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YK 697.24
CoctaButenu: A.JI. Tuxomupos, A.Il. [TupoxuukoBa

Meroauueckue yka3zaHds IS BBINOJHEHUs JabopaTOpHOMl  paboThl
«Pacder mjaoCKOro TEMIEpaTypHOro Mojis» Mo AUcHUIUIMHE «TexHomoruu
uHpopmanonHoro moaenupoBanus (THUM) cucteMm TernmorazocHa0xeHus u
KIIMMAaTeXHUKW» I OakajdaBpoB Bcex (GopM OOy4YeHHS 110 HAmpaBICHUIO
noarotoBku 08.03.01 «Temnora3zocHabxenne W BeHTWIsAUsS» / cocT. A.JL
Tuxomupos, A.Il. TIupoxuukoBa. — PoctoB-Ha-/{ony: JIOHCKOI TOC. TEXH. YH-T,
2024. -8 c.

ConepxaT cBelE€HUS O UHCIEHHBIX MeToAax. PaccMoTpeHo pemieHue 3amay
IUIOCKOTO TEMIIepaTypHOTO TOJsl B TOJNIIE Orpaxjaaromieid KoHcTpykuuu. Haubomee
aKTyaJbHBIM  SIBJIIETCSl  KMCIIOJIb30BAaHHME HOBBIX METOJOB ISl ONTUMH3AIMU
noTpeOIeHnsT TEIIOBOW SHEPruy W MPOTHO3MPOBAHMM MAapaMETPOB MHUKPOKIMMATa B
COBPEMEHHBIX 3/JaHUSX.

[Ipu npoBeneHun 1a0OpPaTOPHBIX PabOT MpeanojaraeTcss MX peaau3anus B
KOMITBIOTEPHBIX KJlaccax Kadeaphl, CHEelMaIbHO NpeAHAa3HAYEHHBIX IS 3TOTO |
00eCTeuYeHHBIMU COOTBETCTBYIOIIMM IPOTPAMMHBIM 00€CIIEUEHUEM.

[Ipennaznauensl s OakanaBpoB Bcex (opM OOydeHHs] IO HaIpPaBJICHUIO

moarotoBku 08.03.01 «TemrorazocHa0XeHNE U BEHTUIISALIMSD)
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BBenenue

[enbto 1abopaTopHO pabOTHI SABISETCS ONpeeeHUe:

- TEMIIEPATyPbl COOTBETCTBYIOIIUX TOUYEK HAPYKHOTO YIjia U IJ1aJy CTEHBI;

- C TOYKM 3pEHUS] CAHUTAPHO- TUTHEHUYECKUX TPEeOOBaHUN MOHMKEHUS

TEMIIEPATYPhI IOBEPXHOCTU CTEHBI B HAPYKHOM YIIIY;

- BEJIMYMHBI TOHUKEHUSI TEMIIEPATYPhI B HAPY>KHOM YTJy CTEHBI.

[Ipn nmpoBeneHuu 1a0OpPATOPHBIX PalbOT MpesroiaracTcss UX peanu3aius B
KOMITBIOTEPHBIX KJIaccax Kadempsl, CHEIUaIbHO NPEIHA3HAYCHHBIX [JISI 9TOTO H
00ecreuYeHHBIMU COOTBETCTBYIOIUM MTPOTPAMMHBIM 00ECIIEYECHUEM.

Brimonnenune mabopaTtopHoi pabOThI MO3BOJIUT CTYACHTaAM TMO3HAKOMUTHCS C
METOJIOM pacyeTa IIOCKOTO TEMIIEPATYPHOTO TOJIS.

1. KpaTtHoe onucanue meroaa

[TnockuM TemmepaTypHbIM II0JIEM Ha3bIBAa€TCsl TaKO€ I0Je, B KOTOPOM
TEMIIEpPATypa U3MEHSETCS TOJIBKO B HAIIPABJIEHUU OCEW X U p, a B HAIIPABJICHUU OCH
OCTaeTcsi IMOCTOSHHOW. B  orpaxigarommx KOHCTPYKUMSX 3JaHUNA  IIJIOCKOE
TEMIIEPATypHOE IMI0J€ XapakTepHO IpPHU HAJIMYUM B HUX DJIEMEHTOB KapKaca,
[EPEMbIYEK U Tp., KOTJa HUX MPOTSKEHHOCTh 3HAYUTENIHO IPEBBILIAET TOJILIUHY
OTPAKICHUSL.

AHanUTUYECKHE U YUCIEHHBIE METO/Ibl PEIIECHUS YPABHEHUNH MaTEeMaTUYECKOU
¢uzuku B cucremax OBuK npencrasiens: B [1].

2. llopsaaoK BHINOJTHEHHS J1a00PATOPHOIT Pad0THhI

1. UMByuuTh TeEOpeTHYECKHE CBEICHHS, HEOOXOIUMBIC JIs BBITTOJTHCHHUS
nabopaTopHO# pabOTHI;

2. CTyneHTHI MOJDKHBI IPEABAPUTEIIFHO BHIOPATh CBOM BapUaHT M0 HOMEPY B
criicke B rpymrne (Tabnuna 1).

3. BKJI10YuTh KOMIBIOTED, 3aMyCTUTh ITporpammy Microsoft Excel.

4. Tlocne 03HAKOMJIEHUS C ONKCAHUEM JIA0OPATOPHOU pabOTHI U MPOrPaMMON
B KOTOpOH OyAeT MPOBOAUTHCS pacyeT ciaeAyeT yOeauThCs B TOM, YTO Mporpamma u
KOMITBIOTEP PabO0TaIOT UCTIPABHO (MHXKEHEP J1a00paTOPHH).

5. HeoOxomuMo [0 Hayana BBINOJHEHUS PACYETOB KaXIOMY CTYIEHTY
MOJIYYUTh COOTBETCTBYIOIIME MHCTPYKLUU MO 3KCIUTyaTaluu rnporpammel Microsoft
Excel (umxenep maboparopuu, MpernogaBaTeb).

6. OtkpeITh Iporpammy Microsoft Excel (mpemogaBates).

7.  CryneHTy HEOOXOJUMO CaMOCTOSITENIbHO, B COOTBETCTBUU CO CBOUM
BapUAHTOM COOTBETCTBYIOIIIEMY HOMEPY B CIMCKE B Tpymme (cM. Tabiuia 1) HadaTh
pacyer.

Tabmuna 1 - McxonHpie 7aHHBIE K KOHTPOJIHHOMY 3aJIaHUTO

[Mocnennss nudpa HOMepa 3a4eTKH
1 2 3 4 5 6 7 8 9 0
®dopma yria 1 1 1 1 1 1 1 1 1 1
A, Bt/m °C 0,6 0,5 0,75 0,6 0,5 0,75 0,6 0,5 0,75 0,4
ts, °C 18 20 22 16 18 20 22 16 18 20
ty, 'C -15 -20 -22 -22 -20 -15 -15 -20 -22 -22
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Puc. 1. ®opma yrna 1

Bce npuBeaeHHbie HIke GOpMYIIbl 3aHOCITCS B siYeiku mporpammbl Microsoft
Excel, npumMep 3aHeceHUsI TaHHBIX MPECTaBICH Ha PUCYHOK 1.

1 2 | s e s | e |03 | e | e 100 | s |32 |01z | s | as) | as || 3z
1 |ucxogHele ganHee
2 A te tH oB oH
3 |os 20 -22 87 23
|
5 |R T
6 | 0591754123 15,1323 16 32 43 B4 80 96
7 151 152 153 154 155 156
8 -20,159 -13,101 -6,0423 1,01587| 8,07407| 15,1323
2]
10 |K1-2=k1-17 0.3
11 |k k Hap Bo3g 23
12 |k18 0,6
13 |k K Hap eo3g 0,87
14 |
15 |Ne 1 2 3 4 5 6 7 8 2} 10 11 12 13 14 15 16
16 |t0 -20,159| -20,15¢ -20,159 | -20,15%¢ -20,159 -20,15% -20,159 -20,159 -20,159 -20,159| -20,159 -20,159 | -20,159 -20,159 -20,159 -20,159
17 |t -23,121| -20,15% -20,159| -20,15% -20,159| -20,15% -20,159 -20,159 -20,159 -20,159| -20,159 -20,159| -20,159 -20,159 -20,159 -20,159
18 |t-t0 296275, 3,6E-15| 3,6E-15| 3,615 3,6E-15| 3,6E-15 3,6F-15| 3,6F-15| 3,6F-15| 3,6E-15 3,6F-15 3,6F-15| 3,6F-15| 3,6E-15| 3,6E-15 )
19 |N2 18 15 20 21 22 23 24 25 26 27 28 29 30 31 3z
20 |10 -13,101| -13,101| -13,101| -13,101 -13101| -13,101| -13,101 | -13,101| -13,101 -13,101| -13,101 -13,101 -13,101| -13,101 -13,101
21 | -16,63 -13,101| -13,101 -13,101, -13,101 -13,101 -13,101 -13,101 -13,101| -13,101 -13,101| -13,101 -13,101 -13,101 -13,101
22 |tt0 3,5291 0 0 0 0 0 0
23 |Ne 35 36 37 38 39 40 41 a4z 43 a4 45 46 a7 48
24 |t0 -6,0423 -6,0423 -5,0423 -6,0423 -65,0423 -6,0423 -6,0423 -6,0423 -6,0423 -6,0423 -6,0423 -6,0423 -6,0423 -6,0423
25 |t -9,5714| -6,0423 -5,0423 -6,0423 -650423 -6,0423 -6,0423 -6,0423 -6,0423 -6,0423 -6,0423 -6,0423 -6,0423 -6,0423
26 |tt0
27 |Na 52 53 54 55 56 57, 58 59 60 61 62 63 64
28 |t0 1,01587 1,01587 1,01587| 1,01587| 1,01587 1,01587 1,01587 1,01587| 1,01587 1,01587 1,01587 1,01587 1,01587
29 |t -2,5132| 1,01587 1,01587| 1,01587 1,01587 101587 1,01587 1,01587 1,01587 1,01587| 1,01587 1,01587 | 1,01587
30 |tt0
31 |No 68 70 71 72 73 74 75 76 77 78 79 80
32 |t0 8,07407 8,07407 807407 807407 B8,07407 8,07407 B8,07407 8,07407 807407 8,07407 B8,07407 B8,07407
33 |t 454497 807407 B8,07407 B8,07407 B8,07407 B8,07407 8,07407 B8,07407 807407 8,07407 B,07407 8,07407
34 |10
35 |Ng 86 87 88 89 90 91 52 83 54 85 56
36 |t0 15,1323| 15,1323 15,1323 15,1323 15,1323 15,1323 15,1323 15,1323 15,1323 15,1323 15,1323
37 |t 11,6032| 15,1323 15,1323| 15,1323| 15,1323 15,1323| 15,1323 15,1323| 15,1323 15,1323
aR [+t

Pucynox 1 — [Ipumep 3amoHeHus JTaHHBIX

Ha ocHoBe pacuera miockoro TeMrnepaTypHOro Mossi, paCCMOTPUM Hapy>KHOU
YroJl OAHOPOAHOM CTeHBI TOMMHON 500 MM.



OnpenenuTs pacnpenesieHre TeMIepaTyp Ha BHYTPEHHEN MOBEPXHOCTU CTEHBI
MpH YCIOBHUH, YTO TeMIleparypa BHyTpeHHero Bosayxa t,=20 °C, a HapyKHOTO
t,=—20 °C.

Ha mnonepedyHoe ceuyeHHWE CTEHbl HAHECTH KBAJPaTHYIO CETKY pa3MepoM
100x100 mm. IIpu pa3MmenieHHMM CETKU y4eCTb, UTO Ha PACCTOSTHUM ABYX TOJIIWH
CTEHBI BIIMSHUE YIJIa HA paclpeeseHue TeMIeparyp He OyIeT CKa3bIBaThCA.

Marepuan cTeHbl UMEET CJIEIYIOUINE XapaKTePUCTUKU:

- motHocTh (Y=1800 Kr/™M’);

- remnonpoBoaHocTs (A=0,70 Br/m °C);

- ko3¢ duIMeHT TerooTaaun o, = 8,7 Br/m* u °C, a,, = 23 Br/m” u °C.

ConpoTuBIieHHE TETUIONEpPEIadyu CTEHbl PABHO:

R=1/8,7+0,5/0,7+1/23=0,8727 m* °C/Br

OnpenenuTs pacupeneicHue TeMIepaTyp BHYTPU CTEHBI 0€3 ydeTa BIIUSHUS
yria.

16 32 48 64 80 96
151 152 153 154 155 156
-18,01 | -11,46 | -491 | 1,64 | 8,18 | 14,73

Y3en 1. Temnoornada OoT 3TOro ysjia K HapyHOMY BO3AYXY MPOUCXOIUT IIO
miomam F=0,1 m”. TIpu o, = 23 K03(PUIMEHT TEMIOOTAAYH K HAPYKHOMY BO3IYXY
K= 23:0,1=2,3 Br/m 1 °C.

K y3ny 2 u 17 — mo mnomaau F= 0,05 Mm% k1o=k ;= 0,7-0,05/0,1=0,35 B1/m u °C.

Y3en 2-15. TemnooTnada OoT 3TOro y3ia K Hapy)KHOMY BO3JlyXy IPOHUCXOIHUT IO
miomam F=0,1 m”. TIpu o, = 23 K03(pPUIMEHT TEMIOOTAAYH K HAPYKHOMY BO3IYXY
Koo= 23-0,1=2,3 Br/m u °C.
K y3ny n-1 u n+1-no nnomaau F= 0,05 Mz;

ky.1=kn1= 0,7-0,05/0,1=0,35 Bt/m u°C.
K y3my n+16 - no momaau F= 0,1 M Kyi16= 0,7-0,1/0,1=0,70 B1/m u °C.

Y3en 1+n-16. Temnootnaya OT 3TOro y3jia K HApyXKHOMY BO3AYXY MPOUCXOJUT IO
miomanu F=0,1 M”. [Ipu a,, = 23 K03(hGUIHEHT TEIUIO0TAAYH K HAPY)KHOMY BO3IYXY
K(1+n*16)a= 23-0,1=2,3 Br/m 4 °C.
K y3ny n-1 u n+l-no mnomaau F= 0,05 Mz;

k(1+(n—1) 16)-tn 1= k(1+(n+1) 16)-tu 20,7'0,05/0,120,35 Bt/™m IIOC.
K y3ny 2+n-16 — o momanu F= 0,10 m*; k=0,7-0,1/0,1=0,70 B1/m u °C.

Y3en 18-31, 34-47, 50-63, 66-79.
K y3ny n-1, n+1, n+16, n-16-no mnomaau F= 0,1 MZ;
k=0,7-0,1/0,1=0,70 Bt/m u °C.

Y3en 86. K y3ny 87 u 102-no minomaau F= 0,05 MZ;
K87: k102 20,70,05/0,1:0,35 Bt/m u°C.
K y3my 70 u 85 o mmomaau F= 0,1 Mm% k=0,7-0,1/0,1=0,70 B1/m u °C.

Y3en 87-95. Tennootaada OT 3TOro y3ia K BHYyTPEHHEMY BO3AYXY MPOUCXOJUT 1O
miomamu F=0,1 M>. Ilpu a, = 8,7 k0dhOUIMEHT TEIIOOTAAYH K BHYTPEHHEMY
BO31yXxYy K= 8,7-0,1=0,87 Br/m u °C.



K y31y n-1 u n+1-no mnomanu F= 0,05 MZ;
Kp.1=kn1= 0,7:0,05/0,1=0,35 Bt/™m u°C.
K y31y n-16 - mo momaau F= 0,1 M ky16= 0,7-0,1/0,1=0,70 Br/m 4 °C.

Y3en 102+n-6 (1<n<8) Temnootrmaya OT ATOro y3jia K BHYTPEHHEMY BO3IYyXYy
npoucxomuT mo miomaan F=0,1 M. Ipu o, = 8,7 k0dQ(HUIHEHT TEIIOOTAAUN K
BHYTPEHHEMY BO31YXY K= 8,7-0,1=0,87 Br/m u °C.
K y31y n-1 u n+1-no mnomanu F= 0,05 MZ;

Ky.1=kne1= 0,7-0,05/0,1=0,35 Bt/m 4°C.
K y31y 101+n-6 - no miomanu F= 0,1 m*; k,.;= 0,7-0,1/0,1=0,70 B1/m 4 °C.

Y3en 98-101, 104-107, 110-113, 116-119, 122-125, 128-131, 134-137, 140143, 146-
149.

K y3ny n-1, n+1, nt+6, n-6-no momaau F= 0,1 Mz;

k=0,7-0,1/0,1=0,70 Bt/m u °C.

[Tpumep pacueTHOM CeTKH M300pa)keH Ha pUC.2.

t=-20°C
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Puc. 2. PacuetHas cxema TeMrnepaTypHOTO MOJIsi HAPY>KHOTO yria CTEHbI

Pesynbrarhl pacuera TeMIepaTypHOro TOJII HAapyXHOTO yria CTEHbI
pUBECHBI B Ta0IMIIE 2.



Tabmura 2

Ne 1 2 3 la s 6 |7 3 o 10 (11 iz 13 |14 15| 16
to -19,89]-19,56|-19,25|-18.96|-18,71|-18,49|-18,32|-18,19|-18,11|-18,06|-18,03|-18,02|-18.01|-18,01|-18,01{-18,01
t -19,901-19,58|-19,28|-19,00|-18,75|-18,53|-18,35|-18,21|-18,13|-18,07|-18,04|-18,02|-18,01|-18,01|-18,01|-18,01
Ne 17 18 |19 |20 21 [22 |23 |24 25 [26 |27 |28 |29 [30 31 32
to -19,57|-18,22|-16,93|-15,73|-14,64|-13,70|-12,92|-12,35|-11,96|-11,73|-11,60(-11,53|-11,49|-11.47|-11,46|- 11,46
t -19,59]-18,26|-16,98|-15.79|-14,71|-13,76]-12,97]-12,39-11,99|-11,75|-11,61[-11,53]-11,49|-11,48|-11 47| 11,46
Ne 33 |34 35 [36 37 38 |39 |40 [a1 a2 |43 Jaa [a45 a6 47| 48
to -19.28]-16,97|-14,73|-12.64|-10,71]-9,00 |-7,53 |-6.47 |-5.78 |-5,37 |-5.15 |-5,03 |-4.97 |-4,94 | -4,92 | -4.91
t -19.29]-17,02|-14,82|-12,74/-10,82]-9,09 |-7.61 |-6,53 |-5.82 |-5,40 |-5,17 |-5,04 |-4.97 |-4,94 | -4,92] -4,91
Ne |49 |s0 st [52 |53 |s4 |ss [s6 [57 Iss8 |9 leo [61 |e2 63 64
to -19,02|-15,84(-12,74-9,78 |-7.00 |-4.43 |-2,06 |-0.46 |0,51 [1,05 [1,34 [149 [1,57 |1,61 | 1,63 | 1,64
t -19,03]-15,87|-12,80/-9.86 |-7.08 |-4,49 |-2,11 [-0,49 |0.48 [1,03 [1,33 [148 |156 |1,60 | 1.62] 1,64
N |65 66 67 68 6o |70 |71 |72 |13 |14 15 [16 717 |18 79| 80
to -18,77]-14,78]-10,86]-7.04 |-3.39 0,10 [3.96 |6.06 |7.11 |7.65 [7.92 [8,05 [8.12 [8.16 | 8.17 ] 8.18
t -18,78]-14,82-10,93]-7.13 |-3.47 0,02 [3.92 [6,03 |7.10 |7.63 [7.91 [8.05 [8.12 [8.15 | 8.17] 8,18
N 81 [s2 [83 [s4 85 s [s7 [s8 [89 loo fo1 fo2  [93 o4 95| 96
to -18,55]-13,82(-9,18 |-4.52 |0,05 [3.95 [11,59 [13,51 |14,17 |14,46 14,60 [14.67 |14,70 |14,72 | 14,73 [ 14,73
t -18,56]-13,87/-9.20 |-4.55 |0,02 [3.92 [11,58 [13,51 |14,17 |14,46 |14,60 [14.67 |14,70 14,72 | 14,73 14,73
N |97 |98 |99 [100 |101 102

to -18,36]-13,00(-7,59 |-2,03 14,03 [11,65

t -18,37]-13,04/-7,68 |-2.13 |3,95 |11,61

Ne 103|104 |105 |106 |107 [108

to -18,23]-12,41]-6,52 |-0,43 6,12 [13,55

t -18,23]-12,42|-6,54 |-0,45 16,10 [13,55

Ne 100 110 111 J112 113 [114

to -18,12]-11,95|-5,73 0,62 |7.24 [14,25

t -18,12]-11,97|-5,76 0,59 |7.22 |14.24

Ne 115 (116 117|118 [119 [120

to -18,04]-11,62|-5,19 |1,29 |7.87 [14,59

t -18,05 -11,67 -5,26 122 7,81 14,56

Ne 121 [122 123 124 |125 126

to -18,01]-11,49|-4,96 |1,57 8,12 [14,71

t -18,02]-11,51]-5,00 |1,52 8,08 |14,69

Ne 127 [128 129 130 [131 [132

to -18,01]-11,46]-4,91 |1,64 [8,18 [14,73

t -18,01]-1147]-4,92 |1,62 8,17 [14,73

Ne 133 (134 135|136 [137 [138

to -18,01]-11,46]-4,91 |1,64 [8,18 [14,73

t -18,01]-11,46]-4,91 |1.64 [8,18 [14,73

Ne 139 (140 141 |142 |143 |14

to -18,01|-11,46]-4,91 |1,64 |8,18 [14,73

t -18,01]-11,46]-4,91 |1,64 |8,18 [14,73

Ne 145 (146 147|148 [149 [150

to -18,01]-11,46]-4,91 |1,64 [8,18 [14,73

t -18,01]-11,46]-4,91 |1.64 [8,18 [14,73

Ne 151 [152 |153 |154 |155 |156

to -18,01|-11,46]-4,91 |1,64 |8,18 [14,73

t -18,01]-11,46]-4.91 |1,64 |8,18 [14,73




8. Ha ocHOBaHWM TIOSYyYEHHBIX PE3yIbTATOB ODOPMHUTH OTYET, HA opmaTe
AS u pacnieyararsb.

3. BbIBOJBI 110 BHINIOJIHEHHOH padoTe

Ha ocHOBe moJsydeHHBIX JaHHBIX ClI€NIaTh BBIBOJ O pe3yjbTaTaxX BbINOJHEHUS
pacyeTa MmIOCKOro TEMIIEPaTypPHOTO MOJIst HAPY>KHOW CTEHBI.

4.JIutepaTypa
l. AHanuThdyecKkWe W YHCICHHBIE METOIbI pEIIeHHs YpaBHEHUH
MaTeMaTU4YECKON buzuku
https://pandia.ru/text/78/451/28259.php?ysclid=Ith1rbg49512392392 (mara
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