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3alaqa i\b 1.

flpex4e .rerrr npucryrrurb r< pemeur,rrc 3aaaru HyxHo r,Bf{urb reMhr:
- OurosHue (fusnvecrue cnoicrna xu4xocrn;
- fugpocraruuecKoe aaBJrexr,re u ero cnoficrsa. Blarr .uaanenv.r;
- CunH aa"eregl4t xfi.IlKocrrr 14 ra3oB Ha nJIocKI,Ie (pr,rBoJll,IHefinrre crenru.

Ilpuuep I

Bepruxa,tnuft qlrm{H,qpfiqecKr.rft peaepayap o6leuorrr V :375 M3 u sucorofi h : 12 rr,r 3aloJrHeu
noaoft. Onpe4err.rrb BeJrr.Hrruy aaBJreHr,rr BoAbr Ha 6oronyo crenKy r{ Ha aHo pe3epByapa.
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PeureHne:

l. OnpeaeJrraM nnouaAb AHa pe3epByapa:

v 375- 31,25u2a -
h 1 2

7 T  . d 2
Q ) =

4 )

d = =  6 , 3 n

2, [aurcHlre Ha AHo pe3epByapa:

-  p .  g . h .  c o  = 1 0 0 0 . 9 , 8 1 . 1 2 . 3 1 , 2 5  - 3 6 7 8 , 7 5  x H

3 . OnpeaeJrr,rM cvny AaBneHI{ fl, Ha 6oronyro creHKy pe3epBy apa:

-  p . E . h u . a ) "

- rny6uHa rrorpyxeHr,rr rIeHTpa Maccbl 6oroeofi creHKr,r rroA cBo6oAHoft rroBepxHocrbro BoAbI:

t 4 ,, -  =
V 7 T

PY
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3 l  , 2 5



n,=i, (r"r)
0)y - [roua.ub poeKrlfifi 6oxosofi creHK[ I{a BeprI'IKaJrbH}m flnocKocr6.

a v  = h ' d '

- h 1 2

P ,  =  p '  s ' - ' h '  d  =  1 0 0 0 ' 9 , 8 1  ' : ' r 2 ' 6 , 3  =  4 4 4 9 , 8 x H" 2  2

3a.uaqa }lb 2.

- 
flpex,{e qeM npl,Icryrrxrb K peIrreHI'IIo 3aaaql'I HyxHo llsfrurh reMy:

- quJra rfiapooraruqecKoro aaBJreHur ua rpunorunefintle noBepxnocrl,I u creuru rpy6.

Ilpuuep 2

Onpe4erurr roJIurLIHy creHKr,r cra,rruoft rpy6n, pa6oraroqefi noA,qaBJIeHI'IeM p: 3* 106lla
: 3 MIIa = 30 ar. Bnyrpeunufi auarrrerp rpy6u d : 600 rrau = 0,6 n'r.

_ 
AorycKaeMoe HarrptxeHlle Marepr'rala [o] : 140 MH

u'
flpNn.rrr nonpano.uruft rostf (fr,rquenr ( Aonomrurenrnag ro:uqnna) 0 : 4 ruu.

6 - p*d + cr_ 3* 10*0.6 + 0,004 - 0,0076 na: 7,6 vnv.
2lol 2* 140* 106

3aAaqa .l{b 3.

llpex4e qeM rrpucrynr,rrb K perrreHl{Io 3aAarrl{ HyxHo u3yrILITb reMbl:
- ocHoBHbIe o[peAeneHl4s |LIApOAI{HaMI4KI{ ;
- BI'IAbI I{ PC}ICI{MbI ABI,I}KCHIdfl, )KVITKOCTI,I LI TA3OB;
- sHepfl,It 3JIeMeHTapHOfO IIoroKa XIAAKOCTI4;
- ypaBHenue SepHynnI,I Ant noroKa peaJlbHoft xnAxocru;
- ABuxeHI{e )KI,IAKocrH I,I ra3oB uo rpy6au;
- I{CTEIICHLIE )KI{AKOCTI qEPE3 HACAAKU.

.I lpuvrep 3

PyvHar rrrJraHroBas vofirca rpaucloprHbx cpeAcrB rrpr{BoAr4rcr 6paHAcnofirou. Karoe AaBJreHI4e

AonxeH co3Aarb Hacoc, qro6sr ronyqprrb pacxoA BoAbI Q: 40 ttlc, qepe3 conJlo AI{aMerpoM

d: 4 vrvr.,{uair,terp IunanraD : 30 MM, norepll Hanopa He yrlurblBarb.
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flpuunnraeM AaBrIeHI,Ie Pz: Iar =760 vrna pr. cr = 101325 fla.

PemeHne:

1. 3annureM ypaBHeHr.re Eepuynnu !r. gw, Halrlero cnyqarl (6es uorepr).

z + \ + v r '  - z + P ,  + v :  - H - c o n s t
r 2 9 r 2 9

PacxoA )Kr.rAKocru qepe3 orBepcrl{e onpeAeJrtlor no Qopnayne:

 l ^

Q = ot '  l t '  ^ l2s '  H

p - Q . € - roeS$IEUI,IeHT pacxoAa

a))
s- = -xoe$QuqueHT clnarvs.

o1

A - roeSQuuueHr cKopocrl{.

flo An4plreBcKoMy A.B. pI Ap. <3aAaquI{K ro rI,IApaBnI,IKe)) crp, 123

A : 0196; e = 0198; trt 
- 0194 Ant cxoAtlquxctr KoHI4rrecKI{x HacaAoK.

OnruuaruHrtfi yron cyxeHl{t KoHl{r{ecrofi HacaAru

nnr6upaeu @: 130.@ - 130 24',

onpe4eru,IM noJIHufi Hauop u = i . +c gpyrofi cropoHbl:
r 2 9



2 s '  H

14 * 0.0302: 0.0007065 rv/

Q  =  l t . a t

4

w:  e  t (

Hanop: ̂ Il

02
I J _  .

at .  / t"  .29orKyAa

4

e -0196 *  0 ,98 =0194

0.04

0.00070 652 . 0.942 . 2. 9.81

2. OnpeaeJILIM cKopocrb B IuJIaHre:

v = e . J z e . H -  0 , 9 6  @ = 57,8 rvlc

3. Oupeaerr.rM AaBneHI4e Pr - co3AaBaeMoe HacocoM:

H - P r + r f  -  P t  
* r l

r  2 9  p ' g  2 9

184,e = .! * ! ' : t ,  -170,3'  
1000 .9 .81  2 .9 .8 r

184,9 -170,3 - Pt
1000 .  9.81

p
7 4 . 6  =  4 l

.  
9 8 1 0

Pr: 14,6 * 9810 : 143226

= I 84.9 rra

( I Ia) :0 ,143 Ml Ia-  1 ,43 ar .H
-
M-

3aAaqa .Ilb 4.

llpex4e rreM [plrcryrrr{Tb K perrreHllro 3aAarrLI HyxHo I{3frHTb reMbl:

Ocsonnue 3aKoHbr r,rAeaJIbHbIX ra3oB;
TCIIJIOEMKOCTb;

np oqeccbl r{3M eH eH I,Ifl co cTogHLlfl, vr4eaJrbHblx f a3o B ;
I gaxoH TepMoAr4HaMrdKI{.



Ilnuruep 4

A:or (N2) rr.raccof m = 0155 Kr pacnllpterct no rl:o6ape (p = const) npr.r a6colrornoM aaBrleultll p
: 0,3 MIIa, raK, qro reMneparypa ero roBblllraerct or tr = 1000 C ao t1 : 4ggo a.
Onpe4enurr xone.nrrrft o6teM rtBa, BhruoJlueuuyto urra pa6ory, noABeaeHH)'Io relJrory Lt Ii3MeHeHI,Ie
BH)'rpeHHefi sHeprlru.

Peruenue:

l. Onpe4e:rren nepaonavanrnuft o6terrr ros4lxa upu reMneparype tr = 1000 C no 3axouy
Kmnefipona:
p * V r : m R T r

p- aaBJreHrre rasa s fla.
0,3 MIIa = 300000 IIa

m - Macca fa3a B Kf.

R - rasosar fiocrocugrrr .trrr a3ora

k 296 fx/rr* r

V1 - o6renr ra3a 
" 

*3

Tl - a6coruorH€ur reMrreparypa ra3a

Tr:  273 - .  t r :  273+100 :  373 oK.

Vt: m B Tr - 0,55 * 296 * 373 : 0,2 wr3
P 300000
2. Onpe4eJrlrM KoHerrHbrfi o6terra ra3a Y2:ls 3aKoHa fefi-JhocaKa Ars uso6apHoro npouecca:

V,  -7 ,
V2 T2

Vz: YUIa _ 0,2 * 673 : 0,36 u3
Tr 373

Tz: 273+400 - 673 o K.

3. BunoJrHeHHafl pa6ora rpu pacukrpenur4 ra3a

tL :  mR (Tr-  Tr)  :  0,55 *  296 x (673 -373) -  48840 [x :  48,8 r  Ax

4. llolseAeHHoe rerJro n uro6apHoM rlpoqecce onpeAeIIflercfl no $opvryne:
q : m * C p * ( T r - T r )



Cp - rerrJroeMKocrb n uso6apHoM rrpoqecce, ed onpeAentlor uo ta6rurue 2.2 (crp. 49) n - I

N2 - AB)D( aroMHbrfi ras

flo ra6maqe pCp -29,31 *tr*
KA4onb.K

p - uoreKynrpH as, Macca; Nz : 28.

Cp - 'ttCP ="=]^' =r.046'94*-^  
l t  2 8  K z ' K

Tofna:

q - 0,55 * 1,046 * (673 -373): 172,6 rcAx

5. I garoH repMoAI{HaMI,IKI{ Anfl Ilro6apHoro rlpoqecca:

q  - A u *  t
a

A u - r{3MeHeHLre BHyrpenHefi suepruu

Au I  -  172,6-48,84 :123,76xf ix

3alaq4 Nb 5.

llpeN4e qeM [pucrylr{Tb K perueHl{Io 3aAarII4 Hy)KHo I,I3yII,ITb reMbl:
- TerrJro[poBoAHocTb;
- KoHBeKrunurrfi reuroo6Men:
- TerrJro[epeAaqa.

Ilpunep 5

fllorHocrb renJroBoro noroKa qepe3 nnocKylo creHy 6axa npl{ TeMneparype AbIMoBbIX ra3oB

tr: 11000 C r,r reMreparype BoAbr tz= 1800 C cocraBJrrer Q: 50000 Br/vr2.

KooSSurIHeHr rerrrroor Aaquco cropoHbr BoAbr (I2 = 5700 B:ilrvf * K. Onpegenurr xoe$$r.runenr
rerroorraqkr co cropoHbr ra3oB, roeSSuuI4eHT TerlJlorepeAarln H TeMfleparypbl IroBepxHocrefi

creHKH 6axa, ecJrr,r ronrqr{H a ee 5 : L2 MM I{ roe$Suul{enr rennonpoBoAHocrll MeraJlna

1, = 56 Br/u * K.
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Peurenne:

1. OnpeaeJrreM roeS$uqrleHr renJlonepe.uauu K:

q :

K _

K (t, - tz)

50000
1 1 0 0 - 1 8 0

K =  Q
t t - t , .

= 54,35 Br/u2 * r.

U

98

"c3i'a

2. OnpeaeJlfleM reMreparypy creHKLI co cropoHbl BoAbI

Q = d z . U c r - t r ) i  t c z - t z =  
q  - # = 8 , 8 0 C
dz 5700

tc2 :  t z  *  8 ,8  :  180  +8 ,8  :  188 ,80  C

3. OupeAeJrr{M reMrleparypy cTeHKLI co cropoHbl AbIMoBbIX ra3oB:

q - +Qc, - tcr); tc, - tcz = q+ -50000 ry- 10,7 0c
o 1 5 6

tc r :  tc2*  10,7:  188,8 + I0 ,7  -  199,50 C

4. OupeaeJrr{M roo$SuqtreHr rennoor4aqu co cropoHbl AbIMoBbIX ra3oB:



q : 0 , 1  * ( t r - t c r )

0l :  -g-- :
t1 -  tc1

3aAaqa }lb 6.

50000 : 55,5 Br/vrt * K
1 100- 199,5

llpex4e qeM [pzcryrrr{Tb K perlreHllro 3aAaqu Hy}KHo Ll3)rurvrb reMbl:
- cJrolxHbrfi reuoo6ueu;
- TenJroo6ueHuue alnaparbl.

Ilpuerep 6

B nos4yxorroAorpeBarene rapoBoro KorJra c repeKpecrHblM roKoM, Bo3Ayx HarpeBaerct or 23 
0 

C

ao 250 
0 

C, aAbrMoBbre ra3br oxnalr(Aarorcs or 4200 C ao 180 
0 

C. OupeAeJILIrb rlepeAaBaeMylo B

Bo3Ayxo[oAorpeBareJre rerrnory r.r floBepxHocrb HarpeBa, ecJILI xoeSQuql{eHr renJlonepeAaqu

K - 2lBrlvt2:t K, a pacxoA AyrbeBoro Bo3.qyxa npu AaBneHI{n0,1 MlIa paBeH 60000 u'/q.

flonpano.rHrrfi xoesQuqrreHr K reMneparypHoMy Hanopy, onpeAenqeMoro IIo Qopvryn e !^nfl

nporr,rBoroKa, [pldHqrb paBHbIM 0193 .
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Peruenue:

1 . Konu.recrBo rrepeAaBaeMoro rerIJIa MoxHo olpeAenllTb:
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Q : K A t c p * F

A tcp - cpeAHIafi reirlneparypHufi uanop

F - uoeepxHocrb reuloo6MeHa (t')

KoruqecrBo noJryrraeMoro renna Bo3AyxoM:

Q : m * C p * ( t r ' - t r " )

2. OnpeaeJrr{M cpegHrEfi reMrreparypurtfr Hanop Ans rporl,IBoroKa:

nr  _  L to  -  L tn ,
a r - -

z.3ls. 
Lt u' - Lt,,

A  to :  t l '  - t2 "  :420 -250 -  1700C

A t *  -  t r '  -  t2 "  :  180 -23 :  15  70  C

1 7 0  - r 5 7
A/- f f i -163,50C

/..5 Lq--'  " r57
C yueroM norpaBoqHoro xoe$$uuueHra

At :  163 ,5  *  0 ,93  - I52oC

3. OupeaeJruM KoJrr{qecrBo Bo3Ayxa B Kr LI3 ypaBHeHus KnauefipoHa:

P * V - R * T * m

T - 2 3 + 2 7 3 - 2 g 6 o K

R - 287 .IIx
K l * x

p : 0,1 MlIa : 100 000 lla

^ 
*  = p 'v  -  100000'60000 =70628rc2 l , t  = ' ,09?, t  -19,6rc2I  c

R ,T 287 .296 3600

4. filt Haxo)KA enufl,rennoeMKocrr,I Bo3Ayxa B I,IHrepBaJIe reMneparyp or 23 
o 

C oo 250 
0 

C,

Ars qero BocnoJlb3yeMcs ra6lnqeir2'3 crp. 49 JI- I

p Cp :28,8270 + 0,002708 t - 28,8270 + 0,002708 (250 - 23):29,44 r.IIx
x r * r



I,r - 28,95 (rurs nosayxa)

Cp _ pcp -29,44 = 1.0 rc^In'  p 28,95 Kz .K

5. flonyuaeMoe rerIJIo Bo3AyxoM :

Q:m: r  Cp  *  ( t r ' - t r " ) :  19 ,6*  1 ,016(250-23) :4520 ,4  r t r x :4520 ,4 tcB t :
c

4520400 Br.

6. OnpeaeJr{eM [oBepxHocrb HarpeBa Bo3AyxonoAorpeBareJlt:

F -- Q - 452o4oo =L4l6w?
K . Lt 21.152

Jlureparypa:

l. Epoxun B.f ., MaxaHbKo M.f. C6opHnK 3aAaq ro ocHoBaM rHApaBJr nKVI{ rerIJIorexHI4KI4

M., 3Heprr4fl,, 1979 r.

2.Pa6uHoBr{q O.M. C6opuuK 3aAarr rro rexHra.recrofi TepMoAr,rHaMHKe M.,

MauruHocrpoeHrae, I 973 r.
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