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1. OCHOBHBIE 3AJIAYA CAMOCTOSTEJBbHOM PABOTHI.

Brinmonnenne caMocToaTeabHON pabOThl CTYACHTOB UMEET 33/1a4u:

3aKpenuTh M YIrIyOuTh 3HAHMS, IOJyYEHHBIE B pe3yjibTaTe HU3y4EHUs
TEOPETUYECKOTO U MPAKTUYECKOT0 Kypca 1o TepMoaMHaMUKE U TEIJIONEpenaye;

HAay4YUTb CTYACHTOB IIPUMEHEHHUIO JTHUX 3HAHUM K PELICHHUIO0 NPaKTHYECKUX
3a/lay pacyera TEIUIOBBIX IPOLECCOB B IOMEIICHUSAX, YCTPOMCTBAxX, arperarax H
TEIUIOBBIX MAlINHAX.

Llenb BBIMONHEHUS CaMOCTOATEIBHONM pPabOTBl — 3aKPENUTh TEOPETHUUECKUN
Marepuail Kypca «TepMoauHaMMKa M TeEIUIONEpeNaya» M OPUMEHHTh €ro JUIsd
pPacyeTOB TEIJIOBBIX MAIIUH.

B mpouecce paboThl CTYyAEHTHl JOJIKHBI MPOSIBUTH CaMOCTOSITENIBHOCTD,
TBOPUYECKUH MOAXOJ K PEIIAEMbIM 3a/1auaM, HAyYUThCSl pad0TaTh C TEOPETHUECKOU U
CIIPaBOYHOM JIUTEPATYPOH.

2. COAEP/ KAHUE U CTPYKTYPA PABOTbI

ConepxaHue caMOCTOSATEIbHOM padOThl ONpPENENsIeTCs €€ 3aJaHueM, KOTOpOe
BBIJIa€TCs MPENojaBaTesieM KaxaoMy o0ydaeMoMy MHAMBHUyalIbHO, B COOTBETCTBUU
¢ c(OpMHUPOBAHHBIMU BapHaHTaMU JJIs KKJI0OM U3 IPAKTUYECKUX 3a]1a4.

CTyAeHT JOJKEH YACHUTH 33/laHKe, OJA00paTh U U3yUYUTh PEKOMEHOBAaHHYIO
JUTEpaTypy, MaTepuall JIEKUMHA M NPAKTUYECKUX 3aHATUM U B COOTBETCTBUU C
NPUBEAECHHBIMU PUMEPAMU BBITIOJIHUTH CBOIO padoTy.

CamocTosTenbHass paboTa COCTOMT M3 PEIICHUs CIEAYIOIIUX MPaKTHYECKUX

3aaHus Ha TEMbI, HM3Yy4a€MbIC B TCOPECTHYCCKOM KYpPC€ NUCHUIIINHBI.

1. 3aKOHBI ¥ ypaBHEHUS JIJII CMECEH MIealbHBIX Ta30B M UX XaPAKTEPUCTUKH.

2 PacueTsl TEII0EMKOCTH T'a30B.

3. OmnpeneneHre BHENTHUX XapaKTEPUCTHK TEIJIOBBIX JIBUTATEIICH.

4 Omnpenenenre XapaKTEPUCTUK OJJHOCTYIIEHYATOTO OPITHEBOTO
KOMITIpeccopa.

5. PacueT uKkII0B MOPITHEBBIX IBUTATEICH BHYTPEHHETO CTOPAHUSI.

6. Pacuer TernonpoBoIHOCTH IMJIMHIPUIECKON TPYOHI.

7. KoHBeKTUBHBIN TEIUIOOOMEH U TEILIOOTAAYA.



CaMocTosTenpbHasi paboTa BBIMONHAETCA Ha Juctax ¢opmarta A4 ¢
oopMIICHUEM THUTYJIBHOTO JINCTA YCTAaHOBJIICHHOW (OPMBI C yKa3aHHEM HOMepa
BapHaHTa.

[Ipu odopmneHnn permeHnit 3amad B 00S3aTEIBHOM TMOPSJIKE 3aIUCHIBACTCS
TEKCTOBOE YCJIOBHE 3a/layd U TMOJPOOHOE €€ pelIeHHe C TMOSCHEHUSIMHU U3
TEOPETUIECKON YaCTH COOTBETCTBYIOIIUX Pa3/eliOB JUCHUIUIMHBI. B MCTIOIB3yeMbIX
Uil pemieHus (Gopmysiax JODKHBI OBITh TOSCHEHHUS BEJIWYWH BXOMSIIMX B OTY
bopmyny.

BapuanTbl 3aganuii 1)1 perieHust BRIOMPAIOTCS B COOTBETCTBUH C TIOPSIKOBBIM
HOMEPOM 3allUCH CTYJEHTa B JKypHaJIe TPynmbl. {7 CTYIEHTOB IMOJ HOMEPOM B
x)ypHaie Ne26 u nanee, BBIOUparoTcss HOMepa BapuaHTOB HaunHas ¢ Nel.

3aI[aHI/Ie Ne5 BBITIOJTHSICTCS B __COOTBETCTBHHM € OOIIMM VCJIOBHEM M

MNOPHIKOM pacueTOB INIPUBECACHHBIM B IIPUMEPE BBITIOJHCHUA 3aJaHUA Nob,

TekcT MNOSCHUTENBPHOM 3amUCKU MOXET ObITh BBIINOJHEH pPa300pUYUBBIM
PYKOITMCHBIM TOTYEPKOM WM C KCIOJIb30BAHWEM KOMITbIOTEpa M MPUHTEpA depes
nojTopa uHTEepBaia. L[Ber mpudra nomkeH ObITH YEpPHBIM, BbICOTA OYKB, LU(p U
Ipyrux 3HaKoB — He MeHee 1,8 mMMm (kerub 14). PemeHue kaxaol — 3amauu
HEOOXOIMMO HauyMHATh ¢ HOBOro jucta. I'paduku B 3amanum Ne5 MOIKHBI OBITH
BBIMIOJIHEHbl Ha OTAENBHBIX JIMCTaX B MaciuTade. JIMCTBI BBIMOJTHEHHON pabOThI
JOJDKHBI HMMETh TOPSIKOBbIE HOMEpa B IHpenenax Bcedl padoTel. OdopmieHue
TUTYJIBHOTO JINCTA JOJDKHO COOTBETCTBOBATh YCTAHOBJICHHOM B duiuaine Gpopme (cM.

CJICAYIONIYIO CTPAHUILY).
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2. BAPUAHTBI 3AJIAHUI
3aganue Nel
3amaH 00bEMHBIA COCTaB Ta30BOM CMECH: rn, TNH;, Tco,- Onpenenuthb
MACCOBBI U MOJIBHBIM COCTABBI CMECH, KAXKYIIYIOCS MOJICKYJISIPHYIO MACCy, Ta30BYIO
IIOCTOAHHYIO, y,ZleJILHLIﬁ 00BEM M IUJIOTHOCTHh CMECHU IIpu AaBJICHHUN CMCCH p Hu
TeMIIEpaType CMeECHU t. OnpenenuTh TakKe MacCOBYI, OOBEMHYI0O M MOJIbHYIO
TCIINIOEMKOCTbE CMCCH.. HpI/I 9TOM CUUTATh TCIIJIOCMKOCTL HE BaBI/ICHHIGfI oT

TCMIICPATYpPbI, a MOJIBHBIC TCIIJIOCMKOCTHU HAaWTU 1O CIIpaBOYHbBIM Ta6JII/IIIaM

TEIIOEMKOCTEH .
Tabomuma 1.1
Hcxonnarie nanabie K 3agaduio Nel
Bapuant Ty, TNH; Tco, P, MIla t,°C

1 2 3 4 5 6

1 0,10 0,60 0,30 0,10 0

2 0,15 0,50 0,35 0,15 10
3 0,20 0,40 0,40 0,20 20
4 0,25 0,50 0,25 0,25 30
5 0,30 0,60 0,10 0,30 40
6 0,35 0,50 0,15 0,35 50
7 0,40 0,40 0,20 0,40 60
8 0,45 0,30 0,25 0,35 70
9 0,50 0,20 0,30 0,30 80
10 0,55 0,10 0,35 0,25 90
11 0,60 0,10 0,30 0,20 100
12 0,65 0,20 0,15 0,15 90
13 0,65 0,25 0,10 0,10 80
14 0,60 0,20 0,20 0,15 70
15 0,50 0,10 0,40 0,20 60
16 0,50 0,20 0,30 0,25 50
17 0,40 0,30 0,30 0,30 40
18 0,40 0,40 0,20 0,35 30
19 0,30 0,30 0,40 0,40 20
20 0,30 0,40 0,30 0,45 10
21 0,55 0,10 0,35 0,25 20
22 0,40 0,40 0,20 0,40 30
23 0,60 0,20 0,20 0,35 40
24 0,25 0,50 0,25 0,25 50
25 0,65 0,25 0,10 0,10 60
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Ta0muna 1.3

MonsipHbie TeroeMKkocTH npu Temmeparype 20°C u napnennu 1aT™

BemectBO | ' ) ) F C,C,
Kaww (Mob-K) | Kai/(moik-K)
OaHoaTOMHBII a3
He 2.98 497 1.67
Ar 298 497 1.67
JABYXATOMHBII ras
" 4.88 6.87 1.41
N, 4.96 6.95 1.40
MuoroaroMHBbIIi a3
CO. 6.80 8.83 1.30
NH, 6.65 3.80 1.31




3aganue Ne2

K 1 xr 3amaHHOro rasa, HaxoOJsILUErocs B €MKOCTH IpH Temmeparype t; u
JNABIICHUU P; NOABOAUTHCA ( TEIIOThl. ONpenesnTh: KOHEYHYIO TEMIIEPATYPY U
KOHEUHOE [IaBJICHUE Ta3a IOcCJe MOABOAA TEIIOThI, €CJIM 3aBUCUMOCTh MCTHHHOM
TEIUIOEMKOCTH OT TeMIlepaTyphl 3aJaHa (Gopmynoil (cMm. TaOdHIly ¢ BapUaHTaMH),
KOHEUHbIC TEMIIEpAaTypy W AABJICHUE B MPEANOJIOKEHHH IMOCTOSHHOTO 3HAYEHUS

TEIJIOEMKOCTH PABHOM €€ 3HAaYeHUI0 NpPU HCXOJHOM TEMIEeparype; BEIUYUHY

pPacCxXoKACHUA B PAaCCUUTAHHBIX 3HAYCHUAX B o0ounx ClIy4dasdax B IIPOLCHTAX.

Tabmuma 2.1
JlarnabIe K 3amanauio Ne2
Bapuant l'a3 t; °C | p1.6Gap | Q, x/[k | YpaBHEHHE 3aBHCUMOCTH
uc,(t), kx/(kmoib K)
1 N,O 16 1.0 1200 40,186+0,00975t
2 CO; 18 1,2 1000 41,36+0,0145t
3 N, 20 1,1 900 28,537+0,00539t
4 O, 25 0,9 1500 29,58+0,00697t
5 He 23 1,4 1400 20,97+0,00184t
6 H, 27 1,3 1100 28,345+0,00315t
7 CO 30 1,0 800 28,739+0,00588t
8 H,0 26 1,5 1000 32,837+0,01166t
9 CH, 19 1,2 1200 36,73+0,00587t
10 CoHy 20 11 1400 42,78+0,0243t
11 Ne 22 0,9 1600 20,95+0,00474T
12 NHs 23 1,4 1500 36,70+0,00878t
13 NO 30 1,3 860 29,28+0,0156t
14 SO, 28 1,0 960 40,873+0,013204t
15 CsHg 16 1,12 1100 72,9+0,0107t
16 CoH2 18 1,15 1300 41,5+0,00976t
17 Ar 25 0,96 1250 20,79+0,00378t
18 H,S 24 0,98 1450 34,88+0,00417t
19 BO3JIyX 27 1,0 1050 28,765+0,00572t
20 Cl 22 1,2 920 18,388+0,000525t
21 NO 30 1,3 860 29,28+0,0156t
22 CoHy 20 11 1400 42,78+0,0243t
23 H, 27 1,3 1100 28,345+0,00315t
24 Ar 25 0,96 1250 20,79+0,00378t
25 N, 20 1,1 900 28,537+0,00539t
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3aganue Ne3

OnpenenuTs JUTPOBYI0 MOIMHOCTh M yAETbHBIA HWHIUKATOPHBIN Pacxoj
TOIIMBA YCTHIPEXUMIHMHAPOBOrO (I = 4) 4eThIpeXTaKTHOro (T = 4) ABUraTtess, eCiu
cpeaHee MHAUMKaTOopHOE AaBiieHue paBHo P; , (I1a). Juamerp nununapa D = 0.12m,
xon mopmHS S = 0.1 M. yrioBas CKOpOCTh BpaIeHUs KOJICHYATOro Bayia o (pazu/c).
MEXaHUYECKUH K.IL.A. #,, ¥ YIeabHbIN pacxon TomnuBa B = 0.008 kr/c. JlanHble 115

pacuera npuHsTh 1o Tadi. 3.1.

Tabmuma 3.1
JlaHHbIe K 3aaHui0 Ne3
Bapuant Pj, MIla o, paz/c My
1 1,10 450 0,90
2 1,05 429 0,89
3 1,00 408 0.88
4 0,95 387 0,87
5 0,90 481 0,86
6 0,85 534 0,85
7 1,10 502 0.86
8 1,15 513 0,87
9 1,20 523 0,88
10 1,15 461 0,89
11 0.80 377 0.80
12 0.85 398 0,81
13 0,90 419 0,82
14 0,95 440 0,83
15 1,00 471 0,84
16 1,05 492 0, 85
17 0,80 544 0,84
18 0,85 419 0,83
19 0,90 440 0,82
20 0,95 471 0,81
21 1,05 440 0,82
22 1,00 471 0,83
23 0,95 492 0,84
24 0,90 502 0,85
25 0,85 513 0.86
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3aganue Ned

OMHOUMIMHIPOBBI  OJHOCTYIEHYATHIA TIOPITHEBOW KOMIIPECCOP CKUMAET
BO3yX oT armochepHoro masieHus p; = 0.1 Mlla mo TtpeOyemoro nmaBieHUs p;.
Onpenenuts 3(PPEKTUBHYIO MOIIHOCTH MPHUBOJA KOMIIPECCOpa W HEOOXOIUMYIO
MOIIIHOCTh dJIeKTpoABUTareis ¢ 3amacoM 10 % Ha meperpysky, €cim TuameTp
muuHapa D (M), xom mopmHs S (M), dactora BpamieHus Baiga N (006/c),
OTHOCHTENBHBIH 00beM BpeaHoro mpoctpanctBa 6 = 0.05 mokaszarens MOJUTPOIIBI
pacIIMpeHusl OCTAloIIerocsi BO BpeIHOM oObeMe Traza M, koddduimeHrT,
YUYUTBIBAIOIIUM, YMEHBIIEHHE JaBlIeHHA TIa3a Ipu BcackiBaHuu. 1, = 0.94 u
addexruBHbl annadbatHeii KIIJ kommpeccopa 1. ., = 0,75. [lanHble s pacuera

npUHATH 1o Tad. 4.1.

Tab6awnma 4.1
Jlanuele k 3amaauio Ned
Bapuant | P;, MIla D, m S, M N, 06/c m
1 0,95 0,10 0,10 10,00 1,35
2 1.00 0,13 0,13 8,83 1,30
3 0,95 0,15 0,15 9,17 1,35
4 0,90 0,18 0,18 9,67 1,33
5 0,85 0,20 0,20 12,00 1,37
6 0,80 0,17 0,17 11,67 1,34
7 0,80 0,15 0,15 11,33 1,37
8 0,85 0,12 0,12 10,83 1,34
9 0,90 0,10 0,10 10,00 1,35
10 0,80 0,12 0,12 10,33 1,30
11 0,75 0,15 0,15 11,33 1,35
12 0,70 0,17 0,17 11,67 1,33
13 0,65 0,15 0,15 12,00 1,37
14 0,60 0,12 0,12 12,50 1,34
15 0,75 0,10 0,10 12,00 1,35
16 0,50 0,10 0,10 6,61 1,30
17 0,55 0,12 0,12 7,00 1,31
18 0.60 0,15 0,15 7,50 1,33
19 0,65 0,17 0,17 7,92 1,32
20 0,70 0,20 0,20 8,33 1,33
21 0.60 0,12 0,15 10,33 1,35
22 0,65 0,15 0,17 11,33 1,36
23 0,70 0,17 0,20 11,67 1,37
24 0,75 0,15 0,17 12,00 1,30
25 0,80 0,12 0,15 12,50 1,31
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3aganue Neb

Oo61ee ycioBue 1Jis pacdera nukiaos JIBC
OrmpeIeuTh mapaMeTps! p (nasBierue, 6ap), V (06bém, Mm/kr), T (Temmeparypa, K), t
(temmepatypa, °C) BO BCeX XapaKTEpHBIX TOYKax 3aIaHHOTO IIMKJIa, BO BCEX
npolieccax UKIIa ONpeeInuTh IpUBEACHHbIC K 1 KT nmapameTpsl ( (TemioTa, Kk/Kr);
AU (u3meHeHHMe BHYTpeHHEH »sHepruu, kJDk/kr); Ah (M3MEHEHHE >HTAJIBIINH,
k/x/xr); | (pabota, xJxk/kr); AS (u3menenue sutpomnuu, kKx/kr-K). Iloctpouts
rpaduku mukiaa B p-V koopauHatax u B T-S koopauHaTax. OnpenenuTs napaMmeTpsl
mukia; repmudecknii KITJ 1y, paboty 3a mukin |, (k//kr), cpeqHee HHIUKATOPHOE

JaBlieHue 1UKIa p; (6ap).

BapuanThl 1J1 pacueTa HMKJIOB ABUraTe IeH.

1. B nunungpe JIBC Bo3ayx, HauanbHble TapaMeTphl koToporo p; = 0,17 Mlla
u T; = 300 K, aguabatHo cxxumaercs. Ctenenp cxkarus € = 10. 3aTeM B H30XOpPHOM
npoiiecce K Hemy noaABoaAUTCs 288 KJ[K/KT TEIIOTHI.

2. 1lyka mopIIHEBOTO JBHUTATENsT BHYTPEHHETO CTOPAHMS WMEET CMEIIaHHBIN
noaBoJl TeroThl. HavaneHoe naenenue p; =0,12 MIla, HauanbHas Temmeparypa t;
=2500C, CTEIIEHb CXXaTusg € =18, cTeneHb NOBBILICHUS AaBjieHUS 1,5, cTEneHb
MpeIBapUTENBLHOTO paciupenus 1,6 u nokazartenb aguabatel k=1,4. Pabouee Teno
oOnamaer CBOWCTBaMU BO3/yXa.

3. B 1mukime mopmHeBOro aBHUTATENs] BHYTPEHHETO CTOPAaHHS C TIOJBOIOM
TEIUIOTHI NpU p=const HayanbHOE naBieHue p; =0,12 MIla, HauanbHas TemnepaTypa
t, =100°C, cremens cxkaTus € =12, CTeneHb MPEIBAPUTENHLHOTO pacmmpenns 2,0 u
rokasareib aguadatel k=1.4.

4. Tlpoueccor 1-2 u 3—4 g nukna IBC — u3oxopuueckue. B poreccax 2-3 u
3—4 naBieHHE MPSMO MPOMOPIHOHAIBHO 00BEMY. Pabouee Teno — OaHOATOMHBIM
uaeanbHbIi Ta3 (renuit). M3BectHO, uTo po/pr = V4V, = 6, p; =0,1 MIla, HauanbHas
Temmeparypa t; =80°C.

5. B tepmonmnamudeckoM 1ukie Juzens cTeneHb cxxaTusi paBHa 15, a cTerneHb

npenBapurenabHoro pacmmpenuss 1,5. Hawansnoe paBnenne p;= 0,16 Mlla,
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HauajpHas TeMreparypa t; = 20° C. B kadectBe pabouero Tena MpUHSITH YIIEKUCTbINA
raz CO,. MomspHas us3o0apHas TEIUIOEMKOCTh YIVIEKUCIONO TIa3a WUCpcor —33,28
KkJhx/(krK).

6. LIk mOPITHEBOTO JABUTATENSI BHYTPEHHETO CTOPAHUS C MOJABOJIOM TEIUIOTHI
pu v = const . KommmuectBo oTBeaeHHOM TeTUIOTHI () = 500 KJ[K/KT, CTETIeHD CHKATHSI
¢ = 8 u mnokaszarenp aauabatel K= 1,4, HavampHble YCJIOBHS COOTBETCTBYIOT
HOPMAJIBHBIM (DU3UYECKUM YCIIOBHUSM.

7. B uukite OtTo HawanbHbIe mapamerpsl p1 = 0.1MITa, t;- 15°C. Pabouee Temo —
Bo3nyx. K pabGouemy Ttemy momBomuthest Teriora (; = 1500 KIDx/kr. CremneHb
cxarus € =12.

8. B mukie OTTo pabodyemy Teny cooOIaeTcs SHEPTUs B PopMe TEIIOTHI
250 x/Dx/kr. Temmeparypa Hadana mpomecca cxatust t; = 27°C, maBieHHe p; =
0.1MIla, crenens cxarus € =10. PaGouee Teno — Bo3ayx. MonsipHas MaccoBas
TEIIOEMKOCTB Bo3ayxa uc,= 35.3 k/lx/(xmonb K), a monsapHas macca 28.97 kr/mMons.

9. B mukne TpuHKIepa CTENEHb IMOBHIICHUS MaBieHWs A = 1,8, cremeHn
npeaBaputenbHoro pacmupenus p = 1,3. PaGouee Teno — BO3AyX, HaudajdbHBIC
napameTpsl kotoporo p; = 0,17 MIla u T; = 300 K, moka3zarens aguabdate K = 1,4,

10. B mukite Jlusernst TeMieparypa B Hadane ckatus by = 27°C, CTeIIeHb CHKATHS €
=16. Pabouee Teno BO3AyX ¢ MOJISIPHOM TEINIOEMKOCTBIO UC, = 35.3 k/Ix/(kmonb K) u
MOJISIpHOUW Maccoi 28.97kr/monb, mokazatens aauadarel K= 1,4. O0bemM pabodero
TeJa B TPOIECCe IMOJBOAA TEIUIOTHI yBEIMYMBAeTCS B 2 pasza. MakcumalibHas
temneparypa uukna 1819K.

11. B uwkine /luzens mpu CTeNEeHU MNpeABapUTENILHOrO pacummpeHus p = 1,2,
tepmudeckuid KIIJI pasen 0,5. HauvanbHoe naBnenue p; =0,12 Mlla, HavanbHas
Temmeparypa t; =250°C. Termoémkocts paGodero terma ¢, =0,718 k/Lx/(kr-K), rasosas
noctostHHas R =287 JIx/(xr-K).

12. B 1uumkie paBuratensi BHYTPEHHETO CTOpPAaHHS C TOJABOJAOM TEIUIOTHI

npu V = const HayanbHbIe MapameTpbl p; = 1,0406ap, t,-25°C, crereHns cxarust € =14
¥ KOJIMYECTBO MOABEAeHHOM Temtotel  2,714110°Ix. PaGouee Temno - BO3IYX.

13. [ukyi nOpIIHEBOro JBUTATENsl BHYTPEHHETO CrOpaHusi CO CMEIIAHHBIM
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noABOJIOM  TerioTel. HawanbHoe naBnenue p;= 0,12 Mlla, HavanbHas
temriepatypa t; = 25° C, crenenpb cxatus € = 18, CTEIEHb MOBBIIICHUS JABICHUS A =
1,5, creneHp npeaBapUTEIHLHOIO pacmupenus p = 1,6 u nmokasarenb aguadare K = 1,4,
PaGouee Teno obmamaer cBoiicTBaMH BO31yXa.

14. B uukie uaeanbHOrO MOPIIHEBOTO JABUTATEIsl BHYTPEHHEIO CrOpPaHUS C
MOJIBOJIOM TEIUIOTHI IIpU p = const HadalibHOe AaBienue p; = 0,12 Mlla, HauanbHas
temrepatypa t; = 10° C, crenenb cxarua € = 12, creneHp IIPEABAPUTEILHOIO
pacumpenuss p = 2,0 u mokasareiab aauabaTtel K= 1,4. PabGouee Teno oOnamaer
CBOMCTBAMU BO3/yXa.

15. B nukiie OTTO € MOJBOJIOM TEIIOTHI pu V = CONSt HayaidbHBIE TapaMETPhl P
= 1,046ap, t1=250C, a mapaMeTphl Touku 3 p3 = 226,95 Gap, t3:3905,10C. PaGouce
TEJI0 UMEET CBOMCTBA BO3/IyXa.

16. TennoBas mammHa padotaet no nukiay KapHo, coctosieMy U3 AByX H30TEpM
1-2 u 3—4 u nByx aguabar 2-3 u 4—1. PabGoTta cxxaTus B H30TEPMHUECKOM Ipoliecce 3—
4 paBHa Az, =120k/[x, a paborta cxartuga B aauabatuyeckoM mpouecce 4—1 paBHa
A;=250k]1x. JlaBnenue p; = 3 MIla. PaGouee BemecTBo-10 Moyei wujaeanrbHOTO
OJIHOATOMHOTO ra3a (apros). M3otepmuueckoe cxatue npoucxoauio mpu T=363K.

17. B uukine Kapno npu temnepatype 1800°C k 1 kr Bo3myxa noaogurcsa 400 k/[x
TEIUIOTHL. TepMuYecKuii KITJI nannoro nukia pased 0,60. HauansHOe naBneHue p;
=0,15 MIla. PaGouee Teno BO3IyX.

18. B mukiie OTTO ¢ MOABOIOM TEIIOTHI Mpu V = CONSt HayaabHBIC TapaMeTPhl P
= 1,246ap, t;-35°C, a mapameTpsl ToukH 3 ps= 286,25 Gap, t;=3815°C. Pabouce Temo
HMMEET CBOMCTBA BO3yXa.

19. B mukne TpuHKIepa HauanbHbie mapametpsl p; = 0.1MITa, t;- 15°C. PaGouee
Teno — Bo3ayx. K pabouemy Tenmy moasoautbes Temiora (p = 1500 K/ [x/kr. Hons
TEIUIOTHl TOABOAMMON B wu30xopHoM mnpouecce 0.7. Crenenb cxatusa € =17.
Tepmuueckuit K.1.11. nukia paseH 0.675.

20. Paccuntate wuaeanpHbli 1MKI JIBC co cMmemaHHBIM IMOJBOJOM TEILIOTHI.
Havanpabie mapamerpsl padouero tena p; = 0,12 Mlla, t; = 37 °C, cTeneHs cxaTus € =

12, makcumainbHas Temneparypa ukia t, = 1700 °C, temnepatypa nociie aguadaTHOTo
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pacmmmpenus ts = 600 °C.

21. Jlnst GECKOMIIPECCOPHOTO IU3elis, padOTaroIIero Mo UKy TpuHKIEpa C
HM30XOPHO — U300apHBIM ITOJIBOJIOM TEIIOTHI TPOU3BECTH PACUETHI IMKJIA 110 3a1aHHBIM
3HAUYEHUAM HadalbHOro aaBieHus p; =96 klla u Temneparype t;-17°C, crenenu
ckatus €=18, cTeneHn MOBBIMICHUS AaBiICHUS A= 1,5 W CTENeHH NpenBapUTEIHLHOTO
pacmipenust p=1,5. PaGounMm TeIOM CUMTaTh BO3AYX, Iojaras TEIUIOEMKOCTh €ro
MMOCTOSTHHOM.

22. Paccuutars nukia JABC ¢ n30X0opHBIM TTOABOAOM TEIUIOTHI (1UKA OTTO), eciu
HavyaJbHbIE TTapaMeTpbl padouero tena p; = 0,1 Mlla, t; = 20 °C, cTenens cxarus € =
6,5, a 0OTBEIEHHOE KOJIMUECTBO TEIUIOTHI g, = 320 xJ[x/kr. Pabouee Teno - BO3ayX.

23.TermoBoit nuratens no mukiay IBC ¢ moaBomoM Temia Mmpu MOCTOSTHHOM
oobeme. Ilpu sTOM mapameTpsl paboyero Tena MOCIEAOBATEIBHO H3MEHSAIOTCS B
YeThIpex Iporieccax: 1-2 — anuadbatHoe cxxatus; 2-3 — U30XOPHBIN MOABOJ Teruia; 3-4 —
anuabatHoe pacuupenus; 4-1 — u3oxopHoe oxnaxiaeHusa. PabGouee Teno — BO3IyX.
HauanbHble mapamMeTpbl pabo4ero Tejaa COOTBETCTBYIOT HOPMAJIbHbIM TEXHUUYECKUM
ycioBusiM. CTeneHb CxKaTus € = 5, KOJIMUECTBO TEIIa, MOJIBEICHHOE K paboueMy Temy
q = 950 x/Ix/kr.

24. TTpoBecTr pacyeTsl I IMKJIA TIOPITHEBOTO JABUTATEIS BHYTPECHHETO
CTOpaHus C MOJIBOJIOM TEIIOTHI Mpu v = const : p; = 0,15 Mlla; t; =120 °C; e =7; A=
1,2; k = 1,4. Pabouee Temo - BO3aAyX. TEIIOEMKOCTh CUUTATh MIOCTOSIHHOIA.

25. B nBurarene BHyTPEHHETO CrOPAaHUS C MOJBOJOM TEIUIOTHI MPU IMOCTOSHHOM
ooveme nasnenue p; = 0.2 MIla, nauanpHas Temmepatypa t; = 28°C, cTeneHb CxKaThs
€ = 5, cTemneHb MOBBIIIEHUS IaBiIeHUS A = 1.2, rasoBasg mnocrosHHas R = 188,9
kJDx/krxK,  koadpdumment amumabatel k = 1,29, TemimoeMKOCTh Ta3a CUMTAThH

MOCTOSIHHOM, KOJIMYECTBO ra3a 1kr.
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Ta0muma 5.1
MosspHbie TENIOEMKOCTH Cp, ¥ Cy [UIsl HEKOTOPBIX Ta30B

npu temneparype 298K u naBnenun latm.

BemecTBo Cp, JoK/MOIB Cy, Jx/MOb
W neanbHbI OJTHOATOMHBIN ra3 5/2 R 3/2R
W aeanbHbli 1ByXaTOMHBIN T'a3 712 R 5/2 R
bnaroponnsie rassr (He, Ne, Ar, Kr, Xe) 20,79 12,47
Azor N, 29,12 20,74
Kucnopoa O, 29,36 20,95
Vrnekucieiii raz CO, 37,11 28,46
Bonopon H, 28,82 20,44

Boasubie nmapsr H,O 75,29
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3aganue Ne6

ITo Tpy6onposoxy muamerpoM 0 u mnunoit L = 20M mpoTekaer a3 WM KHAKOCT

mpu temmeparype t; ¢ pacxomom V. = 1,6 m%fuac. Ompenenuts TOMIIMHY

TEIUIOU30JISILIAA U3 3aJaHHOTO MaTrepuana, 4YToObl TeMIeparypa HapyKHOU

0
MOBEPXHOCTU HM3OJIALUU OblIa He Bble Ly = 40° C, a TemnoBble noTepy Ha |

NOTOHHBIA MeTp He npeBbliad (. Omnpenenurs Temmeparypy Ha TpaHULE

U30JSIIUSA-TPYyOa U MajieHre TeMIEpaTyphl Ha JUIMHE TPyOOIPOBOIA.

Tabmuma 6.1
Jlanabie k 3agaue Neb
Bapuant I'a3, ti | p1 | Marepuan | Qo | [Auamerp | Marepuan
xugkocts | °C | Gap TpyObl | BT/M | TpyOBI, | HM30JS1IUU
MM / MM
1 [Teperper.map | 350 | 1.5 | Cranp yro. 232 100/90 | Bara ac6.
2 ['opsta.Bo1a 140 | 0,36 | Cranb Hepxk. | 320 90/80 CreknoBara
3 Hacpimi.map 200 | 1,1 | Amromuuuii 640 60/50 CoBenur
4 Cyxo# nap 160 | 0,6 | Cranb Hepx. | 120 220/200 | HIuyp acO.
5 [Teperper.map | 320 | 1,0 Menp 820 80/70 MunBarta
6 opsu.Boga | 160 | 0,62 | Cranb yri. 246 110/100 | HInyp aco.
7 Hacpimi.map 240 | 1,0 | Cranb Hepxk. | 340 90/80 CreknoBara
8 Cyxo# nap 120 | 0,2 | Amomunmii | 600 60/50 MunBara
9 [Teperper.map | 280 | 1,5 | Cranb Hepx. | 126 220/200 | Bara aco.
10 ['opsiu.Bozia 120 | 0,2 Menn 860 80/70 CoBenur
11 Hacpimr.map 220 | 0,9 Cranp yri. 220 106/86 Bara ac6.
12 Cyxoii map 140 | 0,36 | Cramb Hepxk. | 330 90/80 CrexknoBara
13 [Teperper.map | 360 | 1,5 | Amomunmii | 660 60/50 Cosenur
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14 lopsiu.Boga | 180 | 1,0 | Cranb mepxk. | 140 220/200 | Iayp aco.
15 Hacpmmap | 280 | 6,4 Menb 800 80/70 MunBara
16 Cyxoii map 180 | 1,00 | Cranb yra. 200 102/92 | Bara ac0.
17 [eperper.map | 320 | 1,00 | Crans nepxk. | 300 90/80 CrexinoBata
18 lopsa.Boga 120 | 0,2 | AnroMuHHI 620 60/50 Cosenur

19 Hacpimap | 220 | 2,32 | Crans Hepk. | 120 220/200 | Iayp aco.
20 Cyxoit map 140 | 0,36 Menb 940 80/70 MuHBaTta
21 [eperper.map | 280 | 1,5 | Cramb Hepx. | 126 220/200 | Bara ac0.
22 T'opstu.BOI2 120 | 0,2 Mens 860 80/70 Cosenur

23 Hacpi.map 220 | 0,9 CraJip yriI. 220 106/86 | Bara acO.
24 Cyxoit map 140 | 0,36 | Craub Hepxk. | 330 90/80 CrexiioBata
25 [eperper.map | 360 | 1,5 | Amomunuii | 660 60/50 Cosenur
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TennonpoBOAHOCTh MAaTEPUAIIOB

Tabmanma 6.2

| Marepna.i A, B1t/(m-K)
| AZlIoMUHUIE , 204
' AcOecT pacny eHHblif (BaTa) ' 0,087
AchecTt AMeTOBOM 0,116
AcOecToBBIN MHYD 0,130
Acbozypur 0,213
Acbocmiona 0,208
beton 1,280
bpousa 64
Bara muHepasibHas 0,052
Bepmuxyaur 0,328 -i
Bununsacr 0,165 I
I'sivHa oreeynopxas 1,04 I
Kuprnnu: '
JTMATOMOBDII 0,250
JIMHACOBBIT 0,350
KpacHbIIf 0,760
CHJIMKATHBIH 0.810
IMAMOTHBIN 1,140
JlaTveb 93,00
JTen 2,220
Menn 384,0 |
Hakunb 1,750 [
Hewosesb ! 0,110 |
[Tenonaacr 0,050
! TleHomamor 0,290
' TlopucTbIe OTAOKEHMS, TPONUTAHHDIE HeDTENPOAYKTAMU 0,100 1;
TTpoOKOBbBIC NANTDbI 0,038 |
Pesuna 0,160 ]
PxkapunHa 1,150 |
Caxa 0,090 |'
Cuer yIutoTHe HHBIH 0,460 !
Cosestur 0,097 i
CocHa nomepexk BOJIOKOH . 0,151 !
Crasib HepKaBeInas ; 18,00 |
Crane yraepoaucras I 45,00 !
Crexs10 0OLIKHOBEHHOE I 0,745 ]
Crexaoparta ll 0,057 |
MDapdop T 1,040 ]
Yyryn { 63,0 1
Ll1akosara I 0,160 i
HInak KoTeabHbII I 0,29 :

19



3aganue Ne7

Jlis oToTUIeHUsI rapa)ka HCIOJB3YIOT TpyOy, MO KOTOPOM MPOTEKAeT ropsdast
Boga. PaccumTaTh KOHBEKTUBHBIA KOA(PGUIMEHT TEIUIOOTAaYd W KOHBEKTHBHBIN
TEIUIOBOHM MOTOK OT TPYOBI K BO3MIyXy B Tapaxe, €CIM HApYKHBI TUaMeTp W JJIMHA
TpyOBbI COOTBETCTBEHHO paBHbI 0, U |. TemnepaTypa moBepXHOCTH TPYOHI ter, IPU ITOM
TEeMIIepaTypa Bo3AyXa B Tapaxe JOJKHA COCTaBIATh l,. JlaHHbIC /11 pacuera MpUHATH
o Tabu. 7.1, a rertodu3nyeckue CBOKMCTBA BO3yXa B Ta0Ml. 7.2.

Tabnuma 7.1

JlanHbIe K 3amaHm0 No/

Bapuant d,, m I, M te,°C t,, °C
1 0,10 10 70 15
2 0,15 9 75 16
3 0,20 8 80 17
4 0,15 7 85 18
S 0,10 6 90 19
6 0,12 7 85 20
7 0,14 8 80 19
8 0,16 9 75 18
9 0,18 10 70 17
10 0,20 9 75 16
11 0,18 8 80 15
12 0,16 7 85 14
13 0,14 6 90 15
14 0,12 7 85 16
15 0,10 8 80 17
16 0,12 9 75 18
17 0,14 10 70 19
18 0,16 9 75 20
19 0,18 8 80 21
20 0,20 7 85 22
21 0,18 8 80 20
22 0,15 10 75 19
23 0,14 9 90 18
24 0,15 8 85 17
25 0,10 7 80 16
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Tennodpu3HIeCKHE CBOIICTBA BO3ayXa

Tabmuna 7.2

KT ® | a10) | a10%, | gt | v10°,
LC| P N KA Br e Mac Ve Pr
Kkr-K M-K Y Y
-50 1,584 1,013 2,04 17,7 14,6 9,23 0,728
-40 1,515 1,013 2,12 13,8 15,2 10,04 0,728
-30 1,453 1,013 22 14,9 15,7 10,80 0,723
-20 1,395 1,009 2,28 16,2 16,2 12,79 0,716
-10 1,342 1,009 2,36 17.4 16,7 12,43 0,712
0 1,293 1,005 2,44 18,8 17,2 13,28 0,707
10 1,247 1,005 2,51 20,0 17.6 14,16 0,705
20 1,205 1,005 2,59 214 18,1 15,06 0,703
30 1,165 1,005 2,67 229 18,6 16,00 0,701
40 1.128 | 1.005 2.76 243 19.1 1696 | 0.699
50 1,093 1,005 2,83 25,7 19.6 17,95 0,698
60 1,060 1,005 2,90 26,2 20,1 18,97 0,696
70 1,029 1,009 2,96 28,6 20,6 20,02 0,694
80 1,000 1,009 3,05 30,2 20,1 21,09 0,692
90 0972 | 1000 | 313 31.9 215 | 2210 | 0.69
100 0,946 1,009 3,21 33,6 21,9 23,13 0,688
120 0,898 1,009 3,34 36,8 228 25,45 0,686
140 0,854 1,013 3,49 40,3 23,7 27,80 0,684
160 0,815 1,017 3,64 439 245 30,09 0,682
180 0,779 1,022 3,78 475 25,3 32,49 0,681
200 0746 | 1.026 | 393 51.4 260 | 3485 | 0.680
250 0,674 1,038 427 61,0 27.4 40,61 0,677
300 0,615 1,047 4,60 71,6 297 4833 0,674
350 0,566 1,059 491 81,9 314 55,46 0,676
400 0524 | 1.068 521 93.1 330 | 6309 | 0678
500 0456 | 1.093 5.74 1153 36.2 7938 | 0687
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4. METOJINMYECKHUE PEKOMEHJIAIIMM K BBIIIOJJTHEHUIO 3A TAHUM

4.1 Metoanuyeckne peKOMEHIALMHU K BbINOJHEHUIO 3a1aHus Nel

CocraB cmecHu 3a4aCTCiA 00BEMHBIMH ri, MaCCOBBIMH gi U MOJIBHBIMH AOJIIMH ni,

KOTOpPBIE OTPEACIIAIOTCS COOTBETCTBEHHO IO CIEAYIOMUM (hopMyiaM:

r=VilVen 1n=Vo/Ve, 1c=Vn/ Ve,
91 = M1/ MCM; 92 = MZ/ MCM; gk = Mn / Mcw

Ny = N1/ NCM; n, = I\|2 / NCM; Nk= Nk/ NCM
rae Vi, Vo5 ... Vi; Ven — 00bEMBI KOMIIOHEHTOB B CMECH;
M1; My; ... My; M, — Maccbl KOMITOHEHTOB ¥ CMECH;
N1; Na; ... Ng; Ny — KomruecTBO BeriecTBa (KMOJIEH ) KOMIIOHEHTOB
U CMECH.
K — 94MCc10 KOMIIOHEHTOB CMECH.
CyMMma Bcex J10JIe KOMITIOHEHT CMECH paBHA €UHUIIC:

Zgi=1;2ri=1;2ni =1

MoutekyisipHas Macca KOMIIOHEHTOB;
i => Ay Nai, Kr/kmounb
rae Arj— aToMHas OTHOCUTENIBLHAS Macca aTOMa B MOJIEKYIIE
(mo Tabnmue Menaeneesa Tadi.1.2);

N4 — KOJIMYECTBO aTOMOB B MOJIEKYJIE.
Kaxymascs MmonsipHas Macca CMECH:
Wew =D (Wi Ii), Xr/KMoIb
COOTHOIIIEHUS MAacCCOBOM JOJM KOMIIOHEHTOB CMECH ¢ OOBEMHON M MOJILHOU

JOJISIMU  OTIPEAEISAIOTCSA U3 YPAaBHEHUM !

gi = % , =N
VpaBHEHHUs /1 Fa30BOH CMECH 1 €€ KOMIIOHEHT HMEKOT BULL:
Pem Veu = Moy Ren T Pew Ven = 8314 N, T;
PiVeu = MiR; T; Pi Veu = 8314 N; T;
PenVi=MiR;i T; Pew Vi=8314N; T
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rae R, = 8314 JIx/(xmonb-K) yHHBepcanbHas razoBas IOCTOSTHHAS.

['a3oBas mocTositHHAs 3aﬂaHHOﬁ CMCCH paBHaA:

8314 8314
Ry = X(Rigi) wm Rew = Y (piry) - Hen

Kamymaﬂ(:ﬂ MOJIIpHasA Macca CMECH ey -

n = S84 _ 8314
M YRig) Hem Reum

CBs13b MEXKIy YAEIBHBIMA MAaCCOBOM, MOJIbHOM M OOBEMHOM TEIIOEMKOCTSMH:

HCem

c=pc/p=c/p, aTakkKe C¢ = 524

YI[eJIBHBIe MAacCCOBBIC, MOJIBHBIC H 00BEMHBIEC TEIUVIOEMKOCTH T'a30BOM CMECH

(mpu p=const u v = const) :

Cem = Z(Ci gi); MCem = Z(“Ci ri); C,CM = Z(C’i ri)

MG)KIIy I/I306apHBIMI/I u HN30XOpPHBIMHA TCINIOCMKOCTAMU CymcCTBYCT

3aBUCUMOCTh Ha3bIBaeMmas ypaBHeHneM Maiiepa:
-6 =R,
ne, — pe, = 8314,

rae R — unnuBuayanbpHas razoBas noctostHHas B JLk/(kmonb-K) .
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4.2 MeToanyecKue peKOMeHAAIUM K BbITIOJHEHHI0 3aanus Ne2
N3o0apHas u n30XopHas TEMIOEMKOCTh CBSI3aHbl ypaBHeHHEM Maiiepa:

c,—¢, =R
ne, — pey, = 8,314,

rne R — vnpuBuayansnas rasosas nocrosanas B J[x/(Monb-K) ;

R, = 8,314 JIx/(monp-K) yHUBepcanbHas ra3oBasi IOCTOSIHHASL.
n y p
CBs3b MEXKY yJACIBHBIMHA MacCOBOM M MOJIHOM TEIIOEMKOCTSIMH:
¢y = e, /p = (pe, — 8,314) /p,
rae U - MOJIEKYJISIpHAs Macca 3aJaHHOTO BELIeCTBa (ONpPeNensIeTcs mpy

HCITOJIb30BaHNUU TaOuIbl MenzeneeBa 1a6:.1.2)
AHaIUTAYECKOE BBIPAXKEHUE JIJIT MACCOBOM MCTUHHOM M30XOPHOW TETIOEMKOCTH:

coc=a+bT
Cpennsis M30XOpHasi MaCCOBAs TEILUIOEMKOCTb:
KonrdecTBo 1Mo ABOIMMOM TEIUTOTHI (TIpu V = CONSt):
q=cyep (T2-Ty)
C yueToM BBIpaXEHHUS U1l CPEAHEN HM30XOPHOM MaCCOBOM TEIJIOEMKOCTH:
q=(a+b(Ty+T,)/2) (T2-Ty)
Pemienue BbeipakeHus (mpeoOpa3oBaTh B KBaJAPaTHOE YpaBHEHHUE) IO3BOJISET

OnpenennuTh Temneparypy Ts.

Jlns ompenenenns Temmeparypsl T, MpH YCIOBHH € = CONSt, HEoOGXOmMMO
ompenenuts ¢, = a + D T npu ucxomuoii Temneparype T; U NOACTAaBUTH Cy B
BBIPAXKCHUC JIsI KOJIMYCCTBA HOHBOHHMOﬁ TEILIIOTHI.

q=cy (T, —Ty)

JlaBrienne B 000UX ciydasx omnpezensercs rno 3akony [lapms pis uaeanbHOTO
rasa.

To/ Ty =p2/ps
[TorpeIHocTs B ONpeIeIeHIH 3HaY€HUI TEMIIEPATYD M JAaBJIcHUM B % paBHA:
AT :|T2* — Tgl / Tg* 100 , Ap :|p2* — pzl / pz* 100
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4.3 Metoanuyeckue peKOMEHIANNH K BbINOJHEHUIO 3agaHus Ne3

Pa6ounii 00beM tunuHapa apuratess Vi OnpenenseTcs U3 BhIPaKeHUS:
Vh=A  S=zDY4'S,
riae A — IUIOIMIAb CEUCHHS ITUIUHIpA, M

D — nuameTp nmimHapa, M;

S — X0 mopIIHA, M.
Yacrora BpaIieHus KOJICHUATOTO Bajia IBUTATENs B 00/C:

n=w/2nx,
r1€ ® - YIJIOBas CKOPOCTh BpallleHHs KOJICHYATOro Baja, paji/c

I/IHI[HKaTOpHaH MOIIIHOCTH ABUT'AaTCJIsA B kBT OIIPCACIIACTCA U3 BBIPAKCHUA:
2PV ]
Ni = 110: tn -
rne Pj - cpeaHee nHaMKAaTOpHOE MaBJICHHUE ABUTATEN, [1a;
| — gynco muuHApoB aBurates (I = 4)
T - TAKTHOCTD JBUTATENS (UCTBIPEXTAKTHBIA T = 4)

D¢ dhexTrBHAS MOITHOCTD ABUTATEIS B KBT:

Ne = Ni " ny
JIutpoBast MOLIHOCTH ABUTATEIIS B kBr/™m:
N,
Ne= v,
VY nenbHbI UHAMKATOPHBIA pacxoj] TOIUIMBA JBUTaTeNs B KI/KBT yac:
__ 3600 B
i = TN,

rie B — ynenbHBIN pacxo] TOIUIMBA JBUTATENS, KI/C.
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4.4 MeToanuyecKkue peKOMEHAALNHU K BbINOJHEHUIO 3a1aHus Ned

[TpumepHBIii LUK peatbHOr0 KOMIpeccopa MpUBEIeH Ha pUCYHKe 4.1.

Vep V¥h

HMT — HUKHSISL MEpTBasi Touka; BMT — BEpXHssl MEpTBasl TOUKa;
Vh— pabounii 00beM; Vg, — BpeIHBII 00BEM

Pucynok 4.1 — Ilukn peaibHOTO MOPIIHEBOTO KOMIpPECCOpa

Bpenuslit 065eM Kommpeccopa 00buHO cocTaBisieT Vi, = (0,04-0,10) Vi,
OTHOCHUTEIBHBII BpeAHbIit 00beM Kommpeccopa 0 = Vy, / Vy,

CreneHb NOBBIIIICHUS JaBJICHUA B KOMIIPECCOPE IIPU CKATHUH rasa.

A=py/p1

C yueroM 0003HAa4YeHHs OTHOCUTEIHLHOTO BPEIHOro o0bemMa KoMIpeccopa O
BeIpakeHue st ooremuoro KIIJ[ komripeccopa nmeer BU/I:
— 1/m
Moo =1 -8 ("= 1),
rae M — mokasarens MOJUTPOIBI pacmupeHus 1 - 2.

Oo0wemubiit KITJ[ (ko3¢ duimeHT noaaun) KOMIpeccopa ¢ y4eTOM YMEHBIIICHUS

pE€ajIbHOI0 JaBJICHUS ITPHU BCACbIBAHUU!

Ny = Mos Mp
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JleiicTBuTenbHAs 00bEMHASI MPOU3BOAUTEIBHOCTD (IT0/1a4a) KOMITpeccopa:

V=1nV,n,,

. 3.

rae Vh— pabounii 00beM LMIMHIPA KOMIIPECCOPA, M |

| — uncno nUIMHAPOB (CTyMeHel) KoMIpeccopa,
-1
N — yacToTa BpaleHus Baia, C
Teopernyeckas MOIIHOCTH IPHBOJIA KOMIIPECcOpa COOTBETCTBYET YACIbHOMN

pa60Te I1O CXKXAaTHIO I'a3da, KOTopas IIpH aI[I/Ia6aTHOM IMPpOLCCCC CKATUA PAaBHA:

k-1 k-1

Kk k-1 Kk k-1
Nay =l = ERTl()\ k-1)= Eplv()\ k-1)

D¢ dexTrBHAST MOLTHOCTH HA BAIy KOMIIPECCOpa ¢ y4EeTOM MOTEPh Ha TPEHUE
HaxXoAuTcs 1o GopmyIe:
Ne - Nan / l],e.a)l

Heobxonumass MOUIHOCTH 3JEKTPOJABHUraTeds ajsi paboThl KOMIIpEccopa
PacCUUTHIBAECTCS C YUETOM MEPETPY3KHU HA Baly MPH BKIFOUEHUU B 3JIEKTPOCETD:

N:)}l = b Ne )
rae b — ko> punment 3anaca MoHEOCTH 2MEKTpOIBUTATENS HA
Heperpys3Ky Ha Bally KOMIpeccopa.
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4.5 MeToanuyeckue peKOMEHAAIMHU K BbITIOJHEHUIO 3aJaHus Ned

4.5.1 O0mue BUALI HUKJIOB TEIIOBLIX MAIIIMH

g

Fh

24

4 -
0 2) g

w1y

(1)

Pucynok 5.1 — [{ukiibl pabOThI TEMIOBBIX MAIIHH:
1 - mpu U30XOPHOM IO/ABOJE TEIJIOTHI;

2 - IIpu I/I306apHOM IIoABOAC TCIIJIOTHI.

T

2, i

Pucynox 5.2 — [{ukn KapHo nist uaeanbHON TEMIOBOW MAITUHBI
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4.5.2 Buabl HUKJI0B padoThl ABUraTe/ieii BHyTPEHHEro CropaHusi

5 S¢: B
Pucynok 5.3 — [{ukn Otto (1pm V' = const)

5

v, v
Pucynok 5.5 — I{uki uzens (mpu p = const)
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4.5.3 OcHOBHBIE 32BHCHMOCTH K BBLINOJHEHHIO 3a1aHus Neb
OcHOBHBIE XapaKTEPUCTUKH JIFOOOTO 1TuKIIa TerioBoro apurarens (JIBC):

- cmenenb cocamusi (OTHOILIGHUE YNIENIbHBIX 00BEMOB paboyero Tena B Hayajie u

KOHIIE C)KaTHSI)
€E=vi/ v

- cmenenb nosvlulenus OasneHuss (OTHOIIEHUE NABJICHUM B KOHIIE M B Hauaje

M30XOPHOTO0 Mpoliecca MoABOAa TEIIOTHI)
A=p3/p;

- cmenenb npedsapumeibHo20 pacuiuperuss WIA CTETeHb U300apHOro paclIupeHus
(OTHOIIEHHE YJIETBHBIX 00BEMOB B KOHIIE M B Hauaje M30XOPHOTO Ipoliecca MoJIBoja
TEILJIOTHI)

p=v3/v,

VYpaBHeHUE CBA3U MHAMBUAYAJIbHOM Tra30BOM MOCTOSHHONW R M yHUBepcaibHOU
ra3oBOM ITOCTOSSHHOMN Ru YMeeT BUJI:

R, _ 8314

R=—=——

It It
rae N — MouisipHasi (MOJIEKYJIIpHAs) Macca rasa (OIpeAessaeTcs: ¢ HCI0JIb30BAaHUEM

Tabnuibpl MenjeneeBa Tabdi.1.2), KI/KMoJb;
R, — yrnBepcanbHas rasosas nocrosauast, Jx/(kvmoinb-K).
VYpaBHenue Kianeiipona nMeeT BULI:
st 1 KT Maccel rasa pv=RT,
11t M KT Macchl rasa pv=RMT,
CBs13b MEKly MAaCCOBOU € ¥ MOJIIPHOM TEINIOEMKOCTSIMU JLC:
c=puc/p
N3o00apHas 1 130X0pHas TEIUIOEMKOCTH B3aUMOCBS3aHbl ypaBHEHHEM Matiepa:
c,—¢y=R
ne, — pey = 8314

o _ 1%

Cv ncy

OTHOILIEHUE TEIUIOEMKOCTEH sIBIIsIeTCs oKa3aTesieM aguadatsl K =

Cp H Cy OIPEACIIIOTCA 110 CIIPAaBOYHBIM JAaHHBIM 1JI1 3aJaHHOI'O pa6oqer0 TCIAa.
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OcCHOBHBIC 3aBUCHMOCTH JJIA TEPMOANHAMUYCCKHUX IMponcCCOB,

COCTaBJIAOIINX HUKJIIBI TCIVIOBBIX MAIllVH.

1) Uszoxopuwui npoyecc NV = const

P A T4
2
T, 2
1 >
» »
=0 v S1 52 8

Pucynok 5.6 — M3oxopusrit mporiecc B P —V u T — S quarpamMmax

CooTtHomieHue MCKAY OCHOBHBIMHU ITapaMCTpaMH COCTOAHHA B HA4alIC U B

KOHIIE ITPOLIeCcca YCTaHABIMBAETCS C IIOMOILBIO 3axkona Lllapaa:
p2_ T
pr Ty
PaGora B usoxopuom nporecce:  1=0
KonnuecTBo TemioTel, MoABEIEHHOE K paboueMy Tely:
gd= ¢y(T; — T;) npu ¢, = const
[lepBblii 3aKOH TEPMOJMHAMHUKNA U W3MEHEHHE BHYTPEHHEN SHEPIUU:
q=U—Ur=Au=c¢y(T, — Ty)
M3MeHeHue sHTabIuu paboyero Tena:

Ah = hg—hl = Cp(TZ - Tl)

N3meHeHue S3HTPONUU B TEPMOJIMHAMUYECKOM ITPOLIECCE:

T
Asy, = cyIln-2= c,In22
Ty P1



2) Uzobapnwviii_npoyecc P = Cconst

P 4 T & U=C:9f_lst
T, 2
1 2
p -
I>=0
T 1 q>0
» »
vy vy b S1 S2 s

Pucynok 5.7 — N300apnslii npouecc BP —V u T —S auarpamMmmax

CooTHOIIEHNE MEXy OCHOBHBIMM IapaMeTpaMu COCTOSIHUS B Hadaje U B
KOHIIE MPOLIecca YCTAHABIMBAETCS ¢ TOMOIIBIO 3axkoHa I eu-Jlocaka:
LY
V1 T1
Pabora o usmeHnenuo odbeMa raza B n300apHOM IMPOIECCe:
l=p(vy —vy) =R(T, —Ty)
[lepBbIil 3aKOH TEPMOIMHAMUKH JIJII ©300apHOTO MpoIiecca:
q=Ux—U+1=Au+p(vy—Vy)
WM Y€pe3 SHTABIUIO:
q=hy-h;
[TonBoarMast TEIUIOTA B MPOLECCE U U3MEHEHHE SHTAJIBIINU PABHBI:
g=hy—hy =¢,(T,-Ty)
W3mMeHeHne BHYTPEHHEN SHEPTUU CUCTEMBI
Au=U,— U= CV(Tz— Tl)
N3meHenne >HTpOInu:

As =S, — 81 = ¢, IN(To/ T1) = ¢ In(vof vy)
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3) Uzomepmuueckuit_npoyecc T = const

P
P

P

T &
[

o

]

)]

Pucynok 5.8 — M3oTepmudeckuii mporiecc BP—V u T —S nuarpammax

CooTHoOIIeHUE MCXKAY OCHOBHBIMH IIapaMCTpaMHU COCTOSHHA B HA4alIC U B

KOHIIE MPOoLIEcca YCTAHABIMBAETCS C TOMOIIBIO 3axoHa bouna-Mapuomma:

P1Vi= p2Vo
PaboTa B ©130T€pMHUECKOM MPOIIECCE:

V-
l=RTIn2 = RTIn22

V1 P2

N3MeHeHne BHYTPEHHEN SHEPTUH:

Au=U,— U= CV(TZ_T]_) =0

[lepBblii 3aKOH TEPMOAUHAMUKH JJIS1 K30TEPMHUUYECKOTO MTPOIIECCa:

q:U2—U1+l=l=RTlnv—2
Vi

W3mMeHeHne S3HTPONNH:
As=s,—-5=R In(p]_/pz) =R In(V2/V1)
HN3meHenre >HTaIbIIUK ITpolecca:

hy—hy=¢,(T,—Ty)=0
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4) Aouabammuwiii npoyecc, nporekaronuii 6e3 remooomena ( = 0

P& 1 T &
P 1
1 T,

Pv = Const
X

Dy D) S

Pucynok 5.9 — Anuabatsbliii mporiecc B P —V u T —S aumarpammax

CooTHo1IeHne MCXKAY OCHOBHBIMH IIapaMCTpaMH COCTOJAHUA B HAYAJIC U B

KOHIIC ITponccCa yCTaHABJIMBACTCs C IOMOIIbIO YPAGHEHUA Hyaccona:

k _ k
P1V1 = P2V

I[pyFI/Ie ypaBHeHI/IH aI[I/Ia6aTHOFO Hpouecca OTHOCUTCIIBHO T, p nv
_ k1
Tyl T1= (V1 Vo)

k-1

To/ Ty=(P2/P1) *

W3MeHeHne SHTPONIUA PABHO:

t)
As = qu 0, a s=const

[lepBbIil 3aKOH TEPMOJMHAMUKH JJI1 aua0aTHOTO MPOIEcCca B 3aKPBITOM
CUCTEME BBIPAIKAETCS YPABHEHUEM:
dq=U,—U;+1=Au+1=0 wm AU=U,—U;=-1
Pabora B annabaTHOM mporecce:
l=U;-Uy=¢,(T1—Tp)
WITH 1= (R/(k-1)) (T1—T5)
HN3MmeHeHne SHTAIBITNM:

Ah = (hl - hz) = Cp(Tl - Tz)
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061/141/[6 6blpAINCEHUS onsl onpedeﬂeﬂuﬂ OCHOBHbIX Xapaxkmepucmuk UukKila osueamens

BHYMPEHHE2O CCOPAHUA .

1) Tepmuueckuit KIIL 1)¢

D=l /01=1-02/ 0

2) Pabora 3a nukn |,
=01 -0

3) CpenHee HHANKATOPHOE JaBIICHHE IUKJIA Pt
Pt= |/ (Vimax-Vimin),

r1e Vimax ¥ Vmin - B IBC COOTBETCTBYIOT MOJIOKEHHIO TIOPIIHS B LIUIUHAPE B
HMT (awmxneit meptBoii Touke) 1 BMT (BepxHel MepTBOIl TOUKE) COOTBETCTBEHHO.

4.5.4 TlpuMep BbINOJIHEHHS 3a1aHusE Ned

TeruoBast mamnHa padoTaeT No LUUKITY, IPUBEAEHHOMY Ha rpaduke B p-V
KoopauHarax. PabounM TesnoMm B HUJIMHAPE TEIIOBOM MalIMHBI SIBIISETCS BO3AYX
maccoi 1 kr. Ero temmmoémkocts ¢,=1,005 xJIx/kr' K ¢y=0,718k/x/kr K.
HauanbHblit 006EM pabouero Tena Vi=1,1 M*/kr, HauanbHas Temmeparypa t,=80 °C.
Crenensb cxatus padodero tena B uuinubape € = 14. B npouecce 2-3 pabouemy Teny
coobmraercs 840 kJ[>x/kr TernoBoii sHeprun. Paccuntars Bce nmapaMeTpsl LUKIIA

COTJIACHO 00IIIeMy 3aaHuI0 K 3a1ade Neb.

PA 2 3

P \/
Pucynok 5.10 — CxeMa MCXOTHOTO IIUKJIA TETUIOBOW MAaITUHBI

Tano: Vi=1,1 M%/xr ; ;=80 °C ; € =V1/V,=14 ; 4,.5=840 xJ[/kT.
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Yacre 1.

Cocrasn OHUKJIA 10 XapaKTCPHBIM TCPMOANMHAMMWYCCKHM IMPOLICCCAM U UX YPABHCHMAA .

[Tpomecc 1-2: annabaTHBIM p1V1k=p2V2k
[Tporiecc 2-3: n300apHbIit VolV3=T,/Ts
[Tpormecc 3-4: n3orepmudeckuii  Va/V4=p4/ps
[Tpomecc 4-1: n3oxopHbIH palp1=T4 T,

st pabouero tena — Bo3ayx: cp = 1,005 xJIx/krK; cy= 0,718 x/[x/kr-K;
K=cyey =1,4; pn =2895kr/kmons; R=R,/p =8314/28,95 =287, 2 xlx/xr-K
N3 cxembl 3ananHoro nukia: Vi=Vy; po=ps; T3=T4

PacyeT 0CHOBHBIX TEPMOAMHAMMYECKHUX ITAPAMETPOB B KAXKAOM TOYKE IMKJIA.

N3 ypaBHenus Knaneitpona st Touku 1:

piVi=RT,  — pi=RTy/V,=287,2-353/1,1-10°=0,92 Gap;

YyurteiBasg 3aIaHHYIO CTCIICHDb CXKaTusl pa6oqero TCJ1a, UMCCM

V1/V,=14 —  V,=V1/14=1,1/14=0,0785 m°/kr:;

N3 ypaBHeHus aaurabatHOro mpoiecca 1 — 2:

PV =P VoK > pompl VIV =pa (VA V,)K=0,92(1,1/0,0785) *=37,061 Gap
N3 ypaBHenus Knaneitpona st TOUkH 2:

p2V,=RT, —  T,=p,Vo/R=137,061-0,0785-10°/287,2=1012,98 K

W3 ypaBHEHHS 1J1s1 ONIPEIICIICHUS] KOJMYECTBA TEIUIOTHI COOOIIEHHOTO pabouemMy Teiry
B mIporiecce 2 — 3.

O2-3=Cp(T3-T2) — Ooa=cpTs-cpTo — cpTs=Opatcy T, —
T5=(qz-3t+cpT2)/cy=(840+1,005-1012,98)/1,005=1848,8 K

N3 ypaBHenus Knamneitpona st TOUku 3:

p3V3=RTs3 —  V3=RT4/ps=287,2-1848,8/37,061-10°=0,14 M>/KT
N3 ypaBHenus Knaneitpona st Touku 4:

paVa=RT, —  ps=RT.V,=287,2-1848,8/1,1-10°=4,83 6ap

36



Tabmuma 5.1

CBopanast Tabnuiia pacyeTHBIX 3HAUCHUH TEPMOJAMHAMUYECKUX MTapaMeTPOB IIMKIIA

Ne Toukn p, 6ap V, M%/kr T,K t, °C
1 0,92 11 353 80
2 37,061 0,0785 1012,98 739,98
3 37,061 0,14 1848,8 1575,8
4 4,83 1,1 1848,8 1575,8
YACTb 2

OHD@I[GJ'ICHI/IC OCHOBHbBIX TCPMOJMHAMHNYCCKUX d)VHKL[I/Ifl IpoHccCOB IUKJIA

Ilpoyecc 1-2:
AU=c,(T,-T1)=0,718 (1012,98 — 353)=473,86 x/[x/kr
Ah = ¢, (T-T1)=1,005-(1012,98-353)=663,28 x/[x/Kkr

| = (R To/x-1)-(1-To/T1)=(287,2-353/1,4-1)-(1-1012,98/353)=-473,86 xJlx/Kkr

IIpoyecc 2-3:

0= cp'(T3-T2)=1,005-(1848,8-1012,98)=840 xIx/kr
AU=c,(T5-T,)=0,718-(1848,8-1012,98)=600,12 x/]x/kr
Ah=840 kJI>x/kr

1= py(V5-V2)=37,061-10°(0,14-0,0785)=228,06 x[/Kr

AS=c,InT5/T,=1,005-1n1848,8/1012,98=0,61 x/Ix/ xr-K

Ilpoyecc 3-4-.
q=pz-V3'InV4/VV3=1069,62 x/]x/kr

I=q

AS=q/T3=1069,62/1848,8=0,58 x/{x/ kr-K

Ilpoyecc 4-1:
q= ¢y (T1-T4)=-1073,98 xJIx/Kr
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AU=(q
Ah = ¢+ (T1-T4)=-1503,31 xJx/xr
AS=cyInT/T,4=-1,19 xJI:x/ xr-K

Tabmuma 5.2

CBojHas TabnMIa paCUCTHBIX 3HAUCHUH TEPMOAMHAMUYECKUX (YHKITUHN ITUKIIa

[Tpomecc g, k/x/kr | AU, xJIx/kr | Ah, x/Ix/kr | |, kJK/Kr KI[)i/SK’r'K
1-2 0 473,86 663,28 -473,8 0
2-3 840 600,12 840 228,06 0,61
3-4 1069,62 0 0 1069,62 0,58
4-1 -1073,98 -1073,98 -1503,31 0 -1,19
z 835,64 0 -0,03 823,88 0
YACTbH 3

IToctpoenue rpaduka 1mkina B P-V xoopauHarax.

PacdeTr mpoMeXyTOYHBIX TOUEK JJIs TIOCTPOCHHUs Tpaduka nukia (He MeHee 2-3).

IIpoyecc 1-2: AV VA
PIVI* =PV,
P,=P1- VIV,
P,=1,051/V,
npu V,=0,5 m*/kr  P,=2,77 6ap
npu V,=0,1 m*/kr  P,=26,41 Gap
pu V,=0,2 MY/KT P,=10 G6ap
IIpoyecc 3-4: PyV5 =P,V

P3V3k= F)xka
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N RVAAYA
P,=2,36/V,*
npu V,=0,5 M*/kr  P,=6,22 Gap
mpu V,=1,1 M*/kr  P,=2,06 6ap
npu V,=0,2 M*/kr  P,=22,52 Gap

[TpousBoauThCs nocTpoeHue rpaduka B p-V KOOpAUHATAX 110 PACYETHBIM JIAHHBIM B
BBIOPaHHOM MaclITabe KOOPAMHATHBIX OCEl Ha OTAeNbHOM JHcTe A4. [Tpumep

NpuBEJICH Ha puc. 5.11.

p,bap
45

40
35
30
25
20
15
10

5 4
1
3
0 0.1 0.2 0.3 0.4 0,5 06 LM

Pucynox 5.11 — I[Tpumep noctpoenus rpaduka 1nukia B p — V KoOpAUHATAX.
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YACTD 4

IToctpoenue rpaduka ukna B T-S koopanHarax.

Pacdet mpoMeXyTOYHBIX TOUCK JUISI IOCTPOCHHMS rpaduka ukia (He MeHee 2-3).
Ilpoyecc 2-3: ASy=cy INT,/ T3

npu T,=1200 K AS,,=0,17 xIx/kr-K

npu T,=1400 K AS,,=0,32 xkJIx/kr-K

mpu T,=1600 K AS,,=0,45 xJIx/kr-K
Ilpoyecc 4-1: ASy=cy InT /T,

mpu T,=1800 K AS4=1,17 xIx/kr-K

npu T,=400 K AS4=0,51 xJIx/kr-K

Jlanee mpoBOAUTHCS pacdeT S; (Touka mukia 1) i HOpMaTbHBIX

dbuznyeckux yciaouid. [Ipumep pacuera st BO3AYITHON CMECH:
S1=¢p IN(T4/To) = R In(pypo),
rae T, u p, - HOpMaJIbHas TEMIEpaTypa 1 1aBJICHUE,
utst Bo3aymrHO#M cmecu 273K u 1.013 10°I1a

B ClIydac IIOJYYCHHA MHHHMAJBbHOI'O OTPHLATCIBHOIO 4YHCJIa SHTPOIINHU Sl

MOJIy4YE€HHOE PACUETHOE YMCIIO OKPYIJISIETCS 10 HYJIS.
[To pacueTHbIM 3HAYEHUS H3MEHEHHUS DJHTPONHHU MPOU3BOAUTCA PacCyeT

3HAYCHUM OHTPOIIMKU KaK B OCHOBHBIX TOYKaX, TaK M B IPOMCKYTOYHBIX TOYKaX IIO

BBIPAXKCHUSM.

S,=S;+AS1,; S3=S, + AS,; u Tak gajnee Qg KaXKIOW TOUKHU IIUKJIIA
Syx=S; + AS,; 1 IPOMEKYTOUHBIX TOYEK Tporiecca 2-3

Sux =S4+ AS, 11 MPOMEKYTOUHBIX TOUEK Tporiecca 4-1
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[IpousBoauThCs MocTpoeHHe rpaduka B [-S KoopAHHATaX MO PacCUETHHIM
JaHHBIM B BBIOpaHHOM MacmTabe KOoOpAuHAaTHBIX ocedl. [lpumep mnocTpoeHwus

MIpUBEJEH Ha puc. 5.12.

1400
1200
1000

800 |9

600

400

200 1

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8

s e k)

Pucynox 5.12 — IIpumep noctpoenus rpaduka uukia B T —S koopauHaTax.

YACTb 5

OHDCI(GJ'I@HI/IC OCHOBHBIX XAPAKTCPUCTHUK IIHMKJIA.

1. Tepmuaeckmii KITT (1)

0=/ q1=1-02/(q1 + gs) =1 — Qaa/ (d2:3 + Gs4) = 0,608 = 60,8%

2. Pabota 3a ki |, (kJx/kr)

l,= 01+ 03- 02= 02-3 + Q34 - Q41 = 835,64 xJ[x/kr

3. CpenHee MHAMKATOPHOE JaBJICHHUE IUKIIA Py

Pt= 1/(Vimax - Vimin) = 835,64/(1,1 - 0,0785) = 818,05 k[ Kr/kr M° =

= 818050 [Ix/m° = 818050 xr-m*/c* m° = 818050 r/c’-m = 818050 ITa = 8,186ap
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4.6 MeToanueckue peKOMeHAaIUM K BHITIOJHEHNIO 3a1anus Ne 6

Bripaxenne st OIIpEeLICIICHUS

N3MCHCHMUS TCMIICPATYPhI MCIKIAY

IpaHHIaMH HAPYKHEIO 1 BHYTPCHHCTO

CJIOEB LIMJIMHIPUYECKOU CTEHKH (TpyOa

co cioeM  wm3oimsuumu  puc.6.1)

HAaXOJMUThCSA  HMCXOAS W3 PEIICHUS
Pucynox 6.1 — [umaapudeckas Tpyoa ¢

o o YPaBHCHUA TCIIJIOIIPOBOJHOCTH.
HAPYKHCHU U30JIAIUCH

A ta, v, ",

Benuuuna TergoBOro moToka 4yepe3 MHOTOCIONHBIN (TPEXCIOWHBIN) HUIUHID

twl - tw3 217l

Q (1 d, 1 dg)

OIpCACIIACTCA BEIPAKCHHUCM!

Q — 2ml(tyy—tws) — 2ml (tyy—tyw3)
% lni—i+ % lnj—z R ’
rae A - Ko3pUIMEHT TEIUIONPOBOAHOCTH TPyObI M n3ossuuu, B1/(MK)
di- AmameTpel BHYTPEHHUX U HAPYKHBIX IIOBEPXHOCTEH CI0€EB, M
| — nna nunuaapa(TpyOs!), M
R - TepMuueckoe cCOnpoTUBIICHUE, M°K/BT.

TennoBkie motepu Ha 1 mor.MeTp TpyObOMpoOBOA: g =Q/lI

JlnameTp HapyKHOU IMOBEPXHOCTH CJIOS U30JISALINU:

d3 - d2 + 261/13
Otkyna
Ous = (d3-dy) /2
To ects, 3ajlada  ONPEACICHUS TOJIIUHBI MW30JISIIUM  CBOAUTHBCS K

OIMPCACICHHUIO HAPYIKHOT'O JUAMCTPA MTOBCPXHOCTHU CJIOA U30JISIIUA d3.
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N3meHnenune temmeparypbl MEXIy BHYTPEHHEH W HApyKHOW CTEHKOW TpyObI

HAaXOJUThCA WCXOAS W3 PEIICHUS YpaBHEHHUS TEIUIOMPOBOAHOCTU [IJISI TOJIITUHBI
TPYyOBI:

th - twl = —m ll’ld—1

Temneparypa Ha HOBEPXHOCTH pa3jiesia U30sIusA-TpyOa ONpeAeIUThCs Kak

TeMIlepaTypa BHEIIHEH CTEHKH LIUJIUHIPUYECKON TPYOBbI:

B q d;
th B tW1 2T A.]_ In d]_

[TaneHnue TemrepaTypbl IPU TEYEHUH TEIIOHOCUTENS (BOJA WM Ta3) IO Tpyoe

ONPCACINUTLCA U3 BbIPAKCHUS:

QHOT: G C At,

raie G =V p — MaccoBbIi pacxo TEIIOHOCUTEIS TIPH IBMXKEHHUH 110 TpyOe, KI/c;

. 3
V — 00BbEMHBIN pacxo]l TEMIOHOCUTENS PU JBUKEHUU IO TpyOe, M™/c;

3.

P — IUIOTHOCTH TEIJIOHOCUTENS, KI/M',

¢ — yJeabHas TeIUIOEMKOCTh TeITIoHOCuTeNs, JIK/KT Tpa;

Quor = i L — o0mue TemionoTepu Ha Bcel 1uHe TpyoonpoBoaa, k.

C y4eTom MmociieTHETO BBIPAKEHUS MAJCHUE TEMIIEPATYPhl HAa 3aJaHHONINHE

TpyOOINpPOBOIa COCTABIISCT:
At = qL/Vpc

TOJ'IH_[I/IHa U301 0UHN Tp}I6BI AJI1 CHYDKCHUA TCINJIOBBIX ITOTCPb 10 Tp€6yCMOFO

3HAYCHUA OIIPCACINTHCS U3 BBIPAXKCHUA.

6“3: (d3'd2)/2 .
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4.7 MeToauuecKue peKOMEHIAalUU U IPUMepP BbINOJHeHUus 3aaaHus Ne/

L]env 3a0anus - NPAKTUYECKOE 3aKpeIIeHHE TEOPETHUYECKOro Marepuaia 1o
pa3zieny KOHBEKTUBHBIN TEIIIO0OMEH.

Koneexyus - 370 mepeHOC TEIUIOTHI NPU MEPEMENIEHUN U TEPEMENINBAaHUN
BCEM MACChl HEPABHOMEPHO HATrPETHIX KUJKOCTU WJIM ra3a, TO €CTh YaCTHIIbI KaKOU-
HUOYIb Cpellbl U3MEHSIIOT CBOE IMOJIOKEHHUE B MPOCTPAHCTBE M MPHU I3TOM MEPEaoT
TEIJIOTY OT 00Jiee HarpeThiX 00BEMOB K MEHEE HAIPETHIM.

DTO sBJIEHUE UMEET MECTO B JKHAKOCTSAX W razax M BCErJa COIMPOBOXKIACTCS
TEIUIONPOBOAHOCTHIO.  OIHOBPEMEHHBIM MEPEHOC  TEIUIOThl  KOHBEKLIHMEN U

TCINIOIIPOBOAHOCTBIO HA3BIBACTCA KOHBEKMUBHbIM Menio00MeHOM.

o / £
gl ‘

<
e |
S B

Se=——== d—=——=

MoTok Tennoro Bo3gyxa

KoHBekyuoHoe

oTOornJieHme

; ét”ﬂ“
Cos (ORI s
‘K:

XonopaHbI NOTOK BO34yxa

WANGEEER T SR
/ [ l l \ .»\ \ \\ | 7 |
= P s \ A
P midioriby ‘ : I | e, \wmﬁlx’r;xg\ )1)

Pucynox 7.1 — Cxema KOHBEKTHBHOTO TETNIOOOMEHA OT IWIMHIPUIECKAS TPYOBI

a— Terulonepeaayda oT MIIMHIPUIECKON TpyObl; 6 — cXema repeaaydu Teria K
OKpY>KaloIllel Cpesie; ¢ — CXeMa paclpoCTpaHEHUs TeIla OT TOPU30HTAIBHOU TPYOHI;

O — CXE€Ma KOHBCKTHUBHOI'O TENJI000MeHa B ITIOMCIIICHUU.

44



Temnora ot TpyOBI OTOIIICHHS Tapaka (II0 YCIOBUIO 3aj1a4uu), UMEroIIeH OoJiee

BBICOKYIO TEMIIEPATYPY, IEPEAACTCA OKPYKAIOIIEMY BO3IYXY.
TernmoBo#t MOTOK Ha HapYXHOUM TOBepXHOCTH TPYObl Q(BT), mepenaBaemslii K
BO3yXYy, OIpenensercs no 3akony HeroroHa — Puxmana, kak:
Q = o (tCT - tB) F1 (7-1)
rze o - Ko3hPUIMEeHT TEeMI00TIaYH MPU CBOOOTHOM JBMKEHUH BO3AyXa
okoJ10 Tpy6sl BT/(M**K) ;
t .; - TEMIIEpPaTypa NOBEPXHOCTH TPYOBI;
t, - Temmeparypa Bo3yxa B rapaxe;
F- miomanp HapyKHOH ITOBEPXHOCTH TPYObI, M°.
Koaghgpuyuenm mennoomoaqu o BenuuunHa omnpeaesieMas, KoTopasi BXOJIUT

B popmyny s pacueta xkpumepus Hyccenvma NU:

an
Nu = T, (7-2)

rIe N - XapaKTepHBIA JMHEWHBIA pa3Mep, Hampumep anwHa |, auameTp

TpyOBI d, WM ISl KaHaja He KPYTJIOTO CEYCHUsS SKBUBAJICHTHBIN TUAMETP

4A
d, = o . Tne A —1momanp cedeHus kKanana, [1 — mepumerp ceuenus. (B

clly4ae Kpyrjoi TpyObl, B KQUeCTBE T NPUHUMACTCS HAPY>KHBIN AHAMETP
TpyOBI d);
A - KOO PHIMEHT TEMIONPOBOIHOCTH Bo3ayxa (B 1a01.7.2, crp.17), Br/m K.

Kpumepuii Hyccenrvma NU - 0Oe3pazMepHblii KO3((UIMEHT TEMmIo0TAauH,

XapakTEepU3yeT  COOTHOLUEHHWE  MEXAYy  TEIIOOOMEHOM  KOHBEKUMEH |
TEIJIONPOBOJHOCTBIO.

CornacHo Teopusi MOA00US B3aMMOCBS3b PA3IMYHBIX (PU3NYECKUX MPOLIECCOB
KOJIMYECTBEHHO OMNMCHIBAETCS PA3IMYHBIMU Oe3pa3MEpHBIMU KPUTEPUSMHU MOJ00US
YacTe M3 HHUX OIPEAENAETCS SKCIIEPUMEHTAJbHO B ONPENEIEHHBIX YCIOBUSAX IPU

W3MEHEHUHM Kakoro-mbo u3 ¢Qusnueckux mnapamerpoB. Kpome storo, TaKXKe

HaXO0AUTCA 3aBUCHUMOCTL OINPCACISACMOIO KPHUTCPHUA HOI[O6I/I$I (B HalmieM cCJjryvdac

kpumepuii Hyccervma NU ), B KOTOpPBIF BXOJIUT UCKOMasi (U3NUecKas BelHYrHA ( B
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JAHHOM ciydyae KOd(G(UIMEHT TerIooTAaYd o), OT JPYTUX ONpeessiomux

KPpUTCPUCB HOI[O6I/I$I. OTa 3aBHCHUMOCTbH Ha3bIBACTCS KpumepuaibHbIM YVDABHEHUEM.

IIpu cBOOOAHOM NBMKEHHWU BO3AyXa B Tapaxe (C60000Has KoHeeKyus) W

TOPU3OHTAJIBHOM PacCIIOJIOKCHUHA Tp}I6BI OTOIIJICHUA KPHUTCPHUAJIBHOC VYPABHCHUC

MMEET BU:
Nu = C (Gr Pr)" | (7.3)
rie C, N - IOCTOSHHBIC OIPEACIAIOTCS IO pe3yibTaTaM JSKCIICPUMEHTa B
OTIPENICTICHHBIX YCIOBUSAX W 3aBUCAT OT pPEXHMa CBOOOTHOTO IBWKCHUS
BO3/lyXa M YCIIOBUM OOTEKaHHS MOBEPXHOCTU. OHHM SBIAIOTCS (DYHKIIUAMU
npousseneHus Gr  Pr,
Gr - kpumepuii I paceogha, onpenenseT MHTCHCUBHOCTD JBMKCHUS CPEIbI
mpu  CBOOOAHOW KOHBEKIIMM MW XapaKTepU3yeT COOTHOIICHHE MEXKIY
MOBEMHOM CHUJION M CHJION BSI3KOCTH TIPH ABMIYKCHHUH CPEJIBI;

Pr - xpumepuii Ilpanomns TPUBOIUTCS B TaOIMIAX TEIIOHU3UYECKUX

CBOMCTB BemiecTB (mnsi Bo3ayxa B Tabn.7.2, crp.l7), xapakrepusyer
TErI0(PU3NYECKUE CBOMCTBA CpPebl U COOTHOIICHHUE TOJIIMH JUHAMUYECKOTO
Y TEIJIOBOTO pa3Mepa MOTrPaHUYHBIX CJIOEB NMPU KOHBEKITUH.

Kpumepuii I paceogha onpenensieTcs: U3 BhIPAKCHUS .

__ 98B (tCT_tB)dEI
Gr = 2

: (7.4)

rJIe § — YCKOpeHne cBOGOIHOro mageHus. g=9.81 m/c” ;
B - koahPureHT 00BLEMHOTO pacIIMPEHUs BO3IyXa,
B =1/(t, +273), (t,-Brpamycax Lleascus), 1/K
v — KO3 BUIMEHT KHIHEMATHYECKOI BA3KOCTH BO3IyXa, M°/C.
[Tocne pacuera npousBeaeHus: kputepueB Gr * Pr i1t TOPU30OHTAIBHOM TPYObI

1o Ta6s1.7.3 11 KpuTepraibHOTO ypaBHeHus (7.3) onpeaenstorcss noctostHabie C, N.
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Tabmuma 7.3

3HadueHus nmocTossHHBIX C u N

Gr e Pr C n Pexum nBuxeHus
110%...1-10° 0,5 0,25 JlaMHUHADHbIIT
>6 10 0,15 0,333 TypOyneHTHBIH

U3 xputepuansHoro ypaBHenus (7.3) onpenensercs kputepuit HyccenbTa.
N3 Beipaxenust mia kpurepus Hyccenpra (7.2) onpeaensieTcs Ko3hGUITMEHT

TCIIJIOOTAA4YH O
A
o= Nu (E)
HJ’IOHIaI[I) Hapy}I(HOﬁ IIOBCPXHOCTHU Tp}I6I>I HaXOJAUTLCA U3 BbIPAKCHHUA!
F==d,I (7.5)

Torma MCKOMBIM TEIUIOBOM IMOTOK, OTAABAEMBIM OT HAPYKHOW ITOBEPXHOCTH

TpyOBI K BO3IIyXy B Tapaxke paccuuthiBaetcs 1o ¢popmyse (7.1):

Q=a(t,-t,)F .

IIpumep pemenns 3aganus No7

Ucxonubie naunwie: d, = 0,2m, |=35m, t,=92°C, t,=16°C

Pemenue
Tlo Ta6uure 7.2 1 t,= 16°C HaxoquM mapameTpsl BO3Ayxa A, v u Pr
A=0.0256 Br/mK; v=14710°m%c; Pr=0.704;
Kod¢durment 065eMHOT0 pacimupeHus Bo3ayxa 1 t, = 16°C:
B =1/(t, +273) = 1/(16 + 273) = 3,46 10 1/K,
Brruucnsiem 3nauenue kputepus ['pacroda:

_ g B(ter—tg) a3 _
= 2 —

=9.81'3.46 10 (92 - 16) - 0,2°/ (14.7 10°)* = 9,5497 10’

Gr

Brruncnsem 3HaueHrEe KOMILIEKca KpPUTCPHUCB.

Gr "Pr= 9549710 © 0.704 = 6.723 10’

“+/




N3 Tabn. 7.3 HaxomauM, 4to noctosiHHbIe paBHBL: C = 0.5 u n = 0.25.
Torna 3Hauenue kpurepus Hyccenbra cocTaBurt:

Nu=C (Gr "Pr)"=05 " (6,723 *10")** = 45.27
Koaddumument temnoornauu o onpeaensercs Kak:

a=Nu (A / d) = 45,27 (0,0256/0,2) = 5,8 Br/m* K
[1nomaae HapyKHOM MOBEPXHOCTH TPYOBI:

F=nd, =314 02 5=3.14 "
Torga TemnoBOil MOTOK, OTJAaBa€MbI OT HAPYXHOM TMOBEPXHOCTH TPYOBI K
BO3/yXy B rapaxe Oy/leT paBeH:
Q=a(ty-t)F =58 (92-16) 3.14 = 1384.1 Br/m* K
Orser: Q = 1384.1 Br/M? K
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