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Paboma No 1

MEPBBII 3AKOH TEPMOJIUHAMUKHA

B ITPUJIO’)KEHUM K PEHHEHUIO OJHOI'O U3 BUAOB TEXHUYECKHX 3AJTAY.

1. Heas padorel. OnpeneneHre ¢ TOMOIIBIO YPAaBHEHHUS MEPBOr0 3aKOHA TEPMOIUHAMUKHI
KOJIMYECTBA TEIUIOTHI, OTJABAEMOT0 B OKPY’KAIOLIYI0 Cpely B YCIOBHSX J1abOpaTOPHOM
YCTaHOBKHU.
2. OcHoBHBbIe MOJ10:keHHsA. OTHO W3 BO3MOXKHBIX (DOPMYJIBHBIX MPEICTABICHUN IEPBOTO
3aKOHA TEPMOJMHAMHKY B pacdyeTe Ha | KT Macchl pabouero Teyia uMeeT BUI:
> q;+ > 1, =Ah+AD,, +AD
() ()
rac ZqJHZIJ — COOTBCTCTBCHHO, CYMMAPHBIC KOJHUYCCTBA TCIJIOTHI U TEXHUYECKOU
() §)
paboThl, EpEeHOCHMbIE Yepe3 KOHTPOJIbHYIO0 000JIOUKY TEPMOAMHAMHUYECKON CHCTEMBI,;

W - W/
Ah =h, —h, — n3MeHeHue SHTaNbIMU pabodero tema, AD = = % — U3MCHCHHE

noTt 2

KUHETHYECKON dHepruu moroka 1 xr pabodero tena,AD,  =g-(Z,—7Z,) — U3MEHEHHE

MOTEeHIIUATBHOU 3Hepruu motokal kxr pabouero tena; h;, W; u Z; — COOTBETCTBEHHO,
SHTAJBIUS, CKOPOCTh W TE€OMETpPUYECKash BBICOTA OT YCIOBHOTO YpPOBHSI OTCHETa MIJIst
BXOJIHOTO CEUEHHS MOTOKa pabouero Tena; hy, Wy u Z, — COOTBETCTBEHHO, SHTANIBITHS,
CKOpPOCTh UM T€OMETpPUYECKasi BbICOTA OT YCJIOBHOIO YpPOBHSI OTCYETa JJISI BBIXOJHOIO
CEUYeHHs MOTOKa pabodero Tena.

Bces tepmoaumHaMuueckasi cuctema, NMpeACTaBiICHHAs Ha puC. 1, AeIWTCs Ha JBa ydacTka
(1Be mojacHUCTEeMBl): MEPBbIM y4acTOK — OT BXojaHOro ceueHus | no ceuenus Ila, a Bropoii - or
ceuenus Ila no ceuenms II. Kaxpaplii U3 3TUX y4acCTKOB 3aKJIIOYAETCS B CBOK KOHTPOJBHYIO
000J104KY (Ha cXeMe MOKa3aHbl MyHKTUPHOU JTMHUEH).

[Ipn ycraHoBUBILIEMCS PEXHUME TEIJIOOOMEHa B YCTAHOBKE BHYTPU M C OKpPYKArOIIUM
BO3/IyXOM TeMmIieparypa TpyObl (tx) HE MeHseTcsa. B yclIoBUSAX 3TOro CTallMOHAPHOTO PEXHMA
paboThl YCTAaHOBKM ypaBHEHHE I[IEpPBOrO0 3aKOHa TepMOAMHAMHUKH i [-ro  ywacTka
(moxcucTemMbl) MpUOOpETaeT BUA:

W223 — le

l,=h,,—h + tg(Z,,—2))+q,, (1)

PabGora »snexTpuueckoro TOKa, IMOJABA€MOro Ha 3JIEKTPOJBUIaTeNlb KOMIIpEccopa,
onpejesnsieMas 10 YpaBHEHHIO:
— 2
sl G G
rae G — pacxol BO3llyXa, paCCUYMTHIBAEMBIN MO MOKAa3aHUSIM BaKyyMMETPa BO3J1YXOMEPHOIO
ycTpoiicTBa; N, — MOITHOCTh, TOTpebsieMas SJIEKTPOIBUTATEIIEM KOMIIPECCopa, OLIEHUBACTCS 110
MOKa3aHUsAM aMIlepMeTpa M BOJbTMETpa. YacTh 3TOM MOUIHOCTH INEpPENAcTCsl BO3AyXy B BHJE
TEXHUYECKOH pabOoThI, COBEpIIaeMON KOMIIPECCOPOM, a YaCTh — B BUJIE TEIUIA; (y] — KOJIUYECTBO
TEeIIa, OTJABAEMOE CUCTEMOM Ha [-OM y4acTKe B OKPYX AIOIIYIO CPEdy.
PacuerHast cxema [-ro yyactka MOKeT OBITh IIPE/ICTaBIICHA B CIIEIYIOIEM BHIE:

IIa
by, "W 2
4| C— > has, "Woa, Z2 ﬂ
I — 1
ITa

N, I.-U,

5




YpaBHEHHE MEPBOTO 3aKOHA TepMOANHAMHKH Ut [I-ro ydacTka (1moacucTeMsl) MproOpeTaeT

BHUI:
2 2

1 =h2_h2a+w+g'(22_223)+qH2’ (2)

22

PaboTta »5nekTpUYEeCKOro TOKa, MOJaBaeéMOro Ha HarpeB TpyObl, omnpezaensemMas IO
YPaBHEHHIO:
N, I,-U,

H

32 G G H
rae Ny — MOIIHOCTb, OTpebsieMast Ha HarpeB TPyObI, MpeoOpazyeMast 1eTMKOM B TEIUIO U
OIIECHMBaeMasl MO MOKa3aHUsIM aMIepMeTpa U BOJbTMETpa. YacTh 3TOW MOIIHOCTH OTBOJUTCS B
OKPYXaIIIYI0 CpeAy; (u2 — KOJHWYECTBO TeIula, oTaaBaeMoe cuctemMol Ha Il-om yuactke B
OKPY’KaIOIIYIO CpENy.
Pacuetnas cxema II-ro ygacTka MOXeT OBITh ITPEJICTABIICHA B CIICAYIONIEM BHUJIC:

|9 qu2 11
hita, Wita, Zi1a + * hy, Wi, Zy

IIa

Ila II

Jis  TepMOAMHAMUYECKOM CHUCTEeMBbl B  LI€JIOM YypaBHEHHE IEpBOr0  3aKOHA

TEPMOJIMHAMHKH 00pa3yeTcsi CyMMHpOBaHueM ypaBHeHuil (1) u (2) u npencrasisiercst B BUJE:
2 2

I, +1,,=h,-h, +w+g'(zz =Z,)+q, t 4,25

T€  (ul U (u2 — OOIIEe KOJMYECTBO TEIIOTHI, OTAABAEMOE B OKPYKAIOIYIO CPEIy Ha Yy4acTKax
[ull

3. Cxema U onucaHue YCTaHOBKH. Pabouee Tenmo — Bo3ayx kommpeccopom 1 (puc. 1)
3a0upaeTcss M3 OKPYXKAMOIIEH Cpebl, CKUMACTCS M TOCTYNAeT B TOPU3OHTAILHBIA yUYaCTOK

TpyOBI 5.

Puc. 1. Cxema ycTaHOBKH.

Padora

———————————————————— —KoMmpeccopa— [Harpes Tpy6n 7
-0 g5l |

Boznyx HAa NYTH W3 OKpyXKawlled cpeapl B KOMIIpECCOp MPOXOAMT uepe3
BO3/lyXOMEpHOE YyCTpoHCTBO 2 Tuma «Tpyba Bentypm». KommuectBo Bo3myxa, mpoxojsiiee
4yepe3 YCTAaHOBKY, MOYKET U3MEHSThCS C MOMOIIIbIO 3acionku 3. [Tapa
METpBl OKpY’KaloUlel Ccpeasl H3MEpSIoTCS NpUOOpaMu, pacloyioKEHHBIMH Ha maHenn 11
«Oxpyxarorasi  cpena» (PTYTHBIA, YalIeYHBIM OapoMeTp U KHIKOCTHO-CTEKJISTHHBIN
tepmometp). Ha manenu 4 «CraTtuueckue Hamopbl», pacnoiokeHnsl Tpu U-o0pa3HbIX MaHOMETpa
JUIsL U3MEPEHUsI CTaTHYECKHUX IaBJICHUN B CeUeHMsIX: «ropiio» Boszayxomepa (H), Ha Bxome B
komrpeccop (Hy) u 3a kommpeccopom (H,). B pesynbrare noaBeaeHHOro Temiia, BO3IYyX,



npoxons oT cedeHus [—1, rme ero Temmeparypa paBHa TeMIepaType OKpyXKaromei cpersl t; =
toxp, HAIPEBACTCSl 1O TEMIEPATYphbl tr,, KOTOpas U3MepsieTcs TepMomapoil 6 B KOMIUIEKTE C
BTOPUYHBIM IPUOOPOM.

Jlns ompeneneHus: MOUTHOCTH, TOIBEACHHON K JJICKTPOIBUTATEIIO

[TpoTokon HabmOACHMI

KOMIIPECCOPA, CIIYKHUT
na"enb 8 «Paborta xommpeccopa» C pa3MEIICHHBIMH Ha HEHl amMIepMeTpoM U BOJBTMETPOM.
MomHoCTh, pacxo/l0BaHHas Ha HArpeB FOPU3OHTAIBHOIO ydacTKa TpyObl 5, ompenensercs Io
MOKa3aHUSAM BOJBTMETPA U aMIIEPMETpPa, PACcHoI0XKeHHbIX Ha naHenu 10 «Harpes TpyOb».

Tabmuna 1.
Ne N3mepsiemas BenuunHa O6(33Ha Enmuust QMCPR, OIBITCD
n/n W3MEPEH. 2 3 4 5 6
YEeHUe
TemnepaTypa Bo3tyxa npu
1 BXO/JIE B BO3AyXOMep (ceueHue t °C
)
Temmneparypa Bozayxa npu o
2 ta C
BX0Jie B TpyOy (ceuenue Ila)
Temmneparypa Bozayxa Mnpu o
3 t C
BbIXozie U3 TpyOsI (ceuenue 1)
4 [Toka3anus BakyymMMmeTpa H MM
(«ropio» Bo3myxomepa) 600.CM.
5 [Toxazanus nmee3omerpa (mocne u MM
KOMIIpeccopa) " 800.cm.
Hanpsixenue u cuna Toka, U 8
6 | morpebmsiemoro
KOMIIPECCOPOM I a
Hamnpsbxenue u cuna Toka, Uy 8
7 | noTpebiisieMoro Ha HarpeB
TpyOBI I, a
8 | Ilokazanus Gapomerpa B moap
TemmepaTtypa OKpy Karolen o
9 toxp C

CpeIbI

4. PacuetHblie GopMyJIbI M PACYETHI.

PaTM = -4 4
1+1,815107 ¢,

1. AtmocdepHOEe [aBICHHE HAXOMUTCA C YYETOM TEMIIEPATypPHOTO PpaCIIUPEHUS
cTonbuka pryT 6apomeTpa o popmyre:

B10°

a

2. Ilepenan naBieHHs BO34yXa B BO3yXOMEpE:
AP =pgH, lla

3
rie p — IWIOTHOCTH BoAbl B U-00pa3Hom Bakyymmerpe, paBHas 1000 ke/u’; g — yckopeHue
cBOGOIHOrO maneHus, paBHoe 9,81 a/cex’; H — mokasaHme BakyyMMeTpa («ropioy)
BO3JyXOMEpa, nepesedeHHoe B M 800.CHI.

3. [110THOCTH BO3yXa MO COCTOSIHUIO B «TOPJIe» BO3TyXOMepa:




p, = Py, —AP) , ke/m’
R-(t, +273)

rae R —xapakrepuctuueckas ra3oBasi IOCTOSIHHAs BO3/lyXa, paBHas 287 /Joc/ke-°K.
4. Pacxon Bo3ayXa:

G =0,525107-\/p, AP , ke/cex

5. AOGcoOTHOE /IaBJICHHE B CEUYCHUN Ha BBIXOJIE U3 KOMIIPECCOpa M Ha BXOJIE B
TOPU3OHTAIILHYIO TPYOY:
PZa :PaTM +p.g.HH’Ha

rae H, - mokazanue mpe3omerpa (Iociie KoMIpeccopa), nepegedeHHoe B M 800.CHl.
6. [110THOCTH BO3yXa HA BBIXOJIC U3 KOMIIPECCOpa M Ha BXOJIC B TOPU3OHTAIBLHYIO

TpyOy:

P
pZa = -

Y <
R-(t,, +273)
rae ty, — TeMIepaTypa Bo3ayXa Ha BbIXOJI€ U3 KOMIIpeccopa U Ha BXO0Ji€ B TOPHU30HTAJIbHYIO
TpyOy (ceuenue Ila), °C.
7. [ImoTHOCTH BO3/AyXa Ha BBIXOE U3 TPYOHI:
p 3

aT™M Z/M

=——3 g
P2 =Rt +273)

rae t; — TeMIepaTypa Bo3ayxa Ha Beixoje u3 TpyOs (ceuenue II), °C.
8. 3Hauenue sHTAIBINU Bo3ayXxa h, B ceuenusix I, Ila u Il onpenensiercs no obmemy
YPaBHEHHUIO

h;=c, -t;, k/ouc/ke

rJie Cp — TEIUIOEMKOCTh BO3/yXa IIPU IIOCTOSHHOM JAaBJICHUU, KOTOpas MOXKET ObITh IPUHSTA HE
3aBUCALIEH OT Temneparypel U paBHo 1,006 «x/oc/(ke:°C); t; — Temmeparypa B
paccmaTpuBaeMoM ceuenuu, °C; j — uHaeKe paccmarpuBaemoro cedenws (I, [la wmu I1).
9. Cpennsss ckopocte motoka W; B ceuenuax lla u II onpenpenserca mo oOmemy
YPaBHEHUIO

W. = 6 , M/ceK

rae F — miomanb npoxogHOro ceueHust Al MOTOKa BO3ayXa, oAuHaKkoBas s ceuenuid [la u 11 u
paBHas 1,35 107 % pj — ILIOTHOCTh BO3/lyXa B PACCMAaTPUBAEMOM CE€YECHHH, Ke/m’; ] - UHJEKC
paccmatpuBaemoro ceuenus (Ila wmm II).

CkopocTh noToKa Bo3ayxa B ceueHuu | (Ha BXoJie B BO3AYXOMEp U3 OKpPYKAIOIIEH cpebl)
JIOJDKHA OBITH pUHATa paBHON W = 0.

10. I3MeHenune noTeHaibHOM 3Heprun Ha y4yactke [ — [la:

AD,,. =g(Z,, —Z,)107, kllonc/xe

Tak xak B gaHHoM pabote (Zz, — Z1) = 0,4 M, TO ADpor = 0,0039 x/{oc/ke  0OMMHAKOBO IS
BCEX OIBITOB U CPAaBHHUTENHHO Maio. [Io3TOMy BENMMYMHON 3TOrO ciaraeMoro B ypaBHeHuu (1)
MO>KHO TTpeHEeOpeUb.

11. Pabota snekrpuueckoro Toka l,; Ha [-om yyacTke (moacucreme):

L, =- L 'GUK 107, klonc/xe




rae Ix — cuma Toka, moTpebnsieMast SJEKTpOABUTATENIEeM KoMIipeccopa, a; Uy — HanpspKeHue,
MO/IaBa€MOE Ha 3JIEKTPOABUTATENIb KOMIIPECCOpa, B.
12. Pabota snexTpuueckoro Toka l,, Ha [I-om ydacTtke (moacucreme):

I -U 3
—B " 07, kl]orc/ke
G K/

132 =

rne I, — cuna Toka, morpebisiemas Ha HarpeB TpyOBbI, a; U, — HanpspKeHne, 1mojaBaeMoe Ha
Harpes TpyObl, B.

Pesynbrarhl pacueToB AOHKHBI OBITH MPOAYOIMPOBaHbl B (hOpPME CBOJTHON TAOJIHUIIBI 2.

Tab6muma 2.
Ne O06o03Ha- |EauHnIm Howmepa onbiToB
H3mepsiemas BenuunHa
/i YeHUue |U3MepeH. | | 2 3 4 5 6
1 |AT™MocdepHoe naBiieHHE Paru Ila
Ilepenan naBiaeHUS BO34yXa B
o [epenani o AP Ila
BO3JIyXOMepe
IImoTHOCTE BO3MYyXAa IO
3 Y Ps Ke/Mm>
COCTOSIHMIO B TOpJie BO3AyXOoMepa
4 [Pacxop Bo3ayxa G Ke/ceK
5 [lnotHOCTH BO3ayXxa B ceueHud lla P2a xe/m’
CpenHsiss CKOPOCTh IIOTOKA B
6 pel p Wsa Mm/cex
ceuenuu Ila
IImoTHOCTE BO34yXa IIPH BRIXOJIE
7 Y P A P2 Ke/Mm>
u3 TpyOsI (ceuenue I1)
CpenHsis CKOPOCTh IIOTOKA IIPH
8 pel p P W, Mm/cex
BbIX0J1e M3 TpYOH! (ceuenue 1)
Pabora piIeKTpHYEeCKOro ToKa Ha
9 p 1, K/[owc/ke

[EepBOM y4dacTKe (IIOJICUCTEME)

l3MeHeHe PHTAIBIINH IOTOKA Ha
10 Ah; K/[ic/xe
[EepBOM y4dacTKe (IIOJCUCTEME)

3MeHeHne KHHETHYECKOMI
11 pHepruu nMoToka Ha IEPBOM Al | kKlloic/ke
y4acTke (oJICUCTEME)

KomnaecTBO TEIIIOTHI,
12 lornaBaeMoe Ha IEPBOM YUacTKeE B Qul Korc/xe
OKPY’KaIOLIYIO Cpeay

PaboTa 31eKTpHUUECcKOro ToKa Ha

13
BTOPOM y4acTKe (ITOJICHCTEME)

13, K/[ic/xe

V3MeHeHre PHTANBITUY TIOTOKA Ha
14 Ah; K/[ic/xe
BTOPOM y4acTKe (ITOJICHCTEME)

3MeHeHne KHHETHYECKOMI
15 pHepruu noToka Ha BTOPOM Al | Klorc/K2
ygacTke (IoJICUcCTeMe)

KonnuecTBO TEIUIOTHI,
16 joTmaBaemMoe Ha BTOPOM Y4YacTKE B Q2 K/[orc/ke
OKPYKAIOIIYIO Cpelry

OO0111EE KOJIMYECTBO TEINIA,
0T/1aBa€MOE B OKPYKAIOLLYIO
Cpedy TEpMOJIUHAMUYECKOMN
CHUCTEMOM

17 Ju K/[owc/ke

IosicHeHnus k pacucTaM HCKOTOPBIX BCIIMYUH IIPHU 3alIOJITHCHUUN TaGJII/ILIBI PE3YJIbTATOB
pacuera:




Ah, =h,, —h,, kc/ke;

2
D = % 107, kllorc/xe;

knul
qQ, =L, +Ah, +AD_ ., , klloic/ke;
Ah, =h, —h,,, kc/ke;
_ (W22 _WZZa)

KUH2 2

q,, =1, +Ah, +AD

AD 107 xIorc/xe

Konc/Kke

KHH2 °

5. KoHTpoOJIbHBIE BONIPOCHI.

1. Chopmynupyiite mens 1a00paTopHON pabOTHI M MOSICHUTE, KaK JOCTUTACTCS MOCTaBICHHAS
Hen?

2. HazoBuTE OCHOBHBIE y3J1bl SKCIEPUMEHTAIbHON YCTAHOBKU U YKaKUTE UX Ha3HAUCHHUE.

3. Kakumu MeTtomaMu u3MepsieTcs TemrepaTrypa B JaHHOU pabote?

4. Kak u3mepsieTcsi U peryaupyercsi pacxoj] BO3yXa B JaHHOH padoTe?

5. Ha uTto pacxomyeTcsi MOLITHOCTh, TIOJBEJICHHASI K KOMIIPECCOPY, U KaK OHa ompeensiercs?

6. Cdopmynupyiite W HaNUMIIUTE AHAINTUYECKHE BBIPAXKECHUS Nepe0o2o 3aKOHA
mepmMoOUHAMUKY IJISl 3aMKHYTOW U pa30MKHYTOM 0007I0YEK.

7. KakoB (QU3NYECKUU CMBICI BEIWYWH, BXOMAIIUX B YpPaBHEHUS nep6020 3AKOHA
mepmoOuHamuKy sl 3aMKHYTOW U Pa30MKHYTOM 000s109eK?

8. JlaiiTe ompezencHue U MOSICHUTE (U3UYECKUN CMBICI MOHATUH meniomsl U pabomoel B
TEXHUYECKOM TepMOIMHAMUKE.

9. UTo 03HAYAIOT 3HAKH « + » U « — » JUIsI TeTJIOTHI U PabOTHI?

10. Ha 4t0o 1 xakuM 00pa3oM BIUSET U3MEHEHHE HAarpeBa TPyObl IIPH TTOCTOSTHHOM PacXoie
BO3IyXa?

11. Ha 4to pacxomyercst MOIITHOCTh, MOJIBEICHHAS Il HarpeBa TPyObl, M KaKk OHa
onpenensiercs?

12. . Kak ocymiecTBisieTcsi BBIOOP KOHTPOIBHBIX 000104UeK (TPaHMIT) MTOJCUCTEM (CUCTEMBI)
NPUMEHHUTENBHO K TaHHOH J1abopaTtopHOU paboTe?

13. B kakoM MecTe ¥ TToUYeMy TPaHUIIBI TTOJICUCTEM (CUCTEMBI) Pa3MBIKAIOTCS ?

14. Yro Ha3bIBaeTCsl BHYTpEHHEH sHeprueil padouero tena? CBOHCTBa BHYTpEHHEW SHEPrHU U
pacueTHbIe POPMYITHIL.

.15. Uro Ha3bIBaeTcs sHTAIBIMEN pabodero Tena? CBOWCTBA SHTAIBINH U pacyeTHbIC (OPMYIIHI.



Paboma No 2

OINIPEAEJIEHUE ITAPAMETPOB BJIA’KHOI'O BO31YXA

1. Heab padotbl. l3yueHue TepMOAMHAMMUYECKHUX CBOWCTB BJIAKHOIO BO3IyXa M IPOLECCOB
W3MEHEHUS IapaMeTPOB BIIAXKHOTO BO3yXa.

2. OcHOBHbIE MOJ0KeHHs. BiaxxHbIil BO3yX MpeacTaBisieT co0oil cMech CyXOro BoO3lyXa U
BOJITHOTO Tapa. 3HAaHUE CBOWMCTB BIIAXKHOTO BO3AyXa HEOOXOIUMO JUIsl PACUETOB IPOLECCOB
CYILIKH BJIQXXHBIX MaTEpUaJIOB U U3ACIUH, a TAKXKE CUCTEM BEHTWISLUU U KOHAUIMOHUPOBAHUS
BO31yXa. BiraxxHslil BO3AyX MOXKHO pacCMaTpHUBATh C HEKOTOPHIMH JONMYLICHUAMH KaK ra30BYIO
CMECh, K KOTOPOI IPUMEHNMBI 3aKOHBI UAE€AJIBLHOTO ra3a.

3axkoH JlanpToHa QopMmynupyercs Tak: oOliee AaBICHHE CMECH PAaBHO CyMMe
napUUalbHBIX IaBJICHUNH KOMIOHEHTOB. Kaxk/Ip1ii ra3 Beaer ceds Tak, Kak eciu Obl OH ObUT OUH
B COCY/JI€, 3aHUMasi BECb 00BEM CMECH:

B=p,+p,,1lla
rae B — 6apomerpuueckoe JaBiIeHUE; Py U Py — NapLHalIbHbIE JaBJIECHUs, COOTBETCTBEHHO,
CYXOro BO3/lyXa U BOJASHOTI'O Tapa.

VYpaBHEHHE COCTOSHUSA [yl UACATBHOIO ra3a MOXKET OBITh MCIIOJIB30BaHO KaK IS
CyXOro BO31yXa, TaK M AJs BOJASHOIO Iapa, HaXOJSLIErocsl BO BJIAXHOM BO3/AyX€, TaK KaK BO
BJIQ)KHOM HEHACBILICHHOM BO3JyX€ BJlara HAaXOAWTCA B COCTOSHMM IIEPErperoro mnapa.
YpaBHEHME COCTOSHUS MOKHO 3alMCaTh B CIEAYIOLUIEM BHUJE:

pV=mRT
w i 1 xr pabodero Tena:
pv=RT (
IJie p — MapIyalbHOE JaBJICHUE KOMIIOHEHTa, [1la; V — 00beM ra3oBoil cMmecH, Mj; m — Macca
raza, ke; R — xapakrtepuctuueckas Ta3oBas TOCTOsHHas, /[[uc/(keepad); T — abcomroTHas
Temrneparypa, °K; v — ylenbHblii 00beM rasa, ke,

ConeprkaHue BOJSHOIO Mapa BO BJIAXKHOM BO3/1yX€ MOXKET ObITh BBIPA)KEHO MO-Pa3HOMY:
yepe3 abCOMOTHYIO WIM OTHOCUTENIBHYIO BIQXKHOCTb, HITH BIIArOCOJIepKAHUE.

AOconwoTHas BIAaXHOCTbh BO3JyXa XapakTepu3yeT Maccy BOJSHOIO Iapa,

KOTOpasi COAEpKUTCS B 1 M BIaXHOTO Bo3ayxa. Tak kak 06beM BoasHOrO napa B 1 M BITaXHOTO
BO3/lyXa TaKxke cocTaBser | ', To MOXHO CKa3aTh, 4TO aGCOMIOTHAS BIAKHOCTH UHCICHHO
paBHA [UIOTHOCTH BOJSHOTO 1apa B CMECH Py, Ko/v’. TakuM 06pa3zoM, aGCOTIOTHAS BIAXKHOCTD
npezcTaBisier co0oi 00bEMHYI0 KOHLEHTpaluo napa. KoHueHTpanus Biaru B BO31yXe MOXET
U3MEHATHCA. B03AyX, KOTOpBI CHOCOOCH TOTJIONIaTh BOASIHOW Tap, Ha3bIBaeTCs
HEHACBIILEHHBIM, IIPUYEM 3Ta €r0 CIIOCOOHOCTh K HACBHIIEHUIO 3aBHCUT OT Temrmeparypbl. Uem
BBIIIIE TEMIIEpaTypa, TeM OOJIbIle JABHXKYIIAas CHJIA MPOLEecca CYLIKH, OrpeenseMasl pa3HOCThIO
NapUHaIbHbIX JABICHUN IApOB PAacCTBOPUTEINA HAl MAaTepUaJoOM M B OKPYJKAIOIIEM BO3IyXe.
Bnara nepexonuT w3 marepuana B BO3AYyX [0 HACTYIUIEHMsI COCTOsIHUS paBHOBecus. llpu
HACBIILIEHUH BO3/lyX HE IOIVIOIIAET BJAary, U M30BITOYHAs Bjara HauMHAET KOHAECHCUPOBATHCA.
[TosToMy B mporiecce CyIIKH OYeHb Ba)KHO 3HATh CIIOCOOHOCTH BO3/1yXa K HACBILIICHUIO, KOTOPAs
XapaKTEePU3yeTCsl OTHOCUTENBHOMN BIAKHOCTBIO (.
OTHocHUTENbHAsS BIAaXHOCTbh — 3TO OTHOIIEHHWE KOHIIEHTpPAllMM BOJASHOIO Iapa
HEHACBIIICHHOTO BO3/lyXa WM ra3a K KOHIIEHTPALMK BOSHOTO I1apa HACBIIEHHOTO BO3yXa WIN
ra3a Ipyd OJMHAKOBBIX TEMIIEPATYpax M NABJIEHUSX, T. €. ’TO OTHOLIEHHE IJIOTHOCTH BOASHOIO
napa IpH JaHHBIX YCJIOBHAX K IUIOTHOCTH, NPEAEIBHO BO3MOXKHOW IIPH TOM XK€ TEMIIepaType U
TOM e OapOMEeTPUYECKOM JIaBJICHUU:

Py

P
¢ py — IUIOTHOCTh Iapa B HEHACHIIICHHOM COCTOSHHH (IIEpPErpeToro mapa), ke/m’; pu —
MJIOTHOCTH TIapa B COCTOSIHUM HACHITIIEHUS (CYXOTO HACBIIIEHHOTO T1apa), ke/m’.
OTHOCHUTENbHYIO BIaXXHOCTh BO3JyXa MOYHO BBIPa3uUTh C HEOOJIBIIONW MOTPEUIHOCTHIO
OTHOIIICHHEM TMAapIUAIBHOTO JABJICHUS Tapa B BO3AyXEe K TapIHaIbHOMY JaBJICHUIO
HACBHIIIEHHOTO BOJSHOIO Mapa mpu Toil ke Temmeparype. Ommlka npu MpeanookKeHUH, YTO

(p:



BOJSTHOM mTap SBJISIETCS WACAIBHBIM Ta30M, COCTABISIET MpuOIu3utensHo 1,5%, yTo BmojHE
JOTIYCTUMO TIPM WMHXKEHEPHBIX pacueTax. Torja OTHOCHTENbHAs BIAXHOCTh BO3AyXa IPH
temneparype ¢ menee 100°C:

Picrooec =

Pu Py
ITpu temneparype Boite 100°C oTHOCUTEIbHAS BIaKHOCTD ONpezensercs no popmysie:

_ Pu
Pisr000c = =
max

Pu
B

rie B — Oapomerpuueckoe nasnenue, [la; p,. = % — IUIOTHOCTh Tapa B COCTOSHUU
i
HACBIIICHHUS, keI,

st aGcoNIoTHO CyXOro BO3ayXa, Koraa py; = 0, OTHOCUTENbHAS BIXKHOCTh TOXe paBHa (.
Jlns Bo3AyXxa, HACHIIIIEHHOTO BOASHBIMU MapaMu, Py = py U ¢= 1. [To3TOMYy MOXHO CKa3aTh, 4YTO
OTHOCUTEIIbHAS BJIAXXHOCTH SIBJISIETCSl TIOKA3aTelieM CTENEHU HACBIIEHUS BO3IyXa BOJSHBIMU
napamu.
Brnaroconepxanue Bo3ayxa. BmarocomepxkaHueM BIQKHOTO BO3yXa Ha3bIBAETCA

Macca BOJITHOTO 11apa B rpamMmax, Ipuxosuiascs Ha 1 KuiorpaMM abCOMIOTHO CyXOTo BO3yXa:

M
d =1000-—*, 2/ke cyx.603
MB
rae My 1 M, — COOTBETCTBEHHO MaccChl BOJISIHOTO Mapa M CyXOro rasa, Ke.
Hcnonw3ys ypaBHeHUE cOCTOSIHUS (2) I7Isl BIAXKHOTO BO3/yXa, 3alUILIEM:

d=622—2Pu , 2/Ke CYX.803.
B-o¢p,

Bennuuna B, Bxozsmas B GopMyity, 3aBUCUT OT reorpauuecKkoro MOJI0KEHNsT MECTHOCTH (IS
HeHTpaibHbIX yacTet Poccum B = 745 mm pm. cm.). Bnarocoaep:kanue BO3qyxa 3aBUCUT OT
OTHOCHUTEJIBHON BJIAXHOCTH, NapLUAJIBHOIO JABJICHHsS HACBIIICHHOIO BOJISHOK Mapa u
O6apoMeTrpuyeckoro namineHus. Jlnsg HacelieHHoro Bo3ayxa (@ = 1) ¢ Bo3pacTaHueM
NapLUHaIbHOTO JABJICHMS (WM TEMIIEPATypbl HACHIICHNS) YBEINYUBACTCS KOJUYECTBO BJIaru B
raze. C yBelnMueHHEM OapOMETPUYECKOIro AABICHMS Blarocojep:kaHue Bo3nyxa nanaet. [lpu
temneparype 6onee 100 °C py, = B, torma ¢opmyna s BiIarocoaep:kaHusi mpuoOperaer
[ (14% 111715 8:3701 &

d

t>100-C

= 622-1 ? , 2/Ke CYX.803.

T. €. BenuunHa d ipu t > 100 °C 3aBUCUT TONBKO OT @.

TennaoconepxaHue BIAKHOTO BO3AyXa, B KOTOPOM cojepkutTcs 1 ke cyxoro Bozayxa u d e
BJIard, MOJKHO IIPEJCTaBUTh KaK CyMMY TEIUIOCOAEPKAHUN (PHTAJIBIIMM) CyXoro rasa u
MIEPErPETOro BOJSHOTO Mapa. Termnocoaepkanue | Kr BIaXHOTO BO3TyXa OTHOCUTCS OOBIYHO K 1
K2 CyXOro BO3ayXxa:

d
I=h +h ——, «/lc/ke 10
» 000 K. (10)

rone hy, = 1,006t — osHrampmmst cyxoro Bo3ayxa, x/[c/ke (1,006 — cpenmHsis yaenbHas
TEIJIOEMKOCTh CYXOTO BO3yXa IMPH IMOCTOSTHHOM JaBJICHUH, K/[c/(ke-epad); hy = (2500+1,97-t)
— SHTAJIBIINA BOJSHOIO Iapa, paBHas cyMMe ero remnocoaepxkanus npu 0°C u tensa neperpesa
ot 0° mo t (1,97 — cpenusis yaenbHas TEIJIOEMKOCTh TEPETPETOro BOISHOTO Tapa, K/[c/(ke -
2pao).
Takum o00pa3oM, TeriocoAepKaHWe BIAKHOTO BO3AyXa Ha | ke Cyxoro BO3ayxa
ompezaensercs no hopmye:
[=1,006t+0,001-d-(2500+1,97t) , k/{orc/xe

W3 3T0ii popMyITBI BUITHO, YTO SHTANBIINS BIAYKHOTO BO3IyXa BO3PACTACT C YBEIIMUCHHEM
€ro TeMIepaTyphbl U BJIarocoJepKaHusl.

TemmepaTypa TOYKH POCBH SBISIETCS OJHONH M3 XapaKTEPUCTUK BIAXKHOTO
Bo3ayxa. [lo »Tol TemmepaType MOXKHO ONPENENIUTh OTHOCHTEIbHYIO BIQXXHOCTh BO3IyXa.



TemmepaTypoil TOUKM POCHI, WIM TEMIIEPATYpOil HACBILIECHHs, HA3bIBACTCA Ta TEMIEpATypa, A0
KOTOPOH cieyeT OXJIaJAUTh BJIAXKHBIN BO3AyX (IIpU MOCTOSTHHOM BJIaroCOZEp>KaHUM), YTOOBI OH
CTaJl HachlleHHBIM [Ipu 3TOM BOASHON Map KOHAEHCUPYETCS U BBINAAAET B BUJE pochl (¢ = 1).
[TapunanpHOE [OaBICHHME BOJSHOIO IMapa Py PAaBHO NABICHUIO B COCTOSHUU HACBIIECHUS Dy.
Temmepatypy TOYKHM POCHI MOXKHO OINPEAEIUTh MO TaONHIAM TEPMOAMHAMHYECKUX CBOWCTB
BOJBI M BOJSHOIO I1apa Kak TEMIEPATypy HACBIIIEHHOTO BO3AyXa IPU MapLUUalbHOM JABJICHUAN
HaChIILEHUs py Wi 1o I—d nuarpamme BiaxxHoro Bosxayxa (puc. 3). 3. Cxema U onucaHue
ycranoBKHU. JlabopaTtopHass yctaHoBKa (puc. 1) COCTOMT W3 MPO3PAyHOTO IUIACTMACCOBOTO
BO3JyXOBOJa 1, BHYTpM KOTOpPOTO YCTaHOBJIEH mcuxpomerp. Ilcuxpomerp cocTtoutr u3 ABYyX
PTYTHBIX TEPMOMETPOB: CYXOr'0 5 ¥ TaK Ha3bIBAEMOT'0 MOKPOTO 4.

3. Cxema u onucanue ycrtaHoBKH. JlaGoparopnas ycraHoBka (puc. 1) cocTrout wu3
IIPO3PAa4YHOrO ILIACTMACCOBOTO BO31yXOBOAA 1, BHYTpPH KOTOPOIO YCTaHOBJIEH IICHXPOMET.
[IcuxpomeTp cOCTOUT U3 ABYX PTYTHBIX TEPMOMETPOB: CYXOr'0 5 1 TaK Ha3bIBAEMOI'0 MOKPOTO 4.
MoKpsIii TEpMOMETP OTJIMYAETCS OT CyXOrO TE€M, YTO €r0 PTYTHBIH TEPMOOAINIOHYMK OOCpHYT
TKaHblO, CMOUYEHHON BojoW. TakuM 00pa3oM, MOKpBII TEPMOMETp MOKA3bIBACT TEMIIEPATypy,
KOTOPYI0 HMEET BOJa, COIAEpKalascs BO BJIAXKHOW TKaHW. OYEBHIHO, YTO C IMOBEPXHOCTHU
MOKpPOH TKaHM (€CIM TOJbKO BJIAXHBI BO3JyX HE SBIISETCA HACBHIIIEHHBIM) IMPOMCXOIUT
HCIIapEHUE BOJIBI

Puc. 1. Cxema 1ab0opaTOpHOil yCTaHOBKH.

VYObuIb BIaru B MPOLIECCE HCMAPEHUS KOMIIEHCHPYETCS €€ IOCTYIUIEHHEM I0A
JeMCTBUEM KaNWUISPHBIX CHJ U3 CIeUUaIbHOro OayutoHyuka 3 ¢ BoJoW. [y yMEeHbIICHHS
MOTPEUIHOCTH TOKA3aHUM MOKpPOTO TEPMOMETPA KOMIIPECCOPOM 2 CO3J1aeTCs MOTOK BO31yXa,
CKOpPOCTh KOTOPOTO M3MEpPSIETCs PACXOAOMEPHBIM YCTpPOMCTBOM Thma Tpyba «Bentypm» 9 mo
nokazaHusiM  U-oOpasnoro Bakyymmerpa 10. Ilpu ngocTmwkeHMH CTallMOHAPHOTO pEeKHUMa
(pa3HOCTh TMOKa3aHMM CyXOro M MOKPOT'O TEPMOMETPOB HE H3MEHSETCS BO BPEMEHH) CYXOM
TEPMOMETP TMOKa3bIBAET UCTUHHOE 3HAYEHHE TEMIIEPATYPhI BIAKHOIO BO3yXa te, 8 MOKPBIA —
TEMIIEPATYPY UCIAPSIOLIEINCS C IOBEPXHOCTH TKAHU BOABI ty.

[Ipuyem, yeM cymie Bo3myx, TeM OOJbIIe TICUXpOMETPUYECKas  pasHOCTh (t. — ty).
[lepexox oT ogHOro pexuma K APYromMy OCYLIECTBIIETCS ITyTEM HM3MEHEHMsI TEMIIEpaTypbl
BO3[lyXa C TIOMOINBIO dJeKTpoHarpeBarenss 6. B pabore mnpenycMoTpeHa BO3MOXKHOCTH
M3MEHEHHUsI CKOPOCTH BO3AYIIHOTO IOTOKAa C IOMOLIbIO IOBOPOTHOM 3aCIOHKH 8, a Takke
U3MEHEHUE BJIArOCONEPkKAHUS ITyTEM BIPBICKUBAHHWA B IIOTOK BO3AyXa BOJSHOTO THapa,
TEHEPUPYEMOT0 B aBTOKJIABE /. M3MepeHue mapaMeTpoB OKPYKAIOLIEH Cpelbl BBIIOJIHIECTCS C
MOMOIIBIO pTyTHOTO 6apomeTpa 11 u Tepmometpa 12.



Pesynbrarel HaOMIOAEHUI BHOCSITCS B IPOTOKOI (Tabnuma 1).

Tabmwnma 1.
NO O6o3Ha Em;mu Howmepa onbiTOB
i Nsmepsiemas BenmnunHa - mamepe | 1|2 |34 |56
YeHHE
H.

1 | Temneparypa cyxoro repMmoMeTpa te °C

2 | Temnepatypa MOKpPOro TEPMOMETPA tu °C

3 | Pa3pexenue B «ropiie» Bo3ayxoMepa H A

p p » P 800.cm.
4 | Ilokazanus 6apomeTpa B moap
5 | TemnepaTypa OKpyKaromel Cpebl toxp °C

4. PacueTHble (pOpMYJIbI H pacyeThl.
1. TIlpuctymas K BBIYMCIEHHUSM, HEOOXOIMMO pacCUMTaTh MCTUHHOE 3HAYEHUE
TEMIIepaTypbl MOKPOTO TEpPMOMETpa ty 10 Gopmye:

, A(t,—t,)
t, =t 6 ———o
100
rze ty — MmokazaHue MOKpOro TepMoMeTpa B ncuxpomerpe, °C; A — ommbKka B IpOLEHTaxX OT
W3MEPEHHOW TICHUXPOMETPUUYECKON pasHoctu (t. — ty), ompenemsemas mo rpaduky puc. 2 B
3aBHCHUMOCTH OT CKOPOCTH MOTOKA BO31yXa; t. — TeMIepaTypa 1o cyxomy tepmomerpy, °C.
2. AtmocgepHOEe [aBJI€HHE HAXOAUTCS C YYEeTOM TEMIEpPaTypHOrO pacIIUpEeHUs
cTosnOuka pTyTu 6apomeTpa no Gopmyie:

°C

B10°
PaTM = —4
1+ 1815107t
3. Ilepenan naBieHus BO3AyXa B BO3AyXOMeEpe:
AP =pgH,Ila
re  p — WIOTHOCTH Bogsl B U-06pasHoM BakyymmeTpe, paHas 1000 k2/u’; g — yckopeHue
cBOGOIHOTO mazneHust, pasroe 9,81 y/cex’; H — mokasanme BakyyMMeTpa («Tropiio»)
BO3JyXOMEpa, nepesedeHnoe B M 800.CHI.
4. [In0THOCTH BO3/IyXa MO COCTOSIHUIO B «TOPJIE» BO3AyXOMepa:
P, —AP
p, = Py, —AP) , ke/m’
R-(t, +273)
rae R — xapakrepuctudeckas ra3oBas OCTOSTHHAs Bo3ayxa, paBHas 287 [owc/xe°K. 5.
Pacxon Bo3gyxa:

, Ia

G =0,52510"" p,"AP , ke/cex
6. Cpennsist ckopocTh oToka W onpesensiercs 1o ypaBHEHHIO

W= i , M/cex
F

rae F — mmomans mpoxoAaHOro cedeHus Ui MOTOKa Bo3ayxa, paBHas Benuunne 0,0177, M.
7. II10THOCTH BO3MlyXa p B pacCMaTPUBAEMOM CEUEHUU MpU aTMOC(HEPHOM JIaBJICHUU TIO

dbopmye:
P at™ 3
/M

p =k
R(t_+273)
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Puc. 2. I'paduk ns onpeneneHus: BETUYHHBI OMIMOKHU K TTOKa3aHUSM MOKPOTO TEPMOMETpa MPH
pa3HOM CKOPOCTH BO3yXa
8.0mnpenesneHne OTHOCUTEILHON BIIAXKHOCTH:
a) 10 TICUXPOMETPHUECKOH GopmyIie

:p_n_ pM _A‘(tc _tM)_IOO, %

Py Py

I/I€ Py — JaBJICHHUE HACBIILEHUS BOJSHOTIO Mapa Ipy U3MEPEHHON TEMIIEpAaType MOKPOTO
TEPMOMETPA; Py — JaBJIECHUE HACHIIIEHUS BOASHOIO Mapa MpH TEMIEpaType CyXOoro TepMOMETpa.

BenuuuHbl py ¥ puy HAXOAATCS MO TaOJHMIIaM TEPMOJUHAMUYECKHX CBOWCTB BOJIBI U
BOJISIHOTO TIapa WJIM 110 PEKypPPEHTHON (hopMyIie MoJIMHOMA:

p=0610,41+ (44,49 + t-(1,143 + t-(2,67107 + t-(2,6110™ +t-2,85107°%)))), ITa

9. TlompaBouHblii KOX(QQHUIMEHT A, YYHUTHIBAIOIIUI BIUSHHE CKOPOCTH BO3/YyXa,
HaxoJUTCA 10 GhopmyIie:
6,76

W

rae B — 6apomerpudeckoe paBienne; W — CKOpOCTh BO3yXa, M/cCeK.

A =0,00001-(65 + )'B,
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Puc. 3. I-d muarpamma
0) mo I-d mmarpamme (puc.3). [[ns HaAXOXKIEHUS OTHOCHUTEIHHOW BIIAXXHOCTH HA JUarpaMMme
ClleflyeT HAHTH TOYKY MEpPECedeHHs M30TepPM te M ty. 3aTeM MyTeM HHTEPIOSINH MEKIY
JUHUSMH (@ = const ONpEIeNseTcss OTHOCUTENbHAs BIaXHOCTh B %. Kpome Toro, mo I—d
JMarpaMMe BIIa)KHOTO BO3/yXa B COOTBETCTBUU C HAHJICHHBIM MOJIOKCHUEM TOUYKH HU30TEPM t, U
ty, ONPEIENSIOTCS: BJIATOCOACPIKAHHE, TEIIOCOACPKAHME, TEMIEpaTypa TOUKH pOCHI M
napIragbHOE AaBJICHUE BOISHOIO Mapa BO BIAXKHOM BO3yXe.




10. AGcomnroTHas BIaKHOCTH BO3/1yXa Py OTPENENIAETCS IO YPABHECHHUIO COCTOSIHHUS:

p, = R 230 PP, , keI’
c(273+1))
3ACCh U OAJIEC (0 — OTHOCUTCIIbHAA BJIAXKHOCTH B NOJIAX CAWHUIIBI, Rn — XapaKTCPUCTUICCKAA
ra3oBasi IOCTOSTHHAS BOJISTHOTO Tiapa paBHast 462 /[oic/(ke'epad),; py — NaBlIEHUE HACHIIICHUS
BOJISTHOTO TIapa MY TeMIIEpaType CyXoro TepMomeTpa, I1a;
11. [NaprmanpHOE IaBieHHE MTapa BO BIAKHOM BO3IyXe 1Mo hopmyiie:

P, =9p,,lla

Pesynbrathr pacueroB o opmysiaM U HaiieHHbIe 110 [—d nuarpamme BIaKHOTO BO3IyXa
JIOJDKHBL OBITH TpoyOnaupoBaHbl B (popMe CBOAHOI TaOIHIbI 2.

Tabmuia 2.
Ennnanng Howmepa omnbiTo
n/n BEJIMYMHA YEeHHE | U3Mepe
H123456123456
HUctuanoe
3HAUEHUE ;
1 [ °C
MOKpOTO
TepMOMETpa
OTHOCHUTENIbHAS
2 [0) %
BJIAaXHOCTh
3 Bnaroconepxa d e/ke
HUE CYX.803.
AOconroTHas
4 Pr ke/m’ e el R
BJIAaXHOCTh
Temnocoaepxa
5 | Hue I K/ic/ke
(PHTAITBNHS)
ITaprmanbpHOE
6 P Pn Ila
JTaBJICHUE T1apa
[TapuuansHOE
7 JaBJICHUE Pu Ila
HaCBIILICHUS
Temnepatypa
8 patyp trp °C I N e
TOYKHU POCHI

5. KoHTpOJIbHBIE BONIPOCHI.

1. Chopmynupyiite nens 1abopaTopHOi pabOThl M MOSCHUTE, KaK JOCTUTAETCsS MOCTaBICHHAs
1ens?

2. HazoBuTe OCHOBHBIE y3JIbl SKCIIEPUMEHTAIIBHONW YCTAHOBKU U YKAKUTE X HA3HAYCHUE.

3. Kak Bbpl moHMMaeTe TakHe COCTOSHHS, KAaK HACBHIIICHHBIM M HEHACHIIICHHBINA BIIAKHBINA
BO31yX?

4. Kak Bbl oTHOCHTECH K TEPMHUHY «I1€PECHIILICHHBII BIaXXHbIN BO3AYX?

5. Kak ¢QopmynupyeTcs M 3amuchiBaeTCs 3aKOH MapIHalbHBIX JaBICHUN M7 BIAXKHOTO
BO3ITyXa?

6. Uto Ha3bIBaeTCs aOCOMIOTHON, OTHOCUTENIBHON BIQXKHOCTBIO U BJIAr0COAECPKAHUEM BIIAYKHOTO
BO3ITyXa?

7. Kak BpIpakaeTcs M U3 4Yero CKIQAbIBACTCS TEIIOCOAEpKaHHE (SHTANBIHS) BIAKHOTO
BO3ITyXa?

8. [louemy c yBenMuYE€HHUEM TeMIEpPaTypbl BIAXKHOTO BO3/lyXa €r0 OTHOCHUTEIbHAs BIIA)KHOCTh
yMeHbIlaeTcs?

9. Uem Bpl MoxeTe OOBACHUTH BIMSHHE CKOPOCTH BO3AyXa Ha OTKIOHEHHE MOKa3aHUs
CMOYEHHOT'O TEPMOMETPA OT UCTUHHOTO 3HAUCHUS TEMIIEPATypbl MOKPOTO TepMoMeTpa?



10. Kak ycrpoena muarpamma I-d BmaxHOro BO3myXa W, KakuM OOpa3oM OIPEIENSIOTCS
HapaMeTphl BIQKHOTO BO3JyXa C IOMOIIBIO JWArpaMMbl MO MOKA3aHUSIM CyXOTO M MOKPOTO
TEPMOMETPOB?

11. Tlokaxkute Ha AMarpaMMe M TIOSICHUTE TIPOIECCHI «CyXOro» HarpeBa M OXJIaXKACHHS
BJIAYKHOT'O BO3/1yXa.

12. TlokaxxuTe Ha aWarpaMMe M TMIOSCHUTE TIpollecC aauabaTHOTO HACHIIMICHUS BIIAYXKHOTO
BO3/lyXa.

13. JlaiiTe onpeaeneHne NOHATUIO TOYKU pockl. Kak onpenernseTcs Temneparypa TOYKA pOChl Ha
auarpamme?

14. KakoBa CBsI3b MEXAY OTHOCUTEIIBHOM BIAKHOCTHIO BO3/1yXa U €ro BIarocoJiepx anuem?

15. [aiiTe BBIBO/ aHATUTHUYECKON (hOPMYJIBI AJIs pacueTa aOCOMIOTHOM BIaKHOCTH BO3yXa.

16. JlaiiTe BBIBOJI aHATUTHIECKOM (hOPMYJIBI ISl pacueTa BIarocoAep)KaHus BO3ayXa.

17. [TaiiTe BBIBOJ aHATUTHUYECKON (hOPMYJIBI JJISl pacueTa TEIUIOCOAep KaHus (SHTAIBITHH)
BO3/1yXa.



Paboma No3

NCCIEJOBAHME ITPOIHECCA UCTEYEHUSA BO31YXA
YEPE3 CYXKUBAIOIIEECSA COILIO

1. Heas padoThI. HccnenoBanue 3aBUCMMOCTH MAacCOBOIO pacxojia BO3AyXa uepes
CYKUBArOMCeCd COIJIO OT OTHOIICHUA JaBJICHHUS 3a COIJIOM K OABJICHUIO IEPEA COIIJIOM.

2. OcHoBHBIE MOJI0:KeHUs1. KaHan, B KOTOPOM C YMEHBIICHUEM JIABJIEHUS CKOPOCTh T'a30BOIO
MOTOKAa BO3PACTAET, HA3BIBAETCS C O N.10OM, KaHAll, B KOTOPOM CKOPOCTb ra3a yMEHBIIAeTCs, a
JTaBJICHUE BO3PACTaET, Ha3bIBaeTCs O u @) py30p om. IlockoabKy Ha3HAYECHUEM COILIA SIBJISAETCS
npeoOpa3oBaHre MOTCHIMATBHOW SHEpPrud pabodero Tena B KHUHETHYECKYIO, Ui aHau3a
MPOUCXOJSIIEr0 B HEM Ipoliecca HadajdbHas CKOPOCTh IOTOKA SIBISIETCS HECYIIECTBEHHOU, U
MoxHO TipuHATH W = 0. Torna ypaBHeHHE MEPBOTO 3aKOHA TEPMOJMHAMUKHU TPU auabaTHOM

HUCTCUCHNU pa60qero TEJIa 4€pE3 COILIO MPUHUMACT BHU:
2 P

W,
I, =T°=—jv'dp=hl ~h,,
P
rae Wo—rteopeTudeckasi CKOpOCTh IOTOKA B BBIXOJITHOM CEUEHHUH coIuia; P — HadanpHOE
nasiieHue pabouero tena; P, — naBiieHue cpelbl, B KOTOPYO MPOUCXOAUT HCTEUCHHUE.

Paznocte osHTamemuit (h; — hy) mpm ucTeueHWM dYepe3 coIUla TAaKXKE HA3bIBACTCA
pacroniaraeMbiM TeIUIONaJieHHeM u o0o3HadaeTcst 4epe3 hyg. OHa COOTBETCTBYET TOMY
MaKCUMyMy KHHETHYECKOW 3HEPruH, KOTOPBIM MOXET OBITh IMOJY4YeH JHIIb B HACATbHBIX
YCIIOBHSIX UCTCUCHHUS, a (DAKTUUECKU M3-32 HEU30CIKHBIX TIOTEPh, CBA3aHHBIX C HEOOPATUMOCTHIO
mpolecca, HUKOT1a He TOCTHTaeTCsl.

Ucxomst u3 paBeHctBa Wi /2 =h), TEOPETHUYECKYH CKOPOCTb HCTEUCHHS Paboduero
TeJa 4epe3 COIUIO B pacCMaTPUBAEMOM CITydae MOKHO OMPEAETUTh M0 (opMyIie:

W, =,/21000-h, =44,72-\/h, , m/cex

3nech hy BeIpakeHO B K/[owc/ke. ITO COOTHOIICHHUE CIPABEIIMBO ISl JTIOOOTO pabouero
Tena.

PaccmoTpum anmabaTHOe MCTEYEHHME ra3za 4yepe3 CY)KHMBAIOIIEecs COIUIO M3 pe3epByapa
(puc.1) mocTaro4Ho 6ONBIIOTO 00BEMa, B KOTOPOM M3MEHEHHEM JaBJICHUS MOXKHO TpeHeOpeyb
(P; = const).

T 2 Puc. 1. Ucteuenue raza us pe3€pByapa 4€pe3
p1 Iy

Wi

CYKUBArOmieecs COILIO.

' {2

B pesepByape raz umeer mapametpsl Py, Ty, vi (p1), @ Ha Beixoae u3 comna Py, Ta, vz (p1),
W,. JlaBiieHue cpenpl, B KOTOPYIO MPOWCXOJUT UCTCUEHHUE Traza, o0o3HaumMm Po. OcHOBHOM
XapaKTePUCTHKOW TMpoliecca HCTEUEHHUs SBISETCS OTHOIIEHHWE KOHEYHOTO JMAaBIEHUS K
HaYaJbLHOMY, T. €. BelimauHa = Po/P;.
B 3aBucMMOCTH OT OTHOIIIEHUS JABICHHUI MOXHO BBIACTUTH TPHU XapaKTEPHBIX PEKUMa
UCTEUEHUsl rasza: npu P>y, — AOKpUTHUECKHM, pu B = Py — KpuTHUecKUd U 1pU PB<Pip,—
CBEPXKPUTUYECKHUI PEKIMBI.

3HavueHwe [, TpU KOTOPOM pacxoi Tras3a JOCTUTAaeT MaKCHUMyMa, Ha3bIBaCTCs
k

k+1
annabaTel, BeTUIHHA Py, SBIIICTCS (PU3NIECKON KOHCTAHTOM Ta3a, T. €. OJHON U3 XapaKTCPUCTHK
ero ¢usnueckux cBoicTB.IIpu nokpuTHUeckoM pexxume uctedeHus (f>Pxp) B COIIE MPOUCXOIUT
MOJTHOE pacCIIMpEHHE ra3a C MOHMKeHueM JaBiieHuss ot P; o Py, Ha cpese comna P, = Py,

2 k-l
KPUTUUECKUM Pyp, 1 HAXOTUTCS 110 (hopMyIIe: By = ( , Kak wu noka3zarens



CKOPOCTh Ha BBIXOJIE MEHbBIIIE CKOPOCTH 3ByKa (puc. 2,a), pacrmonaraemas pa0oTa,
COOTBETCTByIOIIAs Tuiomaau 1'-1-2-2'-1',  moMHOCTBIO  pacxoayeTcs Ha  yBEJIUYCHHE
KUHETHYecKoi sHepruu rasza. [Ipu kpuruueckom pexume (f = Pyp) TakKe MPOUCXOTUT TOTHOE
pacmMpeHue raza B mpefenax comua, Ha cpese comia Py = Py, = PPy, = Po, ckopocTh Ha
BBIXOJ/IC paBHAa KPUTHYECKOW CKOPOCTH — CKOPOCTH 3ByKa (puc. 2,0), pacmoiaraemas padora
MOJTHOCTBIO PACXOAYETCSl Ha YBEJIIMUCHUE KHHETHYECKON dHEpruu rasza. [Ipu cBepXKpUTHYECKOM
pexume (B<Pgp) B Mpenenax comiia MPOUCXOAUT HEMONIHOE pacHIMpeHUe ras3a, JaBJICHHE
MOHMKAETCS TOJIBKO JIO KpUTHYECKoro, Ha cpese coria Pr=P,=P;-Bx,>Po, ckopocTh Ha BbIxOIE
paBHA KPUTUYECKOW CKOPOCTH — MECTHOM CKOPOCTH 3BYKa (puc.2, 8). JlanpHeilliee paciiupeHue
rasa v MOHWXEHHUE ero AaBjeHus 10 Py ocymecTBusercs 3a npeaenaMu cormia. Ha yBennuenue
KMHETUYECKOW YHEPTHH PACXOIYETCsI TOJIBKO YacTh pacrojiaraeMoi paboThl, COOTBETCTBYIOIIAS
mwiomaan 1'-1-2-2'-1', apyrasg ee wyacTb, COOTBETCTByromas Iuiomamu 2'-2-2¢ -2¢-2', B
CY>KHMBAIOILLIEMCS COILJIE OCTAETCSA HE peaTnu3yeMoil.

) 6)
“ B>p xp P B':BKP

Puc.2. [Ipouecc ucreueHus raza B vp — KOOPAUHATAX M XapaKTeP U3MEHECHUS
CKOPOCTH 3BYKa U CKOPOCTH UCTEUEHHUS raza

a —npu B>By,; 6 —1pu B = P,; 6 — 1pu f<Py,

CkopocTh ra3a Ha BBIXOJIE M3 CYXKUBAIOIIETOCS COIIa OMpeensiercs no Gopmynam:
JUIs TIepBOro ciayyasi, koraa >B«, P2= Po:
k-1
k ©
W, = [2——P,v,{1-P ,
k-1

JUISL BTOPOTO U B TPETHETO CiIydaeB, Koraa B = PBup, @ P2 = Pyy = P1-Pxp = Po 1 P<Pyp,
P>=P.,=P1-Bp>Po

k-1
W = 2.%.})1.\,1.1_ kol

Kp Kp

WY, IOJICTaBUB 3Ha4eHUE Py, U3 popMysl (3), HOTyduMm:

Wkp = 2%1)1 Vi,
V +

TOrJ4a Impu yCJIOBUAX aZ[I/Ia6aTHOFO HUCTCUCHUA

k 2 Y\
W =2~ P.wv {2 | =JkP v =C,



[Tomydennass ¢opmynia IMOKa3bIBaeT, YTO KPUTHUYECKAs CKOPOCTh HCTCUYCHHUS Ta3a W3
COIlIa paBHA CKOPOCTH PacIpOCTPaHEHUsI 3ByKOBOW BOJHBI B 3TOM Ta3e Mpu ero napamerpax Py,
U Vp, T € MECTHOM CKOPOCTH 3ByKa C B BBIXOJHOM CEUECHUH COILIA.

B srtom conepxkutcs ¢usznueckoe OOBSICHEHHE TOMY, YTO IMpPHU CHIXKEHUH BHEIIHETO
nasnenus Py uuxe Py, CKOPOCTh UCTEUEHUS HE U3MEHSIETCS, @ OCTAeTCsl paBHOU W,

HeiictBurensHo, ecnu Pp>Py,, To Wo<W,, unu W(<C, To BCsIKO€ MOHUKEHHUE JaBICHUS
Py mepenaercs BAOIb comia B HANIPaBIEHUU, OOPATHOM JIBIXKEHUIO MOTOKA, CO CKOpOCcThio (C —
Wop) > 0. IIpu 3TOM mpoHCXOAUT TMepepacupenesieHne AaBICHUS U CKOPOCTEH MO BCeW IMHE
comia: B  KaXJAOM MPOMEXKYTOUHOM CEUEHHWU YCTAHABIMBACTCS HOBas  CKOPOCTb,
COOTBETCTBYIOIIAs OoiblieMy pacxoay rasza. Ecmu ke Py cHusutcs no Py, TO mampHeiimiee
MOHM)XEHUE €r0 yXKE€ HE CMOXKET paclHpOoCTPaHATHCS BAOJIb COILIA, MOCKOJIbKY CKOPOCTH €ro
pacnpocTpaHeHHs] HaBCTpedy MNOoToKy cHusurca 1o Hyias (C — W) = 0. Iloatomy B
MIPOMEKYTOUHBIX CEUEHUSX COIIA PACXOJ ra3a He U3MEHUTCS, He U3MEHUTCSI OH U B BBIXOJAHOM
CEYEHUH, T € CKOPOCTh UCTEUECHHS OCTAHETCS IMIOCTOSTHHON U paBHOU Wi,

3aBUCUMOCTh CKOPOCTHM M pacxoja Ta3a Ha BBIXOAE M3 CYXKHUBAIOUIETOCS COIUIa OT
oTHomeHus nasnenuii = Py/P| moka3ana Ha puc. 3. DKcriepuMeHTaIbHO 3Ta 3aBUCUMOCTh ObLiIa
nosyueHa A.Cen-Benanom B 1839 rony.

G Puc. 3. U3meHenne ckopoctu

Coruno JlaBBarist UCTCUYCHUA M pacxoJa Trasa
CyxuBaroreecs e
COILIO

4yepe3 CyKuBaromieecsa COIlIOo

U coruto JlaBajig oT oTHOIIE-

HUS JTaBJICHUH.
Bio 1,0 B Bip Lo B

B oTnuune oT TeopeTuyeckoro M303HTPOMUIHOTO AEMCTBUTEIBHBINA MPOIECC UCTEUCHUS
pEaNBHOTO Ta3a MPOUCXOIUT TPU TPSHHUH YaCTHI] Ta3a MEXIy cCO00iM W O cTeHKH KaHana. [Ipu
sToM paboTa, 3aTpauMBaeMas Ha TMPEOJOJICHHE CHJI TPEHHUs, MpeodpaszyeTcss B TEIUIOTY, B
pe3ybTaTe 4ero TeMIIepaTypa U SHTAIBITUS Ta3a B BBIXOJHOM CEYCHHH KaHaJla BO3PACTAIOT.

Hcreuenue raza ¢ TpeHHEM CTAaHOBUTCS HEOOPATHMBIM IPOILIECCOM M COMPOBOXKIACTCS
YBEIIMUEHUEM SHTPOIIUH.

Ha puc. 4 B sh - koopauHaTax mpeacTaBieHbl MPOLECCHl pacIMpeHus raza 1-2 mpu
UCTeYeHUHU 0e3 TpeHus U 1-20 mpu ucTeueHnu ¢ TpeaneM. [Ipu ognHakoBOM nepenasie JaBIeHUN
P, — P, nefictButensHslil Teruonepenan Aho = h;-h,, mensiie pacnonaraemoro Ah = h; — h,. B
pe3ynbpTare d3TOr0 JCHCTBUTENbHAs CKOPOCTh MCTCUEHHUS Taza OKa3bIBaeTCS MEHBIIE
TEOPETUYECKOM.

h

PHe. 4. T303HTPOIHHAHEE H JAeHCTBHTEILHLIH
IPOIIECCh] HCTEYEHHY ra3a B sh — piarpaMme

5

OTHoOIIEHHE Pa3HOCTU PACIIOIAaraeMoro M JIEHCTBUTENBHOrO TEIUIonepenanoB (MoTepu
TEeIJIoNepenanga) K paclojiaraéMoMy TEIUIONEpenaay Ha3blBaeTcd Koo duyuenmom
nomepu 3Hepauu

Cc = (Ah — Aho)/Ah
Otcroma
Aho = (1 — {.)-Ah

Kosgppuyuenmom nomepu ckopocmu Ha3bpIBaeTCs OTHOIICHHE JIEHCTBUTEIBHOMN
CKOPOCTH MCTEUEHMSI K TEOPETUUYECKOU



=W

Koapdurmment mnorepu CKOPOCTH, YUYWUTHIBAIOIIMKA yMEHBIICHHUE JICHCTBUTEIHHOMN
CKOPOCTH I10 CPaBHEHHUIO C TEOPETUUECKOM, B COBPEMEHHBIX corutax paseH 0,95 - 0,98 .

OtHomieHne  JOeHCTBUTENBHOTO  Terutonepenaga  Aho K  TEOPETHUYECKOMY
Ah, unn AelcTBUTETPHON KMHETHYECKOH SHepruu Wy /2 Kk TEOPETUYECKOU W?%/2 HazbiBaeTcs
Kosd(ppuyuenmom noneznoeco Oeticmeus KaHala

_Ah, Wy
AR T W
C yuerom Beipaxenuii (8) u (10)
nK = (p(2; = ]‘_Cc >

3. CxemMa n onMcaHue YCTAHOBKH.

Bo3ayx or pecuBepa MOpPIIHEBOrO KOMIpeccopa (Ha cxeMe He mokaszaH) (puc. 5) 1o
TpyOOIPOBOTy MOCTYIIAET Yepe3 U3MEPUTEIbHYI0 nuadparmy 1 K cyxuBaromemycs comry 2. B
KaMmepe 3 3a COIIOM, KyJa MPOMCXOJUT HCTEUEHUE, MOXKHO YCTaHABIUBATh pa3UYHbIC
JABJICHUSI BBIIIE OApOMETPUYECKOrO0 MyTeM H3MEHEHHs! MPOXOJHOTO CEUeHHUs IS BO3JyXa C
MOMOIIIBIO BEHTHJIA 5. A 3aTeM BO3yX HampasisieTcsl B aTMochepy.

Comuio BBINOJHEHO C IUIABHBIM CYy)KeHHeM. J[nameTp BBIXOAHOTO cedeHus coruia 2,15 mm.
CyXUBarOmuiicss yd4acTOK COIUIa 3aKaHYMBACTCS KOPOTKHM IWIMHIPHYECKUM YYacCTKOM C
OTBEpPCTUEM JIs 0TOOpA U perucTpaiuu aasieHus Py,' u Temneparypsl tyy B BBIXOJHOM CEUEHUU
coruta (pubop 12)..

N3meputenbras auadparma 1 mpeactaBiseT cOO0M TOHKHM JUCK C KPYTJIIBIM OTBEPCTHEM
0 LIEHTPY ¥ BMECTE C AUPMAHOMETPOM 7 CIYKUT JIJIsl H3MEPEHHUS Pacxoia BO3ayxa.

10

\
b

._.
—
I

(N N N A

4

Hs womopeccopa Barmochepy

PHC. 5. CxeMa YCTAHORKH.

Temmneparypa u J1aBieHUE BO3/yXa B OKPYKAIOLIEH cpelle U3MEPSAIOTCS COOTBETCTBEHHO
TEPMOMETPOM & U YallleYHbIM PTYTHBIM 0apoMeTpoM 6.

Temmepartypa ¥ JaBJeHHE BO3[AyXa Iepel H3MEpUTeNbHOW auadparMoii 3amepsieTcsi C
MIOMOIIbI0 KOMOMHMPOBAHHOrO mpubopa 9 , a mepen comioMm — npudopom 10. [laBrnenue 3a
COIUIOM M3MEpSETCS MAaHOMETPUIECKOM YacTbi0 KOMOMHUPOBAHHOTO mprbopa 11.



Bce mokazanus mpruOOpoB 3aHOCITCS B MPOTOKOJ HaOMoieHu# (Tabnuma 1).

Tabmuma 1.
Envnn Howmepa onbiToB
006031 A B oMcepa o o
Ne | UM3mepsemas a bl
n/m BEJIMYMHA mwamepe| 1 | 2 | 3 |4 |56 7|8 ]9 10|11
YeHue
[Toxazanue
1 Mmanomerpa nepen| Py amu
madparmoit
[TokazaHue
2 |ma"ometpa niepena| Py amu
COILIOM
[Toxazanue
MaHOMeETpa B
3 p Py, amu
BBIXO/IHOM
CEUEHHH COILIa
[Toxazanue
4 |maHoMeTpa 3a Poy amu
COILJIOM
5 IToxazanus o MM
mumanomeTpa 800.cm.
Temmeparypa
6 [mepen t °C
radparmoi
Temmeparypa
repes] CorioM
Temneparypa B
8 [BBIXOJHOM t2 °C
CEUEHHH COIlIa
Temmeparypa
9 lokpyskaromiei ts °C
Cpebl
[ToxazaHus
10 B moap
OapomeTpa

4. PacueTHble (pOpMYJIbI H pacyeThl.
1. AtmocdepHOe [aBlI€HHE HAXOIUTCS C YYETOM TEMIIEpaTypHOro pacIIupeHus
cTONIOMKA pTyTH OapomeTpa 1o popmyre:

P - B10’
™1+1,815107

a

2. IlepeBojg mokazaHuii 00pa3LoBBIX MaHoMeTpoB Py, Py, P2y’ u P,y B abcomoTHble
3HA4YEHUs JaBICHUN 10 popMyIIe:

4
P=P,, +P,=P,, +gP10", Ila

rae g — ycKopeHue cBOOOIHOro maneHms, paBHoe 9,81 wm/cex’; Py — TOKa3aHMs OHOTO U3
YeThIpEX MAaHOMETPOB U3 TaoI. 1.

3. Ilepenan naBieHus Bo3ayxa Ha quadparme:

AP =pgH,Ila



rae  p — IWIOTHOCTH BoAwl B U-00pa3sHom Bakyymmerpe, paBHas 1000 xe/m’; H — mokasanue
TU(pMaHOMETPA, nepegedentoe B M 00.CHI.
4. TInoTHOCTH BO3/yXa MO COCTOSHUIO TepeT AuadparMoi:
P 3
p,=————,Ke/m
R-(t+273)
rie R — xapakrepucTrueckas ra3oBasi IOCTOSTHHAs BO3ayxa, paBHas 287 Jowc/ke:°K.

5. JleficTBUTENBHBIN pacxoa Bo3aAyxa yepe3 nuadparmy (cieaoBaTeIbHO, YEPE3 COTIO):
G,= 2,745107- p, AP, ke/cex

6. TeOpCTI/IquKaH CKOpPOCTBb UCTCUYCHUSA B BBIXOJJHOM CECUCHHU COILIA:

W, =44,72-\/(h, —h,) = 44,72~/ Ah , m/cex

7. 3Ha4eHUS YHTAIBIHAKN Bo3ayxa h; nhy B ceueHMsX Ha BXOJI€ M HA BBIXOJIE U3 COILIA
oTpeieNIeTCs 0 00IIEMy YPaBHEHHUIO:
h; =c, -t;, kllouc/ke

Ie Cp— TEIIOEMKOCTh BO3/yXa P IOCTOSHHOM JIaBJIEHUU, KOTOPAsi MOXKET OBbITh NPUHATA HE
3aBUCALIEH OT Temneparypel M paBHo 1,006 x/owc/(ke-°C); tj — TemmepaTypa B
paccmatpuBaeMoM ceueHud, °C; j — MHIEKC pacCMaTPUBAEMOTO CEUCHHUS.

8. Teopernyeckoe 3HaYCHHE TEMIEPATYPhl B BHIXOJHOM CEUCHHH COIUIA HAXOAWTCS W3
yCIIOBUS ainabaTHOTO TMpoliecca UCTeUeHUs o (hopMyIie:

k-1
T, =T, (B ) ¥ » K, tb=To— 273, °C

rne  Ppace — pacUeTHOE 3HAYCHHUE OTHOIICHUS NaBiIcHUH. BemuumHy Ppacs MPUHUMAIOT TIO
JTAHHBIM TaOJUIIBI PE3yJITATOB pacyera (Tabmuiia 2) /Ui KOHKPETHOTO OIbITA, KOT/Ia PEXHUM
UCTCUCHHS OKPUTHUECKUH, T.€. Prass > Pxp, TOTIA PACUYCTHOE OTHOIICHWE JABIICHUN PaBHO
TaOIUIHOMY (Bpacy =Pracn); A BCEX OCTAIBHBIX OIBITOB, KOT/Ia PEKUM UCTCUCHUST KPUTHUCCKHIA
WIM 3aKPUTHYECKUN BEMUYHMHA Ppacy NPUHUMAETCS PaBHBIM Py, (He3asucumo om OanHvix
mabauybl 2) U HAXOAUTCSA B 3aBUCHMOCTH OT TOKasarens aauabatei(dns eozdyxa k = 1,4).
TabmuHoe OTHOIICHUE TABICHUHN [bra6;, HAXOIUTCS 11O OTHOLIEHHUIO aBieHuid Py/Py.

9. JelCTBUTENBHBIM MPOIECC HCTEUCHHS COMPOBOXKAACTCS YBEIMYCHHEM SHTPONUU U
temneparypsl Ty (puc. 4).JlelicTBUTEIbHAS CKOPOCTh HCTEUEHUS TIPU 3TOM TAK)KE YMEHBIIIASTCS
U MOXET OBbITh HaliJIeHa 10 YpaBHEHUIO:

W,, =44,72-\/Ah, =44,72-\/h, —h,, , m/cex



10. Pe3ynbTaThl pacuyeToB AOHKHBI OBITh MPOAYOIMPOBaHbl B (hOPME CBOTHON TAOIHIIBI 2.
Tabnuna 2.

Hsmepsemas
BEJIMYMHA

0O0603Ha

YCHUC

Exnnu
LBl
n3mepe

H.

Howmepa onwiToB

516

7

10

11

[aBnenue mnepen
aradparmoii

P

Ila

[aBnenue mnepen
COILIOM

P,

JlaBnenue B
BBIXOHOM
CEUYCHHUH COILIa

Py’

JlaBnenue 3a
COTLIIOM

P>

Ila

Tabmnunoe
OTHOIIIEHUE
JaBJICHUUN

BTaGH

PacuetHoe
OTHOLIIEHUE
JaBJIICHUN

Bpacq

Ilepenan
JIaBJICHUS Ha
nuadparme

AP

[ImoTHOCTH
BO3AyXa  mepen
aradparmoii

3
Kxe/m

JlercTBUTEIbHBIN
pacxoll  Bo3dyxa
(¢ mounocmwio 0o
mpex  3HAYAWUX

yugpp)

K2/cex

10

TeopeTnueckas
TeMIeparypa B
BbBIXOJHOM
CEUCHHUH COIa

T,

11

JleicTBuTeNnbHAS
TeMIeparypa B
BBIXOHOM
CEUYCHHUH COIlIa

T2

12

TeopeTnueckas
CKOpPOCTh
UCTEUYEHHUS

W,

Mm/cex

13

JleicTBuTENBHAS
CKOPOCTH
HUCTCUCHUS

Wa,

M/cex

14

Koaddumnment
MIOTEPHU SHEPTUU

Ce

15

Koaddunment
MIOTEPU CKOPOCTH

Oc

16

Koaddunment
M0JIE3HOTO
NEUCTBUS KaHajia

Nk




I[To  pe3ympTaTam pacyeTOB IOCTPOUTh B COOTBETCTBYIOIIEM MaciiTabe rpaduk
3aBHCUMOCTH pacxoia raza OT OTHOIICHUSI JaBJICHHH.
5. KoHTpoJIbHBIE BONIPOCHI.
1. ChopmynupyiiTe 11emb J1a00paTopHOM PabOTHI W MOSCHHUTE, KaK JOCTUTACTCS MOCTaBICHHAsS
uenb?
2. HazoBuTe OCHOBHBIE y3J1bl KCIEPUMEHTAIBHON YCTAHOBKU U YKaKUTE UX HA3HAYCHHE.
3. JlaiiTe onpeneneHue NpoueccoB UCTEUEHUS U IPOCCETNPOBAHUSL.
4. Hamumwure ypaBHEHHE TMEpPBOIO 3aKOHA TEPMOJIMHAMUKMA MPUMEHHUTEIBHO K MPOLECCY
HCTEUYECHUSI.
5. Hanumurte ypaBHEHHE MEPBOr0 3aKOHA TEPMOIAMHAMHMKH TMPUMEHHUTENIBHO K Mpoleccy
JPOCCEIUPOBAHMUS.
6. Kak u3meHseTcss CKOpOCTh UCTEUEHUS Yepe3 CYKUBAIOIIEecs COIIo Mpu u3MeHeHuu 3 ot 1 1o
0 (moxaxuTe KaueCTBEHHOE U3MEHEHHUe Ha rpaduke pacxoaa)?
7. UeM 0OBsICHSIETCS MIPOSIBIIEHUE KPUTHUECKOTO PEKMMA IIPU UCTEUEHUN?
8. B ueM paznuume T€OpEeTUYECKOTO U ACHCTBUTEIBLHOTO MPOLIECCOB UCTEUEHUS?
9. Kak m300pakaeTcsi TCOPETUIECKUNA U TEUCTBUTEIIBHBIA MTPOIIECCH HCTEUCHUSI B KOOPAMHATAX
h-s?
10. Tlouemy OTIMYAKOTCA TEOPETHUECKAs M JEHCTBUTEIbHAS TEMIIEPATYPHI BO3AyXa HAa BBIXOJIE
U3 coIUIa NpU UCTeUEHUn?
11. Ha kakoM OCHOBaHWHM MPOIECC APOCCEIUPOBAHUS MCIIOIB3YETCS MPU U3MEPEHUU Pacxoja
BO3/IyXa?
12. Kak MOKeT U3MEHAThCS TeMIIepaTypa Bo3ayxa B MPOIIECCE IPOCCETUPOBAHUS?
13. Ot 4ero 3aBUCAT BETUYMHBI KOXPDUIIMEHTOB: TOTEPH CKOPOCTU (P, TOTEPU PHEPTUH (, U
MIOJIE3HOTO JICUCTBUS KaHaJa 1);?
14. Kaxkue kanasbl Ha3bIBalOTCS COMIIAMK?
15. Ot kakux nmapamMeTpoB 3aBUCAT PACX0] U CKOPOCTh ra3a MpU UCTEUEHUU Yepe3 COIIo?
16. Tlouemy Temmnepatypsl Bo3ayxa nepen auadparmMoit u nepes CorioM paBHBI?
17. Kak W3MEHSIOTCA OSHTAIBIUS W SHTPONHUS TMOTOKA Tra3za, MPHU MPOXOXKICHUU dYepes
nadparmy?



Paboma Ne4

ONPEAEJIEHUE KOO®PUIIUEHTA TEIIJIOITPOBOJHOCTH
TEIJIONU3O0JSAIUOHHOT O MATEPHUAJIA (MeTO MIHHAPUYECKOTO CIIOST).

1. eap paboTsl. OcBoeHue OJHOTO W3 METOJOB OMNpeneleHuss KodppHUIHeHTa
TEIUIONPOBOAHOCTH TEIUIOM3O0JIALMOHHBIX MaTepuanoB (METOJl UWIMHIPUYECKOTO CJOos) U
3aKpeIICHUE 3HaHUM 110 TEOPUH TEIIONPOBOAHOCTH.

2. OcHoBHBIe MoJ10:keHHs1. Terutora sBisieTcss HanboJyiee YHHBEpCaTbHON (hopmoil mepemaun
SHEPIUHu, BO3HUKAIOUICH B pe3ysbTaTe MOJIEKYJIIPHO-KUHETUYECKOTO (TEIUIOBOTO) JIBUIKECHUS
MUKPOYACTHI] - MOJIEKYJI, aTOMOB, AJIEKTPOHOB. Y HUBEPCAJILHOCTh TETJIOBOW SHEPTUU COCTOUT B
TOM, 4TO JitoOast (popma sHeprum (MexaHudyeckasi, XuMU4ecKasi, dJIeKTpUIecKas, saepHas U T.I1.)
TpaHchOpMHUpPYETCsA, B KOHEYHOM cUETe, JUOO YaCTUYHO, JIMOO TIOJHOCTHIO B TEIJIOBOE
JIBIDKEHUE MOJIEKYJI (TeruioTy). Paznuunble Tena MOryT OOMEHHBATHCSl BHYTPEHHEN >HEprueil B
(dbopMe TEemI0ThI, YTO KOJIMYECTBEHHO BBIPAXKAETCSl EPBBIM 3aKOHOM TEPMOIMHAMUKHU.

Tennoobmen — 3TO CAMOIPOU3BOJIBHBIN MPOIIECC NMEPEHOCA TEIUIOTHI B IPOCTPAHCTBE
C HEOJHOPOIHBIM TEMIEPATYPHBIM IOJIEM.

TemnepamypHuvim noneMm Ha3bIBAIOT COBOKYINHOCTb MI'HOBEHHBIX 3HA4Y€HUN
TEMIEpaTypbl BO BCEX TOYKAaX paccMaTpUBaeMoro mpocrpaHctBa. [lockonbky TemmepaTypa —
CKaJIsIpHAasl BEJIMYMHA, TO TEMIIEPATYPHOE MOJI€ — CKAJIIPHOE TOJIE.

B o6mem cnyudae mepeHOC TEIUIOTBI MOXKET BBI3BIBATHCS HEOJAHOPOIHOCTBHIO TOJIEH
IpyTuX (PU3HMUECKUX BETUUUH (Harpumep, 1udy3HOHHBIA MEPEeHOC TEIUIOTHI 32 CUET Pa3HOCTH
KOHIEHTpauuil u ap.). B 3aBucumoctu OT xapakTepa TEIJIOBOTO JBWXKEHUS pPA3IAYaroT
CJIEYIOUIE BUBI TEII0O00OMEHA.

TennonposodHocmb - MOJEKYJISAPHBINA MEPEHOC TEIUIOTHI B CPEJIE C HEOTHOPOIHBIM
pacnpeeNeHneM TEMIEPaTypbl MOCPEACTBOM TEIIOBOTO JBMKEHHUSI MUKPOYACTHLI.

Koneexyus — mnepeHOC TEIUIOTHI B Cpele C HEOJHOPOJIHBIM paclpeaesieHUEM
TEMIIEPATyPhI MPU ABMKEHUU CPEJIbI.

Tennoobmen u3nyyenuem — TEIUIOOOMEH, BKIIOYAIOUINNA TE€PEX0]l BHYTPEHHEH
SHEpruu Tena (BEIIeCcTBA) B DHEPIUI0 M3IYYECHUS, TMEPEHOC H3Iy4YeHHs, IMpeoOpa3oBaHUe
SHEPTUU U3ITYUYEHUSI BO BHYTPEHHIOIO SHEPTHIO APYroro Tesa (BeriecTna).

B 3aBucumocTu oT BpeMeHH TEII000MEH MOKET ObITh:
cCmayuoHnapHbvlM, €ClId TEMIIEPATYpPHOE I0JI€ HE 3aBUCUT OT BPEMEHH;
HecmayuoHapHbslM, €ClI TEMIIEPATypHOE M0JIe MEHSETCS BO BpEMEHHU.

JIisi KOJIMYECTBEHHOTO OIMCAaHUs Tpolecca TermIooOMeHa HCIONB3YIOT CIIEAYIOIIHe
BEJIMYUHBI:

Temmneparypa T B JaHHOW TOYKe Tea, OCPEAHEHHAs: MO TMOBEPXHOCTH, IO 00BEMY, 11O
Macce Tena. Ecnu coemuHUTh TOYKH TEMIIEpaTypHOro MOJsS C OJAMHAKOBON TeMIlepaTypoi, TO
NOJIyYUM uU3omepMuyeckyro noeepxrnocmds. llpu nepecedeHUM H30TEPMUUECKON
MOBEPXHOCTHU TUIOCKOCTHIO MOJNyYUM Ha 3TOW IJIOCKOCTU ceMelcmeo uzomepm — JIAHUAN
IIOCTOSTHHOW TE€MITepaTyphI.

[lepenan Temnepatyp AT — pa3HOCTh TemrepaTyp MEXAY ABYMS TOYKaMU OJIHOTO Teja,
JBYMSI M30TEPMHUYECKHMH IOBEPXHOCTSMH, MOBEPXHOCTHIO U OKpY)KAIOIIEH CpeNod, AByMs
tenamu. Ilepeman Ttemmeparypsl BAOJb H30TEPMbl paBeH Hymo. Haubonbmmii mepeman
TEMIEPATypbl MPOUCXOAMUT I10 HAMNPABICHUID HOPMAIM K H30TEPMUYECKOM IMOBEPXHOCTH.
Bo3pactanne TtemmepaTyphl MO0 HOpPMaldM K HM30TEPMUYECKOM MOBEPXHOCTH XapaKTepHU3yeTcs
IPaJueHTOM TEMIEPATYpPHI.

Cpeonuti epaduenm memnepamyp vl i—T — OTHOIIICHHE Tepernajia TeMIepaTyp
n

MEXy JABYMS H30TEPMHUYECKHMHU NOBEpXHOCTAMU AT K pacCTOSHUIO MeXay HUMH An,
U3MEPEHHOMY 110 HOPMaJIM N K ’TUM IOBEPXHOCTAM (pHcC. 1).
Hemunnoiti epaduenm memnepamyp bl o — CpEemHHH TIpaJUCHT
n
Temneparypsl npu An—>0 WM 3TO €CTb BEKTOp, HANpaBICHHBIH 10 HOPMaIH K



M30TEPMUYECKON TMOBEPXHOCTH B CTOPOHY BO3PACTAHMS TEMIEPATypbl, YUCIECHHO pPaBHBIN
MEPBOM MPOU3BOJHON TEMIIEPATYPHI IO 3TOW HOPMAJIH.:
or .. AT
—=lim —=gradT = VT,
8n An—0 An

T-AT

Puc. 1. H3OTepMBI TCMIICPATYPHOTO IIOJIAA, TPAAUCHT TCMIICPATYPHI, TEIJIOBOM MOTOK.
a) MOJIOXKECHNUE HOPMaJIM U HalpaBlieHHe IPaJueHTa TEMIIEPaTyphl U TEIJIOBOTO MOTOKA; 0) n -
HOPMaJIb K H30TEPMHUYECKOM MOBEPXHOCTH OF, ( — yaenbHbIN TEMIOBOM MOTOK, MOIIIHOCTD
TEIIOBOTO OoTOKa 0Q = q-OF.

0
Konuuecmeo menaomur — 0Q, [oic, mowyHocms meniogozco nomokxa —Q,Bm—

T

KOJIMYECTBO TEIUIOTHI, MPOXOJAINee B E€AUHHUIY BPEMEHH, YOelbHbll Menioeol
0 2

nomok (= % , Bm/M° — KONUYECTBO TEIUIOTHI, MPOXOAsdIllee B €AUHUIy BPEMEHHU 4Yepe3
-

€IMHUILY TUIOIAAN U30TEPMHUYECKON TOBEPXHOCTH.

[lepeHoc TEmIOTHI TEIUIOMPOBOAHOCTBIO  BBIPAXKAETCSI SMIUPUYECKUM 3aKOHOM buo-
®dypbe, COraacHO KOTOPOMY BEKTOP YIEJIBHOIO TEMJIOBOTO IMOTOKA MPSIMO MPONOPLUOHATIECH
TPaJMEHTY TeMIIePaTyphI:

G =—MgradT .

3HaK «MHHYC» B YypaBHEHHHM TIOKa3bIBaeT, YTO HAIpaBJICHHE TEIJIOBOTO IOTOKA
IPOTUBOIOJIOKHO HAMPABIECHUIO IPAJUEHTA TEMIIEPATYPHI.

KoadduuueHT nmponopuuoHaaTbHOCTH A B YPaBHEHUH XapaKTepU3yeT CIIOCOOHOCTH Tell
NPOBOAUTHL TEIUIOTY U Ha3bIBaeTcsl Koapduyuenmom menionpoBoOOHOCMU.
KomnyectBeHHO KO3((UIIMEHT TEIUIONPOBOJHOCTH A — TEIUIOBOM MOTOK (Bm), MPOXOASIIHA
depe3 eIMHMITY MOBEPXHOCTH (M) MPH SIMHUYHOM TPaIMCHTE TEMICPatyp (epad/m), U UMeeT
pasMmepHocTh Bm/(m-epaod).

Koadduuuent tennonpoBogHOCTH — (U3NMYECKas XapaKTEpPUCTHKA, 3aBUCAIIAs OT
XUMHUYECKOTO COCTaBa M (PM3MUECKOTO CTPOSHHSI BEIIECTBA, €ro TeMIIEPaTyphl, BIAKHOCTH H
psna apyrux ¢aktopos. KoadduuueHT TemionpoBoAHOCTH UMEET MaKCHUMajbHbIE 3HAYCHMS
JUTSL YUCTHIX METAIJIOB U MUHUMAJIbHBIC JJIS Ta30B.

Tennouzonayuonnvie mamepuanvl. K 4ucay TEIIOU30JALUOHHBIX MaTepUAlOB MOTYT OBITh
OTHECEHBI BCE MaTepUalbl, 00Ja1al0NIe HU3KUM KO PHUIIMEHTOM TETIONPOBOIHOCTH (MEHEee 5
Bm/(m-epaod) npu t =0 °C).

Tennon3onAMOHHBIE MaTepUaIbl MOTYT OBITh HEOPTaHWYECKOTO MpPOMCXOXKAeHus (acOecrt,
IIJIAKU, TJIUHBI, NECKH, MUHEpabl M T.H.), OPraHMYECKOro (LIepCTh, XJOMOK, JEPEBO, KOXKa,
pe3uHa, TEKCTOJIUT U T.J.) U CMEIIAHHBIMH, T.€. COCTOSIIIMMHU OJJHOBPEMEHHO W3 OPTraHUYECKHUX U
HEOpPraHMYEeCKUX BelIeCTB. MaTepuabl OpraHu4eckoro NpOMCXO0XKAEHUS HCIIONb3YIOT B 00JacTh
Temmeparyp, He mpesbimarommx +150 °C. [lns Oonee BBICOKHUX TEMIIEpaTyp MPUMEHSIOTCS
MaTepHalibl HEOPraHMYECKOTO MPOUCXOKICHHUS.

TermonpoBOTHOCTS  TBEPABIX  TEIJIOM3OJISLUOHHBIX ~ MaTEpHalioB, KakK MpaBUIIO,
OTpesieNsIeTCsl UX MOPUCTOCTBhIO (T.e. OOIIMM OOBEMOM Ta30BbIX BKIIOUEHHH, OTHECEHHBIM K
enuHuIle oObeMa H3OJSAIMOHHOTO MarepHaia), pasMepoM MOop M BiIaXHOCTb0. C pocToM



BJI&KHOCTH TEIUIONPOBOJHOCTh YBEJIWYMBACTCS. TEIUIONMPOBOAHOCTh MOPHUCTBIX TeN CHIBHO
BO3pacTaeT ¢ Temmeparypoi; mpu Temmeparypax Oonee 1300°C  TeruioBble H30JATOPHI
CTaHOBSITCS MNPOBOAHMKAMHU Teruia. CIUIOIIHBIE TUAJICKTPUYECKUE MaTepualibl, Hampumep,
CTEKJIO, UMEIOT 00Jiee BHICOKYIO TEIUIONPOBOAHOCTh MO CPABHEHMIO C MMOPUCTHIMHU MaTepHalaMu.
VYCTaHOBIIEHO TakXe, YTO YeM BBIIIE IUIOTHOCTh MaTepuaja, TeM OoJblIe ero
TEIUIONPOBOAHOCTb.
Oonocnouinas cmenka (TpyOka) rnpu A = const. PaccMoTpuM HIMIMHIPUYECKYIO CTEHKY (TPYOKY)
JUTMHOM [ ¢ BHYTPEHHUM I'| ¥ BHEIIIHUM T, pajnycaMu (puc. 2).
3ananbel TemmnepaTypsl T; BHyTpeHHed u T, HapyXKHOH IOBEpPXHOCTEH CTEHKU. Y CIOBHEM
OJTHOMEPHOCTH TEIUIOBOTO TOTOKa OyAeT ycimoBue [ >>> r1;, oTKyAa ciemyeT 0g/ol = 0.
JuddepennnanbHoe ypaBHEHUE TEIJIONPOBOIHOCTH B MOJSPHBIX KOOPAWHATAX MpU A=const
OTCYTCTBHHM BHYTPEHHEIr0 UCTOYHHKA TeIIoTH (Qy = 0) umeeT BUI;

o’T 10T
st T
or r or
[Ipu 3amaHHBIX TPAHUYHBIX YCIOBHUSAX:
r=r1; T=Ty;
r=ry T=T,.
T In r
_ - r
[Monyunm 0= ! 1
L-T In| 2

TemnepaTypa IWIMHAPUYECKON CTEHKH MEHSIETCS IO JIOTapu(MUYECKOM 3aBUCUMOCTH
(puc. 2).
VYienbHbI TEIIOBOM TMOTOK ( 4Yepe3 €AMHMILY IUIOMAJM UWIMHIPUYECKON MOBEPXHOCTH
Oyz1eT BEeTUINHOM ITepEMEHHOM:
- _ & . Tz _ T1
r r
In| -2
L
MomuHocts TemnoBoro noroka Q=q-F dyepe3 nuuianHIprueckyo MOBEPXHOCTh IUIOIMIAIBIO
F=2n r-/ (] - nnuHa MUIMHAPUIECKON CTEHKU) €CTh MMOCTOSIHHASL BEJIMUMHA, paBHAS:

T, -T
Q = —27-5.7\‘.1.# .
T
In| %
L
[MonyueHnyo (GOpMyIy MOXKHO 3alUcaTh, HCHONB3YS TOHATHE MEPMUULECKO2O0
conpomueniernHuA:

T, -T
Q=—2Tcl( 2 1),
|
1 r, o
rae R, = K-ln -2 | — TepMHYECKOE COTPOTUBJIEHHE IUIHHIPUYECKON CTEHKH.
I
6) T
% ) Puc. 2 TemmeparypHoe mone u
Tip TEIIOBOI IIOTOK B

T, HWINHAPUYECKONU CTEHKE:
a)- TUIUHAPUYECKast CTeHKA; 0) —
TEMIIepaTypHOE T0JIe

N nr
8 112 r



VY AeNnbHBIN TEIIOBOM MOTOK Ha €IUHUILY JUTHHBI cTeHKH q; = Q//:

q, = % - o)

In| 2
r1
Takum  oOpa3oM, mpeiaraéMblii  SKCHEPUMEHTAJIbHBII ~ METOA  ONpEesICHUs
K03(ppULIMEeHTa TEIIONPOBOAHOCTH OCHOBAH Ha U3MEPEHUU:
® MOIIHOCTH TEMJIOBOIO IOTOKA, IPOXOSAIIEro Yepe3 LUINHAPUIECKUN CII0M;
e [Iepenana TeMIEpPATyp MEXKAY BHYTPEHHEH U HAPYKHOU ITOBEPXHOCTSAMHU CJIOS TEIJIOBOU
U30JISILNY;
® TCOMETPUYECKHUX XaPaKTEPUCTUK CJI0S TEIUIOBON U30JIALIUU.
3. Cxema u onucaHue yctaHoBku. Vccrenyemslii marepuan 1 (puc. 3) HaHeceH B BHUJE
aHapraeckoro cinos (d; = 0,05, u; dy = 0,02, ) Ha HAPY)KHYIO TOBEPXHOCTh METALTUICCKON
TpyOb! 2. JImuHAa LMWIMHIpPA TEIJIOBOM HM3O0JSALMM COCTaBIseT | M, YTO 3HAYUTENbHO OOJIbLIe
Hapy»XHOTO JUaMeTpa.

’
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Puc. 3 Cxema 1aboparopHON YCTAHOBKH

HcTOYHUKOM TEMIOBOTO MOTOKA CIYKUT DJIEKTPOHATPEBATENb 3, KOTOPHIA BKIIOYECH B
AIIEKTPUYECKYIO IIeTb Yepe3 aBrorpanchopmatop 4. [lis onpeneneHus MOIIHOCTH TETUIOBOTO
MOTOKA CITy>KaT BOJILTMETp S5 U ammepmetrp 6. s u3MepeHus: TeMneparyp Ha BHYTPEHHEH U
HApYXHOU MOBEPXHOCTAX TEIUIOBOIN U3OJISIIMU MPUMEHSIOTCS XPOMENb-KOIEIEeBbIe TePMOIAPhI
7 1 8 B KOMIUIEKTE C BTOpUYHBIMH riprbopamu 9 u 10.

PesynpTarhl u3MepeHW TpU JOCTHKEHUHM CTAlMOHAPHOTO pPEXHMMa 3aHOCATCS B
npoTokoa HaOmogeHui (tabin. 1). CranMoHapHOCTh PEXKUMa OIICHUBAETCS MO HEU3MEHHOCTH

TeMmeparyp t; 4 t BO BDEMEHHU.



NccneayeMplii MATEPHAT .......veeeeveeeeneeeeneeeene. Tabnuna 1.

Enuan Howmepa onwiToB
No O06o03Ha HH 1 P
~ | U3MmepseMas BeaIndynHa -
/T p nu3Mepe 1 2 3 4 5
yeHue
H.
1 Cuia Toka | a
2 | Hanpsoxenue U 8
Temmeparypa
BHYTpEHHEH
MOBEPXHOCTH CJOS
HA30JISIIUT
TeMmepaTtypa Hapy>KHOU
4 MOBEPXHOCTH CIOS t °C
HU30JISIIHT

4. PacueTHble (pOpMYJIbI H pacyeThl.
1. Bce pacuerbl CBOIATCS K BBIYHUCICHUSAM KO3(QQUIMEHTa TEIUIONPOBOJHOCTH IO

dbopmyre:

d
Q'ln B

A=——"22 Bm/(wepad
2, —t,) " D Orepad)

2. MOIIHOCTH TETIOBOTO TIOTOKA 10 (hopMmyIe:

Q=IU, Bm

3. CpenHss TeMneparypa TeIIOBON U30JISIUN:

= (t, +t2), °C
2

4. Pe3ynbTaThl pacueToB JOJDKHBI OBITH MPOAYOIMPOBaHbl B (pOpME CBOTHOMN TaOIHUIIBI 2.

UccneayeMplii MATEPHAT .......ceeevveeenreeennennne. Tabnuma 2.
E H
o 060314 ,Z[I/II)II{I/II_I oMepa ONbITOB
— | U3mepsiemast BenuunHa -
n/n P nu3Mepe 1 2 3 4 5
YeHue
H.
1 | TermtoBo# MOTOK Q Bm
Cpennsist Temiiepatypa
2 HCCIEAYEMOT0 tep °C
MaTepuaa
Koaddunuent
3 | TeTUIONPOBOHOCTH 3 Bm/
HCCIIEeyeMOro (m-epao)
MaTepuaa
TemnepaTypHbIil
4 patyp B 1/2pao
KO3 pHUImeHT

5. Tlo pesymbraTam pacyeToB IOCTPOUTH B COOTBETCTBYIOIIEM MaciiTtade rpaduk
3aBUCUMOCTH  KOX(HUIMEHTa TEIJIONPOBOJAHOCTH OT CpPEJHEH TeMIepaTypbl TEIIOBOM
3o, [loms3ysacek rpadukom, ompenenuTs KOdPGUIUEHT [, XapaKTepU3YIOMIMA BIUSHUC
TEMIIepaTypbl Ha TEIUIONPOBOAHOCTh Marepuana. [Ipu oOpaboTke rpaduueckoro marepuana
XapakTep 3aBUCUMOCTH MPEICTABUTH B BUJIC YPABHECHUS TPSMOU JIMHUU:

deo =g (1+B,).



5. KoHTpOJIbHBIE BONIPOCHI.

1. ChopmynupyiiTe 1enb J1ab0paTopHOM pabOTHI U MOSCHHUTE, KaK JOCTUTAeTCs MOCTaBICHHAs
1enb?

2. HazoBuTE OCHOBHBIE y31bl SKCIEPUMEHTAIbHON YCTAHOBKU U YKa)KUTE UX HA3HAYCHHE.

3. Kakue BenmuuuHBI clenyeT U3MEpsATh B JaHHOM paboTe, YyTOOBI BBHIYUCIUTH KOA(PPHUIIMEHT
TEIIONPOBOJHOCTH ?

4. KakoBa ¢u3nueckasi CyIHOCTb Nepeayy TeIuia TeIIoNpPOBOIHOCTHIO?

5. Chopmynupyiite NOHATHA: TEMIEPAaTypHOE I0Jie, U30TEPMHUUECKasl MOBEPXHOCTh, TPaJIUEHT
TEMIIEPATYPbI, MOIIHOCTh TEIJIOBOIO ITOTOKA, YAEIbHBIN TEMIOBOU MOTOK.

6. IlokaxxuTe Ha cxemMe yCTaHOBKM, KaK HAlpaBjieH BEKTOpP TEIUIOBOIO MOTOKAa U TpaJueHTa
TEMIEPATYPbI?

5.7. KakoB ¢usndeckuii cMpIica K03 HUIIMEHTa TETUIONPOBOIHOCTH, U OT KakuX (haKTOPOB OH
3aBUCUT?

5.8. KakoB xapakTep W3MEHEHHMS TEMIIEPATYpbl MO TOJIIIMHE TUIOCKOH W IUIMHIPUYECKOU
CTEHOK?

9. KakoBa B3auMOCBSI3b MEXIy KOI((UIHMEHTOM TEIUIONPOBOJHOCTH M  HAKIOHOM
TEMIEPATYPHON KPUBOM O TOJILIMHE TEMIOBOM M30JIALUN?

10. [Jaiite onpeaeneHue NOHITUIO TEPMUYECKOTO COTPOTUBIICHUS CTEHKH.

11. Kak 3aBucur KO3()(UIMEHT TEIUIONPOBOJHOCTH PA3JIMYHBIX BELIECTB (METAJJIOB,
HEMETAaJUIOB, KUJKOCTEH U Ta30B) OT TemmepaTypsl? OTBET 000CHOBATH.

12. ChopmynupyiiTe OCHOBHON 3aKOH TEIUIONPOBOAHOCTU. B ueM ero cymHocTs?

13. KakoBbl OCHOBHBIE TPYAHOCTH TEIUIOBBIX pPACUYETOB NpU  TMEpPEHOCE  Temia
TEIIONPOBOAHOCTHIO?

14. Kak BiausieT hopmMa CTCHKH Ha BEJTUYHHY €€ TEPMUIECKOTO COTIPOTUBIICHNUS?



Paboma NoS5

TEILIOOTJIAYA BEPTUKAJIBHOTI'O IWJIVMHIPA ITPU ECTECTBEHHOH
KOHBEKIINH.

1. lear paGoTbl. 3akperyieHWe 3HAHWKW TIO TEOPUU CBOOOTHOW KOHBEKIIMHM BEPTHKAIHHO
PacIoJI0KEHHOTO LIUINHpA:
e OmnpeneneHne KCIIEPUMEHTAILHBIM IyTEM Ha JIAOOPATOPHON YCTaHOBKE KOA(PPHUIIMEHTA
TEIUIOOT/Ia4M MPHU CBOOOIHOM KOHBEKIIMM B HEOIPAHUYEHHOM MPOCTPAHCTBE.
e lI3yueHue MeTOAMKU OOPAOOTKH OMBITHBIX JAaHHBIX C MPUMEHEHHEM TEOpUU MON00Us U
COCTaBJICHUS] KPUTEPUAIBHOIO YPABHEHUS 110 PE3yJIbTaTaM 3KCIIEpUMEHTA.
e [loctpoeHne KpHBOW M3MEHEHHUS JIOKAIBHOTO KOX(PQHUIMEHTa TEIUIOOTAAYH IO BBICOTE
UIHH]IPA.

2. OcHoBHble moJiOKeHUsl. TeriooOMEH B YCIOBUSX €CTECTBEHHOM  KOHBEKIIMU
OCYILECTBIIICTCA NPH MECTHOM HArpeBaHUM WIM OXJAXACHUM CpPEeAbl, HAXOASLICHCS B
OTrPaHMYEHHOM WJIM HEOTPAaHMYEHHOM IPOCTPAHCTBE. JTOT BUJ KOHBEKTUBHOI'O IIEPEHOCA TeIlIa
UIpaeT MPEUMYIIECTBEHHYK POJb B IIPOILIECCAX OTOIUICHUS MOMEUICHUH M MMEET 3HAYCHUE B
pa3InYHbIX 00MacTAX TeXHUKU. HampumMep, HarpeBaHne KOMHATHOTO BO3[yXa OTONHMTEIbHBIMU
npubopaMu, a TaKKe HarpeBaHWE W OXJKICHHWE OTPAXKIAIOMINX KOHCTPYKUMH MMOMEICHUN

(cTeHbl, OKHA, IBEPU M TIP.) OCYIIECTBISIETCS B YCIOBHSAX €CTECTBEHHOW KOHBEKIMH
3a cueT eCTECTBEHHOI'0 JABM)KEHUS HArpeTOro BO3JyXa B 3JaHUSX OCYILECTBISIETCS €ro
BEHTWJIALMSL Hapy’>KHbIM BO3AyXoM. MccienoBaHueM cBOOOIHONW KOHBEKIIMU 3aHMMAlCs  ellle
M. B. JIOMOHOCOB, KOTOpBIM NPUMEHUI MOABEMHYIO CHIIy HArpeTblX Macc BO3ayXa I
YCTPOMCTBA BEHTWIALMHU IIAXT, a TAKXKE U1 NEPEMEINEHUs ra3oB B IUIAMEHHBIX Iedax. K
HACTOSIILIEMY BPEMEHHU JIOCTATOYHO IIOJIHO HM3YyY€H E€CTECTBEHHBI KOHBEKTHBHBIM TEMIOOOMEH
Ul Tesl mpocTedeid GopMel (IuMTa, UWIMHAP, IIap), HAXOIALIMXCS B Pa3IM4YHBIX Cpeax,
3aIOJIHSIOMIUX MTPOCTPAHCTBO OONBIINX Pa3MEPOB

X 110 CPaBHEHUIO € pasMepamMu CaMOro Teja.
9,, Kak noka3pIBacT  OIBIT, XapakTep
Do CBOOOMHOTO TEUYCHHUS cpeabl OTHOCHUTEILHO
calf Puc. 1. XapaK- MOBEPXHOCTH HArpeToro Ttena ObIBaeT Kak
Tep TeUCHHS JJaMHHApHBIM, TaK 4YaCTHYHO MU IIOJHOCTBIO
TypOYJIECHTHBIM.
CPCABI M H3MC- Ha . 1 nmnoxkasan BOOOIHOE
puc OKa3aHoO  CBOOOJ
5 _ HeHue Ko du- IepeMeEIIEHNE KOMHATHOI'O BO31yXa y

HUCHTA TCILIO-  BepTUKAJIBHO IOABELICHHON HAarpeTod TpyObl
OTJa4d B YCJIO- Oonbinoi amuubl. Ha HukHeM yvacTke TpyObI
HaOJlIoflaeTcsl  JJAMHHAapHOE Te4eHHe BO3ayXa

BHUAX €CTECTBCH-

HOM KOHBeKI: BBEPX- Ha HexoTopoM paccTOSIHUM OT HHXKHETO
} KOHIIa TpyOBl TEpEeMEIIeHHEe  CJIOEB BO3AyXa
., —— —0y

Yy BEPTHKAIILHO- TEpAET JIAMUHAPHBIA XapakTep. Bo3Hukarot
I'0 DMINHAPA  orpenpHble  JIOKOHOOOpa3HBIE Macchl W
OOJIBITION BBICO-  TIOSIBISIFOTCSI WCKPUBJICHHBIE CTPYMKH, KOTOPBIE
TBI naiee Apobsarcs Ha O6onee Menkue. Bocxomsmimii

MOTOK BO3/yXa y HarpeTou TpyOosl HpI/I06peTaeT

TypOyJIEHTHBIN XapakTep C JJaAMUHAPHBIM IIPUCTEHHBIM CIIOEM.
DKCIepUMEHTAIbHO KO3()(UIIMEHT TEeMI00TAa4l MOXKET ObITh ONpe/ieleH U3 OCHOBHOTO
ypaBHeHus Terooraaun Herotona-Puxmana:

e Q.
F-At



rre Q — MOIIHOCTB TETIOBOTO TMOTOKA, TIepeIaBaeMoro cBOOOIHOM KOHBEKIIHEH B OKPYIKAIOIIYIO
cpeny; F — Ttemnootnaromas moBepxHOCTh; At — TemrepaTypHbIi Hallop pa3HOCTh TeMIEepaTyp
MEX1Y TEIUIOOTAAIOLIEH CPEION U OKPYKAKOIIEH CPEAONA.

CBOOOJHBI KOHBEKTUBHBIM TEMJIOOOMEH Tel B  Pa3IMYHBIX Cpellax, HaXOASIIUXCS B
HEOr'PaHUYEHHOM MPOCTPAHCTBE, AKCIIEPUMEHTAIILHO u3yyqancs pa3IuYHBIMU
nccienoBaTenssMud. Pe3ynpTaThl HMcciegoBaHUN 0000IIATUCh C MOMOIIBI0 XapaKTEPHbBIX IS
storo siBiaeHusi kpurepueB Nu, Gr u Pr, 4TO HaxoauTCs B MOJIHOM COOTBETCTBUHU C TEOPUEH
nojo0usi M aHAJIUTUYECKUM pelIeHHeM 3afaud. VI3mMeHeHue (U3MYECKUX MapaMeTpoB B

1§

Pr

CT

OOrpaHu4HOM  CJIOC  YJAACTCA Y4CeCTh BBCACHUCM  KPUTCPHUAJIBHOI'O OTHOIICHHA

MPE/ICTABISIONIET0 OTHOCUTENbHOE H3MEHEHHUE IMapaMeTpoB IMepeHoca v M a B Ipejaenax
W3MEHEHHUsT  TEMIIepaTypbl cpeipl: t, — TeMmmeparyp IMOTOKa OKpYy»Karoumeh cpeasl, ter

. Pr
TEMIIEPATypbl Cpejibl Ha TPaHMIE CO CTEHKOM. [[si ra3oB OTHOIICHWE b T Majgo 3aBUCUT OT
r

CcT
TEMIIEPATYPHI U €M0 MOKHO IIPUHATH PABHBIM 1.
Jnst pacdera cpeaHHX KpUTEpUEB TEIUIOOOMEHA 6epmuKalbHblX mpyoO B
CBOOOJTHOM MIOTOKE PEKOMEHAYETCS KPUTEPHAIbHOE YPaBHEHUE:!

Nu, , = C-(Grm’l-Prm’l)“-

m,l —

3
ol . ) .
roe Nu,, , =—"— — kpurepuii Hyccensra; Gr,, =g—2-[3n-(tH —tem) — Kpurepuid I'pacroda;
A Vi
Vo .
Pr, =—" — kputepuii [Ipanamisa; C u n — HaXOAATCS KCIEPUMEHTAIBHBIM ITyTEM U 3aBUCST OT
a

m
npoussenenns (Gr, Py, ).

[Ipy BBIYKMCICHUH KPUTEPUEB MOMOOMS 3a ONPEICISIONLYI0 TEMIEPATypy MPUHUMAETCSI
cpexnss TemnepaTypa motoka t, =0,5(t, +t, ), a 3a onpenensromuii pasmep npUHAMAETCs

BBICOTA TPYOBI /rp.

3. Cxema U onmucaHHe YCTAHOBKHU. B skcriepuMeHTanbHOI 1abopaTopHO# ycTaHOBKE (pHc. 2.)
TETUTOOT/AAIOIICH CTEHKOU SIBJIAETCS TOHKOCTEHHAs TpyOa 1 u3 HeprkaBelomiel cTay Hapy KHBIM
auamerpoM dy, = 40 MM 1 aHHOM [y = 1500 M.

CHPYHAIIWAA CHEAR
B.mfiap tarp,’C
JnA 3301CK B NPOTOKON (NOKaNEHBIE TEMNERETY DL

12,2 553 33,1 30,3 377 505 458 640 54,1

L

07 3590 1000

Harpee 1pyfbl ’
Un,e R Tn,a LW | —— NN = T T
s e o S AE T E T ET
SRR TR TR

4

Puc.2 Cxema ycTaHOBKH



= TpyOa ynepxuBaercsi B BEpTUKAIBHOM MOJI0XEHUU CTOMKON 2 ¢
§ IByMs KpOHINTeHHaMH. HWKHUNH W BEpXHUN TOPIBI TPYOBI
e 3aKpbITHl CIEUUAIBHBIMU 3arIylIKaMU C LEJIbI0 HCKIIOYEHUS
72 OTBOJIa TEIUIOTHI Yepe3 BHYTPEHHEE MPOCTPaHCTBO TpyObl. Jlis
S UCKIIIOYEHMS]  BIMSHUS ~ CIy4yaillHbIX IIOTOKOB BO3JyXa B
d N nmoMenieHuu  jrabopatropuu  TpybOa  OCHAIEHAa  3allUTHBIM
S IIPO3pAayHbIM LMWJIMHAPOM 3 C OTKPBITBIMM TOopuaMu. Jlnamerp
= S 3alUTHOrO LHMJIMHAPA BO MHOTO pa3 0oiblie AHameTpa TPyObI.
J L > HarpeB TpyOBl OCyIIECTBISETCS OT MCTOYHHKA AJIEKTPOIUTAHUS
= 4. Ha ma"enu MCTOYHUKA PACTHOJIOAKEHBI: KHOIMKA BKJIKOYEHUS 8;
d - MOJI3YHOK aBTOTpaHcopmaropa 7; MHAUKATOPHI BOJIBTMETPA S U
(v amrepmeTtpa 6.
—
=T Temmneparypa cTeHKH TpyObI u3Mepsiercsi ¢ momouipio 10-
=1 TH XxpoMmenb-komeneBbix Tepmomnap (TXK), cmam KoTophix
) v
—~ 3aJieNlaHbl B CTEHKY TPYObI 10 BUHTOBOW JHHUU. OTCYET HOMEPOB
S TepMoOIlap MPUHAT OT HWXKHEro KoHuma TpyOwl. Koopaunatsl
)
o TepMoniap /x mpuBeneHsl Ha puc. 3. BwiBox Tepmomnap
Puc. 3. CxeMma OCYLIECTBJICH Yepe3
pa3sMeIeHMsT BHYTPEHHIOIO TOJIOCTh TPYOBI U Jajee yepe3 BepXHUil Toper Mo

kabemo 10 ko Bropuunomy mnpubopy 11. Ilpubop wumeer
BCTPOCHHOE KOMIICHCALIMOHHOE YCTPOWCTBO, HCKJIIOYAIOIIEe
HEOOXOJUMOCTh HMETh XOJOJHBbIE chau TepMomap. TemmepaTypbl perucTpUpyIOTCS
MHOTOKaHAJIbHBIM BTOPHUYHBIM MPUOOPOM M MPH HAXKATUM HA KHONKM NMPUOOpa aBTOMAaTHYECKU
3aMKUCHIBAIOTCS B MPOTOKOJ 12 (JIOKaJIbHBIC TEMITEpaTypHhl).

[TapameTpsl  OKpyKarIeld CcpeApl PETUCTPUPYIOTCS mnpubopamu manenu  13:
atMocdepHOe JaBJIeHHEe — PTyTHBIM OapomeTpoM 15 m Temmeparypa - tepmomerpom 14. Ilo
IIETYKY TMpaBOM KHONKM MBIIIKM Ha I[OKa3aHWAX OapoMmeTpa W TepMOMeTpa 3Ha4YeHHUs
ABTOMATUYECKU 3aHOCSATCS B MPOTOKON 9 (pexxuMmbl). B 3TOT ke mpOTOKON aBTOMAaTUYECKU
3aIlMMCBIBAIOTCA ITOKAa3aHWA BOJIBTMCTPA U aMIICPMETPaA MO MCTIKY HpaBOBOﬁ KHOIIKW MBIIIIKH Ha
WHJUKATOpax MpuOOpOB.

Bce nokazanus MOTYT 6BITI> 3alMUCaHbI TOJIBKO MO JOCTUKCHHUU CTALIMOHAPHBIX PCKHUMOB
teruionepenaun. [Ipu okoHYaHUM BBIMOJIHEHUS PAaOOpPBI MEpes BBHIKIIOYEHHEM YCTAaHOBKH BCE
JaHHBIC M3 IMOTOKOJIOB Ha 3KPAHC HOJIZKHBI 6BITL MEPCHCCCHBI Ha IlOCTYHHLII\/JI BHUJ HOCHUTCIIA
uHdopmaIuu (Hampumep, epenucanbl B OyMaXKHbIH TpoToKo (Tadm. 1 u Tad. 2).

TepMOTIap

Tabmuna 1.
No | U3zmepsiemast O6o3Ha- | Equnutibe Homepa ombiToB
/T | BEMUYHUHA YEHUE | U3MEpEH. 1 ) 3 4 5 6 :
1 | Cuna Toka I a
2 | Hanpsxenue U P
Temneparypa
3 | okpyxaromeit toxp °C
Cpenbl
4 [Toka3zanus B wiGap
OapomeTpa




Tabmwnia 2.

Koopaunara JlokanpHas Howmepa omsiToB
3amepa TeMIeparypa { 5 3 4 s 6 ;
ly, M ty, °C
1,450 tx10
1,295 txo
1,140 tys
0,985 ty7
0,830 txo
0,675 tys
0,520 tya
0,365 ty3
0,210 to
0,055 ty1

4. PacyeTHble (pOpMYJIbI U pacyeThl.
1. ATMocdepHOe TaBieHHue HAXOJUTCA C YUETOM TEMIIEPaTypHOTO PaCcIIUPEHUs CTOIONKA PTYTH

O6apometpa no popmyne: P, = B10°
S 1+18151070

2. CpenHsisi IO BBICOTE TeMIIeparypa TpyOsl 1o ¢hopmyIie:

10

thi
txm — =1 , oC
10

3. MouHOCTh TEIUIOBOT'O MOTOKA, BBIZICICHHAS ITPU MPOXOXKICHHUH JIEKTPUIESCKOTO TOKA T10
TpyOe:
Q,=1U,Bm

4. MOIIHOCTh TEMJIOBOrO MOTOKA 4Yepe3 MOBEPXHOCTh TPYObI B OKPYKAIOIIYIO Cpely 3a CHET
TEIIOBOTO M3JIy4eHUs onpezenseTcs mno 3akony Crepana-bonbumana:

4 4
Q, =sCyF|[ b F2T3 | _[Low *2T30 ] p
100 100

rae € = 0,15 — cTeneHb YepHOTHI HOBEPXHOCTH CTAJILHOU TPYOBI;
Co = 5,67 — k0> DUIEHT H3TyUeHHs abCOMOTHO YepHOro Tena, Bm/(m>K?);
2
F — Ttennootaromias moBepXHOCTb CTPYHBbI, paBHas 3,14 dypy oy M.
5. Torga MOIIHOCTB TEIJIOBOTO MOTOKA Yepe3 MOBEPXHOCTh TPYOBl B OKPYXKAIOLIYIO Cpedy 3a

CUYET ECTECTBEHHOU KOHBEKIIUHU:

QK :Qa_QniBm



6. Koaddumment rernoornaun: o, = F(tL , Bm/(m*-2pao)

xm ~ “oKp

7. Terogpuznueckrue CBOWCTBA BO3ayXa (OKpPY KaIOILIEH Cpeibl) IPH ONpeAesIomeit
Temneparype, paBHoi t,., = 0,5(t,, +1t,,), °C:

3

o , KoM,

287-(273 +t

MJIOTHOCTh P =
Onp)

TEMI0EMKOCTb Cp = 1005+0,0025toyp,, Lorc/(ke:°C);

1
ko3 dunuent o6pemuoro paciupenus 3 =———, 1/°C;

273+t o)

k03¢ ¢unuent temnonposoaHocTd A = 0,000074-t,n, + 0,0245, Bm/(m-°C);

KHHeMatHaeckas BA3KocTh vV = (0,000089 toy,” + 0,088 ton, + 13,489)-107, 1’/

K09QDUIHEHT TEMIIEPATyPOIIPOBOJHOCTH @ =——— , M’/c.
c.p
p
[V al’l’l .ZT
8. Kpurepuit Hyccenpra: Nu,, = y L
gly

3
9. Kpurepuii I'pacrodpda: Gr,, = =——B(t,, —toe,) -
v

10. Kpurepuii [Ipanaris: Pr, = v,
a

11. Pe3ynbTaThl pacueToB JOJDKHBI OBITH POYOINPOBaHbl B (popMe CBOJHON TaOIHUIIBI 3.

12. Ilo pe3yabTaraM pacyeToOB CTPOMUTCS B COOTBETCTBYIOLIEM MacLITa0e B JOrapupMHUUECKUX
KOOpAMHATax rpaduK 3aBUCUMOCTH KpuTepus Nup, ot npousBenenus (Gry Pry) n onpenensiercs

k03¢ ¢unment C 1 mokaszaresb CTENCHH N 110 YPAaBHEHUIO MPSIMOM JTMHUH:
log (Nuy,) = log C +n- log (GrpyPryy)



Tabauua 3.

Ne MaMenseMas Be/iita O6o03Ha-| Ep-1mier Howmepa omnbiToB
/i p YEHUe U3M. 1 2 3 4 5 6 7

1 | Atmocdeproe naBieHue Pan Ia
Cpennsisi o BeICOTE o

2 txm ¢
TeMIieparypa Tpyosl
Onpenenstonias o

3 tomp C
TeMIeparypa
Temno, BEIIECIEHHOE

4 ’ rH Q3 Bm
AIIEKTPUYECKIUM TOKOM
KommuecTBo Tenna,

5 Q. Bm
OTJIAHHOE W3ITyYEeHUEM
KonunuecTBo tema

6 S Qx Bm
OTJIAaHHOE KOHBEKIIHEH

Bm

K

7 03} duIKeHT TemI00TAaYN | Oy, J0i2-°C)

8 | [ImoTHOCTH BO31IyXa p Kke/m’

ic/(ke:

9 | TenmoeMKOCTh BO3TyXa Cp A o CS
Koaddumuent odbremuoro

10 Db B 1/°C
paciMpeHus Bo3ayxa

1 Koaddumment 2 Bm
TEIUIONPOBOAHOCTH BO3AYXa /(m-°C)
Koaddumment

12 | kKuHEMaTU4YEeCKOM BA3KOCTH % M/e
BO3/IyXa
Koaddurnuent

13 | TemnepaTyponpoBOIHOCTH a M/e
BO3/yXa

14 | Kpurepuii Hyccenbra Nuy, -

15 | Kpurepuii I'pacrodda Grp, -

16 | Kpurepwii [pauaris Prp, -

17 | log (Nuy,) - -

18 | log (Gry, Pry) - -

19 | KpurepuanbHoe ypaBHEHHE - -

0,25
13. JlokasnbHbie KOAQ(UIMEHTHI TEIUIOOTaAaYH Haxo sTes u3 ypasuenus: Nu, = 0,6:(Gr, -Pr, )

Nu, A , Bm /(m*-°C.

U Jlanee o, =

X

14. Kpurepun nono0us HaXoAATCs IPH ONPEEIIAIOMEM pa3Mepe lonp = Iy, KOTOpbIE
NPUHUMAIOTCS TI0 Tabwmie 2.
15. Temmmodu3udeckre cBOMCTBA BO3AyXa (OKPYKAIOIICH CPEIbl) HAXOATCS TPU OTPEACIISIONIEH

TemIneparype, paBHol t,. =t, ., °C:




P 3:
aTt™ , Ko/

287273 +1

IUIOTHOCTB P =
OKp )

TEMI0eMKOCTb Cp = 1005+0,0025 tp, [orc/(k2:°C);

K03 puLmeHT 00BEMHOT0 paciiupeHus 3 = - , 1/°C;

(273 +t4,)

k03¢ ¢unuent termnonposoaHoct A = 0,000074-ty, + 0,0245, Bm/(m-°C);

KHHEeMaTHaecKas B3kocTh v = (0,000089 toe” + 0,088t + 13,489)-10°C, a/c;

2
K02 PHULIMEHT TeMIepaTypOnpOBOJHOCTH a =——, M /C.
c, P
g3
gl . _
=B (tx —tog), THC ty — JOKabHAs TEMIIEPATypa CTCHKH
\%

TpyOBbl, IpUHUMaeMas o Tadnuue 2.

16. Kpurepnii I'pacropda: Gr, =

17. Kpurepuii [lpanarinsa: Pr, = Y.
a

18. Pe3ynbTaThl pacyeToB JOHKHBI OBITH MPOAYOIMPOBaHbl B (hOpME CBOIHOM TaOIHUIIBI 4.

19. Ilo pe3ynbpTaTamM pacuyeToOB CTPOUTCS B COOTBETCTBYIOIIEM MaciiTadOe rpaduk HM3MEHEHUs
JIOKaJIBHOTO KOA((HUIIMEHTA TeIII00TauH Oy IO BBICOTE TPYOBI.

Tabnuna 4.
K JloxapHBIH Howmepa onbiToB
OOpAMHATA
Ne samepa KO3 UIUEHT
/1 Lo TeIrIooTaa4Yu, Bm 1 2 3 4 5 6 7
X9 /(M2 OC)
1 1,450 Olo
o) 1,295 Lo
3 1,140 O
4 0,985 oL
5 0,830 Ol
6 0,675 s
7 0,520 s
8 0,365 oL
9 0,210 oo
10 0,055 o




5. KoHTpoJIbHBIE BONIPOCHI.

1. Chopmynupyiite 11eab 1adbopaTopHO pabOThl U MOSICHUTE, KaK OHA JOCTUTACTCs?

2. HazoBUTE OCHOBHBIE y3J1bl SKCIIEPUMEHTAIHON YCTAHOBKU U YKAKUTE UX HA3HAYCHMUE.
3. Kak onpenensercst cpefHsis TeMIeparypa CTpYHbI B TaHHOM yCTaHOBKE?

4. 151 gero 3amepsieTcst 0apoMeTpHUYECcKoe AaBleHHE B JaHHOW padore?

5. Kak omnpenensercss KOJWMYECTBO TEIUIOTHI, OTIAHHOE CTPYHOM OKPYXAIOIIEMy BO3IYyXY
MOCPEJICTBOM KOHBEKLIUU?

6. Kak omnpenensercss KOJWYECTBO TEIUIOTHI, OTIAHHOE CTPYHOH OKPYXAIOIIEMYy BO3IYyXY
NOCPEACTBOM U3ITyUEHUS?

7. Uto Takoe cBOOOIHAS U BBIHYKICHHAS] KOHBEKITHS ?

8. . KakoB ¢u3nueckuii cCMbICI U pa3MepHOCTh K03 dunmenra temmootnaun?

9. Kakue daxTopsl onpeaenstoT "HTEHCUBHOCTh KOHBEKTUBHOTO TETNIOOOMEHA?

10. . Yto Takoe kpurepuit nogoous?

11. Yto Takoe «onpenensromas TemMinepaTypay u «Onpeaeisonmiy pamep?

12. Kakne kxpuTepuu Ha3bIBarOTCs «ONPEAEIISIOIUMU» U «ONPEAETIAEMBIMI» ?

13. [Inst 94ero v Kak COCTaBJISIOTCS KpUTEPUATbHBIE YpaBHEHHS ?

14. Kak onpeznensercs Ko3pPUUUEHT TEIUIOOTAAYH (L U3 KPUTEPUATIBHOTO YPABHEHUS ?

15.Yto xapakrepusytot kpurepurn Nu , Gr , Pr?



Paboma Ne6

NCCIEJOBAHME ITPOLHECCOB TEIINIOOBMEHA HA 'OPU30HTAJIBHOM
TPYBOIIPOBOJE
1. Heap padorel. l3yyeHue mpoueccoB TEMI00OMeHa NMpU CBOOOIHON U BBIHYKAECHHOU
KOHBEKIIMM Ha TOPU30HTAIbHOM TPYyOOIIPOBOJE:
e DKCINEPUMEHTAIBHOE OIpeaeseHre KOAPPHUIUEHTOB TEIIO0TAAUH;
e (CpaBHEHHUE ONBITHBIX 3HAYCHUN C BBIYMCICHHBIMU IO KPUTEPUATIbHBIM YPABHEHUSIM.

2. OcHoBHBbIE MOJI0KeHUs. [Ipy M3BECTHOM 3HAYEHUHM MOIIHOCTH TEILIOBOrO MOTOKa Q,
MOBEPXHOCTH TerioooMeHa F u pa3sHocTu TemnepaTyp At MeX1y Cpefoi U CTEHKOH CTaHOBHUTCS
BO3MOJKHBIM ompesiereHrne kKodhduimeHTa TerooTnauyn o u3 ypaBHeHus HproToHa-Puxmana:
Q=a -F-At.

B ycnoBusx, korma mo ropu3OHTAIBHO PacHoOJIOKEHHOMY TPYOOIIPOBOIY IBUKETCS
BO3JyX TIIOJ] HAMOpPOM, a C BHENIHEH CTOPOHBI TPYyOOINPOBOJA CYIIECTBYET KOHTAaKT C
OKPY’)KAIOIIMM BO3yXOM, BHYTPH TPYyOOIPOBOJA TEIJIOOOMEH OMNpPEaesieTCs YCIOBUSIMU
BBIHY)KJICHHON KOHBEKIIMH, & C BHEIIHEH CTOPOHBI - €CTECTBEHHON KOHBEKIMH. O003HAUUM
MOUIIHOCTh TEIUIOBOIO MOTOKA MNPH BBIHYXIACHHON KOHBEKIMU (Q;, a MpU €CTECTBEHHOU
KOHBEKIIUU — Q7. ¥, COOTBETCTBEHHO, KO (UIIUEHTHI TETUIOOTIAYH O] U Ol).

Beenem Taxoxke 0003HaAUECHNA:

—  Fgy - BHYTpEHHSS IOBEPXHOCTH TPYOOMPOBO/Ia, KOTOPAsl YYaCTBYET B TEIJIOOOMEHE MpH
BBIHY>K/ICHHOW KOHBEKIIUU;

—  Fuap — BHEIIHAS TOBEPXHOCTH TPYOOIPOBOJIa, OOMEHUBAIOLIASACS TEMIOM C OKpY KaroIeil
CpeIoil B MPOLECCE €CTECTBEHHON KOHBEKIINU;

— At; - TeMIepaTypHblil Hallop CO CTOPOHBI BHYTPEHHEN MOBEPXHOCTH;

— At; - TeMniepaTypHbIi HAIoOp CO CTOPOHBI HAPYKHOU MOBEPXHOCTH TPYyOOIIPOBOAA.

Takum o0Opa3zom, B OMbBITE JODKHBI OBITH omperaeneHbl Q; m Qy, At m At, a Takxke
3a1abl Fyy v Fiqp. B TakoM ciryyae u3 onbITa CTAHOBUTCS BO3MOKHBIM OIIPEIEIEHUE Olion U 0om,
KOTOpbIE 3aT€M MOTYT ObITb CPaBHEHBI CO 3HAYEHHAMHU Olipacy M Oopacu, HOIYYEHHBIMU U3
COOTBETCTBYIOIIIUX XapaKTepy TEIIOOOMEHa KpUTEPUATbHBIX YpPaBHEHUN. DIIEKTPUUECKHI TOK
IIPpU MPOXOXKJIEHUU 0 TpyOe coBepiaeT paboTy, KOTOpasi MOJHOCThIO NEPEXOIUT B Terio Q,. B
TakOM CJIydyae ypaBHEHUE NEPBOr0 3aKOHA TEPMOJMHAMMKH, KAaK YAaCTHBIM Cilyyaldl 3aKOHa
coXpaHeHMs 3Hepruu, npuodperaer Bux: Q, =Q; +Q, +Q3, rae Q - MOUIHOCT TEIMIOBOIO

MOTOKA, TepeaHHas BO3AYXY, JABIDKYIIEMYCS BHYTPHU TpPyObl; Q - MOIIHOCTH TEIUIOBOTO
MOTOKa, MepeAaHHas BO3MYyXy, OKpyxkawomemy TpyOy; Qs - MOIIHOCTh TEIJIOBOTO MOTOKA,
3aTpadyeHHas Ha HarpeB (OXJaXaAeHue) TpyOsl.

TemnoBoit moTok Q3 MMeEET MECTO TOJNBKO IMPH HECTAIHOHAPHOM pEXHME PabOThI
YCTAaHOBKH, a TIPU JOCTIKEHUM CTAllMOHAPHOTO PEXUMa, KOT/ia TeMiiepaTypa TpyOsl tx = const,
Q3 = 0 n ypaBHenue ynpomaercs: Q, =Q;+Q;.

MoIHOCTh TEMIOBOTrO MoToKa Q), mepeaanHas BO3AyXY, JABHXKYIIEMYCs BHYTPH TPYOBI,
MOXKET OBITH OIpejielicHa IO YpPaBHEHUIO TIEPBOTO 3aKOHA TEPMOJMHAMUKH I Yy4acTKa
TOPU30HTAILHOU TPYOBI:

Q,=G-(Ah+AD_, +AD, . +1),Bm

[Ipy BBIIOIHEHUH PACYETOB CJEAYeT MMETh BBHIY, YTO M3MEHEHHE IOTEHIUAILHON SHEPrUu
I0TOKA PaBHA M0 ¥ TEXHHYECKas paboTa, coBeplaeMas HOTOKOM, Takxke paBHa uymo. Toraa:
T e

BH 1 Hap 2

Jlns pacdera CpeJHUX 3HAYEHMH KOA((UIMEHTOB TEIUIOOTAAYM HPH KOHBEKTUBHOM

Tem000MeHe B BO3AYINHOH cpele pPeKOMEHIyIOTCs cheaylomue (OpMylIbl Ha OCHOBE
KPUTEPUATIHHBIX YPABHEHHIA.
Jlnst pacyeTa cpelHUX BEIMYUH KpuTepues HyccenbTa koneexmuenoz2o menioobmena
nomoka 6030yxa 6 mpy6ax PeKOMEHIAYIOTCS yPABHEHUS:
a) s maMuHApHOTo pexnma Re<2:10° Nui, 4 = 0,15-Re % -Pr® 3)

a,



6) LTS pAa3BUTOrO TypOyIeHTHOrO peskima Re>10* ﬂln,d =0,021-Re’*-Pr>* (4)

1pacu Uy

" " w-d N
rae Nu, , = = — cpennuii kpurepuil Hyccensra; Re, = B — gpurepuid PeitHonbca;
’ v

v
Pr =2
- B .
a, — Kpurepui [Ipanaris mpu TemmnepaType IOTOKa BO3AyXa B TpyOe.
Jiist copuzonmanbHulX mpy6O TPU €CTECTBEHHOW KOHBEKIIMU B HEOTPAHHYCHHOM

npocTpaHcTBe B Auamna3one usmenenus (Gr-Pr) ot 10° o 10%:

Nusg = 0,5(Gr, Pr,)"™ (4) (5)
o, gd’
rae Nu, , = % — cpennnii kputepuit Hyccensra; Gr, , =——"B_ -AT — kputepuii
’ ’ L
v

I

Pr = . o
I'pacrodpda; " a, — KpuTepui [Ipanarns npu TemmnepaType NOTOKa OKPYKAIOIICH CPEIb.

3. Cxema u onucaHue yCTaHOBKH. Bo3ayx, sSBISIONIMIICS B JaHHOM cllydae paboyum
TeJIoM, 3abupaetcs komrpeccopoM 1 u3 okpysxkarorieit cpenbl (puc. 1). I[lapameTpsl Bo3ayxa B
OKpYXaroIIel cpele U3MEpSIOTCS PTYTHBIM OapoMeTpoM 2 U TEPMOMETPOM 3 , KOTOpPBIE
pacnosioxeHHbl Ha maHenu 4 « OKpysKaromas cpeaay.

PafioTa koMApeccopa n4a sanycH B NpoTokon 17 Harpee ToyGk 16
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Puc. 1 Cxema ycTaHOBKH.

Jlanee motok Bo3ayxa yepes cedeHrne 0—0 HampaBisieTcsi B BO3AyXOMEPHOE YCTPOUCTBO S
tumna «Tpyoa Bentypm». KonmuecTBo mpoxojsiiero Bo3ayxa peryiupyercs 3acioHkoit 6. Ilo
CUCTEMEC COCOIUMHUTCIIBHBIX pr6OHpOBOI[OB IMOTOK BO31yXa INOCTYIACT BO BXOAHOC CCUYCHUC 1-1
UCCIIEyeMOTr0 ydYacTka TOpPH30HTaNbHOM MeTamnueckod TpyOel 7. K moToky Bo3myxa,
MPOXOSIIEMY Yepe3 KoMmIpeccop, Ha ydacTke oT ceueHus 0—0 mo ceuenus 1—1 momBomautcs
paboTa cXKaTUs M TEIJIO 3a CYET OXJIAXKJEHHUS DIIEKTPOJBHUTraTellss KOMIIpeccopa, MO3TOMY €ro
TCMIICpAaTypa MHNOBLIMACTCA KW HUSMEPACTCA UYCTHIPbMA KOHUCHTPHUYCCKU PACIIOJJIOKCHHBIMUA
tepmoniapamu 8. Bee ueTbipe TepMomnapbl BKIIOUYEHBI MO quddepeHIanbHOl cXeMe, MOITOMY
BTOPUYHBIA perucTpupyronmii mpubop 9 mnokasplBaeT CpPEAHION TeMIlepaTypy BO3AyXxa B
ceueHun 1-1. IIpuGop HMeeT BCTPOCHHOE KOMIIEHCALIMOHHOE YCTPOMCTBO, HCKIIOYAlOIIee
HEO0OXOMMOCTh UMETh XOJIOAHbIE criau Tepmonap. 1o takoii xe cxeme Tepmonapamu 10 u npu



6opom 11 wu3mepsieTcss Temmeparypa BO3ayXa B CEUEHHWH 2-2 Ha BBIXOAE M3 TPYOBI, a
tepmonapamu 12 u mpubopom 13 Temmeparypa ropuzoHTtanbHO TpyObl. C momompio U-
00pa3HbIX MAaHOMETPOB, PACHOJOKEHHBIX Ha maHenu 14 «CraTuueckue Hamopbl», U3MEPSIOTCS
pa3pexeHne B «ropiie» BO3AYyXOMEpa W JIaBJICHHE B CEUCHHH Ha BBIXOJE M3 KOMIIpeccopa — Ha
BXOJI¢ B TOPH3OHTANbHYIO TpyOy. ['OpuM30OHTaNbHBIN y4acTOK TpyObl HarpeBaeTcs 3a CueT
3JICKTPUYECKOTO TOKA, MOABOAUMOro 4epe3 Tpanchopmarop 15. MomHOCTS TEIIOBOTO MOTOKA,
3aTpavyeHHAas Ha HarpeB TPyObl, HAXOIUTCS MO MOKa3aHUSIM amriepmeTpa 16 u BoapT™MeTpa 17,
KOTOpbIE pacroioskeHbl Ha naHenu 18 «Harpes TpyObi».

[Ipy [DOCTHXKEHUM CTAMOHAPHOTO peXHMa IOKa3aHUs BCEX HEOOXOIAUMBIX MPUOOPOB
3aHOCATCS B TMpoTokon 19 m B Tabmuiy Habmogenuid (tabm. 1). O CTaMOHApPHOCTH PEXHMA
MO>KHO CYAHTH [0 MOKa3aHUI0 Mprudopa A U3MEPEHUs TeEMIIEPATyphbl TPYObI.

Tabmuna 1
Ne VsMeDsienast Be/iHa O0603Ha- Howmepa onbiToB
/11 p YeHUe 1 2 3 4 5 6
1 Temnepatypa Bo3ayxa Ipu BXOJE B ¢
TpyOy (ceuenue 1 - 1), °C !
) Temneparypa Bo3Ayxa MpHU BEIXOJIE U3 ¢
TpyOHI (ceuenue 2 - 2),°C 2
3 |Cpennsist Temrepatypa TpyOs1, °C tx
4 [Tokazanus BakyymmeTpa (ropio o
BO3JIyXOM€pa), MM BOJI CT
5 [Tokxazanus meezomeTpa (mocie H
KOMIIPECCOPa), MM BOJI CT i
HampspkeHue, mogaBaeMoe Ha HarpeB U
6 |TpyOsl, B B
7 Cuna Toka, moTpedaseMoro Ha HarpeB I
TpyOBI, a i
8 |Ilokazanus 6apomeTpa, MOap B
9 |Temneparypa okpyxatomei cpensl, °C|  toxp

4. PacyeTHble (pOpMYJIBI H PACUYETHI.

1. ATMocdepHOe AaBlieHHuEe HAXOAUTCS C YUYETOM TEMIEPaTypHOTO PACHIMPEHUs CTOJIOMKA PTYTH

O6apomerpa o ¢popmyie: P, = B10°
M 1+1,815107,

rie B — mokasanue Oapomerpa, mOap; toqp — TEMIEpaTypa OKpYXKarolled cpelsl, paBHas
TeMnepaType Bo3ayxa npH Bxoje B Bozayxomep, °C.
2. llepenan naBneHus Bo3ayxa B Bozgyxomepe: AP = p-gH , I1a

rae p — IUIOTHOCTH BOjbl B U-oOpazHOM Bakyymmerpe, pasHas 1000 Kke/m’; g — YCKOpEHHUe
cBOGOIHOrO TazeHus, pasHoe 9,81 m/cex’; H — nmokasanne BakyyMMeTpa (FOpIIO BO3LyXOMepa),
nepeseoenHoe B M 800.CH.

(P, —AP)
R:(t,  +273)°

3

3. [110THOCTB BO3yXa MO COCTOSIHUIO B «TOPJIE» BO3LyXoMepap, = Ke/M

OKp

rae R — xapakTepucrtuyeckas ra3oBast IOCTOSIHHAs BO3/lyXa, paBHast 287 [owc/ke K.



4. Pacxon Bozayxa: G = 0,525-10’3-ﬂ/pB-AP , Ke/cex

5. AGcomoTtHoe naBienue B ceuenuu I-I: P, =P_ —p-g-H, ,1lla
rae H, - mokaszanme nmpezomeTpa (Imocie KoMIIpeccopa), nepesedenHoe B M 600.CHl.

P
6. TIIIOTHOCTB BO3/yXa 110 COCTOSIHHIO Ha BXOJI€ B TOPU3OHTAIBHYIO TPYOy: p, = —————,
R-(t, +273)
Kke/m’, Te t; — Temmeparypa Bo3ayxa npu Bxoje B TpyOy (ceuenue I-1), °C.
7. IInOoTHOCTB BO3/1yXa MO COCTOSIHUIO HA BBIXOJIE€ U3 TOPU3OHTAIBHOM TPYOBL: p, = —————
R-(t, +273)

Kke/m’, Tie t, — Temmeparypa Bo3ayxa Ha Bbixoje u3 TpyOsI (ceuenue II-11), °C.
8. 3HaueHue SHTAIBINU Bo3ayXxa B ceueHusx | u Il onpenensiercs mo oOiieMy ypaBHEHUIO:
h =c, -t K/ic/xe,

e ¢, — TEMJI0EMKOCTh BO3yXa IPU MOCTOSHHOM JABJIECHUH, KOTOPas MOXKET ObITh IIPUHATA HE
3aBUCsALE 0T Temmeparypel u paBHo 1,006 k/c/(ke-°C); tj — TeMmmeparypa B
paccMmarpuBaemMoM ceueHuu, °C; ] — uHaeKc paccMmarpuaemoro ceuenus (I wmm I1).

9. Cpenuss ckopocth notoka B ceuenusx I-1 u II-1I onpenensiercs mo o0iieMy ypaBHEHHIO:

W, = L, M/cex,
(pj F

rae F — miomaas mpoxXoaHoro ce4eHus Ui OTOKa BO3yXa, oauHakoBas i cedenunt I-1 u II-
IT u paBHas 1,35107, a7’ pj — MJIOTHOCTh BO3JyXa B PacCMAaTPUMBAEMOM CEYECHHH, Kke/m’; ] -
uHzekc paccmarpuBaemoro ceuenus (I-1 wom I1-11).

10. MomHOCTh TEIJIOBOIO MOTOKA, MEPEAAHHOTO BBIHYKIEHHOM KOHBEKIMEHW, OT BHYTpPEHHEN

MIOBEPXHOCTHU TPYObI Haxoautcs ¢ yaetom (4) no hopmyne: Q, =G-(Ah+AD_, ), Bm

KHH

11. Toraa ¢ yuetoM ¢opmyisl (3) MOIIHOCTH TEMJIOBOTO MOTOKA, NEPEAAHHOTO €CTECTBEHHON
KOHBEKIMEH OT HApYKHOU MOBEPXHOCTH TPYObl: Q, =Q, —Q,, Bm

12. MouIHOCTh TEIMJIOBOTO MOTOKA, BhIAEIEHHAs Ha y4yacTke oT cedeHus [-1 mo ceuenms II-11
HaXOJIUTC 110 NOKa3aHUAM BosbTMETpa U amnepmerpa: Q, =U_ -1, Bm,

rne I, — cuna Toka, motpebiisemas Ha HarpeB TpyoOsbl, a; U, — HanpspkeHue, 1ojaBaeMoe Ha
Harpes TpyoObl, 6.

OnbITHBIE 3HAUYEHUS KO3(PPULMEHTOB TemIo0TAaYM nosyyaeM 1o ¢opmyinam (1) u (2), B
KOTOPBIX Fay — BHYTPEHHSIS IOBEPXHOCTH TpyObI, paBHas 0,382 0,352, m’; Fuap — HapyxHas
MOBEPXHOCTh TPyOBI, paBHas 0,386, M CpPEIHMI TeMIepaTypHbIil HAanop MpU BBIHYXACHHOU
KoHBeKkuMu Aty = ty — 0,5:(t; + tp), °C; cpenHuii TemnepaTypHbI Halop NMpU €CTECTBEHHOMN
KOHBEKIMH Aty = ty — toip, °C.



13. Pacuernple 3HaueHHs Kod(dduimenTa TeruiooOMeHa sl BBIHYKISHHONH KOHBEKIIUU

HaxouM ¢ yuetoM (3) umu (4) mo ¢popmye: Qing = Nuing di , Bm/(W’-2pao) (6)

BH

[Tpu BBIMUCIIEHUH KpUTEpUEB MOA0OMS 1o ypaBHeHUsM (3) wimu (4) u xkodddunmenrta
termootnaun mo Gopmyne (6) Bce Terodu3MYecKue CBOWCTBA Bo3ayxa (mprioxeHue 1)
HaXOJATCS 110 onpedensaowel memnepamype — cpeoneli memnepamype nomoxa 8 mpybe paBHOU
ty = 0,5-(t; + tp); onpenensironuM pasmMepoM B (hopMyJiax SBISAETCS BHYTPEHHHUN AUAMETP TPYOBI
dsu = 0,0415, m.

14. Pacuernbie 3HaueHus kod(duimeHta TermaooOMeHa isi CBOOOTHOW KOHBEKIIMH

A-Nuona , Bm/(W’-2pao) (7)

HAaxXoJMM C y4eToM (5) no dopmyrne: o, ., =

Hap

[Ipu BBIYMCICHHM KpUTEpUEB TMOA00MS 1O YypaBHeHHIO (5) u ko3 ¢uimeHra
terootnaun mo Qopmyne (7) Bce Termnodu3ndeckue CBOWCTBa Bo3ayxa (mprioxeHue 1)
HAXOJATCS TI0 onpedendiouiell memnepamype — cpeoneli memnepamype nomokd, OKpYHcaoue2o
mpyoy paBHOU t; = 0,5:(tx + top); OMPENENAIOINM pa3sMepoOM B pOpMyJIax SBISETCS HapPy KHbIHI
auameTp TpyOsl dyap = 0,0455, m.

15. TosicHeHust K pacdyeTaM HEKOTOPBIX BETMYHMH MTPH 3aITOJTHEHUH TaOIHIIBI Pe3yIbTaTOB
pacuera:

K crpoke 10: Ah =1,006-(t, —t,)-10°, [orc/xe
W, - W/
K ctpoxke 11: AD,,. = % , orc/ke
16. Pe3ynbTaThl pacyeToB JOHKHBI OBITH MPOIYOIUPOBaHbl B (JOPME CBOJIHON TaOIHIIBI 2.
Tabmunia 2.
Ne MaMensieMas Besitita 0O603Ha- Howmepa omnbIToB
1/ p YCHUE 1 2 3 4 5 6
1 | AtmocdepHoe naBienue, 6ap Parn
) [lepenan naBneHus Bo3ayxa B AP
Bo3ayxomepe, [1a
3 [TnoTHOCTH BO3yXa IO COCTOSIHUIO B
ropJje BO3yXoMepa, Kr/m° Ps
4 | Pacxon Bo3ayxa, Kr/c G
5 | IInotHOCTE BO3yXa B ceueHuu [ — 1, Kr/M° P1
CpenHsisi CKOPOCTh MOTOKA BO3/1yXa B
6 Wi
ceuennu I — I, m/c
[TnoTHOCTH BO3AyXa MPU BBIXOJE U3 TPYObI
7 3 P2
(ceuenne II - 1), kr/™m
Cpenusisi CKOPOCTh MOTOKA IPU BBIXOJIE U3
8 W,
TpyOHI (ceuenue 11 - II), m/c
9 Tennora, BHOCHUMAas SIEKTPUIECKHM TOKOM Q
B cucteMy (HarpeB TpyObI), BT °
V3MeHeHne SHTaIbINN BO3/1yXa MO TOTOKY
10 Ah
B cucreme (Tpy6e), JIK/Kr
W3MeHeHne KUHETUYECKON SJHEPTUU
MOTOKa Bo3ayxa B TpyOe, JIk/kr




No MsMensienast Beliia O6o3Ha- Howmepa onbiToB

n/m p YCHHE 1 2 3 4 5 6

12 Temnora, mepegaBaeMasi HOTOKY BO3/1yXa B Q
TpyOe, BT !

13 Temnora, nepegaBaeMast OKpy Karoemy Q
TpyOy BO31yxy, BT 2

14 CpenHuil TeMnepaTypHbIid HAmop B At
YCIIOBHSAX BHYTpEHHeEro Temiooomena, °C !

15 CpenHuil TeMnepaTypHbIi HAmop B At
YCIOBHSX BHELIHEro Termiooomena, °C 2

16 | Kpurepuii PeitHonbica Re,

17 Kpurepuii [Ipanarns B ycnoBusax Pr
BBIHYKJICHHON KOHBEKLIUU I
Kpurepuit HyccenbTa B ycroBusx

1 8 o Nuln d
BBIHY>KJICHHON KOHBEKLIUHU ’

19 | Kpurepwuii ['pacroda Gr,

20 Kpurepuii [Ipanaris B ycnoBUsix Pr
€CTECTBEHHON KOHBEKIIUH 2u
Kpurepuii Hyccenbra B ycnoBusix

21 4 Nuznq
€CTECTBEHHON KOHBEKIINU ’

2 Pacuetnblit k03 punmeHT TennooTnaun u
TP BBIHYKICHHOHN KoHBeKImH, B1/(M>-°C) Ion
OnbITHBIN KO3 GUIMEHT TeMI00Taa4N

23 o o / 20 01 pacu

PH BBIHYKJIeHHOM KoHBek1MH, B1/(M™-°C)

Pacuernblit k03 punmeHT TennooTnaun

24 . 20 02 on
pu cB0OOHOM KoHBEKIHH, BT/(M™-°C)

75 OnbITHBIN KOG GUIIHEHT TEII00TAauN a
npu cBoGoHOI KoHBeKIHH, BT/(M>-°C) 2 pact

5. KoHTpoJIbHbIE BONIPOCHI.

1. ChopmynupyiiTe 1ens 1abopaTopHO pabOThI U MOSCHUTE, KaK OHA JJOCTUTAETCS?

2. HazoBuTE OCHOBHBIE y3J1bl KCIEPUMEHTAIBHON YCTAHOBKU U YKaKUTE UX HA3HAYCHHE.
3. Kakumu MeToiamMu u3MepsieTcsl TeMrepaTypa B JaHHOU paboTe?

4. Kak u3mepsieTcsi U peryIupyeTcs pacxoj] BO3yXa B JaHHOH paboTe?

5.I1o kaKUM MpU3HAKAM MOXHO CYJIUTh O CTAIIMOHAPHOM PEXUME TEIJI000MEHa C OKpYKaromei
cpenoit?

6. Kak  ocymectBusiercs  BbIOOp  KOHTPOJBHOH  000JIOYKM  paccMaTpuUBaeMoOi
TEPMOJIMHAMUYECKON CUCTEMBI?

7. daiite  GOpMYyNTHpPOBKY M MaTEMaTHUYECKOE BBIPAKCHHE YpaBHEHHUS TIEPBOTO 3aKOHA
TEPMOJIMHAMMKH, UCIIOJIB3yEMOTO IS PEIICHUS 3aJa4M JaHHOTO OMBITA.

8. VYkaxure cnocoObl OINpeNeNeHus] BEJIUWYMH, BXONAUIMX B YypaBHEHHE 1-ro 3akoHa
TEPMOJAMHAMHUKH, UCIOJB3YEMOI0 I PEIICHHs 3aJaud JaHHOIO OIbITa, C IIOJHBIM
000CHOBaHMEM HCTIOJIb3YEMBIX PACUETHBIX (POPMYII.

9. Kakue cymiecTByOT METObI M TPUOOPHI AJIs U3MEPEHHsI TEMIIEpaTypbl, JaBJIE€HUsS U pacxoaa?
10. Kak onpeznensercs MIOTHOCTh BO3/yXa B YCIOBUAX TaOOpaTOPHON YCTaHOBKU?
11. Kakue BUIIbI KOHBEKIIMU CYIIECTBYIOT, B YEM UX pazinyuue?

12. B gem cymnocts "Teopuu nofodus" u Kak ¢ ee NOMOILBIO ONPEEISIOTCS KOAPPUIIMEHTHI



TEIJIO0TAauH?
13. Kak cocTaBisitoTCst KpUTEpHUATbHBIE YPABHEHHS ?

14. CocraBbTe B 00lIeM BHUAE KpUTEpUAIbHBbIC YpaBHEHHs JJs BBIHY)XICHHONH U CBOOOIHON
(ecTecTBEHHO ) KOHBEKIIUH.

15. KakoB ¢u3nueckuii cMbICI KpUTEpUEB MOJ00MS, BXOAIIMX B YpaBHEHUE JUIsl CBOOOHOMN
KOHBEKIIUH?

16. KakoB pu3uvecKuii CMBICT KPUTEPUEB TOI00NS, BXOISAIINX B YPAaBHEHHE JJIsl BEIHYKIACHHON
KOHBEKIIUH?

17. Yto Takoe "onpenenseMslil" u "onpenensromui" kpurepuii?

18. Kak BbIOMpaeTcst onpenessitonuil (XapakTepHbIi) pa3Mep M ONpeesitonias TeMIepaTypa
IIPU pacueTe KPUTepueB moao0us?
[Tpunoxenue 1

B npunoxeHnn npuBeaeHbl HHTEPHOISIMOHHbBIE (POPMYIIBI Ui pacyera
TEIIO(PU3NUECKUX CBOMCTB CYyXOro BO3/lyXa B 3aBUCUMOCTH OT TEMIIEPATYPHI:

»  TEIJIONPOBOIHOCTh
M = 0,000074-t, + 0,0245, Bm/(m-°C) ;

» KHHEMATH4YeCKas BSI3KOCTh
vi = (0,000089-t,> + 0,088t + 13.,886)-10°, x’/c;

» kpurtepuii [Ipanarns Pr
Pr = 0,00000051t,> - 0,0002493-t, + 0,7086.
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