8-1 Ha ctp. 159 3amaunmka [2] B 3aBUCUMOCTH OT
TEeMIIepaTypbl HACBILLICHHUS.

®dusndeckue CBOWCTBA KOHACHCATa HAxXONIAT IO CIPABOYHBIM TaONMIaM, HApUMeEp,
3ala4yHMKa [2] Mo TemMIepaType HachlllleHUsI KOHAECH CaTa.
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3HaueHue YAENbHOW TEIUIOTHI ()a30BOTO IMepexoaa I TakkKe HaXOIIT MO TeMIlepaTrype
HACBIIICHUS] WM 1O 33JaHHOMY JaBJICHUIO CYXOrO HACBIIIEHHOTO Iapa M0 Talauiam
TEPMOJIMHAMUYECKUX CBOMCTB BOJABI U BOASHOrO mapa [12] uim BOCHOJIB30BATHCS JAHHBIMHU
Tab1. 2.2 HaCTOSAIIUX METOIUYCCKUX YKa3aHUM.

Tabsmia 2.2. 3aBUCHMOCTb TeMIIEPaTyPhbl U TEMJIOTHI Nap000pa30BaHus OT JaBJIEeHUS

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 HalUTH U
3HaueHUE K0P PHUIMCHTA TSTUIOOTIAYH MTPY KOHICHCAIIHH:

er::Re 4 |
Ath AthB

AJNTOpUTM pacyeTa TEIJIOOTJAaYd TIPU KOHJIEHCAllUM Ha TOPU3OHTAJIBLHOU TpyoOe
HE3HAYUTENbHO OTJIMYAeTCsl OT W3JI0KEeHHOro Beime. [losTomMy mnepen HawamoMm pacuera
PEKOMEHIyeM O3HAKOMHTHCSI C MPUMEPOM DEIICHUs] aHAJIOTMYHOM 3a/lay, M3J0)KEHHOM Ha
c.157-159 3a

o =Re

(6)

3aoaua 4.

[Tonw3ysce ¢opmynoit Kyrarenaaze u dopmysnoit Muxeepa, onpeaenuTb K03 UIHMEHT
TEIJIOOTJA4YM O, TeMIepaTypHblii Hamop At m Temmeparypy t. NOBEpXHOCTH HarpeBa IpHU
My3bIPbKOBOM KHUIIEHHM BOJbl B HEOIPAaHUYEHHOM OOBEME, €CIM JaHbl IUIOTHOCTh TEIJIOBOTO
MIOTOKA (, MOABOAMMOIO K IOBEPXHOCTH HArpeBa, M JABJICHHUE P, IIPU KOTOPOM IPOUCXOAUT
kunenne. ComocTaBUTh pe3yibTaThl pacyera 1Mo oO0euM (opMysiaM, BBIUYKCIUB IPOLIEHT
HECOBIIAJCHUS.

[TocTpouth cxemMaTu4yHO rpaduk 3aBUCUMOCTU ( U At IpU KHUIIEHUU BObI, YKa3aB Ha HEeH
00J1aCTh My3BIPHKOBOTO KHUIIEHUS U OPHEHTHUPOBOYHO IOJIOKEHHE TOYKH, COOTBETCTBYIOILICH
3aIaHHOMY PEXUMY.

Ta6mmma 4.1 BapuanTs! k 3a1aue 4

Hcxonusie BapuanTst

AQHHBIC 41 42 43 44 45 46 47 48 49 40
HaTeHcuBHOCTD
TEILIOBOTO 0,2 0,2 0,2 0,2 0,2 0,6 0,6 0,6 0,6 0,6
ITOTOKA (, MB1/m?
JaBienne
HACBILICHHUS P, 10 | 156 | 2,32 | 3,35 | 4,7 10 | 156 | 2,32 | 3,35 | 4,7
MlIla

Metoanyeckue yka3aHus K 3ajayde Ne 4

N3yunre pexuMsbl NPOLECCOB KUIIEHHUs, a IS Iy3bIPBKOBOI'O U INIEHOYHOI'O PEXUMOB —
METOAMKY OIpeaesieHus: K03 (PUIUMEHTOB TEIUIOOTAAYH.
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3aMHTEPECOBAHHOCTh B BBICOKONW HHTEHCHBHOCTH TEIUIOOOMEHA 3acTaBlIIeT OOpaTUTh
BHHUMaHUE, OCOOCHHO Ha MYy3BbIPHKOBBIM pekuM kKuneHus. OJHaKO MMEHHO JJisi 3TOi 00jacTH
KHIICHUS TTOKA HE CYIIECTBYET CTPOroid Teopuu. [loaToMy, a TakyKe BCIIEICTBUE OMEYATOK B PSC
u3nanuii, Qopmynbl AN pacyeTa TEIUIOOTAAYd MPU Pa3BUTOM Iy3BIPHKOBOM KHUIICHHH
Pa3IMYHBIX KHUAKOCTEH, B TOM YHCIE M BOJbI, MHOTJA OTIMYAIOTCS JOPYr OT JIpyra, TaK 4YTo
pe3yNbTaThl BBIUMCICHUM MO HUM CYIIECTBEHHO He coBmajaioT. [loaToMy pexomeHmyercs
MOJIb30BATLCS CICAYIOMUMU (OPMYyJIaMu JJisi y3bIPHKOBOTO KHIICHHS B HEOTPAHHMYECHHOM
o0beme (Bce BEJIIMYMHBI, BXOASIIME B HUX, BblpaxkeHsl B eauHumnax CH). Jlns mpou3BoIbHBIX
xuakocteid — dopmyna Kyrarenamze:

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

IJle 3HAYCHHE B [IEPBBIX CKOOKAX BBIPAXACTCA B M 2, BO BTOPBIX CKOOKAX — 6e3pa3sMepHO, § =
9,81 M/CZ; p — TUIOTHOCTh KHIMSIIEH >KUJAKOCTHM M CYXOr0 HACBIIIEHHOTO IMapa, KF/M3; —
KO3 (UIIMEHT TEeIUIONPOBOAHOCTH KUMsmiel xwuakoctu, Bt/(M-K); o — ee moBepxHOCTHOE
HaTsDkeHue, H/M; a — ee koaduimeHT TemMnepaTypornpoBOJHOCTU, M/C; py — €€ JaBliCHUE
Haceimenus, [la; I — ynenpHas Teruiota mapoodpa3oBanus, JK/KT; ( — INIOTHOCTh TEIUIOBOTO
notoka, Br/M% Pr — wumcno IlpaHarms xuakocTd. KOHTponb 3a eIMHHLAMH BEIHYHH,
MOJICTABIISIEMBIX B (DOPMYITY, TOJKEH OBITh OCOOCHHO TIATEIHHBIM.

bonee mpocras u Tounas (= 35 %) dopmyna pacuera TEIIOOTAAYM MPU MYy3BIPHKOBOM
KUIIEHWW, HO TMpUMEHseMas TOJbKO JUis BOJbI, pekoMmeHaoBaHa MmuxeeBbiM. C ydeToMm
nocinenytomiero yrounenust (cm.: Paccoxun H.I'., IlIBemoB P.C., Ky3zemua A.B. Pacuer
TEMI00TAa4YM npu kuneHuu. TemnosHepreruka, 1970, Ne 9, c. 58—59) ona umeer Bux:

Ipu 0,1 MIla < p < 3 MIla a=6,0p° g**

npu 3 MITa < p < 20 MIla a=3,33p" g??,
rae o — BT/(M2~K), p—Mlla, g — Br/Mm%.

Hanbonee BepoSITHBINM HCTOYHUK OIMIMOOK MPH BHIUMCIEHUH Ol — HEIOCTaTOYHBIA KOHTPOJIb
3a eIWHUIAMH BEJIMYUH, TOJICTABIsEMBIX B (hopMyibl. [locie BBIMUCICHHUS IO YKa3aHHBIM
dopmynam kodhduUIIMeHTa TEMIOOTAaYN o ompenensor no ¢opmyne HpioTona — Puxmana
TeMIepaTypHblii Hamop At mpu KumneHud. 3Has AaBICHHE KUIISIIEH BOMABI, OMPEIENSIOT IO
TabJIUIIAM TEPMOJTUHAMHYECKUX CBOWCTB HACBHIICHHOTO BOJSIHOTO Tapa M BOABI (WM TIO Ta0JI. 5
npunoxenus [1]) Temnepatypy HacblmeHus t,, a o t; u At HaxomAT TeMnepaTypy MOBEPXHOCTH
Harpesa. ['paduk 3aBucumoctu ( u At cxemaTnyHo npuBeneH Ha puc. 13.6 u 13.7 yyeOnuka [1].
[IpaBMIIBHOCTH pelICHHs] 3aJadyd  MOXHO TPOKOHTPOJUPOBATH, COMOCTABUB PE3YJIbTAaT C
JAMa30HOM 3Ha4YeHUH Kod(h(UIIMEeHTa TeTUIO0TIaud MPHU My3bIPHKOBOM (ITy3hIPYATOM) KHUTICHUU
BoJbl. HwxkHssl TpaHmma sToro guamazoHa o =~ 20 KBT/(MZ-K), BEpXHAS MPEACTABJICHA B
3aBHCHMOCTH OT JIaBlieHus Ha puc. 13.26 [1].

3aodaua 5.

UYepes razoxoa MpoxoaaT MPOLYKTHI CrOpaHMsl, COAEpXKalllue BOASHOM Hap U JIBYOKHCH
yraepoaa. O6mee nasienne cmecu 0,1 MIla. OnpenenuTs MIOTHOCTH PE3YIbTUPYIOLIETO
TEIUIOBOTO IIOTOKA OT IPOAYKTOB CrOPAHMsI K CTEHKAaM ra3oxoja.

Ta6muma 5.1 BapuanTsl k 3agade 5

Bapuant
HanmenoBanue ycioBus
o1 52 53 o4 95
;FgMnepaTypa IIPOJYKTOB CrOpPaHUs, 500 600 200 800 900
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Temmneparypa cTeHok razoxona, °C 100 150 200 250 300
CreneHb 4YepHOTHI CTEHOK T'a30X0/1a 0,75 0,8 0,85 0,9 0,75
O6’bel\:)IH06 COJIepKaHKUE BOJITHOTO 4 4 5 5 v
napa, %
OGT:GMHOCOCOI[CP)KaHI/Ie JIBYOKHCH 10 15 10 12 10
yraepona, %
d y d A
o 0o O
PENY PR PEnup
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
CremneHb 4YepHOTHI 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
o Orlo 0O o
Pa3mepsl razoxona 2 o
d=0,6m | a=0,6m | d=08M | a=08m [ d=1,0Mm
b=0,8m b=10wm

Meroanyeckue ykazaHus K 3aga4de Ne 5

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

BOCEMHA/IIATON riaBe yueOHuka [1].

PesynpTupyromuii mOTOK HM3JIydeHHEM Ha MOBEpXHOCTH oOosouku (Temmnepatypa T,
cpeny c¢ Ttemmneparypor T

CTENeHb YEpPHOTHI &),
paccuuThiBaeTcs o popmyse:

OTPAaHWYMBAIOINICH Ta3000pa3HYIO

a) hopmyna HycenbTa (ipu gONyIIeHNH & = A;)

4 4
Qc =€mpOo I -T )R,

B KOTOpOfI MpUBCACHHAA CTCIICHb UCPHOTHI paBHA

-1
Snp:—+——1 ,
&r &g

0) dbopmyia [Momska (¢ ydeTom, 9TO B ICHCTBUTEIBHOCTH & # A;)

1)

()
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&r 4 4
QCZganO A T —T¢ |Fe, 3)
r
B KOTOPOi1 IPUBEICHHAS CTCIIEHb YEPHOTHI paBHA
-1
1 1
€ =| —+—-1] . 4)

1p
Ar g
B dopmynax (1) + (4): T — abcomtoTrHas temneparypa, K; F — miomanb moBepxHOCTH
TeriooOMeHa; o, — moctosiHHas Credana-bonbpimana; & 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, *BPAR,0: (6)
rie €co,s €H,0 — CTCMCHHM HEPHOTHI YIJIEKHUCIIOTO Ta3a M BOISHOTO Mapa HAXONAT MO
HOMOIpaMMaM, HpuBeIeHHbIM Ha c. 211-212 3amaunuka [2] mo Ttemmeparype rasa I

AC02 n AHZO — IIOI'JIOIATCIBbHBIC CIIOCOOHOCTH YIJICKUCIIOIO I'a3a U BOASAHOTO I1apa HAXO4AT

no HomorpamMam [2] Ha c. 211-212 mo Temmeparype creHku T, [} — mONpaBOYHBIN
KO3 PHUIMEHT TaKkKe HAXOAAT 10 HOMOTpaMMaM, MIPUBEICHHBIM B 3a1auHuke [2] Ha c. 213.

Jlis pacueToB MO BBIIEYKa3aHHBIM HOMOIpaMMaM NpeABAPUTEIbLHO HEOOXOIUMO HaWTH
3 PeKTUBHAS JJIMHA ITYTH JIyda 110 GopMyIie

V
Ly = 3,6F—F, (7)
T
rae V. — oObeM, 3aHMMaeMblii Ta30BOM cpemoi; F. — miomanp orpaHUYMBAIONIEH Ta3
MOBEPXHOCTH.

Kpurepun onenkn pacuerHo-rpaguyeckoii padbornl:

«3auTeHo» - paboTa BBHIIIOJHEHA B COOTBETCTBHH C YTBEP)KIECHHBIM IUIAHOM, MOJHOCTHIO
PAaCKpBITO COAEpP)KaHUE KaXJIOro BONPOCA, CTYACHTOM C(HOPMYIUpOBaHbBl COOCTBEHHBIE
apryMEHTHPOBAaHHbIE BBIBOJBI MO TeMe pabdoTel. OdopmieHre pabdoTbl COOTBETCTBYET
npeabaBiasieMbiM  TpeboBaHusAM. [Ipu 3amuTe paboThl oOyuarommiicss CBOOOJHO BIAAET
MaTepHrajJoM M OTBEYaI Ha BOIIPOCHI.

«He 3auteHO» - ecnu paboTa BBHIOJHEHA HE B COOTBETCTBUU C YTBEPXKACHHBIM IUIAHOM,
HE PACKpBITO COJEpXKaHWE KaKJOro BOMpPOCa, OOyJaroIIMMCS HE C/AETaHBl BBHIBOABI IO TEMe
paboThl, HMEIOTCS TpyOble HENOCTaTKM B OGOpPMIIEHMH paboOThl, NpHU 3alIUTE PabOTHI
00ydJaroImMiCs He BIAJeNl MaTepHaIoM, HE OTBEYaJ Ha BOMPOCHL, TO paboTa HANpaBIsSeTcs Ha
JaNbHEHITyo J0paboTKY.



