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§4g Rin'lolouu_ ko. . ]:Ji’sl-eewﬂ A
<4 korkeusasemasta ja |
_g | sadkilaska j! Abso‘uu”’fnen
< qu'ne

7) Absoluutltinen i_
ho(lq" Fagdells -
hen "‘;hj\'o"

Kuva 1.3,9 Paswdle kagbdfy/c widbdals (7)),
haA cki)-'xoﬁx-wjh.‘)ytx iu:df.f_: (,QM.QA GM'GL«):& tu-q?\,’ymﬂ.)

K a_anIha mngun«.vt.ém_.u zxa.;,u.ﬂ.. om  aima. 2~ M.ca,«i.:ld—-
MMM Nt , (T.%Jaj.l.&,m&{ tﬂL},\_;;M Fl YRS ST Py
IV‘*-MM;. ama IR }\A&,mwa/tiafu\al\ﬁ: L) Vaaronane X
M2 N owaXdlans mk w{{ lnzul.u-;M d\,u_,l\ta.lw\o\ A,M
NRAN am N‘Q-to'ﬂ\ | {\«»«Ko\ kt_:.@. A GAN AL :lu'-":J\.L-e:_.L'_o.. alr -
)xo’i.uu_tt(/k_bu At oM zx&\iﬁib«hm 5 VWMG\
TS PN | r\m asrr  Nakadaa  arakoan My —
tQ.,Q_M M\ mul}um’c\;iu ) &.&\(ﬁ:a\ JLO/IM MJ-»\tLQM t m -
\%Ml oM LALLM kﬁu_n}»_ka{ Tak odK aa razi b Wy
rsamalla, plaima wA ﬁ‘}.&_tk__ w{;_k?_-: (amagl | gau
frovas, )’ d,o«lﬁ_a-._ S e s ;;ik_ !\,\A{t“_,wa; M?fllii\.(.j:ﬂ

Ckk)u’z‘ GLU.‘J'CI-U\--U{ r\-culhi—w &,«\_ )‘:,-:Hs-{k’-w Jk-::,&__m_e QAL OM
nen . falldsomancdal stiKaan tacdliveks ko, pon =

toamz.  padlibiesar dwcakdiau Paims, | Miﬂlul\ AR N
Moa titew ola mankdfigw "pooadiionka T tad g -
btk | Lir&mm; u)e\k.uim:\_ Ndwidal K< Na -
meadhal  oaimea kq_u_ﬂ;,.\,.l.-.;,..‘ Tk ofekaam . Painedde

— Tk dnan  Umakade s , at
1ar =1 kp/c,mz' = 010‘78 0665 MPa ]
—  MoAMmac ha ~ [ﬂ)mﬁ)qk@ ) atm

p———
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{abm = 0,404325 MPa
— elolnope_cumi((iw\e\-riJ mm 4
1 mwm H—7 = 4toryr = 133,322 Pa |
—  Mahamaromoa. Mmoo aa kyki(l Psf
{psi=A41lbf/in®= 6,894 7C kPa

L{" (4.3.42)

!

Woavaisosllivda nodod  natlatio ld,ih,:_J(.u_; o braand
bav -

1bar = 0,’(HPC\ ~4{atx4atm, (1.3.43)

4_--(}"15 Y, ‘S:}»; La\ ,Q.’vf:.i‘-i%-r_ifﬁ-& (lﬁ&é%-*W& (.OC ))
MU lema ik S qn Bosnka &L Ko ona 4340w -
L?—U[\J ;* d QJJ\A‘MJ}L;_,M,A'&_,BtLLM
‘5’ L _5‘5_'_ ;6_'_::_ '\9‘ grf- W&HM&AW
W, K, F

. i L3k TM;t;,Lm T Nka
108 —5- 37345 400 - 242 Matd tam,r;,t;xm s
:.._ ... .a\ .-ct.,lrb". M) a_o.:_ji/\_c—kmu}\._,g- =
0 + 27345 0 - 32 {it be nralinek ¢h -
1 1 Coagdak, Saadaa (10)
Kuva 1.3 .46 (10).
{T} ={To}+{‘9}i )
(T} = 2 (£8.3-32) + (T, L (4.3.44)

|

{8} = 3~ ({8:3-32), )

frive To= 273 45 K, daspestihoanmudion «T tal ad
noCdiaan  opJRhdo ﬂta—"‘ar ta»E»LLLS{M: babiiin Tod Giladw =
ks | koyke tallad, 1k i

Eraita V\umemqrvojq. Tk odnal.3.1 *@'1.5.2
,P@%Wm o konkae edonm e~
n A

oM
o
Uomcan N e . Wman kaapurakio

R=128% J/(kg)‘.K') . (4.3.45)
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Taulukko 4.3.1 Veden ominaisuuksia eri (d4mpd -
Filoissa normaali-ilmanpaineessa (&) (M) (412).

ol s n v Mo Hs
°C | ko/m® | Pas | ws Pq* Cpat |
6 | 999,8 | 4,78-407% | 4 78407 5,08-40°% | 5,08 - 467
4 | 10000 | 4,50 4,50 |
40 | 999,6 | 4,30 4,30 4 84 4,8
20 | 998,2 | 1,00 4,00 4, 58" 4,55
40 | 9922 | 52-407Y| G 5FA0TT| 4,38 4,03
G0 983,2 4,70 4 18- 4,3% 4'45.
86 | 971,8 | 3,5¢C 3,60 448 4,43
400 758,3 2,82 | 294 | - -
K Ve Cp k ¢ )
o ' -4
¢ | K [N/(kaK)| WmK) | N/mo | kP
0 | ~CF-407¢ 4 248 0,552 0,0%54 | 9,64
4 | | | 0, 0%49 5,81
10| 82 4492 | 0,0%40. 1,23
oo | 208° | 4482 6,59% | 0,072 2,33
46 | 390 4 479 0,628 | 0,0695 | 7,%8
o | 522 ! 4 {84 | 0,651 | 06,0062 | 49,92
80 | GAS: }4 196 0,6¢8 | 0,062¢ | 4F3¢C
[100 5,680 | 0,0584 | 104,32

Taulukks 1.3.2 Nman ominaisuuksia eri (5MP3’-
Floissqa normaa{i—i(manf)q'meﬁsm (42.),

T S |~ v <p K|
K | ko/m3 | Pas | wms J/{ka-K)| W/(m-K)
100 [ 3,6040 | 0,692-45°|4,923: 46| 4 02F | 0,00725

150 | 2,3675 | 4,028 |4 343 4040 0,043 #4

200 | 41,7684 | 4,329- [ F490- | 400G 0,04809

250 | 41,4428 | 4,488 | 949 - | A06E | 0,0222%
300 | 413%4 | 4,983 (508467 4000 0,02624
350 | 0,9980 | 2,0%5- | 2,076 1009 0,030 03
4001 0,8820 | 2,286 | 2,590 A 044 0,03365
450 | 0,¥833 | 2,484 | 2,886 | 4024 | 0,037 07]
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2 .1 Yleista

me ek Soeem t“ij““f e T u‘1NMW'K .
Slaraa I Y v S Takww ko . adka ?M o taa -
kat offlawm lowducnd M&i«k’uw k2
MW"WW hu_.ka.ﬂbldim o saneom | Aot o

k o eowkodkdy Wluman Taowa, ke onka

M Ao daan h'w\/d mkdk«_ ’ A Nkcxi,v\ =
Mol nK e M"‘Q‘w koo Vv meak -
J s VWi an ' LNV o N oS

it e portortabitkan U tuddodonia el -
e sdap T2 mersa M-ﬁ-x‘gftt_cgkuyxmé«lkmm«
k'\/tmm«rl/:—qdm ﬁ q,a: Sdaa N sodamadkar,

Korvka m..uj:o\_ on  Loareoria \ Nem Mookwmwi\m—
LY hasaoaX d:c\. moantean  meaanc il z\_(U\_)..d\anLLc\
Makon N et o Lok b arant-dmro ch_*; backlddha,
merleom o .Tci!l_k-é«’-u;i: wiiypredXos T ([T 1= N/w'=Pa)
M Ma_ [Q_om-tw,cuy o 't_am,kcm}:mlxwma\ d\,[;\kau..-
alildoXal M:ukmv\ f&c&. MM s o

?=-PWJ (2.4.4)

_"T’.Z
svia. p(x,uz) (Lpl=Palon pame
R PV AW oy
: a. N g"'t ﬁ\-«l;Mkﬂ.M ‘ilkowm _%M_:
v Moot ipedefonl (una 2.4.17). fan~
X n‘«.&‘,._éf-'-(.&{m !,d.. AR km
Kava 2.4.4 tankarkihaan  porsid iyt
e dana, 4.2 ’ I3 iy o) kooly -
td._ D '{l.if'i . W«'A'MJ}AWM)C)(.&L kkwamo\ g,?““."l} ci-::JLLU.L -
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T /\/—«1« Jxmw& on ta.'xma wea a3

QW%QM léum e M—ctgb«xtaua\. ru-«u.)\,

aAyamea. .

Kaﬂ'm)}d»(v\/\a\ Mo'\a.wmmas komgiﬁ\.c&,«.ﬁi’\to’%k
T =T +T7) + Tk, (2.4.2)
Y! = nx‘- “'“7} N L (2.1.%)

é:\. ,ﬂktd&%utkko. (2 4.4) vocdoam ki &fo:_tha_k
MWLM )‘({tl ledﬁMd ’A,ta}' oM

Te=-pvix | Ty=-pny, Ta=-pn,. (2.4.4)
Ta/quXxM&aM bu{x,omw\/w\ OJLUJM& ,&fvxv‘\dluow«m

MeaNyaa kﬁi@t& tov\ MA . M"V‘U‘-US

Rdw = Bc\\f -
\@ S kb’ul\ rJu__u Eu-_xm ( mcal M\La__‘«c_

v oA Ca_ [B] N/ka)
=

/A 7 (M?k t\tkcbk ),9-1-1:. O\M/“&.“

X

T (Y.T] Pc::)w‘%“
E#ml&ji seEsiomal: mk{i\ d.Ld-kfrC}kA._ G'QJJJ&O\
mﬁkmﬂ Jutk o Je,wau’l 1.2.) «LLMM pa —
LJCRW L&LLM,N}:QJ«\ Ar O o u Mmomﬂ« T koo —
1 ' !‘L%JL&IW MM\ }'B

¥=FB+?S) (2.14.5%)
s
Fr= R4V
~ LA
= jgg,«l\h‘ +ngg)<N5’+ [gB#Wk } !
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¢ F 5= [Tds 7(
= [ TedS T+ [Tyd 3§+ [T,d3E

-

(2.4.%)

Tama fa palkonwa. pafakaau ~ lk Jisan
t;,d)cl a:L wmdlm m«tﬁ?f%%m«
r.ovtu__w trommeckpk Vi~ S S

2 acalapodeelf ol ron . Rakeildo
e keami e arncal Lo aam optm  Nsrlom ILT’H“LL"
poimas [tnana, = smumadkafopadaodaa (&w‘c‘w
kbl <o r\w«t—f’s r\.,‘,,.:i.zd(,:_ b o JE ot am
Onvantbedin ) F v htan leagpoada -
m—o-imk/ﬁkwu%=-f=gk anadla Konleas _
kappdovoimad koldhirbunrak muntnomary pay -
Noam  Lorak oo W‘»‘J‘\ ]‘5"4 B tw&f‘;‘“‘
Mw«q\&«. Laadna. odiva A un X.

aupblinia, Raqopalavoima, on foosn Jas -
soine | (UL E=F e T o oKonia-
A : Fed M%Mﬁ\.r (taratSinam
tommunr om r\ N ‘ o«ka,n.\,chm (43 ) mudeaay
tqjk;_ MJ:-&A oM :\ri.c&,;_) ILMJCO\ M&.M&
on M/u\.ma._ = WMJA—LLMJL .

3 O Ctanad Levwwea, kan S Lapa-
mw mmmﬁm
(2.4.4) paaleila

F5=- [pRds

= - SPY\K&S < ~Ipn7437— EPnZdSE.

ko ans-am

} (2.4.8)



Iga V- jpn d3 =0, }

ch‘&?d\r \h:m ds=0,
ng clV—-an;_clS=0

Na.uka.. A ansJIinkac kcuM\al.exta.. kb ordkevika tare. -
QAT Naadaam l\qucM s o-de ot
g(mw Loconceam ((14) ks, Lk LA) aedda | Cpaeomin

— — — — — S— — —

W kW&JLm% h,a_ﬂcu\—

(2.4.40)

M—‘U\k'& M m (i:l 9) M

(“tha:ﬁ' W a_ayam

(LA, 4) x 2 {- } o«\ka-u« Nyaa. —
j(g?—*’v’P)dV-4 (2.4.4)

Ta,\kq_ hra_a_&a.qm %kdkwm o oo Nuaaans-adha
don (2.444) tdu, dha aima
N‘MM N~ a 'ta/«)cq).tn}tw‘dc»\. ol -
godone, ek sl annas  oka-adua AV alquy\-v\M—
w«. MA.. m&&'&m ta_);.uu‘ a_k&k.
a.lwx.o—wd' Fn ML teovdha hopo-asne-<
,\rddo&n\ lc M)Tma. sl ole, makdol -



oo alueonya. | Tatum U/yn&i\kawt olarram -
o rafean
La_{kgﬁk_{ty_&g«{‘-_tgky_ t\adcdiwn oo ou

QB-¥p=0 (2.,4.42)

i eakanighdakak
3p Q
| SB’( ’;E\- ol gBt?“'gjp‘:O) SBZ"(%‘E=O (2.4.43)

o kw\tu.uMMr M@M q.q.x-n.)\..
e pin cy\q_m B

VP = (T4 =)= —ﬁ?+'3—?j*+3iif, (2.4.14)
T&mcdcm ,Ln.a. wkk&* (2.4 43) Noad aan 0-’3

N eA_a_am aukoﬂ\k-x (2.4.40 s MC AL
Luu.m mﬁb’«.(L’14) i mw%

*T Takaldbaan ralks adeuiRe MMMM
%LO-L)'LM«. M&Mc\, Le-lﬂa.aj-ug—m

r\-- %WMW WM&

s aksde
J FoxzHav=0, . (2.4 45)
&MW& wh@mdw %cw pAkM\mdﬁuwijﬁfﬁ
M"' pas Mo a a?a.)\kd; P IOy

. g(xk\%)ﬁ(x?z) v Pb(xYy,2). «Lka- (2445
R X S im% |
ﬂ&&m&
‘L\E V=0 (2.4.46)
Menaa, Larkal  Lokoadinem musto
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F=0 olueessa V, (2.4 A7)

L mellaka IAganra. o na.‘.LLa\'P l;k‘wm,ibu"ﬁ'mu,\:t_
am t‘-"—h‘t Wer. NMaa . a. . A, -
tloma. & on talhsiu r\.w} W;ﬁ W
P toboma Ao AV follein afom
(2 4.4G) nranm ru-uc’;\.t«..hm FWTM
vakaskaovama, on NraAnE ’t«. WKL (2.4.47)
Tedon akss sy kwum | oou Mr @ o
kwmr\(’i.’(-’\"lw;a,wj:;umﬁ: WN)’ Ndkika.&..
paa (2.4,47) woldaan hestRans oo wellodn §
kwﬁfg’%@\mﬂ \ W«- &«_Maum Naada.an
Kaawan (2.4.42) (fo (2449) fohdona obalpudhica,
RS ncensan B ( fs Mu«m_ﬁ

WW‘-\ V'a\.tiv"
Lowmant

- - i
Kava 245 PPV FNNS SN,
borka. kasoarma (2.4.6) F¥ TakodRoa nadik-
ol oasaan kw‘b‘\.w — ww‘x wWlhe ol -
Novka Ka-!M\-la ﬂnm W«
Taaloidwa.  BagAanmem oW Bim ,,.'..'T o -
e, AV {?Wm meatom | MOL
blend paldein  famn \ Larkedtaama, &£
N2 a : cusUmca,  Roko rw.u;l\cklkm
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|
:E.N-w W AV 2 N,
l basor  onrariadam o LL&.GA( ATa IL._W L erdeac
o a X srak MN\A.. SucsndKamalla tia-m“-ln
(2.4.4) = (2.4.42) vakimam  folKo hioman oddh<
' = Laverka T\Wk&nlw MMI
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i fctklfkw S mktc efa e pei~
M .’.. AU o - & -
\ "RITLLEPOR R T ol rpere
|

WW bedldyo Kol -
#L""W ( ' E

13 V1| VPRIV v « O x\mkdlwu faa_o-dom ,\a.muﬁ
&M& Mo—&-&\ka\ LM& tuLU\ Touy -
Gutasn anadogivona sl ilipbrins }mﬂf""”‘f‘_“

Tak ok aan koavan 2.4.4 oyJlamal neeva -
alleldta., Glkoen )\—U\kw* P hmm&t&x‘%«
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z &a_ I\M wc Ncoma F.Tddcm‘l lc.wLLr.{,dCLm&:

| ) /g’B’AV
| o e ,3
(p + 382 \/I‘ G Jay (Pr3p s
’B\j dz o Bl —7l ¥ S«
+§Pi-2—-)cl'-)cl‘;_ ‘\2 r(; d
y ¥ *:;f%“%)d“)‘h
> X

Z

“ Kuva 2.1.4 uLa,t\_oi...LaM«. Hova. maokialleds.
| l\.,aw_dk.a\ M Ao

\D,‘ - P +?§% %_ +':%E ‘E\E?. \ (2.4.48)
lbd,‘ N @‘kw ‘M Ta.....a/km' M\m& umm
tﬂw«'.«':i i o‘tjfw hec ol o-onm \nna;' I\MMM kw‘u:.-
i\:u.tu»« lesonkiia i swak (X) v-l-d_!?/zlzi-clz/’&) Jah-
koo 2 ko pitomd  patradde “naadoan wakaa -
A AANFT

g g g 3

Pz = P+;5-de +a—§-%_1.;a_§£\2_ﬁ (2.4.49)
(2, M’ﬁ:"\ lecnyaan ) ourak keoldivuonama %-alydia,
TR & P, SO¥ kaJi\ %~ adopdin  Naasmana

s
de = (Ffl"Pz)d'de = (-:%E'C‘X)dljdz :-%&AV, K?..’I.QO)
Caauiile cmf = 5 il ireiaacsiiln, Hak =
ke asA ddias MALO»W Lacyedck ok
ﬁj:-}%av R e (2.4.24)

A-'Uo\‘.ch WMWM Mm W&M&C i~
Lee nan olomaan
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4F 5= -fd\f“ (2.4.22)
o

F:_(%%?+2 T-i-:%gk }:—?P, (2.4.23)
Ton< tadeafduona o1 Ny megos Lacnekatloa. (2.41.48)
hcesmaotEa (r,u\ka.anpn«)o«tta.w«. pvuma, 2l ola s -

leow Nyamea, Kol Naden hv’a»ﬂw\hm«‘:
WM

5 R . .
M«-Ju.a.kk. kLtﬂL/u-r&. \ li-u.u C‘K[clsj ‘.A..CIZ" 0‘

4Fr = B = ST,

(2.4

\24)

IO'W*- -t,zkus &Ma‘_c&\ JLMJ(_LWM\ butahwen T, =

i e e

B ouniin ke

| %J.n.u—o—bma. Meangaa,
ko 2 sodman (wdom -

¥ WP s vy J\LMI.. P, M)u..m tw«.{;grwiko: om takan

dF %4 dF *=gBAV +dV = (B-Vp)dV=D,
Lonka ihaadaan dU: S r\kmd&.«. l,ElLuM WS

2.4.42),
Taulukke 2.1.1

(2.4,25)

Konkinuums

Parl—ikke(\'s'-)s"eéimi
o Y B O
\ & - .

1 m‘.{f"', o ‘i‘
AR S =16 @)
1, PR 7, AT
\,:I____]'L/ y#<{
Tasquiviou)lf\‘—ala y

Fo+f:=0 (3)

AFS = Tav

dFE=gB v (1)

=<TpaV ()

(3"
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Tadodkowa 2.4,14 on  kwadle n—dukkim r\,w\i:.,u'—d.{—

HocsmarXidhakgon nida | KL difovdiadiges -
wiRiiganl Baeaiibic, oo Riouin % lemglaa
buvay 2.1.4 MT&\)C& buwvau 2.4.5 gpJRawla W,.

(P+%%dcj)c\idxl < -‘é’d’V

A _ pdxdy |

i )/’ dl’ Q

SV 51 L ey
A / i 42

(Ptsg_dz)dxd? “ ] odidx

B i
Z X

Kuva 2.4.5 M‘M* Jova. menlalleio

MW tn  ainkale et iy m.;.o-&om“
Mokl i kork.a r\ai»imlka. 2L e, Lam<

s %M«aﬁimu Nasaa, arod
' P ma.%mibw 2 Tadikotan WW ~,

kcura, ankai W&X‘Ci’_ y s Kaan lead -
tudedn halparke | ST mainkin pacakin olkeaan
Lo«a\.lv-.tal.oioa—w (2, 4,12) (mdenl main Li-1'é'-).

Takekilhoeaw Eawan Lahleaem MM&UW«

MacaFua., tan a-;w\.a—‘aimo—-i. (2.4.42) . Sam Mua-
%mm suat pramamhiwnkanek . Tovadka
meatomatik anka. B dad au | 3 e Mo« -
dloadl. em kodbirvusrama tarkatolfagan po
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. - Té.i.us MG‘-—CLAM\ tcrc!._gkag,'
P ARaC _tmﬂ\mc-ticw\«
12> p= (TIMJC. Lecascnha. tauxur\g{m,.—
b P/-‘-‘- + A tk‘-lkﬂ\. ta»\_k.o':.t.l.kn..m Ma, -
LNy PR
i :

s \ Paa. denely Jdku-um.. Lb’ur—

t‘-k“) @Ecw'%d\. : j_

- vawmeen  Lakas aarofummak

s ol e, o e Tl e A
rabervotmanelfods warlaon (kuva 2,4.6), Palees
metorn dp N amas  melisatainem s aan s
Paadaan otmallia o (2..1.12)me

peak ook  pelkedla dF = dxT+dyj+dzk

gﬁ-d%‘-—ﬂo-&? = 0

3B eosstds - (3K ‘*"*%‘%d‘? +3Bdz)=0, } (2.4.2¢)
ngdS *AP ='-01

oI

—:}E=‘3Es‘ (2.4.2%)

Mi. ‘83044 _B":M &W MW
STE.iLu; _Paama le_arraa  NoUm M lﬁ-%«k’.—

_— e e e e — — — — —— — —— — — — ] —

_&W_&&k_«hwm_ﬁ“u jrovens stﬁ\fl-
t,ar(L; g:\,;t,;t.]k alleiiin A ek 0w a
MK a
peTaa, Tayapainetilade Lo mialio K ainen
paimonhRakek (2 4.43) M;Lt:‘-sg-i le.lun oniiokais -
A_.HM P VNS S mejgtm@:
My A M«%W N-ay, _\a)_o&_g WL‘
e e 0

oM 2P(X‘\)IZ\. E\.LIM
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m@@é@f (segh. svnddfonmined ) foo Fm«

A SN ¥ S A i
RESFI § Wy T VTS SV Ae (2.4.43) yiw e~
'tUIA -&.te-ux.m ‘«Mo: YiMm ]\ad(t\_u« o M—Z:J'\ZQM_.
T I hal W ud»l«kakd V&Mm tondy —
taam hko- fasx/qj= %B?/ax. dhdeen (15) mudkaan
««UM Il om Aaaanral %ott‘k- ta.)&ur\.a_{m,o-
i e meadd ol kosdR irroiuma -
LM am bl o pellainasy ,Ma: o
P)XIM' Iﬂd—“\ﬁ& M"Q"-CLMM .a[_iglka E
afa.tbwou.. ' A..18,c)1_a.. oM haﬁuu_a\ PRE K N
N-ou‘-&. Mol P 'E.,‘tll',“, A
poluad ovak k ko Nl modowa

E=-vQ| (2.4, 28)
AL 4 |
= sk =R . o550
Ex T | B‘)"’ TR B, = = (2.4.29)

TCIJLLS(:&L\ATM SL:M t%@'ww 0—0'4_7\' IQ,QJ%U- -
ta..aM k,LaMa;.;-al/tchro«u dm:gd\f M-a.da-a.tha_a._ kq_ﬂ\_
y ’ = . ' 5

dm® = dm (- ) =-F (dmSk), (2.4.30)

Pokon LAl noumalla sn kaasan b (5.2.C) ey -
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4V :A'MSL:SQ.AV (2 4. 34)

Su-wu_ﬂ. ([52.] J/ktj) o M PMMG&«

meanwaa kol JC o W ________ M% ____
MM&M les kmh» rem

v* jgﬂ. dv, (2.4.32)

Pokasodimak ovat taan moyfomdanideama
tard bkl LcodkedRaan 2palcsuensakic -

M-:JM;A..

KWM& WMM tawalivon  pa
ooy L I@WM e -

2l s ; gl s g AR
ﬂd NebmakodX S &t"‘-’*_"(w"
'"9 lecnsan 2 .4.F

._)@-L o N—MJ-L«. k—WMM
D (5.2.24) tuker dV =dmgh,

Kuva 2.1.7 Lolam kaarran (2.4.31)]\M—
Teka, Naadaan k
Sl = 7h | (2.4.33)
f=5’=—7?h (2.4.34)

AL
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—a —_h ca —-a3dh B '
Bx"'?{'"}‘f{; ) B‘7 7'7" ?,‘BT?" ]Bz—‘};;— %‘%—.(2.4.35)

?05 N——uLLcZ_ Xs)z—lﬁqu.t;:\kr M?J»:tmm Mm
4.7 oy awig tavadka ) h=z2 &4_

Bu=9x=0) By=9y=0, Bz=9z=-9, (2.4.3¢)

BaasBiooyguiven  Ioss hem menkeim a. Tllau -
i RO LIS e 'y =g, ok

| hafis Namoana kol o adcaonya CTal S Ayecdaan

kAL, pamadenkils . Wy -
teom) Y ([¥T=/k9) mg(f)) %?«Aq«m«

. A
Y= | 35 4P (2.4,38)

Tnin Tadkedion nelolad ponanvaka | Kebpadod -
o ke, igpotkora fuddle)

AY(pxy@) _d¥a

K a dp 2

ap. (2..4.39)
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.tha_m t«.—LG”S fa-u..o\.a_ah PN == .-dk. Zz- Iﬁ.c'o’\.cL;ﬂ\a..q,—-
Ein neabdean 2 G i

toom )
VY=35VP . (2..4.41)
C Nokaw ke A | mt%;&tk«'i&fx« e —
daam e a. "f'—"f(P(Xﬁti\‘), E»t'\a-d«r cﬂ_ﬂ.v.ﬁ-;.l\m«

Eapakrona gl =3 (p) Mopind adearRa
Laee Telial  MOA hu-&w gzg(x‘k)‘zlpl)\, &,G—QLM
7 raakadin Nguwan F =Y (X,Y,2, pix)Y,2))

RZ =t (pixy2)).

Gcam Jha, tloen (2 .4.41) howloon Wd&m&

(2.4.3%) Ko adadn tdxln.talko_—

TOAVY = ¥ (SL+g) =0, (2.A4.42)

v+ =C| = vakio koko alueessa  (2.4.43)

G'QW'M’\A k&@wmg LMWN M.ﬂ)v;

— T — — — e || — m—

Dowa., Taom o om M,_‘B-MMO‘«M .dJ«:t;Lsu. e o ~
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"L’(F) = J;éﬁ) Py (2.4 .44)

Em-a.. Pe M\o d,oJo.M N‘m MMW‘TA“

royy Y(Fa)--

Vadetotiborrakaalhe, Naedaan (stekaan po=0)
_ Pj__ a1 P _ A P
X = [0 3 dp = L‘*P“gloP (2..4.45)
T
hE S (2.4.46)

lu.‘-ys ) »

—e

:E%%%L(%)“-4] (2.4.47%)

Kim n=4 I UsoXoamnromaC tWa taaC
21 lxl«i-ulra—a-m NIk oum

Y:%S;(nﬁ. (2 .4.48]

Esimerkki 2.4.4. Pane Juwakehanad . Tadkako A\ -

h pa.f_,ytm. &JA\MH ~ Ll maam -
— wkaa Ralnuan I‘\J“ELJCA‘.-G"'\MT =
7 oimakadh  pek X Radorecun gaoris
| (1) MM\.&M t.«. nJEew (2)

Pripsssfal=Te  polyfrooppinen Tafracn.

W;LG: (2.443) o )nud)\' kaa -

(4)
otom (2.1.33) pa (2.4.46 -
fella a ( ’

%+3h=d=%+7.o, (a)
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prakdon C U oM La,ylf_a?it»g M%'md&«.
(lewsa Q;ﬂ)..‘ Kok a ta:mi;h gj‘g’:’:f;f:io Iéﬁ*'
l&a-u:t%&

P= Pa—8e9h (b)
114:- amS a‘-dl)‘-w—k LMO«-M-—M—NX& Iﬂ_odu,-qu_... ‘“.‘k..
(kokows | d’,m«_ faine haovdaa)

h' = —p“— (<)

S+9

(2) %LL& (2.4.43) on kaasofen (2.4.33) }'& (2 .4.47)
n-A4_
nr 6 L3 Hleoh=Ctn B [4-1]20, <)
'O'Vtm. Xa <
&« Neaa.da.am Poadest :,._t‘m&

P=pe (-5 509h) = pou-BA R (e
T RES OF (Y PR, T aa glimasmodmalla o=
Lookins (aikn Lankatinak) L
| P=SRT) PesgeRTe, pgep oY ("
.A_ a. ‘O—LLO-'UH W:LCLM -QJU\"U’" ‘ t""L°5
 C e LR i -
T-:.To (‘%ﬁ) 5 (‘j)
ke il tamad kaowvan (d) Rt
T=T. (-5 ). - ¥

hirp il  muatbod nin mikat Lukta caninkc Ests
ke Bouithhae, - T8
dLadkeon (415) meukaan Wnakolin almmingas ko ok —~

M AL — M"Uxmfimw»{ ( kokown alle 21 kw )—
lr\.wuw\koﬂ—m ke axonca I\a/u"uu.hz,u J‘;—WWW olg -
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vak Bliokaek Naadaoum amgolha n= 42 CXeKaaxn
Ling aden =9 307‘ M/S To— ‘45°C &,m.. Po = Aalme
0 4043 MFPq NW aMr N‘wstmmai' Ueliunoin MA

h’tMa«,& Jmca ko ham (4@) Ao} A N«ﬂwﬂ-oum

R = 28% J/(k_cj k) uMﬁuaLr askaa w«%m

<= pn B 0 "10"3 ’(0 k it 225. kﬁ-
3o RT, 287 (2?3 A5 +45) fi ms’

V&Wm amKaa Unakedian lkodeandadoan
0, 404%. '{0
d _§' ) 4225 ysey o o 30m.
P oo fr o alyeman muckaimam Umakihan Kodeewn
zt}?\;-d-&w b aanrarka (e) catomadla, pallea -

Locoe ke kaon KRR STmiNR ; Mkw

u____ o 00
h ‘Mh -ﬁ_—h Gh'= 50600m,

T&MWWM& T o—@»{-iwm_ Moraaa 44 b Ld)La...--

M« ta«w«j&m\mﬂﬁ olu-a/'c&. MA Wai-%‘}'a‘h&,
d,e%«. Lawu’\,{lgkag_ oM M-T M-aJogo

Kesaona, (b) om EMW W l&a_woﬂ.—% (tE\ )

(e) &/d\- (ML
h/[km | \\ _ | ' , qu[\ ob.lL
10 1 @ | - h= 4 km Lw;»oi&m_
N\ \‘\?) (h) AANT T 'B'-.—A¥5°C StM -
N ke dan d. - (l)»d.kﬁ.l\.kl-k&. Ny
[N\ VT tacraksl acoolae ote -
\\\ tm-sé‘s °c .




249

M&LMW\%M_ ‘Uo-kcur-«)f JU\MAM
a k«ﬁwltchtﬂ-&. mosudadfaa, k—%:« 2 Maam
i&_ﬂ.\f&a\ 24.‘1) TC‘J\.JCCMA-\ N“tr-k.oLckaM r\a\La\_

LKA—"\. .‘L.ol_,ll-ka.._ li_ -
thanm ta./r\m W a(8 ﬂmﬂm

tauvadka arK amea A ac XL}E ~ koo dimaTiNKom
Lidcdemar )\u.!\x.uw fquwu ]d,o«ULo-\M ko, Koond~

dFA = Bhdm = gBAV
\/ﬁgéma‘ch\V

Kuvq 2 4.8 Sdedlinan Like .

M.aLMoM M)\xu.u tm UJI\O‘—

tha . Keovka XYz - Maﬁo— ,1{ olo amads
a MAL&L"'G‘\ a o 'U&AJY\AMo—

LGJ«KAJ% o kIR avas ta

cvdlcu-xoik& O o , Ka_waM
Mo ANATBAMARM
D (5.4.444) MAX leahasdeinn Muuv&c\ al e gom

chmzcgcl\f it e kKo ac M&M«_ M_a QMM AN —
M«. N *
dez-g[§0+$x?+ax($x\")+2$xvjdv (2.4.49)
JL todadllirem kot Toodman  umkodin
e LYY O o L O

mm

{'g*\_-_-[q0+mxr~+wx(wv~r)+2ww] (2.4.50)

Ta.w«., oM l’\o«.]ce_tt.u\ W«M«t WM
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kohdan DEAS mokdushhS t 2R T2 F (a VrAT

Kaanrak (2.4.49) &a\ (2.4.50) oy g&ﬂﬁ;ﬁbm,\ tan
WML QM LA AL M@&QMO\ | NN a2
,QMM:ZJLLM é:a\_ﬂtf-tuuw Lﬂ_y\o—'t&d.ﬂ\ aoluc;\& a
v=0 gﬂ& Tolherd Nuwnton B tilon ol
hmaim ‘;{.kji— ko&xc&.@wc&mﬂ)\ﬁey\/\«. kaa, —
wam (2.4.28) ovidlakeona, mialona . Tam na -

ke«-th&a\ Lawncdcken (2.4.50) lial‘/tcam?w%a‘\ ron oK oo
Br=-[ay+ wx(&xT)], (2.4.54)

&MM\ 30 &o\ 5: o«.nd‘ %m rvd«ﬂm M‘«.Jéuo—b-i)(- -

M Ma_kovra,b«m N—au’c&; am 0"(.’“'0*(:#\.qu1,\ . l&au\u\)\d\

&"\. tMQM —DU\M N a_a k&)}gjﬁi\m_q,’coﬂ}.b'(_}fu\akko_j\h. ﬂ:ri_'

V_mﬁmwd 9/\\\-1/\&,6!_ L_’h—-i‘\v(}tﬂ,& oo« f'makk_;,umkm“ SLA L aua_ —

MJCJ"-&L)\' ] L\F--Q-*\'U\mr ovl&kcu!\ o -w ‘t:b]\.ouulg -
Mova, vomakdons  Rvo Ko adho je_q_a”%' o

D (5.2.24) &c\ D (5.2.24),

Esimerkki 2.4.2 . Kaltooa tane. Kusa (@) it
/L) h.u_}‘j:?-k}o\o\ t"‘-j\’o’k W
| : . . A"

Loadassma. o

et Ny a MR Toa A
La/‘ EI;;UL&; A O AR, o
JEC Mok om padulsu
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Qﬁmk Moio-,
Tadeafillam wokdhd nalbisen libudadipn <
Xk)— k&e«u&-ﬁﬁ\ma%&wmo\ ) &oLa\ om  MhuA ]v«J-kk-uN\.k




2.24
Tk o lickdeeam <. AT auadade oo dis a otk anm
XY nedem | TKMLM A adeneimlan r\wwtukk.a\
AN wankewn oo d oK amad W«; 2y 19
le.oKan &'a:-azuc‘:- ’le‘urfr\akk “D\M«ri&oiﬁkku,m{ X =

MM N ummeaNy al d—"\. Mkama_k%!c{_fkg { ie }cﬂ\km

aj_}\o\_ L;»x._ch’ﬂ-QM “ C\o Nf&c\_é\_‘km
Rffi“ sk D W

OOMM  EAA 1.1 ko\a_\rcw (C,\ CL.'&J—H_M..Q_,
TaXom
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&ok_a__ o A aklo &c& MaMMW{AMdekﬂ
N o
EA:'-?(,S'WWL"/&CGS&\? (b
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— -
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P

P Fz

(b) (<)
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cLam Z,'(‘ as tilko'ua M“dga.ka.v.g,of\,c\ ta.);«o-‘ -
tals Ym&x& Caona, mucodou ( ok, lﬁ.wﬁ

(2.4.33) &~ (2.4.46))

%‘*?h“d' (2.2 4
Rasr. bowmaKaan fovvan T < r\«.f\xn-uv\ Mo

, "= %+3h° (2.2.2)
if«. WE&&' (2.2.1) bdu, mucsKoon , |
, %+3h=%+3‘/\o (2.2.3)

P‘P”S‘)u‘“"‘) (2.2.4)
A el ( by, busa 2.2.4(a))

P=ps+g9q. (2.2.5)
Tcx-m am Waﬂ\ M{M&d\ ‘ | ) Mo, ~
el G\.«%M&M foimepakanKoc:
meakne ( : ‘ a.t,\._c_ . . M)
e Lot ST ST
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teene T g,VaLMuWaM‘& }\w MmN~
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N ms W«»\Lﬂl‘u Ak BlekreX &«km% taiva
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2.2.4 () 25K Sun 3’ 'é’\t-éwu__m_ am manda )t.,a,q_.u Aam N —
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tb‘ . 1 . 6 1t-k_.
MNraaThoa O e N Ot m  Lafy o .l-\_ UM o..c.d Ma o

PA = PA+Q9Ad, (2.2.0)
(A on & “dn otkkiledckanaha fa Ad piis pok-

N"LC.Q-M .‘-&:.-La_,‘\}ﬂ (FE N ) ¢ n”yt-z._ Nﬁ.d.r,l_dﬁa__ﬂ 71\: J\-kck ‘,ALJC
t’tﬂk“—‘m kaava (2.25). Tukimadla vakalay ank

acak ant eram M.F.’if.i«_.t_é.r‘\.(f';.._;_jﬁ Ta L -r AN A JCo-cLll.tang

Woy\t}& | j:tt‘,;: r = WA RN t;{ t',{t-t-t L-[ le/l\n\, |\ o &&k& -
S 5

RAcomm AN AL Nadcis,

Tw«jlé,\,c,\t\_' ;\radl’\p\aMa.. 0‘.,1;“_:‘&.&’\}@:&._ }\r«U\_J{— NS Srcaks —
hawa k. r\;)J:LQ.W&: olarya. rﬂJ‘U“J-. ( t\.odC)Ol»U) . %M“’
tadl alﬂ«h@m-n\ alovsasyar, paedlan < Wmi»y\r&..
pecpin ik )y foka ofikaan nofosondpaioa
mla F Il an pain m%a.mﬁ:a_ AL pekded -
. AL é"-xa.;ﬂ_cjjl‘\_

Py =P~ s, (2.2. %)
}AL&;M kaansor (2.2.5) maa. medon

Py = 894 ] (2.2.8)
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Zains a P
: 34. Dy
SRR - P Per8agPs
o Sz D,
i\ /,_j. J : sz.“ F4+82‘7 bz
(a) (b)

Kuva 2.2.2 (a) Nuoffekuokrin . (b) Painasn fakard-
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) Kuva 2.2.3 J}"““& s P volke),
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(2.2.9)
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Avaka W‘i F pairavosum ok Lakekaan
.‘ s B
F= [Tas =- [piras,

H = \[F‘xﬂs < - Yapms,

(2.2.46)
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