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Paooma Ne 1

MNEPBbINA 3AKOH TEPMOJIUMHAMUKHU
B INPUJIOXEHHUU K PEHIEHWIO OJHOI'O U3 BUAOB
TEXHUYECKHUX 3AJTAY.

1. Heas padorsl. OnpeeneHue ¢ MOMOIIbI0 YPAaBHEHUS IEPBOTO
3aKOHA TEPMOJAMHAMHUKH KOJIMYECTBA TEIUIOTHI, OTJABAEMOTO B OKPY KAIOIIYIO

Cpelly B YCIOBUSX JIA0OPATOPHOU YCTAHOBKHU.

2. OcHoBHBbIE N0J10KeHust. OHO U3 BO3MOKHBIX (hOPMYITBHBIX
MpEeACTaBICHUM MEPBOTO 3aKOHA TEPMOAMHAMUKY B pacueTe Ha 1 KT Macchl

pa60qer0 TCJIa UMCCT BU:

ooT »

I'ne Zm q; + Zﬁ] li - cooTBeTCTBEHHO, CyMMapHbIE KOTMYECTBA TETIOTH U

TEXHUUYECKOHN pabOThl, IEPEHOCUMBIE YEPE3 KOHTPOJIBHYIO 000JIOUKY
TepMOJAUHAMHUEcKol cucteMbl; Ah = h, — h; — U3MEHEHHUEe SHTAIbBINU pabodero

_ Wwi-wi

tena, AJ,,., = - UI3MEHEHUE KMHETUYECKOW SHEpruu moToka 1 kr

pabouero tena, AI_ . = g - (£, — Z;) — U3MEHEHUE NOTEHIMAIIbHON SHEPTUn

notokal kr padouero tena; hl, W1 u Z1 — cOOTBETCTBEHHO, SHTAJIBIINS, CKOPOCTD
¥ TEOMETPHUYECKasi BLICOTA OT YCIOBHOTO YPOBHS OTCYETA JIJISI BXOJTHOTO CEUCHUS
notoka pabdouero tena; h2, W2 u Z2 — COOTBETCTBEHHO, SHTAJIBIIH, CKOPOCTh U
r€OMETPUYECKasi BLICOTA OT YCJIOBHOTO YPOBHS OTCUETA JIJIsi BBIXOJHOTO CEUCHUS
MOTOKa paboyero Tena.

Bces tepmoamHaMuyeckas cucTeMa , mpeAcTaBlIeHHas Ha puc. 1, n1enuTcs Ha
JIBa y4acTKa (JIB€ MOJCUCTEMBI): TIEPBBIN y4acTOK — OT BXOJIHOTO ceueHus | 1o

ceuenus lla, a BTopoit - oT ceuenus lla no ceuenus |l. Kaxnapiii u3 a3Tux yuactkoB



3aKJIF0YAETCsl B CBOIO KOHTPOJBHYIO 000J0UYKY (Ha CXeM€ MOKa3aHbl MyHKTUPHOU

JIUHUEH).

[Ipu ycTaHOBUBIIEMCS PEKUME TEINTIOOOMEHA B YCTAHOBKE BHYTPH U C
OKpPYXaIOIMM BO3JIyXOM TeMIiepaTypa TpyOsl (tx) He MeHsieTcsi. B yciioBusix 3Toro
CTAI[MOHAPHOTO PEeKUMa pabOThl YCTAHOBKH YpaBHEHHE MEPBOT0 3aKOHA

TepMOUHAMUKHU T |-ro ydacTka (rmoacucteMsl) mpuoOpeTaeT BUA:

WI-Ww2
]‘31=h23_h1+T+g.{:223_21]+qH1 (1)

Pabora QJICKTPUYICCKOI'O TOKA, II0JaBACMOI'0 Ha 3JICKTPOABUIATCIIb

KOMIIpeccopa, orpeensiemMast o ypaBHEHHIO:

Ny _ Iyx-Ug

131 — G G
rae G — pacxon Bo3ayxa, pacCUUThIBAEMbIN 1O MTOKA3aHUSM BaKyyMMeETpa
BO3JlyXOMepHOro ycrpoiictBa; N, — MOITHOCTB , TOTpeOIsieMas
AIIEKTPOJBUTATEIEM KOMIIPECCOPA , OLIEHUBAETCS 110 MOKA3aHUAM aMIIEPMETPA U
BOJIbTMETPA. HacTh 3TOM MOIIHOCTH MEPENAETCA BO3AYXY B BUAE TEXHUUECKOU
paboThI, COBEpIIAEMOI KOMIIPECCOPOM, a YACTh — B BUJIE TEIIA; (41 — KOJIMYECTBO

TeIlIa, OTJIaBaeMOe CUCTEMOM Ha |-OM yJacTKe B OKPYKAIOIIYIO CPEy.

PacueTrnas cxema |-ro yuactka MOKeT ObITh PECTABIEHA B

CICAYIOIICM BUAC:

IIa
hi. BN, Za
— bae, Wo Za 11
Chl 1 T 1
- ITa
b 4
| |




VYpaBHeHuUe epBOTo 3aKOHA TepMOAUHAMUKH 11 |1-ro yuacTka

(moacucTemMsl) pruodpeTaeT

BUJI:

W3 -Wia

L, =h, —h,, + +g-(Z,—Z;,)+qy » (2)

PaGora QJICKTPUYICCKOI'O TOKA, ITI0OAABACMOT'0O Ha HAIr'pCB Tp}’6I>I,

onpceaciricMas 1o YpaBHCHHUTIO!

rie Ny — MOIITHOCTB, MOTpebiisieMast Ha HarpeB TpyObl, Tpeodpazyemast
[[EJTMKOM B TEIUIO M OIlEHUBaeMasi 0 MOKa3aHUsIM aMIepMeTpa U BOJIBTMETpA.
YacTp 3TOM MOIIHOCTH OTBOJUTCS B OKPYKAKOLIYIO CPENY ; (u2 — KOJTUYECTBO

Teria, oTAaBaeMoe cuctemMoit Ha |1-oM ydacTke B OKpy>KaroIiyro cpey.

Pacuetnas cxema ll-ro yuactka MosxeT OBITH MPEACTaBICHA B CJICIYIOIIEM

BHUAC:

Ila I,g (u2 11
hia, Wi, Zina * f hy, Wi, Zy

—> ' —>

Ila 11

I TepMOIMHAMUYECKOM CUCTEMBI B LIEJIOM YPAaBHEHUE MEPBOTO 3aKOHA
TEPMOJIMHAMHKHU 00pa3yeTcsi CcyMMupoBanreM ypaBuenuii (1) u (2) u

MMpEACTABIACTCA B BUAC!

w5 -wi

l,,+L;=h,—h; + +8-(Z;—Zy) + Q1 +Qy2

1€ Qu1 ¥ (w2 — 00III€E KOJMYECTBO TETUIOTHI, OT/IaBAEMOE B OKPY>KAIOIIYIO

cpeny Ha yyactkax | u Il.



3. CxeMa u onmcanue ycTaHoBKH. PaGouee Teno — BO3IyX KOMIIPECCOPOM
1 (puc. 1) 3abupaercs U3 OKpyx arouiei cpebl, CXKUMAETCS U MMOCTYIAET B

TOPU30HTAIBHBIN Y4aCTOK TPYOBI 5.

Puc. 1. Cxema ycTaHOBKHU.
8 9 10

Padora

T Tmmmmmmmmmmmsm e . T [ wommpeccopa— \% ~Harpes Tpydu
} g-unu |”$ \I-®-I (\:D .

Oxpyaawman
[ cpeaa ]

3

Bo3nyx Ha yTH U3 OKpY’KarOIIEN Cpeabl B KOMIIPECCOP MPOXOIUT YEPE3
BO3/lyXOMEpPHOE YCTpOUCTBO 2 Tuma «Tpyda Bentypm». KonnuectBo Bo3myxa,
MIPOXOJAIIEE YEPE3 YCTAHOBKY, MOKET U3MEHATHCS C IOMOILBIO 3aCJIOHKH 3.
[TapameTpsl OKpy KaroIiel cpeabl U3MEPSIOTCS TPUOOpaMu, PACIIOIOKEHHBIMH Ha
na”enu 11

«Oxpyxaroias cpesia» (pTYTHBIN, YallleUHbIi 0apoMeTp U KUAKOCTHO-C
TeKJISIHHBIN TepmomeTp). Ha nanenu 4 «CtaTuyeckue Hanmopb», pa CIOJIOKEHbI
Tpu U-00pa3HbIXx MaHOMETpA JI U3MEPEHHUS CTATUYECKUX JABJICHUM B CEUEHUSX:
«ropsio» Bo3ayxomepa (H), Ha Bxome B kommpeccop (H;) 1 3a kommpeccopom (Hy).
B pe3ynbraTte noaBeaeHHOro nMpoxosa ot ceuenus |—l, roe ero remneparypa paBHa
TEMIIEPATYpe OKPYKAIOLIEH cpelbl U1 = Lo, HArpeBaeTcs 10 TeMIepaTypsl tr,,

KOTOpasi U3MEPSIETCS TEPMOIIApOit 6 B KOMITJIEKTE C BTOPUYHBIM TIPHOOPOM.



J{ns onpenesienrst MOIHOCTH, MOJABEACHHOM K AIEKTPOABUTATEIIO
KOMIIpeccopa, CIIy>KUT naHenb § «Pabota kommnpeccopa» ¢ pa3MelIeHHBIMU Ha
HEW aMIIEPMETPOM M BOJIBTMETPOM. MOIIHOCTB, pacXoA0BaHHAsl HA HATPEB
TOPU30HTAIBHOTO y4acTKa TPYOBI 5, ONpeenseTcs Mo MoKa3aHusIM

BOJITMETPA U aMIlepMeTpa, pacnoiokeHHbIX Ha nmaHenu 10 «Harpes TpyObD».

[IpoTokon HabmOACHU

Tabmuua 1

Nert | U3mepsiemas BenmmunHa 0603 | En. | Homepa onpiToB

/11 Hay. | U3M

1 (2 |3 |4 |5 |6

1 Temneparypa Bo3ayxa Inpu t °C

BXOJI€ B BO3yXOMeEp (CECUCHHUE

1)

2 Temmneparypa Bo3ayxa npu t2a °C

BXx0jie B TpyOy (ceuenue |l a)

3 Temmneparypa Bo3ayxa npu t2 °C

BbIX0J1e U3 TpYyOsI (ceueHue 1)

4 ITokazanus Bakyymmerpa H | MMm.
(«ropJio BO3myxomepar) BOJI.

CT
5 [Tokazanus npe3omeTpa (mocie Hu | mm.
KOMIpeccopa) BO/I.

CT

6 Hanpspkenue u cuia Toka, Uk B




notpedisieMoro kommpeccopom | Ik a

7 Hanpsokenue u cuita Toka, Un B

HOTp€6JI$I€MOFO Ha HarpcB

TpYyOBI I a
8 [Tokazanus 6apomeTpa B | m0a
p
9 [Tokazanus okpykaromen tokp | °C
CpeIb

4. PacyeTHble ()OPMYJIbI U PacyeThl.

1. ATMochepHOe TaBICHUE HAXOAUTCS C YU€TOM TeMIEPaTypHOTO

paciMpeHust CToJIouKa pTyTu 6apomeTpa no GpopmyIe:

b _ B - 102
T 141,815-1074 -t

2. Ilepemnan naBieHHs BO3IyXa B BO3IyXOMEpE:

AP =p-g-H, ITa

r7ie p — IJIOTHOCTH BoAbl B U-00pa3sHom BakyymmeTpe, paBHas 1000
ke /Mm%, § — yCKOpeHue cBOOOIHOr0 najaenus, pasHoe 9,81 m/cex®; H —

MOKa3aHHe BaKyyMMETpa («ropiio») BO3AYXOMEpPaA, nepeseoenHoe B M

800.cm.

3. IImoTHOCTH BO3ayXa I10 COCTOAHHIO B «T'OPJIC» BO3yXOMCpaA:
(P atM ﬂP]
R (t,+273)

Ps

rae R — xapakrepuctuueckas ra3oBasi IOCTOSIHHAs BO3/1yXa, paBHas 287




Jloc/ke-°K.

4. Pacxoj Bo3ayxa:
G =0,525-10"2-/p.- AP, xr/cex

5. AGcoirroTHOE HaBJICHUC B CCYCHHU HA BBIXOJC U3 KOMIIPpCCCOpPA U Ha

BXOJI€ B TOPU3OHTAIILHYIO TPYOY:

P2a = Par +p ‘g Hy y lla

rae H, - mokazanue npe3omeTtpa (mociie KOMIIpeccopa), nepesedentoe B m

800.cm.

[InoTHOCTH BO3JyXa Ha BbIXOAC N3 KOMIIPCCCOPA N HA BXOAC B

TOPU30HTAIBHYIO TPYOY:

3

F
Pza = = /M

 Re(t,,+273)’

rae t », — TeMIneparypa Bo3/1yxa Ha BBIXOJI€ U3 KOMIIpECCOpa U Ha BXOJE B

TOpU30OHTaJIbHYIO TpYOY (ceuenue lla), °C.

7. [110THOCTB BO3IyXa Ha BBIXOJIE U3 TPYOBI:
P

aTM 3

/M

P2a =

 Re(ty+273)’

rie t, — TemmnepaTypa Bo3ayxa Ha BIxoje u3 Tpyos! (ceuenue I1), °C.

8. 3HaueHue sHTAIbINK Bo3ayxa h, B ceuenusx |, lla u Il onpenensercs mo

o01IeMy ypaBHEHUIO
hj=cp-t, koc/ke

rae ¢, — TCIJIOCMKOCTb BO3AyXa IIPU NOCTOAHHOM HAaBJICHUH, KOTOPA



MOKET OBITh MPUHSATA HE 3aBUCAIICH OT TeMIiepatrypsl 1 paBHou 1,006
klloc/(ke-°C); t; — Temriepatypa B paccMarpuBaeMoM cedennu, °C; | — MHIEKC

paccmarpuBaemoro ceuenus (1, 11a wmu I1).

9. Cpennss ckopocts notoka Wi B ceuenusx lla u |l onpenensercs no odbmemy

ypaBHEHUIO

G
W, = (pj_F],M/CeK

rae F — momaas mpoXoIHOTO CEYSHHMS IS TOTOKA BO3AyXa, OJTMHAKOBAs
st cedennit [1a w1l u paBras 1,35-10° m? ; pj— IWIOTHOCTH BO3yXa B
paccMaTpUBaEMOM CEYEHHH, k2/M°; | - MHeKC paccMaTpusaeMoro ceuenus (11a
i 11).

CkopocTh MOTOKA BO3/1yXa B ceueHuH | (Ha BX0Jie B BO3IyXOMep U3

OKpY KaIoIel cpeibl) ToHKHA ObITh puHsTa paBHOKH W1 = 0.
10. 3menenune noteHnuanbHoi 3Hepruu Ha ydactke | — lla:
ADpor = g'(ZZa -7 ) 1073 y K,ZZO)‘C/KZ

Tak xak B manHou padote (Zy, — Z1) = 0,4 m, To ADyor = 0,0039 x/foic/ke
OJIMHAKOBO JJIS1 BCEX OIBITOB M CPABHUTEILHO MaJo. [103TOMy BEIIMUMHOM 3TOTO

ciaraeMoro B ypaBHeHuu (1) MoxHO ipeHeOpeyb.

11. Pabora snekTpudeckoro Toka l,; Ha |-oMm yyacTke

(moacucreme):

Lo B U g
a1l — G » I{-ﬂﬂ{! KTl
riae |, — cuna Toka, morpedisiemast AJIEKTPOIBUTATENIEM KOMIIpeccopa,

a, UK — HAIIPAXKCHHUC, IIOAABACMOC Ha 3JICKTPOABUI'ATCIIb KOMIIPECCOpaA, B.

12. Pabora snexTpudeckoro Toka l,, Ha |1-oM ygactke



(moxcucreme):

I.-U

G

riae |, — cuna Toka, moTpebisiemast Ha HarpeB TpyoOsl, a; Uy —

L, = —=—=.1073 kLK /KT

HAIIPSKCHUC, II0OAABACMOC Ha HAI'PCB TPY6I)I, B.

Pe3ynbTaThl pacyeToB NOKHBI OBITH TPOTyOIUPOBaHBI B POpME CBOAHOM

TaOJIUIIBI 2.
Tabnuua 2.
Ne | U3mepsiemas BenmmumHa 060 En. | Homepa onsiToB
/T 3HaYy
mwMm. |1 (2 |3 |4 |5 |6
1 | ATmocdepHoe naBieHue Par |Ila
M
2 | Ilepenan naBneHus AP |Ila
BO3/yXa B BO3AyXOMepe
3 | [ImoTHOCTH BO31yXa IO pB | Kr/Mm>
COCTOSIHUIO TOpJia
BO3yXOoMepa
4 | Pacxox Bo3myxa G |kr/ce
K
5 | [LnoTHOCTH BO3/yXa B p2a | kr/m?
ceuenuu Il a
6 | Cpenssis CKOPOCTb W2a | m/cex
noToka B ceuenud |l a
7 | [InoTHOCTH BO3MyXa IIPU p2 | kr/m?




BBIXO/IE U3 TPYOBI

(ceuenue 1)

8 | Cpenusisi CKOPOCTb W2
MOTOKA MPHU BBIXOJIE U3 M/ceK
TpyO#b!I (ceuenue |)

9 | PaGoTa 3neKTprU9IecKOTO 51 | xJx/
TOKa Ha IMEPBOM Y4aCTKe KT
(moxcucteme)

10 | 3McHeHHue SHTAIBINU Ahl | xJIx/
MOTOKA Ha TMIEPBOM KT
y4dacTke (MOoJCUcTeMe)

11 | U3meHenue ADkx | k]JIx/
KUHETUYECKOU dJHEPTUHU uHl | kr
MOTOKA Ha MIEPBOM
ydacTke (MoJcucTemMe)

12 | KonnuecTBo TETIIOTHI, gal | xJx/
OTJaBAEMOE Ha TIEPBOM KT
y4acTKe B OKp.Cpeay

13 | PabGorta snekTpruueckoro 122 | kJx/
TOKa Ha BTOPOM Y4aCTKe KT
(moacucreme)

14 | I3McHeHHUE SHTAIBIUN Ah2 | xJ]x/
MOTOKa Ha BTOPOM KT
y4acTke (IOJCUCTEME)

15 | U3meHenue ADx | kJx/
KHEHTUYECKOW dSHEPTUU UH2 | KT

Ha BTOPOM Yy4aCTKC




(moacucreme)

16 | KonnuecTBo TEMJIOTHI, g2 | xJx/
OTJIaBa€MOE€ Ha BTOPOM KT
y4acTKe B OKp.Cpey
17 | O01iee KOJIUIECTBO gu K JIx/
TeIia, OTAaBaeMOoeE B KT
OKPYXAIOIIYIO Cpeay
TEPMOIMHAMHUYECKOU
CUCTEMOU
5. KoHTpoO/IbHBbIE BONPOCHI.
1. Chopmynupyiite 11e51b 1a00paTOPHOIN PaOOTHI U MOSICHUTE, KAK IOCTUTAETCS
MOCTaBJICHHAS 11€J1b?
2. HazoBuTE OCHOBHBIE Y3JIBI IKCITIEPUMEHTATHLHOW YCTAHOBKH U YKAKUTE UX
Ha3HAYCHHUE.
Kakumu Metogamu usmepsieTcst TemrnepaTrypa B 1aHHOM padote?
4. Kak u3MepsieTcsi U peryJIupyeTcsl pacxo]l BO3/IyXa B JIaHHOU paboTe?
5. Ha uTo pacxomyeTcsi MOIIHOCTD, TIOJIBE/ICHHAS K KOMITPECCOPY, U KaK OHa
onpenensercs?
6. ChopMmynupyiiTe 1 HAMUIIUTE AaHATUTHIECKUE BBIPAKECHUS NEeP8020 3aKOHA
MepMOOUHAMUKU JITIS1 3AMKHYTON U Pa30MKHYTOM 000JI0UEK.
7. KakoB (hu3udeckuii CMBICIT BEJIMYUH, BXOAIIUX B YPABHECHUS NepE020
3aKOHa MmepMOoOUHAMUKY JIJISl 3AMKHYTON U pa30MKHYTON 000J104€eK?
8. [aiite onpenenenue v noscHUTE PU3NIECKUNA CMBICI MTOHATUN meniomsl U
pabomul B TEXHUUECKOU TEPMOIMHAMHUKE.
9. Urto 03HAYAIOT 3HAKU « + » M « — » JIJI TEIJIOTHI U pabOTHI?

10.Ha 4t0 1 kakuM 00pa3oM BIUsET U3MEHEHUE HarpeBa TpyObl npu




IIOCTOSTHHOM Pacxojie Bo3ayxa?

11.Ha uyTo pacxomyeTcsi MOLTHOCTb, TOABEACHHAS IS HarpeBa TPyObl, U Kak
OHa ompezensercs?

12.Kak ocymiecTBisieTcs BHIOOP KOHTPOJIBHBIX 000J104YeK (TPaHHII) MOICUCTEM
(cucTemMBbI) TPUMEHUTENNBHO K TAHHOM JTabopaTopHO paboTre?

13.B kakoM MecTe U [MoYeMy IpaHMIIbl IOJCUCTEM (CUCTEMBI) PAa3MbBIKAIOTCS?

14.Yr1o Ha3pIBaeTCA BHYTpEHHEN 3Hepruei padouero tena? CBoilcTBa
BHYTPEHHEH HEPTUU U pacueTHbHIE (POPMYJIBL.

15.Yt1o Ha3pBaeTcs dHTANBIUEH padodero Tena? CBOMCTBA YSHTAIBIIUN U

pacyeTHble (POPMYJIBI.



Paboma No 2

OMNPEOENEHUE NMAPAMETPOB BJIAXHOIO BO3OYXA

1. lleqs paGorbl. M3yyeHue TepMOAMHAMUYECKUX CBOMCTB BJIAKHOIO BO3JyXa U
MIPOLIECCOB U3MEHEHUS MTapaMeTPOB BIIAYKHOTO BO3TyXa.

2. OcHOBHBIE MOJIOKeHUsI. BraxxHblil Bo3AyX mpeacTaBisieT coO0M CMECh CyXOro
BO3/lyXa M BOJSHOIO Iapa. 3HaHHE CBOWCTB BJIAKHOI'O BO3/AyXa HEOOXOAHMMO IS
pacyeToB MPOILIECCOB CYIIKU BIAXHBIX MATEPUATIOB U HW3MCIHMA, a TaKXKE CHUCTEM
BEHTWISIIMM W KOHJUIMOHUPOBAHMSI BO31yXa. BIaxHBIA BO3AYyX MOXHO
paccMaTpuBaTh C HEKOTOPHIMU JOMYIICHUSIMU KaK Tra30BYI0 CMECh, K KOTOPOil
MPUMEHHUMBI 3aKOHBI UJI€aJIbHOTO rasa.

3akoH JlanpTOHa (popMynHpyeTcs Tak: oOllee JaBJI€HUE CMECU PAaBHO CyMMeE
napiyaibHBIX JaBICHUN KOMIMOHEHTOB. Kaxxplii ra3 BeAeT ceOsl Tak, Kak eciu Obl
OH OBLII OJIUH B COCY/JIE, 3aHMUMAasi BECb 00bEM CMECH:

B=pe+pn,[la

raie B — Oapomerpuueckoe NaBliEHUE; Py U Py — HapLHUAIbHBIE JIABJICHMS,
COOTBETCTBEHHO, CyXOTr'0 BO3/lyXa 1 BOJSHOTO Mapa.

VYpaBHeHUE COCTOSHUS JIJIS UICATILHOTO Ta3a MOXKET OBITh UCIOIB30BAHO Kak
JUISL CyXOro BO3JlyXa, TaK WU JJi1 BOJASHOTO Tapa, HAXOJAIIErocs BO BIIAXKHOM
BO3/yX€, TaK KakK BO BJIA)KHOM HEHACBIIICHHOM BO3JlyX€ Bjara HaXOJUTCS B
COCTOSIHUM TIEPErpeToro Imapa. YpaBHEHHE COCTOSHHMS MOXHO 3amucaTh B
CJIEIyIOLIEM BUJIE:

p-V=mRT
w1t 1 kr pabodero Tena:
pv=R-T
r7ie p — naplyaibHoe JaBJIeHne KOMIOHeHTa, 1a; V — 00beM Ta3oBoii cmecH , 3, M
— Macca rasa, k2; R — xapakrepucrtuueckas razoBasi ocTosiHHas, /oc/(ke-epad); T —
abcomoTHas Temreparypa, °K; V — yaenbHbli 00beM rasa, ms/ke.

ConepxaHue BOJSIHOTO Tapa BO BJIAXXHOM BO3JYyX€ MOXKET OBITh BBIPAKEHO
MOo-pa3HOMY: 4epe3 aOCOJIOTHYH0 WM OTHOCUTEJIbHYIO  BJIAXXHOCTb, WIIU
BJIar0Coiep>KaHueE.

AOcComoTHas BIAXXHOCTh BO3JlyXa XapaKTepU3yeT Maccy BOJSHOTO Tapa,
KOTOpas comepkurcsa B 1 »® Bnaxknoro Boszmyxa. Tak Kak 06beM BOASHOTO mapa B 1
M3 BJIXXHOTO BO3[yXa TaKKe COCTAaBISAET 1 M3, TO MOXKHO CKa3aTh, 9TO abCOTIOTHAS
BIQYKHOCTh YHCJIEHHO PaBHA IUIOTHOCTH BOJSHOIO Hapa B CMECU Py, k2/m°. Takum



o0pa3oM, abCOMIOTHAS BIAXKHOCTH MPEJCTABIAECT COO0H O0OBEMHYIO KOHIIEHTPALIUIO
napa. KoHuenTpanus Bnarm B BO3AYXE MOMKET WM3MEHATHCS. BO3myx, KOTOPBIH
CHOCOOEH MOTIJIOMATh BOASIHOM Iap, Ha3bIBA€TCS HEHACBILIEHHBIM, IPUYEM 3Ta €ro
CHOCOOHOCTh K HACBILIEHUIO 3aBHCUT OT TeMIlepaTypbl. Uem BbllIE TeMmIeparypa,
TeM OoJibllle JBMXKYLIash CHUJla I[Ipollecca CYIIKH, ONpenenseMas pPa3sHOCTBIO
NapIUaIbHBIX JABJICHUM ITAPOB PACTBOPUTEI HaJ MAaTEpUAJIOM M B OKPY’KAIOIIEM
BO3/yxe. Bnara mepexoaur w3 Marepuala B BO3AYX [0 HACTYIUICHHUS COCTOSIHUS
paBHOBecHs. [Ipu HachlleHMM BO3yX HE IOIJIOIIAET Biary, U W30bITOYHAs Biara
HAaYMHAET KOHAEHCHpoBaTbcs. [loaToMy B mpolecce CyIIKH OYEHb Ba)KHO 3HATh
CIIOCOOHOCTh BO3/lyXa K HACBIIIEHUIO, KOTOpas XapaKTepU3yeTcs OTHOCUTEIIbHOU
BJIQXKHOCTBIO .

OTtHOcHuTENbHAs BIAXXHOCTH — OTO OTHOIIICHHUE KOHOCHTPAOIM BOASHOI'O IIapa
HCHACBIIICHHOT'O BO3JlyXa MJIM Id3a K KOHOCHTPAIWH BOASHOI'O I1apa HACBIIICHHOIO
BO3AyXa MM Trasa IIpU OJHMHAKOBBIX TEMIICpATypax HW MAdaBJICHHAX, T. €. 3TO
OTHOHMICHHUC INNIOTHOCTH BOIAAHOI'O IIdpa IIpHM MJdaHHBIX YCIOBHAX K IINIOTHOCTH,
npcacjibHO BO3MOXXHOM IIpu TON XK€ TEMIICPATypC U TOM IKC 6ap0MeTquec1<0M
JaBJICHHUH

P

H

rje Py — IIOTHOCTh Mapa B HEHACHINICHHOM COCTOSHUM (IIEPErpeToro mnapa), Ko/ms,
Px — IUIOTHOCTB 11apa B COCTOSHMU HACBIILEHHS (CYXOr0 HACHILIEHHOTO Hapa), ke/m°.

OTHOCUTENBbHYIO BJIAXKHOCTh BO3AyXa MOJKHO BBIPa3UTh C HEOOJBIION
IIOIPEIIHOCTBI0  OTHOILIEHWEM MapLUaJIbHOTO JaBJIEHUA I1apa B BO3AYXE K
[IapLUAIBHOMY JAaBJICHUIO HACBIIIEHHOIO BOISAHOIO I1apa IIPU TOU XKe TeMIIepaType.
Omubka mnpu NPeArnoIOKEHUH, YTO BOASHOW Map SBISIETCS HAEaJbHBIM Ta30M,
cocTaBisieT npubnau3uTenabHo 1,5%, 4TO BMOOJHE AOMYCTUMO MNPU HHKEHEPHBIX

pacuerax. Torga OTHOCHTENIbHAs BJIAXHOCTh BO3JAyXa IpH Temmeparype t meHee
100°C:

pl: ~ pt:
Quioec =— ="
F)Ii pii
[Ipn Temneparype Bbime 100°C oTHOCHTENBbHAs BIAXKHOCTb ONPEAEISIETCA IO
bopmyie:

pt;
P

e

P.
B

(pn-:r:-.':'-{' =

max

rae B — Gapomerpuueckoe naBnenme, [la; p,.,. "R T INIOTHOCTL Mapa B COCTOSHUU

n

Ingd
HACBILLICHHA, K2/ M .

Jliia abCoNOTHO CyXOro BO3AyXa, Korga pn = 0, OTHOCHTENbHas BIIAXKHOCTb
Toxxe paBHa 0. [[ns Bo3ayxa, HACBHIIEHHOTO BOASIHBIMU Mapamu, py = py U ¢= 1.
[ToaTOMy MOXHO CKa3aTh, YTO OTHOCHUTENIbHASI BIAXKHOCTH SBIISIETCS MOKa3aTesieM
CTEIEHU HACBILEHUS BO3/1yXa BOASHBIMU APAMHU.



Bmaroconepxanne  Bo3ayxa.  BrmarocomepkaHueM — BIAQXHOIO — BO3JyXa
Ha3bIBACTCsl Macca BOASIHOIO IIapa B IpaMMax, MpUXOoAdliascs Ha 1 KuiaorpamMm
abCOJIFOTHO CyXOro BO3JyXa:

d =1000—*, 2/ke cyx.603
M,
rne My m My — COOTBETCTBEHHO MAcChl BOJSIHOTO Mapa M CyXOro rasa, Ke.
Hcnonb3yst ypaBHEHHE COCTOSIHUSA (2) JIs BIAXKHOTO BO3yXa, 3alUILIEM:

Benuunna B, Bxoxsmas B (GopMyly, 3aBHCHUT OT Teorpapuueckoro
MOJIOXKEHHSI MECTHOCTH (IIJIs1 IeHTpaidbHbIX yacte Poccun B = 745 mm pm. cm.).
Biarocozaepskanue Bo3yxa 3aBUCUT OT OTHOCUTEIBbHON BIIAXKHOCTH, NAPIUAIBLHOIO
JIABJICHUSI HACBIIIEHHOTO BOJSIHOIO Mapa W OapoMeTpuyeckoro aamieHus . s
HACBIIIEHHOTO Bo3ayxa (¢ = 1) ¢ Bo3pacTaHuWeM MAapIUATILHOTO JaBJICHUS (WU
TEMIIEpaTypbl HACBIIMICHMs) YBEIWYUBAETCA KoiuuecTBO Biaru B Traze. C
yBEJIIMYEHUEM OapOMETPUUECKOr0 JaBJCHUs BIIArOCOAEPKAHUE BO3JyXa Majdaer.
[Ipu temneparype 6osnee 100 °C py = B, Torma dopmyna 1jsi BIarocoaep>kaHus
MpUOOPETACT CIECIYIOMIUN BUL;

d =622

t>100:C —

o)
-0
T. . BenmurHa d ipu t > 100 °C 3aBHCHUT TOJIBKO OT .

, /K2 CyX.803.

TerocoaepxkaHue BIAKHOIO BO31yXa, B KOTOPOM COJEPKHUTCS 1 k2 cyXxoro
Bo3ayxa M O 2 Bjgard, MOXXHO NPEJACTaBUTh KaK CYMMY TEIJIOCOACPIKaHHMA
(9HTaNBNMI) CyXOro raza W MEPEerpeToro BoJsHOro mapa. Temnocoaepxkanue | kr
BJIQYKHOTO BO3/yXa OTHOCUTCS OOBIYHO K | ke CyXoro Bo3ayxa:

[=h_+h, 4 , Kowc/ke
1000

rae hy = 1,006t — sHTanenms cyxoro Bosayxa, x/[oc/xe (1,006 — cpenusis yaenbHas
TETUIOEMKOCTh CYXOTO BO3JyXa NpPU TMOCTOSIHHOM JIaBJICHUU, K/{oic/(ke-epad); hy =
(2500+1,97-t)

— SHTaJbIUS BOASHOIO Mapa , paBHas cymme ero terioconaepxanust npu 0°C u
teria neperpesa ot 0° 1o t (1,97 — cpennsist yaenabHas TEIIOEMKOCTh IEPErPETOro
BOJISTHOTO Tapa, k/{owc/(ke - epao).

Taxum 06pa3om, TeIIoCoIepKaHNe BIAKHOTO BO3ayXa Ha 1 ke CyXoro Bo3ayxa
ompenensieTcs no gopmyie:

| =1,006-t +0,001-d-(2500 +1,97-t) , kJorc/xe

N3 3T0i1 popMynbl BUIHO, YTO HHTANBIMS BJIAXKHOTO BO3/yXa BO3PACTAET C
YBEJIIMYEHUEM €r0 TEMIIEPATYPHI U BJIIATOCOACPIKAHUA.

TemnepaTtypa TOYKH POCHI SIBJISIETCS OJHOW M3 XapaKTEPUCTHK BIIAXKHOTO



Bo3ayxa. [lo aToM TemmepaType MOXKHO OINpPEIEIINTh OTHOCUTEIBHYIO BIIA)KHOCTh
BO3/lyXa.

TemnepaTypoil TOYKM pOCBI, WJIM TEMIIEPATypOd HACBIIICHUs, Ha3bIBae€TCA Ta
TeMIlepaTypa, 10 KOTOPOU CIeAyeT OXJaJUTh BIAXHBIM BO3AyX (IIPU MOCTOSTHHOM
BJIArOCOJEp>KaHUM), 4YTOOBI OH cTajd HachlleHHbIM [lpu 3TOM BOjsHON map
KOHJIEHCUpYETCSd M BbIMagaer B Buje pocbl (¢ = 1). [lapuumansHoe naBieHue
BOJSHOTO Iapa py PaBHO JABJICHUIO B COCTOSIHUM HACBIIIECHUS py. Temmeparypy
TOYKHU POCHI MOXKHO OIPEACNIUTH M0 TabIulaM TEPMOJIMHAMUYECKUX CBOMCTB BOJIbI
U BOJSHOIO Mapa KaKk TEMIIEpaTypy HACHIIIEHHOTO BO3JyXa MpU NapluaIbHOM
JaBJICHUH HACBIMICHUS py Wi 1o |—d muarpamme BiaxkHoro Bosmayxa (puc. 3). 3.
Cxema u ommcanme yctaHoBKH. J[abopaTopHas ycTtaHoBka (puc. 1) cocTout u3
MPO3PAYHOTO IUIACTMACCOBOTO BO3AYXOBOJAa 1, BHYTPM KOTOPOrO YCTaHOBJIEH
ncuxpomeTp. IIcuxpoMeTp COCTOUT U3 ABYX PTYTHBIX TEPMOMETPOB: CYXOIo 5 U Tak
HAa3bIBAEMOT'0 MOKpOTO 4.

3. Cxema u onucanue ycTaHoBkH. JlabopaTopHas yctaHoBka (puc. 1) cocTout u3
IIPO3PAYHOTO ILIACTMACCOBOTO BO3AYyXOBOJa 1, BHYTPHM KOTOPOrO YCTaHOBIIEH
ncuxpoMetp. IlcuxpomeTp cocTOUT U3 ABYX PTYTHBIX TEPMOMETPOB: CYXOro 5 M TaK
Ha3bIBAEMOr0 MOKpOro 4. MOKpbIii TEPMOMETP OTIMYAETCS OT CYyXOro TE€M, YTO €0
PTYTHBIM TEPMOOAIJIOHYMK OOEPHYT TKAaHbIO, CMOUYEHHOM Boaou. Takum oOpazom,
MOKpBI TEpMOMETp TIOKa3blBa€T TEMIIEpATypy, KOTOPYyKH HMeEeT Bojaa
COJZIepIKaIasAcs BO BIAXKHOM TKaHU. OUYEBUAHO, YTO C MOBEPXHOCTH MOKPOM TKaHU
(ecyii TONBKO BIAXKHBIA BO3AYX HE ABIISIETCS HACBIILIEHHBIM) IPOUCXOIUT UCIIapEHUE
BOJIBI.

Puc. 1. Cxema n1abopaTOpHOI YCTaHOBKH.

YObuTh BIArM B TMPOIECCE HUCHAPEHHUS KOMIIEHCHUPYETCS €€ TMOCTYIUIGHUEM IO
JNEWCTBUEM KaNWUIAPHBIX CHJI M3 CIENHAIbHOro OaytoHumka 3 ¢ Bomoi. Jlns
YMEHBIIICHUSI TOTPEIIHOCTH MOKa3aHUH MOKpPOro TEPMOMETpA KOMIIpECCOpOM 2
CO3/Ia€TCA IOTOK BO31yXa, CKOPOCTh KOTOPOTrO W3MEPSAETCS PACXOJOMEPHBIM



ycTpoiictBoM Tuma tpyda «Bentypu» 9 mo nokazanusim U-oO6pa3HOro BakyymmeTpa
10. Tlpy NOCTMKEHUM CTAMOHAPHOIO pexHMa (Pa3HOCTh IMOKA3aHUM CYyXOro M
MOKpPOI'O TEPMOMETPOB HE U3MEHSETCS BO BPEMEHHU) CyXOH TEPMOMETP MOKa3bIBAET
UCTUHHOE 3HAUE€HUE TEMIIEpaTyphl BIaXKHOTO BO3ayXa tc, a MOKpBI — TeMIiepaTypy
UCHIApPAOIIEHCS C IOBEPXHOCTH TKaHU BOJBI ty.

[Tpuyem, yem cymie Bo3AyX, TEM OOJbIIE TICUXpOMETpUUYecKas pazHocTh (t. —
ty). Ilepexonq oT omHOTO pexuMa K APYroMy OCYIIECTBIISICTCS MyTEM H3MEHEHHS
TEeMIepaTypbl BO3QyXa C IIOMOIIBIO 3JeKTpoHarpeBarenss 6. B pabote
IPEeIyCMOTPEHa BO3MOXHOCTh HW3MEHEHHUSI CKOPOCTH BO3AYIIHOTO TIOTOKa C
HOMOILBIO TTOBOPOTHOM 3aCJOHKHU 8§, a TakKe€ M3MEHEHME BIIAroCOAEp KaHUs MyTeM
BIIPHICKMBAHMS B TMOTOK BO3AyXa BOJSHOTO Mapa, T€HEPUPYyEeMOro B aBTOKJaBe 7.
H3mepenne mapaMeTpoB OKPYXKAlOIIe Cpeibl BBHIIOIHSIETCS C TMOMOIIBIO PTYTHOTO
oapometpa 11 u Tepmomertpa 12.

Pe3ynbrarsl HaOIIOAEHUI BHOCSATCS B IPOTOKOJ (Tadbnuua 1).

Tabmuna 1.
O6o3Ha Howmepa onbIToB
Ne
20505050003
N3mepsiemas BenmmunHa - —
/I YyeHHUE | 12| 3| 4] 5| 6
TeMmneparypa cyxoro
1 |repmomerpa t; °C
Temneparypa MOKpOTro
2 | tepmomeTpa ty °C
Pa3pexeHue B «ropiey» MM
3 |Bo3zmyxomepa H
800.CH.
4 |Ilokazanust 6apomeTpa B mbap
TeMmmeparypa okpyxaroein
S5 |cpenbl tokp °C

4.PacueTHble opMyJibI H pacyeThl.

1. Tlpuctynas K BBIUHUCICHUSM, HEOOXOJIMMO paCCUUTaTh WCTUHHOE
3Ha4YEeHHE TEMIIEPATYPLI MOKPOro TepMoMeTpa ty, 1mo Gpopmyie:

[=[ _A.(t:_t\:)joc‘

R 100



rae t, — mokazaHue MOKpOro TepMomeTpa B ncuxpomerpe, °C; A — ommbka B
IPOLEHTaX OT U3MEPEHHON NIcuXpoMeTpuueckoi pazHoctu (t. — ty), onpenensiemast
1o rpaduky puc. 2 B 3aBUCUMOCTH OT CKOPOCTH NIOTOKA BO31yXxa; t. — TeMneparypa
o cyxoMy Tepmomertpy, °C.

2. AtmocdepHoe mgaBiICHHE HAXOAUTCA C YYETOM TEMIEPATypHOTO
pacImmpeHus cToibuka pTyTu 6apomeTpa 1mo hopmysie:

B10°

> - :
™ 41815107t

,Ala
p
3. Ilepenan maBieHMs BO3AyXa B BO3AYXOMEDE:

AP =p-g-H, ITa

r7ie p — INIOTHOCTH Bozkl B U-00pasHoM BakyymmeTpe, pasHas 1000 xe /ud; g —

YCKOpEHHE CBOOOJHOrO NajeHusi, paBHoe 9,81 m/cex’; H — mnokaszaHue

BaKyyMMeTpa («ropiio») BO3JIyXOMEpPa, nepesedenHoe B M 800.CHI.
4.I110THOCTH BO3[lyXa MO COCTOSIHUIO B «TOPJIE» BO3yXOMEPA:

— (Pcm_‘ip) IR |
R(t, +273) "

P

rae R — xapakrepucTrueckas ra3oBasi IOCTOSIHHAS BO3/AyXa, paBHast 287
IDic/ke-°K. 5. Pacxon Bo3ayxa:

G = 0,525107-/p, ‘AP , ke/cex

6.Cpennsis ckopocTh moToka W ornpeaensieTcs o ypaBHEHHUIO
G
(p-F)
rjae F — momaas mpoxoaHOro cedeHus Jj1s TOTOKa BO3AyXa, paBHAsl BEJTUYMHE
0,0177, M2
7. ILOTHOCTB BO3AyXa p B paCCMAaTPUBAEMOM CEUECHUM MPU aTMOCHEPHOM
JaBJeHuu 1o popmyre:

W

, M/cek

—_ Pa:.-.',
P R+(t, +273)

am/ 3
, Ke/m
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Pucynok 2. I'paduk amnst onpeneneHus: BEIUYUHBI OIIMOKY K MTOKa3aHUSIM MOKPOTO TEpMOMETpa
IIPU pa3HOM CKOPOCTHU BO3AYyXa

8.0mpeeneHne OTHOCUTEIbHOM BIAYKHOCTH:
a) 1Mo ICUXpOMETPUUECKOM Popmyiie

—A(t, -t
o=Pu P AL 00 o

pll pll

I€ Py — JABJICHUE HACBILICHUS BOASHOIO Mapa Ipyu U3MEPEHHON TeMIEpaType
MOKPOTO TEPMOMETPA; Py — AABJICHUE HACBILICHUS BOASHOIO Mapa Ipu
TeMIEpPAType CyXoro TEpMOMETpA.

BenuuuHsl py ¥ py HAXOAATCS MO TAOIUIIAM TEPMOJUHAMUYECKUX CBOMCTB
BOJIbI U BOJISTHOTO TIapa WK TI0 PEKYPPEHTHOU (hopmyJsie ToJIMHOMA:

p=610,41+t-(44,49 + t-(1,143 + t-(2,67- 102 + t-(2,61-10* + t-2,85-107°)))) , ITa

9. IlonpaBoyHbll KO3PPUUIMEHT A, YUYUTHIBAIOIIMN BIUSHUE CKOPOCTH
BO3/lyXa, HAXOAUTCA 10 (hopMyJIe:

A =0,00001(65 + %)-B .

rae B — 6apomerpuyeckoe nasienue; W — CKOpOCTh BO3/ayXa, M/cex.
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Puc. 3. I-d tuarpamma



0) o |—d mmarpamme (puc.3). s HaXOXKJIEHUS OTHOCHTEIHHOW BIAXKHOCTH Ha
JAMarpaMMe CJIeAyeT HalTu TOYKy IepecedeHus usorepMm t. u t,. 3arem myrem
UHTEPHOJIAINA MEXKIy JHHHAMH @ = CONSt ompenenseTcss OTHOCHUTEIbHAs
BiaakHoCcTh B %. Kpome Toro, mo |—d pgumarpamme Bia)kHOro BO3AyXa B
COOTBETCTBHMH C HAlICHHBIM IIOJIOKEHHEM TOYKH M30TepM t. U t,,, ompenensrorcs:
BJIaroCo/icpKaHue, TEIIOCOJAePIKaHue, TeMIIEpaTypa TOUYKH POCHI M MapIHaibHOE
JaBJICHUE BOJISHOTO IMapa BO BJIAKHOM BO3JIyXeE.

10. AOcomoTHasl BIAXKHOCTb BO3JyXa Pn OMNPEIACISICTCS IO YPaBHEHHUIO
COCTOSTHUSA:

PP, , 3

p‘,_' - _—"- l‘l‘e .‘I!
R, (273+t,)

3IeCh U Jlajee (¢ — OTHOCUTENbHAsl BIAKHOCTh B MONIAX EAWHHIB;;, R, —
XapaKTepUCTHUYECKass Ta30Bas TIIOCTOSHHAs BOJSHOTO Tiapa paBHas 462
Iic/(ke-epad), pw — NaBJICHHE HACBIIEHUS BOJSHOIO Mapa Mpu TEMIIepaType
CyXOoro TepMomeTpa, //a;

11.ITapuunansHO€E JaBJIECHUE apa BO BIAKHOM BO3LyX€E 10 (hOpMYIIE:

pl: = [p’pu“ nﬂl

Pe3ynbTaThl pacueToB o GpopMyiam U HalaeHHbIe o 1—d quarpamme
BJIQYKHOT'O BO3/yXa JOJDKHBI OBITh MPOAYOIMPOBAHbI B (POPME CBOJHOM TAOIUIBI 2.

Tabmuua 2.
Howmepa onbitoB
O603Ha
Ne Pacuetnas Enunuie
- 10 pacyeTy no [ — douarpamme
/o BEIIMYHMHA M3MEpPEH.
HeHHe
112314 (5|6 (1|2 (3]|4([5]6
HctunHoE
3HaueHue
1 MOKpPOT'O t, °C
TepMOMETpa
2 OrHocuTenpHasS [0 %
BJIQ)KHOCTh
2/ke
Bnaroconepxanue
3 d CYX.803.
AOGcomoTHas 3
4 BIIQXKHOCTh P x2/m B N B R
Temnoconepxxanue
5 71ep I K/[ic/xe
(9HTaANBIHNS)
ITapruansHOE
6 JlaBJICHHE T1apa Pu Ia
[TapunansHOE
7 JlaBJICHUE Pu Ila
HACBIIICHUS
Temneparypa
8 TOYKH POCHI trp °C = < = =] =




5. KoHTpoJ/IbHBIE BONIPOCHI.

1. ChopmynupyiiTe 11€51b 1a0OPATOPHOU PabOTHI U MOSICHUTE, KaK JOCTUTACTCS
MTOCTABJICHHAS 1IENb?

2. Ha3zoBuTe OCHOBHBIC y3JIbI SKCTICPUMEHTAILHON YCTAaHOBKH U YKAXKHUTE HX
Ha3HAYCHUE.

3. Kak BbI moHMMaeTe Takue COCTOSIHUSA, KaK HACHIIEHHBIA U HEHACHIIIIEHHBIHA
BJIQYKHBIN BO3YX?

4. Kak Bbl oTHOCHTECH K TEPMHUHY «IIEPECHIIICHHBIN BIaKHBIA BO31YyX?

5. Kak dopmynupyercs 1 3anmmMchbiBaeTCs 3aKOH MaplUUabHBIX JaBJICHUUN IS
BJIYKHOT'O BO31yXa?

6. Uro Ha3pBaeTcs  a0OCOJIOTHOM, OTHOCUTEIBHOM  BIIAXKHOCTBIO H
BJIArOCOJIEPKAHUEM BJIAKHOTO BO3/ayxa?

7. Kak BbIpa)kaeTcsi U U3 4YEro CKJAJbIBACTCS TEIUIOCOACpKaHUe (PHTAIBITHS)
BJIAKHOTO BO31yXa?

8. I[louemy ¢ yBelnMYEHHEM TEMIIEPATypbl BJIAXKHOIO BO3JyXa €ro
OTHOCHTEJIbHAS BJIAYKHOCTh YMEHbIIIAETCS ?

9. YUem Bbl mMoxeTe OOBSICHUTH BIUSHHE CKOPOCTH BO3JlyXa Ha OTKJIOHEHHUE
MOKa3aHUsI CMOYEHHOI'0 TEPMOMETPA OT UCTUHHOTO 3HAUYCHUS TeMIEpaTyphl
MOKpPOTO TepMomeTpa’?

10.Kak ycrtpoena nmuarpamma |-d BiaxkHOTO BO37yXa W, KakuM 00pa3om
OMPENIEIIAIOTCA MapaMeTPhl BIAXKHOTO BO3/AyXa C MOMOIIBIO JUATPAMMBI T10
MOKA3aHUSIM CyXOr'0 U MOKPOTO TEPMOMETPOB?

11.TlokaxxuTe Ha AMarpaMMe U TOSICHUTE MPOIIECCHl «CYXOro» HarpeBa u
OXJIQXJEHUS BIAXKHOTO BO3/1yXa.

12.TTokaxxuTe Ha aUArpaMMe W TOSCHHUTE IMPOIECC aarnabaTHOTO HACHIIICHUS
BJI&YKHOT'O BO3/yXa.

13.]laiiTe onpeneneHre MOHATHIO TOUYKH pockl. Kak onpenensercs TemiepaTrypa
TOYKH POCHI HA AUarpamme?

14.KakoBa CBsI3b MEXIYy OTHOCUTEIBHOW BIIAXHOCTBIO BO3JyXa U €ro
BJIArOCOJICPKAHUEM?

15.J1aiiTe BBIBOA aHAIUTHYECKOW (OpMynbl Juisi pacdera aOCOTIOTHOM
BJI&YKHOCTHU BO3/yXa.

16./laliTe BBIBOJ aHAJIUTUYECKON (OpMYyJIbl ISl pacyeTa BJarocojep kaHus
BO3/lyXa.

17.[laliTe BBIBOA aHAIUTHYECKOM (OPMYJIBI JUIsl pacdyeTa TEIIOCOACp>KaHUs
(3HTaNBIIUM) BO3/IYXA.






Paboma No4

ONPEJIEJEHUE KOO®PO®UIIMEHTA TEIIJIOITPOBOJHOCTH
TEILIOU3O0OJIAIITNOHHOI'O MATEPHUAJIA (MGTO}I HWIMHIPUYECKOTO cnon).

1. Heap paGorbl. OcBoeHHE OJHOTO M3 METOJAOB ompeaeneHus KoddduuueHta
TEIUIONPOBOAHOCTH TEIUIOM3OJIALIMOHHBIX MaTepuaioB (METOJA LWIMHAPUYECKOTO Clos) U
3aKperyieHre 3HaHHU 110 TEOPUU TEIUIONPOBOAHOCTH.

2. OcHoBHbIe moJioKeHus. TeruoTa siBisieTcst Hanbojee yHHBepcalbHOU (popMoil mepenaun
SHEPrUM, BO3HHKAIOUICH B pe3ylbTaTe MOJEKYISIPHO-KUHETHYECKOTro (TEIIOBOr0) ABMIKEHUS
MUKpPOYACTHI] - MOJIEKYJI, aTOMOB, JIEKTPOHOB. Y HUBEPCAIIbHOCTh TEIJIOBOW 3HEPTUU COCTOUT B
TOM, 4TO Jito0ast ¢popMa sHepruu (MexaHudeckasi, XMMUUecKasi, JJIeKTpudeckas, siiepHasi U T.I1.)
TpaHC(OPMHUPYETCS,, B KOHEYHOM cYeTe, JIMOO YacTHYHO, JHOO IOJHOCTHIO B TEIJIOBOE
JBUKEHHE MOJIEKYI (TeruioTy). Pa3nuunbie Tena MOryT oOMEHHUBATbCS BHYTPEHHEH SHepruei B
(dbopmMe TEIUIOTHI, YTO KOJMYECTBEHHO BBIPAKAETCS TIEPBBIM 3aKOHOM TEPMOJMHAMUKH.

Tennoobmen — 3TO CaMOIIPOU3BOJIBHBIN MPOLECC MEPEHOCA TEIUIOThl B MPOCTPAHCTBE C
HEOJIHOPOJHBIM TeMIIEPaTyPHBIM MOJIEM.

TemnepamypHvim noniem Ha3bIBAlOT COBOKYITHOCTh MTHOBEHHBIX 3HaYEHUH TeMIepaTypbl
BO BCEX TOYKaX paccMaTpuBaeMoro mnpocrpaHcTBa. [lockonbky Temmeparypa — CKajsipHas
BEJIMYMHA, TO TEMIIEPATYypHOE MO0JIe — CKAIAPHOE IOJIE.

B o0mem ciydyae mepeHOC TEIJIOTHl MOKET BBI3BIBATHCS HEOTHOPOJHOCTHIO IOJIEH
Opyrux GU3NYEeCKUX BeMW4YHH (Harpumep, 1 y3HOHHBINA MTEPEHOC TETUIOTHI 33 CYET Pa3HOCTH
KOHLIEHTpauuii u nap.). B 3aBucumMocTH OT Xapakrepa TEIUIOBOTO [BIDKCHUS Pa3INYaioOT
CIIeTyIOIIHE BBl TEIUIOOOMEHA.

Tennonpogoornocms - MOJEKYISPHBIH TIEPEHOC TEIUIOTHI B Cpele C HEOJHOPOIHBIM
pacripeielIeHueM TeMIepaTypbl IOCPEACTBOM TEIIOBOTO JABMKEHUSI MUKPOYACTHULI.

Kounsexyusa — mepeHOC TEIUIOTHI B Cpele ¢ HEOAHOPOJHBIM paclpeeiCHHEM
TeMIepaTypbl IPH IBUKEHUU CPEJIbI.

Tennoobmen uznyyenuem — TEINIOOOMEH, BKJIIOYAIOUINN TEPEXO] BHYTPEHHEH SHEpPTUu
Tena (BELIECTBA) B DSHEPrHIO M3JIyYEHHs, NEPEeHOC H3IyuyeHUs, IMpeoOpa3oBaHUE SHEPTUU
M3JIy4eHUsl BO BHYTPEHHIOK SHEPIHIO IPYroro Tejia (BElecTna).

B 3aBucumoctu ot BPEMCHU TEIIO0OMEH MOJKET OBITh:
cmayuoHapHvim, €CIU TEMIICPATYPHOC ITOJIC HE 3aBUCHUT OT BPECMCHU,
HecmayuorHapHvim, €CIIA TEMIICPATYPHOC ITOJIC MCHACTCA BO BpPECMCHU.

I[J'I}I KOJIMYCCTBCHHOI'O OIMUCAHUA TIpOoLECCa TeII000MeHa HCIOJIB3YIOT CJIICAYIOIIHC
BCJIIMYHUHBI:

Temnepatypa T B JaHHOH TOUYKe Teja, OCPEAHEHHAS: IO MOBEPXHOCTH, MO 00bEMY, MO
Macce Tena. Eciau COeMHUTH TOYKM TEMIIEPATYpPHOIO IOJIs ¢ OJMHAKOBOW TEMIIEpaTypoH, TO
MOJIyYUM U30MepMuiecKyro nogepxnocms. Ilpu mepecedyeHUr HM30TEPMHUYECKON IOBEPXHOCTH
IUIOCKOCTBIO TOJIyYMM Ha 3TOH IUIOCKOCTH ceMelcmeo u3omepm — JMHHANA IOCTOSHHOM
TEMIIEPaTypBl.

Ilepenan temneparyp AT — pa3HOCTh TeMIepaTyp MEXAy ABYMs TOYKAMH OJHOTO Tela,
JBYMsI M30TEPMHUECKHMHU IOBEPXHOCTSIMH, IOBEPXHOCTBIO U OKDPY)KAIOILIEH CpEIOoW, ABYMs
tenamu. Ilepemamg Temmeparypbl BIOJIb HM30TEPMbI paBeH HYy/I0. HamOonmpmmii mepenan



TEMIIEpPaTypbl MPOUCXOAMT IO HANPABIECHUIO HOPMAIM K H30TEPMUYECKOM IOBEPXHOCTH.
Bo3zpactanue temmeparypbl MO HOpPMalM K M30TEPMHUYECKOH MOBEPXHOCTH XapaKTEpHU3yeTCs
IPagueHTOM TeMIepaTyphl.

. AT
Cpeonuti epaduenm memnepamypbi ., — OTHOILICHHE Iepenaja TeMIepaTyp MexIy
)

JBYMSI H30TEPMUYECKUMH TOBEPXHOCTAMU AT K pacCTOSIHUIO MEKTy HUMH AN, HU3MEPECHHOMY 10
HOpMaJIA N K 3TUM MOBEPXHOCTAM (puc. 1).

. ar .
Hemunnoni epaduenm memnepamypel -~ — CPeIHUI TPATUCHT TEMIICPaTyphI IIPH

An—>0 1M 3TO €CTh BEKTOp, HANpPABICHHBIN 10 HOPMAJIU U30TEPMUUYECKOI ITOBEPXHOCTH B
CTOPOHY BO3pacTaHUs TEMIIEPATypPbl, YACICHHO PABHBIN IIEPBOM IPOU3BOAHON TEMIIEPATYPBI 110

3TOM HOpMAJIU.:

or li il dT = VT
— = lim — = gradT = VT,
dn  an—0 An g

o

Puc. 1. I30TepMbl TeMIIepaTypHOTO OIS, TPAAUSHT TEMIIEPATypHl, TEINIOBOH TTOTOK.

a) MMOJIOKEeHWE HOPMAJIH U HaIlpaBJICHHE TpajlieHTa TeMIIEpaTypsl  TEIUIOBOTO IOTOKA; 6) N - HOpMaib K
M30TEepMHUYECKOi NOBepXHOCTH OF, Q — y/ebHbIN TEIIOBOH NOTOK, MOIIJHOCTh TEIJIOBOTO TOTOKa 0Q =
g-oF.

ag
Konuuecmeo mennomor — 0Q, [oic, Mownocms mennogo2o nomoka P Bm —

KOJIMYECTBO TEIIOTHI, MPOXOIAIIEE B €AUHUILY BPEMEHH, yIEIbHBIN TEIIOBOM NOTOK § = PRy

Bm/M? — KONMYECTBO TEIUIOTHI, MPOXOJANIee B €IWHHILY BPEMEHH 4Yepe3 eIWHHILY TUIOMaIN
M30TEPMUYECKON TOBEPXHOCTH.

[lepeHoc TEMJIOTHI TEIUIOMPOBOJHOCTHIO BBIPAKACTCS AMIUPUUYECKUM 3aKOHOM buo-
@dypbe, COrgacHO KOTOPOMY BEKTOpP YAEIBbHOIO TEIJIOBOTO MOTOKA MPSMO MPOMOPLHOHATIEH
TPaJIuCHTY TEMIIEPATYPHI:

g=—A1=% gradf

3HaK «MUHYC» B YpaBHCHHH IIOKa3bIBACT, YTO HaIpPaBJICHUC TECIIJIOBOTO IIOTOKA
IMPOTUBOIIOJIOKHO HAITPABJICHHUIO I'PAIUCHTA TCMIICPATYPHI.

Koad¢uimeHT nponopuroHaIbHOCTH A B YPaBHEHUU XapaKTEpU3yeT CIIOCOOHOCTH Tel
MPOBOJIUTH TETIOTY U HA3BIBACTCS KO Duyuenmom menionpoeooHOCMU.

KonmuuecTBeHHO KO3()DHUIIMEHT TEIUIONPOBOTHOCTA A — TEIUIOBOM MOTOK (Bm), MPOXOASIIHAI
uepe3 eMHMILY HOBEPXHOCTH (M%) TIPM €MHMYHOM TpajueHTe TeMIepatyp (2pad/m), ¥ MMeeT
pasMepHocTs Bm/(m-epad).

Koad¢uimenT TemionpoBOoAHOCTH — (QHU3MYEcKas XapaKTepUCTHKA, 3aBHUCSIAs OT
XUMHUYECKOTO COCTaBa M (PU3NYECKOTO CTPOCHMS BEILECTBA , €r0 TEMIEPATyphl, BIAKHOCTU H



psna apyrux ¢akropos. KoaduuueHT TerionpoBoAHOCTH UMEET MaKCUMAITbHBIC 3HAUCHUS TSI
YUCTHIX METANIOB 1 MUHUMAJIbHBIC JJIs Ta30B.

Tennouzonayuonnvle mamepuanvl. K 4UHCITy TEIJIOW30JIAIMOHHBIX MAaTEPUANIOB MOTYT OBITh
OTHECEHBI BCEe MaTepUabl, 00Ia1alonme HU3KUM KO3 (HUITMEHTOM TEIUIONPOBOTHOCTH (MEHee 5
Bm/(m-epao) npu t =0 °C).

TemnmonzonaunoHHbIE MaTepUaabl MOTYT OBITh HEOPraHMYECKOro MpPOHCXOKIeHus (acbecr,
LUTAKW, TJIUHBI, MECKH, MUHEpaibl U T.lI.), OPraHUYECcKoro (IIepcTh, XJIOMOK, JEPEBO, KOXa,
pe3rHa, TeKCTOJIUT U T.J.) U CMEIIaHHBIMHU, T.€. COCTOALIMMHU OJHOBPEMEHHO U3 OPTaHUYECKUX U
HEOPraHMYECKUX BEIIecTB. MaTepuaibl OpraHMueCcKOro MPOUCX0XKICHUS UCTIONB3YIOT B 001aCTH
Temrneparyp, He mpepbimatomux +150 °C. Jlna Oonee BBICOKHMX TEMIEPATyp HPUMEHSIOTCS
MaTepuaibl HEOPTaHUYECKOTO MPOUCXOKIACHHUS.

TCHHOHpOBOI[HOCTb TBCPABIX TCIIJIIOU3OJIAITMOHHBIX MaTcpuraioB, KaK IIpaBHJIoO,
OIIPENIENISACTCS. UX TMOPUCTOCTHIO (T.e. OOIIMM OOBEMOM Ta30BBIX BKJIIOUEHHH, OTHECEHHBIM K
enuHuIe 00beMa N30JIAMOHHOTO MaTeprala), pa3MepoM MOp U BIXHOCTHIO. C pocToM
BJIQKHOCTH TEIIONPOBOJHOCTh YBEIMYHBACTCSA. TEIIONPOBOIHOCTh IMOPUCTBHIX TEJ CHIIBHO
BO3pacTtaeT ¢ Temmeparypoir; mpu Temmeparypax Oosnee 1300°C  TemsoBbie HM30JSTOPHI
CTAHOBATCA MNPOBOJHHUKAMH TCILJIA. CIuiomHEbIE JAUDJICKTPUYCCKUC MaTCpraibl, HAIIPUMEDP,
CTEKJIO, UMCIOT 00JIee BHICOKYIO TEIUIOMPOBOAHOCTE IO CPABHEHHIO C MTOPUCTHIMHA MaTEpHAIaMH.

YCTaHOBIIEHO TaK)ke, YTO YeM BHINIC IUIOTHOCTh MaTepuana, TeM OOJIbIIEe €ro
TEIUIOTPOBOAHOCTb.
Oonocnoiinas cmenka (TpyOka) mpu A = const. PaccMoTpuM MUIMHAPUUYECKYIO CTEHKY (TPYOKY)
JUTMHOM | ¢ BHYTPEHHHUM [1 M BHEITHUM I paguycamu (puc. 2).

3amaHbl Temmeparypbl 11 BHYTPEHHEM M T2 Hapy>KHOH IMOBEPXHOCTEM CTEHKHU . Y CIOBHUEM
OJJHOMEPHOCTH TEIUIOBOTO IMOTOKa Oymer ycimoBue | >>> rp, orkyma cienyer oglol = 0.
JuddepenunanbHoe ypaBHEHHE TEIIONPOBOJIHOCTH B MOJSPHBIX KOOpJIMHATAX MpU A=CONSt u
OTCYTCTBUM BHYTPEHHETO UCTOUYHUKA TemIoThl (Qv = 0) nmeeT BUL:
8*°T 1 aT

: =0

—_— —

a2 r ar

[Ipu 3a1aHHBIX TPAaHUYHBIX YCIOBUSAX:

r=ry; T=Ty
r=ry T=Ta
T
- . T-Ty ln(r—l)
[Momyunm g = =

Temneparypa MUIMHAPUIECKONW CTEHKH MEHSIETCS 110 JIOTapu(PMUIECKOI 3aBUCHMOCTH

(puc. 2).
VY nenbHbI TEMI0BOM NOTOK ( Yepe3 eIMHUILY TUIOL[aAN HUIMHIPHYECKON TOBEPXHOCTH OyieT

BEJIMYMHOMN EPEMEHHOM:
A T,—T,
= — %

aEREwOAY (%)

MormHocTh TemmoBoro noroka Q=q-F yepe3 nnnmHApHYECKYIO MOBEPXHOCTh TUIOMIA/IBIO
F=27 ‘r-l (I - niMHA OUIMHIAPUYECKOH CTEHKH) €CTh TIOCTOSIHHAS BEJIMYMHA, PABHAS:



[omyyeHHyI0 GOPMYITY MOXKHO 3alHCaTh, UCIOJb3Ysl IOHATHE MEPMULECKO2O0
CONpOMUBTIEHU:
(T, —Ty)
2”4
Q=—-2nl—>—%,
R

1
4

1 ., o
rae R, = Eln (—“) — TEPMHUYECKOE COPOTUBIICHUE LIMIUHIPUUYECKOU
.

o
)
\ Puc. 2 TeMmepaTypHOe IOJIe H
TEIIOEOH IOTOK B
IHIHHAIPHYECKOH CTeHKe:
— ] )- UHIHHAPHIECK3 CTeHKA; 6) —
Iy 12 T TEMIEPATYPHOE TOTIE

CTCHKHU

V nenbHBIN TEITOBO# MOTOK HA €AMHUILY [UTHHBI cTeHKH O = Q/I:

q, = %—= —2?1.1—(11:1; (7;)1)
n

TakuMm 00pa3oM, MpeyiaraeMblii IKCIIEPUMEHTAILHBIA METOJI OTIPEICIICHHUS

KO3 pHIHIEHTa TETIONPOBOAHOCTA OCHOBAH HA M3MEPECHHUU:

*  MOIIHOCTH TEIJIOBOTO MOTOKA, MPOXOJIAIIETO Yepe3 UINHAPHICCKUN CIIOH;

*  mepemnajia TeMIeparyp MEXy BHYTPCHHEH U HAPYKHOH MOBEPXHOCTSMHU CJIOSI TETIOBOM

U30JISIINY;

*  TeOMETPHYECKUX XapaKTEPUCTHK CIIOS TETIOBOH U3OJISIINY.
3. Cxema u ommcanue ycTaHoBKH. Vccienyemsiii marepuan 1 (puc. 3) HaHeceH B BHIE
mHApuaeckoro cios (di = 0,05, u; d2 = 0,02, m) Ha HapyKHYIO TTOBEPXHOCTH METAJLTHUECKOM
TpyObl 2. JIMMHA IWIMHIpPA TEIUIOBON HM30JISALUH COCTAaBISeT | M, YTO 3HAYMTENHHO OOJIBIIC
Hapy»XHOTO JHaMeTpa.

1 2
— =
.III !
IIII
IIII
\
Il. ]
L S i
R e e o

Puc. 3 Cxema mabopaTopHOil ycTaHOBKH

M CcTOYHUKOM TEIIOBOrO MOTOKA CIYKUT AJIEKTpOHArpeBaresb 3, KOTOPbIM BKIIIOYEH B



UIEKTPUUECKYIO LIeNb yepe3 aBToTpaHchopmarop 4. s onpeneneHus: MOLUHOCTH TEIIOBOTO
IIOTOKA CIIY’KaT BOJBTMETp 5 u ammepMmetp 6. s usmepeHus TemnepaTyp Ha BHYTPEHHEW U
Hapy>KHOU IOBEPXHOCTAX TEIJIOBOM U30JIALIMYA IPUMEHSIOTCSI XPOMEb-KOIEJIEBbIE TEPMOIIAphI 7
1 8 B KOMILJIEKTE ¢ BTOpHYHBIMU npudopamu 9 u 10.

P€3yJ'IBTaTLI I/I3MepeHI/II71 npu JOOCTUIKCHHU CTAllMOHAPHOTO PCKHUMaA 3aHOCATCA B
npoTokos HaOmoaeHui (Tabn. 1). CTannoHApHOCTH peXMMa OIEHWBACTCS MO HEU3MEHHOCTH

temreparyp 1 u t2 Bo BpeMeHHu.

HccnenyeMblid MATEPHAT «..uvveeeneeeenieeaeeennnnennns Tabmnua 1.
Ne Nsmepsemas O0o3HaueHue Ennuunel Howmepa onbiToB
n/m BeJIMYMHA H3MEpPEH. 1 5 3 7 5

1 Cuna Toka I a
2 Hanpsoxenne U B
Temmneparypa
BHYTPEHHEU 9
3 yIp 2 C
MTOBEPXHOCTHU CIIOSI
U301 NI
Temmneparypa
Hapy>KHOUI
4 Py t C
MMOBEPXHOCTHU CIIOSI
U301 IN

4. PacueTHble (pOPMYJIbI U pacyeThbl.

1.Bce pacueTsl CBOASTCS K BRIYUCICHUAM KO3 (DUILIMEHTA TeTIONPOBOHOCTH IO
dbopmyre:
d
0+ n($)
=——— 2 Br/(M=*rpa
2t — ) /(r* rpan)

2.MOUIIHOCTH TEIIOBOTO MOTOKA MO popMyIe:
Q=IU,Br
3.CpenHsis TeMneparypa TemIoBON U30MSIUU:

— (t1+ t::] ia

cp 2 ’

4. Pe3ynbTaThl pacyeToB JOJKHBI OBITH MPOTyOIMPOBAHBI B (hOpME CBOIHOM TaOIHIIBI 2.




HccneayeMbIi MATEPHAT ...vvvveeneeeenieeneeanneanaannnns Tabmuma 2 .

Ne N3mepsemas O06o3HaueHne 2910702070003 Howmepa onbiToB
n/m BEJTMYMHA H3MEepeH. 112 13 12 5
1 TemnoBoii moTok Q Br

Cpenusis
2 TeMIiepaTypa tep C

UCCIIETyeMOro

Marepuaia

Koapduument
3 TEIUIONPOBOAHOCTH A Br/(m*rpaz)

HCCIIEYEMOTO

Marepuaia

TemneparypHbIi
4 koddurment B 1/rpan

5. Ilo pe3ynbraTam pacyeToB IIOCTPOMTH B COOTBETCTBYIOLIEM MacuTabe rpaduk
3aBUCUMOCTH KO3 HIMEHTa TEIJIONPOBOJAHOCTH OT CpeAHeld TeMmepaTypbl TEIUIOBOH
n3ossinun. Ilonp3ysace rpadukoM, onpeaenuTh KodhGUIUEHT [, XapaKTepU3YIOIUi BIHSHHAE
TeMIepaTypbl Ha TEIUIONPOBOAHOCTh Marepuana. Ilpu oOpaborke rpaduyeckoro marepuana
XapakTep 3aBUCUMOCTHU IIPEJCTAaBUTh B BUE YPABHEHUS IPSIMON JTMHUHU:

M=Xo (1+Btep ) .




5. KoHTpoOJIbHBIE BONIPOCHI.

1. ChopmynupyiiTe 11enb J1a0OpaTOPHOUM PaOOTHI U MOSCHUTE, KaK JOCTUTACTCS MMOCTaBICHHAS
nene?

2. Ha3oBUTE OCHOBHBIE Y3JIbI SKCIIEPUMEHTAIBHON YCTAHOBKH U YKAKUTE UX HA3HAUYCHUE.

3. Kakue BenMMuUMHBI cleAyeT U3MEpATh B JaHHOW paboTe, YTOOBI BBIYUCIHTH KOI(PPHUIIUEHT
TEIUIONPOBOAHOCTU?

4. KakoBa (puznueckasi CyImHoCTb Mepeiayy TeIia TeIIONPOBOJHOCTHIO?

5. ChopmynupyiiTe TOHATHUS: TEMIEpaTypHOE IOJe, U30TePMUYECKass TOBEPXHOCTh, TPAIHECHT
TeMIIepaTypbl, MOIIHOCTh TEMJIOBOTO MOTOKA, Y/AEIbHBIN TEIIIOBON MOTOK.

6. ITokaxxuTe Ha cxeMe YCTaHOBKM, KaK HalpaBJIeH BEKTOp TEIUIOBOIO MOTOKAa U IpaJUeHTa
TEMIEPATYPbI?

5.7. KakoB ¢u3snueckuii cMbIcii KO3 (UIMEHTa TEIUIONPOBOAHOCTH, U OT KaKuX (akTOpOB OH
3aBUCUT?

5.8. KakoB xapakrep H3MEHEHHs TeMIIepaTypbl 10 TOJIIMHE IUIOCKOW M LMIMHIPUYECKON
CTEHOK?

9. KakoBa B3aUMOCBSI3b MEXIYy KOIP(GUIMEHTOM TEIUIONPOBOJHOCTH M HAKIOHOM
TeMIepaTypHO KpUBOM IO TOJIMHE TEIUIOBON M30ISALMU?

10. JlaiiTe onpeseneHne NOHATHIO TEPMUYECKOIO COPOTUBIICHUSI CTEHKH.

11. Kak 3aBucHT KOI(GQUIMEHT TEIUIONPOBOAHOCTH PA3JIMYHBIX BEHIECTB (METaJlIOB,
HEMETaJIOB, )KUIKOCTEH 1 ra3oB) oT Temieparypsi? OTBeT 000CHOBATH

12. ChopmynupyiiTe OCHOBHOMH 3aKOH TEMJIONPOBOIHOCTH. B yeM ero cymHocTs?

13. KakoBbl OCHOBHblE TPYJHOCTH TEIUIOBBIX pacueToB IpH IepeHoce  Tera
TEIIONPOBOJHOCTBIO?

14. Kak BiusieT ¢popma CTEHKH Ha BEJIMUMHY €€ TEPMHUECKOTO CONPOTUBIICHUS?



Paboma Neh

TEINVIOOTAJAYA BEPTUKAJIBHOI'O IUWJIMHAPA T1PHU
ECTECTBEHHOM KOHBEKIIUH.

1. Heap padoThl. 3akperuieHWe 3HAHWW 10 TEOPUH CBOOOTHONW KOHBEKITHH
BEPTUKAJIBHO PACIIOJI0KECHHOTO IUIHHIPA!

* OrmpeneneHne SKCIEPUMEHTAIBHBIM MyTeM Ha Ja0O0paTOPHON yCTaHOBKE
kod(durmenTa  TEIOOTHAYM  MPU  CBOOOJHOM  KOHBEKIIUH B
HEOTPaHWMYEHHOM ITPOCTPAHCTBE.

» l3ydeHne METOAMKH 00PaOOTKH ONBITHBIX JAHHBIX C MPUMEHCHHEM TCOPHH
moJoOMsST M COCTaBJICHHS KPUTEPHAILHOTO YpaBHEHHUS IO pe3yJbTaTam
HKCIIEPUMECHTA.

° HOCTpOCHI/Ie KpPIBOﬁ NU3MCHCHU JIOKAJIBHOI'O KOB(i)(bHHI/IGHTa TCIINIOOT a4
I10 BBICOTC MUJIMHApPA.

2. OcHOBHBbIE NOJ0KeHUsI. Term1000MeH B yCIOBHIX €CTECTBEHHONW KOHBEKLIUU
OCYILIECTBJISIETCA IPU MECTHOM HArpeBaHUM WA  OXJIAXIECHUU  CPENbI,
HaXOJSIICICA B OTPAHMYECHHOM WJIM HEOTPAHUYEHHOM IPOCTPAHCTBE. DTOT BHU
KOHBEKTUBHOI'O IIEPEHOCA TEIUIA UIPAET MPEUMMYILECTBEHHYIO POJIb B IIpOLEccax
OTOIJICHUSI TIOMEIIEHUH M HMEET 3HAUeHHWE B Pa3JIMYHBIX OOJACTSIX TEXHHUKHU.
Hampumep, HarpeBaHne KOMHATHOTO BO3JyXa OTOMUTEIBHBIMH NpUOOpaMH, a
TaK’)K€ HArpeBaHUE U OXJAXKICHUE OTPaKJAIOIIMX KOHCTPYKUUN MOMEIIECHUM
(cTeHbl, OKHa, JABEPU U TMp.) OCYIIECTBISAECTCA B YCJIOBHUSAX €CTECTBEHHOMU
KOHBEKIIMU

3a CcyeT €eCTECTBEHHOIO0 JBWIKEHUS HArperoro BO3AyXa B 3JaHUIX
OCYUIECTBJISIETCS. €ro BEHTWIALMS HapyXHbIM BO3ayXxoM. McciemoBanueM
CBOOOJHOIN KOHBeKIMHU 3aHumMalcs eme M. B. JIOMOHOCOB, KOTOPBI MPUMEHSLT
INOJBEMHYIO CHJIy HarpeTbIX Macc BO3[yXa Uil yCTPOMCTBAa BEHTWISALMM IIAXT, a
TaK)K€ JJIs MEepEMELICHUs ra3oB B IJIAMEHHBIX nedax. K HacrosmeMy BpeMeHU
JOCTATOYHO TOJHO M3Y4YEH €CTECTBEHHBIH KOHBEKTHBHBINH TEIUIOOOMEH ISl Tell
npocteiimen Gpopmbl (IMTa, UAIUHID, MIApP), HAXOIAUIUXCS B Pa3IMYHBIX Cpeaax,
3aMOJHAIOMIMX MPOCTPAHCTBO OONBIIMX PAa3MEPOB MO CPABHEHUIO C pa3MepaMu
CaMoro TeJa.

Kak moxa3piBaeT OMBIT, XapakTep CBOOOJHOTO TEUEHHUS  CpEbl,
OTHOCUTEJIBHO MOBEPXHOCTH HArpEeTOOro Teia ObIBaeT KaK JaMUHApHBIM, TaK U
YaCTUYHO WJIM TOJIHOCThIO TypOyneHTHbIM. Ha puc.l mnokazanHo cBoOogHOE
nepeMelIeH KOMHATHOTO BO3/AyXa Y BEPTUKAJIBHO MOBEMICHHOW HAarpeTod TpyObl
OonbiIoi AMHBL. Ha HIbKHEM yyacTke TpyObl HaOJt01aeTcs JIAMUHAPHOE TEYEHUE
BO31yxaBBepX. Ha HEKOTOPOM pacCTOSHMHMOT HW)KHETO KOHIA TpPyObl
NIEPEMEIICHUE CJIOEB BO3AYyXa TepsAeT JaMUHApHBIM Xaapaktep . Bo3Hukaror
OTJENbHBIE JIOKOHOOOpPa3HbIE MAacChl U TMOSIBISIIOTCS HCKPUBJICHHBIE CTPYHKH,
KOTOpble fanee ApoOsATcs Ha Oosee Menkue. Boccxoasummii moTok Bo3mayxa



HarpeToi TpyOsl mproOpeTaeT
TypOYJIEHTHBIN XapakTep ¢ JJAMUHAPHBIM PUCTEHHBIM CIIOEM.

SKCHepI/IMCHTaJIBHO KOB(b(bI/IHI/IeHT TCIIOOTAa4YH MOXKCT OBITH OIIPCACIICH U3
OCHOBHOTI'O YPAaBHCHUA TCIINIOOTAAYH Hrrorona-Puxmana:

o = FQ-At ,

Puc. 1. XapaK TCp TCUCHUS CPpCAbl U U3BMCHCHUC KOB(I)(I)I/II_II/ICHTa TCINIOOTAAYH B YCIIOBHAX
€CTECTBEHHOM KOHBCKIHUHN Y BCPTUKAJIbHOT'O HUJIIMHAPA 00JIBIION BBICOTHI.

rae Q — MOIIHOCTH TEIUIOBOTO MOTOKA, MEepPeaaBaeMOro CBOOOAHOM KOHBEKIIUEH B
OKpYXalollyto cpeny; F — TemmooTraaroniasi mOBEPXHOCTh; At — TemmepatypHbIi
HaIrop pa3sHOCTb TEMIIEPATYP MEXIY TEIUIOOTIAOUIECH CPEAON M OKPYKAKOLIEH
Cpeliou.

CB0OOOIHBIN KOHBEKTUBHBIN TEMIIOOOMEH TEJ B PA3IMYHbBIX CPEax,
HaxXOASAIIUXCS B HEOTPAHUYEHHOM IIPOCTPAHCTBE, IKCIEPUMEHTAIIBHO U3Yy4aJICs
pa3IMYHBIMU UCCIIEN0BATENSIMU. Pe3ynbTaThl HccaenoBannii 00001aInch ¢
MOMOILBIO XapaKTEepPHBIX AJiA 3TOTo siBjeHust kpurepueB NU, Gr u Pr, uro
HAXOJUTCS B ITOJIHOM COOTBETCTBUU C TEOPUEH MOI00MS M aHAITUTUYECKUM

peuieHueM 3a1auu. Mi3meHeHne Gu3nuecKux mapaMeTpoB B MOTPAHUYHOM CJIO€
Pr;
I

Pr.
y,uaeTc;[ y‘{aCTb BBCICHHUECM KpI/ITepI/IaJ'II)HOFO OTHOIIICHUA CT

IPEICTABIISIOIIETO OTHOCUTEIBHOE U3MEHEHHE ITApaMETPOB IIEPEHOCA V U d B
npenenax U3MEHEHHUs TeMIIepaTyphl Cpelibl: t; — TeMneparyp NoToKa OKpY Karolieu

cpensbl, te; —TemriepaTypsl Cpebl HA TPAHUILIE CO CTEHKOM. /{14 ra30B OTHOIIIEHUE
Pr,
ins

Pr,
MaJjo 3aBUCHUT OT €T Temmeparypbl U €ro MOKHO IIPUHSITH PABHBIM 1.



Jns  pacdyeta CpeaHUX KPHUTEPUEB TEIIIOOOMEHA GepmuKkalbHbix mpyo
cBOOOHOM MOTOKE PEKOMEHYeTCsl KpUTepraIbHOE ypaBHEHUE:

NUm,1=C*(GI’m,1*Prm,1)n y F,Z[C

y, * 1

NUm 1= Am -Kpurepuit Hyccenbra;

gx1®

Grm.= # B * (ty — term) - KpuTepHii [pasroda;

2
m

Um

Pro= %m - xpurepmii [IpangTs;

B

Cun-— HaxoasdaTCsa OKCIICPUMCHTAJIBHBIM ITIYTEM M 3aBUCAT OT ITPOHU3BCACHUA

(Grm,]_*Pr m,]_).

[Ipu BbIYMCIIEHUH KPUTEPUEB MOJ00US 3a OMPEICISIONIYI0 TeMIIepaTypy

IpUHMMAeTCs cpeiHas Temmeparypa motoka tm = 0,5-(ty +teem) , a 3a

OTIPEICTISAIONININ pa3Mep IPUHUMACTCS
BBICOTA TPYOBI |rp.

3. Cxema u onucaHHe YCTaHOBKH. B skcmepuMeHTanbHON 1ab0paTOpHOI

yCTaHOBKE (puc. 2.) TEIIOOTAAIOIICH CTEHKOM SBJISETCS TOHKOCTEHHAs TpyoOa 1 m3

Hep)KaBeIOIIeH cTany Hapy)KHbIM auameTpoM d, = 40 MM 1 umHO#H |, = 1500 M.

Harpes 1pydbl 3 =
LLEY 098 TRy 46,2 T N 7> 77 T
oot st 1ea T LETLETLTTSET.
LTI (7775

CTAUMOHAPHBIA - BHINONHEHUE 3AMEPOB

Pucynox 2. Cxema ycTaHOBKH
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pasMelIeHus TEPMOTap |

Tpy0a ynepxuBaeTcs B BEpTHUKAIBHOM MOJOXKEHUH CTONKOM
2¢

JIBYMS Hwxun TOPLIBI
KPOHILUTEHHAMM. 17} U BEPXHUUTPYOBI
3aKpBITBl  CIICEHMAIBHBIMUA  3alNIyIIKAMM € ILIEJIBIO
UCKITFOUCHHUS

OTBOJIA TEIUIOTBI YE€pe3 BHYTPEHHEE IPOCTPAHCTBO

TpyOBL. Jlns
UCKJIIOYEHH BIIMSHU MOTOKO  BO3MyX

s b CIy4yallHBIX B a B
HOMEILEHUU naboparopuun TpyOa OCHaIllEHa
3alUTHBIM

OpO3payHbIM LWJIMHAPOM 3 C OTKPBITBIMU TOPLAMH.
Huametp

3aIUTHOTO LMJIMHIPAa BO MHOrO pa3 Oousblle AnaMeTpa
TpyOBL.

Harpes  TpyObl ~ ocymiecTBiseTcs ~ OT  HCTOYHHKA
3JIEKTPONUTAHUS 4 HA TAaHETU UCTOYHHUKA PACTIOJIOKEHBI:

KHOITKA BKJIFOUEHHS 8;
TI0JI3YHOK aBTOTpaHcdopmaropa 7;
WHJUKATOPbI BOJBTMETPA O

ammepmeTpa 6.

Temnepartypa cTeHKH TpyObl n3mepseTcs ¢ momotipio 10-
TH Xpomenb-koneneBbix Tepmonap (TXK), cnau
KOTOPBIX

3aJieNaHbl B CTEHKY TpPyObl MO BUHTOBOH JuHHH. OTcuer
HOMEPOB

TEpMOINap TNPUHAT OT HWXKHEro KOHIla TpPYyOBI.
Koopaunater

tepmorap ly mpuBeneHs! Ha puc. 3. BwiBoja Tepmomap

OCYILIECTBJICH Yepe3

BHYTPEHHIOIO TTOJIOCTh TPYOBI U Jajiee uepe3 BepXHUA TOpeIl
o

kabemo 10 ko BropuuHomy mnpubopy 11. IlpuGop
UMEET BCTPOSHHOEC KOMIICHCAIIHOHHOE YCTPOMCTBO
UCKJTIOYaroIiee Heo0X0IMMOCTh UMETh XOJIOHBIE CTIan

TepMoriap . TeMmmeparypbl PErUCTPUPYIOTCS MHOTOKAHAJbHBIM BTOPUYHBIM
pUOOPOM M TIPU HAKATUM HA KHOTIKU MPUOOpa aBTOMATUYECKH 3alUChIBAIOTCS B
npoToKoJI 12 (JIoKaJIbHBIE TEMIIEpaTypHhl).

[TapameTpsl Okpy>karouieil cpeabl perucTpupyroTces npudopamu naHenu 13:
atMoc(epHOe JaBlIeHWE — pPTYTHBIM OapomeTpoM 15 u Temmeparypa -
tepmomeTpoM 14. Tlo mienyky mnpaBOl KHOMKH MBIIMIKM Ha [OKAa3aHUAX
OapomeTpa M TEPMOMETpa 3HAUYEHHUS] aBTOMATUYECKHU 3aHOCSTCS B MPOTOKON 9
(pexxumbl). B 3TOT ke MPOTOKOJ aBTOMATHUYECKH 3alMCHIBAIOTCS IOKA3aHMS



BOJITMETPA M amIepMeTpa IO MIEJYKY [PAaBOBOM KHOINKH MBIIIKKM Ha
WHUKAaTOpax MpruOOpOB.

Bce mokazanus MOTyT OBITH 3amucaHbl TOJBKO IO JOCTIKEHHH
CTAllMOHAPHBIX PEXUMOB Terutonepeaaud. [Ipy okoHuYaHUM BBITOTHEHHS PaOOpHI
nepe] BBIKJIIOUEHUEM YCTAaHOBKHM BCE JIAHHBIE M3 MOTOKOJIOB Ha SKPaHE JOJKHBI
ObITh TIEPEHECEHbl Ha JOCTYNHBIA BHUA HOcUTENsl WHGOpManuu (Hampumep,
nepenucanbl B OyMakKHbIA TPOTOKOJ (Tadn. 1 u Tad. 2).

Tabmuma 1.
Ne | U3mepsiemas O6o03Ha- | EnuHune Homepa ombitoB
n/n | Belmu4MHA YCHHE M3MEPEH. 1 5 3 4 5 6 y
1 | Cuna toka I a
2 | Hampsoxenue U 8
Temneparypa
3 | okpyxaromiei toxp °C
cpenbl
4 | Ilokazanus B Mmbap
6apomeTtpa
Tabmaua 2.
Koopaunara JlokanbHas Homepa ormbiToB
3aMepa TEMIIEpaTypa
P po P 1 2 3 4 5 6 7
IX1 M tX, C
1,450 tx10
1,295 tx9
1,140 txs
0,985 tx7
0,830 txe
0,675 txs
0,520 txa
0,365 tx3
0,210 tx2
0,055 tx1




4. PacuerHble GopMyJibl U PACUYeThI.

1. ATMocdepHOe NaBiIeHHE HAXOIUTCS C YYETOM TEMIEPATYPHOTO pPACHIMPCHHUS
CTOJIOMKA PTYTH

B . 10°
14+1815*10"*= towp

O6apomeTpa o popmyie: Parm = , Ha

2.CpenHsisi IO BBICOTE TeMIiepaTypa TpyOsl o popmyie:

10

g

t= 2212 o
10

3. MOH_IHOCTB TCIINIOBOTO  IIOTOKA, BbIACJICHHAA IIpU IMPOXOKIACHHUUN

AJIEKTPUUYECKOTO TOKA MO TpyOe:
Q,=1-U,Bm

4 MOIIIHOCTh TEIJIOBOTO IOTOKA 4Yepe3 IMOBEPXHOCTh TPYOBbl B OKPYKAIOIIYIO
Cpeday 3a cdUeT TeIUIOBOrO0 M3JIydeHHs omnpenensercs 1o 3akoHy CredaHa-
bonsimmana:

0 = £ CoF » (1:,(,,,,,,,,.,+2?3)4L (tnKp+273)4 .
. 0 100 100 ’

rae € = 0,15 — cTeneHp YepHOTHI MOBEPXHOCTU CTATBHOU TPYOBI;
C0 = 5,67 — k0>pPHUIMEHT U3ITydeHHs A0COIIOTHO YEPHOTO Tena, Bm/(m?-K*);
F— TerooTaromas NoBEPXHOCTh CTPYHBI, paBHast 3,14y |y, M2,

5.Torga MOIIHOCTh TEMJIOBOTO MOTOKA YePE3 MOBEPXHOCTh TPYObI B OKPYKAIOIIYIO
Cpelly 3a CUET ECTECTBEHHOM KOHBEKIIUH:

QK:QS_QI/Ile

6.KoadduimeHT Ternmootnauu :

. Q«
F * (txm - tuxp)}

Br/(m* = rpan)



7. Temnodpuszuueckue CBOMCTBAa Bo3Ayxa (OKpYXKalolled cpeasl) MpH
ompeAensomeil Temmneparype, paBHOU tonp, = 0,5 (tym +t oxp) , °C:

PaTM

TUTOTHOCTH p= 287273 +tomp) Kke/M

TEII0eMKOCTb Cp = 1005+0,0025 tonp, Horc/(ke-°C);
1

ko3 pumeHt oobeMHoro pacmmperuss P= (273 +tonp) 1/°C;

k03ppunueHT rerionposogHocta A = 0,000074 t,,, + 0,0245, Bm/(m-°C);

KMHeMaTudecKas BA3KOCTh V = (0,000089 ton,> + 0,088 ton, + 13,489)-10°°, w?/c;
A

K03 DHIMEHT TEMIIEPaTypONPOBOHOCTH a=  Cyp ,Mc.

O -l
NUm= _—m 'tp
A

8. Kpurepuii Hyccenpra:

9.Kpurepuii I'pacrodda:

g *ly
U2

Gr = % % (tem — toxp)-

v
18. Kpurepwii [Ipanarns:  Pry = =
11.Pe3ynpTaThl pacyeToB MOJDKHBI OBITH TPOAyOIMpOBaHBl B (OpME CBOIHOMN

TaOIUIBI 3.

12.Ilo pe3ynapTaTaM pacueToB CTPOUTCS B COOTBETCTBYIOIEM MaciiTtabe B
jgorapuMUyYecKuX KoopAuHaTax rpaduk 3aBucuMocTH Kputepus Num 0T
npousBeaeHus (Grm:Prm) u onpenensercs

ko3¢ dunrent C 1 nokazarenab CTENEHU N 10 YPAaBHEHUIO IPSIMOM JTIMHUU:

log (Num) = log C +n- log (Grm*Prm)



Tabmura 3.

Ne O0o3Ha-| En-1mpr Howmepa onbiToB
n/n | U3smepsiemas BenmnunHa YeHHE | M3M. 3] 4 5| 6
1 | At™MocdepHOe gaBieHHe Patm lla
2 | Cpenusist o BbICOTE txm °C
TeMIepaTypa Tpyobl
3 | Onpenenstomas torp °C
TEMIEpaTypa
4 | Temno, BeIIECIIEHHOE Q; Bm
AIEKTPUIECKAM TOKOM
5 | KonnuecTBo Tema, Qu Bm
OTJIAHHOE M3JIYICHHEM
6 | KomuuecTBo Terma, Qx Bm
OTJJAHHOE KOHBEKIHEH
Bm
7 | Kooddumuent remnoornaun | om | /(m*°C)
8 | IlmoTHOCTH BO3IIyXa p Kke/m>
Jlorc/ (ke
9 | TemmoeMKoCTh BO3ayXa cp
°C
)
10 | KoaddunmeHt o6beMHOTO B 1/°C
pacuIMpeHust BO3yxa
Koadpdbumuent Bm
11 | remmonmpoBOAHOCTH BO3AyXa A /(m-°C)
Koadpdunment
12 | KHHEMaTUYECKOM BA3KOCTH| v e
BO3/TyXa
Koadpdunment
13 | TemmepaTyponpoOBOTHOCTH a We
BO3/TyXa
14 | Kpurepuii Hyccenpra NUum —
15 | Kpurepuii I'pacrodda GrIm —
16 | Kpurepnii [Ipannrns Prm —
17 | log (Num) — —
18 | log (Grm*Prm) - —
19 | KpurepuanbHoe ypaBHEHHUE - -

13. JlokasibHble KOA(GOUIMEHTHI TEIUIOOTAAYN HAXOAATCS U3 YPaBHEHUS:

Nuy = 0,6-(Gry -Pry )22

U gajuee i, =

N *h

Ly

, Bm /(m*-°C.




14 Kpurepun nmomobusi HaXoaaTcs MpH onpenesoneM pasmepe lomp
= Iy, KOTOpBIC MPUHUMAIOTCS 110 TAOIHIIE 2.

15.Tenmnodusuueckre cBOMCTBa BO3Ayxa (OKpYyKaoIlleld cpeabl) HaXOASATCS IpU

ONPEAEIAIOIIEH
TeMIepaType, PaBHOMU tony = togp , °C:

at™

IWIOTHOCT p = 287273 + torp) , K&/M®

TermI0eMKOCTb Cp, = 1005+0,0025 oy, [orc/(ke-°C),

1

ko3 duIeHT 00beMHOT0 pacIupeHust f = (273 + toxp) , 1/°C;

ko3QpuuueHT TernonpoBogHocTH A = 0,000074 to, + 0,0245, Bm/(m-°C);

KHHeMaTudecKas BA3KOCTh V = (0,000089 to,> + 0,088 tor, + 13,489)- 107, a%/c;

A

KOA(UIIEHT TEMITePaTypOTPOBOTHOCTH: a=  Cyp

16. Kpurepuii ['pacrodda:

Gro= T g (b — tory)s

p2

rae ty — JokanabHas Temneparypa CTeHKU TpyObl, IpUHUMaeMas 1o Tadnauue 2.

v
Pr,=—
17 Kpurepuii [Ipanaris: 4

18.Pe3ynbpTaThl pacdyeToB MOJDKHBI OBITH TPOAyOIUpOBaHBl B (hopmMe CBOJTHOU
TaOIUIbI 4.

19.Tlo pe3ynbratam pacueToB CTPOUTCS B COOTBETCTBYIOIEM MaciiTtade rpaduk
M3MEHEHUS JOKAJIbHOTO KOd((PUIIMEeHTa TETIO0TAAUH Ok IO BBICOTE TPYOBI.



Tabmnura 4.

JlokanpHBIN Howmepa onbiToB
Ne | Koopaunara KO3 PHUIIMEHT
n/m samepa TENI00TAaYH, Bm 3 4 5 6 7
Ix, m /(m?-°C)
1 1,450 ax10
2 1,295 ox9
3 1,140 ox8
4 0,985 ox7
5 0,830 ox6
6 0,675 ox5
7 0,520 ox4
8 0,365 ox3
9 0,210 ox2
10 0,055 ox1




5. KoHTpoJibHBIE BONIPOCHI.

1.Chopmynupyiite 1enp nabopaTopHOW pabOThl W MOSICHUTE, Kak OHa
JoCcTUraeTcs’?

2.Ha3oBute OCHOBHEBIC Y3J1bI 3KCHCpHM€HT&HLHOﬁ YCTAaHOBKH MW VYKaXHTC HX
Ha3Ha4YCHUC.

3.Kaxk onpenensiercs cpeansisi TeMneparypa CTpyHbI B JaHHON YCTaHOBKE?
4. ]1nst yero 3amepsieTcs 6apoMETPUUYECKOE IaBJICHHE B IaHHOM padoTe?

5. Kak omnpenensiercs KOJIUYECTBO TEIUIOTHI, OTAAHHOE CTPYHOM OKPYKAIOUIEMY
BO3/IyXy MOCPEJICTBOM KOHBEKITUU?

6. Kak ompenensercs KOTUYECTBO TEIUIOTHI, OTIAHHOE CTPYHOH OKPYKAIOMIEMY
BO3AYXY MOCPEICTBOM U3ITy4YCHUS?

7.Yt0 Takoe cBOOOIHASI U BBIHYK/ICHHAS KOHBEKIIHA?

8. . KakoB uznyeckuii CMBICI U pa3MEepHOCTh KO3 hHUIIEHTA
teriootAaun? 9. Kakue gpaktopsl onpeaesitoT UHTEHCUBHOCTh
KOHBEKTHUBHOTO Teriooomena? 10. . Uro Takoe kputepuii mogoous?

11.Yt0 Takoe «omnpeaensonias TeMInepaTypa» U «onpeaesitonuiny pamep?
12.Kakue KpuTepuu Ha3bIBAIOTCS «OTPEICTISIOMIIMI» U «OTPEACTIICMBIMI ?
13.J1;1s1 yero 1 Kak COCTABJISIFOTCS KpUTEPUATbHBIC YpaBHEHUS?

14 .Kak omnpenensaerca KodQPUIMEHT TEMIO0TAAYH ¢ U3 KPUTEPUAIBHOTO

ypaBHeHusi? 15.Yro xapakrepusytot kputrepuu Nu , Gr , Pr?



Paooma Nob

HNCCIEJOBAHUE ITPOUHECCOB TEIINIOOBMEHA HA 'OPU30HTAJIBHOM
TPYBOIIPOBOJE

1. Hean padoTsl. M3ydeHue mpoieccoB TemiooOMeHa mpu CBOOOAHONW U BBIHYKJICHHOU
KOHBEKIIUHM Ha TOPU30HTAILHOM TPYOOIIPOBO/E:
DKcrnepuMeHTalIbHOE onpeenenne KodhUInueHTOB TerI00TAauH;
« CpaBHeHHE OMNbBITHBIX 3HAYEHUH C BBIYUCICHHBIMH TI0 KpPUTEPHAIBHBIM
YpaBHEHUSM.

2. OcHoBHBIE MOJI0KeHUs1. [Ipy H3BECTHOM 3HAYEHUH MOIIHOCTH TEIIOBOTO MOTOKA Q,
MOBEPXHOCTHU TeriooOMeHa F u pasHoctu Temmneparyp At Mexxay cpefoi U CTEHKOW CTaHOBUTCS
BO3MOXKHBIM olpesienieHre koddduimenrta Teriootaauun o u3 ypaBHeHus: HproTona-Puxmana:

Q=a-F-At
B ycnmoBusax, korga Mo TOpU30HTAIBHO PACHOJIOKEHHOMY TPYOONpPOBOIY ABUKETCS
BO3JyX TOJ HAmoOpoM, a C BHEUIHEH CTOPOHBI TPYOOIPOBOAA CYIIECTBYET KOHTAKT C
OKpPY)KAIOIIUM BO3JyXOM, BHYTpPU TpyOOINpoBOJa TEMJIOOOMEH ONpPENEISIETCS YCIOBUSMU
BBIHYKJICHHON KOHBEKI[MH, & C BHEIIHEH CTOPOHBI - €CTECTBEHHOW KOHBeKUUU. OO003HAYNM
MOIITHOCTh TEIJIOBOTO IMOTOKA IPHU BBIHY)XICHHONH KOHBeKIMH Qi, a NpPH eCTECTBEHHOM
KOHBEKINH - Q2. U, COOTBETCTBEHHO, KO (PHUIIMEHTHI TEIIOOTAAYH &1 U & 2.

Brenem Takxe 0003HauUCHUS:
- Fuu - BHYTpEHHSISI TOBEPXHOCTh TPYOOIIPOBO/A, KOTOPAst Y4acTBYET B TEIJIOOOMEHE
MIPY BBIHYKJICHHOW KOHBEKIINH;
- Fuap - BHEHIHSS TOBEPXHOCTH TPYOOIPOBOJA, OOMEHHBAIOUIASICS TEIJIOM C
OKpYKaIOIIEeH Cpeior B MPOLIECCE ECTECTBEHHOW KOHBEKIINH;
- Aty - TeMniepaTypHbIN HAallop €O CTOPOHBI BHYTPEHHEN TOBEPXHOCTH;

- At - TemmepaTypHbBli Hamop €O CTOPOHBI HapyXHOHM ITOBEPXHOCTH
TpyOOIpoBOJa.

Takxum o0pa3om, B onbITe JODKHBI ObITH onpenenensl Q1 u Q2, Aty u Atp, a Takke 3a1aHbI

Fen ¥ Fuap. B TakoM citydae U3 onbiTa CTAaHOBUTCS BO3MOXHBIM ONPEAETIEHUE Alon U A20m, KOTOPHIE
3aTeM MOTYT OBITb CpaBHEHbl CO 3HAYCHUSIMH fipacy U @pacy, TOJTYYCHHBIMH U3

COOTBETCTBYIOIIUX XapaKTepy TEIUIOOOMEHa KPUTEPHAIBHBIX YPABHCHHH. DJICKTPUUCCKUN TOK
MIPH TPOXOKICHUU 10 TpyOe coBepiaeT paboTy, KOTopasi MOJHOCThIO MepexoauT B Temio Q.. B
TaKOM Cllydae ypaBHEHHUE IEPBOTO 3aKOHA TEPMOJMHAMHKH, KaK YaCTHBIM CIydaidl 3aKoHa
COXpaHeHHUs dHepruu, npuodperaet Bua: Q , = Q1 + Q2 + Qz, rae Q1 - MOITHOCTH TEIJIOBOTO
MOTOKA, TIepelaHHas BO3AYXY, JABIDKYIIEMYCS BHYTpH TpyObl; Q2 - MOIIHOCTH TEILIOBOTO
MOTOKA, TepellaHHasi BO3MAYyXy, OKpyXkawlmemy TpyOy; Q3 - MOIIHOCTH TEIUIOBOTO IOTOKA,
3aTpadyeHHas Ha HarpeB (OXJIaX/IeHUE) TPYOBI.

TermoBoit moTok Q3 MMeEeT MECTO TOJIBKO NPHU HECTAIMOHAPHOM pPEXHME PabOTHI
YCTaHOBKH, a TIPH JTOCTHKEHUHU CTAIMOHAPHOTO PEXUMa, KOT/Ia TeMIiepaTypa TpyOsI tx = const,
Q3 = 0 u ypaBHeHnue ynpommaercs: Q , = Q1 + Q.

MolHOCTh TeIIoBOTO MoToKa Q1, TepenanHas BO3AYXY, JBIKYIIEMYCS BHYTPH TPYOBI,
MOXKET OBITh OTpejeNieHa IO YPaBHEHHWIO TEPBOrO 3aKOHA TEPMOJUHAMHKHU JUIsl ydacTKa
TOPU30HTAIILHOMN TPYOBI:

Qi =G (ﬁh—l— ﬂl'aﬁmt-: + EI'Bm:l'r + E"rjr Bm

HpI/I BBITIOJTHCHHUU PACYCTOB CICAYCT HMMCTh BBHUAY, YTO H3MCHCHHUEC MMOTEHITHAILHON
OHCPIUU MOTOKA paBHA Y10 1 TCXHUYCCKAA pa60Ta, coBCpuIacMas MMOTOKOM, TAKIKC PaABHA HYJIO.



. _ @ =_%
Torna: 1 0m Fon At, (1) n oGy Feap Aty ).

Jlnst pacdera CpeIHHX 3HAYCHHH KOI(PQPUIIMEHTOB TEIUIOOTAAaYd MPH KOHBEKTHBHOM
TEIUIOOOMEHE B BO3IYIIHOW Cpelde PEKOMCHIYIOTCS cieaymomme (GopMysibl Ha OCHOBE
KPUTEPHAIbHBIX YPaBHEHHH.

Jlnst  pacdyera CpeIHHMX BEIMYMH KpuTepueB Hyccernbra KOHBEKMUBHO2O
menioobMena NomoKka 6030yxa 8 mpy6ax PeKOMEHIYIOTCS YPaBHEHUSL:

a) s naMuHapHOTO pesknMa Re < 2-:10° Nuyy,q = 0,15 -Re 0% - Pr 043 3)

6) n1s pa3BUTOrO TYpOynenTHoro pexxuma Re > 104 Nuy,g= 0,021 -Re %8 - Pr 2% (4)

® ipary "'il-gp_
i

wWoidpy

roe Nujnd = - cpenHuii kpurepuit Hyccenbra; Re, = - KpuTepui

y P o= P y
Peftnonbca; Pry =, ~ Kputepnid [Tpanarns mpu Temneparype IoToKa Bo3ayxa B Tpyoe.

Hns  eopuzonmanvuvix mpy6 TpPU €CTECTBEHHOW KOHBEKIIMM B HEOTPAHWYCHHOM
IIPOCTpPAHCTBE B quamna3one uaMenenus (Gr-Pr) or 10° no 108

o — 0,25
Nu,, ., = 05-(Gr, - Pr;) 4)
N - S I o o g8
rie Nupng = —F——— — cpemnuii kpurepuit Hyccenbra; Gry, = £7= .8 -AT -
w
kputepuii ['pacroga; Pr, = = . kpurepuil [Ipanarns npu teMmieparype MOTOKA OKPYXKarolen

=

Cpelpbl.

3. Cxema u onuMcaHHe YCTaHOBKM. Bo3ayXx, sBistouuiics B JaHHOM ciy4ae pabodum
TeoM, 3abupaercsa komrnpeccopoM 1 u3 okpyskaromeit cpensl (puc. 1). [Tapamerps! Bo3nyxa B
OKpY’Kalollel cpeie H3MepsSIoTcs PTYTHbIM OapoMeTpoM 2 U TepMOMETpoM 3 , KOTOpbIE
pacrnoJiokeHbl Ha nanenu 4 «OKpyxaroias cpeaay.

PafioTa komnpeccopa Ing 3anucy B NpoTOKON ~Harpes TpyGbl
(T 220,0 p0%) %c e b i [EUian[inan 5 (9% 0,40 p0H 46,7
fios L 544 49,8 51,6 200 2358 | 0,40 46,7 942 16 Al S S iEssss D TR saier
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g
"I I“—q b CrauuoHapHbii pexuM o CrauuoHapHui pexud 'h I
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i CTaTH‘{eCmeHaﬂopbl,uunmctﬂ —_—

1] +2360| H peaHAR
| 51.7°C

Ias cpema | |
tokp,’C !

|

peaHAR.
49,8 °C!

Puc. 1 Cxema ycTaHOBKH



Hanee moTok Bo3myxa 4epe3 cedeHue 0-0 HampaBiseTcs B BO3YXOMEPHOE YCTPOHCTBO 5
tuna «rpyoa Bentypu». KonmuecTBo mpoxojsiiero Bo3ayxa perynupyercs 3acioHkoi 6. Io
CHCTEME COECIUHHUTEIBHBIX TPYOOIIPOBOIOB IIOTOK BO3/yXa MOCTyNAaeT BO BXOJHOE cedeHue 1-1
UCCIIEAyeMOTr0 y4acTKa TOPH3OHTAIBHOW MeTaimndeckoil Tpyosl 7. K moToky Bo3myxa,
IIPOXOAALIEMY depe3 Komrpeccop, Ha ydacTke oT ceueHus 0-0 no ceuenus 1-1 moxBoauTcs
paboTa CKaTUs M TEIUIO 3a CYET OXJIAXKIEHHS SJIEKTPOJBUTATEINsI KOMIIPECCOpPa, MOATOMY €ro
TEeMIepaTypa IIOBBIIIACTCA M M3MEPSeTCs YEThIPpbMsI KOHIEHTPUUYECKH PAaCIOOKEHHBIMU
TepMorapamu 8.

Bce deThipe TepMonapsl BKJIOUEHBI 110 JUPPepeHIIaIbHON cXeMe, T03TOMY BTOPUYHBIN
peructpupyromuii mpubop 9 MOKas3bpIBaeT CPEIHIOK TeMIepaTypy Bo3ayxa B cedeHun 1-1.
[Ipubop nMeeT BCTPOEHHOE KOMIIEHCAIL[MOHHOE YCTPOICTBO, MCKIIIOYAOIee HEOOXOIUMOCTb
UMETh XOJoAHble crmau Tepmomap. [lo takoit xe cxeme tepmomnapamu 10 u mpubopom 11
U3MepsieTcsl TeMIlepaTypa BO3AyXa B CEYEHHMHU 2-2 Ha BbIXOJE M3 TpyObl, a TepMonapamu 12 u
npubopom 13 Temmepartypa ropuzoHTanbHON TpyObl. C momormbio U- 00pa3HbIX MaHOMETpOB,
pacrioyio’)keHHbIX Ha naHenu 14 «Cratudeckue Hamophl», U3MEPSIOTCS Pa3pekeHUe B «ropiiey
BO3/IyXOMEpa U JaBJICHUE B CEUEHUU Ha BBIXOJE U3 KOMIIPECCOpa - Ha BXOJI€ B TOPU30HTAIbHYIO
TpyOy. l'Opu3oHTanbHBI y4yacTOK TpyObl HarpeBaeTcs 3a CUeT OJJIEKTPUUYECKOro TOKa,
MOJIBOIMMOTO Yepe3 Tpanchopmarop 15. MoOmHOCTh TEIIOBOTO MOTOKA, 3aTpadyeHHAast Ha HarpeB
TpyOBbI, HAXOAUTCS IO OKAa3aHUAM amrepmerpa 16 u BosibT™MeTpa 17, KOTOpbIe pacioyioKeHbl Ha
nanemu 18 «Harpes TpyOb».

[Tpu nocTMXKEeHHUH CTAlMOHAPHOTO pPEXHMMa IOKa3aHUS BCEX HEOOXOIUMBIX HpPUOOpOB
3aHoCATCS B mpoTtokon 19 u B Tabmuiy HaOmromenuil (tabn. 1). O cTammoHapHOCTH peXUMa
MO>KHO CYJUTb I10 [TOKa3aHHUIO MprOopa JUIsl U3MEPEHUs TEMIIEPATYPhI TPYOBI.

Tabnuna 1
Ne N3mepsiemas BenuunHa O6o03Ha Howmepa omnbito
n/n -4eHHE 1 2 3 4 5 6
1 | Temnepatypa BO3Jyxa NpH BXOJE B t1
TpyOy (ceuenue 1-1), °C
2 | Temmeparypa BO3Jyxa NpH BbIXOJE to
u3 TpyOs! (ceuenue 2-2), °C
3 | Cpenusis Temmeparypa Tpyosl, °C tx
4 | IToka3aHus Bakyymerpa (ropio H
BO3JIyXOMepa), MM BOJI CT
5 | [lokazanus nmpezomerpa (mocie Hy
KOMITPECCopa), MM BOJ CT
6 | HanpsbkeHue, nojaBaeMoe Ha HarpeB Ux
TpyOHs1, B
7 | Cuma ToOKa, mOTpeOIIEMOTO Ha lu
Harpes TpyObl, A
8 | Ilokazanus GapomeTpa, MOap B
9 | Temmeparypa OKpyKaromiehd Cpejbl, toxp
°C

4. PacuerHble ¢gopmMy.bl U pacyeThl.

1. AtmocdepHOe naBlieHHE HAXOJIUTCSA C YUYETOM TEMIIEPATypHOTO PACHIUPEHUST CTOIOMKA




p = B-10*
pTytu 6apomertpa o dopmyne: P, = m ,I1a

rae B - mokazanme Gapomerpa, moap; oy - TEMIIEpATypa OKpYKaIOUICH Cpebl, paBHAs

TEMIEpaType Bo3Ayxa Ipu BXoJe B Bo3ayxomep, °C.

2.
rae o

[lepenan naBnenus Bo3ayxa B Bozayxomepe: AP = p- gH | [la
- mIoTHOCTH BoAkl B U-06pasHoM Bakyymmerpe, paHas 1000 xe/u® ; ¢ - yckopeHume

cBOOOIHOTO TIafeHus, paBHoe 9,81 m/cex?; H - mokasaHne BakyymMMeTpa (Topiio BO3IyXoMepa),
nepegedenHoe B M 800.CM.

3.

(P —AF)

3
R-(tgup+273) Ke/m

IInoTHOCTE BO3JyXa II0 COCTOSIHHUIO B «I'OPJIC» BO3AYXOMEpA Py =

rae R - xapakrepuctuieckas ra3oBas IOCTOsIHHAS BO3ayXa, paBHas 287 [c/xe K.

4.

5.

10.

11.

Pacxox Bo3ayxa: G = 0,525- 1073 -wa"p_g- AP | ke/cex

AoGcomoTHoe napnenue B ceueHuu I-1: P1=Paun -p- 9 - Hu, Ila

rae Hy - mokazanue npe3omMerpa (mocie KOMIIpEccopa), nepesedeHnoe B M 800.CHI.

I1noTHOCTB BO3/lyXa I10 COCTOSHUIO HA BXOJE B TOPU3OHTAIBHYIO TPYOY: p; = T-:"?E} ,
LBy T

ke/M°, Tae 1 _TemmepaTypa BO3ZyXa IpH BXoje B TpyOy (ceuenue I-1), °C

IInoTHOCTB BO31yXa I10 COCTOSAHHUIO Ha BBIXOJC U3 FOpH3OHTaHBHOfI TPY6BIZ

p — P-E'IHI
< R{tg+273) "’

ke/M%, Tae 1; - TeMmepaTypa BO3ayXa Ha BEIX0je U3 TpyOs! (ceuenue 11-11), °C.

3HayeHue HTaNbNNU Bo3yxa B ceueHusx [ u Il onpenensiercs no obmemy ypaBHEHHIO:
hj = ¢p - tj, k/{orc/ke,

I71e Cp - TEIJIOEMKOCTh BO3JlyXa IpPHU IOCTOSHHOM JaBJIEHWH, KOTOpask MOXKET ObITh
IIPUHATA HE 3aBUCHILEH oT Temnepatypsl U paBHOH 1,006 x/[orc/(ke*°C); tj - Temneparypa
B paccMaTpuBaeMoM ceueHnuu, °C; j - nnaekc paccmarpuaemoro cedenus (1 wm II).

Cpennsist ckopocTh notoka B ceueHusix |-1 u 1l-11 onpenensercs mo oOiemMy ypaBHEHHUIO:

G
W, = ' M/cex,

rie F - miomaae npoxXoaHOro ceyeHus A OTOKa BO3/lyXa, OJAMHAKOBAs ISl CeUeHUH |-
| u - 1l u paBras 1,35-10°3 M?%; pj - MIOTHOCTH BO3MyXa B PacCMAaTPHBAEMOM CEUECHHUH,

Kke/m®; j - magexc paccmarpusaemoro cedenus (I-1 mmm 11-11).
MOUIIHOCTh ~ TEIUIOBOTO TOTOKA, TIEPENaHHOTO BBIHY)KJICHHOH KOHBEKIHMEH, OT
BHYTPEHHEH MOBEPXHOCTH TPYOBI HaxoauTcs ¢ yueToM (4) mo ¢opmyne: Q1 = G- (Ah +

ASKHH) y Bm

Torma c¢ yuerom d¢opmynsl (3) MOIIHOCTh TEIUIOBOTO TIOTOKA, IEPeAaHHOTO



€CTECTBEHHON KOHBEKIIMEH OT HapYKHOU MOBEPXHOCTU TPYOBI: Q2 = Q5 — Q1, Bm
12. MomHOCTh TEIUIOBOTO MOTOKA, BhIJIETICHHAS Ha y4acTke oT ceueHus |-1 mo ceuenus I1-11
HaxOJUTCS 10 TTOKa3aHUsAM BOJIbTMETpA U amriepmerpa: Q, = Uy * |, Bm,

riae ls - cwrma Toka, morpebisemas Ha HarpeB TpyoOwl, a;, Uy - HampspkeHue,
M0/IaBaeMO¢e Ha HarpeB TPYOHI, 8.

OnbITHBIE 3HAYCHUS KOA(DPHUITMEHTOB TEILIOOTIa4yM MoaydaeM 1o dopmyiam (1) u (2), B
KOTOpBIX Fgn - BHyTpeHH:s HOBerHOCTL Tpy6bl, paBHas 0,382 0,352, M?, Fusp - HapyxkHas
TIOBEPXHOCTh TPYOHI, paBHas 0,386, M?; cpeHMil TeMIepaTypHHIl HAIOP MPU BEIHYXKICHHOM
KoHBekImu Aty = tx - 0,5 (t1 + 1), C, CpEOHUI TEMIIEPATYPHBI HAIOp IMPU E€CTECTBEHHOM

KOHBEKIMH Aty = tx — toxp, °C

13. PacuetHble 3HaUeHHS KO3 (HUIIMEHTA TETITIO0OMEHA ISl BEIHYKJICHHOM
KOHBEKIMH HaXxoaAuM ¢ yueToM (3) wiu (4) mo gpopmyie:

Ryga= Nty g - o , Bm/(m *2pao) (6)

[Ipu BBIUMCIIEHUN KpUTEpUeB MoA00Hs mo ypaBHeHUsM (3) unu (4) u xkodduirenra
TEIUIOOTAAYN HAXOISTCS 1O onpedensiouel memnepamype - cpeonell memnepamype nomoxa 8

mpybe paBHOU
ta = 0,5 (t1 + t2); onpeaensromUM pazmMepoM B GOpPMyIIax SIBJISCTCS BHYTPEHHHI JTHAMETD

TpYyOBI
dsx = 0,0415, M.
14. PacuetHble 3HaYCHUS KO3PPUITMEHTA TEIIIO0OMEHA ISl CBOOOTHOM KOHBEKITUM HAXOJIUM
_ ANm
¢ y4eToM (5) o hopMyne: @ap.my = — ——24  Bm/(m*2pao) (7)
Hap

[Ipu BBIUKMCIEHWHM KpUTEpPUEB TOA00MS 10 ypaBHeHUIO (5) u  Koddduimenta
terooTnayn mo ¢opmyne (7) Bce Temmodu3Mdeckue CBOWCTBAa Bo3ayxa (MpuiiokeHue 1)
HAXOJATCS 110 onpedensioujell memnepamype - cpeonell memnepamype nomokd, OKpyicanuie2o
mpy6y paBroii t; = 0,5 (tx + toxp); ompenessomum pasmMepom B GpopMyiax sBISETCS HAPYKHBIH

auametp TpyOsI Auap = 0,0455, m.

15. IlosicueHnus k pacdeTaM HCKOTOPBIX BCIINYUH IIPH 3aIIOJTHCHUH Ta6J’II/ILILI PE3YyJIbTATOB
pacuera:
K crpoke 10: Ah =1,006 - (t1-t2)-10%, Jorc/ke
WE Wy
K crpoxke 11: A3, .= , Horc/ke

16. Pe3ynbpTarhl pacueToB JOJKHBI 6BITB npoayOarpoBaHbl B (hopMe CBOAHOM TaOIuUIbI 2.

Tabmuma 2
No MaMepsenas Bt O603Ha- Howmepa omnbiToB
/11 p YeHHE 1 2 3 4 5 6
1 | Atmocdeproe nasnenue, 6ap Par

2 Hepena;[ HAAaBJICHUA BO3ayXa B

AP
BO3ayXoMepe, Ila

[10OTHOCT BO3/yXa MO COCTOSHHIO B
3 | ropze Bo3myxomepa, Kr/m® P




[Tponomkenne TabauIs 2

Ne ObosHa- Homepa onbiToB
y Uzmepsemas BennunHa YeHMe
i 3 4 5 6
4 | Pacxox Bosnyxa, Kr/c G
[InotHOCTH, BO3AYXa B ceueHuu -,
5 3 p1
KI/M
6 CpenHsisi CKOpOCTh IIOTOKA BO31yXa B W
ceuenuu -1, m/c !
7 [TnoTHOCTH BO3AYXa NpPU BBIXOJIE W3
Tpy6HI (ceuenue I1-11), kr/m® b2
CpenHsist CKOpOCTh IOTOKA IPH BBIXOZE
8 W>
u3 TpyOsI (ceuenne l1-11), m/c
9 Temnora, BHOCHMAas DJIEKTPUYECKUM Q
TOKOM B CHCTeMy (HarpeB TpyOsI), BT ?
V3MeHeHne »SHTaNBIIMM BO3yXa IO
10 Ah
MOTOKY B cucteMe (Tpyoe), Jx/kr
N3MeHeHne KHHETUYECKOM SHEPTUH
11 A9I(I/IH
MOTOKA Bo3ayxa B Tpyoe, JK/kr
12 Temnora, nepenaBaemas MOTOKY Q
BO3/1yXa B TpyOe, Bt !
13 Temora, nmepenaBaemMasi OKpyKaroliemy Q
TpyOy BO31yXy, BT 2
Cpennuii TeMmeparypHbld Hamop B
14 | ycnoBusx BHYTpPEHHErO TeII0O0OMEHa, At
°C
15 CpenHuil TeMnepaTypHbIi Hamop B At
YCIIOBHSIX BHENIHETO Teriooomena, °C 2
Kputepuii Peitnonbaca
16 | PHTEP Ren
17 Kpurepuii [Ipanamis B ycnoBusix Pr
BBIHYKJICHHOW KOHBEKIIUH tn
18 Kputepuit Hyccenbra B ycnoBusx Nu
BBIHY>KACHHON KOHBEKLIUH lmd
19 | Kpurepuii I'pacroda Gr
I
20 Kputepuii [Ipanaris B ycnoBusix Pr
€CTECTBEHHOW KOHBEKIINH 2n
21 Kpurepuit Hyccenbta B yclnoBusix NU
€CTECTBEHHOM KOHBEKLIUU 2nd
PacyeTHbI KO3QPHUIMEHT TEIIO0TIAuU
22 | npu BBIHYKJIEHHOM KOHBEKI[UH, 01 on
Br/(m?-°C)
OnbITHBI KOA)QHULIMEHT TEmI00TAaYH
23 | npu BBIHYKJICHHOM KOHBEKIIUH, Ol1 pacu
Br/(m?-°C)
PacuerHblit k03 ueHT Temno0TIAYN
24 o 2.0 02 on
pu cBOOOAHOM KoHBeKIHH, BT/(M*-°C)
OnbITHBI KOI)QHUIMEHT TEII00TAauH
25 02 pacy

nipu cB0OOTHOM KoHBekImH, B1/(M-°C)




5. KoHTpoOJIbHBIE BONIPOCHI.

1. Chopmynupyiite 1€ JTabopaTOPHOH paOOTHI U MOSCHUTE, KaK OHA JIOCTUTAETCS?

2. Ha3oBUTE OCHOBHBIC Y3JIbI SKCIICPUMEHTAIILHON YCTAHOBKH U YKQKHUTE UX Ha3HAUCHHE.

3. Kakumu MeToiaMu U3MepsieTCs TeMIiepaTypa B JaHHOU pabote?

4. Kax m3mepsieTcsi M peryiImpyeTcsl pacXxo Bo3ayxa B TJaHHOU pabore?

5.I1o KakuM TIpH3HAKAM MOXKHO CYJHTh O CTAI[MOHAPHOM PEXKHUME TEIUIOOOMEHA C OKpYXKaIoIIeH
cpemoi?

6. Kax ocymectBisieTcs BEIOOpP KOHTPOJIBHOM 000JIOYKH paccCMaTpUBaeMON TePMOJMHAMHYECKON
CUCTEMBI?

7. daiite  (GopMynmMpOBKY W MaTEeMAaTHYeCKOE BBIPAKEHHE YpaBHEHHWS TIIEPBOTO 3aKOHA
TEPMOJIUHAMUKH, HCTIOIH3YEMOTO JIUIsl PEIIICHUS 32/1a41 JJAHHOTO OIBITA.

8. VYkaxure CrmocoObl OmNpeAeieHHs BEIUYWH, BXOJSIIMX B ypaBHEHHE 1-r0 3aKOHa
TEPMOJMHAMUKH, HCIONL3yEMOT0 JUIS PEIICHHs 3aJadd JaHHOTO OIbITa, C IOJHBIM O00OCHOBaHHEM
UCIIONIb3YEMBIX pacyeTHBIX (POPMYIL.

9. Kakue cymecTByrOT METObI M IPUOOPHI JJIs1 K3MEPEHUS TEMIICPATyPhbI, TaBICHUS U pacxoaa?

10. Kak ompenensieTcst IIIOTHOCT BO3/IyXa B YCIOBHAX JIAOOPATOPHON YCTAaHOBKH?

11. Kakue BBl KOHBEKIIUHU CYIIECTBYIOT, B UeM UX paziuyuc?

12. B uwem cymuocts "Teopuum mnogoOuss" U Kak € €€ IMOMOUIbIO OINPEAesSIoTCs
KO2(DPUITUEHTHI TEIIO0TIauH ?

13. Kak cocTaBisitoTCa KpUTEpUAIbHbIE YpaBHEHUS?

14. CocraBbTe B 00IIEM BUAE KPUTEPUAIbHBIE YPABHEHMSI JUIsl BBIHY)KJIEHHOW U
cBOOO/IHOM (€CTECTBEHHOW) KOHBEKLIUU.

15. KakoB (Qu3nueckuii CMbICI KpHTEpHEB MOMO0MS, BXOMALIMX B ypaBHEHUE IS
CBOOOTHOM KOHBEKIUHU?

16. KakoB (Qu3uyeckuii CMbBICIT KPUTEPUEB MOM00US, BXOAAIIUX B ypaBHEHHE s
BBIHYK/ICHHOW KOHBEKLIUU?

17. Yro Takoe "onpenenseMslil" 1 "onpenensomun’ Kputepui?

18. Kax BbiOMpaeTcss ompefensomuid (XapakTepHBI) pa3Mep U  ONpeesroIas
TeMIlepaTypa IpH pacuere KpUTepueB moaoous?

[punoxenue 1
B npuioxeHun npuBeAECHBI HHTEPIIOSIMOHHbIE (YOPMYIIbI [UI pacdyera
TeI0(U3NIECKUX CBOMCTB CyXOTr0 BO3/lyXa B 3aBUCUMOCTH OT TEMIIEPaTyphl:
®  TEIIONPOBOIHOCTD
A= 0,000074-t, + 0,0245, Bm/(m-°C) ;
e KHWHEMaTH4ecKas BSI3KOCTh
vi=(0,000089-t,2+ 0,088 t, + 13,886)-10°°, /°/c;

e kpurepuii [Ipanris Pr
Pr = 0,00000051-t,%- 0,0002493t, + 0,7086.



