HNucruryT UTAD

Hanpasaenune noaroroBku  14.04.01 Snepnast sHepreTrka u Teriopu3nka

Bank 3apannii no 6a30B0il YaCcTH BCTYNHUTEJIbHOI0 HCIIBITAHUSL B MATHCTPATYPy

3ananue yxk3amMeHannoHHOro omiaera Ne 1 (10 6ass10oB)

Ne @
3ananue BapuaHnTbl 0TBETOB g
1.1 | YpaBHeHus [yis pacueTa q=c,(T, —Ty)
TETUIOTHI, TOJIBOUMOM K dq = du
HOTOKY B M300apHOM npouecce | g = Ah
UJICTLHOTO ra3a qg=u
1.2 | CyxuBarolee coIio — 3To 1. cCKOpOCTh MOTOKA I'a3a HE U3MEHSETCS.
YCTPOWCTBO, B KOTOPOM 2. YBETMUMBACTCSA CKOPOCTh TIOTOKA Ta3a.
(BbIOCpUTE BEpHBIC 3. mIoMmaab BXOAHOTO M BEIXOJHOTO CEUCHHS
YTBEPIKIACHHS) OJTMHAKOBEI.
4. naBjeHUe MOTOKA ra3a He M3MEHSETCS.
1.3 | Comno JlaBams — 310 1. a1 mosrydeHus: CBEPX3BYKOBBIX IIOTOKOB.
YCTPOMCTBO (BBIOEPHUTE BEpHBIE | 2. Ui NOTYUYECHUS HU3KUX CKOPOCTEH MOTOKA.
YTBEPIKIACHHS) 3. B KOTOPOM CKOPOCTb MTOTOKA HE U3MEHSIETCS

10 AJIMHEC KaHaJlia.
4.8 KOTOPOM JABJICHUC ITIOTOKA HC U3MCHACTCA
10 AJIMHC KaHaJia.

1.4 | Kakoii iuki u3o0paxkex Ha T-S | Kapro

JarpaMme Huzens
| Penkuna
§ - Tpunknepa
boitns-Mapuotra
| 1 )
1.5 | YpaBuenue 1 3akoHa Q=1L
TEPMOIMHAMUKH B dq = du + pdv
g hepeHInaTLHOM BHIE dq = Tds
Q=T(S—51)
Q =m(h, = hy)
1.6 | Beibepute BepHOE 1. Iy, =0
YTBEPXKICHHUE IS 2. q=0
M30TEPMHUYECKOr0 Iporecca 3. q =l
COKaTHUS HIICATHHOTO Ta3a 4, lypy =p(w, — 1)
o. q =Au
1.7 | Bribepure popmyiy st Ny = —2 —
pacdera repmuueckoro KI1/] |q°'°|;2qx
nukna Kapro ne=1+ T_1
q1
ne=1+ PN
Tz




ol
o /&

1.8 | Uemy paBHa TeruioTa B 1.9=U,—-U,
HM30XOPHOM IPOLECCE IS 2Q0=H,—H;
UJIeaabHOrO ra3a’? 3.0=p-(V, =V

4.0=0

1.9 | Yemy paBna pabota B 1.L=U,-U,
U30XOPHOM HPOLECCE IS 2L=p-(V,—-V;)
naealbpHOro raza? 3.L=0

4.L=H,—H,

1.10 | Yemy paBHa TeruioTa B 1.Qg=0
HM300apHOM TPOIECCe IS 2.0=U,-U;
UJeaIbHOro raza’? 3.Q =H,—H,;

4.Q0=p -V, =V)

1.11 | Yemy paBHa paboTa B 1L.L=p-(V,-V))
1300apHOM TpoIecce AJis 2.L=U,-U;
naeaabpHOro raza? 3.L=0

4. L=m-R-T-In2
D2

1.12 | Beibepute BepHOE Apy =
YTBEPKAEHUs U1 aquabaTHOrO |, q =
(M303HTPOITHOTO) TpoIIecca S = const
UJealIbHOTO rasa Au =

.p = const
1.13 | Bribepure BepHBIE GOPMYIIEI _h'-n",
JUIS pacyeTa CTETeHH CYXOCTH 1;1;':;1’,' ’
BJIQKHOTO TIapa x = W
X =2
N —S,
x =
h''=h

1.14 | KakoMy COCTOSIHHIO BOJIbI 1. Biraxxub1it nap.
coOTBETCTBYIOT TouKa 1 Ha T-S | 2. Cyxoii HachIIIEHHBIN Tap.
JIAarpamMme 3.I1leperpeTslii map

T = 4. Kuakoctb
S
1.15 | Ykaxure kakoit Tun npouecca | 1.1300apHsIii

MpeACTaBJICH JuHUEeH 1-2 Ha

2. M3oTrepmuueckuit




rpaduke B T,S- tuarpamme

3. N3oxopHbIit
4. AnnabaTHbIN (M309HTPOTTHBIN)
5. AnmmabaTtHoe IpoccenupoBaHie

1.16 | Vkaxure kakoil Tun nporecca | 1.M300apHbrii
IpesicTaBiIeH JuHueil 1-2 Ha 2. N3orepmuueckuii
rpaduke B p, T nuarpamme 3. N3oxopHbIi
P 4. AnnabatHblii (M309HTPOITHBII)
K 5. AnnabaTHoe IpocCeInpOBaHUE
1
2
x
1.17 | Ykaxute kakoii Tumn npouecca | 1.M300apHbIit
IIpe/icTaBjeH JuHuel 1-2 Ha 2. N3orepmuueckuii
rpaduke 3. M30x0pHbIi
H 4. AnnabaTHbIN (M30PHTPOTTHBIN)
5. AnnabaTHoe IpocCenpoBaHNE
T
X
S
1.18 | Ykaxure kakoit Tun npouecca | 1.M300apHsrii
MIpEeACTaBJIECH JIMHKAEH 1-2 Ha 2. N3oTepMuueckuit
rpaduke 3. U3oxopHblit
2 4. AnnabaTHbIi (M309HTPOMHBIN)
5. AnmabaTtHoe apoccenupoBaHe
&
4
| X=1
2
S
1.19 | KakoMy COCTOSTHHIO BOJIBI 1. Brnaxnslit nap.

COOTBCTCTBYCT TOYKaA 1 HaT-S

2. Cyxol HachILICHHBIN Map.




JarpaMme 3.IleperpeTsiii ap
4. )KuakocTs

1.20 | BHyTpeHHSss dHEPTUS 1. naBneHus
UJICATLHOTO Ia3a 3aBUCHT 2. TeMIIepaTypsl
TOJIBKO OT 3. He 3aBUCUT OT apaMeTPOB
4. BIaXXHOCTHU
5. SHTPONIUU
1.21 | Kakoii miukn uzobpaxen Ha p-V | [Ipsmoii ukn Kaprao
JarpaMmme OO6parnbiii uks Kapao
Huzens
Penkunna
Tpunknepa

boitnsg-Mapuotra

122 | Kak Ha3pIBacTCs TOYKa, B
KOTOPOH COCYIIECTBYIOT TpHU
(a3bl peanbHOTO ra3a (KuaKas,
razoo0pasHas u TBepas)?

. TPOMHAsI TOUKa;

. TOYKa CyOmuManuu;
. TOYKa UHBEPCHH;

. KpUTHYECKasi TOUKa;
. TOYKA POCHI.

DN AW =

HpHMep BBIINNIOJIHCHMA 3aJaHUA

B xakoM cooTHomeHnn 1. np>ne
HaxogsTcs repmudeckue KITIA | 2. mp >«
nukia Penkuna (np) 1 nukia 3. Mp =Mk
Kapuo (n)? 4. Mp<n«

5. Mp <M«

CornacHo TeopeMe KapHo K03 GUITUEHT MOIe3HOT0 NeHCTBUS JIF000H TEIIIOBOH MAIlIUHBI,
paborarorieii B uatepBaie remmeparyp 71 u T, (71 - Temnepatypa HarpeBarest u 1o -
TEMIIEPaTypa XOJOJUIBHUKA) HE MOXKET OBITh OOJIBIIE K.11.]I. MAIIMHBI, PA0OTAIOIICH IO IUKITY
KapHo B ToM >xe HHTepBaje TeMIeparyp, o3ToMy MIPaBHIbHbIN OTBET — 5.

3amanue sx3aMmeHannonHoro omiera Ne 2 (10 6ansoB)




3amanue 2.1

AHQJIMTUYECKUE BBIPAKCHUS TEPBOTO 3aKOHA TEPMOJUHAMUKA B  HHTETPAIBHOM |
middepeHnmaabHOM Bruae. DopMyIiel, onMcaHne TEPMOIWHAMHUYECKUX (PYHKIUH COCTOSIHUS H
(GyHKIMH Tpoliecca, BXOSIIUX B yPaBHCHHUS.

3aganue 2.2
VYpaBHEHHE TIEPBOrO 3aKOHA TEPMOJAMHAMHUKM I TIOTOKA BellecTBa. Temrora W pabora B
noTtoke. Onucanue BEJIUYHMH, BXOASAIINX B YpaBHEHUE.

3anmanwue 2.3

VYpaBHEHHE TEPBOTO 3aKOHA TEPMOJMHAMHKHU JJIi HEPABHOBECHBIX IpoleccoB. OmnucaHue
BEJIMYMH, BXOISAIIMX B ypaBHeHHE. M300pakeHre MPOU3BOILHOTO HEPABHOBECHOTO Ipoliecca B
p,V- nuarpamme.

3ananue 2.4

TepMuueckoe ypaBHEHHE COCTOSIHMS UACAIBHOIO ras3a - ypaBHeHue Kuaiinepona-Menneneesa:
Juist M Kr raza. Onucanue BeIUYMH, BXOJAIINX B ypaBHeHue. OnpeeneHue 1ieaibHoro rasa.
[Tpsamoit obpatumerii ukn KapHo, rpaduku mukna B p,v - u T,s - quarpammax, KIIJ] mukna
Kapso.

3aganue 2.5
N306apHbIii mpotiecc uaeanbHoro raza. CoOOTHOILIEHUS MapaMeTPOB, pacyeT TEIUIOTHl U PabOThHI
paciipenus B u300apHoM mporiecce. M3o0paxenue npouecca B p, v - u T, S — 1uarpaMMax.

3amanue 2.6
W3oxopHbIit mpoliecc uaeanbHOro raza. COOTHOIICHUS MapaMeTpPOB, PacueT TEMIOThl U PabOThI
pacIMpeHusi B ©130XOpHOM mporiecce. M300pakenue nporecca B p, v - u T, S — AuarpaMmmax.

3amanue 2.7
M3orepmuueckuii mporecc uaeanbHoro raza. COOTHOIIEHUS MapaMeTpPOB, pacyeT TEIIOThHl U
paboTel pacmupeHus B u3o0apHOM mporecce. M3o0paxenue mpomecca B p,v - u 1,5 —
JuarpaMmmax.

3amanue 2.8

AmuabaTHBIM Tporecc HaeanbHOro ras3a. IlokasaTenb anuabaThl, ypaBHEHHE aJHalaThI.
CooTHONIEHHST TIApaMeTpoB, pabdoTa pacHIMpeHUss ¥ TeXHWUYeckas pabora. I3oOpaxkeHue
nporecca B p,v - u T, S — quarpammax.

3ananue 2.9
ITonsiTne sHTponmMu, cBoWcTBa »HTpormu. MuTterpan Kiaysuyca. M3Mmenenuwe sHTpornnu B
00paTUMBIX U HEOOpAaTHUMBIX IpoIieccax.

3aganue 2.10
TepMmonuaamMudeckue ToxaecTBa. OObeTUHEHHBIC YpaBHEHUS TIEPBOTO M BTOPOT'O 3aKOHOB
TEPMOJUHAMHUKH.

Saganue 2.11
Brnaxknbrit  Bo3myx, ompeneneHue, CrocoObl 3aJaHusl BIAXHOTO Bo3ayxa. IlapruansHoe

JaBJICHHE KOMIIOHEHTOB, 3aKOH /laIpTOHA.

3aganue 2.12



p,v—u p,T — nuarpammbl BOAbl U BOJASHOro mapa. JluHum uzobap, U30XO0p, M30TEpPM Ha
nuarpammax. O6o3HaueHue a3 BoJIbI U BOASHOTO Mapa Ha AMarpaMMax.

3aganue 2.13

T-s mumarpamma Boxbl M BOASHOTO mHapa. JImHum m300ap, n30Xop, U30TEPM, MOCTOSHHOTO X Ha
nuarpamMe. DOpMyJbl pacyeTa CBOWMCTB BIQKHOTO Mapa JUis: h SHTANBIUH, U yISIbHOTO
00beMa, S SHTPOIHH.

3ananue 2.14
AnmnabaTHblil 0OpaTUMBII IPOLECC PACIIMPEHUS PEATILHOTO Ta3a, pacyeT TEXHUYECKOW paboThI.
N3o0paxenue mnpoiecca B p, v — u T, s —auarpaMmmax.

3ananue 2.15

N3oxopHbIil mporecc peanbHOro rasza. Termnora um pabora mporecca, GOpMysibl Ui pacuera.
Nzo0paxenne mpouecca B p,T —, p,v— u T,s— nguarpamMmmax, JJOKpUTHYECKas U
CBEPXKpPUTUYECKAs] H30XOPHI.

3amanue 2.16

N3006apHbIii mporecce peanbHOro rasza. Terora u paborta mporecca, GOpMyIIbI I pacyera.
N3o0paxkenne mnpomecca B p,T—, p,v— wu T,s— auarpamMmax, JOKpUTHUYECKass U
CBEPXKpUTUYECKAS. H300aphl

3amanue 2.17

H3oTepMuueckuil mpouecc uaeanbHOro rasa. Paborta pacumpenus U Terwiora, GOpMyJibl AJis
pacuera. M3oOpaxenue mporecca B p,T —, p,v— u T,s —aumarpamMmax, TOKPUTHYECKas M
CBEPXKpPUTUYECKAST H30TEPMBIL.

3amanue 2.18
TedeHue raza B CykuBaromux corax. OnpeneneHue pekuMa UCTEYCHUS HICATHHOTO raza 3
cyxwusaroniero coruia. Koaspduimentst f u f,. Kpusuc reuenus.

3amanue 2.19
Meroanka pacyeTra JO3BYKOBOI'O pEXMMa MCTEUEHHUS M3 CYKUBAIOIIETO COIUIA BOJASIHOTO Mapa
0e3 TpeHus. PacyeT CKOpOCTH M MacCOBOTO pacxo/1a B COIIIax.

3amanue 2.20
VYder TpeHHs MpHU UCTEUSHHUHU Ta3a U3 comel. h, s —auarpamma, ¢popMmysa pacyeTa CKOPOCTH Ha
BbIXO/Ie U3 coruta. CKopocTHON KOA(DPHUITUEHT ¢ 1 KO PHUITUEHT MacChI U.

[Tpumep BBIOTHEHUS 3a1aHUS

[MonurponHelidi mpomecc, ero oboOmatomee 3HaueHue. COOTHOIICHHE MEXIY
TEPMUYECKHMHU TapaMeTpaMu ra3a B IOJMTPOIHOM Iporecce. Pacuer pabOThl M TEIUIOTHI B
HOJIUTPOITHOM TIpOIIeCCe.

Bce mporeccsl MaeanbHOTO Ta3a MOTYT OBITh TPEACTABICHBI KaK YacTHBIC CIy4au
HOJIMTPOITHOTO ~ Ipollecca €  HEKOTOPhIM  (DUKCHPOBAHHBIM  IIOKAa3aTeNieM  MOJHTPOIIBI
(ammabaTtHbIi potiecc mpubamKeHHO mpu K = const).

p-V" =const
IIpouecc n c

N3oxopHbII + oo C




N306apHbIit 0 c,
N3oTepmuueckuit 1 + o
AnnabaTHbIi k 0
[TonutponHbi n C

n
N300paxkenne pas3auyHbIX HOJUTPON B JUarpamMme p,v MpH 3THUX (UKCUPOBAHHBIX

MOKa3aTessiX MOJUTPOIBI N MOoKa3aHo Ha pucyHke 1. I'paduk M3MEeHEHUs TEIUIOEMKOCTH rasa B

3aBHCHMOCTH OT 33JaHHOTO TIOKa3aTelIs MOJIUTPOIIBI Ipoliecca MpecTaBlIeHa Ha puc. 2.

Pt AL, cn +6eck.
Y=const

n=(+;-16eckK.

P=const
n=0

IT=const Cv /___——
n=1 0 1 M o
VY=const dg=0
.. e n=k
n={+/-16eck.
v
-beck.
Puc. 1 Puc. 2

Coomnowenue Memcdy mepmudecKumu napamempamu

CooTHomIeHHEM MCKAY TCPMHUYCCKUMHU IMapaMETpaMU ra3a B 3TOM IMPOLECCCE MOJTYYUM,
WCIIONIb30BaB ypaBHeHue [lepBoro 3akoHa:
dg=dh—vdp u ¢, dT =c,dT —vdp;
dg=du+ pdo " c,dT =c, dT + pdv.
C,—¢C, - vdp
c,—Cc, pdv

HOI[CJ'II/IB OTHU YpaBHCHU, TIOJIYUUM

C, —C,
[Tokazatenb MOJUTPOIIBI n=——m—m-.
C, — Cu
do dp
Torma n-—+—=0 CJI€I0BATENIbHO, TPOUHTETPUPOBAB,
v P
L
HOJy4YUM pv" =const & =| =L
Py L,
n-1
RT ~ T v
IMoxcraBus P = —, Tu"* = const 12 |1
T, L,
n-1
RT _ T n
IToncraBuB L = —, pl "T" = const L _| B
P LI !

Paboma pacwupenus 2aza

Jlnst pacdera pabOThI PACHIMPEHUS] Ta3a B MOJUTPOITHOM MPOIECCE MCIONB3YEeM (MONCHO
UCNONb308aMb H0OVIO U3 POPMYIT)



I'=po, 1 I=po =——~
| = PV~ DL, |:R'(T2_T1)
n-1 n-1
n-1
n-1 p n
R-T 1|t R-T,|1- ( zj
' v, Py
I = | =
n-1 n-1

Tennoma, noosedennas 6 npoyecce

Jlg pacuera TEIIOTHI UCIOJIb3YEM OCHOBHOE YpaBHEHUE ( = jcn -dT .
1

c,—C
TennoeMKocTh ra3a B OJMTPOIIHOM HpoLecce ONpeAeIuM u3 N = ——F

_c,(n-k) e
" n-1 -
(uz _ul)'(n_k)

n-1

2
Torma q = ICU n—_li dT u, mocne UHTErpUpOBaHUs, [ =

h, —

L . TIpu npuOIMKEHHBIX BBIYMCIECHUAX IPUHUMAIOT C, = const, k = const. Torxaa
uZ 1

roe k =

q=c, —(T,-T).

3apanmne 3x3aMeHaniuoHHOro oustera Ne 3 (10 6asnoB)

3amanue 3.1
K 3 kr raza nogsoautcst Q = 150 k/[k TeroTsl, mpu 3ToM ra3 coepiiaeT padboty | =20 kJ[x/kr.
Onpenenuts U3MEHEHUE BHyTpeHHEH 3Hepruu padouero tena AU.

3amanue 3.2
B u3oxopHom mporuecce, 3HTanbnusA 4 Kr Bo3ayxa ysennuuBaeTcs Ha 20 k/[x, a Temmnepartypa
nobinaercst Ha 5°C. Paccuurtath ynenbHy0 NoABeAEHHYIO TeIOTY. (Ryosy = 287,1 Ix/(xr-K)).

3ananue 3.3

Onpenenuts CpeHIO U30XOPHYIO TEIUIOEMKOCTh JUOKCH/IA a30Ta B MHTEPBAJIE TEMIIEPATYP OT
350 nmo 850 °C, ecnu WM3BECTHO, YTO BHYTPCHHSIS JHEPrus B Havajie mHTepBanma u; = 408,2
k/Dx/kr, a sHTambnMs B KoHIEe HHTepBana hy = 1077,0 x/lx/kr. CpaBHUTH pe3yibTaThl C
pacuetom o MKTT. Monsipaas macca pinoz = 46,0053 Kr/KMOITB.

3amanue 3.4

[Ipu pacmmpenun 10 xr maeansbHOro rasa cosepiuaercst padora, pasHas 20x/lx. IIpu stom k
razy u3BHe noaBoauTtcs 40k/>x TermnoTsl, a ero TeMmneparypa nosimaercsa Ha S°C. Onpenenure
CPEIIHIOI0 TEIIOEMKOCTh C, 3TOr0 MPOLECCa M CPEOHIOI0 M30XOPHYIO TEIUIOEMKOCTH Cy rasa,
BbIpasuTe ux B KJx/(kr-K).



3anganue 3.5
0,1 Kr. AByOKucH yriepona npu masnerun 7-10° Ia 1 HauampHO# Temmeparypoit t; = 1112 F
pacmupsitorcs noiautponHo no gasienus 0,24 Mlla. Omnpenenutb M3MEHEHHE BHYTPEHHEH

9HEPI'uH ras3a, COBEpIICHHYIO pabOTy U KOJMUeCTBO TemaoThl. [loka3arens nomurpomnsl N =1,11.

Hns cnpaBku: t°C = toFl;;z;
CO,
t°C h, kJx/kr U, kJK/KT
600 817,54 652,58
512 713.75 565.41

3aganue 3.6

Juokcun yriaepoa coBepiiaet paboTy aguabaTtHo oOpaTUMO B ra30BOM TypOUHE OT HAYaIbHOTO
cocrossHus t; = 1000 °C, p; = 1,799 MlIla mo xoneunoro namienus 0,1 MIla. Onpenenutsb
yAENbHYI0 padoTy TypOuHBL. Mcronp30BaTh CIPAaBOYHHUK CBOMCTB ra30B.

CO,
t°C h, xJx/kr U, KJK/KT o
1000 1317,6 1077,0 5872,7
546 753,51 598,75 326,41

3ananue 3.7

PaccuuTaTh yaenbHYIO SHTpOIUIO Bo3ayxa npu temnepatype 250 °C u nasnenun 1,5 Mlla.
IIpuHATE 32 Ha4aIO OTCYETA HOPMAJIBHBIE YCIOBHUS.

s cnpasku: HopmanbHBIM yCI0BUSAM COOTBETCTBYIOT:

Hasnenue 101,325 klla; Temneparypa 0°C

Bo3nyx
t°C s°
250 7,4314
0 6,7767

3amanue 3.8
Paccuutare paboTy ra3oBoil TypOWHBI mpuxojsiieics Hal Kr pabodero Teia co CBOWCTBAMU

BO3JIyXa, €ClIi TemIiepaTypa Ha BxoJe B Typouny 940°C, na Beixoae 450 °C.
Bo3nyx
t°C h, xJIx/kr u, kJIx/kr
940 1293,6 945,40
450 738,64 531,06

3aganue 3.9

Bamanel mapamerpel: P =100 6Gap, t =270°C. Omnpenenurh COCTOSHHE M HaWTH V, h, S.
[IpencraButs Touky B PV, PT, HS, TS - quarpammax.

Tabnuna |. CoiicTBa BOJSHOTO Mapa B COCTOSIHUM HACBIILIEHUS:

2.9542

[+ | [ V' RS [ | w1 v | s [ s | s
270 5,5028 0,0013030 0,035622 1185.1 27897 16046 29762 35,9304
Tabmuna I1l. CoiicTBa BoABI M BOJSHOTO MMapa B 0qHO(a3HOM 00TIaCcTH:
p= 90 Mlla p= 95 Mlla p=_10.0 Mlla p=_10.5 Mlla
1 fyae= 30335 Tyqe= 30725 Tyoe= 311,00 froe= 314,61

v | h | 5 v | h | 5 v | h 5 v | h | 5
250 00012420 10857 27814 00012420 10857 27802 00012412 10857 27791 00012403 10857 27779
260 00012673 11342 28733 00012663 11342 28720 00012653 11341 28708 00012644 11341 28695
270 00012946 11840 29658 00012934 11839 29644 00012923 11837 29629 00012911 11836 29615
280 00013254 12353 30594 00013240 12351 30577 00013226 12348 30561 00013213 12346 30545
290 00013608 1288,5 31547 00013591 12881 31528 00013574 12877 31510 00013557 12874 31491



3aganue 3.10

Boasnoii nap pacmupsiercs B TypOuHe aanabaTHO U oOpatumMo ot napamerpos: P1 = 160 Oap; t1
=560 °C no naBnenus 0,04 6ap. Haiiti MomHocTs TYypOUHBI eciu pacxo napa G = 360 T1/4ac.
[Ipeacrasuts mpouecc B PV, HS, TS - nuarpammax.

Ta6mmma 1. CBoiicTBa BOJBI M BOJSHOTO Tapa B 0HO(a3HOM 001acTH:

p= 150 MIla p= 16,0 MIla p= 17,0 MIla p= 18,0 MIla
t foe= 342,16 foe= 34736 fre= 352,29 free = 356,99
v [ n | s v I v [ n | s v I

550 0022945 34505 6.5230 0021353 34398 64832 0.019948 34291 64451 0,018698 34183 6.4085
560 0,023350 34775 6,5556  0,021740 34673 6,5164 0,020318 34570 64788 0019054  3446.6 6.4427
370 0023749 35042  6.,5875 0022121 34944 65488 0.020684 34846 6.5117 0,019406 34746 6.4762
Ta6J'II/II_Ia Il. CBoiicTBa BOASAHOI'O ITapa B COCTOSIHUU HACBIIICHUA:
I P | i | .l,r | .I.H | JFI' | hu | 7 | sr | 5” | 5”—5' |
0,0040 2896 0,0010041 34,792 121,40 25537 24323 04224 84735  B8,0510

[Tpumep BBHIMOTHEHUS 3a/1aHUS
Juokcun yriaepona copepiiaeT padboTy aauadaTHo 0OpaTUMO B ra30Boil TypOMHE OT HAYaIbHOTO

coctostHus 1 = 1050 °C, p; = 2,38 MIla no koneunoro nasnenus 0,1 MIla. Onpenenutsb
YAENbHYI0 padoTy TypOuHBL. Mcronp30BaTh CIPABOYHHUK CBOMCTB Ia30B.

CO,
t°C h, xJIx/kr u, kJK/Kr o
1050 13824 11325 7651,7
544 751,16 596,78 321,49
l == h1 - h2

h, = 1382,4 x/lx/kr

P2 _ Toz
P1  Toq
Moy = ﬁ 7651,7 = 312,5

h, = 751,16 k/lx/kr

[ = 631,24 x/I>x/kr

3ananue s3x3aMmeHanuonHoro ouiera Ne 4 (10 6anoB)

3anmanue 4.1

HauanpHoe coctostHue mapa: t = 150 °C, X = 0,7. Ilap pacmupsieTcss U30TEPMHUYECKU 0
nasienust 0,5 6ap. Haiitu (, mokaszare X0 pelieHus Uisi HaxoxaeHus pabotsl. [IpencraButhb
npouecc B PV, HS, TS - nuarpammax.



Ta6muia |. CoiicTBa BOASIHOTO 1Mapa B COCTOSTHUU HACBIIICHHUS: )

| f | p r | pr | hr | Jil'in' | Iz | 5' | 5" | 55" |
150 0,47610 0,0010905 0.39250 63225 27459 21137 1.8420 6,8370  4,9951
Tabmumna |11. CBoiicTBa BOABI ¥ BOJISHOTO MMapa B oHO(a3HOM 001acTH:

[ v

p= 45 klla p= 50 xlla p= 60 klla p= 70 klla

89,93

1 fae= 78,71 e = 81,32 foae = 85,93 T oge =
v | h | 5 v | h | 5 v | h | 5 v

[ 7 |

150 43239 27806  7.9905 3 8899 27802 79412 32388
3ananue 4.2

BraxxubIil BO31yX HarpeBaeTcs OT TeMIlepaTypbl Ha Bxoje B kajmopudep t; = 25°C mo t, = 70°C -
Ha BbIxoje. Mcmonb3ys h-d nuarpaMmy onpeneiuTh OTHOCHTEIBHYIO BIQKHOCTh U YACIbHYIO
SHTAJIBIIMIO BJIQXKHOTO BO3JyXa Ha BBIXOJE M3 Kalopudepa, eciu TemrepaTrypa MOKPOIo

TepMoMeTpa Ha Bxoje t, = 15°C.

3ananue 4.3

Boasnoit nap npu nasnenuu Po=2,2 Mlla u temneparype tp=450°C nocrtymnaer K Cy>KUBaIOIIUM
comnam. /[lapnenne 3a comnamu Pg,= 0,2 Mlla. Onpenennts CKOpPOCTh HCTEYEHHs Iapa.
N306pasutk nporece B auarpammax h,S u T,S. Ilpu pewenuu nexomopule 8eautumvl MONCHO
OKpy2Iumsb 00 MaOIUYHBIX SHAYEHULL.

P
Jus cipaBku: f§ = f ; JlaBnenue kpusuca Tevenus P, = P * Pip; Bip = 0,546
0

Ta6mmma 1. CBoiicTBa BOJBI M BOJASHOTO Tapa B 01HO(a3HOM 001acTH:

p= 18 Mlla p= 2,0 Mlla p= 22 Mlla p= 24 Mlla

t frae= 207,12 froe= 212,38 Frne= 217,26 fose= 221,80

-.-|J:|s

.

5 v

[ T

v | h |

35

450 0.18208 3360.7 73377

0.16354 3358.1

7.2863

0.14836

33554

71,2396 0,13571

33527

7,1967

p= 1,0 MIla

p= 12 MIla

p=

1,4 MIla

p= 1,6 Mlla

t frae= 179,89

free= 187,96

froe= 195,05

fuae = 201,38

v | h | 5 Y | h | 5 v | h | 5 v | h | 5

360
370
380

028734 31794 73366 0.23862 31756 7.2479 020382 31717 17,1722 0.17771 3167.8
029217 32006 7.3699 024269 31970 72815 020733 31933 72061 0,18082 3189.6
029699 32219 74026 024674 32184 73145 021084 32149 72394 0.18391 32113

3amanue 4.4

Onpenenutrs MomHocTh I'TY ¢ pabouum TenomM co CBOMCTBaMHU BO3Ayxa, padOTarouliei 1o
00BIKHOBEeHHOMY MKy bpaiitona. C mapamerpamu Ha Bxoze B kommpeccop: p1 = 0,1 MIla, t; =
16 °C, cTeneHb MOBBIICHUS JABJICHUSI B Komrpeccope B = 8,47, Temmeparypa Ha BBIXOAE U3
kamepsbl cropanus t3 = 1150 °C; pacxon ra3a yepe3 Typouny G = 500 1/4ac.

7.1060
7.1401

7.1737

Boznyx
t°C h, xJIx/kr u, kJDK/Kr o
16 289,67 207,57 1,2203
256 533,50 381,60 10,336
1150 1543,6 1135,1 483,27
566 865,57 624,69 57,05

3amaunue 4.5

Onpenemuty Tepmudeckuid KIIJ[ TITY, paGoraromieit mo oObIKHOBEHHOMY ITMKIY PeHkuHa.

[TapameTpsl mapa nepen TypOMHOH pi1

120 Gap u t;

p2 = 0,04 Gap. IIpencraButh cxemy I1TY u mukn B T-S u p-V KoopauHaTaX.

560 °C, naBieHue B KOHJEHCATOPE



Tabmuna |11. CBoiicTBa BOABI M BOJSHOTO MMapa B oHO(a3HOM 001acTH:

p= 110 MIla p= 11,5 Mlla p= 12,0 Mlla p= 12,5 MIla
i f0c= 318,08 tome= 32144 frae= 324,68 tome= 327,82
v | h | 5 v | h | 5 v | h | 5 v | h | 5

560 0,032704 35172 67356 0031180 35123 67106 0.029782 35074 6.6864 0028497 35025 66630
Ta6mmma Il. CBolicTBa BOJASHOTO Mapa B COCTOSTHHM HACHIIIECHUS:
I P I !, I 1|’,r | 1.” I hr I FI” | ;f' I IS.r | .S'” I Is.r.l_-,:.‘.r
0,0040 2896 0,0010041 34,792 12140 25537 24323 04224  §4735 58,0510
3ananue 4.6

PaccunTath MOIIHOCTH Ta30BOM TypOWHBI, €CIIM Ha BXOJE HapaMeTpsl pabodero tena p; = 4
Mlla u t; = 860 °C, a Ha Bbixone p2 = 1 MIla. Buytpennuit ornocurensusiii KIIJ[ TypOunsl
nd: = 0,91. Pabouee Teno 06anaeT CBOMCTBAMU BO3/IyXa, €I0 pacxos 24 Kr/c.
N300pa3utk nporiecc Ha TS — quarpamme.

3aganue 4.7

Boznyx
t°C h, xJx/kr 7
860 1199,9 188,36
524 818,98 47,086
525 820,08 47,312

OmnpenenuTh TeMIlepaTypy BO3JyXa Ha BBIXOAE W3 TYpOMHBI, €CIM Ha BXOJE IapaMeTpsbl
pabouero tema p1 = 4 Mlla u t; = 860 °C, a nHa BeIXOZE p2 = 1 MIla. BHyTpenuwuii
otHocuTenbHbIi KITJT TypOunsl n); = 0,91. M306pasuts npouecc Ha TS — quarpamMme.

3amanue 4.8

Bo3nyx

t°C h, kDx/kr U

860 1199,9 188,36
524 818,98 47,086
525 820,08 47,312
532 852,11 35,417
533 853,23 35,583
534 854,36 35,751
535 855,48 35,919

OmnpenenuTs MOIIHOCTb BO3AYIIHOTO KOMIIPECCOpa, €CIM Ha BXOJE MapaMeTpbl pabodero tena
p1 = 100 xIla u t; = 20 °C, a Ha BeIXOHE p2 = 620 klIla. BHyTpennuit otHocuTenbHbiil KIIJ]
kommpeccopa 170 = 0,86. Pacxon Bo3ayxa 2,4 kr/c. M306pasuts nporecc Ha TS — guarpamme.

Bo3zayx
t°C h, kJDx/kr Ty
20 293,39 1,2784
218 494,08 7,8910
219 495,11 7,9487




3ananue 4.19

Onpenenuth TemrepaTypy BO3AyXa Ha BBIXOJE M3 KOMIIpECcOpa, €Cld Ha BXOJE MapaMeTpbl
pabouero Tenma p; = 100 x[la u t;3 = 20 °C, a Ha BbIXOAE p2 = 620 klla. BHyTpeHHwMii
otHocuTenbHbIH KITJT kommpeccopa nd; = 0,86. M306pasuth npoliecc Ha TS — AuarpamMe.

Bo3zayx

t°C h, kJlx/kr T,

20 293,39 1,2784
218 494,08 7,8910
219 495,11 7,9487
249 525,04 9,8308
250 527,08 9,8988
251 528,11 9,9681
252 529,15 10,035

3amanue 4.10

OnpenenuTs MOIIHOCTD IU3€JIbHOTO JIBUraTelIsl C PaCX010M TOIUIMBA (AU3EJIHOE TOIUIMBO C
TEIJIOTBOPHOM CIIOCOOHOCTHIO 44,8 M[[)K/ILM?’) Ha HOMHHAJIBHOM pexume 16 v aac.
Buyrpennuii otHocutenbubiil KITJ nukna 0,78. Tepmuueckuit KIT 0,54.

[Tpumep BBINONHEHUS 3alaHUS

Boznyx, maccoii 1 xr, npu HayansHOM abcontroTHOM aaBinenun 2 MIla u temmnepatype 360 °C
pacumpsieTcs 1o aauadare 10 KoHeyHoro nasienus 1,16 MIla. Onpenenuts TEXHUYECKYIO
paboTty. 3a1auy pemuTh C MIOMOIIBIO TaOIHUII.

Pemenue

[To nawaneHOM TemmnepaType ra3a t; = 360 °C mo Tabauiie TepMOAMHAMHYECKUX CBOMCTB
HAXO1M:

omHocumenvHoe dasnenue my; = 19,881

k/x /KI‘

yoenvHas sumanvnus hy = 642,38

OTHOCUTENBHOE JABJIEHHUE B KOHIE a1Ma0aTHOrO CKATUS
D> 1,16
My, = 19,881 -—=19,881 - —— = 11,53
12 2,0
. Ilo TepMogHAMUYECKUM TaOIUIIAM IO OTHOCUTEILHOMY JaBJICHUIO OMPEIeIisieM MapaMeTphl
rasa B KOHIIE TpoIiecca aauadaTHOTO CKATHS

11,53 — 11,51 [l
hy = 550,10 + e - (552,17 — 550,10) = 550,37 /r

Texnuueckas padbora
L=m-l,=m-(hy —h,) =1% (642,38 —550,37) = 92,01 k/[k.
Otser: L = 92,01 k/Ix.



Bouayx Ipodarwene maay. |

t.°C T.K “ e % a, s

. . &u!"r‘l K}l*'n.l W'KT..'K'.
m 54515 550.10 393,60 1510 11312 7.4781
274 54715 552,17 305,11 11,664 11,204 7.4819
27 349,15 5425 396,61 11.819 11,098 7.4857
278 55115 556,33 398,12 11976 10,992 7.4895
280 55315 558.41 399.63 12134 10,888 7.4932
282 55515 560.49 401,13 12294 10,786 7.4970
284 557.15 562.58 402,64 12.455 10,684 7.5007
2% 539,15 564.66 404,15 12618 10,584 7.5045
288 561,15 566,74 405,66 12.783 10,485 7.5082
200 363,15 568.83 407,17 12.949 10,387 7.5119
292 565.15 570,91 408,68 13017 10,201 75156
294 367.15 573,00 410,19 13286 10,196 7.5193
296 569.15 575.00 a7 13.458 10,101 75220
208 S71.15 SI7.18 41322 13.630 10,008 7.5266
300 573,15 579,27 414,74 13,805 9.9165 7.5303
02 575.15 $81.36 416,25 13.981 9.8256 75339
304 S77.15 583,45 417.77 14,159 9,7359 7.5375
306 579,15 535,54 41929 14,339 9.6473 7.5411
308 $81.15 $87.63 42081 14,520 9.5597 7.5448
310 583,15 589.73 42233 14,703 94732 7.5484
312 385,15 591.82 42385 14,888 93876 7.5519
314 8715 593,92 42537 15.074 9,3031 7.5555
316 $R0,15 596.01 426,89 15263 9.2196 7.5591
318 59115 59811 428,42 15.453 9.1371 7.5626
320 593,15 60021 42994 15,645 9,0555 7.5662
2 595,15 60231 431,47 15830 89749 7.5697
324 597,15 604,41 432,99 16,034 88052 75732
326 59915 606.51 434,52 16232 RS164 15767
328 601,15 608.61 436,05 16431 8.7386 7.5803
330 603,15 610,72 437,58 16,632 8.6616 7.5837
w2 605,15 612.82 439,11 16.835 R.5855 7.5872
EEY) 607,15 614,93 440,64 17.040 85103 7.5007
136 609,15 617.03 442,17 17.247 84360 7.5042
338 611,15 61914 443,70 17.456 83625 7.5976
40 613,15 621,25 44524 17,666 82898 7.6011
42 615,15 62335 446,77 17,879 2180 7.6045
344 617,15 625.46 44831 18,093 8.1469 7.6079
346 619,15 627,57 449,84 18,310 80767 7.6113
348 62115 629.69 451,38 18,528 8.0072 7.6147
350 623,15 631.80 452,92 18,749 7.9386 7.6181
352 625,15 63391 454,46 18.971 7.8706 7.6215
354 627.15 636.03 456,00 19.196 7.8038 7.6249
356 629.15 638.14 457.54 19422 77371 7.6283
358 63115 64026 459,08 19.651 76714 7.6316

360 633,15 64238 460,62 19881 7,6064 7.6350




baHk 3a1aHuil 0 CNIEMAJILHON YACTH BCTYNUTEJIBHOTO HCIILITAHUS B
MarucTparypy

3aganue 3x3aMeHannoOHHOro ouera Ne5 (10 6ansioB)

3amanne 5.1
Pacuer TermioBOro moToKa B IUIOCKOW OJHO- W MHOTOCIOWHOM CTEHKE B CTallMOHAPHBIX
YCJ'IOBI/ISIX HpI/I l"paHI/I'-IHI)IX YCJ'IOBI/ISIX I poz[a B OTCYTCTBI/IG BHYTpCHHHX HNCTOYHHUKOB TCIIJIOTHI.

3amanue 5.2
Amnasorus PeitHozbca s TemiooOMeHa npu TypOyJIEHTHOM T€UEHHH B IIOIPAaHUYHOM CIIO€, €€
MOJIEPHU3UPOBAHHBIN BapuaHT (IBYXCJIOWHAs CXEMa).

3amanue 5.3
Crabunu3upoBaHHbIM TEINIOOOMEH MpU TypOyJIEHTHOM TEYEHHUU B KPYIJIOW TpyOe, pe3ysbTaThl
MCCJIETOBAaHUM JUIsl )KUAKOCTEH U Ta30B, pacyeTHbIe (POPMYJIbI.

3amanue 5.4
«Kpuas kunenus». TemnooOMeH npu My3bIpbKOBOM KUIIEHUH B OOJBIIIOM 00BEME.

3aganue 5.5
OCHOBHBIE 3aKOHBI TEIIOBOTO U3TYUYCHUS.

3anaunue 5.6
['uaponMHamMuka W TEIJIOOOMEH TMPH  MOMEPEYHOM OOTCKAHMHM OJMHOYHOTO KPYTrOBOTO
OWJIMHIPA.

3aganue 5.7
Tenoo0MeH NpH MJICHOYHOW KOHJCHCAIIMY Ha BEPTUKAILHON TOBEPXHOCTH.

3ananue 5.8
TemnooOMEeH mNpu JIAMUHAPHOM OOTEKAHWM IUIOCKOW IIACTUHBI (CHCTEMa YPaBHEHHUN TEIUIOBOTO
MMOTPAHUTHOTO CJI0SI, COOTHOIIICHMSI JIJIS pacyeTa TeII000MEeHa).

3amaunue 5.9
Temnoo0MeH IpH MJICHOYHON KOHICHCAIIMK: aHAINU3 IOMYIIeHUH K 3a1aue HyccenbTa, pekoMeHIaiuu mno
pacuery.

3aganue 5.10
IMonobue ¢usuueckux mporeccoB. DU3NYeCKUil CMBICT YHCeT MOMO00US KOHBEKTHBHOTO TEIUIO- U
MaccooOMeHa.

[Ipumep BbInoaHEHMS 3a1aHus 5.4
1. 3aBucumocts ((AT) Ha3pIBAIOT KPUBOW KHNEHHsl WIM KpuBod Hykmsma mo wmeHH
ATIOHCKOT'0 MCCIIE0BATENS], BIIEPBbIE ONMCABIIETO 3Ty 3aBUCUMOCTh B 1934 1.



ATy« Al AT A7
AT=T.-Ts — meperpeB CTeHKH, . — TeMIepaTypa CTEHKH, |s— TeMIIepaTypa HaChIIICHUSI.
AB — cBoOogHas kouBekuus, AT < AT, (Hagaia KATICHUS)
BC — ny3bIpbKoBoe Kumenne, 4~ AT> (JUIs TeXHHYECKHIX OBEPXHOCTEHi HArpeBa).
[To mepe yBenuWyeHHs TEIUIOBOM HArpy3Ku HM3MEHSETCS CTPYKTypa IByX(a3HOW CMecCH:. OT
peKMMa HW30JIMPOBAHHBIX MY3BIPHKOB O PEXHMMa CPOCHIMXCS IY3BIPHKOB  (IapOBBIX
KOHIJIOMEPATOB).
[TpuHIMNIHATBEHOW OCOOEHHOCTHIO MY3BIPHKOBOTO KHUIICHHS SIBISETCA TO, YTO HAa BCEM €r0
NPOTSHKEHUU a0CONIIOTHO IMpeobiagaromias 4acTb TBEPAOW IMOBEPXHOCTH HArpeBa MOKPHITA
xKuakocTeio. CyMMapHas A0S IUIOMIAIM CyXUX MATEH (LEHTPOB MapooOpa3oBaHus) Jaxe Mpu
caMbIX OOJBIINX TEMJIOBBIX MOTOKaX He mpeBocxoaut 10 %.
CD — kpu3uc KuneHust (Iy3bIpbKOBOI0), (=0
HeOonbuioe yBenuueHue ( B OKPECTHOCTH (xp HPUBOAUT K PE3KOMY POCTY ILIOMIAAM CYXHX
IsATEH 1 00pa30BaHUIO CILIOIIHOM MapoBOW MJIEHKU HAa 000rpeBaeMoii MOBEPXHOCTH (TI€peXo] OT
My3bIPFKOBOTO KUTIEHUS K TUICHOYHOMY ).
DE — niieHo4HOE KHIIEHUE
B nnenounoM pexkxume T mpeBBIIAeT TeMIIEPaTypy CHHHOAANH, YTO MCKIIOYaeT BO3MOXXHOCTh
€e MPSMOTr0 KOHTaKTa C JKUAKOCTBIO; TEIUIO TMepefaercs K Mek(pa3HOW MOBEPXHOCTH dYepe3
HapoBYO
TUIEHKY ITyTeM TETJIONPOBOAHOCTH U OAHO(MA3HOW KOHBEHIIMH B TIape, a TAaKXKe U3ITyICHUEM.
EF — xpu3uc njieHo4HOro kuneHus, 0=0p2
CE — nepexoaHoe Kunenme
JlaHHBI pEXKUM MOXKHO TOJIYYUTh, €CJIIM B IKCIEPUMEHTE YIPABIATH ¢ DTOMY MPOIECCY
OTBEUAET «HEECTECTBEHHAs» OTpHIlaTeNbHast 3aBUCUMOCTH ((AT), Korga ¢ pocToM meperpena
CTEHKH TETIOBOM IMOTOK CHUXKAETCH.
2. TermooOMeH mpH My3bIPEKOBOM KHIIEHUH B OOJIBIIOM 00BEME.
®opmyna B.B. froBa ans pacdera TemaooOMeHa MpU IMy3bIPHKOBOM KHUIEHHUH B OOJBIIOM
o0beme:

A2AT3 / hyoAT
=3,43-10"* ( ) 1+ /1 + 800B + 400B
1 voT, \' Y 2R,TZ (1+1+ + 4005)

rae O0e3pa3MepHbIi TapaMeTp
hig (P”V)s/z
"~ o(AT,)Y/?
h;; — Termora ucnapeHus, A — TEIUIONPOBOAHOCTh XHUIAKOCTH, V — KMHEMAaTU4YeCKas BSI3KOCTh
KHIKOCTH, 0 — MOBEPXHOCTHOE HATSHKEHME, R; — MHIWBHIyalbHas Ta3oBas IOCTOSHHAsA, p' -
MJIOTHOCTH Tapa.

3amanue 3x3aMeHanuoHHOro ouiaera Ne6 (10 6an1oB)

3ananue 6.1

OueHuTh CpeJHIO TEMIIEPATYpy MOBEPXHOCTH METAJUIMUECKON KPOBIIN B COJTHEUHBIN I€Hb IIPU
CIIEIyIOIIMX YCJIOBUSX: IUIOTHOCTh TEIUIOBOIO IMOTOKA, Majarouiero Ha kpeiary, 200 Br/M?,
Temneparypa Bozayxa 20 °C, ckopocTb BeTpa 5 M/C, IJMHA KpPbIIIY B HarpasieHUH BeTpa 40 M;



BCE BOCIIPUHUMAEMOE KPOBJICH TEIUIO OTHACTCS MABHXKYIIEMYCS Yy TIOBEPXHOCTU BO3IYXY.
CBoiicTBa BO3/1yXxa: KHHEMaTHYeCKas BS3KOCTh 15,1-10'6 MZ/C, TEIJIONPOBOAHOCTh 2,610
Bt1/(Mm-K), uncno IIpannrns 0,7.

3ananue 6.2

Boga ¢ Temneparypoii 30°C noctymnaer B Tpy0y ¢ BHyTpEHHHM AuaMetpom 10 MM U 1IHHOM 2 M.
Pacxonx Bomsl 0,15 kr/c, ee cpemmemaccoBas Temmneparypa Ha Beixoge 50°C. OmpenenuTsb
TEMIIepaTypy BHYTPEHHEW IOBEPXHOCTHM TpPyObl Ha BBIXOJE, CUMUTAs IJIOTHOCTh TEILUIOBOTO
MOTOKa MOCTOSIHHOW 1O JuinHE TpyObl. CBOMCTBa BOJBI: IJIOTHOCTH 992 KI/M>, TeITOeMKOCTB
4200 x/(xr-K), temmompoBogHocth 0,635 Bt/(M-K), kuHemaTtnueckas BSI3KOCTh 0,659-10°°
M2/c, aneIo [Ipanarns 4,31.

3ananue 6.3

[TaporrpoBoA KpyroBOrO CEUYEHHUs HapyXHBIM JUAMETPOM 68 MM IPOXOIUT BEPTUKAIBHO YEPE3
OMEIIEHHE BBICOTOH 3 M o0bemMoMm 1000 wm°. Temnepatypa HapyXHOW IIOBEPXHOCTH
naponposoaa 60°C, Temreparypa HEMOABMKHOTO Bo3ayxa B nomernennn 20°C. 3a kakoe Bpemst
BO3JyX B nomenieHuu Harpesucs Obl Ha 1 K, ecau Obl cTeHBbI MomemieHus ObUIM MOJIHOCTHIO
n3zonupoBanbl? CBolicTBa BO3ayxa: IUIOTHOCTH 1,128 Kr/m°, u3o0apHas TemnoeMkoctb 1005
JUx/(xr-K), Temmonpoogrocts 0,0276 Br/(m-K), kuHematmdeckas BsiskocTh 16,96-10° m?/c,

yucino [panarns 0,7.

3aganue 6.4

OMNBITHBIA YYaCTOK JJISl MCCIICJOBAHUS TEIUIOOTIAYU MPH MEPEMEHHOHN IIOTHOCTH TEILIOBOTO
MOTOKA Ha CTEHKE MpeJCTaBisieT co00il Kpyriyw TpyOy BHyTpeHHUM auamerpoMm d = 10 mm.
VYyacTok oXJ1a)XaaeTcsl BOJOW MPH JIaBIICHUH P = 10° I1a, T, =20°C. Pacxox Bogsl G = 100 kr/u.
Onpenenuth TeMIeEpaTypy BOJbI B CEUCHHH, OTCTOSIIEM OT BXOJa Ha | M, €ClHM IUIOTHOCTh
TEIIOBOTO MOTOKA M3MEHSETCs BIOJb TPYObI 110 JIMHEiHOMY 3aKoHy: O = (0,3 + 3,0x)10° Br/m.
N3o06apHas TemmoeMkocTs Boabl 4200 Jx/(kr-K).

3amanue 6.5

Bo3ayx npu atmocdepHoM maBieHUM OOTEKAET MIOCKYIO MIacTUHY JuIuHOM 4 M. Temmepartypa
Bo3ayxa 70°C, ckopocts Bo3zayxa 30 m/c. Paccunrarh JOKaabHBIN KO3()OUIMEHT TEMIOOTAAYN
Ha 3aqHeil KpoMKe miuacTUHbl. CBOMCTBA BO3[yXa: KMHEMaTHYecKas BS3KOCThb 20-10° m/c,
TeTJIONPOBOIHOCTh 3° 107 Bt1/(m-K), uncno IIpanarns 0,7.

3amanue 6.6

Onpenenuth KOIPPUIMEHT TEMIOOTAAYN TPH KOHJACHCAIMU CYXOT0 HACBIIICHHOTO Iapa
aTMoc(epHOro aBIeHHs Ha Hapy>KHOUM MOBEPXHOCTH BEPTHUKAIBHON TPYOBl AMAMETPOM 28 MM U
nnuHou 0.7 m nipu temmneparype crenk 70 °C. Ckonbko KOHAEHcaTa 0y/ieT o0pa30BbIBATHCS 3a
1 4? BinusiHue mnepeMEeHHOCTH CBOMCTB HE YUYUTHIBaTh. lemneparypa HaceimeHuss 100 °C,
mioTHOCTh mapa 0.598 KI/M°, CBOICTBA KOHICHCATA: IUIOTHOCTH 958 KI/M°, KMHEMaTHYeCKast
Bs13koCTh 2.94-107 MP/c, teronpoBoaHocTh 0.677 B1/(M-K), Ternora dazoBoro nepexoaa 2260
K JK/KT.

3ananue 6.7

IMnockue cranpabie crenkn (0=15 ™M, A=30 Bt/(M'K)) cymmnbHO# Kamepbl, BHYTPH KOTOpPOH
nojiepkuBaercs Temreparypa 140 °C, HE0OXOJMMO H30JIMPOBATH CIIOEM LIUIAKOBOM BaThl TaK, Y4TOOBI
TeMreparypa HapyxHou moepxHoctu coctabisia 40 °C. KoodGuuueHT TemiooTnayn K BHYTPEHHEN
noBepxHOCTH cTeH Kamepsl 20 Br/(M°K), ¢ Hapy»KHOI MOBEPXHOCTH CIIOS M3OJIALHH K OKPYKAIOIMEMy
Bo31yxy (20 °C) - 10 Br/(M*-K). OnpeennTh TOIIHHY CI0s BaThl, eCln uts Hee A;=0,05 Br/(M-K).

3aganue 6.8



OmpenenuTs K03 (OUIMEHT TEIUIOOTAaYN IPH KOHIICHCAITHH CyXOTO HACBIMEHHOTO Tapa aTMOC(EPHOTO
JIABJICHUS Ha HApy>KHOM MOBEPXHOCTH TOPU30HTANBbHOM TpyOB! nuamerpoM 12 MM u qmuHOM 1 M mpu
temneparype crenku 90 °C. OmnpenenuTth yIeNbHYIO HArpy3Ky KOHJCHcaTopa (CKOJBKO KOHICHCATa
obpasyercs Ha 1 M’ TTOBEPXHOCTH 32 1 ¢). BiausHue mepeMeHHOCTH CBOMCTB HE YUUTHIBATh. TeMiiepaTypa
Haceimenus 100 °C, miotHocth mapa 0.598 KF/MB, CBOWCTBA KOHJIEHCATA: IUIOTHOCTH 958 Kr/m’,
KHHeMaTHdeckass Bsi3kocth 2.94-107 wmP/c, TermompoBomnocts 0.677 Br/(M-K), Terora (aszoBoro
nepexoaa 2260 kJx/xr.

3ananue 6.9

DneKTpouIMHa NpSIMOYroJibHOTO cedeHus 150%2 MM pacrojioskeHa Ha pedpe U oxJlaxaaercs
CcBOOOJIHBIM HOTOKOM Bo3ayxa ¢ Temmeparypoir 20 °C. B ycnoBusiX ATUTEIbHOH HArpy3ku
TeMIepaTypa IUHbI He JojkHa npeBbiath 60 °C. BeaucinTh J0MyCTUMYIO CUITy TOKA B IIIHHE
JUIL YKa3aHHBIX yCJOBHil. Y/IelbHOE CONMpOTHBICHHE Martepuama mmmbl 0,13 OMMMZ/M.
CpoiicTBa BO3ayXa: IIOTHOCTH 1,128 K/, u3zobapHas termioeMkocTh 1005 JIx/(kr-K),
tertonpoBoaHocts 00,0276 Bt/(M-K), kuHematudeckass BSI3KOCTh 16,96:10° m%c, wumcmno
[Ipanarasa 0,7.

3ananue 6.10

Omnpenenuts K03GGHUUMEHT TEMIOOTAAYH MIPH KOHACHCALIMH CYXOT'0 HACBIIIEHHOTO Mapa aTMOc(epHOro
JIaBJICHUS] HAa HAPY)KHOW IMOBEPXHOCTH BEPTHUKAILHOW TPYyOBI AwaMeTpoM 12 MM W UIMHHOH 3 M TIpH
temnepatype creHku 80 °C. BnusHne nmepeMeHHOCTH CBOWCTB HE YUHUTHIBATh. TemMreparypa HaChIIEHUS]
100 °C, mnotHocTh mapa 0.598 Kr/M°, CBOICTBA KOHIEHCATA: IUIOTHOCTH 958 KF/MS, KHHEMAaTHYECKAs
Bs3kocTh 2.94-107 MP/c, Temnonposomrocts 0.677 Br/(m-K), uncno [panarns 1.75, Temnora ¢azoBoro
nepexona 2260 kJx/kr.

[Tpumep BeIONTHEHUS 3aaHus 6.4

Jlano: d=10 mm=0,01 M, p = 10° Ia, T,y =20°C, L=1 m, g = (0,3 + 3,0x)-10° Br/m?,
G=100xr/u=0,028 kr/c, ¢,=4200 JIx/(xr-K)

Haiitu: T (L)-?

Pemenue:

B cooTBeTcTBUY ¢ ypaBHEHHEM TEIJIOBOTO OasiaHca

T(L) = Ty + =2 [F q.(x)dx = T, + 221,8- 105 = 68 °C.
Gep @0 Gep
Ortser: 68 °C.

3aganue dx3aMeHanHOHHOTO OniteTa Ne7 (10 6asioB)

3ananue 7.1

OnpenenuTh MIOTHOCTh TEIJIOBOIO MOTOKAa Yepe3 IJIOCKYI0 CTEHKY TOJIIMHON 5 MM, eciu
temnepatypsl nosepxnocreit paBusl 90 °C u 70 °C. TemnonpoBogHocTs cTeHKH 16 B1/(M-K).
Haiitn TemriepaTypy B C€peIMHE CTEHKH.

3amauue 7.2

Onpenenuts MIOTHOCTH TEIUIOBOTO MOTOKA YEPE3 JATYHHYH CTEHKY TOJIIMHON 3 MM, nepenan
temriepatyp B kKotopoi coctaBmsier 10 °C. Kakoif qomkHa OBITH TOJIIMHA MEIHOW CTEHKH,
4yroObl mpu mnepemnaae Temneparyp 10 °C IUIOTHOCTH TEMJIOBOTO MOTOKAa HE M3MEHMIACH?
TemnonpoBoanocts natynu 100 Bt/(m:K), Tennmonpooanocts Meau 370 Bt/(m-K).

3aganue 7.3

Onpenenuth TEMJIOBON IOTOK 4Y€pe3 CTEHY W3 KUpIHMYa BHICOTOM 2.5 M, WIHMPUHONH 3 M U
tonumHoM 250 MM, eciau TemmepaTypbl nHoBepxHocTed crteHbl paBHbl 25 °C u 5 °C.
TennonpoBoanocTs kupnuya 0.75 Bt/(m-K).



3ananue 7.4

Onpenenutb TEMJIONPOBOJHOCTh IUIOCKOM CTEHKH, €CIHM IUIOTHOCTh TEIUIOBOIO IOTOKA
cocrasimser 300 Br/M%, a mepeman Temmeparyp Mexay ee moBepxHocTamu 25 °C. Tomumua
creHku 100 MM.

3amanne 7.5

OnpeaenuTts MIOTHOCTh TETIOBOTO MTOTOKA Yepe3 CTEKII0, €CIIU TEMIIEpaTyphl €r0 MTOBEPXHOCTEH
paBubl 25 °C u 15° C, a tonmuna cocrapisger 5 mM. CBoiicTBa cTekia: mioTHOCTH 2500 KI“/M3,
n3zobapnas TerioeMkocts 670 [x/(kr-K), temneparyponpoBogHocTs 4.4+ 107 M?/c.

3ananue 7.6

Paccuutarh TEmnoONnpoBOJHOCTh IIJIOCKOW CTEHKH, €CIM IUIOTHOCTh TEIUIOBOTO IIOTOKA
cocrasiser 1000 Br/v?, a nepemnaj Temnepatyp mexay ee nosepxHoctamu 10 °C. Tommuna
cTteHkH 250 MM.

3ananue 7.7

[To xanany BHyTpeHHUM AuameTpom 20 MM anuHoOM 1 M ¢ pacxonom 120 kr/gyac nporekaer Boja
npu nasineHuu p = 0.1 MIla ¢ temneparypoii Ha Bxoge 20 °C. II10THOCTH TEIIOBOro MOTOKA
paBHa 10* Br/™’. Ompenenure TeMmIepaTypy BOABI Ha BbIxone U3 TpyObl. M3o006apHas
termoeMKocTh Boabl 4200 Jx/(kr-K).

3ananue 7.8

Onpenenuth JIHHEHHYIO IUIOTHOCTH TEIUIOBOTO TIIOTOKAa Yepe3 CTEHKY TpyObl BHEIIHUM
auaMerpoM 37 MM U TOJIIMHOW 2.5 MM, W3TOTOBJIEHHYIO U3 CTAJM C TEIJIONPOBOJHOCTHIO 15
Bt1/(m-K). Temneparypa BuyTpenneit nosepxaocta 400 °C, BHemnel nosepxuoct 600 °C.

3amanue 7.9

Onpenenuth JUHEHHYIO IUIOTHOCTh TEIUIOBOTO TIOTOKA Yepe3 CTEHKY TPyObl BHEIIHUM
JUaMETpOM 25 MM M TOJIIMHOM 1.5 MM, M3TOTOBJICHHYIO U3 CTajld C TEIUIOMPOBOJHOCTHIO 16
Bt1/(m-K). Temneparypa BHyTpennei noepxuoctu 300 °C, BHemHe# moBepxHocTH 350 °C.

3aganue 7.10

B tpy6e muamerpom 0.02 M ¢ pacxomom 0.05 kr/c mpoTekaeT Boga nmpu aTMOC(HEPHOM JaBICHUH.
Temnepatypa Ha Bxojae 20 °C, IJIOTHOCTH TEMJIOBOIO IOTOKa 1-10* Br/M. Onpenenure
TEMIIEPATypy BOJbl B CEUEHUH, PACIOJIOKEHHOM Ha paccTosHUM 1.5 M oT BXozxa B TpyoOy.
N3o6apnHas TermmoeMkocth Bosbl 4200 [Ix/(kr-K).

[Tpumep BeImoTHEHUS 3aMaHus 7.4

Jlano: q=300 Br/M?, AT=25 °C, =100 mm=0,1 M.
Haiitu: A -?

Pemenue:

AAT
[110THOCTP TEIIIOBOTO MOTOKA Yepe3 INIOCKYIO CTEHKY: q = — Torga

1=1 =200 = 12 Br/(wK).
Ortger: 1,2 B1/(M-K).

3ananue 3x3aMeHanuoHHoro ousaera Ne§ (10 6a10B)
3ananue 8.1

Haiiti pe3yabTUpPYIONIYI0 IUIOTHOCTh IMOTOKA TEIUIOBOTO M3IYYEHHUS MEXIY IBYMS YEPHBIMHU
0eCKOHEUHBIMHU MapaJljIeNbHBIMU I1acTuHamu ¢ Temrneparypamu 1000 °C u 500 °C.



3amanue 8.2

Haiitu pe3ynapTHpyIONIyI0 MIOTHOCTH MOTOKAa TEMJIOBOIO H3JIyYEHHUS MEXAY JABYMS CEpbIMU
OECKOHEUHBIMU TNapauIeIbHBIMM IUIaCTMHAMU. [ mepBoil muactusbl: Temneparypa 1000 °C,
creneHb 4yepHOTHI 0,5. [{s1 BTOpo#t mnactunsl: Temneparypa S00 °C, ctenens yepHoTHI 0,25.

3amanwue 8.3
BelunciuTe IUIOTHOCTH IOTOKA TEIJIOBOIO M3JIydeHHs Ha noBepxHoctH CoiHua, eciu
TeMIiepatypa tam pasHa 5780 K.

3ananue 8.4
Bo ckoibpko pa3 yBeNMUMTCS IUIOTHOCTh IIOTOKA M3JIyYEHHUs YEepHOro Tejla, €ClId €ro
temneparypa BbipacteT ¢ 300 °C o 600 °C?

3ananue 8.5
Kakum nmpubnmxennem — Buna wnu Panes-J[kuHca — MOXXHO TOJIB30BATHCS IS U3IYUYECHHUS
yepHoro Tena ¢ reMreparypoit 1000 K na nnune Boausl 0,65 MkM?

3amanwue 8.6

4. Kak u3MeHuTcs AjivHa BOJIHBI U3JIyY€HUs, COOTBETCTBYIOLIAS MAKCUMYMY CIEKTPaJIbHOMN
MJIOTHOCTH MOTOKA M3JIyYEHUsS] YEPHOTO Teja, ecli Temmeparypa Tena nonusutcs ¢ 200 °C no
100 °C?

3apanue 8.7
[lap paguyca I HAXOIUTCS BHYTpU chepruiecKoi MOIOCTH paauyca R; meHTp 1mapa coBmaaeT ¢
HEHTPOM nojocTu. Haiinute Bce yrinoBbie KOG GUIIMEHTH U3TYUYEHHUS B 3TOUM cucTeMe.

3ananue 8.8
Ha kakyto 1IMHY BOJIHBI MPUXOAUTCS MAaKCUMYM CIIEKTPaJIbHOM TUIOTHOCTH MOTOKA M3JTyUYEHUS
YEpHOTro TeJa, €Clii ero Temieparypa pasua 25 °C?

3aganue 8.9

JlnHa BOJIHBI, COOTBETCTBYIOIIAs MAKCUMYMY CIHEKTPAIbHOM IUJIOTHOCTH MOTOKA H3Iy4YEHUS
YEpHOTO Tela TMpU HEKOTOpol Ttemmeparype, paBHa 10 MkMm. YeMy paBHa dYacrToTa,
COOTBETCTBYIOIIAsi MAKCUMYMY CIIEKTPaIbHOM MJIOTHOCTU MOTOKA U3TYyUYEHUS YEPHOTO TeJa Mpu
3TOM TemmepaTrype?

3aganue 8.10

B koopmunatax (I, A) m300pa3ure Ha ONHOM TrpaduKe KPHUBBIC, COOTBETCTBYIOIIHUE TpPEM
3aKOHaM CIIEKTPAJIbHOTO pacHpe/esieHnss UHTeHCUBHOCTH u3nydeHus: I[lnanka, Buna, Panes—
Jxunca.

[Tpumep BeIMOTHEHMS 3a1a0us 8.4
Hano: T;=300 °C, T,=600 °C
Haitru: ES? /ESP-2
Pemenmne:
B coorBercTBuM ¢ 3akoHOM Credana-bonbiiMana 11 MIOTHOCTH TOTOKA M3JIYYCHUS YSPHOTO
tena E, = oT*, rne 6 = 5,67-1078 BT/(MZ'K4) — xoHctanTa Credana-bonbumana. Torna
B _ (2)4 _ (600+273,15)4 _ 5139
Eél) —\r,/ " \300+27315/ = 77
Ortsert: B 5,39 pasa.



3aganue dk3aMeHAMOHHOTO OniteTa Ne9 (10 6assioB)

3amanne 9.1

Koo duument termoornaun ais OMUCaHus TEIUNIOOOMEHA NPU JJAMUHAPHOW CBOOOIHOM
KOHBEKIIMM Y BEPTUKAJIbHOM IUIOCKOCTM MpPHU TPAHUYHBIX YCIOBHMSX MEPBOTO pPoOja
3aBUCHUT OT BEPTUKAJIbHOU KOOPIAUHATHI X:

1. a,~x"1/%

2. a~xt/*

3. a,~x3/*

4. a, # a,(x)

3aganue 9.2

Yucio I'pacroda npu rpaHHYHBIX YCIOBHSX MIEPBOTO POJia OMPEIesIieTCs Kak
ATx3
1. Gr = 9[3_2
v

gBax*
2. Gr = =——
vZA
gBATx3

va

3.Gr =
4. Gr = gbax

vai

3aganue 9.3

KakoMy M3 nepeyucieHHbIX HMXKE IPOLECCOB COOTBETCTBYET OTPHILIATENIbHAS 3aBHCHUMOCTb
q(AT), xoraa ¢ pocTOM IeperpeBa CTEHKH TEIIOBOM MOTOK CHUYKAETCs?

1. my3bIpbKOBOE KUIICHHE

2. JIIEHOYHOE KUIIEHUE

3. mepexo1HOe KUIIEHHUE

4. cBOOOIHAS KOHBEKIIUS

3amanue 9.4

Kak 3aBHCHUT JIOKaabHBIH KO3((UIHMEHT TEIUIOOTAAYH OT IPOJOJIBHONH KOOPAMHATHI TPHU
JTaMUHAPHOM OOTEKaHWH IIJIOCKOW TUTACTUHBI?

1. ~x1/2

2. ~x~1/2
3. ~x1/3
4, ~x~1/3

3ananue 9.5

Koaddumuent Ttermmoornaun mjis onmucaHus TeEIIooOMeHa TpH TypOyJIeHTHOM CBOOOIHOMN
KOHBEKIIMH y BEPTHKAIBHON IUIOCKOCTH TPU TPAHUYHBIX YCJOBHSIX TIEPBOTO POJA 3aBHCHUT OT
BEPTUKAJIBHON KOOPMHATHI X:

1. ay~x~ 14

2. o, ~xt/*

3. a,~x3/*

4. a, #+ ay(x)

3amaunne 9.6

B kakux npeaenax u3MeHsICTCS yTIIOBOUW KOAPPUITUSHT H3ITYICHUS?
l.or0mo 1

2.0t 1 10 OeCcKOHEYHOCTH

3. ot 0 10 OECKOHEUYHOCTH



4.0or-1 101

3aganue 9.7

Kputndaeckoe 3nauenue urcia PeliHONbICA TIpH MEepexoje OT JaMUHAPHOTO K TypOyJIEHTHOMY
PEKUMY TPU BHEITHEM OOTEKaHHMH IJIOCKOW TIACTUHBI COCTABIISET:

1. 3-10°

2. 2300

3. 2100

4. 1600

3ananue 9.8

Kakoit pexum teueHns ycraHoBuTcs Ha paccrosHud 0.01 M oT mepenHero kpas IUTACTHHBI,
o0TeKkaeMOl MOTOKOM BO3/yXa €O CKopocTbio 15 M/c? KuHemarnueckas BS3KOCTh BO3AyXa
15-10° m%/c.

1. namuHapHbIi

2. TypOyJIEHTHBIH

3. CMelIaHHbIHI

4. HeAOCTAaTOYHO BXOJIHBIX JAHHBIX JUISl ONPEAEICHUS

3aganue 9.9

Kakwue 3akoHbl cnenyroT u3 popmynsl [Inanka?
1. Buna

2. Kupxroga

3. Panes-Jxunca

4. Credana-bonpiimana

3aganue 9.10

Kakoli pexuM TeyeHuss YCTAaHOBUTCS HAa pacCTOSHUM | M OT IepegHero Kpas IIIaCTUHBI,
o0TekaeMOl TOTOKOM BO3/yXa cO CKOopocThio 15 M/c? KuHemarnueckas BS3KOCTh BO3AyXa
15-10° m/c.

1. namuHapHBIN

2. TypOyJIEHTHBIH

3. CMelIaHHbI}

4. HenoCTaTOYHO BXOAHBIX JAHHBIX IS OTIPE/IEICHUS

[Tpumep BeimoaHEHUs 3aManus 9.4

Kak 3aBuCHT JIOKaJbHBIH KO3()(DHUIIMEHT TEIUIOOTAa4Yd OT MPOAOJIbHONW KOOPAWHATHI MPH JIAMHHAPHOM
O6TeKaHI/II/I HHOCKOﬁ HHaCTI/IHBI?

1. ~x1/2

2. ~x~1/2

3. ~x1/3

4, ~x~1/3

OrTBerT: 2.

3ananue 3x3aMeHanuoHHoro ouiaera Nel( (10 6ass1oB)
3aganue 10.1

Kak 3aBucuT K03 (HUIMEHT TeTIO0TIa4M MTPH TUIEHOYHON KOHJICHCAIIMU HETIOIBHKHOTO TTapa Ha
BEpTUKAJIBbHOH TpyOe oT ee nuamerpa D nmpu rpaHMYHBIX yCIOBUSIX MepBOro poaa?



1. ~D1/%

2. ~D_1/4
3.~D71/3

4. He 3aBUCHUT

3aganue 10.2
Kaxk 3aBucut okanbHbI KOAQPHUIMEHT TETUIOO0TAaYM OT MPOJAOIBLHON KOOPAUHATHI MPHU
TypOyJeHTHOM O0TEKaHUU TUIOCKOM MIaCTHHBI?
1. ~x1/2
2. ~x—1/2
3. ~x1/5
4. ~x—1/5

3ananue 10.3

Kak 3aBucuT K03 (HUIMEHT TeMI00TIauM IPU IUIEHOYHON KOHJICHCALMU HETIOIBUKHOI'0 Tapa Ha
TOPU30HTANIbHOM TpyOe oT ee nuameTrpa D npu rpaHuYHBIX YCIOBUAX MEPBOTO poaa?

1. ~D 1/4

2. ~D™1/*

3. ~ D—l/ 3

4. He 3aBHCUT

3ananue 10.4

Kakoe u3 cnenyroomux IomymeHli He ucnoibp3oBaioch HyccenbToM npu aHanuse TeroooMeHa
IIPY IJIEHOYHON KOHAEHCALMU HEMIOJBUKHOIO [1apa Ha BEPTUKAJIBHOM IIIOCKOCTH?

1. Tenno¢usnyeckre cBOWCTBA JKUAKOCTH CUUTAIOTCS TIOCTOSHHBIMU

2. TeueHue TIEHKU KOHJEHCATa TypOYJICHTHOE

3. He yuuTsIBaeTCsi KOHBEKTUBHBIN NIEPEHOC UMITYJIbCA

4. He yunThiBaeTCsl KOHBEKTUBHBIN IEPEHOC SHEPTUU

3aganue 10.5

Kakoe uuncio momo0ust xapakTepu3yeT OTHOIICHUE CHII HHEPIIUU M CHJT BSI3KOCTHU?
1. gyucno Hyccenbra

2. ygucno I'pacroga

3. uucio PeitHonb/ICa

4. gucno Ilexne

3amaunue 10.6

B ycnoBusix HayagpHOro TEPMHUYECKOTO ydacTKa IpU JIAMUHApHOM TE€UEHUM B TpyOe mpu
TPaHUYHBIX YCIOBUSIX TEPBOro poja Oe3pa3MepHbId Kod(DPHUIMEHT TeriooTaAayu (Yucio
Hyccenbra) MOXHO paccuuTaTh 10 COOTHOUIEHHIO:

-1/3
1. Nu=1,03 (Pieg)
-1/3
2. Nu =131 (Pieg)
3. Nu = 0,023Re%8pyr04
RePri
4, Nu = g

200 $(pr2/3_
T+ +12,7\/;(Pr 3-1)

3amanue 10.7



[lpu TypOyneHTHOM TedeHHH B TpyOe Oe3pa3mepHbId KO3(PPHUIMEHT TErooTAaYn (YHCIO
Hyccenbra) MOKHO paccYMTaTh MO COOTHOIICHHIO:

1. Nu = 1,03 (ig)_l/3
1/3
2. Nu =131 (P d)

3. Nu = 0,332Re'/2py1/3

RePri

4, Nu =
1422+12 7\[(Pr2/3 1)

3aganue 10.8
Yucno ['pacroda nmpu rpaHUYHBIX YCIOBHSIX BTOPOTO POJia ONMPEACIIIeTCs Kak

gBATxX3

1. GT—V—Z
g qx

2. Gr = 22

3.Gr=M
va

4. Gr =282
' val

3aganue 10.9

B ycnoBusxX HadaapbHOrO TEPMHUYCCKOTO ydYacTKa MPU JIAMHHAPHOM TEUYCHHHM B TpyOe mpu
TPaHUYHBIX YCIOBUSX BTOPOTO poja Oe3pa3MepHblii Kod(h(UIMEHT TermiooTaayu (4ucio
HyccenbTa) MOKHO pacCYMTaTh IO COOTHOIICHUIO:

1/3
1. Nu=1,03 (P d)
1/3
2 Nu =131 (Pig)
3. Nu = 0,023Re?8pPr04
RePr§
4, Nu = &

900 g
1+R—e+12,7\/;(PT2/3—1)
3aganue 10.10

Kak 3aBucur TOJIIIKMHA TUHAMHWYCCKOI'0 IIOI'PAaHUYHOIO CJIOA OT HpO,I[OJ'IBHOﬁ KOOpAWHATHI IIpHU

JTaMUHAPHOM OOTEKaHWH IJIOCKOW TUTACTUHBI?
1. ~x1/2

2.
3. ~x4/5
4

[Tpumep BemonHenus 3aaanus 10.4

Kakoe u3 cnenyromux nomyneHni He ucnoiab3oBanock HyccenbTom npu aHanm3e TemioooMeHa
IIPU IJIEHOYHON KOHAEHCALMN HETIOBUKHOIO MTapa Ha BEPTUKAIBHOM MIIOCKOCTH?

1. Tenno¢usnyeckre cBOWCTBA JKUAKOCTH CUUTAIOTCS TTOCTOSHHBIMU

2. TedyeHue TUIEHKU KOHJIeHCaTa TypOyJIEHTHOE

3. He yuuTbIBaeTCsi KOHBEKTUBHBIN IIEPEHOC UMITYJIbCA

4. He yunThiBaeTCsl KOHBEKTUBHBIN IEPEHOC SHEPTUU

OrtsBer: 2.



